ISSN 1302 - 6461

AZORBAYCAN MILLI ELMLOR AKADEMIYASI HALIMOHAJIBHASI AKAJIEMUST HAYK A3EPBAVKAHA
FiZIKA INSTITUTU UHCTUTYT ®HU3UKU
«AZORENERIJi» ASC OAO «A3EPSHEPXI»

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

ENERGETIKANIN
PROBLEMLORI

ITPODBJIEM bI
ODOHEPI'ETUKMHAU

POWER ENGINEERING
PROBLEMS

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

KOMIIJIEKCHBIE ITPOBJIEMbI DHEPTETUKU * DJIEKTPOOHEPTETUKA * TEIUJIOOHEPT'ETUKA * DJIEKTPODU3NKA*
* 5JIEKTPOTEXHOJIOI'MA * UICTOYHMKU SHEPI'MU * THOOPMATHKA * OKOJIOI'MS * XPOHUKA

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

A

2017

BAKI % ELM % BAKY



ENERGETIKANIN PROBLEMLORI

elmi — texniki jurnal
Ne 4 2017
Jurnal 2000-ci ildon nosr edilir

Azorbaycan Milli Elmlor Akademiyas1 Royasot Heyatinin qorari ilo ¢cap olunur
Redaksiya heyyati

A. Hosimov (bas redaktorun miiavini), R. Mustafayev (bas redaktorun miiavini), K.Abdullayev,
K.Dursun(Norveg), A.Hiiseynov, T.Xalina (Rusiya), A.Karimov, V.Kuznetsov(Ykrayna), ©.Quliyev,

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

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

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

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

Nosrin redaktoru : F.Rzayev

“Energetikanin Problemlori* jurnali Azorbaycan Respublikas: Motbuat va Informasiya
Nazirliyinds geydiyyatdan Ke¢misdir, geydiyyat sayt B 507

Tiraj : 200 niisxa

Baki, «EImy nogriyyati

INPOBJIEMbI DHEPTETUKH

HAay4YHO — TEXHUYECKHUI KypHAII
Ne 4 2017
OcHosan B 2000 roay akagemuxkom Y.M.:KyBapJibl
[Neuaraercs no mocranosnenuto [Ipesnanyma HannonansHo# Axkagemun Hayk AsepOaiimkana
3aM. rJIaBHOI0 peaKTOpa
akagemuk HAH A3zep6aiinxana A.M. Namumon
Aopeca pedaxyuu:Az -1143, baky,np.I".JIxxaBuna, 33, Uacturyt ®msukn HAH
Azepbaiimkxana
Az -1602, Baky, np. I'. 3apnadn, 94, A3.HUulINU Suepretuxku OAO

“AsepaHepxu”

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

Baky, uznatensctBo «2mm»


mailto:arif@lan.ab.az

Energetikanin problemlori e Noe4 e 2017 e TIpoGnembl SHEPTETUKHU

UOT 621.317.7; 621-319

IDAROEDICI INDUKSION DAYAGIN HESABI
VO XARAKTERISTIiKALARI

ABDULLAYEYV Y.R., PIRIYEVA N.M.

Azarbaycan Doviat Neft Akademiyasi
AZ1010,Baki, Azadlig prospekti, 20

Moagalodo induksion dayaglarin konstruksiyalari vo xarakteristikalar1 tohlil olunmusdur. induksion
dayagn is¢i gedisini tonzimlomok maqsadi ilo tosirlonmo dolagi ¢oxseksiyali hazirlanir. Dayagin horokot edon
hissosi aliimindon hazirlanmis qisa qapanmis c¢orgivodon ibaratdir vo ig¢i mexanizmlo birbaga mexaniki
birlosdirilir. Is¢i gedis bir nego millimetrdon bir nego santimetra qaderdir. Qisa gapanma holqoesi doyisen coroyan
magqnit sahosindo levitasiya oldugundan olavo detallar tolob etmir. Isdo pillovari induksion dayagin idaroetmo
xarakteristikasinin analitik ifadoasi alinmisdir vo grafiki tohlil olunmusdur.

Acar sozlar: induksion dayaq, diiz va pillali dayaqlar, silindrik vo ikiniivali dayaqlar, tigseksiyali dolaq,
elektromaqnit qiivve, idaroetmo xarakteristikasi

Giris: Mixtolif toyinatl masin vo mexanizmloarin, o ciimladon onlarin ayri-ayri
elementlorin etibarliliginin, doqiqliyinin va istismar miiddatinin artirmasi dayaq qovsaqlarinin
va asilganlarinin keyfiyyatini yaxsilasdirmaq probleminin hall olunmasini tolob edir. Hom
ononavi genis yayilmis yastiglar, hom ds giin-giindon yeni yaradilan mexaniki yastiglar
miiasir miirokkab va bir-birino oks qoyulmus toloblori tam yering yetirs bilmirlor. Bu toloblori
yerina yetirilmasing giiclii vosaitlor sarf olunur. Masalon, sarli prezision mexaniki yastiglarin
15¢1 sothlorinin emalinin daqiqliyi 0,1...0,5 mkm, gqiymati iso 500 dollardan ¢oxdur [1].

Miiasir dayaqlar miixtolif miihitlords (hom do aqressiv miihitds) uzun miiddot dayaniqh
vo az miqdarda enerji tolob etmoklo sado konstruksiyaya vo hazirlanma texnologiyasina malik
olmalidirlar. Dayaqlarin robototexnikada totbiqi do onlarin xarakteristikalarina qoyulmus to-
lablori bir qador do sortlogdirmisdir. Bels ki, robotlarin komayils istehsal proseslorin komp-
leks avtomatlasdirmasinda bir sira miirokkob masalalorin halli tolob olunur. Miioyyan prog-
ramlarla is¢i mexanizmin horizontal vo saquli horokatlorinin ¢evik tonzimlonmasi, detallarin
yiiklonmasi va bosaldilmasi ila bagli robotlagdirilmis naqliyyat qurgularinin yaradilmasi prob-
lemlorinin hallinds idarardici dayaqlarin yaradilmasi talob olunur.

Toqdim olunan moqalodo miiasir toloblora cavab veran induksion dayagin (ID) xiisusiy-
yatlari tohlil olunmus, idars olunma masalalori aragdirilmis va asas parametrlorin hesablanma-
st metodu verilmigdir. Yeyilmonin va sas-kilylin olmamasi, enerji sorfiyyatinin az olmasi, va-
kuumda, aqressiv miihitdo, genis temperatur diapazonunda normal islomasi, alavo detallarin
(mexaniki yaylarm, istigamotlondiricilorin, reduktorlarin vo s.) tolob olunmamasi ID-nin pe-
respektivliyinin olmasini gostarir. ID saquli horokatlorin tonzim olunmast iigiin istifade olun-
dugundan onlar saquli voziyyotds qoyulurlar v titromoalors hassas olurlar.

Induksion dayagin konstruksiyalar: va xiisusiyyatlori: induksion dayagin yaranma tarixi
1973-cii ildo verilmis miallif sohadotnamasindon baglayir [1,2]. Homin dayaq osasinda qu-
rulmus doyison coroyan sabitlosdirici yliksok doqiqliyo malik olan vo idaro olunan elektro-
magnit tipli aparatdir. Sonraki illords ID-lor asasinda miixtalif toyinatl vo konstruksiyali elek-
trik aparatlar1 yaradildi [2]. Sokil 1 vo 2-do bir sira ID-lorin miixtolif konstruksiyalar1 veril-
misdir. Diiz va pillali dayaqlarin maqnit kegiricisi elektrotexniki polad varaqlordon yigilir.
Silindrik dayaqglarin maqnit kegiricisi iso konstruktiv biitov elektrotexniki poladdan hazirlanir.
ID-nin bir sira konstuksiyalarinda (sokil 1, v, q, d,e) is¢i gedis X; = h nisbaton kicik olur
(1020 mm). Digor konstruksiyalarda iso is¢i gedis 60+80 mm toskil etdiyindon ID-nin

3



hiindiirlityii do bdyiik aliir. Induksion dayaq qapali magnit kegiricisindon, doyison coroyan
dolagindan va levitasiya ekranindan (LE) ibaratdir.
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Sakil 2. Silindrik (a va b) va iki niivali (c) dayaqlar.

Dolagdan axan coroyanin yaratdigi maqnit seli LE-do caroyan induksiyalandirir va
coroyanlarin tosirindon yaranan elektromaqnit qiivve aliimindon hazirlanmis halgeni miisyyan
hiindirlitys galdirir. Bu hiindiirliikdo elektromagqnit qiivvasi F, holgonin agirliq qiivvasini P,
kompensasiya edorak levitasiya sortini F, = P, tomin edir.

Homin hiindiirliik levitasiya hiindiirliiyii h adlandirilmisdir [1] va dolagla halgs arasin-
daki mosafoni gostorir. Holgoys mexaniki birlogdirilmis mexanizmin is¢i hissasi do levitasiya
voziyyatindo olaraq siirtiinmasiz horokot edo bilir. Beloki, holgoys homds radial istigamotdo
moarkazlasdirici elektromaqnit qiivvalar tosir edir. Moarkazlosdirici F,, vo elektromaqgnit galdi-
ric1 qiivva F, halgenin radial va horizontal dayanigliglarmi tomin edirlor. is¢i gedisi X; tonzim
etmok magsadi ilo ID-nin tasirlonma dolag: TD ¢oxseksiyali hazirlanir (sokil 3).
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Sokil 3. Ugseksiyali TD-nin prinsipial sxemi (a va b) va xarakteristikalari (c va d).

PiL-in TD bir neg¢o seksiyadan ibarat olduqda cevirgaclo bir seksiyadan basqa seksiyaya
kegdikdo sargilar say1t W dayisir vo naticads asas parametrlorin P,, /; , b, h vo Ly qiymatlori
ds dayisilir. Cevirgac avozina avtotransformatorlarda oldugu kimi TD-nin sargilart boyu siirii-
son kontaktli destokdan istifads etdikdo asas parametrlor daha salist vo doqiq dayisilir. Tutaq
ki, TD ii¢ seksiyadan ibarotdir vo hor seksiyanin sargilar say1 W4/3 godordir (sokil 3). Onda
cevirgacin 1, 2 va 3-cii vaziyyatlari ii¢iin uygun olaraq sargilar say1 vo hiindiirliiklori asagida-

k1 kimi tayin olunarlar:
v 2 w1 h

Wi=Wi  Wi=Wy; W{= Wi h=hyh{=2hy;h{="1
Cevirgacin voziyyatlorino uygun golon seksiyalarin hiindiirlikklori vo coroyanlart P, =
P, vo U, = const sortlarina uygun olaraq asagidaki diisturlarla ifads oluna bilarler.
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LE-don axan corayanin qiymati ¢evirgacin voziyyatindon asili deyil:
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Lakin TD-nin induktivliyi L, sargilar sayi artdiqca artir, beloki
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Yoni gevirgacin vaziyyetini 1-don 3-0 qodor doyisondo induktivlik azalir, coroyan va
levitasiya hiindiirliiyli iso artirlar. Bu halda qaldiric1 elektromaqnit qiivvenin sabit qalmasini
tosdiq etmak ¢atin deyil, beloki gqorarlagsmis rejimds P, = P, sorti biitiin hallarda 6danilir:

’ ﬁ, 4 4 l
P, = 5([1W1)2 = 5(11W1)2 =P,

// A ’7 ’”. A
=2 (WW1)? =35 (hW1)? = P,;

177, 177,

)
= ‘(11W1)2 :E([1W1)2 =P,

Yoni corayan rejiminde ¢evirgacin miixtalif voziyyatlori {iglin elektromaqnit qaldirict
qiivva eynidir vo LE-nin agirhq qiivvesine borabordir. Aydindir ki, U4 gorginliyi artdigqca
levitasiya hiindiirliiy@i h vo TD-nin induktidliyi L, artirlar. Noticodo molum sargilar say1
Wi, Wi{vo W iigiin ; , [, I; coroyanlar sabit galirlar:

