ISSN 1302 - 6461

AZORBAYCAN MILLI ELMLOR AKADEMIYASI HALIMOHAJIbBHASIT AKAJIEMUST HAVK A3EPBAM/IKAHA
FiZIKA INSTITUTU HUHCTUTYT ®U3UKU
«AZORENERIJi» ASC OAO «A3EPOHEPXK»

AZ.ET vo LAYIHO -AXTARIS ENERGETIKA INSTITUTU A3. HUnITUW SHEPTETUKU

ENERGETIKANIN
PROBLEMLORI

IIPObJIEM bI
ODOHEPI'ETUKMHA

POWER ENGINEERING
PROBLEMS

ENERGETIKANIN KOMPLEKS PROBLEMLORI * ELEKTROENERGETIKA * ISTILIK ENERGETIKASI * ELEKTROFIZIKA*
* ELEKTROTEXNOLOGIYA * ENERJI MONBOLORI * INFORMATIKA * EKOLOGIYA * XRONIKA

KOMIUIEKCHBIE ITPOBJIEMbI SHEPT'ETHUKH * 2JIEKTPOOHEPT'ETUKA * TEIIJIOOHEPT'ETUKA * DJIEKTPODU3MKA*
* OJIEKTPOTEXHOJIOI'MA * UICTOYHMUKU SHEPI'MU * UTHOOPMATHKA * OKOJIOI'MA * XPOHUKA

COMPLEX PROBLEMS OF POWER ENGINEERING * THE ELECTRICAL POWER ENGINEERING *
* THE THERMAL POWER ENGINEERING * ELECTROPHYSICS * ELECTROTECHNOLOGY * ENERGY SOURCES *
* INFORMATICS * ECOLOGY * CHRONICLE

1
2017

BAKI % ELM % BAKY



ENERGETIKANIN PROBLEMLORI
elmi — texniki jurnal
Ne 1 2017
Jurnal 2000-ci ildon nasr edilir
Azorbaycan Milli EImlor Akademiyasi Royasot Heyatinin gorari ilo ¢ap olunur
Redaksiya heyyati
A. Hosimov (bas redaktorun miiavini), R. Mustafayev (bas redaktorun miiavini), K.Abdullayev,

K.Dursun(Norveg), A.Hiiseynov, T.Xalina (Rusiya), A.Karimov, V.Kuznetsov(Ykrayna), ©.Quliyev,

K.Qurbanov (ma’sul katib), (texauku penaxrop) E.Pirverdiyev, N.Rohmanov, P.Rzayev, A.Sidlovski
(Ukrayna), N.Tabatabaei (iran), N.Voropay(Rusiya), N.Yusifboyli.

Redaksiyanin iinvanlari: Baki, Az-1143, H.Cavid prospekti,33, Az. MEA Fizikalnstitutu Baki, Az-
1602, H.Zordabi prospekti, 94, Az.ET vo LAEI

Tel.: (994 12) 539-41-61; 539-44-02; 432-80-76

Faks : (994 12) 447 - 04 - 56; 498 - 63 - 59
E — mail : arif @ physics.ab.az

Nosrin redaktoru : F.Rzayev

“Energetikanin Problemlori jurnali Azorbaycan Respublikas1 Matbuat vo Informasiya
Nazirliyinds geydiyyatdan Ke¢misdir, geydiyyat say1 B 507

Tiraj : 200 niisxa

Baki1, «EIm» nasriyyati

NPOBJIEMbI DHEPTETUKH
HAY4YHO — TeXHUYECKUH KypHaII
Nel 2017
OcHoBan B 2000 rony akagemuxom Y.M./[xyBapbl
[leuartaercst mo mocraHosienuto [Ipesunnyma HanmonansHolt Akagemun Hayk AzepOaiimxana
3amM. Ir1aBHOTO pefaKTopa
akagemuk HAH Azepo6aiin:kana A.M. I'amumoB
Aodpeca peoaxyuu:Az -1143, baxy,np.I'.Ixasuna, 33, Uactutyt ®uzuxku HAH
Azepbaiimxana
Az -1602, baky, nip. I'. 3apnadu, 94, A3.HUulINU Duepretuku OAO

“AzepaHepxu”

Ten.: (994 12) 539-41-61; 539-44-02; 432-80-76 ; dakc: (994 12) 447 - 04 - 56; 498-63 -59;
E — maun : arif@physics.ab.az

baxy, n3matenscTBO «OIM»

2


mailto:arif@lan.ab.az

Energetikanin problemlori e No1 e 2017 e TIpoGieMbl SJHEPTETHKH

SUNTLAYICI REAKTORLARIN QEYRI - SOLIS
IDARDETM®O USULU VO ALQORITMI

HOSIMOV A.M., BABAYEVA A.R., QULIYEV H.B.

Azarbaycan Elmi-Tadgigat va Layiha-Axtaris Energetika Institutu

Yiiksok gorginlikli elektrik soboko sinlorinds gorginliyin qiymsetinin normallagdirilmasi vo yarana bilocok
gorginlik yiliksolmosinin mohdudlagdirilmast moagsadilo doldurma giiciiniin kompensasiyasi ti¢iin xotto qosulmus
suntlayici reaktorlarin giiclorinin effektiv idarsolunmasini hoyata kegirmak iigiin qgeyri-salis kontrollerin sintezi
masalolorine baxilmigdir. Gostorilmisdir ki, elektrik sobokasinin sxem va rejim parametrlorinin geyri-miioyyon
doyigmalari, idars obyektinin qeyri-xatti tonliklorlo yazilmasi onenavi riyazi texnologiyalarim totbiqi ilo
idaroetmo qanununun formalagdirilmasinda ¢otinliklor yaradir.

Xottin yilikiinden asili olaraq reaktorun giiciiniin islonmis qeyri-salis idars alqoritmi va bu alqoritmin
kompiiter modellogdirilmasi ilo alinmis idaroetmo sothi {izro aparilan reaktiv giic axininin idars olunmasi
osasinda alinmig gorginliyin doyigmo ayrilori toklif olunan iisul v alqoritmin effektivliyini tosdiq edir.

Acar sézlor: ifrat yiiksok gorginlikli elektrik verilis xotti, suntlayici reaktor, natural giic, geyri-salis
kontroller, geyri-salis ¢oxluq, mansubiyyst funksiyasi.

Hava elektrik verilis xotlorinin (EVX) xarakteristikalarinin analizi gostormisdir ki,
idaroolunan suntlayici reaktorlarin (SR) totbigi vo ya mdvcud idars olunmayan SR-in oavoz
olunmasi yiiksiiz islomodon natural giico godar Gtiiriilon gilic diapazonunda EVX-nin istifado
olunma effektivliyini artirir. Belo ki, daimi olaraq qosulu SR-in olmasi halinda garginliyin yol
verilmoyan hoddo godor azalmasi sobobindon Xxott {izro natural giiciin yalniz 40-50%-nin
otlirilmoasine imkan yaranir. Digor torofdon, 6tiiriilon giiclin sutkaliq doyismalori zamani adi
SR-in tez-tez komutasiyalar1 yiiksok gorginlikli komutasiya avadanliglarinin resurslarini
mohdudlagdirir. Ona goéro do yiiksok gorginlikli elektrik sobokalorinds idaroolunan SR-in
totbigi daha osasli vo magsadouygundur.

SR-in idarsolunmasi iiglin asagida qeyd edilon ananovi miixtolif iisullar totbiq edilir
[1]: tiristor-reaktor qrupu osasinda idarsetms; uzununa, enina va dairavi sabit caroyan
altmagnitlonmasi ilo idaroetmo;transreaktorla idaroetmo; vakuum-reaktor qruplari osasinda
idaroetma. SR-in geyd olunan ononovi idaroetmo isullar1 dogiq riyazi modellor osasinda
qurulan idaroetmo qanunlarini realizo etmoklo, elektrik verilis xottini xarakterizo edon
parametrlorin, eyni zamanda rejim parametrlorinin ehtimal-geyri-miioyyan doyismalorini tam
nozars ala bilmir. Belo ki, hom elektrik sobokosinin parametrlorinin iglim soraitindon asili
olarag doyismoalori, rejimin geyri-sinusoidal-geyri-simmetrikliyi, yiik rejimlorinin geyri-
miioyyan doyismoalorini, eyni zamanda ononavi totbig olunan avtomatik idars qurgularinin
doyarinin olduqca yiiksok olmasi, istismarmin miirokkobliyi vo s. kimi faktorlar1 nozors
almagla, idarsetms ganununun formalagdirilmasi ananavi riyazi texnologiyalarmn totbiqi ilo
boyiik ¢atinliklor yaradir vo bazi hallarda amali olaraq miimkiin olmur [2-6]. Belo soraitlords
real zaman miqyasinda SR-in anonavi tisullarla avtomatik idarsolunmasinin effekliliyi asagi
olur, goflaton kaskin rejim doyismalori zamani osassiz komutasiyalar bas verir ki, bu da
istismar toloblori néqteyi-nazarindan olverisli deyil. Qeyd edok ki, bu faktorlarin tasirinin
nozors alinmast vo hom do miiasir elektrik sobokalorinin intellektuallagdirilma strategiyasinin
hoyata kegirilmasi SR-in daha miiasir ananavi olmayan idaroetmo texnologiyalarinin sintezi
Vo totbigini aktual masalo kimi garsiya gixarir.

Qeyri-salis approksimasiya va monsubiyyat funksiyasimin se¢ilmasi: Isdo yiiksok
garginlikli EVX-nin generasiya etdiyi doldurma giiciiniin kompensasiyast magsadilo qoyulan
suntlayici reaktorun yiik rejimindon asili olaraq idaro olunmasini hoyata keg¢irmok tigiin qeyri-
salis montiq aparatindan istifads olunmasi qarsiya qoyulmusdur.
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Malumdur ki, yiiksok gorginlikli xottin dalga miigavimati Z, =,/X/B, xattin C,,

tutumu ilo sortlonon doldurma giicii Q, =UZ _-B Vo natural giicii P, =UZ /Z, [1]. Eyni
zamanda reaktorun giiciiniin P yiikiindon (vo ya Z yiik miigavimatindon) asililig1 asagidaki

kimi ifads olunur [7]:
2
P
Q = Pnat /1 [P_j I (1)

Suntlayic1 reaktor {iglin yazilmis bu asﬂlhqlar yuxarlda qeyd olunan sobablordan
idaraetmods boyiik xotalar yaratdigindan Q = f(P) Vo yaQ = f(Z)asﬂlhqlarlm qeyri-salis
montiq nazariyyasi asasinda realizasiya etmok olar [8]. Belo ki, Xattin yiikiindon va ya yiik
miiqavimatinin giymotindon asili olaraq reaktorun giiciiniin Q, vo ya induktiv miigavimatinin

X, geyd olunan parametrlordon geyri-solis asililigmin linqvistik modelini tortib edib, onun

osasinda idaroetma alqoritmini qurmaq miimkiindiir. ér = f(Z~) geyri-salis asililigini gobul
edorok idaroetms algoritmini tortib edirik. Aydindir ki, Z =ocoolmasi xottin yiiksiiz rejimdo
islomosini gostarir (P/P,,,=0) vo bu zaman LR reaktoru maksimal reaktiv giic tolobati
=1)
Vo reaktorun reaktiv giic tolobati Q, =0 olmalidir. Belaliklo, EVX-nin yiik miigavimatinin
Z =27, +o intervalinda doyismolorino uygun olaraq, LR reaktorunun induktivliyi idars

olunmalidir. Bu mogsadls asagida geyri-salis kontrollerin sintezi masalosine baxilir.
Molumdur ki, istanilon geyri-salis kontroller (QSK) fazzifikatordan, geyri-salis ¢ixaris
mexanizmindan va defazzifikatordan ibaratdir [8].
Reaktorun idara olunmasi tigiin iki girisli vo bir ¢ixisli QSK-nin sintezini asagidaki sado
linqvistik geyri-salis modeldan istifado etmoklo yerins yetirmok olar:

nat

rejiminds olmali  (Q, = max),Z = Z halinda EVX natural giic rejimnds islayir( P/P,

nat

iFX,= A AHD X,=B, THEN Y=C,
iFX,= A, AND X,=B, THEN Y =C, @)

Burada X, X, — vaziyyat dayisonlori va prosesin idaroolunmasi da daxil olmagqla linqvistik
doyisonlordir;, A, B vo C - E;,E, vo E; universal ¢oxluglarinda X,, X,va Y
dayisonlarinin termlarindan ibarat lingvistik giymaotloridir, basqa sozls, Vx AeE,, BeE,
Vovy C e E;.

X, va X, lingvistik dayisanlarinin term-goxluglar tigiin Qauss tipli mansubiyyat funksiyasi
gobul edilmisdir:

- (Xi —C ji) . Lo o

,Uji(X) =€exp A 2 I J :1!2’ I :11 (3)
O

Burada ¢ -  maksimumun  koordinati; sig - konsentrasiya  omsalidir,

Ha(X) 1 Xy > [0’1]; pg (X)X, — [0’1]'

Qeyri-solis implikasiya formast vo monsubiyyat funksiyasinin tipi toyin edildikdon
sonra vaziyyot parametrlori vektoru ilo idaroedici tosir arasindaki qeyri-Solis miinasibat
osasinda ¢ix1s signali formalasdirilir.

Reaktorun geyri-salis kontrollerinin sintezi:

Yiik rejimindon vo EVX-nin doldurma giiciindon asili olaraq, xattin har iki torafinds
goyulmus reaktorlarin giiciiniin idars olunmasi moaqgsadilo Sl¢ii geviricilori vasitasilo sindo
garginliyin va Xotdo coroyanin giymotlori hesablayici blokuna verilir. Hesablayic1 blok yiik
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- : : . . .. dz o
migavimatini Z, diferensiator iss onun doyisma siiratini T hesablayaraq har iki signali QSK

geyri-salis  kontrollerin fazzifikator blokuna Gtiiriir. Verilonlor bazas1 vasitasilo
universumlarin diskretlogdirilmasi, normallasdirilmasi, giris va ¢ixis vektorlarinin geyri-salis
termlora ayrilmast vo onlarin monsubiyyast funksiyalarimin parametrlorinin identifikasiyasi
yerinoa yetirilir. Se¢ilmis Qauss tipli moansubiyyat funksiyalar1 vasitasilo real giris signallar
geyri-salis adadlors gevrilir. Biliklor bazasinda verilmis geyri-salis qaydalar asasinda geyri-
salis mantiqi ¢ixaris mexanizmi garar goabulunu hoyata kegirir vo qgeyri-salis idasedici signal
formalagdirir.  Idara bloku dogiq signal osasinda islodiyinden, geyri-solis ¢ixis signali
defazzifikatorun komoayilo dagiq idarsedici signala ¢evrilir. Alinan signal idars bloku va
telekommunikasiya Otlirlicii sistemi vasitasilo reaktorlarin induktiv miigavimatlorinin va
uygun olaraq onlarm Q,,, Q,, giiclarinin idars olunmasina otiirtiliir.

Qeyd olunan intellektual idaroetmo sxemi vasitasilo yiiksok gorginlik sinlarinds
reaktorlarin induktiv miigavimatlorini online tonzimlomokls goarginliyin normal giymatini
tomin etmak olar.

Yuxarida geyd olunan qeyri-salis linqvistik doyisonlorin term-goxluqglar1 asasinda
sintez olunmus QSK kontrollerinin strukturu sokil 1-ds verilmigdir. QSK Mamdani alqoritmi
osasinda tortib olunmus (2) tipli 25 qgeyri-Salis qaydani realizasiya edorok reaktorlarin Q,,,

.. dz .. . . - .
Q,, guclarini Z, I’ giris signallarindan asili olaraq tamzimlanmasini hoyata kegirir

Z (5) rcm

(mamdani)

25 rules

Qr (5

dz (5)
Sokil 1. Qeyri-salis kontrollerin struktur sxemi

Reaktorun geyri-salis idarsolunma algoritmi
QSK-nin idaraetmo alqoritminin tartibinde Mamdani algoritmindan istifads edilmisdir.
Mamdani alqoritmi tizra proqramlasdirma zamani (reaktorun reaktiv tolobat giiciiniin xattin
yiikiino uygunlasdirilmasi) giris (yliik miigavimati Vo onun doyisma siirati) va ¢ixis (reaktorun
reaktiv giicli) parametrlori {igiin asagidaki geyri-salis term-altgoxluglar1 gobul edilmisdir.

QSK-nin giris “Yiik miiqavimeti” linqvistik doyisonininT;(Z) term-goxluglari, burada
Z, €E;ci=15:
E,, =SB (Cox boyik-VB)  A(Z,14,(2))
E,, = B (Boyiik - B)
E;=M (Orta-M)
E,. =S (Kicik - S)

=

N
%

N

> |

~—~

N

w

~—~

N
\_/_53

(4)

>
—
N
=
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E,; = N (Natural - N) AZ, 145(2))

500 kV gorginlikli EVX ii¢lin dalga miigavimati natural rejimds 287 Om qobul edildiyi
tgiin (P,,, =870MVt) [1], Z “Yik migavimoti” linqvistik dayisoninin giymatlori
Z = (287 +o0) Omintervalinda gétiiriilmiisdiir (Sakil 2,a). Z doyisaninin bu giymotlori Xott
ilo 6tiiriilon giicin P = (870 +0) MVt giymotlorino uygundur vo tosadiifi olaraq generasiya

olunmusdur.
QSK-nimn ikinci giris parametri olan “Dinamika” qeyri-Salis lingvistik dayisoninin

dz dz . — .
T, (Ej term-coxluglar, burada [ﬁj €E,; vo j=15 (Sokil 2,b):
i

E,, = Max (Maksimum - Max) é(%_fﬂzl(d_zjj

dt

dz dz

E,,=B (Boyiik - B) Q(Evﬂzz (ED

dz dz
E,;=M (Orta- M) Q(Elﬂzs (E)] )

.. dz dz

E,=S (Kigik - ) é{a 1 Mg [ED

E,s =ZR (Sifir - ZR) é(?j_f s Mo (%—TD

dz
T, (E} term-goxluqlarinin giymatlori (—10+ +10)intervalinda qobul edilmisdir.

QSK-nin ¢ixis “Reaktiv giic” qeyri-solis linqvistik doyisonininT, (Q,) term-coxluglar,
buradaQ,, € E,, vok =1,5 (Sakil 2,):

E,; =Max (Maksimum-Max)  A(Q,4,(Q))

E, =B (Bbyik-B) AQ 1, Q)

E,,=M (Orta- M) AQ 14:(Q)) )
E,,=S (Kigik - S) AQ 444(Q,))
E,. = ZR (Sifir) AQ . 15(Q.)

“Reaktiv giic” linqvistik doyisoninin giymatlori P = (870 <+ 0) MVt intervalinda
miisyyan olunmusdur.
Burada 14 (2), ﬂzj(dz

Ej ty (Q;)— wuygun olaraq E;,E,; vo E; universal

¢oxluglarinda toyin olunmus Z, vo Q, lingvistik dayisanlorinin term-altgoxluglarinimn

az
dt
monsubiyyat funksiyalaridir.
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Sokil 2. Giris Z, E va gixis Q, linqvistik dayisonlorinin termlarinin

monsubiyyat funksiyalar a - Z doyiseni tigiin; b — E dayiseni {igiin; ¢ - Q, dayiseni {igiin

Lingvistik doayisanlorin termlarinin Qauss tipli mansubiyyat funksiyalarin1 xarakterizo
edon parametrlorin (orta, sopalonma) giymatlori cadval 1-ds verilmisdir.

Cadval 1
Giris va ¢ixis lingvistik dayisanlarinin termlari, mansubiyyast funksiyalar1 vo parametrlori
Term-altcoxluglar | Moansubiyyat funksiyalari | Parametrlor
Yiik miigavimati, Z

Cox boyiik [36,24 287]
Béyiik [29,38 383]

Orta Qauss tipli [50,22 575]

Kigik [182,75 1150]

Natural [425,86 2300]




Yiik miigavimatinin doyisma siirati, dZ/dt
Cox bayiik [2,110]
Boyiik [2,15]
Normal Qauss tipli [2,10]
Kigik [2,1-5]
Cox kigik [2,1-10]
Reaktiv giic, Qr
Maksimum [7,33 274]
Boyiik [10,54 257]
Orta Qauss tipli [21,66 206]
Kicik [33,27 120]
Sifir [42,03 0]

(4) — (6) lingvistik modellori osasinda reaktorlarin giiclorinin “IF — AND” qgeyri-salis
lingvistik model formatinda idaroetma matris - algoritmi codval 2-doverilmisdir. Qeyri-salis
idaroetmo matris-alqoritmi 25 gaydadan ibarstdir. Hor bir qaydanin antesedent hissasi iki,
konsekvent hissasi iso bir implikasiyani 6ziinds oks etdirir.

Cadval 2
Qeyri-salis idarsetmo matris — algoritmi
dz/dt VS S N B VB
Z
N ZR ZR ZR ZR ZR
S ZR S S S M
M S M M M B
B M B B B Max
VB B Max Max Max Max

Beloliklo, geyri-salis implikasiya 25 sado implikasiyalardan togkil olunmusdur vo
parametrlor arasindaki yekun R geyri-solis miinasibat Rjj (i, j=1,2,...,5) geyri-solis
miinasibatlorinin birlogsmasi kimi toyin edilo bilar:

R=[JR; = [JE,xE,

i=1,5 i=1,5
j=1,5 j=15

Bu halda geyri-salis miinasibatin monsubiyyat funksiyasi asagidaki kimi tayin olunur:

dz : dz R
yR(Z, Ej = max{mln {iji (Z),yEji (Eﬂ} V], i=15 (7)

Burada max-min kompozisiya amalindon istifado olunmusdur.

Defazzifikasiya tiglin, basqa sozlo, qeyri-solis idaroedici tosirlor fozasindan solis
idaroedici tosirlor fozasina kegid mogsodilo daha yaxsi statik dogigliys malik olan agirliq
morkazi strategiyasindan istifado etmok olverisli olur [4-13]:

n
Zuj/uu(uj)
U= -——

i:uu (uj)

u

(8)

Burada n — ¢ixis kvantlarinin say1; “i  monsubiyyat funksiyasi maksimal giymoto ¢atan

dastyicinin giymati; Hu (u;) - monsubiyyat funksiyasidir.
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Kompiiter modellasdirmasinin naticalari

Cadval 2-do verilmis implikasiyalar asasinda suntlayici reaktorlarin yiikiin tosadiifi
geyri-miioyyan doyismolorindon asili olaraq toklif olunan geyri-salis idaroolunma algoritmi
asasinda sistemin Gyratma proseduru hoyata kegirilmisdir. Modellogdirmo zamani 100 MVA

giicindo RODC-100/500U1 tipli 500 kV gorginlikli, |1 =300Kkmuzunluglu sistemlorarasi

hava xsttino qosulmus suntlayici reaktorun yiikiin giymatindon va onun doyisma siiratindon
asil1 olaraq isinin hesabi tacriibalori aparilmisdir.
Sokil 3-do Matlab miihitinin Fuzzy Logic Toolbox modulu osasinda QSK

kontrollerinin &yradilmoesindon sonra onun foaliyyatini oks etdiron Q, = F(Z, %—fj sothi

tosvir olunmusdur. Q, = F(Z Z—fj asililigindan goriindiyii kimi, Z =Z, halinda (P =P,,,)

Q, = min (X, = max), Z = halinda (P =0)Q, = max (X, = max) sorti ddanilir. Yiikiin
araliq qiymatlorinda isa reaktorun giiciiniin qeyri-salis idarasolunmasi ilo onun talobat reaktiv
giictinin Q, = min+max araliginda qgiymatlori tomin edilir. Basqa sozlo, yiikiin geyri-salis
doyismoalori zamani toklif olunan algoritm asasinda reaktorun effektiv idarsolunmasini hayata
kegirmoklo, miivafiq olaraq sindo nominal is¢i gorginliyin doyismoaz giymatini tomin etmok
olar.

250 4

200 4
& 150

100

50

10

dz - 2

Sokil 3. Q, = F(z, ‘jj_fj idasetms sathi

Bunu tosdiq etmok moqgsadilo Azarbaycan enerjisistemi ilo Giirciistan enerjisistemini
alagolondiron 500 KV gorginlikli soboka hissasinin 162,3 km uzunluglu Samux - Qardabani
sistemloraras1 xattinin har iki torafins suntlayici reaktorun qosulmasi vo agiq hallarinin PSS_E
program paketi formatinda imitasiya modeli asasinda rejim hesabatlar1 aparilmigdir. Hesabat
naticalorina asason yiikson asili olaraq sinlords gorginliyin doyismo oyrilori qurulmusdur.
Sakil 4-da sobokanin 500/330 kV gorginlikli sinlorinds va sokil 5-ds isa 500 kV-lug Samux -
Qardabani hava xattinin qosuldugu sinlorde U = f (P) asililiglar1 tosvir edilmisdir.
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Sakil 4. 500/330 kV-luq soboka hissasinds garginliyin doyismo ayrilori
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Sakil 5. 500 kV-lug Samux-Qardabani HX-nin qosuldugu
sinlords garginliyin doyisma oyrilari

Hor iki sokildon goriindiiyii kimi, yiikiin doyismolori halinda reaktorun toklif olunan

geyri-salis alqoritm osasinda idars olunmasi ilo biitiin sinlordo gorginliyin talob edilon
hiidudlarda saxlanmasi tomin edilir.

1.

1.
2.

NOTICO

Ifrat yiiksok gorginlikli elektrik verilis xottinin hor iki torofino qosulmus suntlayici
reaktorlarin reaktiv giiclorinin idaro olunmasi {i¢lin geyri-solis montiq nozoriyyasi
osasinda effektiv alqoritm islonmis vo bu alqoritmin realizasiyasi {iglin geyri-solis
kontroller sintez olunmusdur.

Toklif olunan alqoritmin kompiiter modellosdirmasi osasinda aparilan hesabi
eksperiment naticalori sinlorde gorginliyin qiymatlorini norma hiidudlarinda
saxlamaqgla onun effektivliyini tosdiq edir. Qeyri-salis kontroller asasinda idara
olunan reaktorlar etibarli igloyir, robast tosir imkanina malikdir, sadadir vo nisboaton
uzun istismar miiddatine malik olurlar.
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CIIOCOB 1 AJITOPUTM HEYETKOI'O YITPABJIEHUA
IIYHTUPYIOLIUX PEAKTOPOB

I'AIIUMOB A.M., BABAEBA A.P., I'YJIMEB I'.b.

B BBICOKOBOJIBTHBIX 3JEKTPUYECKUX CETSIX C LIEJIbI0 HOPMaJW3allu{ HAaIpsDKeHUsS Ha
IIMHAX, OrPAaHWYEHUS TEPEHANpPsDKEHUH W KOMIEHCAlMM  3apsIHOM  MOLIHOCTH,
ocymiecTBieHUsT 3((HEKTUBHOrO YIpaBlIeHUs TMOAKIOYEHHbIX K JMHUM IIYHTUPYIOIIUX
PEaKTOPOB pPacCMOTPEHBI 3aJaud CHHTE3a HEYETKMX KOHTposuiepoB.  IlokazaHo, 4tO
HEONPEIEICHHbIE HM3MEHEHMSI CXEM OJJIEKTPUYECKUX CETE M PEXUMHBIX I1apaMeTpoB,
ONKCAHHE YIPABISAEMOr0 OOBEKTa HEIMHEHHBIMM ypaBHEHHMSMH CO3[AIOT TPYAHOCTH TpHU
(GbOpMUPOBAHUN 3aKOHOB YIPAaBIEHUS C MPUMEHEHHEM TPAJAULMOHHBIX MaTeMaTUYECKUX
arnmnaparos.
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KnroueBble cn0Ba: CBEPXBBICOKHE JIMHHM 3JIEKTPOIEpEayl, IIYHTHPYIOIUH PEakTop, HaTypalbHas
MOIITHOCTh, HEYETKUI KOHTPOJUIED, HEUETKHE MHOKECTBA, (DYHKIIUS IPHUHAMICKHOCTH.

FUZZY CONTROL METHOD AND ALGORITHM
FOR SHUNT REACTORS

GASHIMOV A.M., BABAYEVA A.R., GULIYEV H.B.

In high-voltage electrical networks in order to normalize the voltage on the buses, limit
overvoltage and compensate for the charging power, and to effectively manage the shunt
reactors connected to the line, the problems of synthesizing fuzzy controllers are considered.
It is shown that undefined changes in the schemes of electrical networks and regime
parameters, the description of the controlled object by nonlinear equations create difficulties
in the formation of control laws using traditional mathematical technologies.

Keywords: ultra-high power transmission lines, shunting reactor, natural power, fuzzy controller, fuzzy
sets, membership function.
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Energetikanin problemlori o No1 e 2017 e IIpoGiembl SHEPrETUKU

VK 621.313.333.1.2.

AHAJIN3 CTATUYECKOM YCTOMYUBOCTH PEI'YJIUPYEMBIX
SJIEKTPOOHEPTETUYECKUX CUCTEM

BEJIMEBA T.J1., MYPAIOBA P.A.

A3zepbauioocanckuii I'ocyoapemeennviil Yuusepcumem Hepmu u [lpomwiuiriennocmu

[IpoBeneH aHaIM3 MPUMEHAEMBIX B HACTOSIIEE BPEMS aITOPUTMOB U MPOrPaMM OIEHKH 3araca CTaTUYECKON
YCTOWYMBOCTH dyieKTposHepreTudeckux cucteM (DDC), KOTOpble MalOT BO3MOXHOCTh IOCTPOWUTH TPAHMIIBI
YCTOWYHMBOCTH M BBIYMCIUTH KOA(P(UIMEHT YYBCTBUTEIHLHOCTH BCEX TEHEPATOPOB IHEPTOCHCTEMBI, YTO YCKOPSET
IpoIlecC BHIOOpAa HACTPOEK aBTOMATHYECKHX PETYISATOPOB BO30YxkmeHds (APB) ¥ mMOBBIIAeT HArJISIHOCTD
pacueTHBIX pe3yapTaToB. Ha mpuMepe XOpoIo M3BECTHOTO B TEOPHH aBTOMATHYECKOTO PETYIHPOBAHHUs ‘TIpaBHiIa
baTtrepBopTa” 1aH KadeCTBEHHBIH aHANN3 MEPEXOTHOTO IPOoIecca B CHCTEME PETYIMPOBAHHUS TPU HATHIUH
OINITUMAJILHOTO cToXacThudeckoro APB m mokaszaHo, 9T0 MeTOIHMKA CHHTE3a ONTHMAIBHBIX CTOXACTHYECKHX CHCTEM
TIO3BOJIAET B YCIOBUAX PEabHBEIX OTPaHMYEHHI Gojlee TOYHO M KAUeCTBEHHO CTPOUTE PETYIIATOPHI, 00eCIeUnBatOIIne
HEOOXOTUMYIO TOYHOCTh CTAOMITH3AIINH.

KnrodeBble cnoBa: craTuueckas yCTOHUUBOCTb, 3JIEKTPO3HEPreTHYECKask CHCTeMa, MEepEeXOAHON mpolecc,
KosiebaTenbHasi yYCTOWYMBOCTh, IIOCTOSHHOE HANpsDKEHHE, AalepHOoJUUYecKas YCTOHYMBOCTb, AaBTOMAaTH4ECKHH
PeryasaTop BO30YKICHHS.

OpHa W3 3aJa4 HaAAEKHOCTH YIPABICHUA DJIEKTPOIHEPIeTUYECKOH CHCTEMONH COCTOMT B
o0ecreyeHn  3aJaHHOr0 3a1aca CTaTHIeCKOW YCTOHYUBOCTH €€ PEXKUMOB.

B o0meit mpoGiieMe cTaTH4eckod YCTOWYHMBOCTH aBTOMATHUECKH peryimupyeMbix 99C MOXKHO
BBIJICJIUTH JIBA OCHOBHBIX YPOBHS UCCJIEOBAHUMN: IIEPBBII — OIIPENEIEHUE allEPUOAUYECKON YCTOMUNBOCTH,
BTOPO — HCCTeIoBaHNe Koe0aTebHOW yCTOMYMBOCTH U TuHaMudeckux cBoicTe DOC [1,2].

HccnenoBanusd aneprHoAHYECKOM CTAaTMUECKOM YCTOMYMBOCTH BBIOJHSIOTCS HPH JONMYIEHUH
UJCATHHBIX CHUCTEM PETYJIHPOBAHUS YNpaBisieMbIX 3jeMeHTOB OJC (TOCTOSHHBIC HANpPSDKCHUS Ha
BBIXOJ]aX 3THUX OJIIEMEHTOB W OTCYTCTBHE CaMOpACKauyWMBaHWs, TO €CTh HJcalibHas CTaOWIU3aIMs) |
MO3BOJIAIOT OLCHUTH NPEAEIbHbIE MO YCTOMYMBOCTH PEXHUMBI, KOAQQHULIMEHTHI 3amaca, 00yCIIOBICHHbIE
MPOIYCKHOH CITOCOOHOCTBIO CUCTEMO0Opa3yIONIel CeTH.

3aaua BTOPOTO HANpAaBJICHUS HUCCIENOBAHWN — OIpelelieHHe HEOOXOIUMBIX W JIOCTATOYHBIX
YCIIOBHM YCTOMYHMBOCTH W OLIEHKAa AWHAMUYECKMX CBOWCTB CTaTW4eckH ycrtoiunmBod O0C, a Takke
oOecrieyeHne TpeOyeMbIX 3a1acoB Kojae0aTeabHON yCTOWIMBOCTH M Ka4eCcTBA MEPEXOAHBIX IIPOLIECCOB.

st penreHus 3a/1a4 KoyiebaTebHOW YCTOWYMBOCTH MPUMEHSIOTCSI YACTOTHBIC U alredpanyecKue
Mmetoabl. YacToTHble MeTonsl — mMeron Jl-pa3OMeHus B codeTaHMM C KpuUTepueM MuxaiioBa — HalUTH
HauOoJiee IMIMPOKOE MPUMEHEHHE B 3a]lauyax aHajlu3a CTaTMYECKOH YCTOMYMBOCTH M HapamMeTpPHYECKOTO
cuaTe3a APB. B atux MeTozax 3ajiokeHa BO3MOKHOCTh OTHOCHUTEIHHO MTPOCTOTO yueTa HanOoJee OJIHOTO
ONMCaHWSl CHUHXPOHHBIX MAIIMH TONHBIMH ypaBHeHusiMu llapka-I'opeBa u Hambomee moOmHOTO U
nocroBepHoro onucanusa APB u npyrux CAP, momyuyennoro nu0o Ha craguu MX pa3paboTKd, OO B
IIpoliecce UX BBOJA B dKcILTyaTanmio. [Ipy aHanmm3e cTaTHUecKol yCTONYHMBOCTH U AJIEKTPOMEXaHUUECKUX
MEPEXO/IHBIX TPOIECCOoB, Korga TpeOyercss HMHPOpPMANUS O JAMHAMHYECKMX CBOWCTBAX CHCTEMBI B
OTpaHMYEHHOM YacCTOTHOM JAMAIa30HE, YacTOTHBIE METOJbl JAlOT BO3MOXKHOCTH YUY€CTh CKOJb YTOJHO
MOJTHOE MAaTEMaTU4ECKOe ONKCaHHE T'eHepaTOpOB, UX cHCTeM BO30yxkIeHus u APB B Bujae pacdeTHBIX H
MOJTyYEHHBIX JKCIIEPUMEHTAIIbHO YAaCTOTHBIX XapaKTEpPHUCTHUK. B 3TOM OTHOIIEHWH YacCTOTHBIE METOHBI
MOTYT OKa3aTbcs Hauboyee TOYHBIMH, JAIONIMMH BO3MOXHOCTH HCIIONB30BaTh OoJice TIOJNHBIE H
JIOCTOBEPHBIE MaTEMATHYECKUE MOJAETH 3JIEMEHTOB CHCTEMBI.

PaspaboranHble  alroOpuTM W TporpaMMa CTaTUCTHYECKOTO MOJETHPOBAHUS U  OLEHKH
3¢ (eKTUBHOCTH aBTOMATH3MPOBAHHBIX JHEPTeTHUYECKHX CHUCTEM C JETEPMHUHHPOBAHHOM CTPYKTYpOHl 1O
KPUTEPUIO COXPAaHEHHWS CTaTHYECKOM YCTOMYMBOCTH NIPH CTOXACTUYECKMX BapHAaIMAX IapaMeTpoB
MIpeyCMaTPUBAIOT BBHIIIOJHEHNE CIECAYIONIUX OTEparivi:
® aHaNM3 XapaKTePUCTHK CHCTEMBl ¢ TOMOIIbI0 Merona [JI-pasOueHns B HopMaibHOM (C
JeTEPMUHUPOBAHHO OIPEEICHHBIMY 3HAU€HUSMU I1apaMeTPOB) PEXKUME;
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® [POBEPKY Ha YCTOMYMBOCTH IO KPUTEpHI0O MuXailioBa BBIACTICHHOW 00JIaCTH — MpETeHICHTA Ha
YCTOMYUBOCTE;

®  JCCIIEJIOBaHUE YYyBCTBUTEIHHOCTH CHCTEMBI K BapHalLMAM OTACIBHBIX IMapaMeTpPOB, MO3BOJIAIOLIEE
OLICHMBAaTh «CTENEHb CYIIECTBEHHOCTH» BIWSAHUSA OTHENIBHBIX MEPBUYHBIX IapaMETPOB Ha
pe3yIbTUPYIOIIEE MOBEIEHUE CHCTEMBIL;

® CTaTHCTUYECKOE MOJEIMPOBAHME BapHalUil BCEH COBOKYITHOCTH MAapaMeTPOB C aBTOMAaTHYECKHM
KOHTPOJIEM TOYHOCTH pE3yJbTaTOB MOJEIMPOBAHMA W TPOBEPKOM Ha  yCTOHYMBOCTH
MOJTYYAIOIINXCS B TIpoIiecce cueTa (MOASTHPOBAHIS) PeaTn3alliii;

®  CTaTHCTUYECKYI0 00pabOTKy pe3yibTaTOB MOJENHMPOBAHMS; ONPENEJICHUE NOIyCTUMBIX MPEIEIoB
BapHallMi OTHENBHBIX MapaMeTpPOB IO 3aJaHHBIM KOJIMYECTBEHHBIM XapaKTEpUCTHUKaM 3amaca
YCTONYUBOCTH;

®  BBIYHCIICHUE XaPaKTEPUCTUK HAZCKHOCTH U () (HEKTHBHOCTH.

Merton pacyera cTaTHYECKOH YCTOWYMBOCTH CIOKHBIX DOC Ha OCHOBE YNPOIIEHHBIX YPaBHEHUN
ITapka-I'opeBa, y4UTBIBAIOIIUX OCHOBHBIC NEPEXOMHBIE MPOLECCHI, IMPOTEKAIOIINE B CUCTEME, IO3BOJISET
ONpPEAENUTh CTAaTUYECKYIO YCTOMYMBOCTh 1O 3HAKy JCHCTBUTEIBHOM 4YacTh KOpPHEW IOJIHOTO
XapaKTepUCTUYECKOTO YPaBHEHMUS.

B coBpemenHpix 2OC OOHUM U3 BaXKHBIX MyTEH YIYYIICHHUS KadyecTBa MEPEXOIHBIX
NPOIIECCOB, TOBBIIICHUS HAASKHOCTH M YCTOWYMBOCTH SIBJIsieTCs obOecrieueHre S(P(EKTUBHOTO
nemndupoBaHus KoJeOaHU CHHXPOHHBIX T'eHEpaTopoB ¢ nomouibio APB B sHeprocucremax pazimyHON
CTPYKTYPBI IPH MAJBIX U OONBIINX BO3MYIIEHMsIX [3,4,5].

PazpaGoranHple B HacTosIIee BpEeMs AITOPUTMBI M TPOTPaMMBbl OLIEHKH 3araca CTaTHYECKOU
ycroiunBocTH DDC OCHOBAaHBI Ha OOINUX TOJOKCHUAX TCOPHH YCTOWYMBOCTH DOC M pa3iudaroTcs
JeTann3aluell MaTeMaTH4eCKOTO OIHCAaHUs DIEMEHTOB CHCTEMBI, IMOCTPOCHHEM BBIYHCIHTEIBHOTIO
Mpolecca, UCXOOHBIMU TOMYLIEHUSMU, ONPEAEISIFOIINUMU cOCTaB napameTpoB D3C.

[Ipu uccnenoBanum MporeccoB PyHKIMOHUPOBAHMS aBTOMAaTH3MPOBAHHBIX YHEPIeTHUECKUX
CHCTEM C YYETOM CTATHCTHUECKOTO XapaKTepa UCXOJHON HH(POPMALIMU O TapaMeTpax dJIEMEHTOB CUCTEM U
UX PEKUMOB LIEJIeCO00Pa3HO ONEepUpOBaTh 0000IIEHHBIMH KOTHYECTBEHHBIMU OLICHKAMH, TTO3BOJISIOIIUMHU
YUUTHIBATh HE TOJNBKO HAJIE)KHOCTh CHCTEMBI, HO M Ka4eCTBO €€ PadOThl, TO €CTh TaKHe MapaMeTphbl, KaK
TOYHOCTb, YCTOHYHMBOCTh K CTOXACTUYECKHM BO3MYLIAIOIINM BO3JEHCTBHSIM, IOCTYIMAIOUIMM Ha BXOIBI
CHCTEMBbl (BHEIIHME BO3ACHCTBHA), MO0 BO3HMKAIOUIMM BHYTPHM CHUCTEMBI BCIEICTBHE CIy4YalHBIX
BapUalyii MapaMeTpoB OTAEIbHBIX IEMEHTOB (BHYTpeHHUE Bo3aelcTBusA). [1logo0HbINH moaxoa mo3BoseT
O00BETUHHUTE OLEHKH HAJEKHOCTH, TOYHOCTH M YCTOHYMBOCTH B €JMHBIH KpUTEpHd 3(P(PEKTHBHOCTH, B
o011eM cilyyae OLICHUBAEMbI KOJIMYECTBEHHO KaK BEPOSITHOCTh YIOBJICTBOPEHMS 3aJaHHBIM 3HAYCHUSIM
KPUTEpPHEB KauecTBa (PYHKIMOHHPOBAaHUS (OLEHKH HaAEKHOCTH, TOYHOCTH, YCTOWYHMBOCTH U T.I.) B
Te4YeHHe TpeOYeMOro BpEMEHH SKCILTyaTaliH.

Pe3ynbrarel cTaTUCTUYECKOTO HCCIEIOBaHMA JAIOT MPEACTAaBIEHHE O HEOoOXOAMMOI
TOYHOCTH WJIM OCTPOTE€ HACTPOHKU DPErYNHPYIOIIMX YCTPOMCTB, ONpEesIEHHBIM 00pa3soM XapaKTepu3ys
3arac yCTOHYMBOCTH CHCTEMBI U HaJIS)KHOCTh ee paboThl. OKOHYATENBHOW 3aj]aueil SBISEeTCs OThICKaHUE
BCEX 3HAYEHHH HCCIIEIyEeMbIX IMapaMeTpoB, MPH KOTOPHIX CHCTEMa yCTOMUYMBA, M BHIOOp CpeAM HHX
ONTHMAJIbHBIX.

[IpumeHnTENBHO K 33Jaue aHajdM3a CTATUYECKOH YCTOWYMBOCTH PETYJIHPYEMBIX 3HEPrOCHCTEM
HanOOJBIIUI WHTEpPEC TPEJCTABISLET ONpeJelieHHe 00JIaCTe YCTOHYMBOCTH B TUIOCKOCTH HACTPOSYHBIX
napaMeTpoB (KO3 (UIMSHTOB PEryJIMPOBaHMs) CUCTEMbI aBTOMATUYECKOIO PEryJIMPOBAHHS BO30YKICHUS
WIN KPUBBIX PaBHBIX 3HAYCHWH IOKas3aTelel KauecTBa IMEPEXOAHOro mpouecca (HampuMmep, KPUBBIX
paBHOW CTENEHH YCTOWYMBOCTH). DTO TMO3BOJISET OIEHWBATH HANEKHOCTH PabOTHI CHCTEMBI MO OCTPOTE
HACTPOWKH B 000CHOBAaHHO TOAXOUTh K BBIOOPY 3aKoHa U K03 duimeHToB HacTpoiiku APB.

MeToarka CTaTHCTHYECKOIO MOJEIUPOBAHMUS M OUEHKH 3(PQEKTHBHOCTH aBTOMATH3WPOBAHHBIX
SHEPreTHYECKUX CUCTEM C JETEPMUHUPOBAHHON CTPYKTYpPOH MO KPUTEPHUIO COXPAHEHMsI CTaTUYECKOH
YCTOHYHMBOCTH MIPH CTOXACTUYECKUX BapHaIlUAX MapaMeTpOB B paMKax €IMHON MaTeMaTHYECKOW MOJIENH
MO3BOJISIET IPOBOJIUTH UCCIEA0BAHUS BIMSAHMS CITy4ailHBIX BapUaliil TapaMETPOB CUCTEMBI U €€ pEKHMOB
Ha pe3yJbTaThl PacueTOB YCTOWYMBOCTH SHEPrOCHCTEMBI M OCYLIECTBUTH BBIOOP CTPYKTYpP CHCTEM
aBTOMATHYECKOTO PETYINPOBAHUS MO YCIOBHIO OOECIIEUEHHUs] yCTOMYMBOCTY NP CIyYaWHBIX BapHAIHAX
MapaMeTpOB CUCTEMBI.

C TOuKM 3peHHs XapakTepa IEPEXOJHBIX IPOLECCOB B 3aMKHYTOM CHCTEME YINpaBIEHHUA IO
TPaZUIMOHHON TEOPUU CHHTE3a ONTHMAJbHBIX 3aKOHOB YIIPABIICHUSA, XOPOIIUMH CUUTAKOTCS MPOLECCHI €
OBICTPBIM 3aTyXaHHEM U MJIbIM IEPEperyjupoBaHUEM. 3a MHOIME TIOJAbl INPOEKTHPOBAaHUS MU
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UCCIICZIOBAHMUS TIEPEXOIHBIX MPOIECCOB YCTAHOBHJIMCH OIPE/ICICHHBIC MPAKTHYECKUE TPEOOBAHUS K HX
kadecTBy. OIHUM M3 TaKuX MPABUII IS OICHKH Ka4eCTBa MEPEXOHOTO MpoIiecca B JETCPMHUHUPOBAHHBIX
cHcTeMax, SBISICTCS “TIpaBHiIo baTTepBopTa”, COracHO KOTOPOMY JUIS MOJTYYSHHUSI CUCTEMBI YIIPABICHHUS C
XOpOILIMMHU KauecTBAMU TI0 XapakTepy mporecca HeoOXOIUMO, 4TOOBI KOPHU 3aMKHYTOH CHCTEMbI
pacrnoyiarajiuch B JIEBBIX BEPIIMHAX MPABHIBHOTO 2N -yroJbHHUKA, IJI€ N -TIOPSIO0K 3aMKHYTOW CHCTEMBI
yIIPaBJICHHUSL.

Pa3paboranHas aBTOpaMM METOJMKAa CHHTE3a ONTUMAIBHBIX PETYJIATOPOB HE HPOTUBOPEUUT
CITOYKHMBIITMMCSI TPAIUIIHSAM, @ Pa3BUBACT U YTOUHSET MX. B 4aCTHOCTH, MepeXxoIHbIe MPOIECChl B CHCTEMAX,
CIIPOCKTHPOBAHHBIX HA OCHOBE HOBOW METOAMKH CHHTE3a, OYAyT XOpPOIIO 3aTyXalOUMMH U C MaJbiM
HepeperyIupoBaHieM, OJTHAKO TOCTHKUMAsS CTEIICHb 3aTyXaHHs 3aBHCUT OT OIPaHUYCHHUI Ha yIIpaBJICHUE.

CornmacHo [2], mma cucremsl yupaBieaus A(D)x=B(D)utd(t) c¢ xkpurepueM KadecTBa
[=m2<x?>+<U%> XapaKTepPUCTUYECKUI TMOIMHOM 3aMKHyTOH cuctembl paseH G(D)N(D), rae mommHOM
G(D) onpenensiercst U3 paBeHCTBA:

A(D)A(-D) + m*B(D)B(-D) = G(D)G(-D) 1)
a nomuHoM N(D) - mnonuHOM, cTOsmMA B wuciauTese (DaKTOPU3MPOBAHHOW CIEKTPAILHON
IUIOTHOCTH MOITHOCTH BO3MYIIAIOIEr0 BO3/1EHCTBHSL.

PaBenctBo (1) mokaspiBaeT, YTO KOPHU XapaKTEPUCTUYECKOTO MOJIMHOMA CUCTEMBI, a,
ClleIoBaTeNbHO, M BECh XapaKTep IEPeXO0IHOT0 MPOIecca 3aBUCAT OT ko3 uilneHTa M?, a 3HaUUT
OT OIpaHMYEHHWH Ha YynpasiaeHue. Hukakoe pacnosiokeHue KOpHEH, HHUKAKOM XapakTep
HEPeXOoAHOr0 IMpolecca He MOryT ObITh ONTHMalbHBIMM BOOOIIE, 0€3 yueTa KOHKPETHBIX
OTpaHUYECHUH Ha YIIpaBIICHUE.

BMmecte ¢ TeM MOXHO BBISIBUTH OOLIME YEpThl PACIIONOKEHHS KOpPHEH y 10CTaTOYHO
TOYHBIX MPELU3UOHHBIX CHCTEM, Yy KOTOPHIX <X2> Majo 3a CueT GOMbIIMX 3HAYCHUH MHOKUTENS
Jlarpamxa m? (GombmIMX MO cpaBHEHMIO ¢ Kodddumuentamu ai, bi) . B ciyuae B(D)=const,
N(D)=const monurom G(D) onpenensercs U3 ypaBHCHUS:

G(D)G(-D) = A(D)A(-D) + m® 2)

[pu Gonpmux M? B ypaBHEHHH OyIyT JOMHHHPOBATH CTApIIME WIEHBl, TO €CTh C
yBeJMUeHreM M? ero KOpHU OYIyT CTPEMHUThCS K KOpHSM ABywieHa a’D®"+m?, y kotoporo
KOPHH, KaK MU3BECTHO, PACIIOJIOKEHBI B BEPIIMHAX MPABWJIBHOIO 2N —yroJIbHUKA, BIMCAHHOIO B
OKpY/KHOCTb pamuycoM R=1/m/a , pactymum c poctom M2 CrenoBaTenbHO, KOPHH
XapaKTepUCTHYECKOTO IOJMHOMA ONTHUMANbHOM 3amMKHyTOW cuctemsl mnpu B(D)=const,

N(D)=const 6yxyT npu ysemuuennn M? Bce G0bIe 1 GOJIbIIE TIPHOIMKATHCS K PACTION0KEHHBIM
B JIEBOW MOJYIUIOCKOCTH N BEpIIMHAM MPAaBUIBHOTO 2N — YTOJIbHUKA, BIIMCAHHOTO B OKPYXHOCTb

pammycom R =1/m/a, .

JlomycTuM, —3ajaeTcd  pealbHas — cHCTeMa: y3el  Harpy3ku — AszepOailyKaHCKHi
TPYOOTIPOKATHEIH 3aBOJI, MAaTEMaTHUECKasi MOJEIh KOTOPOTO UMEET BUJI:

A(D)U =B(D)U, +I(t) (3)

rne D=d/dt; U - xoneGanus HampspKeHUs Ha IIMHAX y3ja Harpy3ku, o0OOIIeHHas KOOpAWHATa
cucteMsbl yrpasieHus; Up - OTKIIOHEHUE HAIPsDKEHHsI BO3OYXK/ICHUSI CHHXPOHHON MAaIIWHBI y371a
Harpy3Ku, ympasisitomiee Bo3neiicteue; I(t) - komeOGaHus Toka Harpy3Kd y3ja, BO3MYIIAIOIIEe
Bo3eiicteue. [Tonmuaomsr A(D) u B(D) cooTBeTCTBEHHO OnpeieNsIIoTes Mo HopMyIiaMm :

A(D)=0,02D°® +0,153D"° +0,36D* +0,6D* +0,22D* +0,08D + 0,01 4
B(D)=0,004D° +0,23D° +0,39D* +0,49D° +0,39D* + 0,1D + 0,05

Kak BumHO, yka3zaHHasi cuctema siBiisieTcsi cucremoi oomiero Buna (B(D)#1). s takoit
CUCTEMBI aHATMTHYECKAs aIIPOKCUMAITUS CIIEKTPATBHON TUIOTHOCTH MOIITHOCTH UMEET BHI:
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N(®)  4,85(w®?)" —0,12(»?)°® —6,5(w»*)° — 4,4(w»?)* +
T () (0?)? — 0,124 > + 0,01
+2,4(»?*)® +0,44(®»?*)? +0,12w* + 0,03

S, (@) =

()

CoO0TBeTCTBEHHO, 3aMeHsIst 0=D/], momy4um:
N(D) =-4,85D" +0,12D" +6,5D"° +4,4D° —2,4D° —0,44D* +0,12D* +0,03 (6)
[IpunuMaeM B KauecTBE KPUTEPHUS ONTUMAIEHOCTH:
| = m2<U 2> +<Ub2>
BeipasuB G(D) u3 ypaBuenus Diinepa-Ilyaccona (1) u mozacraBuB 3Hadenue N(D), moxHO
omnpeaenuth kopHu ypasHenust G(D)N(D)=0:

—0,0019D* - 0,1845D* —-0,47D* +0,348D" - 0,16 D** —0,322D** — 0,069 D"’ +
+0,011D® —0,0046 D° - 0,0039 D* —0,00005 D + 0,000003 + m?(—0,000078 D** +
+0,2425D%* +1,007 D** - 0,4338 D*° - 2,08D** — 0,866 D*® +1,221D** + 0,667 D** -

-0,0575D" -0,1106 D® —0,0298 D® — 0,0019 D* +0,0006 D? +0,000075) = 0
71 pa3IMYHbIX 3HaYeHuit m? (25,50,75,100).

