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VO O9TRAF MUHITO TOSIRININ MONITORINQI UCUN PROGRAM TOMINATI

BALAMETOV A.B., XOLIiLOV E.D., ISAYEV T.M.

“Azarbaycan Elmi-Tadgigat vo Layiha-Axtaris Energetika Institutu” MMC, e-mail:
balametov.azniie@gmail.com
Azarbaycan Dovlat Neft vo Sanaye Universiteti

Elektromaqgnit uygunlugu toloblori ilo olagodar olarag, hava xotlorinin elektromaqgnit uygunlugu iigiin
program tominatinin hazirlanmast vo elektrik xatlorinin otraf mihito tosirinin giymatlondirilmasi aktuallagir.
YerUstu doyison corayan elektrik xotlorinin otraf mihito elektromagnit tasirinin tohlili vo elektrik xstlorinin otraf
muhito tosirinin modellosdirilmasi, xiisusilo moskunlasan orazilor Gglin bu gostaricilorin giymotlondirilmasi vo
mogqbul olmasi tgiin vacibdir. Bu giymetlondirmonin on miihiim aspektlorindon biri imumiyystlo elektromagnit
tasiri, radioongallor, akustik -kiylor vo tac bosalmasi sobobindon otraf mihito elektrik tasirinin giymatlondirilmasi
kimi adlandirilan geydir. Tac effektlari ilo bagli konstruksiyanin optimallagdirilmasmin agkar igtisadi shamiyystine
baxmayaraq, bu ¢otin problemi adekvat sokildo hall edon mévcud program tominati halo do yoxdur. Bu todgiqat
yiksok gorginlikli doyison corayan elektrik xatlorinin otraf muhito elektromagnit tosirinin algoritmlosdirilmasine
Vo program tominatinim iglonib hazirlanmasina hasr edilmisdir. Mogalodo nagillords tac bosalmasinin yaratdigi,
elektromagnit angollorinin vo radioklylorin tasirinin modellosdirilmasi moasalalori miizakiro olunur. 500 kV-lug
hava xatti nimunasinda hava Xatlori nagillorinds tac bosalmasi, elektrik sahosinin gradiyenti vo radioangallor
noticasindo yaranan inteqrasiya olunmus modellogdirma sistemi {iglin islonilmis programn isinin naticalori toqdim
olunur.

Acar sozlar: Otraf miihito tosir, hava elektrik xatlori, nagillorin saho goarginliyi, magnit sahosi, elektrik
sahosi, tac itkilori, radioangallor, akustik ky.

Hava xotlorinin otraf muhito tesiri. 110, 220, 330 kV, ifrat yiiksok gorginlikli (IYG) 500-
750 kV va ultra-ylksok gorginlikli (UYG) 1150 kV-lik elektrik sobokoalorinin inkisafi ilo
olagodar yuksak garginlikli elektrik xatlorinin otraf mihits tasiri masalalori aktuallasir. Magnit
sahasinin canli orqanizmloro va ilk ndvboads insana zororli tosiri yalniz ¢ox yiiksok - hava
xattinin faza naqillorindon 1-1,5 m-o godor mosafodo - 150-200 A/m saha goarginliklorinda
6zUn0 buruza verir va garginlik altinda isloyarkon tohlilks yaradir.

IYG vo UYG Xxotlorinin elektromagnit sahosinin insanlara birbasa tosiri rok-damar,
morkazi vo periferik sinir sistemloring, ozalo toxumasma vo digar organlara tosiri ilo
aslagalondirilir. Bu zaman gan toazyiginin va nabzinin doyismasi Urokddylnmasi, aritmiya, artan
asab gorginliyi vo yorgunluq miimkiindiir. Insanin giiclii elektrik sahasina moruz galmasmin
zorarli naticalori E saha gorginliyindon va 5 kV/m sahoa gorginliyinin ona tasir middatindon
asithdir. Elektrik sahasindo vaxtasiri vo uzunmiddstli gqalmanm buraxila bilon middsti: 20
kV/m — ¢atin kegilon yerds - 10 daqige; 15 kV/m — yasayis olmayan yerlords 90 dog; 10 kV/m
yollarla kasison yerdos - 180 dog. Bu sortlorin yerina yetirilmosi qaliq reaksiyalari, funksional vo
ya patoloji doyisikliklor olmadan 24 saat orzindo organizmin 6zuni barpa edilmasini tomin
edir.

Radioangoallor nagillords tac bosalmasi, izolyator vo armatura hissalorindsa gisman
bosalma vo tac, xatti armatura kontaktlarinda qigilcimlarin yaranmasi sobabindon bas verir.

110, 220, 330 kV yuksok garginlikli, ifrat yiksok gorginlikli 500-750 kV, ultra ylksok
gorginlikli 1150 kV vo daha elektrik sobokolorinin inkisafi vo totbigi ilo olagodar yiiksok
gorginlikli elektrik verilisi xotlorinin (YGVX) otraf muhito tosiri xiisusi aktualliq kosb edir.

IYG vo UYG xatlori iigiin asas problemlor hava xotlorinin yaratdig elektrik sahosinin
tosiri ilo baghdir. Bu saho asason faza yiiklori ilo miioyyon edilir. Hava xattinin gorginliyinin,
bir fazadaki naqillerin sayinm vo pargalanmis naqilin ekvivalent radiusunun artmasi ilo faza



yiikii stirotlo artir. Bu, hava elektrik xotlori altinda canli orqanizmlor {igiin tohliikoli olan
elektrik saho gorginliklorini yaradir.

Insanin buraxila bilon elektrik saho gorginliyino moruz qalma miiddati nozors alinmadan,
yarimstansiyalarin vo IYG vo UYG xatlorinin istismar heyati {i¢iin insanin bas1 soviyyesindo
(yer soviyyasindon 1,8 m hiindiirliikdo) elektrik sahoasinds periodik vo uzunmiiddstli galmasinin
buraxila bilon miiddoti miioyyon edilmisdir. Bu sortlorin yerino yetirilmasi qaliq reaksiyalar vo
funksional vo ya patoloji doyisikliklor olmadan bir giin orzindo orqanizmin Oziinii barpa
etmosini tomin edir.

Cadval 1.

Elektrik sahasindo periodik vo uzunmiiddatli galmanin buraxila bilon miiddati

Buraxila bilon elektrik saho gorginliyi | Elektrik sahosinds buraxila bilon galma miiddati
20 kV/m — ¢atin kegilon arazida 10 dog

15 xV/m —yasayis olmayan yerdo 90 doq

10 kV/m - yollarla kasison yerdo 180 dog

5 kV/m — yasayis yerlorindo Qalma miiddoti mahdud deyildir

Iscilorin elektrik sahasinin tosiri altinda oldugu miiddoti mohdudlasdirmaq miimkiin
olmadiqda, is yerlorinin ekranlanmasi, yollarin tizorinds buraz ekranlari, idaroetmo dolablarmin
iizorindo qoruyucu Ortiiklor, fazalar arasi saquli ekranlar, tomir iglori zamani ¢ixarila bilon
ekranlar vo s. Tacriibalorin gostordiyi kimi, kollar 3-3,5 m hiindiirliikkde vo 6-8 m hiindiirliikde
olan meyvo agaclar1 hava xotlorinin altinda bdyiiyon etibarli qoruyucu effekt yaradir. Bu,
kollarm va meyva agaclarmin kifayst qodar kegiriciliys malik olmasi vo insanm hiindiirliiyiinii
vo ya naqliyyat vasitolorinin hiindiirliiylinii asan hiindiirliikdo ekran rolunu oynamasi ilo izah
olunur.

Akustik kiily naqillordoki intensiv tacin tozahiirlorindon biridir. Insan qulagi 16 Hs-don 20
kHs-o qgodor tezlik diapazonunda olan saslori qobul edilir. Yagis vo riitubatli hava zamani
fazada c¢oxlu sayda (besdon ¢ox) parcalanmis naqil oldugu xotlordo sosin ucaligi xiisusilo
boylkdir. Gicli yagis zamani tacdan golon kily yagisin sasi ilo birlosirso, zoif yagintida bu,
kiiylin osas monbayi kimi gobul edilir.

Radioongollor naqillorde tac, izolyator vo armaturlarda tac vo qismon bosalma, xott
armaturlarmin kontaktlarinda qigilcimlar sobobindon bas verir. Radioongollorin soviyyosino
nagqillorin radiusu, hava soraiti vo naqillorin sathinin vaziyyati (¢irkin olmasi, yagmti va s.) tosir
gostorir.  Tohliikasizlik zonasinda radioongollori aradan qaldirmaq fi¢lin naqilin sothindo
buraxila bilon gorginlik azaldilir.

Ohalinin six moaskunlagdig1 orazilordo elektrik xotlorinin ¢okilisi zaman1 yaranan iqtisadi
vo texniki problemlorls yanasi, bu xotlorin otraf miihito estetik tosiri ilo bagli problemlor
yaranir. Bu tosir dayaqlarin 6lgiisii (hiindiirliiyii), onlarin memarliq formalar1 vo biitlin xatt
elementlorinin rongi ils slagslondirilir.

Hava xatlorinin layiholondirilmasi zamani otraf miihito, saglamlia vo insan hoyatina tosir
edon asagidaki amillor nozors alinmalidir:

- elektrik sahasi (110 kV va yuxar1 gorginlikli hava xatlori {igiin);

- maqnit sahasi;

- akustik kily (yalniz moskunlasan orazilordo nozero alman 110 kV vo daha yiiksok
gorginlikli hava xatlori ti¢iin);

- radio va televiziyaya angollor;

- rabito xatlorine vo simli yayim {i¢iin tohliiko vo ongsl olan tosirlor;

Hava xatlorinin layihalondirilmasi zamani hava xatlorinin atraf miihite, ohalinin hoyatina
vo saglamligina tosir soviyyosini tonzimloyon normativ sonadlorin toloblorino omol edilmali,
miivafiq konstruksiya va layiho hoallorindon istifads edilmali, zoruri hallarda iso hava xatlorinin
tasirinin movcud normalarla tolob olunan tohliikesiz qiymatlors qodor azaldilmasmi tomin edon
xiisusi tadbirlor goriilmalidir.



Tac bosalmasmin ekoloji tasiri. Elektrik xatlorinds tac bosalmasi radio vo televiziya
gobuluna angallor, hamginin akustik kily yaradir. Radioangallor va kilylin asas sobabi nagillor
tac selidir. Tac seli ti¢lin an olverisli sorait yagis zamani ilkin saha gorginliyi xeyli daracada
azaldiqda yarandigmma goro, on gucli radioangallor vo akustik kiy ultra yiksok goarginlikli
xatlorda yagis va garda tac bosalmasi zamani meydana goldiyinds bas verir. Yaxs1 havalarda
nagillor cirklondikca angollor artir.

Radioangallar. Radioangollori yaradan siialanma tezlik spektri 10 kHs-don 1 GHs-o
godor diapazonu ohats edir. 30 MHs-don yuxar1 tezliklords angollor televiziya gobuluna manes
tosirino malikdir vo yalniz 750 kV-lug xatlords taclanma olduqda yaranir. Bu halda ongsl
monbalori nagillordoki tacdan olavs, izolyatorlarin bosluglarinda vo ¢atlarinda qismon
bosalmalar vo armaturlarin uclu elementlorindoki tacdir. Yaxs1 havalarda nagqillordoki tac
praktiki olaraq televiziya gobuluna mane olmur.

Ultra ylksok gorginlikli hava elektrik xatlori (UYG HX) boyunca ekoloji vaziyyoto tosir
edon akustik kly, xisusilo yagis zamani intensiv tacin sas effektinin tozahirudir. Hal-hazirda,
elektrik verilis xotlorinin layihalondirilmasi tocrubasinds, pis hava soraitindo akustik kiytin
buraxila bilon saviyyasi konar faza naqgillorindon 100 m masafodo miayyan edilir, buna riayat
edilmasi layihalondirmo morholosindo miivafiq hesablamalarla yoxlanilir. Miioyyan edilmis
norma artdiqda, faza naqillorinin parametrlorini vo onlarin fazada yerlosmasini tonzimlomak
lazimdir.

Radioangallor va akustik kidy Utcln normativ baza. Mixtslif toyinath elektrik
xatlorinin vo radiogobuledicilorin elektromaqnit uygunlugu problemlorini hoall etmok (yani
keyfiyyat gostoricilori azalmadan islomosini tomin etmok) (¢lin hava Xotlorinin yaratdigi
angallarin saha garginliyinin real saviyyslorini bilmok vacibdir.

Hava xotlorinin angallor noainki yalniz nagqillordoki tacdan deyil, ham do gisman
bosalmalar vo izolyatorlarda tac, nasaz izolyatorlarn desilmosi vo ya Ust-Usto diismosi, Xott
armaturlarinda vo parcalanmis faza naqillorinin ayiricilarinda tac, homginin onlarin arasinda,
xott armaturunun elementlori, naqil aralayicilar1 vo izolyatorlar arasinda qigilcimlarin
yaranmast sababindan bas vers bilar.

Hava xatlorindon radioangallorin azaldilmasi vo trassboyu elektromagnit voziyystinin
yaxsilasdirilmas1 hava xatlorinds radioangsllorin saviyyasinin normalasdirilmasi ilo tomin
edilir.

Oksar 0Olkalordo hava elektrik xotlori vo ylksok gorginlikli avadanliglar torafindon
yaranan angalin saho gorginliyino dair milli standartlar misyyan edilmisdir. Cadval 2-do bir
sira Olkalords hava Xatlorinin radioangallor Ugilin normalar1 gostorilmisdir.

Cadval 2.
RF-ds vo ABS-da elektrik xatlorindon radioangallorin normalari
i Hava 100 m mosafada radioangallorin
Olko gzglrln? Olgme yeri iz:]aq::; Norgwslar J;;lralxﬂa bilon saviyyssi, dB
y X$ Miiddsatin 80%
% havada
0,5 Konar fazadan mosafa
RF MHs 100 m 80 43 37,0 43,0
Kanar fazadan mosafa
362 kV-lug HX —
ABS | 1 MHs 14mm, 80 59 27,3 33,6
>550 kV-don yiiksok 29,6 35,6
HX -20m

Radioangollor {igiin normalarin hazirlanmasi zamani ilkin komiyyat qorunan faydali
signalin zomanatli saviyyasidir. Beynoalxalq tacriibays uygun olaraq, 1 MHs tezlikdo angaldon
qgorunmali olan minimum radiosignalin saha garginliyi 60 desibel, 0,5 meqgahers tezlikds iso 66
desibel mioyyon edilmisdir.
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Naqgillordo tac bosalmasi yiiksok vo ifrat yiksok gorginlikli hava xotlorinds
radioangallarin vo yuksok tezlikli rabito kanallarina angoallorin asas monbayidir. Tac bosalmasi
ham da hava xatlorinds olavas elektrik itkilarino sabab olur.

Hava xotti nagillorinds, st tobagonin nagillorinin yaratdigi pozuntulara slava olaraqg,
homisa sathin zadalonmasi (ciziglar, ¢ixintilar), ¢irklonma (siirtiikk yaginmn izlori, Uzvi vo geyri-
Uzvi monsali hissaciklor) vo bazon atmosfer c¢okintllori (yagis damcilari, seh, qar, saxta,
buzlanma, qirov) yarana bilar. Bu, elektrik saho gorginliyinin yerli artimina vo naticods naqgilin
ayri-ayri noqtolorinds yerli tacin yaranmasma sobab olur. Radioangollorin vo vyerli tac
itkilorinin xarakteristikalar1 asason naqilds elektrik saha gorginliyindan, naqilin diametrindan,
sathin vaziyyatindan, meteoroloji soraitdon asilidir vo xeyli doaracads dayiso bilar.

Yagmtilar radioangal soviyyasinoe vo tac itkilorinin miqdarina giiclii tasir gostorir, buna
gOra do har biri 6z orta itki saviyyasi ilo xarakterizo olunan asagidaki asas hava qruplarinin orta
illik muddati hagqinda moalumat aldo etmok lazimdir: - birinci grup - yaxsi hava (y.h.); - ikinci
grup - quru gar (g.9.). Quru gar hamginin qgar donaciklori, gar donoalari, buz iynalori, covgunlar,
qar qarli ¢ovgunlar (naqillora golib ¢catmayan gar ¢ovgunu va yers yaxin qar istisna olmaqla); -
ucuncl grup - yagis (y). Yagisa homginin ¢iskin vo sulu gar da daxil olmalidir, ¢linki onlarin
tac itkilorina va radioangal saviyyasina tesiri yagisin tasirine yaxindir; - dordinci grup - saxta
(s). Saxta qrupuna homginin daxildir: buz, donmus qar vo donmus yas qar. Biitiin digor hava
novlori yaxsi hava qrupuna aiddir.

Sokil 1-do ylksak goarginlikli doyison carayan elektrik xatlorinin otraf mihits tasirinin
elektromagnit analizinin monitoringi Gglin program modullarinin strukturu gostorilmisdir.

Xatti parametrlar HX parametrlarinin Saha S?fgmlil"jﬂ-{
modulu verilanlar bazas: imodellagdirmas modulu

1 1 ]

Verilig xatlaninda tac bosalmasmin atraf miihits
tasirini qivmatlandirilmasi dizra asas modul

] ] ]

Tacda itkilari Qrafiki modellagdirma Hezablama naticalarini
modellagdirma moduly modulu aks etdirma modulu

Sak. 1. Dayisan carayan hava Xatlorinin straf miihita tosirinin
elektromaqgnit analizi Ug¢tin program tominatinin strukturu.

Naqillorin sathinds elektrik saho gorginliyinin hesablanmasi. Hava xatlorinds tac itkilorini
vo radioangallori miayyan edon asas amil nagillorin sothinds elektrik saha garginliyinin ilkin
tac gorginliyina nisbatidir. Bu nisbatin ciizi doyismosi tac va radioangal itkilorinda xeyli
dayisikliya sobob olur.

Tok naqilli hava xotlori ¢lin nagilin sathindoki elektrik saha gorginliyi E asagidaki
disturla miayyoan edilir:

q-107 5
E=——xB/cm (10° B/m™),
2TE K, (1)
burada q - moftildo yikiin xatti sixligi, K/m; ro - tok nagilin radiusu, sm (102 m); g - havanin
dielektrik niifuzlugudur:

1
 4m-9-10°

Parcalanmis naqildo saha gorginliyi onu toskil edon nagillorin sothindo geyri-barabar
paylanir. Adaton, naqilin toskiledicilori diizgiin n-bucaqlinin topalorinds yerlasir, onun torofi

D/ m.

€



pargalanma addimi a-ya barabordir. Bu halda nagilin sathinds orta saha goarginliyi E (2) disturu
ilo miayyon edilir:
-3
=310 B em0° B/wm),
21e N, (2)
burada ro - parcalanmis naqilin toskiledicilorinin radiusu, sm (102 m).
Pargalanmis naqil iglin maksimum saho gorginliyi asagidaki ifads ilo miayyan edilir

Ev=kuE kB/cm (10°V/m), (3)

burada kn — toskiledici naqilin sathi Gzarinds ylkun geyri-borabar paylanmasi omsalidir.

K, =1+(n-1)2 =1+p2, B=2(n—1)sin ™
hooe n @

burada rp - pargalanma radiusu; a - pargalanmis naqilin par¢alanmasi addimidir, sm (1072 m).

Naqillords saha garginliklarini hesablamag tc¢iin nagilin xatti yiik sixligiin hava xattinin
faza gorginliyino nisbati kimi toyin olunan is¢i tutum istifado olunur.

Program, nagillori ixtiyari diizilmiis bir vs iki troslu ti¢ fazali hava xattinin tutumunun
hesablanmasi alqoritmlori realizo edilmisdir.

Tok (n = 1) va pargalanmis naqillori olan ii¢ fazali doyisan carayan hava xatlori tglin

E =0,0147 “UY iB/em (10° B/ m)*,

N1, (5)
burada Ck - hava xattinin k-ci fazasmin is¢i tutumu, pF/m (10*2F/m); U - hava Xetti boyunca
illik orta xatti istismar gorginliyidir (tosiredici giymoti), KV (10°V).

Parcalanmis naqillords tacda gic itkilorini hesablayarkon, asagidaki diisturla miioyyan
edilmis ekvivalent elektrik saha goarginliyi Ee istifado olunur.

J= Bt IR g e (10° B/ ),
2 2 (6)
Biitiin hava qruplar1 iiciin tacda giic itkilorinin hesablanmasmi birlosdirmok Ugln
naqillorin sathinds yaxs1 hava soraitindo timumi tacin yaranmasina uygun golon Eo ilkin saha
garginliyinin baza giymati totbiq edilmisdir. Eo gqiymati asagidaki diistur vasitasi ilo hesablanir:

0,613
6)0,4

E

E, = 24,5m8[1+( JKB/CM (10° B/m),

K (7)
burada m - nagqilin naharliliq oamsali; & - havanin nisbi sixlig1; ro - parg¢alanmis naqilin
toskiledicilorinin radiusu va ya tok nagilin radiusudur, sm.

Kdhno polad-aliminium nagillor G¢lin m = 0,82 gotiirmok tovsiya olunur.

Nagillarin radioangsllarin buraxila bilan saviyyasina gors secilmasi. Hava Xotlorinda
radioongsl ham nagqillordoaki tacdan, ham do gisman bosalmalar va izolyatorlarda tac, eloco do
nasaz izolyatorlarm desilmasi Vo ya qisa gapanmasi, xattin armaturlarinda vo par¢alanmis fazal
nagillorin aymricilarinda qgismon tac bosalmasi, homginin pis kontakta gOro Xattin
armaturlarinda, naqil dayaqlarinda vo izolyatorlarda qigilcimlarin yaranmasi noticasindo bas
vera bilor. 0,15-30 MHs tezlik diapazonunda hava xatlorinin yaratdigi radioangallor on konar
nagilin yero proyeksiyasindan asagidaki mosafolordo normalasdirilir®*: - 110 va 220 kV-luq
hava Xatlori tigtin - 50 m; - 330 kV va yuxar1 hava xatlori ti¢tin - 200 m.

Rusiya normalari ilo hava Xatlorindan radioangallor {iglin buraxila bilon saha garginliyi
giymatlorinin tezlik spektri tayin olunur (sokil 2).

Hava Xotlorindon radioangallorin saviyyasi nagillorin sothindoki maksimum saha
garginliyindon, nagillorin radiusundan, radioangsllori dlgma tezliyindon vo hava Xxatlorinin
doniz saviyyasindon hindirliylindon asilidir. Verilmis hava xattinin konstruksiyasi ii¢iin
radioongal saviyyasi nagillorin sathinin vaziyystindon vo yagintidan asilidir. Buna goéra do,
radioongallorin saviyyssi zamana goro doyisir ki, bu da onun statistik xarakteristikalarmin
todqiq edilmasini talob edir.



Em = 23+30 kV/sm olduqda yaxs1 havada radioangsllorin nagillarin sathindoki
maksimum elektrik saha garginliyindon asililigi asagidaki sokilds toyin olunur:

E,-E,=2,310°(E —-E’) g5, ©)

burada En v En parcalanmis nagqilin sothindo maksimum elektrik sahasi garginliklorinda
radioongal saviyyalori, miivafiq olaraq Em vo Ew, V/m.

0 "_"‘"""\.\ 1
, B L'\
40 [misbi [mEVim L\‘

™

Sok.2. Radioangallor {igiin buraxila bilon saha garginliyi.

Radioangallorin naqillorin radiuslarindan (faza par¢alanmis oldugda — onu toagkil edon
naqillorin radiuslarindan) asililigi En=const olduqda asagidaki sokilds ifads olunur:

E —E. =40lg %05, 9)
0

burada En vo En - nagqilin radiuslar1 miivafiq olaraq ro Vo Iy oldugda radioangal saviyyaloridir.

Radioangollorin tezlikdon asililigi asagidaki ifads ilo mioyyan edilir:
AEr=5[1-2 (Ig 10 f)?] ub, (10)

burada f - tezlik, MHs; A¢Ey - radioangsl saviyyasinin 0,5 MHs tezlikds radioangsl saviyyasina
nisbaton doyismosidir.

Radioangollorin soviyyasi hava Xottindon uzaqlasdiqca azalir. Radioangal dOlgcmoalori
adoton hava xottindon muxtolif mosafolordo asirimin ortasinda aparilir. Digor ndqgtalordo
6lcmalarin naticalorine asason hava Xxottindon normativ mosafads radioangallorin soviyyasini
mioayyan etmok gtin radioangollarin 6lgmo ndgtasinin yerdoki an Konar naqilin proyeksiyasina
gadar olan moasafasindan asililiglar: (radioangallorin enins profillori) istifads olunur.

Radioangallorin enins profilinin formasi asagidaki ifads ilo mioyyan edilir:

Ky k-1
E,-E, =20lg %HB, (11)
1
burada En vo En' - mivafiq olarag, hava Xattinin hy vo hy asilma hiindiirliiyiinde 6lgma
nogtalorinds an yaxmn konar nagildon R vo R1 mosafolords radioangal soviyysaloridir; k -
radioangallarin enina sénmo amsali olub, 1,6-ya barabardir.

i1 orzinds radioangal soviyyslorinin paylanmasini hesablamaq iiciin ii¢ hava qrupu
forglondirilir: yaxsi hava, yagis vo quru gar. Qabul edilmis hava qruplari nozoro alinmaqla
radioangal soviyyslori standart ¢ meyletmoasi 4-6 dB-o barabar olan normala yaxin gqanun Uzra
paylanir.

Sakil 4 va sokil 5-da nominal garginliklords 500 va 750 kV hava Xatlari ii¢iin yaxsi hava
soraitinds radioangal saviyyalorinin orta qiymatlori gostorilmisdir. Yagisda radioangallorin orta

saviyyalari yaxs1 havada oldugundan 10 dB, quru qarda iss 6 dB ytiksakdir.
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I1 orzindo vaxt faizi B homin vaxtda radioangallor soviyyssinin buraxila bilon E
giymatindon artiq olmamasi sorti ilo asagidaki diisturla toyin edilir:

Ao Ex.. Aom _ H(a) aon _ E(0) Y] _
wx_n_(p *[ﬁ ]+ \IJACD *[MJ"' \Pc(’b *[ﬁ ]} Ef;u) %1

Oy n. GJ O

B=100

(12)

burada wyyn, Wy, yq - mivafiq olaraq il arzinds yaxsi, yagisli vo garli havanin nisbi miiddati;
BV , By . miivafiq olaraq yaxsi havada, yagisda vo garda verilmis normativ mosafodo
radioangal saviyyalorinin orta giymatlori; oyn, oy, 6q— yaxst havada, yagisda vo garda muvafiq
olaraq radioangal saviyyslorinin paylanmasimin standart meyletmolori; ®* - normal paylanma
funksiyasidir.

Bu orazilordo B > 80% sorti, yaxsi hava vaxtmin oan az1 90%-inds radioangollorin buraxila
bilon giymatlori asagidaki ifads ilo tosvir olunan agsmamasi sortine toxminan ekvivalentdir.

EM <EM -1,3c  ab. (13)

Hava xotlorindon radioangal saviyyslorinin miosyyan edilmosi asagidaki ardicilligla
yerina yetirilir:

- radioangallarin baza saviyyasi Eqlavsb Kimi normativ mosafada sokil 4 va sokil 5-0 uygun
olarag mioayyan edilmis radioangallor saviyyasinin orta giymati gobul edilir (330-500 kV-lug
hava xatlori G¢lin Eqlaveh = 30 dB va 750 kV hava xatlori Ugln - Egjaveb = 33 dB);

- hava xatti nagillorinds maksimum saho gorginliyi “Nagqillorin sathinds elektrik saha
gorginliyinin hesablanmas1” bolmasine uygun olaraq hesablanir;

- hava xattindon 100 m normativ mosafodo 0,5 MHs tezlikdo yaxs1 hava soraitindo
radioongallorin orta saviyyasinin hesablanmasi asagidaki distur vasitasi ilo yerino yetirilir:

EOM) ZF _4+2,3.10° (B, — B, ) +401g -2 + L 15,
Tps 300 (14)
burada Em - saho gorginliyi orta faza ugun goturulir; - B-nin giymeti (15) disturu ilo

hesablanir, burada 0,5 MHs baza tezliyi {igiin En" =45 dB;

@ _ gxan) .Flo _ gxa) . . . T
Bt =E5 7 +10aB E,7 =E 7 +6ab - 6= 6= 64 giymoti 5 dB-yo borabor gotirilir.

Ogor B >80% vo miilayim iqlim soraiti olan srazilor tiglin (13) sorti yerino yetirilorss, hava
xatlorindan radioangallarin saviyyasi magbul hesab edilmalidir.

Milayim iglimi olan orazilor {giin {ifliqi naqilli elektrik verilis Xotlori Ucun,
radioongallorin buraxila bilon saviyyasine asaslanaraq hava xastti nagillori sathinde maksimum
Ealavs Saho gorginliyinin buraxila bilon giymotlorinin hesablanmasi asagidaki diisturlar vasitosi
ilo yerino yetirilir:

- 330 vo 500 kV-lug HX dg¢ln

Etav, = 31,1 — 17,4 1g rokV/sm (10°V/m); (15)

- 750 kV-lug HX Gctn

Eavs = 32,2 — 17,4 1g 1o KV/sm (10°V/m). (16)

1 kHs-don forqli ixtiyar1 tezlik zolaginda (Af) paylanmis angollorin Saviyyasi Pang.t
asagidaki diisturla miioyyon edilir:

Pgng,f: Pgng"‘ 10 IgAf dB (17)

Akustik kiuyin modellagdirilmasi. Akustik kily asasen pis hava soraitinds, nagillords tac
bosalmasmin intensivliyi artdiqda bas verir. Sos effekti iki murokkobodon ibarstdir: 100 Hs
tezliys vo onun ¢oxsayl mislino borabar tezliklors uygun fisilt1 vo geniszolaqli kiiy.

Birinci mirakkaba, har bir period arzinds iki dofs sas tozyiqli dalgalar yaradan nagqillorin
yaxinhiginda hacmi yikin horokati ilo baghdir. Ikincisi tac seli tarofindon yaradilir.

Tacda, xususilos, giiclii yagis zamani intensiv kily yaranir, lakin belo yagisin 6z elektrik
xattinin mumkdin akustik angoallorindon daha uca kiiy yaradir. Buna gora do, ¢iskinli yagisda,
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dumanda vo giiclii yagisdan sonra yas naqillordo ongallor daha coxdur. Bu hallarda sas
Saviyyasi giiclii yagisdan 5-6 dB(A) asagidir, lakin {imumi sas fonunu xeyli doracads Ustaloyir.
Akustik kiyun giymatlondirilmasi "yas" naqillor sortine asason aparilir.

Yagisda sasin ucaligii qiymotlondirmok tiglin asagidaki empirik diisturdan istifads edilo
bilor:

A=16+114E,__ +9 +15lgn—10lg/

max

burada A - sas saviyyasi, dB(A); r - nagilin radiusu, sm; Emax - nagillorin sathinds maksimum
saha garginliyi, kV/sm; n - par¢alanmis fazada naqillorin say1; 1 — konar fazadan moasafadir, m.

Sokil 3-do 3*ACO-500/40 naqilli 500 kV-lug hava xottinin radioangoallorin enino
profilinin grafiki gostorilmisdir.

dB nishi 1 MLB.-"M
70
N
A
> .\‘"\
4p I\\"-m...,
\"""""-«-..____‘
20
Masafa.
2n

20 10 0 10 20 30 40 S0 60 70 80 90 100
Sok.3. 3*AC0O-500/40 nagilli 500 kV-lug hava Xatlorindon radioangallarin enina profillari.

Sokil 4-do ii¢ fazali doyison coroyan hava Xxatlori naqillorinds radioangsllor soraitinda
buraxila bilon maksimum saha garginliklori togdim olunmusdur: ayri 1 - 330 vo 500 kV hava
xatlori Uglin; ayri 2 - 750 kV hava xatti U¢iin

34

Eslavs, KV/ism

32

25 - - .\‘ . |
* ' ' .\'\‘\2‘\
24 . ! ! L\‘l\\\'--.__’

22

20
1 12 14 16 18 2 2.2 24 2.6 2.8 3

—a—FEalavas0) —Ealava7s0

Sok.4. Ug fazali doyisen corayan hava xatlori nagillorinds buraxila bilon
maksimum saho garginliklori: ayri 1 - 330 vo 500 kV-luq hava xatlori
ucun; ayri 2 - 750 kV hava xatti tigln.

Yiksok gorginlikli doyison carayan elektrik xatlorinin otraf muhita tosirinin elektromagnit
analizinin modellosdirma bloku - EIMaqSov sokil 5-do gOstarilmisdir.
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Sokilda. 6. Dayisan carayan hava xatlorinin elektromaqgnit uygunlugunun va otraf mihito
tasirinin modellagdirilmoasi proqrammin ekran goriintiisii toqdim olunmusdur: 110-1150 kV-lik
araliq dayaqlarin konstruksiyast haqqinda molumatlarin daxil edilmosi vo hesablama
naticalorinin gdéstarilmasi.

ElMaqSov proqramu yiiksok gorginlikli hava xXatlorinin elektromagnit sahssinin otraf
muhito tosirini vo bununla slagali radioangsllori, akustik kuyd, tac itkilorini giymotlondirir vo
asagidakilar1 yerino yetirir:

- naqillorin sothinds elektrik sahs gorginliyinin hesablanmast;

naqillori vo kabellori ixtiyari diiziilmiis ti¢ fazali xottin tutumunun Maksvell tanliklori
sistemini hall etmoklo hesablanmasi.

