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Yi‘JKsaK__G{?RGiNLiKLi ELEKTRIK SQBaKaLaRiNDa iZAFi REAKTIV
GUCUN KOMPENSASIYA QURGULARININ SECILMOSi Vo
YERLOSDIRILMOSI

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

"Azarenerji" ASC, Azarbaycan Elmi-Tadgiqat
vo Layiha-Axtaris Energetika Institutu

Enerjisistemin yiiksok gorginlikli elektrik sobokolorinds elektrik verilis xatlorinin doldurma giiclorindon
yaranan reaktiv giic izafiliyinin aradan qaldirilmasi moqgsadilo idarsolunan suntlayici reaktorlarin segilmosi va
qurasdirilma yerlorinin toyin edilmosi metodikasi verilmigdir. Toklif edilon metodika osasinda real enerjisistemin
330 kV gorginlikli prioritet diiylinlori miioyyon edilmis vo reaktorlarmn yerlosdirilmosi ilo olagodar miivafiq
tovsiyalor hazirlanmigdir.

Acar sozlar: enerjisistem, yiiksok gorginlikli elektrik sobokasi, idarsolunan suntlayici reaktor, reaktiv
giic, garginliyin profili.

Giris

Miiasir dovrdo MDB vo xarici Olkolorin elektroenergetikasinda FACTS qurgulu
"intellektual" (Smart Grid) sobokalorin torkib hissosi olan idaroolunan vo ya g¢evik elektrik
verilis xotlorinin yaradilmasina bdylik ohomiyyot verilir [1]. Belo enerjisistemlorin
rejimlorinin optimal idarsedilmasi {igiin hom aktiv, ham do reaktiv giic axinlarinin yiiksok
effektli tonzimloma vasitslorine zoruriyyat yaranir.

Gorginlik va reaktiv giic lizro rejimlorin idars olunmasi {i¢iin generator, sinxron va statik
kompensatorlar, kommutasiya olunan reaktorlar vo kondensator batareyalar1 ilo yanasi, son
onilliklordo yeni qurgular - idarsolunan suntlayici reaktorlar (ISR) genis istifado olunurlar.
Istonilon gorginlik sinfinde agiq qurgular iigiin tolob olunan reaktiv giicii solis tonzimlonon
transformator tipli icra olunmasi enerjisistemin hor hansi hissasinde ISR-i qurasdirmaga
imkan verir vo gorginliyin stabillogdirilmasini, reaktiv giic axinlarinin optimallagdirilmasini,
elektrik  verilisinin  buraxma  qabiliyyatinin  yliksaldilmosini, itkilorin, acar vo
transformatorlarda gorginliyin yiik altinda tonzimloms qurgularinin kommutasiyalarinin
saylarinin azaldilmasmi tomin edir. ISR-in ona paralel qurasdirilan statik kondensator
batareyasi ilo olagolondirilmasi, noinki reaktiv giiciin kompensasiyasinin (tolobatinin) solis
tonzimlonmosini, homg¢inin ISR-in yiiksiiz is rejimino qodor yiiksiilosdirilmosi halinda
kondensator batareyasinin giiclino uygun olaraq, onun sobokoys verilmosini tomin etmoya
imkan verir.

Suntlayic1 reaktorlar (SR) olmadigda enerjisistemin minimal yiik rejimlorinds
gorginliyin normallasdirilmasit mogsadilo boyiik itkilora gotirib ¢ixara bilon bozi somorali
olmayan istismar tadbirlorinin totbiq edilmasi macburiyyatinin yaranmast miimkiindiir. Buna
misal olaraq, doldurma giiciiniin azaldilmas {igiin 330 kV-luq bazi elektrik verilis xatlorinin
(EVX) acilmasi, tolobatcilarda kondensator batareyalarinin kiitlovi olaraq agilmasi, sinxron
kompensatorlarin vo generatorlarin reaktiv gilic tolabati rejimindo istifado olunmasi
zoruriyyatlorini vo bu kimi tadbirlari gostormak olar.

Aparilan igtisadi analizlor géstormisdir ki, olava enerji itkilori elo yliksok soviyyads olur
ki, bahali avadanliq olmasina baxmayaraq, SR-in qurasdirilmasi 5 ildon az miiddste 6zlinii
Odoyir [2]. ©Oksar enerjisistemlordo minimal yiik rejimlorindo yaranan reaktiv giic izafililiyinin
aradan galdirilmasi problemi gqalmaqdadir. Bu izafililiyin yaranmasinin asas sobobi 330 kV-
luq xotlorin doldurma giicliniin onlardak1 reaktiv giic itkilorindon yiiksok olmasidir ki, bu da
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gorginliyin soviyyasinin xattin izolyasiyasi ii¢iin tohliikoli haddo qodor artmasina sobab ola
bilor.

[zafi reaktiv giiciin aradan qaldirilmasi ii¢iin miiasir dovrde totbiq olunan ononavi iisul
vo vasitolor kifayot dorocodo effektli deyildir vo daha miiasir texnoloji vasitolorlo ovoz
olunmalidir. Bu baximdan 330 kV-luq ISR-lors iistiinliik verilir. Belo ki, xotlordo reaktiv giic
itkisi ilo onlarin doldurma giiclori arasindaki nisbat sabit qalmayib, dayisilir. Ona gore do cari
reaktiv giiclor balansinin tomin olunmasi {i¢lin genis diapazonda SR-in giicli tonzimlonon
olmalidur.

Toqdim olunan isdo enerjisistemin real perspektiv sxemi lizro aparilmis todqiqatlar
osasinda 330 kV gorginlikli idaroolunan suntlayici reaktorlarin secilmasi vo yerlogdirilmasi
masalalorine baxilmigdir. Belo ki, yliksok gorginlikli EVX-nin doldurma giiciiniin tutum
parametrlorinin kompensasiyasinin ISR vasitosilo hayata kecirilmosi mogsodouygun hesab
edilir [2].

1. Suntlayici reaktorlarin giiclorinin secilmasi metodikasi

Enerjisistem iizra toyin olunan prioritet diiytinlorado qurasdirilacaq SR-in giiclorini toyin
etmok maogsadilo onlara daxil ola bilocok reaktiv giic axinlarinin qiymatlorini bilmak tolab
olunur. Enerjisistemin miixtolif gorginlikli xatlorinin imumi doldurma giicii asagidaki
ifadodan toyin edilo bilor:

m

Qd,z = Zn‘,uizbo,iilj = iqo,izlj 1)
i=1 =1 i1

j=1
v ya yalniz bir diiyiino baxdigda

Qyx=U X 1 =02 1;, i=Ln (2)
j=1 j=1

burada b, — xottin 1 km-nin tutum kegiriciliyi; g, — xottin 1 km-nin doldurma giicii; U, — i-
ci dilyliniin garginliyi; I; — j-cu xattin uzunlugudur.
Reaktorlarin giicii asagidaki diistur ilo toyin edilo bilor [5,6]:

Q, - Pnat-z'[l—Pi}l ®

nat
burada A —dalga uzunlugu olub asagidaki kimi toyin olunur:

2=2= 38 05400100
v 3-10 km

P .. —xattin natural giicii; P —xotdon otiiriilon giic; @ —bucaq siirati; v —elektromagnit
dalgalarin yayilma siiratidir.

330 kV gorginlikli EVX-nin natural giicii P,,, =360 MVt [4-6].

Reaktorun giicii P = P,,, sortindon segilir, bu halda

nat



Yuxarida qgeyd olunan metodika osasinda Azorbaycan enerjisisteminin 330 kV
gorginlikli diiylinlori iiclin doldurma giiclori vo suntlayici reaktorlarin nominal giiclorinin
toyin olunmasi masalasine baxilmisdir (sokil 1). Enerjisistem 330 kV gorginlikli 14 diiyiindon
ibarotdir. Diiyiinlor sistemlorarasit vo sistemomologatirici xarakterlidir. Masalon, Goranboy
330 kV-luq sistemdaxili diiyiino baxaq.. Belo ki, Goranboy 330 kV diiyiinii 1-ci Goranboy
330kV (2xACO-300, 56,3km), 2-ci Goranboy 330 kV (2xACO-300, 84,2km), 3-cii Goranboy
330 kV (2xACO-300, 165,8km), 5-ci Mingagevir 330 kV (2xACO-300, 33,8km) vo 6-c1
Mingagevir 330 kV (2xACO-300, 33,3km) hava xatlorini olagolondirir.

SR-lorin giiclorini toyin etmok mogsadilo hor bir diiyiin {izro xotlorin doldurma giiclarini
hesablayaq.

2XACO-300 markali 330 kV gorginlikli EVX-nin 1 km-no diison doldurma giici

0, = 0,41MVAr/km[4]. Bunu hesablama yolu ilo toyin etsok alariq:

g, =U?-b, =330°-3,4-10°° ~ 0,37MVAr/km

burada b, = 3,4-10"°MVAr/km— xottin 1 km-nin tutum kegiriciliyidir [4].
Baxilan hal iigiin g, =0,41MVAr/Kkm qobul edirik. Buna uygun olaraq Goranboy 330 kV
diiyiinii ilo alagodar olan xatlorin yekun doldurma giicii asagidaki kimi olar:

5
Qs =0o- DI, =0,41-(56,3+84,2+ 1658+ 33,8+ 33:3) = 153 LMVAr

i=1

Beloliklo, Goranboy 330 kV diiyiinii ii¢lin reaktorun giicii:

5
Q=P -A-> I, =360-105-10°(56,3+ 84,2+ 1658 + 338 + 33,3) = 141 L MVAr

i=1

Hesabata goro 180 MV Ar standart giiclii PTY-180/330-YXJI1 tipli idaraolunan reaktor
secilir.

Basqa bir diiylino baxaq. Yasma 330 kV yarimstansiyas1 Dorband ilo Xagmaz 330 kV
(2xACO-300, 110,2km) vo Darbond 330 kV (2xACO-300, 111,6km), Abseron 330 kV
ditylinii ilo 8-ci Abseron 330 kV (2xACO-300, 46,7km) gorginlikli xotlor ilo olagadardir.
Analoji olraq, Yasma 330 kV diiyiinii {izro xatlorin yekun doldurma giicii toyin edilir:

Q, =0,41-(110,2 +111,6 +46,7) =110,08 MVAr

Yasma 330 kV diiyiinii ii¢iin reaktorun giicti:

5
Q=P 4 > 1,=360-105-10"°(110,2+1116 + 46,7) =101,5 MVAr

i=1

Beloliklo, 100 MV Ar standart giiclii PTY-100/330-YXJI1 tipli ISR se¢gmok olar.



P 4 Mingacevir 2 Abseron SR2
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v

Sokil 1. Enerjisistemin 330 kV gorginlikli diiyiinlorinin struktur birlogsmo sxemi.



2. Enerjisistein 330 kV garginlikli diiyiinlorinda suntlayici reaktorlarin yerlosdirilmasi
metodikasi

Enerjisistemda reaktorlarin yerloagirilmasi {igiin xiisusi metodikadan istifade oluna bilar.
Metodikanin mahiyyati bundan ibarstdir. Elektrik stansiyasinin 330 kV-luq agiq paylayici
qurulusu da daxil olmaqla biitiin 330 kV-lug YS-larda SR-in qoyulmasi prinsipial olaraq
miimkiindiir. Lakin molum soboblordon bunu hoyata kecirmok miimkiin deyil. ISR-in on
effektiv qurasdirilma yerlorinin se¢ilmo meyarlarini  miioyyonlogsdirmok ii¢lin onlarin
enerjisistemin iki vacib rejim gostoriciloring tosiri analiz edilmoalidir. Molumdur ki, belo
gostaricilor reaktorlarin quragdirilmasina qodor vo ondan sonra sobokonin miixtolif
noqtalorindo gorginliyin soviyyalori vo hamginin sabokads itkinin qiymotinin miitlaq vo nisbi
azalmasi komiyyatloridir. Hesabatlar on agir minimal yiik rejimi {igiin aparilmalidir, belo ki,
sobakonin nozarst olunan ndqtolorinds gorginliyin saviyyslori on bdyiikk miimkiin qiymats
catir. Aydindir ki, bu rejimds reaktorun giicii maksimal olmalidir. Buna goro do miiqayisali
hesabatlarin aparilmasi zamani SR-in giicii biitiin diiyiinlor ii¢iin reaktorun nominal giiclino
borabar gobul edilir.

Ayri-ayr1 yarimstansiyalarda SR-in qoyulmasi noticasindo enerjisistemin 330 kV-lug
diiylinlorindo gorginliyin orta soviyyasina va sabokalordo yekun itkinin soviyyasino miixtolif
tosirlor olacaqdir. Aydindir ki, hor hansi yarimstansiyada SR-in qoyulmasi ilo hom homin
yarimstansiyada (en ¢ox) vo hom do diger yarimstansiyalarda gorginliyin soviyyasi
azalacaqdir. Ona gore do gorginliyin saviyyasinin orta azalmasini reaktorun qurasdirilmasinin
osas texniki effektivlik gostoricisi kimi qabul etmoak olar. Digor vacib gostorici olaraq iso,
sobakalorda giic itkisinin azalmasini qeyd etmok olar. Qeyd edok ki, vahid SR-in qoyulmasi
zamani garginlikdon forqli olaraq, giic itkisinin hom artmasi vo hom ds azalmasi miimkiin ola
bilor. Basqa sozlo giic itkisinin azalmasi gostoricisi hom miisbat vo hom do manfi ola bilar.

Qeyd olunanlar1 nazoro alaraq, reaktorun qurasdirilmasinin xiisusi texniki effektivlik

orta nishi oU

yekun giic itkisinin miitloq JP, vo nisbi P, azalmalarimi gebul etmok olar. Bu kemiyyatlor

gostaricisi olaraq, gorginliyin orta miitlaq oU azalmalarin1 vo uygun olaraq,

or? or

mixtolif yarimstansiyalarda novbo ilo SR yerlosdirmoklo ¢oxvariantli hesabatlarin yerino
yetirilmasi yolu ilo toyin edilo bilor. Yuxarida geyd olunanlarla yanasi, SR-in totbiginin
texniki-igtisadi effektivliyinin kompleks qiymatlondirilmasi tiglin asagidaki kimi ifado olunan
noticovi effektivlik gostaricisi E ; toklif olunmusdur [2]:

Eef 5 - aTor ) dSE (3)

Bu gostoricinin - giymotino  osason  sobokonin  miixtalif noqtolorinde  SR-in
qurasdirilmasinin miiqayisoli effektivliklorino dair fikir yiirlitmok olar. Qeyd etmok lazimdir
ki, SR-in qoyulmasi1 gorginliyin orta saviyyasina eyni tosir gostordiyi halda (o hamiso azalir),
reaktor itkinin soviyyosing ikili tasir edir. Belo ki, bu halda itki hom arta (faydali tosir) vo hom
do azala (faydasiz tosir) bilor. Aydindir ki, belo halda yarimstansiyalarin E ; gdstoricising

gbro miiqayiso olunmasi vo siralanmasi onun miisbat gqiymotlorindo mona kasb edocok. Basqa
sozlo, SR-lerin konkret qurasdirilma yerlori E, ; >0 olan diiyilinler arasindan secilmolidir.

Bundan basqa, digor faktorlar da, xiisusilo yarimstansiyalarin istismara daxil edilmo
miiddatlori, SR-in qurasdirilmasi {i¢lin yerin olmasi, elektrik birlogmo sxeminin imkani vo
qonsu enerjisistemlordon ona reaktiv glic axinin miimkiinlilyli nazors alinmalidir.

Cadval 1-do baxilan enerjisistemin 330 kV -luq diiyiinlori {iclin geyd olunan xiisusi vo
naticavi effektivlik gotoricilorinin qiymatlori verilmisdir (baslangic itki 15,2 MVt). Diiyiinlor
E. ; gostoricisinin qiymotlorinin azalmasi ardicilligr ilo yerlogdirilmisdir.



Cadval 1
Enerjisistemin 330 kV-luq diiyiinlari ti¢iin effektivlik gostaricilarinin gqiymatlori

Yekun itkinin | Gerginliyin |Effektivlik
Gorginlik, kV miitlaq vo orta miitloq | gostaricisi,
nisbi va nisbi
Diiyiiniin Sabakada azalmasi azalmasi
nomrasi | Diiyiiniin i yekun
ad qosuslﬁz:;na qggllduqdan itki, MVt E
ef
qador  sonraorta MVt % kV | %
sindoki  garginlik
garginlik

39 Abseron 330 344,38 334,23 14,5 0,7 461 |3,60] 1,07 4,912
201 Conub ES 346,53 334,66 14,6 0,6 3,94 3171094 3,701
101 Yagma 330 342,18 333,96 14,9 0,3 1,97 3,87 1,15 2,261
601 Min SES 339,44 335,55 14,7 0,5 3,29 1241]0,71 2,349
651 Az ES 330 339,23 335,55 14,7 0,5 3,29 |2,28 0,68 2,219
400 PQ Goranboy| 338,76 334,91 14,9 0,3 1,97 2,92 | 0,86 1,704
333 Agcabodi 330 342,64 333,78 15,0 0,2 132 | 405119 1,577
280 Imisli 330 344,27 333,86 15,0 0,2 1,32 3,97 | 1,18 1,548
801 Xacmaz 330 343,43 333,99 15,0 0,2 1,32 384|114 1,497
411 Somkir SES 331,01 336,13 15,4 -02 | -132 |[170]050 ]| -0,663
401 Gonco 330 329,82 335,79 15,5 -03 | -197 |[204]0,60] -1,190
456 Samux 330 328,74 335,98 15,6 -04| -263 |185]055| -1,443
457 GAZ 330 328,28 335,89 15,8 -06 | -39 [194]058 | -2269
502 Akstafa 330 330,89 335,25 15,9 -0,7 | -461 |258 0,76 | -3,516

Cadvaldon goriindiiyii kimi, E ; komiyyatinin qiymati baxilan 14 diiylindon yalniz 9-u
diiyiin {iciin miisbotdir vo reaktorlarin quragdirilma yerlori mohz bu E ; >0 olan diiyiinlor
arasindan secilmolidir. Bu halda E ; >0 sortinden basqa, yuxarida qeyd edildiyi kimi, digor

faktorlar (yarimstansiyalarin istismara daxil edilme miiddstlori, SR-in qurasdirilmasi iiciin
yerin olmasi, paylayict qurgunun elektrik birlosmo sxeminin texniki imkani va s.) nazoro
alimmalidir.

Belslikls, geyd olunan faktorlari nazars aldigda Yasma 330kV va PQ Goranboy 330kV

diiyiinlori prioritet dilyiinlor olaraq qobul edilmisdir. Belo ki, hor iki diiyiin ii¢iin E ;>0

sorti 6donilir vo bundan basqga, Yasma 330kV YS-da reaktor sino, PQ Goranboy 330kV-da iso
biryarimliq sxemin bir dovrasinin sorbast diiyiiniine qosulma imkani oldugundan, homginin
reaktorlarin yerlosdirilmasi ii¢lin miivafiq yerlor oldugundan sxemlor effektli vo etibarl
aliir. Bundan basqa, Yasma 330kV vo PQ Goranboy 330kV diiyiinlorinds reaktorlar qosulan
hal ii¢lin (miivafiq olaraq 100 vo 180 MVAr) aparilan hesabatlar gdstormisdir ki, miivafiq
effektivlik gostoricisi bu halda E_ ; =5,422 olmusdur. Digor variant olarag SR-in Abseron

=727 alinir.

Bu da effektivlik gostoricisinin baxilan ayri-ayr1 hallar ilo miiqayisade yiiksaldiyini gostarir.

Cadval 1-don goriindiiyti kimi, golocokdo reaktorun qosulmasi {i¢iin {i¢lincli prioritet
diiyiin olaraq Conub ES-in 330 kV-luq sinlori, Agcabadi 330kV vo Imisli 330kV diiyiinlor
nozordon kegirilo bilor. Bu magsadlos alave todqiqat islori aparilmalidir.

ef .2

330kV vo Agcabadi 330kV diiyiinlorino qosuldugu halda iso, bu gostorici E

ef 2

3. Enerjisistem iizro kompensasiya qurgularinin yerlasdirilmasi ilo normal sxem iizra
rejim hesabatlari naticalori

Enerjisistemin diiyiinlorindo gorginliklorin soviyyolorinin toyin edilmosi magsadilo
enerjisistemin maksimal vo minimal ylk rejimlori iiclin miivafiq rejim hesabatlari
aparilmalidir. MUSTANG-95 formatinda enerjisistemin real perspektiv sxemi lizro (Baki-3
220/110/10kV, Sulutops (Qobu) 330(220)/110/10kV va Agsohor 220/110/10kV gorginlikli
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YS-lar nozoro alinmaqgla) maksimal vo minimal rejimlor {i¢lin aparilan hesabatlar osasinda
bozi xarakterik 330 vo 500 kV vyiik diyiinlorinin gorginlik profillori sokil 1-do tosvir

nom

edilmisdir. Gorginliklor nisbi vahidlarls ifads edilmisdir (U oy = UL] .

Qeyd edok ki, enerjisistemin minimal yiik rejimi 0,3Pmax qobul edilmisdir (Pmax-
enerjisistemin maksimal aktiv yiikiidiir).

1,05
1,04
1,03
1,02
1,01

1
0,99
0,98

/ AN
0,97 - ”
—&—Min rejim
=—&— Min rejim SR ilo

0,96

0,95 P P -
0.94 Dityiinlarin nomralori

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Sakil 1. Enerjisistemin normal rejimlori tigiin 330, 500 kV-lug
diiytinlor tizra gorginlik profillari.

Sokildon goriindiiyii kimi, maksimal yiik rejiminds (Py=5613,9 MVt, Q=3355,2 MVAr)
500 kV-luq diiylinlards gorginlik (1,0-1,014)Unom, 330 kV-luq diiyiinlords (0,972-0,999)Unom,
minimal rejimds iso (Py=1684,2 MVt, Q=1006,6 MV Ar) gorginlik 500 kV-luq diiyiinlords
(1,0-1,03)Unom, 330 kV-luq diiytinlords (0,996-1,05)Unom intervalinda doyisirlor (Cadval 2).
Beloliklo gorginliyin maksimal vo minimal rejimlords rejimdo norma daxilinds yerlosir. Bozi
diiylinlords gorginlik normanin yuxari1 sorhaddinds gorarlasir.

Bunu nozors alaraq, Goranboy-330 kV diiyiiniine 180 MVAr, Yagma-330 kV diiyiine
159 100 MVAr giiciindo suntlayici reaktorlar qosularaq minimal rejim iicliin hesabat tokrar
aparilmigdir. Goriindiiyii kimi, reaktorlarin qosulu halinda minimal rejimde gorginlyin
profillari yaxsilasir vo nomnal qiymat strafinda (0,992-1,03)Unom intervalinda doyisir.

Maksimal rejimdoe enerjisistem tizro aktiv giic itkisi 96,6 MVt, minimal rejimds 15,2
MVt toskil edir. Reaktorlar qosuldugdan sonra itki minimal rejimde 14,7 MVt-a qodor
azalmisdir (0,03%).

4. N-1 va N-2 meyarlar ils tasadiifi acilmalar halinda enerjisistemin rejimlorinin
hesabat naticalori

Novbati morholods N-1 vo N-2 meyarlar iizro goza rejimlarinin modellogdirilmasi ilo
hesabatlar aparilmigdir. N-1 meyan iizro 1-ci Abseron, 8-ci Abseron, 4-cii Akstafa, 3-cii
Goranboy, Simal ES, N-2 meyar1 {izro iso Simal ES vo 1-ci Abseron xottinin agilmasi
hallarina baxilmisdir.

N-1 meyari lizra aparilan hesabat naticolori asasinda dilyiinlor {izre gorginliyin profillari
sokil 2-da tasvir olunmusdur.



1,06
1,05
1,04
1,03
1,02
1,01

—o—1 Abseron
l1+—— a8 Abseron

0,99 —a— 4 Akstafa
0,98 —»—3 Goranboy
0.97 —¥—Simal ES
’ —o—Simal ES va 1 Abseron Diiyiinlorin nomralori
0,96 L] L] L] L] L] L] L] L] L] L] L] L] L] 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Sakil 2. Tosadiifi agilma hallari ii¢iin gorginliyin profillori.

Sokil 2-don goriindiiyli kimi, N-1 meyar1 asasinda enerjisistemin qoza rejimlarinin
(tosadiifi acilmalar) model hesabatlar1 gorginliyin diiylinlordo buraxilabilon hodlordo
yerlosdiyini gqeyd etmak olar. Bozi diiylinlorin, masalon, 5-Ci diiyiiniin (Conub ES) gorginliyi
8-ci Abseron, 4-cli Akstafa vo 3-cli Goranboy xatlorinin agilmasi zamani yuxari hoddo
yerlosir. Eyni miilahizoni Imisli diiyiinii ii¢iin do sdylomok olar. Bunu nozors alaraq, baxilan
bozi gqoza rejimlorindo (4-cii Akstafa vo 3-cli Goranboy xatlorinin agilmasi) suntlayict
reaktorlarin miioyyon edilmis diiyiinlordo qosulmasi hali {i¢iin rejim hesabatlar1 yerino
yetirilimisdir. Sakil 3 vo sokil 4-do uygun olaraq 4-cii Akstafa vo 3-cii Goranboy xatlorinin
astlmasi hallar1 li¢iin gorginliyin profillori tasvir edilmisdir.

1,05
1,04

U, n.v.

] AN A

AN /

1,02 -

N N A /r
1 ¥\

0,99 D

—o—4 Akstafa x. agiimasi

0,98
0,97 —B—4 Akstafa x. Agilmasi SR ila
0,96 T T T T T T T T ].)uyullllarllt IlOmIralgr} .

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Sokil 3. 4-cii Akstafa xottinin agilmasi hali {i¢iin SR-in agiq
va qosulu hallarinda gorginliyin profillari.

10



1,04

U, n.v.
1,03

1,02 -

SIS
e

—o—3 Goranboy x. a¢ilmasi

0,98
—&-—3 Goranboy x. Ac¢ilmasi va SR ila
0,97 pr— P :
Diiyiinlorin nomralari
0’96 L] L] L] L] L] L] L] L] L] L] L] L] L] 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Sakil 4. 3-cii Goranboy xattinin agilmasi hali {i¢iin SR-in
aciq vo qosulu hallarinda gorginliyin profillori.

Sokil 3 vo 4-don goriindiiyii kimi, hor iki diiyiindo ISR-in qosulmasi hallarinda
gorginliyin profillori nisbaton yaxsilasir vo buraxilabilon intervalda yerlosir.

NOTICO

1. Enerjisistemds reaktiv giic axinlarinin idaroolunmasi magsodils 330 kV gorginlikli
eteltrik sobokasi diiylinlorinds idarsolunan suntlayici reaktorlarin segilmasi vo yerlogdirilmasi
masalaloring baxilmisdir. Miloyyon edilmisdir ki, 330 kV-luq diiylinlordo gorginlik osason
buraxilabilon hadlordo yerlosir. Lakin minimal yiik rejimindo bozi diiylinlords gorginlik
1,05Unom yuxar1 haddins yaxinlasir vo ekstremal hallarda bu hoddi keg¢a bilor.

2. Xiisusi metodika ilo suntlayici reaktorlarin yerlogdirilmasi moagsadils enerjisistemin
namizad diiylinlori toyin edilmis vo osaslandirilmisdir. Suntlayici reaktorlarin giiclori toyin
edilmis vo onlarin enerjisistemin iki diyliniindo yerlosdirilmasi ilo aparilan rejim
hesabatlarinin naticalori reaktiv giic izafiliyinin ohamiyystli deracods aradan qaldirilmasini vo
diiyiinlords gorgiliyin profilinin yaxsilasmasin tosdiq etmisdir.
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BBIEOP M PASMEIIEHUE KOMIIEHCHUPYIOIIUX YCTPOUCTB
N3EBITOYHOM PEAKTUBHOM MOIITHOCTH B BLICOKOBOJIbTHBIX
IJIEKTPUYECKHUX CETAX

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

Jns yctpaHeHUs M30BITOUHOM PEaKTUBHOM MOIIHOCTH, BO3HUKAIOMIEH OT 3apsIHON
MOIIHOCTA JIMHUM  B3JIEKTPONEpeaayd B  BBICOKOBOJBTHBIX  JJIEKTPHUUYECKHX  CETAX
SHEProcHCTEM, NPHUBEICHA METOJIMKAa BbIOOpAa M OINpeAeNieHUus MecTa YCTaHOBKHU
YIIPABIAEMBbIX IIYHTHPYIOIIHUX YCTPOMCTB. Ha OCHOBE NMpeIoKEeHHON METOMKHN ONPEIEIICHBI
MPUOPUTETHBIE Y3ibl ¢ HampsbkeHueM 330 kB peanbHOl SHeprocucTemMbl U pa3paOOTaHbI
COOTBETCTBYIOIIME PEKOMEH/IAINH 110 PA3MEILLEHUIO TUX PEAKTOPOB.

KioueBble cjioBa: »HEpProcucTeMa, BBICOKOBOJBTHAs — JJIEKTPUYECKas  CeTb,  YIPaBISIEMBIIl
UIYHTUPYIOIINN PEakTop, peaKTHBHASI MOIIIHOCTh, NPOQUIb HAITPSHKESHUSI.

SELECTION AND PLACEMENT OF SURPLUS REACTIVE POWER
COMPENSATING SYSTEMS IN HIGH-VOLTAGE ELECTRIC NETWORKS

HASHIMOV A.M., GULIYEV G.B., BABAYEVA A.R.

In order to eliminate the surplus reactive power, originating from the charging capacity
of power transmission line in high-voltage electric networks of the power grid, the procedure
of selection and location of installation of controlled shunt reactors is given. On the basis of
the proposed procedure the priority 330 kV nodes of real power grid are determined and
corresponding recommendations for the placement of these reactors are developed.

Key words: power grid, high-voltage electric network, controlled shunt reactor, reactive power, voltage
profile.

12
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HOYAT FOALIYYOTININ TOHLUKOSIZLIK QAYDALARININ YERINO
YETIRILMO SOViYYOSININ INTEQRAL GOSTORICISININ
QiYMOTLONDIRILMOSININ AVTOMATLASDIRILMIS SISTEMI

FORHADZADO E.M., MURADOLIYEV A.Z.,
ISMAYILOVA S.M., YUSIFLI R.F.

Azarbaycan elmi tadgiqat va layiha-axtaris energetika institutu,
Baki sohari, H.Zardabi pr.94

EES obyektlorinin etibarliliginin osas xiisusiyystlorinin arasinda, 6ziinds tohliikosizliyi, tomiroyararlilig,
gorunub saxlanmagi vo uzundmirliliiyli birlogdiron, gostoricilorin komiyyatco qiymotlondirilmesi tocriibado
smanmig vo osason tonzinlonmis, EES is¢i heyotinin hoyat foaliyystinin tohliikesizlik mosalolorinin
ohomiyyatinin vacibliyi alds edilir. Tovsiyys olunan iisul sinaqlarm, asimnmanin barpasinin va EES obyektlorinin
istismar zamani idaroedilmoni yerino yetiron operativ heyotin hoyat foaliyystinin tohliikesizliyinin inteqral
komiyystca qiymatlondirilmesinin alimmasina imkan verir. Hoyat foaliyystinin tshliikesizliyinin inteqral
gostoricisinin komiyyotco qiymotlondirilmoasinin noticolori miixtalif EES miiossisolorinin hoyat faaliyyotinin
tohliikosizliyini miiqayiso etmoyo, hoyat foaliyyatinin real tohliikesizliyinin toqdim edilon toloblora
uygunsuzlugunun osas sobobi olan "zoif olagolori" agkar edilmosine, “zoif bondlorin” logvi yolu ilo hoyat
foaliyyetinin tohliikesizliyinin idars edilmoys imkan verir.

Acar sozlor: Hoyat foaliyyatinin tohliikesizliyi, qayda, avtomatlagdirilmis sistem, hoyat foaliyyotinin
tohliikasizliyinin inteqral gostaricisi.

Masalonin qoyulusu. Elektroenergetik sistemlarin (EES) obyektlorinin (avadanhglarin,
qurgularin, elektrik verilis xattlorinin qurasdirilmasi) texniki xidmat vo tomirlori zamani
Hoyat faaliyyatinin tohliikasizliyinin (HT) kemiyyatca giymatlondirilmasi EES obyektlarinda
xidmat edan is¢i heyatin 6liim va travma risklorinin azaldilmasinin asas istigamatlorindondir
[1]-do hoyat foaliyyatinin tohliikasizliyinin komiyyatco qiymotlondirilmasinin dsul va
alqoritmlori  toklif olunur. Qeyd edilir ki. EES obyektlorinin etibarliliginin  asas
Xiisusiyyotlorinin (imtinasizliq, tomiroyararliliq, saxlanma vo uzundmiirliilik) arasinda,
gostaricilarin kamiyyatco giymatlondirilmasi tocriibado smmanmis vo asason tonzinlonmis,
hoyat foaliyyatinin tohliikasizliyi asas yer tutur. Bu yliksok shomiyyat EES obyektlarinin yox,
konkret EES is¢i heyatinin tohliikasizliyinin etibarliliginin giymatlondirilmasils sart olunur.

Tovsiyya olunan {isulla aparilan hesablamalarin naticasi olarag, operativ heyatin,
sinaglar aparan heyatin, asinmani barpa edon vo EES obyektlorinin istismar prosesini idaro
edan heyatin hayat faaliyyatinin tohliikasizliyinin integral kamiyyatca giymatlondirilmasi oldo
edilo bilar.

Qeyd edok ki, heyatin hayat foaliyyatinin tohliikasizliyinin giymatlondirilmasi asasinda
belo bir aksioma var: “hayat foaliyyatino - tohliiko hoyat foaliyyatinin tohliikasizliyi
Qaydalarimin pozulmzi zamant bas verir. Hayat faaliyyatinin tohliikasizliyinin miiddaalarinin
yerina yetirilma saviyyasi no qadar yiiksak olarsa, Real hayat faaliyyatinin tohliikasizliyi do o
godar yiiksak olar.” Hayat foaliyyatinin tohliikasizliyi mosalalorinda heyatin travma va 6liim
statistikasinin gostaricilorinin hesablanmasi tizro mogsedouygunsuzluq vo EES foaaliyyatinin
xiisusiyyatlorinin méveud gostaricilari {izra uygunsuzluq geyd olunur.

Hoyat foaliyyatinin tohliikosizliyinin artirilmasinda miiossisa  rohborliyinin  real
maraqlarin1  nozoro alaraq, hoyat foaliyyatinin  tohliikesizliyinin  hesablanmasinin
avtomatlasdirilmis sistemi hoyat foaliyyatinin tohliikasiz idaroolunmasinin effektiv aloti Kimi
ola bilar. Bununla yanasi, bu sistemin hayat foaliyyatinin tohliikasizliyinin voziyyatinin hom
enerjisistem toroafindon vo hom do hoyat faaliyyatinin tohliikosizliyino nazarst edon auditor
yoxlamalarinda miiassisads istifads ola bilar.

Biitiin bunlar yalmiz bir mogsadlo geyd edilmisdir: ¢ixis sonadlori informasiya vo

13



metodik dostoyi miiassisonin Rahboarliyina tomin etmalidir vo yekunda hayat foaliyyatinin
tohliikosizliyinin artimina imkan yaratmalidir. Bu olagodo hayat foaliyyatinin tohliikosizliyi
Soviyyasinin artirilmasi tizro miivafiq tovsiyyslorin islonib hazirlanmasinin vacib praktiki
ohamiyyato malikdir.

Bilik vo anlayis. Hayat faaliyyatinin tohliikasizliyi Qaydalarinin yerina yetirilmasi.
Prioritetlords bilik vo anlama tesovviirii ¢ox vaxt sohv fikir yaradir. Dark etmai noqteyi-
nozorindon bilik daha yiiksok kateqoriyadir, hansi ki, nainki sanoadlorin mahiyystinin basa
diismok, hom do onun icra ehtiyacini basa salmaq bacarigindan ibaratdir.

“Basa diisma” dedikds, adston sonoadin mahiyyatinin dork edilmosi kimi anlasilir. Ona
goro hayat foaliyyatinin tohliikasizliyi, hoyat foaliyyatinin tohliikesizliyi Qaydalarinin biliyi
olmadan olmaz. Isci heyatin hoyat foaliyyatinin tohliikesizliyi biliklorinin yoxlanmasi va
biliklorinin artirtlmasi [ 1-a] miivafiq hoyata kegirilir.

EES Tadris morkazlarinds adston hayat faaliyystinin tohliikasizliyi biliklori test nozarot
sistemi ilo aparilir. Coxillik tacriibaya baxmayaraq, is¢i heyatin biliklorina avtomatlagdiriimis
sistemin totbiqi ilo nozarot olunmasi, komissiya torofindon hoyat foaliyyatinin
tohliikasizliyindon periodik olaraq imtahanlarin verilmosi bu giin do aparilir. Hoyat
foaliyyatinin tohliikasizliyi tizra bilik soviyyasinin artirilmasi yalniz sarbast nazarot tisullarina
kegmoklo miimkiindiir.

Hoyat foaliyystinin tohliikasizliyinin Qaydalarmimn biliyi EES obyektlorinin istismarla,
sinaqlarla vo tomiriylo bagl islorin yerino yetirilmosi zamani, mdvcud tohliikolorin miitloq
nazars alinmasi vacib sartdir.

Codval 1-do isci heyatin foaliyyatinin miixtalifliyi tizro hoyat foaliyyatinin tohliikasizliyi
Qaydalarimin torkibi vo obyektlorin imumilosdirilmis adlart gostorilmisdir. Sonuncular [2]-do
gostarilmis tosnifata tam uygundur.

Sokil  1-do Giic transformatorunun smag zamanmi HT inteqral gdstaricisinin
giymatlondirilmasinin struktur sxemi gostorilmisdir.

Codval 1.
Hoyat tohliikasizliyi haqqinda molumatin torkib hissasi
Hayat faaliyyatinin Heyat faaliyyatinin EES obyektlarinin
tohliikasizliyi miixtalifliyi timumilosdirilmis adlar
Qaydalarinin tarkibi
OMayin mithafizasi istismar Orazi, senaye binalari va tikintilar,
Qaydalar1 (OMQ) sinaq hidrotexniki tikinti, su tasarriifat1, hidroturbin
Texniki tohliikasizlik tomir qurgular.
Qaydalar1 (TTQ) Elektrik stansiyasi va istilik sobokasinin istilik
Yangin tohliikasizliyi mexaniki avadanliglari. Elektrik stansiyasi vo
Qaydalar (YTQ) sobokasinin elektrik avadanliglar
Omoyin mithafizosi
> Qaydalar1 5, o
Giic Transformatorun Texniki tohlitkosizlik =2 %
transformatoru istismari 4 Qaydalar1 % %‘3
55
J  Yangn tohliikosizliyi = g
1 Qaydalar1

Sakil 1. Hoyat foaliyyatinin tohliikesizliyinin inteqral gostaricisinin giymatlondirilmasinin struktur
sxemi.

[1-do] Dbesballi sistemlo giymotlondirilon hoyat foaliyyatinin tohliikasizliyinin
Qaydalarinin miiddosalarin1 "icranin soviyyasi" anlayist daxil edilmisdir — Qaydalarin yerino
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yetirilmamosindon ta onlarin niimunavi icrasina qadar.

Sorgu naticasinda hoyat foaliyyatinin tohliikasizliyi Qaydalarinin bolmalarinin har
miiddoasina monimsanilir, onun icrasinin saviyyasine uygun olaraq, qiymatlondirilms 1-don
5-o godordir.

Belalikla, agor hoyat foaliyyatinin tohliikesizliyinin Qaydalar1 mg Qaydalar ibaratdir,
hansilardan m¢; miiddoalari i=1,mgq ilo segilmisdir, onda ekspertizanin naticalari

3
mZ = Z mc,i
i=1

giymatlondirilmalorin toplusunu 6ziinds saxlayacaqglar.

Dorhal gabaqcadan demok lazimdir ki, Slgiilorin nazariyyasi noqteyi-nozarindan bu
giymatlondirilmalorin hesabin ortasinin tapilmasi yanligdir, ¢iinki Slgilinlin sira codvalinin
daracalari bels riyazi amaliyyatlar giiman etmir [3].

Hesablamanin naticalori sokil 2-do giic transformatorunun sinagr zamani hoyat
foaliyyatinin tohliikasizliyinin giymotlondirilmasinin protokolunun kompyiiter fragmenti
soklinds togdim olunmusdur.

Protokol ii¢ bélma, naticani va Olavoni daxil edir. Birinci bélmads (P1 cadvali) hayat
foaliyyatinin tohliikasizliyinin  komiyyatcoa giymatlondirilmasi verilir, ikincido —Hoyat
foaliyyatinin tohliikosizliyinin keyfiyyot xarakteristikalar1 verilib. Ugiincii bdlmodoa hayat
foaliyyatinin  tohliikkesizliyinin artirilmasi  iiglin  tovsiyalor gostorilib.  Noticado  giic
transformatorlarinin sinagr vaxti hoyat foaliyyatinin tohliikasizliyinin giymatlondirilmasi
verilir. ©lavads miiddsalar gatirilir, hansilarin biliklori qgoyulmus taloblori tomin etmir.

integral giymotinin tesadiifi xarakterinin ucotu. Yuxarida geyd edilmis hesablama
tisulunun stiinliiklorine  sadalik, oyanilik, ol hesabinin miimkiinliyii aiddirlor. Amma
xiisusiyyatlori da var. Ekspertizanin naticalori, faktiki olaraq, miivaqqoti vo tosadiifi xaraktera
malikdirlor. Vaxt 6tdiikco agkar edilmis ¢atismazliglar aradan qaldirilacaq, vo basqa ekspertlo
tokrar ekspertiza basqa naticoni vers bilor.

Olbatts, 0 birincidon prinsipial olaraq farglanmayacak. Ancaqg inamla iddia etmok olar
ki, {DI* }3 timumilesdirilmis gostaricilorin ardicilligi doyismoaz galmayacaq. Bu da toacciiblii
deyil, ¢iinkiicragilar miixtolifdirlor.

Qaydadan hor birinin icrasinin (ifasinin) soviyyolorinin inteqral gostaricilorinin
hondasidan ortasi kimi hesablanr.

Molum oldugu kimi [1], BJ; Qaydasindaki icra seviyyesinin inteqral gostoricisi BJ, . {i¢

Qaydadan har birinin icra saviyyslori inteqral gostaricilorinin orta hondssi kimi hesablanir
Ancagq, bu diistur obyektivdir, oger BJ; vo BJ, ¢ i=1,3 tosadiifi forglonirlor.

PROTOKOL
Hayat faaliyyatinin tohliikasizliyi Qaydalarinin yerina yetirilma saviyyasi

Codval P1. Hoyat foaliyystinin tohliikasizliyi Qaydalarinin  bdélmolorinin  icrasinin
diagnostikasinin naticalori

Qaydalarm adi Qaydalarda Integral Belo giymotlondirilmis miiddealarin nomras
Vo némrasi miiddoalarin giymat i :
sayi gonaotboxs pis yolverilmoz
1. OMQ m, = BJ =
2.TTQ m, = B ‘]Z —
3.YTQ m, = B J; —
HT qaydalarinin yerino BJ’; =
yetirilmasinin inteqral gostarici
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Codval P2. Hoyat faaliyyatinin tohliikasizliyinin keyfiyyat xarakteristikasi skalasi.

Kamiyyat xiisusiyyati Doyismo intervali
yolverilmoz 0-0,2
pis 0,2-0,4
gohastboxs 0,4-0,6
yaxsi 0,6-0,8
nimunavi 0,8-1,0

1. Tovsiyyalar.
1.1. Hoyat foaliyyatinin tohliikesizliyi Qaydalarmin icra seviyyesinin inteqral giymoti BJ; =

_____ Vo 2-ci cadvals uygun olaraq bels giymatlondirilir
1.2. Miiddoalarin icra olunmasi saviyyasinin integral qiymati “geyrigonastboxs”
grupa aiddir vo hayat foaliyyatinin tohliikasizliyi Qaydalarinin taloblori iizro 6l¢ii
gotiirtilmali gararlarin gabul olunmasi talab olunur.
1.3. Olavealords Qaydalardaki miiddoalarin icra saviyyasindoki ¢atismamazliglar, gostorilib
ki, bu da is¢i heyatin yenidon hazirlanmasini tolob edir.
1.4. P1 codvaline gors, miiddealarin icrasinin yolverilmoaz Soviyyasi imumi qiymatlorin
sayindan % toskil edir
2. Natica:
2.1. Hoyat faaliyyatinin tohliikasizliyi saviyyasi belo giymatlondirilir
2.2. Naticalori miizakira etmok va iki haftadon sonra ekspertizani tokrar etmok talob olunur.

tarix ekspert

Sakil 2. Giic transformatorunun sinagi zamani HT qiymatlondirma protokolun kompyiiter fraqgmenti.

Asagida ekspertiza naticolorinin tosadiifi xarakterinin nozoro alinmasina imkan veran
hesablamanin ardicillig1 gostarilir.
1. Okspertizanin  noticolori  {izro  biitin ~ miiddealarin ~ icra  Saviyyasinin
giymatlondirilmalorinin  béliinmoasinin  timumilssdirilmis histoqrami qurulur. Hor bir
giymatlondirilmonin agkar olunma tezliyi diistur {izro hesablanir:

SOEYYRIDAE &

burada I — hoyat foaliyystinin tahliikasizliyinin Qaydalarinin miiddoalarinin k saviyyasinin

icrasinin agkar olunan say1
1. Diistur iizro statistik paylanma funksiyasmin (s.p.f.) F_ (k) diskret giymotlori hesablanir:

FO=f0

HOBIAD @
R (5)=1

2. Distur {izro anoloji olaraq har bir Qaydanin icra saviyyasinin giymatlondirilmalorinin
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tezliyi f,, (k) vos.p.f. diskret giymatlori F;, (k) hesablanir:

£ (K)=1, /m,, 3)
k) = va*,i (k) (4)
k=15 vo i=13

3. Diistur tizrs s.p.f. ayrilmanin absolyut kamiyyati A;k hesablanir:

Ay =R -F, (K
i=1,3vo k=15 (5)

4. k=5 —don hor bir qrup ii¢iin tesadiifi qiymatlor {Ai’k }n_5 hesablanir:

4.1.  Diistur lizro on boyiik qiymaot:

B*(A)_Almax_rnax{All’A|2’A|3’A|47A } (6)

*

e i

4.2.  Distur tizra orta hesabi giymat:
5
M;(A]))=0,2) A, (7)
k=1
4.3.  Distur lizra sopalonmanin genigliyinin mosafasi:
L.(A) = A, =AY
(8)

i,min

burada A in _mln{All,Alz,Als,A,4,A } 9)

Ug gostoricidon (statistik) har birino “e” indeksi olavo edilmisdir ki, bu da onlarin
eksperimental giymatini forglondirir.

5. [4] malumatlara {izra anoloji gostaricilorin kritik giymatlori hesablanir, hansilart B’;(BZ),

M (A,*) vo L, (A7) kimi geyd edacayik

6. F.(K) vo F(k) ayrilma xiisusiyyatini kriterialar {izro giymatlondirok :
agor B’ (AT) < B, (Af)
o () <)
vo L (a7)<L,(A7) (10)

onda H= Hi
okshalda H = H: -
burada H: vo H> — miivafiq olaraq inteqral gostoricilorin tosadiifi vo qeyri-tosadiifi
ayrilmalarinin farziyyasi.

Natica.

1. Hoyat foaliyyatinin tohliikesizlik gostaricilorinin kemiyyatca qiymatlondirilmasi isgi
heyatin hoyat foaliyyatinin tohliikesizliyinin artiritlmasinda miiassisa rahbarliyina
informasiya vo metodik dastayi tomin edir.

2. Hoyat foaliyyatinin tohliikasizliyinin inteqral gostaricilorinin tosadiifi xarakterini nozors
almaga imkan veran metod va alqoritmi hazirlanmigdir.
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ABTOMATU3UPOBAHHAS CUCTEMA OLHEHKHA UHTEI'PAJIBHOI'O
ITOKA3ATEJIA YPOBHA UCIIOJIHEHUSA ITPABUJI BE3OITACHOCTHU
AKU3HEJAEATEJIBHOCTH

OAPXAI3ZAME 2.M., MYPAJTIAJIUEB A.3.,
NCMANJIOBA C.M., IOCU®JIA P.D.

Cpenu OCHOBHBIX CBOMCTB HaJeKHOCTH 00BeKTOB DIC, BKIIOYAIOUINX 0€30TKa3HOCTH,
PEMOHTONPUTOJTHOCTh, COXPAHAEMOCTh U  JIOITOBEYHOCTb, KOJMYECTBEHHAs OLIEHKa
nokaszaTesieil KOTOpBIX anpoOMpoBaHa TNPAKTUKOM M BO MHOTOM pErjlaMeHTHpPOBAHA,
OOJIBIITYI0  3HAYUMOCTh NPHOOPETAIOT BOMPOCHI  OE30MaCHOCTH  KU3HEACSATEIHHOCTU
nepcoHana 9C. PekomeHnyeMblii METO MO3BOJISET MOJIyYUTh UHTErPaIbHbIE KOJUYECTBEH-
HbIE OLICHKU 0€30MaCHOCTH JKHU3HENEATEIbHOCTH ONEPATUBHOIO NEPCOHANA, BHIIOIHSIOLIETO
UCTIBITAHUS, BOCCTAHOBIICHHE M3HOCA M yIpaBiieHHe oobekTamu IIC B mpoliecce dKCIITya-
Tauuu. Pe3ynpTaThl KOJIMUECTBEHHOM OIIEHKU MHTETPAJIbHOTO MOKa3aTelsd 0€30MacHOCTH JKU3-
HE/IEATENbHOCTHU TO3BOJISIIOT COMOCTABUTH 0€30MaCHOCTh JKU3HENEATEIbHOCTH Ha PA3IMUHBIX
npeanpusaTusax 39C, BBISIBUTH «Ca0ble 3BEHbsS», SBISIOMINECS OCHOBHOW MPUYMHON HECOOT-
BETCTBHS pealbHOM 0€30MaCHOCTH KU3HEJACATEIbHOCTH MPEAbABIIEMBIM TPEOOBAHUIM, YII-
PaBIIATh 0€30MAaCHOCTHIO KUZHEAECATENIbHOCTH ITyTEM JIMKBUIALIUU «CI1a0bIX 3BEHBEBY.