Puc.1. 3aBUCUMOCTh KOpHEH XapaKTEPUCTHUECKOTO TIOJTMHOMA
cuctembl 13-ro nopsika oT napamerpa m?
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Ha ocHOBe 1oy1y4eHHBIX pe3yJbTaTOB CTPOUM TPACKTOPUIO KOPHEM HAa KOMIUIEKCHOW IJIOCKOCTH
KopHe# (puc.l) XapaKTepHCTHUEeCKOTO MOIMHOMA CHCTeMbl 13-To mopsika oT mapamerpa M2,
Kpykkamu mokas3aHbl pacloOlOXEHHbIE B JIEBOM IOJYMJIOCKOCTH BEPIIMHBI IPAaBUIBHOTO 26-

TUYTOJIbHHUKA, BIIMCAHHOTO B OKPYXXHOCTh pagunycoM R = ¥Ym . V6exnaemes, 1o ¢ YBEITUYCHUEM
M? KOpPHM XapaKTePHCTUYECKOTO MOJMHOMA BCE ONMKe MPUOIMKAIOTCA K JEBHIM BEpIIMHAM
IIPABWJIBHOTO 26-TUYTOJIbHUKA.

Takum 06pazoM, pH M?—co0 KOPHU ONTHMAIBHEIX cucteM (pu B(D)=const, N(D)=const)
CTpeMsATCSI K N BepUIMHAM TPaBWJIBHOTO 2N - YrOJIbHMKA, pACIOJOXEHHOTO B JICBOM
HOJYIZIOCKOCTH, TO €CTh OHU CTPEMSTCS K XOpPOLIO M3BECTHOMY B IPAKTHKE aBTOMAaTHYECKOTO
pEryJIMpOBaHuUs «PacIoioKeHHI0 baTrepBopTay.

[Ipu Gonbux M? ONTUMAIbHBIE CHCTEMBI, KAK MPAaBHIO, 06IaJal0T OOMBIINM 3amacoM
YCTOMYMBOCTH, TIEPEXOJHBIE IMPOIECCHl B HHUX 3aTyxXaloT ObICTpO W 0€3 3aMEeTHOTO
nepeperyaupoBaHus. XOTs MPH 3TOM IEPEeXOAHBIE MPOIECChl HOCAT KOJICOATENbHBIN XapakTep
(KOpHU XapaKTEPUCTUYECKOrO TOJIMHOMA KOMIUICKCHBI), 3aTyXaHHE HACTOJbKO BEJIMKO, 4YTO
KOJIeOATEeIbHOCTh MMPAKTUYECKN HE3aMETHa.

Teopust ONTHMANTBHBIX CHCTEM YIIPABIICHHS TO3BOJIMIA OOBSCHHUTD, @ TAKIKE CYIIECTBEHHO
YTOYHHUTH «IIpaBUIO baTTepBopTa», a MMEHHO J0Ka3ajia, 4YTO pa3MeIleHHe KOpHEH B BEpIIMHAX
NPaBUJIBHOIO MHOTOYIOJIbHUKA, BIMCAHHOTO B OKPY)KHOCTh BBIFOJHO JIMIIb TOT/A, KOTIa
OrpaHMYeHMe Ha yIpaBlIeHHe TakoBo, 4To M? Bemuko u B nonusome A(D)A(-D)+m? nomunupyer
crapmuii wieH. Bo BceX OCTalbHBIX Clly4yasx JaHHAs METOJHMKA CHHTE3a ONTUMAIbHBIX CHCTEM
NO3BOJISIET 0Oo0JIee TOYHO, OOOCHOBAaHHO CTPOUTH PEryJSTOPbI, O00ECHEYMBAIOLINE XOPOUIYIO
TOYHOCTh CTAaOWJIM3AIlMM W CJICKCHUS B YCIOBUSX PEalbHBIX OrpAaHMYCHUI Ha YIpaBlICHHE,
HEXKeIN
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TONZIMLONON ELEKTRIK ENERJi SISTEMLORININ
STATIiKi DAYANIQLIGININ ANALIZi

VOLIYEVA T.D., MURADOVA R.O.

Hazirda elektrik enerji  sisteminin  (EES) ehtiyyat statiki dayanmiqligin
giymatlondirilma programi va alqoritmlorinin totbiqi vo analizi imkan verir ki, enerji
sisteminin biitlin generatorlarmin dayaniqliq sarhaddinin vo hossasliq amsalinin qurulmasina
imkan1 genislondirir. Bu da avtomatik tasirlonma tonzimlayicilorinin (ATT) segilmasi
prosesinin tezlosdirir vo naticolorin hesablanmasinin oyaniliyini  artirir.  “Battervort
gaydalar” osasinda optimal stoxastik ATT-in mdvcudlugunda sinxron masinlarin
tonzimlonmo sisteminds kecid prosesinin keyfiyyst analizi verilmigdir. Isbat olunub ki,
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optimal stoxastik sistemlorin yeni sintez metodikast tonzimlayicilorin daha doagiq vo
keyfiyyatli qurulmasina imkan verir v stabillogsdirmonin lazimi dogigliyini tomin edir.

Acar sozlar: statiki dayaniqliq, elektroenergetik sistemi, kecid prosesi, rogsi dayaniqliq, sabit corayan,
aperiodik dayaniqliq, avtomatik tasirlonma tonzimloayicisi.

ANALYSIS OF STATIC STABILITY OF CONTROLLED
ELECTRIC POWER SYSTEMS

VELIYEVA T.D., MURADOVA R.A.

The analysis of current stock assessment algorithms and programs of the static
stability of electric power system, which give the possibility to build border stability and
calculate the sensitivity factor of all generators power system that speeds up the process of
selecting settings automatic excitation regulator (AER) and increases the visibility of
calculated results. For example, well-known in automatic control theory, "rules of
Butterworth™ give the qualitative analysis of the transition process in the regulatory system in
the presence of optimal stochastic AER and proved that a new method of synthesis of optimal
stochastic systems allows real constraints more accurately and efficiently build controllers,
which provide the necessary accuracy of stabilization.

Key words: static stability, electric power system, transitional process, oscillatory stability, constant
voltage, non-recurrent stability, automatic excitation regulator.
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Energetikanin problemlori ¢ Nel e 2017 e IIpo0GaeMbl SHEPIrETUKH

PAYLAYICI ELEKTRIK SOBOKOLORINDD KONDENSATOR
BATAREYALARININ YERLOSDIRILMO VO IDAROOLUNMASININ
COXMOQSODLI QEYRI-SOLIS OPTIMALLASDIRMA USULU

QULIYEV H.B.

"Azorenerji" ASC, Azarbaycan EImi-Tadgigat va
Layiha-Axtaris Energetika Institutu

Statik kondensator batareyalarinin (SKB) optimal yerlogdirilmesi, giicliniin toyini vo idaro olunmasi
soboko yiik diiytinlorindo garginliklorin toanzimlonmosinin vo giic itkilorinin azaldilmasinin tomin olunmasi
noqteyi-nozarindon elmi-praktik ohomiyyst kosb edir. Reaktiv giiciin kompensasiyasi qurgularimin (statik
kondensator batareyasi, sinxron kompensator va S.) totbigi vo idaro olunmasi yolu ilo paylayici sobokalordan
tolob edilon reaktiv coroyan azaldilir vo bununla da aktiv giic itkisinin shomiyystli dorocads azaldilmasina nail
olunur. isdo mévciid iisullara asaslanaraq paylayici elektrik sobokalorindos reaktiv giiciin optimal paylanmasi vo
yiik rejimindon asili olaraq avtomatik idarsolunmas: iigiin yeni yanagma toqdim olunur. Toklif olunan tisul
coxsayli diiyiin noqtalorine malik paylayici elektrik sobokalorinds reaktiv giic axmlarinin optimal idars olunmasi
mogqsadilo istifada edilo bilor. Usul 30 diiyiinlii standart IEEE sxemi vo 15 diiyiin ndqtesine malik olan real
elektrik sobokasi ti¢tin testlogdirilmisdir.

Acar sozlar: paylayici elektrik sobokasi, reaktiv giic, statik kondensator batareyasi, giic itkisi, gorginliyin
profili, geyri-selis ¢oxlug, magsad funksiyasi, coxmogsadli optimallagdirma, mansubiyyot funksiyasi.

1. Giris

Giic itkisi elektrik enerjisinin otiiriilmasine Vo paylanmasina xas olan osas
gostaricilordon biridir. Paylayict elektrik sobokolorindo (PES) giic itkilori elektroenergetika
sistemindoki timumi itkilorin 70%-ni toskil edir [1,2]. Paylanmis generasiyali enerjisistemin
PES-do kondensator batareyalari vasitasi ilo istehlakgilar tarafindan talob olunan reaktiv giicii
Vo uygun olaraq reaktiv coroyani azaltmagqla bu itkilorin soviyyasini oshomiyyatli dorocodo
as1g1 salmagq, eyni zamanda paylayict yarimstansiya sinlorinds gorginliyin profillarini (U;) vo
soboko {izro reaktiv giic omsalinin (tge) giymatini talob olunan diapazonlarda saxlamagq

miimkiindiir.

Kegan asrin 60-c1 illorindon baslayaraq, paylayici elektrik sobokalorinds SKB-lorin
yerlosdirilmasi probleminin holli t¢iin miixtalif tsullar islonilmisdir. Onlardan analitik
tsullar1 [3,4], evristik iisullar1 [5-7], ¢oxsayl riyazi proqramlagdirma tsullarini [8,9], geyri-
solis montiq tisulunu [10-13], neyron sabakalori [14,15], genetik algoritmlori [16-19], hibrid
tisullar1 [20] va s. gostarmoak olar.

PES-lords qurasdirilan SKB-lorin yerlosma yerlorinin, saymnin, giiciiniin, tipinin vo
idaroolunma alqoritminin  toyini zamani1 Yyaranan problemlor adoton ¢oxmogsadli
optimallagdirma masalalorinin kompleks halli yolu ilo aradan qaldirilir [21].

Yik rejimlorinin ehtimal, geyri-miisyyan doyismoalors moruz galmasi, amak sarfinin
coxlugu vo maliyys vosaitlorinin az olmasi problemin hallinin optimal olmamasi ils
noticolono bilor. Biitin bunlar iso optimallagdirma masalosinin  hollinds  miioyyan
mohdudiyyatlarin tatbiq olunmas ila sortlonir.

Isdo PES iizro reaktiv giiciin kompensasiyas1 monbalorinin segilmosi vo giiciiniin
avtomatik idaroolunmasi iig¢iin geyri-salis montiq noazoriyyssinin totbigino asaslanan yeni
yanasma tsulu toklif edilir.

2. Magsad funksiyasimin formalasdirilmasi va mahdudiyyatlar
SKB-nin tathigindo halli tolob olunan asas mosalalor, geyd olundugu kimi, rejim
parametrlorina goyulan mohdudiyyatlori nazors almagqla, onlarin optimal yerlosdirilmasini,
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SKB secksiyalarimin saylarini, giiclorini, noviinii vo idarsolunma algoritmini miioyyan
etmokdon ibarotdir. Riyazi olarag, bu mosalalor v-(M +1)" soklinda verilon axtaris fozal
kompleks optimallasdirma masalasi kimi formalasdirila bilor; burada, M - seksiyalarin sayi,
v- hesabat zamani baxilan yiik rejimlorinin sayi, N - todqiq olunan soboko sxeminin
diiytinlorinin sayidir.
Mogsad funksiyasi asagidaki kimi ifads olunur:
min f(U,S)=f.(U,S)+ f,,U,S) (1)
Burada, f(U,S)—magsad funksiyasi;
f. (U,S)—SKB qurgusunun giymati vo istismari ilo slagedar magsod

funksiyasinin toskiledicisi;
f.p (U,S)— mogsad funksiyasinin giic itkisi ilo alagadar xarc toskiledicisi;
U — diyiin garginliklori vektoru (garginliyin profili);
S — SKB-nin qosulu va ya agiq vaziyyatds oldugu soboka diiyiinlarinin ndmralarini
gostaran vektor.
Mohdudiyyat sartlori asagidaki kimidir:
Giic axinina qoyulan mohdudiyyat:

pU",8")=0 )
Gorginliys goro mohdudiyyat: Un, U <U (3)
Reaktiv giic omsalina géro mohdudiyyast: tgg,;, < (tge]") <tge,., 4

Burada (1) magsad funksiyasinin togkiledicilori asagidaki kimi ifads olunurlar:

v N

fo(U,S)=2> K's{Cy ()
m=1 j=1

fU,8) =2 KLT"P"(U",S™) (6)
m=1

Burada, U{' — m yiik soviyyssi {igiin ] diiyiiniindo gerginliyin giymoti; S" — m yiik
soviyyesi tigiin j diiyliniinde verilmis montigi deyison tutumun giymoti; C'—m yik
soviyyasi liglin j diyiiniinde qosulmus kondensatorun tutumu; U™ — m yiik soviyyasi iigiin
gorginliyin giymati; S™ —montigi doyison vektor; C™ — m yiik soviyyasi tigiin kondensatorun
tutumlarim gostoron vektor; tge[' — m yiik soviyyesi {iglin j diiyliniindo reaktiv giic
omsalinin giymati; AP™ —m yiik soviyyesi tigiin giic itkilori; K, —m yiik soviyyssi tiglin
enerji itkilorinin doyari (man/MVt-saat); K/' —qosulmus vo ya agilmis kondensatorun hor

birinin parametr giymatina gora xarclori (man/kVAr); T™ —m yiik saviyyasinin davamiyyat
miiddatidir.

Gorginliyin meyletmasino goro y corimo amsalin1 vo @ (U™,S™) =0 oldugunu nozoro
alsaq, onda mogsad funksiyasi asagidaki sokilds ifado olunar:

f(u,5)=fc(u,3)+fAP(u,3)+Z-NfFjm (7
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0,01, U SUT <UL,

Burada, F mn
ur>u.,,

oo 05-1-(U)’, Uf<U ©

min !

3. Qeyri-salis mantiq nazariyyasinin tatbigi va masalanin hall algoritmi

Mogsad funksiyalar1 geyri-Solis xarakter dasidigindan masalonin pasional halli vo gorar
gobulu proseduru Bellman-Zadonin maksimallasdirma tsulu ilo hall etmok daha
moaqgsadouygundur. Maksimallasdirma tisulunun mahiyyati ondan ibaratdir ki, qarsiya qoyulan
mogsadlor minimallasdirilir vo sonra minimal meyarlar igarisindan pasional hallin tapilmasina
imkan veron maksimumlar se¢ilir. Bu halda goarar gobulu zamani hor bir mogsad funksiyasi
tiglin ilk molumatlarin geyri-salisliyi nazors alinacaqdir.

Qeyri-salis moagsadlori miivafiq monsubiyyst funksiyalarinin qgobul olunmasi yolu ils
komiyyatco ifado etmok miimkiindiir. Bu funksiyalar [0;1] intervalina daxil olan adadlardan
istifado etmoklo, parametrin giymotinin miioyyan geyri-salis alt¢oxluga (terma) aidiyyati
doracasini gostorir. Monsubiyyat funksiyasinin 0-a borabar giymoti geyri-solis ¢oxlugun
elementi olmamasini, 1-o barabar giymati iso parametrin ¢oxlugun niivasini toskil etmoklo,
biitiin xassolorini 6ziindo oks etdirdiyini gostorir: ., (x): X —>[0,1] [9-12], burada yx _

universal ¢oxlug; A— x universal goxlugunda toyin olunmus geyri-salis coxluqdur; x_ bu
coxlugun elementloridir. Onda sonlu geyri-salis ¢oxluq ii¢iin yazariq:

A= Ha (%) " Ha(X;) St Ha (%) _ ZIUA(Xi)
X X, Xy ik X (9)
Burada “+” isarasi elementlorin A ¢oxluguna daxil olmasini gostarir.
Qeyd edok ki, baxilan hal iigiin z(f,) monsubiyyot funksiyanin formasmm secilmosi

garstya qoyulan magsaddon asili olaraq, qorar gobul edon ekspert tarafindon subyektiv olaraq
secilir.

Hazirki isda har bir i-ci meyar {igiin ,u(fi ) moansubiyyat funksiyasinin monoton azalan va
fasilosiz oldugu hesab edilir. Bu funksiya asagidaki kimi ifado olunur:

1, fo<fm

,U(fi): g fimh < f < £ (10)

fimax _ .I:imin !

0, f, > f™
Burada, f™ wvo f™ - uygun olarag, mogsod funksiyasmnin minimal vo maksimal

giymatloridir vo bu giymatlorlo mohdudlasan intervaldan konarda optimal hollin mévcudlugu
gozlonilmir. Magsad funksiyasinin giymoati ([0;1] skalas1 tizra) hallin na doracads goyulan
mogsadi 6dadiyini gostarir.

7 sayda geyri-salis mogsadlor {igin (7), (10) funksiyalarini nozars almagla, optimal
hollin axtarilmasi asagidaki alqoritm osasinda aparilir.

1. Baslangic axtaris noqtesi otrafinda w/, i =2,Z hiperkubu tayin edilir vo asagida
gdstorilon sokilda hiperkubun yan tilleri iizro 2“7 sayda kombinasiyalar coxlugu yaradilir:

Pi i=2Z; p=12-* (11)

~ P
L
w,/ :1—ZWi" : p=1 2°" (12)
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Burada I5ip - hiperkubun formalasmaga basladigi uc ndqtolorindon olan masafani ifado
edir.
2. Hor bir magsad iigiin mansubiyyst funksiyast ( f, )J‘i:ﬁ Vo ,u;ni" =min (,Ll( f; )"k‘i:ﬁ )

monsubiyyat funksiyalarinin kosismasi toyin edilir, sonra iss har bir kombinasiyanin coki
doracasi hesablanir.

3. Nohayat, asagida gostorilon formada minimaks kompozisiyast yolu ilo [10,11]
monsubiyyat funksiyasini se¢gmaklo an yaxsi hall miiayyan olunur:

0 =max ™ s k =1, 277 +1 (13)

i
Coxol¢iilii hiperkubun uc (Z —l) noqtalorinin say1 7 sayda mogsodlor sirasint gostarir.

4. Bundan sonra iterasiya prosesinin davam etdirilmosi iiciin ovvalki ilo miiqayisodo #°

monsubiyyat funksiyast maksimum &donilon  w®

formalasdirilir vo on yaxs1 hall alinanadak proses tokrar olunur.

Qeyd edok ki, Xarc tizro mohdudiyyatlor sinlora qosulan kondensator batareyalarinin
saymin miimkiin gader minumumlagdiriimasini sortlondirir. Elektrik verilis xatlori (kabellor
vo hava xatlori) vo paylayict yarimstansiyalar birbasa olaraq mogsad funksiyasi ilo
slagalondirilmir. Eyni zamanda bu mohdudiyyatlor SKB-nin daha slverilisli yerlosdirilmasi
ticlin gox shomiyyatlidir.

otrafinda digor basqa hiperkub

4. Alqoritmin kompiiter realizasiyasi naticalari

Yuxarida qgeyd olunan sxem va rejim paramerlorinin geyri-miisyyan doyismolori
soraitinda reaktiv giic manbalarinin optimal yerlosdirilmasi va idars olunmasi tiglin qeyri-salis
coxluqlarin totbiqi ilo iglonmis alqoritmin kompiiter realizasiyasi 30 diiyiinlii standart IEEE
sxemi Vo real elektrik sobokasi tiglin yerina yetirilmisdir. Sokil 1-do 30 diiyiinli sxem iizra
kompensasiya moanbalarinin olmamasi vo optimal yerlosdirilmasi ilo aparilan normal va
maksimal yiik rejimlorindo hesabat noticolori osasinda qurulmus gorginlik profillori
verilmigdir. Sokil 1,a-dan goriindiiyli kimi normal rejimdo kompensasiya olmayan halda
gorginliyin on asagi hoddi 17-ci diiyiindo 0,82, maksimal rejimds iso homin diiyiindo 0,7
olmusdur. Alqoritmin realizasiyasi noticasinds reaktiv giiciin kompensasiyasindan sonra
homin diiyiinds gorginlik normal vo maksimal yiik rejimlori ti¢iin miivafiq olaraq 1,02 vo 1,04
toskil etmisdir. Kompensasiyadan sonra gorginliyin asagi hodlori normal rejimds 2 (0,95), 21
(0,95), 26 (0,97), 30 (0,97), maksimal rejimda iso yena homin diiyiinlorde miivafiq olaraq
0,94, 0,94, 0,96 vo 0,97 toskil etmisdir. Bununla bels digar diiyiinlords garginlik 0,95- kegir.
Basqa sozlo, garginliyin profili kompensasiyadan sonra shomiyyatli doracads yaxsilagsmisdir.
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Sakil 1. 30 diiyiinlii standart sxem tizra gorginliyin profillori
a - sobokonin normal yiik rejiminda; b - sobokonin maksimal yiik rejimindo
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Normal yiik rejiminds 18 diiyiindo timumilikds 67 seksiyadan ibarat olmagla 67 MVAr
giiciindo kondensator batareyalar1 yerlogdirilmisdir. Giic axin1 hesabatlarinin naticasi
gostormisdir ki, bu zaman aktiv giic itkisi 45,3 MVt-dan 38,3 MVt-a godor, basqa s6zlo
15,4% azalmigdir.

Sokil 1,b-don goriindiiyii kimi, maksimal yiik rejimindo 17 diiyiindo timumi giicii 102
MVAr olan 102 seksiyadan ibarot kondensator batareyasi yerlosdirmoklo kompensasiya
yerinog yetirilmis vo bu zaman aktiv giic itkisi 59,5 MVt-dan 41,9 MVt-a gadar, yani 29,5%
azalmisdir. Texniki-igtisadi  gostoricilorin  (quragdirma, istismar xorclori  vo itkinin
azalmasindan aldo olunan iliik golir) miiqayisali analizi géstormisdir ki, har iki halda reaktiv
giiciin kompensasiyasi tadbirlari birinci ilds 6ziinii 6dayir.

Analoji hesabatlar 15 diiytinlii real elektrik sobokasi {igiin aparilmisdir. Sokil 2-do hamin
soboka tizra iki rejimdo aparilmis hesabat noticalorine asason qurulmus gorginlik profillari
tosvir edilmisdir.
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Sakil 2. 15 diiytinlii real elektrik sobokasi sxemi tizra gorginliyin profillori
a - sobokonin normal yiik rejimindos; b - sobokonin maksimal yiik rejimindo

Sokil 2,a-dan goriindiiyli kimi, normal yiiklonma rejiminds gorginliyin profili tizro on
agir hal 7, 8-ci diiylinlordo aliminr vo miivafiq olaraq gorginliklor bu diiyiinlords 0,78 olur.
Kompensasiyadan sonra iso gorginlik bu diiyiinlordo miivafiq olaraq 0,97 vo 0,94 toskil edir.
Bu mogsadlo 7 dityline imumilikdo 81 seksiyadan ibarot 48,6 MV Ar giicindo kondensator
batareyalar1 iso qosulmusdur. Eyni zamanda sokil 2,b-don goriindiiyii kimi sobokonin
maksimal yiiklonmo rejimindo kompensasiyaya godor homin diiyiinlords gorginlik 0,69,
kompensasiyadan sonra iso miivafiq olaraq 0,91 vo 0,95-0 godor yiiksolmigdir. Maksimal
rejimdo kompensasiya magsadilo 7 diiyline timumilikdo 106 seksiyadan ibarot 63,6 MVAr
giicindo SKB igo qosulmusdur. Bu rejimdo 9 - 15-ci diiyiinlorda gorginliyin saviyyasi
normadan asagr olmusdur vo bu magsadlo digar olave todbirlorin goriilmasi zaruriyyati
yaranmigdir. Bu todbir transformatorun budaqlanmasinin doyisdirilmasindan ibarot ola bilar.

Codval 1
Normal va maksimal yiik hallarinda gorarlagsmis rejimlarin hesabat naticalori

Kamiyyatlor 30 diiyiinlii standart IEEE sxemi diiyiinlii real elektrik sobaka sxemi
Pe | Qo Py Q | COS¢ | Pe Qe Py Q, | COsg

MVt | MVAr | MVt | MVAr MVt | MVAr | MVt | MVAr

Normal klgedar | 442 303 | 396,7 158 0,82 | 148,2 | 106,1 | 1314 | 755 0,81
rejim kisonra | 435 | 192,9 | 396,7 | 78,6 0,91 | 1449 | 53,6 132,8 | 31,5 0,94

Maksimal | k/godar | 470 | 389,1 | 4109 | 183 0,77 | 1949 | 1456 |161,7 | 919 0,8
rejim k/sonra | 453 200 411 71,6 0,92 |187,2 | 749 164,55 | 37,2 0,93
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Aktiv glic itkisi normal yiik rejiminds 16,7 MVt-dan 11,9 MVt-a (28,7%), maksimal
yik rejiminds ise 33,1 MVt-dan 22,7 MVt-a (31,4%) godor azalmigdir. Reaktiv giiciin
kompensasiya todbirlarinin 6ziinii 6doms miiddati bir il togkil edir.

Hor iki rejimdos standart vo real elektrik sobokalori {izra giic ainlarinin yekun hesabat
naticalari cadval 1-dos verilmisdir. Cadvoldon goriindiiyli kimi kompensasiya naticasinds giic
omsalinin qiymati standart sxem tizra normal rejimds 0,82-don 0,91-5, maksimal rejimds isa
0,77-don 0,92-ys godar yiiksalmisdir. Real elektrik sobokasi {izra bu goéstorici uygun olaraq
0,81-don 0,94-5 va 0,8-don 0,93-0 godor yaxsilagmisdir.

Algoritmin kompliter realizasiyasinin yuxarida qeyd olunan analiz noticalori
garginliyin profillari, aktiv giic itkisinin va giic omsalinin qiymatlori iizra toklif olunan iisulun
effektivliyini tosdiq edir. Usuldan miirokkob topologiyaya malik vo nazore alinmasi miimkiin
olmayan va ya az miimkiin olan geyri-miioyyan faktorlarin tasiri saraitlorinda enerjisistemin
paylayict elektrik soboakalorinds reaktiv giic moanbalorinin optimal yerlosdirilmasi va effektiv
idars olunmasi1 magsadila istifads oluna bilar.

NOTICOLOR

1. Qeyri-miiayyon faktorlarin tosiri soraitlorindo miirokkob topologiyali paylayict elektrik
sobokalarinds reaktiv giic manbalarinin optimal yerlasdirilmasi v idars olunmasi moagsadilo
geyri-salis ¢oxluglar nazariyyasi asasinda effektiv iisul va alqoritm islonmisdir.

2. 30 diytlnli standart vo 15 diiyiinlii real elektrik soboka sxemlorinin niimunasinda
alqoritmin kompiiter realizasiyasi yerino yetirilmisdir. Garginliyin profillori, aktiv giic itkisi,
giic omsalinin giymotlori vo reaktiv giiciin kompensasiya todbirinin 6ziinii 6doms miiddati
komiyyatlorinin miigayisali analizi toklif olunan alqoritmin istiinliiyiini tosdiq edir.

3. Algoritm osasinda reaktiv giiciin kompensasiyasinin yerina Yetirilmasi naticasinds
sxemin diiylinlorinds garginliklor buraxilabilon hodlordo qorarlasir, shomiyyatli doracodo
aktiv giic itkisi azalir, glic amsal1 yliksolir. Reaktiv giiclin kompensasiyasi ilo bagli yerino
yetirilon tadbirlorin 6ziinii 6domo miiddati bir il tosgkil edir.
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METO/]I HEUETKOW MHOT' OIIEJIEBOM ONITUMU3AITAN
PASMEIIEHUA U YITPABJIEHUA KOHAEHCATOPHBIMU BATAPEAMMU B
PACHPEJAEJUTEJBHBIX QJIEKTPUYECKHUX CETAX

I'YJIUEBI'.Bb.

OnTumanbHOE pa3MeIlleHue, ONpEeeIeHHe MOIIHOCTH U YIpPaBJIE€HUE CTAaTHUYECKHUX
KOHJIGHCAaTOpHBIX OaTapeil uMmeeT OoyblIOEe 3HAUYEHHE C TOYKU 3pEHUs OOecledeHus
pPEryJlIMpOBaHUs Y3JIOBBIX HANpPSOKEHWH W yMEHBIIEHUS TMOTepb MOIIHOCTH B CETH.
[IpuMeHeHHEeM yCTPOWCTB KOMIIEHCAllMM PEAaKTHBHOM MOIIHOCTU U YIPABIECHUEM HMH
YMEHbILIAETCSl MOTPEOAEMBbIi OT CETH PEaKTUBHBIM TOK, U TEM CaMblM B 3HAUUTEIBHOMN
CTETEHU JOCTUraeTCs yMEHBbLICHHWE MOTepb aKTHBHOH MomIHOCTH. B paboTe mpennoxen
HOBBIH MOAXOA JUIA ONPTUMAJbHOTO paclpeieNieHuss pEeakTUBHON MOIIHOCTH U B
3aBUCHUMOCTH OT Harpy3kKd Ha OCHOBE CYILIECTBYIOIIHMX M COBPEMEHHBIX MaTEMAaTHUYECKUX
METOJIOB €€ aBTOMaTh4yeckoe ynpasieHue. [IpeaioxkeHHbIil MeToT MOKET ObITh UCIOJIb30BaH
JUIsl ONTHUMAJIHOTO YIPABJIEHUS IOTOKOB PEAKTUBHOM MOIIHOCTH B PaCHpEeIUTEIbHBIX
JIEKTPUUECKUX CETSIX C MHOTOYUCIEHHBIMU y31amHu. [IpeuioskeHHbIi MeToA ObLT TECTUPOBAH
qutst cranaaptHoi 30 y3noBoit cxemel IEEE u peanbHOM 15 y3710B0i 27€KTPUUECKOH CETH.
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KaoueBble ciioBa: pacopeacanTeiHasg JJICKTPpUYCCKass CCThb, PCEAKTHUBHAA MOMIIHOCTb, CTAaTHUYCCKas
KOHACHCATOpHAas 6aTapeﬂ, NOoTEpU MOMIIHOCTH, l'IpO(l)I/IJ'Ib HaIpsKCHUA, HCUCTKUEC MHOKECTBA, 1ICJICBasd (byHKIII/IH,
MHOTI'OICJIICBAs ONITUMH3alMs, q)yHKHI/ISI MPUHAAJIC)KHOCTH.

METHOD OF FUZZY MULTI-PURPOSE OPTIMIZATION PLACEMENT
AND CONTROLS OF CONDENSER BATTERIES IN
DISTRIBUTION NETWORK CIRCUITS

GULIYEV H.B.

Optimum placement, determination of power and control of static condenser batteries is
of great importance from the point of view of providing regulation of node voltages and
reduction of power losses in the network. The wattles current consumed from the network
decreases, in the way use of devices of reactive power compensation and control of them and
to these is reached substantially to reduction of losses of active power. In work new approach
for optimum distribution of reactive power and its automatic control depending on loading on
the basis of the existing and modern mathematical methods is offered. The offered method
can be used for optimum control of reactive flows of power in distribution network circuits
with numerous nodes. The offered method was tested for the standard 30th nodal scheme
IEEE and 15 of the nodal real network circuit.

Keywords: distribution electric network, reactive power, static condenser battery, power losses, voltage
profile, fuzzy sets, target function, multi-purpose optimization, membership function.
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Energetikanin problemlori o No1 e 2017 e IIpoGiembl SHEPrETUKU

VIIK. 621.31

OIIEHKA SKOHOMMWYECKOM ¥ TEXHUKO-9KOHOMHWYECKHX
IOPEKTOB OT BHEAPEHUA MEXKAYHAPOJHOI'O OIIBITA U
TEXHOJIOT' ! OILIATBHI PEAKTUBHOM SHEPT U

P3AEB B.I'.}, KYJIUEB A.M.?

1- OAO0 “Azepuwvie”
2-Aszepbaiiosicanckuil Iocyoapemeennwiti Yuueepcumem Hegpmu u Ipomviuinennocmu

B cratbe paccMaTpHBArOTCS BOIPOCHI OLIEHKH YKOHOMUYECKOH U TEXHUKO-YKOHOMHYECKUX 3()(PEKTOB OT
BHEAPCHHS MEXIYHapOJHOTO OIbBITA U TEXHOJIOTHH OIUIATHl PEAKTUBHOW MOLTHOCTH. AHATM3UPYIOTCS Pe3ybTa-
THI IPOBEJCHHOI'0 MOHUTOPHHTA MOTPEOJICHNS] PEeaKTUBHOM SHEprHy 1o ropoay baky m Ha OCHOBE CyIIECTBY-
IOILETO MOJOKEHUsI 000CHOBBIBaeTCs BBIOOP Tapuda Ha PeaKTUBHYIO dHEepruro. [IpoBoIuTCs OleHKa SKOHOMH-
YEeCKOW M TEXHUKO-IKOHOMHUUYECKHX 3(PPEKTOB OT BHEAPECHUSI.

KaroueBble ci10Ba: MeXIyHapOAHBIA ONBIT M TEXHOJIOTHS, aHANW3 Tapu(oOB, OLEHKA 3KOHOMHYECKOM
3 PEeKTUBHOCTH, MOHUTOPHHT OTPEOUTENIEH.

Vkazom IIpesunenta Azepbaitmkanckoit Pecyomuku ot 06.12.2016 rona yrBepkaeHa
Crparernyeckass JlopoxxHas Kapra pasBuUTHS KOMMYHAJIBHBIX YCIyr (3JIEKTpUYECKass HU
TEIUIOBAs SHEPTHs, BOJA, Ta3) B AsepOaiipkanckoit PecnyOmuku [1]. B arom BaxkHelmem
JIOKYMEHTE KPAaCHOW HHUTHIO MPOXOAMUT e O HEOOXOIUMOCTH HCIHOJIb30BAHUS BBICOKHX
TEXHOJIOTHI NPOIIEIIINX YCIEIIHbIE MCIBITAHUS B BEIYLIUMX CTpaHaX MHUpPa B Pa3IMYHBIX
001aCTAX JesITeIbHOCTH.

OpnHolt U3 Takux 00JacTei SABJISETCS TEXHOJIOTHS OIUIAaThl 332 PEaKTUBHYIO SHEPTHUIO
NOTPEOUTENIMHI HEXHUIIOTO CEKTOpa. 3/1eCh U Jlanee pedb OyJIeT MJITH TOJIbKO 00 abOHEeHTax
HEXXUJIOTO cekTopa. B crathe [2] mpoBeleH aHalu3 MEXIyHapOJHOTO ONbITa U TEXHOJOTUHU
OIJIaThl PEaKTUBHOM 3HEPruy aOOHEHTAMH HEKMJIOTO CEKTOPA M CYIIECTBYIOIIEE MOJI0KEHNE
3TOro Bompoca B Hamlel crpane. [lokazana Becbma Oosiblasi yOBITOUHOCTD ISl SHEPrOCHA0-
JKarolllel OpraHu3alliy CYIIECTBYIOIIETO IOJIOKEHUS M IMPEUIOKEHO IMPOBECTH TpaHchep
MEX1YHapOJHOIO OMbITa U TEXHOJOTMH OIUIAThl PEaKTUBHOM 3HEPIUU B AJIEKTPOIHEPTETUKY
Halled CTPaHBbI.

[IepBoHAUYaIbHO PACCMOTPUM CYIIECTBYIOIIEE TMOJIOKEHHE C OIUIATOM pPEaKTUBHOMN
sHepruu. OHO OYEHb MPOCTOE M 3aKIIOYAeTCs B TOM, YTO 3aMepseTcsl MOTpebieHue peak-
TUBHOI SHEPruM U MO MPUHATOMY Tapudy Ha PEaKTUBHYIO SHEPTHIO0 PACCUUTHIBACTCS €€
CTOUMOCTb. OCHOBHBIE OTJIIMYHUS TAKOIO MOAXO0/a OT MEXIYHAPOIHOIO 3aKJIIOUAETCS B TOM,
YTO BO MEPBBIX HM B KaKOW CTpaHe MHpa HET TaKOr0 MU3EPHOro, yObITOUHOro Tapuda Ha
PEAKTUBHYIO SHEPTUIO, a BO BTOPBIX B COOTBETCTBUU C IPHUHATHIM YPOBHEM CpEIHEB3BE-
IIEHHOTO 3HAYeHMs COS(p B MEXKAYHAPOJIHOW MpaKTHKe NMPUHUMAETCS YPOBEHb OECIUIaTHOTO
noTpeOIeHUsI PEaKTUBHOM 3HEPTUHU, YTO TAK)KE HE MPETYCMOTPEHO CYIIECTBYIOLINM TOJI0Ke-
HUeM. 371ech U jJajee peub OyaeT UATH TOJIBKO O CPETHEB3BEIICHHBIX 3HAUECHHUIX COSQ U 1go.

Tapud Ha peakTUBHYIO SHEPTHUIO, KaK MPaBUIIO, IPUHUMAETCS 110 OTHOILIEHUIO K Tapudpy
3a aKTUBHYIO »Hepruto u coctasiser 20, 25, 50, 60, 100%, a Takke MOXKET COCTABIATH B
onpezaeneHHbIX ycnoBusx U 200%. Mcnonb3yeMblil B Hamiel ctpaHe Tapud Ha peakTHUBHYIO
sHepruto cocrasisieT Beero 0,0012272 manara 3a 1 kBapuac. Kak MMHMMYM H3BECTHO, YTO
3TOT Tapud B 1995 rony cyiecTBoBall U AeUCTBYET MO HacTodAlee Bpems. [IpuHATHIN Tapud
Ha aKTHBHYIO SHEPTHUIO JUI1 a0OHEHTOB HEXMIOro cektopa cocrasiser 0,09 manat. Tapud Ha
PEaKTUBHYIO SHEPTUIO cocTaBisieT Bcero 1,33% OoT cTOMMOCTH aKTUBHOW SHEPTHH.

PaccmoTtpuMm cocrostHue 3TOM mpobiembl B cTpaHax EBpocoro3a M Ipyrux BeayIIUX
cTpaH. Bo mepBBIX OCTAaHOBMMCS Ha YpPOBHE MPHHATHBIX B JTUX CTpPaHax BeJIUYMHAX
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CPEIHEB3BEIICHHBIX 3HaUYeHUM COS(Q. B crathe [3] mpenmcraBimena tabnumna ¢ mnanasiMA 30
ctpad EBpocorosa, CIIIA u Kanagsl. Ha ocHOBe 3THX JaHHBIX OoJiee OJpOOHO PaccCMOTPUM
OILJIaTy 3a PEAKTUBHYIO SHEPTUIO U €€ OTHOIICHUE K Tapu(y Ha aKTUBHYIO SHEPTHUIO.

W3yueHne u aHainu3 MOJX0/1a K YPOBHIO CPETHEB3BEUICHHOTO 3HaUeHUs Ko3ddunmenra
MOIIHOCTH B MEXAYHApOJHOM NpPaKTHKE, a TaKKe MPUMEHEHHE IUTpPapHBIX CAHKUUN NpU
HECOOJTIOICHUH TOT0 YPOBHS Ha OCHOBE TaOyuUIIbl ¢ JaHHbIMU 30 cTpaH [3] mokasaio:

1. Bo MHOrMX cTpaHax peKOMEHyeMblil ypoBeHb COS¢ paseH 0,95 (u3 30 crpan B 14
CoS(cs Oepercs paBabIM 0,95). B I'epmanun u CIHIA Gepetcst Ha ypoBHe 0,9+0,95. B benbrun
ot 0,9 no 0,97, B bonrapun u ®panuun 0,93, B Kanage mexnay 0,9+1,0. B tpex crpanax:
Hanuu, I'petun u Utamuu cose Oepercst Ha ypoHe 0,9. B Benrpuu ot 0,92 mo 0,97, B
[Topryrammuu 0,92. Hapsay ¢ otMeueHHbIMU 14 cTpaHamm emie B 5-Tu crpaHax C0S¢@=0,95
MPUCYTCTBYET HapsiAy ¢ IpYrMMH 3HadeHusiMH. Kak BUIHO, HET HU OJIHOW CTpaHbl, rae Obl
ypOBeHb COS(p ObLT ObI HUXKE 0,9.

2. B 27 crpanax mpu HecoOmroaeHuu TpeOOBaHUI MO YPOBHIO COSQcy MpeaycMaTpu-
BaroTcA mTpadHble caHkuuu. [IpyuemM oHM JBYX THIIOB:

a) omjara 3a KaxJplii kBapuac cBepXycTaHOBIEHHOIO HOpPMAaTuBa IO MOTPEOJICHUIO
PEaKTUBHOM PHEpPruM, MPU STOM B OJHUX CTpPaHAX CTOMMOCTh KBapuaca Oepercsi Takoi ke
KaK U CTOMMOCTb kBTuaca, a B Apyrux CTOMMOCTb PEaKTHBHOW »Hepruu cocrasisieT 20%,
25%, 60% u naxxe Hapsagy ¢ otmedeHHbIMH 100% noxoaut u 1o 200%;

0) omata 3a PEaKTHBHYIO DHEPTHIO OCYMIECTBISCTCS MU (HEPCHIIMPOBAHHO B 3aBU-
CUMOCTU OT YpOBHsI COS(Q, T.€. 4eM HIDKE COS(, T€M BbIIIEe Tapu(d Ha CBEPXHOPMATHUBHYIO
PEaKTUBHYIO SHEPIHIO,

B) B CIIIA u Kanane neiictByer aBoiiHas mrpadHas CaHKIHS HA COS) M MPEBHIIICHHE
noTpeOIs1eMOoi MOITHOCTH B KBA.

B npunuune, ypoBeHb NPUHATOTO 3HaUEHUSI COSQ OOCYKIaeMblil U Kaxaasl CTpaHa ero
MoeT BbIOpaTh B nuanasone ot 0,9 no 1. Kak nmokassiBaeT aHaJIu3 3TUX JaHHBIX, Hauboee
pacnpoCTpaHEHHBIM SIBJISIETCSl YPOBEHb K03 duirenTa MouHocTy paBHbli 0,95.

bonee moapoOHO paccMOTpUM OIJIaTy 3a PEAKTUBHYIO PHEPTUI0 U €€ OTHOIIEHHE K
Tapudy akTUBHOM 3Hepruu. K cokaneHuro, He 110 BCEM CTpaHaM yKa3aHa BeIMUYMHA Tapuda
Ha PEaKTHBHYIO HEPTHUIO U €€ COOTHOILIEHHE K Tapu(y aKTUBHOW SHEPTUH.

[TpuBenem tabnuny (tadmuua 1) ¢ nanaeiMu 9-TH ctpad u3 30[3], rae umeercs Takas
uHpOpMaIusL.

Ormutara peakTuBHOW 3Hepruu B Andanuu, bonrapun n CioBeHUH OCYIIECTBISETCS MO
TaKOMY e Tapudy, Kak akTHUBHas >Heprus, T.e. 1kBruac=1kxBapuac. Bo ®panuun 20%, B
bocaun 25% ot Tapuda Ha akTHBHYIO SHepruto. MHTepecHbll auQdepeHInpOBaHHbBII
MOAXO0J K oIulaTe peakTUBHOM 3Hepruu B Mcmamuu u Pymbiann. B HMcnanuu croumocts
kBapuaca npu 3HaueHusx cosg ot 0,95 no 0,90 cocrasnser 0,0001 EBpo, a npu cHuXEeHUH OT
0,8 u ke cocrasnser 0,038 EBpo, T.€. B 380 pa3 Gosbiie orutate! pu COS¢ ot 0,95 mo 0,9.

B PymbiHuu onepupyroT mnokazarensiMu tge, uto Oosee yaoOHO M Tak K€ 4YacTo
IPUMEHSETCS.

B nemsix pemenust Bonpoca 00 00beKTHBHOM BBIOOpE Tapuda Ha PEaKTHBHYIO SHEPTHIO
U B COOTBETCTBMM C BBIBOJAMH CTaTbHM [2] PEKOMEHIYETCS M3YyUUTh CYIIECTBYIOIIEE COC-
TOSIHUE 110 MOTPEOJEHHIO PEaKTHBHON SHEPTMHM U YPOBHIO CPEIHEB3BEIIEHHOTO K03(du-
IIMEHTa MOIIHOCTH AOOHEHTOB HEXHJIOTO CeKTopa. [l 3TOro BechMa akTyallbHbIM Ha IIEPBOM
JTare ABJSETCS NPOBEACHIE MOHUTOPHHIAa NOTPEOIEHUS peaKTUBHON YHEPIHUH.
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Tabmuua 1. Bennunna TapugoB Ha peaKTUBHYIO SHEPTUIO IO CTpaHaM

Crtpana BbicTaBjieHue C4ETOB 32 IpunsaThIi Ilepuoa BbicTaBJIEHUS CroumocTts kBap/kW KomMeHnTapuu
99 HOPMATHB COSQ CYETOB
AnGanus Co mTpadHBIMA CAaHKITHSIMHA cos(=0,95 B Tedenune Bcero roma 1xW=1xBap IlITpadHBIE CaHKIMH BBE-
neunsl B nericteue ¢ 01.01.07
BocHus Co mrpadHBIMH CAaHKIUSMH c0sp=0,95 B Teuenne Bcero rona 1xkBap/ 1kW=0,25
Bonrapus Co mrpadHBIMH CAaHKIUSMH cosp=0,93 B teuenue Bcero roga 1kW=1xBap TpadHble caHKIUN MpUMe-
HEHBl TOJIBKO K OOJBbIINM
ycraHoBKaM.  OTCYTCTBYIOT
CUYETYMKH HA MaJbIX U Cpea-
HUX YCTaHOBKaX
Kanana JBoiiHast mTpadHast CaHKLIUS cosp=0,9+1 B Tedenne Bcero rona Croumocts kKW MexIy HltpadHble CaHKUUU Baphb-
Ha COS() U IIPEBBILIECHUAE 10T- 3 u 4 Kananckux $ HAPYIOTCS B 3aBUCUMOCTH OT
peOasieMoil  MOLIHOCTH B KOHKPETHOTO IITaTa
kBA
Ucnanus Co mrpadHBIMH CAaHKIUSMH cos(p=0,95 B Teuenue Bcero rona 0,0001€ ot 0,95 10 0,9 CroumocTts kBap
0,012€ ot 0,9 o 0,85
0,0253€ ot 0,85 10 0,8
0,038€ ot 0,8 u HIKE
Opannms Co mrpadHBIMH CAaHKIIUASMH cosp=0,92 C 1°™ Hos0ps mo 1°° anpenst 0,2
Pymbiaus Co mrpadHBIMH CAaHKIIUSMH cosp=0,95 B teuenue Bcero roga 0,6 mpu tge ot 0,3 no 1
1 ot tgopl mo tgp2
2 ot tge2 1o tgp3
CnoBenus Co mrpagubeIMH caHKIMAMHA | c0S¢p=0,95 B Tedenne Bcero rona 1xW=1xBap
CIIA JBoiinas mrpadnas cankuus cose=0,9+0,95 B teuenue Bcero roga TpadHble CaHKIWU Bapbu-

Mo COSQ W IMPEBHIIICHHE B
kBA

pYIOTCS B 3aBHCUMOCTH OT
mrata. Heckonbko 1mTaToB
0e3 mrpadHbIX CaHKIUHA
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B OAO «Aszepumbiry ObUT MPOBEIACH TaKOW MOHUTOPHHT 10 Topoay baky. Breibop
a0OHEHTOB OBLI MPOBENIEH TaKUM 00pa3oM, 4TOOBI OoJiee MOITHO OXBAaTHUTh U OTOOPa3UTh
pealibHO CYIIECTBYIOIIYIO, XapaKTEPHYIO FraMMy MOTpeOUTeNe AIeKTPUIECKON SHEPTUU. ITH
a0OHEHTHI ObUTH 00BEIMHEHBI B YETHIPE TPYIIIHL:

- IPOMBIIIJICHHBIE, CTPOUTEIbHBIC, TPAHCIIOPTHBIE U JAPYryue MPOU3BOACTBEHHbIE TPEI-
npustus — 54,7% ot ob1iero yucia,

- yueOHble, JieyeOHbIe, aIMUHUCTPATUBHBIE YUPEXKIEHUS U JIPYrHe rocyAapCTBEHHBIC
opraam3anuu — 26,4% oT o01ero yncna;

- pa3iuuHble TOproBuie Npeanpudatus — 9,45% ot obiero yncia;

- pa3NIMYHbIC KUIUIIHO-CTPOUTEIbHBIE KoonepaTtuBbl-94,5% ot obiero uncna.

BenuuuHbl cpeHEB3BEIIEHHOTO 3HAYEHHsI COSQ paclpefeNniIiCh CIEAYyIomuM obpa-
30M: 41,5% aboHEeHTOB UMEIOT COS¢ paBHbIN 0,9 u BbImIEe; 47,2% aO00OHEHTOB UMEIOT COS( HU-
xe 0,9 u 11,3% abonentoB mmerr CoS¢e ot 0,3 mo 0,5. Pacmpenencnue COSQ 1mo 30HaM
Clenyrolee:

- 15,1% aboHeHTOB HaxoAATCs MeX Ay 3HaueHussMu ot 0,8 1o 0,9;

- 32,1% naxopsarcs mexay 3HaueHussmu ot 0,5 1o 0,8;

- 11,3% naxopsrcs mexay 3Hauenusmu ot 0,3 1o 0,5.

[To mpoBeieHHOMY MOHUTOPUHTY MOKHO CJIeNaTh CIEAYIOIINE BHIBOIbIL:

- npumepHo 60% noTtpedutenelt umeroT CoSe Huxe 0,9;

- 58,5% mnotpeduteneit umerotr CoSe Hmwke 0,9, a 'y 32% 3HaueHUs COSQ HAXOIATCS
mexay 0,8 u 0,5;

- 11% cocTaBasioT MOTPEeOUTENH, Y KOTOPHIX 3HAUEHUS COS(Q HAXOAATCA Ha HU3KOM
yposae ot 0,5 10 0,3.

OCHOBHOM BOIPOC 3aKJIOYAETCSI B TOM, HACKOJIBKO MPABUWIBHO OTPaXaroT Pe3yIbTaThbl
MOHUTOpPUHTA peayibHyl0 KapTuHy. KonmuecTBo moTpeduteneil HEKUIIOTO CEKTOpa COCTaB-
JSIeT MHOTHE JAECATKH THICSY €IWHUIl, YTO MPEJCTaBIsIeT cOOOW TPYTHOCTH W3YYEHHS pe-
AJIBHO CYIIECTBYIOIIETO MOJOXKEHHUS.

[To manabIM «Azepumbir» [4] Ha nexadbpp 2015 roma umeercs 61800 aGoHeHTOB
HEXUJIoro cexkropa mo ropoay baky m 107218 Takux aOOHEHTOB IO JAPYTUM pErHMOHAM
PECITyOIUKH.

[IpoBeeHHBI MOHUTOPUHT B TIEPBOM MPUOIMIKEHUH MOKHO CUMTATh, YTO OH MIPHUOIH-
3UTENHHO OTpakaeT o0Iee MOJ0KEHUE MO MOTPEONIEHUI0 peaKTUBHON sHeprun. Pazymeercs,
clenyeT MPOAODKUTH PabOThl MO YTOYHEHHUIO CBEACHUN W TOJYyYEHUIO OoJiee IMOITHOU
uH(OpMAIIMHU 10 peaTbHBIM 3HaYeHUsIM COSP (Ig@), YTO MO3BOIUT MPUHUMATH 0OOCHOBAHHBIE
peuieHusi mo BBIOOPY Tapuda Ha peakTHBHYIO SHepruto. OUYeBHIHO, YTO MPUHUMAEMBIN
YPOBEHb CPEIHEB3BEUICHHOTO 3HAYEHUs COSY JOJKEH HaxXxoauThcsa B auamnazone oT 0,9 mo
1,0, kak Bo Bcex cTpaHax EBpocoro3a u B Ipyrux pa3BUTHIX cTpaHaxX 0e3 MCKIIYEHHUs. A 3TO
03HA4YaeT, YTO MO JaHHBIM TPOBEICHHOTO MOHHUTOpWHTa mopsaka 60% Bcex aOOHEHTOB
HEXXHUIIOTO CEKTOpa HaXOMSTCS BHE JTOTO JMara3oHa, a CIeJA0BaTeNIbHO UM NOTpedyeTcs
KOMITCHCAIIHS PEaKTUBHOM YHEPTHUH.