- nagillorin radioangallorin buraxila bilon Saviyyasina asason segilmosi. Radioangallorin
saho gorginliyinin buraxila bilon giymatlori. 0,5 MHs tezlikdo Em = 24,4 kV/sm oldugda
3xACO-500/40 nagilli 500 kV-lug hava xattindan radioangsllorin enina profillori. i1 orzindos
radioangal saviyyasinin buraxila bilon qiymati agsmadigi vaxt faizi B.

110-1130 kV-lug elektrik
veriliz xatlarinin

verilanlar bazasi
L 2
IYG HX-nin H¥-nin faza
parametrlaring : +| nagillerinin tutumunu

modellzgdirma modulu modellagdirma modulu

! !

Sahz garginliying . _ Fadioangallari

modellagdirma modulu | | modellagdirms moduln
Tacda itkilan Alustik kiiylari
modellagdirma modulu modelagdirma modulu
w
Qrafiki modellagdirma ¥
modulu

Hesablama naticalarini

aksetdirma modulu

Sak.5. Yiksok gorginlikli doyison corayan elektrik xatlorinin otraf mihits
tasirinin elektromagnit analizini modellosdiran algoritmin blok-sxemi.
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Sak. 6. Program tominatinin ekran goriintiis.

NOTICO

Hava xotlorindon mioyyan mosafolordo radioangallorin  faktiki  soviyyalorinin

modellosdirilmasi ilo hava xatlorinin EMU-i vo yiksok gorginlikli elektrik xatlorinin otraf
muhita tasirini radioangollor, akustik kiy, tac itkilori vo elektromagnit sahslori baximmdan
giymatlondirir. Bu sahads mévcud olan hartarafli layihalondirma va tohlil program paketidir.

hava xattinin EMU-nun bittn spesifik parametrlori radioangallor, akustik kiy, tac itkilori,

atmosfer soraiti vo naqilin sathinin voziyysti kimi parametrlor qruplarina siiratli ¢ixis1 tomin
edon bir negs araliq pancarasi olan idarsetmo elementini ehtiva edan bir asas pancarads taqdim
olunmusdur.

HX EMU elektrik xatlorinin otraf muhits tasirini tam giymatlondirmak (glin integrasiya

olunmus miihit toklif edir. Burada bir interfeysdon moalumatlar1 daxil eds, hesablamalar apara
Vo hesablama naticalorini vizuallasdirmaq miimkiindiir.
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INPOI'PAMMHOE OBECIIEYEHMUME JIJII MOHUTOPHUHI A
3JIEKTPOMA}“HI/ITHOI71 COBMECTUMOCTHU 1 BJIMAHUSA BO31YIIHbBIX
JIMHUU IEPEMEHHOI'O TOKA HA OKPYXAIOHIYIO CPENY

BAJTAMETOB A.B., XAJIMJIOB J./1., UCAEBA T.M.

B cBsi3u ¢ TpeGoBaHUSIMH 3JIEKTPOMAarHUTHONH COBMECTUMOCTH aKTyallbHBIM CTAaHOBUTHCSA
pa3zpaboTka MPOrpaMMHOTO OOECHEeUeHUsl IMEKTPOMArHUTHOW COBMECTHMOCTH BO3IYIIHBIX
JIVHUM, OIIEHKAa BO3JCUCTBHUE JIMHHMI JIICKTpOIEpead Ha OKPYXKAIOUIYI0 cpeny. AHaINu3
AJIIEKTPOMAarHUTHOTO  BO3JCMCTBHS HA  OKPYKAIOLIYI0  Cpely  BO3AYUIHBIX  JIMHHM
aNIeKTpoTepead MepeMEHHOr0 TOKa, MOJCIUPOBAHNE BO3ACUCTBUS JIMHUH AJEKTpoIiepesad Ha
OKPYKAIOILYIO Cpe/ly UMEET BaKHOE 3HaUEHHUE Ul OLEHKU U JIOIYCTUMOCTH 3TUX MOKazaTesei
OCOOCHHO JJIs HACEJIEHHBIX MyHKTOB. OOHUM M3 Haubojiee Ba)KHBIX aCIEKTOB 3TOM OILEHKU
SIBJIIETCS TO, YTO OOBIYHO HA3BIBAIOT OLIEHKOM AJIEKTPUYECKOTO BO3JAECHCTBUS HAa OKPYKAIOIIYIO
Cpely, BBI3BAHHOTO 3JEKTPOMArHUTHBIMH IIOMEXaMH, PAJAUOIIYMOM, 3BYKOBBIM HIYMOM H
KOPOHHBIM pa3psioM. HecMOoTpsi Ha OYEBHIHYIO SKOHOMHYECKYIO Ba)KHOCTb ONTHMM3AIMU
KOHCTPYKIUU B OTHOIIEHUU 3((HEKTOB KOPOHHOTO pa3psja, 10 CUX MOP HE UMEETCsI IOCTYITHOE
MIpOrpaMMHOE OOecTeueHus aIeKBaTHO pellaroliee 3Ty He IpocTyto mpobiemy. Jlannas paborta
MOCBSIIICHA aITOPUTMHU3ALNU U pa3paboTKe MPOrpaMMHOTO 00eCIIeYeHHsI FIEKTPOMArHUTHOTO
BO3JICHCTBUSL JIMHUI AJIEKTpOTepeauyd IEePEMEHHOr0 TOKa BBICOKOTO HAMpsDKEHUS Ha
OKpY)KaIIlylo cpely. B cTatbe paccMaTpuBaroOTCs BOMPOCHI MOAETUPOBAHUE BO3ACHUCTBUA,
BBI3BAHHOTO  KOPOHUPOBAHUEM IPOBOJOB, OINEKTPOMATHUTHBIX TIOMEX, PaJAUOIIYMOM
KOPOHHOTO paspsiaa. llpuBomsTcss pe3yabTaTbl pabOThl  HPOTPaMMBbI, pa3pabOTaHHOM
WHTETPUPOBAHHOW CHUCTEMbl MOJIETUPOBAaHMS, BBI3BAHHBIE KOPOHMPOBAHHUEM IPOBOJIOB
BO3AYIIHBIX JIMHUI TpaJMeHTOB »JJIEKTPUYECKUX TIOJIEW W PagUONOMEX, Ha IpuMepe
BO3ayIIHOM nmuHuu 500 kB.

KnroueBble cji0Ba. DKOIOTNYECKOE BINSHIE, BO3AYIIHBIC INHAN 3JIEKTPOIEPEAAUH, HAIPSKEHHOCTH IO
Ha MPOBO/IAX, MATHUTHOE TI0JIE, SIIEKTPHUECKOE IT0JI€, TOTEPH Ha KOPOHY, PaIHOTIOMEXH, AKYCTHUECKHHN ITyM.

SOFTWARE FOR MONITORING ELECTROMAGNETIC COMPATIBILITY
OF ALTERNATING CURRENT OVERHEAD LINES AND
IMPACT TO THE ENVIRONMENT

BALAMETOV AB., KHALILOV E.D., ISAYEVA T.M.
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In connection with the requirements of electromagnetic compatibility, the development of
software for electromagnetic compatibility of overhead lines, assessment of the impact of
power lines on the environment becomes relevant. Analysis of the electromagnetic impact of
dayison carayan overhead power lines on the environment and modeling the impact of power
lines on the environment is important for assessing and accepting these indicators, especially
for populated areas. One of the most important aspects of this assessment is what is commonly
referred to as the assessment of the electrical impact on the environment caused by
electromagnetic interference, radio noise, acoustic noise and corona discharge. Despite the
obvious economic importance of optimizing the design for corona effects, there is still no
available software that adequanagily solves this difficult problem. This work is devoted to the
algorithmizing and development of software for the electromagnetic impact of high-voltage
alternating current power lines on the environment. The article considers the issues of modeling
the impact caused by the corona of wires, electromagnetic interference, radio noise and corona
discharge. The results of executing of program of the developed integrated modeling system of
gradients of electric fields and radio interference are presented, caused by the corona of
overhead line wires, using the example of a 500 kV overhead line.

Key words: Environmental impact, overhead power lines, field strength on wires, magnetic field, electric
field, corona losses, radio interference, acoustic noise.
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ILDIRIM iFRAT GORGINLIKLORININ ELEKTRIK ENERJISININ
KEYFiYYOTINO TOSIRI VO ONUN MOHDUDLASDIRILMASI YOLLARI
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Elektrik enerjisinin keyfiyyati elektrik sistemlori vo avadanliglarmin semaraliliyi va etibarliliginda asas rol
oynayir. Fasilosiz enerji tochizatini tomin etmok, itkilori minimuma endirmok vo avadanliglarin xidmot miiddatini
artirmagq t¢iin enerjinin keyfiyyat parametrlorinin yiiksok soviyyado saxlanilmasi vacibdir. Xarici amillor, mosalon,
hava soraiti vo ildirim dalgalar1 bu parametrloro monfi tosir gostoro bilir. Toqdim olunan isdo ildirim ifrat
gorginliklorinin hava xotlorine tosiri aragdirilmis vo bu monfi tosirlorin aradan galdirilmasmin miassir effektiv
tisul kimi xott ifrat gorginlik mohdudlasdiricilarinin totbiqi osaslandirilmigdir.

Acar sozlor: elektrik enerjisinin keyfiyysti, hava xotlori, ildinm ifrat gorginliklori, igrat gorginlik
mohdudlasdiricilari.

Giris: Elektrik enerjisinin keyfiyyati elektrik sistemlorinin vo avadanliglarinin somae-
roliliyini vo etibarliligin1 miioyyon edon osas gostoricilordon biridir. Elektrik sobokolorinin
tohliikosizliyinoe, sonaye miiossisolorinin mohsuldarligina, cihaz vo avadanliglarin dayaniglhigina
vo s. tosir gostorir. Enerji keyfiyyotinin yiliksok soviyyodo saxlanmasinin vacibliyi, elektrik
enerjisinin fasilosiz tochizatinin tomin olunmasi, itkilorin minimuma endirilmosi vo elektrik
avadanliglarmnin istismar miiddotinin artirilmasi zorurati ilo baghdir.

Hazirk1 dovrdo elektrik enerji istehlakgilarinin sayinin getdikco artmasi, sistemdo borpa
olunan enerji monbalorinin paymin yiiksolmosi vo elektrik sobokolorinin miirokkobliyi ilo
xarakterizo olunan miiasir enerji sistemlori soraitindo elektrik enerjisinin keyfiyyatinin
yaxsilasdirilmasi ehtiyaci daha da aktuallasir.

Elektroenergetika sistemino miixtolif név hom xarici, hom do daxili amillorin tosiri
elektrik enerjisinin keyfiyyot parametrlorino nozarst etmok vo yaxsilagdirmaq ticiin kompleks
todbirlorin istifadesini  tolob edir. Miitoroqqi texnologiyalarm totbiqi, avadanliglarin
miiasirlosdirilmosi vo kadrlarin ixtisasmin yiliksoldilmosi bu mogsadlora c¢atmaq iiglin osas
istigamotlordir.

Masalonin qoyulusu. Elektrik enerjisinin keyfiyyati bir swra parametrlorlo xarakterizo
olunur vo bunlar1 imumi sokildo asagidaki kimi gostorila bilorik:

— Gorginliyin soviyyesi: Buraxilabilon qiymetlor intervalinda qalmalidir. Nominal
gorginlikdon konaracixmalar avadanliglarin  nasazligma, ifrat qizmasma vo
somarsliliyin azalmasima sobab ola bilar;

— Tezliyin dayisilmaesi: Elektrik sobokosinin standart tezliyi 6lkolordon asili olaraq 50 vo
ya 60 Hs-dir. Bu tezlikdon konaragixmalar generatorlarm vo elektrik miiharriklorinin
sinxronizasiyasmin pozulmasina sobab ola bilor ki, bu da sistemin swradan ¢ixmasina
gatirib sixara bilir;

— Glic omsali. Asag1 giic amsal1 sobokods itkilorin artmasina sabob olur;

— Harmonik tohrif: Bunlar gsobokodo gorginliyin sinusoidal formasmi pozan
harmoniklorin olmas1 sababindon yaranir. Bu, slave enerji itkilorine vo avadanliglarin
ifrat yliklonmasina sabab olur.

— Elektrik enerjisinin kosilmosi: Elektrik tochizatinin davamliligi xiisusilo sonaye
istehlake¢ilar1 vo kritik obyektlor iiclin vacibdir. Elektrik kosilmasi shomiyyastli maliyys
itkilorina vo tohliikasizlik risklorine sabob ola bilor.
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Coxsayli todqiqatlar gostorir ki, enerjinin keyfiyyot parametrlorindo konaragixmalar
oldugda avadanligin siradan ¢ixma ehtimali ohomiyyatli doracado artr vo onun xidmot
miiddotini azalir. Enerji keyfiyystinin yaxsilasdirilmasi enerji itkilorini vo buna goro do
ompliyyat xarclorini shomiyyatli doerocods azalda bilor [1, 2].

Enerji keyfiyyatinin yaxsilasdirilmasi enerjinin daha doqiq vo somarali idars olunmasina
gotirib ¢ixarir. Bu, sobokads ifrat yiiklonmonin vo qoza risklorinin azaldilmasina, tolob vo toklif
balansmi optimallagdirmasma imkan verir. Eyni zamanda elektrik enerjisinin keyfiyyotinin
yaxsilasdirilmasi, enerji istehlakinin imumi saviyyasinin azaldilmasma komok edir ki, bu da
karbon qaz1 va digoer zorarli maddslorin emissiyasini azaldir.

Elektrik enerjisinin keyfiyyotina hoam xarici vo hom do daxili amillor tasir gostorir. Xarici
amilloro misal olaraq hava soraiti, tobii folakotlor vo homg¢inin ildirim ifrat gorginliklorinin
tosirini misal gostoro bilorik. Ildirim dalgalar1 xotlords ifrat gorginliyin yaranmasma, tezliyin
doyisilmasing, enerji tochizatinin kosilmasing va s. kimi fosadlarin yaranmasina soba ola bilir.

Toqdim olunan is xarici ifrat gorginliklorin elektrik energisinin keyfiyyat gostaricilorine
monfi tosirlori vo onlarin mohdudlasdirilmast masalslorine hasr edilmisdir.

Masalonin halli.

[ldirimm ifrat gorginliyi hava elektrik xotlori vasitasilo verilon elektrik enerjisinin
keyfiyyatino vo etibarliligina ciddi problem yaradir. ifrat gorginlik dalgalar1 avadanliglarin
zodalonmasindon tutmus goarginlik ddyinmolorino soba olarag ham enerji sistemlarinin
saomaraliliyina, ham do elektrik cihazlarinin isina tasir gostora bilir. Xisusi mihafiza
todbirlorinin  hoyata kegirilmasi ilo, ildirnm vurmasinin monfi tasirlorini azaltmag va
istehlak¢ilar tiglin sabit, yiiksok keyfiyyatli enerji tachizatii tomin etmok mumkuindir [3].

Hava xotlorinin ildirim ifrat gorginliklorindon miihafizos {iglin ononavi iisullarda
asagidaki todbirlorin goriilmosi nozordo tutulur:

— hava xattinin izolyasiyasmin impuls elektrik mohkomliyinin artirilmast;
— dayaglarin torpaglanma miigavimotinin azalmast;
— ildirimdan miihafizs troslarmi qurasdirilmasi.

Sadalanan faaliyyatlorin hoyata kegirilmosi zaman1 miioyyan ¢atinliklor yarana bilir:

— hava xottinin izolyasiyasmin shomiyyatli dorocods giiclondirilmasi (uzadilmasi) iigiin
ddayaqlarin konstruksiyasinda doyisiklik tolob olunur;

— hor bir orazido quruntun xiisusiyyastlorindon saili olaraq dayaqlarin mogbul torpaglama
miigavimatini tomin etmok miimkiin deyil;

— dayagqlarda 2-don artiq miihafizo trosu asmaq miimkiin deyil.

Hor-hansi bir hava elektrik verilis xottinin (HEVX) ildirim ifrat gorginliklorindan
muhafizasinin tolob olunan saviyyads onsnavi Usullarla hoyata kecirmasi mimkin olmazsa
(masalon, hesablamalarin naticalorina gora va ya real xottin ildirnrm miihafizo etibarliliginin
istanilon saviyyasinin tomin edilmamasi) 0, zaman - geyri-onanavi Usullardan istifade oluna
bilor: xott ifrat gorginlik mohdudlasdiricilarinin  (arrester) vo uzun araligh qigicim
bosaldicilarin [4, 5] totbigi, Xxotto paralel olavo diroklor UGzorinde muhafizo troslarmin
yerlosdirilmasi, mihafiza trosuna slava konstruktiv elementlorin daxil edilmasi [6] Vo s.

Ifrat gorginlik mohdudlagdiricilarmin (IGM) konstruksiyasinda qigilcim araligmin olma-
mas1 vo polimer izolyasiyandan istifado olunmasi miihafizo qurgusunun konstruksiyasinin
mumkin gadar sadslogdirmasine vo onun partlayisa qarst dayaniqli voziyysto gotirmesine im-
kan verdi ki, bu da homin qurgularin elektrroenergetikada genis istifadesine sorait yaratmisdir.
Hava Xatlorinin ildirim ifrat garginliklorinden muhafiza etmok tglin mohdudlasdiricilarin lazimi
say1 xott dayaglarnm say1 ilo migayiso oluna bilor vo xott IGM-lorin energetik xarakte-
ristikalar1 yarimstansiyada totbiq edilom mohdudlasdiricilartdan zoif olmamalidir. Xarici 61ko-
lorda IGM-larin hava xatlorinds tatbiq getdilco genislonir va bozi hallarda onlara alternativ belo
yoxdur [7, 8].

Xott ifrat gorginlik mohdudlasdiricilarmin (XIGM) iki asas névil var - xarici qigilcim
araligi olan vo olmayan.
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Birinci ndva qigilcim araliginin sabit olgiilarini tomin etmoak ¢tin - sart ¢okildo dayaga
borkidilir (sok.1a). ikinci nov XIGM-lor ise, bir qayda olaraq, birbasa faza moftilna baglanilir
(sok.1b).
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Sok.1 Xatt ifrat gorginlik mahdudlasdiricilarinin dayaqlarda
yerlosdirilmoasi: a- IGM-in dayaga sort sokilda birlosdirilmosi;
b- IGM-in birbasa faza moftilina baglanmasi.

[ldirim bosalmas1 zamani miixtolif fazalarda yaranan ifrat gorginliklor do miixtalif ola
bildiyindon IGM o fazada qurasdirilmahdir ki, o daha c¢ox ildirim tosirlorino moruz qalmis
olsun.

Ogor har hasi bir konkuret hava xatti ticlin ildirim ifrat gorginliklorin tasiring qgarst on zoif
ndqtosinin miioyyon edilmosindo ¢otinliklor yaranarsa, o zaman homin xottin biitiin magistral
boyu miihafizosi mosolosine baxilmalidir. Bu zaman IGM-lorin xott boyu hansi qaydada
qurasdirilmasi toyin edilmolidir: hor bir dayaqda biitiin fazalarada, bir dayaqdan bir fazalarda
vo s. Miixtalif xarici 6lkolorin hava xotlorindo IGM-lor hom ayrica dayaqa vo hom do ¢oxsayli
sokildo miixtalif dayaqlarda qurasdirilmasi hallart mévcuddur [9, 10].

110-220 kV-luqg hava xotlorinin izolyasiyasinin qapanmasi asason dayaqlarda
izolyatorlari zoncirasi boyunca miimkiindiir. Bu voziyyatds, ifrat gorginlik mohdudlasdiricisi
olan dayaqda IGM-lo qorunan fazalarin izolyatorlarmin qapanmasi istisna olunur. Sok.2,-do
ildirim vurma yerinin x masafosindon asili olaraq 110 kV-luq dayagin izolyasiyasimin gapanma
ehtimali gostorilmisdir. Sadolik {i¢lin nozoro almmisdir ki, hava xottindo ildirimdan miihafizo
trosu yoxdur vo ildirim XIGM-nin yaxinliginda, x=0 vo maksimal uzaq mosafodo x=300 m
xatti vuruur [110, 11].
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Sok.2. Dayagin IGM-lo miihafizo olmayan “C” fazasmi ildirim
vuran zaman X masafasindon vo torpaglanma miigavimetindon
asil olaraq qapanma ehtimali.

Sok.2-don gériiniir ki, ildirim xotti XIGM-don 300 m mosafads vurdugda torpaglanma
miiqavimatinin qiymatindon Ry asili olmayaraq izolyasiyanin qapanmasi bag verir. Sok.3-don
goriiniir ki, ifrat gorginlik dalgasi Ujgy+L-di(t)/dt+R-i(t),faza moftili boyu dayaga dogru horokot
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edir. Bu ifrat gorginlik dalgasmin maksimal qiymati ildirim coroyanidan i(t) vo onun doyismo
stiratindon  di(t)/dtasili olmagqla izolyatorun elektrik mohkomliyindon yiiksok ola bilir. Dayaqda
tros oldugda izolyasiyanin qapanma ehtimali da azalmig olur. Ona gors do hava elektrik verilig
xatlorinin effektiv sokildo atmosfer ifrat gorginliklorinin tasirindon qorunmasi {igiin kompleks
todbirlor goriilmoelidir [12] .

Gurlindiyl Kimi 110-220 kV hava xatlorinin ildirim agilmalarama qarsi etibarliliginin
artirilmasi miithafizo trosundan va torpaqlanma miigavimetindon shomiyyatli deracads asilidir.
Bu xatlorin effektiv sokildo miihafizo edilmasi o, vaxt miimkiin olur ki, har bir dayaqda biitiin
fazalarda XIGM-lor qurasdirilmis olsun. Lakin bu ovvelcodon iqtisasdi cohotdon
saslandirilmalidir.

-
i

\¥
A

Sok.3 fldirim xatti vuran zaman corayaninin axma yolu:
a-ildirimin trosu (dayagi) vurmasi; b-ildiriminxatti vurmasi.

NOTICO

Hava elektrik verilis xotlorini elektrik mohkomliyino vo enerji tochizatinin keyfiyyatino
monfi tosir gostoron ildirim ifrat gorginlilorindon effektiv sokildo qorumasi iiglin, miiassir
metod kimi, ifrat gorginlik mohdudlasdiricilarinin birbasa dayaqlar iizorindo qurasdirilmasi
magqsodouygundur vo bozi hallarda ovozedilmoz hall yoludur. Xotdo IGM-lorin qurasdiriima
yeri miioyyon olunduqdan sonra onlarin say1 iqtisadi cohotdon osaslandirilmaqgla niioyyon
edilmoli vo energetik xiisusiyyotlorino goro yarimstansiyalarda istifado olunan analoqlardan
asag1 olmamalidir.
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BJIMSTHAE I'PO30BBIX NEPEHAIIPSI)KEHN I HA KAYECTBO
QJEKTPOOHEPTUN U CIIOCOBBI ET'O OTPAHUYEHUA

AXMDJIOB 3.H., MYXTAPOBA K.M., BABA3AJIE K.A., CYJIEUMAHOB M.IO.

KadecTBO 21EKTPOIHEPTUU HUTPaET KIFOYEBYIO POJbh B APPEKTHBHOCTH M HAJICKHOCTH
ANIEKTPUYECKUX CHCTEM W 00OpynoBaHWs. BakHO TOIep)KUBaTh IMMapaMeTpbl KadyecTBa
AIIEKTPOIHEPTUHU HA BHICOKOM YPOBHE, 4TOOBI 00ecrieunTh Oecriepe0oiHOE IIeKTPOCHAOKEHHE,
MUHUMH3HPOBATh MOTEPH M YBEIHYUTH CPOK CIIyObl oOopynoBaHus. BHemmHue (akTopsl,
TaKHe KakK TOTOIHBIC YCIOBUS W T'PO3bI, MOTYT HEraTUBHO MOBIUATH HA OTH MapaMeTpbl. B
MPEJCTaBICHHOM HCCIICJJOBAHUM H3YYEHO BIHMSHHE TPO30BBIX TIEPCHANPSDKEHUH  Ha
BO3/YIIIHbIC JTUHHA U 00OOCHOBAaHO NMPUMEHEHHE OTPAHUYHTENCH JMHEHHBIX MepeHANPSIKESHUH
KaK COBpeMEHHOT0 3(p(peKTHBHOTO METO1a YCTPaHEHUS 3TUX HETaTUBHBIX MOCIICICTBHIA.

KnaioyeBble c10Ba: KadecTBO JIIEKTPOIHEPIHH, BO3IYIIHBIE JIMHHH, T'PO3OBBIE IEpEHANpPsDKEHNUS,
OrpaHUYHTEIH HepEeHAIPSHKSHUS.

INFLUENCE OF LIGHTNING SURGE ON ELECTRIC
POWER QUALITY AND WAYS TO LIMIT IT

AHMEDOV E.N.,, MUKHTAROVA K.M., BABAZADE K.A., SULEIMANOV M.Y.

Power quality plays a key role in the efficiency and reliability of electrical systems and
equipment. It is important to maintain power quality parameters at a high level to ensure
uninterrupted power supply, minimize losses and increase the service life of equipment.
External factors such as weather conditions and thunderstorms can negatively affect these
parameters. The presented study examines the effect of lightning surges on overhead lines and
substantiates the use of line surge arresters as a modern effective method for eliminating these
negative consequences.

Key words: power quality, overhead lines, lightning surges, surge arresters.
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APPLYING NEW TECHNOLOGY VIA USING DIFFERENT METHOD
IN THE RESEARCH OF OVERVOLTAGE AND OVERCURRENT
IN ELECTRICITY TRANSMISSION LINES

NAYIR A.R.

Istanbul Beykent University, Department of Electrical and Electronics Engineering, Ayazaga Mahallesi,
Hadim Koruyolu Cd. No:19, Sariyer/ Istanbul/ Turkiye
ahmetnayir@beykent.edu.tr

Most of the power system faults occur on overhead lines. To prevent spreading out the fault effects, the
faulted line has to be switched off as quickly as possible. Restoration of power supply to the switched off line can
be done after the maintenance crew finishes the repair of the damage caused by the fault. This paper presents a
new setting free approach to synchronization. Author propose algorithm processing three phase currents and
voltages measured under normal steady state load condition of overhead line. The presented algorithm is used to
find optimum on-off time of working regimes of electric systems. Protection system was added to the Global
Positioning System (GPS).

Key words: Algorithm, Digital Signal Processor (DSP), Electric transmission line (ETL), Estimation,
Global Positioning System(GPS), Overvoltage, Overcurrent

1. Introduction

After the major disturbances in Western Europe in 2003 [1] and in 2006 [2], the
disturbance of March 31st 2015 was the third serious event in the Continental European (CE)
System within the last 20 years. All these three events had similar characteristics such as high
corridor loading, underfrequency load shedding and non-conform power plant behaviour with
respect to abnormal frequency deviations. However, thanks to the measures taken at the
Turkey- ENTSOE (European Network of Transmission System Operators for Electricity) CE
interface, the 31st of March event mainly affected Turkiye and had no impact on the system
operation of the rest of the interconnected system. The blackout did not disturb Turkiye’s
neighbours and the disturbance was kept inside of the Turkiye power system.

Summarising, the current load shedding scheme for the Turkiye power system is based on
a load shedding ratio of 35.5% with respect to the reference load after reaching the last
underfrequency load shedding stage of 48.4 Hz. The slightly different percentages of load
shedding reached on March 31st result due to a system loading difference to the reference load.
It can also be assumed that all available underfrequency load shedding load was activated or,
with other words, the total amount of load to be automatically shed reached its maximum level
during the event [3].

Importance of investigations of working regimes of electric systems, leading to damage
of electric equipment and insufficient distribution of electric energy, in order to develop their
prevention and liquidation measures is determined by up to date requirements to reliability of
electric supply of consumers. Being applied to the half wave lines, the problem of the single-
phase failures recovering is very important, because the quantity of such failures in half wave
lines is rather high than that of usual lines. It is effective, to recover unsteady single phase short
circuits arisen on transmission line by single phase auto reclosing from the view point of
providing of minimal perturbations to adjoining systems. Auto reclosing is most important
action, leading to the increasing of the reliability of the super high voltage electrical power
transmission.

Power system transient analysis is usually performed using computer simulation
packages like the electromagnetic transients program (EMTP). Engineers and researchers who
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perform transient simulations typically spend only a small amount of their total project time
actually running the simulations. This column deals with parameter determination and is aimed
at reviewing the procedures to be performed for deriving the mathematical representation data
of the most important power components in electromagnetic transient simulations. The
mathematical model of the most important components of a power system must represent the
effects of electromagnetic fields and losses [4].

Losses can be caused in windings, cores, or insulations. Other sources of losses are
corona in overhead lines or screens and sheaths in insulated cables. As for electromagnetic field
effects, they are represented using a circuit approach. In many situations, losses cannot be
separated from electromagnetic fields. Skin effect is caused by the magnetic field constrained
in windings and produces frequency dependent winding losses; core losses depend on the peak
magnetic flux and the frequency of this field; corona losses are caused when the electric field
exceeds the inception corona voltage; and insulation losses are caused by the electric field and
show an almost linear behavior. Approaches that can be used to represent losses would include:
a resistor, a hysteresis cycle, or a combination of various types of circuit elements. More
sophisticated loss models must include frequency dependence. The accurate modeling of the
system components as well as lines, transformers, machines, loads, shunt reactors, surge
arresters is presented by taking into account the saturation of transformers and shunt reactors
and v-i characteristics of corona. Corona effect losses on the 500 kV. transmission line have a
very important influence on the temporary overvoltage’s damping [5, 6].

In the study [7], through the methods of fault tree, reliability evaluation was made for a
line feeder by comparing protection orders at different levels. In the study [8], in the protection
coordination was presented the practice of artificial intelligence. The results showed that the
method of intelligent protection coordination could optimize the protection settings, decrease
the relay coordination faults and increase the feeding reliability. In this study, the capability of
intelligent protection coordination to take into accounts the changes of fault current as well. In
the study [9], with Immune Algorithm, it was carried out the optimum planning of protection
relay orders for a communication grid. With the suggested Immune algorithm, minimizing the
cost of system reliability, optimum protections relay system planning was obtained to provide
the best cost effectiveness of protection relay investments. In the study [10], pertaining to
different overvoltage relay coordination methods, to find out reliability indexes, a new
algorithm was recommended based on sequential Monte Carlo simulation.

To protect energy systems, analog relays were used in the past in fault detection.
However, today, with the proliferation of computers and the development of microcontrollers
with short commanding time, it was made possible to use digital relays more. Evaluating the
current and voltage changes occurring as a result of the sudden decline of the loads via
computer simulations, it was enabled to detect faults using a processor. For this purpose,
Digital Signal Processor (DSP) was used. DSP provides the possibility of processing signals to
be obtained from analog circuit digitally in a very high speed, and its practices in powers
systems are available [11]. That the programming is easy, fast, capable and low cost can be
considered as the superiorities of DSP.

This paper aims to give an overview of the research and elimination of overvoltage. The
studies conducted in which the author was also involved can be examined in the sources
numbered [12-13-14-15-16]. The main parts of such a structure, which can even be evaluated
as a overvoltage in electric transmission line (ETL), is demonstrated from sending to receiving.
The paper is organized as follows: Section Il gives the Calculation scheme for computer
modeling. Modern computer technology and bundled software like Mathcad, Matlab, Electro
Magnetic Transients Program (EMTP) give an opportunity to prevent the difficulties occurred
during the calculation of unbalance caused by transmission lines as well as to implement the
new approach in relation to operational speed and accuracy of calculations. In section IlI,
elimination of overcurrents. In section 1V, algorithm for elimination of overvoltages. In section
V, Circuit of protection against overvoltages. Lastly, concluding remarks are presented.
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2. Calculation Scheme For Computer Modeling
In the system, a 280km energy conduction line connects the 2 and 3 distribution stations
to each other. The energy conduction line is fed by generator 4 via transformer 5. To the 3
distribution stations is connected a transformer of 500/220kV of which power is 800 MVA.
The no-load situation of the transformer is examined. The total power of generator can be 2,4
GW. That of transformer 5, however, can be 1.6 MWA. Let’s see the formulas for III branch
points and energy conduction lines separately.
S
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Fig.1. Calculation scheme for computer modeling.

To show the importance of protection resistors in the restriction of over voltages, in the
scheme described in Figure 1 is written the calculation formulas properly. For the first branch
point, the following equations can be written.

di, . . ]
Esz e(t)_rb'll_US (1)
dir, . .

dt = Lb (Us_ Irl'rl) (2)
Ur1=r1. irl (3)

In these formulas, i represents current, L-inductiveness, r-resistance, and e(t)-source voltage.

With the help of B key that is parallel connected to the resistance, r; resistance is shunted
the current and connected to the circuit. Suitable to the algorithm, the connection of ry
resistance can be possible in the desired time. At this time, in (1) system, we can change the
value of r1 resistance from zero to given value. In the insolubility of the equations, the counting
step can be changed. The values of voltage and currents in the added points included in
calculation net are calculated in accordance with the introduced algorithm (section V).