KaoueBnie cioBa. besomacHocTh JKHU3HCACATCIbHOCTH, HpaBI/ma, AaBTOMATU3UpPOBaHHasd CHUCTEMA,
HHTeraHBHBIﬁ MoKasaTeab 0€30MacHOCTH KUBHCACATCIIBHOCTH.

AUTOMATED SYSTEM FOR ESTIMATION OF THE INTEGRATED PARAMETER
OF THE LEVEL OF EXECUTION OF THE RULES OF SAFETY OF LIFE

FARHADZADEH E.M., MURADALIYEV A.Z.,
ISMAYILOVA S.M., YUSIFLI R.F.

Among the basic properties of reliability of objects EES including non-failure
operation, maintainability, a retentively and durability, quantitative which estimation of
parameters is approved by practice and in many respects is regulated, greater importance is
got with safety issues of ability to live of personnel EES. The recommended method allows
receiving integrated quantitative estimations of safety of ability to live of the operation
personnel, which carrying out tests, restoration of deterioration and management of objects
EES while in service. Results of a quantitative estimation of an integrated parameter of safety
of ability to live allow compare with safety of ability to live at various enterprises EES, to
reveal «weak parts», discrepancies of real safety of ability to live being by a principal cause to
shown requirements, to operate safety of ability to live by liquidation of "weak parts».

Keywords. Safety of ability to live, a Rule, the automated system, an integrated parameter of safety of
ability to live.
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GORGINLIYI 0.4 KV OLAN PAYLAYICI ELEKTRIK SOBOKODO ENERJININ
KEYFIYYOT GOSTORICILORININ EKSPERIMENTAL TODQIiQi

BALAMETOY 9.B., XOLILOV E.D., SOLIMOVA A.K., BALAMETOV E.O.

“Azarbaycan Elmi-Tadgigat va Layiha-Axtaris Energetika Institutu”MMC

0.4 kV-luq paylayict elektrik sabakolorinds elektrik enerjisinin keyfiyyot gostaricilorinin saviyyasinin
toyini istigamotindo 63 kVA-liq TR mentoqosinin 0.4 kV-luq torafinde &lgelor va tacriiba aparilmisdir. Olgiilor
i¢ fazli bir fiderinin bas hissesinde vo on uzaqda yerloson bir fazli abonentin qosulma sorhaddinds yay
movsiimiiniin 3 giinii orzinds «SIMEAS Q» cihazi vasitesilo aparilmisdir. Aparilan tadqiqatlarin tohlili
naticosindo elektrik enerjisinin keyfiyyot gostoricilorinin yiiksaldilmosino imkan yaradan vo enerjiyo gonast
edon yeni enerji tochizat1 sistemino kegidin zoruriliyi gostorilmigdir.

Acar sozlor: enerjiyaqonast elektrik tachizati sistemi, paylayici soboka, elektrik enerjisi itkilori, garginlik
diisgiisii, 6tlirmonin uzaqlig1.

Mbosalonin qoyulusu. Olko energetikasinin miiasir inkisafi meorholosinde kond
tosorriifatt istehsali sahosinda enerjiyogonast texnologiyalarina ke¢id masolasi yetorinco ciddi
sokildo qarsida durur ki, bu da inkisafda olan kond tosorriifat1 toyinatli istehlakg¢ilarin elektrik
enerjisi (EE) tolobatinin artimi vo onlara Gtiiriilon elektrik enerjisinin keyfiyyotinin diismasi
noticasindo yaranir.

Enerji tochizat1 togkilatlar1 torofindon miiqavile tizro otiiriilon elektrik enerjisi istehsal,
naql va istehlakin vaxtlarinin uygunlugu ilo xarakterizo olunan, homg¢inin saxlanilmast vo
qaytartlmasit miimkiin olmayan xiisusi mohsul noviidiir. Uygun olaraq, biitiin mohsul ndvlori
kimi, elektrik enerjisino do “keyfiyyot” anlayisi xasdir. Elektrik enerjisinin keyfiyyot
gostaricilorinin (EEKG) standartlardan forqlonmasi hom sobokonin, hom do istehlakgilarin
elektrik qurgularinin istismar soraitini pislosdirir.

Hazirki dovrds fordi evlor kondlorin morkazlorindon uzaqda tikilir. Qosulma ovvalki
normalara asason, yoxlanilmadan aparilir. Gorginlik diiskiilori artir, normalar pozulur.

Hazirda 0.4 kV-lug PES layiholori, qosulmalart vo istismarit soviyyosi gostorir bu
sobokonin layihalorine, qosulmalari vo istismari saviyyesi normalarina giiniin toloblorine
uygun normalar islonmali, tosdiq olunmali vo hoyata kegirilmalidir.

PES 0.4 kV-luq dilyiinlorinds gorginliyin saviyyaleri liglin normal halda

0.9%-U  <U <105-U_, (1)
sorti 6donilmoalidir [1].

Tolobatgilarda gorginliyin soviyyasinin tomin olunmasi fiderin diiyiinlori iizra 10%-don
(£5%) ¢ox oldugu hallarda (1) sortini tomin etmok miimkiin olmur. Adaton belo rejimlor
yiikiin giymotinin maksimum hallarinda bag verir.

Niimuns iiclin sokil 1-do 0.4 kV-luq sebakenin diiylinlorinde gorginliyin soviyyasinin
paylanmasi gostorilmisdir.

Gorginliyin soviyyosinin £5%-don vo ya 10%-don ¢ox oldugu hallara tolobatgilarin
imumi sayimnin 30-50% rast galinir. Tolobatgilarin bir gisminds ise gorginliyin saviyyasi 10%-
don ¢ox olur ki, bu da EEKG tomin olunmamasina gatirir [1-3].

Tadgigatin maqsadi elektrik enerjisi itkilorin azalmasi vo EE keyfiyystin artirilmasi
yollarinin tahlili va enerjiyaqonaat elektrik tachizati sisteminin islonmasidir.

Kond tosorriifat1 toyinatli elektrik sobokalorinin xiisusiyyati —10 (6) va 0,4 kV-luq
sobokolorin  ohomiyyetli dlgiilorino  sobob olan elektrik enerjisinin  istehlak¢ilarinin
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sopalonmasi, tolobat montagolori arasindaki moasafonin ¢oxlugu, har diiylindo istehlakin kigik
olgiilori, istehlak yerinds elektrik yiiklorinin sixligidir.

U;=1.05Uj00 AU=25%

U1=0.8UH0M
Sok. 1. 0.4 kV-luq sebokonin tolobatgilarinda gorginliyin soviyyasinin paylanmasi.

Hal-hazirda yasayis montogosinin elektrik yiiklorinin morkozindo yerlosdirilmis
alcaldici transformator yarimstansiyast va yarimstansiyadan miixtalif istigamotlora sapalonmis
sobokolardon ibarat kond tasarriifatinin elektrik tachizatr sxemlori mévcuddur.

Hazirda 0,4 kV-luq PES hor torofdo ¢ox hissesi qeyri-kafi texniki veoziyystdadir,
sobokalordo miixtolif markali moftillorin moévcudlugu, geyri-simmetrik yiiklonmoalor, boyilik
mosafolor, gorginliyin soviyyasinin sabit olmamasi va s. boyiik elektrik enerjisinin itkilori
monboyino sabab olur. Bu sobokalords itkilor iimumi itkilorin boyilik hissasini toskil edir.
Kond sobokalori domir-beton dayaqlarda izolo olunmamis 0.4 kV- lug HX-nin moftilinds
zadolonmolorin cox miqdari ilo saciyyalonir.

Sokil 2-do yasayis montogasindo evlorin cografi yerlosmosinin 3D xaritodon gotiiriilmiis
niimunasi gostorilmisdir. Bu niimuns doniz soviyyssindon 1000 m hiindiirliikds yerloson dag
kondino aiddir.

Sok. 2. Yasayis mantaqasinds fordi evlorin yerlogmasi niimunasi.

Adaton yasayls mantogalorinde fordi evlorin sayr 20-100-300-500 vo ¢ox haddlords
doyisir.

Uzunlugu vo eni 1000 m yaxin vo ¢ox olan yasayis yerlorinin elektrik tochizatinin
sxemlorino yenidon baxilmalidir va iglonmalidir.

Buna goro mévcud morkozlogdirilmis elektrik tochizatinin maksimal paylanmis soboko
ilo avoz edilmasi mogsadouygundur, bu da itkilorin vo kapital qoyulusunun nozorogarpacaq
doaracads azalmasina gotirib ¢ixarir.

Paylanmis enerjiyoqonaot enerji tochizati sistemi tolobat¢ciya on yaxin masafods
baslayici sobokonin dayaginda yerlosdirilmis 10, 16, 25, 40 kVA giiclii birfazli vo ya ti¢cfazli
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alcaldic1  transformator yarimstansiyast vo 10 kV gorginlikli izolo edilmis SIP markalh
moftillorlo yerino yetirilmis paylayict sistemi 6ziindo oks etdirir. Bu halda 0,38/0,22-
paylayici sobokalor praktik olaraq yoxdur. Onlar yalniz transformator yarimstansiyasindan
istehlakc¢iya 0,38/0,22 kV-luq giris  soklinds toqdim edilmisdir. Bu sistemds hava xatlorinda
SIP markali moftillordon istifado edilmosini nozerde tutmaq lazimdir. Asagi gorginlik
torofindo miihafizoni maksimal vo diferensial miihafizoli avtomatik agarlar ilo hoyata
kecirmok lazim olur, bu da icazosiz qosulmalara nozaroti vo elektrik tohliikosizliyini tomin
edacok.

Homginin geyd etmok lazimdir ki, ogor ononovi morkozlosdirilmis elektrik tochizati
sistemindo 0,4 kV-lug HX-nin domir-beton dayaqlari 25 m —don bir yerlosirsa, onda
paylanmis tochizat zamani 10 kV-lugq HX-nin domir-beton dayaqlari 50 m—don bir yerlogir. 10
kV torofindon transformator yarimstansiyasinin miihafizosini ayirici-qoruyucular vasitasilo
aparmaq lazimdir.

Bu sistemin totbiqi 0,38/0,22kV-luq  magistral paylayict sabokolordon, hamginin
yasayls qosobasinin orazisindon kecon xarici isiglandirma hava sobakslorindon imtina etmaya
imkan veracak [7].

Nimuno igiin 100 kVA-liq transformator yarimstansiyasini va 0,38/0,22kV-lug
elektrik verilis xottina baxaq. Xoattin uzunlugu 700 m, istehlak¢ilarin say1 40 adad togkil edir.

Eyni texniki parametrlorlo elektrik tochizatinin onenovi vo enerjiyaqonast sisteminin
iqtisadi hesablamasini yering yetirak.

Sabokads elektrik enerjisinin itkilorinin toyini {iglin hor iki elektrik tochizati sistemi
iclin multisim vasitalorlo istehlakinin rejimlorinin modellasdirilmosi yerino yetirilmisdir
(sokil. 3). Modellosdirmo naticosinda elektrik enerjisinin (xotds vo transformatorlarda itkilori
nazars alaraq) imumi itkilari onanavi elektrik tochizatinin sistemindo 4108,44 kVt/il, enerjiys
gonaot edon tochizat sisteminds iso 61,32 kVt/il toskil edir

0.4 kV-luq mévcud paylayici elektrik sobakalori. Hal-hazirda totbiq edilon 0.4 kV-
luq anonavi paylayici elektrik sobokalarinin bir sira ¢catismazliglart vardir [2-5]:

1. 0.4 kV-luq sabokalorin kigik 6tiirma qabiliyyati;

2. Buraxilabilon gorginlik {izro paylayici yarimstansiyadan istehlak¢iya kimi olan
mosafonin mohdudlugu, adoton bu mosafo 200-600 m olur. (0.4 kV-luq asagr gorginlikli
sobokolorin boylik masafasi noticasindo istehlakgilara normal gorginlik verilmir);

3.0.4 kV-luq xotlorin uzunlugu noticasindo boyiik gorginlik diisglisii vo elektrik
enerjisinin itkilori;

4. 0.4 kV-luq sobokoalors icazosiz qosulmanin asan olmasi ilo oslagodar kommersiya
itkilori.

5. Elektrik enerjisinin keyfiyyotinin asagi olmasi.

Elektrik tochizati sistemlorinin miiqayisali tohlili gostorir ki, anonovi elektrik tochizati
sistemi ilo gidalandirilan tolobatgilar asag1 keyfiyyetli EE ilo tomin oluna bilor vo gorginliyin
soviyyasi buraxila bilonden yiiksok ola biler, qarisiq enerjiyoqonast elektrik tochizati sistemi
elektrik enerjisinin keyfiyyatinin yiiksolmasini va elektrik enerjisi itkilorinin azaldilmasini
tomin edir. Kond tosarriifat1 vo soharotrafi toyinatl tolobatcilarin enerji tachizatinin toloblarini
tomin edon miiasir yeni elektrik tochizati sistemi islonilmolidir. 6-10/0.4 kV-luq gidalandirici
elektrik sobokolorinin modernizasiyast vo yenidonqurulmasinda QEQS istifadosi — dord
nagqilli klassik sistemini ovoz edon alternativ variantdir [7-8].

[7-8] -da kond yerlorindoki tolobatgilarin elektrik enerjisinin keyfiyyat, etibarliliq vo
gonaatlilik gostoricilorini tomin edon, elektrik enejisinin  qarisiq itigfazli-birfazli garisiq
sistemi lizro elektrik tochizatina kegid toklif olunur.

Sok.3-da eksperimentlorin aparildigi, abonentlorin say1 29, uzunlugu 950 m, 0,4kV-luq
dayaqglarinin say1 20 adod olan A-16 markali fiderin elektrik sxemi gostorilmisdir.
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Sok.3. 0.4 kV-luq elektrik tochizi sobakasinin sxemi.
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Elektrik enerjisinin keyfiyyat gostoricilorinin 6lgiilorinin geydiyyati vo naticalorinin
emalr li¢iin roqomsal cihazlardan vo kompiiter sistemindon istifade olunub. Alinan naticolor
sonradan riyazi emal mogsadilo kompiiterin yaddasinda saxlanilir. 0.4 kV-lug elektrik
sobokasi niimunasinds elektrik enerjisinin keyfiyyot gostoricilorinin saviyyasinin tayini li¢iin
yay movsimiindo 63 kVA-liqg TR montagosinin 0.4 kV-luq toraofindo retim parametrlorinin
geydiyyat: aparilmisdir va tacriibalorin naticolari emal olunmusdur. Olgiilor TR mantogasinin
0.4 kV-luq sindon ¢ixan ii¢ fazli bir fiderinin bas hissasindo vo on uzaqda yerloson (950 m) bir
fazli abonentin qosulma sorhaddinds yay mdvsiimiiniin 3 giinii orzinds «SIMEAS Q» cihazi
[6] vasitasilo yerino yetirilmisdir.

Elektrik enerjisinin keyfiyyat gostaricilorinin dl¢iilorinin naticolorinin qrafiklori sokil 4-
7-do togdim edilmisdir.
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Sok.4. Bir fazli yiikdo gorginliyin dlgiilori (minimal-ortalagdirilmig-maksimal qiymatlori).
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Sak.5. 0.4 kV-luq fiderin bas hissasindo gorgiliyin fazalarda doyismasi qrafiklori.
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Fiderin bas hissasindo gorgiliyin fazalarda doyismasi qrafiklori gostorir ki, gorginliyn
soviyyasi yay movsiimiindo 210-228 V hadlorindadir (sokil 6), yoni normal sovyyadadir.
Fazalarda gorginliklor geyri simmetrikdir vo saat 18-do 211-218-228 V, yoni 17 V forqlonir.
Eyni zamanda uzaqda yerloson tolobatcida 145-230 V soviyyelorinde dayisir ki bu da EEKG
pozuldugunu tosdiq edir.
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Sak. 6. 0.4 kV-Iuq fiderin bas hissasinds aktiv giiclorin fazalarda doyismasi qrafiklori.

Fiderin bas hissasinds aktiv giiclin fazalarda doyismasi qrafiklori gostorir ki, aktiv
giiclorin fazalarda doyismosi 2000-7000 Vt togkil edir va 2000-5000 Vt saviyyelorinda
forqlonir.
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Sak. 7. 0.4 kV-luq bir sayh fiderin bag hissasindos reaktiv giiclorin fazalarda doyismasi qrafiklori.
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Tacriibolorin naticalorinin tohlili gostorir ki, fiderin bag hissosinin fazalarinda yiiklor
iicfazli tam yiikiin 15, 35 u 50% (sokil 6) civarinda doyisir. Fiderin bas hissosindo reaktiv
giiclin fazalarda doyismaosi grafiklori gostorir ki, reaktiv giiclor 800-1600 V Ar toskil edir, giic
omsali azdir. Fiderdo tam reaktiv yiikk 3200 kVAr soviyyessindadir (sokil 7) veo fazalarda
qiymatlori 25% - 50% haddlorinds doyisir.

TM 0.4 kV-luq sinlorinds vo on uzaq (600-950 kM) tolobat¢ilarda gorginliyin saviyyasi
giiniin 40% vaxt1 arzindo 5%, 25% (6 saat) vaxti arzindo 30% qgodor nomadan az soviyyayo
enir (sokil 4).

Fiderin bas hissasindo harmoniklarin dayismasi qrafiki sokil 9-da va spektri sokil 9-da
verilmisdir.
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Sok.8. Fiderin bas hissasindo harmoniklorin doyismasi qrafiki.
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Sok.9. Fiderin bas hissasindo harmoniklorin spektri.
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Fiderin bas hissosindo 3-cii harmonikanin maksimal qiymoati (sokil 8-9) 3.5 A
soviyyasindadir vo 1-ci harmonikanin 13.46%-ni toskil edir. Digor harmonikalar miivafiq
olaraq: 5-ci 6.7%-ni, 7-ci 2.88%-ni; 9-cu 1.92%-ni; 11-ci 1%-ni toskil edir.

Tohlilin naticalori gostorir ki, fiderds 3, 5, 9-cu harmoniklorin saviyyasi normal buraxila
bilon giymatlordon ¢oxdur.

«SIMEAS Q» cihazi vasitosilo aparilmisg Olgiilorin geydiyyatinin naticalorinin PK
vasitasilo yaddasindan oxunmus va orijinal formatda cadvallor soklinds ¢ixarilmig vo Cadval
01, ©2, O3-do verilmigdir.

NOTICOLOR

1. Istismarda olan 0.4 kV-luq paylayici elektrik sobokosi niimunesindo elektrik
enerjisinin keyfiyyat gostoricilorinin soviyyasinin toyini liclin yay mdvsiimiindo 63 kVA-liq
TR mantogasinin 0.4 kV-luq terofinde rejim parametrlorinin geydiyyatt aparilmisdir vo
tocriibolorin naticalori emal olunmusdur. Olgiilor TR montaqgasinin 0.4 kV-luq sinindon ¢1xan
lic fazl1 fiderin bas hissasinds vo on uzaqda yerloson bir fazli abonentin qosulma serhaddinda
yay movsliimiiniin 3 giinii orzindo «SIMEAS Q» cihaz1 vasitasilo geyd olunmusdur.

2. Transformator montogosinin 0.4 kV-luq sininde gorginliyin soviyyasinin normal
hoddlordo doyisdiyi halda bels tolobatgilarda gorginliyin soviyyesinin buraxila bilon haddon
az olmasi miisahido olunmusdur.

3. Tadgigatlar naticasindo 0.4 kV-luq real elektrik sobokosi niimunasinds istismarda
olan sobokolordo EEKG normalarinin pozuldugu askar olunmusdur vo kond tosorriifati vo
sohorotrafi toyinath tolobatgilarin enerji tochizatinin toloblorini  tomin edon miiasir yeni
elektrik tochizati sistemloring kegidin zoruriliyi qeyd edilmisdir.

4. Hal hazirda 10/0.4kV kond paylayict elektrik sobokolorindo uzaq mosafodoki
tolobatgilarin ononavi elektrik tachizati sxemi ¢ox hallarda elektrik enerjisinin keyfiyyaet,
etibarliliq vo qonaatlilik gostaricilorini tomin etmoyo imkan vermir. PES tolobatgilarin elektrik
enerjisinin keyfiyyot, etibarliliq vo qgonaotlilik gostaricilorini tomin edon, yeni elektrik
tochizati sxemlorino kegidin zoruriliyi geyd olunur.

dlava. «<SIMEAS Q» cihazinin geydiyyatinin Cadval O1, 92, 93 soklinds naticalori.

Codval ©1. Bir fazli yiikiin garginliyinin doyismasinin geydiyyatinin naticalori

Date
17.07.2014
17.07.2014
17.07.2014
17.07.2014
17.07.2014

18.07.2014
18.07.2014
18.07.2014

18.07.2014
18.07.2014
18.07.2014
18.07.2014

18.07.2014
18.07.2014

Time
19:30:00
19:40:00
19:50:00
20:00:00
20:10:00

13:50:00
14:00:00
14:10:00

15:30:00
15:40:00
15:50:00
16:00:00

18:20:00
18:30:00

L1
184.75398
166.32414
165.16931
161.89569
162.21814

175.73727
174.42302
170.95869

216.22055
215.70171
215.26744
215.31355

212.90521
212.18169

26

L1 Min
156.24858
146.84677
147.68425
150.90608
143.89467

161.08023
167.2491
155.96657

195.58487
204.92789
195.21558
196.13066

186.29491
198.92123

L1 Max
198.4899
196.61604
175.70621
171.42525
172.51617

178.98282
177.56934
178.03224

226.5464
222.22504
224.26202
219.81282

262.60168
259.54642



Codvol ©2. Ffiderin bas hissasinds faza gorginliklorinin doyigsmasinin geydiyyatinin naticalori

Device 1

Date
21.07.2014
21.07.2014
21.07.2014

21.07.2014
21.07.2014
21.07.2014

21.07.2014
21.07.2014
21.07.2014

21.07.2014
21.07.2014

Codval O3. Fiderin bas hissosindo fazalarin aktiv giiclorin

Voltage

Time
18:00:00
18:10:00
18:20:00

19:00:00
19:10:00
19:20:00

20:00:00
20:10:00
20:20:00

21:00:00
21:10:00

L1

217.32
217.71
217.77

215.67
219.93
218.44

217.13
216.09
215.78

210.09
212.77

L2

223.58
222.04
219.03

220.27
218.94
218.18

216.40
218.90
217.82

218.60
214.39

L3

212.06
213.80
215.37

219.74
218.65
221.92

221.51
219.08
218.53

212.74
213.37

L1
Min
207.39
210.41
214.31

213.02
215.28
214.21

215.15
212.09
212.34

204.59
205.23

L2
Min
218.77
217.36
215.26

217.17
215.18
212.89

208.58
214.02
215.27

213.49
208.32

L3
Min
203.97
209.71
208.31

216.37
212.87
216.74

217.27
213.68
213.15

208.57
205.27

L1
Max
228.26
223.66
223.92

218.66
225.55
222.89

219.93
219.67
218.49

214.97
222.20

L2
Max
230.95
227.73
221.47

223.80
221.72
220.75

220.56
223.52
221.59

22412
220.55

doyismosinin qeydiyyatinin

naticalori

Device 1 Active Power

Date Time L1 L2 L3 Sum Sum Min  Sum Max
21.07.2014 16:20:00 2404.6 3567.8 3281.1 9253.6 7568.4 11130.4
21.07.2014 16:30:00 2438.6 4216.3 2691.8 9346.8 7695.8 12294.1
21.07.2014 16:40:00 4264 44446 2681.6 11390.2 10147.1 13002.6
21.07.2014 18:10:00 55589 4437.3 4895.2 148915 11567.2 18803.1
21.07.2014 18:20:00 4278.6 4351.4 4283.6 12913.7 11360.9 15534.2
21.07.2014 21:00:00 6112.7 5877.9 4278 16268.6 14241.1 19485.2
21.07.2014 21:10:00 5656.2 71469 5780.4 18583.5 15600.8 22020.2
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3KCHEPUMEHTAJIBHBIE UCCJETOBAHUS MTOKA3ATEJIEA KAUECTBA
SHEPTUM B PACIIPEJIEJIUTEJILHOM SJIEKTPHUYECKOM CETH 0,4 KB

BAJTIAMETOB A.B., XAJIMJIOB 3./1., CAIMMOBA A.K., BAJTAMETOB 2J.A.

Jlna ompeneneHusl MoKasaTeslel KauyecTBa DJIEKTPUYECKOW SHEPIUU B AJIEKTPUUYECKUX
cersix 0,4 kB mpoBoaminch n3Mepenus u uctbitanus Ha ctopone 0,4 kB TpancpopmaropHoro
IIyHKTa MOIIHOCTBIO0 63kBA. M3MepeHus npoBoauiINCh B JIETHEE BPEMsI B TEUEHHUE 3-X JHEU
Ha rOJIOBHOM YacTu OfHOro TpexdasHoro uaepa u B TOUKE COSAUHEHHUSI CAMOT0 yIaJI€HHOTO
onHo(azHoro aboneHTta ¢ momouisio npudopa «SIMEAS Q». PesynbraThl npoBeaeHHBIX
UCCJIEIOBAaHUIM MMOKa3ajJu HEOOXOIMMOCTh IMepexo/a Ha HOBYIO HHEprocOeperarouryro
CHUCTEMY DJIEKTPOCHAOXEHHs, TIO3BOJIAIONIYI0O  TOBBIIIEHHE IIOKa3aTelel  KayecTBa
3JIEKTPOIHEPIUH.

KaroueBble ciioBa: sHeprocOeperaromias CcUCTEMa dJIEKTPOCHAOXKEHUs, pacHpe/ielIUTeIbHas CeTh,
MTOTEPH ANIEKTPOIHEPTHH, TTaJCHNE HAMIPSDKEHUS, JATbHOCTD NIepeaadH.

EXPERIMENTAL RESEARCH OF POWER QUALITY INDICATORS IN 0.4
KV POWER DISTRIBUTION NETWORK

BALAMETOV AB., KHALILOV E.D., SALIMOVA A.K., BALAMETOV E.A.

To determine the parameters of power quality in electric networks under voltage 0.4 kV
the measurements and tests carried out on the side of 0.4 kV transformer substations with
capacity 63 kVA. Measurements were carried out in the summer for 3 days by using
«SIMEAS Q» on head portion of a three-phase feeder, and the in point of the remote
subscriber single phase compound. The results of the research showed the need for the
transition to a new energy-saving power supply system, which allows increasing the power
quality.

Keywords: energy-saving power supply system, distribution network, power losses, voltage drop,
transmission distance.
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Energetikanin problemlori e Nel e 2019 e [IpoGiieMbl S3HEPTETHKH

YIK 621.311

REAL VAXT REJIMINDO SINXROFAZOR OLCMOLORI OSASINDA
DINAMIK PROSESLORIN MONITORINQI TEXNOLOGIYASININ
AZORBAYCAN ENERJI SISTEMINDO TOTBiQ OLUNMASINA DAIR

HUSEYNOV 9.M., QARADAGI A.E., AZADXANOV O.B.

“Enerjisistemin rejimlari va idaraedilmasi problemlori” sobasi

Mogqalods Azerbaycan ES-in struktur xiisusiyyeotlori nozoro alinmagqla, real vaxt rejimindo sinxrofazor
Olgmolori osasinda rejimlorin idarsolunmasi masoalasinin vacib torkib hissasi kimi dinamik proseslorin
monitoringi masalalorinin hoyata kegirilmasina baxilmisdir.

Acar sozlor: monitoring, idarosetmo rejimlori, intellektuallagdirma, idarsolunma, miisahidoolunma, real
vaxt, WAMS, PMU, PDC, SCADA.

Respublika iqtisadiyyatinin inkisaf toloblorine miivafiq olaraq, Azerbaycan ES do
intensiv sokildo inkisaf edir. Daha miikkommoal vo qonaotli texnologiyaya malik olan
generasiya manbalarinin, bdylik giico malik elektrik stansiyalari ilo yanasi kicik giic elektrik
stansiyalarinin, yeni — daha miikommal tonzimlomo vo idarosetmo vasitolorinin vo s. totbiqi
kimi strateji oshomiyyatli kompleks todbirlorin hoyata kegirilmasi ES-in etibarli vo effektiv
foaliyyot gostormasini tomin edir.

2005-ci ildon 2015-ci iladok Azorbaycan ES-in giicii 5,2 GVt-dan 7,8 GVt-dok
artmisdir /1/. Generasiya giiclorinin strukturunu BTQ — 47,7%, BQQ — 24,7%, QTQ — 1,6%,
SES — 14,9%, DYM — 11,1% toskil edir. Sistem ohomiyyatli 110-500 kV-lug elektrik
verilisi xatlorinin, o ciimlodon Rusiya, Giirciistan vo iran ES ilo sistemlorarasi olagolorin
{imumi uzunlugu 8500 km-don ¢oxdur /1,2,3/. inkisafin sonraki morholasinda, 2025-ci ilodok
ES-in qoyulus giiciiniin daha da artirilmasi, enerji balansina barpa olunan enerji monbalorinin
(BEM) genis miqyasda totbiqi, Azorbaycan ES-in tranzit enerji sistemi kimi regional rolunun
artirilmasi nozardo tutulmusdur.

Belo soraitdo Azorbaycan ES-in effektiv isinin tomin olunmasi {igiin oan vacib maosalo
operativ dispetcer vo oks-qoza idaraetmoasi (ODI vo ©QI) do daxil olmagla, rejim idarsetmosi
(RI) sisteminin tokmillogdirilmasi masalosidir.

Bir sira regional va birlik idareetmolorinds (ABS, Kanada, Ingiltors, Hindistan, Cin,
Yaponiya, Rusiya va s.) ES-do geyri-sinxron isloyan hissalora boliinmo, bdyiik oksoriyyot
istehlak¢ilarin elektrik enerjisinin kasilmasi, avadanliglarin siradan ¢ixmasi, boyiik iqtisadi
ziyan vo s. ilo miisayiot olunan sistem gozalarinin bas verms statistikasinin ¢ox olmasi /4/,
ODI vo ©QI sistemlorinin tokmillogdirilmasi mosalolosini Diinya miqyasinda ES-in 2030-cu
ilodok olan dévrds intellektuallagdiriimas: konsepsiyasinin (IES) on vacib elementina gevirir
/5,6/.

IES strukturunda RI prosesi imumi sokildo bir-biri ilo alaqali olan ii¢ blok soklindo
gostorilo bilor: molumatlarin 6l¢ililmosi, toplanmasi vo arxivlosdirilmosi, idarsolunmasi. Bu
klasterlosdirmo yeni deyil, lakin o RI, ODI vo ©QI sahosi iizro IES-in bir sira vacib
tolablorino cavab vermolidir.

Qisa vaxt intervalinda, molum idarsedici tosirde rejim parametrlorinin ilkin qiymatlori
dispetger ligiin slgatan olmalidir /7/ (miisahidoolunma toloblori).

Verilmis vaxt orzindo buraxilabilon idaroolunma verildikdo sistem hor hansi bir
vaziyyotdan digor hansisa bir sonuncu vaziyyats ke¢mis olur /7/ (idaraolunma toloblori).
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ES-do bas veron dinamik proseslorin xiisusiyyatlorindon (qozadan ovval, goza vo
gozadan sonra) ¢ixis edorak, verilmis vaxt dedikdo “real vaxt” (RV) basa diisiilmolidir.

Real vaxt terminindon yalniz dinamik sistemlor i¢iin, yoni ES-in dinamik rejimdo
modellogdirilmosi zamani istifado oluna bilor. Bu zaman hesablama prosesinin miiddsti ya
modellosdirmo prosesinin hor bir zaman addimina barabordir vo ya ondan kigikdir /8/.

Yuxarida qgeyd olunan toloblor, kegon osrin 90-c1 illorindo iglonmis vo ES-in
intellektuallagdirilmasi konsepsiyasi gorgivosindo bir ¢ox enerji sistemlorindo totbiq olunan
WAMS (Wide Area Measurement System) sistemi vo onun torkib hissalori ilo tomin edilir:

— monitoring (WAMS — Wide Area Monitoring System);

— idaroetmo (WACS — Wide Area Control System);

— mihafizo (WAPS — Wide Area Protection System).

Umumi olarag WAMPAC adlandirilan bu sistemin arxitekturasi bir ¢ox nosrlordo ¢ap
olunub /9,10/.

Sistemin osasint PMU (Phasor Measurement Unit) 6lgmo qurgulart toskil edir. Bu
qurgular dinamik rejimlords parametrlorin (vektorlarin) - gorginlik amplitudlar va fazalari vo
S. 20 ms intervalla 6l¢iilmasi {iglin ES-in diiyiinlorina qosulur. Dinamik rejimda 6lgiilon
molumatlar PDC (Phasor Date  Concentrator) qurgusuna oOtiiriiliir. ES-in  ayri-ayri
diiyiinlorinds yerloson PMU qurgulart 1mks intervalla GPS-don daxil olan signalla igo salinir
v sinxron olaraq isloyirlar, yoni ES-in ayri-ayri hissalorindos yerlogson PMU qurgulari sinxron
olaraq islayirlor. Bu ndv 6lgmalar sinxrofazor (vektor) 6l¢molori adlanir. Malumatlar PDC-da
arxivlosdirilir vo daha sonra idaroedici tosirlorin verilmosi vo hoyata kegirilmosi {i¢iin
algoritm-olavalordo istifado olunurlar. Idaroedici tosirlor cobri-diferensial tonliklor sistemi
osasinda hoyata kecirilir. Buraya homg¢inin SCADA (Supervisory Control and Date
Acqusition), TS (telesignal) vo TO-don (teledlgmo) molumatlar daxil olur. Hazirda
Azorbaycan ES-do 50-don ¢ox yarimstansiyada SCADA artiq qurasdirilib vo foaliyyot
gostorir. Belaliklo, PMU il birlikds inteqrasiya olunmus 6l¢ma sistemi faaliyyat gdstora bilor.

Hazirda miihondislik tocriibasindo daha ¢ox on-line rejimdo (RV) monitoring masalalori
0z hallini tapmigdir:

— kicik vo bdyiik hoyacanlanmalar zaman1 dayaniqliq soviyyasinin monitoringi;

— gorginlik saviyyalorinin monitoringj,

— algagqtezlikli rogslorin monitoringji;

— asinxron rejimin vo ya sistemin boliinmasinin baglamasi ehtimalinin monitoringi;

TS vo TAT-1n isinin monitoringi.

Ha21rda Azaorbaycan ES-do PMU-PDC qurgular halolik qurasdiriimayib, lakin ES-in
intellektuallagdirilmas1 strategiyasinin hoyata kecirilmosi ¢orgivasindo onlarin qurasdiril-
masinin gagilmaz olmasi, monitoringin osas masalalorinin vo Azorbaycan ES-in rejim vo
struktur xiisusiyyatlori nozers almmaqla PMU-PDC-in enerji sistemindo quragdirilma
yerlarinin toyin olunmasin tolob edir. Azorbaycan ES kimi toplanmus struktura malik (uzaq
mosafoyo paylanmis parametrli elektrik verilisinin olmamasi, iki aydin goriinon yarimsistemin
(tiirtici vo izafi) vo sistemlorarasi olagolorin olmasi) enerji sistemi ligiin  PMU-n
quragdirilma yeri kimi asagidakilar1 gostormak olar:

— hoyacanlanmalar zaman1 EHQ vektorlarinin qarsilighh bucaglart daha siirotlo 6no

¢ixan SG-in gorginlik sinlori;

— 220-330-500 kV-luq kesiklorin qosulma diiyiinlori (kosiklorin 6tiirma qabiliyyati

dayanigligin tomin olunmasi sortlorine goéro mahdudlagsmalidir);

— asag1 coroyan mahdudlasdirilmasi olan eyni gorginlik xatlorinin qosulma diiyiinlori;

— agirlagsmis rejimlords algaq gorginliys malik yiik qovsaqlari;

— sistemlorarasi alagalorin qosulma diiytinlari.

Bu, bir gayda olaraq, ES-in “zoif” vo ya hassas dilylinloridir. Onlarin dinamikasi va
soviyyasi boyiikk vo kicik hoyacanlanmalar zamanmi dayaniqligin voziyyetini toyin edir.
Yuxarida qeyd olunanlara algaqtezlikli ragslorin monitoringini do slave etmok lazimdir.
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AzET vo LAEi-nin rejim s6basinds kecid proseslarinin monitoringini hoyata kegirmok
ticlin gorakli olan parametrlorin toxmini qiymaotlorinin vo hassas diiyilinlorin toyin olunmasi
izro silsilo todqiqatlar aparilir. Asagida 6lgmo qurgularmin (PMU) qosulma yerlorinin,
dinamikanin voziyystinin monitoringi liglin parametrlorin toyin olunmasi {izro aparilan
todgigatlarin bazi naticalori verilir.

Saokil 1-da 500 kV-lug 2-ci Abseron HX-nin (ES-in otiiriicii hissasinin 2-ci kasiyinin
daha ¢ox yiiklonmis asas xatti) ATQ ilo gofil agilmasi zamani elektrik stansiyalarinin SG-in
EHQ nisbi bucagqlari {izra ayrilor verilir /11/. Codval 1-da ayrilorin islonmasi {izro naticalor
gOstarilir. Burada birinci yarimdovrds nisbi bucaglarin doyisma siirati V, Aw bucaq tezliyinin
vo Af tezliyinin doyismasi verilir. Aparilan tohlillor onu gostorir ki, Azorbaycan IES-in SG va
ES-in qobul edon hissesinin SG-nin (Sumgqayit IES, Simal IES, Baki IEM), homginin Conub
IES-in SG EHQ arasindaki nisbi bucagqlari daha siirotlo doyisir. 500 kV-lug 2-ci Abseron HX-
nin ATQ olmadan ag¢ilmasi zamani vo agirlasdirilmis rejimlordo analoji naticolor alinmisdir.
Bu, PMU-mn Azorbaycan IES — Simal IES, Sumqayit IES, Conub IES, Baki IEM SG-n
garginlik sinlorinds qurasdirilmasinin tovsiys olunmasina osas verir.

EBOI MylEHe: otkmodersie BI 500 vB 2-an Anwepoqcan ¢ ANB t=02c
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Sakil 1. Sistemin SG-1n qarsiligh bucaqglarinin rogsi.

Cadval 1.

generi:‘:)rlarm 60.° v ok Ao, Af,

B ! rad/ s Hs
ﬁ;;rbayca“ IES 330 kV —Simal 151 - 170 | 17.78 | 48,125 | 0,134 | 0,021
Simal iES-Baki iIEM 170 - 42 14,99 | 27,125 | 0,075 | 0,012
Simal iES-Sumqaylt iES 170 - 689 13,69 | 7,28 0,02 | 0,0032
ﬁ;;;bayca“ IES 330 kv —Balka 151 - 42 | 3277 | 68571 019 | 0,03
iAEzgrbayca“ TES 330 kV — Conub 151 - 164 | 20,16 | 46.429 | 0,129 | 00205
iAEzgrbayca“ IES 330 KV-Sumqayit | 15, g9y | 2397 | 49,017 | 0,139 | 0,027
Canub IES —Sumqayit iES 164 - 690 3,81 3,28 | 0,009 | 0,0018
Simal iES — Conub iES 170 - 164 | 2,38 | 653 | 0,018 | 0,0029
Simal iES — Mingogevir SES 170 - 205 | 2146 | 2823 | 0,071 | 0,011
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Rogsli prosesin yiiksok siirati miivafiq SG-in TAT qurgularinin sazlanma qiymatlori ilo
dempferlona bilor. Bu SG-a PMU vo WAMPAC kompleksi qosulmalidir.

Belo qosulmanin toxmini sxemi sokil 2-do verilir /11/. Simal IES, Conub IES, Sumqayit
IES-in SG-da TAT-PSS, Azorbaycan IES-in SG-da iso CT-TAT (PSS olmadan) faaliyyat
gdstorir. Idaroetmo sisteminin iso diismosi iigiin tolob olunan signal gorginliyin AU vo A
amplitudu vo fazasinin doyigmosidir.

Belo qosulma sxemi hom qarsilighh bucaqlarin, hom do gorginlik meyletmalarinin
monitoringini va idarsolunmasini daha yaxs1 hoyata ke¢irmays imkan verir.

u u
WACS
&~ ' &®
AT,
AW, PSS
AW v, AW v,
¥ » WAMS
CT-TAT () TAT
UNiTROL
C) FMU FMU
@ @ ‘ SISTEM ‘ @
Azarbaycan IES - 86 Simal IES - 8G

Sokil 2. Azarbaycan IES-in SG-min (CT-TAT ilo) vo Simal IES-in SG-nin (Unitrol-TAT ilo)
nisbi bucaginin ragsinin monitoringi vo nozarat olunmasinin strukturu

Azorbaycan ES-in dayaniqli isinin tomin olunmasinda ES-in izafi glic olan Gtiirlicii
hissasino daxil olan kosiklorin 6tiirma gabiliyyotinin monitoringi bdyiik shomiyyat kosb edir.
Dayaniqliq ehtiyatina nazarat, bir qayda olaraq, movslimi (max, min) rejimlor ii¢iin n, n-1, n-2
sortlori nozoro alinmaqla tipik hesablamalarin naticolorine goro hoyata kegirilir. Bu zaman
hadd rejimlori ya tonliklorin hallinin alinmasi lizrs, ya da kosiys daxil olan ayri-ayr1 xatlorin
vo transformator olagolorinin coroyan mohdudlasdirilmalarina goro  toyin edilir
(hesablamalardan oldo olunan tocriibalor onu gostorir ki, bir qayda olaraq, Abseron
yarimstansiyasinda AT-500/220 voa AT 330/220 kV transformatorlarinda coroyan
mohdudlasdirmalar1 Azorbaycan IES-don ayrilan kosiklorin 6tiirmo qgabiliyyatini asagi salir).
Miirokkob sxem {iciin aparilan biitiin hesablamalar bdyiik zohmot tolob edon bir prosesdir,
rejimlorin agirlagdirilmasi iisullart iss birmanali olmaya bilor.

Eyni zamanda, PMU-in nozarot olunan kosiklorin  vo xotlorin  qosulma
yarimstansiyalarinda quragdirilmasi 6tiirme gabiliyystinin monitoringini RV rejminds bucaga
goro hoyata kecirilmosino imkan yaradir.

Hesablamalar naticosindo asagidakilar agkar olunmusdur /11,12/:

— 330 kV-luq Azorbaycan IES-Goranboy HX-nin hor iki dévrosinin agilmasi zamani

(1-ci kasik, n-2 rejimi) coroyan mohdudlasdirilmalarina riayst olunmaqla, normativ
dayanigliq ehtiyati 330 kV-luq Azarbaycan-Samux HX {iizro gorginlik fazalarinin
forqinin 4,1° qiymatindo vo kosik lizro 1637 MVt timumi giic otiiriilmasilo tomin
edilir;

— Azorbaycan ES vo Giirciistan ES sistemlorarast alaqo tizro 943 MVt hodd rejimi

500 kV-luq Qardabani vo Samux diiylinlorinin gorginlik vektorlar arasindaki faza
bucaginin 9,1° giymatinds va 500 kV-lug Samux-Qardabani HX tizra 537 MVt giic
axininda bas verir vo s.
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Bu noticoalors bir godor masuliyystlo yanasmaq lazimdir, bels ki, séhbot sistemlorarasi
olagodon gedir. Noticolorin real sortlorlo eyni olmasi birlogsmis sistemlorin rejiminin
agirlagdirilmast prosesindon vo hodd voziyyatine yanasmadan asili ola bilor. Xotlords araliq
qosulmalarin olmas: halinda slave eksperimental-hesablama toadqiqatlarinin aparilmasi tolob
olunur.

ES-in diiytlinlorindoki gorginliyin doyisma dinamikasinin xarakteri ES-in izafi giic olan
hissosinda kosiklorin daha ¢ox yiiklonmis xotlorinin agilmasi zamani vo ES-in hom izafi giic
olan hissosinds, hom do giic ¢atismazligr olan hissasinds bloklarin agilmasi zamani todqiq
olunmusdur /11/.

Asagidaki sokillordo ES-in ham izafi giic olan hissasinda (A), ham do giic ¢atismazligi
olan hissalarinds (B) gorginliyin doyismo dinamikasi gostarilir: 500 kV-luq 2-ci Abseron HX-
nin agilmasi zamam (sokil 3); 330 kV-luq Azarbaycan IES-Goranboy HX-nin hor iki
dovrosinin ATQ ilo agilmas1 zaman (sokil 4); Simal IES-in blokunun agilmas1 zamani.

N3mMeHeHMne HanpsixXeHusa npu otknro4deHue BJ1 500 kB 2-aa AnwepoHckas
120
118
116
N3MeHeHune Hanps>XeHus B
114 R AR A S e yane Xyppaanax 110 kB
(y3.289)
112 N3MEHEHNe HanpshKeHnsa B
[21] T T e T e e e yarne BuHaragm (y3.1293)
X 110 >
=] n3MeHeHune Hanps>XeHus B
108 yane Manmka 110 kB
(y3.222)
106
N3MeHeHune Hanps>XeHua B
104 y3ne Armpkabeasl 110 kB
(y3.237)
102
100 T
0 1 2 3 4 5 6 7 8 9 10
t,c
Sokil 3. A va B yarimsistemlorinda gorginliyin doyisme dinamikasi.
n3MeHeHMe HanpsixkeHusi npu oTknovyeHme BJ1 330 kB A3T3C -FTepaH6on 1 U A3TIC-
FepaH6ou 2 c AlNB t=0,2c
116
115 &
114
n3MeHeHue HanpshkeHus
o B y3ne XypaanaH 110 kB
;. 113 (y3.289)
—— U3MEHeHMe HanpsHPKeHusi
112 \/ B y3ne MaHmpka 110 kB
(y3.222)
111
110
0 1 2 3 4 5 6 7 8 9 10
t,c

Sakil 4. A va B yarimsistemlorinds gorginliyin doyisma dinamikas.
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U3MeHeHune HanpsXxXeHus B y3rax npu OTKIo4YeHUue reHepartopa LWnuman
T3C (350 MBT)

115

114 < —
[

13 —— U3MEHEHWE HanpPsHKeHVs B
e yane XyppanaH (y3. 289)
=) SN —— M3MEHEHWE HanpshKeHNs B

112 y3ne MaHpxa (y3. 222)

111

110 T

0 1 2 3 4 5 6 7 8 9 10

Sakil 5. A va B yarimsistemlarinds gorginliyin doyisms dinamikasi.

Gorilindiiyli kimi, hor iki yarimsistemdoki gorginlik ragslori kritik qiymatdon olduqgca
yiiksok giymoatds dempferlonir. Bunu codval 2-don do aydin sokilds gérmok olar /13/.

Cadval 2.
Abseron | Xirdalan 220 kV-luq| Kiirdomir| Xa¢maz
Kasiyin giicii y/s-da y/s-da Miisviq y/s-da y/s-da
Sxem| Rejim garginlik | gorginlik y/st-da | gorginlik | gorginlik
garginlik
p Q 500 | 330 | 220 | 110 220 110 330
IMVE] exMVarl kv | KV | KV | kV kV KV KV
n Normal | 4073 | 1165 | 482 | 313 | 223 | 115 213 102 311,4
500 kV-lug
2-Ci
n-1 | Abseron | 4083 | 1514 | 443 | 309 | 214 | 110 200,5 93,3 300,3
HX-nin
acilmasi
330 kV-lug
1-ci
n-1 | Abseron | 4067 | 1213 | 481 | 318 | 222 | 115 203,4 99,2 309
HX-nin
acilmasi

n-1 sxemi lizro baxilan misallarda gorginliklor azalsa da, normativ {izro buraxilabilon
hadlordadir ((U>1,15).
Gorginlik azalmasi daha ¢ox asagidaki diiyiinlordo bag verir:
110 kV-lug Alar YS - 105,6/77 = 1,37
220 kV- luq Hovsan YS - 218/154 = 1,42
330 kV-1uq Yasma YS - 318/231=1,38
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FK-da “Mustanq” proqraminda aparilan hesablama todqiqatlar1 (hesablamalar {izro bozi
naticalor yuxarida verilir) Azorbaycan ES-do dinamik proseslorin - gostoricilorinin
monitoringinin aparilmasi1 liciin PMU qurgularinin moaqsadouygun  sokildo qurasdirilma
yerlori (diiyiinlori) haqqinda ilkin naticolor aldo etmays imkan yaradir: Azorbaycan IES,
Simal iES, Conub IES, Sumgqayit IES, Baki IEM stansiyalarmin SG —1n gorginlik sinlorindo,
ES-in izafi glic olan hissosinin kosiklorinin qosulma yerlori olan 330-500kV-lug
yarimstansiyalarda, Giirciistan vo Iran ES ilo sistemlorarasi alagolorin qosulma diiyiinlorinda.

20ms intervalla 6lgiilon gostoricilor SCADA, TO vo TS-dan daxil olan molumatlarla
birgo idaroedici tosirlorin formalagmasi tigiin alqoritm-olavalori tomin edir.

NOTICO

Azorbaycan ES-in stuktur vo rejim xiisusiyyatlorinin, WAMS sisteminin imkanlarinin
tohlili, homg¢inin kompleks hesablama-eksperimental todqiqatlar osasinda enerji sisteminin
intellektuallagdirimas1 konsepsiyasinin strukturunda rejimlorin idarsolunmasinin vacib torkib
hissosi kimi dinamik proseslorin monitorinqi masalolorinin hoyata kegirilmasi {iglin PMU
sinxrofazor 6l¢gma qurgularinin effektiv sokilds yerlosdirilma yerlori tovsiys olunur.
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K BOITPOCY BHEJIPEHU S TEXHOJIOT U
MOHUTOPUHT' A JUHAMUWYECKHUX ITPOLHECCOB
HA OCHOBE CUHXPO®A30PHbLIX U3MEPEHUI B PEXKUME
PEAJIBHOT'O BPEMEHM B ABEPBAMI’KAHCKOM SJHEPTOCHUCTEME

T'YCEHHOB A.M., TAPAJIATH A.3. ASAIXAHOB O. B.

C ydyeToMm 0coOeHHOCTEH CTPYKTYphl A3zepbaitmkanckoit IC paccMaTpuBaeTCsi BOIPOC
peanu3aiu 3a1a4 MOHUTOPUHTA TUHAMUYECKUX MPOILIECCOB, KaK BaKHEHIIIEH COCTABISIONICH
PEKUMHOTO YIPABICHHS B PeabHOM BPEMEHH Ha OCHOBE CUHXPO(a30pHBIX U3MEPECHUH.