[TpoBenem cpaBHEHHE PE3yJIbTaTOB MOHUTOPUHTA C JAaHHBIMH TaOnHIbl 1, rae mpuBo-
nuTest nHbopMalus 1o TapudaMm Ha peakTHBHYIO 3Hepruto. Hanbonee OIM3KMMM K HalIUM
YCHOBUAM MOXHO cuutath Mcnanuto, Pymbianto, a takxke Typuuro. lanueie no Typuuu npu-
BEJICHBI B IpIIOKeHUH cTaThu [2]. B Mcmanuu npu cose nmke 0,8 croumocTs kBapuaca coc-
tasisieT 0,038 EBpo, a B quama3zone BenuuuH COSQ ot 0,9 mo 0,85 cocramnsier Bcero 0,012
EBpo, T.e. B Tpu pa3za nemieBie. B cBsi3u ¢ TeM, 4To yoO0HEe MOIb30BaThCS JaHHBIMU 1O Py-
MbIHUY U Typruu, Tak Kak UX CBEJACHUS MPHUBOIITCS B OTHOCHUTEIBHBIX eauHHUIax. Ciemayer
OTMETHTb, YTO MHOTO 00Imero B naHHbIX M0 Pymbiaun u Typuuu. Ilo Pymbeinum tapud Ha
peakTUBHYIO SHEpruto coctaBiuseT 60% ot Tapuda Ha akTUBHYIO 3Hepruto npu tge ot 0,3 1o
1. ITo Typuuu 3TOT noka3zarens Tapuda paBHsercs 57%. B oboux ciydasx moJcyeT OmiaThl
32 PEaKTHBHYIO PHEPTHIO BEJIETCS 10 3HAUYCHHUIO BEIHUYUHBI tJ(, 4TO OueHb yao0HO. Pa3zHuia
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B pacueTax I0 3TUM CTpaHaM OTJIMYAETCS TeM, YTO B PyMbIHUU pacueTsl peakTUBHOM SHEPrun
BEJyTCs 110 BCEMY JUana3oHy U3MEHEHUs tJ@ c eIeHreM 3TOro Juana3oHa Ha TPU 30HbBI: OT
0,3 g0 1; ot 1 g0 2-x u or 2-x 10 3-x. 3aBucumocTh Tapuda ot tgp, t.c. T=f(tgp) mpen-
ctaBieHa Ha puc. 1. Ilpuyem B mepBoil 30He Tapud Ha PEAKTHUBHYIO SHEPTUIO COCTABISET
60%, Bo BTOpOIi 30HEe 100%, a B TpeTheii 30He 200%. 1o Typruu pacder omiaTel peakTUBHOM
SHEPruu BEAETCA MO KaXKJAOMY KOHKPETHOMY 3HaueHUI0 1Qp Oe3 JeieHus Ha OTAEIbHBIC
30HBI.

rT
250
200 T T=f(tgp) [ ////
150 1 T=f{(cosp) / 3 /
100 T 7 ///%/// Z
60 T 287
71 Y
VR ; : : >
705 10 15 20 25 e
1 09 07 0,44 0,32

Puc. 1. 3aBucumocts BeM4KH Tapruda Ha pEaKTUBHYIO SHEPTHIO
ot 3uHaueHus tge( cose)

AHanu3 NpoBEJEHHOIO MOHUTOPHHIA TIOKa3aJl, YTO 30Ha CPEIHEB3BEIICHHOIO 3HAYCHUS
cos¢ uzmensiercs ot 0,96 1o 0,3 u coorBercTBeHHO tgp oT 0,3 10 3.

Cx0/1cTBO NOJIXO0B B 3TUX CTpaHax JIMIIHUMA pa3 MOAYEPKUBAET, UTO KaxkJas CTpaHa
cama pemrana Jiyisi ce0si 9TOT BaKHBIM BOIMPOC OIMJIAThl peaKTUBHOW dHEPrHMU aOOHEHTaMH He-
JKUJIOTO CEKTOpa M HE3aBUCHUMO JIPYT OT Apyra MPUILIM NPaKTUYECKH K OAHOMY U TOMY XKe
MOJAXOy C pa3lU4YMeM B HEKOTOPBIX JeTansx. Kakaplii U3 3THX MOAXOAOB MOKET OBITh
BbIOpaH JUIsl UCHOJb30BaHUS. Typelnkuil BapuaHT OoJjiee TOUEH, B YaCTHU OINPEAETICHUS KOH-
KPETHOW BEJIMYMHBI CPETHEB3BEIIICHHOTO 3HaYeHHUSI [Q( 1 BENTUYHMHBI OIJIaThl B QyHKIUH 1JQ.

Hama crpana naubonee 6nuska ¢ Pymbinueit, rae ogun kBapuac cocrasisier 60% ot
ctouMocTH ogHoro kBtyaca. [1o monxony 6nu3komy k Pymeinuu, B Typiiuu 3TOT mokaszarenb
paBeH 57%.

[Tpu npunaTuu Tapuda Ha peakTUBHYIO SHEpruto paBHyr 60% Tapuda Ha aKTHUBHYIO
sHepruto, oH coctaBuT 0,054 manara 3a 1kBapuac. [Ipu cpaBHeHuu 3T0or0 Tapuda c cymecr-
BytomuM Tapudom 0,0012272 MmanaTa MOKHO OTMETHUTh, UTO OH B 44 pa3a MEHbIIIE HOPMAaJb-
Horo tapuda B 0,054 manata. MecsiuHoe moTpeOseHHE PEaKTUBHOM SHEPTUU TOJIBKO IO
ropony baky cocraBmsier kak MunumyM 100 mumnonoB kBapuacos. Ilpu Takom motpe6iie-
HUU U HOpMaJbHOM Tapude MecsiuHas orjiata cocTaBUT 5,4 MUIUIMOHA MaHaT. B romoBom
Macirabe 3Ta cymma OyAeT paBHa opsiaka 65 MUJUIMOHOB MaHaT. Eciu ke MpUHSATH BO BHU-
MaHue, uto npu tge ot 1 1o 2 (coorBercTBeHHO Ipu COSQ oT 0,7 no 0,44) Tapud cocraBuT
100%, T.e. 0,09 manara, a mpu tgp ot 2 10 3 (cooTBercTBeHHO Mpu COSP ot 0,44 mo 0,32)
omnata O6yzaer coctaBiath 200%, T.e. 0,18 mMaHaTa, TO 3Ta cymMMma JIETKO BBIpacTHT 10 70
MUJJIMOHOB MaHaT U BbIe. [loToMy Kak mpHu TakoM packiajie B COOTBETCTBUU C Pe3yJbTa-
TaMH MOHUTOpHUHTA Nopsika 25% aboHEeHTOB AOJKHBI OyayT miatuth Ha 100%, a 8% abonen
TOB JOJDKHBI OynyT miaaTuTh o 200% ot Tapuda Ha akTUBHYIO dHeprut0. O4eHb peaKo B Ie-
YaTH MOTYT (UTYpUPOBATh A0OHEHTHI ¢ COSP paBHBIM 0,3 U HUXKE, OCOOCHHO B TAKUX CTpaHaX
kak @panuus, ['epmanus U Apyrux pa3BUTBIX CTPAHAX.
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B cBs3u ¢ Tem, uTo Hapsay ¢ baky m B Apyrux permonHax crpaHsl umeercs 6omee 100
THICSIY a0OHEHTOB HEXHIIOTO CeKTOopa [4], TO MpPEeNCTaBISETCS ILEIeCOOOpa3HBIM MPOBECTH
COOTBETCTBYIOIIME MOHUTOPUHTHU U B 3TUX peruoHax. MoKHO MPEANOia0KUTh, YTO MPHU yUETE
PETMOHOB 110 MMHUMYMY, Hanpumep, 50% oT 3xoHoMuu 1o ropoxy baky, To skoHOMHS MO-
’eT Bo3pactu A0 105 MUIIIMOHOB MaHar.

[Tpu cymectBytomeM Tapude Ha PEaKTUBHYIO SHEPTUIO AJIEKTpOCHaOXarolee mpes-
NpUATHE UMeeT B Mecdll 1o ropoay baky Bcero 122700 manart, T.e. B 44 pa3a MeHbIIE, 4YeM
OHa uMena Obl IPU HOPMAJILHOM MpeAIaracMoM Tapude.

[TonBoas UTOr MEPBOM YACTH CTAaThU IO OLEHKE 3KOHOMHUYECKOro 3¢ ¢ekra oT BHeApe-
HUS B Halllel CTpaHEe MEXIYHAPOJHOIO ONbITA U TEXHOJIOTMH OIIaThl PEAaKTUBHOM SHEPIUH,
MOKHO KOHCTaTUPOBATh, YTO OKUJAEMBIH SKOHOMUYECKUN 3((HEKT COCTABUT KaK MUHUMYM
6omnee 100 MmunoHOB MaHat B roa. Pazymeercs, uro Hajgo OyaeT pemuTh Bce HE0OX0AUMBIE
aJIMUHHCTPATUBHBIC U OPraHU3AIIOHHBIE BOIIPOCHI, CBsI3aHHBIE ¢ BHeApeHueM. CienyeT oT-
METHUTb, YTO OMBIT Psifia CTPaH, KOTOPHIE BHEIPSIIM ATOT OINBIT U TEXHOJIOTHIO, OBLIT yCIEII-
HBIM U JOCTATOYHO OBICTPBIM.

Tenepb paccMOTPHUM, YTO ke JIACT 3TO BHEIPECHUE HAPSITY C IKOHOMUYECKUM 3PPEKTOM
B YaCTH TEXHHKO-dKOHOMHYECKUX 3(p(dekToB. B mepByro odepenb A Takoi BaxkHeHIei
pOOJIEMBI JUIsl SJIEKTPOIHEPTETUKH, KaK CHIDKEHHUE TTOTePbh aKTUBHOW MOIIHOCTU U SHEPTHHU.
B cooTBeTcTBUU C U3BECTHBIMU BBIPAKCHHUSIMHU:

AP=312R=£R=ER+Q—2R=AP + AP, (l)
Uz Uz U2 a p
_Sh c__P  c2__P | ___PR
AP = U? Ry §= cosp’ St = (cosg)?’ AP = UZ(cosep)? (2)

[IOTEPU MOILIHOCTH B CETAX CKIAJBIBAIOTCS U3 IOTEPb, CBA3AHHBIX C IMPOXOXKIACHUEM IIO
AJIEKTPOCETH AKTUBHON M PEaKTUBHON MOIIIHOCTEH.

Kak BunHO u3 Belpaskenus (1) uis yMeHbIIEHUS TOTEPh aKTUBHON MOIIHOCTH CJETyeT
YMEHBIIATh PEAKTUBHYIO MOILTHOCTh Q M COOTBETCTBEHHO yBeNMYMBaThH COS@. [Torepu mour-
HOCTHU B KBaJJPaTUYHOM CTETIEHH 0OpaTHO MPONOPLHUOHAIBHBI 3HAYEHHSIM COS(, UTO HarJIsAHO
BUHO M3 U3BECTHBIX COOTHOLICHUH (2).

B cratbe [5] BeIBEIEHA 3aBUCMMOCTD TOTEPH MOILITHOCTH B OTHOCUTENbHBIX €IMHULIAX B
3aBHCHUMOCTH OT COS(. B tabmuue 2 HarisigHO MoKa3aHa 3aBUCUMOCTD BEIUYNHEI COS(p C moTe

Tabmuma 2. 3Ha4ueHne OTEPH MOLUTHOCTH B OTHOCHUTEIBHBIX SAMHHUIIAX

Ne cosQ (cosp)? AP+
1 1 1 1

2 0,95 0,9025 1,11
3 0,9 0,81 1,23
4 0,85 0,723 1,38
5 0,8 0,64 1,56
6 0,75 0,563 1,78
7 0,7 0,49 2,04
8 0,65 0,423 2,37
9 0,6 0,36 2,78
10 0,55 0,303 3,31
11 0,5 0,25 4

12 0,45 0,203 4,94
13 0,4 0,16 6,28
14 0,35 0,123 8,16
15 0,3 0,09 11,11
16 0,25 0,063 16
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A
P*
7__
A
61 AP-1=1.38(0.85)-1.11(0.95)=0.27
4 AP-,=2.37(0.65)-1.38(0.85)=0.99
ST AP-3=4.00(0.5)-2.37(0.65)=1.63
AP+4=6.28(0.4)-4.00(0.5)=2.28
47 v
‘°’ (ose)
AP, =
3T 4 (cosg)?
A
27 2
A\ 4
1IN COSQ
l l l | »

Puc. 2. 3aBucuMocTh NOTEph MOIIHOCTH (DYHKIIMU COSQ

pSIMH aKTMBHOM MOIIHOCTU B OTHOCHUTENBHBIX enuHunax AP Tak mpu cose=0,7, norepu
MOIIHOCTU COCTaBist0T 2,04 U ¢ yMeHblIeHueM COS¢ 1o 0,5 yXe moTepu MOIIHOCTU YKe
YBEJIUYUBAIOTCS 10 4-X pas.

Takum 00pa3om, TakoW Ba)XHBIM TEXHUKO-DKOHOMHUYECKHMM IMOKa3aTelbh, KaK TOTEepH
MOIIIHOCTH C yBEJIMYEHHWEM COS() 3HAYUTEIHHO yMeHbIIaroTcs. Ha puc.2 B COOTBETCTBHH C
MIPOBEJICHHBIM MOHUTOPUHIOM M AMANa30HOM U3MEHEeHHs C0S¢ cocrtaBisul oT 0,99 no 0,3,
KOTOpBIX ObLT paszaeneH Ha 4 30HbL: OT 0,99 1o 0,9; ot 0,9 1o 0,8; ot 0,8 10 0,5 m ot 0,5 10
0,3. Bo3pmem cpennue 3HaueHus 3Tux 30H, T.e. 0,95; 0,85; 0,65 u 0,4. M1 nns cpegHux
3HAQYEHWH JTHX 30H B COOTBETCTBUM C METOAMKON [4] mocTtpomm 3aBUCUMOCTH AP, =

1 .
f ( (cos<p)2) U ONpeIenuM IO KaKIO0M 30HE H3MEHEHHWe noTepb MomHocth AP+ B

OTHOCHUTEJNIbHBIX eANHMIIAaX. Tak 1Mo mepBoi 30He B COOTBETCTBUU C PHC.2 MPU YMEHbIIEHUN
coso ¢ 0,95 no 0,85 morepu Bo3pactaroT Bcero Ha 27%, o BTOPO 30HE NMPHU CHIXKEHUU COSQ
¢ 0,85 no 0,65 morepu BozpactaroT Ha 99%, npu cHuxkenun cose c 0,65 no 0,5 morepu
Bo3pacTaroT Ha 163% u npu cHmxerun cose ¢ 0,5 1o 0,4 norepu Bo3pacTaroT yxe Ha 228% u
TaK HWJET C HapacTalomuM dTarnoM. Kak BUAHO W3 BbIpaKeHHUs (2) MOTEpHU aKTHBHOMN
MOIITHOCTH M3MEHSIOTCSI 00paTHO MPONOPIMOHATBLHO KBaApaTy COS¢p. [lokazaHHBIE MPUMEPHI
HarJsIIHO JEMOHCTPUPYIOT KOJMUYECTBEHHBIE OLIEHKH CHIKEHUS MOTEPh aKTUBHON MOIIHOCTH
Y SHEPruM C MOBBIIIEHUEM COS(Q, TaK, HalPUMEP, MPHU MOBbIIeHUH COSY ¢ 0,65 no 0,85, aTn
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MOTEPU CHIDKAIOTCS MpakThyecku B 2 pasza (Ha 99%). Takum oOpa3zom, MOBBIIIEHHE COSQ
MPUBOJIUT K TAKOMY BKHOMY TEXHHKO-dKOHOMHUYECKOMY 3((}EKTy KaK CHIDKEHHE MOTepPh
AKTUBHOW MOIIHOCTH W SHEPTHUH.

CHuxeHue peaKTHBHOﬁ MOIIHOCTU IIO3BOJKCT TaK K€ YMCHLBIIUTHL IIOTCPIO
HAIPSDKCHUS, YTO TAK)KE BUIHO M3 U3BECTHOTO BHIPAKECHUS

AU =2+ & = AU, + AU, (3)

Takxxe ciienyer OTMETUTh, YTO NOBBILICHUE HANPSKCHHS YBEIMYHUBAET IPOIYCKHYIO
CIIOCOOHOCTB JIMHUH 3JIEKTpoIiepeaay.

[TomydaeTrcsi, 4TO TOTSHYB 3a OAHY HHTOYKY, T.€. TOBBICHB COSQ JO TpedyemMoro
YPOBHS, MOXHO TMOJIYYUTh 3HAYUTENbHBIM HSKOHOMUYECKUH SPPeKT M 3 TEXHUKO-IKO-
HOMHUYecKoro 3¢ dekra, T.e. 3 B OHOM.

Takum oOpa3om, Hapsay C SKOHOMUYECKHM 3(PPeKToM, MOBBILICHUE COS( BIEYET 3a
cO0O¥ ellle MOBBIIICHHE TPEX TEXHUKO-IKOHOMUYECKUX d()(HEeKTOB:

- YMEHBILIEHUE MTOTEPh AKTUBHON MOIIIHOCTH U SHEPTUH;

- YMEHbILIEHNE IOTEPh HANPSKECHHUS;

- IOBBILLIEHUE MPOMYCKHON CIIOCOOHOCTH JIMHHUH 3JIEKTPOIepe1ay.

[Ipu 3TOM HamO OTMETHTH, YTO MOBBIIICHHE KOA(P(PUIIMEHTAa MOIIHOCTH BBITOJTHO Kak
3EeKTpocHa0kKaloe opraHu3alnu, Tak 1 Jjisi aDOHEHTOB HEKUJIOTO CEKTOPA.

[Tpu moBbllieHHH COS® aOOHEHTaMU N0 HYXKHOro ypoBHs (Hampumep, 0,95) oHM He
OyAyT oIuUlauMBaTh 3a MOTPEOJICHHE PEAaKTUBHOW DHEPTUH, T.K. NMPH TOM OHA MM OyjaeT
OecriaTHOW, a Takke OyAyT HMMETh MECTO YIOMSHYThIE TPU TEXHUKO-3KOHOMHYECKHX
3¢ PEeKTOB, YTO TMO3BOJIUT UM YMEHBIIUTH MOTPEOJICHNE ¥ AKTUBHOW SHEPTrUH. 3HAYUTEIbHAS
yacTh a0OHEHTOB HEXUJIOTO CEKTOpa, HUMeromas OOJbIIOe KOIUYECTBO ACHUHXPOHHBIX
aNeKTpoaBUraTened OyayT UMeTbh U 4-blii 3QQEeKT, KOTOPbIM 3aKiI04aeTcss B YBEIMUEHUU
IIPOU3BOJUTEIBHOCTH MAIIMH U MeXaHU3MOB. C TOBBIIICHUEM HANPSIKEHUS] MOMEHT Ha Bally
ACMHXPOHHBIX JIBUTATeled BO3pacTaeT B KBaJApPAaTUYHON CTENEHU OT HANpsDKEHUs, a
MOBBIIICHNE MOMEHTA IMPUBOJUT M YMEHBIIECHHUIO CKOJIBKEHUS DJIEKTPOJBUTATENEH M KaK
CJIEICTBUE MPUBOJUT K HEKOTOPOMY YBEIMUEHHUIO CKOPOCTHU BpAIIEHUs JIEKTPOABUTaTENeH 1
COOTBETCTBEHHO K YBEIWYECHHIO INPOU3BOAUTEIBHOCTH MAIIMH W MEXaHU3MOB, KOTOpbIE
HaXOJSATCS HA UX Bally.

BHenpenne mpeiaraeMoro MeXIYHApOJHOTO OINBITA M TEXHOJOTMHM  OIUIATHI
PEaKTHUBHON SHEPTUU HAXOIMUTCS B MOJHOM COOTBETCTBHHU co Crtparermdeckoit JloposkHOU
Kaproit pa3Butus Hameil ctpanbl [1]. DTOT ONBIT U TEXHOJOTUs B TEUEHHHM HECKOJIBKHX
JIECSITKOB JIET IMPOLUIM YCHEIIHbIE HCHbITaHUS B cTpaHax EBpocoro3za M Opyrux pasBUTHIX
CTpaH.

BBIBO/IbI

1. ITo caMbIM CKpOMHBIM OLIEHKaM 3KOHOMUYECKOro 3¢ (eKTa OT BHEIAPEHHS MEXIyHa-
POJHOrO OMBITA U TEXHOJIOTUU OIJIAThl PEAKTUBHOM DHEPIUU B HALIEH CTpaHE, OHA COCTaBUT
ooinee 100 MHJJIMOHOB MaHaT B T'OJI.

2. Hapsiny ¢ sxoHOMHUYECKUM 3PHEKTOM, OTMEUEHHBIM B TyHKTE 1, OyAyT JOCTUTHYTHI
CJIeIyIOIINEe TEXHUKO-I9KOHOMUYECKUE 3PPEKTHI:

- CHUKEHHE NTOTEPh AKTUBHON MOLIHOCTH M DHEPIUU;

- IOBBILLIEHUE YPOBHS HAIPSHKCHMUS,

- IOBBILLIEHUE MEPEAABAEMON MOILIIHOCTH.

3. IlpoBecTH MOHHUTOPUHTM TOTPEOJIEHUS PEAKTUBHOM OHHEPrMM B Pa3IUYHBIX
XapaKTEpHBIX PErMOHAX CTPAHBI.

4. Pemth HeoOXOauMbIE NMPOOJEMBbI, CBSI3aHHBIE C BHEAPEHUEM MEXKIYyHAapOIHOTO
OIbITA Y TEXHOJIOTHH, YKA3aHHBIX B IIyHKTE 1.
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THE SUMMING UP OF ECONOMICAL AND TECHNO-ECONOMICAL
EFFECTS FROM ADOPTATION INTERNATIONAL EXPERIENCE AND
TECNOLOGIES OF PAYMENT OF REACTIVE ENERGY.

RZAYEV B.H., KULIYEV A.M.

The questions of assesment of economic and techno-economical results from adoption
of international experience and technological payment of reactive energy are considered in the
topic. The result of held monitoring about use of reactive energy in Baku city are analyzed
and the choise of tarif on reactive energy is based on actual conditions. Definition of
economical-and techno-economical offers from adoption are summing up.

Key words: international experience and technology, analys of tarif, definition of economical effect-
tivenes, monitoring of users.

REAKTIV ENERJiISININ ODONISINDO BEYNOLXALQ TOCRUBONIN
VO TEXNOLIGIYANIN TOTBiQ EDILMOSININ iQTiSADI VO TEXNIKIi-
IQTISADI EFFEKTLORININ QiYMOTLONDIRILMOSI

RZAYEV B.H., KULIYEV A.M.

Mogaloda reaktiv enerjinin 6donilmasinds beynalxalq tocriibonin vo texnologiyanin
totbiq edilmasinds iqtisadi vo texniki-igtisadi effektlorin giymatlondirilmasinoe baxilir. Baki
sohori iizro iglodilon reaktiv enerjinin aparilan monitoringinin naticalori tohlil edilir vo
moveiid voziyystin bazasinda reaktiv enerjinin tarifinin seg¢ilmosi osaslandirilir. Totbiq
edilmasinin iqtisadi vo texniki-igtisadi effektlorinin giymotlondirilmasi aparilir.

Acar sozlar: beynslxalg tocriibo vo texnologiya, tariflorin tohlili, iqtisadi effektivliyinin giymatlon-
dirilmasi, isladicilarin monitoringi.
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Energetikanin problemlori o No1 e 2017 e IIpoGiembl SHEPrETUKU

VK 533.95
30H/IOBBIE XAPAKTEPUCTHUKM B ILJIA3ME
JIYTOBOT'O PA3PSIJIA APTOHA

T'YCEWHOB T. X., JIAIIJJAMAPOB K. M., TAPUBOB . I.,
CAIBIT3AJIE I'. M., CA®APOB B.I'., PACYJIOB 2.A.

baxunckuii I'ocyoapcmeennusiii Ynusepcumem
htarlan@mail.ru,

HccnenoBana 1mia3Ma JIyroBOro paspsjia aproHa METOJOM CIEAAILIero 30HJa. BbUlo BBIABICHO, YTO NMpH
CJIMIIKOM OJIM3KOM PacIoiI0KEHHU OTIOPHOTO M U3MEPHUTEIHHOTO 30H0B IIPH30HI0BbIN CIIOH H3MEPUTEIHHOTO B
Pa3IMYHBIX YacTAX XapaKTEPHUCTHUKH IO-Pa3HOMY BIMSET Ha ONOPHBIM 30HA. DTO NMPHBOAWT K TOMY, YTO Ha
MPOTSHKEHUN U3MEPEHUSI BOJIbTAMIIEPHBIX XapaKTEPHCTHK YHCIIO 3aIlyCKAIOMINX UMITYJILCOB MeHseTcs. [loaTomy
CJIeyeT MPOU3BOJUTH CUET UMITYJIbCOB HA HPOTSHDKCHUM BCEH XapaKTEPHCTHKH, IPH 3TOM ITOCTOSHCTBO YHCIIA
HMITyJIbCOB B €IMHUILY BPEMEHH CBUICTEIBCTBYET O MAJIOM BJIMSIHUH 30HJIOB APYT HA APYTa.

KaioueBble cj10Ba: JyroBOi paspsij, METO CIEASIIEro 30H1a, KoJeOaHus MJIa3Mbl, IBOMHON 30H1I.

Hanuuue B mnasMe OIyMOB M Pa3jM4YHBIX peElaKcalliii B IIMPOKOM CHEKTPAIBHOM
JUara30He 3aTPYAHICT MPOBEICHUE OOBIYHBIX CTAIIMOHAPHBIX 30HIOBBIX M3MepeHui. B [1]
JUIsL U3MEPEHUsI YCPEIHEHHBIX BOJIBTAMIIEPHBIX XapaKTEPUCTUK MPUMEHSIICS METOJ ABYX
30HJI0B, OJIMH U3 KOTOPBIX SIBJISUICA OMOpHbIM. C €ro Mmomouplo KoseOaHus MOTEHIHala
IUIa3Mbl TIEpelaBaIUCh B ILI€Nb W3MEPHUTEIBHOTO 30HJA, YCTpaHsAs BIMSHME KojieOaHWH Ha
MpoIecCC M3MEPEHHUsT BTOPOW MPOM3BOAHOM 30HIOBOTO TOKa. B [2] mpumensiics meron
CTpOOMpPOBaHMs 30HAOBOIO TOKa. IIpm 3TOM B mNpOMEXyTKax MEXIy HMIYIbCaMU
M3MEPUTENIbHBIN 30H/ HMCIOJb30BAJIICA B KaueCcTBE OMOPHOro. B pesynbrare MCKIIOYAINChH
MOTPEIIHOCTH, CBSA3aHHBIE C JONOJHUTENBHBIM BO3MYLICHHEM IUIa3Mbl OMOPHBIM 30HIOM.
Kpome Toro, sToT MeTOJ MOXKET OBITh MOJE3HBIM IMPH HCCIEIOBAaHUU TUHAMUKU PAa3BUTHS
KoJIeOaTeNbHbBIX MPOIECCOB B IJIa3Me, a TAKKe pelakcalui, Tak KaKk UMEeTCsl BO3MOKHOCTh
M3MEHEHHUs YPOBHS MOTEHIMalIa B Hayasie ummysiabca. OHaKO ONMCaHHbIE METO/Ibl OCHOBAHBI
Ha BBEJICHUU B IUIa3My MOJYJUPOBAHHOTO CUTHAJIA CO CIIOXKHBIM CIIEKTPOM, KOTOPBIA MOXKET
M3MEHHUTH XapakTep LIyMOB I1a3Msl [3, 4].

B oroii paborte mnpeanaraercs NPOCTOM CMOCOO OBICTPOro MOJYYEHHUS 30HIOBBIX
XapaKTepUCTHK Ha HKpaHe ocuuwuiorpaga HpyM HaJIUMYMK LIYMOB B aproHOBOW IIa3Me.
[TpumeHnsieTcs cxeMma 3alucH Ha JBYXKOOPAMHATHOM CaMOIMCIIE 30HI0BBIX XapaKTEPUCTUK U
UX MPOU3BOJIHBIX B HIyMSIIEH maa3Me 06e3 TONOJHUTENbHbBIX AUPPEPEHINUPYIONUX CUTHAJIOB.

W3mMepeHuss 30HAOBBIX XapaKTEPUCTUK NPU HAIMYMM B IUIa3Me KOJIeOaHWH OJDKHBI
MPOBOAMUTHCS TaK, YTOOBI MOXKHO OBUIO ONpEAENUTh MIHOBEHHBIE (POPMBI BOJIBTAMIIEPHBIX
xapaktepucTuk (BAX) M MX NpOM3BOJAHBIX NpU 3HAUYEHUHM MOTEHIMaja IJIa3Mbl B TOUKE
pacroioxeHus: 30HAa. V3BecTHO, 4YTO Mpu oOmpeAesNeHHOM MnoTeHIuane 30HAa Uy,
HAJIO)KEHHOI'O H3BHE, BEJIIMYMHA 30HJI0BOTO TOKAa OIPEAEISAETCS Pa3HOCTBIO MOTEHIMAIOB
30HAa M MTHOBEHHOTO 3HaueHus MoTeHuuana mnpoctpaHcTtBa Uy-Un, KOHIEHTpanusMu
3JIEKTPOHOB M MOHOB, a TaKkKe (QYHKIHUEH pacnpeeneH s 3IEKTPOHOB 110 SHEPIUsIM (UM JKe
T1 B cimyyae MakcCBEJUIOBCKOTO pacrpesaeneHus). M3MeHeHHs] 3TUX BEJIWYMH BO BpEMEHU
NpUBOJAT K HcKakeHHI0 BAX u ompeneneHHbIX MO HUM MapaMmeTpoB Iuia3mbl. OnHAKO B
HEKOTOPBIX CIydasX MOKHO U3MEpPUTh CpelHI0 BAX MeTomOM ciendiero 30H1a U 1o Heu
BBIUNCIIUTH CPEAHNUE 3HAUEHUS TAPAMETPOB IUIA3MBl.

Hns monydenus BAX MeToioM clienidiero 30H4a B Miia3My BBOAWIMCH /1B OJUHAKOBBIX
30H/1a, PACIOJIOKEHHBIX Ha OMM3KOM pAacCTOSHUU JIPYT OT JApyra TakK, 4TOObl M3MEHEHUs
apaMeTpoB IJ1a3Mbl ObUIM OJMHAKOBBI B TOUKAX PACIIOJIOKEHHS 3TUX 30H/I0B U OJIMH 30H]] HE
BO3MYIIAJ NMPHU30HIOBBIM €0l npyroro. Ecnu BBecTH KojeOaHUS MOTEHIMAa OMOPHOTO
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30HJA B LIETIb U3MEPUTEIHHOTO, TO MOTEHIIUAT U3MEPHUTENHbHOT0 30HAa U; OyneT cocTosaTh U3
JBYX yacTell — “HanoxkeHHoro” u “cinegsmero” Us= Uy+U., npuuem Uc= Uy Torna Us- Un=
UutUp-Uy=Uy 1 B cityyae HEOO0IbIITMX n3MeHEeHUH T1 MOXKHO U3MEepUTh cpeHiorn BAX.

[TomryueHue TakoW CpeaHE XapaKTEPHCTUKH BO3MOXKHO mpu HaOmoneHnn BAX Ha
skpaHe ociwuiorpada. Ilpu 3ToM BepTUKaATbHOE OTKJIOHEHHE Jy4a MPONOPLHUOHAIBHO
30HJI0BOMY TOKY, a ropu3oHTaibHOe OTKiIOHeHHe — Uy+U.. Ilomyuennas stum crocobom
BAX mpexacrasnena Ha puc. 1. BumHo, 4To B ciiydae mpuMEHEHUN CXEMBI CIIEKEHUS pa3zopoc
BAX cymiecTBeHHO yMeHbIlaeTcs (Ha caMOM Jielie CyKeHue OoJblle; H3-3a Pa3IudyHOu
€MKOCTH IPHU30HJIOBOTO CJIOSl B Pa3IMYHBIX 4yacTsX BAX ee HEBO3MOXKHO KOMIIEHCHPOBATh
MOCTOSIHHOM €MKOCTBIO).

L o
H
|
|
I
i
35
|
i
i
i

Puc. 1. Ycpennennsie BAX 30H1a, IOTy4eHHBIE C
MIPUMEHEHHEM CXEeMBI cekeHus (a) u 6e3 Hee (0).

OnucaHHbli BhIIE CHOCOO HE TMO3BOJSET U3MEpATh MrHoBeHHble BAX, a 1o
YCPEOHEHHBIM XapaKTEPUCTHKaM HEBO3MOXKHO IPOCIEAWTH 3a JWHAMUKOM DPa3BUTHUS
nporeccoB. Jyis m3mepeHuss MrHOBeHHbIX BAX konebGaHus MOTEHIMAlla OMOPHOTO 30HAA
[I0JIaBAJIUCh HA CXeMy CpaBHEHHMsA. lIpu mpoxokIeHWH MOTEeHIMalla 4epe3 OIpPElEICHHBIN
YPOBEHb 3aIlyCKaJICsS IPSAMOYTOJIBHBIA MMIYJbC JUIMTEIBHOCTBIO HECKOJIBKO HAHOCEKYH].
OTOT UMITYJIbC MOAaBajCs Ha Z-BXoA ocuuiuiorpada (IIpu 3TOM MOSBIATIACh sSpKas TOYKa Ha
nayde). YMEHBIIUB SIPKOCTh Jy4a, u3 cemeiictBa BAX, mpuBeaeHHBIX Ha puc. 1 6, MOXHO
BBIOpATh XapaKTEPUCTUKU, COOTBETCTBYIOIINE ONPEIEIEHHOMY YPOBHIO MOTEHIMANa, B BUJIE
KpHUBOI1, cocTosiiei u3 oTaenbHbIx Touek. Ha puc. 2, a npuBenena BAX, nonydyeHHas stum
cnocoboM. Ha puc. 2, 6 nns cpaBHeHus npuBesneHa BAX, xorna Ha Z-Bxoa ocuuiuiorpaga

Puc. 2. BAX 30H12 COOTBETCTBYIOIINE YPOBHIO MOTeHIMana 11 B
(2) 1 iU IOCTOSTHHOM YacTOTE CIIEAOBaHUS UMITYILCOB 90).

MOABAIMCH MPSIMOYTOJIbHBIE UMITYJIBCHI OT F€HEpPATOpa ¢ MOCTOSIHHOM YaCTOTOM CJIeI0BaHUS
(B 2TOM ciydae WMMITYJIBCHI PACIpPEACIICHBl TI0 YPOBHSAM IOTEHIIMATA XaOTHYHO U TOATOMY
pa3dopoc BAX cooTBercTByeT mpuBeneHHBIM Ha puc. 1, 0). [Ipu monkmoyeHnn KoneOaHuit
omopHOTO 30HAa Ha X-BXOj ociuiuiorpadga B oOpatHoi (ase Habmomaercs emie OONMbITHiA
pa3opoc Toka BAX.

JInsi TIOBBITIIEHUS TOYHOCTH IIEIECO00pa3HO TPOBOJIUTH HM3MEPEHUS C TOMOIIBIO
camonuuiyuiero noreHuuomerpa. [lostomy paccmorpum mosnyudeHHyro 3anuck BAX u ee
MepPBOI MPOM3BOIHOM ¢ TPUMEHEHNEM CXeMbI cpaBHeHHUs. Ha puc. 3 mpuBegeHa 0i0k-cxema
M3MEPUTENIbHOM ycTaHOBKHU. llajeHne mnoTeHuMana Ha MaJoOM COMNPOTUBIEHUHU B LIENH
M3MEPUTENBHOTO 30HJa [ MOoJaBajoch Ha BXoA Hakonutens M 165. B momeHTHI
IIPOXOXKACHUS IMOTEHLIMAajda ONOPHOTO 30HAAa YEpe3 ONpPENENECHHbI ypoBeHb Bxox M 165
oTkpbIBasicst Ha 50 HC, U CUTHAJ MOCTyNaJl B HAaKOIMHUTENb, YCPEIHAJICS U MojaBajicad Ha Y-
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BXOJl JABYXKOOpAMHATHOTro camomnucua. Ha X-Bxon camomnucua mnojaBajicsl MOTEHIHA,
MIPONOPIMOHAIBHBIA 30HI0BOMY NOoTeHIMany. Ha puc. 4 mpencraBiieHbl U3BMEPEHHbBIE TaKUM
criocobom BAX u ee nepBbie mpou3BOAHBIC. 3/1€Ch e MpuBeaeHbl BAX 1 ee nepBas
MIPOU3BO/IHAS, TIOJYUEHHBIE C TOCTOSIHHOW YacTOTOM ClieI0BaHUsI UMITYJIbCOB. B mociennem
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/
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Puc. 3. biiok-cxema U3MEpUTEIILHON YCTaHOBKH: a) 1 — reHepaTop JIMHEHHO N3MEHSIOLIEr0csl HaPsHKEeHHS,
2 — cxema cpaBHeHHs1, 3 — HakonuTedb M 165, 4 — muddepenumpyromast nemnouka, S — Gunetp, 6 — IBYX-
KOOpAHHATHBIH camormcent u D) BAX 30mH7a.

clly4ae, B CHJIy OTCYTCTBUS KOPPEISALMH MEXKIY MOTCHIMAIOM 30HJA M 3allyCKaroLIMMH
UMIyJIbCaMH, NodydeHa Oosiee nmosoras BAX, cooTBeTcTBYIOIIas MOBBIIIEHHOMN 3JIEKTPOHHON
TEMIIEpaType.

30H/10Basi XapaKTEPUCTHUKA NEPECEKAET OCh a0CHMCC MPU IJIABAIOIIEM IOTEHINAJIE TOA
HeOobIIMM yriioM. Hamtyuriiee ciiexeHue mony4aercs Ipu MPUMEHEHUH CXEMbl COSTUHEHUS
OIOPHOI0 30HJa, IpUBeeHHON Ha puc. 3 a. [logbopom conmpoTuBieHus I pabouyio TOUKy 1
MOXKHO IE€peHeCTH B Hauboyiee KPYTYIH0 4YacTh XapaKTepPUCTHKH (BONM3M MOTEHIMala
IPOCTpaHCTBA). B 3TOM ciyyae BiMsIHME ONMOPHOrO 30H/AA HAa W3MEPUTENIbHBIII MUHUMAJIBLHO
U3-32 OTCYTCTBHUSI NPU30HIOBOIO CJIOS y OMOpPHOro 30HAa. OIHAKO IOJyYEHHBIE YPOBHU

d7, | 7.(mA)
du

la

2a

| e
30 -20 10 0 10 20 30 U(V)

z/ll |

Puc. 4. Bonbramnepnas xapakrepuctrka 30H1a (1) u ee nepas mpousBoaHast (1a), oJrydeHHBIE 110 CXeMe
cpaBHeHUs: 2 u 2a — 6e3 MPUMEHEHHSI CXEeMbI CPaBHEHUSL.
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MOTEHIMala HE COOTBETCTBYIOT HCTHHHBIM IIOTEHIMAJaM, a SIBISIOTCS OTHOCUTEIbHBIMM.
HNctuHHBIE NOTEHUMANBl CIAEAYET OINPENETsATh [0 MAKCUMyMy H3MEPEHHON IEepBOM
npou3BogHON. ClielyeT OTMETUTh, YTO MPH CIUIIKOM OJM3KOM PaCIOIOKEHHH OIMOPHOTO U
M3MEPUTEIIBHOTO 30HJ0B IPU30HOBBIM CIIOM M3MEPUTEIBHOrO 30HAA B PAa3JIMYHBIX YACTIX
XapaKTEPUCTUKU IO-Pa3HOMY BIIMSET Ha OMNOPHBIA 30HJ. DTO NMPUBOJUT K TOMY, YTO Ha
npotsbkeHun u3Mepenuss BAX uducio 3amyckaronmx uMmnyiabcoB Mensiercs. [loatomy cinenyer
MIPOU3BOJUTH CYET HMIIYJIbCOB IIPU HM3MEPEHUSAX Ha MPOTSHKEHUM BCEM XApaKTEPUCTHUKHU.
ITocTOSAHCTBO YMCIa UMITYJBCOB B €IMHUIY BPEMEHHU CBHJETEIBCTBYET O MAJIOM BIIMSHUHU
30HJI0B APYT Ha Japyra.
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ARQON QAZININ QOVS BOSALMASI PLAZMASININ
ZOND XARAKTERISTIKALARI

HUSEYNOV T. X., DASDOMIROV K. M., QORIBOV Q. .,
SADIQZAD®O G. M., SOFOROV V.H., ROSULOV E. A.

Argon gqazinin q0vs bosalmasi plazmasi izloyici zond tsulu ils tadqiq edilmisdir. Malum
olmusdur ki, dayaq zondu ilo 6l¢ii zondu bir-birina ¢ox yaxin yerlosdikdos, 6l¢li zondunun
tizarinds olan yiiklii zarraciklorin tobaqasi dayaq zonduna miixtalif sokilds tosir edir. Bu tasir
zondun volt-amper xarakteristikasinda miisahido olunur vo xarakteristikada miisahido olunan
homin impulslarin say1 doyisir. Ona gora do vahid zamanda bas veron impulslari biitiin 6lgmo
miiddotindo saymaq lazimdir. ©gor bu say doyismirso, onda demok olar ki, zondlarin bir-
birina tasiri gox zoaifdir.

Acar sozlar: qovs bosalmasi, izlayici zond tisulu, plazma ragslari, ikigat zond.

PROBE CHARACTERISTICS OF THE PLASMA
IN ARQON ARC DISCHARGE

HUSEYNOV T. Kh., DASHDAMIROV K. M., QARIBOV Q. I,
SADIQZADE G. M., SAFAROV V.H., RASULOV E. A.

There has been investigated argon arc discharge plasma by method of tracking probe. It is
revealed that at excessively close arrangement of supporting and measuring probes the probe
layer of measuring probe affects the supporting probe differently in several parts of
characteristics. It leads to the fact that within the volt-ampere characteristics measurement the
number of initiating pulses changes. Therefore it should be made pulse counting at
measurements over the characteristic and in this case the pulse count constancy per unit time
indicates the slight influence of probes and each other.

Keywords: arc discharge, method of tracking probe, plasma oscillation, dual probe.
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NADIR TORPAQ VO KECIiD ELEMENTLORI iLO ASQARLANMIS TIGaS:
MONOKRISTALLARININ DIELEKTRIK O9MSALLARININ TEMPERATUR VO
TEZLIKDON ASILILIQLARI

!KORIMOVA E.M., 'IMUSTAFAYEVA S.N., °SELEQ A.U., tALCANOV M.A,,
INOCOFZADO M.D., SMUSTAFAYEYV A.O.

YAMEA Fizika Institutu, Bak, Azarbaycan
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3Azorbaycan Doviat Pedagoji Universiteti, Bak

ekerimova@physics/ab.az

Nadir torpaq vo kegid elementlori ilo asqarlanmis T1GaS; monokristallarinda dielektrik omsallarinin
tezliyin artmasi ilo  dielektrik niifuzlulugunun qiymstinin azalmast ve elektrik keciriciliyinin artmasi ilo
miisahids olunan dispersiya askar edilmisdir. Gostorilmisdir ki, Co vo Yb ilo agqarlanma TIGaS; kristallarinda
dielektrik niifuzlulugunun azalmasina, elektrik keciriciliyinin artmasina gotirib ¢ixarir. Todgig olunan
kristallarda dielektrik niifuzlulugunun temperaturdan asililiq ayrilorinds genis maksimumlar soklinds anomaliya
miisahida olunur ki, bu da 170-250K temperatur oblastinda kristallarda strukdur dayisikliyinin mévcudlugu ilo
olagadardir. Co va Yb-ilo asqarlanmis T1GaS; kristallarinda lokal hallarin parametrlori hesablanmisdir.

Acar sozlar: monokristall TIGaS;, asqarlanma, dielektrik niifuzlulugu, tezlik, kegiricilik

TIA"B,V(A=In,Ga; B=S, Se, Te) tipli layli kristallar grupuna aid olan hom
yarimkegirici , ham do seqgnotoelektrik xassolorino malik ii¢cgat birlosmo TIGaS;, gofos
parametrlori a = 10,299 A | b =10,284A, ¢ = 15,175 A, 3 =99,603° [1,2] va foza grupu

C$, - C2/c olan monoklin strukturda kristallasir. Bu qrupdan olan layl kristallarin fiziki
xassalori kaskin anizotropluga malikdirlor. Bundan basqa laylar arasinda zorif Vander-Vaals
qiivvolarinin olmasi naticasinds laylar bir birino nisbaton zoif do olsa yerlorini doyisirlor.
Buna gora do bu sinifo moxsus ¢ox sayli kristallar politipizmo malikdirlor ki, bu da onlarin
fiziki xassolorini doyisdirir [3,4]. Bu sinifo moxsus bozi kristallarda ardicil faza kegidlorinin
olmas1 xarakterikdir, bu da onlarda niimunonin temperaturunun doyismasi ilo amalo golon
uzun periodlu nisbatli va nisbatsiz modullagmis ifrat strukturun olmast ilo alagalondirilir [5,6].
Bu sinifo maxsus kristallar nainki elmi marag, hamginin praktiki maraq dogurur, bels ki, onlar
genis spektral diapazonunda yiiksok fotohossasliga malikdirlor , bunun naticesinds bu
kristallar optoelektronikada totbiq tigiin perspektivlidirlar.

Qeyd etmok lazimdir ki, TlGaS, kristallarin miixtalif fiziki xassalorinin va onlarin
temperaturdan asililiglarinin  todgigine hasr olunmus bir sira ¢ap olunmus islords, bu
xassalorin temperaturdan asililiq ayrilorinds  sigrayislar vo ya maksimumlar formasinda
anomaliyalar askar olunmusdur. Bu da bozi kristallarda faza kecidlorinin moévcudlugunu
stibut edir [7-9].  Molumdur ki, bu birlosmaloro miixtalif asqarlar vurduqda onlarin fiziki
xassolorini  doyismok olur. [10-13] do TIGaS2 kristallarna Co va Mn asqarlarinin
vurulmasindan alinan naticalor verilmisdir. Gostarilmisdir ki, TIGaS>-do Ga atomlarinin Mn
atomlari ilo gisman avaz edilmasi naticasinds bu kristallarin rentgen hassasliq amsali artir, Co
atomlari ilo asqarladiqda iso fotohossasliq artir vo udma omsalinin sarhaddini kigik enerjilor
oblastina dogru yerini doyisir. Homg¢inin T1GaS; kristalim1 Yb  ilo asqarladigda miioyyan
edilmisdir ki, Ga atomlarinin avoz edilmasi naticasinds amala goalon bark mohlullar energetik
cohatdon alveriglidir. Bu onunla uzlasir ki, kristalin strukturunda olan elementlor TI*,Ca®*,S*
ilo oksidlogsma daracasinds olurlar [14].
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Verilmis isin moqsadi Co vo Yb atomlari i1o asqarlanmis TI1GaS: kristallarinda
dielektrik xarakteristikalaridaki vo elektrik kegiriciliyindoki doyisikliyin temperaturdan
asililigini miiayyanlosdirmakdir.

T1Gao999Ybo001S2 Vo TlGao9eC00,01S2 nimunoslor ilkin elementlorin stexiometrik
nisbotlorinde 10°Pa vakuumda kvars ampulada 1000+5K temperaturda 5-7 saat orzinde
birbasa oritma yolu ilo oldo edilmisdir. lkin elementlor olaraq xiisusi tomiz  TI(TI00),
Ga(GabN), S(4.165), Yb vo Co0(99,99%) maddoalor gotiirilmiisdiir. Homogenlosdirmok
mogsadi ilo  TIGaS; osasli  niimunslor  vakuumda 750°K-do 120 saat orzindos
tablagdirilmigdir. Tablama olunan orintilori pegin sénmasi hesabina otaq temperaturuna qodar
soyudurlar. Sintez bitdikdon sonra alinan niimunslori DTA vo RFA metodla yoxlayirlar.
Keyfiyyotli Kristallar sintez olunmus birlosmoalordon yonaldilmis (istigamotlondirilmis)
kristallagma metodu olds edilir. Sintez edilmis niimunalori xirdalayib uzunlugu 8-10 sm olan
vo daxili diametri 1sm olan arxa ucu iynavari olan kvars ampulaya doldururlar. Monokristal
yetisdirmok iigiin 10°Pa godor vakuumlasdirilmis igorisinde madds dolu kvars ampula iki
temperaturlu pe¢in i¢ino qoyulur. Pegin yuxart zonasinin temperaturu 1165£10K  (yani
TIGaSz-in  arimo temperaturundan yiiksak), asagi zonada isa 1110+10K (T1GaS2 —in arima
temperaturundan asagi) olur (saxlanilir). Ampulanin yerdoayisma surati pegin igarisinds 0,3-
0,5 sm/saat, kristallasma sarhaddinds isa tempertur qradienti 2,5+5K toskil edirdi. Gostarilon
ampulanin yerdoyisma surati kristallagsmanin amala galmasi {iglin optimal idi.

Atomlarin malum ion radiuslarin1 nazara almaqgla TIGaS, gofasinds Yb va Co hall
olmasinin  giymatlondirilmasi gostordi ki, daxil olan asqar Yb atomlarinin radiusu
Yb%*(0,87A) vo Co atomlarmmn radiusu Co®*(0,61A) Ga3*(0,63A) atomlarinin radiusuna
yaxindir nainki Tl *(1,5A)-atomunun radiusuna noazoran, basqa sdzlo TIGaS; layh kristallarda
gismon Ga atomlarinin Yb vo ya Co atomlari ilo gisSman avoz olunmasi bark mohlulun amala
yaranmasina sorait yaradir.

Dielektrik niifuzlulugunun (g) vo elektrik kegiriciliyinin (o) 6lgiilmasi galinligt 0,7-
1,5mm olan monokristallik 16vhalarda, [001] kristallografik ox istigamatinda, rogomli E7-20
cihazinda 103-10° Hs tezlik vo 140-300 K temperatur intervalinda miistovi kondensator iisulu
ilo aparilmigdir. Uzorino giimiis kontaktlar ¢okilmis niimunoalor sixilan kontaktlar arasinda
yerlosdirilmisdir. Uzarinds niimuna olan tutacaq latundan olan stakanla ekranlasmis, sonra iso
slida ilo izolyasiya olunmus tobagonin {lstiino qizdirici naqil sarmmisdir. Bu nagilo
stabillosmis moanbadan coroyan verilmisdir. Temperatur diferensial xromel-kopel termociitii
vo universal ragamli voltmetr vasitasi ilo yoxlanilmigdir. Olgmoalor iiciin siirati 0,1- 0,2 K/daq
olan fasilasiz kvazistatik qizma tisulundan istifado edilirdi. Temperaturun Slgmo dogqigliyi
0,1-0,2 K toskil edirdi. Dielektrik xarakteristikadaki 6lgmo Xotas1 0,5% toskil edirdi.
Dielektrik niifuzlulugunun vo xiisusi elektrik kegiriciliyinin qiymati miistavi kondensator
diisturu vasitasi ilo aparilird.

Co va Yb elementlorinin TIGaS; birlosmasinin elektrik kegiriciliyina vo dielektrik
xassoalarina tosirinin dyranilmasindan 6trii  T1GaS2 , T1Gaog99YD0,001S2 Vo TIGag 09C00,01S2
monokristallarinin xiisusi elektrik keciriciliyinin  dielektrik niifuzlulugunun temperaturdan
asililign  Olglilmisdir.  Sokil 1-do TIGaS,, TIGaoeewYho01S2 vo TIGape9C00,01S2
monokristallarinin xiisusi dielektrik niifuzlulugunun [001] kristallografik ox istigamatdo
temperaturdan (a) vo tezlikdon (b) asililigr verilmisdir. Sokil 1b-don goriindiiyli kimi biitiin
nimunalords dielektrik niifuzlulugunun dispersiyasi bas verir. Tezliyin artmasi ila g-un
giymoati azalir ki, bu da olgmolorin yiiksok tezlikli oblastda relaksasiya proseslori ilo
olagodardir. Temperatur artdigca € artir. Bundan basqa TIGaSz-nin Yb(0,1%)) —lo
asqarlanmasi dielektrik niifuzlulugunun qiymatini 8% azaldir. Kobaltin 1% daxil edilmasi ilo
e-un giymoti 18,4% azalir (sokil 1a). € = f (T) ayrisindon gérsonir ki, temperaturun 170-240K
intervalinda genis maksimum miisahido edilir. Qeyd etmok lazimdir ki, T1GaS2-nin istilik
tutumunun tadgiqatinda [7] vo optik xassalorin [8] dyranilmoasinds miioyyon edilmisdir ki,
temperaturun 180, 220, 250 vo 280 K oblastinda uygun fiziki xassoalords anomaliya miisahido
edilir. Yogin ki, bu temperatur oblastinda T1GaS> kristalinda, ham tomiz hom do Co vo Yb —
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ilo agqar edilmis kristallarda nisbatsiz faza kegidi var ki, buna gors dielektrik niifuzlulugunun
temperaturdan asililiginin belo xarakteri gorsonir. Lakin TIGaS: kristalinda nisbatsiz fazanin
olmasim siibut etmokdon otrii rentgenoqrafik vo ya neytronoqgrafik olgiilorin temperaturdan
asilt oldugunun aparilmasi lazimdir.

B. )
180+ .......................................... 1180 \ 1
170 —."‘. ...................... 2170 \_\.
160 2
L 160
5o 000 L
s 58T S 3
140 . 150 3
.I g _J iy g AF g L) feigongiiiy o 1 | 1
160 180 200 220 240 260 280 300 i 10° £Hs 00 10°

LK

Sokil.1. TIGaS; (ayri 1), TIGaoe99Ybo,001S2 (ayri 2) vo TIGag9C00,01S2 (ayri 3) monokristallarinin
xisusi dielektrik niifuzlulugu: a- temperaturdan; b- tezlikdon asililig

Qeyd edok ki, TIGaS; kristalinin Co va Yb ilo agqarlanmasi € = f (T) ayrisinds boyiik
temperatur oblastinda kigik bir anomaliyanin yerdoyismasins gatirir.

