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Tiirkiye

XARICI MAQNIT SAHOSI OLMAYAN KECIRICI ANIZOTROP
MUHITLORDO TEMPERATUR QRADIYENTI OLANDA ENINO VO UZUNUNA
TERMOMAQNIT DALGALARININ HOYOCANLANMASI

E.R. HOSONOV!? §.Q. XOLILOVA2, R.K. MUSTAFAYEVA!
 Baki Déviat Universiteti, Z. Xalilov kiic., 23, Baki, Azarbaycan
2Elm vo Tohsil Nazirliyinin Fizika Institutu, H.Javid pr-ti, 131 Baki, Azarbaycan
E-mail: shahlaganbarova@gmail.com

Magaloda termomagqnit dalgalarinin artmasi sosti nazari cohstdon arasdirilir. Gostorilir ki, elektrikkegiriciliyi tenzorunun
o qiymatindon asili olaraq, termomagqnit dalgalari uzununa (yani kL |7T) V3 enina (yani E| | |7T) istigamatlords hoyacanlanir.
Bu termomaqnit dalgalarinimn tezliklori ham uzununa, hom do enins istigamatdo hesablanir. Bu dalgalarin artimlart tors elektrik
kegiriciliyi tenzorunun a;;, giymati ilo miioyyan edilir. Hoyacanlanan dalganin asasen termomaqnit xarakterli oldugu isbat edil-
misdir. Nozori olaraq, alds edilon dispersiya tonliyi rogs tezliyina goras cobri olaraq yiiksok artir. Hor iki halda (uzununa l?| | VTvo
eninok L |7T) dispersiya tonliyi asagi tezlikdo termomaqnit tezliklorin oldugu sortlori ishat edir. Isbat edilmisdir ki, elektrik
kegiriciliyi tenzorunun qiymati eyni olarsa, termomagqnit dalgalarinin yayilma tezliyi forglidir. Nozariyys xarici magnit sahosi
olmadan qurulur. Xarici bir magnit sahasinin H, = 0 mévcudlugunda, termomagqnit dalgalarinin hayacanlanmasi sortlori vo
albatts ki, onlarin artma sartlori shomiyyatli dorocods doyisacakdir.

Acar sozlor: tezlik, termomaqnit dalgalari, enino dalgalar, uzununa dalgalar, elektrik kegiricilik tenzoru, tors tenzor.
PACS: 78,55, 73.22.CD, 73.22

GIRIS Elektrik sahosi E, temperatur qradiyenti
VT = const, yiik dasiyicilarinin konsentrasiya qradi-
yenti Tn vo 5(?, t) siirat ilo hidrodinamik harakoatlor
olduqgda, elektrik coroyaninin sixligi beladir.

[1] isindo isbat edilmisdir ki, sabit temperatur qra-
diyenti olan plazmada hidrodinamik harokatlor, maqnit
sahosi yaranir. Bu vaziyyatdo plazma adi plazmadan
nazaragarpacaq doracods forgli halina salinmis xiisu-

v =% =%
siyyatlora malikdir. Belo bir plazmada yalnmz maqnit J=ot +0J[E H } —aVvT _a'[VTH]

sahasinin rags termomaqnit dalgalar: hoyacanlanir. Xa- - (1)
rici bir maqnit sahasinin olmasi halinda, termomaqnit . = [SHJ T Vn
dalgalarinin dalga vektoru maqnit sahosino perpendi- E"=E+ c +€T,e >0

kulyardir va belo miistavida yerlesir_ﬁ, VT Termomag-
nit dalgalarimin siirati sos siiroti vo Alfven dalgasinin

. . A A 1) vektor tenliyinden E toyini vektor tonliyinin
stirati ilo miiqayiso edils bilor. Temperatur qradiyenti (1) vektor tonliyindon £ toyini - vektor tonliy

zamandan vo koordinatlardan asili deyil. Yiik dasi- halli kimidir -
yicilarinin Larmor tezliyi onlarin toqqusma tezliyindon X=a+ l:b )_(il (2)
azdir, yoni.
(2)-don
ar<<t, 0= (67(]:(65),z:a+[ﬁa}+[ﬁ[ﬁxﬂ
mc
| b? <<1 oldugda ahriq:
= [gﬂ} (ST C 5 co’ 51,7 Vp
E=-L - A{VTH |+ = rotH == frotH, H [+ -2+ AVT 2)
c dro Arol cCp

(2*) ifadasini oldo edarkon rotH = “7” 7 Maksvell wp = —cAKVT
tonliyindon istifado  edilmisdir Burada A = %, tezliyi ilo hayacanlanir.
A= “G_Zaa , 0 -elektrik kegiricilik amsali, A -diferen- [2'?’]'(19 isbat edilmisdir 1.(1’ ke-c;lrlc% bark cisim-
e . . lordo yiikdastyicilarin axint hidrodinamik horokatlor
sial istilik giicti, A -Neist-Ettlnshauzen effektinin omsa- yaradir vo buna gora do, kegirici mithitlordo termomag-
lidir. (2)-1 tonlikdo Z—Z = —crotE avoz edorok, H vo  nit dalgalarint hoyscanlandirmaq miimkiindiir. [4]-do

VTibarat olan tonlik oldo edirik. [1, 2]-do isbat edil-
misdir ki, k L H termomaqnit dalgas

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

ishat edilmisdir ki, elektrik kegiriciliyi tenzorunun oy
qiymatindon asili olaraq anizotrop kegirici miihitlordo
bir ne¢o termomagqnit dalgasi hoyacanlana bilor. Bu ne-
zori isdo ishat edocoyik ki, tenzorun giymotindon
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0y asili olaraq anizotrop kegirici mithitlordo miixtolif Termomaqnit dalgasinin artma siiroti E|||7T v

tezlikli bir nega termomgqnit dwalgalarl eynivvaxtda ho- 2 71 oldugda, shomiyyatli doracads farglonir.
yacanlanir. Termomaqnit dalgalarinin dalga vektoru
temperatur gradiyenti E|||7T (uzununa dalga) boyunca NOZIRIYYD
yonaldildikds biz termomaqnit dalgalarinin tezliklarini '
toyin edirik. Isbat edok ki, k||V'T (uzununa dalga) vo ~ Izotrop bork maddads temperatur qradiyenti vo
% LUT (enino dalga) termomaqnit dalgalart boyilyo Xarici maqnit sah9s1 olduqda timumi elektrik sahosi [4]
bilor (sabitlik). formaya malikdir:

J

E=g+o]H [+¢'(H A+ AL+ A[VTH ]+ A(VTH A @3)

Anizotrop bork cisimds (3) tenliyindoki biitiin omsallar tenzorlardir. Sonra anizotrop bork cisim (3) {iglin
formaya sahib olacagiq:

Ei=gikj[<+[jﬁ}kji'k+gi"k(jﬁj k*Ankngk Ik[VTH]k A (VTR @

Burada ¢ =— omik miiqavimatin qarsiliqlt tenzoru j;, A;, -diferensial termoelektrik giic vo Aj, -
Oik
Nernst-Ettingshausen omsali var. Anizotrop bark cisimds xarici maqnit sahasini Ho =0 nozordon kegiracayik.
Onda (4) tenliyindo olan g, gji,Aj sifra borabordir. O zaman problemimiz ii¢iin tonliklor sistemi formaya
malikdir
£/ = Gicdi + A [VTH |

rotl§'=—iﬂ (5)
c ot

rotﬁ’:4—ﬂi’+1£
c c ot

Tutaq ki, biitiin agyalar monoxromatik dalgalanir. Sonra (5) don aliriq

B/ = cc i+ Aj [V TH;

ic2 i (6)
. Ic™ (|-= o
"= ——|kIKE'|[+ —E]
J dmo [ [ ]] 4z X
(6)-dan aliriq
2 2,2
e ic? (K +—( ‘ j g+ ik orEk, -k (GTE, o)
| = 2701k k dro  Cikok T T kK "o k
ENINO TERMOMAQNIT DALGALARI k L VT
KLVT oldugda koordinat sistemini se¢a bilarik
T  [(~-
k%0, kp =ks =0, k, - = (k9T )=0, 20, T _g @®)
0% 0%, OX3
Bu se¢imlo (7)-don asanligla oldo edirik
Ei :(Agilklkk +Bgy +— i ki i JEk
o 0%
s s Lnpu i=k
E{ = 6y Ex, 6y = _ 9
i ik =k “ik O,npu i 2k ()

e i€ g _ilo?-c?)

Ao Ao

Ovaz edok
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Pk = AgitkiKy + Bgi + 22 kl (10)
aXk
Onda (9)-dan aliriq
. 2 2.2
iw o —ck
P =611, P =1Q6, + —= a)l (P13 =106, Q=—""—
A Amo
P = §21’(922 =iQ¢;, + 22 :¢23 =iQ¢,3 (11)

Ar

i
P31 =4—§31:¢3z =1Qgg, +—= 52 ’(/’33 =1Q¢3,

(11)-1 (9)-la avaz etmoaklos biz olds edirik

(@ =) =0 (12)
vaya
P31P12P23 + PPaoPiz + (¢’11 —1X¢22 —1)(¢’33 —1)— (/’31(/’13(6022 —1)— (13)
- (/’32%3((/’11 - 1)— P21P12 (¢’33 - 1) =0
(11) nazars alinmagla (13) dispersiya tonliyi formaya malikdir
5
i=1

(14) tonliyi tezliyo gora besinci doraco ¢ox miirokkob formaya malikdir. (14) tonliyinin sadslogdirilmosi
coxlu riyazi yaxinlasma tolob edir. Lakin (14) tonliyi g;, tenzordan asili olaraq asanliqla sadslosdirilir

Ogor
612 =613 =622 =623 =632 =633 (15)
611 =621 =631
Dispersiya tonliyi asagidaki formaya malikdir:
1 (i ic%k?
g11+§22 o + gll(a’13+a’12 (022)—1 W+ Wy + (33 — 62 =0 (16)
27r 2 T
Forz edak ki,
w=wy+iy, y<<am,
onda w, Vo y miiayyan etmok ti¢iin (16) asagidaki iki tonliyi aliriq
1 5, 1 S
——qwg ——— oy — (@13 + @1y — @y Jy — 0y + @y + 33 =0 (17)
27 A7 A
1 1 c2k?
—gu)g+—ga)07+i(a)l3+a)12—a)22)wo—y— -0 (18)
A 2 A 27
(18)-dan
1, ¢k’
V= 4—ng (0’13 o, — a’zz)a’o - (19)
T 2
(19)-u (17)-do avoz etsok
B (YRTA, (E e 5 o, - K6 |
27[6' 0y D3+ Dy — W ir —— &g D3+ Dy — W )Wy or (20)

— @y + Wy +wy3=0

(20)-don goriniir ki, @y, =@y3+ @y, = oldugda

2(‘022 + 6033)
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@y = 2(5022 + 0’33)

Belaliklo, (21) termomaqnit dalgasidir. (21)-i (19)-ds ovoz etsok

Ly +ang)- 1K
r= 2 22 D33 2 Wy + W33
alariq.

(22)-don goriiniir ki, (21) tezliklo dalga artiq, agor

W,y + g3 >>CK
UZUNUNA TERMOMAQNIT DALGASI K ||[VT

k I VT sortinda koordinat oxlarini elo se¢a bilorik ki,

T T
|<1:|<,|<2=|<3:o,a T ok T 0 Lo Ty
X, Xy L oxg OXy OX3

Bu se¢imlo ¢, tenzorlarin ifadslori belodir

1%) .
Py = Egnn‘ﬂlz =1Qg, + :6013 =iQg;3 + 3

iw . .
P = i Go1:Pap =165, + Loz 1Pz =106 + @3
Vs w w

iw . .
P31=——631, @3 = 1963, +@’¢’33 =1Q¢33 + 2
Az w 0]
(23)-ii (13)-do ovoz etsok
i

3
_W (§11§22 +§11§33)50 +

4
631621623 T 6316136 )0 +———
( 31521523 31513 32) 6472'2

i i
Al ary (631621623 + 2631613632 Jo ok +_(§11 +Gap +Ga3)+
64 4m

1
—2 (c11633 +2§31§13)}03 “{ 3 —— (611620 + 611633 )7k —1+

16 1672 647

2
|0)22 ic°k 1 2,2
++—==(g11 — - o CK =gy — -
in (§11 §21)} in [647[2 631613532 622~ 633

1
N 6472 a’22C2k2(§11§33 +€13€31)— Wy =0

alariq.

G, tenzorlarin biitiin istiqgamatlords eyni qiymatlori (24)-don aliriq
x* +167x> + (— 487° +127zia)22g)><2 +647°% ( 1+i Zzzgjx — @y =0

X=gw
cke <<1

X = Xq +iXq, X, << 0 forz etsak, (25)-dan aliriq:

W6

Xg — 487X Xq — A8 XG — 2470 ypcXoXq + 647 =222 X + 647 °X) — wyps = 0

Ax3x; +1672%3 — 9677 Xy Xy +127m0 5y X5 — 647Xy — 327 % wapcky =0
(26-27)-don gormok olar ki, X, >>1-do termomaqnit dalgalar1 yoxdur, onda (26-27)

- 2472(()22@(0X1 + 327[20)22QX0 + 647[3X1 - a)zzg = O

6

(1)

(22)

(23)

(24)

(25)

(26)

@7)

(28)



XARICi MAQNIiT SAHOSi OLMAYAN KECIiRiCi ANiZOTROP MUHITLORDO TEMPERATUR QRADIYENTI...

— 9672 XX, — 647Xy — 3272 wppcX =0 (29)

(29)-dan x, = —a;Z—jrgxl , X < %a)zzg alariq.
(28)-do ovaz etsok

=2
173
27 1
_r 2 30
A=3C (30)
_ D3 2m _ ®9)
0™ "or 3 3

aliriq.
(30)-dan goriiniir ki, @, = —% tezliyi olan dalgalar1 artacaq.
ﬂ:@.g_g:—wzzg <<1

w 3 2t 2x
WG << 27

Beloliklo, anizotrop kegirici mithitlordo miixtolif tezlikli termomaqnit dalgalari hoyocanlanir. Bu dalgalar
K| VT uzununa vo k L VT enino ola bilar.
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conductors, International  Journal  on Amplitude of Thermomagnetic Waves in the
“Technical and Physical Problems of Conducting Medium”, London, England,
Engineering” (IJTPE), 2016, Ankara, Turkey, Modern Phys. B, Lett., 2008/2, vol. 22, N6,
Issue 26, vol. 8 N1, 50-54. 455-457.

[3] E.R. Hasanov, M.F. Novruzov, A.Z. Panahov,
A.l. Demirel. “Instability of Thermomagnetic

J.P. I'acanos, II1.I'. Xanuaosa, P.K. Mycradaena

BO3BYXJAEHUE MMPOJOJBbHBIX U IIONEPEYHBIX TEPMOMATI'HUTHBIX BOJIH B
AHM3O0TPOIIHBIX ITPOBOAAINNX CPEJAX ITPU HAJIMYUU TPAJUEHTA TEMIIEPATYPbI

VT BE3 BHEIIHEIO MATHUTHOT'O 1OJISI H

B pabote TeopeTndeckn nCCIEAYIOTCS YCIOBHUS BO30YXK/ICHUSI TEPMOMArHUTHBIX BONH. [Toka3aHo, 9TO B 3aBHCHMOCTH
- 5
OT 3HAUCHUSI TEH30Pa ANEKTPOTPOBOAHOCTH U TEPMOMATHUTHBIE BOJIHBI BO30YKIAI0TCs B TpooabHoM (T.€. k||VT) u B mome-

peuHOM (T.e.E 1 |7T) HaIpaBJIeHUH. BBIUNCICHBI YaCTOTHI 3TUX TEPMOMArHUTHBIC BOJH U B IPOJIOJIBHOM U MONEPEYHOM Ha-
npaBieHUAX. IHKpeMeHThI HapacTaHKs 3TUX BOJIH ONPEIENIAI0TCS 3HAaUCHUAMHI 00PAaTHOTO TEH30Pa AJIEKTPONPOBOIHOCTH O .
JlokaszaHo, 4T0 BO30y»K/aeMasi BOJHA B OCHOBHOM SIBIISIETCSI TEPMOMArHUTHOTO XapakTepa. B Teopum momydeHs! quciepcH-
OHHBIE ypaBHEHHE SABJSIETCS aNredpandecku BBICOKMM CTENEHSIM OTHOCUTENIBHO YacTOThI KojeOaHui. JlucrnepcuoHHoe ypas-

HEeHHUE B 000X CiTydastx (MPOA0IbHBIE E| |l7T U MIOTNIEpPEYHbIE kL I7T) COJIeprKaT YWICHBI, B KOTOPBIX UMEIOTCSI TEPMOMAarHUTHBIE
YacCTOThI B HU3KOM CTENEHU 4acTOThl. Jloka3zaHo, 4TO eciy 3Haue€HUE TEH30Pa ANEKTPOIIPOBOJHOCTH OJJUHAKOBO, TO IPU ITOM
94acTOTa PacIpOCTPaHCHUS TEPMOMArHUTHBIX BOJIH pasHoe. Teopwus mocTpoeHa 6e3 BHenrHero MaruutHoro mosist Hy = 0. [pu
HaJIMYUH BHEITHETO MAaHUTHOTO IOJIST YCIIOBUS BO30Y)KICHUS TEPMOMATHUTHBIX BOJIH, U KOHEYHO YCIIOBHSI MX HapacTaHWs
CYIIIECTBEHHO U3MEHUTCS.
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E.R. Hasanov, Sh.G. Khalilova, R.K. Mustafayeva

EXCITATION OF LONGITUDINAL AND TRANSVERSE THERMOMAGNETIC WAVES IN
ANISOTROPIC CONDUCTING MEDIA IN THE PRESENCE OF A TEMPERATURE GRADIENT
WITHOUT AN EXTERNAL MAGNETIC FIELD

The paper theoretically investigates the conditions for the excitation of thermomagnetic waves. It is shown that,
depending on the value of the electrical conductivity tensor o;;, thermomagnetic waves are excited in the longitudinal (i.e.
E|||7T ) and transverse (i.e. kL l7T) directions. The frequencies of these thermomagnetic waves are calculated both in the
longitudinal direction and in the transverse direction. The growth increments of these waves are determined by the values of
the inverse electrical conductivity tensor ;. It is proved that the excited wave is mainly of a thermomagnetic nature. In theory,
the resulting dispersion equation is algebraically high powers with respect to the oscillation frequency. The dispersion equation
in both cases (longitudinal E| |l7Tand kL l7Ttransverse) contains terms in which there are thermomagnetic frequencies in a
low power of frequency. It is proved that if the value of the electrical conductivity tensor is the same, then the frequency of
propagation of thermomagnetic waves is different. The theory is constructed without an external magnetic field H, = 0. In the

presence of an external magnetic field, the conditions for the excitation of thermomagnetic waves, and of course the conditions
for their growth, will change significantly.
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ELEKTRIK QAZ BOSALMASINDA MODIFIKASIYA OLUNMUS
YARIMKECIRICi-POLIMER KOMPOZITLORINDO STRUKTUR
DOYISIKLIKLORININ TODQIiQI

S.M. OHODZADO, E.Z. QULIYEV _
Azarbaycan Respublikasi EIm va Tahsil Nazirliyi, Fizika Institutu
AZ-1143, Baki, H.Cavid prospekti, 131, e-mail:ahadzade79@mail.ru

Magalads ilk dafo olaraqg elektrik qaz bosalmasinda modifikasiya olunmus miixtslif keramik fazaya malik yarimkegirici-
polimer kompozitlarin struktur dayisikliklori tadqiq olunmugdur. Keramik faza kimi ZnO vo Si yarimkegiricilarindan, polimer
faza kimi polyar-polivinilidenftorid (PVDF) vs polivinilidenftoridin 2 dofo modifikasiya olunmus néviindon (F2M), geyri
polyar-polietilen(PE) vo polipropilendan (PP) istifado olunmusdur. Miixtalif hacmi faizli hom ZnO-PVDF, hom ds Si-PVDF
kompozit varistorlar1 sintez olunaraq elektrik qaz bogalmasinda modifikasiya olunmusdur. Bu kompozitlorin volt-amper xa-
rakteristikalar1 6lgiilmiigdiir. Elektrik qaz bosalma prosesinin kompozitlorin osas parametrlori olan geyri-xattilik () vo agilma
gorginliyino (Uq) tosiri miisahide edilmisdir. Kompozitlorin miiqayisesindon molum olmusdur ki, elektrik qaz bosalmasinda
modifikasiya olundugdan hom polyar (F2M), hom da geyri-polyar (PE) polimerlor va ZnO asasli kompozitlords modifikasiya
prosesindon sonra onlarin agilma gorginliyi kasgin azalms (togribon ~ 10 dofa), kompozitlor 6z qeyri-Xattiliyini iso sabit sax-
lamigdir. Miixtalif hacmi faizlors malik polyar (PVDF) vo geyri-polyar(PP) polimerlor v Si asasli yarimkegirici kompozitlarin
miigayisasindon malum olmusdur ki, elektrik qaz bosalmasinda modifikasiya olundugdan sonra onlarin agilma garginliyi, tag-
riban modifikasiyadan ovvslki hala uygun gslir. Qeyri-xattilik iss miioyyan niimunards artmuis, bazilorinds iso sabit qalmigdir.
Elektrik gaz bosalmasinda modifikasiyadan sonra kompozitdon kegon coroyanin qiymati kasgin artir. Bu artim qaz bosalmasi-
nin tasir miiddati ilo diiz miitonasibdir.

Acar sozlar: ZnO, SiC, keramika, yarimkegirici, polyar, qeyri-polyar,volt-amper xarakteristikasi, elektrik qaz bosalmasi,

modifikasiya.
UOT: 621.315.61

GIRIS

Moslumdur ki, elektroenergetika sahosindo geyri-
Xatti kegiriciliyo malik olan materiallar mithiim oha-
miyyat kasb edir. Bu materiallarin totbiqi yiiksok gor-
ginlik xatlarinds va yarimstansiyalarda sigrayisla arta
bilon zararli gorginlik dalgalarinin zaiflomoasini tomin
edir. Qeyd etmok lazimdir ki, miiasir elektrotexnika sa-
nayesinds asasan simmetrik volt-amper xarakteristika-
sina malik olan SiC vo ZnO materiallarindan istifado
olunur [2, 6, 7]. Bu materiallardan yaradilmig element
islok gorginliklords dielektrik kimi yiiksok miiqavimato
malikdir. Bu element miihafizo qurgusuna paralel bag-
lansa, sigrayisla arta bilon dalgalar zsiflayir vo cihaz
yiiksok kegid gorginliklarini toyin eds bilmir. Bu maso-
Ialorin hallino nail olmagq iigiin elektrotexnika sahasin-
do polimer-yarimkegirici osasinda hazirlanmis kompo-
zit materiallarindan genis istifado olunur [2-6].

Qeyd etdiyimiz kimi kompozit varistorlar asasan
iki fazali sistem olub, tizvi va qeyri-iizvi fazalardan iba-
ratdir. Qeyri-iizvi faza disperqator, iizvi faza iso dis-
perslosdirilmis matrisadir. Bu iki fazanin sarhoaddinds
kecid tobogo formalasir. Kegid tabagonin strukturu, me-
xaniki va elektrofiziki xassalori sintez prosesinds yara-
nan struktur doyisiklori vo fazalar arasindaki qarsiliqlh
tosirdon asilidir [1-16].

Qeyd edak ki, yarimkegirici-polimer kompozitls-
rinin polimer fazasinda magsadsuygun struktur dayi-
sikliklori aparmagq tigiin on effektli tisullardan biri on-
larmn elektrik qaz bosalmasinda modifikasiyasidir [10,
11].

Isdo qgarsiya qoyulan mogsod kompozit varistor-
larin xassalorine tosir eds bilon struktur doyisiklik-
lorinin Gyronilmasidir. Bu mogsadls igdo miixtslif ke-
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ramik fazalara (ZnO vo Si) malik olan yarimkegirici-
polimer kompozit varistorlari sintez olunmus vo onlarin
varistor xassalaring tosir edon struktur doyisikliklori y-
ronilmisdir. Moaqalado kompozitlorin sintez prosesi,
miixtolif hocmi faizli ZnO-F2M, ZnO-PE vs Si-PVDF,
Si-PP asasli kompozitlorin volt-amper xaraxteristikala-
r1 ¢1xarilmig, biitiin miimunalor 3+15 dagige miiddatin-
do arakesmoli elektrik qaz bosalmasinda modifikasiya
olunmusdur.

TOCRUBI HiSSO VO NOTiCOLORIN
MUZAKIROSI

Kompozitin alinma prosesinin ilkin marhalasi ke-
ramika vo polimerin pres-ovuntusunun hazirlanmasidir
[1]. Pres-ovuntunun alinmasinin ilkin morhalosi kom-
ponentlorin xirdalanmasi vo qarisdirilmasidir. Miiasir
zamanda ilkin momulatin (ZnO-polimer, Si-polimer)
qarigdirilmasi tigiin daha sado v universal keramik ga-
risdirma metodundan istifads edilir vo naticodo kompo-
nentlorin bircins qarisigi alinir. Qarigdirma prosesi
mikrodoyirmanlarda quru halda aparilir. Keramik ya-
rimkegirici faza kimi ZnO va Si, polimer faza kimi iso
yiiksok dielektrik xassalora malik sonaye moagsadi tigiin
nozards tutulan polimer tozlar1 - (polivinilidenftorid
(PVDF), 2 dofs modifikasiya olunmus polivinilidenfto-
rid (F2M), polietilen (Pe), polipropilen (PP) gotiiriil-
miigdiir [1, 6, 7].

Kompozit niimunslorin
moarholasi asagidaki kimidir:

Owvalco sixtonin komponentlori- keramika vo
polimer lazimi ¢okids ¢akilir, farfor kiirali doyirmanda
60 mkm vo daha kigik Ol¢iiye gadar xirdalanir. Sonra

alinmasinin  sonraki


mailto:ahadzade79@mail.ru

S.M. O9HODZAD®, E.Z. QULIYEV

alinmis qarisiq presformaya yerlogdirilir vo asagidaki
ardicilliqla isti presds preslonir vo sintez edilir:

a) Ovvalca sixto 20 dagigo miiddstinde P=1MPa
tozyiq altinda, hor bir niimuns 6z arima temperaturuna
godor qizdirtlir;

b) Sonra presin tozyigi P=15MPa-la godor
qaldirilir, arimis gixto bu tozyiqds 5 doagige miiddstindo
saxlanilir;

¢) Alinmis niimunslor suda méhkomlatms tisulu
ilo soyudulur [1].

Polimer materiallarin, o ciimlodon polimer kom-
pozitlorin modifikasiyas1 {i¢lin miixtalif tobiotli elek-
trik qaz bosalmalarindan istifads olunur [2-11]. Bunun
2sas sobobi elektrik qaz bosalmalar goraitinds enerjisi
kifayat godor olan elektron, ion vo kimysvi cohotdon
aktiv olan ki¢ik molekullu oksigen torkibli gaz mah-
sullarinin meydana golmosidir. Elektrik qaz bogalmasi
soraitinds belo faktorlarin yaranmasi polimerlorin in-
tensiv olaraq qaz bosalmasinda iglanmasini tomin edir.
Coxlu sayda tocriibi noticalor gostarir ki, polimer mate-
riallar vo onlar asasinda hazirlanmis kompozitlarin bir-
cins iglonmosi tigiin an effektli elektrik qaz bosalmasi
arakosmali bosalmadir [11].

Todgiqatlar gostorir ki, elektromanfiliya malik
hava boslugunda elektrik qaz bosalma prosesi zamani
Kicik molekullu qaz mahsullart yaranir [10, 11]. Kanal-
larda sintez olunan ionlagdirici siialar vasitosilo polimer
faza oksidlogmo-destruksiya reaksiyasina ugrayir. Bii-
tiin bu effektlor polimer matrisanin fazalararasi sarhod-
do yerloson polimer fazanin elektron halin1 dayisdirir.
Gozlomak olar ki, fazalararasi sarhaddin elektron hali-
nin doyismasi Sarhaddaki potensial ¢oparin parametr-
larini doyisocakdir.

Ogor geyri-polyar matrisa {iglin (mos: Pe, PP)
elektrik gqaz bosalmasimin tosiri onun polyarlagsmasina
sobob olurdusa, polimer faza kimi polyar polimerlardsn
(mas: PVDF, F2M) istifads edilmasi hom polyarligin
artmasina, hom do polyar polimerin makromoleku-
lunun zancirinds oksigen mansali yiiksok elektromon-
filiya malik morkoazlorin amalo galmasine sobsb ola-
caqdir. Polimer matrisalarin polyarliginin artmasi vo
onlarin zoncirinds oksigen manssli yiiksok elektromon-
filiys malik qruplarin yaranmasi yarimkegirici-polimer
sorhaddinds fazalararasi qarsiliql tasirlorin intensivli-
yina va tobiotins tasir edacakdir. Sarh edilon va kifayat
godar miirakkob tobisto malik olan effektlor imkan ve-
rir ki, yarimkegirici-polimer kompozit varistorunun
volt-amper xarakteristikasi, geyri-xattiliyi vo agilma
gorginliyi onlarin tothiq sahslorinin talobino gors ton-
zimlansin.

Ona goro do, polimer-yarimkegirici asasli kom-
pozitlarin elektrofiziki xassalorinin elektrik qaz bosal-
masimin tasiri ilo dayismasini nazardan kegirak.

Malumdur ki, istanilon kompozitlerin xassalori
onlarin komponentlarinin kompozitdoki hacmi faizin-
dan kasgin asilidir. Qeyd etdiyimiz kimi, bu effekt fa-
zalararasi sarhadds dispergatorun hissaciklarinin tasiri
altinda polimer fazasmin strukturunun doyismosi ilo
olagadardir [1-15]. Demoli, hocmi faizi doyismoklo
miixtolif qurulus almis polimer fazaya elektrik qaz bo-
salmasinin tasirini aydinlagdirmagq tiigiin keramik faza-
nin ham sabit, ham do miixtalif hacmi faizlorinds elek-
trik bosalmalarina qars1 hossasligi dyranilmalidir. Bu
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magsadls sinaq 6zayine 3 kV garginlik tatbig etmokls
amplitudun sabitliyi soraitinds, modifikasiya miiddatini
3+15 doagigo se¢moklo, miixtalif torkibli kompozit nii-
munalar arakesmali elektrik qaz bosalmasinda modifi-
kasiya olunmusdur.

Aparilmig tacriibslorin naticalori sokil 1+6-da
gostorilmigdir.

Sokil 1 vo 2-do polyar va geyri-polyar polimerlor
Vo ZnO asasli kompozitlor elektrik qaz bosalmasinda 3-
10 dagige miiddatinds modifikasiya olunmusdur. Mo-
difikasiyadan avval vo sonra kompozitlorin volt-amper
xarakteristikalar1 6l¢iilmiisdiir (60% ZnO+40% F2M,
(60% ZnO+40% PE).

1400
1200 /4
1000 /4
< 8004 3'." 2 1
~ 600 [
400 -"".-"
200{ 7/ |
_-‘.Lmu.-.- ’ P - . .
0 50 100 150 200
WA
Sokil 1. Elektrik qaz bosalmasinda modifikasiyasindan
avval va sonra kompozitlarin volt-amper xa-
rakteristikasi (60% ZnO+40% F2M). 1- modi-
fikasiya olunmamus niimuna; 2- 3 dagigs mo-
difikasiya olumus niimuna; 3- 10 dogige modi-
fikasiya olumus niimuna.
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Sakil 2. Elektrik qaz bogalmasinda modifikasiyasindan
avval va sonra kompozitlarin volt-amper xa-
rakteristikasi (60% ZnO+40% PE). 1- modifi-
kasiya olunmamig niimuns; 2- 10 dagigs mo-
difikasiya olumus niimuno.

Sokil 1 vo 2-don goriiniir ki, elektrik gaz bosalma-
sinda modifikasiya olunduqdan sonra kompozitin va-
ristor xassalorini xarakterizo edan osas parametrlordon
biri olan agilma goarginliyi nezaragarpacaq dorocads
azalmigdir(~10 dofs).

Elektrik qaz bosalma prosesinin tasiri naticasinda
kompozitde polyarizasiya proseslorinin  doyismasi
kompozitin asas parametrlarinin (U,) doyismasins go-
tirib ¢ixarir. Qeyd edoak ki, kompozitin elektrofiziki
xassalari qaz bosalma prosesinin tasir miiddastindan da
asilidir. Tasir miiddati artdiqca elektrofiziki parametr-
lor do doyisir. Bu onunla slagadardir ki, qaz bosalma
prosesinds enerji artdigca ozon, azot oksidlori va s.
kimi maddolorin konsentrasiyasi ¢oxalir vo onlarmn
kompozits tosiri do artir.
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Sakil 3 va 4-ds elektrik qaz bogalmasinda modifi-
kasiya prosesindan avval vo sonra Si yarimkegirici ke-
ramika — polyar (PVDF) va geyri-polyar (PP) polimer-
lor asasinda hazirlanmig kompozitlorin volt-amper xa-
rakteristikalar1 verilmisdir.
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Sakil 3. Elektrik qaz bogsalmasinda modifikasiyasindan
avval va sonra kompozitlarin volt-amper xa-
rakteristikasi (30%Si+40% PVDF). 1- modifi-
kasiya olunmamig niimuns; 2- 3 dagigs modi-
fikasiya olumug niimuno; 3- 8 dogige modifi-
kasiya olumus niimuns; 4- 15 dagigo modifi-
kasiya olumusg niimuna.

Sokil 3-don goriiniir ki, tasir miiddatindoan asili ol-
mayaraq qaz bosalma prosesindon sonra niimunadan
kegan caroyanin giymsoti kosgin artir. Daha daqiq de-
sok, trs=15 doagigo miiddstindon sonra kompozitdon
kegan caroyanin qiymsoti 2-3 tortib doyisir.
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L

Sakil 4. Elektrik gqaz bosalmasinda modifikasiyasindan
awvval vo sonra kompozitlarin volt-amper xarak-
teristikast (50%Si+50% PVDF). 1- modifikasi-
ya olunmamis niimuno; 2-8 doqigs modifikasi-
ya olumus niimuns; 3- 15 dogige modifikasiya
olumus niimuna.

Sakil 3 va 4-don goriiniir ki, disperqatorun hacmi
faizindon va polimer matrisanin néviindan asili olma-
yaraqg, elektrik gaz bosalmasinda modifikasiyadan son-

ra nlimunadan kegon Carayanin qiymati Kasgin artir. Bu
artim qaz bosalmasmin tesir miiddati ilo diiz miite-
nasibdir.

Qeyd edok ki, biitiin tadqiq olunan kompozitlords
elektrik coroyani nozars sarpacaq doarocads doyisir. Be-
lalikla, elektrik bosalmalarinin kompozitlorin volt-am-
per xarakteristikasina, agilma gorginliyina, geyri-xat-
tilik omsalina tasirinin analizindon belo noticoys gol-
mok olar ki, geyd olunan parametrlorin doyismasinin
osas Sobabi elektrik gaz bosalmasimin miiddati vo
fazalararas1 sarhadds gedan struktur dayisiklikloridir.

[1- 17] islorinds gostorilmisdir ki, tizvi vo geyri-
tizvi kompozitlarin sarhoddinda strukturu geyri-iizvi fa-
za kimi gotiirditytimiiz ZnO vo Si keramik hissaciklo-
rinin sothinin tosiri altinda formalasan yeni bir faza ya-
ranir. Bu fazada polimerin strukturu vo xassalari ilkin
gotiirdiiyiimiiz polimer matrisanin analoji xarakteristi-
kalarindan forglidir: Bu xassalardon biri yeni yaranmis
fazanin elektrik qaz bosalmasinin tosirina qarsi davam-
lihgidir. Fazalararas1 sorhaddo yaranan vo arakesmoli
elektrik qaz bosalmasinin tasirina yiiksok davamliligi,
stabil elektrik yiik halina malik olmasi yarimkegirici-
polimer torkibli kompozitlor ssasinda yiiksok fiziki vo
mexaniki xassoloro malik kompozit varistorlar hazirla-
maga imkan verir [1-19].

NOTIiCO

Mogalods miixtolif keramik fazalara (ZnO va Si)
vo polimer matrisaya(polyar- PVDF, F2M, qeyri-
polyar- Pe, PP) malik yarimkegirici-polimer kompozit
varistorlart hazirlanmig vo biitiin kompozitlarin volt-
amper xarakteristikalar1 6lgiilmiisdir. Miixtalif hacmi
faizli hom ZnO-polimer, ham da Si-polimer asasli kom-
pozit varistorlar arakesmoali elektrik qaz bosalmasinda
modifikasiya olunmusdur.

Miioyyon olunmusdur ki, ZnO asasli kompozit-
lordo modifikasiya prosesindon sonra onlarin agilma
gorginliyi kesgin azalmis (togribon ~ 10 dofo), geyri-
xattiliyi iso sabit qalmigdir. Tocriibi naticalordon miioy-
yon olmusdur ki, Si esasl yarimkegirici kompozitlorda
gaz bosalmasinda modifikasiya olunduqdan sonra
kompozitlorin agilma garginliyi tagribon modifika-
siyadan ovvalki hala uygun golir. Qeyd edok ki, asagi
gorginlikli mikroenergetika qurgularinda istifade mag-
sadils elektrik qaz bosalmasinda modifikasiya iisulu ilo
yarimkegirici-polimer osasinda hazirlanmig kompozit-

lorin alinma texnologiyasi islonib hazirlanmigdir [1-
17].
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Sh.M. Ahadzade

STUDY OF STRUCTURAL CHANGES IN MODIFIED SEMICONDUCTOR-POLYMER
COMPOSITES UNDER GAS ELECTRIC DISCHARGE

In the article, semiconductor-polymer composite varistors with various ceramic phases (ZnO and Si) and a polymer
matrix (polar-PVDF, F2M, non-polar-Pe, PP) are developed, and the current-voltage characteristics of all composites are
measured. Composite varistors based on ZnO polymer and Si polymer with different volume percentages were modified in a
barrier electric gas discharge. It was found that after the modification process in ZnO-based composites, their response voltage
sharply (by about ~10 times) decreased, and the nonlinearity remained stable. According to the results of the experiments, it
was found that after the discharge modification in Si-based semiconductor composites, the response voltage of the composites
approximately corresponds to the state before the modification. It should be noted that in order to be used in low-voltage
micropower devices, a technology has been developed for obtaining composites based on a semiconductor-polymer by
modification in an electric gas discharge.

Axanzane HI.M.

UCCJIEJOBAHME CTPYKTYPHBIX U3MEHEHU MOIA®UIIMPOBAHHBIX
HOoJYINPOBOJHUKOBO-TIOJIMMEPHBIX KOMIIO3UTOB ITPU I'A30BOM 3JIEKTPUYECKOM
PA3ZPAJE

B cratbe pa3paboTaHbl MOJTyIPOBOAHHKOBO-TIOIMMEPHbIE KOMITO3UIIHOHHBIE BAPHCTOPHI C PA3IHYHBIMU KEPAMUUECKH-
mu ¢azamu (ZnO u Si) u nonmuMepHas Marpuna (nossapuasie-11BJId, ®2M, nenomnspuste-Ile, I1IT), a Taxke n3mMepeHs! BOJIBT-
aMIIepHbIe XapaKTePHCTHKU BCeX KOMMO3UTOB. KommosnuTHbIe BapucTOphsl Ha ocHOBe ZNO-monmmepa u Si-TIoJMepa ¢ pas-
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ELEKTRIK QAZ BOSALMASINDA MODIFiKASiYA OLUNMUS YARIMKECIRICi-POLIMER KOMPOZIiTLORINDO...

JMYHBIM O00BEMHBIM IIPOIEHTHBIM COJIepKaHHeM OBUIM MOIU(UINPOBAHBI B OAPbEPHOM ICKTPUIECKOM I'a30BOM paspsiie.
VYcraHoBieHo, 4To Moce npoiecca MoauHKauy B KOMIIo3uTax Ha ocHoBe ZnO pe3ko (npumMepHo B ~10 pa3) yMEHBIINIOCHh
UX HalpshKeHUE cpabaThbIBaHUE, a HETMHEHHOCTD OCTaBatack cTabuIbHOM. [10 pe3ynpTaTaM S5KCIIEpUMEHTOB YCTAHOBJICHO, YTO
nocJe pa3psaaHoil Mou(pHUKAUK B HOJIYIPOBOJHUKOBBIX KOMIIO3UTAX Ha OCHOBE Si HalpspKeHHE cpadaThIBaHHE KOMIIO3UTOB
HPUMEPHO COOTBETCTBYET COCTOSIHHIO 10 Moaudukanuu. CiieayeT OTMETUTB, Y4TO C LEJIbI0 HCIIOJIb30BAaHUS B HU3KOBOJIBTHBIX
MHKPOCHJIOBBIX YCTPOHCTBAaX pa3paboTaHa TEXHOJIOTUS MONTY4YCHUsI KOMIIO3UTOB Ha OCHOBE ITOJIYIIPOBOJHUK-TIOJIMMEP METO-
JIOM MOANGHUIMPOBAHNS B 3JIEKTPHUECKOM ra30BOM paspsie.
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Tadqiqatda elektroenergetikanin ekoloji problemlorinin hellinds Fizika Institutunda totbiq edilmis yeni, innovativ iisullar
va texnoloji proseslorin sxemlori sorh olunmusdur. Mogalods tobiotin ekoloji durumunu tomin etmok istiqgamatindo igtisadi
cohatdan samarali, ekoloji baximindan teminatlh elektron-ion texnologiyasina asaslanan, yeni iisullarin, senaye tullanti sularin
va qazlarin zararli tarkiblordan temizlenmasinda totbiq edilmasi tdvsiyys olunmusdur.

Acar sozlori: Kiitlo, spektrometr, elektrik qazbosalmasi, fakel, elektrik yiikii, ifrat yiiksok vakuum, adsorbent, izolyator.

UOT: 631.95
PACS: 87.23.-n

Toaqdim olunan moqalads osas etibarilo energetik
sistemlorin otraf miihito zororli tosir gostoran ekoloji
amillorin aradan galdirilmast iigiin yeni tisullarin, tex-
noloji proseslorin va texniki vasitolorin iglonilmasini,
miisahida olunan fiziki, kimyavi proseslarin analizini
va onlarin giymotlondirilmoasi masalolorini shato edir
[1-4].

Qaz, maye buxarlar1 vo gazbosalmalarinin tosirina
moaruz galan bork cisimlarin sathinden vo hacmindoan,
ikinci nov emissiya yolu ilo qopan vo vakuuma daxil
olan atom vo molekullarin geydiyyatin1 yiiksok doaqig-
likla yerino yetirmok mogsadils todgiqgatlarin ifrat yiik-
sok vakuum soraitindo aparilmasi talob olunur.

Arakosmoli vo masal nov elektrik qazbosalmala-
rinin tasirini tamin edon reaktorlar vo mivafiq elektrik
sxemlari toqdim olunmusdur. Bu zaman gazbosalmasi
reaktorlar: sorbsiya prosesinin texnoloji qurgusuna da-
xil edilmosi magsadli tadgigatlarin yerina yetirilmosi
ticlin imkan vera bilar.

Qaz qarisiglarmin torkibina nozarat yiiksok ayir-
detmo qabiliyyatine, yiiksok hossashiga va genis kiitlo
diapazonuna malik MSX-4 markali, ugus miiddatli kiit-
lo-spektrometri vasitasilo aldo oluna bilor. Ugus miid-
dotli kiitlo-spektrometrinin ¢evikliyi yiiksok siiratlo re-
allagan qaz reaksiyalarini qeyds almag imkani vermis
olar.

Sanaye tullantt sulariin ve mazut maddasinin te-
mizlonmosi {igiin bir sira texnoloji qurgular hazirla-
naraq tadgigatlarda istifads edils bilar.

Qaz vo maye yanacaqlardan istifade edon istilik
elektrik stansiyalarinin istismarmm faydali ig amsalin
artirmaq mogsadile yanma prosesine moagoal elektrik
gazbosalmasinin tasirini tomin etmok olar.

ifrat yiiksak vakuum qurgusu.

Molumdur ki, miixtalif atom vo molekullardan
toskil olunmus qaz qarisiglart olan qapali hocmds qaz-
bosalmalarinin tasiri ilo gaz molekullarinda dissosiasi-
ya, hayacanlanma, ionlasma, rekombinasiya ve konver-
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siya vasitosilo siiratli gaz reaksiyalarinin reallasmasi
miimkiindiir. Bu halda ilkin gazin torkibinds nozoroagar-
pacaq doyisikliklor miisahido oluna bilor. Bu hallarin
garsisint almaq vo mogsadli todgigatlarin tomizlik do-
racasini tamin etmok ti¢iin tadgigatlarin ifrat yiiksok va-
kuum sgoraitinds yerino yetirilmasi tolob olunur. Bu
magqsadla, vakuum texnikasinin son nailiyyatlorinden
istifado edorok sokil 1-do toqdim olunmus ifrat yiiksok
vakuum qurgusundan istifads edilmasi toklif olunur.

Sokil 1-do sorh olunan vakuum qurgusu, asason,
asagidaki elementlordon togkil edilmisdir: ifrat yiiksok
vakuum seolit adsorbentinin sathinds adsorbsiya prose-
sino asaslanan nasos; soyuq katodlu gazbosalmalarinin
tosiri ilo Titan materialinin tozlanmasi nsticesinds da-
xili sothlorde amoalogalon nazik Titan tabagoalarinin ad-
sorbsiya proseslari hesabina olds edilmosina asaslanan
nasos. Vakuum qurgusu, eyni zamanda mexaniki-for-
vakuum va diffuzion nasoslari, hom do vakuum sorai-
tinds, Titan materialinin k6zardilmo yolu ilo ugurdulan
Titan tozunun omsla gatirdiyi nazik titan tabagalarinin
adsorbsiya gabiliyyatino asaslanan ifrat yiiksok vaku-
um nasosu ils tochiz edilmisdir. Vakuum qurgusunun
ifrat yiiksok vakuum yaradilan hissasinin har iki toraf-
don gallium kranlart vasitesilo mexaniki vo diffuzion
nasoslarindan slagosini kasmok miimkiindiir. Belolikla,
karbohidrogen monsoli yaglarin buxarlarinin qurgunun
ifrat yiiksok vakuum yaradilan hissasine daxil olmasi-
nin qarsist alimmigdir. Qallium kranlari, eyni zamanda
qurgunun st hissasinin 350—-400°C temperaturu vasite-
silo qazsizlagdirilmasina imkan verir.

Vakuum qurgusunda yiiksak vakuum LM-2 mar-
kalu, ifrat yliksak vakuum iss Bayard-Alpert manometri
vasitasila 6l¢iilmalidir.

Kiitlo-spektrometri, miixtolif gaz atomlarinin ge-
neratoru va yiiksokgorginlikli reaktor qurgunun ifrat
yiiksok vakuum olan hissasino daxil edilmisdir.

Miixtslif gazlari todgigat sistemine daxil etmok
ti¢tin xtisusi qurulusa malik sistem slif vasitasilo vaku-
um qurgusu ils slagslandirilmisdir. Qurgunun miixtslif
hissalarinds tazyiq forqi yaratmagq iigiin sistema V hac-
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mi daxil edilmisdir. Qaz niimunasi miioyyan ki¢ik hac-
mo malik kran vasitesilo V2 hacmina &tiriilir ve kapill-
yar vasitasilo qallium kranin agiq vaziyyatindo, kiitlo-
spektrometrinin analizatoruna daxil olur.

Vakuum qurgusunun metal hissalorinin gazsizlas-
dirilmas yiiksoktezlikli induksiya sobasi vasitasils ye-
rino yetirmok olar. ifrat yiiksok vakuum oldo etmok
moagsadilo qurgu, vakuum saraitinds 3 saat miiddotinda,
300°C temperaturda qizdirilmalidir.

Ifrat yiiksok vakuumun oldo edilmosi, miixtolif

gaz reaksiyalarinin bas vermosinin garsisim almagla
J

barabar, eyni zamanda tadgiqat naticalarinin birgiymat-
li izah olunmasini tomin etmis olur.

Vakuum qurgusuna daxil edilmis metal kiirs tixa-
c1 vasitasilo tazyiq forqi kigik olan hissalori slagolon-
dirmoys va slagoni kasmoys imkan verir. Kiironin va-
ziyystini konardan elektromagnit vasitasilo doyismok
olur. Tixacda siirtgii yaglarimin totbiq edilmomasi va i
prinsipinin sadaliyi onun miisbat cohatini togkil edir.

Qurguya daxil edilmis vakuum elementlorinin
diizgiin se¢ilmasi vo vakuum nasoslarinin kifayst qodor
sorma siiratina malik olmasi sayasindo 30 dagiqo arzin-
do ifrat yiiksok vakuum aldos etmok miimkiin olar.

L
N, | @ 1;5)
L—1/\
==y

Sakil 1. Ifrat yiiksok vakuum qurgusu. N1 — 2HBP-5 DM markali mexaniki forvakuum nasosu; N2 — N-05 markali
diffuzion nasos; N3 — Nord-100 markali soyuq katodlu ion nasosu; N4 — titan sothinds adsorbsiya prinsipi asa-
sinda isloyan ifrat yliksok vakuum nasosu; Ns — maye azot temperaturunda seolitin sathinds adsorbsiya prinsi-
pi asasinda isloyan ifrat yiiksok vakuum nasosu; Ns — maye azot temperaturu totbiq etmodon, qazbogalmalari-
nin tasiri soraitinds seolitin sothinds adsorbsiya prinsipi osasinda isloyon vakuum nasosu; Ki-K7 — miixtalif név
vakuum kranlart; B — yiiksokgorginlikli reaktor; Y — sistemo miixtslif gaz atomlarini daxil edon generator;

C — kapilyar; V1, V2 — xiisusi tayinatli hacmlor; M1-Ms — manometr lampalari.

Yuxarida geyd olunan amoliyyatlar hesabina sorh
olunan qurgu vasitasils tadgiqgat aparilan hacmlords 10
6-107 Pa tortibindo ifrat yiiksok vakuum oldo etmok
miimkiin olar. Bu halda kiitlo-spektrometri ilo, sistemda
atmosfer havasim togkil edon qazlarin izi, asasan, isti-
fads edilon tisullarla sorulmayan arqon (Ar) gazi moév-
cud ola bilar.

Ucus miiddatli kiitla-spektrometri

Elektronika, ion optikast va vakuum texnikasinin
son nailiyyatlori asasinda qurulmus kiitla-spektrometr-
lari maddalarin kimyavi element va izotop tarkibini dy-
ronmoak ti¢lin on miiasir analiz tisuludur. Miixtolif név
kiitlo-spektrometrlorinin timumi cohotlori — todqiq edi-
lon maddsnin ionlarini olds etmak, onlari kiitlosine géra
ayird etmok va ion corayanlarimi geyds almaqdan iba-
rotdir.

Kitlo-spektrometriya iisulu gazbosalmalarinin
todgiqindo, giiclii elektrik saholarinin vo qazbosalmala-
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rinin, elektron-ion bombardmani tasirine moruz galan
bork cisimlarin sothinds reallasan fiziki-kimyavi pro-
seslorin, ikinci ion hadisalarinin, maddas torkibinin 6y-
ronilmasinds, qaz qarisiqlarinda parsial tozyigin toyin
edilmasinda, ekoloji problemlorin hoallinds, vakuum
texnikasinda genis totbiq olunan miiasir Gsuldur.

Qaz va mayelorin torkib doyismslorini geydo al-
maq moagsadilo miixtalif kiitloys malik ionlari ugus
milddstine gore ayird edon MSX-4 markali kiitla-spekt-
rometrindon istifado etmok olar. Cihazin stalotsiz islo-
mosi yiiksak siiratlo reallasan qaz reaksiyalarini geyds
almaga imkan verir.

Sakil 2-da cihazin blok sxemi taqdim olunmusdur.

Cihaz, radiotexniki qurgu, verici va vakuum siste-
mindon togkil olunub. Radiotexniki qurgu 7 blokdan
ibaratdir. Cihazin vericisi, ion monbayi (blok 12),
ionlarin goabuledicisi, dreyf borusu, impuls generatoru
(blok 10), giiclondirici (blok 8)-don togkil olunmusdur.
Sakil 2-don goériindiiyil kimi, ion monbayi, 2 katod, 1
fokuslayici, 3 idarsedici elektrod, 4 ionlasdirici, 5 ion
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qebuledici va 6, 7, 8 torlarindan ibarotdir. Katoddan ¢1-
xan elektronlar 1, 3 vo 4 elektrod sistemi vasitasilo fo-
kuslanaraq, miistovi paralel siia soklinds, 6 vo 7 torlari
ilo ohats olunan ionlagma hacmina daxil olur. Elektron-
larin tosiri noticasinds todgiq olunan gazda ionlagsma
prosesi gedir vo amola golmis ionlar 6 va 7 ekvipoten-
sial tor sistemi arasinda toplanir. fon menboyinin 6 to-
runa verilan italayici impuls ion dostasini 7 vo 8 torlari
arasindaki siiratlondirici araliga vo sonra dreyf sahasine
kegirirlor. ion seli dreyf moasafasinds m/e-nin giymotina
g0rs kiitlo piklorins ayrilir.

Vericids, dreyf mosafasi 1200 mm olan metal bo-
rudan kecdikdon sonra ionlar, elektrostatik linza vasito-
silo, elektron ¢oxaldicisinin gobuledici elektroduna yi-
gilir vo onun ¢ixisinda signal giiclondirilorok, indikator
blokunun (blok 3) elektron-siia borusunun saquli mey-
letdirici 16vhalaring verilir.

Cihazin, miixtalif rejimlordo islomosini idaro et-
mak {i¢ilin tolab olunan zaman nisbati va impuls gargin-
liklor sinxronlasdiricida (blok 1) tonzimlanir. Sinxron-

lagdirici, vericini talob olunan parametrlors uygun im-
pulslarla tomin edir.

Radiotexniki qurgunun biitiin lampalarinin anod,
ekran, tor vo digor elementlorina garginlik, blok 5-ds
yerloson monbodon, elektron ¢oxaldicisinin diodlarina
iso blok 7-don verilir.

MSX-4 markali kiitlo-spektrometrinin islomo
prinsipi, miixtalif kiitloys malik olan ionlarin, miixtalif
zaman fasilolorindo kollektora ¢atmasina osaslanir.
Qeyd olunan ugus miiddsti agsagidak: kimi toyin edilir:

LM
2eU

burada, t — ionun u¢us miiddsti; L — ionun keg¢diyi dreyf
masafasi; M — ionun kiitlesi; U — siiratlondirici gorgin-
lik; e — elektronun yiikidiir.

1)

sxem 7

sxem 8

sxem 4

-{ sxem § l[

sxem 9

sxem 1

sxem 3

H

sxem 35

sxem 2

Sokil 2. Kiitla-spektrometrinin blok-sxemi.

Kiitlo-spektrometri 13,3 -13,3-10°8 Pa tozyiq inter-
valinda isloyarak, 1-600 atom kiitlo vahidina malik olan
ionlar1 geydo ala bilir. Cihazin kiitls izro ayirdedici ga-
biliyysti 100 atom kiitls vahidi togkil edir. Ki'ibt\ls-spekt-

rometrinin arqon gazi iizra hassashig 5-10° E qador-

dir.

Cihazin wvericisi, dreyf borusunda tozyigin
1,33-10* Pa giymatindan ¢ox olmadigi halda, 400°C-yo
qodoar qizdirila bilar.

Odadi giymatca, eyni kiitloys malik olan ionlart
(masalan, N2 va CO molekullarimm ionlart) farqlondirs
bilmomasi kiitlo-spektrometrinin manfi cohsti hesab
edilir. Belo hallarla rastlagdiqda, tacriibalorin sortlori,
rejimi, tadgigat obyektinin novii, kimyavi birlosmanin
omoalogalma ehtimali vo digor parametrlori nazars ali-
narag, spektrds miibahisali maksimumlar: bu vs ya di-
gor adli iona aid etmoak olur.
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Yiiksakgarginlikli elektrik qurgular: va texnoloji
sxemlar

Odobiyyatda aktivlegdirici olaraq yiiksokgorginlik-
li elektrik gazbosalmalarinin tesirinden istifads olun-
musdur. Qazbosalmalarinin miixtalif névlarinin aktivlos-
dirici tosiri tadqiq edilon mosalalords sinagdan kegirilo-
rok tac, masalsokilli vo arakesmali novlarinin daha tot-
bigyoniimli ve effektiv tosira malik olmast geyds alin-
mugdir. Axirincini nazars alaraq tadgigatlarda mogal va
arakasmoli gazbosalmalarimin tesirlarinin tatbig olunma-
st taklif olunur.

Maosolsakilli elektrik gazbosalmas: yaradan qur-
gunun elektrik sxemi sokil 3-do toqdim olunmusdur.
Burada, YGM — dayison yiiksok (5-140 kV) gorginlik-
lorin verilmoasini tomin edon qida menbayi, Ro, Rg —
yiiksok gorginliklori 6lgmok iigiin gorginlikbdlon vo ey-
ni zamanda sizma miiqavimatloridir
(Ro+Rg=100-500MOm). Masal qazbosalmast omo-
lagatiron elementlor Ry, Ry, ..., Ry tormozlayict miiga-
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vimoatlarindan togkil olunmusdur. Ey, Eo, ..., En — moasol
gazbosalmasi amologatiran elektrodlardir. Magal omo-
logatiron elektrodlar eynidlgiilii sivri uca malik dielekt-
rik ortiikli, yiiksok orimo temperaturu malik molibdenI

O

materialindan hazirlanir. Elektrodlarin dielektrik ortii-
yi kicikdiametrli farfor borularmdan hazirlanir. Ry, Ry,
..., Rn miigavimatlorinin 10-15 Mg Om giymatlorinds
masal gazbosalmasi aldo etmok miimkiin olmusdur.

+

R1 R R3 Rn

([
AR

Eo

= & =

Sakil 3. Mosol qazbosalmasinin elektrik dovrasi. YGM — yiiksokgarginlikli qida monbayi; Ro, Rg — gorginlikbdlon
miiqavimatlor; R1, Rz, ..., Rn— tormozlayicit miigavimatlar; E1, E, ..., En — qazbosalmasi omalagatiron

elektrodlar.

Tacriibalords tothiq edilon magal gazbosalmasimi
xarakterizo edon parametrlor codval 1-ds toqdim olun-
musdur.

Cadval 1
Mosal gazbosalmasinin elektrik parametrlori
Tatbiq Mosal Tac
olunan bosalmasinin bosalmasinin
gorginlik, | coroyan siddoti, | coroyan siddoti,
kV mkA mkA
25 140 40
30 170 48

Qeyd etmok lazimdir ki, tormozlayict miigavimat-
larin kigik gqiymatlorinds (0,5-5 Mg Om) va garginliyin
giymoti masal gqazbosalmasinin dayaniqli rejimindan

yiiksak oldugda hor iki halda gazbosalmas: araliginda
J

qigilcim n6év bosalma miisahido oluna bilor. Tacriibe-
lordo doyison gorginliyin misbat yarimperiodunda —
dayanigli moagal qazbosalmasi, monfi yarimperiodunda
iso araliqda tac bosalmasi miisahids oluna bilar.

Tadgiqatlarda istifado edilon arakesmoli elektrik
gazbosalmasi ozonator qurgusu vasitasilo aldo etmok
olar. Sokil 4-do ozonator qurgusunun elektrik sxemi
toqdim edilmisdir. Ozonator qurgusu miixtolif diametra
malik iki koaksial yerlasdirilmis siiso silindrden toskil
olunmusgdur. Qazbosalmas: araligi 4 mm togkil etmis-
dir. Kigikdiametrli silindrin daxilino yiiksakgarginlikli
elektrod yerlagdirilir. Boyiikdiametrli silindrin ¢6l1 sathi
torpaglanmis elektrodla ortiliir. Qazbosalmasi araligi-
na adsorbent yerlogdirilorok bosalmanin tosiri vasitasi-
lo aktivlasdirmok olar.

2

Tp.

B
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>

Sakil 4. Arakosmoli elektrik qazbosalmasinin sxemi.
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Sxems — gida manbayi olaraq, yiiksok gorginlik
transformatoru, gazbosalmasi reaktoru (ozonator), mil-
liampermetr, bosaldicilar vo digor miivafiq elementlor
daxil edilir.

Qazbosalmalarimin tosirino moruz galan adsor-
bentlords elektrik yiiklii voziyyatin amslo galmosi ter-
mostimullasdirilmis carayanlarin 6l¢tilmoasi tisulu vasi-
tasila tayin etmok olar. Termostimullagdirilms relaksa-
siya tisulu polimer va digor dielektrik materiallarda
elektrik yiiklii voziyyatin todqiginds genis istifads olu-
nur.

Termostimullasdirilmis relaksasiya tisulu asagi-
dakindan ibarstdir. Todgiq edilon niimune miloyyon
miiddot gazbosalmasinin tasirine moruz galdiqdan son-
ra sokil 5-da toqdim edilon elektrik sxeminda elektrod-
lar arasinda sixilaraq corayan qeyd edon cihaza gapana-
rag zamanin va temperaturun funksiyas: olaraq bosal-
ma carayant qeydo alinir.

Tacriibalorin blok-sxemi sokil 5-do taqdim olun-
musdur.

T+

Sokil 5. Nimunoslordo elektrik yiikli voziyystlorin
tadqiqi qurgusu. 1 — niimunos; 2 — elektrod;
3 —termostat; 4 — temperatur tenzimlayicisi;
5 —ikikoordinath potensiometr.

Tadgiqat niimunasi temperatur qurgusunun elekt-
rodlar1 arasinda yerloagdirilir. Sonra niimuns 6l¢ii cihazi
vasitasilo olagolandirilir vo temperatur sabit 2°C/daq.

stiratilo niimunanin qizdirilmas: prosesi baglanir. Nii—I

sixilmig hava

munanin qizdirilmasi otaq temperaturundan baglanaraq
500°C-ya qador davam etdirilir.

Miisahido olunan corayan siddoti ENDIM markali
ikikoordinatli potensiometr vasitosilo geyds alina bilor.
Temperaturun xotti yiiksaldilmasi xiisusi elektron qur-
gusu vasitasila tamin edilir.

Coroyan siddstinin temperaturdan asililigi mate-
rialin elektrofiziki xassalorini xarakterizo edon bir sira
maksimumlara malik olur. Termostimullasmis coroyan
siddatinin zamandan asililiq ayrisinin ohats etdiyi saho
niimunadan relaksasiya etmis elektrik yiiklarinin comi-
nin odadi giymatine uygun olur. Elektrik yiiklsrinin co-
mi I(t) ayrisinin grafiki integrallanmas: vasitssils tapi-
lir, yoni ayrinin shato etdiyi sahonin adadi giymsatinin
tapilmasina gatirilir. Bunun iigiin sahs biittinliiklo mii-
ayyan ki¢ik hissalora béliiniir (bu hissalor kigik oldugca
dogiglik yiiksak olur).

Yiiklorin comi, bir kigik hissonin yiikiinin Q,

hissalarin sayina vurmagla tapilir:
Q = th ’ Nhs

Q, - potensiometrin X, Y oxlari iizro miqyas

omsallarinin hissonin xotti 6l¢iilorino olan hasili ilo
toyin edilir. Belo ki,

Qs =M-M, X -y;

Beloliklo, elektrik gazbosalmalarinin tasirine me-
ruz galan adsorbentlords elektrik yiiklii voziyyotin omo-
logalma va bu yiiklorin adadi giymatlorini miioyyan et-
mok imkanina malik olurug.

Enerjidasiyicilart olan tobii gazin vo mazut mad-
dasinin, eyni zamanda enerji sistemlarinin tullant: sula-
rinin va tiistii qazlarmin tamizlonmasi proseslorinin tod-
giq edilmoasinds adsorbentlorin yuxarida geyd olunan
usullarla aktivlegdirilmosinin totbiq edilmasi nozords
tutulur.

Sokil 6-da energetika sistemlorinin tullanti sulari-
nin tamizlanmasinin tadqiqi tizrs tacriibi qurgunun blok
sxemi toqdim olunmusdur. Sokildon goériindiiyii kimi
tomizlayici qurgu fiziki vo kimyovi iisullara ssaslana-
rag, suyun ¢irklonmo deracasindon asili olaraq hom his-
sa-hisso, hom do tam qosulma imkanina malikdir.

tomiz su

C

Sakil 6. Su tomizloyici texnoloji qurgunun blok sxemi. 1,1’ — tobii ¢okdiirme hocmlori; 2 — kimyavi mohlulun hazirlanma
hacmi; 3 — ¢okdiiriicii mahlulun hazirlanma hacmi; 4,4’ — mohlullarin qarigdirilmasi tigtin hacmlor; 5,5" — miqdar
tonzimlayici nasoslar; 6,6’ — morkozdonqagma nasoslari; 7,8 — ¢okma hocmlori; 9 — vakuum-filtr; 10 — quru gali-
gin toplanmasi ti¢iin hocm; 11 — ozonator qurgusu; 12 — mogol qazbosalmasi qurgusu; 13 — adsorbent-filtr.
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Sakil 7-da taqdim olunan analoji qurgu vasitasile
enerji- dastyicist olan mazut maddasinin kiikiird birlog-
molorindon tomizlonmesinin tadgiqatin1 yerina yeti-
rmak olar.

Mazut maddasi 1 hacmindon, markozdongagma

sixilmis
=Y
Y
A

nasoslari vasitasilo, mohlul ils birlikds 6,6’ hacmlarine
verilir. Reagent vasitasilo tomizloms prosesi yerins ye-
tirildikdon sonra mazut 9 hocminds adsorbsiya tisulu
il kiikiird birlogsmalarindon vo mahlulun galiglarimdan
son tomizloms prosesindon kegirilir.

tomizlonmis
mazut

Sokil 7. Mazut maddasinin kiikiird birlogsmalarindon tomizlonmosinin texnoloji qurgusunun blok-sxemi.
1 — ilkin ¢okdiirmo hocmi; 2,2 — reagentlarin hazirlanma hacmlori; 3,3’ — mohlullarin qarigdirilmast tigtin
hacmlar; 4,4 — miqdar tonzimloyici nasoslar; 5,5 — markazdonqagma nasoslar; 6,6’ — ¢okmo hacmlori;
7 — moarkazdongacma qurgusu; 8 — ¢okiintiiniin toplanmasi ti¢iin hacm; 9,9' — adsorbsiya tisulu reaktorlar.

Sokil 8. Istilik elektrik morkazinin tullant1 qazlarmin tomizlonmosi iizra texnoloji qurgunun sxemi.
1 — adsorber qurgulari; 2 — ¢okdiiriicti hocm; 3 — su va tursu mohlulu hacmi; 4,4’ — nasoslar; 5 — ¢6kdiiriicii hacmy;
6 — qazin ¢ix1s borusu; 7 — toz hissaciklorin filtri.

Sakil 8-ds verilmis texnoloji qurgu vasitasils isti-
lik elektrik markozinin tullanti qazlarinin azot, kiikiird
va karbon-dioksidinden tomizlanmasi proseslorini
aparmaqg olar. Stansiyanin tullanti qazlarmm boyiik
hacmi tomizloma prosesinin optimal dsullarla aparil-
masini talob edir.

Tatbig olunan adsorbentin segilmasi, udulma pro-
sesinin kinetikasi, adsorbentin regenerasiya prosesini
xarakteriza edon vo bir-birils slagodar olan masalalarin
diizgiin se¢imi tomizlomo prosesinin effektivliyinin
yiitksolmasina sabab olur.

Sokil 9-da atmosfer havasinin karbon-dioksid vo
rlitubatdon toamizlonmasinin tadgiginds istifads edilon
qurgunun sxemi verilmigdir. Sokil 10-da tac bosalmasi
totbiqg edilon reaktor, sokil 11-da iso arakasmali elektrik
gazbosalmast tatbiq edilon adsorber verilmisdir.

19

Qurgu iki xotdon ibaratdir. Hor bir xotto 2 odod
adsorber gosulmusdur, | adsorberdo CaA markali seo-
lit, I adsorberdo KSM-5 markal1 silikagel yerlosdiril-
misdir.

Har iki adsorber qizdirilaraq (seolit-400°C, silika-
gel-200°C) regenerasiya prosesi yerina yetirilir. Tomiz-
lonan qaz sistems daxil edilarak hor iki adsorberds ad-
sorbentlarlo tomasa gatirilir, 11 adsorberds, eyni zaman-
da gazbosalmalarinin tasirina maruz galir.

Istilik gazanlarinda yanacagin yandirilmasi prose-
sina giiclii elektrik sahslarinin vo qazbosalmalarinin to-
sirlorini  todqiq etmok giin  odlug qurgusu
layihalondirilmigdir. Odlug qurgusunun sxemi soKkil
12-ds toqdim edilmisdir. Qurgunun iynavari elektrod-
lar1 ilo onun govdasi arasina garginlik verdikds bosal-
ma araliginda masolsakilli gazbosalmasi yaranir.
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Sakil 9. Tkixotli qaz tomizlomos qurgusunun sxemi. | — birinci tomizlomsa xatti; 11 — ikinci tomizloma xatti;
1 - CaA seoliti yerlogon adsorber; 2 — KSM-5 markal: silikagelin yerlasdiyi vo qazbosalmasi tasirini yaradan
adsorber; YG — yiiksok gorginlik.
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v

% =
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Sokil 10. Tac bosalmast totbiq edon adsorberin sxemi. 1 — metal korpus; 2 — flaneslor; 3 — dielektrik kegid izolyatorlari;
4 — tac omplogatiran elektrod; 5 — qazin daxilolma sistemi; 6 — adsorbent; 7 — qazin ¢ix1s sistemi.
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Sakil 11. Arakosmoali bogalma totbiq edon adsorberin sxemi.1 — silindrik korpus; 2 — flaneslor; 3 — dielektrik materialdan
silindrik izolyator; 4 — yiiksokgorginlikli elektrod; 5 — adsorbent; 6 — qazin daxilolma sistemi; 7 — qazin ¢ix1s

sistemi.

yanacaq 3 —

o

Sakil 12. Tacriibi odluq qurgusu. 1 — metal boru; 2 — konusvari havaétiiron; 3 — yanacaqétiiron; 4 — tozlandirici basliq;
5 — dielektrik; 6 — iynavari elektrodlar; 7 — bosalma araligi.

Odlug qurgusu metal borudan 1, girisdoki 2 ko-
nusvari havaotiiron, 3 yanacaqétiiron, 4 tozlandirici
basliqgdan ibarat olaraq yanacaqotiiron borunun {istiing
tizarinds 20 adad dolik acilmus silindrik dielektrik yer-
lagdirilmisdir. Bu doaliklordan, uc torsfi dielektrikin sat-
hindon 1-2 mm ¢ixan iynovari elektrodlar yerlosdiril-
misdir. Iynovari elektrodlar menfi, odlug qurgusunun
metal govdasi isa miisbat elektrod olmalidur.

Beloliklo, moqalads elektroenergetika sistemlori-
nin ekoloji problemlorinin halli istigamoatindo elmi-
todgiqat islerinin yerina yetirilmasindo, yuxarida geyd
olunan isullar va texnoloji qurgulardan istifade edarak
sistemli, ¢oxsayli tadqiqat islerini apararaq tobist va
comiyyatin ekoloji tohliikasizliyinin tominatina qisman
do olsa tohfs vermok olar.

21



A.M. HOSIMOV, K.B. QURBANOV, H.C. HUSEYNQV., L.C. SULEYMANOVA, S.A. HUSEYNOVA, V.M. HACIYEVA

[1]1 K.M. Abdullayev, R.K. Mommodov, Y.I. Lati- [3] M.HU. Pycramos, B.M. A66acos, T.A. MamenoBa,
fov. Enerji ehtiyatlari, elektrik enerjisi istehsali H.H. IlnpneB. DKOHOMHYECKHE MPOOIIEMBI
vo otraf mibhit. Il cild. Baki: Zaman-3, 2007, 3eMJIM U ATbTCPHATUBHBIC HCTOYHUKU SHEPTHUH.
407s. Baky: O1m, 2008, c. 717

[2] B. H. Bepmagckumii. buochepa. Meicin u [4] A.M. Tammmos, I'Jx. Tyceiiros, K.b. I'yp-
Habpocku. CO. Hay4HBIX paboT Bepranckoro 6aHoB. K perieHnio SKOIIOTHIECKUX BOMPOCOB
B.M. M.: U3x. lom "Hoocdepa”, 2001, 244 c. SHEpPreTMUecKux cucteMm. bemapycs. Pecr.

Musck, Ouepreruka, 2010, Ne4, ¢. 30-35

A.M. Hashimov, K.B. Gurbanov, H.J. Huseynov, L.Ch. Suleymanova,
S.A. Huseynova, V.M. Hajiyeva

TECHNOLOGICAL SCHEMES AND METHODS FOR STUDYING ENVIRONMENTAL
PROBLEMS OF THE POWER INDUSTRY

The paper presents new, innovative methods and schemes of technological processes used at the Institute of Physics in
solving environmental problems in the electric power industry. The article recommends the use of new methods based on cost-

effective, electron-ion technologies in the purification of industrial wastewater and gases from harmful substances in order to
ensure the ecological state of nature.

AM. I'amumos, K.b. I'yp6anos, I'./:k. I'yceiinos, JI.U. CyaeilimanoBa,
C.A. I'yceiinoBa, B.M. I'agxxueBa

TEXHOJIOI'MYECKHUE CXEMbBI 1 METO/JAbI HCCJIEJOBAHUA
IKOJIOI'MYECKHX TPOBJIEM 2JIEKTPOOHEPI'ETUKHU

B pabote npuBeHBI HOBBIE, THHOBAI[MOHHBIE METOABI I CXE€MBI TEXHOJIOTHUECKUX NIPOIIECCOB, IPUMEHSIEMBIX B MHCTH-
Tyre OU3NKH NPH PEHICHUH JKOIOTHYECKUX MPOOJIeM 3IEKTPOIHEPIeTUKH. B cTaThe peKOMEHIyeTCs NPUMEHSATh HOBBIE
METO/IbI, OCHOBaHHbIC Ha SKOHOMHYECKH 3()(EKTUBHBIX, MICKTPOHHO-HOHHBIX TEXHOJOTHH, IPH OYUCTKE MMPOMBIIIIICHHBIX
CTOYHBIX BOJ] ¥ Ta30B OT BPEIHBIX BEIIECTB C IIENbI0 00eCIeYSHHS IKOJIOTHIECKOTO COCTOSIHUS IPHPOJIBL.
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Giic transformatorlan elektrik, istilik va kimyavi garginliklora moruz galan enerji sistemlari igarisinds an vacib vs ba-
hali cihazlardan biridir. Bu mogalonin asas mogsadi transformator yagmin kimyavi parametrlori - yani hall olunmus qazlarla
induktiv olagoli plazmali kiitlo spektrometri ilo alman naticolor arasinda slagonin miioyyon olunmasidir. Yagin tursulugu vo
furfurol komponentlarinin bir-birilo tors miitanasib oldugu miioyyan edilmisdir. Molum olmusdur ki, yagda dom gazinin (CO)
olmasmin furfurol komponentinin artmasinda boyiik rolu var. Homginin, tursulugun amslo golmasinds asetilen gazinin
(C2H2) rolu va onlar arasindaki olage askar edilmisdir. Misyyan olunmusdur ki, transformator yaglarinda mis elementinin
¢ox miqdarda agkar olunmasi dolaglarda vo ya biiriinc vo misdon hazirlanmis hor hansi1 komponentlards problemin oldugunu
gostorir. Yagda domir elementinin shomiyyatli darocods olmasi transformatorun igliyinin vo ¢oninin, aliiminiumun yiiksok
olmast iso keramika qollarinda olan nasazliqdan xobar verir. Alinan noticalor 20 transformator yaglarinin tacriibi molumatlar:
osasinda aldo edilmisdir.

Acar sozlar: transformator yagi, furfurol komponenti, induktiv slagali plazmali kiitlo spektrometri, tursuluq vs s.
UOT: 621.1.050

GIRIS lar. Ciinki, bu tohliikeli qazlar dielektrik mayeds daha
tez hall olurlar va bununla bels onlarin har birinin ana-

Transformator yaginin bir ne¢o xiisusiyyotlorini  lizi tac, qigilcim kimi bosalmalarin, ifrat qizma kimi
analiz etmoklo orada olan bir ¢ox nasazliglari agkar et-  nasazliq proseslorini miisyyoan etmoyos imkan verir [4].
mok miimkiindiir. istor fiziki, istor kimyavi, istorso do Yaglarin holl olunmus qazlara goro analizins ola-

fiziki-kimyovi tocribolor aparmagla transformatorun  vo olaraq transformator yaglarmin metallara goro ele-
islok vaziyyatini bilmak vo transformatorda olan prob-  ment analizi gotirilir. ©gor yaglarin hall olunmus
lemlori ovvolcadan prognozlasdirmaq olar. Bir ¢ox  gazlara gora analizi hor hansi bir nasazligin olmasin-
izolyasiya vo dielektrik materiallarinda oldugu kimi,  dan xabar verirss, onlarin element analizi onun yerini
transformator yaglarinin parametrlori do zaman keg-  daqiq miioyyanlagdirmoys komoak edir [5].

dikca pisloasir. Buna sobab temperaturun artmasi nati- Yiiksok enerji tokco transformatorun izolyasiya-
cosindo i¢likdon va dolaglardan yaga otiiriilon istilik-  smmin korlanmasina deyil (yag, kagiz, taxta va S.),
dir [1]. Dielektrik yaglarinin xassslorinin pislogmasino  homginin yagda yaranan metal hissaciklorin amolo
asas sehab ise onun girklonmasi vo torkibinds metal  golmasine gotirib ¢ixarir ki, bunlar da osasen yagin
sulfid hissaciklorinin tursu birlogsmolorinin olmasidir.  dovriyyasi naticasinds transformatorun hor tarofing
Cirklonmadon savayi, dielektrik yaglar gismi vo qévs  yayilirlar. Temperaturun artmasi zamani transformato-
bosalmalari, homginin temperaturun artmasi hesabina  run boazi detallar1 metal hissociklori amalo gotira bi-
da pargalana bilor. Bildiyimiz kimi, istismar middsti  lorlor. Bu metal hissaciklori ya ayri-ayriliqda, ya da

artdiqca yaglarin torkibinds kicik molekulyar ¢okili, — miixtalif birlasmoalar soklinds ola bilar. Mahz bu me-
hall olunan vo karbon hissaciklorinden vo onlarin  tallarin konsentrasiyalarini tayin etmokls nasazlig: ya-
miixtalif birlagmolarindon ibarst gazlar ola bilor. Di-  radan sabablori miisyyanlasdirarak onlari avvalcadan
elektrik yaglarimin kKimyavi analizi transformatorun ig-  prognozlagdirmaq miimkiindiir [6].

lok vaziyyati haqqinda Xaboar veron bir iisuldur. Umu- Transformator yaglarinda aliiminium, mis, demir,
miyyatls, dielektrik yaglar hom fiziki, ham do kimyavi  qurgusun, giimiis, qalay va sink kimi metallar agkar
yolla girklons bilirlar [2]. oluna bilor. Transformator yagmin metallara goro ele-

Bildiyimiz kimi, transformatorlarda yaranan na-  ment analizi atom adsorbsiya (AA) ves induktiv olagali
sazliglarin avvalcadan agkarlanmasinin on etibarli tisu-  plazmali (ICP) spektrometriya tsullar ilo aparmaq vo
lu yaglarda holl olunmus gazlarin kimyoavi analizidir.  onlarin konsentrasiyasini ppm, ppb doqigliyino godor
Transformatorlarda izolyasiya mayelori kimi yiiksok  &lgmok miimkiindiir. Umumiyyatls, yaglarda metalla-
dielektrik dayanigligina, istilik 6tiirma gabiliyystine  rin migdarinmi 6lgmok digiin induktiv alagsli plazmal
va kimyovi sabitliyine malik karbohidrogen (mineral)  kiitlo spektrometrdon (ICP-MS) istifade etmok daha
yaglart gismon pargalanir. Lakin istilik artdigca maye = mogsadsuygun hesab olunur [7].
dielektrik vo bark izolyasiya pargalanmaga baslayirlar. [OP-KS vyiiksok gostaricilorine géro miiasir ava-
Bu zaman on tez pargalanan qazlar asagi molekulyar  danliglardan shamiyyatli doracads farglonir. Hal-ha-
cokiys malik gazlar, mosalon hidrogen, metan, etan, zirda IOP-KS istehsalatda aloviu atom absorbsiya
etil, asetilen, karbon monoksit vo karbon gazlar1 olur-  spektroskopiyasini (AAS) todricon avaz edorok gabag-
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cil cihazlardan biri olmusdur. IOP-KS-in iistiinliiklori
icarisinds asagidakilar sadalamagq olar [8]:

- kimyovi elementlarin vo izotoplarin on asag1 toyinet-
mo Sorhads malik olmast (ng/l saviyyalari vo bazan
hotta pg/l);

- analiz olunan maddonin kigik kiitloys malik olmasi;

- ¢ox elementli analiz aparmaq imkant;

- yiiksok hassasliq vo ayirdetma gabiliyystine malik
olmasi va s. [9].

Bu mogalanin asas magsadi, transformator yagi-
nin parametrlorini 6l¢gmokls onlar arasindaki garsiliglt
olagoni agkar etmok vo bu parametrlorin hor birinin
yagin keyfiyyatino tosirini dyronmok va hamginin
transformatorda olan nasazligi qabaqcadan proqnoz-
lagdirmaq tglin yaglarin kiitls spektrometrik tisulla
element analizinin aparilmasi vo onlarin digor para-
metrlordon asililigint miioyyon etmokdir.

TOCRUBI HiSSO

Transformator yaginda metallarin konsentrasiya-
s 6lgmoak tiglin todgigatlar ABS istehsali olan Agi-
lent Technologies 7700 induktiv slagali plazmali kiitlo
spektrometrindo aparilmigdir. Kigik hocmli gablarla
tochiz  edilmis, temperaturu tonzimlono  bilon
Speedwave Xpert mikrodalgali sistemindon (Almani-
ya) istifado etmoklo niimunolor minerallagdirilmigdir.
Mikrodalganin radiasiya giicii 2000 Vt-a (2x1000 Vt)
goadar ¢atir. Miioyyon bir pargalanma programina ma-
lik olan, 2,45 GHz tezlikli iki davamli tonzimlonan
magnetrondan ibarst olan siialanma hesabina hartorofli
Vo daqiq isitmo oldo etmok miimkiindiir. Niimunalori
doaqiq 6lgmak Vo saxlamaq tigiin hacmi 100-1000 pl va
1-10 ml olan Pipet4u vo Eppendorf (Almaniya) doza-
torlardan, birdafslik ucluglardan va 15 vo 50 ml hacm-
li polipropilen borulardan istifads edilmisdir.

Niimunslorin minerallagdirililmasi vo daracalon-
mis mohlullarin hazirlanmasi tigiin 65% nitrat tursusu
(HNO3) vo 30% peroksiddon (H.0,) istifado edil-
migdir. Biitin mohlullar deionsuzlasmis su ilo (18.2
MQ-sm) durulagdirilmigdir. Cihazin diizgiin kalibrlan-
moasi igmali suyun standart niimunasi ilo tanzim olun-
musdur.

Xromatoqrafik iisulla yagda holl olunan qazlarin
(Hz, CO, COy, CH4, CoHg, CoH4, CoHa, N2, O2) torkibi
milayyan edilmisdir. Yaglarin torkibini toyin etmok
ticlin qurasdirilmis alov ionlagdirma (FID) vo istilik
kegiricilik detektorlar1 (TPD) vo katarometra malik
olan avtomatlagdirilmisg qaz xromatoqrafi
KRISTALLUKS-4000M-don istifado olunmusdur.

NOTICOLOR VO ONLARIN MUZAKIROSI

[sdo 20 yaxin transformator yaglarimin kiitlo
spektrometrik iisulla element, hall olunmus qazlara va
yagin keyfiyyast parametrlarino gors analizi aparilmig-
dir. Tacriibada homginin yaglarin miixtslif tsullarla
alinan naticalarin bir — birina gora doyigmasi do toyin
edilmisdir.

Transformator yaginda CO vo CO; gazlarinin
omoalo galmosi kagiz izolyasiyasinin dagilmasindan
xabar verir [10]. CH4, C2Hs vo CzHg qazlart méveud-
lugu transformatorun haddon artiq yiikklonmasini, CoH»
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gazinin olmasi isa transformatorda qigilcimin oldugu-
nu gostorir ki, bu da transformatorda kecid kontaktla-
rinmin siradan ¢ixmasi ilo slagadardir. Dielektrik yagla-
rinda CHas, CoHs, CoHs, CO; vo CO gazlarimin eyni
vaxtda yaranmasi transformatorun kagiz izolyasiyasi-
nin yanmasini vo siradan ¢ixmasini gostorir. Qeyd
edok ki, oksar nasazliq hallarinda yaglarda omalo
golon H; gazi asason gismi bosalmanin olmasindan
xabor verir [11-12].

Bildiyimiz kimi yaglarda har zaman oksigen ol-
dugundan CO, CO; qazlarin1 yaranmasina sabab olur
ki, bu da 6z novbesinds yagm tursulugunu artirir.
Transformatorda temperatur artdigda, tursu kompo-
nenti su ilo hidroliz reaksiyasina girorok kagiz izolya-
siyasint pargalayir. Digor torafdan, ifrat istilosmo za-
mant kagiz izolyasiyasi yanaraq mixtolif birlogmalor
omalo gotirir. Buna piroliz fenomeni deyilir. Hidroliz
va piroliz hadisalarindon amols galon mshsullar birlo-
sarok furfurol komponentlari amolo gatirir. Furfurol
oksigen, tursu, CO vo CO, gazlarindan ibarat olur.
Furfurolun tursu vo oksigen komponentlori transfor-
mator yaginin vo kagiz izolyasiyasinin dagilmasina so-
bob olur [13-16].

Sokil 1-dos transformatorun kagiz izolyasiyasinin
dagilmasi naticasinds omalo golon furfurol komponen-
tinin tursuluq komponenti ilo tors miitonasibliyi gos-
torilmigdir. Belo ki, transformator yaginda tursulugun
1 ppm artmas: furfurol komponentinin 0,569 ppm
azalmasina sobob olur.

Yagin oksidlogmosi transformator yaginin tursu-
lugunun amalo goalmasina gatirir. Hidroliz (su ilo par-
calanma) va piroliz (termik par¢alanma) hadisolari vo
oksigenin varlig1 transformatorlarin kagiz izolyasiya-
smin deqradasiyasina vo bununla da furfurol kompo-
nentin amoalo golmasine sobab olur [17]. Sokil 1-ds
tursu ilo furfurol komponentlor arasindaki tors miito-
nasiblik aydin sokildo gostorilmisdir. Furfurol kompo-
nentinin artmast yagda tursulugun azalmasina gatirib
¢ixarir.

Sokil 2-do, yagm torkibinds suyun migdarindan
asil olaraq furfurolun tarkibinin doyismoasi gostoril-
migdir. Transformator yagimin torkibindo namliyin art-
masina sabob tokco otraf miihitin riituboatliyi deyil,
hom do kagiz izolyasiyasinin hidrolizi, yani suyun
parcalanmasidir [18]. Temperaturun yiiksok giymatin-
do transformator yaginin torkibinds olan su gqabarcig-
lara gevrilorok gismi bosalmanin yaranmasina vo hid-
rogenin omoala galmasine sabab olur.

Transformator yaginda suyun miqdar1 artdigca
yagin elektrik kegciriciliyi artir, lakin elektrik gorgin-
liklorina gora yagin dielektrik niifuzlugu azalir.

Transformator kagizinin izolyasiyasinin parca-
lanmasina sobob olan gazlardan biri do dom (CO) ga-
zidir. Bu qaz furfurol komponentins an ¢ox tasir eden
gazdir. Sakil 3-3 asasan, transformator yaginda CO qa-
zmin miqdar1 az olduqda furfurolun da miqdarinin az
oldugu miisahido olunur. Istiliyin tosiri altinda trans-
formatorun kagiz izolyasiyasinin pargalanmasi vo yag-
da karbon gazinin migdarinin artmasi sababindon fur-
furolun tarkibi do artir. Transformatorun kagiz izolya-
siyasinin polimerlosmo doaracasini vo islok miiddatini
miioyyon edon furfurol komponentlori osas parametr-
lordon biri sayilir.
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Sakil 1. Transformator yaginin tursulugu ve furfurol komponentlori arasindaki asililiq.
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Sokil 4. Transformator yaginin induktiv olagoli kiitlo spektrometri vasitasi ilo element analizi.
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Transformator yaglarmin torkibinds olan metal-
larin miqdarinin limit seviyyssine malik olmamasina
baxmayaraq, aparilan tacriibalor vo toplanilan molu-
matlar gostorir ki, yaglarda metallarin analizinin ol-
dugca vacibdir. Ciinki, transformatorun nasazligim
ciddi problems ¢evrilmozdon ovval, onu askar etmok
cox vacibdir. Lakin tokco metallarin element analizi
onun yagin voziyysti hagqinda tam molumat slds et-
mok kifayat deyil, bunun ti¢iin kompleks tocriibo apar-
maqg vo alinan naticalori bir-biri ilo miiqayise etmok
lazimdur.

Sokil 4-do transformator yaglarmin kiitlo spek-
trometrik analizi gostorilmigdir. Sokildon gorindiiyii
kimi, bazi niimunslords A, B, C, D gruplar ilo adlan-
dirllan eyni miqdarda metallarin konsentrasiyalari
qeyd olunmusdur. A grupuna daxil olan 5-5 yaxin nii-
munonin analizi aliiminiumun konsentrasiyasi, B qru-
puna daxil olan 10-ys yaxin niimunadan alinan natico-
do iso domirin Kkonsentrasiyasinin normadan artiq
oldugu miisahido olunmusdur. C qrupuna daxil olan,
toxminan 8 niimunadoan alman naticalardo misin kon-
sentrasiyasinin artimi, D grupuna aid 30 niimunodo
aparilan tocriibolords ise galayin miqdarimin icazo ve-
rilon konsentrasiyanin qiymatindon iki dofo artiq
oldugu miisahido olunmusdur.

Aparilan todgigatlardan belo noticoys galmok
olar ki, transformator yaglarinda ¢ox miqdarda mis

elementinin olmasi sargilarda, elacs da biiriinc va ya
misdon hazirlanmis har hansi komponentlords prob-
lemlorin oldugu gostarir. Domirin ohamiyystli mig-
darda ¢ox olmasi transformatorun i¢liyinin va ¢aninin,
aliminiumun konsentrasiyasinin ¢ox olmasi iso kera-
mik gollarinin nasazligini gostorir. Yagda qalayin mig-
darinin ¢ox olmasi isa ucluglarin, boltlarin dagilmasini
gostorir.

NOTICOLOR

Belalikls, belo noticoys golmok olar ki, trans-
formatorun islok gabiliyyatini on ¢ox azaldan para-
metr, istinadlarin naticaloring asason yagin torkibindo
olan suyun miqdaridir. Furfurol komponenti tursuluq
komponenti ils tors miitonasibdir, yani yagin tursulugu
artdigca furfurolun giymoti azalmis olur. CO; vo CO
qazlar transformatorun islok vaziyyatina on ¢ox tasir
edon komponentlardir. Transformator yaginin torkibin-
do CO; va CO qazlarinin olmasi onun kagiz izolyasi-
yasinin par¢alanmasina gotirib ¢ixarir. Transformator
yaglarmin kiitlo spektrometrik metodu ilo element
analizinin istiinliiklorindan biri do onun tarkibindaki
metallarin toyin edilmosi ilo problemlorin daqiq diag-
nozunun verilmasidir.
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INTERACTION OF TRANSFORMER OIL PARAMETERS AND ITS ELEMENTARY
ANALYSIS

Power transformers are one of the most responsible and expensive devices in power systems exposed to electrical,
thermal, and chemical stresses. The purpose of this article as a new idea is to determine the relationships between the
chemical parameters of transformer oil, dissolved gases and indicators obtained by a mass spectrometer with inductively
coupled plasma. The inverse dependence between acidity and furfural components was determined. The relationship between
gaseous CzH: as a parameter that plays the largest role in the formation of an acidic component is established. It is found that
a large amount of copper predicts problems in the windings, as well as in any components made of bronze or brass. The
concentration of iron in significant quantities indicates problems with the core and tank of the transformer, and aluminum
with ceramic bushings. Test data related to 120 transformers were also considered.

T.K. Hypyo0eiinu, A.H. Cyaranasl, H.III. Ixxadap, E.A. Adayi1aeBa

B3AUMOJENCTBUE TAPAMETPOB TPAHC®OPMATOPHOI'O MACJIA U ET'O
SJIEMEHTHBIM AHAJIU30M

CuioBble TpaHC(HOPMATOPBHI SIBIISIOTCS] OJHUM N3 HauboJee OTBETCTBEHHBIX M JOPOTOCTOSIIUX YCTPOWCTB B SHEPrO CUC-
TeMax, TOJJBePrafolInXCs BO3IEHCTBUIO SNEKTPUIECKUX, TEIUIOBBIX U XUMHUYECKHX HanpsDKeHui. Llenbio qaHHOW CcTaThu Kak
HOBOH HJIeH SIBISIETCS ONpeieieHHe B3aUMOCBSI3eil MEX /1y XMMHIECKUMU TTapaMeTpaMy TpaHC()OpPMaTOpHOro Macia, pacTBO-
PEHHBIMH ra3aMH M MOKa3aTesIMH, MOJyYeHHBIMH MacC CIIEKTPOMETPOM C MHIYKTHBHO CBSI3aHHOM I1a3Mmoil. OmpeneneHo
oOpaTHasi 3aBUCHMOCTH MEXIy KHCIOTHOCTHIO U Qyp(dypoIsHBIME KOMIOHEHTaMH, BrisiBieHo 4To, razoobpazHoe CO kak
HapaMeTp, UTparoel HanOOJIBIIYIO PONTb B MPOU3BOJACTBE GypPypOIFHOTO KOMIIOHEHTA. YCTAHOBIICHO B3aHMOCBS3b MEXKITY
ra3oo0paszHsM C2H2 Kak mapameTp, HrparoIIero HanboIbIIyI0 PoIb B 00pa30BaHNH KUCIOTHOTO KOMIIOHEHTA. BrIsiBIeHO 9TO
0O0IIBIIIOE KOJTMIECTBO MEIH IPOTHOZUPYET O MpobiieMax B OOMOTKAX, a TAKXKE B JTIOOBIX KOMIOHEHTAX U3 OPOH3BI MM JIaTy-
HH. KoHIeHTpaIys xkene30 B 3HAYUTEIbHBIX KOJIMYECTBAX MOKa3bIBAET O HEMOJaKaxX CepledHnKe 1 Oake TpaHcdhopmaropa, a
AIIOMUHHN —KepaMHUYECKHUX BTYJIKax. A Takke ObLIM PacCMOTPEHBI JaHHbIC UCIIBITAHHM, OTHOCsAIIHecs K 120 Tpancdopma-
TOpaMm.
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Otraf mithitin miihafizosi — atmosfer havasinin, torpagin va suyun tobii torkib hissasinin gorunub saxlanilmas: insanlarin
va digor canli alomin varligini tomin etdiyi Gigiin, bu istigamatds yerina yetirilon elmi-tadgiqat isleri vo diinya dovlatlori tors-
findon gobul olunmus miivafiq qorarlar insan comiyyati ti¢iin mithiim shomiyyat kasb edir. Moqalods astraf miihitin ekoloji

problemlori izra ohatoli icmal toqdim olunmusdur.

Acar sozlori: atmosfer, atmosfer, torpag, su, ekologiya, texniki toraqqi, tobiot vo comiyyat, sanaye.

UOT: 631.95
PACS: 87.23.-n

1. Giris

Tabiot vo comiyyat bir tamin iki dialektik vohdot-
do olan ayrilmaz hissasidir. Bu sobobdan da, comiyyat-
lo tabiot arasinda miinasibatlorin iki toraf {igiin alverisli
togkili iraliya dogru inkisafin miithiim sortidir. Bogoriy-
yat tarixi boyunca camiyyat va tabiat arasinda garsiliql
miinasibat vo tosir Kortabii surotdo davam etmisdir.
Mohsuldar qiivvalarin inkisaf saviyyasinin asag: oldu-
gu dovrlords insanin tobioti doyisdirmak tigiin gostordi-
yi faaliyyoti yalniz ayri-ayr1 yerlords tobii miihito oho-
miyyatsiz doracads tasir edirdi. Tobii miihit insan foa-
liyyotinin long gedon inkisafina uygunlasa bilirdi.

Hazirda camiyyat elmi-texniki ingilab asrinds ya-
sayir. Bu ingilab, bir torafdon inSanin tobiato tosir im-
kanlarini artirmis, tobiotdon asililigini azaltmus, tabii
ehtiyatlarin istifadssini asanlagdirmisdir. Digoar tarafdon
isa ekoloji sistemds monfi iz buraxmus — hava, deniz ak-
vatoriyalari, sirin su hovzolari ¢irklonmis, torpaq ortii-
yii vo meso ehtiyatlar: korlanmigdir. Bu proses bu vo ya
digar doracads yena do davam etmokdadir.

Sonayenin inkisafi vo miixtalif texniki sistemlor-
don kiitlovi suratdo istifads edilmosi naticosinds hazir-
da tobii mihitin fiziki-kimyovi parametrlorinds doayi-
sikliklor omols galdiyi miisahids olunur.

Yeni texnika vo texnologiyalarin somarsliliyine
dair kompleks gostaricilarin movcud olmasi, yalnz is-
tehsaldan manfaat gotiirmek manafeyini iistiin tutmag-
dan ¢okindirardi. Texnika nainki tokco “bu giin” baxi-
mindan, hom do uzaq perspektiv baximindan slverigli
olmalidir.

Texniki toraqqi tizarinds ciddi igtisadi nozaratin
goyulmasi texnikanin tobii proseslors ziyanim azalt-
maq, vo ya tamamilo aradan gotiirmok ii¢iin sorait ya-
radir. Ekoloji amillori nozora almagla yeni texnikanin
kompleks giymatlandirilmasi texniki toraqqi garsisinda
goyulan taloblari avvalcadon miisyyen edir. Texnikanin
inkisafinda homin tolablari getdikca daha gox oks etdi-
ron meyllor nozars ¢carpmaqdadir ki, bu da tobiidir. Tex-
nikanin inkisafi biitdvliikds ictimai talabatin artmasinin
tozahiiriidiir.
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Texnikanin inkisafi, siibhosiz, ekoloji problemls-
rin miivaffoqiyyatli holli iigiin yeni imkanlar agacaqdr.
Hazirda texnikanin inkisafinda 6ziinii géstoroan somaras-
li meyl texniki toraqqinin asas perspektivini he¢ do ta-
mamilo miioyyon edo bilmoz. Miiasir dovrds texnika-
nin inkisafi elmin agdigi yeniliklorls, boyiik kasflorlo
sartlonir. EImin dagiq prognozunu vermok iso miimkiin
deyil. Burada, aydindir ki, texnikamin golocok inkisafi
comiyyat vo tobiot arasinda garsilight tesir vo vohdot
prinsipine ssaslanmalidir.

Miiasir sohayenin mixtoalif sahslorinin siiratli in-
kisafi, miiassisonin igtisadi somoaraliliyini, ekoloji to-
lablara uygunlugunu, bazar igtisadiyyat1 soraitinds ro-
gabatdo doziimliyiinii ciddi sokilda tolob edir. Qeyd
olunan taloblari tamin etmok ti¢iin, miiassisa daima ye-
ni texnoloji proseslari tatbiq etmali va imumiyyatls fo-
aliyyotini elmi asaslar {izra togkil etmalidir.

Otraf miihitin miihafizasi — atmosfer havasinin,
torpagin va suyun tobii torkib hissasinin gorunub saxla-
nilmast1 insanlarin vo digor canli alomin varligini tomin
etdiyi liglin, bu istiqamotdos yerins yetirilon elmi-todqi-
qat islori vo diinya dovloatlori torafindon gobul olunmus
miivafiq gorarlar insan comiyyati tigiin mithiim shamiy-
yat kasb edir.

Otraf miihitin miihafizasi diinya migyash problem
oldugundan, 1983-cii ildo Birlogsmis Millatlor Toskilati
otraf miihitin miihafizasi ilo bagh olaraq beynalxalq
ekspertlor qrupu toskil etmis vo 1985-ci ilds Vyana
konvensiyasinin miiddsalari, 1987-ci ildo Monreal pro-
tokolu gabul edilmis vo 1992-ci ilde Riode-Janeyroda
otraf miihitin ekoloji problemlorino hasr olunmus ilk
konfrans kegirilmisdir [1]. Konfransda tobistin miihafi-
zasino dair beynolxalq saviyyads sonadlar gabul olun-
mus, eyni zamanda "XXI asrin giindaliyi" adl1 plan tor-
tib edilmigdir. Bu planda galocok naslin saglamligi na-
mina dovlatlorin igtisadi inkisafi ilo yanas: straf miihi-
tin miihafizasi strateji istiqamot kimi 6z oksini tapmuis-
dir. 1997-ci ilds isa Yaponiyanin Kioto saharinds 2008-
2012-ci illar orzinds atmosfers atilan "istixana" gazlari-
nin azaldilmasinin vacibliyi va azaldilma migdari barado
dovlatlorarasi razilagsma qobul edilmisdir. Bu razilasma-
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da, hamginin diinya migyasinda, straf miihiti ¢irklondiri-
ci istehsal sahasi kimi energetika obyektlorinin istisma-
rimin mohdudlagdiriimasi vo miivafig olarag enerjidon is-
tifadonin miioyyan qodar azaldilmasina da baxilmigdir.

Beynolxalq ekspertlorin goldiyi qonasto osason,
otraf [2] miihitin tabii torkibino atilan, 1 ildo 25 milyard
ton, asas ¢irklondiricilar asagidakilardir:

1. Kiikiird oksidlori (SO2 va SO3) — 200 min.ton;

2. Azot oksidlari (NxOy) — 1425 min.ton;

3. Karbon oksidlari (CO va CO3) — 20.725 min.ton;

4. Metan vo miixtalif karbohidrogenlor — 1000 min.ton;
5. Ftor va xlor torkibli karbohidrogenlor — 300 min.ton.

Yuxarida geyd olunan gazlar atmosferin yuxari
tobagolarinds toplasaraq "istixana" effektinin yaranma-
sma vo temperaturun global yiiksalmasine sobab olur.
Tabii balansin pozulmasi ilo slagedar olarag, son 10 il-
da diinyanin miixtalif bolgalorinds comiyyat insan tolo-
fat1 vo genigsmiqyaslhi dagntilarla miisayiot olunan fa-
sadlarla tizlosir.

Miioyyan edilmisdir ki, sohar ohalisinin saglamh-
gina zoror gotiron maddolor, asason, kimya, neftkimya,
neft emali, energetika, metallurgiya, tikinti, nogliyyat
va digar sonaye — emal sahalorinin tullantilaridir.

Diinya tizra okeanlar, donizlor, gaylar, boyiik vo
kicik su hovzoalori sonaye miiossisalori vo kommunal to-
sarriifatlarin tullant1 sular ilo nozoragarpacaq doracada
¢irklonmis halda olurlar.

Neft istehsali, neft emali vo noqli proseslori, me-
tallurgiya, kand tasorriifati mohsullarinin yetisdirilmosi
va digar xalq tasarriifati sahslarinin foaliyysti naticosin-
do yerin torpaq sothi ¢irklonmis olur, kifayot qodor ge-
nis torpaq sahalori erroziyaya moruz galir. Qeyd olunan
proseslar torpagin va su hovzalarinin flora va faunasina
6z monfi tasirini gostormis olur.

Ekoloji problemlorin hollinin hayati vacibliyi,
ciddiliyi, sonayegilorin, dovlat strukturlarinin, alimls-
rin, 6lko vatondaslarinin ekoloji durumunun miihafizos-
sinda sayloarini birlagdirmoyi tolab edir.

Hazirki vaxtda alimlorin goldiyi qonasto goro at-
mosferin 0zon gatinin zaiflomosi, global istilogsma, tur-
su torkibli yagintilar va mesa zolaglariin mohv olmasi
miisahido olunur. Bu hadisalorin sonraki inkisafi bir
¢ox faktordan asilidir. ©n vacib faktor insanlarin kiitls-
vi gokilda ekologiya sahasinds biliklora yiyslonmasidir,
yalniz bu halda insanlar tabisto vo 6zlorine manfi tasir
edon zorari aradan galdira bilorlor. Bels ki, insanlarin
ekologiya sahasindo miiasir elmi biliklarls kiitlonin bi-
lik soviyyasi arasinda tohliikoli gokildo artan forgin
movcudlugu ekoloji problemlarin hollinds béytik ma-
nealor toradir.

2. Texniki taraqginin ekoloji problemlari

V.Vernadskinin 1922-ci ilds [3-5] digqsto ¢atdir-
dig1 "biosfera elmi idrakin asas sahasidir" konsepsiyasi
diinya birliyi elmi comiyyati torafinden vaxtinda basa
diigiilmadi vo comiyyatin faaliyyat istigamstindon ko-
narda galdi. Bu konsepsiyadan vaxtinda natica ¢ixaril-
sayd1 dinya birliyi torafinden planetin ekologiyasina
dair global beynolxalq programlar gobul edilmis olardi.

Diinya dovlstlarinin horb siyaseti diinyavi elmi
comiyyati milli manafeys xidmot edon planetin biosfe-
rasimin  miihafizasi fikrinden uzaqlagdiraraq, soylari

29

miiharibs, miibarizo, miidafis vasitolorinin hazirlanma-
sina dogru istigamatlondirdi. XX asrin ikinci yarisindan
etibaron inkisaf etmis diinya dovlatlori, ilk ndvbada bo-
yiik hacmds niivs silahi, reaktiv aviasiya vo raket sona-
yesi tizro milli tadgigatlart maliyyslogdirirdilor. Bu isti-
gamotloarin inkisafi yiiksok enerjilorin, yiiksok tempera-
turlarin, yiiksok siiratli proseslorin reallasmasini talob
etmigdir. Bunlar isa 6z n6vbasinds boyiik hocmds ener-
ji dastyicilarinin istehsalini vo emalini tolob edir. So-
nuncu prosesloar kigik faydali is amsalina malik kéhno
texnologiyalarin tatbigilo alds edildiyindon, oksor hal-
larda ekoloji baximdan da tominatsiz olmusdur. O dovr-
do termodinamika, fizika, gaz dinamikas, elektrotexnika
elm sahalorinds yiiksok enerjili proseslorin, niive gevril-
molarinin, boyiik raketlorin vo harbi toyyarslorin yranil-
masing, layiholondirilmasine vo hazirlanmasina daha
cox fikir verilirdi. Bununla yanasi, ekoloji kongreslorin
etirazlarina, V.Vernadskinin konsepsiyasina vo ayri-ayri
alimlorin atraf miihitin saglamligi ilo enerji1 ¢irklondirici-
larinin miqgyasi arasinda uygunlug balansinin saxlanil-
masinin vacibliyi ¢agiriglarma diinya ictimaiyyati tors-
findan illor arzinds fikir verilmomisdir.

XX asrin sonu XXI osrin avvallorinds biitiin diin-
yada {iizro insanlarin {izlosdiyi tobii folakstlorin
yaratdig1 fasadlar diinya 6lkalarinin siyasi xadimlarino
bir daha xatirladir ki, horb siyasotindon uzaglasib vo
maliyys resurslarinin ekoloji tominatl istehsalin, miia-
sir texnologiyalarin inkisaf etdirilmosine sorf etmok bu
giiniin talobidir.

Yuxarida geyd olunan voziyyatdon ¢ixis yolu bir
sira todbirlarin hoyata Kegirilmasini talab edir. Bels ki
hor bir bolgado miitomadi olaraq atmosfer havasinin
monitoringi kegirilmslidir vo atmosferin ¢irklonmosine
sobob olan istehsalat saholorinds yeni texnologiyalar
tothiq etmoklo, beynslxalg normalara miivafiq istehsal
proseslori togkil edilmalidir.

Diinya olkalorinin iri goharlorinds istor sonaye, is-
torso do maye-gazla isloyon g¢oxsayh, miixtaliftipli av-
tonagliyyat vasitolori vo stasionar miihorriklor, mose-
lon, mazutla isloyon qazanxanalar, poladaritmos miiossi-
salari, istilik elektrik stansiyalari vo agir sonayenin di-
gor istehsal sahaloari tarafinden atmosfer miihiti ¢oxlu
miqdarda dem qaz1 (CO), karbon (COy), kiikiird vo azot
gazlar1 (SOx, NOy), hidrogen-sulfid (H2S), mikron 61-
ciilii karbon hissaciklari, qurum, his vo digar toksik
maddslorls intensiv olaraq ¢irklondirilir. Avtomobil
nagliyyatinin rezin, yaxud sintetik tokarlorindon ¢ixan
rezin tozunun torkibinds 100-don artiq zohorli Kimysvi
madds vardir. Bunlardan da insan organizmi tigiin an
tohliikalisi N-nitrozilamin hesab olunur. Rezin tozu
canli organizmlorin darisinds yaralar omolo gatirir, ast-
ma xastaliklarini siddstlondirir vo organizmds sislorin
amola galmasing sobab olur.

