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YARIMKECIRICILOR FiZiKASI

OTAQ TEMPERATURUNDA Ga,(Se,,Te,,); <Yb > KRISTALININ
QALIQ FOTOKECIRICILiYI

Dos.Oliyev S.1., dos.Cavadov E.M., dos.Quliyev N.I.
Ganca Dovlat Universiteti

Acar sozlar: Yarimkegirici, relaksasiya, qaliq fotokegiriciliyi, fotocarayan, asqar

KiroueBoe ¢JjI0BO: TOJIYIIPOBOJHUK, pelIaKcalys, OCTaTOYHAast (OTOIPOBOJIUMOCTD,
($OTOTOK, MPUMECH

Key words: semiconductor, relaxation, residual photoconductivity, photocurrent,
impurity

Nadir torpaq elementi itterbium (Yb) ilo asqarlanmis Ga,(Se,,Te,,); <Yb > Kristah

A''BY' grupundan olan genis zonali yarimkegiricilor sinfino daxildir. Bu grupdan olan

yarimkegirici birlosmoalordon va onlarin bark mohlullarindan elm vo texnikada ¢ox genis
istifads edilir.

Todgigatlar ~ gostormisdir ki, relaksasiya vo Qaliq fotokegiriciliyi miixtalif tip
yarimkegiricilordo  osason asagi temperaturlarda az misahido edilmisdir [1].
Ga,(Sey4Tey,), <Yb > kristalinda bu fiziki hadisalor az Oyronilmisdir [2].

A''BY' grupundan olan kristallarin yarimkegirici olmasi 1954-cli ildo X.Xan vo

V.Klinger torofindon muoyyan edilmisdir. Bu maddslorin yarimkegirici xassalorina malik
olmas1 onlarin elektrik, optik, fotoelektrik xassalorini todgiq edorkon miosyyan edilmisdir.
A'"B)' qgrupundan olan yarimkegiricilorin sixligi, mikroborkliyi, kegiriciliyinin tipi,
yiikdastyicilarin yiiriikliiyi vo gadagan olunmus zolagm eni haqqinda adobiyyat molumatlari
vardir [3]. Son zamanlar A)"B}' qrupundan olan yarmmkegiricilorin elektrik vo fotoelektrik
xassalorinin dyranilmosine maraq artmisdir.

A''BY' grupundan olan yarimkegiricilorin alinma iisulu haqqmda molumat [4]-do
verilmisdir.

Todgigatlar gOstormisdir ki, relaksasiya vo qaliq fotokegiriciliyi mixtalif tip
yarimkegiricilords asason asagi temperaturlarda az 6yronilmisdir [1].

Nadir torpag elementi itterbium <Yb> ilo asqarlanmig Ga,(Se,,T€,,); < Yb >kristalinin

otaq temperaturunda (300°K) vo ya 2+1,2 -103i elektrik sahasinds stasionar Volt — Amper
sm

xarakteristikas1 (VAX) tadqiq edilmisdir. VAX —dan istifade edorok Ga,(Se,,Te,,); <Yb >
kristallarinin local saviyyalorinin asas parametrlori elektrik kegiriciliyi o, aktivlosma enerjisi
Et, tololorin konsentrasiyasi N tutulma faktoru @ vo yiikdasiyicilarin yirikliyii — u tayin
edilmisdir [5].

Itterbium elementi ilo asqarlanmis  Ga,(Se,,Te,;); <Yb>  kristalinin  galiq

fotokegiriciliyi vo relaksasiyas1 otaq temperaturunda (300°K) vo mixtolif dalga
uzunluqlarinda dyronilmisdir.

Ga,(SeyeTey,); <Yb > kristalinda fotokegiriciliyin relaksasiya oyrisino xarici elektrik
sahasinin tasiri tadqiq edilmisdir.

Bricmen Usulu ils sintez edilmis Ga,(Se,,T€,,); < Yb > kristalinin otaq temperaturunda



xiisusi miigavimati #=1,2-10°0m-sm tortibindo olmusdur[2].
Todqiq edilon kristalin tipi p-dir.
Toadqiq edilon ayri sokil 1-do gostorilmisdir.
Sokil 1-da carayanin artmasi vo azalmasi ayrisi verilmisdir.
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Sakil 1. Otaq temperaturunda Ga, (Se,,T€,,); <Yb > kristalinda
Coroyanin zamandan asililiq qrafiki

»
»

Kristal monoxromatik isiqla isiglandigda (A4 =0,585Mkm dalga uzunlugu)
fotocoroyanin ~ qiymoti bir nega saniyo orzindo artr vo maksimum qiymoto ¢atir
(fotocarayanin qaranligdaki qiymatine nazoran). Bu hal elektrik sahasi gotirilmayano gadar
davam edir.

Relaksasiya middsti vo qaliq fotokegiriciliyi Ga,(Se,,T€,,); kristalinda miixtolif

elektrik sahasinda vo mixtslif dalga uzunlugunda otaq temperaturunda 6yronilmisdir.
Ga,(Se,qTey,); <4b>  kristalinda hazirlanan niimunslorin qalinligr 80-120 Mkm

intervalinda olmusdur. Fotocarayanin zamandan asililiq [AJ = f(t)] oyrisindan gorindr ki, o
iki hissadan ibaratdir. Molum olmusdur ki, relaksasiya miiddoti vo qaliq fotokegiriciliyi
elektrik sahasinin giymatindon asili olaraq dayisir. Sokil 1-don gorinur ki, elektrik sahasinin
intensivliyinin artmasi ilo AJ = f(t) astliligindaki diizxatli hissonin meyli kaskin azalir, bu
iSo 0z nOvbasindo “yavas” rekombinasiya kanalina moxsus relaksasiya middatinin sirstlo
bdyumasi demoakdir, relaksasiya middstinin artmasi onu gostarir Ki, elektrik sahasinin tasiri
ilo  elektronlar valent zolagindan, yapigsma soviyyslorino kegarok zolagda desiklorin
konsentrasiyasini artirir.  Kegirici zolagda bu desiklori kompenso edon Kifayst godor
elektronlar olmadigindan onlarin relaksasiya miiddoti boyuyr.

Musyyen olmusdur ki, Ga,(Se,,T€,,); kristalinda bu fiziki proseslori yaradan itterbium

(YD) asqarlaridir.

Istonilon yarimkegiriciyo kontaktlardan xarici elektrik sahosinin tosiri ilo1 sorbost
yiikdastyicilar injeksiya oluna bilor. agor yarimkegiricido dorin yapigma markazlori varsa,
injeksiya olunmus sorbost yiikdasiyicilarin  bir hissasi bu saviyya torafindan tutulur, digar
hissasi iso zonalarda qalir. Niimunoays injeksiya olunan yiiklorin konsentrasiyasi artdigda
(VAX) kvadratik asililiq miisahido edilir.



Eksperimental tadgigatlardan misyyan edilmisdir ki, belo yarimkegiricilorin kegiriciliyi
mugavimati va tipi agqar atomlara yanasi qurulus defektlorindon do asilidir.

Kompleks tadgigatlar gostormisdir ki, belo yarmmkegiricilordo relaksasiya muddsti vo
qaliq fotokeciriciliyi asasan Kristal daxili geyri — bircinslilik vo onun yaratdig1 potensial
relyeflo bagldir.
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Pe3rome

B nannoi#t pabote uccienoBana ocrtatouHas gorompoBoaumocts (OI1) mist kpucTamion
Ga,(Sey,T€y,); <4b> mpum KOMHATHOH TemIlepaType W IIPU Pa3IHYHBIX DIEKTPUYECKHX

noJisix. [lokazaHo, 4To cmaa (OTOTOKA CO BPEMEHEM 3aMeIsIeTCss W BpeMs peJlakcaruu
cocraBmser 10-14-10°sek . Bce momyueHHBIE SKCIEPUMEHTANBHBIE PE3Y/IbTaThl  XOPOIIO
00BCHSIOTCA cymecTByomuit Teopueit OIN.

Summary
In this work, we study the residual photoconductivity (RP) for crystals
Ga,(Se,4Te,y,); <4b > at room temperature and at room temperature and at various electric

fields. It is shown that the decay of the photocurrent slows down with time and the relaxation
time is 10—1,4-10°sek . All the obtained experimental results are well explained by the
existing OP theory.

GaAs IS AN ALTERNATIVE ENERGY SOURCE
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Introduction

The rapid development of technological progress requires a lot of energy. Natural
energy sources are limited and people must look for new sources of energy. Solar energy,
wind energy and biofuels are used as such additional energy sources. However, the use of
communication facilities does not meet the requirements of technical progress, and it is



necessary to look for a way to obtain new cheap sources of energy. In 1963, the English
scientist Gunn experimentally observed that high-frequency (numerical frequency value from
107 to 109 hertz) radiation occurs in a GaAs semiconductor medium at a certain external
electric field [1-3]. Gann later demonstrated the acquisition of such oscillations in several
semiconductor media. Beginning in 1964, devices based on the Gunn experiment appeared. A
small electron-hole layer creates radiation and is used as a power source. However, since the
dimensions of this layer are very small, non-equilibrium radiation occurs, and therefore the
number of layers must be too large for the radiation to continue. Such an energy source is
more economical than possible alternative energy sources.

In theoretical works [4,5], current oscillations in two-valley and impurity
semiconductors are investigated. We will theoretically investigate the instability in
semiconductors with a characteristic In these semiconductors, under the influence of external
factors (electric field, magnetic field), valleys appear in which the charge densities differ. The
idea is to use an electric field to heat the carriers in a sub band with high mobility, as a result
of which they, having acquired a sufficiently high energy, will pass into a sub band with high
energy and low mobility. In GaAs, the carrier dispersion law is as follows.

The current density with neglect of the diffusion current has the form

j=(engu, +en . )E=enu(E)E, u(E)= na(E)ya(E):nﬁ(E)y(,(E) y, N=n, +n; =const .

It is assumed that scattering occurs by acoustic phonons. The fact that the study of the
Gunn effect on GaAs samples did not reveal any orientation dependence suggests that there is
no anisotropy. We assume that for valleys "a" intervalley scattering prevails in comparison
with intravalley scattering, and for valleys "b" we will assume that intravalley scattering
prevails over intervalley scattering.

Then the Boltzmann equation for valley

a" can be written in the form

of @ of @
[a] +(a] =0 and for valley "b"™ it will be written as
te><terna| interdomain

b b
[af—J +£iJ =0. The distribution function > was found from equation (2) in
external intradomain

[2]
RoBed g emb o | 7,2;-14/2,u§ o = SD;‘n:3 pkoT 12
P op D mgk,T i p? E
I, — free path in valley "b", D— deformation potential, T- grate temperature, k, —
Boltzmann constant, u, — sound speed, o — crystal density.
Theory

The stationary solution of equation Vv, f +%{E +%[\7H ]Vk f } = (ij has the form
MeANcoom

of? e = of @ f2 [.m _ of @
[E] R [E L pole e oft PP e My g O
external interdomain

P oP " l,m, P P
Here (10), at nuq<<kT for ¢ was obtained the following equation
2 7\
(+Sk,T )" + [—T+2+Sk§T]f0av+inoa=0 S:E_z, EOZM’L*: ﬁf“plljg
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To study current fluctuations, we calculate the total current j=j, +j,

w - 3

fe fadk — | t*pidp= 26l E r’
ST R s

7 Ma o 3(2m,) 2{1+7 27 4/3}1‘ 4

~ 2e2nlbab% F/ Z%/}

b=

Sy%(Zmb)% F/ 1+7_%Z%ﬂ

3
. 2e? nl, I“A

The total current jwill be j - g yEM ih = }/
11, 22%  la 3(2m,)2 F/

You can find the mobility of carriers in valleys "a" and "b" j, =en,z,E,

ZeIaaa%/ r’ 26|bab% r (&):(ﬂj%(aa]%:(maj%

Hy=—7"—1 b = E, = . m
a 3(2ma)% F/ o =enyik, Ho = (mb)% F/ Hy my

20 m,
To study current fluctuations (i.e. instability), we represent g in the following form

2 % 2,2 « 2,2
[[x(x=1)] e dx [xe " dx
p=4 ~L ~ 7 e

T[X(X + 1)] Ze"’b"z’(2 dx 13 x4 dx
0

Then the total current has the form

—a, A 9
j:RE%i R:¢[3D4mom§mbk0Tj% A:t-Zf%y*:&; B )/—/Zy (mb]/

2
1+ Be %4 22218 pPud m,

Ez
Echar EZ

e E2 _ 1- char

char - E 2

3D mym3myk,T
Edhar = 7 2.5 25 then a4 =
e h P UO

2
Echar At E>>E
£2

Let us calculate by last formula S—IJE=0, then we obtain the following formulas for the

critical value of the electric field, at which the current oscillations begin, i.e. instability.
A+25
2E2 l
char A+l
by last formula, we easily obtain  E_;ca z2800\%m Note that if

EZ

critical —

If we estimate E

critical

we take in the final formulas m, =m, 1 A=B=1 Then the instability is removed. This means
that there is no transition of charge carriers from valley "a" to valley "b".
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Xulasa
IIk dofs olaraq Bolsman kinetik tonliyindon istifado etmoklo GaAs tipli iki dorali
yarimkegiricilordo corayan roagslori tadqiq edilmisdir. Bolsman tonliyinds yiik dasiyicilarinin
doradaxili vo doroarasi sopalonmasinin nozaro almmasi bu tonliyin hollini ¢atinlogdirmir.
Elektrik sahasinin analitik ifadasi Qann tacrubasindsn alinan adadi giymatlorlo uygun golir.

Pe3iome
BrniepBrie ¢ MOMOIIBI0 KHHETUYECKOTO ypaBHEHUsI bosbiiMaHa uccie10BaHbl KOJIeOaHus
TOKa B JBYXJOJMHHBIX MOJYNpoBOAHMKAX Tuna GaAs. YyeT BHYTPUAOJIMHHOTO U
MEX/IOJIMHHOTO PAaCcCesHHs HOCHUTENIeH 3apsiia B ypaBHEHHWH boJibliMaHa HE YCIOXHSET
pemeHHe 3TOro ypaBHeHI/ISI. HOJ’Iy‘IGHHLIe 3HAYCHUSA KpI/ITI/I‘-IGCKOFO I10J141, HpI/I KOTOpOM
HaYMHAETCsl HEYCTOMYHUBOCTb, COTJIACYIOTCS C DKCIIEpUMEHTOM [ aHHa.

Ag.Te DLAVO FAZASININ AgSbTe, BIRLOSMOSININ
ELEKTRIKKECIRICILIYINO TOSIRI

F.ii.f.d. Babayeva A. E., Oliyeva A. I., Hasimova N. N., f.e.d. Rahimov S. S.
Azarbaycan Respublikasi Elm va Tahsil Nazirliyinin Fizika Institutu
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Giris. Muasir dovrin inkisafinin vacib istiqgamotlorindon biri enerjinin alinmasi va
cevrilmosi moasalasidir. Elektronikada totbig olunan cihaz vo qurgularin yaradilmasinda
istifado olunan materiallarin qurulus vo Xassalorinds bas veran dayisikliklor, homin qurgularin
parametrlarine vo islomo prosesine kaskin tasir edir. Termoelektrik materiallar1 (TE) kicik giic
rejimindo isloya bilon wvo istilik enerjisini elektrik enerjisino ¢eviron oshamiyyatli
birlosmalordir. Bu materiallarin effektivliyi asason, onlarin mikrostrukturundan asilidir. Ag-
Sb-Te osasinda alinan birlosmalor orta temperatur araliginda isloyan yiiksok effektivlikli
termoelektrik materiallardir. Ag-Sb-Te sistemi faza movcudluguna malik olan maraql
obyektlordan biridir. Ag2Te vo ShyTes birlosmolorinin faza diaqraminin todqiqi gostarir ki,
otaq temperaturunda AgSbTe ikifazali hala uygun golir [1]. [2] isino asason Ag-Sb-Te
sisteminin monofazali torkibi 41%Ag,Te+59%Sb>Tes nishatinds alinir vo buna uygun galon
birlosmanin indekslori Ago.g2Sbhi.18Tez18 soklindadir. Ag-Sh-Te sisteminin nimunalarinda
Ag:Te olavo fazasinin movcudlugu hoamin birlosmoalorin elektrofiziki xassolorinin faza
miqdarindan shomiyyastli doracods asili olmasina gatirib ¢ixarir.

Tacrubi naticalor va onlarin analizi. Ag-Sh-Te sistemino aid olan AgShTe> birlogsmasi
yavas soyuma {iisulu ilo sintez olunmusdur. Sintezo daxil olan maddalorin tomizlik doracasi
99.99%, Umumi gokisi iso 7-10qr toskil edir. Icorisinds maddalor olan ampula vakuumda
(10*mm c.s.) hermetik baglanmisdir. Homogenliyi tomin etmok (iglin tablama zamani1 peg
400-600 dofs calxalanir. Bundan sonra arinti 550°-600° C temperatura kimi soyudulmus vo 5-
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10 saat bu doracads saxlanilmigdir. Sonra eyni templo 10-12 saat arzinds soyudulmusdur.
Almmig niimunslor glimiisii boz rongds olmusdur.

Yavas soyuma tisulu ilo sintez olunmus AgSbTe, birlogmasinin rentgen qurulus analizi
(RQA) aparilmigdir. Miiayyan olunmusdur ki, monofazali Agog>Sbhi1sTe21s birlosmasi ilo
miiqayisado AgSbTe,-do AgoTe fazasina aid piklor miisahido olunur. Aparilmis analizlor
gostormisdir ki, bu niimunado AgSbTe> vo kicik miqdarda qofes parametrlori a=16.27,
b=26.68, ¢=7.55A olan ortorombik strukturda kristallasan 7% Ag.Te fazasi
movcuddur. Tadgiqat isindo gqarsiya qoyulan osas masalolordon biri genis temperatur
intervalinda elektrikkecirmoanin todqiqi masalosidir. Bu mogsadlo ikifazali AgSbTe,-do
80-400K temperatur araliginda elektrikkegirmo todqiq olunmusdur. Homginin Ag.Te
fazasinin miixtolif faiz nisbatlorinin  (5-8%) AgSbTez-nin elektrikkegiriciliyino  tosiri
arasdirilmigdir.

Qeyd edok ki, ikifazali sistemlors ilk olaraq [3, $5.668-671] isindo baxilib va isdo bir
ne¢o daxilolma variantlar1 analiz edilib. Variantlardan biri sado Kkubik gofosin diyun
noqtalorinds yerlogdirilmis kubik daxilolma sistemidir. Giiman edilir ki, daxilolma diizgln
kubik qurulugsa malikdir. Eyni zamanda, bu kublarin markazlori tillori paralel olan sads kubik
gofas amolo gotirir. Model hesablamalarma asasan, konsentrasiyanin biitiin oblastinda (X=0;
X=1) mumi kegiricilik ti¢tin distur aldos edilmisdir:

X
G=00<1+ﬂ—100> 1)

3 01—0p
burada co-osas fazanim kegiricliyi, o1-alava fazanin kegiriciliyi, X1-hocm payidir.
Sokil 1-do todgiq olunan nimunolorin elektrikkegiriciliyinin - temperatur —asililiglar:
gostorilmisdir.
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Sakil 1. AgShTe; birlosmolorinin xiisusi elektrikkeg¢iriciliyinin temperatur asililiglari
Tocribodon almmis noticalorin  izahi {iglin AgSbTe, birlogsmosinin yiik dasima
hadisalorine slave fazanin tasiri arasdirilmis vo AgzTe-un mixtalif faiz nisbatlorinds “effektiv
miihit” nazariyyasi ¢argivasinds hesablamalar aparilmisdir.
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Sokil 2. Ag-Sb-Te birlogmasinds ikinci fazanin miixtolif miqadarlarinda (AgzTe): 1-0%;
2-5%; 3-8%; xususi elektrikkegirciliyinin temperatur asililiginin nozari hesablamalar1
Sokil 2-do iso ikinci (Ag2Te) fazanin miixtolif miqadarlarinda elektrikkecirciliyinin
temperatur asililiglarmin hesablama naticalori gostorilmisdir. Goriindiiyii kimi, ikinci fazanin
miqdarmin artmasi ilo elektrikkegiriciliyinin qiymoti azalir. Stexiometrik torkibli AgSbTe,



birlogsmasinin vo 5-8% Ag.Te ikinci fazasinin mévcud oldugu nimunslorin adadi giymatlori
Vo elektrikkegiricliyinin temperatur gedisi demok olar ki, eynidir.

Sakillarin mugayisesindan gorundiyd kimi, bazi nimunalor Gglin hesablama va tacrubi
naticalor arasinda konara ¢ixmalar da movcuddur. Tacribi va hesablama naticalorinds alinan
mulayyan uygunsuzluglart matris vo alave fazanin sorhodlorinds yiikdasiyicilarin horakatinin
doyismasi (sopilmasi) vo kristallasma siirotinin artmasi zamani qeyri-bircins ikinci fazanin
miqdarmin artmasi ilo izah etmok olar. Qeyd etmok lazimdir ki, kristallasmanin boyiik
sratlorindo Agos2Shi.18Tez.18 asas fazasmin xatti Olgllori Kigilir va faza sarhadlarinin mumi
sothi artir. Mohz bu sathlords yiikdasiyicilarin diffuziya sopilmasi vo ya glizgli oks olmasi bas
vera bilor. Ogor faza 6zoklorinin dlgilari sarbast qagis yolunun uzunlugu ils Ust-Usts diisarss,
yiikdastyicilari Sarbast gagis yolunun uzunlugu faza sarhadlori ilo mohdudlana bilor.

Belolikls, Ag2Te olava fazasinin AgSbTe. birlogsmasinin elektrikkegiriciliyino tasiri
aragdirilmig, hamginin Ag.Te-un mixtalif faiz miqdarlarinda elektrikkegiriciliyi tiglin nozari
hesablamalar aparilmigdir. Hesablama giymatlorinin tocriiba giymatlori ilo uygun golmaosi, ilk
olarag matris vo olave fazanin orta torkibinin dizgin segilmasi vo  bu kristallarda
yiikdasiyicilarin sorbast gagis yolunu mohdudlasdiran amilin tasirinin shomiyyatsiz oldugunu
gOstorir.
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Pe3ome

B pabore usyueno smusinue 5-8% da3pl AgrTe Ha anektponpoBonHocTh AgSbTe; B
temneparypuom uHTEepBasie 80-400K. IlpoBemeH peHTreHOCTPYKTYPHBIM aHAIW3 U
YCTaHOBJICHO, YTO 3TU COCAMHEHMSI UMEIOT I'paHe-IIeHTPUPOBAHHYIO KyOMUECKYI0 CTPYKTYpPY
NaCl ¢ mpocrpancTBenHo# rpymmori FM3m. Bo Bcex cimydasx pacueTbl TPOBOIMIMCH I10
nByxdaszHoi Moaenu ¢ MaTpulieii Ago.g2Shi.18Te2.18 1 BTopoii hazoii - AgaTe.

Summary

The effect of 5-8% Ag.Te phase on the electrical conductivity of AgSbTe, in the
temperature range of 80-400K was studied in this work. The X-ray diffraction analysis was
carried out and it was found that these compounds have a face centered ycubic NaCl structure
with the space group Fm3m. In all cases, the calculations were carried out according to a two-
phase model with an Ago,s2Sb1,18Te2,18 matrix and the second phase - AgzTe.

ONTUYECKHUE U ®OTORJEKTPUYECKUE CBOMCTBA TOHKUX
IMJIEHOK CdS U TETEPOIIEPEXOOB CulnSez/ CdixZnxS

o0.p.m.u. /Prcagpapoe M. A., 0okmopanm Mameoosa T.A.
baxkunckuii I'ocyoapcmeennwiit Ynueepcumem
e-mail: vagif salmanov@yahoo.com

KarwueBble cioBa: nasep, noroinenue, sromunectenims,CdS, CulnSes/ CdixZnyS.

ITouck ACHICBBIX, IIPOCTHIX, CTaOUIIBHBIX H BBICOKOB(b(beKTI/IBHLIX COJIHCYHBIX
Hpeo6pa3OBaTeﬂeI71 BCACT K PA3BUTHIO HCKOTOPLIX IMOJYIIPOBOAHHUKOBBIX TOHKOIIJICHOYHBIX
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cucteMm. CosHeuHble TpeoOpasoBaTen Ha OcHOBe rerepoctpykryp CulnSes/CdixZnyS
paccMaTpuBAIOTCS KaKk OJHHM M3 MHOTOOOCHIAIONIMX CHCTEM, OOJIQJaloUMX —PsAIoM
OnaronpusATHBIX CBOMCTB. TBepasie pactBopsl Cdi1xZNkS Omaromaps CBOMM ONTHYECKHM,
(OTOJIFOMUHECIIEHTHBIM U (DOTOUYBCTBUTENBHBIM CBOWCTBAM IIMPOKO MPUMEHSIOTCS B
OTITORJICKTPOHHOW TEXHHWKE B KAayeCTBE JIIOMHHECIICHTHBIX SKPAaHOB, CIMHTHILIISIIMOHHBIX
JIAaTYMKOB, (HOTONPUEMHHKOB, DJIEMEHTOB KOHCTPYKIMU Ja3epoB. ODTH NPSIMO30HHBIC
MOJIyIIPOBOTHUKHY, 0O07amast BBICOKOH A(PQPEKTHUBHOCTHIO HW3IY4CHHUS, OXBAaTBHIBAIOT BECh
JMana3oH crekTpa oT ynbrpaduoneroBoit 1o MK obnactu. Cymedun kaamus (CdS) u3 Beex
coenuHenni Cdi1xZnyS Beigensiercss MacmrtadoMm npuMeHeHus. OH IUPOKO UCIIOJB3YeTCs B
KOMOWHAIIMM C JPYTUMH TIOJIYIPOBOJHUKAMH JUISi CO3MaHUS PA3JIMYHBIX YCTPOMCTB Ha
rerepornepexoqax, B YaCTHOCTH KBAaHTOBOKACKaTHBIX JIA3€pOB, COJHEYHBIX Oarapeil u
doronpuémunkoB. Ha ocHoBe MoHokpuctamioB CdS npubopsl co3maHbie s pEerucTpaiun
DIIEMEHTAPHBIX YACTHIl, TaMMa-U3JIy4eHUS W TONYyYWId IIUPOKOE TPUMEHEHHE B
HaHoTekTpoHuKe. CulnSe; MoOHOKpHCTAIIBI, HCCIEAyeMble KaK BTOpas KOMIIOHEHTA
rerepornepexoaa CulnSez/Cd1xZnyS, SBISIOTCS OYEHDb MOJIE3HBIM MAaTEPHUATIOM JUTS CO3aHHS
ONTHYECKUX JETEKTOPOB, CBETOIMOIOB U BHICOKOA(D(PEKTUBHBIX MpeoOpa3zoBaTeIeii SHEPTHH.
CulnSe; sBnsieTcss IPSIMO30HHBIM TIOJIYIIPOBOJHUKOM, IUPUHA 3ampelieHHol 30Hb Eg~1,0
5B, KOTOpo#l coOBMmagaeT ¢ MaKCUMyMOM COJIHEUHOTO CIIEKTpa,  OO0JaJaeT BBICOKUM
3HaueHneM Kkod(duuuenta nornomenus (a=10° cM? mpu hv>1.0 5B) u Moxer GbITH
MOJIy4€H B BUJIE TOHKOH MJIEHKU ¢ OOJBIION MIOMAbIO.

JlanHass paboTa TOCBSIICHA TMOJYYCHUIO TOHKMX IuieHOK CdS, rerepomepexoios
CulnSey/ Cd1-xZnS u uccnea0BaHus X ONTHYSCKUX U (DOTOITEKTPUIESCKUX CBONCTB.

Toukue mmenku CdAS u TBepasie pacTBOpbl Cd1xZNyS OBLIM IMOJYYCHBI METOIOM
XUMHYECKON  MyNIbBepU3allUM €  TMOCHENYIOIIMM  MUPOJH30M.  ['eTepoCTpyKTyphl
CulnSe2/Cd1xZnkS ObLIM TOJYYEHBI METOJOM TEPMHUYCCKOTO HCIAPEHHS B BaKyyMe
(~10 Ta) mommkpucTammyeckoro mopomka CulnSe; Ha moBepxHOCTh TTeHKH Cd1xZNKS.
I'etepoctpykrypsl CulnSez/Cdi«xZNnxS ObUIM H3TOTOBJIEHBI IJIsi COCTABOB X, MEHSIOIIUXCS B
unrepsaie oT 0 mo 0,20. B kadecTBe MCTOYHMKA W3JIYYEHHUS] MCIOJIB30BAJICAd MUMITYJIbCHBIN
Nd:YAG nazep co BCTpOCHHBIMU T'€HEpaTOpaMu 2-i U 3-i TapMOHHMK, IIPEIHA3HAYCHHBIN JJIs
reHepaluuy HU3aydyeHus ¢ AauHoM BoiHbl 1064, 532 w 335 nm. JUTeNbHOCTH JIa3€pHOTO
HMITyJIbca cocTaBisna 10 HC ¢ MaKCHMMANbHOH MOIIHOCTBIO ~ 12 MBT/cM?. MHTEHCHBHOCTD
U3ITy4YeHUs] U3MEHAJIACh MPU MOMOIIM KaIMOPOBAaHHBIX HEUTpANbHBIX CBETOBBIX (DHUIHTPOB.
CrekTpbl MOMIOMICHUST U (OTOJFOMUHECIECHIIMUM TOHKUX MieHOK CdS u rereporepexoion
CulnSe2/Cd1+ZnxS wuccrenoBanbl ¢ MOMOIIBI0 aBTOMATH3MPOBAHHOIO MOHOXpPOMAaTOpa C
nBoitHOM gucnepcueit M833, ¢ KOMIBIOTEPHBIM yIpaBiICHHUEM U (POTOAECTEKTOPOM,
PETUCTPUPYIONIUM U3JTyUYeHHE B auana3one aauH BojH 350-2000um [1].

Ha puc.l,a mpencrasien crekTp noryonienne ToHkuX mieHok CdS. Kak BugHo u3
PUCYHKa, MAaKCUMYM IOTJIOIIEHUE COOTBETCTBYET AiMHE BOJHBI A =490 M (2.53 3B). Ilo
HalleMy MHEHMIO JlaHHAas BEJIMYMHA COOTBETCTBYET SKCUTOHHOMY IE€pPEeXOJy Ha Kparo
byHIaMeHTaIbHOM 1T0JI0CKI TIoryionieHus [2]. O6 3ToM Takke CBHICTEIBLCTBYET HabIt01aemMast
HaMH JIIOMHHECLEHIHs, Bo30yxaaemas BTopoi rapmonukoil Nd:YAG nazepa (
ho =234 5B). MakcuMmyMm (oToNOMHUHECHCHIIME TOHKHX IuieHOK CdS cooTBeTcTByeT
mHe BonmHBI A =492 um (puc.1,0). ComocraBineHue cCIeKTpa TIOMUHECHEHIIMH C HX
CIEKTpaMM MOTJIONICHHUs, TIOKAa3bIBAET, YTO CIEKTPhl JIOMHHECLEHIMU, HaOI01aeMble MpU
Ja3epHOM  BO30YXJE€HHUM OOYCIOBJEHbl U3JIydyaTeNbHOW peKkoMOMHAIuel CcBOOOIHBIX
HKCUTOHOB.
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Puc.1. Cnexmpeol nozrowenus (a) u nromunecyenyuu (6) monkux nienox Cds.

Ha puc. 2,a mokasaHsl CBETOBBIE BOJIbTaMIlepHbIe xapakrepuctuku CulnSez/CdixZnS
st x=0.10, 0.15 u 0.20 cocTaBOB Npu OCBEHICHMH HCTOYHUKOM, MMEIOIIUM MOIIHOCTH
W=100 mBt/cm2. Kak BUHO M3 PUCYHKA, C YBeIMYEHHEM KOHIEHTparuu ZNn ot 10 10 20%,
IJIOTHOCTh TOKa yMEHbImaercss oT 8§ mo 2,3 MA/CM?, a HaMpsiKeHUEe XoJIOCToro xoma Uxy,
yBenuuuBaercs ot 0,5 mo 0,65 B, HO k03(pdUIIMEHT 3aMOJHEHHS] OCTACTCSI OTHOCHUTEIHHO
Hem3menHbIM (ff=0,4). YBennuenune Bemuuuubl X oT 0 10 0,20 MPUBOMUT K YBEIUYCHUIO
MJIOTHOCTH TOKA, BEIYIIET0 K YMEHbBIICHHUIO () PeKTUBHOCTH TeTepOoCTPYKTYp OT 4 10 0,6 %.
VYBenuyeHne MIUPUHBI 3aMpeiieHHON 30HbI B TOHKHMX IuieHKax Cd1xZNxS ¢ yBennueHHeM
BEJIMYMHBI X BEJIET K POCTY dHepreruueckoro Gapeepa CulnSez/Cdi«ZnyS rerepocTpykTyp,
BEAYUIET0 B UTOr€ K YBEIWYEHHIO HampsbkeHus xojocroro xoxa g0 0,65 B mpu x=0,2. C
JPYroi CTOPOHBI, YBETHUEHHE YACTHOrO conmpoTuBieHns Cdi«ZNxS ¢ yBeTUYEHHUEM X BEICT
K YMEHBIIEHHUIO TOKa KOPOTKOTO 3aMbIKaHUS |, B pe3yibTaTe MPOMCXOIUT 3HAUUTEIHHOE
ymeHnbienne kodddurmenta monesHoro naeictBus (KII) stux crpykryp. B memsax
noBbIieHUsT 3HadeHuH |, w  KIIJI HamMu OBUIM  HM3rOTOBIEHBI TETEPOCTPYKTYPHI
CulnSe2/Cd1xZnxS Ha HH3KO0OMHBIX momI0kKax Cd1-xZNnyS. Tlpu stom, KIIJI ocBemeHHBIX
00pa3noB ¢ HICTOYHUKOM MotHOCTEI0O W=100 MBT/CM? nOCTHTaeT BeJTMYIHNHBI nopsiaka 7,8%.

Ha puc.2,06 nmnokazansl  coekTpbl  (OTOUYBCTBUTEIBLHOCTH  TE€TEPOCTPYKTYP
CulnSez/Cd1xZnS mo (xpuBast 1) u mocne (kpuBas 2) omkura B Bakyyme npu 300 °C B
tedenue 10 mun. Kak BUIHO U3 pUCyHKa, MAKCUMYM CIEKTpa (POTOUYBCTBUTEIBHOCTH MOCIE
OT)KUTA CIBUTACTCS B CTOPOHY J/JIMHHBIX BOJH. OJTO MOXET OBITh OOBACHUMO, €CIU
MPEIOJIOKUTD, YTO MPOLIECC OTKUra MPUBOJAUT K YMEHBIICHUIO KOHIICHTPAIIMH aKLEITOPOB
B p-CulnSe;, xoTopblil B pe3ynbTare yBEJIWYUBACT IIMPUHY OOJACTH MPOCTPAHCTBEHHBIX
3apsnoB. [loatomy, pa3aenenue poroHocuteneil, renepupoBanusix B CulnSez, mpoucxoaut
OBICTPO, YTO TMPUBOAUT K YBEIWYCHHIO (OTOMPOBOAMMOCTH TETEPOCTPYKTYpPHl B
JUTMHHOBOJILHOBOM 00JIaCTH CIIEKTpa.
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Puc.2, a Céeemoesbie 6onomamnephsle xapakmepucmuku (a) u ¢pomouyecmeumenvHocmu
(0) cemepocmpyxkmyp CulnSe2/Cd1«ZnyS.
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Abstract

The absorption and luminescence spectra of thin films of CdS films and CulnSe»/Cd;-
«ZNxS heterojunctions obtained by chemical pulverization followed by pyrolysis and thermal
evaporation in vacuum under laser excitation were experimentally studied. It is shown that the
observed peaks in the absorption and luminescence spectra in thin CdS films are due to
exciton transitions. The efficiency of the CulnSe2/Cd1-xZnxS heterostructure illuminated with
a source of power W=100m W/cm? reaches about 7.8 %.

Xulasa

Kimyavi tozlasma Vo termal buxarlanma tisullari ilo alinmis CdS nazik tobagolarinin va
CulnSe2/Cd1xZnS heterokecidlorinin  optik udma vo liminessensiya spektrlori lazer
stialarmin tosiri ilo eksperimental olaraq todqiq edilmisdir. Gostorilmisdir ki, CdS nazik
tobagalorinin optik udma vo liminessensiya spektrlorinde miisahido olunan maksimumlar
eksiton kecidlori ilo baghdir. Giici W=100mW/sm? olan isiqq monbo ilo isiqlandirilan
CulnSe2/Cd1xZn«S heterostrukturunun faydali is amsali taxminan 7,8 % giymots catir.

YARIMKECIRICI NANOSTRUKTURALARDAN FOTOCEVIRILMO
PROSESINDO iSTIFADO

Mommadov E.M., dos. Quliyev N.IL, dos. imanov R.M., Badalova F.M., Abbasov R.A.
Ganca Doviat Universiteti

Acar sozlar: silisium, fotoelement, giinos enerjisi, nanoobyekt, nanoklaster

KioueBbie cioBa: KpeMHHH, (POTOBOJIBTaMKA, COJHEYHAS DHEPTUs, HAHOOOBEKT,
HaHOKJIACTEP.

Keywords: silicon, photovoltaic, solar energy, nanoobject, nanocluster

Digor materiallarla miiqayisads bir sira texnoloji vo iqtisadi istiinliikklors malik olan
silisium giinos elementlori(fotoelementlori) eyni zamanda silisiumun 6ziiniin tobioti ilo bagl
miloyyon catismazliga malikdir (300 K-do qadagan zonasinin eni 1,12 eV-dir ). Masalo
burasindadir ki, silisium fotoelementlor iiclin giines enerjisinin ¢evrilmasinin optimal
diapazonu giinog selinds asagi intensivliys malik infraqirmizi spektra (1-1,5 eV) diisiir vo
daha intensiv qisa elektromaqnit dalgalarinin udulmasi iso yalniz sistemin entropiyasinin
artmasina sobab olur.

Bu c¢atismazligi aradan qaldirmaq mexanizmini milasir nanotexnologiyanin
nailiyystlorinde axtarmaq lazimdir.Bu fotokegiriciloro,onlarm effektivliyini xeyli iistoloyon
yeni keyfiyyatlor vers bilor.

[3]-do gostarildiyi kimi, fotoelektrik sistemlorin effektliyinin artirilmasinin perspektivli
istigamatlorindon biri (50%-0 qadar) fotogevrilmo proseslorindo multieksiton hasilat effektinin
nadir xassolorindon istifado etmokdir (MEH bir fotonun udulmasi zamani ¢oxlu eksitonlarin
omolo golmasidir). Bu ilk dofs 2002-ci ildo avvalcodon xabor verildi [5] vo sonradan [9, 8, 7]
islorinda yarimkegirici kvant noqtalori olan miixtalif materiallarda (xiisusile, agir metallarin
selenidlori vo sulfidlori) hartorafli dyranildi. Bu prosesin mexanizmi hals do tam agilmayib.
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Multieksiton hasilatini izah etmok {igiin statistik yanasma [2]-do toklif edilmisdir. Qeyd etmok
lazimdir ki, kiitlovi nlimunalords bu effekt praktiki olaraq miisahids edilmir.

Multieksiton hasilatinin 6ziinii  gostordiyi kvant noqtesi (nanokristal) sifir 6lgiilii
obyektdir. Bu nanoklaster deyil, maddonin nanodlgiilii kristal, dispersion vo kvazi hacmli
qurulusudur. Kvant ndqtosinin xiisusiyyatlori:

1)olgiilori 5 : 50 nanometr arasinda doyisir ;

2)atomlarin (vo ya molekullarin) say1 bir ne¢o mina gatir;

3)nanoobyektlorin xassolorinin demak olar ki, biitiin spesifik xiisusiyyatlori qorunub
saxlanilir ;

4)nanoklaster tigiin xarakterik olan atomlarin sayindan asililigi yoxdur;

5)fiziki vo kimyovi xassalori hissaciklorin (donslorin, kristallitlorin) dl¢iistindon asilidir.

Kvant ndqtoesinin molekullarin giinas siialanmasinin enerjili fotonlar1 ilo qarsiliql
tosiri (fotonlar asason goriinon diapazondan sorulur vo buna goro do daha yiliksok intensivliyo
malikdir) "ilkin" elektronun optik hayacanlanmasina sabab olur.

Kvant ¢uxurun molekullarinin optik hayacanlagma enerjisinin sonraki relaksasiyasi,
multieksiton hasilat1 ilo eyni zamanda zorbo rekombinasiyas1 vasitosilo hoyata kecirilir (bir
neco elektron-desik ciitlori vo ya eksitonlar).

Miiollifin fikrinco, bu effektin kiitlovi niimunolordo miisahido edilmomasinin sobablori
nozordon kegirilon kvant ndqtolorindo 6ziinii gdstoron iki xiisusiyyatdir:

Birincisi, kvant noqtesinin enerji qurulusu, homin torkibli kiitlovi niimunanin zona
qurulusundan forqli olaraq, diskretdir. Bunun sobobi nanokristal togkil edon atomlarin kifayot
godor mohdud sayda olmasidir. Atomlar birlosdikds, ilkin atom spektrindon enerji
soviyyalorinin miioyyon godor yerdoyismosi bas verir, lakin atomlarim mohdud sayda olmasi1
sobobindan saviyyalarin bir-birini 6rtmosi va zonalarin formalagsmasi bas verir. Nanokristalin
enerji spektri daha ¢ox diskret “enerji zolaglar1” comidir.

Ikincisi, nanokristallarda eksiton hallarinin enerji “darinliyi” hotta otaq temperaturunda
belo [1] istilik enerjisi ilo ( kT ) miigayiso oluna bilor, kiitlovi niimunslordo iso eksitonlarin
enerjisi istilik hoyacanlasmasi enerjisindon miigayiso olunmaz dorocodo az olur. Otaq
temperaturunda onlarda ekstonlar praktiki olaraq miisahido olunmur.

Multieksiton hasilati  noticosindo  elektron-desik ciitlori yaranir, bu zaman
desiklor praktiki olaraq biitiin sistemin Fermi soviyyasi ilo iist-iisto diison Eo voziyyatini tutur,
vo bu ciitiin elektronlar1 kvant ¢uxurunun qadagan zonasmin eni qodor daha yiiksokdo
yerlosmis E 1 soviyyosini tutur. E 1 soviyyasi silisiumun kegirici zonasindan potensial ¢oparlo
fazaca ayrilmisdir. Is18m udulmasi prosesindon ovval Ei soviyyssi dolmamisdir. Bu
soviyyadon multieksiton hasilati prosesindo dogulan elektrona bu soviyyadansilisiumun
keciricilik zonasima tunellomo kanali agir.

Elektronun kegiricilik zonasinda kecidi elektron-desik ciitliiyiiniinfazaca bdliinmasino
vo fotoelementin kontaktlarinda qiymoti asagidaki diisturla toyin olunan Uy potensiallar
forqinin yaranmasina gotirib ¢ixarir.

Uk=d4dE g -AE ¢-up - un
burada: 4E g1 - genigszonali yarimkegiricinin gadagan olunmus zonasmin eni,

AE ¢- n va p tipli yarimkegiricilorin ¢ixis iglari forqi ilo toyin edilon kegiricilik zonasinin
kosilmosidir va 1 p vo un baslangic voziyystdo miivafiq olaraq onlarin Fermi enerjiloridir.

Tunellomo ehtimalmin, eloco do fotoelementin coroyan xarakteristikalariin
hesablanmasi iizro miivafiq todqiqatlar aparilacaq.

Bu isi yekunlagdiraraq qeyd etmok olar Ki, multieksiton hasilat effekti osasinda giinog
fotoelementlorinin effektliyinin potensial imkanlarin1 gostormis, effektin, fotogevrilma
proseslorinds istifado etmays imkan veron spesifik xiisusiyyatlori acilmisdir . Homginin aktiv
bolgosino giinos enerjisinin ¢evrilmosindo multieksiton hasilatindan istifado etmoys imkan
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veron kvant sifir 6l¢iilii quruluslarm daxil oldugu fotoelementin yarimfenomenoloji modeli
verilmigdir.

Gostorilir ki, toklif olunan fotoelementin faydali is omsali yliksok kvant ¢ixigi vo
fotogevrilmo prosesindo goriinon siialanma spektrinin enerjili fotonlarinin udulmasi ilo tomin
edilir .

Odabiyyat

1. Hparynos B.Il.,, Hewussectnniii I.I'., I'puguun B.A. OcCHOBBI HaHOZIEKTPOHUKU. M.:
Jloroc. 2006. C. 163.

2. Oxkcenrenmiep b.J1., Typaesa H.H.,  Pammmosa C.111. Crarutnueckass  Teopus
MHOXCCTBCHHOTO POXIACHUA JKCUTOHOB B COJIHCHHBIX 3JJICMCHTAX HAa OCHOBC KBAHTOBBIX
touek. ['emmoTexnuka. 2009. Ne 3. C. 36-42.

3. Basic research needs for Solar Energy Utilization. Report of the Basic Energy Sciences
Workshop on Solar Energy Utilization. April 2005, 18021, Second Printing, October 2005,
U.S. Dep. of Energy (DOE).

4. Nozik A. J.Physica E. 2002. V. 14. P. 115.

5. Schaller R.D., Petruska M.A. and Klimov V.1. Appl.Phys.Lett. 2005.V. 87. P. 253102.

6. Schaller R.D., Pietryga J.M. and Klimov V.I. Nano Lett. 2007.V.7. P. 3469-3476.

7. Schaller R., Sycora M., Pietryga J.M. and Klimov V.I. Phys.Rev.Lett. 2006. V. 96.

P. 097402-1-4.

Pe3rome

B crarre mnoxka3zaHbl IIOTCHIUAJIBHBIC BO3MOXXHOCTHU IIOBBIIICHUA 3(1)(1)GKTI/IBHOCTI/I
COJIHEUHBIX (POTORIEMEHTOB Ha OCHOBE 3(QerTa MHOTOIKCUTOHHOTO W3BJICYCHHUS |
BBISIBJICHBI O0COOEHHOCTH d3(deKkTa, TMO3BOJSAIONIME HCIOIB30BaTh €ro B  IpoIlieccax
(dboTomnpeoOpazoBanus. Takke nmpuBeneHa moayGeHoMeHoJornIecKass MoAeIb (POTOAIEMEHTA,
BKJIIIOYAOMasi B ce0s KBAHTOBBIC HYJIBMEPHBIC CTPYKTYpPBI, MO3BOJISIONIAs HCIOJIH30BATh
MHOTOSKCUTOHHOE TPOHM3BOJCTBO TPU MPEOOpPA30BAHUU COJTHEYHON SHEPTHH B AKTHBHYIO
o0racTsb.

[lokazaHo, dro mone3Has dS((GEKTUBHOCTh  TMpeaIaraeMoro  (GoTodJIeMeHTa
oOecrieuynBaeTCss BHICOKMM KBAaHTOBBIM BBIXOJIOM M TIOTJIOIIEHHEM SHEPTHYHBIX (OTOHOB
BHJIIMOTO CIIEKTPa U3JIy4eHUs B mpoliecce GoTornpeoOpa3oBaHHMs.

Summary

In the article, the potential possibilities of the efficiency of solar photocells based on the
multiexciton extraction effect have been shown, and the specific features of the effect, which
allow wusing it in photoconversion processes, have been revealed. Also, a semi-
phenomenological model of the photocell, which includes quantum zero-dimensional
structures, which allows the use of multiexciton production in the conversion of solar energy
to the active region, is given.

It is shown that the useful efficiency of the proposed photocell is provided by the high
quantum yield and the absorption of energetic photons of the visible radiation spectrum
during the photoconversion process.
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MOSAMOLI SILISIUMUN LUMINISSENT XASSOLORINO OLAVO
ASILANMANIN TOSIRi

F.r.e.d. RUstamov F. 9., F.r.e.n. Darvisov N. H., F.r.e.n. Bagiyev V. O.,
F.r.e.n. Mammadov M. Z.
Baki Déviat Universiteti, Fizika Problemlari ETI, Kondensa olunmus hal fizikast sobasi
farhad.rustamov@bsu.edu.az

Acar sozlar: masamali silisium; fotoliiminessensiya; alave agilanma, oksigen rabitalori

Silisium kristallar1 sothinda ¢oxlu sarbast alagalor olan 1.1 eV qadagan olunmus zonali
cop kegidli yarimkegirici oldugu tgiin gorinon oblastda fotoliminessensiya (FL) biruzs
vermir. Uygun elektrokimyavi va ya sirf kimyavi asilamadan sonra, masamali silisium (MS)
adlanan yeni material iso maksimumu 1.1 eV-dan bdyuk olan gériinon FL biruzs verir [1, 2].
Hal-hazirda bunun ilk névbado silisium nanokristallarinin qadagan olunmus zonasmin kvant -
Olgllu effect sababindan bas verdiyi miiayyon edilmisdir. Bu effekto gora nanohissaciklorin
Olcusu kicildikco gadagan olunmus zonanmn eni artmalidir. Lakin yiksok mosamaliklordo,
yani ¢ox Kicik ol¢lilords, FL-nin maksimumunun yiiksok enerjilor oblastina siiriismasi kasilir
[3]. Sath hallar1 ilo slagadar qadagan olunmus zonada yaranan lokal siialanma rekombinasiya
soviyyalorinin yaranmasi bu eksperimental fakti izah eda bilor [4]. Beloliklo bu saviyyalorin
olmasi vo ya olmamast MS-un FL xassalorini kaskin doyiso bilor. Bu tasirin dyronilmasi
mogsadi ilo igdo MS-un FL spektrlorino onlarin HF vo KOH -m sulu mohlullarinda olave
astlanmasinin tasiri tadqiq edilmisdir.

Masamali silisium niimunalori xtisusi migavimeti 0.1 Om-sm, oriyentasiyasi (111) olan
p-tip monokristallik silisium l6vhalori Uzarinds sirf kimyavi asilama tisulu ilo alimmigdir. MS
nimunoalori hacmi nisbati 1200:1:800 olan HF : HNO3 : CH3COOH mohlullarinda asilama
ilo alinmigdir [5]. NUmunolorin oslave asilanmasi 10%-li HF vo 0.01M KOH -in sulu
mohlullarinda aparilmisdir.

Sokil 1 -do MS nlmunalorinin dorhal alinandan sonraki (a) vo 10%-li HF-un spirt
mohlulunda  olave  asillanmadan  sonraki  (b)  fotoliminessensiya  spektrlori
verilmisdir. Goriindiiyii kimi niimuns almandan dorhal sonra maksimumu ~1.85 eV olan
qurmizi fotoliiminessensiya biruzo verir (Sokil 1a). Bu nidmunalor 10%-li HF-un spirt
mohlulunda ~10 dog olave asilandigdan sonra maksimumu ~2.1 eV olan sari
fotoliminessensiya biruzo verir (Sakil 1b). Yani belo olavs asillanma FL-in maksimumunun
yuksok enerjilor oblastina siirlismasine sobob olur (Sokil 1, ke¢id a—b). Hava ilo tomasa
gatirildikdoan sonra FL spektri suratlo (~ 2-3 daq) transformasiya olunur vo onun maksimumu
yenidon ~1.85 eV-a geriys siirtisiir (Sakil 1, kecid b—b").

0.6-
0.6 a
3 3
o ]
Z 041 % o b
£ b g
; -
o
0.2 a 929
i
0.04+— . . r , 0.0+— T T r )
1.6 1.8 2.0 22 2.4 1.6 1.8 2.0 2.2 24
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Sakil 1. MS -un HF mahlulunda slava Sakil 2. MS -un KOH mohlulunda slava
asitlanmadan ovval vo sonraki FL spektrlori agillanmadan oavval vo sonraki FL spektrlori
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Sakil 2-do 0.01M KOH sulu mahlulunda ~ 2 dog slave asilanmaya moruz qalmig MS
nimunalarinin xarakterik FL spektrlori gistorilmisdir. Gorlindiiyii kimi, golovi asilayicida
olava agilanma da FL-nin maksimumunun yiiksak enerjilor oblastina siiriismasina (Sakil 2,
kecid a—b) sobab olur. Bu zaman yena do girmizi fotoliminessensiya (~1.85 eV) sariya (~2.1
eV) kegir. Lakin Sokil 2b -don gorinduyld kimi, zoif HF mohlulundaki asilamadan forgli
olarag, bu zaman FL-in intensivliyinin nozors garpacaq dorocads azaldigi miisahido olunur.
Hava ilo tomas, ovvoalki haldaki kimi, yens FL-in maksimumunun geriya (~1.85 eV)
stirligmasina sabab olur. Lakin bu zaman FL-in intensivliyi kaskin azalir (Sakil 2, kegid b—Db)

Sokil 1 va Sakil 2 -nin migayisasi masamali silisiumun HF vo KOH mohlullarindaki
olavo asilanmasi zamani FL spektrlorinin oxsar transformasiyasinin bas verdiyini gostorir.
Olavo asilama hor iki halda FL spektrinin maksimumunun 1.85 eV-dan 2.1 eV -a (a—b
kecidlori) stirligmasine Sobob olur. Belo oxsarliq bu miixtolif asilayicilarmm  FL-nin
mexanizmina tasirinin eyniliyini gostarir. Malumdur ki, hom HF-un zoif su mohlullari, hom
do galavilar silisiumun sathindoki oksid toboagasini sirstlo asilayirlar [2, 4]. Belaliklo, alinmis
nimunalarin gostarilon mohlullardak: slava islonmasi Si-O olagelorinin asilanmasma va
demoali silisim nanokristallarmin qadagan olunmus zonasindaki lokal siialanma rekombinasiya
saviyyalorinin yox olamasma gatirir. Qadagan olunmus zonada bu lokal saviyyalorin
olmamasi siialanma rekombinasiyasmin zona - zona kegidlori hesabina bas vermoasina gatirir
Ki, bu da 6zini FL-nin maksimumunun 1.85 eV-dan 2.1 eV-a siiriismoasinda biruzs verir.

Atmosfer havasinda saxlanmasi nimunolorin  FL spektrlorindo daha bir oxsar
transformasiyasina sobob olur (b—b' kecidlori). Bir nego dogigo orzindo FL-nin
maksimumunun sar1 (2.1 eV) oblastdan kicgik enerjili qurmiz1 (1.85 eV) oblasta geriyo
slirlismoasi bas verir. Bu zaman silisium nanokristallarinin sothi yenidon oksidlogir. Noticods
silisium nanokristallarinin gadagan olunmus zonasinda yenidon lokal slialanma
rekombinasiya soviyyslori yaranir. Stialanma pekombinasiyast bu saviyyslordon bas verir.
NUmunalorin iglonmasinin necs olmasindan asili olmayaraq siialanma rekombinasiyasi
yenidan bu saviyyslordon bas verir.

Sokil 1 va Sakil 2 -nin miqayisasi FL spektrlorinin siirlismoasindoki oxsarliqla yanasi
hom do onlar arasindaki fargli cohati do gostorir. MS -un HF vo ya KOH mohlullarindaki
olavs asilanmasi vo havada oksidlogsmasi FL maksimumunun eyni barpa olunan qirmizi - sar1
- qirmizi stiriismasina gatirir. Lakin HF mohlulunda slavs asilanma zamani FL intensivliyi
togribon sabit qalirsa, KOH mohlulunda olave asilama intensivliyin nazors carpacaq
azalmasina sobab olur. Bu silisium va onun oksidinin gdstarilon mahlullarda mixtslif stratlo
astlanmasinin tozahurudur [2].
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Annomauus
HccnenoBano BiMsHUE JOTpaBiMBaHMA B BoAHBIX pactBopax HF u KOH Ha
doTrosoMuHEeCIEHITNIO  mopucToro  kpemHus. Ilokazano, 4ro Takas oOpaboTka
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CBEXKEIPUTOTOBIICHHBIX O00pa3loOB BO BCEX CIydasX MPUBOJUT K CIOBUTY MakKCHMyma
¢doromomunecuenuu ¢ 1.85 3B B 2.1 3B. JlanbHeiinee aTMochepHOE OKUCICHNE B TECUEHUT
2+3 MHH NPHUBOAMT K TpaHCHOPMALIUU CIIEKTPOB U €€ MaKCUMyM oOpaTHO cmermaercs B 1.85
3B. OOGcyxaeHa poJib KUCIOPOIHBIX CBSI3€H B OOpa30BaHMM JIOKAIBHBIX H3ITy4aTEIbHBIX
PEKOMOMHAIIMOHHBIX YPOBHEH B 3alpelIeHHOW 30HE OTBETCTBEHHBIX 3a HAOIIOJaeMbIe
TpanchopMmaiyu (HOTOITFOMUHECIICHITUH.

Abstract

The effect of posttreatment in aqueous solutions of HF and KOH on the
photoluminescence spectra of porous silicon has been investigated. It is shown that this
posttreatment of as-prepared samples leads to a shift of the photoluminescence maximum
from ~1.85 eV to 2.1 eV. Subsequent atmospheric oxidation during 2+3 min leads to the
transformation of the spectra, and its maximum shifts back to 1.85 eV. The role of oxygen
bonds in the formation of local radiative recombination levels in the band-gap, responsible for
photoluminescence transformations, is discussed.

ELECTROPHYSICAL STUDIES IN CuTISe; CRYSTAL

D.ph.m.s. prof. Madatov R. S.*2, D.Ph.ph.Mamishova R. M.1?, Babayeva F. N.
Unstitute of Radiation Problems, Azerbaijan National Academy of Sciences
2National Aviation Academy
3Azerbaijan University of Architecture and Construction
Email: rexsane@yandex.ru

Key words: crystal, X-ray phase analysis, radiation dose, dielectric function.

Modern research focuses on nanomaterials, superconductors and multi-phase systems
[1, soh. 288, 2, soh.614-620]. It should be noted that all these still need extensive search and
research. Copper chalcogenides have long been studied by the researcher because of their
significant physical and chemical properties [3, soh.1-7, 4, soh. 3473-3479]. Stoichiometric
and non-stheiometric compounds formed in Cu-S(Se) systems have long been one of the
major investigated objects for their application-oriented properties. This interest is due to the
physical and chemical properties that are manifested in them [5, soh.3-5]. Another interesting
feature of these system compounds is the presence of several structural phase transitions that
occur depending on temperature. Therefore, taking into account what has been said, the main
purpose of the present work is to conduct the X-ray analysis of CuTISe2 compound crystals
and to determine the dielectrical function(DF) in the sample depending on the temperature.

The studied CuTISe> compound was grown at high temperature using the Bridgman—
Stockbarger method. Using materials with a high degree of purity (TI, 99.99%; Cu, 99.999%;
Se, 99.99%) in the crucible is completely melted in the hot zone at 775 K of the two-zone
Bridgman furnace and is transferred to the cold zone (580 K) at speed of 1.2 mm/h. The
obtained single crystal had a diameter of 1 cm, a length of 8 cm and a specific resistance of ~
40 Q - cm.

Crystal structure and lattice parameters of the sample obtained by X-ray analysis
method a = 4.08; ¢ = 8.16 A; z = 2 were calculated, and it was determined that the compound
crystallizes in tetragonal crystal system and the results were given in [6, soh.1837-1841].

The resulting samples were exposed to a dose of Dy = 500krad using an MRX y-25
setup with a Co® isotope source (E = 1.25 MeV). The surfaces of the crystal before and after
their exposure to the gamma radiation were studied using an nanoEducator scanning probe
microscope (SPM).
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Measurements of dependence of the dielectric function (DF) on temperature of the
initial and irradiated(D, = 25Mrad) CuTISe; crystal are determined for the frequencies f =
200Hz+500kHz. The impedance spectroscopy (IS) measurements of CuTISe, samples were
done in an evacuated cryostat in the temperature range of 150 - 450K using E7-25 device for
detection pair of parametres such as the real part of the dielectric function &(w).

As can be seen from the figure, an increase in the value of dielectric permeability is
observed at all frequencies of the measurement area with the increase in temperature. The
maximum observed at higher frequency values occurs at higher temperatures and the value of
dielectric constant is smaller than at lower frequencies.

As can be seen from the curves, as the temperature increases, the value of the dielectric
constant increases and reaches the maximum value at a certain temperature, and an anomaly is
observed, with a further increase in temperature, a relaxation-like decrease is observed. These
changes that we observed in the temperature-frequency characteristics of dielectric
permittivity are typical for Debye-type relaxation processes [7, sah.2845].
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Pezrome

B Hacrosmieit pabore wucciemoBaHbl peHTreHodaszoBeii  aHamu3z (PDA) wu
manextpuueckas pynkuus (D) coequnenust CuTlSe;, nomyyennoro merogom bpumxkmena-
CrokOaprepa. B pesynaprare wucciieioBaHusi OBUIO YCTaHOBJIGHO, YTO OCHOBHBIMH
pesynbraTtamu uccienoBanuii MC sSBISIOTCS M3MEHEHHE 3HAaKa €MKOCTH B 3aBHCHUMOCTH OT

temneparypsl (T) u 4acTOThI (®) AMEKTPUIECKOTO MOJSL.
Xulasa

Isdo Bricmen-Stokbarger tisulu ilo almmis CuTISe; birlosmosinin rentgen faza analizi
(RFA) vo dielektrik funksiyas1 (DF) todqiq edilmisdir. Todgigat naticasinds IS tadqiqatlarmin
osas naticalarinin elektrik sahosinin temperatur (T) vo tezliyi (o) ilo tutum isarasinin
doyismasi oldugu toxmin edilmisdir.
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ASPE+XHOCM%BI, TE; KOMPOZITLORINDO RENTGEN SUALARININ
DIFRAKSIYASI VO ISIGIN KOMBINASIYALI SOPILMOSININ TODQiQi

f.f.d., Homzayeva A. Y.
Ganca Dovlat Universiteti
ayselhemzeyeval5@agmail.com

Acar sozlari: rentgen siialarinin difraksiyasi vo isigin kombinasiyali sopilmasi.
Key words: X-ray diffraction and combined light scattering

Molum oldugu kimi BixTes tip birlosmalor vo onlarin osasinda bark mohlullar
termoelektrik materiallar kimi praktikada genis totbiq olunur. Nozori hesablamalar
gOstormisdir ki,[1] termoelektrik effektivliyinin koskin artirilmasi {iglin  kigik 6lgiilii
strukturlardan (nazik plonkalar, nanoiplar, nanokristallar va.s) istifads edilir. Biz asag1 sixliqh
polietilens toz halinda olan Bi>Tesz birlosmasindan slavalor etmakls, termik presloma tsulu
ilo ASPE+xhocm%Bi.Tes
kompozitlorini alaraq todqiq
etmisik. Bi;Tes
nanokristalitlorinin 6l¢ist 50
nm-don boyiik olmamisdir.
Todgigatlar torkibinds 5, 10,
20, 30, 40, 50, 60 vo 70
hocm% Bi,Tes kristalitlori IO S P
olan nanokompozitlords IS B ST -
aparilmigdir[2]. Niimunalords o o 0%
rentgen siialarinin difraksiyasi ’ L N o
Vo  is1gim kombinasiyali e bt e s
sopilmoasi todqiq edilmisdir. 2, Augte
Almmis kompozitlarin
rengenostruktur  tadgiqatlar1
Bruker D8 Advance rentgen
difraktometrindo aparilmisdir.
Sakil 1-ds torkibindo miixtalif
miqdarda Bi.Tes olan nanokompozitlorin rentgenografik todgiginin naticolori verilmisdir.
Sakildon gorunduyld Kimi BizTes-iin kigik konsentrasiyalarinda (5%,10%) ASPE matrisasi
iiciin xarakterik olan 21,6-24%do reflekslorin istiinliiyii daha aydin ifade olunur. Torkibdo
BixTes kristalitlorinin konsentrasiyasi artdiqca Bi>Tes-o aid olan reflekslorin intensivliyi artir,
ASPE-ys aid reflekslorin intensivliyi iso azalir.

Is1gmn kombinasiyali sopilmosinin tadgigi Gcolcili konfokal Raman mikroskopunda
Nanofinder 30(Tokio Inst, Japan) todqiq edilmisdir. Hoyacanlanma dalasmm uzunlugu
532nm olmusdur. Nanokompozit lizorino diison lazer siiasinin en kosiyinin radiusu 4mkm
olmusdur. Siialanma -70°C-5 goadar soyudulmus fotonlarin sayilmasi rejiminds isloyan CCD
kamerast ilo Qobul edilmisdir. Kamera fotonlarin hesablanma rejimindo igloyir. Bitin
Olcmoloar ekspozisiya middatinin 20 saniys olmasi halinda aparilmigdir. Lazer siialanmasinin
giicii 10MVt olmusdur. 5, 10, 20, 30, 40, 50, 60 vo 70 hocm%Bi>Tes doldurucusu olan
nanokompozitlorin kombinasyon sapilmasi spektri sokil 2-do verilib. Sokildon aydin goriiniir
ki, todqgiq olunan bitiin kompozitlor {i¢iin 3 aktiv Raman modu miisahido edili3[3]: 62sm™

tezliyindo ( A}), 102,5sm? tezliyinds (E;), 134sm™ tezliyindo (Aj,). Torkibdo BizTes
doldurucusunun miqdar1 artdigca Raman modlarmm spektrlori artmisdir. Homin
maksimumlar A} , E}, A} modlarinda Bi;Tes niimunosi iigiin miivafiq olarag 62,5 sm™; 134
sm? vo 103 sm?-do, Shocm% Bi;Tes niimunasi olan kompozitds 61,6 sm?; 136 sm™ vo 102,5

[003]
[105)

[1010]
[0015]
[0018]

Intensity, arb. un.

Sakil 1. ASPE+xhacm%Bi2Tes nanokompozitlarinda rentgen
siialarimin  difraksiyasin x=5%, 10%, 30%, 40%, 50%,
60%,70%
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sm?-do, 10hacm% Bi;Tes niimunasi olan kompozitdo 60,7 sm?; 131 sm? vo 100 sm?-do,
30hocm% Bi,Tes niimunasi olan kompozitds 60,7 sm™; 134 sm?vas 101,6 sm™-da, 40hocm%
Bi;Tes nimunoasi olan kompozitds 60 sm?; 134 sm? vs 100,8 sm?-do, 50hocm% Bi,Tes
niimunasi olan kompozitda 60,7 sm™; 132 sm? vo 100,8 sm™-do, 60hacm% Bi,Tes niimunasi
olan kompozitds 60,7 sm™?; 134 sm? vo 100,7 sm™-do, 70hacm% Bi,Tes niimunosi olan
kompozitds 60,7 sm™; 132 sm? vo

101,6 sm?-do miisahido edilib.

Alinmig naticalorin tohlili gostorir ot
ki, xarakterik olaraq todqgig olunan b 4sa
kompozitlordos kombinasiyali [ o2k
sopilma spektrindo 3 kaskin ifado L?IV?PWm%BETeJ
olunmus maksimum miisahido WA ——
edilir. Torkibdo ~ BizTes A
doldurucusunun migdar1 artdigca i, R

2°73

spektrlordo  koskin  doyismoalor
miisahido edilmomisdir. Bu iso
numunalords faza cevrilmalorinin bR e
miisahido edilmoadiyini gostarir. '

o™, ' S~ 30% B, Te,
B gt kO : e 10% BiTe,

% Bi,Te,

S$akil2. ASPE+xhacm%Bi,Tes
nanokompozitlarinin kondenasyon sapilma
spektrlari. x= 5%, 10%, 30%, 40%, 50%, 60%, 70%.
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Summary
The article is devoted to clarifying the study of X-ray diffraction and combined light
scattering in ASPE+xhcm%Bi>Tesz composite materials.

TIGaSe; MONOKRISTALINDA KECIRICILiYIN TOBioTI

J-r.e.n.Hasanova L.H., f.r.e.d.Abasova A.Z. , f.r.e.n.Mohammadov O.Z.,
Jf-r.e.n.Cahagirova S.O.
Baki Dévlat Universiteti,
e-mail: ludmilahasanova@mail.ru

Acgar sozlor: kompenss olunmus yarimkegirici, sagrayish kegiricilik, tunel kegidi

Bork cisimlor fizikasmm vo elektronikasinin inkisafi, yeni yiiksok hassasliga malik
madoalorin almmast ilo yanasi, onlarda bas veron maraql proseslorin dyronilmosini do tolob edir.
Son zamanlar A'B"'C)' tip miirokkeb yarimkegirici birlosmolor maraqh fiziki xassoloring goro
diqgoti colb edir. A'B" ikigat yarimkegiricilorin analoqu olan A'B"'C}' birlosmolori do defekt

qurulusludur vo defektlorin konsentrasiyasmin bdyiik olmasi nizamsizliga sobab olur.
Ideal kristallografik qurulusa vo elementar 6zoyin fazada diizgiin paylanmasma baxmayaraq
tmumilikdo kristalin nizamsiz qurulusa malik olmasi, elementar &zoklordo atomlarin
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yerlosmosinin periodikliyinin pozulmasidir. Nizamsoz materiallar xiisusilo enerji spektrinda
spesifik xiisusiyyoto malik olur vo coroyan koglirmok mexanizminds shomiyyatli rolu olur.

A"B"C)' qrupuna daxil olan birlosmolorin oksariyyati layvari vo zoncirvari qurulusa

malikdir vo genis optik diapazonda yiiksok hossashiga malikdir. A" B"C}' grupuna daxil olan
TlGaSe; kristali fotoelektrik, optik vo digor xassolorino goro intensiv tadqiqat obyektino
cevrilmisdir [1, 2].

Baxilan isds asqarlanmamis T1GaSe> kristalinda elektrikkegiriciliyin temperatur va tezlik
xarakteristikalarina baxilmigdir, TIlGaSez2-do elektrikkegiriciliyin  temperatur — asililhigi
gostormisdir ki, bu monokristalda dorin vo dayaz asqar soviyyelori var vo N, —N_ #0,

N, > N,, yoni kristal kompenso olunmusdur. [3, 4] islorindo gostorilmisdir ki, kompensa
olunmus kristallarda kegiricilik mexanizmi asqarlarla miioyyonlogir.

TlGaSe, layvari qurulusa malik oldugundan, ondan istonilon 0&lglido niimunalor
kosilorok sothino giimiis pastasindan elektrodlar ¢okilir vo belsliklo miistovi kondensator
ahinir. Elektrikkegiriciliyin tezlikdon asilihgi (4-10' + 107) Hs diapazonunda aparilmis,
niimunoalors totbiq olunan gorginlik 5 V tortibindo olmusdur.

TIGaSe, kristalinda elektrikkeciriciliyin tezlikdon asililigi sokil 1-do gostorilmisdir.
Olgmolorin aparildigi temperatur oblastinda (100 — 600) K, kegiriciliyin tezlikdon asililig
asagidak1 ganuna tabedir:

(T(V) = O'OVS , Q)
o, — temperaturdan asilidir, S — baxilan temperatur oblastinda 0,2 — 1,2 arasinda doyisir.

Kvazisorbost yiikdastyicilar {iciin relaksasiya miiddoti ¢ox kicik oldugundan v <10° Hs
tezliklordo zona kecidlori ilo yaranan elektrikkeciriciliyi tezlikdon asili olmur, (1) diisturu ilo
xarakterizo olunan sigrayish kegiriciliklo xarakterizo olunur.

Sicrayish elektrikkegiriciliyin mahiyyoti ondan ibaratdir ki, elektron bir donordan halo
elektron tutmamis digor donora “sigraya” bilor vo onun sorbost elektronlarla yaranan
keciricilikdon tistiinliiyii kvant hadisasi olmasidir. Kvant mexanikasi elektronun sarbast haldan
yan kegarok vo atomun istilik harokotindon istilik enerjisi almadan bir donordan digorine kegmok
imkan1 verir. Belo kegid tunel kegidi adlanir va elektronun baslangic vo son halda enerjisinin eyni
olmasimi tolob edir. Ona goro ohatodo olan asqarlarin potensialina gora elektronun ilkin vo son
donorlardaki enerjisi forqlonorso ¢atismayan enerjini almali, artig1 iso vermolidir. Lakin bu enerji
cox kicikdir, ona goro asagi temperaturlarda sigrayish keciricilik, sorbost yiikdasiyicilarla
elektrikkeciriciliyo nozoran tistiinliik toskil edir.

6F

lgox| 0’ (Om™sm'")

gy
$akil 1. TIGaSe, monokristalinda elektrikkeciriciliyin tezlikdan asihligr. T, K; 1 —77;
2 —300; 3 -500.

Todqiq olunan TIGaSe; monokristali p-tip kegiriciliyo malikdir, N,—Ng#0, yoni
kompensasiya olunmus yarimkeciricidir, biitiin donorlar miisbot yiiklonmis ionlardan,
akseptorlar iso qismon yiiklii, qismon neytraldir. Caroyan desiklorin neytral akseptorlardan
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yiikliilors tunel ke¢idi naticasinde yaranir.

Desiklorin ilk vo son anlardaki enerjisindon asili olaraq tunel kegidlori fononlarin
istirak1 ilo vo ya fononlarin istiraki olmadan bas vero bilor. Nisboton asagi temperaturlarda
S=0,8 va:

G(V) = o8, 2

TIGaSe, monokristalinin asag1 temperaturlarda tezliyin 10> <v <10° Hs intervalinda
tezlikdon asiliigi (2) ifadosi ilo xarakterizo olunur (sokil 1). v>10° Hs oldugda,
temperaturun  200<T <300 intervalinda, 0,7 <S <1. Sokildon goriinir ki, T=77 K va
v >5-10° Hs-do, S=1,2. Deyilonlor kegiriciliyin sigrayisli mexanizmo tabe oldugunu gostorir.
Sicrayish kegiriciliyo sobab olan soviyyslori askar etmok ii¢lin doyison sahodo kegiriciliyin
temperatur asihiligl ¢ixarilmusdir (sokil 2). Umumi sokildo asililiq miirokkabdir, lakin
miloyyan temperatur intervalinda keciriciliyi asaqidaki sokilds yazmagq olar:

o(v)=o,® exp(— %) : 3)

burada, E — miioyyan tezlikds aktivlogsmo enerjisidir.

Temperatur yiiksaldikds, S parametrindon basqa co vo E do doyisir. Bunu temperatur
yiiksoldikco ionlasmis asqar morkozlorinin doyigmosi, basqa sozlo akseptor vo donor
soviyysalorinin kompensasiya doracosinin doyismasi ilo izah etmok olar.

1F

1gox10° (Om™-sm™)

4 6 8
1057 K?

S$akil 2. TIGaSe, monokristalinda miixtalif tezliklorda elektrikkeciriciliyin temperatur
asthligh. v, Hs; 1 —7-10%; 2 — 2,5-106.
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Annomauus

[Tockonbky TpoitHoe coeamHenne TlGaSe; MMeeT MIMPOKYIO 3alpelIeHHYIO 30HY H
NeQEeKTHYIO CTPYKTYPYy, B KPHCTaJUIE MMEETCS MHOXKECTBO JIOKANBHBIX ypoBHeH. [losTomy
MOXHO CKa3aTh, YTO PACIOJIOKEHHBIE Ha ITUX YPOBHSIX U MPAKTUYECKH CKOMIIEHCUPOBAHHbBIE
HOCUTENM 3aps]a, UTPAIOT 3HAYUTEIBHYIO POJb B MPOBOAMMOCTU. [l ompexneneHus 3Tou
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pPOJIM  UCCIIEIOBAJIaCh MPOBOJUMOCTh HPU pa3HbIX YacTOTaX M B LIMPOKOM JHAla30HE
TEMIIEPaTYP.

Abstract

Since the TIGaSe; ternary compound has a wide band gap and a defect structure, there
are many local levels in the crystal. Therefore, it can be said that charge carriers located at
these levels and practically compensated play a significant role in conductivity. To determine
this role, the conductivity was studied at different frequencies and over a wide temperature
range.

I'EHEPAIIUOHHO-PEKOMBUHAIIMOHHBIE IMTPOLECCHI
HEPABHOBECHBIX HOCUTEJIEN TOKA B GaossBoosSe

o.¢p.m.nI'yceiinoe A.I., 0.¢p.m.n.*Canmanoe B.M., 0.p.m.n.’Iorcagpapos M.B.,
K.p.m.n.*Mameooe P.M., ouc. ‘Baiipamosa A.H.
'Bakunckuii F'ocyoapcmeennwiii Ynueepcumen,
2I'anoncunckuil 20cyoapcmeennblii yHugepcument.
e-mail: aguseinov@bsu.edu.az

Karouesnbie ciioBa: GagosBo.osSe, poTonmpoBoMMoCTbh, TIOMUHECIICHITHS, IPUMECH.

Gao.o5Bo.0sSe siBisieTcss TBEpABIM pacTBOPOM B KBa3mOMHapHOU cucteme GaSe —BSe ¢
temneparyporr kpuctammuzanmuu 980 °C m oOnamaer CTPYKTYpoHW € TeKCcaroHaJIbHOM
cuHronnedt, kak u GaSe. Kpucramuipl ceneHuaa Tauiusl TNPUHAUIEKAT K CIOHCTBIM
TIOJTYTPOBOTHUKOBEIM coeuueHnaM Tuna A°B®, y KoTopeIX BIONB C0€B CymecTByeT
CHJIbHAsl MOHHO-KOBAJICHTHAS CBS3b, TOT/Ia KaK MEXIY CIOSIMH MMEET MECTO ciiabasi CBS3b
Ban-nep-BaanbcoBckoro xapakrepa. Kaxablii ciioi, Ha3bIBa€MbI TETPACIOEM COCTOUT W3
YeThIpeX MOHOCJIOEB, pAacIOJIOKEHHbIE B TmocienoBareiabHocTH Se-Ga-Ga-Se u umeer
TOJIIIHMHY ~ 63 HM. OTHOCUTEIILHOE PACIIOI0KEHUE MOHOCIIOEB B TETPACIOAX 00pa3yroT f3-, -,
Y- 1 6- MOoMUKAIIMKA KPUCTALTHUECKONW CTPYKTYpBI. B miporiecce BhIpaluBaHus KPUCTAIUIOB
GaSe, B mocIie/ICTBUM HEYIpaBIsieMbIX (PaKkTOpOB, B TBEPAOH ¢aze 00pa3yroTcs (hparMeHThI
B-, &-, y- ¥ 0- MOaU(UKAINNA U MHOTOYUCIICHHBIC AUCIOKAIUU, KOTOPBIC MPHIAIOT PAa3HBIM
KpUCTa/llaM pPa3HOOOpa3HbIE CBOWCTBA, OCOOCHHO BBIPWKEHHBIE B JIIEKTPUYCCKHX U
dorosnekTpuueckux cpoicTBaXx. C IENbI0 MPEIOTBPAIICHUS HEYIPABISIEMbIX (AKTOPOB U
n30aBJICHUSI OT HE JKEJIAeMbIX NE(PEKTOB KPHUCTAUIMYECKOW PEIICTKH, B KPUCTAIUT BBOJST
HEKOTOPbIC aTOMbI HM30THIIHBIX TNPUMECEH, CiyXKamue s (UKCUPOBAaHUS CJIOEB JIPYT
OTHOCHTEIILHO Jpyra B mpoiiecce GpopMupoBanus TBepAoi (as3bl U co3maHusi 00jee CHIILHOU
CBSI3U MEXKIy CJIOSMH, HEXKEIM B YUCTBIX KpUCTAUIaX ceyieHuaa rawius. OMHUMH U3 TaKUX
MIPUMECEH SBIISTIOTCSI aTOMBI Oopa.

[Tpumech Oopa B MHOTOKOMIIOHEHTHBIX COCIMHEHUSIX BeIyT ceOst MHOrooOpasHo [1-2].
ITpu BBemenuun npumecu 6opa B kosmuectBe 0,5 at.% B GaSe, cymecTBeHHBIM 00pa3oM
U3MEHSIOTCS (POTOZIEKTPUUECKUE U JIIOMMHECLICHTHBIE CBOMCTBa celeHuaa ramaus |[3].
ATOMBI OOpa B KauecTBe MPHMECH MOTYT pacloylarathCsi B Pa3HOOOPA3HBIX COCTOSHUSX B
KPUCTAITMYECKON CTPYKTYpE MATPUYHOTO KPUCTAILIA.

W3onupoBanHbli aTroM Oopa HMEET HEYCTOWYHMBYIO KOH(MUTYPAlUIO BaJCHTHBIX
snekTpoHoB  $°p.  OnHako NOpu  0Opa3oBaHMM KOHJEHCHPOBAHHOTO COCTOSIHHS —9Ta
KoHUrypauus TpaHcHopMUpyeTCs B JHEpreTudecku Oosiee CTaOMIbHYIO KOH(UTyparuio
s'p? 3a cuer oxgmodnmexTpoHHOTrO mepexona Spl— s'p?. Jlns mocnmemHEro, B CBOIO OuYepEnb
BO3MOXHBI Tlepexofibl 1o cxeme S'p>+ s'p?—slp®+ slp! [4]. TMosromy, npumecs Gopa B
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MHOTOKOMIIOHEHTHBIX COCIMHEHHAX BeAeT cebs MHOrooOpasHo. Ha Hamr B3risin yacTuyHOE
3aMeIICHNEe aTOMOB TAJIMsl aToMaMu Oopa B KpHUCTaJUIMUecKoi cTpykrype GaSe, moxer
OTCTPaHUTh HEympamisieMble (HaKTOpbl MpU (HOPMUPOBAHUH KPUCTALIUIECKONW CTPYKTYPBI
MaTPUYHOTO KpPUCTAJUIAa M TMPH STOM COXPAHUTh HEKOTOpPbIE OCOOCHHOCTH ONTHUYECKUX HU
(OTOANEKTPUIECKUX CBOMCTB KpUCTAIIA.

[Ipu xoHJeHCaK aToMOB OOpa BO B3aMMOJICHCTBHM C aTOMaMH CeJIeHa 00pa3yeTcs
W30THIHAsA cTpykTypa (BSez) ¢ ontumansreiM paccrosaueM 1,934 A mexmy atomamu B-Se
[5]. B kpucraminueckoil CTpYKType CeJICHHIA rajulhs pacCTosHue Mexay atomamu Ga-Se
cocrapiser 2,472 A. BesycnoBHo, pH 3aMEIICHHM B KPHCTAJLIMYECKOil cTpykType GaSe
aTOMOB TaJIMS MPUMECHBIMH aToMaMu OOpa, BO3HHKaeT OoJiee CHUJIbHASI CBSI3b C aTOMAaMHU
ceneHa, 4eM cBs3b B Ga-Se. Ilosromy, MOXHO OXHIaTh, YTO B TBEPIAOM pAacTBOpE
GaoosBoosSe  coxpaHsis  BOCTpeOOBAaHHBIC MPAKTUYCCKUE XaAPAKTEPUCTHKH KpUCTAILIA
CeJIeHH/Ia TAJLTUSI MOYKHO BBIPAIIMBATH KPUCTAJUIBI C BOCIIPOU3BOIUMBIMU CBOHCTBAMHU.

B nmanno#i pabore mcciemnoBaHbl (HOTOIIEKTPUIECKUE, ONTHYECCKUE M DIIEKTPUIECKHE
CBOCTBA MOHOKpUCTAITHYECKOTO Gaoe5Bo05S€, CHHTE3MPOBAHHOTO HEMOCPEICTBEHHBIM
pacIUlaBieHUEM  IMUXTHI, COCTOSANIEH W3  OTHCIHBHBIX  KOMIIOHEHT, B3STBHIX B
CTEXHOMETPHUECKOM COOTHONIEHHUH, B IBAKYUPOBAHHOMN KBapIeBOll ammysie 10 napieHus 107
MMm.pT.cT. Kpucramier GaogsBoosSe ObIIM BBIpameHbl METOJIOM OXJIQXKJIEHHs paciijiaBa
CHHTE3MPOBAHHOTO BEIIECTBA NPU TIOCTOSHHOM TPAIMEeHTE TEMIepaTypsl B TIEUYH CO
ckopocThio 4 K/uac.

®dotonpoBoaumocth (PII) obOpasma, obGecredyeHHOro CepeOpsIHBIMU KOHTAaKTaMHU C
HEBBINIPSIMIISAIONIEH XapaKTePUCTHKOW, WU3MEPsUIach B PEXKUME MOIYISAINA WHTCHCHBHOCTH
BO30ykaromiero ceera ¢ yacrotout 4,7 KI'n. JlromuHecteHus KpucTalia UCClieJoBaHa TIPH
BO30Y)KJICHHH U3aydeHHueM BTopoit rapmonuku (532 uM) Nd:YAG naszepa ¢ AIHTEIHOCTHIO
10 HC W MakcuManbHOW MomHOCTRI0O 12 MIn. Kunertnka ¢oTONpoBOAMMOCTH W
(dboToIFOMUHECIIEHITMA HaOMo1anack Ha 3amoMuHaomeM ocmwuiorpadge tuma LaCroy.
CriekTppl TOTJOUIEHUSI W (OTOJIOMHHECHEHIIMM OO0pa3loB HCCIEIOBaHbl C MOMOIIbIO
ABTOMAaTU3UPOBAHHOTO MOHOXpOMAaTopa C ABOWHON aucnepcueilt M833, ¢ KOMIBIOTEPHBIM
ylpaBjeHHeM U (HOTOJETEKTOPOM, PErHCTPUPYIOIIMM H3JIy4Y€HHE B JHara3oHe JUIMH BOJH
350-2000 HM.

Ha puc. 1 npencraBinen cnektp PII xpucrama GagoesBoosSe mpu komHaATHOM
temrieparype. O61acTb (OTOUYBCTBUTEILHOCTH OXBATHIBAET LIMPOKUNA WHTEPBAJl SHEPrUU
u3nydenus 0,9...3,4 »B. JIMHHOBOJIHOBOM Kpail CIIEKTpa CHJIBHO PACTAHYT B CTOPOHY Majioi
SHEpPruM Mo cpaBHEHUIO ¢ pe3kuM Kpaem criekrpa OII GaSe. I1uk crniekTpa pacnoyiokeH Ipu
1,94 5B u mo xapakrtepy oH He (opMHpOBaH aHHUTWIAIMEH SKCUTOHaMU. Penmakcarus
($hOTOTOKA, CO3IaHHOTO B3aUMOJCHCTBHEM HMIIYJbCAMHU  JIQ3€PHOTO  M3JIYYEHUS C
mnTenbHocThi0 10 He mpoucxonuT B Tedenuu 20 He. KuHeTrka reHepanuu u pekoMOuHaIum
HEpaBHOBECHBIX HocuTened Toka B (GaogesBo.osSe, co3maHHBIX HMIYJIBCOM JIa3€pPHOTO
u3TydeHns MolnHocTeio 10%° kBanT/cM?'c BeIpakeHa Ha kuHeTuke ®II, uzo6paxkeHHas Ha
puc.2. mocle MpeKpamieHus BO30YKIEHUS HEpPaBHOBECHbIE HOCHUTENIH 3apsija YCUJICHHO

peKOM6I/IHI/Ipy{OTC${ CO CpCAHHUM BpPCMECHEM KU3HBIO, paBHOﬁ 8 HC.
16
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Puc. 1. Cnexmp ®@II kpucmanna Gao.ssBo.osSe npu Puc. 2. Kunemuxa gpomomoxka ¢ Gao.gsBo.osSe npu
KOMHAmMHOU memnepamype 8030yxHCOCHUU UMRYTbLCOM TIA3EPHO20 U3TTYYEHUA.
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WznyvarenbHass pexoMOMHAIMS HEPABHOBECHBIX HOCHTENEW TOKa BBIpaKEHA Ha
criekTpax QoTronoMuHecHeHuy (puc. 3). Mex3oHHas U3IydareinbHas PEKOMOMHAIUS
OXBAaTBHIBACT JOBOJBHO MIMPOKHI WHTEepBaN 3Hepruu 1,94...2,07 3B. Tlonoruii u cnabbiii muk
B HUHTepBasie UMHBI BOJHBI 608...640 HM BuauMO OOYCIOBIEH HEMPSAMBIM IEPEX0I0M
AJIEKTPOHOB, a pe3kuil nuk B uHTEepBane 603...608 HM — NPSAMBIM MEK30HHBIM MEPEXOOM.
KpoMe »Tux nuKOB OOHApYKEH Takke Y3KUW MUK JIOMUHECLECHIINH, OO0YCIOBICHHBIN
nepexoiom ¢ 3Heprueit 1,34 3B. [onymmprHa moiaocel JaHHOTO U3TYyUYEHUsI COCTABIISIET 2 HM,
YTO CBUJIETENILCTBYET O TOM, YTO U3JIy4aTeIbHBINA IEKTPOHHBIN MEPEX0 OCYLIECTBIISIETCSA U3
JIOHOPHOT'O YPOBHSI Ha aKLIEITOPHBIN YPOBEHb.

N3 TemmeparypHOil 3aBHCHMOCTH AJICKTPOTPOBOJHOCTH (aoo5Bo.0sSe  BbIYMCICHBI
sHeprum aktuBanuu Hocutene toka 0,091; 0,228 u 0,48 »B. C Oosblielr BEpOSATHOCTHIO
JOHOPHO-aKLENTOpHasi M3JIydareibHas pPEKOMOMHAIMsI HEPAaBHOBECHBIX HOCHUTENIEH TOKa
00ycloBJI€HA MEepPeXoiaMu AIEKTPOHOB, JIOKAJIM30BaHHBIX HA JOHOPHOM YPOBHE C TITyOHMHOM
sanieranus 0,228 5B Ha akenTopHbId ypoBeHb, Haxoasamuiics Ha Beicote 0,48 5B oT moTosika
BAJICHTHOM 30HBI.
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Puc. 3. Cnexkmp pomonromunecuyenyuu kpucmanna Gao.gsBo.osSe.
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Xulasa

GaoosBoosSe  bark  mohlullarinda  geyri-tarazlighh  ylikdasiyicilarin ~ generasiya-
rekombinasiya mexanizmi fotoelektrik va liminessent todgiqatlari ilo Oyronilmisdir. Qeyri-
tarazhiqlt elektronlarin yagsama muddotinin 8 ns olmagla ifrat siratli relaksasiyasi miiayyan
edilmisdir. Fotolimnessensiyada piki 1,34 eV enerjido Yyerloson siialanma zolagin donor-
akseptor rekombinasiyast hesabina oldugu gostorilmisdir.

Abstract

The photoelectric and luminescent properties of the GaggsBo.osSe solid solution have
been studied in order to elucidate the generation-recombination mechanism of nonequilibrium
current carriers. Ultrafast relaxation of nonequilibrium electrons with a lifetime of 8 ns has
been found. A band of photoluminescence emission with a peak at 1.34 eV due to donor-
acceptor recombination was revealed.
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(hOTOMPOBOUMOCTE, MbE30(POTOPE3UCTUBHBIN 3hDeKT

Key words strain transducer, piezophotoresistive, photoconductivity,
piezophotoresistive effects.

Apardigimiz todgiqat islori gostormisdir ki, TIInSe, kimi TlInTe, vo TIGaTe,

kristallarinda da askar edilmis tenzo vo pyezofotorezistiv effektloro osaslanaraq hotta
¢ox zoif maqgnit saho intensivliklorini belo 6lgmoys imkan veron magnit otdrdculori
hazirlamaq miimkiindiir. Bu qurgunun hazirlanmasi kristala maqnit sahosi tosir etdikdo,
homin kristaldan hazirlanmis tenzoo6tiiriiciide meydana ¢ixan doyison pyezosignalin geyd
olunmasina osaslanir. Bu zaman maqnit sahasinin tezliyi ilo tenzo6tiruciniin tezliyi bir
— Dbirino uygun golmolidir (sokil 1, a). Hotta tenzodtirucinin tezliyilo zoif magnit
sahasinin tasirilo belo tenzoodtiriicido miayyan amplitudlu maxsusi rags hoyacanlanir
(deformasiya bas verir). Kristalin tenzohassaslig1 yiiksok oldugundan, yaranan signalin
Soviyyasi do yuksak olur.

AV(8)
40

30

20

60 120 180 240 300 360 420

—— H,

a) b)

Sakil 1: TlINnSe, asasinda hazirlanan tenzoétiiriiciilarda dayisan magnit
sahalarinin dayismasi
Signalin 6l¢iilon magnit sahasinin intensivliyindon Xatti asili olmast (sokil 1, b)

mioyyon edilmisdir. Bu gqaydada hazirlanmis tenzodétiiriiciilorin  hassasligini
pyezofotorezistorlar1 va tenzo6tlricllori vakuumda yerlosdirilmoakls artirmaq olur.

TISe - tip kristallar, kigik yilk mugavimoti rejimindo magqnit rezonatorlarinda,

sinusoidal deformasiyaya ugradiglarindan onlardan hossas sabit vo doyison isiq
siqnallar1 qobuledicilari kimi istifado etmok mimkiindir. TISe - tip kristallar asasinda

pyezofotorezistorlarin  sabit is1q intensivliyinin qeyd olunmasi zamani, yik
migavimatindon bas veran doyison fotosignal, pyezomodulyasiya tezliyino koklonmis

dar zolaql giiclondiriciya verilir. Yuxarida qeyd edildiyi kimi, bizim arasdirdigimiz (0
+6500 Lyuks) intervalda, pyezofotorezistiv effektin giymaoti isigin intensivliyindon asili
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olaraq xotti ganunla doyisir (sokil 2). Bu asililiq deformasiyanin 6‘01=8-10_5
mV mV

iymatinde G; =12 —— =25.10"° giymotindo iso G, =40——  olur
grymatinds L Luks €02 glymatinas 1S9 L Luks u

(guclonmo  omsali ><103). Bu pyezofotorezistordan istifade etmoklo isigin
modulyasiyasini qeyd etmok olur.
Ogar v tezliyilo sinusoidal deformasiyaya ugramis kristal iizorino modulyasiya

tezliyi  v¢ olan doyison is1g siias1  gondorseq, bu zaman kristaldan
AV, (v pt) = AVqp 2sin Vit pyezosignalindan alavo, keciriciliyin

pyezomodulyasiyasindan, homin tomiz fotokegiriciliyin vo pyezofotokegiriciliyin comi
olan doyisan AV (vt) = AVys SiN277v ¢t signali da daxil olacaqdr.

AV(v)
75 A
//
60 /,/'
a3 //
30 -
A
o
13 ./. —L (lyuks)

1000 2000 3000 4000 5000 6000

Sokil 2: TlINnTe, kristalinin deformasiyanin 8-10°° va tezliyin 85 Hs giymatinda

lyuks — voltaj xarakteristikast
Foto vo pyezomodulyasiya tezliklori (Vp Vo V¢) bir — birne yaxm olduqda,
onlarin interferensiyasi bas veracok vo ekranda déyiinmo miisahido edilocokdir .
Bu zaman yekun signal
Vp +Vi

Afo =AV opf-sin 272'7'[

olacaqdir. Burada

Vp =Vi
AVipt = (AVgp + AV )cosZ;:Tt

Vp+V

Doyunmo muddstinds orta tezliyi olan dayison signalin cami, onun

“0”- c1 qiymatindan n — dofo forqgli olacaq

v, +V
f
n=-"

Vv, =V
Yani n - adodi miivafiq modulyasiyalarm hossas gostoricisidir; modulyasiyalardan
birinin tezliyino gbéro n - odadinin kdmoyilo diger modulyasiyanin tezliyi barado

muhakima yiratmoak olar.
n+1 n+1
szjvf (Vp>Vf) voya v :ﬁvp (vp<vf)
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Biz sonuncu miinasibatlori pyezomodulyasiya tezliyinin v ,=20,2 Hs qiymotindo

V- in mixtolif giymatlori iigiin yoxlamisiq. Noticalor (sokil 3) vo codval 1- do

verilib.
4 -4+ s b £ H b1 141 b+ H
\
it ¥
Lerertrerer

i | | |
Sakil 3: TlInSe, kristallarinin pyezo va fotokegiriciliklarinin interferensiyasi (1

bolim=1 V)
V =20,2Hs
“n” Eksp.V; (Hs) |Hesab.V; (Hs) | Hesab.V¢ (Hs) An
44 21,1 21, 140 0 0
50 21,0 21, 025 0, 115 14
64 20, 8 20, 841 0, 298 20
74 20, 7 20, 753 0, 386 30
84 20,7 20, 68 0, 453 40
94 20, 6 20, 634 0, 505 50
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Pe3rome

TlinSe,, TlinTe, va TIGaTe,o6HapyxeHbl ¥ HU3yYEHBI THE3OMOAYISIUOHHBIE

HLGSO(bOTOMOI[y.]IHLII/IOHHBIe 3(1)(1)6KTBI IMIPOBOANMMOCTH, a HCCICAOBAHHBIC KpUCTAJJIbI
SABJIAKOTCA MNEPCIICKTHUBHBIMU TCH30MAaTCpHuajlaMu JJIA IMOCTPOCHHUA HOBOI'O THIIA
HLGSO(bOTOpeI%I/ICTI/IBHHX, Mar"auToIcpeaaronmnx npeo6pa30BaTeJIeI7I, CIIOCOOHBIX pa6OTaTB Ha
PE30HAHCHBIX 4aCTOTAax.

Summary

TlinSe,, TlinTe, vs TlGaTe, the piezomodulation and piezophotomodulation

effects of conductivity in the compounds of and have been discovered and studied, and the
investigated crystals are promising tensomaterials for the construction of a new type of
piezophotoresistive, magnetotransmitting transducers that can work at resonant frequencies.
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BJVSIHUE TEPMOOBPABOTKH HA DJIEKTPHYECKHUE CBOMCTBA Ge1,Six

Mou. 3einanos 3.M., /lou. Ucmaunos 3.X., A6bacos P.A.
Ianoscunckuil I'ocyoapcmeennvtit Ynuueepcumem

KioueBbie cj10Ba: TepM0o0Opad0TKa, KOHIICHTPALIHSL, TEPMUYECKast KOHBEPCHS
Key words: heat treatment, concentration, thermal conversion

Maiasi pacTBOPUMOCTB IIIUPOKOTO Psiia TIYOOKHX IMPUMECHBIX IIEHTPOB NP TOYKE TUIABJICHHS
IIOJTYIIPOBOTHAKOB  JICNIAIOT KpalHE 3aTPyJHUTENIBHBIM IIOJIyYEeHHUE KPHUCTALIOB, IPOBOJMMOCTH
KOTOPBIX OOYCIIOBJIEHa TPEMMYIIIECTBEHHO aTOMaMM 3THX TpUMecel, BBEICHHBIMUA B Marepual B
MPOLIECCE BbIpAIlMBAHUs. PeTporpaiHblil XapakTep pacTBOPUMOCTH TAKUX MPUMECEH IMPUBOJIUT K
TOMY, YTO paCTBOPMMOCTb HX IPH TEMITEPATYpax HECKOIBKO HIKE TEMITEPATYPBI IIABJIICHHUS MaTPULIBI

B pslie CTydacB Ha S5a MOpsIKa MPEBBIIIACT PACTBOPUMOCTh MPH 7 IUIABJICHHUS. BoJbias ckopocTh

mddysim Cu Ag A S S& 7Te NI m Fe u OTHOCUTENBHO OOMbIlas pacTBOPHMMOCTh MX HIDKE

TEMIIEpaTypbl TUIABJICHHUS CIUIABOB CJIETIAM II€71ecO00pa3HbIM BBelieHHE WX B JIU(Qy3HMOHHBIM
MeTo1oM. OTHAKO TIPH STOM BO3HHKAET HEOOXOIMMOCTh N3YUeHUSI BIMSHUSI TEPMIIECKON 00paOOTKH
Ha AMEKTPUYECKUE CBOMCTBA KPHCTAUIOB. PabOTHI B 9TOM, HAIpaBIIEHHUH MPOBOIITUCH Kak i1t Ge n

Si, Tak ¥ uX TBEP/BIX pacTBopoB (110 15 at% Si) (v, Harprmep [1].