Sakil 2-do TIGaS, monokristalinin xiisusi elektrik kegiriciliyinin, T1Gao,99Y bo,001S2 Vo
TIGao,090C00,01S2 —nin kristallografik [001] istigamotinds temperaturdan (a), vo tezlikdon (b)
astliligr verilir. Goriiniir ki, o temperatur artdiqca artir. Bu onunla olagodardir ki, sorbost
yiikdasiyicilarin  konsentrasiyast artir  (yarimkegirici xasso ) Vo domen sorhaddindoki
yiiriikliik artir (seqnotoelektrik xasso 6ziinii gostarir) temperatur artdigca. Sokildon goriiniir ki,
dielektrik niifuzlulugda oldugu kimi elektrik kegiriciliyinin dispersiyasi bas verir (sokil 2,b).

TIGa0,999Ybo,001S2 Vo TIGao,00C00,01S2 kristallarn elektrik kegiriciliyi o, ~ f*® ganunu
ilo doyismasi Fermi soviyyosi yaxinlhiginda lokal hallar arasi yiikdastyicilarin sigrayist ilo

olagodardir. Sigrayish kegiricilik nazariyyasine uygun olaraq [15] dayison ¢arayan sahasinds
sigrayislarin orta masafasi (R) asagidaki formula ilo tayin olunur

R= 1 |n(ﬂ] . (1)

2a f
Burada o - local yiikdasiyicilarin dalga funksiyasinin asagi diisma sabitidir y ~ e, a=1/a
(a — lokallasma radiusu), vpr — fonon tezliyi, 1/f = t - sigrayiglarin orta vaxti.

TIGao999Ybo001S2 Vo TlGapgeeC0001S2  kristallar1 iigiin R-in hesablanmis qiymoti 42 A,
sigrayislarm orta vaxti T=10s.

Oyranilon kristallar iigiin Ne2=2.1-10° ca’® (2)
formula [16] ilo hesablanmig Fermi soviyyassi yaxinliginda lokal hallarin sixligi (Nf) vo
onlarin enerqetik sopilmasi (AE) asagidaki codvalda verilib.

Cadval
TIGaS: , T1Gao,999YD0,001S2 Vo Tl1Gao,99C00,01S2 monokristallarda lokal hallarin parametrlori
Kristal NE, eV-ism™ AE, eV
TIGaS; 52-10% 0.12
T1Gao,999Y bo,001S2 5.6-10° 0.11
TIGa0,99C00,01S2 6.2 - 10%° 0.10
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TIGaS; kristallarinin Co(1%)-la va Yb(0,1%)-lo asqarlanmasi elektrik kegiriciliyini bir qodor
artirir, bu zaman bu artim temperatur asililigina gox da tasir etmir (sokil 2a).

Kegiriciliyin temperaturdan asililiginda bir neg¢a sahoni ayirmaq olar ki, bunlar
meyilliliyi ilo forglonirlor. Bu onunla slagodardir ki, miixtolif temperaturlarda miixtalif tipli

kegciricilik yaranir.

a, Cm,»j'm I cm/m N
10207 [, 2 2

3.10“’ 1 ):: _f»'i

. 10 e
6207 Ll

et
207 10%L et
- E P 3
2307 s
...i 1['-5 '_J;;‘_;g,‘
P I T T I | | 1 | I 1 ':’ | ) )
320 280260 240 220 200 180 160 103 104 105 1EIE
T.K bfﬂs

Sakil.2. TIGaS; (ayri 1), TIGaoe99Ybo001S2 (ayri 2) vo TIGao99C00,01S2 (ayri 3) monokristalinin
xiisusi elektrik kegiriciliyi: a -1LMHs tezlikdo temperatur asililigi; b — 300 K-ds tezlikdon asililig.

Eq

Arrenius ganunundan istifads edorok o = 0,T~texr ( burada k- Boltsman sabiti, oo —
sabit olub yiikdasiyicilarin konsentrasiyasindan vo miitohorrikliyinden miitonasib olaraq
doyisir) E, —yilikdasiyicilarin iimumilogmis aktivasiya enerjisi hesablanmisdir. T<165 K ;
165<T<250K vo T>250K temperatur oblastlarda elektrik sahanin 1IMHs-dos alinan aktivasiya
enerjisi TIGaS; tgiin 0,0133; 0,0397; vo 0,101eV olmusdur. Bu he¢ do alinan nozori
hesablamalarnan pis uygunlasmir [17]. Alman nozori hesablamalarnan TIGaS; -nin az
migdarda Co vo YD ilo agqarlanmasi yiikdasiyicilarin aktivasiya enerjisini nozors sarpacaq
daracads doyisdirmir. Dielektrik niifuzlulugunun va xiisusi elektrik kegiriciliyinin 6l¢iilmiis

giymotlorino goro dielektrik itgisinin tg-si tgé = meg . hesablanmigdir, burada f sahonin
0

tezliyidir. Sokil.3-do TIGaS2 TIGao,999Y00,001S2 Vo TlGao,09C00,01S2 —kristallart tigilin tezliyin
1MHs giymatinda dielektrik itkisinin tg-nin temperaturdan asililigi verilmisdir. Goriiniir ki,
itgi omsali temperatur artdiqca artir. Gostorilmisdir ki, TIGaS2-nin Co(1%) vo Yb(0,1%)
asqarlanmasi tg bucaginin dielektrik itgisinin artmasina gatirir.
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Sakil.3. TIGaS: (ayri 1) TIGao99Ybo,001S2 (ayri 1) va TIGao09C00,01S2(ayri 2)
monokristallarinin dielektrik itkisinin tg-nin temperaturdan asililig
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YACTOTHBIE U TEMIIEPATYPHBIE 3ABUCUMOCTHU JUIJEKTPHUYECKUX
KO3®PUIIUEHTOB MOHOKPUCTAJIJIOB TIGaS2, JETHPOBAHHbBIX
PEAKO3EMEJIbBHBIMHU 3JIEMEHTAMMU U NEPEXOAHBIMU METAJIJIAMU

KEPUMOBA .M., MYCTA®AEBA C.H., IIEJIET A.Y., AJIJIUKAHOB M.A.,
HAJUKA®3AJE M.JI., MYCTA®AEB A A.

B wmonokpucramiax TIGaS; , nerupoBaHHBIX TEPEXOJHBIMH METAIAMH |
pelnKo3eMeNIbHBIMU  3JIEMEHTaMHU, OOHapy)XeHa 4YacTOTHAas TUCIEPCHsS JUAIEKTPHUYECKUX
XapaKTEPUCTHK W MPOBOJUMOCTH: C POCTOM YaCTOTHI DJIEKTPUYECKOTO IIOJISI 3HAYCHHUS
JURJICKTPUYECKON TMPOHUIIAeMOCTH YMEHBIIAIUCh, A MPOBOJUMOCTH — YBEIHMYUBAIUCH.
JlerupoBanue TIGaS; KOOQJIbTOM M WUTTEpOMEM NPHUBOJWIO K  YMEHbILIEHHUIO
JURJICKTPUYECKON MPOHHMIIAEMOCTH W YBEJIMYEHHIO NpOBOAMMOCTH. Ha TemmepaTypHbIX
3aBUCHMOCTSIX JTUDJICKTPHUYECKON MPOHUIIAEMOCTH BBISBICHBI aHOMAJIUHM B BHAE IIMPOKHX
MaKCHUMYMOB, CBUJCTEIbCTBYIOIINE O HAJUYWU CTPYKTYPHBIX NpEBpallleHHd B 00JacTu
temnepatyp 170-250 K. OnpeneneHbl OCHOBHBIE MTapaMeTpbl JOKATM30BAHHBIX COCTOSIHHUI B
U3YyYEHHBIX KPUCTAJIaX.
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KnroueBble cioBa: MOHOKpHUCTAJLT TlGaSz, JICTUPOBAHUEC, MOUBJICKTPUYCCKAasd I[POHULACMOCTb, 4YacCTOTa,
MMpOBOAUMOCTD

FREQUENCY AND TEMPERATURE DEPENDENCES OF DIELECTRIC
COEFFICIENTS OF TIGaS2SINGLE CRYSTALS DOPED BY RARE-EARTH
ELEMENTS AND TRANSIENT METALS

KERIMOVA E.M., MUSTAFAEVA S.N., SHELEG A.U.,, ALDJANOV M.A.,
NADJAFZADE M.D., MUSTAFAEV A A.

The frequency dispersion of the dielectric properties and conductivity of the doped by
Co and Yb TIGaS: single crystals have been revealed: with a frequency growth the dielectric
permittivity values decrease, and conductivity values increase. It is found that the Co and Yb
doping of TIGaS, crystals decrease permittivity values and increase electrical conductivity
values. The temperature dependences of the dielectric permittivity of these crystals have
revealed the anomalies in the form of wide peaks, indicating the presence of their structural
changes at temperatures 170 — 250 K. The parameters of localized states in the single crystals
under study have been determined.

Keywords: TIGaS; single crystal, doping, dielectric permittivity, frequency, conductivity
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CdS/CulnS; HETEROKECIDININ ALINMASI VO TODQIiQI
HUSEYNOLIYEV M.

AMEA Naxc¢ivan Bolmasi
E-mail: mamedhuss@mail.ru

Cilomo piroliz iisulu ilo CdS monokristalimin (111) miistovisine CuinS; nazik tobogosi oturdulmusdur. Alinan
strukturun volt-amper xarakteristikas1 todqiq olunmusdur. Miioyyan edilmisdir ki, diiziino istigamatds corayan
gorginlikdon asili olaraq Lqs,=lo exp(eU/BKT) eksponensial qanunla doyisir. Oks istiqgamotdo caroyan-gorginlik
astlihig1 Lus~U™ qanunu ils doyisir.U=5v garginlikds, otaq temperaturunda diizlonmo amsal1 10° olmusdur.

Acar sézlor: cilomo piroliz, nazik tobage, CdS, monokristal, CuinS,, volt-amper xarakteristikasi,
heterokecid, corayan, gorginlik, yarimkecirici.

Bildiyimiz kimi giinos siialanmasinin fotovoltaik iisulla elektrik enerjisino ¢evrilmosi
problemi kompleks xarakter dasiyir vo bura ilk ndvbods miinasib yarimkegirici materiallarin
secilmoasi, metal-yarimkegirici, yarimkegirici- yarimkegirici (p-n Kegidlor, heterokegidlor) vo
s. miixtoalif strukturlarin yaradilmasi problemi aiddir.

Xalkopirit strukturunda kristallasan A'B!CVY, iiclii yarimkecirici birlosmolor va
onlarin bork mohlullar1 fotovoltaik sistem materiallar1 kimi son vaxtlar intensiv sokilda
Oyronilmoaya baglanmisdir [1,2,3]. Hololik on effektiv giines elementlori (~18,8 %)
Cu(InGa)Se2 nazik tobagalarindo alinmigdir [4].

CulnS; yarimkegirici birlogsmasi glinos elementlori hazirlanmasi tiglin optimal qadagan
olunmus zonaya malikdir (1,5 eV) vo boyik udma omsalina malik olmasina goro on
perspektivli birlosmo hesab olunur [5,6]. Hazirda CulnS; osasinda yaradilan gilinos
elementlorinin ¢evirmo omsali 12,5% soviyyesindadir [7] vo bu texnologiya metallartin
(Cu,In) magnetron c¢ilomo tiisulu ilo ardicil olaraqg sotho oturdulmasindan sonra torkibo
elementar kiikiird buxarinda kiikiird slava olunmas1 prosesino asaslanmigdir.

CulnSz2.do p-n kegidlorin alinmasina hosr olunmus ilk is olaraq bizo [8] isi molumdur.
Umumiyyatlo metal vo S atmosferindo termik emal noticosindo CulnS2 birlosmosinin
asanligla uygun olarag n vo p tip alinmasma baxmayaraq bu birlosmado p-n kecidlorin
hazirlanmas1 he¢ do asanligla basa golmir.

CulnS: asasinda ¢opar strukturlar, o climlodon gilinos elementlari alinmasi istigamotindo
apartlan ilk islordon biri Kazmerski torofindon hoyata kecirilmisdir. Bu todqiqatlarda
vakuumda iki monbadon buxarlandirma yolu ilo alinmis CuinSez, CuinTe ilo yanast hom do
CulnS; nazik tobagolorinin  homo vo heterokegidlorinin almmasindan vo onlarin
xarakteristikalarindan bohs olunur [9].

Fotovoltaik ¢eviricilords istifade olunmasi mogsadi ilo bu birlosmolor vacib olan bir ¢ox
xlisusiyyatloro malikdirlor.

1. optimal qadagan olunmus zonaya malikdirlor;

2. diiz qadagan olunmus zonalar1 vardir.

3. p van tip alina bildiklorindon onlar asasinda homokegidlorin alinmas1 miimkiindiir.

4. bu birlogmalorin elektron qgohumlugu CdS ilo miiqayise olunacaq qiymats malikdir

Ki, bu da onlar ssasinda heterokegidlorin alinmasi ti¢iin vacibdir.
5. CulnSz-nin qofas sabitlori CulnSe;, CuinTe;, CdS-in qofas sabitlorine cox
yaxindir.
4 vo 5-ci bandlorlo olagodar olaraq onu da geyd etmok lazimdir ki, ilk vaxtlar yeni yaradilan
heterokecidlor klassik CuzS/CdS sistemino alternatlv olaraq nazords tutulduqlarindan oksor
hallarda kec¢iddo uducu olaraq gétiiriilon yeni birtlosmonin parametrlori ke¢iddo pancors rolu
oynayan CdS-in parametrlori ilo miiqayisads tohlil olunurdu.
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Fotovoltaik ceviricilor ii¢lin material segmoyin ilk toloblorindon biri yarimkegiricinin
gadagan olunmus zonasiin eninin qiymati vo bu zonanin diiz olub olmamasindan asilidir
[10].

Xalkopiritlorin gqadagan olunmus zonasinin bir qayda olaraq diiz oldugunu, a-udulma
omsalinin enerjidon asili olaraq ¢ox keskin artaraq qadagan olunmus zonanin giymetindon
boyiik enerjilordo yiiksok qiymot almasini (>10* sm™) nazors alsaq onda udma mosafasi 1/o
olaraq 1 mkm qgiymatini almis olacaqdir. Bu iso o demokdir ki, bir sira miigavimat itkilorinin
vo sothi rekombinasiya problemlorinin qarsisimt almaq {¢lin xalkopirit materiallarin
heterokegidlords uducu kimi istifado olunmasi onlarin homokegidlords istifado olunmasindan
daha oalverislidir.

Asagidaki sobablora goro CdS birlosmasi xalkopirit uducu {iglin on yaxsi1 pancors
materiali hesab olunur:

1. CdS birlogsmasinin kristallik struktur tiplori arasinda an ¢ox sfalerit vo viirsit strukturlarina
rast golmok miimkiindiir ki, sfalerit strukturunda kristallasan CdS-in (111) miistovisi vo
viirsit strukturunda kristallasan CdS-in (0001) miistovisi asagidak: sortlor daxilinde doqiq
olaraq xalkopirit birlosmonin (112) miistovisi ilo list-listo diistir;

a) Bu iki materialin qofas sabitlori (&) bir-birina barabar olsun;
b) Xalkopirit material {ligiin c/a=2 olsun;

2. CdS-in gadagan olunmus zonasmin eni Eg=2,4 eV oldugundan o giinos spektrinin ¢ox
boyiik oblast1 li¢iin soffafdir;

3. Miixtalif texnologiyalardan istifado etmoklo CdS-in ¢ox soffaf vo yiiksok kegiriciliyo
malik nazik tobagoalorini almaq miimkiindiir.

Burada bir daha qeyd etmok yerino diisor ki, xalkopiritlor sfalerit quruluslu
birlosmolardoki metal atomunun iki metal atomlari ilo avoz olunmasi naticasinda alinir va bu
zaman kvazikubik (c/ax2) tetraqonal superstruktur formalasir. A'B!CYY,  xalkopiritlori
AMBV! birlosmoalorindoki dévri sistemin II qrupa aid metal atomlarmnin I vo III gruplara aid iki
metal atomlari ilo avoz olunmasi ilo alinir.

Yuxaridaki sortlori nozoro alsaq xalkopirit uducu liciin asagidaki xarakteristikalarin
Odonilmasi lazimdir: qadagan olunmus zonas1 E¢g=1,5 eV olmalidir, qofes sabiti ilo elektron
gohumlugu CdS-inkino ¢ox yaxin olmalidir, ¢/a=2 olmalidir, p-tip kegiriciliys malik olmaqla
xiisusi miigavimoti 1 om-Sm-o yaxin olmalidir [11].

Ciloma piroliz iisulunun bir sira tstlinliiklorini vo ¢ox sado olmasini asas gotiirarok
CuinS; birlogmesinin nazik tobaqosini alinmasinda bu iisuldan istifado edilmisdir. CdS nazik
tobogasini do ¢iloma piroliz iisulu ilo almaq miimkiin olmusdur. Lakin bu iisulla alinmig CdS
nazik tobaqgasinin iizorino CulnS; nazik tobogesini ¢okdiirmok miimkiin olmamisdir. Buna
alinmis CdS tobagasinin pis kristallagma ilo olagodar defektlors malik olmasi sabab olmusdur.
Kimyovi ¢okdiirmo yolu ilo almmis CdS-in iizorino do piroliz vasitosilo CuinS2 nazik
tobogasini ¢okdiirmok miimkiin olmamisdir.

Bunun iiciin (111) mistovisi iizro cilalanmig 0,6 mm qalinlighh n-CdS monokristal
(n=8-10% cm?) althiglardan istifado olunmusdur. Cilomo piroliz iisulunu totbiq etmoklo n-
CdS/p-CulnS; heterokecidi alinmisdir. Althgm temperaturu 200°C saxlanilmagla CuinS;
tabaqasi oturdulmusdur. Pirolizdon qabaq n-CdS althiginin bir torafing (¢ilomo aparilmayan
torof) In kontakti vurulmusdur. Tobaqo oturduldugdan sonra onun iizorino In-Ga evtetika
kontakti  ¢okilmisdir. Bu  kontaktlarn  omik  kontakt olmalar1  ovvalcodon
miioyyonlosdirilmisdir. Alman n-CdS/p-CuinS; heterokecidinin diod xarakteristikasi
Oyronilmisdir.

Sokil 1-do n-CdS/p-CuinS: heterokegidinin tipik volt-amper xarakteristikalart
gostorilmisdir.

47



Idiizr\" exp U

lU-E |

107 |

’aksiA

=
o

A
I

10°

10°

107F

108 L

| | |
-1 1]
10
10 10 U’ Vv

Sakil 1. n-CdS/p-CulnS; heterokegidinin diiz (a) va oks (b) istiqgamotlordo
volt-amper xarakteristikalar1 (T=300K)

Sokildon goriindiiyli kimi, diiziing istiqgamatds corayan gorginlikdon asili olaraq luiz=lo
exp(eU/AKT) eksponensial ganunla doyisir. Bu asililiq ii¢iin 10=0,3 mkA vo p=1,92 giymotlori
taptlmigdir. Oks istiqamotdo coroyan gorginlik asililigt  Lks~U™ qanunu ilo doyisir. U=5v
gorginlikdo 300K-do diizlonmo omsali ~10° olmusdur. Isiq siiasmin tosirindon

xarakteristikada heg¢ bir doyisiklik bas vermomisdir, basqa sozlo fotovoltaik effekt miisiihido
olunmamisdir.
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SJIEKTPUUECKUE CBOVMCTBA I'ETEPOIIEPEXO/IA
I'YCEMHAJIMEB M.

MeToa0oM pacmbUTUTEIbHOTO MUpoiu3a Ha miockoctd (111) monokpucramia CdS
ocaxieHa ToHkas muenka P-CuinS;. McchmemoBana BombTammepHas — XapaKTePHCTHKA
MOJYYCHHOW CTPYKTYpBI. YCTAHOBJICHO, YTO W TPSIMOM HAIpaBJICHUH B 3aBUCUMOCTH OT
HANPSOKCHUS TOK H3MEHSCTCS 10 SKCHOHEHIHaabHOMY 3akoHy ldi.=lo exp(eU/BKT), a B
00paTHOM HaIpaBJEHUH —I10 CTeHeHHOMY 3aKoHY l.ks~U™. TIpu KOMHATHO# Temmeparype ,
npu HanpsokeHnH U=5B k03¢ HUIMEnT BEIMpAMIeHns coctasua 10°,

KaioueBble cji0Ba: pacibUIMTEIbHBINA THPONIN3, TOHKas TuieHKa, CdS, MoHOKpHCTal,
CulnS;, BombTammepHas XapaKTepPUCTUKA, TETEePONepexo]l, TOK, HaNpsHKEHUE,
ITOJIYTIPOBOTHUK

ELECTRICAL PROPERTIES OF HETEROJUNCTION n-CdS/p-CuinS:
HUSEYNALIYEV M.

Thin film p-CuinS, is deposited on (111) plane of CdS single crystal by spray
pyrolysis method. Current-voltage characteristics of obtained structure are investigated. It is
established, that in a forward direction current-voltage relation can be written as lqi=lo
exp(eU/BKT), and in an opposite direction —as l.s~U™. At room temperature and voltage

U=5v the rectification factor is 10°.

Key words: spray pyrolysis, thin film, CdS, single crystal, CuinS, , volt-amper
characteristics, heterojunction, current, voltage, semiconductor
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Energetikanin problemlori ¢ Nel e 2017 e IIpo0GaeMbl SHEPIrETUKH

VJIK 681.84.48
BJIMSIHUE JABJIEHUSI HA IAPAMETPbBI CEJTEHOBBIX p-n IEPEXO/IOB
AKBEPOB I'.K., )MHAHOBA H.H.

Hucmumym @usuxu HAH Azepbaiiosxcana
np. I [{casuoa 131, AZ — 1143

HccnenoBano BIMsSHHUE JaBJICHUS Ha BOJIbTAMIICPHBIC XapaKTCPUCTUKU CCIICHOBBIX P-N IIEPEXOA0B IIPU
Ppa3IMYHbIX pEKUMaAxX paGOTI)I. ,Z[aHO 0o0BsICHEHUE Ha6n}oz[aeme SIBJICHUM C TOUKHU 3pCHUA 06pa30BaHI/I$1
06paTI/IMI)IX FeHepaHI/IOHHO'peKOM6I/IHaHI/IOHHI>IX IMPpOLECCOB MO NCHCTBUEM JABIICHUS.

KaroueBble ci10Ba : 1uos!, p-N epexos! TeH303(P(EKT, BpeMs KU3HA

[locnennee nmecsATHIIETHE XapaKTEPHU3YeTCS 3HAYMTEIBHBIM paclIMpeHHeM padoT 1o
UCIIOJIb30BAaHUIO TEH30PE3UCTUBHOTO d(hdexTa B MOIYNPOBOAHHKAX I H3MEPECHHUS
Pa3IMYHBIX MEXaHUYECKUX mapaMeTpoB. OcoOblil HHTEpEC K MPUMEHEHHUIO TOITYIPOBOHHKOB
00yCIIOBJIEH T€M, YTO aHAJOTUYHBIN (P (HEKT y MPOBOJHUKOBLIX MAaTEPHUATIOB B JCCATKU pa3
IIPEBBILIAET, JABHO U YCIEIIHO UCIOJIb3YEMBIX NPU TEXHUYECKUX U3MEPEHUSX.

MoXHO yKa3aTh HECKOJBKO SIBICHUH, MPUBOIAIIMX K M3MEHEHHIO TOKa yepe3 p-N
nepexoi, moasepruyroro nedopmanuu. V3MeHeHHE 30HHOW CTPYKTYPBHI IMOJYIPOBOIHHUKA,
CABUT MUHHUMYMOB 30HBI IPHUBOIAT K M3MEPEHUIO KOHIEHTPALMM HEOCHOBHBIX HOCHTEJEH
[1]. DT w3MepeHHss OCOOSHHO BEIWKM NpPHU CWIBHOW aHW3oTpormuu Acdopmanuu. Brian
storo 3¢pdexta B H3MEpeHHE TOKa uepe3 p-N mepexon mpu OodbIIUX Aedopmanmsx
MacKupyercst uaMepenueM Eg.

W3MeHeHne BpeMEHU KU3HHU HOCUTENEH C AABJIEHUEM CYILECTBEHHO TOTAA, KOTJa TOK
yepe3 p-N mepexoj OmpenemsieTcss MpolleccamMHu TreHepanuu-pekoMOouHanuu. OpHako mnpu
MaJlbIX JedopMalusax, KOrJAa He NPOMCXOJUT IepepacnpereiieHue HOCHTENeH Mexay
YPOBHSMHU, 3TU 3P(HEKTHI UTPAIOT OCHOBHYIO POJIb.

B nanHoOil paboTe mpOBEACHBI HCCIEIOBAHMUS BIMSHUSA JaBJICHHUS Ha CBOMCTBa
CEJICHOBBIX p-N mepexonioB. Bce m3mepeHus mpoBOIMIMCH MPU KOMHATHOW TemImepaType.
OCHOBHBIE Pe3y/IbTaThl U3MEPEHUI OTHOCATCS K BIMSHUIO OJHOOCHOTO JIaBJIeHUs Ha (poTodie
1 (HOTOTOKA JIJIsl TUTUYHBIX 00pa3IOB C MPUMECHIO XJIOpaA.

B skcnepuMeHTax B KauecTBE MCTOYHHMKOB CBETA HCIIOJIb30BAIUCH OOBIYHBIE JIAMITBI
HakanuBaHus.  OCBEIIEHHOCTh  ompejensigach  KaauOpoBaHHBIM  (DOTOIIEMEHTOM.
JHedopmarus coznaBanach NepHeHUKYISIPHO K TOBEPXHOCTHU 3JIEMEHTA.
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Ha puc. 1. moka3zana 3aBUCHMOCTH ()OTO3/Ie OT MPHIOKEHHOTO MABJICHHS JJIs JIBYX
3HaueHUN oOcBemeHHOCTH. Kak BHUOHO W3 pHUCYHKA, (OTO3/AEC YMEHBINACTCS C POCTOM
JABJICHUs, MPUYEM CKOPOCTh ATOTO YMEHBIIEHUS 3aBUCHUT OT OcBemeHHOCTH. C pocTom

av ..
OCBCIICHHOCTH BCINMYMHA a PacCTeT.

[puBeeHbl CPaBHUTENbHbBIC MCCICAOBAHUS BIMSHUS TAaBICHHUS HA BOJBTAMIICPHYIO
XapaKTePUCTHKY KaK B TEMHOTE, TaK W MpU OcBemeHuu. [Ipu oOiydeHun p-N mepexoja
CBETOM KOHIICHTPAIMsSI HCOCHOBHBIX HOCHTENlCH TOKa BOJNW3M p-N Tepexoia BO3pacTaet
BCJICACTBUE TI'CHEpAllMM HMX CBETOM. B pe3ynbTaTe 3TOr0 BO3HHUKAET IOMOJHUTEIBHOE
Hanpspkenne Vo, TMPUIOKEHHOE K MEepexody. JTO HaNpsuKCHHE, M3MEPEHHOE B PEKHME
Pa30MKHYTO# LiemH, pecTaBiseT codoit Gporodae [2]

In ( 1+j—¢ ),
14

rae Jo — BeMUYMHA TOKA, BBI3BAHHOTO ONTHYECKON HMHXKEKUueH, T.e. GoToTok. BumHo, 4yro
BO3pacTaHue Jp ¢ IaBICHUEM MPUBOJIUT K yObIBaHUIO (hoTodze. M3 (1) BUIHO, YTO BeIUIMHA

Vo

_ B(p)KT
- &

av, ,
d—po pacTér ¢ POCTOM OCBEIIEHHOCTH M NaJaeT C YBEJIMYEHMEM JaBiieHUs. Takas ke

3aKOHOMEPHOCTb HaOJI01aeTCsl U Ha OIIBITE.

HccnenoBanuss  1moKas3ald, 4YTO  OJHOOCHOE  JIaBIGHUE  BO3JCHCTBYET  Ha
XapaKTEepUCTHKH Nepexo/a TUia p-N B OOJIbLIEH CTENEeHH, YeM TMIPOCTaTUYECKOe aBJICHUE,
a TaKke ObUIO YCTaHOBJIEHO, YTO 3TU BO3JEHCTBUS 3HAYMTEIBHO OTIMYAIOTCS APYT OT JIpYyra.
Hanpumep, B celIeHOBBIX p-N nepexojax THAPOCTATUUECKOE AABJICHUE BBI3BIBAET IOHMKEHUE
00paTHOro TOKa B TO BpeMs, KaK OJJHOOCHOE JIaBJIEHUS BbI3bIBAaeT ero nosbiuieHue. M3 (1)

av ..
BHUJHO, 4YTO BCIMYHWHA d_po pacTeT C€ POCTOM OCBCHICHUA W MNaJacT C YBCIMYCHUCM

nedopMaruu. ITa ke 3aKOHOMEPHOCTh Ha0III01anach Ha OMbITe puc. 1.

Jlist mosmydeHust TOMOJIHUTENbHON MH(POPMAIMA O TOSBISIOMIUXCS TOJ JIaBJIEHUEM
PEeKOMOMHAIIMOHHBIX ~[EHTPOB M3ydalcsl CHajJ KOHIEHTpPAIlMM dSTUX IEHTPOB TpHU
MOBBIIIEHHONW Temriepatype. st 9Toro oOpaser] BBIACPKHUBAJICSA TPU TeMIepaType Moj
JMaBJICHUEM JIMTENbHOE BpeMs U (UKCUPOBAIOCh HM3MEHEHHE BpEeMEHH >Ku3HU. KpuBas

1
3aBUCHUMOCTb ; OT BPEMCHH XapaKTCPU3YCT

H3MEHEHUE KOHIIEHTPaLIuA— %ﬁ‘f"“
PEKOMOMHAIIMOHHBIX LIEHTPOB BO BpeMeHH 10104
puc. 2. OTU KpUBbIE CHUMAIOTCS BO BPEMsI
NEeHCTBUSA OABIIEHHUS. DJTO CBSI3aHO C TEM,
4YTo  MOJA  JaBJICHMEM  00pa3yroTcs 8
COBEpUIEHHO HEyCTONYMBBIE  JAEPEKTHI, )
KOTOpBIE MOYTH 0€3 MHEPLIMOHHO HCYE3at0T \\, 3300k
IIOCJIE CHATHA JAaBJICHUS. O10oT (aKT
FOBOPUT, TO — BUAUMOMY, O TOM, UTO
nedeKTel, 0o0pa30BaHHBIC AHW3OTPOITHBIM
JIABJICHUEM, HaXOoJATCs B L
HEMOCPEJCTBEHHOW OJM30CTH OT CBOUX 5 10
CTOKOB M TIOCJI€ CHSTHS  JaBIICHUS
MIHOBEHHO 3aHHMAlT CBOE HCXOJHOE
IIOJIOKEHHE. Puc.2

[Ipu oTCYyTCTBUU BHEILIHETO JaBJIEHUs Tp BO BpeMeHH npu Temnepatypax 50 u 60°C e
Habmoanack. OTCI0/1a MOXKHO CZENaTh BBIBOJI, YTO HEYCTONYMBBIE e()EeKThl BOZHUKAIOT MO/
JeicTBUEeM JaBiieHus. V3MeHeHue BpeMEHHU KU3HM IOJ JIaBJICHUEM JOJKHO MPUBECTH K
U3MEHeHHIo0 oOpatHoro Toka. [lox maBneHuem oOpaTHOE HampspKEHUE, HAuMHAs ¢ KOTOPOTO
HaOmromaercst 3T0T A(PQEeKT, 3HAYUTEIHHO YMEHBINACTCA. JTO MOXKET OBbITh 00YCIOBICHO
YBEJIMYEHUEM YAEIbHOTO Beca FreHepallMOHHON COCTaBISIONIEH B 00paTHOM
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TOKE TIOJl JaBJICHUEM. YUUTHIBas
pe3kyro 3aBucumoctb J ot U, MoxHO
yIBEpXKIaTh, YTO TPU  OOJBIIUX ; 2
OOpaTHBIX CMCIICHUSX NPAKTHYECKU 4
BECh ~TOK  4epe3 p-N  mepexon
OOyCIIOBJICH TeHepalueil HOocuTelel B
o0Jactu 00BEMHOIO 3apsiia. 0
3aBHUCHMOCTh TOKa OT JaBIICHUS TIpU
OOJBIINX  OOpaTHBIX  HANPSHKCHUSX
nokKaszaHa Ha puc. 3.

Pesynbrath HACCIIEOBAHUS ;
MOKa3bIBAIOT, UYTO C YBEJIMYECHUEM : ’
OJIHOOCHOTO JaBJCHUS Yy BceX p-N ’ MME
Mepexo10B 0OpaTHBIM TOK BO3PACTaeT U et

yeM OoJjblie 0oOpaTHOE CMEIICHHE, TeM
0osbIIe BO3pacTaHUE OOPAaTHOTO TOKa.

Takoe noseaenue oopatHoi BeTBu BAX B nccnenyembIx 11oiax npu
Pa3IMYHBIX MEXaHHUYECKUX JIABJICHUSIX COTJIACYeTCsl ¢ JaHHbIMHU pabot [2,3].
TeH3049yBCTBUTEIBHOCTh CEJIEHHOTO P-N Tepexoja B MTpeArnpoOHoi o00jacTh Ha
HOPSI0K IPEBOCXOIUT 3TO BEJIMUMHY, OTHOCALLYIOCS K 001acTH ToKa HachleHus. [lokasaHo,
YTO Mpen0oiHOe HANpPsHKEHUE YMEHBLIAETCsS C JIaBJICHUEM JIMHEHHO, YTO JAET OCHOBAaHUU
IPUMEHATH 3TOT JMOJ B KAaueCTBE TEH30UYCTBUTEJIBHOTO ieMeHTa. Hapsany c BbIcOKON
YYBCTBUTEJIBHOCTHIO CEJIEHHOTO AMOJa B MPeI00MHON 00JaCTH TaKOW 1aTYMK OJHOBPEMEHHO
o0ajaeT ¥ BBICOKOW HaJIe)KHOCTBIO, Ojarojaps BBICOKOM NEperpy304HON CIIOCOOHOCTH IO
TOKaM M HaNpsKeHUM U CIOCOOHOCTH CaMOBOCCTaHABJIMBATHCS IIPU MHOTOKPATHBIX
JIOKaJIbHBIX MPOOOSX.
BriBoabl
1. VcranoBneHo, 4TO (POTO3A€ yMEHBIIAETCS C POCTOM JABJIECHHUSA, NMPHUUEM CKOPOCTb
TOr0 YMEHBIICHUS 3aBUCUT OT OCBEIIEHHOCTH, T.€. C POCTOM OCBEIIEHHOCTH
BennurHa dv/dp pactér.
2. Tloka3zaHo, 4TO OJHOOCHOE JTaBJIICHUE BO3/ICHCTBYET Ha XapaKTEPUCTHKHU P-N mepexoia
B OOJIbLIEH CTENEHN YeM THAPOCTaTHUECKOE.
3. YcTaHOBJIEHO, YTO BEJIWYHMHA TPEANPOOOHHOTO HANpPSHKEHHS C POCTOM JABJICHUS
JUHENHO yMEHBIIAETCH.
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Awnh e

SELEN p-n KECIDININ PARAMETRLORIN® TOZYIQIN TOSIRI.

9KBOROV H.K., EMINOVA N.N.

Isdo miixtolif rejimdo selen p-n kegidlorinin volt-amper xarakteristikalarina tozyiqin tesiri todgiq
olunmugdur. Alinmig naticalor tozyigin tosiri ilo yaranan donon generasiya — rekombinasiya proseslorinin
mdvcudlugu ils izah olunmusdur.

Acar sozlar : diod, p-n kecid, menzoeffekt, yasama miiddati, lokal tazyiq.

INFLUENCE OF PRESSURE ON Se p-n JUNCTION PARAMETERS.

AKBEROV H.K., EMINOVA N.N.

It is established that the influence of uniaxial pressure on p-n junction parameters is more than at
hydrostatic pressure. It is revealed that the magnitude of break — down voltage has been linearly decreased under
the effect of the pressure.

Key words : diode, p-n junction, tensity resistive effect, life time, local pressure.
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Energetikanin problemlori e No1 e 2017 e TIpoGieMbl SHEPTETHKH

PEJJAKCAIIMOHHAS HEYCTOHYMUBOCTDH B IOJYNNPOBOJTHUKAX
C ABYMs TUIIAMU HOCHUTEJIEU 3APAA

I'ACAHOB 3.P., UCJIAM3AJIE A.B.
BI'Y, Uncmumym @uzuueckux [lpoonem AZ -1148, baxy, ya. 3. Xanunosa, 23

Unemumym ©@usuxu HAH Azepbaiioscana AZ -1143, baxy, np. I'. [[rcasuda, 131
aygul_islamzade@mail.ru

[MoctpoeHa TeopHs pelaKCallMOHHOM HEYCTOMYMBOCTH B TIONYNPOBOJHUKAX C JBYMS THIAMH
HocuTene 3apsana. Haiinensl aHanmWTHYECKHE 3HAYEHMS] YaCTOTHI  AJIEKTPUYECKOTO TMOJS MPH BHYTPEHHEH
HEYCTONYMBOCTHU. Y CTAaHOBJICHO, YTO pa3Mep KpUCTaJUla MIPU BHYTPEHHEH HEYCTOMYMBOCTH paBEeH. HECKOJIbKUM
HaHOMETpaM. HOHy‘IeHI)I AHAJIUTUYICCKUEC BBIPAKCHUA IJIA YaCTOThI KoneOaHusa TOKa U HUHTEpBaJia USMCHCHUA
QJICKTPUYCCKOT'O IOJIA IIpU BHEIIHOM HeyCTOIZ‘-IHBOCTPI. YucneHHble 3HaYCHUS QJICKTPHUUCCKOI'O MOJIA U YaCTOThI
KoJIeOaHUs TOKA BIIOJIHE COTJIACYIOTCS € IKCIIEPHUMEHTAIBHBIMU JAHHBIMM COOTBETCTBYIOIUX BelW4MH[1].

KiroueBsbie ciioBa: HCYCTOIZHHBOCTB, MOJYIPOBOAHUKA, SJICKTPUICCKOT'O 110JIs, BOJIHA, 4aCTOTa

B pabore mokazaHo, 4TO B KpUCTauIe B KOTOPOM 3JIEKTPOHHAs U JAbIPOYHAsS
KOMIIOHEHTbl IIPOBOJAMMOCTH HEJNMHEWHBbI (HAampuMmep, H3-3a 3aBUCUMOCTU  CEUYCHMS
PEKOMOMHALMI OT JIEKTPUUYECKOrO MOJIs1) BO3HHMKAETh KosiebaHus mpoBogumocTH. Ecin B
AJIEKTPONPOBOIHOCTH MOIYIPOBOJAHUKA OJTHOBPEMEHHO yYacTBYET 3JIEKTPOHBI U JBIPKHU, TO B

YCJI0BUAX 3aBUCUMOCTHU BHGKTpOHpOBOﬂHOCTeﬁ (O'Jr ) (7_) OT HAIIPSXKCHHOCTHU BHCIIHETO ITOJIA
E B IMOJIYIIPOBOAHHUKE MOIKCT BO3HUKHYTBH JBJICKTPHYCCKAA HeyCTOﬁqHBOCTL. H3menenue
OogHOro O, U O_ HNPUBOAUTH U HU3SMCHCHUIO OPYroro. 3aBHCHMOCTD BHCKTpOHHOﬁ )51

JBIPOYHOM  COCTABJISIIOIIMX  3JEKTPONPOBOJAHOCTH OT HANPHUSHKHHOCTH OIS MOXKHO
XapakTepu3oBaTh KOG GUILIEHTaMH HelnHeHoCcTH [1]

EZ do_ E2 do,
=2 JE—Z) B = JE_Z) .. (1)
3aBUCHUMOCTb O, U O _OT BPEMEHBI, 06ycn013J1eHHa;1 U3MEHEHHEM I0JI B 00pasle, uMeeT
penakcanMoHHbIN xapakrep [1].
di-‘r Ao o E,E' do. Ao, o E,E

T p Bl b0 A0 0 p BE g
dt T T EZ  dt r, r, = E!
E=E,+E',z u 7, Bpems pelakcauu 31eKTPOHOB H JBIPOK.
B paborte waiimeHsl 3HaueHus kodhoummentoB L. u . npokazano uro LS <0wm

SKCHICPUMCHTAJIbHO ONPCACIICHBI 3HAUCHUA SJICKTPUUYCCKOT'O ITOJIA EO M 4aCTOTHI KOJeOaHus.

Onnako, TOCTpOeHHast Teopusi B pabore [1] sBisieTrcss (HEHOMONOTHYECKUM H TIOITOMY
OTCYTCTBYIOT aHaIUTHUeCKue opmyisl 1 E (,BH )1/1 W, (,BH +)

Msl nmocTpouM Teopuro 31oro 3¢ ¢exra, onpenenuM (yHKIUU 0( i,ri) u a)o( i,ri), u
OIIpeJIeTIMM YHCIIeHHbIC 3HaueHus E;, @, [1] ¢ moMomBio naHHbIX sKcnepumenTa [1].

3BecTHO, 4TO [2-6]UpH HEYCTOWYMBOCTH B TOJYIPOBOJHHMKAX KojeOaHus Toka J'umeer
pa3Hble 3HAYEHUSI.

1) J'=0. Tlpu Takoif HEYCTONYMBOCTH BOJHOBOW BEKTOp KOJEOAHUS SBISCTCS
BEIIECTBEHHON BENUYMHOW, a 4YacToTa Koyie0aHHs KOMIUIEKCHOW BeJIMYMHOM. Ota
HEYCTOMYMBOCTh Ha3bIBAETCS BHYTPEHHEN HEYCTOMYHMBOCTH.

2) J'=J'(t)#0 Tlpu Taxoii HEyCTOMYMBOCTH BOIHOBON BEKTOp KONEOGAHUS SBIACTCS

KOMIIJIEKCHOH BEJIMYMHOM, a 4acTOTa KOJIEOAHHS SIBJIICTCS BEIECTBEHHOM BEIWYMHOMN. DTO
HGyCTOﬁ‘IHBOCTL Ha3bIBACTCA BHCIIITHHASA HGyCTOﬁ‘IHBOCTL.
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[Ipu BHYTpeHHEW HEYCTOMYMBOCTH BOJHOBON BEKTOP KOJICOAHWS OMpENEseTCs W3

2
YCIIOBHS CTOSYMX BOJH T.€. K = Tﬂ m (m = O;il;iZ;i...)

Korga snextpuyeckoe moje AOCTUraeT ONPEAE]CHHOTO 3HAueHUs, HAUMHAETCs KoyieOaHus
toka J'#0, B menu u KoneGaHWs BBHIXOJAUTH HAPYXKy 00Opasia, Mpu 3TOM H3MEHSIETCS
KOMIUIEKCHOE CONpoTHBIeHHE obOpasua. Korga peanbHas dacTh HMIEJaHCa HUMEET
OTPULIATEIbHOE 3HAUCHHE, U3 00pa3lia HauMHAeTCA HM3JIy4eHUE SHEPTUU C ONpPEeAEICHHON
4aCTOTOW. 3HAYEHUS 3TON YaCTOTHI OIIPENEISAETCS U3 CIEAYIOIEro ypaBHEHUS
—ReZ+ReZ=0 (3)

(Brmece ReZ peanpHast yacTh MMIENAHCA, R - MOJOXHUTEIBHOE COIPOTHUBICHUE BHEUIHUH
ETIN ).

[Tpu Bemonnenus (3) MHUMas yacTh uMmenanca JMZ MOXET MMETh JII00OH 3HAK.
[IpucoenyHeHneM B 1L€Nb €MKOCTHOE WIM HWHAYKTUBHOE COIPOTUBICHHE MOXKHO
JMKBUAUPOBaTH JMZ .

OcHoBHbI¢ ypaBHeHHsl. [IOJMHBI TOK B IOJYNPOBOJHUKE C JABYMs THUIIAMH HOCHUTEJIEU

3apsada UMCCT BU:
7 = = & OE
J=0,(EE-D,Vn, +o_(EE-D.Vn_+—— (4)
4 ot
3neck O, —3JEKTPOIPOBOAHOCTh IBIPOK, O — 3JIEKTPOIPOBOAHOCTH 3JIEKTPOHOB, N, —

COOTBETCTBYIOLINE KOHIICHTPALMH IBIPOK U 3JeKTpoHOB D, —koaddunmenre muddysun

¢ OE
JIBIPOK U 3JICKTPOHOB —— —— TOK CMECILICHHS.

4r ot
K ypaBHeHuto (4) Hy’kHO npucoeuHUTH ypaBHeHue [lyaccona
divE :4—ﬂe(n+ -n_) (5)
&

(e —areMeHTapHBIH MOJIOKUTETBHBIN 3apsi).
U3 (2) nerko moiay4dum:

n° E,E’ n’ E,E’
R P L= L)
l-iowr_ E; l-ior, E;
9 din gz,

& din(E?)
C nomorpsio (5-6) momydum:

E,E’ -

2 2 — )

e
0 n-tlB+ _ n—-ﬂ— _ngy+ +n97/7
l-iwr, l-iwr_

Ionoras, uto E=E, +E', E'<<E, n, =n{ +n,,n, <<n?
D >D, uf <lu3(2,4,6,7)noayanm

. 0 0 Nl
3':(%_'&)@@0 VT N - Jwe -

4r l-lwr, l-lwr_ )4re n p, n_g. 0 0

. - . —ny,+n_y_
l-lwr, l-iwr_ ®)
D& n’B o graddi\E’
ame |\ 1—iwr - n°g, n°p.

0 0
—-Nn +Nn
l-iwr, l-ier_ EAR S
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_ 0 0
o,=0, +0"
Jnst pemieHuss BEKTOPHOTO ypaBHEHHUs (8) OTHOCHUTEIILHO YacTOTHl (WM OTHOCHTEIBHO
BOJHOBOTO  BeKkTopa K Oymem  cuutath, urto E,=I1Ey =IE, Eoy =Eo; =0,
J'=3,;J,=J;=0 n E{ =E; =0. Bei6op HanpapicHie 3TUX BEIUYMH MMECT MECTO B

skcnepumenTe [1]. Torma u3 (8) Jerko moryduM CJIeAYIOIHUE YPaBHEHHE IS ONPEACIICHHUE
NEPEMEHHOTO 3JIEKTPUUECcKoro mnoss E’

2 _ i _ ’
[,87 —iaf t, +}/+(1—ia7r7 —ior, —cozrj+)]a E + Ky o.p -0.B. +|a)(0"+ +T- G‘ﬂ‘r*) §+
OX o, OX
+k;{1_ = j(ﬂ —iapr + o —iap T E =B pia(Br +pr)]
4ro, eD_
o,E 4ro,
3nech: K, =—2—% : k2 = 0
1X eD n. 2X D
Pemienue ypaBuenue (9) npu @ = o, + i@, u K =K, onpegenser 4acToTel @, 1 UHKPEMEHTHI
27m
wapu kK, =—— ; L, - pa3mep obpa3ua 1o x.

X
BHyTpeHHsIs peJIaKCAllHOHHAS HEYCTOMYMBOCTH B IOJYNPOBOJHUKE € JABYMSI THIIAMH
ikx

HocuTeJieit 3apsiia. [losnoras 0 =0, +10,, ©, <<®,, E'~e"" u3 (9) nomyuum crienyromime

AUCIICPCHUOHHOC YPABHCHHUE OTHOCHUTCIIBHO @ .

y: +ioz, w7, )y+ o7, —if —coz =0 (10)
2
3mecsy @7, = —*T ®,T, L LY kz
T pAr. S e t_ B +7. B Ky
y=or,
k
U3 (10) npu % = C;l—; (11) monyuum
Vi, = 0,7, — ia)lT+ + \/(0)214- )2 —(a)12'+ )2 ~,T, (12)
' 2 4
[pu @, < @, (13) u3 (12) nmonyyum
L w,T, _|_i3a)22'+ _vo4i
5 20,7, Yo T1¥:
2
Yo _ 20T o1z >312 (14)
Y1

Coswmectroe pemenne (13) u (14) npuBoauTh K 3Hauenuto : fS_=2-10"° (15).

r, =4,2-10"f&é,r_=2,7-10"nae, B, =35-10"°

E, =2-10%a/#i

Ha ocHoBe Bblle ykazaHHBIX AaHHbIX M3 (11) momydum [ns AJNEKTPUYECKOro OIS
T y y

cnenyromue 3HadeHue npu D =— . (CooTHomeHuss DHHIITEHHA)
e

T
E,=2-10°— (16
0 L 10

X
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N3 (16) BuaHO, 4TO BHYTPEHHSIS KOJIEOAHUS ITPOUCXOJUTHh B 00pasiie B AJIEKTPUICCKOM I0JIE

E, =2-10%4/fAi pasmep KOTOPOro Mo X : L, =— (17)
ek,
YacToTa KoJeGaHHs NMEET 3HAUCHHUE

2
o, :2_77_ oo y.T. K (18)

2
& T ﬁ+ + T+ ﬂ— 2X
Ha ocHoBe BhIIIE YKa3aHHbIX JAHHBIX JICTKO MOJYYUM YUCJIICHHBIC 3HAYCHUC YaCTOThLL
w, ~5,7-10°f&e™ (19)

B okcnepumente [1] uwacrora @, ~4-10°Adé". TakuMm 06pa3soM NOCTPOCHHAS TEOPHUs

JTIOKa3bIBaTh YTO HEYCTOMYMBOCTH B pabote [1] oueHb CHIIbHO 3aBUCUT OT pa3Mepa KpHucrTaia.

BHemHsAs peJaKcallMOHHAsi HEYCTOMYHMBOCTH B IOJYNPOBOJHHKE € JBYMSI THIAMH
HocuTesel 3apsiga. Korna HaunHaercs koneOaHusl TOKa BO-BHELIHOW LIEMIM BOJIHOBOM BEKTOP
SBJISICTCS KOMIUIEKCHOM BEIMYMHOM (YacToTa BBILECTBEHHOW) M CONPOTUBIEHHE 00Opa3ua
YMEHBIIAETCS T.€. CONMPOTHUBIICHHE CTAHOBHUTHCS MEHBIIE YeM MpeXHOe 3HaueHue. Takoe
YMEHBIIEHNE COPOTUBICHUE IPUBOAUTH K KOJICOAHUS TOKA.

JUI1 TEOpPETHYECKOTo OMpeAETICHHE YacTOThl KOJICOaHUsI TOKA M 3HAUCHHE DIIEKTPHYECKOTO
HOJIS IPY KOTOPOM HauMHAeTCsl KoJieOaHUs TOKA HY>KHO BBIYMCIIUTE UMIIEJaHC 00pa3La.
Metoa BBIYKCIICEHHUS] UMIIEJAaHCA HWMEIOTCS BO MHOTUX paborax [2-6]. ns ompeneneHus
UMIIeJJaHCa CHayajla OIpeleUM IIepEMEHHOE JJIEKTpHUYecKoe moje u3 ypaBHeHHs (9)
CJIEIyIOIIUM 00pa3zom

E'=c,e™ +c,e™* +c, (20)
3nech
¢ = 47 [/3 + B —io(pr_+pr.) 1)
ngkzzx 1- \ (ﬂ+ + 4 —iaf. .7 —ia)ﬂj+)

o,

C, M C,KOHCTaHTBI KOTOPBIE ONPECISIOTCS U3 TPAHUYHBIX ycaoBHd. Eciu durykrammm moss
¥ IUIOTHOCTH 3apsiia MPOHMCXOAAT IpPH 3aJaHHBIX YCIOBHUSX Ha KOHTAaKTax (TpaHUYHBIC
ycnoBust s Egu E(X,t) OJTHH ¥ T€), TO TPAaHUYHBIE YCIOBHUS IS MAJIBIX BapHALIUU E'(X,t)

OKa3bIBAIOTCS OAHOPOJHBIMU [4].
E'(0,t)=E'(L,t)=0 (22).
[Moncrasnsas (22) B (20) ¢ yuetom (21) i C,u C, MOIyYUM CIIEIYIOLINE BBIPAXKECHUS

c()!e'k2LX —1! co!e'leX —1’
C, = i C,= ; L, - pasmep obpasua o Xx. K,u K, - BonHOBBIE

olkolx _gikilx 7 2 __eikzLX _oikabx

BEKTOPBI KOTOPBIE OMpPEIeIstoTes U3 ypaBHenue (9) npu J '(t) =0 (23)

2 A 1/2
Y, —a—if | fra® +izap+ Catn) ﬁ*(r—+ . J —a-ift(a+ib)’” (24)

Vs t, A4rmo,r, wr
Ky, L 2
o = 21X xP. ;ﬂ:k1|—xﬂ+ a1 gi;szLX
wr.y. 2 pr, (or )7,

U3 (24) nerko momyunm

Y1,2=0£—iﬂi(5+i7/); y:% m_b]ﬂz; 5=% m_i_b]l/z (25)
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[IpeacTaBiM HU3MEHEHHUE TTOTHOTO ToKa J' B BHE pasioxkenus Dypbe; M0 OnpeIe/ICHUIO
Z(0)d'(0)=V'(w) (26)

HU3menenue HaIIpsPKCHUS Ha o6pa3ue OIIPECACIICTCA CICAYIOIINM 06pa3u0M
Lx
V'(t)= [E'(xt)dx (27)
0

[Moacrasiss (20) B (27) ¢ yuetoM (26) MbI IOTYyYUM CIAEAYIOIINE BhIpAXKEHUE ISl UMIIEaHCa

o' .
1+ [;/+ —Ia)(T+ +T_)] i ik, Ly
Z _ 4mo, ( 472'00] {1+ k, =k, (e KoLx _1Xe kil _1)} 08)

Z, B D _k;y we ’ ik Kk, Ly | glebx _ gllabx
1+
4ro,
L 4
3necy Z, =—2— S —monepedHoe cedenue oopasia, 0603HaUNM ﬁag . ! ~=u
0,5 D ko we
1+ ——
4ro,
K —k ikoLy 4 fLiklx _
LI I . 1Xe. l):1+c1>0 i, (29)
ik,k,L, e|k2LX _elleX

Torga u3 (28) mony4nm:
BnakamMu P u O, Ilpu O, >0, D, <0 IJMZ>0 a ReZ moxer crarh OTpULATEIBHBIM

gY@

ecnu B BbIpakeHue ReZ uneH ®, 6ompie Bcex ocranbHBIX wieHoB. [Ipu @, <0,

4dro,
@, <0B0o3MOXKHOCTH OTpHIATENbHOTO 3HaKa ReZ Goree BeposiTHO m MHOro. MMeercs emie
caydan @, <0, D, >0 u @, >0, ®, <0. OnHako 6e3 yuera 3HakoB P, u P, MOKHO HaiiTH

qacToThl ipu KoTopom ReZ =0 u JmZ =0
B stom npenensHOM cinydae HanuieM (30) B Buze

N®, + N, o, =0
{ 0 11 (31)

T0, +T,®, =0
N3 (30) nerxo moayunm:

_Ano, {(87100 (z, +7_ )jz 1670, (z, +7_ )TZ (32)

& & &

Wy, =

U3 (32) BUIHO, YTO YaCTOTbl (), U (U, ABJIAKOTCA BEIICCTBEHHBIMU BCJIMYUHAMUA €CIIA

4 + g R
M >1. B oskcmepumente [1] oy = 2-106ﬁae 1, 7, ~4,2-10 "fiaé,

&£
7_~2,7-107" 88 u (32) BrIONHE YIOBIETBOPSETCS.
Y4aCTOTBI
— 4ro, [1+ 87o,(r, +7_ )} o, = 4ro, [1_ 87o,(r, +7_ )}

&£ & &£ &
Rr’ci(c, +1_ Rr’ci(c, +7.
w, = — 08(2 );a)2 ~— 08(2 ) (33)

6x2al
[MoacraBisist SKCIIEpUMEHTAIbHBIC AaHHble U3 [1] Jerko yoeautses, uro @ ~ 5,6 -10 fiaé™,
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Takum obOpasuom npu yactoTax (33) Bo30yXIaeMbIX BOJH BHYTpH oOpasua ReZwu JmZ
HPOXOJIUTh Yepe3 HOJIb U HaunHaeTcs Koiebanus Toka J' # 0 BO-BHENIHOM HemnHu.