Neft modonlari, agir sonaye miiassisalari, kimya
sonayesi miiassisalarinin six yerlogdiyi arazilords tor-
pagin qurgusun (Pb), sink (Zn), domir (Fe), aliminium
(Al), stirma (Sb), kadmium (Cd) vo digor metallarla
cirklonmosi miisahido olunur. Superfosfat miiossisalo-
rinin istehsali straf mihitin cive (Hg) maddasi ils ¢irk-
lonmasing sabab olur. Ugucu komponent olan Hg daha
genis araziys yayila bilir. Qeyd etmok lazimdir ki, Pb
— canli organizmlords yaddasin zaiflonmasina va mado-
bagirsaq xastaliklorine, Sb — ciyarlords sarkoma, alii-
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minium az miqdarda gana keg¢dikds sizofreniya vo di-
gor psixi xastaliklora sabab olur. Cd — stimiiklori ko vrak
hala salir, insani iflic xastaliyine diigar edir.

Plastik maddslori ekstruziya vo tokmo iisulu ilo
emal edon istehsalat saholori otraf miihiti zorarli kimya-
vi maddalarlo — formaldehid, asetaldehid, alifatik kar-
bohidrogenlor (C1-Cs), sirks tursusu, nitrilakril tursusu,
stirol va xlorlu vinil, dom qaz1 vs etilen oksidi ils ¢irk-
landirir.

Kimya va neft — kimya sanaye sahslarinin six yer-
lagdiyi arazilords kaustik soda, domir vo mis kuporosu,
sulfat tursusu, nitrat vo xlorid tursusu, ammonyak, zoy
boyalar sonaye sahoalorinin tullantilari, adston orazides
gblmogalor, batagliglar vo nomli buxarlanma sahslori
omoalo gatirir ki, bu da 6z névbesinds atraf miihitin, su
hovzalarinin, torpaq sahslorinin neft mohsullari, qalva-
nik istehsalat tullantilari, agir metallar, {izvi birlogsmolor
va s. zorarli maddolorlo girklonmasine sobab olur. Isteh-
salat sahalorindon giin orzinds zoharli kimyovi madds-
lar, xiisusils sulfat, sulfit, xrom — sulfat, fenol vo basqa
kiikiirdlii birlosmolar tobii su hovzaloring axidilir. Qiy-
matli olvan metal olan xrom metallurgiya sanayesindo
genis istifads olunur. Toxuculug, gon-dari, mahud par-
¢a kombinatlarinda isladilir. Xrom birlogmolori ilo zon-
gin sonaye tullantilarmin tobii su hovzelorine atilmasi

torafdon axidilan ¢irkab sular tobii su hovzalarini yarar-
siz hala salir. Tobii su hévzalorino atilan tullantt mad-
dolordan biri da fenoldur. Fenolun su hévzalarinds mig-
dar1 1 m® suyun torkibinds 1 mg-dan artiq oldugda su
hovzasindaki canli organizmlor iigiin tohlitko yaranmig
olur.

Otraf miihitin miihafizasi va tabii sarvoatlardon so-
marsli istifads etmayin hoallini diizgiin istigamatlondir-
mok {iglin asagidaki proseslor hartorafli tohlil olunma-
Iidir:

— otraf miihitin va tobii sarvotlorin mévcud vo-
ziyyati vo bu vaziyystin zamanla doyismo dinamikas;
otraf miihitin voziyyotine tosir edon amillar;
otraf miihitin vo tabii sarvatlorin vaziyystinda
gozlonilan dayisikliklorin prognozlagdiriimas;

— tosarriifat faaliyyati vo tobii faktorlarn tosiri
naticasinds otraf miihitin vo tobii sarvetlorin yaranmis
vaziyyatinin kamiyyot vo keyfiyyat gostoricilori iizro
giymotlondirilmasi;
sonaye, energetika, kond tosarriifat, nogliyyat,
kommunal tosarriifat: sahalorinin straf miihits tosir gos-
tors bilon struktur doyisikliklori vo istehsal hacmi hag-
qinda miivafiq melumatlar;

— Yyasayls montagoslarinin atmosfer havasinin
keyfiyyati, iqlim doyismalari, yeriisti sularin vaziyyati,
yeraltt sularin veziyyati, torpaglarm c¢irklonmasi va
degradasiyasi, mesalorin va bitki Ortiiyiiniin vaziyyati,
heyvanat alominin voziyyati, straf miihitin sanitar-epi-
demioloji voziyysti vo insan sohhati, antropogen fak-
torlarin straf miihits tasiri.

Dovriin mithiim ekoloji moasalasi — otraf miihitin
irimigyash ¢irklonmasi ilo (tobii yanacaglarin sarfiyyati
ilo bagli karbon gazinin artaf miihits verilmasi, sanaye
miassisalarinin tullantilar ils su hgvzalarinin va torpa-
gm ¢irklonmasi) miibarize aparmaqdir: qlobal ekosis-
temlarin pozulmasi ekoloji fosadlarin meydana gixma-
sina sorait yaradir [6-7, 9-11].
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Hazirda tabii miihitds proseslarin global dayisiklik-
lori, o climlodan iglimin doyismasi, atmosferin qaz torki-
binin pozulmasi, tursu torkibli yagislarin méveudlugu,
ozon tobagasinin zsiflomasi, tobistdo maddolor dovrani-
nin pozulmasi, kiitlovi sokildo mesolorin qirilmast vo
yanmasi, torpaglarin miinbitliyinin azalmasi vo eroziya-
nin giiclonmasi, sohralasmanin genislonmasi, planetin
genofondunun azalmasi, tobii falakotlorin artmasi miisa-
hids olunur. Hoyati tomin edon tabii sistemlarin deqrada-
siyasi reallasir.

Atmosfer diinya okeanlarini vo qurunu birlasdirs-
rok ekosistemlor arasinda garsiliqli olaqo yaradir. At-
mosfer ekologiyasinin osas mosslalori iri sonaye miios-
sisalorinds miiasir texnologiyalarin tatbigins vo sonaye
tullantilarinin zararsizlogdirilmasins nail olmaqdir.

Hidrosfer biitiin su hovzalari, onlarin ekosistem-
lori arasinda garsiliql alagani hoyata kegirir vo maddoe-
lor miibadilasi prosesinds miihiim shamiyyat kasb edir.
Sonaye tullantilarinin su hévzalorine axitma normativ-
lorino miivafigliyinin tomin edilmosi, sutomizlayici
qurgularinin inga edilmasi, kond tosorriifat: iglorinin to-
bioti miihafizo qaydalarin1 nozars alaraq yerins yetiril-
mosi hidrosfer ekologiyasinin mithiim masalasidir.

Litosferin biitiin morhalolarinds faaliyyat gosto-
ron ekosistemlor vahid biokimyavi dovriyyado istirak
edirlor. Sonaye va radioaktiv tullantilarin zararsizlogdi-
rilmasi litosferin mithiim masalasi hesab olunur.

Biosfer biitiin ekoloji sistemlorlo va bioloji pro-
seslorlo qarsihiqlt tomasdadir. Ekoloji tahliikesizlik
konsepsiyasini hayata kegirarkon biitov bir biosfer ya-
nasmast tatbiq olunmalidir. Camiyyotin otraf miihits et-
diyi har bir monfi tasir elmi osaslarla mohdudlagdiril-
malidir.

3. Energetika sistemlarinin ekoloji masalalori

Molumdur ki, [1] istiliyin oasas manbayi yanacag-
lardir. Istilik elektrik stansiyalarinm {izvi yanacaglar
miirokkaob tizvi birlogsmslor olub, maye vo qaz halinda
olur. Uzvi yanacaglarin yanan torkiblori karbondan (C),
hidrogendon (H) tizvi birlosma saklinds olan kiikiird-
don (Sizy), kolgedan saklinds olan kiikiirdden (Skor), Ok-
sigendan (O2) va azotdan (N) ibaratdir. Bunlar yanaca-
gin torkibinds miirakkob birlogsmolor soklinds olur.
Gostarilon elementlardon basqa tizvi yanacaglarin is¢i
torkibinds kiil vo namlik do olur.

Uzvi yanacaglarim yanmas1 zamani yanan element-
lar (C, H va S) ilo havanin oksigeni arasinda ekzotermik
oksidlogsmo reaksiyalari bas verir vo tam yanma prose-
sindan sonra CO,, SO, SO;3 gazlar1 va su buxari1 (H20)
almir.

Karbon ilo hidrogen yanacagin an qiymatli torkibi
sayilir, oksigen va azot iso yanacagm daxili ballast: sa-
yilmagla, yanan elementlarin faizini azaltmis olur. Bu
da yanacagin doyarini agaga salir. Yanan kiikiird bark
va maye yanacagin torkibinds iizvi va kolgedan birlog-
molari soklinds olur. Yanacagda kiikiirdiin olmast onun
keyfiyyatini agagi salir. Yanma prosesindon sonra amo-
lo golon kiikiird oksidi (SO3) yanma mahsulunun torki-
binds olan su buxart ilo birlosorok H,SO4 buxarina ¢ev-
rilir vo kondensatlasdigda gqaz yolunda olan metal soth-
lori korroziyaya ugradir. Yanma prosesinds omslo go-
lan SO, gaz1 isa ¢ox zoharli birlagsmalardan biri sayilir.
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Istilik energetikasinda maye yanacaq kimi neftin
emal galig1 olan mazutdan ehtiyat yanacaq kimi istifados
edilir. Energetika sonayesinds M-40, M-100 vo M-200
markali mazutdan istifado edilir. Yanma istiliyino gors
mazut yanacaglari biitiin iizvi yanacaglardan ustiindiir.
Lakin gaz yanacaglari bir ¢ox tistiin cohatlarine gors on-
lardan olverislidir. Mazut yanacaglarinin tarkibinds pa-
rafin 1% va daha ¢ox kiikiird ola bilir. Bunlar da mazutun
asas keyfiyyat gostoricilorino monfi tasir gostorir. Belo
yanacaglarin yandirilmasi bazi olave hazirliq islarinin
goriilmasini tolob edir.

Mazut yanacaglarindan istifads edonds su monbo-
lorinin vo atmosferin ¢irklonmoasi ehtimali daha gox
olur. Mazutla isloyan qazanlarda tiistii qazlarinin seh
noqtasinin temperaturu nisbaton yiiksok oldugundan ¢i-
xan gazlarda iton istilik ¢ox olur.

Tobii yanacaglar biitiin gostaricil arina gors basga
tizvi yanacaglardan forglonir. Qaz yanacaglari yanar-
kan kiikiird va kiil alinmadigindan onlarin istilik elekt-
rik stansiyalarinda yanacaq Kimi islonilmasi ¢ox slve-
riglidir. Qaz yanacaglart ilo isloyan energetik qurgula-
rin atmosfers va ekologiyaya ¢irklondirici tosiri az olur,
hom do hava hovzasinin miihafizesi vo insanlarin sag-
lamliginin gorunmasinin tomin edilmosi asanlagr.

Yanacagin tam yanmasi prosesindon sonra tiistii
gazlarmin torkibi CO,, H20, SO, SOs, N2 qazlari vo
kiil mahsullarindan ibarst olur. Bu qazlardan an zohar-
lisi SO, vo SO3 gazlar bir do qazlarla aparilan kiil his-
sociklari sayilir. Bundan bagga ocagda masgalin niivo-
sinds temperaturun ¢ox yiiksok olmasi, molekul halin-
da olan azotun va oksigenin pargalanaragq atom halina
kegmasi vo NO qazinin yaranmasina sabab olur. Azot
2-oksidin (NO2) amola galmasi isa adoton, tiistii qazla-
rinin atmosfers atildigi zaman bag verir. Demok, tiisti
gazlarinin qaz yolundaki harakat siirati nisbston yiiksok
oldugundan NO gazinin oksidlogmasi vo NO; gazina
cevrilmosi prosesi geds bilmir.

Tiistii qazlar1 atmosfers yayilan zaman NO gazinin
oksidlagmosi naticasinds cox zoharli NO; qaz1 omolos go-
lir. Uzvi yanacaglar natamam yanan zaman ¢oxlu mig-
darda dom qaz1 (CO), metan (CHy) va etilen (CoHa) qaz-
lar1 da amolo golir. Onlar insan organizmins diisdiikds
gana daha tez sorulur va zoharlayici tosir gostorir. Miiasir
istilik elektrik stansiyalarimin texniki saviyyaSi natamam
yanma prosesinin minimuma endirilmasine imkan verir.

Tacritbo gostarir ki, atmosferin zohorli gazlarla
cirklonmasi on ¢ox IES-lor vo daxili yanma miihorrikli
nagliyyat vasitalori torsfindon bag verir. Bu naqliyyat
vasitalorinds yanacagim yanma prosesi zamani yaranan
gazlarda natamam yanma mohsullar1 daha ¢ox olur.
Ona goro do morkozi goharlords vo ohalisi s1x olan ra-
yonlarda atmosferin tiistii qazlarindan gorunmast hall
olunmamus bir problem kimi galir.

Aragdirmalar gostarir Ki, yanma prosesindsn son-
ra otraf miihito diison zohorlayici birlogsmalarin bir his-
sosi is¢i yanacagin torkibinds olur. Qalan hissasi iso
yanma prosesi zamani qarsiliql kimyavi tasir naticasin-
do amoloa galir. Ugan kiil hissaciklori va tiistii gazlari ilo
aparilan zoharloayici maddslor is¢i yanacagmn ndviindon
asili olaraq dayiso bilor. Bork yanacaglarin oksoriyyati
germanium, civa, vanadium, arsen va fliior birlogsmoalori
ilo zongin olur. Yanma prosesindsn sonra bu birlogma-
lor metal oksidi soklinds kiiliin va tiistii qazlarmm tor-
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kibinda otraf miihite yayilir. Mazut yanacag: yandirilan
zaman natrium va vanadium birlagmolori amala galorak
ucan kiil hissaciklori vo tiistii qazlari ilo birlikde otraf
mithits, yaxud da konvektiv qizdiric sathlor yuyulanda
su hovzalarine yayila bilor.

IES vo AES-n otraf miihito tosiri, asason, ii¢ istiga-
motda ola bilar: 1) tiistli qazlarimin atmosfers atilmasi; 2)
yanma prosesi zamani vo soyuducu qurgulardan xarici
mithito iton va atilan istilik; 3) kiilatma qurgularindan,
yanacaq tasarriifatindan, su emal qurgularindan vs s. ati-
lan girkab sulari ils.

Miiasir kiiltutucu qurgularin totbiqi noticasinds
tiistii qazlar ilo atmosfers aparilan ugan kiil hissacikla-
rinin otraf miihito diismosinin praktiki olaraq tam qgar-
s1s1 alinmigdir. Lakin kiilatma qurgularimdan su hovze-
lorine diison kiiliin qarsisinin alinmast hols do tam holl
edilmomisdir.

Tiistii gazlari hava hovzasine atilan zaman 6zlori
ilo coxlu miqdarda zaharloyici maddslor aparirlar. Bun-
lar biosferaya kegmokla biitiin canli organizmlarin ha-
yat foaliyyotino zohorloyici tosir gostorir. Akademik
V.1.Vernadskinin verdiyi torifo géro Yer kiirosinin he-
yat movcud olan biitiin sahosino biosfera deyilir. Yer
sothi vo ona birlogmis atmosfer tabagasi, Suyun yuxari
sothlari va s. — bunlar hamsi biosferani togkil edir. Ona
g6ra do, onu miihafizo etmok vacib problemdir.

Molumdur ki, atmosferin vo tobistin ¢irklonmosi
tokco IES-lar torafindon yox, hom do bagqa sonaye mii-
assisolari vo mithorrikli nogliyyat vasitolari torafindon
do bas verir. Demok, insan foaliyyati ilo olagodar olan
biitiin texniki sahalar otraf miihitin ¢irklonmosina sobab
olan monbolordir.

Hava va su hovzalarinin miihafizasini diizgiin tos-
kil etmok ti¢iin hansi sanaye sahslarinds daha ¢ox ya-
nacaq yandirilmasi vo daha ¢ox zohorloyici maddolarin
olmasi diizgiin 6yranilmalidir. Sonaye miiossisalorinda
atmosfers atilan zororli maddslarin migdarinin doyis-
masing asas sobab sonaye istehsalinin siiratli inkisafi vo
tullantilarin azaldilmas: ti¢iin totbiq edilon yeni metod-
lardir. Avtomobil istehsalinin siiratlo artmas atmosfer
havasinin islonmis qazlarla ¢irklonmasini daha da sii-
rotlandirir. Bununla slagadar olarag, son zamanlar av-
tomobil sonayesinda, atmosferin miihafizosi mogsadila
bir ne¢a tadbir (masalon, maye yanacaq ovozins qaz ya-
nacaglarindan istifado edilmasi, miiharriki yanacagla
tomin edon meXanizimlorin tokmillagdirilmasi va s.)
gOriilmisdiir.

IES tullantilarinin otraf miihits tosirine iki ndqte-
yi-nozordan, yoni zoharloayici maddolarin yalniz stansi-
yaotrafi miihito vo eloco do biosferaya timumi tasiri ki-
mi baxmagq va saCiyyalondirmok olar. iri IES-larin qu-
rulmast ils yanagi uca tiistii borular1 da tikilir. Ancaq
tacriiba gostarir ki, uca tiistii borulari, quruldugu yerdon
25-50 km diametr boyunca sahads yerlagon rayonlarin
cirklonma tohliikesizliyi tomin oluna bilmir. Demok,
tlistil qazlart bitki, insan va heyvanat alomins zohorlo-
yici, tikinti konstruksiyalarina, binalara ve qurgulara
dagidici tosir gostarir.

Adotan, bitkilor SO, gazinin zoharlayici tosiring
daha ¢ox moaruz galirlar. Bu gazin zshorlayici tesiri bit-
ki yarpaglarinda xlorofil maddasinin pargalanmasi no-
ticasinds yarpaglarin zodoslonmosi ilo miiayyan edilir.
Yarpaglarini tokon bitkilora SO gazinmn tasiri az olur.
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Ancaq homigayasil bitkilar iigiin, o ciimladen iynayar-
pagl agaclar ti¢iin SO, gazinin zoharlayici tasiri daha
goxdur.

Atmosfer havasinda olan SO, gazinin zoharlayici
tasirini oyronmok ti¢iin iynayarpagh agaclar tizarindo
todgigatlar aparilmis vo Gyranilmigdir ki, havada olan
SO, gazmin 0,32 mg/m3-o godar giymotinds avvalco
yarpaglarda fotosintez prosesi vo sonra tanaffiis pozu-
lur. Noticads 2-3 il miiddstinds agac tam qurumus olur.
Atmosferdo olan SO, gazinin 0,08-0,23 g/m? giymatin-
do kilknar agacinda fotosintezin intensivliyi azalir, ha-
va almasi isa davam edir. Bu da bitkinin todricon quru-
mas1 vo mohv olmasi il naticalonir. SO, gqazinin 0,5
g/m® giymatindon yuxar1 olan konsentrasiyalarmda
yarpagl bitkilords assimilyasiya prosesinin pozulmasi
miisahido olunur. Insan ii¢iin SO, gazimin zoharloyici
tosiri 4-8 g/m® giymatlorindo ola bilir. Umumiyyatla,
insana tosir edon zoharloyici maddolar igarisindo SO;
gazinin vo atmosferds asili sokildo olan hissaciklarin
tasir daracalari nisbaton yaxsi dyronilmisdir.

Cirklanmis atmosferin insana olan monfi tasiri zo-
harlayici dumanin olmasi zamani misahids edilir. Zo-
harlayici duman atmosferin ¢ox ¢irklonmasi vo pis me-
teoroloji soraitin yaranmasi zamani ola bilir. Zohorloyi-
ci dumanin SO gazinin konsentrasiyasinin birdon-biro
artmasi ilo insana tasiri daha ¢ox olur.

Atmosferds olan zohorloyici maddslorin insana
tasiri bir ¢ox xastaliklorin yaranmasi va inkisafi ilo do
miisahido olunur. Cirklonmis atmosfer havasinin tasi-
rindon bir ¢ox xroniki spesifik xastaliklor amoalo galir.
Maosalan, aterosklerozu vo bununla slagadar olan tirok
xastaliklorini, nafas yollarinin xroniki xastolonmasini,
xroniki astmani, emfizemani v s. xastaliklori gorsat-
moak olar. Bu sahads aparilan tadgigatlar gostormisdir
ki, kond ohalisino nisbaton xastaliklorin gohar ohalisi
arasinda ¢ox yayilmasi ilk nGvbads atmosferin ¢irklon-
moas1 va shalinin six olmast ilo izah edilir.

Tiistii qazlari ilo atmosfers atilan zoharlayici gaz-
lardan biri do NO2 qazidir.

Azot oksidi NO va azot dioksidi NO; sohar atmos-
fer havasinin ssas girklondiricilaridir. Bu gazlarin sahar
atmosferinds yayilmasina asas sobob avtonagliyyat vo
energetika miiassisalorinin istismaridir. Bu qazlar ozon
gazimin fotokimyavi ¢evrilmoalarina sobab olur.

NO, —“ >NO+0O 1)
O0+0,+N—>0O,+N 2
NO+0O, - NO, +0, ©)

Soharin sonaye rayonlarinda NO, NO, vo O3 gaz-
larinin konsentrasiyalari iizro 6lgmoalor gostorir Ki, yu-
xarida gostarilon reaksiyalarda tarazliq dayanigsiz ola
bilor. Buna sabob atmosferds digar qazlarin olmast me-
teoroloji faktorlar va timumiyyatls nozars alinmasi ¢o-
tin olan, adobiyyatda verilmis digar naticalarden olan
faktorlardir. Buna baxmayaraq adobiyyatda verilmis
naticalorden moalum olur ki, NO va O3 gazlarinin kon-
sentrasiyalarinin  doyismosi avtonagliyyat vo istilik
elektrik stansiyalarinin istismar rejiminin grafiki ilo six
olagadardir. Qeyd olunan reaksiyalardan moalum olur
ki, O3 gaz1 NO gazinin asas oksidlogdiricisidir. Odur ki,
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giin arzinds avtonaqliyyatin intensiv istismari saatlarin-
da va istilik elektrik stansiyalarinin maksimal giiclo is-
tismar edilon vaxtlarinda Oz gazinin NO gazinin oksid-
lagdirilmasins sorfiyyati goxalir; atmosferdos Oz gazinin
konsentrasiyasi azalir, NO gazinin konsentrasiyasi iso
artir. Yuxarida geyd olunan (3) reaksiyasindan moalum
olur ki, NO, molekulunun say1 oksidlogsma prosesino
sorf olunan Oz molekulunun sayr godor artir. Digor
moanbads geyd olunur ki, bozi hallarda bu tarazliq 6do-
nilmir. Bu hali onunla izah edirlor ki, atmosferds CO,
CHy vo digoar karbohidrogenlorin méveudlugu oksidlog-
mo prosesinda istirak edorak gqeyd olunan tarazligin po-
zulmasina sobab olur. Karbon oksidinin istirak mexa-
nizmi asagidaki reaksiyalarla ifads olunur:

CO +OH —%>CO, + HO,
HO, + NO — OH + NO,

4)
()

Reaksiyadan goriiniir ki, bu halda azot oksidi HO,
molekulu vasitssils oksidlogsmoys ugrayir.

Karbon-dioksid vo ozon gazinin giin arzinds do-
yigsmasinin gqanunauygunlugu adabiyyatda boyiik ehti-
malla izah edilmisdir. Qeyd etmok lazimdir ki, atmos-
fer havasinin kiilokli giinlarinds gohar daxilinde NO2 va
O3 gazlarinin konsentrasiyasinin 6l¢iilmasindan alinan
natica taqriban gohordon konar, avtomagistral boyu 6l¢-
molordon alinan natica ila eynilik tagkil edir ki, bu da
kiiloyin gohar atmosfer havasini tomizlomasi ilo izah
olunur. Yuxarida geyd olundugu kimi sohar atmosfe-
rinds amols galon NO; gazt NO gazinin O3 gaz1 ilo ok-
sidlogsmosi noticasindo bas verdiyindon atmosferdo
0zon gazinin miqdari azalir, bu prosesin bas vermasi
ozon gatinin zsiflomasine gatirarak, halli talob olunan
ekoloji problemls noticalonir.

Ovvallar NO; gazinin zoharlayici tesiri melum ol-
madigindan onun atmosferds yayilmast tigiin buraxilan
norma giymsti verilmomisdir. Lakin NO, gazinin zo-
harlayici tasiri melum oldugdan sonra 1966-c1 ilds keg-
mis ittifaqin Sohiyys Nazirliyinin Bas sanitar epide-
mioloji idarasi tarafinden norma giymsti tayin edilmis-
dir.

Miixtalif 6lkolords aparilan tadgigatlar naticasin-
do dyranilmigsdir ki, NO; gaz1 ils ¢irklonmis rayonlarda
insanin tonaffiis orqanlar1 6z funksiyasin itirir, respira-
tor xastoliklori artir, ganin torkibinds hemoglobinin do-
yismasi, yani methemoglobinlorin artmasi bas verir.

Azot oksidi tobii siialanmani udaraq atmosferin
soffafligin1 pozur va fotokimyavi tutqunlug yaradir. O,
gbrma organlarina pis tesir edir vo agiq avadanlhglart
korroziyaya ugradaraq dagidir.

Hazirda atmosferin ¢irklonmasinin garsisini al-
magq ligtin iki tsuldan istifade edilmesi nazards tutul-
musdur: 1) an yaxs1 praktiki notico vermis todbirlarin
totbiq edilmosi tisulu. Burada atmosferin ¢irklonmo do-
racasinden asili olmayaraq, shalinin six yasayan rayon-
larda miiasir texnikanin ve texnoloji proseslorin tatbigi
yolu il otraf miihitin ¢irklonmadon miihafizosinin tos-
kili; 2) atmosfer havasinin keyfiyyatinin idars olunmasi
yolu. Burada atmosferin ¢irklonmadon gorunmast vo
onun iizarinde nozarst apariimast mogsadila havanin
keyfiyyatinin standart normalara uygun hala gatirilmo-
SI.
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Havanin keyfiyyot standarti hava hovzasi girklon-
mis rayonlarda atmosferin tomizlonmasSinin somarali
aparilmasina genis imkan yaradir.

Umumiyyatls, geyd etmok lazimdir ki, sonaye sa-
halorinin miixtalifliyi sobobindon atmosfer havasinda
coxsayli atom vo molekullarin olmasi oksor hallarda
alinan noticalorin stabilliyino zomanot vermir vo za-
man, moakan, meteoroloji va digor faktorlar nazors ali-
naraq atmosfer havasi miintozom olaraq tadgigat ob-
yekti olaraq nazarstds saxlaniimalidir. Yer sathi yaxin-
liginda karbon-dioksid va ozon qazinin konsentrasiya-
larmin 6lgiilmoasinds spektral-optik tisula istiinliik ve-
rilorok, todgigatlarin naticslarinin birgiymatliliyini to-
min etmok mogsadils, dlgmslarin gohorin daxilinden
konarda avtomagistral boyu miioyyon davamiyyatli
mosafalords 6l¢iilmasi garara alinmigdir. Miolliflor NO
gazinin O3z gazi vasitasilo oksidlagmesinds NO; vo O3
gazlarmin konsentrasiyalarinin nisbatinin sinxron do-
yismosini aragdirarag, bu prosess tosir edon faktorlari,
o ctimladan giiniin miioyyan vaxtlarinin tasirlorinin mii-
ayyan edilmasine ¢alismuslar.

Atmosferds O3 va NO,-nin konsentrasiyasi yolbo-
yu 400 m mosafads, yer sothindon 5 m hiindiirliikdo
“Opsis” markali gaz analizatoru cihazi ils 6lgtlmiisdiir.
Cihazin NO; gaz1 iizra 6lgmoa dogigliyi — 0,25 ppm, O3
gazi {izro iso - 0,5 ppm toskil etmisdir. Olgmolor 1 ay
miiddatindo 5 dogiqo fasilolorlo yerino yetirilmisdir.
Bozi hallarda texniki sobablordon 6lgmoalords fasilolor
yaranmigdir. Noticalor 10, 20, 30 giinlitk 6l¢malordon
alinmis naticalarin orta giymaoti ilo miiayyan edilmisdir.

Olgmolorin orta giymeotlorinden alinmis naticolor
asagidaki cadval 1-do verilmisdir:

Cadvaldan goriindiiyii kimi, vaxtindan asili olaraq
tadgiq edilon qazin birinin artmasi, diger qazin miivafiq
azalmasina sobab olur. Qeyd olunan asililiq giiniin mii-
ayyan zaman intervalinda 6donilir, digor vaxtlar iso zoif
odonilir.

Cadval 1.
NO; vo O3 gazlarimin giin srzinda
konsentrasiyalarinin doyismasi

Giiniin NO2 qazinin O3 qazinin
saatlar1 | konsentrasiyasi, | konsentrasiyasi,
ppm ppm

4 15 8

8 10 11

12 7 30

16 22 7

20 27 6

24 5 33

Bozi xarici 6lkslords oldugu kimi, bizim 6lkamizda
do sanitar ganunvericiliyindo atmosfers atilan zororli
maddslorin timumi torkibi {igiin miitloq sarhad qoyulma-
mugdir, hom do yer sothindan 1,5 m hiindiirlitkds olan at-
mosfer gati {iglin (nofasalma saviyyasi {igiin) biitiin zo-
rorli maddolarin reglamenti verilmisdir. Mosslon, SO2
gaz1 tiglin iki buraxilabilon konsentrasiya haddi (BBKH)
normast verilmisdir: maksimum birdafalik norma (bura-
da, 6lgme zamani hava niimunasinin gotiiriilmasi 20 do-
gige miiddatine davam edir) vs orta sutkaliq norma (bu-
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rada, niimunanin gotiiriilmasi 24 saat miiddstinds fasile-
siz va ya fasilali aparilir).

ABS-da atmosfer havasina iki kateqgoriyada baxi-
lir:

1-ci kateqoriya insan saglamligimin miihafizssi
baximindan, 2-ci kateqoriya iso maddi doyerin miihafi-
zosi baximindan. Zohoarloyici maddolorin atmosferds
konsentrasiyasinin BBKH-dan az olmasi tigiin hiindiir
tustii borularmdan istifads edilir. Atmosfers atilan SO;
gazinin mohdudlasdirilmast tigiin iss ya azkiikiirdlii ya-
nacaglardan istifads edilir vo ya buxar gazlarini tomiz-
loyan qurgularla tomin edirlor. Masalon, Isvegds orta
hesabla kikiirdliiliyii 2,5% olan mazut yanacaglari is-
ladilir. Stokholmda kiikiirdliiliiyii 1% olan mazut yana-
caglarindan istifado edilir. AFR-do giicii 3,35:108
kC/saat-dan boyiik olan qazanxanalarda kiikiirdliiliiyti
1,8% olan mazut yanacaglarindan istifados edilir. Fin-
landiyada yanacaq sarfi 700 t/il-don ¢ox olan qazanxa-
nalarda kikiirdlilityii 0,8%-don az olan mazut yana-
caglarindan istifads edilir vo s.

Kapitalist 6lkalorindon forgli olaraq, kegmis so-
sialist 6lkoalarinds, o climlodon respublikamizda otraf
miihitin ¢irklonmosi sahasinds gobul edilon normativilor
zohorli maddoalarin minimal reaksiyaedici gabiliyystino
goro tortib edilir. Bu maddslor atmosferi ¢irklondir-
moklo yanasi, ohali arasinda xastaliklorin inkisafin1 da
artirir. Codval 2-do miixtolif 6lkolorin sanitar-epide-
mioloji stansiyalarmim ganunvericilik togkilatlar tors-
findon atmosfer havasmda SO, gazi tigiin BBKH-nin
norma giymatlari verilmisdir.

Codval 3-do 6lkomizdo IES otrafi ohali yasayan
rayonlarinda atmosfer havasinda zororli maddslarin
BBKH-r1 verilmisdir. Bu giymatlor kegmis ittifaqmn So-
hiyya Nazirliyinin Bag sanitar epidemioloji idarasi va
Dovlot Tikinti Nazirliyi torofindon tosdiq edilmisdir.
Bizim 6lkados havanin keyfiyyot standarti zororli mad-
dolar tiglin gabul edilon BBKH ilo xarakteriza olunur.

Adoton atmosfer havasinin ¢irklonmasi dyranilon
zaman biitiin zorarli maddolor Giglin ayri-ayrihiqda he-
sablama aparilir. Bunlar, BBKH-si 2-ci codvalds veri-
lon giymatdan bdyiik olmamalidir.

Bununla yanasz, kiikiird ve azot oksidlarinin timu-
mi tasiri ti¢tin nazirliyin olava tolobi verilmis vo asagi-
daki sort daxilinds gabul edilmisdir.

Cso2
BBKH ¢,

CNo2 <1
BBKH o,

Blava gobul edilmis bu taleb, TES-in vo basqa se-
naye sahalorinin moasuliyyatini bir daha artirmigdir.

Atmosfer havasinda olan zararli maddslar ilo tabii
maddslar hamisa qarsiliqh tesirds oldugundan va at-
mosfer sulart ilo onlarda yuyulma prosesi getdiyinden
bu maddslor arasinda miixtalif ¢evrilmalor bag verir.
Cevrilmo prosesi miixtolif maddalor tg¢iin miixtolif
olur. Asili hissaciklarin (aerozallarin) atmosfer gatinda
galma miiddati onlarin fiziki vo kimyavi xassalarindan,
meteoroloji parametrlordan, on baglicasi isa hissaciklo-
rin atmosferds yayilma hiindiirlitytinden asilidir.
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Cadval 2.
SO; gazinin atmosfer havasinda BBKH
BBKH-ya amal
Olkolor Maksimum birdofalik BBKH Orta sutkalig BBKH olunmasina qoyulan
talob %
. . |Olgmonin . . |Olgmonin
Hava niimunosi, Hava niimunosi,
ma/m? dayame.tms ' ma/m? da}/ame.tms
miiddati, dogiga miiddati, saat
Kegmis SSRI
Yaponiya 0,50 20 0,05 24 100
Cexoslovakiya 0,50 60 0,125 24 100
Finlandiya 0,50 30 0,25 24 100
AFR 0,625 30 0,25 24 100
Isvecra 0,50 30 24 75
Fransa - - 0,125 24 100
Fransa - - 0,25 24 96,7
ABS - - 0,75 24 8 saatdan ¢ox
olmalidir
1 kateqoriya - - 0,365 24 98,7
2 kategoriya - - 0,26 24 99,7
Italiya 0,8 30 0,4 24 94
Isvecra
Yayda 0,75 30 0,5 24 75
Qigda 0,125 30 0,75 24 75

Aerozol soklinds olan qatisiglar agirliq qiivvesi-
nin tasiri altinda seh vo yagis ilo yuyulma noticasindo
atmosferdon ayrilir. Hissacik gsoklindo olan maddslorin
atmosfer havasinda galma miiddati iso onlarin ¢6kmo
prosesi ilo baglidir. Cékmo prosesi hissaciklorin dia-
metrindan asilidir.

Cadval 3
Ohali yasayan rayonlarda atmosfer havasinda zorarli
maddalarin BBKH-1

BBKH mg/m?
Cirklondirici maddslor | Maksimum
birdaflik Orta sutkaliq

Zohoarloayici olmayan tozlar 0,5 0,25
Kikiird anhidridi 0,5 0,05
Karbon oksidi 0,3 1,00
Azot 2-oksid 0,085 0,085
Qurum (his) 0,45 0,05
Hidrogenli kiikiird 0,008 0,008
Benzopiren - 0,1 mkg/100 m?

Belo ki olgiisii 0,1 mkm-don kigik olan hissaciklor
homise Broun harakatinds olduguna géra ¢oko bilmir,
Olgiilori Imkm-dan boyiik olan hissaciklor isa oksing,
Stoks ganununa tabe olaraq atmosfer havasindan ayri-
laraq bitki yarpaglarina ¢okiir. Adaton, 6lgiilori 0,1-1
mkm arasinda olan hissaciklorin ¢6kma siirati atmosfer
havasinin yerdoyigma siiratinden kigik olur. Ona gére
da bels hissaciklarin atmosfer havasinda galma miidds-
ti uzun olur.

Hissaciklarin diametrindan asili olaraq ¢okma sii-
rotlori agagidaki qiymaotlards dayisir.

M. .. .
Hissociyin radiusu, mkm.
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Cokmo siirati, sm/san.

0,1 8,10°®
1,0 4,103
10,0 0,3
100,0 25

Hissaciklarin atmosfer havasinda galma miiddati
onlarin koaqulyasiya olunma doracasindon ds asilidir.
Tobiidir ki, kiiloayin olmas1 hissaciklorin havadan ayril-
masina boyiik tosir gostarir, yani onlarin atmosfer ha-
vasinda galma middatini artirmis olur.

Qaz maddslorinin atmosfer havasinda galma
miiddati ¢ox az Gyronilmisdir. SO, gqazinin atmosfer ha-
vasinda galma miiddati ligiin miixtalif todqgigatgilar to-
rofindon miixtolif qiymotlor verilmisdir vo gostarilir ki,
bu giymat bir ne¢o saatdan 1,5 sutkaya qadar ola bilir.

Molumdur ki, SOz gazinin SOz gazina ¢evrilmasi
xususi Katalizator totbiq etmoklo miimkiindiir. Ancaq
tohlil gdstorir ki, tiistii qazlari ilo atmosfers atilan SO,
gazlarinin az hissasi qaz yolunda tadricon oksidlosorak
SO; gazina gevrilir va sonra su buxari ils birlosorak tur-
su buxar1 (H2SO4) amala gatirir. Bu proses atmosfer ha-
vasinda da davam edir. Tobiidir ki, belo prosesin get-
moasino sobob glinos stialart vo kigik toz hissaloridir.
Cunki bunlarda katalizator xassasi, yani oksidlosdirici
Xasso ola bilir. Todgiqatlar géstorir ki, SOz gqazinin ok-
sidlogsmo stirati, dalga uzunlugu 220 — 250 mm olan
stialanmada daha béyiik olur.

Oksidlogma prosesine havanin nomliyi do tasir
edir. Bels ki miixtalif tadgigat¢ilar torafinden tacriibs-
lor gostarir ki, nomliyi 60% olan havada tursu aerozo-
lunun giymati 7,8%, 81% olan havada isa 31% tagkil
edir.

Bundan bagsqa molum olmusdur ki, atmosfer ha-
vasinda qaz sokilli girklondiricilorin amoalo golmoasi ter-
mo va fotooksidlasmo prosesinin tasirilo do gedir. Yoni
atmosfer havasinda olan maddolor arasinda bas veran
cevrilmolor istilik vo slia fotonlarinin bilavasits istiraki
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ila do bas verir. Bels proseslor on ¢ox atmosfer havasi-
nin yer sathindon 30 km hiindiirliikds yerlogon tabaqo-
sindo gedir. Aragdirmalar gostarir ki, burada biitiin {izvi
va qeyri-lizvi maddalorin par¢alanmasi va ¢evrilmosi
bas verir. Miirokkob molekullarm pargalanaraq karbon
oksidi, su, azot, oksigen vs s. soklinds yer sathinin at-
mosfer tobogasina gayitmasi daha maraqlidir.

Miioyyan edilmisdir ki, azot 2-oksidin atmosfer
havasinda NO vo oksigena pargalanmasinda giinagin
ultrabondvsayi stialarinin tasiri ilo gedon fotokimyovi
proseslarin boyiik rolu vardir. NO, gazinin pargalanma-
s1 iglin tolab olunan enerjinin giymsti 300 kC/mol olur
ki, bu da dalga uzunlugu 396 mm olan foton sellarine
uygundur.

NO; gazmin atmosfer havasindaki dissosiasiyasi
olavs olaraq 0zon vs bagga maddslorin amoalo golmasi
ilo naticalanir. Bununla yanasi, bu reaksiyanin getmasi
ilo karbohidrogen birlosmolorinin do oksidlogsmosi bag
verir. Naticods karbon oksidi va karbon 2-oksid ilo ba-
rabar {izvi aerozol maddslar do amols golir. Azot oksidi
vo karbohidrogen birloasmoalorinin birgo oksidlogsmosi
zamani hava toboagasinds ¢ox zoharloyici xassaya malik
olan nitratperoksiatsilat amolo golir. Bu grupa daxil
olan zoharlayici maddolor, sohar havasinin zoharlayici
gazlarla dumanlasmasi zamani miisahids olunur.

Azot oksidinin pargalanmasi prosesindo alinan
NO gaz ilo atom halinda olan oksigen gazi arasindaki
birlosms reaksiyasi stiratlo gedir. Yoni ikinci pillo reak-
siyanin getmosi naticosinds yenidon azot 2-oksid vo
ozon alimir. Sonra 0zonun azot 2-oksid ils garsiliqh ta-
siri nitratlarin omola golmoasi ila naticalonir.

Son zamanlar miioyyon edilmisdir ki, sohar yerlo-
rinds yer sathins yaxin atmosfer havasinda fotokimyavi
gevrilmalorin naticasinds bas veran ¢irklonmonin art-
masi, neft tipli izvi maddoslorin vo yiiksok temperatur
soraitinds amoalo golon azot oksidi gazlarimin ¢ox olma-
st ilo olagadardir.

Fotokimyavi proseslar naticosinds atmosfer hava-
sinda amoalo goalon biitiin oksidlagdiricilor (bunlara ok-
sidantlar da deyilir) bir sira hallarda oksidlosmo reaksi-
yalar1 intensiv getmosi sahasinds gigiyena gostoricisi
kimi da gobul edilir.

Radioaktiv iizvi gatisiglarin va azot oksidi ilo
cirklonmis atmosfer gatinda fotokimyavi dumanlarin
yaranmasi soraiti giinos radiasiyasindan, temperatur do-
yigmasindan vo kiilayin siiratinin Kigik olmasindan asi-
lidr.

Belo bir sual yaranir ki, géroson, IES-in tiistii qaz-
lar1 ilo atmosfers atilan zohorlayici maddolarin tobisto
boyiik miqyasda tasiri varmi? Bunlar tobistdoki madds-
lorin corayan etmosine no kimi tosir gostorir?

Har seyden avval qeyd etmok lazimdir ki, insanin
faaliyyati naticasinds yaranan tullantilar otraf rayonlar
ticiin yad hesab edilo bilmaz va bagga maddalar kimi bu
tullantilar da atmosfer, litosfer vo hidrosfer arasinda co-
royan edir.

Hesablamalar gostarir ki, Yer kiirasinin atmosfer
gatinda 2000 mird. ton CO; gaklinds karbon gazi var-
dir. Bunun har bir ildo 135 mlrd. tonu atmosferds, qu-
ruda va donizlor arasinda carayan edir. Atmosferin no-
fasalma gatindaki CO»-nin miqdari 15 mlrd. tondur.
Yanma proseslorindos atilan CO, gazlarinin atmosfer to-
baqasindaki karbon gazinin iimumi dévranina tasiri ol-

35

masa da, nafasalma toboaqasindski karbon gazinin dov-
ranina boyiik tosiri vardir.

Tobii proseslor naticasinds hor ildo atmosfers
mlrd. ton, antropogenlordan iso 100 — 200 min. ton toz
hissaciklori kegir. Tobii proseslori ilo NO, vo NH3 gok-
lindo atmosferds mlrd. ton, antropogenlordon iss 60-70
mlrd. azot kegir.

Son 100 ilds karbon gazinin atmosfer havasindaki
konsentrasiyasinin artmasi miisahids olunmusdur, yani
CO; gaz1 0,029-dan 0,032%-o qador artmugdir. Karbon
gazinin artmasi canl alom tigiin qorxulu hesab edilmir.
Lakin atmosfer havasinda CO, gazinin artmasi davam
edorso, onda planetin imumi orta temperaturunun yiik-
solma qorxusu yaranir. Bununla barabar oksigenin six-
lig1 da azalmig olur. Ancaq belo hesab edilir ki, hatta
oksigenin bir ne¢s faiz azalmasi belo biosferaya zororli
naticoa vera bilmoaz, ¢iinki CO, gazinin artmasi ¢ox kigik
hadda gedir.

Hazirda, zorarli maddolor tigiin BBKH normasi,
osason, sonaye rayonlar: tigiin tortib edilmisdir, planet
tictin halalik bels normativin toskiline ehtiyac yoxdur.

Yasayis rayonlarinin hava hovzesindoki zarorli
maddalorin konsentrasiyasi, asason, tiistii qazlarmin at-
mosfer gatinda yayilmasinin diizgiin togkilindon asili-
dir.

Umumiyyatla, zorarli maddslorin canli organizm-
lar ti¢iin na doracada qorxulu olmasi onlarin yer sothino
yaxin miihit tigiin aparilan hesablama giymatini maksi-
mal hoddino gora milayyon edilir. Zohorli maddslarin
maksimal hesablama giymati ¢ox pis meteoroloji sora-
itdo onlarin atmosfers atildig1 yerdo miixtalif masafo-
lords 6l¢iilmasi ilo miioyyon edilir.

Yerin atmosfer tabagasinds har bir zararli maddo-
nin maksimal konsentrasiyas: maksimal-birdoafalik
konsentrasiyanin buraxila bilon giymstindon (BBQ)
boyiik olmamalidir. ©goar atmosfer gatinda bir ne¢o zo-
rorli maddolarin qarisigi olarsa, onda norma giymoti
tiglin asagidaki sort 6donilmalidir.
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Yasayis rayonlarinin atmosfer havasi ti¢iin zarorli
maddalorin BBKH-i kegmis ittifaqin Sahiyyo Nazirliyi
tarafindon tosdiq edilmisdir. Cadval 4-do BBKH f{igiin
norma giymatlari verilmisdir.

Moalumdur ki, [1] IES va AES on béyiik su taolob
edon sonaye saholorindondir. Belo ki IES-do 1 kVt saat
enerji istehsali tiglin su sorfi 180 |, AES-do iso 280 |
toskil edir. Ancaq istifads olunan suyun 80 — 85%-i ¢ir-
kab sular1 soklinds xarici su hovzalorine atilir. IES-do
aparilan texnoloji proseslorin xarakterindon asili ola-
raq, atilan sularin ¢irklonmo torkibi miixtslif olur. Yal-
niz turbin kondensatorlarda soyutma magsadils islodi-
lan texniki islonmis su miistasnaliq togkil edir.

IES-da cirkab sulari, osason, asagidakilara goro
omaloa galir:
su igloden qurgularinm istismari zamani bazi
texnoloji eamaliyyatlarin aparilmast;
islonmis buxar1 kondensatorlarda kondensa
olunan zaman soyuducu suyun qizmast;
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e neft mohsullarinin kondensat va texniki su-

larina;
e  buxar gazinin konvektiv qizma sothlarini yu-

yan zaman alman ¢irkab sularina;

bork yanacagla isloyan IES-in kiilatma qur-

gularinda yaranan ¢irkab sularina;

e istilik qurgularmin kimyovi mohlullarla
yuyulmasi zamani alinan girkab sulari;

e  dbgomolorin vo magin zallarmin yuyulmasi
zamani amolo golon ¢irkab sulari;

e  moisot — tosorriifat sulari.

Gostorilon ¢irkab sularindan on genis yayilani bi-
rinci dord sobob sayilir. Bu ¢irkab sularinin hacmi sorfi
¢ox va ¢irkliliyi miixtolif olur. Ona gora do belos girkab
sularinin nazarat altina alinmasi v onlarin tomizlonma-
si xiisusi va ciddi sokildo aparilmalidir. Miiassiso, tul-
lant1 sularini tamizlomok tigiin miixtalif kimyavi-texno-
loji sxemlardan va emal tisullarindan istifado edir. Bu
isullar vo texnologiyalar ham totbiq edilon fiziki va
kimyavi proseslorla, ham da texnologiyalarin xarakte-
rina géra bir-birindon koskin forglanir.

Cirkab sularinin tomizlanmasi zamani mexaniki,
fiziki-kimyovi vo biokimyovi tomizloma proseslarin-
don hansi tGisulun se¢ilmoasinin dogiq Kriteriyasi yoxdur.

Umumiyyatlo, suyun tomizlonmosi iisullarmi iig
grupa boliirlor: mexaniki tomizlomo, fiziki-kimyovi to-
mizloms va kimyavi tomizloms. Bunlardan on genis ya-
yilant kimyovi tomizlomadir.

Cirkab suyun tomizlonmasi zamani sudan xaric
edilon maddolorin xarakterindon asili olaraq bir nego
tasnifat movcuddur. Bu tosnifatlara gora ¢irkab sular
homogen vo heterogen sistemloro daxildir v ¢irklondi-
ricilar burada molekulyar, ion, kolloid vo asili halda ola
bilor.

Cirkab suyu tomizlomok {igiin emal {isulunu seg-
dikds ¢irkabin no gokildo ayrilmasi malum olmalidir.
Emal tisulu els segilmolidir ki, alinan gatisiglarin galo-
cokdo utilizasiyas1 vo ya zorarsizlogdirilmasi sads yol
ilo miimkiin olsun.

Son zamanlar ¢irkab sularin tomizlonmasi saho-
sinds tothiq edilon tomizloms iisullarini asagidaki nov-
lors boliirlor:
gatisiglarin bilavasits ayrilmasi tisulu;

Suyun va ya qatisiglarin faza halinin doyisdi-
rilmosi ilo tomizloms iisulu;

e (atisiglarin gevrilmoasi tisulu;
biokimyavi tisul.

Birinci vo ikinci tsullarmn totbiqi zamani sudan
ayrilan c¢irklondiricilorin kimyavi xassalori doyismir.
Bu zaman, gatisiglar tam hollolunmusg sokildo (bu za-
man ikinci tsul totbiq edilir), yaxud da miixtslif faza
halinda ola bilar (bu zaman birinci iisul totbiqg edilir).
Bazon emal prosesi els aparilir ki, qatisiqlar sorbast fa-
za goklins kegir va bundan sonra ikinci tisulu tatbiq et-
moakla tomizloms aparilir.

Mexaniki ¢irklondiricilor bilavasita sudan (birinci
tisul) agsagidak: yollarla ayrilir:
iri hissaciklorin mexaniki tisulla ayrilmast (tor
Vo ya sobakalar) yolu ils;.
mikrotorlardan istifads edilmasi yolu ilo;
¢okdiirms va soffaflandirma yolu ilo;
morkazi fuglarda ayirma yolu ils;
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hidrotsiklonlarin tatbiqi ils;

Mexaniki siizgaclordan siiziilma yolu ils;
flotasiyanin totbiqi ilo;

membran tisulu (sks-0smos, elektrodializ) ils.

Cadval 4

Yasayis rayonlarmin atmosfer havasinin zororli
maddoalorin BBKH-in norma giymatlori

BBKH mg/m?
Zaroarli maddalor Maksimum Orta
— birdafalik sutkaliq
1 2 3

Azot 2-oksid 0,085 0,085
Azot tursusu: 9,4 0,4
N2S103 molekulu iizra 0,006 0,006
Hidrogen ionu {izro - 0,002
Vanadium 5-oksid - 0,003
Arsen 0,5 0,15
Zohorli  olmayan toz 0,15 0,05
hissaciklori
Qurum (his) 0,3 0,1
Sulfat tursusu:
N2SO4 molekulu tizro 0,006 0,001
Hidrogen ionu tizro 0,5 0,05
Kiikiird anhidridi 0,008 0,008
Hidrogen-sulfid 0,03 0,005
Karbonlu kiikiird 3 1
Karbon-oksid 4 2
Karbon 4-oksid 0,1 0,03
Sirka anhidridi 0,01 0,01
Fenol 0,15 0,05
Fosfor anhidridi 0,02 0,005
Fliiorlu birlogsmolor 0,03 0,01
Qazsokilli birlogmolor 0,35 0,35
(HF, SIF4)
Yaxst hollolan geyri-lizvi 1,5 0,8
birlogmoalor
(NaF, NazSiFs) 0,2 0,2
Aseton 0,6 0,6
Benzol 0,1 0,03
Ammonyak 0,04 0,02
Toliiol 0,035 0,012
Xlor 0,03 0,01
Xlorofos 35 5
Formaldehid 3
Flior va flior duzlar 0,001 0,001
(birlikds)
Etanol
Etilen

Cirklandiricilarin kKimyavi xassalarini doyismoakla
onlarin ¢evrilmasi ilo tomizlonmasi tisullar1 asagidak:
yarimqruplara boliiniir:
¢atin hollolan birlogmslorin yaranmasi (shanglos-
dirmo vo s.);
az dissosiasiya edon kompleks birlogmolorin
yaranmasi (fosfatlagdirma vo s.);
parcalanma vo sintez proseslori (galovi veran
zaman komplekslorin agir metallara boliinmasi va s.);
oksidlegdirma-reduksiya proseslari (qiivvatli
oksidlagdiricilar ils tizvi va geyri-iizvi birlogmolarin ok-
sidlogdirilmosi va s.);
termiki emal.
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IES-do tullant: girkab sularin tamizlonmasi iigiin
birinci qrup tisulun daha boyiik praktiki shomiyyati
vardir. Burada morkazi fuglagdirma vo hidroksiklonlar-
dan demok olar ki, istifads edilmir.

Ikinci qrup iisulda on ¢ox koaqulyasiya vo sorbsi-
yadan genis istifado edilir (ion miibadilosino do tez-tez
rast golmok olur). Ugiincii qrup iisuldan iso shanglos-
dirmo, pargalanma va oksidlagsmo proseslarinds ¢ox is-
tifado edilir.

4. Giiclii elektrik sahoalarinin v qazbosalmalarinin
texnoloji proseslarda tatbiqi

Bazar igtisadiyyati miinasibatlari soraitinds, sona-
ye sahoasindo, yiiksok ragabotin moévcudlugu istehsal
texnologiyasinin daim tokmillogdirilmosini tolab edir.
XX asrin ikinci yarisindan etibaren istehsal proseslarin-
do giiclii elektrik sahalori vo qazbosalmalarinin tasirin-
don istifads olunan texnoloji proseslor genis yer tut-
musdur [12].

Yeni texnologiyanin on perspektiv istigamotlorin-
don biri, giiclii elektrik sahalarinin, yiiklonmig xirda his-
saciklora pargalanmis xammala tosirini togkil edon elekt-
ron-ion texnologiyasidir.

Materialin yiiklonmis hissociklorinin elektrik sa-
hasinds horokati elektron-ion cihazlarinda oldugu kimi
xarici saho ilo tonzimlonir. Elektron-ion texnologiyasi
ad1 da mohz buradan irali galir.

Elektron-ion texnologiyas: bir sira tstiinliiklora
malikdir.

Burada elektrik enerjisi, emal edilon xammala, bi-
lavasito tasir edir. Tobiotin aksar cisimlarini elektrik
yiikii ilo yiikloyib, elektrik tosirino moruz qoymaq
miimkiindiir. Mohz buna gors da elektron-ion texnolo-
giyasi universal texnologiyadir va on miixtslif istehsal
saholorindo tatbiqg oluna bilar. Istonilon kicikélgiilii ma-
terialin ayri-ayr1 hissaciklorina elektrik sahosinin tasiri
olur.

Buna gors do elektron-ion texnologiyas: istehsal
prosesinin fasilosizliyini ve axiciligini asanligla tomin
etmokls yanasi, hom do tamamils avtomatlagdira biloar.

Yuxarida geyd etdiyimiz tstiinliiklor tokco elekt-
ron-ion texnologiyasina deyil, itmumiyyatla elektrik sa-
halori va qazbosalmalarinin texnoloji proseslords istifa-
dosi tigiin do xarakterikdir.

Giiclii elektrik saholori vo elektrik gazbosalmalari
bark cisim halinda olan polimer dielektriklors tosir et-
dikds dielektriklorin sathinds vo hacminds miioyyen fi-
ziki vo kimyovi proseslar gedir ki, bu proseslor naticado
dielektriklorin mithiim elektrofiziki xassolorina asasl
tosir géstorir. Bu proseslori tonzimlomoklo dielektrik-
larin bazi xassslarini idars etmok imkanlart yaranir ki,
bu da texnika baximindan mithiim shamiyyat kasb edir.

Elektrik gazbosalmalarinin tasiri vasitesila maye
dielektriklorin torkib hissasinin bir sira aggarlardan to-
mizlonmasi proseslori artiq bir sira proseslards 6z isteh-
salat totbiqini tapmisdir. Transformator yaglarinin vo
imumiyyatlo, asason, karbohidrogen monsali mayelos-
rin, sonaye tullant1 sularinin, igmoli sularin, monomer-
lorin vo s. materiallarin aggarlardan tomizlonmasi tex-
noloji proseslards elektrik tasirindon miivaffagiyyatlo
istifado edilir.
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Elektrik tasirina asaslanan texnoloji prosesler ig-
tisadi cahatdon somarsli, texnoloji tatbiqi cahatdon sa-
do, ekoloji cohatdon tominedici olaraq, oksar hallarda
beynolxalq sertifikat normalarinin talablarins cavab ve-
robilacak saviyyads olur. Buna gors do son illords tod-
gigatgilar bu sahads intensiv olarag, elmi-todqiqat islori
aparirlar vo hal-hazirda bu sahoado bir sira miithiim noti-
colar aldo edilmisdir [13-16].

Elektrik tasirino osaslanan bir sira texnoloji proses-
lor tobii gazlarm, karbohidrogen manssli mayeloarin, i¢-
moli vo sonaye tullanti sularmmn tomizlonmoasinds mii-
vaffagiyyatls totbig olunur, bu texnoloji proseslor inkisaf
morholasinds olub, yeni tadgigatlarin aparilmasini tolob
edir vo zaman kegdikca tokmillasir.

Miiasir texnikanin tatbiq etdiyi va yiiksok taloblo-
ro cavab veron materiallar sldo etmok {iglin iki tsul
moveuddur: 1) yeni kimyavi torkibli tozo materiallarin
sintezi; 2) artiq mévecud olan materiallara, texnikanin
toloblarine uygun, yeni xiisusiyyatlorin agilanmasi.

Birinci isul, yeni materiallarin sintez todgigatgilar
torofindon gobul edilorak, kimyagilar materiallarin tex-
nologiyasi vo fizika sahasi iscilari torafindon genis islo-
nilorok diinya migyasinda, kompozisiya materiallar: adi
altinda ytizlorlo yeni material sintez olunur. Qeyd etmok
lazzmdir ki, bu iisulla alinmuis har bir yeni materialin bii-
tiin xassalori kompleks sokilds Gyranilmslidir, sinaq tac-
riibalorindon kegirilmslidir vo real sonaye soraitindo si-
nagdan kegirildikdon sonra onun pasport gostaricilori do-
giglasdirilmolidir. Bu tisulla texnikanin talablarine cavab
veran materiallarn oldo edilmasi perspektiv tisul olmag-
la yanasi, eyni zamanda bir ¢cox hallarda igtisadi cohot-
don baha basa golon tisuldur.

Ikinci iisul, mdvcud olan materiallara miioyyon to-
sir vasitosilo yeni xiisusiyyatlorin agilanmasi, iqtisadi
cohatdon somarali va tez basa golon tsuldur.

Bork cisim halinda olan materiallara yeni xassolo-
rin agilanmasi bir gayda olarag, onlara tosir etmokls ol-
do edilir (mexaniki, kimysvi, bioloji, fiziki tosirlordon).

Soniller elektrofiziki tasir olaraq, bir sira miixtslif
agregat halinda olan materiallara giiclii elektrik sahaloa-
rinin vo elektrik gazbosalmalarinin tasirindon genis is-
tifads edilir.

Bork halda olan dielektriklora elektrik sahssi ila
tasir etdikdo materiallarda polyarizasiya, rekristalizasi-
ya, kimyavi torkib dayisikliklari, onlarda sathi vo hacmi
elektrik yiiklorinin comlonmasi, soth proseslori va s. fi-
ziki-kimyovi doyisikliklor amala galir ki, bu proseslor
naticasindo dielektriklorin, elektrik kegiriciliyi, istilik
kegiricili, xiisusi sathi vo hacmi miiqavimati, istilik tu-
tumu, elektrik mohkomliyi, dielektrik itkilori, elektrik
kéhnalmasi, mexaniki méhkomliyi vo s. elektrofiziki
xassalari bu va ya digar istigamotds dayisir.

Dielekrik, bu va ya digar texniki sahads istifade
edilmasindan va onlara goyulan talablorden asili ola-
rag, istonilon elektrofiziki xassslorini mogsadauygun
sokilda doyismok tigiin, onlarin qazbosalmalarinin tasi-
rina moaruz galdigi halda bas veran proseslarin fiziki-
kimyovi mahiyyati aydinlagdirilmali va yalniz bu hal-
da, biz, dielektrikin xassalorinin doyisilmasinin idaro
edilmosino nail ola bilorik.

Dielektriklars elektrik qazbosalmasi vasitasils to-
sir edorkon, mosalon, dielekriklords elektrik yuklii vo-
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ziyyetin amolo golmasindan, elektretlorin hazirlanma-
sinda istifads edilir.

Mosamoli bark cisimlors elektriki tasirlor edarak,
onlarin adsorbsiya gabiliyyatlorini artirarag, maye vo
gaz halinda olan materiallar1 agsqarlardan tomizlomokdo
mitvaffaqiyyatlo istifade etmok olur. Elektrik tasirlarin-
don istifadoe edoarok maye vo qazlari torkib hissalorino
ayirmaq mimkiin olur.

Elektrik gazbosalmalar: vasitosilo torkibindo mii-
ayyan miqdarda hidrogen-sulfid olan tobii gazlara tasir
etdikdo, sistemdo adsorbent olarag, monoetanolamin
moveud oldugu halda, hidrogen-sulfidi hidrogen v kii-
kiird atomlarina pargalamaq miimkiin olur, bu halda
hidrogen qaz soklinds ayrilaraq kenarlagdirilir, kiikiird
iso absorbent torafindon udulur. Qeyd etmok lazimdir
ki, elektrik tosiri absorbentin kiikiird vasitasilo korrozi-
ya prosesino ugramasinin qarsisimt alir vo kiikiirdiin
miitamadi olaraq absorbentdsn ayrilib, xtisusi hacmda
toplanmasina sabab olur. Belalikla, absorbentin doyma
miiddati nozaracarpacaq doracoados artir, bu iisulla oldo
edilmis kiikiird, xammal olaraq, yiiksok tomizliys malik
olur. Eyni zamanda monoetanolamin absorbentinin is-
lomo miiddsti uzadilmis olur. Bu texnoloji proses tobii
gaz emali mioassisalorindo miivaffaqiyyatlo sinagdan
kegirilmis vo istehsalatda totbiqgini tapmigdir [17].

Neft emali miiassisalorinds neftin su vasitasilo yu-
yulmasinda, texnoloji prosesin digoer moarholasinds nef-
tin sudan azad edilmosindo giiclii elektrik sahalorinin
tasiri vasitasilo su damcilarinin bir kiitloyo toplanmasi-
na vo kiitlosinin artmasi hesabina, neftdon ayrilmasina
miivoffoq olunur. Bu prosess asaslanan texnoloji qurgu
uzun illordir ki, biitiin diinyada neft emali sonayesinds
tatbiq edilir.

Transformator yaglarinin riitubatdon, domir atom-
lar1 birlosmoalorindon, mexaniki aggarlardan, tursu qa-
higlarindan vo s. bu kimi asgarlardan tomizlomok moq-
sadils do asasinda elektrik tosirlori duran bir sira texno-
loji proseslor iglonilmisdir.

Istor basit, istorso do miirokkob gaz qarisiglarina
elektrik gazbosalmalar: vasitasilo tosir etdikds, qazin
atom vo molekullari hayacanlanma, ionlagsma, rekom-
binasiya, konversiya noticasindo yeni molekullarin
omola galmasi, bozi molekullarin iso onlarin togkiledi-
cilarino pargalanmasi kimi, fiziki va kimyovi proseslor
miisahido edilir. Faktiki olarag, elektrik sahslarinds vo
elektrik qazbosalmalarinin tasiri zamani qaz sistemi ye-
ni keyfiyyotlor niimayis etdirir va sistemin elektrofiziki
parametrlari ovvalkindon forqli giymoate malik olur.

Bir sira istehsal proseslorinde miixtolif sonaye
gazlari alinir vo yaxud emal edilir. Texnoloji prosesls-
rin bazilarinds gaz mohsulu sonaye tullantilart soklinda
atmosfer havasina otiiriiliir. Bir ¢ox hallarda tullanti
gazlarin 6zii vo ya onlarin torkibinds olan toz, riitubat
va digar zararli aggarlar atmosferin ¢irklanmasine so-
bab olur, odur ki, qazlarin atmosfers verilmasindsn av-
val, onlarin tomizlenmasi zarursti dogur.

Mosolon, atmosfer havasinin ve otraf miihitin
cirklonmasinin garsisim almaq tigiin komiirlo isloyan
elektrik stansiyalarimin tiistii qazlarini atmosfera otiir-
moazdon avval tamizlanmasi vacib mesaladir.

Kiikiird tursusu istehsalinda morhalolordon biri
kiikiird kolgedaninin yandirilmast ils alagadardir. Omo-
la golmis qazlardan kiikiird tursusu almagq iigiin bu qaz-
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lar kiikiird kolgedani tozundan tomizlomak talob olu-
nur. Sement istehsali sonayesinin tullanti qazlarinin
aliminiumdan tomizlonmasi vacib mosoaladir.

5. Natico vo miizakira

Beloliklo, miiasir sonayenin demok olar ki, biitiin
saholarinds miixtalif qazlarin tozlardan va ya digor as-
garlardan tomizlonmosi zoruridir. Bir ¢ox halda bir sa-
atda milyonlarla kubmetr qaz tomizlonir va bu zaman
onlardan 10 tonlarla toz vo ya maye asqarlar ayrilir.

Sonaye gazlarimn elektrik stizgoclorinds tozdan va
digor asqarlardan tomizlonmosi asas tisullardan biridir.
Qazlarin tomizlonmasi Gsullarmdan elektrikli iisul daha
effektiv, elektrik stizgaci iso bu magsads xidmat edon da-
ha universal qurgudur. Konkret soraitdon asili olaraq elo
elektrik siizgaclori hazirlamagq olar ki, onlarin gazlari to-
mizlomo doracasi 99%, hotta 99,9%-o catsin. Tomizlono-
cok qazlarda hissaciklorin konsentrasiyas: 1 q/m® — 50
g/m® intervalinda doyiso bilor. Qazin temperaturu 500°C
va daha artiq ola bilar. Elektrik siizgaclori dl¢iisti 0,01
mk-dan 100 mk-a godar olan hissaciklari tuta bilir vo zo-
ruri hallarda tursulara, gslovilors vo digar yeyici madds-
lara qarst davamli materiallardan hazirlanr.

Elekirik stizgaclorindo miixtslif konstruksiyala-
rinda elektriki tosir olaraq, tacsokilli elektrik gazbosal-
masinin tasirlorindon istifads edilir.

Qazlarin elektriki tomizlonmosini asagidaki mor-
halalora bolmak olar:
gazlardaki hissaciklarin elektrik yiiklonmasi;
yiiklonmis hissaciklorin ¢okdiiriicii elektrodla-
ra dogru harokot etmasi;
hissaciklarin elektrodlar tizerina ¢okmasi;
¢okmiis hissaciklarin ¢gixarilmasi (ayrilmasi).

Adi tac bosalmasi soraitinds dlgiilari 2-3 mk-dan
¢ox olan hissaciklor toxminan bir saniys arzinds yiiklo-
nad bilir. Siizgacin uzunligu bir ne¢o metr, qazin elektrik
stizgacindo siirati 1 m/san astrafinda oldugu ti¢iin hisse-
ciklor tam yiiklonmoya imkan tapirlar. Istehsalat sorai-
tinin tolablarine uygun olaraq elektrik siizgaclori saquli
va {ifliqi vaziyyatds qurula bilar.

Adoton, elektrik stizgoclari bir nego paralel seksi-
yadan ibarat olur. Bu ciir konstruksiya istismar soraitin-
da biitiin qurgunun isini dayandirmadan ayri-ayri sek-
siyalar1 agmaqla (tomir tgiin) ¢okdiiriicii elektrodlar
hissaciklordon tomizlomays imkan verir.

Sonayenin inkisafi, tomizlonmasi vacib olan qaz-
larin hocmi ilo birbasa baghdir. Ona gora dos, hazirda
elektrikli tomizlomonin tokmillogdirilmasi vo yeni me-
todlarin yaranmasi iizrs todgiqatlar aparilir.

Qazbosalmalarinin  tasirindon va sorbentlarin
sorbsiya intensivliklarinin artirilmasi faktindan istifads
edorok, yiiksok va ifrat yiiksok vakuum yaradan elekt-
rofiziki qurgular hazirlanmasi, bu qurgularin tatbigi va-
sitasila elmi-tadgigat laboratoriyalarinda vs istehsalat-
da R=10%-10" Pa -ya qadar vakuum slds etmoak olar.

Belsliklo, yuxarida sorh edilon bir sira texnoloji
proseslorin moveudlugu, realligi stibut edir ki, giiclii
elektrik sahslori vo elektrik gazbosalmalar: ilo materi-
allara tosir etdikds onlarda bir sira keyfiyyat dayisiklik-
lori bag verir Ki, bu hal materiallarin modifikasiyasi
moafhumu Kimi basa diisiiliir.
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Qeyd etmok lazimdir ki, materiallara giiclii elekt-
rik saholori vasitasils tasir etdikdo, onlarda bir név pro-
seslor, elektrik gazbosalmalar: vasitasilo tosir etdikdo
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iso bagqa nov fiziki-kimyavi proseslor reallagir. Ona
goro do qarstya gqoyulan masalodon asili olaraq, bu vo
ya digar tasir vasitasi segilir.
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Environmental protection - the preservation of the natural composition of atmospheric air, soil and water ensures the
existence of people and other living beings, therefore, research work carried out in this direction, and the corresponding
decisions taken by the countries of the world, are of great importance for human society. The article presents a comprehensive
overview of the ecological problems of the environment.

A.M. I'amumos, K.B. I'yp6anos, I'. /. I'yceiinos,
JL.U. CyJeiimanoBa, 3.A. TarueBa, C.C. AxaigoBa

OB30P SKOJIOTMYECKHUX IMPOBJIEM OKPYKAIOIIEN CPE/IbI

OxpaHa OKpy)Karolel Cpeibl - COXpaHeHUEe IPUPOTHOTO COCTaBa aTMOC(HEPHOTO BO3/LyXa, IIOUBBI U BOJIbI 00ECIIeYnBaeT
CYIISCTBOBaHUE JIOJCH M JPYTUX JKUBBIX CYIIECTB, MOITOMY Hay4YHO-HCCIIETOBATEIbCKHE PabOThl, MPOBOANUMBIC B 3TOM
HAIIPaBJICHUH, X COOTBETCTBYIONINE PEIICHNS, IPUHIMAaEMbIe CTpaHaMH MUPa, IMEIOT OOJIBIIIOE 3HAYSHHUE JUIS eIT0BEIECKOTO
obmecTBa. B craThe mpeacTaBiIeH KOMIUIEKCHBIH 0030 SKOJIOTHIECKHX POOIEM OKPYXKAIOIIEH CpeIbl.

39



AJP FiZiKA

2023

section C: Conference

Tiirkiye
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Magaloda Giinagin aktivlogmasi dovriindos yaranan Giinos kiilayi ilo yerin magnit sahasinin garsiligli tosiri naticasindo
magqnit qasirgasinin bag vermasi gostorilib. Bu zaman geomagnit sahasinin aktivlasmesi fonunda zamana gérs doyison ultra
asag1 tezliys (UAT:0-10 hs) malik magnit sahosi yaranir ki, bunun da insan organizmins tasiri noticesinds onda rezonans
mexanizmino asaslanan biofiziki effektlor yaradir. Fikrimizcs, bu organizmds bas veran fizioloji ritmlorin (EKQ, EEQ va b.)

tezliyinin homin tezlik oblastina diismasinin naticasidir.

Acar sozlor: Giinos kiiloyi, qiitb pariltisi, maqnit qasirgasi, rezonans mexanizmi.

“Giinos-Yer-insan” ekoloji sistem toskil edir. Bu
sistemds insan orqanizmi termodinamika qanunlari ba-
ximindan tarazliqda olmayan agiq sistemdir. Yoni canli
organizm daimi otraf miihitlo madds, enerji vo informa-
siya miibadilasinds olur. Insan orqanizmi 6zii-6zlilyiin-
da elektromagqnit sistemdir. Ona gors do, otraf mithitlo
elektromaqnit qarsiliglt tosirde olur. Organizm daxili
orqanlar, hiiceyralor vo b. arasi garsiligli slaganin 6zii
do cox asagi tezlikli elektromaqnit ragslori vasitosilo
hoyata kegcirilir. Hotta tacriibi olaraq miioyyan edilib ki,
canli hiiceyralorin hayat foaliyyoti prosesinds onlar ara-
s1 “danigiq dili” ¢cox asagi tezlikli elektromagqnit rogslo-
rindan ibaratdir.

Canli orqanizmdos biotoxumalarin magnit xassasi-
no malik olmasi onlar1 togkil edon molekullarin Py —
magnit momenti vo toxumanin g - nisbi magnit niifuz-
lugu ilo toyin olunur. Ona géra da biotoxumalar magnit
Xassosine gora iki qrupa ayrilir: 1 — passiv magnit xas-
sasing; 2 — aktiv magnit xassasine malik canli toxuma-
lar.

Biotoxumalarin passiv maqnit xassasi onun torki-
bina daxil olan maddsnin fiziki va kimyavi Xxassasins
osaslanir. Orqanizm miihitinin asas kimysvi kompo-
nentlorini (su, ziilal, karbohidratlar, lipidlar va b.) toskil
edir. Orqganizm toxumalar1 xeyli daracados (78-80%) su
miihitindin ibarat olaraq diamagnitdir (ysni, u<1;
Pn=0 olur). Homg¢inin orqanizmds paramagnit birlos-
malar, onun ion va molekullar: vardir. Masalan, sarbast
radukallar (z>; Pm=0) var.

Son zamanlar, mutexassislarin fikrinco, canli or-
ganizm toxumalarinda ferromaqnit toromalor agkar
olunub. Onlarin dalagda, gara ciyards, boyrak tistiindo
olmas1 miiayyan edilib.

Bozi orqanlarin hoyat foaliyyoti dévriinde amala
galon magnit sahasinin giymeati beladir: magnit sahasi-
nin induksiyasinin giymati (B, mTl- ilo): beyin iigiin
10°%; ozolo iigiin 10%; iirok iigiin 107-dir. Homginin
miiqayisa dg¢iin Yerin magnit sahesinin induksiyasi
5-1072mT! -dir. Goriindiiyii kimi bioloji obyektlarin
yaratdiglart moxsusi mangit sahalari olduqca kigikdir.

131, H.Javid ave, AZ-1143, Baku
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Buna baxmayaraq, onlarin tibbi praktikada qeyd olun-
mas1 miimkiindiir vo diaqnozun qoyulusunda vacibdir.

Xarici magnit sahasinin (geomagnit) tasirina bii-
tiin orqanizm, hiiceyrs organellori reaksiya verir, xiisu-
silo mitoxondriya. Magnit sahasinin tasirins sinir toxu-
malari, epitelin endokrin vozilorin sekretor foaliyysati,
tirok-gan-damar sistemi daha hossasdir. Maqgnit sahosi
canli toxumalarda gedoan fiziki-kimyavi, bioloji proses-
lora tosir edir.

Geomagnit sahanin bioloji sistemlarin magnit sa-
hasino tosirini biofizikanin magnitobiologiya bdlmo-
sinds 6yronilir, amma hols bioloji obyektlora magnit
sahasinin tasirinin biofiziki tobioti kifayst godor mii-
ayyen edilmoyib.

Miiasir molumatlara asason Giinos sothindo bas
veran aktivlosmoe hadisasinin geomagnit sahays tosiri
hesabina amoalo golon hayacanlanmanmin yaratdigi ¢ox
asagi tezliya malik dayison magnit sahasinin insanlara
(bioloji obyektlors) tasiri hagigatdir [1, 2].

Giinos aktivliyinin yerin biosferasina tasirinin tad-
gigi vo helibiologiya elminin osasinin qoyulmasi
A.L.Cijevskiya maxsusdur. Onun fikrinca, bu epidemik
xostoalik, sosial folakatdir. Urokdo yaranan problemlor
gofil 6liimiin yaranmasinim sababidir. Cijevski hesab
edir ki, Glinogdo bas veran doyisikliklorin Yers tosiri
miitloqdir, eyni zamanda insanlara tosiri naticasinds
onlarin faaliyyatinin doyismosine sabab olur. Bu da Gii-
noglo Yerarasi fiziki olagenin olmasinin on yaxsi
gostoaricisidir.

1950-1960-c1 illords ilk kosmik uguslar naticasin-
doYerin maqnitosferast Kasf edildi. Yerin magnitosfe-
ras1 yer uzarinds biitiin canlilart kosmik radiasiyadan
goruyaraq ekran rolunu oynayir. Bizim planetin bu
maqnit Ortiiyline giineg kiilayinin tasir mexanizmi
milayyan edildi (sokil 1).

Giinog kiilayi noadir? Giinogin aktivlogsmosi dov-
riinds onun sathinds bas veran doyisiklilor zamami fa-
zanin biitiin istigamatlorine, homg¢inin Yero torof fa-
silosiz olaraq Giinag maddasi — hom elektromaqgnit dal-
galar1 gtialanmas1 yayilir, hom do boyiik siiratlo tican
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yiikli zarraciklar seli (onlar asasan elektronlar va pro-
tonlardan ibaratdir) golir ki, bu da giinas kiiloyi adlanir
(bax sokil 1). Yerin atmosferino ¢atan bu boyiik ener-
jiya malik giinos kiilayinin zorraciklori miioyyon so-
kilds Yerin magnit sahasi — magnitosferasina tosir edo-
rok onu sixir. Giinog kiiloyi yerin maqnitosferasinin
quyruq hissasi vasitosilo fokuslanir, siiratlondirilorok vo
togriban 100 km tartibinds yiiksokliys malik qiitb pa-
riltis1 zonasina daxil olur.

Zarba dalgasi
Magnit tabagasi
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Vit (saar) magnit furtinase

Sakil 3.

Boyiik enerjiyo malik bu zorraciklor seli atmos-
ferin havasinin atom va molekullari (asasan azot va ok-
sigen) ilo toqqusmasi naticasinds onlart ionlagdirir vo
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hoyacanlandirir. Onun naticesinds  liminessensiya
isigsagmasi bas verir ki, bu da qiitb pariltis1 adlanir
(sokil 2). Bununla da geomagnit sahasinin aktivlogmasi
dovrii baglayir. Bu da magnit qasirgasinin (firtinasinin)
yaranmasina sabab olur (bax sakil 3). Yani, maqnit fir-
tmasinin amola galmosi giinas kiilayi ila Yerin magnit
sahasinin garsiligh tasirinin noticasidir. Geomagnit sa-
hasinin bu aktivlagmoasi fonunda zamana gérs doyisen
on agagi tezliya (©AT: 10-300 hs) vo xiisusilo ultra aga-
&1 tezliya (UAT: 0-10 hs) malik magnit sahasi yaranir
ki, bu da canli orqanizms tasir edorok onda rezonans
mexanizmines asaslanan biofiziki effektlor yarada bilir.
Fikrimizco bu organizmda bag veran fizioloji ritmlarin
(EEQ, EKQ, nofssalma va b.) tezliyi homin tezlik
oblastina diigdiiyiino asaslanir.

Miialliflorin galdiyi yekun naticays goro ultra aga-
&1 tezlikli (UAT) magqnit sahasi (0-10 hs) insan orga-
nizmi {i¢iin ¢ox tohliikalidir. Fikrimizca, buna sabab in-
san organizminds gedon bazi fizioloji ritmlarin UAT
oblastinda bas vermosidir. Bels ki, insan organizminda
bozi orqanlarin maxsusi ritmlari — tezliyi belodur:
bas beyin ritmlori — (9-13) hs
tirok ritmloari - (8-12) hs
insanin uzanmis va ziyyatinds - (3-4) hs
dos gofosi tigtin — (5-8) hs
qarin nahiyyasi ti¢iin — (3-4) hs
g0z tigiin — (12-24) hs.

Yam basg beynin ritmlori (9-13) hs tezlik interva-
lina diigdiiyiindon maqnit firtinast zamani yaranan ul-
traasagi tezliyo malik magnit sahasinn tasiri insan bey-
ninds tahliikali rezonans hadisasi yarada bilar ki, bu da
insultla naticalonar. Homginin iirak ritmlori (8-12) Hs
tezlik intervalina diisdiiyiindon maqnit firtinasi zamant
yaranan ultraasagi tezlikli maqgnit sahosinin tasiri insan-
larda iirok faaliyystinds rezonans hadisesinin bag ver-
moasi hesabina {irok infaktina tutulma ilo neticslons bi-
lor.

Aparilan todgigatlara asason miioyyon edilmisdir
ki, magqnit firtinas1 zaman1 miokardin infarktina tutulan
xastolorin say1 31 %, insulta tutulanlarin say1 isa 23 %
artmasina sobab olmusdur.

Bioloji tadgiqatlarin naticasinds magnit sahasinin
tosirina moruz qalan adamlarda qanin arterial tozyiginin
doyismasi agkar edilmayib. Yalniz maqnit firtinas1 dov-
riinds bu prosesin kaskin artmasi miisahids edilib (sokKil
3).

Digor sobablardon biri do hamin tezlik intervalla-
rinda elektromagnit sahasinin elektrik sahasinin inten-
sivliyi (E) vo magnit sahosinin induksiyasi (B) topla-
nanlarina bir-birinden asili olmadigi hal kimi baxilir.
Eksperimental vo epidemioloji todgigatlar, homg¢inin
nazari tadgigatlar otraf miihiti shato edan elektromagnit
sahasinin elektrik toplanani (E) yox, maqnit toplanani-
nin (B) UAT oblastinda bioeffekt yarada bildiyi baroda
molumatlar verilib. Belo ki, magnit sahasi maneasiz
(sorbost) olaraq toxumaya niifuz edo bilir.

Miialliflorin fikrinco ultra asag: tezliya (UAT)
malik magnit sahasinin organizma tssirine aid aparilan
bozi todqgiqatlar rezonans mexanizminin mévcudlugu-
nu demoys imkan verir. Geomagnit sahs ilo miiqayiso
olunan zsif statik vo asagi tezlikli oblastda zamana goéra
doyison magnit sahssi bioloji effektlor yaradir. Mass-
lan, statik geomagnit saho vo zamana gora doyigen
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magnit sahasinin superpozisiyasi hesabina biosistemo
tosir edarak yaratdigi bioloji effektlor rezonans mexa-
B
4= - tezliyindo
2m
miisahido olunur. Burada @ — tsiklotron rezonans
tezliyi, gi — vo mi— toxuna ionlarinin yiikii vo kiitlasidir.
Verilon ifado sonda formal olaraq ionun tsiklotron

nizmi osasinda bas verir vo @, =

tezliyino uygun golir. Yoni, v, ;)—C - tezliyinds bio-
T

sistemin funksional xassasinin doyismasi biosistemin

ionsiklotron rezonansi adlanir.

Giinosin vo geomagnit sahoasinin aktivliyinin art-
masi zamani insan organizminds tirak-damar, endo-
krin, sinir sistemi, gan dovrani faaliyystinin pozulmasi
ilo miisahido olunan xosagalmoaz hadisalor bas verir.
Heligeomagnit amillorin tosiri damar tonusunu, arterial
tozyigin doyismasini, ganin koakulyasiyasinin artmast,
tirayin va diger orqanlarin ritmlorinin pozulmast kimi
fordi reaksiyalarla miisayist olunur. Noticods, hiperto-
nik hadlorin sayinin artmasini, beyninin qan dévraninin
ciddi suratds pozulmasini, miokardin infarktini vo gafil
6liim hadisosinin sayinin artmasina sabab olur.

Cox toassiif ki, bazon matbuatda va televiziya va-
sitosilo hava haqqinda molumatlarin ¢atdirilmasinda
meteohassasligla maqgnitohassasligi forqlondirmirlar.

Umumiyyetlo, meteo- vo magqnitohossasligi bir-
birindon forqlondirmak lazimdir.

Meteohassashiq — bu orta sutka orzindo havanin
temperturunun, nisbi riitubatin, atmosfer tozyiqinin, ya-
gitinin miqdart va kiilayin siiratinin doyismasi har bir
adamin saglamligina tosir edir. On baslicas1 iso iirok-
damar sistemi vo nofas orqanlart xastos olan insanlar da-
ha meteohassas olur. Statistik molumatlara osason sag-
lam insanlar arasinda 35-45 %-o godori meteohossas
insanlardir. Verilon molumatlara asason sutkaliq tem-
peratur doyismasinin hor 1°S — artmasi zamani miokar-
din infarktina tutulan xastolerin say1 1,9 %, insult olan
xastalorin say1 ise 4,9 % - artir.

Magqnitohassashq: - ovvolds deyildiyi kimi maq-
nit firtinast dovriinde miokardin infarktina tutulan xos-
tolorin say1 — 31 %, insulta tutulanlarin say1 iss - 23 %
artmasi sobab olur.

Miioyyan edilib ki, maqnit firtinasi zamani ya-
ranan asag1 tezlikli geomaqnit sahasinin bioobyektlora
ciddi tesiri vardir. Homin dovrds saglam (normal) ko-
niilliillorin magnitohassasligi vo hipertoniya xastaliyin-
don oziyyat ¢okon xastalor iizorinds aparilan todqiqat-
larin maraql1 naticolari verilib.

Hipertoniya xastoalori iki qrupa ayirmislar: birinci
qrup tizrs - yiingiil doracali hipertonik xastalar; ikinci —
grupa agir xastolori (yoni, lirok foaliyystindo shomiy-
yotli doracads problemi olan xastalor). Askar edilib ki,
ikinci qrup xastolorin maqnitohassasligi - ~20 % qoador

olmusdur. Yani, {irok — damar sistemindo ciddi patolo-
giyast olan insanlarda geomaqnit amilino hassasligi
koskin artmas1 miisahido olunub (bax sokil 3).

Maqnit firtinasi bas verarken yeratrafi kosmik fa-
za (YKF) hoyacanlanir ki, bu da peyklorin, radiosis-
temin vo yer lizorindoki enerji sistemindo problemlor
yaradir.

Y KF-1n hayacanlanmasi1 homg¢inin miiasir naviqa-
siya sisteminin signallarina vo biitovliitkdo onunla ola-
goli olan biitiin sistemo tosir gostorir. Giinesdo Yerin
ionosfer vo magqnitosferindo bas veran hadisoalorin qar-
siliglt slagasi ve insanlarin faaliyystins ve yasadigi mii-
hitin, halinin ondan asili olmasi Yerin magnit sahasinin
Oyronilmasine kompleks xarakter verir.

Dahi A. Eynsteyn vaxtilo demisdir ki, asl elmi to-
fokkiiro hamigo “poeziya elementlori” daxil olur. Mohz
buna gors, elmi biliklor shamiyyatli deracads tabiati
poetik dorketmoni zonginlosdirir.

Umumiyyatlo, tobiotin elmi dork olunmasi vo mii-
tofokkir torafindon onun poetik izahi aldon alo kegarok
bir-birini qarsiliqli olaraq zongilosdirir. Fiziki biliklor
tobiot hadisolorini onlarin daxili harmoniyasini va go-
zolliyini daha aydin isiqlandirmaga imkan verir.

Haqqinda danigdigimiz “magqnit firtinas” yaxud
“qitb pariltisi” da tobiot hadisalorindon biri olub, onla-
rin yaranmasi dovriinds bag veran heyranedici manza-
roni miisahido edon rus sairi M.A. Dudinin hosr etdiyi
asagidaki g6zol bir seir dediklorimizo bariz misaldir
(seri ruscadan ¢evirani Giya Pagxatagvilidir):

Bu simal neca do gbzal oynasr,

Ustiimdo neco do alisir, yanir.

Onun buz Tacinda goy qursaqglarin

Roangarang is1g1 hoyat adlanir!

Soyuq ehtirasin sux gozalliyi

Simala oxs edib gozal tabiot.

Maqpnit qasirganin asil giiciiylo

Ronglards canlandi o birden albat.

Gorilindiyl kimi, avvalde bagvermo mexanizmini
verdiyimiz maqnit qasirgasinin va qiitb pariltist kimi to-
biot hadisolorinin monzorasini miisahido edorok sair
Dudin heyranedici gozalliyini poetik sokildo ¢cox g6zal
ifads etmisdir.

Belo ki, temperaturla olaqosi olmayan cismin
(miihitin) maxsusi “soyuq isiq” sagmasi liiminessensi-
ya adlanir. Seirds sair bunu “soyuq ehtirasin sux gozal-
liyi” soklindo golomo almigdir. Qiitb pariltisinin isigi da
liiminessensiya hadisesidir. Yoni, liiminessensiyanin
bas vermasi iiglin cisimdo (miihit) enerji toplanir. Bu
hoyocanlanma enerjisi adlanir. Bu enerjini cisim (mii-
hit) sonra isigsagmagqla siialandirir ki, bununla da liimi-
nessensiya hadisosi bag verir.

Sair Dudin Giinas kiiloyinin Yerin maqnit sahasi
ilo qarsiligh tesirinin naticasi olan hayacanlanmis mii-
hitin maxsusi “soyuq isiq” sagmast hadisasini Simal
qiitb pariltisin1 “soyuq ehtirasin sux gozslliyi, Simala
oxz edib gozal tabiot” deyarak heyranedici sokilds ¢ox
g06zal doyarlondirib.

[1] D.O.Kosnaran. «YTpo3a COMHEUHBIX CyTIep-
BembIek». B mupe nayku (01/02) 2022,
¢.52-60.
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[2] A.B. Mexasenes. «Cuna Comnnuay. B mupe
nayku (05/06), 2022, ¢.97-103.



“GUNOS-YER-INSAN” EKOLOJI SISTEMDO MAONIT AMILi VO ONUN iNSANA TOSIRININ BiOFiZiKASI

N.N. Aliyev, G.N. Huseynova

MAGNETIC FACTOR IN THE “THE SUN - THE EARTH — THE MAN” ECOLOGICAL SYSTEM
AND BIOPHYSICS OF ITS EFFECT ON A HUMAN BODY

In the paper the creation mechanism of magnetic storm in the sun’s activation period is shown. In this process, the
magnetic field having ultra lower alternating frequency (ULAF: 0-10 hz) is developed. As a result of action of this field on
human organism the biophysical effects based on resonance mechanism are arrised. In our opinion this is a result of falling of
frequency of biological rithms into the frequency region stated above.

H.H. Anues, I'.H. I'yceiinoBa

MATHHUTHBIA ®AKTOP C YKOJJOTMYECKONH CUCTEME «COJIHIIE-3EM.IS-
YEJIOBEK» U BUODPU3UKA EI'O BJIIUAHUSA HA YEJTOBEYECKOE TEJIO

B crarbe nokazaH MeXaHU3M 00pa30BaHMs MarHUTHOTO IITOPMA B IEPUO/IC COIHEYHOI aKTUBaMKU. B sTOoM mporecce
oOpasyercssi MarHUTHOE ToJie ¢ ynbTpaHm3koi gacroroir (0-10 I'm). B pesynpraTe AelCTBHS MarHUTHOTO IIOJISI Ha YEINO-
BCUCCKHI OpraHu3M oOOHapyXuBaroTcs Ouodm3ndeckne >PQEKTs] Ha OCHOBE PE30HAHCHOTO MexaHm3Ma. [lo Hamemy
MHEHHIO, 9TO NPOHMCXOJHUT B PE3yJbTaTe COBIAJCHMS YaCTOTHI OMOJIOTMYECKHX PUTMOB C YKa3aHHBIM BBIIIE YaCTOTHBIM
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ISTILIK ELEKTRIK STANSIYALARININ SINXRON VO
ASINXRONLASDIRILMIS TURBOGENERATORLARINDA NASOS VO
VENTILYATOR QURGULARININ OTURUCU IS XUSUSIYYOTLORI

ULKOR iZZOT QIZI ASUROVA
Mingacevir Doviat Universiteti,
AZ4500, Mingacgevir, Dilara Oliyeva kii¢. 21
ulker_ashurova@mail.ru

Bir ¢ox enerji sisteminds elektrik sobokalorinds yiiksok gorginlik saviyyasini azaltmagq ehtiyaci problemi var. Garginlik
Soviyyesinin artmasi bir sira soboblorlo baghdir: giin vo movsiim orzinds geyri-borabor yiik qrafiki, yiin-giil yiklonmis
yiiksok gorginlikli elektrik xatlorinin olmast, elektrik sabakalorinds reaktiv giiciin kompensasiyasi-nin qeyri-kafi dorocasi. Bu
sortlordo méveud enerji kompleksinin maksimum semaraliliyi ilo islomasi {i¢iin onun isini optimallagdirmaq lazimdur. Istilik
elektrik stansiyalarinin enerji sisteminin strukturunda hom miixtalif para-metrlors malik yiiklorin an bdyiik ndviinii buraxan
obyektlarin, hom do bu yiiklorin tez-tez doyisdiyi (giinds bir nego dofa) obyektlorin olmasi faktina osaslanaraq, daha sonra
optimallagdirilmas: onlarin iginin qisamiiddotli re-jimlori elektrik enerjisi sisteminin kompleks optimallasdirilmasinin on

mithiim vo miirokkab marhslolarindan biridir [1].

Acar sozlor: Sinxron ' asinxronlasdirilmis turbogeneratorlar (STG, ASTG), Istilik elektrik stansiyalalarinda yiiklorin
paylanmasi vo optimallagmasi, nasos vo ventilyator qurgularinin rejim xisusiyystlori.

UOT: 621.311

Bu problem tokca elektrik birlosmalori vo uzadil-
mis elektrik xotlori olan enerji sistemlari iigiin deyil,
hom do inkisaf etmis hava va kabel elektrik soboakalori
ilo bir-birino vs istehlakgilara bagh olan ¢oxlu sayda
osasan istilik elektrik stansiyalar1 ilo xarakterizo olunan
boyiik konsentrasiya edilmis enerji sistemlori tigtin hall
edilmoalidir. Bu ciir sistemlor yers vo elektrik xstlorinin
fazalar1 arasinda ohomiyyatli bir imumi tutuma malik-
dir. Transformatorlarda v avtotransformatorlarda, ma-
nevr reaktorlarinda, agirrmélganlords vo digar nov ava-
danliglarda icaza verilon gorginlikdon artiq garginliyin
uzun miiddat artmasi bu avadanligin xidmat miiddoti-
nin kaskin azalmasina va gozalarin artmasina gatirib ¢1-
xarir, homginin etibarliligint azaldir.

Magistral gobokalordoa goarginliyin tonzimlonmosi
(reaktiv glic) asagidakilar torafindon hoyata kegirilir:

* elektrik stansiyalarinda sinxron generatorlarin
(STG) avtomatik hoyacan tonzimloyicilori;

 yarimstansiyalarda sinxron vo statik tiristor
kompensatorlari;

* manevr reaktorlart (MR), yiik altinda goarginlik
tonzimlonmosi olan transformatorlar, statik kondensa-
torlarin banklari.

Gorginliyi azaltmaq tgiin hatta haddinden artiq
todbirlardan istifads olunur, masalon, magistral elektrik
Xatlorinin baglanmasi enerji sistemlarinin etibarliligini
ohomiyyatli dorocads azaldir vo buna gors do elektrik
sobokalorinds gorginlik saviyyasinin normallagdiriima-
s1 vasitosi kimi tovsiys edilo bilmoz. Bundan slavs, bir
cox hallarda bu todbir kifayst gador effekt vermir.

Sinxron turbo vs hidrogeneratorlar miioyyan had-
lor daxilindos reaktiv giicti tonzimlomayas gadirdir, lakin
bu hoddlor mahduddur. Elektrik stansiyalarinin turbin
generatorlarinin reaktiv giiclin istehlaki rejimins kegi-
rilmasi enerji sistemlorinin etibarhiligini asagi salir vo
statorlarin son zonalarinin haddinden artiq istilogmasi
Va mahv olmasi sebabindon elektrik stansiyalarinin tur-
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bogeneratorlari {iglin tohliikoli i soraiti yaradir. Belo-
likla, enerji sistemlorinds yalniz ananavi sinxron turbo-
generatorlardan istifads edildikdo, enerji sistemlarinin
elektrik sobokalorinds gorginlik saviyyalarinin normal-
lagdirilmasi va tonzimlonmasi problemi asash sokilda
hall edilo bilmoaz. Sobokalords olavs olaraq reaktiv giicti
idaro edon qurgularin (statik vo ya elektrik maginlarin)
qurasdirilmasi, ya da reaktiv giiclin ¢ixis vo dorin isteh-
lak rejimlarinds sabit igloys bilon STG istisna olmagla,
elektrik stansiyalarinda xtisusi turbogeneratorlardan is-
tifado etmok lazimdir. Istilik elektrik stansiyalarinda
quragdirilmis turbogeneratorlarin imumi giicti 150 GVt
(toxminan 1200 masin) toskil edir, halbuki turbogene-
ratorlarin toxminan 55%-i praktiki olaraq standartlarla
miloyyan edilmis minimum xidmat miiddstini (25-30
il) islayib. Sonaye istehsalinin hacmi vo bununla slages-
dar gozlonilon elektrik yiiklorinin artimi cahotdon koh-
nolmis avadanligin doyisdirilmosi tigiin tocili todbirlor
tolob edir. Dayisdirarkon generator tikintisindoa iralilo-
yislori nazars almaq ve avadanlig: totbiq etmak lazim-
dir. Bura, xiisuson, texniki imkanlarina géro ¢oxmag-
sadli tatbigo imkan veran asinxronlagdirilmis turboge-
neratorlar (ASTG) daxildir. Istilik elektrik stansiyala-
rinda sinxron turbogeneratorlarla birgs istismarda
ASTG-don istifads nazariyyasini va tacriibasini daha da
inkisaf etdirmokdir.

Konkret olaraq isdo asagidaki asas vazifalor hall
olunur:

1. Elektrik stansiyasinin elektrik dovrasinin riyazi
modelinin, ASTG vo STG-nin paralel faaliyyatinds da-
yaniqlt vo kegici proseslorin dyranilmosi tgiin alqo-
ritmlorin vo kompiiter proqraminin iglonib hazirlan-
masl.

2. ASTG va STG elektrik stansiyasinda birgs foa-
liyyat gostoran dayaniqli vo fovgalads rejimlarin, dina-
mik dayamqligin va kegici proseslarin keyfiyyatinin
tohlili.
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3. Hayacan sisteminin strukturu, idareetms siste-
minin algoritmlari vo parametrlori tizra tovsiyalorin is-
lonib hazirlanmasi, istilik elektrik stansiyalarinda
ASTG-nin is rejimlorinin saxlanilmast tigiin tovsiyalor.

Qarsiya qoyulmus vozifalari hall etmak tigiin aga-
gidakilardan istifado edilmisdir: elektromexaniki kegid
nozariyyasi, elektrik enerjisi sistemlorinds kegici v sa-
bit proseslorin tohlili iigiin analitik tsullar, riyazi vo
fiziki modellagdirms tisullari, PC-do programlagdirma
nozariyyasi va tacriibasi, ragomsal sistemlords eksperi-
mental todgigatlar vo elektrodinamik modellor, dozgah
Vo tam miqyasli testlar.

ASTG-nin universal riyazi modeli, algoritmlor vo
program tominati islonib hazirlanmigdir ki, bunlar asa-
gidakilarla farglonir:

* hoyacanlandirma vo idarsetmo sistemlarinin
miixtolif strukturlari olan generatorun dayamqlh vo ke-
cici proseslorinin  hesablamalarinin  aparilmasinin
miimkiinliyii;

« verilmis saviyyado hayacan carayanlarinin moah-
dudiyyatlorinin nazars alinmast;

+ rotor sarimlarinin (dolaq sarg1) elektromaqnit
parametrlorinin doyisdirilmosi imkani;

* son modeldo lazimi sayda ASTG modelino ma-
lik olmaga imkan veran tam blok strukturu;

+ adi asinxronlagdirilmig rejimdon ehtiyata vo ok-
sina kecidlari hoyata kecirmoys imkan veron idaroetmo
sisteminin vo kommutasiya qurgularinin olmasi.

Torkibinds STQ vo ASTG, transformatorlar va
avtotransformatorlar, yerli yiik vo digor avadanlqlar
olan elektrik stansiyasinin elektrik dovrasinin riyazi
modeli islonib hazirlanmigdir. Alqoritmlar va program
tominatt STG va ASTG-nin sabit vo kegici rejimlordo
paralel islomasini tadgiq etmays imkan verir.

1. ASTG universal riyazi modeli, o ctiimladon
generatorun amortizator sxemloarinin tonliklori vo ida-
roetmoanin algoritmlari vo parametrlorinin doyismosi ilo
hoyacan sisteminin miixtolif strukturlari ilo generatorun
statik va dinamik rejimlorini hesablamaga imkan veran
program tominati.

2. Mixtalif gorginlik sinifli istilikdasiyicilara,
transformatorlara va avtotransformatorlara, yerli yiik-
lanmoays va digear avadanliglara qosulmus, paralel qo-
sulmus STG va ASTG turbogenerator qruplarindan iba-
rat elektrik stansiyasinin elektrik dévrasinin riyazi mo-
deli. Belo bir elektrik stansiyasinin i rejimlori {izro
todqiqatlarin aparilmasi {igiin alqoritmlor vo program
tominati. Belo elektrik stansiyasi modellarinin qurul-
mas1 metodologiyast.

3. STG ilo birlikds isloyarken generatorun iginin
etibarliligini artirmaga vo elektromexaniki kegidlorin
keyfiyyatini yaxsilagdirmaga imkan veran ASTG haye-
canlandirma va idarsetmo sisteminin strukturu vs ida-
raetms algoritmlori.

4. Real elektrik stansiyasinda STG ils igloyarkon
ASTG-nin dayaniqli vo kegici proseslarinin hesablama-
larmin naticalarine asasen ASTG rejimlarinin saxlan-
mast liglin tovsiyalar.

Eyni giico malik sinxron magimla miigayisods
ASTG-nin daha yiiksok giymatino baxmayaraq, onun
icindaki alava xarclor daha somaralidir va elektrik stan-
siyasinin sinlorino qosulmus olavo kegid reaktorunun
xarclorindan daha tez 6dayir. ASTG-don istifadanin
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texniki vo iqtisadi effekti osasan sistemli xarakter da-
styir va onlari islotmali olan ayri-ayr elektrik stansi-
yalarinin kommersiya maraqlarindan kenara ¢ixir.

Miasir iqtisadi soraitdo bu voziyyst asinxronlas-
dirllmug turbogeneratorlarin tatbigine mane olur. Bu
amilin monfi tosirini aradan qaldirmaq tgilin elektrik
stansiyalari va enerji sistemlori arasinda asinxronlagdi-
rilmig turbogeneratorlarin istifadesindan effektin pay-
lanmas1 prinsipi vo mexanizmi mosalasini hall etmoak
lazimdir [2]. ASTG-nin totbigi onlarla paralel isloyan
sinxron maginlarin az hoyacanlanma rejimlorini istisna
etmayas Vo bununla da onlarin etibarliligini vo dayanig-
ligim artirmaga imkan verir. Bu voziyyat, elektrik stan-
siyalarimin 6zlarinin ASTG-don istifadedo bilavasits
texniki vo iqtisadi maragi ilo bagli ola bilor ki, bu da
fovgolads avtomatika iso salindiqdan sonra enerji blok-
larinin yenidon igo salinma sayinin azalmasi naticasin-
do miimkiin yanacaga gonastlo dastoklonir. ASTG-nin
sag qalma qabiliyyatini giymatlondirmok ticiin haya-
canlandirma va idarsetma sistemlarinds gazalar zamani
kegici proseslor tohlil edilmisdir. Gostorilmisdir ki, bir
sira hallarda kegici proseslor uzanan xarakter dastyir vo
rejim parametrlorindo ohomiyyastli dalgalanmalar, sta-
tor coroyaninin yiiksolmasi, hotta rotorun dirsaklori vo
sinxronizmin itirilmasi ilo miisayiot olunur. Bu monfi
amillori aradan galdirmaq ti¢iin ASTG idaroetmo sis-
teminin algoritmlorinin optimallagdirilmasi aparilma-
migdir.

Elektrik stansiyasinin islonmis riyazi modeli vo
program tominati agagidakilara imkan verir:

« ilkin stabil voziyyoti hesablamaga;

* miixtolif ndév pozgunluglar ii¢lin dinamik daya-
niqligin hesablamalarini aparmaq (yiikloma/yiiklomo;
stansiya avtobuslarinda, yerli yiikiin qosulma noqtals-
rinds qisagapanma);

* hoyacanlandirma va idarsetmo sistemlarinds go-
zalar zamani generatorun (generatorlarin) isini qiymat-
londirmok;

» ASTG-nin strukturunda sllo vo ya avtomatik do-
yisikliklorin aparilmas;

* ASTG tonzimlayicisinin asinxron idarsetms
prinsipindan sinxron idarsetmo prinsipine vo aksins ol-
lo vo ya avtomatik kegidini hayata kegirin.

Torkibinds ASTG olan elektrik stansiyasinin sabit
i rejimlori nazordon kegirilir [2].

Stabil vaziyyot rejimlorinin hesablamalar1 asagi-
dakilar1 miiosyyan etmoays imkan verdi:

» ASTG-nin xarakterik is rejimlori;

* paralel igloyon STQ-lors reaktiv enerji istehlaki
rejimlarinin tosiri;

» reaktiv giiclin dorin istehlaki rejimlorinds ASTG
omoliyyati zamani1 kdmakgi istilikdasiyicilarinda gor-
ginlik saviyyaslori.