U1+AUy

[ = ———— = const
17 o taLy) :

Bu hal L;(AU,) asililiginin xatti olmasindan irali galir.
P.,(Uy), P, (Wy),P.(h) vo X(W,) asililiglariin analitik ifadslorini almaq iiciin
elektromagqnit qlivvenin levitasiya hiindiirliiyiindon asililigin1 toyin edirik:

P, = 0,511 Wy)* = (ﬂ)z -

w1/ (ho+h)2 ’
burada
= _ kilUn . b, = i
1™ wowZithg+Xy) ' k™ 25w2



Onda Wy, W{ vo W sargilar say1 iigiin h;y = hqy, hy = §h1 vo h{ = §h1 oldugunu

nozors almagla yazmagq olar:

Uq 2 bk 1,5U4
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Buradan levitasiya hiindiirliiklori {i¢iin aliriq

s byU h h v byU 2h h i 3byU h h
h =u_1_(_1+_2); h =u_1_(_1+_2); h =L1_(_1+_2)_
W1 371% 3 2w, 91’11 3 W1 91’11 3

Isaro edilmisdir:

h, = —% _
Y w22P,

Sakil 3, ¢ va d-do P,(Uq; W4), P.(h; W4) asililiglarinin grafiklori verilmisdir. Sargilar
sayinin artmasi ilo galdirict qiivva P, va levitasiya hiindiirliiyli h azalirlar. Qiivva rejimi {igiin
yuxaridaki diisturlarda istirak edon P, ovozino P, + P, nozords tutmaq kifayst edir. Bu halda
Xarici qivve P, artdiqca induktivlik L, azalir, coroyan /; vo levitasiya hiindiirliiyii h iso
artirlar. Molumdur ki, aliimindon hazirlanmig LE-nin coroyanin sonaye tezliyindo
elektromagnit dalganin niifuz olunma dorinliyi 13+14 mm-don artiq olmur. Ona géro do
magqnit Kegiricisinin is¢i hava araliginin qalinligr ¢c< 13 + 14 mm ola bilor [2]. LE-nin mis
naqillordon y1g1lmis qisa qapanmis dolaq soklinde hazirladiqda isci hava araliginin qalinhigi
bir neco santimetr ola bilor [4]. Belo dayaqglarda yaranan qaldirici elektromaqnit qiivve vo is¢i
gedis boytik alinir [5,6].

Idaroetmo xarakteristikasinin analitik ifadosi

Levitasiya elementinin hiindiirliiyliniin h=x tesirlonmo dolagina verilon gorginlikdon U,
asililig1 idaroetmo xarakteristikast X(U4) adlanir. Bu xarakteristika LE-nin is¢i gedisinin X;
doyismo diapazonunu xarakterizo edir [4,5]..

I, = const sortini nozors alib

b= = e ®
alinq
Burada
Linin = WiA(ho + Xpmin) = WiAH i, (3)
Linak = WiA(ho + Xmar) = WiAH mai (4)
Hopin = ho + Xiin; Hnar = ho + Xinar ®)

hy | hy _ hyp
h{, =h nh, | hy=—+—==—=
2=ty o Ry =g r+ =

Nozoro aliriq
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Sakil 4. Pillovari induksion levitatorun idaroetmo xarakteristikasinin qrafiki.
Xi = Hiak — Hmin = Xmak — Xmins AU = Unar — Unin (8)
Onda (2) riyazi ifadesi bels yazilar
AU AU
Xi = Hpin T Xi = Hpak U 9)
min ak
Sonuncu ifadslordon aliriq
Hpin = k'Unin; Hmak = K'Unnax (10)
burada
X
K= 11)

(9)-(11) ifadalordan levitasiya hiindiirliiklarinin minimal va maksimal giymatlorini tapiriq

' h ’ h
hinin = k'Unin 3_11;; hmak = k'Umai — 3_71; (12), (13)
Sonuncu ifadslori asagidaki eyniliklardon do almag olar
2 _ 2Pa. 2 _ (KuUmin \* _ (kuUmak \*. 0 ku
(hw)? == (hwh)? = (Gemee) = (o) s K = e (14),(19) (1)
Onda (11) va (16) ifadalora gora yazmag olar
r_ Xi _ ky ) o fey — LIATT
k' = AU~ oWy /24P’ Xy = Wy J2iPg k'AU; (17), (18)
2 Umin

— X,
3711 lAU min



Sonuncu ifadonin sol torafi malum oldugu ii¢lin h, Gi¢iin aliriq

Umin
hiz = 30, (Xi =" = hmin) (19)
Yaxud
Umin h
hy = 3n;(X; % = hnin — ). (20)

(19)-u nozars almagqla aliriq:

I, = kuUmin  _ _ku A_U
L™ W2iHpin ~ oW2A X;

(21)

Buradan TD-nin ampersargilarinin is¢i gedisdon asililiginin analitik ifadasini tayin edirik

Kl AU
F, = /ﬁxl (22)

(19)-(11) ifadalorino asason idarsetmo xarakteristikasinin diisturunu aliriq.

X = k,U]_ - ho (23)
U; = Upin Olanda U; = U, 4k, ONda
Xmin = k’Umin —hy; Xmak = k,Umak — hy (24) , (25)
Ogor U; =0 olarsa, onda X =—h, (26)
X = 0olanda iss
h
Uy = k_(,J (27)

aliriq. (20)-(27) ifadolora gors sokil 4-do idaroetma xarakteristikasinin prinsipial qrafiki
verilmisdir.

Beloliklo, TD-nin sargilar sayini, hiindiirliiyiinii vo uclarindaki gorginliyi tonzimlomaklo
homin xarakteristikani ordinat oxu boyu siirlisdiiriib bir birina paralel xatti asililiqlar almaq
olur. Belo xarakteristikalar idars olunan induksion dayaqlara, sixicilara va qiivva geviricilori-
no moaxsusdur vo onlardan layiho masalalorinin hallinds istifads oluna bilor.

Notica: Saquli ifali induksion dayaqlarin daha perspektivli olmasinin osas sobobi
onlarda yeyilmonin, sas-kilylin vo titromolorin olmamasi, vakuumda vo aqressiv miihitdos
normal islomalori, temperatur diapazonlarinin genis olmasi va tolob etdiklori enerjilorinin ¢ox
az olmasidir. Magin vo mexanizmlorin is¢i hissolorini saquli istigamotdo horokoto gotirmok
ti¢lin belo dayaqlardan istifads etdikdo olave elementlor (reduktor, istigamotlondiricilar, yaylar
vo s.) tolob olunmur. Is¢i mexanizmin saquli gedisini genis hadlorde doyismak iigiin
tosirlonmo dolagi coxseksiyali hazirlanir. Bu halda dayagin maqnit kegiricisi pillali
konstruksiyaya malikdir. Elektromaqnit qiivvenin vo ceroyanlarin qiymatlori seksiyalarin
sargilar sayindan asilidir. idaroetmo xarakteristikasi iigiin alinan diisturdan molum olmusdur
ki, homin xarakteristika xattidir va tosirlonmo dolaginin uclarindaki idars gorginliyi ilo tonzim
olunur.
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PACYET U XAPAKTEPUCTHUKHA UHIYKIIMOHHOM
YIHPABJIAEMOMU OIIOPbI

ABJIYJIJIAEB 41.P., IMPUEBA H.M.

OTtcyTcTBUE M3HOCA, ITyMa M BUOpPALIMU, BO3MOXHOCTh HOPMAJILHOTO (DYHKIIMOHHPOBA-
HUS B BaKyyMe€, arpe€CCUBHBIX CpellaxX, IUPOKUN TEMIIEpAaTypHBIM AMana3oH U HE3HAYUTEIIb-
HOE MOTPeOJICHUE SHEPTUU AENAI0T WHAYKIHOHHBIE OMOPbl BEPTHUKAIHHOTO HMCIOIHEHUs 00-
Jee nepcneKTuBHbIMU. [Ipy BepTUKaIBbHOM NepeMeIieHur pabounX y3J0B MAIIUH U MEXaHU3-
MOB C TIOMOIIbIO TAKUX OIOP HE TPEOYIOTCS JOMOIHUTENbHBIE 3JIEMEHTHI (PEeIyKTOp, HAalpaB-
JSIFOIIME, TIPYKUHBI U T.J1.) U PETyIUpOBaHHs pabodero Xoaa MalliH U MEXaHU3MbI OOMOT-
OK BO30YXJ/ICHUS STUX OMOP BBINOJHAIOTCS MHOTOCEKIIMOHHBIMU. 3HAaYEHHUE MOABbEMHOM dJIeK-
TPOMAarHUTHOM CHJIBI U TOKOB 3aBHCST OT YMCJIa BUTKOB ceKIUH. M3 momydeHHON (HopMyIibl
JUI XapaKTepUCTUKU YIIPABICHUS YCTAHOBJIEHO, YTO 3Ta XAPAKTEPUCTHUKA JIMHEHHAS U JIETKO
perynupyercs HanpspDKeHUEM yIpaBJIeHHE Ha 3aKUMaxX 0OMOTKU BO30YKACHMSL.

KnaroueBbie cioBa: I/IH,HyKLII/IOHHHﬁ JICBUTATOP, JICBUTALIMOHHBIC 3JICMCHTHI, JICBUTAIIMOHHAA 06MOTKa,
00MOTKa B036y)KI[eHI/I$I, NOoABEMHAA JJICKTPOMATrHUTHAA CHJIA, CHUJIA TAKECTH, DJICKTPOMArHUTHAs »KECTKOCTD,
QJICKTPOMArHuTHOC JaBJICHUC, TCIJIOBAA CTOI\/‘IKOCTL, pa6otmﬁ X0, pCKUMBI TOKA U YCI/IHHﬁ.

CALCULATION AND CHARACTERISTICS OF INDUCTION
CONTROLLED SUPPORT

ABDULLAYEV Y.R., PIRIYEVA N.M.

Absence of wear, noise and vibration, the possibility of normal functioning in vacuum,
corrosive environments, wide temperature range and inexperienced energy consumption make
inductive supports of vertical performance more promising. With the vertical displacement of
the working units of machines and furrows, these supports do not require additional elements
(reducer, springs, springs, etc.) to regulate the working stroke of machines and the me-
chanisms of excitation of these supports are carried out by multi-section ones. The value of
the lift electromechanical force and currents depends on the number of turns in the section.
From the received formula for the control characteristic it is established that this characteristic
is linear and easily controlled by voltage control at the terminals of the field winding.

Keywords: induction levitator, levitation elements, levitation winding, excitation winding, lifting
electromagnetic force, gravity, electromagnetic rigidity, electromagnetic pressure, thermal stability, working

stroke, current and force regimes.
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Energetikanin problemlori e Ne4 o 2017 e TIpoGiembl SHEPTETUKH

YK 621.311

ONTUMAJIbHOE PABMEIIEHHUE YCTPONCTB CHHXPO®A30PHbIX
W3MEPEHUI (PMU) JIJISI PEHIEHUS 3AJTAYU OIIEHKA COCTOSIHUS B
A3EPBAMIKAHCKOM SHEPTOCUCTEME

T'YCEHHOB A.M., TAPAJIATH A.D. AJIUEBA A.®.

Asepbatioxcanckuti Hayuno-Hccreoosamenvckuii u Ilpoexmuo-H3zvickamenbckutl
Hnemumym Duepeemuru

PaccmarpuBaercst 3ajada ONTUMAIBHOTO pa3MEIICHHUs HH()OPMAIMOHHO-U3MEPUTEIILHBIX yCTPOICTB
cunxpodaszopubix mmepenuit PMU cucremer WAMS B A3zepOaiiiskaHCKOH IHEProcucTeMe sl PElICHHUS
3aJ1a4d OLCHKU COCTOSHHUS.

