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INTRODUCTION

Metal microparticles with various size, concentration, and physical characteristics (mechanical, op-
tic, electric, magnetic) introduced to polymer matrix allow to obtain composites with different physical
properties [1-3]. Polymer composites with magnetic properties have big scientific interest and width prac-
tical application. The study of the parameters: magnetization saturation, magnetization remanance and co-
ercive force of magnetic hysteresis of magnetic composites is relevant.

In physics, hysteresis dependencies are most often used to study the properties of nonlinear ferro-
magnetic and dielectrics. Any hysteresis is due to the delay of the system response of any nature to exter-
nal impact - any system to external impact does not react instantaneously.

There are many physical and mathematical models describing magnetic hysteresis [4-12]. Madelung
appears to have been the first to attempt to describe magnetic hysteresis [4]. In the classical F.Preisach
model of the immediate usage of the existing curves has been implemented [5,6]. Of great interest are the
works of D.C.Jiles, D.L.Atherton, H.Hauser, M.L.Hodgdon [7-9]. In [10] are describes a series of expres-
sions describing a loop of magnetic hysteresis using trigonometric functions, a harmonic series of lissazhu
figures, an ellipse (Arkadyev's method). In J.Takacs model hysteresis loop is described by the T(x) func-
tion, which is a linear combination of a hyperbolic tangent and a linear function [11]. The family of hyste-
resis loops can be described by a generalized transcendental equation in parametric form [12].

In [13] it is proposed to describe the hysteretic magnetization as follow: Y (t,w) = A(t)S(F (t)),

where S(F(t)) is a saturation function describing the dependence of the response amplitude on the ampli-
tude of the input effect, F(t) is an internal reactive field formed in the material as a result of an external
field acting on it - in magnetic materials this is a Weiss field, in dielectric - a Lorentz field. Some satura-
tion functions S(F(t)) are presented:

- CCARN PN

Langevin function: S(F(t))= SOL[ T j— S, cth( T j | @
kT

exponential function: S(F(t))=S, (1—97‘F(t)‘/§)5i9n(|:(t)), )
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hyperbolic tangent: S(F(t))=S,th(F(t)/ &), (3)
where S is the amplitude factor, & - some coefficient determined by the properties of the material (the

slope of the loop). Functions (2) and (3) are purely empirical and derived by formal logic. As practice
shows, in some cases functions (2) and (3) give a more accurate result compared to the Langevin function

@)

An improved hysteresis model, based on hypergeometric functions, which defines a class of para-
meterized curves suitable for modeling of major and minor hysteresis loops,as well as first order reversal
curves (FORCs) are given in [14]. The good accuracy of the model is verified on experimental data ob-
tained from measurements on commercially available steel sheets and grain-oriented electrical steel. In the

2x
equation M =M tanh (%) =M, sz ;i =M s(l— e2x2+ J , using the function of the hyper-
_ | _ o by - 5 (@)X .
bolic tangent and replacing > with a hypergeometric function 1 F; (a;b; x) = nzf; (b) nl and obtained
- o
R (&1,2x) = i (@), (2X)". The last used in f(a,x)=1- = . The upper (Buper)
= (n1)° 1+, F,(a;1,2x) e
and lower (Biower) part of the magnetic hysteresis of the medium was described by the expressions:

(H)=B.f(a,(H+h)r")+qH, By, (H)=-Bf(a(-H+h)r")—qH.

Bupper

Terms B, f(a,(H +h,)z™) in the latter equation refer to irreversible magnetization, and qH to re-

versible magnetization.

One possible mathematical way to describe magnetic hysteresis is to add an additional term to the
equation which describes non-hysteretic magnetization. Possible analytical functions describing non-
hysteretic magnetization are given in [15,16].

At early on the basis of analysis of experimental data of magnetic hysteresis of composite films on
the base of polyethanole (PE) and siderite microparticles (SMP) — composite films (PE-SMP) with differ-
ent size and concentration of magnetic microparticles and measured at different temperatures were been
determined the dependencies of magnetic hysteresis parameters: magnetization of saturation (Ms), mag-
netization remanence (Mm), coercive force (Hcr) and work performed on the medium to demagnetize it
from magnetic remanence to zero (to coercive force) (A) on size, concentration of magnetic microparti-
cles, medium temperature and loop number of magnetic hysteresis [17,18].

In the presented work we continued investigation of magnetic properties of composite films PE-
SMP. The magnetic hysteresis of composite films PE-SMP has been described with introducing a prede-
termined additional term into the Langevin function (function of non-hyeteretic magnetization). In order
for the calculated and experimental magnetization of the curves to agree the dependence of the additional
term on the external magnetic field is taken into account.

DESCRIPTION OF MAGNETIC HYSTERESIS OF MAGNETIC MICROPARTICLES
MEDIUM BY INTRODUCING A PREDETERMINED ADDITIONAL TERM INTO THE
LANGEVIN FUNCTION

Magnetic hysteresis of PE-SMP composite films is described with introduction of additional term
"ao" In argument H of non-hysteretic magnetization Langevin function [19].
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M = MS(/)L(%+aOJ+MS¢L(%—a j:
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A simple way to determine the value of the additional term "ao" is to use the following conditions

M(H)|, . =M and  M(H)| =0. ()

H—-H, rm H—-H,

Taking into account these conditions in the equation (4) we obtain

mH
Mrm = Mst(OL[F"_ aoj

1
= Mstgo(Coth(a )——J
oo 7oA

and

1
=Coth(ao)—g. 6)

Equation (6) is transcendent type by "ao" and analytically cannot be solved. Equation (6) was solved
graphically in Mathematica 10.
From condition M(Hcr)=0:

0=MS¢L( !

- mH,,
— 4
kT

obtain % +a, =0 and the value of the magnetic moment of the microparticle can be determined

mH mH
Cra (=M oth —* +a
kT °j S ( kT OJ

_ mH_
3 T )

The magnetic moment of the microparticles can also be determined from the condition that when

the saturation magnetization value is reached at large magnetic fields, all analytical functions describing

the magnetization have a constant value equal 1. Since, by definition, the magnetization of the medium is

equal to the vector sum of magnetic moments in a unit volume and for the saturation region we get

Nm NV, m m NV,

G =—= — =@— Where
\Y Vv, 'V,

the volume of the magnetic microparticle. Thus, the magnetic moment of the magnetic microparticles can

be defined as m = M )

®»
Table 2(a) gives the values of additional parameter "ao" and magnetic moment of magnetic micro-
particles with size 44.35 and 256.57 xm at concentrations of magnetic microparticles ¢=0.095, 0.14, 0.2
and at temperature T=20° C, determined from equation (7).

= @ - is the volume concentration of magnetic particles, V1 is
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Table 2(a)

The values of additional parameter "ay" and magnetic moment of magnetic microparticles with size 44.35 and 256.57 m at con-
centrations of magnetic microparticles ¢=0.095, 0.14, 0.2 and at temperature T=20° C.

[
d, gm 0.095 0.14 02
0 06 06 0.72
435 0B B | 4415 4.961 6.071
0 0.56 0.56 0.56
2657 0% Ben | 4.704 4.685 4.687

In the Table 2(b) represent the values of additional parameter "ap" and magnetic moments of mag-
netic microparticles with size 44.35 and 256.57 wm at medium temperatures of 20°, 0°, -50°, -100°, -150°
and -200°C.

Table 2(b)

The values of additional parameter "ay" and magnetic moments of magnetic microparticles with size 44.35 and 256.57um at
¢=0.094 and medium temperatures of 20°, 0°, -50°, -100°, -150° and -200°C.

c d, 44.35um d. 256.57,m
' m, 10% B cu ao m, 102 B cu ao
20 5.126 0.62 4518 0.54
0 4.647 0.62 4,161 0.54
-50 4157 0.62 3.771 0.56
-100 3.433 0.68 3.097 0.62
-150 3.424 0.7 2.979 0.66
-200 29 0.74 2.683 0.66

As showed investigations, the dependence of parameters Hcr, M, Mst On size, concentration, tem-
perature of medium and the minor loop number of magnetization may be expressed by linear, exponential,
linear and two negative degree of loop number [17,18].

Fig.1 shows the magnetic hysteresis curves of the media of magnetic microparticles with a size of
44.35.m, a concentration of 0.095 and at a temperature of 20°C.

Fig.1

The magnetic hysteresis of the media of magnetic microparticles
with a size of 44.35um, a concentration of 0.095 and at a temperature
of 20°C, obtained experimentally (curve 1), calculated by introducing
a a predetermined additional term, independent (curve 2) and depend-
ent (curve 3) on the magnetic field, into the Langevin function.

0,8l

As can be seen from fig.1 in the areas of HerMm0 and saturation magnetization the experimental and
calculated loops of magnetic hysteresis are well consistent. In probablity, consistency in the area of
HerMmO is associated with the determination of the value of the additional parameter based on the data of
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Her, Mm and Ms.. The consistency in the saturation region is related to the My value and the property of the
Langevin function to achieve saturation with large arguments. In other areas, magnetization is calculated
magnetization by absolute value above experimental value.

The dependence of the difference between the calculated (curve 2) and experimentally obtained
(curve 3) magnetization curves on the magnetic field can be determined taking into account the depend-
ence of the introduced additional term in the Langevin function on the magnetic field.

1
1+ H

rm

The dependence of additional term on magnetic field can be taken into account as: a,(H) =a, -

_H (mH Y
aZ(H):aO‘(l_Mij’ a,(H)=a,-e ", and a,(H) =2, e [kT j +1+e®

rm

=0. The value of

Value of parametr “b” was been determined from condition L(% +a,(H )j
H-H,

parametr “b” of mediums of magnetic microparticle with magnetic microparticle particle size d=44.35 um,
¢=0.094, ap=0.6, equal to +8 (for upper) and -8 (for lower) part of magnetization of the magnetic hystere-
Sis.

The dependence of the additional term on the magnetic field a(H) is selected from the minimum of ex-
pression:

é‘:_i('vlexp(Hi)_I\/lcalc(Hi’a‘i(H)))z'

The value of ¢ is equal to 0.367, 1.058, 0.508 and 0.212 for functions ai(H), a2(H), as(H) and as(H),
correspondingly. As see using the dependence of the additional term on the magnetic field as as(H) brings
the value of calculated magnetization to experimental. In the Fig.1 showed magnetisation curve (curve 3)
calculated using the dependence of the additional term on the magnetic field as as(H).

As seen additional term describe the dependence of magnetization remanense on magnetic field.
Firstly, it is obtained from the conditions (5) and it is consistent with previously obtained results, the de-
pendence of the magnetization on the magnetic field in the region HeeMm0 [17].

However, the results of investigation showed that for better agreement between the calculated and
experimental magnetization curves, it is necessary to clarify the analytical function describing non-
hysteretic magnetization, the dependence of the additional term a(H) on the magnetic field and determine
the physical meaning of the additional term.

To fully achieve the consistency of the experimental and calculated magnetic hysteresis, it is neces-
sary to correctly select the approximation function and select the determination of the value of the addi-
tional term.

CONCLUSIONS

Magnetic hysteresis of magnetic microparticles medium is described by introducing a predeter-
mined additional term into the Langevin function. A additional term was been determined from conditions
at H=0, H=Hc is obtained M(0)=Mm. and M(Hcr)=0 (this is corresponded magnetization region HeMm0)
consequently. Consequently, the Langevin function with the addition of an additional term well describes
more accurately the regions of HeMrm0 and the saturation of magnetic hysteresis.
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For good agreement between the experimentally obtained and calculated magnetization curves, by
introducing a predetermined additional term into the Langevin function, we considered the dependence of
mH

N R )
the additional term on the external magnetic one as: a,(H) =a,| e [ KT j +1+e®

The results of the study showed that in order to fully achieve consistency between the experimental
and calculated magnetic hysteresis loop, it is necessary to correctly select the approximating functions of
nonhysterical magnetization (except for the Langevin function) and determine the value of the additional
term. In addition, it is necessary to take into account the dependence of the prameter a” on the external
magnetic field.

Author thanks prof. Sh.M.Hasanli from the Institute of Physics, Ministry of Science and Education
of the Azerbaijan Republic for the preparation of composite films PE-SMP, M.M.Maiorov from the Insti-
tute of Physics Latvian University for magnetic measurements.
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LANGEVIN FUNKSIYASINA 9VVOLDON TOYiN EDILMi$ OLAVO HODDIN DAXIL EDILMOSI iLo
MAQNIT MIKROHISSOCIKLORINDON TOSKIL OLUNMUS MUHITLORIN MAQNIT HISTEREZISIN
TOSVIRI

R.A.DLiZADD
Magnit mikrohissaciklordan togkil olunmus muhitinin magnit histerizisi Langevin funksiyasina avvslcadon tayin edilmis

slave hoddin daxil edilmasi ilo tasvir edilmisdir. Tocrlibi vo hesablanmis magnitlogme oyrilarinin yaxs: uygunluguna nail olmagq
Uclin slava haddin xarici magnit sahasindon asih oldugu toklif olunmusdur.

OIINCAHUE MATHUTHOI'O TNCTEPE3UCA MATHUTHBIX CPEl MUKPOYACTHUIL ITYTEM BBEJEHUA
B ®YHKIUIO JJAHXKEBEHA 3AJAHHOI'O OIIPEJAEJTEHHOI'O JONNOJHUTEJIBHOI'O YJIEHA

P.AAJIN3AJIE
MarautHein TUCTEPE3UC CPEeAbl MArHUTHBIX MUKPOYACTULL OIMMCBIBACTCS BBEICHUEM 3a/IaHHOT'O JOIIOJIHUTCIIBHOI'O 4JIC-

Ha B (I)yHKI_II/IIO JlamkeBeHa. HJ'IFI JOCTHIKCHMS XOPOILIETO COIrJIaCOBAHMA SKCIICPUMEHTAJIBHBIX U PACUCTHBIX KPHUBBIX HAMAarHU-
YUBAHUA MIPEAJIOKEHO YYUTBIBATH 3aBUCUMOCTD JIOMTOJIHUTEIIbHOI'O YICHA OT BHCIITHETO MArHUTHOT'O T1OJIA.




AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va riyaziyyat elmlori seriyasi, fizika vo astronomiya 2024 Ne2

PACS: 61. 72.-U

QAMMA SUALARIN TOSIRINO MORUZ QALMIS TlInS: (5 at%C) KRISTALIN
DIELEKTRIK, ELEKTRIK XASSOLORI VO iION KECIRICILIY1

0.9.SOMODOV?, X.B.ORUCOVAL A. i.NOCOFOV2 N.M.MEHDIYEV!3, V.0.QASIMOV*,
R.N.MEHDIYEVA?, S.F.SOMODOV!, M.N.MIRZOYEV?, T.| KORIMOVA!

Elm va Tahsil Nazirliyi, Radiasiya problemlori Institutu *
AZ 1143, Azarbaycan, Baki sah., B.Vahabzade k., 9
Elm vo Tahsil Nazirliyi, Fizika Institutu?

AZ 1143, Azarbaycan, Baki sah., H.Cavid pr., 131
Azarbaycan Neft va Sanaye Universiteti®
AZ 1010, Azarbaycan, Baki sah., Azadlq pr., 20
Elm va Tahsil Nazirliyi, Kataliz vo Qeyri Uzvi Kimya Institutu®
AZ 1143, Azarbaycan, Baki sah., H.Cavid pr., 129
oktaysamedov9@gmail.com

Daxil olub: 27.01.2024
Capa verilib: 01.03.2024

Acar sozlor: dielektrik niifuzlugu, ion kegiriciliyi, elektron
kegiriciliyi, mtigavimatin hogigi hissasi, migavimatin xoyali
hissasi, udulma dozasi, gamma kvantlari, impedans spektrlori,
godogqraf.

REFERAT

TIINS; (5%C) kristalmin dielektrik niifuzlugu, ion kegiriciliyi,
kompleks impedans spektlari 0+-0,8MGy udulma dozalarinda
tadqiq olunmusdur. Kompleks impedans spektrlorinin analizi
gostarir ki, TIINS, (5%C) kristalinda yiiklorin daginmasi pro-
sesine uygun, diagramda qodografin yiiksok tezlikli hissosi
yarim ¢evra, qodografin asag tezlikli hissasinds iso elektrod-
yani oblastin hacmi yliklarin polyarizasiyasim xarakterizo
edon meyilli duz xatt alimir. Homginin gosterilmisdir ki, udul-
ma dozasindan asili olaraq miigavimatin haqiqi vo xayali his-
Sosi azalir, dielektrik niifuzlugu vo ion kegiriciliyi artir,
qodogqraflar yiiksok tezliklor oblastina dogru siiriisiirlor. Rent-
gen analizina asason misyyan edilmisdir ki, TIInS; (5%C)-
nn strukturu  TIINS; kristalmm  a=10,96A; b=10,974;
c=15,14A; [=100,0°; Z=64, faza qrupu C 2/c parametrlorlo
monoklin strukturu tokrar edir.

GIRIS

Malum oldugu kimi ferroelektrik-yarim-
kegirici TIInS; kristalinda (iigqat A"'B"'CV; tipino
aiddir) otaq temperaturundan asag1 temperaturlar-
da bir ne¢o faza kecidlori movcuddur; 216K-do
paraelektrik fazadan ‘“nesorazmernaya” fazaya,
201K-do ferroelektrik fazaya, 196K-do iss yenidon
ferroelektrik fazaya kecid bas verir [1-3]. Otaq
temperaturundan yuxari temperaturlarda iso ion
kegiriciliyino uygun bir ne¢o anomaliyalar miisahi-
do edilmisdir [4 5].

TIInS2<10%C> kristalinda dielektrik niifuz-
lugunun temperatur asililiginda (&(T)) T=410K,
T=515K vo T=571K temperaturlarinda anomali-

yalar miisahido olunmusdur. Gostorilmisdir ki,
In(g) asihiligmin tocriibi ndgtalori diiz xatt tzorinda
yigilir ki, bu da ion kegiriciliyi hali ii¢lin xarak-
terikdir vo aktivlosma enerjilori toyin olunmusdur
(AEa;=0.54eV, AEa;=0.32¢V, AEa3=0,22eV).
Eyni temperaturda TIInS, <10%C> kristalinda “c”
oxu istigamatinds dielektrik niifuzlugu TIInS:
kristalina nisbatdo 34.5 dofo bdylkdur [6]. [7,8]
islorindo TlInS, (5at%) otaq temperaturundan
yuxart temperaturlarda dielektrik, elektrik xasso-
lori, impedans spektrlori, ion vo elektron kegiri-
ciliyi todqiq edilmisdir (0.2MGy).

Hazirki igdo mogsad 0+0,8MGy dozalarda
gamma siialarmin  tosirine  moruz  qalmis
TIINS2(5%C) monokristalinin otaq temperaturun-
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dan yuxar1 temperaturlarda dielektrik, elektrik xas-
solori, impedans spektrlori, ion va elektron kegiri-
Ciliyini todqiq etmakdir.

TOCRUBONIN APARILMA METODIKASI

TIINS2<5%C> monokristalinin yetigdirilma-
si prosesi Bridgman-Stokbarger metodu ilo
1050£1.0K bdylms temperaturunda vo 500+1.0K
tablama temperaturunda saquli modernlogdirilmis
qurguda apartlmisdir. TlInS2<5%C> monokristalin
rentgenografik todgigatlari Almaniyanin “Bruker”
firmasinin “D2 Phaser” difraktometrindo (CuKa-
stialanma, Ni-filter) aparilmigcir. Olgmolor Gigiin
5x2x2mm olclds numunalar istifado edilmisdir.
Elektrodlar kristallarin laylarma perpendikulyar
istigamotdo qoyulmusdur. Giimiis pasta kontakt
kimi istifado edilmisdir. Kompleks impedans
spektrlor1  0.1K/doq addimda mis-konstantan
termociitdon istifado etmoklo 25+10°Hz tezlik
diapazonunda E7-12 doyison carayan korpusu va-
sitasi ilo Olglilmiisdiir. Niimunolor MRX v-25
radiasiya todqiqatlart qurgusunda (qurguda siialan-
ma manbayi Co® izotopudur) siialandirimisdr.

L
3.73643

TOCRUBI NOTICOLOR VO ONLARIN iZAHI
1. TIINS2<5%C> birlasmasinin rentgen sturuktur
analizi

TIINS; (5%C qara rangli) vo TlnS; (qurmiz1
rongli) kristallarinin sothdon ¢okilmis rentgen dif-
raksiya monzorasi uygun olaraq Saokil 1-do veril-
misdir. Sokildon goriindiiyii kimi hor iki difrak-
toqgram yalmz reflekslorin intensivliklorinin ciizi
forq ilo oxsaridir. Difraksiya ¢okilisi monokristalin
sothindon aparildig iiciin difraksiya monzorasindo
yalniz 001 reflekslori fikso edilmisdir. Miistavilor
arast mosafolorin qiymaotlorino osason elementar
qofasin “c* parametri hesablanmisdir: c=15.178A.
[9,10] islorindo TIINS; kristalinin monoklin faza-
sinda kristallik parametrlori asagidaki kimidir:
a=10.90A; b=10.94A; c=15.18A; B=100.21°% foza
grupu C2/c. Goriindiiyii kimi, TlInS2<5%C> mo-
nokristalinin ¢ parametrinin qiymoti adobiyyat
molumatlarinda [9,10] olan parametrlars uygundur
Vo grafit atomlarinin gofoso daxil olmasi natice-
sindo “c” prametrinin giymatinds ciddi doyisiklik
yoxdur. Bu hal bizo grafit asqarimin InsSe komp-
leksinin morkazinds olan oktaedrik bosluglarda
yerlosdiyini vo daxilolma bork mohlulu amals
getirdiyini gliman etmaya imkan verir.

[ TinS2_C_08012021.raw (Strip kaZ) |
|_PDF 00-061-0038 Tl In S2 C-TlnS2, B-T! In 52 Thallium Indium Suffide |

1.86654

149324

T T T L I
10 20 30

T T
50 60 70

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Sokil 1
THNS; (5%C) (qara rangli) vo THINS; (qurmuzi rangli) kristallarinin difraktoqrammalari.




0.0.SOMODOV, X.B.ORUCOVA, A. LNOCOFOV, NM.MEHDIYEV, V.0.QASIMOV, RN.MEHDIYEVA...................

2. TINS<5%C> bark mohlulu monokristallari-
nin dielektrik xassalori

TlInS2<5%C> bark mohlul kristalinda
T=370K, T=415K vo T=532K temperaturlarda,
g(T) asilihglarinda anomaliyalar miisahido edil-
migdir. ©lava olaraq, qrafiklords agag1 tezlikli di-
elektrik dispersiya miisahido edilmis, €'(T) asilili-
gnin xarakteristik formasi, In(e)-nun /T noqtale-
rin bir diiz xatt iizorino yigilmast homin kristalin
ion kegiriciliyino malik olmasina dolalot edir [7,8].

Toqdim olunan isdo gamma kvantlarla
stalandirlmis  TlInS2<5%C>  monokristalinin
300+600K temperatur intervalinda kompleks €*(T)
dielektrik niifuzlugunun temperatur asliliglarinin
todqiqi aparilmigdir. 0+0.8MGy dozalarinda gam-
ma kvantlarla stialanmis TlInS;<5%C> birlosmo-
sinin otaq temperaturundan yuxari temperaturda
dielektrik niifuzlugunun temperatur asililigr Sokil
2-do verilmisdir. Sakil 2-don gorindiyi Kimi, tem-
peraturun artmasi ila dielektrik niifuzlugunun qiy-
mati artir, homginin  stialanma dozasindan asili
olarag onun odadi giymati daha koskin artir vo
maksimumlar temperaturun artmasi istiqgamotindo
doyisir. Buna sobab stialanma dozasindan asili ola-
raq sorbost yiikdastyicilarin konsentrasiyasinin art-
masidir.

60000
50000 |
40000 |

30000 |

&

20000 |

10000 |

]

650

Sakil 2
TIINS; (5%C) kristali tigiin dielektrik niifuzlugunun &(T)
temperatur asihiligt: 1- 0; 2 - 0.2MGy; 3 - 0.4MGy;
4-0.6MGy; 5 - 0.8MGy

3. TUNSy(5%C) kristalimin tam kegiriciliyinda
elektron va ion payinin giymatlandirilmasi.

Sakil 3-do y-stialarla siialanmus T1INS2(5%C)
kristalinin elektrik keciriciliyinin (sabit elektrik sa-

hasinds va sabit temperaturlarda) 0+0.8MGy doza
intervalinda kinetikas1 verilmidir. Sokildon gérun-
dityii kimi stialanma dozasi artdigca timumi kegiri-
cilikdo elektron pay1 azalir vo noticodo ion pay1
artir. TlinS; (5%C) kristalinda 550K temperaturda
elektrik keciriciliyinin Kkinetik doyismasindaki ion
pay1 siialanmadan avval 43.3%, 0.8MQGy siialan-
madan sonra iso 75.5% toskil edir. Tacriibi notico-
lor gostorir ki, yiikdastyicilarin konsentrastyast
stialanmanin artmast ilo artmisdir.

600 800 1000

t(san)

0 200 400
Sokil 3
T=550K-ds, TIINSx(5%C) kristalinin elektrik kegiriciliyinin
siialanma dozasindan asililiq kinetikasi:
1-0; 2- 0.2MGy; 3 - 0.4MGy; 4 - 0.6MGy; 5 - 0.8MGy.

Sabit elektrik sahasinds coroyanin zamandan
asili diigmosi tadricedici elektrodlarm yaxmhginda
hocmi yuklorin qarsiligh kompensasiyasi hesabina
olur.

Corayan sixligmin zamandan asihliigr ikinci
tortib xotti differensial tonliklo tayin olunur va onu
kasilmazlik sortino asasen almaq olar. 9gar gabul
etsok ki, kvazidayanigh vaziyyatlorin say1 yiikda-
styicilarm sayimdan ¢oxdur vo hacmi yiklorin geyri-
bircins sahasini nozoro almasaq bu tonliyin halli
sadologacok. Homginin t=0 zaman aninda d qalin-
ligh niimunads q yiklorinin barabor paylanmasint
Vo elektrodlarin yilkk dastyicilar {igiin tam kegil-
moazliyini gobul etmok lazimdir. Diffuziya zonasmin
dorinliyi 24/Dt = d (D - diffuziya omsali) niimu-
nonin qalinhgindan ¢ox oldugda bdyik zaman
intervalinda bir istiqgamatli harokatds carayan sixlhigi
tisiin eksponensial asililiq almagq olar [11].

m Dt
da* )’

(1)

J = Jpexp {-
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(1)-o uygun olaraq eksperimental naticalori azalan
eksponent kimi yazmagq olar.

)

g = g —|—c:rexp{ r}
= . ——
bgr o T5e

burada g, yiik dasmma proseslorindo zaman-
dan asili olmayan basqa paylar1 tesvir edir. T,
zaman parametri olub elektrodyani oblastda yiik

dastyicilarin  yigilmasmi  xarakterizo edir Vo
diffuziya amsali vo nimunonin galnhgi ilo toyin

olunur (z5 = -2-). Sokil 4-do TIINS,(5%C) kris-
talmmz (relaksasiya middoti) vo D (diffuziya
omsali) stialanma dozasindan asililigi  qgrafiklori
verilmisdir (hesablanmus). Sokillordon goriindiyu

kimi 7 relaksasiya middati siialanma dozasindan
asih olaraq azalir vo D diffuziya omsali iso artir.

2000
1800 F
1600
£ =‘ 1400 f
- 1200 1
@ 1000 |
N’ L
800
= 600 F
400 F
200 }
0 L 1 L L
0 0,2 0.4 0,6 0.8
D(MGy)
‘=10,
~
7]
S~
E
_\:-/
i
=
o
=
S
S
0 0,2 0,4 0,6 0,8
D(MGy)
Sokil 4

T=550K-do TlInSz(5%C) kristalinin 7 (relaksasiya
middsatinin) vo D (diffuziya omsalinm) siialanma
dozasindan asililig1.

4. TlInS(5%C) kristalimin kompleks impedans
spektrlari.

Molum oldugu kimi istifads olunan giimiis
elektrodu TI ionlarmin dasmmmasma manes t0-
rodir. Buna goro do, Olgmo sahasinin tezliyi
azaldigda, bloklayic1 elektrodlarin yaxinliginda
yik dastyicilarinin  yigilmast sababindon nii-
munads slava elektrik tutumu omolo golir.

Hal-hazirda impedans spektroskopiya me-
todu kondenso edilmis hallar fizikast vo ma-
terialsiinashiqda genis totbiq olunur. impedans
spektroskopiya metodunun komayi ilo nimu-
nada onun mikrostrukturunu nazors almagla yik
dastyicilarin naqli hagqinda malumat almagq olar.
Impedans spektroskopiya metodunun mahiyyati
arasdirilan sistemo Kicik amplituda hayacan-
lasdirict sinusoidal signalin verilmasi Vo ¢ixisda
onun yaratdigi signalin cavabmm GSyranilme-
sindan ibaratdir. Dayisan elektrik sahasinin tasiri
altinda gedon proseslori basa diismok 0gUN
kompleks impedansin naticalori (Z* = Z' + jZ')
impedans saviyyasinds analiz olunmalidir.

TlINS2<5%C> kristalinin impedansinin hs-
qgigi vo xayali hissalorinin tezlik asliliglar tadgiq
edilmis vo Sokil 5-do verilmisdir. Sokil 5-don
gorunduyi kimi TlInS,<5%C> kristallarmin im-
pedansmim udulma dozasi artdigca miiqavimati-
nin ham Z' -haqiqi, hoamds Z" -xoyali hissalori-
nin adadi giymatlori azalir.

Bizim ovvalki todgigatlarimizdan molum
oldugu kimi TlInS2<5%C> kristallar1 ion kegiri-
ciliyino malik olan birlosmalorindondir [7,8]. fon
keciriciliyi olan birlogsmolori doyison elektrik
sahasinda Gyranands sarhod effektlorinin tasirini
nozars almaq lazimdir (elektrod-nimuno).

TIINS2(5%C) kristalinin  0+-0.8MGy  sii-
alanma dozalarinda hoqigi vo xayali hissalorinin
tezlik asliliglarindan goriindiiyii kimi, siialanma
dozasinin artmasti ilo impedansin xayali hissanin
maksimumlari tezliyin artmasi istigamotino dog-
ru strisiir (Sakil 6).
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THNS2<5%C> kristallarinin impedansinin hagigi vo Xayali hissslorinin tezlik aslihiglari.
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Sakil 6

(350K) T1INS><5%C> kristalin impedansinin haqiqgi Vo xayali hissalarinin tezlik asliliglart:
a- OMGy; b - 0.4MGy; ¢ - 0.6MGy; d - 0.8MGy.

Saokil 7-do godograflarm udulma dozalarin-
dan asiliigr verilmisdir (1 - OMGy; 2 -0.4MGy;,
3 - 0.6MGy; 4 - 0.8MGy). Sakil 7-don gorindyi
kimi biitiin qodoqraflarin udulma dozalarindan asi-
lihiglarini iki hisseys aywrmaq olar (stialanmamis
da daxil olmagla). Birinci hissa nimunani xa-
rakterizo edir vo yarimgevra soklinda olub (yuksok
tezlikli hissa), ikinci hissa nimuno-elektrod sor-
hoddini xarakterizo edir vo dlzxot soklindodir

(asagitezlikli oblast). Udulma dozasi artigca
TIINS2(5%C) kristalimin qodograflar1 uygun olaraq
yuksak tezliklor oblastina torof siiriisiir.

Belalikla, stialanmamis va y kvantlarla siia-
lanmis TIInS,<5%C> kristalinin sabit elektrik sa-
hasinds elektrik xassalarini tadqiq etmoklo mioy-
yan edilmisdir ki, sabit elektrik sahasinda elektrik
kegiriciliyi zamandan asili olaraq azalir vo zama-
nin miioyyan giymatindon sonra dayismoz galir.

14




QAMMA SUALARIN TOSIRINO MORUZ QALMIS  TIInS; (5 at%C) KRISTALIN DIELEKTRIK, ELEKTRIK.............

Elektrik kegiriciliyinin kinetikasindan (oft))
relaksasiya muddati t vo diffuziya omsali D tayin
olunmusdur. Gosterilmisdir ki, udulma dozasinin
artmasi ilo, uygun olaraq relaksasiya middati
azalir vo diffuziya omsalinin giymoti artir. Homgi-
nin gostorilmisdir ki, siialanma dozalarindan asili
olarag elektirik Kkegiriciliyindo ion payinin odadi
giymati artir vo elektron pay1 azalir. Tocriibi noti-
calar gostarir ki, 0+-0.8MQr siialanma dozalarinda
550K temperaturda TlINS><5%C> kristaliin ion
keciriciliyi 75.5%-godor artir.
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;] #
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Sokil 7

THNS2<5%C> kristallarinin kompleks impedans spektrlori
("= F{Z"): (1 - OMGy; 2 - 0.4MGy; 3 - 0.6MGy;
4 - 0.8MGy) (350K).
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DIELECTRIC, ELECTRICAL PROPERTIES AND ION CONDUCTIVITY OF
TlnS(5 at.2%C) CRYSTAL EXPOSED TO GAMMA RAYS

0.A.SAMEDOV, Kh.B.OPUJOVA, A..NAJAFOV, NM.MEHDIYEYV, V.A.KASUMOV, RN.MEHDIYEVA,
S.F.SAMADOV, M.N.MIRZAYEYV, T.IL.KERIMOVA

Dielectric permeability, ion conductivity, complex impedance spectra of TIInS; (5%C) crystal were studied at absorption
doses of 0+0.8MGy. The analysis of complex impedance spectra shows that according to the charge transport process in TIInS;
(5%C) crystals, the high-frequency part of the godograph is a semicircle, and the low-frequency part of the godograph is a
straight line that characterizes charge polarization. It was also shown that depending on the absorption dose, the real and imagi-
nary part of the resistance decreases, the dielectric permeability and ion conductivity increase, and the hodographs shift to the
high frequency region. According to X-ray analysis, it was determined that the structure of TIInS, (5%C) is TlInS2 crystal
a=10.96A; b=10.97A; c= 5.14A; p=100.0% Z=64, phase group C 2/c. repeats the monocline structure with parameters.

BO3JEACTBUE TAMMA-JIYUEMN HA TUSJIEKTPUUECKHUE, DJIEKTPUYECKUE CBOMCTBA U
NOHHYIO IMPOBOANMOCTD KPUCTAJLJIA TlInS2(5at.%C)

0.A.CAMEJIOB, X.b.OPYl’KOBA, A.L.HAJKA®OB, HM.MEXTHUEB, B.A. KACYMOB, P.HMEXTHUEBA,
C.®0.CAMEJ1I0B, M.H.MUP3AEB, T.A.KEPUMOBA

JlnanekTpruyeckasi TPOHHUIAEMOCTb, HOHHAsSI [POBOIUMOCTbD, CIEKTPhI KOMILIEKCHOTO MMIIEIAHCA MOHOKPUCTAILTHYE-
ckux o6pasuo TIINS; (5%C) uccnenoBansl nipu go3ax nornomieHust 0-0,8MI'p. AHaim3 ClIeKTpOB KOMILIEKCHOTO MMITEIaHCa
MOKa3bIBAET, YTO B COOTBETCTBHH C TPOLIECCOM TepeHoca 3apsiaa B kpuctamiax TlnS; (5%C) BbICOKOYACTOTHAS YacTh TOJ0-
rpacda npeacTaBisieT co00i MOMYKPyYT, @ HU3KOYaCTOTHAS YacTh roforpada MpeacTaBisieT Co00H MpsMy 0 JIMHUEO, XapaKTePH-
3YIOIIIYIO TOJSIPU3ALIHEO 3apsizia. [1oka3aHo, 4TO B 3aBUCHMOCTH OT JI03bI MOTJIOICHHUS NEHCTBUTEIbHAS. 1 MHUMAsI YaCTh COIIPO-
THBJICHUSI YMCHBIIAFOTCS, TUAJICKTPHICCKAsI IPOHUIIAEMOCTh M HOHHASI IIPOBOTUMOCTh YBEJIMYUBAIOTCS, a roorpadbl cMela-
FOTCS B BBICOKOYACTOTHYIO 0071acTh. 110 JaHHBIM PEHTIeHOCTPYKTYpHOTO ananmm3a ctpykrypa TlInS, (5%C) npencrasiser co-
60ii MOHOKIIHHHYIO CTPYKTYpy Kprctamia TIInS, ¢ mapamerpamut: a=10,96A; b=10,97A; c=15,14A; p=100,0°; Z=64, nip. rpym-
ma C2/c.
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REFERAT

Moagalods diferensial skanlayict kalorimetriya (DSK) metodu
ilo mixtolif atom faiz migdarinda tarkib komponentlarino
malik Ge-As-S-Se  xalkogenid  siisovari  sisteminin
kristallagma  prosesi todqiq  olunmusdur. Miioyyan
olunmusdur ki, torkibin modifikasiya olunmasi kristallagma
prosesina ciddi tesir edir. Kimyovi nizamlanmis soboka
(KNS) modelino gbro todgiq olunan  maddslorin
(GessAs17SssSess torkibi istisna olmagla) amorf matrisasim
omolo gatiron tetraedral (GeSs», GeSesp) Vo piramidal
(AsSesz)  qurulus  elementlorinin birgo  nisbi
konsentrasiyasinin artmast kristallagmanin  hocmi paymin
temperaturdan asililigina moxsus quvvat Ustlinin (n) ve
kristallagsma stiroti amsalinin (ICR) azalmasma sabob olur.
Bu notico amorf matrisanin rabita olagsliliyinin vo 0
climladan orta rabito enerjisinin ((E)) artmast ilo izah olunur.

GIRIS

Moveud elmi aragdirmalarin tohlili gostorir
ki, dayison faza-kegidi xassosine malik olan xalko-
genid stisovari maddolords kristallagsma  stirati
omsalinin (ICR-index of crystallization rapidity)
toyin olunmasi miihiim oshomiyyat kosb edir [1].
Qeyd edok ki, yaddas effekti miisahido olunan
doyison faza-kegidli xalkogenid siisovari maddo-
lords an yiksak kristallasma siirati amsalina malik
olan maddonin alinmasi va fiziki xassalorinin
aragdirilmasina daha ¢ox diqqat yetirilir [2]. Bunun
oksi olaraq fiber optik otlricilords iss ugurlu
totbiq Tliglin minimal kristallasma siirati amsalina
malik olan maddolorin alinmasi moagsads uygun
hesab olunur. Malumdur ki, xalkogenid siisolorda
amorf materiallara moxsus olan qurulus vo termik
geyri-stabilliyin mévcud olmasi onlarin fiber opti-
kada daha ugurlu tatbigino mioyyan mohdudiy-
yatlor yaradir. Torkibdon asili olaraq tolob olunan
stisoya kecid temperaturuna (Tg) Vo termik genis-
lonmo omsalina malik materiallarin alinmasi, asagt
Vo yuxari temperaturlarda stisovari maddolorin

istilik xassalorinin aragdirilmasi fiber optikada xii-
susi ahomiyyat kasb edir [3]. Odur ki, genis funk-
sional imkanlara malik olan binar vo daha murok-
kab komponentli xalkogenid siisovari materialla-
rin alinmasi totbigi magsadlar U¢lin alverigli zomin
yarada bilor. Bu baximdan arasdirmalar gostarir ki,
izotermal soraitdo diferensial skanlayici kalorimet-
riya metodu ilo mixtolif torkibli xalkogenid si-
solordo kristallasmanin kinetikasinin arasdirilmasi
onlarin sonayeds mimkun totbiglorini muoyyan-
losdirmok tigiin optimal yanagma hesab olunur [4].

Moagalonin mogsadi diferensial skanlayici
kalorimetriya metoduna asason miirokkob kom-
ponentli Ge-As-Se-S xalkogenid siigovari maddo-
lordo torkib komponentlorinin nishi atom faiz mig-
darindan asili olaraq kristallagsma siiroti amsalinin
toyin olunmasi va hamin maddolarin dayison faza-
kecidi xdsusiyyatlorino malik olan yaddas ele-
mentlorindo, fiber optik 6turlicllords totbig imkan-
larm1 va torkibin kristallasmaya tasir mexanizmls-
rini aragdirmaqdar.
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TOCRUBONIN METODIKASI VO
NUMUNOLORIN ALINMASI

GesAs1aSesy,  GesAs14S,Seso,
Ge10As20S10S€s0, Ge175AS155155€525,  GE24AS195205€37,
GesAS10S:55€10,  GE26AS185205€2,  GE33AS17S355€15
xalkogenid siigovari yarimkegirici (XSY) torkiblo-
rinin sintezi firlanan silindrik soba tisulu ilo yerino
yetirilmigdir. Bunun Uglin gostarilon murokkab
komponentli siisovari tarkibloro maxsus xiisusi to-
mizlikli (tomizlik doracasi 99,9999%) elementlor-
don secilmis stexiometrik vo geyri-stexiometrik
torkib nisbotlorino uygun elekton torazido ¢okilo-
rok daxili diametri 12+-17mm olan kvars ampula-
lara doldurulmus vo ampulalarm havas1 10 tor
tozyiqo qodar sorulmusdur. Tadgiqat tigiin se¢ilmis
murakkab komponentli maddolorin sintezi 950°C
temperaturda yerins yetirilmisdir. Sintezin ylksok
temperaturda aparilmasi naticosinds torkibs daxil
olan biitiin komponentlorin miimkiin qodor az
ozliiliiklo bir-birino garismasma nail olunmusdur.
Sobanin qizdirilmasi nixrom spirali ils, temperatu-
run Ol¢iilmosi iso xromel-alumel termociitii vasito-
silo edilmisdir. Sintez olunacaq mirakkob kompo-
nentli torkiblorin bircinsliliyini tomin etmak Uglin
950°C temperaturda 11 saat orzindo saxlanilmus,
sintez prosesinin sonu sondiiriilmiis firlanan soba
rejimindo  hoyata kegirilmisdir. Toadgiq olunan
maddolords diferensial skanlayict kalorimetriya
(DSK) tacriibalori NETZSCH DSC 204F1 Pho-
enix qurgusunda t=20+550°C temperatur interva-
linda aparilmigdir. Tocribalor kitlosi m=16mq
olan maddalords 25K/daq qizdirma siiratinds yeri-
no yetirilmisdir.

GerAs16S5Se7,

NOTICOLOR VO ONLARIN MUZAKIROSI

Sakill-do Ge-As-S-Se sisteminin mixtalif
torkiblari tigtin diferensial skanlayici kalorimetriya
oyrilari tasvir olunmusdur.

Sokildo tosvir olunan xalkogenid siisovari
maddolorin diferensial skanlayict kalorimetriya
oyrilorindan logarifmik miqyasda ifads edilon kris-
tallagsma stirati omsalimin (ICR) giymati kristallas-
ma piki hiindiirliyiniin (MH) onun tam yarimeni-
no (FWHM) nisboti soklinds asagidaki dsturla
hesablanir|1].

ICR=In(MH/FWHM). @)
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Sokil 1
Diferensial skanlayici kalorimetriya ayrilari:
1-GesAs14Sesy; 2-GesAs14S:Seg; 3-GerAS16S55€72;
4-Ge10As20S10S€60; 5-Ge175A8155155€525;
6-Ge2uAS105205€37; 7-GesAS10S25S€40;
8-Ge26As18530S€26; 9-GessAS17S355€s.

Arasdirmalar gostorir ki, xalkogenid siiso-
vari maddolords kristallagsma prosesini xarakterizo
edon parametrlordan biri do, verilmis temperaturda
kristallasmanin hocmi pay1 olub (yp) asagidaki
disturla misyyan olunur [5, 6].

w=ATIA, )

burada A - kristallasmanin baglangici (Tj) ilo sonu
arasindaki (Tf) ekzoterm pikinin sahasidir. At-iso
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ekzoterm oayrisinda kristallasmanin baglangict ila
mioyyan T-temperaturu arasindaki  hissonin
sahosidir. Qeyd olunan yanagmani tosvir edan
ekzoterm oyrisi Sakil 2-ds ayani tosvir edilmisdir

[5].

74

6

$ s

14 L) 14 v
600 610 620 630

T, (K)

570 580 590 64

Sokil 2

Kristallagmanin hacmi payint (p) hesablamag Uigun
tothiq edilon ekzoterm ayrisi [5].

Sakil 3-don goriindiiyii kimi, kristallasmanin
hacmi payinin (yp) kristallasma oblastinda tempe-
raturdan asilihi@gr kaskin artan qlivvat tstlii asililiga
malikdir.

—ATN
xo=AT". 3
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Sokil 3

Kristallasmanin hocmi payinm () kristallasma oblastin-
da (Ti<T<Ty) temperaturdan asililigt: 1-GesAs1aSesy;
2-GesAs14S,Sesn; 3-GerAS16SsSe72; 4-Ge10AS20S10S€60;
5-Ge175A8155155es25; 6-GeasAs19S20S€es7;
T-Ge2s5AS10S255€40; 8-Ge2sAS18S30S€2;
9-GessAs17S355€ss.

Kristallagmamin  hocmi payminin (yp) Vo
temperaturun iki muxtslif giymatlori tgtn (3)-ifa-
dosinin hor torsfini logarifmlomoklo kaskin artan
astliligin [yp(T)] qlivvat Gstlinii (n) asagidaki diis-
turla hesablamaq olar

_ LDE;(E._—LDE;.;E:
LogT, —LogT,

4)

(1) va (4) dusturlarindan kristallasma siirati
omsalinin vo kristallasmanin hocmi paymin tempe-
raturdan asililigini miisyyan edon qiivvat Ustiindin
(n) odadi giymatlori, layli qurulus, kimyavi nizam-
lanmis saboka va topoloji mahdudiyyatlor model-
lorinin totbigindan isa kimyavi nizamlihig vo sii-
sovari sobaka topologiyasini xarakterizo edon para-
metrlor (R, Neo, f) asagidaki diisturlara asason
hesablanaraq naticalor Cadval 1-do tosvir edilmis-
dir [7,8,9].

Neo=<< 1 =/2+< r = —1, 5)
_ 2z

T axtiy’ ()

f = ﬂ, @)

3

burada R-kovalent rabitoli xalkogen atomlarmin
sayinin xalkogen olmayan atomlarin sayina nisbo-
ti, Neo - slisovari sobokads rabits va bucaq topoloji
mohdudiyyatlorinin yekun miqdari, f-iss “sifirmer”
tezlikli rogs modlarinin pay1 olub, siigoyo ke-
¢id hallarmi (sart, elastik va izostatik) xarakterizo
edir.

(1)-dusturuna asasan hesablanan vo Cadval
1-do tosvir olunan naticalor asasinda kristallasma
slirati omsalinin (logarifmik migyasda) Ge-un va
(Se+S) cominin atom faiz miqdarindan, orta ko-
ordinasiya adadindan (< r =) vo kovalent rabitali
xalkogen atomlarmin saymim xalkogen olmayan
atomlarin  sayma nisbatindon (R) asililiglar
qurularaq Sokil 4 (a,b,c,d)-do tosvir edilmisdir.
Coadval 1-do tasvir olunan naticalordon va Sokil
4(a,b,c,d)-don goriindiiyli kimi kristallagsma stirati
omsalinin logarifmik miqyasda qiymotlori torkib
modifikasiyasindan asili olaraq miioyyan ganuna-
uygunluq hiidudunda nozaragarpan doyisikliklora
moruz qalir.
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Cadval 1

Torkiblor =T R Neo f ICR ATgc n

GesAs1Ses, 222 2.83 2.33 0.223 -4,72 55 58,29
GesAs145:5eg0 2.22 2.83 2.33 0.223 -4,55 53 43,59
Ge7AS16555€e72 2.3 2.03 245 0.183 -6,24 58 33,65
Ge10AS20S105€s0 24 1.40 2.6 0.133 -6,87 64 34,42
Ge175A8155155€s525 25 1.17 2.75 0.083 -7,05 70 18,79
Ge24AS19S205e37 2.67 0.75 3.005 -0.002 -6,43 71 36,95
GezsAS10S255e40 2.6 1 29 0.033 -6,64 87 33,87
Ge2sAS185305€26 2.7 0.71 3.05 -0.017 -6,82 85 22,40
GezsAs17S35e1s 2.83 0.55 3.245 -0.082 53 60 75,94

Bu noticalor gostorir ki, tetraedral (GeSap,
GeSes) vo piramidal (AsSesp) qurulus elementlo-
rinin birlikds nisbi konsentrasiyasi tistiinliik togkil
edan butun torkiblords kristallasma siiroti omsali
logarifmik miqyasda nisbaton asagi qiymatlora
malikdir. Bu nstico amorf matrisanin rabito
alagaliliyinin, o climlodon orta rabito enerjisinin
((E)) artmasi ilo izah olunur [11]. Qeyd olunan

monzars kristallasma siirati amsalinin torkib kom-
ponentlarinin nisbi atom faiz miqdarindan (Ge,
S+Se), orta koordinasiya adadindon (< r =) vo
kovalent rabitoli xalkogen atomlarinin saymn
xalkogen olmayan atomlarin sayina nisbatindon
(R) asilihiglarinda qanunauygun sokildo 6z tosdi-
gini tapir (Sokil.4).