[Moncraemss B (29) a, =k, L, u K,L, mony4anm aiust @, u @, cnenyronye 3HaueHUsI
(cos2ar—1)1—e?*) sin 2a(cos 2a — e %)
D, = - ~ .
1-2e7?’ cos2a +e* cosda

1-2e % cos2a +e* cosda

0

kL
g ub b o B T 1

wr.y, 2u v, or,
4
OG6o3Haune o = ﬁao,u: 02- 1 =, 1:#
€ D—k2x (COJ (T+ + Tf)
1+ —
T

2/”—7+7/+ wr, eD_n * ¥
= : y HOJIYUUM JId  BCIICCTBEHHOUM W MHHUMOU YaCTU

E,
B =  Ex
Ex Tp. B ool
MMIIEAHCa CIICAYIONINE BBIPAXKECHUS
2

Rzez :u{y+(1+®o)—(a% _ﬁj@l L2 (1+q>o)}

o o ow
0 1 21 (34)
mz _, R T e 1+ ®,)+ 2,
Z, o o ow,
Beipakenus (34) umeeT cMbICibl TOJIBKO ipu E, >> E,, Torna
d,=cos2a -1, _Sin e (35)
ReZ u Jmz ¢ yuetoM (35) uMeroT BUI:
ZO ZO
Rez _ u(Acos 20 — Esin 4aj, mz _ u(ésin 4a + Bcos 2aj
0 2 0 2
2
A=y + 2 B=Y-_ @ (36)
ow, o o

Yacrora KonebaHust TOKa M AIEKTPHUUECKOE MOJIE OMPEACTISIOTCS U3 CIEIYIONNX YPaBHEHUH
R
_Rez+i:o,‘]mz+_l (37)
ZO ZO ZO ZO
Ilpu ReZ <0, JmZ moxer umeTh ar000# 3HaK. VI3 ypaBHeHnH (37) JI€rKO MOIydUM
BR, + AR . BR - AR
1 . 1 (38)

sin2a=—————<
ulA* + B? 2(BR, + AR)

CoS2a =

nozcTapiss (38) B Sin? o + cos® a =1nomydum:

u?(A? + B2JB2R? — 2ABRR, + AR, — 4B’R? —8ABR,R — 4A?R? )+

(39)
+4(B?R? + 2ABR,R + A’R?|B2R? + 2ABRR,+A’R?)=0

0,

4
Ecmu R, >0wu R, =2R ypasuenue (39) npu =0 = (40) umeert BHI:
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2 2 2 2
57| 72| | |7+ +|r =] |=
D_kyx N O O
2 2 2
= 4R? 4(y+—3] +4 yf—(iJ +(7/++£]
w, o, 51

[Tocne packpeIThis (41) moyduM 1Ji1 OMHUECKOTO COTIPOTUBIICHUSI 3HAYCHHE

[5)1/2 o 4_0-74 1/2
2) b\ ot

R= 5 \1/2 (42)
[ny 67 +02]
0 o
[Tockomeky R >0, rorma y, > g
o,
1/2
R- (ij S/ (43)
18 D _D,,

Takum oOpasioM, ompexensercs yactora KojeOaHusi Toka (40) 3HAYCHUS OMHYECKOTO
conpotuBieHus (43) u npejien u3MEHEHHe deKTprueckoro moust E, >> E, . (44)

MsI nipu ornpeneneHrne NepeMeHHOTo MIeKTpUUeckoro noist (20) MCroab30Balu OMUYECKUE
rpaHnyHble yciioBus (22). OnHako, KOHTAKThl KpUCTaJlla MOTYT ObITh MHKEKTUPYIOILUM T.€.
IepeMeHHble  3HaueHuss N, JTOJDKHBI omnpemenutbes N, =0,J" (45) [5]. Korma O, -
KO GHITMEHTHl WHXEKIMU JBIPOK JJIEKTPOHOB KOHIICHTpAIMs NMpUMeceld HaMHOTO OOJIbIle

yeM KOHIIEHTpAalusi CBOOOJHBIX HOCHUTENEH TOKa, KOHTAKThl KpUCTasla TOYTH OMHUYECKHE.
[Tpu Hanuuue MHXEKUUH napamerp [4].

ev, o, <<1 nmm i<<1, E, = L
o E, €. 0.
C yuetoMm (46) u (44) moayduM UHTEPBAT U3MEHEHUS JIEKTPUUECKOTO OIS
E, <<E,<<E, (47)
O6cyxaenune. Takum 00pa3ioM B TMOJYMNPOBOAHUKE C JBYMsI THIIAM HOCHUTEJEH 3apsa
MPOUCXOJUTHh KOJeOaHUsI TOKa pelaKCallMOHHOTO xapakTepa. YacToTa 3TOro KoiebaHus Mo
4ro,

(46)

SKCIICPUMCHTAJILHBIM JaHHBIM = ~3-10 6 ﬁéé_l u QJICKTPHUICCKOI0 I1O0JIC

£
E, >> E, ~2-10%4/1i . [locTtpoeHHas TeOpHs yTBEPKAAET 3HAYCHHS IEKTPHIECKOTO MOJIA

¥ 4aCTOTHI KoNleOaHus Toka B padore [1].
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IKi TiP KECIRICILiY® MALIK YARIMKECIRICILORDO
RELAKSASIYA DAYANIQSIZLIGI

HO9SONOYV E.R., ISLAMZADO A.V.

Iki tip yarimkegiricilords relaksasiya dayanigsizhigmin nozoriyyesi qurulmusdur.
Daxili dayanigsizliq halinda tezliyin vo elektrik sahosinin analitik ifadolori tapilmisdir. Isbat
olunmusdur ki, daxili dayamqsizliq olanda kristalin dlgiisi L, ~10*sm, yoni bir nego

nanometr olur. Xarici dayanigsizliq olanda elektrik sahasinin doyismo intervali vo tezliyin
ifadosi tapilmigdir. Elektrik sahosinin va tezliyin giymatlori [1] tocriibasindo tapilan
giymatlara tamamils uygundur.

Acar sozlar: dayanigsizliq, yarimkegirici, elektrik sahasi, dalga, tezlik

RELAXATION INSTABILITY IN SEMICONDUCTORS
WITH TWO TYPES OF CHARGE CARRIERS

HASANOV E.R., ISLAMZADE A.V.

A theory of relaxation instability in semiconductors with two types of charge carriers i
s constructed. Analytical values of the electric field frequency are founded for internal instabil
ity. It is established that the crystal size with internal instability is equal to several nanometer
s. Analytic expressions are obtained for the frequency of current oscillation and the interval of
variation of the electric field under external instability. The numerical values of the electric fi
eld and the frequency of the current oscillations completely agree with the experimental data
of the corresponding quantities [1].

Keywords: instability, semiconductor, electric field, wave, frequency
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O XAPAKTEPE ITPOLHECCA PACCACBIBAHUSA HAKOIIMBHINXCS
W3MEHEHUI B KMHETHUKE JJIEKTPUUECKOI'O PA3PYIIEHUS
MOJIMMEPHBIX KOMIIO3UIIUIA

AJIMEBA U.K.!, BEJIMEB T.M.!, ACHJIBEIJIN IL.B.2,
CAJIBITOBA A.P.2, HCMAWJIOB U.M.?

YUsepbationcanckan Iocyoapcmeennas Mopckas Axademus, AZ 1005, Azepbaiioncanckas
Pecnybauxa, 2opoo baxy, yn. M.A. Pacynzade, 5.
2HHcmumym Qusuku Azepbaiioxncancrkoi Hayuonanvrou Axademuu nayx, AZ1143, Baky,
Aszepbaiiosican, npocnexm I'. [[casuda 33,
$Azepbaiioocanckuii Yuusepcumem Apxumexmypor u Cmpoumenscmesa, AZ 1073, baxy,
Aszepbaiiosican, yi. A. Cynmarnosoii 5.
e-mail: asilbeyli@mail.ru

W3mepsutock pacmpeneneHne 1o 3JIEKTPUIECKON JONTOBEYHOCTH B MOCTOSHHOM 3JICKTPHUUYECKOM II0JIE
IpU YMEPEHHBIX TEeMIeparypax IOJMMEPHBIX KOMIIO3MLUH MOJIHIIPONMICH-TIONNITHICH HHU3KOH IUIOTHOCTH
(ITII-IT3HIT) ¢ paznumgHBIMEH HagMOJeKyIspHeIME cTpykrypamu (HMC). OmpeneneHpl SHEPTHH aKTHUBAIHA
npouecca 3()p(HEKTHBHOTO BPEMEHH PACCACBIBAHWS HAKOMMBIIMXCSA M3MEHEHHI B MOIMMEPHBIX KOMIIO3HIIMAX,
BeAymux K mnpoboro. [lokazaHo, 4YTO MpoIlecc paccachlBaHUS W3MEHEHHH, HAKOIJIGHHE KOTOPBIX BelIeT K
npo0OoI0, HOCUT TePMO(IIYKTYAIlMOHHBIN XapakTep, MPUYeM SHEPTUs aKTHBAaLMK ITOTO Tpolecca 3aBUCHUT OT
BEJIMYMHBI HAPSXKEHHOCTU IPOTUBOTIONIS.

KiaoueBbie cJioBa: NOJIMMEPHBIC KOMIIO3HIIMH, DJICKTPHUUICCKOC pa3pyuicHue,
HaJIMOJICKYJISIpHAS CTPYKTYpPA, HAKOIMMATCIIbHBIC IPOLICCChl, KWHETUKA PA3PYLICHUA.

DNEKTPUUECKYIO0 TPOYHOCThH MOJMMEPOB U UX KOMIIO3HIIMU MOKHO XapaKTepU30BaTh
JIOJITOBEYHOCTBIO T-BPEMEHEM OXKUIAHUS MPOoOOs MPH 33JaHHOM BENMYMHE HANPSKEHHOCTU
MOCTOSIHHOTO (10 3HAaKy) 3JIEKTPUYECKOro IMoJisl. OKCIEPUMEHTaJbHbIE HCCIEIOBaHUS U
AQHAIN3 KUHETHKHU DJIEKTPUYECKOrO pa3pylIEHUs MOJUMEPOB M KOMIIO3UIMM HA UX OCHOBE
IPOBOAMIIM BO MHOTMX paboTax. BrickazaH psij cooOpakeHUi 00 3JEKTPOHHBIX MPOIECCaXx,
JNeHcTBYIOIUX B MOAroToBke mpobos. Croga BXOAAT: MHXKEKTUPOBAHME 3IIEKTPOHOB U3
AIIEKTPO/I0B, (POPMUPOBAHUE OOBEMHBIX 3apSAJ0B PA3HbIX 3HAKOB, JIWHAMHUKA 3JEKTPOHHBIX
JIOBYILICK, MOHHM3ALMs MOTUMEPHBIX Mojekyn u ap. [1-3]. Kunerndeckue xapakTepHCTHKU
ATUX HPOLECCOB, KAXKIBIH U3 KOTOPHIX MOXKET «I10-CBOEMY» y4acTBOBaTh B MPUOIMKEHUU
nojuMepa K MpOoOMBHOMY COCTOSIHUIO, pa3nuyHbl. VccrnenoBaHus mpuBeny K 3aKIIOYEHUIO,
YTO MPOLECC, KOHTPOIUPYIOIUN KUHETHKY JIEKTPUUYECKOTO Pa3pyIICHUs MOJIUMEPOB M UX
KOMITO3UIIUH,- TPAHCHIOPT JIEKTPOHOB B 00BbEME IMOJIMMEPA, HANPABISIEMbIH MPUI0KEHHBIM
MOCTOSIHHBIM  DJIEKTPUYECKUM IIOJIEM U TPUBOAAIIUN K (QOPMUPOBAHUIO JIOKAJIBHBIX
KPUTUYECKMX 00BEMHBIX 3apsinoB [2,3]. M3 aToro ciemyer ecTeCTBEHHBIH BBIBOJ O TOM, YTO
AIIEKTPUYECKOE DAa3pyIICHUE MOJUMEPOB M HX KOMIIO3WIUMU MOXHO paccMaTpuBaTh Kak
IPOTEKAIOIIMI BO BPEMEHHU MPOLECC «IOATOTOBKMY» MPo00sl, 3aKII0YAIOIIUNCS B HAKOTIICHUN
HEKOTOPBIX HM3MEHEHHU. [l ciiydaeB AEWCTBUS NOCTOSIHHOTO JJEKTPUYECKOTO TOJs Ha
nonuMmepbl npu  ymepeHHbIX (~Bbimie 200K) TemmepaTypax BBIBOJ O HAKONUTEIbHOM
MPOLIECCE COTIACyeTCsl C TaHHBIMU O BO3MOKHOCTH PEreHepalu JEeKTPUIECKON TPOYHOCTH
[1,2].

[lenpto HacTosimiel paboOTHI sBisieTCs OOOCHOBaHHE HAKONMMUTEIBHOIO XapakTepa
MOJATOTOBKM TOJIMMEPHBIX KOMITO3UIMA K TPo0OI0 TPH YMEPEHHBIX TeMIleparypax u
JETAJIN3aLHs 9TOTO HAKOIUTEIBHOTO IpoIiecca.
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OO0BEKTaMH UCCIIENOBAHUA OBUTH B3ITHI IUIEHKHU TOMIIMHON 2030 MKM M3 OIITHUMAJILHBIX
MOJIMMEPHBIX ~ KOMIIO3UIIMI  MOJUMIPONUIICH-TIONUATUICH  HHU3KOM  IUIOTHOCTH  TIPHU
cootHomeHur komroneHToB (IITT:TTOHIT=80:20) ¢ pazmuunsimu HMC.

Bce wusmepeHuss mpoBOAMIMCH B TIOCTOSHHOM 110 3HAKY OJJIEKTPUYECKOM IIOJIE.
HanpspkeHHOCTh  3aJ1laBaeMOro  3JIEKTPUYECKOTO MOJisd, JACWCTBYIOIIEro Ha oOpasell,
Belpakanack KakE = U/d, rme U-mpuiokeHHOE K DIICKTPOJaM HampsskeHue, L-TosmuHa
obpasia. Mcnonp30Bainch MPMKUMHBIC 3JICKTPOABI THIA IIOCKOCTh-TUIOCKOCTh. [Ipoboit
bukcupoBacs 0 UMITYJBCY TOKA B IICTIH.

Ha pwuc.l mnpencraBieHsl WHTETpalbHBIE (YHKIUU pACIpENCICHHUs] MEIJICHHO
oxnaxaeHHbIX (MO) u OpicTpo oxnaxnaeHHbIX (BO) 00pa3loB MOJUMEPHBIX KOMITO3HIIHHA
II-IIDHII nofgTgnpu HANPSKEHHOCTH TIOCTOSHHOTO 3NeKTprueckoro mons E=2,5-10% B/m
u E=5,5-10® B/m, cooTBercTBeHHO. ITo OCH opmuHAT 0oOn0XkeHa (yHKmus 1 — n,/n, rie-
MOJIHOE YHMCJIO O0paslloB B CEPUM;N YHCIO OOpPA3IOB, OCTABIIMXCS HEMPOOUTHIMHU MOCIE
BPEMEHHU BBIICPKKU T

15 —1_3
n

. : I
2.0 25 T T30 35 4.0

IgTE, C

Puc.1. MHTerpansHOe pacipe/ieneHne o BpeMEeHHOKUAaHUATIPO0os(noiaroseqnoct) 30
06pasnoB nmomuMmepHbIx kommosunui [IT-IT9HII B mocTossHHOM 3NeKTprYeckoM mode, npu 1=223 K.
1. MO, E=2,5-10® B/wm; 2. O, E=5,5-10% B/m.

W3 puc.l onpenenunuch 3HAYEHUS JAOITOBEYHOCTH Ty, OTBEYAIOUIME MPOOOIO
NOJIOBUHBI yKcha o0pa3noB. Jlagee Opanuch HOBBIE CEpPUM TakuX e o00pa3loB U
BBIIEP)KUBAJIMCh TPU TaKUX JK€ HANpPSHKEHUSIX B TEUYEHHWE BpPEMEHU Tq, IIOCIE 4Yero
HanpsDKeHHe CHUMalloch. B pesysbrare ocraBaizachk HEMPOOUTOH MOJOBHHA yKciaa 00pa3loB,
C KOTOPBIMHU M TNPOU3BOJIMWINCH JanbHele onepauu.CMbICI U cnoco0 aHalM3a JaHHBIX
CXEMaTHYECKH MOsICHEH B pabote [4].

B »TOM citydae oka3bpIBaeTCcsi BO3MOKHBIM ITPOM3BECTH OLIEHKY BPEMEHHU peaKcaluu
(Tp), T.€. 5QPEKTMBHOTrO BPEMEHH PAacCachlBaHUs HAKONMBIIMXCS U3MEHEHUH [4].

JJis OLIEHKH XapaKTepHOro0 BPEMEHM pereHepaluu (BpeMEHU perlakcali W3MEHEeHU!
Tp) TpeOyeTcst cienarh pereHepanuio HemojaHoW. C OTOH IENnbio Ha pasivu4HbIX CEPHAX
06pa3ioB, BeIepkaHHbIX Ipu T=223K nox aeiicteuem Hanpssxernoctn E=2,5-10% B/m (MO
o6pasmsr TTT-TIDHIT) u 5,5-108 B/M (BO o6pasus IITI-IIDHII) B Teuenne Bpemenn 7,(871c
st MO o6pasztoB IIII-IIOHIT u 661c mns BO o6pasmos TII-II9HIT) BapsupoBamuck
TEMIEPATypa U MPOJOJIKUTEIBHOCTD NIEPEPHIBA, @ TAK)KE BEIMUMHA IIOCTOSHHOTO (II0 3HAKY)
npotuBonois. Iuanasonsl Bapuanuu coctaBisnu:aMO o6pasna [HIT-I19HII-nanpsokenus,
obecneunBaromue nporusonone ot 0 1o 2,0-10% B/m, Temmeparypa ot 293 1o 333K, Bpems
ot 10® o 10* ¢; msa BO o6pasua IIT-TIDHIT cootBercTBerHO — 0T 0 10 4,5-108 B/™, 0T 293
10 333K, ot 10° no 10 c.

Pesynbratel momoOHbIX ombiToB it MO oOpasunoB kommosummii  [TIT-TISHIT
IIPUBENEHBI HA pUC.2 (KpuBble 3 U 4).
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T 0.5n

0.6}
0.5f
0.4f
0.3f a a
0.2f

af
oy 3 4 1

1 1 ]
2.0 2.5 3.0 35

lgt:, C

Puc.2. ®parMeHTHl HHTETPANIBHOTO pacnpeaeneHus mo goiarosedynoctu MO o0pasios
nonuMepHbIx komnosunuit ITT-TTOHIT npu E=2,5-108B/M: 1. uepHble TOUKH — OCTaBLIMECS
HEMPOOHUTHIMH TTOCTie T1=87 ¢, CBETIIbIe TOYKH — MPOIIE/IINE PETeHEPAIUIO TIPU TCHCTBUN
MIPOTHUBOTIOJS (2,0-108 B/M,103¢, 333 K), T.e. momnHas pereHepanus; 2. He MOABEPTraBIINECs
pereHepalum Bo BpeMs «OT/bIXa», 3. perenepanus Harpesom (333K,103c¢), 4. pereneparus

npotusonoieM (1,5-108B/m, 333K, 103c), T.e. uacTuuHas pereHeparius IpOTHBOIONEM

Bunno, uto xpuBble 3 U 4 NpoXoAAT MEXAYy KpPUBOHM 2, OTBeyarollell OTCYTCTBHIO
pereHepanuu, U KpuBoil 1, oTBeuarouiel nmonHoil perenepauuu (puc.2). CooTBETCTBYIOIINE
nanable Uit BO  00pa3sioB  MONMMMEPHBIX  KOMIIO3WIIUHM  SIBIISIIOTCS  TIOJOOHBIMH.
CnenoBarenbHO, MOXHO HPHUMEHHUTH IIOJIyYCHHOE pPaHee B COOTBETCTBUU CO CXEMOIi,
nokazaHHoi Ha pabote [4], Bpems penakcaiuu (T,) HaKOMMBLIMXCA M3MeHeHui. Otcuer
3HAYCHUH T, U TyrpousBoawics st ypoBHs 0,30 (ypoBeHb a-a Ha puc.2).

Taxum 00Opasom, ObLM NoTydeHsl 3HaueHus 19T, ais MO o6pasuos TTI-ITOHIT npu pasHbIx
temneparypax (T) u BennuuH HanpspbkeHHocTH Ej, mpotuBonons (puc. 3).

4,5-
1,
4,0 4 2 \l
3 .\ \.
o 4 4y o\ \.
235 § \\.\,\
\v
3,0 H
25

T Y L) 2 L) L3 1 v 1 3 1
290 300 310 320 330 340
T.K
Puc.3. 3aBrucuMoCTh BpeMEHH penlakcaliui HakonusIinerocs 3apsaa MO o6pasma [TT-IT9HIT
OT TEMIEPATYPBI IPH PA3NUYHBIX 3HAYEHUAX POTUBOMOJS:
Euw:108 B/m: 1-0; 2-0.5; 3-1.0;
4-15; 5-2.0;

Bunno, uro 197, nunelino ymenbmaercs ¢ ypenudenuem T. Jls ananusa nosyqeHHbIX
3aBMCUMOCTEH TIPEICTABUIIN MX B «aPPEHHYCCOBCKMX» Koopaunarax Igt, —1/T (puc.4).
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Puc.4. TemmeparypHbIe 3aBICHMOCTH BPEMEHH PeNlaKCaIlii HAaKOMUBIIIETOCS 3apsijia B
appeHuyccoBckux koopauHatax it MO o6pasuos [ITI-ITOHIT,npu pa3nuyHbIx 3HAYCHUSIX
npotusonons Ey,: 1.0; 2.0,5-108B/m ; 3. 1,0:108B/m; 4. 1,5-108B/m; 5. 2,0 -108B/m.

Kax BUIHO, MOXHO HaMETUTh JIMHEHHYIO SKCTpomonsuuio 3aucumoctei 1gt,(1/T)
JUI KaXIoro 3Ha4yeHus E ;¢ HEKOTOPhIM YMCHBIICHHEM HAKJIOHA MPSIMBIX C POCTOM
En.Baxkno nomguepkuyTh, uTo sKkcTpononsuus 3apucumocteit 1gt, (1/T) x 1/T=0 npusoaur k
snauennsaM1071% + 1071%¢c, npuyeM MOKHO JOCTATOYHO HENPUHYXKIEHHO IPEACTABUTH
3aucumMoctH 19T, (1/T) npu pasubix Ej;myukom npsaMbix ¢ momocoM 1pu 1gt,=-13 mpu

1/T=0 (puc.4). Taxum 06pa3oM, 3aBUCUMOCTb Ty (Eyy, T) MOKHO OnMCaTh BhIPaKEHUEM

W (Enn)
Tp (Enn: T) = TOeXpT (1)

Bun Belpaxkenus (1) ykasplBaeT Ha TO, YTO IPOLIECC PACCACBHIBAHUS H3MEHEHMUH,
HAKOIJICHHE KOTOPBIX BeIET K MPO0O0, HOCUT TepMO(IyKTYallMOHHBIH XapakTep, MpudyeM
sHeprun aktuBaiuu W(En;) 3TOro mpouecca 3aBUCHT OT BEJIHMYMHBI HAMpPSHKEHHOCTH
MPOTUBOMOJIS.

BenuuuHy sHEprumM akTUBaLMK NIPU psAle 3HaYeHUN E;; MOXHO MOIy4YUTh U3 HAKJIOHA
NpSMBIX, TIOKAa3aHHBIX Ha puc.4 M TakuM oOpazom ycraHoBuTh Bua 3aBucumoctd W(E,,).
[Tony4yennbie Takum myteMm BenunuuHbl W (1t paznuunsix E;u T) npencraBiens! Ha puc.S B
koopauHatax W—E;, nns MO o6pa3nos komnozuuuu HIT-TI9HII (npsmas 1).

100

95 \. . ‘
90 - Sy ™ 2

W, 10° Dk/mons
/

85

t+——T—"T" T+ TT T T T
0,0 05 10 15 20 25 3,0 35 40 45 50

E 10" B/m
Puc.5. 3aBHCHMOCTD SHEPTHH aKTUBALIMH MPOIIECCA PACCACHIBAHUS HAKOIIMBIINXCS N3MEHEHUN
OT HamnpspKeHHOCTH poTuBonodsi: 1-MO o6pasust HTT-ITOHIL; 2-bO o6pa3zus ITI-TT2HII;

Ha rpaduke mnpencraBieHbl CcpelHUE 3HAYEHUS  BCEX  TPYNNBl  TOYEK
COOTBETCTBYIOIIMX Pa3HbIM TeMIIEpaTypaMm. ITO 03HAYAET, YTO SKCTPAMOISAIHUS 3aBUCUMOCTH

65



Tp(Eqn, 7)  BBIpaXEHHEM SIBIISETCS  YIOBJIETBOPHUTEbHOM. Ilpn sTOM omnpenemuncs Bun

sapucumoctd W(E,), a umeHHo,
W (Enn ) = WO - xEnn (2)

Ha puc.5 npencrasieHsl aHanorndabie nanHbie U s bO oOpasma kommosuruu [111-
ITDHIT (npsmas 2), u3 KOoTophix cieayer, uyto 3aBucuMoctb W(E, ;) mis BO obpasna 61u3ka
10 HAKJIOHY K 3aBucuMocTH it MO obpasna.

N3 puc.5 BuAHO, UYTO 3HAYEHHWE HAYAJIBHOW »HHEpPruu axktupamuu Wy = 97 -

—3 JAx o
10 3M0nb. Xapakrep 3aBucumoctd W(E,), kxorma mmeer MecTo JIMHEHHOE CHHUXCHHUE

SHEPrUM aKTUBAIMM MMEHHO OTE[, mpeacraBiseTrcs Hecly4alHbIM. JIeHCTBUTENBHO, Takas
3aBUCUMOCTh  (DYHKIHMOHAJIBHO COOTBETCTBYET YCKOPSIEMOMY TIOJIEM TEPMHUYECKOMY
0CBOOOK/IEHHUIO IIEKTPOHOB M3 KyJIOHOBCKHX JIoBymIek [5]. C yuetom (2) 3aBMCUMOCTD T), =

Tp (Eqp, T) MOXHO onmcats ypaBHEHHEM:
T, = Toexp (=2 ) ®)
B uzorepmuueckux ycnoBusax dopmyna (3) nepexom/lT B (hopmyiy

El'Il'l

Tp = Bexp(_ﬁEnn) (4)
[Tpuyem ko3 dpunmrenTsl Bu fSM0OXKHO BBIPAa3UTh B BUIC
B = roexp(z2) = = (5)

rae X —Kod(QQHUIHUEHT, XapaKTepHU3YIOUIMA CKOPOCTh CHIDKEHHS HEPreTHYecKoro Oaprepa
XMMHUYECKHX CBSI3€H NpHU NPUIOKEHUH 3JIEKTpUYecKoro moisi, R-rasosas mnocrosHHas. B
COOTBETCTBUU ¢ (hopmynamu (5) ObUTH pacCYMTAHBI 3HAYCHHS X JUISI 0OPA3IIOB KOMIIO3HIIHA,
KPUCTAJUIM30BAaHHBIX B Pa3HBIX pemHMax. 3nauenus x ans MO o6pasuos kommnosunuu I111-

[1PHII cocrasmsier 2,03 - 1073 Mi[) , a 11a BO o6pasmos 1,02 - 1073 Z:;; —. Bujtmo, uto

3HaueHue x g bO oOpasnoB Huxke, yem MO oOpaszna. ITo o3HayaeT, 4yTo u3mMmenenne HMC
komnoszuruu [III-IIOHII He Biuser Ha HayanbHYI SHEpPrUI0 AKTHBALlMU, a BIMSIET Ha
BEJIMUMHY CTPYKTYPHO 4yBCTBUTEIBHOTO KO3 dUIIMEHTA X.

Takum o0pa3oM, B BblpakeHuu (1) g BpeMeHHM pellakcallud W3MEHEHUH B
MOJIMMEPHBIX KOMIIO3HMIMAX, HAKOIUIEHWE KOTOPBIX MOJ JEHCTBHUEM IPUIIOKEHHOIO IO
BEJIET K Npo0O0I0, HallJIeHbl Bce mapaMeTpsl: Ty, W, X, mpuyeM 3HauY€HHUs STHUX MapamMeTpOB
OKa3aIuch (PU3MUECKH OCMBICIEHHBIMH. JlelicTBuTeNnbHO, 3HadeHue T, = 1072 ¢ orBewaer
(GyHIaMEHTaIbHON ~ BENMYMHE: NEpUOAY  COOCTBEHHBIX  KojeOaHMM  aToMOB B

KOHACHCUPOBAHHBIX CUCTEMAX WJIM TOYHEC IICPUOAY KoJIeOaHMT MaKCUMaJbHOM YacTOTHI B

nebaeckoM crekrpe [5]. 3nauenue W, =~ 97 - 10713 — X IMeeT CMBICT HauANbHO SHEpPruu
MOJIb

aKTUBAILIUU TIPOIECCca DIIEKTPUUYECKOTO pa3pyIIeHHs MOIUMEepHBIX audnekTpukoB (119, ITIT)
cocrapiser ~ (100 +120) - 103 LS [7] [Monyuenusle 3HaueHus x =~ 2,03+ 1073 —— A M

MJ'IbB

B
mis MO unx~=1,02- 10_3%& s BO  0o0pa3loB  KOMITO3UIIMK  TPUOIH3UTENHHO

COOTBETCTBYET TOMY, YTO B JIOBYIIIKAaX HAKATUTHBAIOTCS SJIEKTPOHBI.

HakorureHre DIIEKTPOHOB B JIOBYIIKAX CBSI3aHO CO CTPYKTYPOH  ITOJIMMEPHBIX
KOMITO3MIMI  (HaTuuueM  CQEepoMTOB, T.e. TOJUMEp SBISACTCA  H3OTPONMHBIM U
MHKpPOTETEPOTEHHBIM, HMMEIOTCS  MPOXOJIHBIE HANPSIKEHHBIE CBA3M, TAKKE YYACTKH,
pacoJIoKEHHbIE Ha TpaHHWIaX CQepoUTOB), KOTOPOE OOYCIaBIMBACT HaaHMdhe OapbhepoB
MEXIy COEPOTUTHBIME O0IacTsaMu. Torma MpH TPHIOKEHHH DICKTPHUECKOrO IMOJs B
JOBYIIKax OymeT HakKalumBaThCes OO0BEMHBIA 3apsa, mnpudeM B MO oOpasiax
(cheponmuToconmepKamnx)  HAKOMHUTCS ~ OOJBINE  3apsAI0B, YTO  3apPETHCTPUPOBAHO
SKCIIEpPUMEHTAIBHO [8].

Takum o00pa3om, pe3ynbTaThl HACTOsAIIEH pabOTBI B COBOKYIMHOCTH C HTOraMHU
U3yYCHUS! KHHETHKH DJIEKTPUYECKOTO pPa3pyIICHHs MOJMMEPHBIX KOMITO3UIMH B 00JacTH
yMepeHHbIX TeMmepatyp [9], rae ycranoBieHa nuHelHas 3aBUCUMOCTH |QTE or E, mo3Bosser
3aKJIFOYUTh, YTO TPOIECCOM, MOATOTABIUBAIONIMM MPOOOH HCCIICTOBAHHBIX MOJUMEPHBIX
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KOMITO3MIIMI, SBJISIETCS HAKONMUTEIbHBIM. AHAIN3 MPOLIECCOB IOATOTOBKH Npo0os U
pereHepaliii ~ HAKONUTEIbHBIX  W3MEHEHHMH  IO3BOJIIET  HApPHCOBATh  CIEAYIOUIYIO
IPEANIONOKHUTENFHYI0 KapTUHY 3JIEKTPUYECKOTO Pa3pyIICHHUS IOJUMEPHBIX KOMITO3UIIHH.
[To-BuaMMOMY, U 371€Ch HAKaIUTMBAIOTCS U3MEHEHUS TOJBKO Ha AJIIEKTPOHHOM YpPOBHE, KaK B
ciydae mojuMepoB [1]. MorekyssipHbIe MeperpymninupoBKU, Pa3pbIBbl MOJIEKYJ, OYEBUJIHO,
3aMeTHOH posin He urparoT. Hambosee ecTECTBEHHBIM IMPEICTABISETCS Ul HaXOAALIETOCS
HOJ  OJEKTPUYECKUM  HANpsHKEHHEM  MOJMMEPHOrO  KOMITO3HMIIMOHHOTO — MaTrepuaia
dopmMHupoBaHHE B HEM CO BpPEMEHEM OOBEMHBIX 3apsA0B, MO JOCTHXKEHHIO JTOCTATOYHOMN
BEJIMYMHBI KOTOPBIX M HacTynaer mpoboil. OOBEeMHBIN 3apsa MOXKET (GOPMHUPOBATHCS KaK U3
WH)KEKTUPOBAHHBIX JJIEKTPOHOB (roMo3apsd), TaKk M 3a CUeT BHYTPEHHEH HOHH3aIHUU
HOJMMEPHBIX MOJIEKYN B 3JEKTPHYECKOM II0JIE€ C TEPEXO0JO0M 3JIEKTPOHOB OT IMOJUMEPHBIX
MOJICKYJI B MEXMOJICKYJIsipHble JoBYIKH [3]. Jleranu3amus 3JIEKTPOHHBIX POLECCOB, NPU
HU3KUX TEeMIepaTypax B MOATOTOBKE JJIEKTPUYECKOTO PA3pYIICHUS IOJUMEPHBIX
KOMITO3UITMOHHBIX MAaTEPUAIOB OCTAETCS 3a/1a4ei JaTbHEHITNX UCCIIeIOBAHHA.

[TonydeHHblE OaHHBIE TIO pPEreHEpalMu AJICKTPUUYECKOH MPOYHOCTH TOJIMMEPHBIX
KOMIIO3UILIMK TO3BOJISIFOT B M3BECTHOW MEPE YIPABIATH O3THUM IPOLECCOM, 3apaHee
pacCUUTHIBAsE PEKUMbI pETeHEPALINH, IPUBO/IAIINE K TOW WIIM MHOW CTENEeHN BOCCTAHOBJICHUS
MCXOJIHBIX AJIEKTPOINPOYHOCTHBIX CBOWCTB H3OJIIIIMOHHBIX MOJMMEPHBIX KOMITO3HIIMOHHBIX
MmarepuasioB.  MOXHO  TaKke  JOOMBATBCS  NPAKTUYECKH  TOJHOH  rapaHTHU
paboToCIOCOOHOCTH HIIEKTPOU3OISIIMOHHBIX MaTEPHUAIOB Ha 3aJJaHHOE BPEMs SKCIUTyaTalllu.
Jns aToro TpeGyeTcs CepHIo MOJMMEPHBIX KOMIIO3HMIIMOHHBIX MaTepHaoB BBIIEPKATh MOJ
pabounM HampsOKEHHMEM B TeUeHHe 3aJaHHOro BpeMeHW. llpu 3TOM dYacTh W3 HUX,
€CTeCTBEHHO, MpoObercsa. OcraBmuecs k€ JODKHBI OBITh  MOABEPTHYTHI  MOJHOU
pereHepanyu, u TOraa HA OJIMH U3 HUX HE MPOOBETCS paHee 3a/laHHOTO (B HAaYaJe) BpPEMEHH.
Takyro BO3MOXXHOCTb OOOCHOBBIBAET KpuBasi 1 Ha puc.2.

3aKIro4eHne

PesynpraTtel W3ydeHHs KHMHETHKM DJIEKTPUYECKOIO Ppa3pyLICHUs IOJUMEPHBIX
KOMITO3UIIUI B OOJIACTH YMEPEHHBIX TEMIIEPaTyp, MO3BOJSET 3aKIIOYUTh, YTO MPOLECCHI,
noarorasnuBatonue komnosunuu III-IIOHIT k npoboto sBistoTcss HakonmuTeNbHbIMH. [lo
CTENEHU PETEHEpaly HAaXOJIUIIOCh BPEMs pEIaKCallM¥ U OIPENEIICHbl DHEPIUMHM AKTUBALUU
IIPOIIECcCa PACCACBIBAHMS HAKOMMBIIMXCS M3MeHeHuH. [loka3zaHo, 4TO mponecc paccachblBaHUs
U3MEHEHUH, HaKOIUIGHHE KOTOPhIX BeAET K MpoOOI0, HOCUT TepMOQIYKTyallMOHHBIN
XapakTep, MpUYEM DHEPrus aKTUBAMM JOTOTO Ipolecca 3aBUCUT OT  BEJIMYMHBI
HaIPSHKEHHOCTHU IIPOTUBOIOJIA.
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POLIMER KOMPOZITLORIN ELEKTRIK DAGILMASI KINETiKASINDA
SORULMA PROSESLERININ XARAKTERI HAQQINDA

OLIYEVA i.K., VOLIYEV T.M., OSIiLBOYLI P.B.,
SADIQOVA A.R., ISMAYILOV i.M.

Miixtalif molekulyar iistlii qurulusa malik polipropilen-asagi sixligli polietilen
kompozitlorin sabit elektrik sahssindo vo araliq temperaturunda yasama miiddotine te
(desilmonin gbzlanilmo zamani) gora paylanmasi dl¢tilmiisdiir. Elektrik sahasinin fasiloli vo
fasilosiz tosiri zamani desilmoyon niimunalorin yagsama miiddstlori garsilasdirilmisdir. Fasilo
zamani temperaturun vo oks istigamotli sahonin giymotindon asili olaraq polimer
kompozitlorin elektrik mohkomlik xassalorindo miixtalif dorocodo regenerasiya miisahido
edilmisdir, regenerasiyanin doracasine gora desilmaya gotiron sorulma prosesinin relaksasiya
zamani vo homin prosesin aktivasiya enerjisi hesablanmisdir. Miioyyon edilmisdir ki,
desilmoys gotiron avvalcodon yigilmis yiiklorin sorulma prosesi termofluktasiya xarakterlidir
vo homin prossesin aktivasiya enerjisi oks isarali sahonin intensivliyindon asilidir.

Acar sozlar: polimer kompozit materiallar, {ist molekulyar qurulus, elektrik
dagilmasinin kinetikasi, yigilma proseslori.

ABOUT CHARACTER OF PROCESS OF RESOLUTION OF ACCUMULATING
CHANGES IN KINETICS OF ELECTRIC DESTRUCTION
OF POLYMERIC COMPOSITIONS

ALIYEVA LK., VELIYEV T.M., ASILBEYLI P.B,,
SADIGOVA A.R. ISMAILOV I.M.

The distribution of electrical durability in a constant electric field at moderate
temperatures of low-density polypropylene-polyethylene (PP-LDPE) polymer compositions
with various supramolecular structures (NMS) was measured. The activation energies of the
process of effective dissolution of accumulated changes in polymer compositions leading to
breakdown are determined. It is shown that the process of resorption of changes, the
accumulation of which leads to breakdown, has a thermofluctuation character, and the
activation energy of this process depends on the magnitude of the strength of the opposition

Key words: polymer compositions, mechanical failure, supramolecular structure,
above-barrier transition, kinetics of destruction
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Energetikanin problemlori o No1 e 2017 e IIpoGiembl SHEPrETUKU

ELEKTRIK BOSALMASI VO ORIYENTASIYANIN TOSIRINDON SONRA
POLIETILEN+NANOGIL NANOKOMPOZITLORIN ELEKTRiK PARCALANMA
PROSESLORININ TODQIQI.

RAMAZANOV M.O }SADIQOVA A.R.?, SOFIYEV E.S.2
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Yiiksoksixliglipolietilenin (YSPE) vo onun ssasinda hazirlanan nanogil (NG) alavali nanokompozitlorin
elektrik yagsama miiddatinin (T £ ) Vo elektrik mohkamliyino elektrik bosalmasinin va arientasiyanin tasiri tadgiq

edilmisdir. Qurulusda bas veran doyisikliklorlo fiziki xassolor qarsilasdirilaraq gostorilmisdir ki, xarici amillorin
tosiri ilo makromolekullarin qirtlmasi1 zamani karbonil qruplar yaranir. Nanokompozitlords elektrik bosalmasi
zaman1 pargalanma siirati saf YSPE-na nisboton azalir. NG destruktiv (elektrik bosalmasi) proseslordo
stabillosdirici(ariyentasiya) proseslars nisboton 6ziinii daha ¢ox gostarir.

Acar sozlar: nanokompozit, elektrik méhkomliyi, korbonil qrup, elektrik bosalmasi, arientasiya

YSPE sintetik polimerlar igarisindo an yaxsi dielektrikdir. Cox ciizi nam Va riitubot
kegiriciliyino malik oldugu ft¢iin onun elektroizolyasiya xassolori uzun miiddot suda
saxlanildigdan sonra da praktik olarag doyismir. YSPE-nin 6ziiniin elektrofiziki xassalori
yaxst Oyronilmisdir. Homginin adabiyyatlarda YSPE-nin elektret stabilliyi vo elektrik aktiv
qusurlarin (deffektlorin) parametrlori haqqinda genis molumatlar vardir.[1-3]  Polimer
osasinda alman hor ciir metal dispers olavali kompozit materiallarin elektroizolyasiya
xassalori pislosir. Polimer kompozit materiallarin elektrik mohkomliyinin metal slavalorin
konsentrasiyasinin artmasi ilo azalmasi tobiidir vo bu slavalorlo hazirlanan polimer kompozit
materiallarin  elektrik miigavimoti olavonin  hocmi miqdarindan, metal hissaciklorin
formasindan va 6l¢iilorine gora paylanmasdindan asilidir [ 4,5].

Kompozit material olaraq YSPE-no daxil edilmis qeyri-iizvi alavo kimi istifado olunan
Na* -montimorillonit torkibli nanogil (NG) gotiriilmiisdiir. NG tobogoli qurulusa malik,
galinligr Inm, uzununa olgiilori 50-150 nm olan gil minerallarinin @imumi adidir. Taobiotdo
olan minerallar elektrik miigavimotine goro i{i¢ qrupa boliniirlor:  pis kegiricilor
p>10°0m-m; orta kegiricilor 0 =10°-10"0Om-m vo yaxsi1 kegiricilor p<100m-m. Gil
minerallarmin forqli elektrik miigavimoatino malik olmasi onlarin kristal daxili rabitolorindon
asilidir. Kovalent rabitoya malik olan dielektrik minerallar (kvars, sliida, ¢6l spati va s.) ¢cox
yiiksok miigavimoto (10'2-10°0Omm) malikdirlor. Osason ion rabitolori ilo tanman
yarimkegirici minerallar da (karbonat, sulfat, halloid vo s.) yiiksok miigavimoti ilo (10*
1080mm) farglonirlor. ©n nohayat, ion-kovalent rabitoys malik gil minerallarinin (hidrosliida,
montmorillonit, kaolinit vo s.) miigavimati o <10*Om-mkifayat qodor asagidir. [ 6 ] Istifado
etdiyimiz NG ilo alinan YSPE kompozitlorinin elektrik mohkomliyindo artim gozlomok
menasiz olards, ¢iinki NG orta kegirici ( 0 =10*Om-m) minerallar sinfina daxildir.

Istor saf vo istorso do nanokompozit materiallardan hazirlanan momulatlar istismar
miiddatinds bir ¢ox xarici amillarin tasirine (elektrik bosalmasi, elektrik sahasi, mexaniki yiik,
temperatur vo s.) moruz qalirlar. Elektrik xassolori todqiq edorkon xarici amillorin tasirino
garst nanokompozitlarin vo saf YSPE-nin arasdirilmasi ham praktiki, hom do elmi cahatdan
¢ox vacibdir. Ona gora xarici amillarinin tosirindon sonra qurulusda bas veran dayisikliklor
fiziki xassalorlo garsilasdirilaraq miigayisali sokilds dyranilmisdir.

Tacriibi metodlar vo niimunslorin  hazirlanmasi. Polimerlor va polimer
nanokompozitlor texniki moagsadlor tiglin istifado olunduqda elektrik sahasinin bircinsliyi
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lazimi soviyyado tomin olunmur, hava qabarciglart vo “konar effekt”in tosiri aradan
qaldirilmir. Bels tocriibolords desmo gorginliyinin asagi qiymatlori alinir vo bu tacriibalorin
naticalari polimer izolyasiyasinin praktiki tatbiginin imkanlarini giymatlondirmak tigiin maraq
kosb edir. Fiziki todqiqatlar zamani elektrik sahasinin bircinsliyini tomin etmok vo desmo
garginliyinin giymotino konar bosalmalarin tosirini aradan gétiirmok lazimdir. Elektrodlar
paslanmayan poladdan hazirlanmis, konarlar1 yuvarglasdirilmig, diametri 30 mm vo 2 mm
olan sistemdon ibaratdir. Yiiksok gorginlikli monbs kimi YIIV-IM qurgusundan istifads
olunmusdur. Tacrilba ti¢in  niimunalor 30-40 mkm Olgiilerinds  dairavi  formada
hazirlanmigdir. NG miixtalif faizlords (1,0; 2,0; 3,0; 4,0; 6,0; 8,0; 10,0%) toz soklinds YSPE
ilo mexaniki qarigdirildigdan sonra qaynar presloms iisulu ilo (10 doq, 423K, 150 MPa) aliir.
Xarici amillorin tosiri olaraq oncadon elektrik bosalmasi ilo kohnoldilmis vo ariyentasiya
(yonloanma) olunmus niimunoslor xiisusi qurgunun komayi ilo aparilmisdir. [ 7 ] Elektrik
mohkomliyi iki tisulla 6l¢iiliir. Birincisi, niimunalari elektrodlar arasinda yerlosdirarak yiiksok
gorginlik cihazindan doyison coroyan verilir. Desilmo gorginliyini niimunonin qalinligina
bolorok E=Uges/d elektrik mdhkomliyini hesablaya bilorik. Ikinci iisul iso niimunoys desilmo
gorginliyindon kigik gorginliklor vermokls elektrik yasama miiddotinin (niimunays garginlik
verdikdon desilmoys Qodor keson zaman) loqarifmasinin (logz.) doyison gorginliyin
sahasinin intensivliyindon asililiq qrafikindon t=1 san miiddstindoki giymatlorindon
hesablanir. Xarici amillorin tosiri ilo nanokompozitin qurulusunda bas veran doyisikliyi
dyronmok {iciin 1Q udulma spektrometri vasitosilo 400-2500smtezlik araliginda spektrlor
incalonarak elektrik xassalori ilo qarsilagdiriimisdir.

Tacriibi naticalor va onlarm izahi.YSPE osasinda NG olavali nanokompozitlorin
elektrik yasama miiddatine vo mohkomliyina xarici amillarin tasirini tadgiq etmoklo elektrik
desilmo (pargalanma) mexanizmi vo dagilmada (pargalanmada) NG-in rolu haqqinda
mioyyan godar molumat olds etmok olar. Bunun tisiin miixtalif ciir tosir edo bilon iki ¢esid
faktordan magsodouygun olaraq istifado olunur. Bels ki, kéhnaldici, dagidic1 pargalayici bir
sozlo , destabillogdirici tosir gostoran amillor ( elektrik bosalmasi, elektrik sahasi, mexaniki
yiik, temperatur, radiasiya, siialanma vo S.) Vo stabillosdirici tosir gostoron amillor
(oriyentasiya, mikro olavalor, doldurucular va s.). Malumdur ki, [8,9] polimerlarin elektrik
kohnalmasini bir ¢ox tisullarla yaratmaq olar. Saf polimerlor vo onlarin osasinda alinmig
nanokompozitlordon alinan momulatlar istifado olunaraq zaman kegdikco kohnalmaya
basglayirlar, yasama middoti azalir. Kohnolmo uzun illor ¢okdiyi ig¢iin kohnalmoani
laboratoriya soraitindo do apara bilorik. Todqiq etdiyimiz bu isdo destabillogdirici amil olaraq
elektrik bosalmasindan, stabillosdirici amil olaraq iso oriyentasiyadan istifado edilmisdir. Saf
YSPE va nanokompozitlari elektrik bogsalmasinin va oriyentasiyanin tasirine maruz qoymagla
bas veran doyisikliklora miiqayisali sokildo baxmaq lazimdir.

10 T=293K
1.100%PE
2.99%PE+1%NG
8 3.98%PE+2%NG
497%PE+3%NG

T 5.96%PE+4%NG
61 ST, 6.92%PE+8%NG

AN
AN
20 30 4'0\6 50 h -6'0:\ 3\\7‘9

E,106v/m

IgE

80
1

Sakill. Nanokompozitlorin elektrik yasama miiddatlorinin E-don asililigt
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Sokil 1-do YSPE vo nanokompozitlorin elektrik yasama miiddstinin sahonin E
intensivliyindon asililigr gostorilmigdir. Goriindiiyli kKimi NG-in miqdar artdiqca elektrik
mohkomliyi azalir. Qrafikdon istifado edorok YSPE+NG nanokompozitlorinin elektrik
mohkamliyini slavenin miqdarindan asililigini Sokil 2-do qurmagq olar.
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Sakil 2. YSPE-nin elektrik méhkomliyinin NG-nin miqdarindan asililig:

NG-in kesiriciliyi YSPE matrisasinin kesiriciliyindon ¢ox oldugu tii¢lin hacmi
miqdarmn artmasi ilo nanokompozitlorin miigavimati saf YSPE-ys nozoron azalir. Homginin
YSPE matrisasinda kristal daxili rabitolor kovalent, daxili edilmis olavads iso rabito ion-
kovalent oldugundan alavenin miqdarinin artmasi ilo xiisusi miiqavimot azalmalidir.

Elektrik bosalmasinin tasirina baxmaq {igiin niimunalori ( 1, 2, 3, 4, 5, 10, 15 saat va

9-10°V gorginlikdo ) kéhnoldirlor. log 7. = f (E) asililigr Sokil 3-do verilmisdir.
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Sakil 3.YSPE va YSPE+3,0% NG niimunalarin forqli kohnalme zamanlarinda
lg 7. = f(E) asililig.
1,2;3,4—-YSPE,1;2",3;4'—YSPE + 3,0%NG
11t =0;2,2't = 3saat;3,3t =5saat;4,4't =15saa; T = 293K

Sokillordon istifado edorok 7 =1san-doki elektrik mohkomliyinin bosalmanin tasir
middoatindon asililigin1 qura bilarik (Sakil 4).
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Sakil4. Elektrik mohkomliyinin bosalmanin tasir miiddatindon asililigt

11’ —safYSPE2;2'YSPE + 3,0%NG,1,2-c1,2' — D

Bosalmanin tosir etdiyi az vaxtlarda (2-3 saatda) hor iki niimunonin elektrik
mohkamliyi artir vo kéhnalmanin miiddati artdiqca azalma goézlanilir. Nanokompozit
nimunado E-nin azalma siirati YSPE-no nozoron daha azdir. Malumdur Ki, elektrik
bosalmasmin tasiri ilo molekullar oksidlosir,aginir, amorf bolgolor yumsalir(rabito
qurtlir, mikrobosluglar vo ¢atlar yaranir va s.) molekullararasi qarsiligli tasirlor
zoifloyir. [10-12]. Nanokompozit nimunolorde NG elektrik bosalmasinin tasiri ilo
rabitolorin qirilmasmin mikrobosluglar vo catlaglarin amolo golmasinin qarsisini alir
Vo oksidlogmo zamani karbonil qruplarin yaranmasini oangolloyir.