ASTG az hayacan rejimlarinda islayarkan (reaktiv
enerji istehlaki), komokgi istilikdagiyicilarinda asagi
garginlik saviyyslori miigahids olunur, lakin onlar ko-
makgi transformatorun yiik altindaki kran dayisdiricisi-
nin miivafiq tonzimlonmasi ilo magbul hodlords olur.
Buna goro do, komokgi avadanhigin normal islomasi
tiglin transformatorun yiik altinda kran doyisdiricisinin
avtomatik idaro edilmasi tévsiya olunur. Stabil vaziy-
yat rejimlorinin hesablamalar: enerji sistemindoki po-
zulmalar (tokiilma/yiik artimi, qisagapanma vo S.) Vo
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hoyacanlandirma sistemindo bas veran goazalar natico-
sinda yaranan kegici proseslorin 6yronilmasinds gene-
ratorlarin ilkin rejimlorini tayin etmays imkan verdi.
Sinxron turbogeneratorlarla paralel iglayarkon ASTG,
daha ¢ox reaktiv giiciin ¢ixig1 olan zonaya Otiiriilmasi,
homginin stansiya istilikdastyicilarinda garginliyin da-

ha siiratli barpasi hesabina STG-nin dinamik dayanig-
liginin hadlorinin artirllmasini tamin edir [1]. Goriindii-
yii kimi, paralel igloyan STG-nin salinimlarinin séniim-
lonmasins komoak edir, kegici proses iso daha kigik Sali-
nim amplitudasi ilo bag verir vo daha tez basa catir

(sokil 1).
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Sakil 1. Ug fazali qisaqapanma stansiya istilikdastyicilari (marsurutlar1) [1]. U - stansiya istilikdasiyicilarinda garginlik;

P - aktiv giic

Sokildon goriindiiyii kimi, adi ASG rejimindan vo
bir ox boyunca hoyacanli rejimloro ke¢id qadagandir,
¢linki ugurlu keg¢idin miimkiinlityii bir ¢ox amillordan
astlidir: generatorun ilkin i§ rejimi baximindan aktiv vo
reaktiv giiciin vo sargilardan hansinin islak voziyyotdo
qalmasi. Naticoda hom stabil, ham do geyri-sabit rejimo
kegid miimkiindiir (rotorun ayilmasi, hoyacanla asin-
xron isloma). Buna gors do, ilkin rejimdan hayacanlan-
dirma kanallarindan birinds har hansi qoza (ugursuz-
luq) bas verdikdos, generator geyd-sortsiz asinxron reji-
mo (AG) kegir. Bundan slavs, nasazligin sobobini mii-
ayyan etdikdon sonra heyat (asinxron rejimds generator
geyri-miioyyon miiddets isloys bilar) generatoru hoys-
can sargilarindan birinde hayacanla is rejimina vo ha-
yacanlandirma ilo normal rejimo (nasazliglarin aradan
galdirilmasindan sonra) kegira bilor. (Tiristor ¢evirici-
larinda carayanin dayisdirilmasi zamani korpiilorin do-
yisdirilmasi aninda hoayacan sisteminds daxili qisaga-
panmanin aradan qaldirilmast kérpiilorin ayrica idare-
etmo sistemi ilo hoyata kegirilir ki, bu da problemsiz
geri doniisiin yiiksok etibarliligini vo minimum 6lii vax-
t1 tomin etmoalidir. Kompiiter stendinds aparilan todqi-
gatlar ASTG-nin reaktiv giiciin ham ¢ixig, ham do is-
tehlak rejimlorindo yiiksok dinamik sabitlik soviyyasini
saxladig1 maksimum icazs verilon vaxti miioyyoan etma-
ya imkan verdi. Transformatorlarin, avtotransformator-
larin, sinxron kompensatorlarin mévcudlugu nazars
alinmagqla, miixtalif garginlikli (220 kV, 500 kV) is-
tilikdasiyicitya qosulmus generator bloklar1 (STG va
ASTG) olan elektrik stansiyasinin elektrik dévrasinin
modeli hazirlanmigdir:

- Model sinxron vs asinxronlasdirilmis turbogene-
ratorlarin paralel iglomasi zamam bas veran proseslori
alagalarin haqiqi elektrik dovrasini on tam oks etdiron
ekvivalent sxemo uygun dyranmays imkan verir;

- Hayacan sargilarinin asimmetrik (imumiyyatlo)
strukturuna malik, rotor massivinin ti¢ dovrali ekviva-
lent sxemi va amortizatorun sargist olan ASTG modeli
istanilon n6v ASTG-ni dyranmaya imkan verir;
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- Asinxron rejima operativ vo fovgslads kegidlo-
rin vo asinxron rejimdon hayacanli rejimlora tors kegi-
din sartlorini tadgiq etmays imkan veroan bloklar tagdim
edilmisdir. ASTG-nin sinxron idaraetma prinsipins ke-
¢idla bir ox boyunca hoyacanla islomosi, homginin iki
ox boyunca hayacanla isloma va sinxron idarsetmo
prinsipi tamin edilir. Turbin modeli ixtiyari grafiks uy-
gun olaraq turbinin bosaldilmasina imkan verir;

- Hazirlanmig metodologiya asasinda elektrik
stansiyasinin blok modeli standart bloklar1 artirmaqla
miirokkablogdirilo bilor vo ya oksins, sadslogdirilo bilor
ki, bu da demak olar ki, istonilon real elektrik stansiya-
sinin modelini tez bir zamanda yaratmaga imkan verir;

- Elektrik stansiyasinin iglonib hazirlanmis riyazi
modeli vo program tominati asagidakilara imkan verir:
ilkin sabit vaziyyst rejimlarinin hesablamalarini apar-
magq; miixtalif név pozgunluqlar ii¢lin dinamik daya-
niqligin hesablamalarin1 aparmaq (yiikloma/yiiklomo;
stansiya istilikdasiyicilarinda, yerli yilikiin qosulma
noqtalorinds qisagapanma); hayacanlandirma va idaro-
etmo sistemlorinds gozalar zaman1 generatorun (gene-
ratorlarin) igini qiymotlondirmok; ASTG-nin struktu-
runda olls vo ya avtomatik doyisikliklorin aparilmast;
ASTG tenzimlayicisinin asinxron idaraetma prinsipin-
don sinxron idarsetms prinsipine va aksins sllo vo ya
avtomatik kegidini hayata kegirmasi;

- Elektrik stansiyalarinda aktiv yiikiin azalmasi va
garginlik saviyyasinin artmas1 miisahids edildikds, ge-
Ca saatlarinda asinxron rejimindan istifads etmok tovsi-
ya olunur. ASTG-nin asinxron rejimds islamasi haye-
canlandirma sistemindos profilaktik baxim aparmaga,
homginin onun xidmot miiddatini artirmaga imkan ve-
rir;

- ASTG az hoyacan rejimlorindos islodikds (reak-
tiv enerji istehlaki), komokei istilikdagiyicilarinda gor-
ginlik adoton azalir. Buna goro do, kdmokg¢i avadanligin
normal iglomasi ii¢iin transformatorun yiik altinda kran
dayisdiricisinin avtomatik idara edilmasindan istifade
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etmoak tovsiys olunur. Paralel isloyan sinxron va asin-
xronlagdirilmig turbogeneratorlarla elektrik stansiyasi-
nin dinamik dayaniqliginin aparilmis todgigatlart gos-
tormisdir ki, asinxronlagdirilmis turbogenerator ham ¢i-
x1g rejimlarinda, ham do reaktivin darin istehlaki rejim-
larinds dinamik giicii sabitdir. Sinxron turbogenerator-
larla paralel islayarkon ASTG, daha ¢ox reaktiv giiciin
¢ixigl olan zonaya Otiiriilmasi, homginin stansiya is-
tilikdastyicilarinda gorginliyin daha siirotli barpasi he-
sabina STG-nin dinamik dayaniqliginin hadlarinin ar-
tirtlmasini tamin edir;

- ASTG-nin normal is rejimindon ehtiyata vo ok-
sina kecidi tigtin toklif olunan alqoritmlor kegidlorin
keyfiyyatini yaxsilagdirmaga, homg¢inin generatorun
etibarhiligini artirmaga imkan verdi. Fovgolados is re-
jimlarinin hoyacan tonzimloyicisinin inkisafi vo elek-
trik stansiyalarinda sinxron vo asinxronlagdirilmis tur-
bogeneratorlar {i¢liin mikroprosessor asasli hayacan ton-
zimlayicilorinin qurulmasi {iglin kompiiter stendi hazir-
lanmisdir. Asinxronlasdirilmis idaraetms prinsipini ha-
yata keciran hayacan tonzimlayicisi iigiin istinad signali
olaraq, stansiya sininin gorginliyindan (agregat trans-
formatorunun daha yiiksok gorginlikli tarafdon) istifados
edilmasi tovsiya olunur.

Istilik-energetika kompleksinds enerjiys gonastin
imumi taninan vasitosi, qurgularin yaradilmasi vo pay-
lanmasinin komokgi mexanizmlori {igiin tezliklo idaro
olunan elektrik otlirlictisiiniin istifadosidir. Dayison sii-
rot otiirlicli tonzimlomani aradan qaldirmaqla yanasi,
bir sira miihiim texnoloji imkanlar1 da tomin edir. Istilik
elektrik stansiyalarinin osas mexanizmlarinin elektrik
Otiiriictilori moasul kimi tosnif edilir. Seboka nasoslari-
nin igindo fasils sabaka suyunun minimum istehlaki sa-
bobindan qorunmagq iigiin biitiin qazanlarin baglanma-
sma sobob olur. Fordi gazan aqreqatlarmin isi basqa-
larindan, mesalon, garalama mexanizmlorindon asilidir.
Tezlik geviricilori qisamiiddatli todariik gorginliyinin
azalmasina hossasdir, buna gors do, enigin hotta 20-
30% bas vermoasi mexanizmin vo onunla birlikds tez-
tez biitiin stansiyanin tocili dayandirilmasina sabob
olur. Istilik stansiyalarinin avadanliglarmin etibarlili-

ginin asagi salinmasi vo onlarin dayanmalarinin saymin
artmasi ciddi problemdir. Fasilasiz iglomayi tomin et-
mok vazifasine slave olarag, istilik elektrik stansiyala-
rinin nisbaton "zsif" enerji tochizati sobokalorinds tez-
lik ¢eviricilarinin manfi tasirlorinin azaldilmasi vazifa-
si, mévcud enerji tochizatinda elektromaqnit uygunlu-
gu problemlorinin halli zorurati ilo baghdir. Istilik
elektrik stansiyalarinda enerjiya gonast edan tezliklo
idaro olunan elektrik dtiiriiciilorindon istifadonin texni-
ki va igtisadi samoraliliyinin artirilmasina, hom¢inin
istilik enerjisi ilo olagali avadanliglarin etibarliliginin
artirilmasina yonalmis bir sira problemlori hall etmak-
dir. Bu moagsads nail olmaq tigiin asagidaki vazifolor
holl edilmisdir:

1. Istilik elektrik stansiyalarinda tezliklo idaro olu-
nan elektrik Gtiriictilorindan istifadonin texniki-igtisadi
tohlilinin vo asaslandirilmasinin mithandis metodologi-
yasinin islonib hazirlanmasi.

2. Optimal is rejimlarinin tamin edilmasi baximin-
dan istilik elektrik stansiyalarinin asas mexanizmlori-
nin har bir qrupu tizrs tezliklorin idars edilmasi sxemlo-
rinin texniki hollorinin 6yranilmasi, texnoloji avadan-
liq, enerji dastyicilarinin, elektrik enerjisinin itkilorinin
azaldilmasi va xarclarin minimuma endirilmasi.

3. Enerji tochizat1 sistemindo gorginliyin diigmosi
zamani istilik elektrik stansiyalarinin 6ziinii igo salma
rejimindo mosul mexanizmlorinin xiisusiyystlorinin
todqiqi, gorginliyin diismoasi zaman etibarlihi@ini artir-
magq liglin tovsiyalorin hazirlanmasi.

4. Istilik elektrik stansiyalarinin enerji tochizati
sobokalari ilo elektromaqnit uygunlugunun tomin edil-
moasi baximindan tatbig olunan sxemloarinin tohlili, tolo-
bin yerina yetirilmasi nazoro alinmagqla istilik elektrik
stansiyalarinin goraitinds rasional sxemlorin istifadosi
lizrs tovsiyolorin iglonib hazirlanmasi.

5. Qazanlarin etibarli istismarinin tomin edilmasi
meyarina asaslanaraq istilik elektrik stansiyalarinin kri-
tik mexanizmlorinin obyektyonimli toloblori tortib
edilir va istilik tochizati obyektlorina miinasibatds opti-
mal tezlik idarsetmo sxemlorinin segilmasi ti¢iin tovsi-
yalor hazirlanir.
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Sokil 2. Istilik elektrik stansiyasmi novbasinin texnoloji sxemi [3].

Osas mexanizmlorin niimayisi ilo tipik istilik
elektrik stansiyasinin ngvbasinin texnoloji sxemi sokil
2-do gostorilmigdir. Texnoloji prosesi miioyyan edan
asas mexanizmlor soboko va resirkulyasiya nasoslari vo

! monba su nasoslaridir. Uflayici ventilyatorlar vo tiistii
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cixaricilar qazanlarin istilik ¢ixigim vo hava-gaz nis-
batini tonzimlayir. Hor bir mexanizm qrupunun is re-
jimlarinin tohlili asasinda idars olunan siiriiciiys kegi-
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din mogsadsuygunlugu ssaslandirilir vo an prioritet
mexanizmlordir. Modernizasiya enerji va resurs gona-
oti, eloca do soboko nasoslarinin, iiftiriiciilorin vo tiistii
cixaricilarin texnoloji zorurstinin tonzimlonmasi baxi-
mindan miiayyan edilir [5].

Avadanligin is parametrlori; - qazanin istilik yiikii
ilo bagli moalumatlar ssasinda layiha mexanizmlorinin
enerji gonastini prognozlagdirmaq {iglin bir tisul hazir-
lanmigdir; - gazan gokma mexanizmlarini tanzimlonan
otiirticiilorlo tochiz edoarkon gaza gonast nozors alinur; -
icrasi layihalarinin hoyata kegirilmasi ti¢iin hor hansi
gobul edilmis dovr tigiin galiri vo geri 6doma miiddatini
miioyyon etmoak tigiin genislondirilmis iqtisadi alotdon
istifado edarak, enerji gonastinin prognozlagdiriimasi
metodu hazirlanmisdir [1]. Ufloyici ventilyatorun vo
tiistii ¢1xaricinin idars olunan va idars olunmayan siirii-
ciilori ilo elektrik enerjisinin istehlakina dair eksperi-
mental molumatlar ssasinda oldo edilmisdir. Yiiksok
gorginlikli ¢eviricilorin iimumi sxemlori onlarin istilik
elektrik stansiyalarinda istifadasinin magsadouygunlu-
gu vo tortib edilmis texniki tolobloro uygunlugu tigiin
nozardon kegirilir: - siiriiciiniin mitharrikine birbasa qo-
sulmagqla inverterin yiiksok gorginlikli modifikasiyasi
ticlin mixtolif variantlar; - asagi gorginlikli tezlik ¢evi-
ricisi olan iki transformatorlu dovrs; - yiiksok gorgin-
likli asinxron miiharrikin asagi gorginlikli mithorriklo
doyisdirilmasi; - bolmoali asagi gorginlikli klapan-in-
duktor siiriiciistiniin istifadosi. Gorginliyin diismosi
zamani stabil iglomok ii¢iin xiisusi olaraq hazirlanmis
bolmoli klapan-induktor siiriiciisii optimaldir. Asinxron
miiharriklori olan sobaks nasoslarini idars etmak {igiin
yiiksok gorginlikli ¢eviricilordan istifads edarkoan, mo-
torun idaro edilmasini qruplagdirmaq magssdouygun-
dur. O, nasoslarin har biri qarsiliqh ehtiyatla tezlik ¢e-
viricisi torofindan idars olunan nasoslarin sayindan asili
olaraq qruplara boliinmasine osaslanir. Qisa elektrik
kasilmasindan sonra ilkin is rejimine qayitmaq igiin
vaxta ciddi toloblor qoyuldugundan, istilik qurgusunun
soboko nasoslarina vo ¢okma mexanizmlorine bolmali
klapan-induktor siiriiciisiiniin quragdirilmasi oan moqsa-
douygundur Miiharrikin hor bir bolmasi bir-biri ilo
sinxronlasdirilan 6z ¢eviricisi torafindon idars olunur.
Iki miistoqil monbadon eyni vaxtda enerji tochizati sa-
yasinda bu elektrik otiiriicii bir bélmada qisamiiddatli
elektrik kosilmasi zamani tonzimlonan mexanizmi islok
vaziyyatds saxlamaq imkanina malikdir. Elektrik ener-
jisi barpa edildikdon sonra enerjisiz olan bdlmaslor igo
salinir va isloyanlorlo sinxronlagdirilir. Eyni zamanda,
klapan-istoksizlik miiharriki yalmz fardi nozarst tolob
edon 50 Hs sobokodon birbaga islomok gabiliyyatine
malik deyil. Sobako nasosu dayandirildigda, qazandan
qizdirilan suyun axminin icaze verilon dayarden asagi
diigmasi halinda, qoruma ige salmir vo gecikma vaxti
geri sayimdan sonra qazan macburi sokilds igo salinir.
Ufiiriilon hava tozyiqinin diismesi ilo fovqolade go-
runma tarafinden noazaroat edilir vo toxminan 3-4 s ge-
cikma ila qazan ocaqlar sondiiriiliir. Bu, fovqelads mii-
hafizosi sobadaki vakuumun baoyiikliyii ilo totiklonon
tiistii ¢ixariciya da aiddir [4].

Istilik elektrik stansiyalarinda istifade soraitindo
tezlikls idars olunan elektrik Gtiirticiistiniin dovra rejim
xuisusiyyotlorinin aparilmis todqiqgatlar1 asagidaki osas
naticalari alde etmays imkan vermigdir: Mexanizmlarin
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is rejimlorinin tohlili asasinda istilik elektrik stansiyala-
rinin komoakgi ehtiyaclari, enerji va resurs gonaati, eloca
do tonzimlomonin texnoloji ehtiyact baximindan mo-
dernlogdirmoanin on prioritet mexanizmlori miioyyan
edilmigdir. Istilik elektrik stansiyalarinin enerji tochiza-
t1 sobokalarinin xiisusiyyatlari nozars alinmagqla onlarin
omin edilmasi baximindan ¢eviricilorin se¢ilmasi va is-
tifadosi tizro tortib edilmis, asaslandirilmis vo eksperi-
mental todgigatlar vo onlarin osasinda sldo edilmis no-
ticalor istifadoni optimallagdirmaga, hamginin tochiz
edilmis istilik elektrik stansiyalarinin istismarinin eti-
barliligini artirmaga imkan vermisdir [4].

Elektrik enerjisinin giymotinin formalagmasi
elektrik enerjisi tachizati ti¢iin on ucuz tokliflorin se¢il-
mosi ti¢iin ragabst mexanizmi osasinda bag verir. Tica-
rat sektorlarindan biri do giin 6ncasi bazaridir. Elektrik
enerjisi bazarinda ticarat sisteminin inzibatgisi sifaris-
lori giymot miqyasinda on ucuzdan on bahasina qador
siralayir. Tender tokliflori istehsal edon sirkstlorin mii-
ayyan bir miiddst arzindo miioyyan giymoto todariik
edocayi elektrik enerjisinin hacmini oks etdirir. Aydin-
dir ki, qiymat toklifinds yanacaq komponenti istilik
elektrik stansiyalari (IES) avadanliginin optimal segil-
mosi vo yiiklonmasi sortindon mioyyon edilmalidir.
Togdim edilmis miiracistlorin miiqayisasi naticasinda
sistem operatorunun operativ dispetger nozaroti hoyata
kegirilir. Umumilikdo elmi yenilik istilik elektrik stan-
siyalarinin avadanliglarimin ham torkibinin, hom do is
rejimlarinin birgo optimallagdirilmas, istilik vo elektrik
yiiklorinin avadanhqlar arasinda boliisdiiriilmasi meto-
dologiyasinin yaradilmasidadir. Bu texnika ilk dofo
olaraq biitiin miimkiin birlogsmolardon avadanlhigin tor-
kibinin va is rejimlarinin on yaxs1 birlosmasini tez bir
zamanda segmays imkan verir, avadanhigin torkibinin
toyin olundugu bir ¢ox mévcud metodlardan forgli ola-
raq, yalniz istilik va istilik paylanmasi. avadanliglar
arasinda elektrik yiiklori optimallagdirmaya maruz ga-
lir. Program paketinin effektivliyini qiymotlondirmok
tiglin avadanliginin tarkibinin v is rejimlorinin 6zbasi-
na toyin edilmosi ligiin modul optimallagdirma se¢imi-
nin noaticalarini va har hansi digar icazo verilan rejimi
miigayiso etmays imkan verir. Eyni zamanda, optimal-
lagdirma modulunda vo ixtiyari tapsirigin modulunda
IES-lorin istilik sxemlarini, turbinlor ii¢iin buxar sorfini
Vo gazanlar {igiin yanacagin hesablanmasi ii¢iin proq-
rama daxil edilmis eyni alqoritmlor Vo enerji xtisusiy-
yatlori istifads olunur. Elektrik enerjisi bazarinda elek-
trik stansiyasinin ragabot gabiliyystini artirmaq, ¢iinki
optimallagdirma naticesinds stansiyanin elektrik enerji-
si ilo tochizati ti¢iin miiracistinds yanacaq komponenti
minimal olacaqdir. IES-lords istilik va elektrik yiiklori-
nin iqtisadi paylanmasinin miiayysn edilmasi problemi
ti¢iin indi miixtalif dogiqlik daracalari ils verilmis kom-
pozisiyalar va avadanliglarin is rejimlari Gi¢iin yiiklarin
optimal paylanmasini tapmaga imkan veran nozari vo
praktik hallor hazirlanmigdir [3]. Turbin sexi avadanli-
gimin kombinasiyalari arasinda istilik va elektrik yiikls-
rinin optimal paylanmasi modulu agagidaki prosedurla-
r1 yerina yetirir:

1. Hor bir kombinasiya ti¢lin canli buxar kollekto-
rundan 6z istehlak funksiyasi (axin xarakteristikasi)
formalagir.
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2. Istehlak xarakteristikasina goro, boraborlik vo
mohdudiyyatlor kimi mohdudiyyastlorlo sorti optimal
axtararag, istilik vo elektrik (IES-in isinin elektrik cod-
valini toyin edarkon) yiiklorin hor bir avadanligin "da-
xili" paylanmasinin optimallagdirilmast hoyata kegiri-
lacak va optimallasdirilacaqdir.

Qazan se¢im modulundan alinan biitiin kombina-
siyalarda minimum yanacaq sorfiyyatt meyarina uygun
olaraq har kombinasiyaya daxil olan gazanlar arasinda
buxar sarfinin optimal paylanmast ii¢iin axtaris aparilir.
Qazanlarmn birlosmolori IES-lorin minimum yanacaq
Sarfiyyati li¢iin optimallagdirma meyarina uygun olaraq
siralanir. Minimum kriteriyaya malik kombinasiya se-

cilir. Optimallagdirma molumatlari istilik, buxar, yana-
cag sorfiyyatinin balansimt yoxlamaq igiin qurguya
gondorilir. Progqram paketinin hesablanmasinin natico-
lori gostarilir. Hom optimallagdirma modulundan istifa-
do edarok, hom dos ixtiyari tapsiriq modulundan istifado
edarok program paketinds aparilan avadanligin is re-
jimlorinin hesablamalar istilik vo elektrik enerjisi is-
tehsalinin real proseslorini oldugca doqiq oks etdirir
(istismar hesabatlarina vo onlarda yanacaq sorfiyyatina
g0ro), istilik elektrik stansiyalarinin istilik sxemlarinin
vo buxar-su vo elektrik balanslarinin molumatlarmimn
hesablanmasi tigiin riyazi modelin kifayst godor dogig-
liyini gostarir [5].
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U.I. Ashurova

TRANSFER CHARACTERISTICS OF PUMP-FAN UNITS OF SYNCHRONOUS AND
ASYNCHRONOUS TURBOGENERATORS OF THERMAL POWER PLANTS

Many power systems are faced with the challenge of reducing high levels of voltage in the power grid. The increase in
the voltage level is due to a number of reasons: an uneven load schedule during the day and season, the presence of lightly
loaded high-voltage power lines, and an insufficient degree of reactive power compensation in electrical networks. Under these
conditions, it is necessary to optimize the operation of the existing energy complex for its maximum efficiency. Based on the
fact that in the structure of the energy system of thermal power plants there are both objects that release the largest type of
loads with different parameters, and objects on which these loads change frequently (several times a day), further optimization
of short-term temporary modes of their operation is the most important part of the integrated optimization of the electric power
system and one of the complex stages

Y.!. AmypoBa

HNEPEJATOYHBIE XAPAKTEPUCTUKU HACOCHO-BEHTUJIATOPHBIX ATPET'ATOB
CUHXPOHHBIX U ACHHXPOHHBIX TYPEOTEHEPATOPOB TEILJIOBBIX JIEKTPOCTAHIIMI

MHorHe >HeprocucTeMbl CTATKUBAIOTCS C MpoOsieMO HEOOXOJUMOCTH CHIDKCHHUS BBICOKHX YPOBHEH HampshKEHHS B
aneKkTpoceTax. [1oBEIIIeHne YpOBHS HANPSHKEHHUS 00YCIIOBIEHO PSIOM IIPHIKMH: HEPAaBHOMEPHBIM IpaIKOM HArpy3KH B Te-
YeHHe CYTOK U CE30Ha, HAUTMYHEM MaJOHArpy>KEHHBIX BBICOKOBOJIBTHBIX JINHUH 3JIEKTpONepead, HeJOCTaTOYHOH CTENeHbI0
KOMIICHCAIIMH PEAKTUBHOM MOIIHOCTH B AJIEKTPUYECKHX CeTAX. B 3THX ycnoBusax HE0OX0JUMO ONTHMH3HPOBAThH paboTy Cy-
IIECTBYIOIIETO SHEPIeTHYECKOT0 KOMILIEKCa [T €r0 MaKCUMalbHOH 3 ekTuBHOCTH. MIcX0/5 U3 TOTO, UTO B CTPYKTYpE 3HEp-
TOCHCTEMBI TEIUIOBBIX 3JIEKTPOCTAHIMI UMEIOTCS KaKk 0OBEKTHI, BBICBOOOMKIAIONNE HANOOIBIINN BUA HATPY30K C pa3HBIMU
apaMeTpamH, TaK U 0OBEKTHI, Ha KOTOPBIX 3TH Harpy3KH MEHSIOTCS 9acTO (HECKOIBKO Pa3 B CYTKH), JaJIbHEHIIAs ONTHMH-
3aIsg KPaTKOBPEMEHHBIX BPEMEHHBIE PEKHMBI HX PaOOTHI — BaXKHEHIas 4acTh KOMIUICKCHON ONTHMHU3ALUH YIEKTPOIHEp-
TeTHYECKON CUCTEMBI ¥ OJIMH M3 KOMIUIEKCHBIX JTAIOB.
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Magalods HAEBE tipli cavan ulduzlarin fotometrik va spektroskopik xiisusiyyatlori hagqinda genis moalumat verilmigdir.
Herbig Ae/Be tip ulduzlar1 A-B spektral sinfino aid olan cavan ulduzlardir. HAeBe ulduzlarinda iQ diapazonda giiclii siialanma
Xatlori miisahida olunur ki, bu da ulduzstrafi ortiiyiin vo infraqirmizi artiqligin oldugunu siibut edir. Xotti polyarlagmanin vaxt
dayismolori HAeBe ulduzlarinda genis yayilmisdir. IQ artiglig1 vo akkresiya axinlari iigiin xarakterik olan bazi xott profillorini
izah etmok mogsadilo HAeBe ulduzlan iigiin maqnitosferik akkresiya modellori toklif edilmisdir. Lakin, bu modellor ¢ox
ehtimal ki, yalmz HAe vo daha soyuq HBe ulduzlar tigiin istifads oluna bilor. Daha isti HBe ulduzlarin aktivlik mexanizmi

holo aydinlagdiriimamigdir.

Acar sozlar: HAeBe ulduzlar, siialanma xotlori, infraqirmizi artiqhq, rentgen siialanma.

Herbig Ae/Be ulduzlari H-R diagraminda Bas Ar-
dicillhigdan sagda vo yuxarida yerloson cavan ulduzlar
sinfino aiddir. Onlarin ad1 Hes (Herbig emission-line
stars) vo ya HAEBE (Herbig Ae/Be stars) kimi qisal-
dilmigdir. Homginin, Herbig (1960) tarofindon bazi xii-
susiyyatlori asagidaki kimi miioyyonlosdirilmisdir [12]:

1. Spekrtal siniflori A vo ya B tip olur.

2. Bu ulduzlar qaranliq dumanliqlar igorisindo
yerlogir.

3. Butip HAEBE ulduzlar1 yaxinligindaki duman-
lig1 kifayst godor parlaq isiglandirir.

Bundan basqa, eyni spekrtal sinifda yerloson Hes-
i Be klassik tip ulduzlarindan bu xiisusiyyatlor ayirir.
Daha sonra, Strom va b. tarafindan bu tip ulduzlarin
asagidaki digor xarakteristikalarida olavs edildi [23]:
a) Infraqirmizi artiglq — bir ¢ox Hes-da nozers carpa-
caq doracads IQ artiqliq miisahidoe edildi ki, bu da
ulduzun strafinda qaz-toz diskinin mévciidlugunu
gostarir.

Vaxt doyisikliyi — imumiyyatlo, Hes tip ulduzlarin
parlagliq va spektral xiisusiyyotlorinds geyri-miin-
tozom dayisikliklor movciiddur.

Xotti polyarlasma— HAEBE tip ulduzlarda siialan-
manin xatti polyarlasma doaracoasi, Be tip adi ulduz-
lardak: kimi 1% qoadar ola bilor. Baxmayaraq ki, bir
neg¢a Hes tip ulduzlarda polyarlasma daracasi hatta
7-8% qador yiiksals bilir va bu ulduzun Be tip ul-
duzlardan forgli mongsli oldugunun gostaricisidir.
Ulduzomaloagalmo regionlart — bu tipli ulduzlar on
cox xisusi ulduz amolagalms regionlar1 (molekul-
yar buludlar, cavan ulduz topalar1 vo ulduz assosi-
yasiyalari) ila slagslidir. Bazi ulduzlar molekulyar
Vo optik bipolyar axinlarla miisayiat olunur.

Biitiin bu xiisusiyyatlor magaleds genis izah olu-
nur. Yuxarida sadaladigimiz ulduzun biitlin xarakteris-
tikalar1 gostarir ki, HAEBE ulduzlar1 Bag Ardicilliqgdan
yuxarida, T Tauri va O-B tip ulduzlar arasinda yerlogon
orta kiitlali ulduzlardir.

1960-c1 ilds ilk olarag Herbig torafindan birinci tig
xiisusiyyati 6ztinds comlosdiron 26 ulduz siyahisi segil-
di [12], daha sonra eyni xiisusiyyatlorden istifado edo-
rok Finkenzeller vo Mundt [7] tarofindan bu siyahi 57
ulduz sayma qoder artirildi. Infraqirmizi diapazonda
miigahidalor genislondikca siialanma xattino malik ul-

b)

d)
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duzlarin say1 getdikco artdi vo The vo b.[25] Kkatalo-
qunda 108 Hes ulduzu geyd olundu. Bundan basqa,
Malfait va b. [16] torafindan bu tipli ulduzlar ti¢iin on
vacib kriteriyanin—genis infraqirmiz artiqligin movceiid
olmasi kimi izah edildi vo Hes ulduzlarinin say1 287-o
catdi.

Digor torofdon, Hernandez vo b. [13] isindo
Whiple Resadxanasinda 1.5 m-lik teleskopdan istifads
edorok 6 A yiiksok ayirdetms ilo alinms spekrtlordo
stialanma Xotti olan 75 cavan ulduz tipi miisahidos edil-
migdir. Fe I, He 1, G zolag1 vo Balmer xotlori daxil ol-
magqla effektiv temperatura hossas spektral xiisusiyyot-
laro asaslanaraq, onlar 2.5 spektral alt tipdan on az xsta
ilo 39 Hes-i tosnif edildi. Bu sinifdan olan digor tip ul-
duzlar siialanma ulduzlar1 kimi bilindi, hansi ki, 7 ul-
duzda giiclii Ha stialanma xatti moveiddur vo udulma
xuisusiyyatlorine rast gslinmir. Bozi ulduzlar geyri-
miioyyan ulduz tokamiil prossesino malik ulduzlar kimi
miioyyonlosdirildi [14].

Spektral xiisusiyyatlori

Herbig Ae/Be tip ulduzlarin optik spektrindo gdzo
carpan siialanma xotlori miisahids olunur. Basqa s6zlo,
bu tip ulduz spektrlori T Tauri (TTS) v Be tipli ulduz-
larla oxsardir. HAEBE-lor Be tip adi ulduzlarla oxsar-
lig1 Balmer seriyasi siialanma xotlori vo bazi ionlagmig
metal xatlorinin olmasi ila ( Fe I, Ti Il, Mg II) ortaya
cixir. TTS ulduzlart ilo oxsarligi iso Ca Il, Na I, K | va
Fe I kimi agag1 hayacanlana enerjili xatlorin mévecud-
lugunu gostarir.

Umumilikda, Ha Xattinin giiclii siialanmada doyi-
son profillori miisahids olunur. Bu tip profillors ciit pik-
li (50%), tok pikli (25%) vo P Cyg formali (20%) pro-
fillori aiddir. Motarizada gostarilon faiz bu ciir profilli
ulduzlarin bas verms statistikasim bildirir. Qalan 5%
tors P Cyg profillori do daxil olmaqla daha miirokkob
profillor niimayis etdirir. Hax vo Na | D Xatlorinin pro-
fillorinin bazi niimunalori cadval 1-do gostorilmisdir.
Hes-da xatt profillori ¢ox vaxt doyiskan olur.

HAEBE tipli ulduzlarda Na I D xattinin profili
stialanmada, udulmada va hatta bazi miixtalif ulduzlar-
da miirokkab Xott profilinds ola bilir. Homginin, qada-
gan olunmus xotlor bir cox Herbig Ae/Be ulduzunda da
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miigahids olunur. Bohm va Katala [3] tarsfinden yiik-
sok ayirdetmoli spektroskopik miisahidoys osason, 33
Hes-don 17-do [O 1] 1 6300.31 A Xotti askar edilmisdir

[2]. Bunlarin arasinda sokkiz ulduzda askar edils bilon I

[O 1112 6363.79 A xatti gostordi ki, bu da siialanmanin
hoyacanlanma siirati ilo toxmin edildiyi kimi A6300.31
A -don 3 dofo zoifdir.

Cadval 1.
HAEBE ulduzlarinin se¢ilmis siyahisi.

Ulduzunadi  Katalogadi  V(mag) Sp. Tipi IR artighq Ha
AB Aur HD31293 (6.9-8.4) B9/A0e I P
UX Ori HD 293762 9.2-12.3 A2/310Ie I C
HK Ori - 11.63 B8/Adep I D
T Ori BD-5°1329  (8.7-12.6) A3/Sea I Inv P
V380 ORI BD-6°1253  (9.97-10.82) B8/Ale I S
BF Ori BD-6°1259 (9.60-13.5) Al/F6e I D
w Or1 HD 37490 (4.41-4.59) B3II-Ive 11 D
R Mon BD+8°1427  10.37-11.89 BOe I -
GU Cma HD52721 (6.50-6.72) B2Vne I S
HR 5999 HD144668 (6.73-8.47) ATMI-TVe - D
R CrA CPD-37° 8452 10.74-11.50 ASTle/FO I -
MWG1080 - (11.58-11.67) Boleq I P
V633 Cas Lk Ha 198 14.29 B/Ae I -

Bu gadagan olunmus xatlorin varligi Ha stialanma
profili ilo baghdir. Belo ki, tok pikli Ha siialanma pro-
fili olan ulduzlarda qadagan olunmus xatlor ya yoxdur,
ya da askaretma haddindon (=40 mA) daha azdir. Ciit
pikli vo ya P Cyg-ni profili olan ulduzlarda iss [Ol]
16300.31 A siialanmada goriiniir. Giiclii gadagan olun-
musg xott profili ciit pikli Ha stialanma olan ulduzlarda
askar olunur. [OI] xatlori elektron temperaturunun
1000 K-2 yaxin ola bilacayi, ulduz ortiiyiliniin H II bol-
gasindan konarda, asagi sixliqlt H I bolgasinds forma-
lagmalidir.

Tok pikli Ha siialanmasina malik ulduzlarda ne-
zora garpacaq doracads gadagan edilmis xotlorin olma-
sinin izahi olaraq, [2] isinds bu ulduzlarin heg bir ulduz
kiilayi va ya kifayst godor kiitls itkisi daracssinin olma-
digin1 da irali stiriilmiisdiir.

infraqirmiz1 artighq

Hes tip ulduzlarin oksoriyyatinds infraqirmizi ar-
tigliq miisahids olunur. Hillenbrand va b. [14] tarsfin-
don 47 HAEBE ulduzlarinin spektral enerji pay-
lanmalarina (SEP) gora SEP oyrilari 3 qrupa ayirdi vo
homin qruplarin agsagidaki xassolorini izah etdi:

I grup- bdyiik iQ artigliga malik 30 obyektdon

ibarotdir. A>2.2um olan infraqirmizi SEP oyrilari, ul-
duzotrafi optik galin diskdo akkreasiya bas verdiyini
forz etmokls yaxsi uygunlasdirila bilor. Bu qrupdaki ul-
duzlarmn spektral sinfi 09-dan F2-ys gadordir.

Il grup- hamar va ya yiiksalon infraqirmizi spektr-
lori gdstoran boyiik 1Q artigligi olan 11 ulduzdan iba-
ratdir. SEP ayrilari, disklo mohdudlagsmayan qaz va toz
materiali ilo ohats olunmus bir dairavi diskin oldugunu
gostarir. SEP oayrilorindon goriiniir ki, bu obyektlor |
grup obyektlordon daha cavan ola biler. Ulduzlarin
spektral sinfi BO-dan F8-o goadoardir va kiitlalori | qrup
ulduzlarin kiitlalorindo daha asagidir.
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111 grup- BO-B3 daha isti spektral sinfo malik 6 ul-
duzdan ibarotdir vo bu ulduzlarin IQ artighgt I vo Il
qrup ulduzlarin infraqirmizi artighigin miqdarindan
xeyli kicikdir. Spektral enerji paylanmalar: klassik Be
ulduzlariin SEP oyrilori ilo oxsardir, ¢linki bu ulduz-
larin qaz ortityiinds Sorbast siialanmadan ¢ox kigik in-
fragirmizi artiqliq yaranir. Onlarda optik qalin disklar
olmasa da, tutqun dumanliq va ulduz amols gotiron mo-
lekulyar buludlarla slagslondirilir. Belalikls, 111 grup
obyektlari cavan, orta kiitlali, zaif diskli vo ya disksiz T
Buga ulduzlarinin oxsar olan, HAEBE ulduzlaridir.

Malfait vo b. [16] torofindon secilmis 45 Hes nii-
muno ulduzlarindan 33-do genis infraqirmiz1 artigligin
movciid oldugu tasdiglonmisdir. Homginin, miolliflor
Hes-in oksariyystinds infraqirmizi SEP ayrilarini iki is-
ti vo soyuq komponents ayirdilar vo ulduzlarin strafin-
da daxili vo xarici ortityiin ikigat strukturunun méveud-
lugunu toklif etdilar.

IQ diapazonda ¢oxlu siialanma xotlori miisahido
edilir. [11] isindo dalga uzunlugu 6500-9078 A arali-
ginda olan 32 HAEBE tip ulduzlarda aparilan spektro-
skopik miisahidalords normal vo qadagan olumus emis-
siya Xatlori agkarlanmigdir. Hidrogen xatlori ilo yanas,
K1, Call, Mg I, O I, Fe | va.s kimi normal siialanma
xatlori olan neytral vo ionlagsmis atomlardir. HAEBE
ulduzlarda normal xattlor hamisoa P Cyg-ni profilinds
goriiniir. Qadagan olunmus xatlords iso fargli olaraq tok
pikli vo bondvsoyi torofo siirtison profillor miisahids
olunur, bu iss Xatlorin ulduz 6rtiiyiiniin yuxar1 qatla-
rnda formalagdigini siibut edir.

Xatti polyarlasma

Optik diapazonda Herbig Ae/Be tipli ulduzlarinin
oksariyyatindo xotti polyarlasma miisahido olunur vo
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polyarlasma 0.1-7% araliginda yayilir. Klassik Be ul-
duzlarindan forqli olaraq, polyarlasma ulduz isiginin,
asason toz hissaciklorinin sopilmasi noticasinds yaran-
dig1 giiman edilirdi. Bu, dalga uzunlugundan asililiq
faktina asaslanaraq hidrogen atomlarinin sarbast udul-
masi adoton goriilmiir vo Ha stialanma tgiin de-pol-
yarlasma miisahido olunmur. Bu xiisusiyyatlorin har
ikisi Be tip ulduzlarda da noazars garpir. Lakin son za-
manlar Hes-ds polyarlagma daracasinin ovvallor giiman
edilondon daha miirokkab oldugu askar edilmisdir.
Ulduzun 6rtityiinds kontinuum polyarlagmasi toz

hissaciklori torafinden yaranirsa va ya ulduzlar oks et-
dirilon dumanliglarda yerlogmislorss bu zaman polyar-
lagsmanin dayigmalorinin xarakterik vaxtt ulduzun ya-
xinliginda qaz-toz ortliyiiniin formalagmast ilo bagli ola
bilar. [10] isinda dayison ulduzatrafi ekranlanmaya oSa-
son giiman edilir ki, ogor ulduz geyri-soffaf toz diski to-
rofindon ekranlagdirilirsa, ulduz zoif olacaq vo Xatti
polyarlasma artacaq. Sokil 1(a)-do Herbig Ae RR Tau
ulduzu ti¢iin V zolaginda miisahids olunan doyismalor,
polyarlagsma P (%) vo moévqe bucagi verilmisdir. Sokil
1(b)-ds ise V-P(%) asilliq diaqramu1 verilmisdir.
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Sakil 1. V zolaginda miigahids olunan polyarlasma vo meyl bucagi [10].

[21] isinda Herbig Ae AB Aur ulduzunda avvallor
polyarlagmanin azalmasi effekti kimi taxmin edilon Ha
Xattina aid polyarlasma monbayos kimi agkar edildi.
Spektropolyarmetrik miisahidalor asasinda Vink vo b.
[26] gostarmislor Ki, Ha xatt profilinin polyarlagma do-
racasinds boyiik dayisikliklor var. Polyarlasma doracasi
ti¢ tip tizra tosnif etmok olar: polyarlasma azalmasi (de-
polyarlagma), Xatti polyarlagsma va forgsiz polyarlasma
tiplori [26].

De-polyarlagma asasen B tip ulduzlarda mévceiid-
dur. Bu ulduzlar {igiin xoatti polyarlagma Be tip ulduz-
lardaki kimi, ulduz diskinds elektron sopilmasindan ya-

ranir. Xott polyarlasma tasiri B sinfinin sonu, F sinfinin |

ovvallorinds goriiliir vo kompakt Ha siialanma regi-
onuna aiddir ki, polyarlasma maqnit sahosi daxilindo
bas verir. Ciinki, de-polyarlasma effekti B tip ulduz-
larda, xatti polyarlagma effekti iso A vo B tip ulduzlarda
bas verir. H-R diaqraminda A-B siniflari arasinda mag-
nit akkresiyasindan disk akkresiyasina ke¢id movciid-
dur. Bundan basqa miigahidolordon goriiniir ki, Ha siia-
lanma profilinin polyarlagma ilo slagesi yoxdur. Xotti
polyarlasmanin vaxt doyismslori Hes-do genis yayil-
mugdir. Bu hallar iglin vaxt doyismalori bir saatdan vo
bir ne¢s ilodok zaman intervalinda bas verir. Cadval 2-
do bozi ulduzlar tigiin Ha Xott profili va polyarlagma
doracasi gostorilmisdir.

Codval 2.
Bozi Hes tip ulduzlarda Ha polyarlasma doaracasi
Ulduzun ad1 Spe. tip Ha EW(Ha) Polyarlasma
MWC 1080 BO P -101A D
MWC 361 B2 D 63 A D
HD 58647 B9 D(shell) -89A L
AB Aur A0 P 40 A L
MWC 480 A2 D(V«R) 21 A L
HD 35929 AS S 32A N

Rentgen siialanma

Zinnercker vo Preibisch [27] torofindon 21 Hes ul-
duzundan 11-do rentgen siialanma monboyi askar edildi
Vo homin xiisusiyyatlor asagidaki kimidir:

a) Rentgen stialanma parlagligi ilo ulduzun bolo-
metrik parlaqhigr arasinda yaxs1 korreliyasiya var va
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imumiyyatlo rentgen siialanmanin miqdar1 Be tipli adi
ulduzlara nishaton Hes-do daha giiclidiir.

b) Biitiin yaxin qosa sistemlor rentgen stialanma
monbayi kimi agkarlanmigdir.

¢) Ulduzlotrafi toz 6rtiiyli olan ulduzlarda heg bir
rentgen siialanma monboyi agkar edilmir. Bu belo izah
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olunur ki, ulduzun ortiiyiinds giiclii rentgen stialarinin
s6nmosi bag verir.

d) Rentgen siialanmanin parlagligt ulduzun fir-
lanma siirstindan (vsin i) vo spektral tipindan yox, kiitlo
itkisi tempindon asilidur.

Yuxarida gostorilon xiisusiyyatlor gostorir ki,
rentgen stialarimin yayilmasi mexanizminds bazi moh-
dudiyyatlor var. Elektron temperaturu 10000 K otra-
finda olan isti kiiloKlor rentgen siialari buraxa bilmoadiyi
tiglin olavs istilik mexanizmi lazimdir. Ehtimallardan
biri, OB ulduzlarinda oldugu kimi zorbo dalgalari ya-
radan giiclii ulduz kiiloyinds dinamik geyri-sabitliyin
Olmasidir. Bagqa bir ehtimal, siratli  kiiloyin
(Vo=100-500 km/s) Hes-in qaliq straf materiali ils tog-
qusmasidir, ¢iinki ulduz kiiloklori daha yiiksok ulduz
parlaqligi olan ulduzlarda daha giiclii olmalidir.

Firlanma siirati

Hes tip ulduzlarda firlanma siirati He 4471 A vo
Mg 11 4481 A udulma xatlorinin fotometrik profillari ilo
mitoyyan edilir. Bozi Hes ulduzlarmn [6, 3] isindo
togriboan 20-30 km/s doqigliklo firlanma siiratlori
Ol¢tilmiisdiir. Sokil 2-da klassik Be/Ae va normal B/A
ulduzlarinin uygun spektral diapazonlart iiclin orta
giymatlori ilo birlikdo verilmisdir. Be/Ae vo B/A
ulduzlarinin orta qiymatlori [7] isindon gétiiriilmiisdiir.
Klassik Be/Ae ulduzlar1 vo ya hotta normal B/A
ulduzlar1 ilo miigayisodo Hes-in timumiyyatlo ¢ox
yavag firlanan ulduzlar oldugunu gérmok miimkiindiir.
Bu o demokdir ki, ulduzlarin firlanmasinin siialanma
xatlorinin amalo galmasins tosiri kifayst godor mohdud
ola biler.
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Sokil 2. Hes-in spektral diapazonlari {igiin orta qiymat
lori.

Qosaliq tezliyi

Herbig Ae/Be ulduzlarinin qosaliq tezliyi bir ¢ox
miisahidagi torafindan toxmin edilmisdir. The vo b. [24]
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vo Martin vo b. [18] kataloqunda 108 Hes ulduz
niimunasindan 19-u qosa va ¢oxgat sistem ulduzlart
agkar etmisdir. Bundan basqa, [15, 17, 23] islorinds
Xatti ayrilma diapazonu 2500-9000 AU olan 1.3"-10"
yiiksok ayirdetms ilo 16 Hes ulduz niimunssindon 9-da
gosa sistem tapilmisdir.

Tutulan qosa sistemlar ulduz vs orbital parametr-
lor hagqinda molumat verir. Misal tigiin TY CrA (Be9)
ulduzu orbital periodu P=2.888777 giin olan ciit xatli
tutulan qosa ulduzdur. Baxmayaraq ki, Ha siialanma
Xatti zoifdir, bu Bag Ardicilligdan yuxarida yerlogon ul-
duzlarda oldugu kimi ulduzatrafi 6rtliyiin vo infraqir-
miz1 artiqligin oldugunu siibiit edir. [5] isinde TY CrA
ulduzunda spektroskopik miisahidolor aparilmis vo
qosa ulduzun bazi parametrlori toyin edilmisdir.

Ulduzun parlaqhgi va rang dayismalari

Bir ¢ox Hes tipli ulduzlarin parlaqhiq va ranginda
adoton adi saviyyolords yiingiil doyisiklik miisahido
olunur. [1] isindo Stromgren fotometrik sisteminda (U,
B) 23 Hes ulduzu tgiin 2-8 il miiddstinds monitoring
miisahidalori aparilmigdir. Bu miisahidalorin naticosin-
do 16 ulduzda miixtslif amplitud doyismslori agkar
edilmisdir. Mislliflor bu ulduzlari amplitud doyismalo-
rina gors ti¢ sinfo ayirmisdir:

1) I sinif- red (R), agor ulduz daha zaifdirss, uldu-
zun rongi qurmizimtil olur. Dayismo amplitudu (U-
B)=0.4 -1.6 mag arasindadir. Bu sinif T Ori (Ae), HR
5999 (A7111-1Ve) vo HD 250550 ulduzlar da daxil ol-
mag 8 ulduzdan ibarastdir.

2) 1l sinif- CR( color reversal), ulduzun parlaqhig:
zoifladikco onun rangi ilk olaraq qirmizimtil rangs ¢a-
lir, sonra onun parlaqligi daha da azalir vo ulduzun rang
gostaricisi bonovsayi torofos siiriigiir. Parlaghigin ampli-
tud doyismosi (U-B)=1".6-3™. 0 araligindadir.

3) Il sinif- RD (red-blue), viziual parlagligda
rong gostaricisi doyismodon asili deyil vo amplitiud
doyismosi imumiyyatls ki¢ikdir (0™. 11-0™.18).

Hes-in geyri-requlyar vo bozan do siiratli doyis-
kanliyi, imumiyyatlo, ulduzotrafi diskin yuxari qatla-
rinda boylik optik darinliklars vo orbits malik olan toz
buludlarinin tutulma tesirindon gaynaqlandigi giiman
edilir. The va b. (1994) mavilogmo effektinin mansayi-
nin konar diskin moévcudlugu ilo bagl oldugunu irali
stirdii. Minimum isiqgda markoazi ulduzun arxa tarafindo
yerlogon kigik toz hissaciklari ilo sopalonmis mavi igig1
gOriliniir. Maksimum is1ga yaxin, ulduzun giiclii is181
sobobindon belo sopalonmis isiq goriinmiir. Is1q doyis-
masinin Xatti polyarlagma ils six bagl oldugunu artiq
yuxarida izah etmigik [23].

RR Tau ulduzuna oxsar olaraq sokil 3 -do parlag-
liq va polyarlagsma arasinda aydin korreliyasiya gorii-
niir. Ulduzun darinliyi azaldiqda polyarlagma kifayat
godor artir. Miisbat korreliyasiya yenidan gostarir ki,
Hes tipli ulduzlar tam olaraq toz diski ilo shatslonir.
Alqol qosa sistem ulduzlarina oxsar olaraq, Hes-do bo-
yik amplitud qiymotinds isiq azalmasi miisahido olu-
nur vo T Orionis doyismoasi adlanir. Umumiyyatlo T Ori
tip ulduzlar Ha stialanmadadir vo ulduzun isiqlig1 aza-
lan zaman Ha xattinin intensivliyinin artdig1 miisahido
olunur.
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Sakil 3. V zolaginda isiq ayrilori vo Xatti polyarlasma.

Ha ortiiyiiniin strukturu

Finkenzeller vo Mundt [7] tarofindon aparilan mii-
sahidolordon Ha stialanma profilinds olan 47 ulduzun
siyahist hazirlanmisdir. Bu profillor {igiin klassik Be ul-
duzlarinin sxemini tatbiq etsok, Ha ortityliniin miistovi-
lagdiyini va siiratls firlandigimi toxmin eds bilarik [6].
Yoni, ciit pikli profil maili firlanan diskebanzor 6rtiik-
do, tok pikli profil iso ya qiitbs yaxin diskds, vo ya kifa-
yat godor inkisaf etmis oyri Ortiikdo formalagir. Be
ortiik tipindo morkazi ortiiyiin udulmasi ulduz diskinin
qarsisinda optik qalin 6rtilylin moéveiidlugunu gostorir.
P Cyg va tars P Cyg tipli profillor Ho 6rtiiyiiniin qlobal
geniglonmoasi, vo ya daralmasinin mévcudlugunu gos-
torir. Bu halda ortiiyiin strukturu, onlarin sferik sim-
metrik, vo ya diskobonzor olmasi holo do geyri-miiay-
yan olaraq qalir.

Ulduz kiilayi.

Hes-ds ulduz kiiloyi liglin imumilogdirilmis malu-
matlar asagidaki kimidir:

1. P Cyg profillori- Hes tip ulduzlarda tagribon

20% yaxin ulduzlarda Ha xottinds P Cyg-no
profili agkar olunur. P Cyg profili adoton H
Balmer seriyasi xatlarinds, Ca I, Mg 1l vo UV
udulma oblastinda bandvsayi ganadda daha
cox rast galinir va bu tip ulduzlarda ulduz kii-
layinin mévciid oldugunun gostaricisidir.
Rentgen siialanma- Rentgen siialanmasinin
bozi geyri-barabar kiiloklardon, masalen, sii-
ratli kiilayin (vo=100-500 km/s) galiq ulduz-
otrafi materialla toqqusmasi noticasindo ya-
randig1 giiman edilir.
Qadagan olunmus xatt profilleri [Ol]- [OI] A
6300, 6364 A gadagan olunmus xatlori 30 vo
100 km/s arasindaki siiratlors uygun genislan-
moni gostarir. Bohm vo Katala [2] isinds bu
genislonmos ulduz kiiloyinin termal siirati Kimi
gostarilib, hansi ki, ulduzun yuxari qatlarinda
asagl hoyacanlanmis qadagan olunmusg xatlor
yaranir.
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AKKresiya axim va akkresiya diski.

[8] isindo Hes-lor tigiin disk akkresiyast movceiid

olduguna dair bir sira miimkun siibutlar sadalanmigdir:

-Optik qali akkresiya diskinds monsoys uygun iQ
stialanma artiqliginin SEP ayrilori;

-Istor Klassik, istorso do magnitosfer soth gatinda
yaranan optik vo UV kontunuum siialanma artiqligi vo
1Q siialanma artighigindan oldo edilon akkresiya isiqhigt
ilo parlaqliq arasinda miitanasiblik;

-Qadagan olunmus siialanma xatti hom IQ artiqhq,
hom do optik ultrabonévsoyi stialanma ilo diiz miitona-
sibdir;

-Balmer seriyasindaki vo diger giiclii rezonans xat-
larindoki, on osasi tars P Cygni profillorinds akkresi-
yanin kinematik alamatlori;

Perez vo The [19] torofindon akkresiya prossesi
ii¢iin bazi slavo molumatlar verildi, belo ki, parlaghigin
azalmasi va Xatti polyarlagmanin artmasi arasinda giic-
li korreliyasiya var.

Xromosfer aktivliyi

Ulduz atmosferinds birbasa He 1 siialanma xatlori
amala galir. Bohm vo Katala [3] teroafindon 29 Hes ul-
duzdan 13-do He | 215876 A xotti askar edildi. Askar
edilmis ulduzlar arasinda 10 ulduz B7-dan daha soyuq
spektral tiplidir, bunun ti¢lin ulduz siialanmasi He | xat-
lorini hayacanlandirmaq tgiin kifayst etmir. He |
15876 A xattinin ekvivalent eni 25-230 mA diapazo-
nundadir vo Ha Xottinin ekvivalent eni ilo xisusi
korrelyasiyast yoxdur. Teff~10000K olan ulduzlarda
giiclii He I siialanma xottinin kaskin ¢oxlugu nozars
carpir. Bu gostarir ki, He I sialanma xatti xromosferds
formalagir va AO sinif ulduzlarla slagslidir [3].

AB Aur-un He | xatti profilinin tshlilino asasla-
naraq, Katala [4] ildo M~M;® bir ulduz kiiloyinin yar1
empirik modelini va kiiloyin bazasinda yerlogon, tem-
peraturu 17.000 K olan genislonmis xromosferi slds et-
di. Bu ulduzlar He I emissiyasinda bandvsayi torafs sii-
rismolar gostorir, xromsferlarin imumiyyatle genislon-
diyi do giiman edilir.
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Magnitosfer modellari

Sorille (1996), Muzerolle (2004) isindo IQ artig-
lig1 vo akkresiya axinlari iigiin xarakterik olan bazi Xatt
profillarini izah etmak tigtin Hes-in magnitosferik mo-
dellari toklif edilmisdir [18, 21]. Ogor yuxar1 Bag Ar-
dicilliga dogru ulduzun ikiqiitblii magnitosferi varsa,
akkresiya diskinin daxili hissasi mohv olur vo maddo
akkresiya diskinin bazasinda yiiksok sixliga malik isti
bolgalor yaradan magnit sahasi Xatlori boyunca ulduz

Sathine diigiir. Bununla da, magnitosferlor Balmer xat-
lari va Na D kimi optik xatlor meydana gstiracak, soyuq
akkresiya disklori iss infraqirmizi emissiya yaradacagq.
Hes-in akkresiya diski ulduz stialanmasi sababindon
miioyyon radiusda toz mohv edon divarla ayrilmig da-
xili gaz diskine va xarici toz diskins béliine bilor. Mag-
nitosfer modelinin osas parametrlori maddonin akkre-
siya tempi, ulduzun parlaqligi vo ulduzun firlanma sii-
rotidir.

[1] E.A. Bibo and P.S. The. Type of variability of
Herbig Ae/Be stars. Astron. &Astrophys. Suppl.
1991, 89, 319-334.

T. Bohm and C. Catala. Forbidden lines in Herbig
Ae/Be stars: the [01] (IF) 6300.31and 6363.79 A.
Astron. &Astrophys. 1994, 290,167-175.

T. Bohm and C. Catala. Rotation, winds and
active phenomena in Herbig Ae/Be stars. Astron.
&Astrophys. 1995, 301, 155-169.

C. Catala. Line formation in the winds of Herbig
Ae/Be stars. The CIV resonance lines. Astron.
&Astrophys. 1988,193, 222-228.

P. Corporon, A.M. Lagrange and J. Bouvier.
Direct determination of stellar and orbital
parameters of the spectroscopic binary TY CrA.
Astron. &Astrophys., 1994, 284, L21-1.24.

U. Finkenzeller. Rotational velocities, spectral
types, and forbidden lines of Herbig Ae/Be stars.
Astron. &Astrophys., 1985,151, 340-348.

(2]

(3]

[4]

(5]

(6]

[7] U. Finkenzeller, R. Mundt. The Herbig Ae/Be
Stars associated with nebulosity.
Astron&Astrophys.Suppl., ESO-Munchen:—

1984. -55, —p. 109-14l.

[8] I. Fukuda and A. Uesugi. 1982, Revised

Catalogue of stellar rotational velocities.

Department of Astronomy, Kyoto University.

L. Ghandour, S.E. Strom, S. Edwards and

L.A. Hillenbrand. Spectroscopic diagnostics of

disk accretion in Herbig Ae/Be stars. The Nature

and Evolutionary Status of Herbig Ae/Be Stars. P.

S. The, M. R. Perez, and E. J. van den Heuvel

(eds.). 1994, ASP Conf. Ser. Vol. 62, San

Francisco, CA, pp. 223-226.

V.P. Grinin. Polarimetirc activities of Herbig

Ae/Be stars. The Nature and Evolutionary Status

of Herbig Ae/Be Stars. P. S. The, M. R. Perez, and

E. J. van den Heuvel (eds.). ASP Conf. Sere Vol.

62, San Francisco, CA, 1994, pp. 63-7I.

F. Hamann and S. E. Persson. Emission-line

studies of young stars. Il. The Herbig Ae/Be stars.

Ap. J. Suppl., 1992, 82, 285-3009.

[12] G.H. Herbig. The properties and problems of T
Tauri stars and related objects. Adv.Aston. &
Astrophys., ESO-Munchen: 1962, 1, p. 47-103.

[13] J. Hernandez, N. Calvet, C. Briceno, L. Hartmann
and P. Berlind. Spectral analysis and
classification of Herbig Ae/Be stars. Ap.J., 2004,
127, 1682-1701.

[14] L.A. Hillenbrand, S.Strom, F. J.Vrba and J.Keene.
Herbig Ae/Be stars: Intemediate-mass stars

(9]

[10]

[11]

55

surrounded by massive circumstellar disks. Ap. J.,
1992, 397, 613643.

W.Li, H.J. Evans, P.M.Harvey and C.Colome.
Near-infrared (J. H. K) imaging of Herbig Ae/Be
stars. Ap. J., 1994, 433, 199-215.

K. Malfait, E. Bogaert and C. Waelkens. An
ultraviolet, optical and infrared study of Herbig
Ae/Be stars. Astron. &Astrophys., 1998, 331,
211-223.

E.L. Martin, R. Rebolo, A. Magazzu and
Va.V.Pavlenko. Pre-main sequence lithium
burning. 1. Weak T Tauri stars. Astron.
&Astrophys., 1994, 282, 503-517.

J.Muzerolle,  P.D'Alesso, N.Calvet and
L.Hartmann. Magnetospheres and disk accretion
in Herbig Ae/Be stars. Ap. J., 2004, 617, 406-417.
[19] M. Perez and P.S. The. The clumpy accretion in
Herbig Ae/Be stars. Rev. Mex. Astron.
&Astrophys., 1994, 29, 54-58.

M. Pontefract, J.E. Drew, T.J. Harris and
R.D.Oudmaijer. Ha spectropolarimetry of the
Herbig Ae star AB Aurigae. M. N. R. A. S., 2000,
319, L19-L23.

C.Sorelli, V.P. Grinin and A. Natta. Infall in
Herbig Ae/Be stars: what Na D lines tells us.
Astron. &Astrophys., 1996, 309, 155-162.

S.E. Strom, K.M. Strom, J. Yost, L. Carrasco,
G.Grasdalen. The nature of the Herbig Ae and
Be-type stars associated with nebulosity.
Astrophys.J. Washington: —1972. —-173, —p. 353-
366.

P. S. The. Evidence for circumstellar disks around
variable Herbig Ae/Be stars from long-term
photometry. The Impact of Long-Term
Monitoring on Variable Star Research, C. Sterken
and M. de Groot (eds.), Kluwer, Dordrecht, 1994,
pp. 31-40.

P.S. The, D. de Winter and M.R. Perez. A new
catalogue of members and candidate members of
the Herbig Ae/Be (HAEBE) stellar group. Astron.
&Astrophys. Suppl.. 1994, 104, 315-339.

J.S. Vink, JE. Drew, T.J. Harris and
R.D.Oudmaijer. Probing the circumstellar
structure of Herbig Ae/Be stars. M. N. R. A. S.
2002, 337, 356-368.

H. Zinnecker and Preibisch. The (1994), X-ray
emission from Herbig Ae/Be stars: a ROSAT
survey. Astron. &Astrophys., 292, 152-164.

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

[26]



E.S. HUSEYNOVA

Faida Huseynova
GENERAL CHARACTERISTICS OF HERBIG Ae/ Be STARS

The article provides extensive information about the photometric and spectroscopic properties of young stars of the
HAEBE type. Herbig Ae/Be type stars are young stars belonging to the A-B spectral class. HAeBe stars have strong emission
lines in the IR range, suggesting the presence of a peristellar shroud and an infrared excess. Time variations of linear
polarization are widespread in HAeBe stars. Magnetospheric accretion models for HAeBe stars have been proposed to explain
some of the line profiles characteristic of IR excess and accretion flows. However, these models are likely only applicable to
HAe and cooler HBe stars. The mechanism of activity of hotter HBe stars has not yet been elucidated.

®auga I'yceiinoBa
OBIIUE XAPAKTEPUCTUKMU 3BE3 XEPBUI' A Ae/Be

B craTbe mpencrasieHa obmmpHas uHGopManus 0 GOTOMETPUUECKHX M CHIEKTPOCKOIHMYECKHX CBOHCTBAX MOJIOABIX
3Be3 Tuna HAEBE. 3Be3nsr Thna Ae/Be XepOura — Moiozble 3Be3/Ibl, MPHHAIICKAINE K CHEKTpaIbHOMY Kiaccy AB.
3Be3nbl HAeBe uMerot cuibHBIe 3MuEccHOHHBIe THHIK B UK-1Hamna3zone, 4To yKa3pIBaeT Ha HAIMYHE MEPU3BE3THON TEIeHbI
U n30bITKa HHQPaKpPacHOro M3Ny4yeHHs. BpeMeHHbIe BapHanuy JTHHEHHOH HOJIIpU3aliy IIUPOKO PAaCIpPOCTPAHEHBI y 3BE3]T
HAeBe. Mogenu maraurocdepHoii akkpernun st 38e31 HAeBe Obum npeioxkeHs! Uil 00bsICHEHUsI HEKOTOPBIX Npoduteit
JMHUH, XapakTepHbIX i VIK-U30bITKa U aKKPELMOHHBIX TOTOKOB. OJJHAKO 3T MOJENH, BEPOSTHO, IPUMEHUMBI TOJBKO K
3Be3naM HAe u Oonee xomoaHeM 3Be3nam HBe. MexaHn3M akTUBHOCTH Oostee ropsiumx 3Be31 HBe emie He BBIsICHEH.
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CurosFer12Terss KRISTALININ ASAGI TEMPERATURLARDA IiSTILiK TUTUMU

AM. ABDULLAYEV, M.C. NOCOFZAD®O, A.I. 9HMODOV, i.N. IBRAHIMOV
Azarbaycan Respublikas: EIm va Tahsil Nazirliyi, Fizika Institutu
H. Cavid pr. 131, AZ-1143 Baki, Azarbaycan
E-mail: agaadil@gmail.com
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Indiki isdo Cu1.o4Fe1.12Terss kristalinin 2-306K temperatur intervalinda lgiilon asag1 temperaturlarda istilik tutumunun

todgigatinin naticalori toqdim edilmisdir. Fp (T?) asililigindan istilik tutumunun elektron olavasinin y xarakteristikasi hesab-

lanmigdir (y ~ 0.0041 ﬁ) Istilik tutumunun tohlili naticasinde xarakteristik Debay temperaturu toyin olunmusdur

(8p =~ 230K). O parametri istilik tutumunun eksperimental asililiginin on yaxs1 tosviri sorti ilo segilir. Gostorilmisdir ki, fonon
halinin izotrop sixligina osaslanan bir xarakterik 8, temperaturuna malik Debay modelinin totbiqi miioyyon mohdudiyysto
malikdir. Cuy.osFe112Te1 84 ligiin xarakterik temperaturun 6y (T) asililigi hesablanmigdir. Kristal gofasin istilik tutumunu tasvir
etmok {iciin istifade olunan miixtelif nozeri yanasmalarin tohlili aparilmisdir. Istilik tutumunun miixtolif olavelerini askar
Cp(T

;rar(g )
CuzosFer12Terss maddosinin istilik tutumuna Eynsteyn olavasini (Cg) gosterir. iki Debay olavesinin (Cpy,Cp,) Nezora
alinmas1 Cui.o4Fer12Terss Kkristal gofosinin miirokkabliyi ilo slagadardir. Beloliklo, CuiosFe112Teiss maddosinin istilik
tutumunun temperaturdan asililigiin gqonastbaxs tasviri 0p, Op,, O xarakterik temperaturlarin fargli giymotlorinds Debay vo
Eynsteyn olavolorinin miixtslif birlosmalorinin kdmayii il aldo edilo bilor. Entropiyanin temperatur doyismasi hesablanmigdir.

etmakdon 6trii Cu.0sFer12Terss tigiin ifadesinin T2-dan asilihg qurulmusdur. Asagi temperaturda maksimumun olmasi

Acar sozlor: Istilik tutumu; CuiosFer12Te1ss; Debay temperaturu; Entropiya
PACS: 65.40.Ba, 65.40.Gr

Giris Fe-Ag diiyiinlorinds vakansiyalar olmasin. Belaliklo,
Fe?* ionlarmin magqnit hallari, torkibinds sorbost Fe va-
LaFeAsO; «F« maddasinds ifratkegiriciliyin kosfi ~ kansiyalari olmayan I14/mmm foza grupuna aid olan ma-
[1] domir osash yiiksok temperaturlu ifratkegiriciloro  teriallarda tadgiq edils bilar, bu AsFez-ySe; ifratkegirici
(Fe-HTS) ohomiyyatli marag: stimullasdirmisdir. indi-  birlssmalarin foza grupu ils eynidir [15-17].
yo godor bir nego Fe-HTS askar edilmisdir. Onlar1 iki Bu isdo kristallarin goafes istilik tutumunu va
sinfo ayirmaq olar. Birinci sinif domir pniktid material- ~ miimkiin faza kegidlorinin termodinamik xiisusiyyatlo-
laridir [1-3]. Diger sinif FeCh (Ch = FeCh-11 tipli xal- ~ rini tasvir etmok iigiin istifads olunan miixtalif nazari
kogenlor) binar demir xalkogenidloridir [4-6]. Oslinde, ~ Yanasmalar1 tohlil etmok moagsadi ilo CuiosFerizTerss
domir pniktidlorinds ifratkegiriciliyin kosfi tezliklo ~ birlasmasinin istilik  tutumu Oyranilmisdir.
FeSe demir xalkogenidda do askar olundu vo bu da, nis-  CUi04F€112T€184 maddasinin istilik tutumu 2 - 306 K
bi "kimyavi" sadaliyino goro bu sistemo boyiik maraq ~ intervalinda  Quantum  Design PPMS  (Physical
dogurdu, baxmayaraq ki, onun ifratkegirici xiisusiyyot- ~ Property Measurement System) sisteminin kommersi-
lori (normal soraitde) kifayst godor adidir (T,~8 K). ya cihazinda dl¢iilmiisdiir [14].
Domir xalkogenidlori ilo bagl tmumi voaziyyat,
30-40 K temperatura godor yiiksolmis T, giymatlori ~ Natica va miizakiralor
olan FeSe osash interkaliasiya sistemlorinin meydana
golmoasi ilo kaskin sokilds dayisdi. Bu tip ilk sistem CuFeTe, monokristallari ilk dsfs Vaipolin va b.
T,~30 K olan AxFez-ySez (A = K, Rb, Cs) birlogsmalori  torafindon sintez edilmisdir [18, 19, 20]. Yetisdirilmis
idi [7-11]. Domir torkibli xalkogenid ifratkegiricilorin  kristallarin rentgen analizi gostordi Ki, birlosmo ele-
on diqgotalayiq xiisusiyyatlori kimyavi geyri-bircinsli-  mentar ¢zoyin parametrlori a = 3.934 + 0.004 A vo
yi vo maq_nit qarsﬂlqh ts_SIrlers Vo Ifratl_cegiriciliye ¢ =6.078+0.0044 olan tetragonal simmetriyaya
ohomiyyatli tesir gostoran ideal stexiometriyadan ke- (foza grupu P4/nmm) malikdir ki, bu da ifratkegirici
naragixmasidir. o _ “I111” Fe-Pn birlasmolorin foza grupu ils eynidir [1] .
(T, K, Rb)FesSe; sisteminds Fe vakansiya super  gristal strukturu PbO strukturu ilo eyni olan, lakin
gofasinin olmasi antiferromaqnit bloklarin yariannjasy CulFe-Te tetrahedra arasinda slava diiyiinlori olan
na sobob olur [11]. Bu yaxinlarda miayyon edilmisdir  cy,Sp tipli defekt struktura malik oldugu bildirildi
ki, KxFezySz vo KF?1‘05A90-88TE2 blr!?sms!srl SpIn §U- (gokil 1). Cu vo Fe atomlar1 (qirmizi rangls isaralonmis)
solorino ~ xas  xiisusiyyotlor  niimayis etdirir, 2a(0 0 0) diiyiinlorinds yer tutur, bu atomlarin hor biri

KFeogsAgiisTe: birlssmss.i. iso uzaq maqnit nizamhili- e oxminon 50% doldurulma ilo, Te atomlari iso
gma malikdir [12-14]. Xiisusilo sonuncu materialda

sarbast K va ya Fe-Ag vakansiyalart yoxdur va onun

magqnit va kegiricilik xassalori olduqca maraglidir. Ag  tytur. [20’ — (0 1 Z')] slava diiyiinlori (¢ohray1 ranglo
atomlar1 Fe gofasini elo doldurur ki, kristal strukturun z

(yasil rangls isaralonmis) 2¢ (0 % Z) ditytinlorinda yer
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ilo isaralonmis) qisman 15%-doan az doldurulma ils Cu
va Fe atomlar1 doldurur [20].

Sakil 1. CuFeTe, maddoasini kristal qurulusu.

Ovvalki isds [20], elementloarin stexiometrik nis-
bati ilo hazirlanmis CuFeTe, niimunslorinin birfazali
olmadig1 agkar edilmisdir. Bu sobobdon nominal torkib-
li CuyosFer12Te1.84 monokristallart yetisdirildi (sadslik
ticin niimunoslori “CuFeTe,” vo ya CFT kimi isaro
edirik).

Cuy.o4Fe1.12Ter a4 polikristallart 10 mm c. siit. qa-
liq tozyiqds vakuumda komponentlorin birbasa qarsi-
ligli tasiri ilo ampula texnologiyast ila sintez edilmisdir.
Ampulanin divarlari ils qarsiliqli tasirin qarsisini almaq
iiciin daxili divarlar pirolitik karbonla ortilmiisdiir.
Orintilor soyuma zaman1 miisbat istilik geniglonma om-
salina malikdir vo oksidlogsmonin garsisini almaq tiglin
ikigat ampula istifads edilmisdir. Sintez ti¢iin osas mad-
donin an az1 99,999% safligi olan Cu, Fe, Te element-
lorindan istifado edilmisdir. Madds ilo dolu ampula 4-
5K/daq stiratlo 1170 K temperatura kimi qizdirilir, bu
temperaturda 2 saat saxlanilir vo soba sondiiriilorok so-
yudulur. Kiitlasi 30 q olan Cuz.osFe112Te184 monokris-
tallar1 ikiqat ampulalardan istifads edilorak istigamot-
lonmis kristallasma yolu ils yetisdirilmigdir. Ampula-
nin horokat siirati 1,5 mm/saat olmusdur. Bizim torofi-
mizdon almmig CuposFeroTeiss monokristallarinin
rentgen difraksiya tahlili (rentgenostruktur analizi) gos-
tordi ki, birlosmo elementar 6zoyin a = 3.97 A
¢ = 6.11 A parametrlori ilo tetraqonal qurulusa malik-
dir (sp. gr. P4/nmm ), bu da 6z névbasinds odobiyyat
molumatlari ils yaxsi uygunlagir [20].

CuyaFer12Tergs monokristalinin sabit tozyiqds
Cp, (T) istilik tutumunun tadqiginin naticolori sokil 2-da
gostorilmigdir.  Sokil  2-don  gériindiiyti  kimi,
CurosFerioTerss iigiin C,(T) asilihiginda magnit faza
kegidlori {iglin xarakterik olan agkar anomaliyalar yox-
dur.

Alman molumatlar CuyesFer12Tergs maddasinin
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asagl temperaturlarda yiiksok istilik tutumuna malik
oldugunu gostorir. Artiq 160K temperaturda C,(T)
Klassik giymato gatir €, = 12R = 100 ﬁ Bu onu
gostorir Ki, Cuy.osFes112Tersa maddosinds temperaturun
artmasi ilo atomlar arasindaki kimyovi slags nazoragar-
pacaq daracado zaiflayir vo olavs olarag, strukturun de-
fektliliyinin istilik tutumuna slavesi nazars alinmalidir.

Hamarlanmis C,, (T) asililigin miitloq sifira yaxin-
lasmasi C,(T) = Cy(T) = yT + aT? ifadosi ilo hoyata
kegirilmigdir, burada birinci hodd CuiosFe112T€1.84
ti¢iin sorbast elektronlarin istilik tutumuna slavssi, ikin-

ci hodd isa gafas slavesidir. a vo y omsallarini CT—” ifado-
sinin T2-dan asililiginin (C?p = f(TZ)) grafikindan tap-

maq olar. y kamiyyati C?p (T?) qrafikinin yaxmlasma-
s veran diiz xottin ordinat oxu ilo Kasismasinin ko-
ordinati ilo toyin edilir.

Elektron istilik tutumunun y omsal:1 elektron alt-
sisteminin mithiim parametrini — Fermi Soviyyasindo
halin sixligini toyin etmoys imkan verir:

kg— Bolsman sabitidir. @ amsali absis oxuna nazoran
diiz hissanin meyl bucaginin tangensina barabordir.
Bir ¢ox birlagmalor ti¢iin, malum oldugu kimi [21,
22], Cy(T)~aT?, yoni T i—g-dsn agagl temperatur-
larda, gofosin istilik tutumuna slavesi Debay yaxin-
lasmasi ilo qonastbaxs sokilds tosvir edilir, burada 6,
xarakterik Debay temperaturudur. Bu halda C,(T)/T

ifadasinin T2 asiiligindan (C?p = f(TZ)) Xotti hissoni

ayirmaq olar, onun sifira ekstrapolyasiyast maddsnin
istilik tutumunun gofas komponentini toyin etmays im-
kan verir. Lakin Cuy osFer.12Ter g4 tigiin C,(T) /T ifado-

sinin T? asiilifinda xotti hisso ¢ox qisadir. Bu,
Cp (T)~aT? ganunundan kenara ¢ixmasini vo neticado

gofas ragslorinin Debay xarakterino malik olmadigini
)

T
bizo yalmiz elektron olavasinin

gostarir. Beloliklo, -2 (T?) asililigiin qrafikinin sifira

ekstrapolyasiyasi
y (y ~ 0.0041 ﬁ) xarakteristikasini toyin etmoys

imkan verir.

Cuz.osFer12Teres maddasinin tam istilik tutumu
temperaturdan miirakkab sokilds asili olan miixtalif
alavalarin camindan ibaratdir. Tadgiq olunan tempera-
tur diapazonunun asag1 hissasinds istilik tutumu asagi-
daki kimi gostorilo biler: C,(T) = AC, + Cp. Burada
birinci hadd miixtalif torkib hissalorin AC, (T) istilik tu-
tumuna slavasi, ikincisi iss istilik tutumunun Cp gofos
(Debay) komponentidir.

Sokil  2-do 1 xetti Debay modelinds Cp =
3nRF, (T /0p) istilik tutumunu géstarir, burada n for-
mul vahidins diison atomlarin sayidir (CuyosaFe1.12Te1.84
hali iigiin n = 4), R— universal gaz sabiti va xarakterik
6p =~ 230K Debay temperaturu tciin hesablanmis
Fp(T/0p)— Debay funksiyasidir [21, 22]
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Op/T

4d
Fp(T/8p) = 3(T/6p)° f (ej:fxl)z-
0

6, parametrin giymoti istilik tutumunun eksperi- 'ilo olagodardir. Debay modelinin bir xarakterik 6,
mental asihiligimin on yaxsi tosviri sortindon sec¢ilmig-  temperaturu ilo mohdudlagdiriimasi, ilk ngvbads, fonon
dir. T < 50K vo T > 90K temperaturlarinda eksperi-  hallarinin izotrop sixligindan istifade etmokls yaranir
mental giymoatlor Debay modeli oyrisindon yuxarida  [23].
yerlagir, bu CuspsFes112Ter s kristalinin anizotropiyas1|
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Sakil 2. CurosFer12Teres ligiin izobar molar istilik tutumunun Cp,(T) temperaturdan asilihig::
ndqtolor — eksperimental giymatlor, 1 — Debay modeli, 2 — istilik tutumunun AC,(T) lavasi.
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Sskll 3- do CuyposFeroTerss liglin xarakterik HD
temperaturun 6, (T) asililig1 gostorilmisdir.

CuiosFer1oTergs kristalinin Cp(T) umumi istilik
tutumundan Cp(T) Debay slavesini gixmagq]la, istilik
tutumunun slavs torkib hissasinin temperaturdan asi-
g alirq: AC,(T) = C,(T) — Cp(T) (sokil .2—do 2
ayrisi).

AC,(T) hissasine uygun galon entropiya,

T
ASzf

0

AC,

temperaturun artmasi ils artir vo T = 306.77 K tempe-
raturda AS ~ 33.3]-mol™! - K™ giymatino catir (so-
kil 4). Bu, magnit nizami pozulduqda entropiyamn do-
yismasinin AS,; max Maksimum giymatindan nozors-
carpacaq doracodo boyikdir: AS,,max = RIn(2] +
1) =RIn9 =~ 18.27 [l - monb~1 - K™1). Burada R
gaz sabiti, ] = 4 iso Fe?" ionu iiciin elektronlarin tam
momentino uygun kvant adadidir [24, 25, 26].
Yuxarida qeyd edildiyi kimi, CujosFerioTerss
iiciin asag1 temperaturlarda istilik tutumunun tempera-
turdan asihihigmin C,(T) = Cy(T) = yT + aT? ifadosi
ilo approksimasiyas1 qonastboxs deyil. Ola bilsin ki, bu

0.0035

Cuz.osFer10Tes g4 tigiin istilik tutumuna Eynsteyn olave-
sinin olmasi ilo slagedardir. Bu slaveni agkar etmok

C. . ..
pT(:) ifadasinin T2 — dan

tclin CuysFeroTerss ligiin

asililigini qururuq (sokil 5).

Asagi  temperatur  maksimumunun  olmasi
Cuz.sFe1.12Teq g4 tigiin istilik tutumuna Eyngteyn olava-
sini (Cg) gostarir. ©lavalarin har birinin tstiinliik tagkil
etdiyi temperatur intervallar1 aydin goriiniir (sokil 5)
[27, 28]. CurosFer12Terss liglin iki Debay olavasinin
(Cp4, Cp3) Nazars alinmasi kristal qafasin miirokkabliyi
ilo baghidir (burada C,— istilik tutumuna elektron
olavasidir).

[28]-do geyd edildiyi kimi, maddoanin istilik tutu-
munun temperaturdan asiliigimin qonastboxs tosviri
0p1, Op,, Of xarakterik temperaturlarin miixtolif dost-
lori ilo Debay vo Eynsteyn qatqilariin miixtolif kom-
binasiyalarindan istifads etmokls slds edilo bilor. Tad-
giqatgmin ixtiyarinda, masalon, spektroskopiyadan ol-
do edilon miixtalif moda tezliklorinin giymstlori oldug-
da yaxsidir. Bu halda, Eynsteyn vo Debay olavslorinin
moveud birlosmo dostindon xarakterik tezliklorin eks-
perimental molumatlara daha yaxin olan1 segilir. Tod-
gig olunan Cus osFe1.12Ter 84 tigiin spektroskopik molu-
matlar yoxdur, bu o demakdir ki, biz iimumi istilik tu-
tumuna miivafiq olavalarin tasir daracasinin xarakterini
miiqayiso eds bilmarik.

~ 0.0030
= L Ca
£ 0.0025
K

0.0020

-K

™ 0.0015

-ElO.DOlO

0.0005
0.0009
0° 101 107 2 g2 10° 104 10°
T, K
. Cy(T) . L
Sakil 5. Cur.04Fe1.12Ter 84 ligiin ”T(ST) ifadesinin T2 — dan asililig1.

Yekun

[k dofo olarag Quantum Design PPMS (Physical
Property Measurement System) kommersiya cihazinda
2-306 K intervalinda Cuj osFe112Te1gs kristalinin isti-
lik tutumu Sl¢iilmiisdiir. Istilik tutumunun tehlili nati-
casindo Xarakterik Debay temperaturu (6, =~ 230K)
miioyyon edilmisdir. Gostorilmisdir ki, Debay modeli-
nin bir 6, xarakterik temperatur ilo mohdudlagdiriima-
s1, ilk ndvbada, fonon hallarmin izotrop sixligindan isti-

fads etmakls yaranir. CuyosFeq12Tergs tigiin 6, xarak-
terik temperaturun 6,(T) asihligi hesablanmigdir.
Kristallarin goafos istilik tutumunu tosvir etmoak tigiin
istifado edilon miixtalif nozori yanagsmalarimn tohlili apa-
rilmigdir. AS entropiyasiin temperatura gors doyisma-
si hesablanmigdir.

Miislliflor agag1 temperaturlarda istilik tutumunun
olgtilmasinds gostardiyi komoys gore Z. Y. Seyidova
darin minnatdarhiglarm bildirirlar.
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A.M. Abdullayev, M.J. Najafzade, A.I. Ahmedov, I.N. Ibrahimov
LOW-TEMPERATURE HEAT CAPACITY IN CRYSTALS CuiosFer12Te1sa

This paper presents the results of studies of the heat capacity Cui.caFe112Te1sa measured in the temperature interval 2 -
306K. From the dependence T"(Tz) is calculated characteristic of the electronic contribution to heat capacity

y(y ~ 0.0041 moll_Kz). As a result of the heat capacity analysis, the Debye characteristic temperature was determined
(6p = 230K). The parameter 0y, is selected from the condition of the best description of the experimental dependence of the
heat capacity. It is shown that the boundedness of the Debye model with one characteristic temperature 8y, is primarily caused
by the use of the isotropic density of phonon states. The dependence of the characteristic temperature 0 (T) is calculated for

CuwosFer12Terss. The analysis of various theoretical approaches used to describe the lattice heat capacity of crystals has been

. . _— . o
carried out. To detect different contributions to the heat capacity, the dependence % on T? for CurosFeri2Terss Was

constructed. The presence of a low-temperature maximum indicates the Einstein contribution (Cg) to the heat capacity of
Cuz1.o4Fer12Tersa. The introduction into consideration of two Debye contributions (Cpq, Cp,) is due to the complexity of the
CuwosFer12Terss crystal lattice. Thus, a satisfactory description of the temperature dependence of the heat capacity of
CuiosFer12Terss can be achieved using various combinations of Debye and Einstein contributions with different sets of
characteristic temperatures 6p4, 8p,, 0. Calculated temperature changes of entropy.
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CoGai1Feos0s KRISTALLARININ MAQNITLONM®SI,
MAQNIT HOSSASLIGI VO HISTEREZISI

AM. ABDULLAYEV, i.N. IBRAHIMOV, R.9. OLiZADO,
M.C. NOCOFZADO, A.i. 9OHMODOV
Azarbaycan Elm va Tahsil nazirliyi, Fizika Institutu
H. Cavid pr. 131, AZ-1143 Bak:

E-mail: agaadil@gmail.com

5-400 K intervalinda alinan magnitlonma M (T) vo molyar magnit gavrayiciliginin (T) temperaturdan asililigi
CoGa1.1Fe0.904 maddasinin ~210K Kiiri temperaturu olan ferrimagnit oldugunu miisyyoan etmoys imkan verir. 10 K tempera-
turda doyma magnitlonmanin M, komiyyati ilo CoGai.1Feo.904 molekulu iigiin ng Bor magnitonlarimin say1 arasindaki olage

S

asagidaki kimi verilir: ng = " burada Ny— Avogadro sabiti, yug— Bor maqgnitonudur. Sonra effektiv magnit momenti tigiin

aks’
asagidaki qiymatini aliriq: pless = npup = 2.95up.

Magnitlonmoanin sahadon M (H) asililiginin 6l¢iilmasi naticasinds CoGar.1Fe0.s04 niimunasinds giiclii ferrimagnetizmin
movcudlugunu géstaron magnit histerezisi agkar edilmisdir.

Acar sozlor: Magnitlonms, CoGa 1 Fey 0,4, Qavrayicilig, Kiiri temperaturu.
PACS: 75.50.Bb, 75.50.Dd, 75.60.Ej

GIRiS NOTICOLOR VO ONLARIN MUZAKIROSI

B Moalumdur ki, CoFe;O. kobalt ferriti foza qrupu Bu vyazida ters cevrilmis spinel strukturlu
Fd3m olan ters cevrilmis spinel qurulusuna malikdit  (Fg3m) CoGay 1Fe.sO4 polikristal birlosmosinin mag-
[1]. Birinci yaxinlasmada, CoFeO4 strukturunda Fe®*
ionlar1 biitlin tetraedral vo oktaedral mévqelarin yari-
sin1, Co®* iso oktaedral mdvqelorin qalan yarismi tutur
[1, 2], lakin kobalt atomlar1 ¢ox vaxt har iki alt qofos
tizarinds paylanir [3, 4, 5]. CoFe 04 bilogmasi kegid & t -
temperaturu toaxminon 800 K (T, ~ 800 K) olan ferri- valinda CoGay.1Feo 904 maddasinin magnit xassalarini

magqnitdir [1]. 0 K temperaturda domirin magnit mo- Syranmakdir. , _ ) 5
menti (Fe**) (5ug), kobaltnki iso 3ug (Co?) toskil Yuxaridaki birlosmanin y magnit hassasligi vo M
magnitlonmasi 4.2-400 K temperatur intervalinda H

maqnit sahasinin giymoti 50 kOe-2 gadar olan SQUID—
magnitometrindo  (SQUID MPMS5 magnetometer
from Quantum Design) olgiilmiisdiir.

Sokil 1-do H=100 Oe magnit sahssinds
CoGa, ;Fey 40, tUglin M(T) molyar magnitlomanin
temperaturdan asililig1 gostorilmisdir.

CoGay.1Feo 904 ticilin x(T) maqnit qavrayiciliginin

nit tadgigatlarmin (magnitlonmanin, magnit hossasligi-

nin temperaturdan asililiinin vo magnitlanmonin sahas-

don asilihiginin dl¢iilmasi) naticalori tagdim olunur.
Bu isin mogsadi 4.2-400K genis temperatur inter-

edir. Miivafiq olaraq, CoFe;04 diistur vahidi ti¢iin tox-
minon 3ug olur [1]. Tacriibi molumatlara gors, asagi
temperaturlarda CoFe;O4 birlogsmasinin doyma magnit-
lanmasinin giymati 3. 7ug toskil edir [1]. Kobalt ferriti
otaq temperaturunda sart maqnit ferritlori arasinda kifa-
yat godor yiiksok doyma magnitlonmasina malikdir [1].
Otaq temperaturunda bu materialin tokdomenli hisss-
ciklorinin koersitiv qlivvasi 9 kOe [6-11], nazik tobs- dx
golorinki ise 11 kOe giymatindan cox ola bilar. I Vo onun —= (T) toramosinin temperaturdan asililigi so-

kil 2-ds gostorilmisdir.
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Sakil 1. CoGa1.1Feo.904 maddasinin H = 100 Oe magnit sahasinds M (T) molyar magnitlonmasinin temperaturdan
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asilihg (m = 28.6 - 107°kg, My = 249.890 - 1073 %),
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Sokil 2. CoGar.1Feo 904 materialinin H = 100 Oe magnit sahssinds y(T) maqnit qavrayiciliginin va onun % (T

toromasinin temperaturdan asilii@ (m = 28.6 - 10°kg, M) = 249.890 - 1073 £,
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Sokil 3. CoGar.1Feo.904 maddasinin T = 10 K temperaturda M (H) molyar magnitlonmasinin sahadan asilihg:

(m =286 10kg, My = 249.890- 1073 1),

CoGay1Feo 904 maddasinin ferrimaqnit Kiiri tem-
peraturu (Tc) gavrayicihigin Z—)T((T) téromasinin tem-

peratur asililigindan miloyyan edilmisdir (T = 210K)
(Sakil 2) [6, 7].

Ferritlor genis histerezis halqas1 va yiiksok koer-
sitiv qlivvasi olan magnit cohoatdon sart magnit birlos-
molari sinfina aiddir. Histerezis halgasinin formasi vo
onun parametrlori ferromagnitin terkibindsn, onun
strukturundan ve temperaturundan, niimunods defekt-
larin paylanmasindan, yani onun istehsal texnologiya-
sindan va sonraki fiziki emalindan (termal, mexaniki,
maqnit vs s.) asilidir. Maqnitlonms histeresisi halqasina
uygun olaraq maqnit materialinin maksimum maqnit-
lanma (M), galiq magnitlanmas (M,.), koersitiv qiivve-
si (H,) kimi parametrlori miioyyon edilir. Sokil 3-do
CoGay 1 Fey 40, birlosmosi liglin histerezis halqas1 gos-
torilmigdir. Maqnit histerezis halqasimin parametrlari va
formasi ferritlor ii¢iin xarakterikdir. Verilon niimuno
asagidaki magqnit xiisusiyystlorine malikdir: M =
1.65 - 10* emu/mol; M, = 1.05 - 10* emu/mol,;
H, = 27000e.

10 K temperaturda dlgiilon magnitlonmonin sahs-
don asililiq ayrisindan H = 40 kOe giymatindan yuxa-
rida magnitlonmonin doymaga meylli oldugunu gor-

ol
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mok olar (sakil 3). 10 K temperaturda doyma magqnit-
lonmanin M, komiyyati ilo CoGai1Feq90s molekulu
tigiin ng Bor maqnitonlarinin say1 arasindaki slago asa-
gidaki kimi verilir:

ng = —=

B Naug'

burada N,— Avogadro sabiti, ug— Bor magnitonudur.
Sonra da effektiv maqnit momenti ii¢lin asagidaki qiy-
moti alingq:

Uefr. = NUp =~ 2.95p

Cevrilmis spinel ferritlor {i¢iin yaranan maqnit momenti
ikivalentli metal ionunun magnit momentina borabor-
dir. Malumdur ki, geyri-maqnit ionlarinin oktaedral
yerlards yerlason ionlarla avaz edilmasi, elacs do tetra-
edral yerlords ionlarin avaz edilmasi Kiiri temperaturu-
nun azalmasina sobsb olur va effektiv magnit momen-
tini azaldir. Bizim halda bu giymot (ues =~ 2.95ug)
CoFe;0, maddosi ligiin effektiv momentdon azdir.
Qeyd edok ki, bazi hallarda gofasin kristallografik sim-
metriyast spinlorin doqiq antiparalel yonalmasinin ga-
dagan edilmasina gotirib ¢ixarir. Naticads, onlar bir-bi-
rina kigik bucaq altinda yonalir. Bu, har bir atom iigiin
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0.01ug tartibindo magnit momenti olan z»if ferromag-
netizmin meydana gelmasina sabab olur [1, 14-16].

Kobalt ferritinin diger metallarin ionlar ilo agqar
edilmasi, bir qayda olaraq, materialin maqnit sortliyini
artirmaq ti¢iin o qadar do tasirli deyil. [17, 18] islorinda
gostorilmisdir ki, kobalt ferritinin strukturuna qalliu-
mun daxil edilmasi doyma magnitlonmasinin artmasina
Vo materialin koersitiv qlivvasinin azalmasina sabab
olur.

NOTIiCO

Molyar magnit hassasliginin temperaturdan asi-
lihiginin tohlili géstordi ki, CoGa, ;Fey 40, Kiiri tempe-
raturu 210 K olan ferrimagnitdir. 10 K temperaturda

doyma  magnitlonmonin M,  komiyyati il

CoGay.1Fep 904 molekulu tigiin ng Bor magnitonlarinin
Ms

Naug'
burada N,— Avogadro sabiti, ug— Bor magnitonudur.
Sonra effektiv maqnit momenti iiclin asagidaki
giymatini alirq: pess = nppg = 2.95up.
CoGay.1Fep 904 maddosinin T=10K temperaturda
M(H) molyar magnitlonmasinin sahadon asililiginda
histerezis halgas: agkar edilmigdir. Magnit histerezis
halgasinin parametrlori vo formasi ferritlor ti¢iin xarak-
terikdir. Verilmis niimuns asagidaki maqnit xassolori-
no malikdir:
M, = 1.65 - 10* emu/mol;
mol; H. = 27000e.

say1 arasindaki olage agagidaki kimi verilir: ng =

M, = 1.05-10* emu/

[1] J. Smit, H.P.J.Wijn. Ferrites. Eindhoven: Philips
Technical Library, 1959. 136-175 p.

[2] C. Schmitz-Antoniak et al. Electric in-plane
polarization in multiferroic CoFe,0,/BaTiO;
nanocomposite tuned by magnetic fields. Nat.
Commun. Nature Publishing Group, 2013, vol. 4,
Ne May, p. 1-8.

[3] H. Sharifi Dehsari, K. Asadi. J. Phys. Chem. C.
2018, vol. 122, Ne 51, p. 29106-29121.

[4] E. Fantechi et al. J. Phys. Chem. C. 2012, vol.
116, Ne 14, p. 8261-8270.

[5] G. Muscas et al. Evolution of the magnetic
structure with chemical composition in spinel iron
138 oxide nanoparticles. Nanoscale. Royal
Society of Chemistry, 2015, vol. 7, Ne32,
p.13576— 13585.

[6] M.V. Limaye et al. J. Phys. Chem. B. 2009, vol.
113, Ne 27, p. 9070-9076.

[71 M Hamedoun, R Masrour, O Mounkachi, H El
Moussaoui, A Benyoussef and E K Hlil. Physica
Scripta, Volume 88, Number 1, 2013, 015704
(10pp).

[8] J. Chand, S. Verma, P. Kumar, M. Singh.
Structural, Electric and Dielectric Properties of
MgFe,O, Ferrite Processed by Solid State
Reaction Technique. Inter. J. of theor. Appl. Sci.
2011; 3(2): 8-9.

[9] K.C. Patil, M.S. Hegde, T. Rattan, S.T. Aruna.
Chemistry of Nanocrystalline Oxide Materials:
Combustion  Synthesis, Properties  and
Applications. World Scientific Publishing. 2008;
1-364.

[10] S.K. Kulkarni. Nanotechnology: principles and
practices. Capital publishing company. 2009.

[11] Xiaohui Wang, Xiansong Liu, Xucai Kan,
Shuangjiu Feng, Qingrong Lv & Yujie Yang.
Characterization of microstructure and magnetic
properties for Fe ion-doped CoGa,0,. Journal of
Materials Science: Materials in Electronics
volume 32, pages 2472624735, 2021.

[12] K.II. Benos. MaruutHbie npeBpaiieHus, MockBsa,
OMJL, 1959, — 260 c.

[13] K.II. Benos. MarHuTOTEIUIOBBIE SIBIECHHS B
pelKo3eMenbHBIX MarHetukax, Mocksa, Hayka,
1990. - 96 c.

[14] Howe. Cmapm. DddexTrBHOE TMMOJNE B TEOPHU
MarHeTusma, W3patenbctBo «Mup» Mocka
1968, 271c.

[15] C. Kpynuuka . ®uzuka GpeppuTOB U POJCTBEHHBIX
UM MAar"uTHbBIX OKHCJIOB , TOMI, I/IS,Z[aTeJ'IbCTBO
«Mup» Mocksa 1978, 353c.

[16] Z.S.Teweldemedhin,R.L.Fuller and M.Greenblatt.
Magnetic Susceptibility Measurements of Solid
Manganese Compounds with Evan’s Balance,
Journal of Chemical Education, v.73, p.906, 1996.

[17] M.B. Mohamed, M. Yehia. Cation distribution and
magnetic properties of nanocrystalline gallium
substituted cobalt ferrite. J. Alloys Compd. 2014.
Vol. 615. P. 181-187. 195.

[18] M. Sumalatha et al. Raman and in-field 57Fe
Mossbauer study of cation distribution in Ga
substituted cobalt ferrite (CoFe,xGaxOas). J.
Alloys Compd. 2020. Vol. 837. P. 155478.

HAMATHUYEHHOCTb, MATHUTHASI BOCHPUMMYMBOCTH U
TUCTEPE3UC KPUCTAJLIOB CoGa, {Fey 0,

TMonyuennsie B unTepBaie 5—400 K TemneparypHsie 3aBucuMocTH HaMarHudeHHOCTH J(T) ¥ MOJSPHON MarHUTHON
BocrpunmunBocTH (T) no3BoiiIn ycraHoBuTh, 4to CoGay 1Fe 90, siBsiercst peppumartneTnkom, remneparypa Kropu koro-
poro paBHa ~ 210K. CBs3b Mexkay BeIMYMHON HachIIIeHU HamarandeHHocTH Mg mpu 10K u uncnom marneronoB bopa ng

MS
Ha oy monekyiny CoGaq1Feg90, naercs BelpakeHuem ng = Ny TC N p— uncno Asorazpo, pg— MaraeroH bopa. Torna
AHB

MOJYYUM CIIEIYIOMIee BhIpaKkeHHEe A1 9 (HEKTHBHOTO MATHUTHOTO MOMEHTA [ofr = Nglp = 2.95Up.
M3mepeHus moneBbIX 3aBUCUMOCTEH HAMarHMYeHHOCTH BBISIBUJIM MAarHUTHOTO TUCTEPE3UCA, YTO YKA3bIBACT HA HATTMYUE

B obpasue CoGay 1 Feq 90 cribHOTO (heppumarneTusma.
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MAGNETIZATION, MAGNETIC SUSCEPTIBILITY AND HYSTERESIS
OF CoGazi.1FeosO4s CRYSTALS

The temperature dependences of magnetization M (T) and molar magnetic susceptibility y(T) obtained in the range 5—
400 K made it possible to establish that CoGai.1Feo.9O4 is a ferrimagnet with a Curie temperature of ~210 K. The relationship
between the saturation value of the magnetization M, at 10 K and the number of Bohr magnetons ng per CoGa;;Fe(90,

L M . .
molecule is given by ng = ﬁ, where N, is the Avogadro number and up is the Bohr magneton. Then we get the
AHMB

following expression for the effective magnetic moment pegr = ngug = 2.95up.
Measurements of the field dependences of the magnetization revealed a magnetic hysteresis, which indicates the presence
of strong ferrimagnetism in the CoGaz.1Feo.904 sample.
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AQAROZA-SU SISTEMINDO GELOMOLOGOLMO PROSESINO MUXTOLIF
QEYRI-UZVi DUZLARIN TOSIiRINIiN OPTiK METODLA OYRONILMOSI

E.O. MOSIMOV, A.R. IMAMOLIYEV, A.H. 9SODOVA
Baki Doviat Universiteti
Azarbaycan, Baki 1148, Z. Xalilov kii¢. 23

Optik metodla bir sira golovi duzlarin (NaCl, KCI, CaClz vo KBr) aqarozanin gelomologalms proseslarine tosiri dyranil-
misdir. Olgmolor gdstarir ki, fargli anionlarin gelo tosiri do forglidir. Anionun sabit qaldig duzlardan gelomolagalma va arima
temperaturuna an az tosir edon KCl, kationun sabit qaldig1 duzlar arasinda iso an az tosir edon duz KBr-dur. Bu tosirlor geyd
olunan duzlarin gelin yarandigi miihitin — suyun srtukturunda yaratdigi doyisikliklorlo baghdir. Qeyri-iizvi duzlarin suyun
strukturuna tasiri ionun suyu polyariza etma gabiliyystindan, bu iss ionun 6lgiisiindon, yiikiinden va yiikiiniin sathi sixligindan

asil1 olmasi ils izah olunur.

Acar sozlar: agaroza, golavi duzlar, gelomolagalms temperaturu, srimos temperaturu, histerezis

PACS: 77.22.Ej, 64.75 Bc, 31.70. Dk, 61.70 Og
Giris

Aqaroza qirmizi deniz yosunlarindan alinan aqa-
rin tarkib hissalorindon biridir vo suda mohlullart nis-
boton ki¢ik konsentrasiyalarda belo biotexnologiyada
Va tibbds genis totbig olunan giiclii gel smalo gatirir [1].
Bu baximdan onun 6yranilmasi vo lazim olan xassolo-
rin idars oluna bilmoesi miihiim shamiyyst kasb edir.
Diinyanin bir sira aparici elm morkazlarinds gellorin,
xtisusi ilo do elektroneytral olan aqarozanin yronilma-
si istigamatinds vacib islor goriilmiisdiir. Aqarozanin
suda mohlulunda gelomalogalmo kompleks proses
olub, temperatur vo onun spesifik qurulusu ilo miiayyan
olunur. Aqarozanin gelamalogalma mexanizmi {giin
genis yayilmis vo gabul olunmus modellardan biri do
Tako vo Nakamura torofindon toklif edilmisdir [2-4].
Polisaxarid hidrogellarinin polisaxarid mohlullarinda
gelomalogalmasi klassik gelamolagalmo mexanizmi
kimi gotiiriilo bilor [5-7]. Gellards bag veran gelomo-
lagalmos vo gelin orimo proseslori tist-iistdo diigmiir, yo-
ni giiclii termal histerezis miisahido olunur [8,9]. Bu
proseslor miixtalif metodlarla, UV-vis spektroskopiya-
s1, DSK (differensial skanedici kalorimetri) va S. me-
todlarla Gyranilir. Masslon [9] isindo agaroza-su siste-
minda gelomoalagalma UV-vis spektroskopiyasit meto-
du ils, [10] isinds ise bu proses agaroza va karreginan
geli tictin DSK metodu vasitasi ilo hoyata kegirilmisdir.
[10-12] islorinda eyni zamanda gelomologalmo proses-
loring bir sira duzlarin tosiri do 6yronilmisdir. Gostoril-
misdir ki, duzlar aqarozanin zol-gel kegidina tasir edir
va gelin méhkamliyi vo ya zsiflomasi duzun anionun-
dan asilidir.

Bu islarin tohlili onu gostorir ki, gelin fiziki xasso-
lorinin miixtalif slavolor vasitasi ilo idars olunmasi
miimkiindiir va bu olduqca aktualdir. Bu igds do miix-
tolif tobistli duzlarin vo onlarin dissosiasiyast zamani
alinan ionlarin gelomalagalms va gelin arima tempera-
turuna tesiri spektrofotometrik metodla tedqiq edil-
misdir.

Eksperiment

Isdo CONDA firmasinin istehsali olan aqarozanin
suda mahlulunun smalos gatirdiyi gels bir sira qeyri-iiz-
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vi duzlarin (NaCl, KCl, KBr, CaCly) tosiri 6yronilmis-
dir. ©lavs olunan duzlarin konsentrasiyasi 0.5 moldur.
Agaroza gelinin hazirlanmasi asagidaki kimi yerina ye-
tirilmigdir. Aqaroza tozu ADAM PW 124 torozisindo
(daqiqglik 0,1 mq) ¢okilarak bidistillo suyuna slavs edi-
lir. Qarigiq 1 giin saxlanildigdan (sisma) sonra 95°C-ya
godar qizdirilir. Alinan bircins vo soffaf mohlul otaq
temperturuna gadar soyudulur.

Olgmolor ikistiali SPECORD 200 Plus spektrofo-
tometrinds 190-1100 nm dalga uzunlugu intervalinda
Inm addimiyla aparilmigdir. Niimunsloar tizorindo tod-
qiqat aparmaq Uli¢iin xiisusi kvars kiivetlors (10x10x40
mm?) tokiiliir, cihazin igarisindoki yuvalara yerlosdiri-
lir, sonra iso isigburaxma

T 1
= I
Olgiiliir. lo— nlimunays diison, | — niimunadon kegan

isigin intensivliyidir. Alinmig naticalora asasen optik
sixliq

hesablanir.

Kvars qgablarin qoyuldugu yuvalar termostatla
(ALPHA LAUDA) tachiz olunmugdur. Temperatur asi-
lihigin1 qurarkan gelin ¢ox gec tarazliga galdiyini nozo-
ra alaraq har temperaturda termodinamik tarazligin ya-
ranmasi igiin toxminan 1 saata yaxin gozlenilir. Bu
proses ham qizma, ham da soyuma rejimlori tigiin apa-
rilir. Gozlanildiyi kimi D(T) asililiginda istilik histere-
zislori miigahids olunur. Segilmis duzlar (0,5 mol kon-
sentrasiyada) aqarozanin giiclii gel amoalo gatiron halina
(1%-li agaroza duzuna) slave olunmusdur.

Naticalar vo miizakira

Qeyd edok ki, geldon kegon isigin intensivliyinin
azalmasinda osas rolu udulma yox, sepilma oynayir.
Cunki gelin strukturunu toskil edon hissaciklor vo foza
torunun Olgiilori isigin dalga uzunlugu tartibindadir
(0,1mkm — 1 mkm). Polimer mohlulu zol halindan gel
halina ke¢dikdan sonra foza torunun formalagmasi uzun
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miiddot davam edir. Bu 6ziinii gelin isigburaxmasina
(T%) gostorir. Temperaturun artmasi vo azalmasi ilo
agaroza gelinin isigburaxmasimin doyismasi gelin faza

torunun pargalanmasi vo amalo galmosi haqqinda mii-
J

ayyan molumat dasiyir [11]. Gelin qizdirilmasi va so-
yumasi zamani onun igigburaxmasinin temperatur asili-
liginda miisahids olunan istilik histerezislori sokil 1-do
gostorilmisdir.

D 1%
225 1%+KBr
2,2
—0— 1%+KCl
2,15
—8— 1%+NaCl
- 21
i —o— 1%+CaCl2
2 2,05
2 2
o
C 195
1,9 -
4
1,85 - »
18
0 20 40 60 80 100

temperatur, °C
Sakil 1. Qalovi duzlarin aqarozanin giiclii gelomolagotiron konsentrasiyasina (1%) tasirini oks etdiran istilik histerezislori.

Qrafikdon oxunan naticalar cadval 1-do verilmis-

dir.
Codval 1.
Gelin torkibi tg | L(C)
()
1%-li gel 36 75
1%-li gel +CaCl; 48 89
1%-li gel +NaCl 46 83
1%-li gel +KClI 43 80
1%-li gel +KBr 37 77

Coadvaldan goriindiiyii kimi gelomoalagalma (tg) vo
arima (t,) temperaturlari duzlarin tasiri noticasinds
nozars garpacaq doracads artmigdir. Bu tosirlar, bizim
fikrimizco, duzlarin gelin yarandigi miihitin — suyun
srtukturunda yaratdig1 doyisikliklorlo baglhdir. Qeyri-
tizvi duzlarin suyun strukturuna gostardiyi forqli tosir-
lor ionun suyu polyariza etma gabiliyystindan, bu ise
ionun Sl¢iisiindan, yiikiinden va yiikiiniin Sathi sixligin-
dan asilidir. Yiikiiniin sothi sixlig1 bdyiik olan ionlar ion
otraft suya strukturlasdiric, kigik sothi sixliga malik
olan ionlar isa dagidici tasir gostarir. Suyun strukturu-

nun doyismoasi, polimerin suda mohlulunda gelin
oamoalagalmasi ligiin zoruri olan miixtalif név rabitslorin
(dipol-dipol, hidrogen rabitasi va ) sayinin vs giiciiniin
doyismasina sabab olur.