KiroueBble ¢jI0Ba: MOHUTOPHHT, PSKUMBI YIIPABIICHUS, MHTCIUICKTYAIN3alUs, YIIPABJICHUE,
Habmoienue, peaabHoe Bpems, WAMS, PMU, PDC, SCADA.

TECHNOLOGY OF MONITORING DYNAMIC PROCESSES IN REAL
TIME MODE BASED ON SYNCHROPHASOR MEASURMENTS
IN THE ENERGY SYSTEM OF AZERBAIJAN

HUSEYNOV A.M., GARADAGI A.E., AZADKHANOV 0O.B.
The article considers the implementation of monitoring of dynamic processes as an

essential part of the modes management on the basis of synchrophasor measurements in real-
time mode, taking into account the structural features of the azerbaijan energy system.

Keywords: monitoring, control modes, intellectualization, control, observation, real time, WAMS, PMU,
PDC, SCADA.
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A theory current fluctuations in low-dimensional electronic Wednesday type of charge carriers. Defines
an escalating frequency of waves. Found the values of electric and magnetic fields at which radiation energy
happen. With defined increment rise brought by waves. It is proved that the injection of substantial plays the role
of radiation energy. It is shown that the radiation of energy requires more than the value of the electric field than
the escalating waves excitation inside Wednesday. It has been proven that with resizing the sample frequency
transients occur very much changes. The value of the external electric field with the advent of the current
fluctuations zavisitotthe size of the sample. When the current fluctuations in the chain occurs the resistance of
inductive character, and the real part of impedance oscillates with a certain period. Injection on the contacts
Wednesday strengthens the waves rise.This Wednesday with specified sizes mozhetsluzhit as a source of
radiation energy.

Keywords: frequency, amplitude, electron, non-equilibrium oscillation.

INTRODUCTION
The theory of quasi-neutral current oscillations in semiconductors with certain deep
traps in the presence of an external electric field and in the presence of an external electric
and strong magnetic field was built in [1-4]. In [5], taking into account the relaxation of
charge carriers, a theory of current oscillations in semiconductors with two types of charge
carriers was constructed. The theory of instability in conducting media has been built in
many papers. However, in these studies, the effects of sample size on unstable current
oscillations were not investigated. In this theoretical work, we construct a theory of current
oscillations in low-dimensional conducting media, in the external constant electric and
magnetic fields. It has been proven that with a change in the size of the sample, the
frequency of the current oscillations changes greatly. The values of the external electric
field with the appearance of current fluctuations depend on the sample size.
THEORY
The current density in conducting media with one type of charge carriers in the
presence of electric and magnetic fields is: [5]

P
= prE — pas[EN]+ pui,E +VDVp - D, [Vph]+ D,V 1)
Here: IEIJ =hH,, p=en, n -electron concentration; u, u1, p2 - ohmic, Hall, focusing mobility
of charge carriers, D, D1, D»- corresponding diffusion coefficients. To equation (1) you need
to add the Poisson equation
. A .
H 4 I:JI ! — ’ ! LJ! 1 4
considering that 1 = Jo *1; E=E,+E L P=ptp H E << IEo,, PI<<py I << o
from (1-2) it is easy to get:
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Here: & =,uO|¥o_, L!};:ﬂzé}o., ﬂzzdhllEg . ﬂl:zdr:llé% . P :2dh11E(j2
£ X I]::JO=|pE

eg —° by o (i- unit vector by X).
Equation (3) write the components

iz = [pasto @ B)+ popn L B + oottt BYJES +-5 (9, + ) O + 55 (8, + 9,)(E; + ED+

VE! £ VZE, &b, k2
47z 2 X2

, D viE, V°E, V%E,
iy = Pots Lt BIES + ot (Ut B) + popt JEy + 7+ (D+D)[VX * BxDy +DxDZ] -

()

+—(19 +9) (E, +E))

We will investigate current fluctuations in the x direction, therefore

jy=1.=0 (8)
Representing the variable values of the electric field in the following form
. . Py .
B =Ee®, B =g 0@,  E=E 0", u

2r
ky =k, = Lx from (find) the following equations to determine E. # E:

n? ien, D E! 2
—r (E;+E;)+ Y £+€DZV E, &,
4z v Am WX, Az

—Zk.n ( +E;):O (9)

’ !
ok, +0,E, -

' inyDZ @_m)z’DZ ’ r)_
E BRSO (10)
Here o, = pyus 1+ £1), 0, = pottsL+ )+ otz From a joint solution (9-10) it is easy to
determine Ey ¢ E:
ik, D Q, ik D ien D 2E!
E;:Q_;.#.VEX; E;=_2y.—.‘/E ﬂE)’(_}_ y ‘VEX_i_‘C'DZ_VEZX (11)
o, 4r WX o, 4r W o, dro, W o, W
D kn, Dk} eDny D kK,
Here: Q, = - , Q,=0,—
A A A Ar

The continuity equation for current density is:
j.=0 (12)

Out of poisson's equation divE' = 4—”,0’ we find p' = di\‘/)4i E’' (13)
I T

From (12-13) it is easy to obtain the following equation to determine E;
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In deriving equation (14), we defined ky, kx, in the following form:
Do emD_, % %
n? = 470, (247 2 those. L,=| 2| ; L= £, (15)
D, e D, Do, o,

Substituting E; and E; from (11) the account (15) we get:

i 2 D,k
D, 1+ 1€ (kygz—gj 4 EZX +832 1+ 9% _jl14 2y £, +
Ar 2ro, 2)| ox 4r Az gn, 29, X

+a{ o, ia)g(dmySz ® o HE; -0

o, 4r\ o0, 0, 0,0,

(16)

Solving equation (16) determines the variable part of the electric field inside the medium with
dimensions (15). When the oscillations of the electric field, charge density and current density
occur only inside the medium, the wave vector is a real value, and the frequency of oscillation
is a complex quantity i.e.

k=k,, o=a,+io (17)

From the solution of equation (16) taking into account (8 and 17), we easily obtain:

1 eD,K, K 2
a)ozilipo%(1+ﬂ)+poﬂz(l+ﬂz) 24” y(l"' 7o J:l

gDZKxKy (18)
2
1 C oK, 1
0)1—E{poﬂo(l"'ﬂ)"‘poﬂz(l"'ﬂz)_o-z[ ] — +_O-1] (19)
HoH n, 2
Upon receipt (18-19) we are definable for the electric field of the expression
g, =% % (20)
& Ky:u2
From (19) it can be seen that for
1
(ﬁ,ﬁl,ﬁz)=i§ (21)

excited freely inside the environment with a frequency o, (18) when the electric field (20) is
nastoyayuschim. At values

(5.5 )= @2)

wave frequency o, (18) is damped. It should be noted that the values of the coefficients

(B, B, B,) determined by scattering of charge carriers. Values (21) occurs when scattering

occurs on acoustic phonons and values (22) occur when scattering on optical and lattice
defects. If the Einstein relation holds, i.e.
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T T(CE,Y
eﬂ eff 3(5Hj

Here E- lattice temperature is erg, S'- the speed of sound, then from (20) it is easy to get for
the value of the magnetic field of the formula

1/2
H = SE(”;—TJ (23)
I

n - carrier concentration. Easy to make sure that uoH>>C.

EXTERNAL INSTABILITY

When external instability
o=aw,, K =k,+ik; (24)

The solution to equation (16) determines E; and therefore the sample

LX
Z == [E/(x)dx (25)
VAR
To determine E,, we must take into account the injection of charge carriers at the sample

contacts. The concentration of charge carriers varies in the sample due to the input and output
of charge carriers at the contacts. Thus, the oscillatory part of the current changes due to the
injection, i.e.

n=a' (26)

We will seek a solution (16) in the following form
E/ =Ce™* +C,e'"" (27)

Wave vectors k1 and k2 are determined from a differential equation (16).
Constants C; and Cz need to be determined from the boundary conditions for an alternating
electric field E!. Representing E. ~ e"* we define from (16) x1 and x.. After not complicated

algebraic calculations we get
/2
K, :ﬁ(—lﬂx):—kz; x=1| /9 +.91’+19]l
27 2
In obtaining formula (28), we used the inequality

k,% >0, (29)
To determine the constants c¢1 and c2, we must use the boundary conditions of the electric
field. The contacts of the crystal in all experimental conditions are injecting., l.e. charge
carriers come from the environment therefore

n=a' (30)

&- injection rate, n'- variable concentration and charge carriers, J'- alternating current in the
circuit. From the Poisson equation we get:
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0, 47e 4 VB 4re

divE'=—n'=—748" —=—4I' (31)
& & X &
From (31) we get
dE'|  4nes,l’
dX |, g
dE’ _vmeo, 1’
dX Y=Lx & (32)
Substituting dE | u dE | from 27 it is easy to get:
dX |x:0 dX |x:Lx
4zel’ S -l
C = = 2 33
Yoike e —e (33)
c _Aml’ 5, —oL,
2 ke e —g*-
The impedance of the crystal is determined by
Lx
z =2 [Edx (34)
I 0
Substituting (33) into (34) after integration we get:
2sin 2a e
Rez=f———"——; 1, Z=f —— 35
e’ —2cos’ a e’ —2cos* (33)
A TR R (36)
£ K,
From (35) it is clear that k,L, >1 (36)
Rez=2fe*sin2a; Imz="f >0 (37)

Then f +R =0 u 2fe**sin2a+R=0 R, <0, R>0.From equations (37) we obtain:

sin 2a = —ieza (38)
2R
With all negative values sin 2« relations (38) is satisfied. From (37) it is clear that Rez
oscillates with argument 2a, Imz positive value and, therefore, capacitive resistance must
be added to the circuit.
Upon receipt of (35), we determined for the frequency of current oscillations.

DISCUSSION

Thus, in low-dimensional conducting media, a high-frequency rising wave is excited in
the external electric field and perpendicular to the magnetic fields. The lateral and linear
dimensions of the medium should be determined by formulas (15). The electric field at which
this wave is excited has a certain value (formula 20) of the magnetic field value H ~ n1 / 2.
The frequency of the excited wave is determined by the formula (18). Current oscillations in
this medium occur at frequency and electric field, which are determined by formula (36).
When current oscillations begin in a circuit, an inductive impedance occurs, and the real part
of the impedance oscillates with a certain period. The injection on the contacts of the medium
enhances the buildup of the wave. This medium with the specified dimensions can serve as a
source of radiation energy.

41



1. Gurevich L.E., Hasanov E.R., The theory of spontaneous current oscillations in crystals
with deep traps. FTT, 11, 1433-1438, 1969.

2. Gurevich L.E., Hasanov E.R., Theory of spontaneous oscillations of current in crystals of
germanium doped with gold. FTP 1201-1209, 1969.

3. Gurevich L.E., Hasanov E.R., Internal and external instability of a crystal with deep traps
in the absence and in the presence of a magnetic field. FTT, 11, 3684-3691, 1969.

4. Hasanov E.R., Rasoul Nezhad Hosseyn, A.Z.Instability in Semiconductor Seals with the
External Magnetic Field. Panahov and Ali Thsan Demirel Adv. Studies Theor. Phys. Vol.
5,2011, no1l, 15-30.

5. Eldar Rasuloglu Hasanov, Akber Zeynalabdin Panahov and Ali lhsan Demirel. High
Freguenay Energy Radiation Semiconductors at Constant Electric and Magnetic Field.
Adv. Studies Theor. Phus. Vol 7,2013, no. 21, 1035-1042.

6. Aliyev F.F., Hasanov E.R. Nonlinear Oscillations of the Field of Semiconductors With
Deep Traps. 1,2 10SR Journal of applied Physics (10SR-JAP) e-ISSN. 2278-4861.
Volume 10. ISUE 1. Yer. Il (Jan.-Feb. 201) PP 36-42.

ASAGI OLCULU ELEKTRON TiP KECiRiCi MUHITLORDO
DAXILI VO XARICI DAYANIQSIZLIQ

H9SONOV E.R., MUSTAFAYEVA R.K., HACIYEVA V.M.

Asag1 (nanodlciili) olgiilii elektron tip kegiricikli miihitlordo coroyan rogslorinin
nazariyssi verilmisdir. Yaranan dayaniqsiz dalgalarin tezliklori hesablanmigdir. Enerji
stialanmasina uygun elektrik sahosinin vo magqnit sahasinin analitik ifadolori hesablanmisdir.
Yaranan dalgalarin inkrementi hesablanmisdir. Isbat olunmusdur ki, kontaktlarda olan
injeksiya siialanma ii¢iin vacibdir. Isbat olunmusdur ki, siialanma {i¢iin lazim olan elektrik
sahosinin qiymati daxilde yaranan artan dalga ii¢lin lazim olan elektrik sahasinin qiymatindon
boyiikdiir. Isbat olunmusdur ki, niimunonin &lgiilori doyisdikco yaranan rogslorin tezliklori
kaskin doyisir. Rags yarananda elektrik sahosinin qiymati niimunanin 6l¢iilorindan asilt olur.
Rogs yarananda dovrado induktiv xarakterli miigavimot yaranir. Miigavimatin hoqiqi hissasi
miioyyan periodla osilyasiya edir. Kontakda yaranan injeksiya dalgalar1 giiclondirir. Bu miihit
gostorilon Slgiilords enerji siialanma morkozi ola bilor.

Acar sozlar: tezlik, amplituda, elektron, tarazliqda olmayan rogslor.
YCJIOBUSA U3JTYUYEHUSA HAHOPASMEPHBIX ITPOBOJIAIINUX CPE/]]
I'ACAHOB 3.P., MYCTA®AEBA P.K. T'AJIZKUEBA B.M.

IloctpoeHa Tteopust koyieOaHUS TOKA B HHU3KOPA3MEPHBIX Cpelax 3JIEKTPOHHOIO THUIA
Hocutenell 3apsna. OnpeneneHbl 3HAUYEHMs 4acTOTHI HapacTarolMX BoJH. HaiineHs! 3HadeHus
IEKTPUYECKOTO0 M MArHUTHOTO MOJsI HPU KOTOPBIX MPOUCXOIUTHh H3iIyueHus sHeprum. C
OIlpeJieJIeHbl MHKPEMEHT HapacTaHus BO30YyKIAeMbIX BOJIH. Jl0Ka3aHO, YTO MHXKEKIMS HUIPaeT
CYLIECTBEHHBIH pOJM AJIs u3ilydeHus sHepruu. [lokazaHo, 4To 1711 U3IIydYeHUs SHEPTUM TpedyeTcs
OoJblIe 3HAYEHUS HIIEKTPUYECKOIO IOJIsA, YeM IpU BO30YXKAECHUS HapacTalOIIMX BOJH BHYTPU
cpenbl. JIoka3aHO, 4TO C U3MEHEHUEM Pa3MepPOB 00pa3lia 4aCTOTa BO3HUKAIOUIMX KOJIeOaHUH TOKa
OUYCHb CWJIBHO MEHSETCS. 3HAUCHUs BHEUIHErO JIEKTPHUUECKOTrO MO MY MOSABICHUS KoJeOaHMs
TOKa 3aBUCHT OT pasmepa oOpasua. Korma HaumHaercss Koje0aHUs TOKa B LENU BO3HUKAET
COIIPOTHUBIICHUE WHIYKTUBHOIO XapaKTepa, a peajbHas 4YacThb MMIIEJAHCA OCLULIUPYET C
OIIpeICJIEHHBIM NEepUOIOM. MHKeKIMsI Ha KOHTAKTaxX Cpelbl YCWINBACT HApPACTaHUS BOJIHBL. JTa
cpeza ¢ yKa3aHHBIMU pa3MepaMH MOXKET CIIy>KUTh KaK UCTOUHHK U3JIy4eHHs SHEPTUU.

KiroueBble ciioBa: 9acToTa, aMIUIUTYy/Ja, SJICKTPOH, HCPABHOBCCHBIC KoJIeOaHus.
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VIIK 537.5

NEFT HASILATI VO EMALI PROSESLORINDO OZONLASDIRILMA
USULU iLO SU - NEFT EMULSIYASININ PARCALANMASININ TODQIQI

COFOROVAF.S., ZOKIYEVA i.H., TAGIYEVA Z.A.

Azorbaycan MEA-nin Fizika Institutu
AZ 1143, Baki soh., H.Javid pr.,131
firuza_djafarova@inbox.ru

Laboratoriya soraitinde ozonlagdirilma tisulu ilo su - neft emulsiyasinin parcalanmasina aid todqiqatlar
apartlmisdir. Aparilan elmi-todqiqgatlarin noticosindo molum olmusdur ki, su - neft emulsiyasinin pargalanmasi
iictin 1,0 + 2,0 kiitlo% moblogindo ozonlasdirilmig madon suyundan istifads edilmasi lazimdir.

Acar sozlar: su-neft emulsiyasi, pargalanma, dehidratasiya, ozonlagdirilma, madon suyu

Hal hazirda, neft sektorunda yaranmis voziyyot bir torofdon neftin hocminin
artirllmasini, digor torofdon, bu sahodo istifado olunan xarici reagentlorin ovozino,
respublikada istehsal olunan yeni mohsullarin todbiqini tolob edir. Respublikamizin neft
yataqlarindan hasil olunan neftin ilkin hazirlanmast vo emali proseslorindo, homginin,
degidratasiya vo duzsuzlasdirilma proseslorinds deemulgatorlardan istifado olunur.

Odabiyyatdan malumdur ki, su-neft emulsiyasinin parcalanmasinin an genis yayilmis
dsullart  kimyovi deemulqgatorlarin istifadoesino  osaslanirlar.  Su-neft emulsiyasinin
parcalanmasinda, B-oksietilendiamin [1] téromalori qrupundan segilmis maddoni istifado
edorok, azottorkibli birlosmolor osasinda yaradilmis deemulqatorun istifads iisulu molumdur.
Psevdoojijenn1 halda horokotdo olan qatda aparilan, 1: (20 + 80) ¢oki omsalinda neft
emulsiyast ilo reagent-deemulqatorun qarisiginin istifadssilo su-neft emulsiyasinin
parcalanmasi todqiq olunub [2]. Miislliflor torafindon, su-neft sonayesindo dissolvan 4411
markali deemulqatoru ilo 80°S temperaturda miixtolif dozada, sonradan duruldurularaq su-neft
emulsiyasinin  parcalanmasinin todqiqi aparilmisdir [3]. Solvent vo sothi-aktiv maddodon
ibarot olan kimyovi deemulgatorun istifadosi ilo, qizdirma, dinamik duruldurma vo
sentrifuqa vasitosilo emal olunan ardicil proseslordon ibarat olan su-neft emulsiyasinin
parcalanmast molumdur [4,5].

Bu iisullarin osas ndqsani, kimyovi reagentlorlo aparilan deemulsasiya proseslorin
naticasindo, tullant1 sulariin olave ¢irklondirilmoasidir. Todqiq edilon iisullarin [6-8] osas
nogsanlari, reagentlorin su vo duzlardan keyfiyyastli tomizlonmasini tomin etmamayi, neftin
itkisidir, emal prosedurlarin mshsulun son qiymatina artiq deraceds artmasina tosir etmayidir
v, bunun naticesinds prosesin somaraliliyinin xeyli asag1 diigmasidir.

MDB o6lkalorinds vo xaricdo aparilan todqiqatlar gostorir ki, ozonlagdirma metodu
miixtolif sonaye saholorindon ¢irkab sulart vo bir sira digor zorarli organik ¢irklori (9-11)
tomizlomok {igiin effektivdir.

Yuxarida geyd olunanlara asason, ozon oksidlosmo metodundan istifado edorok neftin
itkisinin azaldilmasin1 vo dehidratasiya prosesinin samarsliliyinin artirtlmasini tomin edon
todqiqat islori aparilmisdir. Todqigat islori sokil 1-do gdstorilmis laboratoriya qurgusunun
sxemi Ulizro hoyata kegirilmisdir. Sxemo uygun, laboratoriya qurgusu osason asagidaki
elementlordon ibaratdir: hava quruducusu-1, reometr-2, ozonator aparati- 3, yiiksok gorginlik
monboyi AM-80, yiiksoldici transformator-6, milliampermetr-7, kilovoltmetr-8, barbotaj
absorberi (koOpiiklondirici)-4. Laboratoriya qurgusunun osas cihazi ozonizator-3 vo
kopiiklondiricidir-4. Ozonator iki borulu siiso elektrodlardan ibarotdir. iki borulu siiso
elektrodlarin arasindaki mosafodon kegon havadaki oksigen yiiksok gorginlikli elektrik
sahasinin tosirindon ozona gevrilir. Tocrlibolor 20-25°S temperaturda vo reometr gostaricisi
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tizro hava axmnmin 1-1,5 1/doq olmasi soraitindo hoyata kegirilir. Ozonatorda doyison
corayanin gorginliyi U =20 kV toskil edirdi.
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Sokil 1

Ozonlagdirilma tisulu ilo su — neft emulsiyasinin degidratasiya prosesino aid laboratoriya
qurgusunun sxemi :1 — hava quruducusu; 2 — reometr; 3 — ozonator; 4 — barbotaj tipli reaktor; 5 —
yiiksok gorginlik yaradan AM-80 transformatoru; 6 — yiiksoldici transformator; 7 — milliampermetr;
8 — kilovoltmetr.

Tacriibo {iglin madon suyu 50 ml miqgdarinda sxemda qeyd edilon barbotaj tipli reaktora
(kopiiklondiriciye) yigilir. Barbotaj tipli reaktorda, modon suyu 10 doqiqe orzindo 20°S, 1.57
g/saat ozon mohsuldarligi, vo hava axininin 90 1/saat kegirmo gabiliyystino malik olan,
laboratoriya yliksok gorginlikli ozon generatorunda istehsal edilon ozon ilo iifiirtiliir.
Ozonlasdirilmis modon suyundan miioyyon miqdari su-neft emulsiyasina alavs edilir. Alinan
emulsiya kolbada 80°S qarisdirilir vo sonra ¢okdiiriiliir. Bir saat orzinde durulmus suyun
miqdart dlgiiliir. Tacriibalords, su-neft emulsiyasinin ozonlagdirilmis modon suyunun forqli
miqdarlar1 ilo par¢alanmasinin GSlgiilori aparilmigdir. Neftdo su galigimin miqdar1 Dovlot
Standartlarina uygun miioyyon edilir.

Miigayiso ic¢ilin, 0,25 + 1,75 kiitlo % su-neft emulsiyasi 20+80°S temperaturda
ozonlagdirilir, vo alinan mohsul emulsiyaya daxil edilir vo sonradan ¢okdiiriiliir. Bir saat
orzinds duruldurulmus suyun miqdar 6lgiiliir.

Laboratoriya soraitindo aparilan todqigatlarda su-neft emulsiyasinin par¢alanmasi, 6-10
kq/t xtisusi sorfli ozonlagdirilmis 1,0 + 2,0 kiitlo % mablogindo madon suyundan istifado
olunur.

Dissolvanin, ozonlasdirilmis neftin vo ozonlagdirilmis moadon suyunun  su-neft
emulsiyasina oslavo edilmosilo, onun parg¢alanmasi lizro tocriibolorin noticolori codval 1 - do
gostarilir.

Beloliklo, codvoldo gostorilon rogomlors osason, su-neft emulsiyasinin parcalanmasi
20q/t ozonlasdirilmis madon suyunun slave edilmosils alds edilir, vo duruldurulmus suyun
miqdar1 100% togkil edir.
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Cadval 1. Su-neft emulsiyasinin ozonlasdirilma {isulu ilo par¢alanmasinin naticalari.

Eksperimentlor
Gostaricilor 1 >
Dissolvanin sarfi,g/t 16 40
Ozonlagdirilmig su-neft garigigmin sorfi,g/t 25 50
Ozonlagdirilmig moden suyunun sarfi, g/t 15 20
Bir saat arzinds suyun miqdari, %:
Dissolvan alava edildikda 64,5 82,5
Ozonlasdirilmis su-neft qarisigini alaves edildikdo 62 87
Ozonlagdirilmis madon suyu olava edildikdo 83 100

Prosesin somoraliliyi, 1,0+2,0 kiitlo % mablogindo modon suyundan istifado edilmosila,
neftin daha dorin dehidratasiyasindan va neftin itkilorinin azaldilmasindan ibaratdir.

Aparilan todqiqatlar asasinda prosesin istlinliiylori:

- su-neft emulsiyasinin daha dorin dehidratasiyast;

- neft itkisinin azaldilmasi; prosesin somoraliliyinin artirilmast;

- miisboat ekoloji effektin alinmasidir.
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WCCJIEJJOBAHUE IPOLIECCA PA3SPYHIEHUS BOJIOHE®TSAHOM
IMYJIbCHUU IYTEM O30HUPOBAHMUSA ITPU JOBbIYE U IIEPEPABOTKE HE®THU

JKADPAPOBA @.111., 3AKUEBA U.I'.,, TATUEBA 3.A.

B nabGopaTopHBIX YCIIOBHSIX OBUTH TIPOBEIEHBI HCCIICAOBAHUS TIpolecca IeaMYIIbCallHn
BOJIOHE(TSHOW SMYJbCHU ITyTEM O30HUPOBaHUs. B pesynbraTe MPOBEICHHBIX HCCIEIOBAaHHN
OBLIO YCTAHOBJICHO, YTO JUIS Pa3pylleHHs BOIOHEDTSIHON IMYILCHH HEOOXOIUMO HCIIOJIb30BATh
MIPOMBICIIOBYIO BOJTy, HACHIIIICHHYIO 030HOM B Komudectse 1,0 - 2,0 mac.%.

KaroueBble cioBa: BojoHe(TsHash SMyJbCUS, pa3pylICHUE, JeIMYJbCalvs, HPOMBICIOBas BOJa,
030HHPOBAHIE.

RESEARCH THE PROCESS OF DESTRUCTION WATER-OIL EMULSION BY
OZONATION IN EXTRACTION AND OIL REFINING

DJAFAROVA F.Sh., ZAKIEVA 1.G., TAGIEVA Z.A.

The article presents the research process of demulsification the oil-water emulsion by
ozonation in the laboratory. As a result of the research it was found that for the destruction of the
oil-water emulsion it is necessary to use field water saturated with ozone in an amount of 1.0-2.0
wt.%.

Key words: oil-water emulsion, destruction, demulsification, field water, ozonation.
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YK 546.24

WHTEPKAJIMPOBAHUE COEJVWHEHMM Bi;Tes )KEJIE30M U CEJIEHOM U X
BJIUSTHUE HA ®EPPOMATHUTHBIE CBOMICTBA

IBATUPOB C.B., ’KAXPAMAHOB A. I1I.

YUnemumym ®Gusuxu HAH Azepbatioocana
AZ1143, Baxy, np. I. /[scasuoa, 33
2Asepbationcanckuti I'ocyoapcmeennviii Yuueepcumem

Beenennem mpumecu (Fe) B Bi:Tes um wmcciemoBanmem kpuctauioB BixTes<Fe> mokazaHo, 9to B
MEXCJIOEBOM IPOCTPAHCTBE KPUCTAIUIA 00pa30BaHbl HAHOCTPYKTYpPBI MepIeHIUKYIApHbe miockocta (0001),
KOTOPBIC OKa3bIBAIOT
UX BJIMSHUE Ha IepexoJ BelecTBa B (JeppOMarHUTHOE COCTOSIHHE

[Tosy4eHbI CTPYKTYPHI C YEPEMYIONMMHUCS CIIOSMH MarHATHBIX X HEMArHUTHBIX aTOMOB, OTIHYAOIIHECS]
OT HCKYCCTBEHHO CO3[aBacMBIX [BYMEPHBIX MArHUTHBIX CTPYKTYp TEM, YTO HX TOJIIMHA CpPaBHUMA C
MEXaTOMHBIMH PacCTOSIHUSMU. [IpH 3TOM ABYMEpHBIN XapakTep TAaKUX CTPYKTYP PEATH30BaH B MAKCHMAbHOM
CTEIEHH.

Lenpto paboThl SBISIETCS BBIABICHUE MOP(OJIOTHYSCKHX OCOOCHHOCTEH MOHOCIOEBOIO MPOCTPAaHCTBA
cioucToro kpucramia BipTez<Fe>untepkamupoBaHHOTO xeiie30M. KOHEUHOH 11e/bi0 paboT Mo HCCIIeI0BAHHIO
Bi;Tes(npumMech) sBIsSIeTCS OKa3aHWE TEXHOJOTHHM W3TOTOBJICHHS TEPMOIICKTPUUECKUX OaTtapeii (Th),
paboTaronyx B )ECTKUX YCIOBUIX DKCILTyaTaIHH.

KaoueBble ciaoBa: Xumuyeckas CBs3b, KBHUHTET, MHTEPKaJMpPOBaHHWE, Je(PEKThl PELIETKH,
(eppoMaraeTn3M, HAHOCTPYKTYPHBIE YaCTHIIbI, HAHOOOBEKT.

1. OOcy>kneHue pe3yabTaToB.

HHTepkanupoBaHHBIE aTOMBI HIMEIOT 00J1€€ BRICOKYIO TU(HY3HOHHYIO TIOABHKHOCTD IO
CPaBHEHHMIO C aTOMaMH PEHIETKH, TaK Kak, HHEeprusi oOpa30BaHUS COEIUHEHUS-MaTpPHUIIbI
BBIIIIE PHEPTUM MHTEPKAISINY, HHAUYE€ MaTepual HE MOXKET CUUTAThCS MHTEPKAJIUPOBAHHBIM.
Temnepatrypa mnepexoma B (QEeppOMarHUTHOE COCTOSHHE 7. YBEIMYHMBAECTCA C POCTOM
coneprxkanus xxenesa, nocturas 12K npu x=0,08. Jlerkast ocb HaMarHUYEHHOCTH TTapaJIIeIbHA
kpuctamorpadguueckoit ocu C3. OnHAKO B 3TUX HCCIEJOBAHUAX HE 3a0CTpsieTCS BHUMaHHE
Ha (popMuUpOBaHUE MPUMECHBIX (DpaKTAIBHBIX arperatoB Fe B BaH-Iep-BaaabCOBOM MU U
OKa3aHWs WX BIUSHUS HA CBOWCTBA TeJLTypHuaa BucMyTa[l].

B cBs3u ¢ 9KcnepuMeHTaJ bHBIM (akToM mepexoma cuctembl BixxFexTes B
(beppOMarHuTHOE COCTOSIHME U BO3MOXKHBIM BHECEHHEM (peppoMarHeTu3Ma B 3TOT MEPEXO0J
HAHOYACTHUIIAMM JKeJie3a, HaXOIAUIMMHCS B MEXKCIOEBOM IIPOCTPAHCTBE, PacCCMOTPUM
W3BECTHBIC JaHHBIE O BKJIIOYCHHMH >Kelie3a B pa3inuHblie HAaHOOOBEKTHI [2]. MarHuTHbIe
CBOMCTBa BEILIECTBA TaK)KE CHJIBHO MEHSIIOTCSI C yMEHbLIEHHEM pa3MepoB wyacTuil. s
HAHOKJIACTEPOB HAOIIOJAeTCs] HEMOHOTOHHAsi 3aBUCUMOCTh HMX CBOWCTB OT BEIUYHHBI
KJIacTepa, T.€. OT YUCJia aTOMOB B HeM [3].

Jis  xjmacTepoB  kene3a HAOMIOJANOCh YBEIMYEHHE MArHHUTHOTO MOMEHTa IO
CPaBHEHHIO C €T0 3HAUYCHHUEM Y TeX JK€ aTOMOB B MacCUBHOM obpasiie [3]. Tak mns atomoB Fe
MarHUTHBIE MOMEHT BO3pacTal A0 BEIWYMHBI 3,244, TPH 3TOM HaOMIOJaINCh OUCHUS
MarHUTHOIO MOMEHTa B 3aBHCHUMOCTH OT YHMCJIa aTOMOB MeTallla B KiacTepe. Bemnumna
M=22u,, XapakTepHas nais aToMoB Fe B MaccuBHOM o0paslie, IOCTUTaercs IpH

yBEJIMYCHUH 4Ynciaa aToMoB (N) B kiactepe a0 500. BeimiensioxkeHHOe HEOOXOIUMO yUYECTh
pHu 00CYKIICHUU Pe3yIbTaTOB HU3KOTEMIIEPATYPHOTO (PpeppoMarHeTiu3mMa B MOITyMarHUTHOM
noJynpoBoaHuke BioTes<Fe>.
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B cBsa3u ¢ stumMm MNpEACTAaBIACT HHTCPEC HM3YUCHUC BIIUAHUA KCIIC3A, 06naz[alomer0

MaJbIM aTOMHBIM PaglycoM Ha Mopdonoruio Mexcioesoro mpoctpanctea Te!) —Te) | na
cBoiicTBa Bi2Tes u ero Bepaoro pactsopa (Bi2Tes 96 monb%- BiaSes 4 Mmonb%) u BoxFexTes.

2. MeToauka 3KCIepruMEHTA.

Coenunenne  BixTes<Fe>nomyuaim  MeTOZOM  BEpPTUKAIBGHOW  HAIpaBICHHOM
kpuctammmsamn - npu - 950°K m rpammente  Temmepatypel A T=100° wu  ckopocTH
kpucTammsamuu Menee 102 cm/gac. Ctpykrypa BizTes-Me sBiseTcs HMHTEpKAIAIMOHHOM,
T.K B HEH MOXHO BBIICIUTHh CJIOM MaTpHIbI-X03iuHa u «rocta» (Fe). M3-3a cmaboii
xumuueckoit  cBasm  mexay T —T®  3mech XapakTepHO yBemHUeHHE MEKCIOEBOTO

paccTOsTHHS MTPH MPOHUKHOBEHHH ATOMOB METAJIJIOB B MEKCIIOEBBIE TTYCTOTHI.

DNEKTPOHHO-MUKPOCKOTIMUECKHE  HM300paKEHUsT HM3y4alld HAa  ATOMHO-CHUJIOBOM
mukpockorie (ACM) mapku NC-AFM u Ha snextpoHHOM Mukpockore JSM 5410 LV.
PeHTI‘eHI[I/I(I)paKTOMeTpI/ILICCKI/Ie HUCCIICO0OBAHUA IMPOBOANIIUCH Ha YCTaAHOBKC MapKu
PhilipsPanalytical (X-raydifractometer). IlpuroroBiacHre aTOMapHO YHCTOW MOBEPXHOCTH
Bi2Tes<Fe> ocyriecTBisioch mMyTeM CKoJia KPUCTAJUIOB BAOJb OasucHO# miockoctu (0001)
Ha BO3JIyX€ Mepe]] MPOBEICHHUEM YKCIICPUMEHTOB.

4. Mopdonorus mosepxuoctu (0001) BioTes<Fe>.

OTMeTuM  cienyrome SKCIEpUMEHTaNbHbIe (akThl. Bo-TepBBIX, B OCHOBHOM
MexcioeBbie HaHOCTPYKTYpbl (MHC) umeroT nupamuaansuyo Gopmy 6e3 3apoocTpalibHOTO
koH1a. Bo-Bropeix MHC, umest paznuuHble pa3Mepsl IO BBICOTE BBIPACTAIOT ¢ MOBEPXHOCTH
(0001) m pacmomararoTcs mapajuielbHO Ipyr Apyry. B Tpetsux, B mporecce pa3surus, MHC
TECHO COJIKAsCh COXPAaHAIOT CBOM (OPMBI; TpU 3TOM (HOPMHUPYIOTCS HOBBIe-OoIee
00BEMHBIE CTPYKTYPhI, UMEIOIIUE CIOKHYIO ()OPMY U CTPOCHHUE.

Ananmu3 mokasan 4Tto, (opMHpoBaHHE HaHOOOBEKTOB FeTe B HaHOpeakTope Mexny
Te® —Te®npu BEIpammBaHMM KPHCTANIOB MPOUCXOANT B pPE3ylNbTaTe B3aUMOIEHCTBHSA
aTOMOB U UX arperaiyu npu NOHWXKEeHHbIX TeMiepaTypax (Hmwke 900K). HacTsb jxe 31eMEeHTOB

xenesa «ocenaer» Mexay cioamu  Te —Te®Bi,Te, xak B HaHOKOHTeiiHepe He

B3aMMOJICHCTBYS CO CTEXUOMETPUICCKHMMU KOMITOHEHTAMH, YTO BUIHO M3 HAJMUUS THKA TIPH
20 =44° (puc.1). BelmensnoxeHHoe MOATBEpKAaeTCS AU(GPAKTOrpaMMOil MPUBEIEHHON Ha

puc.1; xapaktepHbie 111 BioTes muku BUIHBI TpH yriax 20 =17:31,5:45°. JlonmomHUTEIbHBIC
nuPaKIMOHHBIE KU OT CKoNoToi mosepxHocTH (0001) BizTes<Fe> mpu 20 =15° 1 64,5°

CBUJIETENLCTBYIOT 06 06pa3oBanuu HaHodparmeHtoB oT FeTe B manopeaktopeTe® —Te®
BizTes. [NosiBnenue TU(PPaKINOHHBIX MTUKOB npu 3HAYCHUAX YIJIOB

20 =4°,18°:29°:31,5%:65° 1 73° momumo mmkoB BirTes CBUJICTEIILCTBYIOT 00 00pa3oBaHUU
CTpyKTyp snmemenToB BixTezSe; mpu yrmax 20 =16°,32°;44,5°:52°;73° saduxcupoBansl
muku ot BixSe; (puc.1).

Iogsoas wror ucciaenoBanunii ACM-uzo0Opakenuit U audpakrorpamm BiTes<Fe>
MBI MOXEM YTBEp)KIaTh, uTo Ha 0a3zoBoil moBepxHocTu (0001) B mpoiiecce BbIpalIMBaHHUS
MOHOKpHCTAIIOB chopmupoBaiucy pssag MCD: Fe, FeTe, Bi.Ses, BixTe;Se. Bau-mep-
BaambcoBa «menb» Te® —Te® crrpama 3mech pomb He TONBKO HaHOpEaKTOpa JUIs
HaHOYacTHUI| coenuneHuit FeTe, BioTez, BizSes, BizTe2Se , HO u posib HaHOKOHTEHHEpa uis Fe.
H3y4eHHbIEe MEKCIIOEBbIe HAHOOOBEKTHI B BioTe3<Fe> MMeIoT CII0XKHBIi COCTaB U CTPOCHUE.
B mux npucyrcrByer 1 MHC ¢ Fe o6nanarommm gpeppomMarHeTH3MOM.

ChopmupoBannsie Ha mnoBepxHoctd (0001) HaHOCIOM B3aMMOACHCTBYIOT —CO
cBepxcrexuomerpudeckumu Bi, Se u Te, obpasys FeTe, a take BixSes, BixSez, BixTesSe.
YacTh HEB3aMMOJEHCTBYIOIIMX aTOMOB jKene3a Takke ocenaioT B Mexkcnoax Te® —Te® p
CBOOOHOM COCTOSTHMM KaK B HAHOKOHTEHHeEpe.
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Puc.1. Pentren-gudpakromerpudaeckuii cHUMOK rmoBepxuoctr (0001) kprcramia
(BizTE3-Bi23€3)<Fe>.

HpI/I HUCCIICAOBAHUUN MCIKCJIOCBBIX MCTAJUIMYCCKUX HAHOYACTHIl BCTPCHACTCA OoutbIIOE
YHCJIO CBA3AHHBIX AaTOMOB JK€JI€3d, KOTOPBIC BHYTPU JAHHOT'O HaHOOOBEKTA COXpaHA0T CBOKO

MHAUBUAYAIBHOCTH (cM.puc.l). HaHOOCTpOBKM B MEXKCI0EBOM IMPOCTPAHCTBE MPHUBEIEHBI Ha
puc 2.

®n

o

a) b)
Puc. 2. ACM — uzob6paxkenne B 3D macmrabe BiyTes -Fe — (a)
ACM — mobpaxenue B 2D macmitabe BiyTes -Fe — (b).

BBenenue npumecu xkese3a MPUBOANUT K YBEIWYCHUIO KOHLIEHTPAILIUH 3JIEKTPOHOB, YTO
CBSI3aHO C TIOJIHBIM MOJABJICHUEM AHTHUCTPYKTYpHBIX nedekToB BirTes. Ilo-Buaumomy, 10
OIpeJIeIeHHBIX KOHIIEHTPALil aTOMBI jKeJie3a HaXOATCsA B TBEPJIOM PACTBOPE 3aMEIICHUS B
y3Jax TOJPEMIETKH TeJulypa KaK HeHTpanbHbIe e(EeKThl, TMPEMSITCTBYS OOpa30BaHHIO
AQHTUCTPYKTYPHBIX nedekToB BirTes. VYBennueHne KOHIEHTpalMU TPUMECH CO37aeT
BO3MOYKHOCTh HAaXOKACHHS B BaKaHCHSIX BHCMYTa M B MEXIOY3IHSIX aTOMOB JKele3a,
He3aBepIIEHHOCTh (-000JI0YKM KOTOPBIX IMPHUBOIUT K JIOKAIM3ALMH SJIEKTPOHOB HA ITUX
HNPUMECHBIX [ICHTPAX, YeM U OOBICHICTCS NX aKIETITOPHOE BIHSHUE.

BBuny toro, uto aedexTbl Ferez) HEHTpasibHBl, a NO3MLMM FEpj MOHM30BaHBI M
JIOKAIN3YIOT Ha cebe 3JEKTPOHBI, TO BEPOSITEH CABUT IUIOTHOCTH 3JIEKTPOHOB B CTOPOHY

cszu Te” —Bi,Te" — Feg; . CoOTBETCTBYIOIIUI CABUT AIEKTPOHHOU TIIOTHOCTH U Mayloe
KOJIMYECTBO F€, pacrooKeHHBIX B MEKCIOCBOM MPOCTPAHCTBE, CITIOCOOCTBYIOT TIOHUKCHHIO

MCIKCIIOCBOT'O SHEPICTUICCKOT'O 6apbepa " YCUJICHUIO MEKCIIOCBOT'O B3aHMOJEHCTBHUS 3a CUET

MEPEKPHITUST BOJHOBBIX (DYHKLHN 3JEKTPOHOB COCEIHUX CJIOEB U NPUMECH, HaXOJsIIEHCs
MEKIY CIOSIMU.

OtmetrnM([3], YTO MarHUTHBIA MOMEHT aToMa Jejle3a B MOHO W OHSIEPHBIX
COEJMHEHUSX JKEJIe3a COCTABISET B 6 L4, B TO BpEeMs KaK MarHUTHBII MOMEHT aToMa XkKelle3a
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B MacCUBHOM (eppomarHeTuke paBeH 2,2/4,. MarHuTHele MOMEHTHl aToMoB Fe,

HAXOJSIIMXCS B Yy3JaX KPUCTAJUTMUECKON perieTku (B MEXIOY3JsAX) HU3MEHSIOTCS MpH
Mepexojic UX B MEKCI0EBOE MPOCTPaHCTBO BixTes . DTo MOKET OBITH CBS3aHO C BO3MOKHBIM
mMeHenneM ceseil ¢ aromamu Te"” MHC, moctpoeHHbIX u3 kinactepos. DopMupoBaHHe
MarHUTHBIX CBSI3eM TpU KJIACTEPOOOpPa3OBaHUUM MOXKET MPOXOAUTH B COOTBETCTBHH CO
CTPOCHHUEM DJJIEKTPOHHON O00OJOYKH, KaK B Cliydyae KJIACTEpOB INEIOYHBIX MeETauioB [3].
Vmenbmenne pasmepa MHCF B mexcnoeBom mpoctpanctee Te!-Tel" BixTes mosxer
MPUBOIUTH HE TOJIBKO K U3MEHEHHUIO €r0 MAarHUTHOTO MOMEHTA, YBEJIMYEHUIO TEPMOIJC, HO U
nepeBojay Bcero kpuctamia Bio.cFexTes B deppomarHuTHOe COCTOSIHHE, NPUYEM BIIOJHE
BO3MOXHO, UTO HAHOHUTH MOTYT UTPATh POJIb TPAHUI] JOMEHOB IIPH HAMarHMYMBaHUU.
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Bi>-Tes BIRLOSMOSININ DOMIR VO SELENLD INTERKOLYASIYASI VO
ONLARIN FERROMAQNIT XASSOLORINO TOSIRI

BAGIROV S.B. QOHROMANOV A.S.

Domir atomiarin BizxTes laylarinin arasinda interkolyasiya Oyronilmisdir. Laylarin
arasinda Van-dervals olagesi olmasi interkolyasiya kvintetlorin kimyavi zabitosi artir. Bu
halda laylar arasi nano strukturlarin amalo golmasi miimkiindiir. Nanostrukturlar Bi>Tes<Fe,
Se> birlosmasinin (0001) miistovisine perpendikulyardilar. Nanostrukturlarin ferromaqnit
halina kegmosing tosiri dyronilmisdir.

Acar sozlar: kimyavi alago, kvintet intekolyasiya, ferromaqnetizm, nanostruktur hissaciklor, nanoobyekt.

INTERCALATION BY THE iRON OF Bi,Tes<Fe>
AND iTS INFLUENCE FERROMAGNETIC CONDITION.

BAGHIROV S.B., KAHRAMANOV A.SH.

The influence of Fe atoms intercalated in Bi>Tes interlayer space on the surfacve
morphology (0001) has been studied the nanoisles have been formed in the interlayer space
perpendicular to Bi;Tes<Fe> planes (0001), which have had the influence on the substance
transfer to the ferromagnetic state.

Keywords: chemical bond, quintet, intercalation, lattice defects ferromagnetism, nanostructured,
particles, nanobject.
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HIiDROKIMY®VI METODLA CuixinxSy VO CuixinSyO1y TORKIBLI
NAZIK TOBOQOLORIN ALINMASI

HUSEYNOV Q.M., KAZIMOV M.H.

AMEA Nax¢van Bélmasi Tabii Ehtiyatlar Institutu
E-mail: gorxmazhuseynli@rambler.ru

Rentgenfaza (RFA), differensial-termiki (DTA), vo skanedici elektron mikroskopik (SEM) analiz
metodlar1 vasitosilo CuClo—InCl3—CS(NH,),—trilon B vo CuCl—InCla—CS(NHy), sistemlorindo 323-373 K
temperatur araliginda nazik tobogolorin alinmasi soraitini aragdirilmis, mikromorfologiyasi dyronilmis vo bu
tobagolorin fiziki-kimyovi xassolori todqiq edilmisdir. Miioyyon edilmisdir ki, temperatur artdiqda yiiksok
adgeziyali nanohissaciklordon kiiro formali mikrohissaciklor formalasir. pH=10+14 araliginda alinmis Cu;.
«InkSyO1.y torkibli tobagalords in — 8,9-9,6 at.%, Cu — 25,8-40,7 at.%, S — 13-18,5 at.%, O — 31,3-52,4 at.%
toskil edir. pH=9+10 araliginda alinmis CuixInkSy torkibli toboqolords iso stexiometrik torkibdon asili olaraq
daha ¢ox (~76-90%) CuinS;, CulnsSs, CusinsSg vo CuinsSs birlosmoalori méveud olur. Miivafiq sistemlor iizro
almmig Cul.xinxSy torkibli tobagalords n-tip, Cul.xinxSyol.y torkibli tobagolords iso p-tip kegiricilik miisahido
edilmigdir.

Acar sozlor: hidrokimyovi metod, nazik tobaqo, tiokarbamid, alinma soraitini, mikromorfologiya,
stexiometrik torkib, qaranliq kegiriciliyi.

Giris. Son dovrlor alternativ enerji monbalorinin axtarist vo todqiqi sahosinds ¢oxlu
maraqli naticolor oldo olunmusdur. Belo ki, yaradilan yeni qurgularin vo cihazlarin is¢i
hissolorinda perspektivli funksional birlosmalordon genis istifado olunur. Giinas c¢eviriCi
qurgularda istifado olunan perspektivli materiallar sirasina halkopirit tobiotli birlosmalor do
daxildir. Bununla olagadar olaraq bu birlogsmolorin nazik tobago halinda alinmasi aktual
moasalolordon biridir. Miasir dovrdo sulu mohlullardan hidrokimyavi metodla nazik
tobagolorin yeni alinma metodlarinin islonmosine maraq artmisdir. Ciinki hidrokimyoavi
metodla alinan nazik tobagolor nanodl¢iilii olur vo onlarda yeni xassolor miisahido olunur.
Digor torofdon, bu metodla nazik tobogolorin alinmasinda miirokkab qurgular vo ¢ox enerji
talob olunmur.

Glinos ¢evirici qurgulart liclin perspektivli hesab edilon materiallardan bir do mis(I)—
indium(IIl) disulfid tebogaloridir. Bu tobagolor yiiksok gilinos siialart udma (absorbsiya)
omsalina (a=~10° sm™) malikdirlor. Qadagan olunmus zonasinmn eni 1,5-1,55 eV hoddindo
olub, radiasiyaya qarsi davamlidir. Bundan basqa, miioyyan edilmisdir ki, mis(I)—indium(lIl)
disulfid tobogalorini Ga, Cd, Fe, Se, Zn va s. kimyavi elementlorls legirlodikdo modifikasiya
olunmus optik xassolor miisahido edilir [4, 5 ].

Misin tioindatlar1 (CulnS, CulnSz, CulnsSs, CusinsSe vo CulnsSs) yarimkegirici
materiallar olub, yiiksok fotohossasliga malikdirlor. Ona goro do bu birlosmolor
fotorezistorlarda, fotoelementlords vo elektron-siia qurgularinda yarimkecirici materiallar
kimi genis istifado edilir [1-11]. Cu—In-S sistemindo daha genis dyronilon CuinS: birlogmasi-
dir. Bu birlosmo elementar komponentlorin vakuumlasdirilmis kvars ampullarda birgo
oridilmosi yolu ilo sintez edilmisdir [1, 2, 4]. Istigamatlondirilmis kristallasdirma (yod
qazdasiyicis1 vasitosilo) metodu ilo CulnS; birlosmosinin monokristallar1 alinmis vo
kristallarin ~ bdyiimo morfologiyast Oyronilmigdir [4]. Metal-lizvi birlosmolor -
[CUCI(NCCH3)]n va [InCI(NCCHs)]n osasinda qaz fazadan CuinS; birlosmasi sintez
edilmisdir [2, 4]. Tiokarbamid komplekslorinin aerozol mohlullar1 asasinda CuinS:
birlogsmasinin nazik toboaglori do alinmisdir [3, 5, 10, 11].
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Umumiyyotls, odobiyyatda mis(I) tioindatlarin miixtolif metodlar1 médvcuddur.
Bunalrdan sulu mohlullarin vakuumda isti sotho ¢ilonmosini (vakuumda piiskiirtmo), qaz
fazadan fiziki ¢Okdiirmo, molekulyar-siia epitaksiyasi, mis-indium tobogasinin
sulfidlogdirilmasi, sulu mohlullardan kimyovi ¢okdiirmoni vo s. misal géstormak olar [1-11].