Stabillogdirici amil kimi istifado olunan oriyentasiyanin tasirinin tocriibi naticolori
Sakil 5-do verilmisdir.
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Sakil 5. Elektrik mohkamliyinin oriyentasiya daracasindon asililigi
11’ —safYSPE,2;2'YSPE + 3,00NG,1,2—0,1',2' — D

Oriyentasiya doracasi artdiqca E-nin artmasi hor iki niimuns {igiin farglidir. Bels Ki,
nanokompozit do E-nin artma siirati saf YSPE-na nisbaton ¢ox deyildir.
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Naticoalori izah etmok tiglin niimunalorin qurulusunda bas veran doyisikliklor birbasa
tisulla IQ spektroskopiya iisulu ilo tadqiq edilmisdir. Har iki niimunonin 400-2500sm “‘tezlik
araliginda karbonil C=O qrupun oksidlosmo pikine uygun (1720 sm * tezliyina uygun)
intensivliyino  baxilmigdir. C=0O qrupa aid olan pikin intensivliyi bosalmanin toSir
middoatindan asili olaraq doyisir. Kigik tosir miiddatinde C=0O qrupunun optik sixlig1 (D1720)
azalir vo tosir miiddati artdiqca Di720 artar. Nanokompozitdo Di720 artma siirati saf YSPE —no
nisbaton azdir.

Miioyyan gorginlik altinda zamana gora kéhnalmadon asili olaraq E-nin 6nco artmasi
Vo sonradan azalmasini asagidaki kimi izah etmok olar. Yuxarida gostorilmisdik ki,
polimerlarda elektrik bosalmasiin tosiri ilo asason oksidlogsmo-destruktiv proseslori vo
tikilmolor bas verir.

1.Kigik zaman miiddotinds tikilmalor (carpaz baglarin yaranmasi) oksidlosmo-
destruktiv proseslorini tistoladiyi tiglin elektrik mohkomliyinds har iki niimuns tiglin artma
miisahido olmusdur. Elektrik bosalmasinin uzun miiddatli tosiri zamani iso rabitalorin
qirtlarag C=0 qrupunu amala gotirmayin meyilliyi artir. Ona gora 15 saat miiddotinds E t=0-a
nozaron azalmisdir vo har iki nlimunads E-nin azalmasina uygun olaraq optik sixliq artmaga
baslamigdir. 2. Elektrik bosalmasinin tosirindon sonra nanokompoziti saf YSPE-lo miigayisa
etdikdo goriiriik ki, NG oksidlogsmo prosesini angolloyarok antioksidant vozifasini yerino
yetirir. 15 saatda nanokompozit va PE {igiin E-nin azalmasi 35% vo 43% D1720- nin artmasi
har iki niimunas ti¢tin 50% olmusdur.

Stabillogdirici amilin tasirindan sonra har iki niimunads E-nin artmasina uygun olaraq
D1720-nin azalmasi miisahido olunur. Nanokompozitlords vo saf YSPE-do E-nin giymatlori
oriyentasiyadan avval va sonra cadvalds verilmigdir. Gorlindiiyii kimi saf niimunalards E-nin
artmasi kompozito nazoron ¢oxdur. Yoni NG 6zilinii oan ¢ox pargalanma proseslorindo gostorir.

Codval
E,10%V/m
AE, E,10%V/m AE,
% %azalm
Niimunalor Kohnolmomis Kohnolmis azalma Oriyentasiya Oriyentasiya a
U=0,t=0 U=9kyv, olunmamis olunmus A = 2,5
t=15saat
Saf YSPE 70 40 43 70 95 38
YSPE+3,0% NG 54 35 35 54 70 29

Beloliklo, baxmayaraq ki, NG 6zii bazi hallarda tistmolekulyar qurulusu doyisdira bilor
Vo Ya tosir gostorir, onda oriyentasiya olunmus niimunalords oriyentasiya prosesi slavanin
rolunu iistoloyir. Saf YSPE E-si oriyentasiyadan sonra 38% artdig1 halda, nanokompozitin E-
si 29% artmigdir. Yoni NG 6ziinii oriyentasiyaya nisbaton az gostorir.

NOTICO

YSPE-ys olavs edilon NG hissaciklorinin hacmi miqdar: artdiqca nanokompozitlarin
elektrik mohkomliyi azalir. YSPE vo YSPE+3,0% NG niimunalorin elektrik bosalmasinin
tosir miiddostindon asili olaraq elektrik mdhkomliklori ovvalco artmis vo sonra azalma
miisahido  edilmisdir. Nanokompozitlordo azalmanin  siirati  YSPE-ya  nisbaton
azdir.Oriyentasiya doaracasindon asili olaraq har iki niimunanin elektrik méhkomliyi artmigdir
vo saf YSPE-do artma siirati nanokompozito nisboton g¢oxdur. NG stabillogdirici amillara
nisbaton destruktiv proseslords daha aktiv rol oynayr.
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HCCJIEJOBAHME MMPOIIECCA SJIEKTPUYECKOI'O PA3ZPYIIEHUS
HAHOKOMITIO3UTA HA OCHOBE IOJMUATUJIEH+HAHOTJIMHA
TMOCJIE BO3JIEMCTBUS
SJEKTPHUYECKHNX PA3PAJIOB U OPUEHTAIIUA

PAMA3AHOB M.A., CAIBII'OBA A.P., CA®HEB 2.C.

HccnenoBaHo BIHMSIHHE DIIEKTPHUYECKUX PAa3pSAIOB M OPHEHTAIMH Ha JJIEKTPUYECKOE
BpeMs JKU3HU (TE) U AJIEKTPHUECKYIO MPOYHOCTH MOJIMATHIIEHA BhICOKOU tutoTHOCTH ([IDBIT)
Y W3TOTOBJICHHOW Ha €ro OCHOBE HaHOKOMITO3uTa ¢ f00aBkoit HaHorauHb! (HI'). ComocraBmss
U3MEHEHHUS B CTPYKType ¢ (U3MUYECKMMHU CBOMCTBAMHU IIOKA3aHO, YTO O]l BO3JEHCTBHEM
BHEIIHUX (DaKTOPOB C Pa3pbIBOM MAKPOMOJEKYJI OOpa3yroTCs KapOOHWIBHBIC TPYIIIIHI.
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CKopocCTh pa3pbiBa MpHU IEKTPUUECKUX pa3psaax B HAHOKOMIO3UTe MeHble, yem B [1DBII.
HI' Bnuser Ha HEeCTPYKTHUBHBIE TPOIECCHl (AIEKTPUUYECKUE pa3pslibl) CHIIbHEE, YeM Ha
CTaOMIIM3UAIMOHHBIC (OPHEHTALIHS).

KnaioueBble c10Ba: HAHOKOMITIO3UT, DIIEKTPHYECKasi IPOYHOCTh, KApOOHMIIbHAS IPYIIIA,
3IEKTPUUECKU pa3psn;

RESEARCH OF PROCESS OF ELECTRIC DESTRUCTION OF A
NANOCOMPOSITE ON A BASIS POLYETHYLENE + NANOCLAY
AFTER IMPACT OF
ELECTRIC DISCHARGES AND ORIENTATION

RAMAZANOV M. A., SADYGOVA A.R., SAFIYEVE.S.

Influence of electric discharges and orientation to electric time of life (tE) and the
electric durability of polyethylene of the high density (PEVP) and made on its basis of a
nanocomposite with additive of nanoclay (NG) is investigated. Comparing changes in
structure with physical properties it is shown that under the influence of external factors with
a rupture of macromolecules carbonyl groups are formed. Gap speed at electric discharges in
a nanocomposite is less, than in PEVP. NG influences destructive processes (electric
discharges) stronger, than on stabiliziatsionny (orientation).

Keywords: nanocomposite, electric durability, carbonyl group, electric discharge;
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Energetikanin problemlori ¢ Nel e 2017 e IIpo0GaeMbl SHEPIrETUKH

COJIHEYHBIE CUCTEMBbI TEIIVIOCHABXEHU A

P3AEB I1.®., MYCTA®AEBA P.M., CAJIMAHOBA ®.A.,
MAXMYOBA T.A., BEJIMN3AJIE U.E.

Unemumym Paouayuonnwix [Ipoonem HAHA

B nanHoi cTaThe paccMaTpuBacTCsa BOIPOC, CBSI3aHHBIM C pa3pa60TK017I CUCTEM TOpAYCTO
BO)IOCHa6)KeHI/I$I HCIIOJIb30BaHUEM COJIHCUHOM OHCPIrUu.

Karouessle ciaoBa: Coaneunas OHEPICTUKA, COJIHCUHBIN KOJIJICKTOP, COJTHEYHOC ropsa4ee BO}_IOCH36)K6HI/IC.

Pacyer cucrempl Ipou3BeAEH B NPUPOIHBIX YCIOBUAX ATIIEPOHCKOIO IMOJIyOCTPOBA.
B cBs3u ¢ yuem ayi CpaBHEHMsI NPHUBEACH TakXke pacueT aHajmormyHoro pasmepa CBII c
IIOJIOTPEBAM OT JIEKTPUYECKON CETH.

Cucremsl conneunoro remnocHadxenus (CCT) cranoBsiTcs Bce Oosiee MOMYISIPHBIMU
BO MHOT'MX CTPaHax MHpa.

OcoOeHHO BHEUATISAIOT YCIIEXW COJHEYHOH TersiosHepreTukn B EBpome, rae
©XKEroAHbII MpUPOCT 000pOTa OTPAcId B TEYEHHUU IOCIETHHUX JIECATH JeT cocTaBiser 11-
12%.

OOmas momaae coiaHeyHbIX KouiekTopoB (CK), ycTaHOBIEHHBIX K HAacCTOSIIEMY
BpemeHHr B EBporelickux cTpanax, coctaiser 6omee 11 mma M2, [1.2]

B nocnennue necatunerne Haubonee 6bicTpo peiHOK CCT pa3BuBancs B I'epmanun,
ABctpun u I'peniuu. Y nenbHas miomaab COJHEUHBIX KOUIEKTOpoB k 2004 roay cocrasisiia B
I'peruu 264m? Ha 1000 yenosek, B ABctpun 203M%, a B cpeiHuM 10 cTpanam EBporneiickoro
coobmecTBa 26M° Ha 1000 xwuteneii. Passutue sToro cekTopa B EBpome compoBoxmaeTcs
OpraHM3alMell CHEIUAIbHBIX KaMIaHWM 10 NPOJBMIKEHUIO HOBBIX TEXHOJIOTHH, a TaKHe
(UHAHCOBBIM M 3aKOHOJATENbHBIM PETYIUPOBAHUEM U MOAJIEPIKKOM.

Pe3kuil pocT CTOMMOCTH OpraHM4eCKHX JHEPropecypcoB B IIOCIEIHEE BpeMs Aall
Pa3BUTHUIO COJIHEYHOW TEIUIODHEPIeTUKHU JIOTOJIHUTENbHBIM uMnyiabc. [laxxe Te cTpaHbl
Esponsl (Utanus, Mcnanus), B KOTOPBIX HECMOTPS HA OOJIBIION KIMMAaTHUYECKUN MOTEHIUAI
JUISL ICTIOJTIb30BAaHUSI COJTHEYHOM PHEPTUH, 3Ta OTpacib pa3BuBaiack Bsio, B 2004-2005 romax
IIPUHSUIN JONOJHUTENBHBIE IPOTPAMMBI 110 €€ HCIO0Ib30BaHUIO.

MupoBoii onbiT npumeHeHuss CK mokaspiBaeT, 4YTO COJIHEYHBIE CHUCTEMBI
TEIIOCHA0XKEHUSI MOTYT ObITh 3()()EKTUBHBIMU U HaJEXKHBIMU Ul 0OECHEUeHUs] TOpsSYEero
BOJIOCHA0KEHUS] M OTOIJICHHUS >KWJIBIX M OOIIECTBEHHBIX 3JIaHWH IOJOTpeBa BOABI B
OaccelfHax U Jake COJIHEYHOI'0 KOHAUIIMOHUPOBAHUS U ONIPECHEHUIO BO/IBL.

Kak ke oOcTosT Aena ¢ co3gaHUEM CHUCTeM TeIulocHaOxkeHus B AzepOaiikane B
HacTosiiee BpeMs. B 3HaYMTENpbHOM Mepe yCmexXw 3Tol oTpaciu B EBpome 0OBICHSIOTCS
MOIITHOM 3aKOHO/ATeNIbHOW M (PUHAHCOBOM MOJIEPKKOM BO Bcex cTpaHax EBpomeiickoro
coobmectBa. B AsepOaiikane K OOJBIIOMY COXAQJIECHUIO BBIIIECYKa3aHHBIE TOIECPKKU
MOJTHOCTBIO OTCYTCTBYET M MOITOMY JIOCTHMXKEHHUS B 3TOH 00JaCTH MUHHMAJIbHBIE, XOTS HpU
3TOM HEOO0JIbIIIOE KOJMYECTBO CHCTEM BCE K€ CO3/]aHO U YCIEIIHO pabOoTaloT.

Cuctemsl conHeunoro terocHabxenus (CCT) cranoBsTes Bce 6osee MOMYIIpHbIMU
BO MHOTHMX CTpaHax Mupa. OcoOeHHO BNEYATJSAIOT YCIEXU COJHEUHOM TEeMIOIHEPreTHKU B
Espore.

[Ipumem, 4TO HavanabHas TeMIiepaTypa BOJbI, MOCTYMAIOIIEH B JOM U3 BOJOIPOBOA,
cocraBiser 10°C, a ucnonb30BaHUE STOW BOXBI A1 HYXJA (yMbIBaHHE, AYlI, OTOIUICHHE,
yoopka u mpouee) Tpebyer e€ momorpeBa. Konewno, ansa e€ pasorpeBa xors Obl g0 40°
IpagycoB MOTpeOyeTcs 3aTpaTUTh SHEPTHI0, ra3 JpoBa, SJIEKTPOIHEPTHs, OJHUM CIOBaM
3aIJIaTUTh 324 €€ HarpeB.
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3UMOW COJIHEUHBIM KOJUJIEKTOP CMOKET moAorpeth Boay oT 40 mo 70°, a meroM a0 95-
100°C.

B cBsi3u ¢ 3TUM ecTecTBeHHO MornpoldyeM pa3zo0paThCsi, HACKOIBKO B IAHHOM CTy4yae
Oynet 3(h(peKTUBHBIM HCIIOJIL30BAHNE COTHEYHOTO OTOTUICHUSI.

B conHeunslii AeHb Ha ATNIIEpOHE HA KaXIbld KBaJpaTHOH METP MOBEPXHOCTHU
KOTOpasi YCTaHOBJICHA MEPICHAMKYJISAPHO COJHEYHBIM JIydaM Ha MPOTSHKEHUH OJIHOTO Yaca
nonagaer B cpeanem ot 700 mo 1350BarT cosHeuHOM TEMJIOBOM SHEPTrUU B 3aBUCUMOCTH OT
arMocepHOro cocTosHus. J1g mpuMepa Bo3bMeEM cpejiHee 3HaueHue T.c. ~1000BT/M2.

B nmanmHoM cnydae, 4roObl Harpeth 1kr(Ji) Boasl Ha 1 Tpamyc motpedyercs
npubnausutensHo 1,16BT.

Hcxons w3 BBIIEU3I0KEHHOIO MPEICTAaBUM COJHEYHBIM KOJUIEKTOp IUIOMIAlb
KoToporo coctapnser 1m2 TlornomeHne Temma CTOPOHBI, KOTOpas OOpamieHa K COJIHILY
coctapisieT npaktudyecku 100%. Ucxons u3z storo cieayer, uro Ham CK, miomanbio 1m?
CMOJKET Harpetb Boay Ha 1°C:

1000BT
1,16BT
Uto0b! ObUTO yI00HEE CUUTAEM UTO
K = 862kr X °C X Mm% X yac

DTO COOTHOIICHHE MOKA3bIBAET KAKOE KOJIMUYECTBO BOJIBI HA CKOJIBKO I'PayCOB MOYKHO
HarpeTh 3a 1 9ac B COTHEYHOM KOJUIEKTOPE, TIOMIA1h KOTOPOTO COCTAaBIsAeT 1M2.

Jliig mprMepa COTHEUHBI KOJUIEKTOP B KOMILIEKTE KOTOPBIA COCTOUT U3 15 TpyOoK,
TIIOMIABI0 3M,

Camplli onTUMaIBHBIA 00BEM TepMOCa JIIS KUIKOCTH ATOro Koyuiekropa 150 muTpos.

[IpoaomKUTENEHOCTD HarpeBa TaKoro KojaudecTsa Bobl A0 45°C cocTaBiseT B
CpeHeM

= 862,07 Kr Bo/bl

150 - (45°C — 10°C) _ 5250
3M2 - 862KT "~ 2586

= 2,034ac

Crenyer oTMeTUTh 4TOOBI 00ecrieuuTh HarpeB 150 JINTPOB BOJBI 10 TEMIEPATYPhl
45°C conHevHasi yCTaHOBKAa CMOJKET 3a 2 Jaca.

Ecnu yunThIBaTh TEIIONOTEPU KOJJIEKTOpAa M TOT (akT, 4TO arMocdepa He Bcerja
qucTas M Mpo3payHasi, a COJHEYHBIH KOJUIEKTOp HE WJEeaJbHO YHCTBIM, TO BpeMs HarpeBa
3UMOH yBETMYMBAETCs 10 4-X 4acoB.

Jlnst cpaBHEHUS (CONOCTaBIIEHUs) NMPOBEJEM pacyeT I HarpeBa 3aJaHHOro o0beMa
BOJIbI AJIEKTPOIHEPIUEN.

(m-c-A0)
(P-n)
I'ne t- Bpemst HarpeBa B yacax = | gac;

_ 1,163 (Bart/4ac)
B (kr-K)
M- koxmuecTBO BoAbl 150kr, P- MomHoCTh, BT, =0,98. A@-pa3sHocts Temneparyp B K =
(6, — 68,) = 35°C. 6, —Temneparypa xonomHoit Boasl B 10°C, 6,- temmnepaTypa ropsyei
BoJbI B 45°C.

_(m-c-Af) (150-1,163-35)
o (trn) (1:0,98)

= 6230BT = 6,23KBT/4

CrnenoBaTenbHO, 4TOOBI pazorpeth 15011 BOABI ¢ TOMOIIBIO JICKTPOIHEPTUU C YIETOM
TEIUIONIOTEPh TO PACXO/AbI COCTABAT 3a yrmiary oT 7 a0 8kBt - u - 2,3 pybns = ot 16 no 20
pyOneit, a 3a 300 ot 32 10 40 pyo.
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Takum oOpazom 3umoit omua CK, mmomanas KOTOpPOro COCTaBHT 3M2, COKOHOMHT
pacxombl ot 20 10 40 py0 B 1eHB.

Ycranoku CostHedHOTro Topsiuero BogocHaOxkeHus. Hopmer mpoektupoBanus. BCH 52-86
l'ocrpaxnanctpoit. ['ocynmapcrBennblii Kamuter mno ['paxaanckomy CTpoUTENbCTBY U
Anxurextype npu ['occtpoe CCCP. Mocksa 2003r.

Tapnumescku b.B. Onenka 3¢ ()eKTUBHOCTH MPUMEHEHUS COJIHEYHOTO TEIIOCHAOXKEHUS B
Poccuu. Tennosnepreruka NeS. 1996r. C.15,18.

BCH 52-86. YcTaHOBKHM COJIHEYHOTO TOpsuero BoaocHaOkeHWs. Hopmbl mpoeKTHpoBaHUS
I'ocrpaxnanctpoit CCCP. 1987r.

I'OCT P 51595-2000 «HerpoaunuonHas sHepretukay. ConHeuHas sHepretuka. Komiekrtopsl
conHeuyHble. O0IMe TEXHUYECKHE YCIOBHUSI.

GUNOS ISTILIK TOCHIZATI SISTEMI

RZAYEV P.F., MUSTAFAYEVA R.M., SALMANOVA F.9.,
MAHMUDOVA T.9., VOLIZADO i.E.

Moagalads giinas istilik tachizati sistemi ilo alagadar mosalalora baxilmisdir.

Acar sozlar: Giinos energetikasi, gilinos kollektoru, giines istilik tochizati, glines qizdiricisi, lizvi
maddalor resuslari, suyun duzsuzlasdirilmasi, alternativ energetika.

SOLAR HEAT SUPPLY SYSTEM

RZAYEV P.F., MUSTAFAYEVA R.M., SALMANOVA F.A,,
MAHMUDOVA T.A., VELIZADE 1.E.

In the article it has been considered the issues related to solar heat supply system.

Key words: Solar power engineering, solar collection, solar heat supply, solar heater, organic matter
resources, desalination of water, alternative power engineering.
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FOVQOLADOD HALLAR ZAMANI OQHALININ iSTi YEMOK VO CAYLA TOMIN
OLUNMASI UCUN AVTONOM HELIOMOTBOXLORDON
ISTIFADO IMKANLARI

SALAMOV O.M., "OLIiYEV F.F.

AMEA Radiasiya Problemlaori Institutu '
“Azorbaycan Respublikasimn Tahsil Nazirliyi, Memarlq va Insaat Universiteti

Isdo fovgolado hallar zamani dogma yurd-yuvasindan ayri diisorok, morkozlogdirilmis elektrik vo gaz
tochizati xottlorindon uzagda, sohra soraitindo yasamaq mocburiyystindo qalmis ailolorin isti xorok vo ¢ayla
tomin olunmasi mogsadilo bilavasito giinos enerjisi vasitosilo igloyan heliomotboxlordon (HM) istifads olunma
imkanlar1 nozordon kegirili. AMEA Radiasiya Problemlori Institutunun “Borpa olunan enerji ndvlorinin
cevrilmasi laboratoriyasi”nda yaradilmis HM-in Baki soharinin klimatik soraitinds aparilmis tobii sinagindan
alinan naticalor verilir. Yekun olarag, maya doyori ¢ox asagi olan vo aliiminium folqalardan hazirlanan,
parabolik oksetdiricilordon istifads edilmasi toklif olunur.

Acar sozlar: heliomatbax, parabolik oksetdirici, qizdirilan obyekt, giinog radiasiyasinin intensivliyi,
afokal miistovi, temperatur, dairavi sokilli tor, izloyici sistem

Fovgolado hallar, xiisuson do dagidict zolzals, dasqin, sunami, kiitlovi yangin va S.
zamani hadisonin bas verdiyi otazilordo yasayan vo hoyatlar1 tohliiko altinda olan ohalini
dorhal hadiso yerindan tohliikasiz orazilora kogiirtirlor. Bu biitiin diinya 6lkalarinde Dovlat
Basgisinin saroncam va gostarislari ila, togriban analoji ¢okildo miivafuq salahiyyatli Dovlot
Qurumlar torafindon hayata kegirilir. Bu zaman shalinin xilas olmasinda vo yagsamagq iigiin
minimum saraitlo tomin olunmasinda oan Onciil todbirlor goron toskilat, birmonali sokildos
Fovqolara Hallar Nazirliyi vo onun tabegiliyinds olan miixtolif toyinath xilasedici heyotlordir.

Diinyanin miixtalif 6lkolorinde bas veran hadisalorin, o ciimlodon do, dagidici
mitharibalorin vo votondas qarsidurmasinin iiziindon qagaraq, tohlilkesiz yasamaq timiidilo
basqa Olkoalordo siginacaq axtaran miqrant axinlarini da bu kateqoriyaya aid etmok olar,
hansilarin ki, qagdiglar1 6lkonin dovlat basgilari qorar gobul edons godor yasamalari ¢ox ¢atin
Vo tohliikali olur. Bels ki, onlarin nainki isti yemakla, hatta igmali su va adi quru yemoklorlo
do tomin olunmasi (qis faslinds ham do isti geyim vasitalorila) problemli masals olur. Bu iso
onlarin sag qalmalar iigiin xeyli tohliiko yaradir. Isti suyun, isti yemayin va s. olmamast,
digor torofdon do onlarin vaxti-vaxtinda isti dus qobul etmosini imkansiz etdiyindon, bu
kateqoriyadan olan insanlarin saglamliq durumu da ciddi tohliiko altina diisiir vo oksor
hallarda bu ciir sorait bir-sira yoluxucu xastsliklorin yaranmasina sobob olur.

Bozi hallarda qagqin diismiis ohali miinasib bildiyi bir diizonlik sahods 6ziine miivaqgati
moskan salir vo, agar homin orazi oduncagq kimi istifado olunan yanacaq ndviiniin aldo
edilmasi ticin meso massivindan, homginin do morkazlogdirilmis qaz vo elektrik enerjisi
tochizat1 sobokoalorindon uzaqda yerlosorsa, onda hamin ailalorin  hotta minimal soraitds
yasamasi belo miimkiinsiiz olur.

Yuxarida qayd olunanlart nazoro alaraq, hazirki mogalods tobii folakotlor vo ya
miiharibalor {iziindon qagqin diismiis, yaxud da miitogokkil sokildo digor yasayis yerino
kogliriilmiis ohalinin miivafiq Dovlot todbiri goriilona godor miixtalif nov giinos
qurgularindan, o ctimlodon doa sayyar heliomatboxdon (HM) istifado etmokls isti yemok va
cayla tomin olunma imkanlari1 nazardoan kegirilir.

HM-lor Hindistanda, ispaniyada va diger lkalords cox genis sokilds istifads olunur vo
onlarin hal-hazirda istifado olunan miixtalif név modifikasiyalarinin imumi say1 yiiz mindon
artiqdir. Bu ciir HM-do giinas stialarii fokuslamaq moaqsadilos istifado olunan konsentratorlar
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adi altiminium folgadan hazirlandigindan, onlar ¢ox ucuz basa galir vo iimumi dayarlori 10-15
ABS dollarindan ¢ox olmur [1].

AMEA Radiasiya Problemlari institutunun «Barpa olunan enerji ndvlorinin ¢evrilmasi
laboratoriyasi»ynda bir-sira gilines energetik qurgulart islonmigdir. Belo qurgulardan biri do
giinasin stia sokilli enerjisini bilavasito yiiksoktemperaturlu istilik enerjisino ¢eviran parabolik
konsentratorlu (PK) HM-dir Sakil 1 a), b) va ¢)-do HM-in frontal, profil va horizontal, Sakil
1d) -ds isa AA Kasiyi lizra horizontal goriiniislori tasvir olunmusdur.

Tagdim olunan HM avvallar digar 6lkalards islonilmis va sinaqdan kegirilmis HM-lo [1-
3] miigayisads asagida qeyd olunan bir-sira iistiinliiklors malikdir.

Molumdur ki, yemok hazirlanarkon qizdirilan obyektin siiagobuledici sathindo
temperaturun optimal giymati 200+ 250°C intervalinda doyismolidir. PK-un fokus ndqtesine
yaxin oblastda isa, hotta qis foslinds belo temperatur gostarilon hoddi bir-neco dofo iistalayir
Ki, bu da yemok hazirlamaq {igiin yolverilmoazdir, bels ki, bu ciir yiiksok temperaturda ani
buxarlanma prosesi vo yemoyin yanmasi bas verir. Toqdim olunan HM-do PK-un agilma
bucagr 120+150° arasinda dayisir, bu sebobdon do onun fokus mesafasi uzaqlasir ki, bu da
qizdirilan  obyektin (QO) fokusdan lazimi mosafodoki afokal miistovido (AM) kicik
kolgalonma amsali ilo yerlosdirilmasina imkan verir. QO istiliyadavamli polad maftildon
hazirlanmis dairavi sokilli torun (DST) tizarinds yerlosdirilir vo onun qurasdirildigt AM-do
konsentrasiya olunmus giinos siialarinin yaratdigi temperatur 200+250°C intervalinda dayisir.
DST-un hazirlanmasi prosesinin sadolosdirilmasi ii¢iin onun desiklori kvadrat soklinds icra
olunmusglar. PK-un va QO-in siia gobul edon sothlorinin DST torafindon koélgoalonmo
daracasini azaltmaq, hamginin do QO-in DST-un iizorinds asan yerlosdirilmasini tomin etmok
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Sakil 1. HM-in frontal (a), profill (b), horizontal (c) vo AA kasiyi lizra horizontal
(d) goriiniislori

mogsadilo DST-un kvadrat sokilli desiklorinin dlgiilori 25-don 100 sm?-2 godor toskil edir. PK-
u mexaniki zadalonmadan gorumag magsadilo o qoruyucu metal gargiva ilo tomin olunmus vo
diizbucagsokilli sassinin igarisinds yerlosdirilmisdir. PK-un asagi siirlismasinin qarsisini
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alinmagq tigiin, sassi yuxar1 hissadon onun goruyucu metal ¢ar¢ivasine barkidilmisdir. HM-do
hom do PK-un zenit istigamotinds giinego dogru yonoldilma prosesi hoyata kegirilir. Bu
mogsadlo PK zenit istigamatinds firlanma yarimoxlar1 vo yasti diyircoklor vasitesilo dayaq
gargivasinin sol vo sag tirlori ilo olagalidir. PK-un isinin tohliikasizliyinin vo dayaq
gargivasinin saquliliyinin tomin olunmasi {igiin iss, Sol Vo sag tirlor asagi torofdon yiingiil
metaldan hazirlanmis vo alt torofi alti odod diyircoklo tomin olunmus, qalin divarli dairovi
sokilli 16vhaya boarkidilmislor. Ondan savayi, HM-do PK-un azimut istigamotinds giinosa
dogru yonoaldilmasi do tomin olunmusdur. Giin orzinds giinasin bucaq koordinatlarinin
doyismoasi zamani QO-in PK-un optimal temperatur oblastina torof daha doqiq sokilds
stirligdiiriilo bilmasi tigiin DST biitiin ohatasi lizro yuxar1 metal halqaya barkidilmisdir, metal
halga iso biri-birino nozeron bucaq mosafalori 90° toskil edon Vo cevro boyunca diiziilmiis
dord odod metal ayaqliglarin araliginda yerlosdirilmisdir vo xaric1 torofdon onlara
borkidilmisdir. Metal ayaqliglar alt hissadon dos eyni gayda ilo onlara barkidilmis metal halga
va diyircoklorlo tomin olunmuslar.
HM-in istilik-energetik xaraktareistika-

larin1 miioyyan etmoak iigiin «Barpa olunan E, Vt/m? Tx2-10% dagiga

enerji ndvlorinin ¢evrilmasi laboratoriyasi»- 100

nin heliomeydancasinda qurqasdirilmig 1,5 0 « ¥ 2 1

m diametro malik PK-dan istifado etmoklos 80 R ),r"%\‘k 3

tobii sinaqglar kegirilmisdir. Bu zaman, kon- 80 ./.,/'/Y ) o
sentrasiya olunmus giinas siialarin1  gobul 0 o \ J

etmo xassasina gora QO-a daha uygun goalan 0 LN ‘\{4 /
miistovi sokilli stiagobuledici istifado edilmis 0 \'\ \._‘ ’/3

vo 0 PK-un miivafiqg AM-in tizarinds yerlos- 20

dirilmigdir. Tacriibalar an alverisli (yay mov- 0 0

sﬁmﬁ) Vo an olverissiz (qis movsiimii) klima- 6 81 1 1 1 1 2 2
tik soraitlordo aparilmisdir. Bu zaman, yay 0 2 46 8 0 2

Gunun vaxti, saat
). GRI-nin (1, 2 oyrilori), vo qizdirilan obyektin siia
gobul edon sothindaki temperaturun (3,4 ayrilari)
gliniin vax-tindan asili olaraq doyismo grafiklori:
1,3 ayrilari yay; 2,4 ayrilari qus fosli tigiin

foslindo tobii smaqlar giiniin 7%°-dan 20%-a,
qis faslindo iso 9%-dan 18%-a godor olan
saatlar1 orzinds aparilmigdir vo birinci halda
GRi-nin giinorta ¢ag1 miisahido olunan
maksimal giymoti 950 Vt/m?, ikinci halda iso
800 Vt/m? toskil etmisdir. Hor iki halda
tacriibalor aydin (buludsuz) hava soraitinds aparilmisdir.

Tacriiba aparilarkon ovvalcodon islonmis riyazi modeldon [4] istifado etmokls tizorinds
QO-in yerlosdiyi dairovi sokilli metal torun (hazirki halda miistovigokilli stiagabuledicinin)
PK-un fokal miistovisindon olan masafasi diizgiin seg¢ilmisdir, harada ki, QO-in siiagabuledan
sathindo oks olunan giinos siialarmin konsentradiyasi fokal oblasta nisbaton bir-ne¢a dofo
asag1, temperatur iso 200-250° C toskil edir. Tocriibolor zamam bolli olmusdur ki, yay
movsiimiinde QO-in siiaqobuledon sothinds qurulmus optimal temperatur rejimi (200-250° C
temperatur) sohor vo axsam saatlarinda 10 doqigo, giinorta ¢agi iso 0,7 dogigo, qis
movsiimiindo iss, miivafiq olaraq 17

dogige Vo 4,76 dogigo orzindos oldo S %
olunur. Bu iso onu gostarir Ki, agar 40
! 1 2
fovgolads hadisalor bas verarss, bu 30 = ,: . ;,,_c —
zaman miivaqgoti olarag morkozlosdi- 20 e ~
rilmis qaz vo elektrik tochizati 10
sobokalorindon  uzag  mosafalords 6 & 10 12 14 16 18 20

yerlogon vo sohra xarakteri dasiyan
yerlordo moaskunlasdirilan ohalinin, o
climladan do miixtalif sabablar tiziindon
dogma yurd-yuvasindan ayri diigmiis

Gunun vaxti, saat

Sokil 3. Parabolik oksetdiricinin QO tarofindan
kolgalonmo amsalinin giin arzinds doyismo
grafiki: 1- yay fasli tiglin; 2 -q1s fasli ti¢iin
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qagqinlarin isti xorok vo ¢ayla tomin olunmasi tigiin, heg bir alava yanacaq talob etmoyan vo
ekologiyaya he¢ bir sokildo zoror vurmayan bu ciir HM-don genis sokildo istifado etmok
miistosna shamiyyat kasb edir.

Sinaq qurgusunun tlizarinds tacriibalor aparilarkan, parabolik oksetdiricinin 6ziiniin QO
torafindon koélgalonmas omsalinin giin arzinds doyismasi do nozore alinmigdir. Bu zaman hom
tocriibi naticalor asas gotiiriilmiis, ham do Ki, homin noticalor parabolik kosentrator ii¢iin
islonmis riyazi modeldon alinan naticalorlo miigayiso olunaraq, kolgalonmo amsallarinin giin
orzindoki hor saatliq orta giymotlori toyin edilmisdir. Ilkin hal kimi, yoni optimal sort Kimi
QO-lo parabolik oksetdiricinin diametrlor nisboti d/D = 1/4 gobul edilmisdir. Nazoro almag
lazimdir ki, parabolik oksetdiricinin diametri sabit qaldigindan, kdlgalonmo amsalinin giymati
ancaq istifads edilon QO-in diametrinin doyismasindan asil1 olaraq doyisils bilor. Belo Ki, agor
gabul etdiyimiz sort daxilinds bu omsal giinarta saatlarinda 25% tagkil edirsa (d/D = 1/4x100
= 25%), QO-in diametri (d) boyiidiikco, homin omsal da boylyiir ki, bu da alinan temperatura
Vo x0rayin bigsmo miiddatine manfi tosir gdstarir. Odur ki, bu sahods boyiik praktikaya malik
olan digor diinya 6lkalorinds oldugu kimi, HM vasitasilo xorak bisirarken vo yaxud da cay
gaynadarkon miimkiin qo-dor elo etmok lazimdir ki, QO-lo para-bolik oksetdiricinin
diametrlar nisbati ilin qis mévsiimii tigiin, gliniin glinorta saatlarinda, yoni kélgalonmonin an
az oldugu vaxtda 1/4-don ¢ox olmasin. Aparilan tocriibolora osasen ilin qis vo yay fasillori
tictin QO-lo parabolik oks-etdiricinin diamatrlor nisbatinin 1/4 oldugu hal ti¢lin parabolik
oksetdiricinin QO torofindon kolgalonma omsalinin giin arzinds doyismo qrafiklori qu-
rulmusdur, hansilar ki, Sokil 3-do tosvir olunmuslar. Gorsandiyi kimi, yay faslinda (1 ayrisi)
kolgalonma omsalinin sohor (saat 7%°) vo axsam (saat 20%) saatlarinda miisahido olunan
maksimal giymati 28,0%, giinorta ¢ag1 (saat 13%) miisahido olunan minimal giymeoti iso
18,0% toskil edir. Qis movsiimii ii¢iin bu gostoricilor uygun olaraq 32,0% (sohor saat 9%),
32,5% (axsam saat 18%) va 25% (giinorta ¢ag1) toskil edir. Sokil 2-da tosvir olunan grafiklor,
xiisuson do parabolik oksetdiricinin afokal mistovisindo yerlosdirilon vo istilik-energetik
noqteyi nozadron QO-o daha ¢ox uygun golon miistovisokilli stiagobuledici sothin yay va qis
movsiimlorinds giiniin miixtalif saatlarinda qurulmus optimal temperetur rejimino ¢ixma
miiddatlorinin ayrilori (bax Sokil 2 -3 vo 4 ayrilori) qurularkon, QO torafindon parabolik
oksetdiricinin kolgalonmo amsalinin giin arzinds doyisma xarakteristikalar1 nozors alinmigdir.

Giiniin sohar vo axsam saatlarinda koélgalonmo omsalinin nisboton bdyiik giymat almasi
hom ds geyd olunan saatlarda parabolik oksetdiricinin 6ziiniin moxsusi kdlgalonma amsalinin
tosiri ilo xarakterizo olunur. Yoni sohor saatlarinda parabolik oksetdiricinin giingixan torafdoki
hissasi giinbatan torafdoki hissasini, axsam saatlarinda iso, aksina giinbatan torafdoki hissasi
glingixan torofdoki hissosini az da olsa kolgslondirir. Bu ciir kolgalonma 6ziinii daha ¢ox qis
faslinda, yani giinasin zenita nisbaton daha bdyiik mailliklo harokati zamani gostarir, na vaxt
ki, glinaso olan normal istigamotlo yer sathino nazaran parallel olan miistovi arasindaki bucaq
minimal, perpendikulyar olan miistovi arasindaki bucaq (zenit bucagi) iso maksimal giymat
alir. Yay movsiimiinda bu tasir 6ziinii bir o qodar do kaskin sokilda biruzs vermir.

NOTICOLOR:

Aparilan todgigat islorine, o ciimlodon do odobiyyat arasdirmalarina vo tocriibadon
alinan naticalors asasan asagidaki iimumi naticalara galmok olar:

1. Fovgolado hallar zamani miivaqqsti olaraq morkozlosdirilmis elektrik vo gaz tochizati
xattlorinds uzaqda, sshra soraitinds, yasamaga mocbur olan ailslorin minimal yasayisinin
tomin olunmasi {iglin, onlarin ilk novbads isti xdroklo Vo ¢ayla tomin olunmasi an vacib
mosalalordon sayilir. Bu moqgsadlo giinos enerjisini bilavasits, yani he¢ bir yanma prosesi
getmadon istilik enerjisina ¢eviran vo maya doyari ¢ox asagi olan aliiminium folgalardan
hazirlana bilon parabolik oksetdiricilordan ibarat HM-dan istifads olunmasi xiisusi shamiyyat
kosb edir.
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2. AMEA Radiasiya Problemlari Institutunda yaradilmis parabolik oksetdiricili HM-in
Baki gohorinin klimatik soraitinds tobii sinaqdan kegirilmasi naticasinds bolli olmusdur ki,
yay foslindo giiniin 7°°-dan 20%-a, qis faslinds iso 9%°-dan 18%-a godor miiddati arzinds hamin
HM vasitasilo x6rak bisirila Vo ¢ay qaynatmdila bilar.

3. Tacriibalar naticasinds balli olmusdur ki, yay movsiimiinds parabolik aksetdiricinin
afokal miistovisinda yerlagdirilon miisavisokilli siiagobuledicinin sathinds xorak bisirilmasi va
cay qaynadilmasi {iciin lazim golon optimal temperatur rejimi (200-250° C temperatur) sohor
Vo axsam saatlarinda 10 doaqigo, giinorta ¢agi isa 0,7 doagige, qis movsiimiinds iSa, miivafiq
olaraq 17 daqgigo vo 4,76 dogige arzinds alds olunur. Bu iss onu gostarir Ki, agor fovgelads
hadisalor bas verarso, bu zaman miivaqqati olaraq moarkazlosdirilmis qaz va elektrik tochizati
sobakalarindon uzag mosafalords yerlogon sohra xarakterli yerlordo moaskunlasdirilan shalinin,
o ciimladan do miixtalif sobablor tiziindon dogma yurd-yuvasindan ayr diismiis qagqinlarin
isti x0rok va ¢ayla tomin olunmasi ti¢iin, he¢ bir alave yanacag tolob etmoayan va ekologiyaya
zorar vurmayan bu ciir HM-dan genis sokilds istifads etmok miistosna shomiyyat kasb edir.

4. Maya doyari olduqca asagi, konstruksiyasi iso sado oldugundan bu ciir sayyyar Vo
avtonom HM-lor galocokds Azarbaycanda nainki tokco fovgolads hallar zamani, hotta digor
vaxtlarda da, xiisuson do bag evlorinds, fermer tosorriifatlarinda vo gedis-galisi ¢otin olan
strateji shamiyyatli obyektlords genis sokilds tatbiq oluna bilar.
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BO3MOKHOCTH HCHOJIb30BAHUSI ABTOHOMHBIX TEJIMOKYXHEM
JIJISI CHABKEHUMS I'OPSTYEM ETOW U YAEM ITPA
YPE3BBISIAMHBIX CUTYALIUSX

CAJIAMOB O.M., AJIUEB ®.D.

B pabore nmpuBOASTCS BO3MOXXHOCTH HCIOJIB30BAHUS HEMOCPEICTBEHHO PaOOTAIONMINX
oT conmHeuHol sHepruu renuokyxuen (I'K), mias obecriedenus ropsideii e10i 1 4aeM CeMbeid,
OTHAJEHHBIX OT POAHBIX OYAroB MPH BO3HHUKHOBEHUW YPE3BBIUAMHBIX CUTYallMl M BBIHYX-
JICHHO MPOYKMBAIOIIHUX B TOJIEBBIX YCJIOBHUSAX, OTHAJIEHHBIX OT LEHTPAIM30BAHHBIX JIMHUHI
ANEKTPOCHAOKEHUS U Ta3ocHaOeHus. [IpuBoOAsSTCS pe3ynbTaThl, MOTYYEHHBIE U3 HATYPHOTO
UCTIBITAaHUS, B KIUMaTHYeCKUX YycioBusx r. baky, 'K, BwimonHeHHOH B nabopaTopuu
«IIpeoOpazoBanue BO300HOBIsIEMbIX BUIOB 3Heprum» Muctutyra Pagunanuonnsix I[IpoGiem
HAH Azep6aiimkana. B 3akirodeHnn mpeziaraeTcs HMCIOJBb30BaHMS IS yKa3aHHOW IIeNu
napaboIMYecKuX OTpa)kaTesieil, N3rOTOBIEHHBIX U3 ATIOMUHUEBON (OJBIU ¢ HU3KOH cebe-
CTOMMOCTBIO.

KioueBble cjioBa: TeTHMOKYXHS, TapaboJIMIeCKui OTpakaTeslb, HArpeBaeMbIii 00BEKT, HHTCHCUBHOCTh
COJTHEYHOH paanaIiy, apoKaJbHasl INIOCKOCTh, TEMIIEPATYp, CETKa KPYTion GOPMBI, cIeasImas CucTeMa
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ACCESS TO OFFLINE GELIO KITCHEN FOR THE SUPPLY
OF HOT FOOD AND TEA IN EMERGENCIES

SALAMOV O.M., ALIYEV F.F.

The paper presents the possibility of using directly employed by solar energy
geliokitchen (GK) to provide hot food and tea family, far from their homes in emergencies
and forced to live in the field, far from centralized electricity supply and gas supply. The
results obtained from field tests in climatic conditions in Baku GK, made in the laboratory
"Transformation of renewable energy,"” the Institute of Radiation Problems of the Azerbaijani
National Academy of Sciences. At the conclusion of the proposed use for this purpose
parabolic reflectors made of aluminum foil with a low-cost yourself.

Keywords: heliokitchen, parabolic reflector, heated object, solar radiation intensity, afocal plane,
temperature, grid of circular shape, tracking system
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KULOK TURBINLORININ QURASDIRILMASI VO iSTISMAR EDILMOSI
UCUN, ORAZi UZRO SORT VO TOLOBLORIN 9SASLANDIRILMASI

MOMM9ODOYV F.F.

Azarbaycan Dévlat Neft va Sanaye Universiteti
Baki. D.Oliyeva 227. fm.solarpower@gmail.com

Moagalods kiilok turbinlorinin qurasdirilmasi vo istismari zamani kompleks geotexniki vo texnoloji
islorin hoyata kegirilmo ardicilligi vo istifads edilon iisul va avadanliglarin tasviri verilmigdir.

Acar sozlar: kiilok turbini, geotexniki hesablama, seysmik gostaricilor, biindvra.

Abseron yarimadasinin tobii iglim soraitino uygun olan vo hal — hazirda istismar
olunan kiilok turbinlori asasen 2 markadan ibarstdir. Bunlardan birincisi Vestas vo ikincisi
isa, Gamesa sirkatlorinin istehsal etdiyi kiilok turbinloridir. Hor iki markadan olan kiilok
turbinlorinin giici 2 mVt vo hiindiirlityli iso 80 metr toskil edir. Bu kiilok turbinlori artiq 2007
— ci ildon baslayaraq indiyadok Abseron yarimadasinin miixtalif orazilorinds qurasdirilmis vo
hal — hazirda da istismardadir [1].

Hor bir kiilok turbinlarinin tikinti vo qurasdirilma islorinin aparilmasi zamani bir sira
texniki — texnoloji todbirlorin hayata kegirilmasi zarurati yaranir. Belo bir todbirin hayata
kegirilmoasinds magsad kiilok turbininin biindvralorini hazirlayarkon tolob olunan geotexniki
malumatlarin toplanmast vo uygun olan standartlarin totbiq edilmasi togkil edir [2]. Bunun
ticiin asagidaki marhalalor islonmalidir:

% Geotexniki malumatin hazirlanmasi.

Geotexniki islor zamani hor bir kiilok turbinlorinin biindvrasinin yerlosdiyi orazi tigiin
yerin doarinliyinds aparilmig todgigat naticasinds agkar edilon miixtalif geoloji qatlarin tosviri,
qalinligr va tolob olunan an uygun xiisusiyyatlor agkar edilmalidir.

% Tadgigat yerinin darinliyi.

Todgiq olunan yerin dorinliyi yer saviyyasindon layiho yiiklorina asasen miihiim
¢okmo prosesinin bag vermadiyi orazidon asagi olmalidir.

Siitungokilli dayaz biindvralordo nozordo tutulan biindvronin dayaq Saviyyasinda
oldugu kimi, tolob olunan dorinlik biingvralorin saciyyovi dlgiilorine uygun olaraq, (kvadrat
0ziil tizarinda duran toraf) minimum, yani taxminan 1,5-2 dafoyadok olmalidir. Buna géra do,
st torofin diametri toxminan 12 m, tipik biindvra Saviyyasi 2 m olan miivafiq dayagin
minimum doarinliyi taxminan 20-16 m toskil edir.

Dirak iizorindo qurulmus biindvra iigiin todgigat dorinliyi qalin beton altligindan
minimum bes diametr asag1 olmalidir. Tipik diroyin uzunlugunun 15-20 m, diametrinin 1m,
dirok istliindo qurulmus biindvro {iglin dayaq soviyyesinin 2m oldugunu nozaoro alaraq,
minimum todgigat doarinliyi toxminon 22-27m-dir.

Bundan basqa, seysmik cohotdon foallagma minimum 0,08 toskil edorso, geotexniki
hesabat nazords tutulan biindvranin dayaq saviyyasindon asagi, minimum 30 m darinliyadok
miixtolif toabagalorin seysmik xiisusiyystindon va yerli seysmik davamliliq normalaria asason
talob olunan hor hansi digor miivafiqg malumatdan ibarat olmalidir [3].

Isin yerino yetirilmosi zamam, tikinti — qurasdirma islorinda foaliyyat gostoron bas
geoloq yerin xiisusiyyatlorinin geyd edilmis darinlikdon asagi olmayacagina vo davamliligina
zomanat verarss, sinaqglar bu sonadds nozords tutulmus dorinlikdon daha dayaz sahodo
dayandirila bilar ki, bu da yalniz siitiinsakilli dayaz biinévralorde miimkiindiir.

% Hor bir tabaganin xiisusiyyatlari.
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Hor bir tobagonin tasviri vo geotexniki xiisusiyyatlori ¢argivasinds geotexniki islar an
azindan asagidaki parametrlori 6zlinds birlogdirmalidir [4,5]:

e Hor bir vaziyyotdos tabagonin qalinligy,

e Tosviri vo tosnifatt (siixurlarin asinma saviyyssi Vo gildo ekspansivlik
(genislonmo) saviyyasi do daxil olmagla);

Sixligy;

Daxili siirtiinma bucag,
Koogeziya;

Ballast modulu;

Elastiklik modulu;

Transversal elastiklik modulu;
Puasson amsali;

Sado sixi1lma miigavimati;
Drenajli horizontal yerdoyisma miigavimat;
Drenajsiz horizontal miigavimat;
Miimkiin tazyiq vasitalari;

e Althga goro hor bir tobogonin unitar miigavimeti (dirok tizorindo qurulmus
biindvradd);

e Ufiigi horokot zamani yerin miigavimati (dirok iizerinds qurulmus biindvrada);

e Yan sortlik (dirok tizerinds qurulmus biindvrados).

+ Digar lazimi malumatlar.

Geotexniki hesablama islorinds an uygun biindvra névii vo biindvra dayaq Saviyyasi,
miivafiq qazma proseduru vo miimkiin olan yerds konstruktiv qurulusa uygun olaraq on
miinasib dirok novii toklif olunmalidir.

Dayaz biindvralorin insasi zamani, geotexniki toloblordo tovsiys edilmis biindvra
dayaq soviyyasindan vo dayagin altinda yaranmis siixurlarin armudsokilli sixilma zonasinin
tosir dairasinds geotexniki qurgularin tasvirini veran ballast modulundan (nazards tutulan
biindvra dayaq soviyyasina goldikds iso, dayagin torafinin doarinliyi toxminon 1,5-2 dofoys
gadoardir) ibarat olmalidir [6].

Geotexniki todgigat har bir orazi {igiin yeralt1 sularin soviyyasinin darinliyini va har
hansi goriina bilon dayisikliklari tamin etmolidir.

Homg¢inin bura planlagdirilmis qurulug novil {iglin mogbul ¢ékmaye uygun olaraq,
yekun vo miimkiin diferensial ¢okmonin giymatlondirilmasi do daxil edilmalidir.

Tosnifat iigiin miivafiq olgtilori yaratmagq mogsadilo yeralti sahonin agressivliyi vo
onun torkibindaki suyun migdart miisyyan olunmalidir.

¢+ Goriilan is barada asas malumat.

Asagida geyd edilonlor bu bolmays daxil edilmalidir:

e Kiilsk turbin kompleksinin adi va tinvani;

e Konstruksiyanin iimumi xarakteristikast;

e Yaxinligdaki digor binalarla garsilight olage zamani yaranan hor hansi geotexniki
problemlor;

e Otrafli todgiq edilmasi nazords tutulan yerin geotexniki aspektlori.

% O9razi haqqinda strafh malumat.

Asagida geyd edilon aspektlors asason alds edilon molumatlar bu bolmayas daxil edilir:

Yerin geoloji spesifik xiisusiyyatlorini vo bir sira miivafiq sortlorini miioyyan edon
timumi geoloji qurulusun tadqgiq edilmasi.

Yerli normalara asason orazinin seysmikliyi. Bunun tayin edilmosi iigiin, bas vera
bilocok tokanlarin dinamikasi v giicii va s. daxil olmagla strukturdan asili olan parametrlarin
bir — birina necs tosir etdiyini gostoron spektral sixligi miioyyan edon formulani 6ziindo
comlosdirmalidir.

¢ Yer sathi iizarinda kecirilmis tadqiqat islari.
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Todqigat islori yuxarida gostorilon ardicilliga osason miivafiq standartlara vo
toloblara uygun olaraq hoyata kecirilmisdir (sinaqlarin say1 vo yeri va S.).

Quyularin, sinaq niimunalorinin, arasdirmalarin va tadgigat sahasinds sinaq islorinin
aparilmasi yerino yetirilmis vo laborator tocriibalor tamamlanmig, hamginin onlarin hansi
metodikaya asasan hoyata kegirildiyini miioyyon edilmisdir.

% Yerin geotexniki xiisusiyyatlari.

Kiilok turbininin qurasdirildi@i  hor bir vaziyyostdo geotexniki qurgularin
yerlogdirilmasi, onlarin galinligi, uzunlugu va litoloji cahatdon miiayyanlasdirilmasina asasan,
todgiqgat zamani1 miiayyan edilmis darinliyadok qurasdirilmasinin tomin edilmasi talab olunur.

Toyin olunmus parametrlorin xarakteristik gostoricilori yuxarida gostarilon
morhalalarls tayin edilon har bir geotexniki qurguya miivafiq olaraq miiayyan edilir.

+* Miimkiin olan miixtalif nov biinovralarin tasviri.