-4,5 . -454
-5,0 504
- ‘
3] ; 5 .
5,5 - 55
-6,0 -6,0 4
-6,5 \ 654 /'
20 \/ y \\/
a) I % s » % % % b) & % % & & % » = &
Ge at % S+Se at%
-45 45 4
-
50 50+
[n 14
o e .
55 55
60 60+
654 65 '\.
-704 7.0
c) T T L T T T T T d) T T T T T T
22 23 2.4 25 26 27 28 29 05 10 15 20 25 30
<r> R
Sakil 4

Kristallasma siirati amsalinin (loqarifmik migyasda) torkib komponentlorindan, orta koordinasiya odadindon (== + =) va
kovalent rabitoli xalkogen atomlarimin saymin xalkogen olmayan atomlarin saya nisbatindon (R) asililiglar1.
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Bu ganunauygunlugu tomin edan torkiblords
orta koordinasiya adadi (< r =), R-parametri, sii-
sovari sobokodo rabito vo bucaq topoloji moh-
dudiyyatlorinin yekun miqdart (Neo), “sifirinct”
tezlikli rogs modlarinin payi (f), kristallasma sii-
roti omsali (ICR), kristallasmanin hacmi paymimin
(tp) temperaturdan asiliifiin qivvet Ustl (n)
uygun olaraq < r =>=2.3+2.7; R=0.71+2.03; Nco
=2.45+3.05; f=-0.002+0.183; ICR =-7,05+-6,24 va
n=18,79+-36,95 intervallarinda doyisir. Alman
noticolor  birmonali  olaraq siibut edir ki,
< r = ~2.7 olduqda daha stabil konfiqurasiyanin
omala golmasi topoloji nizamhliq sortina yaxin
olan  (f~0; Ne~3) numunslordo 6donilorak
(Codvall.), kristallasma siirati omsali (ICR) nisbo-
ton asag1 olmagla yanasi, siiso Vo kristallasmaya
kegid temperaturlant forginin (ATcg=71+87 K)
asason boyiik olmasi ilo nazara ¢arpir. Belo Ki,
Cadval.1-don molum olur ki, topoloji nizamliliq

80+
70+
60 o

50

M
40 \

30

20 4

sortindon nozoragarpan Keonaragixmalar zamani
kristallasma siiroti omsali Oziiniin  minimum
giymatini oldo etmasina baxmayaraq siiso Vo kris-
tallasmaya kecid temperaturlart (Tg, Tc) ara-
sindaki forq daha yiksok qiymoto malik olmur.
Buradan belo noticays galmok olur ki, daha stabil,
yani kristallagmaya qarst davamli xalkogenid stige-
lor almaq tgln layll qurulus ideyasimn [9]
toloblorini tamamila tomin edon torkiblorin alinma-
sma Ustiinliik verilmolidir. Kristallasmanin hacmi
payinin temperaturdan asililigint (Sakil.3) gostoran
naticalors (4) dusturunun totbiqi ilo hesablanan
quvvat Ustunin (n) odadi giymatlorinin tadqiq
olunan maddslori amals gatiran torkib komponent-
lorindan, orta koordinasiya adodindon (< r =) va
kovalent rabitali xalkogen atomlarinin sayinin xal-
kogen olmayan atomlarin sayina nisbatindan (R)
asililiglart qurularaq Sakil.5(a,b,c,d)-da tosvir edil-
misdir.
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Cakil 5

Kristallagmanin hacmi paymin temperaturdan asililigina maxsus quivvat Gstiinlin (n) adadi giymotlarinin torkib
komponentlorinin (Ge, Se+S) atom faiz miqdarindan, orta koordinasiya adadindan (= r =) vo kovalent rabitsli xalkogen
atomlarmnin sayinmn xalkogen olmayan atomlarin sayma nisbatindon (R) asililiglart.
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Sakil.5-da tosvir edilon naticalorin tohlili
gostorir ki, tetraedral (GeSa2, GeSes2) Vo piramidal
(AsSesr2) qurulus elementlarinin birlikda nisbi kon-
sentrasiyasi tstlinliik toskil edon bitun torkiblords
kristallasmanin hocmi paymin temperaturdan asi-
lihigma moxsus quvvat Ustli (n) orta koordinasiya
adadinin (<r>) vo R-parametrinin <r>=2.3+2.7;
R=0.71+2.03 intervallarinda nisbaton asagi qiy-
motloro malikdir. Anoloji olaraq topoloji va
kimyavi nizamliliga nisbaton yaxm torkibli nimu-
nalords (f~0; Neo~3 Vo R~1) kristallasmamn hacmi
paymin temperaturdan asililigina moxsus quvvat
Ustd (n) 6zinun iki mixtalif minimal giymatlorini
aolds edir (n=18,79 va n=22,40). ©lds edilon bu
tocriibi naticalor tadgig olunan maddslarin kristal-
lasma suroti amsalina dair Sokil.4-ds tasvir edilon
noticalorlo birmonali sokildo uzlasir. Beloaliklo,
Sokil.4 va Sakil.5-do alinan naticalorin mugayisali
analizi gostorir ki, germaniumun (Ge) nisbi atom
faiz miqdart yiiksok olan GessAs17SzsSess tarkibin-
do kristallasma sirati omsali vo kristallasmanin
hocmi payinin temperaturdan asililigmin qiivvat
ustdl (n) nishaton yuksok giymatlora malikdir (ICR
=53 vo n=7594). Bu tocriibi notico Ge-un
konsentrasiyasi yiiksok olan (Xce>30 at.%) xalko-
genid stisalorin lokal qurulusunda miisahids olu-
nan ciddi transformasiyalarla izah olunur [10].
Hesab olunur ki, GessAs17SzsSeis —tarkibinds Ge-
un konsentrasiyasi yiiksok, Se-ninki iso asagi
oldugundan, Ge-un koordinasiyasina (Zge=4)
uygun sokildo Se-lo yaratmali oldugu rabito
toloblori tam 6donilmir. Bunun naticasinds yalniz
heteropolyar rabitslorin (Ge-Se) hesabina siisovari
sobokonin formalagmasinda ciddi rol oynayan tet-
raedrik qurulus elementlorinin (GeSes) konsent-
rasiyasi kaskin azalir ki, bu da stigovari sobokanin
topoloji olctlarinin Kigilmasine sobab olur. Daha
dogrusu, 3-6l¢iilii stisavari sobokanin 1-6l¢li eta-
na banzar [(Ch3)Ge-Ge(Chs)] qurulus elementlo-
rindon ibarat sobokoys kecidi bas verir [10]. Bu

1. L.Saturday, et al. Devitrification of Bi-and Ga-
containing germanium-based chalcogenide glass-
es, J. Alloys Compd., 674 (2016) 207-217,
https://doi.org/ 10.1016/j.jallcom.2016.03.054.

S.K.Mohamed, M.M.Abd EI-Raheem, M.M.Wak-
kad, H.F.Mohamed. Crystallization kinetics analy-

halda konsentrasiyasi yiiksok olan germanium
atomlar1 arasinda homopolyar oslagelor (Ge-Ge)
yuxarida tosvir olunan qurulus elementlori hesa-
bina miimkiin olur. Naticads, yuxarida geyd olu-
nan qurulus transformasiyalar kristallasma prose-
sini siratlondirir ki, bu da siiso Vo kristallasmaya
kecid temperaturlart forginin (ATcg) ododi qiy-
matinin  (Cadval.1)  noazors carpan Saviyyado
azalmasi (ATg¢-c=60 K) va GesAs17S3sSers - torki-
binin Rentgen difraksiya sopilmasi ayrisinds gis-
man zoif gorantllu iti piklorin miisahids olunmasi
ilo tosdiq olunur [11]. Codval.l vo Sakil.5-don
gorundiyd Kimi germaniumun (Ge) nisbi atom
faiz miqdart nisboton asagi olan GesAs14Ses,
GesAs14S,Sego  torkiblorinds  kristallasma — stirati
omsalinin vo kristallasmanin hacmi paymnin tem-
peraturdan astliligina maxsus quvvat Ustindn (n)
nisbaton artmasi, siiso Vo kristallagmaya kegid tem-
peraturlart farqinin (ATcg) adodi giymatinin azal-
masi (ATg<=55 K) isa orta rabito enerjisinin ((E))
azalmasi, yoni siigovari matrisanin rabito slagali-
liyinin zaiflomosi ilo izah olunmusdur [11].

XULASO

Mdioayyan olunmusdur ki, topoloji nizamliliq
sartina yaxin olan (f~0; N¢o~3) maddalards kristal-
lasma siiroti omsali (ICR) asagi olmagla yanast,
sliso Vo kristallasmaya kegid temperaturlart forgi
(ATcg=71+87K) nisboton yiiksokdir. Gostorilmis-
dir ki, germaniumun atom faiz miqdar yiiksok
olan GessAs17S3sSe1s maddasinds bas veran zoif
qurulus transformasiyast kristallasma prosesini
sUratlondirir ki, bu da siiso Vo kristallagmaya kegid
temperaturlart forqinin (ATcg) odadi giymatinin
Nazara garpan Saviyyads azalmasina (ATg.c=60 K),
kristallasma siirati omsalinin vo kristallasmanin
hocmi paymnin temperaturdan asililigima maxsus
quvvat Gstlinuin (n) iso artmasina gatirir.

sis of GeisBixSeg« chalcogenide glasses alloys by
using non-isothermal methods Journal of Non-
Crystalline Solids, 611 (2023) 122334.
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Study of the Glass Transition Temperature of As-S
Glasses for the Fabrication of Chalcogenide Opti-
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CRYSTALLIZATION PROCESSES in Ge-As-S-Se CHALCOGENIDE GLASSY SYSTEM
S.I.MEKHTIYEVA, R.I.ALEKBEROV, SM.MAMMADOV

The crystallization process of Ge-As-S-Se chalcogenide glass system with different atomic percentages was studied by
differential scanning calorimetry (DSC) method. It has been determined that modification of the composition has a serious effect
on the crystallization process. According to the chemically ordered network (CNN) model, the increase in the joint relative con-
centration of the tetrahedral (GeSas, GeSes) and pyramidal (AsSesr) structural elements forming the amorphous matrix of the
studied substances (except for the GessAs17SssSe1s composition) leads to a decrease in degree (n) of temperature dependence of
the crystallization volume fraction and the crystallization rate coefficient (ICR). This result is explained by the increase in the
bond connectivity of the amorphous matrix and the average bond energy ((E)).

MPOIECCHI KPUCTAJUIM3AIIMU B XAJIbKOT' EHUJTHOM CTEKJIOOBPA3HOM CUCTEME Ge-As-S-Se
C.M.MEXTHEBA, P.U.AJIEKBEPOB, CM.MAMMA/JIOB

Metonom auddepennmansaol ckanupytorei kanopumetprn (JICK) m3ydeH nporece KpUCTAUTM3AUH XaTbKOTSHHUI-
HBIX CTeKO Ge-AS-S-Se ¢ pa3In4HBIM aTOMHBIM MPOIICHTOM. Y CTaHOBJICHO, YTO MOAM(HKALIHS COCTaBa OKA3bIBACT CEPHE3HOE
BJIMSIHHE Ha Mporece KpucTaumm3aimy. CoracHo Mozaenu xumudecku yropsimouenuor cetku (CNN) otmedeHo yBermimdueHne
COBMECTHOW OTHOCHTENbHON KOHLEHTpatmu Terpasapuueckix (GeSsp, GeSesr) n nupamupanbHbix (ASSe3n) CTPYKTYPHBIX
3JIEMEHTOB, 00Pa3yIOIIMX aMOP(HYIO0 MAaTpPHIly HCCJCIOBAHHBIX BEHIECTB (3a UCKIIOUeHHEM coctaBa GessASi7S3sSers), uto
TIPUBOJIUT K YMEHBIIECHUIO CTEeNIeHH (N) TeMITepaTypHOH 3aBUCHMOCTH 00BEMHOM JIOJIM KPUCTAILIN3AIMH 1 KO3(Q(HUIIIeHTa CKO-
poctu kpuctammzauud (ICR). D1ot pesynbrar 00bsICHSETCS YBEIMUCHHEM CBSI3HOCTH CBs3el aMOp(HON MaTpHIbI M CpeHeH
sHepruu cesizu ((E)).
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TIOJIBIDKHOCTh, TEPMORJIEKTPUUECKHE MaTepHasibl, mapado-
JIM4ecKast 30HHAsT MOJIEITh, PACCESTHUS B CIUIABAX.

PEDEPAT

B monokpucTammmaeckux obpasiiax PbTeixSex p-tuma wmc-
CIIEIOBAHBI TEMIIEPaTypPHBIE 3aBUCHMOCTH 3JIEKTPOIIPOBOJI-
HOCTH, Kod(durmenToB 3eebeka 1 Xomma B uHTepBase 80-
300K. IlokazaHo, 4YTO HapsAy C aKyCTHUECKHM pPacCEsIHUEM
paccesiHue Ha AedeKTax, CO3aHHBIX BTOPHIM KOMIIOHCHTOM
(Se) B TBepIOM pacTBOpE, ABISCTCS MPEOOIaIAIOMINM MeXa-
HH3MOM, OTPAHMYMBAIOLIMM IO/IBIKHOCTh HOCHTEIIEH 3apsi-
na. OreHka 3(pQEeKTUBHON MAacChl TUIOTHOCTH COCTOSIHHI B
pamMKax TnapabOoIMYecKOod 30HHOW MOJENH IOKa3aja, 4To
yBenuuenue kodduimenra 3eedeka ¢ TeMieparypoii o0y-
CJIOBJIEHO, B OCHOBHOM, pOCTOM 3()(pEKTUBHOW Macchl HOCH-
Teselt 3apsia. YBenmuuenre 3()(GEeKTHBHONW MacChl ¢ KOHIICH-
Tpanueii HocuTeNel U TeMIepaTypoi OOBSICHSACTCS CII0KHON
CTPYKTYpOii BasieHTHOU 30HBI PbTe1Sey.

BBEJIEHUE

3arpsi3HEHHE OKPY’KaloIIeH Cpeibl U UCTO-
IIIEHHE SHEPreTUYECKUX PECYpCOB, KOTOPHIE SIB-
JSIFOTCSL KM3HEHHO BAXKHBIMH TIPOOJIEMaMH  CO-
BPEMEHHOCTH, PacCMaTpUBaIOT BO30OHOBIISIEMbIE
WCTOYHUKH SHEPrUM KaK JIyUIINi MOJIXOJ K pe-
IIEHUIO ATUX TpoOneM. J[aHHBIN MOAXOJ COKpa-
IIaeT WCIOJIb30BaHUE TPHPOJTHOTO TOILIMBA, KO-
TOpPOE W SIBIISIETCS TJIABHOM MPHUYMHOW KpH3HCA.
Tepmonnektpuueckne (TD) mpeoOpazoBarenu
SHEPIUM BXOJAT B YKCIIO COBPEMEHHBIX TEXHOJO-
TMiA  BO3OOHOBISIEMON DHEPreTHKH, KOTOPBIC
BeCbMa IMpUBJIEKATENLHBI O1aroapsi CHOCOOHOCTH
TEXHOJIOTHH HAMPSMYO TIPeoOpa30BbIBaTh TEILIO-
BYIO SHEPIHUIO B IEKTPUYECKYIO ¥ 00patHO [1].

[NoTeHnman mMarepuana st TEPMOIIIEKTPHU-
YEeCKHX TMPUMEHEHWH, Kak Ui TPOHM3BOJICTBA
ANIEKTPOSHEPTUH, TaK U JUISl OXJIAXKICHUS, B LIEJIOM
onpenensercss 06e3pasMepHO BEMMYMHOU - 100-
POTHOCTBIO MaTepuana ZI, ompenensieMol Kak

a’c

X
AIIEKTPOIPOBOAHOCTD, ) - OOIIas TEIIONpPOBO-
HOCTH M T - abcomoTHas Temmepatypa [2]. B
HACTOSIIIEe BPeMsl ILIMPOKOE MPUMEHEHHE TepMO-
ANIEKTPUYECKUX TPpeoOpazoBarenieid OrpaHmdeHo,
MPEKIE BCEr0, OTHOCUTEIHHO HEBBICOKOU P dek-
TUBHOCTBIO TIPEOOPA30BAHMSL.

Temtypu/ CBUHIIA U €T0 TBEP/bIE PACTBOPBI
SIBISTFOTCSI OJIHAIMHU M3 HauOOJIee MEePCIIeKTUBHBIX
TO marepuano B cpenHeremmeparypHoM (~500-
900K) mmamazone. M3-3a BBICOKOM CTOMMOCTH,
TOKCUYHOCTH U JIepUIIMTa TEJUTypa B 3MHOM KOpe
PbSe cran wmHOroOOGemIarOmEe aIbTEPHATUBON
st PbTe [3]. Hecmotpst Ha TO, uro TO Marepua-
7Bl Ha ocHoBe PbSe 3naumrensHO ycTymnaror aHa-
noram PbTe, B mocnenHee BpeMss MHOTO BHUMA-
HUs ynemnsiercs pazpaborke TO marepuanoB Ha
€ro OCHOBE.

B PbTe1xSex p-tumna MOXHO JOOUTHCS CITH-
saust (band convergence) 30 (B JaHHOM Clydac

zT = T , rae o - koddurment 3eedeka, G -
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L- 1 X-30H: 30HBI TSDKENBIX U JIETKUX ABIPOK) ITPU
KeJlaeMOoW TeMIIepaType, 4TO 3HAYUTENIBHO YITyd-
1T TEPMOAJIEKTPUICCKIE XapAKTEPUCTUKH TIPH
JIETUPOBAHUH HaJUIeXaMM o0pa3oM. Tak 3Have-
nue Z1=1,8 Oputo pocrurayro ais PbTeixSex p-
Trna [4].

B nanHOIi cTaTthe paccMaTpUBArOTCS TEPMO-
snekTpuyeckre ceorictBa PbTe1xSex p-tuna, Tak
KaK OIHOHM M3 YCIEIIHBIX CTPaTervii MOBBIIICHNS
TOOPOTHOCTH SIBIISIETCS MOAM(HKAIMS COCIIHE-
HHS 332 CYET CHHTE3a M30CTPYKTYPHBIX TBEPIbIX
PacTBOPOB.

METOIUKA DKCIIEPUMEHTA

[Nomaxpucrammaeckue o0pasiel PbTerxSex
ObUTH TIONy4YEeHBI MPSIMBIM CIUIABICHUEM HUCXOJ-
HBIX KOMIIOHEHTOB B CTEXMOMETPUYECKOM COOT-
HOIIEHNWN B BaKyyMHpOBaHHEIX 110 ~107?[1a kBap-
LeBbIX ammynax. /s mpemorBpalieHus Hero-
CPEIICTBEHHOI'O KOHTaKTa Marepualia co CTEHKOM
aMITyJIbl BHYTPEHHHE MOBEPXHOCTU aMITyJl IIpej-
BapHUTENbHO ObUM rpadUTU3HpOBaHbl. VICXOMHBI-
MH KOMIIOHEHTaMH CITY>KHIM cBHUHel Mmapku C-
0000, remuryp mapku T-cH u cenen mapku OCUY.
22-4. CuHTE3 TPOBOIWICS TIPU TEMIIEpaType
~1300K B TeueHnue § yacoB. beum cuHTE3MpOBa-
HBI 00pasel PbTerxSex ¢ x=0.00, 0.1, 0.15, 0.25,
0.5.

BeIpamuBanrie MOHOKPHUCTAIIOB M3 ITOJTY-
YEHHBIX MOJMKPUCTAILIMUECKUX 00pa3lioB MPOBO-
JIMJIOCh METOJIOM BEPTUKAIBHON 30HHOM TUIABKU
[5]. Bce 0Opa3iibl iMenu P-THIT MPOBOIUMOCTH BO
BCEM PACCMOTPEHHOM TEMIIEpaTypHOM HHTEpBa-
Je.

OOpasupl A1 U3MEpEeHUd ¢ TreoMeTpude-
CKUMH pa3zmepamu 3x5x12MM BbIpe3ad W3 BbI-
PALIEHHBIX MOHOKPHCTAJUIMUECKUX CIIUTKOB JHa-
MeTpoM ~10MM Ha AIIEKTPOIPO3UOHHON YCTAHOB-
Ke.

DNeKTpUUYecKre MapameTpsl (3JIEKTPOnpo-
BOJTHOCTH G, Kod(duireHTs! 3eedeka o u Xoa
RH) m3Mepsiii Ha TOCTOSIHHOM TOKE 30H/IOBBIM
METOJIOM BJIOJIb POCTa MOHOKPHCTAJUTMUYECKUX
CITIMTKOB B MHTEpBajie Temmeparyp 80-300K [6].

PE3YJIbTATBI U UX OBCYXJIEHUE

TemmieparypHble  3aBUCUMOCTH  JJIEKTPO-
MPOBOAHOCTH, kK03(ppurtmenToB 3eedbeka 1 Xosuia
Juist 00pasiioB PhTe1xSex ¢ pasnuyHbIM cozepxa-
HHEM aTOMOB CeJIeHa pUBelIeHbI Ha Pc. 1.
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TemneparypHble 3aBUCHMOCTH: a - JJIEKTPOIPOBOIHO-
cr, b - xoadouimenta 3eebeka, ¢ - KodpPuIEHTA
Xomta mst o6pastos PhTey,Sey; kpusie 1 - 5 cootset-
creytor x= 0.00; 0.10; 0.15; 0.25; 0,50.
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Kosddumment Xomna npakTuyecku He 3a-
BUCUT OT Temrieparypsl Puc.lc. C yBenuueHuem
nomu PbSe B PbTe 3nadyenust Ry ymeHbIarorcs.
[Ipu sTOM KOHLIEHTpalMs HOcuTened 3apsima N,
onpezeneHHas kak N=1/(eRn), n3mensiercs B mpe-
nenax (2,7-4,5)-10%%wm3. Msomopduoe 3amente-
HHUE OJIHOTO XaJbKOIeHa JPYIMM, B YaCTHOCTH [€
Ha Se, He CO3/1aeT ANEKTPOAKTUBHBIX MPUMECHBIX
LIEHTPOB B COJISIX CBHMHIA [7]. YBenmnyeHue KOH-
LEHTPAIMM HOCHTENEH TOKAa HE OTpPaKaeTcs Ha
TIOBE/ICHUH AJIEKTPONPOBOJHOCTH. Kak BHIHO U3
Puc.la, ¢ pocrom cozmepkaHusi aTOMOB CeJeHa
ANIEKTPONPOBOJHOCTh  YMEHbIIAeTCcA. Temriepa-
TypHas 3aBUCUMOCTH 3JIEKTPOMPOBOAHOCTH IS
BCEX OOpa3loB HMMEET aHAJOTWYHBIA BUI U
YMEHBIIIAETCS C POCTOM TEMITEpaTyphl. DKCIepH-
MEHTAJIbHO M3MEpPEeHHbIE 3HaYeHUsI Kod(dureH-
Ta X0JUla TIOKa3bIBAIOT, YTO KOHIIEHTPAIMs HOCH-
TeNel ToKa MPaKTUYEeCKH He 3aBUCUT OT TeMIlepa-
Typbl. JloGaBnenue cenena B PbTe Tak e He mpu-
BOJIUT K 3HAUUTEILHOMY M3MEHEHHIO KOHIICHTpa-
uuM Hocutenel 3apsaa. Tak mist oOpasioB ¢
x=0,00 u x=0,5 xoappumentsr Xoma npu ~7 7K
cocrapmsor 0,23 u 0,14cM%/Ki1, COOTBETCTBEHHO,
TOrJ]a KaK 3HaueHUst G JUIs TeX ke 00paslioB CO-
cTapisoT 22222 u 6450Mm ™ em?, T.e. ommuaoTcs
6oree, yeM Ha nopsIoK. Mcxos 13 3Toro MoXHO
TIPE/ITOJIOKUTh, YTO XapakTep TeMIEepaTypHOU U
KOHIIEHTPAIIMOHHONW 3aBUCUMOCTH  3JIEKTPOIPO-
BOJIHOCTH, B OCHOBHOM, OINpEAEIIseTCs Mpolecca-
MH paccesHUsI 1 0COOCHHOCTHIO 30HHOM CTPYKTY-
po1 PbTe.

XO0ITOBCKast TOABMKHOCTD B XIKOTEHHIAX
CBUHIIA, OMpeieieHHast U3 HJIEKTPOIPOBOIHOCTU U
kodpduimenta Xomna (Ly = oRy), U3MEHseTCA
C TeMIIepaTypoil MO CTENEeHHOMY 3aKoHy: p~T "
[7]. HamHble 11 XO/IOBCKHUIA MOABHKHOCTH B KO-
opmunarax Ig(uH)-1g(T) npuBenensr Ha Puc. 2.
Kax BuzmHO, B 00pasiax, colepkaiyx aroMbl Se,
TIO/IBIDKHOCTh  HOCHTENEH 3apsiia 3HAYMTEIHHO
MEHBIIIE TI0 CpaBHEHHMIO ¢ yncThiM PbTe, mpryem
C YBEJIMYEHUEM TEMITEpaTyphl UH JUTs Bcex o0pas-
II0B YMEHBINIAETCs [0 IMHEWHOMY 3aKOHY.

[lpu HM3KMX TemmepaTypax HaOJOAaeTcs
HEKOTOPOE OTCTYIUIEHHE OT JIMHEMHOM 3aBUCUMO-
cru Ig(un) ot 1g(T), xoTopoe Takxke oOHApyKHBa-
ercs Ha 3aBucuMoctd o(7). DTO OTCTyIUICHUE
MOXKET TIPOMCXOJUT C YACTUYHBIM BBIPOXK/ICHUEM

ANIEKTPOHHOTO ra3a [8], Tak Kak TemIieparypHas
3aBUCHUMOCTb TOJIBIKHOCTH B YaCTUYHO BBIPOXK-
JICHHOM COCTOSIHMH cllabee, 4eM MpH OTCYTCTBUH
BBIPOXKICHUSL.
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3aBHCHUMOCTH XOJUTOBCKOM TOIBUIKHOCTH OT TEMIIEPaTyphl
B PbTe1«Sey; o603Hauenve te xe, uto 1 Ha Puc.1.

Jnst obpasiia PbTe v=1,6, HO B oOpasax,
COJIEpXKAIMX aTOMbl SE, ITO 3HAYCHUE 3HAYH-
TenmbHO MeHbIne. Tak it oopasmos ¢ x=0,1; 0,15;
0,251 0,5v=1.2;0,8; 1,0 u 0.5, COOTBETCTBEHHO.

TemrieparypHble 3aBHCHMOCTH TTOABHKHO-
CTU TIPU CPEIIHUX M BBICOKMX TEMIIEpaTrypax BO
BCeX Tpex xanbkorenuaax ceunna (PbTe, PbSe u
PbS) 00BSICHSIOTCSI, B OCHOBHOM, PacCessHUEM Ha
JUTMHHOBOJTHOBBIX aKYCTHUECKUX KOJICOAHHSX C
YUYETOM TEeMIIEpaTypHON 3aBUCUMOCTH d(PPEKTHB-
HO#t Maccsr [9].

u~m*—5/2 T—3/2. (1)

TemmneparypHoe u3MeHeHHe S(PPEKTUBHOM
MacChl OMNPEISIUIOCh B paMKax IMapaboImdecKon
3oHHOM Mozenu [10], B mpenmnonokeHnu, uTo pac-
CesHHE DJICKTPOHOB IPOMCXOAUT Ha aKyCTHYe-
CKHX Konebanusix pemietku (Puc.3).

W3 nHakioHa kpuBbIX Ha Puc. 3 MoxHO ycTa-
HOBHTB, 4T0 m*/m, ~T* (mo - Macca cBOOOJI-
Horo anekTpona), rae $=0,07; 0,29; 0,24 u 0,91
st obpasios ¢ x=0,00; 0,15; 0,25 u 0,5, cooTBeT-
CTBEHHO. YUeT 3THX 3Ha4YeHHi B 3aBHCUMOCTH (1)
ans auctoro PhTe maer p~T %, xotopoe mox-
TBEPIKIACTCS IKCIICPUMEHTATLHON 3aBUCHMOCTBIO
w(7) (Puc.2). Inst 06pasiios, coaeprkammx Se, mo-
JIyYCHHBIC 3HAYCHUSI HE COIVIACYIOTCS C SKCIEPH-
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PACCESTHUE HOCUTEJIEN 3APS/IA B TBEPJIOM PACTBOPE PbTerSex

MEHTaIbHOM 3aBUCHMOCTBIO (7). DTO yKa3biBaeT
Ha TMOSIBJICHHUE B 3TUX 00pa3lax JIOMOJIHUTEILHOTO
MeXaHU3Ma PacCestHusl.

20 r
19
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215 225 235 245
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Puc.3

TemnepatypHast 3aBUCUMOCTb Y()peKTHBHON Macchl AeK-
TpoHOB B PhTey,Sey; 06o3Haderue Te xe, uto Ha Puc. 1.

[Ipu oOpa3oBaHMM TBEPAOrO pPACTBOpa B
KPUCTAIMYECKON PEIIETKE MPOMCXOAUT BO3MY-
IIEHHE KPUCTAJUTMYECKOTO MOTEHIMaNa. JTO IpH-
BOJIUT K PACCESHUIO KaK ()OHOHOB, TaK M HOCHUTE-
neit 3apsiia [11] u k oTHOCHTENBHO Caboi TeM-
NIEpaTypHOH 3aBUCUMOCTU TIOBM)KHOCTH 4Y€Epe3
u~T"Y2 [12] B ommume OT paccesHHs HA AKyCTH-
YecKHX KoneGaHmsix pemerku, rae p~T2 T.e K
0osiee HU3KOM CKOPOCTH CHWKEHHS MOJBHKHO-
cru. TakuM 00pa3oM, Hapsay C aKyCTHUECKUM
paccesiHueM paccesHue Ha JiepeKTax, CO3aHHbIX
BTOPBIM KOMIIOHEHTOM (S€) B TBEPIOM PacTBOpE,
SBJISIETCST TPEOOIAAOM MEXaHHU3MOM, Orpa-
HUYHMBAIOIIMM XOJUTOBCKYHO IOJBUKHOCTb.

BasienTHas 30Ha TeuTypuia CBHHIIA UMEET
CIIOKHYIO CTPYKTYpy. OKCTPEMYM 3TOH 30HBI
pacrionokeH B Touke L 30HbI Bprmiosna (3oHa
JIETKUX JBIPOK) M MMEET 30HHOE BBIPOXKICHUE
Nv=4. Kpome 3TOro cymiecrByer BTOpas 30Ha C
AKCTpEMyMaMH BIIOJIb JIMHUH X 30HBI bpuintrosHa,
OTJIeJIeHHas! OT L 30HBI SHEpreTuueckuM 3a30poM
~0,25V u umeer Nv=12 [13].

Ha Puc. 4 cxemarnuecku NokazaHa CTpyK-
Typa BasieHTHOU 30HbI PbTe1xSex.
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Crpykrypa BasieHTHOU 30HBI PbTe1xSex [4]: C - 30Ha npoBou-
MOCTH, L- 30Ha JIETKUX JBIPOK, % - 30Ha TSHKENBIX JBIPOK.

[Tpr MEHBIIMX KOHLEHTPALMAX HOCUTEIIEH B
TPaHCIIOPTHBIX CBOMCTBAX MpeolIiafacT 30Ha Jier-
kux (L 30ona) gpipok. [lpu yBenuueHnn KoHILIEHTpa-
MM HOCHTEIIeH 3apsiia ypoBeHb Depmu mprovKa-
eTcsl K BEpIIMHE BTOPOW BAJICHTHOW 30HBIL, M 30HA
TSDKETbIX JBIPOK (X 30HA) Wrpaer Oosee cyle-
CTBEHHYIO pOJib. BKJa KaKI0oM 30HBI 3aBUCHUT HE
TOJIBKO OT KOHIIEHTPALMM HOCUTENeH, HO U OT TeM-
neparypbl. C pOCTOM TeMIepaTyphl BIHSTHUE X 30-
HBl PacTeT, MpHYeM TeMIlepaTypHas 3aBHCHMOCTb
(T, 8 K) cmemmenus sueprim (AE, B €V) 30H L, X 1
30HBI TIPOBOAMMOCTH C OIPEIENSIOTCS BRIPKEHH-
em [4]:

AE._; = 0,18 + (4T/10,000)-0,04x
AE. ; = 0,36 +0,10x

Kosdduiment 3eedexa (Puc. 10) ans Beex
00pas3LIOB BO3PACTAET C YBEIMUECHHUEM TEMIIEPATYPBL.
ITpu 5TOM 3HaYEHUST 0L OOPA3LIOB TBEPJIOTO PACTBOpA
MaIO YeM OTJIMYAIOTCS OT JAHHBIX JUISI YHCTOTO
PbTe. Hckmouenue cocrapisier obpaser; ¢ x=0,5,
JUTS1 KOTOPOTO POCT oL 6oriee KpyToid. B manHOM city-
Yae, 13-3a BBICOKOTO 3HAYEHUS KOHIICHTPAIMHM HO-
cutenel 3apsima ypoBeHb DepmH  pacnonaraeTcst
OMvbKe K BEPIIMHE X 30HBI U BIUSHUE TSHKEIBIX JTbl-
POK CTaHOBHUTCS OLITyTHMBIM. ITO CIIOCOOCTBYET PO-
cry koadduimenTa 3eedexa.

[Tpy MOBBIIIIEHUH TEMITEPATYPhI SHEPreTHYE-
CKHI1 3a30p MeXIy IBYMs 30HaMH (AE; ;) yMeHb-
IIAeTCsI JIMHEWHO, ¥ BCe OOJBIIAs YacTh JIBIPOK MO-
KET TIEPEUTH B 30HY ¢ OoJtbIeit A ¢eKkTHBHOM Mac-
COMi, crocoOCTBYs pocTy Kod(pduimeHTa 3eedeka ¢
TEeMIIEpaTypoH.
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PbTe1xSex BORK MOHLULUNDA YUK DASIYICILARIN SOPILMOSI
X.M.MOMM®OBDOVA, V.V.YUSIFOV, E.O.ALLAHVERDIYEV

PbTer,Sex monokristallarinda elektrikkecirma, Holl vo Zeebek omsallar1 77-300K temperatur intervalinda todgiq
edilmigdir. Miioyyon edilib ki, akustik rogslordon sopilms ilo yanasi bork mohlulda ikinci komponent selenin yaratdig:
defektlordon sopilma yiik dastyicilarmin yuriiklityiinii mohdudlagdiran asas mexanizmlordir. Hal sixhigi effektiv kiitlonin
parabolik zona gargivasinda giymstlandirilmasi gdstorir ki, Zeebek amsalinin temperaturla artmasi osason effektiv kiitlonin artimi
ilo slagodardir. Effektiv kiitlonin yiik dastyicilarinin konsentrasiyasi vo temperaturla artmasi PbTe;,Sex-un valent zonasinin
mirakkab qurulusu ils izah olunur.

SCATTERING OF CHARGE CARRIERS IN PbTerxSex SOLID SOLUTION
Ch.M.MAMEDOVA, V.V.YUSIFOV, E. A ALLAHVERDIYEV

In p-type single-crystal samples PbTe;..Sey, the temperature dependences of electrical conductivity, Seebeck and Hall co-
efficients in the interval 77-300K were investigated. It is shown that, along with acoustic scattering, scattering from defects creat-
ed by the second component (Se) in a solid solution is the predominant mechanism that limits the mobility of charge carriers. The
evaluation of density of state effective mass within the framework of the parabolic zone model showed that the increase in the
Seebeck coefficient with temperature is mainly due to the increase in the effective mass. The increase in the effective mass with
carrier concentration and temperature is explained by the complex structure of the valence band of PbTe; « Sex.
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ko3¢ puIHeHT

PED®EPAT

[poBeieHO HUCCTIENOBAHMS TEMIIEPATYPHOH 3aBHCUMOCTH
ANEKTPOIPOBOHOCTH ¥ 3exTa Xoa TBepAoro pacTsopa
(FelnzS4)og7(CulnySa)o 3. DKcriepMEHTHI TIPOBEICHBI B TEM-
niepatypaoM uHTepBaie 200-400K. Ha ocHOBe sKcniepuMeH-
TAIBHBIX JIAHHBIX OINPECNICHbI KOHIICHTpALMs HOCUTENei
3apsiza, OICHeHA SHEpPrusl aKTHBaymu 1ekTpoHoB E,=0,026
3B. IIpoBeneHb! Takke PEHITCHOCTPYKTYPHBIM aHAIU3 HC-
CJIE/IOBAHHOTO COCTaBa, ONPE/IENIeHBI apaMeTphl PEILIETKH 1
THII IIPOCTPAHCTBEHHOM TPYIIIIBL.

BBEJIEHHUE

JlerupoBaHue MOTYTIPOBOJHUKOBBIX COEIH-
HCHUI MarHUTHBIMH TIPUMECSIMA MOYKET ITPUBE-
CTU K TIOSIBIICHUIO (peppomMarHeTnsMa mpu KOM-
HATHOW Temrieparype. MHTepec K TaKuM CoeiHe-
HUSIM OOYCJIOBIIEH T€M, YTO OHU OOJIQIAI0T OHO-
BPEMEHHO 3apsZIOBBIMHA M CITMHOBBIMU CBOMCTBA-
MH. OTH CBOMCTBa MOXKHO HCIIOJB30BAaTh B CITMH-
TPOHHBIX MPUOOpPAX.

N3y4yeHnro MarHWTHBIX MOIYIIPOBOJTHUKOB
trma MB",CY'4 (M - Mn, Fe) ynensercs ocoboe
BHUMaHKe. OJJHUM W3 MEPCHEeKTUBHBIM MaTepua-
JoM atoro Trma sisiercss FelnoSs. Dto coenmne-
HHUE KPUCTAIUTU3YIOTCSI B KYOUYECKOM CTPYKTYpe U
SIBJISTFOTCSI TICPCIICKTUBHBIM MaTEPHUAIOM ISl CO-
3MaHUsI Pa3TUUHBIX (DYHKIIMOHATBHBIX YCTPOUCTB,
YIPaBJISIEMbIX MATHUTHBIM MosieM [1-4].

C npyroii croponsl, CulnzSs siBnsiercs nep-
CITEKTHBHBIM ONTHYECKHM TIOJTYITPOBOTHHUKOBBIM
MarepuagoM JJs CO3JaHHs psia HOBBIX OITO-
ANIEKTPOHHBIX TpHOOpoB. [lomydeHune TBEpIBIX
PacTBOPOB Ha OCHOBE ITUX MaTEPUAJIOB, UCCIIEO-

BaHUE WX TPAHCIIOPTHBIX W MArHUTHBIX CBOWCTB
npe/cTaBiseT ocooblit uuTepec [3,5-7].

B nmanHOli paboTe npeacTaBieHbl pe3yJibTa-
TBI UCCIICIOBAHUS IEKTPOIPOBOAHOCTH U deK-
Ta Xomna TBEPJIOTO pacTBopa
(Feln2S4)o,97(CulnzSa)os. Ha ocHOBE sKcIieprMeH-
TaJIbHBIX JaHHBIX OIICHEHA DHEPIusl aKTHBAIIUH
HOCHUTEIIEH 3apsja.

IKCIIEPUMEHTAJIBHBIE PE3YJIBTATDBI
N X OBCYXJIEHUE

OKCIEpUMEHTBI TIPOBEZICHBI B TEMIIEPATyp-
HoMm uHTepBaie 200-400K. Crpykrypy u mapa-
METPBbI IEMEHTAPHOM SUEWKU HCCIIEIOBAHHOTO
KpHCTAJUIa YCTAHABIMBAINA PEHTTEHOBCKUM METO-
JOM. PeHTreHOCTpyKTYpHBII aHanu3 ObUT MpoBe-
JIeH Ha aBToMaThdeckoM au¢paktomerpe D2
Phaser (Bruker, I'epmanusi) ¢ ucnonb3oBaHHEM
CuKo-mnyuennst u Ni-punbrpa. s ympasme-
HUS YCTPOMCTBOM M aHAIM3a IOJyYECHHOM WH-
dbopMali KCMONB30BAIM MPOrpaMMHBIM TaKeT
“Diffrac suite”.
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Ha Puc.l mnpencraBnena peHTreHorpamMma
uccneaoBanHoro oopasia (Feln2Sa)o97(CulnzSa)o s.
Hamume peskux MUKoB JU(PaKIUM B HCCIEHO-
BaHHBIX O00pa3llaX yKa3plBaeT Ha WX MOJIUKPH-
crajuinyeckuil xapakrep. OOHapy»XeHO, 4TO IU-
(paKIMOHHBIE MAaKCUMyMBbI HCCJICZIOBaHHOTO 00-
pasiia, B OCHOBHOM, cooTBeTcTBYIOT FelnoSs [2].
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Ha ocHOBE peHTreHOCTPYKTYPHOTO aHaITH3a ObLTH
OIpeIeNiCHbl IPOCTPAHCTBEHHAs Ipyra (KyOude-
ckas FA3m) u mapamerp aieMeHTapHOH sUCHKH
(a=10.52A) TBEPIOTO pacTBopa
(FelnzSa)o97(CulnzSa)os. YcranosneHo, 4ro uc-
CIIEZIOBAHHBI COCTaB KPHCTALUTH3YIOTCS B KyOu-
YECKOU CTPYKTYypE LINUHEIH.
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Z2Theta (Coupled TwoTheta/Theta) WL=1.54060

Puc.1
Hudpaxrorpamma (FelnzSs)og7(CulnzSs)oos.

Ha Puc.2 u Puc.3 npuBogsrcst pe3ysibrarsl
UCCIIE/IOBaHUsI 3JIEKTPONPOBOAHOCTH M Kod(du-
enTa Xomna (FelnzSa)oe7(CulnzSa)ops B Temre-
parypaoMm unrepsane 200-400K. HccnenoBanue
AJIEKTPONIPOBOTHOCTH M Kod(pduimerta Xosmna
MIPOBOJIMJIOCH HA aBTOMATU3MPOBAHHOM M C IIPO-
rpaMMHBIM KOMITBIOTEPHBIM 0O€CIIeYeHHEM ycCTa-
HoBke HL5500PC Hall Effect Measurement Sys-
tem. DkcnepruMeHTsI MPOBOAMIINCH METOOM Ban-
nep Ilay, Ha IOCTOSIHHOM TOKE Y IIPY MAarHUTHBIM
none 0,5Tn. M3mepenus TemriepaTypHOM 3aBHUCH-
MOCTH 3JIEKTPONPOBOAHOCTH IOKA3aJlo, YTO HC-
CIIEIOBAaHHBIA 00pa3ell mpu Temreparypax (Imo-
psanka 200K) nMeer BBICOKOE YIETbHOE COIpPO-
TuBnenre mopaaka 3-10°0m.cm. D10 yKaseiBaeT
Ha TO, YTO JIAHHBII OOpa3er; UMeeT JOCTaTOYHO
OOJIBITYIO0 IIMPUHY 3ampelieHHON 30HBL Jlei-
CTBUTENILHO, corylacHO [4,0] BelWYMHA LIMPUHBI

sanperieHHoN 30HBI FelnpSs mopsinka 1,389B u
YBEJIMUMBACTCS C IOHIKEHUEM TEMITEPaTyphI.
[Tpn o0pa3oBaHMM TBEPIOrO0 pacTBOpa Ha
ocHOBe TpoHbIX coemuHenuii  (Feln:Ss) wu
(CulnzSs) obrast 3IEKTPOIPOBOAHOCTD JIOJKHO
CHIDKAThCA. DTO OOYCIIOBIEHO TeM, YTO TPH pas-
MEIIEHUH B TIPOCTPAHCTBEHHON pElIeTKe pacTBO-
PUTENS «UY)KHX» aTOMOB PAaCTBOPEHHOTO Belle-
CTBA AIIEKTPUYECKOE TIOJIE PEIIETKH PACTBOPUTEITS
UCK)KAETCs, U PaCCESHUE IIEKTPOHOB YBEIUYH-
Baercs. CpopMynupoBaHHOE MpaBUIO 00 H3Me-
HEHMH  M30BITOYHOTO  3JIEKTPOCONPOTHBIICHHS
TBEPJIOTO PacTBOpa C KOHIEHTpAIMeHd NpUMecei
CIIPaBeUTMBO IS BCEX MJCATBHO HEYOPSI0UYEH-
HBIX TBEPJBIX PACTBOPOB, TO €CTh PacTBOPOB, B
KOTOPBIX HOHBI IPHMECH PACTIPEACIICHBI TI0 y3l1aM
PEIICTKH PACTBOPUTEINST CTPOTO CTATUCTHUYCCKH
[2]. OT0 sBNsIETCS OOIIMM TIPABUIIOM JIaXKe B TOM
Cllydae, Korjja B METaJule C HU3KOH 3JIEKTPOIPO-
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DJIEKTPODPU3ZNYECKUE CBOﬁCTBA (Fe | n284)o,97(Cu | n284)o,03

BOJIMMOCTBIO PacTBOPSICTCS METaI C BBICOKOM
anexTporpoBoauMocThio [8]. TlosTtomy yBemmue-
HHC YJICIBHOTO COMPOTUBIICHUE UCCIICIOBAHHOTO
tBepaoro pactopa (FelnaSs)oe7(CulnzSa)oes mo
cpaBuenuto ¢ (FelnxSs) pasymHo u stum Oyaer
00YCIIOBJICHO M3MEHEHHE [IMPHHBI 3alPEIICHHON
30HBL
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Puc.2
TeMmepaTypHas 3aBUCHMOCTb IEKTPOIPOBOIHOCTH
(Feln2S4)o97(CulnzSa)ops.

Kak BupHo u3 Puc.2, BennumHa 31€KTpo-
MPOBOJIHOCTU B MHTepBajie Temreparyp 200-350K
MEHsIeTCS. MEIJIEHHO ¢ Temmepatypoil. OmaHako,
"HaunHag ¢ 350K HaOmMromaeTcss JOCTaTOYHO CHIIb-
HBI POCT 3HAYEHHS OSIIEKTPONPOBOTHOCTH. U3
TEMITEpaTypHOH 3aBUCHMOCTH JJICKTPOIPOBOIHO-
ctu ObLTa OmpesieNieHa SHEPrusl aKTUBALIMH HOCH-
TEJICH.

TemneparypHasi 3aBUCHMOCTh TPOBOAUMO-
CTH TIOJTYTIPOBOTHUKOB OTpeIeNsitoTes B BHE [9]

AE
G = o,e kBT (@)

CooTHOIIEHWE JUIsI DHEPIMH AKTUBALAU
MOYXHO TOJIyYHUTb, U3MEPsA 3HAUECHHUE DIIEKTPO-
MPOBOJIHOCTU TIPU JBYX TeMIIepaTypax M Jora-
pubMUpys UX OTHOILIEHHE B BUJIE

Zkglno, /o,
T,-Ta

AE = T, - T,. @)

CoryacHO HKCIEPUMEHTATBHBIM JTAHHBIM,
IO AJIEKTPOIPOBOTHOCTH ObLIa ONpeiesieHa SHep-
rust aktuBaiyn (Feln2Sa)oe7(CulnzSs)oes, Ea=0,026
5B. D10 3HaueHHe HE MOXET ObITh IMPUHSITO 3a
LIUPUHY 3aIPELCHHON 30HBI
(Feln2S4)o97(CulnzSa)o0s, Tak Kak IIHpPHHA 3amIpe-
[IEHHOM 30HBI OCHOBHOro KoMITOHeHTa FelnoSa
nopsizka 1,383B [4, 6].

Ha Puc.3 npencrasiena temreparypHas 3a-
BUCUMOCTh Kod(pdurmenta Xomia Hccie0BaH-

HOTO 00pasia.
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TemnepaTypHas 3aBUCHMOCTb K03 uimenta Xoma
(Feln2S4)oe7(CulnzSa)ops.

Ha temmepatypHoli 3aBUCHMMOCTH HaOIIO-
JIaeTCsl pe3Koe yMEHbLIEHHEe 3HaueHus Koddpdu-
nuenta Xojia B ooymactu 300-330K. B obmactu
200-300K u Beimre 330K 3HaveHre MOCTOSHHOIO
kod(urmenta Xosma MpakTHIECKH OCTAETCsI TT0-
CTOSIHHBIM M yKa3bIBaeT Ha N-TUIT TIPOBOJIUMOCTH.
Takoii X071 3aBUCIMOCTH YKa3bIBa€T Ha TO, YTO B
YKa3aHHBIX O0JIACTSAX TeMIIepaTyp KOHIIEHTPAIHS
HOCHUTEINIEH 3apsiia OCTaeTcs MOCTOSIHHOM. OHa-
ko, B obmactu 300-330K koHIEHTpamusi HocuTe-
Jielt 3apsifia yBEIWYHUBAETCs B TPU JiecaTKa pa3 (oT
3,7-10% cm o 1,35-10% CM'3), YTO U CKa3bIBaECT-
Csl Ha TEMITEPaTYPHOU 3aBUCHMOCTH DJIEKTPOIPO-
BoHOCTH. PocT TemmeparypHOM 3aBUCHMMOCTH
AIIEKTPOIIPOBOTHOCTA C TIOBBIIICHUEM TEMIIEpa-
TYpBI BBIIIIE KOMHATHOW CBHICTEIILCTBYET O HAITU-
YUK TOHOPHBIX YpoBHEH. C pOCTOM TeMIEpaTyphbl
AIIEKTPOHBI MepeOPaCHIBAIOTCSI B 30HBI TIPOBOIH-
MOCTH ¥ YYaCTBYIOT B TIPOBOIUMOCTH.
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3AK/IIOYEHHUE YTO PE3KOE YBEIMYEHHE KOHLIEHTPAIMM HOCHUTE-
ner 3apsima B obnactu 300-350K oOycioBieHo
HAJIMYMEM JIOHOPHBIX YypoBHEH. OrmpeneneHsl
KOHIICHTpAIIMSI HOCUTEIICH 3apsia, OllCHEHa dHep-

rus akTuBaImu nekTpoHoB E,=0,026 3B.

Ha ocHOBe peHTIeHOCTPYKTYPHOTO aHATH3a
ONpEJEICHBl  TUIT TIPOCTPAHCTBEHHOW —TPYIIIIbI
(Fd3m) u mapamerp pemerku (2=10.52A) TBepo-
ro pactBopa (Feln2Ss)og7(CulnzSs)oes. TTokasamo,
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5. A.Usujima, S.Takeuchi, S.Endo, T.Irie. Optical
and electrical properties of CulnsSg and AgInsSg

(FelnzSs)og7(Culn:Ss)oos-iin ELEKTROFIZiKi XASSOLORI
S.S.ROHIMOV, S.S.ABDULLAYEVA, A E.BABAYEVA

(FelnzSa)og7(CulnySa)oes bork moahlulunun  elektrikkegiriciliyinin vo Holl effektinin temperatur asiliiglart todgiq
edilmisdir. Tacrlbslor 200-400K temperatur intervalinda apartlmigdir. Tacriibi naticalor asasinda yiikdastyicilarin konsentrasiyasi
Vo elektronlarin aktivasiya enerjisi (E,=0,026eV) tayin edilmisdir. Bundan slave tadgig olunan tarkibin rentgenostruktur analizi
aparilmis, faza grupunun tipi va gofas parametrlori toyin edilmisdir.