For the second branch point, however, to the reactor resistor contours of (1) equations
should the formula,

%: Lri( r_rz'irz) (4)
be added. After adding third formula, the is of the line will be made up of the total of the
current flowing through the reactor - resistor contuar and the magnetting currents of auto-
transformer:

ir :iu+ir2 (5)

Addition of this formula doesn’t make any change in the alignment of counting algorithm
and in the arrangement of the coefficients of the expressions that are in matrix form.

In the setting up of the counting algorithm, the case of opening-closing of B2 keys’
contacts or when it is opened the counting step saved in order to ensure the durability and
sensitivity of calculation can be changed. That there are protection devices in the inputs and
outputs of the line doesn’t mean that algorithm runs durably when there are both devices.
Whenever it is desired, and depending on the predetermined regimes, one or both of these
devices can be opened on the circuit.
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In the calculation time, in the connection of the resistors to the circuit, it was also
considered the connection of all of the phases. Changing the value of the resistance of
protection resistors, counting’s were made. Because the purpose in these calculations was to
demonstrate the effectiveness of the resistors, only the resistance of resistor 100 ohm was
shown in Figure 2. The results taken are valid for the situations where the resistance of reactor
is stable. Analyzing various parameter reactor - resistor circuits, it is possible to choose less
energy cost resistors. In this study, non - linear resistors haven’t been examined [17].
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Fig.2. Voltage value of phase A, B, C of 500 kV. Line

As is seen from the current wave form of the 500 kV line in Figure 3, the current values
increased quite a lot after the fault. When the reactor switch was on, the current wave form
returned to normal. As a result of the computer simulations, the curves of the currents with the
3-phase OVL are presented in Figure 4. The wave form of the current flowing from the reactor
is seen in Figure 4. Before the breakdown, no flow was observed. The reactor was switched on
after the fault happened, at 0.1 s, and the value of the current increased. When the fifth
harmonic was seen, the reactors were connected to a circuit at both ends of the line. Many
calculations were made in order to control the applicability of this technique. It is possible to
protect the system against overvoltageand overcurrent with this method.
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Compared with the curves in literatures and real experiments, the curves can be sure to be
appropriate. When restrictive cautions are taken because of overvoltage’s, it is necessary to
take notice the shown factors, and when proper calculations are made, the need to do research
about the process occurring on each phase keeps its actuality. The appearance of overvoltage
can be seen in each of the three phases and from these curves, by changing the parameters of
the elements in the system, we can show the processes occurring in real energy system more
delicately. These curves are very close to the oscilograms obtained from natural experiences
and accident regimes, which shows again the delicacy of the suggested algorithm. The results
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taken have demonstrated that it is possible to eliminate overvoltage’s on the condition that
making use of the algorithms offered by the protection resistors properly.

3. Elimination Of Overcurrent

The correct choice of shunting reactor would handle protection as well as restricting
overvoltage’s. There are influences of some overvoltage’s on the isolation of 500 kV. reactor.
The amplitude of this overvoltage is found 1,8 Usm depending on the switches. In such cases,
although there is no need for special protection precautions for the isolation of reactor, the
reemergence of pricks between the contacts of the switches may lead to the occurrence of
impulse overvoltage’s. In this case surge protectors may work. In the restriction of the
occurring overvoltage, in the algorithm to be created based upon the issues of correct use of the
reactor: in this case it would be provided the proper running of the reactors by eliminating the
occurring overvoltage’s. In this respect, on the basis of the positive results in the restriction of
overvoltage’s in betel resistors, protection circuit and command algorithm were recommended
(section 4). The running algorithm and protection mechanism of the circuit was prepared in
accordance with the results of the oscilograms taken without counting and recorded at the time

of accident in the energy system.
4. Aliorithm

Encoding the parameters

v

Taking the nominal phase voltages of the line
v
v

Occurrence of overcurrent No
v

Whether the reactors are in the line
"
n _ _ _
¥ No
Reactors and resistors start running |

Fig.5. Proposed algorithm for prevention from over voltage.

The algorithm suggested making the account step smaller in order to take the overvoltage
curve totally is simple comparing with the algorithms suggested in beforehand; it does not
require keeping information in PC memory. It doesn’t necessitate recalculation of the
coefficients of the account expressions which are in matrix form. It provides calculating voltage
and currents of the points which are between sections connected to the branch points of the
line. The process of connecting protection devices to the system and its switching on should
also be considered. This process can happen at every stage independent of the value of
calculating step. In every stage of calculation, before passing to the next stage, in pursuant of
the block system in Figure 1, it is researched about the shape of the voltage curves and the
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situation of contacts. To prepare this information, there is not only calculating time, but also the
values about the shape, frequency, setting of harmonics and etc. of the voltage in the line
during the running time of real network, and the number files taken from number converter
should be researched firstly. Following these researches, decision is accepted depending on the
situation of shunting reactor, protection resistors and the contacts of commutation devices. If
the shunting resistors are not connected to the line, then they are connected to the line
depending on the result of this study.

5. Protection Circuit From Over Voltages and Overcurrent

It is known that there are various distributive apparatus which have the detector of
voltage level. By connecting ballast resistance or energy source of the protected system’s
voltage with phase order in over and over to the outputs of these detectors, different circuits
quenching over voltage are united. The general deficiency of both circuits is that it is not
possible to quench the over voltage with them when the loads are released.

5 1. Reactor
2. Resistor
4y 44 4 ‘=|6 I_— 3. Commutation Switch
I 4.3-Phase Switch
3 . 5.ETL
| ¢ 2|l 7 2] | (H] 6. Control Block
7. Control Block
1 YY AL 8. Measurement TR
(Fl _‘:t (fl 1l 9.GPS
T - 10. DSP
- @\:\ | 1.  PC
' MU: Measurement Unit
= 10 f
MU-L [

Fig.6. Block system of protection circuit.

Figure-6 is the electricity conduction line with three phase reactor that is connected in
series for each phase to the protection circuit against the over voltages composing of automatic
reconnection that is similar to the circuit introduced according to the technical content and
obtained results, and connected to the electricity conduction line which has commutation
apparatus and shunted resistors with switches. Parallel to the reactor is connected the voltage
measurement transformer. Reactor, in the energy conduction regime with low cost, in the basic
frequency, provides both the electricity conduction line and the distribution station apparatus
with protection in the long term increase of voltage and compensates a part of the capacitive
loading energy of electricity conduction line. In the energy conduction regime that is suitable
for the normal power of the line, however, electricity is turned on from conduction line in order
to decrease the loss of electricity energy. The presence of resistors makes it possible to restrict
the short term over voltages occurring after the switch off of the electricity conduction line. In
this case, before the line is switched off, the resistors in the circuit of the reactor is switched on
without being shunted. After the determined time, however, the resistors are shunted by the
switching off the contacts of the parallel connected commutation apparatus. The purpose of the
study carried out is to provide the security of the electricity conduction lines through
eliminating the over voltage occurring after the loads’ improper release.

To increase the security in the line with three phase reactor which is connected in series with
each of its phase and shunted by commutation apparatus, in accordance with the offer, to the
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input of low voltage circuit of the voltage transformer is applied three phase voltage with zero
conduction from voltage transformer that has Digital Signal Processor (DSP). The output of the
line is, however, united with the outputs of the switches of the reactor and the contacts’ status
blocks of resistors’ commutation apparatus, and overvoltage and voltage level are connected to
detector. The analog outputs of DSP are sent to computer. The numerical outputs of the latest
are given to DSP. The analog outputs of DSP are included in reactor’s switch and in the
administrative blocks of commutation apparatus. The program of PC researches the phase
voltages and the source of the information about contacts’ situation. It compares the level of
phase voltage and also the level of the desired voltage harmonics with the given values and
decides depending on the situations of the contacts:

1-Freeing the resistors of shunt position, to re-shunt them after overvoltage are quenched:
if overvoltage is not quenched, after a certain period of time, to activate the protectors on the
other side of the line by the help of high frequency protectors.

2-To switch off the reactor when it is on.

In Figure 6, the block system of the circuit is shown. Three phase reactor -1 that is star
connected and whose neuter is grounded is connected to the electricity conduction line -5 by
means of the resistors-2 that are shunted by commutation apparatus-3 which have
administrative block-7 and three phase switch-4 that has administrative block -6. Measurement
transformer (MU) -8 is connected to three phase reactor -1 parallels. To the low voltage output
of voltage transformer are connected overvoltage and voltage level detector composed of DSP-
10 and PC-11. Uniting the input of DSP with outputs of administrative blocks -6-7 that gives
information about reactor switch -4 and commutation apparatus-3 switches, the outputs of an
analog to digital converter (ADC or A/D converter) are connected to the inputs of
administrative blocks -6 -7.

In the working regime, the contacts of switches -4 can be on or off position. In the
nominal working regime, when the contacts are off, the contacts of commutation apparatus -3
are also off. DSP -10 sends information regularly about the situation of PC -11 phase voltages
and the contacts. PC -11 calculates each phase’s maximum voltage level and the number of
harmonics of the voltage in each phase in percent.

The level of the fifth harmonic or maximum voltage, when they repeat in the given time
for instance in a time more than 0,03 second, in the over transit voltages, so as to regulate the
operation of the protection apparatus consisting of reactor -1 and resistors -2, accepts PC’s
commutation apparatus -3 and one of the two programmed operation algorithms of switch -4
and starts to run with the help of its administrative blocks -6,7. If the contacts of the switch are
connected, the switches of commutation apparatus are opened, damper element resistors -2 are
put in the circuit, which is taken as the opposite of the increase of overvoltage or voltage in
accident regime. After the dangerous level of harmonic or voltage is eliminated, resistors -2 is
shunted by switching off the contacts of commutation apparatus -3. If the contacts of the switch
-4 are on, signals are sent at the same time for connection of switch -4 to the circuit and
opening of commutation apparatus -3 contacts.

Latest technological achievements in the field of communication create new possibilities
for fault location exhibiting better accuracy. Fault location algorithm utilizing two - end
measurements has been proposed in [18] and such approach needs proper synchronization so
both measurement sets have common time reference. Use of GPS (Global Positioning System)
is one solution to assure this. Such fault location principle is shown in Figure 7. The
applications of GPS in energy systems have found opportunity to be applied in a wide number
of sources [19-20-21-22-23]. Three-phase voltage {vs}= {Vvsa, Vsg, Vsc} and current {is}= {isa,
isg, isc} from the sending end S, three-phase voltage {Vr}= {Vra, Vrse, Vrc} and current {ir}=
{ira, irB, irc} from the receiving end R supply the measuring units MUs, MUr [24-25].
Known parameters: Z., Y., |, Zss, Zsr, Measured signals: is(t), vs(t), ir(t), Vr(t) Calculated
signals: Isi, Vsi, Iri, Vri
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Fig.7. Schematic diagram with synchronized measurements by using GPS.

6. Conclusions

The recently growing importance of smart grid concepts has been attracting many

researchers. The implementation of smart grid technology still needs test bed based pre
evaluations. Pre estimation of overvoltages caused by the faults can be done using intelligent
systems. The fault location can be automatically detected based on the fault information
obtained from ETL and result signal sent to the control center via GPS technologies.
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ELEKTRIK OTURMO XOTLORINDO ASIRI GORGINLIK VO ASIRI COROYANIN

TODQIQINDO FORQLI METODDAN iSTiIFADO ETMOKLO YENI
TEXNOLOGIYANIN TOTBIQI

NAYIR A.R.

Elektrik sistemindoki nasazliqlarin oksoriyyati hava xatlorinde bas verir. Arizanin tasirlorinin
yayillmasmin qarsisini almaq {iglin nasaz xott miimkiin qodor tez sondiiriilmslidir. Sonmiis
xattin enerji tachizatinin barpasi texniki xidmat briqadasi nasazliq naticesinde yaranmis zodonin
tomirini basa vurduqdan sonra hoyata kegirilo bilor. Bu sonod sinxronizasiyaya yeni
parametrlorsiz yanasma toqdim edir. Miisllif hava xottinin normal sabit ylik voziyyatindo
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Olciilon ii¢ fazali corayanlarin vo gorginliklorin emali alqoritmini toklif edir. Toqdim olunan
alqoritm elektrik sistemlorinin is rejimlorinin optimal igo salinma-sonme vaxtini tapmaq ti¢iin
istifado olunur. Miihafizs sistemi Qlobal Movqelosdirma Sistemino (GPS) olavo edildi.

Acar sozlar: alqoritm, roqgemsal signal prosessoru (RSP), elektrik &tiirma xotti (EOX), giymotlondirma,
qlobal yerlagdirms sistemi (QYS), asir1 gorginlik, haddinden artiq corayan.

INPUMEHEHUE HOBOM TEXHOJIOTUH C UCIIOJIb30BAHUEM PA3JIMYHBIX
METOAOB UCCIJUIEAOBAHUSA NEPEHAIIPSA)KEHUSA U CBEPXTOKA
B JIMHUAX DJIEKTPOIIEPEJIAYHN

HAUP A.P.

Bonbias gacth HEMCHPaBHOCTEM SHEPrOCHCTEMBI MPOUCXOAUT HA BO3AYIIHBIX JIMHUSIX
cBs3u. UTOOBI MpenoTBPAaTUTh PAacIpOCTPaHEHHE IMOCIEACTBUII HEHCIIPAaBHOCTH, MOBPEXKICH-
HYIO JIUHUIO HEOOXOJMMO KaK MOXHO OBICTpee OTKIIOYHMTh. BOCCTaHOBJICHHE DJIEKTPOCHAO-
KEHHUSI OTKJIIOUEHHOM JIMHUU MOKET OBIThb MPOU3BEICHO IIOCJIE 3aBEPILIECHUS PEMOHTHOM
Opurazoil ycTpaHeHUs TOBPEXKICHHM, BBI3BAHHBIX HEHCHPABHOCTHhIO. B 9TOM cTraThe
MPE/ICTaBJIeH HOBBIM TOAXOJ K CHHXPOHM3AIMM, HE TpeOyoomuid HacTpoilku. ABTOD
npeaiaraeT aliroputM oOpaboTku Tpex(da3HbIX TOKOB M HANpsSHKEHUM, W3MEPEHHBIX MIpU
HOPMaJIbHOM YCTQHOBUBILIEMCSl pPEXUME Harpy3ku BO3AyIIHOM suHUU. llpencraBieHHsbIH
QITOPUTM HCIIOJIb3YeTCS JJIs TOWCKA ONTUMAIBHOTO BPEMEHH BKIIIOUEHUS -BBIKIIOUECHUS
PEXHUMOB pabOTHI AJEKTPUUYECKUX cucTeM. B cucremy riobanbHoro nosunuonuposanus (GPS)
no0aBjieHa cucTeMa 3aIlHThI.

Karouessbie ciioBa: ajgroput, nporeccop uudposbix curnano (IT1LC), munus snexrponepenauun (JIDII),
olLIeHKa, cucTemMa riodansHoro nosutmonuposanus (CI'TI), nepenanpsikeHue, CBEPXTOK.
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HccnenoBaHbl TeMIepaTypHbIC 3aBHCUMOCTH 3JICKTPONPOBOIHOCTH & , Kodddwuimenta Xomia R wu
ko3 dunmenTa TepMo 3.4.C. 0. B TBepAbIX pactBopax TN« YbsTe; (0<x<0,10) mpu 80-1000 K. ITo maHHBIM
KAHETHYECCKHUX TapaMETPOB onpeesicHbl 3(GEKTHBHBIC MaCcChl JJIEKTPOHOB U ABIPOK. Y CTAHOBJICHO, YTO, HAYUHAS
¢ x=0.05, tBepmpie pactBOpbl TlIN1xYbxTe, oTHOCSATCS K Y3KO30HHBIM TOMYMPOBOMHHUKAM, O0JaJaf0IIUMU
BBICOKUMHU 3HAYCHUSAMH MAaTPHUYHOTO 3JIEMEHTA B3aHMO/ICHCTBHS.

KirioueBble cj10Ba: IIMpWHA 3ampelieHHON 30HbI, 3((eKTUBHAs Macca, NPHUBEACHHBIH XUMHYECKHUI
NOT€HIMAJI, Y3KO30HHBIC ITOJTYITPOBOIHNUKH.

XapakTepHO#l 0COOCHHOCTBIO KPHCTAIOB TBEpIbIX pacTBOpoB TlINixYbyxTe, sBisercs

HAJIMYUE€ B HX KPHUCTAUIMYECKOW PEIIETKE CTEXMOMETPUYECKUX BAKAHCHM C BBICOKOU
xonmenTpamuein (10— 10%%M3) ¥ CBA3aHHBIX ¢ HHMMHM JIOKANTM30BAHHBIX COCTOSIHHH B
3amnpenieHHoi 30ue [1-6], u 9Ta BeauunHa pacTeT ¢ pOCTOM MOJIBHOM JI0JIH UTTEPOHS B COCTaBE
TBepbIX pactBopoB. C poctoMm koHieHTpanun YbTe TBepmoro pactBopa cpeiHee paccTosiHUE
MEXKIy aToMaMH pacTBopeHHOro BemiectBa T1YbTe, mocturaer 3HadyeHuil, mpH KOTOPBIX
MEXIPUMECHOE B3aMMOJCHCTBHE HAUYWHAET BHOCHTH 3aMETHBIM BKJIAJ B SHEPTUI0 KpHCTasuia
pactBopureis TIINTez[2], 1 3TO MPUBOAUT K MOSBICHHUIO MPHHIIUIAAIBHO HOBBIX CBOWCTB, HE
XapaKTepHBIX JUIS HMCXOAHOro Marepuana. Tak, npu serupoBanud T1INTe2 HEKOTOPHIMHU
penkosemenbHbiMu dreMeHTamu (Gd, Pr, Nd, Eu, Ga, Yb) nabmogaercs sapdexr crabunuszanuu
ypoBHA PepMH, KOT/Ia €ro MOoJIOKEHUE OMPEAeseTCs] TOJbKO COCTABOM CILJIaBa M HE 3aBHCUT
OT KOHIIEHTpAIIMH JICTUPYIOIIUX mpumeceii [1,3,7].
HecMoTpst Ha TO, YTO HCCIICIOBAHUIO 3JEKTPUYCCKUX M TEIUIOBBIX CBOWCTB TlINixYbyTes,
MOCBSAIICH psif paboT [1-6], B HUX HE ObUIO U3YyUEHO BIMSHUE UTTEPOMS Ha SHEPreTUUYECKHit
CHEKTp HocHTenel 3apsana. JJlaHHbIil BOpoC MpeacTaBisieT 0COObI HAyYHBIN M MPaKTUYECKHIMA
uHTepec, Tak kKak mepexox ot TlInTez &  TlnixYbxTe, mo3BosiseT  ymydiiuTh
TEePMOdJIEKTpUUECKUe cBoiicTBa mpu TemmepaTypax T>600K [8]. IlosTomy menpio HacTosIen
paboThl SIBISIETCS U3YyUYEHUE DHEPreTUYECKOTO CIeKTpa HOCUTENeil 3apsga B TBEPIBIX
pactBopax TlInixYbxTe,. B nanHoii paboTe HCCieIOBaHBI TEMIIEPATypPHBIC 3aBHCHMOCTH
ANEKTPOTPOBOAHOCTH (G), Koapdumment Xomna (R) u tepmo-3.1.c. (o) B TBEPIBIX PacTBOPAX
TlinixYbxTe2 (0<x<010) mpu 80 - 1000K. N3mepenus o, R 1 o npoBoaurcs Ha oOpasiax
C OMHYECKMMHU KOHTAaKTaMM IPHU MOCTOSIHHOM TOKe [5] B MOCTOSHHBIX MAarHUTHBIX MOJISAX
BIJIOTH J10 1200 A/m. [TorpentHocTs n3MepeHuit He npesbiiana 4-5%.

Ha puc.l mpuBeneHsl TemrepaTypHbIe 3aBUCHMOCTH 3IeKTpornpoBogHocTH G(T)
TBepAbIX pactBOopoB TlIN1xYbxTe,. Kak BumHO M3 pucyHka, 3aBucuMoctd o(T) it pasHBIX
COCTaBOB TBEPJBIX PACTBOPOB CYIIECTBEHHO OTIMYAIOTCS Ipyr OT apyra. s ucxomHoro
coemuHenust TlInTez coOcTBeHHas 00JAaCTh MPOBOJMMOCTH HAYMHACTCS MPU TEMIIEpaType
T~700K, a B TBepabix pactBopax TlIni1xYbxTe; mo mMepe pocta OTHOCHTENBHOTO COJEPIKAHUS
UTTEpOUs B cOCTaBaX COOCTBEHHAs! 00JIaCTh CMEIIAETCS B CTOPOHY 00Jiee BHICOKHX TEMIIEPaTyp

30



(puc.1). Tlo nakmonam kpusbix (gc(10%T) B 061acTH BBICOKMX TeMmIepaTyp OblIa OlleHeHa
TepMUYeCKas IIHPUHA 3ampemieHHoN 30HbI (Fg) UIS HMCCIENIOBaHHBIX 00pasloB; OBLIO
BBISIBJICHO, YTO TI0 MEPE POCTA COJEPIKAHHSI OTHOCUTEIBHOTO KOJMYECTBA UTTEPOHS B COCTaBAX
TBEpIbIX pacTBOpoB Eg m3mensiercss ot 0,709B mis ucxomnoro coemunenust TlInTez u 1o
0,545B mmst TlinggoYbo,10T€2. DTO CBHIETEIBCTBYET O TOM, YTO B TBEP/bIX PACTBOpAX HaPSIY C
«CaMOJIETUPOBAHUEM» IPOUCXOUT TAKKE «CAMOKOMIIEHCALUS.

500 -

0 200 400 600 800 1000
T, K

Puc.1. TemiepaTypHbIe 3aBUCHMOCTH 3JeKTporipoBoaHoCcTH B TN YhTey;

3enéuas nuHus - (X=0), opamkesas muaus - (x=0.02),
cunstst muans - (X=0.05), duo/merosas munus - (X=0.10) [3].

Ha puc. 2 u 3 npeacraBieHsl TeMIepaTypHbIe 3aBUCHMOCTH KOY(PPHUIIMEHTOB XoJuia
R(T) u tepmosac o (T) tBepabix pactBopax TlINixYbxTe,. 3naku 060ux KO3GhGHUIMEHTOB
MOJIOKUTETbHBI, W 9TO CBHUJAETEIbCTBYET O TOM, UTO MPOBOAUMOCTh IOJHOCTBHIO
OCYILIECTBIISICTCS IbIPKAMH.

8-

R, cm’/C
|

0 ] | ] | )
0 200 400 600 800 1000

TK
Puc.2. Temmneparypusbie 3aBucuMoctd ko3 durment Xomia (mpu H=1200A/m)
B TlInixYbxTe,. O6o3nauenue Te ke, yTo Ha puc.l.

W3 puc.2 BugHO, uTO mpU crnabom 3amerieHud atoMoB In atomamu Yh, ko3 dunueHT
Xonna yMeHbIIaeTcsi, U, COOTBETCTBEHHO KOHLEHTpalMs JbIpOK yBenumuuBaercs. Ha Bcex
oOpasuax npu T>650K nabmronaercs o6mactb co6cTBeHHOH npoBoguMocTH. [Tpu nanpHeinem
YBEIMYCHUN OTHOCHUTENBHOTO conepkanuss YD B cocraBax, o0macte cOOCTBEHHOM
MIPOBOJIMMOCTH CMEIIaeTcsi B CTOPOHY Oojee BBICOKMX Temmepatyp. JlaHHbIi Qakr
HaOmromaeTcst Tak ke Ha TemneparypHoil 3aBucumoctd oT), OTKyna BHIHO, 4YTO IO
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temneparypsl T~650K, o(T) muHeitHO Bo3pacTaeT, a mpu HACTYIUICHUH COOCTBEHHON 00JIacTH,
MEJICHHO yMeHbIaercs. M3 puc.1-3 BuaHo, uto HaunHas ¢ X>0.05 temneparypubiii xon o(T)
u o(T) numeer Takoi jxe XxapakTep, YTO U sl Y3KO30HHBIX [I0JIYIIPOBOJIHUKOB [9].

B nmannbix oOpasmax cinabas 3aBucumocTh R(T) u nuneitnas 3aBucumocts ofT) 10
T~650K o3HauaeT, 4TO MPOBOJAUMOCTh OCYILIECTBIISIETCS] OJHUM THIIOM HOCHUTENEH 3apsja, u4To
¥ JaeT BO3MOYKHOCTH OIpeNeuTh () (HEKTUBHYIO Maccy ObIpok (cm. Tab.) [10].

a, mkV/K

800
700+
600
500

400

300 +

200+

0 200 400 600 800 1000
T, K
Puc.3. TemrepaTypHbIe 3aBUCUMOCTH TePMO 3.1.C. B Tlny«YbyTex.
OO6o3HaveHne Te e, 94To Ha puc. 1.

IIpu ompenenennn TemreparypHoii 3aBUCHUMOCTH Eg(T) OBUIO MPHHSATO COOTHOIICHHE
OE¢/0T=-1.210%B/K [11]. BbIo ycTaHOBIEHO, YTO JUIS BCeX 006pasioB d(QeKTHBHAS Macca
IeIpoK B mHTEepBajie Temieparyp 100-650K moutu He meHseTcs. DTO yKas3bIBae€T Ha TO, YTO
BajsieHTHas 30Ha  TlIN1xYbxTe, moauuHseTcs: KBaJApaTHUHOMY 3aKoHy aucrepcuu. Cremayer
OTMETHUTh, YTO JIO HACTOSIIEr0 BPEMEHU HE ObLI MCCIEAOBAH AHEPreTHUECKUN CIEKTP 30HBI
npoBoaumoctH B TlNixYbxTes.

Ucnonb3ys 3HaueHue 5((eKTHUBHOM Macchl IBIPOK U TMoJjiarasi, 4YTO KOHLIEHTPALUs
noHopoB Ng=0, mo 3naueHuto koddpduimenta Xomwia npu T < 700K HaxoauM KOHIICHTPAIIHIO
akuentopoB Na~1,2x10'® cu® (obpasenr x=0.05) u TemmepaTypy CHATHS BHIPOXKICHHUS
JTBIPOYHOTO raza npu I nd~ 640K.

Kak BuaHO u3 TaOIUIEI, 3HAUYECHUS m’,‘), m, B TlIn1xYbxTe, oTHOCHTENBHO MeHbIIE, YeM

B apyrux pactBopax TlInixLnxTez [11]. M3 Tabmuipl Takxke BUAHO, 4TO0 B oOpasmax TlINni.
xYbxTe2 B OCHOBHOM CYIIECTBYET KOPPEIALUS MEKAYy IIUPUHON 3amperieHHONW 30HbI,

3¢bdeKTUBHON Macchl m;, M, W MaTpHYHBIM DJIEMEHTOM B3auMOJeHCTBHMs. M3 sToro psma

BbIMAJaeT JUIIb TO, YTO MO CPaBHEHUIO C JIPYTUMHU Y3KO30HHBIMU MOJYHNPOBOJHUKAMH [9]
Oonbmast ddpdexTuBHas  Macca 3MeKTpoHOB B TlIN1xYbhxTe; mMoxer ObITh cBsizaHa MO0 C
MaTPUYHBIM 3JIEMEHTOM B3aUMOJEHCTBUSA, MO0 C KPUCTALIIMUECKOW CTPYKTypol. TBepible
pactBopsl TlIN1xYDbxTe2 kpucTammusyroTcsi B TeTparoHalbHONH CHHIOHUH, KaK U HCXOJHOE
coenunenne TlINTez [12]. B 3T0it cHHrOHMK B3aMMOICHCTBHE IIEKTPOHOB C KPHCTAJTHUYESCKON
pemietkoii He3HauuTenbHO [13]. B cuny [13] MoxHO monarate, 4to Oombinue 3HaueHus Eg u

m: HE CBA3aHbBI C KpHCTaHJlH‘{CCKOf/'I Cpr’KTypOfI. Mo>kHO OXWaaTrb, 4YTO HX 3HAYCHHA
O6YCJ'IOBJ'ICHBI BBICOKHMM 3HAYCHUCM MATPHUYHOI'O 3JICMCHTA BBaHMOﬂCﬁCTBHH, U3 pI/I02 BUJHO,

4qTO0 0 TEeMIIepaTyphbl T~650K KOHOCHTpAanusa AObIPOK BO3pACTAaCT HACTOJIBKO, UYTO
IpoAOJIKACTCA BBIPOXKIACHUC ABIPOYHOI'O Ira3d, UYTO M TAKIKC XapPAKTCPHO IJId Y3KO30HHBIX
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IIOJIYIIPOBO/IHUKOB [9]. DTa olleHKa NOATBEPKIAETCSl TEMIIEPATYPHBIMU 3aBUCUMOCTSIMU G U R
npu T < 640K.

2 Y2
P:Fk Eg(l—m:)} (1)
4m,

Tabnuma

30HHBIC TApaMETPhI U MOIBMXKHOCTH JBIPOK B TBepAbIX pactBopax TIINixYbxTe,

OGpasiibt T=100K T=300K
x=0 x=0.02 | x=0.05 | x=0.10 | x=0 x=0.02 | x=0.05 x=0.10
ITapamerpsbl
Eqy B) 0.70 0.66 0.62 0.54 0.68 0.63 0.59 0.51
m’;, 0.55 0.52 0.48 0.43 | 0.53 0.51 0.46 0.40
m,’j 0.040 | 0.036 0.034 | 0.031 0.037 | 0.033 | 0.032 0.030
g
PxI0 149 |40 39 |36 |40 |39 |38 35
(®B-cm)
Hp X107
5 210 230 1200 1350 180 195 1100 1250
(ecm/B-c)

Wrak, B wWccinenoBaHHOW oOmactu Temmeparyp TBepabiii pactBop TlInixYbyTex (0
<x<010 ) obnmamaer ABIPOYHON MPOBOJAMMOCTHIO TIPH CHIHHOBBIPOKJICHHOM COCTOSHUU

neipoyHoro raza. [lpm T>650K HaGmromaercst 00yacTb COOCTBEHHOW MPOBOJAMMOCTH U
XapakTep TEMIIePaTypHbIX 3aBHCHMOCTCH G M o OOBSICHSACTCS HAJIMYHUEM JIBYX THIIOB
Hocureneir 3apsga. Hauwmnmas ¢ x=0.05, npu mepexome ot TlInTez x TliniYbyTey,
temrieparypabli X041 o(T) KayecTBEHHO M KOJUYECTBEHHO CHIJIBHO — OTJIMYAIOTCA.
[IpenmoaraeTcsi, 4TO 3TOT IMEPEXOJ COMPOBOXKIACTCS IEPEexXojJaM OT TMOJYINPOBOJHUKA K
Y3KO30HHOMY TIOJTYITPOBOTHUKY.
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ZOIF MAQNIT SAHOLORINDO TlIn1xYbxTe, BORK MOHLULARININ KINETIK
OMSALLARININ OLCULMOSINDON IiSTIFADO EDOROK ELEKTRON VO
DESIKLORIN EFFEKTIV KUTLOLORININ TOYINi

EMINOVA V..

TlingxYbxTe2 (0 < x <0,10) bork mohlularinda elektrikkegirma Holl vo termoelektrik
omsallarinin (o,R,a) temperatur asilihiglar: (o(T), R(T), a(T)) 80-1000K temptratur intervalinda

todqiq olunmusdur. Bu kinetik amsallar asasinda elektron vo desiklorin effektiv kitlalori tayin
olunmusdur. Miayyan olunmusdur ki, x=0.05 giymatindon baslayarag, TlInixYbxTez> bark
mohlulu 6zuni darzolaql: yarimkegirici kimi aparir.

Acar sozlar: qadagan olunmus zonanm eni, effektiv kitlo, gotirilmis kimysvi potensial, darzolaqli
yarimkegiricilor.

DETERMINATION OF EFFECTIVE MASSES OF ELECTRONS AND HOLES
IN TlIn1xYbxTe2 ON THE BASES OF MEASURED KINETIC
COEFFICIENTS IN THE WEAK MAGNETIC FIELDS

EMINOVA V.I.

The temperature dependence of the electrical conductivity o(7), the Hall coefficient R (T)
and the coefficient of thermo-power «(T) in the solid solutions TlInixYbxTe, (0< x<0,10) at
80-1000 K have been investigated. The effective masses of electrons and holes have been
determined on the basis of the kinetic parameters. It was established that starting with x = 0.05
solid solutions of TlinixYbxTe, belong to the narrow-gap semiconductors having high
interaction matrix element.

Key words: band gap, effective mass, chemical potential, narrow-gap semiconductors.
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The paper presents the results of studies of adsorbent regeneration processes under the influence of
electrical discharges. It is shown that the influence of electrical discharge on the process quite effectively
stimulates desorption processes.

Key words: Clinoptililolite, adsorbent, electric discharge, desorption, vacuum, structure, hydrogen sulfide,
hydrocarbon, mass spectrometer, spectrum.

I. INTRODUCTION

Adsorbed molecules interact with surface molecules or atoms and reduce both the free sur-
face energy of the condensed phase and the total energy of the system. Therefore, adsorption is a
spontaneous process that occurs with the release of heat; the process opposite to adsorption is called
desorption. A very similar term, absorption, is also often encountered. The difference is that
adsorption occurs on the surface of the condensed phase, and absorption occurs in its volume. In
situations where the differences between adsorption and absorption are imperceptibly small or the
absorption mechanism is unclear, the more general term sorption is used as a synonym for the term
absorptionwithout specifying a detailed mechanism.