OGpasiel TBepABIX pacTBOPoB Ge1xSik I U p - THIIOB MPOBOAUMOCTH C KOHIIEHTpAIei
MENKMX TIPUMECHBIX IeHTpoB Topsyka 10% +10® cvm® nocnme mexanwmdeckoif UmMQOBKH W
XMMHYECKOTO TPABJICHUS TI0/IBEPra/Ch TEPMUUCCKOM 00pabOTKE B KBApIICBBIX aMITyllaX B BaKyyMe.
Mzorepmuueckuii omxur npooauics mpu 700 + 950°C B Teuenure Bpemenu ot 3-x 10 500 yacos.

OxutakieHre 00pasIioB MOC/e OTXKUTA TIPOM3BOMIIOCH OITyCKAHHEM aMITyJT B TIPOTOYHYIO BOJTY.
IMocne OKOHYAHWsI OTXKMTra OOpasilbl CHOBA IUTH(OBAIACH W TIOJBEPraMCh TPABICHUIO C IIEIBIO
yIaJICHUsI BOSMOKHBIX 3arPS3HEHHI TIOBEPXHOCTH. BmsiHre TepMOOOPabOTKH M3y4aioch CPaBHEHHEM

s ¥ 410 ¥ TIocie TepMooOpaboTKu. Pe3ynbTrarhl MHOMOYMCIIEHHBIX SKCIIEPUMEHTOB MOKAa3bIBAIOT HA

TIOSIBJICHHE JIOTIOJTHUTENBHBIX 3JIEKTPOAKTUBHBIX LIEHTPOB aKILIEMTOPHOTro Xapakrepa. KoHreHTpars
3THX 11eHTpoB nopsaaka 10% cvm 2 mpu Temmeparypax omxura 800-950°C 1 majaeT ¢ MOHIKEHHEM
TeMneparypbl. Bo3HHKHOBEHHE TEPMOMH/TYLIMPOBAHHBIX AKIIENTOPOB MOKET ObITh O0YCIOBIIEHO Kak
00pa3oBaHUEM 9JIEKTPOAKTUBHBIX CTPYKTYPHBIX Je(EeKTOB B MPOLIECCE BBICOKOTEMIIEPATYpPHOIO
ODKWTa, TaK W TPOHUXHOBEHHEM YYXKEPOJHBIX ObICTpOAUGMPYHIUPYIONTHX aTOMOB B OOBEM
KpHCTaJlIa Yepe3 UX MOBEPXHOCTH, PUMEPE HECKOJIbKUX 00pa3iioB Ge1xSix p U M-TUITa MPOBOAMMOCTH
Tpe/ICTaBIeHbl JJaHHBIC, MOKA3hIBAIOIIME BIMSHUE TEPMOOOPAOOTKM Ha KOHIIEHTPALHIO CBOOOIHBIX

HOCUTEJIEH U THUII IIPOBOAMMOCTH KPHUCTAJLIIOB. I[aHHbIe MOJIYUCHbI U3MCPCHUCM R P KOMHATHBIX

TeMneparypax. Kak BUIHO U3 TaOMHUIIbI, IPU BBICOKHX TEMIIEparypax OTKUra B 00pasliax OTYETIIMBO
TPOSIBISIIOTCS.  TEPMOMH/IYIIMPOBAHHBIE IIEHTPbI AaKIENTOPHOIO Xapakrepa. B psime cmydaeB 31O
TIPUBOJIUT K MI3MEHEHUIO THUIIA IIPOBOIMMOCTH 00PA3IIOB C AMEKTPOHHOTO Ha JIBIPOYHBIMA.

Tepmrgeckast KoHBepcus HAaOMOIANAch U B YMCTOM T'epMaHHUU 3JIeKTPOHHOTrO Tura. [Ipu atom
ObUIO YCTaHOBIICHO, YTO Takasi KOHBepcHs umeeT Mecto B Ge u mpu Ooliee HU3KUX TeMIlieparypax

omkura, Bioth 10 550°C. TIpruem, koHBepcust 0oJiee BRIpayKeHa B BRICOOMHBIX oOpasiax Ge Hccre-

JIOBaHHE DJIEKTPUYECKUX CBOMCTB KOHBEPCUPOBAHHBIX OOpa3LOB TepMaHUs MOKa3alo, 4YTO
TEPMOAKIIENITOPbI CO3/IAI0T YPOBHH, pacronoxeHHble Ha (.04 5B Bblllle BepXHEro Kpasi BaJICHTHOU
30HbI KprcTasia [2]. [To3mHee o Takoi e SHepruM aKTUBALMY TEPMUYECKUX aKLIENTOPOB COOOLIAIOCH
B psizie paboT APYrHX aBTOPOB.

CpaBHeHue 3Hepruil akThBaiyy, kodduimenToB Mdpdy3rn 1 3aBUCUMOCTEH KOHIIEHTPALIH
aKIENTOPOB OT T OTKUI'a, C MApaMeTpaMH Pa3IMUHbIX IPUMEcel B TepMaHNH MPUBEJIO K 3aKITIOUCHHIO,
YTO OTBETCTBEHHOW 3a TEPMHYECKYIO KOHBEPCHIO 3JIEKTPOHHOIO TepMaHus B psiie paboT sBIseTcs
Me/Tb, TIOTIA/TAIOIIAst HA TIOBEPXHOCTH OOPA3IIOB MPH X 00padoTKe.
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ABTOpBI paboThI [3] cOOOIIAOT, YTO €CIM TOBEPrarh TEPMOOOPAOOTKE KPUCTAIIT TEPMAaHKSI HE
BBIHUMAsI €r0 M3 YCTAHOBKH, B KOTOPOW OH BBIPAIMBAJICSI, TO TEPMOAKIICIITOPHI HE BO3HHKAIOT U
COIIPOTHBIICHUE 00pasiia He M3MeHseTcsl. TepMideckas KOHBEpCHsl 00pasIioB IPOMCXOUT TOJBKO B
TOM Cilydae, KOrja Tiepell OTKUIOM OOpasel] MOJBEpPracTcsi MPOMBIBKE .TPABJICHHIO WM JIPYIHM
MaHUITYISIUsIM.  TepMooOpaboTKy MPOM3BOMMIM Ha OOpasliax TepMaHWs, IOJBEPTHYTHIX OYCHb
TIATENHHOM OBEPXHOCTHOM OUHCTKE U B BRICOKOM BakyyMe ~107 MM pr.cT. ITocsie H30TepMITuecKoro
omkura npy ~800°C KOHIIEHTpAIKs BO3HUKIINX aKIenTopoB coctasmia ~1-10%cm 2, T.e. 3naunrensro
HIDKE, YeM B Jpyrux paborax. [Ipy 3TOM aBTOpbl OTMEYAIOT, YTO JKE B OITHX YCIOBHSX
BOCIPOM3BO/IMMOCTb B KOHIICHTPAIIMK AKIEITOPOB OTCYTCTBYET. DTOT (haKT CBUICTEIILCTBYET O TOM,

YTO JIaXKe HalICHHYI0O MUHUMAJIbHYIO KOHLIEHTPALMIO HE CJIETYeT OTHOCUTD K JeeKTaM 1 OHa CKOpee

OTHOCHTCSI KTIOBEPXHOCTHBIM IPUMECSM, TUPDYHAMPYIOMINM B 00bEM B MPOLIECCE OTKUTA.

BeieykazaHHbIe TUTEPATYPHBIE TaHHBIE TFO3BOJISIFOT IIPEANIONAraTh, YTO MPUYNHOM MOSIBICHUS
TEPMOAKIIENTOPOB B ciuiaBax GeixSix sBisieTcst mpuMech Med, TUGOYHIMPYOIIas ¢ TOBEPXHOCTH
KpHUCTajlla B IPOIIecce M30TEPMUUECKOro oTkura. [loarBepkaeHneM 3T0ro npearooKeHust IBIISIETCS
COBITAJICHHE DHEPIrUii aKTHBAIMK TEPMOAKIIEIITOPOB B KprcTamiax Gei,Six ¢ pasMIHbIM COCTaBOM C
SHEprHel CBS3M MEPBOTO AKIENTOPHOIO COCTOSIHMS MEM B COOTBETCTBYIOIIMX COCTABaX Marepuaa.
[prmeHeHHe pa3IMUHBIX CIOCOOOB TSt OoJiee TTyOOKOM OYMCTKU MOBEPXHOCTH 00pasiioB GerSix 1
aMIyJ, B KOTOPBIX MPOM3BOAWIICS OTKHI TNPHUBEJIO K TOMY, YTO KOHIIEHTPAIMS TEPMHYECKUX
aKIIENTOPOB OCTaBaIach MOCTOSIHHOW B Tipenenax ~30%. DTo MO3BOJISET CUATaTh, YTO OCHOBHOE
KOJIMUECTBO TipuMecH Meu i dyHIpyeT B 00pasiibl, He BCIEACTBUE 3arps3HEHNS MX TIOBEPXHOCTH,
a B pesynbrare jpeiida 3 o0bemMa KBapla B KPHCTALI, Yepe3 MOBEPXHOCTH CONMPHKOCHOBeHUs. K
TaKOMY K€ Pe3ylbTarTy NpUIILIM U B [4] U3ydas 3aBUCMMOCTb KOHIICHTpAlMM TEPMOAKIICITOPOB B
crutaBax Ge1xSix OT BpeMEHH OT)KUTa.

J171st ipeioTBpaItieHyst ToTaIaHksT HEKOHTPOJMPYEMBIX ObICTpo () yHIUPYIOMIX MpUMecei B
obpasiel  Ge1xSik M3 o0beMa KBapiia IPH OTKHIE, MOCIACIHHE MOMEIIAINCh B KOHTCHHEP
TMHIpUYECKOH (OpPMBI M3 CHEKTPATBLHO YKCTOrO rpadura, KOTOpBIA 3aTeM pasMellaics B
KBapLeBoil ammyrne. Kak mokasaiau pe3yibTaThl MHOTOYMCIIEHHBIX OIBITOB B STOM HAallpaBJIeHUU
ANEKTPUYECKUE CBOWCTBA KPUCTAUIOB MOCIE TEPMOOOPAOOTKM B 3THUX YCIOBHUSAX MPAKTUYECKH
OCTAlOTCSl HEM3MEHHBIMHU. YUMTBHIBasl 3TO OOCTOSITENICTBO JIETMPOBaHME OOpa3LoB HCCIIEIyeMbIMH
ObICcTpo (DG YHAMPYIOLIBIITH TPUMECIMU POM3BOAMIA UIMEHHO B 9THX YCIIOBHSIX.
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Summary

The obtained data suggest that the reason for the appearance of thermal acceptors in Ges-
xSix alloys is the copper impurity diffusing from the crystal surface during isothermal annealing.
This assumption is confirmed by the coincidence of the activation energies of thermal acceptors
In Gew,Six crystals with different compositions with the binding energy of the first acceptor state
of copper in the corresponding material compositions. The use of various methods for deeper
cleaning of the surface of Ge1Six samples and ampoules in which annealing was performed led
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to the fact that the concentration of thermal acceptors remained constant within ~30%. This
allows us to consider that the main amount of copper impurity diffuses into the samples, not due
to contamination of their surface, but as a result of drift from the volume of quartz into the
crystal, through the contact surfaces.

TLINn1«Dyx Se; KRISTALININ TERMOELEKTRIK XASSOLORINO
LANTANOIDLORIN TOSIRI

Verdiyeva N.O.
Ganca Dovlat Universiteti

Acar sozlar: kristallik dedektor, zoncirvari birlosmalor,seqnoelektrik yarimkegirici,
akustik fonon, monokristal.

Key words: crystal clearance, chain compounds, segno electric semiconductor, acoustic
phonon, mono crystalline

Mikroelektronikanin, niiva energetikasmm Vo nuve texnikasinmn siiratli inkisafi
yarimkegiricilor fizikasmin garsisinda yeni problemlor qoyur. Homin problemlardan biri, va
yiksok sixliiia malik, ionlasdiric1 siialara hossasliga vo temperatur dozimlliyina malik
bircinsli mikommal yarimkegirici birlosmoalorin alinmasidir. Bu istigamatdo aparilan todgigat
islori goOstorir ki, belo materiallarin alinma texnologiyasinin yaradilmasi onlarin fiziki
parametrlorinin moqsadyonli idara edilmasina imkan verir vo bununla da genis praktiki
todbiq imkanlar1 yaradir.

Son illor dar zolaqli basit maddolorlo yanasi, genis gqadagan olunmus zonaya malik
ASVY vo APVV! tipli birlosmoalor asasinda yaradilan miixtolif strukturlar intensiv todqiq edilso
do, milayyan radiasiya soraitlords (udulan dozanin 20-100 kQr giymatlorinds) onlarin fiziki
parametrlorinin  dayanigsizligi kristallik detektorlarda hesablama xarakteristikalarinin
deqradasiyasma, kristallik spektrometrlordo iso energetik ayirdetmos  XUsusiyyatinin
pislosmasine, garanliq coroyanmnin artmasina vo fotomaksimumun asagi enerjilora
stirlismasina sabab olur. Butin bu deyilonlor yeni quruluslu vo radiasiya davamli materiallarin
alinmasini aktual edir. Bu cohotdon spesifik soraitlordo radiasiyaya davamli materiallarin
alinmasi, fiziki xassalorinin Oyranilmasi vo onlar ssasinda stabil xarakteristikalara malik
cihazlarin hazirlanmasi istigamotinds aparilan todqiqat islori x{susi shamiyyat kasb edir.

Hazirda tadqiqatgilarin genis todgigat obyektine ¢evrilmis materiallardan biri do layli vo

zoncirvar1 qurulusa malik Alllgit C}" tipli yarimkegirici birlosmoloridir. Bu birlosmalords
kimyavi olagolorin xisusiyyatlori vo elektron xassalori ciit olmayan valent elektronlari

sayosindo yaranir. Valent elektronlar1 tam olmayan Al C}" tipli birlogsmoalor layli vo

zoncirvari quruluslu gafasda kristallasirlar. Bu sinfa daxil olan yarimkegirici birlogsmalor ¢ox
maraqli fiziki xassaloro, 0 cimlodon segnetoelektrik -yarimkegirici, 6lgiisiiz fazalara, yaddas
va gevrilma vo s. effektloro malikdirlor. Bu materiallarin defektli qurulusa malik olmasina
baxmayaraq, onlarin ultrabondvsoyi, goOriinon, infraqirmizi, rentgen vo y-siialarina qarsi
0zlinomaxsus ylksok hassasliga malik olmasi sabobindon onlarin todgigine maragq durmadan
artir.

Alllgit C}/' tip birlosmoalor sinfino daxil olan, fundamental xisusiyyatloro malik va

praktiki cohotdon xtsusi maraq doguran birlosmalordon biri do TlInSez-dir. TlInSe>
birlosmalorinin dielektrik, optik vo fotoelektrik xassslorinin todgigins aid elmi odoabiyyatda
genis malumat mévcuddur. Muoyyan edilmisdir ki, TlInSe> birlosmasinds “C” oxuna nazaran
miixtalif istigamatlordo defektlorin paylanma konsentrasiyasinm (10%6-101 sm) mixtalifliyi,
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TlInSe; kristallarinda kimyavi va fiziki xassalorin anizotropluguna sabob olur. Homin islards
defektlorin tobioti vo onlarin elektrik, optik vo fotoelektrik  xassolorino tosiri tam
aydinlagdirilmamigdir. Qeyd olunan mexanizmlorin verilmasi ii¢iin nizamli qurulusa malik
monokristallarin alimmas1 vo mixtalif xarici soraitlords onlarin fiziki xassalorinin 6yranilmasi
vacibdir.

Toadgigat obyekti olarag Bricmen-Stokbarger tsulu ilo alinmis TlInSe2 monokristallarini
xUsusi temperatur (600-700° C) rejiminds domlomoklo alinmis monokristallar gotiiriilmiisdiir.
TlInSe, monokristallardan y -siialarina davamli diod tipli fotogobuledicilorin, yaddas
elementlorinin va ceviricilorin hazirlanmasinda istifado oluna bilor.

TlinSe; monokristallarinda hacmi yiklo mohdudlanmis coroyan, yaddas vo geviricilik
effektlori, moxsusi fotocoroyanin termik vo optik sénmo effektlori kristallarin gadatian
olunmus zonasinda movcud olan miixtalif tipli t-tutma vo r- vo s-rekombinasiya morkozlorinin
morhalali dolub-bosalmasi ilo baglidir; TlInSe> monokristallarinin qadagan olunmus zonasinda
yerloson akseptor tipli tutma morkozinin mévcud olmast qaranliq coroyanin 320-370 K
temperatur intervalinda termik s6nmosing sorait yaradir vo terrmik sénmo dorinliyi siialanma
dozasindan asil1 olaraq eksponensial qanunla azalir;

TlInSe, monokristallar1 Bricmen-Stokbarger Gsulu ilo xususi temperatur (T1=780°C,
T,=600°C) rejiminds istigamotlonmis kristallasdirma tisulu ilo alinmisdir. Yetisdirilmis
kristallarn monokristalligi, qurulusu vo Kimyavi torkibi rentgen-qurulus analizi metodu ilo
yoxlanilmigdir. Monokristallar tetragqonal qurulusa malik olmaqla vo Qofos parametrlori
asagidaki qiymeotloro borabor olmusdur: a=8,061A, s=6,822A. Kristallarn kegiricilik tipi
termo-e.h.q.—nin isarasino gOro muoyyan edilmis vo p-tip kegiriciliyo malik olmasi askar
olunmusdur. Elektrik Kkeciriciliyi vo Xoll effekti osasinda sorbast yiikdasiyicilarin
konsentrasiyas1 (2-10%* sm?®), xiisusi migavimati (10°-10" Om-sm) toyin edilmisdir.
Kristallarin sothi hamar-glizgu kimi oldugundan oslave mexaniki vo kimyoavi cilalanmaya
ehtiyac olmamusdir. Ilkin niimunoalorin elektrik vo fotoelektrik xassalorini todgic etmok tiglin
kecirici elektrik kontaktlar1 olaraq indiumdan vo gilimiis pastasindan istifado edilmisdir.
Todgigat mogsadilo istifade olunan niimunalorin 6lgilori 0,2x2x8 mm?® olmusdur. Olgmolor
xususi metal kreostatin komayi ilo 80-400 K temperatur intervalinda aparilmisdir.

Bork cismin fiziki xassalorinin 6yronilmosinds termoelektrik horokst quivvasi
(termoe.h.q.) vo onun temperatur asililiginin Syranilmasi xisusi oshamiyysto malikdir.
Termoe.h.q. miroakkob kinetik parametrdir vo hotta maddodoki yiikdasiyicilar eyni tipli
oldugda belo termoe.h.q. ¢oxlu parametrlordon asili olur. Amma mixtalif koc¢lrmo
mexanizmlorindo termoe.h.q.-nin yiikdasiyicilarin konsentrasiyasindan asililigi eyni
xarakterlidir. Bir tip yukdasiyicilar halinda termo e.h.q. asagidaki ifads ilo tayin olunur

e

burada « -termoe.h.q., A — sabit, n — yiikdastyicilarin konsentrasiyasidir. Ona goro do
termoe.h.q.-nin temperatur asililiginin &yranilmasi yiikdasiyicilarin  konsentrasiyasinin
temperatur asililigi haqqinda fikir s6ylomoya imkan verir.

Zona nozariyyssino go0rs, sabit potensialli parabolik zona halinda termoe.h.q.
ylikdasiyicilarin konsentrasiyasi vo onlarin sopilmo mexanizminin funksiyasidir. Bir nov
yiikdasiyicilar: olan cirlasmamig elektron qazi tigiin a-komiyyati sadolosir vo asagidaki

kimi ifada olunur:
azk[AJr—Ag j (1)
e 2kT

Burada Ag -ylikdasiyicinin  aktivlosmo enerjisidir. (1) ifadosindon gdrunir ki,
termoe.h.q.-nin temperatur asililiginin  xarakteri yilikdasiyicilarin konsentrasiyasinin
temperatur asililig1 ilo toyin olunur. Yiikdasiyicilarin konsentrasiyasinin eksponensial
ganunla artmas: zamani temperaturun yiiksalmasi ilo termoe.h.q.-si azalmalidir. 9gor A -
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komiyyatinin zoaif temperatur asililigmi noazoro almasag, onda a-komiyystinin 1/T-don
asiliigmin meyl bucagmin tangensi yiikdastyicilarin aktivlosmo enerjisino (Ag) barabor
olar. Tocrlibs géstorir ki, birlosmalori iigiin alman o = f(1/T) asililigi xottidir. Bu
naticolor temperaturun yuksalmasi ilo konsentrasiyanin yiiksoldiyini, basqa sozls, todgiq
olunan maddslerin yarimkegirici tobistli oldugunu subut edir. & = f (1/T) asihiligindan
toyin olunan aktivlosmo enerjisi, elektrikkegiricilikdon toyin olunan aktivlosmo
enerjisindon bir godor ¢oxdur. Alinan naticalor todgiq olunan materiallarda kegiricilikdo
hom elektron, hom do desiklorin istirak etmosini subut edir vo bu yuklor termoe.h.q.-do 6z
olavasini verir. Elektron vo desiklor oks isaroli oldugundan onlar ¢« -komiyyatinin
temperatur asililigina da koskin tosir edir. monokristallarminmnin termoe.h.q.-nin todqiqi
zamani miioyyon olunmusdur ki «(T) asililiglarinin xarakteri praktiki olaraq eynidir
(sokil 1).

Xiisusi halda elektron qazinin cirlagsmadigi hal ii¢lin yuxar1 temperaturlarda yiirtikliyun
temperatur asililigi etibarli noticolor verir. Yuxarida gostorildiyi kimi todqig olunan
materiallarda yiikdastyicilarin yiiriikliiklorinin temperatur asiliignda: g ~ T " doraco st
r~3/2 kimi giymot alir ki, bu da onlarin akustik fononlardan sopilmasina uygundur. Bunlar1

nozors alaraq mivafiq disturlarla kimyavi potensial 77* Vo konsentrasiyasinin n giymotlorini

hesablayaraq, effektiv kitloni tayin etmak olar.
a, mkv-K*?

80

nr

60

1;0 2;0 3l,0
10%T, K*
Sakil 1. TLIN1.xDyx Sez monokristalt iiciin termoelektrik harakat qUvvasinin
temperatur astilig
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Summary

The width of the zone for which the temperature dependence of the conductivity is
prohibited at the high temperature range is determined the width of the strip that is prohibited
in accordance with the specific conductivity zone of the sample decreases with increasing
atoms and the hole concentration is increasing
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HOBBIY METO/JI HCCJIEJOBAHUSI MHOT'OCJIOMHBIX
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[Ipy W3rOTOBJIGHWH OMNTOXJIEKTPOHHBIX MPHOOPOB HA OCHOBE IOJYIPOBOIHUKOBBIX
CJIOEB C TIEPEMEHHOW BEJIMYMHOW 3ampenieHHON 30HbI Eg, BecbMa CYIIECTBEHHBIM SBIISETCS
3HAHHE TAaKUX XapaKTEPHCTHK, KaK COCTaB U COOTBETCTBEHHO BelmunHa Eg, TOJMIIMHA CIOEB,
KOHIIEHTpAIMs  TIyOOKMX W MEJIKUX  TNPUMECEH,  ONpeNeISIIoNIMX  XapakTep
PEKOMOMHAIIMOHHBIX TIPOIECCOB M, CIIEA0BATEIHHO, 3()(HEKTUBHOCTh PEATU3YEMBIX CTPYKTYP.
[IpuMeHUTENTFHO K TaKWM CTPYKTypaM JUIsl ONpPEICIICHUS COCTaBa WIIM BEIUYHHBI Eg
OTJICIBHBIX CJIOEB, HAHOOJIee PacCIPOCTPAHEHHBIMU B HACTOSIIIEEe BPEMSI METOJIAMH SIBJISTFOTCSI
PEHTTEHOCTICKTPATIBHBI MHUKPOAHAIH3, MO3BOJISIONINN TPOU3BOJINTE HauOoJIee JIOKATbHBIE
M3MEpPEHUsI COCTaBa, a TAK)KEe METOJbI, OCHOBAHHBIC HA PETUCTPANNU (POTOFOMHHECIICHITUU
CIIOEB CTPYKTYpPHI C HCIOJBH30BAHWEM TMOCIOHHOTO CTPaBIMBAHUS, W3TOTOBIECHUS KOCOTO
numda WM CKOJIAa CTPYKTYPBl C TOCIEAYIOMUM OJHO(DOTOHHBIM  BO30YKICHHEM
doTosmroMuHeCHIeHITUA [ 1], SHEPreTHYECKOE IMOJI0KEHUE KOTOPOM CBSI3BIBAIOT C BEITUYHHOU
Ey. [lepeuncinennsie METOIBI 00IaIAIOT CYNMISCCTBEHHBIMH HEOCTATKAMH, 3aKITFOYAFOIIIIMHUCS
B HapyIIEHUH IIEJIOCTHOCTH O0O0pa3loB, TpPeOOBaHMM WX TIIATEIBHONH TOIrOTOBKUA U
3HAYUTENIBHBIX 3aTPAT BpPEMEHH Ha MMPOBEICHNUE N3MEPCHHI.

B nHacrosmeit pabote onmchIBacTCs HOBBIH METO]] MCCIICAOBAHMS TOIYIPOBOIHUKOBBIX
MHOTOCJIOHHBIX SMUTAKCHAIBHBIX CTPYKTYP, OCHOBaHHBIN Ha aHAJIM3a CIIEKTPOB ONTHYECKOTO
MOTJIOMICHUS. U (POTOTFOMHHECIICHIIMU TIPH JIBYX M TPEX(OTOHHOM BO3OYKICHHH JIA3EPHOM
nsnydyeHueM. Ecnm uccnemyeMyr MHOTOCIIOMHYIO CTPYKTYPY BO3OYAUTH CBETOM JOCTATOYHO
0OJIbIION MHTEHCHMBHOCTH C JHEprueil KBaHTa /@, TaKOW, YTO BBINOJHSAETCS YCIOBHUE

Egﬂx /12 <hw< Eg'", rie Eg'” u Egax - COOTBETCTBEHHO MUHHUMAJILHOE U MAKCUMAaJIbHOE

3HAYCHUs IIUPHUHBI 3aMpelIeHHON 30HbI B 00pa3iie, TO B 3TOM Clly4ae JIOJDKHO UMETh MECTO
IBYX(OTOHHOE U TPEX(POTOHHOE TOTJIONICHHUE MMAAIONIET0 CBETa, IPUYEM B CHIIy MalIOCTH
KOd(QHIIMEHTa TOTJIONICHUS OCYIIECTBIISICTCS TPAKTUYECKH PaBHOMEPHOE BO30YKICHUE
UCCIIelyeMOH CTPYKTYpbl. B ciydae, Korja IOCIOWHOE H3MEHEHHE COCTaBa pPE3Koe U
COOTBETCTBYET U3MEHEHHIO Eg Ha BeJIMYMHY, OOJBIIYIO, YeM MIUPUHA JIMHUU U3JTy4eHHUs, B
CIeKTpax JBYX(OTOHHOTO M TPEX(POTOHHOTO MOTIIOIMIECHUS U (POTOTOMUHECIICHIIMH JTOJKHBI
HaOJIF01aThCSl TIOJTHOCTBIO Pa3pEeIICHHBIC JIMHUK C SHEPTUEH B MAKCUMYME, COOTBETCTBYIOIIEH
Eg cnos. Yucino STHX JMHHUN, €CTECTBEHHO, JOJDKHO PAaBHATHCS KOJMYECTBY CIIOCB B
crpykrype. CIOHCThIC TOJIYIPOBOTHUKOBBIX CTPYKTYpbl (GaSei1xSx SBISIOTCS yIOOHBIMU
0o0BEeKTaMU JJIsi MPOBEIEHHUs] TaKoro copta uccienoBaHuil. IllupuHa 3amperieHHONH 30HbBI
GaSe1xSx B 3aBucumMoctu oT cocraBa (x=0+0,20) MeHstoTca B uHTepBane ~(2.53+2.02 »B).
Cynbun rammus (GaS) mmeer HIMPUHY HENMPSIMOW 3ampenieHHOW 30HBI Eg=2.53 3B mnpu
T=300 K [2], noaTomy u3nyueHue 1-oii rapmonuku Nd:YAG-nazepa (ho=1.17 3B) nomxen
IPUBOANUTH K Tpex(poTOHHOMY noromeHuo. B ommune ot GaS, kpucramisl GaSe sBISAIOTCS
NPSIMO30HHBIMM  TIOJIYIIPOBOJAHUKAMHU C IIHPUHOM 3ampemieHHol 30HbI ~ Eg=2.02 5B,
BO30yXJieHHe 1-0¥f rapMOHMKOM HEOJAMMOBOIO Jla3epa MOXKET MPHUBECTU K JIBYXKBAaHTOBOMY
MOTJIOIIECHUIO.

UccnenoBannbie HamMu Kpuctauibl GaSe1«Sx OblIM MONydeHbl METOA0M bpumKkMeHa.
Tak kak 3T KpHCTAJJIbl UMEIOT CIOUCTYIO CTPYKTYPY, TO YIalOCh MOJyYUTh OYEHb TOHKUE
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MOHOKPHUCTAJNINYECKUE IUIACTUHKU IyTEM OTUICIUIEHUS UX OT MacCUBHBIX oOpasuos. llpu
3TOM cpa3y TMOJYYaIUCh 3€pKajbHBIE ONTHYECKHE TIOBEPXHOCTH, He Tpeldyromue
CTEUMANBHON MOJMPOBKU. MHOTOCIOWHAs CTPYKTypa Oblila CO3[aHa METOJOM MOCAJKH Ha
ontuieckuii KOHTAakT [3]. IlpM W3roTOBIEHHMH MHOTOCIOWHOW CTPYKTYpHl ObUIH
MCTOJB30BaHbl KpucTayuibl GaSe1xSx ¢ Tommuuamu 50+100 MKM, IpOCTHIM pacuierieHueM
MacCCHBHOTO 00pasia. 3aTeM CBEKECKOJIOThIE IMOBEPXHOCTH OBUIH MPIIKATHI APYT - APYry U
OHM JIep)KaJUChb HECKOJbKO YacoB I0J JaBieHHEM. [loBEpXHOCTH KOHTAaKTUPYIOIIKX
00pa3loB CHEIUBLINCh W3-32 BHYTPUMOJICKYSPHBIX CHJI, BO3HHKAIOIIUX MEXIYy HHMHU.
CampiM Hu3kuM cioeM siBisuicss GaSe (Eqg=2.02 5B), a ocrajbHbIE CJIOH PACHOJIOTATHCh C
BO3pacTamme BenuunHo Eg. B kauecTBe MCTOYHMKA W3IYYEHHS MCIOJIb30BAICS
umnynabcHblii  NO:YAG-na3ep co BCTPOCHHBIMH TeHeparopamu 2-ii W3- TapMOHHK,
MpeAHa3HAYEHHBIN N7 TeHepaluu W3NydeHus ¢ JuinHoM BosHbel 1064, 532 u 335 HwM.
JUintenbHOCTh MMIYNbCOB ~12 He, yactora moBropeHus 10 I'm. MomiHocTs uMMIynbca
coctaBmsana 12 MBt/cm?. VIHTEHCHBHOCTh WM3IyYeHHS M3MEHSAIACh TIPM  TOMOIIM
KaJTMOpOBAaHHBIX HEUTpaNbHBIX CBETOBBIX (MIBTPOB. CIEKTPhl ONTHYECKOTO MOTJIOEHUS U
JIFOMUHECIICHI[MA KPHUCTAJJIOB GaSe1xSx HACCIENOBATUCH c HCTIOJIb30BAaHUEM
aBTOMaTU4YeCKoro MoHoxpomatopa MS833 ¢ nBoifHON nucnepcued, ¢ KOMIBIOTEPHBIM
YOPABJICHUEM W JIETEKTOPOM, PErMCTPUPYIOIIMM HU3JIy4€HHE B AUamna3oHe JUIMH BoJIH 350-
2000 HM™.

Ha pucynke 1,a,0,c mpeicTaBiIeHbI CIIEKTPHI MPOITYCKaHUS OTIENBHBIX 00pasmnoB Gas,
GaSe u TBepupix pactBopoB (GaSepgSo. moa nmedcTBHEM u3MydeHHWE 1-0M rapMOHUKON
Nd:YAG-nazepa (7w =117 3B).
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Puc.1.

Kak BHIHO W3 pHCYHKa, Kpail IIOJOCHI IOIJIONMICHUS HCCIICIO0BAaHHBIX 00pa3IoB
COOTBETCTBYIOT 3Ha4YC€HMIO JIMH BOJIH 614 HM (2,02 3B), 570 am (2,18 3B) u 490 am (2,53
3B). DTH BeNMYMHBI YJOBJICTBOPHUTEIHLHO COTJIACYIOTCS C IIUPUHAMU 3alpEIICHHBIX 30H
yKa3aHHBIX MarepuajoB. Ha puc.2 mnpeacraBieHbl CIEKTPbl MHOTOCIOHHOM CTPYKTYpBHI,
cocrosimuxcs u3 GaS, GaSeosSo2 ' GaSe, Bo30yxkmaeMbiii 1-oit rapmonukoii Nd:YAG-
nmazepa. Kak BHIHO M3 pHCYHKAa, YHCIO JIMHUWA B CIEKTpax MPOIMYCKaHHS COBIATAET C
KOJIMYECTBOM CJIO€B B CTpyKType. [lpennoskeHHbIi HaMH METOJ, HapsAAy C ONTHYECKUM
MOTJIONEHHUEM TO3BOJISIET TaKKe MCCIeA0BaTh (POTOTIOMUHECICHIIMIO MHOTOCIOMHOM
MOJIYIIPOBOIHUKOBOM CTPYKTYpPBI. DKCIEPUMEHTAIBHO UCCIEAOBaHMS (POTOTIOMUHECIICHITHIO
MO3BOJISIET CPABHUTENBHO MPOCTO B 1EJOM psle CIydaeB OMNpEAeNuTh BeTU4YMHY Eg
OT/EIBHBIX CJIOCB, MX TOJIIUHY, & TAK)KE CTENEHb JETHPOBAHMS MEIKUMH U TIyOOKUMH
npuMmecsiMiu. Ha puc.3 mpencTaBieHbl CHEKTPhl  (POTOJIOMHHECHEHIIUM MHOTOCIOWHOMN
CTPYKTYpBI, cocTosmmxcs u3 Tpex cioeB GaS, GaSeosSo2 1 GaSe. CpaBHEHHE CIIEKTPOB
MOTJIONIEHUSI CO CIEKTpaMH JIIOMHUHECICHIIMM MHOTOCIOWHON CTPYKTYpBl TO3BOJSET
MPEANOJNIOKHUTh, YTO PEKOMOMHAIIMOHHOE W3JIyuYeHHe, OOHApY)KeHHOE€ B MHOTOCIOWHOMN
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CTPYKType 00YyCIIOBJICHBI KPaeBbIMU M3Ty4EHUSIMH 30Ha-30Ha.
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Kak BuaHo w3 pucyHka 3, UWHTEHCHUBHOCTH U3JIydaTelbHOM peKkoMOMHAIUU
MPaKTUYECKH OJMHAKOBBI BO BCEM O0BEME MHOTOCIOWHON CTPYKTYPBI, YTO TIO3BOJISIET
HpeHHOJ'IO)KI/ITI), YTO MHTCHCUBHOCTDH J'H/IHI/II71 B CHGKTan JIIOMUHECHCHIINN HpOHOpIH/IOHaJ'IBHa
TOJIIUHE CJI0S. B 3TOM cilydyae MO COOTHOIICHHWIO WHTEHCHBHOCTEW JMHUM B CIIEKTpE
JIIOMUHCCICHIINN MOXXHO CYIII/ITI) 06 OTHOCUTCIIBHBIX TOJIIIIUHAX CJIIOCB B CprKType, a 3Hasd €C
OOIIyI0 TOJIIUHY, OMNPEACITUTh aOCONIOTHBIE 3HAYEHWs TOJIIMH cioeB. [lo Hamemy
OTIpeJICNICHUI0 00Ias TOJIIMHA CJI0eB OKa3aloch paBHOH ~500 MKM, 4YTO TIO3BOJISET
YTBEPKIATh, YTO TOJIIIMHA KAXKIOTO CJI0S B MHOTOCIIOMHOM CTpyKType paBHa ~100 MKM.
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Abstract

A new method for studying semiconductor multilayer epitaxial structures used in the
manufacture of optoelectronic devices, based on the analysis of absorption and
photoluminescence spectra under two and three-photon excitation by laser radiation, is
described. This method makes it relatively easy in a number of cases to determine the value of
Eg of individual layers, their thickness, and the degree of doping with fine and deep
impurities.

Xiilaso

Optoelektron cihazlarn  hazirlanmasinda istifado olunan ¢oxlayli epitaksial
yarimkegirici strukturlarin todqiq olunmasi ii¢lin lazer siialarmin tosiri ilo ikifotonlu vo
ticfotonlu optik udma vo fotoliiminessensiya spektrlorinin analizino asaslanan yeni tisul toklif
olunur. Bu tisul har bir layin qurulusunu, qgadagan olunmus zolagnin enini vo qalinligini toyin
etmoyo imkan verir.
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AgShSe; VO (AgSbSez)x(PbTe)1x (x=0,85; 0,825) BORK MOHLULLARININ
TERMOELEKTRIK EFFEKTIiVLiYi

fiif.d. Saddinova A. A., fii.f.d. Salimzada R. I. .
Azarbaycan Respublikast Elm va Tahsil Nazirliyi Fizika Institutu

Acar sozlor: termoelektrik material, elektrikkeg¢irma, istilikkegirma, termoe.h.q.,
termoelektrik effektivliyi

KiroueBbie  cj10Ba:  TEPMONIEKTPUYECKM ~ Marepuas,  dJIEKTPOIPOBOJHOCTD,
TEIUIONPOBOJHOCTh, TEPMOD/IC, TEPMOIJIEKTpUUECcKask 3P(PEKTUBHOCTh

Key words: thermoelectric material, electrical conductivity, thermal conductivity,
thermal power, thermoelectric figure of merit

Giris. Miiasir texnikanin vo texnologiyalarin inkisafi daha somorali elektrik enerjisi
monbalarinin hazirlanmasmi va tokmillogdirilmasini talob edir. Bu baximdan, termoelektrik
materiallar istiliyin birbasa elektrik enerjisino vo aksino ¢evrilmasini yerino yetiron alternativ
enerji monbalori liclin mithiim rol oynayirlar. Bu sahodo osas masolo yiiksok termoelektrik
effektivliyino malik olan yeni termoelektrik materiallarin alinmasi vo onlarin todqiq
edilmosidir. Termoelektrik materiallarin effektivliyi asagidaki ifads ilo toyin olunur:

, S’o
ok

Burada, S-termoelektrik horokot qiivvesi, o- elektrik kegiriciliyi, k- Umumi
istilikkegirmodir [1]. GOrunduyld Kimi, Z-i artrmaq ti¢iin bdyik termoe.h.g-no,
elektrikkegirmays vo Kicik istilikkecirmoys, ya da hor iki faktora malik materiallar almag
lazimdir.

Tacribi naticalar vo onlarin analizi. Todqiq olunan isdo AgSbSez-nin termoelektrik
xassolorino PbTe olavasinin tosirini dyronmok moqsadilo, (AgShSez)x(PbTe)1x (x=0,85;
0,825) bork mohlullar1 sintez olunmus vo 300-550K temperatur intervalinda todqiq
edilmisdir. Todqgiq olunan torkiblor  tomizliyi 99,99% olan vo stexiometrik nisbotdo
gotiriilmiis ilkin komponentlorin (Ag, Sb, Se, Te, Pb) birbasa oridilmosi metodu ilo
almmusdir.

Alinmis niimunoslorin rentgen qurulus analizi aparilmis, noticolor niimunslorin
monofazali vo foza qrupu Fm3m olan NaCl tip sotho moarkozlogsmis kubik qurulusa malik
oldugunu gostormisdir [2].

Todqiq olunan torkiblorin termoelektrik xassolori 300-550K temperatur intervalinda,
sabit coroyanda, dordzondlu potensiometrik metodla todqiq edilmisdir.

Sakil 1-do AgShSe;-ds vo (AgShSez)x(PbTe)1x (X=0,85; 0,825) bork mohlullarinda 300-
550K temperatur intervalinda elektrikkecirmonin temperatur asililiqlar1 géstorilmisdir.
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Sakil 1. AgShSe; (1), (AgSbSe2)o,ss(PbTe)o,15 (2) va (AgSbSe2)o,25(PbTe)o,175 (3) bark
moahlullarinda elektrikkegirmanin temperatur asililiglart
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Sokildon gorundiyd kimi, AgSbSez vo (AgSbSe2)os2s(PbTe)o17s-do elektrikkegirmo
temperaturdan asili olaraq artir. (AgSbSez)oss(PbTe)o15-do iso elektrikkegirmo T=485K-o
kimi artir daha sonra azalmaga baslayir. Eyni zamanda, (AgShSe2)x(PbTe)1x (x=0,85; 0,825)
bark mohlullarinda elektrikkegirmonin qiymoti AgSbSe: ilo miigayisads azalir.

Termoelektrik effektivliyini toyin etmak {igiin lazim olan digar asas kamiyyatlordan biri
do termoe.h.g-dir. Bu mogsadlo, AgSbSe> vo (AgSbSe.)«(PbTe)ix (x=0,85; 0,825) bork
mohlullarmm termoe.h.q. 300-550K temperatur intervalinda todqiq olunmus vo S(T)
astliliglar1 sokil 2-do muqayissli sokilds gostorilmisdir.

1200 4
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T T T 1
300 400 500 T,K 600

Sakil.2. AgShSe; (1), (AgSbSe2)ogs(PbTe)o,15 (2) va (AgShSe2)os25(PbTe)o,175 (3) bark
moahlullarinda termoe.n.q-nin temperatur asitliliglart

Sokildon gérundiyl kimi, AgSbSez-nin vo (AgShSe2)x(PbTe)1.x (x=0,85; 0,825) bark
mohlullarmin  termoe.h.q. temperatur artdiqca yavas-yavas azalr. Eyni zamanda,
(AgSbhSe2)x(PbTe)1x (x=0,85; 0,825) bork mohlullarinda termoe.h.g-nin giymoti AgSbSe; ilo
mugayisads artir.

AgShSez-nin istilikkegirmasi bir sira islords [2, 3, 4] tadqiq edilmis va bu birlosmonin
cox Kicik istilikkecirmays malik oldugu geyd olunmusdur. Malumdur ki, AgSbSe> birlosmasi
Ag Vo Sb ionlarinin nizamsiz paylandigi NaCl tipli kubik qurulusa malikdir [2]. Kimyavi
cohotdon mixtalif olan bu atomlar eyni kristallografik voaziyystlordo yerlosmoloring
baxmayarag, valent elektronlarm konfiqurasiyalarma gora forglonirlor. Bu Kristal gofasin
tohrif olunmasina sobob olur. Naticads kristal gofosdoki Ag/Sb nizamsizlig: istilikkegirmanin
giymatinin ¢ox kicik olmasma gatirib ¢ixarir.
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0.0 'ﬂ.""'

300 400 500 T(K) 690

Sakil.3. AgShSe; (1), (AgSbSe2)oes(PbTe)o,15 (2) va (AgShSe2)og25(PbTe)o,175 (3) bark
moahlullarinda termoelektrik effektivliyinin temperatur asihiliqlart

Termoe.h.g-nin,  elektrikkegirmonin  vo  istilikkegirmonin  tacribodon  alinmis
giymoatlorino asason, AgSbSe: vo (AgSbSez)x(PbTe)1x (x=0,85; 0,825) bork mohlullarinin
miixtolif temperaturlarda termoelektrik effektivliklori hesablanmigdir. Alinmis temperatur
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asilililiglart sokil 3-do gostorilmisdir. Sokildon goriindiiyii kimi, hor ¢ torkibdo Z
temperaturdan asil1 olaraq artr.

Almmis naticolordon goriinur ki, AgSbSe> birlosmasi PbTe ilo asqarlandigi zaman
torkibdo PbTe artdiqca Z-in giymati artir. Termoelektrik xassalorin yaxsilasmasma PbTe ila
asqarlanma naticasinds konsentrasiyanin artmasi sobob olur.

Noatica. AgSbSer-do vo (AgSbSe;)x(PbTe)i1x (x=0,85; 0,825) bork mohlullarinda
termoelektrik effektivliyi temperaturdan vo torkibdon asili olaraq artir. Termoelektrik
effektivliyi G¢lin maksimum giymot T=520K temperaturda (AgSbSez)os2s(PbTe)o175 bark
mohlulunda alinir.
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Pe3rome

[IpoBeneHo wHCClIEOBaHUE TEPMOIICKTPUUECKUX CBoMcTB AQShSe; u  TBepabix
pactBopoB (AgShSez)x(PbTe)1x (x=0,85; 0,825) B muTepBane temmneparyp 300-550K. st
KaXJIOTO COCTaBa pacCuMTaHa TepModIeKTpuueckas 3¢ dektuBHOCTh. [lokazaHo, dYTO
BBencane PbTe B AQSbSe; npuBOAMT K YBEIMUYCHHMIO 3HAYEHHH TEPMOIIEKTPHUECKOM
3¢ HEeKTUBHOCTH.

Summary

The thermoelectric properties of AgSbSe; and solid solutions (AgSbSez)x(PbTe)1x
(x=0,85; 0,825) were investigated at temperature range of 300-550K. The thermoelectric
efficiency was calculated for each sample. It was shown that the introduction of PbTe into
AgShSe; leads to increase the value of thermoelectric figure of merit.

Yb ILO ASQARLANMIS GaS MONOKRISTALLARININ FOTOELEKTRIK
XASSOLORIND y- KVANTLARLA SUALANDIRILMANIN TOSIRI.

f.-r.e.d.,prof. Madatov R.S. 12, f.-r.e.n.,dos. Tagiyev T.B.}, Xaliqzad /!.S.l
'Azarbaycan Respublikasi EIm va Tahsil Nazirliyi Radiasiya Problemlari Institutu,
2Milli Aviasiya Akademiyasi, Baki sahari

Acar sozlari: fotokegiricilik, asqar, spektral, fotohassasliq, akseptor, donor.
Keywords: photoconductivity, impurity, spectral, photosensitivity, acceptor, donor.

A"BY! grup birlosmoli yarimkegiricilor tipik layli yarmmkegiricidir vo genis qadagan
olunm.us zonaya malik olan optik yarimkegiricilor Kimi diggati calb etmisdir. Bu qrupa daxil
olan  GaS layli monokristali, goériinan Vo yaxin ultrabondvsoyi oblastlarda igloyon
optoelektronik cihazlarin hazirlanmasinda perspektivli material hesab edildiyina g0re
todqiqatgilarin digqgetini gokmisdir [1]. GaS monokristali heksogonal qurulusa malik olub,
gofos parametrlori a = 0.359 nm, ¢ = 1.549 nm [2,3,4], atomlar iso S-Ga-Ga-S diiziiliisiino
malikdir. Har bir Ga atomu bir Ga vs U¢ S atomu il slagadadir. Bu tip yarimkegiricido layin
daxilinds atomlararasi rabita hom gicli ion, hom do kovalent rabits, laylararasi rabits iso zaif
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Van-der-Vaals rabitesidir [5]. GaS monokristali genis qadagan olunmus zonaya malik layli
yarimkegiricidir vo otaq temperaturunda gadagan olunmus zonanin eni 2,5 eV-dir [6]. Layl
GaS monokristali giiclii anizotrop xiisusiyyatloro malikdir, ¢iinki onlarin elektrofiziki
xassalori ¢ oxuna nozoron mixtalif giymotlora malikdirlor [7]. GaS layli monokristalt
optoelektron cihazlarinda, elektrik sensorlarinda vo geyri-xatti optik totbiglords istifads Gglin
bir swra faydali xiisusiyyatloro malikdir[8]. GaS<YDb>0.1lat% vo GaS monokristallari
Brijmen metodu ilo alimmis p-tip kegiriciliys malik olub, otaq temperaturunda miigavimati
10° Om tortibindadir. Todgiq olunan niimunolorin fotoelektrik  xassolori SF-4
monoxromatoru, B7-30 universal elektrometrik gticlondiricisi, F136-nanomikroampermetri,
B7-21 voltmetri vo TEC-9 coroyan monbayi osasinda yigilmis elektrik sxemindo todqiq
edilmigdir. Elektrik komtaktlar1 niimunays laylara perpendikulyar istiqgamstdo (C oxuna
paralel) indiumla qoyulmusdur.  Niimunolor Co® qurgusunda T=300K temperaturda
stialandirilmigdir.

GaS<Yb>0.1at% vo GaS monokristallarmin otaq temperaturunda fotokegiriciliyinin
spektral paylanmasi siialanmadan avval va sonra sokil 1-do g6storilmisdir.

- 1-GaS,D=0,T=300K
g —e— 2-GaS(Yh),D=0,T=300K
6,5x107 5 —A— 3.GaS(Yb),D=20krad,T=300K
—v— 4-GaS(Yb) D=50krad, T=300K
—&— 5-GaS(Yb).D=200krad, T=300K
107
2
< 1
- 5
10+
3,2x10° " r . ,
300 400 500 600 700

A, NM

$ak.1. GaS va GaS<Yb>0,1at% monokristallarimin otaq temperaturunda
fotokecgiriciliyin spektral paylanmasi.

Qrafikdon goriindiiyii kimi GaS monokristalinin  fotokegiriciliyinin - maksimumu
fundamental udulma sarhaddi yaxinliginda A=490nm dalga uzunlugunda miisahids edilmisdir.
GaS monokristalin1 iterbi ilo asqarladigda onun fotokeciriciliyi azalir, fotokeciriciliyinin
maksimumu A=490nm dalga uzunlugunda miisahido olunur. GaS<YDb>0.1at%
monokristtalin1 y —siialar1 (D=20, 50krad) ilo siialandirdigdan sonra fotokegiriciliyin
maksimuma uygun dalga uzunlugu doyismir, ancaq asqar oblastinda (A >740nm)
fotokegciricilik tagribon bes dofoyadok azalir (D=50krad).

Tomiz vo iterbi ilo asqarlanmis GaS monokristalinin fotokegiriciliyinin spectral
paylanmast T=110K-do siialanmadan avval vo sonra (D=20,50,100,200krad) sokil 2-do
verilmigdir. Sokildon goriindiiyli kimi baxilan dalga uzunlugunda (A=380-800nm )
asgarlanmig niimunonin fotokegciriciliyi tomiz kristallarin fotokegiriciliyindon bir tortib
boylkdlr. GaS monokristalini iterbi ilo asqarladiqgda moxsusi migavimati artir ki, bu da agagi
temperaturda fotohassasligin artmasia sabab olur.
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—&— 1-GaS,D=0, T=110K

—e— 2-GaS(Yb),D=0, T=110K

—&— 3-GaS(Yb),D=20krad, T=110K
—¥— 4-GaS(Yb),D=50krad, T=110K
—&— 5-GaS(Yb),D=200krad, T=110K

400 500 600 700

A, M

$ok.2. GaS va GaS<Yb>0,1at% monokristallarimin T=110K-da fotokegirciliyin spektral
paylanmasi
1.GasS, 2.GaS<Yb>0,1at%, 3. GaS<Yb>0,1at%, D,=20krad 4. GaS<Yb>0,1at%,
D,=50krad, 5. GaS<Yb>0,1at%, D,=200 krad

Asqar oblastinda GaS<Yb> monokristallarnin  fotokegiriciliyindo asas rolu
diylnlorarast qallium atomlar1 oynaywr. GaS<Yb> y-siialar1 ilo slialandirdigda asqar
oblastinda (A>740nm) fotohossasliq azalir. Analoji  doyisikliklor tomiz GaS
monokristallarinda da miisahido edilir. Bu onu g0storir ki, gqallium vakansiyalarmin
konsentrasiyasi, onlarmm Yb atomlar1 ilo qarsiligli tosiri naticosindo azalir. Qeyd etmok
lazzimdir ki, tomiz GaS monkristallarim1  y—stalar1 ilo siialandirdigda  qalliumun
vakansiyalarmin konsentrasiyasmin artmasi hesabina asqar fotokegiricilik artir.[5] Todgigatlar
naticasindo mloayyan edilmisdir ki, iterbi atomlar1 qallium kiikiird monokrsitalinda gallium
atomunu ovoz edorok dayaz donor soviyyolori yaradirlar. Buna goro do akseptor
saviyyalarinin gismon kompensasiyasi bas verir ki, buda sarbast desiklorin konsentrasiyasini
azaldir.
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Pe3rome

B namHOW pabore wmcciemnoBaHbl  (DOTORNEKTPUYECKHE CBOMCTBA  CIIOMCTBIX
MoHoKkpuctaimioB GaS u GaS<Yb> 0,1at% nmo w mocne oOmydyeHHs TNpH KOMHATHOMN
temrieparype u temmeparype T=110K. Ycranosieno, 4ro B OOJlydeHHOM ramma-iydaMu
cimouctoM MoHokpuctamie GaS<Yb>0,1at% ¢doTtodyBcTBUTENBHOCTE B oOmactu A>740 HM
CHIDKaeTcs, a B MOHOKpHucTaiwie GaS agaguTuBHOM (OTONPOBOAMMOCTD YBEIHMUMBACTCS 32
CUET YBEJIIMYCHHUS KOHIICHTPALMU BAKAHCUI TaJLTHSL.

Summary

In this work, photoelectric properties of GaS and GaS<Yb> 0,lat% layered
monocrystalline have been investigated before and after radiation in room and T=110K
temperatures. It was determined that, photosensitivity in the A>740 nm wavelength oblast
reduces in the GaS<Yb> 0,1at% layered monocrystal irradiated with gamma-rays, but in the
GaS monocrystal additive photoconductivity increase due to increasing of concentration of
gallium vacancies.

OCHOBHBIE TPUMECHBIE COCTOSHUS 3AMEIIAIOIIINX
ATOMOB Ag 1 Au B GerSix

Hou. 3eitnanoe 3.M., /lou. Unanoe P.M., Ab6acoe P.A.
Ianoorcunckuit I'ocyoapcmeennwtit Ynueepcumem

KiroueBble ¢Jj10Ba: akIENTOP, IPUMEC, 30J10Ta, aTOM, JIOHOPHBI YPOBEHb
Keywords: acceptor, impurity, gold, atom, donor level

3amerarorye atoMbl cepebpa - AgS u 3o50ta - AUS B TepMaHiH BEIYT ce0sl KaK TPEXKpaTHBIE
aKLENTOPbl B COOTBETCTBUU C MOJICNBIO TETPadIPHUECKUX KOBAIGHTHbIX cBsizeil. [Ipumecs AUS
MOMHMMO 3TUX aKIENTOPHBIX COCTOSHUI CO3/IaeT €Ile OJMH JOHOPHBIM YpOBEHb, PACHOJIOKEHHBIN
HIDKE €€ aKIEIITOPHBIX COCTOSTHUM. Pacrionoxenre nmpuMecHbIx cocTostamii AQS 1 AUS B 3anpertieHHON
30HE TepMaHusl TIPEACTaBIeHO Ha cxeMe puc. 1.7 B mepBoii raBe. B kpemHun ¢ npumecsto cepedpa
0OHapy>KEeHBI HECKOJIHKO TTYOOKMX YPOBHEH KaK aKIIEIITOPHOTO,TaK M JOHOPHOTO Xapakrepa: Ev+0,32
5B (monop) u E.-0,22 3B (akuerrop); Ev+0,26 3B (monop) u £.-0,28 3B (akuenrop); Ev+0,33 3B
(monop) u E.-0,36 B (akuerrrop); Ev+0,405 »B (monop) m Ec-0,593 5B (akuerrop).
Wnentudukanust 5TMX ypoBHEH He mpousBesieHa. [Ipemrornaraercs.uto psi ypoBHEH OTHOCHTCS K
00pa3zoBaHMsAM PA3IMYHBIX ACCOLMAIMII aTOMOB cepedpa M KOMIUIEKCOB C JAPYrUMH JeeKramm.
[pumeck 30710Ta B KPEMHHH CO3/Ia€T OJIMH JIOHOPHBIN ypoBeHb Ev+(0, 3598 ¥ ofuH aKkenTOpHbINA
ypoBeHb E .- 0,54 3B. Cuuraercs, 4To 371 YPOBHH OTHOCSTCS K 3aMEIIAIOIIHM aTOMaM PUMECH.

Hwxe mnpencraBieHbl pe3ynbTaThl HCCIEIOBAHUSI SHEPreTHYECKOrO OCHOBHBIX — COCTOSHUIMA
AgS u AuS B kpuctaiax Gen,Six  HampaBieHHbIE Ha YCTAHOBJICHHE 3aKOHOMEPHOCTEH
M3MEHEHHUS] DHEPIUil CBS3e 3THX COCTOSHHIA C COCTABOM KPUCTALIA, @ TAKKE HX SHEPreTHUYECKHX
MOJNOKEHW B KpeMHUW. 37ecb Mbl He  OyleM paccMaTpuBaTh — 3JIEKTPOTPAHCHIOPTHBIC
CBOWCTBA KPHUCTAUIOB,  JICTUPOBAaHHBIX  OTUMHU T[PUMECSMH, TOCKOJbKY OHH HE  MMEKOT
NPUHIMITUATGHBIX OTJNUMiA OT CBOMCTB Ge1xSly,  JIETMpOBaHHBIX ~ Mempro.  KoHIeHTpartis
3aMEIAIOMX aTOMOB cepebpa M 3070Ta B KpucTamiax — coctasmuia  10% <10 cm . B
3aBHCUMOCTH OT HcxoiHoM BemuuHbI Na 11 Ng a Taroke Temreparypsl [ y3MOHHOTO  JIETUPOBAHUS

47



B oOpaztiax Ge1Six MpOsBILUICS TOT WIM MHOM YpOBCHb HCCIEIyeMOi mpuMech. B ciydae 30510Ta
ITyOOKWI JIOHOPHBI YPOBEHb TpPOSIBIAETCS B KPUCTAUIAX, OONAAIONIMX IO JIeTHMpoBaHUS Au
JBIPOYHOM TIPOBOAMMOCTBIO. OTH 00pa3lbl TOC/E JITUPOBAHUST 30JI0TOM HE HW3MEHSIOT THIT
MPOBOAUMOCTH, U JOHOPHBIA YPOBEHb MPUMECH TMPOSBILIETCS KAK ICEBIOAKIICITOPHBINA LIEHTD.
PesynbraThl aHami3a TeMIepaTypHbIX 3aBUCHMOCTEH KOHIISHTPAIMK CBOOOHBIX HOCHTENCH 3apsiia
00JBIIOT0  HabOpa OOpa3LOB C PA3IMYHBIM COCTAaBOM U COJICPYKAHMEM IPUMECHBIX IIEHTPOB
TOKa3bIBAIOT, YTO BO BCEX MCCIICIOBAHHBIX HaMH cocTaBax (0<x<(,3) AgS u AuUS Bemyt cedst Kak
TPEXKpaTHBIC aKIIENTOPBI, KaKk U B repMannu. [Iprvech AUS co3zaet ere oJH TTyOOKHi JOHOPHBIN
YPOBEHb, PACTIOJIO’KEHHBIN HIKE €€ aKLIENTOPHBIX COCTOSHUM.

AHaM3 TeMIepaTypHbIX 3aBHCHMOCTEH KOHIIGHTpAIlMA CBOOOAHBIX HOCUTENICH 3apsia B
KpUCTAJUIaX, B KOTOPBIX TPOSBISIETCSI TOT WIM MHOM ypoBeHb AQS 1 AUS, TMOKa3bIBaeT CIeIyOIIne
0COOEHHOCTH: TeMITEpaTypHBIE 3aBICUMOCTH KOHIIEHTPAIIMH JIEKTPOHOB WX JIHIPOK HE OIMCHIBAIOTCS
B paMKax JOKAILHOTO YPOBHS C OMNPENEICHHOM SHEPruel aKTUBALM; YBEIWYECHUE CTEICHU
KOMIIEHCAllM YPOBHEW NPHMBOAMT K POCTY MX SHEPIMM aKTHBAlMU. OJTH OCOOEHHOCTH KOCBEHHO
CBUJIETENTBCTBYIOT O paciiervieHnn yposHeit AgS u AuS B 3amnperiieHHoi 30He Ge15Six , KaK U B CiTyyae
TIPAMECH MeJIM. YUHTHIBast 3TO OOCTOSITEIIBCTBO, YCPEeIHEHHASI SHEPIHs aKTHBAIMN YPOBHEW cepedpa 1
30710Ta ONpENeNsuiach W3 JAaHHBIX TEMITEPATYPHBIX 3aBUCHUMOCTEH KOHIIGHTPAIMK CBOOOIHBIX
HOCHTEJIeH 3apsyia B KpHCTAUIAX C HYJICBOW CTENEHBIO KOMITCHCAIMM HCCIICAyeMOro YpPOBHSI.
BenmranHa 3Toro mapameTpa onpeesiach Kak U B clydae PUMECHBIX ypoBHeH Cus. T.e. Haxoaurcs
3Ha4YEHHE & KOTOPOE HAWITYYIIMM OOpa3oM OIMHMCBHIBAET XOJ KPUBBIX 7 (p) OT T. OTMETHM ,4TO
MaKCUMAJTbHOE OTKJIIOHEHHE BEMUYMHBI € OT YCPEIHEHHOH MPH Pa3iMyHBIX | IS K&KJIOrO COCTaBa
COCTaBJIsieT He OoJjiee XapaKTepHBIE TEMIIEPATyIHbIE 3aBHCHMOCTH KOHIICHTPAIMH CBOOOHBIX
Hocutestei 3apsia Ge1xSix , B KOTOPBIX aKTHBHBIMH SIBJIIFOTCSL COOTBETCTBYFOIIME ypoBHU AQS 1 AUS,
CTENeHb KOMIIEHCAIIMA KOTOPbIX paBHa Hymo. CBHUIETENLCTBOM pPABEHCTBA HYIO CTEHECHH
KOMIIEHCALIMY YPOBHEH SIBISIETCS OTKIIOHEHHE OT SKCIIOHEHIUATIbHOM 3aBUCIMOCTH KPUBBIX B 00acT!
HIBKUX T. Pe3ynbTaThl NpOBEICHHBIX pacueToB MOKA3bIBAIOT, YTO YCPEAHEHHbIE SHEPTUN CBSI3U BCEX
TpeX aKnenTopHbIX ypoBHEH AQS B Ge14Six M3MEHSFOTCS JIMHEHHO C COCTABOM.
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Summary

Characteristic temperature dependences of the concentration of free charge carriers GeiSi, in
which the corresponding levels of AgS and AuS are active, the degree of compensation of which is equal
to zero. Evidence that the degree of level compensation is equal to zero is the deviation from the
exponential dependence of the curves in the region of low T. The results of the calculations show that the
averaged binding energies of all three AgS acceptor levels in Ge1,Six vary linearly with composition.
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7-KVANTLARLA SUALANDIRILMIS (TIInSez)1x(TIGaTez)x (x=0- 1,0) BORK
MOHLULLARININ SUPERION KECIRICILIYI

Dos. f.f.d. Oliyeva N. ©.
Radiasiya Problemlari Institutu
nuranaalislam@gmail.com

Acar sozlor: gamma kvantlar, impedansin hoqiqi vo xoyali  hissolori, superion
kegiricilik.

Keywords: gamma quanta, real and imaginary parts of impedance, superionic
conductivity.

KiaroueBnie cJioBa: raMMa-KBaHTHI, I[Gf/iCTBI/ITGJ'ILH&fI U MHUMasA 4YaCTH HMII€AaHCa,
CyIEpUOHHAs IIPOBOJIUMOCTE.

A®B3C®, birlosmolori son doraco anizotrop kristal qurulusuna, kristal gofosin xarici
tosirloro qars1 geyri-sabitliyino goro todqiqatcilarin diqgetini colb edir. Bu birlogsmalorin
osasinda fotoelektrik ceviricilor, rentgen vo neytron siialanma detektorlar1 hazirlanmisdir [1,
s.474] [2, s.1057]. [3, s.311]. [4, s. 654]. A®B3C®; osash birlogsmolorin todqiqine maragin
artmasi bu sinifo daxil olan bazi birlogsmolords otaq temperaturuna yaxin temperaturda onlarda
ion kegciriciliyinin askarlanmasi ilo olagodardir [5, s.610 ] [ 6, s.1441]. Bu birlosmolor arasinda
yaranan bork mohlullar iso fiziki xassolori doyigsmok imkani yaratdigmdan olarmn tadqiqi
maraq dogurur.

Hazirki igdo gamma kvantlarla siialanmis T1GaTe, TlInSe; kristallar1 va onlar arasinda
yaranan bark mohlullarin impedans spektroskopiya metodu ilo 25+10° Hs tezlik oblastinda
kompleks immpedans, relaksasiya proseslori arasdirilmisdir vo bu proseslora y-siialarin tasiri
Oyronilmisdir. 0, 0,1 MQr dozada stialanmis (T1InSe2)1.x(T1GaTez)x (x=0-1,0) sistemli bork
mohlullarin bark mohlul nimunalarinin impedansinin haqigi vo Xayali hissalori 6lgtilmiisdiir.
Tocribi naticalor asasinda kompleks impedans qodoqgrafinin tasviri edilmisdir.

Stialanmadan ovval bork mohlul niimunslori ti¢iin kompleks miistovi qodografin qdvsi
7' vo Z"-in kosigsmo ndqtosindo maksimum yarim dairoys yaxin haqiqi oxa meyllonon oyrini
tosvir edir. Asililigin belo formasi, paralel ekvivalent avazetms sxemins uygun galir. Bu halda
enerji dasmmas: tok relaksasiya miiddeti ilo xarakterizo olunur. Impedansin xoyali hissosi,
CeffReffomax = 1 sortino uygun golon fimax) tezliklorindo maksimum gostorir, burada Cefr vo
Refr ekvivalent sxemin effektiv parametrloridir, ®max = 2nfmax dairovi tezlikdir. Qodoqraf
qovsiiniin yuxar1 (uc) hissosi ®max rezonanas tezliyino uygun golir. Z” maksimumuna uygun
uygun golon tezliklorin relaksasiya fimax) miiddotloridir. Siialanmadan ovval vo 0,1 MGy
stialanmadan sonra (TlINnSe2)1x(TIGaTe2)x (x=0-1,0) bork mohlul niimunslori iigiin tezlik
dispersiyasmin baslangicia uygun gsalon tezliklor miioyyon edilmisdir. Belo ki, bork mohlulda
7" maksimumuna uygun galon fmax) tezliyinds artim miisahids olunur.

Stialanmadan avval yerino yetirilon 6lgmolords haqiqi oxun morkazinds yerloson yarim
dairoys yaxin formaya malik olmas1 yiik dasinmasi prosesinin tok relakasasiya miiddsti ilo
xarakterizo olunmasi ilo olagolonmisdir.  Qodoqgrafin bu ndvii asagr miigavimatli vo
todridedici olmayan kontaktli eynicinsli niimunsys uygun golir. 0,1 MGy dozada
stialanmadan sonra aparilan Olgmolordon oldo edilon (Z" — Z') kompleks miistovidoki
diagramlar bir paralel RC- zonciri iigiin yarimdairovi olub, diaqramlarin asagi tezlikli
oblastinda siialarla oks olunmusdur.

0,1 MGy siialanmadan sonra alinan impedans qodoqraf ayrilori, goriiniisiine goro bark
elektrolit vo elektrod sorhadi yaxinligindaki talium ionlarmin diffuziyali dagmmasi ilo bagl
olan kegiriciliya olava tosirlorin oldugunu gostorir. impedans diaqramimdak1 bu siialar boyiik
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ehtimal ki, Varburqun diffuz impedansi ilo baglidir vo bunun osasinda verilmis diffuziya
dastyicilarmin sinusoidal siqnalinin tezlik diapazonunda diffuziya lay1 sorhosino c¢ata
bilmomasi dayanir. Varburqun diffuz impedansmin meydana golmasi, kristalin superion hala
kegmosiilo y-siialanmadan sonra miisahido olunan TI*!ijonlarmmn diffuziyas1 hesab olunur.

Miioyyon edilmisdir ki, kristallar radiasiyaya moruz qaldigdan sonra relaksasiya
miiddoti azalir. Ekvivalent sxem ovozlomslori tisulundan istifade edorok (Z"-Z') kompleks
miistovi diagramlar1 analiz olunmusdur. Gostorilmisdir ki, (THInSe2)1x(TIGaTez)x (x=0-1,0)
bark mohlullarin y-siialanmanin tosiri ilo superion halina faza kegidi bag verir
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Summary

The solid solutions of (T1InSe2)1x(TIGaTez)x (x=0-1,0) irradiated with gamma quanta
were studied by the impedance spectroscopy method at a temperature of 100-450 K and a
frequency range of 25-10° Hz. Frequency dependences of real and imaginary parts of
dielectric permittivity and impedance (g'), (¢') (Z') and (Z") were analyzed. It was found that
the relaxation time decreases after the crystals are exposed to radiation. Using the method of
equivalent scheme substitutions (Z"—Z2") complex plane diagrams were analyzed. It has been
shown that (T1InSe2)1x(T1GaTe2)x (x=0-1,0) solid solutions undergo a phase transition to the
superion state under the influence of y-irradiation.

Pezome

OO6ny4yennsie ramma-kBantamu TBepasie pactBopbl (TIINSez)1x(TIGaTe2)x (x=0-1,0)
HCCIEAOBAIM METOJOM HMIIEJAaHCHOM crnekTpockonuu mnpu Ttemneparype 100-450 K u
nuanazoHe  vactor  25-106 I'm.  [IpoaHamu3upoBaHbl ~ YaCTOTHBIE  3aBHCUMOCTH
JEHCTBUTEIILHON M MHUMOM YacTell JUAJICKTPUYECKON MPpOHUIIaeMOCTH 1 umnenanca (g, (g)
(Z') u (Z"). Bbuto OOHapyKEHO, YTO BPEMs pelaKCalud yYMEHbBIIAETCS MOCie OOTydeHHs
KpUCTAUIOB.  METOJIOM  MOJCTAaHOBOK  JKBUBAJEHTHBIX  cxemM  (Z'-Z')  Obuin
MPOAHATM3UPOBAHBl KOMILICKCHBIE TUIOCKHE AuarpamMmbl. [lokazaHo, 4To TBEpIbIe PacTBOPHI
(TlinSe2)1x(TlGaTez)x (x=0-1,0) mnperepreBatoT (a30BBIi HEPEXoa B CYNEPUOHHOE
COCTOSTHUE TIOJ] ICHCTBUEM Y-00ITydeHUSI.
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HenaBHo ObuTH BHEpBBIE TOJMYYEHB MOHOKPHCTAIIIBI HOBBIX ITOJIYITPOBOJHUKOBBIX
MarHUTHBIX TOTIOJIOTHYECKUX M30JTOPOB cemelrictBa (MnBioTes)(BiTes)n (n=0, 1, 2, 3, 4 ..))
[1]. Cpenu sTOro psima coeAMHEHHH HaxomaTcs coeauHenus MnBixTes (n=0) u MnBigTe1o
(n=3) Jlannbie (HOTOIMEKTPOHHOM CHEKTPOCKONUK ¢ YriIoBbIM pasperieHueM (ARPES)
MOJTBEP)KIAAIOT JMHEHHbIN Xxapaktep mucniepcuu sHepruu E(K) (T.H. xonycwl Jlupaka) mis
MMOBEPXHOCTHBIX COCTOSIHUMA d3TUX coenuHenmid [2,3]. HcciemoBanust TemmepaTypHOI
3aBUCHUMOCTH YAEIbHOTO comnpoTHuBieHusl Pxx(T) MoHOkpucramnoB MnBi;Tes B unHTepBaie
temmneparyp 5-300K BeIsBHIM O0COOCHHOCTH B BHJE NuKa mpu Temreparype T = 254 K
(puc.1). Kak BumHO u3 pucyHka 1 3aBUCUMOCTD Pxx(T) MMEET TUTIMYHBIA «METaUTHYEeCKUIN)
X0JI. 3TO0 00YCIIOBJICHO HAIMUKMEM OOJIBIIIOTO KOJUYECTBa J1e(DEKTOB, CO3/IAIOMINX JIOKATHHbIE
YpPOBHH B 3ampeniéHHOW 30HE. OJTO MPUBOJUT K OOpa30BaHUIO TPUMECHOW 30HBI,
MEePEKPHIBAIOIIYIO BCIO 3alpPEUIEHHYIO 30HY, YTO MPUBOAUT K TOMY, YTO B MOJYIPOBOTHHUKE
HaOMIOAaeTCs  «METALTHYECKUN» XOJ 3aBUCHUMOCTH Pxx(T). UT0O BBIABUTH NPHUPOAY
ocobennoctu nipu T = 25,4 K, Ob1I0 U3y4E€HO BIMSHUE BHEIIHUX MAarHUTHBIX IMOJICH Ha MUK B
3aBUcUMOCTH Pxx(T). Ha pucynke 2 mpuBeneHbl 3aBUCUMOCTH YAEIBHOTO COMPOTHUBIICHUS
pxx(T) MoHOKpHCTaIOB MnBi2Tes mpu pa3auyHbIX BHEITHUX MAarHUTHBIX MOJISX.

39-

3,8 7

MnBi,Tey4 /

32 T T T T T
0 50 100 150 200 250 300

1

Puc. 1. TemneparypHas 3aBUCUMOCTb yAEIbHOI'O COMPOTUBIICHUS
pxx(T) monokpuctamoB MnBi,Tes B nuaTepBane remneparyp 5-300K
. Ha BcTaBke 3aBucumocts py(T) B mHTEpBane Temmneparyp 5-90K.
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Puc. 2. TemmneparypHasi 3aBHCHMOCTh ynenbHOro conpotusieaus [ 1xx(T) MoHOKpHCTaLIIOB
MnBi2Te4 Bo BHemHUX MarHuTHeIX oisax B=0, 1, 2, 3,4, 5 T.

Hamu 6pu10 poBenieHo uccnempoBanue dgdexra Xoiia mpu pa3TudHbIX TeMIIepaTypax
T=4,5; 15; 20; 22; 24; 25 n 35K. (puc. 3.)

0 3 T d T * T x T g T 0 -

1 1 2 3 4 5 :

-2+ % B T -2

-4 . .\"“n\‘ a) -4

64 6.

T ] T=22K ]
-8 1 = N <8

. -10- -10-
il |
= -124 124
14 - 14
-16 1 . -16-
-18 - -18 -

Puc. 3. Maznumononesasn 3aeucumocms xo106ck020 nanpsacenus Un(B)
npu memnepamypax a) T=4,5; 15; 20; 22K u b) T=24; 25 u 35K.

Hamu Obuin  HccnenoBaHbl  TakKe HOBbIE — MOJYIPOBOJHUKOBBIE  MarHUTHBIC
TomoJIornyeckre u30aaTopel  MnBigTeilo (n=3). M3 wuccnenoBanuii  (HOTOIICKTPOHHOMI
creKkTpockonuu ¢ yriioBeiM paspemieHuemM (ARPES) rtarke crnemyer nuHEHHBIN XapakTep
mucnepcun sHeprun E(K) (T.H. xoHycwel Jlupaka) i1 MOBEPXHOCTHBIX COCTOSHHH 3THX
coenunenuii [3]. WccrnenoBanusi TemnepaTypHON 3aBUCUMOCTH YAEIHHOTO COMPOTHUBICHUS
pxx(T) monokpuctannoB MnBigTe1o B untepaine temmneparyp 5S-300K BrIsIBUIM 0COOEHHOCTH
B BuJie nuka npu temneparype T = 12 K (puc.4). Kak BunHo u3 pucyHka 4 3aBHCHUMOCTb
pxx(T) UMeeT TUHMUYHBIN «METATUTMYECKUN» XO/I.
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Puc. 4. Temnepamypnas 3as6ucumocms yoenvhoz2o conpomuenenus xx(T)
Mmonoxkpucmannoe MnBi8Tel3 ¢ unmepeane memnepamyp 5-300K.
Ha ecmaske 3aeucumocms 1 xx(T) 6 unmepesane memnepamyp 5-50K.
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Xiilasa

Topoloji izolyatorlarn soth hallar1 6ziinomoxsus bir xdsusiyysto malikdir -
ifratkeciricilordo kimi qeyri dissipativ ylk otlrilmasi. Bu sobabdon yeni topoloji
izolyatorlarm elektrik vo galvanomaqnit xisusiyyatlorinin dyranilmasi yalniz elmi deyil, hom
do praktiki maraq dogurur. Bu isdo MnBi;Tes vo MnBigTeiz yeni magnit topoloji
izolyatorlarmin elektrik kegiriciliyi arasdirilmisdir. Paramaqnet-antiferromaqgnit faza kecidinin
temperaturlarmm Ty = 25.4K (MnBizTes Uglin) vo paramagnetik-ferromagnet Tc = 12K
(MnBigTe1s tigiin) oldugu miioyyan olunub. Xarici magnit sahasinin spin momenlorin
nizamlasina tosiri askar edilmisdir. Anormal Hall effekti antiferromaqnitlords (MnBiz2Tes) vo
ferromagnitlords (MnBisTe13) askar edilmis vo arasdirilmisdir.

Abstract

The surface states of topological insulators have a unique property - non-dissipative
charge transfer, similar to superconductors. Therefore, the study of electrical and
galvanomagnetic properties of new topological insulators is not only scientific, but also of
practical interest. The conductivity of electrical conduction of new magnetic topological
insulators MnBi>Tes and MnBigTe13 has been studied. The temperature of the phase transition
paramagnetic-antiferromagnetic Tn = 25.4K (for MnBi,Tes) and paramagnetic-ferromagnetic
Tc = 12K (for MnBigTe13) were detected. The effect of the external magnetic field on the
order of the spin moments is revealed. The anomalous Hall effect in antiferromagnets
(MnBi2Tes) and ferromagnets (MnBigTe1s) has been discovered and studied.
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Tpoiiasie xanpkorenuasr rpymmel  APB3C®, cocrapnsior Gombimoe —cemeiicTBO
KPHCTAJJIOB CO CIIOUCTOU U CIOUCTO-LIETIOYEYHON CTPYKTYPOU.

Kpucramier  3toii rpymmsl, takue kak TlGaSez, TlInS; u TlGaS; umeroT crioucTyro
CTPYKTYpY, B TO Bpemsi kak TlInSez, TlGaTe; wu TlIinTe2 uMeEOT CIOUCTO-IEMOYCHHYIO
CTPYKTYpPY. DTH KPUCTAJUIbI OBLIIM OTKPBITHI U 3asiBJIEHBI KAK HOBOE CEMEMCTBO COETMHEHUI C
MOJIYIPOBOIHUKOBBIMU cBoMicTBaMuU B 1967 roay [1].

B xpucrammax rpymmsr A’B3C®, o6mapykeHo GombIIoe KOMHMUYECTBO HENMHEHHBIX
3¢ deKTOB, KOTOpbIE CO3AAI0T BO3MOKHOCTH CO3JaHMSI YYBCTBUTENBHBIX JJIEMEHTOB IS
CEHCOPOB pas3nuyHbIX ¢uzndeckux BennuuH [2,3]. [lpensTcTBHEM B CO31aHUM CEHCOPOB
SBJIIETCSA, TO OOCTOSITENILCTBO, UYTO YPOBEHb HX CBONCTB, TaKUX KaK MPOBOJAUMOCTbH HIIU
CIIEKTp MOIJIOLUICHUS HE SIBJIETCS] ONTUMAIBHBIM U TpeOyeT MOJCTPOUKH.

Ienpto  maHHOM paboTbl  sBIsAETCS BBISICHEHUE  BO3MOYKHOCTH
3IEKTPOXUMHYECKON Momdukamun coequaennii rpymnel - ASBC®,  u cosmamms Ha ux
OCHOBE  HEJIMHEHHO-ONTHUYECKUX, AKYCTOONTHYECKUX U ONTONIEKTPOHHBIX CEHCOPOB C
BapbUPYEMBIMU XapaKTEPUCTUKAMHU.

Jlis U3MEHEeHNs1 XapaKTepUCTHK KPUCTAJUIOB MBI NIPEIaraeM JBa Moaxo/a.

1. M3meHeHus cocTaBa 3a CYET UX HOHHOW IPOBOAMMOCTH ATHUX KPUCTAJUIOB, a TakK K€ 3a
CUET JJIEKTPOXMMHUYECKON HHTEpKaJalMM B JaHHbIE CTPYKTYPbl  OJHOBAJICHTHBIX

MCTAJIJIIOB.
2. XHUMHYECKOE HIIH SJICKTPOXHUMHNYECKOC PACHICIVICHNEC KPHUCTAIJIOB Ha KBAa3HWABYMCEPHEIC
CJIOH.
Bo3MokHOCTE nepBoro mnoaxoaa OCHOBAHA Ha 06Hapy>l(eHHOﬁ HaMu B

MoHokpuctauiax TlGaTe, cmemaHHO#N AMEKTPOHHO—MOHHOW MPOBOJMMOCTH M €€ CHIIbHOU
anuzoTponuu [4]. IlokazaHo, 4YTO HOCUTEISIMH UOHHOTO TOKA B 3TOM COEIWHEHUU SIBISIOTCS
wonsl T1" . B oT0# ke paboTe MOKa3aHO, YTO ¢ MOHHON IPOBOJMMOCTBIO CBSI3aHBI PSIJI
HEOOBIYHBIX JI1 TBEPAOTO TeNa SIBICHUNW TaKUX KaK «IICEBIO-UHIYKTHBHBIN» XapakTep
pelakcaluy TOKa MpHU MOJSpHU3aIiK, aBTOKOJIE0aHUsI TOKAa MPU MPOXOKAECHUU MOCTOSHHOTO
ToKa uepe3 oOpaseu. bpim Tak ke OOHApY)KEH CTYNEHUYaThI XapakTep MepexOoIHbIX
mpoueccoB. ITOT 3(PQPEKT XOPOIIO OMUCHIBACTCS MOJEIbI0 CTYNEHYATOro YHOPSIOUYEHUs
M30BITOYHBIX aTOMOB U (opMUpOBaHHEM HOBBIX (pa3. DakT oOHapyKeHHS HaMU HOHHOM
MIPOBOJMMOCTH BBI3BAJIM OOJBIION UHTEPEC, U MOHHASI TPOBOAMMOCTH Oblia TIOATBEPKACHA U
IpYTUMH aBTOpaMHu [5].

Takum oOpa3om, wuoHHas mnpoBoguMOcTh KpuctamuioB TlGaTe, mo3BomsieT
OCYILIECTBIISATh MOAU(DUKALMIO €ro CBOWUCTB. Moaudukaius OCyIIeCTBIsIeTCS, IyTeM
MPOMYCKAHUS 3JIEKTPUUYECKOT0 TOKa 4depe3 Kpucramil. [IpoTexkaHume Toka cOmpoOBOXKIAeTCs,
repepacnpeieieHUeM TMOJBWKHBIX HOHOB BJOJb KPHUCTAJJIA, YTO MPHUBOJUT K HU3MEHEHHUIO
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€ro CBOWCTB. AHAJIOTHYHBIA JPQPEKT TOCTHraeTcss 3a CYET DIEKTPOXUMHYECKON
uHTepKaIAUUU. [Ipyu 3TOM HMOHBI Tawiusg B CTPYKTYpPE KPUCTAIJIOB YAaCTUYHO 3aMEIIAIOTCS
WOHAMH JIUTHS, HATPHSI WK cepedpa.

Bropoit moaxonq K Moau(HKANMKM MaTepUANOB JAHHOW TpyNmbl OCHOBAaH Ha
paciuernieHrue marepuana Ha 2D cinou. M3BecTHO, 4TO paciierieHue KpUCTasIoB Ha KBa3u-
JIBYMEpPHBbIE CJIOM KAueCTBEHHO MEHSAET CBOMCTBO KpuCTaUla. SIpkuM mOpumMepom
TpaHc(hOopMaIK CBOMCTB MaTepHaia IMpH €ro pacileruieHuH SBISIETCS EPEXo OT Trpadura K
€ro JByMEpHOMY aHaiory rpadeHy. @Dakr BIMSHHS pacUICIUICHHS KpHUCTalsla Ha €ro
cBoiictBa ObUT moaTBepkAeH U i TlGaSe,. Tak aBTopamu u3 IIeKMHCKOTO YHUBEpCUTETA U
ApPHU30HCKOTO TOCYJapCTBEHHOTO YHHUBEPCUTETA YJIAJIOCh IOJYYUTh YJIBTPATOHKHE CIIOU
TIGaSe, MUKpOMEXaHMYECKUM METOJIOM M M0Ka3aTh, YTO YMEHBIICHHE TOJIIIMHBI MaTepHaia
KaueCTBEHHO HW3MEHMUJIO, CHEKTpajbHblE XapaKTEpUCTUKU MaTepuaia U CYIIECTBEHHO
MOBBICKJIO OBICTpOIeHicTBHE (POTOCEHCOPOB HA WX OCHOBE [6]. OgHAKO MHUKPOMEXaHUYECKUM
METOJ1 He MO03BoJsieT noiydats 2D cnon marepuana B 60IbIINX KOJTUYECTBAX.

I'pynmnoii yuensix noa pykoBoactsoM B.I1.HoBukoBa Obui pazpa®oTaH HOBBIN croco0
pacIlenyeHus] CIOUCTBIX KPHUCTAUIOB Ha JByYMepHble ciou [7]. Meton 3akirodaercs B
ANIEKTPOXUMUYECKON HHTEPKAJSALUU ULICJIOYHBIX METaNIOB W3 €ro pacTBopa B JKUIKOM
aMMHake B MEXCIOEBOE IMPOCTPAHCTBO CJIOUCTOro Kpucramia. Bmecre co 1ienodHbIM
METaJJIOM B MEXKCJIOEBOE IPOCTPAHCTBO MPOHMKAET W MOJIEKYNbl amMmuaka. Paspymienue
UHTEpKaJIATa MOJ ACHCTBHEM TeMIepaTypbl WM BO3JEHCTBHEM BOJbI COMPOBOXKIAETCS
BBIJIETICHHEM OOJIBIITUX 00beMOB rasa. JlaBiieHHWe ra3a pacuieruiieT KpucTayuisl Ha 2D-crow.
OTOT MeTo/ ObUT HAMU Pa3BUT Ul CUHTE3a rpadeHa U poJICTBEHHBIX eMy YIiepoaHbIX 2D -
HAHOCTPYKTYp. bbu10 00HapyXeHO, UTO ATOT METOJ NPUMEHUM JJIsl PACIIETIJICHHUS] HE TOJIBKO
rpaguTa, HO W pAAa CIOUCTBIX TMOJIYIPOBOJHUKOB, B 4acTHOCTH MoS;, TaS; Ha ciowu
HaHOMeTpoBO#l TommuHEl. Kpucrammsr rpymmsl AB3C8, mmeror cxoncTBo B 0coGeHHOCTSX
XMUMHYECKON CBS3M M3YyYCHHBIX HAMH COEJUHEHHM M 3asABISEMBIX JI HCCIIETOBAaHUS
00BEKTOB, YTO MO3BOJIIET MPUMEHUTH JAHHBIM METOJ AJSl MOJY4YEHHs IOJIYPOBOJIHHUKOB
rpymmsl ASB3CS,.

[IpennoxenHass METOIUKa pAacCIIEIICHHUs] CIOMCTBIX COEIMHEHUH IO3BOJISIET TaKkKe
MPOU3BOJIUTH €ro (pyHKUHOHANMU3aMio. Tak, HampuMep, HaMHU Oblia MPOJEMOHCTPUPOBAHA
MPUILKUBKA PA3IUYHBIX XUMHUYECKUX TpyNn K TpadeHOBBIM IIJIOCKOCTSM IPU BBEICHUU B
PEaKIMOHHYIO CMECh pacTBOPA COJIEH YeTBEPTUYHOTO aMMOHMUS [8].

Takum o0pa3oM, SIBJEHHS MOHHOTO IEPEHOCAa B HEKOTOPBIX CIIOUCTBIX COEIMHEHUSX
rpymnel - A®B3C®,, a Tak ke BO3MOKHOCTH HX pacileryieHuss XUMUYECKUM U
AIIEKTPOXUMUYECKUM METOJIOM TO3BOJUT MOAUMGUIUPOBAaTh HUX CBoicTBa. Ham omeIT mo
paboTe ¢ ceHCOpaMu Kak Ha OCHOBE rpad)eHOINOJO0OHBIX YIIIEPOIHBIX CTPYKTypax (JaT4yukKu
pa3nMyYHBIX ra3oB) [9], Tak ONTHYECKHX NATUYMKOB TEMIIEPaTypbl HA MOJIYIMPOBOTHUKOBBIX
KpucTalax OyJeT UCHOIb30BaH Ui CO3JIaHUsl CEHCOPOB Ha OCHOBE KPUCTAJNIOB COCTMHEHUI
rpynmsl ASB3CS,.
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Abstract

The article is devoted to elucidation of the possibility of electrochemical modification of
compounds of the A®B3CS, 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 ASB3C®,. 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. It is shown that the
splitting of crystals into quasi-two-dimensional layers qualitatively changes the property of
the crystal.

CTPYKTYPA NIOBEPXHOCTHU KPUCTAJIJIA TlInS; U BJIMSIHUE HA HEE
BBICTPBIX 9JIEKTPOHOB
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HerepLIBHO paCTéT HOTpe6HOCTB B HOBBIX MOJYIIPOBOAHUKOBBIX MaTCpHaiax,
06J1az[a}0mnx HC TOJIBKO OpUTHHAJIbHBIMU BHGKTpO(I)I/ISI/ILIeCKI/IMI/I, OIITUYCCKHUMMU,
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IKCIUTYaTAI[AOHHBIMU XapaKTePUCTUKAMU, HO H BBICOKOM CTOHKOCTHIO K Pa3IUYHBIM
BHEIIHUM (hakTopaMm (TeMmrieparypa, NaBleHHUE, paauaius), Ui [eleld UCTOIb30BaHUS UX B
MUKPO3JIEKTpOHUKe. Hu3Kkopa3MepHble XallbKOTSHH/IbI, UMEIOIINE CIOUCTHIC M IENOYCHYHBIE
CTPYKTYPBI, OTHOCSITCSI K YHCITy TaKMX TMEPCHEKTUBHBIX MaTepuaioB. Cpelu HUX OJHUM W3
Han0oJIee MHTEPECHBIX SABISCTCS CIOUCThIH MOHOKpUcTa/LT T1INS2, KOTOPBI UMEET HE TOJIBKO
MIEPCIICKTHBHBIC TTOJTYIPOBOJHUKOBBIC XapaKTePUCTUKH [1-5], HO U TO3BOJISIET PETyIUPOBATH
¥ Toa0MpaTh ONTHMAJBLHBIC CBOWCTBA IYTEM 3aMEIICHUS aTOMOB CEPbl, TAJUIAS JAPYrUMHU
aTOMaMH B IIIMPOKOM KOHIICHTPAIIMOHHOM WHTEpPBAJIE.

N3BecTHO, YTO OCHOBHBIC IMapaMeTpPhl IOJYIIPOBOJHUKOB 3aBUCIT HE TOJIBKO OT
CTPYKTYPBI, HO U OT MPUCYTCTBYIOIMUX JAePEKTOB U WX TUNa. OJHUM U3 CIIOCOOOM CO3JIaHUs
(wm  omxkura) neeKToB sBISETCS O0OMydeHHWe oOpas3la ramMmma-iydaMu, HEHTpOHAMH,
MIPOTOHAMH H 3JICKTpOoHamu. VccreoBanme BIUSHUS TPOTOHOB, HEUTPOHOB U AJICKTPOHOB Ha
CTpyKTypHbIe TapameTpbl T1INSz He MPOBOAMIIOCH, XOTS M HPEACTABISIET HHTEPEC, TaK Kak
THIIBI 00PA3YIOMINXCS PAJUAIMOHHBIX IE(EKTOB B ATUX CITydasX MOTYT OBITh Pa3HBIMH.

Lenbto HacTosmIel pabOThI SIBUJIOCH UCCIIEIOBAHUE BIMSIHUSI DJIEKTPOHHOTO OOIydeHUs
Ha CTPYKTYPY HOBEPXHOCTH 00PA3IIOB MOIYIIPOBOAHUKOBOTO coenuuenus T1InS,.

Jns  cuHTe3a MOHOKpHCTAUIOB T1INS2  HMCMOJIB30BANMCH  CIIEAYIONIME HCXOIHBIC
KOoMIOHEHTHI: T| - unctoToit 99,99%, In - gucrotoit 99,99% u ocobo umcras cepa 99,999%.
Uccrnenyemoe coenuHeHWe CHHTe3MpoBanoch B oTkadamHoit (1072 Ila) m 3amasmHOlM
KBapIEeBOH aMIlyJe U3 CMECH HAaBECOK HCXOJHBIX KOMIIOHCHTOB, B3STBHIX B
CTEeXHOMETPUYECKOM COOTHOIIeHHH. [locle CHHTE3a YCOBEPIICHCTBOBAHHBIM METOJIOM
Bpumxmena—CrokOaprepa ObUTH BBIpAIIeHbl KAYeCTBECHHBIE MOHOKPHUCTATUYCCKHIE CITUTKH,
13 KOTOPBIX CKaJbIBAHUEM OBLIH MOJIy4eHbl 00pa3iibl AJIs UCCIEA0BAHUM.

Omnpenenenrue 3JI€MEHTHOTO cocTaBa oOpas3la OCYIIECTBISJIOCh Ha CKaHMPYIOIIEM
anektpouHoM wmukpockorre SEM EVO MA10 (Oxford Instruments) ¢ wucnosb3oBaHuemM
sHEproaucrepcuonnoi cnekrpockonuu (Carl Zeiss) na mioramu pazmepom 50%50 MkM.

HccnenoBanne MopdoIOTHHd MOBEPXHOCTH MOHOKpHcTamia T1InS; mpoBoauimock Ha
CKaHHMpYyomEeM 30H10BoM Mukpockorne SPM 9700HT (Shimadzu). [ns storo BeIOHpacs
y4acTok oOpasia pazmepoM 30%30 MKM U B HEM B YETHIPEX MPOU3BOJIHHBIX HANIPABJICHHUIX B
uHTepBaiie oT 5,83 MkM 10 8,52 MKM ¢ o0Imeil MpoTsHKEeHHOCThI0 30 MKM OMpenesiioch
KOJIMYECTBO “NUKOB-BBICTYNOB”, MX MOJYIIMPHUHA U BBICOTA, IO M IOCIE 3JIEKTPOHHOIO
o0mydeHus oOpasia.

Oo6ny4yenne MmoHoKprcTaiia T1INS, ocylecTBIsIIOCh Ha YCKOpHUTEE “DIeKTpOHUKa Y-
003” [6] »nexTpoHamu c sHepruei 2 MdsB u mioTHOcThIO Toka mydka 0,375 MxA/CM2.
DHeprus dJeKTPOHOB Oblla BbIOpaHa HMCXOJsf W3 IUIOTHOCTH M TOJUIMHBI O0pasua u
omnpeneNsiach ¢ MCIOJb30BaHHEM CTaHAapTHOro u3MepureiabHoro kimuHa (P4701) Riso 2
Piece Aluminum (Benbrus) u3 amomunus. OOpasel] yCTaHABIMBAICSA MEPHICHIUKYIAPHO
HAMpaBJICHUIO Ty4YKa SJIEKTPOHOB Ha paccTosHuu 0,4 M OT pa3BepTKH YCKOPUTENIS U
IPOBOIMIIOCH 00TydeHue 10 (ioeHca snekTpoHos 2- 10 sn/cm?.

CocTosiHHE TOBEPXHOCTH HMCXOJHOTO MOHOKpHCTaumdeckoro obpasma T1INSy,
M3MEpPEHHOE Ha CKaHUPYIOIIEM 30HI0BOM MHUKPOCKOTIE, IPUBEACHO Ha puc. 1.
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Puc.1. Cocmosanue nosepxnocmu cunmesuposannozo oopasuya TIINS; ¢ ykazannvimu
JUHUAMU (Y6EMHbBIE) UCCIE006AHUA UIEPOX0BAMOCU U OAHHbIE 0 HEKOMOPbIX
00HApYIHCEHHBIX UIEPOX08AMOCMAX NO8epXHocmu Ha ompe3ke G-H.

W3 puc.1 BugHO, YTO HA TOBEPXHOCTH 00pa3lia Ha pacCTOSTHUU 8,52 MKM MIPUCYTCTBYIOT
TPH BBICOKMX Oyropka miepoxoBaTocTel ¢ MakcuMasbHOM BbicoToM 107,11 HM M mmpuHON
0,53 mMxwMm.

OnHako, mocie oONydeHHs 3nmekTpoHaMu ¢moercoM 210 sn/cm? MakcuManbHas
BbIcOTa Oyropka ysenuumiack a0 234,03 HM, a MakcuMaibHas mupuHa — 10 1,49 Mxm Ha
orpeske E-F mmmuuoint 7,17 mxm (puc.2). Takum oOpa3om, cpeiHssi IIHpUHA OYropkoB
MIEPOXOBATOCTEH YBEIMYHIIACH 1O CPABHEHHUIO C WCXOJHBIM HEOOTYYEHHBIM KPHUCTAIIOM.
Hanpumep, mMakcumarnpHasi mUprHA Oyropka B HMCCIEIOBAHHBIX YETHIPEX HAIPABICHUSIX C
obme mmuHOM 30 MkM Obuta paBHa 0,83 MkM, a B 00mydyeHHOM (HaOIIOIAI0CH B OOIIEH
CIOKHOCTH 16 TMKOB) MakKCHMalbHas IIUpWUHA paBHsIach yxe 1,49 Mxm. Eme omHoi
0COOEHHOCTBIO pe3yibTara 00aydeHust Kpuctamia T1INS, sBiaseTcs To, 9TO CpeaHss BbICOTA
OyropkoB BeIpocia oT 39,63 HM B ucxoaaoM 1o 234,03 HM B 00mydeHHOM 0OpasIie.

Takum 00pa3oM, HcciIeI0BaHUE MOBEPXHOCTH MOHOKpHcTamia TlINS; ckanupyrommm
30HJIOBBIM MHUKPOCKOIIOM TOKAa3aJI0, YTO O0JlydeHUEe OBICTPHIMHU 3JIEKTPOHAMHU MPUBOIUT K
YBEJIMUYEHUIO MIUPUHBI U BBICOTHI OyTOPKOB Ha IIOBEPXHOCTH 00pasiia 0oJiee ueM B JiBa pasa.