Natico

Uzvi duzlarin aqaroza-su sistemindo gelomalagal-
Mo prosesineg tasiri iss bu duzlarin hidrofob va hidrofil
funksional quruplarimin suya taSirlorinin hansinin iistiin
olmasi ilo slagedardir. Hidrofil olave ya gel fazada
iongokilli assosiatlarin 6l¢iistiniin boyiimasins, ya da
sorbast su molekullarini 6z strafina toplayaraq (hidrat-
lar yaradaraq) sistemin Ozliilityliniin artmasina sobob
olur. Burada ikinci sabab daha giiclii goriiniir. Ozliilii-
yiin artmast ilo do gelin méhkomliyi belsliklo da ty vo t,
temperaturlar yuxariya dogru siiriigiir. Anionu (Cl) ey-
ni olan duzlar igorisinds giiclii gelomalo gatiron duz
CacCl; oldugu halda, kationu (K) sabit galan duzlardan
giiclii gel omolos gatirani KCI-dur.
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STUDY OF THE INFLUENCE OF SOME INORGANIC SALTS ON THE GELATION
PROCESS IN THE AGAROSE — WATER SYSTEM BY THE OPTICAL METHOD

The influence of a number of alkaline salts (NaCl, KCI, CaCl, and KBr) on the gelation processes in aqueous agarose
solution was studied by spectrophotometric method. The results of the study show that different anions have different effects
on the gel. Among the salts where the anion is stable, KCI has the least effect on the gel formation and gel melting temperature,
and among the salts where the cation remains stable, KBr has the least effect. The detected patterns are related to the influence
of these salts on the structures of water, the medium where the gel is formed. The influence of inorganic salts on the structure
of water is explained by the ability of ions to polarize water, which depends on the size, charge and charges surface density of
the ion.

9.A. Macumos, A.P. Umamanuen, A.I'. AcagoBa

W3YUEHUE BJIASHUSA HEKOTOPBIX HEOPTAHUUYECKHUX COJIEM HA ITPOLIECC
I'EJIEOBPA3OBAHUS B CUCTEME AI'APO3A-BOJA OIITUHYECKUM METOJOM

Bnusiaue psina menounsix coneit (NaCl, KCI, CaCl, u KBr) Ha mpomeccsl reieo0pa3oaHusi B BOIHOM PacTBOpE
arapo3bl U3y4eHO CIEKTPOPOTOMETPHUYECKUM METOAOM. Pe3yibTaThl UCCIIEN0BaHMS TIOKA3bIBAIOT, YTO PA3HbIE AHUOHBI I10-
pa3HOMY BIHAIOT Ha refib. Cpenu cosieil, B KOTOPBIX aHHOH OCTAeTCs CTA0MIIBHBIM, HAMMEHbIIIee BIUAHHE HA TEMIIEPATypy
reneobpa-30Banus | IiaBieHus rend okaseiBaer KCI, a cpeau coseil, B KOTOPBIX OCTA€TCSl YCTOWYHMBBIM KAaTHOH,
HauMeHblee BiausHue okaspiBaeT KBr. OOHapyKeHHbIC 3aKOHOMEPHOCTH CBSI3aHBI C BIMSHHEM 3TH COJICH HA CTPYKTYPbI
BOJIBI — CpE/Ibl, TJIe 0Opa-3yeTcst refib. BIIMsHHE HEOPraHHYECKHX COJICH Ha CTPYKTYPY BOJBI OOBSCHSAETCS CIIOCOOHOCTHIO
HOHOB TIOJISIPU30BATh BOAY, KOTOPAst 3aBUCUT OT pa3Mepa, 3apsjia U MOBEPXHOCTHOM IIIOTHOCTH 3aps/ia HOHA.
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TIGaSe,<Pr> KRISTALLARININ FOTOELEKTRIK XASSOLORI

P.H. ISMAYILOVA, A.i. HOSBNOV, A.A. HACIYEVA, N.Z. HOSBNOV,
S.S. ABDINBOYOV, M.C. NOCOFZADO
Azarbaycan Respublikast Elm va Tohsil Nazirliyinin Fizika Institutu, Baki, Azorbaycan
e-mail: p.ismayilova@physics.science.az

TIGaSex<Pr> (0; 0,1; 0,5; 2 mol%) yarimkegirici Kristallar sintez edilmis vo Bricmen-Stokbarger metodu ilo onlarin
monokristallart yetisdirilmigdir. TIGaSe;<Pr>-un difraktoqramlarinin 6yranilmasi gosterir ki, monoklinik singoniyaya malik
TIGaSez kristalinin gofosindaki tallium atomlarini bdyuk ehtimal il praseodimium atomlar1 ovoz edir. Otag temperaturunda
TIGaSe2<Pr> kristallarin fotokegiriciliyinin 6l¢iilmasi agkar soviyyslorini milayyan etmoys, onlarin qadagan zonasinin eninin
giymotlondirmoays vo onun praseodimium konsentrasiyasindan asilihigini izlamoya imkan verdi.

Acar sozlor: yarimkegirici, prazeodimium, difraktogramma, fotokegiricilik, asqar soviyys.

Muasir mikro vo optoelektronikaya artan toloblor
spesifik kristallik qurulusa malik yeni yarimkecirici
materiallarin tadqiqini stimullagdirir. Bela materiallara
layli, zencirvari qurulusa malik asag: 6lcilii xalkoge-
nidlor aiddir. Son illor xalkogenidlorin mikroelektroni-
kada genis totbigi onlarin unikal xiisusiyystlorinin
mOvcudlugu ilo baghidir. Lakin onlarin potensial im-
kanlar1 hals do tam oyrenilmemisdir. Son iller tadgigat-
cilarin diggotini gucli anizotropiyaya malik miirokkob
quruluslu layl kristallar daha ¢ox ¢okir. Bu baximdan
A"B"C,M! grupuna daxil olan TIGaSe; kristallar1 vo
onlarin osasinda alinmis bark mohlullar boyiuk marag
dogurur. Ugqat layl qurulusa malik bu birllosmolorin
izomorfizma meylliyi, struktur faza kecidlori hagda
molumatlar muxtslif elmi adabiyyatlarda forglons bilir-
lar, bazan do bir-birilarini tokzib edirlor. Bu hallarin bag
vermo Sobobi bu yarimkegirici kristallarda miixtalif
modifikasiyalarin mévcudlugu, texnologiya prosesinda
stexiometriyadan konara ¢ixma, miixtalif defektlorin,
agqarlarin olmast ilo alagalondirilir.

Yarimkegiricilor fizikasinin miithiim vazifalorin-
dan biri malum olan maddslars doping etmaklo, asqar-
lar vurmagqla, onlarin asasinda yaranan bark mshlulla-
rin faydali fiziki xassolorinin idars olunmasidir. Asqar-
lar, dislokasiyalar yarimkegirici kristallarin xiisusiyyat-
larino nozars garpacaq doaracads tasir gostarir vo bazon
yeni fiziki effektlorin yaranmasina sabob olur. Buna go-
ra do, agqarlarin daxil edilmasi yarimkegiricilarin fiziki
xassalarini doyismok Ugiin vacib praktiki tsuldur. Xi-
susila, son zamanlar nadir torpaq elementlari (NTE) ila
A""B"C,Y! qrup kristallarinin doping edilmasinin pers-
pektivliyi gostorilmisdir [1-5].

Qargimiza qoydugumuz asas masalo nadir torpaq
elementi prazeodimium ilo 0+2 mol% konsentrasiyada
doping olunmus T1GaSe; kristallarinin sintezi, yetisdi-
rilmo texnologiyasinin iglonmosi, alinmig T1GaSe,<Pr>
-nin fotoelektrik xassalorinin todgigidir. TIGaSe,<Pr>
birbasa aritma metodu ils sintez olunmusdur. Alinmis
TIGaSe,<Pr> (0+2 mol%) kristallarinin rentgen difrak-
togramlari cokilmigdir. Sakil 1-do TIGaSe; kristallari-
nin qurulus fragmenti, qirmizi xatlo iso laylanma mis-
tovisi (001) gostorilmisdir.

Aldigimiz difraktogramlarin miiqayisali analizi
agqarlanmanin difraksiya monzaralorinds vizual hiss
olunacaq doyisikliys Sabab olmadigini gastordi. Amma,
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digor torofdon iso agqarin miqdar artdigca kristallarin
laylara ayrilma xiisusiyyatinin azaldigini, yoni keyfiy-
yatli sathlarin alds olunmasinin ¢atinlogdiyini miisahi-
dos etdik. Kristal-kimyavi molumatlar ssasinda Pr atom-
larinin qurulusda Ga atomlarinin tetraedrlorinds yerloso
bilmayacayini biz avvalcadan nozars almigdiq. Ga
atomlarinin tetraedrlorinin 6l¢ilorinin Pr atomlari {igiin
cox kigik oldugunu nazars alaraq Ga — Pr avozloms-
sinin mimkiin oldugunu hesab etmirik. Dogrudan da bu
glna godar dyronilmis kristal quruluslarinda ytingiil
NTE {giin tetraedrik koordinasiyaya rastlanmayib.
Amma TI atomlarinin triqonal prizmalar1 iso Pr atom-
lar1 tigtin ham formaca xarakter, hom ds él¢iilorine gora
cox uygundurlar (sokil 1). Bels avozloma ham do kris-
tallarin laylanma xiisusiyyatinin zaiflomasinin sobobini
do izah edir. Belo ki, TI — Pr avazlonmasi laylararasi
alagenin gliclonmasina ssbob olmalidir. Sakil 2-do
TIGaSe; kristalin difraksiya monzorasi gOstorilmisdir

[6].
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Sakll 1. TIGaSez qurulus fraqmentl [6].

Difraktometr ilo aparilan hesablamalar gostordi
ki, TIGaSez—nin Pr ilo dopingi onun kristallik struktu-
runda nozors garpacaq doyisiklik amoalo gotirmir. Tor-
kiblorin birfazali oldugu vo qofas parametrlorinin
TIGaSe,—don cox forqli olmadigr miioyyanlosdirilmis-
dir. TIGaSe, osasli TlGaSe;<Pr> niuminolori
a=10.779A, b=10.776A, c=15.663A, p=99.993C, foza
grupu C2/c, z=16 olan monoklin sinqonyada kristalla-
sirlar [7]. T1GaSe,<Pr> (0+2mol%) niimunalarinin di-
fraktogramindaki reflekslor TIGaSe, fazasina uygun-
dur. Sokil 3-do TIGaSe,<Pr> kristallarinin difrakto-
gramlart gostorilmisdir.
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Sokil 2. TIGaSez kristalimin difraktoqgrammast [6].
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Sakil 3. TIGaSe2<Pr> (0,1; 0,5; 2 mol%) kristallarinin difraktoqrammalart.
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Sokil 4. TIGaSe2<Pr> kristallarin moxsusi gadagan olunmusg zonasinin eninin (1) vo agqar soviyyonin (2) torkibdon
asililigr.
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Fotoelektrik xassalari 6lcmak tgun TIGaSe,<Pr>
monokristallart Bricmen-Stokbarger metodu ils yetis-
dirilmisdir. TIGaSe,<Pr> (0; 0,1; 0,5; 2 mol%) mono-
kristal numunalori planar gokilds hazirlanmigdir ki, xa-
rici elektrik sahosi monokristallarin tobii laylar1 iizra is-
tigamatlansin vo igigin laylara perpendikulyar istiga-
motds diigmasi tomin edilsin. Kontakt material olaraq
gumiis pastasindan istifado edilmisdir. Kontaktlar ara-
sindaki1 mosafa 2 mm togkil edir. Tatbiq edilmis elektrik
sahasinin garginliyi monokristalin volt-amper xarakte-
ristikasinin diiz xott oblastina uygundur.

Todgigatlardan miayyan edilmisdir ki, TIGaSe—
do oldugu kimi, TIGaSe,<Pr> (0,1; 0,5; 2 mol%) mo-
nokristallarinda yeni agqar fotokegiricilik miigahido
olunur vo uygun olaraq agqar enerji soviyyalori Pr-un
muxtalif konsentrasiyalarinda aldigi qiymotlor ve-
rilmigdir (0,1%-1,882eV; 0,5%-1,87eV; 2% -1,795eV).

Uygun olaraq T1GaSe,<Pr> li¢lin eksperimentdan
qadagan olunmus zonanin eni hesablanmigdir. 0,1%
Uctin Eg=2,116 eV, 0,5% Ugiin Eg=2,095 eV vo 2 mol%
Uctin Eg=2,078 eV toskil edir (sokil 4). Bu naticalor odo-
biyyatda TIGaSe,—nin qadagan olunmus zonasinin eni
Ucun (Eq=2,128 ¢V) hesablanmis ragamlars uygundur.

TIGaSe,<Pr> (0,1; 0,5; 2 mol%) xalkogenidli bir-
logmolorin kristallagsmasinda tetraedrik bosluglarin ol-
mas1 boylik migdarda moxsusi defektlorin amalo gol-
masina sabab olur.

TIGaSe,—do Pr-un konsentrasiyasinin artmast ilo
gadagan olunmus zonanin eninin azalmasini zona nazs-
riyyasina asasan mixtslif defektlorin (stexiometriyadan
konaracixma hesabina yaranan maxsusi struktur defekt-
lori, xisusilo xotti defektlor, asqarlarin geyri-bircins
paylanmasi vo seqreqasiyasi hesabina yaranan defekt-
lar), talolorin agqar elementin ionlari tarofindon rekom-
binasiya edilmasi hesabma bas vermasi ilo izah etmak
olar. TIGaSe;<Pr>-un gadagan olunmus zonasinin
uzundalgali oblasta dogru siiriismasi bas verir vo yeni
energetik soviyyslorin istirak: ilo asqar fotokegiricilik
misahido edilmigdir. Belo ki, Pr-un dopingi gadagan
zonada yeni lokal saviyyslor yaranir vo bu markazlor
hesabina elektronlarin kegirici zonaya kegmasi Uglin
daha az enerji talab olunur. Bu iss 6z ndvbasinds agqar
fotokegiriciliyin mévcudlugunu tosdiq edir.

Bu naticalar asasinda demak olar ki, TIGaSe; kris-
talina nisbaton TIGaSe,<Pr> (0,1; 0,5; 2 mol%)-nin
spektral oblasti shomiyyatli daracads doyisir vo bu im-
kan verir ki, todqiqat edilmis kristallardan praktikada
genis diapazonda optik siialanma fotogoabuledicisi kimi
istifado edilsin.

[11 O.M.Tooscaes, 3.A.Annaxspos, B./l.Pycmamos.
CuHres, BBl paliiBaHHE MOHOKPUCTAIIIIOB U HC-
CJIeJOBaHUE aKyCTOBOJbTaUIeCKOro ddekra B
Tln«PrySe; u Tllni«PryTe,. Heopran. Mare-
puansr. 2004. . 40. Ne 9. ¢. 1054-10509.

[2] F.M. Seyidov, E.M. Kerimova, N.Z. Gasanov,
Sh.D. Alizade. Interaction of TIInS; with
TIYbS, and electric, thermal properties of
crystals (THnS,)1.x(TIYbS,)x (x=0+0,12). 16-th
Intern. Conf. on Ternary and Multinary
Compounds. 2008. Sept.15-19. Tech. Univ.
Berlin. Germany. Book of Abstracts. ID 93.

[B1 @M. Ceuoos, D.M. Kepumosa, H.3. I'acanos.
dazossie paBHOBecus B cucteme T1INS,-TIYDS;
W OJJIEKTPUYECKHE CBOMCTBA  KpPHCTAJUIOB
TloInYbSs. Heopran. marepuanst. 2011. 1. 47.
Ne 12. c. 1429-1432.

[4] AM. Hawaes, C.H. Mycmagaesa, .M. Kepu-
mosa, H.3. I'acanos. lnanexTpudeckue U ONTH-
YEeCKHe CBOICTBA JIETHPOBAHHBIX PEIKO3EMEIh-
HBIMH 3JeMeHTaMnu MOHOKpucTaiioB TlInS; u

TlInSe;.  Yuensle 3amuckd  HanuoHansHON
Axanemun Asuaruu. 2014, 1. 16. Ne 3. ¢. 2937.

[5] O.M. Kepumosa, H.3. I'acanos. Kpucraniodu-
3UKa CJIOKHBIX TTOJTYIPOBOIAHHUKOB HAa OCHOBC
coemmuenuit tnma TIB"C,Y!, sxmogaromux
PEAKO3EMEIIBHBIC JIEMEHTHI U IIEPEXOIHBIE ME-
taiuiel. AMEA Xaborlar, Fizika vo Astronomiya
seriyast. 2017. Ne2. ¢. 12-26.

[6] Johnsen, Simon; Liu, Zhifu; Peters, John A., etc.
Thallium Chalcogenide-Based Wide-Band-Gap
Semiconductors:  TlGaSe, for Radiation
Detectors. Chemistry of Materials. 2011. 23. p.
3120.

[71 G.E.Delgado, A.J.Mora, F.V.Pérez, J.Gonzalez.
Growth and crystal structure of the layered
compound TIGaSe,. Cryst. Res. Technol. 2007.
2. p. 663-666.


https://crystallography.net/cod/result.php?journal=Chemistry+of+Materials
https://crystallography.net/cod/result.php?year=2011
https://crystallography.net/cod/result.php?journal=Chemistry+of+Materials&volume=23

AJP FiZiKA

2023

section C: Conference

Tiirkiye

CdS-do KECID COROYANLARI

N.N. LEBEDEVA, V.i. ORBUX, C.Q. AXUNDOV, Q.M. EYVAZOVA*,
I.M. OFONDIYEVA
Baki Déviat Universiteti, Fizika Problemlari ETI
* Baki Doviat Universiteti, Nano Moarkaz
afandiyeva@mail.ru

Toqdim olunan mogalodo monokristallik va toz halinda olan CdS niimunslorinin tadgiginin noticalori gostorilmisdir.
Genis qadagan olunmus zonaya malik (2,4 eV), kicik elektrik kegiriciklo saciyyslonan CdS-o olan maraq onun yaxin UB
oblastinda yiiksok fotohossasligi ilo slagadardir. Elektrik xassolorina gora CdS seolitlors yaxindir. Hacmi 16vhadan Kasilmis
monokristallik CdS niimunolarins elektrik gorginliyi qosuldugda qisamiiddatli kegid coroyani miigahids olunur. Tozvari CdS
niimunslori tizorindo eyni eksperiment aparildiqda forgli notico alinir — coroyan stasionar giymoto gatmayaraq bir nego saat
arzinds azalir. Qeyd etmok lazimdir ki, toz donaciklori ¢ox da xirda deyil vo eksperiment zamani tozyigo moruz galmamgdir.
Belo halda niimuns hacminin ¢ox hissasini mesamalor taskil edir.

Acar sozlor: Kadmium sulfidi, impedans tadigigatlar, monokristallik CdS, tozvari CdS

PACS: 73.61.Ga;88.40.jm; 73.50.-h,73.61.-r; 61.72.U-, 81.70.Jb

Giris

Yarimkegiricilordo fotoelektrik hadisslorin oyro-
nilmoasinds vo inkisafinda kadmium sulfidi (CdS) mii-
hiim rol oynamigdir. Bu istigamstds aparilan todgigat-
larda CdS model madds kimi taninir. Yarimkegiricilo-
rin fotoelektrik tadqiqatlar1 optoelektron metodlara aid-
dir. Bu elmi istigamot daxili fotoeffekt asasli fotokegi-
ricilik hadisslorini ehtiva edir.

Fotokegirici layin alinmasi ti¢tin istifado olunan
metodlardan on sadasi altliq tizerine miiayyan maddo-
nin tozunun g¢okilmoasidir. Bu zaman maddonin foto-
elektrik xassalorini yaxsilagdirmaq mogsadilo ona xii-
susi olavalor gatilir. Sonraki tablama niimunanin sixli-
gini artirir, ona fotokegiricilik kimi agkarlanan yarim-
kecirici tigiin xarakterik olan xassalor asilayir.

Kadmium sulfidi (CdS) ilk dofs 1958-ci ilds foto-
elektrik todgiqatlar ti¢iin model madds adlandirilmigdir
[1]. Buna sabsb otaq temperaturunda CdS-o moxsus ge-
nis qadagan olunmus zonadir (2,4 eV). Bu xiisusiyyat
maddanin asas xassslorinin tadqiqi zamani xiisusi soyu-
dulmaya ehtiyacin olmamasini tamin edir [2].

Metal va yarimkegirici nazik tobagslorin alinmasi
liciin vakuum sublimasiya va katod tozlandirma metod-
larindan genis istifado olunur. 1950-ci illorin axirlarin-
da, ilk dofo olaraq CdS-in sublimasiya edilmis fotoke-
girici tobagolori alinmigdi. Bu tobaqolor orta enerjili
elektronlarin detekts edilmasi tigiin nazards tutulmusdu
[3]. 1960-c1 illarde Ukraynanin Yarimkegiricilor EImi-
Todgiqat Institutunun omokdaslari torofinden CdS na-
zik tobagslari asasinda fotokegiricilik hadisslori genis
Vo hartarofli tadqiq edilmisdir [4]. Qeyd etmak lazim-
dir ki, buxarlanan tozda metal xloridlorinin olmasi nii-
munolarin namliys hassaslhigimi artirirds.

CdS tobagolori tigiin isigda miigavimatin dofalor-
Io (5 tortib) doyismasi va foto yaddasin olmasi saCiyyo-
vidir. 1970-ci illards Kiyevds M.K.Seykmanin rahbar-
liyi altinda CdS-in fotoyaddast ilo alagodar bir sira elmi
is aparilmig, maraqli naticalor alinmisdir [5].

CdS tipli tobagalords ds bir sira fotoelektrik tod-
qiqatlar aparilmigdir. Bunlar uzununa fotokegiricilik,
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fotodielektrik effekt, fotoinduksiya effekti, sothi fototu-
tum effekti ilo olagodardir [6]. Bu todgigatlar fotodie-
lektrik effektlorin yeni klassifikasiyasini toklif etmoys
imkan verdi. Bundan basqa, alinan naticolor genis zo-
nali yarimkegiricilarin todgiginds yaranmis vo ion foto-
effektinin izahina gatirmis ziddiyystin (alternativ dorin
Saviyya - kollektiv baryer) askarlanmasi ilo naticalondi
[7]. CdS tipli nazik tabagolor asasinda fotokegirici mii-
hitlor yaradilmigdir. Bu miihitlorin geofizikada geoloji
gatlarin modellosdirilmosinds istifadasi vo bunun nozs-
ri cohotdon miimkiinlilyii osaslandirilmisdir [8]. Kad-
miumun kompenss edilmomis artiglari ils slagodar orta
IQ —oblastda yiikdastyicilarin plazma-rezonansi taddiq
edilmigdir [9]. Optik tezliklordoki yiiksok kegiricilik sa-
bit corayanda asag1 kegiricilikla uzlasirdi. Ikinci-ion fo-
toeffekti ilo analogiya otaq temperaturunda orta Q- ob-
lastinda isloyan plazma-rezonansi asasl fotogobuledi-
cinin yaradilmasi miimkiinlilylinii agkar etmisdir.

Eksperiment

CdS-o olan maraq onun enli zonali (2,4eV) yarim-
kegiricilor tiglin saciyyavi olan kigik elektrik kegirici-
liklo birgs yaxin ultra-bon6vsayi (UB) oblastaki geyr-
adi fotohossasligr ilo olagodardir. Elektrik xassalorino
gbro CdS tadqiq etdiyimiz seolitloro yaxindir [10]. Bu
iso CdS tozu - seolit qatqisimin asasinda fotohossas
kompozitin yaradilmasini maraql edir.

Toqdim olunmus moagalads monokristallik quru-
luslu vo tozvari strukturlu CdS niimunslorinds kegid
carayan: tadqiq edilmisdir. Monokristallik niimunalor
hocmi CdS 16vhasindan kasilmigdir. Uzununa fotokegi-
riciliyin 6lglilmasi ligiin hazirlanmig niimunalorin 6l¢ii-
lori miivafiq olaraq: h,d,I=1,7mm; 5mm; 7,7mm. Lov-
honin hxd taraflorine glimiis pastasindan kontaktlar qo-
sulmusdur. Sorbast sotho (Ixd) totbiq olunmus elektrik
sahays perpendikulyar olaraq isiq seli diigiirdi. Niimu-
no kameranin daxilinds yerlogdirilmisdir. Buraya isiq
acilib Ortiilmasi miimkiin olan pancaradon diisiirdii.
Pancars bagli olduqda qaranliq corayani dlgiiliirdii (so-
kil 1).
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Sakill. Monokristallik CdS niimunasi.
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Sakil 2. Monokristallik CdS niimunasi tigiin VAX (a) vo Carayanin zamandan asililigi (b).

Sakil 3. Tozvari CdS niimunasi tiglin yuvaciq.

Sabit gorginlik blokundan niimunays (10-1000)V
intervalinda gorginlik verilirdi. Endim 620.02 tipli giic-
londirici ilo giymoti (10%-10%) A intervalinda doyison
coroyan Olgililmiigdiir. Niimunods gorginlik 200V ol-
dugda qaranliq corayan1 (6+1077) A toskil edirdi. Niimu-
nays lampadan isiq diisdiikds carayan (2,3-10%) A-a
borabor idi. Belsliklo is1q corayaninin (If) qaranliq co-
royanina (I;) nisbati ~ 400-2 borabardir. Monokristalin
xiisusi miigavimati p = 10* Om~mm.

Sokil 2a-da miixtalif sabit garginliklardas 6lgiilmiis
Carayanin qiymatlari gostarilir (volt-amper xarakteristi-
kasi-VAX). Sokilden goriindilyii kimi carayanin gor-
ginlikdan asililig1 praktiki olaraq xattidir.

Fotohassasligin dlgiilmasi iki név CdS niimunaloe-
rindo hoyata kegirilmisdir:

1-ci niimune - monokristallik CdS. Olgiilori:
uzunlug I=7.7mm, en- d=5 mm, hiindiirlik h=1.7 mm.
Xiisusi miiqavimot 5107 Om~mm. Dvvalco qaranliq
Corayant Ol¢iilmiisdiir. Qurguda niimuns yuvaciqda
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Iyerlssdirilmisdir, yani poncearo bagh idi. Gorginlik
monbayindon gorginlik 200V olduqda garanhq caraya-
ninin stabil giymoti 6«10 A olmugdur. Niimunays lam-
padan isiq salindiqda filtr vo fokuslayicidan istifado
edilmomisdir. Is1q diisdiikda corayan 2.3<10"* A giyme-
tini almigdir (sokil 2b). Monokristallik CdS f{giin
carayan bu giymeta tagribon 10 san arzinds gatir. Foto-

caroyanin garanliq carayana nisbati (lf /Id = 400).

2-ci niimuns — tozvari CdS, monokristallik 16v-
hodan islomo noticasinds alinmisdir.

CdS tozu xiisusi hazirlanmis yuvacigin bos hac-
mins yerlogdirilir. Yuvacigin dibi alt elektrod rolunu
oynayir (sokil 3). Ust elektrod- CdS tozuna sixilmig mis
diskdoan ibaratdir. CdS toz danaciklari ¢ox da xirda de-
yil vo qurguda elektrodlar torafindan tazyige moaruz ga-
Imur. Elektrodlara sabit garginliik verildikde niimune-
don kegan carayan Endim 620.02 giiclandiricisi ilo gey-
do alinir.
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Sakil 4. Tozvari CdS niimiinssi liglin VAX (a) va Caroyanin zamandan asililigi (b).
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Sokil 5. Tozvari CdS niimunasi {igiin tutum (a) vo miigavimatin (b) test signalinin tezliyindon asililig:.

Tozvari CdS niimunssinds stabil corayan uzun
miiddat arzinds (bir nego saat) qararlasir (sokil 4b).

Alinan nocadodon askarlanir ki,

- Sabit gorginlik qosuldugda monokristallik CdS
niimunasinds qisamiiddatli kegid corayani miisahido
olunur (sokil 4a);

- Tozvari CdS niimunssins elektrik garginliyi qo-
suldugda caroyanin zamandan asilihig fargli olur. Co-
royan bir neg¢o saat orzindo azalaraq stasionar giymoto
catmir.

Tozvari CdS niimunssi iigiin VAX sokil 4a-da
gostorilir.

Corayan doayismasinin tadgigins slavo olaraq har
iki CdS niimunosi {igiin tutum (C) vo kegiriciliyin im-
pedans dlgmolori MHUITIN E7-20 cihazin kdmoayi ilo
aparilmigdir. Bu O6lgmalords test signalinin tezliyi
120Hs-1MHs intervalinda dayisirdi. Alinan 6lgmalor
asasinda niimunanin miiqavimati (R) hesablanmigdir.
Monokristallik CdS niimunasinds test signalinin miix-
tolif tezliklorinds aparilmis 6lgmoalor tutum vo miga-
vimatin tezlikdon asililigini agkar etmomisdir.

Bundan forqli olaraq tozvari CdS niimunasinds
(CdSs hissaciklarinin masamalar ilo qarisigi) dispersiya
miigahida olunur: tutum ve miigavimat test signalinin
tezliyindan asilidir (sokil 5). Alinmig notica strukturun
miirokkabliyi ils slagadardir. Strukturu iki komponen-
tli (yeni kegiriciliyi olan CdS hissaciklari va onlarin
arasinda masamalar) sistem kimi gabul etdikds, geyd
etmok lazimdir ki, har bir komponent {igiin ayriliqda
dispersiya miisahido olunmur (sokil 5b).

Sokildon goriindityii kimi, test signali tezliyinin
artmasi naticesinds tutum veo miiqavimatin azalmasi

[ .
miigahido olunur. Malumdur ki, tutum 6zlitytinds doyi-
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son gorginliyin tezliyindon asili deyil. Bu zaman alin-
mis natica alava tutumun qosulmasini bildirir. Sistemin
iki fazali olmasi nozors alinsa, belo forz etmok olar Ki,
sistemda kegirici (Ro miiqavimati vo C; tutumlu) vo
nazik lay- mosamslar (C, tutumlu) ardicil olaraq qo-
sulmuslar. Belo halda ikifazali sistemo moxsus tutum
Vo miiqavimatin tezlikdon asililhigr asagidaki ifadslorla
tasvir edilacok

C(0) - C,+»’R;C.C,(C,+C,) O
1+ 0*R2(C,+C,)’

R(w) = RO(% +(1+3] 2
|(eRC,)” U G

Bu model tozvari CdS niimunasinds coroyanin
uzunmiiddstli azalmasim izah edir. Elektrik sahanin
CdS-o moxsus kegirici oblastlardan kegirici olmayan
(masamalor) oblastlara kegmasini tamin edan dayisen
Coroyan zaman kecdikco azalir. Bu da, tam coroyanin
azalmasi kimi miisahids olunur (sokil 4b).

Natica

Togqdim olunan isdo CdS niimunoslori monokris-
tallik va toz soklinds todqiq edilmisdir. Miisahids olu-
nan uzunmiiddatli (bir ne¢o saat arzindo) coroyan azal-
masi tozvari CdS nimunslorinds askar edilmisdir.
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Buna sebob strukturun ikifazali (CdS kristallar1 ve
moasamolar) olmasidir. Tozvari CdS niimunslarin tutum
Vo miiqavimetinin test signalinin tezliyindon asilili-
gmin impedans 6lgmalori mesamalorin slave tutum ro-
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POLIMER MATRIiSLi KOMPOZITLORDO FAZALARASI QARSILIQLI TOSIRIN
DIFERENSIAL SKAN KALORIMETRIYA (DSK) VO TERMOQRAVIMETRIK
ANALIZ (TGA) METODLARI iLO TODQIQi
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Isda polyar va geyri-polyar polimer matrisli vo miixtolif strukturlu keramikalardan ibarot kompozitlordo fazalararas gar-
sihigh tasir diferensial skan kalorimetriya vo termoqravimetrik analiz metodlart ilo todqiq edilmisdir. Miioyyon edilmisdir ki,
movecud modifikasiya tisullarindan (temperatur, elektrik sahasi vo mexaniki gorginlik) on effektlisi elektrik qaz bosalmasi plaz-
masinin tosiri soraitindo modifikasiyasidir. DSK ayrilorinds miisahido olunan maksimumlar yiiksok elektrik sahasinin, tempe-
raturun vs elektrik qaz bosalmasi plazmasimin tasirindon polimer fazada vo fazalararasi sorhaddo strukturun doyismssi, fazalar-
arasi garsiliqli tosir, fazalararasi qarsiliqh tosir artdigca kristallik doracasi azalir, homg¢inin makromolekullar 6zlorinin sarbast-
liyini miioyyan godar itirirlor,elektrotermopolyarlagma prosesi pyezohissaciklorin tosiri soraitinds getdiyi tigiin imumiyyotlo

kompozitin amorflugu azalir.

Acar sozlor: polimer, kompozit, matris, stisolosms, entalpiya, entropiya, kiitls itkisi, plazma, xiisusi istilik tutumu.

PACS: 83.85; Hf, Np 83.80. Tc
GIRIS

Moslumdur ki, segnetopyezokeramikalar perovskit
qurulusa malikdir vo kimyovi torkibi doyismoklos fiziki
xususiyyatlori doyisir. Kimyavi torkibina goro pyezo-
keramikalar adoton qurgusun vo barium (Ba) ikivalentli
ionlarindan, hamginin titan (T1) vo sirkonium (Zr) dérd-
valentli ionlarinin birlagsmosindan ibarat miirokkab ok-
sidlordir. Ilkin materiallarin faiz nisbatini doyismoklo
vo miixtalif olavalor gatmaqla miiayyan elektrofiziki,
pyezoelektrik xassalora malik pyezokeramik torkib sin-
tez etmok miimkiindiir. Seqnetopyezokeramikalarin bu
gostorilon tistiinliiklari ilo yanas yiiksok doracado kov-
roklik xassasine malik olmasi onlardan hazirlanmis nii-
munolorin deformasiyasinin azalmasina sobob olur. Bu
baximdan elastik xassaloro malik olan material almaq
ticiin pyezokeramik ovuntunu polimer matrisaya daxil
edilorok kompozit niimuna alinmigdir. Son zamanlar
polimer matrisli kompozitlorin sanaye, aerokosmik va
elektronika sistemlorinds genis istifado olunur [1, 2].
Homginin, gostorilon kompozitlor tamiz polimerlorla
miigayisoda daha yaxsi fiziki vo mexaniki xassolora
malik olur. Bundan slavs, polimer kompozitlorin ema-
linda vo totbiq sahssinin segilmasinds istilik xiisu-
siyyatlorinin 6yronilmesi vacib faktordur. Bu magsad-
Is, todqiq olunan niimunalarin (YSPE+PKR1) Diferen-
sial skan kalorimetriya (DSC) va termogravimetriya
(TG) analizi aparilaraq fazalarasi sarhodds bas veran
proseslar vo termodinamik parametrlor todgiq olun-
mugdur. Son dovrlar yaradilan yeni cihazlar maddada
istilik selinin doyigma siiratini (DSC) termoqravimetrik
analizlo (TG) kiitlonin doyismosi, pargalanma vo ya
korroziya haqqinda malumat verir [3, 4]. Bu metodlarla
niimunalarin tadgigi hamginin faza g¢evrilmasini, istilik
tutumunu, arimo vs kristallasma hadisasini, oksidlogsma
stabilliyini vo miixtalif proseslorin kinetikasini dagiq
toyin etmoys imkan verir [5]. Metallarmn aridilmasi va
keramikanin modellosdirilmoasindan sonra, ilk sintetik
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polimerin sonaye miqyasinda istehsali insan comiyyaoti-
nin tokamuliinde slamotdar hadise idi. O, vaxtdan bari
polimerlar daha siiratlo inkisaf edir. Yalmz polimerlor-
don va matris kimi, polimerlor vo segnetopyezokerami-
kalardan ibarot materiallar olaraq kompozitlor daha gox
istifads olunur. Bildiyimiz kimi, kompozit materiallar
0z strukturlarina gors on az1 iki komponenetdon ibarat-
dir. Hazirda kompozitlor yiiksok performansa malik
materiallar sinifi kimi taninur [6, 7]. Kompozitlorin is-
tehsali, torkibi, homdo texnologiyasi demok olar ki,
sonsuzdur. Bu materiallar gabaqcil texnologiyanin bii-
tiin saholorinds genis istifads olunur (aerokosmik, ro-
botexnika, masinqayirma va s.) [7, 8]. Bildiyimiz kimi,
TGA- kiitls itkisinin temperatur va ya zaman funksiyast
olaraq termik analiz tisuludur. TGA-dan istifado edorok
YSPE oasasli kompozitlords kegid vo ya deqradasiya
proseslori ila bagl kiitlo dayisikliyini 6l¢tir [9,10]. Ter-
moplastik polimerlor insanlarin giindslik hayatinda
miibahisasiz varliga malikdir. Bundan slavo, geyd olu-
nan polimer matrisli kompozitlorin daha ¢ox digqst ye-
tirilmisdir. Polimer matrislorinds tobii méhkomlondiri-
ci liflarin istifadasi homin materiallarin yaxst mexaniki
va istilik xiisusiyyatlorine malik olur. Son bir ne¢s 10
illikdos polimer matrisli kompozitlor sonaye vo akade-
miya tigiin, xlisusilo avtomobil, aerokosmik, elektroni-
ka sistemlarinds tibbi mohsullar, kimya senayesi vs di-
gor saholor iigiin maraqlh olmusdur. Diizgiin dizayn
edildikda, yeni birlogsmis material ilkin materialdan da-
ha yaxs1 xiisusiyyatlor niimayis etdirir. Kompozit mate-
riallar1 miixtalif yollarla tosnif etmak olar. Matris kimi,
YSPE-nin istifade olundugu kompozitlar genis istifado
olunur. Bu kompozitlar tamiz polimerls miiqayisads
daha yaxs1 mexaniki va fiziki xassalors malikdir.

METODIKA
Todgigat obyektlori olaraq miixtalif strukturlu

segnetopyezokeramikalar (PKR1, PKR8 vo PKR26) vo
polimer matris kimi yiiksok sixliqlt polietilen (YSPE),
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polivinildenftorid (PVDF) se¢ilmisdir. Pyezoelektrik
hissaciklorin diametri 63-100 mkm gotiirilmiisdiir. Po-
limer matrisli kompozitlorin alinmas tigiin ovuntu gok-
linds olan polimer vs seqnetopyezokeramikalar xiisusi
qabda qarigdirilaraq, xiisusi forma veran golibdo pas-
lanmayan presdo preslonmisdir.

Diferensial ~ skan  kalorimetriyast  (DSK)
NETZSCH DSC 204 F1 cihazinda (Almaniya) arqon
atmosferinds aparilmigdir. Arasdirilan kompozit niimu-
nasi alminium yuvaciqda yerlogdirilir. Etalon niimuna
kimi sapfir (Al,O3) gotiiriilmiis, qizma siirati 10 K/daq,
tosirsiz qaz axinin siirati 20 ml/daq, niimunalarin ¢okisi
toxminan 40 mq se¢ilmigdir. Todgigatlar -100-600°C
temperatur intervalinda aparilmigdir.

Isdo DSK spektrindo alman naticalorden istifado
etmoklo kompozitlorin termodinamik parametrlori aga-
gidaki diisturlarin kdmoyils hesablanmigdir:

_ Mstandart |, DSCsample—DSCpas

Entalpiyanin doyismasi:

T
AH = Seqp, = [, ¢pdT 1)
Entropiyanin doyismasi:
AH T
AS = = [ 24T @)
Tiecid 0T
Kristallig daracasi:
K — |AHarima+AHsoyuma| . 100% (3)
AHetalon

Niimunonin T temperaturundak: xiisusi istilik
tutumu (cp):

C,. =
p Msaple

' Cp standart
DSCstandart—DSCpas b

(4)

Burada ¢, Vo Cpstandart — niimunanin va etalonun T ! geyri-polimer matrisanin avozino mioyyon dipol mo-

temperaturundaki xiisusi istilik tutumu, mstandat Vo
Msample — Uygun olaraq etalonun va niimunanin kiitlasi,
DSCstandart Va DSCsample — eta|0ﬂun Va nﬁmungnin T
temperaturuna uygun DSC signalinin qiymatidir.

Termogravimetrik (TG) analiz metodu ilo arasdi-
rilan niimunalor NETZSCH STA 449 F1 Yupiter cihazi
ilo 6lgllmiisdiir. Todgigatlar 20-850°C temperatur in-
tervalinda Al,Os tigellorinds aparilmisg, niimunonin qiz-
ma siiroti 1K/doq gétiiriilmiisdiir. Olgmalor sintetik
hava miihitinds (80% oksigen qazi, 20 % azot qazi vo
axin siirati 35 ml/daq) toz halinda olan niimunslor tigiin
aparilmigdir. Termogravimetrik (TQ) spektrindan isti-
fado edorok todgiq olunan kompozitlorin kinetik para-
metri olan aktivlogsma enerjisni (Ez) toyin etmok olar
[125, 5.723], [106, s.16]. Arrenius tanliyina gora:

In(k) =In(4) —

Ea
R ()
Burada k — doyismo sabiti, A — eksponensial faktor, Ea
— aktivlosmos enerjisi, T — miitlaq temperatur, R — uni-
versal gaz sabitidir.

Kissinger metoduna gora isa:

In (T%) =In (%) -

Burada T, — maksimumun temperaturu,  — qizma
stirotidir.

Eq
R'Tp

(6)

EKSPERIMENTAL NOTICOLORIN ANALIZi

Isdo termiki islomonin polimera tasirini dyronmok
tiglin diferensial skan kalorimetriya (DSK) ayrilorindon
istifads edilmisdir. Bu magsadlo sokil 1- ds ilkin YSPE
tigtin DSK oyrilori verilmigdir. Alinan naticolor gostorir
ki, DSK ayrisi 124°C-do maksimuma malikdir. ©gar
YSPE-ni bir tsikl qizma va soyutmaya maruz edarok
DSK ayrisini alsaq, tam grafikds (yani soyutma-qizma)
yaranan yeni maksimum 111°C-ys uygundur. Ogor
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mentina malik polyar ftor tarkibli polimer polivinilden-
ftorid (PVDF) gotiirsak, onda DSK oyrisinda birinci
maksimum 162°C-do, ikinci maksimum 129°C-do mii-
sahido olunur (sokKil 4, 3, 5b). Ilk baxisdan alinan natico
anomal xarakterlidir: Fikrimizca, har iki halda DSK oy-
risindo maksimumun temperaturunun farqli olmasi ter-
moislomonin tasirindan polimerlords oksigenli destruk-
siya (par¢alanma) proseslari bas verir vo bu hal PVDF-
do YSPE-na nozoron daha yiiksok temperaturlarda mii-
sahido olunur. Eyni zamanda DSK vasitasilo polimer-
lorin praktikada totbiqi iiglin mithiim parametr olan
stisalogmoa temperaturunu, arimo temperaturunu, xiisusi
istilik tutumunu (cp), entalpiya, entropiya (AS), kristal-
liq daracasini (K) tayin etmak olar (cadval 4, 3, 1). Bil-
diyimiz kimi, ki¢ik molekullu birlagsmalordon forgli
olaraq polimerlor iki kristal vo amorf faza hallarinda ola
bilirlor. Amorf polimerlarin iso ii¢ fiziki hali mévcud-
dur: stisovari, yiiksokelastiki va 6zli axici.

Homginin, bu termoqramlar vasitasilo tomiz poli-
merlor tigiin stigolosmo temperaturlari toyin edilmisdir.
Bildiyimiz kimi, siisologsmo temperaturu har bir mate-
rialin totbiq sahasini miioyyonlosdirir. Istifado etdiyi-
miz tomiz polimerlorin stigologmo temperaturlart YSPE
(100°C) vo PVDF (40°C) iigiin 6lgtilmiisdiir (cadval 1).

Bundan olavs, diferensial skan kalorimetriya
(DSK) vasitasilo polimer matrisli seqnetopyezokerami-
ka ssasinda kompozitlards istiliyin tesirinden gedan
struktur dayisiliklori dyranilmigdir. Bu magsadls veril-
mis miixtalif strukturlu keramikalardan vo polimerlor-
don (YSPE, PVDF) ibarat kompozitlor tigiin DSK ter-
mogramlari ¢okilmis vo todgigatlar -100+600°C tempe-
ratur  intervalinda  aparilmisdir.  Sokil  2-do
YSPE+PKR1 vo PVDF+PKR1 kompozitlorinin DSK
ayrilori verilmigdir. Gostarilon grafiklordo temperatur-
dan asili olaraq YSPE+PKR1vs PVDF+PKR1 kompo-
zitlorinda gedoan struktur dayisiliklarina uygun maksi-
mumlar (faza kegidlori) ¢ox daqiq goriiniir. Qrafikdan
gortiniir ki, YSPE+PKR1 (sokil 2 a) kompoziti ii¢lin
128°C temperaturda kigik ekzotermik pik miisahida
olunur vas bu da taxminan polimerin arims temperatu-
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runa yaxindir. Fikrimizcs, bu ekzotermik pik tempera-
turun artmasi ilo YSPE+PKR1 kompozitinds olan ok-
sigen tarkibli funksional qruplarin (CO, CO3) pargalan-
mast ils alagadardir. Temperaturun 480°C giymatindan
sonra pikin kaskin diismoesi vo endotermik reaksiyanin
bas vermosi miisahido olunur. Endotermik pik 480,4°C

temperaturda miisahids olunur. Yani, bu artiq polimerI

ilo segnetopyezokeramika hissaciklori arasinda slagsle-
rini qirmaq {iglin ¢ox miqdarda istiliyin udulmasina eh-
tiyac vardir. Homginin, PVDF+PKR1 kompoziti igiin
do ekzotermik pik (161,4°C), endotermik pik (470,2°C)
miisahida olunur (sokil 2 b).
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Sakil 1. a- tomiz PVDF; b- tomiz YSPE polimerlorinin DSK termoqramlart
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Cadval 1.
Tomiz polimerlarin DSK spektrinds alinan naticalari
Stigolosma orimo Xiisusi istilik | Entalpiy | Entropiya | Kristal
temperatur temperatur tutumu a(AH), (AS), liqder
Polimerlor (Ty), °C (To), °C (cp),C/q-°C Clq CIK aCasi
(K), %
YSPE 100 124-131 1,8-2,7 201 2,36 4,75
PVDF 40 156-165 0,96-1,4 105 0,65 3,33
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Sakil 2. a- YSPE+PKR1; b- PVDF+PKR1 kompozitlarinin DSK oyrilari.

[
Alinan naticalars asasan deys bilarik ki, PVDF-do  hissaciklor kristallagma markazlari rolunu oynaya bilar
YSPE — no nozaran spektrlorin dyranilmasi daha  vo son noticeds polimer matrisada kristallik fazanin
mithiimdiir, ¢linki PVDF polyardir, pyezokeramik miqdar artdigi tigiin DSK ayrisinds yaranan birinci
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maksimumun  formalasma  temperaturu  yliksok
temperatur istigamatinds siiriiga bilor. Bundan slavs,
polimer matrisanin hacmi pay1 artdiqca polimer matrisa
ilo pyezokeramik fazanin kontakt sathi artacaqdir vo
struktur doyismslorin intensivliyi do yiiksalocokdir.
DSK oyrilorinds miisahido olunan maksimumlar
yiiksok elektrik sahasinin, temperaturun v elektrik gaz
bosalmasi plazmasinin tasirindon polimer fazada va
fazalararasi sorhadds gedon proseslorls olagadardir:

- strukturun doyismosi;

- fazalararasi qarsiligli tasir;

- fazalararas1 qarsiligh tosir artdiqca kristallik
doracasi azalir, homginin makromolekullar 6zlarinin
sarbastliyini miioyyon gadar itirirlar;

- elektrotermopolyarlagma
pyezohissaciklorin  tosiri soraitindo  getdiyi
imumiyyatlo kompozitin amorflugu azalir.

Homg¢inin, polimer matrisli kompozitlards
fazalaras1 qarsihigh tesiri TQA (termogravimetrik
analiz) metodu ilo Gyronilmisdir. Belo ki, bu metod
polimerlarin vo onlar osasinda alinan miixtolif
strukturlu pyezokeramikalardan ibarst kompozitlorin
istilik dayaniqligini toyin edon bir metoddur. Bundan
alavo, bu metod istilik vo oksidlogms stabilliyi, yagama
miiddati, pargalanma, nom vo ugucu maddslor haqqinda
molumat aldos etmok ti¢iin faydali bir vasitadir. Sokil 3-
do PVDF+PKR1 kompozitinin termogram oyrisi
verilmigdir. Sokildon goriindiiyii kimi, termoqram

prosesi
uglin

etmok lazimdir ki, 161 °C — ya uygun olan kiitls itkisi
bas vermayan enli, aydin olmayan endotermik effekt
miisahido olunur. Hesab edirik ki, bu marhalodo
nimunonin kristal qurulusu doyisir, daha dogrusu
temperaturun artmasi ilo kompozitin polimer fazanin
makromolekullar1 6z sorbastliyini itirir. Bu temperatur
polimerin  (PVDF) orima temperaturuna yaxin
oldugundan polimeri tagkil edon makromolekullar
arasinda rabito qirthr. Termoqram ayrisinin ikinci
effekti 450 °C —don 470 °C —y» godor davam edir. Belo
ki, 454 °C temperaturda kiitlo itkisi 10% toskil edir.
Fikrimizco, alinan natico termoiglomonin tasirindon
polimerda oksigenli destruksiya proseslori bas vermasi
ilo olagedardir. Daha sonra, 503 °C temperaturda gox
kigik olgtlii pik miisahido olunur. Hesab edirik ki,
homin temperaturda tgiincii effekt tizvii maddolorin
yanmasi naticasinds bas verir vo bu halda kiitlo itkisi
toxminan 2% toskil edir. Nohayat, temogram oayrisindo
dordiincii pik 602 °C —dan 609°C—ya godor temperatur
intervalinda formalasir. Beloliklo, PVDF+PKR1
kompoziti iiciin alinan notico gdstorir ki, 450 °C
temperatura gadar niimuns davamlidir. Bundan yuxari
temperaturda iso kompozitdo todricon destruksiya
proseslori bas verir ki, bu proses bir nego morholods
basa c¢atir. Analoji tocriibbo PVDF+PKR8 kompoziti
tglin do aparilmigdir. Alinan notico TQ/DSK' ayrisi
vasitosilo sokil 3-do verilmisdir. Sokildon gorindiiyii
kimi, PVDF+PKR8 kompoziti iiciin do miixtalif

oyrisindo miixtalif temperaturlu (161 °C, 454 °C, 503  temperaturlarda (158°C, 448°C, 653°C) piklor
°C, 606 °C) piklor miisahido olunur. Onu da qeydI miisahido olunur.
PKR1 50%/PVDF 50%
100,8.IG=0"6 Peak 468,93 °C DSC _ 1657
100 I
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Sokil 3.PKR1+PVDF kompozitinin termogravimetrik (TG) spektri.

NOTICO

[k dofo yiiksok polyarliga malik polimer matrisli
va miixtalif strukturlu keramikalardan ibarst kompozit-
lords fazalararasi qarsiliqh tasir miiasir metodlarla 6y-

! ronilmisdir. Homginin, polimer kompozitlards fazalar-
aras1 sarhodds injeksiya olunmus elektrik yiikdasiyici-
lariin konsentrasiyasi ilo kompozitin pyezo- vs piro-
omsallari (djj, ¥,) arasinda miiotansiblik miioyyon edil-
misdir.
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Tissue-mimicking materials, also known as phantoms, are widely utilized for device development, testing,
performance assessment, calibration, and training, particularly in the medical industry. Phantoms are utilized as reference
test materials in these investigations. Phantoms must be designed for whatever function they are intended to serve. For
example, if they are to be used in the ultrasound field, they must have acoustical characterization, if they are to be used in
the optical field, they must have optical characterization, and if they are to be used in the microwave field, they must
have characterization of their dielectric properties. They must also be produced in line with the required characteristics of
the tissues and organs for which they will be utilized and assessed as true phantoms. Three fundamental metrics, absorption
coefficient, reduced scattering coefficient, and anisotropy factor, are regarded differentiating properties in optical
characterization and are referred to as microscopic optical qualities in the literature. The macroscopic optical properties of
the muscle phantom, such as absorbance, transmittance, reflectance, refractive index, and attenuation coefficient, were
investigated using a spectrometer with a broadband white light source and a single integrating sphere in the wavelength
range of 200 nm to 1000 nm. Then, using the Kubelka-Munk Function method, microscopic optical features such as
absorption coefficient, scattering coefficient, and reduced scattering coefficient were estimated in the wavelength range of
200 nm to 1000 nm based on the data of these macroscopic characteristics. In this study, the findings of the macroscopic
and microscopic optical properties of a muscle phantom, which are also compatible with the literature data, will be
presented.

Keywords: Muscle Phantom, Microscopic and Macroscopic Optical Properties, Optical Characterization, Spectrometer,

Single Integrating Sphere, Broadband White Light Source.
INTRODUCTION

Today, due to its non-invasive nature, optical
technologies have started to be used more in the field
of diagnosis, treatment and surgery in the medical field.
Examples of these are clinical functional optical
imaging such as spectroscopy and optical coherence
tomography, laser surgery and phototherapy devices.
For example, visualization of blood vessels and
microcirculation, monitoring of blood oxygenation and
tissue metabolism, imaging of skin cancer, drug
tracking, and micro-vessel and particle distribution in
diagnostic; photodynamic therapy (PDT), low level
laser therapy (LLLT) and photothermal therapy (PTT)
in therapy; In surgery, tissue laser ablation, coagulation
and cutting can be given. However, the effective use of
these devices in human tissues depends on a good study
of tissue-light interactions. In other words, there is a
great need for reliable data on the optical properties of
human tissues and the prediction of light-absorbed
energy distributions. For this reason, many new
methods and techniques are being developed and
investigated in the field of biomedical optics for the
investigation of the optical properties of human tissues

[1].

In the literature, there are many publications on
the determination of optical properties of human and
animal tissues such as skin and muscle [2], liver [3],
lung [4], kidney [5], heart [6], brain [7], breast [8],
blood vessel [9], prostate [10], bowel[11], bladder [12],
bone [13] and tumor tissue [14].
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Biological tissues are basically turbid in terms of
optical transparency. Therefore, it is not easy to
measure the optical properties of this complex turbid
medium. These turbid environments are defined
through fundamental optical properties such as
scattering and absorption components, and these
properties of biological tissues constitute an important
research tool in biomedical diagnosis and therapy.
So, accurate measurements of the optical properties of
the turbid medium are important and typically, the light
distribution in a diffuse medium can be modelled based
on its intrinsic optical properties, including absorption
coefficient (na), scattering coefficient (us), anisotropy
factor (g) and reduced scattering coefficient (us') [15-
17].

There are generally two types of experimental
techniques, direct and indirect, to measure the optical
properties of tissues. Direct methods do not require any
supporting models for the radiative transfer process and
rely solely on experimental results. Whereas, indirect
(inverse) methods always use a theoretical light
scattering model used with experiment.The basic
description underlying these experimental methods
requires either measuring the emitted reflection from an
irradiated turbid sample or transmittance through it
[16]. Thus, to summarize, tissues are characterized in
vitro using techniques such as the solution of the
radiative  transfer  equation, integrating  sphere
spectroscopy, Kubelka-Munk (KM) model, the inverse
adding-doubling (IAD) method and the inverse Monte
Carlo (IMC) simulation [1, 17- 22].
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Tissue-mimicking materials (TMMSs) or tissue
phantoms are widely used in the biomedical research
area especially at thermo-acoustical [23-26] and optical
research [27-30] as a test model.

The definition of the phantom is made as “any
apparatus or material that mimics the operation or
physical properties of human systems or tissues”.
Although it is possible to use real tissues directly in
experiments, this is not a logical method. Instead,
working with artificial materials that simulate the
physical properties (such as acoustical, optical,
mechanical and thermal, etc.) of human tissues
provides many benefits. Therefore, phantoms enable
systematic testing and controlled optimization of new
measurement methodologies before being tested on
living things such as animals or humans. The use of
phantoms enables simulation for systems at different
complexity levels or human tissues. The use of
phantoms in initial tests instead of biological materials
provides an effective alternative to medical research.
Therefore, after the initial results on phantoms are
positive, real tissues can be used. After this stage,
animal experiments (laboratory mice in general) are
usually performed, and then the tests are performed on
humans [31].

In the optical field, phantoms are used in various
forms such as the development of imaging techniques
and image-guided interventions, system validation,
optimization, stability assessment, medical device
calibration, verification, and clinical training [32-34].

Muscles in the human body have a unique
structure and serve a specific purpose. There are around
600 muscles in the human body, accounting for about
40% of the total weight. Thousands or tens of thousands
of tiny muscle fibers make up each muscle. A nerve
controls each muscle fiber and permits the muscle to
contract. In the human body, there are three types of
muscles. These are heart muscle, smooth muscle, and
skeletal muscle. Only skeletal muscles are voluntary,
meaning they can be controlled consciously. Smooth
and cardiac muscles are uncontrollably active. Skeletal
muscle is a type of muscle that moves bones and other
tissues. Skeletal muscles contract and relax, cling to the
bones, and react to voluntary nervous system
instructions. Internal organs can function thanks to
smooth muscle tissue, which is found in organs like the
stomach and bladder. The heart muscle contracts to
pump blood around the body. Moving, standing,
talking, breathing, chewing and digesting food,
pumping blood in the heart, perceiving an item, and
regulating our body temperature all require the
muscular system. As a result, the muscular system is a
sophisticated muscle network that is essential to the
human body's survival. Eleven major functions are
performed by the muscular system. Mobility, Stability,
Posture, Circulation, Respiration, Digestion, Urination,
Birth, Vision, Organ Protection, and Temperature
Adjustment are among the functions stated [35-36].

The Kubelka-Munk model is a widely used
theoretical reflectance model in optics. It is assumed in
this model that some light traveling through a
homogeneous sample is dispersed and absorbed in two
directions, weakening the light. A two-flux approach to
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universal radiation transfer theory is the Kubelka-Munk
model. The K M scattering and absorption
coefficients, which are denoted as S and K,
respectively, describe the propagation of up and down
fluxes. Radiation transfer models have been widely
used to define the optical characteristics of light-
scattering materials. The Kubelka and Munk model is
one of the most successful and straightforward
models. The optical characteristics of particulate films
under diffused light may be calculated using this
model, which uses the material's effective absorption
and scattering coefficients. The Kubelka—Munk model
has a wide range of applications in materials analysis,
including paints, pigmented plastics or polymers,
decorative and protective coatings, solar-absorbing
pigments and paints, human tissue, leaves, biological
systems, crystalline materials, solids, powders, fibrers
and wool, papers, thermal insulation, and optical
properties. The optical characteristics of the coating are
considered to be represented by two constants in this
model, the absorption and scattering coefficients [37-
40]. The absorption coefficient (upa), scattering
coefficient (us), and scattering anisotropy factor (g) of
tissue are the major variables influencing light
propagation in the tissue. The degree of these
characteristics is influenced by both tissue structure
(scattering) and chromophore content (absorption)
[41]. Three fundamental parameters are regarded
differentiating features in optical characterization:
absorption coefficient, reduced scattering coefficient,
and anisotropy factor, and these parameters are referred
to as microscopic optical properties in the literature
[42].

In this study, macroscopic optical properties of
muscle phantom such as absorbance, transmittance,
reflection, refractive index and attenuation coefficient
were investigated using a spectrometer with a single
integrated sphere and a broadband white light source in
the wavelength range of 200 nm to 1000 nm. Then,
using the Kubelka-Munk  Function  method,
microscopic optical properties such as absorption
coefficient, scattering coefficient and reduced
scattering coefficient were determined based on the
data of these macroscopic properties. The fact that the
microscopic optical properties determined based on
very complex processes are relatively easier to detect
using the Kubelka-Munk Function method is an
important feature that distinguishes the study from its
counterparts.

METHODOLOGY

In this study, the muscle phantom, a compact
spectrometer, a broadband stabilized fiber-coupled
white light source, a single integrating sphere and
Thorlabs OSA software for optical evaluation were
used. All experiments were performed under controlled
laboratory ambient conditions.

PREPARATION OF MUSCLE PHANTOM

Tissue-Mimicking Material (TMM) is commonly
employed as a test object in biomedical research
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because of its capacity to imitate biological soft tissues.
In this study, we used a muscle phantom identical to the
one published by Gutierrez et al. [43]. The phantom's
muscle-mimicking features were also validated
acoustically. The sound speed was measured as 1550.9
48.4 m/s (Ref: 1547 m/s [44]). The phantom was
prepared as follows. In a container, 2.3 g of agar and
10.7 g of aluminum oxide are combined with 125 mL
of distilled water. With the aid of fish, the magnetic
stirrer is progressively raised to 400 revolutions per
minute. The temperature of the solution is raised until
it reaches 80 degrees Celsius. When it hits 80 °C, the
heat is turned off, and the temperature of the solution is
anticipated to drop to 60 °C. A syringe is used to add
10 mL of glycerin to the solution at 60 °C. In the
meantime, the solution is still being combined with the |

fish. When the solution reaches 40 degrees Celsius, it
is poured into the phantom mold and let to freeze.
Thickness of the muscle phantom specimen cut out as
a sample was 20 mm.

THE OPTICAL CHARACTERIZATION SETUP

Optical equipment included a compact
spectrometer (Thorlabs, CCS200/M) with a wavelength
range of 200 nm to 1000 nm, a broadband stabilized
fiber-coupled  white light source (Thorlabs,
SLS201L/M), and a single integrating sphere (Thorlabs
1S200 type 2” integrating sphere). Figure 1 shows the
experiment set-up, and Figure 2 shows how all the
optical measurements and computations were realized
using Thorlabs OSA software and MS Excel.

b)

Fig. 1. a) A picture showing the phantom measurement; b) Experiment set-up. 1-experimental table, 2-light source, 3-sample
(phantom or TMM), 4-single integrating sphere, 5-compact spectrometer, 6-computer and 7-computer monitor.

ASSESSMENT OF THE OPTICAL DATA

First, the spectrum of the incoming light was
obtained during the measurement. The light spectrum
was received in the absence of the phantom material in
the experimental setup for this. To remove the
background noise in the dark environment, the same
procedure was applied. The primary signal was then
taken by subtracting the dark from the light. The
phantom was then placed to the system, and the
phantom's spectrum was recorded. The dark, which is
background noise, was then eliminated to produce the
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real phantom signal. The I, data is represented by the
main signal, while the I signal is represented by the real
phantom signal. Consequently, the following given
formulas were used to extract macroscopic and
microscopic optical characteristics from the acquired
Main Signal (Light-Dark) and Real Phantom
(Phantom-Dark) data.

CALCULATION OF OPTICAL PROPERTIES

Macroscopic optical properties such as absorbance,
transmittance, reflectance, the refractive index, and
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linear attenuation coefficient were measured and
calculated by using the following formulas.

R+T+A =1 or %R+%T+%A = %100 [45] (1)

Absorbance,
A; A=-log(l/lp)=-log(T)=2-log(%T) [46] (2)

Transmittance, T; T = 1/lo [46] (3)
Reflectance, R; R=1-(A+T) [45] (4)
Reflectance, R = % [45] (5)

where n is the Refractive Index.
[=1e™™ u= —ﬁ [47] (6)

Where L is the Linear Attenuation Coefficient.

The related microscopic optical formulas used in the
calculations for absorption coefficient, scattering
coefficient, reduced scattering coefficient, total
attenuation coefficient and effective penetration depth
are as in the following.

The Kubelka-Munk Function is given by;

(1-R)? _k

F(R) =42 =k [48] (7)
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where R = Reflectance, k= Absorption Coefficient,
s=Scattering Coefficient.

The total attenuation coefficient is described by;
W= = Ho + Us [49] (8)
Where u, is Absorption Coefficient and pg is
Scattering Coefficient.

That is, k=u, and s=u, can be matched by using
(7) and (8) formulas.

The reduced scattering coefficient ( u; ) is defined
by the following equation.

[501 (9)

Where g is the anisotropy factor. The g value of
the phantom was used as 0.98 for the muscle phantom.
RESULTS AND DISCUSSION

Measurement results of macroscopic and
microscopic optical parameters found in the study have
been given below.

ps = (1 = gus

MEASUREMENT RESULTS OF
MACROSCOPIC OPTICAL PARAMETERS

The typical determined macroscopic optical
characteristics of the muscle phantom such as
absorbance, transmittance, reflectance, refractive
index, and optical linear attenuation coefficient can be
seen from Figure 2 to Figure 6.

1050

Wavelength, nm

Fig. 2. Absorbance Spectrum of Muscle Phantom.
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Fig. 3. Transmittance Spectrum of Muscle Phantom.
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Fig. 4. Reflectance Spectrum of Muscle Phantom.
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Fig. 5. Refractive Index Spectrum of Muscle Phantom.
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Fig. 6. Linear Attenuation Coefficient Spectrum of Muscle Phantom.
MEASUREMENT RESULTS OF MICROSCOPIC OPTICAL PARAMETERS

Figures 7 to 10 show the muscle phantom’ typical determined microscopic optical characteristics such as
absorption coefficient, scattering coefficient, and decreased scattering coefficient.
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Fig. 7. Scattering Coefficient Spectrum of Muscle Phantom.
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Fig. 9. Reduced Scattering Coefficient Spectrum of Muscle Phantom.

the graphs shown above. Therefore, when we evaluate
all the measurements together, the macroscopic optical
properties of muscle phantom such as absorbance,

At least 6 measurements were taken while transmittance, reflectance, refractive index and
determining the optical properties of the muscle attenuation coefficient were calculated as average in
phantom. Typically, only one measurement is shown in | the Table I.

Table I.
The measured macroscopic optical properties of the muscle phantom as average
Phantom Transmittance T | Absorbance A | Reflectance R Relfrzgce:gve
Muscle 0.71+£0.08 0.20 £ 0.03 0.09 £ 0.04 1.87+0.28
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By using these macroscopic optical properties,
microscopic optical properties such as absorption
coefficient, scattering coefficient, reduced scattering
coefficient and total attenuation coefficient were
calculated via Kubelka-Munk Function approach. We
calculated ., from formula (6) and we know
R = reflectance value, then we can solve these two
equation [(7) and (8)] and find u, and u,. By the way,

while calculating reduced scattering coefficient, we
used 0.98 value for the muscle phantom. So, when we
evaluate all the measurements together, the
microscopic optical properties of muscle phantom such
as absorption coefficient, scattering coefficient, the
reduced scattering coefficient, and total attenuation
coefficient were calculated as average in the Table II.

Table 1.
The calculated microscopic optical properties of muscle phantom at around maximum absorbance peak.
Absorption Scattering S?:Z?tl;(r:?: Total Attenuation
Phantom Coefficient, Coefficient, ering Coefficient,
om-L ., et Coefficient, . cvt
Ha, s L, cmt tr
Muscle 0.67+0.14 0.14 £ 0.05 0.003 £ 0.001 0.82 +0.09

The produced muscle phantom was also |taken as a reference. The absorbance peak values we

ultrasonically tested by the pulse-echo method and the
sound velocity was measured as 1550.9 + 48.4 m/s.

DISCUSSION

In this study, macroscopic and microscopic
optical properties of muscle phantom were investigated
using a spectrometer with a single integrated sphere and
a broadband white light source in the wavelength range
of 200 nm to 1000 nm. In fact, spectra were originally
taken between 200 nm and 1000 nm. However, since
the resolution of the signals was very high, the noise
level was also very high. Moving average of the data
was taken to reduce the noise level and get more
smoother signals. For this reason, the spectrum range in
the graphics was obtained between 400 nm and 1000
nm. All the experiments done for optical measurements
were carried out under controlled laboratory ambient
conditions (Temperature was 23.5 °C + 0.2 °C, and
relative humidity was 50 rh% + 2 rh%).

The fact that the phantom has the characteristics
of a muscle phantom has been also verified with the
literature by making both acoustical and optical
measurements. The produced phantom was
ultrasonically tested by the pulse-echo method in our
laboratory and the sound velocity of 1547 m/s [51]
declared in the literature for the muscle phantom was
measured as 1550.9 m/s + 48.4 m/s. Again, for optical
characterization, the absorption coefficient can be

found for the muscle phantom were in the range of
733.10 nm £ 57.33 nm and the absorption coefficient
was found to be 0.067 mm? £ 0.014 mm?™. The
determined absorption coefficient value is in good
agreement with the values given in the literature. For
example, the absorption coefficients found for muscle
tissue (e.g., porcine muscle and bovine muscle)
performed as an in vitro study on animal tissues range
from 0.053 mm to 0.065 mm1[52].

As can be seen from the measurement results, the
phantom sample is mostly opaque in the wavelength
range of visible region and more absorption was
observed at only around 733 nm. This shows that the
material pigment forming the phantom has selective
absorption at that wavelength. In addition, the opto-
acoustical characterization results of the examined
phantom were also found to be quite compatible with
the values given in the literature.

CONCLUSION

In this study, the macroscopic and microscopic
optical properties of the muscle phantom were
determined using the method of Kubelka-Munk
Function  approach. In  conclusion,  optical
characterization of phantoms can be easily done with
this method and this method can also be applied to
many kinds of phantom.
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According to the temperature deoendences of the electrical conductive (o), the Hall coefficient (R), thermo power (o)
and thermoelectric figure of merit (Z) over a wide temperature range and hole concentration in TlIn1xYbxTez solid solutions.
It is established that, increasing number of yttrium atoms up to x = 0.10 substituting indium atoms leads to rising of Z in
TlInixYbxTez. In comparison with TlinTe2 mainly due to the scattering of phonons and holes on defects, as well as
increasing the hole mobility of them when replacing ytterium to indium.

Keywords: electrical conductivity, thermal conductivity, thermoelectric figure of merit, effective mass of charge carriers,

scattering on defects.
PACS: 71.20.Nr, 72.15.Jf

According to the loffe criteria [1], increasing
p Apn (u - mobility of charge carriers, ypn - is the
phonon fraction of thermal conductivity) is caused
change in the kinetic properties of materials, which
based on an additional number of defects are formed
during the process of crystal lattice distortion. Such
objects are characterized by interesting physical
processes: high mobility of charge carriers, low
phonon thermal conductivity and functioning
prospects over a wide temperature range [2]. This
means that decreasing the intensity of phonon
scattering on phonons is fully compensated by the
increasing scattering on impurities (or defects) [2].
Since the electron wavelength is longer than the
phonon wavelength, this leads to an overall increasing
of w/ph.

These features can provide a very high
thermoelectric figure of merit Z in TlIni..cYbyTe, solid
solutions at high temperatures. It is known [1] that the
efficiency of a thermoelectric transformer is
determined:

Z=0°0/fn ®
Where, ywor — is total thermal conductivity. In the
calculation of temperature dependence of y error, the
integral radiation of heat flux was taken into account.
The experimental data on y:(T) are given in [3].

From the above formulas (1), it can be seen
that a high-quality thermoelectric material must
simultaneously have high electrical conductivity, high
thermoelectrical power and low thermal conductivity.
Thermoelectric power and electrical conductivity are
determined only by the electronic properties of the
material, and therefore they are often combined into a

quantity P = o’c that is called “power factor”. In
this aspect, one of the fundamental parameters of the
electron spectrum of semiconductor is a band gap Ej.
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Another important parameter of formula of
thermoelectric figure of merit (Z) is the effective mass
of charge carriers m*. The relationship between Egand
m* is very weak. Increasing of Z is associated with a
high value of o, and is obtained due to the large
effective mass of charge carriers, and a large m* leads
to decreasing ¢ (high mobility of charge carriers
cannot be obtained with a large effective mass).
Therefore, the implementation of all these conditions
in one material is difficult. In general, the dependence
of Z on temperature and charge carrier concentration
is more difficult. However, at a certain approximation,
the relationship between Zmax and parameters of
charge carriers is described as [1]

3/2
N2 T
UNES
/ -7 TO r
z!  =12-10 NG
th
where, To =300K. r - parameter of scattering
mechanism.

For TlinTe; compound and solid solutions
based on its Tlin;xYbxTe, occurs p-type material [3].
The temperature dependences of the electrical
conductivity (o), the Hall coefficients (R), and the
thermo power (o)) are shown in [3]. As can be seen
from Fig. 1, when x=0+0.02 o(T) increases with X,
and at x=0.05+0.10, first o(T) decreases to T~700K,
and after T~700K it increases. Therefore, a decrease
in o(T) to T~700 K occurs due to a decrease in the
mobility of charge carriers, and after T~700 K an
increase in o(T) is associated with an increase in the
concentration of charge carriers with the appearance
of intrinsic conductivity. In [3], it was established that
in TlinixYbTe, the valence band is parabolic. As is
known in this model of the energy spectrum, there is
no connection between the effective mass of the
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charge carriers and the band gap. In this case, the
temperature and concentration dependence of the
effective hole mass almost remains constant. The
values of the band gap Ey [3] to T~700K in
TlnixYb,Te, do not exceed koT. This leads to the fact
that at such a band gap the Fermi level lying near the
top of the valence band, the concentration of minority
carriers and their contribution to transport become
negligible. And this leads to increasing thermopower
to T~700K.

In order to determining the effect of pointless
defects on yp, the Clemens theory was used [4],
taking into account three-phonon redelivery processes
and phonon scattering on spotty defects, according to
which

Zon = Zeo@o/0Qarctg(wa/w) ()

where, @ /@y = ko/(Z”ZZtotwd A) and

A=(1/av’N)- T

Here, ywt is thermal conductivity of stoichiometric
equality in the absence of influence of defects,

w, =0k, /h

wo- frequency, which is the value of the relaxation
time for U — processes and scattering on defects, V is
the average sound of velocity in the crystal, T is the
disorder parameter, equal to [4].

P (1o [AM/M) + o(a7/7F

and taking into account the combined effect of local
changes of density and elastic properties. In (8),
g-Characterizes the elastic properties of the medium,
AM/M is the relative change in mass when replacing

the atoms with impurity atoms.

When estimating I', the number of atoms in a
unit volume of the corresponding composition N is
determined by formulas (6). Since in the solid
solutions studied by us

is Debye phonon frequency,

(4)

Thn, ,Yb,Te, > TI[Z InTe,]_, -[YbTe,], —[TlinTe, ]_, - [TIYbTe, ],

M TIYbTe, — M TlinTe,

To AM/M =

(1_ X)mﬂmez + X'\WTIYbTeZ l

According to [4], the value of Ay/y can be calculated from the difference of the parameters on the base

of elementary cell and :
y aTIInTe2 a'TIYbTe 2

% - [(aTllnTe2 — rivpTe, )/ AriinTe, (77/ (1 +n ))]’

Q)

where, n=(1+v)/[2(1-2v)], v - Poisson’s | however, self-doping of Yb strongly influences the Z

coefficient.

It is known that increasing of a, o and decreasing
in ot lead to increasing the power factor P and Z,
however, self-doping of Yb strongly influences the Z
value, undoubtedly this is due to the change in the
number of intrinsic defects [2]. At the same time,
vwt(T) is characteristic for more defective materials
[2]. If we compare the change of thermal conductivity
and its hole component in TliniYbTe; has a
common pattern, since in TlnixYbxTe; in a solid
state is always ypn>yn. However, the hole thermal
conductivity increases with temperature, and ypn(T)
decreases.

Fig.4 indicates calculation of Z values in solid
solutions TlIn..Yb,Te, which calculated on the base
of experimental values of o(T) ,& (T) and yw(T) at
temperatures of 300, 500 and 800K, respectively. As
can be seen from the table, increasing of x in solid
solutions TlIn..,YbyTe, Tl leads to increasing Z. From
Fig.4, it can be seen that Z (T) for all samples
increases with claiming temperature. Z(T) also
increases with decreasing hole concentration. It was
found that the sample with x = 0 at T = 300K has the
minimum value of Z [5]. .

It is known that increasing of o, ¢ and decreasing
in yw: lead to increasing the power factor P and Z,
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value, undoubtedly this is due to the change in the
number of intrinsic defects [2]. At the same time,
vw0t(T) is characteristic for more defective materials
[2]. If we compare the change of thermal conductivity
and its hole component in TlinixYbsTe; has a
common pattern, since in Tln1xYhxTe in a solid
state is always ypn>yn. However, the hole thermal
conductivity increases with temperature, and ypn(T)
decreases.

It is mentioned that [3], the total thermal
conductivity is sensitive to the replacement of indium
atoms by ytterbium atoms. This may be due to the fact
that the replacement of In atoms with Yb atoms by
hole thermal conductivity increases more rapidly than
the phonon fraction of thermal conductivity decreases.
Such a strong dependence of ym from the
concentration of defects indicates the possibility of
their participation in heat transfer as scattering centers.

As can be seen from Fig.1,3, in the temperature
range 300-700K o decreases, but a increases by rising
temperature. And the hole concentrations for all
samples in the specified temperature range change
slightly (Fig.2) [3]. This means that in this
temperature range by increasing temperature,
decreasing of ¢ occurs mainly due to a decreasing the
hole mobility p, (T).
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Fig.1. Temperature dependence of electrical conductivity in TlInixYbxTez; green line - (x=0), orange line- (x=0.02),
blue line- (x=0.05), purple line- (x=0.10) [3].
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Fig.2. Temperature dependence of coefficient Hall in TlIn1xYbxTez; The designation is the same as in Fig.1. [3].
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Fig.3. Temperature dependence of thermo power in TlIn1xYbxTez; The designation is the same as in Fig.1. [3].
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Fig.4. Temperature dependence of thermoelectric figure of merit in various samples TlInixYbxTez at different
temperatures. The designation is the same as in Fig.1.

But decreasing of pn (T) occurs due to the
scattering of holes on the thermal vibrations of the
lattice and on defects according to the law pn ocT07
[3].

In these crystals, vacancies of Yb atoms are
larger than vacancies of In atoms. The reason of this is
the large screening of Yb atoms (ionic radius
Ryo = 1.93A° Rin = 157A°) in TlnyYbTe,
Therefore, due to phonon-phonon and phonon-defect
scattering, ypn is reduced as yphoc T2, By increasing x
decreases the value of yo, and the exponent

n (Xph € T ). As a result, when x>0.05 pn/ypn by

increasing temperature changes according to the law
unlyphoc T%S. Therefore, up to Toc700K, increasing of Z
with temperature occurs only due to a linear

increasing of o(T) (Fig. 3). And after Toc700K,
increasing of Z is associated with the onset of its
peculiar region, since rising of conductivity with
temperature is stronger than the total thermal
conductivity yot.

So, for use in practice as a promising material
with high efficiency TlIni<YbxTe, meet the following
conditions:

1. In Tlni<YbTe, solid solutions, the hole
wavelength is longer than the phonon wavelength.
This leads to an overall increasing of Z.

2. To achieve maximum Z,
propagation conditions for
phonons to obtain pn/ypn>>1.

3. The growth of substitution of indium atoms by
ytterbium atoms leads to rather high values of Z.

it provides
charge carriers and
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It is shown that the grown LaGaSe; single crystal crystallizes in the hexagonal syngony with space P65 /mmc and lattice
parameters a = 3.722 A and ¢ = 15.721 A. Taking into account the properties of binary selenides, the standard enthalpy of
formation of the ternary compositions LaGaSe; and LagGayq,3Se ,Was calculated, which were used to triangulate the La —
Ga — Se system. Based on the T — x phase diagrams of the boundary systems La — Ga, La — Se and Ga — Se the enthalpy of
formation of ternary phases, an isothermal cross section of the La — Ga — Se system in the solid state were constructed.

The frequency dispersion of the dielectric coefficients and conductivity of LaGaSe; has been studied. The nature of
dielectric losses and the hopping mechanism of charge transfer in LaGaSe; are established. The parameters of localized states
are calculated, such as the density of states near the Fermi level and their energy spread, the average time and distance of hops.
The concentration of deep traps responsible for ac conduction in LaGaSe; was also determined.

Keywords: phase equilibrium, ternary La — Ga — Se, single-crystal LaGaSes, dielectric characteristics, ac-conductivity
parameters
PACS: 61.72.-y; 71.20.Nr; 72.20.-i

1. INTRODUCTION the formation of one ternary compound, but with a
different stoichiometric composition LagGayq/35€14-
Binary and complex chalcogenide compounds of It is shown that this intermediate phase melts at 1170°C
rare earth elements (lanthanides) based on and has a hexagonal syngony with lattice parameters
compositions  La,X; (X=5,S¢) [12] and a=1053A c=6.39A
semiconductors Ga,X; (X =S,Se) [3,4] are of In a similar sulfide system La,S; — Ga,S; [11],
practical interest. The presence of 3d, 4f elements in  the formation of a compound with a composition of 1:1
ternary compounds, for example, La — Ga — X systems, ~was also indicated. The LaGaS; compound has a
makes them promising materials in the field of monoclinic structure and the following lattice
nonlinear optics and electronics. In particular, sulfide  parameters (space group P2, /c, Ne 14), a= 10.33(9) A,
glasses of the La— Ga—S (LGS) system are laser b = 12.82(6) A, ¢ = 10.56(4) A, y = 98.90(7) A,
materials with a wide transmission window in the IRV =1381.6 A%, Z = 12. In the LaGaS; structure, gallium
range. LGS has a high glass transition temperature  atoms have tetrahedral coordination (GaS,). One
T, = 580 °C and can be used in high temperature  lanthanum atom La(1) is nine-coordinated with sulfur
applications [5]. atoms [La(1)So], and the other two La(2) and La(3)
The double phase diagrams of the state of the are eight-coordinated with [La(2)Sg], [La(3)Sg].
systems La — Ga [6], La — Se [7,2], Ga— Se [8,3,4], The LaGaS; phase has the B — LaGaS; polymorph,
limiting the La — Ga — Se ternary system, have been  which crystallizes in Pna2, (Ne 33); a =10.405(1) A,
studied. But the properties of the phases in the b =21.984(2) A, ¢ =6.0565(5) A, V =1385.3(2) A®
La — Ga — Se ternary system have not been sufficiently —and Z = 12 [12].  Also known is the LagGasz 33514

studied. composition phase (hexagonal syngony; CegAl; 35S,
State diagram of the system La,Se; —  type) [13]). _
Ga,Sespresented in [9]. Alloys were studied by X-ray It follows from the analysis of these that the phase

phase, thermal, chemical analysis and electrophysical  relationships in the La,Se; — Ga,Sezsystem have not
measurements. The formation of one compound with ~ been precisely established. Triangulation of the
the composition LaGaSe;was indicated. The melting La — Ga — Se ternary system has also not been carried
temperature of the composition LaGaSe; is 1120 °C.  out. In addition, single crystals and the physical
LaGaSes has a hexagonal syngony with cell parameters ~ Properties of samples of this ternary system are almost
a=10.32 A, ¢ =6.28 A. The paper [10] also indicated ~ Not studied.
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The purpose of the work is the thermodynamic
analysis of the La — Ga — Se system, the identification
of the lattice parameters of the grown single crystal
LaGaSes, the study of the electrical properties of the
samples in alternating electric fields of the radio
frequency range.

The study of the dielectric properties and
electrical conductivity of La — Ga — Se system crystals
at direct and alternating current can provide
information on the parameters of charge transfer and on
localized states in the band gap.

The frequency dependence of electrophysical
parameters is important for establishing the mechanism
of electrical conductivity on alternating current. The
mechanism of charge transfer in La — Ga — Se system
single crystals has not yet been studied.

2.
2.1

EXPERIMENTAL PART
Growing a single crystal

Methods for the synthesis and growth of crystals
of chalcogenide phases are known. In particular,
lanthanum chalcogenides are obtained by the method of
solid-phase synthesis [12]. LaGaSescrystals were
synthesized by the solid-phase synthesis method by
using pure ready-made starting chemical elements La
(Alfa Aesar China (Tianjin) Co., Ltd., 99.9%), Ga
(Sinopharm Chemical Reagent Co., Ltd., 99.99%) and
Se (Sinopharm Chemical Reagent Co., Ltd., 99.99%).
A stoichiometric mixture of elements with a total mass
of about 300 mg La, Ga and Se (molar ratio 1:1:3) was
weighed and placed in a graphite crucible. The crucible
loaded with components was placed in a quartz
ampoule, which was sealed to 107 Pa.

The ampoule with the components was placed in
a tubular electric furnace with controlled temperature.
The furnace temperature was raised to 450 °C and the
ampoule was held for 10 h. Then the furnace
temperature was raised to 1100 °C for 20 h. The
ampoule was kept for 120 h, then cooled to 820 °C for
2 h and kept for 120 hours. Finally, the ampoule was
cooled to room temperature for 72 hours. Dark red

LaGaSe; crystals were obtained. The resulting
compound was stable in air for a long time.
The completion of the synthesis of

LaGaSespolycrystals and their individuality were
controlled by X-ray diffraction (XRD) analysis. XPA
of powder crystal samples was carried out on a D8-
ADVANCE diffractometer in the mode 0.5° <26 < 80°
(Cu Ka radiation; A = 1.5418 A) at 40 kV and 40 mA.

The growth of the LaGaSessingle crystal was
carried out by the Bridgman-Stockbarger method. The
pre-synthesized LaGaSe; ingot was loaded into a
graphitized double quartz ampule with a tapered end.
The ampoule was pumped out to a residual pressure of
1072 Pa and placed in a two-temperature furnace. The
temperature in the furnace in the first zone (melt zone)
was maintained at 1120-1170 °C, and in the second
zone (crystal annealing zone) at 1100-1120 °C.

The ampoule with the melt was kept in the furnace
for 24 h, and then the ampoule was lowered through the
crystallization front into the crystal annealing zone at a
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rate of 0.1-0.2 mm/h at a temperature gradient of
20-30 K/cm. The resulting crystals were annealed for
150 h. LaGaSe; single crystals 10 mm in diameter and
up to 50 mm long were grown.

2.2. Measurement technique

Single-crystal LaGaSe; samples for electrical
measurements were made in the form of flat capacitors.
Silver paste was used as contacts to the
LaGaSessamples. The thickness of single-crystal
samples was 0.3 cm.

The dielectric coefficients of LaGaSessingle
crystal samples were measured by the resonance
method [14] using a Q-factor meter BM-560 [15]. The
frequency range of the alternating electric field was
5 x 10%-3.5 x 107 Hz. Electrical measurements of the
samples were carried out in a shielded chamber. All
dielectric measurements were carried out at 298 K.

The dielectric properties of materials, which
describe their interaction with an electric field, is
determined by the known equations

e= ¢ —je" 1)
e = & & )
e = g'tgo. (3)

where &' is the real part of the permittivity, £" is the
imaginary part of the permittivity (dielectric loss
factor), &, is the relative permittivity, &, = 8.85 x 102
F/m is the electrical constant, & is the dielectric loss
angle.

The amplitude of the alternating electric field
applied to the samples on the measuring device
corresponded to the Ohmic region of the current-
voltage characteristic. The accuracy of determining the
resonant values of capacitance and quality factor
Q = 1 /tgo) of the measuring circuit corresponded to
the errors of the device. The calibration of the device
capacitor had an accuracy of + 0.1 pF. The
reproducibility of the resonance position was + 0.2 pF
in terms of capacitance, and + 1.0-1.5 divisions of the
scale in terms of quality factor. The largest deviations
from the average values were 3—4% for the permittivity
(") and 7% for tgo.

3. RESULTS AND DISCUSSION
3.1. Structure

The diffraction patterns taken on powder samples
from different parts of the single crystal corresponded
to the hexagonal structure (Fig. 1). Unit cell parameters
calculated by the least squares method from the
reflections of 20 angles. It has been established that the
compound LaGaSe; crystallizes in the hexagonal
syngony with the space group P6;/mmc; a = 3.722 A
and ¢ = 15.72 A. These parameters differ from the
hexagonal parameters given in [9]. The crystal lattice
of LaGaSe; is deformed in the direction of the c-axis of
the crystal. Such a deformation of the cell may be due
to a significant difference in the ionic and/or atomic
radii of Ga and La: (Ga3* 0.62; Ga 1.41 A), respectively
(La3*1.17; La 1.95 A).
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Fig. 1. X-ray diffraction pattern of the LaGaSe; powder sample with the component ratio La,Se3: Ga,Se; = 1:1.

3.2. Binary systems

The ternary system La — Ga — Se consists of
binary boundary systems La — Ga, Ga — Se and La —
Se. From the analysis of the phase diagrams of binary
systems, it follows that they are characterized by the
formation of several binary compounds. The
coordinates of the connections of binary systems are
shown in Figs. 2a,b,c.

As can be seen, the phase diagrams involving
lanthanum are more complex than the diagram of the
Ga — Se system. In addition, in the La — Ga, La — Se
diagrams, it is necessary to take into account the phase
transitions of lanthanum. The average values of phase
transitions for lanthanumare: « - 563 +38 K, S —
y 1133 £ 6 K, and the melting point T,,,= 1189 + 2 K.

In the La — Ga and La — Se hinary systems, six
compounds are formed in each (Figs. 2a,c), and in the

| Ga — Se system, two intermediate phases are formed:
GaSe and Ga,Se; (Fig. 2b).

Note that the physical properties of
semiconductor compounds of the Ga — Se system have
been studied relatively more than compounds of the
La — Se system. GaSe has a layered crystal structure
and is characterized by anisotropy of properties. The
Ga,Se; compound has two polymorphic modifications:
a — Ga,Se; (structure type ZnS) and B — Ga,Ses
(structure type Ga,Se;). The temperature of the
polymorphic transition a—f is 967 K, and T,,= 1293
K.

Table 1 shows crystallographic data for binary
and ternary selenides found in the La— Ga—Se
system.
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Fig. 2. Phase diagrams of binary systems: a) La — Ga [6], b) Ga — Se [4], ¢) La — Se [7], d) La — Se [This work].

Table 1.
Crystallographic data for the compounds of La — Ga — Se system
Compound Structure Space group Cell parameters, A Ref
type a b c
La,Se; Th;P; I —43d 9.0521 [16]
B — Ga,Ses Ga,Ses Ce 6.6608 | 116516 6.6449 [17]
o — GasSeq Zns F —43m 5.463 [18]
@ — LaGaSs LaGasS, P2,/c 10399 | 12.826 10.564 [19]
£ — LaGaS; AgaSiS, Pna2, 10.15 219835 6.0565 [12.13]
La;Ga; 47Se; | LazCuSiS, P6; 1067 6.10 [10]
LaGaSe; 10.32 6.28 Kl
LaGaSe, Gas Pé6g fmme 3.722 1572 This work

3.3. Enthalpy of formation

Gibbs free energy (G) or thermodynamic
potential, as is known, characterizes the change in the
internal energy of the system during a chemical
reaction. Those. the quantity G is the total potential
chemical energy of the system. In reactions, the change
in free energy shows what part of the total internal
energy of the system is used for chemical
transformations. The G value allows to set the
possibility of a chemical reaction occurring under given
conditions (P, V,T), where P is pressure, V is volume,
T is temperature. With this in mind, the thermodynamic
potential G is written as: G = U + PV — TS, where U
is the internal energy, which is a function of the entropy
S and the generalized coordinates of the system
x4, %, ... Inan isobaric process occurring in the system
at constant pressure and mass of matter enthalpy
H=U+PV.

The Helmholtz free energy (F), like G, is also a
thermodynamic potential. The decrease in F in a quasi-
static isothermal process is equal to the work done by
the system on external bodies: F = U — TS. Then the
Gibbs potential is G=H-TS=F+PV=U+
PV —TS.

| Thus, the thermodynamic potentials, which are
functions of the corresponding variables, are the
canonical equations of state for a given system. More
precisely, thermodynamic potentials are functions: =
U(S,V), H=H(S,P), F=F(T,V), G=G(T,P).
Knowledge of these functions allows obtaining
information about the properties of the system. They
are valid for equilibrium states. In nonequilibrium
states of the system, these equations are not satisfied.

The thermodynamic method Calphad
(Calculation of Phase Diagrams) allows one to
calculate phase equilibria in multicomponent systems.
In this case, the thermodynamic properties of both
binary and multicomponent systems are taken into
account. Various software products (ThermoCalc,
MTData, FactSage) and paid databases are used in the
calculations.

The thermodynamic properties of phases in
ternary or quaternary systems can also be estimated
using semi-empirical geometric or polynomial models
[20]. In such models, the properties of the ternary
system are calculated through a combination of the
properties of three boundary binary systems, taking into
account the weight coefficients of the properties.

Excess thermodynamic functions are the excess of
some property of a real solution over the corresponding
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property of an ideal solution of the same composition
for the same T and P:  ggeperal =
Jgeneral(Teal solution) — ggenerai(ideal solution),
thermodynamic property of the system, superscript E
denotes the excess of the function.

Excessive thermodynamic characteristics (excess
Gibbs energy GE of mixing, enthalpy of mixing HE and
excess entropy SE) of binary systems (i — j,i — k,j —
k) allow us to estimate the degree of deviation of the
properties of the ternary system (i —j — k) from the
ideal behavior (GE =0). If GE >0, then positive
deviations of properties from ideality occur in the
system, and when GE < 0, negative deviations from
ideality occur due to intermolecular interaction.

The partial excess Gibbs energies AGE (x;, T)p of
boundary binary systems make it possible to calculate

the properties of a ternary system at different
temperatures and compositions. The excess Gibbs
energy in the ternary and corresponding binary systems
are related by the equation

AGEy = WiAGE + Wy AGH, + Wy AGH, (4)
where AGF, and AG/;, AGf, AGjare the excess Gibbs
energy in the ternary and corresponding binary systems
at the same ratio of the molar fractions of these
components as in the ternary system, respectively,
Wij, Wi, Wy, are the weight coefficients of the
components of the corresponding binary systems. The
weight coefficient formulas in the geometric models
and the mass triangle models are given in Table 2.

Table 2.

Weight coefficients in known semi-empirical models for calculating thermodynamic properties in a ternary

system
Model W;; in geometrical model W;; in mass triangle model
Kohler (1960) Wiy = (% + %) Wiy = (x +x;)/2
TDO]J (1963) {M,rl — Wk — xj}‘(xj + xkj {“,.:M — Wj’*‘ = xjf(xj + x;{)
2 M _
W; = (3 + xi) Wi =0
Muggianu-Jacob | Wiy = 4o /(1 + 2 — ) /(1 — x; + x5)
(1577)
Hillert (1980) W, = W, = x,/(x; + %) {Hﬁ-’” = W = x;/(x; +x,)
W = 4 (1 + 2 — 2 ) /(1 — x5 + 33, wM=0
Luck-Chou
(1987) Wiy = %%/ (x5 + %506,) Mﬁj) = X% /(%% + X2 + x;x,)

Despite the fact that alloys of binary boundary
systems in La — Ga — Se have been studied for a long
time, information on the thermodynamic characteristics
of ternary phases is not known. The stability of
intermetallic and selenide phases in the La — Ga — Se
system was evaluated by calculating the enthalpy of
phase formation. The enthalpies of formation of
intermediate phases under standard conditions are
negative.

The enthalpies of formation of binary compounds
La,Se; and Ga,Se; at 298 K obtained from
experimental data have relatively high absolute values:
—ArHog(La,Ses) = 933.03 + 20.92 ki/mol [1, 2],
—ArH29g(Ga,Se;3) = 397.5 + 37.65 kd/mol [21].

The standard enthalpies of formation ArH2og
calculated by us for the ternary phases of the La — Ga —
Se system, taking into account the averaged data
ArH3og for binary compounds, are given in Table 3.

Table 3.

Additively calculated standard enthalpies of formation AsH2,s of the phases of the La — Ga — Se system

Compound —A; HJgq, kKJ/mol
experiment calculation
La,S; 11799+ 16.74 [1]
LaySe; 933+ 21 [22]
GazS; 502.5 £837[23]
o — GazSe; | 38493 + 16.74 [23]
o — LaGaS; 1786
LaGaSe; 1360
LazGay c75e; 3508
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Fig. 3. Phase diagram of the Ga,Se; — La,Se; system: a) [9], b) [10].

If we take into account deviations from the
additive values A;HJyg of binary phases, then it is
obvious that for real ternary phases ArH3ogWill be even
smaller. This is due to the fact that the formation of a
ternary phase from binary compounds in a chemical
reaction occurs due to a decrease in the Gibbs free
energy (A,Gyp) of the system. In this case, AsG? of the
ternary phase must obviously be less than the A;G?
calculated additively from AfG$ of binary compounds.
The above is also true for the value AfHog Of the
ternary phases.

3.4. La — Ga — Se system

Ga  1aGag LaGa, laGa, laGa lasGa; LlasGa La
Mole fraction of La

Fig. 4. Phase relations in the La — Ga — Se system at
298 K. Cl—LaGaSeg, C2- LagGa1_67Se7.

The intermediate phases of the compositions
LaGaSe; (Fig. 3a) and LasGa,¢;Se; (Fig. 3b)
determine the stability of cuts in the solid state of the
La — Ga — Se system.

| Fig. 4 shows the phase relations of the La — Ga — Se
system constructed by us in the subsolidus region.

3.5. Dielectric Properties

Fig. 5 shows the frequency dependence of the real
component of the complex permittivity (') of the
LaGaSe; sample.

150
120
90
60
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U 1 L 1 J
10° 108 107 10%

f, Hz

Fig. 5. Frequency dispersion of the real component of
the complex permittivity of a LaGaSes single crystal.

It is seen from Fig.5 that a significant dispersion
€' is observed in the entire studied frequency range. The
experimentally observed decrease in the permittivity of
a single crystal with an increase in frequency from
5 x 10% to 3.5 x 107 Hz indicates relaxation dispersion.

Fig. 6 shows the frequency dependence of the
imaginary component of the complex permittivity (&')
of a LaGaSe; single crystal. The dispersion curve
e"(f) was characterized by a rather noticeable
decrease in the entire studied frequency range. At
f =5 x 10* Hz, the value of £" of the LaGaSe; single
crystal was almost 6 times higher than the value of €"at
3.5 x 10" Hz.

102



PHASE EQUILIBRIUM OF La — Ga — Se AND DIELECTRIC SPECTROSCOPY OF SINGLE-CRYSTAL LaGaSe,

30

20 +

10

O 1 1 1 ]
10° 108 107 108

f Hz
Fig. 6. Frequency dispersion of the imaginary component of the complex permittivity of a LaGaSes single crystal.
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Fig. 7. Frequency dependence of the dielectric loss tangent in a LaGaSe; single crystal.

The frequency dependence of the dielectric loss
tangent (tgd) in the studied LaGaSe; single crystals is
shown in Fig. 7. The decrease in tgd with increasing
frequency in LaGaSe; single crystals indicate a loss of
through conduction.
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Fig. 8. Frequency-dependent ac conductivity of a LaGaSe;
single crystal at 300 K.
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! Fig. 8 shows the experimental results of studying
the frequency-dependent ac-conductivity of the
LaGaSe; single crystal at 300 K. In the frequency range
5 x 10*-8 x 10° Hz, the ac-conductivity of the
LaGaSessingle crystal varied according to the law
Oac~fC, and at f= 8 x 10°-107 Hz o, ~f%%. At
f >10"Hz, a linear dependence a,.~f took place.

It follows from the experiment that band-type ac-
conductivity (a,.) in semiconductors and dielectrics is
mainly frequency-independent up to 10%°-10%! Hz. The
experimental dependence o,.~ f *8of sample LaGaSe;
observed by us indicates that g, is due to charge carrier
hops between states localized in the band gap. These
can be states localized near the edges of allowed bands
or states localized near the Fermi level. In experiments,
the conductivity over states near the Fermi level
dominates over the conductivity over states near the
edges of allowed bands.

Therefore, the law o,.~f%® obtained by us
testifies to the hopping mechanism of charge transfer
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through states localized in the vicinity of the Fermi
level [24,25]:

0uclf) == ekTNZaif [In ()], )

where e is the electron charge; k is the Boltzmann
constant; N is the density of states near the Fermi
level; a;, = 1/a - localization radius; « is the decay
constant of the wave function of the localized charge
carrier p~e™%"; vy, is the phonon frequency.
According to formula (5), ac-conductivity

depends on frequency as f[ln(vph/f)r, ie. at
f < vpp, the value of g, is approximately proportional
to 98, Using formula (5), the experimentally found
values of a,.(f) were used to calculate the density of
states at the Fermi level. The calculated Ny value for
the LaGaSe; single crystal was Nz=4.3x10%eV1.cm™3,
When calculating N, the value a;, = 34 A was taken for
the localization radius [25]. And the value of v, for
LaGaSe; is taken equal to 10*? Hz.

According to the theory of hopping conduction on
alternating current, the average hopping distance (R) is
determined by the following formula [24]:

L n (Vﬂ) . ©6)

2a f

R =

In formula (6), the value of f corresponds to the
average frequency at which 928 is observed - the law.
The value of R calculated by formula (6) for the
LaGaSe; single crystal was 207 A. This value of R is
approximately 6 times greater than the average distance
between charge carrier localization centers in a
LaGaSessingle crystal.

The value of R allowed by the formula

771 = v, - exp(—2aR) ©)

determine the average hopping time in a LaGaSe,
single crystal: 7= 1.85 x 107 s.
According to the formula:

AE = —>

"~ 2mR3-Np (8)
in LaGaSe, the spread of states localized near the Fermi
level was estimated: AE =0.013 eV.

And according to the formula:

N; = Ng - AE 9
the concentration of deep traps in LaGaSes, which are

responsible for ac-conductivity at alternating current,
was determined: N, = 5.6 x 106 cm3.

4. CONCLUSION

A dark red LaGaSessingle crystal was grown in
the La — Ga — Se system. According to XRD data,
LaGaSe; crystallizes in the hexagonal syngony with
space group P6s/mmc and lattice parameters
a =3.722 A and ¢ = 15.72 A. The crystal lattice of
LaGaSe; is deformed in the direction of the c-axis of
the crystal. The enthalpy of formation of LaGaSe; has
been calculated. Compared to LaGaSes, its sulfide
analog LaGaS; has a higher absolute enthalpy of
formation. An isothermal cross section of the
La — Ga — Se ternary system at 298 K is constructed.
In the isothermal cross section of the La;Ga, 4,Se; and
LaGaSe; phases are in equilibrium with the binary
compounds of the La— Ga, La—Se and Ga — Se
boundary systems.

The study of the frequency dependences of the
real (¢') and imaginary (&) components of the
complex permittivity, dielectric loss tangent, and ac-
conductivity  (g,.) in the frequency range
f =5 x 10%-3.5 x 107 Hz of single crystal LaGaSe,
showed the following.

In the indicated frequency range, relaxation
dielectric dispersion took place in LaGaSe; and losses
of through conduction were observed. At f = 8 x 10°-
107 Hz in LaGaSe; single crystals, the frequency
dependence of the conductivity obeyed the regularity
Gac~f%8, which is characteristic of the hopping
mechanism of charge transfer along states localized
near the Fermi level.

The following parameters were calculated:
density of states (Ng= 4.3 x 10 eV-t.cm™) and their
energy spread (AE = 0.013 eV), average time
(r = 1.85 x 107 s) and distance (R = 207 A) jumps of
charge carriers in a LaGaSe; single crystal.

Funding

This study was supported in part by the Science
Development Foundation under the President of the
Republic of Azerbaijan (project EIF-BGM-4-
RFTFI/2017-21/05/IM-07) and the Russian Foundation
for Basic Research (project 18-57-06001 no. Az a
2018).

The authors thank D.T. Guseinov for obtaining
crystals and K.lI. Yanushkevich for determining the
lattice parameters of LaGaSes.

Conflict of interest

The authors declare that they have no conflicts
of interest.

[1] S.P. Gordienko, B.V. Fenochka, G.Sh. Viksman.
Thermodynamics of Lanthanide Compounds: A
Handbook. Kyiv: Naukova dumka. 1979, p. 376.
(in Russian).

[2] H. Bergmann, H. Hein, P. Kuhn, U. Vetter, G.
Czack, E. Koch, E. Warkentin. Sc, Y, La-Lu Rare
Earth Elements C 9. Rare Earth Elements and
Selenium. 1985. Chapter 1. P. 1-526.
https://doi.org/10.1007/978-3-662-06345-3_1

104



PHASE EQUILIBRIUM OF La — Ga — Se AND DIELECTRIC SPECTROSCOPY OF SINGLE-CRYSTAL LaGaSe,

[3] N.H. Abrikosov, I.F. Bankina, L.V. Poretskaya et
al. Semiconductor chalcogenides and alloys based
on them. Moscow: Nauka. 1975. 120 p. (in
Russian).

M. Ider, R. Pankajavalli, W. Zhuang, J. Y. Shen,

T. J. Anderson. Thermochemistry of the Ga-Se

System. ECS Journal of Solid State Science and

Technology. 2015. V. 4. Ne 5. Q51-Q60.

https://doi.org/10.1149/2.0011507jss

A. Ravagli, C. Craig, J. Lincoln, D.W. Hewak. Ga-

La-S-Se glass for visible and thermal imaging //

Advanced Optical Technologies. 2017; aop. P. 1-

6. https://doi.org/10.1515/a0t-2016-0069

M. Idbenali, C. Servant. Thermodynamic

description of the Gallium-Lanthanum binary

system. XXXVII JEEP-37th Conference on

Phase Equilibria. 2011.

https://doi.org/10.1051/jeep/201100008

ASM Handbook. V.3. ASM International Alloy

Phase Diagrams. Hugh Baker, Ed. 1998. 1741 p.

ISBN:0-87170-381-5 (v.3)

F. Zheng, J.Y. Shen, Y.Q. Liu, W.K. Kim,

M.Y. Chu, M. Ider, X.H. Bao, T. J. Anderson.

Thermodynamic optimization of the Ga-Se

system. Calphad. 2008. V. 32. Ne 2. P. 432-438.

https://doi.org/10.1016/j.calphad.2008.03.004

G.H. Efendiev, Z.Sh. Karaev, 1.0. Nasibov.

Investigation of the interaction of selenides

AYIBY! of lanthanum and gallium. Azerbaijan

Chemical Journal. 1964. Ne 5. S. 103-107. (in

Russian)

[10] A.M. Loireau-Lozach, M. Guittard. Systéme
ternaire La,Ses;-Ga2Se3-GeSe2 diagramme de
phase - Etude des verres. Materials Research
Bulletin. 1977. V. 12. Ne 9. P. 887-893.
https://doi.org/10.1016/0025-5408(77)90100-3

[11] M. Julien-Pouzol, S. Jaulmes, C. Dagron.
Structure du trisulfure de lanthane et de gallium.
Acta Cryst. 1982, B38. P. 1566-1568.
https://doi.org/10.1107/S0567740882006402

[12]P. Li, L.-H. Li, L. Chen, L-M. Wu. Synthesis,
structure and theoretical studies of a new ternary
non-centrosymmetric R-LaGaS3. J. Solid State
Chem. 2010. V. 183. Ne 2. P. 444-450.
https://doi.org/10.1016/j.jssc.2009.11.030

[13] A.M. Loireau-Lozach, M. Guittard, J. Flahaut.
Systémes L,S;-Ga,Ss (L = La, Ce, Dy, Er et Y)
diagrammes de phases. Materials Research
Bulletin. 1977. V. 12. Ne 9. P. 881-886.
https://doi.org/10.1016/0025-5408(77)90099-x

[14] Yu.V. Emelyanova, M.V. Morozova, Z.A.
Mikhailovskaya, E.S. Buyanova. Impedance
spectroscopy: theory and application.

[4]

[5]

[6]

[7]

[8]

[9]

105

Yekaterinburg: Ural University Press. 2017. 156
p. ISBN 978-5-7996-2067-7 (in Russian)

[15] S.N. Mustafaeva, M.M. Asadov. Effect of the
Chemical  Composition  of  TlIni«EnS;
(0 < x < 0.01) Crystals on Their Dielectric
Characteristics and the Parameters of Localized
States. Physics of the Solid State. 2019. V. 61. Ne.
11. P. 1999-2004.

[16] M. Folchnandt, Th. Schleid. Single Crystals of
C-LaySes, C—Pr,Ses, and C-Gd,Se; with Cation-
Deficient Th3P4-Type Structure. Zeitschrift
fur anorganische und allgemeine
Chemie. 2001. V. 627. Ne 7. P. 1411-1413.
https://doi.org/10.1002/1521-3749(200107)627:
7<1411::aid-zaac1411>3.0.c0;2-X

[17] G. Ghemard, S. Jaulmes, J. Etienne, J. Flahaut.
Structure de la phase ordonnée du sesquiséléniure
de gallium, Ga,Ses. Acta Crystallographica. 1983.
C39. Ne 8. P. 968-971.
https://doi.org/10.1107/S0108270183007039

[18] L.S. Palatnik, E.K. Belova. Investigation of
polymorphism of gallium selenide Ga,Se; of
variable composition. lzv. USSR Academy of
Sciences. Inorganic materials. 1965. Ne 1. P.
1883-1888. (in Russian)

[19] M. Julien-Pouzol, S. Jaulmes, C. Dagron.
Structure du trisulfure de lanthane et de gallium.
Acta Crystallogr. 1982. B 38. Ne 5. P. 1566-1568.
https://doi.org/10.1107/s0567740882006402

[20] M.M. Asadov, E.S. Kuli-zade. Phase equilibria,
thermodynamic analysis and electrical properties
of the Li,0-Y,03-B,03 system. Journal of Alloys
and Compounds. 2020.
https://doi.org/10.1016/j.jallcom.2020.155632

[21] A.S. Abbasov, K.N. Mamedov, P.G. Rustamov,
P.K. Babaeva. EMF Study of the Thermodynamic
Properties of Gallium Selenide GaySes. In book:
Chemical Bonds in Solids. N.N. Sirota Ed. 1995.
V.3. P. 188-190. https://doi.org/10.1007/978-1-
4684-1686-2.