It is necessary to warn against a simplified representation of adsorption as a simple transition
of molecules from the mobile (gas or liquid) phase to the surface. Molecules of the mobile phase,
continuously hitting the surface of a solid, are retained on it for some time. Adsorbed molecules
rotate or oscillate about some point on the surface (in this case, adsorption is said to be localized) or
move along the surface in different directions (non-localized adsorption). At some moments,
fluctuations in the thermal energy of the surface of the solid may be sufficient to impart such an
impulse to the molecule that it breaks away and flies back into the mobile phase - is desorbed. At
any given moment in time, there is a certain number of adsorbed molecules on the surface, which
depends on the number of impacts on the surface (i.e. on the gas pressure - the higher the pressure,
the more there are). Temperature has the opposite effect: the higher the temperature, the greater the
energy of oscillations of the surface particles, therefore, the greater the number of molecules that
can leave the surface. Adsorption equilibrium occurs when the number of molecules adsorbed and
desorbed per unit time becomes equal to [4]. Reasons for adsorption. Let us consider this process
using the example of the system.

Adsorption-desorption processes are widely used in industrial waste gas and wastewater
treatment processes, and are also used to purify hydrocarbon liquids from various impurities [1-3].
In this regard, the improvement and development of new methods of sorption and desorption
processes are also among the pressing issues of today.

Currently, in modern processes, desorption of adsorbents is carried out by washing them with
clean water or heating them to a certain temperature, by washing them with water vapor. In the case
of a small number of adsorbents, desorption processes are carried out in sealed systems and, along
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with temperature effects on them, continuous vacuuming of the closed volume is carried out at the
same time.

The above description of the adsorbent desorption technique is currently accepted as the
main methods and is widely used in practice. It should be noted that these methods to a certain
extent meet the requirements of practice, but at the same time have the following disadvantages:

* 100% purification of adsorbents does not occur;

* The time of desorption processes is long;

* The process efficiency is unsatisfactory.

Il EXPERIMENT AND DISCUSSION

In this work, samples of natural zeolite clinoptilolite deposits located in the territory of the
Republic of Azerbaijan were used as study samples.

The selected granules of clinoptilolite with a diameter of 2-3 mm were heated at a
temperature of 4000C for 4 hours with simultaneous continuous vacuuming of the closed volume,
then they were introduced to saturation with natural gas containing 5% hydrogen. Saturation of the
adsorbent was controlled by the method of mass spectrometry - hydrogen sulfide breakthrough and
the appearance of the corresponding peak of H,S. In mass spectrograms.

At a certain stage of the experiment, a portion of the adsorbent saturated with 5% H,S was
heated at 4000C for 150 minutes and then the concentration of H,S in the desorbed gases was
determined using a mass spectrometer. Desorbed processes with the following portions of
adsorbents were carried out in a similar manner, under conditions of the impact of barrier discharge
of different powers on the desorption process. Fig. 1 shows the results of changing the
concentration of H,S in the desorption gas.

10
H,S

10 30 50 70 90 110 130 150 t, min

Fig. 1. Change in the concentration of H2S in the desorbed gas.
1-adsorption process without the effect of discharge,
2,3,4-desorption processes under the effect of discharge.
The discharge field strength was:2-E=40 kV/cm, 3-E=50 kV/cm, 4-E=60 kV/cm.
Regeneration temperature T=4000C.

N,-CO

4 6 8 100 120 140 160 ¢t min

Fig. 2. Change in the concentration of various gases in the desorbed gas under the
influence of an electric discharge with a field strength of E=60 kV/cm.
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Fig. 3. Mass spectrogram of the desorption process under the
influence of a barrier discharge (E=60 kV/cm)

Analysis of the results presented in Fig. 1. indicate that with an increase in the field
strength of the barrier discharge, the duration of the desorption process is noticeably reduced,
and the desorption depth increases by 40-45%.

Similar results (Fig.2) were obtained during desorption of other gases under the action of a
barrier discharge. Fig. 3. shows a mass spectrogram of the desorption process of a mixture of
CH> + H>S gases under the action of a discharge.

It is evident from the mass spectrogram that in addition to the desorption of the main
gases CHs and H.S from the adsorbent, their constituent atoms are also desorbed, and
desorption of other gases previously absorbed by the adsorbents is also observed. The
appearance of the H.O molecule in the spectrum indicates that, as a result of the action of the
gas discharge, H2O in the adsorbent passes from the bound state to the dissolved state, thereby
facilitating the desorption of the H.O molecule. In the spectrum also observed atoms and
molecules of residual gases and gases formed by the conversion process under the conditions of
the discharge.

Analysis of the set of results of the study of desorption processes under the conditions of
the influence of electric discharges show that the mechanisms of the processes of desorption of
gases from adsorbents are based on the following physical and chemical processes.

* The effect of the discharge on the adsorbents can lead to local heating in the adsorbents;

* With the influence of the discharge, the movement of atoms and molecules along the
surface of the pores present in the adsorbent is accelerated,;

« With the influence of the discharge, the dissociation of the desorbent molecules into its
constituent atoms occurs;

» With the influence of the discharge, the rupture of ionic, hydrogen, covalent bonds of the
molecules and atoms of the desorbent with the adsorbent - i.e. the desorbent from the
bound state can pass to the dissolved state;

» The effect of a discharge of significant power on the adsorbents causes additional
emission of atoms and molecules from the surface of the adsorbents.

111 CONCLUSIONS
Thus, the combination of the above factors, realized under the influence of electric
discharges, contributes to the intensification of desorption processes from the surface of
adsorbents.
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It should be noted that the developed adsorption method under the influence of discharges
can be used in technological processes for cleaning gases and liquids of hydrocarbon
composition, industrial wastewater and in solving other relevant environmental problems.
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NCCIEAOBAHMUME ITPOLECCOB JECOPBIINU I'A30B C IOBEPXHOCTH
TBEPABIX AACOPBEHTOB B YCJIOBUSAX JIEKTPUYECKOI'O PA3PSAJIA

I'YPBAHOB K.b., QYﬂEﬁMAHOBA JLY., T/ KADAPOBA @.111., TATUEBA 3.A.,
I'YCEMHOBA C.A., TAJI’KUEBA B.M., AXATIOBA C.C.

B paboTte nipencraBiieHbl pe3yabTaThl HCCIICIOBAHHUH MPOIIECCOB pereHepaIiui
aJIcCOPOEHTOR TI0]] BO3/ICHCTBHAEM JIEKTPUICCKHUX pa3psioB. [loka3aHo, 4To BO3CHCTBIEC
IEKTPUIECKOTO paspsija Ha MPOIECC TOCTATOTHO 3P(HEKTHBHO CTUMYIUPYET MPOTIECCHI
JecopOIuu.

KnioueBble c10Ba: KIMHONTWINIONUT, aICOPOCHT, DIIEKTPUUECKHH pa3psm, 1ecopOLus, BaKyyM,
CTPYKTYpa, CEpOBOAOPO, YIIIEBOAOPOL, MACcC-CIEKTPOMETP, CIEKTP.

ELEKTRIK BOSALMASI SORAITINDO BORK ADSORBENTLORIN
SOTHINDON QAZIN DESORBSIYA PROSESLORININ TODQIiQi

QURBANOV K.B,, SULEYMANOVA L.C., COFOROVA F.S., TAGIYEVA Z.A.,
HUSEYNOVA S.A., HACIYEVA V.M., OHODOVA S.S.

Mogalodo elektrik bosalmalarinin tosiri altinda adsorbentlorin barpasi proseslarinin
todgigatlarinin naticalori toqdim olunur. Elektrik bosalmasinin proseso tosiri desorbsiya
proseslorini kifayat gqodor effektiv sokilds stimullasdirdigi gostarilmisdir.

Acar sozlar: klinoptililolit, adsorbent, elektrik bosalmasi, desorbsiya, vakuum, struktur, hidrogen sulfid,
karbohidrogen, kitlo spektrometri, spektr.
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KOMPOZIT VARISTORLARIN HAZIRLANMASI UCUN ISTIFADO
OLUNAN TEXNOLOJi METODLAR
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Mogalodo asqarlt ZnO varistor keramikasimin torkibi vo istifado olunacaq polimerlorin bozi elektrofiziki
parametrlori gostorilmisdir. Isdo homginin polimer asasli kompozit varistorlarm hazirlanmast iigiin istifado olunan
texnoloji metodlardlar aragdirilmigdir. Miioyyan olunmusdur ki, isti preslomo metodundan basqa digor metodlar
kompozit varistora goyulan toloblori tam 6domir.isti preslomo metodu polimer osash nazik tobogeli kompozit
varistorlar Gciin optimal parametrlorin alinmasini va onlarin magsedsuygun variasiyasini tamin edir.

Acar sozlar: ZnO, varistor, polimer, kompozit, sintez tisulu, texnoloji metod, elektrofiziki xassslor.

Moalum oldugu kimi, kompozit materiallar islonmasi, onlarm tarkibinin yenilonmasi va
bu kompozitlorin sonayeds genis totbiq olunmasi masalalori hal-hazirda ¢ox aktualdir. Qeyd
etmok lazimdir ki, qeyri-xotti kegiriciliya malik oldugu figlin yarimkegirici varistorlar
energetika sahasi G¢lin mihim oshomiyyat kosb edir. Belo materiallarin totbigi ilo ylksok
gorginlik xatlorinds vo yarmmstansiyalarda sigrayisla arta bilon zarorli gorginlik dalgalarmnin
aradan qaldirilmasi tomin olunur. Yarmmkegirici varistorlar elektroenergetikanin, radiotexni-
kanin va elektronikanin miixtalif sahalorinds tatbiq olunur. Lakin bu varistorlarin gabaritlorinin
boyiikliiyii, alinma texnologiyasinin yiiksok temperaturlugu, baha basa goalmasi, homginin
acilma gorginlinliyinin tonziminin vo praktikada varistorlara goyulan taloblorin kasginliyi yeni
nov, daha effektli, genis funksiyali varistor materiallarmin islonmosins ehtiyac yaradir. Son
illordo aparilan todqiqgatlar gostorir ki, yeni varistor materiali kimi an boyuk perspektivliys
malik olan materiallar geyri-orqanik polikristallik yarimkegirici keramika vo organik polimerlor
osasinda almmis kompozitlordir. Polimer osasli nazik tobagosli kompozit varistorlar alinma
texnologiyasinin sadoaliyindon basqa, bozi istismar parametrlorino goro do Ustlin cahatlora
malikdir. Polimer matrisasinin kristallasmasinin temperatur zaman asililigmi doyismoklo
kompozit varistorlarin xassalorini vo parametrlorinin sabitliyini nizamlamaqg olar. Keramik
fazaya asqarlar alava etmoklo polimer asasli kompozitlorin sathinin aktivliyini, homginin volt-
amper xarakteristikasinin geyri-Xoattilik amsali va agilma garginliyini nozaragarpacaq daracado
doyismok mumkindir. Qeyd edok ki, polimer asasli nazik tobagoli kompozit varistorlarin
alinma texnologiyasinin asagi temperaturlugu, ¢oki vo hondasi 6lgllorinin ¢ox kigik olmasi,
geyri-xattilik amsali vo agilma gorginliyinin mogsadouygun sokildo variasiyast mithiim praktiki
ohomiyyat dasiyir [1-5].

Isin osas mogsadi kompozit varistorlarin hazirlanmasi zamam optimal texnoloji iisullarm
tayin edilmasidir.

Qeyd edak ki, istifads olunan ZnO va SiC varistorlarinmn sintezi keramik tisulla aparilir.
Sintez prosesi bark hissaciklor arasinda diffuziya hesabina gedir vo noticodo bork faza omalo
galir. Hissaciklorin diffuziyasini ¢oxaltmaq ti¢lin yuxar1 temperaturlardan istifads olunur. Belo
ki, keramik sintez bozon 2300 K temperaturda aparilir. HissacCiklorin qarsihigh diffuziyasini
asanlagdirmagq ticiin onlar1 avvalcadon mimkin godor mexaniki xirdalayirlar.Sonayeds istifado
edilon xirdalama iisullar1 zamani adoton 10-60 um olgiido hissaciklor almir. Homin
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hissaciklorin bir-birina toxunmasint yaxsilasdirmaq t¢iin ozilmis kiitlo yiksok tozyiqde
preslonir. Buna baxmayaraq keramik sintez diffuziya xarakterli vo diffuziya sirati Kicik
oldugundan zarraciklorin birinin atomunun o birinin daxilina tam diffuziya etmasi Ugun ¢ox
vaxt talob olunur. Belo Ki, agor zorraciyin 6lgiisii 10 um va ilkin maddanin elementar gofas
parametri 10A=107sm=10" pm olarsa, onda atomun homin zarraciyin bir tersfindon digerine
dogru diffuziyasi zamani 10000 elementar qofosi kegmasi lazim golir. Atomun bels bir yol got
etmosi U¢ilin bazon 10 saatdan ¢ox vaxt talob olunur. Sanayeds adoton keramik sintezi nisbatan
qisa miiddotds (2+10 saat) aparirlar. Ona gora do keramik sintez ¢ox zaman hissaciklorin yalniz
toxunma sorhodlori otrafinda gedir. Diffuziya prosesi zorrociklorin toxunma sarhaddindo
baglayir.Bu zaman sorhoddo araliq faza omolo golir. ©gor ilkin diffuziya prosesinin suroti
toxunan zarraciklorin kimyavi tobistindan, sintez temperaturundan asilidirsa, araliq tobago
omolo goldikdon sonra, homginin o tobogonin qalinligindan, atom vo ionlarin diffuziya
mutoharrikliyina gostordiyi migavimoatdon do asilidir. Cox zaman reaksiyanin siirati araliq
fazanin qalinligindan asili olaraq eksponensial olaraq azalir [2; 3].

Beloliklo, keramik sintezin kinetikasina araliq fazanin kimyovi tobioti, aqreqat hals, kristal
qurulusu, niifuz etdirma Xxisusiyystlori boylk tosir gostorir. Ogor diffuziyada istirak edan
ionlara qars1 araliq fazanimn diffuziya kegiriciliyi boyuk olarsa, onda reaksiya bir o godor stratli
gedar. Prosesin getdiyi temperaturda omoalo galon araliq faza maye halda da ola bilar. Araliq
faza maye olduqgda reaksiya suratli gedor. Praktikada keramik sintezi sliratlondirmak tglin ilkin
sixtaya nisbaton asan ariyan oksid va ya hallogenid birlosmalar gatilir.

Polimer osasli nazik tobogoli kompozit varistorlarin komponentlarinin asasini polyar vo
geyri-polyar polimer dielektriklor vo asqarli ZnO keramikasi toskil edir. Cadval 1-do asqarli
ZnO varistor keramikasinin torkibi, codval 2-do iso istifado olunacagq polimerlorin bazi
elektrofiziki parametrlori gostorilmisdir.

Codval 1.
Asqarli ZnO varistorunun torkibi
NUmunaNel NUmuna Ne2 NUmuna Ne3
Torkib mol% 500 mol% 500 gramdak1 mol% 500 gramdak1
gramdaki1 miqdari miqdart1
miqdar1
ZnO 97 91,6 96,5 90,76 95,5 89,577
Bi2Os 0,5 2,7 0,5 2,69 0,5 2,6845
Sh2 O3 1 3,4 1 3,368 1 3,359
Co304 0,5 1,398 0,5 1,392 0,5 1,3887
B2 O3 0,5 0,41 0,5 0,404 0,5 0,403
MnO:; 0,5 0,51 0,5 0,502 0,5 0,4955
Cr20s 0,5 0,878 0,5 0,876
Niz O2 - - - 0,5 0,522
SiO; - - - - 0,692
Codval 2.
Matrisa kimi istifads olunan polimerlorlarin elektrofiziki xassalori.
Polimerlor ~ vo  onlarin P,
kmyavi qurulusu pv, Qcm | tgd £ ts, °C | tp, °C g/sm?
Yiksok sixligli polietilen
[-CH>-CH2>-]n —YSPE 1010 | 410" 2,3 | -80 | 125-137 | 0,919
0,96
polivinilidenftorid
[-CHCF-]n— 210" 1,210% |13 |-20 |160-170 | 1,76
PVDF(F2M) =30

Kompozitin alinma prosesinin ilkin morhalssi bu iki komponentin pres-ovuntusunun
alinmasidir [4-10]. Pres-ovuntunun alinmasinin ilkin moarhalosi komponentlorin xirdalanmasi
Vo qarigdirilmasidir. Miiasir dovrds ilkin momulatin (polimer vo keramika) qarigdirilmasi iiglin
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daha sado Vo universal keramik qarisdirma metodundan istifado olunur vo noticada
komponentlarin bircins qarisigi alinir [5;6]. Qarisdirma prosesi mikro doyirmanlarda quru halda
apartlir. Masalonin qoyulusundan asili olaraq varistor fazasmin hissaciklorinin diametrinin
60+350um arasinda doyisdirilmasi daha moagsadouygundur. Polimer fazasi kimi sonaye
moqsadila istifads olunan polimer tozu nazards tutulur.

Qeyd edok ki, polimer asasli kompozit varistorlarin hazirlanmasi {igiin asason asagidaki
texnoloji metodlardan istifado edirlor:1-isti preslomo; 2-ekstruziya; 3-kalandirlama; 4-
mohluldan ¢okdirms [5].

Gostorilon iisullarin tatbigi son naticads kompozita qoyulan tslabatdan asilidir [7-9].
Polimer asasli kompozit varistorlar tigiin texnoloji tisullara agagidaki taloblor gqoyulur:

e Kompozit masamali olmamalidir;
Polimer vo keramik fazanin nimunoads paylanmasi bircins olmalidir;
Sintez prosesinin morholalori mimkiin gadar az va qisa vaxt arzinds olmalidir;
Kompozit nimunslorin galinligi eyni olmalidir;
Nimunalorin alinmasi ekspres olmalidir;
Eyni soraitdo alinmis niimunalorin elektrofiziki, fiziki-mexaniki xassalorinin
tokrarligi tomin olunmalidir.

Isti preslomo metodundan basqa digar metodlar géstarilon taloblori tam ddomir. Masalan,
kompozit varistorlar tigtin gox vacib olan moasamasiz niimunalori mohlulda ¢okdirmokls almaq
mumkin deyil. Ekstruziya vo kalandirlama metodlar1 ilo kompozitlorin alinmasi zamani
polimer matrisada geyri-iizvi fazanin hocmi faizini yalnmiz 25-35% go6tiirmok olar. Kimyavi
metodla kompozitlorin alinmasi onlarm tarkibinds kigik molekullu birlosmoalorin yaranmasina
sobab olur. Ona goro do isdo asason isti preslomo Usulu ilo nimunoalorin alinmasi nazards
tutulur. Qeyd edok ki, isti presloma metodu polimer asasli nazik tobagoali kompozit varistorlar
tctin optimal parametrlorin alinmasmi vo onlarm mogsedouygun variasiyasmi tomin edir. Isti
preslomo metodu kompozit varistorlarin tatbiq sahslorini do artirr. Masalan, isti presloma
metodu ilo galmligr miixtalif olan nimunoalorin alinmas1 kompozit varistorlar asasinda isloyan
yuksok gorginlik aparatlarinda kegid garginliklorini mohdudlasdiran elementlor hazirlana bilor
[1-16].

NOTICO

Isdo miloyyon edilmis isti preslomo metodundan istifads, texnoloji cohatdon yiiksok
keyfiyyatli polimer asasli kompozit varistorlarin hazinlanmasina va tatbigins imkan verir. Qeyd
edok ki, polimer asasli kompozit varistorlar texnologiyasmin sadsliyindon basqa, bazi istismar
parametrlorino goro do Ustunlik toskil edir. Belo ki, polimer matrisasmin kristallasmasmin
temperatur-zaman intervalin1 doyismok vo elektrik qaz bosalmasinin tasiri altinda kompozitin
komponentlarini modifikasiya etmoklo, kompozit varistorlarmn xassalori vo parametrlorinin
sabitliyini nizamlamag mimkindur.
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TEXHOJIOI'MYECKHUE METO/bI IPUT'OTOBJIEHUA
KOMIIO3UTHbBIX BAPUCTOPOB

AXAJBAJIE II1.M., HYPYBEINJIM T.K., TATUEBA E.Q.

Hcnons3oBanue ONpCACIICHHOI'O B pa60Te MCTOJa TOPAYCro HpPCCCOBAHHA IO3BOJIACT

HU3roTaBJIMBATh U MPUMCHATH TCXHOJIOTUYHBIC BBICOKOKAYCCTBCHHBIC KOMIIO3UTHBIC BAPpUCTOPHI
Ha HOHHMCpHOﬁ OCHOBC. CJ'ICI[yeT OTMCTHUTL, 4YTO, IIOMHUMO HPOCTOTbI TCXHOJIOI'UH,
KOMIIO3UTHBIC BApUCTOPBI HA HOHHMGpHOfI OCHOBC TAKXC ABJIAKOTCA NPCANOUYTUTCIBbHBIMHA U3-
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32 HEKOTOPBIX PabouyMX mapameTpoB. Takum 00pa3oM, MOKHO PETyIHpPOBATh CTAOMIBLHOCTD
CBOMCTB M IIApAMETPOB KOMIIO3UTHBIX BAPUCTOPOB, H3MEHSASA TEMIEPATYpPHO-BPEMEHHON
MHTEPBAI KPUCTAIUIM3ALUU TOJIMMEPHON MaTpHULbl B MOAUDUIMPYS KOMIOHEHTHl KOMIIO3UTA
I10J] BO3JCHUCTBUEM JJIEKTPUYECKOTO Ta30BOT0 pa3psa.

KawueBbie cioBa: ZnO, BapucTop, MOIUMEP, KOMIIO3HT, METOJ CHHTE3a, TEXHOJOIMYECKHH METO.,
3NIeKTPOHU3NUECKUE CBOWCTBA.

TECHNOLOGICAL METHODS USED FOR PREPARATION
OF COMPOSITE VARISTORS

AHADZADE SH.M., NURUBEYLI T.K., TAGHIYEVA E.Q.

The use of the hot pressing method defined in the work allows the preparation and
application of technologically high-quality polymer-based composite varistors. It should be
noted that, apart from the simplicity of the technology, polymer-based composite varistors are
also preferred due to some operating parameters. Thus, it is possible to adjust the stability of
the properties and parameters of composite varistors by changing the temperature-time interval
of polymer matrix crystallization and modifying the components of the composite under the
influence of electric gas discharge.

Key words: ZnO, varistor, polymer, composite, synthesis method, technological method, electrophysical
properties.
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IHOBBINEHUE KAYECTBA 3JIEKTPOOHEPI'MHA B CETH C IIOMOIIBIO
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B Z[aHHOﬁ CTaTb€ PACCMATPUBACTCA BJIMAHUC MCIIOJIB30BAHUA HCTOYHUKOB peaKTHBHOﬁ MOHOIHOCTHU Ha
Ka4ueCTBO DJJICKTPOOHEPTUH, CTa6I/IJ'II/I3aLII/IIO ypOBHeﬁ HalpsHKECHUA, CHWXKCHHUC TapMOHUYCCKUX HCKa)KEHUH u
YIAyduIeHue KOZ)(l)(l)I/IHI/IEHTa MOIIHOCTH. KOMHeHcaHI/IH peaKTHBHOﬁ MOIIHOCTH H np06neMa KayecTBa
QJIEKTPOOHEPTUU HAIIPAMYIO CBA3aHbI C MTHOBEHHBIMU HAIrpy3KaMnu HOTpCGHTCJ’[Cﬁ, HalpsHKCHUEM U YaCTOTOM.

KiroueBble cj10Ba: KauyecTBO DSHEPrUH, PEAKTHBHAS MOIHOCTh, IOTEPU OHEPTMM M MOIIHOCTH,
perynupoBaHUe HAMPSHKSHMUSL.

KadectBo snekTposHepruu  SBISIETCS BaXHBIM  (DaKTOpoM Uit CTAOMIIBHOCTH
COBPEMEHHOM TEXHOJOTHYECKOM Cpelbl MW MPOMBINUIEHHOCTH. KayecTBO »3Heprum B
AIIEKTPUYECKON CETH OMNpeAessieTcsl psAAOM IMapaMeTpoB, TaKUX KaK CTAOMIBHOCTH YPOBHEH
HaNpsDKEHUs, MUHUMU3AlMsS TapMOHUYECKMX MCKaKEHUHW M onTUMH3anus KoddduiueHTa
MOIIIHOCTH.

OTkiI0HEHHS B JIIOOOM M3 ATHX MapaMeTpOB MOTYT NMPUBECTH K HEMPaBUIIbHON paboTe
YCTPOUCTB MOTPEeOUTENICH, YBEIINUECHUIO TTOTEPHh PHEPTUN U CHIDKCHHIO 001Iel 3((HEeKTHBHOCTH
ceTd. VICTOYHUKN PEaKkTUBHOM MOIIHOCTU SIBJISIFOTCS BaXXHBIMU CPEICTBAMH JUIS MOBBIIICHUS
KauecTBa HSHEpruu B ceTH. llpaBuibHOE ymnpaBiieHME PEaKTUBHOM MOIIHOCTHIO MOBBIIIAET
HAJEKHOCTh U 3P (EKTUBHOCTh PHEPIeTUYECKOM CETH 3a cueT oOecreyeHHs] CTaOMIbHOCTH
HANPsDKEHUA U yydllleHus ko3¢ uimeHTa MOITHOCTH.

KommeHncanusi peakTMBHOW MOIIHOCTH TAaK)K€ HCIOJIB3YETCSl Al CHUXKEHHS MOTEpPb
SHEPrUM U ONTHMHU3ALMHU MPOIYCKHOM criocoOHOCTH ceTu. KonnuecTBo akTUBHOM, peakTUBHOM
Y MOJIHOM MOUIHOCTH, NIepeaBaeMOi MOTPEOUTEINSIM [0 BO3AYIIHBIM JIHHHIM JIEKTpoIepeiay,
JOJI’KHO OBITH SKBUBAJIEHTHO OOIIEH MCIONB3yeMON MOITHOCTU MoTpeduTeneii. B atom ciydae
oOmias BUAMMAsA TMOTEPs HANPsOHKEHHs B SJIEMEHTaX CeTH He JOJDKHA MpeBblmaTh 5%.
TpebGoBaHMsT HOPMHUPOBAHUS ANEKTPOIHEPTUU U TMOTEPh SHEPTUU MOJHOCTHIO OTPAKEHBI B
nutepatype. Hopmanuzanus mnpenctaBiseT coOoil mpolenypy OMpeneieHus ONTHMAaIbHOTO
YPOBHSI TOTEPh B COOTBETCTBUU C HSKOHOMHUYECKUMHU KPUTEPUSMH, CTOMMOCTH KOTOPBIX
OTIpe/IeIIIeTCSl Ha OCHOBE pacueTa MoTepb, B TEUEHHUE KOTOPOrO aHAU3UPYIOTCS BO3MOKHOCTH
CHIDKEHHS (PaKTHUECKON CTPYKTYphl Ka)XXIOrOo KOMIIOHEHTa. B HacTosiee BpeMs BOIPOCHI
OecriepeOOMHOTO, HAAEKHOTO U KAYeCTBEHHOTO OOECHedeHus OJIIEKTPUYECKONW JHeprueu
MIPOU3BOJICTBEHHBIX MPEANPHUITHI OCTAIOTCS aKTyalbHbIMH. CTaTUCTHUECKUW aHamu3 IS
CHIDKEHUS TIOTEPh DIEKTPOIHEPTUU COCTOUT M3 HECKOJIBKUX 3TAMOB. DTH ATAIbl BBHITIOTHSIIOTCS
B CJIEYIOIIEH MMOCIE0BATEIbHOCTHU

1. Ompenenenue MecTa 1 croco0a BOSHUKHOBEHHSI MOTEPh ANEKTPOIHEPTUH.

2. Co0p maHHBIX U3 MECT BOBHUKHOBEHUS MOTEPh B IIEKTPOCETH.

3. IlpuBenenue coOpaHHBIX JAHHBIX B MOAXOAAIUN ¢dopMaT, 3amoIHEHHE U
yCcTpaHeHHe MpoOesoB.

4. OnpeneneHue GakTOpPOB, BIUSAIONIUX HA IOTEPH, H CTENICHU UX BIIHSHHUS.
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Jnvuanas

KOMIICHCA s peaKTI/IBHOfI MOIIHOCTHU ITOKa3bIBACT 0oJiee SIKOHOMUYHBIN oyTh

JOCTUXKEHUS IOCTABJIEHHBIX LEJIeH A1 MEKCHUCTEMHBIX M BHYTPUCHUCTEMHBIX cBsizedl. Ha
pucyHke | nmokaszaHbl TEKYLIME COCTOSIHUS TEXHUYECKUX IOTEPh MIEKTPOIHEPTUH, PEAKTUBHO U

1 aKTUBHOM MOIITHOCTH B ceTsAx HanpsbkeHuem 35 kB u 110 kB.

CooTHoIeHHe TeXHHISCKHX IIOTEPh 3HSPIHH IIPH

.'3.TIEI{IPOCH36}KEHHH I10 ToJamM
ITorepn Axmmexo Monmoct (%o)

5.0 +Totepn Pearmenoit Monmoct: (%)

4.5
4.0
35

3.0 -

TIpomenT moTeps (%o)

-

2019 2022 2023

Tomer

2015 2016 2017 2018 2020 2021

Puc.1. CooTHOIIEHNE TEXHUYECKUX TIOTEPh YHEPTHH TIPU
AIEKTPOCHAOKEHUH TI0 TO/IaM.

B nocneanue roasl HaOII0Aa€TCS MOCTOSHHBIN POCT MOTEPh XOJIOCTOTO X0/1a B CHUJIOBBIX
TpaHcpopMaTopax, 4TO CBHUAETEIbCTBYET O CHI)KEHUU PEAKTHUBHOW MOIIHOCTH, MOCKOJBKY

KOJIUYCCTBO IMPUCOCIANHACMBIX HOTpG6HT€J'I€I>i HE HU3MCHUIIOCH,

U3MCHSCTCA B

a axKTHBHAg MOIIHOCTH
He3HauuTeNbHOUW creneHu. C rojgaMu mMorojia B ATOM CUTyallMd MEHSETCS B

Pa3IUYHBIX MPOSIBICHUSAX B JIMHHUAX AJIEKTPOTIEpEaadn U CHIIOBBIX TpaHcpopmaropax [4]. Tot

(dakr, 4TO B

pacdue€Trax IOTEpPb aKTUBHOU H peaKTHBHOﬁ MOIIHOCTH BO3AYIIHBEIC JIMHUU

QJICKTpoOIEpEeaaun U CHUIIOBBIC TpaHC(l)OpMaTopBI B OCHOBHOM BKIIIOYAIOT IIOJIHYIO aKTHUBHYIO
MOIIHOCTB, PCAKTUBHYIO MOITHOCTh U HOMUHAJIbHBIC HAIIPSAXKCHHUA, IIOKa3aH Ha (pI/IC 2)

IIpouent IToteps (%)

CootromenHe TexanueckHx IToTeps PeakTupHOH MoHocTH B CeTH HanmpaxeHHeM
35 kB mo I'omam
IMotepn uepes Crnosoil Tpanchopmarop (%)
*~ ITotepn wepes BJI Snexrponepenad3m (o)

2018 2019 2021 2022 2023

Tommr

2015 2016 2017 2020

Puc.2. Bug TexHHuecKkuX NOTEph B CETH HalpsbkeHus 35 kB peakTuBHOM
MOLIHOCTH, TIePEAaBaeMOi CUIOBBIM TpaHC(HOPMATOPOM
Y BO3AYIIHOW JIMHUEN AJIEKTpOIepeayun.
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[ToCKONBKY DIEKTPUYECKOE HANpsHKEHUE TIepenaeTcss Ha OOJbIIME PACCTOSHHS 10
BO3JIYIITHBIM JIMHUSIM 3JIEKTPOIEepead, OHU OyIyT MMETh MOTEPU AKTUBHON M PEAKTUBHOM
MOIITHOCTH. DTH TOTEPH OMPEICISIOTCS M0 CIAESTYIOUUM (POpMYyIIaMm.

[Torepu akTUBHOM MOIITHOCTH B JIMHUH:

AP = 3I°R =3 P—2+Q—2 R=MR=2R @))
302 302 U2 Uz’
[Torepu peakTUBHOU MOIHOCTH B JIMHUU:
AQ =3I’°X =3 P—2+Q—2X=—P2+QZX=ﬁ (2)
302 302 U2 Uz’

Croma sxe OynyT BKJIIOYCHBI 3HAYCHHSI AKTHBHOW W PEAKTUBHOW MOIIHOCTH JIMHUU
AJIEKTPOTEpeIaull B BBIpOKECHUSAX | W 2, a TakKe HOMHHAJIbHBIC 3HAYEHUS TEPEIaBae€MOTO
HaIpsHKEHUS.