KnaroueBble cjIoBa: BICKTPO’HEPreTHUYECKAas CHCTEMa, OLEHKA COCTOSHHSA, HAOII0aeMOCTh,
CHHXpO(ha30pHBIE U3MEPEHHS, Y31Ibl, BETBH.

B ycnoBusix u3MEHSIOUMXCA TEHIACHIMM B Pa3BUTUU U YCIOKHSAIOIIMXCS YCIOBUI
(GyHKIMOHUPOBaHUS coBpeMeHHbIX 3HeprocucteM (DC) kpaiiHe HEOOXOAMMBIM SBIISETCS
BHEJPEHHUE CUCTEM MOHUTOPUHIA U YIOpPaBIEHUS, OA3UPYIOIIMXCS HA HHHOBALIMOHHBIX
TEXHOJIOTUSX cOopa, mepenaud U o0pabOTKM MH(OPMAIUMKM O MapaMeTpax 3JEKTPHUECKOro
pexxuma B «on-liney.

OnHOM M3 TakMX TEXHOJOTUH SBIISETCS TEXHOJIOTUS CHUHXPO(]A30pHBIX (BEKTOPHBIX)
U3MEpEeHUIl mapaMeTpoB pexuma. JTa TexHojorus Bo MHorux OC Mupa peanusyercss Ha
ocHoBe yctpoiictB PMU, neiictByromux B crpykrype cuctembl WAMS, u n3mepsromux
KOMIUIEKCHBIE BEJIUYMHBI C CHHXpPOHM3AIMEH (C TOYHOCThIO JO 1MKC) BBINOJIHAEMBIX
u3MepeHuit uepes cnyrHukoBbie cucteMbl GPS nimm I'VIOHACC /1,2/.

Texnonorus HaxoauT 3(h(PEeKTUBHOE MPUMEHEHUE AJISl PELLIEHUS TAKUX 33]1a4 KaK:

— ouenka coctosHuss (OC) OC mno naHHBIM HMH(DOPMAIMOHHO-U3MEPHUTENbHBIX
cucrem (MUC);

— MOHHUTOPHHT PEeXHUMOB pabOThl CHHXPOHHBIX TeHepaTopoB (CI);

— aHaJM3 HU3KOYaCTOTHBIX KOJIEOaHMUIA;

— ompeJeNneHne JO3UPOBKU YIPaBISIONINX Bo3aeicTBHil (YB);

— OILIEHKA TSHKECTU TEKYILUX PEKHMOB;

— MOHUTOPHUHT YCTOMYHMBOCTH HAarpy3KH;

— aBTOMaTHYEeCKOe yIpaBlIeHHe pekuMamMu padotel OC;

— UACHTU(UKAIMS TapaMeTpoB MaTeMaTndeckux mozeneit 9C;

— Bepu(uUKalnus pe3yabTaTOB MOAEIMPOBAHUS MTEPEXOIHBIX MTPOLIECCOB U JIP.

B 3TOM KOMIIIEKCE 3aay - 3ajaya OLEHUBAHUS COCTOSHUSA MO JaHHBIM U3MEPEHUH OT
SCADA/EMS — PMU u3MepuTeIbHBIX CUCTEM — BaKHEHIIas mpoleaypa, o0ecreunBaromas
ynpasienue OC HaJle)KHOM U KayecTBeHHOU MH(popMalueil. Dta nporeaypa BKIItoYaeT B ceOs
CJIeMyIOIIe OCHOBHBIC 3a1auu /3/:

— (opMUpOBaHHE TEKYIIEH pacyeTHOW CXeMBbI M0 JaHHbIM Tenecurnanuzauuu (TC);

— aHaiu3 HaOII0JAEMOCTH;

— BbISIBIIEHHE TpyObIX ommbOok B Teneusmepenun (TU) m oOHapyxeHHE IIOXHX
nanubix (OI1/);

— (¢unbTpanus ciyyaitHpix norpemsocteit TH, T.e. monyueHue ux OleHOK;

— J0pacdyeT HEM3MEPEHHbIX TapaMEeTPOB pPeKUMA.

Texnonorus OC gocTatouHo MoApOOHO U3NI0KEHa B paboTax /3,4/.

Jo HemaBHero BpeMeHH 3amada OC pemasoch Ha OCHOBE U3MEPEHUU OT CHCTEMBI
SCADA/EMS.
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Bexkrop SCADA/EMS — u3mepeHuii, UCIOIB3YEMbIX MPHU TPAJUIIMOHHONW MOCTAHOBKE

OC umMmeer BU
y= {F':Qu P;Q;U: I Iij}
PIS PiQi - UHBEKIIUU aKTUBHBIX U PEAKTUBHBIX MOIIHOCTEH B y3JIax;
F>i.Qij - IEPETOKM MOILHOCTEN B BETBSX;

U, -Moay/nH y3JOBBIX HANPsHKEHUIH;

I;1;; - TOKM COOTBETCTBEHHO B y3JIaX M CMEXKHBIX C HUMH y3/Iax.

OcHoBHble npo0iembl, Bo3HHKarome npu OC, cBA3aHbI ¢ HEAOCTATOYHBIM 00BEMOM U
HI3KUM KadecTBoM uH(popmanuu ot SCADA/EMS. Kpome Toro, u3-3a mociieioBaTelIbHOrO
ckanupoBanus  usMepenuii B SCADA/EMS-cucreme  HeBO3MOXKHA  aOCOJIOTHAsS
cuHxpoHM3anus. Junanazon 3anepkku nepepauud T or oObEeKTOB ympaBiieHUS B LIEHTP U
00paTHO COCTaBJISET:

— JecsaTku MuiucekyHa 1 [TAA;
— cexynasl st TC;
— OT €IUHULL 10 AECATKOB CeKyH11 — i TH.

Ot ocobennoctd uHpopMarmu, noaydaemoii or SCADA/EMS, orpaHuymuBaroT
nprMeHeHHe e€ JUIsl yIpaBIIeHUs CTAllHOHAPHBIMU PEKUMaMHU.

Jlna ympaBineHus AuHaMu4YeckuMu rmpoueccamMu B OC mpu OONBIIMX W MaJbIX
BO3MYIICHUAX (B KOMIUIEKCE YK€ BBINIETIEPEUNCIICHHBIX 3a/1a4) 3 QexTnBHa HHPOpMAIus,
nonydaemas ot PMU (cuctem WAMS).

Haraukun PMU paror undopmaruio o coctosHud DC ¢ BBICOKUMHU TEXHHYECKUMHU
nokazaresiM /5/: ¢ TOYHOCTBIO 1O M3MeHeHHro HampspkeHus + 0,1%, mo dasoBomy yrimy
+0,2rpag, no toky * 0,2%, mo wacrore + 0,011'u, mo yray Mexay BEKTOpaMH TOKa W
HanpsbkeHus * 0,2° ¢ nepuoguuHocThio 20 Mc.

BekTop n3aMepeHus nmpencTaBiseTcst Kak

y= {@Uiijlijﬂj}
rie Ui — aMumiTtyaa HampsbkeHus B Mecte u3Mepenus PMU;

Iij - MOAYJIb TOKA BETBH, CMCKHOM Y311y I,

O - Ga30BbIi YroJ HANPSDKEHUS B y3JIe |,
@ij - YrOJI MEKIy BEKTOpaMH HAINPSDKCHHUS B I-TOM y3JI€ M TOKOM BETBH, CMEKHOM
y3ay i;

Cyl11ecTBEHHO BBICOKasi CKOPOCTh M TOYHOCTh M3MepeHHi, ocyuectBisiembix PMU,
BO3MOXHOCTh M3MEpeHHH (ha30BOro yria HaIpsDKEHUs, OTCYTCTBHE HEOOXOIMMOCTH
CHHXPOHHM3AIMA TPOU3BOJUMBIX HW3MEPEHUH O00yClIaBIMBaeT HE3aMEHHMOCTb STOTO
U3MEPUTENIBHOTO YCTPOMCTBA AJIsl pelleHus] OOJBIIOro KOMIUIEKCa 3a71ad MOHUTOPHHIA U
yIpaBJIeHUs] B JHUHAMHUYECKHX pexuMmax. K HemocTatkaM CHCTEMBI CHHXPO(a30pHBIX
u3MepeHuii Ha ocHoBe PMU criegyeT oTHECTH BBICOKYIO CTOMMOCTH Bcero Tpakra (PMU —
PDC — Ilentp) cbopa, mepenaun u coxpaHeHus wHPopmaruu. OJHAKO, 0OYEBUIHO, YTO BO
MHOTHX CIIydasiX 3TH 3aTpaThl OMPAB/BIBAIOTCS MPU YCIOBHH 00ECIIEYEHHUSI BEICOKOTO YPOBHS
PEKUMHOM HA/IE)KHOCTH B 10 — BO BPEMs aBapHil — U NOCIIeaBapuiHbIX» pexumax IC.

B cBsi3u ¢ BBIIEU3I0KEHHBIM B MUPOBOI MTPAKTUKE CIOXKUIIACH CIEAYIOIast TEHACHIUS
B peanuzanuu 3agaun OC:

— coBMecTHbIM mpumenenueMm cucrtem usmepenus SCADA/EMS - PMU
(uarerpuposannas UNC);
— mHpuMeHeHueM Tosabko PMU.

B Asepb6aiimkanckoit DC na muorux mozacraniusx SCADA/EMS ycraHnoBieHbl U
peanu3ytor cBou (QyHKuuu. I[Iporpamma paszButuss OC Ha OnmKaWIIyl0 NEPCHEKTHUBY
npeaycMaTpuBaeT BHeapeHue W pasButue cucreMbl WAMS, kak HeoThemiieMoit
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COCTAaBJISIIOLIEH CUCTEMBl YIpPAaBIEHUS U OOECHEUEHHUs BBICOKOTO YPOBHS PEKUMHOMN
HAJICKHOCTH B «ON-liney.

B cBs3u ¢ 3TUM yXe B HacTOAIIEE BpeMs CTAaHOBHUTCA aKTyaJlbHOM 3ajada
ONTUMAJIBHOTO pa3MelleHuss (CKOJIbKO M B Kakux y3nax) ycrpoiicte PMU B
Azep6aiimkanckoir OC. [lpuueM TEpMHH ONTUMAIBLHOCTH CIIEIYET pacCMaTPUBATh U3 JIBYX
NO3ULMKU: oOecrieyeHne MoJHOM HalmromaeMocTH mpH pemieHun 3aaaun OC; ompexneneHue
MUHUMAJBHOTO KonyecTBa yctaHoBku PMU.

Habatogaemocte OC omnpeaenseT ycaoBHe JOCTATOYHOCTH KOJUYECTBA U3MEPEHUN IS
OJIHO3HAYHOW OILIEHKH BCEX MapaMeTpPOB PEKUMOB, HCIOIb3YyEMbIX C ITOMOIIBIO0 aJrOPUTMOB
OC /6/. IHnsa cxem DOC mpu pemieHHH 3aqadd OOeCIeueHUs HaOII0IaeMOCTH Ba)KHA
TOMOJIOTHYECKass HaOII0aeMOCTh; B OTJIMYME OT CTOXAaCTHYECKOH OHa OCHOBBIBAETCS Ha
JTMHEapU30BaHHOW CHCTEMBI YpaBHEeHUs. Heo0X0uMbIM yCIIOBHEM HAOIIOJaEMOCTH SBISIETCS
PaBEHCTBO paHra MaTPHULIbl CUCTEMbl YPaBHEHUI COCTOSHUS YHCITY TapaMETPOB COCTOSIHHUS.

Habmrogaemocts oOecrieunBaeTcsi TpPU  COONMIOACHUM KOMILIEKCA TOIOJIOTHYECKHX
MPaBHJI, KOTOPBHIE MO3BOJIAIOT CUMTATh HAOIIOJAaeMbIMU Kak Y37bl, TJe ycTaHoBieHsl PMU,
TaK W Y3Jbl HA IPOTHBOIIOJIOKHBIX KOHI[AX CMEXKHBIX BETBEH, T.€. B TaK HA3bIBACMBIX
«pacUeTHBIX» y3nax /7/. DTUM caMbIM JOCTUTAETCS COKpAllleHHWE YHCIa YCTaHABIMBACMBIX
yctporicte PMU mis OC.