Miirakkab sulfidlorin sulu mohluldan hidrokimyavi metodla alinmasi vo onlarin
xassalorinin Oyronilmosi on aktual mosalolordon biridir. Atston, sulu mohluldan alinan nazik
tobogolordo maddolor nanodlgiilii hissaciklor formasinda olur. Malumdur ki, nanohissaciklorin
bir ¢ox fiziki-kimyovi xassolori six materiallarin xassolorindon forglonir. Son dovrlor bir ¢ox
metallarin ikili vo tgli sulfidlorinin hidrokimyovi vo hidrotermal metodlarla alinmasinda
timumi formulu R—CS—NH; olan kiikiirdlii iizvi birlogmalordon — tioamidlordon (tiokarbamid,
ammonium tiokarbaminat, tioasetamid) genis istifads olunur. Malumdur ki, kiikiirdlii tizvi
birlogmolor miixtolif metal (d-elementlor) ionlar1 ilo kompleks omologotirmo xassosino
malikdir [3-11].

Isdo mogsed mis(Il) xlorid (CuClp), indium(Ill) xlorid (InCls) vo tiokarbamid
(CS(NH>)2) birlosmoalarinin sulu mohlullarindan istifade etmaklo mis(I)—indium(Ill) sulfidli
(CuzS—InzS3) nazik toboagolorin alinmasi soraitini miioyyon etmok, mikromorfologiyasini
Oyranmak va bu tobagalarin fiziki-kimyavi xassalarini todqiq etmak olmusdur.

Mogalodo rentgenfaza (RFA), differensial-termiki (DTA), skanedici elektron
mikroskopik (SEM) analiz metodlar1 vasitasilo mis-indium disulfid nazik tobagolorinin
hidrokimyavi metodla alinmas1 va fiziki-kimyavi analizino aid naticolor verilmisdir.

Tacriibi hissa. Mis(l)—indium(III) sulfidli nazik tobagolori almaq ii¢lin yagsizlagdirilmig
tomiz CT-50-1 markal1 polad althiq {izorindo kimyovi ¢okdiirmo hoyata kegirilmisdir. Ilkin
komponent olaraq CuCly, InCls vo CS(NH2), birlosmalorinin 0,1 M qatiligli mohlullarindan
istifado edilmisdir. Mohlulun pH-nin qaldirilmasinda 5%-li NaOH mohlulu istifado
olunmusdur. Reaksiya qarisigidaki misi reduksiya etmok (Cu?*—Cu*) iigiin mohlula
hidroksilaminin xlorid tursusunda mohlulu (NH>OHHCI) olavo edilmisdir. Polad altliq
tizorindo nazik tobagonin formalasmasi ti¢iin mohlula trilon B (Na2CioH1408N22H20)
qarigdirilmigdir.

Nazik tobogoloruin sintezi molibden siisodon hazirlanmis hermetik (agz1 kip baglanan)
qurguda 323-373 K temperatur araliginda hoyata kegirilmisdir. Qurgu KBC G-100/250
markali (made in Poland) elektrik sobasinda yerlosdirilmisdir. Elektrik sobasmnada qeyd
olunan temperatur araliginda sabit temperatur soraitlori (+1°%) tomin edilmisdir. Polad altliq
lizarina tobagalarin ¢okdiirme miiddati 120-150 daq. olmusdur.

Tabogoalorin mikromorfologiyast HITACHI TM3000 (made in Japan) markali skanedici
elektron mikroskopunda (SEM), garanliq miigavimati K54 410 markali qurguda, tobaglorin
osas birlosma vo element torkiblori rentgenfaza RFA (2D PHASER “Bruker” cihazinda,
CuKg, 26, 20-80 dar.) va enerji-dispers spektral (Launch Trion XL dilution refrigerator —
OXFORD cihazinda) analiz metodlar1 vasitasilo todqiq edilmisdir.

Naticalar va onlarim miizakirasi. Mis(l)—indium(III) sulfidli nazik tobagolorin hidro-
kimyovi ¢okmo soraitini toyin etmok iigiin miixtalif gatiligda (0,01-0,5 mol/l) trilon B va
NaOH olan mohlullarda pH-in 2-12 hoddinds nozori hesablamalar aparilmigdir. Alinan
hesablamalarin natisolorindon molum olmusdur ki, su miihitindo Cu2S vo InSs sulfidlori
pH=3,5+10 araliginda c¢okiir. Trilon B istirakinda iso hotta pH=10+14 araliginda belo
cokiirlor. Bu hesablama naticolordon sonraki tocriibslords genis istifado edilmisdir.

Molumdur ki, trilon B mohluldaki (pH=4-5,5) mis ionlar1 ilo Cul’" tipli davaml
kompleks ion amola gatirir. Omals golon kompleks ion tiokarbamidls reaksiyaya girorak CuS

omolo gotirir. Tiokarbamid nisboton yiiksok reduksiya potensialina (-0,42 V) malik oldugu
tictin ikivalentli misi qismon birvalentli miso reduksiya edir:

2Cu* +2CS(NH,), +2e” — 2Cu* +(NH,),CS —SC(NH,), + 2H"*
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Mohlula hidroksilaminin xlorid tursusunda mohlulunu olavo etdikdo reduksiya
potensiali -3,04 V olur vo misin hamisi reduksiya olunur. Moahlulunda omals golon hidrogen-
sulfid miivafiq metal ionlar1 ilo garsiligh tosirdo olaraq onlarin sulfid soklindo ¢okmasing
sobab olur. Cokiidiircliniin miqdarini artirmagqla reaksiyanin siirotini artirmaq v sulfidlorin
tam ¢okmosini tomin etmok olar. Tiokarbamidin tosir mexanizmi onun turs vo qolovi
miihitlorde hidrolizi zamani hidrogen-sulfidin ayrilmasina osaslanir. Bas veron reaksiya
tonliklorini imumi sokildo asagidaki kimi gostormok olar:

2Cu* +CS(NH,), + 2H,0 — Cu,S ¥ +2NH; +CO, (pH=3+7)
2Cu* +CS(NH,), +40H™~ — Cu,S ¥ +CNZ” +4H,0 (pH>7)

2In* +3CS(NH,), +6H,0 — In,S, 4 +6NH; +3CO,  (pH=4+7)

2In* +3CS(NH,), +120H™ — In,S, 4 +3CN}” +12H,0 (pH=7+12)

Tocriibi noticolordon molum olmusdur ki, ilkin komponentlorin (CuClz, InClz vo
CS(NH2)2) mol miqdarindan asili olaraq dielektrik (siiso) altliglar tizorindo alinan tobaglorin
rongi miuxtalif olur. Masalon, misin miqdar1 7 at.%-don 35 at.%-o godor artdigda tobagolorin
rangi agiq gohvayidon yagimtil tiind gohvayiyes doyisir.

Birlogmolorin alinma soraitini miioyyon etmok {i¢iin miihitin pH-nin, mis(II) xlorid,
indium(Ill) xlorid vo tiokarbamidin qatiligi, homg¢inin metal duzlarinin sulfido ¢evrilmo
doracasinin vo hollolma hasilinin qiymetlorindon istifado edilmisdir. Mis(I) tioindatlarin
alimmasin1 vo nazik tabagolorin torkibini miioyyan edon asas amillor — ligandlarin novii, qati-
1181, miihitin pH-1, metal duzunun tobioati vo ¢evrilmo daracosi, homginin sulfidlorin hollolma
omsalidir. Miioyyon edilmisdir ki, birlosmolorin vo nazik tobogolorin formalasmasi tio-
karbamid va trilon B-nin qatiligindandan asilidir. CuCl,—InCls—CS(NH;)2—trilon B sisteminda

tarazliq soraitini hesablamagq {i¢iin asagidaki boraborlikdon istifads edilmisdir [5, 6]:

o
Apa = ApHH — pC, —Ap——,
pa =Ap pL, —Ap -5
burada Apa — kompleks omolo gotirmoyon Me?* ionlarmin qatihiglari farqi; ApHH — metal

sulfidlorinin hollolma hasilleri forqi; pC, — metallarin ilkin qatiliglar forqi; Api — iso metal
1-6

duzlarinin sulfids ¢evrilma doracalorinin forqidir.

Yuxarida verilon barabarlik asasinda CuzS, In2Ss, Cu(OH)2 va in(OH)s birlosmalarinin
davamliliq sorhadlori toyin edilmis vo pCpr—pH diagrami qurulmusdur (sek. 1 va 2).
Hesablamalarda miivafiq birlogsmolorinin adobiyyatda verilon tarazliq sabitlorinin vo hallolma
hasillorinin giymotlorindon istifado edilmisdir [7]. Hesablamalar [CS(NH2)2]=0,5 molll,
[NaOH]=0,5 mol/l qatiligli mohlullara gérs aparilmisdir.

Sok. 1 va 2-don goriindiiyii kimi, su miihitindo CuCl,—InCls—CS(NH,): sistemindo CuzS
vo InzSz-iin birgo ¢okmoa sahosi pH-in 3+11 araliginda miisahido olunur. Sistems trilon B
olavo etdikdos iso vo InpSs-iin birgs ¢okmo sahosi pH-1n 9+14 araliginda miisahids olunur. Bu
zaman hidroksidlorin do (Cu(OH)2 vo In(OH)3) ¢okmo sahalori doyisilir. Bunun sobobi trilon
B-nin miivafiq metallarla kompleks amolo gatirmasidir.

RFA noticolorindon molum olmusdur ki, su miihitindo CuCl—InCls—CS(NH.)2
sistemindo pH=3,5+8 araliginda ¢okdiiriilmiis tobaqgolords stexiometrik torkibdon asili olaraq
CuinS;, CuinzSs, CusinsSg vo CulnsSg birlosmalori méveud olur. pH=8+14 aralifinda alinan
toboaqalardo isa CuzS, In2S3, Cu(OH), va in(OH); garisigi olur.

Su miihitindo CuCla—InCls—CS(NH2)2—trilon B sistemindo pH=9+10 araliginda alinmis
tobaqalorde (CuCly/InCls/CS(NH2),=1:1:2; 1:3:5; 3:5:9 vo 1:5:8 mol nisbatlorinda) daha cox
CuinS; (~85%), CulnsSs (~76%), CusinsSy (~72%) vo CuinsSs (~90%) birlosmolori mdvcud
olur (sok. 3). pH=10+14 araliginda alinmis tobogslordo In — 8,9-9,6 at.%, Cu — 25,8-40,7
at.%, S — 13-18,5 at.%, O — 31,3-52,4 at.% toskil edir. Bu tobagolordo Cu(OH)2 va in(OH)3
qaris18 uistlinliik togkil etdiyi ticlin oksigenin miqdari ¢ox olur.
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Sokil 1. Su miihitinde CuCl,—InCl3—~CS(NH,), sisteminda CusS vo InySs-iin
birgs ¢okmo sahasi: strixlonmis saha.
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Sokil 2. Su miihitindo CuCl,—InCl3—~CS(NH,),—trilon B

sistemindo Cu,S va In,Ss-iin birgs ¢6kmo sahosi: strixlonmis saha.
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Sokil 3. Su miihitinde CuCl,—InCl3—~CS(NH,),—trilon B sistemindo
pH=8+10 araliginda alinmis ¢okiintiilorin difraktoqramai.
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Umumiyyatlo, RFA noticolorindon molum  olmusdur ki, su miihitindo
CuCl2—InCl3—CS(NH,); sistemindo pH=3,5+8 araliginda Cui.xInsSy, pH=8+14 aralifinda iso
CU1xInySyO1.y torkibli tobagolor ¢okiir. CuClo—InCls—CS(NH2)2—trilon B sistemindo Cui-
«InxSy torkibli tobagalor pH=9+10 araliginda, CuixinxSyO1-y torkibli tobagalor iso pH=10+14
araliginda omalo golir. Tabagolorin torkibi va qurulusu ilkin komponentlorin gatilifindan
asihidir. Digor torofdon trilon B sistemindo geyd olunan tobogolor ¢ox yavag siirotlo ¢okiir.
Bunun sababini trilon B-nin mis vo indiumla davamli kompleks amalo gotirmasi ilo izah
etmok olar.

323-373 K temperatur araliginda hidrokimyovi metodla ¢okdiiriilmiis tobogolorin
mikromorfologiyasi 0yronilmisdir. SEM analizi noticolorindon miioyyon edilmisdir ki, 323 K
temperaturda ¢okdiiriilmiis tobogolordo hissociklorin orta 6l¢iisii 170 nm olur. 373 K
temperaturda alinmis tobogolordo hissociklorin orta Olgilisii iso 230 nm olur. Hissociklor
arasinda giiclii adgeziya miisahido olunur. Temperatur artdiqda hissaciklorin bitismosi bas
verdiyi li¢iin Ol¢iisii artir.

Sokil 4. 323 va 373 K temperaturda alinmis tabagalorin SEM sakillari.

CulnS,, CulnsSs, CusinsSg va CuinsSg birlosmalor iistiinliik toskil edon tobagalori 673 K
temperaturda vakuumlasdirilmis (~10"2 Pa) kvars ampullarda 8 saat termiki emal etdikdo orta
Olctisti 600 nm-don 1,5 mkm-o kimi olan kiiro formali mikrohissociklor formalasir (sok. 5).

Sokil 5. 673 K temperaturda termiki emal edilmis Cu«InySy torkibli tobagolorin SEM sokillori:
a) CuinSZ, b) Cuin335, C) CU3In589 Vo d) Cuin588.

Tozo ¢okdiiriilmiis yarimkegirici CuixinkSy tobagolorin  garanliq miigavimati
ol¢iilmiisdiir. Miloyyon edilmisdir ki, su miihitindo CuCl,—InCl3—CS(NHz).—trilon B
sistemindo 323-373 K temperatur aralifinda ¢okdiiriilmiis tobagolorde garanliq miigavimati
4-8 kOm araliginda olur. Su miihitindo CuCl,—InCls—~CS(NH,)2 sistemindo ¢okdiiriilmiis
tobagolords isa temperatur artdiqda qaranliq miigavimati 18 kOm-dan 8 kOm-a kimi azalir.

Termo.e.h.q. Olgmolorine osason miioyyan edilmisdir ki, 323-373 K temperatur
araliginda ¢okdiiriilmiis Cui-xInkSy torkibli toboqolor InySs-do oldugu kimi n-tip kegiriciliys
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malikdir. pH=10+14 aralifinda ¢okdiiriilmiis CuixInxSyO1.y tarkibli tobagalords iso misin

miqdar1 ~26 at.%-don ¢ox olduqda p-tip keciricilik miisahido olunur. Bu onu gostorir ki,

hamin tobagolords p-tip keciricilkiys malik Cu.S fazasi istiinliik togkil edir.

Umumiyyoatlo, aparilan todgigat noticolorindon  goriindilyii  kimi, soraitdon,
temperaturdan, qatiliqdan vo kompleks omologatiricinin  miqdarindan asili  olaraq
CuCl—InCls—CS(NHy)2—trilon B va CuClz—InCls—CS(NH2)2—H20 sistemlorindo miixtalif
torkibli vo xassali tobagolor almaq miimkiindiir. Bu tabagalor bu vo ya digor xassalorine gors
bir-birindon farqlonir. Buna baxmayaraq onlardan nazik tobagoli giinas enerji ¢evricilorindo
istifads edilo bilor.

Natica:

1. Su miihitindo 323-373 K temperatur araliinda CuCl—inCls—CS(NH2)—trilon B vo
CUCl—InCl3-CS(NH), sistemlarinds polad vo siiso altliq iizorinds galinligir 120-590 nm
araliginda doyison yiiksok adgeziyali tobagolor alinmisdir;

2. RFA vo enerji-dispers spektral analiz naticolorine osason miioyyon edilmisdir ki,
pH=10+14 araliginda alinmis toboagoalordo In — 8,9-9,6 at.%, Cu — 25,8-40,7 at.%, S — 13-
18,5 at.%, O — 31,3-52,4 at.% toskil edir. pH=9+10 araliginda alinmis tobogolordo
(CuCly/InCl3/CS(NH2)2=1:1:2; 1:3:5; 3:5:9 vo 1:5:8 mol nisbotlorinde) daha gox CuinS:
(~85%), CulnsSs (~76%), CusinsSg (~72%) vo CulnsSs (~90%) birlosmolori mdveud olur;

3. SEM analiz metodu vasitosilo tozo ¢oksiirilmiis vo termiki emal edilmis tobogolorin
mikromorfologiyasi Oyronilmisdir. Miloyyon edilmisdir ki, temperatur artdiqda yiiksok
adgeziyal1 nanohissaciklordon kiiro formali mikrohissociklor formalasir;

4. Miivafiq sistemlor {izro alinmis CuixIn Sy torkibli tobagolorde n-tip, CuixinySyOi.y
torkibli tobagalordo iso p-tip kegiricilik miisahido edilmisdir.

1. Aépuxocoe HX., banxuna B.®., [lopeyxas JI.B., Cxyonosea E.B., Yuocesckas C.H.
[InynpoBoaHUKOBBIE XaJIbKOT€HU/IBI U CIUIaBbl HAa UX ocHOBE. M.: Hayka 1975, 220 c.

2. babanner M.b., Ocubos [0.A., Abuwes B.T. TpeXKOMIOHEHTHbIC XaJbKOTE€HUIbI Ha
ocHoBe Meau u cepedpa. baky: BI'Y, 1993, 342 c.

3. baxmees C.A., IOcynos P.A. MoaenupoBaHue TeTePOTCHHBIX PAaBHOBECHUH B CHUCTEMax
MeTajla — BOAa — KOMIUIEKCOOOpa3yromme areHThl. //ByTiepoBckue cooOOIIeHHUs, T.
Kaszans, 2011, T.25, Ne8, ¢.47-50.

4. Bunoecpaoosa I'.3. CrekinooOpa3oBaHue u (a30BbIe PAaBHOBECHS B XaJbKOTCHUIHBIX
cuctemax. J[BoitHble u TpoitHbie cucteMbl. M3n. «Hayka», Mocksa 1984, 173 c.

5. Tyaenun C.C., Mapros B.®., Mackaesa JIL.H., Kysneyos M.B. T'uapoxumudeckoe
OCXKICHHS U HCCIEAOBaHUE TOHKUX IUIEHOK B cucteme CuzS—InzSs. / MutepHeT-KoHD.
«byTiepoBckue ureHus», r. Kazanp, 2013, T.33, Nel, ¢.97-103.

6. Mapkosé B.®., Mackaesa JI.H. OcobeHHocTH (QOPMHUPOBAaHUS IJICHOK CYJIb(UA0B

METaJUIOB U3 BOJHBIX PacTBOpOB. //BytinepoBckue coobmenus, r. Kazanps, 2011, T.24,

No2, ¢.42-50.

Jlypve FO.FO. CripaBOYHHK 110 aHaTUTUYECKON xumuun. M.: Xumus, 1989, 448 c.

8. JKabpes¢ B.A., Yynnuwa C.B. XuMHYECKHE€ OCHOBBI CHHTE€3a HAHOYACTHI]
HaHOKOMITO3UTOB. byTinepoBckue coobmenus, . Kazanp, 2011, T.25, Ne§, ¢.124.

9. Yonpa K., lac C. ToHKOIIEHYATHIE COTHEYHBIE AiieMeHThl. M.: Mup, 1986, 435 c.

10. Mater F. et. al. CulnS,—Poly(3-(ethyl-4-butanoate)thiophene) nanocomposite solar cells.
Preparation by an in situ formation route, performance and stability issues. // Solar Energy
Materials and Solar Cells, 2011, Vol.95, P.1354-1361.

11. Xu X.H. et. al. A novel onr-step elektrodeposition to prepare single-phase CulnS; thin
films for solar cells. //Solar Energy Materials and Solar Cells, 2011, Vol.95, P.791-796.

~

55



MNOJYYEHUE TOHKUX INIEHOK COCTABOB Cu1xinxSy n CuixinxSyO1-y
IT'MJIPOXUMHUYECKHUM METOI0M

T'YCEHHOB I''M., KA3SUMOB M.T.

Metonamu pentrenodaszobiM (PDA), nuddepenumansHo-Tepmuueckum ([ATA) wu
CKaHUPYIOLIUM  3JIEKTPOHHO-MUKpockonuueckuM (COM) aHanm3a U3y4deHBl YCIOBUS
MOJy4eHUsT TOHKHMX IUIEHOK, MX MHKpoMmopdonorus u (PU3MKO-XMMUYECKHE CBOWCTBA
9TUX IUIEHOK IIpM  TeMmmeparype B uHTepBaine 323-373 K B cucremax
CuCl—InCls—CS(NHz)o—tpunon B u CuCl,—InCl3—CS(NH,),. VYcranoBneno, 4to mpu
MOBBIIICHUH TEMIIEPaTyphl U3 BBICOKOAITE€3MBHBIX HAHOYACTHUIl 00OPAa3yIOTCS MUKPOYACTHUIIBI
chepuueckoii hopmbl. B unreppane pH=10-14 y ninenok cocraBa CUi-xInxSyO1.y conepsxur In
- 8,9-9,6 at.%, Cu — 25,8-40,7 at.%, S — 13-18,5 ar.%, O — 31,3-52,4 a1.%. IIpu pH=9-10 B
mienkax coctaBa CUixInySy B 3aBUCHMOCTH OT CTEXHOMETPHYECKOTO COCTaBa IPHCYTCTBYET
oompiioe koauuecTBo (~76-90%) coemmuenus CulnSz, CulnsSs, CuzlnsSg m CulnsSs. B
TOHKUX IUIEHKaX MOJYYEHHbIE COOTBETCTBYIOIMX cucTteMax B CuixInkSy Habmromamach
MPOBOAUMOCTH N-THMa, a B Cu1xINxSyO1.y p-Tuma.

KioueBble ci10Ba. THAPOXMMAIBHBIH METOJ, TOHKas IUICHKA, THOKAapOaMui, YCIOBHUS MOIydCHHS,
MUKPOMOP(OJIOTHS, CTEXHOMETPHUYECKUI COCTaB, TEMHOBAs ITPOBOAUMOCTb.

ACQUIRING OF THIN LAYERS CONTAINING CuixInxSy AND Cui-xInxSyOz1-y
BY THE HYDROCHEMICAL METHOD

HUSEYNOV G.M., KAZIMOV M.H.

The acquiring conditions of thin layers were studied, micromorphology studied and the
physical-chemical properties of these layers were investigated in the 323-373 K temperature
range at CuCl—InCls—CS(NH)—trilon B and CuCl>—InCl—CS(NH). systems by the
methods of X-rays, differential thermal (DTA) and scanned electron microscopy (SEM). It
has been determined that, when the temperature increases, spherical shaped micro-particles
are formed from high adhesive nanoparticles. In — 8,9-9,6 at.%, Cu — 25,8-40,7 at.%, S — 13-
18,5 at.%, O — 31,3-52,4 at.% contain in the obtained Cu1.xInxSyO1.y composition layers at the
range of ph=10+14. There are more (~76-90%) CulnSz, CulnsSs, CuzlnsSg and CulnsSg
compounds, depending on the stoichiometric composition in the CuixInySy containing layers
at the range of ph=9+10. In layers obtained by the corresponding systems, n-type conductivity
was observed in CuixInkSy composition layers, and p-type in CuixInySyO1.y.

Keywords: hydrochemical method, thin layer, thiocarbamide, micromorphology, stoichiometric
composition, dark conductivity.
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CTPYKTYPHBIE Y DJIEKTPUYECKHE CBOMCTBA (AgSbTez2)os(PbTe)os
'PAT'MMOB C.C.,’MYCAEB M.A., TAIIIMOBA H.H.

Y Unemumym ®dusuxu HAH Azepbaiioscana
e-mail: sadiyar@mail.ru

2 Asepbatioxncanckuii F'ocyoapcmeennviii Ynueepcumem
Hegmu u IIpomsiunennocmu

[IpoBeseHbI HWCCIIEMOBAHUS CTPYKTYPHBIX M OIEKTpUuecknX cBoicTB (AgShTez)os(PbTe)os B
TemmnepaTypHoM uHTepBane 80-350K. Onpenenena KOHIEHTpaLys U THI HocuTeneil 3apaaa p=2.10%cm3. Brua
OLIEHEHA TEPMOJJIEKTpUYecKas 3P(PEKTUBHOCTL M YAebHAs YYBCTBUTENLHOCTh HMCCIENOBAHHOTO COCTABA.
IMoka3aHo, 4YT0 B [aHHOM COCTaBE€ 3HAYEHHE TEPMOINIEKTPUUECKON OSPPEKTHBHOCTH YBEIUYUBACTCS C
TeMmepaTypoii 1 MakcumanbHoe 3Hauenne Z=0,3.10°K™ nmeer mpn 350K.

KnrodeBble ci10Ba: TEepMOIEKTPUUECKUH  MaTepHal, yIEeIbHOE CONpPOTUBIEHHE, TEPMODJIC,
KpHCTaJUINYECKask CTPYKTYpa, TepMO3NIeKTpruIecKas 3((heKTHBHOCTh

BBEJIEHUE

Bospacratomas rioGanbHas nMoTpeOHOCTh B MPOU3BOJCTBE, COXPAHEHUH, U Tepenaye
AJIEKTPOIHEPTHH  aKTHBM3HPOBAJIO HMHTEPEC K pa3BUTHIO A(PQPEKTUBHBIX CPEACTB €ro
MIPOU3BOJICTBA. Y COBEPIICHCTBOBAHUS, CYIIECTBYIOIIME B DHEPrOCHA0KEHUU JOJIKHBI
OCYIIECTBISITBCSI M3  PA3IMYHBIX BO30OHOBISIEMBIX HCTOYHHKOB OSHEPTUH, BKIIOYAs
COJIHEUHYIO SHEPTHI0, BeTep, Ouomaccy u apyrue. OAHUM U3 MOTEHLUATIBHBIX MCTOYHUKOB
SHEPrUU SIBISIETCA  AJIEKTPUYECTBO, IIOJy4aeMO€ U3 HUCTOYHMKOB Telja 3a CueT
UCIIOJIb30BAaHUS TEPMOIIEKTPUUECKUX MaTepuaioB. [Ipu 3TOM UCTOYHHUKHU Terjia MOTYT ObITh
pa3nuyHble, TaKWe KaK CXXHraHHEe MCKONAeMOro TOIUIMBA, COJHEYHBIM CBET, MOOOYHBIH
MPOJYKT Pa3INUHbIX XMMUYECKUX MPOLIECCOB, SACPHBIA pacnal u T.1.

TepMoaieKTpUUECKUE MaTepHalbl HMMEIOT MHOTO IMPUMEHEHHWH, Kak Npu Mpeood-

pa30BaHUU TEIJIOBOM DHEPTHH B AJEKTPOIHEPTHUIO, TAK M B TBEPAOTEIHHOM OXJIaXKIEHUH [ 1-
7]. Ilpu >TOM OCHOBHOW 3amaueil sBseTCs ynmydiieHue 3((EeKTUBHOCTH peoOpa3zoBaHUs
SHEPTUU B TEPMOIIEKTPHUUECKOM MaTepHuae.
Tpoiinoe coenunenne AQSbTe, sBisieTcs NEPCHEKTUBHBIM TEPMOIJICKTPHYCCKUM Mate-
puangom p-tura, padotaromuM B oomactu 500-600K [1,2,5]. MHTEpec Kk UCCIeI0BAHUIO 3TOTO
COEJIMHEHUs] OOYCJIOBJIEH €ro TEpMO3JEKTPUUYECKUMHU CBoMcTBaMu. Perierounas Temio-
IIPOBOJJHOCTb 3TOTO COSAMHEHUs oueHb Hu3Ka (6,3.10°Br/cm.K) [1,6,7]. st mpakTH4ECKOro
MPUMEHEHHUS TEPMORJIEKTPUUYECKUI MaTepuan JOJKEH HMETh BBICOKYIO 3()()EeKTHBHOCTH
peoOpa3oBaHus SHEPTUHU. DTa CUCTEMa SBISETCS Ba)KHBIM KOMIIOHEHTOM MHOTMX M3BECTHBIX
CHUCTEM TEPMODJIEKTPUUYECKUX MaTepHasioB. OTHUM U3 HUX SBISIETCS BBICOKOI(P(EKTHUBHBIN
TepModIieKTpuaeckuit AgPbmShTez+m, KOTOpBII MOXHO paccMaTpuBaTh KaK KOMOWHAIIMIO
PbTe u AgSbTe, B dopme (AgSbTez)(PbTe)m. Dt cocraBel HaswiBatorcsi LAST-m (lead
antimony silver telluride) [1,4].

B nanHO#l paboTe mpeACTaBiI€HO pE3yIbTaThl HCCIENOBAHUS CTPYKTYPHBIX H
anekTpuueckux cBouctB (AgShTer)os(PbTe)os B TemnepaTypuom untepsaie 80-350K.

JKCNepUMEeHTAIbHbIE Pe3yJbTAaThl U UX 00CYKIeHUE

HccnenoBanHublii 0oOpasen; ObUl MOJYYEH CIUIABJICHMEM HCXOJHBIX KOMIIOHEHTOB B
3amassHHOM KBapIlIEBOM aMITysie C BbIIEP>KKOM 10 4acoB BbIlIe TeMIEpaTyphbl IJIABJICHUS Ha
100K, ¢ manpHEHIIUM MEMJICHHBIM OXJIaXJIEeHUEeM co ckopocThio 0,5K/MuH. 10 KOMHATHOMN
TEeMIIEpaTyphl.
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2 Theta
Puc.1. Pentrenorpamma (AgSbTez)os(PbTe)os.

Ha puc.l mpencraBieHa peHTTeHOTpaMMa CHHTE3MpoBaHHOTo coctaBa (AgSbTez)os
(PbTe)os. PentrenocTpykTypHbIi aHanu3 ObuT mpoBeaeH Ha audpakromerpe BRUCKER-D2
PHASER. Ilo pesynabratam peHTreHOCTpyKTypHOro ananmza (AgShTez)os(PbTe)os mumeer
IPAaHELIEHTPHPOBAHHYIO KYOMYECKYI0 PEIIeTKy C IIOCTOSIHHOM pemetku, a=6,7600A wu
COOTBETCTBYET NMPOCTPAHCTBEHHOM rpynme Fm-3m.

Otmerum, uto uccienoBanue coctaBoB (AgSbTez)x(PbTe)i-x MHTEpeceH M TeM, 4YTO
kak AgSbTe, tak m PbTe kpucramnm3yloTcs B CTPYKTYype KyOWYECKOW pEIICTKH, 4YTO
MO3BOJISICT TOJIYYEHHE CEPUHM TBEPABIX PACTBOPOB. A 3TO JaeT BO3MOXKHOCTh MOJYYHTh
COCTaBbl C pa3IMYHBIMH KOHIIGHTPALMSAMH, YTO B KOHEYHOM MWTOTe CKa3bIBae€TCs Ha
AJIEKTpUUYECKUX cBoicTBax. Kak BumHO U3 puc.l, monydeHHblE IUPPAKIUOHHBIC IHUKA
JOCTaTOYHO PE3KUe, YTO YKA3bIBACT HA KPUCTAJUIMYHOCTh CHHTE3HMPOBAHHOTO 0o0pasma. DTu
IU(PaKIHOHHBIE TMMKKH B OCHOBHOM COOTBETCTBYIOT cocTaBy Ago.s7Pbos7SboerTe2. A 31O
yKa3bpiBaeT Ha TO, 4To AgSbTe, u PbTe momHOCTBIO PacTBOPSAIOTCS B OJHON KyOHUeCKOi
KPHCTaJIINIECKON PELIETKe, He CO3/aBas JONOJIHUTENbHbIX (a3. M3sectHo, urto AgSbTe,

KPHUCTAJUIU3YeTCsl B TPaHELEHTPUPOBAHHON KyOuueckoil cTpykrype Tuma NaCl, B koTopoi
atoMbl Ag u Sb pa3ynopsiJoueHHO pacroioxeHsl Ha Mectax Na. Takoe pacmnpezeneHue
MOKET TIPHBOAMT K TOMY, uTo Kak aToMmbl Ag'-Ag', Tak m atomsr Sb**-Sb*" moryr 6bITh
PacCIIOIOKEHBI B COCEJICTBE JIPYT 3a JAPYIOM B DHEPTETHUECKU HE BBITOJHBIX IMOJOXKCHHUSX.
Duepretudecku Oonee BuromubiMu siBusercs AgT-Sb®* pacmomoxenne. Cormacro [6] B
AgSbTe, comepkarcs 00acTH, yHopsAOYEHHBIE W HEYHOpsAoYeHHBIe aToMamMu Ag u Sb.
Takue CTpyKTypHBbIE HEYMOPSAOYCHHOCTH MOTYT MPHBECTH K BblnaneHuto ¢a3 Ag.Te, urto
CHJIBHO BIIMSIET HAa TEMIIEPATypHbIE 3aBUCUMOCTH TEPMONIEKTPUUECKUX KO3 uieHTos. B
HAIlleM CJly4ae aTOMbl CBHMHIA CTA0WJIM3UPYIOT CTPYKTYpY U HPEMSATCTBYIOT BBINAJACHUIO
BTOpO# (ha3bl, uTo HabOMIO1aeTCA HA TU(pPAKTOrpaMMe UCCIIEIOBAHHOTO COCTaBa.

DJeKTpUYecKUe U3MEPEHUs] MPOBOAMINCH YETHIPEX30HAHBIM IMOTEHIIHOMETPUUYECKUM
MeTofoM. [loTeHnManpHble KOHTaKThl HAHOCWINCh HMHAMEM. Temmeparypa W TpajueHT
TeMIIepaTypbl KOHTPOJIUPOBAIUCH MEIb-KOHCTAHTAHOBBIMH TEPMOIIApaMH.

Ha puc.2 mpuBoasTcs TeMIepaTypHble 3aBUCUMOCTH YIEJIBHOI'O CONPOTUBICHUS HU
TEPMO3/IC MCCIIEI0OBAHHOTO 00pa3ia.

58



150 ~ e ® ®00 0 00 © o i
= % P S004
(&) .... S
£ 400 =
Q (7))
*
Q 100 . 200
-—
200 -
50 - *
*
* 100
X
*x
O_ | I****I***I** *I*“*'* O
100 200 300 400
T,K

Puc.2. TemneparypHbie 3aBHCUMOCTH YIEILHOTO COMPOTHUBIICHUS
u repmodc (AgShTez)os(PbTe)os

OOnHapykeHO, UYTO BO BCEM HucclenoBaHHOM wuHTepBaie Temneparyp [J(T) wumeer
MOJIYTIPOBOHUKOBBIN X04. B o0nactu temnepatyp 80-150K 3HaueHue conpoTuBieHus: pe3ko
HAYMHAET YMEHBIIATHCSA. DTO MOKET OBIT 00YCIOBICHO TE€M, YTO BOJIM3H MOTOJIKA BAJICHTHOM
30HBI PACIIONIOKEHBI AKIETITOPHBIE YPOBHU. 3aXBaT JIEKTPOHOB HA ATUX YPOBHIX MPUBOJIUT K
pOCTY KOHIEHTPAallUd JABIPOK, BCJIEACTBUE KOTOPOTO W yBEIHWYMBACTCS 3HAUCHUE
AEKTPOTIPOBOTHOCTH. TemmepaTypHasi 3aBUCUMOCTh Kod(uirenTta repmodic B odmactu 80-
200K crerka pacTeT ¢ TeMreparypoii. Jlajgee B JOCTaTOUHO MIMPOKOM MHTEpBaJe TEMIEPaTyp
220-350K 3HaveHWe TEPMOD3JC OCTACTCS TOCTOSHHOW. 3HAK TEPMODJC MOJOKHUTEIHHBIA U
yKa3bIBaeT Ha JBIPOYHBIA MEXaHHU3M IMPOBOJUMOCTH BO BCEM HCCIIEIOBAHHOM HWHTEpBale
TeMIepaTyp.

OTMeTuM, 4YTO U3MEpPEHHsI IPOBOIUCH HA MMOCTOSIHHOM TOKe cuiiol 20 MA, B MarHUTHOM
nosie 1,5Tn 4eThIpeX30HA0BbIM MOTEHIIMOMETPUIECKIM METOIOM. DKCIIEPUMEHTHI TIOKa3aliy,
YTO 3HAYEHUE HJIEKTPONPOBOJHOCTH M TEPMORJC HE 3aBUCAT OT MArHUTHOIO MOJs, YTO
YKa3bIBa€T HA OTCYTCTBUE HOCHUTEIICH 3apsiga OOJBIION MOJBUKHOCTH U Majioi 3¢ HeKTUBHOM
Maccoi. DKCIEepUMEHTHl IO0Ka3ajHd, YTO 3HAUYEHHE TeIJIONPOBOJHOCTU IPH KOMHATHOU
temnepatype pasao 7.10°Br/cm.K. TTo m3mepenmsam >ddekra Xomma M TepMOdAC ObIa
olieHEeHa KOHIIEHTpAIlUs ¥ TUIl HocuTenei 3apsaa p=2.10%m>,

Beiiie 6bu10 0TMEUEHO, UTO TpoiiHOEe coeauneHne AgShTe: siBisieTcs: mepCrneKTUBHBIM
TEPMO3JICKTPUUYECKUM MaTepHajoM p-Tuma, padotarommm B obmactu 500-600K. IIpomecc
JONMPOBaHKE IIHUPOKO MHpUMEHsieTcs mpu ucciaenoBanuu AgSbhTer, Tak kak 3TO gaer
BO3MOXXHOCTh HaWTH 0oJiee MOAXOMSAINNE COCTaBHI JJIs MpaKTU4YecKoro mpumeHenws [1,7].
HecmoTpsi Ha MeHbIIYIO [0 CPABHEHHMIO C JAPYITUMH TEPMORJIEKTPUUYECKUMH MaTepuajaMu
tuna BiyTes, BixSez TepMmoanekTpudeckyro JOOPOTHOCTb, 3TOT COCTaB MOXET OBITh
PEKOMEH/IOBaH B KayeCTBE UYBCTBUTEIBHOTO MaTepuana [yl pa3jiudHbIX TEPMOIJIEKT-
puYecKHX mnpeodpasoBaTesell. B uacTHOCTH, BCIIEACTBIE BHICOKOTO 3HaUeHHs OTHOIIeHUs S/K
(S- xoadodumment tepmodac U K-kKo3hGHUIMEHT TEIUIONPOBOIHOCTH), OH MOXKET OBITh
UCIOJb30BaH B TEPMORJIEKTPUYECKUX IPHEMHHUKAX TEIUIOBOTO M3JIyuYeHHs] B KayecTBe
YyBCTBUTEIBHOIO  3JeMeHTa p-tuna [1,2]. bbuia  oleHeHa  TepMORJIEKTpUYECKas
3G (GEKTUBHOCTh W YylENbHAs UYYBCTBUTEIBHOCTH HCCIEIOBAaHHOTO COCTaBa IPH Pa3HBIX
temmneparypax (100K, 200K, 300K, 350K). IloxyueHo, 9TO ¢ yBEIMYECHHEM TeMIIEpATyphI

59



HAOIOAaeTCsl POCT 3HAYCHHS TEPMOIICKTPUIECKON A(PPEKTUBHOCTH W MaKCHMaJIbHOE
snavenre Z=0,3.10°K? umeer npu 350K. B ob6mactu 250-350K 3HaueHust tepmModac u
TEIUIOTIPOBOAHOCTH HCCJIEJIOBAHHOTO COCTaBa NPAKTHYECKH HE MEHSIOTCA. OJTO JaeT
BO3MOXXHOCTh TMPUMEHSTh JaHHBI COCTaB B KadyeCTBE YYBCTBUTEIHHOTO MaTepuana B
npuemankax WK wsnydenus. I[IpoBeneHHBIC pacueThl TOKa3aldM, YTO YICIbHAS YyBCT-
BUTENLHOCTh HCCIE0BAHHOTO cocTaBa pasHa 0,75.10°B.m/Br.
BriBoabI

Ha ocHoBe wccnenoBanmii dnektpuueckux cBodcTB  (AgSbTel)os(PbTe)os B
teMrieparypaoM uHTepBasie 80-350K Obuia omeHeHa TepModeKTprueckas d3pHEeKTUBHOCTh U
yIenbHash YyBCTBUTEJIBHOCTh MNpH pa3Hbix Temnepatypax (100K, 200K, 300K, 350K).
[lokazaHo, 9TO C yBENMYCHHUEM TEMIEpaTypbl HAOIIONACTCS POCT 3HAYCHHS TEPMODJICKT-
puueckoit >ddexTHBHOCTH M MakcumaneHoe 3Hauvenme Z=0,3.10°K? mmeer nmpm 350K.
[lony4eHHOE OCTATOYHO BBICOKOE 3HAYCHHE ISl YICIbHOW YYBCTBUTEIHHOCTH paBHOU
0,75.10°B.M/BT 1aeT BO3MOKHOCTb MPUMEHSTH TaHHBIA COCTAaB B KAYECTBE YYBCTBUTEIBHOTO
Marepuana B npuemMHukax UK n3nydenus

=
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(AgSbTe2)os(PbTe)os —-IN QURULUS VO ELEKTRIK XASSOLORI
ROHIMOV S.S., MUSAYEYV M.A., HASIMOVA N.N.

80-350K temperatur intervalinda (AgSbTez)os(PbTe)os-in qurulus vo elektrik xassolori
todqiq edilmisdir. Yiikdastyicilarin tipi vo konsentrasiyasi toyin edilmisdir: p=2.10%cm>.
Todqiq edilmis niimunonin  termoelektrik  effektivliyi vo  xiisusi  hossasligi
giymatlondirilmisdir. Gostorilmisdir ki, verilmis torkibdo termoelektrik effektivliyi
temperaturdan astli olaraq artir va 350K-da Z=0,3.10°3K™? maksimum qiymetini alir.

Acar sozlar: termoelektrik material, miigavimat, termoehgq, kristallik qurulus, termoelektrik effektivliyi.

THE STRUCTURAL AND ELECTRICAL PROPERTIES OF (AgSbTez)os(PbTe)os
RAGIMOV S.S., MUSAYEV M.A., HASHIMOVA N.N.

Structural and electrical properties of (AgShTez)os(PbTe)os have been studied in the 80-
350K temperature range. The concentration and type of charge carriers were determined: p =
2.10%cm™. The thermoelectric figure of merit and specific sensitivity of the investigated
composition were estimated. It is shown that in this composition the value of figure of merit
increases with temperature and the maximum value Z = 0.3.10°K™* has at 350K.

Keywords: thermoelectric material, resistivity, thermal power, crystal structure, thermoelectric figure of
merit.
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Energetikanin problemlori e Nel e 2019 e [Ipo0ieMbl 3HEPTETUKH

V]IK 532.783; 544.258

PACHPEJAEJIEHUE HOTEHIIUAJIA U HAITPA’KEHHOCTH SJIEKTPUYECKOI'O
MOJISI B CUCTEME CMEKTHUYECKHWH ) KUJIKA KPUCTAJLI (CKK)-SiO,-Si

BYJIAT'OB K.M., BAHPAMOB I''M., AJIJEKEEPOB IILIII., HEPATUMOB Y.H.
Bakuncxuii F'ocyoapcmeennwiti Yuueepcumem

B paboTe mpe/ioxkeHa MOJeNb, MO3BOJISIOIAS PACCUUTATh pacnpeneieHue 3apsaoB B cTpykrype CIKK-
SiO,—Si. A Ttarke M3ydeHbI dIeKTpoonTHdeckue xapakreprucTuku cTpykTypbl CIKK-SiO2—Si B mocToSTHHOM |
MEPEMEHHOM JJICKTPUYCCKUX IOJISIX. B TMOCTOSHHBIX MOJSAX BIMsHUE yaenbHoro comportuBieHus CXKK Ha
BEJIMUMHY IIOPOrOBOTO HANPSDKEHUs TI'OMEOTPOIHO-IUIAHAPHOTO IIepexofa B CIPYKType  0Oojiee CHIIBHO
TpOsIBIIIETCS TipH Gosbinx TomuuHax SiO2. B mepemennbix mossx 3aps Ha rpanuiie CIKK-SiO; He ycmeBaeT
HAKaIUIMBAThCS, IIO3TOMY MOJEIb CTPYKTYphl IIPEACTaBIAeT co0O0i HapajienbHO—II0CIEeN0BATEIbHYIO
HKBHBAJICHTHYIO CXEMY 3aMELICHHS.

KiaroueBble ci10Ba: IOCTOSIHHOE HAaIpsHKEHHE, YAEIbHOE CONPOTUBIICHHE, O3JIEKTPUYECKHHA 3apsn,
MOJIYIPOBOIHUK, CMEKTHUECKUI JKUJIKUI KPUCTAIT, TIOPOrOBOE HATPSHKEHHUE.

BBenenue. B HacTosiiee Bpems pa3zpabaThIBAIOTCS MPEoOpa3oBaTEIM ONTHUECKUX
CUTHAJIOB, B KOTOPBIX YYBCTBUTEIHHOCTb MOJYINPOBOJHUKA YIPABISAETCS AJIEKTPUUECKUM
TOKOM HIpOTEKaroluM 4epe3 kuiakuil kpucramn [1]. HccnepoBanme crpykryp KK-
MOJIYTIPOBOTHUK TMPEICTABISET TaKKe HEMANbI MHTEpeC M pa3BUTHS TEOPUU KOHTAKTHBIX
SIBJICHUW W IS BBIICHCHHUSI MEXaHU3MOB TIPOXO0XKICHUS TOKA B TIOJJOOHBIX CTPYKTypax [2, 3].
Hago otmerur uto, snexrpodusmueckue mporecchl B cTpykTypax CXKK-muanexTpuk-
MOJIYTIPOBOHUK MPAKTUUYECKU MAJIO U3yUYECHBI.

IMocTranoBka 3anauu. VccienoBanus cTpykTyp nonymnpoBogauk — JKK mokaszano 4ro,
JaHHas CTPYKTypa o0O0JajaeT acuMMETpHeH XapaKTepPHCTUK: CYIIECTBYIOT J(PQPEKTHI
BBIMPAMIICHUS] TOKA, DJIEKTPOONTUYECKUE XAPAKTEPUCTHKHU TaK ke acuMMeTpudHbl. OmHAKO,
JIETAJIbHOTO TEOPETUYECKOr0 aHaiM3a MPUYMH aCUMMETPUU XapaKTEPUCTUK CTPYKTYpBI, C
y4eTOM TEpPEeHOca U HAKOIUICHUS 3apsijia He JOCTAaTOYHO ocyluecTBieHo. Ecnu ydectsb, uTo
HocutersiMu 3apsga B CXKK sSBIAIOTCS MOHBI, KOTOPBIE YAaCTUYHO 0Opa3yloTCs BCIIEICTBHE
WHXXEKIIUM HOCHUTENeH M3 SJEKTPOJOB W MX 3aXBaTa Ha HEUTpalbHBIE MOIEKYJBI, TO
aKTYaJIbHOCTh M Ba)XXHOCTh HMCCJICIOBaHMUS OCOOeHHOCTEeH rpaHuilsl pasaena CXKK-meramn u
CXKK-ausneKTpuK He BbI3bIBAET COMHEHUI [3, 4].

B pabote ncnonbp3oBaHbl IPOMBIIIIEHHBIE MOHOKPUCTAIUIBI KPEMHHUSI N-TUIA, KUMEIOLIIE
clenyroIue mapameTpel: ps=3~5 Owm/0, opuenrtanus (111), koHIEeHTpaluss HOCUTENEH TOKa
~10%cm. ToBepXHOCTHOE OKHCIEHHE KPEMHHS OCYIIECTBIANOCH B AU(BDY3HOHHBIX Tedax
mapku CJIO -125/3 A npu temneparype 1150 °C.  Tonmmpa ABYyOKHCH KPEMHHS COCTABIIAIO
B npezene 5~50 HM.

B skcnepumenTte ucnoinb3oBanoch CXKK-A ¢ nusnekrpuyeckoit MpoHUIIAEMOCTbIO: Ag =
& — e. = 4,58-5,7 = — 0,59; ucxoxHast opueHTANHS ABISACTCS TOMEOTPOITHBIM. CO CTOPOHBI
CXKK oMuyeckuil KOHTAKT B3AT ¢ IOMOIIBI0 SnO2 OcaKAEHHON Ha CTeko. s nomydeHus
TEKCTYpPbl C OJHOPOAHOM TOMEOTPOIHON OpPHEHTAUEH MOBEPXHOCTH TOKOIPOBOISIINX
CTEKOJIBHBIX AJIEKTPOAOB 00pabaThIBacTCs € JCUUTHHOM (MM K€ OYHCTKHA MOBEPXHOCTHU
CTeKJa XpOMOBOW cMechio). OTMETUM, YTO TOMEOTPONHAsl TEKCTypbl ONTHYECKH
HKBUBAJICHTHA OIHOOCHOMY KPUCTAJULy C OCBIO, HNEPHEHIUKYJSPHOM 3JIEKTpoJaM sueiKu
(Puc. 1 a), a B ciiydae OJHOPOJTHOHM IJITaHAPHOM TEKCType, HA0OOpPOT NapajuIeIbHO K
anektpoaam (Puc. 1 6).

B nannHoli pabGote mpesuiokeHa MOENb, MO3BOJSIONIAS paccuMTaTh paclipeliesieHne
3apsA70B U TOJEH, U NpOaHAIN3UPOBATh IEKTPOONTUUECKUE XAPAKTEPUCTUKU B CTPYKTYpE
CXK-SiO2-Si B MOCTOSHHOM U IEPEMEHHOM DJIEKTPHUCCKUX MOJISX.
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[locrosiHHOE HampskeHue, NpUIoKeHHOe K cTpykType cocrosmeit u3z CXKK,
TEPMHUYECKOr0 OKHCIa KpeMHusi u HuzkooMHoro kpemuusi (CYKK-SiO2-Si) pacmpenensercs
mexay cnossmu CXKK (U1), SiO2 (U2) u kpemunem (ys):

U=U1 +Up+ ys =E1L+E2d+ s 1)

rae E1, E2 u L, d — HanpspkeHHOCTH 1MOJIeH W TOJIIUHBI cioeB  cootBeTcTBeHHO CIKK M
OKCHJIa KpeMHHUs. PacdeTbl MOKa3bpIBaIOT YTO, JUIS MCIIOJIB3YEMBIX HAMH MOHOKPHCTAJIOB
KpEMHUS s 3HAUUTEIHHO MeHbIe Hanpspkernid Ui, Uz; B JaNbHEWIEM s HE YIUTHIBACM.
B nauvasbHbIi MOMEHT BpeMeHH, mosie B ciiosix CXKK u SiOz ycTaHOBUTCS COOTBETCTBEHHO UX
TUAJICKTPUIECKAM TTPOHUIIAEMOCTSIM (T. K. €1~&2, TO E1 1 Ez OM3KM MO BeTWYMHE) TakK, Kak
d<<L, to Ur>>U> (Bce Hanpspkenue naaaet Ha cioe CXK). M3-3a Haim4us mpoBOIUMOCTEH
TUDJICKTPUKOB (01 U O2 mpudeM 02<< o1) Ha rpanure CIKK-SiO, HayHeT HakarIMBaTHCS
3apsij], MPUBOASAIIMN K U3MEHEHHUIO TOJISI B TUAJICKTPUKAX: Bo3pacTaHuio Ex u yMeHbIIeHUIO
E1. IIponiecc HakomieHHs 3apsiia 3aKOHYUTCS TIPH PaBEHCTBE TOKOB TIPOBOIUMOCTH.