= ‘AT
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fum ax a .
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.‘M gt jum] Hagn inm) .A'\ge ioegl
! =t &3 2. 403 .a 85
A —"3 2 ‘12 295 .2‘9 0
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10.00um 3001 x30.01 um
a b

Puc.2. Cocmoanue nogepxnocmu 001y4eHH020 ObICIMPOIMU I]IEKMPOHAMU 00pa3ua
TIINS: ¢ ykazannvimu nunusamu (yeemnole) ucciedosanus uiepoxosamocmu (a) u OaHHvle
(b) 0 Hekomopbix o6Hapyscennbix wepoxosamocmax nosepxuocmu na ompeske E-F.
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[lomy4yeHHble pe3yabTaThl MO BIMSHUIO YCKOPEHHBIX OJIIEKTPOHOB Ha CTPYKTYpY
MOBEPXHOCTH MOHOKpHcTauta T1INS; moKa3plBalOT, YTO JAHHBIA KPHUCTAJUI SIBIISETCS
PaJIUaLMOHHO CTOMKMM MU OOIydeHHH dIeKTpoHaMu sHeprueil 2 MaB no ¢moenca 2-10Y
an/em?. Dta  ocobenHocTh coemuHenus TlINS; mos3Bonmser paccMaTpuBaTh €ro  Kak
3QQEKTUBHBIA  PAaJUMALMOHHO  CTOWKHHA  (DOTOUYBCTBHUTENBHBIM  IOJYIIPOBOIHUKOBBIN
MaTepuasl JUIs CO3JaHUs (POTODIEKTPOHHBIX MUHHUATIOPHBIX MPUOOPOB, pabOTAIOUIMX B
YCIIOBHSIX PAJUAIlIOHHOTO BO3ICHCTBUSI.
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Abstract

The effect of fast electrons on the structure of the surface of TIInS; single crystals has
been studied. Irradiation of TIInS, with electrons with an energy of 2 MeV and a fluence of
2x10'7 ellcm? leads to an increase in the height of the bump and its width on the sample
surface by more than 2 times.
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Miiasir elektronikanm aktual mesalolorindan biri yiliksok termoelektrik effektivliyi ilo
yanasi, mexaniki mohkom materiallarin alinaraq, homin materiallar osasinda miixtalif
soraitlordo etibarli igloya bilon tokmil elektron ¢evricilorin yaradilmasidir. Bi-Sb sistem
bark mohlullar1 asasinda mexaniki mohkom ekstruziya edilmis materiallar miixtslif elektron
cevricilorin bir hissosi kimi asagi temperaturlu enerji ceviricilorinin yaradilmasi ii¢lin on
somorali termoelektrik materiallardandir [1]. Termoelektrik materialin termoelektrik
effektivliyi Z=a’c/y [2] ifadesina osason toyin edilir, burada o elektrik keciriciliyi, a, ¥ —iso
mufafig olarag termo-e.h.q. vo istilikkegcirmo omsallardir. Daha effektiv ¢evricilorin
yaradilmast moqsadi ilo yiikdastyicilarin yiiriikliytiniin (p) istillikkecirmo omsalinin fonon
toplananma (yq) nisbotinin Wyq boylik qiymotinin  oldo etmok iiglin yiikdastyicilarin
yiiriikliiyli vo konsentrasiyasinin optimal qiymatlorini olds etmok lazimdir.

Odobiyyat molumatlarinin tohlilindon moalum olmusdur ki, Bi-Sb sistemi bork
mohlullarinin termo- vo maqnitoelektrik xassolorino miixtalif elektroneytral olavalorin
(modifikatorlarm) tosirinin dyronilmasinae kifayat qodor digqst yetirilmomisdir. Tellur vo
qurgusun asqarlt ekstruziya niimunslori 1 vo 3 kiitl.% ZrO: elektroneytral hissociklorlo
almaraq elektrik vo istilik xassalori ~77+300K temperatur vo maqnit sahs intensivliyinin
0+74x10* A/m intervalinda tadqiq olunarken termoelektrik effektivliyinin azalmas1 miioyyon
olunmusdur [3,4]. Buna gora do BiogsSho.1s bark mohlulu niimunslorine 0,5 kiitl.% ZrO>
elektroneytal hissociklor olavo olunaraq todqiq olunmusdur.

Bi-Sb sistemi bork mohlullarmin termo- vo magnitotermoelektrik xassolorino
modifikatorun vo termik islomonin tosirinin xiisusiyyatlorini aydinlasdirmaq mogsadi ilo
ZrO;  elektroneytral hissociklorlo miixtalif konsentrasiyalarda modifikasiya edilmis
Bio.gsSho.15 bark mohlulu ekstruziya niimunslori alinaraq onlarin elektrik kegiriciliyi (o),
termo.ehq (o), Hall (RH) vo istilikkegirmo () omsallar1 ~77+300K temperatur vo maqnit
sahosi intensivliyinin 0+74x10* A/m intervalinda tadqiq olunmusdur.

ZrO; modifikatoru plazma-kimyovi tisulla alinmis, sferik formali, diametri ~50nm,
monoklinik vo tetragonal modifikasiyalarm garisig1 qurulusa malik, orimo temperaturu
~2677K.

Isti ekstruziya xiisusi avadanliqdan istifado edtmoklo MS-1000 markali hidravlik
presdo aparilmisdir. Ekstruziyanin texnoloji parametrlori: Teks=475+3K; Peks.= 480 MPa,
stirati vpr= 0,02 sm/daq, dartilma nisboti -25.

Alinmis ekstruziya niimunolorinin  mexaniki mohkomliyi monokristal niimunslorin
mexaniki mdhkomliyindon ~3 dofo vyiiksokdir. Ekstruziyadan sonra niimunolor 102 Pa-a
godor havasiz kvars ampulalarinda, ~503K temperaturda 5 saat orzindo termik islomoya
moruz qalmigdir.

Tadqiq olunan niimunslords modifikasiya olunma vo termik islonmo elektrik vo istilik

parametrlorinin temperatur asililiglarinin xarakterini doyisdirmir. 0,5 kiitl.% ZrO>

elektroneytal  hissocikli  BiogsSho.1s bork mohlulu  ekstruziya niimunslorinds
elektrikkegiriciliyi (o) va istilik kegiriciliyi () azalir, termo e.h.q. omsali (o) iso artir (sok.1).
Elektroneytral hissacikli niimunalordo, modifikasiya olunmamis niimunsloro nisboton

yiikkdasiyicilarin  konsentrasiyasinin  (n) azalmasi, yiiriikliiylin () shomiyyetli dorocods
artmasi bas verir (Cadval).
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Elektroneytral hissacikli Bio.gsSbo.15<ZrO2- bork mohlulu niimunslorinin ekstruziyasi
zamani plastik deformasiya hesabina kristal donaciklorinin oriyentasiyasinin Ustiinliik toskil
edon diiziiliisti (aksial tekstura), yaranmasi ilo eyni zamanda kristal qofosds ylikdasiyicilarin
yuriikliliylini azaldan miixtalif struktur defektlori amalo golir. Elektroneytal hissociklor
biitiin hallarda ekstruziya oxuna nisboton yaranan aksial teksturani artirir. Isti ekstruziya
naticosindo yaranan bu struktur doyisikliklori ekstruziya edilmis Bio.gsSho.15 bark mohlulu
niimunslorinin (tomiz va elektroneytal slavali) elektrik vo istilik parametrlorinin doyismasino
sobob olur.

Holl amsali (Rn) vo elektrik keciriciliyinin(c) qiymotlorine gérs p=Rn.c ifadasine
osason termik iglomo kegmoyon vo termik iglonmis niimunslorin yiikdastyicilarin yirikluyi
hesablamigdir.

Miioyyon edilmisdir ki, termik islonmoys moruz qalmis biitlin niimunoslor tigiin
temperaturun artmasi ilo yiikkdastyicilarm yiirikliyl p~T™ gqanununa uygun olaraq azalir (n ~
1,65+~1,35). Bu onu gostorir ki, tadqiq olunan temperatur intervalinda yiikdasiyicilar asason
qofasin istilik rogslorindon sapilirler.

Cadval: Ekstruziya olunmus BiogsSho,15 bork mohllulu  niimunslorinin elektrik vo
istilik parametrlori

77K 300 K
-
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Sakil 1. Ekstruziya olunmusg BiogsSbo 15 bark mahllulu  niimunalarinin
elektrikkegiriciliyi (o), termoehq (a) (a), Holl (Rn) (b), istilikkegirma (y) (c) amsallart va
termoelektrik effektivliyinin (2) (d) temperatur asililiglari. 1,4- ayrilari modifikasiya
olunmamus, 2,3 0,5 kitl.% ZrO2 —la modifikasiya olunmusg BiogsSbo 1sbark mahlulu
nitmunalaring aiddir. 1,2- termik islonmis, 3,4- termik islanmamis niimunalardir.

Tomiz vo elektroneytral hissaciklor alavali nimunalorin o (T), a (T) vo y (T) asililiglarina
osason Z (T) (Z = o’o/y) termoelektrik effektivliyinin qiymoti ~77-300K-do  hesablanmisdir
(Sokil 1). Gorundiyd kimi elektroneytral  hissociklor nimunolorin - Z(T) temperatur
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astliliglarinin xarakterini doyismir, yoni butun nimunalor Gglin termoelektrik effektivliyinin
giymoati temperaturun artmasi ilo azalir. ~77K-do termoelektrik effektivliyinin on boyik
qiymoti (Z~6.4¢102 K1) 0.5 kiitl.% ZrO; olavali BiossSho1s bark mohlulu niimunalerinds
alnmugdir ki, bu da modifikasiya olunmamis niimunalora nisboton Z (~5.8-10°K™) xeyli
boyukdur. Buna sobob termoehq omsali(a) vo yurukliyin giymatinin boyik, istilikkegirma
omsalmin (y) iso ki¢ik olmasidir (Cadval).

Belolikla, yiikdastyicilarin optimal konsentrasiyasi vo yiiriikliiylino malik, yliksok
effektivli 0,5 kitl.% ZrO:; ilo modifikasiya olunmus Bio.gsSho.15s bark mohlulu ekstruziya
materialinin alinma texnolgiyasinin fiziki asaslar1 iglonmis vo bu material ssasinda miixtalif
soraitlordo etibarli isloya bilon elektron  ¢evricilorin hazirlanmasinin  miimkiinliiyii
gostorilmisdir.
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Annomauus

HccnemoBansl 2JIEKTPOIIPOBOIHOCTE (6), KoadpdpuitreHThI TepMo-aac (a), Xomra (
Rx) u TemtonpoBoHOCTH (¥) HEMOIUQPHUITMPOBAHHBIX ¥ MoIuHIipoBaHHbX 0,5 Mac.%
ZrO; SKCTPYIMPOBAHHBIX 0O0pA3IOB  TBEPAOro pactBopa BiogsShois B uHTEepBaie
~77+300K M HanmpsKeHHOCTH MarHuTHOro mons a0 ~74x10* A /M. BblicHeHo, 4TO mpH
BBencHUH B BiggsSho1s 0,5 mac.% ZrOz, ¢oHOHHAs 4acTh TEIIOMPOBOIHOCTH mpu ~77K
YMEHBINAETCS, YTO TPHUBOJUT K TOBBIIIEHUIO JOOPOTHOCTH JIO ~6,4-10°K? nmanmHOTO

marepuaina, IIpUMEHEHWE  KOTOPOrO  3HAYUTEIBHO  YJIyYIlaeT rmapaMeTpsl
HU3KOTEMITEPATYPHBIX TEPMOIJIEKTPUUECKUX MpeoOpa3oBaTeseil Ha UX OCHOBE.
Abstract

The electrical conductivity (o), thermo-emf (o)), Hall (Rn) and thermal conductivity (y)
coefficients of unmodified and modified with 0.5 wt.% ZrO, extruded samples of the
BiogsShos  solid solution were studied in the range of ~77 +300K and magnetic field
strength up to ~74x10* A/m. It was found that when 0.5 wt.% ZrO: is introduced into
Bio,g5Sho,15, the phonon part of the thermal conductivity at ~77K decreases, which leads to an
increase in the quality factor to ~6.4x103K™* of this material, the use of which significantly
improves parameters of low-temperature thermoelectric converters based on them

JATUYUKHU XOJIJIA HA OCHOBE In1.xGaxSb

Hamupoea C. 3.
Hncmumym @uzuxku Munucmepcmee Hayku u Obdpazosanusn

KuaroueBbie cioBa: koddduument Xoima, SIEKTPONPOBOJHOCTH, MOJBHUKHOCTb,
BOJIbTOBAsl 4yBCTBHUTEIBHOCTD, IN1- xGaxSh

Acar sozlar: Holl omsali, elektrik kegiriciliyi, yiiriikliik, volt hossaslig, In1xGaxSh

Keywords: Hall coefficient, electrical conductivity, mobility, volt sensitivity,InixGaxSb
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B pabore ananm3upoBaHa BO3MOXKHOCTh CO3/aHUS JaTYMKa XOJUIa HA OCHOBE TBEPABIX
pactBopoB Ini- xGaxSh. TTokazano, uTo AaT4yrMKu co3aanHbie Ha ocHOBE INi- xGaxSh, obnanaroT
00JIBIIION YYBCTBUTEIBHOCTHIO U ONTUMAJIbHBIMU 3HAUEHUSAMH KOX(QUIIMEHTa Tepenadn 1o
HaNPsHKEHUIO, TI0 CPABHEHHUIO C APYTUMH AATYMKAMU. DTO JTAET BO3MOXKHOCTb M3TOTOBIICHUS
naT4ukoB Xoiua Ha ocHoBe IN1xGaxSh s rpagyMpoBKM MarHMTHOTO TOJS B pPa3HBIX
TEXHUYECKUX YCTPOMCTBAX.

BBenenne. I'anpBaHOMaruHuTHeIE 3((EKTH TPUBICKAIOT BHUMAHHUE B CBSI3U C TEM, YTO
Ha MX OCHOBE BO3MOJKHO CO3JJaHHE psAa YCTPOWCTB M MPUOOPOB, 00JIANAIOMIMX IIEHHBIMU
cBoiicTBamMH. Penienne npukiagHbeIX Ipo0IeM BBIIBUTAaeT HEOOXOIMMOCTh U3YUEHHs CBOMCTB
MIOJIYTIPOBO/IHUKOBBIX MaTEPUAJIOB C OOJIBIION OABUKHOCTBIO HOCUTENEH 3apsiaa [1].

IocTranoBka 3agaun. OMHUM U3 HaNpPaBICHUN MPUMEHEHHS JATYMKOB, PAOOTAIOMINX
Ha dddekre Xoima, SBISETCS CO3JaHHE TATYMKOB 3..C. XOJJIAa, HA OCHOBE KOTOPBIX
paboTarT yCTPONCTBA IS OTIEPALIMN YMHOXKEHHS ABYX AJIEKTPHUECKUX BEIMYMH, YCTPOHUCTBA
JUTSl CAUTHIBAHUSI MATHUTHBIX 3aIHCEH, N3MEPEHUs SJIEKTPUIECKOTO TOKA U JIp.

B ornmume OT MeXaHMYECKMX M ONTHYECKMX JATUYMKOB, MATUYMKK XOJia 0O0NamaroT
BAKHBIM IPEHMYIIECTBOM — OHH TMPAKTUYCCKH HEYYBCTBUTEIBHBI K MEXaHUICCKUM
BO3JICHCTBUSIM U M3MEHEHHUIO MapaMEeTPOB OKPYXKAIOMIEH Cpeipl, P 3TOM 00ECIeYnBaOT
MUHUMH3AIHAI0 CTOUMOCTH TOTOBOTO perieHus. JInHeiHbIe TaTInkn X0JUTa XapaKTepu3yrTCs
JIBYMSI TapaMeTpaMH — YyBCTBHTEIBHOCTBIO M JJMHEHHOCTHIO B 33/IaHHOM JHaria3oHe pabounx
temnepatyp [2-3].

Mertox  wucnbiTanua. C  TOYKM  3pEHUS  TEXHUYECKOTO  HCIIOJIB30BaHUS
raJlbBAaHOMAarHUTHBIX SIBJICHWUH, TOJIYIPOBOJHUKOBBIE BEIIECTBA JIOJDKHBI YIOBIETBOPSATH
HEKOTOPHIM KAadeCTBEHHBIM TPEOOBAHUSM M 00JanaTh ITOCTaTOYHBIMH JUTSL MPAKTHYECKHX
nenei GU3NIecKuMHU XapakTepucTukamu [3].

OcHoBHBIE TpeOOBaHUSI K IOJYMPOBOJAHMKAM TpU HCIOJb3oBaHUU d(Pdekra Xoa
TaKOBBI:

CoxpaHeHHe JIMHEMHOTO XapakTepa 3aBUCUMOCTH J.1.C. Xojula OT HWHIYKIHH
MarHuTHOTO TOJIS;

1. Cnabas 3aBucuMocCTh KO3 duilneHTa XoJijla U COMPOTHUBJICHUS MOJYNPOBOIHUKA OT
WHIYKIWYA MarHUTHOTO TOJISL M TEMIIEPaTyphl;
2. TlpocToTa U3rOTOBJICHUS U IOCTATOYHASI MEXaHUUYECKask IPOYHOCTh 00OPa3IOB.

Hatuuku Xonia XapakTepus3ylTCs, B OCHOBHOM, KOI(PQHUIIMEHTOM Iepeaud IIo

HaIPsDKEHUIO, KOTOPBINA BBIpaXkaeTcst popmyiion [1]:

\Y,

6 blX

\Y,

68X

77:

A
N3BectHo, uto Kodpduuuenr Xosmra R ompenensiercs BoipaxkenumeM R =— (n-
en

KOHIICHTpAIUsS HOCUTENeH 3apsna, A-Xoiun gakrop HocuTenei). I1pu cuiabHOM BBIPOKICHUN
A=1, Torna, npuHUMas psa JONMYHIEHUHN, TOJIy4UM

n=0.25 u?B%.10°
rae (U—TOIBUKHOCTh AIIEKTPOHOB, B- WMHIyKIMS MarHUTHOTO MOJs, BbIpakeHHas B [°c).
BuHo, 4T0 K0d(QQUIMEHT Mepeaaun Mo MOIIHOCTH, T.e. N~U>.
He wmenee BaxHbIM  siBisieTcss  KOO(D(UIMEHT  YyBCTBUTENBHOCTH  (BOJBTOBAS
YyBCTBUTEIHLHOCTD), KOTOPHIH OIMpeIesieTcss OTHOIIEHHEM:
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Ex- HanpspkeHHOCTh XO0JUIOBCKOTO TOJIS), Ymax B PA3BEPHYTOM BHU/IE 3aBUCHUT OT

B [2] noka3aHo , 4TO Y~ % . Takum 00pa3oM MaTepuanbl ¢ OOJIBIION MOBUKHOCTHIO
AIIEKTPOHOB ¥ MUHUMAJIFHON KOHIIEHTPAIMEH, CI1a00 3aBHUCAIICH OT TeMIEpaTyphl, 00J1a1aloT
JYYITUMHU CBOMCTBAMU JIJISl IIPAKTHUECKOTO MTPUMEHECHHS.

Y OoJbIIMHCTBA JAaTYUKOB Xoya KOX(QQHUIMEHT TMepeJadyd I0 MOLIHOCTH C
YBEIMYCHUEM TEMIEPATyphl 3aMETHO MaJaeT. DTO CBS3aHO C TEM, YTO MOCTOSIHHAs XOJUla
KOd(QQHUIMEHT mepeAadn MO TOKY Yy ITHX JAaTYMKOB B paboueil oOmactu Temmeparyp ¢
YBEIIMYCHUEM TEMIIEPATYPhI IaJaeT, a BXOIHOE CONPOTHBIICHHUE, KaK IPABUIIO, BO3PACTALT.

CornacHO BBIIIE H3II0KEHHOMY, NATYMKWA XOJUIa, M3TOTOBJICHHBIE W3 TE€pPMaHUS WU
KpeMHHs pabOTaoT B y3KOM pabodeM HHTEpBaJlE TEMIIEPAaTyp W HE YIOBJIECTBOPSIOT DPSITY
TpeOOBaHUI PEIBSBISIEMBIM JaTYMKaM XO0JUIa.

Bo mMHOTHX ciydasx TpeOyroTcs, TaTYMKKA XOJUIa C MOJIOKUTENEHBIM K03 (HUITHEHTOM
nepeayy 1mo HarpsHKEHUTO.

[TpumeneHne naTYMKOB XOJUIA C TOJIOKUTEIEHBIM TEMIIEPAaTYpHBIM K03 duimeHTom,
BEPOSATHO B COCTOSIHUM YCTPAaHUTh MHOTHE TPYIHOCTH, BO3HHUKAIOMIHNE B CJIOXHBIX
AIIEKTPOTEXHUUECKUX U PATHOTEXHUIECKUX YCTPOHUCTBAX.

JKCNepUMEHTAJIbHBIE JaHHble W WX oOcyxaenue. Ilpemnaraemslii  Hamu
JICTHPOBAHHBIN TEJUTYPOM 3KBHMOJIIPHBIN COCTaB TBepAOTo pacTBopa INgsGaosSh obmamaer B
IIAPOKOM TEMIEPATYPHOM HHTEpBAJIC TOJIOXKHUTEIFHBIM TEMIIEPATyPHBIM KOA(PPHUIIMEHTOM
nepeiauy 1o HanpsHKEHUIo OJaroaaps CI0KHONW 30HHON CTPYKTYPBI 30HBI POBOIUMOCTH [4].

HMarunku Xosta, usrotoBieHHbie 3 IN1xGaxSh (x=0,5) mo TepMocTaOHILHOCTH
cpaBHuMBl ¢ gatunkamud w3 InixGaxAs  (X=0,25); oO6mamaroT  JOCTATOYHOM
MPEUMYILECTBEHHO N YYBCTBUTEIHHOCTHIO, MOJIOKUTETHHBIM TeMIEepaTypHbIM
K03 puImeHToM MOCTOSTHHOW XoJiIa, BCIAEACTBHM Yero KodhdumueHT mepeaadnd 1o
HaMPSLKEHUIO PACTET € YBEIHMUEHUEM TeMIepaTyphl.

3akarouenue. [lonoxxurenbHoe 3HaueHHe KO3(PPUIIMEHTa MTepeiadn 0 HAMPSIKEHUIO Y
natunkoB Xosia u3 InixGaxSb (x=0.5) mosBonser 00beaeHUTH Maphl JAaTYMKOB XOJLIa
napajulesIbHO M0 TOKOBOMY KaHally W MOCIEA0BATENbHO MO0 KaHAJIaM BBIXOJHBIX CUTHAJIOB C
garynkoM u3 cmiaBa INixGaxAs ( Xx=0.25), 4ro mo3BOJsE€T MOJIYYUTh HE 3aBUCSIIYIO OT
TeMIlepaTypbl BBIXOJHOM XOJIOBCKMN curHan. Takoe oObeIuHEHHE JATYUKOB C
MOJIOKUTETFHBIMA U OTPULATENIbHBIMU KO3((dUllMeHTaMHu Tepeauyn Mo HAIPSHKEHUIO JaeT
BO3MOHOCTh CO3/IaTh JTaTYUK C HE 3aBUCSIIUM OT TeMIIepaTypbl HYJIEBBIM XOJJIOBCKHUM
curHajioM, paboraronum B uHTepBasie Temmepatyp ot 80 K 1o 440K.

DTO IaeT BO3MOXHOCTH CO3/1aTh Ha OCHOBE JaT4MKOB Xosuia u3 Ini.xGaxSh cencopsl
JUI TPayuPOBKHA MAarHUTHOTO TOJISI B PA3JIMYHBIX YCTPOUCTBAX.
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Xulasa

Tadqiq olunan isdo Ini-xGaxSb bark mohlullart asasinda Holl sensorunun yaradilmasi
imkani1 tohlil edilib. In1xGaxSb osasinda yaradilan sensorlarin digor sensorlarla miiqayisoado
bdyiik hassaslifa vo gorginlik Gtiirmo amsalinin optimal dayarlorine malik oldugu gostarilir.
Bu miixtolif texniki cihazlarda maqnit sahosini bitirmok iiclin In1xGaxSb osasli Holl
sensorlarinin istehsalina imkan verir.

Summary

The paper analyzes the possibility of creating a Hall sensor based on In:xGaxSb solid
solutions. It is shown that sensors based on InixGaxSb have high sensitivity and optimal
values of the voltage transmission coefficient compared to other sensors. This makes it
possible to manufacture Hall sensors based on InixGaxSb for magnetic field calibration in
various technical devices
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AZIMUTHAL SCATTERING OF NUCLEON AT HIGH ENERGIES

As. Pr. Afandiyeva I. G., Sen.Lec. Ahmedov R. A.
Azerbaijan State University of Oil and Industry, Baku

Key words: scattering amplitude, cross section, polarization, scattering azimuthal
asymmetry coefficient.

Introduction

The polarization effect is a consequence of the fact that the nuclear interaction can be
represented as a complex spin-dependent potential. When unpolarized nucleons pass through
a nucleus, in directions where the interaction cross section is smaller, polarization of nucleons
will be observed in this direction. The analysis shows that, if interaction nucleons with
nucleus depend on the spin and the polarization of nucleon and target will be different from
each other. As a result of the spin dependence, the scattering interaction cross section can
depend on the polarization of the interacting systems.

In this article, we will consider the polarization function and azimuthal scattering of
nucleon at high energies.

The expression for the azimuthal scattering

For the high- energy scattering we will considered only nuclear potential, and don't
consider magnetic interaction. To determine the polarization, it is necessary to determine the
scattering amplitudes using the unitarity condition.

The scattering amplitude operator has the following general form [1]:

f(E,0) = A(E, ) + B(E,0)(ii - &), (1)
where fis the unit vector of the normal to the scattering plane. In (1), the first term
corresponds to the interaction that does not depend on the spin, and the second term
corresponds to the interaction that causes spin reorientation. The explicit form of the functions
A(E,0) and B(E, 8) is determined by the specifics of the interaction.

Taking into account the spin-orbit interaction, in the Born approximation, in the
momentum representation A(E,8) and B(E, #) has the following form:

, i n%k? : ,
AK',k,0) = —=——sin @ [drexp[-i(k —k)r]V(r), (2)
2 u‘c
. 2
B(k,k',e)=-£Jdrexp[i(k-k’)rj(ij 1AV, (3)
2r mc) r dr

The differential scattering cross section is given by the formula
S—S < Wi |f(E,0)%; >2=| A(E,0)5 + < ¥ [fiG¥; >2. (4)

Let us assume that the incident particle is in a state with a certain value of the spin
projection m¢ onto the z axis. In this case, the polarization vector of scattered particles is
equal to
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Let now different values of ms be represented in the incident beam with the same
probabilities, i.e. the polarization vector of bombarding particles is equal to zero. In this case,
to calculate the polarization vector P of scattered particles, it is necessary to average the
vector P, taking into account the equal statistical weights of different projections of the spin
ms in the initial state:

p©) _ 2Re(A"(E,6)B(E, 0)) 5
A(E, )" +|B(E,0)"

So, as a result of the scattering of an initially unpolarized particle with spin s = 1/2 on
spinless nucleus, generally speaking, the particle are polarized. It depends on the particle
energy E and the scattering angle . In this case, the polarization vector P is always directed
perpendicular to the scattering plane, and its absolute value depends significantly on the value
of Re(A"(E,0)B(E,0)). The polarization effect essentially depends on the relative phase of
the amplitudes 4(E,#) and B(E,#) and vanishes if one of them is equal to zero.

The scattering of partially polarized particles is azimuthally asymmetric; the condition
for the occurrence of azimuthal asymmetry is the presence of interference between the
scattering amplitudes A(E,6) and B(E,0):

Re|A"(E,0) - B(E,0)|=0. (7

(6)

Let the matrices

. (@+P&6)
pi = 2' , (8)
characterize the spin state of the particles before and after the collision. According to the

general rules, the density matrix of the final state f can be expressed in terms of the density
matrix of the initial state i by the formula

pi="Tpt". )
It is seen from (11) that the component of the polarization vector of incident particles
lying in the scattering plane does not make any contribution to the scattering.
The differential scattering cross section of particles, regardless of their polarization in
the final state, is given by [2]

do ;o
— =Spfp, f . 10
o = SPe (10)
Considering (10) and (8) we obtain
S—g ~|AE. 6 +|B(E. 6 + 2Re|A" (E,6) - B(E, 0)AP.) . (11)

It can be seen from it that the scattering of partially polarized particles is, azimuthally
asymmetric.

The value of the azimuthal scattering symmetry is related to the polarization. Azimuthal
asymmetry is extracted from spin-dependent cross sections. The scattering azimuthal
asymmetry coefficient has the following form:

2Re(A"(E,0)B(E, ) AP
IAE,0) +|B(E,0)" |

Taking into account the general form of the density matrix (10), we obtain an
expression for the polarization vector of scattered particles:

AE,P)=POPR = (12)
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50 |AE.0)° [P +[B(E.O) " (P)A

‘A(E,H)z‘ +|B(E, )

1+ A(E,P)

The polarization sign depends on the value of the incident particle energy. Depending
on the energy, there is interference from positive and negative scattering angles and this
affects the sign of polarization. It is of interest to study polarization for individual energy
regions. This can monitor the change in the polarization sign.

Conclusion

Polarization effects are important of studying the structure of particles. The studying
shows that studies of nucleon polarization can illuminate some aspects of nuclear structure,
since the polarization depends on the particular nucleus used as a target as well as upon the
form of the interaction.

The selection of the potential involved in the spin-orbital interaction plays a major role
in the calculation of the effective cross section and also the polarization vector [3]. If the
optical potential is chosen, optical model potential parameters only from the analysis of the
angular distributions of the elastic scattering, in principle, are not feasible because the elastic
scattering of particles is determined not only potential scattering. Therefore, it is necessary to
use more realistic potentials.

P, = (13)

References

1. R.A Ahmedov. Cumhuriyet University Faculty of Science Science Journal (CSJ), 2016,
Vol. 37, p. S56-S58 ISSN: 1300-1949.

2. S. G. Abdulvahabova, 1.G. Afandiyeva. Journal of Qafgaz University. Physics. 2015, V.3,
N.1: 57-61.

3. B.Blum Kand and B. Lohmann. Phys. Rev. Lett. 2016. 116 033201.
doi:10.1103/PhysRevLett.116.033201.

Pe3ome

HCCJ’IGI{OB&HO A3UMYTAJIbHOE PacCCCAHUC HYKIIOHOB IIPHU BBICOKHUX OHEPIHUAX. Anammz
CBOMCTB HSI/IMYTaJ'II)HOI\/'I CUMMCTPUHU IIO3BOJISICT YCTAHOBUTH PAJ Ba’KHBIX 0COOEHHOCTEHN
mponecca pacCCaHus. B YaCTHOCTH, ABJICHUC IOJIApHU3aAllMK 4aCTUIl ITPHU paCCCAIHNHU HAXOIUT
JOCTATOYHO IIOJIHOC 00BsCHEHHE B paMKax TCOPCTHUICCKOIo paCCMOTPCHHA, OCHOBAHHOI'O HaA
aHaJInu3¢e TOJIHKO CBOMCTB HHBAPHMAHTHOCTH aMILIMTY bl paCCCAHU .

Xiilasa

Yiiksok enerjilordo nuklonlarin azimutal sopilmosi todqiq edilmisdir. Azimutal
simmetriyanin xassolorinin tohlili sopilmo prosesinin bir sira miihiim xiisusiyyatlorini
miloyyon etmoys imkan verir. Xiisusils, sopilmo zamani hissociklorin polyarlasma hadisosi
yalniz sopilmo amplitudunun invariantliq xassasinin tohlilina osaslanan noazeri miilahizo
car¢ivasinda kifayat qoador dolgun izahat tapir.
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1. INTRODUCTION

For a long time, quantum mechanics has grown from the advanced theory to the
separate branch of physics. A study of precisely solvable problems for physical potentials is
still important for it [1]. Will be helpful noted that central potential describe quantum system
in the radial direction, but noncentral potential is describe quantum system in the azimuthal
region. The combined noncentral potential keep a more information regarding the central
potential and give us for getting the better results about quantum mechanical system.
Analytical solution of KFG equation for non-central potential widely studied in Refs [2, 3].
We attempt the investigation Deng-Fan plus ring-shaped potential within KFG equation. The
Deng-Fan oscillator potential is a simple potential model for diatomic molecules. It has the
correct physical boundary conditions at r =0 and r = . It is defined by [4]

o 2
V(r)= D[l— : 1J )

e’ -1
where D as the dissociation energy, r, for the equilibrium bond length and « for the
potential range. The shifted Deng-Fan potential is of the following form:
2
(ecxre _1)2 Z(em’e _1)
V(r)=D - . 2
( ) ((eal‘ _1)2 eal" _1 J ( )

The combined potential considered in this study is obtained as a linear combination of
the Deng-Fan potential with the ring-shaped potential in the form:

@™ -1)2 2™ 1)) B'+pBcoso
€ -1% e”_1 ] T sintg
Here g and £' are strictly positive constants.

2. The Solution of Radial Klein-Fock-Gordon Equation

We are well aware that in relativistic quantum mechanics, the dynamics of the spin of
zero particles is described by the Klein-Fock-Gordon equation. For the scalar S(F) and vector

V (F), potentials, the KFG equation in atomic units (2=c=1) in the spherical system of
coordinates has the form [1]

©)

V(r,@):D[
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[-VZ+ (M +S(F)*y (r,6.0) =[E -V )Py (r,0,0), (4)
where M —is the rest mass of a scalar particle, and E —is the energy of a relativistic particle.
For simplicity, in Eq. (4) we consider that the scalar potential is equal to the vector potential
S(rF) =V (r). Then obtain:

[Vz+E2—M2—2(E+M)V(r)—2(E+M)Lf)}//(F)=O. (5)
r

This equation in the spherical system of coordinates admits separation of variables.
Therefore, the wave function y(r) can be written as

v(©) =20 o@)0(). ©)

After substitution of function (6) into Eq. (5), the following system of the second order
differential equations is obtained:

Z”(r)+[E2—M2—2V(r)(E+M)—riz};((r)=0, (7)

_m?+2(E+M)(B'+ Bcosb) _
sin%o }@(6’) =0 ®)

where A and m are separation constants. To analytically solve Eq. (8) for the case 4 =0, we
apply a special approximation to the centrifugal potential. After applying the special
aproximation in Eq.(7), then we get

" (r)+ {82 - yD(l—

@"(0) +cotd-©'(6) + {u

x(r)=0. ©)

o(l+e™%) ’ B 4o ’pe
(1_ 672(“') (1_ e72ar)2

For applying the NU method [5] the solution of the Eq. (9) we introduce a new variable
as, s=e “ €[01] for re[0,0). Thus, we find an analytical expression for the energy

eigenvalues in the form:
M?-E?=—
2

1
2 Bz—n2—I(I+1)—I(I+1)—(2n+1)[1+2mJ 0

o —1(1 +1)d 02

(2n +1)+1/n2 +( +;)2

For radial wave function y,,(r) in terms of Jacobi polynomial as:
an (r) — Cnle\/t(xl’ (1_ S)K Pn(Z\/t,ZK—l) (1_ 25) )

3. The Solution Angular Part of Klein-Fock-Gordon Equation
The eigenvalues and the eigenvectors of the azimuthal part of the KFG equation
depending on the azimuthal angle in Eqg. (8) were also obtained by the NU method.

Introducing a new variables z=cosé and y =2(E + M) and putting this into Eq. (8) yields
21 1 2 2 ,

———[ul@-2z°)-m" - ®(z)=0. 12

— A=) - =y (B + o) (12)

After applying the NU method to Eq. (12) we obtain: 1 =N +&. Thus, after inserting

this into equation (10), we directly obtain the energy spectrum for the combined Deng-Fan
plus the ring-shaped potential in this form

(11)

®"(z) -

O'(0) +
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2

BZ-n2—(N+&)(N+&+1)—(2n +1)£1+2\/n2 +(N +§+;)2J

M2 _E2=_g?2
) 1, (13)
@2n+)+.n"+(N +E’;+§)
— (N +&)(N +&+1)d,a’.
Analogously, for the polar angle-dependent wave function obtain:
@n(z) — CN (1_ Z)(B+C)/2 . (1+ Z)(B—C)/Z P’\(IB-%—C,B—C)(Z) . (14)
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Xulasa

Bu isdo skalyar potensialin vektor potensialina barabar oldugu hal ii¢iin Nikiforov-
Uvarov metodu ilo Deng-Fan va halgavari potensialin comi Uglin Klein-Fok-Qordon tonliyi
analitik sokildo hall edilmisdir. Enerji soviyyalori vo normallasdirilmis maxsusi funksiya tgin
orbital kvant odadinin ixtiyari qiymatlori tctin ortogonal ¢oxhadlorlo ifads olunan analitik
ifadolor tapilmisdir. Morkozdonqagma potensialinda meydana ¢ixan sinqulyarliq xiisusi
yaxinlasma ilo aradan qaldirilmisdlr. Sistemin enerji spektri vo normallasdirilmis dalga
funksiyas1 yigcam vo qapal formada toyin edilmisdir.

Pe3rome

B nanHO#W cTaThe mpHM YCIOBUHU, YTO CKAJISAPHBIA IOTEHIIMA pPaBeH BEKTOPHOMY
noJjiydeHsl peuieHus ypaBuenusi Kneitna-®oka-I'opgona mist norennuana Jlenra-dana miroc
KOJIbIIe00pa3HbIi nmoTeHIran MerojoM Hukudoposa-YBapoBa. BorurcieHsl ypoBHH S3HEPTHH
U TOJy4YEeHbl COOTBETCTBYIOIIME HOPMHUPOBAaHHBIE COOCTBEHHbIE (QYHKUHUU uepe3
OPTOTOHAJIbHBIE TIOJIMHOMBI JUTSI TPOM3BOJIBHBIX | cOCTOSIHMIA. BBIIO MCIOIB30BAHO CO3aHHOE
npuOMKeHHe A7 pelieHuss MnpoOJeMbl, CBA3AHHOW C  IEHTPOOEKHBIM  UJICHOM.
DHepreTU4yecKkuil CreKTp CUCTEMbl U HOPMHUPOBAHHAs BOJIHOBAas (PYHKIIMS MPEJICTaBJICHBI B
KOMITaKTHOM M 3aMKHYTO# dopme.
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Malum oldugu kimi, ozonatorlarin is prinsipi bir vo ya ikibaryerli elektrik bosalmalarina
osaslanir. Bu nov elektrik bosalmalarinda bas veran fiziki-kimyavi proseslor cox miirokkabdir
Vo hala da tam Oyranilmomisdir [1-3].

Baryer bosalmasinda bag veran kimyavi reaksiyalarda muxtalif nov yikli zarraciklorin
rolu bosalmanin parametrlorindon va xarici soraitdon asilidir. Baryer bosalmasimin bas verdiyi
yuksok tazyiglords ionlarin sorbast gagis yolu kigik olduguna goéro ionlarin temperaturu
molekullarin temperaturundan az farglonir vo ionlar 6zlorini elo molekullar kimi aparir. Belo
soraitds ionlar aktiv olmadigina gora yikotlrms prosesinds asas etibari ila sarbast elektronlar
aktiv rol oynayur.

Toqdim etdiyimiz isdo baryer bosalmasi plazmasinda bas veran butiin elementar
proseslor aragdirilimigdir. Osasan, sorbost elektronlarin oksigen molekullar1 ilo geyri-elastiki
togqusmalarma digqgot yetirilmisdir.

1. Elektronlarin oksigen (O2) molekullar1 ilo qeyri-elastiki toqqusmalar1 asagidaki
reaksiyalarla tosvir edilir:

e+ 02— O* +e.
Burada * - isarasi elektronla hayacanlasmis molekulu gostarilir.

2. Hoyacanlasmis oksigen molekullar1 6z enerjilorini ya neytral oksigen molekullari ilo

togqusmalarda:
O2* + 02 — 20,
Vs ya digor elementin molekullarinin ragsi hayacalagsmasina sorf eds bilor:
02* + N2 — 02+ No*.

Hoyacanlagsmis oksigen molekullarmin dehoyacanlagsma prosesi iso siialanma ilo bas

vera bilar:
O2*—> 02+ hv
3. Atomlarmn va ya molekullarin elektron zarbasi ilo ionlagmast:
e+ 0 — 0"+ 2¢,
e+ 02— 02" + 2e.

Baxdigimiz homin proseslorin effektiv kosiyi qazlarm molum Kinetik kasiyi ilo
mugayisads iki-U¢ tortib yuksak olur.

4. Elektronun oksigen molekulu torafindan dissosativ zobt olunmast:

e+ 02— (02)*—(0 " )*+ O -0 +0.

Baxilan geyri-elastiki toqqusma noticasinds yasama miiddoti qisa olan hoayacanlagmig
ionlar yaranir [4] . Nivolor arasindaki mosafonin verilmis qiymotinds, ogor horokot edon
elektronun enerjisi monfi ionla molekul arasindaki potensiallar fargina barabordirss, onda
elektron zabt oluna bilor. Baxilan proseslorin effektiv kasiyi O2 molekulunun kinetik kasiyi ilo
miqayiss oluna bilor. Homin reaksiyalar naticasinds (O ~) manfi ionlar omoalo galir. Oksigen
molekulu torofindon elektronun zobt olunmasi reaksiyasinin maksimal effektiv kasiyi
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elektronun 6,7 eV enerjisino uygun golir. Bu halda O2 molekulunun dissosasiyasina 5,1 eV
enerji diisiir.
Elektronun zobt olunmas1 prosesi oksigen molekulunun dissosasiya olunmamis halinda
bas vera bilor:
e+ 202 — 02+ 0o
Bundan basqa, oksigen molekulu ii¢ gat togqusma noticasinds do elektronu zobt eda
bilor:
e+ 02 +tM— O+ M.
Burada M — Uglincu zarracikdir. Plazmada mévcud olan ixtiyari zarracik Gglnci
zarracik ola bilor. Plazmada hamin proseslorin bas vermo ehtimali kifayot godor yuksokdir.
5. Elektron zorbasi ilo oksigen molekulunun dissosasiyasi:
e+ 02 — O*+ O+te,
e+ O3 — O*+ Or+e.
Sonuncu proseslorin effektiv kasiklori qazlarin kinetik kasiyklorino uygundur: ¢ = 107%°
cm?,
Elektronlarm enerjisi 17 eV-u asdiqda reaksiya naticasinds oksigen ionlar1 yaranir:
e+02 - 0"+ 0O +e.
Qeyd edok ki, Oz ionlar1 adston, oksigen molekullar1 enerjilori 5 eV-dan kigik olan
elektronlarla togqusduqda yaranir [4].
Reaksiyalar noticosindo monfi yiiklii oksigen ionlarinin yaranmasi ilo yanasi plazmada
zorbs ionlagmasi naticasinds elektronlarin dissosiativ zobt olunmasini vo
O + 02 = O + Oy,+e,
reaksiyasi naticasinds yuksuzlogmasini do nazars almaq lazimdir.

Indi do atomlarin, molekullarn vo ionlarin toqqusmalar1 naticosinde bas veran
elementar proseslora baxag. Muxtalif sokilli toqqusma proseslarinin spektrindan, ancaq
ozonun yaranmasinda istirak edon oksigen atomlarinin, molekullarmin va ionlarin spektrlaring
diggot yetirak.

a) Oksigen molekulunun N2-azot molekulu ilo togqusmasi naticasinds dissosiasiyasi:
O2+N2— 20 + Na.
Bir oksigen molekuluna diison orta dissosiasiya enerjisi 6 eV-a borabardir.
b) Azot molekullar1 ilo togqusma naticasindo oksigen atomunun va ya molekulunun
ionlasmasi:
O+N2— O"+ Nz +e,
O2+ N2 — 02" + N2 +e.

c¢) oksigen molekulunun rekombinasiyast:
02" + 20, — 03" + O,
O3"+ 03+ 02— 203 + O
d) Mishat ionlar vo molekullar arasindaki rezonans yiiksiizlogsma:
0"+ N2 —» NO* + N
N* + O, — NO* + O.

Qeyd edok ki, atomar ionun molekula cevrilmasinin xarakterik muddosti (= 0,01+10
san), molekulyar ionlarm rekombinasiya miiddatina nishaton daha tez bas verir.
e) Atom- molekul va ya molekul-molekul togqusmast:
O+ 02— 03,
02+ 02*— 03+ 0.
f) Qizma naticasindo molekulun dissosasiyast:
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9) O2 + O2* —» 03 + O.
T = 2050 K temperaturunda O, — 20 + O.

1 mola diison istilik eerjisi ¥ = 2,8:10* C/mol-a borabardir. Sonuncu reaksiyadan
goriindiiyii kimi elektrik bogsalmasinda molekulun dissosiasiya etmasi tU¢iin boyuk enerji talob
olunur.

g) Ucgqat toqqusma naticasinds ozon molekulunun yaranmas:
02+ 0O + N2 — O3 + No.

Baxilan sonuncu reaksiya qazin yiiksok temperaturlarinda oks istiqamotdos gedo bilor.

Belaliklo, ticgat proseslords, asason oksigenin atom va molekullari istirak edir. Ugiincii
zarracik avazins iss qaz qarisiginda olan ixtiyari yiiklii zorracik ola bilor. Baryer bosalmasinda
bas veran Vo yuxarida arasdirilan elementar proseslori otrafli todqiq etmodon parametrlori
yaxs1 olan ozon generatorlarini yaratmaq miimkiin deyil.
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Pe3ome

HccnenoBanbl 3neMeHTapHbIE MPOLECCHI, MPOUCXOAIINE NpU OaphepHOM paspsijie B
Bo3nyxe. Crano M3BECTHO, YTO OCHOBHYIO POJb B IMpolieccax oOpa3oBaHUS 030HA UTPaeT
JUccolranus MoJieKyl Kuciaoponaa. Kpome Toro, HeE0oOXOIUMO YUUTHIBaTh IMPOIIECCHI
TPOMHBIX CTOJIKHOBEHUU. B TpOHBIX mpolieccax B OCHOBHOM YYAaCTBYIOT aTOMBI U MOJIEKYJIbI
KHCIIOPO/1a U TIPOU3BOJIHHO 3apsHKEHHAs YacTHIIa B Ta30BOM CMECH BMECTO TPEThEl YaCTHIIbL.

Abstract

Elementary processes occurring during a barrier discharge in air have been studied. It
became known that the main role in the processes of ozone formation is played by the
dissociation of oxygen molecules. In addition, it is necessary to take into account the
processes of triple collisions. The ternary processes mainly involve oxygen atoms and
molecules and an arbitrary charged particle in the gas mixture instead of a third particle.
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B Hacrosimee BpeMsi 3HAUMTEIBHOC BHHMAHWE YICISICTCS TIOMYYCHHIO HOBBIX
AQHTUCTATUYCCKUX  IMOJMMEPHBIX MaTepUalIOB C  YIYYIICHHBIMH JIHIJICKTPUUICCKUMU
cBorictBamu [1,2].0gaMM u3 HamboJiee JOCTYMHBIX CIHOCOOOB HAIPABICHHOTO HW3MEHEHUS
CTPYKTYPBI TIOJIUMEPOB MPHUBOIANIUX K MOAU(PHUKAIMHA WX (PU3NYSCKUX CBOWCTB, SIBIIICTCS
BBEJICHUE B IMOJIUMEP HEOOJBIINX KOJWYCSCTB PA3IMUHBIX BEIIECTB Tepe] MepepadoTKON W
B mporiecce nepepabotku [3,4]. BaanHoit pabote mpUBOAATCS pe3yibTaThl WCCIEAOBAHUS
AQHTUCTATUYCCKUX KOMITO3UITMOHHBIX MaTepUajoB, TOJYYCHHBIX HAa OCHOBE IOJIMATHIICHA
Huskoil mmotnoctu (ITDHIT) mapku 15803-020 ¢ MonekynspHoii Maccoit M-8.45-10% . B

KadecTBe J00aBKM HCHoJib3oBanach (eHomopopmanpaeruanas cmona (PC) (xumuueckas
dopmymna [-CBH3(OH)-CH. -In]. B wucxoanoe coippe IIDHII myreM MeXaHHYECKOTO
cMeruBaHus BBOIWIHM A00aBku B kosmmuectBe 0,01-0,1% mo macce. OGpasiibl H3roTaBIMBaIN
B BHUJE IUICHKHM TOMIMHOW 60-70 MKM DpecCOBaHMEM Ha THIPABIWYECKOM IIpecce B
coorBercTBUU ¢ ['OCT12019-66. OOpa3ipl MOJMSAPU30BAIA OTPHUIATEIHHOW KOPOHOH B
TedeHUU 10MUH M ONpENessiiu HUX SJEKTPETHBIE XapaKTEPUCTUKHU MpU HampsbkeHun OkB
MOCPEJICTBOM CHCTEMbI METAJIMYECKHX HWIJI, PACHOJIO)KEHHBIX BEPTHUKAIbHO HA PACCTOSIHUU
IcM OT moBepXHOCTU 00pasia. DNEKTPETHYIO Pa3HOCTh NOTEHIMAIOB ONPEACISUI Cpa3y Ke
nociie MOJIAPU3ALUU KOMIEHCAIIHOHHBIM METOJIOM, a MIOBEPXHOCTHYIO
IJIOTHOCTH3apSIapacCYUTHIBAIH 110 (OpMYIIE:
EEATH
v Oe ™ d

IA€ € - AUDIIEKTPUYECKas IPOHULIAEMOCTD II0JIMMEpA,
d — TonmuHa 00Opasia.

€0 —DJIEKTPUYECKas TIOCTOSIHHASA,

Uk- KOMIIEHCUpYIOLEe HalPsKEHHE.

W3 »sKCnepUMEHTalbHBIX MCCIENOBAHUN YCTAaHOBJIEHO, 4T0 BBeneHue B [IOHII
ontuMalibHOro kosnuyectsa, T.¢ 0,05macc % (PC) cka3ajoch XOpPOLIUM AHTUCTATUYECKUM
marepuaioM (6=8-10°k1/M?) mnpu 3HaYeHMM OOBEMHOTO YJENBHHOTO 3JIEKTPHYECKOro
conpoTusnenus py = 3,5-10% Om.m. PesynbTaThl Mccien0BaHUI TOKA3alM Y4TO HAYAIbHOE
3Ha4eHHE IIJIOTHOCTH MOBEPXHOCTHOIO 3apsaja (G) y ONTUMalbHO MOJAU(UIMPOBAHHON
rwienku [19HII cranoBUTCS He3HAUNTENBHBIM NO cpaBHeHUIO ¢ TuieHKoi [TOHIT 6e3 nobasku.
ITocne momHOrO paspylieHUss TOMO3apsAI0B, IUIOTHOCTb IOBEPXHOCTHOIO 3apsja IIJICHOK
I[IDHIT u ero ontumMaibHOW MOAM(UKALMU JOCTUICA ONPEAETICHHOTO 3HA4YEeHHUs, B
JAIbHENIIEM B 3aBUCUMOCTU OT JUINTENBHOCTH XpaHEHMsI, HE MeHseTcs. OHAaKo, U B 3TOM
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cllyyae YHCIEHHOE 3HAYEHUE IUIOTHOCTH 3apsja y ONTUMAIBHOW MOIU(PHUIMPOBAHHON
IUIGHKA OKa3ajoch MeHblne, 4yeM Yy tuieHok IIOHII 6e3 moGaBku. YcTaHOBIEHHOE
YMEHBIICHNE IJIOTHOCTH MOBEPXHOCTHOTO 3apsijia IMOJyYCHHONH KOMIO3HMIMU OOBSCHSIETCS
oOpazoBanueM crabmwibHOW CcTpykTypsl I[IDHII BcnencTBue MOBBIIEHUS TUIOTHOCTH
YIAaKOBKM Ha rpaHune ¢a3 KoMmoHeHTOB [5]. M3ydeH Takke XapakTep KHHETHUKU
anektpuueckoro paspymenus [IOHII u xomnosunmu Ha ero ocHoBe. McmbiTanue Ha
ANIEKTPUYECKYIO TPOYHOCTh (BpeMs JKW3HM) TOJYYEHHBIX IUIEHOYHBIX KOMIIO3ULIUI
MOJIMATUIICHA TPOBOJUTCS IO pa3pa0OTaHHOW WCIBITaTeNIbHOW suelike [6]. 3HaueHus
anekTpudeckoit mpounoctu Eqp (T =1cek) 13 ot konuyectBa BBeaeHHoro (OC) nmpuBeneHs! B
TabIuIe

Tabmuma
CgoiictBa/ MaTepHabl OnekTpuueckas NOpod- | & =t§' 10%,f=1xlu, | pv,OM'M,
HOCTb, Enp, KB'MM™ t=20"C t=20°C
TTDOHII (6e3 106aBKH) 140 5 1,3-10P
TIDHIT+0,01macc% ®C 160 4 4,1-10%
T1DHIT+0,1 macc%®dC 150 4 2,1-108

N3 Tabnuiibl BUIHO, YTO MPEUIONKEHHAS KOMIIO3HIUS WMEET JOCTaTOYHO BBICOKYIO
ANEKTPUIECKYIO TPOYHOCTH 10 cpaBHeHmto ¢ [IDHII 6e3 nobaskwu 1.e. mopsaka 20%.

N3yuensl Takke TeMInepaTypHbIe 3aBUCUMOCTH yIETBHOTO 0OBEMHOTO JIEKTPUUIECKOTO
COIPOTHUBIICHHS Y TaHI€HCA yrila JUAJIEKTpuYecKux norepsb rieHok [IDHIT n kommno3unmii Ha
€ro OCHOBE.

Tanrenc yrna pgusnexkrpuueckux mnotepb IwieHkn I[IOHII m ero kommo3unmu
U3MEPSIIUCh C MOMOIIBI0 aBToMarnudeckoro Mocra E8-4 na wacrtore 1 kI’ B mHTepBaiie
temnepatyp 300-500K.

YaenpHOe 00BEMHOE AIIEKTPUYECKOE COMPOTHBICHUE OMPEACISIIUCH C MOMOIIbIO
tepaommerpa E6-13A B wunTepBanie temmeparyp 300-500K npu nMHEHHOM HarpeBe co
CKOpocThiO 3 Tpan/MuH. 3HadeHHUE ekTpodusndeckux cBorctB [IDHII u ero kommo3ummm
MIPUBECHBI TaK)Ke B TAOIHUIIE.

W3 Ttabnuupl BUAHO, 4YTO TPEUIOKEHHAs KOMIIO3ULIMS 007aaeT OTHOCUTEIHHO
MOHMKEHHOE JTUAJIEKTPUYECKOE MOTEPh U MOBBIIICHHOE YAECTbHOE 00bEMHOE DIIEKTPUUECKOE
conpotuBiieHus. Kak BHIHO M3 HKCIEPUMEHTAIBHBIX MCCIECJOBAHUN Ul IUIEHOYHBIX
Moupukaruii Ha ocHoBe IIDHII ynydmenue 3aeKTpodU3UYECKUX CBOMCTB CBS3aHO
BEPOSITHO TeM, UTO J0OaBkH, BBeJAeHHbIe B cocTaB [IDHII oka3pIBatoT BiMsiHHE HA KUHETUKY
KpUCTAJUIM3alUH, 3HAYUTEIBHO YBEJIIMYMBAIOT IUIOTHOCTh YIAKOBKM MakpoMosekya [7]. B
pe3ynbTaTe 3TOr0 B MOJUMEPHBIX LEMAX BO3pPACTaCT MOJIEKYJISIPHOE B3aUMOJICIHCTBUE U
3aTpyAHSIETCS JBUKEHHE KUHEMAaTHYECKUX CErMEHTOB, T.€. 4acThb MPUMECHBIX MOJIAPHBIX
pasuKaioB TEPseT MOIBUXKHOCTD, IO asi B KPUCTAUIMYECKUE 00IacTH.

Takum oOpa3om, pe3yabTaTbl MPOBEICHHOIO WCCIEIOBAHHUS CBHAETEIBCTBYIOT O
BO3MOKHOCTH TNPUMEHEHUsI HU3KOMOJIEKyJIsspHOro opranudeckoro Bemectsa ®C B I1OHII
JUIsL  TIOJy4EHUs  AHTUCTATUYECKOrOo  IMOJIMMEPHOIO  Marepuana ¢ YIy4dlI€HHbIMHU
TEXHOJIOTUYECKUMH U JIEKTPUUYECKUMU CBOMCTBAMH.
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Abstract

In this work, the influence of the organic additive of phenol-formaldehyde resin in a
small amount on the density of surface charge accumulation, as well as on the dielectric
properties of low-density polyethylene films of grade 10803-020, was studied.

Xiilasa

Bu isdo az miqdarda fenol-formaldehid qatranmin iizvi slavesinin sath yiikiiniin
yigilmasinin sixligina, hamg¢inin 10803-020 markal asagi sixliqli polietilen plyonkalarin
dielektret xassalorina tosiri dyronilmisdir.

MUXTOLIF SUROTLONDIRICI POTENSIALLAR HALINDA TIGapgsSno,1Sez
MONOKRISTALLARI UCUN RENTGENOKECIRICILIK 8MSALININ
SUALANMA INTENSIVLIYINDON ASILILIGI

dos. Ristamov V.C., Mévsiimova I. M.
Ganca Dovlat Universiteti

Acar sozlar: spektral xarakteristika, rentgenokegiricilik, teflon izolyasiyali termociit,
fotohassasliq

KiaroueBble cioBa: CIICKTPAJIbHBIC XAPAKTCPUCTHUKH, PCHTICHOBCKAA IIPOBOJIUMOCTD,
TepMoriapa ¢ TehJIOHOBOM U30IAIHeH, (POTOUYBCTBUTEIHHOCTb.

Key words: spectral characteristic, X-ray conductivity, Teflon insulated thermocouple,
photosensitivity, single crystal.

TIGa, 445N, 0,5, kristalindan hazirlanmis niimunanin xtisusi miigavimati ~10*Om-sm
tortibindodir. ~ Siialanmadan ovval vo sonra miigavimatlor nisboti R|R, =15+2 intervala
diistir. T=290°K - do ag isigla 50LmM isiglanma halinda  xiisusi hossasliq
K., :(103_104).105L71m intervalma diistir. Bu molumatlar nimunoya 20V gorginlik verdikda
garanliq coroyan ugiin volt — amper xarakteristikasinin olmasma gotirir. Belo halin alinmasi
geyri —optik kontaktla voya TIGa,4Sn, ,;Se, kristalinin xassasi ilo baghdur.
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Nimunads goarginliyi 40V —a qodor, temperaturu 258 K-don 328 K-adok artirdiqda vo
verilmis dozalarda rentgen siialarmin giici P=9-10"" A|Im sabit galdigda biitiin todgigat
muddatinda rentgenokegiricilik va xiisusi hossasliq asagi diistir.

Tocriibado spektral dalga uzunlugu ~1,8 vo 20 dofo boyiik olan dalga uzunlugu
intervalina uygun golirso rentgenokeciricilik dalga uzunlugu 01+147A intervalinda

miisahido olunur. Bu halda rentgenokegiricilik koskin siialanmada nozorsalinmaz doracado
azalir.[3]
NUmunoda dozometrik vo volt — amper xarakteri iistlii funksiya xarakteri alir. Sokil 1 —

do dalga uzunlugunun 0,53A° giymotindo, gorginlik 20V oldugda miixtalif temperaturlarda
TIGa, o4Sn, o;Se, kristalindan hazirlanan bir niimunado dozometrik xarakteristika verilir.

Sokil 2 —da avvalki sortlor doyismadon dozimetrik giic P :87~10‘5k—Aq tipik olmagla

(nimunavi) xarakteristik oyrisi almmusdir. Burada qiivve g0storicisi « dozometrik
xarakteriskada 6lgmo xatasi intervalinda niimunonin gorginliyindon asili olmur.[3 s.23] Lakin

temperaturdan vo siialanma 0,5—0,6A° dalga uzunlugunda koskin siialanmadan asilidir.
Volt — amper xaraketriskada qiivvo gostericisi # temperaturdan 1,5+ 2A° dalga uzunlugu
intervalinda kaskin stialanmaya diisma asililig1 gostorilmisdir.

i1 6
KU T
-]
B af
S I3
2 has
: o UB
0 10 20 30 40
™ e ' R,
Sakil 1. Garginlik 20V oldugda TIGa, SN, o,Se, Sakil 2. Muxtalif temperaturlarda
monokristalinin dozometrik xarakteristikasi volt — amperxarakteriskasi
P=7-10"Alkq —258K(a =0,68=2);

— 290K (a = 0,6; 8 =1,5);

Verilmis dalga uzunlugunda vo temperaturda bu goOstorici praktik olaraq siialanma
glcindon asili olmur. Relaksasiya ayrisinda tadricon artan komponentlorin artma muiddati
15 — 20 saniys oldugda amplitudun @imumi signalin 10 — 20 % -ni togkil edir vo ayrido vo
komponentlorin asagi diismasi middati 5 doqigea ¢okir vo bu amplituda iimumi signalin 30 —
40 %-ni toskil edir. Beloliklo agsagidaki naticalori sdylomok olar. Aparilan tocribolor gostorir
Ki, TIGaoeSnoo1Se> monokristalinda sorbast elektron-desik ciitlorinin  eyni  miqdar
generasiyas1 naticasinds udulan foto vs rentgen kvantlar1 miixtalif kegiriciliys malik olur.
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Rentgenokegiriciliyin -~ vo fotokegiriciliyin temperatur asililigt gdsorir Ki,nimunado
temperaturun artmasi diffuzion sopilmoys kifayat qodor tosir edir.Belo ki,temperaturun
artmas1 naticasinds kegirici zonada yiikdasiyicilarin generasiyasi artir. Yoni, temperaturdan
asili olaraq rentgenokeciricilik vo fotokeciricilik artir.
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Pe3rome

B crathe omnpeneneHa 3aBUCUMOCTh KOd((PHITMEHTa PEHTTEHOBCKOW MPOBOAMMOCTH OT
HUHTEHCUBHOCTHU O6J'Iy'—ICHI/I$I JJIA MOHOKPHCTAJLIOB npu Pa3INYHBIX YCKOPSAOIHX
noreHnuanax.Mounokpuctamn  T11Ga0,99Sn0,01Se2 mnpu  pa3nuuHBIX  JT030METPHUECKHE
XapaKTCPUCTUKHU U BOJIBT-aMIICPHBIC XapaKTCPUCTHKH.

Summary

In the article, TIGao9Snop1Se, single crystals at different accelerating potentials the
dependence of the X-ray transmission coefficient on the irradiation intensity was determined.
single crystal at different temperatures, spectral dependence of X-ray current, dosimetric
characteristics and volt-ampere characteristics were studied.

AHAJINTUYECKOE PEHIEHUE YPABHEHMS KJIEMHA-TOPJIOHA JIJIS
CYMMbI HIOTEHIUAJIOB 9KCIIOHEHIIUAJIBHOI'O 1 KOJIBHEBOI'O
THUIIOB

Tapeepouesa B. A. n.c., ook., Hacues III. M. 0.¢p-m.n., npogp,
Axmeooe A. U. 0.¢h.n., oou,
Humcmumym @Dusuxku Munucmepcmea Hayku u Obpazoeanus

KuawueBbie caoBa: YpaHenus KieitHa-I'opoHa, 3KCIOHEHIIMAIBHBIA M KOJIBLIEBOM
HOTEHIIUAbI.

Mgbl  Hamam peuicHus ypaBHCHUSA KﬂeﬁHa'FOpHOHa JIJIsI CBS3aHHBIX COCTOSHUH
HCUCHTPAJILHOT'O NOTCHIIMAJIa, HpeI[CTaBJ'ISII-OI_HI/Iﬁ coboii CYMMBI INOTCHIIMAJIOB
OKCIIOHCHIHAJIBHOI'O MW KOJIBIICBOI'O THIIA. 3HepreTquCKHﬁ CIICKTp W HOPMHUPOBAHHLIC
BOJIHOBBIC (bYHKI_II/II/I MMpEaACTaBJICHBI B KOMIIAaKTHOH (1)0pMe. HOJ'Iy‘leHHLIC pe3yiabTaThl MOI'YT
HalTH MMPUMCHCHUA IIPU U3YUCHUHN CBOMCTB COCTaBHBIX CHCTEM.
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1. B kBaHTOBOM MeXaHMKE (PEISATUBUCTCKOW MM HEPEISATUBUCTCKOM) YacTo
BO3HUKAIOT 33J]aud, CBSI3aHHBIC C HAXOXJACHUEM YPOBHEH >HEPruu M BOJHOBBIX (DYHKIHH
YaCTHIbI, IBHKYIIECHCS B HEKOTOPOM CHUJIOBOM MOTEHIMATILHOM moJie (cM, Harp, [1-3]). Eciu
IpU 5TOM BHEIIHWE CHJIBI TaKOBBI, YTO YaCTHIA JIBUKETCS B OTPAHUYCHHOW 00IacTu
MPOCTPAHCTBA, T.€. OHA HE MOXET YHUTH B OECKOHEYHOCTh, TO TOBOPAT O CBSI3aHHBIX
COCTOSIHUSIX 4YacTULbl. B MpOTHBHOM cilydae Mbl UME€EM JEJIO0 C COCTOSIHUSIMH PAaCCesSHUS.
BomnHoBBIE (QyHKIIMM comepkaT BCIO HHPOPMAIUI0 O KBaHTOBOW cucreMme. Omnucanue
Gu3nYeCcKUX  SABICHUH, MPOUCXOMAMIMX TpH OONBIIMX DHEPrusx Oasupyercss Ha
PENATUBUCTCKUE BOJIHOBBIE YpaBHEHMs, Kak ypaBHeHHe KieliHa-I'opioHa um ypaBHeHue

Mupaxa

Lenp nanHO# pa®oTHl — HAlTH aHATMTHYECKOE perieHne ypaBHeHus: Kieiina-I'opaona
(KT') nns HeLeHTpalbHOTO MOTEHIMANa, KOTOPbIN MpeiCcTaBiIsieT co00i CyMMbI MMOTEHIIMAIOB
SKCHOHEHIIMAILHOTO U KOJIBIIEBOIO TUIIOB!

vm=wn+%? 0

!
V() =Dll-scth@n)], f(o)=LTL0
re<sin-é
rne D, 6 a. ﬁ Hu ﬂ' — TIOJIOKUTEIIHHBIC TTAPaAMETPHI.
2. B pensATHUBUCTCKOM KBAHTOBOW MEXAHMKE JIWHAMHMKA YacCTUI[ CO CIMHOM HOJIb
onceiBaercst ypasHenneM KI. Jlnst ckamsaproro V,(r) u Bexroproro V,(I) moTeHmuanos

ypaBuenune KI' mmeet Bug (h=c=1) [2]

[-VZ + (M +V,(r)*Tw (r) =[E -V, (NI (1), (2)
rae M u E ecth Macca U SHEpPrus peISTUBUCTCKON YacTHUIIbL. J{J11 MPOCTOTHI Mbl CYMTAEM, YTO
V,(r) u V,(r) paBHsr:

Vi(r) =V, (r) =V (r). 3)
[Toncranoska (3) B (2) maer
[VZ+&* 2N (Nw(r)=0, & =E*-M?, y=2(E+M). (4)

3mech HaC WHTEPECYIOT PEIICHHS STOr0 ypPaBHEHHS, COOTBETCTBYIOIIHME CBS3aHHBIM
COCTOSIHUSIM CHUCTEMBI, JIIsl KOTophiX E <M | £>0.

VYpaBHeHue (4) momyckaet paszieieHrue MepeMeHHbIX B CPEepHIeCKOM CUCTeMe KOOPIUHAT:
(r)
wm=%fmmmw, 5)

rae ¢ynkius O(p) wMmeeT CTaHAapTHbIN BuI, a GyHkuuu y(r) u O(F) nOTUMHSAIOTCS
ypaBHEHHSIM ( 4 U M (MAarHUTHOE KBAaHTOBOE YKCJIO) — KOHCTAHTHI pa3zeeHusl).

Z"(r)J{gz —7V(r)—r—ﬂz(r)=0. (6)
©"(6)+ctgd-©'(0) {y- m+y (S[;] ’ gﬁ cos 9)}@)(9) —0. )

3. YtoOBl pemMTh aHATUTUYECKH YypaBHEHHME (6) Mbl TNPUMEHHUM CHELHaTbHOE
npUOIIMKEHHE K IIEHTPOOESKHOMY MOTEHIMATY, @ UMEHHO MpH o I' <<1 moyioxxum
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1 Adg%e™
- = 2ar2 ©)
L-e")"

-—

o —2or
Jlenaem teneps 3ameny nepemennoit S =€ €[0,1] u BBOAS 0G03HAUEHUS

7(s)=1-s,0(s) = S(l—S),&(s):(a—%)s2 +bs—c

_1 & /D 2 & /D 2
T a2 T DT g g )
& P
c= 4052+40[2 Q-o0)°, (10)
MoJIy4aeM
ey, £(S) )
x'(s)+ ()Z() 9 x(s)=0. (12)

Pemas sto ypaBHenue metonom Hukudoposa-Ysaposa (HY) [5], Mbl HaxoauM sIBHBIN
BUJI PaJMaIbHBIX BOJTHOBBIX (yHKIM. OHHM BBIpaKalOTCs yepes moauHoMbl Sko6sr P (X)

l+\ C+a—

7.(8)=C s —s)2 " . pelealEb q_og) (12)
Bonnoseie dyHkiuu (12) y1oBAETBOPSIIOT cneglyfomeMy YCIOBHUIO HOPMUPOBKH
j|x (") dr——j| S s (13)

4. YrnoByro 4acThb (8) ypaBHEHUS KF takke permrum Metogom HY. Jlns storo ero
MpeJCTaBUM B BHjIe, aHaoruyHomy (11):

02+~ B o/(2)+ 2D o) -0, (14)
o(z) o*(2)
B KoTopoM Z =088, 7(2)=-22, o(2) =1-7° , () =—puz®—yBz+u’ —m’ —yp.
Pemenus ypapHenus (14), T.e. yrioBbie BoJHOBBIC (GYHKIIMH O(F) Takke BBIPAKAIOTCS
4epe3 MOJTHHOMBI SIKOOBI:
@N (Z) — CN (1_ Z)(B+C)/2 . (1+ Z)(B—C)/Z PI\EB+C,B—C) (Z) | (15)

rae N =1-B — nenoe uucno, | — “yrinosoii momeHt”, onpeaensemoit popmynoit g =1"('+1).
31ech NCIOJIB30BaHbl 0003HAUYEHUS

B=1/m++ﬂ'+“, c=, 2=l +gﬁ'—u’ u=y(m*+y8) 1B, (16)

5. VYuuteiBas teneps BeipaxkeHuu (5), (6), (11) u (15) HaxomuM SBHBIA BHUJA IOJHOMN
BOJIHOBOW (DYHKITUU pACCMAaTPUBAEMOU KBAHTOBON CHCTEMBbI

1
l//(r) = Cleme/Er (l— e—2ar)§+ c+a-b P(Z«/E,Z«/M) (l— Ze—Zar) .
n
r

-(1-c0s6)®*?(1+ cos 9) 2. plB+CEC) (cos G). (17)

BonnoBas gynxuus (17) ynoBneTBopsieT yCI0BHIO HAPMUPOBKH
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j w()fdr=1 (18)

[TpuBenem u opmyy 1iIst ypOBHEH SHEPTUU, COOTBETCTBYIOIINE BOJHOBBIM (pyHKIMAM (17)
2

2

@(1—0)—I'(I’+1)—1—n(n +1)—-2(n +1)\/1+I’(I'+l)+ D o’
a 2 4 a . (19)

M?—E? =4a?

(2n+1)+2\/1+l'(l’+1)+7Dza?‘
4 a

6. B nanHo# paboTe MBI MMOJIyYHJIA COOCTBEHHBIC 3HAYEHUSI YHEPTUU M COOTBETCTBYIOIINE UM
cOOCTBeHHbIE (YHKIMU Ui TPOU3BOJIBHBIX cocTostHUH |'#0 myrem  pemieHus
Moau¢unmpoBanHoro ypaBHeHuss KI' ams cymMMBl SKCHOHEHIIMAIBHOTO U KOJIBLIEBOTO
noteHuuana meronom HY. HccnenoBanue aHaIMTHYECKOrO pelIeHUs] MOAU(ULIIMPOBAHHOTO
ypaBHenus KI' jyist muHeHHON KOMOMHAIIMN IKCIIOHEHIIMAIFHOTO TIOTEHIINANIa ¥ TIOTCHIIHAlIa
KOJIIIEBOM (OpPMBI B paMKax KBAHTOBOM MEXaHUKH MOXKET CIIOCOOCTBOBATH MOJYYEHHIO
LIEHHBIX CBEJIEHUN O JAMHAMUKE B SJEPHOM, aTOMHOM M MOJIEKYJISAPHON (PU3MKE M OTKPHITh
HOBYIO OKHO Jyis OoJiee TiTy0OKOTO ucclieloBaHUs. TakuM o0pa3oMm, MMOJy4eHHbIE Pe3yJIbTaThl
MPEJCTaBISIIOT MHTEpPEC HE TOJbKO Juid (U3MKa-TEOpeTHKa, HO U Uil (U3UKa-
AKCIEPUMEHTATOPA, TOCKOJIbKY SIBJISIOTCS 00Jjiee OOIMIMMH.
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Xulasa

Eksponensial vo halga tipli potensiallarin comi olan qgeyri-moarkazi potensialin bagl
Hamapsl tgiin KQ tonliyinin hallorini tapdiq. Problemi holl etmok (¢iin markazdongagma
potensiali {igiin xtlisusi bir yaxinlagsmanan istifado etdik. Enerji spektri vo normallanmis dalga
funksiyasi yigcam formada verilir. Alinmis naticolor bagli sistemlorin  xassalorinin
dyranilmasindo tatbiglor tapa bilor.

Summary

We have found solutions of KG equation for bound states of a non-central potential,
which is the sum of potentials of exponential and ring type. To solve the problem, we used a
special approximation for the centrifugal potential. The energy spectrum and the normalized
wave function are presented in a compact form. The results obtained can find applications in
studying the properties of composite systems.
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WIGNER QUANTUM DISTRIBUTION FUNCTION FOR A SEMICONFINED
HARMONIC OSCILLATOR MODEL WITH A POSITION-DEPENDENT MASS
AND FREQUENCY IN AN EXTERNAL HOMOGENEOUS FIELD

D.Ph.M.S., professor, Nagiyev Sh. M., PHd.Amirova Sh. A.
Institute of Physics Ministry of Science and Education of Azerbaijan
shakir.m.nagiyev@gmail.com, shovgiyya@mail.ru.

Keywords: Harmonic oscillator; external homogeneous field; position-dependent
mass; Wigner distribution function.
PACS: 03.65.-w; 02.30. Hq; 03.65.Ge

The phase-space representation for a semiconfined harmonic oscillator model with the
position-dependent mass and frequency in an external homogeneous field is constructed in
terms of the Wigner function.

1.1t is known that one of the formulations of quantum mechanics is its formulation in
the phase space (see, for example, [1-3]). This formulation uses concepts that are common to
both quantum and classical mechanics. It makes it possible to describe the picture of quantum
phenomena using, as far as possible, the classical language. The main tools of the phase
formulation of quantum mechanics are quantum distribution functions.

Among the various quantum distributions functions that exist, the Wigner quantum
distribution function is well known. The Wigner quantum distribution function is expressed in
terms of the Schrédinger wave function ¥ (x, t) using the formula:

W(x,p,t) = ﬁf P*(x — x;, OY(x + %’, t)e PX/ dy,
1)

At present there exist a lot of papers with computation of the Wigner function of the
various quantum relativistic and nonrelativistic harmonic oscillator models [1-6].

In this paper we construct the Wigner quantum distribution function for a linear
oscillator model with a position-dependent mass and frequency in an external homogeneous
field [7].

2. Linear harmonic oscillator model with a position dependent mass M(x) = (z?:;’z d

frequency w = w, (1 + g) in an external uniform field V.. (x) = gx, where g is a force, is
described by the interaction potential

M(x)w?x?
V(x):{ 5 +gx, x+a>0, (2)
00, x+a<0o.
The wave functions of the model are expressed in terms of the Laguerre polynomials

An _ X
I (x) = ¢ (1 n E) o702 (143) 211 (2192 (1 + E)) n=012,..N, (3)

where A, =N, —n, N, = b2 —1—b&), b = Aea, & = doxo, Ay = /"‘;’l“’,xo = mg —. The
0

ow
corresponding to the wave functions (3) discrete energy spectrum has the form

E;fzhwo( —%)(n+%)— w2 n(n+1)—mL‘2’xg. (4)

2mya? 2
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3. For our calculations of the Wigner function, we will substitute expression (3) for the wave
function into the definition of the Wigner distribution function (1)

g _eg)? —2b2(1+f) x+a A 24p+1 2 x-y
W (p,x) ="2he a) | (1+3) -5 B (207 (1+22)) x

h —(x+a)
2ipy
x [Antt (sz (1 + xtTy)) e dy. (5)

n

Using the integral formula [8]

. B-1/2
[% @@ = x?)F W dx = Var(B) (5) " Jp-1/2(ad),Ref >0,  (6)
we can present functions W7 (p, x) in the form
g

W (p,x) = 3 Z-T(Ay + Db~2Ane=P 24 (p — ibd, )L™ (p + ibd,) X

Ap+1/2
X (b;_f) Jap+1/2 (277(17 + f)), (7
where ] (x) is the Bessel functionand p = 2b(b + &),m = p/Aph and & = Ayx.

4. From (7) we can extract the Wigner function of the ground state, which has the form

1 I'(249+1) (4b%(b+&) Ao+1/2 _
Wl () = 7= QAo + Dt B (0) 7 e (@ +9). (8

Taking into account that the Wigner function of the ground state (8) is exactly
computed in terms of the Bessel functions, then one can try to compute its analytical
expression for arbitrarily excited states n. After some calculations we obtain

n
1 I(b? — b& —n + k)
g — 2 _ — — -2b(b+§)
W' (pr2) = 3 (2b% = 2bdy = 2n = 1)e Zk_o KIT(2b% — 2b%, —2n+ k)

b2 (p+£) P b0 NAR=1/2 e e kg
X [T] Lok Fomen T (2b (b + b2 -bey-n+ic-1/2(21(b + £)).(9)

Thus, we have found an exact expression for the Wigner function of a quantum linear
harmonic oscillator with position dependent mass and frequency in an external uniform field
in the case of a semiconfined quantum parabolic well. Although the wave function of the
considered system is defined on the half-line(- a; o), integration in the definition of the
Wigner function is carried out in the finite region (- (x + a); x + a).
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Xulasa

Xarici bircins sahods yerloson koordinatdan asili kiitlali vo tezlikli yarimmahdud
harmonik ossilyator modeli ti¢tin faza tasviri Vigner funksiyasi vasitasilo qurulmusdur

Pe3rome

C wucnonb3oBanueM (QyHkuuu Burhnepa mnocTtpoeHo (a3zoBoe MPEACTABICHUE A
MOJIEJIH TIOJIYOTPAHUUYEHHOTO TaPMOHHYECKOTO OCHMJIISATOpPA C 3aBUCAIIMMU OT KOOPJIWHAT
Maccoi ¥ 4acTOTOM, HAXOAAIIErocsi BO BHEIIHEM OJJHOPOJIHOM II0JI€.

M3MEHEHUE ®OTOYYBCTBUTEJBHOCTU MOHOKPUCTAJIJIOB CdGazS4
B ITPOHECCE OCBELIEHUWA

Joy. Kaowipoznwt 3.
Hucmumym ¢pusuxu, baky,
e-mail: zafark@mail.ru

Kiawuesbie cioBa: CdGazSs, GoTonpoBoAMMOCTb, TIYOOKHE YPOBHU

Beenenne. Truoramiatr kagmust CdGazSs OTHOCHTCS K CITOKHBIM TTOJIYIIPOBOTHHKOBBIM
coemuuennsM AB,'"'C4Y!, kpucTammmsyercs B TeTparoHambHOW CTpyKType B mp. Ip. Si2. D10
XaJIbKOTIUPUTHAS sSYeiika, B KOTOpO# 1/4 4acTh KAaTHOHHBIX Y3JIOB IYyCTas, MPUYEM OTH Y3JIbI
(crexuomerpuueckue  mycToThl)  ymopsimoueHbl.  Coemumbenwe  CdGaxSs — sBisiercs
MEePCIIEKTUBHBIM MaTEPHAJIOB VIS MIOTYITPOBOIHUKOBOIO mprbopocTpoetus [1 - 3].

bnaromapst ciokHO# KpucTamindeckoil ctpykrype, B CdGaxSs Bcrpeuaercs 00JbIIoe
pazHooOpa3ue COOCTBEHHBIX JEPEKTOB. ODTO NPUBOAUT K HAJMYMI0O  OOraToro crekrpa
JIOKAJNbHBIX COCTOSIHMI B 3ampenieHHO 30He. Ha QopmupoBanue (oTosnekTpuyeckux u
JFOMHUHECHEHTHBIX CBOicTB CdGazSs, kKak W B JAPYrUX MOJYIPOBOJHUKOBBIX MAaTEPHATIOB
OKa3bIBAIOT BJIMSHHE TIyOokue HeHTphl. llenb HacTosmedn paboThl SBISETCS H3YUYECHUE
riyOOKuX [EeHTpOoB B MoHOKpucTaiax CdGazSs. MccnenoBaHo CrieKTpaabHOE paclpeaeiicHue
(OTOMPOBOIMMOCTH B 3aBUCUMOCTHU OT BPEMEHH OCBEIICHHUS.

JKCNEePUMEHTAIbHASL YacTb. MOHOKPHUCTAIIBI BBIPAIIMBATN W3 CHHTE3HPOBAHHOIO
coenunennss CdGarSs METOIOM Ta30TPAHCIOPTHBIX peakiuii. Ha 0CHOBaHWU PEHTIC€HOBCKUX
HCCIIEIOBAHMI OMpE/IeAIl MapaMeTphl JIeMEHTapHO! sueiiku: a = 5.555 + 0.001 A u ¢ =
10.190 + 0.001 A. OO6pasupl uMenu N-TUI MPOBOJUMOCTH M YIENbHOE COMPOTUBJICHHE B
TeMHOTe cocTaBisno pd > 10°Om e npu 300 K.

Pe3yabTaThl U UX 00cy:kaeHne. OOHAPYKEHO U MCCIETOBAHO 3aBUCSIIAs OT BPEMEHU
¢dboTompoBoAMMOCTh  ((DOTOAKTHUBALIMS) M OMpEAeTeH  CIEeKTpajbHBIA  COCTaB CBETAa,
BBI3bIBAIOIINI yBenmmueHue (orodyBcTBuTenbHOCTH B CAGa2S4. YeTaHOBICHO, YTO  (POTOTOK
pacTeT co BpeMEHEM Tpud  JHEPrusix KBaHTa Bo30yxkaaromero csera 2.6 = 3.2 5B, B
untepBane Ttemnepatyp 300 + 450 K. Cyrb oOHapyXeHHOTro SBIEHHs 3aKIOYaeTcs B
cienyromeM. [Ipu  onTuyeckoM  BO3OYKIEHUH  MPEABAPUTENTHHO  HEOCBEIICHHBIX
MOHOKPHUCTAJJIOB CTAI[MOHAPHBIM MOHOXPOMATHUYECKUM CBETOM IMOCTOSIHHOM MHTEHCHBHOCTH
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u3 obnactu sHepruit 2.6 + 3.2 3B GOTOTOK pacTeT W JOCTHraeT 3HaYUTEIbHOU BETMYMHBL, T.C.
B TIPOIIECCE OCBELICHHs 00pa3el 09yBCTBISIETCS.

420 nm
430 nn

100} 440 nn
450 mn
410 nmn
400 nn
390 mn
480 nn

Photocwmrent, nA

0 I i
0.1 10 100 1000 3600

Time, s
Puc.1. H3omepmuuecrkoe (T=300K) ysenuuenue cmayuonapnozo pomomoka co
eépemenem npu paziudHbIX ONUHAX 60JIH 6030Y)coalouie2o ceema.

Ha puc.l B mnomymorapupmuyeckoM macmitabe TpeACTaBiIeHa  KHHETHKA
nzotepmuuaeckoro (T=300K) yBenmuenus cranmoHapHOTO (POTOTOKA TPHU (PUKCHPOBAHHOM
JUTMHE BOJIHBI BO3Oyxkmaromero cBera | = lpn (t). [Ipu cHATHM STUX KpPUBBIX oOpaseln
BBIJCPKUBAJICS TEpe] KaKIbIM ONBITOM OJHH CYTKM B TEMHOTE. YBelW4YeHHe (POTOTOKa
MIPOMCXOIUT B TE€UEHHE yaca 1 0oJiee.

N3yueH criekTpalbHBIA COCTaB CBETa, BhI3bIBAIONINH yBenudeHue ¢otoroka. Ha puc.2
MPUBEACHO  CIEKTpaJibHOE  pacrpexaeneHue @orotoka mnpu  300K. Buano, uro
YyBCTBUTEJIHLHOCTh OXBAaThIBA€T 3HAYUTENbHYIO 00iacTh crnekTpa. B cmekTtpax ¢doToToka
Ha0mogaoTcss  0coOeHHOCTH mpu 3Heprusax 2.75 (A), 2.88 (B), 2.95 (C) u 3.1 3B ([I).
WNHTeHcuBHOCTh HAOIIOJAEMBIX OCOOCHHOCTEH! HEMOHOTOHHO BO3PACTaeT C YBEIMYEHUEM
BpeMEHHU BO30YXJEHHUA, T.e. aMIUIMTYAbl U TOJOXEHHS ATHX OCOOEHHOCTEH B cIeKTpax
(OoTOTOKA CHIIBHO 3aBUCUT OT BpeMeHH BO30yxaeHus. [locienHee CBUAETENbCTBYET O TOM,
YTO C YBEJIMYEHHUEM BPEMEHHU BO30YKIIEHHUS MPOUCXOJUT 3aroIHEHHE JIOKATbHBIX HEHTPOB.
Huszkosneprernueckne MakcumyMbl nipu 2.75 u 2.88 3B cnenyer cBsizaTh ¢ mepexoiaMu U3
rI1yOOKUX aKIENTOPHBIX YPOBHEH B C - 30HY.

2“ [ (1 —F5+F3
- B | - ['s 4T
=
= 15| !
E e+
= 10} — Ts5+Ty
g+
= 6¢tln
2
S
=

26 27 28 29 30 3.1 32

Photon Energy, eV

Puc.2.3asucumocms cnekmpaivnozo pacnpeodenenus CmayuoHapHozo homomoka om
epemenu npu T=300K:1-100c;2-500c; 3-1000c; 4-2000c;5-3600c. Ha
6cmaeske cxema OnmuuecKux nepexo0os é yenmpe 3onvl bpunnrwina CdGazSs.

s uaentudukanuu ocobenHocreit npu 2.95 u 3.1 3B B cniekTpax GpoTONPOBOAUMOCTH
CdGazSs obparumcst k 30HHON cTpyktype CdGazSs. CormacHo [3], MHUHHMaIbHBIC
MEK30HHBIE Tepexojbl Jokanu3oBaHsl B 1eHTpe [(000) 3ombr bpummosna CdGaxSs. B
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JMIIOJIBHOM TPUOJIIM)KEHUU BaJieHTHas 30Ha Qopmupyercs coctostHusaMu 13 + T4 u I,
pacHICIUICHHBIMU KPUCTAJUIMYECKUM TI0JIEM, a JTHO 30HBI MPOBOJMMOCTH - COCTOsIHHEM ['1,
paccTosiHUE MEX]ly KOTOPbIMU OIPENENIeTCs KpUCTAIIIMYECKUM paciuerienueM. [Ipu yuere
CIUH-OPOUTANBHOTO B3auMoOJCHCTBUS cocTostHue |2 mepexomaut B I'e + I'7, nByKpaTtHO
BBIPOX/JECHHBIN YpOBeHb [ '3+ ['4 BAJIGHTHOM 30HBI  paclueruigeTcss Ha ABa coctosauus: [+ [7
u I's+ I's. B pesynbrare BanentHas 30Ha B ['(000) cocrout u3 Tpex nmoa3oH ['e+ ['7, I's+ [,
I'e + I'7. Munumanbnbsie ontudeckue nepexoisl (I'e+ I'7— I's+ ') paBubr 2.96 3B npu 300
K u mpu 3.05 3B npu 77 K. Ontudeckue nepexoapl U3 HIKHEH BaJIEHTHOM 30HBI B 30HY
npoBogumoctu (I's + I's — I's + I's) mpu 77 K paBuel 3.23 3B. Buano, uto sHepreTuueckoe
paccTosiHue MEXIy MOAypOBHSIMU BajeHTHOU 30HBI ['s + ['7 u I's + I's mopsnka 0.18 >B. B
CHEKTpax (DOTOMPOBOJUMOCTH dHEPTEeTHUECKOE paccTosiHue Mexay ocodeHHocTsmu C u ]
nopsiaka 0.15 »B. IloaToMy MOXKHO TPEAINOJOXKUTH, YTO ITH OCOOEHHOCTH OOYCIOBIIECHBI
MEK30HHBIMH MIEPEXOAMU M3 BaJEHTHbIX MOJ30H [+ 17 m I's+ I's B 30HYy mpoBOAMMOCTH
I's+ I's (puc. 2, Ha BcTaBKe).

OO0HapyXeHO, 4TO IMOCJIE NMPEABAPUTEIHHOIO ONTHYECKOIO BO30YK/IEHUS M3ITy4YE€HHEM
CdGayS4 onpenieneHHOM JUTMHBI BOJHBI U3 00sacTu 2.6 + 3.2 3B Ha penakcanoHHBIX KPUBBIX
¢doToTOKA HaOMIOJAaeTCsl BCIbIIKa ()OTOTOKA HA JPYTUX JJIMHAX BOJH U3 obnactu 1.06 +~ 2.4
5B. 3HaueHuWs MakCMMyMma BCHUBIKH  (OTOTOKA 3aBUCUT OT JJIMHBI BOJIHBI M BPEMEHH
MIPEeIBAPUTENILHOTO BO30OYXKACHUSA, a TaKKe JJIUTEIBHOCTH TEMHOTHI MOCIE IMpeKpalleHus
MpeBapUTENIbHOTO BO30yXJeHus. IlocTpoeHa 3aBHCHUMOCTH TOKa, COOTBETCTBYIOIIAs
MaKCUMyMy BCIBIIIKH OT DJHEPrUM KBaHTa TMOACBETKH. CHEKTp MpeacTaBisieT coOoit
UPOKYI0 nosiocy B uHTepBane 1.06 +~ 2.4 3B ¢ makcumymoMm npu 1.45 3B. Otmernm, 4to
MEHSISl CTENEHb 3aCEIEHHOCTH ypoBHEN 1.06 + 2.4 5B, MOXHO ynpaBisiTh MEIJIEHHBIM POCTOM
(hOTOTIPOBOTUMOCTH.

3akJiiloueHue. YCTaHOBIEHO, uTo B oOmactu temmeparyp 300 + 450 K ¢oroTox B
CdGazSs mnpu sHeprusx KBaHTa BO30yKIamomero ceera u3 obmactu 2.6 ~ 3.2 3B co
BPEMEHEM yBelIn4YuBaeTcs. B crekTpax (oTompoBOIMMOCTH HAOIIOMAIOTCS 0COOCHHOCTH TIPH
sHeprusix 2.75; 2.88; 2.95 u 3.1 3B. Ocobennoctu 2.95 u 3.1 3B cBsizaHbl ¢ MEK30HHBIMHU
nepexogamMyu M3  BaJleHTHBIX MOJ30H I'e + I'7 u I's + I's B 300y mpoBogumoctu ['s + Is.
Oco6ennoctu npu 2.75 u 2.88 3B 00ycnoBIeHbI IEPEX01aMH U3 aKIIENTOPHBIX YPOBHEH HaJ
MOTOJIKOM BAJICHTHOM 30HBI B 30HY MPOBOAMMOCTH. [loka3aHo, 4TO aMIUIUTY bl ¥ TIOJIOKEHUS
MaKCHUMYMOB Ha KpUBBIX (DOTOTOKa CHJIBHO 3aBUCUT OT BPEMEHH OCBelleHus. Mcnomb3ys
cxemy omnrthyeckux mepexoaoB B mentpe I'(000) 3omsl Bpmmirosna CdGaxSs, mpoencHa
uaeHTU (UK HaOII0aeMbIX 0COOCHHOCTEH.

[Tocne npeaBapuTENbHOTO BO30YXKACHUS U3TYUCHUEM OIPEIEICHHON UIMHBI BOJIHBI U3
obmactu 2.6 + 3.2 3B Ha pelakcallMOHHBIX KPHUBBIX (POTOTOKA  HAOJIIOAETCS BCIIBIIITKA
¢dboTOTOKA HA IPYruX AIMHAX BOJH U3 obnactu 1.06 + 2.4 sB. MeHss cTeneHp 3aCelIeHHOCTH
ypoBHeit 1.06 + 2.4 3B, MOXHO yIpaBJIATh MEJIEHHBIM POCTOM (DOTOMTPOBOAUMOCTH.
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CdGazSs monokristallarmin fotokegiricilik  spektindo 2.75; 2.88; 2.95 u 3.1 eV
enerjilorindo xiisusiyyotlor miisahido edilmisdir. CdGazSs birlogsmosinin Brilliien zonasinin
moarkozinds I'(000) optik kegidlorin sxemindon istifado edorok miisahids olunan xiisusiyyatlor
identifikasiya edilmisdir.

Abstract

The spectra photoconductivity of CdGa,Ss single crystals exhibit features at energies of
2.75; 2.88; 2.95 u 3.1 eV. Using the scheme of optical transitions at the center I'(000) of the
Brillouin zone of CdGaxSs, the observed features are identified.

KOSIK KONUS SOKILLI PUTADAKI ORINTIDON DARTMAQLA
QIDALANDIRICININ TOTBIiQIi iLO BINAR BORK MOHLUL
MONOKRISTALLARININ ALINMASI (I11-MORHOLO)

f.r.e.d. prof. Qahramanov N.F, Mammadli L. A.
Baki Dovilat Universiteti

Acar sozlari: gidalandirici, kosilmozlik tonliyi, binar bork mohlul, monokristal
Key words: nutrient, continuity equation, binary solid solution, single crystal

Bork cisimlor elektronikasinin  miiasir saviyyasinds gevirici vo cihazlarin istehsali
zamani istifado olunan materiallar yarimkegirici maddalorin zaif vo ya qat1 bark mohlullari
bircins monokristal soklindo olmalidir.

Gibbsin fazalar qaydasindan aydindir Ki, binar bark mohlullarin kristallagsmas1 zamani
sistem divariant olur vo bu zaman bark vo maye fazanin temperaturlar1 eyni oldugda onlarin
torkibi muxtolif olur. Ona gors sabit torkibli kristal olds etmoak {igiin maye fazanin torkibinin
sabit galmasmi tomin etmok lazimdir. Bunu maye fazami uygun torkibli xalita ilo
qidalandirmaqla oldo etmok olar. Alinan bork fazanin monokristalliginin tomin  edilmasi
Uclin osas ¢atinlik monokristal 6zayinin olmamasi v kristallasma cabhosinds maye fazanin
ifrat soyumus halda olmasidir [1, 2]. Isdo Ge-Si bark mohlullar1 misalinda bu ¢atinliklorin
aradan qaldirilma yollar1 gostorilmisdir.

Qarsiya qoyulmus mosalonin hallinds kristallasma prosesi ii¢iin ikinci komponent
maddasi selinin kasilmozlik tonliyinin mixtslif baslangic va sorhod sortlori daxilinda
hollorinin arasdirilmasindan genis miqyasda istifade edilmisdir. Onu timumi sokilds yazaq:

C, (t)+ P(t)C, (t) =Q(t) M

V, (1) +kV, (1)
Vs (1)

Burada

V, (t) _C,(t)
V, () .0 ‘= C,(t)
2)

1, 2 vo 3 indekslori ilo uygun olaraq qidalandirict xslitoys, yetisdirilon Kristala vo putadaki
arintiys aid olan parametrlor isars edilmisdir; Cz - ikinci komponentin konsentrasiyasi, k -
ikinci komponentin birincido paylanma omsali, Vi(t) — t middstinds gidalandirict xalitanin
sorf olunmus hocmi, Va(t) - yetisdirilmis kristalin hacmi, V3(t) — t aninda putadaki arintinin

P(t) = Q)=
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hocmidir. Parametrlorin giymatlorini verilmis tacriiba soraitinds kristallasma rejimino uygun
sokilda ifado etmok lazimdir. Qizdirilma zamani temperatur sahasinin mono-kristal alinmasi
ticlin daha yararli olmasi baximindan kosik konus sokilli puta silindr sokilli putadan daha
istiin oldugu tiglin isdo Kosik konus sokilli putadan istifado edilmisdir. Qidalandiricinin
hondasi qurulusuna goldikds, o, ikinci komponentin konsentrasiyasinm oarintido sifirdan
baslayaraq tadricon artmagla doyma giymatine ¢atmasma imkan vermalidir. BUtiin hacmda
sabit torkibo malik olan xolitodon istifado etdikdo bu tolobi yerino yetirmok Ggun
qidalandiricinin baglangicini konus, davamini isa silindir soklinda se¢mok kifayatdir.

Isdo gidalandiric1 baslangici konus olan silindr soklinde gétiiriilmiisdiir. Kristallagsma
rejiminin sabitliyi baximindan yetisdirilon kristalin formasini qidalanduct xolito soklindo
se¢mok daha alverislidir. Onlarm en kasiklorinin sahasini eyni S;=S:=S, yerdoyisma slratlori
Umumi halda forglidir: 9; # 9,

Monokristalligi tomin etmok moqgsadi ilo proses iki marholods hoyata kegirilir. Birinci
morhoalo gidalandiric1 xalitanin konus hissasinin sarf olunma muddatini (t ) shato edir. Bu
morhoalo prosesds monokristalligin tamin edilmasi Gg¢lin nozards tutuldugundan onu olverisli
variantda hoyata kegirmok olar. Bu qidalandirict xalitonin va kristalin en kasiklorinin
sahalorinin vo yerdoyismo Suratlorinin eyni olmasi halidir [3].

Ikinci morholoda gidalandirici xalits silindr soklindodir vo bu moarholo gidalandiricinin
silindr hissasinin sarf olunma muddatini shato edir. Texnoloji baximdan kristalin da onunla
eyni diametrli silindr soklinds olmasi slverislidir. Onun radiusu r alverisli sokilds secildikda
kristal silindrinin radiusunu da r-o barabor gotirib prosesin sonuna godar sabit saxlamag
miimkiindiir. Bu halda kristallasma rejimi elo secilir ki, S$S;=S:=S wvo 9; <9, sorti
Odonilsin.