THE ELECTROPHYSICAL PROPERTIES OF (FelnzSs)oe7(Culn2Ss)oos
S.S.RAGIMOV, Sh.S. ABDULLAYEVA, A.E.BABAYEVA

The temperature dependence of electrical conductivity and the Hall effect of the (FelnzSa)og7(CulnzSa)oes solid solution
was studied. The experiments have been carried out in 200-400K temperature intervals. Based on experimental data, the concen-
tration of charge carriers was determined, and the electron activation energy E, = 0.026eV was estimated. An X-ray diffraction
analysis of the studied composition was also carried out, and the lattice parameters and type of space group were determined.
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REFERAT

flk dofo maye metal ion monbayi vasitesilo InSb vo
InShggsBiog2 is¢i maddalori osasinda ion dostesi alinmig vo
onun Kiitlo torkibi  (E L B} kitle analizatoru vasitasilo
aragdirilmigdir. Tocribslordo InSk isci maddosi osasinda
almmig ion dastasinin torkibinin bircins oldugu, yalmz
{(InSb7)* ionlarindan togkil olundugu askarlanmigdir. Bundan
forqli olaraq, InShgqeBigg. is¢i maddesi osasinda alinmig
ion dostosinin torkibinin bircins olmadigi, dostods ayrica
(InSh)*, (InShBi)* vo Bi* ionlarinin oldugu miioyyan
edilmisdir.

GIRIS

YUKIU zarraciklorin satho ¢okdurilmasi va-
sitasilo mixtolif soth strukturlarmm  alinmasi
zamam maye metal ion manbolori (MMIM) vo ya
elektrohidrodinamik ion monbalarindon  (EHD
emitterlor) istifado olunur. Bu tip ion monbalarinin
asas elementi olan sivri uclu emitterlor yiiksok co-
royan sixligina, kigik emissiya zonasma vo is¢i
maddanin nanometr Olcull yUkli zarraciklorini
generasiya etmok gabiliyystino malikdir [1,2].
Muxtalif torkibli nanohissaciklorin - generasiyasi
nazik tobagalorin alinmasi texnologiyast va nano-
texnologiya Uglin boylk maraq kasb edir. Eyni
zamanda yaranan submikron 6lguli ion dostosinin
fokuslanmasindan da mikrotexnologiyada genis
istifado olunur. Baxilan monbalords emissiya zo-
nasinin Olgiilorinin miayyan edilmoasi uzun mud-
dot eksperimental va nazari tadqgigatlarin mévzusu
olmusdur. Nozori qiymotlondirmalor zona diametri
Uctn 3-4nm olcusuni verir [3,4]. Coroyan sixligi-
nin bu Olgiiys asason hasablanmis ilkin qiymaoti
cox yiiksok 10% 4/, almnr.

Hal-hazirda maye-metal ion manbolori submikro-
metr litografiya, ionlarla stimullagdirilmig kimyaVvi
sintez, implantasiya vo mikroanaliz, verilmis soth
topoqrafiyasinin submikrometr ayirdetmo gabiliy-
yati ilo formalagsmasi, analizi vo islonmasi Ggln
intensiv sokildo todqiq edilir. ik vaxtlar yalniz
agag1 orimo temperaturuna malik olan saf metallar
maye metal ion emitterlori tigiin is¢i maddo Kimi
istifado olunurdu [5]. Lakin, lokal ion implanta-
siyasi, ion-giia dostosi, birbasa miiqavimatsiz ion
litografiyasi, mikro vo nanoelektronika sistemlori-
nin iglonmasi kimi muasir texnoloji masalalari hall
etmok tiglin miixtalif kimyavi xassalors, kiitloys vo
yuka malik ion dastalorindon istifado etmak zoru-
roti yaranmgdir [6]. Bu, miixtalif arintilor asasinda
isloyan maye metal ion manbalarinin inkisafi ti¢iin
stimul rolunu oynadi vo genis spektro malik ion
dostosinin generasiyasi ti¢lin zomin yaratdi. EHD
emitterlordon  istifade  etmokls  InSb o
InSho,gsBio02 arintilorindan ion dastosi, onlarn na-
zik tobagalori alinmis va tadqiq olunmusdur [7.8].
Baxilan isdo is¢i maddasi InSb vo InShoesBio,e2
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arintilori olan maye-metal ion monbayindon alinan
ion dastalarinin kiitlo analizi aparilmisdir.

NOZORI HISSO

InSb va InShogsBioe2 is¢i maddalori osasinda alin-

mig ion dostolorinin torkibindo olma ehtimali
miimkiin sayilan yiiklii zorraciklorin yaratdigi co-
royanin analizatorun kollektor dévrasinde miisa-
hido olunmasi iigiin, analizatorun elektrik sahosi
yaradan lovholorine verilmasi ehtimal olunan sabit
gorginliyin nazari giymatlori hesablanmisdir. Kol-
lektor dovrasindo eyni kutloli vo eyni yuklu zor-
raciklarin yaratdigi corayanin geyd olunmast tigiin,
hamin zarraciklorin analizator daxilinds elektrik vo
magnit saholorini hiss etmadan, dizxstli harokat
etmolori osas sortdir. Bunun (gln iso analizator
daxilinds zarraciklori yonlondiron qarsihigh per-
pendikulyar elektrik vo magnit sahalarinin tosir
quvvalari bir-birini tarazlagdirmalidirlar.

. — —E_UYU
Fp =F;, » gE =qgqvE P V== =
241,
o= ||—‘T o
'\‘ m

burada F; vo F; analizatordan kegon yiks
elektrik va magnit sahalarinin tasir qiivvasidir. Son
iki formulu birlikda hall edib, analizatorun elektrik
sahasi yaradan lovholarino verilon sabit gorginlik
ucin

|
= ||q_hrﬂ.
"‘«IM

2U,d?B>

aliriq. Bu diistur vasitasilo dostodo mixtalif kit-
loya vo yiko malik zarraciklorin  maksimum
kollektor coroyani vera bilacayi gorginliyi tapirig.
Burada U - analizatorun elektrik sahasi yaradan
I6vhalarino verilon gorginlik, g - birgat ionlagmis
zorraciyin yuki, Na - Avogadro adadi, M - molyar
kiitls, Uo - ekstraktora verilon suratlondirici gor-
ginlik, d - elektrik sahosi yaradan lovholor arasin-
daki1 moasafa, B - magnit sahasinin induksiyasidir.

Yuxaridaki diistura asason analizatora daxil olan
InSb}, InSb inSbi, InsSh*, (InsSbBi)*,Bi* ion
dostalarinin torkibinds méveudlugu toxmin edilon

muxtolif yiiklii ionlarn  maksimum kollektor
corayami vera bilocayi uygun sabit gorginliyin
giymatlori nazari hesablanb va cadvalds verilib.

Cadval

Charge particle | U (V, DC)

(InSb); 95

(InSh): 110

(InSb): 130

(InSb)* 190

(InSbBi )* 140

Bi* 210

TOCRUBD

Tacrliba A700Q Leybold-Heareus tipli va-
kuum qurgusunda aparilmigdir va tacriibanin Umu-
mi sxemi Sokil 1-do verilib. Isci maddo ilo isla-
dilmis iyno qrafit konteynerds yerlogdirilir vo
quzmis katoddan qopan termoelektronlarin zorbasi
ilo maddanin arimo temperaturuna kimi (~450°C)
quzdirilir. Tynolorin sothinin is¢i madds ilo keyfiy-
yatli islanmasini tomin etmok Ugln hor bir isgi
maddoys uygun iyno materiali secilmoalidir. Bizim
tocriibalords iyna materiali olaraq 0,5mm diametrli
nixrom (NiCr) maftildon istifado olunmusdur vo
kimyavi Gsulla ucu sivrilogdirilorok istismara ha-
zirlanmigdr.

Filament

Container

Working substance
Needle
Extractor

Ion beam

Magnet

Frame

Plate - 481

Collector - J--f-d—

Sakil 1
Ton dastosinin tarkibinin kiitls analizatoru vasitesilo
aragdiriimasmimn tocriibi sxemi.
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Tacrlbi olaraq ion dastalarinin kiitlo torkibi-
ni analiz etmok Uclin carpaz (ELB) sahalori olan
Vin suratlor filtrindan istifada edilib. Malumdur ki,
Vin filtrlori yUkIi zarraciklori kiitlo vo enerjiys
goro ayran cihaz olub, bir-birino perpendikulyar,
kasison elektrik vo magnit saholorinds yUkll hissa-
ciklorin harokati zamani onlarin sapilmasinag asas-
lanaraq isloyir.

Analizator daxilinds magnit sahasi bir-
birindon 20mm mosafoda yerloson
(120x80x12)mm Olcul iki hamar ferrit mistovi
plito torafindan yaradilir. Analizatorda maqnit sa-
hasinin intensivliyi 1,4kEd-dir. (1Ed= 107*TI).
Elektrik sahasi yaratmaq tctin sabit garginlik mon-
bayindan kondensator tipli paralel elektrik 16vhalo-
rino  (lévhalor arasmdaki mosafo 2sm) miayyan,
idara olunan gorginlik totbig olunur. Analizator
ekstraktor vo kollektor arasinda yerlagdirilir. Tac-
ribalords ekstraktor va kollektor dovralarinds ion
carayanlart dlgiiliib.

fon monbayi, 6 - 10 *mbar vakuum alma
bilon Leybold-Heareus vakuum qurgusunda quras-
dinlmisdir. fon monboyi kozordilon katoddan
emissiya olunan termoelektronlar vasitosilo isci
maddanin orima temperaturuna godar qizdirtlir.
Tacrlbalards ekstraktor garginliyini monoton artir-
magla ion va nanodamct fazalarinin xiisusiyyatlori
muoayyan edilmisdir [9]. Manbadan ion emissiyasi,
iyna ilo ekstraktor arasindaki siiratlondirici gorgin-
liyin (5-6)kV oldugu hoddo bas verir (iyna-ekst-
raktor mosafasi taxminon 0,5mm-dir). Analizator
I6vhoalaring sabit gorginlik totbig etmoklos, emissiya
coroyaninin  (30-50)pA  giymatlorinds  dostado
muxtalif kutloli vo mixtolif yukli hissaciklorin
ayrilmas1 miisahido edilir. fonlarm {imumi emis-
siya coroyani mikroampermetr, kollektor dévrs-
sindoki coroyan pikoampermetrlo olgtlir. Analiza-
torda sabit gorginliyin muayyan giymatlorinds kol-
lektor dovrasinds carayan piklori miisahido olunur
ki, bunun da asasinda ion dastasinin kitlo analizi
aparihb.

Tocrilbado InSb is¢i maddoasi asasinda islo-
yan ion manbayinda slratlondirici garginliyin 6kV,
emissiya coroyamnin 40mkA qiymatlorinds dosto-
nin torkibi arasdirilmig va yalniz 190V gorginlikda
pik miisahido olunmusdur (Sakil 2).

0,7

Insb*
0.6
0.5

04

I (nA)

0,3
0,2
0.1

0

Sokil 2
Kollektor dévrasinds geyd olunan In5# ion dasta
caroyaminin kiitlo analizatorunun kéynaklari arasma
verilon sabit gorginlikdan asililiq grafiki

(U, = 6KV, I, = 40pA)

Nozori hasablamalarin naticasi yazilmis cad-
valdon gorindiyd Kimi bu natics birgat ionlagmis
va xisusi yiki — = 40,9 - 10* ::—q olan (InSh)*

Mp

ionlarina aiddir. Demali emissiya olunan ion dos-
tosi bircins (InSb)* ionlarindan ibaratdir. Dasto co-
royamini (30-50)mkA intervalinda doyisdikdo do
eyni notico almir.  InShogsBiog2 is¢i maddasi
asasinda olan ion monbayindo ekstraktor gorginliyi
6kV vo 6,2kV, dasto coroyani 30mkA vo 60mkA
oldugda dastonin torkibi aragdirilmis vo naticalor
Sokil 3-do verilmisdir. Sokildon goérindiyd Kimi
hor iki halda 3 pik miisahido olunur va bu piklor
uygun olaraq (InSb)* — 190V, (InSbBi)*
—142V vo  Bi* —210V  ionlarina aiddir.
InSby o5Bi,,, birlosmosindon alman ion dostosi
bircins olmayib birqat ionlasnus (InSh)¥,
(InSbBi)* vo Bi* ionlarindan togkil olunmus
altdostolordon ibaratdir. InShogsBiooe2 ionlarinin

xususi yuk ?:n =21,6-10° ::—q —dir. Dasto coro-
yanimnin bdyiik giymatlorindo Bi* ionlarina uygun
olan pikin kigildiyi miisahids edilir ki, bu da boyuk
carayanlarda gorundr dasto zarraciklarinin boyuk
enerjiyo malik olmalari vo analizator araligini qisa
muddoatdo kegmalari ilo slagadardir. Beloliklo, ba-
xilan birlosmalorin maye metal monbayi vasitasilo
alman ion dastalarinin kitlo analizi tigiin aparilmisg
tocriibalorin naticalori nazari hesablanmis giymat-
lorlo tam uygun golir.
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Sakil 3
Kollektor dévrasinda geyd olunan 1nSho,gsBio,02 ion
dosta caroyaninin kiitlo analizatorunun kdynoklori arasina
verilon sabit garginlikdon asililiq grafiki:
a) U, = 6kV, I, = 30ud; b) U, = 6,2kV. I, = 60pA

NOTICOLOR

Saholi ion emissiyast Gisulu ilo InSb vo
InShogsBioo2 is¢i maddalori asasinda islayan ion
monbayindan alinan ion dastalorinin kitlo analizi
apartlmigdir. InSb arintisindon alinan ion dastosi
bircins  olub  yalmz  birqat  ionlasmis
(InSb)*ionlarmdan, InShogsBioe2 mMaddasindon
alman dosto iso birqat ionlasmus ii¢ (InSb)™,
(InSbBi)* vo Bi™ alt dostolorindon ibaratdir.
Tocrlibaden alinan naticalor nazari hesablamalarla
tam uygunlasr.
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MASS ANALYSIS OF THE ION BEAM COMPOSITION OF InSb AND InSbogsBiocz OBTAINED BY LIQUID
METAL ION SOURCE

S.AAALIEV, FEMAMMADOQV, Sh.0.EMINOV, I.LGURBANOV, EM.AKBERQOV, JA.QULIYEYV,
AL ABADALOV, AH.HUSEYNOVA

lon beams were first obtained based on the working materials InSb and InShggsBioe2 Using a liquid metal ion source, and
their mass composition (ELV) was examined with a mass analyzer. During the experiments, it was determined that the composi-
tion of the ion group obtained from the InSh working material is homogeneous and solely consists {In553* of ions. In contrast,
it was found that the composition of the ion group obtained from the InSh, oo Bi, 5. Working material is heterogeneous, and the
beam also contains {In§h)*, (In§bEBi J*and (Bi)* ions.

MACC-AHAJIN3 COCTABA ITYYKA UOHOB InSh U InShogsBiocz, IOJTYUYEHHBIX C
NHOMOIbIO KNAKOMETAJNIMYECKOI'O UHCTOYHUKA NOHOB

C.A.AJTMEB, ®.5.MAMEJIOB, II.O.5MHWHOB, U.U.I'YPBAHOB,
3.M.AKBEPOB, /Ix.A.I'YJIUEB, A.J.BAJIAJIOB, AI'TYCEMHOBA

BriepBbie mosyyeH My4oK HOHOB Ha OCHOBE pabournx Beriects INSh u INShogsBio e, ¢ moMoIIIBO JKHAKOMETAILTHYECKOTO
MCTOYHHKA MOHOB U HMCCJICJOBaH ero MaccoBblit coctas (ELB) ¢ momorpio Macc-ananmsaropa. B xozie 3KCIIEpUMEHTOB yCTa-
HOBJICHO, YTO COCTAB MOHHOM TPYIIIBI, MOJyYeHHON Ha OCHOBE pabodero BemecTBa INSD, 0fHOPONEH W COCTOMT TONMBKO U3
noHOB (In§h)*™ . B oTIMYmMe OT TOr0 YCTAHOBJICHO, YTO COCTAB MOHHOW IPYIIIBI, MOJYYSHHON Ha OCHOBE pabodero Belme-
ctBalnShy op Big gz, HOOTHOPOJICH, @ TAKKE B IyUKe IPUCYTCTBYIOT HOHEBI ( [nSh)*, (InShBi y*u (Bi)*.
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PEDEPAT

CraThs TOCBAIIEHA BO3MOYKHOCTH KOMIUIEKCHOTO ITOZIXO/1a B
MIPIMEHEHNH MHCTPYMEHTOB MOHUTOPHHTA COCTOSTHUS U JIH-
ArHOCTHKH HEHCTIPABHOCTEH MaIlIMH BBICOKOTO HAPSHKEHHS.
IpoBenen 0030p MUTEPaTYpHBIX JTaHHBIX 1O KOHTPONIO CO-
CTOSIHHS DJIEKTPHYECKUX MAIIHH, X HEKOTOPBIX BaXKHBIX ac-
TMIEKTOB, TaKWe KaK MOHHTOPHHI COCTOSIHWS, JHArHOCTHKA
HEUCIIPAaBHOCTEH, TEIUIOBOM, 2JIEKTPUYECKUM MOHUTOPUHL,
MOHHUTOPHHT BUOpAIWH, IIIyMa, aHaJIN3 XapaKTePUCTHK TOKa
JBHUTAaTENs, OBICTpOE TpeobpazoBanre Dypbe, MeTo bl 00pa-
00oTkM curHanoB. PaccMoTpeHbl Hamboliee BaKHBIE paspa-
GOTKH B 3TOH 001aCTH OT PaHHHUX MCCIIEIOBAHMH 10 TIOCTIEe -
HUX.

BBEJIEHHME

MOHI/ITOPI/IHI‘ COCTOsIHHS BBICOKOBOJIBTHOI'O
000pyIOBaHHUS SIBIISIETCS CIIOKHOM 3ajaveil st
VMH)XEHEPOB M HCCIIENOBATENEH, B OCHOBHOM, B
MPOMBIIUIEHHOCTH. CyIlECTBYET MHOYKECTBO pas-
JIMYHBIX IMOAXOJ0B K METOJaM MOHUTOPHHIA CO-
CTOSIHMSI, BKIIIOYAsi KaK MEXaHWYECKHE, TaK U
anekTpudeckue. OTHaKo BCE 3TM METOJbI MOHM-
TOPHHIa TPEOYIOT TOPOTOCTOSIINX JATYMKOB MU
CICAIN3UPOBAHHBIX HWHCTPYMCHTOB. MeTO,ZII)I
MOHUTOpPHHIAa OOBIYHO MPUMEHSIOTCS Ul OOHa-
PYXEHUSl paA3IWYHBIX THIIOB HEHCIIPABHOCTEU
ANMEKTPUYECKUX MAIllMH, TaKUX KaKk HEHCIpaB-
HOCTb POTOpa, KOPOTKasi OOMOTKA, OIIMOKa JKC-
LEHTPUCUTETA BO3IYIIHOIO 3a30pa, HEUCIIPaB-
HOCTBb Harpy3Ku M T. 1.

ONEKTpUUYECKUE MAIIMHBI IIMPOKO HCIOJb-
3YIOTCSl U SIBIISIFOTCS. OCHOBOM OOJIBIIMHCTBA WH-
JKCHCPHBIX CHCTCM. OTH MaIIMHBI HCITOJH30Ba-
JIMCh BO BCEX BHUJAX MNPOMBIIIIEHHOCTH. ACHH-

XpOHHasA MallrHa ABJIACTCA OI[HOI>'I U3 3TUX Ma-
IIMH, KOTOpasi CONEPKUT MAarHUTHYIO IIETb, CO-
CAMHCHHYIO C JBYMA OJICKTPUYCCKUMH LCIISAMU,
BPAIIAIOIIMMHUCS OTHOCUTENBHO JIPYT APYTa, B KO-
TOPBIX MOIIHOCTh MEPEAAETCS OT OJHOM LEMH K
JPYTOM MOCPEACTBOM 3JIEKTPOMArHUTHON HHIYK-
A, B 3THX 3JIeKTpOMEXaHUIECKHX yCTPOHCTBAX
AIIEKTPUYECKasi SHEPrHsi Mpeodpasyercss B Mexa-
Hudeckyro gopmy [1]. IlpeobpaszoBanue sHeprun
3aBHCHUT, C OJIHOW CTOPOHBI, OT CYIIIECTBOBAHUSI B
prupoac SIBJICHI/Iﬁ, CBA3BIBAKOIIIMX MArHnuTHOC U
AIIEKTPUIECKOE TIOJISA, C JPYTOMl CTOPOHBI, OT Me-
XaHWYEeCKOW CHJiIbl U JiBMkeHus. OOMoTKa poTopa
B QCHHXPOHHBIX JBUTATEIISIX MOXKET OBITh KOPOT-
KO3aMKHYTOT'O FJTH POTOPHOTO THITA.
ACHHXpOHHBI JBUTaTEIh C KOPOTKO3a-
MKHYTBIM POTOPOM COCTOUT U3 IIPOBOIAIIUX
CTEpKHEH, BCTABIICHHBIX B Ta3bl JKEJIE3HOTO PO-
TOpa M 3aKOPOYEHHBIX Ha K&KIOM KOHIIE TIPOBO-
JISIIMMHA KOHIEBBIMU KOJbIIaMU. CTEpIKHU POTO-
pa OOBIYHO W3TrOTAaBJIMBAIOTCS W3 MEIH, ATFOMH-
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HUs, MarHUs WM CIUIaBa U MOMEIAIOTCS B TMas3bl.
CranpapTHble KOPOTKO3aMKHYTBIE POTOpPHI HE
UMEIOT W30JISIIUH, TIOCKOJIBKY CTEPXKHH IPOITyC-
KaloT OOJbIIME TOKH MPU HU3KOM HANpsDKEHUU.
Jlpyroii THII POTOpa, HA3bIBAEMBIA POTOPOM C
(hopMOBaHHON OOMOTKOM, MMeeT MHOrogasHyIo
OOMOTKY, aHAJIOTHYHYIO Tpex(a3HOoi 0OMOTKe
craropa. BeiBo/ibl OOMOTKH POTOpa COECAUHEHBI C
TpeMsi M30JIMPOBAHHBIMU KOHTAKTHBIMH KOJIbLIA-
MH, YCTAaHOBJICHHBIMH Ha Baiy poTopa. Takoit
JIBUTATENlb TIPOIIE, SKOHOMHYHEE W HaJeKHEe,
4YeM AaCHHXPOHHBIM JBUTATENb C (Da3HBIM POTO-
pOM. ACHHXpOHHBIN JBUratejlb C KOPOTKO3a-
MKHYTBIM POTOPOM MpPEJCTaBIseT COOOM BHUra-
Teb C TOCTOSIHHOM CKOPOCTBIO TP TOAKITIOYE-
HUM K UCTOYHUKY NMUTAHUS TTOCTOSHHOTO HAmpsi-
KEHMSI U 4acTOThL. ECIIM MOMEHT Harpy3ku yBe-
JIMYUBAETCS, CKOPOCTh MaJIaeT Ha HEOOMBIITYIO Be-
mmuuHy. [109TOMy OH NMPUTOZEH /IS UCTIOIB30Ba-
HUSI B CUCTEMax IMPUBOJA C MOCTOSHHOW CKOpPO-
creio [1, 2].

JlanHast cTaThs MOCBSILEHA BO3MOXKHOCTH
KOMILJIEKCHOTO TIOJIXO/Ia B IPHMEHEHUH WHCTPY-
MEHTOB MOHHMTOPHUHTA COCTOSTHUSL M TUarHOCTUKU
HEWCIIPABHOCTEH MAIllH BBICOKOTO HAIPSHKEHUSI.
MOHHUTOPHHT COCTOSTHUSI KPUTHYECKH BaXKHBIX
KOMIIOHEHTOB BBICOKOBOJIBTHBIX CTAQHKOB SIBIISIET-
Csl KITFOUEBBIM (DaKTOPOM TTOBBIIIICHHUS KCIUTyaTa-
IIMOHHOM TOTOBHOCTU CTAHKOB U JIOCTHXKEHHS 00-
Jiee HaJEKHOTO mporecca 0opadoTku. OTKa3bl U
HECTaOWJILHOCTh B KOMIIOHEHTAX MalliH BBICOKO-
TO HaNpsHKEHHUST MOTYT OTPHUIIATENHHO CKa3aThCs
Ha UX HAJEKHOCTH M, KaK CIIEJICTBHE, COKPATUTh
CPOK HX CITy>KOBI.

DNeKTpUYecKue MallMHbl YacTO TOJBEPraroTcs
BO3JICHCTBHIO HEUJICATHHBIX WM JIaKe BPEIHBIX
ycinoBuii 3kcruTyataii. K Takum oOcrosiTensb-
CTBAM OTHOCSITCSl TIEperpy3ka, HEIO0CTaTOqHasI
CMa3Ka, YacThle 3aITyCKW/OCTAHOBKH JBUTaTells,
HEJIOCTaTOYHOE OXJIXKICHHE U T. 1. B aTHX ycmo-
BUSIX JIEKTPOJIBUIATENN TIOJIBEPraloTCsl HeXerna-
TEJIFHBIM Harpy3KaM, KOTOPBIE TOJBEPraroT JIBU-
raTely pPUCKY HEUCIIPAaBHOCTH WJIM BBIXOJA M3
crpost [3].

B cootBerctBuu co cranpaprom IEEE 493-1997
[4] HanOomnee pacpocTpaHEHHBIE HEUCIIPABHOCTH
U UX CTaTHUCTUYECKUE JIaHHBIC IEPEUYNCIICHBI B
tabmwmie 1. Ota Tabnmiia ocHOBaHa Ha 0030pe pas-

JIMYHBIX I[BPIFaTeHeﬁ IIPOMBIIIIJICHHOI'O MIPUMCHC-
Hus. CornacHo Tabnuie, OoJblIe BCEro HEHc-
IPAaBHOCTEN CITydaeTcs ¢ MOMIIMIHUKAMU U 00-
MOTKaMH.

CYIIECTBYIOIIUE METO/bI
MOHUTOPHUHI'A COCTOAHUA

IIpencraBneHHOE MCCIEAOBAHUE OCHOBAHO
Ha MOHUTOPHMHI€ COCTOSHMS U JMArHOCTHKE HeE-
WCIIPAaBHOCTEN DJIEKTPUYECKUX MaluH. [luarno-
CTHKA HEHCIPABHOCTEH - 3TO OIPEAECIECHUE KOH-
KpPETHOM HEUCIIPABHOCTH, IPOU3OLIEAIIEH B CH-
creme [6, 7].

MOHUTOPUHT COCTOSIHHSL JIIEKTPUUYECKUX U
MEXAHUYECKUX YCTPOMCTB IIPUMEHSETCS Ha MPAK-
THKE YK€ JIOBOJIbHO J1aBHO. CO BpeMEHEM I0sIBU-
JIOCh HECKOJIbKO METOJIOB, HO Haubojee M3BecT-
HbIMM METO/AMH SIBJLIFOTCS TEIUIOBOM MOHMTO-
PUHI, MOHMTOPUHI BHUOpalMH, 3JIEKTPUYECKUIL
MOHUTOPHHI, MOHUTOPHHI IIIyMa, MOHHUTOPUHT
KPYTALIEr0o MOMEHTA U KOHTPOJIb MarHUTHOT'O T10-
TOKA.

1.  TEILTIOBOM MOHHUTOPHHI

TernnoBoi KOHTPOJIb DJJIEKTPUYECKUX Ma-
IIMH OCYILECTBISIETCS JIMOO IMyTeM H3MepeHHs
JIOKaJIbHOM WJIM 0O0BEMHOM TeMIlepaTyphbl JIBUTa-
Tesst, MO0 IMyTeM OLIEHKH IapamMeTpoB. ToKoBast
HEWCIPABHOCTh CTaTOpa MPUBOAUT K YPE3MEPHO-
My HarpeBy 3aKOPOYEHHBIX BUTKOB, U 3TO TEIUIO
YCUIJIMBAET CEPhE3HOCTh HEHCIPABHOCTH J0 TEX
IOp, MOKa OHA HE JOCTUTHET pa3pyLINTEIbHON
craauu. [lo3TOMy HEKOTOpbIE HCCIe0BaTENN
pazpaboTaiy TEeIIOBYIO MOJIEIb AEKTPOJBUTaTE-
e [8].

TeMneparypHblii MOHUTOPHHT, KaK IpaBH-
JI0, MOKHO HCIIOJb30BaTh KaK KOCBEHHBII METOA
JUIsl OOHApy>KeHUsI HEKOTOPBIX HEUCHPaBHOCTEH
cratopa (MEXBUTKOBbIE HEHCIPABHOCTH) M MOJ-
IIMIHUAKOB. 1Ipy MEXBUTKOBOM 3aMBIKaHUM TEM-
nepatypa B 00J1acTy TOBPEXKICHHSI MOBBIILIACTCS,
HO 3TOT MPOLECC MOXKET OBITH CIIUILIKOM MEIJIeH-
HBIM, YTOOBI OOHAPYKHUTh 3aPOXK/TAFOIIEECS 3aMBbl-
KaHHUe JI0 TOro, KaK OHO TiepepacTeT B OoJiee cepb-
€3Hoe MeX(azHOe 3aMbIKaHUE WJIM 3aMbIKaHHE
Mex1y (pazamMu 1 HEUTPAIIBIO.
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Taoauna 1
CraTicTiKa HEMCIIPAaBHOCTEH IBUTATEIsl/PEXKUMOB OTKa3a [5].
Tvmn HencnpasHocTr | MHnykimonssnii | CHHXpOHHBIA | J[BHTaTenm c [JBurarenu Bcee
JIBUTaTellb JBHUTaTeNb | (pa3sHBIM POTOPOM | TIOCTOSTHHOTO TOKA | MOTOPBI

Hecymmii 152 2 10 2 166
OOMOTKa 75 16 6 -- 97
Potops! 8 1 4 - 13
Ban 19 - -- -- 19
[eTku v -- 6 8 2 16
KOHTaKTHbIE KOJIbIIA
Brernee ycrpotictso {40 7 1 - 18

yrue 10 9 -- 2 51

B cioydyae oOHapyxeHHsT HEHCIPAaBHOCTH
TIOBBIIICHHBIA W3HOC TOIIMITHAKA YBEINYUBACT
TPEHHE U TEMIIEPATypy B ITOM 00JIACTH MAIIIUHEIL.
3TO MOBBIIICHHUE TEMITEPATYPhI ABUTATEIS] MOKHO
OOHApPYKHUTH C TIOMOIIBIO TETUIOBOTO MOHUTOPHH-
ra.

2.  KOHTPOJIb KPYTAILIEI'O

MOMEHTA

Bce Tumbl HemcripaBHOCTEH ABUTATENs CO-
371a10T OOKOBBIE IOJIOCHI HAa OCOOBIX YacToTax
KPYTSIETO MOMEHTa BO3IyNIHOTO 3a30pa. OjHa-
KO HEBO3MOXHO HEMOCPEJCTBEHHO H3MEPUTh
KpYTSIIMIA MOMEHT BO3QYLIHOTO 3a30pa. PazHuna
MEX]Ty PaCYETHBIMHU KPYTAILIMMUA MOMEHTaMU MO-
JIeNM YKa3bIBaeT Ha HAJIWYUE CIIOMAHHBIX CTEPIXK-
Hell. MTHOBEHHasi MOIIHOCTb, MOCTYyMAroIas co
BXOJIHBIX KJIEMM, BKJIFOUaeT B CeOsl SHEPIUIO 3a-
pAaKM M paspsakd  oOMoTok. CrenoBaTenbHO,
MTHOBEHHAs MOIIHOCTh HE MOXET OTpaKaTh
MTHOBEHHBIH KpyTsumii MOMeHT. C BBIXOAHBIX
KIEMM pOTOp, BaJl W MEXaHWYecKas Harpyska
Bpallarolieiics MalHbl 00pa3yroT CUCTEMY TOp-
CHOHHBIX TIPYKMH, UMEIOIIYI0 COOCTBEHHYIO Ya-
CTOTY. 3aTyXaHUsl COCTaBISIOLUIMX KPYTSILEro
MOMEHTa BO3IYIIHOTO 3a30pa, IepeaaBaeMoro
Yyepe3 CHUCTEMY TOPCHOHHBIX IMPYXWH, pa3IUdHBbI
TUTSL Pa3HBIX MTOPSIKOB TAPMOHHK COCTABIISFOIINX
KpyTALIero MoMenra [9].

3. MOHUTOPHUHI IITYMA

MOHUTOPHHT IITyMa OCYILECTBISCTCS IyTeM
U3MEPEHUs] U aHaIu3a CIEKTpa aKyCTUYECKOro
1rymMa. AKYCTUYECKUH IIyM OT 3KCLEHTPUCHUTETA

BO3JIYIIIHOIO 3a30pa B aCHMHXPOHHBIX JIBUTaTEJIsIX
MOXHO HCIOJIb30BaTh Uil OOHApy>KEHUS HEUC-
npaBHocTed. OJHAKO NPUMEHEHHE H3MEPEHUI
[IyMa Ha 3aBOJIC HEMPAaKTUYHO H3-32 IIIyMOBOTO
¢oHa OT ApYrux MailuH, padoTarOIMX MO0IN30-
CTU. DTOT IIyM CHWXXAeT TOYHOCTb OOHAPYKEHUS
HEWCNPaBHOCTEN JaHHBIM MeToJIoM. C MOMOILIBIO
sToro merona DmmucoH u Sur [10] oOHapyxumm
AKCLEHTPUCUTET BO3YIIHOIO 3a3opa. B pe3ynb-
TaTe WCIBITAHUH, TPOBEICHHBIX B 0€33X0BOM Ka-
Mepe, OHU MOATBEPUIIN, YTO ILEJIEBbIE TAPMOHH-
KU B CIIEKTpax aKyCTHUYECKOIO IIyMa aCHHXPOH-
HOT'O JIBUTraTesisi HeOOIbIION MOIITHOCTH SIBJISIFOTCS
(byHKLMEN CTaTHYeCKOro SKCLEHTPHCUTETA.

4. MOHUTOPHUHI'
IJIEKTPUYECKOI'O COCTOSIHUSA

B GonbIIMHCTBE CIy4aeB TOK CTaTopa KOH-
TPOJMPYETCS JUIsl JUArHOCTUKU PA3JIMUHBIX HEHUC-
MPABHOCTEW aCHMHXPOHHOrO nBurarensd. Panmu P.
[Hon [11] mpencraBuin METOJ OMEPATUBHOTO 00-
Hapy>KEHUsl 3apOKIAIOIIMXCS HEUCHPAaBHOCTEN
ACHHXPOHHOI'O JIBUTaTess, KOTOpBIi He TpeOyer
MOJIb30BATENbCKOM HMHTEPIPETAUN  XapaKTepH-
CTUKU TOKA JIBUTATENS, JaXKe MPU HATMUUK HEHU3-
BECTHOM Harpy3ku M cOcTOsSHUS JuHUU. M30mpa-
TENBHBIA YaCTOTHBIA (DHIBTP PACIO3HAET Xapak-
TEPUCTUYECKUE YACTOTHl ACMHXPOHHOW MAIIWHBI
npu paboTe TpH HOPMATBHBIX YCIIOBUSIX HArpys3-
ku. ['enepupyemas Tabiuiia yacToT COKpauaeTcs
JI0 YIPaBJIEMOr0 YHCIIA 34 CYET UCIOIBb30BaHHUs
Ha0Opa MpaBUi KCHEPTHOM CHUCTEMbI, OCHOBAH-
HBIX Ha W3BECTHOM (PU3MYECKON KOHCTPYKIHU
MAIlMHBL JTOT CHHMCOK YacToT (popMUpyeT BXOA-
HbIE JJAaHHBIE AJITOPUTMA KJIaCTEpHU3aLMA HEUPOH-
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HOW CETH, KOTOpPBIC CPAaBHUBAIOTCS C PabOUNMU
XapaKTePUCTUKAMHU, TTOTyYEHHBIMU U3 HaYaIbHBIX
XapaKTEPUCTHK JBUTATEIIS.

[llen m Xabemrep HWCCIEIOBAIN BIUSHHUC
M3MEHSIIOIIErocs B MOJIOKEHUH MOMEHTa Harpys-
KU Ha OOHapyKEHUE HKCLIEHTPUCUTETA BO3TYIIHO-
ro 3azopa. beuio OOHapyKeHO, YTO KOJIeOaHHS
KPYTAIIET0 MOMEHTa BBI3BIBAIOT T€ YK€ TapMOHU-
KU, YTO W HKCIIEHTPUCHUTET. DTH TapPMOHUKU BCE-
rJla HAMHOTO OOJIbIIIe, YeM TrapMOHHUKH HEHCIpPaB-
HOCTH, CBSI3aHHBIE C SKCIEHTpUCHTETOM. Takum
o0pas3om, ObUT czienaH BBIBOJ, YTO HEBO3MOXKHO
pa3lenuTh KOJNeOAaHHWsS KPYTSAIIET0 MOMEHTa W
AKCLIEHTPUCHUTET, €CIIU HE W3BECTHO YIJIOBOE II0-
JIO)KEHHE MeECTa HapyIIEHHs SKCLEHTPHCUTETA
OTHOCUTEJIbHO XapaKTEPUCTUKU MOMEHTA Harpys-
ku [12,13].

Paxmu P.Illon u Tomac I'.Xabetnep npen-
CTaBWJIM aHAIU3 BIIMSHUS HArPY30K, MEHSFOIIUXCS
B TOJIOKEHHUHU, HA CIIEKTP FAPMOHUK TOKa. BbuIo
MOKa3aHO, YTO TAPMOHUKH, BEI3BAHHBIC KPYTAIIM
MOMEHTOM Harpy3KH, COBMaIal0T C TApMOHHUKAMH,
BBI3BAaHHBIMU HEUCIPABHOCTBIO POTOpa, KOTAa
Harpy3ka U3MEHSIETCS CHHXPOHHO C MOJIOKEHHEM
poropa. KpomMe TOro, mOCKOJBKY BIIUSHUE
Harpy3kyd W TOBPEXICHUS HAa OJHY TapMOHHYE-
CKYI0 COCTaBJISIOIILYI0 TOKa CTAaTropa MpPOCTpaH-
CTBEHHO 3aBHICUT, YacTb, BbI3BAHHAS IOBPEXIE-
HHUEM, HE MOKET OBITh OT/IENIEHa OT YacTH Harpys3-
ku. CrenoBarenbHo, J1t00as cXxema OIepaTUBHOIO
OOHapy KeHUs, H3MEPSIONIasi CIIEKTP OJHOU (a3bl
TOKa CTaTopa, IOJHKHA OCHOBBIBATHCS HAa KOHTPO-
Jie T€X CHEKTPAIbHBIX COCTABJSIOIIMX, Ha KOTO-
pble HE BIMSIOT KojeOaHWsT MOMEHTa Harpys3Kd
[14].

Jbxon C.Croi B [15] mpemioxun MeTox
MOHHUTOPHHTA TaKUX Je(EKTOB, KaK SKCIIEHTPHUCH-
TET BO3MYIIHOTO 3a30pa, TPEIIMHBI B CTEPIKHSX
pOTOpa M 3aKOPOYEHHBIE KATYHIKM CTaropa B
ACHHXPOHHBIX JBUTaTensaX. KpyTdammii MOMEHT
BO3/IYILIHOTO 3330pa MOKHO pacCuuTarh BO BpeMs
pabotel nmBuratens. Hwukakoro crenuaibHOTO
BpPEMEHH JUTsl I3MepeHus He Tpedyercs. J[aHHbie o
KPYTSIIIEM MOMEHTE BO3IYIIHOTO 3a30pa JBHIa-
TeNsl TEPUOAMYECKH COXPAHSIOTCA Ul Lienen
CpaBHEHHSI.

Xamun A. Tomust u ap. B [16] paszpaboramu
HOBYIO MOJIeJIb ACHHXPOHHOM MAIMHBI JUIS UC-

CIIEIOBAHMS CTaTUYECKOTO AKCIEHTPUCHUTETA PO-
Topa. OHa OCHOBaHa HEMOCPEIICTBEHHO Ha Teo-
METPHH ACHHXPOHHOM MAaIllMHBI U (U3UYECKOM
PAacCIIONIOKEHUH BCEX OOMOTOK. MoJenb MOXeT
UMUTUPOBaTh pabOTy ACHHXPOHHBIX MAIIMH BO
BpeMsl TIEPEXOTHBIX TPOIIECCOB, a TAKXKE B yCTa-
HOBHBIIIEMCSI peXXUMe, BKIFoUast 3pdeKTsl cratu-
YECKOTr0 SKCIIEHTPHCUTETA POTOPA.

Cranucnas @. Jlerosckuii u ap. NpOJEMOH-
CTPUPOBAIIM, YTO MTHOBEHHAS 3JICKTPHYECKas
MOIIIHOCTb, TPEJIOKEHHAs B KauecTBE CpECTBA
JUTSl aHAJIM3a CUTHATYP ACHHXPOHHBIX JIBUTATEIICH,
MMEET ONpEICICHHBIE IPEUMYILECTBA TIepeNl Tpa-
JMIIMOHHO HCIIOJB3yEeMbIM TOKOM. XapaKTepHast
CIIEKTPAJIbHAS! COCTABIISIIOIIAS MOIITHOCTH TTOSIBIISI-
€TCS HETIOCPE/ICTBEHHO HA YacTOTE BO3MYILICHUS,
HE3aBHCHMO OT CHHXPOHHOM CKOPOCTH JIBHTATEIIs
[17].

Paamu P. [lon u Tomac I'. XaGetnep mpen-
CTAaBWJIA METOJ] YCTPAHCHHUS BIIMSIHHS MOMECHTA
Harpy3KH U3 CIIEKTpa TOKa aCHHXPOHHOW MaIlIHBI
[18]. Onu 0OHapy» wMITH, YTO paHee MPEICTaBIICH-
HBIE CXEMBl MOHHTOPHHIA COCTOSIHHSI HAa OCHOBE
TOKa UTHOPUPYIOT 3P(eKT Harpy3KH WM Mpero-
Jararot, 4to oH m3BecteH. ClieoBaTenbHO, cxeMa
oTpe/ieNieHns: paboTOCIOCOOHOCTH MAIlIMHBI TIPU
HAIMYUM M3MEHSIOIIETOCSs MOMEHTa Harpys3Ku
TpeOyeT HEKOTOpOrO METOJa pasleNieHHs 3THX
JBYX 3(deKxToB. ITO AOCTUraeTCsl MMyTeM CpaBHe-
HUSL (PaKTUIECKOTO TOKa CTaTopa C ATAIIOHHBIM
3HaYEHHEM MOJIEJH, KOTOpOe BKIIFOUaeT 3(h(eKThI
Harpy3KH.

M.D.X. benbOy3un u X.Hemkapu u ap. B
yKa3aJii, 49T0 MPO(UIAKTUIECKOE 00CTyKUBaHHUE
CHCTEM 3IIEKTPOIIPUBO/IA C ACHHXPOHHBIMU JIBH-
raTeyisiMU BKJTIOYAET B Ce0s1 MOHUTOPHHT MX pabo-
THI Ha MPEAMET OOHAPYKEHNUSI AHOMAITBHBIX JJIEK-
TPUYECKMX M MEXaHWYECKHX YCIJIOBHH, KOTOpHIE
YKa3bIBAIOT MJIM MOTYT IPUBECTU K OTKa3y CHUCTe-
MbI. IHTEHCHBHBIE HCCIIETIOBATEECKHIE YCUITUS B
TeYEeHHE HEKOTOPOro BPEMEHHU OBbLIM COCPEeoTO-
YeHBI Ha aHAJIN3€ XapPaKTePUCTHK TOKA JIBUTATEIIS.
OTOT METOJ UCMOJNB3YET PE3YJIbTAaThl CHEKTPAIb-
HOTO aHayM3a Toka craropa [19].

B.T.TomcoHoM mpejcTaBieHa OLIEHKAa Me-
TOJIOB OTIEPATUBHOTO MOHHTOpPHHIA JUIsI OOHApY-
JKEHMsl SKCIIEHTPUCHUTETa BO3IYIIHOIO 3a30pa B
Tpex(a3HbIX aCHMHXPOHHBIX aBHraressx. Onepa-
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TUBHBII MOHMTOPMHI TOKa IIpeAjaraercs Kak
HauOosiee MPUMEHUMBII METOA B TNPOMBIIILICH-
HBIX ycnoBusix [20].

bupcen A3pruum u Jxepansa b.Kmuman pac-
CMOTPENH AJANTUBHBIN YaCTOTHO-BPEMEHHOM Me-
TOJ JUIsi OOHApPYKEHUs MOJIOMOK CTEpXKHS U Jie-
¢dexroB mommmmnauKoB [21]. TlokazaHo, 4To 4a-
CTOTHO-BPEMEHHON CHEKTp JIydYllle pPacKpbIBaeT
CBOICTBA, HEOOXOIMMBIC I OOHAPY>KEHHS He-
ucrpaBHocTeil, yem cnekrp Dypbe B obOnactu
npeoOpa3oBaHusi. MeToA OCHOBaH Ha HOAXOAE
o0ydeHHsi, IpU KOTOPOM BCE pa3lIMYHbIe HOp-
MaJIbHBIE PEKUMBI paOOThI IBUTATENs H3y4atoTCs
JI0 Hayasa peaybHbIX UCTIBITAHUH.

Jhxapap Mummmondapen u np. B [22]
MIPE/ICTABUIIM HOBBI METO/ OOHApYyXEHUsI HEenc-
MPAaBHOCTEH CTEpXKHS pOTOpa IIyTEM aHaIM3a
HAIPSDKEHUS], MHAYLIMPOBAHHOTO CTaTOPOM II0CTIe
OTKIIIOYEHMsI ceTH. B 3ToM Merone HecOanmaHcH-
POBaHHBIC BPEMEHHBIC TAPMOHUKH He OyIyT BIU-
ATh Ha OOHapy>keHue. Takke U3 Xxapakrepa UCIbl-
TaHUS SICHO, YTO €r0 MOXKHO IPOBOJUTH Jaxe Ha
HE3arpy’KeHHOM MalvHe. ['apMOHMYECKHEe KOM-
TIOHEHTBHI, ITPEACKA3aHHBIE TEOPETUUECKUM aHAIIH-
30M, YETKO COBHAJAIOT C Pe3yJbTaTaMH MOJIEIH-
pOBaHUSI.

benbOy3un u np. uccienoBamu 3pQPexTrs-
HOCTb CIIEKTPaJIbHOIO aHaJIM3a TOKa MpH OOHapy-
JKEHUM HEHUCIPAaBHOCTEW ACHHXPOHHBIX JBUIaTe-
neit. neHTuduippoBaHbl 4aCTOTHbIE XapaKTepu-
CTUKH HEKOTOPBIX aCUMMETPUYHBIX HEHCIPABHO-
CTell aBWraTens, BKIIOYas SKCLEHTPUCUTET BO3-
JYILIHOTO 3a30pa, MOJIOMKY CTeprKHEH, KoneOaHus
CKOPOCTH BaJla, aCHMMETPUIO POTOPA U BBIXOJ] U3
CTpPOS TOIIUITHAKOB [19].

Amsbepro bermnu u np. B [23] mpezcra-
BWIM BIMSHHE KOHTPOJII Ha IIOBEICHUE HEUC-
IIPaBHOM ACMHXPOHHOM MalMHBIL. JlparHoctuye-
CKHE MHJIEKChI, OOBIYHO HCTIOJb3yeMble IS pabo-
Thl B Pa30MKHYTOM KOHTYpe, OoJbIlie He d(dek-
TUBHBI.

MokcnmoraoM u [TerMaHOM HA3Y4YEHO B3a-
UMOJICUCTBHE MEX/y HEHMCIPaBHOM OOMOTKOM
cTaropa W MCIPaBHOM KJIeTKoi potopa [24]. Tlo-
Ka3aHO, YTO HEHCIpaBHas acMMMETpHYHas 00-
MOTKa CTaTopa MOXKET CO3/1aBaTh MPOCTPAHCTBEH-
HbIE TAPMOHUKH B I10JI€ BO3AYIIHOTO 3a30pa. Of-
HAaKO BCE 3TH T'apMOHHUKH M3MEHSIOTCS Ha OIHOU

4acToTe, T. €. YaCTOTE MUTAHUSI UICTOYHUKA CHHY-
COMJATBHOTO HAIPSKEHMUS.

Macyn Xamxu n Xamua A. Tomusit paspa-
00Ta METOJ| Pacro3HaBaHusi 00pPa30B, OCHOBAH-
HBI Ha KJIacCU(HUKATOpe MUHUMAJIBHBIX OIIMOOK
baiieca, s oOHapy>KeHHUsT HEMCIIPABHOCTEH CIIO-
MaHHOI'O CTEp>KHSI pOTOpPa B @CUHXPOHHBIX JIBUTa-
TeJsIX B ycraHoBuBLIeMcs pexxume. [Ipemioxen-
HBII aJITOPUTM MCHOJB3YET B KaUECTBE BXOJHBIX
JAHHBIX TOJIBKO TOKH CTaTopa 0e3 HeoOXOoIumo-
CTH WCIIOJNB30BAaHUS KaKUX-JIMOO JPyruX TIepe-
MeHHBIX [25].

Apkan u 1p. B [26] npeacTaBiiM HeMHBA-
3UBHBIM OHJIAIH-METO/I OOHApPYKEHUsS] HEHCIPaB-
HOCTe OOMOTKM cTatopa B Tpex(aszHbIX acHH-
XPOHHBIX JIBUTATENAX 10 HAOIIOJECHUIO TOKA IMH-
TaHUs OOpaTHOM MocnenoBaTeNbHOCTH. MeTon
creneHHoro pasnokenus (PDT) wucnonb3oBaics
JUISL TIOJTyYEHHsI KOMIIOHEHTOB IOJIOKUTEIBHON U
o0paTHOM  TOCNENOBATEIFHOCTH  M3MEPEHHBIX
HaIpsKEHUHA U TOKOB.

5. BBICTPOE ITPEOBPA3OBAHHUE
®YPBE (bI1®D)

BII® - 510 MeTox 06pabOTKK CUTHAJIOB IS
OOHapy)X€HHsI HEMCIPABHOCTEH AaCHHXPOHHOIO
nuraresnisi. XoTsd JUCKPETHOE NpeoOpa3oBaHUe
@ypoe (AI1D) sBrsiercs Hanbosee MpOCTON Ma-
TEMaTUYECKON MPOLIETYpOi Il ONpeesieH s Ja-
CTOTHOTO COZEPKaHUsS IOCJIENOBATENBHOCTH BO
BPEMEHHOI 00J1aCcTH, OHO Y>KacHO HeA((EKTUBHO.
Korga xomiuectBo Touek B JAIIP yBenuunBaercs
JI0 COTE€H WJIM ThICSY, 00heM HeoOX0oauMon oOpa-
OOTKHM YHCeNl CTAaHOBUTCS upe3MepHbIM. B 1965
roxy Oblia OmyOJIMKOBaHA CTaThsl, ONMUCHIBAIOLIAS
o4eHb A(P(EKTUBHBI aITOPUTM  peaTU3aALN
JII®. 3ror MoaudUIMPOBaHHBIN aIrOpUTM Te-
nepb M3BECTEH Kak ObIcTpoe mpeoOpasoBaHue
®ypre. BIID - 310 npocTo 3pPexkTHBHBIN B BbI-
YUCIUTEILHOM OTHOLIEHMM CIOCO0 — pacyeTa
JI®. Mcnone3yst NEpUOAUYHOCTh CHHYCOB, KO-
TOpBIE YMHOXAIOTCS JUISl BBINOJIHEHUS Ipeodpa-
30Banui, BII® 3HauMTeNbHO COKpamaer oobeM
HEOOXOAMMBIX BBIYHCICHHH.