Jlns aHanmu3a TPOLIECCOB YCTAHOBJICHHS TONS W HAKOIUICHHUS 3apsja, peIIajnch
YpaBHEHUSI HENPEPHIBHOCTH I TUIOTHOCTEU TOKOB [5]:

J1t+ €1 g0 dE1/dt = Jo+ e2e0dE2/dt 2

rae € u e-gudaekTpudeckue mnponuraemoctn CXK wu  SiO2 coorBeTcTBEHHO, &€0-
JUAJIEKTPUYECKasi TOCTOSTHHASL.

Vpasuenue (2) pemanock ¢ (1) mpu 3tom yuteno, uyrto B CXKK mone He mpeBblimaeT
MIOPOTOBOT0 HAIPSDKEHHSI TOMETPOITHO-TUIAHApHOTO nepexona (puc. 1.), moatomy J1= 61E1; B
SiO2 J; omuchIBaeTCS MO—Pa3HOMY, B 3aBHCHMOCTH OT 3HaueHus Ez. B cmabbix mossx
(E2<10° B/cm) Jo= 62E2, B cumbHbIX momsax (E2>10° B/cM) BO3MOKHO TyHEIHMpPOBAaHHE IO
Mmexanusmy Daynepa —Hopareiima:

Jo=A1E% exp(-A/E2) (3)

rae Ai=q*(8rnhde/(m*/m)}, A:=8n(2(m*/m)*? ®g**3hg, @s=3,15B —moTeHUMANLHbI
Oapbep s 3JCKTPOHOB Ha rpanune Si-Si0Oz2, m*/m =0,4.

L =3 B
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a 6
Puc.1. T'omeotponHo-tutanapubiid nepexon B CKK
a) TOMEOTpOIHAsI TEKCTYpa, 0) IIaHapHasi TEKCTypa.

-

I
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UucneHHOEe MHTErpUpOBaHHE CUCTEMbl ypaBHEHUH (1) m (2) ¢ y4eToM H3II0KEHHBIX
3aKOHOMEPHOCTEH TOoKomepeHoca maer 3aBucumocTH Ei(t), Ea(t); ompemencHHas w3 HuX
BenuuuHa t-mopsiaka 0,3-0,5c. OneHka CKOpPOCTHM TOAAYM HAMPSKEHUS HAPYIIAIOIIETO
KBa3MCTAI[MOHAPHOCTh HAKOIUICHHMs 3apsaa jgaer BeawmuuHy: ~Uc/31~10-15B/c, a B
UCCIIeIyeMOl CTPYKType CKOpOCTh mojaaun Hanpspkenus: P=dU/dt mensiercs ot 0,04B/c no
1,2B/c, Tt.e. 3apsn Ha rpanuie CXK-SiO. Oyner ycmeBaTh HaKaIlUTUBAThCS —MPU
HCIIOJIb3YEMBIX CKOPOCTSIX Pa3BEPTKHU BHEIIHETO HATIPSHKEHUS.
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(1A

B cranmmoHapHOM COCTOSIHHH, MpPH «IpsAMOM» cMmelneHud (“— Ha Si-momioxka), B
cnabeix momsx Ei1/Ex~10% uw mpm L>>d (L=20mxm, d=50mM) Ui/U=~103, Te., Bce
HanpsokeHre najgaet Ha cinoe SiO2 W roMeOTpOINHO-TUIAaHAPHBIA MEPEX0] B CTPYKTYpE HE
Habromaetcsi. B 6osee CHIBHBIX TOJIAX HauMHaeTCs TyHHenupoBanue Payepa —Hoprareiima,
MIO3TOMY B CTallHOHAPHOM COCTOSIHUH YCJIOBHS PABEHCTBA TOKOB IPOBOJIMMOCTH :

c1E1=A1E2? exp(-Az / E2) (4)
PemmB ypaBuenue (4) (B cmalbix monsx B Buiue o1E1 = o62E2) coBmectHo c¢ (1)
YHUCJICHHBIM METOJIOM C IIOMOIIbIO KOMITBIOTEPA, MOTYYUM 3HAYCHHS SJICKTPUUECKUX MOJIEeH B

crnosix okcuna kpemans 1 CXKK B 3aBHCHMOCTH OT IPMIIOKEHHOTO K CTPYKTYpPE HATIPSKCHUS.
PacueTsl 3aBUCHMOCTH IPUBEACHBI HA PUCYHKE 2.

E, B/em

2:10° |
10° f
10% t

10

0O 3 40 50 U,B
Puc. 2. 3aBUCHUMOCTb HANPSHKEHHOCTH 3JIEKTPUYECKOTO TOJIA
OT MOPOroBbIX HanpsukeHuit B crpykType CIKK-SiO,-Si.

Ananmusupys 3aBucuMocth Ei(U), MOXHO omnpeaenutrb 3HAYCHUS BHEIIHETO
HaMpPSHKEHUS TPU KOTOPBIX HAOII0aeTCsl TOMEOTPOITHO-TIIIaHAPHBIHN MEPeXo/1 B CTPYKTYpeE.

s “oOpatHOro” cMmemieHus CTPYKTypbl (“+” Ha Si-MOAJIOXKKE) MPOBEICHO
KauecTBEHHOe 00cyxaeHue mporeccos. [Ipeanonaraercs 4To MOTEHIUANBHBIN Oapeep Mpu
obpaTHOM cMmeniennn ®D,>®, - Gapbep NpPH NPSIMOM CMEIIEHHH CTPYKTYpHI, TOTAA W3
CpaBHEHMs ypaBHEHHUs (4) U COOTBETCTBYIOLIETO €My OOpaTHOrO CMEIICHHS B MOMEHT
TOMEOTPOIHOTO-TUTAHAPHOTO TEePeX0/Aa, MOXKHO CJellaTh BBIBOJ 4YTO TIpU OOpaTHOM
cMenieHuy 1ons B SiO2 B MOMEHT rOMEOTPONHO-TIIaHAPHOTO Tlepexona B cTpykrype Eog! >
E2B, mpu MONOXKUTEITFHOM TMOTEHIMATIEC Ha Si-MOMJIOKKE I HAOIIOIEHUS TOMEOTPOITHO—
IUTAHAPOTO Mepexoa HeobxoauMo Oouibliiee HampshkeHue. TakuM o0pa3oM, TOMEOTPOIHBIN -
TUTAHAPHBINA MTEPEX0/I B CTPYKTYPE UMEET MOJISIPHBINA XapakTep.

B mepemennbix monsx 3apsa Ha rpanmie CIKK-SiO2 He ycmeBaeT HakarmBaThes,
MOTOMY MOJIENb CTPYKTYphl ~TPEIACTABIsET CO00W  TapaneabHO—TIOCIIEAOBATEIBHYIO
SKBHUBAJICHTHYIO CXEMY 3aMelleHus. Moaylb KOMIUIEKCHOTO TMOJHOTO COMPOTHBIEHUS 1-TO
TVDJIEKTPUIECKOTO CIIOS:

| Zi | = (pi difS)/ N1+ pPo’e? (5)
Mmnenanc JUDJICKTPUYCCKUX CJIOCB 3HAYMTEIBHO IPEBBIMACT HMIICAAHC CJIOS Si,

MMO3TOMY B MOJCJIIN YUUTBIBAIOTCSA TOJIBKO IMOJIHBIC COIMPOTHUBJIICHUA OUIJICKTPUUCCKHUX CJIOCB
|Z1] w |Z2].
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BoiBoabl. beumn paccumrtansl HampspkeHust B cinosix u Ha COKK-syeiike B MOMEHT
TOMEOTPONHO-TUIAHAPHOTO TEpexoJa Uil Pa3IW4HbIX YacTOT BHEIIHErO HANPSOKEHUS U
tomuuH SiO2. Pacyers! mokaszanu, uro B auana3one yactor f>10 I'm Ug mourm coBmajaer C
UB — moporom romeorponHo-miaHapHoro nepexoxa mis CXKK, T.e. BbIBIEHO, YTO BCe
MPUJIOKEHHOE HanpspkeHne nanaeT Ha cioe COKK.
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SMEKTIK MAYE KRISTAL (SMK)-SiO2-Si SISTEMINDO POTENSIALIN
VO ELEKTRIK SAHOSININ INTENSIVLIYININ PAYLANMASI

BUDAQOV K.M., BAYRAMOV Q.M., ODLOKBOROV §.S., IBRAHIMOV C.I.

Bu isdo sabit vo doyison elektrik sahasindo SMK-SiO2-Si sisteminin elektrooptik
xiisusiyyotlori 0yronilmis va yliklorin paylanmasini hesablamaga imkan veran model toklif
olunmusdur. Miioyyon edilmisdir ki, sabit elektrik sahasindo gostorilon sistemdo SMK-in
xiisusi miigavimatinin qomeotrop—planar kegidin astana gorginlyinin qiymatina tasiri SiO2-nin
boyiik galinliglarinda 6ziinii daha giiclii sokildo gostorir. Dayison elektrik sahosindo maye
kristall SMK-SiO» sorhadinds yiiklor toplanmaga macal tapmir vo ona gora do totbiq olunan
model paralel-ardicil avoz etmo ekvivalent sxemi kimi gotiiriilmalidir.

Acar sozlor: sabit gorginlik, xiisusi miiqavimat, elektrik yiikii, yarimkegirici, smektik maye kristal, astana
gorginliyi.

DISTRIBUTION OF POTENTIAL AND ELECTRIC FIELD INTENSITY
IN THE SYSTEM SMECTIC LIQUID CRYSTAL (SLC)-SiO2-Si

BUDAGOV K.M., BAYRAMOV G.M., ALAKBAROV Sh.Sh., IBRAGIMOV Ch.I.

In this paper, a model is proposed that allows one to calculate the charge distribution in
the structure of SLC-SiO2-Si. We also studied the electro-optical characteristics of the
structure of FLC-SiO2-Si in constant and alternating electric fields. In constant fields, the
influence of FLC resistivity on the magnitude of the threshold voltage of the homeotropic-
planar transition in the structure is more pronounced for large thicknesses of SiO». In
alternating fields, the charge at the SLC-SiO> interface does not have time to accumulate;
therefore, the structure model is a parallel-sequential equivalent substitution pattern.

Keywords: constant voltage, specific resistance, electric charge, semiconductor, smectic liquid crystal,
threshold voltage.
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IKi GENERATORLU KULOK ELEKTRiIK QURGUSUNUN
XUSUSIYYOTLORI VO ENERGETIK GOSTORICILORI

ABDULKADIROV A.I., 2HACIBALAYEV N.M., °CABBAROVA S.M.

) YAzarbaycan Doviat Neft va Sanaye Universitetil
Unvan : Azorbaycan ,Baki AZ 1010, Azadliq prospekti, 20

) 2Sumqayit Doviat Universiteti
Unvan : Azarbaycan, Sumqayit AZ 5100,43-cii mahalla
E-mail : n.hacibalayev@mail.ru,

Iki nov kiilok elektrik qurgularmin (KEQ) energetik gdstoricilorinin miiqayisali analizinin neticolori
verilmisdir; qiitblor say1 tonzimlonon asinxron generatorunun bazasinda KEQ vo adi asinxron generatorlu olan
ikili generatorlu KEQ. KEQ-in bu variantlar1 yaxsi energetik gostoriciloro malik olmagla barabor, slava
yaxsilagdirila da bilor. ©On yaxst hoall iki generatorlu KEQ-do alindigi gostorilmigdir. Bu qurguda, kiilok
enerjisindon istifado omsalinin artirilmasindan slave, elektrik generatorunun faydali ig omsalinin da artirilmasina
nail olmaq miimkiindiir.

Acar sozlor: kiilok elektrik qurgular, asinxron generator, energetik gostoricilor, kiilok enerji, iki
generatoriu KEQ.

Giris. Insan torofindon qodimdon istifado olunan kiilok, giiclii energetik monbolorden
biridir. Onanovi bark vo maye yanacaqlardan forqli olaraq kiilok enerjisini aldo etmok vo nogl
etmok liclin xorc tolob olunmur. Cox zaman kiilok enerjisini “miifto” enerji adlandirirlar.
Lakin bu yanhs fikirdir. Kiilok enerjisinin ¢evrilmosinin osas xorclori kiilok elektrik
qurgusunun yaradilmasina vo qurasdirilmasina sorf olunur. Bunlar iso ¢ox boyiik xarclordir.

Ona goro do bu vaxta qodor ¢oxlu sayda miixtolif kiilok qurgular1 yaradilmisdir. Bu
sahodo islor davam etdirilir vo osas mosolo energetik gdstoricilorin yaxsilasdirilmasina
yonalmisdir.

OIsas hissa. Moqalods iki n6v KEQ-o baxilir:

1. ki siiratli (iki dolagli) asinxron generatorlu KEQ
2. Standart asinxron generatorlu iki generatorlu KEQ

Bu KEQ-lor kifayot qodor rasional struktura malik olub, yiiksok etibarliga malikdir.
Bununla borabor, miiqayisali doracads kiilok enerjisindon yiiksok istifado omsalina malikdir.
Bu kiiloyin asag1 siiratlorindo ¢ox vacib mosaladir. Masalon, kiiloyin siiratlorinds (3,5+5,5)
m/san birinci név KEQ kiilok enerjisindon boyiik istifado omsalina malik olmasi ilo
xarakterizo edilir vo bu ikili doydurulan asinxron generatorlu, yaxud tezlik ceviricili sinxron
generatordan daha Ustlindiir [1,2,4]. Bu voziyyat kiiloyin kigik siiratlorinde elektrik enerjisi
istehsalini shomiyyatli doracods artirmaga imkan verir.

Bu kiilok miihorrikinin valindaki (KM) giic ifadesindon do aydin goriiniir

PKM:4,810_5D2193€, kVt (1)

Burada D-kiilok perinin diametri, m; $- kiiloyin siirati, m/san; ¢&-kiilok enerjisindon
istifado omsalidir.

Py = 93 oldugu iigiin kigik 9 soraitindo elektrik enerjisi oshomiyyatli deracods azalir.
Buradan iso & - nin artirilmasi mosalosi glindoma golir. Sokil 1-do gostarilon kiiloyin xiisusi

giicli oyrilordo bunu tosdiq edir. 2 oyrisinin altinda galan saho, verilmis & soraitindo kiilok
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mithorrikdo gevrilo bilocok enerjiyo liygundur. Giliciin faktiki paylanmasina 3 vo 4 oyrilori

uygundur.
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3
T’HE?‘]"L

Ta R Ty T3

I

F

Sakil 1. Kiilayin xiisusi giiciiniin nozari paylanmasi
1- kiiloyin xiisusi giicliniin nazari paylanmasi,
2-kiilok tokarinin valinda xiisusi giic,
3,4- kiilok elektrik qurgusunun xiisusi giicliniin faktiki paylanmasi.

Sokil 1. praktikada da 6zilinii dogruldur. Beloki, KEQ-in mévcud konstruksiyalarinda
kiilayin tam siirotlor diapazonu istifade olunmur (73, 74). Il arzinde KEQ - ya tamamils faydali
glic yaratmir (73, T, miiddatlori) ya da ¢ox az yaradir (7).

Kiiloyin siiratinin <9, qiymatlorinds kiilok miiharrikinin giicii KEQ-in diiyiinlorindo
sirtiinmo qiivvesini dof etmoys do catmir (KM foaliyyot gostormir). Bunlar sokil 2- do
niimayis etdirilmisdir.
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Sokil 2. Kiilak elektrik qurgusunun (P) kiilayin siiratinden (V) asililigi;
kiilok elektrik qiirgusunda kiilok tokarlarinin valinda giiciin nazari ayrisi
(qiriq xatt), AP- kiilok elektrik qurgusunda giic itkisi.
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Ikigeneratorlu, ikinci ndv KEQ-i analiz edok. Hoqigoton kiiloyin asagi vo yuxari
stirotlorinds iki elektrik generatorunun olmasi moqsadouygundur. Belo KEQ-in is strategiyasi
beladir. Kiiloyin siiroti 3,5 m/san-don az olduqda generatorlar sobokodon agilir vo KEQ
islomir. Kiiloyin siiroti (3,5+5,5) m/san olduqda kicik giiclii generator gosulur vo 0z
funksiyasini yerina yetirmoys baglayir. Siirat 5,5 m/san-don ¢ox olduqda vs agilma siiratindon
asag1 olduqda ikinci boyilik giiclii generator sobokoya qosulur (sokil 3). Kiiloyin siiroti 24
m/san ¢ox oldugda KEQ dayandirilir. Ac¢ilma siiroti elo bir siirotdir ki, artiq yiiklonmolor vo
gaza hallarindan qagmagq tli¢iin KEQ dayandirilmalidir.

Kiilok enerjsindon istifado omsalina goéro KEQ-in bu varianti iki siiratli KEQ-o
ekvivalentdir. Digor energetik gostoriciloring - kiiloyin kigik siirotlorinds faydali is omsali va
giic omsalina gors hatta onu qabaqlayir.

Bu variant1 daha otrafli nozordon kegirok. Reduktor vo generator da daxil olmaqla KEQ-
in faydal giicli asagidaki ifads ils toyin edilir:

PKEQ:PKM'Ur'Ug (2)

Burada 7, ve 14- reduktor vo generatorun faydali is omsalididr.
Reduktorun faydali is amsali az doyisir vo adoton 77, ~ 0.95. Lakin generatorun f.i.o.- da

vaziyyet basqadir. Asinxron generatorun monfi xiisusiyyatlorinden biri, onun reaktiv giic tolob
etmosi ilo faydali is omsalmin kigik yiiklordo asagi olmasidir. [2]- do buna diqgot
yetirilmisdir. GROWIAN tipli giicii 3MVt olan, yiikii 100%, 50% va 10% oldugda asinxron
generatorun f.i.9.- 1 uygun olaraq 0,95; 0,85 vo 0,4 olmusdur.

Bunun naticosindo gostorilon diapazonda elektrik enerji istehsali shomiyyatli artirmaq
olar. iki siiratli generatorla KEQ-do belo effekto nail olmaq miimkiin deyil.

KEQ-in iigiincii energetik gdstoricisi olan giic omsala (cosp) da baxaq. Iki siirotli
asinxron generatorlu KEQ-ds onun artirilmasina godar standart holdan istifado etmok olar, ya
kondensator batareyalarinin komayi ilo reaktiv giicii fordi kompensasiya etmak, ya da reaktiv
giicii kiilok elektrik stansiyasinin torkibinde kompensasiya etmak.

=
]
4]
~

Sokil 3. iki generatorlu kiilok elektrik qurgusunun struktur sxemi
1-kiilok miiharriki, 2-reduktor, 3-mufta, 4-5-kicik vo boyiik
giiclii elektrik generatorlar, 6-7 — tiristor kommutatorlari,
8- elektrik sobokasi.

Bu variantdan forqli olaraq iki generatorlu variantda o, kicik generatorun olmasi
sobabindon boylik imkanlara malikdir. Toklif edilon ideya ona esaslanir ki, kiiloyin kicik
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stiratlorinds geyd edilon generator sinxronlagdirilmig asinxron generator halina kegirilir vo
cos@ =~ 1 olur [3-5]. Boyiik giiclii generator isloyon zaman, kicik giiclii generator sinxron
kompensator rejimina kegirilir. Bu magsad ti¢iin sokil 3 — do gostordiyi kimi reduktorun ¢ixis
vali ilo kigik giiclii generatorun vali mufta (masalon pnevmatik) vasitosi ilo aralanir vo
qosulur. Kigik giiclii generator olaraq, faz rotorlu asinxron masinin istifadosi tovsiyys olunur.
Asagidaki is rejimlorini yerino yetirmoyo imkan veron belo masinin kontaktsiz varianti
islonmisdir (firga vo halqalarsiz): qisa-qapanmis rotorlu asinxron generator, sinxronlasdirilmig
asinxron generator, asinxron miiharrik vo sinxron kompensator.

Sokil 4- do kontakt halgali asinxron masinin bazasinda iki generatorlu KEQ — in idaro
sisteminin struktur sxemi gostorilmigdir. Bu sxem kigik giiclii generatorun yuxarida gostorilon
rejimlorini tomin edir.

.{.

| 9;/& = 9;@7

Saokil 4. Sinxronlagdrilmis asinxron generatorlu kiilok elektrik qurgusunun struktur sxemi
1-kiilok miiharriki, 2-generator, 3-4-kommutasiya aparatlari, 5- elektrik sobokasi,
6- transfromator, 7-8 — tristorlu ¢evirici, 9- rezistor.

=l

NOTICOLOR

1. Iki siirotli asinxron generatorlu vo iki generatorlu standart konstruksiyali asinxron
generatorlu KEQ- nun energetik géstaricilorinin miiqayisali analizi yerina yetirilmisdir.

2. Gostorilmigdir ki, baxilan novlor kiiloyin kigik siiratlorinds kiiloyin enerjisinin boyiik
istifado omsalina malikdir vo ikili gidalanan asinxron generatorlu vo stator dovrasinds
tezlik ¢eviricisi olan sinxron generatorlu KEQ- don iistiindiir.

3. Elektrik generatorlarinin faydali is amsalinin giymatine gors kiilayin kigik siiratlorinds iki
generatorlu KEQ- in digear ndvlars nazaran tstiinliiyii agskar edilmisdir.

4. KEQ-in malum sxemlari ilo miiqayisads iki generatorlu sxemds giic amsalini cosp = 1
godor artirmaq yanasmasi toklif edilmisdir.

5. KEQ- do sinxron vo sinxronlagdirilmis uzununa- enino tesirlonon generatorlarin
istifadoasinin ilkin naticalori verilmisdir.
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OCOBEHHOCTHU 1 DQHEPTETUYECKHUE ITOKA3ATEJIN
ABYX TEHEPATOPHBIX BETPOJSJIEKTPUYECKHUX YCTAHOBOK.

ABJIVJKAJBIPOB A.W., TAJUKUBAJIAEB H.M., JlUKABBAPOBA C.M.

[IpuBeneHs! pe3yabTaThl COMOCTABUTENBHOIO aHAIM3a IYHEPreTHUYECKUX IOoKazaTenei
BOVY nByx tmmoB;, BDOY Ha 06a3e aCHMHXpOHHOrO reHepaTopa C PEryJIupOBaHHEM YHCIIA
MIOJIFOCOB U JIByXreHepaTopHast BOY ¢ 0ObluHBIMU aCUHXPOHHBIMH reHepaTopami. Ilokasano,
9yTr0o gaHHele BDY HMMEIOT CpaBHUTENHFHO XOPOIIHE YHEPreTHYECKHE TOKa3aTeNl, KOTOpHIC
MOTYT OBITh JONOJHUTENBHO YIYUIIEHBl, IPU 3TOM HaWJIyylllee pEIICHUE TOCTUTaeTcs B
nByxrerepatopHoir BOVY. [locnennee gocturaercs TeM, YTO I€HEPATOp Majlo MOIIHOCTH
IPU HU3KHX CKOPOCTAX BETpa IEPEeBOAUTCS B PEKUM CHUHXPOHHOIO IeHepaTopa, a Ipu
OO0JIBIINX CKOPOCTSX - B PEXKUM CHHXPOHHOI'O KOMIIEHCATOPA.

Kiro4eBble cjioBa: BeTpsHbIE 3JEKTPOCTAHIIMY, aCHHXPOHHBIN IeHepaTop, SHEpreTuyeckre MoKas3areny,
SHEprus BeTpa, IByXreHepaTopHbIi BOY.

FEATURES AND ENERGY INDICATORS
TWO GENERATOR WIND ELECTRIC INSTALLATIONS.

ABDULKADYROV A.l.,, GADZHIBALAYEV N.M., JABBAROVA S.M.

The results of a comparative analysis of the energy indicators of two types of wind
turbines are given; Wind turbines based on asynchronous generator with regulation of the
number of poles and two-generator wind turbines with conventional asynchronous generators.
It is shown that wind turbine data have relatively good energy indicators, which can be further
improved, with the best solution being achieved in a two-generator wind turbine. The latter is
achieved by the fact that a low-power generator at low wind speeds is transferred to the
synchronous generator mode, and at high speeds - to the synchronous compensator mode.

Keywords: wind power plants, asynchronous generator, energy indicators, wind energy, two-generator
wind turbines.
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IrSi — Si KONTAKTI OSASINDA GUNOS BATAREYALARININ
XARAKTERIK PARAMETRLORININ OLCULMOSI SISTEMI

KORIMOV E.D., 'OLIYEV H.S., 'MUSAYEVA S.N.

Milli Aerokosmik Agentlik, S.S. Axundov kii¢. 1, AZ 1115
*Azorbaycan Texniki Universiteti, H. Cavid pros. 25, AZ 1073

Mbogalads iridiyum-silikon silikat kompozit asasinda giines hiiceyrslorinin moveud vurgun xiisusiyyatlori
Oyronilir. Desilmo gorginliyinin magnetron piskiirmo tisulu ilo oldo edilon IrSi kompozit materialinin
galinhigindan asili olmadigin1 askar edilmisdir. Bunun siibutu irSi-Si kontaktinmn vahidliyidir.

Acar sozlar: Giinos elementi, Sottki ¢opori, p — n kegid, hava kiitlesi, stialanma spektri, zona diaqrama,
atmosfer, miigavimat.

Giinog batareyalarinin hom istehsali prosesindo vo homginin istismara géndorilmozdon
gabaq onlarin xarakteristik parametrlorinin xiisusi doqiqliklo o6l¢iilmosine bdyiik ehtiyac
vardir. Gilinog elementi vasitosilo alinan elektrik enerjisinin miqdari yalniz elementin 6zliniin
texniki xarakteristikalarindan deyil, hom do elementin yerlosdiyi cografi orazinin
koordinatlarindan, sutkanin vaxtindan, havanin buludlu olub — olmamasindan, ilin faslindon
vo s.-don asilidir. Buna goro do miixtolif elementlori korrekt sokildo miiqayiso etmok iigiin
onlarin parametrlorinin 6l¢iilmasi soraitini standartlasdirmaq zoruroti meydana ¢ixir. Glinog
stialanmasini xarakterizo edon vo giinos elementlorinin sinagr zamani asas rol oynayan
komiyyatlor siialanmanin intensivliyi vo spektral torkibidir.

Giinos slialanmasinin intensivliyi lo Yerin miixtolif regionlarinda miixtalif gqiymato
malikdir. Kosmosda, Yer atmosferi xaricindo lo — m qiymoti (giinos sabiti) 1370 Vt/m? — a
borabordir. Olgmolor zamani intensivliyin standart giymoti olaraq 1000 Vt/m? qobul
edilmigdir.

Giinog stialanmasinin spektral torkibini xarakterizo etmok li¢ciin AM — “hava kiitlosi”
anlayisi (AM-Air Mass) daxil edilmisdir. AMO hava kiitlosi, Yer atmosferi xaricindo giinog
stialanmasi spektrino uygundur. AM1 ise miisahido ndqtosine nozeron Giinasin zenitde oldugu
zaman onun Yer sothindo yaratdigi siialanmanm spektrina uygundur. Olgmolor zamani
standart olaraq AM1,5 hava kiitlesi (bu, Giinosin zenitlo amolo gotirdiyi bucagin 45° - yo
borabor oldugu halda Yer sothinds yaratdigi stialanmanin torkibine uygundur) qobul
edilmisdir.

Gilinos elementlorinin parametrlorinin standart G6lgmolori zamami gqarsiya qoyulan
sonuncu tolob iso 6lgmo temperaturunun miioyyon olunmasidir. Sinaglarm 25° C
temperaturunda aparilmasi standart olaraq gobul edilmisdir. Demali, giinos elementlorini
pasportlasdirmaq t¢iin diinyada gobul edilmis standart sortlor (STC — Standart Test
Conditions) asagidaki kimidir:

- intensivlik 1000 Vt/m? ;

- spektr AM1,5;

- temperatur 25° C.

Giinoas elementlorinin sinag1 zamani keyfiyyatini, effektivliyini yoxlamaq

ticlin asas etibari ilo asagidaki parametrlor dl¢iiliir (standart soraitdo):

- bos gedisin gorginliyi Voc ;

- qsa qapanma corayant lsc ;

- maksimal ¢ixis giic Pmax ;

- maksimal ¢ixi§ giico uygun golon gorginlik Vmax ;
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- VAX —1n dolma omsal FF ;

- elementin fi.0.% ;

- elementin ardicil miigavimati Rs ;

- elementin suntlayicit miigavimati Rsh ;
- agqarlarin konsentrasiyasi, Na, Nd;

- defektlorin konsentrasiyasi Ndef ;

- xlisusi miigavimat p.

Fotoenergetik sistemlorin laboratoriya maketlorindon tutmus onlarin istismarina kimi
biitiin etaplarda elementlorin keyfiyyatini vo istismar xarakteristikalarim1 qiymotlondirmayin
osas lisulu - onlarin volt — amper xarakteristikalarin1 (VAX) o6l¢iilmosidir. Mohz VAX-1n
Olclilmosi (isigda vo qaranligda) vo Olgmo noticolorinin emali, fotoelektrik ceviricilorin
yuxarida gostorilon parametrlorindon bir ¢oxunu (Voc, lsc, Pmax, Vmax, #, Rs, Rsh,...)
toyinetmoys va beloliklo do elementlorin hazirlandig1 texnologiyalar: qiymatlondirmays,
prognozlasdirmaga vo nahayat effektivliyini maksimum hadds ¢atdirmagin yollarint miioyyan
etmoyo imkan verir.

Yarimkegirici giinos elementlorinin vo modullarinin VAX-n1 6lgmok {igiin islodiyimiz
sistem miiasir 6lgmo texnologiyalari - National Instruments (Ni) kompaniyasinin 6lgma
platalar1 (mmater c6opa manneix — USB 6008), drayverlori (NI - DAQmx ) vo proqram
tominat1 (Lab VIEW) osasinda islonmisdir. Olgma sxemini Dovlotlorarast Beynolxalq
standarta — TOCT — 28977 - 91 /32/ uygun olaraq islomisik (sokil 1).

1 - niimuno; 2 - temperatur vericisi; 3 - nozaratedici element; 4 - yiiksok doaqiqliys malik
rezistor; 5 - Ol¢li cihazi; 6 - temperatur geydedicisi; 7 - corayanin Olgiilmosi sxemi; 8 -
garginliyin 6l¢iilmasi sxemi; 9 - doyison miigavimat.

Ononavi olaraq GE-nin VAX-n1 almaq tiglin elementa qosulmus doyison miigavimatin
(yiikiin) giymatini doyismokls | vo U olgiiliir. VAX geyri — xatti oldugundan bu zaman qrafiki
qurmaq Ugiin 10-12 6l¢li aparmaq lazim golir. Bu iisulla 6lgmo iso miioyyon vaxt aparir.
Olgmo prosesinin belo uzun siirmosi elementin qizmasina, imitatorun siialanmasinin
doyisilmasing vo nohayst GE-nin real giiciiniin kifayot qodor doyisilmasins sabab ola bilor.

7

o
—L |
2 Q

7

Sok. 1. 'OCT — 28977 — 91-5 gors fotoelektrik ceviricilorinin 6lgms sxemi [1].

71



Toklif etdiyimiz qurguda doyison miigavimoti (yiikii), istok-stok miigavimati proqram
yolu ilo genis diapazonda doyismok miimkiin olan IRF530NS saho tranzistoru vasitasilo

hayata kegcirilir. Qurgunun blok sxemi sokil 2-ds, prinsipial elektrik sxemi iso sokil 3-do
verilmisdir.

Giinas is1g1 Fotoelektrik T Elektrik
imitatotu ::> cevirici — sxemi

USB 6008

PC

Sak. 2. GE — larinin VAX — larin1 6lgmak ii¢lin qurgunun blok sxemi.

AT+ Al-
Carayan
R1
]
L 1
AIO+
g
IRF530NS a
T
3
—] s
GE !
AO1 n
1
i
k
AlO-
GND

Sok. 3. GE - lorinin VAX - larini 6lgmak ii¢lin qurgunun prinsipial elektrik sxemi.
Burada: AOldo GND NI USB6008 platasinin analoq ¢ixis kontaktlari,
Al+ +Al- va Al0+ +Al- ciitlari iso onun differensial giris kontaktlaridir.

IRF530NS saho tranzistorunun istok-stok miigavimoti USB6008 platasinin analoq
cixisindan tranzistorun emitter-istok kecidino verilon vo 0+5V diapazonunda doyisilon
gorginlikls idars olunur. Carayan siddoti R1 miigavimatinin uclarindaki gorginliyin USB6008
—in analoq Al + +Al- differensial girislorina verilmasilo, bos gedisin gorginliyi iso (istok-stok
miigavimati maksimum oldugu zaman) AI0+ +AlI0- girisi vasitasilo dl¢tliir.
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Lab VIEW miihitindo [2-4] islonilmis proqram tominat: (virtual cihazlar) GE-nin Voc
bos gedisinin gorginliyini, lsc qisa qapanma coroyanini, Pmax maksimal ¢ixig giiclini,
maksimal ¢ixis glico uygun golon Vmax gorginliyi, # f.i.o-m, FF VAX-in dolma omsalini
avtomatik olaraq toyin etmoyo imkan verir (sokil 4).
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Sak. 4. GE-larinin volt-amper xarakteristikalarini 6lgma sisteminin
Lab VIEW miihitinds iiz paneli.

Lab VIEW miihitindo yaradilmis GE-lorinin volt-amper xarakteristikalarini 6lgmo
sisteminin iiz paneli, sokil 5-do iso onun blok diagrami tosvir edilmisdir. GE-lorinin volt-
amper xarakteristikalarinin 6lgma naticolorine asason xarakteristikanin qurulmasi, maksimal
giico uygun is¢i ndqtonin tapilmas: da Lab VIEW miihitindo yaradilmig VC-n (programin)

komayi ile yerina yetirilir (sokil 6).

=l

Sak. 5. GE-larinin volt-amper Xarakteristikalarini 6lgma sisteminin blok diagrami.
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Sok. 6. GE-lorinin volt-amper xarakteristikalarinin fayl soklindo saxlanilmig
6lgma naticalorini emal etmak ti¢clin VC-1n blok diagramu.
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Sok. 7. Termik emalin miixtolif temperaturlarinda volt — amper xarakteristikalar:
1-300°C, 2 -400°C, 3-500°C.

Strukturlarin volt — amper xarakteristikalar1 (VAX) 10° — 10* diizlondirmo omsalina
malik giiclii unipolyar soklo malikdir (sokil 7). Carayan sixliginin totbiq edilmis gorginlikdon
miisahido olunan asililig1 termoelektron emissiya nazoriyyasi ilo yaxsi uzlagir:

J=1, (exp(%) —1) : 1)

burada, Js — doyma corayaninin sixligi, n — idealliq amsali, k — Bolsman sabiti, T — kelvinlarla
temperaturdur. Idealliq amsali 1,12 — 1,64 intervalinda yerlasir; coroyan sixliginin giymati iso
7,5 V gorginlikdo 0,1 mA-sm™ — dir.

Iridium silisid — silisium sorhodindo yaranan Sottki ¢oporinin hiindiirliiyii doyma
coroyani Ui¢iin asagidaki diisturdan hesablanir:
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J, :ATzeXp(%j(go—AgD), 2)

burada, ¢ — Sottki ¢oporinin hiindiirliiyli, A — kontaktda maksimal elektrik sahosi ilo baglh
olan polyarizasiya qiivvelori noticosindo c¢oporin hiindiirliiyliniin azalmasidir ki, asagidaki
diistur {izro hesablanir:

1

E )2
A(p{—q j , ©
Are,
burada;
1
2
E, | —— e @
ggo(v +Vi_q]

Coparin ¢ — hiindiirliiyli agagidak: diistur iizra toyin edilir ki,

kT AT? kT J
(anJ (0,43ngT2 ®)

S

burada, volt — amper xarakteristikalarinin xotti hissosini Sottki koordinatlarinda coroyanlarin
oxlariin koasigmosino gador sifir gorginliyina estrapolyasiya edorok coroyanin qiymatino goro
potensial ¢oporin hiindiirliiylinii toyin etmok olar. IrSi — Si sorhadinds potensial ¢oparin bu
iisulla hesablanmis hiindiirliiyii 0,94 eV — a borabor olmusdur.

Termik vo eloco do magnetron tozlanma tisullart ilo alinmis IrSi — p — Si esasinda
strukturlarin VAX — 1 otaq temperaturunda 6zlorini omik xarakterli kimi aparirlar. VAX — 1n
diiz vo oks budaqlar1 praktiki olaraq xatti vo simmetrikdirlor (sokil 8 a).

Struktur 80 K - o godor soyuduldugda VAX unipolyar sokil alir (sokil 8 b). IrSi — p — Si
sorhaddinds potensial ¢oparin hiindiirlityliniin hesablanmis qiymati 0,16 eV — dur.

VAX — 1n temperatur asililifinin todqiqi yiikiin daginmasi mexanizmi haqqinda kifayot
qodor  informasiya verir. Temperatur asililiglarinin - ¢ixarilmast  {iglin - niimunalor
avtotransformatordan qidalanan termostata yerlosdirilmisdir. Niimunonin temperaturu birbasa
olaraq 16vhodo yerlosdirilmis xromel aliiminium termociitii vasitosi ilo kontrol edilir.
Temperatur xarakteristikas1 ¢ixarilmazdan oavval termoemalin cihazlarin elektrik xassoalorino
tosiri todqiq edilmisdir. Molum olmusdur ki, strukturun 250° C — yo qodor termoemali IrSi —
Si kontaktinin elektrik xassolorindo donmoyon doyisikliklor yaratmir. Sokil 9 a, b —do IrSi — p
— Si vo IrfSi — n — Si kontaktlar1 {iglin doyma coroyanin temperaturdan asililiglart
gostorilmisdir.

Gorginliyin fikso olunmus qiymatlorinds IrSi — p — Si vo IrSi — n — Si strukturlarindan
axan coroyanin temperatur asililigi Ig Ic ~ 1/T masstabinda xottidir ki, bu da coroyanin
temperaturdan asililiginin eksponensial gqanunla oldugunu gostarir. IrSi — n — Si kontakti ti¢iin
Js = f(T) asililig1 ylik dastyicilarin daginmasinin ¢opariistii mexanizmi kimidir. Malumdur ki,
yiik dasiyicilarin daginmasinin ¢opariistii mexanizmi iigiin ¢ - temperaturdan asili deyil, bu
da IrSi — n — Si strukturlart ti¢iin miisahido olunur [5]. Yarimkegiricinin faza yiiki
oblastindan tunel kegidinin vo generasiya — rekombinasiya mexanizminin nazors alinmasi
temperaturun azalmasi ilo @1 — nin monoton azalmasina gotirir. Serhaddin elektron hallarinin
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istirakt ilo ylik dasiyicilarin dasinmasi zamani @1 — sothdo yerloson Fermi soviyyasindon
coroyanin daginmasinda istirak edon on yaxin elektron halina godor olan energetik mosafo ilo
toyin olunur.

a)

0,1 mA/
bol.

b)

0,4 V /bol

Sok. 8. IrSi — p — Si kontakti asasinda Sottki diodunun VAX — nin ossillogrami: a) 300 K, b) 80 K.
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Kontakt otrafinda elektrik sahasinin giiclonmasi naticosinds vaxtindan avval desilmonin
qarsisin1 almaq magsadi ilo 0,5 mkm dorinlikli diffuziya halqalar istifade edilmisdir [6].

-14—

-13 —

JIT2, Alsm?-K?

»
»

7 10% T,k

JIT?, Alsm?-K?

b)

»
>

I
4

I I
6

|
8

|
10

|
12

|
14

Sok. 9. a) IrSi — n — Si, b) IrSi — p — Si kontaktlari Gi¢iin doyma corayanmin temperaturdan asililiglar.

Desilmo gorginliyinin 13 V —dan 2

8 V — a godor artmasina baxmayaraq iridium silisid —

silisium ¢oparinin oks caroyaninda doyma hali miisahido olunmamisdir (sokil 10).
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Sok. 10. IrSi — p — Si asasinda Sottki diodlarmin oks VAX — 1.
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Bu zaman giizgii oksi qilivvelorinin tasiri altinda ¢oparin hiindiirliiyiiniin azalmasi boytik
rol oynayir. Bu hadisonin miimkiin izah1 Andryus vo Lepselter torofindon verilmisdir [7].
Noatico ondan ibaratdir ki, silisid silisiumla ideal kecid yaradir vo Heyne modelino uygun

metalda kegiricilik elektronlarinin |W| dalga funksiyasi eksponensial sonon dalgalar soklindo

yarimkeg¢iricinin qadagan zonasina kecir. Dalga funksiyalarinin bu eksponensial “quyruqglar1”
elektrik dipollar1 yaradir vo bu dipollar 6z novbasindo ¢oparin formasini dagidir vo, ¢oparin
hiindiirliiyli azalir. Coporin hiindiirliiyliniin doyismoesi o qodor do bodylik olmadigindan
Makloren sirasina ayrila bilor:

(Ap) =y +- (6)

a = O0p¢ | Oem — komiyyotino tonzim olunan empirik parametr kimi baxila bilor. Dalga
funksiyalarinin daxil olma effektinin tam komiyyot analizi halo ki, edilmomisdir.

Sottki modeli, Bardin modeli va s. mdvcud olan klassik modellorin komayi ilo alinmis
naticalori izah etmok miimkiin deyildir.

[ridium silisidi — silisium sorhodinde gedon fiziki — kimyavi proseslor kontaktin
bircinsliyino giiclii tosir edir. IrSi — nin yaranmasi zamani hacmin reaksiyaya giron iridium vo
silisiumun hacmleri ilo miiqayisado 13% azalmasi bag verir. Kristallokimyovi xassalords bu
cir forglor hom iridium atomlarinin vo hom do asgar atomlarin silisiumun sothino yaxin
tobagoloring yeritmok liglin ¢ox gdzal sorait yaradir. Forz edirik ki, silisiumun sothino yaxin
tobagoys asqar atomlarinin yeridilmasi IrSi — Si sarhadinin geyri — bircinsliyino gatirir. Notico
olaraq miioyyan edilmisdir ki, IrSi — nin qalinhig1 artdiqca desilmo gorginliyi azalir (sokil 11).

A UV
35 —

30 —
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Sok. 11. Ir = 0,1 mA oldugda desilmo gorginliyinin IrSi — n — Si kontaktinin qalinligindan asililigi.

Ucdiodlu model g¢argivasinda diodlarin saholori {izro coroyan sixliginin orta giymotini
tapmaqla ¢oporin hiindiirliiyliniin orta qiymoti tiglin asagidaki  formul alinmigdir:
o ) Aw(@z) i A¢(¢3)

P = (p((;l) -kTIh| o, +we ¥ +we ¥ | @)
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Burada, ocY) — birinci diodun ¢operinin hiindiirliiyii, ¢c® — birinci vo iiciincii diodlarn

¢oparlarinin hiindiirliiklorinin kontrast1, 1= S1/ So, ®2=S2/ So, 3 =1 — (w1+ ®2) = S3/ So —

uygun olaraq birinci, ikinci va tiglincii diodlarin nisbi sahaloridir. Burada qeyri — bircinsliyin

parametrlori kimi asagidaki kemiyyatlor qobul edilmisdir: mi vo Aec® burada, (i = 1, 2, 3).
Formulun soklini doyissok alariq:

A A
- kT kT
Ap, =—KTIn| o, + w,e + o, : (8)

Beloliklo, toklif olunan wi vo ¢c® parametrlori metal — yarimkegirici sorhoddin qeyri —
bircinsliyinin  Sottki diodlarinin  xarakteristikalarinin  — baxilan halda iso ¢oparin
hiindiirlilyliniin deqradasiya etmasinin ayani siibutudur.

Odobiyyatlarda gostorildiyi kimi [8-10] demok olar ki, ideal (n < 1,07) Sottki
diodlarinin ¢aparinin ¢, — hiindiirliiyti 0,88 — 0,94 eV intervalinda yerloasir. Eyni zamanda,
apardigimiz dlgmalorin naticalori gostordi ki, magnetron tozlanma vasitasi ilo alinmis IrSi — Si
tictin ¢ = 0,94 eV. Ola biler ki, elo bu sababo gors do desilmo gorginliyi magnetron tozlanma
vasitosi ilo alinmig IrSi — nin qalinligindan asili deyil (bunun siibutu kimi IrSi — Si kontaktinin
bircinsliyini gostormak olar). Miixtalif diametrli diodlarla aparilan eksperimentlor gostorir ki,
diiz vo oks corayanlar onlarin aktiv sahasi ilo miitonasibdir (sokil 12).
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Sok. 12. Diiz cerayanin IrSi — p — Si kontaktinin sahasindon asililigi. T = 80 K.
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CUCTEMA UBMEPEHUSA XAPAKTEPUCTUYECKUX TAPAMETPOB
COJIHEYHBIX BATAPE HA OCHOBE KOMIIO3UTA IrSi - Si

KEPUMOB 3.A., AJIMEB X.C., MYCAEBA C.H.

B crathe u3yueHbl BOJBT-aMIEpHBIE XapaKTEPUCTHKU COJIHEYHBIX OaTapeil Ha OCHOBE
KOMIIO3UTa CHJIMLUJA WUPHIAUS-KPEMHHNA. BBISIBICHO, YTO HampspKeHHE NpoOOosi HE 3aBHCHT OT
TOJIIIUHBI MOJYYEHHOTO CIIOCOOOM MAarHETPOHHOI'O PACIbUICHUS KOMITO3UTHOro Matepuana IrSi.
Jloka3aTenbCTBOM 3TOMY CIYKUT OJHOPOIHOCTh KoHTakTa IrSi— Si.

KiiroueBble cj10Ba: COJMHEUHBIM 35eMeHT, XoiaMm ILoTTku, p - n mepexol, Macca BO31yXa, CHEKTp
W3JIy4YeHHs], THarpaMMa 30H, aTMocdepa, CONPOTHUBIICHHE.

THE MEASUREMENT SYSTEM OF THE CHARACTERISTIC PARAMETERS OF
SOLAR CELLS BASED ON THE COMPOSITE IrSi - Si

KERIMOV E.A., ALIYEV H.S., MESAYEVA S.N.

The article studies the current-voltage characteristics of solar cells based on the iridium-
silicon silicide composite. It is revealed that the breakdown voltage does not depend on the
thickness of the IrSi composite material obtained by the method of magnetron sputtering. Proof of
this is the uniformity of the IrSi-Si contact.

Key Words: Solar element, Shottky hill, p - n transition, air mass, radiation spectrum, zone diagram,
atmosphere, resistance.
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Energetikanin problemlori e Nel e 2019 e [IpoGiieMbl S3HEPTETHKH

UOT. 621.311

TURBIN-GENERATORLARDA KECID PROSESLORININ
BOZI ROQOMSAL iDARD MOSOLOLORI

H9SONOV 9.Q.

Azarbaycan Texniki Universiteti
garahasanov@gmail.com

Turbinlorin idars olunmasinda totbiq edilon proqramlar diizbucqli impulslardan ibarat olan xiisusi formali
signallar asasinda qurulur. Energetika sistemlorinin strukturasinin vo avtomatlagdirimasmin miirokkablogmosine
sobob olan bazi proseslor, ham do qgoza rejimlorinin idars edilmesinde slave ¢atinliklor yaradir. Bu monada
inkisaf edon energetika sistemlorinds roqomsal texnologiyalar, impuls nazariyyslor texnika va sistemlorinin yeni
iisullarmin totbiqi bir daha aktuallasir.

Acar sozlar: Oks olago, kecid proseslori, zaman sabiti, turbin-generator, blok, qazan, klapan yerdoyisma,
qizdirma, texnoloji miihafiza.

Siirat tonzimlonmasinin diizbucaqli impuls tasirlari ilo aparilmasi elektrik intiqallarinda
genis yayilmig bir tsuldur. Diizbucaqli impuls signallart turbinlorin giiclorinin stirotlo
azaldilmasini tomin etmoklo yanasi, onlardan ikinci vo sonra golon qaliq, oksolago xota
signallar turbinlorin siiratli yiikklonmalari naticasinds bas veran yirgalanmalarin qarsisini alir,
sok.1.

f(t) W(t) 2(t)
- W) o«
20 j (t)

yT

Sokil 1. Impuls nozariyyasi elementlorinin sado struktur sxemi.

Idaraetmodo xotti impuls sistemlor nazoriyyasi kifayot qader inkisaf etmisdir [1]. Homin
nozoriyyaya oasason, impuls xarakteristikast W(t), ¢ixisinda X(t) kimi kosilmoz xatalari T
periodlu signallara cevirir vo tokrarlanan ardicil impulslar kimi formalasdirict s(t)-yo verir.
Cevrilon x(t) signallarinin s(z) formasinin, tasir miiddoti yT, 6tiirmoa adadi Kim oldugu qgabul
edilir. t=nT diskret zaman anlarinda siqnal impulslarinin amplitudasi oks alagodon ¢ixan X(t)
funksiyasina miitonasib olacaqdir. Onda mT zamaninda totbiq edilon vahid impulsa, kosilmoz
hissonin gostordiyi reaksiya asagidaki kimi ifads edilir:

Kip - X() - jW(’[—z’)S(r)dT mT <t<(m-+)T,
2(t) = o : (1)

k. -x(mT)- jW(t—r)s(f)df (M+ )T <t<oo

(1) ifadssinin birinci tonliyi impulsun qgiymet aldigi intervalda kosilmoz hissonin
reaksiyasini, ikinci tonliyi is9, impulsun olmadigi vo ya kosildiyi halda olan reaksiyasini
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gostorir. Impuls sistemlor nozoriyyasinin, diskret cevirmolorlo, hollinin turbin-generator
blokunun idars sxemina totbiqi, sok.2 olverisglidir.