Secilmis sortlor daxilinds kasilmoazlik tonliyinin hoallindan ikinci morhoalo Ggtin  ikinci
komponentin konsentrasiyasinin doyismasi

G, _kSu(t—tl)_ Vion
C,(t) = ” {1 exp( v,0) kV3(O)J}’ t>t 3)

olar.
Hor iki pillodo almman hollori birlogdirsok, yetisdirilon monokristal boyunca ikinci
komponentin konsentrasiyasinin doyismosini belo alariq:

Vv

C,q1—exp ke L , 0<t<t,
V.(0)
C,(t)= (4)

C 11— exp| - Pt [y Vien t>t
' P V, (0) v,0) ) "

Ikinci komponentin konsentrasiyasmin yetisdirilmis monokristal boyunca (4)-don
hesablanmis doyismo qanununda C, (t) sifirdan baslayaraq todricon artir, ikinci komponentin
qidalandiricidaki qiymetino ¢atdiqdan sonra doyismoz qalir. C,-nin bu ciir doyisme qanunu

kristallagma cobhosinds ifrat soyumani aradan qaldirmaga imkan verir.
C, (t) —nin doyismo siiratini onun zamana gdro birinci tortib téromasi ilo gdstors
bilorik. (4)-don alariq:
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2
| « Vion ,3t3 exp(— t—sJ o<t<t
CZ (t) 4 V3 tl V (0 1
= 5)
C _
) ksv eXp( ksot—t,) | Vi, ] ot

|V (0), V;(0) V;(0)
9
. Ca(t) . L
Sakil 1-do -in t-don asililig1 verilmisdir.
1
Ca(t)
2
02 +
0,1
51 ll() t, saat
Sakil 1.

Gorundiiyt kimi bu asililiq sifirdan baslayaraq hamar ayri ilo artir, maksimumdan kegir
Vo yeno sifira yaxinlasir. Mohz bu ciir asililiq tacriibanin ugurlu alinmasmi tomin edir.
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Annomauus

B pa60Te MOJIY4YCHBI COBCPHICHHBIC MOHOKPHUCTAJIJIBL 6I/IHapHLIX COCIUHECHUMN TBEPAbIX
pacTBOPOB IIYTEM BTATHNBAHNUC U3 THUI'CIIS B (I)opMe YCCUCHHOI'O KOHYCA.

Summary

Ge-Si binary solid solution single crystals were obtained by drawing from a crucible in
the shape of a truncated cone.

POJIb HAIIOJTHUTEJISA HA TIPOYHOCTHBIE CBOMCTBA
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BUHAPHbBIX CUCTEM

Houy. Tacuesa M. /[c.
I'anoscunckuii 'ocyoapcmeennwtii Ynueepcumem

KiroueBble ciioBa - 3J1EKTPOM3OISIIMOHHBIE MaTEpUasbl, SIEKTPUUYECKUN MPOOO,
IIPOYHOCTh, CHHTETUYECKUN KaydyK

[IpoGnema 37EKTPUYECKON MPOYHOCTH (YCTOWYMBOCTH K TMPOOO0) IAMAIEKTPHKOB
OCTaeTcss Ba)XHOM Kak B HAayyHOM, TaKk M B TEXHHYECKOM OTHOIIEHHU. PazpaboTka
MEXaHHU3MOB 3JIEKTPUUECKOI0 pa3pyLIEeHUs A1l MHOTUX IIUPOKO HUCIIOJIb3YEMbIX Ha IIPAKTHKE
MaTepuajIoB He 3aBeplleHa. B yacTHoCTH, 10 CUX NOp 3HAUYUTENIbHBIM UHTEPEC MPEICTABISAET
MOJIyY€HUE HOBBIX 3JIEKTPOM3O0JIALIMOHHBIX MaTepHaioB HA OCHOBE MOJUMEP-TIONHMEpP H
BBISICHEHHE  IPHUPOJAbl  JUINTENbHOM  JJIEKTPUYECKOM  NPOYHOCTH WM KUHETUKHU
ANIEKTPUYECKOTO pa3pyILIeHHs MOJMMEPHBIX KOMIO3UIIMOHHBIX MaTepUaIOB.

Cpeny MOJUMEPHBIX MaTepUaloB, C TOUKU 3PEHUS TEXHUKH U (PU3UKHU, 3aCITyKUBAIOT
BHUMAaHHS KOMIIO3MIIMM Ha OCHOBE MOJMMEp-NOJIMMEpP, T.€. MOJUMEpP - THOJUMEpPHBIE
cucreMmbl. Co37JaHNE TAaKUX CHUCTEM SIBJISIETCSI aKTYaJIbHBIM TaKKe C TOYKU 3PEHUS] S3KOHOMHUH
MaTepUaJbHBIX M DSHEPreTUYECKHMX PECYpPCOB 3a CYET MHCIOJIb30BaHHUA BTOPUYHOIO
MIOJIMMEPHOTO CHIPhAL.

Jlis pemieHus BbIlIe yKa3aHHOM mpoOieMbl ObUIM CO3JaHbl OWHApHBIE CHUCTEMBI

MOJIIIPONIUIIEH — moJudTWieH Huszkod 1wiotHoctu (IIII-IIDHIIT), a Takke wux
MOJTU(PUIMPOBAHUE CHHTETHYCCKUM KaydykoM OTwieH — npomwieHoBeiM (CKOII-60)
3JIaCTOMEPOM.

B crartbe npuBeneHbI pe3yabTaThl SKCIIEPUMEHTAIBHBIX UccaeaoBannil BiusiHusA CKOII
JMacTOMepa Ha CWIOBYIO 3aBHCHMOCTb  AJIEKTPUYECKOW IPOYHOCTH  ONTHUMAIBHOU
komno3zunuu [IT:TIOHII=80:20.

Ha puc. 1 m 2 npuBeieHbl 3aBUCUMOCTH 1g7Tp OT 3IeKTpUYEeCKOM NpOOMBHON
HampspkeHHocTH £, cootBerctBeHHo, mis MO wu  BO  00pa3iioB  KOMIO3UIIUU
I[ILIT9HIT=80:20 ¢ paznuunbiMu coaepxkanussMu CKOII, moiydeHHbIX CMENIMBaHUEM B

POTOPHOM aucneprarope. 3aBUCUMOCTH lg Tp oT E Obuin CcHATHI npu Temmeparype 293 K.
[Toka3zano, 4yro 3aBucumoctu g 7¢ ot E mis oOpasuoB komnosunuu ¢ pazinaabivu HMC,

SBJIIOTCSL JIMHEHHBIMH, T.€. 3aBUCUMOCTH Ig 7 oT E BbIpaxaroTcs SKCHOHEHIHMAIbHON
dhopmysoii (1).
7. = Bexp(- fE) (1)

N3 rpadukoB crnemyer, uto ¢ usMmeHeHueM cojepxkanus CKOII mapamerp B He
MeHsieTcs, a u3Mensiercs kodpdunueHt [ . Kak M3BECTHO U3 KUHETUYECKOW KOHIEHIINH
aneKkTpudeckoro paspymenus [1,2,3], 3To CBHAETENbCTBYET O TOM, YTO DHEPrus aKTHBAIMH
npouecca 3iekrpudyeckoro paspymeHus komnosuiuu IIILEIIDHII+HCKOII  He mensercs,
OJIHAKO M3MeHsieTcs (pu3uueckasi CTPYKTypa, T.e. H3MEHEHHE AJIEKTPUYECKUX MPOYHOCTHBIX
CBOMCTB 00YCIIOBIICHO MOCIEAHUM (PAKTOPOM.

Kak BuzHO, u3 puc.l, n3MeHeHHe EKTPUUECKONW JOITOBEUYHOCTH Tg OT COJEpXKaHUsA
CKDII mis MO o0pa3na KOMIO3MIKMK HOCUT 3KCTpeMallbHbIM XapakTep, a a1 bO oOpasua
(puc.2) nmpu mansix cogepkanusax CKOII 7 He MeHnsiercs, a ¢ yBenuuenueM gonu CKOIIT 7,
B 00€HX CIydasiX yMEHbIIAeTCS.
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Puc.1. 3asucumocmu nozapugpma rnekmpuueckoit oonzoseunocmu MO oopazyos
KoMno3uyuii HIT:TI3HIT+CKIII, CMeUeHHbIX 6  pOmMOpHOM
oucnepeamope, Om 3INEKMPUYECKOU NPOOUBHON HANPANCEHHOCMU NPU
T=293K:

1- ucxoonwuii IHI:IIPHII=80:20; 2-IIII:II9HII+1 macc. % CKIII;

3-IHI:IIHIIA2 mace. % CKIII; 4-IITT:IIHII+3 mace. % CKIII;
S5-IIIT:IIHIT+5 mace. % CKIII; 6-ITITT:TIDHIT+8 macc. % CKIII;
7-ITIT:TIIDHIT+12 mace. % CKIII.

E, 10 B/m
1.6

0.8

0.4
1

OL——l —1 1 Y I I Y E—
2 4 6 8 10 12 14
Conepxanne CIIEK, Macc.%

Puc.3. 3asucumocmu snekmpuueckour npounocmu E MO (1) u bO (2) oopazyos
komnosuyuii INI:IIHIT=80:20 om codeprcanus CKIIL.

Jlns HarIsgHOCTH, Ha PHUC.3 MOKa3aHbl HM3MEHCHHS 3JIEKTPHUECKOM mpouyHocTH (E)
kommnosuiuu [IT:IT9HI1=80:20 B 3aBucumoctu ot conepkanuss CKOII st MO (kpuBas 1), u
BO (xpuBas 2) 06pa31oB, MOJy4EHHBIX B POTOPHOM JAUCIIEPraTope.

Buano, uto st MO oOpa3iia KOMITO3UIIMK B 3aBUCUMOCTH OT cojepkanus CKOII
cHayasia £ yBemMuuBaeTcs, NpOXOIUT Yepe3 MaKCUMyM Ipu 2 macc.%, 3aTeM YMEHbIIAETCs U
npu 12 macc.% CKOII 3Hauenune £ COOTBETCTBYET 3HAUEHMIO BEIMYMHBI £ IS KICXOAHOTO
MO TIII. A B ciydae 3akaneHHOTO, T.e. A1 bO oOpa3ma koMmo3unuu 3HaueHue E 110
cogepxanusa 4 wmacc.% CKDOII npaktuuecku He MEHSETCs, a 3aTéM C YBEJIMYEHUEM
conepxkanusa CKOII E ymensiiaercsa u npu 12 macc.% CKOII 3Hauenue £ COOTBETCTBYET
MPAaKTUYECKHU 3HAYCHUIO BeIuuuHbl £ miia ucxoanoro bO I1I1.

Takum 00pa3oMm, MOJTYYEHHBIE JKCIEPUMEHTANbHBIE PE3yIbTaThl MOKA3bIBAIOT, YTO
komnozuus IIITIIOHIIHCKOII B ciyyae 37€KTpUYECKOrO pa3pylIeHHs B COOTHOLIECHHUHU
KoMNOHEHTOB 80:20+2 mMacc.% B ciryyae MEUICHHO OXJIAXJIEHHOTO SIBJIETCS ONTHUMAJIbHOM.

N3menenne osnektpudeckoir mpoynoctd £ MO u BO o00pa3ioB KoMmo3unui
[MIT.IIOHI1=80:20 ¢ yBenuuenuem copaepkanust CKOII MOXHO OOBSACHHUTBH CIEIYIOIIUM
obpasom. ¥YBenmuenue E MO o0pa3noB kommosuiuu (puc.3, kpuBas 1), comeprkammx
Hebonpme go06aBku CKOII, cBsf3aHO ¢ TeMm, YTO OSTUJIEH -MPOMHICHOBBIA 3JacToMep
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BBICTYIIa€T B POJH CTPYKTypooOpa3oBaTels, 3aTpyAHAIONIETO pocT C(epoIuToB B
MIOJIMMEPHBIX KOMIIO3ULMSX, TaK KaK IOJUMEpPHI, B TOM YHCJIE MX KOMIIO3ULUU SIBISIOTCS
M30TPOIHBIMUA U MUKPOTETEPOr€HHBIMH, T.€. COJIEPKAT CHEPOIIUTHL..

[Ipu wanmmuuu snactomepa B MO oOpaszuax komnozunuu TITETIDHIT+HCKIIT pazmep
cheponutoB ymenwinaercsa. Buaumo amactomep CKOII nmpenMyiiecTBEHHO pacrojarasch B
MEXC(]EepOoTUTHOM  MPOCTPAHCTBE, NPENSATCTBYeT  OOpa30BaHUIO  MHKPOTPEIIMH |
MUKpOIYCTOT Ppa3JIMYHOIO pa3Mmepa. OTO MPUBOJUT K YBEIUYEHUIO OJHOPOJHOCTH
cepOIMTHON TIIJICHKH, U CIIOCOOCTBYET BO3PACTAHHUIO AJIEKTPUUYECKOW MPOYHOCTH, KaK U B
cllyyae MeXaHMuYecKoro paspyuienus . OnHako, no Mepe yBenuueHus coaepxkanus CKOII B
MO (UIMPOBAHHON KOMIIO3HIIMH, OJHOPOTHOCTH 00pa3lioB YXYALIAIOTCS, 3TO 00YCIOBJICHO,
B IIEpBYIO OuYepeab,  YBEIMYEHHEM pa3Mepa JAUCIEPCHON (Qa3bl, paccMaTpUBAEMBbIX
reTeporeHHbIX komMno3umuii [4,5]. 3 skcriepuMeHTaNbHbIX pe3ylnbTaToB (pHc.3) BUIHO, YTO
neictButensHo npu  Oonbiiux  cogepxkaHusx CKOII  anmexkrtpuueckass NpovyHOCTH E
MOAM(PUIMPOBAHHONW KOMIIO3UMIIMM yMEHbIIAETCs, YTO M mpeanoiaraigock. Kpome Toro,
ymenbiienne £ xommnozunuu TITL:TIOHII=80:20 ¢ Beicokum coaepxkanuem CKOIII moxer
OBITh CBSI3aHO C TE€M, 4YTO 3Ha4YeHWe FE paccMarpuBaeMmbix syactomepoB, T.e. CKOII,
HECKOJIBKO MEHbIIIE, YeM E TOJUIPOIHIeHa [6].

Takum o00pa3oM, OCHOBHOM MPUYMHOM W3MEHEHHUS JJIEKTPUYECKON NPOYHOCTH
komnozuiuu [IIL:TIOHIT=80:20 B 3aBucumoctu ot coaepxkanusa CKIII, apnserca nameHenue
ee (U3NYECKOM CTPYKTYyphbl, T.e. HU3MEHEHHE pa3MepoB CQEpOJUTOB U  CTENEHU
KPUCTAJIMYHOCTH B  TIOJUMEPHBIX KOMIIO3MIMSAX B 3aBHCHUMOCTH OT  COJAEp KaHHs
CUHTETHYECKOTO KayyyKa 3TUJIEH-TIPOIMIEHOBOTO 3JIaCTOMEDA.
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Summary

Among polymer materials, from the point of view of engineering and physics, polymer-
polymer-based compositions deserve attention, i.e. polymer - polymer systems. The creation
of such systems is also relevant from the point of view of saving material and energy
resources through the use of secondary polymeric materials. the main reason for the change in
the electrical strength of the PP composition: LDPE = 80: 20, depending on the content of the
SRE, is the change in its physical structure, i.e. change in the size of spherulites and degree of
crystallinity in polymer compositions depending on the content of synthetic rubber ethylene-
propylene elastomer.
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® MESON-EXCITED 4 BARYON g %" (T) COUPLING CONSTANT IN THE
THERMAL SOFT-WALL MODEL OF THE HOLOGRAPHIC QCD

Nasibova N.A.
Institute of Physics of Ministry of Science and Education
n.nesibli88@gmail.com

Keywords: AdS/CFT duality, soft-wall model, meson, excited baryon, coupling
constant.

Introduction. Recently, studying hadron properties at zero and finite temperatures
have become an important and interesting task in the theoretical physics realm. For this
purpose, several models were created, such as the QCD sum rule, the lattice QCD, and e.t.c.
One such a method is the holographic QCD model, which is based on gauge/gravity duality.
Gauge/gravity duality, or AdS/CFT (Anti-de-Sitter/Conformal Field Theory), is an approach
that relates two different theories: gravitational and gauge theory. AdS space-time is 5-
dimensional space, and in the bulk of this space-time is located the gravitational theory;
whereas, the boundary of this space-time is 4-dimensional Minkowsky space-time, and there
is a conformal theory or gauge theory. Since, an open string corresponds to the gauge theory
and, a closed string corresponds to the gravitational theory and there is a relation between
open and closed strings, this duality was assumed by Maldasena[1]. AdS/QCD soft is based
on this duality and has two model: soft- and hard-wall models, which is useful in calculation
of form factors, strong coupling constants, mass of of elementary particles, and etc. . To study
the coupling constants of hadrons allow getting a deeper knowladge of several physical
phenomena, such as phase transitions in nuclear matter, the evaluation of the early universe,
etc. In Refs. [2-7], the temperature dependence of form factors and coupling constants were
calculated and plotted at finite temperature. As a contunition of the works, the aim is to study
the temperature dependence of the meson-excited baryon coupling constant in the n=1 excited
state in the AdS/QCD thermal soft-wall model..
® meson-excited 4 baryon coupling at finite temperature. ® and p meson have the same
quantum number and the main difference between these meson is that p meson has isotriplet

and ® meson has isosinglet states. Therefore, the couplings of mesons obey the given relation:

gf,‘,)\,),’\}m = 39" By using general action for mesons and baryons and minimal Lagrangian

term between ® meson and A baryon it can be obtain g Q™ (T) is as following form [7]:

o)

dr . X
gOmmry =3 f — e DV, T) (Fl(L") r, TES (r, T) + E (r, T)ES™ (r, T))
0

here
Vo(r, T) = V2K2r3/2e=KiT*/2]1 (K2r?) is an w meson profile funcion, LL(K2r?) is
Laguarrel polinom, r is fifth tortise coordinate[6].
K%--r2

2.2
2T (n+1) 5 _Kpr® 2T (n+1) 3t
Fr,(r,T) = /ﬁk’%me 2 L4(Kfr?) and F},(r,T) = " K2rze 2z LL(K?r?)

r(n+2)
are profil functions of 4 baryon [7].
The expression ¢(z,T) = K?(T)r? is dilaton field, which is used to make integral
finite [2-4].
2

2 2 2
Where K7 = (1 + pr)k?, pr = (901(—:"' 5T1)T—+ 5T2( ; ) ’

12F? 12F?
N7-1 N7-1 . .
6r, = — , O0r, = ——— , N¢-is the quark flavour number, and F is the decay
1 N¢ 2 21\]}2r f

constant.

94


mailto:n.nesibli88@gmail.com

0.00 0.05 0.10 0.15 0.20 0.25

T(GsV)
FIG. 1. The temperature dependence of coupling constant gf‘?j"}m(r, T) for Ny =2
and F = 0.087 GeV for the excited state of baryon (n=1) respectively.
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FIG. 2. The temperature dependence of coupling constant gffj’jm(r, T) for Ny =3
and F = 0.1 GeV for the excited state of baryon (n=1) respectively.

Numerical result. The author has used MATEMATICA package for numerical

calculation and plotted temperature dependence graphs of gg’jgm (r, T) coupling. The author

presented the numerical results for the choice of parameters for two flavor Ny = 2, F = 87
MeV, three flavor N = 3 , F = 100 MeV. These sets of parameters were taken from [3-5]. In
Fig. 1 and Fig. 2 the
author considers these dependencies for the first excited state (n = 1) of the 4 baryons and
plot graphs for the different numbers of flavors and observes that all curves in the figures
converge at one temperature value.

Conclusion. The coupling constants of the » meson with excited 4 baryons within the
thermal soft-wall model of holographic QCD have been studied and observed that
with increasing temperature the value of these coupling constant decreases and becomes zero
at points close to the Hawking temperature.
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Xulasa

Holografik KXD-nin termal yumsaq divar modeli daxilindo ® mezonunun
hoyacanlanlagsmis A baryonlar ilo garsiligh tosir sabiti tadqiq edilmis vo miisahids edilmisdir
ki, temperaturun artmasi ilo bu birlosmoa sabitinin doyari azalir vo Hoking temperaturuna
yaxin noqtolorda sifir olur.

Pe3rome

Bpun n3ydeHbl KOHCTAHTHI CBSI3U M-ME30HA ¢ BO30YXIeHHBIMH A 6aproHaMy B paMKax
TEIUIOBOM MOJIENM MSTKUX cTeHOK rojorpaduueckoit KXJI, m Obuto oOGHapykeHO, 4TO ¢
POCTOM TEeMITepaTyphl 3HAUYCHHE ITUX KOHCTAHT CBSI3M YMEHBIIAETCS U 0Opamaercs B HyJIb B
TOYKaX, OJIM3KHUX K TeMrepaType XOKHHTa.

UZUN DALGALI YARIMKECIRICILORIN UDUCU GUZGU
KONSTRUKSIYALARININ TOTBIQi

Mustafayeva N. V.
Naxciwvan sahar, Tabii Ehtiyatlar Institutu

Acar sozlar: yarimkegirici, lazer, enerji,optik
KiroueBble ci10Ba: MOIYIPOBOIHHUK, JIa3ep, SHEPTHS, ONTUYECKHUI
Key words: semiconductor, laser, energy, optical

Elektron cihazlarda vo optoelektron texnologiyasinda yarimkegirici materiallar; optik
rabito, optik kecid, rejimin Kilidlonmasi, foton enerjisi giclondirms vo optik moahdudiyyat
kimi geyri-xatti optikada genis istifado olunur. Qeyri-xatti optika, yiksok intensivlikli isiq vo
materialin udulmasi, sinmasi,oks etdirma kimi optik xtsusiyystlori doyison mévzunu arasdirir.
Yarimkegiricilor boylk geyri-xatti hossaslia vo qisa zaman miiddatino malikdirlor. Qeyri-
xatti optik xususiyyatlorino goro cihazin qurulmasi yarimkegirici lazerlor ii¢iin uygundur.
Yarimkegirici lazerlorlo aparilan todgigatlar istanilon dalga uzunlugunda istehsal edils bilor va
ultra qisa impulslarla boyiik enerjilor buraxa bilar. [1]

Bu giin ultra siratli optik tatbiglori an ¢ox Oyronilon mdévzulardan biridir. Xususilo
yuksak siratli malumat 6turtilmasinin ultra siratli lazer texnologiyasi ila bu texnologiyaya
marag artirdi. Ultra siiratli lazer sistemlor zamanla holl olunan sistemlordon optik tezlik
metrologiyasindan , terahertz generasiyasindan , ikiqat foton vo CARS spektroskopiyasindan,
Koherent Anti-Stokes Raman Spektroskopiyasi vo mikroskopiya vo optika koherent
tomogqrafiya, tibb (g0z-lazer carrahiyyasi va stomatologiya) va sonayenin bir ¢ox sahalorinda
istifado olunur. Ultra qisa impulslar mithiim todqiqgatdir vo ¢oxlu totbiglora malikdir. Bu giin
qisa impulslu lazer sistemlori dalga boyu vo nabz genisliyindon asili olaraq tibbi vo sanaye
totbiglori Uglin asas todgigat sahaloridir. Ultra qisa impulslarin digor muhim tatbigi ylksok
siiratdir. Optik rabito sistemlari yiiksok tokrar surati ilo yuksak bit strati nobzi sistemloridir.

Ultra qisa impulslar miixtalif Usullarla istehsal edils bilor:
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a. Q-kdgurma,

b. Qazanc doayisdirms,

c. Tasirli sixilma

d. Mod kilidi

Bu tsullar arasindaki osas forq pulse genislikloridir. Rejim Kilidlomo texnikasinda
pikofemto saniys araliginda nobz eni istifado olunur. Rejim kilidli lazerlorin dalga uzunlugu
Vo nabz genigliyindon asili olaraq bir sira potensial totbiglor var. Lazerlords ultra strotli
impuls yaratmagq usuluna rejim kilidlomoa tisulu deyilir. Bu Gsulda zorbs middoti femtosaniys
ilo pikosaniys araligindadir. Bu proses zamani parazit modlar bas vero bilor, Bu iso
arzuolunmazdir. Bu vaziyyotin qarsisini almaq {iglin modlar kilidlonmalidir. Bu sokilda
isloyan lazerlor rejim kilidli lazerlor adlanir. Rejim kilidi omoliyyatinda, lazerin pik giicii
impulslar zamani maksimuma c¢atir. Bu proses yiiksok intensivlikli lazero geyri-xotti
elementin daxil edilmasi ilo oldo edilir. [2]

Adabiyyat

1.Babaoglu, M., Az Miktarda Azot Eklenmis Uzun Dalgaboylu Yiizey Isimas1 Yapan Lazer
Yapilar, Fizik Anabilim Dal1. 2011, Kilis 7 Aralik Universitesi: Gaziantep.

2.Spence, D.E., P.N. Kean, and W. Sibbett, 60-fsec pulse generation from a self- mode-locked
Ti sapphire laser. Optics Letters, 1991. 16: p. 42-44

Summary

The article provides information about the research conducted with semiconductor
lasers, how these lasers are produced at certain wavelengths, and in what dimensions they
release energy. In addition, it is discussed in which areas semiconductor lasers are mostly
used.

Pe3ome

B crarne IpeacTaBJICHA I/IH(bOpMaI_II/IH 00 HCCIICAOBAHUAX, IIPOBCACHHBIX C
IIOJIYIIPOBOAHHUKOBBIMH JIa3€paMHr, O TOM, KaK 3TH JIa3€Pbl IIPOU3BOAATCA Ha OIPCACIICHHBIX
JJIMHAX BOJIH U B KaKWX U3MECPCHUAX OHHU BBIACIIAIOT SHECPIUIO. KpOMe TOrO, 06CY)KI[3€TCH, B
KaKuX 007aCTIX qJame BCEro UCIOJb3YHOTCS IMMOJIYIIPOBOJHHUKOBBIC J1a3€PhI.

TERMOELEKTRIK SOYUDUCULARI VO ONLARDA TEMPERATURUN
MAKSIMAL AZALDILMASI PROBLEMI

Dos. imanov R.M., dos. ismaytlov E.X., Badalova F.M., Abbasov R.A.
Ganca Dovlat Universiteti

Acar sozlor: termoelektrik soyuduculari, termoelektrik hadisolori, soyuma effekti,
yarimkecirici material, termoelement

KiroueBnle ciioBa: TCPMOIJICKTPUICCKUC OXJIAUTCIIN, TCPMOIJICKTPUICCKUC ABJICHUS,
OXJIQXTAIOIINH 3P PEKT, MOTYIPOBOAHUKOBBIN MaTepual, TepMomapa.
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Termoelektrik soyuducular1 Peltye effekti adlanan termoelektrik hadisolorindon birino
osaslanmigdir. Bu hadisonin mogzi ondan ibaratdir ki, termociitdon sabit corayan buraxarkon,
onun bir lehim yerinds istilik ayrilir, digorinds iso udulur. ©gar qizdirilan lehim yeri istilik
Otiirlicti hesabina sabit temperaturda saxlanilarsa, onda ikinci lehim yeri soyuyacaqdir va
soyumaga moruz qalan hor hans1 obyektdon istilik almaq olar.

Peltye hadisesinin yiiz ildon ¢ox avval kosf olunmasina baxmayaraq , o son zamanlara
qodor praktiki totbiqini tapmamisdir. Bu onunla izah olunur ki, metallik termociitlorin kdmoyi
ilo aldo olunan soyuma effekti hoddon artiq az olur. 1910 — cu ildo alman alimi Altenkirx
termoelektrik soyuducularinin nazoriyyasini iglomisdir. Bu nozoriyys metallik termociitlorin
totbiq edilmosino osaslanmigsdir. O pessimist noticoys golmisdir ki, belo soyuducularin
praktiki ohomiyyati ola bilmaz.

Yarimkecirici materiallarin  texnologiyasinin islonilmasi vo todqigat oblastindaki
naticolorlo baglh islords doyisikliklor bas verdi.

Bu miivaffagiyyatlor 1950-ci ildo akademik A. F. loffeys imkan verdi ki, yarimkegirici
termoelementlorin energetik totbiqinin nozariyyasini hazirlasin va isbat etsin ki, termoelektrik
soyuducular miiasir soyuducu aqreqatlarla istiliyi vo istismar olverisliyi cohatdon roqaboto
gird bilor.[1]

Bu vaxtdan etibaron ke¢mis SSSR EA. AFTN-nin vo A.F.loffenin rohborliyi altinda
SSSR EA yarmmkegiricilor institunun omokdaslar1 torofindon termoelektrik soyuducularin
totbigi  baslanmisdir.[2] Hal-hazirda termoelektrik soyuducular1 artiq laboratoriya
corcivasindon ¢ixmis vo onlarin praktiki totbiglorinin bir sira imkanlar1 agilmisdir. Sokil 1-do
sxematik olaraq ardicil birlogdirilmis yarimkegirici termoelementlor batareyasi géstorilmisdir.

Termoelementdon sokildo gdstorilon istigamotdo coroyan buraxilan zaman lehim yeri 3-
do Peltye istiliyi ayrilacaqdir., lehim yeri 4-do iso udulacaqdir. Ogor Peltye istiliyi ayrilan
lehim yeri 3-do sabit To- temperaturda otraf miihitlo istilik miibadilosi hesabmna homin istilik
doyismoz saxlanilarsa, onda 4-lehim yeri elo T- temperaturuna qodor soyuyacaqdir ki,
Termoelementin budaqlari tizro vo straf mithitdon onlara golon istilik, onlarda udulan Peltye
istiliyini kompensasiya etmir.[3]

Termoelementdon coroyan buraxarkon “faydali effekt” coroyanla miitonasib olan,
udulan Peltye istiliyi — ilo yanas1 “zorarli effekt” — coroyanin kvadrati ilo miitonasib olan Coul
istiliyi do ayrilir. Hesablama gostorir ki, birinci yaxmlagmada Coul istiliyinin yaris1 soyuq
lehim yerinoa golir vo Peltye effekti hesabina alinan soyumani azaldir.[4]

Sifira borabor coroyanda hor iki effekt yox olur vo he¢ bir soyuma bas vermir. Digor
torofdon kifayot qodor boyiik coroyanda Coul istiliyi Peltye istiliyini 6tiir vo soyuma qizmaya
kecir. Ona gors do optimal coroyan movcuddur ki, bu zaman soyuma effekti maksimal olur

Bu coroyani tapmagq tigiin, lehim yerindo udulan Peltye istiliyinin vo ona golon Coul
istiliyinin cobri comi olan istiliyin ifadasini asagidaki kimi yazaq:

1
Q| Z_H1,2|+E|2R (1)

I1, , -Peltye omsalidir vo R- termoelementin miiqavimatidir.

S @
1 2
?,Svo S,,p va p, uygun olaraq onun budaqlarinin uzunlugu, en kesiyinin sahasi vo

xiisusi miiqavimatidir.
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Differensiallamaqla tapiriq ki, Qi — maksimuma corayanin asagidaki qiymotina catir:

I= . 3
=R 3)
o )

(Ql)rrax - 2R ( )

Sakil

(4)-don ¢ixir ki, termoelementin miigavimati no qodor az olarsa, onun soyuq lehim
yerinda udulan (Qi)max istilik miqdar1 da ¢ox olar, basqa s6zlo, soyuq vermasi do boyiik olar.
Buradan belos notico ¢ixarmaq olar ki, termoelementin budaqlarinin uzunlugunu azaltmagqla
vo ya en kasiyini artirmaqla, daha asagi temperatura nail olmaq olar. Hoqiqotdo iso bu diizgiin
deyil, belo ki, eyni zamanda homin 6l¢iido termoelementin istilikkegiriciliyini vo onun
budaglar1 lizro istilik seli artir. Hesablama gostorir ki, termoelementin hondoasi 6lgiilorindon,
daha doqiq budaqlar1 en kasiyinin uzunluguna nisbotindon onun optimal coroyan1 vo soyuq
torotmosi asilidir. Temperaturun maksimal asagi diismosi iso, tamamilo termoelementin
budaglarmin Peltye omsali xiisusi istilikkec¢irmasi va elektrikkegirmosi ilo toyin olunur.
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Pezrome

UeMm MeHbIIIE COMPOTHBICHHWE TEPMOMAphl, TeM OO0JbIlIe KOJUYECTBO MOTJIOIMIEHHOTO
teria  (QDmax B TOYKE XONOAHOM Tailku, JPYTMMH CIIOBaMH, TeM  OOIbIle
XOJIOAOTIPOU3BOIUTENBHOCTh. MOKHO clenaTh BBIBOJI, YTO 3a CUET YMEHBILIEHHUS JIUHBI
BETBEH TepMOIaphl WM YBEIWYCHHS CEUCHUS MOXKHO J0OUThCs 0oJiee HU3KOM TeMIepaTyphl.
B neiicTBUTENbHOCTH STO  HENpPaBHIBHO, TaK Kak MpPH OSTOM  YBEIUYUBACTCS
TETJIONPOBOJHOCTh TEPMOMAPbl OJHOTO pa3Mepa U TEIUIOBOM MOTOK Ha €€ OTBETBJICHUSX.
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Pacuer mnoxka3piBaeT, 4YTO €€ ONTUMAJIbHBI TOK M XOJIOJOTEHEpAIlUsi 3aBUCIT OT
FEOMETPUUECKUX Pa3MEpOB TEPMOIApbl, TOYHEE OT OTHOIICHUS €€ BETBEH K JUIMHE ee
MOIMEPEYHOro ceueHus. MakcuManabHOE IMaJICHUE TEeMIIepaTyphl MOJHOCTBIO OIMpeaessieTcs
0c000i1 TEIIONPOBOJHOCTHIO U AIIEKTPOIPOBOJHOCTHIO BETBEH TEPMOTIAPHI.

Summary

The lower the resistance of the thermocouple, the greater the amount of heat absorbed
(QDmax at the cold solder point, in other words, the greater the cold output. It can be
concluded that by reducing the length of the branches of the thermocouple or increasing the
cross-section, a lower temperature can be achieved. In reality, this is not correct, because at
the same time, the thermal conductivity of the thermocouple of the same size and the heat
flow on its branches increase. The calculation shows that its optimal current and cold
generation depend on the geometric dimensions of the thermocouple, more precisely on the
ratio of its branches to the length of its cross section. The maximum temperature drop is
completely determined by the special thermal conductivity and electrical conductivity of the
thermocouple branches.

GUNOS CEVIRICILORI UCUN ANODDA OKSIDLOSM®O USULU ILO
ALINAN TiO, NAZIK TOBOQOLORI

Abdullayeva S. H. , Eyvazli R.V., f.e.d Eminov §.0.
Azarbaycan Respublikasi Elm va Tahsil Nazirliyi Fizika Institutu
e-mail: samireabdullayeval81@gmail.com

Acar sozlar: Gilnos elementlor, nanostrukturlar, nanoborular, titan dioksid, 1TO
Keywords: Solar cells, nanostructures, nanotubes, titanium dioxide, thin films, ITO

KiroueBble ¢j10Ba:HAHOCTPYKTYpbI, HAHOTPYOKH, TUOKCH/I TUTAHA, TOHKUE IJICHKH,
ITO.

Son onilliklar arzinds insan shalisinin siratlo artimi vos Sonayenin inkisafi diinyada
otraf mihitin ¢irklonmoasina va enerji talobatinin koskin artmasina sabab olmusdur . ©nanovi
enerji manboloari bu taloblori tam tomin eds bilmoz. Bels vaziyyat alimlari otraf mihito manfi
tasirlori minimuma endirmak Uglin alternativ borpa olunan yasil enerji monbalorinin axtarigina
vadar edir. Boyaya hossas glinos elementi olan Gretzel giinas elementlori TiO2 kimi isiga
hossas genis zolagli va nanodlcili masamsli oksid yarmmkegiricilorindon istifado edon
fotoelektrokimyovi elementdir. Sokill-do gostorildiyi kimi,bu elementlor iki elektroddan va
yod torkibli elektrolitdon ibaratdirr [1]. Elektrodlardan biri soffaf elektrik kecirici InSnO
(ITO) tabagali siisa althgm tizorindo yerlosdirilmis boya ilo doydurulmus yiiksok doracodo
mosamoli (10*° cm?) titan dioksid laymdan (TiO2) ibarot olub Siiso/ITO/TiO, strukturuna
malikdir. Digor elektrod iso Siiso/ITO strukturlu 16vhadir vo ona oks “Oks elektrod” da
deyilir. Boazon onun Uzarina soffaf nazik Pt tobagosini do ¢okirlor. Bu clr glinas elementinda
boya maddasi glines isigmin fotonlarini uda bilir vo TiOz hassaslasdirici rolunu oynayir.
Boya materiali qisminda ¢igok logaklorinds do mdvcud olan Rhodamine B maddasindan va
ya onu oxsar materiallardan istifado olunur. Elementdoki ¢evirmo prosesi elektrolitdo
oksidlogmo-borpa reaksiya istifads olundugundan fotosintezlo oxsarligi var.
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Sakil 1. Gretzel elementin qurulusu

Gretzel elementlori giinos enerjisini  xarici dovrodon kegon elektrik coroyanina
cevrilmosi asagidaki prinsiplo bas verir. Glinas isig1, mosamolori boya ilo doydurulmus
S/ITO/TiO2 elektroddan elements daxil olur vo boya materialinda udulur. Boya
molekullarindaki elektronlar Giinos enerjisinin hesabma hoayocanlanaragq 107 san orzinda
asas vaziyyatdon hoyacanlasmis voziyysto kegir vo TiO2-nin kegirici zolagina daxil olur.
Daha sonra onlar TiO> toboagasi boyunca diffuziya edarak, siiso elektroduna gatir vo konar
nagil dovrasi (yuklonms, enerji istehlakgisi) vasitasilo ikinci S/ITO elektroda qayidir. Hor
bir boya molekulu bir elektronun itirilmasi ilo oksidlosir. Boya molekulu yodid ionundan bir
elektron alaraq ilkin vaziyystino gayidir vo ionu molekula cevirir. Bu molekul 6z
ndvbasinds oks (ikinci) elektroda (S/ITO) torof diffuziya edir, ondan elektron alir va yenidon
yodid ionuna cevrilir. Gretzel gunss elementlorinin  enerjinin gevrilmo samaraliliyi hal-
hazirda 10%-dir va halo Si glinos batareyalarmin saviyyasina catmamisdir. Nozari cahatdon
onu 33% soviyyasino ¢atdrmaq miimkiindiir. Toadgigatimizin asas moqgsadi  Glinas
elementlorinin yaradilmas: iiciin yararl xassoloro malik kegirici vo optik cohotco soffaf ITO
laylarinin habelo anodda oksidlosma yolu ilo alinan nanoborulu TiO2 nazik tabagslorinin
alinma metodikasimnln islonilmasidir.

TODQIQAT METODU VO NOTICOLORIN MUZAKIROSI

[Ikin moarhalodo 3x5sm 6lglide vo 2 mm qalinhiginda mikroskop siiso l6vholori tizorindo
vakuumda maqnetron tozlandirma tisulu ilo ovvolco elektrik kegirici vo optik cohotco
soffaf,200 nm galinliginda ITO tabagasinin va onun Uzarins isa 300 nm galinliginda titan (T1)
tobogosi ¢Okdiiriilmiisdiir. Almmis Stiso/ITO/Titan strukturunun Ti toboagasinin  anodda
oksidlogsmo prosesi iki elektrodlu elektrokimyoavi 6zokds aparilmisdir. Kémokgi elektrod
gismindo platin spiralindan, is¢i elektrod gqismindo iso Siiso-ITO- Ti qurulusundan
I6vhasindoan istifads edilmisdir [2]. Oksidlosma prosesi 0.75% (kiitlo%) NH4F vo torkibinda
2% H>0 olan etilenglikol torkibli elektrolits 40V sabit gorginlikli potensiostatik rejimds, 5-
15°C temperatur intervalinda 1 saat orzinde aparilmisdir. Bunun noticesinds sintez edilmis
TiO2 laymin amorf qurulusunun kristallik fazaya modifikasiyasi mogsadilo niimunalor hava
miihitinds mufel sobasinda 450- 500°C-do 1-2 saat miiddotinds termiki islonilmisdir. Almmis
TiO> tabagalorinin sath morfologiyasi(sokil 2) skanedici elektron mikroskopu (SEM) vasitasi
ilo, kristallik qurulusu  Bruker D8 Advanced (CuKoa, 2=0,154 nm) difraktometrinda, optik
buraxma spektri Specord 210 spektrometr vasitasilo todqiq olunmusdur [3].

Y Ga3d A
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Sakil 3. Optik buraxma spektri Sakil 4. ITO/TiOz strukturunun rentgen
difraktogrammasz

Sakzl 5. Almml§ giinag elementlari va fotocarayan 6lgmalari

Sokil 2-don goriindiityii  kimi sintez edilmis TiO> tobogosi diametrli 40-45 nm va
uzunlugu 1 mkm olan va six gablagdirilmis borulardan togkil olunub. Tobage, 360- 900 nm
optik diapazonda 70-80% soffafdir , UV bolgasinds (360 nm-don qisa dalgalarda) isigin
gicli udulmasini niimayis etdirir vo 3 eV —luk gadagan olunmus zonaya malikdir(Sakil 3).
Rentgen diffraktoqramda (Sokil 4) 26= 25.5°, 37°, 48°, vo 54.1°-do yerloson piklarin
moveud olmasi hagigoton do anataz fazasinda olan TiO»- nin sintez oldugunu tosdiq edir.

Almmug Siiso-1TO-TiO2 va Siiso-ITO qurulusuna malik niimunalor ssasinda Gretzel
elementi hazirlanmisdir. Loévhlorin konarlar1 boyunca  indium kontaktlari lehimlonmus,
I6vhalor arasindaki nahiyays sprits vasitosili yod torkibli elektrolit daxil edildikdon sonra
onlarin konarlar1 perimetr boyunca hermetik materialla izoledilmisdir. vo Ultrabonovsayi is1g
monbayi vasitasilo onun fotohassashigs 6l¢iilsmiisdiir. Sokil 5-don goriindiiyii kimi, isiqlanma
soraitindo fotocoroyan 0,4 mA godor yiksalir. Todgigat noticasinds alinmis 16vho Gilinog
ceviricilori vasitasi kimi yararli oldugu miioyyan olunmusdur.
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Abstract.

Nowadays, it is very important to create and develop a new generation of solar energy
converters as an alternative energy source. For this, the use of nanostructured titanium dioxide
semiconductor material with photocatalytic properties is considered promising because it is a
relatively cheap material and does not require complex equipment for its production.
Therefore, in recent years, the development of TiO2 synthesis methods and the study of its
physical properties have been intensively carried out. The article deals with obtaining thin
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layers of TiO2 by oxidation at the anode and preparing structures suitable for solar cells based
on them.

Abcmpakm

B nocnenane rosipl 04eHb BaKHO CO3[aHME W Pa3BUTHE HOBOTO TTOKOJICHHUS COJTHEYHBIX
3JIEMEHTOB . Jus 3TOTO NEePCIEKTUBHBIM CUHTAeTCs WCTIOJIb30BaHHE
HAHOCTPYKTYPUPOBAHHOTO TIOJIYIIPOBOJIHUKOBOrO MaTepuaia jauokcuaa tutana (TiO2) c
(OTOKATATUTHYECKIMH CBOMCTBAMH, IOCKOJBKY OH SIBIISIETCS OTHOCHUTENBHO JEIIEBBIM
MaTepualioM H He TpeOyeT CII0XXKHOro o0opydoBaHHMsS Asl HpousBojacTBa. [losTomy B
MOCJICJIHAE TOJIbI MHTCHCHBHO BeleTcsi pa3paboTka MeTooB cuHTe3a 1102 U u3ydeHue ero
¢du3ruecKux CBOWCTB. B craThe paccMaTpuBalOTCS BOMPOCHI MOJTydeHHS TOHKUX cioeB 1102
MyTeM OKHCICHHsS Ha aHOJE M HW3TOTOBJICHHS HAa WX OCHOBE CTPYKTYp, MPHUTOTHBIX IS
COJTHEYHBIX 3JIEMEHTOB.

N3MEHEHUE BEJIMYUHBI DJIEKTPOEMKOCTHU KOMITIO3UTOB HA OCHOBE
BEHTOHUTA U MOIU®ULINPOBAHHBIX MATHUTHBIX YACTUII-
®EPPUTOB B 3ABUCUMOCTHU OT ITOCTOAHHOI'O HAIIPSAKEHU A

HUmanosa C. P.
I'anoxncunckui I'ocyoapcmeennwiii Yynueepcumem

KitoueBble cJjioBa: sieKTpuyeckass €MKOCTb, HANpsOHKEHUS, MOAU(PHUIMPOBAHHBIE
MarduTHBIC YaCTUIbI, AUIJICKTPUYICCKAA IPOHULIAEMOCTD.

Acar sOzlar: elektrik tutumu, gorginlik, modifikasiya edilmis maqnit hissaciklori,
dielektrik nefuzlugu.

Keywords: electric capacitance, voltages, modified magnetic particles, permittivity.

BoisiBneHuss MexaHM3MOB BJMSHHUS TOCTOSHHOTO HANpSOKEHHUsT Ha  BEIHYUHY
ANEKTPOEMKOCTH MaTepuaioB (cpel) TpeOyroTCs TOTOJHUTEIbHBIC HCCienoBanus. Jlms
JOCTOBEPHOCTH MOJIYYEHHBIX PE3YJIbTATOB MCCIIEAOBAHbI, CIEAYIOIINE 00pa3ibl: KOMIO3UTHI
Ha OCHOBE OEHTOHHMTA U MAarHUTHBIX MUKPOYACTHUIL (OTOXKEHHBIN CUICPUT).
MonudunrpoBanre KOMIOHEHTOB ObUTH MTPOBEJCHBI CIIEIYIOIIUM 00pa3oMm:

1) BeHTOHUT B OmpeeIeHHbIM KOJUYECTBE ObLI MOaubHIMpoBan npu obopore, 6000

00/muH B TeueHue 30MUHYT.

2) ®eppuTOBbBIC YACTHUIIBI ObLTH MOAUDHUIIMPOBAHBI B IBYX PEKUMAX:

a) 3000 06/mun (M1) B Teuenue 10 munyr u 6) 6000 06/mMun (M2)

MoaudunupoBanre KOMIIOHEHTOB ObUI MPOM3BEACH B IJIAHETAPHOW MEIbHUIE THIA
FRITSCH. Ilyrem cMemmuBaHHEe MOPOUIKOB KOMIIOHEHTOB OBUIM CIIPECCOBAHBI JIUCKU C
pa3IMYHBIM COCTaBOM M pasMmepaMu: anuHa 16MM, nuamerp 7M. KommosuTel, Obun
MOJIyYeHbl M3 TOMOTE€HHOM CMeCH KOMIIOHEHTOB MyTEM TOPSYEro MPECCOBAHUS MPHU
temreparype 140°C u npaBnenum 15 MPa. Ha Bcex oOpasumax ObLTHM HCCIEIOBAHBI
3aBUCHUMOCTH €MKOCTH, 3JIEKTPOMPOBOJHOCTH OT IMOCTOSIHHOTO HampshkeHus. V3mepeHus
UCCIIEeTyeMbIX MTapaMeTpoB MpOBeAeHbI Mpu KoMHaTHOU TemmepaType (T =293 K).

W3 ananuza sKciepuMEHTANBHBIX PE3yAbTaTOB, MPUBEACHHBIX Ha puc. 1—4, BHISIBICHO
OCOOCHHOCTH  3aBUCHUMOCTH  DIIEKTPUYECKOW EMKOCTHM OT BEJIMYHUHBI IOCTOSIHHOTO
HaMPSKEHUS.

Wtak, He 3aBUCMMO OT CHOCOOOB MPUTOTOBIICHHUS JUIS BCEX HCCIEIYyeMBIX 00pa3IoB
XapaKTepHBIM sIBJIIETCS Hanmuuue Tuctepesuca Ha kpuBbix C=f(U). Jns xkommo3utoB Ha
OCHOBE OCHTOHHMTA M MAarHUTHBIX YACTHII, a TAK)KE YUCTOTO OeHTOHHTA 3aBUcHMOCTh C=f(U)
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HOCHUT CJIOXKHBIM XapakTep, a UMEHHO, C POCTOM BEIMYHHBI MPHUIOKEHHOTO MOCTOSHHOTO
HaNPsHKEHUS dJIEKTPOEMKOCTh pacTeT, (puc.l - 3 obmacts 1) mocTuraer MakcuMyma, a 3aTem
JaJIbHENIIIEM POCTOM IIOCTOSIHHOT'O HAaIpsKEHUsl yMeHbIaercs ( puc.1- 3 obnacts 2).
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Crnenyer MOmYepKHYThb, YTO B JIMTEpAType CYIIECTBYIOT paboThl [2 €.554-556], B
KOTOPBIX BBOJATCS TMOHATHE O HAJIMYUE TOTCHIUAIBHBIX $SIM TpPH KOHTAKT€ METall-
nosynipoBoHUK  (Oapeep  IIIOTTKM), TOJYNPOBOJHUK-  TOJYNIPOBOJIHHUK,  OKCHIAX,
HaITOJHUTEIb-MaTpUIla (KOMITO3HUTHI) U ap. [1 C. 554-556]. Tak, Hanpumep, BOJIbT-(apaaHas
xapaktepuctrka (BOX) B HenuHelHbIX pesuctopax [3 €.237-240] (Bapucrtopax) Ha OCHOBE
ZnO oOBsCHAETCS HAIWYMEM B HHUX TOTCHIHAIBbHBIX OaphepoB (sIM) ¥ BBIBEICHA
TeopeTrueckas popMysa 3aBUCUMOCTH EMKOCTH OT oTHoteHus U/@o.

2
(© =3l [+ 2@ -1} @

rae Co —ucxonnas emkocth (D), po-BrIcOTa MOTEHIIMANBHOTO Oaprepa (B), U-BHeniHee mose
(B).

N3 dopmynsr (2) BumHO, yto otHouieHne C/Co 3aBucuT oT cootHomienus U/o o, a
uMeHHo, coryiacHo npu U < 4 ¢ o emMKkocTh HaumHaeT pactu, a npu U > 4 ¢ o eMKOCTh
ymenbmiaercs. UWcmonb3ys ¢opmyny (2), HaMH TpOBEAEH pacyeT TeopETHUECKOM
3aBUCHMOCTH €MKOCTH OT BENWYMHBI BHemrHero mouisa. [Ipu sToM paccMarpuBaeTcs ABa
BapuanTa otHomenust U/Uo: a) U <4 ¢o; 6)U>4oo.

Hns teopernueckoro pacuyera C/Co ucnosib3oBaHa mnporpamma C++. PesynbraThl
pacueToB mpuBeleHbl Ha pucyHke 4 (a, 6). U3 puc.4 (a) BumHo, uto npu U < 4 ¢ o
ANEKTPOEMKOCTh pacTeT W jocTturaeT makcumyma (¢ 0=0,05; 0,1; 0,2) (puc.5,a). C
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JTAIbHEHIIMM POCTOM BEJIIMYMHBI BHELIHErO IMOJsi €MKOCTh YyMeHblaercs (puc.4,0).
3aBHCHMOCTH JIEKTPOEMKOCTH OT noctosiHaoro Hanpspkenusi C=f(U) B unctom OGeHTOHHMTE,
KOMIIO3UTaX MOXXHO OOBSICHUTH CIEAYIOIMM oOpa3om: 1) HabmOmaeMblii pOCT €MKOCTH
o6macth (1) B HUX XOPOIIO COTIIACYETCs C TeOpeTUIecKuM pacueToM (puc 4. a, obmacts 1). B
9TOi oOmactu BeIONHSETCH ycaoBue U< 4 ¢ o (B pacuerax ¢ 0=0,05). 2) YMeHblieHue
eMKOCTH (o0sacTh 2) B 3THX ke oOpa3uax ¢ pOCTOM IOCTOSIHHOTO HamlpsKEHUs TakkKe
XOPOIIIO COTJIACYETCsl ¢ TEOPETHYECKUMH pacyeTaMu eMKocTu mo ¢opmyne 1. (puc 5. 0,
obmnactp 2). [[pyrumu cioBaMu B 3TOi 007acTH BBITIONHSETCS yeioBue U>4 o o.

1.0025 -

C.F

1.0015 4 H

1.0010 4

C.F
@

1.0006 -

" : L b
1,0 1
0,0 0,2 0.4 0.6 0,8 1,0
u, v

a
Pucyno:c 4. Teopemuttecmu? pacuem 3asucumocmu JJieKmpoemKkocmu om noOCmoOaAHH020

nanpaxcenusn a)-npu U <4 9o (1- 90=0,05; ¢ 0=0,1; ¢ 0=0,2); 6)- npu U >4 ¢y

AHau3 TOJyYEHHBIX AaHHBIX TMO3BOJISIOT CAENaTh BBIBOJ O TOM, YTO 3aBHCHMOCTH
C=f(U) st OCHTOHHTOBBIX OOpa3lOB MOKET OBITh YCIENIHO WCIIOJb30BaH B
MHKPODJICKTPOHHUKE, JJIEKTPOTEXHUKE W T.OI., @ UMEHHO, MOTYT OBbITh CO31aHBl €MKOCTH,
COTIPOTHMBJICHHSI TApaMETPhl, KOTOPHIX MOTYT OBITh H3MEHECHBI B HIMPOKOM JHAna3oHe
HAIpPsHKEHMS.
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Xulasa

Mogalods Sabit gorginlikdon asili olaraq bentonit vo modifikasiya edimis maqgnit ferrit
hissaciklori osasinda kompozitlorin elektrik tutumunun qiymotinin doyigsmosi dyronilmisdir.
Elektrik tutumunun birbasa gorginlikdon asililiginin sababi onlarda potensial ¢oparin olmasi
va elektrik keciriciliyinin (o) totbiq olunan gorginlikdon asililigi ola bilor. Tadqiq olunan
niimunslordo tobiotindon vo istehsalindan asili olmayaraq, elektrik tutumunun birbasa
gorginliyin qiymatindon asililig1 askar edilmisdir.
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Summary

The paper studied the change in the electrical capacity of a pure bentonite sample
based on bentonite and modified magnetic ferrite particles depending on the constant
voltage. The reason for the dependence of capacitance on direct voltage may be the presence
of potential barriers in them and the dependence of electrical conductivity (o) on the applied
voltage. Regardless of the nature and manufacture in the studied samples, a dependence of
the electrical capacity on the value of the direct voltage was found.

AHM30TPOIUS DJEKTPUYECKHUX CBOMCTB SKCTPYJIUPOBAHHBIX
OBPA3ILOB BiogsSho1s OBJIYUEHHBIX C I'AMMA PAJTUALIUSAMU
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SFanoncunckuii F'ocyoapcmeennwvlii Ynueepcumem
e-mail: mail tagiyev@mail.ru

KuroueBble cj10Ba: SKCTPy3usi, aHU30TPOIIHS, OTXKHUT, 00TydeHus, 1e(EKTHl.

Co3lanue TEXHOJIOTHMH HOBBIX BBICOKOA()()EKTUBHBIX PaJHAMOHHBIX MaTepUAIOB WU
npuOOpOB Ha HX OCHOBE PabOTAIOIIUX B JKCTPEMAlbHBIX YCIOBHUSX, WM BBEACHUU B
MaTepuai ¢ MOMOIIBIO PAAUALIMOHHOTO BO3JICHCTBHS CTPOTO KOHTPOJIUPYEMOTO KOJTMYECTBA U
TAMA CTAaOWIBHBIX Je(PeKTOB, TOBBIMIAIMKUX APGHEKTUBHOCTh W  HANICKHOCTh ITHX
MaTepHaJIOB SIBJISETCSA aKTyaJlbHOM 3a7aueii COBpEMEHHOTO MaTepHUaIOBeICHUsI.

Hcnonp3oBanre aHU30TPOMHBIX TepMOdaeMeHTOB (ATD) mnsg u3MepeHusi TErIoBOTO
MOTOKa  HAalUIM  JOCTaTOYHO  LIMPOKOE  NpUMEHeHue. MexaHM4ecku  MpPOYHbIE
IKCTPYAUPOBAHHBIC 00pa3ibl TBEPABIX PaCTBOPOB cucteM Bi-Sb sBistorcs mepcrnekTuBHBIM
Marepuaiom s co3ganus ATD B cocTaBe pa3IMUHbIX AIEKTPOHHBIX TIPprOOPoB [1].

C uenpio u3y4eHHUsS BIUSHUSA raMMma KBaHTOB B Pa3lIMYHBIX J03aX Ha aHU30TPOIUIO
ANEKTPUUECKUX CBOWCTB 00pas3ioB TBepAoro pactBopa BiogsSbois ucciaemoBansr unx
ANEKTPONPOBOAHOCTh (G), Kodhdumuenter Tepmodac (o) m Xomna (Rx) B wuHTEpBanie
~77—300K B mapauieibHOM U NEPIEHIUKYISIPHOM HAIIPaBJICHUH OCH SKCTPY3HUHU.

HccnenoBanucy  SKCTPYIUpPOBAHHBIE O00pasibl TBEPAbIX pacTBOpoB  Bio,gsSho 15,
MPOLIEAIINE TEPMHUUECKYIO0 00pabOTKy M 0OTy4EeHHBIX B PA3IMUHBIX 033X TaMMa KBaHTaMHU.
[Tomyuennsie pe3yabTaThl MpeAcTaBlieHbl Ha puc.l. B HEOOMy4eHHBIX HKCTPYIUPOBAHHBIX
obpasiiax TBepaoro pactBopa BiogsSbois u B aTHX ke oOpasmax oOJydeHHBIX raMma
KBaHTaMH DJIEKTPOIMPOBOJAHOCTh B HAMPABICHHUM OCH JKCTpY3uH (oi|) Oousblie, 4eM B
MIEePIECHIUKYIIPHOM HAIPABJICHUU OCH 3KCTPY3HH (G1) BO BCEX MCCIEIOBAHHBIX MHTEpPBaIax
temrieparyp. C pocToM /103bl TaMMa KBaHTOB B OOJy4€HHBIX 00pasliax 3MeKTPOIPOBOIHOCTh
yMEHbIIIaeTCsl B 000MX HAMPABICHUSAX OCH IKCTPY3UH, KpoMe obOpasiia obmydeHHoro 1Mpag
ramMma KkBaHTamu. [Ipm 3TOM B HeoONIyueHHBIX 00pasllax BO BCEX  HCCIEIOBAaHHBIX
WHTEpBaJIaXx TeMIeparyp of| >c.. B obmydeHHbIx oOpasmax npu ~77K ¢ poctom o6mydeHus
(1,0 Mpan; 10 Mpan; 50 Mpaza) ko3(h(UIIMEHT aHU30TPONHHU 3JIEKTPOIIPOBOJIHOCTH Gi|>GL
yMeHblIaeTcsl U umeet 3Hadenus 1,25, 1,04 u 0,65 cooTBETCTBEHHO.
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G, Onlea?

AHM30TPOIHUS AIEKTPOIPOBOJIHOCTH B CIUIaBaX BHCMYT-CypbMa OOYCIOBICHA JBYMS
(bakTOpaMH-aHU30TPONUEH MOBEpXHOCTEH PepMU IKCTPEMYMOB, YUACTBYIOUIMX B SBJICHHSIX
IIEpeHoca U OTJIMYMEM B PACCESHUU HOCUTENIEH 3apsiia IO pa3IMUHBIM HaIPaBJICHUSM.
CrnnaBel BUCMYT-CypbMa MMEIOT CIOMCTYIO CTPYKTYPY, TO HOCHTEIN TOKAa PacCEUBAIOTCS IO
pPa3IMYHbIM HAIpPAaBJICHUSM HEOJAMHAKOBO U C H3MEHEHMEM TEMIIepaTypbl aHU30TPOIUs
IEKTPUICCKHUX IMapamMeTpoB m3MeHsroTcs. [Ipu ~77K B HeoOmydeHHBIX 0Opa3ax u oopasmax
00JTydeHBIX raMMa KBaHTaMH, C POCTOM J03bI 00y4eHus: anu3orponus Ry ycunmBaercs. [Ipu
ropsiueil AKCTPY3WM 3a CYeT IUIAaCTHYeCKOi nedopmanmu B oOpas3max ¢ oOpazoBaHHEM
TEKCTYpbl OJHOBPEMEHHO OOpa3ylOTCS CTPYKTYpHBIE Je(pEeKThl KOTOPbIE pacCeUBaAIOT
HOocuTenel 3apsaa [2].
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Puc. 1. 3asucumocmu 31eKmponpogoonocmu (a), KoIhpuuyuenmos mepmoiroc (6) u
Xonna (8) akcmpyouposannwvix oopasyoe meepoozo pacmeopa BiogsSho 15 om
memnepamypol: 1,2— ne oonyuennvie oopazyot; 3-8 —oonyuennsie oopasuwt; 3,4 -1Mpao;
5,6-10Mpao; 7,8-50 Mpao. 1,3,5,7 - é0ob ocu 3xcmpy3uu, 2,4,6,8 — 6 nepnenOuKyasapnom
HanpaeneHuu ocu IKCMpy3uu

CrpykrypHble nedeKThl CO3JaHHBIE MPH AKCTPY3UU paccerBas HOCHUTeNeH 3apsana
YMEHBIIAIOT UX MOJBHKHOCTh. [IpM OTKHre yMEHBIIAIOTCS KOHIEHTPALUU CTPYKTYPHBIX
neQeKToB, T.e. MPOUCXOIUT <«3aJleYMBaHUE» CTPYKTYpHbIX nedektoB. HesHauuTenbHOe
n3mMeHenue kodpduimenta 3eedexa (o) MpHU CYIIECTBEHHOM M3MEHEHHH G TOKa3bIBAET, YTO
IpU OTXKUTE, TIJIaBHBIM 00pa3oM, MEHSeTCsl TMOJIBMKHOCTh HOCHTENEeH 3apsaa, T.e.
YMEHBINAETCS KOHIICHTpAIUs IIEHTPOB (ICPEKTOB) paccesiHUsl JIEKTPOHOB. DTH M3MEHEHHE
OCOOCHHO HArJsiHO IPHU HU3KUX TEMIEeparypax, I/ poJib MPUMECHON MPOBOJUMOCTU U
paccesiHUsI JJIEKTPOHOB Ha JedekTax mpeBanupyeT. B skcTpyampoBaHHbBIX 00pa3iax TBEpAbIX
pactBopoB BiogsShois ¢ poctom 10361 00NMydeHHS MOJBHXKHOCTH pacter 2,8 pasa,
OTHOCHUTENIbHO HEOoOJlyueHHOro oOpasia, Kpome o0pa3loB o60mydeHHBIX 1Mpan ramma
kBantamMu 1npu ~77K. B oOpa3nax oOiaydeHHBIX ramMmMa KBaHTamMu 1Mpaja KOHIICHTpAIus
HOcHUTelNel Toka pacteT B ~20 pa3 OTHOCHTENIFHO HEOOyueHHOTo o0Opasia, a MOoJABUKHOCTh
yMeHblIaeTcsi B ~13 pa3 B mapaulelbHOM  HAMpaBJICHUM OCH JKCTpy3uu. B
MEPIEeHIUKYIIPHOM HAIpPaBJICHUH OCH IKCTPY3UHM H3MEHEHHE KOHIICHTpPAIUU HOCHUTENei
TOKa U NMOJBUKHOCTh HOCUTENEH Toka B ~1,3 u ~1,1 pa3za coorBerctBeHHo. lIpennonararorcs
3HAYUTENbHBIE OTJIMYMSA W3MEHEHHS TMOJABMKHOCTH HOCUTENEH TOKa B Pa3IMYHBIX
HAIPAaBJICHUAX OCU IKCTPY3UU MPU OOTYYECHHH CBSI3aHO CO CIOUCTOM CTPYKTYpPOH KPHCTAIIOB
BHCMYT-CypbMa.

YMeHbIlIeHHE TOABIKHOCTH HOCUTENeW 3apsaga ([U) € pOCTOM KOHIICHTpPAIUH
pacceMBarOMIMXCS IEHTPOB TMpU OOJYYEHHHM CBSI3aHO C PAJUMAIMOHHBIM BBEJICHUEM
aKIENTOPHBIX (OTPUIIATENILHO 3apsHDKEHHBIX) ILEHTPOB «HEHUTpaIu3alliny), TEeHEPUPYEMBIX
BOJIM3U MOJIOKUTENHHO 3apSKEHHBIX HOHHBIX OCTATKOB, T/I€ BEPOSITHOCTh WX BOSHHUKHOBEHHS
BBIIIE (M3-32 MUKPOCKOTTMYECKMX MEXaHHMUECKHX HAMPSIKEHUH PelIeTKH), B pe3yabTaTe 4ero
MPOUCXOAUT YAaCTUYHASI HEUTpalIU3alusi HOHHBIX OCTATKOB, MPUBOSAIINX B KOHEUHOM CYETE
K  CHIKEHHIO  d(pdexTuBHOCTH  pe3epdOpIOBCKOTO  paccesHUs  HA  YACTHUYHO
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HEUTPAIIM30BAHHBIX LEHTPAX W TMOBBIIEHUIO TOJABMKHOCTA HOCUTENEH ToKa. B
MUHUMAJIBHBIX JI03aX OOJy4eHHS, BEPOSTHOCTh POXKACHUS PATUANMOHHBIX JEPEKTOB B
MEXaHWYECKH HAIMPSHKECHHBIX 00JacTSIX KCTPYIUPOBAHHBIX OOpPAa3IOB TBEPIBIX PaCTBOPOB
Bio,gsSho,15 cylecTBeHHO BbIIE, YeM Ui B HEHANPSDKEHHBIX OOyacTsx. V3MeHeHwue
MOJICUCTEMBI JIE)EKTOB B MCCIEAOBAHHBIX 00Opa3iax IMoj BO3JICHCTBHEM raMMma HW3IYYCHHS
M3MEHEHHUE CIEeKTPa JOKAIM30BAHHBIX COCTOSIHUN M MPOIECCa PacCcestHUs HOCUTENEH 3apsiiaa
MIPUBOJIUT K U3MEHEHUIO DJIEKTPUYCCKHUX TapaMeTpPOB.

PaccmoTpeHHBIH MEXaHHU3M PaaMaMOHHO -CTUMYJTHPOBAHHOTO CHWDKCHHUS
3G(dEKTUBHOCTH pacCEesTHHSI Ha 3apsOKEHHBIX IIEHTpax HaOMomaeTcss U B 0o0yacTu Ooliee
BBICOKHX J103. C MOBBIIICHUEM J103bI 0OTYYCHHS J0JIT HEUTPAIM30BAHHBIX HOHHBIX OCTaTKOB
BO3pacTaerT.

TakuM 00pa3oM, aHHU30TPOIUS DSICKTPHUSCKUX MMApPaMETPOB KPUCTAIOB TBEPIBIX
pactBopoB BiogsSho,15, BbI3BaHa TEKCTypaoOpa3OBaHHUEM BJOJb OCH OKCTPY3UH IPH
mactTudeckoi (ropsiueit) nedopmanuu. [lpu 3ToMm KodDPUITMEHT aHU3OTPOTIUK 3aBUCHUT OT
70361 O0JydeHHs, 4TO OOYCJIOBJIEHO, B OCHOBHOM, M3MEHEHHEM BKJaJa B MPOBOJAMMOCTH
pa3IMYHBIX HOCUTENEH 3apsAna OT cooTBeTcTByrOmMX depmu-skctpemymoB. M3meHeHue
MOJICHCTEMBI JIe(PEKTOB B MCCIICOBAHHBIX 00pa3max IMoj BO3JCHCTBHEM ramMma W3Ty4ICHHS,
M3MEHEHHE CIMEKTpa JOKAITM30BAHHBIX COCTOSIHUN M TPOIECCa paccestHUs HOCUTENEH 3apsiaa
MIPUBOJIUT K U3MEHEHUIO DJIEKTPUICCKHUX TTapaMeTPOB.

3aKIIroueHue

YMeHBIIICHHE TIOJBUKHOCTh HOCHUTENeH 3apsga (L) € POCTOM  KOHIICHTpAIUU
pacceMBarONIMX IIEHTPOB TPU OOJYYEHWUH B PA3JIMYHBIX HAIPABICHUSX OCH 3KCTPY3UH
CBSI3aHO C PaJMAIMOHHBIM BBEJCHHEM ITOJIOKHUTEIBHO 3apsDKCHHBIX MOHHBIX OCTaTKOB, TIC
BEPOSITHOCTh WX BO3HHUKHOBEHHUS BBIIIE M3-33 MHKPOCKOMUYECKHMX MEXaHHUYECKHUX
HampsDKeHUW pemieTkd. YacTuyHash HeEWTpalu3alus HOHHBIX OCTAaTKOB, NPUBOJSAIIAS K
paccesiHUI0 Ha HEUTPATM30BAaHHBIX LEHTPax, YBEJIMYMUBAET MOABM)KHOCTh HOCHUTEJIEH TOKa.
[Ipu no3ax obOmydeHust 1 Mpaj, BEpOATHOCT CO3JaHUs PaIMallMOHHBIX e(heKTOB B 00pasiax
CYIIIECTBEHHO BBINIE, YeM B HEOOIydeHHBIX o0pa3nax. B 3kcTpyaupoBaHHBIX 00pasiax
BiogsSho,15 yMeHbIlIleHHE paccesHUs Ha 3apsOKEHHBIX IICHTpaxX HaOogaeTcss B oOpasiax
00JTydeHHBIX TaMMa KBaHTaMH B BBICOKUX 1103ax (10 u 50 Mpan).
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Abstract

The effects of y-irradiation at various doses on the anisotropy of the electrical properties
of extruded samples of the BiogsSho 15 solid solution in the range of ~77-300K have been
studied. It was found that in samples irradiated with gamma quanta, electrons scatter more
strongly in the perpendicular direction of extrusion than in the direction of the extrusion axis.
Therefore, in irradiated samples with annealing, the increase in mobility and electrical
conductivity in the direction parallel to the extrusion axis is greater than in the perpendicular
direction.

Xiilasa

Ekstruziya olunmus BiogsSho1s bark mohlulu ekstruziya niimunoslorinin elektrik
parametrlorinin anizotropluguna 7y — stialanmanin tosiri ~77-300K temperatur intervalinda
tadqiq olunmugdur. Miiayyon olunmusdur ki, y — siialarla modifikasiya olunmus niimunalords
yikdastyicilar ekstruzya oxuna peripendikulyar istiqgamotds, ekstruziya oxuna paralel
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istiqamato nisboton daha g¢ox sopilirlor. Ona géra do termik igslonmis vo y — kvantlarla
modifikasiya olunmus niimunslorde yiikdasiyicilarin yiiriikliyii veo elektrk kegiriciliyinin
ekstruziya oxuna paralel istigamotds artmasi, ekstruziya oxuna peripendikuliyar istiqgamotdo
nisboton daha ¢oxdur.
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B nocnennue rojael HameTuiCsS BaxHBIA MPOpbIB B paspadotke MK mepecrpanBaembix
nma3zepoB U (OTONPHEMHUKOB HAa OCHOBE MOJYNPOBOJHUKOB. OTO, B MEPBYIO OYEPE.b,
CBSI3aHO C CO3JJAHMEM COBEPIIECHHBIX F€TEPOCTPYKTYP M OJHOPOIHBIX CUIIBHO JIESTHPOBAHHBIX
KpPHUCTAJLJIOB.

Ecnu mmpuna 3anpenieHHoi 30861 1 9 PEeKTHBHAS Macca HOCUTENICH TOKA B Pa3IMYHBIX
MOJTYITPOBOTHUKAX B OCHOBHOM OIPEACISIOTCS MX COCTaBOM (XMMHUYECKOW (hOPMYIOii), TO
OOJIBIIMHCTBO CBOMCTB: THUIl MPOBOAUMOCTH, TOJBM)KHOCTh HOCUTENEH, BpeMS >KHU3HH,
K03 (GUIIMEHTHl MOTJIOUICHHS U TEIUIONPOBOAHOCTH U Jp., B 3HAYUTEIHbHOIN MeEpe 3aBUCAT OT
nerupyomux npumeced. [lo COBOKYIMHOCTM TakuMxX NapaMeTpoB Ui PazIUYHBIX 3a7ad
BBIOMparoTcss Hanbosee 3 (HeKTUBHBIE MaTepuaibl. B yacTHOCTH, IS TOJYIPOBOJIHUKOBBIX
Ja3epoB U (POTONMPUEMHUKOB ONTUMHU3AIMS MX XapaKTEPUCTUK: TOPOTOBOTO TOKa (paboueit
TEMIIEpPaTypbl), MOIIHOCTA H3IYYEHHUS, UYBCTBUTEIBHOCTH U JIp., MPOBOJUTCA C YYETOM
BIIUSIHUS JIETUPOBAHUS Ha DJIEKTPUUYECKUE, ONTUYECKUE U TEIJIOBbIE CBOWMCTBA MAaTEpPUAJIOB.
OpHako HamM MOCIEAHHE HcclefoBaHus [l] mokas3aiu, YTO HOBBIM Ba)XHBIM PECYpPCOM B
COBEPIICHCTBOBAHUU MX XapaKTEPUCTUK SBISIOTCS U MEXaHMYECKHE YIPYrHe CBOICTBa
(MOynb  yOpyroctu, mnpeaenbHas ymnpyras jaedopmarusi), MoAU(UUMPOBAHHBIE MPH
JIETUPOBAaHUM HEKOTOPBIMU MPUMECIMH.

B mnacrosmem cooOIlieHHH paccMaTpUBAlOTCA CUTYallUM, KOTJa HpU pPacUIMpEeHUU
JMamna3oHa ynpyroi aegopManuu B IMOJYIPOBOJHUKOBBIX Ja3epax CHHXKAETCS MOPOTOBBII
TOK, a B (OTONpUEMHHKAX 3HAYUTEILHO BO3PACTACT YAEIbHOE CONPOTHUBIICHHUE, a,
CJIEIOBATENbHO, U YYBCTBUTEIBHOCTb.

N3BecTHO, 4TO Giarojapst yMEHBIICHUIO aKTUBHOTO 00beMa U 3(pdekTam orpaHruueHus,
3HAYUTENIBHOE CHIDKEHHE TIOPOTOBBIX TOKOB JOCTUTHYTO B Jla3epax Ha OCHOBE
reTepoCTpyKTyp. Bo MHOruMX ciydasx Uisi pacIIMpeHHs] CIEKTPalbHOrO  Juama3oHa B
KaueCTBE aKTUBHBIX CJOEB HCIOJIB3YIOTCI MHOTOKOMIIOHEHTHBIE TBEpJble pacTBOphl. Kak
CIIELyeT U3 DKCIEPUMEHTOB U PacueToB, B IPOLIECCE CO3/IaHUS T€TEPOCTPYKTYP IPOUCXOIUT
3aMmeTHas B3auMoau(dy3uss KOMIOHEHTOB TBEPABIX PAcTBOPOB. B pesynbTare, naxe B
CTPYKTYypax, 3alyMaHHBIX KaK W30MEPHUOIHbIE, B SMUTTEPAX M AKTHUBHOW OONACTH J1a3€pOB
dbopMupyIOTCS paccoryiacoBaHHble oOnacTu. B OONBIIMHCTBO CiydaeB WX HE YAaercs
n30exarb M MPU U3MEHEHUU MpOUIs COCTAaBOB B rerepocTpykrype. COOTBETCTBYIOIIUE
paccoriiacoBaHUsIM HANPSHKEHUS MPEBOCXOMAST MPeien YIPYTOCTH — UX pelaKcalis IpUBOIUT
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BBICBOOOXK/ICHUIO JHCIOKAMKA OT LEHTPOB 3aKperuieHus. M3-3a pocTta 0e3bI3aydaTeNbHOM
PEeKOMOMHAIINY TIOPOTOBBIN TOK MOBBIIIAETCS COTJIACHO:

7, ) _d+2Sz

=

T d
TA€ Tbp - BPEMS KU3HU C YUIETOM IICHTPOB PEKOMOUHAIIMH MPU PACCOTIIACOBAHUH; T - BpEMS
KH3HU B aKTMBHOM 00J1acTu; d - TOJIIMHA aKTUBHOU 00JIaCTH; S - CKOPOCTh MOBEPXHOCTHOM
pexoMOnHaMK (B JJAHHOM CIIy4dae paclpeleICHHOW MO HEKOTOPOW TOJIIIMHE B aKTHBHOU
oOmactu na3epoB). B cBoro ouepes:

l

S=ouN
3eck ¢ = @’ - ceueHHe PEKOMOMHALIMM; V - TEIIoBas CKOPOCTb HOCHTeNeil Toka; a -
napaMmeTp KpucTtauinyeckoil pemerku; N- mI0THOCTh HEHTPOB PeKOMOMHAIINH, pPaBHAsI:
1 Aa
N=—= —
a a
Aa
[IpuHrMaem, 4To MpH IJIABHOM PacCOTIaCOBAHUU —— COOTBETCTBYET €r0 MAaKCHUMYyMY.
a
B kauecTBe mpumepa paccMOTPUM Te€TEpPOCTPYKTYpPHl B CHCTEME MOJYNpoBOJHUKOB IV-VI:

Aa .
PbSeTe — PbSnSeTe. PaccormacoBanme — B aKTHBHOW OOJacTH MpU TeMIepaType
a

smurakcun coctasnger (1+3)-103. C napyro#t cTOpOHBI, W3 M3MepEeHHil BPEMEHH KH3HH B
aKTHBHOM CJIO€ T€TePOCTPYKTYp M aMIUTUTYIHOW 3aBUCUMOCTH BHYTPEHHETO TpeHHs Ooee
TIOJIOBHHBI BCEro KoimdecTBa nedekToB mosBiserca npu aedopmarmu (1+2)-10° . Torma ¢
yaerom v =3.10" cm/c, ¢ = 5.10° + 10%, d = 0,6 Mmxm  wu3-3a mUbDY3MOHHOTO
paccoriacoBaHus U3MepsieMblii TOPOrOBBIN TOK |y BO3pacTaeT Ha MOpsIOK U Ooiee.

BaxxHo mnomuepkHyTb, UTO MpefefbHble YIOPYrue HamnpsyKEeHUss NpHU HCCIeI0BaHUU
BHYTPEHHETO TPEHUSl OIpPEAESIOTCS MO0 KPUTUYECKUM aMIUIUTydaM  KoseOaHui (korna
CYIIECTBEHHO H3MEHSIETCS MPOM3BOJHAS MOTEPU SHEPIHMH OT aMIUIUTYIbl KoJeOaHUi) co
ciaboil TeMIepaTypHON 3aBUCUMOCTBIO, T.€. C CHJIBHBIMH LIEHTPAMH IIJIOTHOCTHIO
JMCIIOKAIMK TUTacThyeckas Aeopmarivisi BOSHUKAET B CPAaBHUTEIHHO MEHBIIIEM UJIH OO0JIbIIEM
KOJIMYECTBE JIOKATbHBIX 00bEMOB pa3HOil BenuuuHbl. [Ipy GOJIBIION MIOTHOCTH JUCIOKAIUI
OHa MpUOIIKaeTcs K TMpenely YIOpPYroctd, aias oOpa3loB C MEHBIIEH IIOTHOCTHIO
JHUCIIOKAlMi - 3TO HauyaibHas cTajgus Iactuueckoil nedopmanuu. Ho u B 3TOM ciyuae
BIIMSIHUE Ha MOPOTOBbII TOK 3HAUUTENbHO. Kak 1MoKa3bIBalOT pacueTsl, €CIM paccoriacoBaHUE
COCTaBJISIET MOJIOBHHY MPEAEIHLHOT0, TO MOPOTOBLI TOK BO3pacTaer B 5 + 6 pas.

Korma pecypc mo mpenenbHON ynpyrod aedopmanuu CTpyKTypax HcCYepHaH, TO

E Aa

Mpe/ieIbHOE HAIpsKeHUe O, :E? , (tme v - xoaddunuent [lyaccona) MoxkeT ObITh
YBEJIMYEHO 32 CUET BO3PACTaHUS MOIYJSI YIPYrocTH £ U KPUTHUECKOH ynpyroi nedhopmanuu
€xp- Kak mokazany Halllu MCCIEOBAaHUS, MOJYJIb YIPYrocTu B mosynpoBoanukax IV - VI
Bo3pacTaeT B 2,5 + 3 pasa, a kpuTuueckas ympyras aedpopmanus B 3,5 + 4 paza mnpu
nerupoBanuu npumecsmu Cr, Ca, Mn na ypoBae < 0,01. Bce 3T mpumMecu yMeHbIIAIOT
napameTp peLIeTKH U B YCIOBUAX €€ CHKaTUsl BOSHUKAET Oapbep /Ul 3apOKIACHUS U IBUKEHUS
mucnokauuu. OpHako, HaubOoyiee HEWTpPaJbHBIM IO OTHOLIEHHIO K U3JIydaTelbHbIM
nepexoaaM B noiynpoBoaHukax |V - VI aBnsercs npumech MapraHia.
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Beenenuem kordduiueHta

np n Hecm

n

Heem
B 3HaMeHaTelb (OpPMyJBl UIS TUIOTHOCTH Je(EeKTOB MpH KOHLEHTPAIMH JIETUPYIOIIEH
npumecH Ny ~102%cM™ 1M KOHIEHTpPAIMH HECTEXHOMETPUUYECKHX NePEKTOB Nueer ~10%cm
CTaHOBHUTCSA SICHBIM, YTO )K€ MPH PACCOTIACOBAHMM B aKTMBHOW 00JACTH MOPOTOBBIM TOK
OyZeT MOHWKEH, a pabo4re TeMITepaTyphl JIA3ePOB CYIIECTBEHHO BO3PACTYT.

OnvH U3 BBIIIEYKAa3aHHBIX MpPUMECE - XpOM, HapsAQy C pacHIMPEHHEM JHarazoHa
ynpyroit aedopmanuu, obnagaeT cBOWCTBOM cradbunuzauuu ypoBHs Pepmu. B ycnosusix
crabmnm3anuu ypoBHs PepMu Ipu BO3pAacTaHUM KOHICHTPAMW MAHHOW TPHUMECH WIH
Ipyrux, ypoBeHb, DepMu HEe HU3MEHsET CBOero mosokeHus. Kormga HekoTopas mpHMech
npesbimaer mo koHmenTparmu  (10°+10%cm3)  mectexmomerpuueckue U Jpyrue
DIIEKTPUYECKH AaKTHBHBIE Je(PeKThl W MOXXET B MaTpulle KpHUCTasla TpPUHUMATH
Pa3HOBAJICHTHBIE COCTOSIHHS, B TOM YHCJE JIOHOPHBIE W aKIENTOPHBIC, yCTAaHABIMBACTCS
OTIPE/ICTICHHOE COOTHOIICHUE 3aHATHIX COCTOSIHUH MEXIy HHMH, a TOJOXXECHHE YPOBHS
depmu MEHSIETCS TOJBKO B 3aBHCUMOCTH OT COCTaBOB TBEP/IBIX PaCTBOPOB.

B tBepmeix pactBopax PbSnSe(Te) ¢ moBbIIeHHEM  COJEpXaHUS — OJIOBA
CTa0MIIM3UPOBAaHHBIH ypoBeHh ~ DepMu cMemaercs OT Kpas 30HBI TPOBOJUMOCTH K
BAJCHTHOW, T.K. PacTeT KOJMWYECTBO BaKaHCHI B IOJPEIIETKE MeTaula — paBHOBECHE
CMEIaeTCs B CTOPOHY aKIENTOPHBIX COCTOSHHMNA. HecMoTpss Ha TO, 4TO ypOBEHB XpoMma
pacmojio’keH Bblle Kpas 30HbI mpoBoaumocTu ( ~100meV) ckopocTh €ro cMmemeHus c
coctaBoM (8 meV Ha 1% SnTe) npeBsiraer Moyt B 2 paza CKOPOCTh YMEHBIICHUS ITUPUHBI
3ampemeHHo 30H6I (4,8 MeV 1% SnTe), u mosTomMy IUIE HEKOTOPHIX COCTAaBOB TBEPIBIX
pPacTBOPOB OITYCKAeTCsl AK€ CEpPEeIMHBbl 3alPELICHHON 30HBI, MEpPeXojs B aKIENTOPHOE
coctostHue. Ecimu  ctabmnm3upoBaHHbid ypoBeHb DepMu AJ11 HEKOTOPOTO COCTaBa COBMAIACT
C CepelMHOM 3alpenieHHOI 30Hbl | YIAJIeH OT KpaeB 30H Ha 3HaYMTeIbHbIC dHepruu — (7 +
9)xT, To yaenbHOE CONPOTHUBIIEHHE MOJYIPOBOJIHUKA CYIIECTBEHHO BO3PACTAET U CTAHOBUTCS
BO3MO’KHBIM OCYIIECTBUTH 3(P(PeKTUBHBIN (HOTONPUEMHHK NTPU MAKCUMAJILHON TEMIIEpAType.

HuTepecHo moBeaeHre ypoBHS XpoMa B PhSnTe u mpu ruapocTaTi4eckoM JaBICHHH —
YPOBEHb CJ1a00 CMEIIAETCsl OTHOCHUTENIBHO CEpEeAMHBl 3allpelleHHOM 30HbI. SICHO, 4YTO B
HEKOTOpBIX cocTaBax PbSnTe, korma craOWIM3MpOBaHHBI YpPOBEHb XpOMa 3ajieracT B
3allpelieHHON 30HEe, IPU CKAaTUM B CBSA3U C OTPULATENbHBIM KO3(pUIMEHTOM HU3MEHEHHUs
LIMPUHBI 3ANPEIICHHONW 30HBI C JaBJIEHUEM IPOUCXOIUT MEpexo] IudJeKTpuk-meraii. Ho
€cliM  KakuM-TM00 00pa3oM yAacTcs pacTSHYTh IOJYHNPOBOJHHUK, OyneT HaOIoAaThCs
oOpatHbli 3G dexT. Moaenb AUIIEKTPUUECKOTO COCTOSHUS B Y3KO30HHOM I0JIyIIPOBOJHUKE,
UCIOJb3Ys yKa3aHHbIE 3()(EKThI pu JIETUPOBAHUU IPUMECSAMH, IPEIOsaracT pacliupeHue
3allpeleHHON 30Hbl U NPOHUKHOBEHUE BINIYOb 3alpelieHHOM 30Hbl (WIKM YrIIyOJeHHH)
JIOHOPHOTO WJIM AaKLENTOPHOro YpoBHsA. Pacdersl moka3eiBaroT, uToOBl ypoBeHb Depmu
OTCTOSLT OT Kpasi 30H 3Hepru (7 + 9)KT, pacuipeHre 30H Y3KO30HHBIX MOJIYIIPOBOIHUKAX
JIOJKHO cocTaBisATh ~100meV. B npenenax ynpyroii gepopmanuu 8.103, nocturaemoit npu
JIETUPOBAaHUM XPOMOM, pa3HHUIA MEXIy Ne(pOpPMALMOHHBIMU MOTEHIUAIAMH 3JEKTPOHOB U
IBIPOK JOJDKHA BBITH mopsaka 10 meV. Oxkazanoch, 4TO BbIIICNIEPEYHCICHHBIE YCIOBHS
MOTyT OBITh pEaJqM30BaHbl NPU PACTSDKEHHM MOJYNPOBOJHHKA IyT€M pOCTa TOHKHUX
HAINpsHKCHHBIX ciloeB, HanpuMep, PhSnTe Ha moanmoxkax BaSeTe ¢ OonbuinM mapamerpoM
KpUCTaInIeckoi pemerku. st konkpetHoro coctaBa PbSnTe:Cr ¢ comepxanuem SnTe =
0,3 u Cr = 0,5 at% mnpu pocre Ha momnoxke BaSeTe c comepkanuem BaTe — 0,15
paccornacosanue coctaisgeT 5.10° u cooTsercTByIOIEe HanpskeHue - 8k6ap. Illupuna
3anpenieHHol 30HbI Bo3pacTtaeT Ha 60 meV u mocturaer 140 meV (A = 9 mxm) npu 100K, a
YPOBEHb XpoMa yAajsieTcs OT BepLIMHbI BajeHTHOW 30HBI Ha 60 meV. CooTHomieHue
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YI€IbHOTO COIIPOTUBIIEHMS IIOJIYIIPOBOAHNKA B HAIIPSKEHHOM U HOPMAJIbHOM COCTOSIHUSIX I10
pacueram coctaBisieT 4+5 nopsakos. s nepexpritus GoTonpueMHUKaMy 0071aCTH CIIEKTpa
3+20 MKM COOTBETCTBYIOLIME COCTaBbl TBEPJABIX PACTBOPOB OYAYT OTAEIBHO JIETHPOBAHBI
TaKXKe TAJUIMEM U BaHAJUEM.

Takum  o0pa3oMm, CO3AaHUE  JMAIIEKTPUYECKOTO  COCTOSIHHSI B Y3KO30HHBIX
nosynpoBoaHuKax 1V - VI ctaHOBUTCS Npu BBINOJHEHUHU TPEX YCIOBUI:

a) mpu GOPMUPOBAHUY HATIPSHKEHHS U1 CMEIIEHUsI YPOBHS IPUMECH B 3aNPELICHHYIO
30HY C yIaJIeHHEM OT KpaeB 30H Ha suepruu (7+9) KT;

0) IpHU OCYILECTBICHUM  COOTBETCTBUS TAKOTO HAIPSDKEHUS JAMAIa30Hy YIPYyrou
nehopManny UCCIETyeMOro COCTaBa TBEPJIOT0 PacTBOPA;

B) NpH BBIOOpE TOJUIOKEK C MOJOOHOW KpHCTAUIOrpadUuecKo  CTPYKTYpol u
COCTaBOM JJIs1 HEOOXOJMMOT'O pacCOIIaCOBaHUsL.

B 3akmioueHwe OTMETHUM, 4YTO OJHOBpPEMEHHas crabwinsanus ypoBHs depmu u
paciivpeHue AuanasoHa yrnpyroi aegopmanuu npu JerupoBaHuy noixynpoBoguukos 1V - VI
HEKOTOPBIMH MPUMECSIMH MIPE0Opa3yroT NEPBOHAYAIBHO J1€()EKTHBIN, HECTEXHOMETPUYECKUI
MaTepuana B COBEPLIECHHBIH, OJHOPOIHBIA U C OOJBIIMMH BO3MOKHOCTSIMU IO YIPABICHUIO
SHEPreTUYECKUM CHEKTPOM HOCHUTENEH 3apsaaa. DTO 00CTOSATENBCTBO MOXKET CTaTh (PaKTOPOM
JUId JanbHennero npuMenenus noiaynposogaukos 1V — VI B UK onTosnexrponuke.

Jlumepamypa

1. Amues B.A., Ternamze I'.I'., Kekemumze H.II. OcobGennoctn ¢dopMupoBanus
M30TICPUOHBIX TETEPOCTPYKTYp Ha OCHOBE MHOTOKOMIIOHEHTHBIX TBEPJBIX PACTBOPOB
coequuennii IV-VI. - Scientific News, 2001, 3, 3.

Abstract

For semiconductor lasers and IR-detectors, the optimization of their characteristics is
carried out taking into account the effect of doping on the electrical, optical, and thermal
properties of materials. However, our studies have shown that a new important resource in
improving their characteristics is also mechanical elastic properties (modulus of elasticity,
ultimate elastic deformation), modified by alloying with some impurities.

In this article, situations are considered when, with the expansion of the range of elastic
deformation in semiconductor lasers, the threshold current decreases, and in IR-detectors, the
specific resistance and, consequently, the sensitivity increase significantly.
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Introduction

Recently, the pollution of atmosphere by various anthropogenic emissions has become
one of the most important problems of mankind. It is known, that over time these pollutants
cause serious damage to all the ecosystem components, including human health. In addition,
the atmosphere pollution leads to such global problems as climate change, ozone layer
depletion, acid rains, and deforestation, etc.[1].

In order to minimize the environmental impact of harmful pollutants and to ensure the
safety of both industrial operations and transport facilities it is important to develop new
monitoring methods. The preparation of new sensors comprised of different nanocomposites
for use in remote air pollution controlling systems is one of the most prominent potential
solutions for this problem.

Most of the gas analyzing sensors are electrochemical sensors based on semiconductor
metal oxides (MO). Optical sensors are also used in certain cases. For many years, the sensors
used for detecting gaseous pollutants have been synthesized from semiconducting metal
oxides (mainly SnO2, and the oxides of other metals) [2]. The biggest drawback of most MO
based sensors is their low selectivity and the relatively high operating temperature.

Carbon nanotubes (CNTSs) are a part of the novel materials with distinctive chemical
and physical properties used as sensors for harmful emissions detecting [3]. However,
pristine CNTs are known as inert materials to environmental influences. Functionalization of
CNTs activates their outer walls in terms of the environmental effect, while improving the
adsorption properties that create a wide opportunity for sensor applications.

In many cases, the combination of 2 or 3 materials with different properties creates a
new composite with high sensing properties. The decoration of CNTs with metals and metal
oxide nanoparticles have been reported in the publications of authors [4]. Pt decorated
SWCNTSs are effective NO2 gas sensors [5].

This work discusses the results of the researches carried out to synthesize and study the
sensing properties of MWCNTSs decorated with copper (Cu) and nickel (Ni) nanoparticles,
while at the same time providing comparative analyzes of the findings. H.S, NO, gases,
ammonia (NHz), ethanol and water vapor were used during the studies.

Materials and methods

The functionalized MWCNTSs (f-MWCNTSs) were decorated with Ni and Cu by electrochemical

method. NiSO, and CuSO4 based electrolytes were used for metal deposition.

A graphite or nickel electrode is used for the cathode, and a structure consisting of the
closely spaced f - MWCNTSs on the substrate is used for the anode.
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Raman spectrometer EnSpecter R532 setup with green laser line 532 nm and FTIR Shimadzu
-1 were used for material characterization.

The structures — f-MWCNTSs/Ni and f-MWCNTSs/Cu were prepared with Ag contacts to study
the sensor properties. The stability of their initial resistance was tested and the 1-V characteristics
were studied (Fig.1).

mchTs/Ti ......... les
008 £MWCNTs/Cu NN . 800 MWCNTs/Ni
0,06 - —= 60
g ~62 Ohm, g
E 004} £ 40
2 0,02 + 8 201
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Fig.1. Sensor structure (left) and I-V characteristics (right) of the Ag-f-MWCNTs/Me-Ag
structures
Results
H.S Sensing

Fig.2 shows the responses of f-MWCNTs/Cu nano-composites obtained by
electrochemical deposition methods to H>S gas. The resistance of the sample increases under
H>S gas influence.

300 B o MWCNTs/Cu
250

200

Resistance [Ohm]

H,S on
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Fig.2. Sensitivity of the f-MWCNTSs/Cu nanocomposite prepared by electrochemical
deposition method.

In order to assess the selectivity of the sensors, several gaseous media (ammonia,
ethanol, methanol, and several common organic solvents) were tested under the same
conditions. Although the concentration of these gases and vapors in the test box was 10-15
times higher (100-150 ppm) than the concentration of H»S, the sensor demonstrated 10 times
lower sensitivity to these gases compared to H»S.
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NO:z gas sensing

Fig. 3 presents the sensing response of f-MWCNTSs structure to NO2 gas before and
after Ni decoration at room temperature. As it can be seen from the figure, the resistance of f-
MWCNTSs based sensor structure increases slightly and the change is about 10% during 30
sec. However, after decoration with Ni nanoparticles the resistance of the f-MWCNTS/Ni
sensor structure decreases by 60% within 20 seconds.
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Fig 3. Comparison of the NO- - response curves of the f-MWCNTs and f-MWCNTS/Ni
structures
Based on the research results we can conclude that metal decoration allows obtaining
highly sensitive and selective sensors for toxic gas detection.
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Xulasa

Moqgalods hidrogen-sulfid (H2S) veo azot-dioksid (NO.) kimi zororli qazlarm otaq
temperaturunda askarlanmasi tigiin yiiksok hassashiga vo selektivliya malik sensorlar slds
etmok (glin karbon nanoborular (KNB) vo metal nanohissaciklor (MNH) osasinda yeni
nanomateriallarin islonib hazirlanmasi {izro aparilan tadgiqatlarm naticalari tagdim olunur.

Pe3rome

B craree mpuBeneHBl pe3yiabTaThl pa3padOTKM HOBOTO HaHOMAaTepHala Ha OCHOBE
yraepoanbix HaHOTpyOok (YHT) m merammmyeckux Hanowactunr (MHY) ans momyueHus
BBICOKOUYBCTBUTENBHBIX U CEIEKTUBHBIX CEHCOPOB C [EIbI0 0OHAPYKEHUS TOKCUYHBIX Ta30B,
Takux kak cepoBogopon (H2S) u nByokucs azora ( NO2) mpu KOMHATHOU TeMIepaType.
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MHUKPOCTPYKTYPA TOHKUX IVIEHOK ZnO HA TOKOIIPOBOJALIINX
HOVIOKKAX, IIOJIYYEHHBIX SJIEKTPOXUMHUYECKUM OCAKAEHUEM

I'pemenox B.@"., npogpeccop, *Ilemnuuxuii A.H., oouenm, *“Ilemnuuyxas T.B., 0ouenm
SMycaesa H.H., ooyenm, *Pycmamos B./Ixc., 0oyenm
"Munck, Pecnyonuxa Benapyce, THITIO «Hayuno-npaxmuueckuii yenmp HAH Benapycu
no Mamepuano6edeHuIo»
Munck, Pecnyonuxa Benapyco, I'll «Beamukpoananus» 2. Munck,
SUncmumym @usuxu MHO Azepéaiidrncana,
‘anoncunckuii Focyoapcmeennsiit Ynueepcumem

Kuarouessbie ciioBa: ZnO, TOHKHE TJICHKH, YJICKTPOOCAKICHIE, MUKPOCTPYKTYDA.
Key words: ZnO, thin films, electrodeposition, microstructure.

BBenenue

IupoKO30HHBIM MOMYNPOBOAHUK OKcujaa HuHKa (ZnO) B ¢opMe TOHKHX IUICHOK
aKTUBHO TPUMEHATHCS B KauecTBE MPO3PAyHOro KOHTAaKTa B IIMPOKOM Kiacce IMpuOOpoB
MHUKpPO- U OMNTOXJIEKTPOHMKH, BKJIIOYAsi COJIHEYHBIE 3JIEMEHTHI, >KMJIKOKPUCTAJUIMUECKUE
mucien ¥ ap [1,2]. OcHoBHBIM mpenmylnecTBOM ZnO MO CpaBHEHUIO C aHAJOTUYHBIMU
MPO3pauyHBIMU TOKOTIPOBOAAIIUME MaTepuanamu, Takumu kak In203:Sn (ITO) m Sn2Os:F
(FTO) sBnsiercst mupokast JOCTYIMHOCTh IIMHKA B MPUPOJE M, KaK CIEACTBHE, €ro HH3Kas
CTOUMOCTH [1-4]. VienbHOe 3MeKTprUuecKoe COMPOTUBJICHHUE, TUIl POBOJAUMOCTH U JIpYTrHe
BaXKHBIE 3JIEKTpodu3nueckrue cBoiicTBa ZnO MOTYT PEryaupoOBaThCs IYTEM BapbUpPOBAHUS
YCJIOBUH TIOJTyYEHHUS, a TAK)KE BBEJICHUEM B COCTaB MaTepHalia JIETHPYIONIUX 100aBoK [5].