CymMapHbIe TIOTEPU B CYIIECTBYIONIUX AJIEKTPUUYECKUX CETSIX, T. €. B BHICOKOBOJIbTHBIX
JUHUSX JJIEKTPOIEepeaun, MpUMeUYaTebHbl T€M, YTO TOTEPHU B BBHICOKOBOJIBTHBIX CETSIX B
CJIEIYIOLIUX DJIEMEHTAaX DJIEKTPOCETEH CPaBHUTEIHHO MEHBIIIE, YEM MOTEPH B HU3KOBOJIBTHBIX
CeTSAX Tepenayn dIeKTpodHepruu. [oCKoIbKy TIIOMaay MOMEPEYHOr0 CEUYECHHsI TIPOBOJIOB B
HU3KOBOJIBTHBIX JJICKTPUYECKUX CETAX HECKOJbKO OOJIbllle, TOTEPH B HHUX BEIHKH.
MeponpusiTusi TO CHHXEHUIO TIOTEPh JJICKTPOIHEPTHH B DIJIEKTPUUYCCKONW CETH MOMKHO
pa3JeNnuTh Ha CIEAYIOUIUE TPYIIIbL:

1. YBenmnuenue xkodPQuIlMeHTa MOIIHOCTH C WCIOJIb30BAaHUEM CHCTEM KOMIICHCAIIUU U
KOHJICHCATOPOB.

2. Co3manne CHCTEM MOHHTOPWHTA B PEXHME PEAIbHOTO BPEMEHH ISl MOHUTOPUHTA U
ONTUMU3ALNH SHEPTETUYECKUX TOTOKOB.

3. OnTtumuzanusi pacrnpefesieHuss U TOTPeOJeHHs SHEprud 3a CHeT MPUMEHEHUS
WHTEJUIEKTYAJIbHBIX CETEBBIX CUCTEM.

N3BecTHO, 4TO mpU mepenaye pPeakTUBHOW MOIIHOCTH IO IMPOBOAAM 3TO TMO3BOJISIET
CYILLECTBEHHO YBEJIMYUTH CHUJIy TOKA Ha Y4acTKax IEKTPUUYECKUX CETEH, TEM CaMbIM CO3JaBas
OTpaHMYEHUS HA Meperady aKTUBHOW MOIIHOCTH. IIpy mpoI0iIbHOM KOMIIEHCAlMOHHOM TOKE
KOHJeHcatopa | paBeH TOKy MOJHOW Harpy3ku, a €MKOCTb Oaraper KOHAEHcaTopoB Q
Mpe/CcTaBiIsieT Cco0Oil TMepeMEHHYI0 BEIMYMHY, 3aBUCALIYI0O OT HAarpy3KM B KaKIIbli
KOHKPETHBIA MOMEHT BpPEMEHH. OTYy pEaKTHBHYK) MOIIHOCTh MOXHO pPAacCUUTaTh IIO
cienymwouei popmyie:

12

Qr = oC 3)

3neck I — TOK MOJHOM HArpy3Kku; ® — yrioBas 4acTtoTa; C —3T0 €MKOCTbh KOHJIEHCATOpa.
OCHOBHBIM 3KOHOMHYECKHM IPEHUMYIIECTBOM HCIOJIL30BAHUS TPOJIOJIBHON KOMIICHCAIIUH
SIBIISIETCS SKOHOMUS 3Hepruu [2]. KoHeuHo, KOMIICHC AU PEaKTUBHOW MOIIHOCTH UMEET Pt
MIPEUMYIIECTB:

1. KoMmmeHcanusi peaKTUBHON MOIIHOCTH TPUBOJUT K MEHBIIMM TOTEPSIM SHEPTHH B
sHeprocucrteMe. ITo obecrieunBaet Oosiee 3hpPekTuBHOE SHEPronoTpedIeHue.

2. BHenpeHne KOMIIEHCALIUU COXpPaHseT YPOBHU HaMpshKeHHs Oosiee CTaOUIBHBIMH, YTO
MOBBIIIAET JIOJTOCPOYHYIO HAZEKHOCTh dTIEKTPOOOOPYIOBaHUS.

3. KoMmeHcarus peakTHBHON MOIITHOCTU CHUXKAET IIEHBI, KOTOPbIe MOTPEOUTENH SHEPTUN
IJIATAT 32 DIIEKTPOIHEPTHUIO, MOCKOJIBKY U3MEPEHHE CIpoca U pacdeT TapuQoOB MOCTABIIMKOM
SHEPTUU CTAHOBATCS 00JIE€ TOUHBIMH.

4. MoUHOCTh 3MEKTPOMHUTAHUS MOXHO YBEIMYHTH, AK€ €CITU B CHUCTEMY BBEJCHA
JIOTIOTHUTEIbHAST HArpy3Ka, MOCKOJIBKY KOMIICHCAIlMs PEaKTUBHONW MOIIHOCTH TapaHTHUPYeT,
YTO CHUCTEMA DJIEKTPOCHAOKEHHUS CMOXKET BBIJICPKUBATH OOJBIITYIO HATPY3KY.

5. DnekTpoobopyaoBaHUe, OCOOEHHO TpaHCPOPMATOPHI U JTHMHHUH, MEHEE MOJIBEPIKEHBI
KoJieOaHUsIM HaMPsDKEHUs TTPU KOMITEHCAIIUU PeaKTUBHON MOIIHOCTH, YTO MPOJIEBAET CPOK UX
CITY>KOBI.
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6. KOMHCHC&HI/IH peaKTHBHOﬁ MOIIHOCTU CHHXKACT TapMOHHUYCCKUC HUCKAXKCHUSA B
CHCTEME U YIy4IIaeT KaueCTBO JIEKTPOIHEPTUH.

YuuteiBas BBIIIICU3JIOZKCHHOC, B IIOCICAHHME TOABI MOZKHO Ha6JHOI[aTb POCT MOTCPb
aKTUBHOM MOIIIHOCTH. B Ta6JII/IL[€ HHWKC MBI MOJKCM IIOKAa3aTb 3HAYCHUS MOTCPh B SHCPIrOCCTAX
Aszepbaitxana B 2018-2023 rogax.

Tabnuna 1.
3HaueHus NoTeph B 3HeproceTsx Aszepoaiipkana B 2018-2023 rr.
Tox MakcuManbHOe MOTPeOICHHE [MorpebaeHue moaCTaHIIMK [Torepu akTUBHOMU
nuHuK HanpsokeHus (MBTua) HanpsbkeHreM 220 kB (MBty) snepruu (%)
2018 1,250,000 850,000 7.3
2019 1,300,000 900,000 7.0
2020 1,350,000 950,000 6.8
2021 1,400,000 1,000,000 6.5
2022 1,450,000 1,050,000 6.3
2023 1,500,000 1,100,000 6.0

* MakcumanpHas MOTpedsieMas MOIIHOCTh JIMHUM HANPSOKEHUS: MaKCHUMallbHast
noTpedisieMasi MOIITHOCTh JIMHUH HANIPSDKEHUS B TAHHOM TOJTY.

* Tlorpebnenne moactanimu HampsbkeHueM 220  kB:  konwdectBo  sHepruw,
noTpebiseMoit moacTannueit Hanpsokerns 220 kB.

* [lorepu aktuBHOM »Hepruu: [IponeHTHOE 3HAUYEHNE aKTUBHOW SHEPTHUH, IOTEPSIHHON B
AIIEKTPOCETH.

CpaBHuBaeM 3HauyeHHUs TOTEpb B 2HeproceTsx AszepOaiimkana B 2018-2023 rogax B
3aBUCHUMOCTH OT MOTpeOssieMoi Harpy3ku. Ha HEKOTOpBhIX MOJCTAHLMAX MOTEPU aKTUBHOM
MOIITHOCTH MOTYT OBITh CHIKEHBI 10 16,8%, a motepu peakTuBHOW MoOmHOCTH — 110 20%.
MuHuMHM3anMsT NepeJayd  PEeaKTUBHOM MOIMHOCTH MOJYKET CHHU3HUTh JKCIUTyaTallMOHHBIE
pacxo/ipl, CBSI3aHHBIE CO CTOMMOCTBIO aKTUBHOM MOIIHOCTU. Hanpumep, npuHATHE MEp TOJIBKO
Ul 5 TpeayCMOTPEHHBIX MOJCTAHLMI IO3BOJIIET CHU3UTh NEPErPYKEHHOCTh AKTUBHOU
MorHocTH. Ecnm ompenenuThs cucTeMHBIH 3GGEKT M KOMIUIEKCHBIN 3()QPEeKT OT CHIDKCHHS
nepeaud peakTUBHON MOIIHOCTU B 3JIEKTPUUYECKUX CETAX B IEJIOM, TO OH OyleT Ha ropasio
OoJsiee BBICOKOM ypoBHE [3]. MBI BHAMM TIOTEPH JJICKTPOIHEPIHH, IepeaaBacMoOl uepes
TpaHcGopMaTOphl € MOACTAHIUI B pa3Hble Ce30HBI roja. B cnemyromeit Tabiuie mpuBeACHbI
HOPMaTUBHO-TEXHUYECKHUE MOKA3aTeNlu MOTEPh B JIMHUX AekTponepenaun 6-10 kB. JlanHbie
OBLITM COCTABJICHBI 32 HOSAOPh-AeKaOph U moaydeHbl 0T OAO «A3epHUIIUK.

Tabmnuua 2.
HopmaTuBHO-TEXHHUYECKHE TOKA3aTeIu NOTEPh B JUHUAX dJIeKTpornepeaadn 6-10 kB.
ITorpebnenue Hounoe .
DNEeKTpOdHEPT U, ITone3nas JHeBHast Hounoij
HIIEKTPOIHEPTUN norpedieHue
Jlyna TEpENIAHHAL B | SIEKTPOSHEPTHS | JHEBHOE BpeMS Tapud S ICKTPOOHEPIHH Tapud
k % 0, 0, 0

cerb (kBr*u) (xB1*u) (<Br¥a) (%) (%) (kBr*4) (%)
Hos6pn 500,000 450,000 300,000 60% 150,000 30%
Hekabpb 600,000 540,000 360,000 60% 180,000 30%
OOmuit 1,100,000 990,000 660,000 60% 330,000 30%

OnTuMasbHbIE TIOTEPU MEHSIOTCSA U3 TOJa B IOJl B 3aBUCHMOCTH OT Harpy3ku Ha CE€Tb U
11eH Ha obopynoBaHue. Eciiu HopMaTuB noTepb onpeaessieTcss UCX01s U3 MpeanoaaraeMoi 3ar-
PY3KH ceTH (MPOTHO3UPYEMON HAarpy3KH Ha OMpeAEIeHHbIN ron) ¢ yueToM 3 (EeKTUBHOCTH pe-
aIn3ali BCEX SKOHOMMYECKHM BO3MOJKHBIX MEPONPHUATUH, €r0 MOYKHO Ha3BaTh NEPCIEK-
TUBHBIM HOPMAaTHBOM. AHAJN3 CIy4aeB CHUKEHMS MOTEPh aKTUBHOW SHEPTUH M YTYUIICHHS
KaueCcTBa JIEKTPOIHEPTUU OCYILECTBISAETCS IIyTEM PELIEHMs CIEAYIOIMX 3a1a4 [S] :

- OmnpenesneHne U OlIEHKa Pe3epBOB CUCTEMbI YHEPTOCHAOXKEHUS U 3JIEKTPOTE€HEPUPYIOIINX
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MPEANPUATHI 110 CHIKEHUIO NIOTEPh AKTUBHOW SHEPTHH.
- 3amena craporo u Hed(h(EeKTUBHOTO 00OpymOBaHUs Ha 0ojee HOBbIE W () PEKTUBHBIC
TEXHOJIOTMH.
- OOHOBIIEHUE W ONITHUMH3AIMS Kabemei 1 TpaHCHOPMATOPOB.
- YcTraHoBKa CHHXPOHHBIX KOMIIEHCATOPOB M CTATUYECKUX KOHJCHCATOPHBIX OaTapei.
- Hcnonp3oBaHrue HIYHTHPYIOMIMX PEAKTOPOB M JIPYroro OO0OpyIOBAaHHS KOMITEHCAIIUU
PEaKTUBHON MOIIHOCTH.
- [IpuMeHeHNEe TEXHOIOTUI UHTEILIEKTYaIbHBIX CETEH.
- [IponBrxeHune 3Heprod3PPeKTUBHBIX TPUOOPOB U 000PYAOBAHMUSL.
- ObecrieyeHre ONTUMAIBHOM 3arpy3KH JIMHUN 3JIEKTPOTIepeaayu.
- Hcnonb3oBaHue COBPEMEHHOIO IPOrPAMMHOTO OOecreueHusl Ajsl aHalu3a CEeTeBOU
Harpy3Ku U IOTepb.

Munumuzanys nepeayd peakTUBHON MOIIHOCTH MOXKET CHHM3UTh IKCIUTyaTallUOHHBIE
pacxo/ibl, CBSI3aHHBIE CO CTOMMOCTBIO aKTUBHON MOITHOCTH.

Tabnuna 4.
Tekymiee cocrosinue cereit 35 kB.
Inomaas ceuenus ITotepu Hanpsoxenus % Totepu oieKTposHeprHmKBT*a

TIPOBOJIOB Jlenn Houb

AC 35/6.2 0.822 17.83 1.4 19.6 4015.2

AC 35/6.2 3.03 12.91 3.2 18.26 39152.35

AC 35/6.2 3.82 12.22 5.22 15.22 37751.65

AC 35/6.2 1.96 12 3.04 13.56 15125.25

AC 35/6.2 1.85 16 2.2 12.57 19252.44

Ecmu onpenenuth cucteMHBIN 32PGEKT U KOMIUIEKCHBIM 3(PQEKT OT CHUIKEHHUS MOTEPh
PEaKTUBHOI MOIIHOCTH B 3JEKTPUYECKUX CETSIX B ILIEJIOM, TO OH OyIeT Ha ropaszuo Oojee
BBICOKOM YypOBHe. B mporiecce mojmauyu 35I€KTPOIHEPTUU M SHEPTUU MOTPEOUTENSIM MOTEPH
BO3HUKAIOT B KaXJOM 3JIEMEHTE AJIEKTPUUYECKHUX ceTel. AHAIM3 CTPYKTYpPhI NMOTEPh YHEPTHUU
MPOBOJMIICA C LEJIbI0 M3YYECHUS COCTABISIONIMX IMOTEPh B PA3IUYHBIX JJIEMEHTaX CETU U
OIICHKH HEOOXOJWMOCTH MPHUHATHS T€X UM HHBIX MEp, HAMPABJICHHBIX HA CHM)KEHUE MOTEPb.
HcTouHUK pEeakTUBHOW MOIIHOCTH MOXKET H3MEHSATh AaKTHBHYIO MOIIHOCTh J0 U TOCHe
YCTaHOBKHM. AHAIM3UPYS JaHHbIE, MOXHO CJeJaTh BBIBOJ, YTO OOBEM MOTEPb AKTHUBHOU
SHEPrUH B CETU CYLIECTBEHHO CHUKAETCA.

B pesynbrare TpeOyeTcst Bpems i pead3alii BCEX SKOHOMHUYECKU IIeIeCO00pa3HbIX
Mep IO COKPAIICHUIO CYIIECTBYIOIUX MOTepb. [loaTOMY mpu onpeneneHud HOPMBI OTEPh HA
CIENYIOMUNA T0oA HEOOXOOUMO YYHUTHIBATH J(PPEKTUBHOCTH JESATEILHOCTH, KOTOPYIO Ha
MPAKTUKE MOKHO MOBBICUTH 3a 3TOT nepuo. CTeneHb NoTeph ONpeAemseTcs] MpH KOHKPETHBIX
3HAUEHUSAX Harpy3ku ceT. [lo Hayanma MIaHOBOTO MEPHOJA STH HATPY3KH ONMPECIISTUCH Ha
OCHOBE AaHAIUTHYECKUX pacueToB. IlockonbKy ompeaeneHus A TpeX KaTeropuii
noTpeOuTeNeH, MoJIyJaronux 3Hepruto ot cereil Hanpspkenuem 0,4 kB, 6-10 kB, 35 kB u 110
kB, ompenenensl nuddepeHpoBaHHo, o0muil ko3dduumeHT norepp pa3zdbuBaercs Ha
HECKOJIBKO COCTaBJIAIOMHKX. Takoe pasliesieHue NOJDKHO OCYIIECTBIISATHCS C YYETOM CTEHEeHU
WCIOJIb30BAHUS CETEH pa3HbIX KJIACCOB HAIPSHKEHUS KaXKIOW KaTeropuu noTpeOuTenei.
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REAKTIV GUC MONBOLORINDON ISTIFADO ETMOKLO SOBOKODO
ELEKTRIK ENERJISININ KEYFiYYOTINiN ARTIRILMASI

RZAYEV M.A., NiFTIYEV S.N., SUKUROVA M.S.

Elektrik enerjisinin keyfiyyati, xususilo muasir comiyyatdo vo sonayeds, muihim
ohomiyyat kosb edir. Reaktiv giic monbalorinin istifade olunmasi, sabakadoki enerjinin
keyfiyyatinin artirilmasi baximmdan effektiv hall yollarindan biridir. Bu mogalods reaktiv guc
monbalorinin istifadasinin elektrik enerjisinin keyfiyyotino tasiri, gorginlik soviyyslorinin
sabitlogdirilmosi, harmonik tohriflorin azaldilmasi vo giic faktorunun yaxsilagdirilmasi kimi
aspektlor aragdirilacaq. Reaktiv giic kompensasiyasi vasitasilo enerji itkilorinin azaldilmasi vo
sobokanin guc 6tlirmo gabiliyystinin artirilmasi yollar1 da miizakirs olunacag. Bu tahlil, reaktiv
gic monbolarinin totbigi ilo soboks etibarliigmnin vo enerji effektivliyinin artirilmasma
yOnaldilmisdir vo bu sahads galocok tadgigatlar tGg¢iin mihum istigamatlor toklif edir. Reaktiv
giiciin kompensasiyas1 vo elektrik enerjisinin keyfiyysti problemi ani istehlak¢1 yiiklori,
garginlik va tezlik ilo birbasa baghdir.

Acar sozlar: enerji keyfiyyati, reaktiv giic, enerji vo guc itkilari, gorginlik tonzimlanmasi.

IMPROVING THE QUALITY OF ELECTRIC POWER IN THE GRID
THROUGH THE USE OF REACTIVE POWER SOURCES

RZAYEV M.A,, NIFTIYEV S.N., SHUKUROVA M.S.

The quality of electric power is of crucial importance, especially in modern society and
industry. The use of reactive power sources is one of the effective solutions for improving the
quality of energy in the grid. This paper will explore aspects such as the impact of reactive
power sources on the quality of electric power, voltage level stabilization, reduction of
harmonic distortions, and improvement of the power factor. It will also discuss ways to reduce
energy losses and increase the power transmission capacity of the grid through reactive power
compensation. This analysis is aimed at enhancing grid reliability and energy efficiency
through the application of reactive power sources and proposes important directions for future
research in this field. The issue of reactive power compensation and power quality is directly
related to instantaneous consumer loads, voltage, and frequency.

Key words: power quality, reactive power, energy and power losses, voltage regulation.
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Agilli sobaka enerji ilo bagl biitiin malumatlarin va bildirislerin soffaf, fasilesiz vo ani iki torafli Gtlrilmasi
kimi muoyyan edilo bilor. Bu 6tirmo elektrik sonayesino enerji paylanmast vo Oturiilmasini daha yaxsi idaro
etmoys imkan verir vo enerji istehlakg¢ilarma enerji davramiglart tizorinds daha ¢ox noazarost imkani verir. Agilli
soboka real vaxt rejiminds malumat vermok va elektrik sobokasinin ani tolob-toklif balansimi yaratmaq {iglin rabito
Vo informasiya texnologiyalarindan istifadonin Gstinliklorini tocassiim etdirir.

Acar sozlar: agilli soboks, saygaclar, enerji itkilori, monitoring, otraf muhit.

Agill soboka nadir?-isci qiivvesini azaldan, igtisadi cohatdan somorali, yilksok keyfiyyatli vo
tohllikasizliyi tomin etmoyi hodaflayan, enerjini manbadan istehlaka an uygun vo davaml sokilda
Otliron, inteqrasiyani tomin edan vo 6zUnl tomin edon sistemlar olaraq toyin olunur.

Avropa Texnologiya Platformasi - (Avropa Komissiyas1 2006)-“Agill1 soboka; “Bu, davamli,
igtisadi va tohliikasiz elektrik tochizatini somarali sokildo tomin etmak {iglin ona qosulmus biitiin
istifadogilorin (generasiya stansiyalari, enerji istehlak¢ilari, ham enerji istehsal edon, hom do
istehlak edon istehlakgilar) harokatlorini agilli sokilds birlogdirs bilon elektrik sobokosidir.”

Enerji vo Iqlim Doyisikliklori Departamenti, Boyiik Britaniya — (Enerji va iglim Doyisikliyi
Departamenti, Boyik Britaniya 2009)-“Agilli soboko sensor, qurasdirilmis emal vo rogomsal
kommunikasiya texnologiyalarindan istifado edarok elektrik sobokoasinin asagidaki xiisusiyyatlorini
ehtiva edir:

Miisahido edilo bilon (6lgillo vo vizuallasdirila bilor), Idaro olunan (tonzimlona vo
optimallasdirila bilor), Avtomatlagdirilmis (uygunlasa bilon vo 6ziinii sagaldan), Tam inteqrasiya
olunmus (miixtalif enerji monbalarini birlesdirmok gabiliyyatina malik movcud sistemlorls islaya
bilar).

ABS Enerji Departamenti (Enerji Departamenti, ABS 2009)-“Agill1 sobakalor ham igtisadi,
hom do enerji baximindan paylayici sistemlordon tutmus elektrik istehlak¢ilarina, paylanmis enerji
istehsal monbolorindon enerji saxlama qurgularina qodor genis spektrli elektrik sistemi
elementlorinin  etibarliligini, tohlukasizliyini  vo  somarsliliyini artirmaq ii¢lin  ragamsal
texnologiyalardan istifado edon sabakalordir.
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Sok.1.Agill Sabaka sistemi.
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Agilli Soboka sisteminin totbiglori-Hazirda bir ¢ox Olkalords oldugu kimi 6lkomizdada
agillt sohorlorin shamiyyati ginid-gundon artir. Agilli sobakonin is prinsipi asasan enerji
istehsalindan istehlakima godor butlin infrastrukturun vahid markozdon idars olunmasi
prinsipins osaslanir. Tobii gaz, elektrik, su vo telekommunikasiya sistemlorinin har biri vahid
morkozdon idara olunur va sistemlarin somarali islomasini tamin edarok infrastrukturun idars
olunmasmi hoyata kegirir. Bu baximdan smart sobokolor cografi informasiya sistemlori
vasitasilo muasir komputer vo sobaka texnologiyalarinin bu glinki sobokalors inteqrasiyasidir.
O, molumatlar1 agilli sokildo emal edir, yoxlayir va aldigi malumatlarin tohlilina uygun olarag
ehtiyaclar1 idars edir.

Agilli gahoarlar {iglin vacib komponent olan agilli sabakalor bizi etibarliliq, algatanliq vo
somoralilik dovrina gotirmokds boyiik rol oynayir. Klassik soboko sistemlorindon agilli
sobokalora  kegid dOvriinds sinaq, texnologiyanmn tokmillogdirilmasi, istehlakgilarin
maariflondirilmasi, standartlarmn, qaydalarin hazirlanmasi vo layiholor arasinda molumat
mubadilasi smart sobokadon gdzlodiyimiz faydalarin realliga gevrilmasini tomin etmoak 0g¢in
kritik oshomiyyat kash edacakdir.

Agilli sabakalora strukturlarina gors asagidak: xiisusiyyatlor daxildir:
Miisahido edilo bilon (6lglls bilon va vizuallagdirila bilan),
Idaro edils bilon (tonzimlonen vo optimallasdiriimis),
Avtomatlagdirilmis (adaptiv va 6z-6zlino mialics),
Tam integrasiya (muxtalif enerji manbolorini birlogdirorok mdvcud sistemlorlo igloya
bilar).
Agilli soboka sistemlarinin ustunliklori asagidakilardir:
e Morkazi sistemdan idara oluna bilir,
e Uzaqdan sobokalorin ani monitoringi va nozarati,
e GIS asasmda canli verilonlar bazasi olmasi,
e Bir-biri ilo slagali soboko omoliyyat qaydalarina va istifadagilorin icazo saviyyasina
uygun olaraq inventarm idara edilmasi,
e Daxili vo xarici sistemlorlo (Cagr1 Morkazi, ABYS, UAVT, SCADA, TAKBIS, ERP,
CRM vs s.) integrasiya etmok bacarigi,
e Abunaci, kii¢o, bina va arazi ssasinda istehlak vo hesablama tahlillori,
e Yeni obyekt, kasilmo, nasazlig-xidmat izlomo vo tosiro moruz galan abunagilorin
muayyan edilmoasi,
e Itki vo ogurluq nisbotinin azaldilmasi,
e Saho qruplarinin asan idars edilmasi vo nasazliq halinda miimkiin qodar tez midaxils
etmak bacarigi,
e Sistemin echtiyac duyacagi investisiyalar oldo edilon molumatlarla daha yaxsi
planlasdirila bilar,
o Somoaralilik vo Xxorc yonimlii ehtiyaclara uygun fordilosdirilmis hesabatlarin
yaradilmasi,
e Xarc, enerji vo vaxta gonast.
Agilli Soboko Komponentlori
Agilli sobokalorin asas komponentlori bunlardir:
Intelligent Uzagdan Morkazi idaraetmo
Agilli Stansiyalar
Agill Istehsal
Agilli Paylama
Agilli Saygaclar
Integrasiya edilmis Kommunikasiya
Agilli Sobokanin elektrik sobokasi infrastrukturuna daxil edilmasi asagidaki tistiinliiklori tomin
edir:
1. ©nanavi sabokalordo mimkiin olmayan saviyyads saboaka etibarliligi,
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. Hoala gozlanilmayan iraliloyislora va effektivliys icazo vermok,

. Elektrik enerjisinin giymatlorina asagi istiqgamatli tazyiq gostarmok,

. Istehlakgz1lar1 sorfali enerji ilo bir araya gatirmok,

. Istehlakg1lara daha cox molumat vo tachizat variantlar: taqdim etmok,

. Sobokada onsnavi va barpa olunan enerji manbolarinin bir-biri ilo harmoniyada olmasini
tomin etmoak,

7. Sobokays fasilolorlo enerji veran barpa olunan enerjinin daha genis inteqrasiyasini tomin

etmok,

8. Tokca enerji sektorunda deyil, hom da nagliyyat sektorunda inqgilabi tamin etmok,

9. Nohayat va an asasi, somaraliliyi tamin etmok.

Agillt Soboka istehlakgilarin daha tomiz enerji moanbalorino miraciot etmasine, daha az
karbon emissiyasina iistiinliik vermasing, barpa olunan enerji monbalorindan faydalanmasina va
ekoloji cohatdon daha tomiz istehsal gixisina imkan vermoklo nofas aldigimiz tomiz havaya va
otraf muhitin girklonmasinin azaldilmasma mithiim t6hfo verir. Bundan olavo, agilli soboka
istehlakgilara enerji qiymotlori Uzarinds nozarat etmoys imkan veracok, daha somorali vo siiurlu
istehlak¢ilar yaradacaq ki, bu da yiiksok tolobat dovrlorinds qaliq yanacaqla isloyan istehsal
gliclorins olave ehtiyact minimuma endiracok vo bununla da emissiya doracslorini azaldacag.

Agilli Soboka sistemi. Agill1 sobokanin na oldugunu basa diismok onunla anonavi soboka
arasindaki farqlori agkar etmoklo daha basa diisiilon ola bilor. Onanovi soboka ilo Agilli soboka
arasindaki on muhum forglordon biri istehlak¢r vo soboko arasinda ikitarofli molumat
mubadilasidir. Mosalon, “Agilli soboka” konsepsiyast ¢oargivasinds istehlakgilar smart
termostatdan cari elektrik enerjisi qiymaotlori hagqinda signal ala vo bu giymatlors uygun olaraq
temperaturu tonzimloys bilor vo istehlak¢iya rahatligini qoruyub saxlamagqla xarclora gonast
etmoya imkan verir.

Asagidaki codvaldoki miigayiss onanovi sobokonin niys bugiinkii ehtiyaclar1 6doys
bilmadiyini daha aydin sokilds ortaya qoyur.

AN B W

Codval 1.
Ononavi soboka ilo agilli soboks arasindaki an mihim farglor
Onanavi saboka Agill gaboka
Elektromexanika Ragomsal/Mikroprosessor
(Elektronsistemlarlomexanikisistemlaranazarat)
Birtorofli vo yerli ikitorofli rabito Qlobal/inteqrasiya edilmis ikitarafli rabito
Morkaziistehsal Paylanmis noslo uygunlagma
Izlomoyoxdur Oziinii monitoring
Manualtomir Avtomatik, 6zini mualico
Manual nazarot Uzaqdan idaroetmo
Sistem nasazligi ehtimallar1 tizorinds mohdud | Nasazliglarin prognozu
nazarot
Toxminietibarliliq Prognozlasdirma etibarliligi

Agilli sobokalarin kdmayi ilo enerji paylanmasi zamani istifadogilorin tohltikasizliyi do to-
min edilir. Basqa s6zlo deys bilorik ki, smart sobokonin asas mogsadi istehsalgilar vo
istehlakg¢ilar arasinda sado va suratli alagoni tomin etmoklo yanasi, lazimi tohliikasizliys nail
olmaqdir. Agilli sobaka sistemlorinin inkisafi ilo olagodar olaraq klassik sobokalora tolobat
azalir.

Enerji Idaroetmosindo Agilli Soboko Texnologiyalarinm Rolu-Diinya ohalisinin artmasi
Vo Sonaye artimi elektrik enerjisino tolobati glinii-glindon artirir. Qaliq yanacaqlardan oldo
edilon elektrik enerjisi otraf muhitin girklonmasi ilo bagl narahathiqlart artirir. Buna gora do,
yasayis vo Sonaye obyektlorinds barpa olunan enerjinin inteqrasiyasi artir. Bu prosesdo kilok
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Vo glinas enerjisi kimi yasil enerji texnologiyalart mithiim yer tutur vo aldo edilon elektrik
enerjisi elektrik sobokasina qosula vo ya alagesi kasilmis sistemlords istifads edils bilar.
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Sok.2. Agilli Soboka sisteminin shamiyyati.

Agilli soboka sistemlori, enerji ehtiyaclarmin bir hissasini 6zlori istehsal eds bilon, enerji
saxlama hoallori tomin edon vo lazim oldugda bu enerjini yenidon sabokoya satan strukturlar
kimi toyin edilo bilor. Elektrik sabokasinin modernlasdirilmasi prosesinds har bir komponent
ekoloji cohotdon tomiz, cevik vo adaptiv olmalidir. Pier MTTP bu adaptiv sistemlorin inkisafi
ticiin gqabaqcil texnologiyalar toklif edir va bu sistemlori daha samarali etmok tigiin galisir.

Pier MTTP-nin Agilli Soboko  Strukturu-Agilli  sobokalor movcud elektrik
infrastrukturunu IT infrastrukturu ilo birlosdirorok yaradilir. Bu sobokalorin osas mogsadi
itirilmis vo qeyri-qanuni elektrik enerjisi tariflorini azaltmagla enerjidon somorali istifado
etmokdir. Bundan slavs, barpa olunan enerji moanbolarindan istehsal olunan enerjinin sistema
inteqrasiyasi bu strukturlarin magsadlori arasindadir. Pier MTTP, bu inteqrasiya proseslarinda
yuksok performansli hollor tomin etmoklo daha samorali enerji istehsalina vo paylanmasina
tohfo verir. Agilli soboka infrastrukturu ilkin olaraq yiksak xarcli layihalor kimi goriinss do,
verilon enerji gonasti sayasinds bu xarclorin qisa miiddatds barpa edilocayi gozlonilir.

Aparat vo Program Komponentlori-Agilli saygaclar vo agilli moaigot texnikasi bu sistemlo-
rin mihim aparat komponentloridir. Program tominat1 torafindo molumat infrastrukturu,
internet-asasl sistemlor Vo intuitiv marsrutlasdirma proqrami 6ns ¢ixir. Pier MTTP bu sahads
inkisaf etdirdiyi innovativ program tominati vo inteqrasiya olunmus hallor ilo smart gabakalorin
somoraliliyini artirr vo enerji idaroetmo proseslorini optimallagdirir. Agilli saygaclar bu
cihazlarin istifadasinoe nazarat etmok {iglin agilli ev avtomatlasdirilmasi ilo alags saxlaya bilor
va elektrik enerjisinin gqiymaoti doyiskon oldugda xarclori azaltmaga komok eds bilor.

Enerji Saxlama Texnologiyalari-Enerji saxlama texnologiyalarina superkondensatorlar,
mikro superkegcirici magnit enerji saxlama sistemlori, nasoslu hidroelektrik, sixilmis hava
enerjisinin saxlanmasi, natrium kiikiird batareyalar1 vo litium-ion batareyalar1 kimi se¢imlor
daxildir. Pier MTTP bu texnologiyalarin optimallagdirilmasi vo onlarin smart soboka sistemlori
ilo inteqrasiyasi tiglin genis ¢esidli hallor toklif edir.