OO030p JuTEpaTyphl MOKA3bIBAaeT, YTO TEll-
JIOBOM MOHHUTOPHHI, MOHHUTOPHHI BHOpaIu, a
TaKKe ANEKTPUYECKU MOHUTOPUHT, MOHUTOPUHT
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CHUCTEMA MOHUTOPHHI'A M CPEJICTBA JJMATHOCTHUKU BHICOKOBOJIETHBIX OBOPYJIOBAHUIA

IIyMa, KPYTSIIETO MOMEHTa U KOHTPOJIb
MarHUTHOTO TOTOKA SIBIISIIOTCS BaKHBIMH METO-
JJaMA MOHUTOPHHIA COCTOSIHMSI U JMArHOCTUKU
HEHCTPABHOCTEH  JJIEKTPUYECKUX MaliuH. B
HacTosIIee BpeMs OoJiee MOIMYISPHBIM METOAOM
SIBJISIETCS DJICKTPUYECKHI MOHUTOPHHI, B KOTO-
POM JIOIOJHUTENBHBIX JATYMKOB HE TPEOYHOTCS.
37O CBSA3aHO C TE€M, YTO OCHOBHBIE 3JIEKTPHUECKUE
BEJIMYMHBI, CBA3aHHBIE C 3JIEKTPOMEXaHUIECKUMU
YCTAaHOBKAaMH, TaKhe KaK TOKM U HAaIlpsHKECHUS,
JIETKO M3MEPSIIOTCS ITyTEM IMOJKIIIOYEHHS K CyIlle-
CTBYIOLIMM TpaHchopMaTopaM HaNpPsHKEHUS U TO-
Ka, KOTOpBIE BCErJa yCTaHABIMBAIOTCA KaK 4acTb
CHCTEMBI 3alMThL. B pe3ynbTare JaHHBIM MOHH-
TOPHHT HE SIBJISIETCSI UHTPY3UBHBIM U MOXKET JIaXKe
OCYIIIECTBIISITBCA B IIGHTPE YIPaBIICHUS JBUTATE-
JIEM Y/IQJIEHHO OT KOHTPOJIMPYEMBIX JIBUraTENIEH.
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YUKSOK GOGINLIKLI CIHAZLARIN MONIiTORINQ SiISTEMIi VO DIAQNOSTIK USULLARI.

Z. K.NURUBOYLI, T.K.NURUBOYLIi, A AMOMMODYAROV, . M.ISMAYILOV

Mogalo yiiksok gorginlikli magmlarn vaziyystinin monitoringi vo nasazliglarm diagnostikasi tigiin alotlorin istifadasine
inteqrasiya olunmug yanagsmanin miimkinliiyiino hasr edilmisdir. Elektrik magmlarinin vaziyystinin monitoringi ilo bagh
odobiyyatin nozorden kegirilmasi vo voziyystin monitoringi, nasazligin diagnostikas, istilik monitoringj, vibrasiya, elektrik, sos-
kiiyin monitoringi, motor carayanmnin xiisusiyyatlorinin analizi, stiratli Furye cevrilmasi, signallarin emal tisullari va S. kimi bozi
vacib aspektlors baxilmisdir. Bundan slavs, icmal hom do erkan tadgigatlardan an son todgigatlara godar bu sahods osas inkisaf
marhalalari ohats edir.

MONITORING SYSTEM AND DIAGNOSTIC TOOLS FOR HIGH-VOLTAGE EQUIPMENT
Z K.NURUBAYLI, T K.NURUBAYLI, AAMAMMADYARQV, . M.ISMAILOV

The article is devoted to the possibility of an integrated approach in the use of tools for monitoring the condition and diag-
nosing faults of high-voltage machines. A review of the literature on condition monitoring of electrical machines is carried out,
and some important aspects such as condition monitoring, fault diagnosis, thermal, electrical monitoring, vibration monitoring,
noise monitoring, analysis of motor current characteristics, fast Fourier transform, signal processing methods. The most important
developments in this area are reviewed, from early studies to the latest.
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PE®EPAT

B TOCTOSIHHOM © TIEpEMEHHOM SJEKTPUUYCCKHX TOJIIX
HCCIICTOBAHBI TEMITePaTypHBIC 3aBUCHMOCTH MPOBOAUMOCTH
(o(T)) coemuuenust AggSiSes. Iloka3ano, YTO BbIIIE
temreparypbl 320K u B uccieoBaHHOM HHTEPBAJIE YacTOT
(25-10°Ty) mposomumocTs  coemuHeHus  AgsSiSes  on-
penensiercss TPBDKKAME HOCHTENEH MO JIOKAJM30BaHHBIM
coctosiuusM. OrpernienieHa SHEpPrusi aKTHUBALMK HPOBOJM-
MOCTH, OLCHEHbI IUIOTHOCTh COCTOSIHUS B OKPECTHOCTH
ypoBHs Depmu, Ux pazdpoc, pauyc JIOKAIM3aLNH, CPEIHES
paccTosiHMEe  TPBDKKOB —~ HOCUTENIEH TNPH  PasIM4HBIX
TemIieparypax.

BBEJIEHHUE

[onydenne W wcclieOBaHUE HOBBIX MaTe-
pHANIOB, MPUTOIHBIX JII CO3/IaHHsI HAKOMHUTENEeH
IEKTPUYECKONW 3HEPIUH, KOTOpBIE IIUPOKO IPH-
MEHSIIOTCS B HACTOsIIee BpeMsl (CYNepKOHIEHCa-
TOPbI MOHHCTPHI, HOHHBIE MPOBOIHUKH, Li-MOH-
HBIE aKKYMYJISTOPBI U JpyTHe PUOOpPHI), 3aBUCHT
OT TTOVICKA HOBBIX COSTMHEHHH, B KOTOPBIX HOCH-
TEJSIMHU 3apsiia SIBTSIFOTCS] OTJIMYHBIC OT JIUTHUS HO-
HbL. K TIepCIIeKTUBHBIM MaTepraliaM JUTs 3TUX Iie-
Jieil MOYKHO OTHECTH coeauHeHne AgsSiSes, B KO-
TOpOM OOHapyXeHa HOHHAs TPOBOAUMOCTH [1].
doTouHIyIIMpOBaHHAS MUTpaIsi Ag B 3TUX CO-
CIMHEHUAX JTaeT BO3MOKHOCTh HMCIOJIB30BaTh 3TH
Marepuasbl B KAUYECTBE TyBCTBUTEILHOTO HIIEMEH-
Ta B paJIMalliOHHON Ao3umeTrpuu [1,2].

CoenvHeHusI ceMeiicTBa aprupoaura ¢ 00-
meii popmymoii A'sBVXs (Al- Ag, Cu; BV{Si,

Ge, Sn; X - S, Se), KOTOpbIE SBISIOTCS CUHTETH-
YeCcKUMH aHasioramu muHepana AgsGeSes, a Tak-
xKe cTeknoo0pasHbie (asbl cuctem Ag-B'V-Se [1-
6] SIBJISIOTCS IEPCIIEKTHBHBIMU MaTepHalaMy JITst
CO3/IaHUSI HAKOIMTEJIEH DJIEKTPHUYECKO 3HEepruu,
MOHHCTOPOB M MOHHBIX ITPOBOJHUKOB. HemaBHue
UCCIICIOBAaHUS ~ TOKa3ald, 4YTO  COEIMHEHMs
AlsBVXg 1 dassr Ha uX ocHOBe dPHEKTHBHBI U
HKOJIOTUYHBI, 00JIaA0T PSOM IIEHHBIX (DYHKIIU-
OHAJBHBIX CBOMCTB M WMHTEHCHUBHO H3y4alOTCs
MHOTUMH HCCJIEIOBATEIbCKUMU Tpyrnmamu [8-10].
Ha ceromnsimnmii IeHb OFPOMHOE KOJTMYECTBO ap-
TUPOJUTOB W3BECTHBI M3-3a Pa3HOOOpa3ws BO3-
MO>KHOCTEW 3aMelIeHHs] B Pa3HbIX KPUCTALIOTpa-
(brdeckux MO3UIMIX. BOMBIIMHCTBO 3THX COEITH-
HEHMH WMEIOT (Da3oBbIe IEPEXOJbl, KOTOpPbIC
HaOMroaroTest B TemrmeparypHoi obsactu (310-
520K). Kak npaBuio, ux BBICOKOTEMIIEpATypHasi
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(haza KpUCTALTM3YIOTCS B KyOHMUYECKOW CHHIOHUU
1 005IalaeT BBICOKOM HOHHOW IPOBOAMMOCTBIO
13-3a YHUKQJIBHOM KPUCTAJUIMYECKOW CTPYKTYPBI,
COCTOAIIEH W3 JKECTKUX AaHHOHHBIX KapKacoB
[GeSe*]* u MoGumbHbIX KatHOHOB (Ag'/Cu*) [11-
14]. Cxka4yoKk MOHHOM COCTABJISIOLLIEH TTPOBOIUMO-
cti mpu (a3oBbIX Tepexoaax oO0yCIOBICH
KOOMepaTUBHBIMU 3(deKTaMu B3aUMOJICHCTBUS
MOABWKHBIX MOHOB Ag+/Cu+ ¢ Bakancusimu. Lle-
JIbIO HACTOSILEH paboThl SBUIIOCH YCTAaHOBJICHUE
OCOOCHHOCTEH TEMITepaTypHOH M YacTOTHOW 3a-
BHUCUMOCTH MPOBOJMMOCTH B MOCTOSHHOM M Tie-
pemeHHOM Tonie coeauHenust AgsSiSes. Kak ot-
PaKEHO B JIMTEPATypHBIX Marepuanax [15-17],
TUTSL ICCIIEZIOBAHMS YKa3aHHBIX OCOOCHHOCTEH HC-
CIIe/IOBATENM MCHOJIB30BAM METO/ UMIIEIaHCHOM
CTIEKTPOCKOITHH.

IKCIIEPUMEHTAJIbHAA METO/IUKA
N ITOJYUYEHME OBPA3I1OB

O6pasipl coequHenus AgsSiSes CHHTE3H-
POBAIUCH CIIJIABIEHUEM HCXOJHBIX KOMIIOHEHTOB
(unctora He MeHee 99.99) B 3BaKyMpOBaHHBIX
KBapIIEBbIX amITyjax. [ roMoreHusauy cocra-
Ba IMOJIy4eHHbIe 00pa3ibl oTkuranuck mpu 900K.
WHMBUTyaTbHOCT CHHTE3UPOBAHHBIX COEIUHE-
Huil KOHTposmpoBai Metogamu [ITA u POA.

JU1s u3MepeHuii TeMrepaTypHbIX 3aBHCH-
MOCTEH JMDIEKTPHYECKOH IPOHUIIAEMOCTH H
SNIEKTPOIPOBOHOCTH  OOpa3LOB  COECAMHEHMS
AgsSiSes ObLTH U3rOTOBJICHBI KOH/ICHCATOPBI, 1~
ANIEKTPUKOM B KOTOPBIX CITY>KHJIM TTACTUHKU HC-
CIIETyeMBIX MaTepHalioB, KOTOPHIE MPEICTaBIISLIN
CIIPECCOBAHHbIE TAOJIETKH W3 Pa3MEIbUCHHOTO B
nopoIiok coeauHeHnst AgsSiSes. OOKITaaKu KOH-
JIEHCATOPOB OB TOJTy4eHbl HAHECEHHEM cepel-
PSHOW TOKOMPOBOJAIIECH MAcThl HA MOBEPXHOCTH
IacTUHOK. VccienoBaHue KOMIUIEKCHOM -
ANIEKTPUYECKON TIPOHUIIAEMOCTH U 3JIEKTPOIPO-
BOJIHOCTH TPOBOJIMIIMCH LU(PPOBBIM U3MEPUTENIEM
nmvutanca E7-25 B uactoTHOWM  oOnactu
25+10°Tn B mnTepBane Temmeparyp 200-450K.
AMIUMTY]a M3MEPUTETHHOTO TIONsT ObUTa B TIpe-
nenax 1-5B-cm™.

PE3YJIBTATBI 1 UX OBCYXJIEHUE

YObIBarOIMii ¢ pOCTOM YacTOTHI XapaKTep
NEUCTBUTENBHON € M MHUMOH £" COCTaBIISIOIIX

KOMIUIEKCHOW JIMANIEKTPUYECKON IIPOHULIAEMOCTH,
XapakTepeH JUIsl TPOBOJAMMOCTH IO JIOKAIN30BaH-
HBbIM COCTOSIHUSIM C TIEPEMEHHOM JUIMHOM MPBLKKA
¢ yyactveM (DOHOHOB B CHJIBHO PasyHoOpsIOueH-
HBIX cucTeMax. Mccnemyemble 00pasibl coeuHe-
Hust AgsSiSes OTHOCATCS K COSIUHEHUSIM, B KOTO-
PBIX OTCYTCTBYET IalIbHUN TOPSAIOK, TO €CTh
CTPYKTypa SIBJISETCS CUIIBHO Pa3yNopsiIOYeHHOI.
B sToM cityuae Mbl BiipaBe MpOBECTH aHAIIU3 TIPO-
BOJIMMOCTH B IpuOmmxenun Motra [7].

IIpr npuIoKEHWM INEPEMEHHOTO JJIEKTPH-
YEeCKOro MOJis Ha SUYEWKy C HEYHOpsSAOuYCHHOU
CTPYKTYpOH BO3MOYKHA peaM3alusi TpeX Mexa-
HM3MOB IiepeHoca 3apsaa [8-12]: mepenoc HOCH-
TeNe 3apsAna 3a Kpaid IOJBMKHOCTH 110 JIEJIOKa-
JIM30BAHHBIM COCTOSIHUSIM; TIPBDKKOBBIN MEPEHOC
HOCHUTENEH 3apsana BOJIM3M KpaeB MOIABHKHOCTH,
BO30YX/ICHHBIX B JIOKAIM30BAaHHBIC COCTOSHHUSL
MPBDKKOBBIA TIEPEHOC TIO JIOKAJM30BAHHBIM CO-
CTOSIHUSIM, TO €CTh (B HaIlleM CiIydae), perMyIIe-
CTBEHHO MOHHBINA mepeHoc 3apsana. YacrotHas 3a-
BUCHUMOCTb MPBLKKOBOM MPOBOIMMOCTH COTJTIACHO
[8,12] ommchIBaeTCs CleMyrOIIel 3aBUCUMOCTHIO:
of) ~f°rne 0.7<s<1I.

3HauCHUS MMapaMETPOB, PACCUNTAHHBIC B KO-
opruHaTax MoTTa B TIEPEMEHHOM H TTOCTOSTHHOM
AIIEKTPUIECKOM TIOJe, TpuBeaeHbl B Tabmure 1.
Ha ocHoBe npubmmxenus Motra onpeneneHsl
napaMeTpbl MPBDKKOBOW TMPOBOAUMOCTH: TIIOT-
HOCTb JIOKQJIN30BAaHHBIX COCTOSIHUN BOJIM3H YpOB-
H1 @epmu (NF), KOHIIEHTpalus TTyOOKUX JIOBY-
mek (Nt), pasHOCTb PHEPIUH MEXIY JIOKAINU30-
BaHHBIMHU cocTosiHUsIMU (AE), a Takke cpemHee
3HA4YEHHE JJIMHBI CKa4KoB Hocutelnei 3apsina (R),
pacCuMTaHHble B TIEPEMEHHOM U TOCTOSHHOM
ANEKTPUIECKOM TIOJIE.

Taomuua 1

3nauenns napametpoB Nr, R, AE u Ny, paccunranHbie B
TipuOIIKeHHN MoTTa.

Ne(eViem®)| R AE Nt(cm™®)
A | v
AgsSiSes | 2,4-10%° 53 | 0,049 | 1,3.108
(do)
AgsSiSes | 4,3-10%° 82 | 0,023 | 8310V
(ac)
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I[epeHoc 3apsia B epeMEHHOM TIOJIE Orpa-
HUYCH MOTEHIMAIBHBIMU OapbepaMy, BO3HHUKAIO-
IIMMHU Ha MEX3EPEHHBIX TPaHHIaX 00pasIoB, Mo-
Jy4EHHBIX, KaK OTMEYAJIOCh BBIIIE, ITyTEM IIpec-
COBaHMsI Pa3MENIbYCHHOr0 B MOpOIIOK AgsSiSes.
I[Tpy BBICOKMX YacTOTaX MPUIIOKEHHOTO K 00pas-
Iy TOJSI PAacTyT AWAJIEKTPUYECKUE TOTEPH, CBS-
3aHHBIE C TIEPECKOKOM HOCUTEJIEH 3apsiia B HOBBIC
HOJIOKEHUS, 3TO, B CBOIO OYEpEib, MPUBOIUT K
pocty npoBomuMmocTH. Ilokazarens cremeHu S
ykiaapiBaercs B oonacts 0.7<S<1, 4To yKa3pIBaeT
Ha TIPBDKKOBBIN XapaKTep INepeHoca HOCHTENeH
3apsima. CornacHo [8-12], mepeHoc 3apsiia B rie-
PEMEHHOM TI0JI€ OCYILECTBIISIETCS COTJIACHO BBI-
paKEHUIO

naazkl"[g':EF nE

- o ()]
o(f) 25 a5 f i ( 2 o
rae g(EF) - IIOTHOCTH JIOKAIM30BaHHBIX COCTOSI-
Huil BO/M3M ypoBHs ®epmu, K - mocrosiHHAs
BonbliMaHa, o - TOCTOSIHHAS 3aTyXaHUsI BOJIHOBOM
(YHKLUM 3JIEKTPOHOB B JIOKAJIN30BaHHOM COCTO-
SIHUM, Vph - YaCTOTa (POHOHA, € - 3apsi/l SJEKTPOHA.
Ha Puc.1 npuBogutcs TemmeparypHas 3a-
BUCHMOCTh TIPOBOJMMOCTH Ha wdacToTe f=10°Hz.
Ha BcTaBke K pHCYHKY NMPHBOJMTCS Ta K€ 3aBH-
CUMOCTb B KoopauHaTtax Motra. IIpn 3TOM Tem-
nepaTypHasi 3aBUCHUMOCTb NPOBOAMMOCTH HMEET

BUI

1/4

oG],

Kax BHAHO M3 pUCYHKa, SKCIIEPUMEHTANb-
HBIE TOYKH Ha KPUBOH XOPOIIO CIPSIMIISFOTCSI B
KoopiuHatax MoTra. DTO CBHIETEIBCTBYET O
TOM, YTO TIEPEHOC 3apsiia B coequHeHrn AgsSIiSes
OCYILIECTBIISIETCS ITyTEM MPBDKKOBOIM MPOBOAMMO-
CTH HOCHTEJIEH ¢ IEPEMEHHOM JUTMHOM MTPBDKKA 10
JIOKQJIM30BAaHHBIM COCTOSIHUSIM, JISXKAIUM BOJIU3H
ypoBHA PepMHu. ITH COCTOSHUS B COECIVMHEHUH
AgsSiSes MOryT OBITH CO3IaHBI MEK3EPESHHBIMU
rpaHdIaMy, e(eKTamMu, MEIOIIMMU Pa3IHIHYIO
NPUPOJY, JUCIOKAMsIMHU. PaccunTanbl mapamer-
PBI TIPEDKKOBOM TPOBOAMMOCTH (CBeneHbI B Tao-
JIUIIE).

10
T 8
R
L
e
- 4
=
=
b 2
0
3 4 5
1000/ T(K)
Puc.1

TemnepatypHast 3aBUCHMOCTb TPOBOIMMOCTH AgsSiSes B
ApeHHnyCOBBIX KOOPANHATAX, N3MEPESHHUS BBIIIOJTHEHBI Ha
gactoTe 100kI 11; Ha BcTaBKe TeMIepaTypHas
3aBUCHMOCTb IIPOBOJIMMOCTH B IpUOIIIhKeHn MoTra.

Ha Puc.2. npuBOIMTCS YaCTOTHAS 3aBHCH-
MOCTb ITPOBOAMMOCTH AgsSiSes.
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Puc.2
YacToTHast 3aBUCUMOCTB NpoBoauMocTH AgeSiSes. Ha
BCTaBKe K PHCYHKY MoKa3aHa 3aucumocts Inoor fO8;
W3MEPEHHS BBITIOJHEHBI
npu Temrieparypax 1 - 300, 2 - 350 u 3 - 400K.

B ugactotHoit o6macti 102-10°Hz npoBom-
MocTb AgeSiSes mpu 300K u3MeHsIIach 1Mo 3aKoHy
ac~f08. ac-mpoBoIMMOCTL MMeNa aHAOTHYHYIO
3aBucMMOCTh Ipu 350K B 4acTOTHOM HMHTEpBase
5-10°Hz u B TemmeparypHoii obmactu 5-10%-
5.10°Hz npu 400K. IlonydeHHBIE pe3y/IbTATHI
YKa3bIBAIOT YaCTOTHBI HHTEpPBal, B KOTOPOM
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MIPOBOJMMOCTh OCYIIECTBIISICTCS 110 3aKOHY Gac
~f%8 10 ecTh O MPBHDKKOBOM MeXaHM3Me TepeHoca
3apsiia 1O COCTOSIHUSIM, JIOKAJIM30BAHHBIM B
okpecTtHOoCTH ypoBHA Depmu (BcTaBka K Puc.2).
Kak wu3BecTHO, MPOBOAMMOCTD MO JAEIOKAIN30-
BaHHBIM COCTOSIHHMSIM SIBJISIETCSI YaCTOTHO HE3aBH-
cuMoii BrtoTk 10 10T,

Ilo MHOTHMM CBOMCTBaM MOHHBIE TIPOBOTHU-
KU CXOJHBI C MPUMECHBIMHU TOJTYIPOBOAHUKAMH.
B HOHHBIX MPOBOJHUKAX OCHOBHYIO POJIb B JICK-
TPOMPOBOJHOCTH WIPAIOT HOHBI, B 3aBUCUMOCTH
OT MEXaHW3Ma UOHHOW MPOBOJUMOCTH 3TO MOTYT
OBITh IPUMECHBIC UOHBI, CJIA00 CBS3aHHBIC HOHBI,
pa3ynopsiIoueHHble cucTeMbl W Apyrue. llpu
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(TIGaSe2)1x(TlINSe2)x in the radio range. Modern

AgsSiSes BIRLOSMOLORIN LOKALLASMIS HALLAR UZRO KECIRICILiYI

R.M.SORDARLI, M.B.BABANLI, N.Q.OLIYEVA, L.F.MOSODIYEVA,
R.A.MOMMODOV, R.S.RAHIMOV, C.H.CABBAROV

Sabit vo doyison elektrik saholorindo AgsSiSes birlosmasinin kegiriciliyinin (o(T)) temperaturdan asihihiqlar: todgiq
edilmisdir. Gostorilmisdir ki, 320 K-don yuxar1 temperaturda vo todqiq edilmis tezlik diapazonunda (25-10°Hs) AgsSiSes
birlosmosinin kegiriciliyi lokallasdirilnus hallarda (Ag*) yiikdastyicm sigrayisi ilo miloyyon edilir. Kegiriciliyin aktivlosmo
enerjisi muayyon edilmis, Fermi soviyyasino yaxinhginda hallar sixhigi, onlarm sopilmasi, lokalizasiya radiusu vo miixtslif
temperaturlarda yiikdastyicinin sigrayismin orta moasafasi hesablanmigdir.

LOCALIZED STATES CONDUCTIVITY OF AgsSiSes COMPOUNDS

R.M.SARDARLI, M.B.BABANLI, NAALIYEVA, L.F.MASHADIYEVA,
R.AMAMMADOV, R.Sh.RAHIMOV, J.HJABBAROV

Temperature dependences of conductivity (o(T)) of AgsSiSes compound in constant and variable electric fields were
studied. It is shown that the conductivity of the AgsSiSes compound at temperatures above 320 K and in the studied frequency
range (25-10° Hs) is determined by carrier hopping in localized cases (Ag*). The activation energy of the conductivity was
determined, the density of states near the Fermi level, their scattering, the localization radius and the average distance of the
carrier jump at different temperatures were calculated.
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PEDEPAT

BeIpariieHsl MOHOKPHCTAJLIbI TBEPABIX PaCTBOPOB N-BigsShis,
p-BiosShisTes, n-BizTe27Se0.3, N-Pho 7S, 25 Te<Ph>, mccre-
JIOBaHBl MX TEPMOIJIEKTPHYECKHE CBOICTBA B HHTEpBAIC
~90-300K, co3maHbl Ha WX OCHOBE pa3U4HbIC OJHO-
YETBIPEXKACKAIHBIE TEPMOINICKTPHUECKHE —OXJIKIAIOIIHE
Moaynu. [lokazaHo, uTo pazpaboTaHHBIE MOMYJH (OXJIaIH-
TEJNU) MOTYT TOHH3UTH TEMIIEPATYPhl MAJOMOIIHBIX JIEK-
TPOHHBIX U3eni 10 ~195K 0T Temnepatypbl OKpy>KaroIei
cpersl ~300K. OTu oxiamuTen BHEIPEHBI B PA3IMYHBIX
9NIEKTPOHHBIX TPEOOPa3oBaTENsIX M COXPAHSIOT AKTyallb-
HOCTb Ha BHE/IPCHHE.

VY 1106CcTBOM B 3KCILTyaTallii, MacCoHepre-
THYECKHM XapaKTEPHCTUKaM, HAJISKHOCTBIO pa-
0O0TBI B pa3fIMYHBIX BHEITHUX YCJIOBHSX, OOIBIINM
CPOKOM CITyOBl, JIETKOH yNpaBISeMOCTbIO U T.J.
TEPMOUIEKTPUUECKUE TMPeoOdpa3oBaTend HMEIOT
PSII TIPEMMYIIECTB TIepeN TPaUIIMOHHBIMU JJIeK-
TPUUECKUMHU T€HEpaTopaMHu U XOJOJUIbHUKAMU.
D10 olecreunBaeT MX IIMPOKOE NMPUMEHEHHE B
Pa3IUYHBIX 00JIACTSAX COBPEMEHHOM 3JIEKTPOHHOM
TeXHUKU. D(P(HEKTUBHOCTh TaKUX MpeodpasoBare-
Jel ompenensieTcs, B OCHOBHOM, TEPMOJIEKTPHU-
geckoi 1006poTHOCTBIO Z1=02GT/y (0-Koathdu-
LIUEHT TEPMOI/IC, )~ YAEIbHBIE AEKTPONPOBOI-
HOCTb U TEIJIONPOBOIHOCTh TEPMOAJIEKTpHKa, T -
TeMIiepaTypa) MPUMEHSIEMBIX B HHUX TEPMODJICK-
TPUKOB U CONPOTHUBIICHUEM MEPEXOAHBIX KOHTaK-
TOB Ik MeTaLI-NOIynpoBomHuK (Z1=Z/(1+2r¢oll,
3mech | - BeicoTa Tepmosnementa) B Hux [1-3].
VYKazaHHbIE TIapaMeTpbl TEPMOIIEKTPUKOB U [k
TIEPEXOTHBIX KOHTAKTOB 3aBUCST OT TEMITEPATYPHI
U B3aUMOCBsI3aHBI MEXAy coboi. Iloatomy ko-
s durmentsr Z, Z;, TaHHOTO TEPMODJIEKTPUKA U
TEPMO3JIEMEHTA COOTBETCTBEHHO, CYILECTBEHHO
3aBUCAT OT TEMIIEPATypbl U KaXIbI TEPMOIIIEK-
TPUK B ONpEETICHHON TeMIepaTypHOi oOiacTu

00J1a1aeT MpUEMIIEMBIM IS PAKTHKY 3HAaUCHUEM
JIOOPOTHOCTH.

J1si TEpMOAIIEKTPUYECKOTO OXJIAXKICHHS B
obnactu temneparyp ~77+150K Hanbonee Bbico-
Ky10 3(Q(QEKTUBHOCTb MMEIOT TBEPAbIE PACTBOPHI
Ha ocHOBe crcteM Bi-Sh. B temmeparypHoM uH-
tepBajie ~150+350K nprmMeHstoTcst TBepabIE pac-
TBOpbl cucteM BizTes-SbyTes u BizTes-BizSes.
s cpenneremmneparypsbix (oomacts 500-700K)
TEPMODJIEKTPUYECKUX T'€HEPATOPOB IOIXOIAIIN-
MU SIBJISTIOTCSL TeJUTypu bl |V rpynmbl 31eMeHTOB
Y TBEPJIbIE PAaCTBOPHI HA MX OCHOBE [4-7].

B nanHo#t pabore mpencTaBiieHbl HEKOTO-
pble pe3yJIbTaThl MPOBEJICHHBIX HAMU HMCCIIEI0Ba-
HUI 10 TOJTyYEHHIO BBICOKO3((GEKTUBHBIX (TIPH-
TOJHBIX JUIS PAaKTUYECKOTO PUMEHEHUST) TepMO-
SJIEKTPUKOB Ha OCHOBe BigsShis, BixTe27Seo s,
BiosSb1.sTes, PbTe, Pbo7sSho.2sTe, co3manuio u
UCIIBITAaHUIO HAa WX OCHOBE PA3IMYHBIX OXJIaX[Ia-
IOLIMX TEPMOIIEMEHTOB U YCTPOUCTB.
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OBBEKTBI U METOIUKA
IKCIIEPUMEHTA

Cunre3 TBepabIX pactBopoB BixTez7Seg 3+
+0,08Bec.%CdCl, u BiosShisTest+3,78ec.%Te
(3T cocTaBbl KMEIOT HAHOOJBIIYIO TEPMOIJIEK-
Tprueckyro 3hdextuBHOCTh Tipu ~300K) mpoBo-
JIAJICSL B KBAPLIEBBIX aMITyjiaX Mo BakyymMoM~10"
%[la COBMECTHBIM paCIIaBIIEHHEM KOMIIOHEHTOB
npu ~875K. B kauecTBe MCXOIHBIX MaTE€pUajIoB
UCTIONb30BaMCh BUCMYT Mapku Bu-000, cenen
Mapku Bs, teuryp mapxku T-cH, cypbma Mmapku
Cy-0000. HcxoaHble KOMIOHEHTHI KaK B JAHHOM,
TaKk W B JAPYTUX CIydasX MPeIBapUTEIbHO ObLIH
OYMIIICHBI OT MTOBEPXHOCTHON OKMCHOM TUICHKH, a
TEJLTYp TAKKe OT BO3MOXKHBIX MPUMECEH METOIOM
30HHOM IUIaBKUM. MOHOKpHCTa/UIbI IaHHBIX TBEp-
JbIX PAcCTBOPOB OBUIM BBIPAIICHBI METOJIOM
bpupkMeHa B yCTaHOBIICHHOM PEXKHUME.

Momokpucramibl  BigsShisBeIpariyBaimch
METOJIOM BBITATMBaHUSA 1O Yoxpaibckomy, a
PbTe, Pbo75Sng.25Te ObLIM BBIpAIEHBl METOIOM
Bpumxmvena n3 anementos ceuria mapku C-0000,
onoBa Mapku OCY-000, Temmypa mapku T-cU.
Cunres cocraBoB PhTe, Pbo75Sng. 25 Te mpoBoum
B BaKyyMHpoBaHHBIX 710 107°Ta KBapIIeBEIX amITy-
Jax ¢ KOHYCOOOpa3HbIM KOHIIOM COBMECTHBIM
CIUIaBJIEHHMEM HCXOJHBIX KOMIIOHEHTOB TIpU
~1245K B Teuenue 6 yacoB. BHyTpeHHsIS ToBepX-
HOCTh KBapIIeBbIX aMITyJl BO BCEX CITydasx Mpe.-
BapuUTENbHO TpadUTH3NpOoBaach. MOHOKpHCTATI-
JTIbl BBIPAIIMBAIIMCH B TE€X KE aMITyJiax, B KOTOPBIX
OCYIIIECTBIISIICS CHHTE3 COCTABOB.

MOHOKPUCTAIITMYHOCTb BBIPAIICHHBIX
CITUTKOB COCAMHEHUI 1 TBEPIIBIX PACTBOPOB ObLIA
MOATBEPKJIEHA PEHTTEHOBCKON udpakiuen, ux
07HO(A3HOCTh M OJTHOPOJAHOCTH MUKPOCTPYKTYp-
HBbIM aHAJIM30M U H3MEPEHHEM DIIEKTPHYECKOTO
COTMPOTHBJICHUS PA3TUYHBIX yYACTKOB BBIPAILICH-
HBIX CIIUTKOB.

W3 MOHOKpUCTAUIMYECKUX CIUTKOB Ha
AIIEKTPOUCKPOBOW YCTAaHOBKE OBUIM BBIPE3AHBI
SKCIepUMEHTAIbHBIE 00pa3libl B (opme MpsMo-
YIOJbHBIX — MAapajuUIeNIeNUIeIOB C  pa3MepamMu
3x6x12MM, a TakKe BETBU TEPMOIIEMEHTOB C
Pa3IMYHBIMU T€OMETPUYECKUMH pa3MepaMu. Y jia-
JIeHUe HapyLIEHHOrO CIos, oOpasyromerocs Ha
OOKOBBIX W TOPIIEBBIX MOBEPXHOCTIX 00OpasIoB U

BETBEH IIpU PE3KE, OCYILLECTBIIUIOCH 3JIEKTPOXH-
MHUYECKUM TPaBJICHUEM B CHIELHAILHOM pacTBOpE.

TepModneKkTprYecKre MapaMeTpsl  00pas-
IOB BETBEi1, TEPMOIIEMEHTOB M CO3/IaHHBIX Ha X
OCHOBE OXJIAJUTENIEH ONpeNeNsUIUCh METOAAMH,
OMMCaHHBIMU B [8].

IKCIIEPUMEHTAJIBHBIE PE3YJIbTATbBI
N UX OBCYXJIEHUE

TepModneKTprYecKHe mMapamMeTpsl  (IJIeK-
TPOIPOBOJHOCTD G, KOI(PHIMEHTHI TEPMOIJIC OL
Y TEIJIONPOBOJHOCTH ) BBIPAIIEHHBIX KPHCTAJ-
JIOB HCCIIENOBAIM B HHTEpBAJIC TEMIIEPATyp OT
~90 no 300K. Pe3ynbraThl ncciaeoBaHui puBe-
nedsl B Ta0Omure 1.

Kak cnenyer u3 naHHbIX TaONUIpBL, B TEMIIE-
parypaom unteppaie ~90-180K HauBbIciel Tep-
MOAJICKTPHIECKON I(PPEKTUBHOCTRIO 00JIAIAFOT
MOHOKpHUCTaTBI N-BigsShis. C pocrom Temmepa-
TypbI 3((PEKTHBHOCTH ATOTO MaTepHaia MagaeT u
npu ~300K cocrasmster 1,4-10°K?. Bemme ~180K
3(heKTUBHOCTh MOHOKPHCTAJUIOB TBEPJBIX pac-
TBOpOB p-BiosShisTes u n-BizxTez7Seo3 mpeBocxo-
JUT TEPMOIEKTPUUECKYIO JOOPOTHOCTh  KpH-
crauioB BigsSbis u mpu ~300K nocturaer 3nave-
nnii 3,18-10°K™ u 3,14-10°K™, coorsercrenHo.
Otu 3Hauenus Z ripu 300K He ycTymaroT cooTBeT-
CTBYIOIIUM 3HAYEHUSM TEPMOIEKTPUUECKON (-
(EKTHBHOCTH JUISl JTAHHBIX MaTepUajioB, MMEFO-
muxcs B juteparype [9-11]. Tepmoanexkrpuue-
ckast 3(h(eKTUBHOCTb KPHCTAJUIOB TBEPAOIO pac-
tBopa Pho7sSnozsTe ¢ 1,0a1.% cBepxcrexuomer-
PUYHOTO CBHHIIA C POCTOM TEMITEPaTyphl PacTeT u
B obOmactu Temneparyp 250K nocruraer 3Haue-
mmsg 1,91-10°K?, a mpu 300K ~1,70-10°K™. 3na-
yeHus1 APQPEKTUBHOCTH ISl TBEPJOTO PaCcTBOpA
Pbo7sSno2sTe B mopsiike 3HAYCHHWH JUISL TEPMO-
ANIEKTPUIECKOW  A(H(HEKTUBHOCTH  KPUCTAILIIOB
PbTe mpu 500-600K [4,5].
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Taoanna 1

TepMOBIIEKTPHUECKHUE TTapaMeTphl MOHOKPHCTALTOB BigsSbis, BiosSbisTes, BizTez7Seqs, PbozsSnozs Te.

T.K
Mapamerp | 90 | 130 [ 150 | 180 | 200 | 250 [ 280 | 300
n- Bi853b15
oMxB/K | 134 120 118 114 111 106 103 102
o,0mtem? | 10750 | 10000 9520 9020 8330 7300 6670 6250
v BrmK | 344 3,69 378 410 4,16 450 4,58 4,60
Z-10%K* | 561 3,90 351 2,86 2,46 1,82 1,55 1,40
p- BiosShisTes
aMkB/K | 167 173 176 181 187 198 210 216
o,0mtem? | 1360 1280 1240 1190 1170 1700 1050 1030
v, Bm-K | 189 1,75 1,69 1,63 1,60 154 152 151
Z-10°Kkt | 201 2,19 2,27 2,39 2,56 2,80 3,05 3,18
n- BizTe27Seos
aMkB/K | 107 138 153 170 175 185 203 210
o,0mlem? | 2650 2290 2000 1770 1590 1280 1130 1060
v BrmK | 232 2,01 191 1,79 1,71 1,62 154 1,49
Z10°K* | 131 1,70 245 2,86 2,85 2,70 3,02 3,14
Nn-Pbo75Sn025Te<1,0 at.% Pb >
oMxBK | 37,6 61,3 762 95,3 1232 1475 159,8 160,1
o,Omlem? | 8712 | 52114 198 3036 2518 1690 1145 1026
v BrymK | 437 341 3,00 2,60 2,35 1,93 1,71 157
Z-10°Kk* | 0,28 057 0,82 1,06 1,62 191 1,72 1,70

Hamu paspaGoranbl, u3rotoBneHsl dkcre- — p-BiosSbhisTes u n-BixTe27Seps. B uerBeprom

pUMEHTalIbHbIE 00pa3libl OJJHO, IBYX, TPEX- U Ye-  KAacKaje YEThIPEXKACKaIHOTO OXJIAJUTEINs MpoBe-
TBIPEXKACKAIHBIX TEPMOIJIEKTPHUECKAX OXJIAIU-  PSUIMCh B KAayecTBE N-BETBEW M KPUCTAILIBI
TeJe Ha OCHOBE yKa3aHHBIX MarepuaioB. B ka-  BigsSbis. OcHOBHBIC mapaMeTpbl HEKOTOPBIX Ta-
YeCTBE TEPMOAJIEKTPUKOB B OZIHO-YETBIPEXKACKal-  KUX OXJIaJuTesel npecrasieHsl B Taomme 2.

HBIX OXJIQJUTENISIX HCIOJB30BATUCH KPHCTAILTBI
Taoauma 2

OcHOBHBIE TapaMeTPbl TEPMONTEKTPHIECKUX MOAYJIel IpU TeMIIepaType okpyxatomei cpeapl ~295K.

Kommnue- OnTUMaNBHBI | DIeKTprdecKast Xomnoorpo- MunuMalnbHast IInomans Bpewms Beixona
CTBO TOK ITATaHU, MOIITHOCTb, WU3BOJIMTEIIBHOCT, | TeMIlepaTypa TETUIONOT- TEIUTOTOTJIONIA-
KacKaJioB A Br MBT TEIIONOIIIO- JIOUIAIOIIEH | rolei moBepx-
LIAOLIEH MO- | TOBEPXHOCTH, | HOCTH Ha MUHU-
BepxHocTy, K MM? MAJIbHYIO TeMIIe-
parypy, €
1 2,0 0,9 200 239 49 25
2 2,0 13 120 220 12 45
3 2,0 4,2 100 205 16 70
4 6,0 1,0 80 195 28 90
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[lpy KOMMyTaIMK TEPMOAIIEMEHTOB OBLIH
UCIIONIb30BaHbl COCTaBbl: B CIy4ae KPHCTAIOB
BigsSbis 3BrekTnka mac.% 50Bi+25Pb+12,5Sn+
+12,5Cd; B ciayuae kpucramioB BiosShisTes u
Bi>Te27Seo3 aBrekTrka mac.% 57Bi+43Sn; B ciy-
yac KpHucTauioB Pho7sSNo2sTe aBTekTHKA Mac.%
95In+4Ag+1Au C TemmepaTypoil IUIABJICHHS
~343K, ~412K, ~413K, COOTBETCTBEHHO. ITH
CIUIaBbl CO3JAIOT C YKa3aHHBIMU KPHUCTALIAMHU
OMHYECKHE KOHTAKTBI C TIEPEXOAHBIMU COMPOTHB-
gerusMa ~10°0m-cm?, paboroii amresun ~800
MJx/mv?[12-15].

B mporiecce 3meKTPOMCKPOBOI pe3ku 00-
PAa3IOB U3 CIMTKOB KPHCTAIUIOB, a TAK)KE BETBEH
TEpPMODJIEMEHTOB U3 O00pa3liOB Ha IMOBEPXHOCTH
pe3a oOpaszyercss HapylICHHBIA 10 CTPYKTYype H
COCTaBY IOJIMKPUCTAIUIMYECKUI CJIOM TOJIMHON
10 ~20MKM, 3HAYUTENBHO YXYIIAIOIMINN TepMO-
AIIEKTPUYECKUE TTapameTphl 3TuX BerBen [16,17].
[Ipu >MEKTPOXUMUYECKOM TPABICHUH B PACTBO-
pax1lm HoO+83r KOH+67r s 06pasiioB N-tuma
u 11 HoO+ 90r NaOH+55r C4HeOs 1151 006pasion
p-THIIa TpM TUIOTHOCTH Toka ~0,5 A/cM® B Tede-
Hue ~50c ¢ MOBEPXHOCTH BETBEN YKa3aHHBIN I10-
JMKPHUCTAJUTMYECKUI CIOM ¢ M3THOOM aTOMHBIX
IUIOCKOCTEN ynansercs. dparMeHTanus ke KpH-
CTAJUTUTOB COXpAHSAETCd M TOCJE JUIUTEIBHOrO
TpPaBJICHHSI.

Ha Topup! BerBell, 00pabOTaHHBIX TAKUM
Croco0OM, HaHOCATCS (3aTy’KUBAHHEM) COOTBET-
CTBYIOIIIM€ KOHTaKTHbIE CruiaBbl. W3 Tabmmier 2
BHUJTHO, YTO TEPMODIICKTPHIECKUE OXJIKIAIOIINE
MOJTyJIA TIO3BOJISIFOT TOHU3UTH TEMIIEPaTyphl 10
~195K.

Ha ocHoBe 3tux mMosyseit Obutu pa3pabora-
HBI, M3TOTOBJICHBI, HCIIBITAHBI U BHEJIPEHBI B TIPO-
W3BOJICTBO  pa3iMYHBIE  TEPMODJIEKTPHUYECKHE
OXJIaJUTENH ¢ TpeOyeMoi KOHCTpyKIMel. B kaue-
CTBE TEIUIONEPEXO/I0B MEK/TY KacKa/laMH, a TaKXkKe
TEPMODJIEKTPUUECKO  OaTapeeii ¢  KoOpITycoM
OXJIaauTeNsl OBUTM WCIIONB30BAaHBI KEPAMHUYECKHE
TUIACTUHKU W3 OKHCU OepUILIHS TOMIMHON ~1MM.
Ha mx ocHOBe co3maHbl M BHENPEHBI OXJIaXKIae-
MBI TEPMOAJICKTPUYECKUMU OXJIATUTEIISIMA WH-
(hpakpacHbie (HOTONPUEMHHUKH PA3JIMUHBIX Ha3HA-
YEHU.

Monokpuctamisl  Pbo7sSnosTe ¢ 1ar.%
CBEPXCTEXHOMETPUYHBIM ~ CBUHIIOM  00JaJatoT

N-TUTIOM TIPOBOJMMOCTH, JIOCTATOYHO HU3KOW
TerionpoBoaHocThI0 (~1,57-102Br/em K), k03¢-
¢durmenTom Tepmonc nopsiaka~160mMkB/K. Tep-
MOdJIeKTpHrYecKast 3((HEKTUBHOCTh 3TOTO COCTaBa
npu ~300K nocturaer 1,7-10°K2,

W3roToBIieH 10 KOHCTPYKIIMH, YKA3aHHOW B
[3], TepMoOlIEeMEHT Ha OCHOBE KpHUCTalia
Pbo.75Sno2s Te<1,0 ar%Pb> u skcriepruMeHTaIBHO
ompesiesieHa ero peajbHas TEePMOdJIEKTPHUIECKast
3¢ PEKTUBHOCTH IO BHIPAKEHHIO

E;‘J (T_TGHP:EjfTﬂ:MP:E_

B kauecTBe p-BETBH B 3TOM TEPMODJIEMEHTE
UCTIONIE30BaHA BETBb, W3TOTOBIICHHAs W3 MOHO-
kpucramwia Pbo7sSnosTe ¢ amekTpomnpoBoHO-
cTbio ~773,2 Omlem?, koadummentamu Tepmo-
ac~110 MxB/K u TermonposoaHocTsio 2,06-1072
Br/em'K mpu ~300K. Peanbhast 3¢h¢dexTrBHOCTH
takoro Tepmodsiementa rpu 300K okazanack pas-
Hoit ~0,80-10°K ™.

Takum 00pa3oM, BbIpalllEHHbIE MOHOKpH-
CTaJITBI TBEPJIBIX pacTBOpOB BigsShis,
BiosSbisTes, BioTe27S€0.3, Pbo7sSng.2sTe umeror
JOCTAaTOYHO  BBICOKYIO  TEPMOIJIEKTPUYECKYIO
JOOPOTHOCTh B pa3iIMUHBIX O0JIACTSIX TEMIIeparyp
oT ~90 no 300K u mpuroaHsl il U3TOTOBJICHUS
TEPMODJIEKTPUUECKUX OXJIaAUTENIEH, MO3BOJISIO-
X MOHM3UTH Temneparypsl 10 ~195K. Takue
OXJIAJIUTENN BHEIPEHBI B MPOW3BOJICTBO Pa3IIHU-
HBIX 2JIEKTPOHHBIX MpeoOpasoBareneil U mpoo-
KaIOT COXPAHSITh BO3MOXKHOCTH TSl BHE/IPEHUSI.

3AKVIIOYEHUE

HccnenoBannem TEPMODJIEKTPUUECKHX
CBOWCTB BBIPAILICHHBIX MOHOKPUCTAIIOB BigsShis,
BiosShisTes, BioTe27Sens, Pbo7sSno2sTe<1,0 at%
Pb> 1 M3roTOBIEHHBIX Ha UX OCHOBE TEPMOJJIE-
MEHTOB TOKa3aHO, YTO TH MaTepHalibl TO3BOJIS-
0T CO3/1aTh OXJIAKIAIOIIME MpeoOpa3oBaTely,
noHwkaroue temmneparypy ao ~195K. Hekoro-
pbI€ U3 3THUX OXJIAJIUTENCH BHEIPEHBI B IPOM3BO/I-
CTBO M MOTYT OBITh HCIOJIb30BaHbI B Pa3IMUHBIX
00J1aCTSIX AJIEKTPOHHOW TEXHUKH JUIS OXJIKICHUSI
npeoOpa3oBaresieii ¢ MabIMU TEIIIOBBIICICHHS-
MH.
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90-300K TEMPERATUR INTERVALI UCUN TERMOELEKTRIK
MATERIALLARI VO TERMOELEMENTLOR

T.C.OLIiYEVA, G.C.ABDINOVA, C.S.ABDINOV

N-BigsShis, p-BiosSbisTes, nN-BizTez7Seos, N-Pbo7sSnozs Te<1,0ar.%Pb> monokristallart goyardilorak onlarin 90+300K
intervalinda termoelektrik xassolori todqiq olunmugdur. Bu materiallar asasinda bir-dordkaskadli soyuducu termoelektrik
modullar1 islonmis, hazirlanmis vo smaqdan kegirilmisdir. Gostarilmisdir ki, islonmis soyuducular otraf mihitin temperaturu
300K-dan ~195K-dok soyutma vers bilirlor. Soyuducular istehsalata totbiq olunmus vo indi do tatbiq imkanlarinin saxlayirlar.
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THERMOELECTRIC MATERIALS AND THERMOELEMENTS
AT TEMPERATURE LEVEL 90-300K

T.D.ALIEVA, G.J.ABDINOVA, D.SH.ABDINOV

Single crystals of solid solutions n-BigsShis, p-BiosSbisTes, n-BizTez7Seos, n-Pbo7sSno.s Te<Pb> were grown, their
thermoelectric properties were studied in the range ~ 90-300K, and created on their basis various one- to four-stage
thermoelectric cooling modules. It is shown that the developed modules (coolers) can reduce the temperature of low-power
electronic products to ~195K from the ambient temperature ~300K. These coolers are implemented in various electronic
converters and remain relevant for implementation.
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REFERAT

AgsGerxMnyTes (x=0; 0,05; 0,1; 0,2) bork mahlullarn istilik
tutumu, istilik keciriciliyi vo termoelektrik horakot qiivvasinin
temperatur asthlig1 analiz olunub. Istilik tutumun 180-325K
bolgesinds  anormal azalmasi  giiclii anhamorfizmin
yaranmasi vo fonon sistemin amorflasmas ilo izah olunub.
Istilik kegiriciliyin temperatur asililigmda yaranan ciizi artim
elektronlarin verdiyi payla izah olunub. AggGepgsMnoesTes
moahlulu Gglin daha ¢ox termoelekirik faydaliliq omsali 550
K-do ZT=0.7 alinib.