B Hacrosei paboTe mpeAcTaBiIeH IBYXCTAIUHHBIA METOT TIOJyYeHUsT TOHKUX TUICHOK
ZnO Ha npo3payHbIX TOKOMPOBOIAMINX MOIOKKAX MMYTEM AJIEKTPOXUMUYECKOTO OCAKICHUS
C TOCIEAYIOUIMM OTXKUTOM. MUKpOCTpPYKTypa IIJICHOK HCCIEIOBaHAa B 3aBUCUMOCTU OT
YCIOBUM MX MOJy4EHHUS.

MatepuaJjbl 1 METOIUKA

B kadecTBe mMOMIOXKEK WCMOJNB30BaHO crekino Sigma-Aldrich  735256-5EA ¢
tokonpoBoasnumM mnozaciaoeM SnOz2:F (FTO). Iommoxku ObLIH MPEABAPUTETBHO 00E3KUPCHBI
alleTOHOM, TPOMBITHl JUCTUJUIMPOBAHHON BOJONM U MPOCYHIEHBI TOPSYUM BO3IYXOM.
[Tonyuenue meHok ZnO MPOBOAMIOCH METOJOM 3JIEKTPOXMMHUYECKOTO oOcaxaeHus. B
KauecTBE 3JIEKTPOJIMTA MCHOJIb30BaICsS pacTBop oobemMoM 0.57, conepkamuii 0.05M ZnNO3
(pH = 5.5). OcaxxaeHne MPOBOAUIIOCH MPU Temreparype diaekTposuta 85°C M KaTOAHOU
m10THOCTH Toka 0.2 MA/cM? py HENpepbIBHOM MHTEHCHBHOM IEPEMENINBAHUY JIEKTPOJIUTA
MarHUTHOM Memalikoil. Bpemsi ocaxkieHusi BapbupoOBajaoCh OT 5 10 25 MHUH ISl TTOJTYyYEHUS
00pa310B IUICHOK € Pa3IMYHbIMH TOJIMHAMEU. PacueTHas CKOpPOCTh pOCTa IUIEHKH COCTaBUIa
nopsaaka 12 um/MuH. IInomans NOBEpXHOCTH IUIEHOK cocTaBwia mopsaka 5 cm?. Ilocne
ANEKTPOXUMHUYECKOT0 OCaXAeHMs IieHKH ZnO oTxkuraauce Ha Boszayxe npu 450 °C B
TeueHue 60 MUHYT.

UccnenoBanue (azoBoro cocraBa IUIGHOK MPOBOAMIOCH C  HCIHOJIB30BAHUEM
muppakromerpa D8 Advance (BrukerAXS) na CuK, wsnydenun (A=0.1542 um),
GuIbTPOBaHHBIM MHOTOCIOMHBIM Ni/rpadUTOBBIM MOHOXpOMATOpPOM, C H3MepeHueM 20 B
muamazone ot 10 mo 100° u marom 0.01°.Ananu3 ($a3oBoro cocraBa MPOU3BOJIUICS C
ucrnoib3oBanueM 0Oa3bl JaHHbBIX Crystallography Open Database (COD). Mopdonorus
MIOBEPXHOCTH TOHKUX IUICHOK HCCJIEJOBAJach METOJIOM CKaHMPYIOWEH 3IIEKTPOHHON
mukpockonuu (COM) na mukpockorne LEO1455VP npu yckopsitorem Hanpspkenun 20 kV u
u3yyasach C TIOMOIIBIO JETeKTopa BTOPUYHBIX 3eKTpoHOB (SE), azoBelii KOHTpacT
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HaOMOAJIC B OTPAXKEHHBIX JJIEKTPOHAX C TOMOIMIBIO YETHIPEXCEKIIMOHHOTO JETEKTOpa
00paTHO OTpakeHHBIX AeKTpoHOB (QBSD).

Pe3yabTarbl

Ha pucynkax 1 m 2 mpeacraBieHbl pPEHTTEHOTPAMMBI IICHOK JI0 W TOCIE OTXKUTA B
3aBUCHMOCTH OT BPEMEHHU MJICKTPOXUMHUYECKOTO OCAKICHUS.

110 FTO

310FTO
310FTO

25 m 25 MuH

110 ZnO
221 FTO, 103 ZnO
110 Zn0
221 FTO, 103 ZnO

-

15 mi 16 MUH

WMHTeHCMBHOCTL, OTH. &g,
WHTEHCUBHOCTB, OTH. €A

;_J 5m i 5 muH
(S

20 30 40 50 60 70 20 30 40 50 60 70
20.° 20,°

Puc. 1 — Penmeenocpammvi mMoHKUX Puc.2 — Penmeenoepammsr nienox ZnO
nienok ZnO 6 3asucumocmu Om 6pemMeHu 6 3AGUCUMOCTIU OM BPEMEHU OCANCOCHUS]
ocanrcoenus (nocne omarcuea npu 450°C)

(6e3 omorcuea)

B cocraBe 00pa3ioB MpHUCYTCTBYIOT TOJIEKO OCHOBHas (aza ZnO u dasza 1o UI0KKH
FTO. ®a3za ZnO umeeT rekcaroHadbHYIO CTPYKTYPY W TpEACTaBICHAa Ha PEHTTEHOTpaMMe
pedutekcamu 100, 002, 102, 101, 110, 103. ®da3a moanoxku FTO, nMeromas TeTparoHaIbHYIO
CTPYKTYpY, TIPEACTaBICeHa Ha peHTreHorpamme pedaexkcamu 110, 101, 200, 211, 310, 221,
301. OTKUr MPAKTUYECKU HE BIMSET HA KPUCTAJUIMYECKYIO CTPYKTYPY MOJYYEHHBIX IICHOK
ZnO. Cpennue mapamerphl dIeMeHTapHoOi stueiiku 11 ZnO pasrbl @ = 3.248 + 0.001 A,
¢ = 5211+ 0.005 A, a qns FTO pasust @ = 4.759 + 0.001 A, ¢ = 3.203 + 0.004 A.
Kpucrannmaeckas ¢aza ZnO B IUIEHKaX, MOJYYCHHBIX B JHMAMA30HE MPOJAODKHTEIBHOCTH
OCXJICHUS OT 5 10 25 MHUH, MMEET MOJUKPUCTAUIMUECKYI0 MpUpPOAYy Oe3 Kakoul-1udo
MpeuMyIlecTBeHHON opueHTanuu. Crabo BbIpaK€HHAsh OPHUEHTAIMs] CHHTE3UPOBAHHBIX
wieHok B HamnpaiaeHud [001] mosiBasieTcss B HEKOTOPBIX CiIy4yasiX IpU YBEIWYCHHUH
MPOJIOJDKUTENbHOCTH — ocaxaeHus g0 S50 wmuH.  Tepmuueckas  oOpaboTtka U
Hanmuuure/orcyrcTBue ciost ZnO Ha noBepxHocTH FTO He oka3pIBarOT BIUSHUS HA TTapaMeTPhl
pemetku nozacios FTO. 3aBucuMOCTH mapaMeTpoB dJIeMEeHTapHO# sueiikn ZNO oT BpeMeHH
OCaKJICHHSI BBISBIICHO HE OBLIO.

Mopdornorus noBepXHOCTH TOHKHX IJIeHOK ZNO 110 U mociie OTKUra npeCTaBIeHbl Ha
puc. 3. Ha cHMMKax 0 OT’KWra BUIHO, YTO KPUCTAILIBI UMEIOT JienecTkoBoe cTpoenue. [locie
OT)KUTA TPOUCXOJUT CKJICWBAHUE JICMIECTKOB, M KPUCTAIUIBI MPUOOPETAIOT BUA KOMIAKTHBIX
reKcaroHajabHBIX HAaHOCTOJNOMKOB. CpenHuil pasmep KpuctamioB paBeH 0.73 MKM 70 OTXHTra
u 0.46 MKM mocie oTxKura.

Mopdonoruss MOBEpXHOCTH OCWKIACHHBIX IIEHOK ZnO aHanorM4yHa IIJICHKaM,
noiyueHHBIM B [6]. IlmeHku ObUTM TPEACTABICHBI XaOTHYHO OPHEHTUPOBAHHBIMU
reKCaroHaJ bHBIMU KPUCTAILUTUTAMH, pa3Mep KOTOPBIX cocTaBisl okojo 1.0 Mmkm. OmHako B
HacTosIel paboTe KPUCTAIUTMUECKHE 3€pHA MPEACTaBISIOT cO00M IBOITHBIE reKCaroHaIbHbIE
MJacTUHbl. B psne uccnenoBanuii, Hampumep, B [7], 3JI€KTpooCaxAeHHbIE MeHKH ZnO
MMEJH BBIPAXKEHHYIO TOPUCTYI0 Mopdosoruto. [IneHkn okcuaa MUHKA, MOJIy4YeHHBIE B 3TOM
UCCIIeIOBAaHUH, 0071aal0T ropas3fo OoJjiee KOMIAKTHOW U MIOTHOYMAKOBAHHOM CTPYKTYpoOi
MMOBEPXHOCTH.
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- 2
- 5
N | e ’*‘
Signal A=SE1  Date 4 Apr 2016
PhotoNo, = 839 Time 12:56.03
EHT = 2000 kv

2 b *
Signal A = SE1 Date 4 Apr 2016

WD= 15mm PhotoNo. =884 Time 112:44:32
EHT = 20.00 kv

(a) (6)
Puc. 3 — COM-cHumKu nogepxnocmu 3J1eKmMpPOXUMUYUECKU 0CANHCOCHHBIX NI1EHOK
Zn0O: (a) 00 omatcuza; (6) Ilocne omarcuza npu 450 °C 6 meuenue 1 uaca

TakuMm 00pa3oM, B HACTOSAIICH paboTe MPEICTaBICH ABYXCTAIUIHHBIA METO/T ITOTYUICHUS
TOHKMX IUIeHOK ZnO, a Takke pe3ynbTaThl HCCIEIOBAHUS WX MHKPOCTPYKTYPHI B
3aBUCHUMOCTH OT ycJOBUH moJiyueHus. [logydyeHHble pe3ynbTaThl OYAYT HUCIIOIb30BaHbI IS
JTaTbHEHUINET0 Pa3BUTHSI TEXHOJOTHH TMOJNydeHHs IUIeHOK ZNO U co3maHust NpUOOPHBIX
CTPYKTYp Ha X OCHOBE.

UccnenoBanus BeinoHeHB! pu ¢puHaHcoBoM noanepkke ['TIHU «MatepuanoBenenue,
HOBBIE MaTEPUAJIbl U TEXHOJIOTUM.
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Abstract

The effect of the electrochemical deposition time and the heat treatment at 450 °C on
the phase composition, lattice parameters, grain size and surface morphology of ZnO thin
films has been investigated. According to the quantitative X-ray phase analysis, the empirical
ratios predicting molar composition and the FTO/ZnO thickness ratio depending on the
specific charge passed through the substrate during the film formation are established. An
average size of the crystallites before the heat treatment is 0.727 pm, and after the treatment,
it is 0.455 um.
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MOLEKULYAR FiZiKA VO BIiOLOJi SISTEMLOR FiZiKASI

PEQ-DEKSTRAN-SU IKIFAZALI SISTEMLORININ HAL DIAQRAMINA
Na2CsH104 VO NaCsHsOs DUZLARININ TOSIRI

Ohmadova A. 1., f.r.e.n. Hasanov N. H.
Baki Dovlat Universiteti. Baki
aysuehmedova502@gmail.com

Acar sozlar: Polietilenqlikol, dekstran, ikifazali sistemlor, binodal ayrisi, Na2CsH4O4,
NaCsHsOe.

KutroueBble ¢Jj10Ba: MOJUATUIICHTIIUKOJb, IEKCTPaH, AByX(ha3Hble CUCTEMbI, OWHOIAIIb,
Na2CsH404, NaC4HsOs.

Key words: Polyethylene glycol, dextran, two-phase systems, binodal curve,
Na2CsH404, NaC4HsOs.

Hazirda biotexonologiya siiratlo inkisaf edon bir sahadir vo insan hoyatinin keyfiyyot
Ssaviyyasini artirmaq ti¢iin gen mithandisliyi, molekulyar biologiya kimi sahalords yeni bioloji
mohsullar istehsal edilir, hans1 ki, onlarin aksariyyati garisiq vo ya mohlullardir. Bioloji aktiv
maddolorin tadqiqi, onlarin qarisiqlarindan kompanentlorin ayrilmasi vo tomizlonmosi, bu
kompanentlorin hor birinin ayriligda todqiqi yeyinti, farmakologiya vo tibb sahasindo genis
tatbig olunur.Bu tip sistemlori ayirmaq moagsadilo mixtalif metodlardan istifads edilir. Mahz
ikifazali sulu polimer sistemlori do onlardan on genis totbiq olunanidir. P.O.Albertson
torofindon islonmis bu sistemlordo sistemin eyni zamanda modvcud olan fazalarinin
hidrofobluglar1 bir-birindan farglondiyi Uclin paylanan maddoalorin molekullarmin fazalardan
birinds toplanmasi prosesi bas verir. Bunun naticasinda isa proses suratlonir vo boyik hacma
malik tomiz madds aldo olunmasina slverisli sorait yaradir. Bir-birindon fiziki vo Kimyavi
xassalarina gors farglonan iki polimerin va ya bir polimer va bazi duzlarin sulu mahlullarinin
qarisigl, kompanentlorin konsentrasiyalarinin miioyyan giymotindon sonra bir-birinds hall
olmada mohdudiyyat yaranir vo faza amols golir. Belo sistemlor ikifazali sistemlor adlanir.

On genis istifado olunan sulu ikifazali sistemlordan biri dekstran vo polietilenglikol
(PEQ) va ya dekstran vo fikol ikifazali sistemloaridir.

Togqdim olunan isin osas mogsadi PEQ-Dekstran-su ikifazali sisteminin faza
diagraminin vo birlosdirici xottin qurulmasi, sistemin kritik noqtasinin toyin olunmasi va
baxilan sistemin faza diagramma NaCsHiOs vo NaCsHsOe duzlarinmn tasirinin
oyronilmasindon ibaratdir. Isdo polimerlorin PEQ (6000) vo Dekstran (40000) fraksiyalar
vasitasilo alinmis PEQ-Dekstran-su ikifazali sistemlari todqiq edilmisdir.

Istifado olunmus polimerlarin yiiksok konsentrasiyali (Cpeq=38.84% Vo Cpek=20.86%)
mohlullar1 hazirlanmus vo ikifazali sistemlorin binodal oyrilori vo birlosdirici  xatlori
qurulmusdur.
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Sokil 1. PEQ-dekstran-su ikifazali sistemina duz alava olunmamaus hal (1), 0.20 mol/kq
Na>CsH404 duzu alava olunmus (2) va 0.25 mol/kq NaCsHsOe duzu alava olunmus hal (3)
(t=16°C).
y1=-2.08x + 25.6, y» = -2.56X + 25.46 va y3 = -3.50x + 35.70

Istifado olunan sistemlordo fazalara ayrilma sentrifuqa vasitosilo 10 dog 4400q
sratlondirilmisdir.

Owvalco polimerlarin, sonra 0.20 mol/kqg Na,CsH4O4 vo daha sonra iso 0.25 mol/kq
NaC4HsOs tizvi duzlarinin mohlullarinin istiraki ilo tacriibs aparilmisdir.

Notico olaraq, sokildon do gorindiyu kimi, 0.20 mol/kq Na>CsH4O4 duzunun tasiri ilo
PEQ-Dekstran-su ikifazali sisteminin binodali koordinat baslangicina dogru siiriismiis,
birlosdirici xattin meyl bucagi boyiimiis, binodal ayrisine uygun kritik ndqts iss sola dogru
stirismiisdir. Buna sobob Na;CsH404 duzunun tasiri ilo mihitdo sorbast su molekullarinin
say1 azalir, su daha da strukturlasir vo hollolma prosesi ¢otinlosir. ikifazali sistemo bu duzun
tosiri ilo fazalara ayrilma prosesi siiratlonir vo fazasmologalma polimerlarin daha Kigik
konsentrasiyalarinda bas verir. Bundan fargli olaraq 0.25 mol/kq NaC4HsOgs duzunun tasiri ils
PEQ-Dekstran-su ikifazali sisteminin binodali koordinat baslangicindan uzaqlasmus,
birlasdirici xattin meyl bucagi béymiis, binodal ayrisine uygun kritik ndqts iso saga dogru
stirismiisdiir. Duzun tosiri ilo mihitdo sorbast su molekullarinin say1 artir, bagh su
molekullarinin say1 iso azalir. Beloliklo, ikifazali sistemds suyun strukturu dagidilmisdir.
Bunun naticasinds hollolma prosesi asanlasir vo ikifazali sistemlorin kompanentlorinin daha
boyiik konsentrasiyalarinda faza omalo galir.
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Pe3rome

B npencraBnenHo# paboTe uccienoBana Gpa3opas quarpaMma, KOTopast siBISIETCS OHOM
U3 OCHOBHBIX XapaKTepUCTHK BoxHOW nByx(dasHoit cucremsr I19K-/Ipk. HMccnenoBano
Brusiaue 0,20 moub/kr coneit NaxCsHaO4 m 0,25 mons/kr NaCsHsOg Ha dazoBas quarpamma.
Ycranosneno, uro coib Na2C4H404 crpykrypupyeT BOdy B OKpYKaIIeH cpese, a cojb
NaC4H506 pa3pymmaer cTpyKTypy BOJIBI.

Summary

In the presented work, the phase diagram, which is one of the main characteristics of the
PEQ-Dek-water two-phase system, was studied. The effect of 0.20 mol/kg Na.CsH4O4 and
0.25 mol/kg NaCsHsOe salts on the phase diagram was considered. It was found that
Na>C4H4O4 salt structures water in the surroundings, while NaCsHsOe salt destroys water
structure.

HOLLOLMANIN TERMODINAMIK PARAMETRLORININ
POLIMERIN QURULUSUNDAN ASILILIGI

Dos. Ismayilov E.X., Hasratov X.N.
Ganca Dovlat Universiteti

Acar sozlor: termodinamik parametr, polimer, entropiya, makromolekul, hollolma

KinwueBble c¢joBa:  TEPMOAMHAMHYECKHWA  TapaMerp, TMOJHUMEpP, SHTPOIUS,
MaKpOMOJIEKYJIa, PACTBOPUMOCTD

Key words: thermodynamic parameter, polymer, entropy, macromolecule, solubility

Hollolmanin  termodinamik  parametrlori  polimer  zoncirinin  qurulusundan,
miitoharrikliyindon, gablagsma sixligindan, molyar kiitlosindon vo onun fiziki vo faza halindan
asilidir.

Miitoharrik zoncirli polimerlorin polyarlig1 adoton kigik olur vo onlar polyar olmayan vo
ya polyarlig1 az olan holledicilorde holl olurlar. Bu zaman hollolma entalpiyas1 hom miisbat,
hom do monfi qiymaotlor alaraq adadi qiymstco kicik olur. Bu, o demokdir ki, miitohorrik
zoncirli polimerlorin hall olmasinda hollolma entropiyast miihiim rol oynayir. Lakin
polimerdo miitoharrik zoncirlorin olmasi noticosindo onlarmm  mangalarmin  halledici
molekullar1 ilo yerdoyismo imkani yaranir ki, bu da 6z ndvbasindo kombinator entropiyanin
miisbot qiymotlorinin artaraq ideal hollolma entropiyasinin qiymatlorindon c¢ox boyiik
olmasma gotirib c¢ixwrlar. Bu zaman parsial hollolma entropiyalar1 polimerin
konsentrasiyasindan (¢») asili olaraq artir vo 2 = 1 qiymatinds sonsuzluga yaxinlasir.

Miitoharrik zencirli polimerin polyarligit bu polimerin polyarligina yaxm olan
holledicilords osason entropiya faktorandan ashdir.

Polimer zoncirinin sartliyi artdigca hall olmanm kombinator entropiyasi azalir vo ideal
hallolma entropiyasina borabar ola bilir. Ona gora do sort zancirli polimerlor yalniz AH < 0
olan halda, yoni ekzotermik proseslordo hoall ola bilirlor. Lakin, polimerin hslledici ilo
qarsiligh tosiri ¢ox boylik olan hallarda holledici molekullarinin makromolekul otrafimda
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nizaml1 yonalmasi bas vers bilor vo bu iso kombinator olmayan entropiyanin va bozi hallarda
iso imumi hollolma entropiyasinin monfi qiymetlor almast ilo naticolonir. ©gar bu doyismo
miitlog gqivmotco hollolma entalpiyasindan boyiik olarsa hollolmanin sorbost enerjisi artar
(AG>0) vo hoallolma prosesi dayanar. Bu sababdon sart zoncirli polimerlorin sismosi mohdud
olur.

Polimerlor 6z ki¢ik molekullu analoqlarinda holl oldugda onlarin gablagsma sixlignin
termodinamik parametrloring tosiri 6zlinli daha ¢ox biiruzs verir.

Ik baxisdan ziddiyyotli gdriinon bu tosir, belo sistemlordo holl olmanm osasen termik
getmoasinae baxmayaraq (AU = o), mohlulun hamiso miisahido olunan sixilmasi, yoni hocminin
azalmasi naticasinda istiliyin ayrilmasi ilo (4H < o) slagodardr.

Seyrok gablagsmis makromolekullarin hollolma prosesindo bu nov sixilma daha bdyiik
qiymatlor alir vo bu da hollolma entalpiyasinin modulca daha boyiik monfi qiymatlor almasina
gotirir. Oksing, six gablagsmig makromolekullardan ibarot polimer 6z kicik molekullu
analoqunda hoall oldugda miisbat sismo istiliyi miisahido olunur.

Beloliklo, goriiriik ki, polimerlorin 6z ki¢ik molekullu analoglarina hall olmasi prosesini
tadqiq etmaklo makromolekullarin qablasma sixlig1 haqqinda qiymatli molumatlar almaq olar.
Qablagsmanin sixliginin ciizi doyismasi polimerin qurulusuna ¢ox hossas olan parametrlorin-
hallolma vo sisma istiliklorinin qiymatlorine tosir edir.

Brensted prinisipino goro karbohidrogenlor bir-birilorindo holl oldugda hallolmanin
miisbat istilik effekti garisan molekullarin Slgiilori arasindaki forq artdigca daha bdoyiik
olmalidir. Lakin bir ¢ox hallarda polimerlorin hsllolma prosesindo gdzlonilon bdyiik
endotermik effektlor miisahido olunmur. Bunu onunla izah etmok olar ki, Brensted prinsip
molyar kiitlonin elo miioyyan qiymstine godor dogrudur ki, onun bu qiymstindon sonra
hocmin hoallolma entalpiyasinin monfi gqiymotlorino gotiron doyismosi asas rol oynamaga
baslayir. Yiiksokmolekullu aromatik birlogsmolorin holl olmasi ekzotermik bas verir vo AH- n
monfi giymotlorinin modulu polimerin molyar kiitlosi boytidiikco artir (sokil 3).
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Bu proseslords eyni zamanda holl olma entropiyasimin monfi qiymstlorinin do modulu
molyar kiitlo boytidiikco artir (sokil 4).

Lakin TASM komiyyati AH" komiyyatino nisbaton daha siirotlo artdigindan sorbost
enerjinin AG™ doyismosi molyar kiitlo artdigca modulca daha monfi olur vo belsliklo,
termodinamikaya goro molyar kiitlo artdigca polimerin hallolma gabiliyyati azalir.
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Pe3rome

B 1mpomecce pacTBOpeHHs pa3peKEHHO YIAKOBAaHHBIX MAaKpPOMOJIEKYJ 3TOT THII
YILIOTHEHUsI MpUOOpeTaeT OOJIbIIME 3HAUYEHUs, YTO IPUBOJUT K TOMY, UYTO DHTAJBIIHUS
pacTBopeHusi mpuoOperaer  OoiblIMe  OTpHLATENbHBIE  3HaueHus. W HA0OOpOT,
MIOJIOKUTEIbHAS TEIUIOTa HaOyXaHusl HaOJt01aeTcsl, KOria MoJIMMEpP, COCTOSIUN U3 IIOTHO
YIAKOBAHHBIX MAaKpOMOJIEKYJI, PacTBOPSETCA B €ro HHM3KOMOJIEKYJISIpHOM aHaiore. Takum
o0pa3oM, MBI BHAWM, YTO LEHHYIO HH(OPMAIMIO O IUIOTHOCTH YIMAKOBKH MaKpOMOJEKYII
MOHO IIOJIy4UTb, M3ydas IPOLECC PACTBOPEHUS IOJUMEPOB B MX HHU3KOMOJEKYJSIPHBIX
aHanorax. He3HaunTenpHOE W3MEHEHME IUIOTHOCTM YIAKOBKM BIIMAET Ha 3HAYCHUS
[apaMeTpoB - TEIUIOT PacTBOPEHHs U HaOyXaHUs, - KOTOpbIE OYEHb YYBCTBUTEIbHBI K
CTPYKTYp€ MOJHUMeEpA.

Summary

In the process of dissolution of sparsely packed macromolecules, this type of
compaction acquires larger values, which causes the enthalpy of dissolution to acquire larger
negative values. Conversely, a positive heat of swelling is observed when a polymer
consisting of tightly packed macromolecules is dissolved in its small molecule counterpart.
Thus, we see that valuable information about the packing density of macromolecules can be
obtained by studying the process of dissolution of polymers into their small molecule
counterparts. A slight change in the packing density affects the values of parameters - heats of
dissolution and swelling - which are very sensitive to the structure of the polymer.

POLIMER MOHLULLARIN TERMODINAMIK XARAKTERISTIKALARI

Dos. imanov R.M., Hasratov X.N.
Ganca Dovlat Universiteti

Acar soOzlar: makromolekul, polimer, holledici, mohlul, potensial, temperatur,
komponent

KiaroueBble cioBa: MaKpOMOJICKYJIa, IMOJUMEP, PaCTBOPHUTECIIL, paCTBOpP, INOTCHIHUAI,
TeMIICpaTypa, KOMIIOHCHT

Key words: macromolecule, polymer, solvent, solution, potential, temperature,
component

Makromalekullarin 6lgiilari, formalari, imumiyyatlo konformasiyalar1 Karqini, Flori vo
Frenkel nazariyyalori cargivasinds holl olunur. Makromalekullarin hagiqi fordi xassalorini
Oyronmok molekullararas1 qarsiligh tasirlori aradan qaldirmaq lazimdir. Bu iso onlarin biri -
birindon uzaqda oldugu sistemlords, yoani duru mohlullarda miumkinddr. Lakin bu halda
polimer mohlullarmin bir-biri ilo garsiligh tasirlori, bu molekullarla halledicinin molekullar:
arasindaki qarsilighh  tosirlo  ovez olunurlar. Ona g6ro do polimer mohullarinin
termodinamikasimin qarsisinda duran asas masalo polimer mohlullarmin halledici ilo qarsiligl
tosiri ilo makromolekullarin mohluldaki xassalori arasinda asililiglar1 miiayyan etmokdir.

Polimer mohlulun ssas xarakteristikalart mohlulun 4H — hollolma entalpiyasi vo A4S -
hollolma entropiyasidir. Bu iki komiyyatin funksiyasi izobar-izotermin potensialidir:

AG = AH-TAS (1)

Burada 4G - hall olanin Gibbs sarbast enerjisidir.

Sabit tozyiqds va temperaturda hallolma, Gibbs sarbast enerjisinin azalmasi ilo gedan
Ozbasgina prosesdir. Komponentlor bir-birinds hall oldugda mohlulun sarbast Gibbs enetjisi,
komponentlarin sarbast enerjilorinin comindon Kigik olur:
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Gmeh <Z ni Gio (2)

Burada G/- i- ci komponentin tomiz halda sarbast enerjisi, ni — iss komponentin

mollarmin sayidir.
(2) ifadasindon gorindr ki, hall olmanin sarbast enerjisi manfi olmalidir:

AG =G, — > G’ (0

Buna uygun olaraq mohlulda komponentin p; Kimyavi potensiali, onun hall olana godar
ki, 1 kimyavi potensialindan kigik olmahdir.

Molekullar1 eyni ciir qarsiliql tasirde olan komponentlorin qarisigi ideal polimer mohlul
adlanir. ideal mohlulun xassalori komponentlorin xassalorinin additiv comino borabor olur.
Belo mahlullar Henri, Raul va Vant-Hoff qanunlarina tabe edilir.

Priqojin 6zunun mohlullar nozariyyasinds gostormisdir ki, zoncirvari molekullu polimer
mohlullarin  konfiqurasiya ilo olagodar termodinamik komiyyatlori, komponentlorin
molekullarinin 6lgiilorindon va onlarin qgarsiliqli tasirindon asilidir. Patterson Priqojinin bu
nozoriyyasini, polimer mohlullarinin qarsiliqli ;i tesir parametrlorini totbiq edorak, onun
temperaturdan asililig1 {i¢iin

U, T,/
=—y+——C
FERTTT TR
ifadosini almigdir.
Burada T,vo T,uygun olaraq holledicinin vo polimerin gotirilmis temperaturlaridir.

Lakin Priqojin nazariyyasinds ¢atinliklor gatirilmis parametrin se¢ilmasidir.
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Pe3rome

CMech KOMIIOHEHTOB, MOJIEKYJIbI KOTOPBIX B3aMMOJECHCTBYIOT OJMHAKOBO, HA3bIBACTCS
UJeanbHbIM pacTBOpoM mojumepa. CBONCTBAa HIEaNbHOTO pAcTBOpPA PaBHbI aJIUTUBHOMN
CyMMe€ CBOMCTB KOMIIOHEHTOB. Takue pacTBOpbI MOJUUHAIOTCA 3akoHaMm ['enpu, Payns n Ban-
l'opda. B cBoeii Teopum pactBopoB IlpuroxkuH mokaszaji, 4YTO TEPMOIMHAMUYECKUE
BEIIMYMHBI, CBA3aHHbIE ¢ KOH(UTypalueil pacTBOPOB MOJMMEPOB C HEHHBIMU MOJEKYJIaMH,
3aBHUCST OT pa3MEpPOB MOJIEKYJ KOMIOHEHTOB U X B3aWMOICHCTBHUSL.

Summary

A mixture of components whose molecules interact in the same way is called an ideal
polymer solution. The properties of an ideal solution are equal to the additive sum of the
properties of the components. Such solutions obey Henry's, Raoult's and van't Hoff's laws. In
his theory of solutions, Prigogine showed that the thermodynamic quantities related to the
configuration of polymer solutions with chain molecules depend on the sizes of the molecules
of the components and their interaction.
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PEQ VO LIMON TURSUSUNUN NA DUZU SiSTEMLORININ STRUKTUR
TEMPERATURU

Masimov E.O., Sahbazova G.M., Mirzazada A.V.
Balki Déviat Universiteti, Azarbaycan
email: shahbazova.gunel@mail.ru
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ikifazali sistem
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system, two-phase system

Malumdur ki, su canli orqanizmlords bas veran butiin bioloji, biokimyavi vo biofiziki
proseslords foal istirak edir [1]. Su, bu proseslords 6zlni holledici aparmagqla yanasi,homginin
organizmds bas veran biitiin qarsiligh tasirlords,fermentativ reaksiyalarin gedisinda, Kimyavi
maddoalorin osmos veo diffuziya vasitosilo dasinmasinda miihiim rol oynayir. Miixtalif
maddalari suda hall etdikda suyun strukturu va termodinamik hali dayisir. Hallolan maddalor
kimyavi torkibindan va qurulusundan asili olaraq suyun strukturuna miixtalif clr tosir edirlor:
bir gox maddolor suda su molekullar1 arasinda mévcud olan hidrogen rabitalorini zaiflotdiklori
halda, digarlori bu rabitalori daha da guclondirirlor. Bitun bioloji proseslor su mihitinds bas
verdiyindon xarici amillorin, o ctimlodon, elektrik, magnit vo elektromagnit sahalorinin,
tozyiqin, temperaturun, hallolan maddalorin va s., bioloji sistemlorin termodinamik halina
tosirinin dyronilmasi fiziki kimyanin qarsisinda duran on aktual problemlardondir. Birgiymatli
demok olar ki, xarici amillor ilk ndvbads bioloji sistemin torkibino daxil olan suyun
strukturunu doyisdirir. Bu iso butovlikds sistemin termodinamik halinin doyismasina sabab
olur. Ona goro do suyun strukturuna muxtslif maddoslorin tasirinin dyronilmasi vo sulu
mohlullarda struktur xususiyystlarinin tadgiqi ¢cox vacib mosalalordandir. Bioloji sistemlords
suyun halindaki doyisikliklor bu mihitds foaliyyst gOstoran canli orqanizmlarin funksional
foaliyyatina ciddi tasir gostarir.

Togdim olunan isdo Su-Limon tursusunun Na duzunun ozliiliyliniin temperatur
asitliligina vo bu sistemos polietilenglikolun (PEQ-in) tasirine baxilmisdir. Daha sonra PEQ vo
limon tursusunun natrium duzu-su ikifazali sistemi verdikdon sonra sistem fazalarina ayirib
asag1 (limon ¢ox olan) va yuxar1 (PEQ ¢ox olan) fazalardaki moahlullarin miixtalif temperatur
intervalinda 6zIi axmm struktur temperaturunun tohlili asasinda struktur xisusiyyatlori
arasdirilmisdir.

«Struktur temperaturu» termini elms ilk dofo Bernal vo Fauler torofindon miuxtalif
maddslorin suyun strukturuna tosirini miqdar1 toyin etmok tiglin daxil edilmisdir [2].
Miuolliflorin fikrino gOro struktur temperaturu parametrinin «texniki termin» kimi daxil
edilmasi mohlullarda bir cox mirokkab gqarsiligh olagalori 6ziindo comlasdirar vo dorin
monaya malik ola bilor.Struktur temperaturu anlayisi 80-ci illorin ovvallorinds yenidon,
tamamilo basqa torzds, Uberreyter torofindon islodilmisdir [3]. Baxilan isdo struktur
temperaturu optimallasma metodu Vvasitasilo toyin edilmisdir. Alinan naticalor codval 1-do
goOstorilmisdir.
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Cadval 1.
Su-limon tursusunun Na duzu vo PEQ-Su-limon tursusunun Na duzu, PEQ-
limon tursusunun Na duzu-su ikifazah sisteminin yuxan va asag1 fazalarinin struktur
temperaturu

M9h|U| Tstr (K)
Su-limon tursusunun Na duzu 148
Su-limon tursusunun Na duzu-PEQ 160
(ikifazali vermodon)
Su-limon tursusunun Na duzu-PEQ 211
(ikifazali verdikden sonra yuxar1 fazanim)
Su-limon tursusunun Na duzu-PEQ 177
(ikifazali verdikdon sonra asag1 fazanin)

Struktur temperaturu bilavasite mayedo olan strukturlasdirict qarsiligh tasirlorls
olagodar parametrdir. Bu sobabdon do hor hansi faktorlarin tosiri ilo mayenin (mohlulun)
strukturunun doyismosi struktur temperaturunun giymatini doyisdirocok. Belo ki, sulu
mohlulun struktur temperaturu tomiz suyun struktur temperaturundan bdyukdirss, suya slava
edilon madds suyu strukturlagdirir. ©gor sulu mahlulun struktur temperaturu tomiz suyun
struktur temperaturundan Kicgikdirss, suya slavs edilon madds suyun strukturnu dagidir.

Tomiz suyun struktur temperaturu Ts=146K oldugundan, deys bilorik ki, limon
tursusunun Na duzu suya neytral tosir edir, lakin PEQ-in tosirilo bu sistem suyu
strukturlasdirir. Ikifazali sistemi ayirdigdan sonra PEQ ¢ox olan yuxari1 fazada struktur
temperaturu daha da artir.
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Pezrome

B npencraBnenHoit paboTte ompesneneHa CTpyKTypHas Temiiepatypa cucteM PEQ, Na
coJiel JIMMOHHOM KHCJIOTHI JO W TMOCie MpuaaHus AByxdasHoil cucreme. [ns srtoro
paccmarpuBaeMas AByxdasHas cuctema ( [IDI-mutpat HaTpus-Boaa ) Obuia pas3jeneHa Ha
da3pl M HW3MEpEeHbl BS3KOCTH PAcTBOPOB B HIDKHEH U BepxHeil ¢azax. Temmeparypy
cTpykTypsl (Tstr) ompenensiiv ¢ UCMOIb30BAaHUEM METOAAa ONTHUMH3AIIIH.

Summary

In the presented work, the structural temperature of the PEG, sodium citric systems was
determined before and after the addition to the two-phase system. To do this, the considered
two-phase system (PEG-sodium citrate-water) was divided into phases and the viscosity of
the solutions in the lower and upper phases was measured. The temperature of the structure
(Tstr) was determined using the optimization method.
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The production of certified planting material for grapes is one of the most important
problems of viticulture today. The problem of obtaining plants free from virus, mycoplasma
diseases and bacterial cancer is successfully solved by biotechnological methods all over the
world. Abiotic factors are one of the main indicators that regulate the dynamics of
development in the reproduction of plants, whether in vivo or in vitro.One of these factors is
light. In addition to its effect on the physiological phenomena of plants, light has a
morphological effect on the shape of organs, and a biological effect on the formation and
flowering of flower organs. An increase in light intensity in plants causes growth retardation,
root growth and the formation of color pigments such as anthocyanins. Learning and
explaining the mechanisms of the primary processes of light's effect on living systems is the
main problem in molecular photobiology. Photodestructive processes, which cause molecular
damage in cell formations, can occur in serious biological results that are considered due to
the exposure of new functional materials. The use of new light biotechnology methods
available will make a valuable contribution to improving the process of obtaining healthy
planting material by planting isolated tissues and organs.Like most plants, grapes require
adequate illumination and a certain spectral light composition at the beginning of their
development, as well as during the adaptation of microclonal plants to ex vitro conditions.|
Kadkade & Japson (1987)] Studies investigating the interactive effect of high light intensity
on grape Yield are relatively rare, especially in viticulture. [ Greer, D. H et al.,20212b] In this
respect, research in this field is relevant and of scientific and practical interest. Shirvan-Shahi
is a mid-late maturing technical variety belonging to the ecological-geographical group of
eastern varieties of Azerbaijan. It was grown only in the Shirvan region of the Araz plain of
Azerbaijan, in the Kur-Aran subzone - Kurdamir region. The product of the variety is a
valuable source for the purchase of high-quality kagor-type dessert wine. It was used in the
preparation of Kurdamir dessert wine. [Qaragozov T.H et al 2004]. The effects of the spectral
composition of light and illumination intensity on the growth and development processes of
grape seedlings and the morphogenesis of in vitro grown grape explants have been little
studied. In this context, studies have been conducted to examine the growth and development
characteristics of Shirvan-Shahi (Vitis Vnifera) grape plants during in vitro microclonal
propagation in photoculture using narrowband LEDs as irradiators to optimize the production
process.

MATERIALS AND METHODS

In vitro MS is placed in an artificial climate chamber with a nutrient medium. Here, an
experimental stand was created using narrow-band LEDs, which allowed to simulate a light
regime with different ratios of blue and red light. The use of high-intensity, narrow-band light
is important for the study of full photosynthesis and normal plant growth, and the effect of the
physiological radiation spectrum on the intensive growth and development processes of
plants. Explants were placed in red (622-780 nm), blue (455-492 nm) and blue-red mixed
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spectrum optical lights to study the influence of the spectral composition of light on their
development dynamics after being transferred to the nutrient medium. In order to study the
influence of the spectral composition and intensity of light on the morphological
characteristics of plant development, experiments were conducted on several different
schemes. To study the effect of light intensity on plant development, 2500 lux and 5000 lux
were taken.
In practice, 2 options were used for additional lighting of plants:
1. Hlumination with red spectrum optical glass, 720nm light (3 hours)
2. llluminationwith blue spectrum optical glass, 460 nm (3 hours).

RESULTS AND DISCUSSIiON

The intensity, duration, and quality of illumination are the three main factors that must
be considered in all studies using irradiation For the development of the Shirvan-Shahi grape
variety, it was necessary to study the effect of light intensity. At 5000 lux light intensity,
plants were 5-6 cm tall and had large leaves. After twenty days, the plant started to turn
yellow. When exposed to light intensity of 1500 Lux, only 4-5 cm growth and small leaves
were observed in plants within 20 days. When exposed to an intensity of 1300 Lux, the
specimens grew to 6-7 cm. [ A.A.Sadigova,.et al 2021] In addition to the visible part of the
spectrum, the intensity of many physiological processes, the internal structure of the plant cell
and, finally, the formation of the entire plant and product depend on both long ultraviolet
(300-400 nm) and short infrared radiation (780-1100 nm). Thus, red R (720nm) and blue B
(460nm) optical glasses were used. In vivo, plants with B-460nm light wavelength grow more
slowly than under LED lights, and fewer leaves shrivel and dry. In red light R -720nm, no
drying was observed in the leaves. In vitro samples placed under blue spectrum optical glass
(460 nm) showed 70% positive growth dynamics. The leaves are light green and solitary on
the stem. 75% of the in vitro samples placed under the red spectrum optical glass (720nm)
showed positive growth dynamics. In the samples, 5.6 cm long stem and sliced, dark green
leaves were observed. Then, in the next subcultivation, the samples were placed under visible
light and observations were made. Development dynamics in samples exposed to blue
spectrum optical glass was assessed as negative. 70% positive growth dynamics was observed
in explants removed from the exposure of red spectrum optical glass. It has been reported in
many literature that monochromatic light causes leaf curl in some ornamental plants. This
confirms our results. Therefore, it is important to optimize the production process by choosing
the optimum light regime, as well as to develop the technology of mass production of
valuable plants, including grapes.
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Xulasa

Siini is1qlandirma soraitindo  Uzdman mixtalif hissalorinin inkisaf dinamikasi vo stressa
davamlilig1 forglidir. Tadgiqat isindo dar zolaqli LED-lordan istifads etmoklo fotokulturada in
vitro mikroklonal ¢oxalma zamani Sirvan-Sahi (Vitis Vnifera) Uzim bitkisinin bdyima vo
inkisaf xtisusiyyatlori Oyronilmisdir. Sirvan- Sahi {iziim sortunun mikroklonal ¢oxalmasinin
1-ci morhalasinds oldo edilon naticolor goOstorir ki, qurmizi isiq orqanlarin boyiimasi,
gongalorin meydana golmosini stimullasdirir. Spektral kompozisiyanin istifadoesi vo onlarin
mikroklonlarin morfologiyasina tasiri tigiin tapilan sortlor,bu sartlorin bitkilorin inkisafi ti¢iin
olverisli oldugunu vo tobii soraitlo oxsar oldugunu gostorir. Qurmizi spektrli optik siisonin
ekspozisiyasindan ¢ixarilan va yenidon subkultivasiya edilon va goriinen isiga yerlosdirilon
nimunalords 70% misbat artim dinamikasi miisahido olunub.. Alinan molumatlara asasan
isiglandirma dar zolaghh vo mixtalif spektirli optik siisolorin istifadasi ilo modulyasiya
edilmigdir. Belo Ki, istifado olunan lampalarin spektral xiisusiyyatlori oldo olunan morfoloji
gostaricilorlo alagali oldugu malum olmusdur.

Pe3rome

B ycnoBusiX HCKYCCTBEHHOI'O OCBELIEHUS JMHAMUKA PA3BUTUS U CTPECCOYCTOMUYMBOCTD Pa3HBIX
yacTell BHHOTPAIHON JO3bI pa3nnyHa. B pabore m3y4deHBI OCOOEHHOCTH pOCTa M Pa3BUTHS COPTa
BuHorpana Illupsan-Illaxu (Vitis Vnifera L) npu MHKpPOKIOHAJIBHOM pa3MHOXKEHHH IN VItro B
(hOTOKYIBTYpE C HCIIOIB30BAHUEM Y3KO -TIOJIOCHBIX CBETOANMOAOB. Pe3ynbTaThl, MOIydeHHbIE Ha 1-M
3Talie MHUKPOKJIOHAJIBHOIO pPa3MHOXKeHus copra BuHorpajga Illupsan-Illaxu, nokasepiBaroT, 4TO
KpacHBId CBET CTUMYJUPYET pOCT oOpraHoB u (opmupoBanue OyToHOB. HaiijeHsl yciIOBHUsS
WCTIOJIb30BAHMS CIIEKTPAIBHOIO COCTaBA U MX BIUSHHS HA MOP(OJIOTHI0 MUKPOKIOHOB. DTH YCIIOBUS
ONMaronpUATHBI JUTSI PAa3BUTHSl PAcTeHWH W ONM3KM K MPHUPOTHBIM ycioBusM. 70% mMonoxuTensHas
JMHAMHKa pocTa HaONoanack B 00pasnax, CHATHIX C JKCIO3UIMKA ONTHYECKOT'0 CTEKIa C KPACHBIM
CHEKTPOM W TIOBTOPHO CYOKYJTBTHBHPOBAHHBIX WM TIOMEIIEHHBIX B BHIUMBIN cBeT. Ha ocHoBaHmMH
MOJTyYeHHBIX TaHHBIX ObLIa MPOBEIEHA MOMYJISAINS OCBEIIEHHOCTH C MCIIOIb30BAHNEM Y3KOIOJIOCHBIX
M Pa3HOCMEKTPATbHBIX ONTHYECKHX CTEKOJ. TakuM 00pa3oM, CTajo HM3BECTHO, YTO CIIEKTPAIbHBIE
XapaKTEPUCTUKH UCTIONH3yEMBIX JIAMII CBSI3aHBI C TIOJTYYEHHBIMHI MOP(OIOTHIECKIMH ITOKA3aTEIIMU

CPABHUTEJBHBIN AHAJIN3 IPOCTPAHCTBEHHOM CTPYKTYPbI
I''IMINENTUAHBIX TPU- U TETPAIIENNTUAHbBIX MOJIEKYJI
Maygistr:. I.C.Rzayev
E/r: prof. S.Hasanov
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baxunckuii I'ocyoapcmeennwtii Ynueepcumem, baxy

KiroueBble ci1oBa: KOH(I)OpMaL[I/IH, TPUIICTITUA, TCTPAIICIITHA, MOJICKYJI4, CTPYKTYpa
Acar sozlar: konformasiya, tripeptid, tetrapeptid, molekul, foza qurulusu
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IlenTuap! perynupyroT BCe MPOLECCH )KUBOTO opranu3ma.  Onpenenenue
CTPYKTYpHO-(DYHKIIMOHAJIBHOM OpraHu3alMyd TENTHIHBIX MOJEKYN SBISETCS OTHOH U3
OCHOBHBIX Npo0OseM MoJieKyasipHoil Ouodusuku. IIpu co3gaHuM HOBBIX JIEKAPCTBEHHBIX
IpernapaToB McCCIeNoBaTeNM BCe 4alle OOpallalTcss K MCIOJb30BAaHMIO IMENTHIOB -
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COOCTBEHHBIX pETYJISITOPOB  YEJIOBEYECKOTO opranuzMa. UYtoObl y3HATh NPUPOLIY
PEryASTOPHBIX MENTH/IOB, HY)KHO OIPEIEIUTh UX MPOCTPAHCTBEHHOE CTPOCHHUE.

I'munponuHbl — HOBOE CeMEHCTBO OMOJIOTMUECKH aKTUBHBIX MPEMapaToB, COACPKAIINX
rmuiuH (Gly) u nposme (Pro). Dty mentuabl MOIYIUPYIOT pabOTy MMMYHHON W HEPBHOMU
CHCTEM, BIIMSIFOT Ha CUCTEMY CBEpThIBaHUs KpoBH [1, 2]. BeinonHseMble 3STUMH MOJIEKYIaMU
(GYHKIMU OTNpPENeNsioTcss UX MPOCTPAHCTBEHHBIM CTpOoeHHEM. UTOObI MOHATh MEXaHU3M
JEUCTBUSL TJIMIPOJIMHOB, HYXHO OIPENEIUTh WX MPOCTPAHCTBEHHOE CTpoeHue. lLlenmbio
JaHHOW palOTHI SBISETCA OIpPENEICHUE TMPOCTPAHCTBEHHOW CTPYKTYpPHI TIHIPOIHMHOBBIX
monekyn Pro-Gly-Pro, Gly-Pro-Gly, Gly-Pro-Gly-Pro, Arg-Pro-Gly-Pro, Val-Pro-Gly-Pro,
Phe-Pro-Gly-Pro, Leu-Pro-Gly-Pro, Pro-Gly-Pro-Gly, Pro-Gly-Pro-Arg., Pro-Gly-Pro-Val,
Pro-Gly-Pro-Phe u Pro-Gly-Pro-Leu.

Mertox  TeOpeTHYecKOTO  KOH(GOPMAIIMOHHOTO  aHaln3a  JlaeT  BO3MOYKHOCTh
paccUMTHIBATh TPEXMEPHYIO CTPYKTYpPY TENTHAHBIX MOJIEKY HCXOAs W3 H3BECTHOM
AMHHOKHMCIIOTHOHM TIOCIIEZIOBATENFHOCTH. Pacder BBHINIONHAJCS B pPaMKax MEXaHHYECKOH
MOJENU MOJEKya ¢ yu4éroM HeBaleHTHBIX (Eus), anekrpocrarnyeckux (Es:), TOPCHOHHBIX
B3auMoieiicTBUl (Erop) M dHEprum BoaopoaHbiX cBsizell (Esc). bbuin HalimeHsl s Kaxaou
MOJIEKYJIBl ~ KOJIMYECTBEHHBIE  XapaKTEPUCTUKH DHEPreTHUECKMX M  TeOMETPHUYECKHX
nmapaMeTpoB TPHUIENTHAHBIX W TETpaNeNnTUIHBIX MoJiekyd. CHadanma Oblla paccuuTaHa
npupoaras mosekyna Gly-Pro-Gly-Pro u ee amanoru, xotopslie moiydarorcs 3ameHoi N-
koHieBoro ocratka Gly wa Arg, Val, Phe u Leu. HaiiieHHble sHEpreTHYecKue mapaMeTpsbl
MpeaCcTaBiIeHbl B Ta0muie. M3 Hee BHIHO, YTO B HHU3KOAHEPTETUYECKUX KOH(POPMAIUSIX
KaX/IOTO TEeTpamnenTha OCHOBHOW BKJIaJ BHOCAT HEBAJCHTHBIE M JIIEKTPOCTATHUECKHUE
B3aMMOJICHCTBHS. AHAIN3 BHYTPUMOJIEKYSPHBIX B3aMMOJICWCTBUH IMOKAa3aJ, YTO HU3Kas
sHeprus KoHpopMmaruii  oOycliOBI€HAa BKJIaJaMH JW- TPHU- M TETPANCNTHIHBIX
B3aMOJICHCTBUH.

Terpanentuasr  Arg-Pro-Gly-Pro u  Leu-Pro-Gly-Pro sBastrorcss  cpeactBamu st
JIedeHusI TPOMOOOOpPa30BaHM, OHU CHM)KAIOT TTOBBIIICHHBIH YPOBEHB TIIFOKO3BI B KPOBH IPH
WHCYJIMH3aBHCUMOM Jrabete. Eciii cpaBHUTH CTPYKTYPBHI ATHX MOJIEKYII, TO pacdeT JAaeT, 4To
HU3KOAHEPTreTHUECKUMH JUTSI HUX SIBIISTIOTCSI OJJMHAKOBBIC TIOTYCBEPHYThIE (DOPMBI OCHOBHOM
nenu. Kaxmass MoseKylna pacCuuThIBalach Ha OCHOBE W3BECTHBIX HHU3KODHEPTETHUECKUX
KOH(pOpMaIMii BXOJSAIIMX B HEE MOHOIECNTHIOB. Pacuer maer Takke TreoMeTpUYECKHE
napamMeTphl JUIsl KaXKJOro TENTHAAa — 3HA4YCHUs JBYTPAHHBIX YIJIOB OCHOBHOW M OOKOBBIX
1ernei aMUHOKHCIIOT, BXOASAIINX B MOJICKYJIbI. JJIs1 IPUPOIHON TEeTparenTHIHOW MOJICKYJIbI
Pro-Gly-Pro-Gly 6butu paccuntansl 4 aHamora, KOTOpbIE IMOJIy4aroTcst 3aMeHON C-KOHIICBOTO
Gly na amunokucnorsl Arg, Leu, Val u Phe. Pe3ynbTarhl pacuera Takke IpeICTaBICHBI B
TadJIuLE.

Tabnuua DHepreTuyeckue napaMeTpbl HI3KOIHEPTreTHUSCKIUX KOHPOpPMAaIUit
TETPANCIITUHBIX TIUIPOTHHOBBIX MOJICKYJ
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Ne | Koudopmanus (mieiin) | Eas | Ean | Etopc | E 06m | E otH
Momnekyna Gly-Pro-Gly-Pro

1. BRRR (eff) -6.5 |-2.6 1.3 -7.8 0.0
2. RRRR (fff) -53 |-2.6 1.2 -6.7 1.1
Monekyna Arg-Pro-Gly-Pro

1 | B2z RPR (eef) -10.2 | -35 0,8 -13,0 0.0
2 Bs322 RRR (eff) -8.6 -1.8 1.2 9.1 3.9
Mounekymna Leu-Pro-Gly-Pro

1 | B2z RPR (eef) -13.3 | -2.9 1.7 -14.5 0.0
2 | B2222 RRR (eff) -11.8 | -2.7 1.0 -13.4 1.1
Mornekyna Val-Pro-Gly-Pro

1 | B2 RPR (eef) -10.2 | -2.8 1.6 -11.5 0.0
2 | B2 RBR (efe) -9.2 |-29 1.2 -10.0 1.5
Mouekyna Phe-Pro-Gly-Pro

1. | Bs1 RRR (eff) -11.6 | -2.5 1.0 -13.1 0.0
2. | B31 RBR (efe) -115 | -2.9 1.7 -12.8 0.3
Monekyna Pro-Gly-Pro-Gly

1 | RRRR (fff) -7.3 | -2.6 1.3 -8.7 0.0
2 | RRRP (ffe) -59 |-23 1.3 -7.0 1.7
Momnekyna Pro-Gly-Pro-Arg

1 | RRBR (ffe) -10.0 | -4.1 1.1 -13.0 0.0
2 | BPRB (fff) -8.3 |-3.3 1.3 -10.2 2.8
Monekyna Pro-Gly-Pro-Leu

1 | RRRR (fff) -14.7 | -3.7 2.0 -15.4 0.0
2 | RPRB (eff) -13.3 | -3.1 2.2 -14.2 1.2
Monekyna Pro-Gly-Pro-Val

1 | RRRR3y (fff) -13.7 | -3.7 2.0 -14.4 0.0
2 | RPRB32 (eff) -10.7 | -3.1 2.6 -11.4 3.0
Monekyna Pro-Gly-Pro-Phe

1 | RRRRz (fff) -14.4 | -2.5 2.3 -14.7 0.0
2 | BRRRa (eff) -124 | -2.6 2.0 -13.0 1.7

[TonyueHnHsle pe3ynbTaThl MOTYT OBITh MCHOJIB30BaHBI JUIsl KOHCTPYHMPOBAHHUS HOBBIX
AQHAJIOrOB TJIMIIPOJIMHOB. ODKCIEPUMEHTAIbHBIE HMCCIEIOBAHMS IIOKA3alIM, YTO IENTHIHbIE
MOJICKYJIBI, KOTOpbIe comepkar ¢parmMeHt Pro-Gly-Pro, 001a1a0T UTOIPOTEKTHBHOM
aKTUBHOCTBbIO, a Hamuuyue C-koHneBoil mocnenoarensHoct  Gly-Pro  sBnsercs
HEOOXOIUMBIM YCJIIOBHEM JJIsi MPOSIBIICHUS 3aIlUTHOTO JCHCTBUSA. BBINONHEHHBIE pacyeThl
TJIMTIPOJIMHOB MOKA3aJi, YTO MOJIYCBEPHYTHIE U CBEPHYTHIE ()OPMBI OCHOBHOM IIEMU SIBISIOTCS
HU3KOSHEPreTUYeCKUMM B TpU- U TETpPaNenNTUAHBIX MoOJieKylnax. Teopernueckuii
KOH(OPMAIIMOHHBIA aHAIM3 aHAJIOrOB IMpPHBEJI K TaKUM CTPYKTYPHBIM OpraHU3alusM
TETPANCNTUIHBIX MOJIEKYJ, KOTOpPbIE HE HCKIIOUYAIOT pealu3alui0 MMM LEJoro psjaa
pazHooOpa3HbIX (PYyHKIMH, TPeOYIOMMX CTPOro crnenu(puuecKkux B3aUMOJCHCTBHI ¢
Pa3IMYHBIMU PELEIITOPAMU.
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Xiilaso

Peptid molekullarinin  qurulus-funksiya olagolorinin  dyronilmasi molekulyar
biofizikanin asas problemlarindon biridir. Kompyuter modellogsmasi bu problemin hollina
komok edir. Bu toadqiqat isi gliprolin molekullarinin tripeptid ve tetrapeptid molekularmin
Pro-Gly-Pro, Gly-Pro-Gly, Gly-Pro-Gly-Pro, Arg-Pro-Gly-Pro, Val-Pro-Gly-Pro, Phe-Pro-
Gly-Pro, Leu-Pro-Gly-Pro, Pro-Gly-Pro-Gly, Pro-Gly-Pro-Arg., Pro-Gly-Pro-Val, Pro-Gly-
Pro-Phe vo Pro-Gly-Pro-Leu. foza quruluslarmm vo konformasiya xiisusiyyatlorinin
Oyronilmosino hosr olunmusgdur. Hesablamalar nozori konformasiya analizinin vo xUsusi
kompyuter programlarinin komoyi ilo aparimisdir. Hor bir molekulun  asagiener;jili
konformasiyalari, asas vo yan zoncirlorin ikiiizli firlanma bucaqlarinin qiymatlori tapilmis,
aeemintursu qaliqlar1 daxilinds ve arasinda qarsiliqlt tasir enerjilori miisyyan olunmusdur.
Hesablamalarmm naticolor1  gdstorilmisdir ki, tetrapeptid molekullarn  osas zancirin
yarifirlanmig vo firlanmig formalarinin konformasiyalar1 asagienerjili olur. Bu formada
molecula daxil olan amintursu qaliglarnin esas vo yan zoncirlorinin atomlart bir-biring
yaxinlasir vo onlar arasinda effektiv qarsiliqli tasirlor yaradir.

Abstract

Computer modeling helps us to solve the problem of the investigating of structure—
functional organization of the peptide molecules. This work is devoted to study the spatial
organization and conformational possibilities of the glyproline three- and tetrapeptide
molecules Pro-Gly-Pro, Gly-Pro-Gly, Gly-Pro-Gly-Pro, Arg-Pro-Gly-Pro, Val-Pro-Gly-Pro,
Phe-Pro-Gly-Pro, Leu-Pro-Gly-Pro, Pro-Gly-Pro-Gly, Pro-Gly-Pro-Arg., Pro-Gly-Pro-Val,
Pro-Gly-Pro-Phe and -Gly-Pro-Leu. The calculations were carried out by the method of
theoretical conformational analysis and a special computer program. The low-energy
conformations of these molecules, the dihedral angles of the backbone and side chains of the
amino acid residues of the tetrapeptides, and the energies of intra- and inter-residual
interactions were determined. It is revealed that low energy conformations of this molecule
have the half-folded and folded type of backbone. These forms bring parts of the backbone
and the side chains of the amino acids together, and they result in convenient interactions

B-KAZOMORFIN MOLEKULLARININ FO9ZA QURULUSLARI

F.r.e.d. Ohmadov N. A., f.f.d. Agayeva L. N., f.r.e.n. Ohmadova S. R.
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Qida maddslorindon almmis bir sira ekzogen peptidlori opioidebonzor xassolora
malikdir. {1k dofs elmo molum olan ekzorfinlor a-kazeindon vo bugda qliitenindon almmis vo
miloyyon tosirlori  Oyronilmisdir. Qida maddalorinin peptid komponentlorinin opioid
aktivliyino malik olmasmin kosfi belo forziyys iroli siirmoys osas verdi ki, bozi yemoklor
moarkazi osab sistemina opiat dormanlar kimi tesir gostormoys qadirdir. Bazi tadqiqatgilar forz
edirlor ki, insanlar torofindon siid vo bugda mohsullarmin ¢ox istifado edilmosi onlarin
torkibindo ekzorfinlorin olmasi noticosindo olmusdur. Endogen opioid peptidlorinin vo
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ekzorfinlorin amintursu qaliglari ardicilliglarinin = miiqayisesi  gostorir ki, ekzorfin
molekullarinin N-torof amintursu qaliqlar1 daha rongarongdir. Bu onu gostarir ki, ekzorfinlor
opiat reseptorlarinin ixtisaslasdirilmis ligandlari deyil vo onlar boazi hallarda miixtslif mediator
vo hormonlarla miixtalif voziyystlords qarsiliqlt tesirlorde ola bilorlor. Ekzorfinlorin N-
torafindo on ¢ox rast golon Tyr-Pro ardicilligidir. Endogen opioid peptidlorinin N-torafinds on
cox rast golon Tyr-Gly-Gly-Phe ardicilligidir. Prolin amintursu qaligmin olmasi molekulu
par¢alanmaya qarst daha davamli edir. Heyvan monsali ekzorfinlor arasinda on ¢ox tadqiq
olunant siid ziilalnin toromoloridir. On ¢6x Oyronilonlori inok sidiiniin B-kazeininin
hidrolizindon alinan -kazomorfin-4, -5, -6, -7 —dir [1-2].

Nozori konformasiya analizi tsulu ilo Prol-Phe2-Pro3-Gly4-NH; [-kazomorfin-4,
Tyr1-Pro2-Phe3-Pro4-Gly5-NH, B-kazomorfin-5, Prol-Phe2-Pro3-Gly4-Pro5-ile6-NH, pB-
kazomorfin-6 molekullarinin ~ foza quruluslar1 todqiq olunmusdur. Molekulunun faza
qurulusunu Syronmok Ucglin sistemin potensial enerjisi geyri-valent, elektrostatik, torsion
qarsiligli tasir enerjilorinin vo hidrogen rabitasi enerjisinin comi soklindo se¢ilmisdir. -
kazomorfin-4 molekulunun foza qurulusunun 6yranilmasi gostormisdir ki molekulun foza
qurulusunu dord seypin on alt1 konformasiyasi ilo tomsil etmok olar. Har bir seypin an stabil
konformasiyalar1 codval 1-do gOstorilmisdir. p-kazomorfin-5 molekulunun da foza
qurulusunun Oyranilmasi gostormisdir ki, onun faza qurulusunu doérd seypin on alti
konformasiyasi ilo tamsil etmok olar. Har bir seypin on stabil konformasiyalar1 cadval 2-do
gOstarilmisdir. p-kazomorfin-6 molekulunun faza qurulusunun Gyranilmoasi gostormisdir ki,
onun foza qurulusunu doqquz seypin doqquz konformasiyasi ilo tomsil olunur, hamin
konformasiyalar codval 3-do gOstorilmisdir.

Cadval 1. B-kazomorfin-4 molekulunun asagienerjili konformasiyalari

Ne Seyp Konformasiya Ugqv Uel Utor Uim Unis
1 fef RBsRR -10.3 -2.7 1.0 -12.0 0
2 fee RBi1RL -9.4 -2.8 0.8 -11.3 0
3 eef B BsRR -9.0 -2.8 1.2 -10.6 1.4
4 eee BBi1RL -7.5 -2.8 0.9 -9.4 2.6

Cadval 2. B-kazomorfin-5 molekulunun asagienerjili konformasiyalari

Ne Seyp Konformasiya Uqv Uel Utor Uim Unis
1 efee BiRB:RL -16.4 | -2.2 1.8 -16.8 0
2 eeef BoBBs3RR -16.4 | -1.9 3.1 -15.2 1.6
3 efef BsRB:BL -155 | -2.0 2.8 -14.7 2.1
4 eeee BoBB:1RL -146 | -1.9 3.2 -13.3 3.5
Cadval 3. B-kazomorfin-6 molekulunun asagienerjili konformasiyalari
NOv [ Ne Seyp Konformasiya Ugqv Uel Utor Uim Unis
A 1 fefee RB2BLBB3; -18.9 -4.5 2.8 -20.6 0
2 fefef RB2BLRB3; -18.4 -4.5 2.3 -20.5 0.1
B 3 feeef RB:RLRB3; -16.4 -4.3 1.5 -19.4 1.3
4 feeee RB:BLBBz3; -15.1 -4.4 1.7 -17.8 2.8
5 eeeef BB:RLRB3; -14.8 -4.3 1.6 -17.5 3.1
6 eeeee BB:RLBB3; -13.5 -4.4 1.8 -16.2 4.4
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C 7 feffe BL3;RRBBs3, -17.3 -3.9 2.5 -18.7 1.9

D 8 eefef BB.,BLRB3, -16.2 -4.5 2.3 -18.5 2.1
9 eefee BB,BLBB3» -16.4 -4.6 2.7 -18.3 2.6

Molekullarin amintursu ardicilliglarindan goriiniir ki, B-kazomorfin-5 molekulu -
kazomorfin-4 molekulunun N-torofino Tyr artirmaqla alinmisdir. Tyrl amintursu qaligi
0zlindon sonra golon Pro2-Phe3-Pro4 tripeptid fragmenti ilo effektiv qarsiliqli tasir
yaratmagina baxmayaraq onun stabil konformasiyalar1 yigiminda tetrapeptid molekulun
asagienerjili biitlin dord seypi stabil olaraq qalmisdir, yalniz ardicilliglarinda miiayyon
yerdoyismalor olmusdur. p-kazomorfin-4 molekulunda birinci yerds olan fef seypi
pentapeptid molekulda Gginct yerds, ikinci yerds olan fee seypi isa birinci yerds, Ugunci
yerds olan eef seypi isa ikinci yerds olmusdur ( cadval 1 vo 2 ). Buna asasan demok olar Ki,
B-kazomorfin-5 molekulu tetrapeptid molekulun funksiyalarmi yerino yetirmoys vo
0zlinomoxsus digoar funksiyalar1 da yerino yetirs bilor.

B-kazomorfin-6 molekulu B-kazomorfin-4 molekulunun C-torafino Pro5-Pro6 dipeptid
fragmenti olavo olunmaqla alinmigdir. Codval 3-don gorinduyd kimi  p-kazomorfin-6
molekulunun asagienerjili konformasiyalar1 arasinda p-kazomorfin-4 molekulunun on stabil
seypi fef yena do on stabil olmus ba ¢ konformasiya ilo tomsil olunmusdur. Tetrapeptid
molekulda ikinci yerds duran fee seypinin konformasiyalar1 heksapeptid molekulda da ikinci
yerda durur. Eyni ilo tetrapeptid molekulun Ggiincl vo dordiinct yerds duran eef vo eee
seyplorinin konformasiyalar1 da B-kazomorfin-6 molekulunda eyni yerlords durur. Bunlara
asason demok olar ki, B-kazomorfin-4 molekulunun biitiin funksiyalarimi va 6zlinomoxsus
yeni funksiyalar1 yerina yetirs bilor.

B-kazomorfin molekulunun faza qurulusunun Gyranilmasi gostarir ki, molekullar els
foza quruluslar1 yigimlarina malik olur ki, onlar miixtalif bioloji funksiyalar1 yerino yetirs
bilor vo mixtalif reseptor molekullar1 ilo oslagoys gira bilor. p-kazomorfin-4, -5, -6
molekullarmin faza quruluslarinin 6yronilmosindon alinan naticalor digor p-kazomorfin
molekullarmin foza quruluslarmin todqigindo vo onlarin miioyyon funksiyalarni yerino yetiro
bilon siini analoqglarinin sintez olunmasinda istifads oluna bilor.
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Pezrome

MeTogoM  TEOpPETUYECKOr0  KOH(POPMALMOHHOIO  aHalIM3a HCCIIeI0BaHbI
NPOCTPAHCTBEHHBIE CTPYKTYpbI MOJIeKyn B-kazomopduna-4 Prol-Phe2-Pro3-Gly4-NH: , B-
kazoMmopduHa-5 Tyrl-Pro2-Phe3-Pro4-Gly5-NH; B-kaszomop¢una-6 Prol-Phe2-Pro3-Gly4-
Pro5-ile6-NH, . Haiinensl HH3KOSHepreTudeckue KOH(POPMAIMH MOJIEKYIbl, 3HAYEHUS
JIBYIPAaHHBIX YIJIOB OCHOBHBIX M OOKOBBIX IleTlell aMUHOKHUCIOTHBIX OCTaTKOB, BXOJSIIUX B
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COCTaB MOJICKYJIbl, OLIGHEHAa OJHEPTusi BHYTPH-H MEXKOCTATOYHBIX B3aUMOJICHCTBHIA
[TokazaHbl CXOAHBIE U Pa3IUYHbIE OCOOCHHOCTH NMPOCTPAHCTBEHHBIX CTPYKTYpP Pa3IHYHBIX
MOJIEKYH -Ka30MOP(HHOB.

Abstract

By the method of the theoretical conformational analysis the conformational
capabilities of the B-casomorphin-4 Prol-Phe2-Pro3-Gly4-NHz, B-casomorphin-5 Tyrl-Pro2-
Phe3-Pro4-Gly5-NHz, p-casomorphin-6 Prol1-Phe2-Pro3-Gly4-Pro5-ile6-NH, molecule were
studied. Low-energy conformations of the B-casomorphins molecules, the values of the
dihedral angles of the main and side chains of amino acid residues that make up the molecules
are founded; the energy of intra- and inter-residual interactions is estimated. Similar and
different features of the spatial structures of various molecules of 3-casomorphins are shown.

ISIQ SELININ MOVSUMI DOYISMOLORINOG BITKI ORTUYUNUN
REAKSIYASININ RiYAZiI MODEL 9SASINDA OYRONILMOSI

Dos. Quliyev N.1I., dos. Cavadov E.M., dos. Ismayilov E.X.
Ganca Dovlat Universiteti

Acar sOzlar: isiq selinin sixligi, fotosintez, fotosintetik sistem, model, fluktuasiya,
riyazi metod

KirodeBble c¢JI0Ba: IJIOTHOCTH CBETOBOTO IIOTOKa, q)OTOCI/IHTe?;, (bOTOCHHTeTI/I‘IeCKaSI
cucTeMa, MOJeIb, (DIyKTyaIus, MaTEMaTHICCKUN METO/I.

Key words: light flux density, photosynthesis, photosynthetic system, model,
fluctuation, mathematical method

Sopinin, bitkinin vo yarpagin fotosintezini isiq selinin sixhigmin O6lgiilmasinin
naticalorine vo miivafiq isiq oyrisino asason toyin edirlor. nozori hesablamalarla tocribi
noticalor he¢do homiso uygunlasmirlar vo bazon bu forglor diison radiasiya seli sixligmnin
zamana goro doyismosi ilo olagedar olur. Isigm udulmasi zamam yaranan fotosintez
mohsullarinin miqdar radiasiyanin diismo Xarakterindon asili ola bilar ki, bu da yuxarida geyd
edilon forgo gotirib ¢ixarir. Bu bitkiys, bOylmoys vo mohsula isiq miihitinin miixtalif
aspektlarinin tasirinin giymatlondirilmasi zamani ¢atinliklor yarada bilor. Eyni zamanda bels
giymotlondirmolar ham igtisadi, ham do elmi cohotdon ¢ox lazimli ola bilar.[1,2]

Goriintir ki, baxilan fotosintetik sistemin bir ne¢o zaman xarakteristikalar1 vardir vo
hoddon artiq suratli isiq fluktuasiyalar1 fotosintetik reaksiyaya tosir etmir. Ona goro do isiq
seli sixhigi1 geyd etmok tg¢iin hansi isuldan istifado olunur olunsun isigin siiratli
fluktuasiyalarini nozora almamaq lazimdir. Verilmis isiq soraitinds fotosintezin on etibarli
giymatlondirilmasi, yarpagin 6ziiliin 6lgma qurgusu kimi istifadosi zamani alina bilar. elmi vo
praktiki diigiincalora osason yarpagi daha olverisli isiq gobuledicisi ilo avoz edib, sonra [3] iso
alinan naticolori elo iglomok olar ki, Umumi reaksiya toosiirati yaratmaq miimkiin olsun.
Noticolori islomok Ugln istifado olunan {isul birbasa vo ya dolayis1 yolla sistemin fotosintetik
reaksiya modelindon asilidir. Hazirki isin mogsadi, sistemin fotosintezinin muxtalif
modellorinin kdmayi ilo fluktuasiya edon isiq soraitinin tosirinin giymotlondirilmosi sualina
baxmaqdir. Catin olmayan riyazi metodlardan istifado etmoyin daha arzuolunan oldugundan
miivafiq islor yarpagin fotosintezinin on sado modeli asasinda yerino yetirilmisdir.
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Isig vo CO2 — yo stasionar fotosintetik reaksiyani tosvir etmok iigiin diizbucaql
hiperbola tonliyindan istifads edirlor.
p, = (1)
al + pC
Ps — stasionar fotosintezin intensivliyi, J — isiq selinin sixligi, C — CO2 — nin
konsentrasiyasi, o vo B sabitlordir. Fotosintezin intensivliyinin isiq selinin sixligindan asililigi
tonliyi ¢rxarilmigdir.
P 1
T (Ps =P) )
P —t zaman aninda fotosintezin intensivliy, Ps — (1) tonliyi ilo tosvir olunur. Bu tonlikdo
J t zaman aninda ani qiymat alir, T isa sistemin zaman sabitidir. (1) tanliyins asaslanan sads
modeldoan istifads edarok gostarmok olar ki, T asagidaki kimi ifads olunur:

r—_r 3)
ad + pC

y sabitdir. (2) vo (3) tonliklori yalniz karbon qazmmn qatiligt {igiin dogrudur. (2)-Ci
tonlikdoki yegano zaman parametri T — fotosintezin intensivliyi ilo slagalidir.

Gorlindiiyli kimi baxdigimiz model ii¢ parametra malikdir: a, B, y. (1) — ci tonlikdoki iki
parametrs y parametri do alave olunmusdur ki, o da prosesin zaman asililigini oks etdirir. (2)
tonliyina mivafiq olaraq fotosintezin intensivliyi P, Ps stasionar hala asimptotik yaximlasir.
Lakin, fotosintezin Ps - o yaxinlagsmasmin zaman sabiti t, (3) tonliys uygun olaraq J isiq
selinin sixligidan vo karbon gazinin C konsentrasiyasindan asilidir. Beloliklo do daha stratli
reaksiya J va C — nin daha yuksak qiymatlori iclin tazahir edir. Bununla da slagadar olaraq
yarpagin fotosintezinin intensivliyinin yiiksok Soviyyasino asagi saviyyasi ilo miigayisada
daha tez catilir.

Isiq seli sixhigmm baslangic J  giymotindon yeni stasionar J2  giymotinodok
doyismasinin fotosintezin intensivliyina necos tasir etdiyino baxaq. Forz edok bu doyismo t=0
zaman aninda ¢ox siiratlo bas verir vo bununla da slagadar J= J; t<0 oldugda, J= J> t>0 olur.
Tutaq ki, CO2 — nin konsentrasiyasi sabitdir vo C — ya barabardir, isigm pillali doyismasins
godor fotosintezedici sistem Pi stasionar halinda olmusdur vo a.agidaki kimi ifads
olunmusdur.

ol
= e (4)
aJ, + C
Isiq selinin pilloli doyismasindon sonra fotosintezin intensivliyinin yeni P, stasionar
qiymeoti borgorar olur:

ol
= 2P~ ©
ad, + pC
Bu zaman t zaman sabiti
=7 (6)
ad, + pC
olur. t >0 Ugln (2) tonliyini
.4 ™
P-P

Soklindos yazmaq olar. Bu tonliyi inteqrallayaraq t zaman aninda fotosintezin
intensivliyinin qiymatini almag olar:
t

P=P, - (Pz - Pl)e_; (8)
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(6) tonliyindon goriiniir ki, isiq seli sixligmin artmasi ilo reaksiyanmn siirati artir (1/1).
Belo ki, is1q seli sixligmin artmasina qarsi reaksiya azalmasina qarsi reaksiya ilo miigayisada
daha tez olur. Bu o demakdir ki, isigm fluktuasiyasi zamani fotosintez arta bilar. Belaliklo,
sado model isiq selinin doyison sixhiginin fotosintezin orta intensivliyino tasirini
giymatlondirmays imkan verir.
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Pe3ome

Ha ocnoBe MaTreMaTHuyecKOl MOJCSIHM HWCCIIEIOBAHO BIIMIHHE H3MEHEHHS INIOTHOCTH
CBETOBOTO TMOTOKAa OT MCXOJ/JHOTO 3HAa4YeHUs Ji1 70 HOBOTO CTAallMOHAPHOTO 3HA4YEHUA J Ha
NHTCHCHUBHOCTH q)OTOCHHTeSa. Hpezmonoan, qTO 3TO H3MCHCHHC HpOI/ICXOJII/IT OYCHb
OpicTpo B MoMeHT BpemeHu t=0, u, cimemoBatenbHo, J= Ji1, xorma t<0, torma J= Jo.
VYcTaHoBIEHO, YTO CKOPOCTh (DOTOCMHTETHYECKOW pPEaKIMK YBEIHYUBACTCS C YBEIMYCHHEM
IJIOTHOCTA CBETOBOTO TMOTOKA. TakuM 00pa3oM, peakius Ha YyBEIWYEHHWE TUIOTHOCTH
CBETOBOTO IOTOKAa MPOUCXOJUT OBICTpEe, YeM Ha €€ YMEHBbIIEHHWE. JTO O3HA4YaeT, YTO
(hOTOCHHTE3 MOXKET YCHUIIMBATHCS MPHU KOJIEOAHUAX OCBEIIEHHOCTH. TakuMm oOpa3om, mpocTast
MOJIETb HE TO3BOJIIET OICHUTHh BIUSHHUE TEPEMEHHOW IUIOTHOCTH CBETOBOTO TOTOKAa Ha
CPEIHIOI0 HHTEHCUBHOCTh (DOTOCHHTE3A.

Summary

Based on the mathematical model, it was studied how the change of the light flood
density from the initial value J: to the new stationary value J affects the intensity of
photosynthesis. Let us assume that this change occurs very quickly at time t=0, and therefore
J=J1 when t<0, then J=J,. It was determined that the speed of the photosynthetic reaction
increases with the increase in light flood density. Thus, the reaction to the increase in light
flood density is faster than the reaction to its decrease. This means that photosynthesis can
increase during light fluctuation. Thus, the simple model does not allow to evaluate the
influence of the variable density of the light flood on the average intensity of photosynthesis.

BITKILORIN FOTOSINTEZININ INTENSIVLIYININ ISIQ SELININ
DOYIiSON SIXLIGINA QARSI REAKSIYASININ MODELLOSDIRILMOSI

Dos. Quliyev N.1I., prof. Quliyev M.S., dos. Imanov R.M.
Ganca Dovlat Universiteti

Acar sozlar: fotosintez, model, fotosintezin intensivliyi, fluktuasiya, isiq seli, siiratli
reaksiya

KaioueBbie ciioBa: (OTOCHHTE3, MOJIC]b, HHTEHCUBHOCTh (POTOCHHTE3a, (IIYKTyaIlus,
MOTOK CBETA, OBICTPBIN OTKIHK.

137
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Isiq seli sixhiginm fluktuasiyalarmin fotosintezo tosirinin tosviri bir godor Umumi
anlayiglar asasinda vo bir godoar do fotosintezedici yarpagin sado modeli asasinda aparilmasi
daha mogsadouygun olards. Istifads etdiyimiz model nozori model deyildir, lakin onun analitik
holli vardir. Bu iso garsiya qoyulan mosaloni daqiq analiz etmays imkan verir. Hor halda
model, fotosintetik reaksiyanmn stasionar oyrisini almaga imkan verdiyino goro birinci
yaxinlasma kimi boyiik oshomiyyoto malikdir.[1,2] Gunasdan golon isiq seli sixliginmn Ji — don
J2 — yo Vo torsino fasilosiz kegirilmasi zamani fotosintezin intensivliyinin 6lgiilmasi Ugln
tocriiba gqoymaq nishaton sadadir. Bununla slagodar olarag belo hali nazora alan modelin
tonliyinin holli alimmisdir.[3] Tutaq ki, t1 zaman aninda is1q selinin sixlig1 J1 — dir va t2 zaman
aninda J> giymotini alir vo t1 zaman aninda Ji giymotino qayidir vo s. Karbon qazinin
konsentrasiyasi C sabit gobul edilir. Baglangic kecid fazasindan sonra fotosintezin intensivliyi
yeni stasionar haladok doyisir; bu proses hor bir (ti+t) periodu orzinds tokrarlanir vo
gostarmok olar ki, (t1+t2) muddati arzinds bas veran fotosintez

(Pat1 +P2t2) (1+0) (1) olur.

Burada P; — stasionar halda fotosintezin intensivliyi, P> — isiq selinin pilloli
doyismoasindan sonra fotosintezin intensivliyi, 6 — guclondirma oamsalidir. Fotosintezin orta
intensivliyi

P+ttt @)
T
toskil edir.
Siratli fluktuasiyalarda t1 vo t2 —0, 6 6ziiniin maksimum qiymsatino malik olur va
gostarmok olar ki,

_ Pt I, +Pt, /7,

sur (3)
t /7, +t,/7,
Bu ifadoni (1), (2) vo (3) ifadalori ilo kombinasiya etsok
|3Sur = O_CJ—'BC burada j - M (4)
ad + pC t, +t,

Gorundliyd kimi, fotosintezedici sistemin reaksiya middsti ilo migayisads kifayat
godor suratli fluktuasiyalar {iglin fotosintezin intensivliyini isiq selinin orta sixligindan J;
stasionar isiq oyrisindo istifado etmoklo hesablamaq olar. Yavas fluktuasiyalar G¢ln t1 vo
to—o0 , 0 sifra yaxinlasir vo fotosintezin orta intensivliyi asagidaki tonliklo ifads edilir

F Pt +Pt, (5)
t, +1,

yav

Mahz bu tonlikds (t1 + t2) periodu arzinds fotosintezin orta intensivliyi tosvir edilir. Cox
yavas vo GOX sUratli isiq fluktuasiyalarinin naticolorinin  migayisasi ¢ox maraqlidir.
Gostarmoak olar ki, BC — nin giymati 0 gadar boylk ola bilar ki, isiq reaksiyasmin oayrisi Xatti
olar vo ya BC — nin giymoti o godor Kigik ola bilar ki, sistem isiq doyma halinda olar. Bu
zaman Psir = Pyay Olar vo istor yavas, istarsads siratli fluktuasiyalarin olmasi fotosintezin orta
intensivliyino tosir etmoz. Fotosintezin maksimum intensivliyi isiq seli sixligmim sabit
giymatindo miisahido edilir. Boylk tezlikli fluktuasiyalar an az tosir gostorir. Fluktuasiya
periodunun (t1 + t2) tadricon artmasi 6ziinii fotosintezin orta intensivliyindo biruzo verir. (t1 +
t2) zaman sabitindon toxminon iki dofo ¢ox olduqda reaksiya doyisir. Stirotli reaksiyadan
yavas reaksiyaya kegid ¢ox todricon bas verir. U¢ halda fotosintez isiq fluktuasiyalarindan
asilt olmur:
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1. Ogor diison is1q selinin bir sira sixliglar: tigiin BC — nin giymati o — nin giymati ilo
mugayisads azdirsa sistem isigin doymasinda faaliyyat gostarir va P BC — nin sabit giymatina
malikdir. is13mn fluktuasiyas1 bu giymoto tasir gstarmir vo buna gors do onu nozars almamag
olar.

2. Ogor BC — nin giymati ad — nin giymoti ilo migayisada boyiikdiirss sistem isiq ayrisinin
xatti hissasinda foaliyyat gostorir. Burada stasionar fotosintezin intensivliyi Ps/P oJ — ya
barabordir. P =aJ, J — isigm fluktuasiyasmin olmasmdan asili olmayan isiq selinin orta
sixligidir.

3. ©gor J — nin istanilon giymati tG¢lin onun orta giymatdon meyli azdirsa, onda birinci tortib
reaksiyalar (iglin belo konaragixma fotosintezin orta intensivliyino tosir gostormir.

Baxilan birinci hal (Bc — ki¢ikdir) tam aydindir. Digor ikisi tam aydin deyil.

Yekunda demok olar ki, fotosintezi hesablamalar1 tiglin spektral analizin isiq selinin
sixliginin Slgiilmoaloring totbigindon az sey aldo etmok olar. On yaxsist fotosintezi bilavasito
is1q selinin 6lgmoalori asasinda iki iisulla hesablamaq olar. bunlardan birincisi, an sadasidir va
oksor hallarda kifayat godor dogigliys malik olur. bu iisul stasionar halin isiq oyrisindon
istifadoys asaslanir. Burada vacibdir ki, is1gimn 6l¢iilmasi sabit zamana malik cihazda aparilsin.
Ikinci tisul, bdyiik dagigliyi ilo forglonir va isigin siiratli 66lgtilmalorini tolob edir.

Gun arzinds is1q rejiminin daha daqiq tasvirini gorinur Ki, an yaxsisi birbasa 6lgmalarin
naticalari tomin edir. Olgmalarin tezliyi no godar gox olarsa vo &lgii cihazinin zaman sabiti no
godor qisa olarsa, alinan moalumat bir o gadar doyarli olar.

Beloliklo, fotosintezin giymatlondirilmasi tigiin isiq seli sixliginin Slgmalarindon
istifadonin bir negco metodu toklif olunmusdur. Isiq selinin sixligmmn dlgmolorini, yarpagm vo
ya bitkinin fotosintetik sisteminin reaksiya muddotindon xeyli kicik zaman intervallari ilo
aparmagin monasi yoxdur. Adston, Ol¢molorarast zaman pargasinin toxminan fotosintetik
reaksiya middati godar olmasi kifayatdir.

Olgmolor arasi intervallarin daha uzun miiddotli oldugu halda, isiq rejimi fotosintezin
giymotlonddirilmosi tigiin tolob olunan godor tam xarakterizo olunmayacag. Olgmalor arasi
interval no godor siratli olarsa, fotosintezin intensivliyinin hagiqi vo hesablanmis qiymatlori
arasindaki forg bir o gadar ¢ox olacaqdir
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Pezrome

B cratbe npemnoKeHO HECKOJIBKO METOJOB HCIOJIb30BAaHUS H3MEPEHHH IJIOTHOCTH
CBETOBOI'O IOTOKa JUisi OLIEHKU (poTocuHTe3a. He mMmeeT cmbicia HpPOBOAUTH H3MEPEHUS
IUIOTHOCTH CBETOBOTO MOTOKA C BPEMEHHBIMU MHTEPBAJIaMH, 3HAYUTEIBHO MEHBIIUMHU, YEM
BpeMsl OTKJIMKA (DOTOCMHTETHUECKOM CHCTEMBl JHMCTa WM pacTeHus. OObBIYHO BpPEeMEHHOU
UHTEpBAI MEXJIY HW3MEPEHUSIMHU MPHOIM3UTEIBHO paBeH BpPEeMEHHU (OTOCHUHTETHUYECKON
peaKiuu.

Ecnu uHTEepBanmbsl Mexay H3MepeHusMu OyAayT OoJibllle, TO CBETOBOHM pexxum Oyaer
OXapakTepu30BaH HE TaK MOJHO, KaK 3T0 TpeOyeTcs Uil olleHKH (poTocuHTe3a. Yem Kopoue
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MHTEPBAT MEXKIY H3MEPEHHMSIMH, TeM Oojbie OyJaeT pasHUIA Mexay (aKTHUECKUMHU U
pacyeTHBIMH 3HAYCHUSAMU MHTEHCHUBHOCTH (DOTOCHHTE3A.

Summary

In the article, several methods of using light flux density measurements for the
evaluation of photosynthesis were proposed. It does not make sense to make light flux density
measurements with time intervals much smaller than the response time of the photosynthetic
system of a leaf or plant. Usually, the time interval between measurements is sufficient to be
approximately the photosynthetic reaction time.

If the intervals between measurements are longer, the light regime will not be
characterized as fully as required for the estimation of photosynthesis. The faster the interval
between measurements, the greater will be the difference between the actual and calculated
values of the intensity of photosynthesis.

IKIFAZALI POLIMER -SU SISTEMLORINDO FAZADMOLO GOLMO PROSESNDO
SUYUN ROLU

f.0.f.d.Hasanova X. T., Camalzada T. G., Riistamova U. S.
Baki Doviat Universiteti
Xaverhasanova2019@rambler.ru

Acar sozlor: ikifazali sistemlor, fazalara ayrilma, hallolmanon asagi kritik ndqtasi,
hollolmanin yuxari kritik noqtasi.
KuroueBwbie cioBa: nsyxdaszusie cuctembl, BHKTP u HKTP.

Bozon elo maddalor olur Ki, har biri ayriligda eyni bir halledicids yaxs1 hall olduglar1 halda,
homin holledicido birlikdo hall olmalar1 ¢atinlosir vo  faza amoalo gotiron komponentlarin
konsentrasilarinin miioyyan giymotindon sonra onlarm biirlikds hollolmasi miimiikiin olmur va
sistemin digor hissalorindon kaskin sarhadlo ayrilan makroskopik hisso ayrilir. Bu hala fazalara
ayrilma deyilir. Bu ciir termodinamik uyusmazliq naticasinds sistemds iki vo daha cox faza ola
bilor.

Fazaomoalo galmonin  molekulyar aspektlorinin  arasdirilmasi  vo  fazasmalogalmoni
siratlondiran va yaxud zaiflodan tasirlorin dyranilmasi magsadilo polimer—su ikifazali sistemlords
bozi slavalorin tasirine baxilmisdir. Fazasmalogalmods suyun rolunu mioyyan etmok moqgsadilo
suyun strukturunu dagitmasi boalli olan karbamidin toasirine baxilmusdir . Sokil 1-do suyun
strukturuna dagidici tasir gostoron karbamidin ikifazali polimer-duz-su sisteminin olavalarsiz vo
0,25mol/l teokarbamid slavs edilorak binodal ayrisi verilmisdir.
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Sakil 1.PEQ--C406H4ANa2-H20 ikifazalt sisteminin hal diagramlari:
alavalarsiz (o) va 2 - 0,25 mol/l tiokarbamidla (e), - 0,1mol/l karbamidla (£)

Sokildan goriindiyd kimi 0,1 mol/l karbamidin tasiri ilo sistemin hal diagraminda sistemin
homogen oblastin sahasi béyuduyl halda, tiokarbamid demok olar ki binodal ayrisini doyismir.
Karbamidin, tiokarbamids nisbaton suyun strukturuna daha cox dagidici tasiri molumdur vo demoali,
suyun strukturunu dagidaraq moahlulda sorbast su molekllarinin artmasi sobabindon fazalara ayrilma
¢atinlogir vo fazalara ayrilma komponentlorin daha boyilik konsentrasiyalarinda bas verir. Demali,
suyun strukturuna dagidici vo ya strukturlasdirict  tasir gostorarok, mohlulda sorbast su
molekullarinin konsentrasiyasini bu vo ya digar istigamatds doyison oalavalor vasitasilo sistemda
fazaomoalogalmo prosesini idars etmok olur, ki, bunun da elmi praktik shomiyyati ola bilor.

Todgig olunan sistemds temperaturun binodal oyrisino tasiri do Oyronilmisdir. Polimer-
polimer-su ikifazali sistemlorindon forqli olaraq polimer-duz-su ikifazali sistemlordo temperaturun
artmasilo sistemds fazaomolo golmo asanlasir vo komponentlorin daha Kigik giymatlorinds fazalara
ayrilma bas verir. sokil 2-do PEQ--C406H4Na2-H20 ikifazali sisteminin hal diagramina
tempetarun tosiri gostorilmisdir

Temperaturun artmasilo polimer-duz-su sistemlorinds fazasmologolma komponentlarin daha
ki¢ik konsentrasiyalarinda bas verir Ki, bu da hsallolmanin asagi kritik temperatura (HAKN) malik
olmas1 demokdir. Polimer-polimer —su sistemlorinds iso oksina temperaturun artmasilo hollolma
asanlasir vo bu ctr mohlullar hallolmanin yuxari kritik nogtasine (HYKN) malikdir. Muhitds duz
oldugda temperaturun artmasilo duzun dissosasiyasi da artir vo ionlar torofindon su molekullar
tutuldugu ti¢lin miihitds hallolma ¢atinlosir vo fazasmolagoalmo siiratlonir.

Sakil 3. PEQ--C406H4Na2-H20 ikifazali sisteminin miixtalif temperaturlarda bhal diagramlari:
1-700C; 2 - 500C; 3 - 300C; 4 - 100C
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Pe3rome

B mpexacraBnenHoit pabore ObuIM MCCIEeNOBaHBI (Da30BbIE TUArpaMMbl BOJHO-TIOJTUMEPHOM
nByx(ha3HOW CUCTeMBbl B MPHUCYTCTBUH J100aBOK KapOammuaa U TemrepaTypbl. beuio nmokasaHo, 4To
BIIUSIHUE JI00aBOK TIPOSIBISIETCSI B CMEIIEHUHM OWHOMAJIbHBIX KPUBBIX, T.€. B H3MEHEHUU
COOTHOIIEHUS IJIOMIAJIe TeTepOoreHHbIX U TOMOTeHHBIX oOyiacTeil (pa3oBOi AMarpaMMbl. AHAINU3
MIPUBEACHHBIX JAaHHBIX MOKa3bIBAET, UTO M3MEHEHHE MapaMeTpoB (a3oBoi auarpamm AByX(a3Ho
CHUCTEMbl B 3aBHUCHMOCTH OT MPHUPOABI J100aBOK CBSI3aHO W3MEHEHHEM CTPYKTYPbl BOJbI O]
BIUSIHUEM YKa3aHHBIX (AKTOPOB MW B COOTBETCTBUU C ATHUM H3MEHEHHEM B3aUMOJICHCTBUS
($ha3000pa3yrOMMX KOMIIOHEHTOB JBYX(a3HOW CHUCTEMBI C BOJIOH, OOYCIOBIWBAIOIINE Pa3JIMUUS
(DMBUKO-XMMUYECKUX CBOWCTB, B YACTHOCTH OTHOCHUTEIBHBIX THAPO(OOHOCTEH nByxbhazHOM
CUCTEMBI.

TRANSITION TO RENEWABLE ENERGY: BENEFITS, CHALLENGES, AND
RISKS FROM A SUSTAINABLE DEVELOPMENT PERSPECTIVE

Imamverdiyev N. S.
Institute of Geography named after acad. H.A. Aliyev, Ministry of Science and Education,
115 H. Javid Avenue, Baku AZ1143.

Keywords: transition to renewable energy, benefits, challenges, risks, sustainable
development perspective

Introduction. | found a report by the United Nations Environment Program (UNEP)
titled “Transition to a green economy: benefits, challenges and risks from a sustainable
development perspective” which contains three papers. The first paper by José Antonio
Ocampo looks at the macroeconomic policy implications of the transition to the green
economy [1]. The report highlights those shifting subsidies from fossil fuels to renewable
energy not only cuts emissions but also contributes to sustainable economic growth, job
creation, better public health and more equality[2]. Renewable energy offers a way out of
import dependency, allowing countries to diversify their economies and protect them from
the unpredictable price swings of fossil fuels while driving inclusive growth [5].
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The renewable energy transition can contribute to sustainable economic growth, job
creation, better public health, and more equality. The International Energy Agency (IEA) has
been re-emphasizing that governments should bear in mind the structural benefits of
increasingly competitive renewables, such as economic development and job creation, while
also reducing emissions and fostering technology innovation [3].

The energy transition requires new technology for maximum use of the abundant but
intermittent renewable sources, a sustainable mix with limited nonrenewable sources
optimized to minimize cost and environmental impact but maintained quality, stability, and
flexibility of an electricity supply system [4].

Method. One method of transitioning to renewable energy is through the adoption of
policies that incentivize renewable energy production and use. These policies could include
tax credits, subsidies, and renewable portfolio standards that require a certain percentage of
energy to be generated from renewable sources.

Another method is through the deployment of renewable energy technologies, such as
solar panels, wind turbines, and geothermal systems. However, this can be challenging due to
the high initial cost of these technologies and the need for significant infrastructure upgrades.

Data analysis: Transitioning to renewable energy sources brings several benefits,
challenges, and risks from a sustainable development perspective. Some of the key ones are:

Benefits:

Reduced greenhouse gas emissions: Renewable energy sources emit significantly fewer
greenhouse gases than fossil fuels, helping to mitigate climate change.

Improved air quality: Fossil fuel combustion produces harmful air pollutants that cause
respiratory and other health problems. Renewable energy sources such as wind and solar
power do not produce any harmful emissions.

Job creation: The transition to renewable energy creates new jobs in sectors such as
manufacturing, installation, and maintenance of renewable energy infrastructure.

Increased energy independence: Reliance on foreign sources of energy can be reduced
through the use of domestically sourced renewable energy.

Cost savings: Over time, renewable energy sources can be more cost-effective than
fossil fuels, as they do not have the same fuel costs and are subject to lower price volatility.

Challenges:

Technical challenges: Integrating renewable energy sources into the grid can be
technically challenging, requiring new infrastructure and technology to manage variability
and intermittency.

Economic challenges: The upfront costs of renewable energy infrastructure can be high,
and some industries and regions may face job losses due to the shift away from fossil fuels.

Political challenges: Resistance to change from powerful fossil fuel industries, lack of
political will, and the complexity of international cooperation on climate change are all
political challenges to the renewable energy transition.

Social challenges: The deployment of renewable energy infrastructure can have
negative impacts on local communities, including visual pollution and land-use conflicts.

Risks:

Environmental risks: Large-scale deployment of renewable energy infrastructure can
have negative environmental effects, such as habitat destruction, water usage, and waste
generation.

Technological risks: The reliance on new and untested technology carries the risk of
technical failures and unforeseen consequences.
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Security risks: The decentralization of energy production may create vulnerabilities in
the energy grid and increase the risk of cyber-attacks.

Overall, transitioning to renewable energy sources is crucial for sustainable
development, but it requires careful planning and management to maximize the benefits
while minimizing the challenges and risks.

Result. One of the main benefits of renewable energy is its potential to reduce
greenhouse gas emissions and mitigate the impacts of climate change. Renewable energy
sources such as wind, solar, and hydropower generate electricity without producing carbon
dioxide or other harmful pollutants. This has the potential to significantly reduce the carbon
footprint of energy production, which is a major contributor to global greenhouse gas
emissions. Another important benefit of renewable energy is improved air quality. Fossil fuel
combustion releases harmful pollutants into the air, which can have serious health effects,
particularly for vulnerable populations such as children, the elderly, and those with pre-
existing health conditions. Renewable energy sources produce electricity without emitting
these harmful pollutants, which can improve public health and reduce healthcare costs.