Rogomsal idars sistemlori asagidaki xtisusiyyatlori ils forqlonirlar.

- ¢ox sayli obyektlaras mogsadyonlii tasirlorine goro;

- etibarliligin  biitlin sistemds boarabar doracods artirilmasi {giin idara etmoanin
adaptivliyi;

- energetik obyektlor, stansiya vo yarimstansiyalardan alinan malumatlarin xiisusi emal
bazasinda markozlosmis idara sistemloari;

- idaro edilo bilon proseslorin, digor proseslor vo ya elementi basga elementlo olagoli
idars olunan (miihafiz edilon) sxemloari;

- oks goza tisul va vasitalorinin arsenalinin genislondirilmasi;

- avtomatik vo avtomatlasdirilmis idara sistemlorindo yiiksok hesab amoliyyat vo
montiqi imkanlar1 ilo farglonon elektron hesablama — rogomsal hibrid qurgular,
mikroprosessorlar va texnologiyalar istifads edilmalidir.

Kecid proseslarinin rele miihafizasi vo oks qaza avtomatikasinda totbiq edilon kompleks
idaro qurgular1 qoza situasiyalar1 vo qozalarin silsilo artimlarinin qarsisini alan oks qoza idara
sistemloridir. Baxilan idars sistemlorindo se¢ilon mohdudlasdlricl kriteriyalar goza vo gozadan
sonraki rejimlorin tohliikali hadlors ¢atmadig intervallarda doyisir. Bu sistemlor funksional va
orazi yayillma ekspertlorino goro kecid proseslorini idaro edir. Onlar enerji sistemlorinin
etibarliliginin tomin edilmasinds halledici vo artan shamiyystlore malikdirlor.

Olkomizdo Mingagevir AZ DRES-do isloyan, 300 MVt giiciindo IES kondensasiya
bloku va onun giicliniin idaraetma struktur sxemi sok. 2,3- do gostorildiyi kimi modulyasiya
edilmisdir. Blokun is rejimi bir sira texnoloji parametrlorlo toyin edilir: - gazan qizdiricisina
verilon hava vo yanacagin xarakteristikalari, gidalandirict suyun tozyiq ve temperaturu,
buxarin tozyiq veo temperaturu, turbin klapanlarimin agilmasi. Bu parametrlor miioyyon
hadlordo dayise bilor. Parametrlorin qiymot artimlari texnoloji miihafizonin islomasino vo
bloklarin agilmasina sobab olur. Texnoloji parametrlor 6z aralarinda enerji blokunun riyazi
modelino uygun tonliklorls slagslondirilir. Riyazi modellor toyinatlarina gors az vo ya ¢ox
dorocodo xotalarla qurulur. Enerji sistemlorindo Elektromexaniki kecid proseslorinin
analizindo modellor enerji blokunun daxili proseslorini yalniz toqribon nozors alir. Ona goro
verilmis struktur sxemi xeyli sadolosdirilmisdir.

Kondensasiya istilik elektrik stansiyalarmin real texnoloji sxeminds, hor blokun
reaksiyasina vo ke¢id prosesino goro zaman sabitlorine baxaq, sok.2.

10 11 12

gii)%y

Sakil 2. KES blokunun prinspial sxemi, 1-buxargenerator, 2-buxarqizdirici,
3-turbin yiiksok tozyiq hissasi, 4-turbin orta tozyiq hissosi,
5-araliq buxarqizdirici, 6-kondensator, 7-kondensat nasosu,
8-buxargenerator gidalanma nasosu, 9-generator, 10-yiiksaldici
transformator, 11-blok acari, 12-stansiyanin yigim sinlari,
13-xiisusi sarfiyyat transformatoru.
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Bu sxem gazan — turbinds hadisalorin asas gedisatini oks etdirir. Baxilan texnoloji ardicilligda
bir sira proseslor nozordon atilmisdir. Sok.3—do verilmis struktur sxemi asagidak: tonliklorlo
ifado edilir:

Siirat tonzimloyicisi tigiin riyazi model:

%=(§— Uy + uo*)/Tc;

Umin < U < Hmaks » (2)

e = #nim Mo = #;lfc()]m 5= (filk - f)/fllk

burada ¢ - turbinin firlanma siiratinin tonzimloyicisinin statizm omsali, T, - turbin
klapanlarin1 hoarokoat etdiron servomotorun zaman sabitidir; W, - turbinin ekvivalent
tonzimloyici klapanin yerdoyismosino nozoron servomotorun cari vo nisbi yerdoyismaosidir;
Unom - turbinin nominal giiciine uygun olan blok rejiminin nominal parametrinds servomotun
nominal yerdoyismasidir; py, - servomotorun ilkin voziyyatinin baslangic qiymotidir; s -
stiriismoa; f, fj,q5 - tezliyin cari vo baglangic qiymotlori; pmin , Umaks — SETVOmotorun asagi vo
yuxar1 yerdoyismolorinin hadloridir. Turbin riyazi modelinin yazilist:

D= /’[*PT
Pyry = DKyry (3)

dP,
% = [D(1 — Kyru) — Porul/Taq 5 Pot = Pyru + Poru
burada D — turbindon kegon buxar sorfiyyatinin cari qiymoti; Py - turbin girigsindo buxarin
tozyiqi; Tgq - ara qizdiricinin zaman sabitidir; Kyry - turbinin yiiksok tozyiq hissasinin giic
payi; turbinin Pyry - orta vo asagi tozyiqli hissalorinds hasil olunan giic; Py, - buxar turbinin
glictidiir.

Qazan {i¢iin riyazi modelin yazilisi:

24 = (Dy - D - AQ)/T,

Py = Py — KpD? (4)

burada P, - qazanin buxar generasiya hissosinda buxarin ¢ixis tozyiqi; T, - qazanin buxar
generasiya hissosinin zaman sabiti; Kp - qazanla turbin arasinda tozyiqlor diiskiistiniin
xarakterizo edon amsal; Dy, - turbindon kegon buxar sorfiyyatinin verilmis qiymati; AQ - osas
tonzimloayicinin tasirils, qazana verilan istilik doyismasi.

Sok.3-do verilmis sxemdo turbin texnoloji hissolorinin osas dinamiki diyiinlori
(mangalar) nozoro alinmisdir: - siirot tonzimloyicisi, turbin, gqazan, qazanin 9asas
tonzimloyicisi, qizdirma, texnoloji miihafiza.
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Hemin Hrmax
\Q Pyth
D
S 1o 1 (14T, Py =
surettenzimlllg;/ici 7. —servo intiaal p (1K)
signal c—servo Intiqa ! (1+T2P) | Pon
zaman sabiti
Turbin
Qazan bas tenzimleyicisi
Birinci texnoloji muhafize
Pk <Peer
— — - t>tger
Ikinci texnoloji muhafize R
nex Blokun acilmasina
D, ApszD2
GRS = ETE T S -
¢ T
F’

Sakil 3. 300 MVt giiciinds kondensasiya turbinlorinin asas texnoloji sxemi-tanzimloma.

Yanma vo qizdirma blokunun riyazi modeli:

2= (e — AQ)/Ty (5)

burada T; - yanacagin yanmasindan alinan enerji, qizdirici qazlarda istiliyin akkumlyasiyasi,
qaynar borulardan kegon istilik vo s. manqalarin zaman sabitlori; 7,, - bas tonzimloyicinin
cixis signalidir. Goriindiiyli kimi Tt zaman sabitindo bir sira elementlorin riyazi fiziki hali
comlogmisdir. Bu, kec¢id prosesindo reaksiya mexanizmlori vo hesablamalari {i¢iin miioyyon
xota vermalidir.

Bas tonzimloyici modelin riyazi tonliklori:

Mpe = — Kpt(Pro — Pr)

d7;2tbt - _ Pt?[-_ Pr (6)
bt

Mot = Mibt T Mabt
burada k;; -bas tonzimloyicinin giiclondiricisinin 6tiirmo amsali, T}, -bas tonzimlayicinin
zaman sabiti; 1qp¢; NMope - bas tonzimlayici qovsagin giiclondirici vo inteqrallayicilarinin
uygun signallaridir.
Texnoloji miihafizonin sortlori:

Pq < anr; t > tgor; Pq < quaks (7)

burada Py, tgor - Uygun olaraq tozyiq vo zamana gora texnoloji miihafizonin qoygulari.
Qoygular gosulmus siyirtmolaorin girisindoki tozyiq vo temperatura aiddir. Pgpaks - buxar
generasiya hissosinin sonunda tozyiqin artmasina gors texnoloji miihafize qoygusudur.
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“Siirat tonzimlomo” blokunu sado olaraq avtomatik siirot tonzimlayicisinin bir hissasi
kimi vo 1/0 6tiirmo omsali ilo gotiirtirlor. Turbin klapanlarinin tonzimlonmasinin hidravlik

servointiqalinin otiirma  funksiyasi kimi gostorilir. Burada p Laplas cevirmo

1+ TP

. . .1t L
operatorudur. Zaman oblastinda servointiqalin ifadasi —e /Tc olur. Bu manqganin giriging
C

S — siirlismasi verilir, onun ¢ixisinda servomotorun yerdoyismosi iiglin g, signali alinir.
Servomotorun yerdoyismasi yuxaridan py,q, Vo asagidan p,,;, mohdudlasdirilir.

Buxarin ara qizdiricilar1 boylik akkumlyasiya tutumuna malik olan turbinlor biri
giiclondirici, digori otalatli iki paralel manga ilo modellogdirilir. Giiclondirici manqa turbinin
yiiksok tazyiq hissesi (YTH), tonzimloyici klapanlarla ara qizdirici arasinda turbin pillssidir.
YTH tonzimlayici klapanlarin voziyyati doyisdikds klapanin arxasinda buxar hacmi, 0,2 — 0,4
san zaman sabitilo toyin edilir. Sokildo gostorilmis blok sxemdo, bu doyismo tigiin otalotlilik
nozordon atildigindan giic Pyry vo Otiirmo omsali Kyry sabitilo gotiiriiliir. Turbinin digor
pillasindo asag1 vo orta tozyiq hissosinin giicii Pory Vo Kory omaslh gobul edilmisdir. Bu
hissonin parametrlori ara qizdiricinin tutumu ils toyin edilir vo turbin (1 - Kyrg)/(1 +
TaqP) oo (Ayen), e

aq

Qazanin generatorun yiikiino tosiri (enerji blokunun enerji sistemino verdiyi giic)
klapanlarin verilmis agilma hoddi vo buxarin tozyiginin doyismosi ilo toyin edilir. Ona goro
turbin qazan tonzimloyici orqanlarinin vaziyyat doyismesilo buxarin toziqinin doyismesini
ifads edan qazan aqreqatinin 6tlirma funksiyasi modellosdirilir.

Diizaxinli gazan zaman sabiti T, olan bir tutumla ovoz edilir. Bu iss, inteqrallayic

_t
/Taq otalot momentilo modellosdirilir.

birlogmadir:- (#) o 1(t)/T, sabitind ¢evrilir. Bu manqanin girisino verilmis buxarin Dy,
q

vo cari buxarin sorfiyyat forqlori tasir edir, sok.3. Blok mangasinin ¢ixisinda — buxarin tozyiqi
qaz generasiya hissasinin ¢ixisindaki buxarin Fy tozyiqins barabardir.

Turbindon avval buxarin tozyiqi Pr, qazamin F, tozyigindon, qazandan turbino qador
mosafodoki tozyiq diiskiisii gqodor az olur: AP, = P, — Pr - buxar sorfiyyati D kvadrati ilo
miitonasib olub K omsali ila toyin edilir, sok.3.

Qozanin bas (osas) tonzimloyicisi, miitonasib — inteqral tipli tonzimloyicidir. Bu
tonzimloyici turbinin girisindo buxar tozyiqinin meyletmoasine vo qoygu qiymotine uygun
kecid prosesindaki cavab reaksiyasina gora diizalislorls isloyir.

Tonzimlayici isloyarkan, qidalandirici su va yanacagin verilisini turbinds buxarin tozyiqi
ilkin qiymatino barpa olunana qodor davam etdirir. Bas tonzimloyici iki paralel blokla
modellosdirilir: - biri signal giiclondiricisi (11 - ¢1x1s siqnali ilo); - digari inteqrallayict (1,
- ¢ix1s signali ilo). Bas tonzimloyicinin giris signallart 115 Vo 1y , signallarin comi kimi,
sxemin otalotli odluguna verilir. Bu riyazi tsulla yanacagin verilmosinin otalotliliyi
modellosdirilir. Eyni zamanda yanacaq qazlarinda istilik akkumlyasiyasi, istiliyin qaynar
borularla 6tiiriilmasi va s. Kimi otalotli proseslora ¢evrilir. Sxemin bu blokunun ¢ixisinda,
gazana verilon istiliyin AQ doyismasi, bas tonzimlayicinin tasirindon meydana galir.

Sxema gora iki texnologi miihafizo modellagdirilir: birincisi gqazanda buxarin F,y,
tozyiqinin diismasilo blokun agilmasim tomin edon gegikmoali t,,, muiddatils iglayir; ikincisi
buxarin Pgmqrs qazan tozyiqinin maksimal giymoatinds qoruyucu klapanlarin agilmasi va
tozyiqin sonraki artimlarinin garsisini alir.

NOTICOLOR

1. Enerji blokunun baxilan struktur sxemi onun asas i rejimini oks etdirir vo baza modeli
Kimi gobul edils bilar.
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2. Bozi doyisikliklor edorok, baza modelini enerji blokunun haor hansi kémokgi rejimino
uygunlagdirmaq olar.

3. O ciimladan tonzimloanmayan, “6ziina gadar” tonzimloyicili, buxarin siiriisma ilo doyison
parametrlori, qidalandirici elektrik nasoslu hallart va.s kimi idars tosirlori vardir.

4. Impuls nozoriyyslor texnikasinin totbiqi fiziki proseslorin komputer modellosdirilmasi,
avtomatik idara sistemlori {igiin alverisli vo asan variantlarin yaradilmasina imkan verir.

5. Impuls idare sistemlorinds verilon mohdudlasdirici kriteriyalar, qoza Vo gozadan sonraki
rejimlarin tahliikali hadlora ¢atmamasi sartile segilmalidir.

Lvinkun A. 3. «Teopus uMnyiabCHbIX cucTeM» MockBa DHeproatomusaar 1976 r.
Ilasnos I'. M. «ABToOMaTH3anus 3HepreTuaeckux cuctem» Mz, JII'Y, 1977 r.

Benukos B. A. «2Qnektpuueckue cucteMbl» Boiciias mkona, Mocksa, 1982 1.

Hasanov Q. O. “Yiiksok garginliklar va elektrik izolyasiya texnikas1” Darslik Baki 2009.
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HEKOTOPBIE BOITPOCBI HU®POBOI'O YIIPABJIEHHUSA ITEPEXO/JHBIX
ITPOLECCOB B TYPBOI'EHEPATOPAX

I'ACAHOB K. A.

[IporpaMMbl OCHOBaHHBIE Ha TPSIMOYTOJIBHBIE UMIYJILCHI 0CO00H (HOPMBI, MIHPOKO
MPUMEHSIIOTCS sl YIpaBlIeHUs W peryiaupoBaHue TypOuH. CuUTrHalBI COCTOSIIUE U3
MOCIIEJIOBATENIFHBIX ~ MMITYJIbCOB  TIO3BOJIIET TMPUMEHUTh LU(DPOBBIE TEXHOIOTHU K
yIpaBiIeHUIO TypOUH OOJBIION MOIIHOCTH. YCIOXHEHUS CTPYKTYp U IPOLIECCOB
€HEPreTUYeCKUX CHUCTEM, IPUYMHSAIOT JONOJHUTEIbHO 3aTPyJHEHUS B yIPaBICHUU
[IPOTUBOABAPUIHBIX PEKUMOB. B 3TOM CMBICIE IPUMEHEHUE HOBBIX METO/IOB Pa3BUBAIOIIEH
CUCTEMBI IU(POBOM TEXHOJIOTUU U TEOPUS UMITYJBCHBIX CUCTEM B 3JICKTPOIHEPTETUKE BHOBD
CTAHOBUTCS aKTyaJIbHOM.

KawueBble cioBa: OOparHas CBs3b, IEPEXOHBINA MPOIECC, TOCTOSHHOE BPEMEHH, TypOUH-TeHEpaTop,
070K, KOTEN, MepeMelIeHne KIIalana, TOTKa, TEXHOJIOTHIecKast 3aIuTa.

SOME QUESTIONS OF DIGITAL CONTROL OF TRANSIENT
PROCESSES IN TURBINE GENERATORS

HASSANOV G.A.

Programs based on rectangular pulses of a special shape, are widely used to control and
regulate turbines. Signals consisting of consecutive pulses make it possible to apply digital
technologies to the control of high-power turbines. Complications of the structures and
processes of energy systems cause additional difficulties in managing emergency response
regimes. In this sense, the application of new methods of developing digital technology
systems and the theory of pulsed systems in electric power industry are becoming relevant
again.

Keywords: Feedback, transient process, time constant, turbine generator, unit, boiler, valve movement,
furnace, process protection.
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KOHTAKTHAS IOJABECKA C ABOMHBIM HECYII{UM TPOCOM
JUISL SKEJE3HBIX JOPOT

PAT'UMOB P.I'., PATUMOB C.P. PATUMOB A.P.

"ATE® epynna komnanuu "
E-mail: ragim1953@ mail.ru

PazpaboTana HOBas KOMIIGHCHpPOBaHHAasi KOHTAaKTHas II0JIBECKA C JBOWHBIM HECYIIUM TPOCOM.
HccrnenoBano  B3aWMOJEHCTBHE TOKOIPHEMHHKA C HOBOM KOHTAKTHOW TozBeckoil. OmpeneneHo BIMSHUE
HaTsHKEHUS JIByX HECYIIMX TPOCOB M JPYI'MX IIapaMeTpoOB Ha KadecTBO TOKOCHEMA. [Momyuenst
OKCIICPUMEHTAJIbHO MI'HOBCHHBIC 3HAYCHUSA KOHTAKTHOTO HaXaTusd I AHKCPHOI'0 Yy4YacCTKa HAaTAXCHHUEM
Hecymero Ttpoca (2x16,5 xkH) mms ckopoctn mermkeHus 140 km/ga. [lo moidydeHHBIM TapMOHHUYECKUM
COCTaBJIAOIINUM MMOCTPOCHBI aMIIMTYAHO-YaCTOTHBIC XaPAKTCPUCTUKU JISI UCCICAYCMBIX aHKEPHBIX YYaCTKOB.
VYcTaHOBIIEHO, YTO BIMSHHE MApaMETPOB KOHTAKTHOM MOJBECKH HaxoduTcs B AuanaszoHe no 10 I'm. B mecrax,
IZie TapMOHMKM HMEIOT MEHBIIHME 3HA4YCHUS, CPEIHEKBAJPAaTHUECKOE€ OTKJIOHEHHE KOHTAKTHOIO HaXaTus
HaXOJWTCS B MEHBIIINX ANANa30HaX, YTO CKa3bIBAETCS Ha JIy4IIEeM B3aUMOACHCTBUH.

KinoueBble cJIoBa: KOHTaKTHas CCTh, HCCy]J.[HfI TpocC, KOHTAKTHBIN IMpoOBO/J[, Ka4C€CTBO TOKOCHEMA,
AWMHAMHWYCCKUEC MapaMeTpPhl BSaHMOHeﬁCTBHﬂ KOHTAKTHOTI'O ITPOBOJId U TOKOIIPUEMHHKA.

B cBs3u ¢ yBenMuUEHHEM CKOPOCTH JABIXKEHHMS M POCTOM O0beMa IMEpPeBO30K Ha
ANEeKTPU(UIIMPOBAHHBIX JKEJIE3HBIX JIOpOrax Halleil CTpaHbl, B TOM YHCIie, COBMEIICHUS Ha
HEKOTOPBIX yYacCTKaxX IPY30BbIX U NACCa)KUPCKUX MEPEBO30K, KOHTAKTHASI CETh HUCIBITHIBAET
3HAQUUTEJIbHBIE TEPMUYECKHE W MEXAHMYECKUE HArpy3Kd. HTEHCMBHOCTH yBEIMYECHMS
JBYKEHUS TIPUBOJUT K TOMY, 4TO 00Jiee [UIMTEIbHOE BO3CHCTBUE TOKA U 00Jiee BBICOKHE €r0
3HAQUYEHMS BBI3BIBAIOT IPOJOJDKUTEIBHBIN HArpeB IMPOBOJOB KOHTAKTHOM CETH, IPU 3TOM
Temreparypa OJHM3Ka K TMpeNeNbHBIM JONYCTHMBIM 3HAaYeHHsAM. B To ke Bpems mpu
pa3paboTKke HOBBIX MPOEKTOB JUIsI CKOPOCTHOTO M  BBICOKOCKOPOCTHOTO JIBHIKEHUS
IIPEATIOJIAracTCs MOBBIIICHUE BEJIMYMH HATSDKECHUHM IPOBOJOB B KOHTAaKTHOM mojBecke. Bce
3TO MPHUBOJIUT K CHIDKEHUIO KOd((uUIlMeHTa 3amaca o MEXaHn4eCKOil MPOYHOCTH MPOBOIOB U
YBEJIMYEHHUIO PUCKA UX pa3pylleHUs MpU CYLIECTBYIOIIMX HopMmatuBax [3]. Bmecte ¢ tem,
HeoOxXoIMMO obecreynBaTh HAJEKHYIO Mepefady ToKa K 3JIEKTPOMOJBHKHOMY COCTaBy IO
KOHTakTHOM ceTu. C yBEJIWYEHHEM CKOPOCTU JIBWJKEHUS MpoOlecC JIUHAMUYECKOIO
B3aUMOJECHCTBUSA TOKOINPUEMHHMKA W KOHTAKTHOM IOABECKH CYHIECTBEHHO YCIIOXXHSIETCS.
3HAYUTEIBHYIO POJIb HAUMHAIOT UIPATh KOJIEOATEIbHBIE U BOJHOBBIC SIBICHUS B KOHTAKTHOU
MOABECKE, MPUBOASIINE K U3MEHEHUIO B IIMPOKUX MPEAENIax CHUIIbl KOHTAKTHOTO Ha)XaTHs M,
KaK CIJIEJICTBUE, PE3KOMY YXYJILIEHHIO KauecTBa TOokochbeMa. s ymeHblieHus paszbpoca
cuibel FK  OT 3HaueHuWs mpoBeca KOHTAKTHOIO IPOBOJAA, TpeOyeTcsi COBEPLICHCTBOBAHME
KOHCTPYKUUN KOHTaKTHOW TOABECKH M TOKOIPHUEMHHKOB, ONTHUMH3ALUS UX MapaMeTpoOB —
YMEHBILIEHUE CTPEJ MPOBECAa M PAaBHOM JKECTKOCTM KOHTAaKTHOTO IIPOBOJA B IPOJIETE IS
oOecrieyeHrne NMpsSMOJIMHEHHOCTH TPAEKTOPUH IpocieoBaHne TokonpueMHuka .Emie oqnum
(akTOpoM, BIMAIOIIMM Ha KadyeCTBO TOKOChEMa IPH KOMIIEHCHPOBAHHBIX MOJBECKAX,
SBJISIETCS. 3HAYEHWE CTPEJIbl IPOBECAa KOHTAKTHBIX IIPOBOJOB. OKCIIEPUMEHTAJIbHBIC
uccliieoBaHus npoBeaéHHble B PO mokaszanu, 4to npu ckopocTsax asmwkeHus 160—200 km/q
HaWJIy4lIue yCIOBUs B3aMMOJIECHCTBHS TOKOIIPUEMHHKA C KOHTAaKTHOM IOJBECKOM CO3/1ar0TCH,
KOI'JIa MEXAY KpallHUMM NPOCTBIMU CTPYHAMM KOHTAKTHBIM IPOBOJ UMEET CTPENLy IpOBeECa,
paBayto 0,001 ot sroit quHbL [lo BRIOpaHHON ONTHUMAIBHOM CTpeJie MpoBeca PEryaupyroT
KOHTaKTHBIE ITPOBO/Ia KOMIIEHCHPOBAHHOM MOJBECKH.
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HccnenoBanuss Tak ke TMOKa3aJM, YTO JUIsl TIOBBILIEHUS KadyecTBa TOKOChEMa
HEOO0XOMMO YyBEIMUYEHHE 3HAYCHUH HATSDKEHUM, Kak B KOHTaKTHOM IIPOBOJE, TaKk M B
HecyieM Tpoce. Ho, ¢ yuetom nmeromierocs koagduirenTa 3amnaca Jjisi HECyIIero Tpoca, 3To
PUCKOBaHHO PEAIN30BbIBATD.

AHanu3 pe3yinbTaTOB MPOBEJAEHHBIX HCHbITaHUN mokazan, yto ais Xl ankepHoro
ydacTKa C IOBBINICHHBIM HAaTSDKEHHEM B KOHTAakTHOM mpoBoiae 21 kH u HarskeHuem B
HecymeM Tpoce 18 kH momydeHHble nMHaMHUYecKHMEe NHapaMeTpbl OKa3alHuCh BBIIIE U C
O0NbLIMM 3amacoM, B oTiauuue oT X| aHKepHOro yyacTka ¢ MOHM)KCHHBIM HATSKEHHUEM B
KOHTakTHOM TipoBojie 16,5 kH u moBwimeHHsIM HaTsKEHUEM B HecymeM Tpoce 20,5 kH. Oto
CBSI3aHO C TEM, YTO CKOPOCTb PacIpOCTPAHEHUS IONEPEUYHON BOJIHBI 3aBUCUT OT HATSIKCHMS
MIPOBOJIOB KOHTAKTHOM MojABECKU. [Ipy MOBBIIIEHHOM HATSEHUH B KOHTAKTHOM IIPOBOE
YBEJIINYUBAETCS )KECTKOCTh KOHTAKTHON MOJIBECKU M CKOPOCTh PAaCIPOCTPAHEHUS IIONIEPEYHOMN
BOJIHBI B IPOBOJIAX.

Ilpu ombITHBIX moe3nakax B I'epmanum co ckopoctsimMu 1o 280 km/u [32] Obuia
nccnenoBaHa 3((HEeKTUBHOCTh YBEIIMUEHUS HATSKCHHSI KOHTAKTHOTO TPoBoja cedeHuem 120
MM2 B mogBecke Re250 ¢ 15 no 21 xkH. Takoe n3MeHeHUE MO3BOIUIIO YIYUIIUTh MOKa3aTen
KauecTBa TOKOChEMa, B YACTHOCTH, CHIYKEHUE HAUOOJIIIETO 3HAYeHHsSI KOHTAKTHOTO HAXKaTHs
TOKOTIPUEMHMKA Ha KOHTAKTHBIN poBoJ n3MeHminoch ¢ 220 no 180 H.

B KOHTakTHOM NOJBECKE OJHUMHU U3 OCHOBHBIX 3JIEMEHTOB SBIISIIOTCA KOHTAKTHBIE
npoBoja. [Ipu BeIOOpe MaTepuana Al KOHTAKTHBIX MPOBOJOB HEOOXOAMMO YUYUTHIBATH, UTO
MPOBOJIa JOJKHBI 00JIafaTh BBICOKOW MEXaHMYECKOW MPOYHOCTHIO, H3HOCOCTOMKOCTHIO,
JJIEKTPOIIPOBOAHOCTBIO, a TAakKyKe€ HarpeBa CTOMKOCTBIO. IIpu BBICOKOM MEXaHMYECKOU
MIPOYHOCTH MPOBOJIOB MOSABIISETCS BOZMOKHOCTD 3a/1aBaTh OOJBIINE 3HAUCHUS HATSKEHUH.
KonraktHast cetb u ToxonmpuemMHUKd OIIC kak NOCTOSHHO B3aUMOJEHCTBYIOLIUE MEXIY
co0o0il cucTembl, AOHKHBI OOECIeunBaTh HAJEKHBIA U SKOHOMHUYHBII TOKOCHEM, TO €CTh
0€30TKa3HOCTh PadOTHl U MUHUMAJIbHBI H3HOC KOHTAKTHBIX ITPOBOJIOB U TOKOIIPUEMHHKOB.
BaxxHOCTh mapaMeTpoB MEXaHMYECKOIO B3aUMOACHCTBUS JBHKYILETOCS TOKONPHEMHHUKA U
KOHTaKTHOM IIOJIBECOK OINPEIENIeTCs TEM, YTO YXYALIEHUE YCIOBUH MEXaHUYECKOIO
BO3JICMCTBUS, B YACTHOCTH, HApYyILIEHUE KOHTAKTA, IPUBOJAUT K OTKa3aM KOHTAKTHOWU CETU U
TOKOIIPUEMHHUKOB.

Biusnne xapakTepuCTMK TOKONPHEMHHMKA Ha KauyeCTBO TOKocheMa. (OCHOBHBIM

KpUTEpPUEM KaueCTBa MEXAHUYECKOI'O0 B3aUMOJICHCTBUS TOKONPUEMHHMKA M KOHTAKTHOM
MOABECKH SIBJSIETCS CTENEHb MOCTOSHCTBA KOHTAKTHOTO HA)aTHs, T. €. YCUJIME Ha)KaTus B
KOHTaKTE€ MEX]ly TOKOIIPUEMHUKOM M IIPOBOJOM B Ipouecce aAmxenus I1IC.
IIpu pa3paboTke KOHCTPYKIMI KOHTAKTHBIX IIOABECOK [UIsi OOECIEYeHHs] XOPOIIETo
TOKOChEMA CTPEMSITCSI K TOMY, YTOOBI 3JJaCTUYHOCTD IOJABECKU BO BCEX TOUKAX IpoJjieTa Obuia
oJIMHAKOBOH. OgHAKO OOJBIIMHCTBO HOBBIX KOHTAKTHBIX IOJBECKaX MEPEMEHHOTO TOKa
27,5kB, cMOHTHpPOBaHHBIX Ha A3epOailJUKaHCKUX AIIEKTPUDUIIUPOBAHHBIX JKEJIE3HBIX
Joporax, TakoMy TpeOOBaHHMIO HE yJOBJIETBOPSIOT, T. K. CTpEJia MpoBeca HECYIIETro Tpoca,
U3MEHSIETCA MPU HM3MEHEHUU TEMIIEPAaTyphbl OKPYKAOLIEro BO3/yXa, U MO3TOMY OOJBILIYIO
4acTb BPEMEHM KOHTAKTHBIM IIPOBOJ paclojaraercs HE pPaBHO DJJIACTUYHO M HE
MIPSMOJIMHENHO.

O06a 3Tux 00CTOATENbCTBA ~-HEOAMHAKOBAS MJIACTUYHOCTh M HAJIMYHME CTPEJIbl OOJIBIIOTO
MpoBeca KOHTAKTHOI'O MPOBOJA—SIBIISIIOTCS NMPUYUHAMU TOTO, YTO TPAEKTOPHS JIBUKEHUS
110J103a OOBIYHO MOJy4YaeTCs HEJIMHEMHOM, KOTOpas MPUBOAMT K BO3PACTAHMIO AMILIHTY]IbI
W3MEHEHUS KOHTAKTHOIO HaXaTus T. €. TOKONPUEMHUK B KaXKIAOM IIPOJIETE JIBUXKETCS C
BEPTUKAJIBHBIM YCKOPEHMEM B HTOre HApYIIAIOTCA CTAOMJIBbHBIA TOKOCheM. Brnusnue
HaTSKEHMsI POBOJIOB Ha IMHAMUYECKUE MapaMeTphl CUCTEMBI M CKOPOCTb PacpOCTpaHEHUs
BOJIHBI MO>KHO BBIPa3uTh B MOJIEIM BHIOPAHHON KOHTAKTHOW IMOJBECKH C MCIIOJIb30BaHHEM
npuHIMNA ['aMUIbTOHA AJIS BBIBOJIA YPAaBHEHUH JBIKEHUS TPOBOJA B cpeAnHE mponerta. s
3TOr0 PaccMOTPUM MposeT JUIMHOM L, paborta Ha medopmamuu A, a Takke KHHETHYECKas
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sHepruss E BeIpakaeTcs depe3 MmepeMeiieHrue TOYKH ocu mpoBoaa. Juddepennumansrubie
ypaBHEHUS -HOM 0000IIEHHON KOOPAMHATHI, BBITTISAST TAKUM 00pa3oM.

Mgy + ()7 [Er h(F)? +Tadas + (a2 Xdo, Ko = = POSInT]; (1)

Magy + (7 )° [E2 ()" +T2lge +;02 Ty Sa+ T (Ge—01) T, K =05 (2)

I/Ie MHIEKCHl; 1-KOHTaKTHBIM MNpoBox; 2-Hecyuwmili Tpoc, E- HaTskenue mnpoBonoB;, M-
MOTOHHAs Macca mpoBoaa; L -mmuHa mpostera; E |-u3rmOnas sxectkocTh mpoBoga; E —
MOAYNIb YOPYTrocTH, |- oceBOo MOMEHT HWHEpLUHMH I[ONEePEeYyHOro Ce4YeHHs MpoBoja; (-
000011IeHHass KOOpAMHATa CHCTEMbI, a-KOJMYECTBO MPOJIETOB B aHKEpPHOM yyacTke; K-
3Ha4YeHHsT MHHUMAIbHBIX HWHJEKCOB JXECTKoCTeil cTpyH; - pasuble 3HaueHusi Ky  P(t)-
COCpeI0TOUEHHAs cuja JAEMCTBUS Ha IPOBOJ CO CTOPOHBI JIBDKA TOKOIPUEMHHUKA; - MOMEHT
BPEMEHU IepeMeIeHHsI TOUEK OCH MTPOBOJa; V-CKOPOCThb JBIXKEHUS; S-KECTKOCTh KOHCOJIH;
e-pasHple 3HadyeHHWsS S. VYpaBHeHue (1) oTpaxkaeT IWHAMHUYECKOE B3aUMOJICHCTBUC
KOHTAaKTHOT'O INPOBO/Ia U TOKONPUEMHHUKA. YpaBHEHHE(2) OMUCHIBAET COCTOSHHE HECYIIEro
Tpoca.

Takum o00pa3oM, MOJENIb TOKOCHhEMa, MAaKCUMAJIbHO MPUOIMKEHHA K pEalbHBIM
yCIIOBUSIM TOKOCheMa. Takxke, ObLIO MPOAHATU3UPOBAHO BIMSHUE HATSXKEHUS ABYX HECYIIMX
TPOCOB HAa TUHAMHUUYECKHUE NTAPAMETPbI CUCTEMBI.

PacueTsl mokasbIBalOT, YTO JACTUYHOCTH MOJBECKHU HA y4acTKE OT CTBOpa OMOPHI J0
NEPBOIl CTPYHBI U3MEHsETCA c1abo, MOITOMY Ha AMIOPE 3JIACTUYHOCTHU (pHC.2.) STOT Y4acTOK
MPEJICTABIEH TOPU3OHTAIBHOM MPSAMOI, @ B CPEJIHEN YacTH MPOJIETA AIACTUYHOCTD MOJIBECKHU
U3MeHseTcs 1o napaborie.

Ha nuHusx mnepeMeHHOro TOKa YAOBIETBOPUTENBHOE KAadeCTBO TOKOChEMa IPHU
KOMIICHCUPOBAHHBIX TMOJBECKAaX TJ€  IOJIBECKa HMMEET OJMH KOHTAaKTHBIA TPOBOA, C
pacCUMTaHHBIX Ha CKOPOCTH JBWXKeHHUsA a0 160 km/4, oOecreunBaeTCsl YCTAaHOBKOM MEPBBIX
IIPOCTBIX CTPYH Ha paccTosiHUM 10 M OT onop, 10CTaTO4YEH PECCOPHBIN NPOBOJ AJIMHOW 12 M.
Eme omnum ¢dakTopoM, BIUSIONIMM Ha KaueCTBO TOKOChEMa IPU KOMIEHCHUPOBAHHBIX
MO/IBECKAX, SBISAETCSA CTpejla IIPOBeCa KOHTAKTHBIX IPOBOAOB. OKCIEPUMEHTAIbHbBIE
HCCIIeOBaHUS MTOKA3aJIH, YTO MPU CKOPOCTsIX nBrokeHHs 160—200 kM/4 HAWITydIIie YCIOBUS
B3aUMOJICCTBHS TOKOIPUEMHUKA C KOHTAKTHOW IIOJIBECKOM CO3JAIOTCS, KOrJa MEXKIY
KpailHUMH MPOCTHIMU CTPYHAMU KOHTAKTHBIA MPOBOJ UMEET CTpeny nposeca, paBHywo 0,001
oT 3Toi anuHbl. [lo BHIOpaHHOI ONTHMAaNbHOW CTpese MpoBeca PETYIUPYIOT KOHTAKTHBHIE
MIPOBOJ1a KOMIIEHCUPOBAHHOMW MTOJABECKH.

VYcnoBus MEXaHMYECKOTO B3aUMOJIECHCTBUS YXY/IIAIOTCS NPU YBEIMUEHUU PACCTOSHUS
MEX1Yy COCEIHUMU CTPYHAMH, YTO OOBSICHSIETCS 3HAUUTEIbHBIM YBEIIMUEHUEM CTpeN MpoBeca
KOHTaKTHOT'O IIPOBO/IA B MEXKAY MPOJETaX CTPYH. DTHU CTPEIbl MOKHO ObUIO Obl YMEHBIIUTH
YBEJIMYEHHEM HATSKEHUS KOHTAaKTHOIO NIPOBOJA, HO TAaKMX BO3MOXHOCTEM Ha ydacTKax
AX][ HeT, NOCKOJIbKY NMPUMEHEHAa KOMIIEHCHpOBaHHas KOHTaKTHas nojasecka tuna M120
+M®100, HaTsH>KEHUs] TPOBOJOB B MOJABECKE YK€ MPUHATHI MAKCUMAaJIbHbIMH, B YACTHOCTH
0 yCIIOBHAM oOecreueHust HanOOoJIbIIeH BETpOyCTOWIMBOCTH MOIBECKH. B HacTosiIee Bpemst
Ha AJeKTpU(PUIMPOBAHHBIX ydacTkaxX baky- Berok KsCMK MOHTHPOBAHO KOMIEHCHpPOBaHHAs
KOHTakTHas mnojaBecka tuna M-120+M®-100 obecneunBaromas CKOpPOCTb  JIBUKCHUS
noe3foB paBHoro 140xm/gac. IloBwimenHast ckopocth moe3noB 160-200kM/gac  TpedyeT
MOBBILIEHHYIO MTHOBEHHYIO MOIIIHOCTH TAroBoi ceTu. CyllecTByoIasi KOHTaKTHAsl MOJABECKa

89



MI120+M®100 1o MexXxaHHMYECKMM XapaKTepHCTUKaM HeOOJIbIasi, HATSHKEHHE HECYILIETro
Tpoca -16500H He paccunran Ha ckopocTb 6oneel 60km/uac.

C uenbo NOBBINIEHUS CKOPOCTH Ha ydacTke baky — betok ksicuk aBropom pazpaboTaHa
KOHTaKTHasi IOJIBECKa C JIBOMHBIM HECYIIMM TpOocoM. PesynbTupyromas HaTsXKeHUs
Hecymero Ttpoca cocrtabinger 2x16500H (puc.l.) Takoe HaTspDKEHHE HECYIIETO Tpoca
MOJTHOCTBhIO 00€CHEeUnT A0 MUHUMAIBHOTO 3HaYeHUsl CTPEJIbl IPOBeca KOHTAKTHOTO MPOBOAA,
YTO  TMOJIOKUTENbHO  CKaXeTcsi B 00pa30BaHUM  NPSIMOJIMHEMHOCTH  TPAaeKTOPUU
TOKOIPUEMHUKA 3JIEKTPONOIBUKHOTO cocTaBa. IIpoBeeHHbIE NCCIeI0BaHus, M TEXHUUECKHE
pe3yabTaThl HMPUBEIECHBI HUXKE.

3
t/2
2 2
ol 8 8 o
®l I =N s
- 4 ’_\_-_——____‘ -~
8 e e 8
(o] o
P — 5— (2P
5.00 C1 Cc |2 Cc |3 Cc Cc C 5.00,

Puc.1. KomnencupoBaHHas peccopHasi MoJBeCKa MEPEMEHHOTO TOKa C JIBOWHBIM
HecymuM TpocoM 2xM-120+M®P-100 as nposretoB 40-60m.(7 cTpyH).

CTaTUCTHYECKHE XapaKTCPUCTHKU:
Hecymmit tpoc 2M-120,T=2x16500H.
Konraktasiii nposog M®-100,K=12000H.
Peccopnbsiit Tpoc M-35, H,=3000H
KoaddunmeHt HepaBHOMEPHOCTH 37aCTUIHOCTH B MPoJeTe (Eyax/Enin)-1,2

KoaddurmenTt anactuanocty B posnete ( Ly Emin 100%) - 12,4%.

Evax+ Emin
Juaamudeckne xapakrepuctuku npu ckopoctu DIIC 160xm/4ac.

CKopocCTb pacrpoCTpaHeHHs MONEPEYHON BOJIHBI KM/4- 432

Koo pumueHT OTpaskeHUS] BOIHBI ......ovvenennennnn... 0.514
KoaddunmenT JJommepa .......cooovvvveiiiiiiiiiiiiiannnn. 0.46
KoahDULHMEHT YCUIEHUS ....ovvviiiiiiiiiiieeae . 1.118

Cxema pacrosioskeHus CTPYH B npoJieTax JMHoi 61-70m (9ctpyH)

o
. §
3

iy f-g,l

5 ™

l'pocpuk U3MEHEeHUa 3aacmu4HoCcmu nogbecxu ) nposeme

"‘b 15 2167 28,23 33 41,67 4823 55 6 70

Puc.2. KomnencupoBanHas peccopHasi IoiBecka MepeMEHHOT0 TOKA C TBOHHBIM
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HecymM TpocoM 2xM-120+M®-100 gist nposeros 60-70M.(9 cTpyH).
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Puc.3. 3MeHeHne MrHOBEHHBIX 3HAYSHHUI KOHTAKTHOTO HaXKaTHsl F- KOHTaKTHOTO
HaKaTHsI TOKOMPHEMHHKA Ha aHKEPHOM YYaCTKe C HATSHKEHHEM KOHTaKTHOTO
nposoga 12xH necyero tpoca 2x16,5xH.

Avnnaryna, H
Iy

o 2,5 3 7.‘5 10 FH-

Puc.4. Cxema aMmiuTy bl 3aTyXaHUH KOJIeOaHUH NPU B3aUMOACHCTBUU
KOHTAaKTHOTO TIPOBOJa Ha TOKOIIPHEMHHUK.

Takum o00pa3oM, Ha oOcHOBE BbIOpaHHON (PU3MKO-MAaTEMaTUYECKOW MOJEIU C
napaMeTpaMu B3aUMOACHCTBYIOUIUX MOACHCTEM, MAKCUMAJIbHO MPUOIMKEHHBIMU Fcp u ero
CPEIHEKBAIpaTUYHOE OTKIOHEHHUE G C YUETOM CKOPOCTH U HANpPaBJICHUS JIBUXKEHUS:

MF)= Fp= o SILFi
rie N — KOJUYECTBO U3MEPEHHIA; | — HOMEpP U3MEPEHUS.

KauecTBo TOKOCBEMA OLIEHMBAETCS MOCIe O0OpPaOOTKU OMBITHBIX AAHHBIX IO JUarpaMmme
3aBUCHUMOCTH CpPEJHEKBAJPATUYHOIO OTKJIIOHEHHMS KOHTAKTHOTO HaXaTUs OT CKOPOCTH
JIBYDKEHUS B pealIbHBIX YCIOBUAX. UeM MeHblIle 3HaYeHUE CPEAHEKBAIPATUYHOTO OTKJIOHEHUS
KOHTaKTHOT'O Ha)KaTHsl, TEM JIy4llle KaYECTBO TOKOChEMA.

PesynbraThl MccienoBaHMsA BIMSHUS HATSDKEHUS HECYLIETO Tpoca Ha KadecTBO
TOKOChEMa I10KAa3aJli, YTO IPUMEHEHUE KOHTAKTHOM MOJIBECKH C IBOMHBIM HECYIIUM TPOCOM
MO3BOJISIET YIYYLIMTh JUHAMMYECKHE MapaMeTpbl KOHTAKTHOM MOABECKM M YMEHBILIHUTH

TEPMOMEXAaHMUECKYI0 Harpy3Ky Ha HECYIIHA TPOC 0€3 CHMKEHHUSI Harpy3049HON CTIOCOOHOCTH
U Ka4ecTBa TOKOChEMA.
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IIprMeHeHne KOHTAaKTHOM MOABECKU C JBOWHBIM HECYIIIMM TPOCOM JAET BO3MOKHOCTH

MOBBICUTH B MEPCIIEKTHUBE CKOPOCTH JBMKEHHUs Toe3aoB 10 200km/dac Ha yuyacTke baky —
berok ksacux AX/I.
3aK/II04YeHne:;

1.

N

Pa3paborana HOBasi KOMIIEHCHPOBAHHAsi KOHTaKTHas MOJBECKAa C JBOMHBIM HECYILIUM
TPOCOM.

HccnenoBano B3auMOIEHCTBUE TOKOIIPUEMHUKA C HOBOM KOHTAKTHOM ITOJBECKOM.
OrmpenenieHO BIMSHUE HATSKCHHUSI JBYX HECYIIMX TPOCOB M JAPYrHUX IMapaMeTpoB Ha
Ka4eCcTBO TOKOCHhEMA.

DKCIEPUMEHTAJIFHO TIOJIYYeHbl MTHOBEHHBIC 3HAYEHWsS KOHTAKTHOTO HaXXaTHs IS
AQHKEPHOTO y4acTKa HaTsSHKEHHEeM Hecymiero tpoca (2x16,5 kH) mis ckopocTu IBHKEHUS
140-200 xm/4.

[lo monmy4yeHHBIM rapMOHUYECKUM COCTABJISIIOLIMM MOCTPOEHBI aMILIUTYIHO-YaCTOTHBIE
XapaKTEPUCTUKN KOHTAKTHOW MOABECKHU C IBOMHBIM HECYIIUM TPOCOM ISl UCCIIETYEMBIX
AQHKEPHBIX YYaCTKOB.

Y CTaHOBIEHO, YTO MPUMEHEHHE KOMIEHCUPOBAHHOM KOHTAKTHOM MOABECKU C JIBOMHBIM
HECYLIUM TPOCOM, JacT BO3MOYKHOCTb IIyT€M MOJEPHHU3ALMHU MOBBICUTH CKOPOCTH
nBwkeHus 1moe3noB 200kM/ W BBIIE Ha CYIIECTBYIOIIMX KOHTAaKTHBIX TIOJIBECKax, HE
MPOM3BO/IS 3aMEHY HAa HOBBIE KOHTAKTHBIE TOJBECKH IO CEOECTOMMOCTH HECKOIBKO
MPEBBIIAIOIIUX TPEAJIOKECHHBIN.

Pacumos P.I'. TloilyKOMIIECHCUpDOBaHHAss KOHTAaKTHAas IIOJBECKAa C JBYMS HECYIIMMH
TPOCAMH U MONEPEYHON KOMIICHCAIMeH UX JTMHEHHBIX nedopmanuid. Jluc. Ha conckanue
y4eHOM creneHu kKaua. tex. Hayk. M.: BHUIMIKT, 1994. 127 c.

Pacumos P.I.  ABTO KOMIICHCHUPOBAaHHAs IOJBECKa. //DIEKTpUUYecKas | TEIJIOBO3-
Hag Tara. 1989, Ne 5. C. 45.

Pacumos P.I"  COBEpIICHCTBOBAHHE KOHTAKTHBIX IIOJBECOK. //DNEKTpUYECKas W
temnoBo3Has Tara. 1989, Ne 7. C. 43-44.

Pacumos P.I'. CoBeplIeHCTBOBAaHUE MOJIYKOMIIEHCUPOBAHHBIX KOHTAKTHBIX MOJBECOK Ha
INEKTPU(DUIIMPOBAHHBIX YyYacTKaX MOCTOSHHOro ToKa. //IloBbimieHue 3ddexTuBHOCTH
JKCIUTyaTanuu KoHTakTHOU cetu: CO. Hayd. Tp. M.: Tpaucnoprt, 1990. C. 36-41.

Pacumoe P.I, Pacumose C.P., Pacumos A.P. PeKOHCTPYKLHS CHUCTEMBI TATOBOTO
aJeKTpocHaOkeHnss Ha JuHUM baky - berok Kscuk sxypran. JKene3HomopoKHBII
Tpa"cnopt . Mocksa Ne 12-2015r.¢.73-75

Pacumos P.I., Pacumoe C.P., Pacumos A.P. OO0 obOecredueHrMH KadeCTBEHHOI'O
TOKOCheMa. kypHal. XKeneznonopoxHsiil Tpancnopt r. Mocksa Ne 01,2018r.¢.75-77
Bonocun, B. A. Pa3paboTka METOAMKH OIpeNeNiCHUs] BIMUSAHHUS HECYIIEro Tpoca Ha
CpeIHEKBAIPAaTHYHOE OTKJIOHEHHE KOHTAKTHOTO Haxartus [ Texcr]/ B. A. Bonorun, M. H.
Wzepruna// Bectnuk HayuHo-mccnenoBaTenbCcKOro HMHCTUTYTA JKEIE3HOJIOPOKHOTO
tpaHncnopta. — 2012, — Ne 2. — C. 47-48.

Twpnun, I1. I V3ydeHue BIUSHHA NAPAMETPOB KOHTAKTHOW IIOJABECKHM HAa KayeCTBO
TOKOChEMa IpPH Pa3INYHBIX CKOPOCTAX IBMKEHMS HA OCHOBE CIEKTPaJbHOTO aHAIU3a
n3MeHenus kontakHoro Haxatus [Tekct)/ IL. I'. Tropuun, M.H. EmenssiHoBa //BecTHuk
HayuHo-nccie10BaTeibcKOro HHCTUTYTA JKEJIE3HOI0POKHOTO TpaHcmopra. — 2014, — Ne
3.— C. 46-49.