Sonayeds itkiyo gedon enerjini elektrik
enerjisina gevirmok (glin somoarali termoelektrik
maddolorin yaradilmasi aktual mosalodir. Termo-
elektrik generatorun somaroliliyi materialin termo-
elektrik xususiyyati vo yaranan temperatur gradi-
yenti ilo mloyyan edilir. Todgiqatlar yiik dastyi-
cilarin konsentrasiyasi 10'°-10%sm= arasinda olan
maddolords faydaliliq amsalin maksimum oldugu-
nu gostorir [1]. Seebeck amsalin boyiik olmasim
tomin etmok Uclin maddods yalniz bir nov yiik
dastyict olmalidir. Qarisiq n vo p tipli kegiricilik
oldugu zaman hor iki yiik dastyict isti torafdon
soyuq torofo axin edocok vo sonda aralarinda
neytrallasma gedorok Seebeck gorginliyini azalda-
caq. Asag1 konsentrasiyal yiik dastyicist olan izo-
lyatorlar va yarimkegiricilor boyiik Seebek omsal-
larma malik ola bilar, lakin onlarda elektrik kegi-
riciliyi az olduguna goro faydaliliq omsali asagi
olur. Termoelektrik ceviricinin somaraliliyi fayda-
liliq amsali ilo giymatlonir [1]

ZT=6S Tk, ¥
burada S - Zeebek omsali, T - is¢i temperatur, K -
istilik kegciriciliyi, o - elektrik kegiriciliyidir.

(1) ifadasindan gorindiyd kimi yiiksok fay-
daliliq amsali almaq ticiin Zeebek amsalt (S) va

elektrik kegiriciliyi (o) yuksok olmals, istilik kegi-
riciliyi (K) iso asagi olmalidir. Slaksimn [2] fikrinco
istilik kegiriciliyi kristal qurulusundan vo rabito
quvvalarindon asilidir. Maddonin elementar 6zayi
boylk vo atomlarin orta g¢okisi yiksok oldugda
istilik keciriciliyin agagi olacagi gozlonir. Bir ¢ox
muoalliflor maddado qgeyri stexiometriklik yarada-
raq defektlorin saymni artirmagqla istilik kegiriciliyin
azalmasina nail olmuslar [3].

Ton kegiricilor gofos istilik kegiriciliyi cox
asag1 olduguna goro onlar termoelektrik material
sayilir [4]. Belo maddalords istilik kegiriciliyi iki
sobabdan asagi ola bilar. Birincisi, maddo kristalla-
sanda faza kecidi bas verir vo kristal gofasin bir
hissasi 6ziinli maye kristal kimi aparir. Belo kegid
nainki gofasdo daha dinamik sopilmoys gatirir,
hom do gofasin bir hissasinds fononlarin enina
modasini ¢ixdas edarak istiliyin saxlanmasi va da-
sinma yollarini asason azaldir. Ona gora do anhar-
monik maddolorin istilik kegiriciliyi amorf maddo-
lora oxsar olur.

Orintids yaranan ¢oxlu sayda defektlor kris-
talda potensial sahonin vo periodikliyin pozgun-
luguna gatirir. Defektlorin va asqar atomlarin otra-
finda deformasiya sahasi yaranir va Kristal gofosi
tohrif edir. Bunlar yiikiin dasinmasina vo Sopil-
masina gucli tasir edir.
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Miirokkab kristal quruluslu vo bdyiik ele-
mentar 6zokli AgsGeTes liglii birlosmo asagi istilik
kegiriciliys (0,25Vt/mK) vo 0,4eV gadagan olun-
mus zonaya malikdir [5-7]. Bu birlosmonin istilik
kecirmasi yiiksok temperaturlarda qeyri adi artir vo
500K temperaturdan yuxarida ion kegiriciliyi gos-
torir. Belo birlogmolorin hom termoelektrik gevirici
kimi, ham do elektrik enerjisinin toplanmasi {igiin
elektrolitik material kimi totbiq imkam olduguna
g0ra son iki onillikdo onlar daha ¢ox arasdirilir.

[8,9] islorinds biz AgsGeTes birlogsmasina
yuksak hollolma va diffuziya gabiliyystine malik
mangan elementi qataraq, parametrlori vo kegid
temperaturlari idars olunan AgsGe1xMnyTes bark
mohlullar almisiq. Rentgen-difraksiya analizi ilo
AgsGerxMnxTes (x=0; 0.05; 0.1; 0.2) bark mahlu-
lun strukturunun tcla birlosma il eyniliyi, mangan
atomlarin 20% toskil etdiyi orintids iso 28.8 vo
31.5 doraca bucaglardaki zoif reflekslorin MnTe;
birlasmasine uygunlugu gostarilib. Mustavilor ara-
s1 masafonin kigik bucaglara dogru stirtismasi ¢o-
fosin  sixilmasi  ilo  izah  olunub  [10].
AgsGe1xMnxTes nimunalorinds DSC analizi apa-
raraq otaq temperaturdan asagida iki kegidin,
yuxarl temperaturda iso bir ne¢o endotermik ke-
¢idlorin  yarandign  gostorilib.  NUmunalorin
T<180K temperaturlarda ylksok mugavimatli ol-
dugu, 200-650K temperatur araliginda iso yarim-
kegirici xassasi gostardiyi muoyyan edilib [11].

AgsGeTes orintiyo mangan atomlart daxil
etdikdo praktiki shomiyyati olan zsif antiferromag-
nit maddo yaranir [12]. Belo maddodo Mn atomlari
maqgnit asqarlar kimi kristal qofosi tohrif edir,
yiikdastyicilarm vo fononlarin harakatini giiclii
doyisdirir.

Indiki mogalodo genis temperatur bolumiin-
do istilik tutumu, istilik kegiriciliyi vo termoelekt-
rik horokat qlivvasi birgo aragdirilib.

EKSPERIMENTIN APARILMASI

100-600K temperatur boliimiinds niimuno-
lorin temperatur kesiriciliyi (a) isiq impulsu me-
todu ilo dlgiilitb. Niimunolor 5x5x1,5mm? 6lgiido
hazirlamb. Niimunonin 6n sothi davam etma miid-
doti Ims vo enerjisi 120 Joul olan is1q impulsu ilo
quzdirilir. Kristalda fotoeffektin yaranmamast ticiin
On soth qurumla garaldilir. Arxa sothdo temperatu-

run dayismasi xromiil-kopel termo-ciitii ilo 6lgiiliir.
Yaranan signal1 otalotsiz gqeyd etmok iigiin xromel
va kopel moftilin uclart iyns sokline gatirilir vo
niimunonin glimiis pasta ¢okilmis arxa iiziino
swxalir. Isiq itkisini azaltmagq iigiin lampa ilo niimu-
no arasma kvars isiq otiirticiisii qoyulub. Termo-
ciitdo yaranan signal giiclonarok geyd olunur. Arxa
sothds temperaturun maksimal qiymaotinin yarisi-
nadok kegon ti» zaman miiddsti geyd olunur vo
asagidaki formulla temperatur kegirmo omsali he-
sablanir:

a=138—,
Ayfa

)

burada I - niimunoenin qalinligidir.
NOTICOLORIN MUZAKIROSI

AgsGerxMnxTes (x=0; 0,05; 0,1; 0,2) bark
mohlulun 100-600K araliginda 6l¢iilmiis tempera-
tur keciriciliyi 1 Sokildo verilib. Nimunalorin
istilik kegiriciliyi
apC, ®)
formulu ilo hesablanib. Burada a - temperatur
keciriciliyi, p - nimunonin sixhgidir, Cp - istilik
tutumu DSC ayrisindan istifads olunaraq hesablan-
1b vo onun temperatur asililigi 2-ci Sokilds verilib.
Sokildon goriindiyu kimi 180-325K  temperatur
araliginda Cp temperaturdan asili olaraq azalir.
Adoton bark maddslordo Cp, Debay tempe-
raturunadoak yiiksalon xatlo gedir.

Istilik tutumu, temperatur kegiriciliyi vo six-
liq nozare almaraq AgsGe1xMnxTes kristallarin is-
tilik kegiriciliyi hesablanmig vo onun temperatur
asihiligi 3-cl Sokildo verilib. Sakildon gorundiyu
kimi 100-215K temperatur bolimunds k(T) asi-
lihgr bark cisimloro oxsar asililigla doyisir. 220-
240K temperatur bolimiinds faza kegidi bas ver-
diyino goro istilik kecirmoni hesablamag mimkin
deyil. Faza kecidindon sonra 240-400K temperatur
bolimiinds k(T) anormal artir, daha yiiksok tem-
peraturlarda iss asililiq doyismir. T>250K tempe-
raturlarda k(T) asagi qiymst almasi anharmonik-
liyin artmasi hesabina, ya da kristal qurulusun
murokkab olmasi ilo bagl ola bilar. Belo kristal-
larda boyuk anharmonikliyin gicli fonon-fonon
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garsiliglt tosiro gotirmasi ¢ox asagi qofos istilik
kecirmasino sobab olur. Bu sobobdon anharmo-
nizm vo Qryunayzen parametrini arasdirmaq la-
zimdir. Qryunayzen parametri - y kristal gofasin
hacmindaki dayismanin rags xususiyyatloring tasi-
rini va naticado temperaturun doyismasinin Kristal
gofasin dlglisiine vo ya dinamikasina tasirini goste-
rir. Bundan slava, hesablanmis orta Qryunayzen
parametri materialin osas hissasinin harmonikliyini
tosvir edir. [13] isindo AgsGeTes-nin otaq tempe-
raturu iiciin orta Qryunayzen parametri hesablanib

Te = (3eoBrVo)/C,, (4
burada ovoi - hacmin istidon geniglonmo omsali
mUxtalif temperaturlarda rentgen siialarm difrak-
siya olciilordon hesablanmis va 1,2x10*K™* giymat-
lonib.

Sasin Olgiilmiis siiratine (1723m/s) asasan
hesablanan hacmi modul Bt=2,14x10°Kg/ms?,
molyar hacm iso Vo=2,36-10*m%mol gebul edilib.
300K-da Olciilmiis  xiisusi istilik  tutumun
Cp=442J/mol.K giymati asasinda (3) tonliyi Qryu-
nayzen parametri Ggin 3,8 qiymatini verir. Bir
gayda olaraq, aksar materiallarin Qryunayzen pa-
rametri bir ilo iki arasinda giymat alir. Qryunayzen
parametri (i¢ vo ya dord olan materiallar oldugca
nadirdir vo gofosin tam dayanigh olmadig
"dayanigsiz" materiallar sinfino aid  edilir.
AgsGerxMnyTes kristallarin elementar 6zayindo
cox sayda atom yerlogir (60-dan ¢ox atom) vo
yuxari temperaturlarda fonon spektrindo optik fo-
nonlarin say1 akustik fononlarin saymdan daha ¢ox
olur. Elementar 6zoayin bdyiik olmasi va ragslorin
anharmonikliyi sababindan bu birlosmads gafasin
ekvivalent nogtolorinds yerloson atomlarn  vo
atom toplularin horokat korrelyasiyasi pozulur.
Noticado kristalda ragslorin yayilma mexanizmi
pozulur, har bir atom digarindan asili olmadan rags
edir vo yuksok tezlikli rogslorin lokallagmasi bag
verir [12]. Maddads fononlarin sarbast qagis yolu
gofos sabiti tortibindo vo ya ondan kicik olarsa
istilik asasan qonsu atomlarm enerji miibadilosi ilo
oturalur. Belo kristallarda istilik kegirmonin tem-
peratur asilihigl yuxari temperaturlarda amorf mad-
dolordaki kimi olur.
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AgsGerxMnyTes (x=0; 0,05; 0,1; 0,2) bark mahlulun
temperatur kegiriciliyi.
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AgsGerxMnyTes (x=0,1) tiglin hesablanmus istilik tutumu.

Fononlarin sarbast qagis yolu k=Cpvl/3 dis-
turu ilo hesablanib: burada | - fononlarm sorbast
gagis yolu, Cp - sabit tozyiqdo istilik tutumudur.
Dulong-Petit ganununa gora

Co(JK ™ mol)=3nR (5)
disturu ilo hesablanib (burada n - har formula
diisen atomlarm say1, R= 8.314JK mol™ - Ridberq
gaz sabitidir) vo onun giymeti C,=0.68JKmol*
olur. Istilik kegirmonin otaq temperaturundaki giy-
motini (k=0.2VtK*m?, 3-cii Sokil) va sosin kristal-
da yayilma siirati tigtin 1723m-s™ [5] gobul etdikdo
|=3kVCy=3,6A aliib. Gériindiiyii kimi fononlarm
sorbast qagis yolu qofos sabitindon (11.58A) iic
dofa kicikdir. Mahlulda fonon sistemi amorf halina
kecir, istilik kegiriciliyi minimum giymot alir vo
temperaturdan astli olmur. K(T) asihiliginda miisa-
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hido olunan artim foton seli vo biopolyar yuk da-
styicilarin diffuziyasi va istiliyin rezonansla 6tirdl-

mosi hesabina yarana bilar.
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AgsGerxMnyTes: (a) imumi istilik kegiriciliyi; (b) (x=0,1)
tigin ylikdastyicilarin payma diison istilik kegiriciliyi.

Todqgiq etdiyimiz orintilorin soffaflign otaq
temperaturu otrafinda az olduguna géro fotonlarla
dagman istiliyin pay1 ¢ox ciizidir. T<350K tem-
peratur bolgesinda niimunalorin elektrik kegirici-
liy1 kigik olduguna gora biopolyar ytlikdastyicilarin
hesabina dagman istilik seli do clzi olacag.
T>350K temperatur bolgasinds yiikdastyicilarin
payma diigon istilik kegiriciliyi Videman Frans
formulu ilo hesablanib

Ok

burada kel - ylikdastyicilar hesabina yaranan istilik
kegirmo, ks - Boltsman sabiti (1.38x102%)/K), o-
elektrik kecirmo, e=1.6x10"°) - yiikdastyicimin
enerjisidir.

of , (6)

5%-li arintilordo elektrik kegirmo daha ¢ox
olduguna gors yiikdastyicilarin paymna diison istilik
kecirma ancaq bu torkib tguin hesablanmis va nati-
calar 3-cli (b) Sakilds verilib. Sakildon goériindiyu
kimi yiikdastyicilarin payma dison istilik kegirmo
103-don 6.10° giymatino godor artir, lakin onun
giymati imumi istilik kegirmanin giymotindan bir
tortib azdir. 3(b) Sokildon gorundiyd kimi k(T)
asililiginda goriinon artim daha ¢ox yiik dastyicilar
hesabina yaranir.

AQsGerxMnyTes kristallarin - termoelektrik
harokot quvvesinin temperatur astlihigi 4-cli So-
kilda verilib. Kristallarin p-tip kegiricilik gostarma-
si Holl amsalinin 6lgiilori ils tasdiglonib. EImi odo-
biyyatda Te atomlarin miqdarini stexiometrik miq-
dardan az vo ¢ox gotirmoklo AgsGeTes arintisinin
hom n-tipli, hom do p-tipli nimunolarinin alindigt
gOstarilib [5,6]. Aldigimiz AggGeixMnyTes kris-
tallarin p-tipli olmasimin asas sababi niimunani ari-
dorkon Te atomlarin ciizi bir hissasinin buxarlan-
mas1 hesabima ola bilor. Umumiyyatlo AgsGeTes
arintisinin bu xtsusiyyastindon istifads edarak n- va
ya p-tip kristallar  almag  mimkindar.
AgsGe1xMnTes (x=0,05;0,1;0,2) bark mohlullarin
p-tipli olmasmi sabobi Mn atomlarin elektron
konfiqurasiyast ilo baglidir.
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Sokil 4
AgsGerxMnkTes (x=0; 0,05; 0,1; 0,2) bark mahlulun
termoelektrik harokoat qlivvasi.

4-cli Sokildon gortinduyd Kimi temperatur
artdigca termo-ehq 800uV/K-dan 300pV/K-dok
azalir. Belo azalma p-tip yarimkegiricilora xasdir.
Temperatur artdiqca yaranan yeni elektronlar
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hesabina desiklor neytrallasir vo termoelektrik
horokot qUvvesi azalir. 550K temperaturda
AgsGeoosMnoosTes mohlulu Gglin  termoelektrik
faydaliliq omsal1 ZT=0.7 alimuib.

NOTICO

AgsGe1xMnxTes (x=0; 0,05; 0,1; 0,2) nimu-
nalorin DSC oyrilardon xdsusi istilik tutumu va
100-600K temperatur bélumunds 6l¢iilmiis tempe-
ratur kegiriciliyi osasinda istilik kegiriciliyi hesab-
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FEATURES OF KINETIC EFFECTS OF AgsGe1xMnxTes SOLID SOLUTIONS
R.N.RAHIMOV, LKh.MAMMADOV, A.S.QAHRAMANOVA, A A KHALILOVA, D.H.ARASLY

The analysis of the heat capacity, thermal conductivity and thermoelectric efficiency AgsGeixMnxTes solid solutions
(x=0; 0.05; 0.1; 0.2) have been carried out. The decrease of Cp in the range 180-325K was explained by the occurrence of strong
anharmonicity and instability of the crystal structure. The increase of thermal conductivity in the temperature range T>350K was
explained by the contribution of charge carriers. The highest thermoelectric efficiency ZT=0.7 at a temperature of 550K was ob-
tained for AgsGeogsMnoos Teg solid solution.

OCOBEHHOCTHU KHHETHYECKUX 9®PEKTOB TBEPbIX
PACTBOPOB AgsGe1xMnxTes

P.H.PAT'UMOB, H.X.MAMEJIOB, A.C. KAXPAMAHOBA, A.A XAJIMWJIOBA, J1.I'. APACJIbI

[lpoBeneH aHanM3 TEMIEPATYpHOH 3aBUCHMMOCTH TEIUIOEMKOCTH, TEIUIONPOBOAHOCTH W TEPMOIJIEKTPUUECKOM
JIBIDKYIIEH CHITBI TBEpBIX pacTBopoB AdsGerxMnyTes (X=0; 0,05; 0,1; 0,2). Ymensiuerue C, B untepsaie 180-325K oObsicHsi-
€TCsl BOSHUKHOBEHHEM CHJIBHOTO aHTapMOHHM3Ma M HECTAOMIBHOCTH KPHCTAUIMYECKON CTPYKTYpBI, @ YBEJINUCHHE TEIUIONpO-
BOJIHOCTH B uHTepBasie Temrepatyp T>350K - BkiiagoM Hocutenei 3apsiia. Hanbosibinast TepmoasniekTprdeckas 3(pheKTHBHOCTh
ZT=0,7 npu temreparype 550K momydena st TBeporo pactsopa coctaBa AgsGep,gsMnoos Tes.
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REFERAT

Mogalods titanin anodik oksidlosmo Usulu sintez  edilon
nanoboru (NB) quruluslu TiO, massivlarinin strukturuna vs
morfologiyasma anodlagdirict elektrolit torkibinin  tosiri
Oyronilmisdir. Alinan strukturlarm SEM tosvirlorinin tohlili
asasinda 0,75%(kiitlo%) NH4F va 2%(kiitla%) H.O tarkibli 3
miixtalif elektrolitdo  (etilenglikol, gliserin vo formamid)
alman TiO; tobagelorinin morfologiyasinda ciddi forglorin
olmas1 miisyyonlogdirilmisdir. Qeyd olunur ki, dielektrik
niifuzlugu yiiksok olan formamido mosamoali olmayan six
TiO, tobogosi omolo golir. Qliserin osash mohlulda
anodlasdirlmis niimunsnin sothi iso mezomosamali nizaml
olmayan struktura malikdir. Gostorilmisdir ki, TiO-
nanoborulardan togkil olunmus yiiksok nizamh qurulus yalniz
etilenglikol asasli mohlulda anodlasdirma aparildigda amala
golir.

GIRIS

Son illords Al Ta, Ti kimi muxtslif metallar
Uzorindo almmis  moasamoli oksid tobagalarinin
xassolorinin genis todqiqi apartlir. Bunun sabobi
onlarin funksional materiallar qisminds genis tot-
bigi ilo olagodardir. Optik soffaf metal oksidlor
sinfino aid olan nanoquruluslu TiO2 boylk soth
hocm nisbatine vo yilksok fotoaktiv sotho malik
olub, unikal xassalora malikdir vo nanohissaciklar,
nanocubuglar, nanotellor vo nanoborular soklinda
sintez edilir. Bu material hal-hazirda fotokata-
lizdo [1,2], boya ilo hossaslasan giinos batareyala-
rinda [3,4], 6z-0zunl tomizlomads [5], elektroki-
myavi cihazlarda [6], glinas batareyalarinda [7],
gaz sensorlarinda [8-10], displey ekranlarmm is-
tehsalinda [11] va s. saholords genis tatbig olunur.

TiO2-in nazik tobagalorinin alinmasi tiglin
muxtalif Gsullar, oclimladon sol-gel, hidrotermal
proseslar, firlanma ilo ¢iloma (spin-coating) vo
elektrokimyavi anodizasiya tisullart mévcuddur.

Sintez olunmus TiO2 material artiq elm vo
texnikamin miixtolif sahalorinds 6z effektivliyini
niimayis etdirmisdir, lakin bu materiallarin
oksariyyati toz donaciklor halinda olur ki, bu da
onlarin istifadosi osasinda aparilan proseslorin
texnoloji somaraliliyine vo maya dayarina monfi
tosir gostorir. Danaciklor halinda olan materialin
digor gatigmamazhigi onlarm sintezi vo saxlama
zamani bas veran aglomerasiya ilo slagadardir. Bu
halda onlar Olgiilori boyuk dispersiyaya malik
olur.

Bir cox hallarda elektrokimyavi anodizasiya,
prosesin sortlorini genis diapazonda doyisdirarok
nanool¢iilii borularm handasasini, Olgusinu vo
xassolorini idaro etmok gabiliyystino goro genis
totbigq sahosine malik nanostrukturlu materiallarin
sintezi (gun nishoton sado Usuldur. Anodizasiya
yolu ils alds edilan titan dioksidnanoborularifoto-
katalitik vo fotoelektrokimyoavi proseslorinds dons-
ciklora nisbaton bir sira istiinliiklora malikdirlar.
Belo ki, bu proseslords fotogenerasiya edilmis sor-
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bast elektrik yiik dastyicilarinin bir-birindon ayril-
masi vacibdir. Bir6l¢iilii TiO2 nanostrukturlarinda
yikdastyicilarmin  materialin  sothina ¢ixarilmasi
problemi movcuddur. Titan dioksid nanoborularin-
da ise elektron nanoborunun divari boyunca soth
istigamatindo sarbast harakat eds bilir va bununla
da yiikdagima problemi aradan qalxir.

Anodlasdirma tisulu ilo nanomasamoali vo ya
nanoboru quruluslu TiO> sintezi Ggun indium ga-
lay oksidi (ITO) nazik tobagssi ilo Ortiilmiis stiso
elektrodlara radiotezlikli magnetron  sopalonmoa
Usulu ilo yerlogdirilon 1mkm qalinhiginda titan
nazik tobagolarinin elektrokimyavi anodlasdiriima-
st yolu ils, 100-200mkm galmliginda olan titan
folgas1 miixtolif flliorion torkibli elektrolitlords
anodlagdirilir [1-3].

Odobiyyat materiallarindan [1-11] moalum-
dur ki, tinimainasins totbiq edilon anodizasiya gor-
ginliyino vo miiddatino nozarst etmoklo nanobo-
ru/masama 6l¢llorinin, diametr/uzunlug nisbatinin
istonlon tortibdo  doyisdirilmasi vo toxminan
10+250nm diametrinds yizlorlo mikron uzunlug-
da nanoborular alinmast miimkiindjir.

Anodizasiya yolu il alds edilon nanoborular
yuksok nizama vo dar 6lgllu paylanmaya malik-
dirlor vo bununla da onlardan yanacaq elementlori,
detektorlar, membranlar, katalizator dastyicilart vo
S. yaratmaq Ugun istifado imkanlart agilir. Bu so-
babdon, titan dioksid asasinda nanomateriallarin
yaradilmasi tiglin on perspektivli yanasma titanin
anodik oksidlosmasidir. Fluor torkibli mohlullarda
olds edilon anodik nanostrukturlu titan dioksid dar
oOlcllt paylanmaya va yiksok doracads 6zini tos-
kil etmoyo malik olan nanoborulardan ibarst mas-
sivdir. Anodda oksidlosma Usulu ilo alinmis TiO2
nazik tobagelorinin mosamoli qurulusuna bir sira
amillor tosir edir. Onlardan on osaslarindan biri
anodizasiya mohlulunun tarkibidir.

Todgiqatimizin osas moqsadi fluor torkibli
etilenglikol, dimetilformamid vo gliserin  kimi
muxtolif Uzvi elektrolitlorin TiO, nazik tobagalari-
nin morfoloji vo qurulus xassalaring tosirini mioy-
yanlogdirmokdir. Todgigat metodu kimi tobagolo-
rin sathinin morfologiyasimi skanedici elektron
(SEM) mikroskoplari vasitosilo todqiq edilmasi
usulu secilmisdir.

TOCRUBI HiSSO

TiO2 tobagolarinin sintezi tiiin altliq qismin-
do, sathi miikemmal daracads giizgll saviyyasinds
hamarlagdirilmis 150mkm galinliginda titan folqa-
sindan hazirlanan 2x2sm 6l¢iido 16vhodoan istifado
edilmisdir. Yardimei elektrod kimi platin spiralin-
dan, isci elektrod gisminds bilavasits titan 16vho-
sindan, halledici elektrolit mayesi gisminds isa tac-
ribadon asili olaraq, torkibinds 0,75% (kiitlo%)
NHF vo 2% (kutlo%) H20 olan ya etilenglikol, ya
formamid ya da gliserindon istifado edilmisdir.
Anodlagdirmadan bilavsito avval titan l6vholori
sothindoki yag, parafin va s. Uzvi va geyri-Uzvi
cirkablar1 aradan gotiirmoak 0gln, ultases vanna-
sinda ardicil olaraq, asetonda, etil spirtinds vo dis-
tillo edilmis suda 10 dagigo arzinds yuyulmusdur.

Anodda oksidlasma prosesi laboratoriyamiz-
da hazirlanmus iki elektrodlu elektrokimyavihicra-
do [12,13] miixtalif rejimlorda: (20-60V) gorginlik
vo (5-15°C) temperatur dipazonunda, 2-10 saat
arzinds aparilmisdir. Niimunoalor amorf TiO; quru-
lusunu kristal qurulusa gevirmok ¢lin havada iki
saat muddotinds 450°C-do termiki emal edilmis-
dir. NUmunolorin morfoloji xtsusiyyatlorini tohlil
etmok tiglin skaner elektron mikroskopiyasindan
(SEM) istifado edilmisdir.

AILNAN NOTIiCOLOR VO ONLARIN
TOHLILI

Sakil 1-ds etilen glikolda, anodlasdiriimagla
sintez olunmus tobagalorin sathinin va en Kastyinin
SEM tasvirlori, Sakil 2-da iso formamidds (solda)
Vo qgliserindo (sagda) anodlasdirilmaqla sintez
olunmus tobagalarin sathinin SEM tosvirlori gosto-
rilmisdir.

Sokil 1-doki  tasvirdon gorinur ki, titan,
etilen glikol asasl elektrolitdo anodlasdirdigdaaltl-
bucaqglinanoborulardan (NB) taskil olunmus yiik-
sok nizamli qurulus amala galir. Bu tabagolorin en
kasiyinin tasvirindan gérinur ki, TiO2 nanoborulart
(TNB) bir-birino paralel vo metal althiga perpendi-
kulyar istigamatds y6nolmisdir. Bu borularin xari-
ci diametri 250nm, uzunlugu 3mikron, divar qalin-
lig1 iso 10-20nm olmusdur. Borularin daxilids dia-
metri togribon 10nm olan masamolor gobokasi
movcuddur.
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Sokil 1
Titam etilen glikolasash elektrolitds anodlagdirmaqla alinan
TiO; tebagalarinin ssthinin vo en kasiyinin SEM tosvirlari.

Moalumdur ki, adabiyyatda bu clr borudaxili
masamalar sabokasinin mévcudlugu hagqinda mo-
lumat yoxdur. Qanastimiza gora, bu ciir sobakali
strukturun yaranmasi asagidaki kimi izah edilo
bilor. Daha oavvalki mogalslorimizds do [13,14]
geyd etdiyimiz kimi, NB-larin 6lgtilari vo strukturu
sintez prosesinin mévcud soraitindan (temperatur,
elektrolitin torkibi, anoda totbiq edilon potensial,
zaman Vo s.) birbasa asilidir. Anodizasiya prose-
sinin ilk marholosinds niimunanin sothinds kigik
diametrli mosamolar yaranir. Prosesin miiddoti art-
digca, onlarm say1 va sixliginin todricon artmasi
ilo aralarindaki mosafs azalir vo yaxin qonsular ilo
qovusmasi naticosinds daha iri diametrli masamo-
lor yaranir. Miisahido etdiyimiz strukturun yaran-
masi, apardigimiz prosesin méveud soraitindomo-
samolorin oldo edilo bilocak maksimal mumkin
diametrino ¢atmasi yolunda araliq morholoda
oldugunu oks etdirir.

Miisahido olunan strukturun xususiyyatlori
onu gostarir ki, onun formalagsmast mévcud sorait-
do aldo edils bilon an béyiik diametrli, i¢i bos olan
iri nanoborunun sintezi prosesinin araliq marholo-
sindo olarkan torafimizdon dayandirtimigdir.

Sakil 2-don goértndr ki, titan formamid asa-
sinda fliior torkibli mohlulda anodlagdirildiqda ti-
tan dioksidin na nanoborulu, no do ki, masamali
strukturu omoalo golmir. Qliserin asash mohlulda
anodlagdirilmis niimunanin sothi iso mezomosa-
mali struktura malikdir. Bu cir strukturlar nizam-
s1iz masamalar sobokasi ilo Xarakteriza olunur. Bu
ciir qurulusun formalasma sabobi titana tatbiq edil-
mis elektrik sahasinin tosiri altinda eyni zamanda
bas veran iki prosesin: oksid tobagasinin formalas-
masi v flior ionlarmin asmdirici tasirindan hall
olunmasi ils slagodardir.

Sokil 2

Titam formamid (solda, niimiina SO6) Vo qliserin (sagda,

nimiine S02) asasli elektrolitlords anodlagdirmaqla alinan
TiO; tobagalarinin sathinin SEM  tasviri.
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Caodval 1-do TiO; nanoborulu strukturun
alinmasi ti¢tin istifado olunmus tizvi halledicilorin
asas xassalari verilmisdir [5].

Cadval 1
25°C-da muxtolif elektrolitlorin fiziki xassslori [3,4,5].

Parametr Elektrolit névii
Etilenglikol [Formamid | Qliserin

Sixlig, g/sm® 1.11 113 1.26

Dielektrik 34.5 109.5 425

niifuzlulugu

XUsusielektrik ~ [1,16:106  |1,98-10®¢ | 6-10°®

keciriciliyi,

Sim-sm™

Ozliiliik, Pa-s 13.55 3.3 945

Codvaldan gorindiyd kimi, todgiq olunan
halledicilorin sixligt vo elektrik kegiriciliyi eyni
diapazondadir. Formamidanaliz edilon hoalledicilor
arasinda on Yyuksok dielektrik niifuzluguna (109)
vo minimal 6zlillys malikdir. Cox giman Ki,
dielektrik niifuzlugunun yiiksak, vo 0zlUllyin isa
asag1 olmasi sobabindan formamid osaslt elektro-
litdo fliior ionlar yiiksok diffuziya omsalina vo
mivafiq olaraq yuksok aktivliys malikdir. Bu isa
yaranan masamoli strukturun stratli kimyavi hall
edilmasina vo mosamasiz qatt quruluslu TiO2 oksid
tobagasinin amola galmosina sabab olur.Eyni za-
manda, qgliserin asash elektrolit, yiiksok 0zlillya
(945Pa-s) malik olduguna gora, fliior ionlarinin he-
rokatliliyinin tasiri az olur vo bu da TiO2 NB-larin
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NOTICO

Bu isdo fllor torkibli anodlasdirict mohluldaki
elektrolitin tobiatinin titanin elektrokimyavi oksid-
losmoasi naticasinds oldo edilon titan dioksid to-
bagoalarinin strukturuna vo morfologiyasina tasiri
Oyronilmisdir. Alinan strukturlarin SEM tasvirlo-
rindan istifada edarak, mixtalif elektrolitlorda alda
edilon TiO: tobagalorinin morfoloji va hondasi xi-
susiyyatlorindaki farglor gostarilmisdir. Qeyd edil-
misdir ki, hamar xarici sotho malik vo 6z-0z(ino
nizamlanmis TiO2 nanoborulu nazik tabagolar yal-
niz etilenglikol asasinda mohlulda alinmisdir. Bu
borularda xarici diametri 250nm, daxili diametri
iso togriban 10nm olan mosimalor sobokasi mov-
cuddur.

Belalikls, geyd etdik ki, titan dielektrik ni-
fuzlugu yiiksok olan formamid osash mohlulda
anodlagdirildigda masamali olmayan six TiO: to-
bagasi amalo galir. Qliserindo anodlasdirildigda
galin divar sathi olan TiO2 masamolorinin nizamsiz
strukturunun formalagmasi miisahido olunur. Bu
onu gostarir ki, miihitin 6zliiliiyii artdigca nanobo-
rulu qurulusun yaranma siirati ionlarin diffuziyasi-
nim zoiflomasi hesabina azalir. Demali, TiO2 nano-
borulardan toskil olunmus yiiksok nizamli qurulus,
yalniz etilenglikol asasli mohlulda anodlasdirma
aparildigda amalo galir.
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SYNTHESIS OF NANOSTRUCTURED TITANIUM DIOXIDE BY ANODIZING TITANIUM IN FLUORIDE-
CONTAINING ELECTROLYTE SOLUTIONS BASED ON ETHYLENE GLYCOL, FORMAMIDE, AND
GLYCEROL

S.Kh.ABDULLAEVA, Kh.D.JHALILOVA, JA.GULIYEV, P.F.JAFARLI, Sh.O.EMINOV

The effect of the anodizing electrolyte composition on the structure and morphology of TiO; arrays with nanotube struc-
tures synthesized through the anodic oxidation of titanium has been studied. Based on the analysis of SEM images of the obtained
structures, significant differences in the morphology of TiO- layers were identified in three different electrolytes (ethylene glycol,
glycerin, and formamide), each containing 0.75% (wt.%) NH4F and 2% (wt.%) HO. It is noted that in formamide, which has a
high dielectric permeability, a non-porous and dense TiO; layer is formed. In the case of glycerin-based electrolyte, the surface of
the anodized sample exhibits a meso-mesomorphic disordered structure. It has been demonstratedthat the highly ordered structure
composed of TiO, nanotubes is only achieved when anodization is conducted in an ethylene glycol-based solution.

CHUHTE3 HAHOCTPYKTYPUPOBAHHOI'O IMOKCHUJIA TUTAHA ITYTEM AHOJIUPOBAHUSA TUTAHA BO
OTOPUIACOAEPKAIINX JIEKTPOJIMTHBIX PACTBOPAX HA OCHOBE OTUJIEHIJIMKOJIA,
OOPMAMUJIA U TIMNEPUHA

CI ABAYJUIAEBA, X I.TXKAJNIOBA, Ix.A.I'YJIUEB, I1.®. JIKAPAPJIH, I11.O.MHUHOB

HccnenoBaHo BIMSTHHE COCTaBa aHOIMPYIOIIETO AIIEKTPOIUTA Ha CTPYKTYpY M Mopdonoruto MaccuBoB TiO» ¢ HaHO-
TpyOkamu (NT), CHHTe3MPOBAHHBIX METOIOM aHOIHOTO OKHCIIeHHs TuTaHa. Ha ocHoBe aHamm3a SEM m300pakeHHIA IOy YeH-
HBIX CTPYKTYp OBLTH BBISIBIICHBI 3HAUMTEIBHBIEC pa3idust B Mopgosiorun ciioeB TiO», TOIydeHHBIX B TPEX Pa3IMIHBIX AIEKTPO-
nTax (ITHICHIJIMKOIb, TJUIEPUH U (OpMaMu), KaKaplil u3 KOTOphix comeprkai 0,75% (macc.%)NHF u 2% (mace.%) HO.
OtMmeuaetcst, uTo B hopMaMujie, 00J1aIar0IIEM BEICOKOUW TMAIEKTPHIECKON TIPOHHUIIAEMOCTBIO, 00pa3yeTcsl HEOPUCTBIHN TIIOT-
He1i cnoit TiO,. B ciydae ucnons30BaHust SIIEKTPOSINTA Ha OCHOBE TIIMIIEPHHA TTOBEPXHOCTH AaHOJMPOBAHHBIX 00Pa3IOB UMEET
Me30MOphHY0 OeCTIOPIIOIHYIO CTPYKTYpY. BbIIo TOKa3aHo, 9TO BEICOKOYHOPSIIOUECHHAS CTPYKTYpPa, COCTOSIIAs U3 HAHOTPY-
60k TiO2, hopMHUpyeTCs TOJIBKO TPU AaHOAUPOBAHKMH B 3JIEKTPOJIMTE Ha OCHOBE STHJIEHTJIUKOJISL.

66



https://www.sciencedirect.com/journal/environmental-technology-and-innovation
https://www.sciencedirect.com/journal/environmental-technology-and-innovation
file:///F:/EE/Samira%20disserasiya%20%2003%20nov%2023/Samirann/FESİLLER%20%20DİSS/FESİLLER%20%20DİSS/v.%2018
https://doi.org/10.1016/j.eti.2020.100658
https://doi.org/10.1021/la802456r

AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va riyaziyyat elmlori seriyasi, fizika vo astronomiya 2024 Ne2

V]IK 621.315.592

TEPMOJJIEKTPUHYECKHUE MATEPUAJIBI HA OCHOBE TBEPJIOI'O PACTBOPA
Pbo,7sSno2s Te C JOBABKAMM OJIOBA

Ik ABIMHOBA", I'.3. BATUEBA

Aszepbatioacanckuii I'ocyoapcmesennuiii Iledazoeuueckuti Konneooc™
AZ-1065, Asepbaiiodican, e. baxy, Hnwaamuvinap, 45
Munucmepcmeso nayxu u oopazosanus, Mncmumym ¢huzuxu,
AZ1143, Azepbaiioscan, 2. baxy, np. I [rcasuda, 131
bagieva-gjulandam@mail.ru

Tomyyena: 12.12.2023
I[Mpunsita k nevaru: 01.03.2024

KimtoueBble crioBa: TBEpIBIA PacTBOP, TEPMOIIEKTPHIECKAs
3(HeKTHBHOCTH, M30BITOUHBIC ATOMBI, HJICKTPOAKTHBHbIC Ba-
KaHCHH.

PEDEPAT

Beumn rccnenoBaHbl ANEKTPOIPOBOIHOCTD, KO3 (HUIIMEHTHI
TEPMOdAC M TEIUIONPOBOJHOCTH  MOHOKPHCTAJUIOB
Pbg 755N 25 TE<SN>, Ha WX OCHOBE pacCcUMTaHa TEPMOIJIEK-
TpHYeCKasi JIOOPOTHOCTh ITHX MaTepHalioB JI0 M IOCJE OT-
skura B untepBatie 90-+-300K. [TokazaHo, 4TO TepMORIIEKTPU-
YecKUe MapamMeTpbl HEOTOMNOKEHHBIX KPUCTAILIOB OTpEaes-
IOTCSl, B OCHOBHOM, CTPYKTYPHBIMU HECOBEPIICHCTBAMH,
BO3HUKAIOIMMH MPH UX BbIpaliuBaHiy. OTKHT CYIIIECTBCH-
HO H3MEHSIET 3HAYCHUS M TEMIIEPATYPHBIC 3aBUCUMOCTH
TEPMOSJICKTPUUYECKUX MAPAMETPOB M3YYCHHBIX KPHUCTAILIOB.
O1H M3MeHeHHUsT 00YCIIOBIICHbI 3AICYNBAHUEM CTPYKTYPHBIX
Je(eKTOB, JOHOPHBIM JEHCTBHEM M30BITOYHOTO OJIOBA, CY-
[IECTBOBAHUEM B KPHCTAUIAX HEKOHTPOJIUPYEMBIX HPUMEC-
HBIX aTOMOB M DJICKTPOAKTHBHBIX BaKkaHCUI B TIOAPEHICTKE
KaTUOHOB.

BBEJIEHHUE

Temmypuz cBUHIIA, TEIUTYyPU/I 0JI0BA U TBEP-
Jbie pacTBOpsI cucteMbl PhTe-SnTe ucrons3yror-
Csl ISl U3TOTOBJIEHUS p- U N~ TUIIOB IPOBOJMMO-
CTU BETBEH TEPMODJIEKTPUUECKUX TI'€HEPaTOpPOB
paznmuHoro HazHaueHus [1-4]. TepmosnekTpuye-
ckas 3(p(eKTUBHOCTb 3TUX MaTEPUAIOB JOCTUTAET
CBOETO MAaKCHMAaJbHOIO 3HAUEHUS B AMAIa30HE
temneparyp ~550-850K. AxryanbHOW sBiseTcs
3a/1aya pacIIMpeHus Jrana3oHa TeMIeparyp mpu-
MEHEHUsI TBEpIbIX pacTBOpoB Pbi1,SniTe 3a cuer
CO3/1aHMsI HA UX OCHOBE COCTABOB C IOBBIIEHHON
TEPMOIIEKTPUIECKON A((HEKTHBHOCTBIO Ha pas-
HBIX TeMIepaTypHbIX ypoBHsaX. Haubonee Tepmo-
ANEKTpUYecKl A(P(EKTUBHBIM W3 TBEPABIX pac-
TBOpoB cucreM PbTe-SnTe sBmsercs cocras
Pbo,75Sng s Te.

TepmoonnekTpuyeckass 3(¢pekTuBHOCTE Z
MOJTYIIPOBOJJHUKOBOTO MaTepuasia OINpeAesseTcs

napameTpaMH 3JEKTPONPOBOIHOCTH G, KOd(du-
IIMEHTaMU TEPMOJJIC OL M TEIUIONPOBOJHOCTH Y.
DTH mapameTphbl, B CBOIO OYepellb, 3aBHCAT OT
KOHIICHTPAIMH 71, TOABWKHOCTH L, P HEKTHBHOIM
Macchl M, XapaKTEPUCTHK PENIeTKH MaTephana,
temrieparypsl T u T.1. Haubonee ctporum, Xotst 1
HE YYHTHIBAIOIIMM HEKOTOPBIC (haKTOPbI, SIBIISCT-
cs BeIpaxeHue dpdexruBHOCTH [5-7]

2,0 23230y, o m AT P

rJie Mo - Macca CBOOOJHOTO 3JIEKTPOHA, Yp - PeLIe-
TOYHAsI TEIUIONPOBOTHOCTb.

[Tonyyenne Zyake BO3MOXKHO, €ciM odecrie-
YUTh B MATEpUAIC ONTUMAIIbHYIO KOHLIEHTPALIUIO
HOCHUTEJIEH TOKa

n,,, = 22mkT)2 Ih?,
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rae k u h - mocrosiuubie bonbivana u [lnanka,
COOTBETCTBEHHO.

JIyummiM# TEPMOAJIEKTPUKAMHI OKa3bIBAIOT-
Csl TIOJYTIPOBOJAHUKHM WJIM TIOJyMETAJUIbl C KOH-
neHTpalmeil HocuTeneit Toka nopsaka 10%cm,

OnHako, Ha CEroHSIIHNUN eHb MHOTHE ac-
MEKTHI BIMSAHHUSA XUMUYECKOTO COCTaBa, JIETMpOBa-
HUSI, MUKPO- U HAaHOCTPYKTYphl Ha TEpMODJICK-
TPUYECKHE XapaKTEPUCTHKU TOIYIPOBOIHUKO-
BBIX MaTepUAIOB OCTAIOTCS HESICHBIMH.

Teepmpiii pactBop Pbo7sSno2sTe, kak u co-
enuierust PbTe, SnTe kpucrausyercst B KyOu-
YeCKYI0 TpPaHEICHTPUPOBAHHYIO PEIIETKY THIIa
NaCl u comep HT 3IIeKTPOAKTUBHBIE KaTHOHHbIE
BaKaHCHH ¢ KoHrenTparmeit 10 ~10%cm [3,8,9].
B cBs3u ¢ 3TUM KOHIIEHTpalUsi HOCUTENIeH TOKa B
TeJUTypUlaX CBHMHIIA W OJIOBA ONPENEISeTCs, B
MIEPBYIO OYepe/ib, STUMH KaTHOHHBIMU BaKaHCHSI-
Mu. BakaHcuuy Takoke SIBISIOTCS LIEHTpaMH pacce-
SIHUSL 111 HOCUTENel Toka U ()OHOHOB B 3TUX Ma-
tepuasiax. CormacHo ganaeiM [10-12], Tepmo-
AJIEKTPUYECKHE Mapamerpsl KpuctamwioB PhTe,
SnTe Tarke CYIIECTBEHHO 3aBHCST OT PEKUMa
TepMHUYECKON 0OpPaOOTKH, YTO CBSI3aHO C HAIWMYH-
€M B 3THX KpHCTaUIaX Pa3UYHbIX CTPYKTYPHBIX
HECOBEPILEHCTB, 00PA30BaBLINXCS MPU UX TMONTY-
YEHWU W M3TOTOBJICHHH SKCIEPUMEHTAIIBHBIX 00-
pa3LOB VI UCCIIENOBAHUMN.

BBeneHne pasmuuHbBIX IpUMeECEd, B TOM
YUClie aTOMOB CBHHIIA, OJIOBA, TEIUTypa B KpH-
CTaJUTBI TBEPIBIX pacTBOpoB Pbi1xSnyTe u coemu-
Henust PbTe, SnTe mNpUBOIKT K MOSIBICHHIO pe-
30HAHCHBIX COCTOSTHHH B ()OHE pa3pelieHHBIX 30H,
crabwmm3anuu ypoBHst @epmu [1,2,10,13-17], uz-
MEHEHHUIO KOHIICHTPAIMN KaTHOHHBIX BaKaHCHH B
HHX, YTO OTPAXKAaeTCsl B U3MEHEHMSX SJIEKTpUye-
CKHX, (DOTODIEKTPHUYECKAX W TEPMOIICKTpUYE-
CKHX CBOMCTB. JloOaBiieHHEM Taluusl ¢ KOHIIEH-
Tpammeir 10 2ar.% Ha (OHE BAJCHTHOW 30HBI
PbTe oOpasyercst mprMecHas 30Ha, PacHOJIOKEH-
Hasi puMepHO Ha 60MAB HIKE MOTOJIKA BaJICHT-
HOM 30HBI M MMetomas mwmpuHy ~30mdB, dro
MPUBOAUT K pocTy Tepmodac [18]. B obpasuax
Tlop2PhogsTe  skcrepuMEHTAIBLHO — HAOJOMAIICS
JBYKPATHBIA POCT TEPMOIIEKTPUIESCKON JTOOPOT-
Hoctu mipu ~700K 1o cpasHenuto ¢ PbTe [19].
Mo:xHO Tpefmonaratb, YT0 aHAJIOTHYHOTO H3Me-

HEHUSI B TEPMODJICKTPUUECKUX CBOMCTBAX MOKHO
JOCTUYb U BBEJCHHUEM OJIOBA CBEPX CTEXHOMET-
puu B TBepIbIii pactBOp Pbo75SNosTe.

B nannoli pabote, ¢ 1eNbI0 BBIICHEHUS 3a-
BUCHMOCTEH TEPMODJIEKTPUUYECKUX MApaMETPOB
OT KOHIICHTPAIIUH, BBEJEHHOTO CBEPX CTEXHOMET-
pUM  OJIOBA,  BBHIPAIIEHbl  MOHOKPUCTAJUIBI
Pbo75Sno2sTe ¢ u3oeirkom Sn o 1,0at.% u uc-
CIIeIOBaHbl UX 3JIEKTPOIPOBOAHOCTH G, KOd(hu-
IIUEHTHI TEPMOD]IC Ol U TETUIONPOBOIHOCTD ¥ B UH-
tepBanie Temreparyp ~90+300K. Ha ocnoBe us-
MEpEHHBIX 3HAYEHUH G, O, ) OLEHEHBI TEPMO-
ANEKTPUICCKUE IPPEKTUBHOCTH 7- U p- THIIOB
MaTepHasoB.

METOIUKA 9KCIIEPUMEHTA

CuHTe3 M BbIpalllMBaHWE MOHOKPHCTAIIIIOB
TBeporo pacrBopa Pbo7sSnoosTe co cBepx cre-
XHUOMETPUYHBIM 0J10BOM J10 1,0aT.% mpoBoauIMCh
B peXuMe, onucaHHbIM B padote [20]. O6pasip
JUISl MCCIIEIOBAHUI BBIPE3ATMCh W3 BBIPAIIEHHBIX
MOHOKPUCTAUTMYECKUX  CIUTKOB  JUAMETPOM
~8MM Ha 3JIEKTPOMCKPOBOM YCTaHOBKE B BHUJE
MPSMOYTOJIBHBIX LIMJIMHPOB BHICOTOH ~12MM.

TepMoanekTpryeckue mapaMerpsl (o, o, )
M3MEPSUTUCh METOJIaMU, ONUCcaHHbIMU B [21]. W3-
MEpEHHsI MapaMeTPoB MPOBOJMIIUCH HA HEOTOX-
YKEHHBIX TIOCJIE MX M3TOTOBJICHMSI 00pasliax U Ha
ATUX ke 00paslax, MPOIIEANIUX MOCIeA0BATENh-
HbI oTxur Tipu 673 u 773K B atrmocdepe aprona
B Teyenue 120 yacos.