[22] G. Kh. Efendiev, Z. Sh. Karasev. Synthesis and
research of sulfo- and selenogallates of rare-earth
elements. in: Chalcogenides. Kiev: Naukova
Dumka. 1967. P. 133-140. (in Russian)

[23] A.S. Abbasov. Thermodynamic properties of some
semiconductor substances. Baku: EIm. 1981. 88
p. (in Russian)

[24] N.F. Mott, E.A. Davis. Electronic Processes in
Non-Crystalline Materials. OUP Oxford. 2012.
590 p. ISBN: 9780199645336

[25] S.N. Mustafaeva, M.M. Asadov. Complex
permittivity and Ac-conductivity of GaSe single
crystals grown from the gas phase. Journal of
Radioelectronics. 2011. Ne 8. P. 1-9. (in Russian)



https://doi.org/10.1051/jeep/201100008
https://doi.org/10.1107/S0567740882006402
https://doi.org/10.1016/j.jssc.2009.11.030
https://doi.org/10.1016/0025-5408(77)90099-x
https://doi.org/10.1002/1521-3749(200107)627:%207%20%3c1411::aid-zaac1411%3e3.0.co;2-x
https://doi.org/10.1002/1521-3749(200107)627:%207%20%3c1411::aid-zaac1411%3e3.0.co;2-x
https://doi.org/10.1007/978-1-4684-1686-2
https://doi.org/10.1007/978-1-4684-1686-2

AJP FIZIKA

2023

section C: Conference

Tiirkiye

CHARACTERISTICS OF SECONDARY ELECTRON EMISSIONS IN COLD
PLASMAS WITH NANOPOROUS ZEOLITE CATHODE
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This study investigates the characteristics of cold-discharge plasmas with the natural nanoporous zeolite cathode taking
into account the secondary electron emission processes. The zeolite cathode in the continuing and in the onset of discharge
gives the important contributions the discharge due to its nanopores. Paschen curves from 8 Torr to high pressure discharge up
to atmospheric pressures are scrutinized to reveal the processes of the onset of discharge. We discussed the secondary electron
emissions liberated by the nanoporous zeolite material into the discharge space in the relatively low electric fields in the
discharge gap. The homogeneous microdischarge is evaluated with the processes of the nanoporous zeolite cathode and
discharge. The coefficients of secondary electron emission liberated by the nanoporous zeolite were obtained at the discharge

gap of 250 um in air medium.

Keywords: secondary electron emissions, breakdown, nanoporous, microdischarge.

1. INTRODUCTION

The great attention is given to generate cold-
microdischarge plasmas that have a homogeneous and
low-energy consumption when the secondary electron
emission (SEE or y) process in the cathode surface is
considered. The interaction of mainly ion or photon
with the cathode results in the SEE emitted by the
cathode. These SEEs affect the microdischarge
characteristics in relation to the alteration in the
discharge current. The SEEs are one of focal points in
the development of microdischarges applications. The
microdischarges have extensively used in the various
applications including the light sources, microreactors,
and the plasma display panels [1-3].

Recent studies show that the determination of the
effect of SEE on the discharge has a subject of wide
interest importantly with respect to the low or high
pressure, and the cathode type due to alterations in the
discharge current. The discharge formations including
mainly the ions, UV-VUYV photons, metastables, and
heavy-particle ionizations become important in the
generation of SEE with the planar cathodes [4-6]. For
the generation of SEEs in the discharge volume, it is
concentrated to these discharge formations that are
developed with the processes of collision-induced
ionization and excitation depending on the E/N value.
The emission properties of the different planar cathodes
change with respect to the E/N values [5]. But there are
differences in the number of the SEEs emitted by the
planar cathodes depending on the discharge formations.
Also, the penetrating and transport, and emission
processes are related to the ion energy under the
bombardment mechanism or discharges [7,8]. The
developments that depend on the SEE give an
important way to affect the discharge properties.
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The zeolite gas discharge system (ZGDS) that
consists of nanoporous zeolite cathode and discharge
volume is used to generate the cold microdischarges
[12]. In ZGDS, zeolite, which consists of the numerous
porous structures in its surface, is an aluminosilicate
crystal including mainly cation and anion in its volume,
and it has the channels and cages [13]. These properties
make unique it the application areas like mainly
microelectronics, energy storage devices, and a plasma
light source [9-13]. When the zeolite cathode is used in
the plasma generation, its conduction mechanism based
on SEE affects the plasma characteristics. In the low
electric fields, SEEs are still an unknown process in the
pores. ZGDS is of the ability of producing a
homogeneous microplasma distribution at the low or
high pressures.

The study aims to reveal the characteristics of
cold-discharge microplasma including secondary
electrons emitted by the nanoporous zeolite in ZGDS in
the relatively low electric fields for the first time to our
knowledge. ZGDS has enabled the generation of a
microdischarge distribution with the contribution of the
volume processes and the electron emission from
zeolite. The discharge formations including the ions or
photon gave SEEs in the discharge space under the low
electric fields. With the emissions in the nanoporous
zeolite cathode and the discharge collision-induced
ionization and excitation processes, ZGDS formed the
homogeneous discharge space distribution at the
relatively low or high current values, and to reveal the
SEE process and the discharge homogeneous it
presented the important opportunity.

2.  EXPERIMENTAL

Figure 1 shows the experimental setup of ZGDS.
Measurements were performed in air medium on
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zeolite cathode (2), which has a type of clinoptilolite.
The nanoporous zeolite cathode was a plate having a
diameter D (3) of 22 mm and a thickness of 2 mm. The
external surface (1) of the zeolite was covered with a
Cu layer that was approximately 40-nm thick. The
anode was the glass disk (6) coated with a
semitransparent conductive SnO; layer (5). A discharge
gap d of 250 um was preferred to provide relatively low
electric field. Before air was filled the ZGDS, the
discharge cell was evacuated up to p = 1x107° Torr. A
needle valve between the discharge cell and the
mechanical pump was used to change the pressure
value of ZGDS. The Cu and the SnO; electrodes were
connected to an external circuit that consists of a DC
voltage source and a series resistor R;. DC voltage
source works up to 2500 V. R; measuring the current in
the circuit has 10 kV. A mica (4) that has a spacer with |

1

2 3 4

a circular space is placed between the zeolite and the
glass plates. The photomultiplier head measured the gas
discharge light emission (7) occurring in the discharge
volume. The current—voltage graphs and the intensity—
voltage graphs to obtain the gas discharge light
emission formed in ZGDS were registered by varying
the voltage with a rate of 5 V/s from 8 Torr to high
pressure discharge up to atmospheric pressures. In our
calculation, after we found o that is defined as the
number of ionization events with an electron per unit
length, we obtained y. The experimental coefficients
were selected as A=42.37x102' m?>and B=1031.07 Td
at 273 K in air medium [4]. y presents the number of
electrons escaping from the cathode per ion. All
measurements in ZGDS were performed at room
temperature.

Uo

Fig. 1. The experimental setup of ZGDS. 1-metallic Cu contact. 2-Zeolite cathode. 3-diameter D of discharge gap.
4-mica. 5-semi-transparent conductive SnO: contact. 6-glass disc. 7-UV-visible light beam.

3.  RESULTS AND DISCUSSION

To reveal the discharge characteristics of ZGDS
we investigated the cold microdischarge at the different
pressures at the discharge gap of 250 um in the ranges
of E/N <2300 Td. Figure 1 (a) shows the Paschen curve
in air medium generated by the ZGDS. The breakdown
curves in Figure 1 (a) consist of the left and right-hand
branch. We obtained the minimum value of breakdown,
which corresponds the breakdown voltage Vg = 405 V
at 18 Torr in Figure 1 (a). We can express that to explain
Paschen curve in Figure 1(a) the evaluation of
processes of cathode SEE and discharge space becomes
important.

Figure 2(b) shows the graph of yand E/N. We
obtained that y;is 0.00514 when E/N=2210.13 Td, and
yiis 0.00298 when E/N=1753.52 Td. Thus, at the high
values of E/N, the cathode emissions reach the higher
values. It is important that in the discharge space there
are dominantly electron-induced collisions that result in
the atoms to ionize at the high values of E/N. An
electron in the discharge space gains enough energy to
ionize the atom. At the high values of E/N, there are

| dominantly the ion-induced secondary electrons yi in
the discharge volume. Thus, we express that these
ionize atoms collide the cathode surface. After they
penetrate into the cathode, the secondary electrons that
gain enough energy can reach the discharge space.
These ionized atoms can move into nanopores, and they
penetrate into the cathode with higher energy. In this
case, the secondary electrons with the higher energy
can emit into the discharge volume. With this
discussion, we conclude that because the nanopores in
the zeolite have the high electric field, they affect the
onset voltage of microdischarge with the energetic
secondaries. Under these conditions, the zeolite
nanopore cathode in ZGDS behaviors like the emission
source at the high values of E/N. The typical situation
of SEE includes the effectiveness of cathode emissions
in the low-pressure discharges [4].

The zeolite cathode of ZGDS used in the
generation of microplasma is of critical importance
because it has special nanopores on its surface in the
continuing and the onset of discharge. The special
nanopores on its surface give contributions through the
interactions of surface and plasma. The cathodes used
in the discharge plasma give markedly contributions
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that include mainly SEE and the homogeneous of the
discharge. Thus, both surface and nanopores of zeolite
play a key role to change discharge current. It is
important to express that the pores resided in the
surface constitute the high electric fields when it is
applied a voltage difference between the cathode and
anode. The nanopores due to high electric fields are
responsible for giving the energetic electrons into
microdischarge as well as the surface.

2100
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1500
12004
900+
600+
3004

Breakdown Voltage (V)

[—]

10 100 1004

Pressure (Torr)

-

The energy of ions in the discharge volume is vital in
the formation of internal-SEEs. The energy transferring
the cathode atoms with the ion-transport become the
important in the liberation and the formation of SEE
into discharge volume when the internal-SEEs have the
enough energy to reach the surface [7,8]. The
nanoporous zeolite gives important contributions for
the ion-transport and SEEs when they move in the high
electric fields inside the pores. The nanoporous zeolite
may affect the ion-transport and penetrating processes
into cathode.

10"
d = 250 um, D = 22 mm, Zeolite, Air |

N

1000 10000

E/N (Td)

Fig. 2. (a) Paschen curve obtained in air medium in ZGDS. (b) y and E/N graph in ZGDS.

At the low values of E/N in Figure 2(b), the
electron-induced excitations in ZGDS become an
important process in discharge space. These excitations
lead to the generation of the photons in discharge
volume, and the photon- induced secondary electrons
Yoh are emitted by the zeolite cathode. The electron-
induced excitations dominantly result in the
photoelectric process developing in discharge space.
UV-VUV photons generated by gas in discharge
volume are responsible for the electron emission from
the zeolite cathode, and the spectrum characteristics of
N, and O, in air give the important contributions in the
liberation of the electron by cathode in discharge
medium [4,5]. However, since the particle number and
the collision frequency in discharge space increase,

! ionization per particle falls, and in this case the
breakdown shifts at the higher electric field values in
ZGDS.

Figure 3 shows the current-voltage (I-V) graphs at
different pressures in ZGDS. We can express that the
microdischarges in ZGDS are obtained as
homogeneous plasmas in wide range of pressure. We
may express that the current instabilities including
mainly the spatiotemporal inhomogeneities, and
hysteresis formations [14-16] weren’t observed in the
discharge space for the microplasma generated in
ZGDS. The space-time distribution of the
microdischarge is maintained as the homogeneous at
low-current discharge, and if the discharge current
reaches the higher values, the stability in the
microdischarge still remains unalterable.
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Fig. 3. I-V graphs obtained at the different pressures in ZGDS.
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4. CONCLUSION

At the low electric fields, the discharge properties
in ZGDS were studied with the SEE processes and in
the homogeneous microplasma. The zeolite cathode
gives important contributions because there are high
electric fields occurring in its nanopores. In the zeolite
cathode including the high electric fields in the
nanopores, it was obtained that, with the contribution
of pores, SEE is at the high values because the cathode
nanopores-ion interactions at the low pressures are
important; however, SEE increases because the
photoelectric process develops at the high pressure up

to atmospheric pressures in ZGDS. In the homogeneous
microdischarges, the low-pressure discharge of ZGDS
depends on the nanoporous zeolite cathode, and the
discharge current develops fastly in comparison of the
high pressure discharge up to atmospheric pressures.
The results obtained in the zeolite cathode with the pore
become important to appreciate the discharge
characteristics in the microplasma devices.
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INVESTIGATION OF THE PREPARED MW-CNT/POLYMER COMPOSITES AS
GAS-SENSITIVE ACTIVE ELEMENTS FOR THE FABRICATION OF GAS
SENSORS
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In this research work, the gas-sensitive properties of the polyurethane/MW-CNT, silicone /IMW-CNT, and epoxy/MW-
CNT nanocomposites were investigated in detail. The nanocomposites were prepared by an irreversible dispersion method
developed by our research group and successfully realized the homogenous distribution of MW-CNTSs inside polymer matrices.
MW-CNTs were synthesized using acetonitrile as a carbon source by the aerosol-assisted chemical vapor deposition (A-CVD)
method. SEM analysis results proved that smooth-surface, less defective MW-CNTSs with 30-60 nm diameter and 60-50pum
length were synthesized successfully. Gas-sensitive properties (the resistance change of nanocomposite under different gases)
were observed for all prepared nanocomposites depending on the type of gases. For example, epoxy/x MW-CNTSs (x = 4%)
nanocomposite react only to methane and propane gases, silicone /x MW-CNTSs (x = 4%) responds only to propane gas, PU/x
MW-CNTs (x = 4%) nanocomposite response to methane and CO gases.

Keywords: Multi-walled carbon nanotubes (MW-CNTSs), Aerosol-Chemical Vapor Deposition (A-CVD), irreversible
dispersionmethod, polymer nanocomposites, gas sensors

PACS: 42.81.Pa

1. INTRODUCTION scanning electron microscope (SEM ZEISS, operating

voltage 10kV, 2-5um magnifications) at room temperature.

In recent years, hazardous gas sensors have been
attracting more attention in terms of human safety in
both domestic and industrial applications [1,2].
Particularly, gases such as methane CH4 and carbon
monoxide CO are harmful to the environment and
humanity. Therefore, the fabrication and improvement
of compact, portable, affordable, high-sensitive, and
high-selective gas sensors capable of rapidly detecting
harmful gases and monitoring air quality in both
ambient and indoor locations is a very relevant topic
[3]. As for these properties, the active sensing element
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part of gas sensors is responsible, the main goal is the
fabrication and investigation of very effective gas-
sensitive elements with the above-mentioned properties
[4,5]. Inthe research work, we demonstrate the research
results of the gas-sensitive properties of three polymer
nanocomposites based on  MW-CNTs.  For
measurement of gas-sensor effects (change of
resistance) of the prepared composites their thin films
were prepared in the sizes of d = 20pum, a=60 mm, b =
12 mm and were studied for three-combustible (methane,
propane), and toxic (carbon monoxide) gases.

2. EXPERIMENTAL METHODS AND
CHARACTERIZATION

Photos of the prepared nanocomposite samples are
shown in Figure 1. The nanocomposite pasta (half-liquid)
first was inflicted on the paper and paper was fixed on the
glass. For measurement gas-sensitive effect, copper contacts
were glued to the samples with the silver-containing paste
“Contactol” (Keller, Germany). The surface morphology
analysis of the nanocomposites were measured using

131, H.Javid ave, AZ-1143, Baku
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Fig. 1. Photo of the prepared polymer/x-MWCNT (x=2%,
x=4%, x=8%) nanocomposites

The gas-sensor effect (resistance change)
measurements of polymer/x MW-CNTSs (x = 2%; 4%;
8%) composites were studied firstly in air, then under
CO (99.9%), CH4 (99.9% pure) and propane (98.5%)
gases.
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3. RESULTS

SEM analysis was investigated to determine dispersion
ability of MW-CNTs inside epoxy, polyurethane and
silicone polymers. Moreover, the impact of dispersion
ability of MW-CNTs and type of polymers to the gas-
sensitive properties of the nanocomposites were
determined.

% \ ‘

2pm

SEM image of the prepared MW-CNT/polymer
composites ((a) Epoxy/x MW-CNTs (x = 4%); (b)
Polyurethane/x MW-CNTs (x = 4%) and (c)
Silicone/x MW-CNTSs (x = 4%))

Figure 2 shows that using the irreversible
dispersion method [6,7] of MW-CNTs inside polymers,
it is possible to obtain homogenously dispersion of
MW-CNTs inside polymers without agglomeration,
and the best dispersion was observed inside silicone
matrices. It is clear from the SEM images that the type
of matrices directly impacts the dispersion ability of
MW-CNTs even though the same method was used for
the preparation of nanocomposites.

The gas sensitivity of three nanocomposites -
Epoxy/x MW-CNT (x=4%), Silicone/x MWCNTS (x =
4%), PU/x MWCNTSs (x = 4%)) was first tested in air,
followed by resistance measurements in methane,
propane, and carbon monoxide. The results of these
measurements are summarized in Table 1. As seen from
Table 1, for epoxy/x MW-CNTSs nanocomposite only
under propane gas was observed significant change,
however for other gases was not observed any change.
For silicone the same scene was observed. Moreover,
silicone/xXMW-CNTs nanocomposite is absolutely not
sensitive to carbon monoxide gas, so can't be used for
preparation of active sensitive element for preparation
gas sensors for carbon monoxide gas. For PU/Xx MW-
CNTs nanocomposite absolutely different values were
observed and they are sensitive to methane and carbon
monoxide gases. This table makes it very easy to
determine useful and useless nanocomposites for gas-
sensor applications.

CONCLUSION

This study analyzes the impact of polymer nature
on the gas-sensor properties of the epoxy/ XMW-CNT
(x =2, 4, 8%), silicone/x MW-CNTSs (x = 2, 4, 8%) and
PU/x MW-CNTs (x = 8%) composites. Morphology
analysis results proved that using the irreversible
dispersion method, it was possible to increase the
homogeneous dispersion of MW-CNTs inside
polymers, which is different depending the type of
polymers. It was revealed that depending on gas type as
well as nature of polymer, they show sensitivity to
gases with different way. For example, for epoxy
nanocomposite sensitivity change was observed under
propane, for silicone under propane but for PU under
methane and carbon monoxide. Moreover, the
resistance change for silicone and epoxy is in Ohm
range, however for PU it is in KOhm range for all gases.

In conclusion, we can say that, as the nature of
polymer impact to the gas-sensitive properties so high
that, we will carry on our experiments in this field with
other polymers too for finding the suitable
nanocomposites which will be response for the three
gases in the same time. This will open for us the
possibility to prepare gas —sensitive elements which
can work in a wide range of gases.
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Table 1.

Gas-sensor properties (electrical resistance changes values) of the prepared samples in air, methane, propane, and
carbon monoxide gases.

Samples R, Ohm (inair) | R,Ohm (methane) | R,Ohm (Propane) R, Ohm (Carbon
monoxide)
PU/XMWCNTS (x = 4%) 340.6*10° 328.2*10° 340.2*10° 332.0%10°
Silicone /XMWCNTS (x = 4%) 0.375*10° 0.372*10° 0.438*10° 0.375*10°
Epoxy/XMWCNTS (x = 4%) 0.633*10° 0.620*10° 0.582*10° 0.630*10°
[1] Verma G and Gupta A. Recent development in [5] Zzhang W-D and Zzhang W-H. Carbon

(2]

(3]

[4]

carbon nanotubes based gas sensors. J Mater
NanoSci 2022; 9: 03-12.

Guo S-Y, Hou P-X, Zhang F, et al. Gas sensors
based on single-wall carbon nanotubes.
Molecules 2022; 27: 5381-539.

Chowdhury NK and Bhowmik  B.
Micro/nanostructured gas sensors: the physics
behind the nanostructure growth, sensing and
selectivity mechanisms. Nanoscale Adv 2021;
3: 73-93.

Roy N, Sinha R and Daniel T. Sensitive room
temperature CO gas sensor based on
MWCNT-PDDA composite. IEEE Sensors J
2020; 20: 13245-13252.
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COMPARATIVE HEAT TRANSFER METHOD
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Azerbaijan, Baku, H. Javid av. 137, Az-1143,
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The research work is devoted to the measurement of the thermal conductivity of crystals, improvement of existing
methods of thermal conductivity. A comparative method for measuring heat transfer is considered. Thermal conductivity of
solid substances, their theoretical justification and method of implementation are shown. The given accuracy provided in the

method is expected.

Keywords: absolute method, comparative method, general measurement, heat conductor.

PACS: 536.2
1. INTRODUCTION

Thermal conductivity is the process of
transferring thermal energy from more heated parts of
the body to less heated ones, carried out by randomly
moving particles of the body or vibrations of the crystal
lattice. This is the most important physical process: the
nature of its flow determines the thermo physical
properties of the material. The temperature gradient is
a vector directed normal to the isothermal surface in the
direction of increasing temperature and is numerically
equal to the derivative of the temperature in this
direction. In general:

T = 9T (dn/ nio) @

where 7io- is a unit vector directed along the normal to
the isothermal surface.

VT = (VT)x =(0T/0x) " 2)

Here 7 -is the unit vector in the direction of the x-
axis. Obviously, for the chosen conditions

VT = (ATId) " = (Thor=Tecota) 1 d) " (3)

Thus, by forming a temperature difference
between the faces of a material, we create a temperature
gradient inside this material. In a particular case, the
temperature gradient is a constant, i.e. the temperature
changes uniformly and linearly when moving from the
“hot” end (with temperature T1) to the cold end (T2). A
state with a non-zero temperature gradient is
thermodynamically non-equilibrium and, according to
the second law of thermodynamics, the system will
tend to move into thermodynamic equilibrium - a heat
flow will occur - the process of energy transfer from the
"hot" end to the "cold" end. The physical laws of this
process depend on the properties of the material, as well
as on the initial and boundary conditions [1].
Analogously, the dependences of total thermal
conductivity in BizTez7+xSeos compounds were shown
in the work [ 2]
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The aim of the work is to develop a comparative
thermal conductivity method for measuring the thermal
conductivity of small crystals.

An overview of the methods available in this field
was carried out. One of the disadvantages of most
methods is that they are not absolute, so their
implementation requires a reference sample, the
thermal conductivity of which is known in advance and
accurately.  This  significantly increases the
measurement error.
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Fig. 1. Temperature dependence of thermoelectric properties
of Bi2Tez.7+xSeo 3, a total thermal conductivity « [2].

Another drawback is the limitation of the range of
materials under study and is due to the requirement that
the thermal conductivity values of the test and reference
samples are close, so the methods often do not provide
the ability to measure samples with very different
thermal conductions. An example is the State Standard
units of thermal conductivity Standards 59-2007, which
is based on the stationary method [3], where the unit of
thermal conductivity is reproduced in limited ranges,
W/(mK), 0.1...5 and 5...20, while extended the
relative measurement uncertainty is 0.8 - 2% [4].

One of the characteristics of the qualitative
difference between semiconductors and metals is
thermal conductivity. It is known that Bi,Te»7Seos
layered crystal remains one of the most popular and
demanded materials in today's thermoelectric
production. The problem with thermoelectrics is low
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efficiency. Efficiency — Z varies depending on
temperature (T) and for each degree (quality) is
characterized by quality parameter - ZT:

ZT= o’ T/). 4)

Here, Z- efficiency, T - average temperature, a-
Seebeck coefficient, ¢ - conductivity, A- is the
coefficient of thermal conductivity.

One of the ways to increase the ZT coefficient in
thermocouples is to measure thermal conductivity [5].

For the measurements, samples of Bi,Tez7Seos
with different levels of additives were used.

Bi;Te27Seos layered crystal has 0.1 - 0.7 mass percent
nickel additive.

Fig. 2. Heat sink: 1- pictometer, 2- samples, 3- water cup,
4- penoplast holder with low thermal conductivity.

A new phase of NiizerTe grains and Ni-Se-Te
chains were detected in the composition. No free nickel

atoms were observed in its composition. The
comparative thermal conductivity method was used to
study the dynamics of thermal conductivity of the
additive sample. Here, the method we have presented
using a noncontact method from a distance has allowed
the experiment to be carried out more accurately.

As can be seen from fig. 2 , the method uses: a
picometer, samples, a glass of water, a penaplast holder
with low thermal conductivity.

The samples are placed in the numbered holes in
the penaplas holder. The water in the glass is heated up
to 40°C, and a plastic holder with crystals is placed on
it. Two picometers are used to determine the thermal
conductivity of the sample.

The advantage of this method for the
determination of a small change in the thermal
conductivity of additives intercalated in a small amount
in the layers of the sample is undeniable.

CONCLUSIONS

With a specific implementation of the methods,
the actual error will always be above the above
assessment and in each particular case should be
determined individually depending on the quality of
performance. The method simultaneously measures the
thermal conductivity of several samples with different
thermal properties at once, that is, they provide an
accurate thermo conductometric scanning operation,
which is advantageous and significantly different.
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flow, Compiled by: Workshop. - Lower
Novgorod: Nizhny Novgorod State University,
2019. - 45 p.

[2] Xi Chen, Fanggong Cai, Rong Dong, Xiaobo Lei,
Runging Sui, Lanxin Qiu, zhili Zeng, Wei Sun,
Hao Zheng, Qinyong Zhang/ Enhanced
thermoelectric properties of n-type BizTez7Seqs3
for power generation, Nature Journal of Materials
Science: Materials in Electronics 2020, Springer
,https://doi.org/10.1007/s10854-020-03057-8.

[3] N.A. Sokolov. Method for determining studies of
thermal conductivity of materials, Pat. 2276781

Russian Federation, IPC GO1N 25/00, applicant
and patent owner tel Federal State Unitary
Enterprise “All-Russian Research Institute of
Metrology them. named after D. I. Mendeleev.” -
No. 2004133748; dec. 11/16/2004; publ. May 20,
2006 Bull. No. 14. -7 p.

[4] V.P. Khodunkov, Yu.P. Zarichnyak. New
stationary methods for measuring thermal
conductivity  of  solid bodies, DOI:

10.17277/vestnik.2022.03.pp.455-465.

[5] C. Gayner, K.K. Kar. Recent advances in
thermoelectric materials, Prog. Mat. Science 83,
p.330, 2016.

114



AJP FIZIKA

2023

section C: Conference

Tiirkiye

I-V CURVE OF GRANULAR SUPERCONDUCTOR
USING LONG JOSEPHSON JUNCTION APPROACH

I.N. ASKERZADE?¢ D. MATRASULOV °, R.T. ASKERBEYLIY M. SALATI?
2 Department of Computer Engineering and Center of Excellence of Superconductivity
Research, Ankara University, TR06100, Turkey
b Turin Polytechnic University in Tashkent, 17 Niyazov Str., 100095, Tashkent, Uzbekistan
¢ Institute of Physics, H.Cavid /317, Baku, AZ1143, Azerbaijan
9Dept. of Numerical Methods of Karabuk University, Turkey
Email.: imasker@eng.ankara.edu.tr

We calculate 1-V curve of granulated superconductor using magnetic-field dependent Ic(H) patterns for junctions with
identical, thick, periodically arranged defects. We use corresponding analytical expression for a wide range of parameters, due
to increased characteristic length in such structures. The field dependence of the critical current density and pinning potential
are presented. The results are in agreement with another calculations.

Keywords: granular superconductors, 1-V curve, long junction, sine-Gordon equation

PACS: 03.75.Lm, 74.80.Bd, 74.90+n

INTRODUCTION

Granular superconductivity — was discovered
many years ago in study [1] (see also [2]). With
discovery of new classes of superconducting
compounds [see, Ref. 3,4] interests to study of
granular compounds becomes more actual. In study
[5] authors investigate the electronic specific heat C
as a function of temperature T. Model developed in this
paper related with mesoscopically disordered s-wave
superconductor and treated as a spatial ensemble of
domains with continuously varying superconducting
properties. Calculation of the critical current density jc
of granulated superconductors  (regarded as an
assembly of superconducting grains being connected
by weak (Josephson links) is complex problem. When
solving this problem in a general case one should take
into account not only the spread of the coupling energy;,
over Josephson junctions but also the correlation of the
order parameter phases in different grains. The task
may be significantly simplified if we neglect the latter:
in this case currents in adjacent contacts may be
regarded as mutually independent.

The model of the field dependence of the critical
current density in superconducting compounds takes
into consideration both possible mechanisms. Recent
progress in technology makes it is possible to fabricate
Josephson [6-7] with highly nonuniform critical
current density, in which artificial defects, of virtually
any desired strength and geometry, areadded to the
junction barrier [8-9]. Most studies explore the
properties of junctions with periodic arrangements of
linear (columnar) defects which have the full width of
the junction. It is clear that the understanding of the
behaviour of magnetic-field  Ic(H) patterns for
Josephson junctions with nonuniform critical current
density is important. It is use important to get an
analytical expression for some model with critical
current densities, which captures some of the primary
qualitative features seen in experiments. Here, we
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adapted a simple calculation an analytical magnetic-
field Ic(H) expression for a long Josephson junction
with periodically alternating piecewise constant
critical current density, within the uniform magnetic
field approximation [10]. It is useful to note that
anharmonic effect in current-phase relation [11,12] was
considered in study [13].

BASIC EQUATIONS

Calculation of I-V curve of granular
superconducting compounds at currents exceeding the
critical current lcr is complicated by the fact that the
resistive elements of such a system (intergrain
junctions) are essentially nonlinear. It can be easily
seen from a simple and frequently used model which
regards an high-temperature superconductors and
related compounds ceramic as a set of ID "threads"
connected in parallel and composed of a large number
of weak links connected in series. In this case the
voltage V at the ends of a "thread" with a current | is
shown in Fig. 1.

The voltage drop \ across a
Superconductor/Normal metal/Superconductor
junction with critical current I and normal resistance
Rn is described by the function [14]

|
V(i) = N [y /i) =18 G )di,
0
where i is the dimensionless current flowing through
the junction. Distribution function of critical current
f(ic) is determined by technological processes and
external magnetic field. Since for nonlinear systems the
superposition principle is invalid the utilization of well-
developed percolation and effective medium methods
[14] is inapplicable for the calculation of the
conductance of such a system.
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=

Figl Granular superconducting model.

The normal resistance ry of a contact is
proportional to its thickness dy and for "thick" contacts
(see, for example [6]) depends only weakly ic . If we
neglect this dependence and use the distribution
similarly to [14], we can get from Eq. (1) under
linearization of 1-V curve

V(l) — in+2,

i<i0 (2a)

Vi)=1i i>i0 (2b)

As followed from last Egs., a one-dimensional
chain of Josephson links possesses a power-law 1-V
curve at moderate currents, is characteristic becoming
linear for large currents. The natural current scale here
is the maximum critical current of Josephson coupling.
An attractive feature of the model in question is, apart
from its simplicity, the feasibility of reconstructing the
form of the junction distribution function f(ic) over the
critical currents from the shape of the I-V curve (Ref.
14).

It is interesting to investigate the influence of
external  magnetic in |-V curve of granulated
superconductor. It is well known, that the critical
current of single short Josephson junction ( the size of
junction is small in respect penetration depth Aj [6]) in
extenal magnetic field changes as

. TP
1) _ |58,
I - P (3)
co ?0

Using Eq. (3) and (1) leads to result for I-V curve
of granulated superconductors

V(i) =i%™", B> Bc (4b)
However, this appoach seems oversimplified. In
Ref. [10] author apply the analytical expression to
Josephson junctions with thick identical periodically
arranged defects, and compare it with numerical results
obtained with the sine-Gordon equation. It was
discussed the range of validity of the analytical Ic(H)
pattern in terms of the increased characteristic length
Aett. The dependence of Xert on the geometrical
parameters is determined using qualitative arguments,
and also self-consistently, from the length scale of
soliton-type fluxon solutions of the sine-Gordon
equation. It is clear that using more realistic form of
function for critical current in the case of peridically
modulated long Josephson junctions will lead to
applicable results. Thus in this paper we develope the
model granulated superconductor using magnetic-
field dependent I(H) patterns for junctions with
identical, thick, periodically arranged defects.

RESULTS AND DISCUSSIONS

In paper [10] a model dependence critical current
density Jc(x) shown schematically in fig. 2, for a
Josephson junction of length L, width W and
penetration depth Aj.

o
3]

T

Fig. 2. Critical current density dependence in long junction
with N=5

% N U R N D I B

The critical current density alternates
sequentially, taking two values J; and J;, which may
differ both in magnitude and sign (n = 1,..., N). Thus,
we have that Jc = J; within N intervals of length w, and
Jc = J, within N intervals of length w, while the
junction length is L = N. The calculated Ic(H)
dependence in greneral case current distribution leads
to result [10]

V@) =i", B=0 (4a) |
.0
Mo, 1 rd r'o rd ) ro ||
I,(H)=LwW o = {J)isin’z +J§sinzn——J1J2{sin2ﬂ —sin’ 7 ——+sin’ 1 +}} 5
I ) No, N, N, N, ®)
@, ®,N
where the following notations were introduce o -
sinZ2 | |sinZZ
w o, L _ 1 w 6 ICI(H) — T[;’O :$0| , (7)
r = T r = —Tr = - T ( ) co ¢—0 Tr%
with
For J,=0 general Equation reduces to Io =A@]+ 7)) (8)
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The second factorin Eq. (7) in contrast to Eq. (3)
is related to the collective interaction of the Josephson
fluxons with arbitrary array of defects.

Changing of power exponent I-V curve in Eq. (4)
taking into account modulated dependence critical
current density in long Josephson junction versus of
geometrical parameter presented in Fig. 3.
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Fig.3. Power exponent n in I-V curve of granulated
superconductor using long junction limit in respect
to short junction limit no versus geometrical factor.

Decrasing of geometrical parameter r lead to the
case short Josephaon junction limit. The zero-field
critical current density in a defected junctions reduces
futher  with respect in a uniform junction with
decreasing geometrical parameter r. As a result power
exponent n in I-V curve of granulated superconductor
using long junction limit also decreased in respect to
short junction limit no. The value of this pareameter in
the case cuprate compounds is about 2.6. Magnetic
field dependence of exponent no was investigate in
detail for cuprate compounds in [15]. Detail analysisin
our case also shows that the power exponent n in the
case long Josephson junction with modulated critical
current density as 1/B, in similar way to short junction
limit.

Thus, in this study it was investigated the 1-V curve
of granulated superconductor using magnetic-field
dependent I¢(H) patterns for junctions with identical,
thick, periodically arranged defects. The analytical
expression was used for a wide range of parameters,
due to increased characteristic length in such
structures. The field dependence of the critical current
density is analyzed.
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HALF-METALLIC FERROMAGNETISM IN V-DOPED ZnSe: DFT STUDY
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The electronic and magnetic properties of V-doped ZnSe have been calculated within LSDA+U method. The ab-initio
calculations are carried out using Atomistic ToolKit code, based on the density functional theory. The band structure and
density of states calculations showed the half-metallic behavior for 12.5 %, 6.25 %, 3.125 %, 1.5625 % concentrations in
ZnSe:V. The magnetic moment of Zn1-xVxSe supercell is 3 uB. The defect formation energies were calculated and obtained
that ferromagnetic phase is more stable than antiferromagnetic state. The Curie temperatures are estimated for Zn1-xVxSe
supercell for all studies concentrations. The results indicate that these materials are high Curie temperature DMSs. First-
principles studies show that V-doped ZnSe are promising materials for spintronics.

Keywords: ZnSe:V, DMSs; ferromagnetic, half-metal
PACS: 61.43.Bn; 71.20.-b; 61.72.-y

1. INTRODUCTION

Diluted magnetic semiconductors known as
semimagnetic compounds which a managed fraction of
nonmagnetic cations are replaced by 3d transition
metals (TMs). TM?2* magnetic ions doped II-VI
semiconductor compounds are counted as promising
optoelectronic materials in the mid-IR region, low
energy optical phonon cut-off, and large emission
cross-sections [1]. The development of Zn-based
DMSs I1-VI group show magnificent properties, which
have huge opportunity to be applied in spintronics [2].
These materials have attracted a lot of attention as
materials for spintronic applications [3] because of
their half-metallic ferromagnetic behaviors at Curie
temperatures higher than room temperature [4].
Maksimov et al. [5] experimentally studied the V-
doped ZnSe cubic crystals and established that in Zn;-
«VxSe (x=10%) single crystal vanadium ions dissolved
in zinc selenide in amounts corresponding to high
doping levels.

Zinc selenide a semiconductor, can operate as a
half-metallic compound and is a helpful material for
optoelectronic and spintronic applications. Zinc
selenide is a nonmagnetic material with a direct band
gap of 2.70 eV and has great potential for a diversity of
optical and electro-optical devices, such as short
wavelength lasers, blue-green laser diodes, pure green
light-emitting diodes, microwave and terahertz
devices, solar cells and tunable mid-IR laser sources

[6]-
2. CALCULATION METHOD

The calculations were carried out based on the
Density Functional Theory (DFT). The geometric
model for ZnSe:V is built by replacing host Zn atoms
with V. The ferromagnetism in investigated systems at
various impurity concentrations have been investigated
within the Local Spin Density Approximation (LSDA)
as implemented in the Atomistic ToolKit software from
Mulliken population analysis. Hubbard U semiempiri-
cal corrections (4.5 eV on d-states of Zn and 3.8 eV on

p-states of Se) are used for correct band gap prognosis
for bulk ZnSe [7]. The simulations are carried out for
different supercells generated with the initial lattice pa-
rameters a=b=3.98 A and ¢=6.53 A [8]. One and two
impurity atoms added at Zn cation sites in 32-, 64-,
128-, and 256-atom supercells to study the ferromag-
netism of V-doped ZnSe. A k-sampling Monkhorst-
Pack grids 5x5x5 and 3x3x3 used and all atomic posi-
tions have been geometry optimized. The valence elec-
tron configurations which included 12 electrons for Zn
[Ar] +3d° 4s?, 6 electrons for Se [Ar] +4s? 4p* and 5
electrons for V [Ar] +3d® 4s? were taken into consider-
ation.

3. RESULTS AND DISCUSSION

3.1 Vanadium-doped ZnSe

For this to study the magnetic behavior of do-
pants, have been studied two Zn atoms of the 32-, 64-,
128- and 256-atom supercells with V?* suitable to the
impurity concentrations x=12.5 %, 6.25 %, 3.125 %,
and 1.5625 %. Spin-polarized simulations have been
implemented using LSDA+U to study the electronic
properties of the undoped and V?* doped systems.
Spin-polarized band structures and total density of
states (TDOS) for undoped ZnisSeis System are given
in Fig. 1, correspondingly to the spin-up and spin-down
states. The calculated band gap of undoped ZnSe 32-
atom supercell is 2.7 eV which very closer to experi-
mental results [9] and the spin-up and spin-down band
structures are same.

The spin-polarized band diagrams and TDOS of
Zn14VSe alloys with x=6.25 % concentration are illus-
trated in Fig. 2 and illustrate that the spin-up bands
have a semi-metallic nature due to the top of valence
band cutting the Fermi energy level with availability of
a gap between the valence and conduction bands.

The obtained density of states showed hybridiza-
tion between the Se p- and V d-states, which increased
the antibonding state in the gap that stabilized the FM
state associated to the double exchange mechanism. To
understand the origin of the spin-polarized notion of
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the density of states (DOS) in Fig. 3, we analyzed the ~ DOS derived from 3d-states of impurity atom. At the
partial DOS of investigated systems as presented in  Fermi level we have only up spin states, i.e., so called
Fig. 4. These diagrams for both systems presented a  half-metallic situation is realized. From first-principles
similar behavior with high-spin state. They illustrate  calculations found that the half-metallic state can be
that the valence band formed mainly from Se p-andV ~ obtained in V-doped ZnSe systems: the dopant p- and
d-states, which is close to the Fermi energy level, the  d-states are partially occupied.

ZnSe 32-atom supercell, spim-up states ZnSe 32-atom supercell, spin-down states

Energy (eV)

Energy (eV)
o
)

A

60 . . T T T . T T
&1
“l‘ F: ——TDOS of Zn, Se,
e 40 4 1
3 | . 1
L | spin-up
w 1
% 20 .
o 1
n 1
— 1
o 1
2 0-
w 1
c 1
8 1
1
© -20 4 1
° 1
[ I .
! spin-down
-40 X
1
1
“l X
-60 : : T T + : T T T T
-15 -10 -5 0 5 10 15

Energy (eV)

Fig.1. Spin-polarized band structures and TDOS for ZnisSeis correspondingly to spin-up and spin-down states .
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Fig. 2. Spin-polarized band structures for ZnisV1Seis correspondingly to spin-up and spin-down states.
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Fig. 3. Total DOS for ZnisV1Seis with LSDA+U.
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Fig. 4. Partial DOS for ZnisV1Seis with LSDA+U.
Table 1.
Bang gaps values for different V-ZnSe systems.
System MP grid IC [%] Band gap [eV]
up dn
Zn15V1Seis 5x5%5 6.25 1.69 2.88
Zn14V2Sei1s 5x5x5 12.5 184 | 3.00
Zn3oV2Ses2 5x5%5 6.25 1.62 2.88
Zne2V2Sess 3x3x3 3.125 1.53 2.79
Zn126V2Se128 3x3x3 1.5625 145 2.744
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First-principle computed spin-polarized electronic
structures and DOS calculations show that the V-
doped ZnSe materials are half-metallic, and this fact
corresponding to reported result in Ref. [10]. First-
principles computed value of electronic band gaps of
V-doped 32-, 64-, 128-, and 256-atom supercells are
listed in Table 1. Valence band edges are created due
to hybridization between Se-3p and V 3d (spin-up)
states, although the conduction band edges are the re-
sult of Zn-4s spin-down states. The magnetic moments
for V dopants, and its neighboring host atoms have
been calculated in detail using DFT-LSDA+U method.
For recent simulations, the FM and AFM states of V
doped ZnSe supercells can be described as Zni.
V2 V2Se and Zni V12V Se, respectively.

The total energy differences beetween AFM and
FM alignments show FM stability of ZnSe:V doped
systems. Only the result of the total energy differences
beetween AFM and FM alignments for ZnizV,Seios
supercell show stability of AFM state.

The spin-polarization structure of ZnisViSeis
supercell is shown in Fig. 5. In this spin-polarization
structure, the magnetic moments of atoms are indi-
cated by black arrows, which these are significant
values than other host atoms.

COOOLEEE
ceCELLCE
00000000

Fig. 5. The spin-polarization of ZnisV1Seis supercells.
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The obtained values of total magnetic moments
for ZnSe:V systems are 3.0 g, respectively, which in
a good agreement with the results of Ref. [11]. Khatta
et al. [11] first-principles studied the magnetic proper-
ties of Zn1<V,Se ternary alloys (16-atom supercell) in
zinc-blende phase and the obtained values of total
magnetic moment is ranging from 2.78 to 3.0 pg, for
different impurity atom concentrations
(x=0.125+0.875).

In the case of V-doping ZnSe the obtained value
of magnetic moment per V, dopant atom is found to be
2.9 ug, which in good agreement reported result (2.84
ug) in Ref. [11]. The main contribution to the magnet-
ization from d-states of V: 2.313 ug, the small positive
and negative contribution from 15 Zn (0.216 pg) and
16 Se (-0.206 pg) atoms, respectively. First-principle
calculations show that the FM phase in V-doped ZnSe
systems is more stable than the AFM phase which is in
agreement in Ref. [10].

3.2 FORMATION ENERGIES AND CURIE
TEMPERATURES OF ZnSe:V

It is known that the stability of TM doped sys-
tems can be defined by the defect formation energy of
structure. Formation energy calculations are per-
formed for the fully relaxed different defected sys-
tems. The formation energy calculations were studied
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for enough large systems containing 32, 64, 128, and
256 atoms.

The formation energy of VV2* doped ZnSe systems
is assigned as the energy needed to introduce such im-
purity in bulk ZnSe and can be calculated by the fol-
lowing expression [1]

)_ Etot.(znse)+ N fy,—N- /uv] (1)

1x 7 x

Eform. = %[E(otv(zn Vv, Se

where N is the total number of atoms in supercell,
Ei o (Zn, V. Se) and E.,.(ZnSe) are the total ener-
gies of doped and pure ZnSe systems having the same
dimension to supercell, correspondingly. Terms n, pz,
and v are the number of doping atoms, the chemical
potentials of Zn and V atoms, respectively.

The Curie temperatures of V-doped ZnSe sys-
tems are estimated by using the Heisenberg model in
the Mean-Field Approximation (MFA) [6]

' @

where kg and x are the Boltzmann constant and
impurity atom concentration, respectively.

In this work, the defect formation energies and the
Curie temperatures are estimated for different Zni.
«VxSe systems using the reported results of energy
difference between the AFM and FM alignments, and
listed in Table 2.

Table 2.
The calculated values of formation energies, and the
Curie temperatures for Zni4V,Se.

System X, % Eform.[eV] Tc [K]
Zn14V2Se1s 12.5 75 4065
Zn3oV2Ses? 6.25 37.5 552
Zne2V2Sees 3.125 18.75 58

The obtained formation energy values of ZnSe:V
are positive, indicating that it is hard to incorporate V
atom to ZnSe, which agrees with known experimental
results [12]. In Ref. [10] the authors have predicted a
high Curie temperature for V-doped ZnSe systems,
which are in agreement with results of current work.
From Table 2, the Curie temperature is found to de-
crease with the decreasing of impurity atom concen-
trations for ZnSe:V and this material is suitable mate-
rials for application in spintronics.

4. CONCLUSION

In order to promote suitable semiconductor
materials for spintronics devices, this study aims to
evaluate the magnetic properties of the VV-doped ZnSe.
Using an accurate DFT-LSDA+U approach, have been
explored the spin-polarized electronic and magnetic
properties of ZnixV,Se for x=12.5 %, 6.25 %, 3.125 %,
and 1.5625 %. While the introduction of V2* ions in the
doped ZnSe systems change the TDOS and found the
half-metallic ferromagnetic coupling. The obtained
value of total magnetic moment has been found to be
3.0 pg for Zn1«V,Se, and the mainly contribution to the
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We investigate the one-dimensional Kane oscillator in a thermal bath. We found that the heat capacity is four times greater
than the heat capacity of the one-dimensional harmonic oscillator for higher temperatures.
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1. INTRODUCTION

It is well known that the exact energy eigenvalues
of the bound state play an important role in quantum
mechanics. The non-relativistic harmonic oscillator
remains the most typical example of these solvable
systems and several authors have attempted to
formulate for it an analogous relativistic extension.
This has led to the construction of the so-called Dirac
oscillator, as initially introduced by Ito et al.[1] and
later revived by Moshinsky and Szczepaniak.[2]. They
gave it the name Dirac oscillator because it reduces to
the standard harmonic oscillator with a strong spin-
orbit coupling in the non-relativistic limit. The
parabolic confining potential can be introduced through
the so-called minimal substitution [2]:

p=p-ipor (1)

where B is the diagonal matrix with the elements %1.
Here, we applied the above approach in deriving the
oscillatory equation from the Kane 6-band
Hamiltonian, in which the interaction between the
valence and conduction bands is considered through a
single matrix element of the Kane parameter P [3]. We
referred to the obtained equation as the Kane oscillator
by analogy with the Dirac oscillator. In the case Dirac
equation, we do not include a harmonic potential in the
usual way, as we do for the non-relativistic quantum
mechanical harmonic oscillator. Instead, we start
postulating a rather odd form for vector potential.

The energy spectrum of electrons in narrow-gap
semiconductors (NGS) is analogous to that of
relativistic electrons in a vacuum [4]. The energy
spectrum and wave functions of the Kane oscillator
were determined in the paper [5].

The paper [6] proposed a class of exactly solvable
relativistic systems and found that the generalized (1 +
1)- dimensional Dirac oscillator in an electric field. In
the paper [7] authors were considering the thermal
properties of one-dimensional Dirac in the framework
of the theory of superstatistics. The paper [8] analyzed
the one-dimensional Dirac oscillator in a thermal bath
and found that the heat capacity is two times greater
than the heat capacity of the one-dimensional harmonic
oscillator for higher temperatures.

Authors of the paper [9] studied (2+1)-dimensional
Dirac oscillator in the presence of a transverse external

131, H.Javid ave, AZ-1143, Baku 123
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magnetic field by defining suitable creation and
annihilation operators in terms of properly chosen
canonical pairs of coordinates and momenta.

2. THEORY

The non-relativistic harmonic oscillator potential
is used for describing the confinement of quantum dots
[10]. In this paper, we analyze the thermodynamic
properties of a one-dimensional Kane oscillator. The
Kane equations described the spectra of carriers in A3Bs
type semiconductors. In the three-band Hamiltonian,
the valence and conduction bands interaction is taken
into account via the only matrix element. Let us
consider the case in plane wave vector k, =k, = 0.
For these states, the Kane Hamiltonian has the form
[3,5]:

9 3
2
0 E,—E 0 0 ngz 0
He O 0 —E 0 0 0
pk, 0O 0 -E 0 0
3
\ 0 \Fsz 0 0 “E 0 /
3
0 0 0 0 0 -E
(2)
Here P is the Kane parameter, E; the band gap
energy k. = —id,. The zero energy is chosen at the

bottom of the conduction band. Replacing operator

Mew

kz—>kz+iﬁTZ (3)
where

Pu=Ln=Llys=Pu=Ps=Ps="1 @

The wavefunctions of the Hamiltonian in equation
(2) can be expressed as a four-spinor wavefunction

‘P:(CI)l,(DZ,CI)S,Q)4,CI)5,®6)T, By solving the
Kane equation(H —E)‘I’ =0, we obtain the

following two equations for heavy holes, electrons, and
light holes:
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Ehh:O
<Eg—E+§P§( “z)(k “’z))cbl_z:o

The energy spectrum of the Kane oscillator is 2
into

times fold degenerate. Taking account
relationships [5]
2P* 7’
= 5)
3E, 2m,
we obtain
E,-E)E 2 2
(g ) + ¥ L zz—h—w ®,=0
E, 2m, 2 2 '
(6)

This equation is similar to the Schrédinger
equation for a one -dimensional harmonic oscillator,
whose eigenvalues are given by

(-E,+E)E 1w 1
~ 1 4 —ha)( +—j @)
E, 2 2
From Eq. (7) we get |
Z.:f(n):— (o)+jf( )dx
n= 0

f (2p-D)

where are the sz Bernoulli numbers,

oscillator statistical sum, we get:

=hon (8)

If we choose zero of energy in the middle of the energy

E
gapE - E+ Y / 2, the energy levels of electrons and

light holes
EZ
E.\n =4/ +NhoE,
’ 4

Given the energy spectrum of electrons, we can
define the partition function as a sum of all possible
states of the system

Z= Ze PErs —ZZefﬂdimE "0

where f = i ,
K

is the thermodynamic equilibrium temperature, and

factor 2 considers degeneracy for the spin. To evaluate

this function, we use the Euler-MacLaurin formula

defined as follows [11]:

©)

kB is the Boltzmann constant and T

f*(0) (1)

is the derivative of order (2p — 1). As a result, for the Kane

s 2\/_ a’ a® o, ap
z=2e/| Ly B B (12)
aﬂ af 24[ “1920b% ). 1920b 1920b”
|
c
E; 5
where a = 7/7(0Eg b= T . The heat capacity can be 4{
determined from the partition function [12], =
&*InZ
C=k,f°—— (13)
o’ |
|
The numerical values of the reduced specific heat [ |'
ki of the one-dimensional Kane oscillator as a function |
B 2
of the reduced temperature are displayed in Fig. 1, P

=1.

dho

1 2 3 4
Fig. 1. The reduced specific heat ki of the one-
B
dimensional Kane oscillator as a function of the

reduced temperature 2KeT and o _ 1.

Eg dhw
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From Fig. 1 it is also seen that the heat capacity
for the Kane oscillator is forth times greater than the
heat capacity for the harmonic oscillator, result that was
anticipated by the analytical calculations presented
above. Since the energy spectrum of the Kane oscillator
is 2 folds degenerate, the specific heat of Kane
electrons is 4 times the specific heat of harmonic
oscillators. For high temperatures regime /5 <<1, the

partition functions become

Z=2e0(2)

e (14)

Using the partition function (14), the heat capacity
for the Kane case can be written as:

C = 4kg (15)
In this work, we analyzed the Kane harmonic
oscillator for electrons in one dimension. The heat
capacity of Kane oscillators is investigated by
employing the Euler-MacLaurin approximation.

3. CONCLUSIONS

In the present paper, we have found the complete
energy spectrum of the Kane oscillator in one spatial
dimension. It is shown that the specific heat of Kane
electrons is 4 times greater than the specific heat of
harmonic oscillators.
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The work presents the results of the modeling of the adsorption of tellurium on the surface of 2x1x1 TlInTez structure.
The research was carried out by computer modeling using the Atomistic Toolkit software. The calculations were performed at
different degrees of coverage of the TlInTez surface with adatoms to find out the effect of these structural changes on the
energy. The paper includes models of the studied objects, along with tables presenting the adsorption energy and the magnitude

of the distance between the adsorbate and the atoms.

Keywords: TlInTez structure, adsorption, density functional theory (DFT).

1. INTRODUCTION

The structural and electronic properties of the
TlinTe, are investigated experimentally [1] and
theoretically [2,3,4]. Upon defect formation of the
TlinTe,, as well as during the substitution of both
cations and anions can be changed properties of
compound. The structure of TlinTe, can be described
as composed of two subsystems, namely, the indium
subsystem with a negative charge (In®Te?), which is
arranged in parallel with crystallographic axis ¢ and
form chains, and the unstable thallium subsystem
located between the chains. The weak TI-Te bond in
the thallium sublattice is one of the reasons for its
instability, being nearly two times weaker compared to
the In-Te bond according to the provided data [5].

The interatomic distances for TI-Te and In-Te
bonds in the structures are 3.6A and 2.824,
appropiately [6]. Zintl compounds such as InTe [7],
TISe [8], and TlIinTe, [9] exhibit both covalent
(stronger) and ionic (weaker) substructures within
them. The presence of such hierarchically bonded

sublattices makes Zintl compounds ideal for
intrinsically ultra-low thermal conductivity.
The [10] work demonstrates that the

stoichiometric excess of the additive atom in the
TlInTe, crystal with a chain structure allows to
purposeful control the anisotropic properties of
materials. This method holds potential for application
in the development of fast conversion system.

The purpose of this study is the ab initio
calculation of the energy of Te adsorption by the
surface of  TlInTe,  supercells.  Theoretical
investigations on the adsorption of tellurium on the
TlInTe, surface reveal that the calculated adsorption
energy characteristics depend on several factors,
including the calculation technique, adatom structure,
adsorption site (top, bridge, or hollow position), the
bond distance (d) between the adatom and the surface,
and the nature of the interaction between the adatom
and the TlInTe; structure.
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2. ODEL AND CALCULATION PROCEDURE

Firstly, we perform a structural optimization for
Te adsorbed on TlInTe, supercell within the framework
of DFT wusing Perdew—Zunger (PZ) exchange
correlation functional, as implemented in the Atomistix
ToolKit. The kinetic cut-off energy is set to 150 Ry.
During the structure optimization, the reciprocal space
is sampled by a 5x5x5 k-point mesh. The primitive cell
of TlinTe, was relaxed and optimized with force and
stress tolerances of 0.01eV/A and 0.01eV/A3,
respectively. The geometry, electron band structure and
adsorption energy Te adsorbed on TlInTe, supercell
have been studied theoretically.

3. RESULTS AND DISCUSSION

TlinTe, belongs to the TISe-family and has a
simple tetragonal crystal structure with the space group
14/mcm. Fig. (a) presents the atomic structure of 2x1x1
TlInTe, supercell, (b) and (c) corresponds to the bridge
and hollow adsorption sites of Te adsorbed on 2x1x1
TlInTe, supercell. Each In®** makes four covalent bonds
with its four nearest Te? ions forming the anionic
chains along the tetragonal c-axis. Each TI* cation is
surrounded by eight Te? ions, forming skewed cages
referred to as Thompson cubes [11,12]. The relaxed
lattice parameters are a = 8.7A and b= 7.33A, in
agreement with previous calculations and experimental
measurements [11,12]. Due to the sp® hybridized In,
TlInTe, adopts a Zintl-like structure and exhibits
semiconducting properties.

Adsorption energy can be defined as the
decreasing energy while two materials are combined
under the adsorption process in which an atom, ion, or
molecule (adsorbate) is attached to the surface of a solid
(adsorbent). This energy is mainly used when
calculating the chemical engineering properties,
exploring the adsorption mechanism, or determining
the energetic heterogeneity of the surface of a solid
[13].
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To analyze the Te atom adsorption on the TlInTe; The energies Eiw[Tews + TlINTez]  and
surface, we used the following formula for the energy.  E[TlInTe,] were obtained from a system with an

Eags=Etotal[ T€ads + TlINTez] -E[Teass] -E[T1INTe,]  optimized structure using the DFT method. The
Ewta[Teas + TlInTez] is the total energy of a TlinTe,  adsorption energies are different because the total
system adsorbed by a Te atom. E[TlInTe;] is the total  energies with and without optimization take different
energy of a TlinTey, and E[Teas] is the energy of one  values. Thus, whether the adsorption is more stable or
atom Te. | not depends on the optimization of the system.

2
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Figure. Atomic structure of 2x1x1 TlInTez supercell (a). The B (b) and H (c) correspond to the bridge and hollow
adsorption sites of Te adsorbed on 2x1x1 TlInTe2 supercell.

Table.
Adsorption energy and bond length
Te adsorbed Position of
on 2x1x1 the adatom Etot (V) Ead (eV) dre-n (A) | drete (A) dre-i
TlinTez (A)
supercell
with an B -21393.27271 -53.97494 1.1204 2.8977 2.8721
optimized
structure H -21380.21787 -40.9201 2.3091 1.3574 -
without an B -18998.4731 -64.52765 1.5729 -- --
optimized
structure H -18959.47645 -25.531 1.894 2.0283 -
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In the bridge adsorption site (B), there is a bond
between Te and In before optimization. However, after
optimization, a bond forms not only between Te and In
but also with Tl and Te atoms. Therefore, in this case,
the value of the adsorption energy (Table) with an
optimized structure is greater than that without an
optimized structure. On the other hand, in the hollow

adsorption site, the situation is reversed. It is known
that in the case when the adsorption energy is negative,
the system under study is characterized by stability.
Thus, in connection with this statement, it follows that
all the considered configurations of adsorption of Te
adatoms on the surface of the TlInTe, supercell are
stable at any degree of coverage.
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Nanoobjects - nanoislands and localized patterns that play a deforming role in the distribution of electron density are
revealed. Changes in the van der Waals bond between quintets in the Sh2Tes structure are associated with the formation of
impurities and nanoobjects in the interlayer space of the crystal matrix.VVan der Waals forces affect the charge density
distribution and chemical bonding in these crystals. The parameters of the critical points and the nature of the charge density
distribution in their vicinity indicate the coexistence of several types of chemical bonding in Sh2Tes crystals: covalent,
semimetallic, and also a bond type characterized by charge density fluctuations.

Keywords: structure, localized patterns, nanoislands, electron density, critical points, percolation.

PACS: 62.20Fe, 61.72.Cc, 61.72.Lk

INTRODUCTION

Antimony telluride Sh,Tes has a high
thermoelectric figure of merit and belongs to the class
of topological insulators. The hexagonal structure of
layered Sh,Tes crystals consists of close-packed
quintets that interact with each other using van der
Waals forces. Depending on the concentration,
impurities embedded in them can be localized both in
the interlayer space and defective cavities, and
penetrate into the layers of the crystalline matrix.

Of practical interest is the type of defects, in the
presence of which a high charge transfer density is
achieved with maximum phonon scattering, which
makes it possible to increase the thermoelectric figure
of merit of the material by reducing the thermal
conductivity in Sh,Tes.

Some defects can take part in the transformation
of the material structure during thermally activated
processes, affecting the nature of the charge
distribution and changes in interatomic distances.

For the convenience of considering the processes
of formation of nanoobjects leading to a redistribution
of charges in layers and between them, it is desirable to
analyze the method for finding the electron density p(r)
of Sh,Tes molecules based on the analysis of the matrix
of second derivatives of the electron density with
respect to coordinates, called the Hessian matrix to
identify the location of critical points (9%p/0x; 0x;),
wherei,j=1,2,3,X1=X, X2 =y, Xs= Z. In this case, p(r)
- the electron density is found either from experiments
or by calculation. The points rc at which the electron
density gradient vanishes Vp(rc) = 0 are called critical.
At these points, the electron density has extreme
properties (has a minimum or maximum, and can also
be a saddle point). Diagonalizing the symmetric
Hessian matrix p, one can find its eigenvalues A; (i = 1,
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2, 3) and the coordinate axes, the principal axes of
curvature, for which the off-diagonal elements of the
matrix are equal to zero. Sum of Diagonal Matrix
Elements — Laplacian V?p = 9%p/0x? + d%p/dy? +
0%p/0z* plays an important role in the analysis of
features in the electron density distribution[1,2].

Let us note some features of the sign of the
Laplacian and its magnitude at the critical point, which
determine the signs of a chemical bond, while
highlighting the following points [1]:

- In the classification of the types of chemical
bonding in crystals, the sign of the Laplacian of the
electron density V2p;, at the saddle critical point of the
bond type, the signs and ratios of the absolute values of
the principal values of the curvature 4 (i =1, 2, 3) at a
given critical point, the magnitude of the charge p», as
well as the nature of the electron density distribution in
the interatomic region of the crystal.

- The negative sign of the Laplacian V?pp,<0
indicates that charge flows into the critical point from
Sh atoms, between which this critical point is located,
the covalent bond is characterized by the negative sign
of the Laplacian, negative values A2 < 0, larger in
absolute value L1, > A3, a large value of the electron
density at the critical point pp.

- The positive sign V2p,>0 indicates the expulsion
of the charge from the region near the critical point. For
ionic bond V2pp>0, A2 < A3, o is small, the charge
density is concentrated mainly in the regions where
atoms are located

- The eigenvalues A; of the symmetric Hessian
matrix are real, can have any sign, and can also be equal
to zero.

In [3], the electronic structures of Bi.Tes; and
Sh,Tes crystals were calculated using the first principle
of the full potential linearized plane wave method.
Here, only unrelaxed crystals, which have the
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experimental lattice parameters, were studied.
However, by varying the structural parameters of
ShoTes, itis possible to create an electronic topological
transition, in which the number of edges of the valence
and conducting band changes between 6 and 12. Atoms
and clusters formed between Te®-Te™ must have a
changed charge at critical points.

The aim of the work was to reveal the process of
formation of nano-objects affecting the distribution of
electron density in the Sh,Tes crystal.

EXPERIMENT AND DISCUSSION

Based on the results of a number of experimental
and theoretical studies [4-7], defects in the crystal
structure and their electron microscopic images were
found, which were obtained on an atomic force
microscope (AFM) of the NC-AFM brand.

Level lines of electron density distribution.

As follows from [1], all three critical points of the
bond type in the electron density distribution in the
Sh,Te; crystal have a positive Laplacian V2p,>0 and the
ratio between the principal values of the curvature |11,2|
< Js are similar to those found for Sb and Te. If neglect
the slight ellipticity in the electron density distribution
near critical points of the bond type in Sh,Tes; and
approximately assume that |4 = |Ao| for these
substances, then can use the ratio |115| / As for critical
points of the bond type as some characteristic of the
degree of covalence of a chemical bond in a substance.
For all critical points of the bond type in the studied
substances, it follows that the chemical bond in the
Sh,Tes compound has the lowest degree of covalence.
These parameters are shown in the table.
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Fig.1. Level lines of the electron density distribution in the planes of the crystal structure of the Sb2Tes compound containing
critical points of the bond type. Designation: a, b and ¢ - total electron density, d, e and f - electron density obtained
by the CDD method (charge density difference — the difference between the charge density in the substance and in

the atoms that make up the substance).

The table lists the parameters of the critical points of the electron density distribution in the Sh,Te; crystal

position x ¥ z ALe/A5 | Aye/A% | A3,e/A5 | Vpe,e/AS | pee/Ad
type, Nc
6h 0,416 0,890 0,416 -0,882 -0,878 1,788 0,029 0,342
6h 0,208 0,208 0,687 -0,564 -0,553 1,580 0,463 0,234
3d 0,500 0,000 0,000 -0,206 -0,202 0,990 0,582 0,103

Weakening of the bond between quintets of the
crystal structure of Sh2Tes

The structure of Sh,Tes is also often represented
in hexagonal axes with 15 layers of the structure

| depicted in fig.2 and consisting of three sets of five

layers of atoms each, the so-called “quintuple layers of
atoms”. The quintet form layers four through eight and
nine through thirteen. On Fig.2 3 sets of closest
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distances between atoms in the Sh,Tes structure are
shown, represented as lines connecting the atoms.

The bond-type critical points in the electron
density distribution are located between the atoms:
Sb—Te @ (the first set of bond-type critical points), Sb—
Te® (the second set), and Te @ — Te @ (the third set).
They are located in planes parallel to the plane of the
hexagonal axes (a, b) and perpendicular to the ¢ axis.
Each of the atoms has 3 nearest neighboring atoms and,
accordingly, 3 critical points of the bond type. The first
two sets of bond-type critical points in the Sh,Tes
structure characterize the bond between atoms within a
quintet of atomic layers, while the third set of bond-
type critical points determines the parameters of a much
weaker bond between quintets. The electron density
distribution in three Sb,Tes planes, each of which
contains three critical points of the bond type, is shown
in Fig.1. In Fig.1,a-c shows the distribution of the total
electron density and in Fig.1,d-f - distribution of
electron density from s- and p-electrons of Sb and Te
atoms, obtained by the CDD (charge density
difference) method. Fig.1,a and d represent the electron
density distribution for the first set of critical points of
the bond type, Fig.1,b and e - for the second set and
Fig.1, c and f - for the third set. The planes containing
critical points of the bond type are drawn parallel to the
plane (a, b) of the coordinate system in the hexagonal
axes of ShyTes. On fig.1d and e obtained by the CDD
method, three critical points are clearly visible in the
form of maxima in the electron density distribution.
The location of the electron density level lines in Fig.1,f
noticeably differs from that in Fig.1,d and e. In this
plane, there are no clearly pronounced maxima of the
electron density, which provides the connection
between the quintets in the Sh,Tes structure. This plane
is the cleavage plane for the crystal. The parameters of
the critical points and the nature of the charge density
distribution in their vicinity indicate the coexistence of
several types of chemical bonding in Sh,Te; crystals:
covalent, semimetallic, and also a bond type
characterized by charge density fluctuations. Van der
Waals forces, essential for finding the equilibrium
parameters of crystal lattices, affect the charge density
distribution and chemical bonding in these crystals.
The temperature dependences of the elastic constants in
layered crystals revealed a tendency for a more rapid
change in the interlayer elastic constants in comparison
with the intralayer ones [8]. It is noted that the change
in the values of the elastic constants with temperature
is an anharmonic phenomenon and occurs due to two
processes: phonon-phonon interaction and lattice
deformation due to thermal expansion. The
anharmonicity of the bond forces between the layers is
substantially greater than the anharmonicity of the
intralayer forces. In this case, the fraction of the
contribution of thermal expansion to this change is
much higher for the “interlayer” elastic constant than
for the “intralayer” one [8]. Interlayer (inside a five-
layer quintet package) bonds in antimony
chalcogenides are sensitive to changes in the value of
interlayer interaction. The enhancement of the polarity
of the bond and the redistribution of the electron
density, depending on the broadening of the interlayer

distance, can be traced by the shift up the energy scale
of the negative CLTE (coefficient of linear thermal
expansion) [9-11] values of the doped crystals. The
negative CLTE, accompanied by the overlap of the
electronic wave functions of neighboring layers within
the quintet, is a consequence of the redistribution of the
electron density when the parameters of bonds between
the metal and the central chalcogen layer are affected.
The ...-Sb-Te®-Sb -... connection diagram can explain
the mechanism of changes in interatomic distances
depending on temperature, as well as the applied
uniaxial pressure [12]. At temperatures comparable to
the energy of interlayer interaction, this interaction is
weakened and the electron density is redistributed into
the quintets. The structure of the ion pair can change
depending on the temperature, which leads to changes
in the perturbing effect of the cation on the electronic
system. The shift of the charge to the center of the
quintet can lead to an increase in the degree of orbital
overlap and an increase in the ionic component of the -
Sb-Te® bond, since this is energetically favorable, the
spin-orbit interaction

can also be enhanced: in an ionic pair, an unpaired
electron is partially delocalized on the cation and this
leads to an increase spin-orbit interaction. As a result,
the elastic properties change due to a decrease in the
interatomic distances in the Te®-Sh-Te®-Sh-Te®
quintet. A change bonds in the between several
different positions can explain the anomaly in thermal
expansion of crystals of the Sh,Tes type and a reduction
in interatomic distances. The transformation of the
structure during thermally activated processes can lead
to the destruction of some bonds and the formation of
other bonds, and the presence of metastable and
defective centers can enhance this effect. For example,
studies of the switching effect in chalcogenide glasses
have revealed the competition between the resonance
bonds of the crystalline phase and the disorder of the
amorphous one [13-15]. A decrease in the interatomic
distances in bismuth and antimony chalcogenides [9-
11] at negative CLTE values can be associated with
fluctuations in the magnitude of the interlayer
interaction, which affects the parameters of atomic
bonds within the quintet. When activated, defect
centers create perturbations and an additional potential
that distorts bonds; an increase in disorder leads to
disorderly forming of bonds and displacement of
atomic positions, thereby affecting the magnitude of the
spin-orbit interaction. These centers affect the
parameters of the hybrid bond, where the chalcogen
ions of the inner layer and bismuth play a decisive role;
accordingly, the interaction can be accompanied by the
formation or strengthening of chemical bonds. The
main elements of the defect centers in Sh,Te; are
intralayer defects and interlayer islands: intralayer
defects are sources of disorder, interlayer defects are
covalent bridges [16].

The phenomena described by the percolation
theory refer to the so-called critical phenomena, which
are due to the properties of the entire set of particles,
and not the individual properties of each particle, and
are characterized by the presence of a critical point at
which the properties of the system change dramatically.
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In percolation theory, this critical point is called the
percolation threshold. However, there is a direct
analogy between the theory of percolation and the
fluctuation theory of phase transitions of the second
kind, which are also accompanied by critical
phenomena. In both cases, they proceed from the
empirical fact of the increase in the inhomogeneity of
the substance, which, as it were, breaks up into blocks,
the size of which grows indefinitely when approaching
the critical point. The percolation threshold in this case
is determined by the number and size of interlayer
nanoobjects, as well as the density of their distribution,
at which they radically affect the interlayer interaction.
This ultimately leads to a redistribution of the electron
density in the quintet and changes in the interatomic
distances.

The broadening of the van der Waals space in
these crystals is mainly of two types:

- an increase in the interlayer distance by fractions of
an angstrom due to the penetration of a
stoichiometric excess or impurities into the
interlayer space;

- an increase in the interlayer distance by several
nanometers and the formation of defective cavities
due to the formation of nanoislands.

A shift of the charge density into the depth of the
layer upon broadening of the Van der Waals gap [17],
as well as an increase in the number of electrons from
donor impurities, can lead to mutual repulsion of lone
electron pairs at the Sb-Te® bond and a change in the
bond angle. As a result of such a charge shift [18], a
greater splitting of molecular orbitals of various types
occurs, in this case, non-bonding orbitals are involved
in the formation of covalent orbitals. The Sb orbitals
combine with the Te orbitals, with the formation of new
bonding orbitals instead of the original nonbonding
orbitals, i.e. the bond takes on a metastable ionic-
covalent form. When the bonds between the Te® and
stibium atoms are hybridized, the initial system
overlaps with the Te® p-orbital and the lone electron
pair of stibium is transformed into a conjugated system,
accompanied by a redistribution of the electron density.

The AFM images studied on an atomic force
microscope are given in Fig.3. Nanoislands formed
between quintets in Sh,Te; defective cavities, their
formation does not appear in all interquintet layers,
which should affect the uniformity of the distribution
of electron density level lines containing critical points.

In the process of coalescence and the formation of
localized structures, deformations arise that lead to the |
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disruption of van der Waals bonds between quintets.
The size distributions of nanoislands, coalescence, and
island orientations are analyzed.
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Fig.2 Crystal structure of the SbpTe3 compound in
hexagonal coordinate axes. —a. The model of
the crystal structure of ShpTe3 with nanodefects,
which are shown by fragments of AFM images
in Fig.3. - b.
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Fig.3. Localized Sh2Tes—Se patterns. Nanoislands that are not completely coalesced — a); localized nanoislands (patterns) — b);

full localization — c).
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We note the following conclusions:
- Critical points in Sh,Tes atoms appear in planes

perpendicular to the “C” axis, in which deformed
nanoformations are also formed.

- Apparently, during the formation of nanoislands,
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deformation occurs, mainly between quintets,

which affects the redistribution of the electron
density in Sh,Tes.
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MECHANISM OF INFLUENCE OF SURFACE STRUCTURAL DEFECTS ON THE
PHOTOVOLTAIC EFFECT IN A UNIAXIAL CuAlS; CRYSTAL WITH A
SUPERLATTICE

GASIMOGLU IBRAHIM
Institute of Physics after name G.M.Abdullayev of MSE, Azerbaijan,
AZ1143, Baku, H.Javid ave.131
E-mail: gasimoglu@yahoo.com

In the presented study, the formation of layered periodic structures with an artificial lattice is reported in the CuAIS2
single crystal, which is a group of uniaxial crystals, during the technological process. It was carried out by measuring the
physical parameters of single crystals that meet the modern requirements of nanotechnology and spintronics, photovoltaic
effect, photoconductivity, return effect, Volt-Ampere characteristic.

Key words: Chalcopyrite, periodic structure, uniaxial crystal
PACS: 61.80.Ed.

CUAIS; single crystal belongs to the group of
semiconductor compounds Ai Bii Cvi2 and crystallizes
in the chalcopyrite structure, the spatial symmetry
group is 42m. The energy of the closed band is
Ey=1.81eV (T=300K). This combination has a great
advantage in the manufacture of semiconductor
devices, especially in the manufacture of photocells and
light recording devices. It is usable for technical
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purposes. The substance was obtained by the
Bridgeman-Stockbarger method. We determined the
type of the crystal according to the sign of the
electromotive force, which is positive, that is, p-type.
Its resistance is R= 8 ohm at room temperature. X-ray
and Raman analyzes showed that the obtained
substance is a semiconductor (fig.1)
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Fig. 1. X-ray analysis spectrum of CuAlS: single crystal.

Relevance of the topic: In contrast to their double
counterparts, the transport processes occurring in triple
compounds have not yet been fully studied. The topic
is relevant because the harmonic waves formed on the
surface due to the layered periodic structures formed
during technological processes promise new
perspectives. And it is considered important in terms of
studying the nature of interactions between the
nanostructures formed on the crystal surface and the
crystal itself [1].

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

Case study: A newly obtained compound CUuAlS;
single crystal is suitable for practical application. There
is a need to apply new technologies and measure new
physical parameters to increase the useful work ratio.
The reliability and stability of microelectronic devices
is determined by their resistance to temperature.
Among classical semiconductors, Ge and Si are
considered the main materials. The energy of the closed
zones is Eg=0.78eV, Eg=1.21eV, respectively. During
application, devices made of these semiconductors lose
their quality after 100-2000. During the application,
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attention should be paid to the correct selection of the
semiconductor material. We preferred uniaxial, porous,
chalcopyrite structural compounds [2]. One of the
semiconductors we are experimenting with is CuAlS;.
Eg=1.81eV. Since the energy of the closed zone is very
valuable, devices made of this semiconductor will be
resistant to high temperatures. We believe that these
semiconductors will be among the attractive objects of
modern microelectronics, since they are crystals that do
not have an inversion center due to the creation of an
artificial cage during the technological process,
porosity,  synchronism,  pyozeoeffect,  double
entanglement, and crystals.

Conducting the experiment:

It can be determined from the Volt-Ampere
characteristic that the dispersion law of electrons in
semiconductors is not quadratic. During the
experiment, whether the graph is continuous or
discrete, it behaves as an indicator of the processes
taking place inside the crystal or on its surface. We can
monitor what is happening on the surface of the crystal
by measuring the Volt-Ampere characteristic. We can
see that the graph expressing conductivity as a function
of constant electric field, both in weak fields and in
strong fields, is not linear. In crystals with an artificial
lattice, the conduction band splits into sub-mini-bands |

in non-stationary conditions, so we observe anisotropic
conduction in the spectra. This type of conductivity is
due to lakalization of waves in potential holes on the
crystal surface.

The graph obtained in the experiment conducted
by the combined scattering method allows us to say that
the maxima are caused by free electrons and charged
particles whose connection with the main substance is
weakened (Figure 2). This suggests that the charged
particles are locally formed around the nanostructures
in the set [3]. In the volt-ampere characteristic, we
observe the resonance maximum, equal, periodically
repeating waves (Figure 3). These two properties are
empirical indications that the crystal has an artificial
lattice. In another experiment, we observe Clone steps.
The fact that the graph takes such a shape indicates the
movement of the defects created during the
technological process, especially during processing
with chemical reagents, together with the spiral
dislocations towards the surface of the crystal. It is
interesting that the energy shown by the axis vertically
lowered from the linear part of the spectrum to the
voltage axis, which represents recombination, is the
same as the energy of the connected zone of the
semiconductor (Eg=1.81eV). That is, the energy of the
connected zone from the Volt-Ampere characteristic is
simple.

Fig.2. CuAlS; Raman si:aitering spectrum.
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Fig. 3. CuAlS; single crystal spectrum with resonance
maximum on quartz.
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Fig. 4. CuAlS: single crystal VVolt-Ampere
characteristic. We determined the energy of the
closed zone by drawing a vertical line from the
first step to the stress axis.
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External field U=10V, Amplifier mode 1V.

Final result

1. Using a new technology, a uniaxial triple
semiconductor with an artificial lattice and a periodic
structure (CuAlSz) was grown. 2. The Volt-Ampere
characteristics of the tunnel diodes of photocells that
can work at low voltages (mV) were measured. 3. The
method of calculating the energy of the Closed zone
from the Volt-Ampere characteristic has been
developed. And the energy value was calculated
(Eg=1.81eV). 4. When reducing the value of the
external field to semiconductors by half (U=4.5mkV,
U=2.6mkYV), the speed of spiral dislocation increased
twice. 5. The energy of the zone connected to the
spectrum, which expresses the dependence of the
electric motive force on the wavelength of the
modulated light, was calculated (Eg=1.81eV). 6. It was
determined that there is a negative differential
resistance from the spectrum of photoconductivity.
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ON THE "FUZZY" ESSENCE OF THE MICROCOSM IN THE RADIATION OF AN
ABSOLUTELY BLACK BODY: THE TWO-VALUED ARISTOTLE AND THE
MANY-VALUED LUTFI ZADE OF LOGIC. PLANCK’S FORMULA

ELMIRA A. ISAYEVA
Institute of Physics of Ministry of Science and Education Republic of Azerbaijan,
Azerbaijan, Baku, H. Javid av. /317, Az-1143,
e-mail: EAlsaeva@mail.ru,

This paper considers the radiation of a completely black body with a deeper look at the essence of the microworld, in
which there is a connection between unusual quantum logic and fuzzy logic in Lutfi Zadeh's Fuzzy Set Theory . Max Planck
used the concepts of combinatory to study black body radiation. What physicists call today the degree of degeneracy, statistical
weight or thermodynamic probability for Boltzmann is his combinations without repetitions C¥,, for Gibbs his permutations
with repetitions L’,ﬁ,’"m , for Bose and Einstein combinations with repetitions AY.. For Planck, too, combinations with repetitions
of A, but with a completely different sound in them P and N and therefore A%,. In this, the fuzziness of Lutfi Zade's logic can
be traced. There is no need to justify equal radiation quanta. They themselves come out of this new paradigm and the derivation

of Planck’s formula is simplified.

Key words: Combinatory, combinations with fnd with out repetitions, permutation, classical and quantum statistics, identically
of atoms, statistics of Boltzmann, Gibbs, Bose — Einstein, Planck, black body radiation

PACS: 72.80.Rj, 73.25.+i, 73.61.Wp

INTRODUCTION

It is well known that the Rayleigh-Jeans formula
reflects the ultraviolet catastrophe (UV), which is
unobservable in the experiment. From the point of view
of classical physics, the Rayleigh-Jeans formula is

2w .
correct. For a short wave, the number k = 7” isalarge

value, which means a large number of vibrational
degrees of freedom. If each degree has an equal energy
kT/2, then short waves will have a very large radiation
energy, which is the UK.Planck realized that the
impeccable classical law of uniform distribution of
energy over degrees of freedom does not hold here. Not
all degrees of freedom of the short wave will receive
energy for radiation.

So, at a given temperature T, inside the cavity of
an absolutely black body there is a field of radiant
energy of electromagnetic waves, and on its thin wall
an oscillating atom emits waves of different lengths and
frequencies, which Planck calls resonators. He says that
each resonator carries a certain electrical charge.
Interacting with the field of radiant energy, emitting or
absorbing it, it changes the number of its oscillations.
So the energy of the resonator U can increase or
decrease over time. In classical physics, the
thermodynamic interpretation itself requires an average
value for it, because not all rapidly and randomly
changing details of the processes of the microcosm are
subject to study by a “macroscopic” observer. If there
is a uniform distribution of energy over the degrees of
freedom of the resonator, then this average U,
regardless of the time of "macroscopic" observation t
of the microworld, will be possible. And if there is no
uniform distribution of energy, then, as Planck says [1]:
“Even if the time of “macroscopic” observation t of the
microworld can cover many periods of the processes of
oscillation of the resonator, but still, if there is no
uniform distribution of energy over degrees of freedom,

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

then this time interval t is quite small. Small so that the
changes experienced during this interval by the
observed quantities could be neglected”. For example,
the magnitude of black body radiation observed and
measured by us. Indeed, we are not observing the
resonator itself and its oscillation, but the beam that it
emits. We observe rays from many resonators N. Due
to the fact that the time interval of “macroscopic”
observation of the microworld t is small, the energy of
these rays cannot be averaged. It is in this, in the
dissimilarity of the values of the energies of the rays,
that Planck sees chaos, disorder, the entropy of the
system S. He sees the set N of resonators with a total
energy Uy and the set P of energy elements for them.
Planck is asked: “In how many ways, that is,
combinations with repetitions, can the distribution of P
energy elements be distributed over N resonators, that
is, the number of complexions, using the terminology
of Boltzmann?” But Planck's complexions are
fundamentally different from Boltzmann's
complexions. For Boltzmann this question of Planck
does not exist, for him there is only P=1 element of
energy. This energy can have K of N resonators. For
Boltzmann, statistics begins with the question, how
many combinations without repetitions, that is, my
complexions, will this result in? The more
complexions, the more chaos and entropy in the system.
The system tends to it at thermodynamic equilibrium.
In this state, with a uniform distribution of energy over
degrees of freedom, each complexion, each resonator
in it, has a minimum of energy.
Today the Boltzmann complexions are called the
thermodynamic probability W, and there is the
Boltzmann principle for the measure of chaos, the
entropy S:

Sn=klogW , 2)
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The Boltzmann complexion has become a tool for
translating the knowledge of the combinatorics into the
microworld.

THE CONCEPTION OF COMPLEXION

The word "complexion” in translation from
English "complexion™ means "complexion". That the
state of the system with energy E, which the device
distinguishes - this is the “face” of the system, that is,
how many K molecules out of all N molecules are
involved in the process. But how many such
combinatorial combinations without repetitions K out
of N are different "colors" of the same "face", which
Boltzmann called the number of complexions.

Boltzmann begins his statistics with them. With
the number of microstates, with degeneracy W, which
lead to one macrostate of the system with energy E. The
larger it is, the more chaos in the system and that it is
more likely that it will occur at equilibrium. For
Boltzmann, the number of his complexions is the
number of combinations without repetitions:

_ rk _ N!
W=Cy= KI(N=K)! @)

There is one energy value at which, for example,
K molecules, "yes", have a given energy u, and (N - K)
molecules, "no", do not have it. So many "yes +" and
so many "no -" in terms of the classical two-valued
logic of Aristotle. For example, out of 10 balls (atoms),
the number of complexions will be maximum in the
case of half and half "yes" and "no". 5 blue (fast) and 5
red (slow), because the number of combinations
without repetitions, the number of complexions, its
thermodynamic probability will be maximum in this
case W=252.

In the thermodynamics this means its 2nd law. An
isolated system will eventually come to thermodynamic
equilibrium with a maximum of entropy, chaos. But to
express this chaos, Boltzmann will say that the total
energy of a system is divisible by the number of all its
degenerate states, 2N . This energy value is minimal.
This is why the states of the system with lower energy
are said to have a higher probability in the Boltzmann
distribution. Its maximum part will be taken by the
most probable, that is, the most degenerate states.
Therefore, the system chooses the minimum potential
and maximum thermal energies.

So, for Boltzmann there is a value of the energy u
and K of the molecules, "yes", they have it, and (N - K)
molecules, "no", they do not. If he were also interested
in other “qualities” of the atom, that is, what other
energy Uy, Us, Us, ... received I, m, .. molecules from N
molecules in the case of “no—", then here he would use
a combinatorial formula for permutations of L with
repetitions:

klm.. _ N!
Ly T KklWml.. &)

Boltzmann was not interested in this, but Gibbs
was interested. That is why Gibbs believes that for him,

not combinations without repetitions CK, as in
Boltzmann, but precisely permutations with repetitions
LSY™ is a thermodynamic probability or statistical
weight. These are the Gibbs complexions. The two-

valued logic of Aristotle remains in effect.
THE IDENTICALLY OF ATOMS

But Planck says for the first time: "How can
permutations and arrangements of atoms matter, if they
are identical to us in the invisible microworld?" Only
combinations with repetitions matter for the statistics of
the microworld. For example, out of 10 balls (atoms) it
is possible that all balls are blue (with this energy), all
balls are red (with a different energy), 1 blue 9 are red,
etc. Variants, that is, the number of combinations with
repetitions is AN = 11. Note that combinations without
repetitions for each variant are different, for example,
out of 10 balls 2 are red CX, = 45. This is the meaning
of the degeneracy of states in thermodynamics. Thus,
of the three combinatorial measures - permutation,
combination and placement - for Planck only
combination with repetitions of A remains.

(N+P-1)!
Af =CNipoq1 = =T 4

This formula tells us that it is important to know
how many states a system can have. The meaning of P
is that even before combinations without repetitions,
we announce the qualities of an atom, that is, energies
E1 E2, Es ...Ep. . For the balls (atoms) above, in their
colors red and blue, (this energy and other energy) P=2.

So, the number P is the number of "qualities” of a
micro-object to be in one state or another, and the
number N is the "quantity" of the objects themselves.
In combinatorics, the categories "quantity" and
"quality" in terms of permutation, combination and
placement are necessarily with the meaning that the
same "quality" can simultaneously have the entire
number of objects.

But not vice versa, that one and the same object
has simultaneously all the "qualities" of the universe.
As we can see, the two-valued logic of Aristotle is
necessarily present in combinatorics. It is also present
in Planck's vision of the identity of particles of the
microworld. Hence, its combinations with repetitions
AN were useful to Bose-Einstein, and combinations
without repetitions were useful to Fermi-Dirac in their
derivation of the distribution of ideal quantum gas
molecules. Today these are different statistics —
classical and quantum. In them we distinguish between
classical particles, fermions and bosons. We repeat that
the logic of all these statistics remains classical,
Aristotelian, two-valued.

ELEMENTS OF ZADEH’S FUZZY LOGIC

Then where in combinatorics to look for fuzzy
logic and it is really present in quantum physics. Is it
clear that Schrodinger's cat is both alive and dead at the
same time? To this, physicists say that this is a
superposition of states. We want to show that Planck
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used fuzzy logic when deriving his formula for black
body radiation. Therefore, he strongly opposed his
quantum theory. He saw that in the statistics of identical
particles of the microworld in combination with
repetitions, “quantity” is replaced by “quality”, and not
AY |, as above for Bose-Einstein, but A%.

All this does not look like Hegel's dialectic, in
which there is a transition of quality into quantity and
vice versa.

This is where fuzzy logic comes in

P _ P _ (N+P-1)!
AN = Cysypq = (N-1)!P!

®)

As we can see, the difference in A} and A} is that
P, being a category of the quality of a micro-object, for
example, its energy, acquires the meaning of a category
of quantity. This is exactly what Lorentz writes [1]:
"Planck further calculates the number of ways in which
it is possible to carry out the distribution of P elements
of energy into N resonators.” For example, 5 elements
of energy at the same time in one resonator. Then A=1,
all these elements of energy are in this resonator. Is it
clear? Is this possible in classical physics? Of course
not. Always P=1. An object can have only one quality
and its contains either 1, or 2, .. or K, ... or N objects,
that is, A%, = N. They will have this quality, this given
energy and not another.

This is the essence of the uniform distribution of
energy over degrees of freedom. After all, we are
talking about one quality of a micro-object. But how
did Planck find himself in such a situation where P > 1
for him?

CHAOS FOR BOLTZMANN AND PLANCK

For identical atoms after combinations, the
question of their placement and permutations does not
make sense. This is exactly what Boltzmann and Planck
believed. But for Boltzmann P=1. Boltzmann chooses
one of AL =N , for example, K from N, and the
meaning of degeneration, chaos appears for him there -
these are combinations without repetitions C¥, that is,
the number of complexions. So he translates
combinatory into the world of atoms. For Boltzmann,
an invisible microcosm with identical particles still
allows him to combine identical objects taken at
random without repetition. “I have chosen an object, it
is already marked by me by this act of choice,”
Boltzmann would say. He can consider each separately
any state of the system, because there is a uniform
distribution of energy over degrees of freedom. He only
needs to decide on chaos in the most chosen state, that
is, with the number of complexions W. For Boltzmann,
they are the degrees of freedom of the system. The
system in the equilibrium state tends to the maximum
number of complexins. Each complexion has a chance
to "life", to receive its equal portion of energy for all
and in balance, although it will be minimal. Indeed, this
shows us the Boltzmann distribution. Lower energy
states will always have a higher probability of being
occupied. This is how Boltzmann approaches the study
of his systems.

But not Planck. For Planck; initially chaos is in the
very faces of the system, in its states. With a uniform
distribution of energy over degrees of freedom, the
system has only 1 person. But with its uneven
distribution, not all complexions, but only some of
them will receive their portion of energy, and this will
be the concept of chaos for him. So, a high-frequency
resonator, having a large number of degrees of
freedom, will want more energy, but without receiving
it, it will not be able to radiate. Therefore, UC is not
observed in the experiment. For Planck, the essence of
the microcosm is that with a limited supply of energy,
those particles that are the most animated will
eventually receive the least.

Itis this that leads to a deviation from the uniform
distribution of energy over the vibrational powers of the
resonator. No more P=1. Planck sees chaos in this, the
entropy of the system S. Therefore, the state of the
system, that is, its face, which it acquires, is not
unambiguous, chaos manifests itself in this and Planck
notices it, introducing his own number of his
complexions - the number of combinations with
repetitions A.

This means a transition to a new level of
understanding, that a micro-object can simultaneously
have energies in le, 2¢, 3e,..., where € IS an energy
quantum. This is the superposition of states that Planck
came to and which is confirmed by Heisenberg's
uncertainty principle.

RESULT

Planck did not like this very much, but he was
forced to say: “It is necessary (in this position lies the
core of quantum theory) to imagine Uy not as a
continuous, indefinitely divisible quantity, but as a
discrete quantity, consisting of an integer number of
finite, equal parts. If we name one such part, the
element of energy, as ¢, then at the same time we get

Un =NU =Pe¢ ,

where R is a large integer. We leave the question of the
value of € open for the time being." He did not like it
very much, and it was artificial for him that ¢ is an equal
indivisible quantum of energy. Artificially, because it
did not fit into the framework of the usual classical
Aristotelian logic. But it fits into the framework of
fuzzy logic in the theory of fuzzy sets of Lutfi Zade. In
it, the measure of possibility, in contrast to the measure
of probability, allows to be a superposition of states. As
we can see, not as in the classical case AN, but AX . In
AY, our N objects are distributed to P qualities, but for
Planck it is the other way around, P qualities are
distributed on N objects, and it turns out the other way
around AR. Using the Stirling formula:

n
A~ N

n!~y\2mn(—)
e

And limiting himself to an approximation
sufficient for his purpose, Planck writes down the
statistical formula as:
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(N+P)N+P
W= Twpr

As we can see, for counting in statistics it does not
matter what to consider AN or AR. Therefore, for Bose
and Einstein, without this depth, it is only important
that the micro-objects are identical, and hence the
combinations with repetitions AN . Statistics are just
statistics and their purpose is not to give an idea, but
simply to count [3].

Nevertheless, the fact remains that here there is a
distribution not of quantity over quality, but, on the
contrary, a distribution of quality over quantity.
Therefore, Planck called the theory quantum, here the
number of quanta of energy. After all, he needed the
quality P, which are elements of energy, each of which
is €, to imagine as the number of identical objects, that
is, quanta. So, there are quanta €, and their number P is
le, 2¢, 3¢, 4e, ... Pe . They can be represented as the
number of states - energy levels. And there are N atoms
or resonators - this is already a quality, and here, for
example, not a number - 3 atoms, but a quality, that is,
the 1st atom, the 2nd atom, the 3rd atom. The picture is
not the same as in classical physics, that so many atoms
have a given energy, but on the contrary, so many
energy quanta have a given atom.

In the classical world, for example, the number of
atoms with a given energy decreases, while in the
quantum world the number of quanta decreases for a
given atom. It goes to radiation in lg, 2¢, 3¢, 4e, ... Pe.
In principle, there can be no other portions of radiation.
The fact that Planck really disliked the artificiality of
an equal portion of € is automatically removed from us.
The derivation of Planck's formula is greatly simplified.

So, the Gibbs’canonical distribution, well known
even before Planck, connects the number of atoms of
one mode of vibration n with the energy E,, ata certain
temperature T. For us, n takes on the meaning of
counting the mode itself (1st, 2nd, etc.), the energy E,,
takes on the meaning of energy quanta lg, 2¢, 3¢, 4e, ...
Pe.

“En

n = Ae kr
—En41
n+1=~A4e &t

Where E,,, is already a neighboring energy level.
The difference between adjacent levels is the same in
all cases n and it goes to radiation.

En—Eny =€

n+1 1 En—-Ent1
=14+—=e kT
n n
1
n=—
ekt — 1

If all these n atoms radiate according to the energy
quantum g, then the desired radiation energy U will take
place.

€
U= ——
ekt — 1

This is the Planck’s radiation law.
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The results of the magnetization studies of Fe doped TlGaSe, (T1Ga,_,Fe,Se,) layered magnetic semiconductor grown
with x = 0.023 are presented. The positive value of the Curie temperature together with the observed antiferromagnetic
hysteresis loops as well as with the characteristic temperature dependence of magnetic susceptibility indicates the existence of
combined antiferromagnetic and weak ferromagnetic ordering between interacting unpaired spin orbitals of Fe3* ions in
TlGa,_,Fe,Se, compounds. Structural stability, electronic and magnetic properties of the Fe — doped T1GaSe, four — layer slab
were explored using density-functional theory (DFT) calculations. It has been found that substituting Fe single dopant atom at
the Ga site, and the formation of substitutional FeSe, complexes due to the strong hybridization between the electronic states
of the dopants and the neighboring Se atoms are geometrically and energetically favorable for TIGa, _,Fe,Se,. The calculations
revealed that the magnetic coupling between Fe dopants and the neighboring Se atoms is dominantly ferromagnetic, while
weakly antiferromagnetic interactions between Fe — Fe dopants due to the super - exchange mechanism is favorable.

Keywords: Diluted magnetic semiconductors; dopant stability, magnetic exchange coupling, density functional theory,
ferromagnetism, antiferromagnetism.

PACS: 73.20.Dx, 75.30.Et, 78.20.Ls, 68.55.Bd. 1
1. INTRODUCTION impurities are substituted for Ga cation vacancy sites
with concentration of ~ 2.3 %. Then the temperature

Diluted magnetic semiconductors (DMS), where
transition metal ions are substituted for the
nonmagnetic ions of the host semiconducting material,
have attracted considerable interest in recent decades
because of their huge potential for applications in
spintronics, which studies electronic devices based on
the charge of carriers and spins [1-4]. The development
of DMS materials with Curie temperature above the
room temperature is the key challenge in the
establishment of materials for applications in spintronic
devices.

In the present paper, the results of the studies of
the effect of incorporation of Fe atoms in bulk TlGaSe,
layered semiconducting crystals instead the gallium
substitutional site inside Ga3*SeZ~ framework are
presented. TIGaSe; is a native p — type semiconductor
with a direct bandgap of ~ 2.1 — 2.2 eV having
monoclinic space group of C$, —C2/c at room
temperature with the following unit cell parameters:
a=10.772(3) A, b =10.771 (5) A, c = 15.63 A, and
B = 100° [5-7]. The layered crystal structure of
TIGaSe; is composed from the stacking of metal -
chalcogen anionic layers in the ab - plane which is
perpendicular to the pseudo tetragonal symmetry c*-
axis of the unit cell. Each layer consists of Ga,Se,,
polyhedra built adamantine like by corner - connected
four GaSe, tetrahedrons which are bounded together
via sharing Se atoms at the common corners.
Succeeding layers are stacked along c*- axis by
alternately turning away with 90° and shifted a quarter
of a unit along [110] and [110] directions forming
trigonal prismatic voids where T1* ions are located [5].

The first objective of this work is to grow Fe —
diluted TIGaSe;, single crystal in which magnetic Fe®*

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

dependence of magnetic susceptibility in zero field
cooled (ZFC) and field cooled (FC) regimes as well as
the magnetization M versus the magnetic field H curves
(M(H) curves) were measured between ~ 10 and ~ 400
K in the present work. To confirm the crystal structure
of the Fe — modified TIGaSe, compound X - ray
diffraction (XRD) — analysis and scanning electron
microscopy energy dispersive spectroscopy (SEM-
EDX) were carried out. Based on the measured data, we
will discuss the origin of the magnetic ordering in
TlGa,_,Fe,Se, magnetic semiconductor.

Fig.1. Visualization of the crystal structure of TIGaSe:
compound composed of GaSes tetrahedrons. The
blue, red and yellow spheres represent Tl, Ga and Se
ions, respectively.
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2 . EXPERIMENTAL TECHNIQUES

TlGai«FexSe; single crystals were grown with the
classical vertical Bridgman - Stockbarger technique.
The chemical composition of as — prepared Fe —
substituted TIGaSe; single crystals was determined by
using scanning electron microscope Philips XL 30
SFEG equipped with energy dispersive X - ray (EDX)
spectrometer. EDX measurements were taken point to
point on the surface of layer at 30 kV.

Magnetization ~ measurements  have  been
performed by using VSM Magnetometer (PPMS,
Quantum Design Corporation) for parallel (H || ab) and
perpendicular (H L ab) alignment of the applied
magnetic field with respect to the layer plane in the
temperature range of between ~ 10 K and ~ 400 K. The
magnetization versus temperature measurements have
been performed consecutively in ZFC and FC regimes.
In ZFC regime the sample was cooled without applying
the magnetic field and then the magnetization values
(M) were recorded by raising the temperature up to ~
400 K under the weak magnetic field of H = 50 Oe and
the high magnetic field of H = 5 kOe for parallel
alignment. In FC regime the sample is cooled to 10 K
under the application of the magnetic field of H = 50
Oe and H =5 kOe for parallel orientation and then the
magnetization values (M) are recorded during heating
the sample up to ~ 400 K under the same values of
applied magnetic field. For perpendicular alignment,
ZFC and FC measurements are performed only by
applying the weak magnetic field of H = 50 Oe.
Isothermal magnetization versus magnetic field curves
were recorded during FC measurements for externals
fields between - 20 and 20 kOe.

Structure optimization and spin polarized
electronic structure calculations of Fe-doped TIGaSe;
have been performed using density functional theory
(DFT) [8,9], employing Perdew-Burke-Ernzerhof
(PBE) exchange correlation functional within the
Generalized Gradient Approximation (GGA) [10]. In
the 2x2x1 supercell of TIGaSe,, we substituted an Fe
atom for Ga to simulate the Fe-doped TlGaSe,. Our
supercell has 128 atoms, and one out of 32 Ga atoms is
substituted, corresponding to x=0.03125 in TIGa;-
«FexSe; single crystal. We carried out initial structure
optimizations by SIESTA [11] computer code using
optimized norm-conserving pseudopotentials [12-14]
and double-¢ basis set augmented by polarization
orbitals (DZP). The basis functions were generated
with the energy shift parameter of 50 meV, and the DFT
forces were augmented by Grimme’s dispersion
correction [15]. The structures were optimized in
conjugate gradient algorithm until all force components
were less than 0.04 eV/A. The electronic and magnetic
structure of the relaxed systems were calculated in
OpenMX code using norm-conserving
pseudopotentials [16,17], and pseudo-atomic localized
basis functions [18,19]. Our calculations correspond to
scaler relativistic treatment of collinear spins.
Dudarev’s GGA+U method [20] with the U value of 4.0
eV for Fe 3d was utilized in both SIESTA structure
optimization and OpenMX magnetic structure
calculations. In the Brillouin zone of our rather large

supercell, a k-point sampling of 5x5x5 was utilized.
The electronic temperature was set to 300 K, and the
charge density was expressed on a real space grid
corresponding to 220 Ry plane wave cutoff. We
calculated effective exchange coupling parameters J;;
between atoms i and j based on Green's function
representation of Liechtenstein formula [21] using 'jx’
post-processing code in OpenMX version 3.9 program
package [22,23]. We used a denser k-point mesh of
20%20x20 in the post-processing stage of our exchange
coupling calculations.

3. RESULTS AND DISCUSSION

The results of EDX analysis of TlGa, _,Fe,Se, are
shown in Fig. 2. EDX spectra were collected and used
to determine the presence and average TIl, Ga, Se
elements concentration as well as nominal degree of Fe
substitution in individual crystals. EDX elemental
mapping collected from different samples and different
regions within individual crystals confirmed the
presence of constituted atoms TI/Ga/Se with atomic
ratio nearly close to stoichiometric ones 1:1:2. For
TIGa,_,Fe,Se, single crystal with x = 0.023, the real
atomic composition ratio of constituent elements
T1/Ga/Se/Fe was detected as 20.57:32.14:46.54:0.75 at
%, respectively. The elemental maps obtained from
EDX studies showed that both of TIGa,_,Fe,Se,
samples have a deficit of Tl and Se atoms and an excess
of Ga atoms with respect to the stoichiometric
composition. It is worth noting that there are no
additional peaks corresponding to other impurities or
contaminants, which confirms the high purity of the
prepared single crystal.

Sel
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Fig.2. The results of the EDX analysis of T1Gag 97, Feq.g23S€e;
crystal

The temperature dependencies of mass magnetic
susceptibilities y(T) of TlGa,_,Fe,Se, measured in
ZFC and FC regimes in the temperature range from ~
10 to ~ 400 K are shown in Fig. 3. The data were taken
in an external dc magnetic field of H = 50 Oe applied
to samples in two geometries: parallel (H,) and
perpendicular (H ) to the sample surface (ab). At high
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temperatures well above ~ 250 K, the Curie — Weiss -
like temperature dependences are observed in y(T) for
H, and H,. The shape of the x(T) curves presented in
Fig. 3 indicates the presence of not only both
paramagnetic and diamagnetic contributions but also
the small long - range ferromagnetic (or
antiferromagnetic) one, which becomes most
noticeable at temperatures corresponding to a broad
maximum of yx(T) observed for parallel and
perpendicular orientations at T,,,, ~ 170 and 155 K,
respectively. Thus, the total magnetic susceptibilities of
samples represent the sum of the paramagnetic and
ferromagnetic (antiferromagnetic) components with the
ferromagnetic contribution is rather small than the
paramagnetic one.

It should be mentioned that the pristine TIGaSe;
single crystal is a semi — insulating semiconductor
which is known to contain several discrete native deep
acceptor levels distributed inside the band gap near
above the valence band maximum [24]. On the other
hand, native deep acceptors are compensated by the
shallow donor levels which existed in the energy gap of
the undoped TIGaSe, [25,26]. As a result, TIGaSe;
compound is deeply compensated semiconductor with
an extremely low bulk majority charge carrier
concentration and poor transport Kinetics [27]. For
example, the resistivity of TIGaSe; single crystal at
room temperature is in the ~ 108-10'° Q- cm range
[28]. Obviously, no Pauli paramagnetic contribution
from conduction electrons to the temperature
dependence of the magnetic susceptibility should be
expected. We believe that the magnetic Fe atoms are a
single source of paramagnetism in TIGa;_,Fe,Se,. Itis
conceivable that the Fe atoms are inhomogenously
distributed inside of both sample forming local Fe - rich
clusters (domains) coexist with paramagnetic Fe - poor
areas (less than statistically one Fe3* ion per site). It is
possible to conclude with certainty that Fe - poor areas
form the paramagnetic matrix in TlGa,_,Fe,Se,. It is
obvious that magnetic properties cannot be rigorously
approximated using the Curie - Weiss law. However,
we will use the Curie - Weiss approximation for
experimentally derived temperature dependences of
magnetic  susceptibility of TlGa,_Fe,Se, for
evaluating some magnetic parameters.

Above T, the magnetization curves of both
samples can be satisfactory fitted with the Curie - Weiss
law [29-31]:

()]t = E8awd g

c

where Oy, is the Curie - Weiss temperature, T is the
absolute temperature and C is the Curie constant. Fig. 3
illustrates these behaviors by showing the temperature
dependence of the reciprocal susceptibility (y~?1)
versus temperature. The magnetic behavior exhibited
almost Curie - Weiss behavior (1) in temperature range
above ~ 250 K. The Curie - Weiss temperature was
estimated as ~ 380 K for H, and ~ 255 K for H,
measuring geometries.

The fact that magnetic behavior of TlGa,_.Fe,Se,
are completely come from the Fe atoms suggesting that

the Weiss molecular - field theory [32] (related to the
interactions between total magnetic moment of the
isolated Fe atom with its neighbors may be replaced by
an effective magnetic field called as the Weiss
molecular field) may be qualitatively applied for
estimating some quantities related to the interacting
magnetic Fe atoms. From the slope C of the linear Curie
- Weiss fitting, the effective magnetic moment (per
formula unit) TIlGa,_.Fe,Se,  semiconductors
originated from Fe3* — spin states can be estimated
through the well - known relations [29-31]:

3kgC\ /2

Heff = ( Na ) : @
where kp is the Boltzmann constant, N, is the
Avogadro number. A magnetic moment of Fe3* ion in
the high - spin S = 5/2 state is y = gge+/S(S + Dpg ~
5.93 ug. Here, ug is the Bohr magneton number and
gre 1S the Lande gyromagnetic factor, which is
approximately equal to ~ 2 for Fe3* ion in the
1s22522p®3s23p®3d° electron configurations. Using
values for p.¢ and experimental fitting parameters (C
and O,,) one can calculate the effective exchange
interaction parameter given by the following equation
[29-31]:

]e;x _ 30cw
kg 2(x)S(S+1)Zn_n @)

where (x) is the average atomic fraction of the magnetic
Fe3t ions in TlGa,_,Fe,Se, samples which contribute
to ferromagnetism and Z,_, is the minimum number
of Fe3* nearest neighbor magnetic impurities
incorporated into cation sites of host material which
may provide an effective magnetic moment due to
parallel alignment of interacting the Fe3* 3d electron
spins. In Eq. (3), {(x) value in the denominator can be
estimated from [29-31]:

(x) = Mp+Mga+Mse @)

"~ S(S+1)[greunl?/(30cwkp)+Mse—Mpe

where M, Mg, Mg, and My, are the atomic masses of
the thallium, gallium cation atoms, selenium anion
atom and iron magnetic impurity, respectively.

The calculated average values of J,/k; were found
to be positive, which confirm our assumption about a
weak ferromagnetic ordering in TlGa,_,Fe,Se, at
temperatures above ~ 250 K.

It can be seen from the plots of the inverse magnetic
susceptibility y~* versus T that there is a significant
temperature range (T < 250 K) over which the Curie
constant (the slope of y~*(T) curve) of TlGa,_,Fe,Se,
are almost zero for H, orientation, which suggests that
all the Fe3* spins are almost paired. This result is
unexpected since at higher temperatures the magnetic
ordering in TlGa,_,Fe,S, samples are expected as a
weak ferromagnetic.

On the other hand, from the magnetic
susceptibility data plotted in Fig. 3 (that is the shape of
susceptibility curves and the minima in the inverse
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susceptibility 1/y vs. T plot) one can assume that the
antiferromagnetic contributions from Fe3* impurity
moments to the magnetic susceptibility at low
temperatures also take place. The data in Fig. 3 clearly
show that as the temperature is decreased the y(T)

curves demonstrate the broad maximum inherent
probably to the antiferromagnetic transition at T, in

both samples [33]. Interestingly, the FC and ZFC
magnetization curves for TIGa;_,Fe,Se, nearly
merged in the temperature range from ~ 400 K (the
starting temperature of the experiment) to T,,,, and
they start to differ faintly at cooling below T, as
evident from Fig. 3. Another interesting phenomenon is
an absence the bifurcation in the behaviors of FC and
ZFC branches at T' < Ty, 00
Additionally, no bifurcation between FC and ZFC

data suggests the presence of quasi - two - dimensional
short - range spin — spin interatomic correlations
between Fe3* ions [34] which determinates non a

linearity in 1/x(T) behavior in the temperature ranges
below ~ 250 K.