Azepbaitmxanckas OC sSBIsETCS TOCTATOYHO CIOXHOW: uMeeT AudQepeHnpoBaHHYIO
CTPYKTYpY 10 KJjlaccaM HaIlpsKEHUs U paboTaeT B CTPYKType 00bequHeHus ¢ coceHuMu OC.
[Toaromy 3amaya OC nomxkHa NTPOBOAUTCS C MPUMEHEHHEM IMPHUHIMIA JIEKOMIO3UINH:
pazOueHue pacdeTHOM cxembl Ha mojcuctembl; OC sl KaXIOH M3 HUX C MOCICTYIOINM
(dhopMHUpPOBaHKEM OOIIETO PEIICHHUS.

Ha puc. 1 npuBenena cxema cetu 500-330-220kB ¢ rpaHUYHBIMH y37aMHU U BETBSMU:
nexkommnosuonHas cetb 500-300 kB, nexommnosunmonHas cetb 220xB, rpaHuyHbie y3ibl
(1, 7, 10, 16) u BerBu — Mesxcuctemubie cBsizu (MC) ¢ DC Cepeproro Kaskasa (y3en 1 — onHa
BeTBb), OC I'py3un (y3me1 7 u 10 — aBe BetBu) u DC HUpana (y3en 16 — nBe BerBu). CeTh
110 kB B 3TOoM 1ukie pacueToB He paccMmarpuBaeTcs. B kauecTBe Merona JUlsl MOMCKa
MecT pamenienus ycrpoiicteB PMU B nexomnosunuonssix noacucremax (500-330 u 220xB)
U TIOJHOW CXEME HCIIOJIb30BAaH METOJ IIEJIOYUCIIEHHOTO JIMHEHHOTO MPOTrpaMMHPOBAHUS

(LJIIT) /8/.

Samux 550
AzTES 500 Apseron 500,

(10 ) s
Somkir 330 Samux 330 AzTES 330 Yayma330  Xacmaz3s0
Apseron3io ~ P ac
5 \‘_1 3 2 1

eBEP HOT 0

|
) () () I Cenepno

|
|
I
|
1
|
3C Cpysun :
I
|
1
|
:

Caz330
: Geranhoy33n
Akstafa 330 Ganca3an
fmish330 / Canub330 Survan330
MinSes30 GD 15 16 Cl;) 17
Agcabadizan 2/7\% o
T Cerp 500-330xB 3C Hpana
Cern 22055 N Agdas330  Qahala320
MinSes 220 Qg/ @ @

@ Yasma220
33

Apgeron 220

si n220 Canub220

bt ()
& o =

Zardalan220 Hivsan220 Simal220 Zabrat220

Masalli?20 Salyan220  Sengacal220

Puc.1. Pacuetnas cxema ceru 500-330-220 kB Asep6aitmkanckoit 3C
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JIuHeitHOe MPOrpaMMHUPOBAHUE — HAXOXKACHUE IKCTPEMAIBHOTO 3HAYECHUS JIMHEHHOH
(YHKIMU MHOTHX TMEPEMEHHBIX MPHU HAJUYUU JMHEHHBIX OTPAaHUYEHUH, CBS3BIBAIOLINX 3TH
MIEPEMEHHBIE.

3amaua MUHUMH3AIMHM WM MaKCUMH3AIMM JIMHEHHON (YHKIMM TIpH JIMHEHHBIX
OTPAaHUYEHUSX, MPU KOTOPOM HA 3HAYEHUS BCEX WJIM YAaCTH IEPEMEHHBIX HaJ0KEHO
TpeOOBaHUE  LIEJOYUCIEHHOCTH,  SBJISETCS  3aJaded  LEJOYMCICHHOrO0  JIMHEWHOIO
nporpammupoBanus (LJIIT).

Ecnu nexotopsle nepemenHsle B 3aaaue LUJIII moryr npuHuMate Tonbko 3HaueHue 0
Wi 1, TO Takue nNepeMeHHbIE HAa3bIBAIOTCA OYJIEBBIMH UITH {0,1} [IEPEMEHHBIMH.

Hcxonnas MUHUMH3HpYeMast (DYHKIIHS TIPEACTABIISCTCS KaK
N
min >" X,
k=1
[Alx[x| =6 )

rae N — 4gucio muH B CHCTEME;
X — OMHAPHBIN BEKTOP PEIICHUS;
A — 1eNIoYHCIICHHAs] MATPHIIA, CTPYKTYpa KOTOPOM 3aBUCUT OT CXEMBI
CeTH;
6 — LIEJIOYNCIICHHBIN BEKTOP.
B (1) anemenTsl MaTpuiibl 4 TPUHUMAIOT 3HAYCHUS

1l ecm i=j
A; =11 ecmm | ¥ | coeIMHEHBI
0 ecum He cOeTMHCHBI
x| - GMHapHBII BEKTOP
IX| =[x, %, X5... %y
Xe |O,1|

|1 ecrm PMU ycranosnen B ysue |

|T

()

0 orcyrcrByer
6| =1, 1,1...1,

Bonpmioit 06beM MOATrOTaBIMBAaEMOrO K pacyeTy MarepHuala M0 MUHHUMHU3HPYEMBIM
GYHKIMSIX ¥ ETOYUCIEHHBIX MaTPUIIAX JJIsl IBYX JTEKOMITO3UIIMOHHBIX cXeM (N=18 kaxmoil)
U nonHOM (N=36) He JaeT BO3MOXKHOCTU WX H3JIOKEHHsS B 00beMe HACTOsIIeH MyOIrKaIuu.
[Tpuenenne meroauku LJIIT mocraTouno moapoOHO U3NIOKEHO Ha TpuMmepe 14 y3moBoi, a
takxe B 24, 30, 39, 57, 118 y3noBbix TecToBbIX cxemax |IEEE /9/.

B pesynbrare pacuetroB no MATLAB mnonydenst 6uHapubie Bektopa (1) misg 3-x cxem
Azepbaitmkanckoit 9C: 500-330xB, 220 kB u monHoit cxembl, B KOTOpBIX [1] yka3piBaeT Ha
Mecto BrItoueHust PMU (T.e. HoMep y3na). Pe3ynbpTaThl pacyeTa cBefieHbI B Ta0IuUIE 1.

Tabmmma 1.
Pasmernienue onpeneneHHoro koaudectsa PMU 1o y3mam JeKOMITO3UITMOHHBIX U TIOJTHOMN
cxemam 500-330-220 kB

cXeMbl 500 -330 xB 220 xB NnoJIHAs
Yuco y3moB 18 18 36
UYucro y3nos 6 5 10
ycraHoBieHHbIX PMU
Vsl yerasoskn PMU 2,7,9,11,16,18 | 20,26,27,32, 34 2,5,9,12.16,
19, 24, 26, 27, 35
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[Ipu yuere HaNMUYWS TPAHWYHBIX Y3JIOB M TPAHUYHBIX CBS3€H (MEXKCHUCTEMHBIE CBSI3H)
cienyeT BBeCTH Koppekiuio B pazMenienne PMU B monHo# cxeMe, YCTaHOBHUB HUX MPEXK]IE
BCET0 B y3JIaX Ha «BXoJe» B cocequue IC, 1.€. B y3ibl 1, 7, 10 u 16.

B sTom ciiyuae pemienue gaet cienytoiiee pasmemenne PMU o y3inam nmojiHo# cxemMbl
500-330-220xB Aszepbaiimkanckoi IC: 1, 3, 5, 7, 10, 19, 24, 26, 27, 35, 4To moMeueHO Ha
puc. 2.

Samux 550

| AzTES 500 Apseron 500,
. D () -
|
l Samkir 330 Samux 330 ATES 3320 Yasma230 Yacmaz33o
| Apgeroniii N\ | ac
| 6 5 4 3 ) G D, @—‘—DCenepmro
| | Kasxasa
| Caz330 |
|
| O,
| 7 12 Geranbo y330
- i p— p—
' Aksiafa 330 Ganca3il .
fmisl230 / Canub330 Suvan33o
MinSes330 (19 15 16 GD 17
Agcabadi330 _ 2/_\% .
T Cers 500-330xB 3C Hpama
ABdas220  Qabalo220

|
@ Yagsma220
33
" Apgeron 220
Agsw220 Sumgayir220
Sanaye govsagl 22
Canuh220
Sirvan220
26 (2 28 {34) (36} 35
_/ S N/ / \_/
miisviq220 /o dalan220 Hovsan220  §imal220 Zabrat220
29 30
MMasalli220 Salyan220 Sangacal220

Puc.2. Pacuernas cxema cetu 500-330-220 kB Azepbaiimxanckoit OC
¢ ycranoBineHabiMu PMU

T.e. metomom LIJIIT ¢ yuetom Tomonornueckux npeodpazoBanuii u pacnpeaeneHHoit OC
B cetu 500-330-220xB AsepGaitxanckoit OC 3amada OC MokeT OBITH pelIeHa IyTeM
ycraHoBkH 10 ycranoBok PMU, B T.u. B 4 rpannunsix y3nax MC, uto cocrasuser 27,7%
y3JI0B CXEMbI U 00eCIeunBaeT MOJHYIO0 Ha0II01aeMOCTb.

JUie  CTOMMOCTHOM OLEHKHM MpeAjlaraéMblii IPOEKT MOXHO BOCIOJIb30BaThCs
METOAHMKOM, mpeoxkenHoit B /10/. Pasmep crommocTu ompenensieTcss Kak YHUCIOM
ycraHaBnuBaeMblx PMU, Tak ¥ 4HMcIOM KaHajlOB M3MEPEHHUS B KaXJAOM U3 HHUX, T.€. IO
dbopmyre

C=n(m+l)=1y.e.

rae N —uwucno ycrpoiicte PMU,
M — YHUCIIO TOKOBBIX U3MEPSEMBIX KaHAJIOB (110 YUCITY KOHTPOJUPYEMBIX CMEKHBIX
BETBEN);
1 - xanan HampspkeHus B Kaxkaom PMU.
C yueToMm maHHBIX TaOJWIBI 2 TIONHAS CTOMMOCTH ycTaHaBmuBaeMbix PMU ¢ yduerom
TOKOBBIX KaHAJIOB COCTaBIsIeT 48 y.e. (YCIOBHBIC €AMHUIIBI TPUHATHI B YCIOBHUSIX OTCYTCTBUS
peabHBIX JaHHBIX [IEHBI YCTPOUCTB).
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Tabanma 2.

Pazmemnenue 10-tu ycranoBok PMU B cetn 500-330-220 kB Azep6aiimxanckoi 9C

Kananst
Obuiee Kananst
Ne | HazBanu n3mepenws |
Tun y3na YHCIIO U3MepeHUsI
y3ma | e y3na CAHAIIOR U obmee | BT
MC

1 2 3 4 5 6 7

1 Xaumac rp. 3 1 2 1
330xB 3C Aszepbaiimkan — OC

Ces.Kagkas

3 | Anmrepon 6 1 5 --
330xB BH.

7 Axkcraga 4 1 3 1
330xB p.

OC Aszepbaitmkan — OC ['py3ust

10 Camyx 4 1 3 1

500xB p.
3C Aszepbaitmkan — OC ['py3ust

16 | Umummmm 7 1 6 2

330xB p.
3C Aszepbaiimkan — OC Hpan

19 |MunlDC 3 1 2 --
330xB BH.

24 | Anmepon 8 1 7 --
220xB BH.

26 | Ulupsan 4 1 3 --
220xB BH.

27 | JIxanyo 6 1 5 --
220xB BH.

35 3abpar 4 1 3 --
220xB BH.