Agilli Sobokolords Siini Intellekt vo Osyalarin Internetinin istifadosi-Agilli sobokoalor
daha somoarali, gevik vo etibarli elektrik infrastrukturu tomin edarok enerjinin idars edilmasinds
boyiik inqgilab yaradir. Bu transformasiyanin arxasinda duran an mihtm texnologiyalardan ikisi
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suini intellekt (Al) vo Osyalarin Interneti (IoT) kimi forglonir. Siini intellekt, agilli sobokalorda
boyuk hacmds molumati tohlil edarak enerji istehsali, 6tiirilmasi vo paylanmasi proseslorinds
daha tosirli gorarlar gobul etmoys imkan verir. Masalon, Al algoritmlori enerji tolobatini
prognozlasdira, yiik balansini hoyata kegirs va nasazliglar1 erkon agkar etmoya komok eds bilor.
IoT soboko komponentlorinin bir-biri ilo alags saxlamasima va real vaxt moelumat mubadilasine
imkan vermaklos sistemin ¢evikliyini artirir.

Pier MTTP sini intellekt vo ToT texnologiyalarini birlasdiran hallor hazirlayaraq smart
sobokalorin somoraliliyini va etibarliligini artirir. Pier MTTP torofindon toklif olunan gabaqcil
texnologiyalar enerji paylayici sobokalordo smart saygaclar, sensorlar vo idaroetma sistemlori
arasinda olago yaratmaga imkan verir. Bu sistemlor enerji istehlaki vordislarini tohlil edarak
daha yaxs1 idaroetmo strategiyalari yaratmaga imkan verir. Bundan olavs, siini intellektlo
dastoklonan garar gabuletms sistemlari enerji tochizatmin tahlikasizliyini artirarkon sabakonin
murokkabliyini idara etmoyi asanlasdirir.

Agillt Sobokoalorin Otraf Miihito Tasirlori-Agilli sobokalor ekoloji davamliliq Gigiin boylik
imkanlar toklif edir. ©Onanovi enerji sistemlori yuksak enerji itkilorino sobab olsa da, agilli saba-
kalor bu itkilori minimuma endirir vo enerji somaroliliyini artirir. Barpa olunan enerji mon-
bolorinin gobokays inteqrasiyasi qaliq yanacaq istifadasini azaltmagla karbon emissiyalarimni
daha effektiv sokilds azaldir vo otraf muhito monfi tosirlori minimuma endirir.Pier MTTP agilli
soboka layihalorinds ekoloji cohatdon tomiz hallor toklif edarak bu prosess 6z tohfasini verir.
Sirkot yasil enerji texnologiyalarini birlosdiran sistemlor inkisaf etdirmoklo hom enerji somo-
raliliyini artirir, hom do atraf mihits tosirini azaldir. Agilli sobakalor sayasinds enerji istehlaki
Vo istehsali daha yaxsi idars edilorkan, dinamik giymat sistemlari va talob-cavab proqramlari
vasitasilo enerji resurslarmin on Somarali istifadasini tomin edir. Bu, hom ekoloji davamliliq
moqsadlarins nail olmaga komok edir, hom do enerji Xarclorinin azaldilmasima t6hfs verir.

NOTICO
Agilli sobokolor pik enerji istehlakini azaltmaqla enerji istifadosini balanslasdirir vo
dinamik qgiymat sistemlorinin effektivliyini artirir. Tonzimlomalor vo enerji Xatlorinin
guclondirilmasi ilo enerji bazarinda talob uygunlasmasi, kasintilorin prognozlasdirilmasi vo
nasazliglarin avtomatik aradan qaldirilmasi smart 6lgmoa vo molumat 6tiirmoe texnologiyalarmin
inteqrasiyasi ilo alds edilo bilor. Pier MTTP, toklif etdiyi yenilikci hallor ilo enerji sektorunda
davamli vo somorali galocays tohfo vermayi hadoflayir.
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CHUCTEMBI UHTEJUIEKTYAJIbHBIX CETEN

MMUP3AEBA C.M., HICMHUEBA H.X, MYCTA®AEBA ®.M

WHTenekTyanbHyl0 CeTh MOXKHO OMNPEACNUTh KaK Mpo3pauHyro, OecriepeOoiiHy0 U
MTHOBEHHYIO JIBYCTOPOHHIOIO Iiepenady Bcell MH(POpPMALMU MU YBEJOMIJICHHH, CBSI3aHHBIX C
SHEPrHeii; ITa Mepeiada Mo3BOJISET ANEKTPOIHEPreTHUSCKOM OTPACIIU JIydllle KOHTPOJIUPOBATh
pachpeieieHie U nepeaady dHEepriu, a MOTPEOUTEIISM IEKTPOIHEPT U — OOJIBIINI KOHTPOIIb
HazJg IIOBCACHUEM OHECPTHUH. HHTCHHGKTY&HLH&?I CETh BOILJIOMIACT npenuMynicCTBa
HCIIO0JIb30BAHHUA KOMMYHHUKAIIMOHHBIX W I/IH(bOpMaHI/IOHHI)IX TEXHOJIOTUHU AJ IpeaoCTaBJICHUSA
uHbOpMAIIMKA B PEXHME PEaIbHOTO BPEMEHH M CO3JIaHHMs MIHOBEHHOIO OajlaHca crpoca U
MPEI0OKCHUS AIEKTPOCETH

KiawueBble €j10Ba: WHTEIUIEKTYadbHAs CETh, CUETYMKH, MMOTEPU DHEPIMH, MOHHUTOPHHT, OKpYXKaromias
cpena.

SMART GRID SYSTEMS

MIRZAYEVA S.M., ISMIYEVA N.H, MUSTAFAYEVA F.M.

The smart grid can be defined as the transparent, uninterrupted and instantaneous two-
way transmission of all energy-related information and notifications; this transmission allows
the electrical industry to better control energy distribution and transmission, and gives power
consumers greater control over energy behavior. The smart grid embodies the advantages of
using communication and information technology to provide real-time information and create
an instant supply-demand balance of the power grid

Key words: smart grid, meters, energy losses, monitoring, environment.
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Sonaye inqilabinin baglamasi ilo insanin tobisto verdiyi zoror daha da artmaga baslamigdir. Digor torafdan,
artiq miasir dovr insanlarinda “tobioti qorumaq” istigamotindos fordi siiur inkisaf etmoys baslamigdir. Vo bu da
6ziinii texnologiyanin inkisafinda da gostormoys baslamisdir. Miiasir dévrdo texnologiyalar “Otraf-miihit dostu”
olaraq inkisaf etdirilmoys Vo totbiq edilmays baslanmisdir. Bu digor adi ilo “Yasil texnologiyalar” olaraq
hoyatimiza daxil olmusdur. Vo yasil texnologiyalar “yasil vo davamli” bir hoyatin asas hissalorindon birins
¢evrilmigdir. Davamliliqg modern tobist-asaslh layihalorin asasimi togkil edir. Davamliligin tomin edilmasi davamli
inkisaf mogsadlori kimi gobul edilon 17 DIM gorgivosindo hoyata kegirilir. Burada asas mogsed hom insanligin
hom do tobiotin daha yuksok bir hoyat keyfiyystino sahib olmasidir. Moagalodo Davamlilig, Yasil diinya tgiin
nozords tutulan yagil texnologiyalar va yasil enerji hagqinda geyd edilmisdir.

Acar sozlor: davamliliq, yasil diinya, yasil texnologiya, yasil enerji.

Giris: Bosoriyyatin golocayi (iglin asas addimlardan biri daha tamiz, hoyat keyfiyyatinin
daha yuksok oldugu, hom insanlarin ham do tobistin birgo qarsiliqli amma zarorsiz tasirinin
hoyata kecirilmosidir. Burada, asas acar sdzlordon biri “davamliliqdir”. Davamliliq basariyyatin
Vo tobiotin osasidir. Bugiin yaradilan davamliliq golocok noasillor {igiin daha yaxs1 bir galocok
tomin etmok Ggundur.

Davamliligi tamin edilmasi asas strategiyalardan biridir.

Davamliligla olagali bir ¢ox anlayislar vardir: Davamli inkisaf, davamli ekosistem,
davaml yasayis, davamli biomiixtaliflik, davamli manbalar va s.

Davamliligim tomin edilmasinds osas kémokgi vasitalordan biri do texnologiyalardir.
Xususilo, agilli texnologiyalar basoriyysto tobiotin resurslarmndan samarali istifado etmoya
komok edir. Digor sozlo, agilli texnologiyalar da bu prosess uygunlasir. Bugiin bu ciir
texnologiyalar “tobiot dostu” kimi tanmir vo burada, asason Yasil Texnologiya terminindon
istifads edilir.

Yasil texnologiyalar yalniz “insan-morkozli” sahoalords deyil, butin sonayelordo:
moisatdon boyiik istehsalat sonayelorino godor, totbiq edilir. Istor moisot daxilindo istorse do
boyuk senayelards tatbiq ilk 6nca insanin 6z fardi diisiincasindan asilidir. Cunki, halo do agilli
cihazlar insandan muoyyan daracados asilidir.

1. Davamhhq va Davamh Inkisaf konsepsiyasi

Davamliliq dedikds, “Goalocok nasillorin 6z ehtiyaclarini 6demak gabiliyyatina xalal
gotirmadon indiki ehtiyaclarin 6donilmoasi” [1] nozards tutulur. Davamli tocribalor ekoloji,
insan vs iqgtisadi saglamliq vo canliligi dostokloyir. Davamliliq ehtiyatlarimn mohdud oldugunu
vo uzunmiddatli prioritetlori vo resurslardan istifado tisullarinin noticalorini nozero alaraq
muhafizokar vo agilli sokilds istifado edilmali oldugunu nazards tutur [2].

Davamliligin tocassim etdirdiyi masalolor vo narahathqlar (problemlor) genis vo
coxsaylidir. Onlar resurs tochizati (su, enerji, mineral, qida), iqlim doyisikliyi vo ¢irklonmo,
tullantilarin idara edilmasi (zohorli, tahliikali, radioaktiv, konvensiya) kimi muxtalif masalalori
ohato edir [3].

Osas masalo, tobioto zarar vers bilocok amillori aradan qaldirmaq (on azindan, azaltmaq)
Vo tabiatin insanlara toqdim etdiyi resurslardan somarali istifado etmokdir.

Davamly inkisaf
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Davamli inkisafin da izah1 davamliliq ilo bonzordir. Digor torofdon davamli inkisafa
muxtalif mezmunlu izahlar vermok mimkunddir.

Davamli inkigaf dord asas sababas gora diggot ¢okir [4].

1. Davaml inkisaf Birlogmis Millotlor Togkilatinin planet ti¢iin planmin son moagsadi hesab

olunur va bir ¢ox 6lkalor davamli inkisaf mogqsadine nail olmaq ii¢iin raziliga goaliblor [4, 5,

6].

Davamli inkisaf har nosil iiclin dayaniqli planeti togviq etmoyo komok edir [4, 7, 8].

3. Davaml inkisaf biitiin inkisaf magsodlorinin anasi hesab olunur, ¢lnki bitun digor inkisaf
moaqsadlarinin magsadi davamli inkisafa nail olmaqdir.

4. Davamli inkisafin biitiin insanlara vo otraf mihito davamli sosial-igtisadi faydalar
gatirmasi gozlonilir [9].

Bir yanagsma kimi nozordon Kegirildikdos, Davamli inkisaf, resurslari basqalar1 tiglin
movcud olmaga davam etdirmaya imkan veran sokilds istifado edon inkisafa bir yanagmadir
[10, 11].

2. Yasil vo Davamh Hoayat

Yasil vo ya davamli hoyat bir hoyat torzidir. Hansi ki, burada insanlar tobiotin
resurslarindan somorali istifads edir, straf-mihit ilo qarsiliglh tasirlor diizgiin idars edilir, sosial,
igtisadi va ekoloji davamli inkisaf tomin edilir. Bu bir insan va ya boyik bir comiyyat (insan
toplulugu) tarafindon hayata kegcirilir.

Asagidaki kimi torif vermok olar: [12] “Yasil hoyat Yerin tobii ehtiyatlarinin, yasayis
yerlorinin, insan sivilizasiyasmm va biomuxtalifliyin miuhafizo olunmas: vo qorunmasinda
tarazliq yaratmaga calisan hoyat torzidir.”

Davamli hoayat torzi osason yuxarida qeyd edilon davamli inkisaf moaqsadlorini 6ziinds
ehtiva edir. Bu mogsadlorin hayata kecirilmasi davamli hayat torzinin tam inkisafina tokan
VErir.

Yasil Hoyat torzino kegid etmok tigiin bir sira addimlar atmaq lazimdir. Bunlar, asason
tobii resurslarin qorunmasi, tobistin qorunmasi, sosial miinasibatlorin inkisafi, igtisadi, sosial,
ekoloji dlizgln idaroetmonin asaslarmi togkil edir.

Yasil vo davamli hoyat torzi Uglin asas kdmokgi vasitolordon biri texnologiyadir. Basqa
s0zlo, modern bir yasayis {igiin insan va texnologiya arasindaki garsiliqlt tasirlor bir vohdot
halinda inkisaf etmolidir.

Insana on yaxm olan texnologiyalar fiziki vo virtual agilli texnologiyalardir. Bu
baximdan, insan vo masin morkozli sistemlordo do hor iki torof diizgiin qarsiligl tesirds
olmalidir. Hans1 ki, bu, davamliligin inkisafi va galacayi t¢tin dnomlidir.

Bugiin yasil hoyatin inkisafina komok edan texnologiyalar 6zlori do bu terminls birlikda
istifado edilorak, yasil texnologiyalar adini almigdir.

3. Yasil Texnologiyalar

Yasil Texnologiyalar (ing. Green Tech) istehsalin asas mogsadi iglim doyisikliyino
nozarat etmok, tobii otraf miihiti qorumagq, qaliq yanacaq kimi Boarpa olunmayan moanbalordan
astliligimiz1 azaltmaq vo otraf mihito doyan zarari sagaltmaqdir [13]. Basqa s6zls, daha ideal
bir mihit yaratmag, insan vo tobiot arasindaki asililigi diizgiin formada idaroetmok, hatta
sagaltmaq G¢iin totbiq edilon texnologiyalardir.

Yasil Texnologiya marketologlarm bu giinlordo davamli inkisaf iigiin osas strategiya kimi
istifado etdiklori mithiim konsepsiyadir. Bu todgigat texnologiya baximmidan davamliliq
konsepsiyasina diqqgat yetirir. Yasil texnologiyanin 6zii 1970-ci illorin sonlarinda todgigat
movzusu kimi inkisaf etmisdir [14].

Bir texnologiyanin yasil texnologiyaya cevrilmasi liclin lazzim olan osas meyarlar
asagidaki kimi qeyd etmok olar: [15, 16]

- Otraf miihitin deqradasiyasini minimuma endirir

- Sifir istixana qazi emissiyast

- Hoyatin biitiin formalar1 {i¢iin saglam vo tokmillosdirilmis miihiti tosviq edir
- Enerji vo tobii ehtiyatlardan istifadoys gonaot edir
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- Borpa olunan monbalardan istifadani tosviq edir

Ogar bir texnologiya bunlar1 eds bilirss o zaman o texnologiyani yasil texnologiya kimi
goabul etmok olar.
4. Yasil Enerji

Yasil Texnologiyalarin totbiq sahslori giindslik moisotdon (hayatindan) iri sonayelors
godar muxtalif sahalori ohats edir. Bunlardan biri do Enerji sektorudur.

Yasil texnologiyalarin enerji sektorunda totbiqi yasil enerjinin aldo edilmasino imkan
verir. Yasil enerji davamli vo borpa oluna bilon enerjilordir. Bunlar, giinos enerjisi, kiilok
enerjisi, geotermal enerji va s.

Bunlar G¢lin nozards tutulan texnologiyalar isa

Gunas Panellori,

Perovskit Giines Hiiceyralori,

Batareyalar,

Hidrogen (hidrogen asasli texnologiyalar) va S.
Qeyd edildiyi kimi, Yasil Texnologiyalar birbagsa yasil enerjiyo tokan veron
vasitolordandir. Bunlar asas olarag barpa oluna bilan enerjini togviq edir.

Barpa oluna bilan enerji tiikanmoz bir enerji monbayi olarag, modern dévrds va elaca do
galocokds insanlarin daha gox istifado edacayi bir enerji névudur. Barpa olunan enerji tobiotin
insanlara qarsiligsiz verdiyi enerjidir. Bunlar: glinos enerjisi, kiilok enerjisi, geotermal enerji,
hidrolik, okean enerjisi, bioenerji vo s. On bdyiik barpa olunan enerji Ginass enerjisidir.
Tukonmaz enerji monbalari olaraq insanlarin istifadasi tigiin mdvcud olan bu enerji manbalori
daha tomiz bir Diinya ugcin ideal vasitalordir. Onlar digor ndv enerjilorin tobioto verdiyi ziyanin
qarsisinin alinmasi, azaldilmasi tigiin asas kdmokgilordir.

Yasil Enerjini tosviq edon asas Yasil texnologiyalardan bazilori ise asagidakilardir:

Glnas panellari

On boylk barpa oluna bilon enerji monbayi Ginasdir. Ondan alds olunan enerji ilo
elektrik, istilik enerjisi yaratmaq, suyu duzsuzlasdirmaq [17] miimkiindiir. Bundan slavs,
glnosdan olds edilon enerjidan istifado zamani otraf mlhito har hansi bir ¢irklonmo, istixana
effekti Kimi tosirlor bas vermir.

Gunas enerjisinin aldo edilmoasi Uglin istifado edilon vasito giinas panelloridir. Ginas
panellor yasil texnologiya kateqoriyasina aiddir. Giinas panellori igtisadiyyat cohstdon do
sorfolidir. Istifadesi zaman1 minlorlo dollar doyarindo elektrik enerjisi xorclorina gonast edilo
bilar.

Gunoas panellari ilo yanasi Giinos batareyalar1 da vardir. Giinas batareyalar1 enerjini daha
uzun middst saxlamag Uciin istifads edilir. Digor torafdon, Giinos Panellorinin istismar1 bir
goadar xarc talob etso do uzun illor istifado edilo vo Xorclora gonast edilo bilor. Lakin Giinas
Batareyalar1 bir miiddot sonra baxim tigiin xarclor talob edacokdir.

Kilok turbinlari

Kilok do Giinas kimi osas barpa oluna bilon enerji manboalorindan biridir. Kiillokdan alds
edilon enerji ilo elektrik enerjisi istehsal edilir.

Kilok turbin texnologiyasmin inkisafi ilo daha genis miqyasda tomiz elektrik enerjisi
istehsal etmok tictin kiloyin giiciindan istifado etmok olar. Kilok strati yiiksok olan arazilorda
yerlagon kilok tosarriifatlar1 daha yasil enerji qarisigina global kegido ohamiyyatli tohfo vers
bilor [18].

Karbon tutma va saxlama

Karbon tutma vo saxlama texnologiyasi karbonu atmosferdon ¢ixarir vo ondan sintetik
yanacaq hazirlamaq tgiin istifado edir. Hal-hazirda, bu, bahali vo nishaton Ki¢ik miqyashdir,
lakin Stenford Universiteti torafindon aparilan bir aragdirma [19], bu texnologiyanim xarclarinin
hotta alt1 dofo azaldila bilocayini vo onun daha genislons bilacoayini prognozlasdirir [20].
Elektrikli nagliyyat vasitalori

Ekoloji nogliyyat vasitolori kimi tanman eko-avtomobillor atmosfers c¢irklondirici
maddoalor buraxmirlar. Onlara “eko” deyilir, ¢linki onlarmn istifadosi otraf muhits manfi tosir
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gostormir vo atmosferdo ¢irklondirici qazlarin moévcudlugunu azaltmaga komok edir.
Cirklondirici qaz dedikds, asasen karbon gazi (CO2), karbon monoksit (CO), azot oksidi
(NOx), yanmamis karbohidrogenlor (HC) vo qurgusun vo kukird dioksidin birlogsmalori
nozards tutulur [21].

Yasil Texnologiyalara mdvcud texnologiyalardan Osyalarm Interneti Ekosistemini
niimuno olaraq gostormok miimkiindiir. Osyalarin Interneti Ekosisteminin ohato etdiyi Agilli
Saboka/Enerji sahosi do Yasil Enerji mosalosi ilo garsilighdir (real vaxt rejimindo elektrik
enerjisinin tolob vo toklifini daha yaxsi uygunlasdirmaq tigiin ragomsal texnologiyalardan,
sensorlardan vo program tominatindan istifado edon elektrik sobokasidir) [22]. Osasan
elektriklogdirilmis vo avtomatlagdirilmis diinya davamli, etibarli vo dayaniqli elektrik enerjisi
tochizat1 tolob edir. Bu, malumat toplamaq va Unsiyyst qura bilon bir soboks vasitasilo alda
edilir. Ideal olaraq o, qiisursuz inteqrasiya va qarsiliglt alagoni tomin edon standartlasdirilmis
aparat, program tominat1 vo proseslor zorinds qurulur [23]. Uygun olaraq bu proseslorin
hoyata kegirilmosino Osyalarmn Interneti texnologiyalar1 kdmok edir. ©vvalds do geyd edildiyi
kimi Yasil IoT-un asas magsadi enerjiya gonast edan va ekoloji cohatdon tamiz olan bir muhit
(vo ya agilli cihazlar miihiti) yaratmaqdir.

Osyalarin Interneti Agilli Sobokodo asagidaki proseslorin hoyata kegirilmosino imkan
VErir.

1. Molumatlarin toplanmasi: Enerji istehlaki ilo olagoli molumatlar agilli cihazlarm,
sensorlarin kdmayi ilo toplanilir.

2. Proseslorin avtomatlagdirilmasi: Bunun tigiin hazirda on ¢ox istifads edilon vasito agilli
saygacdir. Belo ki, bu enerji istehlakii avtomatlasdirilmis formada izlomoya va otraf-
mihito uygunlasmaga imkan verir. IoT cihazlarinin osas xisusiyyatlorindon biri do
onlarimn atraf-mihito uygunlasa bilmoloridir.

3. Prognozlagdirma: proseslarin, problemlorin prognozlasdirilmasi IoT cihazlar1 vasitasilo
toplanilan molumatlarm tahlilino asaslanr.

[oT osash Agilli Sobokalor tokmillosdirilmis idaroetmo vo tolobata cavab vermo
gabiliyyati, paylanmig istehsal tiglin artan imkanlar vo barpa olunan enerji monbalarinin
inteqrasiyasina komok etmokls sirkotlors karbon izlorini daha yaxsi idars etmoys imkan verir.
Kommunal sirkatlor enerjiya gonast, boarpa olunan monbalordon enerji istehsalinin faizinin
artirtlmas1  vo sabakonin samoaraliliyinin yukssldilmasi, eyni zamanda ohalinin ekoloji
problemlarini hall etmokla shamiyyatli kapital xarclorindon gaca bilor [24].

6. Yasil Hoyata Kegcid

Yalniz yasil texnologiyalardan istifado ilo yasil diinya namino addim atmaq kifayot
deyildir. Bu, sadacs Kicik bir hissadir. ©On sads halda har bir insan yasil hoyata kecid etmoak
Ucuin bir nego sads addimlar ata bilor. Bunlardan bazilori agagidakilardir:

- Enerji va suya gonast edilmasi

- Israfciligin qarsisini almaq

- Qida yaglar, siirtkii yaglari kimi yaglarin kanalizasiyaya vo ya ag¢iq sulara atmamaq

- Tomizlik vasitalorini eyni ilo kanalizasiya vo ya aciq sulara atmamaq

- Ehtiyac olan godor resurslardan istifado etmok

- Yenidan istifads oluna bilan mohsullardan istifado etmok

- Alternativ nogliyyat vasitalorindan istifado

- Tokrar emala say gdstarmok

- Torpaq orazilors, sulara zibil (xususils plastik tullantilar) atmamagq

- Zororli maddalorin su, torpaq kimi oarazilora atmamag

- Mitomadi olaraq otraf-mihiti tomizlomok (atraf-mihitin ¢irklonmasi yalniz insan vo ya
texnologiya torofindon bas vermir. Bazon tabii proseslor do ¢girklonmoya sobab ola bilar)

- Comiyyatin vo tobiotin osas tolob etdiyi sey tomiz hava, oksigendir. Osas oksigen
monbayi bitkilor oldugu {igiin onlarm sayini artirmaq lazimdir. Digor torofdon onlarin
kasilmasinin qarsisini almaq da bir digar garokli prosesdir.
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NOTICO

Molumdur ki, insanin tabisto vurdugu ziyan bir miiddat sonra onun 0zins gayidir. Bu
cohotdon hom basariyyati ham do tobioti qorumaq ii¢iin insanlarin maariflonmosi lazimdir.
Bosariyyatin tobiot Gzarindaki an boyuk (daha ¢ox monfi) tosiri texnologiyanin yaranmasi va
inkisafi ilo artmisdir.

Lakin hazirda bu problemlori aradan qaldirmaq da yens texnologiya ilo bas verir. Bu
baximdan inkisaf etdirilon texnologiyalar yasil texnologiyalar olaraq bilinir. Yasil
texnologiyalarm tobist lzorindoki manfi tasirlori azaltmag, daha tomiz bir galocok yaratmag
imkan1 vardir.

Yasil texnologiyalar,

Otraf muhiti qoruyur,

Otraf miihitin resurslarindan somarali istifadoni tomin edir,

Otraf mihits doymis ziyanin miimkiin qodor azalmasina komok edir,

Iqtisadi somoraliliyi artirir,

Davamli inkigafin tomin edir.

Davamli Inkisafin Mogsadlorinin  hoyata kegirilmosino osas komokgi yeno yasil
texnologiyalardir.
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3EJIEHBIA MUP 3EJIEHBIE TEXHOJIOTUH U 3EJIEHASI DHEPT U
PAXUMOBA H.A., ABAYJIJIAEB B.I'., ABBACOBA B.C., ATA3AJIE K.®D.

C HavasioM MPOMBIIIJIEHHON PEBOJIIOIMU BpEA, HAHOCHUMBIM YEJIOBEKOM MIPHUPOJE,
3HAYUTENbHO yBeanuuics. C Apyroil CTOPOHBL, y COBPEMEHHOT'O YEJIOBEKa Hauaao pa3BUBATHCA
MHIUBUAYyaJIbHOE CO3HAHHME B HAIIPABJICHUU <«BAIUTHI MPUPOABD». DTO HAIIO OTPaXEHHE U B
pa3BUTUU TEXHOJOTUH. B coBpeMeHHYIO0 310Xy TEXHOJOTMU HAUMHAIOT pa3padaThiBaThCs U
BHEIPSTHCS KaK <«JIpY’>KECTBEHHbIE OKPY)KAIOIIeH cpenie». DTH TEXHOJOTUH, TaKKE€ U3BECTHBIE
KaK «3€JIeHble TEXHOJIOTHM», BOLUIM B Hally >KM3Hb. 3€JI€HbIE TEXHOJOTHUU CTAU OJHOU U3
OCHOBHBIX YacTEH «3€JICHOM W YCTOWYMBOW» JKU3HHU. YCTOWYMBOCTH SIBIAETCS OCHOBOM
COBPEMEHHBIX MPHUPOJHO-OPUEHTUPOBAHHBIX  MpoekToB. (ObecrneyeHre  YCTONYMBOCTH
OCYIIIECTBJIsIETCS B pamkax 17 meneir ycroiuuoro pazsutus (L[YP). I'maBnas nens 31ech —
JOCTHXKEHHE 0oJiee BHICOKOTO KayecTBa KU3HU Kak ISl YeOBEYEeCTBa, Tak U JUIsl mpupoasl. B
CTaThb€ pACCMATPUBAIOTCS YCTOWYUBOCTb, 3€JIEHBIE TEXHOJOTHUW, MpEeAHa3HAYEHHbIE JUIS
3€JICHOI0 MHpA, U 3€JI€Hasi YHEPT U

KnioueBble c/10Ba: yCTOHYNBOCTE, 3€IEHBIH MUD, 3€I€HbIE TEXHOJIOTUH, 3eJIeHast SHEPT UL

GREEN WORLD GREEN TECHNOLOGY AND GREEN ENERGY
RAHIMOVA N.A., ABDULLAYEV V.H., ABBASOVA V.S., AGAZADE J.F.

With the onset of the industrial revolution, the harm caused by humans to nature began to
increase significantly. On the other hand, modern humans have started to develop individual
awareness in the direction of "protecting nature." This awareness is also reflected in the
advancement of technology. In the modern era, technologies are being developed and applied
as "environmentally friendly." These technologies, also known as "green technologies,” have
become part of our lives. Green technologies have turned into one of the essential components
of a "green and sustainable" life. Sustainability forms the basis of modern nature-based
projects. Achieving sustainability is carried out within the framework of the 17 Sustainable
Development Goals (SDGs). The main objective here is to ensure a higher quality of life for
both humanity and nature. The article discusses sustainability, green technologies designed for
a green world, and green energy.

Keywords: sustainability, green world, green technology, green energy.
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Moqalods giic transformatorlarinin on ohomiyyatli hissolori olan “izolyasiya sistemlori” barods moalumat
verilmig, eloco do onlarin hansi funksiyalari yerino yetridiklori izah olunmus vo sonda onlarin monitroing veo
diagnostika tisullarindan biri barads aparilan arasdirma togdim edilmisdir.

Acar sozlar: Giic transformatrolari, izolyasiya sistemlori, izolyasiya sistmlorinin diaqnostikasi vo
monitoringi.

Elektrik sirkatlori vo qurumlar enerjinin Otlrilmo  keyfiyystini davamli olaraq
artirilmasint  hadofloyirlor. Elektrik enerjisinin keyfiyyatini pislogdiron an mihim amillor
arasinda transformatorlarin istismar1 zamani yaranan nasazliglar naticasinds bas veran qisa vo
Uzunmuddatli fasilalor var. Bu ciir planlasdirilmamis fasilalor hom enerji istehsalgilarmin hom
do istehlakgilarin faaliyystini dayandiraraq itkilor yaradir. Diinyada elektrik enerjisi otiiriilmasi
Vo paylanmasi sistemlori ¢oxlu sayda tranformatorlardan ibarstdir. Masalon verilimis malumata
osason yanlizaca ABS-da 20-Ci osrin sonlarma yaxin bir miiddotdo 30 milyondan cox
transformatorun sobokodo foaliyysti geyds alinmisdir.Buna gora do, transformatorun Gmumi
vaziyyatininn va galan xidmat muddstinin giymatlondirilmasi macburi kasilmalorin qarsisini
almaga vo istehlak¢inin enerji olgatanliginin artirilmasina komok edo bilocok mihim
foaliyyatdir. Transformatorlarin istismar miiddati davamli olaraq artir vo tobiidir ki. yasla bagl
olaraq onlarin siradan ¢xima hallarida artir. Tomir iglori ¢ox vaxt, xisusan do fabriko vo ya
tomir emalatxanasina dasinma talob olundugu hallarda uzunmiiddstli fasilolor tolob edir. Digor
torafdon, bunlar, xtsusilods nasazliq niive dolaglarinda va ya digar bark izolyasiya hissalorinda
oldugda bahali faaliyyatlordir. Transformatorun dizaynindan va tatbigindon asili olaraq, tomir
xarclori yeni transformatorun qiymotino gotirib ¢ixara bilor.Trsanformatorlarda nasazliq
faktorlarina ifrat elektrik coroyanlari, ildirnm vurmasi, dielektrik deffektlori, qosulma vo
baglant1 noqtalorinds yaranan bosluqlar, diizgiin qulluq edilmomosi, namlik, haddindan artiq
yuklonma vo digor soboblor daxildir. Son aparilan aragdirmalar gostorir ki, yiik altinda olan
tonzimloyicilor vao Nivo dolaglarmin sargilar1 on Yyiksok nasazliq doracoesine malik
komponentlordir. Bununla belo sargi ilo bagli tomir islori daha bahalhidir vo yik(gorginlik)
tonzimlayicilori ilo alagali tomir islori ilo miqayisado daha uzuzn tomir vaxtlar1 tolob edir.
Beloliklo, transformatorun tohlilkasiz islomosi birbasa sargilarin izolyasiya sisteminin
vaziyystina baghidir. Transformatorlar 25-30 il araliginda orta xidmat middatino malik etibarli
avadanliglardir vo mivafig texniki xidmot strategiyalarmi gobul etmoklo onlarm xidmot
muddati 60 ilo godor uzadila bilor. Glic va paylayici transformatorlarin izolyasiya sistemlori
(quru tipli transformatorlar) istisna olmaqla mineral yagdan, selliilloz kagizdan, press (torkibi
kompozit vo digor materiallar) I6vhasindon , pertinaxdan va bir sira digor taxta elementlordon
ibaratdir. Son onilliklor arzinds ansnavi selliiloz kagiz1 digor ndvlarlo, mineral yagi iso sintetik
yaglarla vo ya tobii efirlorlo ovaz etmokls izolyasiya sisteminin isini yaxsilasdirmaq tiglin xeyli
sy goOstorilmisdir. Bununla belo Xorc-performans nisbati nozoro alinmaqla, yag-kagiz
izolyasiya sistemi transformator istehsali sonayesinds an ¢ox istifads edilon sistem olaraq qalir.
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Yaghh kagizdan izolyasiya edilmis transformatorlarda, sellilloza osasli elementlorin
diagnostikasina daha ¢ox diqqot yetirilmalidir. Glic va paylayici transformatorlarin izolyasiya
sistemlori (quru tipli transformatorlar) istisna olmaqla mineral yagdan, selliiloz kagizdan, press
(torkibi kompozit vo digor materiallar) I6vhasindon, pertinaxdan vo bir sira digor taxta
elementlordan ibaratdir. Son onilliklar arzinds snsnavi selliiloz kagizi digor névlarlo, mineral
yagl iso sintetik yaglarla vo ya tobii efirlorlo ovoz etmoklo izolyasiya sisteminin isini
yaxsilasdirmagq ti¢lin xeyli soy gostorilmigdir.