Hor birinin istiinliiklorini vo ¢atismazliglarini gostarmoaklo konstruksiyanin noviing
Vo yerin geotexniki xiisusiyyatlorine uygun olaraq miivafiq diroklorin qurasdiriimasinin halli
yollarmin tayin edilmasi tamin edilmalidir;

Qorarlarin gobul edilmasi, dayaq saviyyasinin miioyyan edilmosi, miivafiq qazma
proseduralar1 vo miivafiq orazido konstruktiv todgigata osason miivafiq diroklorin
quragdirilmasinin halli yollarinin tohlili aparilmalidir;

Umumi vo differensial ¢dkmonin genislonmasini va onun na zaman bas vera
bilocoyini miioyyan edorok ¢okmo foaliyyatinin totbigino osason tortib edilmo tempi toyin
edilmalidir;

Biinovranin tolob olunan konstruksiyanin xiisusiyyatlorini nozors alaraq, sahs vo
laboratoriya islarinin naticalorine asasen meydana ¢ixan har hansi bir geotexniki problemlor
avvalcadan todqgiq edilmalidir;

Dayaz biindvralorin qurasdirilmasi {igiin yer sothi lazimi vaziyysto gatirilmali vo bu
islor har bir vaziyyata gora nozards tutulmalidir [7].

s Geotexniki islora alavalar.

Geotexniki isloro edilmis olavo asagida qgeyd olunanlar daxil olmaqgla sahads
goriilmiis islor vo basa ¢atdirilmis aragdirmalar barads otrafli malumatlardan ibarat olmalidir:

Belo ki, doqiq geyd edilmis todgigat obyektlorinin cari voziyyatinin qeyd edilmis osas
tikinti planimin torkibi asagidakilardan ibarotdir:

¢ Quyularn litoloji siitunlart;

e Hoyata kegirilmis qazmalarin tosviri: sinaq niimunolori, xondoklor vo stratigrafik
bolmolari olan quyular;

e Hoyata ke¢irilmis sinaqlarin naticalori;

e Daha ¢ox maraq doguran moantogonin detallarinin gostorildiyi sokillar;
Toadgigat zamani yeralt1 suyun saviyyasi Vo su tochizati barado malumat.

% Goriilmiis islarin sanadinin geotexnik tarafindan tasdiglanmasi.

Kiilok elektrik stansiyasinda tikinti islori tamamlandiqda, hor bir kiilok turbininin
voziyyati barads ilkin geotexniki todqiqatlar1 naticesinds oldo edilon molumatlarin
hoqgigiliyinin geoloq terafindon tesdiglondiyi hesabat hazirlanib tagdim edilmalidir.

Belo bir hesabati hazirlayan geoloq, osasen, hor bir cografi mévqeyin dizaynina
osaslanan ilkin geotexniki todgiqatlar: hoyata kegiron soxs olmalidir. Ilkin geotexniki
todqiqatlar miixtalif olarsa, onda tikinti mithondis qrupu biinovralor tikilmazdon ovval bu
todqiqatlart arasdirir va ilkin hallini tosdiq edir.

% Kiilak turbinlarinin yerlasdiridliyi yerdas seysmiklik hagqinda malumat.
Seysmik kosfiyyat metodlar1 ilo istehsalat iglori geyd edilon texniki tapsiriga uygun
olaraq yeriistii vo svay quyulainda aparilmisdir.
Todgigat sahasinds yeriistii seysmik kasfiyyat islori qeyd edilon quyulardan kegan profil
iizro SDU (sinan dalgalar iisulu) vo ilk daxilolmalar keyfiyyotsiz oldugu hissalords iso hom do
ODU (oks olunan dalgalar iisulu) iisullar1 ilo aparilmisdir. SDU disulu ilo ¢61 dlgmalori vo
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guyuda todgiqatlar GEODE-24 c¢oxkanalli rogomsal miihondisi seysmik Kosfiyyat
stansiyasinin (sokil 1) komayi ilo aparilmigdir.

Sakil 1. GEODE-24 qurgusunun goriiniisii.

Sakil 2. Uzunlugu 115 m olan seysmik horiik vo GS-20DX/LPC-801 tipli seysmik
geabuledicilorin goriiniisii.

Sakil 3. Borehole Pick 3315 qurgusunun goriiniisi.
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Sakil 4. Quyularda seysmik tadqiqat iglerinin yerina yetirilmo sxemi.
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SDU iisulu ilo ¢6l islori zamani uzunlugu 115 m olan seysmik horiikkdon, 5 m addimla
diiziilmis, uzununa P va enina S dalgalarinin izlonilmasi mogsadilo GS-20DX/LPC-801tipli saquli vo
horizontal seysmik goabuledicidon (sokil 2) va Borehole Pick 3315 qurgusundan (sokil 3) istifada
olunmusdur.

Zorba nogtalorinda, impulslar ¢okicdon istifado etmoklo yaradilmis vo zorbs ani cokico
baglanmis xiisusi qurgu vasitasilo stansiyaya otiiriilmisdiir.

Miihandis-geoloji quyularda seysmik karotaj (SK) islori quyunun yaxin ostrafinda stirot

kosilisinin miioyyon oOlunmasi, homginin seysmik dalgalarin identifikasiyasi vo seysmik
sorhadlarin stratigrafik baglanilmasi moagsadilo aparilmigdir.
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Seysmik karotaj islorinin aparilma soraitindon asili olaraq adoton “diizgiin”(bu variantda
zorba noqtasi yer sathinda geofonlar isa quyuda yerlosdirilir) vo ya “cevrilmis” (bu variantda
iso tarsina olaraq zorbs néqtesi quyuda va geofonlar quyu agzinda yerlosdirilir) variantlarda
aparila bilor. Bizim apardigimiz todqiqatlar zamani “diizgiin” variant secilmisdir. Dalgalarin
daha keyfiyyatli izlonilmoasi {igiin ikigat izloma sxemindoan istifads olunmusdur.

Sakil 4 va sokil 5 — do verilmis sxemdon goriindiiyii kimi mikroseysmokarotaj islori
texniki tapsiriga uygun olaraq quyu agzinda vo quyu agzindan 1 vo 3 m masafods yaradilan
dalgalarin quyuda har bir 2 metr dorinlikds geyds alinmasi ils aparilmigdir.
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OBOCHOBAHME TPEBOBAHHMI U YCJOBHUMH JIJII MOHTAXKA U
IKCIIVIYATAIIMU BETPOBBIX TYPBUH IIO MECTHOCTH

MAME/JIOB ®.9.

B cratpe naHa mocnenoBaTeNbHOCTh IPOBOJMMBIX KOMILJIEKCHBIX IN'€OTEXHUYECKHUX U
TEXHOJIOTHYECKUX paboT. OMMCHIBAIOTCS UCHONb3yEMble METO/IbI U 000OPYJOBaHUE BO BPEMs
MOHTa’Ka M SKCILTyaTallul BETPOBBIX TYpOUH.

KaioueBnl ci10Ba: BeTpoTypOMHa, T€OTEXHUIECKUI pacyeT, CEeHCMUYECKUE MOKa3aTeH, pyHIaMeHT.

SUBSTANTIATION OF REQUIREMENTS AND CONDITIONS
FOR INSTALLATION AND OPERATION OF
WIND TURBINES IN THE AREA

MAMMADOV F.F.
The article gives a sequence of complex geotechnical and technological works. The

methods and equipment used during the installation and operation of wind turbines are
described.

Keywords: Wind turbine, geotechnical calculation, seismic indicators, foundation.
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B cratbe paccMoTpeHbl HauOoiiee BaKHBIE JKOJIOTHYECKHE HPOOJIEeMbl M TEMIIEpaTypHbId OaliaHc
MEXKIy TOBCPXHOCTBIO 3eMJIM U aTMOc(epoil Haxojsiieiics B KoTioBuHe HaxubiBanckoii AP.
HpoaHanmI/lpOBaHa JAMHaMHKa aHTPOIIOTCHHBIX W3MEHEHUH KOTJIOBHHBI U BIIMSHUE YKa3aHHbIX H3MEHEHHUH Ha
TeMIIepaTypHbIi OajgaHCc KOTIOBHUHBI.

KnaioueBble cjioBa: KOTJIOBMHA, SKOJIOTHS, 3arpsi3HEHHE aTMocdepsl, , TeMIepaTypHBIH OamaHc,
MPUPOIONIONB30BAHHUE.

OcHOBHBIM ~ (pakTOpOM I(PPEKTHBHOTO HCIOIB30BAHMSI OSHEPrHMHM COJHIA Ha
TEPPUTOPUM PACIIONOKEHHON B KoTinoBuHe HaxusiBanckoit AP A(p? = 39% ; 0 = 459)

SBIISICTCS TETIOBOM OalaHC MEX/Ty MOBEPXHOCTH 3€MJIM U aTMOC(EPHI.
KonnyectBo  ConHEYHOro TeIula, MOCTYNAIOLIEr0o Ha 3€MJII0, 3aBUCHT  OT
reorpauueckoil MUpPOThl pErHOHA U MEHSETCSl B TEUEHUE CYTOK U roja.
IIpoaOMIKUTENBHOCTE  MOCTYIJIEHWSI COJHEYHOro cusiHusA Ha HaxubiBaHckon AP
OCTAaTOYHO BEICOK U cocTasisteT 2900+3000 gacos B rog.
[IponomxurensHOCTh cusHue conHLa B HaxusiBanckoi AP cocrasnser: B mapte 290 -
300 ugac, anpene 300 — 310 gac, mae 310 — 320 uac, utons 460 ygac, utons 470 yac, aBrycre
470 yac, centsa6pe 340 yac u B okTs16pe 330 yacoB [3].
Koadpounument mnpospaunHoctu atmocepsl  coctaBiser 3umoit 0,75, netom
npubnmxaercs k 0,85.
DHeprus COJHEYHBIX Jydyed majgaromuii Ha 1 kBM Tepputopun HaxusiBanckoii AP B
neTHee BpeMs cocTapiseT — 1214 Br/m%, a B 3uMHee BpeMs cocTaBnseT — 567 Br/m?,
[IpoaomKUTENPHOCTh COJHEYHOTO JHA B JaHHble cyTku (Tc) Ha Teppuropuu
HaxusiBanckoii AP mokasan B Tabaurie 1:

Ta6muna 1

Mecsin | I 11 [\ \Y VI VII Vi IX X Xl Xl

Te,uac 96 | 1057 | 11,74 | 13,02 | 14,13 | 1469 | 1444 13,48 | 11,76 10,95 | 9,8 9,3

Pons reorpaduaeckoro penbeda HaxusiBanckoit AP B pactipegenennn COTHETHBIX
JTy4del MPOSIBISAETCS Yepe3 KPYTU3HY rop, IKCIO3UINIO CKIIOHOB U 3aKPBITOCTh TOPU30HTA.

TemnepaTypHOe BIMSIHHE TOp CHOCOOCTBYET 3€MJI€ MPOIrpeBaThCS HE TOJIBKO CHHU3Y,
HO U C OOKOB, 4YTO M YyBEIUYHMBACT TEMIEPATypy OKPYXKAIOIIETo BO3ayXa. [ opsl
HaxubpiBanckoii AP morjomaroT COJIHEYHOE M3IY4YeHUE M OTHAKT €r0 B BHUJIE TEIJIOBOTO
n3nydeHusi. CoJIHEUHBIE JIy4H, NIONaAasi B BBICOKME TOPbI, OTPaXKasiChb TOPHBIMHU CKJIOHAMH,
MO/ YTJIOM TAJal0T Ha 36MHYIO MIOBEPXHOCTh U BBHI3BIBAIOT MOIIHBIX WHBEPCUN TEMIIEPATYPHI
B KOoT/IOBUHE. [l0 OTpa)karomuMm CIOCOOHOCTSM, TEIJIOEMKOCTH M TEIUIOOTIade TOPHBIX
MOpOJI, CTENEHb HarpeBa IOJICTHIIAIONIEH TMOBEPXHOCTH M BO3ayXa ObIBaeT pa3HbIM. [loj
TEPMHUECKUM BIUSHUEM IOp BO3yX B KOTJIOBUHE JIONOJHUTENBHO Nporpesaercs [1].

Hannuune HeBpICOKHX TOp BHYTpH KOTJIOBHHBI ( Benmumar, Apasrd, Krokronar, ['éiaar,
Wnanneinar, Japeigar, OpayOagmar ¥ T. 1) CIOCOOCTBYIOT H3MEHEHHWIO HAIPaBICHUS U
CKOPOCTH MECTHBIX BETPOB W BBI3bIBAIOT CUJIbHBIE BETPBI, UYTO MPOUCXOJUT B PE3YNbTATE
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00TEeKaHUs ATUX TOP BETPaMH U CKIOHBI 3TUX TOp OBICTPO HArpeBaroTCs U (HOPMHUPYIOTCS
0oJbIIHe 00BEMBI TEIUIOTO BO3AYyXA.

Hano ormeruth, yto B HaxubiBaHnckoii AP BclieicTBUE HEpaBHOMEPHOI'O HarpeBa
3€MHOM TOBEPXHOCTH COJIHIIEM, IMOBEPXHOCTh 3€MJIM, CKJIOHBI TOp W TOPHBIC YIIENbs
HarpeBaroTCs HE paBHOMEpPHO. HeoawmHakoBOe KONMMYECTBO TeIIa TMOJYydYarT TIiIyOOKHe
yIIeJbe, Ky/Jla COJIHEYHBIC JTy4d MPOHUKAIOT COBCEM Ha KOPOTKOE BPEMSI.

Ha puc.1 nokaszan pacnpejaeneHue TeMIepaTypbl B 3UMHHUMA MEPUOJ HA TEPPUTOPUH

HaxuriBanckoii AP:
3000n1 -

2500 M=

2000 v

150011 -

1000 v~

42 ,
C, -3 ckmoH L 43 +2 ), FO-B <KMoH

Puc.1. Cxema pacmpenenenue TeMneparypsl.

Habmonenuss O6pimu npoussenensl 18 sBaps 2011 ronma. Ha pucyHke mnokxazaHbl,
pasHuna TemmepaTypel ckioHOB. Ha Bbeicore, okomo 1500 M or nHa Temneparypa Ha
ceBepHoM cknone — 11,7 °C, a «a mpormBomonoxHoM ckinoHe — 6,1 °C. Tlpu Hm3Koi
TemmepaType B BepxHuX uyacTsax (oT — 25 °C u Hmke), HA JHE KOTJIOBHHBI TEMIEpaTypa
Bo3ayxa +3 °C.

Bona Ha o3epe ['annbiren n uckyccrBeHHbIX BogoeMax (Baiixbip, Apas,

Apna, bananusip, Cupab u T1.1.) HarpeBasich ucnapsitorcs. VcmapeHust 3TuX 03€p Aenaer
BO3JyX BIQXHBIM. Pe3Ko yBeIMUMBAETCS KOJUYECTBO COJEP)KALIMXCS B BO3AyXE YaCTUILIbI
BOJSIHOTO 1apa, KOTOPOE COEAUHSIOTCS € MbUIbIO U 3arPA3HSIOIIMMHU BEIIECTBAMHU B BO3JyXE.
OTu BellecTBA HE MOTYT MOAHSTHCS BBIIE U pacceaTbes B arMmocdepe. I[IpenstcTBue
BEPTUKAJIBHOMY JIBXKEHHMIO BO3yXa CIIOCOOCTBYET K CKAIUIMBAaHUIO BEC 3arps3HSIOLIMX
BellecTB B armocdepe KOTIOBUHBI [5]. B wurTore 310 CcnocoOGCTByeT AOMOJHUTEIBHOMY
IPOTPEBAHUIO TIOBEPXHOCTH 3eMiH. TakuM 00pa3oM, BO3HHKAET JiBa MOTOKa Teria. OnuH u3
HUX HampapisieTcsl OT 36MHOW MOBEPXHOCTH BBEPX, B arMocdepy, APyroil mu3 arMmocdepbl
BHU3, K 36MHOI TIOBEPXHOCTH.

Jletom B 22 utons 2016 roga B ropose HaxusiBaHe HaMu HAOJIFOIATTOCH a0COTFOTHBIMA
MaKCHMYM TeMIepaTyphl Bo3ayxa (+47°C).

N3BecTHO, YTO B MOAHMMAIOIIEMCS M OIYCKAIOIIEMCS BO3AyXe TemIepaTrypa
u3MeHseTcs B cpenHeM Ha 0,60 Ha xaxasie 100 M. OT pasHHUIE MEXLY H3Ty4eHHEM 3eMIH U
BCTPEUHBIM H3JTy4YE€HHEM aTMoc(epbl 3aBHUCUT pe3yibTaT B3aUMOAECMCTBUS ATHX JIBYX
npolieccoB. BiusHue pa3nuyHbIX (akTOpPOB MPUPOIHON Cpesbl Ha TeMIepaTypHbId OanaHc
HaxusiBanckO# AP IpoHCXOAUTH C Y4ETOM AHTPONOTEHHOI'O BO3JCHCTBUS HA OKPYKAOIIEH
cpedbl JOe B IpolLlecCe OCBOEHHUS TeppuTopuu. Hapymmr sToT OGajnaHc, MOXeT
00J1aYHOCTh, TEPMUYECKHE KOHBEKIIMM BOJSHOTO Tapa, BBIOPOCHI B  aTtMocdepy
IPOMBIIIICHHBIMA OOBEKTaMH 3arps3HSAIONINX BEUIECTB, MBUIM M HEpa3yMHbIE OTHOLICHHE
JmoNiel K okpykarorieil npupoje. [loaromy pasnuily 6amanca MeXAy MU3Ty4eHHEM 3€MIIA U
BCTPEUHBIM H3JIy4YeHHEM arMoc(hepbl HaJ0 3apaHee NPOTHO3UPOBATh M pa3padaThiBaTh
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COOTBETCTBYIOILIME  MEPONPUATUS  UI1  INPEAOTBPAILECHUS  BIUSHUE  XO3SMCTBEHHON
JESATENIbHOCTH JIIOJIE Ha TemnepaTypHblil pexxuM HaxubiBanckoil AP, Tepputopust KOTOpbIi
pacroso)keHa B KOTIOBUHE.

Cxuraembiii B HaxubiBanckoit TOILl npuponHbelii ra3 B KOHEYHOM —CueTe
IPEBpAIAeTCs B TEMJIOBYIO U B aTMOC(Epy MOCTYHAET TEMJIOBOE 3arps3HEeHuE.

['opHo-koTioBuHHBI penbed HaxubiBanckoit AP odenp HeOnmarompusiTeH uis
pacceuBaHMsI BPEJHBIX BEIECTB B aTMocepe U crnocoOCTBYIOT HapyuleHuto Oananca. Ilpu
JKU3HEACATEIIBHOCTH YEJIOBEKa B KOTJIOBUHE KJIMMAaT CTAHOBUTCS CaMbIM YyBCTBUTEIbHBIM
[2].

B cBA3M ¢ OCBOGHHMEM IPUPOIHBIX PpECyYpCOB, CO3JaHHUS COBPEMEHHOU
SHEpPreTUYecKoi, MPOMBIIUIEHHOW UM  TPAaHCIOPTHOW  MHQPACTPYKTypbl JaHAmadpT
teppuropuii HaxusiBanckoit AP mocreneHHo mensercs. i pemieHus: 3Tux mpoodieM Hajo
OCYILIECTBIIAATh JKOJIOIMYECKUH KOHTPOJIb COCTOSIHMM OKPYKAIOWEH Cpelbl U YMEHBUIUTb
pa3Mep dKOJOTHYECKOr0 Bpeaa.

BHu3y noka3aHo cxema IpOBENECHUS YKOJIOTMUECKON SKCIIEPTU3BI IPU
BBIICJICHUIO TUTOIIAI0K TIOJT CTPOUTENHCTBO MTPOMBIIIUIEHHBIX 00bekTOB (Puc. 2):

JECIERTH2A EE OENIEHHOH ILTOANEH H
TEXHHKO-3KOHOMHHECKHE AHATNS I 0EKT &

I !

. PacmeT pasmaerrienma ‘CpaEHEHHE PACHETA C IE AR YIIHM
IIPOHSE0OCTEEHH 0T 0 060 BEkTa pacHeTOM pAsMELEHHA NP OHSE0OCTEEHHOT 0
= T obrexTa

PacdeTt p2amioqefic TEH e SIOJI0L HEE CHINE
H 3KO0HOMHHECEHE CHCTEM

A

AHAM? 3K0JI0THIECKOH PATHOHANMER OCTH
PASMELLEHHH IIN0OH3E0ACTEEHHOT O 0D EEETA

CpEIBHE‘HHE 2ATPAT PASMEITEHHA ‘ D 0HYaANHe SE0JI0T 0 -

N Bt —
obrewra ¢ IOV SHHEMIE JaHES IEOH OMHYECKOR JKCH EPTHAEL
2ATPaTanE "

Puc.2. Cxema npoBeeHuUs IKOJIOTHUECKONU IKCIIEPTU3HI.

OcHOBHOM  mpo0sieMON  MPOMBIIUIEHHOM  HSKOJOTMM  HAXOJUBIIMKHCSI B  KOTJIOBHHE
HaxubiBanckoii AP sBisiercss BOmpoc CHUXKEHHME 3arps3HEHHE OKpY’Kalolled cpeabl,
3arps3HEHUU  aTMOC(EpPHOr0 BO31yXa, BOJHBIX OOBEKTOB W YTWIM3ALUU OTXOJIOB
pon3BOACTBA. OCHOBHBIM HCTOYHMKOM HEraTUBHOI'O BO3ZIECHCTBUSA OKpYKAarOLIEH cpene
apistored  npeanpuatus TOC, CTpOUTENbCTBA, SKUIMIIHO-KOMMYHAJIbHBIX XO34HCTB U
BBIOPOCHI 3arps3HSIONIMX BEIIECTB aBTOTPAHCIIOPTA.

OrnacHoe BO3JEICTBHE Ha OKPYXKAIOIIYIO CPEly OKa3bIBAIOT POCT KOJIMYECTBO aBTonapka [4 |.

Bce umeromuiics npeanpustus B HaxusiBanckoit AP ncnonb3yrot BogHbIE
pecypcbl B pasHBIX TEXHOJOTMYECKMX IpOLEeccaX U 3arpA3HAIOT  UX  CBOMMHU
crenupuIecKUMH OTXOAaMHU.

B HaxubiBanckoit AP oxHuM H3 BaXHBIX MpoOieM SBISETCA 3arps3HEHUs
OKpyXarollled cpeapl Hpu  pa3pabOTKEe MECTOPOXKACHUNW TOJE3HBIX MCKOMAEeMbIX U
CTPOUTENIBHBIX ~ MaTepualoB  (TMIIC, TPaBEpPTHH, MpaMop, CTPOUTENBHBIA  IECOK,
KEpPaM3HUTOBBIN M KMPIHYHAs [JIMHA, LIEMEHT), IOBAPEHHOM COJIM U T A.

JloObI4a CTpOUTENBHBIX MaTE€pHajoB, a TAK)KE TEXHOJOTMYECKHE IMPOLECCHl MPH HX
J00BbIYEe HEraTUBHO BIUSAIOT HAa OKPYXKAWOLIYI0 cpely M TpeOyeT BOCCTaHOBIICHUU
HapyILIEHHON YKOCUCTEMBI.
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MakcumanbHOM Harpy3koil Ha aTMOC(EpHBIM BO3IYX SIBISIETCS METEOPOJOTHUECKHI
noreHnuan armocdepsl. MITA cmocoOcTByeT K HaKalJIMBaHUIO 3arps3HSIOMUX
BEIIECTB B aTMoc(epe U CAMOOUYHUIIEHUIO IPU3EMHOTO CJI0S aTMOC(EPHI:

IIpn pasMeleHnu HOBBIX MNPOMBIIIJIEHHBIX npeanpusaTui B
HaxupiBanckoit AP, nans ompeneneHuss ONTUMAJbHOTO 3HAYEHUS 3arpsi3HEHUSA
aTMocdepbl HAaIO0 YYHUTHIBATH METEOPOJOTHUYECKUE ToKazareaum arMochepsl
(MIIA):

Pu +Py4
P, + Py

MITA =

I'me: Psx- moBTOpsieMOCTh CKOpocTedt BeTpa, oT 0 M/c, nolm/c, % ;
P4 - noBTOpAeMocTh AHEH ¢ TymMaHaMu, %.
Py - moBTOpsiemocTh nHell ¢ ocagkamu, 6onee > 0,5 mm, %:;
Px-moBTOpsieMOCTh cCKOpOCTei BeTpa, 6onee > 6 m/c, %.
Hapgo yuect, 4To paccenBaHue BPEIHBIX BEIIECTB B aTMocdepe MPOUCXOIUTH
npu = 1, a vakanauBanue npu MITA > 1[5].

BeiBOABI:
1. PaccMoTpeHBI OCOOCHHOCTH MEXKIy 3arps3HCHHEM OKPYXKAroIIel cpeibl, aTMOC(HEpPHOTO
BO3/lyXa M TEIIOBOro Oananca Hax4bIBaHCKON KOTIOBUHBI.
2. AHAIM3UPOBAHO TUHAMHKA aHTPOIIOTCHHBIX N3MEHEHNH B HaXubIBaHCKOM KOTIIOBHHE.
3. Ilokazansl Hanbosee peajabHbIe MYTH ISl CHUKEHHS 3arpsi3HeHUs: aTMOC(HEPHOTro BO3AyXa
Y TIPEeI0TBpAICHUS HAPYIIIEHUS TEIJIOBOTO OajlaHca

1. baoenkos FO.I1. Y cToitunBOe pa3BUTHE TOPHBIX TeppuTopuii, U3B.PAH, 1998, Ne6, c.7-21.

2. Ecopuna A.H., KauecTBO NPUPOIHON Cpeibl B YCIOBHUIX TOPHBIX 0apbepoB,
['opro-Aunratick,2004,c.94-97.

3. Kazimov M.G., “The wind resources in the Nakhchivan AR of the Azerbaijan
Republik”, MexayHapoaHblii Hay4YHO-TEXHUUYECKUH KypHaN “AJbTepHATHBHAS
DHepreTtuka u skoiorus”, 2012, Ne 1, ¢. 108 + 112.

4. Cenecen T. C., lloreHuman paccenBarolieli cnocoOHOCTH aTMochepsl,
['eorpadus u npuponnsie pecypesl, Ne2 1990, c. 132-137.

5. Tascemounosa H.C., JxonHomuueckas 3pPpeKTUBHOCTb MPUPOTOOXPAHHBIX
MEpONPUATHIA IPU pa3pabOTKe MECTOPOXKICHHH CTPOUTEIbHBIX MaTEpPHAJIOB,
Kpacnomap, 2011, c. 37-39.

EKOLOJI PROBLEMLORIN NAXCIVAN COKOKLIYNIN
ISTILIK BALANSINA TOSIRI

KAZIMOV M.H.

Mogalada ¢okoklikdo yerloson Naxgivan MR-in ekoloji problemlarinin yer sathi ilo
atmosfer arasindaki temperatur balansina taSiri mosalolorina baxilmisdir. Bas veran
antropogen doyisiklorin dinamikas1 analiz edilorok bu doyisikliklorin ¢okokliyin istilik
balansina tosiri gostorilmisdir.

Acar sozlar: ¢okaklik, ekologiya, atmosferin ¢irklonmasi, temperatur balansi, tabistdon istifads.

94



EFFECT OF ENVIRONMENTAL PROBLEMS ON HEAT BALANCE
OF THE NAKHCHIVAN DEPRESSION

KAZIMOV M.H.
The article deals with the most important environmental problems and temperature
balance between the land surface and the atmosphere of the Nakhchivan Autonomous

Republic localed in a depression. The dynamics of human-induced changes in the basin and
the impact of these changes on the thermal balance of the basin ave analyzed.

Keywords: depression, ecology, air pollution, temperature balance, nature management.
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UZON QAZMA QURGULARININ ELEKTRIK TOCHIZATI SISTEMINDO
ENERJI ITKILORININ TOYINI

HOMIiDOV M.H.! MOMM®ODOVA F.V.?

lAZarbaycan Daévlat Sonaye UniversitetiAz. 1010, Baki §., Z.9liyeva pr. 18
E-mail: asoiu@adda.edu.az
’Azorbaycan Doviat Doniz Akademiyast Az.1000,Bak 5. Z.Oliyeva, 18
E-mail: akademiya@adda.edu.az 2

Generatorlarin dolaglarinda, birlogdirici kabel xatdo Vo reaktorlarda yaranan giic itkilarini toyin etmok
mogsadilo gorara golinmisdir ki, carayanin geyri-sinusoidalliq ayrilorinds ilk yeddi harmonikanin tasirini nozara
almaq kifayat edir, beloki, sonraki harmonikalarin iimumi tasiri osas tezliklordoki itkilorin 0.5%-don az olur.
Lakin kondensatorlarda yaranan itkilor miistosna taskil edir.

Acar sozlar: elektrik tochizati, sinxron generator, giic itkilori, geyri-sinusoidalliq, kabellar, reaktorlar.

Uzon qazma qurgularinda osas enerji monboyi sinxron generatorlar oldugundan,

onlarin hasil etdiklori elektrik enerjisinin keyfiyyat gostoricilorinin yiiksok olmasi énamlidir.
Belo ki, {izon qazma qurgular1 (UQQ) miixtalif xarakterli vo giico malik elektrik tolobatcilart
ilo tochiz olunmuslar. Bu yiiklor sirasinda elektrik enerjisi keyfiyyatino hassas olan qurgular
da istisna deyildirlor. Odur ki, generatorlar torafindon istehsal olunmus elektrik enerjisinin
keyfiyyatino vo eloco do homin enerjinin talobatgilara otiiriilmasinds yaranan itkilora nozarot
etmok lazim galir.
Qeyd etmoaliyik ki, sohar vo rayon elektrik sobokalorino geyri-xatti yiik qosuldugu soraitdo
coroyan oyrisinin formast tohrif olunmasimna baxmayaraq soboko sinlorindo gorginlik
sinusoudal qalir, yani elektrik gobuledicisi ils sistem arasinda heg bir anlagmazliq bas vermir.
Lakin UQQ-nm elektrik tochizati sistemindo generator gorginliklorinin sinusoidalligmmn
pislosmasi miisahido olunur [1]. Belaliklo, miixtolif elektrik tolobatgilarinin elektromaqnit
uzlagsmasini qiymotlondirmak magsadilo sistemin biitiin yiik diyiinlori ticlin kompleks tezlik
xarakteristikalarmi arasdirmaq lazim golir. UQQ-nin osas elektrik gobuledicilori sinxron
mitharriklar oldugunu nozars almagqla n sayli harmonikalarin diiz vo oks ardicilligla sistemlor
tiglin tayini shamiyyatlidir [2].

9sas hissa. Moanba vo ya elektrik talobatgilar sistemi arasinda yiiksok harmonikalarin
olmasi elektrik tochizati sisteminds olava aktiv giic va enerji itkilorinin yaranmasina sabob
olur. UQQ elektrik tochizati sistemindo yiiksok harmonikalarin manbayi sinxron
generatorlardir ki, bu da onlarin maqnit dovralorinin xiisusiyyati ilo alagodar oldugundan
yiiksiiz isloma e.h.g.-nin geyri-sinusoudalligi vo notico etibarilo yiik rejimlorinds do
coroyanlarin geyri-sinusoidal olmasidir. Bu, sistemdoki ventil cevricilorinin yaratdiglar
harmonik caroyanlara nisboton ¢ox az bir faiz toskil edir. Hor bir halda, geyri-sinusoidal
corayanlar hesabina olave aktiv giic vo enerji itkilori yaranir ki, bu da slavs yanacaq sarfina
sobob olur. Belaliklo, qazma qurgusunun elektrik tolobatgilarinin  somaraliliyinin
yiiksaldilmasi,  texnoloji  proseslorin  yiiksaldilmasi, avadanliglarin is  rejimlarinin
yaxsilagdirilmasi, elektrik enerji itkilorinin azaldilmasi bir ¢ox hoall olunacagq masalalordan
asihidir.

Masalonin qoyulusu. Qeyri-sinusoidalliqdan yaranan enerji itkisi imumi halda:

AW = AW + AW, (1)  Kkimi toyin edilir.
Belo hesabati iki marholoda: Birinci marhalada geyri-sinusoidal corayan tolobatgilarinin yalniz
birinci harmonikada aid oldugu, 2-ci marhalods isa corayan ayrilori harmonik siraya ayrilir vo
ayri-ayr1 rejimlor iiclin hesabat aparilir:
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AWys = 3T EyZ5 Kfy JGovRy (2)
burada T-elektrik tochizati sisteminin elementlorinds itkilor nazars alindig: is miiddati, K¢y -
yiik qrafikinin forma omsali olub, V-sayli harmonikali coreyana aiddir, j3,,, — nozordo tutulan
elementdo V' -sayli harmonik coroyanin orta qgiymoti, Ry, — homin elementin aktiv
miigavimati, N-iSa Carayanin nazars alinan harmonikalarinin sayidir.
Sinxron generatorlarda yaranan slaves giic itkilarini:

APys = AFysm + AP sn+ APyt (3)

(3) ifadasi ilo tayin etmoak moagsads uygundur.
Burada AF, s ,,, — dolaqglardaki olave mis itkilari; AF, s, —niivodaki polad itkilori; AP, . - iso

yiiksok harmonikalardan yaranan tormoz momentini dof etmays Sorf olunan giic itkisidir.
Kabellords yaranan slavs itkilar

APq.s =3 2523 1% Ry (4)
ifadasilo toyin olunar.
Ahmmus naticalarin analizi. Sokil 1-do generatorlarin yiiko qosulma, sokil 2-do iso

diiz vo oks ardicilligli harmonikalar ti¢iin Kv - oamsalinin orta giymatinin doyismo grafiklori
qurulmusdur.
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Sakil 1. Generatorlarin yiiks qosulmasi
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Sakil 2. Diiz vo oks ardicilligli harmonikalar tigiin Ky omsalinin orta giymati

Elektrik tachizati sistemlorinin layiho va istismarinin somaraliliyi etibarliliq asasinda yanacaq-
enerji balansinin asaslh va hartorofli tohlilindon ibarstdir. Biitiin bunlarin aragdirilmasi istismar
prosesinds elektrik enerji sarfinin va enerji itkilorinin azaldilmasi imkanlar1 aragdirilmisdir.
Bu zaman, enerji balansinin asas ii¢ nov: faktiki balans - yani moévcud soraitdoki enerji
tolobatgilarinin - oks etdirilmasi; normallagdirilmis  balans - yoni enerji  tolobatinin
optimallagdirilmas1 va itkilorin azaldilmasi todbirlori vo nohayat prespektiv balans - galacok
inkisafi nozoro alaraq keyfiyyat doyisikliklorinin normallasdirilmasi vo prognozlasdirilmasi
nazarda tutulur.

Natica. Magalada gostarilon ifadslorin kdmayilo aparilmis hesabatlarin naticasi olaraq
geyd edo bilorik ki, UQQ-daki osas intigallarin qgidalandirilmasinda doyison coroyan torafdo
giic itkilori imumi elektrik giictiniin 1%-ni toskil edir ki, bu da dizel-generator sisteminin
tolob etdiyi yanacagin miivafiq olaraq artirilmasint tolob edir. 1500 kvt giiciindo olan
generator iiciin aparilmis hesabatda bu bir daha 6z oksini tapmisdir. UQQ elektrik tochizati
sistemlorinin ayri-ayr1 bandlorinds itkilorin Kifayst godor movcud olmasi miixtolif is
rejimlorindo onlara nozarat etmoyi tolob edir.

Coroyanlarin yiiksok harmonikalar1 hesabina yaranan giic itkilarinin comi, sonaye
tezlikli sinusoidal corayanin yaratdigi giic itkilorinin 10+20%-ni togkil etmis olur.

1. M. N. Homidov vo b. “Doniz neft-qazgixarma obyektlorinin avtonom elektrik
tochizatinin  somorali iglonmasi”. Baki-2016. “Doaniz nogliyyatinda informativ
texnologiyalar” Beynolxalq elmi-texniki konfrans. Soh. 121-126

2. 10. H  HKpesuu, K. B. Kabukos. OCOOEHHOCTH  3JIEKTPOCHAOKEHUS
OpPUEHTHPOBAHHOTO Ha OecnepebeitHoro paboTy MPOMBIIUICHHOE TOTpEeOUTENs.
Mocksa — 2005. ctp.297
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DETERMINATION OF POWER LOSSES IN THE POWER SUPPLY
SYSTEM OF FLOATING DRILLING RIGS

HAMIDOV M.H. MAMMADOVA F. V.

There has been decided that in order to determine the power losses in generator
windings, connecting cables and reactors it would be sufficient to take into account the effect
of the first seven hormonics curves, so that the influence of the next frequencies hormonics
losses are less than 0.5% in total. However, losses on condensers are exceptional.

Key words: power supply, synchronous generator, power loss, non-sinusoidity, cables, reactors

OINIPEJAEJIEHME ITIOTEPH MOIIIHOCTHU B CUCTEME
IJIEKTPOCHABXEHMUSA IVIABYYUX BYPOBBIX YCTAHOBOK

rAMUIOB M. T'., MAME/IOB ®. B.

beuio pemieHo, yTo NI ompezeNeHuss MOTeph MOIIHOCTH B OOMOTKax TeHepaTopa,
COCIMHUTEIIBHBIX KaOeIsIX U PeakTopax ObUIO ObI JOCTATOYHO YyYECTh BIUSHUE MEPBBIX CEMU
KPUBBIX TOPMOHOB, TaK 4TO BIMSHHUE CIEAYIOIIUX TOPMOHUYECKUX MOTEPh HA YaCTOTHI OyJeT
menbiie ueM Ha 0,5% ot morepu ocHOBHBIX dYacToT. OJHAKO MOTEpH HA KOHACHCATOPax
SBIISIOTCS UCKITIOUUTEIIbHBIMH.

KiaoueBble  ciaoBa: 9i1.  CcHaOXXeHHE, CHHXPOHHBIE  TI'€HEpPaToOpbl, IMOTEPH  MOIIHOCTH,
HECHHYCOUJIANIbHOCTH, KaOeJd, peaKTOPBL.
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AVTOMOBILLORDO ELEKTROMAQNIT AMORTIZATORLARIN
TOTBIQ EDILMOSI

RZAYEV R.N., VAHABZAD® .M., MOMM®SDOYV O.T.

Azarbaycan Texniki UniversitetiAZ1073, Baki s.H.Cavid pr.25,
ilahe.vahabzade@mail.ru

Mogalodo avtomobillords elektromaqnit amortizatorlarin totbiq edilmasi masalosine  baxilmisdir.
Amortizatorlarn iginin etibarligini artirmaq moagsadilo biz elektromaqnit amortizatorlarin minik avtomobillordo
totbiginin miimkiinliiyii tizorindo tadqiqat aparmisiq.

Acgar sozlor: elektromagnit amortizatorlar

Avtomobillarin yollarda rahat horokotini tomin etmok {iglin asqisina daxil olan
amortizatordan istifads edilir. Bu amortizatorlara asagidakilari misal gotirmak olar: teleskopik
tipli, hidravlik vo gazla isloyan tipli amortizatorlar. Bunlar avtomobilin istismar saraitindon va
néviindon asili olaraq secili. Umumiyyotlo elm vo texnikanin inkisafi sahosinda
avtomobillorin harokoati vo tohliikasizlik manevri daim yenilogir vo tokmillasir. Masalon,
Yaponiyanin istehsal etdiyi “Tayota” avtomobili giinii-giindon miiasirlosir vo inkisaf edir. Bu
avtomobildo hor sey siiriiciniin nozarati altindadir. xiisusilo do amortizatorlar. Bu
amortizatorlar elektron sistemli yagla isloyan bir konstruksiyadir. Siiriicii avtomobilin yolun
nahamar hissalori ilo harokot etdiyi zaman amortizatorlara elektron bloku vasitasilo amrlor
vera bilir. Belo Ki, agar yol ¢ox nahamardirsa, elektron vasitasilo amortizatorun sartliyini
artirir vo ya oksino, ogar yol hamardirsa siiriicii bu sartliyi azaldir. Umumiyyotlo komputer
0zl bu sortliyi azalda v artira bilor.

Avtomobillords hidravlik vo qazla isloyon amortizatorlarin miirokkob klapanli bloku
oldugundan, stokunun rags etmo tezliyi 5Hs-20Hs godor oldugundan yag vo ya qazin tozyiq
altinda tez-tez Otiiriilmasindon qizir. Onlarin mexaniki xarakteristikalarina monfi tasir
gostorir. Yagm ¢irklonmosi vo ya azalmasi detallarin siradan ¢ixmasina sobob olur, onlarin
tomira vo ya avoz edilmasine gotirib ¢ixarir.

Bununla slagadar olaraq, yuxarida qeyd olunan gatigmazliglari aradan qaldirmaq vo
amortizatorlarin isinin etibarligin1 artirmaq mogQsadilo biz elektromaqnit amortizatorlarin
minik avtomobillords totbiginin miimkiinliiyii iizorinds tadqiqat aparmisiq.

Uzorinds todgiqat apardigimiz elektromaqnitli amortizartorlar, adi amortizatorlardan
konstruksiyasinin vo istismarinin sadoliyi, isdo etibarligt vo giymatco ucuz olmasi ilo
farglanir.

Elektromagnitli amortizatorlar osason elektromaqnit qiitblordon vo 16vbardon
(stokdan) ibarotdir. Sokil 1-do gostorildiyi kimi elektromaqnit amortizatorlar asagidaki
hissolardan ibaratdir.

Silindrik gévdea-1, igarisina elektromaqnit qiitblor-2 borkidilir (iki vo ya dord qiitbli
ola bilar), qiitblor iizorinds tasirlondirici dolag-3 (maqgnit sahoni yaratmagq tg¢iindiir), qiitblar
araliginda yerloson 16vbor-4 (poladdan vo ya sabit magnitdon ola bilor), 16vbar stok-5
tizorinds yerlasir, 6, 7- amortizatorun iist vo alt qapaqlari, stokun yuxar1 vo asagi dayaqlari-8,
9 (yuxar1 dayaq-9 avtomobilin gdvdasins, dayag-8 ise asqiya barkidilir), elektromagnit
qiitblarin dolaqlarini garginlikls qidalandiran naqillor-10.
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Sakil 2. Elektromagnit amortizatorlarda 16vbarin vaziyyatindan smalo
golon elektromagqnit qiivvolori

Elektromaqnitli amortizatorun is prinsipi elektromaqnit induksiya qanununa osaslanir.

Qiitblor dolagina gorginlik verildikds, yaranan maqnit sel 16vbardon kegarak gapanir. Lovbar
qiitblor araliginda rags etma zamani sakil 2-da gostarildiyi kimi ola bilor.
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Lovbarin qiitblor araliginda polad olmayan hissods maqnit selinin qiivvo Xatlori
qabariq sokilinds olur. Bu halda elektromaqnit qiivvo Fem yaranir, onun istigamati qitblor
igarising, yani 1ovbari qiitblor araligindan stirtisdiiron mexaniki qiivvonin Fmex aksina yonalir
Vo calisir ki, 1ovbori qiitblor aralifina gaytarsin. Magnit selino miiqavimati azaltmaq iiciin
sokil 2-daki har iki halda elektromaqnit qiivvo Fem, 16vbarin giitblor miihiitiindon ¢ixan mosafa
ilo diiz miitonasibdir. Belaliklo, avtomobil nahamar yolda horakat etdikds, yaranan tokanlarin
sabablorindon, yayin doyiinmolorini elektromagnitli amortizatorlarda yaranan Fem qiivvalar,
mexaniki Fmex qiivvalari sondiiriir.

Elektromaqnitli amortizatorlar bir ne¢o seksiyalardan yigila bilor. Bu halda timumi
elektromaqnit qiivve Fem hor seksiyada yaranan qiivvalarin comina barabor olacaqdir:

Fem = Fem1 + Fem2t+ Fems+......

Elektromagnitli amortizatorun Fem=f(1) xarakteristikas1 sokil 3-do gostorilmisdir, yagla
isloyan amortizatorun xarakteristikasi ilo eynidir.
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Sakil 3. Elektromagnit qiivvalorin 16vbarinin qiitblor mithitindon ¢ixan masafonin asililig
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INPUMEHEHMUE 2JIEKTPOMATI'HUTHBIX AMOPTU3ATOPOB B
ABTOMOBWJISAX

P3AEB P.H., MAMEJ1IOB A.T, BAXAB3A/IE .M.

B cratbe paccMarpuBaeTcsi BONPOC MPUMEHEHHSI DJIGKTPOMArHUTHBIX aMOPTHU3aTOPOB B
aBToMOoOMWIIAX. C IeNbI0 TOBBIMICHUS HAJIEKHOCTH PadOTHl aMOPTHU3aTOPOB TPOBOIWIH
UCCIICIOBAHMSI  BO3MOXXHOCTh ~ NPUMEHCHHSI  DJICKTPOMArHUTHBIX ~ aMOpPTHU3aTOpPOB B
aBTOMOOMIIAX.

KuroueBble cjioBa: 3J€KTPOMarHUTHBIE aMOPTHU3ATOPHI.

THE APPLICATION OF ELECTROMAGNETIC ABSORBERS IN CARS.
RZAYEV R.N., MAMMADOV A.T.,VAHABZADE |.M.
The issue of the application of electromagnetic absorbers in cars has been reviewed in

this article. In order to increase the absorbers' work reliability we conducted a research on the
electromagnetic absorbers application possibility in cars.

Key words: electromagnetic absorbers
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Energetikanin problemlori e No1 e 2017 e TIpoGieMbl SHEPTETHKH

V]IK621.316

HEINAPAMETPUYECKHUE METO/Ibl CTATUCTUKU B UCCJIEJOBAHUU
I'PYHTOBOM KOPPO3UU PE3EPBYAPOB

UCMAMJIOBAT.T.

Asepbatioscanckuti I'ocyoapcmeennwiii Ynusepcumem Hegpmu u IIpomvluinennocmu
E-mail: gulgaz77@mail.ru

B nporecce pemenns 3agad, CBI3aHHBIX C MPOOIEMON KOPPO3UH, XapAKTEPUCTUKHU CITyYalHBIX BEJIHYHH
U TIPOIECCOB OIPEACNSIOTCS METOJaMH CTAaTHCTHYECKOH OOpaOOTKM MOJYYEHHBIX B XOJAE JKCIIEPUMEHTa
JlaHHBIX. B 3TOM ciydae mnpeamnonararoT, 4TO IEPEMEHHbIE paclpeesioTcs HopMmainbHO. Ho dyame Bcero
pe3ysbTaThl MPOBEPKH (GYHKIMH pacrnpenesieHus He MOATBEPIKAAIOT 3TO mpennoyioxkenue. [Ipu Hamuuus
3HAYUTEIbHBIX OTKJIOHEHHHM SMIMPHUYECKUX pacIlpelesieHHH OT HOPMAJIbHBIX, HaMH OBLIM pa3paboTaHbI
CIOCOOBI PeHIeHUs CTATUCTUYECKUX 3a/1a4, CBOOOIHBIX OT HOPMAJIBHBIX OTPAHUYCHUI.

KiaoueBble cjioBa: HemapaMeTpUIECKHE METOABI, CTATHCTUYCCKHE KPHUTEPHH, TEOPUS BEPOSTHOCTH,
KOPPEIIAIHSL.

['unore3pl SIBISAIOTCS TApaMETPHUUECKUMH, KOTJa pacupeiesieHHe, NOpOXKIaIoIee
HaOII0/IeHUE, UMEET U3BECTHBIN BUJ, T.€. IOJIHOCTHIO OMPEEIICHO WM 33aH0 C TOYHOCTHIO
70 KOHEYHOTO 4YHCIa, KpPOME TOTO THUIOTE3bl KAaCalOTCS TOJBKO 3HAYEHUH IapamMeTpoB
pacnpeeneHusl.

Cy1iecTBYIOT CTaTUCTHUECKUE KPUTEPUM NPOBEPKU MApaMETPUUYECKUX THUIOTE3,
KOTOPBIE XOPOILIO M3y4YeHBl U MPUMEHSIOTCS MPH 00pabOTKE pe3yNbTaToOB IKCIEPUMEHTOB.
[TockonmbKy  «HOpMalbHasi ~ TEOpHs»  HMEET  JOCTaTOYHO  OONBIIOE  KOJHYECTBO
BBIUMCIUTENBHBIX QJITOPUTMOB M TMPOrpaMM, TO UCCIEAys TMOBEACHHE IEePEeMEHHOM,
MPEANOaratoT, YTO pachpeeieHue JaHHOW mepeMeHHOW HopMmanbHoe. Eciu HabmromeHus
pacmpezieieHbl WHave, MCIOJb3YIOT CTAaHAAPTHYIO TEOPHUI0, HO B JAHHOM cCllydyae TOYHBIE
BBIBOJIbI IIPEBPAIIAOTCA B HpI/I6HI/I)K€HHI)I€.

Kak crnenctBue, BO3HUKAIOT CIEAYIOIIHME BOMPOCHL: MOTYT JH MPEANOJIOKECHUS
HOPMAJIBHOCTH MPUBECTU K CEPHE3HBIM OIHI/I6KaM, a KQAXKYIHUEC HC3HAUYUTCIIbHBIC HAPYHICHUS,
KOTOpBIE BECbMa TPYJIHO OOHAPYKUTh, MOTYT MCKA3UTh KOHEYHBIE PE3yIbTaThl, YTO B CBOIO
ouepellb NpPHUBENET K CMEIIEHHIO OIICHOK, JOBEPUTENbHBIX IpaHUll M K03()PHUIMEHTOB
JOBEpHSL.

OuyeHb CIO0KHO OTBETHTH HA DTOT BOIIPOC, pacrojarasd JIHUIb 3KCIICPUMCHTAJIbHBIMU
JaHHBIMU. B ciydae, Korjja He BBIMONHSIOTCS YCJIOBHS HOPMAIBHOCTH, CYIIECTBYIOT [Ba
MOJX0/Ia K PEIICHUIO, BO3HUKIIEH CUTYaIHH.

[TepBBIii MOAXOM 3aKIIOYAETCs B cleAyromeM. Eciu Kakoe-TO W3 MpeArnoiIoKeHUI
MOACIN MOXET BBI3BATh COMHCHHE, TO TOrJa MXCJIATCJIbHO HCIIOJIB30BAaTh TaKUC
CTAaTHCTUYECKHME TIpaBWJIa B paMkKax [ayccoBCKOM Mojenu, 4YTOOBI pe3ylbTaThl HX
NpUMEHEHHUs OblIM Obl yCTOHYMBBI, a TaKKe MAaJO4YyBCTBUTEIbHBl K Pa3IMYHbIM
OTCTYIUIEHHUSIM OT TIPEIOoJIaraeMoOi MOJICIH.

HCJ'II)IO HUCCIICAOBaHUA YCTOP'I‘II/IBOCTH SIBJIIIETCSL BBIABJIEHHE O0IAaCTH MMPUMCHCHUA
CTaHJApPTHBIX MPOIEAYp HOpMalIbHOH Teopuu. OHAKO HA MPAKTUKE BEChMa 3aTPyIHUTEIHHO
PEIINTh K YeMy NMPUBEAYT CTaHAAPTHBIE MPOLEAYPHI: OyIyT OHU MPUOIMKEHHO CIIPaBEAIMBbI
WIH TIPUBEAYT K HEBEPHOMY pe3ylbTaTy. B pe3ynbrare orpaHMueHHOTO 4Yuclia HaOIoIeHUI
OBIBaCT TPYIHO OOHAPYKUTh OTCTYIJICHUS OT HOPMAJIBHOTO 3aKOHA ONMIMOOK HAOIIOAEHUS, U
9TU OTCTYIUICHUs OIAaCHBI CBOCH HE3HAYMTENILHOCTBIO. I[IpoBepka KOPPEKTHOCTH MHOTHUX
BBIBOJIOB, IIPH SIBHOM OTJIMYMHU pacipeieieHuii ot ['ayccoBCKoro, mpeBpamniaercs B CI0KHYIO
npobuemy.

104


mailto:gulgaz77@mail.ru

Bropoii monxoxn 3akitodaercs B cieAyronieM. MOXKHO TOJHOCTBIO OTKa3aTbCs OT
CTaHJAPTHBIX METOJ0OB HOPMAJIbHOM TEOPUM M MPUMEHUTHb CTATUCTUYECKHE MPOLEIYPHI,
MIPUTOJHBIC B IMMPOKOM KJIACCE€ HCXOJHBIX PpACIpEACIICHU, TaKUX KaK HEMpepbhIBHBIC
pacupenenenusa. Tak Kak NMPUMEHHUMOCTb BBIIICYKa3aHHBIX CTATHCTHMUYECKUX MPOIEAYp HE
3aBUCUT OT (POPMBI UCXOJHBIX PACTPEACICHUH, €CIH TOJBKO OHU HENPEPHIBHBI, TO JTaHHBIC
poLeaypsl CBOOOMHBI OT pacnpeaeneHus [1].

IMocranoBka 3amaum. Ilycte A{a,6,B,..,H} - MHOXECTBO HEIapaMETPHUECKHX
MeTo0B pemieHus 3amad, B {1,2,..,20} - MHOXECTBO HAayYHO-TEXHHYECKHX 3aj]ad.
OTHOIICHUE «3a7a4ya PEeIIaeTCs METOJO0M» MEXIY dJEeMEHTaMH MHOXKeCTB A U B 3amaHo
Matpuiieii oTtHomeHus (tabimuma 1). MHBIMEH clioBamMM, TaOnuIla TO3BOISET YCTaHOBHUTH
KaKMMHU METOJIaMH MOXET OBbITh pelleHa Ta WM HHas HAayYHO-TEXHHUYECKas 3ajada, W,
Ha000POT, JUIsl pelIeHUs KaKUX 3a7a4 MPUMEHUM JIaHHBIA METOI.