Muponoc, H. B. K Bonpocy 0 J0OMyCTUMON TEPMOMEXAHUYECKON HArpy3Ke Ha KOHTAKT-
Hbiii ipoBoj [Texcr] H. B. Muponoc, I1. T'. Tropaun, U. C. T'epuman //TokocheM u
TATOBOE AJIEKTPOCHAOKEHHE MPHU BBICOKOCKOPOCTHOM JBMKEHUU HA MOCTO-SHHOM TOKE:
c6. Hayu. Tp. OAO «BHUMXT»/ [lox pea. H.B. Muponoca, IL.I". Tropunna — Mockaa:
Hurexcr, 2010. — C. 164-172.
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DOMIR YOLLARI UCUN iKi TROSLU
KONTAKT SOBOKOSO ASQISI

ROHIMOV R.Q., ROHIMOV S.R., RAHIMOV AR.

Yeni ikili dastyict troslu kontakt asqoso islonib hazirlasdirilmisdir. Qurasdirilmis yeni
kontakt sabakasinin corayandobuledici ila harakstinds carayanin keyfiyyatli gabulu ilo alageli
teniki axtarig islori aparilmigdir. Coroyangobul etmonin keyfiyyotino dasiyict trosun
parametrlorinin tosiri miloyyon edilmisdir. Anker sahasindo 140km/saat qatar siiratindado
dastyict trosun (2x16,5 xH) qiymotindo coroyangobuledicinin ani doyismo tosiri gimaoti
tocrlibli yolla alinmigdir. Tocriibii saholordo alinmis harmonik komponentlorin naticolora
uygun olaraq yeni kontakt sobokosinin ampletuda vo tezlik xaissolori qurulmusdur.

Miiayyeon edildi ki, kontakt sobokasino corayanqgabuledicinin dayigon ani tasir qimati
10 Hs- o borabordir. Keyfiyyotli corayangobuletmodo coroyangobuledicinin kontakt naqilino
orta kvadratik sarpmasi kicik diapozonda olarsa caroyangobuletmonin keyfiyyotino miisbot
tosir edar.

Acar sozlor: kontakt gobokosi, dasiyict tros, kontakt naqili, coarayangobuletmanin keyfiyyati,
carayangobuledicinin kontakt naqili ilo tomasmin dinamik parametrlori.

CONTACT SUSPENSION WITH DOUBLE SUSPENSION
CABLE FOR RAILWAYS

RAGIMOV R.G,, RAGIMOV S.R., RAGIMOV AR.

Developed a new compensated contact suspension with double suspension cable. The
interaction of the current collector with the new contact suspension was investigated. The
effect of the tension of two supporting cables and other parameters on the current collection
quality was determined. The experimentally obtained instantaneous values of contact pressure
for the anchor section were determined by the tension of the supporting cable (2x16.5 kN) for
a speed of 140 km / h. According to the obtained harmonic components, amplitude-frequency
characteristics for the studied anchor sections were constructed. It has been established that
the influence of contact suspension parameters is in the range of up to 10 Hz. In places where
harmonics have smaller values, the standard deviation of contact pressure is in smaller ranges,
which affects the best interaction.

Keywords: contact network, carrying cable, contact wire, current collection quality, dynamic parameters
of the interaction of the contact wire and the current collector.
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ELEKTROMEXANIKi QURGULARDA iDAROETMO
VO MODULYASIYA USULLARI.

KORIMZADO G.S., QURBANOV L.Y.

 Azarbaycan Doviat Neft va Sanaye Universitetil
Unvan : Azarbaycan ,Baki AZ 1010, Azadlig prospekti, 20
E-mail : necibe.piriyeva@ mail.ru

Elektrik avadanliqlarin qida gorginliyi vo tezliyini doyigsmoklo doyison coroyan miihorriklorin siirat vo
momentinin nazarati iigiin totbiq edilon elektromexaniki qurgu vo ya idarsetmo sistemi bir tezlikli doyison
corayani digar tezlikli doyison corayana ¢evrilmasini tomin edir. Belo qurgunun niimunassi kimi tezlik geviricisini
gostormak olar, yani prosesin fasilosiz idarsetmasinin tomini liglin elektromexaniki qurgu. Adston bu qurgu
elektrotexniki avadanliqlarin (asinxron vo ya sinxron miihorrikloin) siirst vo momentin idaroetmosino malikdir.
Bels qurgular naqliyyatin vo sonayenin miixtalif saholorinds genis totdiqlorini tapmuglar.

Acar sozlor: elektromexaniki qurgu,idaroetmo sistemi,tezlik ceviricisi, idaroedici qurgu, gilic hissasi,
modulyasiya tisulu, ¢ixis gorginliyi.

Elektromexaniki qurgu vo ya idaroetmo sistemin osas elementlori giic hissasi (elektrik
enerji ceviricisi) vo idaroedici qurgudur (kontroller). Miiasir tezlik ceviricilori modul
arxitekturasina malikdirlor, bu da qurgunun imkanlarinin genislondirilmasing tosir edir, vo
elocodo oksor hallarda giris-¢ixis kanallarin olavo interfeys modullarinin quragdirilmasina
imkan yaradir.

Idaroetmo sistemin idaroedici qurgusunda (mikrokontrollerds) program tominato yerino
yetirilir ki, bu da asas parametrlorlo (siirot vo ya moment) idars edir. Cadval 1-do tezlik
ceviricilords totbiq olunan idarosetmonin asas tisullart togdim olunmusdur [1-3].

Idaroetmo sistemin vo giic hissasinin effektivliyino bilavasito modulyasiya {isulu tosir
edir. Modulyasiya sahosinds todqiqatlarin artmasi giic elektrik ¢eviricilorin genis inkisafi ilo
xarakterizo olunur, iqtisadi somoroliliyi vo mohsuldarligi toyin edir. Modulyasiya iisulunun
osas mogsadi — minimal itkilorlo signallarin (gorginliklor vo coroyanlar) on yaxsi formasina
nail olmaqdir. Digor olavo idareetmo maosalolori, sabit gorginliyin diizlondirilmosi, giris
coroyanin doylinmasinin azalmasi, gorginliyin artma siirotinin azalmasit kimi, diizgiin
modulyasiya tisulunun totbiqilo holl oluna bilor. Modulyasiya tisullarin1 IV osas qrupa
ayirmagq olar :

1. en dairovi-impuls modulyasiyasi (DIM);
2. saha-vektor modulyasiyasi (SVM);

3. harmonik modulyasiyast;

4. doyison tezliyin dévradoyismaosi tisullari.

Idaroedici impulslarin generasiyasi iiciin modulyasiya iisullarini istifads edarok, lazimli
parametrlorlo (forma, tezlik, amplituda) cixis gorginliyini sintezlogdirmok olar. Cixis
signalinda yiiksok harmonikalarin mdvcudlugundan, sinusoidal caoroyanlarin generasiyasi
liclin ¢ixis signalmi siizgocdon kecirmok lazimdir. Belo qurgularda, induktiv yiikiin
movcudlugu (elektrik miihorriklori), olave siizgoclor lazim olanda istifado edilir. Maksimal
cix1s gorginliyi sabit coroyan bondin sabit gorginliyinin qiymatila toyin olunur. Giiclii yiikiin
effektiv idarasi {iglin sabit coroyan bondin yiiksok sabit gorginliyi tolob olunur. Lakin
tocriibado bu gorginlik yarimkegiricilorin maksimal is¢i gorginliyi ilo mohdudlasdirilmisdir.
Mosalon, algaq gorginlikli tranzistorlar ¢ixis gorginliyini 690 V-a qodor tomin edirlor.
Gorginliyo goro bu mohdudiyyotdon kegmok iigiin ¢oxsoviyyoli ¢eviricilorin sxemlori
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islonilmisdir. Belo qurgular idaraetmonin modulyasiyasina gora qgolizdirlor, lakin giic, qabarit,
etibarliq, effektivlik vo somoraliya gore yaxst gostoricilora malikdirlor. Masalon, geyd olunan
neytral noqtali ligsoviyyali ¢eviricido sabit gorginlik iki kondensator vasitasilo boliiniir, ona
goro faza miisbot gorginlik xottino (iki yuxari agarlarin qosulmasi ilo), orta ndqtoys (iki
morkazi acarlarin qosulmasi ilo) vo ya monfi gorginlik xottino (iki asag1 agarlarin qosulmasi
ilo) qosula bilor. Hor acar sabit corayan bondin yalniz yar1 gorginliyini blolasdira bilar, belos ki,
yarimkegirici acarlarin totbigilo qurgunun giiciiniin artmasina imkan verir. Adoton belo
qurguda yiiksok gorginlikli tranzistorlar vo tiristorlar istifado olunur (sok.1).
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Sak.1 Qeyd olunan neytral ndqtali ligsaviyyali ¢eviricinin sxemi.

Belo ceviricilorin ndgsanlari: qurguda asimmetriyan1 yaradan kondensatorlarin
disbalansi, - bu problem modulyasiya tisulunun doyismasilo hall olunur; itkilorin barabarsiz
paylasdirilmasi — i rejimindan asili olaraq, xarici vo markazi acarlarin dovradayigmasina olan
itkilor forglonirlor.

Gostarilon gevirici ¢ixis signalin {i¢ soviyyasindon ¢ox nail olmast {igiin masstablana
bilor, belo ki kondensatorlar vasitosilo sabit coroyan bondin gorginliyinin iki gqiymatdon ¢ox
boliinmosilo. Boliinon gorginliklorin hor biri genis cesidli acarlarin vo mohdudlasdirilmis
diodlarin istifadesilo yiiklo qosula bilor. Giiclin artmasi ilo ¢ox soviyyali ¢eviricilorin
istlinliiklori: elektrik enerjinin keyfiyyati, gorginliyin artma siiratinin va alagali elektromaqnit
maniolorin qiymotinin az olmasi. Ceviricinin faza gorginliyinin asililign  sok.2-do
gostorilmisdir [4-6].
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Giic ceviricisinin haor hansi bir idarasi son noticods giic tranzistorunun, is rejiminin
perioduna nisbaton, aciq veziyyostdo miiddeatinin tonzimlonmasino gotirilir. Malum oldugu
kimi, belo idaroetmo iisulu en-dairovi-impuls modulyasiyast (DIM) adlanir. Idaroetma
sistemlorin giic sxemlorilo qurulmasi, ¢otinliklor tératmadon, sonayeds istehsal olunan inteqral
DIiM-kontrollerlorin genis sinfilo &rtiiliir. Belo halda, giic ¢eviricilerilo roqomsal (rogomsal-
analoq) idareetmo sistemlorin qurulmasina olan tendensiyam1 nozoro alaraq, ticfazli
invertorlarin sinfi {isiin bir ¢ox idaroetms iisullari iglonilmisdir. Lakin, praktiki mosalolorin
halli iiclin onlarin realizasiyasinda, hansilar ki artirilmis tezliklorlo (1-2 Hc.) cixis
gorginliyinin formalasdirilmasini tolob edir, idarsetms sistemi ii¢fazli DIM-kontrollerlor kimi
islonilir.

1I-"'.mr '

SN L. . . e —————

Sok.2 Neytral ndqtali tigsaviyyali ¢eviricinin faza gorginliyi.

Gorginliyin avtonom invertoru (GAI) yaromkegirici acarlar vasitasilo sabit gorginliyi
doyison gorginliys ¢eviran statik ¢eviricidir. Yarimkecirici acarlar kimi saho tranzistorlari
MOSFET va ya IGBT istifads olunurlar. Tranzistorlarin idaresini mévcud alqoritmo uygun
idaraetma sistemi yerino yetirorak, yiiklin ( Zn ) stabillogdirilmis doyison tli¢fazli gorginliyini
tomin edir.

Hal-hazirda idaroetmo sisteminin (IS) ii¢ osas sinfi mdvcuddur: analoq, rogomsal,
qarisiq (raqomsal-analoq). Analoq IS-lor iistiinliiyii qarisiq IS-lora verirlor, vo inkisaf vektoru
giic ceviricilorindo ragomsal IS-lerin tatbigine istigamatlanib.

NOTICO

Giic hissosi (elektrik enerji ¢eviricisi) vo idarsedici qurgu (kontroller) - idarsetmo
sistemin vo yaxud elektromexaniki qurgunun osas elementloridirlor. Tezlik ¢eviricisi belo
qurgularin niimunasi kimidir, yoni prosesin idaroetmosini tomin edon elektromexaniki qurgu.
Idaroetmo sistemin idaroedici qurgusunda (mikrokontrollerdo) program tominati yerino
yetirilir, bu da osas parametrlori idars edir.
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Cadval 1

Elektrik miihorrikin Siiratin Siiratin Momentin Isoburaxma Qiymat Standart totbiqlor
Idaroetmo iisullar: tonzim xoatast, artma momenti
diapazonu® % miiddoti, ms.
Skalyar 1:10? 5-10 olgatmaz az COX az Az istehsalli
nasoslar,kompressorlar,
ventilyatorlar
Vektor >1:200? 0 <1-2 yiiksok yiiksok Yiiksor istehsalli kranlar,liftlar,
Xotti naqliyyat va s.
SVM momentils diiz >1:200? 0 <1-2 yiiksok yiksok | -
idaraetma
Qeyri-xotti
-momentlo diiz ida --
roetmo (qosulma coadva >1:200? 0 <1 yiiksok yiiksok
liilo);
-diiz 6zliidaroetmo >1:200? 0 <1-2 yiiksok yiiksok Yiiksok istehsalli: elektrik

dartis1 , sahanin tez zaiflonmasi

Qeyd : Elektromexaniki qurgularda idaroetmonin osas iisullarinin xarakteristikalart :

1 — oks olaqosiz ;

2 - oks olagoali ;

3 — gorarlagmis rejimdo
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METO/JbI YIIPABJIEHUA U MOAYJIALIUA B
3JEKTPOMEXAHUYECKHNX YCTPOMCTBAX

KEPUM3AJIE I'.C., TYPBAHOB JIL.41.

CoBpeMeHHbIE AJIEKTPOMEXaHUYECKUE YCTPOWCTBA JUIsi 00ECHeUYeHUsT HENPEPHIBHOTO
YIpaBJIEHUs MPOLIECCOM HAXOAAT NPUMEHEHUE B Pa3JIMYHBIX IMPHIOKEHHUAX IPOMBILIUIECH-
HocTU. CuHcTeMa YNpaBlIEHHS WIHM AJIEKTPOMEXaHUYECKOE YCTPOMCTBO, MPUMEHSEMOe IS
KOHTPOJISI CKOPOCTH M MOMEHTA JABUraTesIe EPEMEHHOIO TOKA ITyTEM MU3MEHEHMSI YaCTOTHI U
HaMNpsDKEHUs TUTaHUS, OCYLIECTBIISIET IPeoOpa3oBaHue MePEMEHHOI0 TOKA OJIHOM 4acTOThHI B
MIEPEMEHHBIN TOK JAPYTOM 4acTOTHL. YIIPaBJISAIOLIEE YCTPOMCTBO M CUIJIOBAs YacCThb SIBIISIFOTCS
OCHOBHBIMHM 3JIEMEHTAMU CUCTEMBI YITPABICHHUS.

KioueBble  ciioBa:  3JIEKTPOMEXAHUYECKOE  YCTPOMCTBO, CHUCTEMa aBJICHUS, YaCTOTHBII
b 2
mpeobpa3oBarenb, YIpaBiIIoONee YCTPOHCTBO, CHIIOBAst YaCTh, METOJ] MOAYJISIIIMY, BEIXOTHOE HANPsDKEHHE.

CONTROL AND MODULATION METHODS IN
ELECTROMECHANICAL DEVICES

KERIMZADE G.S., QURBANOV L.Y.

Modern electromechanical devices to ensure continuous process control are used in
various industrial applications. A control system or an electromechanical device used to
control the speed and torque of AC motors by varying the frequency and supply voltage
converts the alternating current of one frequency into the alternating current of another
frequency. Control device and power unit are the main elements of the control system

Key words: electromechanical device, control system, frequency converter, control device, power part,
modulation method, output voltage.
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ONTUMM3AIIUS DJEKTPUYECKOM 3AIIUTHI MMOJ3EMHBIX
METAJUIMYECKHUX COOPY X KEHU

NUCMAMJIOBAI'.T., KYTYKOBA H.T'.

Asepbatioscanckuti I ocyoapcmeennuwiti Yuusepcumem Heghmu u IIpomvruunennocmu
Aszepbaiioscan, baxy AZ 1010, IIpocnexm Azaonvie, 20
E-mail: gulgaz77@mail.ru

B cratbe paccMOTpeHBI BIMSHUS pa3indHbIX (PAKTOPOB HA KOPPO3HUOHHBIE MPOIECCHI, TPOUCXOISIINE B
MOJI3EMHBIX METALIMYECKUX TpyOompoBoaax. Takumu (hakTopamu SIBISIFOTCS JIEKTPHUECKOE COIPOTHUBIICHHE
3eMJIM, BJIAXHOCTh, PACCTOSIHUE OT KOMIIPECCOpHOM cTaHIuMu. Ha OCHOBe SKCHEpHUMEHTaJIbHBIX TaHHBIX
MTOCTPOEHBI KPUBBIE W MOJTYUEHBI COOTBETCTBYIOIINE (JOPMYIIBI, @ TAK )K€ IPEIUIOKEHBI ONITUMAIbHBIC BAPHAHTHI
ANIEKTPUUYECKOHN 3aIIUTHI.

KioueBble ciioBa: CKOPOCTh KOPPO3WH, KOPPO3HOHHBIC OTKa3bl, METALIMYECKHE TPYOOIPOBOJIBI,
CBOMCTBA I'PYHTA, IOTEHLUAIL.

['maBHBIM KpuTepueM O€30MacHOW JKCIUTyaTallid TOJ3EMHBIX  METALTHYECKUX
COOPY>KEHUN W YBEJIMUEHUS CPOKA UX IKCILTyaTAIMH SIBISIETCS HAJIEKHOCTD.

Ob6ecrneuenne 0€30MacHOM IKCIUTyaTallMk MOA3€MHBIX METAJUTMUYECKHX COOPYKCHUH, a
TaKXe oOecIleYeHre HMX IOJTOBEYHOCTH SIBISETCS CIOKHOM KOMIIJIEKCHOW 3afadveil, BKIIIO-
Yaromiei B ce0s penieHne TeXHUYECKUX, SKOHOMUYECKUX U OpraHU3alMOHHBIX MTPOOIIEM.

C TedeHneM BpEMEHHU TPYOOINPOBOJHAS CHCTEMa MOXET HMCYEPIIaTh CBOM PECYpPCHI U
BCTYNIUTh B NEPHUOJl YCUJIEHUS MOTOKA OTKa30B. OQHON M3 OCHOBHBIX NPHUYMH aBapUITHOCTH
TEXHOJIOTHYECKUX TPYOOIIPOBOIOB SIBIIIETCS] KOPPO3HUS.

Haubonpuiyto omacHOCTh MpeACTaBIseT KOPPO3Hsl, BOSHHUKAIOMIAS TMOJ BO3JIECHCTBUEM
OJTy>KIaIONINX TOKOB.

Kopposuto, BEI3BaHHYIO CBOMCTBaMHU I'pyHTA pa3ieistoT Ha 5 kateropuii (Tabmuma 1).

Tabmuma 1
Koppo3sus, BeI3BaHHAsi CBOMCTBAMH IPYHTa
Ne Koppo3noHHas akTUBHOCTb Cpok mporiecca pa3pymeHus
1 Husxkas 25 ner
5 Cpennsist 10-15 ner
3 IToBbIIeHHAs 5-10 et
4 Beicokas 3-5 ner
5 BecpMma BrIcOKast Kagepns! o6pa3zyrorcs 3a 1-3 romga

Jis 3ammuThl TPYOOIIPOBOAOB OT ONYKIAIOUIMX TOKOB HEOOXOAMMAa  AJIEKTPOXU-
Mudeckas 3amurta. OIHAKO NPH €€ OCYIISCTBICHHH BO3HHMKACT P 3aqady TaKUX Kak:
ONpEACIICHUE CKOPOCTU pa3pylIeHUs, HaWIydlleld CTEMeHW 3aluThl TPyOOmpoBoOja,
3aIIMTHOTO MOTEHIMAJIA, CXEMbI 3aMEIICHHS CPEJICTB 3alUTHl U METOJIBI UX PE3CPBUPOBAHHMS.
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Cucrema MeTaNI-M30JALUA-TPYHT SIBISICTCSI CJIOXKHOW T€TEpPOreHHOM CHCTEMOH, YTO
BbI3bIBA€T OOJIBIIME TPYJHOCTHU IPH PELICHUM BBILIENEPEUYUCIECHHBIX 3a1ad. PaccMoTpum
KOKIYIO U3 COCTABIISIFOIIMX CUCTEMbI «METALT-U30IAIUs-TpyHT» [1; 2; 4].

Bo-niepBbiXx,  MeTam1 HEOOXOAWMBINM JJIE M3TOTOBJICHHUS TPYOOIPOBOJOB — 3TO
JETUpOBaHHAsl cCTalb pa3iuyHbIX Mapok. Cranb - 3TO CIUIaB, B KOTOPOM OCHOBHBIE
JIETUPYIOLUE 3JIEMEHTHI, @ TAK)Ke pazJIMUHbIe IPUMECH PacIpeesioTCs HEPaBHOMEPHO, T.€.
KpUCTaJIIMYecKasi CTPYKTypa CTald BeChbMa HEOAHOpOJHA. PasnuuyHble T'paHU KPHCTAUIOB
MOTYT OKa3aThCsl Ha TIOBEPXHOCTH, IPUYEM HEKOTOPOE KOJIMYECTBO KPUCTAJUIOB MOXKET OBITh
ne(OpMHpPOBAaHO WJIM TOBPEXAEHO, M Kak CIEACTBHE, 00JanaTh pa3IU4YHBIMU
ANEKTPOXUMUYECKUMU XapaKTEPUCTUKAMHU.

Kpome 3T0ro0, moBepXHOCTh CTaau MOXET UMETh Pa3IMYHYIO CTENEHb IIEPOXOBATOCTH
WIH XK€ JpYTrue BHUJIbI HEOJHOPOJHOCTH, KaK HalpuUMep pas3iIuyHble CTENeHW Hakiena. B
IpoIecce M3TOTOBIICHUS TPYO M CTPOUTENILCTBA, MMOBEPXHOCTh TPYOOIPOBOJIA MOABEPraeTcs
OKHCJICHHUIO, B PE3yJIbTaTe YEro Ha MOBEPXHOCTHU MOSIBJIAIOTCS YYaCTKH, TOKPBIThIE OKUCHBIMU
CIIOSIMH Pa3HOr0 COCTaBa M TOJIIMHBL. I Kak cieacTBUe HEONHOPOAHOCTU CTPYKTYpBI
MeTaJia 00Pa3yrTCsl YYaCTKH C Pa3IMYHON BHYTPEHHEH SHEPTHECH.

W3menenue naBneHus B TpyOe, a Tak k€ TypOYJIEHTHOCTh IOTOKAa M KaBUTAIMs,
BBI3bIBAIOT OOpa3oBaHWE s$I3B, MNUTHHIOB M MHUKIMYECKUX aedopmanmii. V3menenue
TeMIIepaTypbl MPOAYKTa, TPAHCIOPTHPYEMOTO MO TPYOONPOBOAY, BIUSET Ha HANpPSHKEHHOE
COCTOSTHUE METaJUla U BhI3bIBAET M3MEHEHHUE TIOTOKA TeIlla Yepe3 IpaHully MeTaJlI-Cpeia.

Bce BplIENEpEUNCIIEHHOE BBI3BIBAET W3MEHEHUE DJIEKTPOXMMHMUYECKHUX IapaMETPOB
MeTajia TpyoorpoBo/ia.

Bo-BTOpBIX, AN W30MALMU XapakTepHa HEOJHOPOJHOCTh CKBO3HBIX A€(EKTOB, T.e.
ne(eKTl MOTYT OBITh pa3IWYHBIMH 1O Tuiomand u ¢opme. Crnektp ¢opmbl AeheKTOB
pa3HoOOpa3eH — OT IMWIMHIPHYSCKHUX TIOP IO TPEIIWH U OTOJICHUI HEeNPaBUIIBHON (GOpPMBI [2].

B-TpeTbuX, TOYBEHHO-TPYHTOBBIE YCIIOBUSl OTJIMYAIOTCS CHJIBHO BBIPAKECHHOM
reTepOreHHOCThI0. | €TEepOreHHOCTh CKJajbIBaeTcsi U3 Tpex (a3 - TBepAOH, KHUIKOH U
ra3zoo0pa3HoOH.

Heonnopoanocts TBepmoil ¢as3bl XapakTepu3yeTcsi COCTaBOM, pa3MepoM U (opMoit
YaCTUIl, UX YKJIQJKOW, TOPUCTOCTHIO, HATMYUEM KPUCTAJUIOTUIPATOB.

Kunkas ¢aza BapbupyeTcs MO BEJIWYUHE BIAXKHOCTH, COCTaBYy U KOHIIEHTpPALUU
pPacTBOPEHHBIX B MOYBE COJIEH M Tra3oB, PACHpPECNICHUIO 10 00beMy TPyHTa KHCIOTHOCTH,
IIEJIOYHOCTH, a Takke mnoka3zarento pH. 3HauMTenbHble W3MEHEHHS MPOUCXOIAT B
KOJUIOMJIHBIX CBOMCTBaX I'PyHTA.

["a3oBas (aza U3MeHsSETCS O COAEPKAHUIO KHCIOPO/a, YIIEKUCIOThI, CEpOBOOPOIA U
apyrux razoB. Kpome toro, rasosas (asza m3MeHseTcs MO J0je 3alOJHEHUs MOPOTrOBOTO
MIPOCTPAHCTBA.

Ce3oHHbIC SIBJICHHS OKa3bIBAIOT BIIMSHUE HA COCTOSHHME KaK OJKUIKOW, TaKk u
razoo0pasHoii (as.

Takum 00pa3oM, reTeporeHHOCTh BceX (ha3 TPyHTa ONPEAeNsieTcss HEOAHOPOIHOCTHIO
TpyHTa Kak B II€JIOM, TaK W, MO CYMMapHBIM IIOKa3aTensiM, TakuM Kak Iud¢y3HOHHBIE
XapaKTepUCTHKHU, COJIEpP)KaHHUE KHUCIOpOJa U YAEIbHOE 3JIEKTPUUECKOE CONPOTHUBIIECHUE
TpyHTA.

W3 npuBeneHHOro BbIIE — aHaidM3a OOBEKTAa MCCICIOBAHUS, C YYETOM YCIIOBHA
9KCILTyaTallii, MOXKHO YTBEpXKIaTh, YTO CHUCTEMA «METal - M3OJALUA-TPYHT» SIBISIETCA
HEOTHOPOJIHOM.

[Tpuuem mM3MeHeHHE OMpEeNeNAoImUX (GaKTOPOB HOCUT CIy4alHBIN XapakTep, MO3ITOMY
3aJa4a OLIEHKU arpecCUBHOCTH YCIOBHUH U CIIOCOOOB 3alIUTHI METAJIA HOCUT BEPOSITHOCTHBIN
Xapakrep.

Crienudrueckasi 0co00EHHOCTh KOPPO3UOHHBIX Pa3pyLICHUH COCTOUT B TOM, YTO 3HAHHE
CPEeIHUX BEIMYUH CKOPOCTH KOPPO3UHM U 3aIIUTHOrO MOTEHIMAlla HEJOCTATOYHO, TaK Kak
TpYOOIPOBO/] BEIXOAUT M3 CTPOSI HA YUACTKAX C HAMBBICIICH CKOPOCTHIO KOPPO3HUH.
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Jlanee paccMOTpUM BO3MOXHOCTb NMPOTHO3MPOBAHUSA KOPPO3HOHHBIX M3MEHEHMH U UX
pa3BUTHE B IIPOLIECCE DKCILTyaTaLUH.

['eTeporeHHOCTh CHCTEMBlI «METaUl — H30JSILMS - TPYHT» B 3HAUUTENILHOW CTENEHH
OIIpENeNACTCS T[ETEPOr€HHOCTbIO TIPyHTa. OTO HAXOOUT CBOE IOATBEPKACHUE B
pacnpesieJIeHud KOPPO3UOHHBIX OTKa30B Ha TPyOONpPOBOAAX B 3aBHCHUMOCTU OT YJEJIBHOTO
ANEKTPUYECKOTO COINPOTUBIEHUS] TPYHTA, IOCKOJIbBKY YJEIbHOE CONPOTHUBIECHUE TPYyHTA
ABJISIETCSI OJHUM M3 TIOKa3aTellell ero KOppo3noHHOcTH. Kak mokazamu pacueTsl, ¢
YBEIMYECHUEM pr KOJTHYECTBO KOPPO3UOHHBIX MOPAKEHUI TPYyOOIIpOBOIa yMeHbIaeTcs [3].

TaOmuma 2.
3aBHCHMOCTh KOPPO3HOHHBIX OTKAa30B Ha TPYOOIIPOBOAAX OT YIEIHHOTO
AIEKTPUYICCKOTO COMTPOTUBIICHHSI TPYHTA.

VY aenbHOE CONPOTUBIICHUS TPYHTA, Py Koppo3unonusie oTKasbl, %
pr <10 Omm 66-79
pr =10+ 20 Om'Mm 11,9249
pr=20-+100 Om-M 6,2+6,5
pr > 100 Om-m 2,6%3,1

Ha puc.] mnpuBeneHa 3aBUCHMOCTb paclpe/ieieHusT KOPPO3MOHHBIX OTKa30B Ha
ra3onpoBo/iax OT YJEJBHOTO 3JIEKTPUYECKOIO CONPOTUBIEHUS TpPyHTa pp, Il€ MO OCH
OpAMHAT OTJIOXEHBI KOPPO3UOHHBIE OTKA3bl B MPOILEHTaX OT OOIIETO KOJMYECTBA C YYETOM
KaTeropuu TPyHTA.

1 %ek

40

307

[
L=
T

1] 1 II III IV A -
10 20 100 pr, On-u

(

Puc.1. Pacnipenenenrie KOppo3MOHHBIX MOBPEKACHUHN B 3aBUCUMOCTHU
OT YJEIBHOTO MEKTPUUECKOTO COPOTUBIICHUS TPYHTA P IPU
Pa3HOM KOPPO3HMOHHOW aKTUBHOCTH I'pyHTA. |-BechMa BBICOKAS;
I1-Beicokas; |11-moBeriennast; 1V-cpenusis; V-au3kas.

AHanu3upys BbILICIIPUBEACHHbBIE JAHHBIE MOYKHO C/IE€NaTh CIEAYIOLIEE 3aKJIIOUEHUE: TI0
BEJIMYUHE YIEIbHOIO COIPOTUBICHUS MOKHO IIPOTHO3UPOBATH KOJIMYECTBO KOPPO3UOHHBIX
OTKa30B Ha JJINTENBHBIA CPOK JKCIUIyaTalluH, T.€. ONPEACIUTh AMANA30H Y4aCTOT CKOPOCTH
OTKa30B. YJEIbHOE CONPOTHUBIEHUE TPYHTA SIBISAETCS BEIMYMHOW YCPEJHEHHOMW, TaK Kak
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TPYHT TMIpEACTaBIsieT COOOW TeTEepPOreHHYI0 CHCTEMY, KOTOpas HOCHT BEpPOSTHOCTHBIN

Xapakrep.
VYenpHOe 3JIEKTPUYECKOE COIMPOTHBIICHHE TPYHTA H3MEPSIOT HENOCPEICTBEHHO Ha
Tpacce TOA3EMHOro TpyOONpoBOJa MO YETHIPEXAICKTPOIHOH CXEMe. DIeKTpOabI

pa3MeInarTCcs Ha JUHUM MPOXOASIIEH NepHeHIUKYISIPHO WM Mapajule]bHO Ha PAaCCTOSHUM
2-4 M ot ocu coopyxeHus. [Ipu 3ToM ycpenHEHHE MPOUCXOAUT MO 00BEMY paBHOMY KYOy
PacCTOSIHUS MEXy MUTAIOLIMMHU JIEKTPOAAMH.

W3mepenune yneiapbHOTO 3JIEKTPHUUECKOrO0 CONPOTHUBICHHS JJISl 3aCOJEHHOTO I'PYHTAa B
OJTHOM M TOM € MECTe, HO C pa3IMYHBIMH PACCTOSHUSAMH MEXIY 3JIEKTpOJaMH IO0Ka3ajo,
YTO BEJTUYMHA P, U3MEHSETCS IO JIOTHOPMAIILHOMY 3aKOHY.

B rpyHTax ¢ HHM3KHUM YIENBHBIM CONPOTHBICHHM BapHAaTUBHOCTH MEHbBINE, YeM B
IPYHTaX C BBICOKMM YJEIbHBIM CONPOTHUBICHHEM. B 3acoyieHHBIX TpyHTax yIelbHOe
AJIEKTPHUYECKOE COMPOTHBIICHUE OIPENENICTCSl BIAKHOCTBIO, CIIEOBATENIFHO, 4YeM OoIbIiie
BJIQXHOCTb, TEM Oojiee OIHOPOAHBIM sBIseTcs TpyHT. [Ipu HeOONbLION BIAXKHOCTH
HAONIOZAaeTCsl BBICOKOE CpEIOHEe YICNBHOE COMpOTUBIECHWE, oaHako, mpu 20-30%
M3MEHEHMSX BJIAXXHOCTH, YAEIbHOE COMPOTUBICHUE MOXKET MOHU3UTHCS Oosiee ueM B 10 pas.

O10T 3 PEeKT MOKET OOBICHUTH TIOSBICHUE CITy4aeB BHICOKOH CKOPOCTH pa3pyIICHHS B
rpyHTax npu p. = 20 Om-M. Kak mnokaszana o0paboTka 3KCHEPUMEHTAJIbHBIX JaHHBIX,
MOJyYEHHBIX JJIi MAaKCHUMAJbHBIX TJIyOMH KaBepH, C YMEHBLICHHEM YIEIbHOTO 3JIEKTPH-
YEeCKOT0 CONPOTHBIICHHS TPYHTA BEJIMYMHA KaBEPHBI BO3pACTAET, MpHUYEM, YeM OOJIbIIe
NEPUOJT FKCIUTyaTalluy, TEM 3HAUUTEJIbHEH 3Ta 3aBUCUMOCTb.

bymer He coBceM MpaBWILHO BCE MHOTOOOpas3We TPYHTOBBIX YCIOBHH KIIACCH-
(GUIMPOBATH 10 OJTHOMY KPUTEPHUIO — YACIBHOMY JIEKTPHUECKOMY CONPOTUBIEHUIO. B psne
paiioHOB, TA€ TPYHT COJCPXKHUT OOJIBIIIOE KOJIMYECTBO PACTBOPUMBIX MHHEPAIBHBIX COJIEH
(HarmpuMep, XJIOPUA0B), KOPPO3HUOHHBIH Mpolecc ycunuBaeTcs. K Takum paiioHaM OTHOCATCS
3aCyNUINBbIC, TYCTBIHHBIE W TIOJYIYCTHIHHBIE OOJIACTH, B KOTOPBIX HCIapeHHE BIaru
NPUMEPHO paBHO ocagkaM. Eciu ke KONMYeCTBO BBIMAJAIOMIUX OCAJKOB IPEBBIIIAET
BEJIMYMHY WCIIAPCHMs BIATd, YTO O3HA4YaeT, YTO IPOUCXOJHUT TOCTOSHHOE BHIMBIBAHHE
pPacTBOPUMBIX COJIEH M3 TpYHTa, MPOLECC pa3pylIeHus TPyOONpoBOAa HE MOXKET ObITh
dbopcupoBaH, HapuUMep XJIOPUIAAMH, BBHIY WX HU3KOH KOHIEHTpaluu. B ATHX ciydasx B
KayecTBE KPUTEPHs BBICTYIAET KMCIOPOIHASI KOPPO3HSL.

B cnaboMuHepanu3oBaHHBIX TIpyHTax (IECOK, TOp(, MIMHA) IpU HIMPOKUX TMpeaenax
M3MEHEHHS BIIQXKHOCTU TPyHTOB. CKOPOCTh KOPPO3UHU MPSMO MPOIMOPIHOHAIBHA TUIOTHOCTH
HPEIEIHOTO TOKA MO KHCIOPOAY Jrp.

V = 0.626jy, (1)

CpenHee OTKIIOHEHHE SKCIIEPUMEHTANIBHBIX JaHHBIX OT PACCUUTAHHBIX 1O Gopmyre (1)
He npesbImaet §,3%.

B 3acynmuBbIX palioHax W B pailoHaXx C OOJBIIMM KOJHYECTBOM OCaJIKOB
JETIONAPU3aTOPOM KAaTOAHOM peakLUu SBISETCS KUCIOPOA U, CIIeOBaTENbHO, OOIIUM
KPUTEPUEM OLICHKH KOPPO3HOHHBIX YCIOBUIA MOKET OBITh MPEAEIIBbHBIN TOK IO KUCIOPOAY.

CratucTueckuii aHaJIM3 NOBPEXICHUH B CyXMX M 3aCyLUIMBBIX paliOHaX MO3BOJIWII
BBIBECTH YPABHEHMSI JIJIs ONIPE/IETICHUSI YIeIbHOTO KOJIMYECTBA KOPPO3UOHHBIX OTKA30B [4]:

ky
Ng =———— 2
0 eVpB+L)’ ( )
rae k, — xodppUUMEHT, 3aBHCAIIMHA OT pAAa YCIOBUM U IIPEXKIE BCErO OT COCTOSHUS
U30JIAIIMOHHOIO TIOKPBITUS; V-CKOPOCTh KOPPO3HMHU, MM/TOJI; Pr -YAEIBHOE CONPOTUBICHUE
rpynara, OM-M; B- mokasarenb CTEneH: IS yACTbHOTO 3JICKTPUUIECKOr0 COMPOTHBICHHUS; L —
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paccTosiHME MEXAY UCCIEeIyeMON TOYKOM TpyOONpoBOJa W KOMIIPECCOPHOW CTaHIMEH, KM;
L'-niocTosiHHAsI BETMYMHA [UIs TAHHBIX YCIOBHUI KCILUTYyaTAIHH.

Kakx cnenyer u3 ¢opmynsl (2), MIOTHOCTH BEPOSITHOCTH KOPPO3UM TpyOOIpoBoaa
o6paTHO mpomnopimonanbHa €V, pf u L, T.e. TpyOBI IOpaXkeHHbIE KOPPO3HeH ¢ HAMOOMBIIiA
CKOpPOCTBIO KOPPO3MM HAaOIIOAAIOTCSA PEXe, YeM TPYObl ¢ MEHbIIEH CKOPOCTBIO KOPPO3HH.
VYBenuueHue pr NPUBOJUT K YMEHBIICHHIO BEPOATHOCTH KOPPO3UM C JAHHOM CKOPOCTBIO,
TAKXKE C YBEJIMUEHUEM PACCTOSIHUSI OT KOMIIPECCOPHOM CTaHIIMU BEPOSITHOCTH KOPPO3UOHHOTO
OTKa3a yMEHbUIACTCH.

@akTHYECKHE JaHHBIE KOPPO3MOHHOIO 00C/IE€AOBaHUA TpPyOONpPOBOJIOB BIIOJHE
COTJIaCyIOTCSl ¢ pe3ynbTaTamMu pacueta mno Gopmyne (2). Kak BuaHo mo pwuc. 2., mpu

u
eV (L+L")
CpPEHEKBAIpaTUYHOE OTKIIOHEHHE cocTaBisieT MeHee 25%.

Crnenyer OTMETUTh, YTO pacyeTHbIE M (aKTHUECKUE TaHHbIE CPAaBHUBAIM B MIperenax
V = 1,25 + 6 MM/T. MeHBIIIyI0 CKOPOCTh KOPPO3WUU HE YUUTHIBAIH B CBSI3U C TE€M, YTO YEM
MEHBIIE CKOPOCTh KOPPO3HMH, TEM MJIUTEIIBHEE CKBO3HOE IpopskasiieHue. ClieoBaTelbHO,
IIPpY OTHOCUTEJIbHO MAaJIbIX CKOPOCTSIX KOPpPO3UM HAOJII0JAeTCsl YMEHbIIEHUE IUIOTHOCTH
KOPPO3UOHHBIX OTKa30B.

COMOCTABJICHUWH YaCTHOM 3aBUCUMOCTH Ny = C Q)aKTI/I“ICCKI/IMI/I JaHHBIMU,

c 4

1+ : ™~
-~ )
'\* ]
0.5+ 4
3

02T -

# V. mm'rog
o | i i | i i .

0 i A 3 4 5 ]

Puc.2. Pacnpenenenne OTHOCUTENILHOTO KOJIMYECTBA KOPPO3HOHHBIX OTKAa30B N 1O
CKOPOCTH KOppo3uu V NMpHU pa3iMyHbIX PACCTOSIHUAX OT KoMmpeccopHod craniuu  L: 1-0+5
kM; 2-5+10 xkMm; 3-10+70 xMm; 4-20+40 xkMm; 5-40+-80 xMm; 6-6011ee 80 kM.

Ha npakTtuke npu u3ydeHMM pacHpeleseHHss CKOpOCTed KOppO3UMU IO KaBepHaM M
s3BaM, OOHapy)XeHHbIM B IHIyp(ax, MOXHO 3aKJIIOYHUTh, YTO IJIOTHOCTh BEPOSTHOCTH
MPOJOJKAET PacTU U TMPHU MajbIX CKOPOCTAX Koppo3uu. M3 yero ciemyer, 4To MOXKHO
pacpoCTPaHUTh MOJTYYEHHBIE 3aKOHOMEPHOCTH U HAa MEHbIIEE 3HAYEHHE CKOPOCTEM.

B ciyuae 3acosieHHBIX TPYHTOB BbhIpa)keHHE (2) IPUHUMAET CIIEAYIOLIUN BUA:

1,2
Ny = V71— 3
0 eVpl}'74(L+5) ) ( )

rac Ng- KOJIMYCCTBO KOPPO3HOHHBIX OTKA30B.
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CYMMapHOC KOJIMYCCTBO OTKA30B HaA YYACTKC HAXOAUTCA IIYTCM MHTCTPUPOBAHUSA

BbIpaxkeHus (3) mo TpeM nepemenHbM V, pr u L. [Ipu Hanuuuu Ha yyacTke 6osee Win MeHee
OJTHOPOJHBIX TPYHTOB, CYMMapHOE KOJIWYECTBO OTKa30B No ompenensieTcs mo clemayromeit

dhopmyre:
pead| e @

eV(L+5)

[lorpeniHocTh pacyeToB NPOM3BEACHHBIX [0 YACTHBIM aIPOKCUMAIMAM OoJblie
MIOTPEIIHOCTH  pPEe3YyJbTaTOB, IIOJIYYEHHBIX IIPU  BBIYHMCICHHUAX [0 HMHTETPAJIbHBIM
BbIp@)XEHUSIM, KoTopble naroT ommOku 10 10%. Tak kak M3MepeHUs] TOJIBKO YIEIbHOIO
COTMPOTHUBIIEHUS TPYHTA BBIIOJHSIOTCS € MOTpemHOCcThi0 20%, TO 3Ta MOrPEeNIHOCTh BIOJIHE
JOIyCTUMA IIPU IPAKTUYECKUX pacyeTax.

Kak ykaspiBamoch Bblle KOA(P(GUIMEHT Ky 3aBUCUT B OCHOBHOM OT KadecTBa
M30JSIMOHHOrO Matepuana. Eciou 3Hadenwe ku=0,9, TO 3T COOTBETCTBYET CpenHEH

. mA
IIJIOTHOCTH TOKA ] = 3 W [3], YTO BIIOJIHEC AOCTATOYHO AJIS 3aIlIUThI pr6OHp0BO,Z[a.

[TonsiTHO YTO, TpM OOJIBIIIEH TIJIOTHOCTU TOKA WJTU YK€ TMPU OOJIBIIION TUIOIIAN OTOJICHUS
M30JIMPOBAHHOTO TPYOOIIPOBOAA, KOJMYECTBO KOPPOSHOHHBIX MOPAKEHUH OYyIEeT BO3pacTaTh.

3aBUCUMOCTh  KOd((ulMeHTa  yBElIMUYEHHUS  KOPPO3MOHHBIX  OTKa30B  MPSIMO
MPOIOPIMOHANIbHA JIOTapU(PMYy TUIOTHOCTH TOKA, T.€. 3aBUCUMOCTb HOCHUT JIOTapU(DMUIECCKUI
xapakrep. llpuHATHE B pacder 3TOH 3aBUCHMOCTH JA€T BO3MOYKHOCTb IIPOTHO3MPOBATH
BEPOSITHOCTh BBIXOJAa W3 CTPOs TPYOOMpOBOIA TPAKTUYECKH TPU IJFOOOM COCTOSHUU
W30JISLIHH.

Hanee paccMOTpUM BONPOCH  ONTUMAJIbHOMU CTENEHU 3AlIUTHl MOJ3EMHBIX
TpyOOIIPOBOIOB.

bezaBapuitnas pabora TpyOOIPOBOAOB 3aBUCHUT OT KOPPEKTHOTO BBIOOpA CTEHIECHU
3alUTBl U OT CHUCTEMBl COXpPAaHEHUs €€ Ha JOJDKHOM YPOBHE B TEUEHHUHU BCETO BPEMEHU
JKCIUTyaTaluu. Tak Kak He HalJeHa KOJIMYECTBEHHAs B3aMMOCBA3b 3aTpaT Ha
ANEKTPOXUMUYECKYIO 3alIUTY M BEPOATHOCTh MOTEPh OT KOPPO3UHU IMpPH JI0OOH CTerneHu
3alllUThl, TO MHEHHUS CHEIUAJIKCTOB IO BOMPOCY CTENEHU 3alIUThl HE OCHOBBIBAIOTCS Ha
TEXHUKO-?)KOHOMHYECKUX MOKa3aTeIsAX.

Kak noka3aHo TEOPETHUECKH U IKCIEPUMEHTAIBHO akageMUuKkoM .M. KosoTbipkuHbIM,
HeBo3MOkHa 100% creneHp 3alUTHI JUIs CTajld, MOTOMY Kak, Ja)e IPU OYE€Hb BBICOKHX
3HAYCHHSIX OTPHUIATEIHHBIX MOTECHIIMAJIOB HA CTaJld MPOTEKAeT KOPPO3MOHHBIN Ipoliecc 3a
CYET XMMHUUYECKOTO B3aUMOJECHCTBHUS CTAJM C PA3JIMYHBIMU KOMIIOHEHTAMU CPEJIbI.

Bbyner HenpaBuwiIbHO BHIOMPATH €IWHYIO BEJIUYMHY CTENEHU 3aIlUTHI, JUISl Pa3IMYHBIX
ycnoBuil. Tak Hampumep, AJiE CKOPOCTH KOPpPO3UU SMM/ToA cTeneHb 3amuTel 90% Oynet
HEJ0CTAaTOYHA, JUIsl CKOPOCTH Koppo3uu 0,2MM/T0JT HAITPOTHUB 3aBHIIICHA.

CpenHsisi CKOPOCTh KOPpO3uH onpezaenseTcs mo popmyse [1]:

V= 679;

rae Gg- JIOMYyCTUMOE YMEHBIICHHE TOJIIMHBI CTEHKH TPYOBI, MM; t- BpEMs, B TEUCHHH
KOTOPOTO KOPPO3HUsl YTIyOUThCS B METAJUT HA BENHYMHY Jy.

MoXHO paccuuTath MOTOK KOPPO3HOHHBIX OTKa30B BO BpPEMEHH, IOJCTABHB
BBILIETIPUBEACHHYIO (DOPMYITy JUIsl CpEeIHEN CKOPOCTH KOPPO3UH B BhIpaxkeHue (3).

Ecnu BBecTH Takue MOHATHUSA Kak t,- BpeMs IIEPBOr0 KOPPO3HOHHOTO MOPAXKEHUS U Ty~
BpeMsI KOPPO3UOHHOTO pa3pylICHHsI B KOHIIE CPOKa HKCIUTyaTallH, NOIyYUM (IIpU YCIOBUU
HCKJIFOUYEHUS] KOPPO3MOHHBIX OTKa30B 3a BECh IEPHUOJ SKCIUIyaTalluH), 4YTO CKOpPOCThb

t
KOPPO3uMr O0JI’KHA OBITE YMCHBIICHA Ha t_K CKOpOCTB 3alIUThl P IIpHU 3TOM OIIPECACIIACTCA 110

bopmyre:
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P, = %= 100%. (5)

tk

Takoli MOIX0/a 03HAYAET, YTO 3aTPAThI HA DIICKTPOXUMHUYECKYIO 3aIIUTy MEHBIIE, YeM
CTOMMOCTh KOPPO3HOHHOTO OTKa3a.
CKOpOCTh KOpPpPO3HH TpH 3amiuTe P onpenessiercs CleayroIuM 00pa3om:

Vs = V(1 —P3)

1 BBeas BenuvuHy Vs B BeIpaxkeHus (2) u (3) BMecTo V, MOJyYnM BBIpAXEHUE ISl OIICHKU
yIIETBHOTO KOJIMYECTBA KOPPO3HOHHBIX OTKA30B MpPHU KATOJHOHN MOJSIPU3ALNU, U3 KOTOPOTO
BBITCKACT, YTO MPH YBEIWYCHHH CTETICHU 3aIUTHl CHU3UTCS KOJMYECTBO KOPPO3HOHHBIX
OTKAa30B.

Br160op Hanbosiee panmoHaIbHOW CTEMEHH AICKTPOXUMHYECKON 3ammThl (3X3) MOXKeT
OBITh OMpEJCNICH IyTeM YMEHBIICHHS pPACXOIOB Ha JKCIUTyaTallMi0 TPYyOOINpOBOJA.
CymmapHble 3aTpaThl Ha O3KCIUTyaTallMio TpyOONpoBOJa CKJIQABIBAIOTCA U3  JIBYX
COCTABIISIONINX: U3 3aTPaT Ha PEMOHT pa3pyIIEHHBIX KOPPO3UEH Y4aCTKOB M KOMILIEKCHYIO
3amuTy. O0e CTaThbM PacxoJ0B OINpeNeNsIoTcs cTeneHblo DX3, T.e. yeM OoJjblle CTENeHb
3aIUTBI, TEM BHIIIIE 110 A0COTIOTHOW BEJIMYMHE TOJSIPU3AIIMOHHBINA MTOTSHITHAN, 1JIST KOTOPOTO
TpeOyeTrcst Ooblliee KOJMYECTBO YCTAHOBOK AJIEKTPOXMMHUYECKOM 3alUThl  OOJbIIEH
MOIIHOCTH, CJICIOBATEILHO, YeM OOJBIIE CTETICHb 3aIIUThI, TeM OOJbIIEe YKOHOMUYCCKUE
3aTpaThl Ha ee peanu3anuio. 3aTparbl Ha DX3 MOryT OBITH CBEACHBI K MUHUMYMY IO
TUTOIIAM OTOJICHUSI MeTallla TPYO NpHu JedeKTax W30JALNH, TOCKOJIBKY, YeM OoJbIie oomiast
IIOUIa/Ib OTOJICHHS, TEM OOJbllle KOPPO3HOHHBIX OTKAa30B, U TeM OOJbllie HEOOXOAMMOCTh
cpencTB DX3 U 3aTpaT Ha ANEKTPUUYECKYIO SHEPTHUIO.