Artiq
yiiklanma Nam va
riitubat

Texniki
xidmat

elektrik
problemlarj

izolyasiya

Sak.1. Transfromatorlarin nasazliq sebablori.

M YUk tanzimlayicisi

m Soyutma qurgusu

M Yao ¢ani
Niva

B Asagi va yiiksak garginlik
sixaclari

M izolyasiya

H Dolaglar

Sak. 2. Nasazligin bas verdiyi hissalor.

Bununla belo xorc-performans nisbati nozoro alimmaqla, yag-kagiz izolyasiya sistemi
transformator istehsali sonayesindo an ¢ox istifado edilon sistem olaraq qalir. Yagh kagizdan
izolyasiya edilmis transformatorlarda, selliiloza asasli elementlorin diagnostikasma daha ¢ox
digget yetirilmalidir. Sargilarin  izolyasiyas1 yiliksok islomo tempraturlari, burulgan
corayanlarinin itkilori vo suyun mécdulugu noticasinds pislosir. Natica etibarilo, tempraturun vo
suyun izolyasiyanin xidmot muddstina tasiri nezors alimmalhidir, xiisuson do onlar digar nv
faktorlar ila birgo meydana ¢ixa bilir vo bu zaman bir negs faktorun eyni anda yaranmasi xiisusi
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tohliikalidir. izolyasiya elementlorinin uzun middet gorginlik altinda islomasi halinda, onlarin
kimyavi torkibi doyisir vo struktur pargalanmasi bas vers bilir ki, bu da izolyasiyanin va
izolyasiya edilmis sothlorin kegirici olavo materiallarla girklonmasina sabab olur, noticads
izolyasiyanin elektrik mohkomliyi azalir, izolyasiya keyfiyyoti pislosir.Magalonin ndvbati
hissasindo transformator sargisinin voziyyastini monitoring olunmasi barodo bahs olunub.
Vaziyyat monitoringi elektrik masmlarmmn hissalorinin  voziyystini tamligi barodo statistika
yaratmaga imkan verir. Diizgiin qurulmus texniki qulluq vo monitoring sistemi deffektli
hissalor barads Kifayat godor molumat oldo etmoys imkan veracoyi kimi, bununla yanasi
tomirin do effektli formada planlagdirilmasina xidmoat edocokdir. Elektrik masmlarmin
defektlorinin diagnostikasi zamani an ¢ox fokuslanan parametrlor- izolyasiya, tutum, faza
bucagi, tempratur va s. bunlardir. Magalods ilk olaraq faza forgini doaqiq toyin etmok tgiin test
proseduru totbiq edilmisdir. Faza forqino osaslanaraq, transformator sargilarmin tutumu
hesablanmigdir. Tutumun qiymati sarg1 izolyasiyasinin vaziyyatini tayin edir. Transformator
sargilarina totbig olunan bu metod ilo izolyasiya materialinin qalan xidmoat middati
prognozlasdirila bilor. Danigilan metodda sargilarin vaziyysti daim miisahids olundugu tigiin
kéhnolmo prosesi dagiq toyin oluna bilir. Defektlorin diagnostikasi, vo vaziyystin monitoringi
texniki cihazlarm ilk yarandig: tarixdon etibaron vardir. Umumilikdo voziyyatin monitoringi vo
diagnostikasi degradasiya proseslari vo problemlar barads informasiya saxlayan mioayyan tip
signallarm 6l¢iiliib, emal edimasi prosesidir.Sonayede an faydali metodun toayin edilmasi i¢iin
bir nego faktoru nazors almaq lazimdir.On vacib faktorlarin bir ne¢osi bunlardir:
1. Sensor birbasa izolyasiyaya tomas etmodon 6lgmolor apara bilmalidir.
2. Sensor va 6lgmo sistemi etibarli olmalidir.
3. Qoyulan diagnoz etibarli olmalidir.
4. Olglilon problemin doayeri standartlara uygun qiymotlondirilmolidir.
5. Avadanligm va ya materialin gqalan xidmot middsti prognozlasdirilmalidir.
6. Sensorlardan galon molumata ssaslanaraq problemin sabablori aragdirilmalidir.

Elektrik avadanliglarmin real-vaxt asash voziyyat dayarlondirilmasi getdikco daha ¢ox
istifado olunur. NOvbati diagramda sargilarin izolyasiyasimi giymatlondirmak ddvra-sxem
verilmisdir. Asagida block diagram vo onun komponentlori verilmisdir:

Transformer

CORE

Vs

== ks w4 _l
— Ve
vi fmpliE 2cp1

jor cht EXOR
gate [] CRO

Z2CD2

Sok.3. Blok-diagram.

Sokil 2-do Ug¢morhaloli R-C guclondirci verilmisdir. Emitter kondensatoru baypas
(bypass) edorak oturulon signala zoif reaktivli kegid yolu tamin edir. Guclondirilmo olmadan
hor etapda gorginlik itkisi olacaq. Ciit kondensatorlar AC signallarin1 Otiirtir, lakin DC
signallarmi bloklayir. Bu, iki bloq arasinda signal itkisinin qarsisini alir. Tranzistorun bazasina
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Ac siqnali totbiq etdikdo onun kollektoru yikiu RC-dOvrasi Uzarinds totbiq olunmus formada
toyin edir. Rc-xatti ilo glclondirilon signal Cc- kondensatoru vasitasilo ndvbati tranzistorun
bazasmna verilir. ikinci morholo signalin daha da giiclondirilmasini hoyata kegirir. Beloliklo
kaskad morholaloari giris signalint daha da giiclondirir.

? +10v

>
> -
e =

Sok.4. Glclondirici dévra.

Ogor Vref=0 sokil 3-doki mlgayiss bloku “0” ke¢id korpiisii kimi istifado oluna bilor. Bir sira
hallarda “Vin” yavas-yavas dalga formasini doyisir, yoni asag1 tezlikli signaldir. Buna gorada
“Vin”-in sifir voltu kegmasi, bir middat vaxt tolob etdiyindon, “Vo” bir doyma goarginliyindon
digar doyma garginliyino operativ formada ke¢moyso bilor.

+12V

10k

1k
N\
_| T T..

Sok. 5. Sifir kecid dedektoru.

X-OR Kkorpusi vasitosilo iki rogomsal signali bir-birilo miqayiso eds bilorik, sonra isa

aldigimiz statistikaya oSason eynin girislorin “0”, farqli girisilorin “1” oldugunu qoabul edacayik.

Beloliklo biz iki signal arasindaki faza forqini tapa bilorik.Block-diagramin moqsadi faza

bucagina goro tutumu hesablamaqdir. ©vvealco funksiya generatorundan yiksak tezlikli

gorginlik, transformatorun yiiksok gorginlik dolaqlarma verilir. Dovronin digar torofi iso

transformator nlivasinin digar bir ndqtasine qosulur. Sonra isa 100k-1iq bir miiqvimat dvraya
ordan da yeros birlosdirilir.

(X:. _‘Xc)

R
X,-X, = (tan ¢ x R)
X, =X, + (an ¢ x R)
1

2:'1' f[xt +(Rxtan .;a}]
Burdaki garginlik VVc manbayindan, caroyan s1qnal1 iso yuksak migavimot diskistndan olda
edilir. Vr-garginliyi ¢cox zoif oldudu Gctn, giclondirildikdon sonra “ZCD-o Oturilir. Hor iki
V¢ va Vr signallar1 “ZCD”- moduluna kéklocak vo eyni fazada olmayan kvadratsokilli dalgalar
yaradacaq. “ZCD”-dan ¢ixan signallar iso EX-OR korplorins 6turtlacokdir.

=tfang
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Sok.4 EX-OR Signal ¢ixist.

Fiqur 4-do EX-OR korpiisiiniin ¢ixig dalgalari coroyan vo gorginlik signallari formasmda
gOstorilmisdir. Sokildon do goérundiyt kimi, yaranan forq aslinds “Faza” forqidir. Fazadaki forq
bizo tutmda yaranan forgi, oda bilavasito izolyasiyanin voziyystindon xobar veracokdir.
Hesablamalara géro tempraturu nominaldan 10° C bele artiq oldugda izolyasiyanm émrii, yari-
yartya azalir. Transformator gobokoa siteminin doyorinin togribon 60%- o godor hissaini toskil
edo bilacayinin nozars alaraq onun sobokodoki on doayoarli vo xorcli qurgu oldugunu séylomok
olar. Transformatorda bas veran har hansisa nasazliq, homin stansiyaya qosulmus abonentlorin
do enerjisinin kasilocayi, homginin sobokonin digor qurgularinin da siradan ¢ixmasma goatirib
cixarir. Transformatorun giris AC siqnali, korpii diizlendiricilor vasitesilo DC signalina
cevrilir.Beloliklo transformatorun sargi dolaqlarindan kegen sabit coroyan vasitasilo isinmaya
baslayir. Korpiidon ¢ixan signal stabil olmadigindan, ¢ixis signalin1 1 adod kondensatordan
slizarok daha stabil bir DC signali almis oluruq. Dévradaki carayan iss belo hesablanir:

T
1

C =
2xfX,

Aragdirmadan da goriindiiyli kimi, yiiksok garginlik tarafine duzlondirici dovrani birlosdirarak
sargilarin tempraturunu artirdiq. Bunun naticasinds yilksok gorginlik torafinin miigavimati,
alcaq gorginlik toroafino nisboton daha asagidir. Bu ikinci torof sargilarindan forgli olaraqg,
girisdoki DC goarginliyini daha diizgiin formada idars eds bilmayimizs yardimg1 olacaq. Bunula
belo asagi gorginlik sargilarmin miiqavimoti az olduduna gors giris garginliyindaki hor hansi
doyisiklik, homin anda sargmin izolyasiyasinin zodo gdrmosina getirib ¢ixara bilor. Burada
izolyasiyanin 6mriinii hesablmagq ti¢iin

L(V)=Ce"®
L(V)- izolyasiya materialinln novii
V- izolyasiyanin stress saViyyasi
C,e- sabitlordir.
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Sok. 6. Tutumun 120 C° -do degradasiya prosesi.
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Sok.7. Tutumun 110 C°- do degradasiya prosesi.
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nepreryvnogo-kontrolya-vysokovoltnykh-vvodov-silovykh-transformatorov-i-
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https://www.bo-energo.ru/equipment/dlya-silovykh-transformatorov/monitoring-
chastichnykh-razryadov/

https://7universum.com/ru/tech/archive/item/14505

https://www.tor-
trans.com.ua/transformatorcheck.html?srsltid=AfmBOorVidivzvilwY8QYNfR5apbjAwWG
LCCXONTVED-TKszsKx-hkGaj
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MOHUTOPUHI' U JUATHOCTUKA CUCTEM HN30JI11IUN
CWIOBBIX TPAHC®OPMATOPOB

HNCAEB U.I'., MYPAJIOBA P.A.

B craree mpencraBneHa wuHpoOpMamus O HaumboJee BaXHBIX YACTAX CHIIOBBIX

TpaHCc(HOPMATOPOB, «CHCTEMaX H3OJAIMH», a TaKkKe OOBACHEHBI UX (PYHKIMH ¥, HAKOHEII,
MPEJICTABICHO UCCIEA0BAHUE OJTHOTO U3 METOJIOB X KOHTPOJISL U TMAarHOCTUKH.

KarwueBble cjioBa: CHIIOBBIC TPaHC(HOPMATOPHI, CHCTEMBI H30JISINH, JUATHOCTHKA ¥ MOHHUTOPUHT CHCTEM

H30JIAMH.

MONITORING AND DIAGNOSTICS OF INSULATION SYSTEMS
OF POWER TRANSFORMERS

ISAYEV I.G.,, MURADOVA R.A.

The article provides information about the most important parts of power transformers,

"isolation systems", as well as explains what functions they perform, and finally presents a
study on one of their monitoring and diagnostic methods.

Keywords: power transformers, insulation systems, diagnostics and monitoring of insulation systems.
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ISTEHSALATDA SONAYE ROBOTLARININ TOTBIQIi
ABDULLAYEYV V.H., ROHIMOVA N.9., ABBASOVA V.S., AGAZADE J.F.

Azarbaycan Dovlat Neft va Sanaye Universiteti, Bak
Abdulvugar@mail.ru

Istehsalat (sin. Emaletmo, Sonaye) uzun illordir mévecud olan bir anlayis vo aktdir. Dsrlor boyu movcud olan
istehsal ilk dovrlordo xiisusi sonotkarlar torafindon hoyata kegirilmisdir vo burada, osason ol islori iistiinliik togkil
etmisdir. Insan omoyinin daha cox oldugu erkon istehsalat dovrii zamanla tokmillosmoyo baslamis vo 6z osas
tokamiiliine, basqa sozlo kecid dovriino Sonaye Ingilabr ilo baslamisdir. IV Senaye ingilabi ilo birlikdo insan isci
qiivvasi miixtalif tipli vasitolorin, texnologiyalarin komayi ilo nisbaton ovoz olunmaga baglamisdir. Bu kimi osas
komakgi vasitalarden biri do robotlardir. Magalads Robotlar va onlarin istehsalatda tatbiqine nazer yetirilmisdir.

Acar sozlar: istehsalat, suni intellekt, robotlar, avtomatlagdirma, agilli robotlar

1. GIRIS

“Istehsalat, insan omoyi vo ya masmin kdmoyi ilo xam maddonin islonmosi (emalr)
naticosindo mohsulun istehsal edilmosinin biitiin morhalolorini ohato edon bir prosesdir.”

Sanaye 4.0 ilo birlikds agilli texnologiyalarin tatbiqinin bir ¢ox sahalors yayilmasi prosesi
baslanmigdir. Bu ciir agilli texnologiyalar asason siini intellekt asaslh olub, insan is¢i qiivvasinin
1 soraitini daha sado vo tohliikasiz etmok, insan isci qlivvesinin daha potensial islorde xiisusilo
rohborlik kimi qorar gobuletmo prosesindo totbigine imkan verir. Hazirda daha ¢ox insan
morkozli proseslorin daha da inkisaf etmoyo vo tolob olunmaga baslandig1 bir dévrdo agilli
texnologiyalar osas komokei vasitolor olara foaliyyat gostorirlor.

Bu kimi agilli texnologiyalardan biri do tarixi olduqca kegmiso gedon robotlardir. Modern
robotlarm siini intellektin imkanlarindan genis bir sokildo istifado etmo gabiliyystino sahib
miiasirlosdirilmis variantlardir. Istehsalat kimi fiziki islorin daha cox oldugu saholordo
robotlarm totbiqina tolob boyiikdiir.

2. ROBOTLAR, ONLARIN TARIXI VO XARAKTERISTIKALARI

Robot vo Robototexnika terminlori mohz incosonotin elmi-fantastika janrindan golir.
“Robot" sozii ilk dofo fabrik konveyerlorindo iglomok {i¢iin qurulan vo insan ustalarina qarsi
isyan edon mexaniki insanlar haqqmnda bir tamasada istifado edilmisdir. 1921-ci ildo ¢ex
dramaturqu Karl Capek torafindon yazilmis RUR (Rossumun Universal Robots) dilinds olan bu
magsinlar 6z adin1 ¢ex dilindo “robota — qul” s6ziindon almisdir. Digor torofdon, “Robotexnika”
sOzii do basqa bir yazici torofindon istifado edilmisdi. Rus osilli amerikali elmi-fantastik yazici
Isaak Asimov bu sozii ilk dofs 1942-ci ildo 6ziiniin “Runabout” povestindo istifado edib.
Asimov robotun insan comiyyatindoki rolu haqqinda Capekdon daha parlaq vo daha optimist
fikirdo idi. O, Gimumiyyatlo, qisa hekayolorindo robotlar1 insanin faydali xidmatgilori kimi
xarakterizo etdi vo robotlar1 "daha yaxsi, daha tomiz bir irq" olaraq gordii [1].

Umumi olarag, biz robot hagqinda bu ciir torif vers bilorik:

“Robot, insanlara onlarin hom giindslik hoam do fiziki olaraq yerino yetirmokds ¢atinlik
cokdiklori, eloco do insanlarin hoyati tiglin tohliikoli olan islori yerino yetirmokdo komok edon
osason proqramlasdirilmis metal hissalor toplusundan ibarat insan istehsali olan bir obyektdir.”

Robotlar ilk yaradildigi zamandan bori insanlara (onlar1 yaradan soxslora) komok edon
insanabanzor masinlar olaraq molumdur. Robot dedikds ¢ox zaman insanabonzor masinlar qabul
edilir, hans1 ki, onlar miixtolif formalarda olsalar belo insanin aglina 6zlorino bonzor robotlar
golir. Robotlarin baslangici termin olaraq 1921-ci ilo tesadiif eds bilor lakin insanlara kémok
edon obyektlorin yaradilmasi qodim zamanlardan mdvcuddur. Hansi ki, bunlar bugiinkii
robotlarin atasidir.

69



Yuxaridaki torifs uygun olan ilk robot — hansi ki, roqomsal olaraq idare oluna bilon vo
programlasdirila bilon — 1954-cii ildo Kentukki statinin Louisville soharindon olan ixtirag1 Corc
C. Devol torofindon yaradilmisdir. Bu robotun adi “Unimate” idi vo Devol torofindon
patentlosdirilmisdi. Bununla da miiasir Robot sanayesinin asaslar1 qoyuldu.

Bu robot eyni zamanda ilk senaye robotu olaraq da bilinir vo 1961-ci ildo General
Motors'un Ewing Township, New Jersey'doki fabrikindo istifads edilmigdir. Bugiinkii sonaye
robotlarinin atasidir.

Bu, tokrarlanan tapsiriqlar1 yerino yetira bilon hidravlik manipulyator qolu idi. O, metal
emall vo qaynaq proseslorini avtomatlasdirmaq iigiin avtomobil istehsalgilar1 torafindon istifado
edilmisdir. [2]

Umumilikda bu robotlarin dyronilmesi, inkisafi etdirilmasi vo istismari ilo mosgul olan
saha i1so Robototexnika olaraq malumdur.

Robotlar avtonom va yari-avtonom formada olmaqla, bir cox miixtalif tapsiriqlar: yerino
yetiron avtomatlagdirilmis masin novloridir. Umumi olaraq, robotlar mogsedouygun bir gox
forqli faaliyyatlor yerina yetira bilorlor. Robotlar,

- Miisssisalordo, giindalik hoyatda tokrarlanan foaliyyeotlorin avtomatlasdirilmasini,

- Monitorinqg vo nozarat — istonilon sahods, tohliikasizliyin tomini proseslorinin
avtomatlasdirilmasini,

- Insanlar iciin fiziki cohotdon agir vo ya tohliikali olan islorin yerino yetirilmosi,

- Kargilizarliq foaliyyotlorinin hoayata keg¢irilmasini,

- Incosonat ilo olagoli faaliyyatlori va s.

edoa bilar.

[Ik zamanlar konkret mogsadlar iigiin yaradilan, asason miixtalif hissalor (robot qol kimi)
Kimi foaliyyat gostoran robotlar hazirda bir ¢ox hissalora va xiisusiyyatlora malikdir, hans1 ki, bu
hissalor vo xiisusiyyatlor insanlarinkina bonzordir.

Robotlarin hom foaliyyat hom do idrak olaraq insanlara bonzorliyi hor dofo daha da artir.
Robotlar xiisusiyyatlorini insanlardan alir, lakin roqomsallagsmis variantda.

Robotlarin (modern robotlar) xiisusiyyatlorino aid etmok olar:

1. Faaliyyatlorin avtomatlasdirilmasi vasitoloridir.

2. Osason Programlasdirilmis masinlardir. (Tokrar programlasdirila bilirlor)

3. Robotlarin da insanlar kimi duygu orqanlar1 var: amma rogomsallagsmis varianta. Basqa
s6zlo, bunlar sensorlardir. Insanlarin otraf alomi gordiiyii, esitdiyi, toxundugu kimi hans1 ki,
bunu duygu orqanlar1 ilo edirlor, robotlar da bu proseslori sensorlarinin komoyi ilo hoyata
kegirirlor.

4. Robotlarmm beyinlori vardir. Onlar da hoyata kegirdiklori proseslori, foaliyyatlori
yaddaslarinda saxlaya bilirlor.

5. Avtonom v9 yari-avtonom foaliyyst gostarirlor.

Bundan slavs insanlardan daha ¢evik va daha giicliidiirlor Robotlar da yorula bilir (siradan
cixirlar) lakin insan gador deyil. Daha qisa miiddotdo daha az sohv riski ilo daha ¢ox is yerino
yetirirlor.

3. ROBOTLARIN TOTBiQ SAHOLORI
Robotlarmn totbiq saholori onlarin bir diger “ndv” xarakteristikasidir. Asagidaki sahoalor
robotlarin genis totbiq edildiyi sahalordondir.

Horb

Texnoloji yeniliklorin baslangic sektoru horbidir. Hor sektoru {i¢iin miixtalif yeniliklor
togdim va tatbiq edilir. Robotlar da harb sektorunda totbiq edilon texnologiyalardan biridir vo bu
robotlarin “horbi robotlar” noviinii xarakterizo edir.

Horbi robotlar, silahlarin sinaqdan kegirilmosindo, yeklorin daginmasinda, srazide mina vo
ya digor tohliikeli maddolorin axtarigi zamani orduya komok iiclin totbiq edilir. Robotlarin
istifadosi canli qiivvenin tohliikasizliyi tomin edir.
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Yaxin zamanlarda, xiisusilo 5-ci nasil robotlarin mogsodouygun bir formada inkisaf
etdirilmoasi ilo birlikds robot ordular da yaran bilor. Bu, siini intellektin pesokara inkisafi zaman
hayata kegirilo bilor.

Sahiyya

Robotlarin oan ¢ox totbiq edildiyi vo asas komokei olaraq foaliyyot gdstordiyi saholordon
biri sahiyyadir va sohiyyads robot xasta baxicilarina rast golmok olduqca adi bir haldir.

Robotlar hom hokimloro komok edir hom do xastolorin qaygismna qalir. Bundan basqa
xastoxanada tomizlik islori ilo do mosgul olurlar.

Eyni zamanda, bu sahodo do ylik dasimalarinda totbiq edilirlor. Onlar, horokot
mohdudiyyatli soxsloro istodiklori yeri getmokdo, xastolors dormanlarin gobulunda (qobul
vaxtim1 xatirlatmaq vo ya dormani birbasa xostoyo gotirmok), hokimloro xosto haqqinda
molumat1 miitomadi olaraq otiirmokdo komok edirlor. Homg¢inin robotlar corrahi omoliyyatlarda
da komokgi funksiyasinda istirak edirlor.

9ylanca

Adindan da goriindiiyli kimi oylonco sonayesindo robotlar osason konkret olaraq insan
auditoriyasmi oylondirmok {iiglin miixtalif foaliyyotlor: musiqi oxumaq, rags etmok, oyun
oynamagq va s, yerino yetirir.

Bu ciir robotlara oylonco parklarinda, sonliklords, teatrlarda, evlordo rast golmok
mumkainddir.

Taodgiqat

Todqiqat sahasi robotlara ehtiyac duyan bir sahadir. Bunun sabobi iso, tadqiqat sahasinds
bir ¢ox digor saholorin do birlogmesidir. Insan-robot qarsiligl slagolorinin dyranilmosindon
olavo robotlar tohliikoli orazilords todqigat aparmaq, homin orazilordon niimuno gotiirmok iiglin
do istifado olunur. Xiisusilo kosmik todqigatlarda; insanlarin gedo bilmadiyi planetlorin todqiq
edilmosi ti¢lin robotlar daha ¢ox totbiq edilir. Bu ciir robotlar arasdirma yoniimlii robotlardir vo
todqiqat robotlar1 olaraq bilinirlor. Nisbaton, 4-cii nosil robotlar olan mobil robotlar da todqigat
robotlar1 qrupuna aiddir.

Insaat

Basqa sozlo, bunlar tikinti robotlar1 olaraq da adlanir. Insaat orazisindo yiiklerin: kerpic,
das, qum, beton, domir vo s., dasinmasi, korpic/das hormo, beton tokmo kimi islorin
avtomotlasdirilmasi ti¢ilin totbiq edilir vo bu ciir fiziki islorin robotlara tohvil verilmaosi ilo iglor
daha tez bir miiddotds tamamlanir.

Tohsil

Tahsil robotlar1 miisllimlorin vo sagirdlorin dostudur. Osason, oyunlar vasitosilo usaqlara
hesablama qabiliyyastini asilayir. Bundan slava, dors yiikiinii do 6z lizerino gdtiiriir. Darslorin
fordilosdirilmosi ilo mosgul olan robotlar miiollimlor iiglin osas komokei funksiyasini yerino
yetirir,

Robotlar tohsildos totbiq edilso do, miiallimlori ovoz etmirlor sadoco onlara komik edirlor.
Bels ki, usaqlar tigiin real-insani sosial miinasibatlor onlarin inkisafi tigiin xiisusilo vacibdir. Bu
cohatdon bu dovrdos onlarla insan-miisllimlorin moggul olmas1 daha mogsadsuygundur.

Istehsalat

Istehsalat robotlar1 xiisusilo ayrica bir kateqoriyadir. Onlar istehsalatdaki proseslorin
avtomatlagdirilmasini hoyata kegirir vo istehsalatda olduqgca boyiik bir rola sahibdirlor. Istehsalat
robotlar1 haqqinda sonraki hissado otrafli olaraq qeyd edilmisdir.

otraf Miihit

Otraf mithitdoki doyisikliklorin izlonmasi, dyronilmasi, otraf miihitdoki tohliikoli orazilorin
kosfiyyati, torpaq, su, havada bas veron doyisikliklor vo onlarin tosirinin dyronilmesi ii¢iin
robotlar istifado olunurlar.
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Tohliikasizlik

Robotlar miixtolif sektorlarda tohliikosizliyi tomin etmok iiclin totbiq edilirlor.
Umumilikds, onlar obyektlori/insanlar1 izloys, miihafizoni tomin edo bilorlor. Risk hallarinda
xabordarliq signallarini igo sala bilarlor.

Umumilikds, robotlar insanlar iiciin tohliikoli olacaq bazi tohliikasizlik problemlorini do
hall edo bilorlor. Onlar insanlardan forqli olaraq yorulmur vo diggatlori yaymmir. Bu cohatdon
tohliikasizliyin tomini baximindan daha daqiq vo az risklidirlor.

Koand Tasarriifati

Agilli Soharlor layihasindon sonra tolob goron bir diger layiho olan Agilli Kond — agill
texnologiyanin osas totbiq saholorindon birino ¢evrildi. Burada tobii ki robotlar da totbiq
edilmoys baslandi. Robotlar kondg¢i tobagonin yerino yetirdiyi islori avtomatlagdirilmig formada
vo normalara (su, torpaq vo hava normalar1) uygun sokildo hoyata kegirirlor.

Onlar torpaq, su vo hava normalarim1 miisahids edir, torpagr sumlayir, toxumlar okir,
mohsulunun boyiimasino nozarat edir eloco do daha sonra miimkiin oldugu ¢or¢ivado mohsullar1
toplayir.

Bununla, samaralilik va effektivlik artir vo xorclor azalir.

Nagliyyat

Robot texnikasmin totbiq saholorindon olan agilli naqliyyat, osason 6ziinii idaro edon
avtomobillori, dronlar1 vo digor avtonom naqliyyat vasitolorini ehtiva edir.

Bunlar, tohliikssizliyi artirmaq, xorclori azaltmaq, naqliyyatda somoraliyi artirmaq {igiin
totbiq edilir.

Giindalik

Gilindolik hoyatda istifado olunan robotlar ev robotlar1 olaraq da bilinir. Bu robotlar
osason, tomizlik islorini, evo nozarati, ev heyvanlarina nozarot, yemok bisirmok kimi bozi ev
iglorinin avtomatlasdirilmas1 hoyata kecirir. Bunlar, osason, tomizlik¢i robotlar, motbox
robotlari, tohliikasizlik/ev-nazarat robotlar1 vo s. adlanirlar.
Bu kimi robotlar asas miistori-yoniimlii robotlar olub insanlarin hoyat keyfiyyatini yaxsilasdirir
vo on ¢ox talob gdron robotlardir/kicik komokeilordir.

Sualt1 kasfiyyat

Adindan da goriindiiyli kimi bu név robotlar xiisusilo sualt1 kosfiyyatda, todqgiqatlarda,
neft buruglarmin kosfiyyatinda, onlara qulluq vo nozarat edilmosi halinda istifads edilir.
Tozyigo davamli olan bu robotlar eyni zamanda gomi gozalarinin aragdirilmasi, okeanlarin
dorinliklorini yronmak tigiin totbiq edilirlor.

Axtarig va xilasetma

Tobii folakotlor zamani fovgolado hallar iscilorinin asas komokgilorindon biri do bu ciir,
axtaris vo xilasetmo robotlaridir. Onlar, zslzolo, daginti, qar ugqunlar1 kimi olduqca tohliiksli
tobii folakotlor zamani islomok {i¢lin nozords tutulub vo is soraitini uygun olaraq dizayn
edilmisdirlor. Bu robotlar, folakot qurbanlarinin yerini tapmaq, onlar1 xilas etmok {i¢iin foaliyyast
gostarirlor.

Bundan basqa, folakot bas veron orazinin Oyronilmosi {igiin do istifado olunurlar. Bu
kateqoriya atraf-miihitin dyronilmasi robotlarini ilo olagalidir.

Test va Sinaq
Laboratoriya, sohiyyo, istehsalat, naqliyyat, horb vo digor sahalorde mogsadauygun test vo
smaqlarin hoyata kecirilmosina robotlardan kdmok alinir. Robotlar smaq obyekti olaraq ideal
vasitolordir. ©On asasi iso robotlar ilo testlorin hoyata kegirilmosi tohliikosizdir.

Xidmat
} Xidmat sektoru, bir ¢ox saholori ohato edir: Turizm, aylonco, qonaqlama, sohiyys vo s.
Umumi olaraq bu sahslords robotlar xidmati faaliyyetlori yerina yetirirlor.
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Mosolon, restoranlarda, hotellords ofisiant/kdmokgi olaraq, sohiyyada avvalds geyd edilon
proseslori yering yetirirlor.

Vo ya bank sektorunda miistorilorin suallarinin cavablandirilmasi, sorgulara cavab
vermok, miistorilora rohborlik edilmosi kimi proseslorin hoyata kegirilmosi do bu sahoyo aiddir.
Qisaca, bu saho miistori-yoniimlii olub, robotlarin genis istifadssini tolob edir vo bir ¢ox digor
sektorlar1 ohato edir.

3. ISTEHSALAT VO ROBOTEXNIKA

Robotlar1 6yronon bdlmo Robototexnikadir. Robototexnika timumi olaraq miithandisliyin
bir gqoludur. O, bir ne¢go sahonin birlogmasidir. Belo ki, burada miihondislik: kompiiter miihon-
disliyi, elektrik miihondisliyi, biotibbi miihondislik, informasiya miihondisliyi, mexatronika
miihandisliyi, idarsetma sistemlori, proqram miihondisliyi, riyaziyyat elmlori, kompiiter elmlori,
elektronika vo rabits, masinqaymrma birlosir. Robototexnika robotlar1 dyronen, dizayn eden,
hazirlayan, istismara veran va istifadosini tomin edon sahadir. Robototexnikanin asas moagsadi
insana komok edo bilon masinlari-robotlarin layiholondirilmosidir.

Robototexnika robotlar1 6yrandiyi liglin onun asas komponenti robotlardir. Robototexnika
bir ¢cox sahalords totbiq edilir. Bunlar robotlarin totbiq sahslordir. Yuxaridaqeyd edilon miixtalif
saholor hom do imumi Robototexnikanin totbiq saholoridir. Bu totbiq saholordon biri do
Istehsalatdur.

Robototexnikanin Istehsalatda totbiqi osason, tokrarlanan islorin avtomatlasdiriimasin,
insanlar {i¢iin fiziki cohotdon agir olan islorin robotlar torafindon yerins yetirilmasini, davamhi
va ¢evik, tohliikasiz is mithitinin yaradilmasini vo buna uygun olaraq da az risk ehtimali ilo tez
bir zamanda doqiq, yiiksok mohsuldarliq vo somoraliys sahib proseslorin hoyata kegirilmasini
tomin edir. Bununla belo, robotlar insanlarin yerini ovoz etmir onlarla omokdasliq edir. Bu ciir
omokdasliga osason robotlara kobotlar da deyilir, Insan isci tohliikoli islori yerino yetirorkon
xosarot ala hotta on pis ehtimal ilo hoyatini itiro bilor. Eyni zamanda uzun miiddot ¢alisdigda
yorula bilor, diggeti dagina bilo ki bu da {imumi ig prosesino monfi tosir edo vo is prosesindo
sohvlor meydana golo bilor. Bu isa on son natico: mohsuldarli§a vo miiassisonin imumi profiline
ziyan vura bilor. Robotlar iso daha uzun miiddot vo davamli is miihiti tomin edirlor. Istehsalat
ticiin keyfiyyotli mohsullarin siiratli istehsali daha vacibdir. Bu baximdan da robotlar istehsalat
sektorunda xiisusilo 6nom dasiyir vo insanlarla birlikdo foaliyyat gostorir. Sohiyya, tohsil, insaat
kimi saholora nozoron istehsalat sonayesindo robotlara daha tez-tez rast golmok miimkiindiir. Bu
baximdan robotlarin “istehsalat robotlar’” névii xiisusilo ayrilir.