Taoaun 1
Marpmuia OTHOIIEHHUS 3824 ¥ METOJOB MX PEIICHHUS
MeToas! pemenHa
Jamaun
a B r a e & 3 H

1 1 1 1 1 1

2 1 1 1 1 1 1

3 1 1
4 1 1

5 1 1 1

6 1 1 1 1
7 1 1 1 1 1 1
5 1 1 1
o 1 1 1

10 1 1 1 1

11 1

12 1

13 1 1
14 1 1
15 1 1 1 1 1
16 1 1

17 1 1 1 1 1 1

18 1 1 1 1 1 1 1
19 1 1 1 1
20 1 1 1 1

JlormyckaeM, 9To UCXOJTHAS MOJIEIb:
Xij :,LL+T] +eij1 I=1,...,n; JZI,...,k (1)
IJie, 4 - HEM3BECTHOE O0LIIEE CPEIHEE; T; — HEU3BECTHBIN 3P DeKT j-1i 00paboTKH;

k
Tj =0
Zj=1

OueHka KOHTPAacTa, OCHOBAHHAsI Ha JBYXBbIOOPOYHBLIX OIlleHKaX Xo/Keca-
Jlemana. KonTtpact napamerpoB T mozenu (1) onpenensiercs popmymoi

)

k _
rae ijlaj—O U aq, .., dg -

3aJaHHbIC KOHCTAHTHI.
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DKBHUBAJICHTHO MOYXHO ONpenenauTh 6 ¢popMynoin

0 = Yoy Xz dnj Ay @)
rue,
dpj = an/k; j=1,...k; h=1,.k; ()
Ahjz Th — Tj (5)

Merto 3akitouaercs B cleayromem [2]:
1. Omnpenensiem OLEHKH
Zpj = MeJlMaHa {Xah —Xpgj;a=1,..,ny a=1, ...,nh}, n#j (6)
Iockoneky Zp; = —Zj,, Hago cocuutath 1mmb k(k —1)/2  oueHok Zyj,
cootserctBytommx nape (h,j) npu h < j. Bynem HasbiBaTh Z; MCXOAHOH (rpy0Ooit) mim
HECKOPPEKTUPOBAHHON OLEHKOW T, > T;. OTo oueHka Xojkeca-Jlemana. Hamnpumep, Zq3 -
MEIMana 1nq. N3 pasHOCTEN Xyq — Xp3, MOMYYEHHBIX I HaOmoaeHuii 06paboTok 1 u 3.
Onenka Xomkeca-Jlemana, npeacraBisieT co00il OIEHKY, CBSI3aHHAIO CO CTATUCTHKOM
PaHroBOM CyMMBI Y MIIKOKCOHA. JTa CTATUCTHKA OIPEeIsieTcs cleayomumM oopazom. Ilyct
umeercs N = m + n vabmonenuid Xy, ... , X u Yy, ... , ¥, .
Bocnonb3zyeMcs MoAenblo:
Xi=ei, i=1,...,m
Yi=ensj+4 j=1,..,n (7)
rae X;, Y, — nabmomaemble, a €41, .. ,€men — HAONIONAEMBIE CIyYalHBIE BEJUYHMHBI,
MHTEPECYIOIINN Hac mapameTp A-3TO HEU3BECTHBIN CABUT B MOJIOXKEHUHU, OOYCIOBICHHBIN
o0pabotkoii. [lomyckaeM, uto Bce N ciy4ailHBIX BENWYHH € B3aWMHO HE3aBHUCHMEI; BCE €
U3BJICYCHBI U3 OJTHOM HEMIPEPHIBHOW COBOKYITHOCTH.
Merton, ucnonp3yronuii cBOOOAHBIN OT pacHpelesieHnss KPUTEPHM pPaHTOBBIX CyMM
YUIKOKCOHa J1s1 IPOBEPKU
Hy=A=0 (8)
TpeOyeT BHIOIHUTD CIIEAYIOIIEE:
a) Ynopsgountb N HaOmOnEHMI OT HAWMEHBIIETO K HAUOOJBIIEMY U O003HAYUTH
R; paHr Y; B 3TOM yIops/104€HHUN.
6) O603HAUUTD
W =3Y"1R; (©)
Craructuka W — cymma paHroB, OTHOCSIIIUXCS K Y7, ..., Yy,
B) OJIHOCTOPOHHMI KpUTEepHHl HucCHbITaHUA HyneBol rumore3sl Hy = A= 0 mnpoTus
anbTepHaTuBbl A> (0 Ha ypOBHE 3HAYUMOCTH (.
otkiouuts Hy, ecntu W = w(a, m, n),
npusste Hy, ecntu W < w(a, m, n), (20)
riae Korcranta w(a, m,n) ynosierBopsier ycinosuto Py[W = w(a, m,n)] = a [3]. 3nauenus
w(a, m, n) npuBeneHsbl B TabHIIE 2.

Taoauna 2
CpaBHeHHE CpeTHUX MOTEHITHAIIOB pe3epByapoB oobeMoMm 5,8 u 10 Thic.M
N (uv) |IR.,.—R., | n, n, 80,05
1 1.2 120,83 — 33,60] = 12,77 12 20 16,32
2 1,3) 120,83 — 36,50] = 15,67 12 32 15,12
3 (2,3) 133,60 — 36,50] = 2,90 20 32 12,74

OOHOCTOPOHHMM KpUTEpUNl Ui WCOBITAaHWS HYJIEBOW rumoressl H, NOpoTUB
anpTepHaThBbl A< 0 Ha ypOBHE 3HAYMMOCTH ('
orkinouuth Hy,eciu W < [n(m +n + 1) — w(a,m,n)],
npunsate Hy, ecim W > [n(m +n + 1) — w(a, m,n)], (11)
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JIByCcTOpOHHMIT KPUTEPH JJISl UCIIBITAHUS HYJIEBOH THIOTE3bl H( MpoTUB anmbTepHaTHBHl A+ 0
Ha YpOBHE 3HAYMMOCTH .
otkinouuts Hy, ecnu W = w(a,, m,n),
wm W < [n(m+n+1) —w(ay, m,n)] (12)
npunsate Hy,ecmn > [n(m+n+ 1) —w(ay,,m,n)] <W < w(a,,m,n), rne a = a; + a,.
Ecnu BeIOOpKa AOCTaTOYHO BEJIMKA, TO OMPEIEIAETCS
W x= [W — Es(W)]/[vary(W)] /2 =
= (W — [n(m +n+1)/2]}/[mn (m +n + 1)/12]/2 (13)
Eciu Bepna H,, t0 craructuka W?* wmmeer acummrorndeckoe (korma min(m,n)
cTpemuTes K 6eckoneunoctu) pacmpenenenue N(0,1).
HopwmanbsHas Teopust naet crneayromiee npuoimkenue s meroaa (10):
OTKIIOHUTB Hy, eciu W = Z 4,
npuHATh Hy, ecnmn W < Z )
(14)
Ecin cpeau N HaOmoneHUN €CTh OJMHAKOBBIE, TO CJIEAYET HCIOJb30BAaTh CPEIHUE
panru, nonctasisist ux B (10), (11) wnum (12) npu Beraucneann W amst Manbix BeIOOpok. [lpu
UCIIOJIb30BaHUU MPUOIKEHUS U OONBIINX BBIOOPOK Hamo cuutaTh W ¢ ydyeToM cpeaHux
panroB u 3amensTh vary(W) B (13) na
var,(W) = mn/{(m+n+1) = 39_, t;(t; = 1)/[(m + n)(m +n — 1)1}
(15)
IJie g — 4UCIIo Ipymn cBssell; ¢; - 00beM j-oi rpynnel. B dpopmyie (15), eciau nabmonenue He
COBIAJIaeT HU C KaKUM JPYTHM, OHO paccMaTpuBaeTcs Kak rpymma oobema 1. [Tostomy, ecnu
B PamXUpOBKe HET cosmaaenud, 1o g=N, t;,j = 1,..,N u npasas yacte (15) cBoautes K
(mn/12)(m+n+1).
Urak, paccmotpeB cratuctuky W paHroBoil CyMMbl Y MIIKOKCOHA, BEPHEMCS K OIICHKE
Xokeca-Jlemana, OCHOBaHHOW Ha 3TOW CTATUCTHUKE.
st onenku A u3 mojenu (7) Hazo MpoAeNaTh CIeAyIOIIee:
a) IOCTPOMTL MN pasHocteit ¥; — X;;i=1,...,m; j=1,...,n.
0) BBIYUCIUTH OLIEHKY A
A= meauana {(Y} - Xi),i =1,..mj=1, ...,n} (16)
Iycts UMD < . < UM™Y oGo3HagaroT ymopsiaodeHHbIe 3HAYCHHS Y; — X;. Eciu mn —
HEYETHOE YUCII0, CKakeM MN=2K+1, To

A= yk+y) (17)
Ecnu sxe mn — yeTHOE yncno, ckaxeM, mn=2K, o
A= (U® + yk+) /2 (18)

Cwmpicn onenkn Xomkeca-Jlemana A cnenyromuii. Kak ObUTO cka3aHO BBIIIE ATa OICHKA
A cBsi3aHa ¢ KpUTEepueM paHroBoil cymmsbl YunkokcoHa W. Pacnipenenenue cratuctuku W =
Yj=1R; cummerpuuHO oTHOCHTENbHO cpennero n(m + n + 1)/2. Pasymuas ouenka A - 310

Takoe 4Yucio, oOo3HaueHHoe A, ans KoToporo cratuctuka W ocraeTcst paBHOM
n(m+n+1)/2, nocne BbluuTaHMs A u3 Becex Y; M HOBOro yHOpPsAJOYEHMS BBIOOPOK

~ ~

X, X Y1 — A4, . Y, — A. I'py6o roBopsi, MBI olleHMBaeM A TeM 4uciIoM A Ha KOTOpoe
HAJ0 CABUHYTH BBIOOPKY Y, 4TOOBI Xj,...,X,, UY;,..., Y, Kazanmuch (Ipu UCCIEIOBAaHUM C
MOMOIIBIO CTATUCTUKH PAHTOBBIX CYMM) JIByMsI BHIOOPKAMU M3 OJTHOW COBOKYITHOCTH.

PaccMoTpuM mocTpoeHne CBOOOTHOTO OT pacmpenesieHUs JOBEPUTEIHLHOTO MHTEpBaJia
JUIS OLEHKU A, OCHOBAaHHOTO HAa KPUTEPUU PAHTOBBIX CYMM Y HMIJIKOKCOHA, MPEIOKEHHOE
Mo3ecomM.

Jlyist mocTpoeHus CHMMETPUYHOTO ABYCTOPOHHETO MHTepBana A A ¢ KodpPumeHTom
noBepust 1 — @ Ha/l0 BBINOJHUTD CIEAYIOIIEE:

a) M3 Tabnuipl 2 HANTH 11e710€ YUCIT0, TAKOE YTO
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P{ln(n+1)/2+C ] W <[nCm+n+1)/2-C,l}=1—a (19)
3amerum, uro [n(2m +n+1)/2] — C, + 1 = w([(a/2),m,n].
6) Yiopsimounts 3nauenns pastocreit UV < - < UMWpasnocreit Y, — X, i=1,...,m;
=1,...,n.
B) Uckomsii (1 — a)-it noseputenbublii uatepsan (A;, A,) naercs popMmyaamu

Alz U(C“), sz U(mn+1_C“) (20)
ITpu A;, A, u3 (20) mist Bcex A momydaem
PA{A1< A< Av} =1—a (21)

[Tomcyer MN ynopsoYeHHBIX pa3HoCTen ¥; — X; MOXKeT oKa3arhCst [poMo3aKuM. Mo3sec
OIHCAl CIeAyIoNyIo rpadudeckyio cxemy nomydenust UCa) y U mn+i-Ca),

Hanecem mn Touek, COOTBETCTBYIOIIMX BCEM BO3MOKHBIM Mapam (X i Y]), OTKJIaJbIBasI
3HaYeHus X; 10 OcH X, @ ¥j - 1o ocH y. 3aTeM BO3bMEM NPAMYIO MOJ yTJI0oM 45°(Ha30BeM ee
L,) u OyneM cMemath ee mapaienbHO cebe Mo PUCYHKY CleBa HampaBo A0 TeX mop, noka Cy,
HAHECEHHbIX TOYEK HE OKaXeTCsl BbIIE M, OBITh MOXET, YacTU4YHO, Ha Hel. Touka
TIePeCedeHNs] OCH OPJMHAT C 3TOH mpsAMOii 1 ecth A,= U *1-Cd)  [Iponomknm aBmkenne
Tako# e JuHuM (0003HaunM ee L,) cieBa HampaBo J10 TeX mop, noka C, HAHECEHHBIX TOYEK
HE OKaXETCS HIDKE Hee WM, ObITh MOJXET,; YacTUYHO, Ha Hed. Touka mepecedeHus: ocu

OopAMHAT ¢ 3ToM mpsiMor nmaer A= U (€a) Tounste 3mavenns UCa) y UMn+1-Ca) yoxmo
HAWTH, €CIIH Y — X Pa3HOCTh Ul To4eK (X, y) JIeKaT Ha JIMHUIX L, U L, cOOTBETCTBEHHO [4].
s Gonpmnx m u n uenoe yucio €, MOKHO NPUOIHU3UTH (HopMyoi

Co mMn/2 — Z (g2 [(mn(m +n+ 1))/12]1/2 (22)

B o6uem ciydae B npaBoif yactu (22) - He 1I€JI0€ YUCII0, TaK YTO Ha/l0 MOJCTABIATH B
(20) 6mmkaiiiee memoe.

Ouenkn Zp; ObUM ONpENENeHbl JBYMs CHOCOOAMH: CHayajga pamKMPOBAHUEM
pasnoctelt Xop — Xpj; a =1,...,np; B =1,..,m;; h# ) a 3aremM rpaQuyeckum MeTOIOM.
It mamneix tabmunel 3h,j = 1,2,3,4, n, = n; = 16. Berancnensr X, — Xﬁz; Xo1 —
Xps; Xa1 — Xpa; Xaz — Xp3; Xaz — Xpa; Xaz — Xps; @, =1,..,16. Kaxngas pasHOCTh
naet 256 3Ha4eHMM, KOTOpbIE BBICTPAUBAINCH B IMOPSAJIKE BO3PACTaHUS U ONPEIENsIIACh
MEAMAaHA.

Z, = —0,06; Z,3=-0,01, Z3,=-0,01
Zi3 =—0,07;, Z,, =-0,03;
Z1, = —0,08;

['padmueckuil MeToa NaeT Te K€ caMble 3HAYEHUS, HO KPOME TOYEYHBIX OIICHOK, OH
JIa€T BO3MOYKHOCTb BBIYMCIIUTD U JOBEPUTENBHbBIE UHTEpBaibl uid A. Onpenencnue Z,, U Z,3
rpaduyeckuM METOIOM MOKa3aHo Ha pucyHke 1 u 2.

HOns xkoopounmenta goBepus 1—a=1-0,10=090;m =16,n = 16;2(0,1/2) =
2(0,05) = 1,64;

C, ~ mn/2 — z(a/2) [mn(m + n+ 1) /12]/? =
=16%16/2 —z(0,10/2) [16 * 16(16 + 16 + 1) /12]'/? =~

~ 84; —0,09 < Z;, < —0,02; —0,05 < Z,3 < 0,02

s xoaddurmenta roBepust

1—a=1-0,05=095 m=16;n=16;2(0,05/2) = z(0,025) = 1,96;
C,=16+16/2 —1,96[16  16(16 + 16 + 1) /12]'/? = 76
—-0,10 < Z;, < —0,03; —0,05 < Z,5 < 0,03
Wrak, onpeneneHbl MeIMaHbI - OLICHKU XopKkeca-JleMaHa.
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P:(P1)
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03 4
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0,3 4

Puc.1 I'paduaeckoe nmocTpoeHue JOBEPUTENBHBIX HHTEPBAJIOB

0.2 0,25 03 0,35 04 045 0,5

Puc.2. I'paduueckoe mocTpoeHHe TOBEPUTEIBHBIX HHTEPBAIOB

Ecnu olileHnBaTh KOHTPAcT MO UCXOAHBIM (TpyObIM) OLIEHKaM, Mbl CTAIKUBAEMCSI C TeM
00CTOSATETLCTBOM, YTO OIIEHKM KOHTpacTa He OYyIyT YIOBJIETBOPATH TEM JIMHEHHBIM
COOTHOUIEHUSIM, KOTOPBIE BBIMOIHSIOTCS sl caMuX KoHTpacToB. Hampumep, Ai3= A, +
Ay3, HO Zy3 # Z15 + Zp3. Takum o0OpazoM, GopMyinbl Aisi OUEHKU Zq3,Z1p + Zy3 MOTYT
JlaBaTh pa3Hble 3HaueHus. He yrouHeHHbIE OLIEHKHM HecOBMeCTUMBI. [lepexonum K oneHkam
Zn —Zj.

. 2

DTH OLIEHKH MTOJYIarOTCS MUHHUMHU3AIMENR CYMMBI KBAJIPATOB Y. ). j j[Z hj — (Th - Tj)] .
XOTsl 3T OLEHKH COBMECTUMBI, MOSIBISIOTCS JIBa HOBbIE 3aTpyIHEHUs. Bo-TIepBBIX, OIIEHKU
Zy, — Zj s Apj= T, — T; IOMUMO 3aBHCHMOCTH OT HAaOIIFOI€HUH U3 BBIOOPOK A M j, 3aBUCAT
erIe OT HaOJIOICHHUH 13 OCcTaIbHBIX kK — 2 BBIOOpOK. K ToMy e oneHka Z; — Z, s T1 — T,
He Oy/IeT COCTOSITENbHOM, KOT/Ia Ny U N, CTPEeMATCS K OECKOHEUYHOCTH, a N3 HE CTPEMUTCSL.

BBomurcs  B3BelIEHHBIE CKOPPEKTHPOBaHHbIE OUEHKH Ap —A;. DTH  OLEHKH

2
MUHMMHU3HPYIOT CyMMy KBajapaToB N~ 2Y Z[Z hj — (Th — Tj)] npn;. OHU TeM HE MeHee
COXPAHSIOT TOT HEIOCTATOK, YTO OLEHKH Tp — T; 3aBHCAT OT HAONIOJEHUA U3 IPYTUX TPYIIIL,

KOTOpbIE SIBHO C HUMU HE CBSA3aHBI [D].
PaccmoTpum B3BellIeHHbIE CKOPPEKTHPOBAHHBIE OLIEHKH, MUHUMH3UPYIOLTHE

Snei SN/ + N/ 20y = (tn = 1)) (23)
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TI€ POJIb BECOB I CYMMBI KBaJpaTOB UIPAIOT aCUMIITOTUYECKHME AUCTIEPCHU BEJUYUH Zp ;.
BpIuuciisITE 3TH OUEHKM TPYAHEE, YEM OLEHKHU Ah A bomee Toro, oreHkn Ah A] u
OIICHKH, TIOJIyYCHHbIE MUHUMU3AKEH (23) IMEIOT OJJMHAKOBBIC AaCUMITOTHYECKHE CBOWCTBA,
€ClM N — 00 TakK, 4YTo (nj / N) - Aj, rne 0 < 4; < 1. Ouenkw, noay4eHHbIE MUHUMU3ALMEN

(23) 1 ouenku A), — Zj CBElYTCS K OLleHKaM JleMaHa Zp — Zj, €Clli Ny = Ny = *++ = Ny,
2. Bpramcnsiem B3BEIIEHHBIC CyMMBI
A _ vk k _
Ah_ Zj=1anhj/Zj=1nj, h—l,...,k, (24)

rne Zy, =0, h=1,...,k;
A=16(Zy1 + Z1p + Z13 + Z14)/(16 % 4) = (0 — 0,06 — 0,07 — 0,08) /4 = —0,0525
Dy=16 (Zy1 + Zyy + Zy3 + Z54)/(16 x4) = (0,06 + 0 — 0,01 — 0,03)/4 = —0,0050
A= 16 (Z31 + Z35 + Z33 + Z3,)/(16 x 4) = (0,07 + 0,01 + 0 — 0,01)/4 = 0,0175
A=
16 (Zyg +Zyy + Z4z + Z44)/(16 x4) = (0,08 + 0,034+ 0,01 + 0)/4 = 0,0300.
3. Bseemennas ckOppeKTUpOBaHHas OEHKA Ap; onpenensercs Gopmyon
Whj = Ap — 4;
Wy, = Ay — A;= 10,0300 — (—0,0525) = 0,0825
W3, = A; — A= 0,0175 — (—0,0525) = 0,0700
W,, = A, — A;= —0,0050 — (—0,0525) = 0,0475
W,, = A, —A,= 0,0300 — (—0,0050) = 0,0350
Ws, = A; — A,= 0,0175 — (—0,0050) = 0,0225
W,3 = Ay — A;=0,0300 — (—0,0175) = 0,0125
4. B3BellcHHas yTOYHEHHAs OLGHKA KOHTpacTa 6 paBHa O = Z;‘zl ajﬁj WIH, 4TO

9KBHBAJICHTHO
éZZZd}UWh} ZZdh](Ah A)
=1 j=1 _
B yactHOM cniydae ny = n, = -+ = nk,Ah (24) cBogutes k Zp. = Z?lehj/k, al, —

E]- CBOUTCA K A — E =Zp-—Zj.
[IpoBepka nuHENHOCTH:
Wy, =A, — A=A,y + Ay;=0,0350 + 0,0475 = 0,0825
Wy, =A, —Aj= A3 + Az;=0,0125 + 0,0700 = 0,0825
Wy = A, — Aj= Ay3 + Agp + Ayy= 0,0125 + 0,0225 + 0,0475 = 0,0825
B3BelieHHbIE CKOPPEKTUPOBAHHBIE OLIEHKM KOHTPACTOB MOTEHLUHMAIOB 10 CYTH
IPEJICTaBISIIOT COO0OM yCpeqHEHHbIe IO BCEM OOCIEOBaHHBIM pe3epByapaM pa3HOCTH
norennuanoB Ttouek C,YUILT. Hambomnpimas pa3HOCTh MOTEHIMATOB BO3HUKAET MEXKIY
toukamu C u T (1 u 4), naumensmias - [1 u T (3 u 4). OueBugHO, B MOJTOOHBIX YCIOBUIX
MEXy YKa3aHHBIMHU TOYKaMH OyyT BOSHHUKATh MaKPOIAPhl Pa3IMYHON MHTEHCUBHOCTH.
[lo pe3ynbraTam pacuera KOHTPACTOB NOTEHIMAIOB MOCTPOEHA MOTEHIMANIbHAs
JIyarpaMma JHUIA pe3epByapa Mo YEThIPEeM TOYKaM, B KOTOPBIX MPOU3BOAMINCH U3MEPCHUS

(puc. 3).

TR ////// -¢

y

Puc.3 [loTeHunanbHad quarpaMMa JHUINA pe3epByapa
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3akaoueHue. UToObl MpUIEPKUBATHCS CTaHAAPTHBIX METOJOB HOPMAJIBHOW TEOPUH
MOKHO IMOJIHOCTBIO OTKAa3aTbCd OT HUX U MPUMCHUTH CTATUCTUYCCKUC ITPOLCAYPBI, KOTOPLIC
OBLIM ObI MPUTOAHBI B IIUPOKOM KJIACCE UCXOJIHBIX PACIpENIeICHHI.

[To pe3ynbraraM pacuera KOHTPACTOB IIOTEHLMAJIOB IOCTPOEHA IOTEHLUAIbHAS
Juarpamma JHUIIa pe3epByapa 1o 4eThIpeM TOYKaM, B KOTOPBIX IPOU3BOIMINCH U3MEPEHHUS.

1. AM. Kepumos, I1.A. Cnupun, P.A. Kepumos «JIuHeiHble perpeccuu U CTPYKTYpHbIE
COOTHONICHUS JJIs1 MOJIesel nernei omyxnaromux TokoBy. JK.3amura metamwos, 2006, Tom
42, Nel

2. A.M. Kepumos, I1.A. Cnupun, P.A. Kepumos «CBsI3b MapaMeTPOB HETeH OIyKIar0Imnux
TOKOB C TAroBOM Harpy3koi» XK.3ammura metamios, 2006, Tom 42, Ned
3. U.B. Cmpuoiwcesckuti, B.U. JImumpues «MaremaTHyecKue 3aJauyd, CBA3AHHBIC C

OTIpE/IETICHUEM OIACHOCTH W 3alIUIICHHOCTU MOJ3EMHBIX METATMYECKUX COOPYKEHHH OT
anextpokopposun» Tp. AKX um. [Tampuiiosa, M., AKX, 1996, Boim.42

4. UB. Cmpuoxcesckuii «Teopus W pacyeT JApEHA)XHOM M KATOAHOM 3alllUThI
MarucTpalbHbIX TPYOOIIPOBOJOB OT KOPPO3HHU OIy:KIAIOUMHU TOKaMu» M., 1993
S. M. Xonnenoep, /. Bynvgh «Henapamerpudeckne METOBI CTATUCTUKI» M., OUHAHCH U

Kkpeaut, 1993

NONPARAMETRIC METHODS STATISTICS IN
THE STUDY SOIL CORROSION OF TANKS

ISMAILOVA G.G.

In solving many problems of corrosion characteristics of random variables and
processes are determined by statistical analysis of experimental data. Thus, as a rule, it is
assumed the normality of the distributions of the variables. But the results of the audit
functions of the distributions often do not confirm this assumption. In case of large deviations
from normal empirical distributions we were looking for methods of solving statistical
problem-free from the normal constraints.

Keywords: nonparametric methods, statistical tests, probability theory, correlation.

CONLORDO YARANAN TORPAQ KORROZIYASININ STATIKANIN
QEYRI-PARAMETRIK USULLARI iLO TODQIQi

ISMAYILOVA G.G.

Bir ¢ox korroziya masalalorinin hallindo tosadiifi koemiyyatlorin  vo proseslorin
xarakteristikalar1 tocriibonin verilonlorinin islonmasi hesabina toyin edilir. Bu zaman bir
gayda olaraq doyigonlorin normal paylanmasi forz edilir. Amma paylanma funksiyalarinin
yoxlanmasi bu forziyyani dogrultmur. Empirik doyisanlorin normal giymat ilo miigayisado
boyiik xatalar bas verirsa, bu zaman statistik mosalalorin holli Gisulu axtarilir.

Acar sozlar: geyri-parametrik tisullar, statistik kriteriyalar, ehtimal nozariyyasi, korrelyasiya.
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Energetikanin problemlori ¢ Nel e 2017 e IIpo0GaeMbl SHEPIrETUKH

PLASTIK KUTLOLOR 9SASINDA TOZYiQ ALTINDA TOKM®O USULU

ROHIMOVA A.9.
Azarbaycan Dévlat Neft va Sanaye Universiteti

Moagalads tozyiq altinda tokmo tisulundan bahs edilir.
Agar sozlar: termoplast materiallar, optimal temperatur, tozyiq altinda tokma, piikiirmo

Termoplast plastik kiitlolorin materiallart asason tékmo tsulu ilo aparilir. Miixtalif
tisullarin olmasmma baxmayaraq tozyiq altinda tokmo iisulu metal vo basqa materiallarla
miiqayisodo istlin cohoti mohlullarin alinmasi, is soraitinin asan olmasi, temperaturun
nisbaton asagi olmasi, ucuz vo Somarsli baga galmasidir.

Tazyiq altinda tokma tisulunun asagidaki Gstiinliiklori var;

1. Tozyiq altinda tokmodo mohsuldarliq boyilikdiir, is¢i tsiklinin middatinin qisa
olmasindadir.

2. Miirokkab konfiqurasiyaya malik olan mohlulun hazirlanmasi asan olur.

3. ©Omaliyyat, tam avtomatlagdirilmis rejimlords apartlir.

Mohlulun keyfiyysti — materialin orimo temperaturu, barkimo temperaturu, (pres-
golibin temperaturu); orimis materialin pres-golibdo doldurulmasi onun tozyigin giymati
(injeksiyanin xiisusi tozyiqi), tozyiq altinda materialin saxlama miiddati gostarilon t/q tokiilon
materialin strukturundan va Kimyavi torkibindan asilidir.

Tokmo prosesinin segilmis tsiklino asason, orintinin optimal temperaturu uygun galir.
Asagl temperaturda orintinin OzIliliyli asagidir. Buda orintinin golibi yavas-yavas
doldurulmasina sabab olur.

Otaq temperaturunda polimer materiallart orimo vo emal temperaturunadok
qizdirdigda onlarin hocmi 10%-don 20%-o-dok genislonir vo eyni zamanda onlarin hacmi
kigilir. Tozyiq altinda yiiksok keyfiyyatli momulatlar almaq iigiin ya tozyiqi artirmali vo ya da
polimerin &zlililylinii artirmaqdan 6trii temperaturu artirmaq lazim golir. Lakin tozyiq
miioyyan giymotdon ¢cox oldugda mexaniki méhkamliliyin azalmasina sabab olur.

oMP Hs, MPa
116

112 - ' : |

gl

108 190 4 aL/ :

L

104 180 | 4/ | ﬂ

..._r’ [

4 |

ool 10— L1 P
20 30 40 S0 60 70 gy T, °C

Sakil 1. Brinels asasan barkliyin asililigi(1) sixligin méhkamliyi(2) ayilmaya
25asan(3) va temperatur méhkamlik
asililigr asagidaki soraitin tosiri;
tigerin temperaturu — 260 °C
bir vurmanin vaxti — 20 s
tozyiq altinda material — 30Mpa
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Plastik kiitlolor metallardan forqli olaraq temperatur deformasiyasina goro elastik,
plastik 6zIi axiciliq gabiliyyatlidir (qaz hali nazors almamaqla). Asagi temperaturda arintinin
ozliiliiyii asag1 oldugu {igiin arintinin galibi yavas-yavas doldurmasina sabab olur.

Polistirol (PS) amorf, Polietilen (PE) isa kristallik polimer qrupuna aid oldugu ti¢iin
onlarin xiisusi hacminin temperaturdan doyismasi temperaturdan xeyli forgli olur.

Istilik keciron materiallardan olan poliamidlori ATM-2 markasiida bu orintisine aid

etmok olar. Piiskiirma ilo doldurma vacib mosalalordon biridir (sok.1).
Bir ¢ox disli ¢arxlarin tokiilmasinds metalin golibdo soyuq axmasimin slamatlorini gérmok
miimkiindiir vo materialin sababinin gslibdo doyismosi maye kiitlonin axmasi ilo miisahido
olunur. Istilik 20-90°C doyismosi metalin keyfiyyotino tosiri standart niimunolordo
yoxlanilmasidir. Bunun 6lglisii 120mm x 15 mm x 10 mm-dir. Eyni zamanda temperaturu
70°C-110°C-dok doyismasi disli ¢arxlarda yoxlanilmisdir.

Alman naticalordon gériindiiyii kimi avvalca galibin temperaturunun yiiksalmasi ila bu
gostaricilor artir, sonda iso sabitlogir. Bu onunla izah edilir ki, ATM-2 material1 yiiksok istilik
kegiriciliyino malikdir vo buna asasan do soyuq gslibs tokiildiikdo soyuyur va sixlasib 6z
formasini ala bilmir.

Temperaturun yiiksalmosi bir torofdon soyuma siiratinin azalmasina sabob olur ki,
bunun 6zii do materialin qgoliba yaxsi axib onun doldurmasma vo kotiiyiin kiitlasinin
artmasina, onun sathinin keyfiyyatinin yaxsilasdirilmasi ilo naticalonir.

Digor torofdon maye metalin yavas soyumasi daxili gorginliyin azalmasina,
kristallagmanin yaxsilagdirilmasina sabob olur. Biitiin bunlar mdhkomliyin artmasi ila
noticalonir (sokil 1). Qalibin maksimum temperaturda (130°C)-do disli ¢arxlarin oturtma
boslugu ¢oxalir.

Bunun sobobi onunla izah edilir ki, momuulun moarkazinds temperatur
yiiksokdir.Mamulu golibdon itolomoklo ¢ixartmaqla onun &6zoy hissasinin - barkimasi
naticosindo mamulat deformasiyaya ugrayir.(Codval.1)

Coadval.1
Qolibin temperaturu Gostaricilor
°C Kiitls 9yilmo %-lo Statik ayilmads miivagqoti miigavimat H/m
70.0 68.0 1.20 17.0
90.0 68.2 1.20 17.6
110.0 68.8 1.20 18.0
130.0 68.6 1.25 16.5

Tozyiqin giymati optimal olaraq segilir. Bu asason PV T-nin qarsiliqlt alagasinds olur.
Eloco do tozyigin material silindrinds g¢oxalmasi lo miisahido olunur. Onun sixilmasi
naticasindo moamulatin gakisi artir vo buna uygun onun mohkamlik giymati disli ¢arxda artir
(sokil 2). Bunun {igiin asas masalo ondan ibaratdir ki, piiskiirmo zamani hopdurma miiddati
coxalsin.

ATM-2 markasinin qgabul edon golibds va tékmo temperaturunda asagi tozyiq 100
MPa gotiiriiliir. ATM-2 maye halinda xiisusi hacmi 0,7420/kub,sm-dir. Bu zaman silindrds
tozyiq nazors alinmir. Eni 12 mm olan disli ¢arxin sneki, tokmo masinlarinda alinmasi,sokilda
gostorilon biitlin xatlords gostarilir.Yigicida tozyiq 0,55 MPa va onun ¢ixisinda temperatur iso
280°C-olur.

Alman digli carxlar optimal xassalora malikdir ki, onun da statik qiivve altinda hoddi
175,5 H/m-dos material yiiksok yeyilmoys davamli olur.
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Sakil 2. Digsli ¢arxlarin tazyiq altinda tokmads kiitlays(C) yigmaya(S) ayilmodo miivogqgoti

9.

10.

11.

miiqavimotina(P) asagidaki soraitin tasiri:
orimis polimerin temperaturu — 265 °C
golibin temperaturu — 110 °C
bir vurmanin vaxtt — 65 s

Rahimova A.O. Polistirol vo polietilen osasmda elektrik kegirici polimer
kompozisiyalarin alinmasi va tadqiqi (dissertasiya).
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HEKPOJIOI'

| Firudin ibrahim oglu Mommoadov |

Azorbaycan elmina agir itki iiz vermisdir. AMEA-nin
miixbir lizvii, texnika elmlori doktoru, professor,
Azorbaycanin omokdar elm xadimi Firudin ibrahim oglu
Mommodov dmriiniin 81-ci ilinds vofat etmisdir.

Firudin Mommoadov 1936-c1 il iyul aymin 1-do Nax¢ivan
Muxtar Respublikasinin  Sorur rayonunun Sahtaxti kondinds
anadan olmusdur. Orta moktobi bitirdikdon sonra o, 1953 -cii ildo
Azorbaycan Sonaye Institutunun Neft-mexanika fakiiltosino daxil
olmus vo 1958-ci ildo institutu Avtomatika, telemexanika vo
elektrik 6l¢ii qurgular1 vo cihazlari ixtisasi iizro bitirmisdir.

Omok foaliyyotina 1958-ci ildon etibaron Neft Kimya
Avtomat Elmi- Tsdq1qat Layiho Institutunda laborant kimi baslayan Firudin Mommodov 1961—
1964-cii illordo homin institutda I, II doracali texnik, bas texnik, III doracoali miihondis, 1964—
1968-ciillordo Neft Kimya Avtomatda I doracali miihandis, II doracali bdyiik miihondis, bas
elmi is¢i vozifolorindo calismigdir. O, 1961-ci ildon 1964-cii ilodok c¢alisdigi institutun
aspiranturasinda tohsilini davam etdirmis vo 1967-ci ildo texnika elmlori namizodi alimlik
dorocosi almisdir. 1968-ci ildon Omriiniin sonunadok taleyini Azorbaycan Neft vo Kimya
Institutunun Sumgqayit filiali, Indiki Sumgayit D&vlot Universiteti ilo baglayan Firudin
Mommoadov 1968-1974-cii illordo bas miiallim, dosent, dekan vozifalorinds, 1974—cii ildon
indiyadak universitetds Sonaye elektrotexnikasi, Elektrik tochizati vo elektrik avadanliqlar,
Elektrotexnika vo Elektromexanika kafedralarinda dosent, professor vo kafedra miidiri
vazifalorinds ¢alismigdir.

Firudin Mommoadov 1993-cii ilde texnika elmlori doktoru elmi deracasi vo 1995-ci ilds
professor elmi adin1 almisdir. O, informatika ixtisasi iizra 2001 -ci ildo Azorbaycan Milli Elmlor
Akademiyasinin miixbir tizvii se¢ilmisdir.

Professor Firudin Mommoadov Azorbaycanda informatika vo energetika elminin
inkisafinda miithiim xidmatlor gostormisdir. Onun uzun bir dovrii shato edon somorsli elmi
foaliyyatinin baglica istiqgamotini miixtalif texnoloji proseslordo molumat-6l¢ma sistemlori,
coxdlgiilii vericilorin 0yronilmasi toskil etmisdir. Alimin apardig1 fundamental todqiqatlardan
olds olunan miithiim naticalar miitoxassisler torafindon yiiksok doyarlondirilmisdir.

Firudin Mommadov elmi yaradiciligini pedaqoji faaliyyati ilo daim ahongdar sokilds
olagolondirmis vo Azorbaycanin bir sira ali tohsil ocaqlarinda yiiksokixtisasli kadrlarin
yetisdirilmasindo foal istirak etmisdir. Onun tolobalori indi do bir sira elm vo todris ocaqlarinda
foaliyyat gdstorir, onun yolunu davam etdirirlor. O, niifuzlu beynslxalq elmi simpozium, forum
va konfranslardaki ¢ixislari ilo Azarbaycan elmini 6lkonin hiidudlarindan keonarda da layiqinca
tomsil etmisdir.

Firudin Mommadov respublikamizda vo xaricds nosr edilmis 250-don artiq elmi asorin,
10-dok dors vesaiti vo monoqrafiyanin, 30-dan ¢ox ixtiranin miiallifidir. Alimin rohbarliyi ila
10-dan ¢ox texnika iizro falsofa doktoru hazirlanmisdir. O, hamg¢inin uzun illar texnika iizra
elmlor vo folsofo doktorlugu Dissertasiya Surasinin iizvii olmusdur.

Professor Firudin Mommadovun elmi faaliyysti laziminca qiymatlondirilmisdir.
Azorbaycan elminin inkisafindaki xidmoatlorine goro o, miixtolif foxri ad vo medallara, o
ciimlodon, 2007-ci ildo Azorbaycan Respublikasinin Prezidenti conab Ilham ®liyev torofindon
“Omokdar elm xadimi” foxri adina layiq goriilmiisdiir.

Xeyirxah insan, ailo bascisi, gorkomli alim F.I. Mommodovun oziz xatiresi yetirmalorinin
va onu tantyanlarin galbinds homisa yasayacaqdir.

Allah rohmot elasin!
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Masblap MATaNAHUH MATHUHAA BepUaAMAnManp. NpaduKkn matepuannapga agaam Ba
Ma wapdu UwWapanap SOCTAPUNAPAK, YWbYH M3aWATAap MATHUH WYSPUCUMHAA
BepuaMAnnamp. Mpadukn matepumannapbiH allabbl WUCCACUHAA Call Cbipacbl BEPUANP
BA aAbl Ma3blna 6unap (Mmcan uyuH, LWAK.3. CoiHar rypbyCyHyH CXemu).

Adabuliliam cali couipacsl eeli0 eOUAMAKAA, OPIUHAAbIH OuUAUHOSA eepusaup.
MusannugnapuH coliadsl, adbl 84 amMaAcbIHbIH A0bl KYypPCUBOAH UCMugada emmAKA
vassinelp.

AdabuliliameiH culiawbicbl aWabbiOA 8EPUASH HUMYHSAAAP U3psa mapmub edunup:

Kutabnap

1.

Paszesue J[.B., Cokonosa M.B. PacuerT HadalbHBIX W Pa3psIHBIX HANpPSHKEHUH Ta30BbIX
npomMexxyTkoB. M.: Dueprus, 1977.- 178 c.

2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,
1974.
ypHannap

3. Aeanos B.I'., Pazesue /[.B. // DnextpuuectBo.- 1972.- Ne 5.- ¢. 32-36.

4. Anaxoapos O.3. /| duzuka-1999-Ne 3- ¢.44-49.

JenoHe eanamuwl aAn Mnasmachol.

5. Usanoe JII1. M., 1985. 40c. - llen. 8 BUHUTU 25.10.85, Ne19233.

OuccepTtacuitanap
6. Ilempoé B.I. Jluc. xann. ¢wu3z.-mar. Hayk. JI.: HHCTUTYT BBICOKOMONEKYISPHBIX

coenqnuenni, 1985.

7. Cuoopos H.B. [luc. n-pa xuM. Hayk. HoBocubupck: Muctutyr Xumun, 1979.

MuanaMeAnK WAWAAATHAMANAPK BA NATEHTAAP

8. Anues C.I'., [Iorcananos KX. A.C. 163514 CCCP // B.W. 1988. Ne 4.¢.50
9. Tat. 3386968 CILA // PXK ®U3. 1970, 25,c. 400.

10. Langsam M., Savoca A.C.L. Pat. 4759776, USA,1988.

KoHdpaHcnap, cumnosnymnap
11. Meoseoes I1.T. // Tes. noxa. |1l Bececoros. Cosent. mo nmpobaemam sHepreTuku. JI.: M3,
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K CBEAEHUIO ABTOPOB
1. O6mue npaBua.

B xypnane “Ilpobnembl DHepreTUKn” MyONIUKYIOTCSI HAYYHO - TEXHUUYECKUE CTaTbU B
00J1aCTH KOMIUIEKCHBIX MpOOJEM SHEPreTUKH, 3JIEKTPOIHEPIeTUKH, TEIIOIHEPreTUKH,
NIEKTPOPU3UKH, IJEKTPOTEXHOIOIMH, NH(HOPMATUKHY U HOBOM TEXHUKH, & TAKXKE IPUBOIUTCS
TEKyIasi XpOHHKa.

OCHOBHOH 1I€JIbI0 JKypHaJa SIBJSETCS MMyOJIMKAlMsl OpUTMHAJIBHBIX HAay4HO-TEXHHUYEC-
KHX CTaTel, OTBEYAOLINX TPEOOBAaHUSIM BEICOKOTO HAyYHOI'O KauecTBa.

B xypHane npuBoaarcsi cBelieHust 0 paboTe KOH(EpEHINA, CUMIIO3HYMOB, Pa3IHYHBIX
HAYYHBIX IIKOJ, a TAK)K€ 00 HUHTEPECHBIX COOBITUSAX, IPOUCXOAIIUX B HAYYHOM MHUPE.

Penaxmust coxpansieT 3a co00i mpaBo He MyOJIMKOBAaTh MaTepUallbl 110 TEM HJIM MHBIM
HNPUYMHAM, HE YJIOBJIETBOPSIOIUM TPEOOBaHUSM >KypHaJa.

2. lIpencraBienue crareii.
Crtatb¥ TOKHBI OBITH MPEACTABICHBI B PEAAKIIMIO )KypHAJIA M0 CIEIYIOMIEMY aIpecy:

Azepoaiikan, A3-1143, baky, np. I'. /l:kaBuaa, 33
HNucruryr ®usuxku HAH Azepoaiikana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; ®dakc : (994 12) 447-04-56
E-mail: arif@physics.ab.az ;
OtBercTBeHHBIH cexkperaphb - 'yp6anoB Ksamuias Bbaxrtusip orasbl.

3. SI3bIK cTaTeii.

Cmambu npunumaromcsa Ha azepoatioNcaHckoM, PYCCKOM U AHSAUNUCKOM A3bIKAX, Npuyem
cmamvu agmopos u3z Azepoauoxrcana O0aNCHbL OblMb NPeOCMAasieHbl Ha A3epOatiONCAHCKOM
UnU pycckom A3vikax, cmamvu aemopos uz cmpar CHI™ - monvko Ha pycckom sA3vike, cmamvu
a8mopos uz 0anibHe20 3apyoedxchbs - MOIbKO HA AHSIULICKOM s3bIKe.

4. TpaBuaa opopmiienus crareii.

4.1. B penakuuio XypHaja MpeICTaBIsSIOTCS CTaThbH, HAOpaHHbIE U HalleYaTaHHbIE B OJTHOM
IK3EMITISIPE Yepe3 OAWH MHTEPBAT Ha MEPCOHAIFHOM KOMITBIOTEpe, Ha Oenoil Oymare
dopmata A 4, mpudprtom Times New Roman, pasmep mpudta 12, a Takxke
npezcTaBisieTcss B 3yeKTpoHHOM Buzae Ha CD naucke. Ilonst cBepxy u cHuM3y - 2 cM,
CJIeBa U cpasa - 2,5 CM.
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4.2. OObBeM cTaThd HE JIOJDKEH MPEBBINIATH 8§ CTPaHUIL, BKIIOUYas rpaduuecKue MaTepHuallbl,

doto, TabnuIBl, POPMYIBI, CHUCOK JTUTEPATYPHI U AHHOTAIIUH.

4.3. B BepxHEM JIEBOM YTy MEPBOM CTPaHHUIIBI CTaThU yKaszbiBaeTcs uHAcke Y /K. Uepes 1

WHTEPBAJl HIKE IMOMEINACTCsl HA3BaHUE CTaThH KUPHBIM U 3aryiaBHBIM pudTom. Uepes
1 uaTepBan nomeniaercs hamuius (haMUiIum), 1 HHAITMAIBI aBTOPa (aBTOPORB) JKUPHBIM
U 3arnaBHeIM mpudrom. Uepes 1 nnTepBan yka3plBaeTCs HAUMEHOBAHUE OPTaHU3AIUH.
Yepe3 1 wHTEpBan momemaeTcs aHHOTAIMS Ha s3bIKE CTaThbu o0beMoM He Ooiee 10
CTpOK U KItoueBbie cioBa (5-6 cmoB) mpudtom 10. Uepes 1 mHTEpBanm momeriaercs
OCHOBHOE cojiepkaHue cTarbu mpudrom 12. B KOHIIE OCHOBHOTO TEKCTa CTaThH
IPOBOAMTCSA Ipouyepk AnuHoW 20-25 CHUMBOJIOB, IOCIE YEro IOMEIIAETCS CIUCOK
JUTEepaTypel 0€3 KaKoro-iuOO Ha3BaHWs, B TOPSJAKE HyMEpaIlMH CCHUIOK B TEKCTE
crarbu. [locme 3Toro uepes | MHTEpBaT MOMEMIAIOTCS AHHOTAIMM HA JBYX JAPYIHX
A3bIKAX — PYCCKOM (MM a3epOaiKaHCKOM), aHTJIMHCKOM M KitoueBble cioBa (5-6
cioB) mwpudTom 10.

B camMoM KOHIle CcTaThu MOMEIIAIOTCS KOHTaKTHbIC TenedoHbl, (hakcel 1 E — mail, a
TaKXe MOJITUCH BCEX aBTOPOB.

4.4 I'padmueckue MaTepuaisl, GoTo, TAOIUIL, (POPMYITBI TOMEIIAIOTCS B COOTBETCTBYIOLINX

4.5.

pa3nenax Tekcra crtarbu. Haamucu, oTHocsmmecs K rpaduyeckuM MaTepuaiam,
MIOMEIIAIOTCS B TEKCTE cTaTbu. B rpaguueckoM Mmatepuane ykas3blBaloTCd OyKBEHHBIE U
1udpoBble 0003HAYCHMS], & UX KOMMEHTApHM MOMELIAI0TCA B TEKCTe CTaTbu. B HbkHEl
YacTu TpauuecKoro Marepuana yKa3blBaeTCsi HOMEP M MOXKET YKa3bIBaThCs HA3BaHHE
marepuana ( Hamp., Puc.3. Cxema ycTaHOBKH. ... )

Crucok HHTHpOBaHHOﬁ JIMTCPATYPBI IPUBOAUTCA HaA A3bIKAX OPUTMHAJIOB. damunuu u WHHUIUAJIbI

aBTOPOB IeYaTaloTCst KypcuBoM. CIIMCOK JIUTEpaTypbl 0opMiIsieTcs o 00pasily, IPUBEICHHOMY
HIDKE:

Kuauru

1. Pazesue /[.B., Cokxonosa M.B. PacueT HauanbHBIX W pa3psAHBIX HANPSKEHUH Ta30BbIX
IpoMexyTkoB. M.: Oneprus, 1977.- 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

Kypnaisr

3. Aeanos B.I'., Pazesue J[.B. // DnektpudectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Hnaxoapos O.3. /| ®uzuka-1999-Ne 3- ¢.44-49.

JlenoHUPOBAHHbIEC PYKOIIHCH

5. Usanoe JII1. M., 1985. 40c. - [len. 8 BUHUTU 25.10.85, Ne19233.

Auccepramumn

6. Ilempos B.I. Jluc. kaHn. ¢wus.-mar. Hayk. JI.: HMHCTUTYT BBICOKOMONEKYISIPHBIX
coequHenmi, 1985.

7. Cuoopos H.B. [luc. n-pa xuMm. Hayk. HoBocubupck: Mucturyr Xumuu, 1979.

ABTOpCKI/Ie CBUACTC/IBCTBA H IMATCHTHI

8. Anues C.I., Jocananos K.X. A.C. 163514, CCCP // b.11. 1988. Ne 4.¢.50
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9. INat. 3386968 CLIA // PXK. ®U13. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

Kondepenunu, cuMno3nymsl

11. Meoseoes I1.T. // Tes. nokin. |11 Bececoro3. Cosemnt. o nmpo0iemMaM SHEPTETHKH.

1.

4.

JI.: Uzn. JITIN, 1984, ¢.30.
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FOR THE ATTENTION OF AUTHORS
General Rules.

The Journal of Electric Power is dedicated to publicize scientific research articles
reflecting the current problems in the electric power systems, heat transfer, technology and
information technology, and digests.

The main purpose of the Journal is publishing of the original scientific articles, meeting
high quality requirements.

The journal also informs about the results of conferences, seminars, various scientific
schools, and the events taking place in the scientific society.

The editorial board reserves the right not to publish the submitted documents, which for
various reasons do not satisfy the requirements of the Journal.

Submission of the papers.
The papers must be submitted to the editorial body at the following address:

Azerbaijan, A3-1143, Baku, pr.G.Javid, 33
Institute of Physics of the National Academy of Sciences of Azerbaijan
Tel: (994 12) 539-41-61 ; 539-44-02; Fax : (994 12) 447-04-56
E-mail: arif@physics.ab.az;
For the Attention of K.B.Kurbanov — the Responsible Secretary

The Language

The papers can be accepted in either of Azeri, Russian or English. The papers submitted
by Azerbaijani authors must be submitted in Azeri and Russian, the papers of those from
CIS countries—in Russian, and those originated from the countries outside CIS-in English.

The papers must be submitted in the following format.

4.1. The hard copy of the paper must be submitted on the A4 format in 1-line interval, typed in

“Times New Roman”, in 12 font, with the borders from top and bottom — 20 mm, from left and
right — 25 mm. The electronic copy on a CD-disk should be submitted along with the hard copy.

4.2. The paper must not contain more than 8 pages of text, inclusive of any graphs, photos,

formulas, reference lists and annotations.
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4.3

4.4.

4.5.

. In the upper left corner of the paper the index of UDC must be indicated. Below that,

omitting one line, the name of the article must be placed printed in a BOLD CAPITAL
LETTERS. Underneath the name of the paper, omitting 1 line, the name of the author(s)
printed in capital letters must be printed. Below that, omitting 1 line, the name of the
organization must be indicated, which supported the research. The abstract follows that,
leaving 1 line of blank space, which must be no more than 10 lines,and keywords (5-6
words) of font 10. The text of the paper follows the abstract, leaving 1 line. Drawing a
line with the length 20-25 symbols must indicate the end of the text. The reference list is
printed below the line, following the same order as it was referred to in the text. Below
the reference list, the summaries and keywords (5-6 words) in Russian and English must
follow.

At the end of the paper, the contact details must be placed, and also all the authors must
put their signatures.

All graphic materials, photos, tables, formulas must be placed in the corresponding place
of the text. The legends must be placed in the text. All the keys to the symbols must be
given in the text of the paper. Below the graphic material the number can be indicated
followed by the name of the material (e.g. Fig. 3. Schematic drawing of the
installation...)

The cited materials must be referred to using their original language. The names of
authors must be given in italics. The reference list must follow the example below:

Books

1.

De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

Journals

2. Price D.A,, Lucas I.L., MoruzziJ.D. // J.Phys.D(Appl.Phys),1973,v.6,N0.12,p.1514-1524.

3. Anaxosapos O.3. /| ®uzuka-1999-Ne 3- c.44-49.

Patents

4. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.
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Energetikanin problemlori ¢ Ne 1 o 2017 e [IpoGieMbl 3HEPTETHKH

QEYD UCUN
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Energetikanin problemlari ¢ No 1 e 2017 e [lpob6aembl SHEPreTUKMU

A1 3AMETOK

127



ENERGETIKANIN PROBLEMLORI
elmi — texniki jurnal
Ne 1 2017
Jurnal agagidaki omokdaslar torafindon y1gilib, nosro hazirlanmisdir:
Az. MEA — nin Fizika Institutu - Z.A.Tagiyeva
Qeydiyyat Ne-si: B 507 Tiraj 200 niisxo

Baki, «Elm» nosriyyati

Redaksiyann iinvanlar: © Baki, Az-1143, H.Cavid prospekti, 33, Az.MEA Fizika Institutu

Baki, Az -1602, H.Zordabi prospekti, 94, Az.ETE vo ELI

128