Transitioning to renewable energy also has the potential to increase energy security.
Renewable energy sources are typically more distributed and decentralized than traditional
fossil fuel sources, which can reduce the risk of supply disruptions due to natural disasters,
geopolitical conflicts, or other factors. However, transitioning to renewable energy sources is
not without its challenges and risks. One of the fundamental challenges is the high upfront
cost of developing renewable energy infrastructure. This can make it difficult for many
countries, particularly developing nations, to make the transition to renewable energy sources
without significant financial assistance. There are also significant infrastructure changes that
need to be made in order to transition to renewable energy. For example, the electricity grid
needs to be reconfigured to accommodate the decentralized nature of renewable energy
sources, and new storage technologies need to be developed to ensure that electricity is
available when it is needed.

Conclusion. Renewable energy offers a way out of import dependency, allowing
countries to diversify their economies and protect them from the unpredictable price swings
of fossil fuels while driving inclusive growth. Using more renewable energy can lower the
prices of and demand for natural gas and coal by increasing competition and diversifying our
energy supplies. And an increased reliance on renewable energy can help protect consumers
when fossil fuel prices spike. Overall, transitioning to renewable energy sources is crucial for
sustainable development, but it requires careful planning and management to maximize the
benefits while minimizing the challenges and risks.
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Xiilaso

Mogqalodo borpa olunan enerji monbolorine kegidin {istiinliiklori vo monfi cohotlori
miizakiro olunur. Maqalads geyd olunur ki, barpa olunan enerjiys ke¢idin faydalari, mosslon,
istixana qaz1 emissiyalarinin azaldilmasi vo havanin keyfiyyatinin yaxsilasdirilmasi, slagadar
cotinliklor vo risklordon {istiindiir. Bununla belo, mogalods, homg¢inin barpa olunan enerji
texnologiyasinin yiiksok qiymati vo infrastrukturun ohomiyyatli yenilonmasina ehtiyac da
daxil olmagqla, aradan qaldirilmali shamiyyatli maneslarin oldugu qobul edilir.

Pe3rome

B crartee paccMaTpuBarOTCA  MPEUMyHIECTBA W HEAOCTATKM  IIEPpEXOaa Ha
BO300HOBJIIEMbIC NCTOYHUKU OHCPIUn. B cratpe OTMECYACTCA, YTO MPCUMYIICCTBA MMEPEXOaa
Ha BO300HOBJIIEMBIE MCTOYHHKHU OHEPruu, TakKMe KaK COKpaIlCHUEC BI)I6pOCOB MMapHUKOBBIX
ra3oB M yIy4dIICHHUE KAa4€CTBA BO3JyXa, MNCPECBCINMBAIOT CBA3AHHBIC C OTHUM HpO6HeMBI n
PHUCKHU. OHHaKO B CTAaTh€ TAKXC INPHU3HACTCA, YTO HeO6XOlII/IMO MMpeoa0JIETE CCPBE3HBIC
MMPETATCTBYA, B TOM HHUCJIIC BBICOKas CTOMMOCTB TEXHOJIOTHit HCITIOJIB30BaHUA
BO300HOBJIIEMBIX HUCTOYHUKOB OHEPruu " HGO6XO)II/IMOCTI) 3HAYUTEIHLHOM MOACpHHU3aINN

HH(PPACTPYKTYPHI.

MOJIEKYJISIPHOE MOJAEJIMPOBAHUE MMPOCTPAHCTBEHHOHN 1
IJIEKTPOHHOHU CTPYKTYPbI IPOTHBOOITYXOJIEBBIX
INEHTAINENTUAHbBIX MOJIEKYJI ILYPM U YVPGP

o.n.¢p Acaesa I. A., 0.¢p.¢p.A2aesa y. T., 0.¢p.m.n.I'00scaee H. M.
Hucmumym puzuueckux npoonem, baxunckuit I'ocyoapcmeennwtii Ynueepcumem, baky,
A3zepoanoxncan, Qulshen@mail.ru

KuaoueBble ciioBa: IIPOTHUBOOITYXOJIEBBIC IICIITHUALI, IICHTAIICITHUI, KOH(i)OpMaI_II/Iﬂ,
QJICKTPOHHAA CTPYKTYpa, paK HpeHCTaTeHBHOﬁ JKCEJIC3hI.

Acar sozlar: antitumor peptidlor, pentapeptid, konformasiya, electron qurulus, prostat
vazisinin Xargangi.

Key words: anticancer peptides, pentapeptide, conformation, electron structure, prostate
cancer.

Pak npencratenbHOM Kene3pl  SABJIAETCS OAHMM M3 Hambojiee pacHpOCTPAHEHHBIX
3JI0KaQUYeCTBEHHBIX HOBOOOPA30BaHMI MYKCKON MOYEBBIICTUTEIBHON CHCTEMBI, a TaKXKe
BEIyLIEH MPUYMHON CMEPTHOCTH OT paka y MyX4uH [1,2]. B HacTosmiee Bpems uis neueHus
paka UCHOJb3yeTcsl KOHCEpBaTHBHAas XWMHUOTEpamusl H3-3a HEXBAaTKU 3()(HEKTUBHBIX
npemnaparoB. [loaTomMy cyliecTByeT HacToOsTelIbHas MOTPEOHOCTh B HOBBIX JIEKApCTBaX ¢
HOBBIMH MEXaHW3MaMM JAelcTBhA. Vcmonb3oBaHME NPOTMBOPAKOBBIX IENTUIOB SBISAETCS
MHOTOOOEIIAIONUM CIIOCO00M Tepanuu paka. CyliecTBYIOT HEKOTOpPbIE MPEHMYIIECTBA,
IIpEeAIoJIaraéMple JUIsl HCIOJIB30BAaHUS TNENTUAOB IIPU JICUEHUM PakKa, IOCKOJIBKY 3THU
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COEIMHEHUS 00JIaat0T OJIAarONPHUATHBIMU XapaKTEPUCTUKAMU, TAKUMU KaK MEHBIINNA pa3mep,
BBICOKasi aKTUBHOCTb, HH3Kasgd HMMYHOT'€HHOCTb, XOpOIIas OHOCOBMECTUMOCTH in Vivo,
yIOOHBIA U OBICTPBIA cHOCOO CHHTE3a, MOIAIOMIMNACA MOAU(DUKAIIMH TTOCIEI0BATEILHOCTH.
bbu1o 00HapyXeHO, 4TO MEHTANENTHI C aMHHOKHCIOTHOH mMocienoBaTeabHoCcThio |le-Leu-
Tyr-Met-Pro (ILYMP), BeigeneHnbiit u3 ruaposmsata 6enka Cyclina sinensis, HHIYIHPYET
aronTo3 KIETOK paka mpeacraTelbHON jxene3sr DU-145 [1]. B 10 ke Bpems ObLIO
OTIpENIeNIeHO, YTO MEHTANeNTH ¢ mnociemoBarenbHocThio TYr-Val-Pro-Gly-Pro (YVPGP),
MPOSIBJIIET  OINPEAEICHHYI0 IUTOTOKCHUYHOCTh B OTHomieHMM kietok DU-145 paka
MIPE/ICTATEIbHOM JKEJIe3bl YEJNOBEKAa, U €ro MEXaHW3M JEHUCTBUS MOXKET ObITh CBSI3aH C
perylupyeMbIM MHUTOXOHIpUAMHU IyTeMm amonto3a [2]. [Ins ompeneneHuss MexaHU3Ma
JNEUCTBUS 3TUX IEHTANENTUAOB U MCCIEA0BAHUSA UX CTPYKTYPHO-(DYHKIMOHAJIBHBIX CBS3EH
TpebyeTcs 3HaHHE KOH(GOPMAIIMOHHOW CIEIM(PUUYHOCTH U THOKOCTH OCHOBHOM M OOKOBBIX
Lenei MoJIeKyll, MO3BOJISIONIEe PAlMOHAIbHO CKOHCTPYHMPOBATh (PYHKIIMOHAIbHbBIE TPYIIIHI,
M30MpaTeIbHO NIEHCTBYIONIME HA HUX PEUENnTOPHOM ypoBHE. OCHOBHOUM IENBIO HACTOSIICH
paboThl sBiSIETCA HCCIel0BaHWE KOH(OPMAlMOHHON AMHAMMKH OCTOBAa M OOKOBBIX Lienei
MIEHTANEeNTHIOB METOJOM MOJIEKYJIApHON MeXaHUKU. CTPYKTypHbI€ JaHHbIE OYEHb MOJIE3HBI B
KauecTBE OPHUEHTHpPA TMpHU pa3pabOTKe aHAJIOTOB ¢ 0ojiee MOIMHOW W/WIN JUIUTEITHLHOMN
OMOJIOTMYECKON aKTHBHOCTBIO. [l ompenesieHns aKTUBHOTO IEHTpa IMEeHTanenTHaa ObLIn
paccuuTaHbl ANEKTPOHHBIE XapAKTEPUCTUKN CTAOUIIBHBIX KOH(POpPMAIMil MOJIEKYT METOJO0M
KBAaHTOBOU XHUMUHU.

B nganHoM wuccnenoBaHuu KOHGOpPMAlMOHHAs MOTEHUUAIbHAS SHEPIHsl MOJIEKYIIbI
3alaeTcsl KaKk CyMMa HE3aBHUCHUMBIX BKJIQJIOB HECBS3aHHBIX, DJEKTPOCTATUYECKUX,
TOPCUOHHBIX B3aUMOJICHCTBUN U HHEpPruil BOJOPOIHBIX cBsized. Ilpu oOcyxaeHun
pe3yNnbTaTOB pacueTa Obljla CHOJIB30BaHA MPUHSATAs KJIacCU(PUKAIMSA MENTUIHBIX CTPYKTYp-
el GopMbl OCHOBHOU 1ienu U kKoH(popmanuu. KondopmaimoHHoe coOCTOsSTHUE Ka)KJI0TO
OCTaTKa OIMpeNesUIOCh 3HAYCHUSIMH JIBYTPAHHBIX YIJIOB (@, \y U 0 OCHOBHOM 1I€TH, KOTOPbIE
HaxoJATCS B HU3KOPHEPIeTHYECKUX OOJacTAX cTepuueckor kapThl Pamauanmpana. Pacuer
CTaOWIBHBIX KOH(GOpMAIUil MEeNTUIOB MPOBOAWICS C TMOMOILIBIO MPOTPAMMBI U CHUCTEMBI
MOTEHITMATBHBIX (DYHKIIMI, paHee ONMMCAaHHBIX U MPUMEHEHHBIX B pabotax [3]. DnekTpoHHOE
CTPOEHHUE MOJIEKYIN U3y4aJIOCh C TIOMOIIBIO MOJTYIMIUPUYECKOTO METO1a KBAHTOBOM XUMUU C
UCII0JIb30BaHMEM KOMIUIeKca cepBUCHBIX mporpamMm HyperChem v. 8.0, mo3Bosoiiero
MIPOBOJUTH KBAHTOBO-XUMHUYECKUE PACYETHI MOJIEKYTT MeToioM AM1.

/

a) 0)

Puc.l. Ilpoexyuu snepzemuuecku npednoumumensusix Kongopmayuii monexyn ILYMP
u YVPGP (a) u ux anexmponnasa cmpykmypa (6).

Hcxonnsie CTPYKTYPHBIC HpI/I6J'II/I)KeHI/I}I JJIA OTOro ICHTAIICIIThuaa ObLIH BI>I6paHBI C
Y4€TOM OFp&HH‘-ICHHfI, CBS3aHHBIX C OCTaTKOoM Pro. HepBI/I‘-IHBIe CTPYKTYPHBIC BapHUAHTLL
ObLIH MPEAJIOXKCHBI UIA PACUCTa ONTUMAJIbHBIX KOH(I)OpMaL[I/Iﬁ NCHTAIICIITUa Ha OCHOBEC
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HU3KOOHEPreTHUECKUX KOH(OpPMAIMii COOTBETCTBYIOIIMX AMHHOKUCIOTHBIX OCTAaTKOB C
YU4ETOM pa3IUYHBIX OPHEHTAlMi uX OOKOBBIX Iened. KoHdopmanuu MeHTanenTuaoB ¢
HaMEHbIIEH dSHepruel ObUIM B  OCHOBHOM  CTaOWIM3HpOBaHBI  A(PPEKTHBHBIMU
MEXKOCTaTOUYHBIMH  B3aMMOJCHCTBHSIMM,  OOpa3sOBaHHBIMH  MeXay  TuaphoOHBIMU
HenoJIApHbIMU ocTaTkamMu U C-KOHIEBBIMM OcTaTkamu Pro5. OOHapyXeHO, YTO CUJIbHbIE
B3aUMOJICHICTBUSL MEXKJY OCTaTKaMU BHOCAT B@XKHBIM BKJIaJ TOJIBKO B HSHEPrUIO
JUCIIEPCUOHHBIX ~ B3aUMOJEMCTBUIM. OTH  B3aUMOJCWUCTBMSI  XapaKTEpHbl Uil  BCEX
HU3KOPHEPreTUYECKUX  CTPYKTYp  NEHTanentuaoB. PacueTel  mokasaiud, 4YTO B
HM3KOJHEPreTHYECKUX KOH(POPMauMsax O00OMX NEHTANENTHAOB PACCTOSHUE MEXKIY ABYMs
Ca-aToMaMu BTOPOI'O U IATOIO OCTATKOB COCTaBiseT MeHblie 7,0 A, 4To CBUIETENBCTBYET O
HaJIM4uu OeTa-rmoBopoTa. AHANINU3 3apsIOBBIX XapaKTEPUCTUK U 3JIEKTPOHHOM MJIOTHOCTH Ha
aToMax MEeNTHAHBIX TPYNI MOJIEKY]1 MEHTANeNnTUI0B I03BOJIAET CIeNaTh BBIBOJA, YTO
00JbIIeH JIEKTPOHOJOHOPHOM CHOCOOHOCTBIO 001 1al0T aTOMBI KHCIIOPOAa KapOOHUIbHON
IPyNIbl 1O CPaBHEHHIO C €€ JPYrMMH aTOMaMM, T.€. HaJIMuue BBICOKO3aPSHKEHHBIX
MENTUAHBIX TPYII UTPAET CYHIECTBEHHYIO POJIb B PEAKLIMOHHOW CITIOCOOHOCTH MOJIEKYJI.
[TonyuenHble pe3yabTaThl U 00CYKIEHHE IPUBOAAT K CIEAYIOIIMM BBIBOJAM:
(DMogaenupoBanre  TPOCTPAHCTBEHHOW  CTPYKTYphl — MPOTHUBOOITYXOJIEBBIX
MEHTANEeNTHIOB METO/I0M MOJIEKYJISIPHON MEXaHHUKH B MOJISIPHON cpesie TIO3BOJIMIIO BBISIBUTH
Hajuuue [-MoBOpoTa HA TETPANENTHIHOM CErMEHTe 2-5 UX MOCIe0BaTEIbHOCTH ;

(I1) Januslit kOHPOPMALIMOHHBIA aHAIU3 MOMOT BBISIBUTH Psii OOUIMX OCOOEHHOCTEH
MIPOCTPAHCTBEHHOTO PACHOJIOKEHUSI M DJIEKTPOHHBIX CTPYKTYp OOOMX MEHTaneHTHIHBIX
Mouiekyn. OmnpenieneHHble CTa0MIbHbIE CTPYKTYPHI MEHTANENTHI0OB MOTYT HCIOJIb30BaThCS B
KauyecTBE OCHOBBI JUIsl MPOEKTUPOBaHUS Oosiee 3PPEKTUBHBIX CEIIEKTUBHBIX ATOHUCTOB
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1.Fangmiao Yu, Yaru Zhang, Lei Ye, Yunping Tang, Guofang Ding, Xiaojun
Zhang ,Zuisu Yang, A novel anti-proliferative pentapeptide (ILYMP) isolated from
Cyclina sinensis protein hydrolysate induces apoptosis of DU-145 prostate cancer cells.
Molecular Medicine Reports, 2018,vol.18,iss.1, pp. 771-778.

2.LiX.,, Tang Y., YuF., SunY., Huang F., Chen Y., Yang Z., Ding G.. Inhibition of prostat
cancer DU-145 cells proliferation by anthopleura abjunae oligopeptide (YVPGP) via
PIBK/AKT/mTOR signaling pathway, Mar. Drugs 2018, Volume 16(9), pp.325-335.
3.Maksumov I.S.,Ismailova L.I., Godjaev N.M, The program for semiempirical calculation of
conformations of the molecular complexes J. Struct. Khim.(Russian), 1983,vol.24,pp.147-
148.

Xulasa

Prostat xorgongi DU-145 hiiceyrolorindo antitiimor aktivlik niimayis etdiron iki
pentapeptid ILYPM vo YVPGP-nin foza vo elektron qurulusu molekulyar modellosdirmo
isullar ilo todqiq edilmisdir. Pentapeptidlorin enerji baximindan olverisli konformasiyalar1
molekulyar mexanika tisulu ilo miioyyon edilmisdir. Hesablamalar asagi enerjili
konformasiyalarda biitiin qaliqlar {i¢iin dihedral bucaqglarin vo yan zoncir istigamatlorinin
olverisli ~ diapazonlarmi miioyyon etmisdir. Naticolorin  miqgayisasi  gostordi  Ki,
pentapeptidlorin stabil konformerlori beta-doniis strukturunu gqobul etmoya meyllidirlor.
Alman naticalor pentapeptid molekullarmin optimal ti¢olgiilii strukturunun formalagsmasinda
hor bir qaligin rolunu qiymotlondirmok Uglin istifado edilmisdir. Pentapeptidlorin aktiv
morkozini muoyyon etmok iiciin kvant kimyasi ilo molekullarin sabit konformasiyalarmin
elektron xarakteristikas1 hesablanmisdir.
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Summary

The spatial and electronic structure of the two pentapeptides ILYPM and YVPGP,
which exhibit antitumor activity in prostate cancer DU-145 cells, were studied by molecular
modeling methods. The energetically favorable conformations of pentapeptides were
determined by the method of molecular mechanics. Calculations determined favorable ranges
of dihedral angles and side chain orientations for all residues in low-energy conformations.
Comparison of the results showed that stable conformers of pentapeptides tend to adopt a
beta-turn structure. The results obtained were used to evaluate the role of each reside in the
formation of the optimal three-dimensional structure of pentapeptide moleccules. To
determine the active center of pentapeptides the electronic characteristics of stable
conformations of molecules were calculated by quantum chemistry.

PEQ-SU VO DEKSTRAN-SU MOHLULLARININ STRUKTUR TEMPERATURLARI

Siikiirova J. Z.
Baki sahari, Bakt Déviat Universiteti

Acar sOzlor: PEQ vo dekstranin sulu mohlullarmin struktur temperaturu, Ozliliik,
optimallasma metodu

Keywords: structure temperature, viscosity, optimization method of aqueous solutions
of PEQ and dextran

KuwueBble c¢JjioBa: CTPYKTypHasi TeMIIEparypa, BS3KOCTb, METOJ ONTUMHU3ALNU
BOJIHBIX pacTBOpoB PEQ u gexcrpana.

«Struktur temperaturu» termini elms ilk dofo Bernal vo Fauler torofindon miuxtalif
maddalorin suyun strukturuna tasirini miqdari tayin etmok tigiin daxil edilmisdir. Mialliflorin
fikrino goro struktur temperaturu parametrinin «texniki termin» kimi daxil edilmasi
mohlullarda bir cox mirakkab garsiliqh slagslori 6ziinds comlosdirar vo darin monaya malik
ola bilar.

Molumdur ki, suda hall olan istonilon madds suyun strukturunu doyisdirir vo bunun
naticasinds sulu mohlulun har hansi fiziki vo ya fiziki-kKimyavi xassasi (sathi gorilma omsall,
sindirma omsali, 6zliilik va s.) suyun uygun xassasindon forglonir. Digor torafdon, bu forgi
temperaturu doyisdirmoklo do aldo etmok olar. Qeyd edok ki, sthbat Kigik doyismalordon
gedirss, temperaturu artirtlb vo Yya azaltmagla suyun hor hansi parametrinin istonilon

doyismasine homiss nail olmaq olar. Bu dediklarimizdon bels bir natics alinir ki, har hans1 c;
konsentrasiyali sulu mashlul G¢tin els bir T, temperaturu var Ki, hamin temperaturda tomiz
suyun fiziki xassesi, ¢, konsentrasiyali sulu mshlulun otaq temperaturundaki fiziki xassasi ilo

eyni olsun. Bu T, temperaturu, ¢, konsentrasiyali sulu mohlulun struktur temperaturu adlanur.
Gorunduyd kimi, Bernal vo Fauler manasinda struktur temperaturu dedikds, tasirino gors hall
olan maddonin konsentrasiyasinin analoqu ola bilocok temperatur basa diigiiliir [1].

Struktur temperaturu anlayist 80-ci illarin avvallorinds yenidan, tamamilo basqa tarzdo,
Uberreyter torafindon islodilmisdir [2]. O, gostermisdir ki, mayelarin 6zIultyunin temperatur
asitliligr Ugln ifadasi yalniz Sorbost mayelor Gglin 6zind dogruldur. Belo mayelordo
yalniz
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7y (Ej
1 =1,exp T (1)

Van-der-Vaals qarsilight tasirlori mévcuddur. Ogor mayeds hor hansi bir strukturlasdirici
(nizamlayici) qarsihiqli tasir varsa, (moesalon, suda hidrogen rabitasi) bu halda 6zltliyin
temperatur asililigi (1) ifadasine tabe olmur. Aydindir ki, miixtolif mayelords muxtalif
xarakter dasiyan strukturlagdiric1 qarsiligh tasirlor movecuddur va bu da 6zlullyiin temperatur
astlilig1 ticin miixtolif ifadalors gatirir. Belo ifadslordon biri do Vogelin emprik disturudur:

B
=1, eXp[T _TOJ (2)

Uberreyter (2) disturuna daxil olan T, parametrini struktur temperaturu adlandirmigdir

[1]. Bu ona osaslanir ki. T=To olduqda, 6zliilik sonsuzluga boarabardir. Yoni bu temperaturda
sistemin butlin sarbastlik daracalori donur. Uberreytera gors (2) ifadosi molekullar: arasinda

he¢ bir strukturlasdirict garsihiql tosir olmayan mayelar (sorbast mayelor) iiciin T, = 0K
oldugda, molekullar1 arasinda miiayyan strukturlasdirict qarsiligh tasir olan mayelar tgin isa
T, > OK' oldugda édonilir. Tomiz su iigiin bu, o vaxt olur ki, T, =146K olsun.

Gorandiyd  kimi, struktur temperaturu bilavasito mayeds olan strukturlasdirici
qarsiligh tasirlorlo alagadar parametrdir. Bu sobsbdon do hor hansi faktorlarin tasiri ils
mayenin  (moahlulun) strukturunun doyismasi struktur temperaturunun giymatini
doyisdiracok. Belo ki, sulu mohlulun struktur temperaturu tomiz suyun struktur
temperaturundan boyikdurss, suya slava edilon madds suyu strukturlagdirir. ©gor sulu
mohlulun struktur temperaturu tomiz suyun struktur temperaturundan Kigikdirss, suya oslava
edilon madds suyun strukturunu dagidir.

Alnan naticalar vo onlarin miizakirasi
Dekstran vo polietilenglikolun 6zliliklorinin temperatur asilihigr sokill vo sokil2ds
verilmisdir.

20 -

15 ~

c10 -

5 —

O T T T T T 1
0.004 0.0042 0.0044 0.?046 0.0048 0.005 0.0052
1/T-TO

Sakill. Dekstranin sulu mahlulunun édzliiliiyiiniin temperatur asililig
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Optimallagsma metodundan istifado etmoklo 6zliiliiyiin temperatur asliligindan struktur
temperaturu hesablanmigdir. PEQ Uglin Ts»=180 K, dekstran Uglin Tsx=100 K alinmusdir.
Tomiz su Ugln struktur temperaturu Ts—=145 K oldugundan, deys bilorik ki, suya hor hansi
madds olave etdikda struktur temperaturu 145-don bodyikdirss, demali hamin madds suyu
strukturlagdirir, struktur temperaturu 145-don kigikdirss, demali hamin madds suyu dagidir.
Baxdigimiz halda PEQ suyu strukturlasdirir.
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Pezrome

B nmpencraBieHHOM HCCIEOBAaHUM M3y4ajuCh PEOJOTHYECKUE CBOWCTBA BOJHBIX
PacTBOPOB TOJIMATUJICHTIIUKOJISA M JAeKcTpaHa. lJis 3Toro paccMaTpuBaim TeMIEpaTypPHYIO
3aBUCUMOCTD BSI3KOCTH M MUIOTHOCTH (25-80°C). C momoIipi0 MeToJa ONTUMH3AIUMU OblLia
ompeeseHa TemIepaTypa KOHCTPYKITHH.

Summary

In the presented study, the rheological properties of aqueous solutions of polyethylene
glycol and dextran were studied. For this purpose, the temperature dependence of viscosity
and density (25-800C) was considered. Using the optimization method, the structure
temperature was determined.
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Holografik sistemin asas komponentlori lazer, linzalar vo kameradir. Lazer isig1 avvalca
geniglondirilmali vo sonra kollimasiya edilmoalidir (yoni paralel, siia genislonmir vo ya
fokuslanmir). Isiq smnaq hissesindon kegonda onun bir hissesi obyektlora doyir vo ayilir,
bazilori iso diiz kegir. Birbasa isigin vo CCD ¢ipino doyan oayri isigin birlosmosi “miidaxilo
niimunasi” yaradir. Hor hansi digor obyektlor, masalon, obyektivdoki toz da isig1 doyisdirocok
Vo tasvirda gorinacak. Midaxila nimunasinin araligi hologrami yenidon qurmaq tguln istifads
olunan molumatdir. Natico, fokusda yalniz bir mévqeds olmaqgdansa, muxtalif doarinliklora
fokuslana bilon bir fotosoakildir.

Holografiya lazer siialarina asaslanan t¢Olculli tasvir prosesins verilon addir. Kosmosda
bir cismin mévcudlugu haqqinda malumat bizo adston isiq dalgalar1 vo ya sos soklindo catir.
Holografiya, cisimlordon golon dalgalarda molumati miioyyon sokildo saxlamaga vo bu
molumati heg bir itki olmadan yenidon Uz ¢ixaran bir texnikadir. Hologram obyektdon galon
dalganin imumi molumatini, yani hom amplituda, hom do faza giymotlorini geyd edir.
Istonilon halda orijinal dalga qeyd miihitindon borpa olunmaqdadir. Cisimdon ¢ixan isiq
dalgas1 tezlik vo faza baximindan 6zl ilo alagoli olan istinad dalgasina miidaxilo etdikds,
yarana bilocok dalganin intensivliyi tokco bu dalgalarin intensivliyindon bir-bir asili deyil.
Hamginin bunu geyd etmok olar ki, aralarindaki faza forgins tabedir ki, bu da holografiyanin
asasini ahato etmakdadir [1].

Fotografiya ilo holografiya texnikasi arasinda prinsipco bOyik forq var. Fotografiya
texnikasinda tosvir ikidlcilu paylanma Kimi geyds alinir. Har sshnods siianin oks olundugu
bir sira mogamlar var. Homin noqtslordon ¢ixan forqli dalgalarin amalo gotirdiyi yegano
kompleks dalgaya badon dalgasi deyilir. Bu miirokkob dalga da fotoqrafiya texnikasinda optik
linzanin yardimi ilo ¢evrilir, siialanan obyektin tosviri alinir. Hologram texnikasinda cismin
optik olaraq yaradilmis tosviri deyil, bohs olunan obyekt dalgasinin 6zii geyds almir. Homin
geyd doqiq sokilds yenidan isiqlandirildigda, orijinal badon dalgasini tokrarlamaq mimkuindur
[2].

Oton asrin 40-c1 illorin sonunda Denis Qobar toklif etdi ki, cisimdan va ikinci koharent
stiadan yayilan isigin interferensiya effektlori fotoplyonkaya yazila bilor. Bu clr film
difraksiya barmaqliginin ¢ox xiisusi bir ndviidiir. Is1q sobokadon kegando difraksiyaya moruz
qalir vo obyektin tamamilo 3D gorintustni yaradir. Bagqa bir s6zlo desak, cismin tasvirinin
geyds alinmasi vo interferensiya effektlorindon istifado etmoklo tosvirin yenidon qurulmasi
Usulu holografiya, midaxilo niimunasi olan plyonka iss hologram adlanir.

Onu da geyd etmok lazimdir ki, son illordo holografiyanin yeni bir sahosi inkisaf
etmisdir: ragomsal holografiya. Hagigoton do, rogomsal kameralar vo komputerlor sahasinda
iraliloyis sayasinds indi rogomsal kamerada hologrami geyd etmok Vo hologramin “ragomsal
istinad dalgas1” ilo isiqlandirilmasi prosesini simulyasiya edorok obyekti rogomsal sokildo
yenidon qurmaq miimkiindiir. Bu texnikanin istiinliiyli hologramlar1 video tezliklords geyd
etmok vo beloliklo, real vaxtda obyektlorin komiyyat {i¢olgiilii goriintiglorini oldo etmok
imkanidir. ©lava olaraq gostorilmisdir ki, mikroskop magsadlari tatbiq edilmoklo hiiceyralor
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kimi mikroskopik obyektlorin formasini kamiyyatca tomsil etmok mumkindir. Nohayat,
rekonstruksiya prosesi rogomsal sokildo hoyata kecirildiyi tiglin sokillorin keyfiyyatini
yaxsilagsdirmaq, rekonstruksiya mistavisinin movgeyini doyisdirmok Vo ya aberrasiyalari
kompensasiya etmok Uc¢lin hologramda vo ya prosesds rogomsal emal totbig etmok
mumkandar [3].

Hologram, miioyyon bir sohnonin miirokkob saho amplitudunun istinad siiast ilo
miidaxilosini ehtiva etdiyi li¢iin fotohossas bir cihaz torsfindon onun baxis sahasinds
goriindiiyli kimi verilmis sohnonin hom amplitudasini, hom do fazasini geyd edir [5].

Holografiya adi fotoqrafiya texnikasindan bazi xususiyyatlora gors forglonir. Biitiin isi1q
dalgasinin ii¢ xiisusiyyati var: dalganin hiindiirliiyii ilo muoyyan edilon intensivliyi, dalga
uzunlugu ilo miayyan edilon rong v istigameti. Isiq intensivliyindoki dayisikliklor giimiis
I6vhada ¢okilmis ag-qara fotosokillordo geyd edildiyi halda, dalga uzunlugu doyisikliklori
rongli fotosokillordo do geyd oluna bilor. Hologrammada siianin intensivliyi ilo barabor, isiq
dalgalarmin tutdugu istiqgamoti do geydo alinir ki, bu da obyekti {i¢ 6l¢iilii gormaya imkan
verir. Bu, bork rongli hologramlar {igiin dogru olsa da, igigin hor ¢ xisusiyysti rongli
hologramlar tgln geyds alinir [1].

Ucolcilii tosviri almaq ticiin obyektdan, yoni obyektdon yayilan siianin fotosokilini
gokmok lazim golir. Muxtolif zirvalor vo ¢okokliklor omalo gotiron horokot edon isiq
dalgalarini bir anliq dondurub fotosokil ¢okmok olarsa, siian1 oks etdiron cismin G¢ 6lguli
xususiyyatlorine malik dalga niimunasi bir daha qurula bilor. O ndqtodon baslayaraq
obyektdon oks olan lazer dalgalarmm amplitudalar1 vo fazalar1 qeyds alina vo gologram alda
oluna bilor. Bununla bels, hologram slds etmok moqgsadilo impulslu lazer, mitomadi dalga
lazeri vo yaxud yaqut impulslu olan lazer siias1 kimi lazer manbayi, xtsusi qolografik film va
obyekti harokotsiz saxlamag c¢un mexanizm talob olunur. Bu cir lazer vo mexanizm
monbayini tomin etmok rahat deyil. Homin mexanizm olmadan hologram aldo etmoyin
miimkiin olmasi1 ehtimali az goriiniir. Difraksiya amplitiidlori vo fazalar1 qeydo alina vo
hologramlar slds oluna bilar [4].

Hologrami yaradacaq cisim tok rangli isiqla isiglandirilir vo obyektdon moanbadan galon
is1q vo sopalonacok isiq foto 16vhasine géndorilir. Is1q monbayi kimi lazer istifado edilmolidir.
Sopalonmis va manbs isiglarinin miidaxilasi plyonkada mirokkab naxisin amala galmasine va
geyds almmasma gatirib ¢ixarir. Sokilds tasvir almaq Ucilin yalniz tizerinds dizalis edilmis
filmo gondarilir. Voragds iki tasvir, film tarafinds iso monbays daha yaxin olan virtual tasvir,
qars1 torofdo iso real tosvir formalasir.

Bir hologram yaratmaq Ucln iki problemin 6hdasindon galmok lazimdir. Birincisi,
istifado etdiyimiz isiq, obyektin dlgiisiindon va filmdon olan mosafasindan bir gador uzun
mosafalords faza ilo slagalondirilmalidir. Buna gors do adi isiq monbalari hamin talobs cavab
vermir. Buna goro do hologramlarin hazirlanmasi moqsadilo lazer stiasindan istifads
edilmolidir. NOvboti addimda mexaniki doziimlilik cox yiiksok Saviyyads olmalidir.
Baglangic obyekti vo ya ¢okilis zamani on Kigik harokot dalga uzunlugunun 1/4 olsa bels,
midaxilo nimunssini bulandiracaq ve aydin tesvirin formalasmasma mane olacag. Bu
maneslor kecilmoaz deyil vo holografiya indi do elmi todgigatlarda, oayloncalords, bir sira
sahalords istifado olunur. Heyrstamiz bir forziyys, holoqgrafik prinsip kainatin holograma
banzadiyini iddia edir: isiqlarla oynamaq tlig¢6lgiilii tasviri duz bir film pargasina yazdirdigi
kimi, biza ¢Olciliu goriinen bu kainat basqa bir dastlo barabar ola bilar [7].

Holografik yaddasin xiisusiyysti ondan ibarotdir ki, kristalin tizorindo eyni yerds
muxtalif verilonlor yazila vo mistaqil sokilds tokrarlana bilor. Bu ¢oxlu geyd adlanir vo qalin
hologramlara (hacm qologramlari) xas olan Braq difraksiyast adli fenomendon istifado edir

[6].
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Holografik prinsip ingilabi forziyyani tosvir etmok {iglin hologram ideyasindan istifado
edir. Kainatin ti¢olgiilii fiziki qurulusunu sorhadds, sonlu sarhadds kodlanmis malumatla izah
etmok olar. Bu, vacib bir sadalogdirma kimi goriine bilor, amma dogrudursa, bu, an ananovi
fizikan1 vo Umumi nisbilik nazariyyasini kvant fizikasi ilo uzlasdirmaq tgiin kifayat edo bilar.
Holografik prinsip cazibo quvvasini iki 0l¢iids kodlasdiraraq izah edir ki, bu da fizikanin
universal modelino galmays, basa diismoadiyimiz bozi hadisslori tamamilo yeni perspektivdan
Oyronmays imkan verir [3].

Biitlin bu igloro osaslanaraq, fizik Leonard Susskind 1995-ci ildo "Dunya hologram
kimi" mogalasini nosr etdi vo burada bu fenomenin daha qlobal izahin1 verdi. Hocmdaki
molumatin maksimum miqdar1 onun sothinds saxlanilandan ¢ox ola bilmadiyi Ugin, hacmin
sothindo saxlanilan molumat onu tosvir etmok Uglin kifayatdir. Beloliklo, bu prinsip
hologramma (holografiya) ilo kodlanmig 3D tasvirs istinad edarak, "holografik prinsip" adini
gobul edir. Susskind 0z nasrinds tokamiil kegirdiyimiz kainatin {imumi hacminin aslinds
yalniz bir hologram oldugunu irali strlr, onun monbayi sonuncunun sathinds kodlanmis
molumatdir. Beloliklo, bu, bizim kainatimizin tutdugu hacmi toskil edon izomorf holoqramin
(har cohotdan eyni) proyeksiyasina imkan veracakdir [8].

Bu giin hologramlarin yaradilmasi {i¢iin miixtalif lazer dalga uzunluqlarindan istifado
edilir. Ovvalca isiq monbayi kimi 633 mm dalga uzunluguna malik Helium-Neon lazerlori vo
ya Argon-Kripton ion lazerlorindon mixtslif dalga uzunluqglarima malik lazerlordon istifado
edilmisdir (har ikisi do mohdud glicls). Hal-hazirda 407 mm, 457 mm, 514 mm vo ya 647
mm-do vo hoatta bir negco 100 mVt glc soviyyalorino malik UV/RGB dalga uzunlugu
bolgalorinds koherent diod lazerlori holografiya Gglin optimal se¢imo ¢evrilmisdir, xiisusilo
sanaye totbiglorinda. Orijinal manbalar hacmli va sabit dalga uzunlugunda isladildiyi halda,
diod lazerlori tanzimlona bilir, buna gors ds istifadaci taloblorine milkammoal uygun galir [2].
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Annomauus

@ortorpadus u ronorpadus CO3AAOT H300pKEHHE COBEPIICHHO TO-Pa3HOMY, U
ommcarb, Kak ¢opmupyercs ¢ororpadus u rojorpaduueckoe H300paKEeHHE, B OJHUX
TEPMHHAX HEBO3MOYKHO, MOTOMY YTO ISl OOBSCHEHUS (OPMHPOBAHUS TOJOTPAPUIESCKOTO
M300paXeHUST UCTOIB3YIOTCS TOHATHS WHTEPPEPEeHIMU U AUQPPAKIUH, MPUCYIINE BOJIHBI
JOJKHBI OBITH BBI3BaHBL [103TOMY sICHO, 9TO (PM3HUECKHME OCHOBBI, HA KOTOPBIX Oa3upyeTcs
rojorpaduueckas TEXHHUKA, CJICIYeT UCKATh B BOJJHOBOM MPUPOJIE CBETA.

Abstract

Photography and holography create an image in completely different ways, and it is not
possible to describe how a photo and a holographic image are formed in the same terms,
because to explain the formation of a holographic image, the concepts of interference and
diffraction inherent in waves must be invoked. Therefore, it is clear that the physical
foundations on which the holographic technique is based should be sought in the wave nature
of light.

TOSVIRI SONOT OSORLORINDO FiZIKA QANUNLARI

Maharramov O. P., Imanov R. M.
Ganca Dovlat Universiteti
abulfatél@mail.ru
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Acar sozlar:. Heykol, firca, fiziki hadiss, optika, isiq, rongli sualar, diffuziya
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diffusion

KuroueBsbie ciioBa: CkynbnTypa, KUCTh, (PU3UYECKOE SIBICHUE, ONITHKA, CBET, IIBETHBIC

nyau, nuddy3ust

Bosoriyyatin biitiin varligi boyu onu iki foaliyyst sahasi - fizika vo incosonat miisayist
edir. Fizika incasonatlo six bagl olmalidir ki, o, insanlara kadar va zorar deyil, yalniz birlikds
sevinc vo fayda gotira bilsin. Halbu ki elm vo sonot mixtalif problemlori hall edir. Fizika
cansiz tabisti, kainatin gqanunlarini §yranir, Sanat iss insanin §ziins, basqa insanlara, diinyaya
munasibatidir. Ogor fizika diinyan1 noazariyyslorin, ganunlarin, kateqoriyalarmn dili ilo izah
edirsa, incasonat bunu azad vas tobii disiincalorin kdmayi ilo edir, diinyan1 badii obrazlarda
oks etdirir. Senatin alds etdiyi bilik insanin duygusal, emosional yolu ilo dork edilir. Bununla
bels, méhtagom sonot asarlorinin yazilmasinda fiziki hadisalorin oynadigi rol hagqinda heg
diisinmiiriik. Fizika va incosanot - onlarin arasinda boylik alage var.

Leonardo da Vinci- Intibah dévriiniin an boyiik niimayandslorindon biri, “@mumbaosori
insan”m bariz niimunasi idi. Bizim dovrimizde do onun kim olmasi ilo bagli miibahisalor
gedir: rassam, yoxsa alim? Insanlar asrlor boyu onun sirli rasmlorini agmaga calisirlar. Amma
mistisizmlo yanasi, Leonardo da Vinginin rasmlari gozalliyi ilo diggsti calb edir. Leonardo bir
alim, rossam, musiqici, heykoltorasin istedadlarinmi birlosdirdi. O, elmlo sonati birlosdiran
ilklardan olub. (4, s.31)

Fizika vo tosviri sonot: Ilk nozordon bunlarin arasinda hor hansi bir olagonin olmadigi,
miioyyon uygunsuzlugun oldugu deyilir; Incoesanat nimayandalori bozon 6zlori do bilmadan
yaradiciliq {iglin fiziki qanunlardan istifado edirlor. Fiziklor iso sonsti sevir vo yiiksok
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giymatlondirirlor. Bu, onlarin yaradici diisiincasini oyadir, ruhlandirir vo bununla da tobiotin
sirlorini dork etmoya kdmoak edir.

Kagizin 6zarinds ronglorin yayilmasi va bir rongin digoari ilo qarigdirilmast molumdur
ki, diffuziya hadisasidir. Sulu boya rongkarligi texnikasinin asasmi da mohz bu togkil edir.
Nom halda (yas kagiz varaginin zarina ronglor butév ton kimi Ust-lsto goyulur) elo bu
zaman da biz diffuziya hadisasini tam gulcl ilo miisahido eds bilirik.  Suyun hacmi no gadar
cox olarsa —bir 0 gadar do ranglor siiratlo yayilir. (malumdur ki, diffuziya bark hala nisbatan
maye halinda daha tez bas verir) Nom haldo olan tasviro duz va ya bir ne¢co damci spirt
damizdirilsa no bas verar? Bu iso fisiki hadisadir. Bundan slava tosviri sonatds istifads
olunan fircalarm da boyilik shomiyyati vardir. Fir¢alarin seg¢iminin 6zl belo fiziki hadisadir.
Belo ki, firganin sotho toxunulmasmin tozyigindon va gevikliyindon asili olaraq yaxmanin
formasi, rong toboagasi, nohayat isin keyfiyyati bir basa asilidir. (2, s. 224-225)

Optikanin arasdirdigi isiq — toocliblil vo maraqli tozahiirdiir. Isigin vo rongin tosviri
sonatds oynadigi xiisusi rolun ganun vo xarakteristikasini arasdirmaq lazimdir. Rassam stini
sokildo secdiyi ronglorin vasitosilo tamasagilarda 6z diisiincasinin duzgun vo psixoloji
tosuratini yaratmagi bacarmalidir.

Bundan 0trii iso rossam isigin tozahiir qanunlarini, isiq vo kélgonin amolo galmasini,
foto 6lgmoni (optikanin bir hissasi, isigin Ol¢iisiinii arasdirma) kolometriyani (optikanin bir
hissasi, rongin ifado sayinin mioyyoanlosdirilmasi metodlarina baxilir) yaxsi bilmolidir. Ogor
rassam olvan ronglarin vo dorin kélgalorin birlogsmalorini — hansi ki, isiq todricon kdlgoya
daxil olur, bacarigla iiygunlasdirmagi bacara bilirsa, bu zaman o tasvir etdiyi insanlarin va
asyalart hocmli vermaklos, aSari tamasagiya bir basa yaxinlagdira bilir. Rangkarligda buna isig-
kolga deyilir. is1g-kolga sokilin ayaniliyini va emosional tasirini artirir. (mosalon, Rembrantin
“ Miigoddas ailo” vo Karavadjonun “Liitenist” asarlori) (3, s. 50-51)

XVIl —osrin 60 c1 illorindo I. Nyuton bir sira tocriibolor aparararaq ag rongin
murokkobliyini siibut etmisdir (prizma). Daha sonra bunun oksi olan bir masaloni do holl
etmisdir. Birloson linzalardan istifado edorok prizmadan kecon longli sualar1 ekranda iimumi
fokusda comlogdirmoklo ag lokoni ala bilmisdir. Comlosdirilon rongli sualar: qirmizi-yasil,
cohrayi va goy, sar1 vo goy Vo S. ibarot olmusdur. Qeyd olunmusdur ki, alave ranglorin
yaxinligda olmasi onlar1 daha parlaq edir.

Tosviri incasonatin  heykoaltorashiq noviiniin do fizika ilo six baghiligmmin olmasi
stibhosizdir. Fizikanin qanunlar1 burada 06ziinii tam monasinda biruzo verir. Hoar bir
heykoltoras 6z osorini gildon, dasdan, mormoardon vo ya metaldan hazirladigda homin
materillarin doziimliiliik, méhkomlilik xtsusiyyatini bilmakdan do avval fizikanin qanunlarina
yaxst balod olmalidir.(1, s. 265-266)

Gorkamli heyksltoras E.B. Bugeticin  Stalinqrad doyiisiinii oks etdiron abidslor
ansanblin1 misal gatirok. Ansanbli sonlugunda slinds qisas qilincini tutaraq diismeana nifratini
bildiron Ana—Vaton abidasi dayanir. Bu abido goharin istonilon uzagq négtasindan gorundr.
Belo nohong abidonin yaratmazdan osvval (abido tomoli ilo birlikdo 101 metr, qilincin
uzunlugu 24 metr, strukturlar imumi ¢okisi 8 000 ton togkil edir) heykalin bu yerlords asan
gucli kuloys davamliligini hesablamaq lazim galmisdir.

Bu zaman Quka ganunundan istifads edilmisdir. (deformasiyanin miqdari, elastik qiivve
ilo diz mutonasiblik). Heykalo mumkin olan vo sonradan tasir gdstora bilocok gorginlik,
tozyiq hesablanmigdir. Bunun ssasinda heykali 25-30 sm. qalinliglt domir beton goliblordon
hazirlamaga qorar verilmisdir. Heykolo 0z torofdon iso xisusi gidrofob torkibli maddo
cokmislor. Bu betonon mosamolorine daxil olmagla nomisliyin daxil olmasmin qarsisini
almigdir. Qilinc iso poladdan hazirlanmigdir. Qasirgalarin garsisini almaqdan 6trii ise heykalin
bazi hissalorinda daliklor agmuslar.(1, s. 264)
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Kulayin tozyiqinin qarsisini almaqdan 6trii iso heykalin gevdasindon 77 méhkom metal
ip ¢okilmisdir. Eyni zamando heykolin sag olindon 12, sol olindon 10 odod belo ip
aparilmigdir. Hor bir ipin glcl toxminon 650 rH. borabardir. Heykoalo xiusu tatqiqat qruplari
nozarst edir. Bunun igiin heykalin daxilindo laboratoriya qurasdirilmisdir. Istonilon
doayiskanliklor seysmologlar, vibrofgaflar taroafindon 6lgllir. Heykslo daima mihondislar,
alpinistlor nazarat edir.

Insanlar bu heykolo bdyiik heyranligla tamasa edirlor. Siibhasiz Ki bu heykalin arsoys
golmoasinds va foaliyyatindo heykoltoraslarla yanasi fiziklorin vo alimlorin amayi ¢ox boyik
olmusdur. Biitiin bunlar bir daha siibut edir ki, tasviri sonatlo fizikanin boyiik baglilig1 vardir.
Fizikanin qananunlarina sdykonan tosviri sonot asorlori haqqinda sonsuz sayda niimunolori
misal gotirmak olar. Zonnimizca bu mohtasom heykal ansanbli haqqmda biliklarimiz bu
mosalays kifayat godor aydinliq gatirs bilir.

Fizika ilo olagosi olan daha bir sonot ndvi badii tokmo vo doymo sonati- metalin isti
formada tazyiqlo va ¢akiclo basilmasi naticasinds yaradilir. Bu isda alotlo mixtalif fasilalorlo,
araliliqlarla hoyata keg¢irilir. Bu isin miitoxasislori fizika haqqinda kifayat godor biliys malik
olmalidirlar.

Birinci ndvbado miixtolif metalin qizdirilmasi, oridilmasi, emali, xiisusiyyati, plastikliyi,
deformasiyast haqqinda molumat bazalar1 olmalidir. Masalon basma iisulunda metali
qizdirmagla, badi t6kmoads isa gugundan istifads edildikds fizikanin qanunlar1 asas gotaralir.
Metal ona goro quzdirilir ki, plastiklik artsin, deformasiyanin miigavimati azaldilsin. Cugun
hocmds sartlosdirilir va asara orjinal gorkom vermoys imkan verir. Cugundan hazirlanan
istonilon sayda incasonat asarlorino rast golmok mumkindir. Belo osorlor parklarda,
korpulorda, gofaslords, hasarlarda istifads olunur.

Noatica etibar1 geyd olunanlardan bela bir gonasto galmok mumkindir ki, tasviri sanot
asarlorinin yaradilmasi prosesinds fizika elminin rolu ¢ox boyiik va shamiyyatlidir.
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Pe3rome

UYenoBeuecTBy Ha MPOTSXKEHUH BCErO €ro CYIIECTBOBAHUS CONMYTCTBOBAIM JBE chepbl
NesTeNbHOCTH — (U3MKa U UCKycCcTBO. Ecnu (u3uka oOBACHSET MHp S3BIKOM TEOPHIA,
3aKOHOB, KaTeropuil, TO UCKYCCTBO [JEJAeT 3TO C MOMOIIBIO CBOOOJHOIO M €CTECTBEHHOIO
MBIILJIEHHUS U OTPaXKaeT MUP B XyJI0’KECTBEHHBIX 00pa3ax.

®uszuka U3yvaer HeXHUBYIO IPUPOTY, 3aKOHBI MUPO3JAaHUS, a HCKYCCTBO - 3TO OTHOIIIEHHE
yelnoBeka K cebe, K JAPYyruM JroAsM, K mupy. Dusuka nomkHa OBITh TECHO CBfA3aHa C
HCKYCCTBOM, YTOOBI OHO MOTJIO IPUHOCHUTD JIFOJSIM PaJOCTh U MOJIb3Y, a HE TOPE U Bpex .

Summary

Humanity has been accompanied by two fields of activity - physics and art - throughout its
existence. If physics explains the world in the language of theories, laws, categories, art does
it with the help of free and natural thoughts and reflects the world in artistic images. Physics
studies inanimate nature, the laws of the universe, and art is a person’s attitude to himself, to
other people, to the world. Physics should be closely related to art so that it can bring joy and
benefit to people, not sorrow and harm.

ARXIMED VINTLIi TURBINi. ARXiMED VINTLI TURBINININ
USTUNLUKLORI VO TOTBIQ SAHOLORI

Karimova A. E.
Naxgwan, Tabii Ehtiyatlar Institutu

Acar sozlar: Arximed vintli turbini, elektrik, maye, su, vint.

Keywords: Archimedean screw turbine, electricity, liquid, water, screw.

KuaroueBble ciioBa: ApXUMEI0Ba BUHTOBAs Typ6I/IHa, QJICKTPHUYECTBO, KUIKOCTh, BOJA,
BHUHT.

Muasir dovrda ohalinin artmasi vo inkisaf edon sonaye xisusilo elektrik enerjisina olan
ehtiyact artirir. Artan enerji ehtiyaci ilo barpa olunan enerji moanbaslori ilo bagh arasdirmalar
da surot qazanmisdir. Elektrik enerjisi boarpa olunan vo barpa olunmayan olaraq iki cur
monbadan istehsal edilir. Borpa olunan enerji iso davamli tobii proseslordo mdvcud enerji
axmindan olds edilon enerjidir. Bu moanbalor asasan glines enerjisi, kiilok enerjisi, geotermal
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enerji vo hidravlik enerjidir. Borpa olunan enerji monbalori arasinda su elektrik enerjisi
mithiim yer tutur. Kicik miqyaslt su elektrik stansiyast olan Arximed vintli turbinino nozor
salaq:

Arximed vinti butlin molum hidravlik masmlarin on gadim formalarindan biridir vo halo
da istifado olunur. Ixtirasmnm ilk dévriinde suyu asag1 saviyyodon yilksok saviyyaya ¢ixarmaq
Ucln istifado edilsa do, miasir dovrdo o bir generatora ¢evrilmisdir. Bu masinin Arximed
torafindon icad edildiyi giiman edilir. bu ad verilir vo ona gora do onun ad1 verilmisdir. ©ksar
nasoslar kimi, Arximed vintlori do axan maye torafindon harokot etdirilo vo turbin olaraq
istifado edilo bilir. Qadim bir texnologiya olsa da, Arximed vintlorinin generator kimi
istifadasi nisbaton yenidir. [2]

IIk Arximed vintli turbin iyirmi il avval istifadeys verilmisdir. Bir Arximed vinti bir va
daha gox spiral sathin silindrik sotho ortoqonal olaraq dolandig: bir daxili silindrik valdan
ibarotdir. Noticodo oldo olunan qurgu adi vinto ¢ox bonzayir. Bu vint silindrik bir yivdos
yerlosir vo ya bozi hallarda sabitlonmis olur. Bu yiv vinti ohato edan boru ola bilor, ya da
sadaco vintin asagi hissasindo uzana bilor. Nasos kimi istifads edildikds firlanan Arximed
vinti iki ardicil soth arasinda su tutur. Tutulan su kiitlolorindon bir ododi maye dilimi
adlandirilir. Vint firlandigca maye, vintin uzunlugu boyunca asagi hissasindon yuxari
hissasina kécurulur. Arximed vintli turbinlari tars istigamatds isloyir. Su axmi vint uzunlugu
boyunca yuxar1 saviyyadon asagi saviyyaya dogru kogiirtilorkon, su maye dilimlori formasimi
alir vo vint firlanir. Suyun vint sothlorina tasir edon hidrostatik tazyiq, prosesdoki maye
dilimlorinin firlanmasina vo Soviyyssinin azalmasma gotirib ¢ixarir. Bu firlanma, bir
generatorun vint milindon kogirilmasi ilo elektrik enerjisi istehsal etmok (glin istifado oluna
bilor. Turbinin girisindo yerloson bdyik slok mayenin ig¢indo dasman agac pargalar1 kimi
turbino zorar vers bilocok yad materiallarin daxil olmasina mane olur. Vint mili iist vo alt
ucdan iki diyircok vasitosilo dostoklonir. Istonilon siirati alda etmak tigiin vint milinin ucuna
birlosdirilmis siirat qutusu istifads olunur. [3]

Arximed vintli turbin sisteminin Gstinliklarini bunlardir: 1. Arximed vinti suda yasayan
canlilara ziyan vermir. 2003-cU ildo C.D.McNabb va digorlori torofindon hoyata kegirilon
“Red Bluff, Kaliforniyadaki Arximed lifti vo Hidrostal nasos ilo Yetkinlik yasina ¢atmayan
Chinook qizilbalig1 va digor baliq névlarinin kegidi” adli tadqigatda baliqlar Arximed vintlari
icindan keg¢irilmis vo aparilan tacriiba naticasinds baliglarin 98%-don ¢oxu problemsiz sokilda
vintin igindon kegmisdir.

2. Davaml elektrik enerjisi istehsalinda etibarlidirlar. Maye axininin siirati 80% azaldig1
Vo ya 20% vaziyyatds bels, 41-73% somarails elektrik enerjisi istehsal etmoys davam edir.

3. Qurasdirilarkon ononavi turbinlorlo migayisodo daha az qazinti vo domir-beton
konstruksiya talob etdiyi t¢uin straf muhitin v tarixin qorunmasma t6hfs verir.

4. Suyu oksigen baximindan zonginlagdirir.

Arximed vintli turbinin istifads sahalorini asagidaki kimi sadalaya bilarik:

« Hiindiirliik farginin imkan verdiyi kifayat godar suyu olan axar vo caylarda;

* Moveud golmogalorin vo su elektrik generasiya qurgularinin suyu vo can suyu
¢ixislarinda;

* Boyiik 6l¢iilii su xatlori vo suvarma kanallarinda;

» Tomizlayici qurgularin giris va ¢ixis konstruksiyalarinda;

* Tork edilmis su doyirmanlarinin oavazing;

* M6vcud bandlords;

* Zavodlarin sonaye su soyutma sistemlorinin ¢ixislarinda;

Umumi olaraq su axin1 migdarinin tamin edildiyi mihitlords istifads edilo bilor.
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Abstract

In the article, it was mentioned that the need for electricity has increased due to the
increase in the population and the rapid development of the industry. As a solution to this
problem, renewable energy sources such as solar energy, wind energy, geothermal energy and
hydraulic energy are used. One of these sources is the Archimedean screw turbine, a small-
scale hydroelectric power plant. The Archimedean screw turbine has many advantages and
various application areas.

Pe3yme

B cratbe ynmomuHanoce, 4To NOTPEOHOCTh B 3JEKTPOIHEPTUHU YBEIMUUIIACH B CBS3H C
YBEJIMUEHUEM HaceJIeHHs M OYpHBIM pa3BUTHEM NPOMBIIUIEHHOCTH. B KauecTBe pelieHus
3TOM MpoOIEeMBbl HCTIONb3YIOTCS BO30OHOBIISIEMbIE HCTOUHUKY SHEPTUHU, TaKUE KaK COJIHEYHAs
SHEPIHUsl, PHEPrusl BETpa, T€OTEpMalibHAs SHEPIHsl W TUApaBivdeckas sHeprus. OgHuM w3
TaKUX MCTOYHHMKOB SIBJISIETCS apXUMeZ0Ba BUHTOBasl TypOMHA, Majas THAPO3JIEKTPOCTAHIIMS.
BunroBas TypOuHa Apxumena HMeEeT MHOTO MPEUMYIIECTB U pPa3IMYHBIX oOsacTeit
MIPUMEHEHHSL.

XARICI MAQNIT SAHOSINDO PARABOLIK KVANT CUXURUNUN OPTIK
XASSOLORI

Abbasova X. N., f.r.e.n. Qadirova I. R.
Baki Doviat Universiteti, Baki

Acar sozlar: zonalararasi optik kegidlar, hoyacanlanma nozariyyasi, optik sabitlor

KiaroueBble cjoBa: MEX30HHBIE OITHUYECKHE nepexoapl, TEOPUA BOSMyu.[CHHfI,
OIITUYECCKUE ITOCTOAHHBIC

Key words: interband optical transitions, perturbation theory, optical constants.

Kvant cuxuru mistavisino parallel sabit magnit sahosindo H=H(H, 0, 0) yerloson
parabolik potensialll
U= %mw%zz (1)
kvant ¢uxuruna malik yarimkecirici strukturlarda elektronun dalga funksiyasini
lpni,k(r) = ui(r) l/)ni,k(r) (2)
soklinds yazmaq olar. Burada u;(r) — Blox vurugu,
Yn i (1) = e*ep, (2) 3)
qursayan funksiya, i — Kegiricilik (i=Cc) vo valent (i=v) zonasina aid olan hallari, n; iso
altzonalari isaro edon indekslor, r(g,z) — elektronun radius-vektoru, @(x,y) vo k(ky, k) —

elektronun sahosi S olan kvant guxurunun layr miistovisindoki ikidlgili radius -vektoru vo
dalga vektoru,
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1 ~Zo))? ~Zoi
on () = Gz o (- ) Ha (5 ()

Vo Eni = th (ni + %) (5)
1) potensialinin moaxsusi funksiyalar1 vo enerjinin maxsusi giymatlori,
- |- 2 - L = — Leitky
a; = mQ;’ 'Q wOL + wcu Wei = mc’ Zoi = mQ;2’
m,; - elektronun effektiv kitlosi, n=0,1,2,... , H,- Ermit polinomudur.
Elektronun kegiricilik vo valent zonasinda tam enerjisi agagidaki kimi ifado olunur:

n2kZ  hZw3ck3 1
Ey (k') = C+ﬁ+ nQ. (n.+3) (5)

n2kz  hPwdyk}

o 02 hﬂv (nv + %) (6)

En"(k) -7 Eg - 2m 2myQ)
v viEY
Burada E,; — yarimkegiricinin gadagan olunmus zolaginim enidir.

Hayacanlanma nazariyyassinin birinci yaxmlagsmasinda optik kegidlorin ehtimalini
W(w) = %ZilefiF 8(E; — E; — hw) (7)
kimi ifado etmok olar [1, soh.607]. Burada Hp =2 (§Pyy) - F=2p
operatorunun (2) dalga funksiyalar1 ilo hesablanan matris elemeni, m - sarbast elektronun

kitlosi, A = Ayé - elektromaqnit dalgasinin vektor -potensiali, § — vahid polyarlasma

vektoru, A, = “ZZI/V:‘”, v =£ - faza slroti, n - isigin smma omsal, P - impuls
operatoru, N — vahid hacmds fotonlarm sayidir.

Elektronlarm i(n,, k) baslangic haldan f(n. k') son hala zonalararasi optik
kecidlorindo impuls operatorunun matris elementlori  Gg¢lin (fPif) = (§P) 8y I,

oldugunu noazors alsaq sads ikizonali model tigiin (7) kegid ehtimalini
W(w) = e Nchnv Zkk’(fpcv) é‘kk’lncnvS(E (k) E, (k) fl(/))

Z mZ
(8)
kimi yaza bilorik. Burada P, = %fuz(r) pu,(r)dr va
Lin, = [ @2, (1) ¢, (2)dz 9

kimi ifads olunur.
(8) — ci ifadoni dalga vektoruna gora & — funksiya vasitasilo integrallasaq

W(w) = ZEIH (P )2 S| T, | 0 (R = RO, (ne +3) = ey, (ny +3) =
2 2

hZ Zme
E;) (10)
mcmy 1 Woc Wov

alariq. Burada m* = ——= |, — = z 2
metmy, ' M meQc myQy

[s13m udulma omsali optik kegidlorin ehtimali W vasitasilo
a(w) = (12)

Nc
kimi ifado olunur. (9) va (10) ifadalorindan gorinar ki, kvant guxuru mustavisina parallel

magnit sahasinda yerloson parabolik kvant cuxurunda zonalararasi optik kegidlorin ehtimali
Vo is131n udulma amsali tezliyin pillovari funksiyasidir.
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Elektrik qavrayiciligt  y mihitin - P polyarlasma vektorunu elektrik sahasinin &
intensivlik vektoru ils alagalondirir[2, soh.471]:
P(w) = €ox(w) E(w) (12)
Kvant mexanikasinin hayacanlanma nazariyyasi asasinda kvant ¢uxurunda elektronlarin
zonalararasi optik kegidlori halinda elektrik qavrayiciligi iiglin asagidaki ifads alinmigdir:
_ |fllif|2(Fi(k)—Ff(k’))
x(w) =224 (Ei(kn—E (k) —ha)—iy (13)
Burada 2 vurugu bir kvant halinda iki elektronun olmasimi nozors alir,  F;(k) -
Fermi-Dirak paylanma funksiyasi,

pir=J W, (M) Y,k (r)dr

(14)

i = —er - elektrik dipol momenti operatorunun (2) dalga funkiyalar1 ilo hesablanan
matris elementi,  y -fenomenoloji parametrdir, 2y spektral xatlorin yarimenini toyin edir.
Zonalararasi optik kegidlor halinda

(fﬂif) = ($Ucv) 6kk’lncnv (15)
borabordir, haradaki  p, = — [ur()(er)u,(@dr, I, iss (9) — cu disturla tayin
olunur. (15)-i (13) — do yerins yazsaq
| Eucvl® 8y Incny 2 Fpy, (k)—Fp (k1)
2(@) = 2 B, Sy et Suat nems | )

(Eng (k1) =En, (K)—hw)—iy

(16)

alariq.
Isigin a udulma omsalini vo An  smma omsalinin doyismosini elektrik qavrayicilig:
vasitasilo toyin etmok olar:

a(w) = ;Im(eox(@)) (17)  An(w) =5 —Re(eox(@)) ~ (18)

Elektrik gavrayiciligmm (16) ifadasini nazors alsaq isigin udulma omsalin1 vo simnma
omsalmin doyismoasini asagidaki sokildo yaza bilarik:

2
2w |fﬂcv|2 |In n | 8 ’(Fn (k)—Fn (k’))y
a(a)) = chnv Zkki e = 2 ;
cneg (Enc(kl)—Env(k)—hw) +y

(19),

1% 6,7 (Frip (K) = Frng (k1)) (B (k)= Enyy ()~ i)
(En, (kN =En, (K)=hw) > +y2

| §1cvl?| Incny
1) = 2 T, T 2
(19) — cu ifadods 8-funksiyanin 8(x) = lim = —~ tosvirini [3, soh.671] nozors alsaq a(w)

a—0 T a’+x?
is1gmn udulma amsalinin y — 0 limit halinda &-funksiya ilo ifado olundugunu gororik. (8) —
ci diisturda oldugu kimi (19) — da dalga vektoruna goro inteqrallamani 5-funksiya vasitasilo
aparsaq a(w) isigin udulma amsalmin tezliyin pillovari funkiyasi oldugunu alariq.

n. = n, = 0 altzonalar t¢iin (9)-cu disturla verilon integral

2acay

Iyo = exp(—(zoc + ZOU)Z/Z(ag +a3)) (21)

aZ+a?

(20)

barabardir.

(9), (10), (19) - (21) ifadalorindan gorundr ki, magnit sahosinin intensivliyinin artmasi
ilo ixtiyari iki altzona arasindaki kegidlor ii¢iin kegid ehtimalinin vo optik sabitlorin qiymati
artir, zonalararasi optik udulma astanasi iso yiksok tezliklor oblastina siiriisiir.
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Pe3rome

Ha ocHOBe KBaHTOBOMEXaHWYECKOI TEOPUH BO3MYIIEHUH TOIYYSHBI BBIPAKEHHS IS
BEPOSATHOCTH MEXK30HHBIX ONTHUYECKHX IIEPEXOJIOB, AIIEKTPUUYECKOW BOCIIPHUMYHBOCTH,
Kod(pHIMEeHTa TMOTJIOMICHUsT ¥ W3MEHEHHs KOd(pQHIMEeHTa TMPEIOMJICHUsS CBETa B
napaboJIMYecKOoil KBAaHTOBOM sMe, HAaxOJIICcs BO BHEIMIHEM MarHuTHoM rmose. C
YBEJIMYEHUEM WHTECHCUBHOCTH MArHUTHOTO TIOJII BEJIIMYMHA BEPOATHOCTH MEPEXOJ0B H
ONTUYECKUX TOCTOSIHHBIX JUISI TIEPEXOJI0OB MEXAY MPOU3BOJBHBIMH JIBYMS TIOJ30HAMH
YBEIMYHUBACTCS, a TOPOT MEK30HHOTO MOTJIOMIEHHUS] CMEIIAeTCsl B 00J1aCTh BEICOKUX YaCTOT.

Summary

Based on the quantum mechanical perturbation theory the interband optical transitions
probability, optical susceptibility, optical absorption coefficient and the change of the
refractive index for the parabolic quantum well under the influence of the magnetic field
were derived. An increase of the magnetic field intensity causes the increase of the values of
the transitions probability and the optical constants for the transitions between two arbitrary
subbands and also the blue shift of the absorption edge.

NEYTRINO KUTLOSININ YENI ON YUXARI HODDIi

Hasanli F. V.
Azarbaycan
Mingacevir Dévlat Universiteti
feridahasanli@gmail.com

Acar sozlar: neytrino, neytrinonun Ktlasi, neytrino ossilyasiyalari.
KiroueBble ci10Ba: HEUTPUHO, Macca HEUTPUHO, HEUTPUHHBIC OCHMILIALIMY.
Keywords: neutrino, neutrino mass, neutrino oscillations.

Hissaciklor fizikasinin standart modelindo neytrinolar kitlosiz hesab edilirdi. Yeni
todgigatlar vo 6élgmolor naticasinds tapilan sifirdan fargli olan kitlo bozi uygunsuzluglar
aydinlagdirmaga komok edo bilocok “yeni fizika” — standart modeldon konar fizika
konsepsiyas1 yaratmisdir [2].

B-pargalanma zamani enerjido yaranan defekti Pauli reaksiyada daha bir zorrociyin
(neytrinonun) amola galmasi ils izah edirdi (1930) [5]. Bu nozari milahizonin Gzarindan 25 il
kecdikdan sonra neytrino eksperimentds tapildi. Neytrino yalniz zoif vo qravitasiya qarsiliqh
tosirdo istirak edon, maddo ilo ¢cox zaif qarsiligh tasirds olan zarrocikdir. Demok olar ki, isiq
stirati ilo harokat edon tok bir neytrinonu agkar etmok {igiin yiiz is1q ili galinliginda su tobaqosi
lazimdir. Noticodo, onlarm kiitlosi adoton miioyyon qarsiligh tesir vo ya parcalanma
proseslorinda istirak edon digor hissociklorin siirot paylanmasii dyronmoklo dolay1 yolla
olctltr. Yer sothinin hor kvadrat santimetrino 1 saniyodo Giinesdon golon 6x101° neytrino
diisiir, lakin demak olar ki, maddoays tasiri hiss olunmur [1].
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Yapon alimi Takaaki Kajita vo Kanada alimi Artur B. McDonalds tacrubi olaraq
neytrino ossilyasiyalarinin mévcudlugunu siibut etdilor. Aragdirmalar zamani neytrinonun 3
novu — elektron neytrinosu, mion neytrinosu, tau-neytrino askar edilss do, 4-cli neytrinonun
oldugu da giiman edilir: “steril” neytrino. Bu neytrinolarin biri-digarine ¢evrilmasina neytrino
ossilyasiyalar1 deyilir vo nazariyya gostorir ki, neytrinonun kutlosi sifirdan farqli olmasaydi,
bu ossilyasiyalar olmazdi [3]. Neytrino kiitlasinin eksperimental kasfino géro 2015-ci ilds
onlara Nobel miikafati verilmisdir. Buradan iso ortaya ¢ox sado bir sual ¢ixir: Neytrinonun
kitlasi no godardir?

Almaniyanin Karlsrue Texnologiya Institutunda (KiT) yerloson Karlsrue Tritium
Neytrino Tacrilbasinin (KATRIN) alimlori Tobiot Fizikas1 jurnalinda dorc olunan yeni islo
neytrinonun kitlosi anlayismi tokmillogdirdilor. Komandanm 2019-cu ilds bildirdiyi ilk 6lgma
neytrinonun kutlosinin 1,1 eV /c? noticasini verdi. Bu iso elektron kitlosinin, toxminan, bes
yliz mindo bir hissosi demok idi. Daha dogiq 6lgmoalorlo bu giymot 1 eV /c? giymatino
yuksaldildi [4]. Bu 6lgmalords isa onlar geyri-sabit hidrogen izotopu olan tritiumun beta
par¢alanmasindan istifado edir.

Niva va zarraciklor fizikasinda galocok kasflora sabab olacaq bir slamatdar hadiss iso,
KATRIN alimlorinin neytrinonun kiitlesinin yeni on yuxar1 haddini miioyyan etmosidir: 0,8
eV /c?. Neytrino zarraciyinin har t¢ névini comloasak, bu com halo do elektronun kitlasinin
milyonda birindon azdir. Ona géro do onun axtarigi vo Kutlosinin no godor olmasi ¢ox uzun
vaxt tolob etmisdir [2].

Neytrinonun kitlosi, homginin, kosmik ohomiyysto malikdir. Kicik kitloys malik
olmasina baxmayaraq, Boyiik Partlayis zamani1 o godor ¢ox neytrino yaranmisdir ki, onlarin
umumi ¢okisi kainatdaki biitiin maddalorin ulduzlara vo galaktikalara neco yigilmasina tasir
etmisdir [3]. Beloliklo, neytrinonun kiitlasinin kigik olmasina baxmayaraq, sayinin ¢ox olmasi
Kainatin orta sixligima ciddi tasir eds bilor.

Butun hissaciklorin on asas vo mihim xisusiyyastlorindan biri onun kutlosidir. Neytrino
iso Kitlosi sirr olarag galan yegano molum hissocikdir. KATRIN alimlorinin bildirdiyine
asasan neytrinonun kitlasinin slavs 6l¢tilmasi 2024-cl ilodok davam edoacok. ©goar neytrinolar
cox daha yinguldirse, artiq KATRIN laboratoriyasinda hassashiqla 6lgmalor aparmaq
mumkin olmayacaq. Bununla da, neytrinonun kutlasine yaxinlasmagq, hissaciklor fizikasi va
kosmologiya suallarma cavab tapmagq ti¢iin daha doqiq tacriibalors ehtiyyac duyulacag.
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Pe3rome

B »aT0i1 paboTe paccMaTpuBaIMCh MOWCK MAacChl HEWTPHUHO, KOTOPHIX BO BceneHHOM
MHOIO, U U3Y4YCHHE HEHUTPUHHBIX OCHWUISLUN, BO3HUKAIOIIMX B PE3YJIbTATe MPEBPALICHUS
pa3HbIX TUIOB HEUTPUHO APYr B Apyra. C MOMOIIbI0 HOBEHIIMX TEXHOJIOTHI COBPEMEHHOM
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SMOXHU OBLIO MCCIENOBAHO 3HAUYEHHUE TOCIEIHETO HEHYJIEBOTO BEPXHEro IMpeiesa MacChl
HEUTPUHO.

Summary

In this work, the search for the mass of neutrinos, which are numerous in the universe,
and the study of neutrino oscillations resulting from the conversion of different types of
neutrinos into each other were considered. With the latest technologies of the modern era, the
value of the latest non-zero upper limit of the neutrino mass has been investigated.

ELEKTRONIKADA SiQNALLARIN CEVIiRiLMOSi ZAMANI AKTIV
ELEMENT BAZALARININ FUNKSIYALARI

Dos.Qasimov I. 1., Valiyeva M. Z., Oliyev R. N.
Ganca Dovlat Universiteti
tunzalehuseyinova70@gmail.com

Acar sozlor: aktiv element, elektrik vo impuls, generator, aktiv bazasi, filtrlonmo,
maksimal informasiya, informasiya signali

Key words: akTHBHBII 3JIEMEHT, 3JICKTPHYECTBO U UMITYJIbC, T'€HEPaTOp, aKTHBHAS
6a3a, puiapTpanus, MakcuMaabHasi HHPopMaIysi, THHOPMALMOHHBINA CUTHAI

Kawuesblie ciioBa: active element, electricity and impulse, generator, active base,
filtering, maximum information, information signal

Elektronikada signal informasiyanm hor hansit dasiyict kimi 6ziinii funksiyalayir.
Signallarmn &tiiriilmasinda gostarilon asas sortlor

Qo <<o v Av<<w

kimi 6doanilmolidir. Bu sortlorin 6danilmosi elektron qurgularinin aktiv element bazasinda
rabito kanalinin dispersiyasmin S(t) signalina tasirini minimuma endirir vo bu istonilon
tezlikdo elektron qurgularmin ayirdetmos gabiliyystini vo onun informasiyasinin verilma
suratini artirir.

Q. <<o

sorti iso S(t) elektrik vo impuls signalinin dasidigi1 informasiyanin signalda tam yiiksok
formada verilmoasini tomin edir. Talob olunan asas sortlordon biri ¢ox hallarda 6turilon
informasiya siqnallarinmn kifayst godor giiclii olmasidir. Bu sababdon S(t) signallarinin
gliclinlin artirilmasi aktiv element bazalarina osason slageli yigilmis generatordan asilidir vo
bu zaman ¢ixis kaskadlarinda qoyulmus giiclondiricilorin aktiv bazasi olmalidir. Bu zaman
S(t) signallarin1 hasil edon elektron qurgularina qoyulan taloblordon biri onlarin faydal is
omsalinin boyiik olmasidir. Bu tolob xuUsusilo verilon giictiin boyik giymotlorinds daha ¢ox
ohomiyyat kasb edir.

Signallarin bu ciir verilmasinds aktiv element bazalar1 ¢ixis vo ¢ixis gliclondiriciloring
osason qurulmalidirlar. S(t) signalinin otiirilmasi filtrlonmo ilo olmalidir. Bu sistemlarin
totbigi daha mogsads uygun sayilir.
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Sokil

Aktiv vo passiv elementlorin olagoli igslomasi hor bir kaskada uygun analiz
olunmalidir. Informasiya dasiyan signalm Ps orta giicll az, rabito kanalinda kiiylorin Piay Orta
gucunin va tohriflorin  saviyyasi kifayat godor boylk oldugda maksimal informasiyani
olagali olaraq VT tranzistorunda asagidaki kimi toyin etmak olar.

J=F_t Iogz(1+ PP—SJ ............ (1)

olur. Bu zaman Rui, Rb, Cb olagesinde Py << B, olduqda maraqhdir ki, bu zaman

informasiya signali étiiriilmir. Ps >> B, olduqda iso

P
J=F_t. Iog{P—SJ ................ 3)

kuy

olur . Bu halda uygun olaraq informasiya otiiriiliir. Osilloqrafik olaraq bunu asagidaki kimi
analiz etmok olar.

Dasyict impulsu

—
+—> Elektrik impulsu

Vit

W

Sakil
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Pe3rome

ba3pl akTUBHBIX 3JIEMEHTOB MPU TaKOM Mepeaaye CUrHajIOB JIOJKHBI ObITh OCHOBAHbI Ha
BBIXOJHBIX W BBIXOJHBIX ycuiutensx. Ilepemaua curnana S(t) JODKHA OCYIIECTBIISATHCS
nyreM ¢uibTpanuu. [IpuMeHeHHne 3THX cuUCTeM cuMTaercs OoJiee MOAXOAALIUM JUIsl ATOU
LEJIH.

B3aumopnelicTBue akTUBHBIX U IACCUBHBIX JJIEMEHTOB CIEAYyeT aHaJIU3UpOBaTh B
COOTBETCTBUHU C KaXJbIM KackagoMm. Kornma cpennsis mouiHocTh Ps mHpopMmanuoHHOTO
CUTHQJIa Majla, a YpOBEHb CPEIHEW MOIIHOCTH M MCKaXeHuM myma Pwyy B KaHane cBs3M
JOCTaTOYHO BEJIMK, MaKCHMaJbHOE KOJUYECTBO HH(MOPMALUKU MOXKHO OIPEICIUTh B
Tpau3uctope VT criemyrommm oopazom.

P
J=F,tlog, 1+ ==
max -S QZ( P ]

kwy

Summary

Bases of active elements in such signal transmission should be based on output and
output amplifiers. The transmission of the signal S(t) must be carried out by filtering. The use
of these systems is considered more suitable for this purpose.

The interaction of active and passive elements should be analyzed according to each
cascade. When the average power Psof the information signal is low, and the level of average
power and noise distortion Pkuy in the communication channel is large enough, the maximum
amount of information can be determined in the transistor VT as follows.

J =F s Iogz[l+&J
Py

MiKROELEKTRQNiKADA OPTOELEKTR_ONiKA ELEMENTLaRiNiN
INFORMASIYA SIQNALLARINI CEVIRMO FUNKSIYALARI

Dos.Qasimov I, I., Dos.Isgondarova S. P., Qasumov I. I.
Ganca Dovlat Universiteti
tunzalehuseyinova70@gmail.com

Acar sozlor: isiq siqnali, fotonlar, optoelektron elementlori, signal, tezlikde doyisir,
tezliyin spektral, tezlik qiymati, optik rabito, optik siqnal, qalvanik

Key words: cBeroBoii curHai, (OTOHBL, ONTOXICKTPOHHBIC 3JIEMEHTBHI, CHUTHAI,
NepeMeHHas 4acToTa, YaCTOTHBIN CIIEKTpP, 3HAYCHHUE YAaCTOThI, ONTHYECKAs! CBSI3b, ONTHUYECKHI
CHUTHAJI, TaJIbBAHUYECKUN
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KaoueBsie cioBa: light signal, photons, optoelectronic elements, signal, variable
frequency, frequency spectrum, frequency value, optical communication, optical signal,
galvanic

Optoelektronika elektronika ilo migayisads bir sira vacib va prinsipial tstiinluklora
malikdirlor. Bu forqin  Gstunliklori ilk novbads isiq signalinin elektrik  signalindan
keyfiyyatco forglonmasindon  iroli golir. Bunun fiziki izahi elektrik siqnallar1 yukli
zarraciklor hesabina yarandigi halda, isiq signallar1 yiiksiiz fotonlardan tagkil olunur. Bels ki,
is1iq dostoyindoki fotonlar bir — birino qarsiligh tosir gostormir, qarigmir vo bir — birindon
sopilmir. Nozori vo praktiki olaraq bunu elektrik signallari tiglin fiziki izah vermoak olar,
elektrik signallarinin 6tiirtildityli traktlarda dasman informasiyaya zororli tosir gostoron bir
sira induksiyalanmis elektrik vo magnit hadisalori yarana bilirss, isiq seli ligiin belo fiziki
hadisolor bas vermir. Mikroelektronikada elektrik vo impuls signallarmin verilmoasi vo
cevirilmasi zamani optoelektron elelmentlorin hor birinin 0z fiziki parametrlorino goro xususi
funksiyalar1 vardir

R, =820om, R, =24kom,

TTL giris mikrosxemo daxil olan S(t) signali xarakteristikasina asili olmayaraq
cevirilmo prosesine muoyyan doyismalors ugrayirlar. Bu zaman har bir signal girisds Ry, Rz,
Rs, Rs migavimotlorina uygun olaraq daxil olurlar. TTL bu informasiyani tolob olunan
tezlikdo doyisir so onda bu

S(w) = TS(t)ej“’tdt

ilo toyin olunur. Burada signalin optorn alage paylanmasina kimi signal S( @) spektral sixliq
kimi toyin olunur vo yaxud S(t) signal funksiyasmin spektral xarakteristikasi kimi olar.

Tezliyin spektral xarakteristikasinda R;R,R;R, miigavimotlori xtisusi 6lgti giymotloring

gOro S(t)-don asili olaraq tayin olunurlar. Bu optron citinin tezlik giymatindon asili olaraq
TTL-in giriginds yerlogdirilirlor. R, =8,2kom, R, =3,9kom R, =2,0kom, R, =1kom

M
e > Cumus

Sakil

Bu zaman elektrik signalindan forqli olaraq isiq vasitasi ilo sado bir kanalla eyni
zamanda ¢oxlu sayda bir — birina qarsiliglt tasir gostormayan informasiya S(t) signallari
gondarmoak olur.

Aparilan sxem vo informasiya analizindon belo bir natico almir ki, bu xiisusiyyatlor
optik signallar halinda sxemin elementlori arasinda tam qalvanik aralanmanin tomin
olunmasma imkan verir. Bu halda oksina optik rabitonin biitiin xarakteristik funksiyalarini
tomin etmok miimkiindiir. TTL  girigsino verilon informasiyanin tezlik xarakteristikasinda
optron elementinds gevrilmo osillografik impuls — optik qrafiki asagidaki verilonlor kimidir.
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Bu analiz onu tayin etmoys imkan verir ki, optik siqnallar halinda qalvanik olagonin
tamamiloqirilmasi, elektrik signallar1 halinda mévcud olan bir sira ciddi ¢atinliklorin aradan
qaldirilmasina imkan verir.

T i . T
N 0 Lo Giris S(t)

Vit signali

_ Sinxronlasmis Generasiya olunan Ceviricilarin
S(t) signah

— —— R «— Rg —» Ceviricilorin
m_\—/_\ /e \_  S()signah
Cixis

Raee g S(t) siqnalt
CRe N\ /
; Reo

Sakil
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Pezrome

B stomM ciydae MOXXHO mMOChUIaTh OOJIBIIOE KOJIMYECTBO HHGOPMAUMOHHBIX S(t)
CUTHAJIOB, KOTOpPbIE HE B3aUMOJICHCTBYIOT IPYT C JAPYrOM OJHOBPEMEHHO, IO MPOCTOMY
KaHaJy ¢ IOMOIIbIO CBETA, B OTJIMYUE OT DIEKTPUUECKOTO CUTHAA.

W3 mpoBegeHHOro cxemMo-uH(MOPMAaIMOHHOTO aHAIN3a JIEJIaeTCsl BHIBOJ, YTO YKa3aHHBIE
OCOOCHHOCTH TO3BOJISIIOT OOECHEYUTh IMOJHYI0 TalbBAaHUYECKYIO Pa3BsSI3Ky MEXIY
AJIIEMEHTAMHU CXEMBbl B Cllydyae ONTHYECKHX CHTHajioB. B 3ToM cimyuyae, Ha000pOT, MOXXHO
obecrieunTh Bce XapakTepHble (YHKUMU onTudeckol cBsizu. Ocuusuiorpaduveckuit
UMIYJIbCHO-ONTHYECKU Trpaduk mnpeoOpa3oBaHUs »dJIEMEHTa ONTONAapbl B YaCTOTHYIO
XapakTepuCcTUKy uHpopManuu, nogaBaemoit Ha TTJI-BXo/, BRITJISAIUT CAEAYIOIINM 00pa3oM.

Summary

In this case, it is possible to send a large number of information S(t) signals, which do
not interact with each other at the same time, through a simple channel using light, in contrast
to an electrical signal.
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From the performed circuit-information analysis, it is concluded that these features
make it possible to provide complete galvanic isolation between circuit elements in the case
of optical signals. In this case, on the contrary, all characteristic functions of optical
communication can be provided. The oscillographic pulse-optical graph of the conversion of
the optocoupler element into the frequency response of information supplied to the TTL input
is as follows.

AKUSTOOPTIK METODLARIN MADDOLORIN TODQIQINDO ISTIFADO
PERSPEKTIVLORI

Seyidova I. A.
Ganca Dovlat Universiteti
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15181n refraksiyasi
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Fizikanin optix dalgalarm tosiri altinda akustik dalgalarin hoyocanlagsmasini dyronan
bdImasins fotoakustika vo ya optoakustika deyilir.

Gliclii  ultrasos dalgasmin tosiri altinda mayedo 6z n6vbasinds optik dalgalarin
yaranmasi1 miisahido edilo bilor.

Axustooptik hadiso dedikdo isigin ultrasosdo difraksiya vo refraksiyasi basa disiiliir.
Miiasir akustikooptik cihazlarda istifado edilon osas hadiso akustikooptik difraksiyadir. [1]

Axustooptik hadisalor, hom elmi todqiqatlarda, ham do texniki qurgularda genis totbiq
olunur. Axustikooptik {isulla akustik sahoni gozlo gorlino bilon hala gotirmok vo soffaf
materiallarin keyfiyyatino nozarot etmok olar. Akustikooptik filtirlorin komoyi ilo mdihitin
mosafodon kimyovi analizini hoyata ke¢rmok olar. Bundan basqa, akustikooptik qurgular
yiiksoktezlikli radiosignallarm analizi li¢iin fovqalodo doracados effextivdir. Miihiim totbiq
olmasi, optik rabito Vo optik kompiiter elementlori do daxil olmaqla molumatmn optix islonma
sistemloridir. Akustooptik qurgularin lazer slialarmin intensivliyini, fozada optik slialarin
vaziyyatini, optik dalgalarin polyarlasmasini vo fazasini, eloco do optik dostalorin spektral
torkibini vo foza qurulusunu idaroetmoys imskan verir. Bununla olagodar, akustooptikani
funksional elektronikanin bir qolu hesab edirlar.

Axustooptikaya yaxin oblast lazer vibrometrikasidir. Burada raqs edon cisimlorin optik
zonalanmas1 {sullarina baxilir. Akustooptik difraksiya vo refraksiyani tomin edin edon
fotoelastiklik effexti do homginin, materiallarin statik deformasiyasinin tadgqiginin
polyarizasiya — optik metodunun osasinda durur.

Optik diapazonda signallarin  Otiiriilmosi  hesabma axustooptika prosessorlarda
radiosiqnallarin spektrinin tez vo effextiv agkar edilmosi, radioteleskoplarda informasiyanin
islonmasi Vo razilasdirilmis sokildo filtirlonmoasi mosalasini holl etmoys imkan verir.
Akustooptik prosessorun dsas istlinlilyii, on qisa enlizolaql, o climlodon iglonmonin optik
diapazona Gtiiriilmosi hesabina birqat impulslar1 analiz etmok imkanlar1 vo sonradan spektral
komponentlorin rogomsal iglonmasi sortilo Fiirye g¢evrilmoalorinin yerino yetirilmasidir. Bu,
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real zaman miqyasinda radioimpulslarin ultraqisa paketini agkara ¢ixarmaga, tosnifatini
vermoys imkan verir.

Axustooptik prosessorun, saS-klly altinda enloizolaghh vo ifrat enli zolagl
radiosignallarin askaretmo qabiliyyoti, ilk dofo analog-rogomsal iisullarla askar oluna
bilmayan rabits kanallarini aradan ¢ixarma imkan verir. [2]

Roagomsal texnikanin biitiin nadir imkanlarina baxmayaraq, o bu sahods bir sira aktual
moasalalori hall eds bilmir. Bunun sabobi fundamental xarakter dastyir vo miasir radiotexniki
sistemlords ultraqisa ifrat genis zolagh radiosignallardan istifads ilo baghdir. Belo siqnallarin
gobulu vo analizi, onlarin rogomsal texnologiyalarla islonmasi zamani bdyiik miqdarda
moveud olmayan monbalor yaradir ki, bu da signalin mévcudlugunun real zaman miqyasinda
yering yetirilmasi miimkiin olmayan hesablamalarin koskin artirilmasini tolob edir.

Rabita sisteminin inkisafi siirokliliyina gOro qisa va spektrina gore enli radiosignallar
sistemindan istifadoya gotirib ¢ixarirdi. Radiosignallarin analog-rogamsal islomolori asasinda
spektral analizin Fiirye metodu naticalarin nozaragarpacaq doracads sshvins gatirib ¢ixarir. Bu
metodun xarakterik problemlori asagidakilardir: is¢i tezliyin tosadiif kimi goriinon doyisikliyi
ilo radiosignallarin askar olunmasmin geyri-miimkiinliiyii, askar olunmus radiosiqnallarda
boylik sayda yalangi spektral toplananlarin {izo ¢ixmasi. Spektral analizin akustooptik
metodunun tatbiqi oxsar sohvlordon qagmaga imkan verir. Deyilonlordon bels noatico ¢ixir ki,
bir metod digorini inkar edir. Oksing, onlar bir-birini tamamlayirlar. Optimal kombinasiya,
cihaza qoyulan xonkret sistem taloblori ilo mioyyan olunur.

Axustooptika—fizika vo texnika arasinda sarhad sahasidir va akustooptika elextromaqnit
dalgalarinin sos dalgalar1 ilo garsiligli tasirini 6yronir va bu hadisalorin texnikada tatbiginin
osaslarmi dyronir. Isigin saslo qarsiligh tosiri optoelextronikada, koherent isiq siialarini idaro
etmok {igiin lazer texnikasinda istifado edilir. Axustooptik qurgular isiq signalmin ampli-
tudunu, tezliyini, polyarlasmasini, spektral torkibini vo isiq siialarinin yayilma istiqgamatini
idaro etmoys imkan verir. Axustooptik effextlorin praktiki totbiginin on miihiim sahosi
informasiyanin iglonmasi sistemloridir. Bu sistemlords akustooptik qurgulardan real zaman
miqyasinda ifarat yliksok tezlikli signallarin iglonmasi ti¢iin istifads olunur [3, sah.57-60].

Sos dalgasinin dasidigr mexaniki deformasiyanin tosiri altinda miihitin, elastiki-optik vo
ya fotoelastiki effextlo sortlonan optik xassalorinin foza modulyasiyasi yaranir.

Miihitin optik xassolori, zamana goro Sos dalgalarmin tezliyi ilo, yoani isiq dalgasinda
elextromaqnit ragslorinin periodu vo sos dastosindon isiq siialarmin ke¢gmo muddati ilo
miiqayisads yavas doyisir. Diison optik dastonin enina Olgllori d vo sos dalgasinin A dalga
uzunlugu arasmdaki miinasibatdon asili olaraq, isigin belo mihitds yayilmasi vo akustooptik
refraksiya, ya da ultrasaesds isigin difraksiyasi hadisalori ilo miisayat olunur. Isigin difraksiyasi
tokco xaricdon daxil edilon sos dalgasinda deyil, eloco do miihitin kollektiv hoyacanlagsmala-
rinda, akustik fononlarda bas verir ki, bunun da naticasinds isiq fononunun tezliyi gador
yuxar1 vo asagl tezlik siirtismasi ilo bas verir. (Mandelsan — Brillyuon sopilmasi). Sopilmis
stialanma spektrinda bir ciit tezliya goro siirlismiis Mandelsan — Brillyuon komponenti meyda-
na ¢ixir. Bu komponentlor uzununa va enind akustik fononlardan sopilmays cavab verir.

Axustooptik qarsiliql tesir, yalniz asagi intensivlikli optik siialanmada optik refraksiya
va difraksiya effextlorine gotirilir. Igigm intensivliyinin artmasi ilo isigin miihito tosirini qeyri-
xotti effextlori yiiksolon rol oynamaga baslayirlar. Elektrostriksiya vo miihitin optik siialanma
ilo qizdirilmasi effextlorino géro mihitdo doyison elastiki gorginlik yaranir vo eshidilo bilon
tezlikdon hipersas tezliyinodok sos dalgalari hasil edilir.
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Ultrasos dalgalarinda isigin difraksiyasi vo elektrostriksiya noticasinds ultrasos
dalgalariin yaranmasi proseslorinin eyni zamanda bas vermasi naticasinds giiclii optik
stialanma naticasinds ig1gimn ultrasas dalgalari ilo gliclonmasi bas verir.

Axustooptik qarsiliqlt tosir effextlori hom fiziki, hom do texnikada istifado olunur.
Ultrasos dalgalarinda isigin difraksiyasi ultrasos saholorinin yerli xarakteristikalarini 6lgmaya
imkan verir. Difraksiya etmis isigin bucaq asililiglarma goro istigamoti diagramm vo
akustooptik siialanmanin spektral torkibi miioyyon edilir. Axkustooptik difraksiya hamginin
maddonin bir ¢ox parametrlorini, sasin slrati vo udulma amsalin1 2-Ci Vo daha yiiksok tortibli
elastik modulunu, elastikioptik sabitlori vo digor kamiyyatlori 6lgmioys imkan verir. Belo ki,
Breqq sortino goro ultrasesin tezliyinin f moalum giymotino vo isiq dalgasmin A dalga
uzunluguna, diison va difraksiya edon isiq siialar1 arasindaxi 6l¢iilmiis bucaga (26g) gora sasin
stiratini 6lgarlor:

Csss=Af/2 sinGs

Burada (208 — Breqq bucagidir). Sasin suratinin Cs,s bu tisulla alinmis qiymaotlori
osasinda, miixtolif istigamotlor li¢lin elastiklik modulunun tam matrisi Cijj hesablanir. Sasin
udulma omsalmi A difraksiya etmis isigin J1 Vo J2 intensivliklorini miiqayiss etmoklo tapmaq
olar:

Ji vo Jo — diison is1gin iki voziyyatinds 6l¢lilmiisq, sos dalgasinin yayilma istiqgamaoti
boyunca bir-birina nozoron siiriismiis intensivliklordir. Muhitdo boyiik intensivlikli sas
dalgasmin yayilmasi zamani elastiklik modulu haqqmnda yiiksok tortibli naticolori
breqqdifraksiyasinin k6moayi ilo dalgada yaranan harmonik ragslorin amplitudunu Glgarok
alirlar. Sasin slratinin dispersiyani vo onun hipersas tezliyindo udulma omsalinin todqiqi tglin
Mandelstam-Brillyuon sopilmosindon istifads edilir. Koherent optix sliualanma siialarmi
muhitdon buraxaraq vo @ sopilms bucagini geyd edorok Breqq sortindon verilmis f tezliyinda
sasin siratini Ssps toyin etmok olar. Mandelstam-Brillyuon komponentinin Jf yarimeninin
Olcllmosi asasinda bu tezlikdo A udulma amsali toyin edilir.

A=27-0 IC ss

Sosin optoakustik hasil olunmasi osasinda miixtalif fiziki hallarda maddoslorin optik
udulma spektrini almaq ti¢lin fotoakustik spektroskopiya metodu yaradilmisdir. Bu metoda,
isigin udulma omsali, periodik kasSilon isiqla hoyacanlasan sas rogslorinin intensivliyina gors
toyin edilir.
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Pezrome

OH Mo3BOJSIET pelIuTh 3a7ady ObICTPOro U 3(PPEeKTUBHOTO OOHAPYKEHHS CHEKTpa
paAMOCUTHAJIOB B  aKyCTOONTHYECKHX MpoIeccopax, o0paboTku uHbopManuud B
paauoTeneckonax U (GUIbTPAlMU COTJIACOBAHHBIM O0Opa30M, 3a CUET Mepelayd CUTHAIOB B
ONTHYECKOM JIUAIAa30HE.

Resume

It allows to solve the problem of quick and effective detection of the spectrum of radio
signals in acousto-optic processors, processing of information in radio telescopes and filtering
in an agreed manner, due to the transmission of signals in the optical range.
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Kilosi yemlomo liglinhazirlama texnologiya vo qurgularinda miioyyan monada heyvanin
hozm traktinda vo agzinda agiz suyu goalovisinin tasiri ilo gedon prosesin modellogdirilmasine
calisilmigdir. Bu prosesin idara olunmasi {igiin kompleks torkibinin xassalori, onlarin garsiliqh
olagasi vo kimyavi aktivliyi 6yronilmolidir.

Lignin vo selliloz sahssinds todqgiqat aparmis miiasir todqiqatgilarin oksoriyysti 0
fikirdadirlor ki, buradaki qarsiliqli alagos fiziki vo yaxud tam mexaniki xarakter dagmmir vo
burada kimyavi slags mdvcuddur. Klassik nozariyyslors asaslanaraq bu mosaloni 6yranmoys
calisaq.

Selliloz — polisaxarid olub, bunun molekullar1 elementar f-D qruplarindan — 1-4 slagalords
glikozid birlogsmasinds olan glikopiranozlardan ibarstdir. Polimerizasiya doracasi 6000-10000
vahiddir. [1]

Ancaq ligninin ilkin torkibi barads goti fikir yoxdur. Bu onunla slagadardir ki, xalis
sokildo lignin oldo etmok miimkiin olmamisdir. Miixtalif Gsullarla oldo olunmus lignin
rangina, molekulyar kitlosine va reaksiya gabiliyyastina gora forglonir.

Tobiotdos ilkin struktur gruplardan ligninin sintezi tosadiifi xarakter dasiyir. Lignin molekullari
ziilal molekullar1 kimi doqigq barpa tomin edon baslangic matris (galib) Uzro qurulmuslar.
Lignin biosintezi zamani1 fermentlorin foaliyyati do mohduddur. Gorlndr lignin bitki
toxumasinin agaclagsmasinda yapisqan rolu oynayir. Mahz buna gors naticods saxalonmis va
mUoyyan hiidudda “sarbast” struktur miisahids olunur.

Struktur qruplar arasinda iki asas név secilir:

-oksigen olagolori (sads efirlor);

-karbon slagalori.

Sado efir alagoalori otir halgasi vo yan zoncir arasinda yaranir - sads alkilar efir alagasi.
Bu slago muxtalif reagentlorin tasiri ilo destruksiya reaksiyalarina gabildirlor.

Karbon olagalori ligninde mixtalif kKimyavi reagent tosirlorino qarst daha dayaniqlidirlar.
Mohz bunlar etanoliz, asidoliz, hidrogenoliz va digar pargalayici reakSiyalar zamani ligninin
monomerlaras godar par¢alanmasina mane olurlar

Delignifikasiya reaksiyasinda ehtimal etmok olar ki, lignin va selliiloz arasinda o qadar
do parcalanma getmir. Belo ki, onlar oasason hidrogen xarakterlidirlor. Burada daha ¢ox
ligninin mixtalif strukturlar1 arasindaki olagelor dagilir. Bu iso kompleksin baslangic
komponentlorinin ayri-ayr1 fragmentlorinin par¢alanmasina selliilozun sarbastlogsmasine
gotirib ¢ixarir.