* BH — BHYTpEHHUH y3en
r'p. — TPAHUYHBIN y3el
MC — MmexcucTteMHas CBSI3b

3axnmouenue: Jlna  pemenns 3amaum OC  anektpudeckoir  cetm  500-330-220xB
AzepOaikanckor  OC  peKOMEHJ0BAaHO  ONTUMAIbHOE  YUCIO  MH(OPMAIMOHHO-
u3MepuTenbHbIX ycrpoiictB PMU 1 MecT uX pa3MelieHus mpu COOJIIOJIEHUU KPUTEPHUs
NOJHOM HabmogaeMocTu. PexkomeHnanust MoXeT OBbITh MCIIONb30BaHa INPH peaTu3aliu
NPOEKTa BHEAPCHUS CHCTEMbI MOHHUTOPHHTA U yrpaBiieHus B «0n-line» (WAMS).

1. Hector J., Altuve Ferrer, Edmund O. Schweitzer Ill. Modern Solutions for Protection.
Control and Monitoring of Electric Power System. 2010 Schweitzer Engineering
Laboratories. USA.
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VOZIYYOTIN QiYMOTLONDIRILMOSIi MOSOLOSININ HOLL EDILMOSi UCUN

SINXROFAZOR OLCMO QURGULARININ (PMU) AZORBAYCAN ENERJi
SISTEMIND® OPTIMAL YERLOSDIiRIiLMOSI

HUSEYNOV 9.M., QARADAGI A.E., OLIYEVA A.F.

Moqalodo vaziyyatin qiymoatlondirilmosi masolosinin  holl edilmoasi iiglin  WAMS

sisteminin  PMU informasiya-6l¢i qurgularinin  Azorbaycan enerji sistemindo optimal
yerlogdirilmosi masalasine baxilmigdir.

Acgar sozlor: clektroenergetika sistemi, voziyyotin qiymotlondirilmasi, miisahidoolunma, sinxrofazor

6lgmoloari, diiyiinlor, budaglar.

OPTIMAL PLACEMENT OF SYNCHROPHASOR MEASUREMENT DEVICES
(PMU) FOR SOLVING THE PROBLEM OF ASSESSING THE STATE OF THE
AZERBAIJAN POWER SYSTEM

GUSEYNOV A.M., GARADAGI AE., ALIYEVA AF

The problem of the optimal placement of information-measuring devices of

synchrophasor measurements of the PMU of the WAMS system in the Azerbaijan power
system is considered to solve the problem of state estimation

Keywords: electric power systems, state estimate, observability, synchrofazor measurements,

nodes, branch.
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Energetikanin problemlori ¢ Ne4 e 2017 e IIpobGineMbl SHEPreTHKH

VJIK 518.12:62-83:622.243.56

KOMIIBIOTEPHOE MOJAEJIUMPOBAHME ITEPEXO/JHbIX ITPOLECCOB B
ACHHXPOHHOM SJIEKTPOIIPUBO/JIE C THAYKIIMOHHON
JEKTPOMATHUTHON MY®TOM, BKJIIOYAIOIIEM 3BEHO C
PACHHPEJAEJTEHHBIMU TAPAMETPAMMU C YYETOM IIOTEPbD.

MAMEJOBA 3.A.

Aszepbatioscancrkuti Hayuno-Hccrnedosamenvckuiit Uncmumym
DHepeemuKu 1 FHEPLEMUUECKO20 NPOIKMUPOBAHUSL

Ha ©6ase Teopum pasBUTHS OIEPALMOHHOTO WCUYHUCICHUS TPEICTaBICH YHCICHHBIH METOH Ul
KOMITBIOTEPHOTO MOZEIHPOBAHUS IIEPEXOAHBIX IIPOIECCOB B ACHHXPOHHOM 3JekTpompuBone ¢ HWOM,
BKJTIOYAIONIEM 3BEHO C pAaCHpElelCHHBIMH IapaMeTpaMH C Yy4YeTOM IMOTephb, 0€3 HaxXOKICHUS KOpHEH
XapaKTePUCTUYECKNX ypaBHEHHH, NPU 3aMEHE ONEpalMH HENPEPHIBHOTO HWHTEIPHPOBAHMS CyMMHPOBAaHHEM,
TOJIB3YSACh (POPMYIIOH TpAaTICIHiA.

KaioueBble cJjioBa: KOMIIBIOTEPHOE MOJEIUPOBAaHHE, ACHHXPOHHBIH JJIEKTPOIPHUBOA, 3BEHO C
pacnpeielieHHBIMU MapaMeTpamMH.

Bseoenue: Kak TmoOKa3pIBaeT TPOBEICHHBINH aHaMM3, pPEKUM paboTel OypoBOrO
3JIEKTPOIIPUBOA B MIPOLIECCE €r0 IKCIIyaTallud B OCHOBHOM SBJIsieTCS IepeMeHHbIM [1-6, 8-
12, 23-25].

B cBa3u c 3TMM, co3laHME METOAOB JJIs MaTeMaTU4YeCKOro MOJAEIHPOBAHUS
MEePEXOIHBIX MPOIECCOB, BO3HUKAIOIINX B YKa3aHHOW CHCTEME MPECTaBIsSET COOOM BaXKHBIIN
HAYYHBIM U NMPaKTUYECKUH MHTEpEC, C 1eJIbI0 CBOEBPEMEHHOTIO OOHAPY)KEHUS U JIMKBUJALIUN
npe/iaBapuitHbIX M aBapUHBIX cuTyanui [1-6, 8-12, 23-25].

[Ipy 3TOM OCOOGEHHOCTBIO IMHAMHYECKHX CBOMCTB OypOBOTO 3JIEKTPONPHUBOJAA IPH
poropHOM OypeHHHM HE(TSHBIX CKBaXHUH CBS3aHO C TEM, YTO €r0 MEXaHHYEeCKas 4acTh —
KOJIOHHA OYpUJIbHBIX TPYO SABJISIETCS 0OBEKTOM € pacipe/iesieHHbIMU napaMeTpamu [3-6, 8-12,
23-26].

[TosTOMy HCIIONB30BaHME AHATUTHUECKUX METOJIOB JUIs peIlIeHHs MPOOIeMbl TUHAMUKH
B YKa3aHHO CUCTEME BBI3bIBACT OOJIBIIME MaTeMaTu4ecKue TpyaHoctu [1-3].

B Hacrosmiee BpeMs B YCIOBHSIX IIMPOKOTO BHEJIPEHUS KOMIIBIOTEPHOW TEXHHMKH B
NPaKTUKy WHXEHEPHBIX pacueToB, BOMPOCAM CO3JAHHUS YHCIEHHBIX METOIOB JUIs
KOMITBIOTEPHOTO MOJIETUPOBAHMS MEPEXOJHBIX IMPOIECCOB B OYPOBBIX AIIEKTPONPUBOIAX C
pacripe/ielieHHBIMI ~ [TapaMeTpaMH, YIEeNsSeTCs TPHUCTaIbHOE BHUMAaHHWE, B KOTOPBIX
OTJIMYAIOTCS IPOCTOTON M YHHUBEPCATIBHOCTHIO PEIICHHsI IIMPOKOro Kiacca 3ajau [3-6, 8-12,
23-25].

OnHMM W3 YHCJICHHBIX METOJIOB pacueTa IEepeXOJHBIX IPOLEccCOB B OYpOBBIX
IIEKTPOIIPUBOJIAX C PaCIpe/CICHHBIMHU TapaMeTpaMH, sBJISETCS YUCICHHBIH MeTon [3-6],
OCHOBAHHBIM Ha TEOPUU UMITYJIbCHBIX CUCTEM [7] M MaTeMaTU4YeCcKOoro amnmnapara JUCKpEeTHOTO
npeobpa3zoBanus Jlamnaca.

[IpeumymectBoM pgaHHOro wmeroaa [3-6] sBisercs, YTO OH TIO3BOJISIET HAWTH
NIEPEXOHBIE TPOIIECCH B OYPOBOM 3JICKTPOIIPUBO/IE C pACTIpE/ICTICHHBIMU MTapaMeTpamu, 0e3
HaXOXXJCHHUS KOpHEH XapaKTepUCTUYECKHX YpaBHEHUH, MMHYS CTaJMI0 pa3IOokKEeHUs
OIEPATOPHOro KO PHUIMEHTA PacCPOCTPAHEHHs BOJIHBI, a TAKXKe ONEPaTOPHOrO0 BOJIHOBOTO
COIIPOTHUBIICHUS B PSI/Ibl, YTO 3HAYUTEIBHO PACHIMPSET KPYr pelIaeMbIX MPaKTHUECKUX 3a/1ad.
OpHako 00IMM HEJOCTATKOM YKa3aHHOTO METOJia ABJISETCS TO, YTO €r0 IPUMEHEHHE CBSI3aHO
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¢ OonpmuM OOBEMOM MaTEeMAaTHMYECKUX BBIKJIAOK, BO3HUKAIOMIMX TpPU OINpeAeTICHUN
JTVICKPETHBIX N300pa’keHUI NCKOMBIX ()YHKITHIA.

Onnum u3 3¢(EeKTUBHBIX YHCICHHBIX METOJOB JUISl KOMIIBIOTEPHOTO MOJEIUPOBAHUS
NEPEeXOAHBIX MPOIECCOB KAaK B 0OBEKTaX C COCPEIOTOUCHHBIMH, Tal U C paclpeieIeHHBIMU
napaMmeTpamu, SBISeTCS Ha 0aze pa3BUTUS TEOPUH  OMNEPALMOHHOTO  HCUHUCICHUS
MPEJIOKEHHBIM HOBBIM YUCIEHHBIM MeToj [8-25], CyIIHOCTH KOTOPOTO OCHOBBIBAETCS Ha
UCIIONIb30BaHUU TpeoOpa3zoBanusi Jlamimaca M JUCKPETHOrO aHallora HWHTETPalibHOTO
YPaBHEHHUS CBEPTKHU.

[IpermyIiecTBOM yKa3aHHOTO YMCJICHHOIO METOJa SBJSIETCS TO, YTO OH IO3BOJISIET
HAWTH NepexoaHbIe MPOIECChl, BO3HUKAIOIINE B 00BEKTAX C paclpeelIeHHbIMU TapaMeTpaMu
0e3 mepexozaa B 00J1aCTh AUCKPETHBIX M300pakeHU [8-25], a Takke OCYIIEeCTBIATh MEPEX0/T
ot JlannacoBeix M300paKeHUH MCKOMBIX (PYHKIMI B 00JIACTh OPUTHHATIOB 0€3 HaXOXKICHUS
KOpPHEHM XapaKTepUCTUYECKOIO YpaBHEHHs, Pa3JIOKEHUS ONEepaTopHOro KoddduiueHTta
pacnpoCTpaHEHUsT BOJIHBI M ONEPATOPHOIO BOJIHOBOTO CONPOTUBICHHUS B PAIbl, YTO
3HAYUTENIbHO YIPOIIAIOTCS MaTEMaTUYECKUE BBIKIJIAJKU U MOBHIIIAIOTCS TOYHOCTh PACUYETOB.

Kpome sToro, mpemioxeHHbIil HOBBIA MOAXO0A [8-25], B OTIWYHE OT CYIIECTBYIOIIUX
MeToq0B [1-6], B 3aBHCHMOCTH OT 3aJaHHONM TOYHOCTH pacyera, I03BOJSET 3aMEHUTh
OTIEpAIIMI0 HETPEPHIBHOTO HHTETPUPOBAHMS CYMMHPOBAHHUEM, MOJB3YIACh (OpMyJIaMu He
TOJIBKO MIPSIMOYTOJILHUKOB, HO U Tpaneuuid, CuMiicona, Yauis u ap.

VYka3aHHble CBOMCTBA HOBOro Imojaxona [8-25],CylIECTBEHHO pacUIMPSAIOT Kpyr
pelaeMbIX MPaKTHUYECKUX 3ajau.