IKCIHIEPUMEHTAJIBHBIE PE3YJIbTATbBI

Pe3ynbTartel M3MepeHHH TEepPMOIJICKTpHYE-
CKHX TIapaMeTpOB OOpPa3IOB TBEPIOTO pacTBOpPA
Pbo75Sno25Te, comeprkalmx CBEpX CTEXHOMETPUN
omoBo 110 1,0ar.% npu Temmneparypax ~90 u 300K
npuBeneHsl B Tabmuie. TepmodnekTpudeckas
a¢dexTrBHOCTE Z 00pa3IoB, MPECTaBICHHBIX B
Tabmuiie, Obl1a paccyUTaHa U3 BHIPAKEHUS

2
7 %0

1
7 (1)
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B nonynpoBogHrkax Ko3(hUIMEHT Tero-
MPOBOHOCTH ¥, B 00JIACTU NMPUMECHOW MPOBOIH-
MOCTH PaBEH CyMME PEIIETOYHON Yp U IEKTPOH-
HOM (> COCTaBJISIOIIHX

B ciydae monynpoBoJHMKA C OJHMM 3Ha-
KOM HOCHTEJICH TOKE (> TIOUMHSCTCS 3aKoHy Bu-
nemana-Opania
1 =A(el Ko, 3
rae K - nmocrosHHast bosbiiMaHa, € - 3apsii dJeK-
TPOHA, G - U3MEPEHHAs TP JIAHHOW TeMIleparype
AJIEKTPOIPOBOTHOCTH 00pa3ia, A - K03 HUIMEHT,
3aBUCSIINN OT CTCIICHW BBIPOXKICHUS DJICKTPOH-
HOT'O Ta3a U MEXaHHU3Ma PacCesiHusI HOCUTEIICH TO-
Ka. 3HaueHue napamerpa A MOXKHO ONPEIEIIUTh U3
M3MEPEHHBIX 3Ha4YeHUI Kod(duimenTa TepmMos;c
o o KpuBoi A = f(a) [22]. PaccunraHHbIe 11O

(3) 3HaYeHUs > U U3 (2) 3HAUCHUS ¥p TAKXKE MIPEa-
cTaBlieHbI B Tabnuire.

Ha Puc. 1 u 2 npuBeneHs! TemnepaTypHbie
3aBHCHMOCTH 3JIEKTPOIPOBOAHOCTH M KO3 hHIIH-
eHra tepmodzic B untepaie ~90+300K mis 06-
pastoB Pbo75Sno25Te<Sn>. BunHo, 4TO HE3aBU-
CHMO OT COJIEp)KaHUSI CBEPXCTEXHOMETPUYHOTO
onoBa, 6(T) HeoTOXOKEHHBIX 00pa3IoB o0IaIaeT
METaJUTMYECKUM ~ XapakTepoM. HeoToxokeHHbIe
obpaziet ¢ 0,0+0,10a1.% cBepxcTeXHuoOMeTpUIHO-
ro osioBa oT 90 o ~170+200K umeror ko3ppu-
IIUEHT TEPMOJJIC C OTPHUIIATETIbHBIM 3HAKOM. 3HAK
TEPMOJ/IC OCTATHBHBIX O0pA3IIOB MOJOKHUTETEHBIHN
BO BCeM HHTepBasie Temiieparyp. C pocToM Tem-
MepaTypsl 0. HEOTOMXOKEHHBIX O00pasIoB pacTeT.
Omxur obpasuos mpu 673K npuBoIUT K yMEHb-
IIIEHUIO UX AJIEKTPOIIPOBOTHOCTH BO BCEM MHTEP-
Bajie Temneparyp. Mckmouenue cocrasinsier oOpa-
3er, comeprkammii 1,0aT.% M30BITOYHOTO OJIOBA.
[Ipn sTom B mHTEpBasie ~125+250K Ha Temnepa-
TYPHBIX 3aBUCHMOCTSIX JIEKTPOIIPOBOJHOCTU 00-
pastoB, oToxokeHHBIX Tipu 673K, HabmromaroTcst
YYacCTKH aKTHUBAIMOHHOTO XapakTepa C SHEepruei
o 0,0353B. 3Haku o s Bcex 0OpasIoB TIpu
~90K oTpunareiabHble, C POCTOM TEMIIEPATYPHI O
CTEXHOMETPUYHOro coctaBa u obpasuos ¢ 0,1 u

0,5a1.% m30BITKOM O510Ba BhIIIE ~125 1 200K Mme-
HSIOTCS K MOJIOKUTEIbHOMY. OTKUT 3THX 00pa3-
1oB npu ~773K nmpuBOIUT K pOCTY HX 3JIEKTPO-
npoBoaHocty rpu ~90K 10 ~5 pas, G Bcex oOpaz-
[IOB UMEIOT METAUTMYECKYIO TEMIIEpaTypHYIO 3a-
BUCHUMOCTb, KOO(PQPHUIIMEHT TEPMOI/IC BO BCEM UH-
TepBajie TeMIIEpaTyp IJIsi CTEXMOMETPUYHOIO CO-
CTaBa CTAHOBUTCS TOJIOKUTENIBHBIM, a JUIA
OCTaJIbHBIX COCTABOB - OTpHLATENbHBIM. C pocTOM
TeMIIepaTypbl aOCOIOTHBIE 3HAYEHHs O 00pas-
0B, oToxokeHHbIX mpu 773K, pactyr. B Gomb-
IIMHCTBE CITy4YasiX B TEIUIONPOBOIHOCTH 00pa3oB
OCHOBHYIO pOJIb UTPAeT €€ PEIleTOYHAasi COCTaB-
mstroias yp. Tonpko B ciydae oOpasioB ¢ 0,51
1,0a1.% W30BITKOM OJIOBA 3JIEKTPOHHAS COCTaB-
JSTIOIIAs TETUIONPOBOAHOCTH MPEBOCXOUT pellle-
TOYHYIO.

Hanbonpiryto  TepMORIEKTpUYEcKyIo  3¢-
¢extuBHOCTE TIp ~300K mMmeroT oOpasmbl ¢
1,0a1.% W30BITKOM OJIOBa, OTOMOKEHHBIC TIPU
673K (~0,65-10°K™) 1 o6pazsl ¢ 0,05 u 0,1a1.%
M30BITKOM OJIOBa, OTOXOKeHHble Tmipu 773K
(~0,64-10°K* u 0,61-10°K?, coorBercTBeHHO).
OT1i 00pa3iibl UMEIOT 1-TUIT PoBOIUMOCTH. Cpe-
J1 00pasloB ¢ p-TUTIOM ITPOBOIMMOCTH HauOOJIb-
meid Z oOnagaeT CTeXHOMETPUYECKH COCTaB
TBepAoro pactsopa Pbo7sSnozsTe, oToxokeHHbI
npu 773K (~0,45-10°KY).

Beipatiiennsie Mmetonom bprmkmMena MoHO-
KPHUCTAILTBI TBEPJIOTO pactBopa
Pbo75SNo 25 Te<SN>, kak 1 Bce peabHbIe TBEPIbIC
TeJa, CONepKaT Pa3IMuHbIe CTPYKTYpPHBIE HECO-
BepiieHcTBa. OHM 3aBUCST KaK OT YCIIOBUH TOINY-
YCHUsI KPUCTAJUIOB, TaK W XapakTepa BHEITHUX
BO3JICUCTBUI TPH BBIPAIIUBAHUM, W3TOTOBICHUU
00pastioB u T.71. [Ipupona u moBeieHne CTpyKTyp-
HBIX Je(DEeKTOB B 3aBUCMMOCTH OT COCTaBa Pa3HbIC
M OCTaOTCS HEICHBIMU. DTO 00YCIIOBICHO MHOTO-
o0pazueM THUIOB JIeEeKTOB U BO3MOKHBIX BapH-
AaHTOB TpPHU B3aUMOJCHUCTBUM MEXAy CO00M U
npuMecsMA. Kpome 3Toro, 5TH HEeCOBEpIIIEHCTBA
HEYCTONYHMBBI, @ COCTOSHHE CHCTEMBI B 3TOM CITy-
yae HepaBHOBecHOE. TepmooOpaboTka B omperie-
JIEHHOM pEXHME TO3BOJISIET MOITYYUTh COCTOSIHUE
CHCTeMbl NPHOIMKEHHOE K paBHOBECHOMY. Tep-
MHYecKass 00paboTKa B YCTAHOBIICHHOM PEXUME
MO3BOJISIET TOJIyyaTh MaTepHan € 3aJaHHbIMU
CBOWCTBaMH.
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Puc.1
3aBUCHMOCTH 3JIEKTPOMPOBOIHOCTH HEOTOXOKESHHBIX ()
u otoxokeHHbIX mpu 673K (b) u 773K (€) B Teuenue 120
4acoB 00pa3LoB TBEpOro pacTBopa Pbo7sSNgzsTe <Sn>
oT Temriepatypbl. Kpusbie 1-6 oTHOCSTCSI K 00pa3iam ¢
0,0; 0,01; 0,05; 0,10; 0,50 u 1,0ar.%
CBEPXCTEXHOMETPUYHBIM OJIOBOM, COOTBETCTBEHHO.

120 1

-100 r

Puc.2

3aBrcuMoCTH K03 (HIMEHTa TEPMO3IC HEOTOXOKEHHBIX
(@) u otoxoxennsix pu 673K (b) u 773K (C) B TeueHue
120 yacoB 00pa3LOB TBEPJIOTO PacTBOpa
P0o,75SN0,25 Te<SN> OT TeMIiepaTyphL.
O6o3HaueHure Te e, 4To Ha puc. 1.

AHanu3 pe3yJsbTaToB BIMSHUS OTXKHUra Ha
TCPMODJICKTPUYICCKUC  TMMApaAMCTPbl  KPUCTAJLUIOB
Pbo75Sno25Te maer ocHoBaHue npearnonararb Cie-
naytomee. Kak m KpucTauibl Jpyrux peanbHBIX
TBEPIBIX TeJ, 00pa3Ibl HEOTOAOKEHHBIX KPUCTAJI-
JOB TBeproro pacrsopa PbozsSnozsTe comepxar
pa3MyHbIe CTPYKTYPHBIE HECOBEPILIECHCTBA. JTH
HCCOBCPIICHCTBA HI'PAOT POJIb PACCCHUBAIOIIUX
LIEHTPOB TSI HOCUTENEH TOKa U (JOHOHOB, a TAKXKE
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LIEHTPOB JIOHOPHOT'O WJIM aKLENTOPHOI'O XapaKTe-
pa. 3HayeHHs IEKTPUUECKUX MTapaMeTpoB U Tell-
JIONIPOBOJTHOCTH, M HX TEMIEpaTypHas 3aBUCHU-
MOCTb JUIl 0Opa3lOB Ha OCHOBE HEOTOXIKEHHBIX
KPUCTAJIOB ONPENEISAIOTCS, B OCHOBHOM, 3TUMU
HecoBepiieHcTBamMu. Ha ¢done ompenenstomieit
pOJIM  CTPYKTYpPHBIX HECOBEPILEHCTB, ACHCTBUS
M30BITOYHBIX aTOMOB OJIOBA U JIPYTHX BO3MOXKHBIX
(akTOpOB Ha TEPMOAIICKTPUYECKUE CBOICTBA
KPHUCTAJUIOB TBEPAOTo pactBopa Pbo7sSnozsTe He
0OHAPYKUBAIOTCSL.

[TocnenoBarensubiM oTxurom mpu 673K u 773K
B TeueHue 120 4acoB B KaXJIOM CIIy4ae CTPYKTYp-
Hble Je(EeKThl, BO3HUKAIOIIME B MPOLIECCAaX BbI-
panmBaHust KprCTaLioB Pbo75SNo 25T 1 M3roTos-
JICHUH U3 HUX 3KCIIEPHUMEHTAILHBIX 00pasIioB, 3a-
neuynBaroTcs. B pesynbrare, B 00pasiiax Ha OCHOBE
OTOMOKEHHBIX KPUCTAIOB KOHILIEHTPAIMs HOCH-
TeJIed ToKa M THIT IPOBOAUMOCTH ONPEIENSIOTCS,
B OCHOBHOM, COOCTBEHHBIMHU AJIEKTPOAKTUBHBIMU
BaKaHCHUSIMH B TOIPEIIICTKAX KaTHOHOB U aHUOHA,
a TaKkKe UMEIOIIMMUCSA UCXOAHBIMA HEKOHTPOJIH-
pyembiMu TipuMecsiMu. B oOpasiiax, mporieammx
OTXUT IIpu 673K IpOMCXOAUT YaCTUYHOE 3aIeUn-
BaHHE CTPYKTYPHBIX HecoBepileHCTB. [loaTomy B
ATUX O0pa3liax KOMIICHCALUS AJIEKTPOAKTHBHBIX
BaKaHCUM CTPYKTYPHBIMU HECOBEPIICHCTBAMU
nponomkaeTcs U Ha 6(T) BBIABIAIOTCS aKTUBAIH-
OHHbIE 00JIACTH, CBSI3aHHBIE HEKOHTPOJIUPYEMBI-
MU HCXOAHbIMU mpumecsiMu. Omxur npu 773K
MIPUBOJIUT K JaJbHEHIIIEMY 3aJIEYMBAHUIO CTPYK-
TYpPHBIX HECOBEpIIIEHCTB, U B 00pasiiax, Mmpoxo-
mamx omkur npu 773K, snektpudeckue mapa-
METPBI ONPEACISIFOTCS BAKAHCHSIMH B TIOJPEIIeT-
Kax KaTHOHOB M aHHOHA. ATOMBI OJIOBA, BBE/ICH-
HBIE CBEPX CTEXHMOMETpPUH, B 00pasliax, Mporuie/-
mmx omxur npu 773K, co3naBas HOBbIE JTIOHOP-
HbI€ I[EHTPBI, YBEIMYMBAIOT KOHLIEHTPAIUIO CBO-
OOTHBIX IIEKTPOHOB, 3JIEKTPONPOBOAHOCTh U Me-
HSIIOT 3HaK KOA(POUIMEHTa TEPMODJIC C TTOJOKH-
TEJILHOT'O HA OTPHUILIATENTbHBIIH.

3ajieurBaHusl CTPYKTYpPHBIX HECOBEPILIEHCTB CO-
MPOBOXKIAIOTCS OcNallieHueM paccessHust (OHO-
HOB Y YBEJIMUYEHUEM PELICTOYHON COCTaBIISIONICH
TETLIONPOBOAHOCTH Yp.

B nosynpoBOJHUKOBBIX CTPYKTYpax, B TOM YHCIIE
TEpPMOAJIEMEHTAaX, OJHOM M3 OCHOBHBIX XapakKTe-

PHCTHK SIBIISICTCS YNIEIbHOE KOHTaKTHOE COIPO-
THUBJICHUE [k KOHTAKTOB METaJLI-TIOYIIPOBOIHHUK.
B TepmoanemenTax mnapamerp 3¢ddexTuBHOCTH
onpeensieTcs BEIMYUHOM [6]
2

a 1 @
X ptr /2

re P - YAEIbHOE COMPOTHBIECHHE MOIYIPOBOI-
HUKOBOTO MaTepHaia, U3 KOTOPOro W3rOTOBJICHBI

Z, =

BETBH TepModieMenTa, ¢ - [ymHa BeTBeii TepMo-
AIIEMEHTA.

IIpu 300K B ciaydae TepmMOdIEeMEHTa Ha OCHOBE
KpPUCTAJUIOB Pbo,755n0,25 Te<1,0ar.%Sn> H
Pbo,75SNn0 .25 Te <0,05aT.% SN>, MpOMIEAMMX OTKUT

npu 673 u 773K, COOTBETCTBEHHO, C l =12cm
KOHTakTHbIM  cruiaBoM  Mac.%95In+4Ag+1Au
(re=1,51-10%Om-cM?), TepModnekTpruecKas -
(PEeKTUBHOCTb, BBIYMCIIEHHAs W3 BblpakeHUs (4),
cocrasisier ~0,60-10° K2,

3AK/IIOYEHHUE

HccnenoBano BnusiHue oTkura npu 673 u 773K
Ha TEPMORJIEKTPUUYECKHE CBOWCTBA (3JIEKTPONpPO-
BOJTHOCTb, KO3((PUIMEHTHl TEPMOJIC U TEIUIO-
MPOBOAHOCTH) MOHOKpUCTAIOB Pbo7sSng2sTe co
CBEPXCTEXMOMETPUUHBIM 0JIoBOM 110 1,0at.% wu
otieHeHb! 3(GEKTUBHOCT Z 3THUX MaTepUaliOB B
unrepBaiie ~90+-300K. Paccuutanbl 351eKTpOHHbIE
U pELIETOYHbIE COCTABIISIONIME TEMJIONPOBOIHO-
CTH KPUCTAJUIOB.

BeIsicHEHO, YTO TepMO3JIEKTPUIECKHE TapaMeTphl
HEOTOMOKEHHBIX  00pa3iioB  Pbo75SNo 25 Te<Sn>
OIPEJIEISIIOTCS, B OCHOBHOM, CTPYKTYpPHBIMH He-
COBEPIICHCTBAMH, BO3HUKAIOIIMMU TIPY BBIPAIIIH-
BaHUM KpUCTAUIOB. OTXKUT, yCTpaHsst 3TH CTPYK-
TypHBIE Ae(EKTHI, IPUBOINUT K BBHISBJICHHIO B 00-
pasiax poiM UCXOJHBIX MPUMECEH U ANEKTPOaK-
THBHBIX BaKaHCHI B TOJpENIETKaX CBUHIIA H OJIO-
Ba, & TaKXKe JOHOPHBIX IIEHTPOB, CO3/AaHHBIX U3-
OBITOYHBIMH aTOMaMH ojioBa. Hambombiryro 3¢-
(bEeKTHBHOCTB ITPU KOMHATHOM TeMmIiepaTrype ume-
0T OTOXOKeHHble Kpuctauiel ¢ 1,0at.% wu
0,05ar.% u30bITKOM O05I0Ba, OOYCIIOBIEHHBIE MX
Majion peIIeTOYHOM TEIIONPOBOTHOCTHIO
(~1,15+1,50 Br/cm-rpan).
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OLAVO QALAYA MALIK Pbo755n02sTe BORK MOHLULU O9SASINDA TERMOELEKTRIK MATERIALLARI
G.C.ABDINOVA, G.Z.BAGIYEVA

Stexiometriyadan 1,0at.% -dok slave galaya malik Phg75Sng2sTe monokristallarinin termoelektrik parametrlori 90-300K
intervalinda tadqiq olunmus vo termoelektrik effektivliklori hesablanmigdir. Miloyyon edilmisdir ki, termik igslonma ke¢gmomis
nimunslorin termoelektrik parametrlori asason kristallarda goyardilms zamani yaranan struktur pozuntulari ils toyin olunur. 673
Vo 773K-ds aparilan termiki iglonma homin pozuntulari aradan galdiraraq kristallarda méveud olan basglangic asqarlarin,
qurgusun vo qalay altgofaslorindoki elektroaktiv vakansiyalarin, habels slave galay atomlarmin yaratdigi donor markazlorinin
termoelektrik parametrlorino tosirini askarlamaga imkan yaradir. Otaq temperaturunda on yiksok termoelektrik effektivliyi
termiki islonmo kegmis 1,0 vo 0,05at.% olava galaya malik niimunalordo miisahide olunur (~0,65-103K™%).

THERMOELECTRIC MATERIALS BASED ON SOLID SOLUTION PhoSnozsTe WITH ADDITIONAL LEAD
G.D.ABDINOVA, G.Z.BAGIEVA

The thermoelectric parameters of Phg 7sSno s Te single crystals with tin addition from stoichiometry to 1.0at.% in the range
of 90-300K were studied and their thermoelectric efficiency was calculated. It has been established that the thermoelectric
parameters of samples that have not undergone heat treatment were mainly determined by the structural distortions that occur in
the crystals during annealing. Thermal treatment at 673 and 773K eliminated these violations and allowed detecting the influence
of initial additives present in crystals, electroactive vacancies in lead and tin sublattices, as well as donor centers created by
additional tin atoms, on thermoelectric parameters. The highest thermoelectric efficiency at room temperature was observed in
samples with addition of 1.0 and 0.05 at.% tin after heat treatment (~0.65-10°K™).
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PE®EPAT

PaccmoTpeHo TOBeneHHE BOAOPOAAa B KOHCTPYKIMOHHBIX
MaTepralax SICPHBIX U TEPMOSICPHBIX PEAKTOPOB, MPHBO-
JSIIIee K M3MEHEHHIO CBOICTB MaTepHAJIOB, a TAKkKE MX (H-
3UKO-XUMUYeCKHe cBOicTBa. OOOOIICHB! SKCIIEPHUMEHTAITb-
HBIC pE3yJbTaThl 10 WCCIICIOBAHUIO HAKOIUICHHS MOJICKY-
JSPHOTO BOZOpOAA TpPU TEPMHUYCCKUX, PaJUAIMOHHO-
TEPMHUYECKUX TE€TePOreHHBIX IMpPOIIECcCax B KOHTAKTE HEpKa-
BEIOIIEH CTalll U LMPKOHUM ¢ Bozoil. [lomyueHHble pe3yib-
TaThl CIIy>kKaT OCHOBOM JUIS TIepecMOTpa CLEHApHsT HOpMaJlb-
HBIX W aBapUIHBIX PEXHUMOB PAbOTHI BOJOOXJIAXKIAEMBIX
SIIEPHBIX PEAKTOPOB.

BBEJIEHHUE

B Hacros1ee BpeMsi B aTOMHOM SHEPIeTUKE
peobIaJaoT BOJOOXIIAXKIAEMbIe SIEPHBIE peak-
Topel. Jlns Ge3omacHOCTHM pabOTBI PEaKTOPOB
HEMAJIOBA)KHOE 3HAYEHHE HMMEET BbIIBJICHUE 3a-
KOHOMEPHOCTEN  HAKOIUIEHUSI  B3PHIBOOIIACHBIX
MPOYKTOB, 00Pa3yIOLIMXCS [TPU BO3JICUCTBUH H3-
Jy4eHHUs W TEMIIEpPaTypbl Ha TEIUIOHOCUTEIN U
coziepKalIyecs: B HUX MPUMECH B KOHTAKTE C Ma-
TEpUATIaMH SIIEPHBIX PEAKTOPOB B HOPMAIBHBIX U
aBapUMHBIX peXMMaxX padoThl. AHAIU3 JUTEpary-
pbI TOKA3bIBAET, YTO paHee ObLIM HCCIIEIOBAHBI
TEpPMHUYECKUE TPOLECCHl B3aUMOJICHCTBUS MapOB
BOJIbI C HEKOTOPBIMM MaTepHalaMH PEAKTOPOB.
OCHOBHBIMHM HCTOYHHKAMHU 00pa30BaHUSI MOJIEKY-
JSIPHOTO BOZIOPOZIa B HOPMAIBHBIX U aBapHHHBIX
peXMMax SBISIOTCSl MPOLECCH PAAMOIM3a JKHI-
KO U mapooOpa3HOi BOJIbI B TAPOMETAITNYECKON
peakumu. M3ydeHne 3aKOHOMEPHOCTEN paauany-
OHHO-TE€TEPOreHHBIX IPOLIECCOB B KOHTAKTE Pa3-
JIMYHBIX BEILLECTB C OKCUIAMH U Me-OKCUIHBIMU
COCTMHEHUSMH TIpU JIEUCTBUM HMOHU3UPYIOIIETO
M3IIy4eHUs] UMeeT OOJIbIIoe 3HAaYEeHNE TP perlie-
HUM (PU3UKO-XMMHUYECKUX aCTeKTOB MPOOJIEM pa-
JIMALMOHHOTO MaTepUaTIOBENCHUS U Oe30macHo-

CTH paboThl s/IepHBIX peakTopoB. MHpopmarus o
BKJIAJIE PAJMAIOHHO-TETEPOTEHHBIX IPOIIECCOB,
MPOUCXO/SIIIUX B KOHTAKTE BOJbI C PEAKTOPHBIMU
MaTrepruallaMi, B TEHEPAIHIO MOJIEKYJISIPHOTO BO-
JI0pO/ia OTCYTCTBYET.

W3 jyurepaTypHBIX JaHHBIX M3BECTHO, YTO
BOZIOPO/I TIPU  OIPENIENICHHbIX KOHIIEHTpALUSIX,
TeMIiepaType ¥ HalpsDKEHHOM COCTOSTHUM OKa3bl-
BAaeT 3HAUMTEIbHOE BJMSHUE Ha CBOMCTBA Mare-
puasioB, 0COOCHHO, Ha MEXaHHYECKHE, BBI3bIBAS
U3MEHEHHsl YIPYTMX XapaKTepUCTUK, CHIKas
npesies MPOYHOCTH M HATIPSDKEHHS, TUTACTHYHOCTD
(OTHOCUTENIBHOTO YJUTMHEHUSI U CY)KEHHUS) U BSI3-
KOCTb Pa3pyIIeHHUs, U3MEHSISI XapaKTep paspyliie-
HMS OT BA3KOro K xpynkomy [1-10]. B nacrosiee
BpeMs B sIZICPHOM DHEPTeTUKE TPE00IIaqatoT BOIO-
BOJSHBIE  OXJXKIAaeMble YCTaHOBKM  (BOZO-
BOJISTHBIE SHEpreTryeckue peaktopsl (BBOP)).
Bo3HuKHOBEHHE BOJOPOAHBIX MPOOJIEM B peak-
TOPHBIX MaTepHaiax MOXeT ObITh 00YCIIOBIEHO
IEJTBIM PSZIOM TIPUYHH: 00pa30BaHME B KOHCTPYK-
IIMOHHBIX MaTepuasiax TOHKUX Ia30BBIX MPOCIOEK
MOJIEKYJISIPHOTO BOZIOPO/Ia C BBICOKUM JaBJICHH-
eM, YTO OOJerdyaer paspyuieHue; JOKaIU3aIUIo
BOJIOpOJIa B Tporiecce aedopMaryiu (HarpaBieH-
Has UQQy3ust BOAOPOIa COBMECTHO C JIUCIOKA-
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UMUK TPaHUIIaM U B 00JIacTh JEHCTBUS PacTsi-
TMBAIOIIMX HAIPSHKEHHI); CHIDKEHHE IOBEPX-
HOCTHOW SHEPTrUM MeTajuia Mpu adcopOIum aro-
MapHOro BOAOPOJIa Ha MOBEPXHOCTSX (HAPY>KHBIX
Y BHYTPEHHUX), IPUBOJIAILECE K CHIKEHUIO pabo-
Thl eOpMaIMU U CO3IAHUI0 HOBBIX MOBEPXHO-
CTel, T. €. ()aKTUUECKOMY CHIKEHUIO KpUTHYE-
CKOTO HampsbKeHHs 00pa3oBaHUsI M Pa3BUTHUS
TPELIMHBI, YMEHbIIEHHE TTOBEPXHOCTHON SHEPTHU
U OociablieHne MEXaTOMHBIX CBsi3el B 30HE pas-
pYIICHUs;  OclablieHHe  MEKKPUCTAJUTUTHOM
MIPOYHOCTH; 00pa30BaHHUE XPYNKUX TUIPHIIOB B
30HaX PACTATUBAKOIIMX HanpsokeHwid u ap. Bee
9TO CBUJIETENILCTBYET 00 MHTETPAIbHOM BIMSHUU
BOJIOPO/Ia HA MHOTHE aCIEKThl MEKaTOMHOMN CBSI-
31 uepe3 BIHSIHUE Ha AJIEKTPOHHOE COCTOSIHUE Me-
TaJuia, MOCPEIACTBOM OTIAa4X WIIM TIPHCOETHHEHUS
3JIEKTpoHa [2].

K kareropum peakTOpHBIX MaTepHalioB OT-
HOCSITCSI MHOTHE KJIACChI CTaJICH, IMPKOHMS, CILIa-
BBl IIUPKOHMS, TPA(UTHI, PA3INYHBIC COCIMHEHHS
u criaBbl. CTeneHb BIMSHUS BOJIOPO/A Ha CTPYK-
TYpHO-()a30BOE€ COCTOSIHHE U, CIIEI0BATEIBHO, HA
CBOWCTBA PEAKTOPHBIX MAaTepHalioB 3aBHCHT OT
TPUPOJIBI MAaTEPHAIIOB, OMPEIEISIIONIEH XapaKTep
(U3HKO-XMMHUYECKOTO B3aUMO/IEICTBHS BOIOPO/A
C MarepuasiaMy, pa3JessIIolieil MaTepuasl Ha JiBe
TPYIIIBI IO PEAKIUH PACTBOPEHHUS BOJOPOJA: H-
norepmuueckas (Fe, Ni, Mo, Al, Cu u ap.) u 9x30-
tepmudeckast (T1i, V, Zr, Nb, Hf u 1p.) [11-16].

Lenbto Hacrosmiel pabOThl SBISETCS HC-
CIICZIOBaHHUE PAAMAMOHHO-TEPMUYECKUX M Tep-
MHYECKHX MPOLECCOB PA3IOKEHHs BOAbI B KOH-
TaKTe HEP)KABEIOIISH CTAIN M IUPKOHMUS TIPU Pa3-
JIMYHBIX TEMIIEpaTypax.

METOIUKA OKCIIEPUMEHTOB

B npoBoMMBIX HAMH 3KCIIEPUMEHTATBHBIX
paboTax co3maBajach MOJCTb PEAKTOPHBIX YCIIO-
BUIi KOHTaKTa KOHCTPYKI[HOHHBIX MaTEpUaJOB C
TEIIOHOCHTENIeM. VcclieToBaHusl TPOBOIMITCH B
CTaTUUECKUX YCJIOBHSX B CIICIUAIBbHBIX KBapIle-
BBIX ammynmax oosemom 1,0+1,1cv®. B kagecTse
O0BEKTa WCCIICHOBAHUS Opal HEp)KaBEIOIIYIO
CTaJIb ¥ LIMPKOHUM B BUJIE TOHKOM JIEHTHI. J{J1s1 rc-
KITFOYCHHST OPraHMYECKHUX 3arps3HCHHN MOBEPX-
HOCTH B TIpOLIEcCe 0OPa30BaHUS MOJICKYIISIPHOTO

BOZIOpOZIa 00paslbl MPEABAPUTENHHO OYHUIIATIN
OpPraHMYeCKHMH  PACTBOPUTEISIMU:  STHJIOBBIM
CIIUPTOM, allETOHOM, a 3aTeéM IPOMBIBAIU -
CTHJUTMPOBaHHOW BOjoM. IloTromM 00Opasiibl BEICY-
mmBau npu temmneparype 300+320K B cpene
uHepTHOro raza (Ar). BeicymieHHble 00pasibl
MOZBEPrajid TEPMOBAaKYyyMHOM 00paboTke cHaya-
nanpu T = 373K, a 3atem npu T=673K, P<10>mm
pr.cT. HamonHenue amiyn BoAOiM W 3armanBaHue
NPOM3BOIMINCH Ha BaKyyMHO-aJCOPOILIMOHHON
ycranoBke. VccienoBanusi paaualioHHbIX U pa-
JIMAIMOHHO-TEPMHUUECKUX TPOLIECCOB IPOBOJIU-
JIMCh HA M30TOMHOM MCTOYHHKE y-KBaHTOB °Co ¢
TIOJZIEPIKKO# TEMIIEPATyphI ¢ TOYHOCTHIO 10 +1°C.
Jlo3umeTpusi UCTOYHMKA OCYIIECTBIISIACh XHMHU-
YeCKUMH  JIO3UMeTpamMu:  (eppocyib(aTHbIM,
IIMKJIOTEKCAHOBBIM M METAaHOBBIM. ['a30BbIE IpO-
JYKTbl TPOLIECCOB MEPEBOIMIN B CIIELUAIbHbIE
rpaayupOBaHHbIe 00BEMBI M AHATM3UPOBAIN Me-
TOJIOM Ta30BOW Xpomartorpaguu Ha XpoMarorpa-
be «Agilent-7890». IIpu pagHOIUTHYECKOM IIPO-
necce npu T=300K B cocraBe razoBbIX MpPOIYK-
TOB, kKpoMe Hz, Habmonamu takxke Oz, a ipH Tep-
MOpPaAMaIOHHOM Tporiecce - TobKo Ha.

PE3YJIbTATBI U OBCYXJIEHHUE

C 1enbio BBISIBJIICHUS BIIMSIHUSI HEP)KaBEIO-
Il CTalM Ha PaJMOJIN3 BOJBI MCCIIEIOBAHA KH-
HETUKAa HAKOIUIEHHS MOJIEKYJSPHOIO BOAOPOAA
IIPY PAAVOIUTHYECKOM PA3JIOKEHUH BOABI U CH-
CTeMBbl BOJIa+pEaKTOpHAsl HEp)KaBerolllasi CTallb
npu T=300K, xortopsie npuseneHs! Ha Puc.l. Ha
OCHOBE KMHETUYECKHX KPUBBIX OINpPEIEIECHbI 3Ha-
YeHMsl paJUalliOHHO-XUMHYECKUX BBIXOZOB BO-
nopona G(Hz) va 1003B morsiomnieHHoi co cTopo-
HBI BOZIbI DHEprum, koropsle pasHbl 0,44 u 0,71
MoJiekys/1005B 1t 9ucToi BOABI M CUCTEMBI BO-
JatHepKaBerolas crajib, COOTBETCTBEHHO. Hal-
mroaeMbIid ipupoct 3Hauennid G(Hz) mpu pammo-
m3e H2O B mpucyTCTBUM HEpXKaBEIOLIEH cTanu
10 CPAaBHEHMIO C BBIXOJIOM PAIMOJIM3a YUCTOM BO-
JIbI MOXKET OBITh OOBSICHEH BBIXOJJOM 3MHUTHPO-
BaHHBIX M3 MeTajUla NPH BO3JEHUCTBUU Y-KBaHTOB
O-3J7IGKTPOHOB M 00pa30BaHUEM Ha TIOBEPXHOCTH
HEPIKABEIOLIEH CTaIM aKTUBHBIX LIEHTPOB pa3lio-
HKEHMSI.
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KuHerueckast KpruBasi HAKOILUICHUST MOJICKYJIIPHOTO BO-
ZIOpOJia MPH PaJualldOHHO-KaTATUTHYECKOM TIporiecce
Pa3JI0KeHHs BOABI B IPUCYTCTBHU HCXOAHOTO 00pasia

HepxkaBeroreii cramm npu T=300K, D,=0,11 I'p/c.

CKOpOCTh  paIMAIIMOHHON  COCTABIISIOIICH
Whp(H.) pannanioHHO-TepMUYECKOrO HAKOILICHHS
MOJICKYJISIPHOTO BOZIOPOZIa MOXKET OBITh OIpesie-
JICHBI U3 Pa3HHIIBI CKOPOCTEH

Wy (H,) = Wpr (H,) — WT(H:],

rie W, (H,) - CKOpOCTh paJHallMOHHON COCTaB-
JSIOILEN paJalliOHHO-TEPMUYECKUX MPOLIECCOB;
Wpr (H,) - CKOPOCTB paIMaliMOHHO-TEPMUUYECKHX
IIPOIIECCOB;

Wy (H,) - CKOpOCTb TEPMUYECKHUX HPOLIECCOB.

CKkopoCTH 3THX IMPOLIECCOB ONpPENEIECHBI U3
KWHETUUYECKUX KPHUBBIX HAKOIUIEHHUS MOJIEKYJISpP-
Horo Bosiopoja (H2) momyueHHbIX KOMITOHEHTOB B
UJICHTUYHBIX YCIIOBUSIX.

Ha Puc.2 npuBeneHs! 3aBUCUMOCTH CKOpO-
CTEll pagualMOHHO-TEPMUUYECKUX U TEPMUUYECKHX
TIPOLIECCOB OT TEMIIEPATYPhI B KOOPIMHATAX:

v 1)
lgW?* = f(T)

Kak BuiHO, Ha TemnepaTypHON 3aBHCHUMO-
CTU CKOpOCTEN paJualiOHHO-TEPMUYECKUX IPO-
1IecCCOB HabOmrogaroTcst 1Be obmactu. I[lepBas 00-
macte T=300+673K xapakrepmsyercsi sHeprueit
aktuBaimu E,=11,16x/[/MONb U COOTBETCTBYET
pamuanmonHomy mipoueccy. Haumnas ¢ T=67K,
Ha0JroIaeTcsl TepMHUYECKas COCTaBJISIONIAs TPO-
1ecca HAKOIUIEHHSI MOJIEKYJISIPHOTO BOJOPOJA.
Kak BugHO 13 Puc.2, sHeprum akTuBaluu paaua-

IIMOHHO-TEPMHUYECKUX ITporieccoB Bo |l obmactu
TEPMUYECKUX TIPOIIECCOB SIBIISFOTCSI ONMHAKOBBI-
MU, 1 paBHbI E.=61,52KkJ[>k/MOJTb.

11 T ,
1 25 4

1T10%8 K

Puc.2

TemnepatypHbie 3aBUCUMOCTH CKOPOCTEH TepMIHe-
ckux (1) v paguanoHHO-TePMIIECKHUX (2) POIIECCOB
HAKOILUICHHUSI MOJICKYJIIPHOTO BOIOPO/Ia B KOHTAKTE
HeprkaBetoreit cram ¢ Bojoi npu D,=0,11Tp/c.

OT0 yKa3bIBaeT Ha TO, YTO MPH PaJIUAIMOH-
HO-TepMHYecKuX mpoueccax npu T>673K u Tep-
MHMYECKHE MpOILECChl BKIIIOYAIOT B celsi Gonee
SHEProeMKHE IMPOIECChl, KaK aKTHBAIHs TTOBEPX-
HOCTHBIX aTOMOB M PEaKIIMs METAILI-BOIA.

HccnenoBaHa KUHETHKA HAKOTUICHHST MOJIE-
KYJISIPHOTO BOZIOPOJA TPU PaJHallIOHHO-TEPMHU-
YECKUX MpOoIieccax MPH Pa3IMYHbIX TEMITepaTypax
(Puc.3).
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KuHetnueckne KpHBbIe HAKOTIICHHUS MOJIEKYJIIPHOTO BO-
JIOpOZa TIPH TeTEPOreHHBIX MPOLIEccax B KOHTAKTe Zf ¢
BOJIOH: | - Tepmurdeckwii poniecc npu T=473K;
2 - paguaIoHHO-TepMuUecKuii rporrece T=473K;
paamaoHHo-TepMudeckuii porecc T=773K.




T.H.ATAEB, C.3.MEJIMKOBA, 1.A.®APAJDK3AIE, 1. A MAMEIBSPOBA

I'paBUMETpUYECKUM METOZOM OIPEAEICHO
00pa3zoBaHue OKCUIHOM (has3bl HA MOBEPXHOCTH ZI
B PE3yJbTaTe pPaIHallMOHHO-TEPMHUYECKUX IPO-
LIECCOB B KOHTakTe ¢ Bojou [17]. Ha ocHoBe mo-
JIYYEHHBIX PE3YJIbTATOB MOXHO C/IENaTh 3aKJIO-
YeHHe, YTO OKCH/HAs IUICHKAa M MOJICKYJISPHBIN
BOJIOPOJ] OOpa3ylOTCsl CTEXHMOMETPUYECKUA TI0
YPaBHEHHIO

Zr + 2H,0 - Zr0, + 2H,

Kunernueckue KpuBbIe HAKOIJICHHS MOJIe-
KyJSIPHOTO BOZIOpOZA IPU PaJUALIOHHO-TEPMU-
YeCKHX IPOLECCcaX, YCIOBHO, MOXXHO Pa3JeinTh
Ha chemyromme obmactu: | - o0macte, cOOTBET-
CTByIOIIAsi HaKorwieHus1 Hz B pesynbrare rerepo-
T€HHBIX MPOLECCOB C OOpa30BaHUEM 3alUTHON
OKCHJIHOHM (pa3bl Ha MOBepXHOCTU LUpKoHUsT; Il -
obnacte oOpasoBanus Hz B pesynbrare paspym-
TEJIFHOTO OKHCIICHHUs] MaTepuaioB. Ha ocHoBe mo-
JIyYCHHBIX 3aKOHOMEPHOCTEH paJualliOHHO-TEp-
MHYECKHX TIPOIIECCOB HaKOIUIeHnsI Hz B KOHTaKTe
METAUTMYECKUX MAaTepHalioB C BOAOW MOXKHO
ONPENIeTINTh KOHIIEHTPAIMIO MOJIEKYJISIPHOTO BO-
JI0pofia B TEIJIOHOCUTENE B PEaIbHBIX YCIOBHSX
SIIEPHBIX pPEakTOpoB. M3 3HaueHuii ckopocTen pa-
JIMALMOHHON COCTaBIIIOLIEH paAualliOHHO-TEep-
MHYECKHX TPOIECCOB PACCUUTAH pPaIHAI[MOHHO-
XUMHUYECKUH BBIXOJI MOJIEKYJISIPHOIO BOJIOPO/Ia Ha
SHEPTU0, TIOTJIOMICHHYI0 BOAOW B CHCTEME
Zr+H:0.

Ha ocHOBe TIONTy4eHHBIX Pe3yIIbTaToOB paju-

AlIMOHHO-TETEPOTreHHbIE TPOILIECChl, MPOTEKAro-
IMe TIPU BO3/ICHCTBUHM MOHHU3UPYIOIIETO M3ITyde-
HHS U TEMIIepaTypbl, MOXKHO pa3JeiuTh Ha Clle-
JYIOIIME TPYTIIIBL:
PaMaMOHHO-TETEPOTEHHBIE TPOIIECCHI, TIPU
KOTOPBIX CKOPOCTh paJHallMOHHBIX IPOIIEC-
COB Tpeo0iafaer HaJl CKOPOCTbIO TepMHUYE-
CKHX TIporieccoB. B aToM ciyuae BKJIagoM
TEPMUYECKUX TIPOIIECCOB C YYacTHEM aKTHB-
HBIX MPOMEXYTOUYHBIX TPOIYKTOB MOXKHO
peHeOpeyb.

1. C.M.Ko3nos. Booopoonas suepeemuxa: Cogpe-
MEHHOe CcoCcmosiHue, npoonembvl, NEPCNEeKNUBH,
Mocksa, Taznpom, (2009) 520.

paAnalMOHHO-TEPMUYECKUE  TI'€TEPOreHHbIE
IPOLIECCHI, TIPU KOTOPBIX B NEPBUYHBIX MPO-
1eccax pasjoXKeHHs NMpeoOnasatoT pajuaiy-
OHHBIE, a B IpoLIecce 00pa30BaHMsI KOHEYHBIX
HPOAYKTOB OOJIBIION BKJIAJ BHOCAT TEPMHUUE-
CKM CTUMYJIMPOBAHHBIE BTOPUYHBIE MPOLEC-
CBI.

TEPMUUECKUE TETEPOreHHbIE MPOLECCHl, T
CKOPOCTb TEPMUYECKUX IIPOLIECCOB PA3II0Ke-
HMS BOJIbl B KOHTAKTE C KOHCTPYKIIMOHHBIMU
MarepuagaMi IpeodalacT HaJl CKOPOCTHIO
PaanalMOHHO-TETEPOTreHHbIX MPOLIECCOB.

3AK/IIOYEHHUE

[ToBenenue BoOpoIa B 00ITyYaeMbIX MaTe-
puanax mpeacTaBisercs eme OoJee CIOKHBIM,
4YeM B CIIOKHOJIETHPOBAHHBIX CIUIABAX, B CTAIAX.
CyIiecTByeT SKCIIEPUMEHTAIBHO ITOTBEPIKIICH-
HOE MHEHHE O TOM, YTO COCTOSIHHE BOJOpOAa B
Marepragax MOXET M3MEHSThCS, MPUIEeM OHO 3a-
BUCHUT OT TEMIIEpaTyphl. BbIsSBIEHO, YTO MOBBIIIIE-
HHUE TEMIIepaTyphl PaJUAlMOHHBIX IPOIECCOB B
KOHTAaKT€ C METAUTMUECKUMH MaTepuallaMy BbI-
3bIBACT YCKOPEHHE Ppa3lIOKEHUSI BEUIECTB, IIOJI-
BEPrarouXcsl paJuoNn3y U OKHCICHHUIO MOBEPX-
HOCTH KOHCTPYKIIMOHHBIX MarepuaioB. DPdekt
TeMITIEpaTyphbl B PaHAIIOHHBIX MIPOIIeccax B KOH-
TaKTax METAUIMYECKUX MaTepHaloOB C HCCIIEIye-
MBIMH CUCTEMaMH CBSI3aH C YCKOPEHHUEM SMHCCHU
BTOPUYHBIX U3ITyYCHU U 0Opa30BaHHEM TEPMH-
YeCKH MMOBEPXHOCTHO-aKTHBHBIX IIEHTPOB U TEp-
MHYECKAM CTUMYJIUPOBAHHEM BTOPHYHBIX XUMH-
YeCKHX TpoIleccoB. B pe3ynbrare paauiaiiioHHO-
XHMHYECKHAX TIPOIIECCOB PA3JIOKEHUS BOJIBI U BO-
JIOCOZIEPYKAIIMX CUCTEM B TIPHCYTCTBUH ITUPKOHUS
W HEPKABCIOIINIA CTATM B HAYaJIBHBIX BPEMEHAX
KOHTaKTa Ha TIOBEPXHOCTU 00pasyercs 3aluTHas
okcuaHas aza, a mpu  OONBIIMX BpeMeHax
Halmoaercst 001acTh KaTacTpOPHIECKOrO OKUC-
JICHUS] METAJUIOB.

2. Handbook of Hydrogen Energy, Edited by S.A.
Sherif, D. Yogi Goswami, E.K. Stefanakos,
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REAKTOR KONSTRUKSiYA MATERIALLARINDA HIDROGEN PROBLEMLORI

T.N.AGAYEV, S.ZMOLIKOVA, i.A.FORDCZAD®D, i.0.MOMMODYAROVA

NlUva vo termoniiva reaktorlarmin konstruksiya materiallarinda hidrogenin yaratdigi problemlor, materiallarin
xassalorinin, habelo onlarm fiziki-Kimyovi xassolorinin doyismasine sabob olur. Paslanmayan polad vo sirkoniumun su ils
tomasinda termiki, radiasiya-termiki heterogen proseslor zamani molekulyar hidrogenin amoalagalmasinin todgiqi Uzro tocriibi
naticalor Umumilosdirilmisdir. Miioyyan olunmusdur ki, alman naticalor su ilo soyudulan niivs reaktorlarmin normal vo (oza is
rejimlarinda yeniden baxilmas tigiin asasdir.

HYDROGEN PROBLEMS OF REACTOR CONSTRUCTION MATERIALS
T.N.AGAYEV, S.Z.MELIKOVA, |.AFARADJZADE, | AMAMADYAROVA

The behavior of hydrogen in construction materials of nuclear and thermonuclear reactors, leading to changes in the prop-
erties of materials, as well as their physicochemical properties, has been considered. Experimental results on the study of the ac-
cumulation of molecular hydrogen during thermal, radiation-thermal heterogeneous processes in the contact of stainless steel and
zirconium with water were generalized. It was revealed that the results obtained serve as the basis for revising the scenario of
normal and emergency operating modes of water-cooled nuclear reactors.
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REFERAT

Mogalods AAO-da (Anodda oksidlosdirilmis Aliiminium
Oksidds) hom aliminiumun anodda oksidlosdirilmasi, ham
do elektrokimyavi tsulla Ni metalimn ¢okdiiriilmosi
proseslorinin  9sas mexanizminin tosviri vo oksidlogmo
parametrlorinin AAO strukturuna tosiri miizakira olunur.
Mosamoli aliiminium oksidinin nizamlanmis nanoborularina
nikelin ¢okdirilmasi Gglin yiksak somaroli Gsul tagdim
edilmis, nikelin alinmasinda elektrokimyavi ¢okdiirma tsulu
daha mogsads uygun oldugu gostorilmisdir. Aliiminium
oksid nanomasamalarinds nanotellorin  boyimo  siiratinin
toxminon 100%-indo yalniz ¢ox kicik bir dalgalanma
miisahids edilmisdir.

GIRIS

Masamo strukturunun 6l¢lst vo galmligma
gora ucuz vo elastik, yiuksok nizamlanmis metal
nanotel massivinin istehsali daha mogsads uygun-
dur. Miiasir texnologiyanin inkisafinda nanostruk-
turlarm iglonib hazirlanmasi, onlarm &yronilmasi
Vo totbiqi ¢ox miihiim rol oynayrr. Informasiya
texnologiyalarn siirotli inkisafi ilo olagedar olaraq
rogomsal informasiyanin qeydiyyatt vasitalorinin
texniki imkanlarinin  genislondirilmasi  zorurati
yaranmigdir. Hal-hazirda miixtalif cir informa-
siyanin magqnit asash dastyicilart genis yayilmisdir.
Moalumat saxlama sixlig1 vo saxlanmis moalumatla-
11 aldo etmak suirati cohatdon heg bir digar texnolo-
giya onlarla ragabat apara bilmaz. Bu xarakteristi-
kalarin daha da yaxsilagdirilmas1 magsadi ilo in-
formasiya dasiyict qurgular tgiin daha yiiksok
magnit parametrlori olan yeni magnit materiallarin
islonilmasi ¢ox aktualdir.

Domir, nikel, kobalt vo onlar asasinda
arintilor kimi maqnit materiallar, onlarin yiiksok
sixligl magnit geydetma (maqnit yaddas) element-
lori, sensor elementlarinin bioloji doarmanlarin canli

organizmlarda nogliyyat va tinvanli ¢atdirma sis-
temlordo mumkiin totbiglorina goro hal-hazirda on
cox todqiq edilon quruluslardir.

Yuksok dorocads tomiz (1 99,99%) metallik
aliminium (Al) tobagosi bir sira elektrolit mohlul-
larin (sulfat H>SOs, oksalik-tiirsong H2C2Os vo
H3PO4 ortofosfor tursulart) daxilindo 20-150V sa-
bit gorginliyi tatbiq etmoklo anodda oksidlogsmo
yolu ilo alinan mosamoli aliminium dioksidi
(Al203) osasinda sintez olunan tobogo birdlgllu
nanohissaciklorin (hanondgtalorin) vo nanomoftil-
lorin alinmas: tigtin galib gismindo istifado edilir.
Bu material bir-birino paralel olub tebagonin
(althgmm) sathino perpendikulyar yonaslon silindrik
formali mosamalor sistemino malikdir. Muoyyan
texnoloji emal sortlorina riayat edildikdo bu mo-
sama massivlori heksaqonal diiziiliigo malik olur-
lar. Bu materialin unikalligi ondan ibarotdir Ki,
onun sintezi sirasinda moSamolarin asas mikroqu-
rulus parametrlorina nazarst etmok mimkaindur.
Belo ki, qonsu masamolorin markazlori arasinda
moasafo (Dint) elektrolitin tobistindon va oksidlos-
dirmo zamani elektrodlardan axan coroyan siddo-
tindon, masamolarin uzunlugu (layin galinhigr) ok-
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sidlogma prosesinin middatindan, (Dp) diametri isa
alava kimyovi agindirma vasitasilo bdyitmak olar.
Yaradilan masamoalorin diametrini (Dp) Vo masa-
molor arasi mosafoni genis miqyasda doyismok
mimkindir  (Din=3-250nm; =5-500nm). Bu cir
matrisin daxilinde magnit nanokompozitlorin sin-
tezi Usullarindan biri, nanomasamalarin daxilina
ferromaqnit metallarin, masalon, nikelin elektroki-
myovi katod ¢okdUrulmasidir.