Polimer (lignin) bork fazada (kiilog hiiceyrasi), reagent iso maye fazada oldugunu nazaros
alarag mohlullarda asagimolekullu maddalorin reaksiyasi {igiin 1.N.Sarcanu torafindon toklif
olunmus hiiceyro modelindan istifado etmok mumkinddr [2]. Bu modelo gbra hor funksional
qrupa yalniz onlar reagentlo bir hiiceyrods olub qarsiligli tosir gostordiklori zaman mistaqil
kinetik hissacik kimi baxila bilar:
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Reaksiyanin timumi siirati reagentin —X1 hiiceyrays - K1 niifuzetmo stirati, amala galon

A-hissaciyinin hiiceyradan —K> ¢ixma siirati va hiiceyrads -K reaksiya surati ilo limitlogdirmoak
olar.
Ligninin struktur elementlori arasindaki olagslorin qirilmasi hiiceyronin azad olumasina
kémok edir vo goOrinir buna goro hozmolma soviyyesinin artmasini ehtimal etmok olar.
Ancaq fragmentlorin butlin struktur reaksiyalarinin hamisi lignin polimer zoncirinin
qirilmasina gotirib ¢ixarmir.

Olgalorin  qirilma reaksiyasi (fragmentlosma) fragmentlorin o vo p-alkilarefir
olagalorinin destruksiyasi noticasinds bas verir.

Birinci olaraq a-alkilaril alagenin agiq zoncirdos destruksiyasina baxiriq. A¢iq zoncirds a-efir
olagosi miqdari azalir. Bozi manbolords [3] geyd olunur ki, onlar iynayarpaqlilarda Cs — C3
struktur grupuna 0,07-dan 0,1-2 godordir.

Hidrogen ionlar1 konsentrasiyasi kifayat godor oldugu zaman a-efir slagosinin hidrolitik
destruksiyas1t SN1 mexanizmi tizro gedir

Qolovi mihitinda fenol hidroksilinin alkilirlosmasi C-a atomun nukleofil ovazetms
reaksiyasini bloklasdirir, ancaq fenol hidroksilin oldugu zoif golovi mihitdo (pH 10...11-5
goadar) reaksiya SN» reaksiyasina cavab verir

Bu reaksiyalarin delignifikasiyanin iimumi prosesino effektiv tosiri onunla izah edilo
bilor ki, C-a atoma nukleofil hiicum zamani reaksiya morkazinin n-vaziyystinds yerloson
hidroksil va alkoksil qruplarinin +M va +E effektlori ilo reaksiya xeyli yingullosmis olur.
Bundan basqa elimir reaksiyasi naticasinds «, S —ikili alage yaranir, belalikla elektron kérpi
amala galir va bunun Gzarindsan Cys va C, atomlarina +M vo +E effektlori 6turtlir. Naticado
cevrilma mexanizmi doyisir vo yan zancirin a va y atomlarinin reaksiyalar1 xeyli siiratlonir.

Ikinci olaraq Cs — alkilarilefir olagesina baxiriq, propan zoncirinds Cs — atomunun
alkilefir olagasi ligninin butin slagslorinin 35...40%-ni togkil edir. Bunlarin destruksiyasi
makromolekullarm daha dorin fragmentlosmosini tomin edir. Odur ki, delignifikasiya
proseslorindo bu reaksiyalarin holledici rol oynamast hesab olunur. Cz — efir olagosinin
destruksiyas1 propan zoncirino g6ro fenol hidroksilinin tutdugu yerds alkilir olub-
olmamasindan asili olmayaraq ham turs, hom do galovi muhitds hoyata kegirils bilor.

Eksperimentlos tasdiq edilmisdir ki, proses S-eliminlogsmo marhalosindan kegir vo hadsiz
miqdarda efir yaranir. Bu morhoalo prosesin Umumi suratini limitlosdirir.
p-efir olagasinin golovi mihitdo destruksiyas1 I.N.Sarcanuya géro iki mexanizm vasitosi ilo
corayan edir.

a-reaksiyasinin istigamati sarbast fenol hidroksillari ilo A va B lignin fragmetlorinds
gedon osas prosesdir. Burada y metilol grupunun eliminlogmasi hidroksilin Cs — atomuna
nukleofil hiicumdan gabaqdir vo z-elektron korpiisiiniin yaranmasi va onun zarindan fenol
oksigenin reaksiya morkozino +M vo +E effektini vermosi hesabina onu tasirli edir. g-efir
alagasi 0-mexanizmi Uzro do parcalana bilir. Hesab olunur ki, birinci morhalodo alkogolyat
alinir vo olagonin pargalanmasi Girer mexanizmi {izra bas verir.

Ligninin tursulu vo hidrolitik destruksiyasi onu hall oluna bilon vaziyysts gatirmok vo
bitki toxumasindan aymrmaq t¢iin osas verir. Ancaq hidrolitik destruksiya reaksiyalar1 bir
gayda olaraq zoncirlorin birlosmo reaksiyasi ilo eyni zamanda gedir. Temperaturun vo
tursulugun artmasi ilo kondensasiya reaksiyasmin siiroti (basga sozlo struktur qruplarin bir-
birina birlogsmasi) artir. Mohz bununla da delignifikasiya Uciin galovi vo duzlu mihitin
secilmosi daha effektiv sayila bilor. Destruksiyanin biitiin reaksiyalarinda kimyovi reagentin
ionlar1 istirak edirlor.
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Pe3rome

Kucnornass u rugponutuyeckas JECTPYKLUMsI JIMTHHUHA CO3JA€T OCHOBY Ui €ro
COJIIOOMIIM3AIMH M BBIJCIICHUS U3 PACTUTEIbHON TKaHH. OIHAKO PEaKIUU THAPOIUTUYECKON
NECTPYKIUH, KaK IPaBWIO, IPOTEKAIOT OJHOBPEMEHHO C peakiueil oobenuHenus ueneil. C
MOBBILIEHUEM TEMIIEPATYPhl U KUCIOTHOCTH YBEIMUMBAETCS CKOPOCTh PEAKIIMHN KOH/IEHCAIIUU
(MHBIMU CITOBaMH, OOBEIUHEHMSI CTPYKTYpHBIX Tpymi). [losToMy BBIOOp IIENOYHON H
COJIEBOM cpenpl Juid JAECTUTHU(UKALMM MOXHO cUHTaTh Oosee 3PQexTuBHBIM. HoHBI
XMMHMUYECKOTO peareHTa y4acTBYIOT BO BCEX PEAKLUSAX pa3pyLIeHHUs.

Summary

Acidic and hydrolytic destruction of lignin provides a basis for its solubilization and
separation from plant tissue. However, hydrolytic destruction reactions, as a rule, occur at the
same time as the chain joining reaction. With increasing temperature and acidity, the rate of
condensation reaction (in other words, joining together of structural groups) increases. That is
why the selection of alkaline and saline environment for delignification can be considered
more effective. lons of the chemical reagent are involved in all reactions of destruction.

KULOSIN ELEKTROKIMYOVI ISLONMOSI UCUN ELEKTROLITLORIN
NOZORI TOHLILI
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Ganca Dovlat Universiteti
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Kilogin kimyavi vo termokimyavi islonmasinds daha ¢ox golovilordon, sénmomiis
ohongdan vo azot torkibli reagentlordon istifads olunur. Elektrokimyavi islomoda elektrolit
olaraq duz tursusu (HCI) duzlarindan x6rak duzu-natrium xlorid (NacCl), kalium xlorid (KCI)
va magnezium xloridin (MgCl) 1 va 2 %-li mohlulundan istifads olunmas1 miimkiindiir[1].
Kilosin isladilmasit t¢lin bunlarin  hansinin  daha olverisli olmasi Debay Hiikkel
nozariyasiosasinda qgiymotlondirmoys c¢alisag. Bunun dglin  segilmis duzlarm suda
mohlullarinin elektrokimyavi goéstaricilorinin (elektrolitin ion giicti, ion atmosferi radiusu,
ionlarin qarsiliql tosir enerjisi, ionlarin aktivlik doracasi) hesablanmasi vo mugayiso edilmosi
tolob olunur. Elektrolitin ion glici moahlulda ionlarin yaratdig elektrik sahosinin intensivlik
6lcust olmagla mohlulun (elektrolitin) vacib xarakteristikasi sayilir.

. ) 1
Ion siddoti asagidaki diisturla tayin olunur: J = 2 Z (C,z,)?, Q)
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Buradan zi—ionun yiki; Ci — bu iondan olanlarmn konsentrasiyasi. Maqnezium xlorid
mahlulunun molyar kiitlosi (W = 2%) — M ¢, = (24 +35,5- 2) = 95g/mol. 2

Molyar konsentrasiyani kiitlo payi ilo ifads edib vo nazoro alsaq ki, mohlulun sixligi
20°C-da p=1,015 g/dm?- dir, 0 zaman 2%-li maqnezium xlorid ii¢iin aliriq:

10-wp 10-2-1,015
Comger) = il %5 = 0,214 mol/l. 3

Onda mol/l —ls 2%-1i magnezium xloridin ion siddoti asagidaki kimi olur:
1
Jmger) = 5(0,214 .22+2.0,214-(-1)?) = 0,642. ()

Anoloji olaraq natrium xlorid mahlulu (W=2%) (glin temperatur 20°C vo moahlul sixlig1
p=1,012 g/dm*® giymatlorinds molyar konsentrasiyanin Cnacn=0,346 mol/l, ion siddati iso
JNac)=0,346 olmusdur.[2]

Kalium xlorid mohlulunun (W=2%) temperatur 20°C, sixliq p=1,011 g/dm® giymotlori

ticlin molyar konsentrasiyast Ckcn=0,270 mol/l, ion siddati Jkc=0,270 olmusdur.
Alinmig hesabat gostaricilorindon gorinir ki, 2%-li magnezium xlorid mohlulunun ion siddati
2%-li natrium xlorid mahlulunkindsn 1,86 dafs, 2%-li kalium xlorid mshlulunkindan iss 2,38
dofo ¢oxdur. Buradan da demok olar ki, magnezium xlorid mohlulunda hacm vahidinds yik
dasiyanlarin say1 (duzun suda eyni kiitlo payr soraitindo W=2%) natrium vo kalium duzlari
mohlulunda olanlardan o godar do coxdur. Burada geyd etmok lazimdir ki, elektrolitlorin
eletrik keciriciliyi onlardaki yiik dasiyicilarm miqdari ilo mioyyan edilir.[3]

Mohlulun ion siddoti Debay-Hukkelin gucli elektrolit nazoriyyssindo [80]bdylk
ohomiyyat dasiyir. Bu nazoriyysnin osas tonliyi (Debay-Hikkelin hidud ganunu) ionun
aktivlik omsali ilo mahlulun ion siddati arasindaki olagoni ifads edir.

Molumdur ki, ionlarin aktivlik amsali mohlulun torkibi vo konsentrasiyasindan, yiikdan,
ionun tarkibindon voa digar sortlordon asilidir. Ancaq su alave edilmis mohlullarda (C <0,5

mol/l) ionun tarkibi onun aktivlik amsalina zsif tasir gostarir.

Toxminan hesab etmok olar ki, su olavo edilmis mohlullarda ionun aktivlik omsali
yalniz ionun yiikiindin vo moahlulun ion saddstindon asilidir.

Naticalarin tahlilindon goérindr ki, 2%-li elektrolitdo magnezium kationlarmin aktivlik

omsal1 1,7 dofa natrium Kationlarinkindan va 1,72 dofa kalium kationlarinkindon azdir.
Bu onunla izah olunur ki, birincisi magnezium kationlar1 strafinda solvat Ortiiyii ¢ox sayda su
molekuluna malikdir, ikincisi iss magnezium kationunun glcli qutblosmo tasirindon su
molekullar1 orada natrium vs kaliumda oiduguna nazoron daha six yigilmislar. Magnezium
kationunun hidrat ortlyd ssthi Uzro paylanmis yiikiin sixligi da natrium vo kaliumda
oldugundan daha ¢oxdur. Bunun naticasinds magnezium vo xlor kationlar1 arasindaki
qarsilighh tasir enerjisi do bu ionlarda daha coxdur. Bu effekt mohlulda magnezium
kationlarmin aktivliyini xeyli asag1 salir ki, bunu da aktivlik omsali gostarir.

Elektrolit mohlulunun geyri idealligi, ionlarin bir-biri ilo va holledicinin molekullar1 ila
qarsiligh tasirina goro miayyan edilir. Kifayat godor az ion konsentrasiyasi oldugu zaman
(0,5 mol/l-don az) onlarm har biri ion atmosferi ilo shato olunmusdur. Oks isarsli ionlarin
qarsiliql tesiri onlarmn solvat Ortiiyli vo Sarbast dipol su molekullar1 vasitosi ilo hoyata
kecirilir. Kationa birlosmis su molekullarinin migdari, onlarin ligandliligi, kationlarin 6lgiisti
ilo miiayyan edilir. Kationun radiusu no godar Kicik olursa ion o goadar giiclii hidratlasmis olur.
Kationun radiusu natrium (Na*) i¢tin 0,095 nm, kaliun (K*) t¢in 0,133 nm, magnezium G¢lin
(Mg?*) 0,065 nm-dir.

Bu baximdan maqnezium ionu daha iri ionlara nozoron daha giiclii hidratlagsmisdir. Burada
yuk daha boyuk sotho paylanmigdir.
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fon atmosferinin orta radiusu iso ion siddati giymatindon istifado olunaraq asagidaki
kimi miayyan edilir:
a) magnezium xlorid (W = 2%) — R;,, = 383 nm;
b) natriun xlorid (W =2%) — Rjpn, = 521 nm; (5)
¢) kalium xlorid (W =2%) — Rjpn, = 590 nim.

fon atmosterinin radius sorti olaraq morkazi iondan konara o mosafoni xarakterizo edir
ki, ion atmosferins aid bitun ionlar burada yerlosmis olsunlar.
Aparilmis hesabat noticalorindon goriindiyu kimi 2%-li elektrod mohlullar1 {igiin magnezium
kationlarmim ion atmosferinin orta radiusu natrium va kaliumunkina nazaran kigikdir. Ancaq
Mg*? kationunun ion atmosferindo kicik ion radiusunda su molekullar1 ¢oxdur. Bu onunla
izah edilo bilor ki, magnezium kationunun solvat Ortyindo su molekullar1 daha six
yerlosmiglor. Belo voziyyat bir do magnezium kationlarmmimn holledici (su) molekullarina daha
guclu gitblasdirici tasiri ilo izah edilir. Bu zaman kationlaringiitblosdirici tasiri onlarin yiikii
ilo diiz mutonasib olur.
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Pe3ome

Kak BuaHO M3 pe3yabTaToOB OTYETAa, CPEIHUM pagryc MOHHOW atMochephl KaTHOHOB
MarHus s 2% 3IeKTPOJHBIX PAaCTBOPOB MEHBIIE, YeM y HaTpus U Kanusa. OIHaKo B HOHHOM
atMocdepe kaTroHa Mg+2 mMeeTcss MHOTO MOJIEKYJT BOJIbI C MajJbIM HOHHBIM PaiycoOM. ITO
MOXXHO OOBSCHUTH TE€M, YTO MOJEKYJbl BOJbI Oojee IUIOTHO YMaKOBaHbI B COJIbBATHOM
o0oylouke KaTHMOHa MarHus. Takas cutyanust OObBsSCHSETCS Takxke 0oyiee CHIIBHBIM
MOJISIPU3YIOIIUM JIeHCTBUEM KaTHOHOB MarHusl Ha MOJIEKYJbl pacTBopuress (Boasl). B aTom
cllydae MoJIIpu3yIollee JecTBIEe KaTHOHOB MPSMO MPOTOPIMOHAIBHO UX 3apsay.

Summary

As can be seen from the results of the report, the average radius of the ionic atmosphere
of magnesium cations for 2% electrode solutions is smaller than that of sodium and
potassium. However, in the ionic atmosphere of the Mg+2 cation, there are many water
molecules in the small ionic radius. This can be explained by the fact that water molecules are
more tightly packed in the solvate coating of the magnesium cation. Such a situation is also
explained by the stronger polarizing effect of magnesium cations on solvent (water)
molecules. In this case, the polarizing effect of cations is directly proportional to their charge.
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BUGDA KULOSININ MUXTOLIF ELEKTRiIK COROYANI PARAMETRLORININ
OSASLANDIRILMASI

Mammadova S.O., prof. Quliyev M.S., dos. Cavadov E.M.
Ganca Dovlat Universiteti

Acar sozlar: corayan, amplitud, kiilas, corayan siddati, elektrik, temperatur
KiroueBble c1oBa: TOK, aMIIIMNTyda, CTCPHS, CUJIa TOKA, SJICKTPUYICCTBO, TEMIICpATypa.
Key words: current, amplitude, stubble, current strength, electricity, temperature

Elektrokimyavi islonma modelinds ekvivalent avazetms sxeminin torkib elementlori
“yunan-latin kvadratlarr” metodu iizro eksperimentin qabaqcadan planlasdlrlmig matrisino
uygun olaraq eksperimental qurguda yoxlanmisdir.[1] Qurguda coroyan tezliyi, formasi vo
amplitudunu doyismokls tadqigat aparilmisdir. Kiilasin islonmo effektliliyi alinmigs mahsulun
trichoderma lignorum OMb534 kobolok mayesi kulturu ilo fermentativ hidroliz zamani
sokarlonmasi ilo muoyyon edilmisdir. Eksperimentin noticolori miivafiq riyazi islomolordan
sonra sakil 1-do tosvir edilmisdir.
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$ak.1 Elektrik carayani parametrlarinin va islanmanin texnoloji sartlarinin assimmetriya
amsalimin k, (1); sahasinin garginliyinin —E (2); elektrik potensialinin dayismasinin bucaq
stratinin — @ (3); temperaturun —t (4) va namlagma modulunun —w (5) dayismasi zamani
trichoderma lignorum OM534 kdbalak mayesi kulturu ila islanmis kiilasin sakarlanma
daracasina tasiri.

Eksperiment naticalorinin (sok.1) nazari hesabat naticalori ilo mugayiss etdikda gorinar
ki, kilosin islonmo effektliliyi coroyan bitki toxumasi ilo garsiliqh tesirds olan payimndan,
bagqa sozlo iF Coroyan siddatindon asili olur.[2] Buradan belo naticays galmak olar ki, elektrik
carayani parametrlori elo secilmolidir ki, ir-in maksimal giymoti tomin edilmis olsun.

Temperatur funksiyasinda bitki toxumasi ilo qarsiliqli tasirde olan caroyan pay: ilo
islonmis kiilogin sokarlonmosinin arasinda goriilon uygunsuzlugu temperaturun kimyovi
reaksiyaya ohomiyyatli doracads tosir gostarmasi ilo izah etmoak olar. Bu elektrik carayaninin
texnoloji faktor kimi farglondirici rolunu oynayir.[3]

Hesabat gOstormisdir ki, ir-in maksimumu tezliyin 20Hs giymotinds, asimmetriya
omsalinm Ka=0,5, namlosmo modulunun w=1, sahesinin garginliyinin E=7-10? V/m
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giymatlorino uygun galir. Dagiqlosmis parametrlorlo elektrokimyoavi texnologiyanin kiilogin
spektroskopiya, kasiklorin mikrofotoqrafiya olunmasi vo zootexniki tadqiqat metodlar1 ilo
nozorat tadqiqatlari (cadval 1) nazari mulahizalori tasdiq etmisdir.

Cadval 1
Bugda kiilosinin miixtalif elektrik tosirli islonmasinin zootexniki analiz naticalori

Ne | Islonma névii | Kitlonin | Quru maddo hesabr ilo 1 kg-in torkibi

Vo sartlori nomliyi, - -
% Protein Selliloz

Xam | Hozm | Azotsuz Xam | Hozm | Xam | Kalsi- | Fos- | Yem
olunan | ekstraktiv olunan | kul um for vahi-
maddo di

1 | Islonmomis 8,7 395,0 | 90,8 41,60 453 | 158,7 | 4,38 | 2,51 4,49 | 0,215

2 | Sonaye tezlikli | 46,5 405,6 | 932,6 | 46,73 422,4 | 1478 | 4,11 | 2,05 4,30 | 0,318
doyison
elektrik  co-
royant ilo
islonmis
t=90°C;
E=7102V/m

3 | Homin sortlor | 63,9 404,4 | 92,7 49,86 451,55 | 157,9 | 11,08 | 3,60 6,09 | 0,330
daxilinda sabit
elektrik
Coroyant ilo
islonmis

4 | Osaslndiril- 62,6 403,2 | 90,8 56,7 4325 | 151,4 | 10,68 | 2,94 | 587 | 0,427
mig  carayan
parametrlori
ilo  islonmis,
f=20Hs,

ka=0,5;t=90°C;
E=710°V/m

Beloliklo elektrik coroyaninin osaslandirilmis parametrlori ilo islonmis kiilog bitki
toxumas1 daha az metatursu vo Kkarboksil grupundan olan elementlor dasiyir. Onlarin six
birlosmoasi dagilir, ayri-ayr1 liflora pargalanir. Bu zaman kiilosin yem doayari iki doracadan ¢ox
(cadval 1) va islonmo surati artir. Qeyd etmoak lazimdir ki, elektrokimyavi islomoani avazedici
ekvivalent elektrik sxemi ilo modellosdirmok mimkundur Ki, bu zaman texnoloji faktor olaraq
elektrik corayani parametrlorini segmays imkan yaranir.
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Pe3rome

Takum o00Opa3oM, cTepHEBas pacTHTEIbHAas TKaHb, OOpabOTaHHAs yMEPEHHBIMU
IapaMeTpamu 3JIEKTPUYECKOr0 TOKA, COJAEPKUT MEHbILIE METAKUCIOTHBIX U KapOOKCHUIIBHBIX
21eMeHTOB. VX IUIOTHas CBsA3b Pa3pbIBACTCs, PACHANACTCA HA OTIEIbHBIE BOJIOKHA. B 3TO
BpeMs Oojiee 4eM Ha JjBa Tpajyca YBEJIMYMBACTCS KOPMOBAas LEHHOCTh CTEPHH U CKOPOCTh
oOpaboTku. CiexyeT OTMETUTb, 4YTO BO3MOXKHO MOJEIMPOBAHHE HIEKTPOXUMHUYECKON
omepanuy 3aMellarolleld SKBUBAJIEHTHOW AJIEKTPUYECKOM CXEMOM, YTO MO3BOJIAET BHIOpATh
napaMeTpsl AEKTPHUECKOTO TOKA B KAYECTBE TEXHOJIOTUYECKOTO (haKTopa.

Summary

Thus, stubble plant tissue treated with reasonable parameters of electric current carries
less metaacid and carboxyl group elements. Their tight connection breaks up, splits into
separate fibers. At this time, the feed value of stubble increases by more than two degrees and
the processing speed. It should be noted that it is possible to model the electrochemical
operation with a substitute equivalent electric circuit, which allows to choose the parameters
of the electric current as a technological factor.

FiZiKi PARADOKSLARIN SAGIRDLORIN BILiK VO BACARIQ
KEYFiYYOTLORININ ASKARA CIXARILMASINDAKI ROLU

Prof. Quliyev M.S., Dos. Imanov R.M., Basirov M.B., Racabzada N.O.
Ganca Dovlat Universiteti

Acar sozlar: Talim, program, darslik, bilik, bacariq, tadris materiali

KiroueBbie cioBa: OOydeHwe, mporpamma, y4eOHUK, 3HAHHUS, YMEHHS, Y4eOHBII
MaTepua

Keywords: Training, program, textbook, knowledge, skills, educational material

Tolim igindo bir sira ndgsanlar miisahido olunur. Bazi metodist vo musllimlor bunun
sobabini todris programi vo darsliklorin qiisurlu olmasi bozilori sagirdlorin bilik va
bacariginda kasirlorin olmasi, moktobin maddi bazasi va sinifdoki sagirdlorin say1 ilo izah
edir, digor grupu isa homin mosaloni sagirdlorin 0zlori ilo onlarda biliys garsi maragini
zoiflomasi ilo izah etmoys calisirlar.

Son vaxtlar pedaqoji adobiyyatda gdsterilir ki, sagirdlorin bilik vo bacarigmdaki kasrlor
yalniz miiallimin metodik isindoki qiisurlardan irali galir.[1]

Dogurdan da proqramin yiiklonmosi, tolob olunan ayani vasitalorin moktobds olmasi, bazi
dorsliklo geyri - kamilliyi, tok - tok sagirdlorde oxumaga biliys maragin zaiflomasi miallimin
metodik isindoki qusurlar vo s. sagirdlorin bilik vo bacariginda ndgsanlarin olmasina sorait
yaradir. Lakin bu saydigimiz nogsanlar ayriligda sagirdlorin bilik va bacarigmdaki qiisurlar
gorginlosdiran yeganos amil deyildir. Cunki eyni program vo dorslik osasinda isloyan bir
muoallim talimda bdylk muvaffagiyyat olds etmokda ¢atinlik ¢okir. Eyni maktoabda eyni maddi
bazadan ayani vasitadan istifado edon muosllimlor talim isinds eyni gostaricilor aldo etmirlor.
Tocriibalor gostorir ki, bu saydigimiz amillor talim keyfiyyatini ylksaltmok ¢iin no gador
zoruri olsada halledici deyildir.[2]

Tolim igsindo boylk muvoffogiyystlor qazanmaq iigliin yuxarida gostorilon amillorlo
yanasi, miiollimin metodik iginin saviyyasinin yiksaltmoyin, onu tapmagimn bdyiik shamiyyati
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vardir. Sagirdlorin bilik vo bacarigini agkara ¢ixartmaq ti¢lin dorsin mévcud imkanlarindan
istifado etmok lazimdir.[3]

Belo imkanlar ev tapsirigmin yoxlanilmasinda da vardir. Ev tapsiriglarinin yoxlanilmasi
muxtalif formalarda aparilir. Sorgu biitiin sinif {izra yox sagirdlordon sorusmaq yolu ilo va s.
sorgunun hansi formada aparilmasindan asili olmayaraq miiallimi bir sual diistindirmalidir: az
vaxt arzinda sinifdoki bitun yaxud oksar sagirdlorin bilik vo bacarigim yoxlamaq. Eyni sozlori
yeni biliyin vo bacarigin dyronilmasi haqqinda sdylomok olar. Qabaqcil miiallimlor he¢ do
sagirdlora sadaca olarag yeni bilik vo bacariq vermoklo kifaystlonmir. Bu bilik vo bacarigi
onlara 0yradir, onlarin neca diisiindiiklorini, materiali neco manimsadiklarini tez - tez nazarat
edir, nada ¢atinlik ¢okdiklorini askara ¢ixarir, lazimi komoklik gostarir. Bir s6zlo gabaqcil
muoallimlorin darsini saciyyslondiron baslica cohatlordon biri dorsin ovvslindon axirmadok
biitlin sagirdlorin bilik vo bacariglarinin keyfiyyotini askara c¢ixartmaq, onlarin neco
diistindiiklorini miayyanlosdirmok va todris foaliyyatlorino rohborlik etmoaloridir. Ayr1 - ayri
sual va tapsiriq tizra dars arzindo musllim no godar ¢ox sagirdin faaliyyatine nozarst edarss,
sagirdlorin aqli vo amali faaliyyatlorina bir 0 gadar yaxsi rahbarlik edor, tadris isinin saviyyasi
bir 0 gadar yiiksak olur, onun fonni Uzrs sagirdlorin bilik va bacariq saviyyslori bir o gadar
yuksak olur: oks halda iso sagirdlorin bilik va bacariq saviyyalori bir 0 godor asagi olur.

Qabaqcil miiallim sorh vo ya izah zamani sagirdlora todris materialin1 sadoca olaraq
togdim etmir, bu materialin biitiin sagirdlor torafindon neco monimsanildiyini, neco basa
diistildiiyiinii yoxlayir, yadlarinda nayin galib - galmadigii miioyyanlosdirir. Basqga s6zlo bu
hom yeni todris materialinin biitiin sagirdlor torafindon stiurlu moanimsanildiyina, ham kéhna
bilik vo bacariglarin siiurlu vo méhkam monimsanilmasina niimuns olaraq nozarat edilmasi
sagirdlorin bilik va bacarigindan négsanlarin vaxtinda agkara ¢ixarilmasi onlarm aqli vo amok
foaliyyatlorino konkret rohboarlik etmok, todris foaliyyatlorini harokasta gotirmak Gglin
muallime imkan verir.
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Pe3rome

[IponBUHYTHIN NpenoaBaTesb HE MPOCTO MPEIbABISET YUeOHBIH MaTepual yJaliuMcs
pU 0OBSICHEHUHU UM 0OBSICHEHUH, OH IPOBEPSIET, HACKOJIBKO STOT MaTepHall yCBOEH U MOHST
BCEMHU YUAIIUMHUCS, U ONPEAETSIET, YTO OCTAIOCH B UX MaMsTH. VIHBIMU ClIOBaMu, 3TO IpUMEpP
HaOIO/ICHUS 32 OCO3HAHHBIM YCBOCHHMEM BCEMH YYAIIUMUCS HOBOTO y4eOHOTO MaTepuaia, a
TaK)Ke 32 OCO3HAHHBIM U MPOYHBIM YCBOEGHHUEM CTAapbIX 3HAHWUW U YMEHUI, CBOEBPEMEHHOTO
BBISIBJICHHS HEJIOCTATKOB B 3HAHMSIX M YMEHUSIX YUalTUXCs, a4l KOHKPETHBIX OPUEHTHUPOB UX
YMCTBEHHOU U TPYIOBOU AEATEIHHOCTH, & TAKXKE MMO3BOJISIET YYUTEIIO IPUBECTH B JABIKEHUE
y4eOHYIO e TebHOCTD.

Summary

An advanced teacher does not simply present the teaching material to the students
during the explanation or explanation, he checks how this material has been mastered and
understood by all the students, and determines what is left in their memory. In other words, it
is an example of monitoring the conscious assimilation of new teaching material by all
students, as well as the conscious and solid assimilation of old knowledge and skills, timely
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revealing of deficiencies in students' knowledge and skills, giving concrete guidance to their
mental and work activities, and enabling the teacher to set teaching activities in motion. gives

MEXANIKA VO DALGA FiZIKASI XIX OSRIiN BiRINCi YARISINDA

Prof. Quliyev M.S.., dos.Hiiseynov R.K., dos.Imanov R.M., imanova A.R.,
Damirova O.Y.
Ganca Dovlat Universiteti

Acar sozlor: ciit qiivvalor, dalgalar sistemi, super pozisiya prinsipi, interferensiya,
1s181n polyarlasmasi, variasiya prinsipi

KiaroueBble cJioBa: MmapHbBIC CHJIBI, BOJIHOBasd CHUCTEMA, MNPUHOUII CYHCPIO3UINU,
uHTep(epeHIus, NoIsIpr3alys CBeTa, BapUualllOHHbIN MPUHIUI

Key words: pair forces, wave system, superposition principle, interference, light
polarization, variational principle

XIX asrin avvallorindo mexanikanin inkisafinda bir ¢ox rus vo avropa riyaziyyatcgt vo
fiziklorinin xidmotlori danilmazdir. Rus alimlorindon M.V.Ostrogradski (1801 — 1862),
P.L.Cebisev (1821 — 1894), A.M.Lyapunov (1857 — 1918) va b. adlarini xiisusilo qeyd etmok
lazimdir.

1803-cii ildo «Statika elementlori» osorini ¢ap etdiron Lui Puanson bu osorindo ciit
qiivvalorin toplanmasi gaydasini vo ciit qiivvelor cismo tosir etdikdo onun tarazliq sortinin
iimumi ganunauygunluglarini vermisdir. Bununla da, Puasson, dinamikaya «ciit qiivvolor»
anlayigini daxil etmis oldu.

1811-ci ildo Puassonun (1781 — 1840) yeni kitab1 - «Mexanika haqqinda traktat» osori
capdan c¢ixmisdir. Bu traktatda Puasson bir cox misal vo mosalolor iizorindo Laqranj
onanalorini davam etdirmisdir.

Riyaziyyat¢1 Jan Viktor Ponsele mexanikada birinci olaraq is anlayisindan istifado
etmisdir. Bu anlayis, Qaspar Qustov Kariolisun 1829-cu ilds ¢ap etdirdiyi «Bork cisimlor
mexanikasina aid traktaty osorindo do 6z oksini tapmusdir. Bu osori ilo Kariolis fizikaya
«firlanan sistemdo horokot edon cismin tocili» vo buna uygun «inersiya qiivvasi» terminlorini
do daxil etmisdir.

1829-cu ildo moshur alman riyaziyyatg¢isi K.F.Qaussun «Dinamikanimn yeni bir imumi
prinsipi» osori mexanikaya on kicik tosir prinsipi ideyasmi gotirmisdir. Qaussun bu ideyalari
irland riyaziyyatcisi va fiziki Uilyam Royan Hamilton on kigik tosirin variasiya prinsipine aid
islorindo davam etdirilir. Hamilton dinamika ilo yanasi dalga optikasina aid todqiqatlarinin
naticosi olan «Dal@alar sisteminin nozoriyyosi» (1827 — 1832) osori vasitosilo optika vo
mexanika arasinda analogiya yaratmis yegano alimdir.

Hamiltonun dinamika sahasindoe ideyalar1 rus alimi B. S. Yakobinin dogma qardas1 K.
Q. Yakobinin «Dinamikaya aid miihaziralor» asarinds inkisaf etdirilorok Hamilton-Yakobi
N9zariyyasinin yaranmasina zomin yaratmigdir.

XIX osrin ovvallorinde mexanika ilo yanasi dalga optikasinin da inkisaf etmosino
baxmayaraq, burada inkisaf mexanika sahosindo oldugu kimi {imumi ganunauygunluq vo
miloyyon bir ardicilliqla bas vermirdi. Dalga optikasi1 polyarlasma hadisesinin kosfi vo
Frenelin todqiqatlar1 naticesinda yeni bir viisatlo inkisaf etmoys basladi

Iki yasinda oxumagi dyronmis, doqquz yasinda latin vo yunan dillorini monimsomis,
on dord yasinda iss artiq o dili miitkommol bilon Tomas Yungq tibb elmino boyiik maraq
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gostormis, 1793-cii ildo fizioloji optikaya aid «Gérmo prosesi iizorindo miisahidolor» osorini
yazarag, 1795-ci ildo tibb elmlori doktoru adimna layiq goriilmiisdiir. Daha sonra dalga optikasi
ilo mosgul olan Yunq, 1800-cii ildo dalgalarin superpozisiya prinsipini vermoklo isigin
interferensiyas1 hadisesini izah etmis, fizikaya «interferensiya» terminini vo onun sorafine
«Yunq moduluy adi ilo taninan elastiklik nozoriyyosinn osas sabitini daxil etmisdir.

Dalga optikasinin inkisafinda Eten-Lui Malyusun xisusi xidmotlori olmusdur.
Miihondis moktobinin tolobasi olan Malyus, miiharibs ilo slagodar horbi xidmoto ¢agirilmas,
miiharibodo onun texniki talant1 tez bir zamanda hiss edildiyindon, o, Politexnik moktobino
gondorilmis vo orant 1796-c1 ildo bitirmisdir

Hondosi optikanin banisi sayillan vo elmo «isigin polyarlasmasiy terminini gotirmis
Malyusun, miiharibonin vurdugu agir yaralardan zoiflomis organizmi vorom xostoliyino
miigavimat gdstora bilmomis va o, gonc yaslarinda ikon vofat etmisdir.

Polyarlasma hadisesinin kosfi is1gm korpuskulyar nozoriyyesinin torofdarlarini
ruhlandiraraq dalga optikasi sahosindo yeni nailiyyatlors sovq etmisdir. Belo ki, Laplas
biroxlu kristallarda isigin ikigat sinma nazoriyyosini yaratmis, Bio bu nozoriyyoni inkisaf
etdirorok, onu ikioxlu kristallara samil etmisdir; Araqo biroxlu kristallarda xromatik
polyarlasma hadisosini kosf etmis, Bio bu hadisoni ovvalco biroxlu, daha sonra ikioxlu
kristallarda kosf edorok (1813 — 1814), 1815-ci ildo polyarlasmis miistovinin firlanma
ganununu vermisdir.

Fransua Dominik Araqonun dalga optikasi sahosindo dalga nozoriyysinin inkisafi vo
toblig edilmoasindo ¢ox bdyilik xidmatlori olmusdur. Onun kdmokliyi sayssinds 1816-c1 ildo
Pariso golon Frenel on ay orzinds difraksiya v intrferensiyaya aid bir sira tocriibslor aparir.

1818-ci ildo «Kimya va fizika salnamoasi» jurnalinda Yerin 6z oxu otrafinda horokotinin
optik hadisoloro tosiri haqqinda Frenelin Araqoya yazdigi moktubunun fizikanin inkigaf
tarixindo boOyiik rolu olmusdur. Araqo, ulduzun zenit mosafolori arasindaki mosafolori
Olecmoklo bu analogiyani miioyyon etmoyo ¢alismis, lakin belo bir olagonin mévciidligiini
goro bilmomisdir. Araqo torofindon aparilan 6lgmolor Frenelo dalga nozoriyyosi osasinda
Yerin firlanma horokotinin is181 sindiran miihitdo onun yayilmasina tosirini 6yronmoyo imkan
verdi.

Optikanin inkisafinda boyiik rol oynamig digor alim, Frenelin miiasiri Yozef Fraunhofer
olmusdur. Kasib ailods diinyaya g6z acan Yozef, kigik yaslarindan islomok mocburiyyatindo
galir. Emalatxanada bag veron yangin noticosinds bir ne¢o ailo tolof olur, Yozef iso ¢ox agir
voziyyetdo qrintilar altindan ¢ixarilir. Hor iki valideynini itirmis Yozefi bankir Utssneyder 6z
himayosine gotiiriir. Isloyo-isloys tohsil alan Yozef 1806-ci ildo Optika-mexanika institutuna
daxil olur. Bacariq va qabiliyyati naticosindo o, tez bir zamanda 6ziino niifuz qazanir: bir ildon
sonra — 1807-ci ildo homin institutun optiki, iki ildon sonra institutun aid oldugu Reyxenbax
firmasmin soriki, daha iki ildon sonra iso bavariya optika sonayesinin bas¢isi olur. Beloliklo,
cotin bir hoyat yolu ke¢mis Fraunhofer diinya optika firmasinin basgisi, professor vo
akademik kimi yiiksokliklora qalxmisdir.

Optika sahoasinds edilon iki kost Fraunhoferin adin1 homigalik olaraq obadilosdirmisdir:

1) 1802-ci ilds Bollaston Giinas spektrindo yeddi qaranliq xotlorin varligini miisahido
etmisdir. Bu xatlor 1817-ci ildo Fraunhofer torofindon hortorofli dyronilmis vo bu tocriibolor
naticosindo fizikaya onun sorofine «fraunhofer xotlori» adlandirilan termin daxil edilmisdir.

2) ikinci fundamental kosfi paralel siialarin difraksiya hadisesi vo difraksiya gofosinin
yaradilmas1 ilo baghdir. Lakin difarksiya qofosinin dalga nozoriyyesi Sverdin
monogqrafiyasinda - Fraunhoferin 6liimiindon 9 il sonra verilmisdir. Beloliklo, biitiin bunlar
Fraunhoferi spektroskopiyanin inkisafi sahasinde Kirxhov vo Bunzenin kosflori {i¢lin zomin
yaratmig saymaga osas Verir.
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Pe3rome

31ech MOCNne0BaTeIbHO aHATU3UPYETCS XPOHOJOTUS PA3BUTHS KaK MEXaHUKH, TaK U
BOJIHOBOU onTuku B Havane XIX Beka. SBieHue mHTEpPEpeHIINN CBEeTa ObUIO OOBSICHEHO C
MTOMOIIIBIO0 TIPHUHIIMIA CYEPIIO3UIIUN BOJIH, U ObUIO OTMEUEHO, YTO B (PU3UKE €CTh TEPMHUH
«uHTEep(dEepeHIrs» U OCHOBHAS KOHCTAHTA TEOPUU YIPYTOCTH.

Summary

Here, the chronology of the development of both mechanics and wave optics at the
beginning of the 19th century is analyzed sequentially. The phenomenon of light interference
was explained using the principle of superposition of waves, and it was noted that in physics
there is the term "interference™ and the main constant of the theory of elasticity.

MEXANIKA VO MOLEKULYAR FiZiKA XVIII 9SRDO

dos.Hiiseynov R.K™.,dos.imanov R.M"., Imanova A.R.*.,
Damirova 8.Y*, Yusubova L.E.2
Ganca Dovlat Universiteti
Azarbaycan Dovlat Agrar Universiteti

Acar sozlor: Nyuton nozoriyyasi, Dalamber prinsipi, gaz termometri, Linney skalasi,
Buz kalorimetri, diferensial vo inteqral hesablama metodlar1

KiroueBbie cioBa: teopus Hprotona, nmpunimn JlamamOepa, ra3oBbIii TepMOMETD,
mkana JluHHes, JNensHOW KalopuMeTp, MeToAbl AU(QepeHIUaNbHOIO0 U HHTErPalIbHOTO
UCYHCIICHUS.

Key words: Newton's theory, d'Alembert's principle, gas thermometer, Linnean scale,
ice calorimeter, methods of differential and integral calculus.

Nyuton torofindon formalasdirilmis klassik mexanikaya XVIII osrdo diferensial vo
inteqral hesablama metodlarmin daxil edilmasi ilo onun analitik mexanikaya c¢evrilmoasinds
Peterburq EA-nin akademiki Leonard Eylerin vo Paris EA-nin akademiki Jozef Lui
Laqranjin (1736 — 1813) boyiik xidmatlori olmusdur.

Eylerin 2 cildlik «Mexanikay» asori 1736-c1 ildo Peterburqda, «Bark cisimlorin harakot
nazariyyasi» asari isa 1765-ci ildo Rostokda vo Qreyfsfaldda ¢apdan ¢ixmisdir. Eyler, ilk dofo
olaraq mexanikani harokot haqqinda elm, qilivvalorin tarazligindan bohs edon bdlmoni iso
«statikay» adlandirmisdir.

XVIHI osrdo mexanikada iki istigamot modvcud idi: kartezianlar vo nyutonianlar.
Kartezian diinyagoriisiiniin dogrulugu fransiz astronomlar1 Pikara (1620 — 1682) vo Kassini
(1677 — 1756) torofindon aparilan hesablamalarla siibut olunmasina baxmayaraq, Yerin
formas1 haqqinda diskussiyalar, diinyanin Dekart vo Nyutona goro tosovviirlori XVIII osrdo
songimak bilmirdi. 1733-cii ildo Yerin formasma hosr olunmus alt1 elmi is ¢cap edilmisdir. Bu
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fikir miixtolifliyini aradan qaldirmaq mogsadi ilo Paris Elmlor Akademiyasi 1736-c1 ilin
yayinda akademik Piyer Mopertuinin (1698 — 1759) bas¢iligi altinda Laplandiyaya
ekspedisiya gondorir. Bu ekspedisiyada cavan riyaziyyatgr Aleksis Klod Klero da (1713 —
1765) istirak edirdi. Ekspedisiya 15 aydan sonra - 1737-ci ilin sentyabr ayinda geri doniir vo
nyuton nozoriyyasinin dogrulugunu soyloyir. Kleronun 1743-cii ildo yazdigi «Yerin
formasinin nozoriyyyosi» adli klassik osori do buna oyani siibutdur. Kleronun Peterburg
Elmlor Akademiyas: torofindon elan edilmis miisabigoys gondordiyi «Ay harokotinin
NoZoriyyosi...... » vo Qalleya kometasinin harokatinin tohlilino hasr olunmus asarlori Nyuton
nozoriyyasinin inkisafinda boylik rol oynamigdir. Onun birinci osori akademiyanin birinci
miikafatma layiq goriilorok 1752-ci  ildo, ikinci osori iso miisabigado yiiksok
qiymatlondirilorok 1762-ci ilds ¢ap olunmusdur.

XVIII asr hom Nyuton mexanikasi metodlarinin islahati osri kimi, hom do Nyuton
qanunlarina ekvivalent olan mexanikanin imumi prinsiplorinin axtarimasi osri kimi do
qiymatlondirilo bilor. Bu axtarislarin naticosi olaraq, statikada Dalamber prinsipi, dinamikada
Mopertyl-Eylerin on kigik tosirlor prinsipi kosf olunmusdur. Bu prinsiplor asasinda Laqranj
analitik mexanikani tamamlanmis sistem kimi yaratmis oldu.

Lagranjin «Analitik mexanika» asari iki hissadon — statika vo dinamikadan ibaratdir.

Laqgranj statikani {i¢ prinsip - lingin prinsipi, qiivvalorin toplanmast prinsipi va virtual
stiratlor prinsiplori tizorindo qurulan elm, dinamikani iso bdyiiyon vo kigilon qiivvolordon vo
onlarm yaratdig1 doyison horokatlordon ibarat olan elm adlandirmisdir.

Laqgranj klassik mexanikanin analitik metodlarini yaratmig, mexanikanin sorhadlorindon
konara c¢ixan Laqranj tonliklorini vermisdir. Miiasir dovrds nozori fizikada istifads edilon
Laqranj tonliklori tokco mexanika iiglin deyil, termodinamika, elektrodinamika vo atom
fizikasinda da ovozolunmaz hesab olunur.

Lagran;j tonliklori ilo nozori mexanika osaslarinin yaranma dovriinii sona ¢atmis hesab
etmoak olar.

Ogor XVIII osrdo mexanika tobiotsiinashign kamil bir bolmosi kimi formalasmisdisa,
molekulyar fizika sahosindo ancaq ilk todqiqatlar aparilirds. Istilik horokotinin dyronilmosing
halo XVII osrdo Heriko torafindon cohdlor edilmis, bu da 6z ndvbasinds ilk termometrlorin
yaranmasi ti¢lin zomin olmusdur. Farengey, Deli, Lomonosov, Reomer vo Selsinin yaratdigi
termometrlorin bir-birindon qurulus xiisusiyyatlorino goro forqlonmolorine baxmayaraq, bu
termometrlor iki sabit ndqtoli termometr tipinin yaranmasi iigiin atilan ilk addimlar idi.

1703-cii ilds Paris EA-smin akademiki Amonton (1663 — 1705) sabit hacmli qaz ¢onina
birlosmis monometrik boru ilo temperaturu 6l¢o bilon qaz termometrini yaratmisdir. Miiasir
civo termometrlorinin prototipi olan bu termometrdon praktik moagsadlor {iciin istifado etmok
geyri-mimkiin oldugu tg¢iin, 1709-cu ildo Qdanskli siisoiifiiron Farengeyt (1686 — 1736)
torofindon ovvolco sabit noqtoloro malik spirt termometri, sonra iso 1714-cii ildo cive
termometrlori yaradildi. Onun termometrlorinds 32° suyun donma ndqtesine, 212° suyun
qaynama ndqtosing, «0» is9 su, buz, nasatirdan (vo ya duzdan) ibarot garisigin donma
ndqtasine uygun golirdi.

Fransiz zooloqu va metallurqu Reomer (1683 — 1757) iso termometrlords «0» noqtasi
olarag suyun donma temperaturunun gotiiriilmosi fikrini irali siiriir. Onun yaratdigi
termometrlords ikinci ndqte olaraq suyun qaynama temperaturu gotiiriilmus vo bu ndqte 80
rogomi ilo gdstorilmisdir. Oz termometrinin genis sorhini Reomer 1730 va 1731-ci illords
Paris EA-nm jurnalinda ¢ap edilmis mogalslorindo vermisdir.

Reomer termometri isve¢ astronomu Selsi (1701 — 174) torofindon 1742-ci ildo
hortoraofli yoxlanildigdan sonra o, suyun gaynama temperaturunun tozyiqden asili olaraq
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doyisdiyini gérmiis vo 80 ragomi avazino 100 gdtiirmok gonastino golmisdir. Tarixgilor yazir
ki, isve¢ botaniki Karl Linney (1707 — 1788) Selsidon avval 6z tadqiqatlarinda buzun arima
temperaturu «0», suyun qaynama temperaturu «100» olan tepmometrlardon istifads etmisdir.
Miiasir dovrds bizim istifads etdiyimiz Selsi skalas1 haqiqatde Linney skalasidir.

Beloliklo, XVIII asrdo termometrin kosfi molekulyar fizika sahosinin inkisafina tokan
veran faktorlardan biri olmusdur. Bununla da termometrlordon praktikada genis istifads
edilorak istilik genislonmoasi hadisalori hortorafli Gyronilmisdi. Bu sahado Laplas vo
Lavuazyenin istilik fizikasina aid tocriibslori boyik shomiyyat kosb edir.

O dovrdo «istilik komiyyatlori», «istilik doracesi» vo buna oxsar digor terminlordon
genis istifado olunmasina baxmayaraq, temperatur ilo istilik komiyyatlori arasindaki farqi bir-
birindon ayird etmok miumkin olmurdu. Bu terminlor arasindaki farqin ilk izahi 1755-ci ildo
Lambert (1728 — 1777) torofindon verilmis, lakin miasirlori arasinda diizgun basa
diistilmomisdir.

Molekulyar fizika sahosindo Kkalorimetrik tocriibolorin  aparilmast vo miixtalif
temperaturlu bir ne¢go madds garisiginin temperaturunun toyin edilmosindo Q.V.Rixmanin
(1711 — 1753), isve¢ akademiki Tohan Vilkenin (1732 — 1796) va sotland kimyagis1 Cozef
Blekin (1728 - 1799) boylk omoklori olmusdur. Bu miislliflor arasinda yalniz Blek 1803-cii
ildo cap etdirdiyi osorindo istilik komiyyati vo tempratur terminlorini diizgiin izah etmis vo
elmo «istilik tutumu» terminini gotirmisdir. Bundan taqriban 50 il sonra istilik komiyyati
qiymatlondirilorak «kalori» adlandirilmisdir. Lavuazye vo Laplas 1777-ci ildo buz kalorimetri
diizoldorak miixtalif cisimlorin xisusi istilik tutumlarini toyin etmislor.

Belolikla, XVIII asrdo mexanika sahasinds oldugu kimi, molekulyar fizika sahasinds do
bir gox ixtiralar edilmis v istiliyin elmi nozoriyyasi yaradilmigdir.
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Pezrome

3necy XVIII Bek onieHMBaICS U KaK BEK peopMbl HBIOTOHOBCKHUX METOJIOB MEXaHUKH,
U Kak BEK MOMCKa OOIIMX MPUHIIUIIOB MEXaHUKH, SKBHUBAJICHTHBIX 3akoHam Hpiorona. B
pe3ynbTaTe 3THX MOUCKOB ObUIM OTKPBITHI NpuHUUIN JlamamOepa B cTaTMke M IPUHLHUII
HauMEHBIIEro BIMAHUA MomnepTu-Oiiepa B AMHAMHKE. bBbIIM  Takke HCCIeT0BaHbBI
UCCIIEIOBAHUS, MIPOBOJUMbBIE B 00JIACTH MOJEKYIspHOU (U3MKH, U ObUIa CO3/1aHa Hay4Has
Teopus Teruia.

Summary

Here the 18th century was regarded both as the century of the reform of Newtonian
methods of mechanics and as the century of the search for general principles of mechanics
equivalent to Newton's laws. As a result of these searches, the d'Alembert principle in statics
and the Mauperty-Euler principle of least influence in dynamics were discovered. The
research being done in the field of molecular physics was also investigated and a scientific
theory of heat was created.
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FiZiIKA KURSUNUN TODRISINDO INTEQRASIYA VO ONUN PSiXOLOJI -
PEDAQOJI OSASLARI

dos.Huseynov R.K!., Aslanova L.S!., Hiseynova A.V2., Yusubova L.E3
Ganca Dovlat Universiteti
Ganca - Daskasan Regional Tahsil Idarasi
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Acar sozlor: fonndaxili inteqrasiya, assosiativ — reflektor tabist tolimi, lokal vo xiisusi
sistemli assosiasiyalar, inteqrativ talim, fordi is plani, professional soviyya

KuroueBble ciioBa: MEXIUMCIUIUIMHAPHAS MHTETPaLlls, aCCOLMATUBHO-PEQIIEKCUBHBIN
XapakTep O6y‘I€HI/I$[, JJOKAJIBbHBIC U CIICHUAJIBHBIE CUCTCMHBIC 06L€I[I/IH€HI/I${, HUHTCIrpaTUBHOC
oOyueHue, MHAWBUTyalbHBIN IJ1aH paboThl, NPOpECCUOHATbHBINH YPOBEHb

Key words: interdisciplinary integration, associative-reflexive nature of learning, local
and special system associations, integrative learning, individual work plan, professional level

Fonlarin olagoli, inteqrativ tolimi prosesi zamani sagirdlorin montiqi tofokkirinin
inkisafinda bir — birina yaxin olan fonlorin vo fondaxili mévzulari darindan 6yranilmasi
kompleks yanagmanin asasmi tagkil edir. Muasir tam orta tohsilin Ustlnlik verdiyi magsad
sagirdin ~ soxsiyyatinin  inkisaf  etdirilmasidir. Bu  moqsed  tolim  prosesinin
humanistlosdirilmasi, sagirdin asash inkisafi tiglin potensialin yaradilmasi ilo alds olunur. Bu
mogsada ¢atmagq Uglin inteqrasiya asasinda tolimdan istifado olunmalidir. Tohsilds inteqrasiya
proseslori — psixoloji vo pedaqoji baximdan tahlili zaruri olan, kifayat godor mirokkab,
gostaricilorinin muxtalifliyina goro kompleks va hartorafli bir anlayisdir. Inteqrasiya osasinda
talimin asas moagsadi diinya haqqinda biitov toSovviir yaratmagqla sagirdlorin aqli inkisafinin
tomin edilmasi ilo baglidir, buna gora do biliklorin psixofizioloji asaslarmi, usaqligda asas
tofokkir foaliyystinin inkisafinin faktiki xiisusiyyatlori haqqmnda doqiq tosovvirlori
muayyanlosdirmok lazimdir. Talimin nazari vo praktik osaslarmin tahlili gostorir Ki, biliklori
gavrama mexanizminin vo onlarin inteqrasiya prosesi, iki psixoloji konsepsiyaya: oqli
faaliyyatin morhalali formalasmasi nozariyyasi vo aqli faaliyyatin assosiativ-reflektor tabisti
tolimina sOykanir.

Bu konsepsiya yeni biliklorin formalasma mexanizmini basa salir, dyradilon soxsin
hoyata keg¢irdiyi ardicil faaliyystin (maddi sokilds olan obyektlo faaliyyat, xarici nitq soklinda
foaliyyat, 6zii haqqmnda xarici nitq, daxili nitq diisiinca faaliyyati Kimi) integrasiya sayssinds
otraf mihitdon alinmis obyektiv informasiya sagirdin beynino hokk olunaraq onu
zonginlosdirir. Konsepsiya biliklorin sintezinos, oslagelorin yaranmasina vo onlarin tolim
prosesinda sistemino psixoloji torofdon agigqlama verir. Y.A.Samarin torofindon todqiq
olunmus oqli foaliyystin assosiativ-reflektor tabiotinin psixofizioloji nazariyyasi inteqrasiya
proseslorinin 6zUnd biruzs vermasine yonalmisdir. Assosiativ tofokkiir hagqinda nozariyyanin
asasm1 miallifin — hor bir bilik assosiativdir, biliklor sistemi iso assosiasiyalar sistemidir —
fikri toskil edir. Togdim olunmus tosnifata asason tolim prosesindo yaranan assosiasiyalar
(assosiasiya latin dilindan tarcimada «birlogdirmak» demokdir) pillo-pilla ¢atinlagan bir nega
néva ayrilirlar: lokal, Xxtsusi sistemli, daxili sistemli vo sistemarasi. Inteqrativ olagolor
elementar hissalora  bolinmoyarok daha sado olur. Y.A.Samarinin xususi sistemli
assosasiyalar adlandirdigi sistemli assosiasiyalar soviyyesindo iso assosasiyalar konkret
moOvzu Vo ya cisim, anlayis haqqinda materialin 6yronilmasi zamani yeni faktlar vo anlayislar
daha ovval olds edilmis faktlarla miiqayiso olunanda yaranir. Bununla da, biliklorin on adi
Umumilosdirilmasi bas verir, lakin bir - birino yaxin biliklorlo uygun galmirlor. Bu marhslodo
sagirdlordo analitik-sintetik foaliyyst névu yaranir. Dars movzusunun, kursun bélmalori
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arasinda yaranan sabab-notica, zaman, kamiyyat oslagalorini 6ztinds oks etdiron vo bu zaman
Oyronilon obyekt cargivasinda biliklordon genis istifado olunan integrasiya olagalorini tam
bilik sistemini (bioloji, fiziki va s.) tomin edan fondaxili assosasiyalar adlandirirlar. Sistemli
assosasiyalarin yiliksok marhalosi vo buna uygun olaraq, aqli foaliyystin yiksok pillasi
muxtalif didaktik materiallarin arasinda yaranan olagodir, vo ya sistemlorarasi assosasiya,
muxtalif bilik sistemlorini birlogdirir, {imumilosdirir, cisim va Yya hadisanin muxtolif
rakurslardan Oyronilmoasino imkan verir. Bu assosiasiyalar morhalosinds timumi anlayiglar
yaranir, mixtalif bilik sahslorinin govusmasinda qarsiliqli olagolorin yaranmasina sorait
yaranir. Beloliklo, assosasiyalarm inteqrasiyasinin inkisafi dinamikasinin tomsli qoyulmus:
lokal vo xususi sistemli assosasiyalar fondaxili assosasiyalarin asasini toskil edir, sonuncu iso
0z nBvboasinds fonlorarasi assosiasiyalari yaradir.

Belalikla, elmi ixtisas adabiyyatinim tohlili gOstarir ki, bu gun heg bir pedaqoji Ligatdo,
pedaqoji ensiklopediyada vo ya molumat kitabgasinda «inteqrasiya» anlayisinin torifi yoxdur,
halbuki pedaqoji vo metodik odsbiyyatda kokiinds «inteqrasiya» s6zl olan ¢ox sayda
terminlordon genis istifado olunur. Masolon, inteqrasiya olunmus vo inteqrativ kurslar,
inteqrasiyali talim, inteqrasiya asasinda dors va s. Lakin bu giin bir sira pedaqoji tadgigatlarda
alimlor pedaqoji inteqrasiya fenomenino torif vermoyo calisirlar: Inteqrasiya — «bir-biri ilo
Uzvi olagodo olan, otraf muhito analoji olaraq yaradilan dors fonlorinin sistemidir...».
Inteqrasiyanin asasimi1 — diinyada hor sey bir-biri ilo alagodadir, «asili olmayan» heg no yoxdur
— aksiomu toskil edir. Inteqrasiya — «sistemin boyilk organik vohdoto dogru horokot
etmosidir». Inteqrasiya — «bilik vo bacariglarm biitdvliiyiinii tomin etmoys yonoldilmisdir».
Inteqrasiya — «tobiot ganunlarmin iimumilik vo vohdat, subyekt torofindon diinyanm tam dork
etmosi asasinda tohsil mozmununun toskilinin aparici formasidir». Inteqrasiya - «mioyyan
fonnlarin sarbast bir sistemds sintez olunmasi, magsady6nli birlosmasidiry». Yuxarida aparilan
mugayisa noticasinds meydana ¢ixan olamotlorin obyektiv nozari giymati bizo 6zimdizin
pedaqogikada «inteqrasiya»nin tarifini vermays asas verir. Odur ki, pedaqoji inteqrasiyani biz
sagirdlorin 0zlorini inkisafa aparan tohsil sistemi cor¢ivasinds talimin mazmun, forma va
metodlarinim eynitipli hissalarinin vo elementlorinin mogsadyonli taskil olunmus strukturlu
alagasi kimi saciyyalondirs bilarik.

Muasir talimin integrasiya osasinda toskili mohz tohsilin kurikulum modelinin tatbigi
zamani mimkiindiir. Kurikulumun nazari problemlarindan biri onun névlarina gors tosnif
olunmusdur. Bu masalodan bahs edan alimlorin fikrinca, kurikulumlarin névlari barads yekdil
fikir yoxdur. Bu da ondan irali galir ki, kurikulumlar1 tasnif edarkan ona mixtslif prinsiplarlo
yanasilir: ya xarakterlorins, ya toyinatmna, ya da moazmun va strukturuna goro miinasibat
bildirirlor. Butin mogamlarda elo kurikulumlar vardir ki, onlar iimumi 6lko Saviyyasinda
gobul olunmagqla genis miqyasda tatbiq edilir. Mahiyyat etibar1 ilo belo kurikulumlar milli
xarakter dasiyir vo ona gOro do Milli Kurikulum adlanir. Ayri-ayr1 fonlorin biitdvlikds
xususiyyatlorini  ohato edon kurikulumlar iss fonn kurikulumlari kimi tanmir va
doyorlondirilir. Inteqrasiya — mioayyan tohsil sistemi gorcivesinds sagirdlorin tofokkirtinds
diinyanin biitév va bolinmaz obrazimi formalasdirmaq, onlar1 inkisafa vo oziiniiinkisafa
istigamatlondirmok mogsadilo talimin bitin mozmun komponentlori arasinda struktur
olagalori qurmag Vo onlar1 sistemlosdirmokdir. Mduasir dinya toacribssinds, asasan,
inteqrasiyanin iki saviyyasi farglondirilir: Fondaxili inteqrasiya — miayyan bir fonnin asiladigi
an- layis, bilik vo bacariqlarin olagolondirilmosi — fonn daxilindoki faktlarin
sistemlogdirilmosidir. Belo Soviyyado inteqrasiyani verilmis materialin ayri-ayri todris
vahidlarindo comlosdirilmasi do hesab etmok olar. Fondaxili integrasiya 6z névbasindo hom
ufiiqi, hom do saquli ola bilor. Talimin mozmununun bu models uygun sistemlosdirilmosi
sagirdlorin tofokkiriinds diinyanin biitév vo bolinmoz obrazinin yaradilmasi ilo yanagi, ham
do iimumelmi anlayislar, kateqoriyalar vo yanagmalarla xarakterizo olunan yeni tip biliklorin
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formalasdirilmasina tokan verir. Fonlorarasi inteqrasiya — iKi Vo ya daha artiq fannin ohato
etdiyi anlayzs, bilik, bacariq vo prinsipin sintezidir. Bu integrasiya bir fonns aid olan ganun,
nozariyys vo metodlarin basqa bir fannin dyradilmasinds istifadasini nozards tutur.
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Pe3rome

WHTerpanmoHHble TIPOIECChl B 00pa30BaHUM — CJIOKHOE M KOMIUIEKCHOE TIOHSTHE,
TpeOyrolee aHaan3a ¢ MCUXO0JIOTO-TIEAarOrHUYecKO TOUYKH 3PEHUs], JOCTATOYHO CIIOXKHOE, B
CuJIy MHOTOoOOpasusi ero mokasareneid. B nmanHoi pabote ObUIO OMpenereHo, YTO OCHOBHAS
1eMb 00y4YeHHST Ha OCHOBE WHTETPAIlUH CBS3aHA ¢ 00ECIEYCHHEM IICHXHUYECKOTO Pa3BUTHS
yUaluxcss ~ TyTeM  CO3/IaHWs  IEIOCTHOTO  TIPEACTaBJICHUS O  MHpE, TOITOMY
MICUX0(U3UOJOTHICCKIE OCHOBBI TIO3HAHMS, COOCTBEHHO OCOOCHHOCTH Pa3BUTHS BBISCHEHA
OCHOBHAsI MBICITUTEIIbHAS JCSITEIILHOCTD B ISTCKOM BO3pacTe.

Summary

Integration processes in education is a complex and complex concept that requires
analysis from a psychological and pedagogical point of view, rather complex, due to the
variety of its indicators. In this work, it was determined that the main goal of education based
on integration is related to ensuring the mental development of students by creating a holistic
view of the world, therefore, the psychophysiological foundations of cognition, the actual
features of development, the main mental activity in childhood was clarified.

QEYRI BIRCINS CUBUQLARIN MOXSUSI ROQSLORININ TODQIQININ
DAYANIQLI SISTEMINDO ANALIZI

Tagiyeva S.A.
Ganca Dovlat Universiteti

Acar sozlor: elastiklik, mohkomlik, zorbolora qarsi, davamliliq, deformasiya, birqath
va ikiqath ¢ubugq, statiki vo dinamiki yiiklor, rags tezliyi, geyri —bircins, dayaniqliq

KiaoueBble ciioBa: YIIpyrocrb, IMIIPOYHOCTh, YAAPONPOUYHOCThb, MHOOJIOBCYHOCTD,
negopmanusi, OJHOCIOMHBIA U JABYXCIOWHBIA CTEpKEHb, CTATUYECKUE U JAUHAMUYECKUE
Harpys3ku, 4actoTa KOJ'IC68.HPII>1, HCOOAHOPOAHOCTD, YCTOI‘/JILII/IBOCTB

Key words: elasticity, strength, impact resistance, durability, deformation, single-layer
and double-layer rod, static and dynamic loads, oscillation frequency, heterogeneity, stability

Miiasir texnikanin siiratli inkisaf etmosi onun qarsisinda miiayyan taloblor goyur. Bu
toloblor nadon ibaratdir. Texnikada istifado olunan materiallarin elastikliyi, mohkomliyi,
zarbolors garsi davamliligi, dayaniqligi, deformasiya olunma doracasi onlarm se¢imindon asili
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olan bir problemli masalodir. Bu zaman fiziki parametrlori 6zlinds yiiksok halda holl edon
muxtalif vo qgeyri — bircins materiallardan hazirlanmis birqathh vo ikiqathh g¢ubuq
konstruksiyalardan istifado edilmosino genis tolobat vardir. Konstruksiya sistemli bu
elementlordon tez — tez istifado edilmasi, onlarin statik vo dinamiki yuklorin tosirindon
dayaniqliq va ragslori masalalarin tadqiqi metodikalarin islondiyi zaman materiallarin real
fiziki — mexaniki xassalorini vo is rejimini nozoro almagla 6yronilmasi zorursti yaradir. Bu
moasaloni geyri —bircinsliyin tGzarinda nozordon kegirok vo onun halint 6yronok. Riyazi olaraq

L@=1+ 4B o ®

fz(x)=1+a% )

olan hala baxaq [2.13]. Nozoars alsaq rags tonliyi asagidaki kimi olar.
4 3 2
Kil{(1+a%jau+2aau}+m80=0 (3)

ox*  rox® o’
[2.24] tonliyinin ifadasinds Ki uygun olaraq toyin edilss onda
K, Hm a% V(x) + 2%v n (x)} MoV () =0 (4)

Bu ¢ubugun konarinin oynaglara barkidildiyi hal G¢tin hall olunan masaladir. Maxsusi
rags tezliyi ti¢iin asagidaki formulu tayin etsok. Onda

4
a)2: E Q 1+g
14 m 2

o’ =} -¢2(1+%J

Vo ya

Burada ¢, ®°=a] ¢, ifadssindon tayin olunursa onda geyri — bircins materaillar

tictin dayaniqli halda bunu qrafiki formada hesablamalara asagidaki kimi asason gostormoak
olar
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l;: 0,20 0,04 0,06 0,08 0,1
ﬁ

Aparilan naticalor {igiin xiisusi halda hesablamalar asagidaki verilonlora asasan yerino
yetirilmisdir.

1) a=0; B =0, B,=0

2 a=l A=1 p=1

3) a=2, B=2 p,=2

Aparilan bu moasalonin holli ona imkan verir ki, bir cox hallarda geyri — bircins
materiallardan hazirlanmis bir vo iki layli gubuq konstruksiyalart miixtalif dinamiki yiklorin
tosiri altinda vo eyni zamanda miigavimot gostoran elastiki muhitlords isloma gabiliyyatins
malikdirlor. Bu zaman elementlorin dinamiki dayaniqligma va ragslori prosesina muxtolif
parametrlorin tasirinin totbiq edilmosi miiasir texnikanin va insaat mexanikiasmin an aktual
moasalalarindan biridir.
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Pe3rome

B Hactosmee BpeMs CyHICCTBYCT IJ_II/IpOKI/Iﬁ CIIpOC HAa IMPUMCHCHUC OJHOCJIOMHBIX H
ﬂBYXCHOﬁHbIX CTCPIKHECBBIX I(OHCTp}I'KI_II/Iﬁ N3 pas3IMYHbIX W HCEOAHOPOJAHBIX MATCPHUAIIOB,
peaiaronmx (bI/I3I/I‘-IeCKI/Ie napamMeTpbel Ha BBICOKOM YPOBHC. YacToe HCIOJIB30BAaHHUE 3THUX
9JICMCHTOB KOHCTPYKTHBHOﬁ CUCTCMBI, HX YCTOP'I‘IPIBOCTL U KoJieOaHMs noJ JeHCTBUEM
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CTaTUYECKUX U JTUHAMHUYECKHX HArpy3ok OOYyCIOBIMBAIOT HEOOXOJUMOCTh H3YUCHHS
peanbHBIX (PU3MKO-MEXaHMYECKUX CBOWCTB MaTepHajoB M peXuMa HX pabOThl IMpHU
pa3paboTKe METOJIOB.

Summary

At present, there is a wide demand for the use of single-layer and double-layer rod
structures made of various and inhomogeneous materials that solve physical parameters at a
high level. The frequent use of these elements of a structural system, their stability and
fluctuations under the action of static and dynamic loads necessitate the study of the real
physical and mechanical properties of materials and their mode of operation in the
development of methods.

ELEKTROMAQNIT DALGALARI MOVZUSUNUN TODRiSi METODIKASI.

Dos. Quliyev N.I., P.f.d. Riistamova S.K., Zorbaliyeva V.S?., Novruzova G.N.2
Ganca Doviat Universiteti*
Azarbaycan Déviat Aqrar Universiteti?

Acar sozlor: maqgnit sahosi, vakuum, siirot, tezlik, dorslik, Pedaqoji problem,
innovativlik, intedrativ, niimayis tocriibalori, praktik islor.

KiloueBble ciioBa: MarHuTHOE TMOJe, BakKyyM, CKOpPOCTb, 4YacTOTa, Y4eOHUK,
Henarornqecxaﬂ 3aJaa4a, WHHOBAaIIMOHHOCTB, HUHTCIrpaTUBHOCTD, JCMOHCTpPAlIMOHHBIC
OKCIICPUMCHTBI, IIPAKTUUCCKUC 3aHATHA.

Key words: magnetic field, vacuum, speed, frequency, textbook, Pedagogical task,
innovativeness, integrativeness, demonstration experiments, practical classes.

Azorbaycanm tohsil sistemindo zoruri islahatin aparildigi bir soraitdo todris
programlarinin, materiallarmin tokmillosdirilmasino, yeni dorsliklorin yazilmasma boyuk
ehtiyac duyulur. Dunyada gedon qloballagsma vo Azorbaycan tohsil sisteminin Avropa tohsil
sistemino inteqrasiyasi tohsil sistemindo yeni tolim texnologiyalarindan, foal vo interaktiv
tolim metodlarindan, yeni texnologiyalardan istifad

o edilmosini tolob edir. Bu toloblor fonlorin todrisi prosesindon yan ke¢mir.

Bu baximdan Fizika fonn standartlarmin taloblorino asason mixtalif tobiotli rags vo

dalgalarin fizikanin uygun bélmalorinds 6yronilmasi nozards tutulmusdur. Bels ki, mexaniki
ragslor va dalgalar haqqinda ilkin sistematik anlayislar fizika todrisinin birinci pillasinin VII
sinfindo “Mexaniki rogslor vo dalgalar” faslinda verilir. Eyni mdvzu daha dorindon vo
glclondirilmis riyazi aparatla fizika todrisinin ikinci pillasinin X sinfindo 0@yranilir.
Elektromaqgnit rogslorinin xarakteristikas1 vo xassolori hagqmda molumatlarin iso talimin
mozmun standartlarma asason Xl sinifdo verilmoasi nazards tutulmusdur. [1].
Elektriklonmis cisimlor arasinda qarsiliqh tasiri masafodon Otliron sababi toyin edo bilmak
Uclin tolob olunan zoruri sortlorin mioyyanlosdirilmasine aid arasdirmanin aparilmasi,
elektrik yukdnlin - elektromagnit sahosi yaratmaq xassesi oldugunu, elektrik yiikiiniin
xususiyyatlori vo elementar zorrociklorin movcudlugu elektrodinamikani fizikanin digor
bdlmalarindan farglondirmoa, elektromagnit sahasi va onun tazahiir formalarina dair nozori
bilik vo praktik bacariqlarin geniglondirilmosi, elektriklonmis cisimdo elektrik yuklorinin
kecirici cismin sothindo neco paylanmasini toyin edo bilmok Uglin tolob olunan nozori
aragdirmanin aparilmasi zoruridir.
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Bu béImanin tahlili gox boylk shamiyyato malikdir. O, sox genis hadisalori ohats edir;
elektrik vo is1q hadisalori arasindaki rabitoni mioyyan edir, muxtalif ndv radiorabitani,
telemexanika, kampyuter texnikasini va S. XI sinif fizika kursunda “Elektromaqnit dalgalar1”
todris vahidinin todris edorkon, sagirdloro “Maqnit sahosi”, “Elektromaqnit induksiyas1”,
“rogs konturu” movzusunun todrisindon baslamaq lazimdir. Elektromaqnit induksiya hadisasi
vo 0z-0zlino induksiya hadisosi gostordi ki, zamana goro doyison maqnit sahosi fozada
burulganh doyisen elektrik sahosi yaradir. ingilis alimi Ceyms Klerk Maksvel (1831-1879)
1873-cii ildo nosr etdirdiyi moshur “Elektrik vo maqgnetizm {lizro traktat™ adli asorindo belo bir
forziyyoni osaslandirdi ki, burulganli elektrik sahasi do fozada doyison maqnit sahosi yaradir.
Bu zaman doyison magqnit vo elektrik sahslorinin qiivve xatlori biri digorini ohato edir.

Roags konturu bohsinin dyronilmasinds dayison coroyanin tasirlorinin dyronilmosindon
baslamaq lazimdir. Dayison coroyanla qidalanan elektromaqnitin yaxinliginda yerloson domir
16vhonin rogsini xatirlatmaq olar. Bu is sads tocriibalorlo dyronilo bilor. Hoalgovi kegiricinin
yaxmliginda maqnit aqrabi yerlagdirib, holgavi keciricido carayani har ciir qapadiqda va ya
coroyan siddotini doyisdikdo maqnit oaqrobi horokoto golir. Birinci tocriibado 16vhonin ragsi
zamani vo ikinci tocriibodo magnit oqrobinin horokoti zamani is giiriiliir. Bu is, holqovi
keciricidoki caryanin enerjisi hesabima amalo golir.

Bu tacriibalorls, bolmanin asagidaki asas qaydalart miiayyan edilir.

1. Enerji fozada kegiricisiz yayila bilor.

2. Enerjinin belo yayilmasi ancaq holgavi kegiricids, coroyan siddstinin doyisdiyi
zaman amolo golir. Carayan siddotinin doyisdiyi zaman enerjinin belo yayilmasi
stialanma adlanir.

Coroyan siddotinin doyismosi elektrik yeklorinin horokot tocili ilo alagodardir. Tocil bdyiik
oldugdqa stialanmada bdyiik olur. [3].

Yiiklorin qorarlagmis horokoti siialanma ilo miisahido olunmur. Hom sabit, hom do
doyison coroyanda enerjinin bir hissasi coul istiliyino sorf edilir. Xiisusi olaraq geyd etmok
lazimdir ki, doyison coroyanda hotta enerjinin minumum hissasi coul istiliyina sorf edilorkon
belo, enerji siialanmaya sorf olunur.Halgovi kegiricinin gqapanmasi ilo edilon tocriiboni yiiksok
tezliklo tokrar etmoklo gostormok olar ki, siialanmanin giicii, doyison coroyanin tezliyinin
artmasi ilo artir. Buradan, ¢ox boyiik tezliklo elektrik yiiklorinin yerdoyismosi, yoni elektrik
rogslorinin oyanmasi haqqinda mosolo meydana ¢ixir.

Bu tohlili apararkon sagirdlorin tosovviiriindo, elektrik intensivliyi vektoru rogslori ilo
(kondensator sahosindo), maqnit intensivliyi vektoru rogslorinin (makara sahosinds) eyni
zamanda omoalo golon elektrik vo maqnit sahalorindoki rogslors, elektromaqnit rogslori deyilir.

Fozada elektromaqnit dalgasi anlayis1 izah edilorkon qapali rogs konturunun agiq raqgs

konturuna g¢evrilmasine nozordon kecirilir, elektrik vo maqnit saholorinin ohato etdiyi fozada
yayilmasimdan ibarot elektromaqnit siialanma prosesi izah edilir.

Elektromaqnit dalgas1 haqqinda tohlil zamani hers tocrubssi niimayis etdirilir, Hersi, *“ dipol”
adlanan vibratorunun qurlusunu izah etmok lazimdir. Rogs tezliyinin artasi ilo stialanmanin
giici do artwr. Tezlik iso tutum vo 0z-0zlino induksiyanin azalmasi ilo artir. Hers, bu
azalmaya, uclar1 kiiro ilo qurtaran vo aralarinda qigilcim sigrayan eyni uzunluqlu metal
cubuglardan togkil edilmis 6z dipolunda nail olmusdur. [2].

Beloliklo elektromaqnit dalgalarinin  izahin1 radiorabitonin izah1 ilo yekunlasdirib
elektromaqnit dalgasinin bozi xassolorini sadalayiriq.

- Elektromaqnit dalgas1 enino dalgadir. Belo ki, elektromaqnit dalgasinda elektrik sahasinin
intensivlik vektoru (E), magnit saha induksiyas1 vektoru (B) vo dalganin siirat vektoru (u)
homisa qarsiligh perpendikulyardir.

- Bu dalganmn yayildigi fozanin ixtiyari ndqtosindo intensivlik vektorunun modulunun
doyismasi induksiya vektorunun modulunun doayismasi ilo mitsnasibdir.
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- Elektromaqnit dalgas1 hom vakuumda, hom do mihitds yayila bilir. Onun vakuumda
yaylilma siirati is1igm vakuumdaki siiratine barabardir:

1 _3q00 ™

NEy san 1)

Burada &€; vo Hy— uygun olaraq elektrik vo magqnit sabitidir.

CcC=

- Elektromaqgnit dalgasinin miihitds siirati is1gin miihitdo yayilma siiratino barabor olub
miihitin xassosindon asilidir:

o @
Burada & vo M uygun olaraq miihitin dielektrik vo maqnit niifuzlugu, n- mihitin
sindirma omsalidir.

Ay =—=cT
Elektromagnit dalgasinin vakuumda dalga uzunlugu: v (3)
Elektromagnit dalgasinin miihitds dalga uzunlugu vakuumdakima nisboton n dofo kigikdir:
A
1=20

n (4)
- Elektromaqnit dalgas1 enerjiyo malikdir. Bu dalgalar kecirici naqilo catdiqda enerjinin bir
hissasi udulur vo orada siirotlo doyison elektrik coroyani yaradir.
- Elektromaqnit dalgas1 iki miihitin ayrilma sorhadindon qayitma vo sinma Xassasind
malikdir.
- Elektromaqnit dalgasi fozada sopilmo, suda udulma xassesine malikdir vo s. [2].

EM dalgalarinin mévcud oldugu 180 il orzindo demok olar ki, onlar insana foaliyystinin
biitiin sferalarina daxil olaraq todricon daha boyik oshomiyyat kasb etmokdadir. Qeyd
edilmalidir ki, EM siialandiricilarinin novlori, say1 vo giicii daim artmaqdadir.XUsusi ilo da,
moisatdo islodilon elektron avadanhqlardan(telefonlar, ol telefonlari, kompiiterlar,
mikrodalgali sobalar vo ¢oxlu sayda digar elektrik maisat cihazlari) istifado etmo ¢ox yiksok
hoddo golib ¢atmisdir.Bu avadanhqlarm hor biri miayyan tezliys vo glco malik EM
stialanmalar1 yaradaraq insan organizmi {i¢iin miioyyan tohlikos vo problemlor yaradir. Bu
sobabdon do miuasir dévrin oasas problemlorindon biri bosoriyysti ionlasdirici va qeyri-
ionlasdiric1 siialanmalardan miihafizo etmok mogsadilo mixtalif xdsusi tadbirlorinin islonib

hazirlanmasi boyiik shomiyyat kasb edir. [4].
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Pezrome

B cratne H€O6XOI[I/IMO OIIPCACIUTDb H606X0,Z[I/IMLIG yCJI0BUA IJI1 OIIPEACIICHUA ITPUYIHNHBI
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QJICKTPUYCCKOTO 3apsjaa - CBOMCTBO CO3JaBaTh QJICKTPOMATrHUTHOC TIOJIC, XapaKTCPUCTUKHU
QJICKTPUYCCKOTO 3apdlla U CYHICCTBOBAHUC DJJICMCHTAPHBIX 4YaCcTULl , OTJIWYAIOIINC
QJICKTPOAUHAMUKY OT JAPYIUX pPas3aciioB (I)I/ISI/IKI/I, QJICKTPOMArHuUTHOC TIOJIC U q)OpMBI €ro
HpOHBJ’ICHHﬂ.TGOpeTI/I‘leCKI/IC HUCCICA0BaHUs, HeO6XO,[[I/IMI>Ie AJI paCHIPCHUA TCOPECTUICCKUX
3HaHUH U MPAKTUYCCKUX HABBIKOB, OIPCACICHUA TOI'O, KaK J3JCKTPUUCCKUEC 3aps/bl
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pacIpenenaoTcs Ha IOBEPXHOCTH IPOBOJALIETO TElNa B HAIEKTPU30BAHHOM  TEIE
IIPOBEACHHBIN.

Summary

In the article, it is necessary to determine the necessary conditions to determine the
cause of the interaction between electrified objects, to determine the property of electric
charge - the property of creating an electromagnetic field, the characteristics of electric charge
and the existence of elementary particles, distinguishing electrodynamics from other branches
of physics, the electromagnetic field and its forms of manifestation. Theoretical studies
required for the expansion of theoretical knowledge and practical skills, determination of how
electric charges are distributed on the surface of a conductive body in an electrified body were
conducted.

ORTA MOKTOBDO FiZIKADAN MOSOLO HOLLIi PRAKTIKUMUNUN
OHOMIYYOTI

Dos. Quliyev N.I., Musayev S.X., Abdullayev S.M.
Ganca Dovlat Universiteti

Acar sozlar: fizika, metodlar, problem, hall, totbiq tapsiriglar
KuroueBoe cj10Bo: hrznka, MeTo b1, IpobemMa, perieHne, MpukKIaaHbie 3a1a9u
Key words: physics, methods, problem, solution, applied problems

Fizikadan masalo halli tadris isinin zaruri elementidir. Fizikanin dyradilmasi prosesinda
digar todris tsullar1 ilo yanast masalo hallido xUsusi shamiyyast kasb edir. Fizika mosalalori
fizikan1 6yronanlora fiziki ganun va ganunauygunluqglar1 dorindon arasdirmaq, onlar1 daha
dagig 6yronmok va masals hallinds mivaffagiyyatlos tatbig etmok bacarigi formalasdirir[1].

Fiziki biliklorin konkretlogdirilmoasi masalo halli zamani daha miikkommoal yaddasa
hopur. Masalo holli fizikan1 Gyronanlords fiziki anlayislarin fiziki mahiyystini daha
mikommsal basa diismoys sobob olur. Ona g6ro do fizikanin todrisi prosesinds moasalo
hollinin danilmaz shomiyyati var.Fizikadan masalo halli sagirdlords tobiot hadisaloring
marag1 artirir vo fizika fonnini sevdirir. Masalo hallinin elo dsullar1 var ki, hamin Gsullar
sagirdlordo ixtiragi olmaga hovas yaradir vo homin sagird golocokds elmi — tadqiqat isi ilo
mosgul olmaga meyilli olur. Belo mosaloloro misal olarag eksperimental — masalalori
gostarmok olar[2,3].

Eksperiment aparmagla mosaloni holl etmok {igiin niimayis stolunda lazim olan
lovazimatlardan istifado edorok tocriibi yolla mimkin olan komiyyatlori dlgmak, sonra isa
molum dusturlardan istifado etmoklo axtarilan1 tapmaq vo ya hesablamag mimkin olur. Bu
proses sagirdlorin 6zlori torafindon aparilan kigik, (sagirdlor tgtin boyik) elmi — tadgigatin
naticasi  Kimi gobul olunur vo onlarda elms boyiik maraq yaradir.Eksperimental masalolorin
holli zamani sagirdlor moaisat asyalari ilo roftari, tacriiboads istifads olunan cihazlardan istifado
gaydalarmni onlarin is prinsiplarini vo s. daha mikommoal dyronirlor[4,5].

Elo eksperimental mosalalor segmok olar ki, sagirdlorin 6zlori lazim olan disturu
alsinlar vo onun kdmayi ilo garsiya qoyulan masaloni hall etsinlor. Masalon, ¢okinin vektorial
komiyyat oldugunu tacriibi olaraq stibut etmok t¢in ips baglanmis su ilo dolu vedra misalini
gOstarmok olar. Bu keyfiyyat xarakterli eksperimnetla mosaladir. Bu mosalalarin hallinds an
az1 iki dofs ips baglanmis su ilo dolu vedrs saquli miistovids firladirlmalidir. Birinci halda
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vedroelo siratlo firladilir ki, ciza bilocayi Gevronin yuxari ndqtesine ¢atmamis su tokiliir,
vedro dolu halda iss elo sirotlo firladilir ki, yuxar1 ndqtoys galxsada su toklimir. Bu
tocrubalorlo sagird ¢oki haqqinda otrafli vo aydin biliya malik olur va bilir ki, birinci halda
v<uv,;, oldugda su tokdlur, ona gors ki, a < g olur, ¢oki asag1 yonalir va gaki p=m(g —a)
disturu ilo hesablanir. ikinci halda isa v >wv,,, olur, a>g olur, ¢aki p=m(a—g) dusturu
ilo hesablanir va ¢oki yuxar1 yonalir, ona gora do su tokulmr.

Beloliklo, sagirdlor tocruba yolu ilo qarsiya qoyulan keyfiyyot xarakterli eksperimental
moasalani hall edir, ¢akinin istigamatinin a vo g tacillorinin mugayisasinini naticasi oldugunu
basa diislir. Belo masalolor sagirdlords fizikan1 6yronmoys maragi artirir Vo sagirdlora fizikani
sevdirir.

Fizikanm 6yrodilmasi isinin toskilindo bdlmalor arasi genetik olagonin yaradilmasi da boyiik
rol oynayair.

Fizikanin tokrar1 zamani fiziki biliklorin  m@hkomlonirilmasi, montigi tofokkirin
formalagdirilmasi isindo bOlmolor arast  genetik olagolora aid olan mosalalorin halli
ohomiyyatli rol oynaywr. Fiziki qanun vo qanunauygunluglari 6yronmok iigiin fizikanin
muxtalif bdlmolarini okato edon elo masalalor secilir ki, homin mosalaliri hall etmok tgiin an
az1 iki bolmoys aid olan ganunlar1 tokrar etmok zoruroti meydana ¢ixir. Hotta elo mosalo
goymag mimkindir ki, 0 masalada nainki, iki daha ¢ox bdlmoni tokrar etmak talob olunsun.
Belo masalalor asason program tam todris olunub qurtardigdan sonra hall edilir. Bélmalor
aras1 genetik olagoys aid masalalorin halli sagirdlords fizika biliklorinin hansi soviyyads
oldugunu, fizikanin hans1 bolmasini daha zoif bildiklorini vo s. askar etmoys imkan verir.
Belalikla, sagirdlor hans1 bolmoni daha darindan tokrar etmayin lazim oldugunu anlayir.

Gorlindiiyi kimi, fizikanin todrisindo fizika mosalolorinin bdylk rolu vo ohomiyyati
vardir.

9Odabiyyat

1.Toahsilin konsepsiyast (Milli Kurikulumu) Azorbaycan Respublikasi Nazirlor Kabinetinin 30
oktyabr 2006-c1 il tarixli, 233 nomrali gorari ilo tasdiq edilmisdir

2.0rta imumtohsil moktablarinin “Fizika “darsliklori. 2022-ci il

3.S.Q.Abdullayev. Fizikadan masalolor. IX-XI. “Kiir” nasriyyati. Baki, 2003

4.S.Imanov. Orta moktobda fizika todrisi metodikas1. Baki. 2004

5.R.Rzayev. Fizika miisllimlor iigiin. Test bank1 IPG, Baki, 2021

Pezome

CraThsi TMOCBAIIEHA METOJUKE IPENoJaBaHus (PHU3UKM B  CPEIHUX  IIKOJAX
AzepOaiimpkaHa.
Pemenue 3amad o (u3MKe ABIAETCS HEOOXOIUMBIM 3JIEMEHTOM BOCIIMTATEIBHON paboThl. B
nporecce oOydeHus: Gu3MKe, HApALy C APYrUMH METOJaMH OOYyYeHHUs, 0co00e 3Ha4YCHUE
MMeeT pelleHue 3a/1ad. 3aauu no (U3NKEe MOMOTaloOT CTYJACHTaM-(PHU3UKaM TIIy0)Ke U3Y4UTh
(bu3nvecKkrue 3aKOHbI U 3aKOHOMEPHOCTH, M3YYUTh MX 0OJIee TOYHO W YCIICIIHO NMPUMEHSTH
IIPH PEIICHUH 3a/aY.

Summary

The article is devoted to the methodology of teaching physics in secondary schools in
Azerbaijan. Solving problems in physics is a necessary element of educational work. In the
process of teaching physics, along with other teaching methods, problem solving is of
particular importance. Problems in physics help physics students to study physical laws and
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regularities more deeply, study them more accurately and successfully apply them in solving
problems.

UMUMTOHSIL MOKTOBI SAGIRDLORININ EKOLOJI MODONIYYOTININ
FORMALASMASINDA FiZIKA KURSUNUN ROLUNUN OYRONILMOSI

Dos. Isgandarova S.P., Prof. Quliyev M.S., Nuriyeva S. R.
Ganca Dovlat Universiteti

Acar sozlar: ekoloji tahsil, ekoloji maariflondirma ekoloji tarazliq, , antropogen cirklonmo,
ekoloji tarbiys, ekoloji falakat, ekoloji moadaniyyat, ekoloji problem.

KiaroueBble €JI0Ba: DKOJOTMUECCKUM 6anch, OKOJIOIr'H4YeCKas np06neMa, TEXHOT€HHOC
3arpsA3HCHUE, OJKOJOrn4decKas KaTaCTpO(i)a, OKOJIOTHUYECKOEC O6pa30BaHI/I€, OKOJIOr'H4YECKast
KYJIbTYpa, SKOJOTHUYCCKOC 06pa3013aHHe, 3KOJIOTHYCECKOC CO3HAaHHC.

Key words: ecological balance, ecological problem, technogenic pollution, ecological
catastrophe, ecological education, ecological culture, ecological education, ecological
CONSCiousness.

Diinyanin miiasir tabii-elmi monzarasini ekoloji problemlori oks etdirmadan tosavviir
etmok mumkun deyil. Hal-hazirda elm, texnika, istehsalin yeni saholorinin meydana ¢ixmasi
Vo insanlarin amok foaliyyatinin otraf alomo tosir dairasinin genislonmasi sayasinda
comiyyatlo tobistin qarsiligli alagesi 0 godor yaxmlasmisdir ki, insanin tabisto midaxilasi,
tobii ki, canlilarin hoayatina tasir gostorir. Mohz ona gérads bu miinasibsat miisyyan gaydada
tonzimlonmolidir, oks halda basariyyat 6z varhigini niive mitharibasindan az olmayan tahliika
altinda qoyan ekoloji falakatlo Gizlosor.

Moktabds fizika kursunun an mihium vazifalorindon biri sagirdlords tobist hadisalorine
Vo proseslorine elmi yanasmani inkisaf etdirmok, elmi eksperiment apararaq bacariq vo
vardislorini formalasdirmaqdir. Bu, moktablilordo mdvcud olan fiziki vo ekoloji problemlori
dyranmok va hall etmok G¢lin vacib olan bacariqlar1 inkisaf etdirmoaya imkan verir.

Planetimizo ziyan wvuran an ciddi ekoloji bdhran insan vo tabist minasibatlorinds
muhim dizolislor etmoys, bizi diinya sivilizasiyasinin biitiin nailiyyatlorini yenidon
diistinmoys vadar edir. Toxminan iyirminci osrin altmisinci illarindon baslayaraq, sonaye
foaliyyati ilo bagl ilk dofo olaraq biitiin canlilarn mohv edilmasi problemi basariyyatin
qarsisinda ¢ox ciddi va Kaskin sokildo durdugu zaman yeni bir elm - ekologiya formalagsmaga
basladi vo bunun naticasinds ekoloji madaniyyst meydana ¢ixdi. Qlobal ekoloji bohranla
olagadar olarag insan va tabist arasinda hansi miinasibatin ahangdar sayila bilacayini, insan
faaliyyatinin otraf mihito neco tosir etdiyini arasdirmaq, ekoloji madoniyyatin va ekoloji
maariflondirmonin xususils indiki dévrds planetimizin ekoloji problemlorls Giz-liza qaldig1 bir
vaxtda asilanmasi ¢ox vacibdir. Eyni zamanda ekoloji tohsilin saviyyasinin diinyadaki
vaziyyatlo vo global ekoloji bohranla olagsli oldugunu geyd etmok vacibdir. Aparilan
aragdirmalar gostorir Ki, ekoloji madaniyyatin soaviyyasi diinyadaki ekoloji vaziyystlo diiz
mitonasibdir, ekoloji tahsildon birbasa asilidir. [1].

Coxsayli problemlor arasinda orta moktob sagirdlorinin hartorofli ekoloji biliklorinin
dorinlogdirilmasi vo genislondirilmasi xisusi yer tutur. Ekoloji tohsil kompleks pedaqoji
proses kimi ¢ixis edir. Ekologiyanin asaslart moktablilor torsfindon inkisaf etdirilon ekoloji
modaniyyatin an vacib komponentidir. Mévcud moktab va moktabdonkanar tahsil va torbiya
sistemi ekoloji madaniyyatin boylimasi vo inkisafi istiqgamatindo toloblori hoyata kegiron
coxlu ekoloji bilik vo bacariglar1 6ziinds birlosdirir.
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Indi hoyat miallimlor garsisinda davamli bir proses kimi moktablinin soxsiyyatinin
inkisaf etdirilmasi vozifasini qoyur. Sagirdin fordi inkisafi problemi vahid, inteqral proses
kimi muallimds ekoloji madaniyyatin inkisafinin asas xatlori haqqinda aydin tasavvirs malik
oldugda hoyata kegirilo bilor. Ekoloji tohsil vo torbiysa o halda mumkindir ki, fonlorin
mozmunu ekoloji cohatdon biitdv oriyentasiyalara tohfs versin.

“Ekologiya” s6zii vo onun tOromolori giindslik lLigatimizo mohkom daxil olub. Adston
“ekoloji tohsil” tobiota mahobbat torbiyasi, miayyan bir comiyyatds gobul edilmis davranis
qaydalar1 demokdir. Sosial torbiys usagm tohsili, maariflonmasi, talimi va 0zunitarbiyasi ila
baglhidir. Miollim yadda saxlamalidir ki, soxsiyystin formalasmasi prosesindo sagirdo
asagidaki tosirlori formalasdirir.

- tobioto va ana dilina mohobbat.

- Ailada, moktabdo, otraf muhitds tnsiyyat.

- Onun faaliyyatinin otraf muhits tasiri.

- Sagirdin 6ziliniin hayat torzi, istoklori, planlari, mikromiihitdo oynadigi rol. [2].

Moktab fizikas1 kursunun ekoloji aspekti, prinsipca, ekosistema minimum manfi tasirin
texniki vo texnoloji asaslarini tolobolors ¢atdirmaqdir. Ekoloji cohotdon tomiz enerji manbolori
-caylar, kilok, giinos radiasiyasi, geotermal monbalor va s. O clmlodon gapali istehsal
dovrlori ideyas1 boyiik shomiyyat kosb edir.Fizika kursunda moktablilor ekoloji cahstdon
asagidaki kimi formalasa bilor.

-enerjiya gonast edoan ixtiralar -miharriklorin somorsliliyinin artirilmasi, ikinci daracali
resurslarin istifadasi, texnoloji proseslordo xammal va enerji itkilorinin azaldilmasi va S..

-Xususi digget goruyucu va goza -beton sarkofaglar va polad gabiglar, nlivs tullantilar
uclin konteynerlor, eloco do tomizloyici qurgular-elektrostatik ¢okuntilor, inertial filtrlor,
aerozol filtrlori, parca filtrlori, adsorbsiya filtrlori, diffuziya membranlar1 vo s. masalaloring
yonaldilmalidir.

Cernobil gozasi fizika kursunda radiasiya cirklonmosi, fon radiasiyasi vo onun icazs
verilon parametrlori, radiasiya saviyyasini 6l¢on cihazlar vo onlarin fordi istifadasi Kimi
problemlarin nozardan kecirilmasini yeniladi.

Ekoloji problemlor butiin tobist elmli fonlordo nozordon kegirilmoali vo “tobiot-
comiyyat-insan” sistemi tahlil edilmali, bu sistemin elementlorinin qarsiligli alagasinin
uygunlas- dirilmasi yollar1 niimayis etdirilmalidir.

Belalikls, biologiya elmlari, ilk névbads, canlilarin togkili saviyyalori va biosferdoki
munasibatlorin sistemli xarakteri haqqinda, cografiya - tobii alomin biitovlilyli haqqinda,
kimya - tobistin c¢irklonmasi haqqinda fikirlor formalasdirir, fizika - enerjinin tabistlo
qarsiligli alagesi haqqinda sagirdlars slagsli bilik vers bilor. [3].

Ekoloji problemlarin mirakkab va ayrilmaz olmasi onlarin orta moktab sagirdlorino tam
sokildo agilmasma imkan vermir. Buna baxmayaraq, fizika kursunun program materialinin
mozmunu maktablilori mévcud ekoloji bohranin fiziki-texniki aspektini vo ondan g¢ixis
yollarini agan bir sira fikirlorlo tanig etmoys imkan verir. Bu, asgidakilardir:

- fizika biOtdvlukds butin tobistin dizgun, dialektik-materialist dork edilmoasinin
osasinda duran tobiotin an Gmumi va asas qanunauygunluqlarini dyranir. Bu, fizikanin todrisi
prosesindo tobistdo bas veroan hadiss vo proseslorin mixtalifliyini, qarsiligli alagasini,
qarsiligl asililigini vo biitdvliiyiinii ardicil olaraq sagirdloro agmaga imkan verir;

- fizika miasir elmi-texniki inqilabin 6zayidir; onun nailiyyatlori miiasir texnologiyanin
osasinda dayanir. Bu, tolobolors insanin tabioto tosirinin getdikco artan miqyasmi vo otraf
mihitin girklonmadan qorunmasimnin miiasir problemlarinin hallini gdstarmoys imkan verir.