B nanHO# craThe, paccCMaTPUBAIOTCS BOIMPOCHI JAIBHEUIIETO Pa3BUTHS W 000OIICHUS
pabot [8-25], miIs KOMIBIOTEPHOTO MOJEIMPOBAHUS MEPEXOJIHBIX MPOIECCOB B OYpOBOM
AJIEKTPONPUBOJE C PACHpE/ICICHHbBIMU MapaMeTpaMu, B OOLIEM cilyyae, ¢ y4eTOM BIMSHUS
TpPeHHsI B KOJIOHHE OYpUIIBbHBIX TPYO, a TaKKe CpeCTB MOBBILICHUS HaaexHocTH — UOM, nipu
3aMEHE OIepaluy HEMpPepbIBHOTO MHTETPUPOBAHUS CYMMHUPOBAHUEM MOJB3YSICh (HOpMYIIOit
Tpanenuii [16].

1. llocmanoska 3a0auu’ 3agadya paccMaTpuBaeTCs AJIs CiIydasl, KOIr/ia yrioBasi CKOpOCTh
BpAaIeHUs Bajla 3JIEKTPOABUTATENS] UMEET HAYaJIbHOE 3HAUYECHUE Wyyay -

BnusiHueM 351€KTpOMAarHUTHBIX MEPEXOJHBIX IMPOLIECCOB B IMPHUBOJHOM JIBUraTene M
NDOM npeneOperaeMm, IOCKOJIbKY BpeMsl MPOTEKaHHUs MEPEXOIHBIX SJIEKTPOMArHUTHBIX
npoueccoB B asurarene ¢ UOM HecousmepuMo Majo MO CpPaBHEHHIO ¢ OOIIMM BpEeMEHEM
MEePEXO0HOTO MpolLecca Bee cuctemsl [5,6].

HcxonHpIMU ypaBHEHUSIMU TSI TAHHOW CUCTEMBI OyayT [26].:

1220 = M (1) — M, (1), (1)
w59 = My, (£) — Mc(®), 2

rae M,(t), M, (t), M.(t) — Bpamaromuii MOMEHT 3JEKTPOABHUIATENS, TEPEAABAEMbI MOMEHT
NOM 1 MOMEHTOB HHEPLIHUM POTOPA AIEKTPOJBHUraTens u Beaymen yactu UOM; [, — cymma
MOMEHTOB HHEPIHMH BeAOoMOH dactTh MOM u Bpammaromuxcs dacteidl 000pymaoBaHUs
POTOPHOTO CTOJIa, MPUBEAEHHBIE K POTOPHOMY CTONY, W, (t), w,(t) — TeKyimue yrioBbie
CKOPOCTH BpaIlleHHs] pOoTopa 3JeKTPOABHUTATENsA M Beayiied dyactu MDOM, mpuBemeHHbBIC K
POTOPHOMY CTOJIY.

[MpuHuMas W3MEHEHHWE JBIUKYIIETO0 MOMEHTa JBHrareias B pabodueil vacTu
MEXaHWYECKOM XapaKTEPUCTUKHU JINHEHHBIM, TIOTyduM [26].:

M, (t) = a; = byw, (1), ©)

rae a, by — mapamerpsl JIMHEapU3alui MEXaHNYECKON XapaKTEPUCTHKH JIBUTATEIIS;
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Bripaxkenue miis nepenaBaemoro momenta MOM, cornacho [5,6], Oynert:
M, (t) = M, (t) — b,w, (1), 4)

rae M, (t) — myckoBoii MomeHT DM,

B o6mem ciydae, myckoBoid MOMeHT IOM 3aBUCHT OT Kak TOKa BO30YKJIEHHUS, TaK M OT
YJIJIOBOM CKOPOCTH BeAylied dYactTh MyQThl, T.€. VYIJIOBOH CKOPOCTH BpAIICHUS
JJeKTpoABUrarTens. B gaHHOM ciydae yriioBasi CKOPOCTh BpallleHUs 3JEKTPOABUTATENS 10
Hayajla T[EpPEeXOJHOr0  TMpolecca MMEET 3HAUYCHHE  Wiy,q, M KAK  IOKa3bIBAIOT
3JIEKTPOMArHuTHbBIE pacueTbl My(Thl, HEOOJbIINE U3MEHEHHs YITIOBOW CKOPOCTH BeaylIeit
gyacti MOM He oka3blBaeT 3HAUYMTENILHOTO BIIMSHHUS Ha 3HAYEHUE ITyCKOBOTO MOMEHTA
M, (t) . Orcroma, cormacHo [5-6], BbIpaxkeHHe IS IIYCKOBOro MomeHTa MOM wuMmeer
CIEAYOLIMNA BU:

My, (t) = cig (2), (%)

i€ C- TOCTOSTHHBIA KO3(PPUITUEHT.

B Belpaxenun mnyckoBoro MomeHTa MOM, Tok BO30YyXIA€HHS HU3MEHSETCS 10
UHEpLUUOHHOMY 3aKoHY. OjHako, A AAHHOW CHUCTEMbI, IOCTOSHHAas BPEMEHH OOMOTKHU
BO30YXIEHHsT MY(PTHl HECOM3MEPUMO Maja ¢ OOMIMM BPEMEHEM D3JIEKTPOMEXaHHUECKOU
BPEMEHH BCEHl CHUCTEMBI, YTO MO3BOJISIET IPUHUMATh U3MEHEHUs TOKa BO30YKIEHUS MY(PTHI B
CKauyKoOOpa3HOM BHJIE, T.€. Iy = CONSt.

B aT0li cBA3M, BBIPAKEHUE [JIS ITYCKOBOI'O MOMEHTA MOYKHO IIPEICTAaBUTh B BUJE:

Mr[ (t) = ay, (6)

rae a, = ciy (t) — mocTosHHBINA KO3 UIMEHT.
Torma, BeIpaXkeHHe TS TIepeaaBaeMoro MoMeHTa My(hTol OyIeT:

M, (t) = ay — byw, (1), (7)

rIe a,, 4, — mapameTpbl JMHEPHU3ALNH MEXaHNIECKOH XapakTepucTuku MOM.

[lepexonHble mpolecchl, MPOTEKAIOIINE B KOJOHHE OYpPHJIBHBIX TPYyO, Kak OOBEKTa C
pacrpe/ieIeHHbIMU MapaMeTpaMy MPU KPYTHIBHBIX KOJIEOAHUSAX U MPHU y4eTe TPEHUS MEXIy
KOJIOHHOM OypWJIBHBIX TpyO0 M TJIMHUCTBIM pPAacTBOPOM OINMCHIBAIOTCSA TeserpadHbBIMU
ypaBHEHUsAMH [3]:

% 2 kym
ox  toc TV
oM ow
rae w = w(x,t), M = M(x,t) - U3MEHEHHE YIJIOBOW CKOPOCTU U KPYTAIIETO

MOMEHTa B JIFOOOW TOYKE KOJIOHHBI TPYO B TPOM3BOJIBHBII MOMEHT BpeMeHW; ki, k3, Kk, —
KO3(pPUIIMEHT yIpyrocTH, MOJATIMBOCTH U TPEHUSI COOTBETCTBEHHO; k) — MOMEHT MHEPIIHH.
HauanbHble ycnoBus:
W(x,t)=0 =0, M(x,t)=9 =0,

['paHn4HbIE YCIOBUS UMEIOT BUJ:

w(x' t)x=0 = wM(t)’ a)(x' t)x=l = ‘LLM(X, t)x=l )
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rae U -Kod(GHUIUEHT, ONPEICISIONMIA CBA3b MEKAY YIIOBOH CKOPOCThIO w(x,t)
MOMEHTOM KpydeHust M (x, t) B KOHEUHO# TOUKE 3BEHA C paclpeIe/ICHHBIME [TapaMETPaMH.

2. Pewenu 3a0ayu: Ilpu pemieHuN MOCTaBICHHOW 3a/laud Ha OCHOBE IMPEIOKEHHOTO
HOJIX0/J1a Ha TIEPBOM 3Tare HeoOxoauMo HaiTh JlamiacoBo nzoOpaxenue GpyHKuud w,(t) B
orepaTopHoii popme.

B cBs3u ¢ atum ypaBHenue (1) ¢ yuerom (3) u (7) B omepaTopHOoii (opMe MOKHO
NPEJCTaBUTh B BUJIE:

Wy (p) = (% + Iawal-la'{) kl(p) - kl(p) <% + /&ZwM(p)> (9)

rne  k,(P) = p Pi 7, ~— Teperarounas byakums;  P-  omeparop mnpeoOpazoBaHUs
3
Jlamaca; w,(p), wy(p)—JamacoBo usoOpaxkenue GyHKIMH W, (t), Wy, (t).
Bropoii sTanm pemeHUs MOCTaBICHHOW 3aJa4ydM CBS3aH C OCYIIECTBICHHEM Iepexoja OT
JlarmacoBo n3o0paxkenus (9) B 0071acTh OpUTHHATIOB.
B cBsi3u ¢ 3TUM, Ha OCHOBaHHMHM TEOpEeMbl CBEpTKHU [9] mepexons or ypaBHeHus (9)

OTHOCHUTCJIBHO H306pa)KeHHI>i K YPaBHCHHIO OTHOCUTCIIBHO OPUTUHAIIOB MOJYUYUM.

0a(8) = 2222 (1 = k(O Wnuauki (02 [y K (8), (¢ — 6) 6,

rae: (10)
k, (t) e_{yTl t
1(t)=

B ypaBuenuu (10) BXoauT BXOAUT HeusBecTHas GyHKIus — w,,(t). Ee 3HaueHue
OIIpeIEeTISIeTCs CIEAYIOIUM 00pa3oM.
Broipaxxenue (2) ¢ yuerom (7) B onepaTopHOM (popmMe MOKHO IPEICTaBUTh B BUE:

(IMp + &Z)wM(p) = % - Mc(p)
(11)
[Tepexons ot uzoOpaxkenus (11) B 001acTh OpUTHHAIOB OTYYUM:

on(6) = 3+ (L= K3O) 7 J; K3 ()M (¢ — 0) db,

i)

re; Ki(t)=e ™" (12)

B Beipaxenue (12) Bxomutr HemsBectHas GyHkims M (t). Ee 3HaueHue ompenessieTcs Mo
cienyomed Merofuke. [Ipy NMPUHATHIX HaydalbHBIX M TPAHUYHBIX YCIOBHUSX U3 pPELICHUS
cucteMbl auddepeHnnanbHbIx ypaBHeHuid (8) s MomeHTa kpydeHust M(x,t) u yrioBoi
ckopocTH @ (X, t) MOIYYUM CIIETYIOIINE BRIPAXKEHHS B OTIEpaTOpHO# (hopme:

1 shy(¥—x) chyx

M(x,p) = ) o wy(p) + My (p) g (13)
-
w(x,p) = TEEE w,(p) — (M (P) 2 (14)

rne vy =vy(p) = (ks + k3)(pk, + k,) — onepatopbIii kodpHIMEHT pacpocTpaHeHNs
BOJIHEI,
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pkqi+k
4 (p) ’ﬁ = — ONepaTOPHOE BOJIHOBOE COIPOTUBIIEHUE KOJIOHHBI OYPUIIBHBIX TPYO.
2 4

B Belpaxkenusx g ykasaHHbIX QyHkmuid M(x,p), w(x,p) uz (13), (14) nepexoms or
rUnepooNInYeckux PyHKIUI K CTENEHHBIM ()YHKIHAM TOTYIHUM:

k; ky1 1 e~ 2vE8 | o—2vE(1-8)
M(@S,p) = |2 (1 __), _
©p) \/; " kyp \/(p + a)? — B2 1+ e—2v¢ wy(p) +

1 e—v€(1—26)+e—v€(1+6)

+ ; ' 1+e—2V¢ ) Mk(p)’ (15)
k., 1
w(6,p)-<1+—)- =
k2 o+ a)? — B
_ kg 1Y 1 ) e—2Vv8t 4 p—2vE(1-96) _ . e~ Ve(1-28) 4 o —ve(1+28) ¢
( k_zg) V(+a)z-p2 14+e—2V¢ Wy (p) - ’&Mk(p) Tte-2ve ; ) (16)

v=v(p) = %\/ p+a)2—=p2% v= %~ CKOPOCTb PacHpPOCTPAHEHHs BOIHEI

,k
b = k—1 - BOJIHOBOE CONPOTHUBJICHNUE KOJIOHHBI OYpUIIBHBIX TPYO 6€3 yueTra noTeps;
2

1(ks k y 1(ks | k
= - (—3 — —4) — KOO DUIMEHT UCKAKEHHIT; @ = = (—3 + —4) — K03 PUIMEHT 3aTyXaHHS;
2\k; ky 2\ky ' ky

X o
6= 7 — TOCTOSHHBIH KO3 UIIUEHT.