Alinmis  strukturlarin  6lctlori - Skanedici
Elektron Mikroskopu (SEM) vo Atom-Qlivvo
Mikroskopu (AFM) vasitasilo miayyanlosdirilmis-
dir. Homginin numunalorin rentgen faza analizi vo
magnit xassalori do 6l¢ii aparilaraq misyyan edil-
misdir.

TOCRUBI HISSO VO NOTICOLORIN
MUZAKIROSI

AAO sablonlarinin hazirlanmasi iki morhs-
loli anodizasiya prosesi ilo hazirlanir. 250 mkm
galmliginda 99.99% tomiz Al tobagesi 2x2sm 06l-
¢clido pargalar soklinda kasilorok sathi lizvi maddo-
lordon aseton va spirtdo tomizlonir. Nimuna kvars
stokanin igindoki oksalik tursunun suda 4%-lik
mohluluna salinir vo sabit elektrik gida monbayi-
nin mushat qutbtine (anod) birlosdirilir. Katod qis-
mindoki platin vo ya grafit materialindan olan
I6vha soklindoki digar elektrod stokana daxil edilir
Vo gida moanbayinin moanfi qutbins birlogdirilir
[1,4].

Anodda oksidlogdirmo prosesi, mohlulu in-
tensiv qarigdirmaq sorti ilo 0-5°C temperatur arali-
ginda, elektrodlar arasinda 40V sabit gorginlik
vermoklo 2-3 saat arzinds apartlir [2]. Al tobogoda
yaranan masamalarin enini genislondirmak va Al
moasamalori ilo Al althq arasinda yaranan baryer
laymim aradan galdirmagq {iglin anodda oksidlogmis
aliiminium (AOA) fosfor tursusunda 20-30 dagigo
orzinds agindirilir (Sokil 1).

Daha sonra Ni-in masamalara ¢okdurilmasi
prosesi aparilir. Burada NiSOs asaslhi 300 g/L
NiSOsx6H20, 45¢/L NiCl2x6H20, 459/LH3BO3
mohlulundan istifado olunmusdur. Qida manbayi-
no katod gismindo AOA matrisasi, anod qisminda
iso platin elektroddan istifado olunur. Bu elekt-
rodlar arasina 200-300Hz tezlik verilorok monbo-
don axan coroyan siddstine vo ya totbiq olunmus

gorginliya nozarot etmoklo ¢okdiiriilmiis metalin
miqdarini, alinan nanoqurulusun Olgiilarini (dia-
metr vo uzunlugunu), habels onlarin altliga (altimi-
nium lévhasi vo ya nazik tobagoesi) nisboton orien-
tasiyasini tonzimlomok mimkindur [3] (Sakil 2.).

Sakil 1
.Solda anodda oksidlasmo prosesi, sagda iso
oksidlosmis masamoali aliiminiumun SEM tasvirlori

Input current
—— 0 0)

4 )

Cathode anode

Reference
electrode

Working

U/ Pt
electrode
Niplating bath
\ Attached membrane /
Sakil 2
Ni-in masamaloara ¢okdirtilmasi prosesinin sxematik
tosviri.
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Masamolarda ¢okdiiriilmiis magnit nanozar-
raciklor vo ya moftillor althigin sothino perpendi-
kulyar istigamotdoa yerlosir. AAO strukturlarinin
mosamolaring elektrokimyovi yolla ¢okdiiriilmiis
Ni metali bu strukturlarin masamalorinds borabar
paylanmugdir. Naticads toxminon 5 dagigs arzinds
AAO membranlarinda yiiksok nizamli nanotellor
formalasmusdir (Sakil 3).

Pares
Alumena

/
il

Sokil 3
Solda AOA masamalarinds Ni nanomaftillari
¢Okdurtldiikden sonraki sxematik, sagda ise nanotellarin
en kasiyinin SEM tesvirlari.

NOTICO

Belaliklo, Sintez edilmis mosamali allimi-
nium oksidinin nizamli nanomasamalarina nikelin
cokdurtlmasi ugln yuksok samarali Gsul Kkimi
elektrokimyavi ¢okdurilms Usulu taqdim edilmis-
dir. Muddatdan, mahluldan va verilon garginlikdon
asili olarag AAO membranlarinda althgmn sathino
perpendikulyar istigamotdo olan yliksok nizaml
metal nanotel massivinin alinmasma yanasmamiz
mosama strukturunun Olglisti vo galinligma gora
ucuz basa golmasi baximindan ¢ox somaralidir.
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PROCUREMENT OF NANOSTRUCTURED MAGNETIC MATRICES BASED ON NANOPOROUS ALUMINUM
DIOXIDE AND ITS A
PPLICATION AS INFORMATION CARRIERS

A.Kh.KARIMOVA, Sh.0.EMINOV, EEM.AKBAROQOV, J AGULIYEV, SAALIYEVA

The article delineates the fundamental mechanisms involved in both the anodic oxidation of aluminum and the electro-
chemical deposition of metal (Ni) in AAO. Additionally, it delves into the discussion of the influence of oxidation parameters on
the AAO structure. It introduces a highly effective technique for nickel deposition on precisely arranged nanotubes within porous
alumina. The electrochemical deposition method proves more apt for nickel acquisition within the pores of porous alumina struc-
tures. Notably, only a marginal fluctuation, approximately around 100% of the nanowire growth rate, was observed within the
aluminum oxide nanopores.

INOJYYEHUE HAHOCTPYKTYPUPOBAHHBIX MATHUTHBIX MATPUI HA OCHOBE
HAHOIIOPUCTOI'O JMOKCHUJA AJTIOMUHUSA U EI'O TIPUMEHEHUE KAK HOCUTEJISI HTHOOPMALINA

AX.KAPUMOBA, 11.0.MHUHOB, E.M.AKBAPOB, /Ix.A.I'YJIUEB, C.A.AJINEBA

B crarpe 0003HaueHb! (pyHAAMEHTAIbHbIE MEXaHU3MBI KaK aHOJHOTO OKHCIICHUS aJTFOMUHUS, TaK U 3JIEKTPOXUMHUYECKO-
ro ocaxaenus metaiua (Ni) B AAO. Kpome Toro, oH yriryOnsiercst B 00Cy>K/IeHNE BIMSHUS TapaMeTpOB OKHCIICHHS Ha CTPYK-
Typy AAO. OH mnpezcTaBisieT BbICOKOI(D(EKTHBHYIO TEXHUKY OCKACHHS HHKENIS HAa TOYHO PACIOJIOKEHHBIE HAHOTPYOKH
BHYTPH TIOPUCTOTO OKCH/IA AIIFOMUHUSL. METO STIeKTPOXUMHYECKOTO OCaXKIEHNsI OKa3bIBaeTCsl OoJiee MPUTOAHBIM JULS TIOJTyde-
HUSI HUKENS! BHYTPH TIOp MOPHCTBIX CTPYKTYpP OKCHIa ayfoMHHHMS. [IprMedarensHO, 4TO BHYTPH HAHOIIOP OKCHJIA AITFOMHHHS
HaOITI0/1aJIOCh JIMIIb HE3HAUYUTEIIbHOE KoJiebaHue, mprmMepHo okoso 100% ckopocTH pocTa HaHOTPOBOJIOKHL.
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PED®EPAT

C mo3uimii TeOpeTHIECKON MEXaHUKH PacCMOTPEHBI BOIIPO-
Chbl KMHEMATHKH HEOPOMTATBHBIX IBIKCHUM IUIAHETHI 3eM-
1. TIpu 3TOM OHa TpHHSTA HE KaK MaTephaibHasl TOUKa, KaKk
9TO JIeNAeTCsl IPH UCCIIEIOBAHUN OPOUTATBHBIX JBHYKEHHH, a
KaK HEKOTOpOe TBEPJIOe TeJI0 KOHEUHBIX pa3MepoB. [Ipoana-
JIM3UPOBAHbI OCHOBHBIC COCTABIIIONIME HEOPOHTAIHLHOIO
JBIDKCHUS 3eMITH. €€ BpaIllcHHEe BOKPYT COOCTBEHHOW OCH,
o0paleHne 3Toi OCH BOKPYT OapHIIeHTpa CHCTEMBI 3eMIT-
Jlyna, oOpamierne GapurieHTpa Bokpyr COJHIIA 1, HAKOHETI,
CKOJIE)KEHHE CaMOi 3eMITH BIIOJIb COOCTBEHHOW OCH Bparlie-
Hus. [IpuBeieHBI HEOOXOIMIMBIC PacyeThl M YHCIICHHBIC 3Ha-
YEHUsI MapaMeTPOB, XapaKTEPU3YIOIUX YKa3aHHBIE JBIDKE-
Hus. [lokazaHo, 4To mepHol MOBOPOTa 3eMJIM B KOCMHYE-
CKOM TIPOCTPAHCTBE W MEPUOJ €€ BPAILCHUS] BOKPYT CBOEH
COOCTBEHHOM OCH B TIPHHIIUIIE HE OJHO U TO e. Omnpenene-
HO TIOJIOKEHHE OCH TI0BOPOTa (MTHOBEHHBIM BUHTOBOIT OCH)
¥ TIOKa3aHO, YTO 3Ta OCh MapajuielibHa COOCTBEHHOW OCH
BpalleHHs1 3eMJIM, HO HE COBIIAJIAeT C HEl.

BBEJIEHUE

Nzyuenne ocoOEHHOCTEN MEXaHWKH [IBU-
JKEHMSI U B3aUMOJICHCTBUS KOCMHUYECKUX TeJl SIB-
JIeTCS BaXKHEUIIMMH 3aJa4aMd  KOCMHYECKOMH
MEXaHWKH U acTpOHOMHU B 1enoM [1-7]. Psa Bo-
MIPOCOB KOCMHUYECKOW MEXaHWKH PACCMOTPEH U B
Hamwmx paborax, B ToM yucie B [8-10]. OcoGeHHO
MIPUOPUTETHBIMHA CUUTAIOTCSI BOMPOCHI MEXAHWUKHU
JIBYDKEHMS HaIlIeH TUIaHETHhI, T.e. 3eMun. Borpocsl
MEXaHWKH JBIKEHHUS 3€MITA OTPAKEHBI HE TOIBKO
B OOIIMPHOW JTUTEpaType OTHOCUTEIHHO OOIIEro
XapakTepa MO acTpPOHOMHHM, (PU3MKE, MEXaHUKE,
HO U Oornee mMoAPOOHBIM 00pa3oM B CHELMATBHON
JmTeparype, Hanpumep, B [6, 11-13].

B nanHOI cTaTbe ¢ MO3ULMI TEOPETUYECKON
MEXaHWKH PAacCMaTPUBAIOTCS HEOPOUTAIBLHBIC CO-
crapistromme JBrkeHust 3emud. llpu anammze
HEOPOUTAIBHOTO JBIDKEHHS KOCMHUYECKOTO Tea,

B OTJIMYUE OT OPOUTAIBHOIO, TIE 3TO TEI0 MOJIe-
JMPYETCSl MaTEPUAIBHON TOUKOM, OHO MCCIIENyET-
Csl Kak JBIDKYIEecs TBEPIOE TEI0 KOHEYHbIX
pa3MepoB.

OCHOBHOE COJEP/KAHUE

Ecmu He yuMThIBaTH BEKOBBIE COCTABIISIO-
mme (Tpereccus, HyTalys W.T.I.) ¥ KpaTKoBpe-
MEHHBIE MaJlble OTKJIOHEHHUS, TO MOXKHO CUUTATh,
YTO JBWKEHHWE 3eMJIM OTHOCHTEIIHHO TEJHOICH-
TPUUYECKON CUCTEMBI OTCYETA COCTOUT U3 CYMMBI
CITE/TyFOIITMX OCHOBHBIX JIBMDKSHUI: BPAITICHUSI BO-
KPYT COOCTBEHHOM OCH, OOpaIIeHus 3TOH OCH BO-
Kpyr OapurieHTpa cucteMbl 3emisi-JIlyHa, oOpa-
nieHus OapuiieHTpa BOkpyr CoMHIIA M, HAaKOHEII,
ykazanHoro B [10] meproan4eckoro CKOJIbKEHUS
B/I0JIb COOCTBEHHOM ocu BpaiieHus. [1pu nepsom
MPUONIKEHUH, 3aMeHsIs (anmpOKCUMUPYsSI) YKa-
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3aHHBIE 7]Ba OOPAILCHUs BPAILICHUSIMH C TEMH XKe
MEPHOJIaMU, CUUTAsI UX MPOUCXOMASAIIMMHU BOKPYT
OCel, MPAKTUYECKH MapaJUICNIbHBIX 3€MHONU OCH,
YUUTBIBasA, 4TO 00a ATH BpalieHus1 (0OpareHus)
UMEIOT HampapJeHHE IMIPOTHB XOJa YacOBOU
CTpENKU (€CU CMOTPETh CO CTOPOHBI CEBEPHOTO
MOJIIOCA), TO CPEIHIOI0 MTHOBEHHYIO YTJIOBYIO
CKOPOCTh OOIIEro MoBOpOTa 3eMIIH HE TOJIBKO OT-
HOCHUTENBHO TeJIMOLEHTPHYECKON CHCTEMBI OTCYe-
Ta, HO ¥ OTHOCUTENBHO JATEKUX «HETIOIBIKHBIX)
3B€3]1 MOKHO BBIPA3UTh CIIEIYIOIINM 00Pa3oM:
Q=w1+wtms, 1)
3[€Ch ®1 - YIJIOBasg CKOPOCTh BpalleHHs 3eMid
BOKPYI' CBOEH OCH (BaXXHO MOAYEPKHYTb, YTO
MMEHHO CBOEW COOCTBEHHOM OCH, T.€. ocu (hu3M-
YEeCKON CHUMMETPUH); M2 - CPEIHSS YIIOBasi CKO-
pocThb BparnieHus (oOpamieHus) 3emim (a TouHee,
€e OCH) BOKpYr OapHIIEeHTpa CHCTeMbI 3eMIIs-
JlyHa; @3 - CpemHssl yIiioBasi CKOPOCTh BpAICHHS
(oOparenust) GapurieHTpa Bokpyr ConHia (a Tou-
Hee, BOKPYI OCH, TPOXOMAIICH uepe3 IIEHTp
ConHIla mapasienbHO OCH 3eMITN).
3aMeTuM, 4YTO NapauieIbHOCTh BEKTOPOB

YIJIOBBIX CKOPOCTEH (@, M (;BEKTOPY YIJIOBOH

CKOPOCTH (; JIOKa3bIBACTCsI JOBOJIBHO JIETKO, TaK
KaKk B IPOTHMBHOM Ciy4ae COOCTBEHHas OCb Bpa-
IeHHs 3eMJTH, 110 KOTOPOM HaNpaBJIeH BEKTOP M,

€e YIJIOBOM CKOPOCTH, HEe cMorjia Obl Bce BpeMs
OCTaBaThCsl MAapAJUIETbHOM, KaK TOBOPST, CamMOH
cebe, T.e. HUMETh NPAKTUYECKH HEU3MEHHOE
HarpaBJieHUE B MPOCTPAHCTBE B TCUCHUE 3HAYM-
TEIHOTO TiepuoAa BpeMeHu. B a3Toil  cBszn
YMECTHO OyJIeT HAlIOMHHUTH W3BECTHOE TIOJIOXKE-
HHEe 00 OCsIX BpalleHus riaHer: «OOmuii xapak-
Tep JBWKCHUS TUIAHET TaKOB, YTO WX OCH Bpallle-
HUSl COXPAHSIOT B TEYEHUE OUYEHb JJIMTEIHLHOTO
BpPEMEHH TOYTH HEM3MEHHOE HAITPaBJICHUE B TIPO-
CTPAHCTBE; COXPAHSIOTCS TAKXKe MX MEePUOIBI 00-
pameHus» [3].

CormacHO HMMEIOIIUMCSL JaHHBIM, OOIIMit
MOBOPOT 3e€MJIM OTHOCHTENBHO JAJICKHX «HETIO-
JBIDKHBIX)» 3BE3]1 MPOUCXOJUT C MEPUOAOM Trop,
paBHbIM 234.56MuH.04 cek. [4,12]. Kak u3BecTHO,
B CYILECTBYIOILIEH JIUTepaType 3TOT NEPHOA CUH-
TAlOT W HA3bIBAIOT TEPUOJIOM BpAIICHUS 3eMIIH

BOKPYT CBOEH OCH OTHOCHTEITFHO JAICKHX «HETIO-
JIBWKHBIX» 3Be3]l. OIIHAKO, CTPOTO TOBOPSI, TAKOE
YTBEPI)K/ICHUE HAa CaMOM Jiejie SIBJISeTCSl Herpa-
BIWJIBHBIM, TaK KaK TIEpUOJA OOIIEro ITOBOPOTA
3eMilM ¥ TEPUOJ €€ BPAILEHUS MMEHHO BOKPYT
CBOCH COOCTBEHHOH OCH, T.€. OCH (PU3UUECKON
CUMMETpUH (B 000MX CITydassx OTHOCHTEIHHO Ja-
JICKUX «HETIOJIBFKHBIX» 3BE€3l) B TPHUHIMIIC HE
OJTHO U TO k€. JTO cnenyer Takxke u3 [10].

Paccmotpum Tereph YMCIICHHBIC PacyeThl,
BBITIOJTHEHHBIC B JIOCTATOYHO CTPOTOM COOTBET-
CTBUH C TIOJIO)KEHUSIMU TEOPETUYECKON MEXaHUKU
Y WUTFOCTPUPYIOIIHE BBIIICH3IIOKEHHOE (pacyeThl
MIPUOJTKCHHBIE).

HVcrionp3yro MpUBEICHHOE BBIIIE 3HAYCHUE
nieproia Tyos. IOBOPOTA 3eMIIM, HECIIOKHO OIpe-
JICJIUTh U3BECTHYIO, IO CYIIECTBY, BEJUYUHY )

0= 2 B 2 B
CT,.. 23-60-60+56-60+4
6,2832 .
=—=7,2921-10"5%¢c"1.
86164

Kak m3BecTHO, O/IMH MOJIHBIA 000pOT 1IEH-
Tpa Macc 3eMIIi BOKPYT OapHIIEHTpa CHCTEMBI
3emiisi-JlyHa mpoOUCXOAWT 3a OIMH CUAECPUUECKUI
Mecsll, T.€. 3a 27,32 3eMHbIX cyTOK [2]. Torma

2

mﬂ = =
2 27,32(24- 60 - 60)
6,2832

27,32 - 86400

= 0,2662-107% 1.

AHamorngso HaxXOJuM:

2T

m = =
®  365,25(24- 60 - 60)
6,2832

~ 365,25 - 86400

=0,0199 107 %71,

Tenepb MOKEM HAWTH YMCIEHHOE 3HAUECHHE
YIJIOBOM CKOPOCTH (; 3eMJIM INpU €€ BpalleHUH

BOKpYT CBoel coOcTBeHHO ocH. CoryiacHO npHBe-
JeHHoi Beiie popmysie (1).

wy =N — w, —wg =
=(7,2921 — 0,2662 —0,0199) - 107° =
= 7,0060- 107371,
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Ileprion BpamieHuss 3emin BOKpYT CBOEH
COOCTBEHHOM OCH OTHOCHTENIBHO JAJIEKUX «HEMO-
JIBIDKHBIX) 3Be3]1 Oy1eT

_2n 62832

=_——————C~ 244.55MuH.
o, 7,006-10

Bp.

Takum 00pazoM, repros BpaieHus 3emMin
BOKPYI' UIMEHHO CBOEH COOCTBEHHOW OCH COCTaB-
nser He 234.56muH.04cek., a NpUOIU3UTENTHHO
244.55mun. Ilepuon, paBubid 234.56MuH.04cek.
OTHOCHTCSI K OOIIeMy TIOBOPOTY 3eMIII BOKPYT
MTHOBEHHOW BHHTOBOW OCH (OTHOCHTEIIFHO TeX
Ke TATCKUX «HETIOJBIKHBIX)» 3BE3/) U COOTBET-
CTByeT yriioBoii ckopoctn Q=7,29-10°c, B 1o xe
BpeMs, TEepUOJ MOBOPOTa 3eMJIM OTHOCUTEIHHO
nentpa macc CorHila OyzieT paBeH M3BECTHOW Be-
myuHe, T.€. 24 vacaMm. [lpu sToM yrioBas cko-
POCTh TIOBOPOTA, KaK U3BECTHO, Oy/IeT paBHA

21

— = ~727-10°c™.
24.60-60

ITockonbKy BOIPOC paccMaTpuBaercs ¢ Mo-
3N TEOPETHYECKOW MEXaHMKH, HeOe3bIHTEpeC-
HO TaK’Ke CPaBHUTh HalJIeHHOE 3HaUeHUE YTII0BOH
CKOpPOCTH BpAILIEHHS 3eMJIM BOKPYT CBOEH OCH ¢
NPUBE/ICHHBIMU B JIUTEPATYpE MO TEOPETUYECKON
MEXaHHWKe aHATOTMYHBIMH JaHHBIMU. Hamprmep,
B [14] npuBoauTcs 3HaueHue, papHoe 7,29-10°¢?
(Taxoe e yncno npuBoautes U B [13]). CormacHo
M3JI0’KEHHOMY BBIIIE, 3TO YIJIOBasi CKOPOCTH TIO-
BOpOTa (2 HE BpalleHWs1) 3eMIIM OTHOCHUTEIILHO
«HETMOABIKHBIX» 3Be371. A B [15] BEIBOAUTCS UmC-
no 7-10°c, coBmamaromee ¢ HamM pe3yibTa-
TOM, €CIU 3T0 uncio npuHsT kak 7,00-10°¢™, Ho
3TO COBMAJICHWE HE Pe3yNIbTaT TOYHOCTH pacye-
TOB, @ HA00OPOT, rPyOOro OKpyTieHus (haxTuye-
cku momywyaemod B [15] mudpsr. Ilpu orHOCH-
TEJILHO TOYHOM pacdere 1o [15] momydaercs He
7,00-105c, a 7,27-10°¢? [16]. Tpumstoe B [15]
OKpYTJICHHE HENpHEMIIEMO, TaK KaK OHO MpPHBO-
JUT K JIOKHOMY 3aKITFOYeHHI0. PacdeTsl 1o yka-
3aHHBIM 3HAYEHUSM JIAlOT 3HAYUTEIBHYIO pa3HU-
Iy B OIICHKE IEepHO/a BpAIlEHUs 3eMId BOKPYT
cBoeli ocH (puOmm3uTeNnsHO 55 MuH). C o3unmit
ACTPOHOMUH TTOI00HAsT pa3HUIIA (TIOTPEITHOCTh) B

JJAHHOM CJIy4dac SIBJIICTCS OIPOMHOM M HENOILy-
CTUMOM.

PaccmoTpuM Teneph BOIPOC O YHCIICHHBIX
3HAQUEHUSIX  MAapaMEeTPOB,  XapaKTEPHU3YHOIIMX
CKOJIb)KEHHE 3eMJIM BIOJIb COOCTBEHHOW OCH
BparieHus. Cyzis o U3BECTHOM HaM JIUTeparype,
ATOT BOMPOC BIEPBbIE ObLT MOAHAT HaMu [9].

Cpemnuit  pamgmyc  opOutbl  3emiu
R=150-10%M, a yrom Mexty IIOCKOCTSIMH €€ K-
Baropa W OpOUTHI (HAKJIIOH OCH BpAICHWS)
0=23°26/ , TOTJ]a aMIUIUTY/1a TTOCTYHaTeIbHBIX KO-
nebaTeNbHbIX MepeMeIleHU (CKOIbXEeHU) 3eM-
JI1 BIOJIb COOCTBEHHOM OCH BpaIlleHHUs1, B COOTBET-
crBui ¢ [9], Oyzxer

A=Rsino=150-10%sin23°26'~60-10%mM.

CrnenoBarenbHO, pazMax »d3THX Koseba-
TepHBIX JBIKeHUH S=2A=120-10° kM.
Kak BumHO, pa3smax CKOJBXEHUs 3eMiId BIOJb
COOCTBEHHOM OCH BpAIIICHUSI COCTABIISICT BEJIMYH-
HY, BHYIIUTEIBHYIO Ja)Ke M0 KOCMHUYECKUM Mep-
KaM.
HemanoBaxxHo onpenenuTs TaKkKe MOJIoxkKe-
HHUE OCH MOBOPOTa 3eMJIH (@ C TIO3UIIUI TEOPETH-
YEeCKOM MEXaHWKH, MTHOBEHHOM OCH BpAIICHUS,
ecnu 0e3 ydera CKOJBKEHUs, a C YUYETOM CKOJb-
JKEHHUsT - MTHOBEHHOM BHHTOBOM ocu). [lomxon
npubmxeHHbid. [Ipenebperas B TaHHOM cily4ae
BIMSIHUEM OTHOCHUTENIbHO MAaJIOW BEIWYHMHBI (3,
T.€. TIPUHUMAs JBIWKEHUE OapUIICHTPa CHUCTEMBI
3emisi-JlyHa Ha HEKOTOPOM MAaJIOM YYacTKE €ro
OpOUTHI 32 MHEPLUAILHOE, B COOTBETCTBUM C TIO-
JIOKEHUSIMH TEOPETHUYECKON MEXaHWKH O CIIOXKe-
HUM BpallleHU BOKPYT JIBYX NapaJlieIbHbIX OCEH,
MOYKEM HaIMcaTh
m1r=m2r?, 2
rme I u I - pacCTOSHUS JI0 YKa3aHHOW BBIIIIE
MTHOBEHHOM OCH OT IIeHTpa 3eMJIU U OT OapHIIeH-
Tpa, COOTBETCTBEHHO. C IPYroit CTOPOHBI, 1+12=l,
rae | - paccrosiHue MEXITy OApHUIICHTPOM U OCBIO
BpameHus 3emim. Torga
r>=l - ry,

)
4)

o1r=wz (I-r7).

86




BOITPOCHI KHHEMATUKU HEOPBUTAJIbHBIX JIBVDKEHUI TUTAHETBI 3EMJIS

OTCHOJIa HaXO1M:

n=—"2_1 )
0, + o,

B xadectBe mepBoro mpuOIVKEHUS TPUHU-

maeM |=4700km [1], a 3HAYCHUS (01 U 2 TIPUBEIICHBI

BBIIIIC. CJ'IGI[OBaTeJ'IBHO,

0,27-10°

[~ - 4700 ~ 175 k.
(7,00 +027)-10

Takum 0OpasoM, och TOBOPOTA, T.€. MIHO-
BCHHAs! BUHTOBAsI OCh 3eMJIU MPOXOUT (IIpU yueTe
TOJIBKO JIByX OCHOBHBIX BpAILICHHH, & UMEHHO, (01 U
(2) HE Yepe3 ee LIEHTP, a Ha PACCTOSTHUM TPUOITA3H-
TEJBHO paBHOM 175KM OT Hero. DTa oCh HaIpaBJIs-
eTcsl TPAaKTHMYECKH TMapajUIeIbHO OCH BpALICHUS
3emiM, HUKOTZIAa HE COBMaJas C HEW, U MpOXOIs
MEXIy HEHTPOM 3eMIIM U OapUIICHTPOM CHUCTEMBbI
3emis-JlyHa, IEMUT pacCTOSTHUE MEXKITY STUMH LICH-
TpaMH Ha JIB€ HepaBHbIe YacTh. [Ipu 3ToM OHa, coB-
MECTHO C OCBIO BpallleHHs1 3eMJIH, oOpallaeTcsi o-
HOBpeMeHHO BokpyT CosHIIa.
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H.A HACHBOB

YER PLANETININ QEYRI-ORBITAL HOROKOTLORININ KINEMATIKASI MOSOLOLORI
N.A.N9SiBOV

Nozari mexanika movgeyindan Yer planetinin geyri-orbital harokotlorinin kinematikast masalolorine baxilmigdir. Bu
halda o,orbital harokotin tedgiginds gebul edilon maddi ndgts kimi yox, sonlu dlcllors malik bark cisim kimi gebul
edilmisdir. Yerin geyri - orbital harokatinin asas toplananlari, yani onun 8z oxu otrafinda firlanmasi, bu oxun Yer-Ay sisteminin
barisentri otrafinda dolanmasi,barisentrin Giinos otrafinda dolanmasi va nohayat, Yerin 6ziiniin 6z firlanma oxu boyunca
stirlismosi tohlil edilmisdir. Zoruri hesablamalar vo gostorilon horokatlori xarak-terizo edon parametrlorin ododi giymatlori
verilmigdir. Gostorilmisdir ki, Yerin kosmik fazada dénmasinin vo onun 6z oxu otrafinda firlanmasinin periodlar prinsipca eyni
deyildir. Yerin ddnmo oxunun (ani vint oxunun) vaziyyati toyin edilmis va gstarilmisdir ki, bu ox Yerin 6z firlanma oxuna
paraleldir, ancag onunla Ust-Usto diismiir.

PROBLEMS OF KINEMATICS OF NON-ORBITAL MOTION OF PLANET EARTH
N.A.NASIBOV

From positions of Theoretical Mechanics, we look into the problems of kinematics of non-orbital motions of planet Earth.
Wherein, it is taken not as a material point, as done with the research of orbital motions, but as some solid body of finite size.
Basic components of non-orbital motion of the Earth are analyzed, and namely, its rotation around its own axis, revolution of this
axis around the barycenter of the Sun-Moon system, revolution of the barycenter around the Sun and, finally, sliding of the Earth
along its own axis of rotation. Necessary calculations and numerical values of the parameters characterizing the given motions are
introduced. It is indicated that the period of turning the Earth in outer space and the period of its rotation around its own axis are
not the same things, as a matter of fact. The position of the rotation axis (instant screw axis) is determined, and it is also indicated
that this axis is parallel with own rotation axis of the Earth, however, does not coincide with it.
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AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va riyaziyyat elmlori seriyasi, fizika vo astronomiya 2024 Ne2

UOT 520.224.5
ESELLE SPEKTRLORIN IRAF PROQRAM PAKETI VASITOSILO EMALI
A.B.HOSONOVA
Elm va Tohsil Nazirliyi, N.Tusi adina Samaxi Astrofizika Rasadxanast

AZ 5626, Azarbaycan, Samaxi, Y.Mommadbaliyev adina gasaba
hasanova.aynura89@gmail.com

Daxil olub: 26.12.2023 REFERAT

Capa verilib: 01.03.2024 N.Tusi adina Samaxi Astrofizika Rosodxanasinda (SAR) alin-
mus eselle spektrlorinin IRAF program paketi vasitssilo iglonil-
mosi metodikasi toqdim olunmusdur.
Todgigat naticasinds agkar olunmusdur ki, IRAF program pa-
keti ilo spektrlorin emali zamam dispersiyanin qurulmasi va
kasilmoz spektrin kegirilmasi morhslalori SAR-da uzun miiddot
istifado olunan DECH program paketi ilo miigayisodo daha
asan va qisa miiddoto basa golir.
Molum olmusdur ki, spektri matris formadan vektorial formaya
kegirmak ti¢lin aperturalarm toyin olunmasi zamani miiqayiso
spektri olarag giindiiz géytniin spekrindan istifado etmok daha
moQsads uygundur. Pikseldon dalga uzunluguna kegid zamam

Acar sozlor: IRAF, eselle spektri, CCD matris, dispersiya iso torium-arqon lampasinin spektrindon istifado etmok daha

dyrisi. alverisli olur.

GIRIS

IRAF (Image Reduction and Analysis Facility) program paketi Milli Optik Astronomiya
Rasadxanalarinda (National Optical Astronomy Observatories) yaradilmis vo astronomlarin istifadasi
Uclin tagdim olunmus miixtalif n6v astronomik miisahido materiallarmin islonmasi vo analizi vasitesidir.
Astronomik miisahido materiallarinin islonilmosi {iglin alman miisahido materialinin néviindon va
xususiyyatlorindon asili olaraq miixtalif tipli xtisusi programlar tatbiq edilir. IRAF programimi da onlardan
biri kimi giymatlondirmok olar. IRAF-in {istiinliiyii ¢ox genis tipli tapsiriglart 6ziindo birlogdirmasidir.
Belo ki, IRAF program paketi optik astronomik miisahido materiallarimin ndviindon asili olmayaraq totbig
edilo bilir. Istor fotometrik, istorso do spektral miisahido materiallari IRAF vasitasilo emal olunur vo
bunlarin har biri Gglin IRAF daxilinds paketlor vo paket daxilinds uygun tapsiriglar mévcuddur. Spektral
miisahido materiallarmm birtartibli va ya eselle olmasi da IRAF ilo emal olunmagq Ugun ¢atinlik yaratmur,
uygun paketin segilmasi ilo emal prosesi reallagdirila bilir. Qeyd etmok lazimdir ki, IRAF CCD ils alinmig
astronomik miisahido materiallarinin emalindan basqa digar riyazi magsadlor Ucun do istifads etmok olar.
Qarstya qoyulan riyazi vo astronomik masalonin halline uygun tapsiriglarin tapilmasi miimkiindiir [1-2].
Isdo eselle spektrlarin emali vo analizi metodikast tadgjiq olundugundun daha ¢ox noao (National Optical
Astronomy Observatories) paketi daxilindaki imred (image reduction) paketi vo onun daxilindaki ccdred
Vo echelle alt paketlorinin tapsiriglart niimayis olunmusdur. CCD ilo miisahido materiallarinin alinmasi vo
eselle spektrlorinin IRAF program paketi vasitasils ilkin emali marhalalari avvalki magalods genis sokilda
sorh olunmusdur [3]. Bu mogalodo 2-metrlik teleskopda alinmis eselle spektrlorin IRAF program paketi
vasitasilo emali vo spektral parametrlorin 6l¢tlmasi sorh olunmusdur.
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SAR-m ESELLE SPEKTROQRAFI VO CCD iLO MUSAHIDO

Astonomik miigahidslorin keyfiyyatinin ylksaldilmasi Gguin teleskopun optik parametrlorinin yaxst
olmast ilo yanasi teleskopun cihazlarinin da miiasir vo Keyfiyyatli olmasi lazimdir. Spektral miisahidalorin
aparilmasi noqteyi nazorindon teleskopda istifads olunan asas cihazlar isiq gabuledicisi va spektroqgrafdir.
Diinyanmin bir ¢ox rasadxanasinda isiq gobuledicisi kimi goxkanalli CCD matrislordon istifado olunur.
CCD (Charge — Coupled — Devices) matrisin astronomiyaya totbigi 70-ci illorin avvallorine tasadif edir.
CCD matrislordon spektroskopiyada daxil olmagla astronomiyanin biitiin sahalorinds istifads edilir. CCD
matrisin Gsttnllyu fotoldvhalorlo migayisads yiiksok hassasliga vo boyik stabilliys malik olmasidir.
CCD-nin istifado olunmasi klassik metodikanin dagigliyini vo alinan astronomik miisahido materialmin
isiglanma siiratini artirir. CCD matrisin  totbiqi ilo spektral miigahidonin keyfiyystinin artirilmasina nail
olmaq {igiin eselle spektrograflardan istifade olunur. Ona goros ki, CCD matris isiq gobuledicisi kimi
klassik spektrografa totbiq edildikds spektrin ¢ox Kigik hissasini geyds alar va bu zaman spektrografin
informativliyi ¢ox asagi olar. Eselle spektrograf fokal sothdo mixtalif dalga uzunluglarinda bir-birilo
yanasi yerlogmis spektrlor ¢oxlugu (spektral tortiblor) qurur ki, buda genis dalga uzunlugu oblastinda
miisahido materiallariin alinmasma imkan verir. Eselle spektroglaflarin va isiq gobuledicisi olarag CCD
matrislorin birgs totbiqi muasir toloblors cavab verir. SAR-1n 2-metrlik teleskopunun kasseqren foksunda
bu sistem 2003-cl ildon istifads olunur [4-6]. Hazirda bu sistem daha miiasirlosdirilmis formada spektral
miisahidolorin aparilmasina totbiq olunur. Miisahido prosesinds todgiq olunan obyektin spektrlori ilo
birlikda bir grup kémokgi spektrlor do ¢akilir. Bunlar birlikdo spektrlor dosti adlanir. Bir gecads alinan
spektrlor dostindo asagidaki fragmentlor daxildir, sifir saniyo ekspozisiya vaxti verilmoklo alinan sifir
(zero) tosvirlor-10 odad, mistovi saha (flat field) tosvirlor, iki mixtalif ekspozisiya vaxti verilmaklo har
ekspozosiya vaxtt tiglin 10 odad alinmagqla timumi 20 odad fragment alinir, spektrlori pikseldon dalga
uzunlugu skalasina kegirmok {i¢iin alinan miiqayiso spektrlori, bunlar iki mixtslif ekspozisiya vaxti
verilmokls har ekspozosiya vaxti ti¢iin 3 adad alinmagla timumi 6 adod torium - arqon lampasimin spektri
vo ya 3 odod glindiiz goytnun spektri olur. Todgiq olunan obyektin spektri - miisahido prosesindo
signal/kily (S/N) nisbatinin tagribi giymatlondirilmasi ilo tadgigq olunan obyektin ulduz 6l¢iisiine uygun
ekspozisiya vaxti secilmokls, geca arzinds ulduzun iki spektri alinir. Giiclii dayiskonlik olmadigr halda
spektrlor kosmik zarrociklordan azad edilmosi mogsadilo ortalasdirilir. Miisahido olunan obyekto uygun
standart ulduzun spektri alinir. Standart ulduzun spektrlori do adaton mixtalif ekspozisiya vaxti segilmokla
on az1 iki vo daha artiq sayda alinur.

Yuxarida geyd olunan spektrlar dasti har bir ayirdetms {igiin ayri-ayriliqda ¢okilir, sifir fragmentlorin
alinmasinda ayirdetmonin secilmosina ehtiyac yoxdur. Adaton bir geca orzinds ham 56000-lik homdo
28000-lik ayirdetms ilo miisahido aparildigindan miisahido gecasinin oavvalindo miigaisa spektrlori har iki
ayirdetmsa Uglin gakilir.

ESELLE SPEKTRLORININ IRAF PROQRAM PAKETI VASITOSILO
EMAL OLUNMASI MORHOLOLORI

Astronomik miisahido materiallar1 rogomsal formada oldugundan onlarin miioyyon xususi emal
programlart vasitasilo islonilmasi tolab olunur. SAR-da alinan eselle spektrlorinin IRAF program paketi
vasitasilo emal olunmast marhalalorini 3 hissaya bélmok olar:
| — emal prosesine hazirliq
I1 — kémoakgi fragmentlorin (CCD matrisin fonu va mustovi saho — flat) vo miigaiss spektrlorinin emali
I11 — tadgiq olunan obyektin spektrlorinin emali
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ESELLE SPEKTRLORIN IRAF PROQRAM PAKETI VASITOSILO EMALI

Emal prosesine hazirhq

Miisahids zamani alian miiqayisa Vo todgig olunan obyektin spektrlori mioyyan ganunauygunlugla
adlandirilir. SAR-m eselle spektrografi vasitasilo alinan spektrlor adston spektrin néviine uygun, gox
zaman ayirdetmoni ifads edon biningds gostorilmaklo bdyik horflo yazilir. IRAF programi SAR-do daha
¢ox totbiq olunan DECH program paketindan forgli olaraq spekirlorin adlarinin boyiik vo Kigik harflorlo
yazilmasina hassasdir. Ona gora do emal prosesine baslamazdan avval spektelorin yerlosdiyi papkanin
adint vo papka daxilindoki fayllarm adlarnin standart formaya gotirilmosi, homginin spektrlorin
basliglarinin yazilmasinin tamamlanmasi talob olunur. Bu proses avvalki mogalods genis sokilds sorh
olunmusdur [3]. Emal prosesino hazirligi son marhalasi spektrlorin siyahisinin hazirlanmasidir, biitiin
fragmentlorin ayri-ayriligda siyahilari totrib olunur, bu siyahilar emal prosesinds totbiq olunur, siyahilarin
hazirlanmasi agagidaki kimi yerino yetirilir:

~$ Is zero*fit > zero.Ist

~$ Is flat*fit > flat.Ist

~$ Is thar*fit > thar.Ist

~$ Is sky*fit > sky.Ist

~$ Is kf*fit > obj.Ist

Komakgci fragmentlarin va miqgaisa spektrlarinin emah

1. Master fragmentlorin yaradilmasi: eselle spektrlorin emalmin ilkin marhalasi master fragmentlorin
yaradilmasindan, yani fragmentlorin ortalagdirilmasindan baglanilir. IRAF programinda da spektrlorin
emalinin ilkin morholasi bu prosesdsn baglanilir. Bunun tgiin IRAF daxilindo xtsusi amrlor mévcuddur.
Yuxarida geyd olundugu kimi eselle spektrlarini emal etmok iigiin IRAF proqram paketi igo salinir. Sonra
iso spektrlorin oldugu papkaya kegid edilir vo avvalco noao paketi, onun daxilindoki imred paketi vo
imred-in daxilindo ccdred vo ya echelle paketi iso salimir vo emal prosesi aparlir. Master fragmentlorin
yaradilmas {igiin ccdred va eselle paketlori daxilinds imcombine (image combine) tapsirigi méveuddur.
Ortalagdirilmasi talob olunan fragmentin siyahisini daxil etmoklo proses asanligla tatbiq olunur. Qeyd edok
ki, bundan basga hor ik paket daxilinds sifir vo hamar saho fragmentlorini ortalagdirmaq tigiin
zerocombine, flatcombine, darkcombine kimi xiisusi tapsiriqlar da vardir. Master fragmentlorin
yaradilmasi ardicilligim agagidaki kimi géstormak olar:

Sifir fragmentlorin ortalagdiriimasi

noao => imred => echelle => epar zerocombine
input: filename or list(@zero.lst)

output: Zero.fit

combine: average

ccdtype: (zero)

Muqaisa spektrlarinin ortalagdiriimasi
Noao => imred => echelle => epar imcombine

input: (@thar.lst, @sky.lst)
output: (Thar fit, Sky.fit)

Mustavi saha spektrlorinin ortalagdiriimasi
Noao => imred => echelle => epar flatcombine
input: filename or list(@flat.lst,)
output: Flat.fit
combine: median
ccdtype: (flat)
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Miigayiso Vo mustovi saha spektrlorini ortalagdiran zaman spektrlorin eyni signal saviyyasinds
olmasina digqst etmok lazimdir. Miixtolif ekspozisiya vaxti ilo alinan spektrlori ortalasdirmagq ticiin onlari
ekspozisiya vaxtma gora qruplagdirmaq va bu gruplar izro ortalasma aparmaq lazimdir. Masalon 15 va 75
saniya ekspozisiya vaxti vermoklo ¢okilon torium-arqon fragmentlorini ortalasdimaq tigiin avvalca bu
fragmentlorin ayri-ayriliqda siyahisi yaradilir:

ecl> hselec thar* fit $I (‘exptime < 20") > thar15.Ist

ecl> hselec thar* fits$l (‘exptime > 20") > thar75.lst
Vo emal zamani har siyahi ti¢iin miivafiq omrlar ayriligda yerina yetirilir.
2. Master fragmentlarin yaradilmasi zamani trim vo overscan diizalislorinin olunmasi vacibdir. Bu
dlzaliglor fragmentlorin ortalagdirilmasindan ovveal butiin fragmentlora, hamginin master fragmentlor
yaradildigdan sonra yaradilmis master fragmentloro totbiq oluna bilor. Fragmentloro trim va overscan
dlzalislori ccdproc tapsirigr vasitasilo icra olunur. Bu zaman omri fayllarin siyahisini segmoklo siyahida
olan bitiin fayllara vo ya master fayli segmoklo master fayla totbiq etmok mumkaindr:
Master sifir iiciin trim va overscan dizalisi:

noao => imred => echelle => epar ccdproc

input: Zero.fit

output: TOZero fit

ccdtype: (zero)

oversca: yes

trimcal: yes

Master mugaisa spektrlari G¢tin trim va overscan dizoalisi:

Noao => imred => echelle => epar ccdproc

input: filename or list(Thar5.fit, Thar75.fit, Sky.fit)

output: (TOThar15.fit, TOThar75.fit, TOSky.fit)

ccdtype: (comp)

oversca: yes

trimcal: yes

Master mustavi saha spektrlari G¢lin trim va overscan dizolisi:

Noao => imred => echelle => epar ccdproc

input: filename or list(Flat.fit or @flat.Ist)

output: (TOFlatl.fit or TO@flat.Ist)

ccdtype: (flat)

oversca: yes

trimcal: yes

Fayllarin adlandirilmasi sartidir, isda ayanilik Uclin trim vo overscan sozlorinin bas harflori diizolis
olunmus fayllarin adinin qarsisina alave olunur. Ortalagdirilmis miistovi Saho spektri “Flat.fit” kimi
adlandirilmis, miivafiq diizalis olundugdan sonra son fayl “TOFlat.fit” kimi adlandirilir. Bu isa 0 demokdir
ki, ogor faylin adinin garsisindo TO isarasi varsa, demali trim vo overscan dizalislori olunub. Dizalis
olunmus basqa fayllar1 da gostormak olar, masalon: sifir diizalisi olunan faylin adina Z (zero), miistavi
saha dlzalisi olunan faylin adinin qgarsisina F (flat), maskasi qurulmus, yani matris formadan vektorial
formaya gevirilmis faylin adma A (apertura), dispersiyast qurulmus faylin adinin garsisina D (disper),
heliosentrik dilizalis olunmus fayla H (helio), Dopler diizalisi edilmis fayla DC (dopler correlation),
normallagsmig faylin adinin qarsisina N (normalization) vo nahayat birtortibli spektra gevirilmis faylin
adna M (merge) horfi olavo olunur. Bu duzalislor asanligla hansi faylin hansi proseslordon kegmis
oldugunu agkar etmoys imkan verir.
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3. Sifir vo garanhq saha (bias va dark) duzalisi— hazirlanmis master fragmentlora (flat vo thar
spektrlorino) sifir vo qaranhiq saho dlzalislori tatbiq olunur, bunun Gglin ccdproc tapsirigindan istifads
olunur:

Noao => imred => echelle => epar ccdproc

input: filename or list(TOThar15.fit, TOThar75.fit, TOFlat.fit, TOSKky.fit)

output: (ZTOThar15.fit,ZTOThar75.fit, ZTOFlat.fit, ZTOSKy.fit)

ccdtype: (comp, flat)

(overscan = no) Apply overscan strip correction?
(trim = no) Trim the image
(zerocor = yes) Apply zero level correction?

(zero = "TOZero.fit") Zero level calibration image

4. Aperturamin miiayyanlasdirilmasi:— spektrlori matris formadan vektorial formaya ¢evrmok (clin
awvalca tartiblorin Glgusuntn muoyyanlogdirilmosi lazimdir. Bunun iiglin apall, apsize, apedit, apfind
tapsiriglart totbiq olunur. Aperturanmn miioyyonlosdirilmasi bir spektr Uzorinds icra olunur vo digor
sepktrlara totbig olunan zaman bu spektr istinad spektri kimi segilir. Noticads eyni tortib say1 vo 6lgusi ilo
aperturalar miioyyanlosmis olur. istinad spektrindo ilkin aperturalart miioyyonlosdirmok Uclin master flat
fragment, parlag bir strandart ulduzun spektri vo ya glnduz goyinun spektrindan istifado oluna bilar.
Tocrlba gostorir ki, SAR-da alinan eselle spektrlorin emali zamani aperturanin miioyyonlosdirilmasi Ui¢ln
glinduiz gdyunun spektrinin tatbiq olunmasi daha miinasibdir. Giindliz goyinin spektrinds tortiblor daha
aydin goriinlir vo aperturanin Olglisii daha asan miioyysn oluna bilir (Sokil 1). Aperturanin
muoayyoanlasdirilmasi {igiin apall tapsirigimnin parametrlori asagidaki kimi geyd olunur:

NOAO/IRAF V2.16.1 astro@poems Sun 09:58:21 22-0ct-2023
func=legendre, order=3, low rej=3, high rej=3, niterate=0, grow=0
total=125, sample=125, rejected=0, deleted=0, RMS=0.08258
Aperture 50 of ZTOSky
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Sokil 1

Aperturanim miioyyanlosdirilmasine dair nimuna.

Istinad spektrinds aperturamin miiayyanlosdirilmasi:
Noao => imred => echelle => epar apall
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input: ZTOSky.fit
output: AZTOSKy.fit
format: echelle

(interactive = yes) Run task interactively?

(find = yes) Find apertures?

(recenter = yes) Recenter apertures?

(resize = yes) Resize apertures?

(edit = yes) Edit apertures?

(trace = yes) Trace apertures?

(fittrace = yes) Fit the traced points interactively?
(extract = yes) Extract spectra?

(extras = yes) Extract sky, sigma, etc.?

(review = yes) Review extractions?\n

Find apertures for ZTOSky? (yes):
Number of apertures to be found automatically (65): 61
Resize apertures for ZTOSky? (yes):
Edit apertures for ZTOSky? (yes):
Aperturanin torium-argon spektrina tatbiqi:
Noao => imred => echelle => epar apall

input: ZTOThar15.fit, ZTOThar75.fit

output: AZTOThar15.fit, AZTOThar75.fit

(format = "echelle™) Extracted spectra format
(references = "ZTOSky.fit™) List of aperture reference images
(profiles ="") List of aperture profile images\n
(interactive = yes) Run task interactively?

(find = no) Find apertures?

(recenter = no) Recenter apertures?

(resize = no) Resize apertures?

(edit = yes) Edit apertures?

(trace = yes) Trace apertures?

(fittrace = no) Fit the traced points interactively?
(extract = yes) Extract spectra?

(extras = no) Extract sky, sigma, etc.?

(review = yes) Review extractions?\n

Recenter apertures for ZTOThar15? (yes):

Write apertures for ZTOThar15 to database (yes):

Extract aperture spectra for ZTOThar15? (yes):

Review extracted spectra from ZTOThar15? (yes):

Review extracted spectrum for aperture 1 from ZTOThar15? (yes):
Aperturanin hamar saha spektring tatbiqi:

Noao => imred => echelle => epar apall

input: ZTOFlat fit,
output: AZTOFlat fit
(format = "echelle™) Extracted spectra format
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(references = "ZTOSky.fit™) List of aperture reference images
(profiles ="") List of aperture profile images\n
(interactive = yes) Run task interactively?