To complete the investigation of the magnetic
properties of TlGa,_,Fe,Se,, the magnetization (M)
versus H curves were measured at various temperature
in the magnetic fields up to ~ 50 kOe by a step — by -
step increase of H, keeping the speed of the applied
field at constant value. The temperature was stabilized
at each measuring temperature to within of + 1072 K.

Fig. 4 demonstrate a set of M - H curves taken at
various temperatures on heating regime. As seen from
the figure, the sample exhibits three contributions to the
magnetization, namely: an intrinsic diamagnetic
contribution from nonmagnetic TIlGaSe, host; a
paramagnetic contribution as well as a ferromagnetic
contribution due to Fe metal impurities. Corrections for
diamagnetic contributions to M - H curves originated
from quartz sample holder and thin Teflon tape have
been made.
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Fig. 3. Temperature dependence of FC, ZFC mass magnetic susceptibility and inverse susceptibility for TlGa 977 Feqo235€5
under applied field of H = 50 Oe applied to perpendicular and parallel to ab - plane. Susceptibility vs temperature for

both samples showing a maximum denoted by T,,,,,. The

blue and red colored solid circles represent ZFC and FC data,

respectively. The blue and red solid line represent the inverse susceptibility of ZFC and FC measurement, respectively.
The linear dashed line indicates the Curie - Weiss fit to inverse magnetic susceptibility.
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M - H curves of TlGag 47, Feqo23Se, sample taken at different temperatures in the range from ~ 10 to ~ 400 K for

various magnetic field amplitudes changing between maximum values of + 50 kOe. (a) —and (c) are recorded for H
orientations applied to perpendicular and parallel to the ab — sample surface, respectively. The corresponding
ferromagnetic component of some loops after subtracting diamagnetic/paramagnetic contribution are displayed in: (b)
for perpendicular and (d) parallel magnetic field orientations. The insets display zoomed view of hysteresis loops with

linear diamagnetic/paramagnetic contribution.

The traces of ferromagnetic - like symmetric
hysteresis loop superimposed on a straight - line
component with negative slope (that is typical for
diamagnetic contribution) at high temperatures as well
as on paramagnetic component at low temperatures are
clearly observed from Fig. 4. The hysteresis loops in
this figure are zoomed in magnetization scale to
compare their shapes within, to some extent, low - field
regions. To summarize these analysis, we can make
some main conclusions: a) the paramagnetic
contribution Fe3* ions becomes more pronounced with
decreasing temperature; b) the major part of Fe3*
impurities occupies Ga atomic sites are not
ferromagnetically ordered; c) by subtraction of straight
lines related to diamagnetic and paramagnetic
contributions from the data presented in Fig. 4, clear
ferromagnetic - like hysteresis loops with well - defined
coercive field (H,) and saturation magnetization (M,)
can be observed over all temperatures.

Fig. 4 shows magnetic hysteresis loops
TlGa,_,Fe,Se, with x = 0.023 in out of ab - plane
applied magnetic field geometry corrected by the
diamagnetic and paramagnetic contributions as a
function of temperature. The saturation magnetization

I
of sample at ~ 10 K is found to be about 16.4 x

1072 emu/g, that is much higher than the values at
higher temperatures. The interesting phenomenon
observed in Fig. 4 is that the M — H magnetic hysteresis
loops have a slightly wasp waisted loop (or pinched off)
character which may be related to the antiferromagnetic
interaction between some and Fe3* ions.

Similar modulation in magnetic hysteresis loops
is also observed for TlGa,_,Fe,Se, measured along
the direction parallel to ab — surface plane at various
temperatures (see Fig. 4 (d)). As it is clearly seen from
this figure, a very wide and almost rectangular in shape
magnetic loops with weakly pinched off at the center
exhibiting remarkably high coercivities and quite low
M, values were recorded for TlGa,_,Fe,Se, especially
above ~ 150 K. This behavior may be explained by a
reversible motion of a small micro - domain like
elements around the individual Fe3* ion requiring
stronger magnetic fields for remagnetization. Thus,
based on our experimental findings, a possible scenario
for magnetic ordering in TIGa,_,Fe,Se, can be
suggested. A combination of two independent types of
magnetic interactions between trivalent iron impurities
introduced into nonmagnetic host lattice positions,
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namely, a weak ferromagnetic ordering and
antiferromagnetic coupling may be responsible for the
magnetic ordering in TlGa,_,Fe,Se,. Depending on
the x parameter, the dominant magnetic state between
randomly located impurity local moments in
TIGa,_,Fe,Se, may be ordered either in a long — range
ferromagnetic state or a short - range antiferromagnetic
one. In addition, due to local fluctuations of Fe
concentration in the host lattice structure of TlGaSe,,
Fe - poor areas the paramagnetic matrix

Let us to discuss our model of Fe-doped TIGaSe;
crystal structure suggested for description of magnetic
data. We have considered a model TIGa,_.Fe,Se,
structure presented in Fig. 1, in which GaSe4
polyhedrons are indicated by the green color, and FeSe,
ones are colored by the red. We used a 128-atom
supercell of TIGaSe; as the unit cell in our calculations,
and a Ga atom in the unit cell was substituted by a Fe
atom. Our model system corresponds to x = 0.03125 in
TlGa«FexSez, where the separation between Fe
dopants is larger than 15 A. To access smaller Fe - Fe
distance values for exchange coupling calculations we
calculated substitutional double - doped systems.

The structure shown in Fig. 1 was fully relaxed
without any symmetry constraints. The substitution
does not induce notable structural modifications, and
the dopant makes four equal - length Fe - Se bonds of
= 2.4 A. The system remains semiconducting after the
single Fe substitution at the Ga site that corresponds to
low doping levels. From our DFT modeling we find
that the spin polarization per Fe dopant to be 5 pg,
which corresponds to S = 5/2 for the collinear spin case.
This value is nearly consistent with that reported above
(5.93 pug). Both SIESTA and OpenMX codes give the
same magnetic structure. To make sure that our results
are not affected by localized basis sets we verified the
total magnetic moment by plane wave basis set
calculations with Quantum - Espresso computer code
[35]. The net spin density p(T) — p({), defined as the
density of majority electrons minus the minority
electrons, is depicted as 3D isosurface in Fig. 5, where
the density difference p(T) —p({) is 0.004
electron/bohr®. The net spin is distributed over the Fe
dopant and its neighboring Se atoms, which form the
Fe-centered polyhedron. The other atoms in the unit
cell have negligible net spin values. The effective
exchange coupling J values between the atoms with
localized spins are listed in Table 1 as a function of
interatomic distances. The exchange coupling Jg..se
between the Fe dopant and Se atoms in the unit cell,
provided in the left half of Table 2, indicate a
ferromagnetic coupling between Fe and Se.

The exchange coupling between Fe - Fe dopants
denoted as Jp.p. and listed in the right half of Table 2,
indicates antiferromagnetic coupling between Fe dopants.
Note that there are two Fe dopants in the unit cell for the
distances smaller than 15 A. At the Fe - Fe distance value of
3.91 A, there is a bridging Se atom between two Fe dopants.
The Jg..r. Value of —119 meV for this configuration indicates
that Se atoms mediate the antiferromagnetic coupling in the
system. The exchange coupling Jg. 5. decreases with distance
but remains negative. The /g, g value for 15.5 A is essentially
the coupling between the Fe dopants in neighboring unit cells
of TlGaixFexSez for x=0.03125. The relevant exchange

coupling scale between Fe dopants in our system is Jr..p. =
—0.261 meV since our doping levels are low enough to rule
out smaller Fe separations. The electronic and magnetic
coupling between the layers is weak, and there are four
nearest Fe dopant in a layer. Therefore, the effective exchange
coupling experienced by an Fe dopant is approximately —1.0
meV for low doping levels.

Fig. 5. View of the spin polarization around the single Fe —
substituted atom epresented as an isosurface, where
the net spin density p(T)—p{) is 0.004
electron/bohr?,

The magnetic coupling extends beyond the direct
exchange spatial separation range. However, Jr.s.
beyond the lattice length of 15.48 A is negligibly small.

Table 1.
Effective exchange coupling between localized spins
as a function of distance. Jp..q. is the coupling between
Fe and Se atoms, J.r. between Fe atoms.

distance Jre-se distance

(A) (meV) (A) ]Fe-Fe(meV)
2.41 21.8 3.91 -119

5.98 0.180 7.74 -9.97

9.76 0.0123 15.5 -0.261

Thus, in Fe-doped TIGaSez;, an Fe dopant has

ferromagnetic coupling with Se atoms and antiferromagnetic
coupling with other Fe dopants. As the exchange coupling
decreases with distance, the effective Fe-Se exchange
coupling is stronger than Fe-Fe coupling for low doping
levels.

4. CONCLUSION

A novel TIGa;_,Fe,Se, layered magnetic
semiconductors diluted with 3 d iron impurities with doping
ratio of 2.3 % were grown by using Bridgman - Stockbarger
method. The positive value of 6., obtained from
antiferromagnetic curve deduced from VSM magnetic
susceptibility x (T) measurement has been extracted. The
obtained hysteresis loops prove the existence of
ferromagnetic structure. Through first - principles theoretical
calculations, we explore that the TlGa;_,Fe,Se, compound
shows a weak antiferromagnetic order via Fe - Fe linkages
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and ferromagnetic coupling via Fe—Se linkages within the

layers.

There is also a paramagnetic component in

TlGa,_,Fe,Se, which likely arises from the Fe - poor
regions. Thus, the Fe - Fe and Fe - Se bond lengths may play
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TUNABLE PHONONIC WAVEGUIDE: FINITE ELEMENT ANALYSIS

ZAFER OZER!, AMIRULLAH M. MAMEDOV?3, EKMEL OZBAY?
IMersin University, Mersin Vocational High School, Department of Electronics and
Automation, 33160, Mersin, Turkey
2Bilkent University, Nanotechnology Research Center, 06800, Ankara, Turkey
3Baku State University, International Scientific Center, Baku, Azerbaijan

In this study, the band structure of the phononic crystal with square lattice consisting of piezoelectric cylindrical rods and
the transmission loss of finite structure was calculated by the finite element method. The band structure along the 7-X-M-I"
path was obtained by applying Floquet periodicity conditions to the side walls and the free boundary conditions on the top and
bottom surfaces of the three-dimensional unit cell, which is periodic in the x and y directions, infinitely in the z direction. A
17x17 array was created from LiTaOs rods to show transmission losses and adjustable waveguide formation. The perfectly
matched layer boundary condition is applied to the beginning and end of the finite structure, and symmetry boundary conditions
are applied to the side walls in the x direction. The bottom surfaces of all LiTaOz cylindrical rods are defined as ground potential.
To demonstrate the usability of the finite structure as an adjustable waveguide, it has been shown that the wave applied from
the input travels along this path by applying a 5V DC voltage to the upper surfaces of the rods in the desired path.

Keywords: Piezoelectric material, Phononic crystal, Tunable waveguide, Finite element analysis

INTRODUCTION

Phononic crystals (PnC), which have interesting
properties such as band gap [2], negative refraction [1],
wave focus [3,4], are of great interest due to their
potential application areas and new properties.

Many studies have been done on the band
structures of PnCs [5-8] and PnC based high
performance detection systems [9-11]. One of the
important features of PnCs is that they have forbidden
bands that do not allow waves of certain frequencies to
advance.

In the literature, there are many studies using the
waveguide obtained by removing some bars in PnCs
with wide forbidden bands [12-15]. One of them is the
active waveguide made using piezoelectric material
[16].

In PnC, instead of the static waveguide made by
removing some rods, an adjustable waveguide can be
designed by using the coupling feature of piezoelectric
materials. In the waveguide where piezoelectric
material is used, each bar can be controlled separately
and the desired path can be set as a waveguide. In recent
years, micrometer scale PnC waveguides and radio
frequency (RF) communication and  micro
electromechanical systems (MEMS) have emerged.

In this study, it has been shown that a wide band
gap PnC is designed with finite element method and
piezoelectric rods, independent circuits can be
controlled and an adjustable waveguide that allows the
wave to move along the desired path.

THEORY

Equations 1 and 2 describe the structural
equations of piezoelectric materials.

T=cS—e'.E (@h)

D=eS+c¢eE 2

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

In these equations, T, S, E, D are stress, strain,
electric field and electric density, c, e and ¢ are values
of elastic stiffness, piezoelectric coupling and electrical
permittivity respectively.

When voltage is applied to rods made of
piezoelectric material, the coupling effect "e" in
equations 1 and 2 disappears. The dispersion effect of
PnC will be different depending on whether the voltage
is applied (on) to the piezoelectric rods or not (off). If
the piezoelectric rods are arranged periodically in the
x-y plane and the polarization is in the z-axis direction,
the out-of-plane (in the z-axis direction) displacement
will be affected due to the piezoelectric coupling. When
no voltage is applied to the circuits connected to the
piezoelectric rods, waves with frequencies in forbidden
bands cannot propagate in a periodic structure, while
when voltage is applied to the circuits, the band will
disappear and allow the wave to propagate.

MATERIAL AND METHOD

The lattice constant of the unit cell of the
phononic crystal with a square lattice is a=30 mm, the
cylinder radius is r=6 mm, and the height is h=0.25xa
(Figure 1). In order to obtain the band structure of the
PnC, the 3-dimensional (3D) unit cell in Figure 1 was
used. By applying the Floquet Periodicity Boundary
Conditions to the side walls of the unit cell in the x and
y axis direction (surfaces no 1-2, 3-4), the band
structure was obtained in the 1st Brillouin region along
the I'-X-M-T" path. In order to compare the band
structure and the transmission losses of PnC, a finite
structure consisting of 17x17 LiTaO3 rods placed in the
epoxy matrix was used in Figure 2a. Perfectly Matched
Layer (PML) was applied to the right and left edges,
and Symmetry Boundary Condition was applied to the
lower and upper edges (Figure 2.b and ¢). Transmission
loss was calculated by applying a force of 1 N/mm? in
the x, direction and -1 N/mm? in the z direction to the
left edge of the building in the frequency domain in the
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frequency domain, in the frequency domain, in the
range of 15kHz-55kHz. The bottom of the piezoelectric
rods in Figure 2a were defined as ground potential. In
Figure 2 b and c, OV voltage was applied to the upper
area of the green bars, 0V then 5V voltage was applied
to the upper area of the red rods. It was observed that

when a 0V voltage is applied, waves with frequencies
in the forbidden bands in the band structure cannot
propagate in the structure, while when a 5V voltage is
applied to the same rods (red ones), it works as a
waveguide where the waves can propagate.

Fig. 1. Three-dimensional unit cell and 1st Brillouin zone
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Fig. 2. a) Phononic crystal in finite structure b) appearance of the model 1 waveguide in the xy plane c) appearance

of the model 2 waveguide in the xy plane.
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RESULTS AND DISCUSSION Transmissin Loss (dB)
S5FT T T T <t

In Figure 3, the band structure obtained by using
the unit cell, and in Figures 4 and 5, the transmission
losses obtained when | apply 0V (blue graphic) and 5V
(green graphic) voltage to the finite PnCs of model 1
and model 2. As it is clearly seen from the figure, waves
cannot propagate in the structure when applying 0V
voltage, but when 5V voltage is applied to the same
rods, the PnC allows the waves to pass by acting as a
waveguide.

According to the transmission loss graphs of the
finite model 1 and 2 in Figures 4 and 5, the propagation
of the 27 and 49 kHz frequency waves in the forbidden
band is seen according to the off and on position of the
switches applying voltage to the piezoelectric rods -y , , ,
(Figure 6-9). As it is clearly seen from the figures, -200 4150 -100 50 0
waves cannot move when OV voltage is applied to the TL (dB)
piezoelectric rods in the waveguide, but waves can
progress when 5V voltage is applied. Fig. 5. Transmission loss of the model 2 waveguide.
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Fig. 4. Transmission loss of the model 1 Fig. 6. Propagation of the wave with a frequency of
waveguide. 27 kHz in the model 1 waveguide when
a) OV and b) 5V is applied.
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Fig. 7. Propagation of the wave with a frequency of 49 kHz in the model 1 waveguide when a) 0V and b) 5V is applied.
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CONCLUSION

The result of this study shows that instead of the
static waveguide created by removing the rods in
classical PnCs, a PnC consisting of piezoelectric rods
can form waveguides that can be dynamically shaped
along the desired path. The circuits connected to the
piezoelectric rods in the desired path of the wave can
be switched and the PnC can be used as an tunable

Bt cH20=d raqe8ieA0000 46 Surface Total deplacemant (e

b)
Fig. 9. Propagation of the wave with a frequency of 49 kHz in the model 2 waveguide when a) 0V and b) 5V is applied.

|waveguide. PnC, consisting of piezoelectric rods
contained in epoxy resin, can work as a waveguide
since it has a forbidden band. The piezoelectric rods are
connected in separate circuits, making it possible for
each to be easily controlled independently, thus
precisely guiding the wave. With the wave guiding
method designed in this way, integrated elastic
waveguiding devices can be developed.
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PREPARATION OF THIN FILMS OF SOME SEMICONDUCTOR MATERIALS BY
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The sol-gel method preparing thin film build on
sol-gel processing, as wet chemical method for
synthesis of various semiconductor thin films. Let's
describe successively the steps for obtaining thin films
by this method. First of all, let's give the requirements
for the choice of materials. The requirement for the
choice of materials is should be soluble in alcohol or
water the called sol will be obtained from this material,
followed by its transfer to the gel state. The molecular
precursor (usually metal alkoxide) is dissolved in water
or alcohol and converted to gel by heating and stirring
by hydrolysis/alcoholysis. Since the gel obtained from
the hydrolysis/alcoholysis process is wet or damp, it
should be dried using appropriate methods depending
on the desired properties and application of the gel[1] .
For example, if you have a solution of an alcoholic
content, the process of transition to the gel state occurs
by burning out the organic components. After the
drying stage, the produced gels are powdered and then |

calcined. Sol-gel method is a cost effective method.
The low temperature required for the reaction provides
good control over the chemical composition of the
products. This method can be used in the process of
making ceramics as a metal oxide a projecting link
between thin films of metal oxides as a molding
material in various fields of their application. The
materials obtained from the sol-gel method are used in
various fields as optical, electronic, energy, surface
engineering, biosensors, and pharmaceutical and
separation technologies (such as chromatography). Sol-
gel method is a conventional and industrial method for
the synthesis of nanoparticles with different chemical
composition. Basis of the sol-gel method is the
production of a homogeneous sol from the precursors
at first steps and after then its conversion into a gel. The
solvent in the gel is then removed from the gel structure
and the remaining gel is dried.

Precursor
{organumetalliilz compound
ar
netal salts soluble in

::::___t Solution forming Tl:r-:}_[ Gelation

alcohol or water

Properties of the gelation products depend significantly
on the drying method. In other words, the “removing
solvent method” is selected according to the application
in which the gel will be used. Dried gels in various
ways are used in industries such as surface coating,
building insulation, and the production of special
clothing. It is worth mentioning that, by grinding the
gel by special mills, it is possible to achieve
nanoparticles.

The transition from the sol state to the gel state is
described for a decided semiconductor thin film.

In our case, we will give a directly executed case of
semiconductor products and, based on their parameters,
we can study the possibilities of this method. For the
first time, we have produced by this method various
semiconductor thin films such as In;Ses, GaySes,
Culn$S,, In2Ss and a number of others [2, 3, 4]. Let's take
a look at the fabrication of semiconductor thin film
In,S;3 step by step. As you can see, this is a binary
compound and for each element we will prepare a
material for making a solution. According to the

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

requirement of sol-gel method for preparation of In,S;
semiconductor thin film material should be

presence in solution In and S ions which supplied
resolution with dissolving of initial materials both for
ions In and for ions S separately. First solution for In
ions weighted the corresponding quantity from the
InCI3 material is obtained and was dissolved in Glacial
Acetic Acid or Ethanol one hour stirring. Sulfur ion
solution has been prepared separately from powder of
Thiourea (CH4N2S), which also weighted according to
stoichiometric calculation and solved in ethanol
(C2H50H) and stirring one hour. After then first
solution drop by drop added to second solution at
stirring. Stirring will continue for 24 hours. Further,
with this solution, you can do some actions to prepare
the solution for the next stage, that is, the gelation step.
After the above steps, the resulting homogeneous
solution is considered ready. After that, you can
determine the parameters of the solution. These
parameters can be the density of the solution, the pH
parameter of the solution. The characteristics of the
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obtained semiconductor thin films can strongly depend
on these parameters.

The next step is coating and gelation. Coating have also
several type. For example, deep coating or spin coating.

to jwo slgmesz s gnillug
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By repeating the indicated step successively, the required thin film thickness can be obtained.
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The structural, mechanical, electronic, and optical properties of rhombohedral AMn;O12 (A=Ca, Cd, and Sr) compounds
are investigated using spin polarized generalized gradient approximation (GGA) for the exchange-correlation energy. For
CaMn7012, CdMn7012, and SrMn7O12 compounds, the difference between the experimental lattice parameter values used in
the calculations and the values obtained as a result of the structural optimization is less than 1%, 1.5%, and 1.4%, respectively.
It has been observed that the elastic constants calculated using the stress-strain relationship meet the Born stability criteria for
the rhombohedral structure. The elastic modulus and other related quantities have also been calculated and interpreted from
these elastic constants. In the spin polarized state, all three compounds have a semi-metal electronic band structure. Finally,
the real and imaginary parts of the frequency dependent dielectric function along the x and z axes and other optical functions

have been calculated.

Keywords: electronic structure, mechanical properties, optical properties, density functional theory

PACS: 71.20.-b; 62.20.—x; 74.25.Gz; 71.15.Mb
1. INTRODUCTION

The compounds with the general formula
(AA%)B4O1, (A=Ca, Cd, Na, Sr, and rare earth
elements), where the A (Mn, Co, Pd, Cu) and B
(B=Mn, Fe, Cr, Al vb) cations are very close to each
other, produce fundamental physics to understand the
coupling mechanism of static electricity and
magnetism. Moreover, these compounds have attracted
great interest in various technological applications due
to their interesting physical properties, such as heavy
fermion properties, intersite charge transfer, structural
phase transitions, giant dielectric constant, linear and
nonlinear magnetic order, and multiferroic properties
[1-3].

Among AMnN;0:, perovskite compounds, the
rhombohedral CaMn70O;, compound has received much
attention due to its preparation at ambient pressure/or
room temperature and its magnetically induced giant
ferroelectric polarization (Ps ~ 2870 uC/m?) [1-5].
When the compound CaMn70O;; is annealed at 450-462
K, it exhibits a structural phase transition from a
rhombohedral (R3) to cubic (space group Im3)
structure. CdMn7O12 and SrMn;O;2 compounds have
been investigated recently because their structural and
physical properties can be prepared at high pressures
and temperatures [2-9]. Most of the AMn;O1, (A=Ca,
Cd, La, Na, Nd, and Sr) perovskites were studied by
Marezio et al. [10] in the 1970s and subsequently
extensively studied due to their complex magnetic
orders and structural transitions. In the literature
review, it was shown that only the electronic properties
of the SrMn;O:, compound among these complex
compounds have been examined theoretically [11].

As far as we know, the physical properties of these
compounds have not been studied theoretically until

now, except for the electronic properties of SrMn;O;..
In this study, this gap will be filled since the physical
properties (structural, mechanical, electronic, and
optical properties) of AMn;O12 (A=, Ca, Cd, Sr)
perovskite compounds will be examined using the ab-
initio method.

2. METHOD

In all of our calculations that were performed
using the ab-initio total-energy and molecular-
dynamics program VASP (Vienna ab-initio simulation
program) [12-15] that was developed within the density
functional theory (DFT) [16], the exchange-correlation
energy function is treated within the spin polarized
GGA (generalized gradient approximation) by the
density functional of Perdew et al. [17]. The potentials
used for the GGA calculations take into account the
3p®4s? valence electrons of each Ca-, 4d'°5s? valence
electrons of each Cd-, 4p®5s? valence electrons of each
Sr-, 3d°4s? valence electrons of each Mn-, and 2s22p*
valence electrons of each O-atoms. When including a
plane-wave basis up to a kinetic-energy cutoff equal to
21.17 Ha for CaMn;O:;, and 1955 Ha for
CdMn;01,/SrMn;01,, the properties investigated in
this work are well converged. The Brillouin-zone
integration was performed using special k points
sampled within the Monkhorst-Pack scheme [18]. We
found that a mesh of 7x7x3 k points for C2/c, 5x5x4 k
points for C2/m, and 6x3x6 k point for P2:/m was
required to describe the structural, mechanical,
electronic, and optical properties. This k-point mesh
guarantees a violation of charge neutrality less than
0.008e. Such a low value is a good indicator for an
adequate convergence of the calculations.
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3 RESULT AND DISCUSSION
3.1 STRUCTURAL PROPERTIES

The unit cell structure of AMn;01, (A=Ca, Sr, Cd)
compounds is given in Figure 1. Here, Sr, Mn, and O
ions are represented by blue, green, and red colors,
respectively. There are three different symmetry
regions for Mn ions, labeled Mn1, Mny, and Mns. The
Mn; ions occupied the 9e (0.5, 0, 0) regions, Mn; ions
9d (0.5, 0, 0.5) regions, and Mns ions 3b (0, 0, 0.5)
regions [4]. It is determined that these materials have
an R-3 space group at room temperature and 60 atoms
(3 AMN70O12 molecules) in their unit cell.

By using the experimental lattice parameter
values given in Table 1 and the atomic positions given
in Ref [4, 11, 19], a rhombohedral (R-3) unit cell
structure was created for AMn;O1, compounds and the
optimization process was performed. As a result of the
optimization process, the lattice parameter values of
AMn;0O1, compounds were calculated. The results that
we obtained are given in Table 1 together with the
experimental and theoretical results. The differences
between the experimental values [1-4, 8, 11, 19-21] that
we used in the calculations and the values we calculated

are less than about 1.5% for CaMn70Ox», less than about
1% for CaMn;Oq2, and less than about 1.4% for
SrMn70O12. This shows that the lattice parameter values
that we obtained are reliable and applicable in
calculating the physical properties (mechanical and
electronic) of AMn;0O1. (A=Cd, Sr) compounds.

I\’hl 2

Mn
3 ;JQO\

@ A(Ca, Cd, Sr)

9 Mn
90

Fig. 1. The rhombohedral crystal structure of
AMnN701, (A:Ca, Sr, Cd)

Table 1.

The calculated equilibrium lattice parameters (a and c) together with the experimental and
theoretical values for AMn7zO12 (A= Ca, Sr, Cd) compounds

Compounds a (A) c(A) Vo (A%) References
CaMn7012 10.435 6.432 606.52 Present
10.443 6.343 599.11 Exp. [20]
10.442 6.343 Exp. [4]
10.441 6.340 Exp. [1]
10.459 6.343 600.86 Exp. [3]
10.440 6.340 Exp. [8]
10.630 6.31 Exp. [21]
CdMn7012 10.455 6.395 605.29 Present
10.453 6.336 599.56 Exp. [19]
10.455 6.331 599.35 Exp. [2]
10.431 | 6.318 Exp. [7]
SrMn7012 10.555 6.465 623.79 Present
10.509 6.384 610.59 Exp. [19]
10.498 6.380 Exp. [1]
10.498 6.380 608.92 Exp. [19]
10.527 | 6.391 Teori (GGA) [11]
Table 2.
Magnetic moment values of Mn1, Mnz and Mnzions
Magnetic moment Compounds Mn Mn; Mns References
CaMn7012 3.631 | 3.362 -2.253 | Present
2.31 2.33 2.01 Exp. [22]
uB/fu CdMn7Oz2 3.442 | -3.371 2.374 | Present
SrMn7012 3.675 | 3.397 2.93 Present
3.69 3.55 2.93 Teori (GGA) [11]

As a result of spin polarization calculations,
magnetic moment values are obtained for AMn;O1,
(A=Ca, Sr, Cd) compounds. The magnetic moment
values of Mn ions, which contribute the most to the

[ magnetic moments of these compounds, are given in

Table 2. When the Mn}3, Mn33 and Mn3* magnetic
moment values obtained for the CaMn;0O1, compound
are compared with the experimental values [22] given

158



THE STRUCTURAL, MECHANICAL, ELECTRONIC, AND OPTICAL PROPERTIES OF AMn;01; (A= Ca, Cd, Sr)...

in Table 2, the values of Mnj3and Mn33are slightly
larger than the experimental values, while Mn3* is
compatible in magnitude in opposite direction. The
Mni3, Mni3, and Mn3* values obtained for the
SrMn;0;, compound are 3.675, 3.397 and 2.93
respectively. When these values are compared with the
theoretical values [11], it is seen that they are all in
agreement.

3.2. MECHANICAL PROPERTIES

The elastic constants are very important
parameters to describe the properties of a material. It
provides important information about the structural

stability, hardness, ductility, nature of bonding between
adjacent atomic planes, anisotropy and Debye
temperature of materials [23]. In this study, the “stress-
strain” method [24] has been used to calculate the
elastic constants. The rhombohedral crystal system has
six different elastic constants. The elastic constants C1,
Ci2, Ci3,Ca3, Cas, and Cge Were calculated and the results
are given in Table 3. The elastic constants calculated
for AMn;O1, (A=Ca, Cd, Sr) compounds provide the
Born stability criteria [25] for the rhombohedral
structure. The elastic constants Ci1, Cz, and Cas are
used to test resistance to linear compression in the x
direction [100], y direction [010], and z direction [001],
respectively.

Table 3.
The calculated total elastic constants (in GPa) for AMn701. (A= Ca, Sr, Cd) compounds.
Compounds Cu Cr2 Cis Cas Cus Ces
CaMn701. 267.4 105.9 108.9 276.1 80.8 73.7
CdMn7012 242.6 136.2 137.7 278.6 52.7 48.2
SrMn7012 296.6 1324 121.7 282.4 82.6 81.4

It is C11=C,2 due to the rhombohedral structure. | compound are 82.6 and 81.4, respectively. These

Considering the calculated Ci1 and Css values, it is
C33>Cy1 in CaMn70;2 and CdMn7012 compounds, and
C11>Cs3 in SrMn;012 compounds. These results show
that CaMn;012 and CdMn;O12 compounds are more
resistant to linear compression in the z direction, while
SrMnyO12 is more resistant to linear compression in the
x direction. Since the Ci1; and Css values of SrMn7Oa,
are greater than the values of the other two compounds,
this compound is less compressible in the x and z
directions. The large elastic constants Css and C66
relate to a strong resistance to shear distortions in the
(100) plane and in the <110> direction, respectively.
The calculated Cas and Cge values for the SrMn7012|

values are greater than the values obtained for the other
two compounds.

Bulk (B) and shear modulus (G), expressing the
hardness of a material, can be obtained from elastic
constants. We used the Voigt, Reuss, and Hill
approximation [26-28] to calculate the bulk and shear
modulus of AMn;O:2 (A=Ca, Cd, Sr) compounds.
Then, other quantities (Young modulus, Poisson ratio,
B/G ratio, anisotropic factors, sound velocities, and
Debye temperature) were calculated using elastic
constants, bulk modulus, and shear modulus values.
The calculation results are given in Table 4.

Table 4.

The calculated isotropic bulk modulus (B, in GPa), shear modulus (G, in GPa), Young’s modulus (E, in GPa), and
Poisson’s ratio for AMn7O12 (A= Ca, Sr, Cd) compounds.

Compounds Br Bv Bn Gr Gv GH E v B/G
CaMn7012 161.97 | 162.03 | 162.00 77.95 78.13 78.04 201.73 | 0.292| 2.076
CdMn7012 17552 | 176.33 | 175.93 52.89 53.20 52.89 14422 | 0.363| 3.326
SrMn7012 180.52 | 180.80 | 180.54 82.46 82.50 82.48 21475 | 0.302| 2.190

The Bulk modulus (B) represents the ratio of the
stress- strain applied to the unit volume, while the Shear
modulus (G) represents the ratio of the stress- strain
applied to the unit surface. Young's modulus (E) is the
ratio between stress-strain and reflects the material's
ability to resist strain [29]. As can be seen in Table 4,
the largest and smallest bulk modulus values are
obtained as 180.54 GPa for SrMn;O1, and 162.00 GPa
for CaMn;O1,, respectively, while the largest and
smallest shear modulus values were obtained as 82.48
GPa for SrMn;O1, and 52.20 GPa for CdMn;O1y,
respectively. Among the three compounds, StMn7012
has the highest Young's modulus value. Therefore, the

ISrMn7012 compound is a harder material than other
compounds. The Poisson’s ratio reveals the nature of
mechanical bonds as well as the interatomic forces in
various bonds [30-32]. Poisson's ratio of v = 0.1
indicates that covalent bonds dominate in the solid,
while v = 0.25 indicates that ionic bonds dominate. The
v values for the compounds CaMn;O1,, CdMn70O12, and
SrMn;01; are 0.292, 0.363 and 0.302, respectively. It is
seen that the ionic contribution is dominant in all three
compounds, but the contribution in the CdMn7O1
compound is slightly higher than the other two
compounds. The B/G ratio can be used to determine
whether a material is brittle (B/G <1.75) or ductile
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(B/G>1.75) [33, 34]. The B/G value of all three
materials is more than 1.75. When Table 4 is examined,
it will be seen that the CdMn;O1, compound is a more
ductile material than the other two compounds.

The elastic anisotropy is an important physical
parameter related to the mechanical properties of
solids.  Anisotropy factors for  rhombohedral
compounds are A;=2Cgs/(C11-C12) for (100) planes and
A3=4C44/(C11+C33-2Cy3) for (001) planes [35]. If the|

value of the anisotropy factors is equal to 1, the material
is isotropic, and if it is greater or less than 1, it has
anisotropic character. When Table 5 is examined, it is
seen that the A; and A values of the CdMn7Oi.
compound are less than 1 compared to the other two
compounds.

Therefore, this compound has more anisotropic
character than the other two compounds. The elastic
bulk and shear modulus also contribute to anisotropy.

Table 5.

The calculated anisotropic factors, sound velocities (vt vi,om ), and the Debye temperatures
for AMn;0O1, (A= Ca, Sr, Cd) compounds.

Compounds As As As Ac ve(Mls) vy (M/s) VUp (M/S) 6o (K)
CaMn7012 0.992 | 0.913 | 0.019 | 0.114 3926 7248 4381 870
CdMn7012 0.865 | 0.905 | 0.250 | 0.593 3054 6593 3440 684
SrMn7012 0.991 | 0.976 | 0.070 | 0.024 3943 7401 4406 867

The percentages of elastic Ag and Ag anisotropy
due to linear bulk and shear stress are calculated using
the Ag=(Bv-Br)/(Bv+Br)x100 and Ac=(Gv-
Gr)/(Gv+Ggr)x100 equations [36, 37]. The elastic Ag
and Ag anisotropy percentages are zero for isotropic
materials and different from zero for anisotropic
materials. 100% corresponds to the highest anisotropy
value. As can be seen in Table 5, the CdMn;Oa
compound has the largest Agand Ag values. Consistent
with the above result, the compound CdMn;O1. has the
most anisotropic character.

The Debye temperature is the characteristic
temperature of a material at which the atoms have
maximum modes of oscillation with respect to their
equilibrium positions. Elastic vibration is caused by
acoustic vibration mode at low temperature limit. At
low temperature, the Debye temperature (6p (K)) and
elastic wave velocities (transverse (v, longitudinal
(1), and mean (vm)) were calculated using the equations
in Ref [38-40]. The results are given in Table 5. When
Table 5 is examined, it is seen that the CdMn7Os;
compound has the highest Debye temperature value.

3.3. ELECTRONIC PROPERTIES

The electronic band structure gives the shape of
the energy distributions of electrons and holes in a
crystal structure. The fundamental properties of a
material are determined by its electronic band structure.

|Since the calculated compounds have magnetic
properties, the electronic structure calculations are
made in the spin polarized state. In this study under zero
pressure, electronic band structures of AMnN;O1
(A=Ca, Sr, Cd) compounds have been calculated along
different high symmetry points (I" (0,0,0)—>L
(0,1/2,00—Z (1/2,1/2,1/2)—T (0,0,0)). The spin up and
spin down electronic band structures obtained as a
result of the calculation and the partial state densities
(PDOS) corresponding to these band structures are
given in the Figure 3-Figure 6. The horizontal dashed
lines in the figures are the Fermi energy level (Eg).
The electronic band structures calculated in the
spin polarized state are given in Figure 2. Figure 2
shows that all three compounds have a semi-metal
structure. We obtained this result for the SrMn;O;,
compound and it is in agreement with the result stated
by Liu et al. [11]. Considering the spin up and spin
down electronic band structures (See Figure 3)
calculated for all three compounds, the compounds
CaMn;0;2 and SrMn;QOy2 in the spin up state and the
CdMn701, compound in the spin down state are in
semi-metal structure. When the spin down band graph
for the CaMn;O;, compound is examined, it is seen that
the maximum of the valence band is at the L point while
the minimum of the conduction band is at the I point.
Therefore, the transitions between the bands are
indirect and the calculated E4 value is 1.227 eV.
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Fig. 2. Electronic band structures calculated for a) CaMn7O1, b) CdMn7O12, and ¢) SrMn;O12 in the spin

160



THE STRUCTURAL, MECHANICAL, ELECTRONIC, AND OPTICAL PROPERTIES OF AMn;01; (A= Ca, Cd, Sr)...

polarized state.

wn

spin up

w

spin up STiR D

Energy (eV) &
Energy (eV) £
|
|

Vil

e LR Ef

Energy (eV) &

spin down spin down

Energy (eV)

'
o
o

Energy (eV)
Z
Energy (eV)

T L Z T

&
|

Fig. 3. The calculated electronic band structures for the spin up and spin down of a) CaMn7O12, b) CdMn7O12, and

¢) SrMn7012 compounds.

— Cads
2 —— Calp
S 10 —— Mnds
o — Mn 3d
E 02s
E A — 02p
S 0
S
o’
@ |
< 1
A, -104 |
-40 -30 -20 -10 0 10
Energy (eV)
Fig. 4. The projected density of states for the
CaMn7012 compound.
\Ef
— Cdss !
40 - — Cd4d i
—_ —— Mn4s X
% — Mn3d :
= 02s ;
g 20- —op :
—_ I
= )
S) :
wn O v '
Q )
2 :
220 :
-tiO -1;0 -?lO -IIO {I) 10
Energy (eV)
Fig. 5. The projected density of states for the
CdMn7012 compound.

— Sr5s
— Srdp
~ 104 — Mn ds
S — Mn3d
= 02
§ ” — 02
5 o
S V
p—
%)
s
o, -104
4 30 20 -0 10
Energy (eV)
Fig. 6. The projected density of states for the
SrMn7012 compound.

When the spin up band graph for the CdMn701;
compound is examined, it is seen that the maximum of
the valence band and the minimum of the conduction
band are at the same k-point, that is, at the I" point. In
the spin up state, the transitions between bands are
direct and the calculated Eg value is 0.917 eV. In the
spin down band graph of SrMn;0s,, the maximum of
the valence band and the minimum of the conduction
band are at the I' point, as in the spin up graph of
CdMn7O,. Therefore, the transitions between the
bands are direct and the calculated Eg value is 2.214 eV.

The spin-dependent partial density of states
corresponding to the electronic band structures of
CaMn7012, CdMn;012, and SrMn70O1, compounds are
given in Figure 4, Figure 5, and Figure 6, respectively.

When Figure 4 is examined, in both spin states,
the contribution to the lowest valence bands (-45-40
eV) comes from Ca 4s states, the contribution to the
bands just above these bands comes from Ca 3p, and
the contribution to the bands between -20-15 eV comes
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mainly from O 2s states, although the contribution of
other states is small. Although the contribution of O 2p
states to the valence bands just below the Fermi level (-
8-0 eV) and the conduction bands just above it in both
spin states cannot be ignored, it is seen that the main
contribution comes from the Mn 3d states. This means
that there is relatively strong p-d hybridization in the
bands. When Figure 5 is examined, in both spin states,
the highest contribution to the lowest valence bands
comes from the O 2s states and the contribution to the
bands just above it comes from the Cd 4d states.
Although the contribution of O 2p states to the valence
bands just below the Fermi level (-8-0 eV) and the
conduction bands just above it in both spin states is very
small, it is seen that the predominant contribution
comes from Mn 3d states. In these bands, it means that
there is weak p-d hybridization. Finally, when Figure 6
is examined in both spin states, the contribution to the
lowest valence bands (-35-30 eV) comes from the Sr 5s
states, the contribution to the bands just above these
bands comes mainly from the O 2s states, although the
contribution of the other states is small, and the
contribution to the bands between -20-15 eV comes
from the Sr 4p states. As in the CaMn7;01, compound,
although the contribution of O 2p states to the valence
bands just below the Fermi level (-8-0 eV) and the
conduction bands just above it in both spin states cannot
be ignored, it is seen that the main contribution comes
from the Mn 3d states. This means that there is also
relatively strong p-d hybridization in these bands.

3.4. OPTICAL PROPERTIES

Optical properties are studied to predict how a
material will behave when exposed to electromagnetic
radiation. The optical response of a material exposed to
radiation is a function of energy or a range of
frequencies. Optical properties are related to the
electronic band structure of the material. Interactions
between a charge carrier on the surface of the material
and incident photons cause optical properties to
emerge. First, the imaginary part of the dielectric
function (&, (w)) is calculated from the band structure
of the materials. Then, the real part of the dielectric
function (&, (w)) is obtained from &,(w) using the
Kramers-Kronig relationship [41, 42]. Other optical
properties are calculated using the

Due to the symmetry of the rhombohedral
structure, the real (g, (w)) and imaginary parts (&, (w))
of the dielectric function for AMn;O1, (A=Ca, Sr, Cd)
compounds were calculated in the x and z directions.
Data between 0 and 120 eV was obtained for the real
and imaginary parts of the dielectric function, but it was
deemed appropriate to use data between 0 and 12 eV in
graphic drawings. The calculation results are given in
Figure 7-Figure 9. As can be seen in the figures, the real
part of the dielectric function takes zero values in
transitions from a positive value to negative value
((de1ydE<0) and from negative value to positive value
((de1ydE>0). The values of &; in the x- and z-directions
are given in Table 6. These values are the values where
the reflection decreases.

Table 6.
Some of the principal features and singularities of the linear optical responses for AMn;O1, (A= Ca, Sr, Cd)
compounds.
Compounds | &, (eV) dgl/dE <0 dgl/dE >0 €5 (eV)
CaMn-O ef 0.246 | 20.456 | 27.026 | 11.158 | 21.571 | 29.506 & 0.372
e €7 | 0.246 | 20.332 | 27.150 | 11.282 | 23.103 | 29.506 | & | 0.372
ef 0.374 | 5.245 0.874 7.119 & 0.249
CdMn7Ox; e 0249 |5.120 1373 | 6.99%4 e | 0.249
SrMn-O ef 0.245 | 10.122 | 22.837 | 8.887 10.493 | 26.663 & 0.123
e €7 | 0.245 | 10.246 | 22.960 | 8.887 | 10.493 | 26.663 | &z | 0.123
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Fig. 7. The calculated reel and imaginary parts of dielectric functions for the CaMn-01, compound.
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Fig. 10. The energy-loss spectrum (L) for a) CaMn7O12, b) CdMn7012, and c) SrMn7O12.

When Figure 7-Figure 9 graphs are examined, it | imaginary part of the dielectric function are

is determined that the value of &, decreases with
increasing energy between 0.12 and 0.38 eV in the
CaMn;O12 compound, between 0.12 and 0.50 eV as
well as 2.38 and 5.75 eV in the CdMn7;01, compound
and between 0 and 0.38 eV and 9.75 and 10.36 eV in
the SrMn;O:, compound. In these energy regions
where the real part of the dielectric function decreases,
anomalous dispersion characteristics are observed. In
cases where the energy is zero (E=0 eV), e(w) =
£,(0). Here, £,(0) is the static dielectric constant. The
calculated static dielectric constants for CaMn;O1a,
CdMn701,, and SrMn;O1,; compounds in the x(z)
directions are 2610.8 (3302.3), 195.0 (472.27), and
2030.4 (2003.2), respectively. As seen in the Figure 7-
Figure 9 graphs, the significant peak values of the

approximately in the 0-1 eV region. The maximum
peak values (£7?ks) of the imaginary part of the
dielectric function for the CaMn;O12, CdMn7O1,, and
SrMn;01, compounds were determined as 0.372, 0.249
and 0.123 eV, respectively. It is seen that &, increases
until these peak values, and then it decreases. In this
energy range, where &, has significant peak values,
there isa lot of contribution to the interband transitions.
As indicated in the Figure 4-Figure 6 PDOS graphs,
these energy regions where the interband transition is
very high correspond to relatively strong p-d
hybridization (O 2p-Mn 3d).

Plasmon vibrations occur in energy states where
&, part of the dielectric function is 0 eV and ¢, part is
minimum. The energy regions where plasmon
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vibrations occur are associated with the collective
vibrations of valence electrons and energy losses are
maximum in these regions [43]. For the rhombohedral
AMnN;01, (A=Ca, Sr, Cd) compounds, energy loss
functions (L) in the x- and z-directions were calculated
using the L (w) =& (W)/(e? +€2) equation. The
calculation results are given in Figure 10. In the Lxand
Lz function plots for all three compounds, sharp
maxima are observed above approximately 11 eV, 25
eV, and 25 eV. Plasmon vibrations are observed in
these energy regions where energy losses are
maximum.

4. CONCLUSION

We have performed the structural, mechanical,
electronic, and optical properties of rhombohedral
AMN;01, (A=Ca, Cd, and Sr) perovskite compounds
using  spin  polarized  generalized  gradient
approximation. The elastic constants calculated for
AMn;012 (A=Ca, Cd, Sr) compounds provide the Born
stability criteria. Using the calculated elastic constants,
first the bulk and shear modulus values of AMn7012
(A=Ca, Cd, Sr) compounds were calculated and then
the other quantities were calculated. From the
calculated elastic modulus values, it is determined that

the SrMn;O1, compound is a harder material than the
other compounds. In all three compounds the ionic
contribution is dominant and these materials are
ductile. Compared to the other two compounds, ionic
contribution and ductility are higher in CdMn7Oxa.
Among the calculated isotropic factor values,
CdMn70:, compound has the most anisotropic
character. In the spin polarized state, all three
compounds are semi-metals. The Eg values calculated
from the spin up and spin down band graphs for the
CaMn;012, CdMn70412, and SrMn701, compounds are
1.277 eV (indirect, in the spin down state), 0.917 eV
(direct in the spin up state), and 2.214 eV (direct in the
spin down state), respectively. The real and imaginary
parts of the frequency dependent dielectric function
along the x and z axes as well as the energy loss
functions are calculated and interpreted.
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The study of dynamic properties of proteins and water-protein interactions is currently a hot-point for
understanding the functionality of protein macromolecular systems. Over 400 million years, spiders have been
living on their webs using them as a hunting tool. The vitality of spider silk is ensured by unique composition of
repeating amino acids molecules such as glycine, alanine, serine and B-sheets forming nanofibers, followed by
self-assemble microfibers. Flexibility and extensibility of spider silk are provided by water molecules confined in
silk fibroin act as a plasticizer. In the present investigation, the molecular dynamics of native spider silk have been
studied in a wide temperature range using broadband dielectric spectroscopy in the interval of 102-10° Hz for the
first time. The water-protein interactions were performed by the temperature-dependent FTIR spectroscopy. It has
been found that the water confined in the web plays decisive role in the physical properties of silk fibroin. There
are at least two kinds of bonded water in the water-protein chains of fibroins: i) the tight-bond water with amide
groups and ii) weakly bond water forming a hydration shell in nanofiber.

The temperature dependence of real part of permittivity exhibit three main anomalies at ~190K, ~225K and
~315K indicating that phase transitions are associated with a change in dipole moment in the water-protein chains.
The transition in the region of 190K is associated with a partial softening of protein chains due to the local melting
of tetrahedral water molecules confined in the hydration shell. Increasing dipole contribution to the £'(T) occurs
due to dipolar reorientations as a result of thawing of protein chains.

A considerable change in the €'(T), namely a triggering of strong dispersion, was found in the region of 220-
230K in all studied samples of spider silk. This phenomenon indicates that the dipolar water-protein chains at
different lengths appear in the silk fibroins at T > 220K. The temperature dependence of the relaxation times of
water-protein molecules have been obtained from the spectra of ¢'(T) using Havriliak-Negami fitting formula
(figure). The slowing down of the cooperative motions of water-protein dipoles is associated with glassy dynamics
and it results the glass transition temperature (Tg) of water-protein molecules at T = 10%s in low temperature part.
Cooperativity of molecular motions break down in the region of 190K due to melting of nano-confined water. Two
parts of Arrhenius evolution of relaxation times separated at ~225K have different activation energies. The
observed Arrhenius behavior is the evidence of unconstrained molecular motions at T > 190K. Thus, the acquiring
of the structural plasticity and the enhancement of the functionality of webs occur due to the violation of hydrogen
bonds of water shell and bonding water at LDL-HDL transition in the physiological temperature range of spidroins.
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Alahverdiyev ©.0. 1978-cii ildo S.M. Kirov adina Azarbaycan D&vlst
Universitetinin fizika fakultasini bitirmisdir vo homin ildon Y. Mommodoliyev
adina . Samaxi Astrofizika Rosadxanasmmm  “Ulduz atmosferlori fizikasi”
laboratoriyasinda omok foaliyystinoe baglamisdir.

O, 1982-ci ildon Azorbaycan EA Fizika institutunun Astrofizika
laboratoriyasinda igloyir. O astrofizika sahasinds taninmis yiiksok soviyysli bir
professionaldir. Onun asas tadgigat obyektlori ulduz tokamiiliiniin son mohsullari
olan neytron ulduzlar1 (pulsarlar), supernovalar vo supernova qaliqlari, planetar
dumanliglar, ag cirtdanlar va Qalaktikadaki uluzlararasi miihitdir. islodiyi miiddot
arzinds bu sahads goxu beynolxalq xarici jurnallarda ¢ap olunmug 60-dan ¢ox
magals vo moaruza ¢ap etdirmisdir. Bu magalslora 150-dan ¢ox istinad vardir.
Allahverdiyev ©.0. 6z miisllimi, 3 dofo Sosoalist Omayi Qahromani, akademik

T, Y.B.Zeldovigin istedadli tolobasi Oktay Hiiseynovla uzun middatli elmi

omokdasliq sayssindo astrofizikanin bir ¢ox sahalorinds ugurlu tadgigatlar

aparmis vo bu tadgiqatlar diinya elmi ictimaiyyati torofindon yiiksok giymotlondirilmisdir. Yeri golmiskon, O, diinya

sohratli astrofizik, Azorbaycanda relyativistik astrofizika maktabinin banisi Oktay Hiisenovla an uzun miiddast orzine
birgs ¢aligmls amokdas olaraq, Tiirkiyads do Oktay miisllimls barabar ¢alismaya davam etmisdir.

Azorbaycan 6z miistoqilliyini qazandigdan sonra Allahverdiyev ©.0. radioastronomiya sahasinds birgo elmi
tadqigatlar aparmaq tigiin qardag Tiirkiyadoki homkarlar1 ilo amekdasliq etmaya baslamigdir. 1995-ci ildo Tiirkiys
Bilimsal vo Texnik Arasdirma Kurumu (TUBITAK) vo AMEA Fizika institutu arasmda praktik radioastronomiya
sahasinds birgs todgigatlar aparmaq mogsadilo miihiim bir sazis imzaland1 vo bu sazis ¢arcivasinds Allahverdiyev
0.0. Tirkiyays dovat edildi. Bu ezamiyyat miiddatinds Allahverdiyev ©.0. Marmara Radio Teleskopunun (MRT-
2) layihslogdirilmasi, insaasi, nizamlanmasi vo ¢alisdirilmasinda yaxindan istirak etmis vo bu teleskopda alinmis ilk
miisahido materiallarmin emalinda fal istirak etmisdir. Bu islorden Tiirkiyads ilk dafo olraq Istanbul iizorinde 0zon
tobagasinin incalonmosini gostarmok olar. Tiirkiyads oldugu miiddstds Allahverdiyev ©.0. Tiirkiiyonin taninmig elm
adamlart ilo yanasi ham da Tiirkiys xaricinds yasayan aparici elm adamlari ilo barabar hom nazari va hom do praktik
astrofizika sahasinds elmi tadgiqatlar aparmis vo bu sahodo goriilmiis islori Azarbaycana dondiikdon sonra da davam
etdirmigdir. O hal-hazirda da bu sahads ugurlu tadqiqatlarini davam etdirir.

AZORBAYCAN DOVLOT MUKAFATCISI,
PROF. KORIM ROHIM OGLU ALLAHVERDIYEV
e-mail: kerim.allahverdi@gmail.com

Allahverdiyev Korim Rohim oglu 1 aprel 1944-cii ildo Qarbi
Azorbaycanmn fravan sohorinde anadan olmusdur. 1960-c1 ildo Baki sohori
26 sayli orta moktabini bitirib. 1961-1967-ci illordo Moskva Energetika
Inistitutunun Elektromexanika fakiiltosindo ali tohsil almsdir. 1967-Ci
ildon Elm va Tohsil Nazirliyinin Fizika Institutunda (ovalki AMEA Fizika
Institutu) ¢alisan K.R. Allahverdiyev, 1969-1972-ci illords aspiranturan:
bitirmis, 1972-ci ildo namizadlik (Lebedev adina Fizika Institutu, Moskva),
dissertasiyasin1 miidafio etmis vo fizika-riyaziyyat elmlori namizadi elmi
doracasi almisdir, 1974-1975-ci illordo Ingiltoranin Oksford Universitetinin
Klarendon laboratoriyasinda postdoctoral tohsil almis va islomisdir. 1982-
ci ilds isa doktorluq dissertasiyasint miidafis etmis va fizika-riyaziyyat elmlori doktoru elmi doracasi, 1985-ci ilds
iso professor elmi ad1 almisdir.

Prof. K.R.Allahverdiyev 1982-1998-ci illords AMEA Fizika Institutunun “Optoelektronika” laboratoriyasinin
miidiri vazifasinds islomisdir.

Prof. K.R.Allahverdiyevin elmi todqiqat iglorinin asas istigamatlori asagidakilardir: Ekspremental optika, kicik
olgiilii xalkogenid kristallarin (hamginin yiiksok toyziq altinda) vo miiasir qeyri-Xatti materiallarin vo xirda kristallarin
(hamginin nano) fizikasi va texnologiyasi; 3-1ii xalkogenid kristallarda elektroliimenessensiya; Bark cisim lazerlori va
lazer texnologiyasi; Bork cisim fizikasi, optika, lazerlor vo lidarlar sahosi; Materiallarin todqiqi tiglin yeni eksperiment
metodlarmm tatbiqi; Tolobolorin optoelektronika, lazer spektroskopiyasi, bark cisim fizikasi, geyri xotti optika
sahosinds hazirlanmasi vo miisahidosi; LIDAR v totbigi.

Prof. K.R.Allahverdiyev diinyanin bir sira niifuzlu Universitetlorinds vo elmi todgigat morkazlorinds o,
ciimlodon: ~ Maks-Plank Instututu, Bork Cisim Fizikasi, Almanya, (avqust 1985 — may 1986), Aaxen Texniki
Universiteti, Yarimkegiricilor Elektronika Institutu, Almaniya, (noyabr 1988 — may 1989), Tocriibi Fizika iizro
Bayroyt Universiteti, Almaniya, (yanvar 1990 — may 1990 ; 2005; fevral-mart 2006), ABS Hava Qiivvalori WP Lab.,
Dayton, ABS, (may 1996; iyul 2001), Seffild Universiteti, Fizika fakiiltosi, Ingiltors, (avqust 1997 - sentyabr 1997;
noyabr 1998 — dekabr 1998), Oksford Universiteti, Yer EImlori fakiiltosi, Ingiltora, (iyun 1999 — iyul 1999), “Elm va
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Texnika Proqrami” ¢ar¢ivasinds, Tsukuba Universiteti, Yaponiya, (sentyabr 1999 - dekabr 1999; sentyabr 2000 -
dekabr 2000) davvatli professor va boyiik elmi is¢i kimi elmi tadgiqat islari ilo maggul olmusdur.

Azorbaycan miistaqillik gazandidan sonra Tirkiys  Respublikas: universitetlorindo vo elmi-todgigat
markazlorinds elm vo tohsilin inkisaf etdirilmasi magsadilo Azarbaycan alimlarinin elmi potensialindan istifads
etmoys baslamis, Fizika Institutunun 60-a yaxm alimi do Tiirkiyada islomok iigiin devet olunmus va Tiirkiyado elm
Vo tohsilin inkisafina 6z layiqli tohvalorini vermislor.

Prof. K.R.Allahverdiyev 1992-ci ilds Tiirkiyenin Orta Dogu Texniki Universitetinden davet almis, 1995-ci ilo
kimi universitetin fizika fakiiltasindo professor kimi foaliyyst gostormis vo bundan sonra Tiirkiyys Ciimhuriyyatinin
miixtalif elmi tadgigat morkazlorinds 1995-1998-ci illords TUBITAK, Elektronika Institutunda bdyiik elmi isci, 1998-
2013-cii illorde TUBITAK Mormora Arasdirma Morkazinds bdyiik elmi is¢i, soba miidiri kimi elmi tadgiqat islori ilo
moasgul olmus, 2013-2018-ci illordo Marmoars Aragdirma Markozinds elmi maslohot¢i kimi elmi faaliyystini davam
etdirmisdir.

Prof. K.R.Allahverdiyev Tiirkiyads elmi faaliyysti dovriinds (1992-2013) bir sira layihslorin rahbari va icragisi
olmugdur. Bunlardan asagidakilar1 qeyd etmak olar:

“A®B® vo APB3C2® layl yarimkegiricilorin optik xarakteristiklarr” layihasinin rohbori vo aparici tadqigatgist,
Ankara, Orta Dogu Texniki Universiteti Tiirkiys, 1993-1994; “GaSe kristalinin boyiidiilmasi va xiisusiyyatlori”
layihasinin aparici tadgigat¢ist va rohbari, ABS Hava Qiivvalori, Orta Dogu Texniki Universiteti, Tiirkiys, 1995-1996;
“C0O, lazerinin effektiv ikinin harmonikasi” layihesinin aparici todgiqatgist vo rohbori, ABS Hava Qiivvalari,
Marmara Arasdirma Morkozi, TUBITAK, Tiirkiys, 1996-1988; “Yeni yarimkegiricilorin istifado olundugu isiq
diodlar1” layihosinin aparici todqiqatgis1 vo rohbori, Marmara Arasdirma Morkoezi, TUBITAK, Tiirkiyo,1997-1999;
“GaSe optik xiisusiyyatlorinds anizotropiya effekti” layihosinin aparici tadqigatgist va rahbari, ABS Hava Qiivvatlori.
Marmara Arasdirma Markozi, TUBITAK, Tiirkiya. 2002-2003; “Kicik &l¢iilii yarimkegiricilorda nano miihandislik
Vo onlarin osasinda Li Batareyalar1” layihosinin aparict tadqigat¢isi va rohbari, Marmara Arasdirma Morkazi,
TUBITAK, Tiirkiys, 2002-2004; “Kristallarin bdyiidiilmosinin texnologiyas1 vo totbigi” layihosinin aparict
todgigatcis1 vo rohberi, Marmara Arasdirma Markozi, TUBITAK, Tiirkiya, 2005; “Tiirkiyado optik linzalarin
istehsalmim texnologiyasi va metodu” layihasinin aparict tedqiqatcist vo rohbori, Sivas, Tiirkiys, 2005-2006;
“Konfokal Raman lazer mikroskopunun iglonmasi Vo totbiqi” layihosinin aparici todqiqatcist va rohbori, Marmara
Arasdirma Morkozi, TUBITAK, Tiirkiys, 2007; “Otraf miihitin totqiqi {igiin LIDAR-mn yaradimasi vo totbiqi”
layihasinin aparici tadgiqatcist va rohbori, Marmara Arasdirma Morkozi, TUBITAK, Tiirkiys, 2008-2011; “Yiiksok
giiclii Lazer sistemlorinin totbiqi” layihosinin elmi iscisi, Marmara Arasdirma Markazi, TUBITAK, Tiirkiys, 2011-
2012; “Azorbaycan vo Avropanin elm sahasinds alagalorinin méhkomlondirilmasi vo yaxsilagdirilmasi” layihasinin
elmi iscisi, Avropa proqrami FP7, 2012-2014; “Lazer vo lazer texnologiyalar1” layihosinin elmi ig¢isi, Marmara
Aragdirma Morkazi, TUBITAK, Tiirkiys, 2012-2013.

Prof. K.R.Allahverdiyevin elmi nailiyystlorinin qisa icmali asagidaki kimidir:

GaSe vo GaS yarmmkegiricilorin geyri-xatti optik xiisusiyyatlorin dyranilmasi va tatbigi; 3 gat xalkogenid
materiallarin optik xiisusiyyatlorinin arasdirilmasi; A3B® tip kristallarda ultraqisa lazer impulslarinin (40fs) optik kecid
udulmaya tesirinin eksperimental totqiqi; A3B® vo A3B3CS, tip birlosmslorin vibrasiya spektrlorinin Infra Qirmizi
udulma (aks olma) vo Raman sopilmasi vasitasi ilo eksperimental todqiqi; GaSe-nin Raman sapilmasinds Davidov
dubletlorinin miisahidasi; GaSe-nin 10,6 mkm vo 1579 nm-ds ikinci harmonikasmin eksperimental tadqiqi; GaSe
ikinci harmonikasinda eksiton generasiyasmin miisahidasi; Konfokal Raman mikroskopiyasi va totbigi; LIDAR va
totbiqi.

Prof. K.R.Allahverdiyev miiasir spektroskopiya (hamginin toyziq altinda, Raman sapilmasi, geyri-Xotti
harmonikalarin generasiyasi vo dalga yerdoyismasi, foto vo elektroliimenessensiya, eksiton udulmasi va.s), lazerlor
Vo lazer texnologiyalari, monokristallarin, nanokristallarin vo polokristallarin (lazer kristallar1 daxil olmagqla)
boyldiilmasi vo xarakteristikasi, elmlor namizadlorinin vo elmlor doktorlarmimn hazirlanmasi, layihslorin yiiksok idara
olunmas1 bacarigi sahasinds genis praktiki tacritbays malikdir.

Prof. K.R.Allahverdiyev respublika, beynsixalg ve bir ¢ox xarici 6lkslorin elmi qurumlarmnin tGzvidiir:
Azorbaycan Fizika Comiyystinin tizvii (1982), Tirkiyo Fizika Comiyystinin tizv (1992), Nyu-York Elmlor
Akademiyasmin iizvii (1998), Azarbaycan Milli Yaradiciliq Akademiyasinin tizvii (1988), Avropanimn Yiiksok Toyziq
Todgigat Komitosinin tizvii (1987-1990; 1991-1994; 1996-1999), A.M. Proxorov adma Rusiya Miihondislik
Akdemiyasinin {izvii (2007), Avropa Elmlor Akadmeyasinin tizvii (2008), Amerika Optika Comiyyatinin {izviidiir
(2008).

Bundan basqa, alim “Turkish Journal of Physics” jurnalinin redaksiya heyyotinin iizvii (1994), Amerika Optika
Comiyyatinin jurnallarinda ray¢i (2002), “Applied Physics” jurnalinda royci (2004), “AJP Fizika” jurnalinin
redaksiya heyyatinin tizvii (2009), “Energy and Engineering” (ABS) jurnalinin redaksiya heyyotinin tizvii (2010),
“Modern Physics” (ABS) jurnalinin redaksiya heyystinin tizvii (2011), “American Journal of Physical Sciences”
jurnalinin redaksiya heyyetinin tizvii (2014), Elm vo Otraf miihit iizro totbigi nailiyystlor konfransinin redaksiya
heyyatinin (Tayland, 2015) tzvidiir.

Prof. K.R.Allahverdiyev 1988-ci ildo Azorbaycan dovlet miikafatina (elm sahasinds), 1989-cu ildo Aachen
Texniki Universitetinin “Krupp toqaiidii” miikafatina, 1987-1989-cu illords Avropa Aerokosmik todqiqatlari ofisi
torofindon ziyaratgi professor olaraq Kralliq Comiyyati miikafatina, oldo etdiyi nailiyyatlorino goro SSRI Elmlor
Akademiyasi torafindon ilin on 6nomli alimi Foxri adina, 1996 vo 2001-ci illordo ABS Hava Qiivvalori miikafatina,
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2017-ci ildo Azorbaycan Milli ElImlor Akademiyasi, ilin alimi nominasiyasi iizro Nosroddin Tusi adma miikafatina
layiq gortiimiigdiir.

Hal-hazirda prof. K.R.Allahverdiyevin diinyanin 40-dan artiq universitet vo elmi-tadgigat morkazi ilo elmi
olagosi  vardir. Bu elmi-morkoz  vo  universitetlor arasinda Moskva  Dovlot  Universiteti (Rusiya),
moshur Oksford, Kembric, Seffild, London, imperial Universitetlori (Bdyiik Britaniya), MPI FKF, Stuttgart, RWTH
Aachen, Bochum, Bayreuth vo Hamburg Universitetlori (Almaniya), ABS Hava Qivvoalori Wright Patterson
Laboratoriyasi, Kolorado Oyalst Universiteti, Tsukuba Universiteti (Yaponiya), Orta Dogu Texniki Universiteti,
TUBITAK, Marmra Arasdirma Morkozi, TUBITAK, Elektronika Institutu, vo Madrid Universitetini (Ispaniya) vo
digor niifuzlu universitetlorin adlarmi cokmok olar. indiys kimi prof. K.R.Allahverdiyevin elmi rahborliyi altinda 20-
don ¢ox fizika-riyaziyyat elmlor namizadi, 5-don ¢ox fizika-riyaziyyat elmlor doktorlugu dissertasiyas1 miidafio
edilib. Azarbaycanda vs xaricds miidafio olunmus onlarca doktorluq dissertasiyasinin rosmi opponent kimi ¢ixis edib.

Prof. K.R.Allahverdiyevin 320-don ¢ox elmi magalosi miixtalif beynslxalg elmi jurnallarda ve digar nosrlords
dorc olunub. Homginin 2 monoqrafiya, 7 icmal magalasi Vo 6 patentin miiallifidir. Alim elmi faaliyyati dévriinds
onlarla beynsalxalq konfrans, simpozium, konqres va seminarlarda maruzalorls ¢ixislar etmisdir.

Prof. K.R. Allahverdiyev 6z elmi moktobini yaratmaga nail olmusdur. Alimin elmi moktabinin yetirmolori tokcs
Azorbaycanda deyil, xarici 6lkalords do, o ciimlodon, Tiirkiyanin do miixtalif universitetlorinds elm va tohsil
sahoasindo islorini davam etdirirlor.

Prof. K.R.Allahverdiyev hal-hazirda Milli Aviasiya Akademiyasi ETNAPi-da “Elmi-texniki informasiya va
patent” sobasinin rohbori vazifasinds isloyir, SOCAR-1n dostoklodiyi “LIDAR Vasitasi ilo Abseron Yarimadasinin
Miixtolif Zonalarinda Cixarilan Neftlorin Raman Spektr Bankinin Yaradilmas1” layihasinin rohbari, icragisi va gonc
elmi kadrlarin yetisdirilmasi sahasinds foaliyyatini davam etdirir.

PROF. DR. iISKENDER ASKEROGLU _
(OSKOROV iISKONDOR MEHRALI OGLU)

Oskarov Iskonder Mehrali oglu 06 aprel 1949-cu ildo Tovuz rayonunun
Ohmadabad kondinds anadan olmusdur.1956-c1 ildo ©hmodabad kend orta
mektobinin birinci sinfino getmis vo 1966-c1 ildo Gadoabay rayonu Nariman kond
orrta moktabini bitirmisdir. 1966-1971-c1 illordo Baki Dovlat  Universtetinin
Fizika fakultosindo  fizik-fizka miiollimi ixtisas1 tizro ali tohsil almusdir.
01.07.1971-25.05.1979-cu illor arasinda Azarbaycan Milli EImlar Akademiyasi
Fizika Institutunda bas labarant vo kicik elmi is¢i vozifolorinda islomisdir. Eyni
zamanda 1971-1975-ci illorde Fizika Institutunun aspiranturasinda istehsalatdan
ayrilmamagq sarti ilo tohsil almig va dissertasiya isini ugurla tamamlamigdir.

[.M.Bskorov 1975-ci ildo “GaSes monokristallarinda elektrik
kegiriciliyinin, kecid effektinin vo optik udulmanin giiclii elektrik sahosindo
tadqiqi” movzusunda dissertasiya isini miidafio edorak fizika-riyaziyyat elmlori
namizadi, 1992-ci ilds iso “A2°Bs® nov defektli kristallarda kecid vo nadir torpaq
askar elementlorin elektron qurulusu” movzusunda dissertasiya isini miidafio edorsk ‘““Yarimkegiricilor vo
dielektriklor fizikas1” ixtisas {izro fizika-riyaziyyat elmlori doktoru alimlik elmi doracasini almisdir. .M. Dskerova
Azorbaycan Respublikasi Ali Attestasiya Komissiyasinin 25 Aprel 1997—ci il

(Protokol Ne 13) Qorart ilo Fizika kafedrasi tizro professor elmi ad1 verilmistir.

[.M.Bskorovun doktorluq dissertasiyasmin mdvzusu, Fizika sahasinds 32 yasinda on gong Nobel miikafatini
alan, Rudolf Ludwig Messsbauerin ad1 ilo bagh olmusdur. Niivo Gamma Rezonans vo ya Messbauer effektinin ilk
dofo agkarli yarimkeciricilords hoyata kegirilmosi ideyasina, Messsbauerin 6zii ilo iki dofo  Baki sohorinds vo
1983-cii ildo Alma-Ata gohorinds goriisdilyiinds onun tovsiyyalori esasinda doktorluq iginin mdvzusu yarandi.
Messbauer effekti tibbdo totbig edilon EMAR, MRG vo NMR metodlarinin esasini tegkil edir. Bu mévzuda Tiirkiyo
do isladiyi Universitetlorde magistr vo doktor talobslorini miidafio etdirmisdir. Dissertasiyalarin naticalari talobalori
ilo birlikds SCI-ys daxil olan jurnallarda dorc olunmusdur. Homginin onun bu mévzulara aid tok miiallifli magalolori
on mithiim “Journal of magnetism and magnetic materials” jurnalinda 2004 va 2007-ci illordo dorc olunmusdur.

25.05.1979-03.10.1997-ci il tarixlori arasinda Azorbaycan Insaat- Miihondislori  Universtetinin Fizika
kafedrasinda assisent, dosent vo professor vazifolorinds islomisdir.

[.M.9skorov ilk dofo 1997-ci ilin noyabr aymda Tiirkiyo Cumhuriyatinin Kiitahya Dumlupmar Universitetino
professor kimi dovvat olunmus vo homin Universitetin Miihondislik fakiiltosinin Elektrik Elektronika bdlmosinds
2000-ci ilin sonuna kimi elmi tadqiqat iglari ilo maggul olmus va talobalars fizika fonnindon dars vermisdir. 2001-ci
ildon baslayaraq Tokat Qaziosmanpasa Universiteti Fon-Odebiyat Fakultosi, Fizika bolmasindo acnobi professor
vazifasinds ¢aligmis, 2004-cii ilin 16 iyun tarixindon Fizika kafedrasina daimi professor vazifosine toyin olunmus vo
bu tarixdon 2011-ci ilin noyabr ayna qadoar Fizika kafedrasimim miidiri vazifasinds iglomisdir.

2005-ci ilds Fizika kafedrasinda PhD proqrami agilmig vo kafedra 2006-c1 ilds bir professor-miiallim heyatine
diigan elmi mogalslorin sayma gora Tiirkiyonin Dovlet Universitetlori arasinda ikinci yeri tutmugdur. 2006-2010-cu
illor arasinda Qaziosmanpasa Universitetin Idaro Heyetinin {izvii vo 2005-2011-ci illot arasmmda Fon-Bdobiyyat
Fakiiltosinin ~ Fakiilto Idaro Heyatinin {izvii olmusdur. Universitetin idaro Heyetinin iizvii oldugu miiddotdo
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minnottarliq va togokkiirname almisdir. Qaziosmanpasa Universiteti Rektorlugu tarafindan Beynolxalq sitat indkslori
ilo skan edilmis jurnallarda derc olunmus elmi islorine gora 17.03.2005-ci il tarixli 1305 sayli Togokkiir Sertikati va
Universitet Idare Heyatinin {izvii oldugu miiddotda toqdirslayiq ve ciddi faaliyystine gore 25.02.2010-cu il tarixli 682
saylt Minnatdarliq Sertifikatu ilo toltif edilmisdir.

Tiirkiyads islodiyi dovrdan etibaran 15-don ¢ox magistr talobasins va 3-don ¢ox falsafo doktoru talobasine elmi
rohborlik etmisdir. Bu miiddet orzinde bakalavr, magistr vo falsofo doktoru tolobolorine Umumi Fizika, Bork Cism
Fizikasi, Elektromaqnetik Nozoriyyasi | va I, Magnetizm va Totbiglori, Yarimkegiricilor Optikasi I vo 11, Kvant
Optikasi, Kristal Dinamikasi, Kvant Elektronkas1 va digar ixtisas fonn darslorini todris etmisdir.

2015-ci il sentyabr ayindan etibaran Prof. Dr. I.M.Askeroglu Giresun Universitetinin Fan-Odabiyat Fakiiltasinin
Fizika bolmasinds professor vozifosinds igloyir. Vozifoys toyin edildikdon sonra Fizika bolmasinds falsofo doktoru
programi agilmisdir.

Prof. Dr. .M. Askeroglunun elmi todqigat faaliyatlorinin noticalori, 100-don gox mogalo soklinds yerli vo xarici
SCl-ys daxil olan elmi jurnallarda derc olunmustur.Yerli vo xarici 6lkalor olmagla ¢oxlu sayda konfrans vo elmi
toplantilarda istirak etmisdir. Eyni zamanda 6 miislliflik sohadotnamosi almigdir.

iskender.askeroglu@hotmail.com

PROF. DR. ARiF BABANLI
(BABAYEV ARIiF MiRi OGLU)

t Arif Babayev 01.12.1959-cu ildo Qorbi Azorbaycanin Krasnoselo rayonu

% ﬁ\ Caykond kondinds anadan olub. 1981-cu ildo Azorbaycan Dovlot Universitetinin

A “®8 o Fizika fakiiltesini bitirmigdir. Toyinatla Kond Tesarriifat1 Okingilik Elmi Todgigat
‘;, "' institutunda, sonra iso Kosmik Todgigatlar Elm Istehsalat morkozinds islomisdir..

- 1992 «ci ilds Azorbaycan Milli Elmlor Akademiyasinin  akademiki
)ﬁ%’ 3 y Prof.F.M.Hoagimzadonin rohborliyi ilo “Genellogmis izotrop Keyn modelinds almaz
~c L tipli yarimkeciricilords elektron vo desiklorin enerji spektrlori” movzusunda
- namizadlik dissertasiyas1 miidafio etmisdir.1994-cii ildon 2004-cii ilo gedor Fizika
\ =N / Institutunda, Azerbaycan Milli Elmlor Akademiyasinin akademiki

\ 4 Prof.F.M.Hosimzadonin laboratoriyasinda galigmisdir.
Arif Babayev 2007-ci ildo akademik F.M. Hasimzadanin elmi maslohstgiliyi ilo
“Asagi olgiilii kvant sistemlorindo elektron vo desiklorin enerji spektrlori ” Doktorluq

dissertasiyasini miidafio etmisdir.

Prof.Dr. A.Babanl12002-cii ildo TUBITAK bursu ilo Tiirkiyo Ciimhuriyati, Siileyman Demiral Universiteti, Fon
Odobiyyat Fakiiltosinin Fizika bolimiinds ¢alismig, 2009-cii ildon homin Universitetdo Riyazi fizika kafedrasmnin
miidiridir. 7 falsofo doktorunun elmi rohbori olmusdur.

2013-cii ildo Tiirkiys Cumhiriyati Ali Tohsil Surasinin Toqaiidii ilo Almanyanin Jiilisch soharinds olan Arastirma
morkazinds ¢alismigdir.

Prof.Dr. A.Babanli hal-hazirda asagiol¢iilii kvant sistemlorinin termodinamik, optik vo magnit xassalorinin
nozari todgigini davam etdirir.

e-mail: arifbabanli@sdu.edu.tr

Dr. CAMAL ]%AGIROV 5
(CAMAL BAGIROV ABUBOKIR OGLU)

Camal Bagirov 25.03.1952-ci il tarixindo Azorbaycanin Qusar rayonunun
Xulux kandindo anadan olub. 1968-1969-cu illords Baki sohorindaki Fizika-
Riyaziyyat Tomayiillii Internat moktobini bitirmisdir. 1969-1975-ci illordo Bak1
Dévlot Universitetinda tohsil almisdir. Diplom isi iiciin Sankt Peterburqdaki Fizika
Texnologiya Institutuna géndorilmisdir. 1978-1981-ci illorde Azorbaycan Milli
Elmlor Akademiyasinin Fizika Institutunda aspiranturani bitirmis, 1987-ci ildo
“AgBiTe; kristalinin termoelektrik xassolorinin aragdirilmasi” mévzusunda fizika-
riyaziyyat elmlori namizoadlik dissertasiyasini tamamlamigdir. 1987-1994-cii illordo
Fizika Institutunda elmi is¢i olarak islomisdir.

1994-cii ilin iyun aymda TED (Tirkiye Egitim Dernegi) Zonquldak
kollecindon galon tokliflo Tirkiyoys getmisdir. 1994-1998-ci illordo TED
kollecindo tobist elmlari rohbari (Fen Ziimre Bagkani) olaraq islomisdir. 1999-cu ildon etibaran “Zonguldaq Algi
Dersanesinin” qurucularindan biri olaraq tobist elmlari rohbari vo fizika miisllimi vazifosinds islomoys davam
etmisdir. 2005-ci ildon etibaron Ankaraya ko¢miis vo “Ozel Gelisim Egitim Kurumlarinda” islomoya baslamis vo bu
qurumda 9, 10, 11-ci siniflor ti¢iin izahli fizika suallar1 kitablar1 vo 12-ci siniflor {iglin izahl fizika modullar1 kimi
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komoakgi dors vosaitlorini yazmigdir. Bu donomds Camal Bagirov yazma, ¢izma Vo animasiya hazirlama proqramlari
olarak Kuark, Indesign, Freehand, illustrator, AutoCad, 3dMax, Actionscript 3 Vo sairo kompiiter proqramlarmi
Oyronmis vo yazdigi biitlin test, kitab vo modullarinda biitiin sokKillorin va illiistrasiyalarin hamisini bu programlarin
komayila 6zii hazirlamigdir. Niimunalordan biri asagidaki Sokil 1- ds verilmisdir.

celisin Rosliin §osliin,

[OsS I
MODULER
SISTEM

Sokil 1

2006 — 2011-ci illords “Ugur Egitim Kurumlar1”, “Smav Egitim Kurumlar1”, “A¢1 Egitim Kurumlarma” aid
kollec vo kurslarda fizika boliim rahbari vs fizika miisllimi kimi iglomigdir. Bu miiddat orzinds fizika darslorins aid
¢ox sayda izahli kitablar vo test kitablari, o climlodon test vo tocriibo imtahanlar1 tigiin moagalo vo dors vosaitlori
golomo almus, fizikanin bir ¢ox mdvzularma aid animasiyalar hazirlamigdir. “Ag1 Yaymlarinda” yazdigi kitablarin
boz1 niimunalori Sokil 2- do verilmisdir.

|
Fizik Fizik

€ KOLAY Baveten

Sokil 2 Sokil 3

“Esen Yayinlar1” Tiirkiyads 30 ildon do artiq bir vaxt arzinds Kollec va kurslar tiglin komoakei dors
vasaitlori hazirlayan qurum-lardan biridir. Bu qurumun foaliyyatinin 30-cu ilindo Dr. Camal Bagirovun
yazdigi kitablarin bazi niimunalori sokil 3-do verilmisdir.

AKADEMIK TOYYAR CUMSUD OGLU COFOROV

Tanilmus fizik, akademik, fizika-riyaziyyat elmlori doktoru, professor, EIm
vo Tohsil Nazirliyinin Fizika Institutunda laboratoriya rohbori vozifasinds isloyir.

Coforov Toyyar Cliimsiid oglu 18 iyul 1939-cu ilds Bak1 sohorinds anadan
olmusdur. 1961-ci ildo Azorbaycan Dovlot Universitetinin Fizika fakiiltasini
bitirorok toyinatla  Azorbaycan Elmlor Akademiyasinin Fizika Institutuna
gondorilon T.C. Coforov, elo homin il SSRi Elmlor Akademiyasmin Leningrad
sohorindo (indiki Sankt-Peterburg) yerloson Yarimkegiricilor Institutunun
aspiranturasina daxil olmus, burada “Diffuziya proseslori” laboratoriyasimin
miidiri, professor B.I.Boltaksin rohborliyi ilo "Xarici vo daxili elektrik
saholorinin  yarimkegiricilorde diffuziyaya tesiri" movzusunda namizadlik
dissertasiyasini yerino Yyetirorok homin Institutunun {ixtisaslasdirilmis Surasmin
iclasinda miidafio etmisdir.
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Miidafiedon sonra o, professor B.I.Boltaksin toklifi vo Yarmmkegiricilor Institutunun direktoru professor
A.R.Regelin dastayi ilo yarimkegirici strukturlarda diffuziya hadisalarinin tadgiqi ilo olagadar baglanmis isin davami
{iciin burada iso gebul edilmisdir. Islodiyi dévrde SSRI Elmlor Akademiyasinm A.F. loffe adina Fizika-Texnika
Institutunda (1972-1978), 1972-ci ildo Yarimkegiricilor Institutu A.F. foffe adma Fizika-Texnika Institutu ilo
birlosdirimis vo T.C.Coforov 1978-ci ilodok Fizika - Texnika Institutunun Diffuziya proseslori laboratoriyasina
rohborlik etmisdir. T.C.Coforov burada 1974-cii ildo "Yarimkegiricilords agqarlar arasi slagenin vo defektlorin
diffuziyaya tosiri” movzusunda doktorluq dissertasiyasmi miidafia edarak fizika-riyaziyyat elmlori doktoru elmi
doracasine layiq goriilmiisdiir. Doktorluq dissertasiyasmin naticalori rosmi opponentlor - Nobel miikafat1 laureati
akademik J.1.Alferov, professor V.1.Fistul vo professor Y.I.Uxanov torofindan yiiksok giymotlondirilmisdir. Qeyd
etmok lazimdir ki, T.C.Coforov ilk vo halo do yegans azorbaycanlidir ki, A.F.loffe adina Fizika-Texnika Institutunda
laboratoriya rohbori vazifasinds islayib.

T.C.Coforovun Yarmmkegiricilor, sonra iso A.I. loffe adina Fizika-Texnika Institutunda 20 illik foaliyyoti
dovriinde professor B.Il.Boltaks vo digor gorkemli alimlorlo {insiyyati neticasinds onun diinyagoriisii, elmi
maraqlarmm inkisafi vo elmi tadqiqatlara baghiligi formalagmigdir. Onun epitaksial strukturlarda defektlorin amalo
golmosi vo onlarmn diffuziyaya tosiri ilo bagli, diinya odobiyyatinda bu sahods ilk olan, keg¢mis Sovet vo xarici 6lko
tadgigat¢ilarin naticalorini imumilagdiran “Epitaksial strukturlarda defekt vo diffuziya” adl

Azorbaycan Elmlor Akademiyasinm prezidenti, Fizika Institutunun direktoru, akademik H.M.Abdullayevin
dovati ilo T.C.Coforov1978-ci ildon etibaron, Fizika Institutunda &ziiniin yaratdigi Diffuziya proseslori
laboratoriyasinin rohbori vo Fizika Institutunun elmi katibi kimi faaliyysto baglayaraq sonradan 1981-1994 illordo
laboratoriya rohbori olmagla borabor Fizika Institutunun elmi islor iizro direktor miiavini vozifesinds islomis, 2009-cu
ildan iso Giinos va hidrogen elementlori laboratoriyasmnm miidiridir.

T.C.Coforovun tadgigatlarmin osas istiqamotlori Yarimkegiricilordo vo yarimkegirici quruluslarda diffuziya,
habels Fotovoltaik giinas elementlari Vo nano quruluslu silisium asasinda hidrogen yanacaq elementloridir.

Onun elmi rohborliyi altinda igiq vo radiasiya sialanmasinin asqarlarin diffuziyasima, elektrik dagmmasma va
yarimkegirici heterokegidlords siialanma proseslorins tasirlori tizra kompleks todgigatlar hayata kegirilmis, agsqar vo
defektlorin miqrasiyas1 mexanizmi miioyyon edilmis vo stabil parametrlori olan bir swra qurgular (heterolazerlor
(AlGaAs-GaAs, CulnSy), LED-lor (CdS, CdTe, mosamoli Si), detektorlar (ZnS), tunel diodlar1 (GaAs va S.)
hazirlanmig vo totbiq edilmisdir

Nano-masamali silisium osasinda, effektiv giinog elementlori vo batareyalari, hidrogenin kimyavi enerjisini
elektrik enerjisino geviron ekoloji cohotdon tomiz hidrogen yanacaq elementlori hazirlanmus, daxilino fulleren
yelosdirilmis mosamoali silisiumda is1q stialanmasiin 200 dofayadok artimi alds edilmis vo izah olunmusdur.

1996-2006-c1 illordo T.C.Coforov Karadeniz Texniki Universiteti (Trabzon, Tirkiys) vo Yildiz Texniki
Universitetindo (Istanbul, Tiirkiys) dovat olunmus professor kimi ¢aligmisdir. Mosamoli soth sahosinin niimuno
hacmina nisbati bdyiik olan (taxminen 1000 m?/sm3) nano (mikro) - "siingar" qurulusa malik mosamoli silisium
hidrogen elementlori vo gaz sensorlari istehsali li¢lin ¢ox miinasib materialdir. T.C.Cafarovun rahbarliyi ilo Yildiz
Texniki Universitetinin alimlori mosamoli silisium (Au (Ag vo ya Cu) / Masamali silisium (PS / Si) - Sotky tipli
quruluslar ssasinda hidrogen torkibli gazlar va mayelordsn istifado etmoklo otaq temperaturunda islayan yeni tipli
asag1 giiclii hidrogen yanacaq elementlori hazirlamislar. Hidrogen torkibli bir mithitde (etan, metan, gliikkoza, bor
tursusu, natrium borohidrid, ammiak, hidrogen xlorid, Qara donizin suyu vs s.) yerlagdirilon bu ciir quruluglar
toxminan 500 mV gorginlik vo 30 W / m? -na gadar elektrik enerjisi sixlig1 yaradir. Bu naticalor portativ elektronika
Vo tibbi tatbigetmalor iigiin ucuz enerji moanbalorinin yaradilmasi vs inkisafini niimayis etdirir. Bundan oslavo,
Au/PS/Si-strukturlar1 xarici enerji monbayi olmadan isloyan hidrogeno hassas sensorlar kimi istifads olunur.
T.C.Coforov metal/masamali silisium strukturtar osasinda, hidrogenin kimyavi enerjisini elektrik enerjisine ¢eviran
vo otraf miihiti ¢irklondirmoayan, PEM (Proton Exchange Membrane) tipli yeni hidrogen elementlorin oldo etmo
texnologiyasini iglomis, hidrogen yanacaq elementlorindo olan fiziki hadisslorin mexanizmlorini aragdirmis vo
gostarmisdir ki, bu név elementlor tomiz elektrik manbayi kimi istifads edilo bilor.

T.C.Coforov foal elmi isi pedaqoji foaliyystlo ugurla birlogdirir. O, 1980-1993-cii illordo Azarbaycan Neft
Akademiyasinda ovozgiliklo professor vozifasindo isloyarok "Umumi fizika" ve "Yarimkegiricilor elektronikasi"
fonlori, 1996-2004-cii illordo Yildiz Texniki Universitetindo (Istanbul) dovet edilmis professor olaraq “Bork
maddolords diffuziya”, “Yarimkegiricilor fizikas1”, “Optoelektronika” vo "Yiiksok temperaturlu ifrat kegiricilik"
fonlori tizro miihaziralor oxumusdur.

T.C.Coforov 25-5 yaxin elmlor doktoru vo elmlor namizadi hazirlayib. O, giinos elementlarinin, hidrogen
yanacaq elementlorinin, infraqirmizi detektorlarin, yiiksok temperaturlu ifrat kegiricilorin vo s. tadqigi vo hazirlanmasi
ilo olagoli bir sira beynalxalq qrantlar (NATO, TUBITAK, SOROS, STCU, DPT vs s.) qazannusdir.

2014-cii ildo T.C.Caofarov Azarbaycan Milli EImlor Akademiyasinin akademiki se¢ilmisdir. 2006-2008-ci illordo
Azarbaycan Respublikasinin Prezidenti yaninda Ali Attestasiya Komissiyasinin "Fizika" ixtisasi tizro Ekspert
Surasinmn sadri, 2009-2011-ci illords Fizika Institutu nozdinds fiziki ixtisas1 {izro Dissertasiya Surasmin sadr miiavini
olmusdur.

T.C.Coforov Per la Ricerca Di Base Universitetinin (Molise, Italiya) foxri professoru, homginin MDB Elmlor
Akademiyalar1 Beynolxalq Assosiasiyasmin Funksional materiallar bolmesinin iizviidiir.

T.C.Coforov Rusiyada (Nauka, Enerqoatomizdat), ABS-da (Harwood Akademik Publishers), Almaniyada
(Springer), Xorvatiyada (Intech), Tiirkiyado (Yildiz Texniki Universiteti), Azorbaycanda (Milli Aviasiya
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Akademiyasi) nosr olunmus 13 monografiyanin, 350 elmi isin (o ciimlodon 140-a yaxin mogalo impakt-faktorlu
beynolxalq jurnallarda ¢ap olunmusdur) va 15 patentin miiallifidir.

T.C. Caforov 2020-ci ilds elmin inkisafida xidmatlorine géra Sohrat orteni ils toltif edilib. O AMEA-in Royasat
Heyatinin va Rusya Elmlor Akademiyasinin Foxri formanlari ilo taltif edilmisdir.

DOSENT DR. VILAYOT OLOKBOR OGLU 9LOKBOROV

Vilayat Olokbar oglu ©lakbarov 01.07.1948-ci ildo Azarbaycanin Gadabay
rayonunda anadan olmusdur. 1970-ci ildo Azarbaycan Dovlot Universitetinin
Fizika fakultesini bitirmisdir. 1975-ci ildon Azorbaycan Milli Elmlor
Akademiyasinin Fizika Institutunda miihondis kimi iso baslamisdir. 1986-c1ildo
“Polietilenin elektrik vo mexaniki dagilmasmmmn kinetikasma va molekulyar
proseslora selen olavasinin tosiri” movzusunda dissertasiya isini bitirorok
miidafio etmisdir.

1997-ci ilds Istanbul soherinda Yildiz Texnik Universitetinin (YTU) Fann
Odobiyyat  fakultosinin ~ Fizika bolimiindo elmi  todgigat  polimer
laboratoriyasmin qurulmast magsadi ilo dovet edilmigdir. Qisa bir middst
orzinds Fizika Institutunun yardim ilo laboratoriya qurulmusdur. Maraqli cohat
ondan ibaratdir ki, sintetik polimerlarin xam maddassi neft vo gaz mohsullaridir
Vo Tirkiyanin bu mohsullarla heg bir olagasi yoxdur. Baxmayaraqg ki, neft vo gaz
mohsullar1 istehsal olunmur, istanbul sohorinin hor yerinds ¢ox sayda miiasir
cihazlarla tachiz olunmus zongin laboratoriyasi olan polimer zavodlar vardir. Istehsal olunan plastik su borular1 (tamiz
vo kirli), plastik pancaralor va ¢argivalori, maigot ogyalari, avtomobil hissalori va s. diinyanin hor bir yerina ixrac edilir.

Yeni qurulan “Polimer Fizikas1” laboratoriyasinin omokdaslar1 “Dizayn qrup” plastik boru zavodunun
laboratoriyasindan istifado edirdilor. V. ©lokbarov 1998-2003-cii illordo “Dizayn qrup” plastik boru zavodunda
moaslohoatci vazifesinds caligmigdir. Umumiyyatlo, plastik boru ve izolyasiya kabellori istehsal edon zavodlarm
todqiqat laboratoriyalarinda ani mexaniki qirilmalar va ani elektrik desilmalori todgiq edirdilor. Realliqda iso plastik
borular vs izolyasiya materiallar1 miixtolif soraitds, miixtalif yiik vo elektrik gorginliyi altinda uzun illor qalirlar.
“Polimer Fizikas1” laboratoriyasimin asas istiqamoti miixtolif sortlordos mexaniki vo elektrik yasama miiddstini
milayyan etmokls, Xarici amillorin tasiri ilo qurulusda bag vera bilon dayisikliklori mexaniki v elektrik xassslori ilo
qarsilagdiraraq méhkomliyi artirmaq yollarini aragdirmaqdan ibarat idi.

V. Blokboarovun layihs rahbari vo tadgigatci kimi isladiyi osas tadqiqgat layihslori:

1. Poliolefinlor Temelinde Yapilan Polimer kompozitlorinds Mexaniki va Elektrik Gerilimlerinin Ayni Anda
Etkilerinin Incelenmesi. YTU Arasdirma Fonu Projesi, 99-01-01-01, Proje aragsdirmacisi, 1999-2001.
2. Development of Thermoelectric Materials and Creation of Devices for Various Purposes on their Base, NATO

projesi, PST. CLG.976815, Proje Arastirmacisi, 2000-2001.

3. Fibrilyar Biopolimerlerde ve Elyaf Katkili Sintetik Polimer Kompozitlerinde = Farkli Dis Faktorlerin, Elektrik
ve Mexanik Gerilimlerin, Nemin, UV- isinlarin  ve Cozeltilerin Etkisi Altinda Yipranma Olaylari, DPTO1-
01-01, Proje ~ Yoneticisi, 2003-2005.

4, Saint Petersburq State University of Technology and Design ile Y1ldiz Texnik ~ Universitesi Fizik Bolimii
arasinda Yapilan Bilim-texnik igbirlig1 Anlagmasi,  Yonetici, 2005-20009.

5. Biyogiivenlik Kapsaminda Transqenik Gidalarin Belirlenmesine Yonelik  Sistemlerinin olusturulmasi, DPT
Texnolojik Arastirma Projesi (23-DPT-07-  04-01) , Proje Arastirmacisi, 01-01-2003-01-01-2006.

6. Polimerik kompozitlerin Mekanik ve elektrik 6zelliklerinin Kararli Hale  Getirici ve Yipratici Faktorlerin

Etkisi Altinda Incelenmesi, YTU Arastrma  Fonu Projesi, 27-01-01-02, Proje Yéneticisi, 2007-2010.

V.9lokbarov, YTU Fizika Boliimiindo Professor vozifasindo isloyarkon bakalavr talobslorine timumi fizika
kursunu ( Fizika 1 vo Fizika 2), magistratura vo aspirant tolobolars ““ Polimer Fizikasina Giris” , “Dielektrik Fizikas1”
, “ Yiiksokmolekullu birlogsmolords spektroskopiya metodu” kurslarmi todris etmisdir. Magistr vo doktorluq
dissertasiyasiyalarina rohborlik edarok 2 magistr va 5 doktorluq dissertasiyalar1 miidafio etdirmisdir.

Universitetin Fizika boliimiinds ¢alisan miiallimlardon biri do Prof. Dr. Saval Mammodov idi. Laboratoriyanin
yaradilmasina rahbarlik edirdi. 2003-cii ildo xostoliyi Sobobi ilo vofat etdi. Bir ¢ox magistr vo doktorlug
dissertasiyalarina rahbarlik etmis, Fizika boliimiinds 6zal kurslardan dars verirdi. Universitet rohbarliyinin garar1 ilo
yeni yaradilan laboratoriyaya Saval miiallimin ad1 verildi.Hal-hazirda homin laboratoriyanin gapisina “Prof. Dr. Saval
Mamedov adma Polimer Fizigi” Laboratoriyasi 16vhasi vurulmus va Saval miiallimin adin1 dasiyir. Allah rohmot
elosin.

V. Blokborov va talobolorinin Fizika bdliimiinde Science Citation Index ( SCI) vo diger resenziyali elmi
jurnallarda 16 mogals yayinlanmigdir. Milli vo Beynalxalg simpoziumlarda, konfranslarda 17 tezisls istirak etmis va
konfrans kitablarmda ¢ap olunmusdur. 2010-cu ildon Fizika Institutunda aparici elmi is¢i vozifesindo omok
foaliyyatini davam etdirir. Allah uzun 6miir versin.

vilayet_elekberov@mail.ru ( Tel: 055 827 54 48)
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PROF. DR. iIMAN OSGORZADO

Prof. Dr. Iman Novruz oglu Osgorzade, 1962-ci ildo Agcabadi rayonu
Kobirli kandinds miiallim ailosinds anadan olmusdur. 1979-cu ildo Respublika 1
sayh fizika-riyaziyyat tomayiillii moktabi bitirmis vo homin il Respublika Fizika
Olimpiadasmin galibi olmugdur. 1979-cu ildo M.V. Lomonosov adina Moskva
Dovlst Universitetinin Fizika fakultasine daxil olmus va 1985-ci ilds bitirarak
toyinatla Kosmik Todgiqatlar Institutunda calismisdir. 1987-1989-cu illorda
Moskva Dovlat Univertsitetinin fizika fakiiltasindo diinya séhratli professor
K.K.Likharevin rahbarlik etdiyi laboratoriyada staj ke¢mis vo orada uzunmiiddatli
ezamiyystdo olmusdur. 1993-cii ildon etibaron Azorbaycan Milli Elmlor
Akademiyasmin Fizika Institutunun “Berk cisim nozariyyasi” laboratoriyasinda
isloyir.

1995-ci ildo Fizika Institutunda “Josephson olagoli layli sistemlordo
ifratkegiricilik” movzusunda namizadlik (rohbor: akademik F.M.Hasimzads) vo
2004-cii ildo “Layli sistemlords ifratkegiricilik vo onlar osasinda gurulmus
Jozefson strukturlarinin dinamik xassolori” mévzusunda doktorluq dissertasiyast miidafio etmisdir.

Iman Novruz oglu Osgorzads 2012-ci ildon etibaron Ankara Universitetinin professoru va komputer
miihondisliyi kafedrasinm miidiridir. Homginin bu Universitetdoki Ifratkeciricilik Arastrma Morkazinin direktor
miiavinidir. Todgigat obyektlori yeni sinif layli vo coxzonali ifratkegiricilor, Jozefson elementi dévralor vo onlar
osasimda qurulmusg kvant bitler, Jozefson soliton dinamikas1 va son illar geyri-salis mantiq, siini intellekt sahasidir.

2000-ci ildon etibaron forgli todqiqat grantlar1 miisabigslorinds galib gslorok (CRDF (Amerika), DAAD
(Almaniya), NATO postdoc (Tiirkiya), NATO reintegration (Amerika), CNRS-ANAS (Fransa), TUBITAK
(Tirkiys)) diinyanin miixtolif  Universitetlorinds va elmi morkazlorinde uzunmiiddatli ezamiyyatlords olmusdur.
2002-2011-ci il tarixlori arasinda Abdus Salam Beynslxalg Nazari Fizika Markozinin miixbir tizvii se¢ilmis vo orada
(Ttaliyanin Triyest gohori) tam bir ilo yaxm miiddstds todgigat ilo mesgul olmusdur.

Prof. I.N. &sgorzads ilk dofo Ginzburg-Landau nozoriyyasini iki zonali hal iigiin farqli  bir sokildo tadqiq
etmisdir. Ifratkeciricilorin fundamental fiziki parametrlorinin temperatura vo xarici magnit sahasine géra doyismasini
hesablanmigdir. ©ldo olunan naticalor son illor kosf olunmus yeni ifratkegirici birlosmolor-borokarbidlor (1994),
magnezium diborid (2001) vo domir-arsenid asasli (2008) maddalors tatbiq olunmusdur. Bundan slava geyri-
stasionar ikizonali Ginzburg-Landau tonliklori adadi iisullarla hsll edilorok Abrikosov burulganlarinin dinamikas1
aragdirilmigdir. Bu todqiqatlara Nobel miikafati laureati, akademik V.L.Ginzburqun kitabinda (“Superconductivity
and Superfluidity”, Springer, 2009) yiiksok giymat verilmis vo istinad etmisdir. Bundan olave onun asarlori bark
cisim fizikasi sahosinds maghur alimlar--W.Pickett, A.Gurevich, V.G.Kogan, I.Felner, S.L.Drechsler, V.Moshchalkov
Vo digarlari tarofindon yiiksok dayarlondirilmis va istinad edilmigdir. Homginin mikroskopik Eliashberg-Bardeen-
Cooper-Schrieffer nozorayyssi daxilindo layli ifratkegiricilorin ~ kritik temperaturu hesablanmis, onun
yikdagiyicilarmim sixligindan asilihigi tadqiq olunmusdur. Sonlu qalinliga malik layli sistemlorde Kulon dafetmasinin
kritik temperatura tosiri, belo ifratkegiricilordo plazma spektri aragdirilmigdir. I.N. Osgorzadonin ifratkegiricilik
sahosindoki todqiqatlar1 Azorbaycanda ilk dofs olaraq “Ycmexu ®usnuecknx Hayk™ jurnalinda iki icmal magalods
6z oksini tapmigdir.

I.N. Osgorzado ifratkegiricilor elektronikas: sahosinds Jozefson elementli geviricilor-stroboskoplarin nozori
osaslarmim yaradicilarindan biridir. Onun asarlerinds Jozefson elementli geviricilor-stroboskoplarin  zamana goras
ayirdetmo gabiliyystinin doyorlondirilmasi {iglin ilk dofo olaraq Xotti nozoriyys islonib hazirlanmis vo onlarin
hossasliginin 2 pikosaniya tortibinds oldugu gostorilmisdir. Bu arasdirmalar noticasinds bir icmal mogals ¢ap
olunmusdur. Yiiksok temperaturlu ifratkegiricilordon qurulan vo anharmonik coroyan-faza ifadssino malik olan
Jozefson elementlarinin volt-amper xarakteristikasi, plazma tezliyi hesablanmigdir. Homginin anharmonizmin
Jozefson elementlori osasinda qurulmus kvant bitlorin xarakteristikasma tosiri ilk dofo I.N. Osgorzado torofindon
todqiq edilmisdir. Yik vo faza kvant bitlorinin enerji spektri hesablanmis vo spektrdoki enerji araliginin sistemin
parametlorindon asihilig1 aragdirilmisdir. Ifratkegirici kvant bitlorin idars olunan xarakteristikaya sahib olan on
uygun bitlor oldugu gostorilmisdir. On son olaraq Jozefson soliton dinamikasi sahasindo aragdirmalar hoyata
kegirilmakdadir. Son illor  boyiik maraq kosb edan multiterminal Jozefson sistemlarinin xassolori tadqiq
olunmaqdadir.

Bundan olavo son zamanlar I.N. Osgorzado qeyri-solis montigin totbiqi mévzusunda todgigatlar hoyata
kegirmigdir. Coxdoyisonli qeyri-solis funksiyalarm maksimumunun tapilmasi {¢iin Lagrange metodu
timumilosdirilmisdir. Qeyri-salis montiq bir sira mithondislik problemlorins (qida mithandisliyi, tibb vo d.) totbiq
olunmus vo asasli naticalor oldo olunmusdur. Onun siini intellektin totbigi olaraq hoyata kecirdiyi todgigatlar
komputer mithondisliyi sahasinds tohliikesizlik, elektronik pullarmn istifadesi vo digarloriilo baghdir.

I.N. Osgorzads 50-don yuxar1 Beynolxalg Konfranslarin Toskilat Komitosinin iizvii vo plenar moriizogisi
olmusgdur. 2005 vo 2009-cu illordo Abdus Salam Morkazine ezamiyyeti zamani oradaki kitab kolleksiyasindan Fizika
Institutunun kitabxanasma 150-ys yaxin giymatli kitabin vo jurnalm géndarilmaesine nail olmusdur. Onun rohbari
oldugu Beynolxalq grantlar daxilinds Fizika Institutuna xiisusi maliyyo dastoyi verilmisdir. Tiirkiyada iKi ildon bir
kegirilon Ifratkeciriciloro aid Beynalxalg Konfransin Toskilat Komitosinin iizvii kimi cox sayda Azarbaycan vo Orta
Asiya alimino dostok verilmoasing nail olmusdur. Son illor Azarbaycan ve Ozbokistan fiziklorinin real slagolorinin
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yaradilmasina 6nomli dostok vermisdir. On son olaraq 2022-ci ildo Volkswagen Arastirma Markozinin BDU-da
kvant texnologiyasina aid gonc alimlar t¢iin kecirdiyi Beynoalxalq Yaz Moaktabinin-Konfransin toskilat¢ilarindan biri
olmusdur.

Prof. I.N. ©sgarzads ingilisco cap olunan Fundamental and Applied Superconductivity (Rusiya, FIAN), Ankara
University Communications (Tirkiys), Advanced Physical Research (Azasrbaycan) vo Proceedings of Institute of
Applied Mathematics (Azarbaycan) elmi jurnallarinin redaksiya heyatinin iizvudiir. Bundan slave o bir sira taninmis
Beynoalxalg jurnallarda (International J. of Modern Physics B, IEEE Transactions on Applied Superconductivity, J.
of Physics Condensed Matter, J. of Physics and Chemistry of Solids, Modern Physics Letters B, J. of
Superconductivity and Novel Magnetism, Physics Letters A, Advances in Condensed Matter Physics, Physica C
Superconductivity, Turkish J. of Physics, The European Physical Journal B, Applied and computational
mathematics, Turkish J. of Electrical Engineering and Computer Sciences, Computer Modeling in Engineering and
Sciences, Solid State Communications, Sadhana) royci olaraq faaliyyat gostarir.

Prof. I.N. Osgorzadenin rohborliyi altinda 5 namizodlik vo 1 doktorluq dissertasiyasi yerino yetirilib
miivoffaqiyyatlo miidafio olunmus va 21 magistr dissertasiyasina rohbarlik etmisdir. O, 232 maqals, 1 dars kitab1 vo
2 monogqrafiyanin miisllifidir. Moagalslorinin 210-u xarici jurnallarda (bunlardan 140 moagalo SCI-WoS siyahisina
daxildir) doarc olunmusdur. “Ycmexu ®@usuuyeckux Hayk” jurnalinda iki, “Texunueckas ®usnka” jurnalinda bir vo
“Low Temperature Physics” jurnalinda iso bir icmal magalonin miisllifidir. “Unconventional superconductors:
anisotropy and multiband effects” adli monoqrafiyasi 2012-ci ildo, “Modern aspects of Josephson dynamics and
superconductivity electronics” adli monoqrafiyas1 2017-ci ildo Springer-Verlag noasrtiyyatinda ¢ap olunmusdur.
Osarlarins edilon comi istinadlarin say1 2000-2 yaxindir. Hirsh faktoru ise 23-diir.

PROF. DR. OKTAY HﬁSES{iN )
(OQTAY XANHUSEYIN OGLU GUSEINOYV)

KOMMEHTAPHI AKAJIL S1.B 3EJIbJIOBUYA K
CTATBE “KOJUIAIICUPOBABIIUE 3BE3/Ibl B
COCTABE JIBOMHBIX”

(nanucana coBmecTHO ¢ O.X. I'yceiiHOBBIM)

Pabora, BBI3BaBIIasT B CBOE BpeMsl TI'POMAJHBIN
PE30HAHC U cITOCOOCTBOBABIIAS TOCTAHOBKE OOJIBIIIOTO
yhclia  HAONIONATENBHBIX ~ MPOTPaMM B psijie
obcepBatopuii. Crenys wuAesIM KOMMEHTHPYEMOM
cratey, B. Tpum0n n K. TopH cocraBuim oOMMpPHBINA
CIHCOK «KaHAWUIATOB B YepHbIE AbIpel». Cremyer TeM
HE MEHee OTMETHTh, 4YTO Omaromaps ycmexam
PEHTTEHOBCKO aCTPOHOMHHU TIOMCK YCPHBIX JIBIP
momen WHBIM 1myreM. OHAaKo Ui TOTO, YTOOBI
OTIIUYUTHh YCPHYIO JABIPY OT HEHTPOHHOW 3BE3/bI, M B HACTOSINCE BPEMs IOJIE3YIOTCS KPUTEPHEM MACCHI,
TIPEBBIIIAIONIEH ONpeIeeHHbBIN mpeen, okojo 3 Macc CoJHIa.