B wactHOM citywae, ecim ky, = 0, T0 0 = 3.
[lpu B = 0B Tak Ha3bpIBaCMbIX COAJAHCHPOBAHHBIX 3BEHBIX, y KOTOPBIX HMEET MECTO

ks _ k
CJIE/IYIOIIEE COOTHOIIEHHE MAPAMETPOB k—3 = k—4
1 2
Hns coanancupoBanHoro 3BeHa (ff = 0) koddduimenTt 4 okaspBacTCs PaBHBIM TOMY XKe
kq
3HAUEHHIO, 4TO M JIA 3BeHa Oe3 moteps & = |-=.
2

Beipaxkenus (15), (16) MOXHO TIpEeICTaBUTH B BUJIE:
1 1 ky
M@p) |5+ @) = 5 [l @) + 2 (ks 0) — ke ) = ks )| - ) +
+ke(p) = k7(p)]- M (p), A7)

1
W60 [+ (@) = (@) + ko P)] - 0 (p) -

b [le1o(P) + 2 ks () + ko () = 2 s (0) | M1 (), (18)
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e—2v€ e—ZV{’S
)

1
rae. ki(p) = > k,(p) = T ks(p) = ;kz(P),

e—2VE(1-8) e—VE(1-28)

k@) = s . ks(0) =, ha®), ko) =T —,

e—v{’(1+26) e—zwa e—2v£’(1—5)

k;(p) = » ' kg(p) = P ko(p) = P

e—vE(1-26) o—VE(1+26)

_ _1 &
klO(p) - Wa kll(p) - ) klO(p)' k12 (p) - W:
ki3(p) = %kn(p),

ko(p), ..., k13(p) — mepenarounpie GyHKIUH.

Ha ocnoBe Teopembl cBepTku [8-25], mepexons ot ypaBHeHuit (17), (18) oTHocurenbHO
M300paXEHHUM K YPABHEHHUSIM OTHOCUTEIFHO OPUTHHAJIOB MOTYYHM:

t t
fM(t —6,5)1(0)do + fM(t —0,8)k,(0)d6 =
0 2¢

v

t t
k
= j wy(t — 6,8)k,(8) do + k—“ wy (t — 0,8)ks(6) do —
228 ? 226
v v
t k t
- f W, (t —0,8)k,(6) do —k—“ f wy(t — 6,8)ks(6) do] +
£(1-6) 2 £(1+6)
v v
+ fzte(1—2§) M, (t — 0)kg(0) dO + fet(1+25) M (t — 0)k,(0) d6 (19)
t t
jw(t —6,8)1(0)do + fw(t —6,8)k.(6)do =
0 Ze
v
t t
= fwM(t —0,8)kg(0) dO + f W, (t — 6,8)ky(6) dO
228 2£(6-1)
v v

— & f M, (t — 0,8)k.(6) do +

2(1226)
v
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+5 ffa-2) Mic(t — 0)k11(8) dB — [iavas) Myc(t —
1 v >

—0)ky,(0) d6 — :—1 [tz My (t — 0)k13(6) de] (20)

rae. kq(t), .., ki3(t) — wu3BecTHBIE TaOIMYHbIE OPMIHHAILI IEPENATOYHBIX (DYHKIMIMA
k1(p), ..., k13 (p).

Wurterpanbubie ypaBaeHus (19), (20) MoryTt ObITh pelIeHbl YUCICHHO, €CIIU 3aMEHHUTH
MHTETpaJibl CyMMaMH.

B cBsi3u ¢ 3TUM, HUCIIONIB3YS CBSI3b MEXK]y HENMPEPHIBHBIM BpEMEHEM t U TUCKPETHBIM N

nT £

(n=0,1,2,...) B Buge t = TR (tne T = ~ —Bpems npoOera BOJIHBI B OJIMH KOHEIl 3BEHa C
pacrupeneNeHHBIMU  mapameTpamu; A — mo0oe 1enoe uuciao) [8], mpousBOAUM
muckpern3aruio ypapHenuit (19), (20) npu BeiOpanHOM uHTepBasie T/ A, 3aMeHsIs omepaiuio
HENPEPHIBHOIO MHTEIPUPOBAHUS CYMMHUPOBAaHUEM, B JaHHOM CIy4ae, MoJb3ysch HopMyIioit
Tpaneuuu.

Ipu sTom, BMecto (19), (20) oTHOCHTENBHO pemieTdatsix Gynkimid M(n, §], w(n, d],
noJy4aeM cnenylonme BBIPAKCHUS:

Z(Mn m, 8]1[m] + 1[n — m + 1]M[m — 1,6]) +

+2(K1 M[n—m, 6] + Ki[m — 1M [n—m + 1,6] =
m=21

_1 - T -
mZL(S((KZ +k_2/1 slml) ouln =m] + (Ko[m =1 +3727

‘Kzim — 1)) wy[n—m + 1])

< ky T ky T
- (Calm) + 57 KlmD) @l =]+ (alm =11+ 22 7

“Ks[m — 1D wy[n —m + 1])]

+ Z (Ko [mIM,[n — m] + Ke[m — 1]M[n — m + 1]) +
m=0.51(1-26)

+ Xm=o0s11+28) (K7 [MIM[n — m] + K;[m — 1]My[n — m + 1]) (21)

Z(l[m]w[n —-m, 0]+ 1[n—m+ 1lJw[m —1,6]) +

+ Z (Ky[mlw[n —m, 6]+ K;[m — llw[n —m + 1,8]) =
= Z (Kg[m]wy[n — m] + Kg[m — 1]w,[n —m + 1]) +

+ Z (Kg[m]wy[n — m] + Kg[m — 1]wy[n —m + 1]) —
m=1(1-5)
24



n

—ol > (Kuolml +
m=0,51(1-26)

ks T
k1 21 Ki1[m ])Mk[n_m]+

k T
+<K10[m—1] ki o1 Ki1[m 1])Mk[n_m+1])_

n

- Z ( (K12 [m] +—
m=0,51(1+26)

5 Kaalm]) Ml —m] +
k1 o 13 kln—m

+(Kiplm =104 2- = Kis[m = 11) M[n = m + 1))
(22)

ks, T _ 1 ke T
e o zl_zl(aT-l_’BT) k, 22

= —(aT — BT),

Onpun<A1
ki[n] = {e—aT + %T Z (B1[m] + B, [m — 1)),

m=A+1

nmpun > A
a1 ! (%m)
pr=e —m ,
T
laln] = &~ %"y (B 02 = G0)?),
ksl = ) Ckylm] + ey — 1D,
m=A§
kaln] = ey (=2~ AL~ D),
kslnl = > Ckalm] + keylm = 10),
m=1(1-5)
0 npun < 0,54(1 - §)
nl {e-af<1-25> + —“T(lz_ 20) (Be[m] + Bglm — 11),
m=0,5A(1—8)+1
I
s = AT

Jn? —1[0,51(1 — 8)]2
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0 npun < 0,541+ 28) +1

_ 1426
k,[n] o—at(1+28) 4 a‘r(#) (B;[m] + B;[m — 1)),
m=0,51(1+28)+1
B ar, 11(%@2—[0,5;1(1“5)]2)
n|=e ’
’ Jn? —[0,54(1 + 26)]2
0 npun < A6
n
Té
Koltl =Y eers 4 S0 % Bylm] + Bylm - 11),
m=A5+1
npun > A8
_aT 11(%w/n2—(/15)2)
—e 1
Bg[n] = e [Z — (16)2 (202
0 npun <A(1-8)+1
— T(1-6
kq[n] e—aT(1-8) 4 % (Bg[m] + Bg[m — 1)),
m=1(1-6)+1

npun>A(1-46)+1

T 11([;—T n2—[,1(1—5]2)

Boln] =e % JnZ— A1 =)

et T
ko[n] = e~ 27, (/37\/n2 —05A(1 = 25)]2),
0 npun < 0,54(1 — 26)

ki1[n] =
(kyolm] + kqyg[m —1]),
m=o,5;1—26) ° °

npu n > 0,511 — 26)

kiy[n] = e~ 17, (5%\/712 — 0511 + 25)]2),

n

kis[n] = Z (kiz[m] + kqp[m — 1]),
m=0,5A(1+26)

31ech,

Z(l[m]M[n —m, 8]+ 1[n—m + 1]M[m —1,5]) =
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=M[n, 6]+ Xr_(1[mIM[n—m, 8]+ 1[n—m+ 1]M[m —1,5]) (23)

z (wln —m, 6] 1[m] +1[n—m+ 1lw[m —1,6]) =

m=0

=w[n, o]+ Yho1(w[n—m,6]1[m]+ 1[n —m + 1Jw[m — 1,8]) (24)

Bripaxenue (21) ¢ yuetom (23) Oyner:

1] x ky T
Mmm=31§}wmﬂ+gﬁhmm%m—mhw@m—u+
m=A4
+:—‘:2T—Ak3[m —1Dwy[n —m] + 1)-

k
(Ckalmd + 22 ksl = m]) + Ckam = 1]

Ky 2
m=A(1-6)

phal [m — 1] + 1) +
kz 21 5 m )wM[n m ]

+ }: (ke[mIM, [n — m] + ke[m — 1]M, [n — m + 1]) +
m=0,54(1-26)

+ }: (o [mIMy[n — m] + ky[m — 1M, [0 — m + 1]) —
m=0,5A(1+26)

— Y=k [mIM[n —m, 8] + ky[m — 1]M[n —m + 1,6]) — (25)

Bripaxenue (22) ¢ yuerom (24) 6yner:

m=A56
n
+ (kg[m]wy[n — m] + ko[m — 1]w,[n —m + 1]) —
m=A(1-6)
n
ks T
& (Feaolm] + 22 = as [m] | M [ — m] +
k, 21
m=0,5A(1-28)
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+ (klo[m _1]+ ’;lﬁkn[ 1])Mk[n —m+ 1]) _

n
ks T

- 0;1+25)<(k12[ m] + 2 5z kiam] ) M — m] +

+(kazlm — 1] + ’; T kaalm — 11) Ml —m +1]) -

Z(kl wn—m, 8]+ ki m—-1lwln—-m+1,6]) —

no@mlwn —m, 8]+ 1[n —m+ 1lw[m — 1, 6]) (26)

[lpu § = 0 U3 PEKKYPEHTHOTO COOTHOIICHUs (25) moydaeM CIeyroee BBIPAKCHUE IS
MOMeHTa Harpy3ku M.[n]:

Mc[n]=%,(i (("5[’"”2—22%"3[ 1) wuln —m] +

m=0

, ky
# (gl = 11+ K= 1) wuln = m o+ 1D -

—i((k;[m] k] ol = m] +
m=A

+ (kilm — 1] + 2 2 kifm = 1]) w,[n —m + 1))+

+2 z (kL [m]M,[n — m] + ki[m — 1]awy[n —m + 1])
m=0,51

n

_ Z (ks [mIM,[n — m] + ky[m — 1M [n —m + 1]) —

m=A

—Yr-1(AmIM [n —m]+1[n —m+ 1]M;[n —m + 1)), (27)
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0 npun < 0,54

n

T
e ) (Belm] + Bylm — 1],
m=0,5A+1

npun > 0,54

aT n 11(%—711/112—(0,5)1)2)
Jn? —(0,51)?