(find = no) Find apertures?

(recenter = yes) Recenter apertures?

(resize = yes) Resize apertures?

(edit = yes) Edit apertures?

(trace = yes) Trace apertures?

(fittrace = yes) Fit the traced points interactively?
(extract = yes) Extract spectra?

(extras = no) Extract sky, sigma, etc.?

(review = yes) Review extractions?\n

Recenter apertures for ZTOFlat? (yes):
Write apertures for ZTOFlatl to database (yes):
Extract aperture spectra for ZTOFlat? (yes):
Review extracted spectra from ZTOFlat? (yes):
Review extracted spectrum for aperture 1 from ZTOFlat1? (yes):
5. MUstavi saha tasvirlarinin normallasdirilmasi:— mustovi saha tosvirlarini normallagdirmaq ti¢iin

apnormalize v ya apflatten omrlorindon istifads olunur:

Noao => imred => echelle => epar apflatten

input = AZTOFlatl fits List of images to flatten
output = NAZTOFlat1.fits List of output flatten images
(apertur= 1-65) Apertures

(referen= ZTOSky.fit) List of reference images
(interac= yes) Run task interactively?

(find = no) Find apertures?
(recente=no) Recenter apertures?

(resize = no) Resize apertures?

(edit = no) Edit apertures?

(trace = no) Trace apertures?

(fittrac= no) Fit traced points interactively?
(flatten=yes) Flatten spectra?
(fitspec=yes) Fit normalization spectra interactively?

Write apertures for AZTOFlat to database (yes):
Flatten apertures in AZTOFlat? (yes):
Fit spectra from AZTOFlatl interactively? (yes):
Fit spectrum for aperture 1 for AZTOFlat fits interactively? (yes):
6. Mustavi saha dUzalisi: spektrloro normallagmis flat tosviri dizolisi totbiq olunur. ©vvalca

normallagmug flat tosvirinds ccdmean agar soziiniin olub olmadigi yoxlanilir, Bu parametrin giymati 1
olmalidir, agor 1 deyilss onda 1 olaraq duzalis edilir. Spekrlorin flata bélinmasi Gglin ccdproc va ya
imarith tapsingmdan istifads olunur. Bu marhalodon avval sopilmis isigin olub-olmadigi miioyyan
edilmali vo ogar varsa apscatter tapsirigi vasitasilo aradan galdirilmalidir. Hamar saho diizalisinin totbigi
zamani imarith tapsiriginin parametrlori asagidaki kimi doyisdirilir:

Noao => imred => echelle => epar imarith
operandl= AZTQOThar15.fits Operand image or numerical constant
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op = Operator
operand2= NAZTOFlat1.fits Operand image or numerical constant
result =FAZTOThar15.fits Resultant image

1. Spektrlori pikselldon dal3a uzunlugu skalasina Kkegirilmasi: bu proses 0zl U¢ morholodon
ibaratdir. Birinci marholodo muqgaisa spektrlorinin ecidentify tapsirigi totbiq edilmoklo torium-argon
atlasindan istifads olunaraq malum olan spektral Xattlorin dalga uzunluglarimin geyd olunmasidir. Tapsirg
omri verildikds IRAF term pancarasi agilir va aperturalart geyd olunmus miiqaisa spektri niimayis olunur.
Tortiblori doyismak tigiin “J” “K” klavislorindon istifads olunur. IRAF programimin daxilinds bUtlin optik
diapazonu shats edan torium-argon Xattlorinin siyahist mévcuddur. Eselle spektrlarinds tortiblorin say1 ¢ox
oldugundan (bizim misalimizda 65) ovvalco muoyyonlosdirilmasi asan olan baslangic, orta vo son
tortiblordan bir negasindos, har tartibdo 5-don yuxari olmagqla xatlorin dalga uzunlugu geyd olunur. Sonra
iso atlasdan istifada etmoklo Xattin dalga uzunlugu miioyyan olunur va Xattin markazinds “m” (make)
kalvisindan istifads etmakls dalga uzunlugu yazilir. ©gar Xattin dalga uzunlugu diizgiin qeyd olunubsa bu
zaman Xattin dalga uzunlugu pancarads oks olunacag. Xattin dalga uzunlugu diizgiin tapilmadiqda iso
geyd olunan dalga uzunlugu doyisorok oks olunur. Bu zaman “d” klavigindon istifade etmoklo dalga
uzunlugunu silmok va yenidon muiayyanlosdirmak lazimdir. Birinci tartibdon sonuncu tartiba kimi bitiin
tortiblor boyunca barabor paylanmagla an azi 4 tortib segilir. Segilmis biitiin tartiblorin avvalindan sonuna
kimi, konarlar1 da ohato etmoklo an az 5 Xottin dalga uzunlugu diizgiin miioyyanlosdirilir vo sonra fit
olunur. Bu zaman spektr pikseldon dalga uzunluguna kegir. Sonraki marhalalords doqigliyin artiriimasi
uclin batin tortiblorda xattlorin milayyanlosdirilmasi lazim golir. Birinci tortibdon baslayaraq biitiin
tortiblords “y” vasitasilo avtomatik dalga uzunluglar1 geyd olunur va bunlarin i¢arisindan diizgiin olanlar
saxlamlmaqla konaragixmalar silinir. Qeyd olunan proses biitiin tartiblor ticiin aparilir. Noticado Sakil 2-
doki goriintii oldo olunur. ikinci morhola birinci morholodo toyin olunan dalga uzunluglarinin digor
spektrlora totbiq olunmasidir. Bunun iiciin refspectra tapsing totbiq edilir. Uglincli morhola dispcor
tapsirig1 vasitaSilo dispersiyanin qurulmasidir [7-9].
Texniki marhola miigaisa spektrinin pikseldon dalga uzunluguna kegirilmasi ilo basa ¢atmus olur.

NOAO/IRAF V2.16.1 astro@poems Sun 11:31:05 22-0ct-2023
Function=chebyshev, xorder=2, yorder=2, slope=-1, offset=115, rms=0.541
Echelle Dispersion Function Fitting
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Sakil 2

Miigaiss spektrinds dispersiyanin qurulmasina dair niimuna.
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Tadqiqg olunan obyektin spektrlorinin emah
1. Todgig olunan obyektin spektrlorinin emali zamani avvalco miigaisa spektrlorinds geyd olundugu
kimi trim, overscan vo sifir duzalislori tatbiq edilir. Bu amaliyyat miivafiq tapsiriglarin daxil edildiyi fayl
hissasing, yani input-a obyektin spektrlarinin siyahisini daxil etdikdon sonra icra olunur. Bir gecads adston
eyni obyektin iki spektri alinir vo geco orzindo doyiskonlik olmadigda spektrlor matris formada
ortalagdirilir. Bunun {igiin imcombine tapsingindan istifads olunur.
Tadqiqg olunan obyektin spektrlari Gglin trim vo overscan duzalisi:
Noao => imred => echelle => epar ccdproc
input: filename or list(@abj.Ist)
output: ( TO@obyj.Ist)
ccdtype: (flat)
oversca: yes
trimcal: yes
Tadqig olunan obyektin spektrloari tigiin sifir diizalisi:
Noao => imred => echelle => epar ccdproc
input: ( TO@obj.lst)
output: (ZTO@obyj.Ist)
ccdtype: (object)

(overscan = no) Apply overscan strip correction?
(trim = no) Trim the image
(zerocor = yes) Apply zero level correction?

(zero ="TOZero/ fit")  Zero level calibration image
2. Tadqgiq olunan obyektin spektrlori ii¢iin aperturanin tatbiq olunmasi: gundiz goyunin
spektrindo toyin olunmus aperturalar flat vo miigaiss spektrinds oldugu kimi obyektin spektrina do totbiq
olunur. Bu zaman apall tapsirigmin parametrlori agagidaki kimi miiayyan olunur:
Noao => imred => echelle => epar apall

input: ZTO@abj.Ist

output: AZTO@oabj.Ist
(format = "echelle™) Extracted spectra format
(references = "ZTOSky.fit™) List of aperture reference images
(profiles =) List of aperture profile images\n
(interactive = yes) Run task interactively?
(find = no) Find apertures?
(recenter = yes) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?
(trace = yes) Trace apertures?
(fittrace = yes) Fit the traced points interactively?
(extract = yes) Extract spectra?
(extras = no) Extract sky, sigma, etc.?
(review = yes) Review extractions?\n

Recenter apertures for ZTO@obj.lst (yes):

Write apertures for ZTO@obyj.Ist to database (yes):

Extract aperture spectra for ZTO@obj.Ist? (yes):

Review extracted spectra from ZTO@obj.Ist? (yes):

Review extracted spectrum for aperture 1 from ZTO@obj.Ist? (yes):
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3. Todgig olunan obyektin spektrlorinds aperturalar miayyan olundugdan, yoni spektrlor martis
formadan vektorial formaya kegirildikdon sonra spektrlors hamar sahs diizalisi tatbiq edilir:
Noao => imred => echelle => epar imarith

operand1=AZTO@obj.Ist Operand image or numerical constant
op = Operator

operand2=NAZTOFlat1.fits Operand image or numerical constant
result =AZTO@obj.Ist Resultant image

4. Tadqiq olunan obyektin spektrlarinin pikseldan dalga uzunluguna kegirilmasi. Bu marholodo
refspectra tapsirigi totbiq edilir vo miigaiso spektrindoan istinad olaraq istifads edilir, daha sonra dispcor
tapsirig1 vasitosilo dispersiya qurulur.

5. Tadgig olunan obyektin spektrino setjd tapsirigi vasitasilo heliosentrik diizalis vo dopcor tapsirigi
vasitasilo dopler duizalisi olunur.

NOAO/IRAF V2.16.1 astro®poems Sun 17:38:21 22-0ct-2023
func=splined, order=4, low rej=3, high rej=3, niterate=10, grow=1
total=1250, sample=1250, rejected=2082, deleted=0, RMS=  908.
AZTOSky.fits, [36,1 |
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80000 ' | [ -
60000 — 1 |
A
4
40000 — b 1:_;21;; | a
¢ 1 ‘!iji' %
A ) & | "a
- ¢ Th
1 r ‘:"‘:.'E 0
(1
20000 — ol | BN |
% 1
4 &l B
s L
1-. 1:
obr ™8 | | 1 |
5375 5400 5425 5450 5475 500
wavelength

6. Toadqiq olunan obyektin spektrinin normallagdirilmasi prosesi continuum tapsirigi vasitasilo yerina
yetirilir. Tapsiriq kasilmoz spektrin soviyyasini avtomatik miiayyan edorak kontinumu kegirir. Kontinu-
mun qurulmasi spektrlorin emalinin 6nomli marhalalorindan biridir. Kasilmaz spektrin saviyyasinin
dlizgun miayyan olunmasi 6lgmalarin doqigliyi baximindan ¢ox vacibdir bu sobabdan ¢ox vaxt avtomatik
kecirilon kontinuma diizolis etmak lazim galir. Bunun tgtlin Sakil 3-do agilan pancarads “s-s” vasitasilo
kontinumun kegacayi sahalari yenidon yazmaq ve “z” vasitasilo uygun olmayan hissalori silmak lazimdir

[9].
Sokil 3

Kontiniumun kegirilmasins dair nimuna.
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7. Nohayat, todqgiq olunan obyektin spektrinin emalinin son marhalasi tortiblorin birlogdirilorak
birtartibli spektra gatirilmasidir. Bunun t¢lin scombine va sarith tapsiriglarindan istifado olunur. Noticada
Sokil 4-doki goriintiinii aliriq.

Spektrin emalinin biitlin morhololori tamamlandiqdan sonra masalonin qoyulusundan asili olaraq
IRAF programui vasitasilo spektral xattin mixtolif fiziki parametrlorinin giymeti 6l¢tls bilor. Yaxud, emal
prosesinin sonunda emal olunmus spektr PYTHON, IDL, SPAS va s. program dillarinds yazilmig
skriptlor va ya programlar vasitassilo analiz oluna bilor.

NOAO/IRAF V2.16.1 astro®poems Sun 17:51:00 22-0ct-2023
[MNDCHFAZTOHD239727.fit]: HD 239727 1.3E5 ap:l beam:1
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Sokil 4

Emal prosesindos eselle spektrin IRAF programu vasitasilo birtartibli spektra gotirilmasi vo spektrin Ha xatti oblastindaki (M. =
6000 + 7250 A) goriintiisii.

NOTICO

IRAF program paketinin Samaxi Astrofizika RoSadxanasinin 2-m teleskopunda alman eselle
spektrlorinin emalma totbigi asason asagidaki naticalori verir:

1. Todgigat naticesindo aydin olmusdur ki, IRAF program paketi ilo spektrlorin emali zamani
dispersiyanin qurulmasi vo kasilmaz spektrin kegirilmasi marhololori SAR-da uzun muddat istifado
olunan DECH program paketi ilo miigaisads daha asan va qisa miiddato basa galir.

2.  SAR-in 2-m teleskopunda alinan eselle spektlarinin IRAF programinda emali zamam spektri matris
formadan vektorial formaya kegirmak {iciin aperturalarin toyin olunmasi zamani miiqayisa Ugln
glinduiz goyunin spekrindan istifads etmok daha magsads uygundur.

3. SAR-m 2-m teleskopunda alinan eselle spektlorinin IRAF progqraminda emali zamani pikseldsn dalga
uzunluguna ke¢id tigiin torium-argon spektrindan istifado etmok daha slverislidir.

Alinmis naticalor SAR-da alinan eselle spektrlorinin IRAF proqrami vasitosilo emal olunmasinda
todgiqatgilar ti¢iin zongin malumat bazasi ola bilar.
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REDUCTION OF ECHELLE SPECTRA WITH IRAF SOFTWARE PACKAGE

A.B.HASANOVA

Presenting the method of reduction the echelle spectra obtained in Shamakhy Astrophysical Observatory using the IRAF
software package has been done.

As a result of the research, it was found that the stages of establishing dispersion and conducting a continuous spectrum
when processing the spectrum using the IRAF software package are performed more simple and quick compared to the DECH
software package, which has long been used in ShAR.

It has been established that it is more appropriate to use the spectrum of the daytime sky as a comparison when determining
apertures for converting spectra from a matrix form to a vector one.

OBPABOTKA SHIEJUIE-CHEKTPOB C IOMOILIBIO
MMPOI'PAMMHOI'O TAKETA IRAF

A.B.ITACAHOBA

IpencraBnen mMeTon 0OpabOTKM 3IIeIUIe-CIIEKTPOB, MOMy4deHHbIX B lllamaxuHCckol actpodmsudeckoii oOcepBaTophn
(LIIAP) ¢ ucnionp3zoBanueM nporpammuoro makera IRAF (Image Reduction and Analysis Facility).

B pesynbTate uccnenoBaHuil yCTaHOBIEHO, YTO 3Tallbl YCTAHOBIECHMS AUCIHEPCHU U HENPEPBHIBHOCTU CHEKTpa MPU €ro
00paboTke ¢ momMoIpio rporpammuoro nakera IRAF smistroTcst 6onee mpocTbMK M KpaTKOBPEMEHHBIMHE TPH 3KCILTYaTaLH 110
CpaBHEHHIO ¢ nporpaMMHbIM koMiiekcoM DECH, kotopslit yxe qaBHo ucnomnbs3yercs B ITIAP.

YCTaHOBIIEHO, YTO CHEKTp JHEBHOTO Heba IienecooOpasHee HCIONb30BaTh B KaY€CTBE CPABHEHUS IIPU OIPEACNICHUH
anepTyp I IpeoOpa3oBaHs CIEKTPOB M3 MATPUYHON (DOPMBI B BEKTOPHYIO.
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AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va riyaziyyat elmlori seriyasi, fizika vo astronomiya 2024 Ne2

UOT 524.3

T BUGA TiP ULDUZLARININ TOKAMULU VO XARAKTERISTIKALARI

F.S.HUSEYNOVA

Elm va Tohsil Nazirliyi, Batabat Astrofizika Rasadxanasi
AZ 7000, Azarbaycan, Naxgivan sah., Heydar Oliyev pr., 35
faidahuseynova@gmail.com

Daxil olub: 08.01.2024
Capa verilib: 01.03.2024

Acar sozlor: T Tauri ulduzlari, ulduz kiilayi, akkresiya diski

REFERAT

Mogqalado TTS tipli ulduzlart vo onun alt qruplar1 hagqqinda
genis molumat verilmisdir. TTS-in spektrindo qadagan
olunmus [OI] A 6300 & xtti iistiinliik toskil edir. Aydin
olmusdur ki, osason TTS ulduzlarinda Bas Ardicilligin
ulduzlar1 ilo miigayisodo boyik infraqumizi siialanma
artighigr méveuddur vo ulduz fotosferini ohato edon isti toz
ortiiyli torofindon yaradilir. Qeyri-muoyyan dayison spekrtal
stialanma xatlori ulduz aktivliyini artmasi ilo akkresiya diski
vo ulduzl kilsyinin omoalo goalmasi miayyanlogdirilmisdir.
Ulduzun Balmer seriyast H xatlori (Het, HE, Hy, HE va s.) bir
gayda olaraq hor zaman giialanma spektrindo goriin(r.

Ik dofs T Buga (TTS) tip ulduzlar geyri-

miioyyon dayisonlor kimi Joy torofindon todqiq
edilmisdir [2]. Bu  ulduzlar  kiitlolori
0.1<M#=/M()<2.5, yas1 1-10mln il tortibinds olan
cavan ulduzlardir. TTS ulduzlan otrafinda gara bu-
ludlar méveuddur, hidrogen vo metal xotlorindo
oldugu kimi Ca II H vo K xotlorindo do giiclii
stialanma spektri miisahido olunur. T Tauri ulduz-
lart siiratli erkon tokamiil dovrii boyunca qalin
optik ulduzortiiylinii  saxlaywr. Ulduz kiitlasi
~2.5M@), temperaturu ~8500K ulduzlarda kon-
vektiv zona halo do mévcuddur vo maqnit sahasi-
nin yaranmasi liglin olveriglidir. Ulduz maddasinin
galiglarindaki maqnit sahasi vo konveksiya hesabi-
na onun giiclonmasi naticasinds T Buga tipli gonc
ulduzlarda maqgnit sahasinin movciid olmasi tobii-
dir. [16]. Bu ulduzlarin cavan ulduz olduguna dair
osas siibutlar agagidaki kimidir:
a) Ulduz amala gatiron bolgoalarls assosiasiya - Ul-
duz amalo gatiron bolgs gonc dumanligin (moleku-
lyar bulud, qaranlig/emissiya dumanliginin), OB
assosiasiyasmin va infraqirmizi obyektlor qruplari-
nin birloasmoasi kimi xarakterizo olunur. TTS-lor bu
obyektlarlo birlikdo mdvcuddur vo tez-tez O bir-
losmoalari ilo vo ya onlart miisayiot etmodon T as-
sosiasiyasini meydana gatirirlor [7].

b) H-R diagraminda yerlosmosi - TTS-lor H-R
diagraminda sagda vo yuxarida yerlosir vo Bas
Ardicilhgdan avvalki ulduz tokamiilii ilo uygunlas-
mast var.

c¢) Spektral xiisusiyyatlori- doyison siialanma xot-
lori amalo gatiran giiclii ulduz aktivliyi inkisaf et-
mis akkresiya diski vo ya ulduz kiiloyinin mov-
cudlugunu gostorir. Homginin TTS-do Li xattinin
¢ox olmasi ulduzlarin cavan ulduz oldugunu siibut
edon asas gostaricidir( bu xotto gors toyin olunmus
littumun miqdar1 400 dofs ¢ox alinir) [6].

Bas Ardicilligda optik goriinon TTS ulduz-
larinin moarkazs dogru akkresiya axinina géro bir
nego sinifo ayrilir [3]:

1. CTTS (classical TTS) - spektrindo giiclii
stialanma xatlori olan KO va daha soyuq spektral
siniflors aid ulduzlar (WHa) =1047, (Herbst va
b.[11]).

2. WTTS (weak-lined TTS) - spektrindo zoif
Ha stalanma xotlori olan soyuq ulduzlar

(WHa)=<10 A", (Herbst va b.[11]).

3. NTTS (naked TTS) - ulduzotrafi diski tama-
milo itirilmig, dorin tokamiil etmis ulduzlar,
(Walter vo b.[17])
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4. ETTS (ealry-type TTS) - rang vo spektral
doyismolorino goro CTTS ulduzlarindan miioyyan
godor forglonon, KO spektral sinfindon daha isti
ulduzlar, (Herbst vo b.[11])

5. PTTS (post TTS) - NTTS tip ulduzlarindan
bir o godor do forglonmoyan, tokamiil marholosi
bitdikdon sonra Bas Ardicilligi tork edon ulduzlar,
(Pallavicini vo b.[15])

Spektral xiisusiyyatlori - TTS-lorin optik
spektri gliclii siialanma xotlori ilo xarakterizo
olunur. Ca II H, K vo Ha xatlorindo emissiyanin
movcud oldugunu Herbig [10] Tau-Aur garanliq
bulud bolgesinin boyilik bir sahasinds vo biitiin
molum TTS-lordo Ca IT H vo K emissiyasini agkar
etdi.

Walter vo d.[17] torafindon Ca II K siialan-
manin soth axim K vo M spektral siniflorinds pik
soviyyada goriiniir. Digar torafdon, soyuq ulduzla-
ra dogru Her sothi axininin Ca II K-ys nisbati artir.
Bu iso gostorir ki, slialanma itkilorinin hazirki
moanbayi tadricon G tipli ulduzlardaki Ca II vo Mg
[I-don M tipli ulduzlardaki Hea emissiyasina
doyisir.

Fe I-do fliireans emissiya xattinin méveud-
lugu - Herbig torofindon Fe T A4063A vo A4132A
stialanma xotlorinin gliclonmasi fliloresan mexa-
nizmi ilo izah edilmisdir. Ca II H vo Hs xotlori
imumiyyatlo A3969A diapazonunda giiclii siialan-
mada olur [5].

TTS-in spektrindo qadagan olunmus [OI]
A6300A xotti iistiinliik togkil edir. Karbit vo b. Isin-
do 36 TTS ulduzudan 23-niin spektrindo miixtolif
intensivliyo malik He siialanmada [OI] A6300A
xotti askar edildi [1]. Bozi ulduzlarda hamginin
[SIT] AA6717, 6731A, [OI] M6363A, [NII] A\ 6548,
6584A gadagan olunmus xatloro rast golmak olar.
Bu xatloro gbro gazin elektron sixligi toqriban
10%sm ™~ *olur. Bu onu gdstarir ki, gadagan olun-
mus xatlor ulduz kiiloyinin asagi sixlia malik
oldugu daha yuxar gatlarinda yaranur.

Herbig torofindon TTS tip ulduzlarda Li
migdar1 Bas Ardicilligin digor ulduzlarima nisbaton
iki dofo giiclii oldugu askarland1 [6]. Bu bir daha
TTS ulduzlarinin cavan ulduz oldugunun siibut
etdi. Li atomlar1 ulduzun dorin konvektiv qatla-
rinda protonlarla toqqusaraq dagila bilir. Magazzu
vo d. torofindon Li miqdart ulduzun effektiv

temperaturuna, yasina v kiitlosina neca tasir etdi-
yini gérmak tigiin lgtilmiisdii [12,11]. Sakil 1-don
gorlindiiyii kimi, Bas Ardicilhq ulduzlarinda Li
miqdari digor ulduzlara nisbaton iki dofo coxdur vo
qumizi ulduzlara torsf getdikco shamiyyatli dore-
codo azalir. Bu onunla izah olunur ki, qurmizi
ulduzlarda konvektiv qatlarin geniglonmosi ilo Li
atomunun parcalanmasi daha siiratli bas verir.
Martin va d. isindo hamginin gosterildi ki, boyiik
firlanma siirotino malik olan TTS-do Li artighg1
movcuddur vo bunu Li atomlarinin daha dorin
konvektiv gatlara niifuz etmosino mane olan
firlanma tosiri kimi basa diismok olar [14].
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TTS ulduzlarda Li atomunun miqgdart.

Ulduz kiilayi vo akkresiya - Karbit vo d.
isindo gostorilmisdir ki, akkresiya seli vo ulduz
kiiloyi arasmdaki olage akkresiya disk kiilayinin
glclonmasing sabab olur [1]. 36 TTS ulduzun He
vo qadagan olunmus xatlorinin spektral xiisusiy-
yatloring asason optik va infraqrmizi fotometrik
miisahido naticalori asagidaki kimi gostorilmisdir:
1) Tadqiq olunan biitiin ulduzlarm He siialanma
xottinin ekvivalent eni 1-140A intervalinda genis
bir diapazonu ohats edir. Bundan basqa, 23 ulduz-
da banévsayi torafa siirtison gadagan olunmus [OI]
A6300A Xotti agkarlanmis, TTS-in oksariyyatindo
yuksok enerjili kilok vo qeyri-soffaf ulduzotrafi
disk alamatlori var.

2) Guman olunur ki, [OI] A6300A Xatti ulduzun

yuxarli qatlarinda yaranir. Hee Vo qadagan olunmus
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Xatlor bir-birilo yaxsi korreliyasiya edir. Bu korre-
liyasiya iso onu gosterir ki, ulduz kilayinin
ulduzlar arasinda genis diapazonda kiitlo itkisino
malikdir.

3) Akkresiya diskinds IQ siialanma artiqhg adeton
ulduzatrafi tozdan amolo golon istilik stialanmasi
kimi goabul edilir. Burada [Ol], Her stialanma xatlo-
rinin intensivliyi vo IQ artigliq arasmda miisbot
korreliyasiya oldugu goriiniir. Bu korreliyasiya iso
gazin akkresiya tempi ilo kitlo itkisi tempi ara-
sinda nazare garpacaq doaracads slage oldugunun
stibutudur.

4) Burada gorundr ki, [Ol], Ha stialanma xatlori-
nin intensivliyi arasinda oldugu kimi, ulduz isiqligt
(L=) vo digor parametrlor arasinda korreliyasiya
moveud deyil vo IQ artighq ulduzda yox, diskdo

yaranir. Demoli, TTS-do bu xatlor ulduz kilayinin
gostaricisidir.

Yuxarida geyd olunanlardan belo bir noti-
caya goalmok olar ki, akkresiya diski ulduz sathina
gaz vo tozun tokulmasils, disk kilayi isa tokilon
gazin qravitasiya enerjisi hesabina yaranir.

Disk kilayinin movecud olmasi Hartigan vo
d. isindo yuksok dispersiyali spektroskopik miisa-
hidalor naticasinds molum olmusdur [4]. Bels ki,
mixtolif radial siirato malik [OI], [SI] vo [NII]
xatlorin profilinds iki kompanent var. Sokil 2-do
aydin goriiniir ki, DR Tau ulduzunda [OI] A6300A
xatti cut pik profilindadir. Yiksok radial strato
(~ —150km - san™ 1) malik birinci kompanent
gaz axinmi gostorir vo ulduzun 6ziinds yaranan
ulduz kilayi oldugu giiman edilir.

Velocity (lom x!)

Sokil 2
DR TAU ulduz spektrinds [O1] A 6300A xattinin profili.

Asagy radial siiroto malik ikinci kompanent
(~5km - s71) yiiksok sixliga malik gaz axmudir vo
disk kiiloyi akkresiya diskindo yaranir.

TTS qrupunda CCTS tip ulduzlarm alt
grupuna aid olan FU Orionus ulduzlarinin parlagli-
ginda bir ne¢o siiratli vo davamli artmalar, hom-
¢inin ¢ox yavas sonmolor miisahido olunur. Proto-
tip ulduz olan FU Ori, 1936-1937-ci illords 4 ayliq
bir miiddst orzindo parlaghgin gofil 6 mag artim
niimayis etdirdi vo sonra onun igig1 60 il orzinds
todricon yalmiz bir magnitiuda azaldi. FU Ori
ulduzlarinin siiratli parlaghg: kiitlovi akkresiya
axmin artmasi ilo yaranan boyilik miqyash part-
layisin tosirindon yaranir. Yiiksok parlagliq soviy-
yasi yiiksok akkresiya doracosinin davam etdiyi

miiddotdo saxlanilir. Siiratli ulduz kiiloklorinin mii-
sahido olunmasi gostorir ki, akkresiya diskinin
daxilinds bas veron bazi boylik partlayislar ulduz
kiiloyinin siiratlondirir. Gliman olunur ki, FU Ori
ulduzlart TTS-in tokamiil prosesinin ¢ox aktiv
morhoalosindadir.

Herbig vo d. isindo FU Ori vo V1057 Cyg
ulduzlarinda apardigi yeddi illik spektroskopik
miisahidolordon moalum olmusdur ki, 1938-1939-
cu illorde malik oldugu parlagligdan yalniz 1 mag
az olarkon, V1057 iso toxminaon 2000-ci ildo mini-
mum is1ga c¢atdigdan sonra parlaqhigi bir qodor
barpa olundu [8]. Bu period arzinds har iki uldu-
zun Ha stialanma xottindo P Cyg profilli agkarlan-
musdir.
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Yuxarida gostorilon spektral xiisusiyyotlor-

don bir daha aydin olur ki, HAEBE tip TTS cavan
ulduzlarmin hols do tokamiilii davam edir. Homgi-
nin T Tauri ulduzlarm spektrindo Li T A6707A
xottinin agkarlanmast bu ulduzlarin cavan ulduz
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EVOLUTION AND CHARACTERISTICS OF T TAURUS-TYPE STARS

F.S.HUSEYNOVA

The article provides extensive information about TTS-type stars and their subgroups. The spectrum of TTS is dominated
by the forbidden [OI] A6300A line. It has been found that mainly TTS stars have a large excess of infrared radiation compared to
Main Sequence stars, generated by the hot dust mantle surrounding the stellar photosphere. The formation of the accretion disk
and stellar wind with the increase of stellar activity is determined by the uncertain variable spectral emission lines. A star's
Balmer series H lines (Ha, HB, Hy, H3, etc.) are usually always visible in the radiation spectrum
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SBOJIIOLMS U XAPAKTEPUCTHUKH 3BE3/IbI THUIIA T TEJBIIA
®.C.TYCEMHOBA

[pencraBnena obmmpHas nH(Gopmarmst o 3Be3nax tuna TTS n ux noarpynmax. B cnexrpe TTC npeobrnanaer 3arpe-
mennas maans [OI] A6300A. Buto oGHapyskeHo, uTo, B OCHOBHOM, 3Be31bI TTS MMEIOT GONBIIOH H3GEITOK MH(PAKPACHOTO
M3ITy4YEHUsI 10 CPAaBHEHUIO €O 3Be37aMU [ J1aBHON NOCIEN0BATENBHOCTH, TEHEPUPYEMOTO TOPSIYEN MBUIEBOI MaHTUEH, OKpYKa-
To1el 3Be3aHyo (otochepy. PopmMupoBaHME AKKPEIMOHHOTO AMCKA F 3BE3IHOTO BETPa C POCTOM 3BE3THON aKTHBHOCTH OIpe-
JeISIeTCS. HEONPEIETICHHBIME TIEPEMEHHBIMU CIIEKTPAIBHBIME SMUCCHOHHBIMH JIMHUAMA. H-miHMM OabMepoBCKo# cepun
3Be3me! (Ha, HB, Hy, HO u T. 11.) 00BIMHO Beeria BUIHBI B CIIEKTPE W3ITYICHHSL
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AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va riyaziyyat elmlori seriyasi, fizika vo astronomiya 2024 Ne2

AKADEMIK ARIF PASAYEYV - 90

Azorbaycan elminin gérkomli nlimayandasi,
Azorbaycan Milli Elmlor Akademiyasinin vo Bey-
nalxalq akademiyalarm haqiqi Uzvi, fizika-riyaziy-
yat elmlori doktoru, professor, Azorbaycan Dovlot
Miikafati laureatr, Milli Aviasiya Akademiyasimnin
rektoru, Azorbaycani diinyada tanitdiran alimlori-
mizdan olan Arif Mircalal oglu Pasayevin 90 yasi
Vo elmi faaliyyatinin 65 ili tamam olur.

Arif Pasayev 15 fevral 1934-cii ildo Bakida
anadan olmusdur. 1957-ci ildo Odessa Elektrotex-
nika Rabito Institutunu radiofizika ixtisasi {izro
bitirib, 1959-cu ildo AMEA-nin Fizika Institutun-
daelmi faaliyyato baslayib. Alim 1960-1964-cii
illordo Moskvada "QIREDMET" institutunda as-
pirant olmus, 1966-c1 ilds "Yiiksok va ifratyiiksok
tezliklordo yarimkegiricilorin parametrlorini 6l¢-
mok ti¢lin kontaksiz {isul vo cihazlarin iglonmosi"
movzusunda namizadlik dissertasiyasini miidafio
edorak, texnika elmlori namizadi alimlik doracasi
almigdir. Elmi axtariglarini ugurla davam etdiron
alim 1978-ci ilds "Yarimkegiricilorin tadqiginda
geyri-dagidic tisullarn fiziki asaslari, inkisaf prin-
siplari va tatbiqi perspektivleri" mévzusunda dok-
torluq dissertasiyasin1 miivoffoqiyyotlo miidafio
edorok fizika-riyaziyyat elmlori doktoru alimlik
dorocasino layiq goriilmiisdiir. O,1978-ci ildo
professor elmi adin1 almig, 1989-cu ildo AMEA-
nin miixbir tizvii, 2001-ci ildo haqiqi tizvii segil-
migdir.

Arif Pasayev 1971-ci ildon AMEA-nmn Fi-
zika Institutunun Zodosiz 6lcma vo nozaratin fiziki
tisullar1 laboratoriyasinmn rohboridir. O, Fizika Ins-
titutunun elmi istigamatlorinin miioyyanlogdirilme-

sindo, elmi kadrlarin hazirlanmasinda faal istirak
edir

Arif Pasayevin elmi axtariglarimin osas elmi
istiqgamaoti yarimkeciricilor fizikas1 vo texnikasidir.
O, ilk dofs olaraq yarimkegirici materiallarin elekt-
rofiziki parametrlorinin kontaktsiz 6lgma tisullari-
nin elmi asaslarimi islomis, bu tisullart reallasdiran
Cihazlar, masingayirma momulatina nazarat tigiin
coroyan burulganlarindan istifado edon qurgular,
mikrominiatlir doqiq c¢eviricilor yaradaraq seriya
ilo onlarm istehsala buraxilmasmi togkil etmisdir.
Bu qurgular diinyanin bir ¢ox elm maorkozlorinda,
gomiqayirmada, masinqayirmada, horbi sonayeda,
genis todbiq olunan ¢evik nozarat sistemlorinin
yaradilmasinda va digar istehsalat sahslorinds mii-
vaffaqiyyatlo istifads olunur. Alimin aldos etdiyi el-
mi naticalorin bir ¢oxu ixtira saviyyasinds iglonib
beynalxalq sorgi vo miisabigolordo qizil, giimiis
medallar vo diplomlarla toltif olunmus, bir sira
sonaye miiassisalorinds totbiq edilib. O, yliksok vo
ifratyliksok tezlikli diapazonlarda materiallarin
zodosiz todqiqatlarinin fiziki osaslarmi yaratmus,
40 ildon artiq bir dovrds zodosiz nazarat yarimke-
ciricilor fizikasinin vo 6lgma istigamatlorinin elmi
asaslarmin inkisafi, yeni istiqgamatlorin yaradilmasi
va onlarin tatbiqi ilo moggul olmusdur.

Onun elmi todgigatlara basladigi ilk illordon
irali stirdilyt asas prinsiplordan biri fundamental
fizikanin texnika ilo vohdot soklinds inkisaf etmo-
sidir. O, 0z todqigatlarida bu prinsipa har zaman
omoal edirdi. Mirokkab torkibli yarimkegirici bir-
losmolorin monokristallarini almag, onlarin xasso-
lorini tadqiq edarak, prinsipca yeni ganunauygun-
luglar vo fiziki hadisalor askara ¢ixarmagla kifa-
yatlonmir, onlarin asasinda miiasir tolablora cavab
veron cihazlar yaratmaq mogsadilo tocriibi-konst-
ruktor iglori gorur vo oldo etdiyi elmi tapintilar
yeni-yeni cihazlarmn istehsalina gatirib ¢ixarirdi..

Akademik Arif Pagsayev 1996-c1 ildon indi-
yadok "Azorbaycan Hava Yollan" Dovlet Kon-
serni Milli Aviasiya Akademiyasimin rektorudur.
Onun rohberliyi ilo akademiyada todris prosesi,
elmi-metodiki islor yiiksok soviyyados toskil edil-
migdir. Milli Aviasiya Akademiyasinda rektor
vozifasine toyin edildiyi vaxtdan burada "Iqtisadiy-
yat vo hiiquq", "Avianaqliyyat istehsalat1", "Ixtisa-
sartirma" kimi kafedra vo yeni ixtisaslar agilmisdir.
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Burada ilk dofo Azarbaycan dilinds tohsilin aparil-
masina baslanmigdir. Akademiyanin orazisindo
yeni tadris korpuslari, miiasir toloblors cavab veran
idman kompleksi, tolobo yatagxanasi, mehmanxa-
na va s. binalar inga edilmisdir.

Akademiyanim elmi foaliyyoti buradaki do-
Zimetrlorin, pilotsuz ugus aparatlarinin, minalarin
axtarilmasi vo zorarsizlosdirilmoesi tizra radioida-
roolunan robotlarin, radiotexniki tominat obyektlo-
rinin texniki voziyyotino avtomatlagdirilmis nozo-
rot sistemlorinin yaradilmasma va s. yonoldilmis-
dir. Milli Aviasiya Akademiyasi Dovlotlorarasi
Aviasiya Komitosinin gorart ilo "Miilki Aviasiya
ali tohsil miiossisosi” sertifikatina layiq goriilmiis
vo Beynolxalqg Miilki Aviasiya Togkilatimin ali
tohsil miiassisalarinin siyahisina daxil edilmisdir.

Akademik Arif Pasayev 400-0 yaxin elmi
osarin, 15-don artiq kitabin vo monoqrafiyanin mii-
allifidir. Alim 30-dan ¢ox ixtiraya goro mialliflik
sohadotnamosi alib, medallar vo diplomlarla toltif
olunub. Arif Pasayev Azarbaycan Respublikasinin
Dovlst miikafatina, fizika sahosindoki yiiksok
nailiyyatlorino goro "SSRI-nin ixtiragis1" medalina,
akademik Y.Mommodoliyev adina medala vo
Ingiltoro Beynolxalq Biografiya Morkozinin qizil
medalina layiq goriilmiisdiir. "VEKTOR" - Bey-
naolxalg Elm Moarkozi Miikafat Komissiyasinin
qorart ilo "Azorbaycanmn taninmig  alimlori”
beynoalxalq layihosinin galibi olmus vo "XXI asrin
taninmus alimi" beynoalxalq diplomu ils taltif edilib.
Elm vo tohsil sahosindoki xidmeatlori nazors
almaraq ona Beynolxalq Elmlor Akademiyasinin
“Quz1l nisan1” toqdim olunub, Beynalxalq Miihon-
dislik Akademiyasimmin yubiley Qizil medalina,
Umumdiinya Siilh Surasmm “Diinyamn sofiri”
beynolxalq diplomuna layiq goriiliib. Azarbaycan-
da elmin, tohsilin inkisafinda yiiksok xidmatlori
olan akademik Arif Pasayev "Sohrot” vo “Sorof”
ordenlori ils toltif olunub.

O, Beynolxalq Nogliyyat, Beynolxalq Mii-
handislik, Beynalxalq Ekoenergetika, Beynolxalq
Elmlor, Beynolxalq Informasiya akademiyalarinin
akademiki, Ukrayna Milli Aviasiya Universitetinin
foxri doktoru, Vyana Beynalxalq Universitetinin
foxri professorudur.

Arif Pagayev Azorbaycan Respublikast Ali
Attestasiya Komissiyasinin Ekspert Surasinin, Tbi-
lisi Texniki Universitetindo Orazi Surasinin {iz-

VU, AMEA-da cihazqayirma iizro Elmi Suranin
sadri, Azorbaycan Milli Aerokosmik Agentliyi vo
Milli Aviasiya Akademiyasi nazdinde birlogmis
ixtisaslagdirilmis suranmin hamsadri, Dovlotlorarasi
Aviasiya Komitosi nozdindo aviasiya miitoxassis-
lorinin hazirlanmasi iizro slagelondirmo surasmin
Uzvidir. Alimin rahbarliyi altinda onlarla aspirant
va dissertant namizadlik dissertasiyasi miidafio et-
mis, eyni zamanda ¢oxlu sayda doktorluq disserta-
siyalarma elmi moaslohat¢i olmus, Rusiyada, Uk-
raynada, Latviyada, Estoniyada vo Azorbaycanda
miidafio olunmus doktorluq dissertasiyalar1 {izro
rosmi opponent kimi ¢ixis etmisdir.

Akademik Arif Pagayev Milli Aviasiya Aka-
demiyas1 nozdinds dissertasiyalarin miidafiosi tizro
ixtisaslasmig Suramin sadri, Milli Aviasiya Akade-
miyasi “Elmi macmuolor” jurnalimin, “Elmi asor-
lor” toplusunun, “Sema” elmi-populyar jurnalin,
Azarbaycan Miihandislik Akademiyasinin Xobor-
lori jurnalinin bas redaktorudur, Azarbaycan Res-
publikas1 Nazirlor Komitosi yaninda Kosmik mo-
salalor tizra suranin sadri, Azorbaycan Miihandis-
lik Akademiyasinin prezidentidir.

Arif Pagayev yiiksok elmi-praktiki potensia-
la malik olmagla yanasi, yiiksok vatondashq, ve-
tonparvarlik hisslori ilo yasayib-yaradan, respubli-
ka ohomiyyotli islordo, xiisuson Azorbaycanda
aviasiya tohsilinin miiasir saviyyado inkisafina
yorulmadan gorgin amok sorf edon, gonc naslin
tolim-torbiys islorinds, onlarmn yiliksok vatonpar-
varlik ruhunda torbiys olunmalarini xiisusi digqet-
do saxlayan qaygikes rohbor, somimi insan vo
otrafinda olan har bir isgiizar, yaradic1 amokdasin
yaxin maslohatgisi vo kdmakgisidir.

Taninmis alim, pedaqoq, elm togkilatcisi,
mudrik insan akademik Arif Pasayevi sanl yubi-
leyi minasibatilo Grakdan tobrik edir, ona can sag-
lig1, uzun 6miir, elmin va tohsilin  ylksaldilmasi
yollarinda daha bdylk ugurlar vo nailiyystlor
arzulayirg.
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AKADEMIK NAZIM MOMMODOV - 70

Kondenss olunmus halin fizikas1 sahasinda
gorkomli alim vo elm togkilatcisi, fizika-riyaziyyat
elmlori doktoru, professor, Azarbaycan Milli Elm-
lor Akademiyasinin haqiqi Uzvi, Azorbaycan Res-
publikasinin Dovlot Miikafati laureati Nazim
Timur oglu Mommadov 5 noyabr 1953-cii ild> Ba-
k1 soharindo anadan olmusdur. Moskva "~ Polad vo
Xalitolor™ Institutunu 1975-ci ildo yarmkegiricilor
vo dielektriklor ixtisas tizro bitirmigdir. EImi-tod-
gigat Totbigi Fizika Institutunun Baki filialna islo-
maya gondarilon gonc mitoxassiz bir ildon sonra
AMEA-nn Fizika Institutunun aspiranturasina da-
xil olmus vo 1980-ci ildo namizadlik, 1990-c1 ildo
doktorluq dissertasiyalarin1  miidafio  etmisdir.
N.Mommodov 2014-cii ildo AMEA-nin miixbir
uzvl, 2017-ciilds hoqiqi tizvii secilmisdir.

Elmi naticalori ilo beynolxalqg elmi ictimaiy-
yat arasinda taninmaga baslayan Nazim Mommo-
dov 1994-cii ildo Yaponiyanin Naqaoka Texnoloji
Universitetino professor kimi dovat olunmus,
1998- 2005-ci illords Osaka Universitetinin Fizika
Vo Elektronika fakiiltasinds professor vozifasinda
calismisdir.

2005-ci ildo AMEA Fizika Institutuna
gayidan Nazim Mammodov Azarbaycan-Yapo-
niya birgo layihasi osasinda yeni Ellipsometriya
laboratoriyas: toskil etmisdir. Laboratoriya qisa
muddstdo masir cihaz vo qurgularla tamin olun-

mus vo fundamental todgigatlar aparilmaga bas-
lanmugdir.

Akademik N.Mammadov todgigatlar ilo
tocrlibi vo nozori olaraq ilk dofo bark cismin
elektron sisteminin is1q siiasina dielektrik cavabi-
nin aragdirtlimasini spektroellipsometrik yanagma-
n1 totbiq etmis, asag1ol¢iilii bark cismin niiva siste-
minin radiotezlikli stialanmaya reaksiyasini miioy-
yanlogdirmis, tamal prinsiplordon kvant-mexaniki
hesablamalar va spektroskopik faza modullagdiril-
mis ellipsometriya molumatlar1 asasinda material-
larin optik kegidlor {iglin zonalararasi hal sixlig1 vo
dielektrik funksiyalarini miioyyon etmis, miixtolif
metallarin tioqallat xalkogenidlorinin siialanma
emissiyasmin xiisusiyyatlorindan istifado edorak
isiq spektrinin bondvsayi Vo yasil sahasini ohato
edon diapazonda optik hayacanlanan va rovan do-
yison tezlikli unikal lazerin yaradilmasinin fiziki
osaslarmi iglomis, asagidlciilii  sistemlorin  isigla
induksiyalanmis rekord yaddas effektino vo ylk-
sok termoelektrik horokat glivvasine malik oldugu-
nu, defekt quruluslu monoatom nanonagqillorin
Fermi saviyyasi atrafinda buraxma spektrini tadqiq
etmis, ilk dofo nozori vo tocriibi olaraq Dirak
noqtasi Fermi soviyyasi yaximliginda yerlogon dolu
topoloji elektron soviyyalori ilo yanasi, Dirak
noqtosi  kecirici zonada yerloson bos topoloji
elektron saviyyalorininds moévcudlugunu miiay-
yanlogdirmis, tallium selenid n6v kristallarin ani-
zotrop sathinda topoloji izolyatorlara xas olan Di-
rak konusundan forgli mistavi vo piramida sokilli
xotti dispersiyaya malik sath elektron hallarini as-
kar etmisdir. Belolikla, onun rahbarliyi va birbasa
istirak1 ilo materiyanin yeni kvant hali-ilk antifer-
romagnit topoloji izolyator yaradilib todqiq edil-
misdir.

Aparilan todgigatlar yuksok giymatlondirilo-
rok N.Mammadova bir grup amokdas ilo birgo
2020-ci ildo “Materiyanin yeni kvant hali - antifer-
romagnit topoloji izolyator: dizayn, asas elektron
xassalori vo totbiq perspektivlori” mévzusunda el-
mi mogalalor toplusuna Azarbaycan Respublikasi-
nin Dovlot miikafati verilmisdir.

Moahsur “Nature” jurnalinda 2019-cu ilds
N.Mammoadovun birga hammislliflorlo dorc olu-
nan “Antiferromaqnit topoloji izolyatorun gabagq-
cadan xobar verilmasi vo miisahidosi” mogalasi
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Pekin gohorinds kegirilon “Fundamental Elmlor
Beynalxalq Kongres”-da kondenss olunmus hal
fizikas1 sahasinda son 5 ilds darc olunan an yaxsi
beynalxalq elmi mogalo kimi geyd olunmusdur.
Bu, Azorbaycan fizika elminin nailiyyati olaraq
Respublikamiz1 topotronika, spintronika, enerji
itkisi olmayan elektronika, kvant kompdterlori
tiglin materiallarin yaradilmasi kimi ytiksok reytin-
gli todgigatlar sahosinds gabaqeil dlkslor sirasina
¢ixarir.

Akademik N.Mommadoov 2010-2013-cli
illordo Fizika Institutunda xarici alagoler va inno-
vasiyalar Uzro direktor muavini, 2013-2021-ci
illordo Institutun direktoru, eyni zamanda 2015-
2020-ci illorda AMEA-nin FRTE Bélmasinin aka-
demik-katibi vo AMEA Reyasst Heyatinin tzvi
olmusdur. O, 2005-ci ildon toskil etdiyi Ellipso-
metriya laboratoriyasinin rohbaridir.

O, bir ne¢a Beynalxalq elmi konfransin osas
toskilat¢ilarindan biri vo Sadri olmusdur, Respub-
lika vo xarici elmi jurnallarin redaktoru vo
redaksiya heyatinin zvidur, ¢cox sayda Beynol-
xalg konfransda davatli moruzs etmisdir.

Akademik N.Mammadovun yiiksak ixtisasli
elmi kadrlarin hazirlanmasinda bdyiik xidmatlori
var. O uzun middot AMEA Fizika Institutu
nozdinds foaliyyst gostoron Dissertasiya surasmin

Sadri, hazirda Suranmn tizviidiir. Onun elmi rahboar-
liyi ilo bir nega elmlar vo folsafa doktoru, Yaponi-
yada bir falsafa doktoru (Ph.D) hazirlanmusdir.

N.Mammoadov oksariyyati ¢ox nifuzlu xari-
ci Olko jurnallarinda dorc olunmus 400-o godor
elmi osarin, bir neco mualliflik sahadstnamasinin,
2 Yaponiya patentinin musllifidir. O, 15-0 godor
xarici va respublika grant layihslarinin rahbari va
istirak¢ist olmusdur.

Akademik Nazim Mammadov elm sahasin-
do Azarbaycan Respublikasinin Dovlot Miikafatt
laureatidir, “Azorbaycan Xalg Cumhurriyatinin
100 illiyi”, “Baki Dovlat Universitetinin 100 illiyi
(1919-2019)” yubiley medallari, AMEA-nin Foxri
Formanu il taltif edilib. O, Tiirk Diinyas1 Arasdir-
malart Beynalxalqg EA-nin  {izvii secilmis, homin
qurumun “Qizil ulduz” medalina layiq goérilmiis-
dar.

Respublikamizda kondenss olunmus hal fi-
zikas1 sahosindo muasir elmi istigamot yaratmis
g6rkamli alim Nazim musllimin émrinin an foal
va mohsuldar dovridur, Onu 70 illik yubileyi mu-
nasibati ilo tobrik edir, yorulmaz vo somarali foa-
liyystindo yeni ugurlar vo moéhkom cansaglig
arzulayirg.
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