B mpomecce skcmiyataliid  M30JSLMOHHBIE TOKPBITHS CTapelOT U COBPEMEHHAS
TEXHOJIOTUSI CTPOUTEIHCTBA HE MOXKET TOJHOCTHIO UCKIIOYUTH JACPEKTHI B M3OJSALIUU TPYO.
DTO MPOSABIAETCSA B YBEIMUCHUU IJIOMAAN OTOJICHHOCTH TPYOOIPOBOAOB M CTENEHb 3allUTHI
JI0JKHA OBITH YCOBEPIICHCTBOBAHA C YYETOM 3TOTO (PaKTOpPa, T.€. C YIETOM 3aTpaT Ha PEMOHT
BBIIIEIICH U3 CTPOS U3OJISIITHH [5].

3aTpathl, Ha SKCIUTYaTAIUIO TPYOOIIPOBO/IA OTIPEIENISIOTCS KaK:

3 =3(P;9),

[Ipu »TOM omnTUManbHas CTENEHb 3AIIUTHl MOXET OBITh HalJeHa IMyTeM pEeLICHUS
CUCTEMBI YPaBHEHUM:

a —
55 3(P,8) =0

" (6)
53(P.6) =0

[To BeIpaskeHuto (6) MOXKHO TaK K€ ONPEACTUTh MPUEMITHUMYIO CTENIEHb OTOJICHHOCTH.
Cuctema ypaBHeHHHl (6) MOXeT OBITh HaMKWCaHa C Y4YETOM TMEPEXOTHOTO
COMPOTUBIIEHUS TPYOOTIPOBOIa Ryr, KOTOPOE XapaKTEPU3yeT CTETIEHb OTOJICHHOCTH.

0
8_P33(P3' RHT) =0

FE (7
6_P33(PB' RHT) =0

Pemenue ypaBuenuii (6) u (7) sBHsSETCS CIOXKHOW 3adadeid, TaK KaK H3OJSALUS OYCHb
HEOJAHOPOHA.
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[TosToMy Ha TIepBOM JTame OMNPEAENSIOT BEJIUYMHY MOTEHIHUANbHBIX AEPEKTOB Ha
TpyOONpOBOJe, MyTEeM YMEHBIICHUS pacxonoB Ha OX3 M BOCCTAaHOBJICHHWE H3OJIALMU B
MecTax noBpexaeHui. U yxe Ha BTOpOM 3Tarie ImyTeM pelieHus cucteM ypaBHeHus (6) u (7)
HAaXOJUM ONTUMAJIbHYIO CTEIIEHb 3aILIUTHI.

3AKJIIOYEHUE
Tak kak cuUCTeMa «METAII-M30JSIIHUA-TPYHT» SIBISIETCS SIPKO BBIPAKEHHOH TETEPOTCHHOU
CUCTEMOH, TO HEOOXOAMMO IPUMEHEHHUE METOJIOB TEOPUU BEPOSTHOCTH.
OmnpenencHa 3aBUCHMOCTh TIOTOKa KOPPO3MOHHBIX OTKAa30B OT YIEIBHOTO COMPOTUBIICHUS
TPYHTA, yJAJICHUS KOMIIPECCOPHOW CTAHIIMUA U COCTOSIHHSI M30JISIUH, & TAKXKE, YCTAaHOBIICHBI
3aKOHOMEPHOCTH KOPPO3HOHHOTO TpoIiecca.
Ha ocHOBE TEXHHMKO-d)KOHOMHYECKHUX JAHHBIX M BEPOSTHOCTHBIX COOTHOIICHUH MEXIY
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YERALTI METAL QURULUSLARIN ELEKTRIK MUHAFiZOSININ
OPTIMALLASDIRILMASI

ISMAYILOVA Q.Q., KUTUKOVA N.Q.

Mogalada yeralti metal boru xotlorindo bas veran korroziya proseslorino tosie edon
miixtolif faktorlarin tosirino baxilmigdir. Belo faktorlara yerin elektrik miiqavimati, nomlik,
kompressor stansiyaya godor olan mosalalor aiddir. Eksperimental verilonlorin asasinda
ayrilor qurulub vo uygun ifadolor alinmisdir, hamginin elektrik miihafizoasinin optimal
variantlari toklif olunub.

Acar sozlar: korroziya tezliyi, korroziya imtinalari, metal boru xatlori, torpagimn xiisusiyystlori, potensial.

OPTIMIZATION OF ELECTRICAL PROTECTION OF
UNDERGROUND METAL CONSTRUCTIONS

ISMAYLOVA G.G., KUTUKOVA N.G.

The article interrogated the differentiation factors of the corrosion - proof process in
submersible metal pipelines. Tactics are the factors that affect the earth 's impermeability,
moisture, and the distance to the compressor station. On the basis of experimental data are
presented the corresponding and effective formulas. The optimum methods of the electrical
shock are suggested.

Key words: corrosion rate, corrosion failure, metal pipelines, soil properties, potential.
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BOYUK GUCLU ASINXRON MUHORRIKLORIN
MIKROPROSESSORLARLA iSO BURAXILMASININ TODQIQi

SULTANOV E.F., HOSONOV E.A.

Azarbaycan Déviat Doniz Akademiyasi
(Az1000 Baki s. Z.Oliyeva kii¢.18 )
E-mail: elshen_sultanov@mail.ru, hasanov.079@mail.ru

Mogalods gomi elektrik intigallarmin mévcud idaroedilmo sistemlori vo Beynolxalq Doniz Taskilati
torafindon onlara qoyulan miiasir toloblor nozordon kecirilmisdir. idaraetmo sistemlorinin etibarligini yiiksaltmok
vo elektrik enerjisi sorfini azaltmaq moqgsadilo boyiik giiclii elektrik intiqallarmin iso buraxilmasi iiclin
mikroprosessor qurgularindan istifade etmak tovsiyys edilir.

Acar s6zlar: gomi, asinxron, miiharrik, mikroprosessor, tiristor.

Giris. Gomilords istifado olunan miixtalif isci mexanizmlarin normal is soraiti onlari
harokoto gotiron elektrik intigallarindan asilidir. Elektrik intigali vasitasilo horokoto gatirilon
qurgulara misal olaraq siikan qurgularinin, yiikgaldirict mexanizmlorin va nasoslarin elektrik
intiqallarin1 géstormok olar. Miiasir dovrda layiholondirilon vo hazirlanan gomilorin elektrik
intiqallarinin idaro olunmasi sistemlorinin tokmillogdirilmasina toloblor artir. Hal-hazirda
istismarda olan gomilorin boyiik hissasinds elektrik intigallarinin avtomatik idars sxemlorindo
istifado olunan rele-kontakt aparatlarinin, yoni elektromexaniki vo elektromagnit zaman
relelorinin, idaroetmo diilymolorinin vo S. uzunmiiddstli islomosi yiikkdon vo qosulma
tezliyindon asilidir. Kontaktli aparatlar sistematik suratdo xidmot vo tonzimloma tolob edir,
hamginin is prosesinds kifayot qodar etibarli olmurlar. Malumdur ki, idarsetma sxemindo rele-
kontakt sistemlorinin say1 no qodar ¢ox olarsa, etibarliliq da bir o gqodor az olar. Bunlart nozora
alaraq yangin nasosunun elektrik intigallarinin idars olunmasi Sixemini nozordon kegirok
(sokil 1.)

Sxemdo elektrik miihorrikinin iso salinmasi stator dovrosinoe qosulmus ardicil
miiqavimatlor (R) vasitosilo hoyata kecirilir.

; OF
FuUl L
FU?2 i KM?2 Hl
=" — X1
KM?2 5
alake R
kM- T k23]
2582 : &
K12 =
. o I
KM?2 s
\ \ KMl =
0—/ [
p—"" KVi =
T Rt =0
4 (V2 (] .i
” K12 | K12 g
> =
22 2l VNS
KM =
o i 2
KVI

- — 1=

Sakil 1. Yangin nasosunun elektrik intigalinin idars sxemi.
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Umumiyyatls, gomi nasoslarinin elektrik intiqallarmin osas xiisusiyyati ondan ibarotdir
ki, bu elektrik intigallar1 revers olunmur vo xiisusi oyloc rejimlori olmadigr iigiin elektrik
mihorriklorinin siirati praktiki olaraq belo tonzim edilmir [1].

Idaroetmo dévrosinin ikiqiitblii QF acarini qapadiqda KT1 zaman relesi dovraya qosulur
va KV1 relesi, KT2 relesinin dovrasindoki kontaktlarini qapayaraq sistemi isa salir. 1SB2-al ilo
idara olunan, yaxud 2SB2-mosafodon idaroetmo dilymasindon istifado etmoklo KV1 relesi vo
ardinca KM1 xotti kontaktoru dovroys qosulmaqla M1 elektrik miiharriki igo buraxilir. Eyni
zamanda KV1 relesi qapandiqda KT2 zaman relesi dovraya qosulur. KM1-in kontaktlar1 KT2-
nin kontakt ils ardicil qosularaq isasalma ditymalorini qapayir, digori iso KT1 zaman relesinin
dovrasini agir.

KT1-in gecikdirmo miiddsti bitdikdon sonra 6z olavo kontakti vasitasilo KV2-nin
dovrasini qapayir vo bunun naticasindo KM2 xotti kontaktorunun makarasi KV2-nin kontakti
vasitosilo dovraye qosularaq miihorrikin dovrasindaki R — igosalma miigavimatlorini suntlayzr.
Idaro dovresindo KT1-in kontaktlarindan biri KT2-nin dovresini acir. KT2 ise 6z ndvboesindo
kicik gecikdirmo miiddati ilo KV1-in dovrasini acir vo bununla da KM1 xotti kontaktoru
dovradon acilir. KM1 xotti kontaktoru KT1-in dovrosindoki kontaktini gapamasina
baxmayaraq, homin zaman relesi yenidon igo diigo bilmir, ¢iinki KV2-nin VD diizlondiricisinin
dovrasindoki kontakti agildigindan sabit coroyan dovrasi kosilmis olur vo releni isdon ayirir.
Demali KV2 relesi bu proseslordon avval 6z kontakt: vasitasilo bloklandig {i¢iin onun dovrasi
qapalidir. Belosliklo, miiharrikin 1o buraxilmasi prosesi bitdikdon sonra sxemdoki biitiin idaro
aparatlarindan yalniz KM2 xatti kontaktoru vo KV2 relesi islok vaziyyatds qalir [1].

Miihorrik igo buraxilarkon bir nasazliq yaranarsa, KM2 xotti kontaktoru dovroye
qosulmazsa, o zaman KT2 zaman relesinin kontakti1 dovradon ayrildigdan sonra KV1 mexaniki
relesinin kontakti dévrodon agilar vo miivafiq olaraq KM1 xotti kontaktoru da ddévrodon
acilaraq miihorrikt iso buraxilmayacaq—Belsliklo, KT2 zaman relesi uzun miiddat iso salma
miigavimatlorinin gorginlik altinda qalmasinin qarsisini alir.

Digor bagqa bloklamada iss isasalma ditymolorinin dovrasing ardicil qosulmus KT1-in
kontakt1 vasitosilo yerino yetirilir. Miiharrikin igo buraxilmasi yalniz bu kontaktin qapali
vaziyyetindo miimkiindiir. Baxilan halda, KV2 relesi 6ziinii bloklayaraq dovrads qaldigi {igiin
onun bu kontakt1 agiqdir. Sxemds miiharrikin artiq yiikklonmadon miihafizosi FP istilik relesi
vasitosilo yerino yetirilir. H1 vo H2 indikasiya lampalar1 iso miihorrikin ddvrasinda
milgavimatlorin qosulub-qosulmadigini gdstorirlor. Miiharrikin sabokodon ayrilmasi 1SB1 ollo
idara agari vasitasi ilo, masafodon idara dovrasi iso 2SB1 agari vasitasi ilo yerina yetirilir [1].

Oksoar hallarda avtomatik idars edilon elektrik intigallarinin etibarligini artirmaq, rele-
kontakt aparatlarindaki enerji itkilorini azaltmaq moqsadilo kontaktsiz aparatlardan istifado
edirlor.

Qisagapanmis rotorlu asinxron miihorrikin idars olunmasi iiclin giic elementi kimi
tiristorlardan istifado olunmus stator dovrasini nozordon kegirok (sokil 2).

Miihorrikin igo buraxilma sisteminds tiristorlarin qosulma bucagini fasilosiz olaraq elo
doyismok lazimdir ki, stator dolagi fazalarina totbiq edilmis gorginliyi 0-dan nominal qiymoato
qader doyisdikds miiharrikin dolaglarindan kegon corayanin va onun yaratmis oldugu qiivve
momentini idaro etmok miimkiin olsun. Statorun A vo C fazalarma diiz vo oks istigamotdo
paralel qosulmus VS1-VS4 tiristorlar1 vasitosilo M asinxron miihorrikinin igo salinma
prosesini idaro etmok miimkiin olsun. Burada VS1-VS4 tiristorlarinin idaraedici
elektrodlarinin gidalandirilmasi iigiin gorginliye nozaran 60°-li yerdoyismoys malik impulslar
verilmolidir. Miihorrikin stator dolagina asagi gorginlik ona goro verilir ki, isosalma
corayanini vo momenti azaltmaq miimkiin olsun. Idaroetmo dévrosindoki kontaktlar vasitosilo
mivafiq rezistorlar1 suntlamaqla stator dovrosino tam gorginlik totbiq etmok miimkiin olur.
Idaroetmo ddvrosine qosulmus miivafiq isosalma diiymosini sixmagqla releli idaroetma
sxeminin isi dayandirilir [2, 3].
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Sokil 2. Qisagapanmis rotorlu asinxron miiharrikin tiristorlarla igo buraxma sxemi.

Elektronikanin yarimkegiricilor sahosindoki nailiyystlorindon biri boyilik inteqral
mikrosxemlorindon istifado olunmasidir. Bu sxemlorin reallagdirilmasina niimuno olaraq,
mikroprosessorlart  gostormok olar. Eyni zamanda mikroprosessorla idaro olunan
avtomatlasdirilmis elektrik intiqalinin islonib hazirlanmas1 ve layiholondirilmasi ii¢lin
miitoxassislor garsisinda xiisusi tapsiriglar qoyulur.

-elektrik intigalinin impulslu modelinin qurulmasi, giris vo ¢ixis parametirlorinin
se¢ilmosi vo arasdirilmasi;

-sistemin strukturunun islonib hazirlanmasi, idarsetmonin optimalliq meyarlarinin toyin
edilmoasi, sistemin sintezi;

-qobul edilmis vasitolorlo reallasdirilan effektiv alqoritmlorin hazirlanmasi vo todqiq
edilmosi;

-diagnostika sisteminin qurulmasi va tomir {i¢iin sistemin eksperimental yoxlanmasinin
tomini.

Programlasdirilan mikrokontrollerlordon istifado edorok yaddas vo periferiya qurgulari
ilo olago yaratmagq vasitolori mévcuddur.

Mikro-EHM-lordan istehsal proseslorinin idara olunmasinda, nogliyyatda genis totbiq
edilir, homginin c¢eviricilorin idaro edilmosi sistemlorindo, elektrik intigallarinin firlanma
tezliklorinin tonzimlonmasi tiglin do genis istifado olunur [4].

Mikroprosessor texnikasinin elektrik intiqallarinda yeni totbiqi, onun bilavasito
rogamsal idara edilmosidir. Yoni mikro-EHM vasitosilo idarsedici signallarin togkili vo
idarsedici impulslarin tiristorlara verilmoasidir. Qeyd etmok lazimdir ki, EHM-in siiratli olmasi
tonzimloma sisteminin effekliyini miioyyon edon faktorlardan biridir. ©homiyyatli deracado
idaroetmonin alqoritminin reallagdiriimasi programinin keyfiyyatindon asilidir. Oz ndvbasindo
idaroetmo alqoritmi elektrik intigalinin riyazi modelindon istifadosi sayosindo islonib
hazirlanir ki, homin model alqoritmin tortib edilmasi iiclin olverisli olmali vo reallagdirilmis
zaman miiddstino miivafiq olmalidir. Eyni zamanda obyektin xiisusiyyatlori nazara alinir ki,
bu da tonzimlomanin tolob olunan keyfiyyatlorini tomin etmis olur. Qeyd olunan miinasibato
daha cox uygun golon tiristor elektrik intigalinin diskret modelidir. Ceviricido elektromaqnit
proseslor diskretliyinin intervali ilo ¢evrilmonin intervalina miivafiq kvantlanib, idarsedici
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impulslar tiristorlara zamanin mohdud araliglarinda daxil olur. Bu sobobdon do tonzimlomo
sisteminin obyekts tosirini zamana goro diskretlogdirmok mogqsadouygundur. Yoni, elektrik
intigalinin gilic hissasinin vo tonzimlomos ganunlarinin sintezini elektrik intiqalinin diskret
modelinin bazasinda yerina yetirmok olur. Elektrik intigalinin idare olunmasinin daha
miitosokkil mikroprosessor sistemlorinin todqiqi vo islonib hazirlanmasi getdikco artmaqda
olan inkisaf dorocosino malik olur. Hor seydon ovval bu elektron, elektriki vo elektromexaniki
bloklarin sort, montiqi islo miioyyon edilmis universal qurgularla ovoz edilmasindon ibaratdir.
Mikrokontrollerlor vasitasi ilo programlasdirilmis elektrik intiqalinin vo onun xidmat etdiyi
masinin miixtolif is alqoritmlari toyin edilir.

Mikroprosessor sistemlarinin yliksok etibarligli programlasdiriimis montiq kontrollerlori
totbiq edilir, yaddasin miihafizosinin xiisusi sistemlori maneslordon miihafizo vo diger
vasitolarlo tomin edilir [4].

Avtomatik idars obyektinin cixis parametrlori €1, é,...6n (dovrolor sayi, firladict
moment, corayan, yerdoyismo bucagi va s.) vericilori ilo 6lgiiliir, kommutator vasitasilo AD
geviricisino daxil olur vo g¢evirici rogomsal sokildo mikrokontrollero daxil olur.
Mikrokontrollerin yazilmig proqramin yaddasinda gostorilmis qiymots miivafiq suratdo xi,
X2,...Xm 1daroedici siqnallar yaradilir vo taymerin signallarina asason DA ¢eviricisindo anoloq
formaya c¢evrilorok kommutator vasitasilo mikrosxemo otiirtiliir. Mikrokontrollersa yazilmis
program vasitosi ilo elektrik intiqali i prosesini tomin edir. Bu da qurgunun tam tohliikosiz is
prosesinin yerino yetirilmasino tam zomanatlidir.

Natica

1. Boyiik giiclii gomi elektrik intiqallarinin movcud iisullarla iso salinmasinin tohlili gdstarir
Ki, idaraetmo tisullar1 vo vasitalori miiasir toloblora cavab vermir, rele-kontakt aparatlari
sistematik suratdo xidmat vo tonzimloma tolob edir, elektrik enerjisi sarfi boyiik olur vo
istismarda kifayot qodar etibarli olmur. Idaroetmo sxemindo rele-kontaktor dévralarinin
say1 ¢ox oduqca etibarliliq azalir.

2.  Gomi elektrik intigallariin avtomatik idars edilmasi sistemlorinds etibarliligr yiiksaltmok
va enerji itkilorini azaltmaq moqsadilo qisagapanmis rotorlu asinxron miihorrikin idars
olunmasi t¢iin giic elementi kimi stator dovrasinoe qosulmus tiristorlu sistemlorin
mikrokontrollerlorls idars edilmasi tdvsiyys edilir.
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HCCAENOBAHHME NIYCKA K PABOTE MOLIHBIX ACUHXPOHHBIX
ABUI'ATEJIEN C IOMOIIIBIO MUKPOITPOLECCOPOB

CYJITAHOB E.®.,TACAHOB E.A.

PaccMOTpeHBI CylIECTBYIOIIME B HACTOSIIIEE BPEMSI CHCTEMBI YIPABJICHUS CYIOBBIMHU
JNEeKTponpuBOAaMH W TpeboBaHusa  MexnyHapoaHoit — Mopckoit  Opranuzanuu,
MpeAbsIBIsIEMbIE K YKa3aHHBIM cuUcTeMaM ympasieHus. C 1eJbl0 TOBBIIICHUS HAJIeKHOCTH
CUCTEM YIPABICHUS U CHIDKEHUS MOTEPh AJIEKTPOIHEPTUH, IpeacTaBieHa 3()(eKTUBHOCTh
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MPUMEHEHHUS MUKPOMPOIIECCOPHONH YCTAHOBKU ISl IYCKa AJIEKTPONPUBOAOB OOJIBIION
MOIITHOCTH.

KiroueBble c10Ba: cy1HO, aCHHXPOHHBIH, ABUTATEIb, MHKPOIIPOLIECCOP, THPUCTOP.

INVESTIGATION OF LARGE POWERED ASYNCHRONOUS
ENGINES BY MiCROPROCESSORS

SULTANOV E. F., HASANOV E. A.
The existing control systems for shipboard electric drives and the requirements of the
International Marine Organization, presented to these control systems are investigated in this

article. In oder to improve the reliability of control systems and reduce power lasses, the
efficiency of using a microprocessor device for starting high- power drives is presented.

Key words: vessel, asynchronous, motor, microprocessor, thryster.
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MUOLLIFLORIN NOZORINO

1. Umumi qaydalar.
“Energetikanin  problemlori” “jurnalinda energetikanin  kompleks problemlori,

elektroenergetika, istilik energetikasi, elektrofizika, elektrotexnologiya, informatika vo yeni
texnika saholorino hasr olunmus elmi-texnki magqalslor darc edilir, eyni zamanda cari xronika
da verilir.

Jurnalin osas moqgsadi yliksok elmi keyfiyyot kriteriyalarina cavab veran orijinal elmi-

texniki mogalolorin dorc edilmosidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktablor, limumiyyatlo elmi

hayatda coroyan edon hadisaler hagqinda molumatlar1 da darc edir.

Redaksiya heyoti, bu vo ya digor soboblordon, jurnalin toloblorini tomin etmoyon

magqaloalori dorc etmoamok hiiququnu iiziinds saxlayir.

2. Mbagqaladlorin toqdim edilmasi.
Biitiin moaqalslor asagida qdstarilon linvana, jurnalin redaksiyasina gondarilmolidir:

Azarbaycan, Az-1143, Baki, Hiiseyn Cavid prospekti, 33
Azarbaycan MEA Fizika Institutu
Tel.: (994 12) 539 — 41 — 61; (994 12) 539 — 44 - 02; Faks: (994 12) 447 — 04 — 56

E — mail : arif @ physics.ab.az ;
Mbosul katib Qurbanov Kamil Baxtiyar oglu.

3. Maqalslarin matninin dili.
Moqalslor azorbaycan, rus vo ingilis dillorinds gqobul edilir. Respublika miislliflarinin

moqalolari yalniz azorbaycan vo ya rus dillorindo, yaxin xarici 6lkalordon olan miislliflorin
magqaloalori yalniz rus dilinds, uzaq xarici 6lkelorin miislliflorinin maqalsleri ise yalniz ingilis
dilindos gobul edilir.

4.1.

4.2.

4.3.

4. Maqaldlarin tirtib edilmasi qaydalar.

Magqalalar, jurnalin redaksiyasina disket taqdim etmaklo, fordi kompytiterds, A4 formath
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vo sagdan — 2,5
sm mosafa ilo, Times New Roman 12 sriftindo yazilarasq, 1 niisxads, sotir araligr 1
interval olmagq sortilo ¢ap edilorak, qosulmus CD disk ilo togdim edilir.

Mogqalslorin timumi hocmi, grafiki materiallar, fotolar, codvellor, diisturlar, odobiyyatin
siyahis1 vo xiilasalor do daxil olmaqla 8 sohifadon yuxar: olmamalidir.

Mogqalslorinin birinci sohifosinin sol kiinclindo Universal onluq tosnifatt (UOT) iizro
indeksi gostorilmoalidir. Sonra 1 interval asagidan, qalin vo boytik horiflorlo maqalonin
adi yazilir. Sonra 1 interval asagidan, qalin vo boylik horiflorlo miisllifin (miislliflorin)
soyadi, ad1 vo atasinin adinin bas horiflori yazilir. 1 interval asagidan moagqaloni togdim
edon toskilatin adi1 yazilir. 1 interval agagidan, moaqalonin matninin dilina uygun olan,
hocmi 10 sotirdon ¢ox olmamaq sortilo, 10 srifti ilo ¢ap edilon xiilaso, acar siizlor (5-6
$0z), moqalonin asas motninin dniinds verilir. Sonra 1 interval asagidan moagalonin osas
motni 12 srifti ilo ¢ap edilir. Bilavasito moqalonin motninin davami olaraq, he¢ bir
baslig vermoadon, yalniz 20-25 simvolluq xatt ¢okorok, say sirasi ilo istifado edilon
odabiyyatin siyahisi verilir. Sonra ardicil olaraq rus (vo ya azerbaycan) vo ingilis
dillorinds olan xiilasalor vo agar sozlor (10 srifti ilo ¢ap edilorok) verilir. Magalonin
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motninin sonunda, olaqo telefonlari, telefakslar vo E — mail-1 géstormoklo, miialliflor
maqaloni imzalayirlar.

4.4. Moqalonin qrafiki materiallari, fotolar, codvollor, diisturlar moatno uygun yerlords
yerlosdirilmolidir. Qrafiki materiallarin sorhino aid olan yazilar mogalonin matnindo
verilmalidir. Qrafiki materiallarda adadi va ya harfi isarolor gostorilorak, uygun izahatlar
matnin igarisindo verilmoalidir. Qrafiki materiallarin asag1 hissosinds say sirasi verilir vo
ad1 yazila bilor (misal ii¢iin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say sirast geyd edilmokls, orijinalin dilinds verilir. Mislliflorin soyadi, adi
vo atasinin adi kursivdon istifado etmoklo yazilir. Odobiyyatin siyahisi asagida verilon
niimunalor tizrs tortib edilir.

Kitablar

1. Pazesue /].B., Coxonosa M.B. PacueT Ha4aJIbHBIX W Pa3psAIHBIX HANPSHKEHUN Ta30BbIX
poMexyTkoB. M.: Dueprus, 1977.- 178 c.

2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,
1974.

Jurnallar

3. Aeanoe B.I'., Pazesue J[.B. // DnektpudectBo.- 1972.- Ne 5.- ¢. 32-36.
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Depone edilmis 31 yazmasi.
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Dissertasiyalar
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7. Cuoopoe H.B. luc. n-pa xum. Hayk. HoBocubupck: Muctutyr Xumun, 1979.
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K CBEAEHHUIO ABTOPOB

1. O6uue npaBuJia.

B xypnane “IlpoOnembl DHepreTHKn” MyOIMKYIOTCS HAyYHO - TEXHUYECKHUE CTaThbHU B
00JIaCTH KOMIUIEKCHBIX MPOOJIEM HSHEPreTHUKH, 3IIEKTPOIHEPTEeTHKH, TEMJI0IHEPreTUKHY,
ANEKTPOPU3UKH, STIEKTPOTEXHOIOTMH, HH(HOPMATUKH U HOBOM TEXHUKH, a TAK)KE MPUBOJUTCS
TEKyILasl XpOHUKA.

OCHOBHOH 1eNIbI0 KypHaJa SIBISETCS MyOJIMKAaIUsl OPUTMHAIBHBIX HAayYHO-TEXHHYEC-
KHX CTaTel, OTBEYAIOIINX TPEOOBAHUAM BHICOKOTO HayYHOI'O KaueCTBa.

B xypHane npuBoasTcs cBeAeHHS 0 paboTe KOH(EpeHUi, CUMIIO3UYMOB, Pa3IMYHbIX
HayYHBIX IIKOJ, @ TAK)KE 00 UHTEPECHBIX COOBITUAX, MPOUCXOIAIINX B HAYYHOM MHUPE.

Penakuus coxpansier 3a co0oil mpaBo He MyOJIMKOBATh MaTepUajbl MO TEM WM UHBIM
NPUYMHAM, HE YJOBIETBOPSIOIIUM TPeOOBaHUAM >KypHaa.

2. [IpeacrasiieHne cTATEI.

Cratbu JOJIDKHBI OBITh MMPpEACTABJICHBI B PCAAKIUIO XYpHaJa 110 CJICAYIOIICMY aapeCy:

Azepbaitmxkan, A3-1143, baky, nip. I'. JI>xaBuna, 33
Wuctutyt ®usuku HAH AsepOaiimpkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; dakc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OTtBeTcTBeHHBIN cekpeTaps - ['ypbanoB Ksamunbs baxTusip orisi

3. SI3bIK cTareii.

CraTpu NpUHUMAIOTCS Ha a3epOaii>KaHCKOM, pyCCKOM U aHTJIUIICKOM sI3bIKaX, IPUYEM
CTaThU aBTOPOB U3 A3epOaiipkaHa TOJKHBI OBITh NPEICTaBIEHbI Ha a3epOaiPkaHCKOM WIIN
PYCCKOM $I3bIKax, cTaThu aBTOpoB U3 cTpaH CHI' - TOIbKO Ha pyCCKOM SI3bIKE, CTaTbU aBTOPOB
U3 JalbHEr0 3apy0esKbs - TOJIBKO Ha AHTJIMHCKOM SI3bIKE.

4. MpaBuaa opopmiieHus cTaTeii.

4.1. B pemaxiuio XxypHajia MpeACTaBISAIOTCA CTaTbU, HAOpaHHBIC W HaNeYaTaHHBIC B OJHOM
9K3EMILIApPE Yepe3 OJIWH MHTEpBal Ha MEPCOHAIBHOM KOMIIBIOTEpE, Ha Oenoi Oymare
dopmata A 4, mpudprom Times New Roman, pasmep mpudra 12, a Taxxke

npencrapiseTcss B 3NMeKTpoHHOM Buae Ha CD mgucke. Ilonst cBepxy U CHUBY - 2 CM,
cleBa u cipasa - 2,5 cMm.

4.2. OOBeM CTaThbU HE JOJDKEH NPEBBINIATH 8 CTpaHMII, BKItOUas rpaduuecKre MaTepHabl,
¢oro, Tabau1bl, (HOPMYIIBI, CIIMCOK JTUTEPATYPhl U AHHOTALIUH.

4.3. B BepxHeM JIeBOM YIJIy MEpBOW CTpAaHUIIBI CTaTh yKasbiBaeTcs mHaekc Y/IK. Uepes 1
MHTEpBaJl HIKE TIOMEIAeTCs] Ha3BaHUE CTAThU JKUPHBIM U 3aryIaBHbIM HipudToMm. Uepes
1 uaTepBas nomemiaercs pamMuiaus (haMUINK), 1 MHULIKAAIB! aBTOPa (aBTOPOB) KUPHBIM
U 3aryaBHbIM mpudroM. Uepes 1 uHTEepBan yka3blBaeTCsd HAUMEHOBAHUE OPraHU3ALUMU.
UYepe3 1 uHTEpBaJl OMEIIAETCSI aHHOTAIMA Ha sI3bIKe CTaTbu 00beMoM He Oonee 10
CTPOK M KitoueBble cioBa (5-6 cmoB) mpudtom 10. Uepe3 1 uHTEpBaI momemniaeTcs
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4.4.

OCHOBHOE cojJiepkaHue cTatbu mpudTom 12. B KOHIIE OCHOBHOTO TEKCTa CTaThH
IPOBOAMUTCA Mpoyepk AnuHOW 20-25 CHUMBOJIOB, MOCJIE YEro IMOMEIIAETCS CIUCOK
JUTEpaTyphl 0€3 Kakoro-mubO Ha3BaHWs, B TMOPSAKE HYMEpAIMH CCBUIOK B TEKCTE
cratbu. [locie sToro uepes 1 MHTEpBaJl MOMEMIAIOTCS AHHOTAIMM HA JABYX JAPYTHX
SA3bIKaX — PYCCKOM (MU a3zepOaipkKaHCKOM), aHTJIMHCKOM W KJItoueBble cioBa (5-6
cioB) mpudTom 10.

B camoM KoHIle CTaThU MOMEMIAIOTCS KOHTAaKTHbIC Tenedonsl, pakcel u E — mail, a
TaKXKe MOJIITUCH BCEX aBTOPOB.

I'papuueckue  matepuansl, (poto, Tabmumbl,  GOPMYNIBI  MOMEHIAIOTCS B
COOTBETCTBYIOIIMX pa3jesiax TekcTa craThu. Hammucu, oTHocsmuecs K rpaguueckuM
MaTepHaaM, OMeIaTcs B TEKCTE CTaThi. B rpadguueckoM Martepuane yKa3blBalOTCS
OykBeHHbIE M HHU(PPOBBIE 0003HAYCHUS, & MX KOMMEHTAPUU TTOMENIAIOTCS B TEKCTE
cTatbu. B HIKHeH yacTu rpaduyeckoro marepuaiga yKa3blBaeTCsi HOMEP U MOXKET
YKa3bIBaThCsl Ha3BaHUE MaTepHuana (Hamp., Puc.3. Cxema ycTaHOBKH. ...)

4.5. Cnucok IMTUPOBAHHOM JIUTEPATYpPhl NPHBOIUTCS HA S3bIKAX OPMIUHAIOB. DaMuwiu u

WHUIIAATB aBTOPOB TedaTaroTcsa KypcuBoM. CHmcok auTepatrypbl ohopMiIsieTcs o
o0pa3sily, IpUBEICHHOMY HUXKE:

Kuourn

1. Pazesue /].B., Coxonosa M.B. PacueT HayanpHBIX W Pa3psIHBIX HAIPSKEHUH Ta30BbIX
npomMexxyTkoB. M.: Dueprus, 1977.- 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

Kypnauasbl

3. Aeanoe B.I'., Pazesue /[.B. // DnextpudectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Hnaxosapos O.3. /| duznka-1999-Ne 3- ¢.44-49.

I[eHOHI/IPOBaHHbIe PYKOIIUCHA

5. Usanos JI.I1. M., 1985. 40c. - len. 8 BUHUTU 25.10.85, Ne19233.

JAuccepranumn

6. Ilempos B.I. Juc. xanxa. ¢us.-mar. Hayk. JI.: HMHCTUTYT BBICOKOMONEKYISPHBIX
coequHeHmi, 1985.
7. Cuoopos H.B. [luc. n-pa xuM. Hayk. HoBocuOupck: Uacturyt Xumun, 1979.

ABTOpCKl/Ie CBUACTCJIbCTBA M IMTATCHTHDI

8. Anues C.I"., /[cananos K.X. A.C. 163514, CCCP // B.1. 1988. Ne 4.¢.50
9. ITar. 3386968 CIIA // PXK. ®U3. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

Kondepenmum, cuMno3nymbl

11. Meoseoes I1.T. // Tes. noki. 111 Bececoros. Cosernt. mo mpoOiaeMaM SHEPTETHKH.

JI.: Uzn. JITIN, 1984, c.30.
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FOR THE ATTENTION OF AUTHORS
1. 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.

2. 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

3. 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.

4. 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.

4.3. 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
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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.

4.4. 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...)

4.5. 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. Anaxoapos O.3. /| duznka-1999-Ne 3- c¢.44-49.

Patents

4. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.
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MUOLLIFLORIN NOZORINO

3. Umumi qaydalar.
“Energetikanin  problemlori” “jurnalinda energetikanin  kompleks problemlari,

elektroenergetika, istilik energetikasi, elektrofizika, elektrotexnologiya, informatika vo yeni
texnika saholorino hasr olunmus elmi-texnki magqalslor darc edilir, eyni zamanda cari xronika
da verilir.

Jurnalin asas moaqsadi yiiksok elmi keyfiyyat kriteriyalarina cavab veran orijinal elmi-

texniki mogalolorin dorc edilmosidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktablor, limumiyyatlo elmi

hayatda coroyan edon hadisaler hagqinda molumatlar1 da darc edir.

Redaksiya heyoti, bu vo ya digor soboblordon, jurnalin toloblorini tomin etmoyon

magqaloalori dorc etmoamok hiiququnu iiziinds saxlayir.

4. Moaqaldlarin taqdim edilmasi.
Biitiin moaqalslor asagida qdstarilon linvana, jurnalin redaksiyasina gondarilmolidir:

Azarbaycan, Az-1143, Baki, Hiiseyn Cavid prospekti, 33
Azarbaycan MEA Fizika Institutu
Tel.: (994 12) 539 — 41 — 61; (994 12) 539 — 44 - 02; Faks: (994 12) 447 — 04 — 56

E — mail : arif @ physics.ab.az ;
Mbosul katib Qurbanov Kamil Baxtiyar oglu.

3. Maqalslarin matninin dili.
Moqalslor azorbaycan, rus vo ingilis dillorinds gqobul edilir. Respublika miislliflarinin

moqalolari yalniz azorbaycan vo ya rus dillorindo, yaxin xarici 6lkalordon olan miislliflorin
magqaloalori yalniz rus dilinds, uzaq xarici 6lkalorin miialliflorinin moaqalalori ise yalniz ingilis
dilindos gobul edilir.

4.1.

4.6.

4.7.

4. Maqaldlarin tirtib edilmasi qaydalar.

Magqalalar, jurnalin redaksiyasina disket taqdim etmaklo, fordi kompytiterds, A4 formath
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vo sagdan — 2,5
sm mosafa ilo, Times New Roman 12 sriftindo yazilarasq, 1 niisxads, sotir araligr 1
interval olmagq sortilo ¢ap edilorak, qosulmus CD disk ilo togdim edilir.

Mogalslorin iimumi hocmi, grafiki materiallar, fotolar, codvellor, diisturlar, adobiyyatin
siyahis1 vo xiilasalor do daxil olmaqla 8 sohifadon yuxar: olmamalidir.

Mogqalslorinin birinci sohifosinin sol kiinclindo Universal onluq tosnifatt (UOT) iizro
indeksi gostorilmoalidir. Sonra 1 interval asagidan, qalin vo boyiik hariflorlo mogalonin
adi yazilir. Sonra 1 interval asagidan, qalin vo boylik horiflorlo miisllifin (miislliflorin)
soyadi, ad1 vo atasinin adinin bas horiflori yazilir. 1 interval asagidan moagqaloni togdim
edon toskilatin adi1 yazilir. 1 interval asagidan, maqalonin matninin diline uygun olan,
hocmi 10 sotirdon ¢ox olmamaq sortilo, 10 srifti ilo ¢ap edilon xiilaso, acar siizlor (5-6
$0z), moqalonin asas motninin dniinds verilir. Sonra 1 interval asagidan moagalonin osas
motni 12 srifti ilo ¢ap edilir. Bilavasito mogalonin motninin davami olaraq, heg bir
baslig vermoadon, yalniz 20-25 simvolluq xatt ¢okorok, say sirasi ilo istifado edilon
odabiyyatin siyahisi verilir. Sonra ardicil olaraq rus (vo ya azerbaycan) vo ingilis
dillorinds olan xiilasolor vo acar sozlor (10 srifti ilo cap edilorak) verilir. Magalonin
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motninin sonunda, olaqo telefonlari, telefakslar vo E — mail-1 géstormoklo, miialliflor
maqaloni imzalayirlar.

4.8. Moqalonin qrafiki materiallari, fotolar, codvallor, diisturlar motno uygun yerlordo
yerlosdirilmolidir. Qrafiki materiallarin sorhino aid olan yazilar mogalonin motnindo
verilmalidir. Qrafiki materiallarda adadi va ya harfi isarolor gostorilorak, uygun izahatlar
matnin igarisindo verilmoalidir. Qrafiki materiallarin asag1 hissosindo say sirasi verilir vo
ad1 yazila bilor (misal ii¢iin, Sok.3. Sinaq qurgusunun sxemi).

4.9. Odobiyyat say sirast geyd edilmokla, orijinalin dilinds verilir. Mislliflorin soyadi, adi
vo atasinin adi kursivdon istifado etmoklo yazilir. Odobiyyatin siyahisi asagida verilon
niimunalor tizrs tortib edilir.

Kitablar

3. Pasesue /I.B., Coxonosa M.B. Pacuer HayanbHBIX W pa3psSIHBIX HANPSHKEHUN Ta30BbIX
poMexyTkoB. M.: Dueprus, 1977.- 178 c.

4. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,
1974.

Jurnallar

3. Aeanoe B.I'., Pazesue J[.B. // DnektpudectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Ansaxospos O.3. /| duznuka-1999-Ne 3- ¢.44-49,

Depone edilmis 31 yazmasi.
5. Usanos JI.I1. M., 1985. 40c. - len. 8 BUHUTU 25.10.85, Ne19233.

Dissertasiyalar

10. Ilempoeé B.I. Jluc. kann. ¢wus.-mar. Hayk. JI.: HHCTUTYT BBICOKOMONEKYISPHBIX
coeauHeHui, 1985.
11. Cuoopos H.B. luc. n-pa xuM. Hayk. HoBocubupck: Uacturyt Xumuu, 1979.

Miislliflik sohadatnamalari vo patentlor

12. Anues C.I'., [{orcananos K.X. A.C. 163514 CCCP // B.W. 1988. Ne 4.¢.50
13. Tar. 3386968 CIIA // PXX ®13. 1970, 25,c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA,1988.

Konfranslar, simpoziumlar

11. Meoseoes I1.T. Il Tes. noki. 11l Beecoros. Coger. mo npoGiemam suepretuku. JI.: Uz,
JITIN, 1984, c.30.
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K CBEAEHHUIO ABTOPOB

1. O6uue npaBuJia.

B xypnane “IlpoOnembl DHepreTHKn” MyOIMKYIOTCS HAyYHO - TEXHUYECKHUE CTaThbHU B
00JIaCTH KOMIUIEKCHBIX MPOOJIEM HSHEPreTHUKH, 3IIEKTPOIHEPTEeTHKH, TEMJI0IHEPreTUKHY,
ANEKTPOPU3UKH, STIEKTPOTEXHOIOTMH, HH(HOPMATUKH U HOBOM TEXHUKH, a TAK)KE MPUBOJUTCS
TEKyILasl XpOHUKA.

OCHOBHOH 1eNIbI0 KypHaJa SIBISETCS MyOJIMKAaIUsl OPUTMHAIBHBIX HAayYHO-TEXHHYEC-
KHX CTaTel, OTBEYAIOIINX TPEOOBAHUAM BHICOKOTO HayYHOI'O KaueCTBa.

B xypHane npuBoasTcs cBeAeHHS 0 paboTe KOH(EpeHUi, CUMIIO3UYMOB, Pa3IMYHbIX
HayYHBIX IIKOJ, @ TAK)KE 00 UHTEPECHBIX COOBITUAX, MPOUCXOIAIINX B HAYYHOM MHUPE.

Penakuus coxpansier 3a co0oil mpaBo He MyOJIMKOBATh MaTepUajbl MO TEM WM UHBIM
NPUYMHAM, HE YJOBIETBOPSIOIIUM TPeOOBaHUAM >KypHaa.

2. [IpeacrasiieHne cTATEI.

Cratbu JOJIDKHBI OBITh MMPpEACTABJICHBI B PCAAKIUIO XYpHaJa 110 CJICAYIOIICMY aapeCy:

Azepbaitmxkan, A3-1143, baky, np. I'. JI>xaBuna, 33
Wuctutyt ®usuku HAH AsepOaiimpkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; dakc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OTtBeTcTBeHHBIN cekpeTaps - ['ypbanoB Ksamunbs baxTusip orisi

4. SI3pbIk cTaTeid.

CraTpu NpUHUMAIOTCS Ha a3epOaii>KaHCKOM, pyCCKOM U aHTJIUIICKOM sI3bIKaX, IPUYEM
CTaThU aBTOPOB U3 A3epOaiipkaHa TOJKHBI OBITh NPEICTaBIEHbI Ha a3epOaiPkaHCKOM WIIN
PYCCKOM $I3bIKax, cTaThu aBTOpoB U3 cTpad CHI' - TOIbKO Ha pyCCKOM SI3bIKE, CTATbU AaBTOPOB
U3 JaJbHET0 3apyOe’Kbsl - TOJIBKO HA AHTJIMHCKOM SI3bIKE.

5. IpaBuia oopMIIEHHS CTATEI.

4.1. B pemaxiuio XxypHajia MpeACTaBISAIOTCA CTaTbU, HAOpaHHBIC W HaNeYaTaHHBIC B OJHOM
9K3EMILIApPE Yepe3 OJIWH MHTEpBal Ha MEPCOHAIBHOM KOMIIBIOTEpE, Ha Oenoi Oymare
dopmata A 4, mpudprom Times New Roman, pazmep mpudra 12, a Taxxke
npenacrapiseTcss B 3MeKTpoHHOM Buae Ha CD mgucke. Ilonst cBepxy U CHUBY - 2 CM,
cleBa u cipasa - 2,5 cMm.

4.2. OOBeM CTaThbU HE JOJDKEH NPEBBINIATH 8 CTpaHMII, BKItOUas rpaduuecKre MaTepHabl,
¢oro, Tabau1bl, (HOPMYIIBI, CIIMCOK JTUTEPATYPhl U AHHOTALIUH.

4.5. B BepxHeM JIeBOM YIJIy IEpBOW CTpaHUIIBI CTaTh yKasbiBaeTcs mHaekc Y/IK. Uepes 1
MHTEpBaJl HIKE TIOMEIAeTCs] Ha3BaHUE CTAThU JKUPHBIM U 3aryIaBHbIM HipudToMm. Uepes
1 uaTepBas nomemiaercs pamMuiaus (haMUINK), 1 MHULIKAAIB! aBTOPa (aBTOPOB) KUPHBIM
u 3aryiaBHbIM mpudroM. Yepes 1 nuHTepBan ykasbiBaeTcs HAUMEHOBAHUE OPIaHU3ALUM.
UYepe3 1 uHTEpBaJl OMEIIAETCSI aHHOTAIMA Ha sI3bIKe CTaTbu 00beMoM He Oonee 10
CTPOK M KitoueBble cioBa (5-6 cmoB) mpudtom 10. Uepe3 1 uHTEpBaI momemniaeTcs
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4.6.

OCHOBHOE cojiepkaHue cTatbu mpuprom 12. B KOHIIE OCHOBHOTO TEKCTa CTaThH
IPOBOAMUTCA Mpoyepk AnuHOW 20-25 CHUMBOJIOB, MOCJIE YEro IMOMEIIAETCS CIUCOK
JUTEpaTyphl 0€3 Kakoro-mubO Ha3BaHWs, B TMOPSAKE HYMEpAIMH CCBUIOK B TEKCTE
cratbu. [locie sToro uepes 1 MHTEpBaJl MOMEMIAIOTCS AHHOTAIMM HA JABYX JAPYTHX
S3bIKaX — PYCCKOM (MW a3zepOaipKaHCKOM), aHTJIMHCKOM W KItoueBble cioBa (5-6
cioB) mpudTom 10.

B camoM KoHIle CTaThU MOMEMIAIOTCS KOHTAaKTHbIC Tenedonsl, pakcel u E — mail, a
TaKXKe MOJIITUCH BCEX aBTOPOB.

I'papuueckue  matepuansl, (GoTto, TabmUIBL,  (OPMYNBl  MOMEIIAIOTCA B
COOTBETCTBYIOIIMX pa3fesiax TeKcTa cTarbu. Hanmucu, oTHOcsmIMecs K rpaduyeckum
MaTepHaaM, OMeIaTcs B TEKCTE CTaThi. B rpadguueckoM Martepuane yKa3blBalOTCS
OykBeHHbIE M HHU(PPOBBIE 0003HAYCHUS, & MX KOMMEHTAPUU TTOMENIAIOTCS B TEKCTE
cTatbu. B HIKHe#W yacTu rpaduyeckoro marepuaia yKa3blBaeTCsi HOMEP M MOMKET
YKa3bIBaThCsl Ha3BaHUE MaTepHuana (Hamp., Puc.3. Cxema ycTaHOBKH. ...)

4.5. Cnucok IMTUPOBAHHOM JIUTEPATYpPhl NPHBOIUTCS HA S3bIKAX OPMIUHAIOB. DaMuwiu u

WHUIIMATIBl aBTOPOB TeYaTaroTcsa KypcuBoM. CHHCOK JHuTEepaTypbl OGOPMIISIETCS IO
o0pa3sily, IpUBEICHHOMY HUXKE:

Kuourn

1. Pazesue /].B., Coxonosa M.B. PacueT HayanpHBIX W Pa3psIHBIX HAIPSKEHUH Ta30BbIX
npomMexxyTkoB. M.: Dueprus, 1977.- 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

Kypnauasbl

3. Aeanoe B.I'., Pazesue /[.B. // DnextpudectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Hnaxosapos O.3. /| duznka-1999-Ne 3- ¢.44-49.

I[eHOHI/IPOBaHHbIe PYKOIIUCHA

5. Usanos JI.I1. M., 1985. 40c. - len. 8 BUHUTU 25.10.85, Ne19233.

JAuccepranumn

6. Ilempos B.I. Juc. xauxa. ¢us.-mar. Hayk. JI.: HMHCTUTYT BBICOKOMONEKYISPHBIX
coequHeHmi, 1985.
7. Cuoopos H.B. luc. n-pa xum. Hayk. HoBocubupck: Uucturyt Xumun, 1979.

ABTOpCKl/Ie CBUACTCJIbCTBA M IMTATCHTHDI

8. Anues C.I"., /[cananos K.X. A.C. 163514, CCCP // B.1. 1988. Ne 4.¢.50
9. ITar. 3386968 CIIA // PXX. ®U3. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

Kondepenmum, cuMno3nymbl

11. Meoseoes I1.T. // Tes. noki. 111 Bececoros. Cosernt. mo mpoOiaeMaM SHEPTETHKH.

JI.: Uzn. JITIN, 1984, c.30.
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FOR THE ATTENTION OF AUTHORS
5. 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.

6. 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

7. 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.

8. The papers must be submitted in the following format.

8.1. 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.

8.2. The paper must not contain more than 8 pages of text, inclusive of any graphs, photos,
formulas, reference lists and annotations.

8.3. 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
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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.

8.4. 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...)

8.5. 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

2. 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. Anaxoapos O.3. /| duznka-1999-Ne 3- c¢.44-49.

Patents

4. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.
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