- fizika hazirda tobiot elmlorino rohbarlik edir, onlarin hamisi onun terminologiyasindan,
alotlorindon vo todgiqat metodlarindan istifado edirlor. Odur ki, fizika fonni tadris edilorkon
sagirdlor tobistin vo onun muhafizasinin 6yronilmosinin miiasir metodlari ilo tanis olur, tabii-
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riyazi tsiklin digar fonlori Gzro dorslordo oldo etdiklori biliklori Gmumilosdirmok imkani
yaranir.

Moktabda fizika kursunun an mihim vozifalorindon biri sagirdlords tabist hadiso vo
proseslora elmi yanagmani inkisaf etdirmok, onlarda elmi eksperiment aparmaq bacariq vo
vordislorini formalagdirmaqdir. Bu, maktablilordo mévcud olan fiziki vo ekoloji problemlori
Oyronmak va hall etmok tiglin vacib olan bacariqlar1 inkisaf etdirmays imkan verir.

Fizika kursunu sagirdlor Oyronorkon ekoloji problem, ekoloji tohsil vo torbiyanin
moaqsad va vazifalarine nail olmaq tigiin asagida gostarilonlordon istifads etdikds daha d6lgun
naticalor olds edarlor.

-ekoloji konfrans;
- ekoloji problemlarls bagli problemlarin halli;
-ekoloji seminar;

-ekoloji mozmunlu darslor

Ekoloji madoaniyyatin bltin komponentlori bir-biri ilo six baghidir vo onlarm hom
formalagmasi, hom do mdévcudlugu bir-biri olmadan mimkin deyil. Ekoloji biliys malik olan,
ekoloji cohotdon moagsadouygun diisiinan va harokot edon insanda tobisto sevgi hisslarinin
tozah(r( daha dorin vo gicludir. [3].
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Annomauus

JlanHast craTbsd TMOMOTAeT YydyalllUMCS CBSi3aTh CBOM 3HAaHUA 1O (U3HKE C
HKOJIOTMYECKUMH 3HAHUSIMHU, HAy4YUTbCS (HOPMHPOBATh, YUYMTHIBAS MEXIUCUUILIMHAPHBIE
CBS3M Y4eOHON eCTeCTBEHHOHAYyYHOW IUCHUIUIMHBI, a TakkKe O0a30Bble SKOJOTHYECKHE
YMEHHMsI, Belb JIBa B3aMMOCBS3aHHBIX aCIleKTa «4YeJIOBeKa M MPUPOAa» HUMeeT (PU3MUECKYIO
OCHOBY, DHEpPreTHYECKYID OCHOBY, CIOCOOCTBYET (OPMHUPOBAHUIO  3KOJIOTUYECKOTO
00pa3oBaHUs U KyJbTYphl B TAKUX BOMPOCaX, KaK pallMOHAILHOE HCIOIb30BaHUE MPUPOTHBIX
PECYPCOB U OXpaHa OKpYXarollei cpeibl, BOCCTAHOBJICHHE ITPUPOJIHOTO OaIaHca.

Summary

This article helps students to connect their knowledge of physics with environmental
knowledge, to learn ways to form, taking into account the interdisciplinary relations of the
academic discipline of natural science, as well as basic ecological skills, because the two
interrelated aspects of the "man and nature™ problem have a physical basis, energy, helps to
form ecological education and culture in issues such as efficient use of natural resources and
environmental protection, restoration of natural balance.
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Moarkazlogmis qiivvenin ¢ubugun birlosma noqgtasina gostordiyi tosir zamani gubugun
ragsi harokatini mioayyan edon U (x,t) funksiyasmin homin néqgtads téromosi kasilon olur,
lakin onun 6zi kasilmoz qalir [1, 2, 3, 4, 9].

Uzunlugu ¢ olan bircins olmayan elastiki ¢ubuq x=Db noqgtesinds (0<b<?) iki
bircins cubugun birlosmasindan ibarastdir. F markazlogmis qiivvenin tosiri altinda uclarindan
bork baglanmis gubugun X =b ndqtesindo h godor yana dartilmig voziyystds rogsi prosesini
oyronok [1, 3, 9].

u =—1 (E/(X)UXJFE(X)UXX), O<x<b, b<x</, 0O<t<+oo (1)

Y p()
dalga tonliyinin
u@,t)=U(/t)=0, 0<t<+oo, (2)
bircins sorhod sortlorini,
Ub-0t)=UD+0,t), EM-0,t)U, (b-0,t)=E(b+0U,(b+0,t) (21)
qosma sarhad sartlorini vo
h

EX’ 0<x<b
U (x,0) = 3)
M, b<x</?
/—b
U, (x,0) =0, 0<x</, (31)
baslangic sartlorini 6dayir, burada
E(x), O<x<b p, 0<x<b
E(X) == P(X) == (4)
E(x), b<x</, p, b<x</,

p, p, E, E -sabitlordir.

Qoyulmus masalonin halli Gglin an shamiyyatli metodlardan biri doyisonlorine ayirma
va ya Furye metodudur.

Bu metod xususi téromoali diferensial tonliklorin halli zamani tatbig olunan an effektif

metodlardan biridir [1-5].

U(x,t) = X(x)-T(t) (5)
xususi halli vasitasilo (1) tanliyini vo (2), (4) sortlorini uygun sokilds yaza bilorik.
T"O)+0’T(t)=0, 0O<t<+om, (6)
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E"OOX' (X)+EQ)X"(X)+ 0’ p(x)X(X) =0, 0<x</ (7)
EX'(b-0)=EX'(b+0), (71)
EX'(b-0)=EX'(b+0), (72)
(7) tonliyinin (71) va (72) sartlorini 6dayan trivial olmayan hallini
0 <@, <.<®, <..
sonsuz ardicilliq soklinde maxsusi giymat vo moxsusi
X, (%), X, (%),... X, (X),... .
0<x</ pargasinda p(Xx) ¢okisina gora ortoqonal funksiyalardan asili toyin etmok
olar. Onda (7) tanliyini (71) sarhad sortlori 6dayan halli

singx
& O0<x<b, a= /E
sin b P

a

(8)

X(X) =

,b<x<?¢, a= E

sin 2 (¢ —b) P
a

sin £ (¢ —x) =
a

soklinda, (72) sartini 6dayan halli iso asagidak transendent tonliys galir.

w
tg b
Ya _ |Erp ©)
tg¥b-r) VEP
a

burada, @.,b ndgtssine totbig olunan glivvenin yaratdigi ragslorin moxsusi tezliyidir. Aydindir

ki, quvvenin x=Db nogtesindo totbiqi zamani @, -nin  maxsusi tezliyino uygun durgun
dalganin diiyiin néqtalorinds sifra barabar olar.

sin“h=0, sn(r-b)=0
a

a
Moxsusi funksiyalarin Hilbert fozasinda normasini yazsaq:
‘ opsin?Zox L sin? 2 (0-x)
X, = [ 200 - X200dx =5 [ ——B—dx+ - a dx —
’ °sin ? 20 b b sin 2 20 (¢ —b) (11)
a a

£b P —b)

= -+ s
2sin2 “np  2sin? (b0
a a

Demali (1)-(3) moasalasinin trivial olmayan halli, (5) xtsusi hallorindon diizsldilmis
sonsuz sira soklinds yazmaq daha slverisli olur.

U(xt) =3 A X, (x)-cosa,t, (12)

burada, A, -omsallarint moxsusi funksiyalarin normasindan vo baslangic (3) sortindon asili
olaraq
1

£ h E E
A = 7 | P(X)-U(x,0)X, (x)dx = — 2[—+ J (13)
IIanll op|X, | Lo £-D

200



9dabiyyat

1..A.H.TuxonoB, A.A.Camapckuii. «YpaBHEHUsI MaTeMaTH4ecKoil ¢u3ukn», Moc.1977, cr.
736.

\ 2.CoboiieB C.A. «YpaBHeHUs Matematudeckoit pusukm» Moc., Hayka, 1966, cT.368.
3.Komsikos H.C., I'muuep 2.b., CmupHOB M.M., «YpaBHEHHSI B YaCTHBIX IPOU3BOIHBIX
MatemaTuaecko ¢puzuku» M., 1970, ct. 710.
4.B.I1.MuxaitnoB «JludpdepeHunanbable ypaBHEHUS] B YacCTHBIX MPOU3BOIHBIX» M., 1976,
cT.392.
5.Z.D.Abbasov “Riyazi fizika tonliklori”, Bak1 2018, soh.380.
6.Z.D.Abbasov “Furye inteqralnin totbiqi ilo bircins olmayan birdlgiilii dalga tonliyinin
halli”, AMEA Ganco B6lmasi Nel (59), Gonca 2015, soh.137-140.
7.Z.D.Abbasov “Bir qarisiq sorhod mosalosi” Elmi xobarlor, GDU. Ne3, Gonco 2013, soh.36-
38.
8.3.J1.AGbacoB «IIpumenenune Mmerona dypbe HEOJAHOPOTHOE THIIEPOOTHMUECKO YPaBHEHUE)
“Beynolxalq elmi konfrans” — GDU, IV hissa, 2022, soh.201-206.
9.Abbasov Z.D. “Moarkozlogmis qiivvonin tosiri altinda sonlu sayda noqtolorindon yana
dartilmis simin yerdoyigmosinin toyini”, “Riyaziyyat vo mexanikanin aktual problemlori”
movzusunda, Resp.elm.kon.materiallari, 11-13 may 2022-ci il, Baki -2022, soh.6-7.

Abstract

Accorting to the problem about the process of oscillation of a string tied at its ends, the
oscillation motion of an elastic rod can be desribed in an analogous way.
As for the essence of the matter under consideration, the oscillating motion of homogeneous
rods conested here, as a physical prosess, determines the movement dynamic of the
nonhomgeneous rod.

Pe3ome

PaccmoTpuM 3a1ady 0 KOJICOaHUSIX CTEPXKHS MMOJ] JACHCTBHEM COCPEIOTOYEHHOM CHIIBI,
NPUIOXKEHHOM B TOUKK X=D. PemnTh 3a1auy o KoJcGaHUAX HEOTHOPOJHOTO CTEPXKHS JTHHBI
L ¢ ’KecTKO 3aKperyieHHbIM KOHI[AMH, COCTABJICHHOTO W3 JIByX OJHOPOJIHBIX CTEPIKHCH,
coeauHeHHBIX B Touke X=h, (0<x<b) u (b<x<L)

OBPLIB 'MBKO HUTU ITPU COYJAPEHUMU C TYIIBIM KJIMHOM
o.p.n.m.Mameoos T. /Dic.
I'anoocunckuii I'ocyoapcmeennviit Ynueepcumem
KuroueBble cioBa: CBEpX3BYKOBOTO PEXHUMA, IMOMNEPEYHOM ynaap, JIMHEMHO
BSI3KOYNIPYIOM HUTU,KJIMH

B pabote 111 CBEpX3BYKOBOIO peXHMMa pacCMaTPUBAIOTCS HANPSKEHHOE COCTOSIHHUE U
OOpbIB JMHEHHO BsA3KOynpyroi (tuma MakcBennga) HUTH TIpU  TONEPEYHOM yAape
CUMMETPUYHOM KJIMHOM, UMEIOLIYIO IIJIOCKYIO IIEPENHION0 YaCTh. Y 1ap MPOU3BOJUTCS C
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MOCTOSIHHOM CKOPOCTBIO ¥ NPHUHHUMAETCS, YTO MPOTrHOHast 4acTh OOJeraeT K MOBEPXHOCTH
yaapsitomiero «Kinay

[ToBenenne ruOKOM HUTH TMPH MOTEPEYHOM yJape MO Hel TeJIoM 3aJaHHOi (HOPMBI
CYIIECTBEHHO 3aBUCHT M OT ()M3MYECKUX CBOWMCTB Marepuana HUTH. B nanHO# pabore
UCCIIEyeTCs HAIPSHDKEHHOE COCTOSIHME M OOpbIB JIMHEHWHOM BSI3KOYNPYrol HMTH, 3aKOH
nepopmMupoBaHusl KOTOpO# momumHsIeTcs ypaBHeHWI0O MakcBemta. [lomepeunsiii ymap 1o
HUTH TNPOU3BOJUTCS CUMMETPUYHBIM JKECTKUM KIMHOM, MMEIOLIUM IUIOCKYIO IEPEIHION0
qacTe. [logoOHas nuHeitHas ynpyras 3agada 6e3 oOpbIBa HUTH HcciaenoBana B padore [1].

[Tycts MmO OECKOHEUHOW JJIMHHOW MPSIMOJMHEHHON TMOKON JIMHEWHO BSI3KOYNPYron
HUTU TPOU3BOJUTCS HOPMAJbHBIM yJap CHMMETPUUYHBIM KJIMHOM C MepelHed IUIOCKOMN
4acTbl0 C MOCTOSIHHOM ckopocThio V. IlpuHuMmaercsi, yTo mporHyras yacte HUTH A1B1BA
nocie yjpapa oOrneraer K IMOBEPXHOCTH YJApSIOUIEro IMPUTYIJIEHHOro KiuHa (puc.l), a
CKOpOCTH TOYKH U3oMa A(A1) OOJIbIIIe CKOPOCTH 3BYKA B HUTH

(b=ctgy>a,). 3nece b- ckopocts ToukM m3mOMa A (CKOPOCTb BOJHBI CHIIBHOTO

paspeiBa); Y- Yrol MexXIy INEeKOM KIMHA M IEPBOHAYAIbHBIM IIOJO0KEHHEM HHUTH;

ady; =+ / E/ Pg — CKOPOCTH YIPYrO¥ BOJIHBI, E - moxyns OHra, p, — HavanbHas MWIOTHOCTH
HUTH.
IIpu cBepx3BykoBoM pexume (0 > a,) crpaBa OT TOYKHM A ¥ CIIeBa OT TOYKU A1 HUTH

-1
HAXOJUTCA B COCTOSIHUM TIOKOS. 3ajady uccieayeM s uatepsana pemenn 0 <1< 2La0 ,

rae 2L — o3nagaer numny BBi. Tlocne ynapa B o6mact A181BA B HUTH BO3HMKAIOT YETHIPE
yOpyrue BOJIHBI, (GPOHTHI KOTOPBIX 0003HaueHbl ToukamMu M1, C1, C, M> u ABE TOYKH H3JI0Ma
A, A1. CocTostHME HUTH OTHOCHTENHHO TOUkH O (puc.l) cMMMeTpuyHa, TIOITOMY DPEIICHHE
Oynem crtpouth B oOmactu OBA um 310 pemieHue Oynmer BepHO U B obmactu OB1A.
[IpuHuMaeTcs, yTo TPEHHSI MEXTy IIEKON KJIMHA U HUTH OTCYTCTBYET, HO B TOUKaX M3jioMa 4
u A1 oHO uMeeT MecTo [1].

VYpaBHEHHE BIKEHUSI BO3MYIIIEHHON YacTH HUTH Oyxert [ 1,2].

2

o o‘u Jdo

0 A2 Ay

ot? ox

3akoH gaedopmupoBaHUs MexAy AedopMmanuerl € U HaOpsDKEHUEM G 10
npejcTaBieHuo MakcBesuia umeer Bu/ [2].

(1.1)

6+EG=E{—:;8:8—U—1 (1.2)

1) OX
3nece X, U- nmarpamkeBa U 3iiiaepoBa KOOPAMHATBI, |l - KOA(QUIMEHT BSI3KOCTH;
TOYKH HaJl OykBamu B popmyre (1.2) 03Ha4aroT MPOU3BOAHBIE 110 BPEMEHU OT € U O .
BBOI[I/IM 663pa3Meprle BCJIIMYMHBI B BUIC

U=uR™; T=atR™"; Xx=xR™"; M =Va,}; E:L; a(f:E
R Po
V=—=—a,; b=ba, ;=0 k=—— <1
ot 5ta0 0 (pay) na,

(1.3)
B ,HaJ'ILHefII.HeM YCPTOYKH HA 6YKBaMI/I OITyCKacM.
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3nece R — mocrosnmas BennmumHa, MMeEOIas pasMEPHOCTh JUIMHBI — JMAMETP
MIONEPEYHOI0 CEYEHMs] HUTH A0 ynapa. YpaBHeHue aswxkenus (1.1) ¢ yuerom (1.2), (1.3)
IIPUMET BU]L

o°u o el
ot? x> ox
(1.4)
VYcioBus Ha BOJIHE CHJIBHOTO pa3pbiBa (B TOUKE 4) IPU CBEPX3BYKOBOM PEXKUME UMEIOT
Bua [1].

ou
V=—=(secy—-1-¢)b;
o (secy )

: ou .
F,=-0c+ b(Msmy—Ej,

Q =M?*Ctgy - cosy

(1.5)
3nech FTp , Q - COCpPEZI0TOYEHHBIE CHJTBI B TOUKE u3yioma [1,2].

Kpome ycnosus (1.5) umeercs eme 0lHO HE3aBUCUMOE COOTHOILIEHHE B TOUKAX M3JIoMa

A(A1) B Buze [1].
I:Tp = M*Q

(1.6)
rae H. — Ko3(GQUIHMEHT TPEeHHs B TOUKE U3JIOMA.
B pabote [1] moka3aHO, 4TO Ha BOJHE CHJIBHOTO pa3pbiBa MMEIOTCA TPU PEXKHMaA, B
3aBHCHMOCTH OT HCXOJHBIX mapameTpoB M, vy, 1L, .
pu B, <p.Q u3 (1.5) mveem [1]
e=secy—1;, v=0 (1.7)
[Tpu FTp =wQ u y<2y.; 7. =tgu. u3 (1.5) u (1.2) nonyaum
e=e? +kePt; & =—OB*-1)"
(1.8)
v=v?+kvOt; v =gOp(*> -1
1 V1
Eciu B Touke mznoma A (puc.l) umeem ycnoBus (1.8), To BOZHHKHOBEHHE OOpBIBA

BSI3KOYIPYroil HUTU B Touke B (puc.l) ¢ yuetom (2.15) u (2.6) 6yner
(6) «

201 X1=0: an 1
(1.9)
nJIn
GE;) (L1—kt) + kdgt = Gf;)
(1.10)
31mech
cosy
d,=d,=4b, ———— 1.11
¢ 14 cosy (1)
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U3 (1.10) onpenensieTcss MOMEHT BPEMEHH BOSHHUKHOBEHHS 0OpPBIBA BA3KOYIPYTOW HUTH
B BUJIC
) ()
o "—0O
t= tp = % (112)
k (an - d8)

0) — 5@

N3 (1.12) takxke ciaenyer, 4To NpH O, n

pu GE;) > G,(;)

HUTb OOpBIBACTCSI B MOMEHT yZapa;

HUTH OOPBIBAETCS B MOMEHT BPEMEHH '[Itp U pu GE; ) < G,(;) HUTb HE
oOpBIBaeTCHI.

3ech TaKKe pEIIEHHE 3a1aud C PaspylleHHEM OyleT OTIMYaThCS OT PelIeHus Oe3
paspywenus smus B oonactn 1- 0< X <t

Takke MOKHO MCCIIEIOBAaTh PA3PYLICHUS YINPYrod M BSI3KOYNPYrOM HUTH, KOrja 3a
TOYKOW M3710Ma A BO3HUKAeT cMopiuBaHue (ycioBue (1.9) HUTH U y4UThIBasi FPOMO3KOCTH,
ee 3aech He mnpuBoguM. Creayer OTMETUTb, YTO B 3TOM CJlydae IOCIE pa3pyILICHUs
BSI3KOYNIPYroll HUTH B TOYKax KiIWHAa B u Bi, Bciogy B obOmactu BA u BiA1  HUTH
CMOpIIUBAIOTCA, T.€. perieHue (1.9) Bepuo B obnactu BA u BA1.
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Abstract
In the work for a supersonic mode the intense condition and breakage linearly
viscoelastic Macsvell type strings are considered at cross-section impact by a symmetric
wedge, having flat forward part. Impact is made with a constant speed and is accepted, that
carving in part fits to the surface of striking "Wedge".

O HAYAJIBHBIX YCJIIOBUSAX JJISA AJI'OPUTMA PEAJIBHOI'O BPEMEHMU JJIAA
INOJABJIEHUSA ®OHA B AJEPHBIX PEAKIIUAX ITOJIHOI'O CJIUSHUSA

1,23 2
)

Hoaoynnaes /lacman Ivizanoe Opuit', k.p.m.u.F'unuamosa Ilonnan
LO6veounénnvit uncmumym adepuvix uccnedoeanuil
2Espazuiickuii Hayuonanonwiii Yuusepcumem um. JI.H. I'vmunéea,
SUncmumym aoepnoit pusuxu, 050032 Anmamer, Kazaxcman.

KialoueBbie cioBa: CBepxTsukénble siipa, KOPPEJSAIUHM, IOJYIPOBOJIHUKOBBIN
JETEKTOP, Ta30HATIONHEHHBIN cenmapaTop, IUKIOTPOH, OCTATKH UCIIaPEHHUSL.

1. BBeagenue

Haubonee nnTepecHyro nHGOpPMAIMIO O CBOMCTBAX s/IEp MOJIYYalOT MPU HCCIEIOBAHUU
HUX DKCTPEMAJIBHBIX COCTOSHUU. [IpuMepaMu Takux snep SBISAIOTCS CBEPXTSKEIBIE sIpa
(CTH). Cunre3 CTS sBnsercs akTyadbHOW TEMOW AJsi MUCCIEAOBAHMs, TaK KaK 3TO MOXET
MPUBECTH K PACHIMPEHUIO HAIIMX 3HAHWHA B 001acTu PyHIAMEHTAIbHOUM (DPU3UKH, TPUBECTH K
CO3JaHUIO HOBBIX M30TOTIOB JI UCCIIEJIOBAHUS M UCIIOIBb30BAHUIO B PA3IMUHBIX 00JacCTAX, a
TaK)Ke MOMOYb PEIINTh BaXKHBIE MPOOIEMBI B PA3IUYHBIX 001acTax Gusuku. CBepXTsKeNnbie
s7Ipa B OKPECTHOCTH aTOMHOTO HoMmepa Z = 114 conepxaT Hanbosbliee Yucio mpoToHoB. Ha
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NPOTSHDKEHUH TIOTYBEKa PA3JIMYHbIC SIEPHbIE MOJAETH MPEACKa3bIBAIM CYIIECTBOBAHUE TaK
Ha3bIBAEMOTO «OCTPOBA CTAOMIBHOCTH» CBEPXTSKENBIX silep - 001acTH sagep BOKpyr 2°oF
(Z=114). CormnacHo 3TUM IpeICKa3aHHUSIM, BPEMs KU3HU TAaKUX S/I€P MOXKET ObITh PaBHBIM
1000, 100 000 u nmaxxe mwroHam jer. CTS oOpa3yroTcs B peakiHsX MOJTHOTO CIHSHHS
Txénsix nonos (*8Ca, °Ti, *Cr) ¢ axtuanmnoi mmmensio (Pu, U, Cf, Am, Th, Bk u np).
Ceepxtsprenbie saapa (CTS) ¢ atomapiMu HOMepamu oT 113 mo 118 ObuM CHHTE3WPOBAHKI Ha
razoHarnoJiHeHHOM cenaparope siaep otaaun [HC-1 B JlyOne. [lns cuHTE3a HOBBIX JIEMEHTOB
Tsoxenee 118 u m3otono yxe n3BectHbix CTA B JISIP OUSIU Obina co3pana @adpuka CTA
Ha Oa3e HoBoro mukinoTpona J(I[-280. Ilepmoii ycranoBkoii DaOpuKH SBISETCS HOBBIH
razoHanosHeHHsbIl cemaparop 'HC-2, koropas onucana B [1, ctp. 166640]. Oco6eHHOCTHIO
skcnepuMeHToB 1o cuHresy CTS sBasercs oOHapykeHHE peaKuxX LENnoYeKk pacrnajaa
CBEPXTSDKEIBIX AJIeMeHTOB (coObiTnid o n/mm SF). Camas BakHas mpoOieMa, CBS3aHHAsS C
OTKPBITUEM HOBBIX D3JIEMEHTOB, 3aKJIIOYAeTCs B BEPOSATHOCTH TOrO, YTO HaOIroAaeMas
L[eNoYKa COOBITUN BbI3BaHA CIY4allHON KOppeisuMeld HECBSI3aHHBIX COOBITHHA. DTa paboTa
HaIpaBJIeHa Ha YCTAHOBJICHWE HauyaJIbHBIX YCIOBUH ISl aITOPUTMOB PEAIbHOIO BPEMEHHM IO
noucky ER-a-o xoppenupoBanHbIx coObiTHl. Ilpu paccMoTpeHun TtepmuHa '"HauanabHbIE
ycloBUA" B HallleM CiIydae ClelyeT MMETbh B BUJIY CJENYIOIIME IapamMeTpbl: MHTEpPBaJbl
KOppEeJSIUU BpeMEHU I mocienoBarenbHOCcTH ER-o mnam o-o, 3anucanHblil nHTEpBa
SHEPTHUU [UIS CUTHAJOB sJep OTIAa4d W anb(a-4acTHIl, MHTEPBAJ aMIUIMTYIbl (B KaHAajax)
curana AE u, B nenom, THN nocneaoBaTenbHOCTH cpabaTeiBanus tpurrepa (ER-a, a-o, ER-
0-0L ¥ T.JT.).

2. JlerexkTupymomias cucrema cenaparopa F'HC-2.

Jlerextupyroimas cucrema ycranoBku ['HC-2 omucana B [2 ctp. 768-770, 3 ctp. 19-22].
OnHa mo3BOJISIET perucTpupoBaTh curHaibl otnadu (ER), anbda-dactui (o) U CIOHTAHHOTO
nenenns (SF). C ToUkM 3peHHs] apXUTEKTYpPhI CIIEKTPOMETpa, €€ MOXKHO paccMaTpUBaTh Kak
JIBE BETBU OJHOW cucteMbl. OnHa sBiseTcs 1UdpoBoi (OCHOBHOM), a Apyras - aHAJIOTOBOM
(momoHUTENBHOM). OOC BETBU CHCTEMbI OOHAPY)KEHUS 00ECIIEYMBAIOT XPaHEHUE COOBITHI OT
SIIEPHBIX peakmuii Ha Kaxjaom dtamne. s obecrneuenuss paboTel 6e3 ¢GoHa HCIOIB3YeTCS
aHanoroBas cucrema [3 crp. 19-22]. [lng naHHOW LEeIM B PEKUME PEaTbHOTO BPEMEHU
oOHapyXkHuBaeTCsi KoMOWHanus curHaios, Hanpumep, ER-o. ITocie moucka 3TUX CHTHANOB,
KOPPETUPYIOMIKNX MO0 SHEPTUU-BPEMEHH-TIOJI0KEHNUIO, B OOIIEM MOTOKE JAHHBIX MPOUCXOAUT
OTKJIIOUEHHUE IMy4YKa IUKIOTPOHA Ha KOPOTKOE Bpems. Takum oOpa3oM, Bce AOYEpHUE siipa
perucTpupyrorcs B pexume 0e3 pona. B maHHOI AeTeKTHPYIOLIEH CUCTEME MBI UCIIOJIb3yeM
KaK IMO3UIMOHHO-YYBCTBUTEIbHBIN KpeMHHeBb netekrop (DSSD - Double Side Strip
Detector), Tak 1 ra3oBblii JI€TEKTOP, 3aMI0JHEHHBIN TEHTAHOM HHM3KOTO JaBieHus [4 cTp. 452-
453, 5 ctp. 214-215].

3. HauanbHble ycJIOBUS AJ5 MeTO/1a MOUCKA AKTUBHBIX KOPPeJIsIUii.

s oOHapyeHUsl B pealbHOM BPEMEHH MOCJIeI0BaTENIbHOCTEH, Takux Kak ER-o wim
naxke ER-o-0 17 HewsBecTHBIX siziep, HCCIeAoBaTeldb JODKEH HCHOJIB30BaTh JHOOBIE
TEOPETUYECKHE HIIM SMIUPUYECKUE OLICHKH JIJIsl BPEMEHHU JKU3HHU sJIep O] UCCIEeIOBaHUEM, a
TaKKe JIJIs JJOUYCPHUX sAep, BHEIPECHHBIX B KPEMHHUEBBIN AeTekTop. B padorax [3 cTp. 22, 6
ctp. 330] mpencTaBieHbl YeThIpe mapameTpa GopMysbl, OCHOBAHHOM Ha HKCIEPUMEHTATIbHBIX
JTaHHBIX W3 paboTel [7 ctp. 62-98]. B [3 cTtp. 23-25] pe3ynbTarhl HU3 3TOM CTAThH
CPaBHHMBAIOTCSI C M3BECTHBIMU pe3ynbraTtamu (Gopmynsl Poiiepa ¢ miecThio mapamerpamu |8
ctp. 034312]. C npyroii CTOpoHBI, MPU MOJATOTOBKE KaK PYKOINMCH, TaK U cTatbu [3 cTp. 18-
31], 611 IPOBE/IEH OYEHb YCIIENIHbIH SKcmepuMeHT 242 Pu+*Ca—28"288F|+3, 4n Ha ycraHoBKe
I'HC-2 [9 c1p. 024612]. B npuniune, ananoruuno [3 crp. 22], mapamerp d ObuT HalifieH U3

1
dopmynsr log (Tlmeasured> =(aZ+b)-Q,*+c-Z+d,roe a=1.78722, b=-21.398 u c=-
2
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0.25488. Pesynbrathl nepeuncieHsl B tadiuie 1. B 3To0it padore mapamerp d Obu1 BBIOpaH
cBOOOTHBIM, MOCKOJIBKY €0 MOKHO CUUTATh 00JIee KOHCEPBATUBHBIM MAapaMeTPOM, KOTOPBIN
He uMeeT cBsi3u co 3HayeHusiMu Q u Z. Cpemnee 3HaueHue <d> paBHo -28.3180+0.3241.
OOpatute BHUMaHKE, YTO 3TOT pe3yNbTaT OJM30K K NOIydyeHHOMY B [3 cTp. 22] — d=-28.0928.

Tabnuna 1. [lapamerpsr anbda-nienouex 6 CTS

N3oTom 287 286 283Cp 2719Dg 27515 2711gg
Qu, MaB 10.157 10.335 9.667 9.827 9.461 8.629
Tip, ¢ 0.360 0.19 4.0 1.4 0.9 43
d -28.60256 | -28.3852 | -28.349 -27.7 -28.315 -28.5565
BropbiM HavajgbHBIM IMMapaMeTpoM JUIS NMPUMEHEHHsS METOJa aKTUBHOW KOPPEISIUH
SBIISICTCS  BBIOOP  3apETUCTPHPOBAHHOTO WHTEpBAJla DJHEPrUU UIS  OTHAYd  siAep,

UMIIJIAHTUPOBAHHBIX B KPEMHMEBBIN JIETEKTOP, C YIETOM OTHOCHUTEIBHO OOJIBILIOTO 3HAYEHUS
PHD (medexrta BbICOTBI HMMIylbca) B KpeMHHMH. [[ist 3TOM wLenu B HacTosliee BpeMms
HCIOJIb3YIOTCS JIBa peaIMCTUYHBIX Noaxoaa. OauH u3 HUX cBa3aH ¢ Monrte-Kapio-pacueTom
CHEKTPOB TspKeNbIX siep oTaauun [10 ctp. 358, 11 ctp. 827-840]. pyro# moaxo OCHOBaH Ha
IMIUPUIECKUX 3aBUCHMOCTSIX B Qopme Ereg=T(Ein), KoTOpBIe mpeicTaBiicHbI, HANpUMEp, B
cratee [12 ctp. 376]. 3nech Erg - 3aperucrpupoBaHHasi SHEPrHUsi OTAAaYM sAnupa, a Ein -
pacueTHOE 3Hau€Hue, MOCTYMAIOIIEE B AETEKTOP.

4. TecrupoBanue HOBOro ajropurma noucka ER-a, ER-a-0 xoppenasiuuii.

3a mocneaHu ro] HOBBIM alroput™ ObLI MpoTecTUpoBaH Ha nukioTpoHe JA11-280 JISAP ¢
HICTIONB30BAaHAEM BBICOKOMHTEHCHBHOTO mydka “8Ca (ot 0,1 pUA mo 6 puA). PesymsraTsi
MIpe/ICTaBJIeHbI B TabIuIe 2.

Tabmuma 2. TecTupoBaHre HOBOTO aJITOPUTMA.

Pearuus/ ER-a ER-a; Tect rubkoro
HMHTEeHCUBHOCTH o-o ER-o-a
yuKa AIITOPUTM anroput™ma [3 ctp. 27-28]
242D +48C4 [9 45 v 4,2 u.; OgHo coosrtre Fl 65110
crp. 024612], | ~2 mecsua Lenouek Fl ne 3aperncTpupoBano. Bpems
Tlo 3 ppA BbL0 3aper koppessiiuu ER-a - ot 50 mc
) nmo 19,7 c.
243 73
Am+Ca [13 ~1.5 6.1 h; One event of Mc was
crp. L031301], | ~3 mecsma
12 puA yaca detected
238y +%8Ca [9 69 MHuH;
crp. 024612], | ~1 mecsn Lemouek Cn 2.5 h: No event of°®3Cn
Jlo 6 ppA He OBLJIO 3aper.

5. 3aki0ueHue.

[IpuBeneHs! crocoObl ONpeneneHusl HadyaabHbIX YCIOBUM A1 TMOKOTO alropurMa 1o
IIOMCKY KOPPEIUPOBAHHBIX COOBITMH B 53KcrepuMeHTax Mo cuHresy CTS Ha HoBOM
razoHanojgHeHHoM cenapatope ['HC-2 ®abpuxu CTS JISAP OUSN. Tloka3aHbl nepBbie TECTHI
JAHHOTO aJropuTMa B MEpPBbIX 3kcrepuMenTax Ha [HC-2.
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Summary

Ways of determining initial conditions for a flexible algorithm for searching for
correlated events in experiments on the synthesis of superheavy elements on the new gas-
filled separator DGFRS-2 of the Flerov Laboratory of Nuclear Reactions JINR are presented.
The first tests of this algorithm in the initial experiments on DGFRS-2 are shown.

UZUM SITILLORININ HAZIRLANMA TEXNOLOGIYASININ iSLONMOSI

Dos. Cavadov E.M., dos. Nagiyev M. T.
Ganca Dovlat universiteti
e-mail: elcin.55@bk.ru, e-mail: mnaiiev.@mail.ru.

Acar sozlar: iiziim baglari, ting, sitillik, calaq, calaqiistii
KirueBble cjioBa: BUHOTPAIHUKH, CAXCHEI, CAKEHEI], CTe0eb, CTeOeTb.

Uztimgllik Azorbaycan Respublikasmnm on golirli sahslorindo biridir. Yeni Gzim
baglarinin salinmasi vo bar veran UzlUmliklords seyrokliyi aradan qaldirmaq {iglin tinglik
tosSarriifatlarmm olmasi oldugca boyiikk shomiyyosto malikdir. Ona goro ki, filloksera
zorarvericisi Azorbaycanin biitiin tiziimgiiliik tosarriifatlarina sirayat edib.

Hal-hazirda Azorbaycan Respublikasinin tiztimgiiliik tosarriifatlarmin
mexaniklosdirilmis, modoni sitilgilik toSorriifatlar1 ¢ox azdur. Belo bir halda mocburiyyat
qarsisinda qalir ki, xarici 6lkalordon tonok sitilini (tingini) valyuta hesabina alsin vo bunun
naticasindo sort qarisigma yol verilmis olur. Miixtalif tonok xXastoliklori, zararvericilori
gotirilmis olur.

Bunlar1 nozoro alaraq respublikada sitillik tosorriifatlarinda gabaqeil becormo
texnologiyasint vo masin kompleksini totbiq etmok vo tovsiyalor tortib etmok vacibliyi
mdvcuddur.

Uziim sitilinin calaq iisulu ilo yetisdirilmosi mixtolif texnoloji amaliyyatlar1 ohato edir.
Tonayi ¢oxaltmagin miixtalif tisullar1 var: toxumla, zogu niikonda etmoaklo, ¢iliklorlo vo calaq
etmoklo. Calagi tonok kokinun dstiindo vo yaxud otaq soraitindo aparmaq olar. Otaq
soraitinda calag etmok, mioyyan Usulla calaqusti ¢iliyi, yoni madani sortu calagali ¢iliya
birlosdirmok demokdir. Calagetmo tsuluna Gstunliik verilir ki, calagetma komponentlordan
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biri (calaqalt1 ¢iliyi) fillokseraya davamlidi. Calagetma komponentlorinin diametrlori bir-
birino uygun, kasilmasi iss tomiz olmalidir.

Kalibretmo masinlar1 uzunlugu 5-6 sm calaqustl, 30-35 sm calaqalti ¢iliklori Koso
bilmali, diametri 6-12 sm olan zoglar1 1 mm (yaxud 0.5; 0.8 mm) daqigliklo muxtalif
diametrlors uygun olaraq ayrilmalhdir.

Istehsalatda MZKC-3, MRKC-5, MK-1 vo PNK-1 markali ¢iliklori kasan vo
kalibrlosdirma edon masinlar vo yarimavtomatlar mévcuddur.

Muxtolif calaq tisullar1 oldugu kimi, miixtalif ¢alaq etmo masinlar1 var. On genis tatbiq
edilon MP-7 markali ¢alaq edon masin Moldovada (Kisinyov) istehsal olunur. Giirciistanda
SIL-1 markali ollo calag etmo aloti genis yayilmisdi. PUQ-1, PNK-1 vo PPC-1
yarimavtomatlar kompleksi Ukraynada ¢ox genis yanilmisdir.

Uziim tinklorinin  hazirlanmasinda on miihiim is {iziim golomlorinin calaq
olunmasidir.Uziim qolomlorini calaq etmok iiciin bir neco iisullar mdvcuddur. ©n genis
yayllmis «yuva-dis» adlandirilan tisuldur. Bu iisullara uygun olaraq miixtolif calaq edon
masinlar mévguddur.

Uziim tinklorin hazirlanmasinda PS-3, PM-450, MP-7A vo PPC markali calaq edon
masinlar hazirlanmigdir.

PS-3 calaq edon masin Moldoviya iiziimgiiliik elmi-todqigat institutunda hazirlanib.
Uziim golomlorini bir-biri ilo domir bondlorlo birlosdirilmesi neticesinds calaqalti vo
calaqiistiilorinin kallus yetisdirilmoasi tam amalo galmir. Belo i bu masinla hazirlanan {iziim
tinglorin birlosmoa yerindo «6Imiis» sahalor amols galir, bu da qoyulmus aqrotexnixki taloblora
uygun galmir.

PM-450 calaq edon masin Bolgaristanda hazirlanib. Bu masmda «yuva-dis» «m»
omeqa soklindo hazirlanir. Calagalt: ilo calaqiistiiniin birlosmasi zoaif alinir, bu da calaq
edilmis tinglorin qirilmasina sabab olur.[2,3]

MP-7A calagedon masin Moldoviyada hazirlanib. Bu masinda calaqiistii ilo calaqalt
birlosmasi tozo iisulla hoyata kegirilir, yani pillali «yuva-dis» birlosmasi ilo Sokkizsaatl is
ndvbasinds masinin mohsuldarhigi 2000 adad calaq edilmis tiziim goalomlori toskil edir.

Uxkrayna tizimgiiliik vo sorabgiliq elmi-tadqiqat institutunda tiziim goalomlorini «dis-
yuvay tisulu ilo calag edon PPC yarim avtomat hazirlanib. Bu yarimavtomatla bir n6vbads 14-
15 min odoad calaq etmok olar. Lakin avtomatin islomosi U¢ln mitloq diametrino gors
cesidlonmis (kalibroedilmis) material (calaqiistii vo calagalt1) lazimdir.[2]

Cadval 1. Calaq olunmus iiziim sitili yetisdirmoak ii¢iin masinlar kompleksi

Ne " . Agreqatin torkibi
Texnoloji omaliyyatlar Trakior qreq fsei masm
1 Ca_laqaltil goalomlards gézctklarin lagv i PUQ-1, MUQ-2
edilmasi
2 | Calaqalt1 galomlorin kalibrlors ayrilmasi - PNK-1, PNK-2
3 | Calag komponentlorin calag: - MP-7A, PP-4
4 | Calaqlarin stratifikasiyaya qoyulmasi - UES-6
5 Sirimlarin agilmasi MTZ-80 MPB-1-2-3-q
6 Calaqlarin basdirilmasi - BPM-2A, QB-35/28
7 | Tingliyin darin yumsaldilmasi MTZ-80 MUS-1.3
8 Coargolor arasi kultivasiya MTZ-80 MUS-1.3
9 | Gibra vermokls dorindon yumsaltma MTZ-80 MUS-1.3
10 | Bordo mayesinin hazirlanmasi MTZ-80 APJ-12
11 | Cilomo MTZ-80 OP-2000
12 | Suvarma arxlarmin acilmasi DT-75M KZU-0.3,PRVM-150
13 | Sitillorin qazilib ¢ixarilmasi DT-75M VPN-2, VM-25
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Azarbaycanda {iziim goalomlorinin calagedilmasi istehsalini barpa etmok va iri miqyasa
catdirmaq ligiin kompleks masinlar alds edilmalidir:

- PPC — tizlim galomlorini calaq edon yarimavtomat [1]

- PNK-3 calaqiistii vo calaqalt1 goalomlori diametrlori Uzro ¢esidloyan (kalibroedan)
yarimavtomat [ 1]

- PUQ — calaqalt1 tiziim galomlarin cicartilori mahv edon yarimavtomat [1]
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Pe3rome

N3BecTHO, 4TO HILIOKCEpa — 3TO OWY BHUHOTPAIAAPCTBA. B CBS3M ¢ 3TUM BO3HHKACT
npobsemMa OopbObI ¢ ¢uuiokcepoil. OMHUM W OYEHb BAXHBIM SBJISIETCS TPOU3BOJCTBO
MIPUBUTHIX BUHOTPA/IHBIX CaXKeHIIEB. Bo3HMKaeT NOTPEOHOCTh CO3/1aHNs B BUHOTPAIAPUECKUX
XO3SMCTBaX TMPUBHTOTO IMOCAJ0YHOTO Marepuayia. [lodToMy J1aHa pPEKOMEHJIAIUsS 110
WCIOJIb30BAHNIO  MAlTUH-KOMIUIEKCOB JUISI TPOW3BOJICTBA BHHOTPAIHOTO ITOCAJOYHOTO
MaTepHaa.

Summary

It is known that the phylloxera scourge of viticulture. In this connection there arises the
problem of combating phylloxera. One very important is the production of grafted grape
plants. There is a need to establish farms in vinogradarcheskih grafted planting material.
Therefore, a recommendation on the use of machines, systems for the production of grape
planting material.

Cu-Al SISTEMLI DISPERS MOHKOMLONON OVUNTU KQMPOZisiYA
MATERIALLARININ SIXLASMASININ BOZi QANUNAUYGUNLUQLARI

Dos. Yaqubov E. K.
Ganca Dovlat Universiteti
emin.yagubov@mail.ru

Acar sozlar: aliiminium, mis, metal ovuntusu, sixlasdirma, matrisa, dispers material.
Key words: aluminum, copper, metal scrap, densification, matrix, dispersed material

Fiziki-mexaniki xassolorin orjinal vohdstindo yeni materiallarin alinmasi sahasinda
ovuntu metallurgiyasinin ugurlart molumdur. Lakin elo ovuntu sistemlori var ki, onlarin
sixlagsma qabiliyyati holo do ardicil sokildo Gyronilmomisdir. Belo sistemlordon biri xiisusi
¢okilorine gdra bir-birindon koskin farglonan mis (y= 8,96 g/sm®) vo aliiminium (y=2,7q/smq)
osasinda yaradilan kompozisiya materiallaridir. Belo metallardan dispers materiallarin
presionmo prosesi xeyli yeni qanunauygunluqlarin daqiqlosdirilmasini talob edir. Ona gora do
Cu-Al sistemi dispers mohkomlonon materiallarin  sixlagsma prosesinin todqiqi vo sixlasma
xarakterindo bazi miiddealarm doqiqlosdirilmosi elmi cohotdon ¢ox aktualdir.
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Tadqigatin magsadi mixtalif xarakterli dispers kompozisiya materiallarindan hazirlanan
momulatlarin tozyiq altinda formalasdirilmasi zamani bas veron deformasiyalar naticasindo
miisahido olunan sixlagsma prosesinin corayan etmosi mexanizminin morholali sokildo
aragdirilmasi, eloCo da prosesin gedisindo miisahido olunan mirokkab xarakterli sigrayislarin
elmi cohatdon osaslandirilmasidir. Tadqiqatin praktiki shomiyyati dispers ovuntu kompozisiya
materiallarinin  tozyiglo emali zamani bas veron sigrayis xarakterli sixlagmanin toyin
edilmasine dair middoalarin osaslandirilmasindan ibaratdir. Belo ki, tozyiglo emal prosesinda
bas veron muxtolif xarakterli deformasiya proseslorindon irali galon sixlagsma komiyyatinin
dizglin giymotlondirilmasi geyd olunan materiallardan muxtoalif toyinatlh momulatlarin
istehsalinda miithiim shamiyyat kasb edon bir masaladir.

Ovuntu kompozisiya materiallar1 {izorindo apardigimiz todgigatlar zamani bizim
torafimizdon mioayyan edilmisdir ki, Cu-Al sistemi dispers materiallarin sixlagsma prosesi
fasilosiz-diskret (sigrayisli) xaraktero malikdir. Bu todgigatimizin molumatlart mixtalif
sahodo dispers materiallarin sixlasmasinda digor muolliflorin eksperimentlori ilo do tosdiglonir
[1-3]. Lakin bu muslliflor naticalorin aproksimasiyasinda sixlagsma oayrisini dizlondiriblor va
ya hadisani tesadufii hesab edarok izah etmomislar. Bu da gostarilon islords verilmis diagram
formalarinda vo sixlasma oyrilorindo 6z oksini tapmusdir (sokil 1,2). Momulatlarin
preslonmasinds sixlasma prosesinin sigrayisabanzor xarakteri 6ziinii aydin sokildo biruzs
verir. Bu onunla izah olunur Ki, tozyigin mixtalif zonalarda geyri-barabar paylanmasi
ucbatindan  bas veron deformasiya proseslori miuxtalif xaraktero malik olur. Bu
deformasiyalar momulatin imumi hacminds camlonir vo sixlagsmanin {imumi xarakterini
muoyyanlosdirir.

Dispers sopilmis materiallarda sixlasmanin sigrayisabanzor xarakteri miuvafiq
eksperimentlorin hoyata kegirilmosindon olds olunan naticalorin emalinda doaqiq askarlanir.
Prosesin tadqiqi lglin sado formali (diizbucaqli prizmalar va ya silindirlor) i¢i bosluqlu pres-
goliblor totbig edirik vo onlarin olgtlarini elo secirik ki, todqiq etdiyimiz nidmunanin
sixlagdirilmasinda asagidaki sort 6doansin:

@:
P 1 S

burada, P, - todgiq olunan nimdnonin istonilon nogtesinde sixlagdirma qiivvesi; B, —
sixlasdirma qiivvasinin orta giymatidir.

Bu cir secim elementar sokilds dispers sopilmis kompozisiyanin hacmini hesablamaga
imkan verir va asason muxtslif név deformasiyalarimn iist-Usto diismoasini istisna edir. Bu halda
sistemin verilmis parametrlorin tasirino olan reaksiyast vo yaxud asili doyison Kimi
nimunanin sixlig1 (xiisusi ¢akisi) gabul olunur. [4]-cii isin miallifinin tacriibasins ssaslanaraq
tadgiq olunan hacmo tasir edon ilkin amillor kimi asagidakilar1 qeyd etmok mumkundur:
kompozisiyanin komponentlorinin ilkin sixligi (sopilma sixligi) ve sixlagdirilan niimunanin
imumi nisbi deformasiyasi. Sixlasma prosesina tasir edon bittn digor amillor (yik, zaman,
hissaciklorin formasi, 6l¢iilori va s.) ilkin amillorin vasitasilo dolaysi tasir edon kimi dyronilir.

Dispers sopilmis materiallarin sixlasma prosesinin xarakterini digor muolliflorin [5]
todgigatlarina osason mioyyan etdiyimizo goro olave eksperimental sinaqglarmn tstbigins
ehtiyac olmamigdir. Belo Ki, bizim torafimizdon eksperimentlorin aparilmasinin ananovi
ardicil plani totbiq edilmoklo orta sixliq kemiyyatinin () tozyiqdon (p) asilligi todqiq
olunmusdur. Sixlagma prosesinin sigrayisabonzor xarakterini aydinlasdirmaq ii¢lin sixligin
Olctilmasi intervali sigrayisin komiyyotindon on dofo kigik gotiirilmiisdiir. Malumdur ki,
struktur deformasiyasi noticasindo yaranmis sixligin komiyyat gostoricisi tam odadlordir.
Materialin hissaciklorinin moesamolora axmasina sobob olan plastik deformasiya halinda iso bu
gOstarici verguldon sonra birinci rogomdir. Ona goro struktur deformasiyasmin {istiinlilk
toskil etdiyi marhalos ilo plastiki deformasiya marhalosi arasindaki sigrayis vergiildon sonra bir
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rogoms malik olan komiyyatls ifads olunur. Aydindir ki, tozyigin, nimunanin 6lgularinin vo
kitlasinin 6l¢uilma daqigliyi verglldon sonra ikinci isaraya godar tomin olunmalidir.

Eksperimental molumatlar Gzro grafiklorin qurulmasi Y.M. Blanterin iginds [6] ifado
olunan bir sira qaydalar osasinda aparilir. Sixlasmanin sigrayigsokilli - xarakterinin
eksperimental tosdiqi ti¢iin strukturu dispers fazanin strukturuna yaxin olan ii¢ qrup material
gotirilmisdiir: plastik-mis ovuntusu TIMC-1va aliminium ovuntusu ; orta sartlikli TIDK2M3
markali domir ovuntusu vo 12X18H10T markali paslanmayan polad ovuntusu.

a

N : B j
0.6 —
2
0,4 /
N /_/
Q 150 300 350 600

P,MPa

Sakil 1. Metal ovuntularinin sixlasma kinetikas1 (P, MPa):
1-mis ovuntusu; 2-aliminium ovuntusu

Sixlasma prosesinin tadgiginds alinmis eksperimental naticalor vo digor mislliflarin
molumatlarinin tohlili dispers sopilmis materiallarin sixlasmasmin asagida tosvir olunan
imumi ganunauygunlugunu tosdiq edir (sokil 1,2). Butin hallarda sixlasma prosesi pres-
golibs tokiilmiis materialdan yaranan cosadin elastiki deformasiyasi hesabina baslayir.
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Sakil 2. Metal ovuntularinin sixlasma kinetikast (P, MPa):
1-polad ovuntusu; 2-damir ovuntusu

Sakil 1 vo 2-don gorundiyu kimi, preslomoa tozyiginin gobul etdiyimiz diapazonunda
mis Vo aliiminium ovuntularinin bir vaziyystdon digarino kecidi iki dofs 100 vo 550 MPa-a
yaxin tazyiglords miisahids olunur. Birinci sigrayigdan sonra materialin vaziyyati rabitolonmis
briketin yaranmasi ilo saciyyslonmisdir. Daha yiikksok méhkomlik haddina malik olan domir
va polad ovuntulart iigiin isa birinci kegid 400MPa-dan yuxari tazyiqdo bas vermisdir.
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Abstract

Studies have been carried out to investigate the process of compaction of dispersed
reinforcing materials of the Cu-Al system and general issues related to the refinement of some
provisions in the nature of compaction have been considered. Since the process of compaction
of composite materials is of great technical and technological importance in their primary and
subsequent processing, we have established and systematized a number of parameters of this
process. When determining the dependence of the average value of density (6) on pressure
(p), it was found that the compaction process in dispersed materials is of an leap-shaped
nature. Based on the results of the studies carried out during the compaction process, a
histogram of the distribution of density measurement errors was constructed, and the
distribution obtained by calculating the typical deviation was checked for normality using the
compatibility criterion.

To experimentally confirm the leap-shaped nature of compaction, three groups of
materials were taken, the structure of which is close to the structure of the dispersed phase,
and a graph of the compaction Kkinetics of each type of material was plotted in the form of a
relationship between the average density and the applied pressure. The conducted studies can
play a significant role in determining the compaction that occurs during the pressure treatment
of dispersion-strengthened composite materials.

COJIHEYHBIEDJIEMEHTHI HA OCHOBE COEJJMHEHHUM A'B3CS,
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yuugepcumema um. M./l. Mununnuonwuxoea, I posnsiii, Poccus
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Abstract. This paper presents the most important results of recent achievements on the

main problems of semiconductor solar power engineering, outlines not only the theoretical
aspects of a particular problem, but also describes the technology for the production and
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design of semiconductor solar cells based on A'B*C®, compounds and operating modules, and
also shows the prospects for the introduction of such photoconverters in practice.
Key words: chalcopyrite, single crystal, film, solar cell, photoconverter

MHOTOKOMIIOHEHTHBIE ~ TOJYIPOBOJHUKOBBIE  COCAMHEHUS  CO  CTPYKTYpOW
xanpkonuputa (B ocooeHHOCTH CUlNSe;) BBI3BIBAIOT OCOOBIN MHTEpEC WCCIEA0BaTENCH ¢
TOYKH 3pEHHS WX HCIOJIb30BaHUS B KaYECTBE MOTJIOMIAIOIIETO CJIOS B COJIHEUHBIX 3JIEMEHTA
[1-28]. D10 00yCIOBIICHO CIIEAYIOMIMMU TPUYHMHAMHU:

1) llupuna 3ampenieHHO# 30HBI TBEPAbIX pactBopoB Cu(In,Ga)(S,Se). uzmensercs B
muarma3one 1.0-2.4 sB [22, 23] u MoXeT ObITh HACATHHO COTJIACOBAaHA C ONTHUMAJIbHBIM
3HaueHueM A poronpeodpazoBatTeneld coiHeuHoi sHepruu (1.2—1.63B).

2) Upe3sBbluaiiHO BBICOKHE 3HAUEHHMs MOKa3aTesIs morinomenus ceeta (3-10°-6-10° cm™)
IPH COMOCTABJICHWHA CO BCEMH W3BECTHBIMHU TIOJIYIIPOBOAHUKAMH, TIO3TOMY TOJIIMHA
(bopMHUpYEMBIX CTPYKTYpP MOXKET COCTaBJIATH 3 —5 mkM [11,12].

3) Ilnenku CulnSe; u Culn,Ga)Se> MoryT ObITh MOJIYYSHBI Pa3IMYHBIMH METOJaMH Ha
MPOMBIIJIEHHOM TEXHOJIOTHYECKOM OOOPYIOBAaHHH, MIPU STOM CPABHUTEIHHO MPOCTO MOTYT
obITh copmupoBansl C3 ¢ KITJ[ 14-17% [10-14].

4) Bricokas cTaOWIBHOCTH XapakTepucTHK. [locrne HempepbhiBHON pabOThl B TeueHHE
7-10* yacoB mpH OCBEIEHHH UMHTATOPOM COJHEYHOTO M3IydeHHs u Temmeparype 60°C Hu
OIMH W3 TMapaMeTpOB HETePMETH3MPOBAHHBIX JJIEMEHTOB He yxyamuics, Kpome Toro,
paaralMoHHas CToiKocTh mpubopos Ha ocHoBe CulnSez u Cu(In,Ga)Se; B 50 pa3 Bblie 1o
CPaBHEHHUIO ¢ MOHOKPHCTAIUTMYECKUM KpemHueM u GaAs [16-77].

5) Huskas cebectommoctb. Tak, Ha TpoW3BOJACTBO OaTapen MomiHOCThIO 1.0 kBT
tpebyercst ~80 r coemmuenust Cu(In,Ga)Se,. Ilpu kpymHOCepuitHOM Mpou3BOACTBE (~60
MBT/rox) oxunaercs cedbectonmocts Moy 0.65-0.8 momr. CHIA /Bt [21].

Koncrpykinu Hekotopbix tumoB Cu(In,Ga)Sez colHeUHBIX 3JIEMEHTOB IMPEACTABICHBI
Ha pucucynke 1 [8,17]. CymecTByeT MHOXECTBO pa3IMUHbIX MeTOA0B HaHeceHus: CulnSe;
MOTJIOMIAIONINX TJICHOK IS COJIHEYHBIX JJIEMEHTOB, KAXKIBIA W3 KOTOPBIX HMEET CBOU
MpeuMyIIecTBa U CBOM HemoctaTku. Cpenn HHUX HUCIApeHHE M3 HECKOJbKUX HCTOYHUKOB,
cenenm3anus CU-IN MJICHOK, IEKTPOOCAKICHUE, OCAKICHUE M3 (PU3MUECKUX U XUMHUYCCKHX
napoB. Hawmydmive pe3ysiabTaThl MMOKA3bIBAIOT COJIHEYHBIC AJIEMEHTHI C IOTJIOTHTEISIMH,
MOJIydCHHBIMH ~ MCIIAPDCHUEM  COCTaBHBIX JJIEMCHTOB COCIMHEHHUS M CEJICHH3alueH
npeaBapuTeibHO HaHeceHHBIX Cu-In mnénok. KomoueBoit mpoGnemoit cuntesa CulnSe
IUICHOK SIBJIACTCS  KOHTPOJb cooTHomieHus Cu/ln B coelMHEHWMH, Tak Kak Jaxe
HE3HAYUTEIIFHOE OTKIOHEHHWE COCTaBa OT CTEXHOMETPHUYECKOTO MOXKET TMPHUBECTH K
3HAYUTEIHPHOMY U3MEHCHHUIO MTAPaMETPOB U XapaKTEPUCTHK COJTHEYHOTO JIEMEHTA.
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El). N1LeBOI KOHTaKT (Al) ) N1LEeBOI KoHTaKT (Al)
/ N / N\ % B).
| V///| arrvorpaxarens A_ B A aHTHOTpaKATEND %_
) ITO (Zn0) 1-2 MM
Hi3kooMHbli CdS unu CdZnS Zn0
BbiCOKOOMHBIA CdS unu CAZnS CdS unu CdZnS Oydpep (CaS) 40 0.2 mkw
BbicOKoOMHbIN CulnSe , Ga -oborawetbii ol
_ nornoturens (CulnSe,) 1--2.5 Mku
HH3KooMHii CulnSe , CulnSe, unu Cu(In,Ga)Se,

AR WG| [ eraanas iy ) [ AAsessas M a0

NOANOKK (CTEKNO UMM ANKMUHIA) || NOANOKKA (CTEKNO WK ANKMUHMIA) NoAncKKa (cTexo)

Puc. 1.

CTpyKTypa COJHEUHBIX DJIEMEHTOB Ha OCHOBE TPEXKOMIIOHCHTHBIX COCIWHECHUN MEu:
a) ¢ CdS omTuueckuM OKHOM M aHTHOTpaxkareneMm; 0) ¢ ZnO ONTHYECKUM OKHOM M
aHTHOTpa)KaTeseM; B) C IPO3PAUHBIM JIUIEBBIM 3JIEKTPOIOM.

B cuny srtoro, a Ttakke wu3-3a OTCyTCTBHS HHTepeca K CulnSe; co cTopoHs
TBEPAOTEIHHON 3JEKTPOHUKH, MOKA HE CYLIECTBYET €JMHOT0 TEXHOJOTHYECKOro IMpoliecca
st cuate3a  CulnSe; TIeHOK, MPUTOMHOTO Il TPOMBINUICHHOTO BHeapeHus. Ilo
coctostHIIo Ha 2005 rox pa3zpaboTku B obmactu CulnSe; comHeuHbIX 3JIEMEHTOB Bl (PHUpPMBI
Siemens Solar, Energy PV, Global Solar/ITN, Unysolar u npyrue. Cpeassist 3pheKTHBHOCTD
skcnepumenTanbHbIXx CO coctaBuia 17% mis Cu(In,Ga)Se, (pu pekopaHo#t 3G PeKTUBHOCTH
B 19.2%) u conHeunsix wmonyieit 12% 77-80. Cnemyer OTMETHTb, YTO PEKOpAHAS
3G (GEeKTUBHOCTD JOCTUTACTCS HUCKIIOYUTEIBHO Ha COJHEYHBIX AJIEMEHTaX Majol IIOIIaau
(menee 1.0 cm?).

OcHOBHBIE XapaKTEPUCTUKH HEKOTOPBIX COJHEYHBIX 3JIEMEHTOB Ha OCHOBE TPOMHBIX
coenuHeHuit meau CulnSe; u poACTBEHHBIX MOJIYMPOBOJHUKOB IMpeiCcTaBiIeHbl B Tabuuie 1
[77-80].

Ananuzupys cutyanuto ¢ CulnSe; conHeyHbIMu 3NeMEHTaMH, HEOOXOAUMO OTMETHUTH,
YTO OHM 00JIaat0T HAaMOOIBIIUM MOTEHIIMATIOM JUI TATbHEHUIIEro yCOBEpIIeHCTBOBAHUS, KaK
CO CTOPOHBI BBEICHHMSI 100ABOK rajuivs, CEpbl, HATPUS U KUCIOPOJA, TaK U C TOUKU 3PEHUS
YCOBEPIICHCTBOBAHUS HCIOJIb3yeMbIX TEXHOJOTMYECKUX OTNepanuil, Tak Kak B CHIY
HEJOCTAaTOYHOM M3YUYEHHOCTH COEAMHEHHUs ONTHUMaibHas TexHoljorus cuHte3a CulnSe; moka
He HaiijeHa. JTo BBITOJHO oTinuaeT CulnSe; u poACTBEHHBIE €My COSAMHEHHUS MEIU CO
CTPYKTYpOH XalbKOMHUPUTA OT JPYTUX CBETOMOTJIONMIAIOIMX MAaTepHUajoB, TaK Kak
nanbpHelmas padora no ycoepuieHcTBoBaHMI0 CulnSez CO Hens30eXHO JOJDKHA MPHUBECTU K
YAYUIICHUIO UX XapaKTePUCTUK MO CPaBHEHHUIO C OCTaJbHBIMU COJIHEYHBIMU SJIEMEHTaMH,
KOTOpBIE YK€ JOCTUTIHN (WM MOYTH JOCTUTJIM) ONTUMAIBHONW TEXHOJOTUU MPOU3BOACTBA U
ONTUMATFHOU KOHCTPYKIIHH.
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Conneunsle 11eMeHThl Ha ocHOBE CulnSe2 ¥ poACTBEHHBIX NOJIYITPOBOJHUKOB

Tabmuma. 1
Marepuan, S, Uoc, Jsc, f, KIIJ, Opranu3zanus
CTpyKIyPpa cM? MB | MA/ cM? % %

ZnO/CdS/CulnSez | 0.192 539 33.7 73.6 13.4 Siemens Solar
Zn0O/(Cd,zn)S/ 1.003 604 34.3 67.9 14.1 Boeing
/CulnSez/Mo
ZnO/(Cd,Zn)S/ 0.99 483 35.6 67.7 115 ISET
/CulnSez/Mo
MgF./Zn0O/CdS/ 0.41 674 34.0 77.3 17.7 NREL

/Cu(In,Ga)Sez/Mo
MgF2/ZnO/CdS/ 1.03 678 32.0 75.8 16.4 NREL

/Cu(In,Ga)Sez/Mo
Cu(In,Ga)Se> 0.48 655 - - 17.6 Matsushit

CuGaSe; 0.38 870 - - 9.3 IPE
Zn0/Cd,zZn)S/ 69 690 - 68 12.7 Siemens Solar
/CulnSez

MgF2/ZnO/CdS/ 0.35 519 41.2 75 16.1 RIT/IM/IPE(KTH)
/CulnSez/Mol/ss
MgF2/ZnO/CdS/ 0.40 660 31.5 78.7 16.4 NREL

/Cu(In,Ga)Sez/Mo
MgF2/ZnO/CdS/ - 558 41.0 71 16.2 Siemens Solar

/Cu(In,Ga)Se2/Mo
MgF2/ZnO/CdS/ 0.25 715 23.7 71 12.0 IPE

/Cu(In,Ga)Sez/Mo

CulnSe,/CuGaSe: - 573 32.8 70.8 13.3 NREL
Cu(In,Ga)Se> 0.164 600 33.8 73.3 14.9 DEEE
MgF2/ZnO/CdS/ - 515 41.2 73 15.4 IPE/KTH
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/CulnSez/Mol/ss
MgF2/ZnO/CdS/ 0.33 641 358 73 16.9 IPE/KTH
/Cu(In,Ga)Sez/Mo
MgF./ZnO/CdS/ 0.25 541 31.1 76 154 IPE
/Cu(In,Ga)Sez/Mo
ZnO/(Zn,Cd)S/ - 756 13.7 60 6.2 IPE
/CuGaSe
ZnO/CdS/CulnSe; - 493 38.7 72 13.7 IPE
Cu(In,Ga)Se> - 589 35.6 75 15.8 IPE
CulnS; - 705 23.3 72 11.8 IPE
CulnSe; - 613 336 72,5 14.9 KTH
CdS/Cu(In,Ga)Se./ - 575 323 75 13.9 KTH
/Molss
CdS/Cu(In,Ga)Se,/ - 582 32.7 75 14.3 KTH
/Mo/Al+NaF
In,03/CdS/ 0.485 560 30.0 48.5 8.15 DEEE
ICuln(SxSe1-x)2
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PEHTTEHOBCKHME UCCJIEJJOBAHUS TEMIIEPATYPHOM 3ABUCUMOCTH
IMAPAMETPOB KPUCTAJUIMYECKOM MOHOKPUCTAJLJIOB AginSe;

2Mamues A.X., *Ymapoe C.X., *“I'acanos H.3.,*P.T. *Ycnaxcues
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?Kanmuzaat Gus-MaT Hayk, [ pO3HEHCKHI TOCYIapCTBEHHOM HE(DTIHOH TeXHUIECKUi

yHuBepcutera uMm. M. JI. MummiuinonmukoBa, ['po3ueii, Poccus

Abstract Based on the data of experimental and X-ray studies of the absorption spectra
and the temperature dependence of the crystal lattice parameters of AginSe. single crystals,
the values of the thermal expansion coefficients along the corresponding crystallographic
directions are calculated. It has been established that the thermal expansion of AginSe:
crystals along the a and ¢ axes changes its sign at temperatures of 142.31 and 135.14 K,
respectively.

Keywords: Crystal, unit cell parameter, thermal expansion, characteristic temperature,
interplanar spacing, Debye temperature, X-ray analysis, phonon spectrum.

Coemunenue AgInNSe;, oTHOcsIIEeecs K HOBBIM Kjlaccam IOJYMPOBOJAHHKOB THIIA
A"B"C)' u A'B"'C)' mpeacTaBiAIOT HAYYHBIN HHTEPEC JUI COBPEMCHHOM OITOAICKTPOHUKH

W B HacTosliee BpeMs HWHTeHCHBHO wuccieayercs [1-8, 11-16]. Coemmnenue AgInSe;
KPUCTATM3YIOTCSI B XaJbKOIMUPUTOBYIO CTPYKTYpy, B KOTOpPOH [Ba BHUAA KaTUHOHOB
00pa3yroT YMOpSAOYCHHYIO TMOJPEIICTKY. DJIEeMEHTapHas s4eiika, cojaepikamias 8 aTOMOB
(2Cu, 2In, 4Se) xapakTepu3yeTcs HalIWYHMeM OOBEMHOTO IIEHTpa M OTHOIIEHHEM OCEH,
Om3kuM K 2 [6].

Lenp Hacrosmed paboThl — HCCIEIOBAaHHE TEMIIEPaTypHOW  3aBHCHUMOCTH
KO3 (UIIMEHTOB TEPMHUYECKOTO PACHIMPEHUs M CHEKTPOB MOTJIOUICHUS MOHOKpPUCTAJIOB
AgInSe;. HccrnenoBanusi TemmepaTypHOW 3aBUCUMOCTU MapaMETPOB PEIIETKH BILUIOTH 0
HU3KUX TeMIepaTyp MNPEeICTaBIAIOT HWHTEpPEC, TaK KaKk OHM TECHO CBS3aHbl C JAMHAMUKON
pEelIeTKH U TMO3TOMY MOTYT MPUBECTH K Oojiee IIyOOKOMY MOHHUMAaHHIO 3TUX CBOWCTB B
kpucramax A'B"CY'.

Uccnenyemble kpuctamnsl  AgInSe, BeIpamuBanuch MeTOIOM  bpumkmena -
Crokbaprepa. MicxoIHbIMH MaTepyagaMu SIBISUTMCH JIEeMEHThI 0co00i# unctotel: Ag-OCY-4-
11-4; In-000; Se - OCU-17-4. U3yuenue tepMudeckoro pacimupenus kpuctamioB AglnSe;
MPOBOJMIIM Ha CTaHAAPTHOM peHTreHoBckoil ycraHoBku JIPOH-3 ¢ wucnons3oBaHueM
HuskotemiepatypHoil npucraBku YPHT-180. Ckopocth BpallleHHsI €TEKTOpa yCTaHOBKHU
JIPOH-3 cocraBnsana 0,25 rpag/muH. VYrioBas OTMETKa Ha JIGHT€ CaMOIMIIYIIETO
MOTEHIIMOMETpa OCYyIIeCTBIsUIack uepe3 Kaxaple 0,1°. J[ns MOBBIIIEHUMH TOYHOCTHU
UcclenyeMblit oOpasel] o0Iydanu XapakTepUCTUYECKUM U3ITYyYeHHEeM OT MEJIHON MUILIEHU, B
pe3ynpraTe d4ero peduieKchl CTaHOBWIMCH Oonee peskumu. OxnaxaeHue oobOpasia
OCYIIECTBISUIIOCH HM3KoTemneparypHoil mpucrtaBkoit YPHT-180, paGoraromieid mo meromy
o0xyBa.

OOpasupl A7 uccieloBaHUM ObUM  MOHOKpUCTaludeckue IutactuHku AglinSez
N -TUIIA C KOHLIEHTPALUAMUA HOCUTEIEH ~ 10'® em™® u mogBmwxkHOCTSIME ~ 40 — 70 cM?/B1-C?t
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cootBerctBeHHO mpu 300 K. IloBepxHocTH 00pa3loB MpeaBApUTENBHO I0ABEPTAIHCH
UM OBKe, MOJUPOBKE, a 3aTEM XUMUYECKOMY TPaBJICHHUIO.

XanbKOIMPUTHAS PELIETKA HMEET OCEBYHD CHUMMETPHUIO, II03TOMY IapaMeTphl
JJIEMEHTApPHOU SYEWKU g U ¢ HE3aBUCUMO H3MEHSIOTCA C TeMmiepaTypoil. st onpenenenus
TEMIIEpaTypHOM  3aBUCUMOCTH [apamMeTpa «, HpPOBOAWIM H3MEPEHUS U3MEHEHUE
MEXIUIOCKOCTHOTO paccTostHus d,y,, Tak kKak a = 2d,,,. 3aBUCHMOCTh C(T) OIpEeNeIIAIN 110

N3MEHECHHIO d112 C TEMIEPATypOid, OTKY/Ia HAXOWJIU MapaMeTp peieTku C 1o dhopmyie
2ad,,,

v az - 2d1212 .

N3mMepenHbie TemmnepaTypHbIE 3aBUCHMOCTH MEXKIIJIOCKOCTHBIX PAaCcCTOSIHUM dzoo(T) u

C=

dm(T) npenctaBieHsl Ha puc. 1 a,b. TemmeparypHble 3aBHCHMOCTH a(T) " C(T),
onpenenennbie u3 ,,(T) u dm(T), npeJcTaBieHsl puc. 2a,b .

3aBHCHMOCTH a(T) u C(T) AMMPOKCHMHUPOBAIH COOTHOIICHUSIMHU:

a(T)= Ab+BO+%

G
c(T)=A+B, 7

Ha OBM BO BceM TemmepaTypHOM HHTEpBale, B pe3yJlbTaTe 4YEro ObUIM OIpPEIeIEeHbI
nocrosiabie A, B, n C,, xotopsie coctaBumu 5,97 A;3,27-10%A/K; 6,83 A-Kwu 11,53 A;

4,43-10*A/K; 7,89 A-K coorsercTBenno. HamMeHbIe KBajpaThl B ONpEENEHUM d U C
SKCTIEPUMEHTAIEHO U TI0 BBIIEHPUBEIEHHOH (POPMYIIe COCTABJISIOT:

fo = (B — @ J =170-10°%; fo =3 (Crup —Cyn f =3,63-10°*
f

CpenHekBaipaTUYHOE  OTKJIIOHEHUE O = m cocrapismio  o2=899-10" wu

o° =415-10". U3 3aBucuMocTeii a(T) Hu C(T) CJIEYET, YTO MPU ONPEICIECHHOM 3HAYCHUH
TEMITEpPaTypbl, TEPMHYECKOE paCIIUPEHHE PEIISTKH MEHsSIeT 3HaK. BuaHo, 4TO 1pH
OTIPEICICHHOM 3HAYCHUH TEMIICPATyphl, TEPMUUYECKOE PACIIMPEHUE MEHSIOT CBOM 3HaKk. M3
3aBHCHMOCTEH a(T) n C(T) pacCYMTHIBAIA 3HAYCHHS KOI(PPHUIIUEHTOB TEMIIEPaTypHOTO
pacIIupeHus BAOIb COOTBETCTBYIOIIMX KPUCTAIUIOrPaGHUSCKUX HAIIPABJICHHH 1O (hopMyJIe

1 da. 1 dc

A, =—+ ——; O,=— "——.

c, dT
Ha puc. 3 nmnpencraBieHsl  TeMIepaTypHble  3aBHCUMOCTH — KO3((UIIMEHTOB
TEPMUYECKOTO pacMpeHus: KpuctaioB AgInSez. AHM30TPOIHS TEPMHUECKOTO PACIIUPEHUS

B 9THX KpHUCTaJUIaX clabo BhIpa)keHa, OJHaKo B objactu Hu3kux Ttemneparyp (7' < 120 K) ¢

a
YMCHBIIICHHEM TeMIIepaTypbl OTHOLIeHHe | — | pacteT u cocraBisiet 1,91 u 1,41 npu 80 u

C

a
300 K coorBeTcTBEHHO.

Tepmuueckoe pacmupenue kpucraimioB AgInSez Bronb oceiia U CMeHseT CBOM 3HAK
npu temneparype 142,31 u 135,14 K cooTBeTcTBeHHO. 3HaU€HUS 00bEMHOTO KO PHUIIMEHTa
TEPMUYECKOTO PACHIMPEHUS, PACCUUTAHHBIE IO GopMmyle ¢, = (Zaa +ac) MOKa3aJu, 4To &,
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U3MEHSET CBOM 3HAK IIpU Temrmeparype |, :139,4615111}8. JSHAUCHHE XapaKTepUCTUYECKOM
TeMg%%%TypH U3MEHEHUS 3HaKa ¢, 04Y€Hb OJIN3KO I10 BeTHuyHe Temnepatypsl Jebas 6 438
7 ‘ (]

KpBIORINOB a gInS
A
3,050 <
™ s 6,090
3.045 6,080
3,040 | A Ly 6,070 . . —
80 160 240T,K 320 80 160 240 TK
11,72 4
A 11,71 T
3475 S 11,70 f
A b) o L
1347 | 11,69 |
3,46 [ 11,68 |
216 = | | I: 11.67 re 2 —p
fN 160 240 T,K 320 80 160 240 TK
Puc. 1. TemnepaTtypHble 3aBUCUMOCTHU Puc. 2. TemnepaTtypHble 3aBUCMMOCTH
MEKMNOCKOCTHbIX PACCTOAHWUM napameTpoB 3/1eMeHTapHbIX AYeeK

MOHOKpucTanna AginSe,.

A Og
A=
7 Oc
10
N
L -
b
=
A\ _ —
S
-ARI—
1n 1 I 1 I L1,
6 11N 27°n T 2NN

Puc. 3. TemnepaTtypHble 3aBUCUMOCTHU

KoadbduMuMeHTa TEPMUYECKOTO PACLLUMPEHMA
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CpaBHuBas MOJY4YEHHbIE pE3yJabTaTbl C HAIIUMU pe3yJbTaTaMH [0 HCCIIEIOBaHUS
TEMIICPATYPHON 3aBUCUMOCTH E (T) 1o creKkTpam norjiouieHus [4,6] npuxoauM K BBIBOIY, YTO
o0BeMHOE TeruioBoe pacimupenue B AgINSez k M3MEHEHUIO Eg(T) O-BUUMOMY, JOMUHUPYET

BO BCEM HCCICAOBAHHOM MHTCPBAJIC TEMIICPATYDP. OI[HaKO COOTHOIICHUEC MCKIY OTHOCUTCIIbHBIM
AE

9

W3MEHEHHEeM o0beMa e U B TemmeparypHbix uHTepBaax 90<T <120K wu

g
140<T <300K Becpbma pa3mu4Hbl, YTO JaeT OCHOBAaHHE IMPEAIoJaraTh CYyIIECTBOBAHUE

KOHKYPUPYIOIIETO MEXaHM3Ma, JAKOIIEr0 MOoJo)uTeNbHOe usMenenne AE . Ilpm T >120 K
Hamu HaOmonanack [4,6] sBHas aHOManus B NOBeAeHUM AE B TOM CMBICIE, YTO HEKHUi

«TOJIOKUTENbHBI» MEXaHW3M IIOYTH TIOJTHOCTBIO KOMIIEHCHPYET CYKEHHE, OOYCIOBIEHHOE
00BbeMHBIM 3¢ (eKToM.

OOBIYHO TEPMUYECKOE pACHIMPEHHE TBEPABIX TEN ONHCHIBAIOT HCIOJIH30BAHUEMT
napameTrpoB ['proHaiizepa. B cmydae ¢ AgInSe;, KOTOpBIM KpHCTALUIU3YeTCS B OJIHOOCHOM
XaIbKOIIMPUTOBON CTPYKTYpE, HY’)KHO BBECTH JIBa HE3aBHCHMBIX Iapamerpa I'pronaiizepa y, u

V., KOTOpble CBsi3aHbl C KOA((UIHEHTaMH TEPMHUYECKOIO  PACIIMPEHHS (aa,ac)
COOTHOIIEHUSIMU:

Va= \(-/:_m [(Clsl + C152 )O‘a + Clsa : ac] Ve = \c/:_m [chssaa + Csss : ac]'

p p

rae V,, - MomspHbid 00bem, C, - ynenbHas MOJSIPHAs TEIJIOEMKOCTh MPH MOCTOSHHOM
TaBIICHHH, Ci? - anmuabaTHyecKasi IOCTOSTHHAS )KeCTKOCTH. Ha maHHBIE MOMEHT HET CBeACHUH 00

AKCIIEPUMEHTAIILHBIX 3HAYCHUSIX Ci? " Cp(T) B AgInSe B mHTEpecyromeld Hac TeMIepaTypHOr

0o0JacTu M 3TO CO3[AeT TPYAHOCTH B NMPOBEACHUN KOJIWYECTBEHHOI'O aHAlM3a TeMIIepaTypHBIX
3aBUCUMOCTEH ¥, U ¥, .

OpHako, He HCKIOYas APYruX OOBICHEHWH, MOKHO MpPENoJiarath CyIeCTBOBaHHE
HU3KOPHEPreTHYEeCKNX KoJIeOaHU MOJA pEelIeTKH ¢ OTPHUIATeIbHOW MOJO0W mapaMeTpoB
I'pronaiizepa B AgInSez. K coxanenuto, cBeZieHHs] O HU3KOPHEPT€TUYECKUX BETBEl (DOHOHHOTO
CIEKTpa HE JOCTATOYHBI.

Cnenmyer OTMETHTH COIJIacM€ MEXKIY TEMIEPaTypHbIMH 3aBHCHUMOCTAMU IIIUPUHBI
3aMpelnieHHoN 30Hbl M TapaMeTpoB pemIeTKU. AHOMAaJbHBIM XapakTep 3aBHCHMOCTHU Eg(T)

MIPHUCYI TAKXKE 3aBUCUMOCTHU a(T) u C(T). DTOT IKCHEPUMEHTAIBHBIN (PAKT CBUIETENHCTBYET O
MPEBATMPYIOIEM BKJIaZie 00beMHOTO A deKTa B TEMIIEPATYPHYIO 3aBUCUMOCTD IIUPUHBI 3ampe-
IIEHHOH 30HBI MOHOKpHCTaILIOB B AgInSe.

Kak yke oTMEYeHO BBIIIE, COTJIACHO CYIIECTBYIOUIUM MPEACTaBICHUAM TeMIepaTypHas
3aBUCUMOCTD E (T) momympoBomHHKAX 0GYCIOBIHBACTCS TEPMHUUECKHM PACIIMPEHHEM PEIICTKH

(oObeMHBIH  3QQeKT) U  MEeKTPOH-(QOHOHHBIM  B3aUMoOJEHCTBUEM. l3MeHeHHe 3Haka

TEMIICPATYyPHOT'O KOB(i)(i)HI_II/IeHTa 8_Tg CBHUIACTCIILCTBYCT O KOHKYPCHIHMU JBYX Bq)q)eKTOB.

p
HpI/I 9TOM CUHTACTCA, YTO TEPMHUUYCCKOC PACIIUPCHUC O6YCJ'IOBJ'II/IBaeT MOJIOKUTEIb HBIH
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TEMIIEPATYPHBIHA KOO(Puiment E , a amekTpoH - (OHOHHOE B3aMMOJEHCTBUE - OTPULIATENBHBIN

€ro 3Hak. ECTeCTBEHHO Mpenrnoyiokuth, 4ro B AgINSe; Bkiag TEPMUYECKOTO PaCIIUPECHUS
npeobmanaer Hwke 120 K, a anexkrpon-poHOHHOTO B3auMoaericTBus - Boimie 120 K.

W3BecTHO, 4TO M30XOPUYECKOE M3MEHEHHE (éEg L MOJKET OBITh 00YCIIOBIIEHO HEIMHEHHOM

3aBUCHUMOCTBIO E; 0T MexaromHubIx paccrosHuit. O000Mast MOTyIeHHBIH pe3yIbTaT Ha Ciydai

aHI/I3OTpOHHOFO KpI/ICTaJIJIa, 3aIlIuIiIIcMm
(0By) =D (oK), (oBy), =E0Au+o Zsf ED, (1)

rac A/u - paCIMp€HUC U CKUMACMOCTD }(ﬂ COOTBETCTBYIOIIMEC INNTaBHOMY HAITPAaBJICHUIO [l .

Jliia remniepatypHoil mpousBoaHoM u3 (1) umeem

oE,\ (O, OE, ) (oE,

— v—(l) _ —(2) .
= Tay Za oy ZZ ASWTIFE
oT ) ar ), ; oA, ). T v “
)
3necy o - TemmeparypHblil koddunuent obvemHoro pacmumpenus,C; , =0g; , /6T -
u u
TEIUIOEMKOCTh  ocHmuIsTopa pemerkd (f - BosHOBOW BekTOop, A — mOJISIpU3anus).

OrpaHu4muMcs yueToM BKJIa/1a IPOJOJIBHBIX BOJH, IPH KOTOPOM
— =@® =@
(2= (8,20)+(8,20)) T =a,
Y7

Hcnionb3ys ycpeHEHHbIE TAPAMETPhI £, U &, ONpPEAEIIeMble PABEHCTBAMH,

oa o\, _ —
(B (2o e
)7

a C

s BeicokoTemmepatypHoir (T > #)obnactm 6 =138 K - Ttemmeparypa [ebas [195,196 ]

I1oJiydacm
oE E
0| A E =2 oy s oy s £3NK,
oT 36 \
p
rae kB - TIIOCTOsIHHasAa EOHBHMaHa, - BBICOKOTEMIICPATYPHOC 3HAYCHUC KO3(1)(1)I/II_II/IGHT3

['pronaiizena (yg =2).
BBumy OTCYTCTBHA 9KCIIEPUMEHTANBHBIX JAaHHBIX OTHOCHUTENBHO E, mpumem, dTO
usMeHeHne ok, B obmactu T <120 K 00ycroBieHo TOJNBKO W3MEHEHHEM IApaMETPOB PEIIETKH

aunc, TO €CTb
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Sa &
(B, ) ., ~EA(T); AV(T):ZZ+?,

M3 X0J1a KPUBBIX, OMUCHIBAIOIINX 3aBUCUMOCTHU éEg , a(T) u C(T) obOmactuT <100 K BeITEKAET

éEg ~25meV ; 2% ~—0,0033; % ~—0,0005;

s napamerpa E, ato naer

E, ~—(0,025/0,0038)~ —6,6 eV

W3 BBICOKOTEMIIEPATYPHBIX 3aBUCUMOCTEN CIIEAyeT
&, =115-10" K™ n (0E, /oT) =1510" eB/K

IToacTanoBKa 3THX 3HAa4YeHHH B maeT &, ~32eV . Jlna 6ojiee TOYHBIX OLIEHOK TPEeOYHOTCS
SKCIEpPUMEHTAaJIbHBIE JaHHbIe TI0 Ko3(dduunentam nasienus. Kpome storo BuaHo, u3 (1),4ro He
WCKITFOUEHO BIIMSTHHE TIONIEPEYHBIX BOJIH PEIICTKH.

Ha maHHO# cTaguu, W3 MPUBEICHHOTO BBINIE aHATM3a CIIEAYET, YTO H30XOpHUYECKas 4acTh

WU3MEHEHUS (éE B MoHOKpucTtaurax AgInSe; wMmeer NONOXKHUTENBHBIM 3HAK, TO €CTh

9

OE .
(_g >0, a IIpU BBICOKUX TeMmIleparypax (dEgL , BUIIIMO, KOMIIEHCUPYET OTPULIATEIIbHBIN
oT
BKJIaJ OT TCPMHUYCCKOTO paClIMPEHUS PCIICTKH.

Hamu BbICKa3aHO MpEaNoJIokKEeHHWE, YTO MPH HU3KHX TeMIleparypax BKIaJ OOBEMHOTO
spderra (TepMUYECKOE PACIIMPEHHUE PEIIETKU) B TEMIEPATYPHYIO 3aBUCUMOCTh E, sBisercs

npeBaupyomuM. TepMUYecKoe pacHIMpeHue pelIeTKH IpPH HU3KUX TeMIepaTypax TECHO
CBSI3aHO C IMHAMUKOM PEIIETKHU.

TemnepaTypHasi 3aBUCUMOCTb IIMPUHBI 3allpPEIIEHHOW 30HBI B  MOJYMPOBOJHUKAX
o0ycnaBiIMBaeTCsl TEPMHUECKUM PpACHIMPEHHEM pEIIeTKH U 3JeKTpPOH - (OHOHHBIM
B3aUMO/ICHCTBUEM. Tepmuueckoe paciupeHnue oOycnaBiauBaeT MOJIO’KUTETbHBIN
TeMIepaTypHbiil K03uineHT, a 3IeKTpoH-POHOHHOE B3aUMOACHUCTBHE - OTPULIATENIbHBIN 3HAK
[5].

DTO HE MO3BOJSET MPOBECTU JETalIbHOE OOCYXACHHE O POJH AJIEKTPOH-(POHOHHOTO
B3aUMO/JICHCTBUSL B TEMIEPATYpHBIX 3aBUCUMOCTAX mupuHbl AgInSez. D10 m0MKHO cTaTh
[peIMETOM JaTbHEUIIINX UCCIIeI0OBAHUN.
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CasGazS7 :Eu BIRLOSMOSININ LUMINESSENSIYA XASSOLORINO QAMMA -
KVANTLARIN TOSIRI

Abdulheyov R.A., Faracova U.F., Osgarova S.N.
Milli Aviasiya Akademiyast
Mr.abdulheyov@rambler.ru

Acar sozlar: liminessensiya, dalga uzunlugu, yarimkegirici, radiasiya defektlori

KurroueBsble ciioBa: TIOMUHECLICHIIMS, JJIMHA BOJIHBI, TOJIYIPOBOIHUK, paIuallMOHHBIE
neheKThI

Key words: luminescence, wavelength, semiconductor, radiation defects
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Genis temperatur intervalinda (4.2+500K) ultrabandvsoyi siialarin, elektron dastasinin va
digor xarici amillorin tosiri altinda isiq veron CaGaSa birlosmasi Al' B! C4Y' birlosmolor
grupunun parlag niimayandasidir. Bu grupda A" —iki valentli kationlar-Ca, Ba, Sr; B! —iic
valentli kationlar-Ga, in, Al; C4¥'- iso xalkogenlordir (S, Se, Te) CaGa,S; birlosmoasinds xarici
amillorin tosiri ilo stialanan morkazlor yaratmaq tc¢un homin birlosma vo ona banzarlor nadir
torpaq elementlori (NTE) ilo aktivlosdirilirlor. CaGazSs birlogsmasinds siialanma morkazlori
yaratmaq Ucln hamin birlosmonin sintezi zamani ona NTE-don yevropium, seriumun vo
digarlarinin oksid vo ftoridlori daxil edilir. Belo halda alinan birlosmo CaGa,S4 :Eu, CaGazS4:Ce
soklindo yazilir. Bu o demokdir ki, CaGazSs birlogsmasi ayriligda yevropium (Eu) va seriumla
(Ce) aktivlosdirilmisdir. Xarici alimlorin va biizm todqiqatlarimiz gostorir ki, serium elementi
yevropium elementinin CaGaxSs birlogsmasinds siialanmasini daha da giiclondirir. Bu 0 demakdir
ki, serium elementi hamin birlosmads yevropium tigiin sensibilizator rolunu oynayir. Basqa s6zlo
CaGaxSs birlogsmasinds seriumun buraxdigi siia yevropium elementini hayacanlandirir. Bu proses
CaGaxSs birlosmasinin iki gat aktivlosdirilmasi adlanir. Bu halda homin birlosmo belo  bir
formulla gostorilir. CaGazSs,Eu,Ce. Bu birlosmo yilksok xiisusi miigavimato (p~109+10
Om-sm) genis qadagan olunmus zolaga malikdir Eq~4eV.

Giris.

Genis temperatur intervalinda (77-300K) ultrabondvsayi siialarin, elektron dastasinin va
digor xarici amillorin tosiri altinda isiq veron CasGaS7 birlosmosi A" Bz "' C4 V! birlogsmolor
grupunun parlag nimayandoasidir. CasGazS7 birlogsmosinin  defektli qurulusa malik olmast vo
rekombinasiya morkazlorinin konsentrasiyasinin az olmasi sobabindon T=300 K temperaturunda
zoif liminessensiya xassasine malikdir. CasGazS7 birlogsmasi binar xalkogenid yarimkegiricilor
CaS maddasi ilo Ga;Ss maddosi arasinda yiiksok temperaturda (~1400 K) gedon bark cisim
reaksiyasi noticasindo sintez olunur: 4CaS+ Ga,S; =CasGa,S7 . Sintez olunmus kristallarin
qurulusu haqqinda naticalor rentgenografik analizdo almmisdir. Bu birlosmolords  yeni
rekombinasiya markazlori yaratmaq moqgsadilo birlosmonin sintezi zamani nadir torpaq elementi-
yevropium (Eu) atomu ilo aktivlosdirilmoklo siialanma moarkazlori yaradilmisdir. Alinmis
CasGazSy :Eu?* birlosmosindo yaranan siialanma morkozlorinin aktivlosdirilmosi mogsadi ilo y-
kvantlarla mixtalif dozalarda siialandirilmisdir.

Muoyyan edilmisdir ki, CasGaxS7 :Eu birlosmasi n- tip keciriciliya malikdir, yani osas
elektrik yiikdastyicilar1 elektronlardir. Elektronlarm vyiiriikliiyii 28 sm?V -san-o yaxmdir.
Birlosmo enli zolaqli yarimkegiricidir (Eg=2,5+2,7 eV), xiisusi miiqavimoti 10°+107° Om-sm
tortibindadir. GazSs birlosmasi kubik qurulusa malikdir, qofos parametrlori a=5,171& . 1k dafa
bizim islorimizdo gostorilmisdir ki, NTE-lori Ga,Ss birlosmasinds effektiv siialanma markoazlori
yaradirlar.

Sintez olunmus CasGapS7:Eu?* birlosmosinin fotoelektrik vo luminessent xassalori
stialanmadan ovval vo sonra  todqiq edilmisdir.  Nimunolorin liminessent xassalori
“@JIFOOPAT-02-ITAHOPAMA” cihazinda aparilmigdir. [1,2,3] Siialanma spektrini miisahids
etmok Ggln homin kristali 405 nm dalga uzunluguna malik goy lazerlo hayacanlandiririq.
Alinmis siialanma spektrindo CasGazS7: Eu?* birlosmosine uygun spektrin qirmizi oblastina
uygun slialanma miisahido edilmisdir.

Qmrmiz1 stialanma zolagr 620 -760 nm dalga uzunlugu intervalinda miisahido olunmusdur.
Alinmig spektrin tohlili gostorir ki, spektrds siialanmanm maksimumuna uygun dalga uzunlugu
Amax= 660 nm uygun galir. Bu xatt iki valentli yevropiuma aiddir.

CasGazS7 :Eu birlogmasinin fotoelektrik xassalori udulma zolaginda todqiq edilmis vo
mulayyan edilmisdir ki, spektrin 400- 800 nm oblastinda fotohassasliga malikdir. Eu- atomunun
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daxil edilmasi qirmizi sorhaddin uzundalga oblastina torof siiriismosine Vo fotohassasligin
artmasina sobab olur.
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CasGarS7: Eu?* birlagmasinin spektral analizi

Asagi dozalarda (50 krad) y-kvantlarla siialanma zamani iso siialanma spektrinin 620 -760
nm oblastinda miisahido olunan siialanmanin amplitudasi vo spektrin eni artir. Yiiksok
stialanma dozasinda iso (500 krad) nimunalorin siialanma spektri kigik dalga uzunlugu oblastina
torof siirtisiir vo stialanma spektrinin maksimumuna uygun dalga uzunlugunda amplitud giymati,
eyni zamanda spektrin parlaqhigi artir.

Almmus tocriibi naticolor asasmda demok olar ki, CasGazS7 birlosmoasinin Eu- atomunun
daxil edilmosi gadagan olunmus zonada dorin energetik soviyyslor yaradir vo bu moarkazlor
spektrin udma zolaginda r-rekombinsiya (fotohassas) markazlorinin konsentrasiyasini artirir. Bu
iso spektrin 400- 800 nm oblastinda fotohossasligin vo  liiminessensiya siialanmasinin
parlagligm artirir. [4] y- kvantlarla siialanma zamani yaranan radiasiya defektlori (Frenkel clti)
asag1 dozalarda struktur defektlorinin nizalanmasini yaradir, yiiksok stialanma dozalarinda iso
kation vs anion vakansiyalar1 ilo r- markazlorinin garsiliqli tasirinin artmasi hesabma fotohassas
morkazlorin konsentrasiyasini artirir. Bu sababdon  nimunalorin  fotohassashiginin =~ vo
liminessensiya spektrinin parlagligi, o ciimlodon eninin artmasi miisahids olunur.
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Abdulheyov R.A., Faracova U.F., Asgarova S.N.
Summary

Ultraviolet rays in a wide temperature range (4.2+500K), The compound CaGa»S4, which
emits light under the influence of electron bunching and other external factors, is a bright
representative of the group of compounds A" B,"' C,V!. In this group A" - divalent cations - Ca,
Ba, Sr; B! — trivalent cations-Ga, In, Al; And C,V'- are chalcogens (S, Se, Te). CaGazSs
compound is activated by rare earth elements (NTE) to create radiating centers under the
influence of external factors. In order to create radiation centers in the CaGa>Ss compound,
oxides and fluorides of europium, cerium and others from REE are introduced into it during the
synthesis of that compound. In this case, the compound obtained is written as CaGa>S4:Eu,
CaGa»S4:Ce This means that the CaGa»S4 compound is separately activated with europium (Eu)
and cerium (Ce). Research by foreign scientists and ours show that cerium element enhances the
radiation of europium element in CaGa>Ss compound. This means that the element cerium acts as
a sensitizer for europium in that compound. In other words, the radiation emitted by cerium in the
CaGa>Ss compound excites the europium element. This process is called double activation of
CaGa»Ss compound. In this case, the combination is indicated by such a formula.
CaGazSs,Eu,Ce. This compound has a high resistivity (p~109+1010 Om-cm) with a wide
bandgap Eg~4eV.

A60ynxeée P.A., @apacosa ¥Y.D., Ackeposa C.H.
Pezrome

Slpxkum  npenctaputenem rpymnel coemunenuii Al' B! CiV! gsnserca coemumenue
CaGaySs, m3nmydaroriee CBET MOJ JACHCTBHEM YIbTPa(UOJETOBBIX JIy4eH, IMydKa AJICKTPOHOB U
JPYTUX BHEITHUX (DaKTOPOB B IIMPOKOM AMamna3oHe Temmepatyp (4,2+500K). B sroit rpymme A'
- IByXBaJleHTHBIE KaTHOHHI - Ca, Ba, Sr; B,'"' — tpexBanentnsie katnons-Ga, In, Al; A C4V'- 310
xanbkorensl (S, Se, Te) B coenunennn CaGaSs, KOTOpbIE aKTHBUPYIOTCS PEIKO3EMETbHBIMHU
anemeHTamu (P33) mist cozmanus paauaMoOHHBIX IIEHTPOB MO IEHCTBHEM BHEIIHUX (DAKTOPOB.
Jlnst co3manusi EHTpOB u3nydeHus: B coeanHeHne CaGaSs mpu CHHTE3€ 3TOTO COCIMHECHHS B
HET0 BBOJST OKCUIBI U (TOpUIBI eBpomus, nepus u ap. u3 P3D. B atom ciydae momydeHHOe
coenuHenue 3amuceiBaeTca kak CaGaxSsEu, CaGaSs:Ce. D10 03HAyaeTr, 4TO COEIMHEHHE
CaGaxSs otnmenpHO aktuBupyercs eBpornmeMm (Eu) m mepuwem (Ce). Hamm wuccriemoBanus
3apyOCKHBIX YYEHBIX M YUCHBIX IIOKa3bIBAIOT, YTO O3JIEMCHT IEpUI YCHUJIMBACT HW3Iy4YCHHUE
aneMeHTa eBponusi B coequHeHnn CaGarSs. D10 03HAUaAeT, YTO AIIEMEHT LEpHUl JCHCTBYET Kak
CCHCHOMIIM3aTOpP €BpOIUS B OTOM COCIAMHEHHH. J[pyrMMu clloBaMH, H3JIydeHHE Iepusi B
coenuneHnn CaGaySs BO30yXKZaeT HSIEMEHT €BPOMMiA. DTOT MPOLecC Ha3bIBaeTCs BOMHOMN
aktuBanuei coenunenus CaGazS4. B aToMm ciyuae komOuHaust 0003HavyaeTcs: Takoi GopMysoi.
CaGazSs4, Eu, Ce. D10 coenuHeHne uUMeeT BBICOKOE yAenbHOe compoTuBienue (p~109+1010
Om-cM) ¢ mMpoKoii 3anpenieHHoi 30101 Eg~43B.
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