Bwmecte ¢ 3aMe4aHHEM O pOITM aKKPEINU Ha HEHTPOHHBIC 3BE3[l KOMMEHTHpYeMas paboTa CTUMYIHPOBaa TEOPHIO
158 Ha6J'IIO}IeHI/I$I KOHCYHBIX HpO}IyKTOB SBOJIFOLIUN» .

«ITockonbKy HEHTPOHHBIE 3BE37IbI MOTYT O0JIaZlaTh MOIIHBIMH MAarHUTHBIMH IOJISIMH, TO OT HHX, KaK BIIEpBbIE
ormetmu [1.P. Amuyame 1 O.X. T'ycetinoB B 1968 r., criemoBasio ObI 0KHUIATh CTPOTO MEPHOANIECKOTO UMITYIIECHOTO
nm3nydeHus. B 1971 r. B.®. [lIBapuman B ['AMII mokazan, 4TO SIBIEHHE PEHTTEHOBCHOTO Iydbcapa HOKHO
BO3HUKATh B PE3YJIbTATE 3BOJIOLUN HEUTPOHHOM 3BE€3/1bl B TECHOM JBOMHON CUCTEME»

“3Be3abl U 3Be3HbIe cucTeMbl” Ilox penakumeii J.51. MapreiHoBa

O Typuumu. U3 nocaennero nucbma O.X. I'yceiinoBa

«byny4un Ha NeHCUM ITPOIOIDKAIO MTUCATh HAYYHBIE CTAThH, HO MHOTO BPEMEHH OT/Al0 MHCAaHUIO HUKOMY HE HY)KHBIX
KHAT 110 (U3UKe. 37ech MX NHUITYT OYeHb IJI0X0. 3HAHWE OYeHb HU3KOE M KPYro3op y3Kuil. xoporiee oOpa3oBaHUE U
HayKa 3/1ecb, KaKk M B OOJIBIIMHCTBE MHpa, Kak IsATOe Koyeco. PazBuBaTh rojoBHON Mo3r He XoTAT. [loaTromy MHe
HeBeces10. MHe Bceria BCHOMUHAIOTCS BpeMeHa, Koria ObU1 HHTepec K 3HaHUAM. MHe HaJlo ObIIO )KUTh CpeH JIIoIeH,
T'7Ie IEHT 3HaHus 1 HayKy. K coxxanenuio, pa3BUTHS 3HAHUH W HAYKH Ha BOCTOKE HE XOTAT M 3allafHbIe CTPAHBL...»

Diinya miqyasinda taninmis vo biitlin diinya alimlori torofindon yiiksok qiymatlondirilon bir alim, Azarbaycan
Respublikasinda relyativistik —astrofizikanin banisi vo bu sahodo Azorbaycanda ilk elmi moktobin
yaradicisi, Beynolxalq Astronomiya Surasinin haqiqi tzvi, fizika-riyaziyyat elmlori doktoru, professor Oktay
Xanhiiseyn oglu Guseinov 1938-ci ildo Baki goharinds anadan olmusdur.

Oktay Guseinov 1963-cti ildo Azorbaycan Dovlot Universitetinin Fizika fakiiltosini bitiron kimi elmi hoyatinda
boyiik addimlarla irslilomoys baslamisdir. O halos talobs ikon son kursda oxuyanda ii¢ elmi moaqals yazmisdir vo 1963-
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cii ilin yanvarinda ilk islorindan birini izah etmok ticiin Moskva Dovlat
Universitetindo “Umumi Nisbilik” Nozariyyasine hosr olunmus iclasa
moruzaci kimi getmisdir. Iclasda indiki gorkemli Diinya misli Sovet va
Rusiya astrofiziki RAN-1n miixbir {izvii Igor Dmitriyevich Novikov ilo
tanig oldu. Xiisusi ilo gonc Oktaym bir isi daha maraqli goldi vo bu isi
D.Novikov 6z rohbaring, ii¢ dofs Sovet Sosialist Omoyi Qohramani
admna layiq goriiliib (1949, 1954, 1956), li¢c Lenin miikafati laureat1
(1949, 1962, 1974), dord Stalin miikafatina vo bir ¢ox miikafatlara vo
ordenlors layiq goriilmiis akademik Yakov Borisovich Zeldoviga
gostordi. Osl alim vo boylik insan, garsisindakinin millotino baxmaz,
savadina vo gordiiyii islors baxar.

SSRi-do atom bombasmnm (1949) vo hidrogen bombasinm
(1953) “Katyusa” adli moshur raketin yaradicilarindan biri olan
akademik Y.B. Zeldovich, Oktay Guseinov elm isi ilo tanis oldu, gonc
Oktaymn elms asiq oldugunu va ¢ox ¢aligqan oldugunu goriir, diisiinma
qabiliyystino qiymot verir vo 6z rohbarlik etdiyi qrupda caligmagi
toklif edir. Beloliklo, gonc Oktay elmdo on yiiksok zirvalora qalxmis
rohborin yaninda ¢aligmaga, biliyino bilik gatmaga boyiik bir sans
qazanir.

O, Guseinovun elmds 6ncadangdrme qabiliyysti var idi, fizika
qanunlarina ossaslanaraq verorok kosmosda olan astrofizik obyektlori
vo elmi hadisolorin gabaqcadan hiss edib olacaqlarina inanirdi, elmi todqiqatlar aparib mogqalolor yazirdi. Vo
dogrudanda illor kegdikco, vo texnika inkisaf etdikco miisahidolor zamani Oktay miisllimin prognozlasdirdigi
obyektlorin va elmi hadisslorin gerc¢akliyi tesdiq edilirdi.

Bunlardan bir necoesini sadalamagq kifayatdir ki, onun elmi irsinin no doracads yiiksok oldugunu dork etmok
miimkiin olsun.

Astrofizika vo kosmos elmlori iizro indiyadok iimiimilikdo az sayda Nobel miikafat1 verilib. Ug Nobel
miikafati qazanan todqiqatla bagli oan miithiim prognozlari nozariyyagi Oktay Guseinov verib, lakin Nobel
miikafatlarin1 Yaponiya, Amerika, Boyiik Britaniya alimlori aliblar.

Bu islorden danigaq:

1. NEYTRINO ASTROFiZiKASI

Yakov Borisovich Zeldovich
vo  O.X.Guseinov  1964-1965-c1
illordo Qalaktikamizda bir ulduzun
partlayist zamani bir saniyodon daha
qisa  vaxt orzinds, bu ulduzdan
toxminon 10%- don ¢ox neytrino ¢ixa
bilocoyini vo enerjilorinin  20-30
milyon elektronvolta ¢ata bilocoyini
hesabladilar vo mévcud olan neytrino
teleskoplart ilo bu neytrinolar1 qeyd
etmok miimkiin oldugunu dedilor.

1966-1968-ci illards Oktay
Guseinov, partlayls zamani ulduzun
icindoki plazmanm temperaturunun

- ' 10! doracoys qodar artmali oldugunu
gostsrersk neytrino vo antineytrinolarin eyni qador ¢gixacagini vo enerjilorin daha 6nco hesabladiglarindan da ¢ox ola
bilacoyini gostordi.

1987-ci ildo Magellan dumanliginda boyiik kiitloli ulduzun Supernova partlayisi miisahido edildi vo dagilmasina
sobab oldu (Galaktikamizinda son Supernova partlamasi toqribi 300 il 6nca olub). Yaponiyali Masatoshi Koshiba
“Superkamiokande II”” neytrino teleskopu ilo, eyni zamanda Amerika Birlogmig Statindan R. Davis partlamadan ¢ixan
hissaciklari geyd eds bildilor. Qeyd etdiklorina gora, 2002-ci ildo Nobel miikafati aldilar.

Yaponya va Amerika neytrino teleskoplari ilo geyds alinan antineytrinolarin enerjileri vo axilar1 Zeldovich va
Guseinovun prognozlagsdirdigi doyorlordo idi. Misahido olunan bu hissociklor Guseinovun prognozlasdirdigi
ulduzlarm partlayisi zamani ortaya ¢ixmali olan antineytrinolar idi.

Zeldovich ve Novikov yaziblar ki, bu ideya Guseinovundur (Referans: Uspehi Fiz.Nauk.1965, 86, No.3, 473).

ABS-11 professor V. Trimble va P. Leonard (PASP 1996. 108, p.8-34) bu movzu ilo bagli yazdiglarindan
“...¢0kma sonucunda olusan supernova patlamasindaki neytrino akinisi éngoron Zeldovich va Guseinovun (1965) va
gegmistaki partlamalar sonucunda olusan neytrino fonuna ragmen kollapsdan kaynaklanan anti neytrinolarin
gozlenebilecek diizeyde olabilecegini oncadongéran Guseinov (1966) kimi iki bilim adami ilo sarsildik” demisdir.
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Yakov.Zeldovich, hoyat yoldasi Anjelika Yakovlevna
va Oktay Hiiseyinin ailosi ilo. Baki.

Ya.B.Zeldoviga hosr olunmus kitabda (1993,
soh.258) akademik R.Syunyaev belo yazir:

“Kvant ve Granat uydularindan alinan datalar
ve bu konudaki sonuglarimiz onu (Zeldovich’i) ¢ok
sevindirirdi. Ama o bana hi¢chir zaman demedi ki
onun O.H.Guseinovla dngérdiigii ve sonralar
Supernovadan gozlenilen neytinélere bagl isi cok
daha onemlidir. Ben de bunu zaten c¢ok giizel
anliyordum”.

1. Ya.B. Zeldovich, O.H. Guseinov — “Neutronization of matter during collapse and the neutrino spectrum”,
Doklady AN SSSR, v.162, No.4, 1965,

2. Ya.B. Zeldovich, O.H. Guseinov — “Neutronization of He-4”. J.Exs. Theor.Phys., Letters, 1965, 1,11

3. O.H. Guseinov — “On experimental possibilities of detection of the collapsed stars”, Aston.J., v.43, p.772,
1966, , Sov.Astron., v.10, p.613, 1968.

4. O.H. Guseinov — “Neutrino radiation during stellar callapse”, Astron.J., v.45, No.5, 1968, Soviet Astronomy,
v.12, p.783, 1969.

2. RADIO VO RENTGEN ASTROFIiZIiKASI

1966-c1 ildo O. Guseinov va onun talobasi Pesach Amnuel, ilk pulsarlarin tapilmasmdan 6nco, fizikanin tomol
biliklorine asaslanaraq, miioyyon goy cisimlarindan periodik rentgen X-siialarmin yayila bilocayini prognozlagdirdilar.

O. Guseinov mogaloni yazdigdan 6 ay sonra Boyiik Britaniyada, Cambridge astrofizik qrupunun rshbori,
Antohny Hewishin bas¢iligi ilo planetlorarasi miihitdo radio stialanmasinin todqiqi zamani, aspirant Jocelyn Bell
tarafindan goézlonilmayan, miintazom olarag, yenilonen bir signal qeyd etdi. ©vvalca bu hadiss gizli saxlanildi (Onlar
elo bilirdilar ki, signal bagqa bir planetds yasayanlardan goalir).

Azorbaycani tomsil edon alimlorimiz P.R. Amnuel, O.X. Guseinov - “X-ray at the accretion of interstellar
matter”, Izvestia AN Azerb.SSR, No.3, 1968 mogalasinds prognozlasdirdiglar: obyeklora “PULSAR” adi verildi.

Pulsarin kosfi astrofizikada yeni bir dovriin baglangici kimi qabul edildi.

Kembric Universitetinin Mullard Radio Astronomiya
Rosadxanasinin meridian radio teleskopu ilo signali geyd
etdiklorino goro, A. Hewishin 1974-cii ildo bu pulsarlari
Nobel miikafatina layiq gorildii.

Prof. V.M.Lipunov, Astrophysics of Neutron Stars
(Springer-Verlag, 1992, P.6): “Animportent idiological
and psychological barrier was surmounted by the Soviet
scientist Amnuel and Guseinov (1968) who pointed out the
need to take into account the magnetik field of neutron
stars. Jt follows from general consideration that neutron
stars must have strong magnetic fields, and the accreting
matter under real conditions is a good condacting plazma.
The way in which matter falls onto a star may change
dramatically in a magnetic field. Thus, even a spherical
incidence in the vicinty of a neutron stars may lead to an
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anisotropy in the distribution of matter, and hense of radiation as well. As a result of the rotation of neutron stars,
the radiation apears to an observer as periodically pulsating.”

P.R. Amnuel, O.X. Guseinov - “The influence of parameters of interstellar medium on the accretion by neutron
stars”, Astron. Nachr., v.294, p.139, 1972

Prof. V.M. Lipunov Astrophysics of Neutron Stars (Springer-Verlag,1992, p.11-12) yazib: “All publications
conserning the accretion theory of neutron stars before the lanching of Uhuru were made be Soviet
scientists. (Neytron ulduzlarimin akkresiya nazoriyyasi ilo bagl biitin nasrior sovet alimlori torafindon
hazirlanmigdir):

Novikov, Zeldovich 1966; Bisnovaty-Kogan, . Shvartsman 1970,1971;
Shklovskiy 1967; Fridman 1969, . Amnuel, Guseinov 1972;
Amnuel, Guseinov 1968; Amnuel, Guseinov 1969; Shakura 1972.

Zeldovich, Shakura 1969; Guseinov 1970;

AMEA Fizika institutu.

3. NEYTRON ULDUZLARIN VO QARA DOLIKLORIN YAXIN QOSA ULDUZLARDA AXTARISININ
VACIBLiYi VO ONLARIN GUCLU RENTGEN SUA MONBOLORININ OLMASI HAQQINDA

Zeldovig vo Guseinov tapilan monbolorin tabisti ilo maraqlandilar. X-giialarinin monbalorinin komponenti
Neytron ulduzu vo ya Qara Dolik olan yaxin qosa ulduzlar ola bilocoyini gostorarok bu ulduzlarm neco miisahido
edilocayini 1965-ci ilds agiqladilar.

0O.X. Guseinov 1970-ci ilde maqalesinds qosa ulduz sistemins daxil olan Neytron ulduzunun, Qara daliklorin va
Qosa ulduzlarin hansi xiisusiyyetlors malik ola bilocoyini izah etmisdir.

Ulduzlar vo qalaktikalar tokcoa gériinen isiq deyil, hom do rentgen siialar1 yayirlar. Bununla bels, rentgen siialari
yer atmosferindon kegorkon udulur, ona gors do kosmosdan galon rentgen siialar1 yalniz peyklordoki teleskoplar
vasitasilo dyranilmalidir.

UHURU ilk orbital rentgen rosadxanasi 1971-ci ilde quruldu va bu peyk iso baglayandan sonra O.X. Guseinovun
ideyalar1 vo prognozlari tosdiq edildi vo rentgen pulsarlar (X-ray pulsars) askar edildi.

Andrew G. Lyne and Francis Graham-Smith. Cambridge, U.K.; New York: Cambridge University Press, 1998.
(Cambridge astrophysics series; 31) ISBN 0521594138 “PULSAR ASTRONOMY” adli kitabinin her giriginin 2-Ci
sohifosindo geyd ediblor: ”Condensed stars, either weite dwarfs or neutron stars, were predicted to be observable
sources of X-rays. In 1964 indipendent predictions were made by Zeldovich and Guseyinov and Hayakawa and
Matsouka, introducing the concept of binary stars systems as X-ray sourses...”

I. Novikov “HOLES | IN SPACE AND TIME” kitabinda 2006, p.112,

“I wish to emphasize that organizing a search for relyativistic objects in tne Universe was pioneered in 1965
by Yakov Zeldovich and Oktay Guseinov.”

M. Longair “THE NEW COSMIC CENTRY. A HISTORY of ASTROFHYSICS AND COSMOLOGY”, 2006
p.199, kitabinda bels yazir:

“...in 1965, Yakov Zeldovich and Oktay Guseyinov (b.1938) had proposed that the observation of X-ray or y
—rays from single-line spectroscopic binaries might be the sinnature of eithe a neutron star sor a black hole...”

Riccardo Giacconi "UHURU" orbital rentgen rosodxanasmin elmi proqramlarma rahbarlik etmisdir vo bu X-
sliasmin monbaslorini peyk vesitasi ilo tapdigina gore 2002-ci ildo Nobel miikafatina layiq gorillmiigdiir.

Ya.B. Zeldovich, O.H. Guseinov — “Collapse of stars in binaries” Astrophys.J., v.144, p.840, 1966; Astron.J., No.2,
1966

O.H. Guseinov, H.I. Novruzova — “Collapsing stars in binaries” Astron.J., No0.1,1971, Sov.Astron., v.15, No.1,
p.173 1971
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Akademik Keldis Mstislav Vsevolodovig Azorbaycanda is safarinda

3. G.V. Akhundova, O.H. Guseinov — “Radial velocities of stars HD 28052, 37507, 104321, 057677, Astrofizika,
1973, 9 479

o &

O.H. Guseinov — “Black hole -a component of massive emitting stars”, Astrofizika, No.2,1973
0O.H. Guseinov, H.l. Novruzova, Sh.Yu. Rakhamimov - “On the searches of influences of invisible components

in the spectra of stars HD 28052, 31109, 37507, 56986, 104321, 205767 «, Astron.J. No.4, 1974, Sov.Astron.,
v.18, No.4, p.464, 1975
6. O.H. Guseinov and Ya.A. Mamedov — “Resolution of binary-star components”, Sov.Astron., v.18, p.662, 1975

Notico olaraq, yuxarda geyd olunan &lkomizi tomsil edon O.X. Guseinov torafindon qabagcadan
prognozlasdirdig1 galaktikalarda movcud olan astrofizik obyektlor tapilib vo elmi hadisaler tasdiglonib.
Miisahidslori ilo bu islori tasdiq edonlorin hamis1 Nobel Miikafatina layiq goriiliiblor:

e Japoniyali Masatoshi Koshiba vo Amerikali R.Davis, 2002-ci ildo
e Ingiltorali Antony Hewish, 1974-ci ildo
e Italiyali Riccardo Giacconi, 2002-ci ildo

2002 ilo godor kosmologiya tizro verilmis 6 Nobel Miikafatindan 3-ilo slageder prof. Oktay Xanhiiseyin oglu
Guseinov apardigi tedqiqatlarin noticoesinds, son deraco mithiim 6ngoriilori ilo Azorbaycanl alimin adimi Diinya
Kosmologiya tarixine yazdird1.

Biz bununla foxr edirikmi?

2002 R. Davis o . .
M. Koshiba Kozmik nétrinolar1 gézlemesinden dolay1.
2002 R.Giacconi Kozmik X-1gin1 kaynaklarmin kegfedilmesine gétiiren ¢aligmalarindan dolayi.
1993 R.A. Hulse Einstein'nin genel gorelilik teorisinin dngordiigii kiitle cekim dalgalarmi bir
J.H. Taylor Jr. cift pulsarda dogrulamalarindan dolay1
1983 S. Chandrasekhar Chandrasekhar; Yildizlarin yapisi ve evrimleri {izerine yaptig1 teorik
caligmalardan dolay1. Fowler; evrende kimyasal elementler olusumundaki
W.A. Fowler . . L 9 .
niikleer reaksiyonlar iizerine yaptigi teorik ve deneysel ¢caligmalardan dolayi.
1978 A.A. Penzias I
R W. Wilson Kozmik Mikrodalga Fon Isimasmin kesfinden dolayi.
1974 M. Ryle Ryle; gdzlemleri, buluslar1 ve sentetik a¢iklik tekniginden dolay1. Hewish;
A. Hewish radyo Pulsarlarin kesfinden dolay1.
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O. Guseinovun yazilarindan: Zeldovich'in Amerika’ya
gitmesini ¢ok istedigini ve oradan onu kag defa, giizel sartlar
vaat ederek, davet ettiklerini hatirliyorum. Ama Zeldovich ¢ikis
icin izin alamiyordu. Nahayet, 1987 yilda Amerika’yva gide
bildi. Hemen yil, Nobel ddiilliine laiq gériilmiis Rudolf
Méssbaur basqa bilim adamlart ile Zeldovichi kimyadan mi
veya fizikten mi Nobel Odiiliine aday verilmesini tartismaga
baslamisti. Amma olmadi... hemen yiuhn Aralik aymin 2-de
Yakov Borisovich kalp krizinden vafat etdi ve bu tartismalara
gerek kalmadi. Ciinkii Nobel ddiilii sartlarina gore bu 6diil
yalniz sag olanlara verilebilir.

(Hatwrlatalim ki, biiyiik fizik¢i Ernest Rutherford Nobel
odiiliinii kimyadan almisty). Amerikalilar Zeldoviche Nobel
odiilii veremediler, ama onun adina 1990 yida (Sovyetler
Ulkesi ile birlikte) madalya tesis ettiler:- «ZELDOVICH
MADALYASI», yanma bilim dalinda biiyiik sonuglar elde
edenlere verilir.

0.X. Guseinov — “X-ray source in binaries “, Sov. Aston. 1970, 47, 1143.
Bu isi O.X. Guseinov Tiirkiyads olarken bels xatirladirdi:

“1971 once X-ray kaynaklarinin noktasal olup olmadig: bile bilinmiyordu, giinkii koordinatlarinin belirsizligi
4-5 derece kadar olurdu. Bunlarin ne olduklarimt belirlemek icin ve hangi optik yidizin bileseni oldugunu
ctkarmak icin ongordiigiimiiz cift X-ray kaynaklarin X-ray ve optik bantlarda nasil bir ézellikleri olmasini bulmak
gerekirdi. Bu isi 1967 dergiye génderdim, ama sonuglarin inanilmaz ve béyle bir isin ¢ok erken oldugunu
diisiinerek, ancak 1970 yilinda yayinladilar.”

Prof. V.M. Lipunov “Astrophysics of Neutron Stars” (Springer-Verlag, 1992).

Page 11:

“The X-ray radiation emitted by an accreting neutron stars must be subjected to several periodic modulations
(Guseinov 1970): 1. Short pulsations due to the rotation of the neutron stars, and 2 variations with anorbital period
associated with the eclipses of the X-ray sourse and with the variation of the accretion rate due to a change in the
separation between the componentsof the binary system. Such sourses wereindeeddiscoverid soon after on the
American satallite Uhuru.”

Page 13:

“The fact that X-ray pulsars belong to binary systems was estabblished from X-ray eclipses and from the
variation period due to orbital motion, i.d., from the effects mentioned by Guseinov (1970).
Van Den Haewel da 1972-ci ilds “Nature” urnalinda Cyg X-1 tapildigdan sonra bu is haqqinda danigdi.

Oktay Hiiseyn 1992-ci ilde Tiirkiyenin professor doktor Ali Alparin dovati ilo ODTU-ds islomoys baslayib. 1995-ci ildo TUBITAK
prezidentinin (Prof. Dr. Tosun Terzioglu) tesabbiislari ils “mashur alim xiisusi statusu” il Tiirkiya vatandasi olub.

0.X. Guseinov akademik Zeldovigin tolobasi olaraq Azarbaycanda ilk astrofizika elmi moktobini 1966-c1 ildo
yaratmigdir vo bu sahodo ugurla calismaqda davam edon bir ¢ox yiiksok dorocsli alimlor yetisdirmisdir (hom
Azorbaycanda, hom do Tiirkiyado).

0O.X. Guseinov 1966-c1 ildo Moskva Dovlst Universitetinds ugurla namizadlik dissertasiyasini, 1978-ci ilds iso
SSRi EA Kosmik Todgigatlar Institutunda iic dofs Sosialist ®moyi Qohromani akademik Y.B. Zeldovigin
moslohotgiliyi ilo altinda doktorluq dissertasiyast miidafio etmisdir (Qeyd etmok lazimdir ki, O.X. Guseinovun
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doktorluq dissertasiyasi 1968-ci ildo artiq hazir idi, amma ermoni akademiki V. Ambartsuman torafindon forgli
bahanoalor ilo qosdon toxira salindi vo ilbail miidafio vaxti uzadildi. Oktay Guseinov buna fikir vermirdi, elmi ilo
mosgul idi, hom do neganci ildo miidafio edocayi onun ti¢iin prinsipial mosslo deyildi. (O zamanlar biz ermanilar ilo
dostca davranirdiqg, bu sabobdon O. Guseinov bu isin belo olacaginin forqine varmayib. Amma ermonilorin bizo qarsi
paxillig1 vo nifrati hor zaman haor mévzuda olub, V. Ambartsuman da harokati ilo bir daha bunu tasdigloyib).

JOB EXPERIENCE

1. 1966-1967: Shamahi Astrophysical Observatory
(Azerbaijan), Expert Researcher

2. 1967-1968: Azerbaijan Astrophysical Observatory,
Associate Professor

3. 1968-1982: Shamahi Astrophysical Observatory Vice
President and Theoretical Astrophysics Department
President

4. 1976-1977: Baku Cosmic Research Centre Cosmic
Physics Department President (part time). Producing
scientific ideas and instruments for orientation and targeting
of X-ray satellite detectors to appropriate positions on Earth
5. 1982-1992: Baku Physics Institute Astrophysics
Department President

6. 1992-1995: Middle East Technical University

Department of Physics, Ankara, Full Professor
7. 1995-1997: Marmara Research Centre (Gebze), Chief Expert Researcher
8. 1997-2005: Akdeniz University Department of Physics, Antalya, Full Professor
9. 2003-2004: TUBITAK Feza Giirsey Fundamental Sciences Research Centre, Istanbul
10. 2005 september — pensioner

MEMBERSHIPS

International Astronomical Union, 1973

MEDALS and PATENTS
1. Two medals by Soviet Authorities for scientific contributions
2. One Soviet patent for discovering a system to scatter long headlights of automobiles for weakening their effects
on human eyes
3. Russian Republic Patent for discovering a special eyeglasses to weaken the effects of long headlights of
automobiles on human eyes

COURSES GIVEN
At various universities in Baku between 1966-1992 and in Turkey since 1992: Astrophysics, General Physics,
Thermodynamics, Statistical Physics, Atomic and Nuclear Physics, Particle Physics, Special and General Theory of
Relativity, Electromagnetik Theory, High Energy Physics and Astrophysics, Special Studies in Physics (for M.S. and
Ph. D. students).
; i e BN

Montreal Canada 1977

Sotlandiyanin Kral Astronomu, Edinburq
Universitetindo Astronomiya professoru ve
Edinburqdaki Kral Rasadxanasinin direktoru,
Kembric Clare Hall Kollecinin professoru va
vitse - prezidenti Malcolm Longair, Amerika
Birlogmis Statlarnda “THE NEW COSMIC
CENTRY. A HISTORY OF
ASTROPHYSICS AND
COSMOLOGY” 2006, Cambridge-do kitab
nasr edib. Burada 1900-2000-ci illor arasinda
kitabin movzusunu togkil edon sahalor {izra on
mithiim elmi naticolordon vo bununla bagl
masalolordon bohs edilir va bu noticalorin
miiolliflorinin adlari, soyadlar1 vo yasadig: illor
verilir. Qeyd etmok lazimdir ki, tiirkdilli
dovlatlordan tak bir adamin - Oktay Guseinovun adi tarif il ¢akilib vo onun elmi nailiyyatlorindon strafli bahs edilib.

SSRi Elmlor Akademiyasmm bir qrup akademiklorinin istiraki ilo 1987-ci ildo “BEJIMYAMIIIUE
JIOCTVDKEHM ST COBETCKOM HAYKH Y TEXHUKU B ITEPUO]] ¢ 1917 o 1987 rox” adli kitab hazirlanib.
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1917-1987-ci illor arasinda Sovet elmina vo texnikasina on boyiik nailiyyatlorin kimlar torafindon gazandirildigi
haqqinda molumatlar toplanib vo kegmis SSRi-nin tiirk monsoli iki soxsinin ad1 geyd olunub: Oktay Guseinov va
Emin Tagiyevin.

Kas elo bir zaman golo ki, Guseinov Oktay kimi, Emin Tagiyev kimi va digor gorkomli Azorbaycanli
alimlorimizo 6z dogma &lkalorinde doyar vo qiymot veriloydi.

Dord monografiyanin miiallifi olan prof. O.X.Guseinov 46 illik elmi vo elmi-togkilati faaliyystinin naticasindo
astrofizika, radio vo rentgen astronomiyasina verdiyi tohfolor miiasir elmin bu istigamatlorinin formalagmasinda
mithiim yer tutur.

O, Rusiya Federasiyasinda qeyd olunmus 2 patentin miisllifidir. Cox sayda Beynslxalq Elmi yigincagin
istirak¢is1 vo Beynolxalq Astronomiya Surasinin haqigi tizvii olmusdur.

SSRi-nin iki medali ilo toltif edilmisdir.

Miisahids olunmasi imkansiz olan Qara dslik adlanan soma cisimlorinin qosa sistemlords axtarisi tisulunu
diinyada ilk dofs olaraq Guseinov toklif etmis vo bu tisulu tatbiq edarak belo obyektlorin siyahisini vermisdir.

“A Complete Catalog of Galactic Supernova Remnants”, X-ray kataloglarini, Ag cirtlanlar kataloqu, ve PSR
kataloqlaridaO.X. Guseinov rahbarliyi ila darc olunub.

Onun yalniz aparici xarici jurnallarda 300-don ¢ox darc olunmus elmi asarlori var. Bu elmi asarlors 1000-dan
¢ox istinad olunub vo indido bu istinadlar davam edir.

0. X. Guseinav, E. Yazgan, A. Ankay (editors), “NEUTRON STARs, SUPERNOVA AND SUPERNOVA
REMNANTS” Nova Science Publishers — New York, 2007 (ISBN: 1-60021 - 548- 3).
https://www.amazon.com/Neutron-Stars-Supernovae-Supernova-Remnants/dp/1600215483

Amerika Birlosmis Statlarinda dorc etdiklori bu kitab1 O.X.Guseinov vo onun taloboslori E.Yazgan, A. Ankay
0z hoyat yoldaglarma hasr etmiglor.

Oktay H. Guseinov..
Efe Yazgan ;

Askin Ankay 8

Editors

Neutron Stars,
Supernovae and
Supernova Remnants

Canada 1977 il.

Oktay Guseinov 2009-c1 il mart aymin 25-ds Tiirkiyads vofat etmis vo Antalya soharinds Uncali mazarhginda
dofn olunmusdur.

TOLOBOLORI VO HOMKARLARI O.GUSEINOVU BELO XATIRLAYIR:
Pesach Amnuel:

Astrofizikada faaliyyatimla bagl an gozal xatiralor Oktayla bagh xatiralor, miibahisalarimiz, magalalorimizdir...

Sonuncu kursda oxuyurdum, o vaxt astronom olmagi istayirdim, amma xayal etmirdim, ¢tinki fakiiltods
astronomiya sobasi yox idi, Moskvada oxumaga isa pul kifayat etmirdi.

Sonra hayatimda bir hadisa bas verdi. Oktay Moskvada Yakov Borisovi¢ Zeldovigin rahborliyi altinda yenico f.-
r.e.n. ddissertasiyasini miidafia etdmisdi va darhal SAO-nun elm iizra direktor miiavini tayin edildi.O, iscilori
gotiirmak tigtin universiteta galdi. Man besinci kursda oxuyanda sinifin qapisinda moni otuz yaslarinda, ciddi bir gonc
gozlayirdi. Soyadimin Amnuel olub-olmadigini sorusdu. “Monim adim Oktaydir” dedi, «Dekan mona dedi ki, son
astronomiya ila maraqlanmirsan. Monimlo islomok istordinizmi?" Olbatta!- dedim. Beloca Oktay Xanguseynovig
Guseinov manim elmi rahbarim oldu.

Sonra Oktay mani rasadxanaya apardi, onun rohbarliyi ilo falsafa doktoru dissertasiyast miidafio etdim. Biitiin
maqalalori hom miialliflikdo yazmigdig va soyadim miialliflor siyahisinda birinci idi, baxmayaraq ki, Oktaymn rolu tobii
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ki, mandon béyiik olurdu - amma o, bir ¢ox bagqa “miidirlordon” forqli olaraq, miialliflorin adlarinin alifba sirasi ila
olmasini talob edirdi.

Birlikda ¢ox is gordiik, halo do elmi adabiyyatda istinadlar tapmaq olar. 1974-cii ildo biz yazmisdiq ki,
Qalaktikada Scorpio X-1-dan 10.000 dafs zoif parlagliga malik toxminan 10.000 zaif rentgen manbayi ola bilor. N
qador etiraz edildi! Ola bilmaz, deyirdilor, spektrin maksimumu yumsaq oblasta ke¢ir, monba ultrabanévsayi olur-...
Amma 20 ildan sonra zaif manbalor daqiq prognozlasdirilan miqdarda tapild.

1974-cii ildo biz sintetik X-ray nova isiq ayrisini "¢okdik" - o zaman partlayisdan sakit fazaya qador dévrdon
bela bir monba halo miisahida edilmomisdi. Biz 20 obyekt haqqinda fragmentlar malumatlar topladiq va "tikdik” - bu
isa asasan xarici jurnallarda ¢oxlu istinadlar var.

Daha sonra Qalaktikada zaif rentgen manbalorinin paylanmasi, qosa sistemda SUpernova partlamasi zamani na
bag vermasi va ulduzun giiclii magnit sahasi varsa, supernova partlamasinin neca bas vermasi haqqinda da yazmigdiq.

Sonra biz planetar dumanhiqlara yeni masafalor migyast qurdugq - onlarin radio emissiyasi ila, avvallar bunu heg
kim etmomisdi.

Yetmiginci illarin ortalarinda Oktay deyirdi: xaricda ¢ap etmak lazimdir, o zaman is diqqat ¢okar. Va o vaxtdan
bari biz “Astrophysics and Space Sciences” jurnalina maqalalor tagdim edirik va 1978-ci ilda Astrofizika Jurnalinda
"X-stialart Manbalarinin Tam Kataloqu" nasr olundu va biitiin hekaya budur.

Bu, an niifuzlu astrofizika jurnali pulludur va kataloq béyiik idi, demoak olar ki, 700 obyekt, o dévrda diinyanin
an dolgun rentgen kataloqu idi. 12 min dollara yaxin pul vermak lazim idi, biz bela pul gérmamisdik, institutda da yox
idi. Bu ayri bir hekayadir.

1977-ci il idi. Yayda, Moskva yaxinligindak: alimlor saharinda, Protvinoda rentgen astrofizikasi iizra ilk Sovet-
Amerika konfransi kegirildi. ABS-dan Amerika kosmik rentgen programinin rahbari Corc Klarkin bas¢iligy ilo béyiik
bir niimayanda heyati galdi; bizim torafimizdan relativistik obyektlorlo masgul olan biitiin aparict astrofiziklor istirak
edirdi. Oktay Guseinovia man da 506 manbadon ibarat béyiik bir kartotekani gotiiriib Protvinoya getdik.

Bir giin Corc Klarkin yanmina galdik va igsimiz hagqinda damgdiq. O, kartotekani gormak istadi, kartlart uzun
miiddat yerdayisdirdi va dedi: - “Bu darhal darc edilmoalidir. Bela tam katalog halo movcud deyil, va buna ¢ox ehtiyac
var”. "Harada doarc etmali? sorusduq. "Ola seydir." "Olbatta, Astrofizika Jurnali” - deya Klark cavab verdi. O,
astrofizika iizra diinyanin an niifuzlu jurnali idi (va halo doa qalir).

Amma jurnalda bir maqals dorc etmak ii¢iin hor sahifa ticiin 60 dollar 6damalison, katalogumuzda iki yiiz sahifo
var amma bizim bir dollarumiz belo yoxdur!

Rasadxanamiz isa komak eda bilmadi. Biz Klarka hor seyi danigdiq, o cavab verdi: “Maqals hazirlayin, géndorin.
Diistintirom ki, istisna edib materiali ddanissiz qabul edacaklor”.

Moaqalonin hacmi bir yazi makinasinda yiizo yaxm sahifs tutdu, dstalik cadvallor, qrafiklor, histogramlar ...
Gondorildi. Ug aydan sonra biza maktub galdi ki, magala gabul olunub va jurnalin Slavasinds (Astrophysical Journal,
Supplement Series) dorc olunacaq. Moaktuba 6000 dollar mablaginda ddanis etmak zorurati hagqinda kagiz da alava
olunub.

Tobii ki, biz bela bir mablagin yiizda birini belo tapa bilmadik va qarara galdik ki, bu barada darc olunan hekaya
bitmis hesab edil bilor. Bu nazarda tutulmayib. Bununla bela, man Klarka maktub yazaraq maqalonin niya darc oluna
bilmadiyini izah etdim. Bir ay ke¢gmomis Klarkdan moktub goldi. Maktubda masalonin hall olundugu va nasrin
xarclorini Kolumbiya Universitetinin odayacayi bildirilib. Maktub haqigatan do jurnalin iinvanina alti min dollarin
kogiiriilmasi ila bagl miihasibat hesabaty ilo miisayiat olunmusdu.

1978-ci ilda bu katalog nagr olundu va Klark sonradan biza yazdigi kimi, onun malumatlarindan yeni rentgen
miisahidalorinin hazirlanmasinda istifads edildi. Kataloga ¢oxlu Istinadlar var, vaxtasirt man indid> bu kataloga
verilon Istinadlara rast galiram.

Bizim kataloqumuz sovet astrofiziklori tarafindon, bu xarici aparici jurnalda ilk nagr olunmus ilk katalog oldu.

Oktay hocanin vefatin1 duyan Moskova Kozmik Arastirma Enstitiisiinden
Prof. Genadiy Besnovatiy-Kogan soyle diyor:

“Oktay, 20-21 aswlarin en yetenekli Azeri astrofizik¢isiydi, belki de
biitiin tarihin.

O fizik¢i-filozoftu, fizikgi-matematik¢i degildi, sirf bu yiizden onun en
onemli ¢alismalari-en derin fikir ve diisiince analizlerinin sonu¢laridir, formiil
ve uzun hesap yapmalar degil... Iyi ki astrofizigin yeni bélgesinde ¢alismaya
basladi, orda ¢aligmalar: ¢ok verimli oldu.

Ayrica Zeldovig’in yanminda okuyup ¢alisabildigi icin de ¢ok sansliydi.
Bence Oktay’in en énemli ¢calismalarindan biri Zeldovic’e birlikte vardiklar:
sonug¢ olan Supernova olayt zamanmi ansizin Nétrino isimasi patlamasi
ongoriisii olmustur (1965 yilinda ongériidii, 1987 yilinda Magellan bulutunda
Supernova SN1987A4 patlayis zamaninda gergekten de nétrino bulundu.

Bu sonug deneysel fizikte Supernova nétrinosu aranmast gibi 6nemli bir bransin agilisi olmustur.

Diger miihim ig Kara Deliklerin Cift sistemlerde aranmasi olmustur ve gergekten de sonu¢ta Kara Delikler orada
bulunmuglardir...

Son yularda biz Oktayla ¢ok nadiren, o Moskova’ya geldiginde bulusuyorduk. Onun oliim haberi beni sarst1.”
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ASIST. PROF. AYHAN DiL

Oktay Hiiseyin, ODTU Fizik Béliimiiniin daveti iizerine Nisan 1992°de
Bakii’den geldi ve ODTU de c¢alipmaya basladi. O zaman ki TUBITAK
Baskaninin (Prof Dr. Tosun Terzioglu) girisimleriyle “tinlii bilim adami ézel
statiisii” ile 1995 yilinda Tiirk vatandast oldu.

Oktay Hiiseyin, ii¢ defa Sovyet Kahramam payesini alan (fiize, atom ve
hidrojen bombalarinin yapimasinda iistiin  bagarisi oldugu igcin Sovyet
Ulkesi’'nde sadece 7 kipi farkli alanlardan béyle basariya ulasmistir)
Zeldovig¢’in 6grencisi oldu, uzun yilar onunla birlikte calisti ve makaleler
yayinlady. Fizigin, Astrofizigin ve Uzay bilimlerinin bir¢ok dalinda ¢alisti ve bu
bilim dallarina biiyiik katkilarda bulundu. Bu ¢alismalar: sonucunda iki tane de
Sovyet patenti ald.

Ayrica, Sovyet Ulkesi’nde 70 yilda (1917-1987) bilim ve teknige en biiyiik
katkida bulunanlar iginde Tiirk Cumhuriyetleri kékenlilerinden yalnizca iki kisinin adi ge¢gmektedir , bunlardan birisi
Oktay Hiiseyin dir.

Ug yil énce Ingiltere de basilan: Malcolm Longair “ The new Cosmic Centuru. A History of Astrophysics and
Cosmology” Cambridge 2006, kiinyeli kitapta 1900 -2000 yillari arasinda, kitabin konusu olan alanda ve bunlarla
alakali konulardaki en onemli bilimsel sonuglar degerlendirilmis ve bu sonuclarin miielliflerinin adi, soyadi ve
yvasadigi yular verilmistiv. Tiirk cumhuriyetleri kokenliler iginde (Tiirkiye dahil), bu kitap da yalnizca Oktay
Hiiseyin’in adi gegmektedir.

Tiirkiye 'de bulundugu siire icerisinde hakettigi degeri ve ilgiyi —malesef- hi¢hbir zaman gérmemistir. Ciinkii
Oktay Hiiseyin argiimanlarini daima bilime dayandirmis, aldigi egitimin ve gordiigii terbiyenin sonucu olarak giiciin,
iktidarin aleyhine de olsa dogrulari her kosulda acik bir sekilde dile getirmis ve elestiri yapmaktan kagcinmamgstir.

Burada asil vurgulanmasi gereken sudur ki; onun elestirileri daima, sorunu, sorunun nedenlerini ve ¢éziimlerini
kapsayacak bicimde olmugtur.

Kendisinden bilim konusunda birseyler 6grenmek isteyen herkese ve ozellikle genglere, bilgilerini ve fikirlerini
biiyiik bir hevesle, saygiyla ve nezaketle agmistir. Onun hakettigi degeri gorememesinin asil nedeni ise —kendisininde
her zaman yakidigi gibi iilkemiz bilim insanlarimin biiyiik ¢ogunlugunun bilime olan ilgisizligi ve gercek bilime uzak
olmalaridir.

Oktay hoca Yasadigr donemde bilgisinden, taviindan, tarzindan yeterince yararlanamadigimizi ve bundan iilke
bilimimizin dnemli bir zarara ugradigini bilmenizi isterim.

Bagsimiz sag olsun.

Dr. ikram Cinar E-Egitim, Bilim ve Sanat Dergisi;
Sahibi, Sorumlu Yaz Isleri Miidiirii ve Editorii:

OKTAY HOCAYI ANARKEN BIiLMEMiZ GEREKEN
ONUN BIiZE DEGIL, BiZiM ONA iHTiYACIMIZ OLDUGUDUR.

2007 yuwn baslariydi. Oktay hocadan bir elmek aldim. ...Makalesini
okudukca hayran kaldim. Farkly biriydi. Fizigi herkesin anlayabilecegi kadar
somutlastirarak  yaziyordu. Bilimi ve Tiirkiye'deki bilim anlayisin
sorguluyordu. Bilim kiiltiiriiniin, arastirmanin ve fizik 6gretiminin zayifligindan
sikayetciydi...

Iyi yetismemis ya da alamini iyi kavramamus bilim yazarlarimin yazilaring
okurken genellikle pismemis yemek yedigimi diigiiniiriim. Oktay hocanin
yazilarint okurken yemegin iyi bir as¢inin elinden ¢iktigin diisiindiim.

Okuyucu onun yazilarinda bilgeligi hissediyor. Bu da saglam bir bilimsel
altyapisimin oldugu ve alamimin zirvelerinde dolastigini gésteriyordu. Bdyle
birisinden damitilmis bilgileri almamak ahmaklik olurdu. Ustelik kendisi alamasa bile éngoriileriyle baskalarinin
Nobel édiiliinii almalarina vesile olmug ve yine iiretmek isteyen bir bilgine ortam saglamak herkesin gérevidir.

...Ondaki bilgeligi goriince bir fizik¢i bakis agisiyla onu sosyal olaylar: degerlendirmeye tegvik etmek istedim.
Bir fizik¢inin sosyal olaylart yorumlamasi ilging olacakti. Cok degerli yazilar ¢ikardi. Hatta bunu sevdi. Evren,
Evrenler, Allah ve Islam yazilarindan sonra laiklik iizerine birlikte bir kitap hazirlamayr onerdi. (Ne yazik ki
yogunlugum sebebiyle ileri bir tarihte bununlia ilgilenebilecegimi soyledim ve erteledik.) Bu yazilarinda bana kalirsa
onemli teolojik yaklasimlar bulunuyor...

Hocanin yazilar: Egitisim de bir sure yaymlandiktan sonra engellemeye ¢alistilar, dikkate almadim. Bir bilginin
kimseye borcu yoktur ama basta iilkesi ve yurttaslart olmak iizere biitiin insanligin ona borcu vardir. Onu ve
calismalarini tanitarak 6mriiniin bosa gitmedigini géstermek, kadirsinas olmak bir gérevdir. Boylesi bilginler sadece
ortaya koyduklariyla degil, hayat hikayeleriyle bile dogretici olmay: siirdiiriirler.
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Oktay hocayt anarken bilmemiz gereken onun bize degil, bizim ona ihtiyacimiz oldugudur.
Onu minnet ve rahmetle aniyorum.

Volkan Kor (Fizik Ogretmeni):

OKTAY HOCAYI GEC BULUP ERKEN KAYBETTIK

Oktay Hiiseyin hocamizi bir internet sitesindeki yazisi sayesinde tamidim. Bu yazisimi okudugumda soyle
diigtindiigiimii hatirlyyorum: “Vay be, bu adam fizigi ger¢ekten biliyor, giizel de izah etmig. Ezber veya ¢eviri olamaz,
¢ok iyi bir fizik¢i”. Kendisi de bir profesor olmasina ragmen, lise ogretmenlerinin bile ¢cogu profesérden daha iyi
diigtindiigiinii ve anladigini defalarca vurgulamisti. Okudugum yazida herkesin anlayabilmesi i¢in de gayret edildigini
fark etmigtim. Fizigi iyi bilen ve bildiklerini herkesin bilmesini, hem de kendisi kadar heyecan ve merakla 6grenmesini
isteyen biri ile karsi karstyaydim.

Boéyleleriyle gelismis iilkelerin iiniversitelerinde ve geviri kitaplarda karsilasmamiza ragmen iilkemizde varsa da
kag kisi bulabilirdik. Fizigi anlamak icin bilgi derinligi, kapsaml diisiinme ve miimkiinse sezgi giicii, daha énemli
seylerdi. Bunlari yazilarinda da stk sik vurgulamistir zaten. Ben de tam bdyle fizik 6grenmek ve gretmek istiyordum.

Ona gére (artik bana da gére), degerli bir bilim adami; kokeni, dini, wrki ne olursa olsun, érnek ve ilham
almmalydi. Ama Miisliimanlarn, hele Tiirklerin bilimde iyi bir yere gelememesi ve yetersiz gibi gériinmesinden de
rahatsizdr. Yanlslart gordiigiinde, “Volkan, yazik olur bu millete” derdi. Ona gore, bir sey bilimin ilerlemesini
engelliyorsa, yanlis yapuiyordu. Bilimin sevilmesini, diigiiniilmesini, yaygin olmasini ve planli yapilmasint isterdi.
Kendisi boyle ortamda bir yetismisti.

Cogu insamin fark edemedigi bilimsel hatalar: fark edip, dogrusunu séyleyebilecek kapasitede bir insandh.
Soracaklarim ise bitmemisti. Boylesi bir rehber, bir dgretmenin bagina milyonda bir gelir mi? Ogretmenlerin
bilemedikleri olmaz mi1? Biz kime soralim? Kimin sozlerine giivenelim? Benim icin ¢ok biiyiik bir sansti. Ayrica
samirim her fizik¢i benim gibi bilim ve egitim i¢in giiclii bir 151k olmak ister. Lisans egitimimle bunu ¢ok kisith
yapabilecekken kendisiyle tanismam, onun yapmak istediklerine yardimci olabilmem benim igin apayri bir sansti.
Bunun i¢in Allah’a ézellikle siikrettim ve ediyorum da.

Ulkemizde bulunmast bizim icin biiyiik bir sansti. Fakat galiba bu sansi yeterince degerlendiremedik. Kim bilir
boyle sans bir daha ne zaman elimize geger?

Kendini ¢ok iyi tamdigint diigtintirdiim. Yazdiklarinda ne abarti, ne gereksiz tevazu gérmedim. Diisiindiigii
Qercekleri sanki “matematigin kesin dili” gibi ifade edebilen biriydi...

Ne yazsam eksik kaldigini hissediyorum. Basta degerli ailesi olmak iizere tiim sevenlerine bas saglhg diliyorum.
Kendisine ise rahmet. Huzur i¢inde uyu hocam.

Dilerim ki, gittiginiz yerde deger verdiginiz fizik¢ilerle birliktesinizdir.

Murat Ertiirk (Canakkale Onsekiz Mart Un. Fizik Béliimii Ars. Gor.)

YERI DOLDURULAMAYACAK BIR KAYIP

Tamdigimiza gercekten sevindigimiz ve hayata bakig acimizi degistiren ¢ok az sayida insanla karsilagiriz. Béyle
insanlarla karsilastiginizda sizi hemen kendine ¢eken bir taraf bulunur.

Iste Oktay Hiiseyin hocamda bu ozellikte bir insandi. Ustelik iilkemizde ne yazik ki artan iiniversite sayisina ters
olarak hizla azalan, nesli tiilkenmekte olan, ¢ok az sayidaki “bilim insanlarindan” biri idi.

Sanirim beni ilk olarak etkileyen tarafi karsisindaki insanin igini okurcasina bakan piriltili gézleriydi. Keskin,
net ve aydinlik sozleri ile kurdugu ciimlelerle karsisindakinin etkilenmemesi olanaksiz idi. Agzindan ¢ikan her sézciik,
sanki ¢ok uzun yillar boyu diigtiniilmiiscesine kesin ve keskin. Dinlemeye basladigimizda, diisiinmek ve anlamak
isteyen icin yeni ufuklar, yeni diisiinceler ve yeni Diinya’lar gibiydi.

Temel bilimci olmanin verdigi ézellik olarak (onun anlatimiyla) “net ve aydin” sekilde konugmak ve problemi
ortaya “kesin sekilde koymak” en biiyiik ozelligiydi. Olaylara bakisindaki bu kesinlik ve agiklamalarindaki bu
aydinligi onunla konusan herkes rahatlikla fark ederdi. Her zaman vurguladigi “temeller saglam ve onlara dayanarak
konusursan hata yapmazsin” onun igin bir ilke idi.

Bilimsel bilginin verdigi giicle goriislerini soylerken korkusuzdu. Bu korkusuzlugu, bilimin, bilginin verdigi
glicten kaynaklantyordu. Oktay hocam konustugunda bu giicii hissedebilirdiniz. A¢iklamalari, anlamak isteyen icin
cok kesin ifadeler icerir ve sadece hayranlikla dinlemenin zevkine varirdiniz. Ulkemizde bolca bulunan bilgi sahibi
olmadan fikir sahibi olanlar igin ise biiyiik bir afallamaya yol agardi.

Derin ve sezgisel diisiince giicii ile tartisilan konuyu ¢ok ¢abuk kavrayarak kendi diisiincesini ortaya koyabilirdi.

Tamdigim 1997 yihindan beri agzindan en ¢ok duydugum sézciik olan “hissetmelisen” onun fizik bilimine
bakisini ézetleyebilir. Fizik ile ugraganlarin, onun felsefesine gore hissetmeleri gerekirdi. Bu ¢alisilan konunun fizikgi
i¢in bir zevk olmasi anlamina gelirdi onun igin. Ve bu éyle bir zevk ki ancak bu hissi yasayan bilebilir. Bu sezgisel ve
derin diistince giicti, onu klasik arastirmacilardan aywran en énemli ozellik idi.

“Hisseyleyerek” yasadigi bilimsel hayati boyunca, bilim diinyasina biiyiik katkilarda bulundu

Ondan aldigim ilk ders olan Elektromanyetik teorisi dersine girisini hi¢ unutamam. Elinde kiiciik bir, 6grenci
isimlerini yazdigi, not defteri ve bizim bezgin suratlarimizda bilgi kirintilar: arayan, yanlista olsa yeni diisiinceleri
sorgulayarak bakan parlayan gozleri. Ilk defa bir hoca derste bizden tartismamizi istiyor ve bu tartismalardan bize
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notlar veriyor ve iistelik tartismalardan zevk alyyordu. En sevdigi sey bilimsel bir konuda (tamamen sagma sapan olsa
da) tartisan égrenciler gormekti. Ozellikle her kesin cok iyi biliyorum dedigi basit konularda bile 6yle basit ama
cetrefilli sorular sorarak tartisma baslatirdr ki, aslinda basit olarak gordiigiimiiz konular: bile derin olarak
diigiinmeden aynen dershanelerde nasil yetistirildiysek 6yle 6grenmeye (ezberlemeye) devam etigimizi anlamistik.
Tartisma sonunda yapmis oldugu aciklama o kadar sade ve aydin olurdu ki hayranlikla yerimize oturur ve
daha iyi tartismak igin hirslanirdik. Her zaman en zor goriinen problemleri bile anlatirken “eger anladiysan onu en
basit sekilde bile anlatabilirsin” derdi. En basit sekilde anlatma konusunda bir uzmandi sanki. O kadar konusuna ve
anlattigi “meselelere” hakimdi ki, fizigi genel sekilde bilmek gerektigini ozellikle vurgulardi. Popiiler bilim
yazularinda da bu konusuna hakimligini ve problemleri daha genis agidan gorme ozelligini bulabilirsiniz.

Ders anlatirken, klasik iiniversite profesdrlerinin aksine, en énemli ézelligi farkl diisiinen ve iyi soru sorarak
tartisma baslatacak, kendisini zorlayacak ogrencilere deger vermesiydi.

Oktay Hiiseyin hocamin bilim insani olmast ve 24 saat bilimi yasamast yaninda énemli bir ézelligi olarak onun
bildiklerini 6grencilerine aktarmasidir. Ondan aldiginiz bilgilerin, soyledigi sozlerin kalict bir etkisi vardi. Bu ozellik
“temeller saglam olmasi1” icin onun ¢abalamasindan ve kalict olmast icin en basit hale getirmeye c¢alistig
anlatimindan ileri gelmekteydi. Bilim insani olmasi yaninda ¢ok iyi bir egitmendi.

Aklimda kalabilen en temel fizik bilgileri tamamiyla ondan duyduklarim ve onun anlattigi sekilde kafamda yer
etmistir. Anlatiminda kullandigi sozciikleri ne bir eksik ne bir fazladwr. Anlatilan konunun veya problemin ¢ergevesini
¢ok iyi belirleyerek konustugu icin soylediklerinin ya da tamimladiklarinin hangi simirlar iginde gecerli oldugunu da
belirtirdi. Bu sekilde, problemlerin ¢éziimleri icin bir bakis acgisi koyabilmek, ne kadar dogru ne kadar yanlis
konustugunu bilmek olarak gériirdii. Bu aliskanlik, neyi ne kadar bildigimizi belirlemek, ¢ok onemli bir baslangi¢
noktasidir. Bu sekilde detaylarda kaybolmadan ¢éziim icin genel ¢erceveyi gorebilen bir bilim insaniydi.

Bilimsel konular: tartismayr ¢ok iyi bilen, bilimden bahsederken zevk alan, fizik problemleri iizerine derin
diigiinmeyi ¢ok iyi yapabilen “gercek” bir bilim insanini kaybettik.

Yeri doldurulamayacak bir kayp. Beraber konusmalarimiz, tartismalarimiz ve kazanmimlarim aklima geldikge,
kafamda biiyiik, sikinti veren ve beni karamsarliga iten bir soru takiliyor.

Béyle biiyiik bilim insanlart neredeyse yetistiremedigimiz halde, var olanlarindan ne kadar faydalanabildik?
Ulkemize gelmesi biiyiik bir sans olan Oktay hocamdan ne oranda faydalandik veya verimli kullanabildik mi
(¢alismasi sirasinda ortaya ¢ikarilan, karsilagtigi engellerden bahsetmek bile act)?

Oliimiinden hemen énce, son konusmamizda yazmak istedigi kitaplar, popiiler yazilar ve bu yazilarin derlenip
toparlanmasi iizerine konustuk. Keske biraz daha konusabilseydim, biraz daha vakit gecirebilseydim.

Yoklugunu her zaman bir eksiklik olarak duyacagim.

Yapilacak daha ¢ok is vardr hocam, yazilacak kitaplar ve popiiler yazilar, tartismalar, ogretecekleriniz ...

Degerli ailesine bas saghgi dilerim. Sonsuz yolculugunda, aradigin cevaplart bulman dilegiyle, huzur iginde yat
hocam...»

Kardelen Dudular

iZ BIRAKANLAR- UNUTULMAZ

«Kimi insanlar vardir soniik ,isigimi yitirmis yidizlar gibi kaybolup silinirken hayatimizdan, kimileriyse
gokkusag gibi bir¢ok rengi ve giizelligi icinde barmdirip farkli hayatlara farkii renklerle iz birakirlar ve iz birakanlar
unutulmaz.

Oktay Hiiseyin de fizik bilimine ve dgrencilerine kazandirdiklariyla bilim tarihinde ve onu sevenlerin kalbinde
derin izler birakmis unutulamayacak ¢ok degerli bir insan ve ben Oktay hocanin isiginin diinyami aydinlatmast sansini
yakalamug bir 6grenciisi oldugum igin kendimi ¢ok mutlu ve sansii hissediyorum.

Oktay hocayla tanismamiz ailemin okuldaki fizik sinavi notlarimin biraz daha yiikselmesi icin iyi bir fizik
ogretmeniyle ¢alismam gerektigi diisiincesiyle gerceklesti. Sinav sisteminin ve ogretmenlerimizin herseyi ezbere
indirgeyen yaklasimi ben de fizik kitabimin kapagini dahi agmak istemeyecek kadar nefret uyandirmisti ve agikgast
aklimdaki tek diisiince fizik sorularini nasil ¢oziip notlarum yiikseltebilecegimdi; ama Oktay hocamin anlatimlar fizige
bakisimi ¢ok farkli boyutlara tasidi, onun fen bilimlerini dogadan ve yasamdan soyutlamadan dziinde birbirini
tamamlayan bir biitiin olarak géoren yaklasumi nefret ettigim fizigi sevmemi sagladh.

Onunla fizik zizerine sohbet eden herkes de benim gibi o giine kadar bildigi (bildigini sandigy) fizigin ashinda ne
kadar farkli, dogayla i¢ ice oldugunu ve ne kadar sevilebilir oldugunu anlamisiardwr diye diisiintiyorum.

Aslinda hayatin iginde her an gordiigiimiiz ama farkina varmadigimiz ya da merak etmedigimiz sorular: sordu
hep: “Karmncalarin yuvasimi neden su basmaz” dedi, “canlilar neden genelde yuvarlaktir” dedi, “dalgalar neden
kyyiya vurur ve gokyiizii neden mavidir?”... Bu ve buna benzer bir¢ok soruyu cevabini benim vermemi diisiintip
sorgulamamu istedi. Sorular sorup elestirmedigim sadece anlattiklarini dinleyip onayladigimda hi¢ memnun olmazd.
Ona gore insan fikirlerini tartisarak, sorular sorarak elestirerek, gordiiklerine neden sorusunu sorarak ogrenir ve
gelisirdi; 0 yiizdendir Ki anlamadigim ya da diisiincelerine katilmadigim zaman sorular sorup elestiri getirdigimde
gozleri isildardr. Fikirlerine karst crkilip elestirilere maruz kalmasi onun icin uzak durulmas: gereken bir durum degil,
kendisini daha da gelistirip yeni fikirler 6grenmesi icin firsattr.

Bu yiizden de Tiirkiye deki sorgulamadan uzak ezberci egitim sistemini anlamakta zorlaniyordu, bu ezberci
egitimin 6grencilerin diisiinmesine izin vermedigini Ve ¢ok iyi 6grencilerin sistemin carklarinda heba olup gittigini
soylerdi.
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Bilime verdigi 6nemin ve fizige merakli 6grencilerine kazandirdiklarmun yani sira Oktay hoca insani yonii ¢ok
derin, gii¢lii bir insandi. Hep coskulu ve bir cocugun mutlu merak dolu piriitili gézleriyle bakard: karsisindakine, bir
kez olsun bikkin asik bir suratla gérmedim.

Bir bilim insanimin sahip olabilecegi en yiiksek mertebeye ulagmis olmasma ragmen sahip oldugu biiyiik
tevazuyla bilgisini ve konumunu hissettirmezdi Ai¢ ve bir ¢ocukla da yetiskin bir insanla da konugsa ayni insani degeri
verirdi. Bunu onunla kimi zaman konusma imkan: bulan aileme yaklagiminda fark ettim. O zaman 8 yasinda olan
kardesimle konusup ona bir seyler anlatmaya ¢alisirken de babamla konusurken verdigi onemi verir, onu dikkatle
dinlerdi yani karsisindakine insan oldugunu hissettiren gercek bir insandi ve herkesten 6grenecegi bir seyler oldugunu
diisiinecek kadar da olgun ve kendini asmaya ¢aligan biriydi.

[Tk dersimizde “karsimda bir profesor duruyor onun derin bilgisiyle anlattiklarin: kavrayamaz sorularina dogru
cevap veremezsem” endisesi icinde kasildigimi hissettigimde onun miithis tevazusu ve insan oldugumu hissettiren
yiireklendirici tavriyla kendime giivenmemi ve sagma ve yanhyg dahi olsa fikirlerimi sormaktan ¢ekinmememi sagladi
¢iinkii onun i¢in yanlis sorular sormak ya da konuyu bilmemek degildi énemli olan, énemli olan égrenmeye agik
merakl ve anlamak i¢in ¢abalayan sorular soran insanlarla konusmak onlara fizigi anlatmakti ve fizigi herkesin
anlayabilecegi bir dille anlatirdr.  Fizik, onun anlatiminda sadece belli bir kesime hitap etmesi gerekirmis gibi
goriinen aristokrat havasindan siyrilip halkin ve giindelik hayatin i¢ine karisurdr yani matematiksel formiillerin agir
dili yerine bir cocugun bile anlayabilecegi sade ama oziinii barindwran bir dille agiklardi.

Inanmilmaz ¢aliskan bir saniyesini bile bosa gecirmeyen, yiiriiyiis yaparken bile gordiiklerini siirekli analiz eden
beynini her an bilmedigi sorularin cevaplarini bulmaya yoran gergek bir bilim insaniydi ¢iinkii ona gére “insanm
hayvandan ayiran yan: diisiinmektir” ve kendi deyimiyle “bos islere” harcayarak zaman: yoktu.

Zaten onu tamdigimda artk emekli olmus yagi ilerlemis bir insanin evinde oturup ¢ocuklariyla torunlariyla vakit
gecirmesi dururken neden siirekli birilerine (fizigi merak eden) fizik anlatmaya calisarak makaleler yazarak bir
agrenci gibi ¢alisip kendini zorladigini anlayamamistim.

Omvriindi bilime ve bilime merakli insanlara bir seyler kazandirmak icin harcamis, engellerden yilmayan tevazuu
ve olgunlugu hayatina sindirmis, SOru isaretlerini aklindan eksik etmeyen sahsina miinhaswr degerli bir bilim adamun
ve gergek bir insanm kaybettik ama sevenlerinin kalbinde ve zihinlerindeki soru isaretlerinde yasamayt siirdiirecegine
inaniyorum.

Degerli ailesine ve tiim sevenlerine bassaghg: diliyorum, huzur i¢inde yat hocam.»

Zakir Seyidovun xatiralorindan:

OKTAY MUOLLIM BiZi TORK ETDi... BU, AZORBAYCAN ELMi UCUN BOYUK ZORBODIR.

Moan onu talobalik illorindon tantywdim. OKtay elmda nahang addimlar atdi va tez bir zamanda mani har cohatdon
qabagladi. Tabii ki, ona gora deyil ki, biz onunla omriimiiz boyu miibahisa etmigik — dediyimiz kimi “iki kallo bir
qazanda”. Man quru, adi “nazariyyagi” idim, OKtay isa hamisa eksperimental astrofizik malumatlarin dahiyana va
parlaq interpretatoru olub.

Holo aspiranturada oxuyarkon, sonralar da Oktay relyativistik astrofizikada bir sira ¢ox miihiim kasflor etdi va
onun adi hamisa qara daliklor, ikili sistemlordaki neytron ulduzlari, rentgen manbalori, Supernova qaliglari, pulsariar
ila anilacaq — va hamisini sadalamaq miimkiin deyil!

Yadimdadr ki, o, hardansa bir maktab qlobusunu ¢ixarib, onu bir ne¢a ay arzinda - bazan gecanin gec saatlarina
qadar pulsar emissiya diaqraminin suallarint bu sakilda anlamaga ¢alisaraq firladirdi. He¢ olmasa bazi diisturlar
¢ixarmaq ii¢tin mandan istifada etsin deya, inandirmagq tigiin etdiyim sonsuz cahdlarimdan OKtay zahlatékon milgakdan
uzaqlasan kimi mandan uzaqlasird.

Onunla omriimiiz boyu miibahisa etdik, amma inaniram va iimid ediram ki, ona bir alim va bir insan kimi
hormatim garsiligh olub...

Oktay uzun miiddat dnca parlaq sokilds namizadlik dissertasiyasini miidafio etmisdi, mon iso halo da ¢al-¢agirla
masgul olurdum, 1970-ci ilda Oktay getdi — oz tasabbiisii ilo! — dissertasiyam haqqinda Yakov Borisoviga bu séhbati
agdi. Sohbatda ham Gena da istirak edirdi (Genadiy Bisnovatiy-Kogan monim ¢oxdanki dostum, hamkarim va “mikro-
sefim”). Va burada Gena etiraz etmaya basladi! Dedi: «Icaza verin, avval (onunla birga) modeli iizarindo isi bitirim».
(... Va biz Gena dediyi supernova modelindan igi he¢ vaxt etmamisik — va qirx (?!) ildon ¢ox vaxt kegib). Man sadaca
susdum va narahat oldum, OKtay isa manim materialim kifayat qadar oldugunu — deyib, Yakov Boricovigi sixib sixdi.
Noticada, Ya.B. rasmilagdirdi va bu isi hall etd.

...Amma mon “dalasqan” xasiyyatima gora Oktayla o furtinali (bazon do siddatli) miibahisalordon sonra da
dayanmadim.

N> gadar ganc idik... Indi manim 70 yasim var va bunlart hayatdan getmis dostum-raqibim haqqinda yaziram...

ALLAH ROHMOT ELBSIN!! !

Zakir Seyidovy

Beynolxalq Astronomi Birliyinin sadri, “Astronomical and Astrophysical Transactions” jurnalinin bas redaktoru
N.G.Bockarev:

“Oktay Guseinovun xatirasina, 25 mart 2009-cu ilda vafat etmigdir.
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Astronomiya Comiyyatinin iizviiniin, mashur astrofizik, Samaxi Astronomiyasimin rasadxanasimin kegmis
direktoru Okray Guseinovun vafati ilo alagadar Astronomiya Camiyyati adindan Azarbaycanin astronomlarina dorin
bassaghg veririk.

Bir coxumuz onu saxsan taniywrdiq, sevir va hormat edirdik.

Cami bir ne¢a hafto avval akademik Ya.B.Zeldovigin 95 illik yubileyina hasr olunmus seminarda Oktay Guseinovu
xatirlaywrdiq. Onun artiq klassik asorina ¢evrilon, isiq ayrilorindan pulsarlarin prognozlasdiriimasi, X-ray kegid
manbalari va basqa miihiim maqalalarini xatirlayirig.

Oktay hor zaman biliklori ilo paylasmaga hazwr idi. O, Azarbaycanda va Tiirkiyado istedadli elm togkilatgist idi.

Oktay aktiv elm havaskar, astrofizikada fadakar xidmoat niimunasi, maraql ideyalarin miidllifi  kimi
yaddasimizda qalacaq.”

Dr. Sinan Kaan Yerlinin (ODTU, Ankara)

“Iste yine oldu...

Birisi daha Einstein’a tas ¢ikartircasina enerji-kiitle denklemini dogruladi. O birisi ki “hepimiz” onu ¢ok iyi
bilirdik...

Evet, Oktay Guseinov’dan bahsediyorum: “Ne bigim is bu... Ben yabanci iilkeye gelecegimi, yeni dil
Ogrenecegimi sanirken, siz benim dilimden sohpet koyarsimz...” Ilk boyle tanistim Oktay’la, 1990 larda...

Sonra da “CV” siyle karsilagtim Oktay ... Genglere ornek olmali bu CV (kendim de dahil tiim sifat sahiplerine
zaten ibret-i alemdi). (bir keresinde sordum) hocam sizin Amnuel ile o kadar ¢ok makaleniz var... Ama makalelerde
hep o ilk isim... Peki, bu Amnuel sizden ¢ok mu ¢alisirdt... Yanit: “Bak hele [ ©)]... Biz Zeldovic’in ogrencileriydik,
oyle sen, ben yoktu... Makaleler hep soyadi sirasina gore ¢ikardr ...~

Iste Oktay béyle adam gibi adamdi ve boyle bir gegmisi vardi...

Tiirkiye de siirekli kalyp “yalnmizca” fizik-astrofizik-bilim yapmak icin ¢cabaladi durdu,; dakikasini kendi deyimiyle
“bos islere” aywrmak istemezdi,; égrenciler yetistirdi, makaleler yazdi, yazdik, yaziyorduk...

Onunla ¢alisma sansi yasamislarimiz bilir; onun “bilim” hizina ayak wydurmak ¢ok ¢ok zordu; saatler icinde
makalelerin okunup ¢alisilmasini, giinler iginde analizlerin bitip grafiklerin c¢izilmesini, ay i¢inde de konunun
irdelenmesini isterdi...

Sertti, bigak gibi dili vard... Aldig1 “bilimsel formasyondan’dolay, ne diisiiniiyorsa ¢ekinmeden soylerdi.

NATO-ASI toplantisinda konusmacinin yanhs seyler soyledigini fark edince olmayan Ingilizcesine ragmen
(ciinkii grafik ve denklemleri goriip ne dendigini yorumlamusty) bilgisinin cesareti ile kalkip “... Birisi sdyleyeceklerimi
cevirsin... Burda yanlis sohpet gedir” demisti... Ciinkii aldigi bilginin temeli beton gibi “saglam”di ve yasadig
matematiksel ve fiziksel deneyim de ona yilan gibi “kivraklik” kazandwrmusti... Iste bu yiizden de bilen icin agzindan
“dogrular” dékiiliirken, bilmeyen icin ise “saskinlik, afallama” yaganird...

Uzatmanin geregi yok; giden yalnizca bedendi! Oktay hala fikirleri, projeleri, bilgisiyle sevenlerinin yaninda ve
onlara yol gésterdi ve gosterecek! Ve bilinsin ki onunla baslayan ekol devam edecek!

Hocam, yerin fotonlarin yaniydi simdi onlarla “mutlu”, “huzurlu” ve sonsuza kadar kosabilirsin...

Nur i¢inde yat hocam...”

Azarbaycan Milli Elmlor Akademiyasi, Anma moarasimi 2009
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We have studied and contributed to various branches of physics, astrophysics and space sciences. Up to date, some
works on astrophysics and space sciences were rewarded by the Nobel prize seven times. It is known that we have made
some important predictions related to three of these works. Only two scientists from Turkish Republics are listed in the
book on the greatest contributions to science and technology in the former soviet union between 1917-1987 [1]: E.
Tagiev and O. Guseinov. In his book on the greatest contributions to astrophysics and cosmology between 1900-2000
[2], Longair mentions only the works by O. H. Guseinov among all the works done by scientists from all the Turkish
Republics including Turkey. We also haw two Soviet patents. Our most important scientific results are listed below:

1 Related to the general theory of relativity [3,4]; precise orbits of particles with zero mass and the conditions for
eclipse around black holes, and the influence of rapid rotation on the mass and radius of neutron stars for the
first time. [Some other works on the influence of rapid rotation, even using Newtonian theory of gravity, were
published not less than 3 years after this pioneering work].

2. Examining the collapse of cold stars together with Zeldovich, we have shown the possibility to register the
neutrino flux produced by the collapse. Guseinov also examined the collapse of hot stars and pointed out that
antineutrinos are more important [5-8]. Such works were done ten years later in USA and the observers who
registered the antineutrinos in 1987 got the Nobel prize. From Trimble & Leonard [9]: “All papers on neutron
star structure before 1968 obviously count predictions, and a surprising fraction of them are worth re-reading.
Just now, however, we are stuck by a pair that predicts the neutrino flax from a single corecollapse [supernova]
event [Zeldovich and Guseinov 1965] and then addresses the detectability of the background flux due to the sum
of all past events [Guseinov 1966]. A bit esoteric you say? Well, one of us has just accepted for Another Journal
a paper on precisely that issues. And the earliest cited discussion in 1984”. In the former Soviet Union, our works
have been mentioned in many scientific and popular books, journals and newspapers. Sunyaev wrote [10]: The
data from Kvant and Granat satellites and our results based on them pleased him [Zeldovich] very much. But he
never told me that his predictions with Guseinov, and later his work related to neutrinos from supernova were
more important. | also knew that very well.

3. Let us remind our works on the necessity of searching neutron stars and black holes in close binaries and that
these objects should be strong X-ray sorces. For example, Lyne & Graham-Smith writes in the introduction part
of their book [11]: “Condensed stars, either white dwarfs or neutron stars, were predicted to be observable
sources of X-rays. In 1964 independent predictions were made by Zeldovich & Guseinov [12] and Hayakawa &
Matsouka, introducing the concept of binary stars systems as X-ray sources..”. The Japanese authors mention
white dwarfs, not neutron stars or black holes. Zeldovich & Novikov [13] wrote that this idea belongs to
Guseinov. Novikov writes [14] : “l wish to emphasize that organizing a search for relativistic objects in the
Universe was pioneered in 1965 by Yakov Zeldovich and Oktay Guseinov.”. Longair writes [2]: “...in 1965,
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10.

Yakov Zeldovich and Oktay Guseyinov [b.1938] had proposed that the observation of X-ray or y —rays from
single-line spectroscopic binaries might be the signature of either a neutron star or a black hole”. We have done
lots of work on this subject, e.g. see the works [15-19]. Later, the people who made the first X-ray observations
and found neutron stars and black holes got the Nobel prize.

Prediction of the unexpected pulsed and conical emission from an astronomical object was described by Lipunov
[20]: “Unimportant idiological and psychological barrier was surmounted by the Soviet scientists Amnuel and
Guseinov [1968] who pointed out the need to take into account the magnetic field of neutron stars. It follows
from general consideration that neutron stars must have strong magnetic fields, and the accreting matter under
real conditions is a good conducting plasma. The way in which matter falls onto a star may change dramatically
in a magnetic field. Thus, even a spherical incidence in the vicinty of a neutron star may lead to an anisotropy in
the distribution of matter, and hense of radiation as well. As a result of the rotation of neutron stars, the radiation
apears to an observer as periodically pulsating.”. Six months later a radio pulsar was observed for the first time
after we have sent this article [21] to the journal. The one who found the pulsar got the Nobel prize. The first X-
ray pulsar was observed in 1971, Lipunov writes in his book [p.11-12]: “All publications concerning the
accretion theory of neutron stars before the launching of Uhuru were made by Soviet scientists.”. Here, he gives
11 examples, four of which are our works.

Before 1971, it was not even known whether X-ray sources are point-like or not, because the uncertainties in the
coordinates were up to 4-5 degrees. In order to determine the nature of these sources and which optical stars they
are companion of, it was needed to find the X-ray and optical properties of these sources, which we assumed to
be binary systems. We have done this work and sent the article to a journal in 1967, but it was published in 1970
as the editorial board thought that our results are unbelievable. Linunov writes on page 11 in his book [20]: “The
X-ray radiation emitted by an accreting neutron star must be subjected to several periodic modulations [Guseinov
1970]: 1.short pulsations due to the rotation of the neutron star, and 2. Variations with orbital period associated
with the eclipses of the X-ray source and with the variation of the accretion rate due to a change in the separation
between the components of the binary system. Such sources were indeed discovered soon after on the American
satellite Uhuru.”. Also on page 13: “The fact that X-ray pulsars belong to binary systems was established from
X-ray eclipses and from the variation period due to orbital motion, i.e., from the effects mentioned by Guseinov
[1970].”. This work of us was also mentioned with praise by van den Heuvel in Nature in 1972 after Cyg X-1
was found, which is the first ever known object that includes a black hole.

We have shown by examining UHURU 3 catalogue that there must be also low mass binaries with X-ray
emission on the order of E33-E34 erg/s, though it was then believed that point-like X-ray sources should be very
luminous [L > E35 erg/s] and with high mass optic companions. We predicted that such low mass X-ray binaries
would explode as X-ray Novae and we have also predicted their light curve. In 1975, NOVA Mon [0620-003]
was observed and our predictions [23,24] were confirmed [25,26].

Although the number of observed radio pulsars [PSRs] were increasing, the uncertainties in their distances, ages
and emission cones were leading to great uncertainties in their birth frequency. Some astronomers wrote then
that the birth frequency is one PSR in 5-10 year. On the other hand, theoreticians showed that Supernova
phenomenon can exist very rarely during stellar collapse. We have shown that this was not the case and shown
that birth frequency of PSRs is comparable to Supernovae frequency [27-32].

We predicted that the thermal emission is predominant in the high frequency part of the synchrotron emission of
a young Supernova remnant in determining the radiative mechanism of the remnant and 10years later this was
confirmed [33]. We have also discussed the limits and importance of Sigma-D relation in determining the
distances of Supernova remnants [34-39].

We predicted the active and passive stages of anomalous X-ray pulsars and soft gamma repeaters, similar to
Novae, and about half a year later this idea was confirmed by observations. We have also predicted that the
passive stage must be much longer [40,41].

We showed that during stellar evolution the mass loss must be about 70% for single stars and about 90% in close
binaries. In those times, the mass loss was neglected in calculations. We also showed that the average mass of
red giants is 1.3 Solar mass based on the observational results. Until ten years after our work, it was wrongly
believed that the red giants on the Galactic disk and plane have 4-6 Solar mass. Also, we showed that in most of
the cases [excluding close binaries] red giants evolve to planetary nebulae [42-45].
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More information about the problems and our works on neutron stars and Supernova remnants are represented in

our book [46].
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DOSENT. DR. SEVINC OQTAY QIZI HUSEYNOVA (TAGIYEVA)

1987-1992-ci illords M.O. Rasulzads adina Baki Dovlat Universitetinin Fizika fakiiltasinds oxumusgdur. 1992-ci
ilin fevral ayinda Azarbaycan Milli ElImlor Akademiyasinda (AMEA) bas laborant kimi faaliyysts baglamig vo diplom
isini burada yazmisdir.

S. Hiiseynova 1992-1993-cii illorde Tiirkiys Climhuriyyatinin Ankara goharinde ezamiyystds olmus vo orada
elmi moktab ke¢misdir. O, imtahana hazirlasmaq vo mithaziralori sorboast anlamagq mogsadi ilo Ankara Dovlot
Universitetinin Fonn Odobiyyat Fakiiltesinin dekani Cemal Aydin torofindon TOMER dil &gratim morkazine
gondorilmisdi.

Ankara Dévlat Universitetinin va Orta Dogu Teknik Universitetinin fizika bdlmalorinds kegirilon seminarlarda
istirak etmisdir. Tiirk alimlori ilo birgo ilk “The Initial-Final mass relation for White Dwarfs and their progenitors” —
adli moqalesi Turkish Journal of Physics-da dorc olunmusdur (C.Aydmn, O Giiseinov, S Ozdemir, M.Ozel).

“Ulduz tokamiiliiniin son mohsullari: tazahiir xiisusiyyatlori va genezisi” movzusunda namizodlik
dissertasiyas1 Tiirkiyo Akdeniz Universitetinin Fonn vo &dobiyyat Fakiiltesinin Fizika sobasinin miidiri, TUBITAK
Ulusal Gozlemevi'nin (TUG) miidiri, Prof. Dr. Zeki Aslan vo AMEA-nin Fizika Institutunun bas elmi iscisi, fizika-
riyaziyyat elmlori namizodi, dosent Fikrot Qasimovun rohborliklori altinda yerino yetirilib vo 1999-ci ildo ugurla
miidafio etmisdir.

2005-2006-c1 illorde gonc alimlorin arasinda elan olunan miisabiqgado INTAS xtti ilo “FELLOWSHIP
GRAND for Young Scietists” grant layihosini udmusdur vo 2006-2008-Ci illords Tiirkiys Ciimhuriyyatinin Istanbul
sohoarins ezam olunmusdur.

il

W —

7 i R Tiirkiyonin Ege Universiteti, Sabanc1 Universiteti,
—" mm:-_ . Bogazi¢i Universiteti, Akdeniz Universiteti, Orta Dogu
i | L m R Teknik Universiteti vo Ankara Dovlot Universitetlorinds

T M ,1 ? WU ! kecirilon seminarlarda istirak etmisdir.
QY \ ‘ : i Aparici xarici jurnallarda 55-a yaxin dorc olunmus
magalslara 250-9 yaxin istinad olunub.
Rusiya Federasiyasinda alinmig 1 patent miollifidir.
2006-c1 ildo dosent adina layiq goriilmiisdiir.
Tiirkiys Ciimhuriyyatinds istirak etdiyi konfranslar:

Izmir, Ege Universiteti, Elmi semenar 2000

. NATO ASI “Variable Stars as Essential Astrophysical Tools”, Cesme -1998

. NATO ASI “The Electromagnetic Spectrum of Neutron Stars”, Marmaris -2004.

. 2001-ci ilin yayinda Istanbul Sabanci Universitetindo: “Summer Reseach Program in Astrophysics New
Classes of Neutron Stars” 1 ay miiddotinds elmi maktab

2010-ci ildo aparic1 elmi is¢i vozifosinds foaliyyoto baglamis vo hal-hazirda “Kosmik siia manbalarinin
fizikas1” laboratoriyasida bu vozifs tizro islomoys davam edir.
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PROF. DR. OLi QULIYEV

Oli Okbor oglu Quliyev 1940—c1 il aprel aymin 22-do Bakinin
Mastaga qosoboesinds anadan olmusdur. O, Bakidaki 199 sayli orta
maktabi bitirdikdon sonra 1959-cu ilde Baki Dovlat Universitetina
(BDU) daxil olmus, 1962-ci ildo tohsilini davam etdirmak ticiin
Moskva Dovlst Universitetine (MDU) gondorilmisdir. Ali tohsil
dovriindo o Moskva yaxmligindaki Dubna gohorindo Birlogmis
Niivo Todgiqatlar: Institutunun niivs fizikasi sahosinds qabaqcil elm
xadimlori olan V.Q.Solovyov, Messeryakov, Baragsenkov va
bagqalarindan dors almigdir. V.Q.Solovyovun rohborliyi altinda
diplom isi miidafio etmisdir. ©.Quliyev 1965-ci ildo MDU-nu
bitirdikdon sonra BDU-nun fizika fakiiltasinds iso baslamus, elo
homin il Moskva Dovlst Universitetinin fizika fakultasinin
aspiranturasina qobul olaraqg Dubna gohorine ezam edilmisdir;
burada aspiranturani bitirdikdon sonra 1968-ci ilds Birlogmis Niiva
Todgiqatlar: Institutunda iso gotiiriilmiisdiir. Aspirantura dovriindo
0, ‘‘Deformasiyaolmus niivalords spin qarsiliglt tosirlorin
effektlori’> movzusunda dissertasiya isi uzorindoki todqiqatlarini
N.l.Pyatovun rahborliyi altinda aparmusdir. Todgigatlar spin
qiivvalorinin kvadrupol qolunun kiirovi niivalords zsif oldugunu
gostormigdir. O dovrds he¢ bir elmi todqiqat aparilmadan bu
qiivvalorin deformasiya olmus niivelorde do zoif olacagi forz
edilirdi. ©. Quliyev kiirovi niivalordon farqli olaraq kvadrupol formali (deformasiyali) niivalordo spin-kvadrupol
qivvolorinin daha effektli olmasini diisiinorok bu istigamotdo todqigatlara bagladi. Onun bu istigamotdo apardig:
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todgigatlar, elmi forziyyasinin dogru oldugunu gostordi vo bu mévzuda onun elmi rohbori ilo birlikds oldo etdiyi
naticalor niivs fizikasinin an qabaqcil jurnallarinda dorc edilon 10 mogalads 6z oksini tapdi. O dovr iiciin ¢ox maraqli
olan bu naticalor elmi ictimaiyyst torsfindon gobul olunaraq, ¢ox yiiksok giymatlondirildi vo ©.Quliyevin bu
tadgigatlar1 1970-ci ilds Birlogsmis Niiva Todgiqatlar1 institutunun gonc fiziklor miisabiqasindo birinci miikafata layiq
goriiliir vo Umumittfaq Ixtiragilar vo somaralosdiricilor comiyyatinin Moskva vo Moskva vilayatinin gonc fiziklorin
osorlorinin miisabiqesinda Birlosmis Niive Todqigatlar: Institutunu tomsil edorok 1971- ci ildo bu miisabiqonin
Laureat1 adimi alaraq pulla da mukafatlandirilir. . Quliyev 1971-ci ildo Birlosmis Niiva Tadqigatlar1 Institutunun
Nozori Fizika laboratoriyasinin elmi surasinda dissertasiya miidafio etdikdon sonra vatono doniir. ©.Quliyev 70-Ci
illarin avvallorinds Azarbaycan Milli EImlar Akademiyasinda elmi is¢i vozifasindan aparici elmi is¢i vazifisina godor
yiiksolir. ©.Quliyev 1971-1977-ci illords gonc yasina baxmayaraq, deformasiyali niivalords spin qiivvalerinin magnit
dipol vo Gamov-Teller rezonanslarmin formalagsmasindaki rolu mévzusu ilo olagadar iki dissertasiya igina bilavasits
rohbarlik etmis vo onun rohbarliyi altinda bu dissertasiyalar miivaffagiyystlo miidafis olunmusdur. Tadqigatci alim
1977-1978-ci illordo Danimarkanin Kopenhagen Universitetinin N. Bor Institutuna 10 ay middstina ezamiyystos
gondorilmigdir. Kopenhagends oldugu miiddstds 0, Nobel miikafat1 laureat1 Ben Mottelson ila birgs elmi tadgigatlar
apararaq ¢ox boyilk elmi tocriibs toplayir. Niive fizikasinda son iyirmi ilin on mithiim hadisalorindan biri deformasiya
olmus niivalorda magnit dipol tobiotli Scissors Mod (qay¢i moda) rezonanslarinin kosfidir. ©li Quliyevin niive
fizikasina verdiyi tohfalordon yuxarida bohs etdiyimiz sonralar niive qurulusunun 6yranilmosinds miistasna rolu
olacag magnit dipol rezonans hayacanlanmalarinin deformasiyali niivalorde nazeri olaraq irsli siirmesi olmusdur.
1984-ci ilds bu rezonansin varligini moashur alman niivs fiziki Achim Richterin tocriibi olaraq kosf etmasi alimimizin
sohratini daha da artrmis vo bu mdévzuda todqiqat aparmaq tigiin o, 1985-ci ildo kegmis SSRI vo ABS arasmnda
dovlatloraras1 elmi amakdashq protokolu coarcivasinds ABS-in Michiqan Dé6vlst Universitetinin  diinyada ilk
ifratkegirici sargilarla ¢ahisan tsiklotron laboratoriyasma 4 ay miiddstino ezam edilir vo ©li Quliyevin burada
olmasindan xabardar olan alman alimi Prof. Achim Richter Micigan universitetino galir vo onunla goriisiir. A.Richter
burada verdiyi elmi seminarda “Scissors Mod” mdvzusunda Oli Quliyev vo amakdaslarinin todqigatlarini yiiksok
giymatlondirorok onlarin iglorinin ilk pioner todqiqatlar oldugunu qeyd edir. Vatono geri doénon alimimiz bu
istigamotdoki tadqiatlarini aspirantlar1 vo hamkarlariyla davam etdirmigdir. ©li Quliyev 1988-ci ildo kegmig SSRI
niivo comiyyatinin qurultaymnda SSRI niive comiyyatine iizv segilir. 1990-c1 ildo Fizika Institutunda aparici elmi isci
vozifasine yiiksolir. O, Institut kollektivinin etibarmi qazanaraq institut homkarlar komitasinin sadri secilir va
Tiirkiyoys gedona gadoar bu vozifani yerine yetirir. 1993-cii ildon elmi foaliyyatini Turkiyads davam etdiran alim 1993-
cii ildo Tiirkiyonin TUBITAK qurumu torafinden 4 ay miiddatine Tiirkiyanin Egey Universitetina qonag-professor
olarag dovet olunur vo 1994-cii ildon avvalco Izmir sohorindoki Egey Universitetinin fizika fakultasinds vo 1996-c1
ildon 2012-ci ilo godor iss Sakarya Universitetinin fizika fakiiltasindo elmi foaliyystini davam etdirir. Bu miiddatdo
alimimiz mahsuldar faaliyystine gors caligdig1 Sakarya Universitenin elmi suras1 tarafindon dofolorlo foxri forman ve
diplomlarla taltif edilmisdir. Azarbaycanda vo Tiirkiyads yetisdirdiyi ona yaxin alim elmds artiq 6z sozlorini demoya
baglayaraq dosent, professor vazifalarinds galigirlar.

Oli Quliyev irali yaslarinda da tadqiqatlarini davam etdirarak, 67 yasinda niive qurulusunun 6yranilmoasinds yeni
naticalor olds etmays can ataraq niive qurulugunun 6yranilmasinds nozari fizikanin on bdyiik problemlorindon biri
olan hamiltoniyanlarda meydana cixan simmetriya pozulmalarmin sobab oldugu saxlanmayan rotasyon vo
translasyon invariantliqlarin barpasi yoluyla sifir enerjili Qoldstoun hallarinin niive rezonanslarmdan ayrilmasinin
timumilogdirilmis nozariyyssini vermisdir. ©.Quliyevin bu istigamatds oldo etdiyi naticalor ¢ox yilksok
giymatlondirilarak 2000-ci ilds prof. Achim Richter tarafindon Almaniyanin Darmgtadt Univesitetine seminar vermak
Vo niivo problemlori uzarinds todqgiqat aparmagq tigiin 1 ay miiddatina dovat olunur. Bu zaman o “Scissors Mod”-un
tellur va platin izotoplarinda da goriilo bilocayini nozori olaraq irsli siirmiis, A. Richter vo amokdaslariyla birgs
todgigatlar apararaq, tocriibado miisahidos edilmis naticalorin nazori izahin1 vermisdir.

Oli Quliyev Darmgtadt ezamiyyatindon sonra Qoldstoun hallarimin haqiqi niive hayacanlanma saviyyslarindan izols
edilmasinin QRPA nin (kvazi zarraciklorin tosadiifi faza yanagmasi) yiiksok versiyalarinda da nozors almmasinin
ohamiyyatini gostoron bir layiho ilo Almaniyanin elmi dostoklomo bas dovlot qurumuna miiracist etmis vo bu
movzuda yazmig oldugu lahiys Almaniyanin DFG proqraminin 4 illik qrantin1 qazanmig vo 2002-2005 illar arasinda
hor il 4 ay miiddstine Almaniyanin Tuebingen universitetino ezam edilorak Almaniyanin moshur nozari niivs fiziki
Prof.Dr. Amand Faessler vo amokdaslariyla miistorak todqiqatlar aparmis vo miivafiq naticalar aldos etmisdir.

Hal hazirda 9li Quliyev Milli Aviasiya Akademiyasmda elmi vo pedaqoji foaliyystlo mosguldur. Islodiyi dévr arzinda
onun 10-dan ¢ox magalssi niifuzlu elmi jurnallarda ¢ap olunub.

Tez-tez beynolxalq konfranslarda istirak edon Oli Quliyev 150-don ¢ox elmi osorin miisllifidir. Onun asarlori 1000-
don yuxar istinad alib. ©li Quliyevin rohborliyi altinda on besdon yuxari fizika tizra folsofo doktoru va iyirmidan
yuxar1 magistr dissertasiyasi miidafio edilmisdir. Bu nailiyysti onu niive fizikasmin tanmmig alimloarindan birina
cevirib. Mohsuldar yaradiciligla farglonon hamyerlimiz 10-dan artiq dévlstin alimlori ilo birlikds tadqiqatlar aparmus,
birge moaqalolor dorc etdirmisdir.

akuliev80@yahoo.com
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PROF. DR. iZMiR KOYAN ADIiL GORAY OGLU MOMMODBOYLI
(iZMiR MEHMETBEYLI)

Izmir Mommodboyli (izmir Mehmetbeyli) 06.10.1949-cu ildo Baki
sohorindo anadan olub. 1971-ci ilds Azarbaycan Dovlst Universitetinin fizika
fakiiltosini bitirmigdir. 2 il horbi xidmatdon sonra Moskva Elmi Totbiqi
Fizika Institutunun Baka filialinda islomoyo baslamisdir. 1974-1978-ci illordo
aspiranturada tohsil almlgdir. Azorbaycanda fotoelektronika sanayesinin
qurucular1 akademiklor Eldar Salayev vo Cingiz Gacarin tolobasi olmustur.
1980-ci ildo “Yarim izolyasiya edon GaAs (Cr) kristalinda fotoelektroptik
effekt” movzusunda dissertasiya isini miidafio edorok yarimkegiricilor vo
dielektriklor fizikas:1 lizra fizika-riyaziyyat elmlori namizadi elmi doracasi
almisdir. Bu effekt ilk dofo bu kristalda 1978-ci ildo Izmir Mommadboyli
torofindon tapilmigdir. Tasir GaP, CdTe va InP kristallarinda da miisahids
edilmisdir. 1995-ci ildo “Kubik simmetriya yarimkegirici kristallarinda
fotoelektroptik effekt” movzusunda elmlor doktoru dissertasiyasini miidafio
edorok fizika-riyaziyyat elmlori doktoru elmi dorocasini almigdir. O vaxt
Izmir Mommodboyli yarimkegirici  kristallarm  fizikasi, fiziki cihazlarin texnikasi, fiziki smaglarm
avtomatlasdiriimasi, qeyri-standart dlgmo iisullar1 vo metrologiyaya diqget yetirirdi. O, ¢ahsdig1 Institututda dar
zolaqli enerji grupu olan Hg CdTe vo PbSnTe yarimkegirici kristallarm istifado olundugu 3-5 vo 8-14 mikron dalga
uzunlugunda olan infraqirmizi bolgads hassasliga malik fotodetektorlar islonib hazirlanmasi va istehsali ilo mosgul
olmusdur.

Kiilga kristallarinin hossas sensora ¢evrilmasi ¢ox uzun, bahali vo asag: effektiv texnologiya prosesi idi. Bu
problemlorin aradan qaldirilmasi iiglin o, avtomatik va tomas olmadan otaq temperaturunda dar zolaqh yarimkegirici
kristall levhaler zolaq boslugunun paylanma xaritasini tortib etmays imkan veron xiisusi iki kanalli infraqirmizi
spektrometr hazirladi. Izmir Memmodboyli , homginin yarimkegirici levhelerin fotohassasligmin §lgiilmasini sothloro
Zorar vermodon dlgmo sistemini do isloyib hazirlayib. Kegmis SSRi-do bir ¢ox miixtolif todqiqat institutlar1 vo
yarimkegirici Kristal fabriklori bu 6l¢ma sistemlori ilo tachiz edilmisdir.

[zmir Mommodboyli 1995-ci ildo Tiirkiyoya dovet olunmus vo TUBITAK Marmara arasdirma morkazi ilo
Azorbaycan Milli EImlor Akademiyasi Fizika Institutunun (Fotoelektronika Institutu) birga layihasi olan infraqirmizi
Tok Kanalli Yer tarayic1 Toyyaro Sistemi iizorinda islomoya baslayib. Eyni miiddot orzinds o, Tiirkiyonin TUBITAK
Ulusal Metroloji Enstitutu-do (UME) iki kanalli infragirmiz1 spektrometr layihosini do ugurla basa ¢atdirib. 1996-c1
ildo Tiirkiyonin TUBITAK UME-nin Optika laboratoriyasinda moaslohotci vozifasindo ¢alismisdir. 1997-2017-ci illor
arasinda Tiirkiyonin TUBITAK Ulusal Elektronik ve Kriptoloji (UEKAE)-do bas elmi is¢i vozifasinde ¢alisib. Bu
miiddat orzinds o, miixtalif 6lgma cihaz va sistemlarinin, masalon, stoliistii va on-line rong 6lgms cihazlari, kagiz,
parga, siiso Vo digor bu kimi materiallar ti¢lin on-line qiisur agkarlama sistemlori, 6lgmo sistemlori tizro todgigat vo
tokmillogdirmo layihslari tizorinds islomisdir.

Diinyanin an boyiik siiso istehsal¢isi olan Tirkiys Sisecam fabriklorindo memarliq diiz siigolorin oksetmo,
otiiriilms va rong kordinatlarinin toyini {i¢lin inkisaf etdirdiyi diinyada banzari olmayan onlayn 6lgma sistemlorindan
istifado edir.

2005-ci ildan bari indiys gador davam edon Tirkiysnin Milli Marker Layihasi gargivesinds optik 6lgms tisullar
ilo saha va laboratoriya sinaq cihazlarinin optik ehtiyatlarmi inkisaf etdirarok Senedsiz yanacaq qagagmalgiliginin
(benzin, dizel, kerosin vo toéromoalori) qarsisin1 alindi vo Tiirkiys iqtisadiyyatna illik milyardlarla ABS dollar1
mablaginds vergi qaytarilmasi tomin edilmisdir.

Roketsan sirkati iigiin hazirlanan 6zal siiper oksetmo etdiron lazer aynalarin optik parametrlorini toyin edon
avtomatik 6l¢l sistemi 2010-ci ildon bari indiys godor istifadosi davam edir.

2019-ci ildon bori I. Mommodboyli AgTeks Ltd. Arasdirma vo Golistirmo morkazinds moslohatgi olaraq
caligmaga basladi. Onun fotoelektronika sahasindoki ideya vo bscariglaria osaslanarag, bu merkozds rang ve rang
forqini 6lgmak ti¢iin bir sira alotlor hazirlanmus, iplorin vo pargalarm fasilasiz istehsalinda ham laboratoriya dlgiilari,
hom do onlayn 6lgmoalor tiglin tekstil sonayesinds genis istifado edilmisdir. Bu 6lgmo sistemlorinin 6zslliyi ondan
ibarotdir ki, onlar ham rang, hom ds qurulus baximindan heterogenliyi olan sathlarin rongini giymotlondira bilirlor.
Hom do unikal hossasliq vo siiroto malikdir. Miasir optoelektronik kompanent osasinda hazirlanmis 6lgma
sistemlarindon istifads edorok toxunmus tekstil, fiberglas, karboniplik, sintetik vo kagiz materiallarin istehsali zamani
agkar va gizli qiisurlari, rongloma Xatalarmi samarali sokilde miiayyan etmok miimkiin olmusgdur.

Prof.Dr. I.K. Mommodboayli istiraki ilo islonon layiholor asagidakilardir:

1. Layiha Ne: 3221049 “Otonom Olarak Kontrol Edilebilen Slasher Boyama Makinesi I¢in Sistem Ve Yazilim
Gelistirilmesi”, TUBITAK TEYDEB dostokli, 2022-2024-cii il, davam edir;

2. Layiho Ne: 3201084 “Optik Tabanli, Ger¢ek Zamanli, Temassiz Calisan, Yeni Nesil, Renk, Renk Farki,
Yansitma Ve Gegirgenlik Kontrol Sistemi Gelistirilmesi”, TUBITAK TEYDEB dastokli, 2020-2022 il;

3. Layiho “Denim Iplik Demetleri i¢in indigo Boya Sonrasi Ger¢ek Zamanli Renk Ton Kontrol Cihazi
Gelistirilmesi”, KOSGEB AR-GE vo INOVASIYA programi dastokli, 2019- 2021 il.
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Prof.Dr. I.K. Mommodboyli 2021 ildo tekrar TUBITAK BILGEM arastirma morkozindo moslohoatci olaraq
Bioelektronik Sistemlori bolmosinds c¢aligmaga baslamigdir. Havada biohissaciklor vo molekullarin  tayini va
konsentrasiyasinin 6lgmolori tigiin optik asas1t mobil 6lgmo Sistemi hazirlanmigdir. Eyni zamanda Milli marker maye
yanacaq nozarat sistemin inkisaf etdirilmosi vo yenilonmosi tizorinds ¢alismalarini davam edir.

Prof. Dr. I.K. Mommadbaylinin elmi tadgigat foaliyatlorinin naticalori, 70-don cox mogalo soklindos yerli va
xarici SCl-yo daxil olan elmi jurnallarda derc olunmus va bir sira konsfranslarda moruzos ilo ¢ixis etmisdir.

izmir.mehmetbeyli@tubitak.gov.tr
kagan7315@gmail.com

PROF. DR. TOFiQ MOMMODLI 5
(MOMMODOYV TOFiQ SOFOROLI OGLU)

Tofig Mommadli 05.04.1947-ci ildo Azorbaycanin Astara rayonunda
anadan olub. 1969-cu ildo Azarbaycan Dovlst Pedaqoji Universitetinin fizika
fakiiltosini bitirmigdir. 1973-1979-cii illordo SSRI Elmlor Akademiyasinin
Lebedev adma Fizika Institutunda staj kegmis, aspiranturada oxumusdur.
1979-cu ilds Lebedev adina Fizika Institutunda (Moskva) “Yarimkegiricilor
Vo elektron materiallarin texnologiyasi” tizro texnika elmlori namizadlik
dissertasiyasini bitirmisdir. 1985-1993 illordo AMEA-nm Fizika Institutunda
Bas elmi is¢i vozifosindo islomisdir.1993-cii ildo AMEA-nm Fizika
Institutunda ~ “Dar  zolaqhh  yarimkegiricilorin  qaz  epitaksiyasmin
fotostimulyasiya proseslori” movzusunda “Yarimkegiricilor vo izolyatorlar
fizikas1“ sahasinds fizika-riyaziyyat elmlori doktoru disertasiyasini miidafiya
etmisdir. 1993-cii ildon Fizika Institutunun aparici elmi iscisi vozifasindo
calisib.  2004-2010 cii illorde Fizika Institutunun ‘“Nanokristallarin vo
Nanostrukturlarin Texnologiyas1” laboratoriyasinin miidiri olmusdur.

2004-cii ildo Tirkiyonin Ankaradaki Gazi Universitetinin Fen
Odobiyyat fakiiltosinin, Fizika bolimiinds elmi tedqiqat laboratoriyasinin
gurulmas1 mogsadi ilo dovot edilmigdir. Tirkiyods ilk dofo yaradilmasi
nozords tutulan, “Qabaqcil Toadgigat vo Tohsil Proqramlarr” layihosi
car¢ivasinds yaradilmis “Yarimkegirici Texnologiyalar tizro Qabaqcil Tadqiqat Laboratoriyasi’” STARLAB vo orada
qurulacaq miiasir cihazlar Dévlot Planlama komitasi (DTP) torofindon maliyslosdirilmisdi. STARLAB-a rahbarliyi
Prof.Dr. Siileyman Ozgalik hoyata kegirirdi. Laboratoriya ii¢iin alinacaq cihazlarin secilmasi, almmasi, qurulmasi va
islodilmosinin biitiin marhoalalorinds T. Mommadli aktiv istirak etmigdir. OKSFORD-dan alinan yiiksok texnologiyaya
malik 10 manbali Molekulyar Siia Epitaksiya (MBE) cihazinin ilk dofo Gazi Universitetinds gurulmasi Tiirkiyanin
elm, tohsil vo miidafis Sonayesi ii¢iin boyiik bir hadiss idi. Turkiysnin ilk MBE (Molekulyar Siia Epitaksiyast)
sisteminin quruldugu STARLAB-da yarimkegirici materiallarin tadqiqi, inkisafi vo istehsali, nano strukturlu 111-V
qrup yarimkegiricilar, bu kontekstdo GaAs, InAs, InP, GaP kimi bazi yiiksok keyfiyyatli binar birlogsmalor, InGaAs
kimi tigli va InGaAlAs kimi bazi dordlii gat1 mehlullar; superlattis, kvant quyulu vo kvant néqtali strukturlart 1000
sinif tomiz otaqda yetisdirilirdi. Infraqirmiz1 fotodetektor, LED vo lazer diod kimi cihazlarin inkisafi vo istehsall
yetigdirilon AlGaAs/GaAs, InGaAs/GaAs, InGaAs/InP vo oxsar nanostrukturlu, layli, ¢ox kvant quyulu
strukturlarindan hoyata kegirilirdi. Biitiin bu tadgigatlarda T. Mommadli aktiv istirak etmisdir.

T. Mommadli Qazi Universitetinin Fizika fakiltasinin professoru vazifasindos islodiyi miiddatdo Molekulyar Siia
Epitaksiya (MBE) cihazinda II1-V grup birlosmoalorin Foto detektor, Lazer, LED vo Giines elementlori {igiin yararh
epitaksial heterostrukturlarin boyiidiilmosi, xarakteristikasi va totbiqi sahasinds faaliyyot gostarmisdir.

2011-ci ildo Tiirkiys inkisaf Nazirliyinin dostoyi ilo hoyata kegirilon “Fotonik Arasdirma Maorkozi” layihasi
corgivasinds STARLAB osasmnda Qazi Universiteti Fotonik Arasdirma Markozinin (GAZI FOTONIK)
yaradilmasinda aktiv islomisdir

2012-2014 illerdos ASELSAN nin sifarisi iizorindon Infraqirmizi Geca gériis cihazlarinda istifads edilon Optik
Elementlorin hazirlanmast iigiin yararli 100 mm diametrli, 40-60 cm uzunlugunda Germaniyum monokristallarin yeni
qurulmus Coxralski cihazinda boytidiilmasi sahasihds iglomisdir.

Prof. Dr. T. S. Mommadli, asas tadqiqat islorindo MBE texnikasi ilo SI-GaAs, GaP, AlGaAs va digar alttaglarin
sothinds epitaksial metodla GaAsix Px liglii bark mohlulun, GaP, AlGaAs LED ve Lazer diodlar1 boyiitmiis Vo onlarin
xiisusiyyatlarini IV-CV, Fotoliiminesans, Spektroskopik Ellipsiometriya, X-Ray Difraksiya, AFM, TEM, SEM vo
Ikincil Tyonlarm Kiitle spektroskopiyas1 (SIMS) iisullarindan istifade edilmoklo todqiq etmisdir. Spektroskopik
ellipsiometriya dlgmolorindon alinan dielektrik omsalindan istifado edorok, otaq temperaturunda spektral paylasma
analizi ilo strukturun zolaqlar1 arasinda kritik ke¢id ndqtolorinin enerjilori oldo edilmisdir. Otaq temperaturunda
fotoliiminessensiya pik qiymetlarine gore, zolaq boslugu enerjilori vo bark mahlulun fosfor vo aliminiyum miqgdarina
bagli maillik doyarlori do miioyyan edilmisdir. Biitiin bu naticolorin mévcud adobiyyatla kifayst godor uygun oldugu
agkar edilmisdir ki, bu da nogr edilmis mogalslorin orjinalligmimn ayani gostaricisidir.
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2012 cii ildon T. Mommaoadli 6zal sektorun, xiisusilo do miidafio Sonayesinin ehtiyaclarmi 6domok iigiin strateji

ohomiyyatli monokristallarin istehsal texnologiyalarinin inkisafi istigamotinds Ar-Ge vo istehsal foaliyysti hoyata
kegirmok mogsadi ilo ’Mono Kristal”” LTD sirkoti qurdu. Sirkstdo tam miitosokil texnoloji laboratoriya foaliyyot
gostarirdi.

T. Mommeadli, 2013-cii ildon Rusya Novosibirsk Niivo Todgigatlar1 Institutunun Elektron Siia strelizasyonu

sahasinds Tiirkiys tomsilcisi Kimi rosmi foaliyyst gostormisdir. Bu mogsadlo *’SterilTR”’LTD sirkoti yaradildi. Hor
iki girkot bu giin do T. Mommadlinin talabalarinin rahbarliyi ilo faaliyystlorini davam etdirirlor.

>

VV VYVVY

=

10.