Robotlarin istehsalatda totbiqinin {istiin cohotlori ¢ox oldugu kimi monfi cohatlori do
sayilacaq godor vardir. Bunlar,

- Robotlarm inteqrasiyasi nisbaton boyiik xorclar tolab edir

- Insanlar iiciin is itkisi risklorinin olmasi qarsisialinmazdir

- Avtonom sokildo - insanlarin yerino yetirdiyi bir ¢ox islori hoyata kecirmok imkanlari
mohduddur

- Boyiik istehsalat robotlar1 ilo birlikdo foaliyyst gostoron insanlar iiciin tohliikasizlik
risklari toassiif ki, movcuddur

- Insanlarin robotlarla omokdasliq eds bilmasi iiciin onlarm dyradilmasi cox vaxt vo resurs
tolob edir.

Qeyd olunanlar, bir basa monfi cohot olaraq gqobul edilmoys bilor lakin basqa bir bucaqdan
bunlarm da miioyyon qadar tasiri vardir.

4, ISTEHSALATDA TOTBIiQ EDILON ROBOTLAR: SONAYE ROBOTLARI
Sanaye robotlari va onlarin asas komponentlori

Sonaye robotlar1 ISO 8373 standartina goro miixtolif sonayelords - xiisusilo do istehsalat
sonayesinda - totbiq edilon asason yenidon proqramlasdirila bilon, miixtalif mogsadlor ii¢lin
istifado edilon sabit vo ya mobil robotlardir.
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ISO 8373:2021 beynolxalq standartina gora [3] “Sonaye robotlar1 avtomatik idars olunan,
yenidon proqramlagdirila bilon coxmogsadli, li¢ vo ya daha c¢ox oxda (istigamotdo)
programlasdirila bilon, sonaye miihitinds avtomatlagdirma tatbiqlorinds istifads {igiin sabit vo ya
mobil manipulyatordur.”

Yeno eyni standarta uygun olaraq, [3] senaye robotuna asagidakilar daxildir:

- Robot idaroedicisi torofindon idaro olunan robot idarsedicilori daxil olmagqla,
manipulyator; robot nozaratgisi; robotu Oyrotmok vo/vo ya proqramlasdirmaq {igiin
vasitalor, o climladon istonilon rabits interfeysi (avadanliq ve proqram tominatr).

- Sonaye robotlarina kinematik holls inteqrasiya olunmus istonilon kdmokgi oxlar daxildir.

- Sonaye robotlarma mobil robotlarin manipulyasiya edon hissalori daxildir, burada mobil
robot inteqrasiya edilmis manipulyator vo ya robotu olan mobil platformadan ibaratdir.

Bozi robotlardan forqli olaraq, sonaye robotlar1 insana bonzomirlor lakin onlar insan
harokot vo davranislarmi tokrar edos bilir vo hotta daha da iistiin olurlar.

Sonaye robotunun doérd osas hissosi’/komponenti manipulyator, nozarst¢i, istifadoci
interfeysi cihazi va enerji tochizatidir.

Manipulyator — bu, asasan qoldur vo govdoys birlogsmis sokildo olur. Bu qol miixtalif
istigamatlorda horokoat eda bilir.

Nozarot¢i — Robotu idaroetmok tiglin, bu osason qoldur, nozarot¢i olur. O,
programlasdirma kodunu saxlayir, giris signallarini gabul edir, emal edir vo ¢ixiga otiiriir. Sads
halda, Programlasdirilmis horakatlorin yerina yetirilmosini tomin edir.

Insan interfeysi cihazi — insan sistemin {imumi nozarotini istifadogi interfeysi vasitosilo
izloya bilir. Eyni zamanda interfeysde xobardarliq, molumatlar, parametrlor va s. oks olunur. Bu,
umumi sistemin bir komponentidir.

Enerji tochizati — Robotlar enerji tochizatma ehtiyac duyur. Bu enerjisini asason biitiin
sistemin: sensorlarm, aktuatorlarin, nozarot¢inin islomosi ii¢ilin istifado edir. Bu enerji osason
elektrik enerjisi soklindo olur.

Sanaye robotlarinin novlari
Sonaye robotlarmin timumi agsagidaki névlori vardir:
- Artikulyasiyali Robotlar
Artikulyasiyali robot sonaye totbiglorindo istifado olunan robot ndviidiir. Bu robot
firlanan birlogmolori insan qolu kimi birlosdirorok konfiqurasiya edilmisdir. O, insanin
goluna vo yuxart qoluna uygun golon iki diiz komponentdon vo barmaglar kimi
tutucudan ibarotdir. Bu tip robotlar adoton se¢ vo yerlosdirmo programlarinda istifado
olunur. [4] Artikulyasiyal1 Robotlar {i¢iin tipik totbiglor montaj, qovs qaynagi, materialla
islomo, masina qulluq vo gablasdirmadir.

- Kartezyen Robotlar
Bu robota diizxstli vo ya portal robot da deyilir. Kartezyen robotda Kartezyen koordinat
sistemindon (X, Y vo Z) istifado edon li¢ xatti birlosms (v ya onlarin birlogsmosi) var. Bu
robotun firlanma horokotino imkan vermok ii¢iin alava bilok do ola bilor. Prizmatik
birlogsmalor miivafiq oxlar boyunca xatti horokatlor verir. Bu robot adston materiallarin
islonmasi, kompiiterin roqomsal idaroetmo masininin yliklonmasi/bosaldilmast va s.
islordo istifado olunur [5].

- SCARA (Seg¢ilmis Uygunluq Qurasdirma Robot Qolu)
SCARA manipulyatorlar1 tez-tez qilisurlarin aradan qaldirilmasi, se¢ vo yerlosdirmo,
fircalama, desiklorin barkidilmasi, dovre 16vhasinin yigilmast vo mexaniki montaj kimi
tapsiriqlar1 yerino yetirir ki, bunlarin hamisi son effektorun doqiq izlonilmesi vo yiiksok
stiratli manevr edilmoasini tolob edir [6].

- Delta Robotlar1
Delta robot paralel robot noviidiir. Adin1 qurulusundan (ligbucaq formalr) alir. Bu robot
da, dasima, qablagdirma, ¢esidlomo kimi proseslori hoyata kegirmok {igiin istifado edilir.

74



- Polar Robotlar
Polar digor adi ilo sferik robotlar ilkin nasil robotlardandir. Unimate do sferik robot idi.
Dozgahlara qulluq, montaj oamoliyyatlari, qaz qaynaq totbiqlori, boyama sistemlori va s.
totbiq edilir. Bu giin qiitb/sferik robotlar digor sonaye robotlar1 ilo avoz edilmisdir. On
cox yayilmiglar SCARA robotlaridir [7].

- Birgo robotlar
Omokdasliq robotlar, Kobotlar insanlarla birlikdo foaliyyat gostoron robotlardir.
Kobotlar adoton segmo vo yerlosdirmo, g¢esidlomo, paletlomo, keyfiyyot yoxlamasi va
masin baximi tigiin istifado olunur.

Istehsalatda on ¢ox totbiq edilon sonaye robotlarina iso asagidakilar aiddir: [8]

RB-THERON fabriklor vo ya anbarlar kimi sonaye totbiqlori ii¢iin ala halldir, ¢iinki o,
yiiklorin qapal yerlords avtonom daginmasi iigiin xiisusi olaraq hazirlanmisdir.

RB-ROBOUT sonaye miihitlorindo 1 tona godor ¢okisi olan yiiklorin dasmmasi tigiin
nozords tutulmus intralogistikada agir yiiklorin daginmasi ii¢iin istifado olunur.

RB-KAIROS+: bu mobil manipulyator yigma va yerlosdirmo, hissalorin qidalanmasi,
metrologiya, keyfiyyoto nozarot, boylik hissolorin vidalanmasi, gablasdirma, tomizlomo,
cilalama, vidalama vo s. kimi sonaye proqramlar1 ii¢lin son doroco faydahdir. O, sonaye
miihitlorinds islomok tigiin nozords tutulub.

RB-VOGUI+: daxili vo xarici logistika programlar: {igiin cox yonlii mobil manipulyator.
Robot yiiksok mobildir, ona goéro do operatoru izloyo va istonilon sonaye miihitindo avtonom
sokilda harokat edo bilir.

5. ROBOTOTEXNIKANIN iSTEHSALATDA GOLOCOYI
Robototexnikanin golocoyi robotlarin golocoyi ilo xarakterizo olunur. Golocokdo bu, 6ziinii 4
istigamotdo gdstoracokdir.

1. Avtonomluq imkani

2. Enerji asililigi

3. Osyalarin Interneti olagosi
4. Kiber tohliikosizliyin tomini

Avtonomlug imkani

V nasil Robototexnika {i¢lin asas mogsadlordon biri avtonomluq imkaninin artirilmasidir
vo hotta tam avtonom formada foaliyyat gostora bilon robotlarin yaradilmasidir. Belo ki, bu
robotlar 6z tapsiriqlari 6zlori yarada, 6zlori 6yrons bilsinlor.

Hazirda robotlarin boyiik bir hissosi yari-avtonom faaliyyst gostorir. Bu onu insandan asili
edon osas amildir. Digor torafdon yari-avtonom olmaq onlarmn imkanlarini da mohdudlasdirir.
Bu cohotdon hazirda insana yaxin olan bir robot tam olaraq layihslondirilmomisdir.

Robotlar yaxin golocokds bu qabiliyysto sahib ola bilorlor lakin bu onlarda yeni
qabiliyyatlori do tolob edacakdir. Bu baximdan yens do insan vo robotlar omokdasliq etmays
davam edoacaklordir.

Enerji asthiligi

Robotlarn enerjidon asili olmast normaldir. Lakin, enerji kosildiyi zaman bels robotlarin
6z islorina davam edo bilmasi daha miikommoldir. Istor robotun birbasa 6z enerjisinin kosilmosi
istorso do miiossisado bas vermis hor hansi bir nasazliq halinda robotun isino davam etmasi,
biitiin proseslori sona godor davam etdirmosi miiossisonin mohsuldarligi baximindan miisbot
tosir gostoracokdir. Nohayst bu, daha ¢cox mohsul istehsalina, daha ¢ox miistoriys vo daha ¢ox
golir alde etmoyo imkan veracokdir.

Texnologiya c¢un enerji — xiisusilo elektrik enerjisi har zaman vacib olaraq galacaqdir.
Lakin bu prosesi torsine ¢evirmak imkani olarsa — enerjidon asililiq dayandirilarsa daha yiiksok
mohsuldarliq alds olunar.
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Digor torofdon enerjidon asililigin aradan qaldirilmasi iqlim nozarsti vo olava enerji
istifadesinin, ehtiyacinin azaldilmasina imkan veracakdir ki, bu da yiiksok enerji samaraliliyini
tomin edocokdir.

Osyalarin Interneti alagasi

Sonaye 4.0 vo istehsalat sektorunda ogyalarin interneti cihazlarinin totbiqi genisdir.
Osyalarin Interneti texnologiyasmin asas komponentlorindan biri olan sensorlar olduqca praktik
cihazlardir. Onlarm komayi ilo otraf miihit hagqinda melumatlar toplana bilir. Robototexnikada
da bu cihazlardan istifado edilir. Bu Osyalarin interneti texnologiyas: ilo Robototexnika
arasindaki osas olagadir. Robotlar sensorlarin komayi ilo géra vo toxuna bilir.

Bu istiqamatds sonraki morhalo agyalarmn internetinin sahib oldugu prognozlasdirici analiz
v yerin izlonmasi qabiliyystlorinin robotlarin da istifads eds bilmasidir. Ogar robotlar otrafdan
aldiglar1 molumatlar1 analiz edo vo bunun noticesindo prognozlasdirma apara bilorsa bu,
robotlarin avtonomluq qabiliyyatlorinin do tokmillagdirilmasi demakdir.

Digor torofdon prognozlagdirma eds bilon robot hom 6z is prosesini izloys bilor hom do
miiassisadoki imumi is prosesini. Bununla da robot nasazliqlar1 da avvalcadon prognozlasdira
bilor.

Kiber tohliikasizliyin tomini

Siini Intellekt, Osyalarm Interneti, Dorin Oyronmo, Masin Oyronmasi, Kompiiter Gérma
kimi texnologiyalarin tatbiqi ils birlikds tohliikesizlik problemlori ds yaranir. Kibertohliikasizlik
robotlarm rastlasa bilocoyi asas problemlordon biridir. Kiber hiicuma moruz qalan robot igini
dayandira, hotta otrafa miihito vo digor ziyan vura bilor. Bu iso igin yarim galmasina vo biitiin
prosesin dayanmasina (¢0kmosina) sobob ola bilor. Bunun naticalori iso tobii ki monfi olacaqdir.
Bu baximdan tohliikosizliyin tokmillogdirilmosi vacibdir.

Tohliikesizlik iki torafli: istehsalc vo istehlakei torofdon olmalidir. ilk ndvboda robotlarin
osas tohliikoyo moruz qalacaq hissosi proqram tominatidir. Bu baximdan istehsalg1 sirkot buna
xiisusi 6nom vermoli, program tominatini giliclondirmoli vo uygun tohliikosizlik siyasoti
yaratmalidir. Digor torofdon istehsalgt daimi nozarot edorok robotlar1 kiber hiicumlardan
gorumaga caligmalidir. Bunun iigiin asason zoifliklor daimi yoxlanmali vo qoruyucu nozarot
vasitolori quragdirilmalidir.

Bu hallor tohliikasizliyin tomini iigiin vacibdir.

NOTICO
Robotlar hazirda boyiik sonaye saholori kimi giindslik hoyatda da totbiq edilir. Robotlarin
tarixi kegmiso qgodor uzanmr. Ilk rogemsal robotlarin yaradilmasi vo totbiqi iso XX osrin
ortalarindan baslanmisdir.
Moqalanin qisaca naticalori asagidakilardir:

1. Robot sozii ilk dofs 1921-ci ildo istifado edilmisdir. Robotlar1 6yronan, dizayn eden,
istismar edon saho Robototexnikadir.

2. IIk sonaye robotu 1954-cii ildo ixtirag1 Corc C. Devol torofindon yaradilmis “Unimate”
robotudur.

3. Robotlarin tokamiilii 5 nosildon ibarotdir: Robot manipulyatorlar, Oyronan robotlar,
programlasdirila bilon robotlar, mobil robotlar, siini intellekt asasli robotlar.

4. Robotlarin osas foaliyystlori bunlardir: tokrarlanan foaliyyetlorin avtomatlagdiriimast,
monitoring vo noazarat proseslorinin avtomatlagdirilmasi, insanlar ii¢lin fiziki cohatdon agir
vo ya tohliikeli olan islorin yerino yetirilmosi, kargiizarliq foaliyystlorinin hoyata
kecirilmosini, incosanat ilo alagoli faaliyyatlor va s.

5. Robotlarin asas xiisusiyyetlori bunlardir: foaliyyetlorin avtomatlasdirilmasi vasitoloridir,
osason proqramlasdirilmis masinlardir, robotlarin sensorlari vardir, hanst ki, bunlarin
komayi ilo proseslori hoyata kegirirlor, robotlarin beyinlori vardirr hansi ki, hoyata
kegirdiklori proseslori, foaliyystlori yaddaslarinda saxlaya bilirlor, avtonom vo yari-
avtonom foaliyyat gostorirlor.
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6. Robotlar miixtslif sonaye saholorinda: todqiqat, sohiyys, horb, aylonco, tohsil, insaat, kond
tosorriifati, nogliyyat, istehsalat vo s. totbiq edilir.

7. Istehsalatda totbiq edilon robotlar istehsalat robotlaridir. Eyni zamanda sonaye robotlar1
olaraqg da bilinir.

8. Sonaye robotunun dord asas hissasi/komponenti manipulyator, nazaratgi, insan interfeysi
cihaz1 vo enerji tochizatidir.

9. Sonaye robotlarmin névlori bunlardir: artikulyasiyali, kartezyen, SCARA, delta, polar,
birga robotlar

10. Robotlarm golocayi 4 istigamatds inkisaf edocokdir: avtonomluq imkani, enerji asililigi,
osyalarin Interneti olagosi, kiber tohliikasizliyin tomini
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INPUMEHEHMUME ITPOMBIIIJIEHHBIX POBOTOB B ITPOU3BOJCTBE

PAXUMOBA H.A., ABAYJ/IJIAEB B.I'.,
ABBACOBA B.C., AT'A3AJIE /K.[I., ABY3APOBA B.A.

IIpousBoactBo (cuH. Ilepepaborka, IIpoMBINIIEHHOCTH) — 3TO MOHATHE U JEHCTBUE,
CYILECTBYIOIIEE YK€ MHOTIO JieT. IIpou3BOACTBO, CyIECTBOBABIIEE HA IPOTSKEHUH BEKOB, B
JABHME BpEMEHa OCYLIECTBISUIOCh CHENMaJIbHBIMM MacTepaMu, W 3/eCh Ipeodiana
MPEUMYIIECTBEHHO pPY4YHOH TpyHd. PaHHsSA 3moxa MpoM3BOJCTBA, € OOJBIIUM KOJUYECTBOM
YEJII0BEYECKOr0 TpPYAd, CO BpPEMEHEM Hauajga YiaydllaTbCs M Hadajga CBOIO OCHOBHYHO
IBOJIIOLIMIO, IPYTHMH CJIOBAMH, MEPEXOIHBIA NEPUOA, C MPOMBIIIEHHOW peBoounuet. C IV
IIPOMBIIIJIEHHON peBOJIIOLIMEN YesoBeyeckas paboyas cuila cTajla OTHOCUTEIBHO 3aMelIaThCs C
MIOMOIIBI0 PA3JIMYHOTO poJia Opyaudl M TexHoJoTud. OJZHMM K3 OCHOBHBIX TaKMX CpEICTB
ABIISIIOTCS] poOOTHL. B cTatbe paccMOTpeHsl poOOTHI M UX IPUMEHEHHE B TPOU3BOJICTBE.

KiaroueBble cioBa: IIponu3BOACTBO, HCKYCCTB CHHBIN HUHTCIJICKT, pO6OTBI, aBToMaTu3anuysl,
HHTENJICKTyaJIbHbIC pO6OTBI
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APPLICATION OF INDUSTRIAL ROBOTS IN MANUFACTURING

RAKHIMOVA N.A., ABDULLAYEV V.G.,
ABBASOVA V.S., AGAZADE ZH.D., ABUZAROVA V.A.

Manufacturing (syn. Processing, Industry) is a concept and act that has existed for many
years. The manufacturing, which has existed for centuries, was carried out in the early times by
special craftsmen, and here, mainly handwork prevailed. The early manufacturing era, with
more human labor, began to improve over time and began its main evolution, in other words,
the transition period, with the Industrial Revolution. With the 1V Industrial revolution, the
human workforce began to be relatively replaced with the help of various types of tools and
technologies. One of the main such aids are robots. Robots and their application in
manufacturing are considered in the article.

Key words: manufacturing, artificial intelligence, robots, automation, intelligent robots.
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Azarbaycan, Az-1143, Baki, HuseynCavidprospekti, 131
Azarbaycan MEAFizikalnstitutu
Tel.: (994 12) 538 — 16 — 60; (994 12) 539 — 44 - 02; Faks : (994 12) 539 - 31 -16
E — mail: a.hashimov@physics.science.az;
Masul katib Qurbanov Kamil Baxtiyar oglu.

3. Magalalarin matninin dili.
Moqalslor azorbaycan, rus vo ingilis dillorinda qobul edilir. Respublika miislliflorinin

moqalolori yalniz azorbaycan vo ya rus dillorindo, yaxin xarici dlkolordon olan miislliflorin
moaqalolori yalniz rus dilindos, uzaq xarici 6lkolorin miiolliflorinin moqalslori ise yalniz ingilis
dilinds gobul edilir.

4.1.

4.2.

4.3.

4. Maqalalarin tartib edilmasi qaydalari.

Mogalslor, jurnalin redaksiyasima disket toqdim etmoklo, fordi kompyuterds, A4 formath
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vs sagdan — 2,5
sm mosafa ilo, Times New Roman 12 sriftindo yazilarasq, 1 niisxads, Sotir araligr 1
interval olmaq sortilo ¢ap edilorak, qosulmus CD disk ilo togdim edilir.

Moagalalorin Gmumi hocmi, grafiki materiallar, fotolar, codvallor, dusturlar, adabiyyatin
siyahis1 vo XxUlasalor do daxil olmagla 8 sahifodon yuxari olmamalidir.

Moagalalorinin birinci sohifasinin sol kiinciinds Universal onluqg tesnifati (UOT) {izro
indeksi gostorilmolidir. Sonra 1 interval asagidan, qalin vo bdyik hariflorlo magalonin ad:
yazilir. Sonra 1 interval asagidan, qalin vo bdyuk horiflorlo misllifin (muslliflorin)
soyadi, ad1 vo atasinin admin bas horiflori yazilir. 1 interval asagidan moagaloni toqdim
edon toskilatin adi yazilir. 1 interval agagidan, mogalonin motninin dilina uygun olan,
hocmi 10 sotirdon ¢ox olmamagq sortilo, 10 srifti ilo cap edilon xilass, acar siizlor (5-6
s0z), mogalonin asas matninin 6niinds verilir. Sonra 1 interval asagidan mogalonin asas
motni 12 grifti ilo ¢ap edilir. Bilavasito mogalonin matninin davami olaraq, he¢ bir basliq
vermodon, yalniz 20-25 simvollug xatt gokarak, say sirasi ilo istifado edilon adobiyyatin
siyahist verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis dillorinda olan
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xulasalor vo acar sozlor (10 srifti ilo ¢ap edilorok) verilir. Magalonin matninin sonunda,
olago telefonlari, telefakslar vo E — mail-1 gostarmoklo, mislliflor mogaloni imzalayirlar.

4.4. Mogalonin qrafiki materiallari, fotolar, codvallor, disturlar matno uygun yerlords
yerlogdirilmalidir. Qrafiki materiallarin gorhino aid olan yazilar mogalonin matnindo
verilmalidir. Qrafiki materiallarda adadi vo ya horfi isaralor gostarilorak, uygun izahatlar
motnin igarisinda verilmolidir. Qrafiki materiallarm asagi hissasinds say sirasi verilir vo
adi1 yazila bilor (misal {igiin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say sirast qeyd edilmaklo, orijinalin dilinds verilir. Miolliflorin soyadi, ad1 va
atasinin adi kursivdon istifado etmoklo yazilir. Odobiyyatin siyahist asagida verilon
niimunolor tizra tortib edilir.
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K CBEAEHUIO ABTOPOB

1. O6uue npaBuia.

B xypnane “IlpoGiembl DHepreTukn” MyONIHKYIOTCS HAYYHO - TEXHHYECKHE CTaThbH B
00JTacTH KOMIUIEKCHBIX TPOOJEM DHEPTreTHUKH, OJIEKTPOIHEPIeTUKH, TEIUIODHEPTEeTHKH,
TEIUIO(U3UKH, DICKTPOPHU3UKH, SIEKTPOTEXHOJIOTUH, WH()OPMATHKH W HOBOM TEXHHKH, a
TaK)Ke MPUBOJIUTCS TEKYIIasi XpPOHUKA.

OCHOBHOH 11€JIbI0 KYypHaJa SIBJsIeTCs MyOIMKaUs OPUTHHAIBHBIX HAyYHO-TEXHUYECKUX
CTaTel, OTBEUYaIOUIMX TPeOOBAHUSAM BBICOKOTO HAYYHOI'O KauecTBa.

B xypHane npuBoasTcs cBeleHUs 0 paboTe KOH(EpeHIHM, CUMIO3MYMOB, Pa3IMYHbIX
Hay4YHBIX IIKOJI, a TAK)K€ 00 UHTEPECHBIX COOBITUAX, IPOUCXOISIINX B HAYYHOM MUDE.

Penakiust coxpanser 3a co0oil mpaBo He MyOJIMKOBaTh MaTepHalbl [0 TEM WJIH MHBIM
MIpUYMHAM, HE YI0BJIETBOPSIOLUIUM TPEOOBAHUSM KypHAaIa.

2. IIpeacraBienue crareii.

CraThu 1OJKHBI OBITH IPEJICTABIICHBI B PEAAKIIUIO KYPHAJIA 0 CIEAYIOIIEMY aJIpecy:

Azep6aiinxkan, A3-1143, baky, np. I'. I:kaBuaa, 131
Hucturyr ®uznxku HAH A3zepoaiigxana
Ten: (994 12) 538-16-60; (994 12) 539-44-02; dakc: (994 12) 539-31-16

E-mail: a.hashimov@physics.science.az;
OTtBeTcTBeHHBIH cekperapsb - ['ypoanoB Kamwib baxTusip oribl.

3. SI3bIk cTaTeii.

CraThu NPUHUMAIOTCS Ha a3epOailKaHCKOM, PYCCKOM M aHIJIMICKOM SI3bIKaX, MPUYEM CTaTbU
aBTOpPOB U3 A3epOaiijykaHa JOJDKHBI OBITh MPEJCTaBICHBI HA a3epOallKaHCKOM WJIM PYCCKOM
s3bIKaX, craTbu aBTOpoB U3 cTpaH CHI' - Tonbko Ha pycCKOM s3bIKE, CTaThU aBTOPOB M3
JaJIbHETr0 3apy0eXbsl - TOJBKO HA aHTJIMIICKOM S3bIKE.

4. MpaBuaa opopmiieHus crareii.

4.1. B pemakuuio xypHalla MpeACTaBISIOTCA CTaThb, HAOpaHHbIE U HAlEYaTaHHBIC B OJIHOM
9K3eMILISpEe Yepe3 OJAMH MHTEPBAJI HA MEPCOHAIbHOM KOMIIbIOTEpe, Ha Oenoil Oymare
dopmata A 4, mpudtom Times New Roman, pasmep mpudra 12, a Ttaxke
npenacTasiseTcs B anekTpoHHoM Buje Ha CD aucke. Ilons cBepxy u cHuU3y - 2 cM, cieBa
U cipasa - 2,5 cM.

4.2. OObeM cTaThbUHE JOJDKEH NMPEBBINIATh 8§ CTPaHMI, BKIOYas rpaduuecKue MaTepuasl,
¢doto, Tabau1bl, GOpMyYIIBI, CIIUCOK JIUTEPATYpPhl U AHHOTALIHH.

4.3. B BepxHeM JileBOM YIily NEpBOM CTpaHUIBI CTaThM yka3biBaeTcs muaekc Y /K. Uepes 1
MHTEpBaJ HIDKE MOMEIAeTCs Ha3BaHUE CTaThU JKUPHBIM U 3arjiaBHbIM HipudpTom. Yepes
1 unTepBan nomemaercs pamuaus (haMuInM), 1 THULKAIBI aBTOpa (aBTOPOB) >KUPHBIM
U 3aryaBHeIM mpudToM. Yepe3 1 MHTEpBan yKa3bIBaeTCs HaUMEHOBAHUE OPTaHU3AIUH.
UYepes 1 uHTEpBa)l MOMEIIAETCS] AaHHOTAIMS Ha SI3bIKE CTaTbu 00beMoM He 6osee 10 cTpok
U KJIroueBble cioBa (5-6 crno) mpudtom 10. YUepes 1 uHTEpBan nomemaercss OCHOBHOE
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coJiepkaHue cTathd mpupToM 12. B KOHIIE OCHOBHOTO TEKCTa CTAaThbH IPOBOJHUTCS
npodepk AmuHON 20-25 CHMBOJIOB, MOCIE Yero MOMEMIAETCS CHHMCOK JHUTEpaTypsl 0e3
KaKoro-Jmbo Ha3BaHWs, B TOPSJIKE HyMEpalHuu CCbUIOK B TeKcTe crarhu. Ilocie atoro
yepe3 | MHTEpBaJ MOMENIAOTCS aHHOTAIMU HA JBYX JAPYTUX S3bIKAX — PYCCKOM (MM
azepOaiipkaHCKOM ), aHTJIMICKOM U KITIOUeBbIe cioBa (5-6 cioB) mipudrom 10.

B camoM KoOHIIE CTaTby IOMEIIAIOTCSl KOHTAaKTHBIE TeaedoHsl, ¢akcel U E — mail, a Taxoke
MOJIITUCH BCEX aBTOPOB.

4.4. Tpaduueckne MaTepuanbl, GoTo, TabIHUIBI, HOPMYITHI TOMEIIAIOTCSA B COOTBETCTBYIOIINX
pasznenax Tekcta craThbd. Hanamucu, oTHocsmuecs K rpaduyueckuM Marepualiam,
MOMEUIAIOTCS B TEKCTE CTaThH. B rpadmueckomM Marepuane yKa3blBalOTCS OYKBEHHBIE H
undpoBble 0003HAUYEHUA, & UX KOMMEHTapHUu MOMEUIAITCsl B TEKCTE CTaThu. B HIDKHEH
yacTU rpauyueckoro mMarepuajia yKa3blBaeTCsd HOMEP U MOXET YKa3bIBaThCs Ha3BaHUE
Matepuana (Hamp., Puc.3. Cxema yCcTaHOBKH. ...)

4.5. Cnucox UMTHPOBAHHOM JINTEPATyphl MPUBOAUTCS HA SI3bIKaX OpUrHHAIOB. DaMuUIuu u
WHUIHAIIBI aBTOPOB T€YaTArOTCsl KypcuBOM. CIMCOK JIUTEpaTyphl 0(popmIIsieTcs 1o
00pa3iry, TpuBEJICHHOMY HUXE:
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FOR THE ATTENTION OF AUTHORS

General Rules.

The Journal of Electric Power is dedicated to publicize scientific research articles

reflecting the current problems in the electric power systems, heat transfer, technology and
information technology, and digests.

The main purpose of the Journal is publishing of the original scientific articles, meeting high
quality requirements.

The journal also informs about the results of conferences, seminars, various scientific
schools, and the events taking place in the scientific society.

The editorial board reserves the right not to publish the submitted documents, which for
various reasons do not satisfy the requirements of the Journal.

2.

4.

4.1.

4.2.

4.3.

Submission of the papers.
The papers must be submitted to the editorial body at the following address:
Azerbaijan, A3-1143, Baku, pr. G.Javid, 131
Institute of Physics of the National Academy of Sciences of Azerbaijan

Tel: (994 12) 539-16-60; 539-44-02; Fax: (994 12) 539-31-16

E-mail: a.hashimov@physics.science.az;
For the Attention of K.B. Kurbanov — the Responsible Secretary

The Language

The papers can be accepted in either of Azeri, Russian or English. The papers submitted by
Azerbaijani authors must be submitted in Azeri and Russian, the papers of those from CIS
countries—in Russian, and those originated from the countries outside CIS-in English.

The papers must be submitted in the following format.

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.

The paper must not contain more than 8 pages of text, inclusive of any graphs, photos,
formulas, reference lists and annotations.

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
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with the length 20-25 symbols must indicate the end of the text. The reference list is
printed below the line, following the same order as it was referred to in the text. Below the
reference list, the summaries and keywords (5-6 words) in Russian and English must
follow.

At the end of the paper, the contact details must be placed, and also all the authors must put
their signatures.

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. Gielen M., Tiekink E.R.T. Metallotherapeutic Drugs and Metal-Based Diagnostic Agents.
N.Y.: Wiley. 2005. 598 p.

2. Venkatesh lyengar G., Subramanian K.S., Woittiez J.R.W. Element Analysis of Biological
Samples: Principles and Practices, V 1I. N.Y.: CRC Press. 1997. 272 p.

Journals

3. Timerbaev A.R. // J. Anal. At. Spectrom. 2014. V. 29. Ne 6. P. 1058-1072.
4. Guo W., Hu Sh., Zhang J., Hu Zh., Zhang H., Wang Y. // Talanta. 2012. V. 91. P. 60-64.

Patents

5. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.
6. Hashimov A.M., Qurbanov K.B.//Pat. { 2015 0010, Baku, 2015

Deposited manuscripts

7. lvanov L.P. M., 1985, 40s. - Dep. in VINITI 10/25/85, No. 19233.
8. Vikulina T.D.; 1998, 214 s. - Dep. at INION RAN 06.10.98, No. 53913.

Dissertation

9. Petrov V.G. Dis. Cand. phys.-mat. sciences. L.: Institute of High Molecular Compounds,
1985.

10. Sidorov N.V. Dis. Dr. chem. sciences. Novosibirsk: Institute of Chemistry, 1979.

11. Anoshkina Yu.V. PhD in chem. Tomsk State University, 2012

Conferences, symposia

16. Medvedev P.T. // Abstracts. report I11 All-Union. Meeting. on energy problems. L .: Ed.
LPI, 1984, p. 30.

17. Nuriev K.Z., Gurbanov K. B., Nurubeyli Z. K.// Abstracts of documents. 1V All-Russian
conference "Mass spectrometry and its applied problems" 2011 Moscow p. 92
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