T. Mammadlinin asas maraq dairalori bunlardir:
Elektron materiallarin Nanotexnologiyasi, yarimkegirici vo digar birlosmalorin Molekulyar Siia Epitaksiyas;
Magnetron Spatterring cihazinda metallar vo onlarin oksidlarinin inca tobagolorinin boyiidiilmasi;
Optik monokristallarin boyiitma sistemlarinin layihalondirilmasi vs istehsali;
Strateji shamiyyatli yarimkegirici vo elektron materiallarin monokristallarinin istehsali;
Yiiksok Giiclii Harbi Lazer Tatbiglori tigiin Elektro-Optik Tezlik Cevirici Barium Borat (BBO) monokristalin
istehsall;
Yiiksok daqiqlikli transduserlorin yeni noslinin istehsal ii¢iin pyezoelektrik monokristall keramika istehsals;
Grafen yetigdirmok ti¢iin yatay CVD cihazlarin lahiyslosdirimasi, kiitlovi istehsali vo Grafenin olds edilmosi
liglin texnoloji sortlorin islonmasi;

T. Mammadlinin lahiya rohbori vs todgigatc1 kimi igladiyi osas Toadgigat Layihalori:

BAP 05/2009-57; 05/2010 — 2; 05/2011-4; 05/2012- 88. -Qazi Universiteti

TUBITAK: 108T018 /: infraqirmiz1 AlGaAs Lazer Diod Materiallarmin Epitaksial istehsali vo Xarakteristikasi
— Bu lahiys ¢or¢ivasindo Miidafis sonayesi ii¢cin Nd:YAG lazer ¢ubuklarin pompalama kaynagi AlGaAs lazer
diodlar MBE cihazinda hazirlanmisdir; - Qazi Universiteti

TUBITAK 2010-2013: 110T333 /:II-V Qrup Iki kecidli vo Kvant Quyulu Giinos elementlorinin
Modellogdirilmosi, Giinos Hiicralorinin Epitaksial boyiidiilmesi vo Inkisafi’’- Qazi Universiteti ;
DPT-2011K120290 2011-2013:”’Fotonika Tatbiqi vo Arasdirma Morkozinin yaradilmas1’” - Qazi Universiteti
Bu lahiys ilo STARLAB tomolindo’’GAZI Fotonika” yaradildu.

ASELSAN- MGEO-IA-2012-036 2012-2013: >’infraqirmizi Optik Elementlor iiciin 100 mm diametrli
Germanium Tok Kristallarin istehsal Todqiqatlari’. Bu lahiys g¢orcivesindo istehsal edilon Germanium
kristallorindan Aselsan geco gbriis cihazlari iiciin Infraqrmizi Optik Elementlor, o ciimlodon linzalar
hazirlanirdi.

NATO, BP. EAP. CLG, 2009-2011 “Tandem Giinas Hiiceyralori ii¢iin Seyraltilmig Nitritlar’> Qazi Universiteti
SANTEZ-00587.STZ.2010-1, 2010-2013 "Ug birga giinos elementlorinin istehsali texnologiyasmin islonmosi
vo modul istehsali” Qazi Universiteti ;

0958.TGSD. 2013 / Elm, Sonaye va Texnlogiya nazirliyi: *’Texnoloji vo Strateji ©homiyyatli Yarimkegirici
Tok Kristallarin istehsal’”> Monocrystal LTD sirkoti. Bu layiha EST nazirliyinin " Ugurlu layiho Sertifikat1"
ilo teltif edilmisdir. Yaradilmis tok kristal boyiitma sisteminds Istehsal edilmis xiisusi optik monokristallar
TUBITAK MAM, Qazi Universiteti, Qobzo Texniki Universiteti kimi yerli elmi todqigat merkozlorina,
homginin ABS-1n Berkeley Universiteti vo Arizona Dovlot Universiteti ; -irlandiyani >’Lirrus’’ vo Rusiyanin
”’ORION’’ kimi xarici elmi merkozlers satilmisdir. ABS-1n Berkeley Universitetiden Optik kristallarin yiiksok
keyfiyyatini tasdigloyan Sertifikat almmisdir.

KOBI ARGE Baslangic / Hacettepe/2014/001 / Kosgeb-Ostim sdbesi, ,,Texnoloji vo strateji ohomiyyatli
yarimkecirici tok kristallarin istehsal prosesinin tadqiqi’’

7141148 / TUBITAK "Strateji vo Texnoloji Ohomiyyatli Yarimkegirici Kristallarin Istehsali ii¢iin Bridgeman
Sisteminin lahiyslosdirilmasi vo Kiitlovi Istehsali" Monocrystal LTD sirkoti. Bu Lahiyads prototipini
hazirladigimiz Bridgeman sisteminin sonaye tasarimi v kiitlovi istehsali {i¢iin tolob olunan sanadlogmalor
tamamlanaraq hazir hala gotirildi. Bu ¢ar¢ivado 3 adad Bridgeman tok kristal boyiitma sistemi (biri yatay digor
ikisi dikey) miivoffagiyyatlo istehsal edilorok TUBITAK-a tohvil verildi.

T. Mommadlinin igtirak etdiyi bozi milli ilklor:
2008 —ilk tok kvant quyulu AlGaAs/GaAs lazer diodunun yaradilmasi ; - Starlab, GAZI

2009 — ik 100% lik yerli silikon giinos elementlorindon Giinos panellorinin yaradilmasi (Starlab, Qazi Univ.)
2011-Aselsan-m sifarisi ilo Infraqirmizi Optik Elementlor ii¢iin 100 mm diametrli 40-60 cm uzunlugunda

Germanium Tok Kristallarin istehsali ; - Gazi Fotonik

2012 — Ik yerli Bridgman monokristal istehsali iigiin cihazmin yaradilmasi; - Mono Kristal LTD Sirkati
2013 — Mono Kristal LTD sirkatido yaradilmus tok kristal boyiitmo sistemlorindo Istehsal edilmis xiisusi optik

monokristallarin ixrac1 — ABS, Irlandiya (Mono Kristal LTD sirkati)

2013 — ZnO ssasli ilk biosensorun yaradilmasi; -Qazi Fotonik
2016-2018 ilk Barium Borat (BBO) monokristali bdyiitmos cihazinin yaradilmasi; (Mono Kristal LTD Sirkati)
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2018-2019-cu illordo ODTU Fizika fakiiltosinin sifarisi asasinda Grafen istehsali li¢iin 3 adod CVD cihazi
hazirlanmigdir. Bu cihazlarda Prof. Dr. Ahmoad Oral-in doktora talobalori tarkibinds Grafen elektrodlar olan LED va
OLED-Ilar slds etmok tigiin todqiqatlar aparirlar.

2022-ci ildo Ordahan Universiteti Mithondislik Fakiiltasinin Elektrik Elektronik boliimiindo Grafen istehsali
ticiin bir adod CVD cihazi hazirlanmisdir.

T. Mommadli, Qazi Universiteti Fizika Boliimiinda professor vazifesinds igloyarkon Fizika boliimiiniin Lisans
(bakalavr ) talobslorine “Lazer Fizikas1” kursunu, magistratura vo doktorlug talobslorine “Yarimkegirici materiallarin
texnologiyasi va totbiqi 1 vo 27, “Lazer Fizikas1* kurslarin1 todris etmisdir.

Ardahan Universitetinin Miihondislik fakiiltosinin Elektrik Elektronik boliimiinds ,,Elektronika’® bakalavr
kursunu tadris etmisdir.

Magistrlik vo doktorluq dissertasiyalarina rohborlik edorok 10 Yiiksok lisans vo 3 doktorluq dissertasiyasi
miidafis etdirmisdir.

T. Mammadlinin 91 orjinal magalssi Science Citation Index (SCI) va digar resenziyali elmi jurnallarda darc
olunub. Bundan olavs, 5 Patent, milli, beynalxalg simpozium, kongres va ya konfrans kitablarinda ¢ap olunmus 86
tam motn mogalesi mévcuddur. T. Mommadlinin 177 moagalodan 141 donessi Tiirkiyads islodiyi miiddstds ¢ap
olunmusdur.

2019-2023-cii illordo Ardahan Universitetinin Mithondislik fakiiltesinin Elektrik Elektronik boliimiindo
professor vazifasinds iglomis vo 2023 cii ilds togatide ayrilmusdir.

mtofik@gmail.com;

ELMLOR DOKTORU HOSON MOCIiD OGLU MOMMODOV
(1943-2015)

Hoson Mammadov 01.07.1943-cii ilds Tovuz rayounun Qaraxanli kandinda
anadan olmusdur.

1960-c1 ildo Azarbaycan Dovlot Pedaqoji Institutunun Fizika fakiiltasini
bitirmigdir. 1970-1973-cii illordo Azorbaycan Milli Elmlor Akademiyasinin
Fizika Institutunda aspiranturada tohsil almisdir. “GaSexTe;.x kristallarinim giiclii
elektrik sahasinds optik, elektrik xassalarinin todqiqi” mévzusunda namizadlik
dissertasiyasini1975-ci ildo miidafio etmisdir. 1973-1980-ci illordo AMEA-nmn
Fizika Institutunda kicik vo bas elmi isci olaraq elmi arasdirmalarmi davam
etdirmisdir.

1981-ci ildo Gonco sohorindo yeni qurulan Azorbaycan Texnologiya
Institutunun Elmi tadqigat Sébosinin miidiirii secilmisdir. Yeni qurulan Institutun
elmi pedaqoji hoyatindaki faaliyyati Institut vo Tohsil Nazirliyi torofinden
yiiksak dayarlondirilmisdir. Apardigi elmi aragdirmalarin naticolorini 1988-ci ildo “Tobagsli GaSexTe1x kristallarinin
optik, fotoelektrik xassolorinin xiisusiyyatlori, elektro-optik ikili stabil voziyysti” mdvzusunda doktorlug
dissertasiyasin1 miidafis edarak fizika-riyaziyyat elmlori doktoru elmi daracasi almigdir.

Hoson Mammadovun elmi aragdirmalar1 naticesindos 3 miolliflik sohadstnamosi, 100-o yaxin mogalosi
Azorbaycan Elmlor Akademiyasi maruzalari va xabarlori, ®TII, Solid State Communication, Thin Solid Films, Phys
Status Solidi, J.Non-Cryst.Solids, J.Appl.Phys., Appl. Phys.B Laser and Optics, Optical Materials, J. Limunescence,
J. Allowsand Compounds, Mater.Sci. And Eng.B Kimi beynslxalq elmi jurnallarda ¢ap olunmugdur. Bununla yanasi
aragdirmalar1 bir ¢ox beynalxalg elmi konfranslarda maruzs olunmusdur.

Professor Hoson Mommadov 1997-ci ildon 2015-ci ilin yanvar ayna qodor qardag Tiirkiys Ciimhuriyyatinin
Dumlupmar (Kiitahya) ve Kafkas (Kars) Universitetlorinds pedaqoji va elmi foaliyystini davam etdirmisdir.

T.C. Kars Kafkaz Universiteti Fonn-odsbiyyat fakiiltosi Fizika kafedrasmm miidiirii Professor Movlud
Karabuludun xatiralarindon: “10 ilo yaxin bir miiddatdir birlikdo caligmisiq. Onun bdyiik amoayi ils kafedramizda
“Monokristal vo nanokristal aragdirma laboratoriyas1” qurulmusdur. Kafedramizin, talobalorinin vo aspirantlarinin
adindan ona sonsuz minnatdarligimizi bildirirom. Onun rohborliyi ilo Bor yataglarindan zongin olan 6lkamizds bor
birlosmalarinin, bor qarisiqli yarimkecirici kristallarmi vo inca tobagalorini diizeldib aragdirilmalara baglamisig.
Aldigimiz ¢ox qiymoatli noticolor bagsqa yarimkeciricilor tictin niimuns olaraq istifado oluna bilor. Eyni zamanda
kafedramizda radioaktiv tullantilarin gablagdirilmas ii¢iin genis tatbig sahasine sahib domir fosfat siigalordoki bor
atomlarinin rolu da aragdirilmaqdadir. Kafedramizda Prof. Hason Mammadovun ¢ox sayda aspirant va dissertantin
elmi rahbarliyini apararaq bu sahado elmi isgilorin yetismosindo boyiik amayi olmusdur. Universitetimizin elmi
surasmin 18.01.2015 tarixli gorart ilo gostardiyi elmi xidmotlorine gérs rohbarliyinds qurulan laboratoriyaya Prof.
Dr. Hoson Mommoadovun adi verilmisdir.”

25.02.2015 tarixinds Hoson miisllim Allahin rohmatine qovusmusdur. Bizlordon ayrilib haqq diinyasina kogsa
do, yeri har zaman galbimizds, iraliys, inkisafa ¢agiran sasi hor zaman qulaglarimizdadir.
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PROFESSOR, DOKTOR SAVAL VEYSOL OGLU MOMMODOV

Saval Veysol oglu Mommodov 08.02.1940-c1 ildo Quba rayonu Zeyid
kondindo anadan olmusdur. Burada orta moktobi bitirdikdon sonra Baki Dovlot
Univeristetinin fizika fakiiltosino daxil olmus, 2-ci kursu bitirdikdon sonra
M.V.Lomonosov adina MDU-da tohsilini davam etdirmisdir. Aspiranturani
bitirorok, 1963-cii ildo Fryazino sohorindo qapali Institutda islomis, sonra iso
Azarbaycan MEA Fizika Institutunda iso qebul olunmusdur.

1970-ci ilds Fizika-riyaziyyat elmlori namizodi alimlik daracasi almaq ti¢iin
dissertasiya miidafio etmisdir vo bu islori davam etdirmoklo yanasi Biofizika
istigamotini yaratmaqda igtirak etmis vo Dbiopolimerlorin fiziki metodlarla
tadgiqatinin asasin1 qoymusdur. Go6ziin komponentlorinds rodopsin vo melanin
pigmentlorindo EPR todqiqatlar1 aparmis vo gdérmeo hissindo antioksidantlarin
rolunun molekulyar mexanizmalarini arasdirmis va ilk dofs selenin biopolimerlarde
va sonradan sintetik polimerlords antioksidantlarin rolunu gostermisdir. Bu tadgiqgatlarla polimer spektroskopiyasinin
Azorbaycanda asasini qoymusdur va bir cox miivaffoqiyyatli islorin inkisafina sabob olmusdur. 1970-ci ildon bas elmi
is¢i, 1974-cii ildon iso 1996-c1 ilo qodor laboratoriya rohbari vazifasindo ¢alismisdir. 1986-c1 ilds fizika-riyaziyyat
elmlori doktoru alimlik doracesi almaq tigiin «Polimer yarimkeciricilori vo dielektriklords sorbost radikallarm vo digor
paramaqnit zarraciklorin qurulus doyigmalarinds rolu» adli dissertasiyan1 miidafis etmisdir. 1986-c1 ildon professor
adin1 almigdir. 15 elmlor namizadi, 4 elmlor doktoruna soxson rohborlik etmis, 10-a godor elmlor namizadinin
bilavasito moslohatgisi olmusdur. 1996-c1 ilden Tiirkiyonin Istanbuldaki Y1ldiz Texnik Universitetinin Fon-Ddobiyyat
Fakiiltasinin Fizik boliimiinds professor olaraq ¢alismisdir.

Saval miiollimdon talob olunan gonc miitoxassislorin hazirlanmasi vo elmi arasdirmalar aparilmasmdan ibarat
idi. Bu iglori gérmak ii¢iin heg bir sorait olmadigindan hor sey sifirdan baslamaliydi. Bos bir otaq gostordilor ki, burasi
sisin laboratoriyaniz olacaq. Xosbaxtlikdon istanbulun hor torafinde hom maddi cohotdon, hom do avadanlgq, cihaz
baximindan polimer mohsullari istehsal edon ¢ox zaongin zavodlar var. Tez bir zamanda bu zavodlarla slago yarand1.
Istehsal prosesindo qarsiya ¢ixan suallara elmi cavablar vermok texniki mithondislor {i¢iin asan deyildi. Bozi cihazlari
zavodlardan aldi, bozisini Azorbaycandan gotirdi. Todqiqat niimunoslorini zavoddan alirdilar, mévzu iso polimer
mohsullarm istifadoesi zamani qarsiya ¢ixan problemlor idi. Demok olar ki, bir istehsal vo elmi is birliyi qurmusdur.
Burada da Polimer Fizikasi qrupu yaratmus, sintetik vo biopolimerlorin mexanikasi vo spektroskopiyasi iizra dorslor
vermis vo kadrlar (3 magistr vo 2 doktor) yetisdirmisdir. Tiirkiyade, Azarbaycan Fizika Institutunun ad1 kegmok sorti
ilo Umumdiinya konfrans vo kongreslorinds diinyanin 14 &lkasindo Elmi moruzolorlo ¢ixis etmis Universitet vo
NATO layiholorinin yerino yetirilmosindo rohbor vo istirak¢i olmusdur. Miixtolif 6lkolordo (Amerika, Kanada,
Ingiltore, Almaniya, Polsa, Ruminiya, Rusiya, Tiirkiys va s.) meqalolor dorc etdirmisdir ki, bunlardan 10- u Diinya
Standartlarinda istinad edilon moshur jurnallarda c¢ap edilmis vo «Sitation Sciense Index - Seideysin Index»
siyahilarinda geyd edilmisdir.

Tiirkiyadas icra edilon biitiin elmi islori totbiqi islor olmus vo geyd etmok lazimdir ki, son illor Tiirkiyonin Polimer
sonayesinin basinda gedon moshur sintetik boru istehsali firmasi «Dizayn Texnik Polimer A.S.», Ambolaj-ortiik
sonayesi «Vatan Plastik» vo iplik sonayesi (yun vo ipok istehsali) firmalari, Rusiyanin S.- Peterburq sohorindoki
«Texnologiya vo Dizayn» universitetinin miixtolif sohorlordoki sonaye firmalari ilo miiqavilolor osasinda icra edilmis,
isbirliyi ilo olan moqaloler iso birgo miisllifliklo ¢ap edilmisdir.

1997-2002-ci illords Y1ldiz Texnik Universiteti Bilim Tegvik Odiillerine layiq goriilmiigdiir.

Toassiiflor olsun ki, hor seyin yolunda getdiyi bir vaxtda amansiz 6liim Saval Mommodovu aramizdan aldi.
Universitetin rohbarliyi vada morasimi diizonloyarak hérmetli Saval miiallimi vatonine ugurladilar. Universitetin
rohbarliyi Saval miisllimin xatirasini obadilosdirmok ti¢iin yaratdigi laboratoriyaya onun adim verdi. Hal-hazirda
homin laboratoriyanin gapisina “Professor, Doktor Saval Mommadov adina “Polimer Fizigi” laboratoriyasi 16vhasi
vurulmus vo Saval miiollimin adin1 dasiyir.

PROF. DR. FAIK MilgAiLZADE
(FAIQ 9LOKBOR OGLU MIKAYILOV)

Faiq Olokbor oglu Mikayilov 2 oktyabr 1966-c1 ildo Bakida anadan
olmusdur. Baki Dovlot Universitetinin Fizika fakiiltasindoki tohsilini farglonmo
diplomu ilo basa vuraraq Azorbaycan Milli Elmlor Akademiyasmin Fizika
Institutunda 1988-ci ildon bagslayaraq laborant, elmi is¢i vo bas elmi isgi
vazifalirinda islomis, 1995-ci ilds “Yarimkegiricilor vo Dielektrikor” ixtisasindan
“TlnS; vo TIGaSe, layli yarimkegiricilorde dielektrik xassalori vo metastabil
hallar” mézusunda namizadlik dissertasiyasini miidafio edarok fizika iizra folsofo
doktoru elmi dorocasini aldigdan sonra 1996-c1 ilin aprel ayinda Tiirkiys ElImi
Texniki Todgigat Morkozine (TUBITAK) ezam olunmus, bu miiossisodo
miixtalif elmi layihslor {izrs 2 il yarim elmi todgiqat islori yerine yetirmisdir. Bu
milddstds F.O. Mikayilovun daxil oldugu elmi todgigat layihe grupu terafindan
aparilan todgigatlar elektroliiminesensiya xassalorine malik olan geyri-organik
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yarimkegiricilora hasr edilmisdir vo bu todgigatlar naticasinds isiq yayan liiminesent cihazlar hazirlanmigdir. Bununla
eyni zamanda, GaSe monokristalinin optoelektronik xassalori todqiq edilorak onun asasinda elektrooptik modulyator
hazirlanmigdir.

Daha sonra F.O. Mikayilov 1998-cu ilin sentyabr ayinda Bursa goharindoki Uludag Universitetinin Fizika
Boliimiine dovat edilorak 1999-cu ilin sonuna gador burada Yardimg¢i Dosent vozifasinds iglomisdir. Bu miiddotds
F.O. Mikayilov torofindon Elektronika Béliimii tolobaloring Yarmmkegiricilor fizikas1 ve Umumi fizika fannlorindon
darslor verilmisdir.

2000-ci ilin yanvar ayinda Azorbaycan MEA Fizik Institutunda bas elmi is¢i elmi adin1 alan Faiq Mikayilov,
hamin ilin may ay;ndan baslayaraq Gebze sohorindoki Gebze Yiiksok Texnologiya Institutunun Fizika Boliimiinda
Yardimc1 Dosent olaraq islomoys baglamigdir. 2000-2004-cii illor arasinda islodiyi miiddoatds F.O. Mikayilov TlInS;
Vo TlGaSe; kristallarinda faza kegidlarinin tadgiq edilmasi ilo bagli tadgigatlarina davam etmis, eyni zamanda hamin
institutda beynslxalq elmi konfranslarin vo beynslxalq elmi layihslorin taskil edilmasins baglanildigi 2001 vo 2003-
cii illorde “Nanodlgiili magnetik materiallar vo totbiglori” mozusunda TUBITAK vo NATO dostokli elmi
konfranslarin togkilinds vo 2003-cii ildo Avropa Birliyi layihasinin hazirlanmasinda istirak etmisdir. Eyni zamanda bu
miiddotdo F.O. Mikayilov torafindon institutda magistr vo falsofo doktoru proqramlar tizro tehsil alan tolobolora
Statistik mexanika vo Bark cisim fizikas1 dorslori verilmisdir.

2004-ci ilin avvalindon Gebze Yiiksok Texnologiya Institutunun Fizika Béliimiindo Dosent vozifasinda islomoyo
davam edon F.O. Mikayilov, magistr vo falsofo doktoru programlari iizra tohsil alan tolobalora doars vermaklos eyni
zamanda, Institutda bakalavr tohsilinin baslanmasindan sonra bu ¢argivada tohsil alan talobolors Fizikada riyazi
metodlar vo Kvant mexanikasi dorslori vermis, eyni zamanda miixtalif ferroelektrik vo ferromagnetik kristallarda (ii¢hi
xalkogenid layli kristallar, perovskitlor, manganitlor) elektromagnit rezonans, magnetik, termomagnetik vo
magnetoelektronik xassalorin tadqiq olunmasi ilo bagh elmi islorine davam etmisdir. Multiferroik vo Magnetoelektrik
materiallar sahasinda Tiirkiyads ilk dofas todqiqat islorina baglayaraq bu sahads 2007-2022-ci illarda bir nego milli va
beynalxalg elmi layihslorin rahbori va istirakgist olmusdur. 2005, 2006, 2007 vo 2010-cu illords F.©. Mikayilov
islodiyi Institutun Fizika vo Riyaziyyat Boliimlorindo beynslxalq elmi konfranslarin toskilatcis1 olmaga davam
etmigdir.

2009-cu ilin avvalindon F.O. Mikayilov Gebze Yiiksok Texnologiya Institutunun Fizika Béliimiindo Professor
vazifasinds islomays baglamigdir. 2014-cii ildon ¢aligdig ali tohsil miiassisasinin adi Gebze Texnik Universiteti olaraq
doyisdirilmisdir. Bu illordo F.O. Mikayilov tarafindon ham bakalavr, hom magistr vo hom do folsofo doktoru tizro
tohsil alan tolobolors avvalki yuxarida gostorilon fonnlora slave olaraq Umumi fizika, Kvant informatikasi, Klassik
elektrodinamika, Riyazi fizika fonnlorindon do dors vermoys davam etmisdir.

Prof.Dr.Faiq Mikayilovun son illardaki elmi foaliyyoti ferroelektrik, ferromagnetik vo multiferroik kristallar,
magnetoelektrik kompozit materiallar, nanomagnetizm vo maqnetik yarimkegiricilorin miixtalif fiziki xassalarinin
todqiq olunmasi ilo baghdir. O, diinyanin vo 6lkomizin bir ¢ox elmi jurnallarinda ¢ap olunmus 100-don artiq elmi
magalenin (o ciimladan SCI indeksins daxil olan 75 magalonin), Avropadaki Springer, Kluwer, World Scientific ve
Wiley nosriyyatlarinda nasr edilmis 6 elmi kitabmn vo 2 kitab boliimiiniin, Tiirkiyado nosr edilmis 2 todris kitabinin
miiallifidir. Xarici 6lkalords bir sira beynalxalqg elmi konfranslarda dovatli alim olaraq istirak etmis, eyni zamanda da
Tiirkiyads do 6 beynslxalq elmi konfransin tagkilatgist olmusdur. Elmi rahbarliyi altinda Tiirkiyads 8 folsafa doktoru
Vo 12 magistr disertasiyas1 miidafio edilmisdir. Azarbaycan, Tiirkiys va Rusiya arasinda birgs elmi layihslarin hayata
kegirilmasinin foal istirak¢ist olmusdur.

AKADEMIK NOHMOADOV 9NVIR PIRVERDI OGLU
(24.08.1959 — 05.09.2021)

Onvar Pirverdi oglu Nahmodov 24 avqust 1959-cu ilds Baki saharinds
anadan olub. O, 1981-ci ildo Azorbaycan Dovlst Universitetinin Fizika
fakiiltasini qirmiz1 diplomla bitirib. Elo homin il sentyabrin 1-do toyinatla
AMEA-nn Fizika Institutunda akademik Firudin Hosimzadanin rohborlik
etdiyi laboratoriyada amok foaliyyatina baslayib. 1982-84-cii illordo SSRI
Elmlor Akademiyasinin Leningrad sohorinds yerloson A.F.loffe adma

J Fizika-Texnika Institutunda tociiba kecib.
O, 1988-ci ilds “Giiclii anizotropik agiq Fermi sathi olan sistemlords
zoif lokalizasiya effektlori” mévzusunda fizika tizra namizadlik, 2012-ci ildo

\ “Asag Olgiilii sistemlordo korrelyasiya ve asqar effektlori” moévzusunda
i) doktorluq dissertasiyalarint miidafis edib. 2014-cii ildo AMEA-nin miixbir
tizvi, 2017-ci ilds iso haqiqi tizvii segilib.

Nanostrukturlar fizikasi, ifrat kegiricilik nazariyyasi, nizamsiz yarimkegiricilordo Anderson lokalizasiyasi, ab-
initio DFT hesablamalari, spintronika vo topoloji dielektriklor kimi elmi aragdirmalar ©.Nohmadovun todgiqatlarinin
asas istigamotlori sayilir. Belo ki, ©nvar Nohmadov A.F.ioffe adina Fizika-Texnika Institutundaki vo Almaniyanim
Wiirzburg Universitetindoki omokdaslarla barabar bir-6l¢iilii sistemlords nizamsizhq effektlorini yronmak tigiin
doaqiq hallor veran diagrammatik metodlar toklif etmisdir. Novbati addim kimi iss, bu metodlar vasitasi ilo bir-6lgiili
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sistemlords zamandan asili relaksasiya proseslori, nizamsiz bir kanalli iiziikklordos Aharonov-Bohm effekti, mezoskopik
fluktuasiyalar 6yronilmisdir.

O, kvazi- bir-6lgili nizamsiz strukturlarda kegiriciliyin asagi temperaturlarda dinamikasmi, lokallagmis
soviyyalor arasinda sigrayish koherent Mott kegidin xarici tezlik vo temperatura géra doyismasinin nazariyyasini
vermigdir. Bu nozoriyys hal-hazirda polimer fizikasinda genig totbiq olunmaqdadir. Onun dogiq diagrammatik
metodlarla 6yrondiyi, talo rolunu oynayan nizamsiz olaraq yerlosmis agqarlarin bir-6lgiilii strukturlarda ssbob oldugu
anomal relaksaiya effektlori do bir ¢ox kvazi- bir-61¢iilii polimer vo tizvi duzlarda tacriibi olaraq miisahids edilmisdir.
Diametri 1 mikron tortibinds nizamsiz bir kanalli Aharonov-Bohm nano-iiziiklorinds aparilan tacriibalor strukturun
kinetik va fiziki xarakteristikalarinda iki tip ossilyasiyalarm, tam vo yarim maqnit aximi kvanti ila, oldugunu
agkarlamigdir. Onvor Nohmodovun nozari tadqiqatlar: bu ossilyasiyalarin monbayini 6yronmisdir.

Son illords kondenss olunmus miihitlorin yeni fazasi olan topoloji dielektrik vo ifratkegiricilorin kasf edildikdan
Vo asagi Olgiilii strukturlarda Ragba vo Dresselhauz koherent spin-orbit tasirlorinin bu fazalarin meydana ¢ixmasina
Sobob oldugu gostarildikdon sonra, Onvar Nohmoadov da rohborlik etdiyi elmi-tadgigat grupu ils birlikde MOSFET
strukturlarindaki kvazi-iki 6lgiilii elektron qazinda spin-orbital tasir ila spin-Gann effektinin, enina stationar spin
caroyanmin miimkinlityi gosterilmisdir. Digar torafdon, Onver Nahmadovun rohbarliyi ilo Josephson bagl topoloji
ifratkegirici naqillor Majorana fermionlarinin 6ziinii bliruzo vermosi ndqteyi-nozarindon Syronilmis va nagillarin
uclarmda meydana ¢ixan Majorana fermionlarinin tunellogsmosi naticasinds kasirli Josephson effektinin miimkiinliiyii
gostorilmisdir.

Alimin nanostrukturlar fizikasinda mezoskopik fluktuasiyalar vo mis-oksid torkibli keramikalarda yiiksok
temperaturlu ifrat kegiricilik effektlorino dair todqiqatlari miollifi oldugu “Asagi Olgiili sistemlords agqar vo
korrelyasiya effektlori” kitabinda, eyni zamanda, Amerika vo Avropanin niifuzlu jurnallarinda 100-a yaxmn elmi
magals saklinda darc olunub.

onvar Nohmodov coxlu sayda beynalxalg konfrans, simpozium va kongreslords moaruzalorlo ¢ixis edorok
Azorbaycan elmini miivaffoqiyyotlo tomsil etmisdir.

Akademik ©.Nohmodov elmi yaradicihigi ilo yanasi, pedaqoji faaliyystlo do mosgul olub. O, Tirkiys vo
Almaniyanin universitetlorinds talobalora miihazirs vo aspirantlara ixtisas darslori verib. Alimin pedaqoji
foaliyystinds elmi kadrlarin hazirligi boyiik yer tutur. Onun elmi rohbarliyi ilo fizika elmlori tizro folsofo vo elmlor
doktorlar1 hazirlanib.

1991-ci ilds Tiirkiyonin Marmara Universitetinda, 1992-ci ilin sonundan iso istanbul Texnik Universitetindo
dovatli professor kimi galisan alim ingilis va tiirk dillarinds bakalavr, magistr vo doktorantlara dars deyib. O, 1999-cu
ildo Almanyanin Wiirzburg Universitetino, 2001-ci ildo iso Max-Planck Institutuna dovet olunub vo Drezden
soharinda yerloson Kompleks Sistemlorin Fizikas: Institutunda professor P.Fuldenin qrupunda isloyib.

2002-ci ildo iso Almaniyanin Chemnitz Texnik Universitetindo iso baglayan ©.Nohmodov eyni zamanda,
Drezden sohorinds MOSFET diodlarmin dalinms mexanizmini 6yronmoak tigiin icra qrupu yaradib.

2015-ci ildo Azorbaycana dénon alim AMEA Fizika Institutunda Kondenss olunmus hallar vo kvant fazalari
laboratoriyasina rohbarlik edib. Eyni zamanda o0, 2016-c1 ildon M.V.Lomonosov adina Moskva Dovlat Universitetinin
Baki filialinin Fizika fakiiltasinin dekani1 va daha sonra, 2019-cu ildon Baki Miihandislik Universitetinin fizika
kafedrasinin professoru vazifasinds ¢aligib.

Azorbaycan Milli Elmlor Akademiyasmin akademiki, AMEA Fizika Institutunun laboratoriya rohbari vo Baki
Miihandislik Universitetinin professoru Onvar Pirverdi oglu Nahmadov 05 sentyabr 2021-ci ilds vaxtsiz olaraq Baki

PROF. DR. BOXTiYAR SALAMOV QULBALA OGLU

Boxtiyar Salamov Qiilbala oglu 19 noyabr 1958-ci ildo Baki gohorinds anadan
olmusdur. 1966-ci ildo Baki sohori 212 sayli orta moktobinds tohsiline baglamig vo tam
orta tohsilini 1976-ci ilds bitirmisdir. 1977-1978-ci ilords Sovet Ordusu siralarina
xidmot etmisdir.

Ali tohsilini 1984-ci ildo BDU-nun Fizika fakiiltasinds yarimkegiricilor vo
dielektriklor ixtisasi {izro tamamlamisdir.

1985-1990-c1 illordo A.F.Joffe adma Fizika Texnika Institutunda (Sankt-
Peterburq) V.M. Tugkevigin Yarimkegiricilor laboratoriyasinda “Yarimkegirici-
qazbosalmasi sistemindoki fiziki proseslorin xisiisiyystlori” mévzusunda dissertasiya
isini bitirmig, 1990-ci ildo miidafio edorok fizika- riyaziyyat elmlori namizadi elmi
doracasi almigdir. 2003-cii ildo iso  “Isiga hassas yarimkegirici-qazbosalmasi sistemindoki fiziki proseslorin
xustisiyyatlori” movzusunda doktorluq dissertasiyasin1 miidafia edorok yarimkegiricilor vo dielektriklor fizikasi
ixtisasi tizro elmlor doktoru alimlik elmi doracasini almigdir.

1992-ci ilo gadar Baki Dovlat Universitetinin Yarimkegiricilor Fizikas1 Elmi Todgigat Moarkazindo, 2005-2018
illordo iss AMEA-nmn Fizika Institutunda ‘“Nanokristallarm vo Nanostrukturlarn  Texnologiyasi” vo
“Optoelektronika” laboratoriyalarinda aparici elmi isgi vozifosinds iglomisdir.

1992-ci ilds Tiirkiyonin Ankaradaki Orta Dogu Teknik Universiteti vo 1995-ci ilds Gazi Universitetinin Fon
Odobiyyat fakiiltasinin Fizika bolimiinds elmi tedqgigat laboratoriyasinin qurulmasi magsadi ilo davat edilmigdir.
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B.Q. Salamovun elmi faaliyyatinin birinci morholosi 1984-ci ildo BDU-nun Fizika fakiiltosini yarimkegiricilor
va dielektriklor ixtisas1 iizra bitirdiyi ildon BDU-nun Fizika fakiiltasinds vo kegmis SSRI mokaninda yerlogmis, A.F.
foffe adina Fizika Texnika Institutunda (Sankt-Peterburq) V.M. Tugkevigin Yarmmkegiricilor laboratoriyasmda vo
AMEA Fizika Institutunda islodiyi dovrlori ohato edir. Bu morhalodo B.Q. Salamov torofindon yerino yetirilon
todqiqatlarin pioner xarakteri onunla ifads olunur ki, o, ilk dofo, tacriibi olaraq nazik bismut tobagalorinds tasvirin
formalagma mexanizmi vo plazma asindirilmasi miioyyan eksperiment soraitlorindo GaAs 16vhasinin sathi strukturu
Vo qazbosalma isiglanmasinin faza paylanmasinm yaxsilasdirdigmi askar etmisdir. Onun torafinden IQ-tosvir gevirici,
plazma ve qazbosalmada alinan parlaq noticalor iso yiiksok diinya reytingli jurnallara dorc olunmusdur. B.Q.
Salamovun adi ¢okilon iglori 1990-ci ildo onun namizadlik dissertasiyasi miidafiasindsn sonra moshurluq qazanmosdir.

Boxtiyar Salamovun elmi foaliyyatinin ikinci morhalosi BDU, AMEA Fizika Institutu vo Tiirkiys ilo baghdr.
Onun bu dovrds xaricds xiisuson, Tiirkiyadaki elmi faaliyyati diggati xiisusi calb edir. Bels ki, 0 1992-ci ildo Ankara
soharindoki Orta Dogu Teknik Universitetine Vo 1995-ci ildo iss Gazi Universitetina professor kimi davat almig vo
30 ildan ¢ox islomigdir. B.Q. Salamovun elmi faaliyystinin ikinci morhalesi yarimkegiricilor ve plazma fizikasi,
infraqirmiz1 fotodetektorlar va ceviricilar, ssthlarin fizika ve kimyasi problemlori mvzusunda olduqca parlaq elmi
nailiyyatlorlo zongindir. Bu sahods 20-dan ¢ox elmlor namizadi, dosent vo professor yetisdirmisdir.

Boxtiyar Q. Salamov Qazi Universitetinin Fizika fakiiltosinin professoru voazifasindo islodiyi miiddstde iQ-tasvir
cevirici cihazinda III-V grup birlogmalorin fotodetektorlorin plazma vo qazbosalmada xarakteristikasi vo totbiqi
sahosinds foaliyyat gostormisdir.

Prof. Dr. B.Q. Salamov, asas tadqiqat islorinds sabit elektrik sahosinds tobii seolitin nanomesamolorinds gaz
bosalmasinin aligmasi tacriibi olaraq birbasa siibut olunmusdur. Gostarilmisdir ki, tobii vo glimiis nanohissaciklarilo
modifikasiya edilmis seolitin qazbosalma arakasmads katod kimi istifads edilmesi aligma gorginliyini yiizlorlo volt
azaldir. Yuxarida qeyd olunanlar ucuz tabii seolitin qazbosalmasi qurgularinda vo miistovi katod liiminisensiyali is1q
monbolarinds praktik istifadasina genis imkanlar agir.

0, 2001-2010 illerdo STARLAB osasinda Qazi Universiteti Fotonik Arasdirma Moarkazinin (GAZI FOTONIK)
yaradilmasinda aktiv faaliyyst gostormisdir.

Prof. Dr. Boxtiyar Q. Salamov Tiirkiyya iglodiyi dovrds asagidaki elmi qodgiqat layihslorinin icragisi va rahbari
olmusdur:

1. FEF AFP vo BAP layihosi 05/1996-4, 05/1999-9, 05/2000-20, 05/2001-19, 05/2002-20, 05/2003-66, 05/2005-
02, 05/2006-35, 05/2008-20, 05/2009-44,05/2010-31, 05/2011-23, 05/2012-26, 05/2013-11, 05/2015-12 - Qazi
Universiteti.

2. TUBITAK layihosi Ne: TBAG-1309, 1995-1996, Visualization of electrical inhomogeneities in high-ohmic
semiconductor plates and polymer films

3. TUBITAK layihesi Ne: TBAG—(105T512), 2006, Optik emissiya spektroskopiyasina osaslanan plazma
prosesini gostaran kompakt portativ sistem; DPT K120590, 2001 2001-2006 Qabaqcil todgigat va tshsil
programlari.

4, TUBITAK layihosi Ne: 113F110, 2013-2016, Design and Improvement of New Compact Portable
Multipurpose Atmospheric Pressure Plasma Electronic Device Based on High Performance Nanoporous
Zeolite Photocathodes,

5. TUBITAK layihosi Ne: 115M658, 2015-2018, For The Determination of Asthma Disease Low Cost Electronic
Nose Sensor Development and Production

B.Q. Salamov, Qazi Universiteti Fizika boliimiindo professor vazifasinds isloyarkon Fizika boliimiiniin bakalavr
tolobalorine  “Fizika” kursunu, magistratura vo doktorlug tolobalorine “Yarmmkegirici materiallarin  optik
xarakteristikalar1”, “Optoelektronika“ kurslarini todris etmisdir.

Prof.Dr. B.Q. Salamovun 231 elmi asori Salamov diinyanin forqli 6lkalorinds elm adamlari torafindan an ¢ox
oxunan va gabul edilon elmi jurnallarinda, o ciimladan, ABS, Avropa, Yaponiya vo Rusiyanin yiiksok impakt faktorlu
jurnallarinda dor¢ olunmus- 150 elmi mogalssi dorc olunmusdur. Beynalxalq EImi Konfranslarda va Simpoziymlarda
darc olunmus islorin mozmunu tizra moruzalorin 111 tezisi, onlardan 14-i dovatli, 34-ii sifahi vo 63 -ii poster statusuna
malikdir.

Beynolxalq bazalarda indeksloson jurnallarda (Web of Science, Scopus va s.) darc olunan asarlorinin say1 - 135
(Web-of-Science), 145 (Google Scholar) olmusdur.

Prof.Dr. B.Q. Salamovun "Charge transport mechanisms in the silver-modified-zeolite porous microstructure"
in the book: Material Science: Current and future development, edited by H.Y. Kurt, Bentham Science Publisher
USA©2017 York, NY, USA©2017 monoqrafiyasi nosr olunmusdur.

Onun elmi rahbarliyi altinda Tiirkiyads 9 falsofa doktoru vo 15 magistr disertasiyast miidafis edilmisdir.
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PROF. DR. FERID SALEHLI
(SALAYEV FORiD MOMMOD EMIN OGLU)

Forid Salayev 08.04.1956-c1 ildo Baki sohorindo anadan olmusdur. 1978-cCi
ilds Azorbaycan Dovlst Universitetinin fizika fakultasini bitirmis vo eyni ildo
Azorbaycan Milli Elmlor Akademiyasi Radiasiya Todgiqatlar1 Sektorunda
islomayo baslamisdir. 1979-1984-cii illordo SSRI Elmlor Akademiyas1 A.F.loffe
adma Fizika-Texnika Institutunda (Sankt-Petersburq) ‘‘Ferroelektriklor vo
Magqnetizm’’ laboratoriyasinda staj kegmis, aspiranturada oxumusdur. 1985-ci ildo
Fizika-Texnika Institutunda SSRI Elmlor Akademiyasinin miixbir {izvii, professor
G.A.Smolenskinin rahboarliyi altinda “Bark cisim fizikas1” ixtisasi {izro fizika-
riyaziyyat elmlori namizodlik disssertasiyasini miidafis etmistir. Dissertasiya
movzusu “Piroxlor quruluslu ferroelektriklords ardicil faza kecidlori”-nin
tadqiqatina hasr edilmisdi.

\ 1984-1988-ci illordo AMEA Radiasiya Todgiqatlar Sektorunda elmi isgi vo
1988-ci ildon 1992-ci kimi AMEA Fizika Institutunun “Lazer kristallar1”
laboratoriyasinda bas elmi is¢i vazifasinds galigib.

1992-ci ildo Bayreuth Universitetinds todqiqat aparmaq tgiin ezamiyotdo olmustur. Elo homin 1992-ci ildo
Istanbul Texniki Universitetino (ITU) Fen-Edebiyat fakultosinin Fizika Miihondisliyi boliimiindo dors demok vo elmi
todqgiqat laboratoriyasinin qurulmasi mogsadi ilo dovat edilmisdir. 1992-1997-ci illordo F.Salehli ITU Fizika
Miihandisliyi boliimiinds qonag professor vazifasinds islomisdir. iITU Fizika Miihandisliyi béliimiindo ferroelektriklor
Vo banzor polyar maddslorin tadgiqgati tiglin dielektrik vo polyar xassslorin genis temperatur diapazonunda arasdiran
eksperimental laboratoriya qurulmustur. Bununla birlikds, ferroelektrik vo keramik maddslorin sintezi ti¢iin Tiirkiye
Teknoloji Gelistirme Vakfi vo Istanbul Texniki Universitetitindon 1995-ci ildo maddi destok alinmasinda F.Salehli
aktiv istirak etmisdir.

1998-ci ildon F.Salehli ITU Fizika Miihondisliyi boliimiinds daimi olaraq dosent vo 2009-cu ildon iss professor
vozifasindo isloyir. Toadgigat movzularini genislodorok kristal maddslors totbiq edilon paralel dielektrik
spektroskopiya metodikasini polimerlogsma Kimyavi reaksiyalarin1 dyronmoak iigiin tokmillagdirdi. Tokmillosdirmo
naticasinds polimerlogsmo reaksiyasinda gellogsmo Vo siiso faza kegidlorinin “zaman-temperatura” funksiyasina gora
fraktal kinetikas ilo inkisaf etdiyi gostorilmistir. Kimyavi reaksiya prosesinds polimer maddalarin amoala galmasinds
molekulyar vs klaster dinamikalar1 6yronilmisdir. Polimerlogsmo reaksiyasinda fraktal kinetikasi eksperimental vo
nozori metodlarla tadqiq edilmistir. Homginin, F.Salehli maye kristal polimerlorin genis temperatur diapazonunda
todqiqat aparmaq tciin dielektrik spektroskopiya metodunu tokmillosdirmisdir. Hoyata kegirilon hossas dielektrik
udma metodoloji taraqqi sayssinds miixtalif polimer yan zoncir uzunluglarina malik maye kristal polimerlorin ardicil
faza kegidlarinds molekulyar dinamikasi va polyar hallar1 tadqiq edilmisdir.

2008-ci ildo nanoskopiya fizikasini inkisaf etdirmok mogsadi ilo ’ITU ARI Nano Tek’’ layihosi Dévlot Planlama
Komitasi (DPT) torafindon maliyyslagdirilmisdir. Bu layiho g¢argivasinds Novocontrol Technologies GmbH
(Almaniya) sirkotindon alinan *’Broadband Dielectric Spectroscopy’’ sistemi sayosindo F.Salehli iTU Fizika
Miihondisliyi boliimiinds dielektrik spektroskopiya todgiqatlarini daha qabaqeil saviyyays Qotirmisdir. Genis
temperatura vs elektromaqnit dalgalar1 tezliklor diapazonunda nanomiqyasl molekulyar dinamika todqiq edilmisdir.

Biotibbi tadqiqatlarin ehtiyaclar1 1g1ginda, F.Salehli biomateriallarin vo biomakromolekulyar sistemlorin su
molekullar1 ilo qarsiliqh tasirini aktiv gakilds arasdirir. Belo ki, Avropa 6lkalari ilo amakdashq quraraq, Portuqaliya
EIm vo Texnologiyalar Fondu vo TUBITAK miiqavilasi naticasinds Aveiro Universiteti ilo birlikdo ¢’ Phase transitions
and ferroelectricity in self-assembled peptide nanotubes’’ adli layiha hayata kegirilib. Dielektrik spektroskopiya va
Furye transfomasiyali infraqirmizi spektroskopiya tadqigat1 naticasinds peptid sistemlordo bas veran faza kegidlori vo
polyar proseslordon nanomiqyasda tutulan su molekullarinin masuliyyat dasidigi siibut edilmistir.

Prof. Dr. F.Salehlinin asas maraq dairslori bunlardur:

biomolekulyar sistemlarin dielektrik spektroskopiyasi vo molekulyar dinamikast;
biomolekulyar vo polimer materiallarda nanomiqyasda su molekullar1 va dinamikas,
polimerlar vo maye kristal polimerlarin dielektrik spektroskopiyasi va faza kegidlari;
polyar kristallarda faza kegidlori vo monfi dielektrik omsalina malik kristallar.

VVVYVYY

Prof. Dr. F.Salehlinin Layiha rohbari vo tadqigat¢1 kimi isladiyi asas todgigat layihalori:
Tiirkiye Teknoloji Gelistirme Vakfi, “Lazer kristallarin istehsali vo xarakteristikasi”, TTGV-180s, 1995-1996;
ITU Arastirma Fondu,”Nizamsiz ferroelektriklorin fiziki xiisiisiyyatlori”, 1995-1996;
DPT/25-07-01- “Biotibbi materiallarda vo biopolimerlords dielektrik spektroskopiya totbiglori”, 2005-2007,
Yildiz Teknik Universiteti smokdashigi ilo;
ITU ARI Nano Tek, DPT Infrastruktur layihosi, “Nanodlgiilii atom layl kristal filmlorin sintezi ve
xarakteristikas1”, 2008-2010;
Portugal Science and Technologies Foundation and Turkish Scientific and Technological Concil, Project
No.115F227, “Phase transitions and ferroelectricity in self-assembled peptide nanotubes”, 2017-2020.

YV V VVV
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Prof.Dr. F.Salehli asagidak: Dielektrik Spektroskopiya Konfranslarinda (BDS/International Dielectric Society)
moruzalorlo ¢ixis etmisdir:

1st BDS/IDS Conference, Jerusalem, lsrael, 2001; 4th BDS/IDS Conference, Poznan, Poland, 2006; 5th
BDS/IDS Conference, Lyon, France, 2008; 6th BDS/IDS Conference, Madrid, Spain, 2010; 9th BDS Conference,
Pisa, Italy, 2016.

ITU Fizika Miihondisliyi béliimiinda isloyorok F.Salehli magistratura va doktorlug tolobslorino “Bark cisim
fizikas1” vo “Statistik fizika”, bakalavr tolobalorino “Bork cisim fizikas1”, “Statistik fizika”, “Termodinamika”,
“Klassik mexanika”, “Eksperimental fizika” vo “Umumi fizika” darslorini vermisdir.

Prof.Dr. F.Salehlinin rahbarliyi altinda 8 Magistr vo 1 Doktorluq dissertasiyas1 miidafiys edilmistir. F.Salehlinin
55 mogalasi Scince Citation Index (SCI) indeksli beynolxalq elmi jurnallarinda derc olunmusdur, 3 patenti vo gox
sayda beynslxalq konfrans kitablarinda mogalosi mévcuddur.

2023-cii ilds F.Salehli toqaiids ayrilmigdir.

salehli@itu.edu.tr

PROF. DR. MiRHASAN SEYITSOY
(SEYIiDOV MiRHOSON YUNIS OGLU)

MirHason Yunis oglu Seyidov 1960-c1 il avqustun 26-da Baki saharinds
anadan olmusdur. On illik orta tohsilini basa vurduqdan sonra 1977-ci ilds
Azorbaycan Dovlot Universitetinin (indiki Baki Dovlst Universiteti) fizika-
riyaziyyat fakiiltasine gobul olunmus vo 1985-ci ilds orani bitirarok “Fizika
elmlari vo miisllimliyi” ixtisasi tizro magistr doracasi almigdir. 1978-ci ilds
sovet ordusu siralarina ¢agirilib, 1980-ci ilda torxis olunub. Universitetds
tohsilini basa vurduqdan sonra Azarbaycan Milli EImlor Akademiyasinin
Fizika Institutunun “Tellur” Xiisusi Konstruktor Biirosunda texnik vozifasine
toyin edilmis va sonra miihandis-alim vozifasinds ¢aligmugdir. Bu elmi va
istehsalat miiossisasinds bir nego il islodikdon sonra o, termoelektrik
elementlarin vo soyutma cihazlarmin elektron istilik nazarati tiglin innovativ
mohsullarm layihalondirilmoasi va istehsali ilo mosgul olan Istilik elektronikasi
todgigat vo mithondislik bolmesine qosulub. O, fizika tizra biliklorini praktikaya ve miihandislik tadgiqatlarma
cevirarok bir ¢ox mithandislik problemlsrinin praktiki holline mithiim téhfalor vermigdir. Nohayat, onun homkarlari
ila birlikdo hazirladig: “Sottki baryerin xassalori {i¢iin zond” ixtirasi patentlosdirilmisdir (Ne 1505355, Moskva, SSR1,
1989). MirHason Yu. Seyidov vo homkarlar1 tarafindan toklif olunan termoelektrik Peltier soyutma elementlori vs
generatorlarinin tadqiqi tiglin zorif vo aydin metod istilik batareyasi sistemlari vo modullarinin konstruktorlart vo
istehsalgilar1 arasinda tanimmaisdir.

MirHoson Yu.Seyidov 1987-ci ildo Bakida Azorbaycan Milli Elmlor Akademiyasmin Fizika Institutunda
doktorantura tohsilina baslamisdir. MirHoason Yu.Seyidovun, tobii ki, bir qodor boxti gotirib. EImi rahbori Prof. Dr.
Rauf A.Siileymanov yarimkegiricilor fizikasi sahosinds aparict miitoxassislordan biri idi. MirHason Seyidov 1988-ci
ildo Azorbaycan Milli Elmlor Akademiyasmin Fizika Institutuna kegmis, elmi isci kimi faaliyysto baglamis, sonraki
illords Optoelektronika Laboratoriyasina ¢evrilon Raman Spektroskopiya Laboratoriyasinda boyiik elmi is¢i vo aparici
elmi ig¢i vozifalorinde ¢aligmigdir. 1992-ci ildo “TIInS; va TIGaSe; layl kristallarmin struktur faza kegidlori
bolgasinds elastik xassalori” movzusunda doktorluq dissertasiyasmi miidafis etmisdir. MirHasan Yu. Seyidov
doktorluq dissertasiyasinda yaranan ¢atinliklori daha dorindon monimsamak ti¢iin dorhal grup nozariyyassini vo Landau
faza kegidlori nazariyyssini 6yronmoys baglamigdir. Ona 2002-ci ildon Azorbaycan Ali Atestasiya Komisiyasi
torafindon “Yarimkegiricilor vo dielektriklor fizikas1” ixtisasi tizro dosent elmi adi verilmisdir.

MirHason.Yu.Seyidovun apardigi elmi islor van der Vaals rabitali A"B"'C,Y! ii¢lii qrupuna daxil olan layh
yarimkegiricilarin fiziki xassslorinin tocriibi vo nazeri tadqiqatlarma hoesr olunmugdur. Xiisusils, o, bu yarimkegirici-
ferroelektriklords geyri-miitonasib fazalarin tocriilbi ve noazori todgiqatlarina digqet yetirmisdir. O, miixtslif
eksperimental metodlardan istifade etmoklo miithiim tadqiqatlar aparmugdir. Yarimkegirici optika, ultrasas, Xatti istilik
genislonmo omsali, dielektrik vo magnit nifuzlugu, dielektrik ilgoyi, lazer induksiya pargalanma spektrometriyasi,
Raman sapilmasi, fotoinduksiya edilmis kegici caroyan spektroskopiyast (PICTS), fotoliiminessensiya (PL),
elektron-spin rezonansi (ESR), maqnit sahaSine garst maqnitlogsms, rentgen siialarinin difraksiyasi (XRD) vo oks
etdirmo (XRR), atom qiivvasi mikroskopiyasi (AFM), va s. kimi miixtalif eksperimental tisullardan ugurla istifads
etmigdir.Onun bu sahads sistemli isi hazirda klassik hesab edilon geyri-miitonasib fazanin yaddas effekti, T1GaSe;
layli kristalin bazi makroskopik Xassolorinin anormal davraniginda Ci3 elastik sabitinin miihiim rolu kimi yeni vo
ekzotik noticalor {izo ¢ixarmisdir.

MirHason Yu. Seyidov 2004-cii ildon Tiirkiyonin Gebze Texnologiya Institutunun (indiki Gebze Texniki
Universiteti) Fizika kafedrasina dosent vazifasine toyin edilmisdir. O, 2009-cu ildoe Gebze Texnologiya Institutundan
“Professor” elmi adini almigdir. Gebze Texniki Universitetindo iyirmi illik elmi foaliyyoti miiddstds Prof.Dr.
MirHason.Yu.Seyidov “Science Citation Index Expanded” indeksi ila indekslonmis yiizden ¢ox magals dorc etdirib
Vo praktiki olarag onun tadqiqatlar1 kondensasiya olunmus hal fizikasindaki demok olar ki, biitiin asas movzulart vo
yarimkegirici elektronika ilo bagli bozi movzular1 ohato edib. Bu giino godor 0, hom bakalavr, magistr vo hom do
doktorant ixtisasi iizro tohsil alan talabalor igiin bir sira mithaziralor oxuyub. 2004-2023-cii illords Prof.Dr.
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MirHasan.Yu.Seyidov Klassik mexanika | vo 11, Klassik elektrodinamika | vo 11, Kvant mexanikasi I va I, Qrup
nozariyyasinin fizikada totbigi, kimya vo kristallografiya | va 11, yarimkegiricilor fizikasi, yarimkegirici qurgular
fizikas1 tizro magistr vo folsofs doktorlari tigiin miihaziralor oxuyub. Bundan slavs, 0, uzun illor bakalavr talobslori
figiin miihaziro kurslar1 verib. Mosolon, Umumi Fizika (Termodinamikanin hissolori vo Elektrik vo Magnetizm),
Klassik Mexanika, Statistik Mexanika, Optika vo Qrup Nazariyyssina Giris. Prof.Dr.MirHason.Yu.Seyidov 6z elmi-
pedaqoji tocriibasini soxavatlo ganclorle boliisiib. Indiys godor Prof.Dr. MirHoson.Yu.Seyidov on dérd magistr vo
sokkiz falsafa doktoru hazirlayib va onlar miixtalif Universitetlords va sirkatlords ugurla galigirlar.

Prof.Dr. MirHason.Yu.Seyidov miixtalif layihalords ham layihs rohbari, ham do todqiqatg1 kimi istirak edib. Bu
layihalor: BAP 2004-A-8: Monfi kimyavi tazyiqli bark mahlul sistemlorindo faza doayisikliklarinin optik va dilektik
todqiqi; BAP 2010-A-14:

A® B® C5 kristallarinda asqarlamanin Urbax quyruguna tasiri; BAP 2017-A101-03: Terbium, Erbium vo Bor
agqarh TlInS; kristallarin Temperatur Hayacanli Metodlarla Tadqiqgi; BAP 2018-A 102-13: Mn, Cr va Co asqarli
TIMeX,; (Me: In, Ga; X: S, Se) asag1 Ol¢iilii yarimkegirici materiallarda smalo golon talolorin optik vo elektron
paramaqnit rezonans iisulu ilo todqiqi; 106T323 TUBITAK: Layli kristal yarimkegiricilors asaslanan ultrabondvsoyi
(UV) siia detektorlarinin dizayni1 vo asag1 qiymetli istehsal;; 213M524 TUBITAK: Spintronik Tatbiglor {i¢iin Yeni
Inco Film vo Kompozit Multiferroik Materiallarmn inkisafi. 118C098 TUBITAK: Diiz siiso iizorindo elektroxrom
ortiiklorin inkisafi vo molumatlarin tahlili.

Homginin, Prof. Dr.MirHoson.Yu.Seyidov Gebze Texniki Universitetinin Fizika fakiiltosinds ti¢ elmi-todqiqat
laboratoriyasi togkil etmisdir: Yarmmkegirici optika vo optoelektronika, Bark cisimlords qilisur spektroskopiyasi vo
Istilik Genislonmo omsali Olgmo Laboratoriyasi. Son illordo Prof.Dr.MirHoson.Yu.Seyidovun elmi marag: iizvi
yarimkegiricilora, layli yarimkegiricilords nasazliq miihondisliyine vo seyraltilmis maqnit yarimkegiricilors
yonolmisdir. Xiisusils, bu eksperimental tadqigatlar, eloco do kompiiter simulyasiyalar1 vo elektron zolaq strukturu
hesablamalar1 gostordi ki, van der Vaals rabitoli layli yarimkeciricilordoki qiisurlardan bu asagi o6lgiilii
yarimkegiricilorin termoelektrik vo magqnit xisusiyyatlorini idars olunan gokildo artirmagq iigiin istifads edilo bilor.
Prof. Dr.MirHasan.Yu. Seyidovun son illor maraglandigi digar bir sahs radiotezlikli magnetron piiskiirtma tisulu ilo
miixtolif kristal substratlar tizorinds ¢okdiiriilmiis hidrogenlosdirilmis nanokristal silisiumlu ultranazik filmlorin
todqigi ilo baghdir. Prof.Dr. MirHason.Yu.Seyidov 6z omokdaslar1 ilo birlikds filmlorin igarisinds hidrogen
atomlarinin kimyoavi qarsiliglt tosirinin miiasir dork edilmasina miithiim elmi téhfo vermis va filmlorin fiziki
xassalorinds bir sira kvant-mohdudluq (6l¢t) effektlorinin mévcudlugunun prognozlagdirilmasini miimkiin etmisdir.

Prof.Dr. MirHason.Yu. Seyidov six beynslxalq elmi omokdasligin niifuzlu midafisgisidir. Xarici fiziklorlo
alagalorin qurulmasmin torofdaridir. Tosadiifi deyil ki, onun elmi mogalslorinds Yaponiya, Moldova, Fransa, Rusiya,
Almaniya vo digar 6lkalorin xarici fiziklori ilo smakdasliq genis yer tutur.

O, biitiin faaliyystindo geyri-adi elmo mohobbat, fundamental prinsiplors sadiqlik, 6z isino tonqidi yanagma,
miixtalif vo bozon bir-birina uygun golmaysn insanlar1 komandalarda
imumi moagsads dogru toskil etmok bacarigmi niimayis etdirmisdir.

PROF. DR. SALEH SULTANSOY
(SULTANOV SALEH FUAD OGLU)

Saleh Sultanov 23.05.1952-ci ildo Baki sohorinds anadan olmusdur.
1969-cu ildo Baki sohorinin 134 noémrali moktobinin fizika-riyaziyyat
tomaiillii sinfini bitirmigdir. 1968-1969-cu illards riyaziyyat va fizika iizra
Respublika olimpiadalarinda istirak etmis vo 1-ci vo 2-ci yerlori tutmusdur.
1969-cu ilda Azarbaycan Dovlst Universitetinin fizika fakiiltasina gabul
olunmus vo 1974-cii ildo fizik-fizika miiollimi ixtisas1 tizro homin
Universiteti bitirmigdir. Universitetds oxudugu zaman 1971-1973-cii illorda
fizika fakiiltesinin Taloba-elmi comiyystinin sodri vazifesine, 1972-1973-cii illarde Universitetin Taloba-elmi
comiyyatinin sadr miiavini vozifasina secilmigdir. 1974-cii ilin sentyabr ayinda Azorbaycan Milli Elmlor
Akademiyasmin Fizika Institutunda iso baglamisdir.

Saleh Sultanov 1979-1989-cu illor arasinda Sovet Ittifagr Atom Enerjisi Komitosinin Moskva vilayatinin
Protvino sohorindoki Yiiksok Enerjilor Fizikas: Institutunda islomisdir. Burada “Genislondirilmis tenzimlomo
simmetriyasina sahib elektrozoif qarsiliqh tasir modellorinds agir leptonlar vo kvarklar” adli namizadlik dissertasiyasi
miidafio etmis vo 1985-Ci ildo Fizika iizro Folsofo doktoru elmi doracasine layiq goriilmiisdiir. Sovet ittifagqinin
Yiiksok Enerjilor Fizikasi Dovlot Elmi-Texniki Programinin (I'HTII-1) hazirlanmasinda istirak etmisdir. Bu
programin elektron-proton kollayderi ilo bagli hissasi tizro masul idi. Bununla slagodar iki dofo Yiiksok Enerjilor
Fizikas1 Institutunun vo iki dofo do Birlosmis Niivo Todqiqatlar: Institutunun (Dubna sohori) Elmi-koordinasiya
suralarinda moruzs ilo ¢ixis etmisdir. Qeyd edilmoslidir ki, Saleh Sultanov bu suralarda siiratlondirici mévzularinda
maruza edan ilk va tok Azarbaycanli alimdir. 1989-cu ilin avvallorinds Qarabag hadisalari ilo bagli Vatanas qayitmagi
6ziino borc bilmisdir.
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Saleh Sultanov 1989-cu ildo Fizika institutunda Boyiik elmi is¢i (dosent), 1993-cii ildo iso Aparici elmi isgi
(professor) elmi adin1 almigdir. 1991-1993 illarinds Azarbaycan Respublikas: Milli Maclisi tarafindon qurulmus Elm
Vo Texnologiya Qanunu hazirlanmasi tizro Komissiyanin tizvii olmusdur.

Prof. Dr. Saleh Sultansoy 1993-cii ilds elm va tahsil sahasinds faaliyyat gdstarmok iigiin Tiirkiyanin Ankara
Universitetino dovvat olunmus vo hamin Universitetds 1999-cu ilo kimi professor vazifasinds iglomisdir. Burada onun
tosobbiisii ilo Yiiksok Enerjilor fizikasi sahasinds sistemli todqiqatlara start verilmis, 1996-c1 ildo Ankara Universiteti
ilo Almaniyanin on boyiik milli elmi-tadgigat markazi olan DESY morkazi (Hamburq) arasinda elmi amokdasliq
miiqavilosi imzalanmis vo Ankara Universiteti 1997-ci ildo CERN-doki ATLAS eksperimentina daxil olmusdur. Eyni
ilda Saleh Sultansoyun tagobbiisii ilo Tiirkiys Dovlat Planlagdirma Toskilatinin (DPT) dastayi ilo Tiirk Siiratlondirici
Kompleksi ilo slagadar todgigatlarin birinci marholasi baglamigdir. Layihonin mogsadi yiiksok enerjilor fizikasinin va
stiratlondirici texnologiyalarinin Tiirk diinyasinda inkisaf etdirilmasi idi.

1999-cu ildo DESY meorkazinin (Hamburq, Almaniya) direktorunun xiisusi dovati ilo Beynolxalq layihado
istirak etmok ti¢iin Almaniyaya getmisdir. Bu morkazds il yarim arzinds professor vazifasinds iglomis, TESLA vo
THERA layihalorinin texniki dizayn hesabatlarmm (TDR) hazirlanmasinda istirak etmis vo THERA layihasinin
“Foton-proton kollayderi” hissesina rohborlik etmisdir.

Prof. Dr. Saleh Sultansoy 2001-2006-c1 illor arasinda Qazi Universitetindo (Ankara, Tiirkiya) professor
vazifasinds iglomigdir. 2002-2005 illori arasinda DPT dostoyi ilo Tiirk Siiratlondirici Kompleksi ilo slagadar aparilan
tadgigatlarin ikinci moarhslasinin rohbari olmus ve Qazi Universitetinin CERN-doki ATLAS eksperimentinds vo CLIC
siiratlondirici layihesinds istirakin1 tomin etmisdir. O, homginin, 1997-Ci ildon baslayaraq (indiya kimi) Isvecra va
Fransa sorhoddindo yerloson diinyanm on boyiik siiratlondici kompleksino sahib olan Avropa Niive Todgiqatlar:
Markazinda (CERN) Higgs bozonunu kasf edon ATLAS eksperimentinds, qurulmasi 2030-cu illords nezards tutulan
LHeC va FCC adli kollayder layiholorindo istirak edir.

Prof. Dr. Saleh Sultansoy 2007-ci ildon baglayarag TOBB Ekonomika vo Texnologiya Universitetinds professor
vazifasinds islomakdadir. TOBB Universitetinin CERN-doki ATLAS eksperimentina, LHeC va FCC layihslorine
daxil olmasini tomin etmisdir.

Onun Tiirkiyeds inkigaf etdirdiyi elm sahalori agagidakilardir: Elementar zarraciklor fizikasi; Siiratlondirici
texnologiyalar1; EIm va texnologiya strategiyalari.

Rahboari oldugu grant layihalorini agagidaki kimi siralamagq olar:

1. 1997-2000-ci illords DPT-97K-120420 kodu olan “Zarraciklorin Siirstlondiricilori: Tirkiyade No Edilmali”
adli Dovlat Planlagdirma Toskilati layihasi (Ankara vo Qazi universitetlori; 1997-1999-cu illords layihs rahbari,
1999-2000-ci illorda layiha moslohatgisi),

2. 2002-2005-ci illordo DPT-2002K-120250 kodu olan “Tiirkiys Siiratlondirici Kompleksinin - Umumi Dizayn1”
adli Dovlat Planlama Toskilati layihasi (Qazi vo Ankara universitetlori),

3. 2004-2008-ci illards “CLIC*LHC asasinda elektron-proton va elektron-niive kollayderlori”
4, 2008-2011-ci illords “Linak-LHC asasinda ep, yp, eA vo YA Kollayderlori” adli DPT-TAEK layihssi,
5. 2015-2018-ci illords 114F337 kodu olan "TeV Enerjiyali Kollayderlords Maddonin Miimkiin ~ Yeni Struktur

Soviyyasinin Axtariimas1" adli TUBITAK layihasi.
Prof. Dr. Saleh Sultansoyun taklifi ilo baglayan meqa layihalor iss agagidakilardir:

1. Tiirk Siiratlondirici Kompleksi (Turkic Accelerator Complex — TAC). Super-Sarm Fabriki (linak-halga tipli
elektron-pozitron toqqusdurucu), Pozitron halgasina osaslanan 3-cii nosil sinxrotron radiasiya monboyi,
Elektron linaka asaslanan Sarbast Elektron Lazeri vo GeV enerji proton siiratlondiricisi TAC layihasinin 4 osas
hissasini togkil edir.

2. Tiirk Elm Sahari - ATAM layihasi (1994-cii ildo Ankara vo Qazi universitetlorindon 18 nofarlik alim grupu
tarsfindon hazirlanmigdir). ATAM layihesi hazirlanarkon Yaponiyanin Tsukuba Elm Sshari (1964) vo Conubi
Koreyanin Daedeok Elm Sohori (1973) niimuns kimi alinmis idi. ATAM layihosi reallasdiqdan sonra Tiirk
Diinyasinda (Tiirkiys, Azarbaycan, Tiirkiistan) daha bir ne¢o Elm Ssharlorinin yaradilmasi nazards tutulur.

3. On yiiksak enerjiys malik lepton-adron toqqusduruculari. Boyilk Adron elektron Kollayderinin (LHeC,
CERN) 2030-cu illords qurulmasi; Galacoyin Dairavi Kollayderi (FCC, CERN) osasinda elektron-proton,
elektron-niive, muon-proton va muon-niivs toqqusdurucularinin 2050-ci illords qurulmasi nazards tutulur.

Elmo verdiyi tohfalor:

1. ELEMENTAR ZORROCIKLOR FIiZIKASI SAHOSINDO: Standart Modelin  mixtolif
genislondirmaklori; lozzat (flavour) demokratiyasi hipotezinin yenilonmasi; yeni agir leptonlarin va kvarklarin
xassolori vo kollayderlords axtarisi; preon modellari torafindon taxmin edilon yeni hissaciklorin vo qarsiligh
tosirlorin xassalari vo kollayderlordo axtarisi

2. SUROTLONDIRICILOR SAHOSINDO: Tiirk Siiratlondirici Kompleksi layihasi; linak-halka tipli elektron-
proton va elektron-niivo kollayderlori; foton-proton vs foton-niive kollayderlari; muon-proton vo muon-niiva
kollayderlori; niiva enerjisinin istehsalinda siiratlondiricilarin istifadasi.
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Tiirkiyads islodiyi miiddatdo 2013-cii ildo Tiirk Fizik Dernegi Profesor Engin Arik miikafatna, 2016-c1ildo Tiirk
Diinyas1 Kizil Elma Elm miikafatina layiq goriilmiisdiir. 2017-ci ildo alima Yosavi-Maturidi camiyyati torafindon
“Tirk Elminin Agsaqqalr” foxri ad1 verilmisdir.

Prof. Dr. Saleh Sultansoy 1996-1999-cu illords Ankara Universiteti Fon Fakiiltasi EIm Komitasinin tizvii, 2002-
2007-ci illords Gazi Universiteti EIm vo Texnologiya Todgigat Morkozinin idara Heyatinin iizvii, 2008-2011-ci illordo
Tiirk Siiratlondirici Kompleksi (TAC) layihasinin Beynslxalg Maslohat Surasinin tizvii, 2008-2011-ci illordo TAEK -
CERN EIm Komitasinin tizvii, 2022-ci ilden indiys godor Tirkiys Siirstlondirici vo Radiasiya Laboratoriyasinin
(TARLA) idaro Heystinin {izvii, hamginin, ¢ox sayda milli vo beynolxalq kofranslarin Maslohot Surasmin, Elm
Komitasinin va Tagkilat Komitasinin {izvii va Sadri olmusdur.

Prof. Dr. Saleh Sultansoy Yiiksok Enerjilor Fizikasi sahosinds 5 folsofo doktoru vo 15 magistrin elmi rohbori
olmusdur. Eyni zamanda 15 falsafo doktoru vo 40-a yaxin magistrin hazirlanmasinda 6z t6hfosini vermisdir. Cox
sayida professorlug, dosentlik, doktora vo magistr jurilorinin tizvii vo sadri olmusgdur.

Taninmus fizik alim 1500-don ¢ox elmi mogalonin miisllifidir. Web of Science, Google Scholar kimi verilanlor
bazalarina istinaden Azarbaycan alimlari sirasinda 1-ci, Tiirkiys alimlori sirasinda ilk on alimin arasindadir. Saleh
Sultansoyun mogalslorins sitatlarin say1 va h-indeksi: Web of Science - 57400 vo 111; Google Scholar - 207500 vo
181; HEP Inspire - 143200 vo 181.

PROF. DR. RAUF ADIL OGLU SULEYMANOV
(1949-2017)

Rauf Adil oglu Siileymanov 04 dekabr 1949-cu ildo Baki
soharindo miisllim ailosindo anadan olmusdur. 1967-ci ildo Qarbi
Azorbaycanin frovan sohor 1 sayli rus orta
moktabini qizil medalla bitirmis vo homin il Irovan  Dévlet
Universitetinin fizika fakiiltasine gobul olmusdur. O, 1972-ci ilds
Irovan Dovlot Universitetini eksperimental niivo
fizikas1 ixtisas1 tizra qurmizi diplomla bitirmis va hamin il Azarbaycan
Milli EImlor Akademiyasimin Fizika Institutunun aspiranturasina daxil
olmusdur.

R.A. Siileymanov1976-c1ilds akademik E. Yu. Salayev vs fizika-
riyaziyyat elmlori doktoru, professor G.L.Belenkinin rohborliyi ilo
“Qallium selenidinin enerji spektrinin optik vo liminessensiya metodu
ilo todqigi” movzusunda namizadlik, 1985-ci ildo “Layli kristallarda
deformasiya effektlori” mévzusunda doktorluq dissertasiyas: miidafia
etmisdir Ki, bu da indiyadok faal tadgigat mévzusu olaraq galir. Onun
doktorluq dissertasiyasmin  noticolori  1988-ci  ildo “Ycmexm
¢usnueckux Hayk” jurnalinda eyni basligla nasr olunan icmal magalosinds sistemlosdirilmisdir.

Prof. Rauf A. Siilleymanov elma tomonnasiz bagliligi, bdyiik amoksevarliyi, yiiksok saviyysli fiziklora moxsus
istedad1 qisa zamanda diinya sohratli alimo gevrilmisdir.

Siileymanov Boark Cisimlor Fizikasinin miixtalif istigametlorinds ¢aligmisdir. 1988-ci ilds, layli kristallarin fiziki
xassalorinin todqiqi ilo bagl elmi iglorino gora Azorbaycan SSR Dovlot miikafatina layiq goriilmisdiir.

R.A. Siileymanov 1976-2003-cii illordo AMEA Fizika Institutunda elmi isci, aparic1 elmi isci vo laboratoriya
miidiri vazifalorinds islomisdir.

Otan osrin 90-c1 illorinds Tiirkiyads elmi pedaqoji faaliyyato dovat olunan ilk azarbaycanl alimlor sirasinda
fizika-riyaziyyat elmlori doktoru, prof. Rauf A.Siilleymanov da var idi. Mahz o illor Ankaradaki Orta Dogu Texnik
Universitetindo Bork cisim fizikasinin rovnaglonmasinds, diger azorbaycanl fiziklor prof. Nizami Hosonli, prof.
Karim Allahverdiyev va prof. Homdulla Mehrabov ilo yanasi, mahdud sayda xarici fiziklor ¢aligirdi. Prof. Rauf
A.Siileymanov 1993-1996-c1 illords Orta Dogu Texnik Universitetinin tolobalorine Bark cisim fizikasi fannindan
ingilis dilinds miihazirsalor oxumusdur.

Sovetlor ittifq1 dagildigdan sonra, Azarbaycann faktiki miistogilliyini tamin etmok iigiin ali hakimiyysto dovat
olunan nohang siyasot¢i vo mahir dévlet qurucusu Heydor Oliyevin respublikaya rohbarliyi illorinds Prof. Rauf A.
Siileymanov, AMEA-nin rohborliyinin dovati ilo 6z dogma Fizika Institutunda elmi foaliyyatini davam etdirmis vo
eyni zamanda Baki1 Dovlot Universitetinds taloboloro Bark cisim fizikasi vo Yarimkesiricilor fizikasidan azorbaycan,
ingilis va dillorinds miihaziralor aparmigdir.

O, illordo miistaqil Azorbaycanda diinya vo bazar igtisadiyat1 tizro miitoXassislor ¢atismadigindan, daqiq ve
analitik diistinco sahiblorini 6lkads gedan iqtisadi islahatlar aparmaq tigiin doévlst idarsetms strukturlarina islomoys
tez-tez dovat edirdilor. Bu proseslor konteksinds Prof. Rauf A. Siileymanov da islhatlar1 aparmaq prosesino dovot
olunmug, yeni yaradilmig Azorbaycan Omlak Komitasinin Auksionlar Markazinin bag direktoru vozifasinds
isloyarkon Azarbaycanda miiveffagiystlo dovlet miilkiyystinin 6zsllogdirma prosesins do 6z tohvasini vermisdir.

Gebze Texnik Universitetinin tokidli dovotilo Prof. Rauf A. Siileymanov 2003-cii ildo Tiirkiyays kégmiis va
Omriiniin sonuna gadar hamin Universitetin Fundamental elmlor fakiiltasinin Fizika bolmesinds professor vo kafedra
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miidiri vazifasindo ¢alismisdir. Eyni zamanda 2016-2017-ci illordo Sabang1 Universitetindo dovatli professor kimi
Boark cisim fizikasi va Yarimkegiricilor fizikasindan doktorantlara ingilis dilinde miihaziralor oxumusdur.

Prof. Rauf A. Siileymanov son elmi tadqiqat islori seqnetoelektrik-yarimkegiricilords faza kegidlorinin tadqiqi
ilo bagh idi. Burada, ilk nébads, yarimkegiricilordo moxsusi darin defektlorin aktivasiyasi vo onlarin kristallarin
segnetoelektrik xassslorine tosiri noticasinds yeni effektlorin yaranmasina sobab olan yarimkegirici vo seqnetoelektrik
altsistemlorin qargiligli tasir masalosinin Gyranilmasine hosr olunan islori geyd etmok lazimdir. O, demok olar Ki,
Oomriiniin son giinlarina godar intensiv va mohsuldar islomakls davam etmisdir. Son illardo, onun yaradici iginin vacib
istigamoti layli kristallar osasinda hazirlanan hocmli strukturlarda miisahido edilon memrisor effektin todqiqi
olmusdur.

Prof. Rauf A. Siileymanov Orta Dogu Texnik Universitetinds, Saban¢i Universitetindo vo Gebze Texniki
Universitetindos isladiyi miiddstds tohsilin bakalavr, magistr vo doktorant pillasi tizra tohsil alan talobalor tigiin Bark
cisim fizikasi, Optoelektronika, Yarimkegiricilor fizikas1 va Yarimkegirici cihazlarm fizikasi fanlarindon mithaziralor
oxumusdur.

Prof. Rauf A. Siileymanovun tadqiqat¢iliq istedadi onun pedaqoji istedad ilo harmonoya teskil edirdi. Prof. Rauf
A. Siileymanovun yiiksok insani keyfiyyotlor agiladigi, dorin elmi biliklor boxs etdiyi ¢ox sayda tolobalori olmusdur.
AMEA Fizika Institutunda isladiyi miiddatds onun elmi rohberliyi altinda 5 tolobosi fizika iizra folsofo doktoru vo 2
tolobasi elmlor doktoru elmi doroacasi almisdir. Gebze Texnik Universitetinds islodiyi miiddotds 6 falsofs doktoruna
elmi rohborlik etmisdir.

Hazirda hom Tirkiys elm vo tohsil miiassisalorinds, hom do diinyanin bir sira gabaqcil 6lkalorinds, digor
miitoXassislorlo yanasi Prof. Rauf A. Siileymanovun da yetisdirdiyi alimlor bork cisim fizikas1 vo nano-tadgigatlara
6z tohvalorini verirlar.

Homigo hormot vo qayg ilo yanasdigi talobalorindon Prof. Dr.M.Yu.Seyidov va Prof. F.©.Mikayilov 2004-cii
ildan Tiirkiysanin Gebze Texniki Universitetinin Fon-Odabiyyat fakiiltasinin Fizika boliimiinda va Prof. Dr. Maharrom
Zorbaliyev ise 2006-c1 ildon Tiirkiyonin Harran Universitetinin Fon-Odobiyyat fakiiltasinin Fizika boliimiinds Prof.
Rauf A. Siileymanovun elmi irsini davam etdirirlar.

Tosadiifi deyil ki, onun rohborliyi altinda ¢ahisan is¢ilor va tolobalori ona hérmat olamati olaraq sadacs “Sef”
deyorok miiraciot edirdilor.

Zongin elmi intuisiyast ona bir ¢ox perspektvli elmi islori vo istigastlori sohvsiz miioyyan etmoys imkan
vermisdir. Prof. Rauf A. Siileymanovun elmi irsini impakt faktorlu jurnallarda 100-0 yaxin nosr toskil edir vo
asarlaring istinadlarin say1 800-don goxdur.

Elmi yaradiciligina, elmi problemlorin mahiyystino vo ilkin prinsiplorini {izo ¢ixarmaga yo6nslon
6ztinamoaxsusluq v orginalliq xas olan Prof. Rauf A. Siilleymanov garafli bir 6miir yasadi. Onun elmi axtarislarindak1
casaratli va qiisursuz vicdani gonc alimlorin elms fodakarligla xidmat etmok ruhunun terbiyyssinds vacib shamiyyst
kasb etmisdir. O, heg vaxt ¢atin suallardan ¢okinmomis, elmi rohbor vo ya sadoco homkar olaraq moslohot vermis vo
yeri galarss tangid do etmisdir.

08 noyabr 2017-ci il tarixindo agir qisamiiddatli xostolikdon sonra 68 yasinda Azorbaycanin tanmmis alimi,
gorkomli fizik, professor Rauf A. Siilleymanov vofat etmisdir. Genis diinyagoriisii, zokasi, tokrarsiz yumor hissi,
otrafda bas veran proseslors qarsi lageyd olmamaq kimi mitkommal insani keyfiyyatlori ilo Prof. Rauf A. Siileymanov
xatiralorimizds sbhadi yasayacaqdir.

PROF. DR. ROHILO TAGIYEVA-OSGORBOYLI

Prof. Dr.Tagiyeva-0sgarbayli Rahilo Tagi qiz1 1963-cii ilin
avgust aymin 15-do Bakida anadan olmugdur. 1970-1980-ci illords
Baki gohori 258 sayli orta maktabds tohsil almistir. 1980-ci ilds
moktobi sla giymotlorlo bitirdikdan sonra homin il Baki D&vlst
Universitetinin Fizika fakiiltosino daxil olmusdur. 1985-ci ildo
Dubna sohorindo Birlogmis Niive Todqiqatlar1 Institutunda diplom
isini yerino Yetirorok Fizika fakiiltasini farqlonma diplomu ilo
bitirmisdir. Toyinatla Kosmik Todgiqatlar institutunda miihandis
olarak igo baglamisdir.

1987-ci ildo Azorbaycan Milli Elmlor Akademiyasinin
(AMEA)  Fizika Institutunda istehsalatdan  ayriimaqla
aspiranturaya daxil olmusdur. Aspirantura illorindo SSRI Elmlor
Akademiyasmin Lebedev adma Fizika Institutunun Nozori Fizika
sO6basino ezam edilmisdir. 1996-ci ildo AMEA-nin miixbir {izvii,
Prof. Yuhonnas Seyidovun rohborliyi altinda  “Magnetik
ifratgofoslords  Spin dalgalar1” movzusunda namizodlik
dissertasiyasin1 miidafis edorok fizika-riyaziyyat elmlori namizadi
alimlik daracosi almigdir. Aspiranturani bitirdikden sonra AMEA-
nin Fizika Institutunda elmi isci vozifosinds ise baslamisdir. 1999-
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ci ildo Fizika Institutunda Atestasiya Komissiyasinm qorari ilo bdyiik elmi is¢i vozifosing kegirilmisdir.

Tagiyeva-Osgarbayli Rahilo 2000-2001-ci illards Tiirkiys Elm vo Texnika Komitasinin (TUBITAK) dovati ilo
NATO postdoc grant1 ilo Ankara Universiteti Fon Fakiiltasinin Fizika Boliimiinds ¢alismisdir. Sonra 2004-2005-ci
illorda eyni Universitetdo TUBITAK-in “Konuk Bilim Adami* (dovatli elmi is¢i) grant1 ilo arasdirmalar aparmisdir.
Bu illords ona Azorbaycan AAK torafindan “Boark cisim nazoriyyasi” ixtisasi {izro Dosent diplomu verilmigdir. 2009-
2011-ci illords Tiirkiyonin ilk siralarinda yer alan Bilkont Universitetindo TUBITAK grant1 ilo elmi-tadqiqat islori
hoyata keg¢irmisdir.

2013-2014-cii illordo Ankara Universitetinin Nallihan Yiiksek Okulunda (Kolec) pedaqoji foaliysat gostormistir.
2014-cii ildon baglayaraq vo hal-hazirda Tirkiys Ciimhuriystinin Karabiik Universitetinds islayir. 2015-ci ildo
Dosentlik imtahanini miivoffogiyotlo verorok Tiirkiyo Ali Tohsil Surasmin gorar: ilo Fizika sahasindo Dosent
tinvanini almig vo yuxarida adi kegon Universitetds 6nca Dosent, hal- hazirda ise Professor vazifasinds galisir.

Bu illar orzinds Prof. Dr. Rahilo Tagiyeva—9sgarbayli talobalars vo doktorantlara fargli fonlordon dors vermistir.
Bunlardan *Umumi Fizika 1 vo Umumi Fizika 2”, “Elektromagnit nazariyyasinin osaslar1”,”Riyazi Analiz 1 vo Riyazi
Analiz 27, “Tatbiqi Statistika 1 vo Totbiqi Statistika 27, “©dadi Analiz “,”Qeyri-salis Xatti programlasdirma va igtisadi
problemlorin totbiqi”, “Elektronika nozariyyasi”, “Giic Elektronikasi” vo digarlori gostarils bilor.

Prof. Dr. Rohilo Tagiyeva—Osgarboyli bark cisim nozariyyssinin asagidaki sahslorinds tadqiqat islori aparir:
diizgiin olmayan (defektli) maqnetik (ferromaqnetik vo antiferromaqnetik ) superstrukturlarda (nanostrukturlarda) vo
onlardan alinan ferromaqnetik vo antiferromaqnetik kontaktlarda yayilan spin dalgalar1 (mikroskopik yaxinlagma),
magnetostatik dalgalar vo maqnetik polaritonlarin (makroskopik yaxinlasma) fiziki xassalori vo xarici magnetik
sahonin enerji spektrino tosiri oyronilmistir. Magnetik ifratgofaslor ilo maqgnit miihitin birlogdiyi yerds lokalizo olan
Sothi  magqnetik polaritonlari, Voigt konfiqiirasyasiyasinda elektromaqnetik dalga teorimi istifade olunarak
aragdirlmakdadir. Lokalizo maqnetik polaritonlar ti¢iin dalga spektri, uzun dalga boyu limitinds alds olunmusdur.
Antiferromaqgnetik  ifratgofos-antiferromagnet sisteminds yayilan ssthi lokalizo magnetik polaritonlar vo
manyetostatik dalgalar ticiin imumi dalga tonliyina slavs olaraq, uzun dalga boyu limiti A>L {i¢iin basitlostirilmis
bir natico olds edilmisdir (L, ifratqofesin periyodudur) ifratqofesin bir anizotropik madds kimi davrandig: tasbit
edildiyinds ortalama tesir yaxinlagmasi inkisaf etdirilmisdir va Somoarali naticolor olds edilmisdir.

Prof. Dr. Rohilo Tagiyeva—Osgorbaylinin Dirak ifratkegiricilorino aid olan aragdirmalarinda standart Bardeen-
Cooper-Schrieffer (BCS) modelindan istifads olumusdmur. Kulon potensialinin hesablanmasinda grafenin v alt tabags
materialinin qalinligini nozors alinmig vo kritik temperatur Tc hesablanmigdir. Homginin qrafends elektron sixligmin
elektron-fonon garsiligli tasirine vo Coulomb psevdopotensialina tasirini tohlil olunmugdur. Bundan slava, alt tabags
grafen monolayinda kritik temperaturun izotopik yerdoyismo faktoru giymatlondirilmisdir. Homginin gostorilmigdir
ki, grafen monolayinda plazmon spektri uzun dalga yaxinlagmasinda ¢oxqatli qrafendon forgli olaraq Xxatti
dispersiyaya malikdir. Plazmon spektrinin mailliyi alt tobagenin qalinlig1 va dielektrik sabiti ilo miiayyan edilir.

Prof. Dr. Rohilo Tagiyeva—Osgorbayli son zamanlar optimizasiya problemlerinin igtisadiyatda totbigi mesalolori
tizro tadqiqat iglori aparir. Onun aragdirmalar arasinda Tiirkiys Domir-Polad Sektorunda foaliyst gostaran fabrikdon
tolob noktasine paylanma asas problemini halli kimi dogorlondirilmoktadir. Talob noktalorine cografi bolgs olaraq
miioyyan edildi. ilk névbada minimuma endirilmali olan {imumi xorc va iimumi talob v ya toklif mablagi ilo birlikda
markazdan miistarilore gondarilocak mallarin imumi migdari. Dagima modelinin optimal halli, hom Vogels yanagma
metodu (VAM), ham modifikasiya olunmus paylama (MODI) istigamati, hom do Xatti programlasdirma tisulu ilo hall
edilmis vo miihiim noticalor oldo edilmisdir.

Prof. Dr. Rohilo Tagiyeva—Osgorboyli torofindon basqa bir ¢alisma da Tiirkiys sement sektoruna totbiq
olumugdur. Hodof funksiyasma yonalmis bir tolerantliq verilmamis, sadoca mahdudiyystlar tigiin tolerantliq dayorlori
verilmistir. Bu sabobdon omosliyyat molumatlari ilo yaradilmig modelin hollinds geyri-salis progqramlagdirma holli
yaxinlagmalarindan biri olan Verners yaxinlagmasindan istifado edilmisdir. Bu yaxinlagmaya goro optimal naticoni
alda etmok {igiin barabar daracali olan hall fazasinin o—Kasiyi coxlugunun, qeyri-salis gorar coxlugu kimi gabul
edilmolidir. Optimal holl doyoarlori, a-nin 0.5 oldugu giymoto uygundur. Bu voziyysti nozoro alaraq, hodof
funksiyasinin alt va st limitlori, yani minimum va maksimumlari hesablanmis vo bu funksiyanin optimal qiymati
Vo istehlakgilar iigiin optimal paylama plami oldo olunmusdur. Nozoro alinan noagliyyat probleminin Riyazi
modellosdirilmosi geyri-solis programi vo R/Simplex paket programindan istifade edilmisdir. Qeyri-Salis
programlasdirma modeli ¢or¢ivasindo Werner yaxinlagsmasindaki halllors ssaslanarag, hallordon baslayaraq, mévcud
tadariik va taloba géra minimum xarco optimal bir paylama plani toklif olunmugdur.

Prof. Rahilo Tagiyeva-Osgarbaylinin bu illar arzinds xarici 6lkslords vo Azorbaycanda kegirilon Beynalxalq
Elmi Konfranslarda elmi moruzalorlo ¢ixis edib. Fizika sahosindo tanmmuis bir ¢ox xarici vo yerli elmi jurnallarda
(SCI) 50-don ¢ox moagalasi ¢ap olunmusdur. Bunlardan Rusiyada, Avropada vo uzaq Sorqds nasr olunan Fizika
Tverdogo Tela, Solid State Communication, Modern Physics Letters B, Physica E, Modern Physics Letters B,
Superlattice and Microstructures, Journal of Magnetism and Magnetic Materials, Physica Scripta, PRAMANA
Journal of Physics, Journal of Physics and Chemistry of Solids, Journal of Superconductivity and Novel Magnetism,
Superconductor Science and Technology, Optoelectronics and Advanced Materials-Rapid Communications, Modern
Physics Letters B, Turkish Journal of Physics vo diger jurnallardir.

Hal hazirda Tirkiyonin Karabilk Universitetindo pedaqoji vo elmi faaliyatini davam etdirir. Prof. Rohilo
Tagiyeva-Osgarbaylinin rohbarliyi altinda 2 namizadlik vo 11 magistr dissertasiyasi yerina yetirilib miivaffagiyyatlo
miidafis olunmusdur.
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PROF. DR. AYDIN ULUBEY
(QULUBOYOV AYDIN MiKAYIiL OGLU)

Qulubayov Aydin Mikayi1l oglu 04 oktyabr 1955-ci ildo Baki saharinda
anadan olmusgdur. 1961-ci ildo Baki gohari 167 sayli orta moktobinin birinci
sinfina getmis vo 1971-ci ild homin orta moktabi bitirmisdir. 1972-ci ilds
Baki Dovlst Universitetinin Fizika fakultasina gabul olunmus ve 1977-Ci
ildo eyni Universitetdon fizik-fizika miollimi ixtisas1 tizro Mozunu
olmusdur. 05.12.1977-14.12.1984-cii illorinde keg¢mis SSRi-nin Miidafio
Sonayesi Nazirliyinin tabeliyindoki Totbiqi Fizika Institutunun Baki
filialinda miihandis, bag mithandis vazifalorinds islomisdir. Eyni zamanda

! 1979-1983-cii illordo  Azorbaycan Milli Elmlor Akademiyasi Fizika
Institutunun aspiranturasinda istehsalatdan ayrilmamagq sorti ilo tohsil almis
! Vvodissertasiya isini ugurla tamamlamisdir.

AM. Quluboyov  1983-cii ilin yanvar ayinda “GeSe
yarimkegiricilorinin  optik xassalori Vo zona qurulusu” mdvzusunda
dissertasiya isini miidafio edorok fizika-riyaziyyat elmlori namizadi, 1994-

cu ilin oktyabr ayimda iso “A*B® tipli yarimkegiricilorin optik vo anizotrop xassalori” mévzusunda dissertasiya isini
miidafio edorok “Yarimkegiricilor vo dielektriklor fizikas1” ixtisast lizro fizika {izro elmlor doktoru alimlik elmi
doracosini almigdir.

O, 15.12.1984-24.11.1995-ci tarixlori arasinda Azarbaycan Insaat-Miihondislori  Universitetinin Fizika
kafedrasinda assisent, bag miiallim vo professor vozifalorinds islomisdir.

A.M. Qulubayov ilk dafo 1995-ci ilds Tiirkiys EImi vo Texnoloji Aragdirmalar Qurumunda (TUBITAK) Uzman
Aragdirmag1 vazifasine dovvat olunmus vo hamin elmi morkozds 2000-ci ilin sonuna kimi elmi tadqiqat islori ilo
mosgul olmusdur.

2000-2006-c1 illordo Mugla Universiteti Fon-Odsbiyyat fakiiltosi Fizika bolmasinds ocnobi professor
vozifasinds ¢aligmis va 25 sentyabr 2006-c1 ildon Trakya Universiteti Fon-Odobiyyat Fakiiltasi Fizika kafedrasinda
daimi dosent, 2011-ci il daimi professor vazifsalorinds islayir. Vozifays toyin olundugdan sonra hamin kafedrada
doktorantura programi ag¢ilmisdir. 2006-2022-c1 1llor arasinda Trakya Universitetindo Bark cisim fizikasi sobasinin
miidiri vazifasinds islomisdir.

OSYM YDS (Rusga) Tiirkiyo birinciliyino (2014-2018) vo NATO-nun Tohliikesizlik Sertifikatina sahibdir.

Tirkiyads isladiyi dovrdan etibaron 8 magistr va 3 falsafo doktoru talobasine elmi rohboarlik etmisdir. Bu miiddat
arzinds bakalavr, magistr va falsafo doktoru talobalorine Umumi Fizika, Bark cisim fizikasi, Yarimkegiricilor optikas1,
Kvant optikasi, Kristal dinamikasi, Kvant elektronikasi, Teknik Rusga vs. darslorini tadris etmisdir.

Prof. Dr. A.M. Qulubayovun elmi tadgigat fealiystlorinin noticalori, 50-don ¢ox magals soklinds yerli vo xarici
SCl-ys daxil olan elmi jurnallarda noasr olunmustur.Yerli vo xarici 6lkolor olmagla ¢oxlu sayda konfrans vo elmi
toplantilarda istirak etmigdir. Eyni zamanda 4 miialliflik sohadstnamasi almigdir.

Prof. Dr. A.M. Qulubayov 04.10.2022-cu il tarixindon Trakya Universitetindo miiqavilo osasinda professor
vazifasids isloyir.

\!

aydinulubey@trakya.edu.tr  aydinanar@yahoo.co.uk

PROF. DR. VERDIYEV YILMAZ 9S9D OGLU
(1937-2003)

Verdiyev Yilmaz Osod oglu 24 iyul 1937-ci ildo Baki
sohorinds anadan olmusdur.

1962-ci ildo M. V. Lomonosov adina Moskva Dovlat
Universitetinin fizika fakiiltasinin mazunu olmusdur.
1962-1965-ci illordo Moskvada Nazori Eksperimental
Fizika Institutunun ‘“Nozeri fizika” laboratoriyasinda
assistant vozifasinds islomisdir.

Verdiyev Yilmaz Osad oglu 1965-ci ilds “Reggi-Pole
hipotezi vo yiiksak enerjida n hissaciklorin yaradilmasi”
movzusunda dissertasiya isini miidafio edorok fizika-
riyaziyyat elmlori namizodi elmi doracasini va 1973-cii
uldo “Helisity Qrupunun genislondirilmosi” moévzusunda dissertasiya isini miidafio edorok fizika-riyaziyyat elmlori
doktoru elmi daracasini almigdir. 1977-ci ilds professor olmusdur.

1972-1992-ci illordo AMEA Fizika Institutunun “Kvant sahalori nozoriyyasi” laboratoriyasinm miidiri olmusdur.
Prof. Dr. Verdiyev Yilmaz Osad oglu 1992-ci ildo Trakya Universitetinin dovstilo Fon-Odobiyyat fakiiltasinin
Riyaziyyat boliimiinds professor vozifasinds igo baslamig vo dmriiniin sonuna kimi (2003-cii il) homin Universitetds
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tolobalors Elementar hissaciklor va riyazi fizikadan dors demisdir. Elementar hissaciklor va riyazi fizika saholori tizro
49 mogalo, 3 kitab vs 18 tezis dorc etdirmisdir.

Nozori veo riyazi fizika sahssinds diinyada taninan Prof. Dr. Verdiyev Yilmaz hom do dilgilorimizin bugiine
godar xabarsiz galdig "Lohca farkimiz fargimizdadir adli unikal bir aragdirmanin misllifidir. Ciinki bu kitabinda
Yilmaz Osodoglu 6z bonzarsiz alim tofokkiiriini ham ds ortaq tiirkconin ger¢okliya ¢evrilmasi problemina
yonoltmisdi. Bundan basqga Yilmaz Osadoglu "Bir fizikin xatiralori vo diistincalori” kitabinin da musllifidir.

Prof. Dr. Verdiyev Yilmaz Osad oglu 2003-cii ilds Tiirkiyads vofat etmisdir.

DOSENT. DR. YUSIFOV iSMAIL MUSA OGLU

Yusifov Ismail Musa oglu 1973-cii ildo M.V. Lomonosov ad. MDU-
nun fizika fakultesindon “Astronom” ixtisasi ilo mazun olmus vo hamin
ildan da Y. Mammodsliyev adina Samaxi Astrofizika Resadxanasmin
“Ulduz atmosferi fizikas1” laboratoriyasinda omok foaliyyatina
baslamisdir.

M. Yusifov 1982-ci ildon Azorbaycan EA Fizika institutunun
Astrofizika laboratoriyasinda isloyir. Namzadlik dissertasiyasini 1. M.
Yusifov 1984-cii ildo Moskvada, Kosmik Todgiqatlar institutunda (MKI)
Astrofizika ixtisasi tizro miidafio etmisdir.

LM. Yusifovun osas todgigat obyektlori ulduz tokamiiliiniin son
mohsullar1 olan neytron ulduzlar (pulsarlar), ifrat yeni ulduz qaliklar1 va
Galaktikanin strukturasidir. Islodiyi miiddot orzinde bu sahoda yerli vo
xarici jurnallarda 60-dan ¢ox mogalo, moruzo vo texniki hesabat cap
etdirmisdir. Bu mogalslors 250-don ¢ox istinad vardir.

Yiiksok kvalifikasiyali miitoxassis olan Yusifov I.M. todgiqatlarinda
yeni texnika vo texnalogiyani genis totbiq edir vo lazim olan biitiin
hesablama iglorini 6zii torfindon hazirlanan proqramlarla aparir.

Bizdo, respublikada radioteleskop yoxdur. Laboratoriyada aparilan todqigatlarda istifade olunan materiallar iss
asasan xaricds aparilmig radioastronomik miisahids naticaloridir. Todqigatlar praktik radioastronomiya sahassinds do
apara bilmak iigiin 1996-da birgo radioastronomik todgigatlar barado TUBITAK vo AMEA Fizika institutu arasmda
sazis imzaland1 va bu sazis ¢orgivasindo Yusifov I.M. birga todgiqatlar ii¢iin 1996-da TUBITAKa (Tiirkiys) ezam
olundu. Ezamiyyat miiddatinds I.M. Yusifovun hom nozeri vo hom do praktik radioastronomiya mévzusunda 30-a
yaxin magalo vo moruzesi ¢ap olundu. Tirkiyonon ilk radioteleskopunun layiholosdirilmesinds, insasinda,
nizamlanmasinda faal istirak edon vo teleskopun program tochizatii da hazirlayan Yusifov 1.M., 2008-do layiho
tamamlanib vo teleskop iso baslayandan sonra ovvolki is yerino donmiisdiir. Bu sahodki foaliyyotlori yiiksok
doyarlondirilorak, I.M. Yusifov Tiirk Astronomi Darnagi vo Erciyes Universiteti Rektorlugu torafinda yazili suratda
tosokkiirnams ils taltif olunmusdur.

Yusifov I.M. “Bilik” comiyyatinin iizvii olmus, elmi-texniki biliklorin toblig edilmoasinds foal istirak etmis vo buna
gora da comiyyatin foxri-farmani ils toltif olunmusdur.

Yusifov I.M. 2013-cii ilds vafat etmis vo Bakida dofn olunmusdur.

PROF. DR. MGHBRRBM ZL ZORBOLI .
(MOHORROM ZORBOLI OGLU Z9RBOLIYEYV)
Maharram_z@yahoo.com

Mohorrom Zorboli 16 sentyabr 1955-ci ildo Qazimommod rayonu
Qubali kondindo anadan olmus va 1981-ci ildo Azarbaycan Dovlot
Universitetinin Fizika fakiiltosini “Yarimkegiricilor vo dielektriklor” ixtisasi
fizra bitirmisdir. Ixtisas1 {izra omok foaliyystine 1981-cii il mart aymdan SSRI
Miidafio Sonayesi Nazirliyinin Totbiqi Fizika Institutu Baki filialinda fizik
mithandisi voazifasinds baglamig vo 1985-ci il dekabr ayindan Azsrbaycan
Milli Elmlor Akademiyas1 Fizika Institutuna ke¢misdir. AMEA Fizika
Institutunda aparic1 elmi is¢i vozifasine godor yiiksolmisdir.

1987-ci ildo AMEA Fizika Institutunun aspiranturasma gobul olunmus
vo 1991-ci ilds “InSe, GaSe vo GaS layli yarimkegiricilorinin sothi vo hacmi
fotokegiriciliyi” movzusunda namizodlik dissertasiyasini miidafio edorok
(elmi rohborlori Prof. Dr. R.A.Siileymanov vo Dr. M.O. Qocayev) fizika-
riyaziyyat elmlori namizadi elmi doracasi almisdir. Mohorrom Zoarbsli Fizika
Institutunda 1991-ci ilden elmi is¢i, 1996-c1 ildon bdyiik elmi is¢i, 2006-c1
ildon aparici elmi is¢i vozifalorinds ¢aligmusdir .
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Moharrom Zorbali 2005-ci il sentyabr aymdan 2006-c1 il iyun ayma qodor Tiirkiyonin TUBITAK arasdirma
morkazinin NATO PC-B programu ilo Tiirkiya Cumhuriyati Harran Universitetinds ¢alismis vo 2006-c1 il noyabr
ayindan Harran Universitetina dovat olunmusdur.

Prof. Dr. Maharrom Zarbsli Harran Universitetinds islodiyi miiddstds asagidaki mévzular iizro elmi tadgigat
islori ilo maggul olmusdur:

1. Laylh yarimkegiricilorin soth xassalori (Surface properties of layered semiconductors)
a. Spektrin ultrabandvsayi bolgasi fotokegiriciliyi (Ultraviolet photoconductivity)
b. Ultrabon6vsayi detektorlar va cihazlar (ultraviolet detectors and devices)
c. Layl yarimkegiricilordo giinos batareyasinin istehsali (Solar cells on the base of layered
semiconductors)
d. Layh yarimkegiricilords darin eksiton saviyslari (Deep exciton states in layeredsemiconductors)

2. Layl yarimkegiricilarin soth 6zalliklarinin Skanirs edan Tunel Mikroskopu (STM) spektroskopiyast metodu
ilo 6yranilmasi (Scanning Tunnelling Microscope spectroscopyof layer semiconductors)

3. A®BS A'B2CS, , A%BS; yarmmkegirici nazik toboqli materiallarinm bir nego iisulla hazirlanmasi vo bu
yarimkegiricilorin fiziki, optik vo elektrik xassalorinin 6yranilib miiqayiso edilmasi (Preparation of A"'BV!
AB"'CV'; , A',BV'3semiconductor thin film materials via several method and investigation of physical and
electronically properties of these semiconductors)

4. Sol-Gel tisulu ilo nazik tobsgslorin hazirlanmasi vo bu asasda giinag batareyalarinin istehsali (Thin film
preparation by sol-gel method and on these base solar cells fabrication)

a. Yarimkegirici nazik toebogslorin alinmasi vo onlarin asasinda giinaeg batareyalarinin hazirlanmasi
(preparation of semiconductors thin films and solar cells fabrication on base of these films)
b. Magnit nazik tobagslarin hazirlanmasi (preparation of magnetic thin films)

Prof. Dr. Moaharrom Zorbali Harran Universitetinin Fizika Boliimiinds isladiyi miiddotdo elmi tadgigat
laboratoriyasi qurmagqla barabar bakalavr vo magistr talobslarina eksperimental fizika ¢aligmalarinda rohborlik etmis
Vo ¢ok sayda lahiyalordo yer almisdir. Universitetin Aragdirma Fondunun dostoyi ilo istirak etdiyi layihalor vo
layihalords vazifasi asagidaki kimi siralanmisdir:

1. 15092 Sol-Gel metodu ilo CulnSe; yarimkegirici nazik tabagolorin hazirlanmasi va fiziksel fiziki xassalarinin
todqiqi, Ali tohsil miiossisalori torofindon dostoklonon elmi todgigat layihesi, 15.09.2015 — 29.09.2016
(ULUSAL), icrag1,

2. 17003 Al/n-ZnO:Mg/p-Si qovsaq diodunun istehsali vo xarakteristikasi, Ali tohsil miiassisalori torafindan
dastoklonon elmi todgigat layihasi; Toadgigat¢1,24.02.2017- 07.12.2017 (ULUSAL)

3. 13095 Sol-Gel metodu ils Cu slave edilmis ZnS va Mg slavs edilmis ZnO nazik tabagolorin struktur, optik v

elektrik xassalori, todgigat¢i, 28.05.2014-28.12.2015,

K 13018 Nanomagnetizm iizrs Beynolxalg Konfrans, ICNM, 2013.24.04.2013-08.10.2015, tadqiqatgt,

19332 Kesterit asasli nazik tobage giinos batareyalarinin hazirlanmasi vo inkisafi, tadqigatet, 31.12.2019

17155  Yiiksok tozyiq altinda tavlamanin sulfidli yarimkegirici birlasmolars tasirinin todqiqi, tadqiqatet,

21.08.2017 — 22.02.20109.

o o s

Bunlardan olave Tiirkiys miqyasindaki layiholorde do c¢aligmalar1 ilo yer almigdir. Giinoeg batareyalari
movzusunda Harran Universitetin iki DPT layihasinds tadqiqatsi olaraq yer almigdir.

Biitiin bunlara olave olaraq TUBITAK dostoyi vo Tiirkiyonin Sise-Cam sirkatinin dostoyi ilo SANTEZ
layihasinds yer almigdir. Bu layiholordoki istiraki ¢ox sayli moagalo vo hesabatlarda 6z oksini tapmusdir.

Yuxarida gostorilon elmi todqiqgatlarin hamisini goxsi istirak ilo Vo talobalorinin istiraki ilo yerina yetirmsdir.
Masharram Zarbslinin Fizika Boliimiinds istar 6z rohbarliyinds vs istarss bagqa elmi rohbarlorin ¢ox sayda magistr va
doktora talobolorinin ¢alismalarinda tohvasi olmusdur. Hotta slagods oldugu digar universitetlorin doktora tolobslori
ilo ¢aligmalara katki saxlamigdir.

Biitiin bu soylonanlor Moharram Zoarbali tarafindon beynsixalq dorgilords yayimlanmig 30-dan ¢ok maglods va
bir o gadar da beynolxalg elmi konfranslarada moruzalords 0z aksini tapmisdir. Bunlara alavo olaraq 2 patentin
miollifidir.

Prof. Dr. Maharrom Zarbali 2022-ci il sentyabr ayinda Harran Universitetindon toqatide ayrilmisdir.
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