3nmech

e kz[0] = k3[0] =1 (28)

+2 2 (kL[m]M,[n — m] + ki[m — 1]M, [n — m + 1]) —
m=0,54

— Z (ki[m]M.[n —m] + k;[m — 1M [n —m + 1]) —

m=A
n

— z (AmIM [n—m] +1[n—m+ 1]M.[n — m + 1]),

m=1

B cocraB pexyppentHoro coornomienus (29) sxomur HeussectHas GpyHKuus My (n) —
U3MEHEHHE MOMEHTa KPYYCHHsS B KOHLE KOJIOHHBI OypwibHBIX TpyO. Ero 3nauenue
OTIpENeNSIeTCS 10 CIeAYIONIeH METOINKE.
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CorylacHO TpaHUYHBIM YCIIOBHSM MOXKHO TIOJYYHTh CJCAYIOIIEe COOTHOIICHHE B
orepaTopHoii hopme:
w(p) = uMy(p), (30)

rae wy(p), My (p) — JlarutacoBs! u3o0pakenus 1as pyHkuui wy (t), M, (t).
Bripaxkenue (30) B pemerdaToi popmMe MOKHO MIPEACTABUTH B BUJIE:

1
Myln] == aln] (3D)
B Beipaxxennu (31) ans ompeneneHuss 3HAYCHHS CKOPOCTH BpAalICHUs Baja wy[n], B

1
PEKYPPEHTHOM COOTHOIICHHH (26) mpuHuUMas § = > TIOJTyHM
n

R =2 ) (kglm] wyln—m] + kglm = 1] oyfn —m + 11) -
m=0,51

c ks T ks T
—ﬁ[;0<(k10[m1+k—jﬁk11[m)Mk[n—m]+(k10[m—1] 7 kalm — 11) My

-m+1]—
N k1 ks k M 1
=A( 12[m] + k12l 13[m ) kn—m+1]| -
Z (ki[m] wg[n —m] + ky[m—1] wg[n —m + 1]) —
%zl(l[mﬂ]lz(jk[n —m] + 1[n — m+1] wi[m — 1]), (32)

rac
0 npun < 0,54

kg[n] = e—o,SaT_|_CZ_T Z (Bg[m] + Bg[m — 1]),

npun < 0,54
(ﬁT\/nz 507
Jn? —(0,51)2

_aT. T
Kioln] = e 77, <37n>,

Bripaxxenue (32) MOKHO MPEICTaBUTh B BUJIE:

w[n] = Byln] — & Scs ((kio[m] L kjalm]) My[n - m])+
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F(kiolm = 1] + 22 kis [m — 1)) Myln —m + 1], (33)

rue
B,[n] = 2 ¥, —052(kg[m] wy[n —m] + kg[m — 1] wy[n —m + 1]) —

—xyznmo((kaz[] B kistm]) Myln —m] + (Kia[m — 1] + 2 2 kislm — 1]) M[n —

m +1])-— Zm_a(ky [m] @i [n —m] + ks [m=1] @y [n —m + 1]) —

Z(l m] wg[n —m] + 1[n — m+1] w[m — 1])

m=1

Beipaxenue (31) ¢ yuetom (33) 6yzleT'
Myln] = ( &Z ((klo + g kialm) Ml — ] +

+ (Kiglm = 1] + 252kt [m = 11) My[n — m +1]) (34)

3necs:

m=0
+ (Kiolm — 11+ ',;mkn[ 1])Mk[n—m+1])=
~ (14255 Ml +Z(<k10 T+ 27 K Myl = m] +
+ (Kiglm = 1] + 2 ki [m — 1])Mk[n m+1]) (35)

Bripaxenue (34) ¢ yuetom (35) 6yz[eT'
My [n] = < &Z ((kw k_lﬁkn[ ])Mk[n_m] +

+ (kiolm —1]+k12/1k11[ —1]) M[n = m + 1) - 6(1+
2 ) Miln) (36)

U3 Beipaxkenus (36) mony4yaeM cieayroliiee peKyppeHTHOE COOTHOIICHHE [Tl MOMEHTA
kpyuenust My [n]:

1 n
__u _ , ks _
Mk[n]—H%A(Bz[n] &mz (Kol + 257 K m)) M = m] +
+ (Kiolm = 1] + 2 kia[m = 1]) Myln —m + 1]), (37)
rae A—1+Z—i zT_)L
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CrenoBarenbHO, ONPENCIIUB 3HAUCHHME pemeTdarbix (QyHkuuii My [n], M [n] ¢ momoiusio
PEKYpPpPEHTHBIX cooTHomeHu#l (36), (27) ocCyliecTBISEeTCS MEPEX0oa K HaXOKICHHIO
M3MCHCHUS 3HAUYCHUS pemerdatoil GyHkimu wy[n]. B cBs3u ¢ atum, Beipaxkenue (12) B
pemeTyaToit opMe MOKHO NPEACTaBUThH B BHIIE:

wu[n] = 2 (1= k3 [n]) = = Sho(ky[mIMc[n = m] + k3 [m — 1]M [n —m +1]), (38)
Trae
kyln] = e-n, @ =T

[Ipy W3BECTHOM 3HAUYCHHM pemieTdyatod (GYHKIHMH y[n], ocymiecTBisercs mepexom K
HAXOXKJICHHUIO 3HAYCHUS YIIIOBOW CKOPOCTH JBHTaTelst ,[n]. IIpu stom Beipakenue (10) B
peeTyaToit opMe MOKHO PEACTAaBUTh B BUJIE:

waln] = 222 (1 = i []) + ek ]+
b, T

+ 1,22

Lm=o(ki[m] wy[n —m] + ki[m — 1] wy[n —m + 1]), (39)

rac

- T &
kin] = emoam @ =5
3

Kpome TOro, ompesenuB 3HaueHHs pemreTdatsix (GyHKuui M, [n], wy[n] ¢ momorsio
peKyppeHTHBIX cooTHomeHui (36), (38) ocymecTBiaseTcs MEpexoa K HaXO0XKICHHUIO
W3MEHEHUSI MOMEHTa KpydeHus M[n, S| ¥ yrioBoil CKOPOCTH KOJIOHHBI OYPHIIBHBIX TPYO
w[n, §] B m060ii TOUKE OYPOBOTO IIEKTPOIPUBOA C PACIPEACICHHBIMU TAPAMETPAMH TIPH
y4eTe MoTepb, B MPOU3BOJILHBII MOMEHT BPEMEHHU.

[Ipu STOM mOJIyYeHHBIE pEKyppeTHbIE COOTHOHIEHUs (25), (26) nerko peanu3yroTcs Ha
KoMIbroTepe. Pe3ynbraThl JaHHOI paOOThl MOTYT OBITH MCIIOJIB30BAHBI TIPU MPOCKTUPOBAHHH
¥ OKCIUTyaTaluu 3JIEKTPOIIPUBOJIOB C paclpeesieHHBIME rapamerpamu ¢ OMC.
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ITKILORI NOZORO ALMAQLA PAYLANMIS PARAMETRLI INDUKSION
ELEKTROMAQNIT MUFTALI ASINXRON ELEKTRIK INTIQALINDA BAS
VERON KECID PROSESLORININ KOMPUTER MODELLOSDIRILMOSI.

MOMMODOVA Z.A.

Moagalodo itkilori nazoro almaqla paylanmis parametrli induksiyon elektromaqnit

muftali asinxron elektrik intigalinda bas veran kegid proseslorinin kompiiter modellosdirilmasi
tisulu toklif edilmisdir.

Acar sozlar: Asinxron elektrik intigal, kegid proseslori, kompiiter, modellogdirilmo, mufta.

THE COMPUTER SIMULATION OF TRANSIENTS PROCESSES IN
ASYNCHRONOUS ELECTRIC DRIVE WITH INDUCTION
ELECTROMAGNETIC MUFT, INCLUDING THE PART WITH DISTRIBUTED
PARAMETERS WITH TAKING OF LOSSES.

MAMEDOVA Z A.

In the article was offered the computer simulation of transients processes in
asynchronous electric drive with induction electromagnetic muft, including the part with
distributed parameters with taking of losses.

Key word: Induction muft, electric drive, simulation, distributed parameters, losses.
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ASINXRON MUHORRIKLORDO GORGINLIYIN DOYISMOSININ
ONUN ITKILORINO TOSIRININ TODQIQi

OLIiYEV E.S.

Azarbaycan Doviat Neft va Sanaye Universiteti
Baki, AZ 1010, Azadliq prospekti, 20

Molumdur ki, tam yiiklonmomis asinxron miihorriklorde valdaki yiikiin kicik qiymotlorinde nominal
gorginliyin verilmosi maqnitlonmo coroyaninin artmasina sobab olur, noticodo miiharrikin energetik gostoricilori
pislogir. Bunalar1 nozars alaraq moaqalads tam yiiklonmamis asinxron miiharrikin statoruna verilon gorginliyin

yiikdon astilt olaraq doyismo qanunu verilmisdir.
Acar sozlar: asinxron mithorrik, aktiv yiik, yiik itkisi, gorginlik.

Umumi halda doyison coroyan elektrik qurgularinda itkilor: polad itkisi, mis itkisi vo
mexaniki itkiloro boliiniir. Umumi ddvrenin ayri-ayri elementlorindoki itkilor, ddvrenin
parametrlorindon yiikiin qiymotindon, xarakterindon vo soboko gorginliyindon asilidir [1].
Umumi halda yaza bilorik:

AP = f(1,U, Z) (1)

burada AP -dévradaki itki, I, U- uygun olaraq dévradan axan coroyan va soboka gorginliyidir,
Z- dovranin tam miiqavimotidir.
Molum oldugu kimi Z=U/I oldugundan (1) ifadosini asagidaki kimi yaza bilorik:

AP = f(I,U,Z) = AP, + APy, = kyU? + ko I? @)

burada APp- qurgudaki polad itkisidir. Bunun qiymoti sabit tezlikdo doymamis poladda
gorginliyin kvadratina miintanasib doyisir. APm- qurgunun mis itkisidir.

Qurgunun aktiv yiikii doyismadikdo giic amsali doyisorso yenads biitiin qurguda itkilor
doyisir.

Yk itkisinin giic amsalindan asili olaraq doyismosi doracasini tapmagq li¢iin yaza bilo-
rik:

Py ki%cos?’¢ _ cos?e

©)

Pmn  kiZcos2@n,  cos2qn

Soboko gorginliyi doyisorkon elektrik qurgularindaki itkilorin neco doyismosi boyiik
maraga sabab olur.
Yuxarida gostorilmis (2) ifadssindon istifads edarak nisbi qiymatlorls yaza bilarik:

AP = AP, + AP, = kU3 - U? + kI3 - i

k1 vo k2 omsallarini tayin edok:
AP, = kU2 - U?
ifadasinds U=1 olduqgda

AP.
— 2 — pn

AP, = kU Vo ky = —2"
n

bu gayda ilo i=1 oldugda

35



AP,

=
I

k2:

burada APpn- nominal garginlikds qurgunun polad itkisidir, APms- Nnominal coroyanda qurgu-
nun mis itkisidir.
k1 vo k2 amsallar1 ti¢iin tapilmis ifadslori timumi itki ifadasinds yerins yazsaq vo nazors

. . _ Pcospy
alsaq ki, i = - alariq
: B
AP = AP,,U*+= APy,,i* = B,,U? + Pmncosz(pnm
Burada gobul etsok ki,
a = APyy; b = AP,,cos? @y, (4)
alariq
AP = aU? + b—L (5)

UZcos2¢

Bu ifadonin gorginliya goéra birinci tortib toromisini alib sifra, barabar etsok minimum
itki hali tiglin gorginliyin ifadssini tapariq:

asp _ 2P
du ~ “" T Uscostg

_ [
U= a-cos?@ (6)

Axirinci ifadadan bels natica ¢ixarmaq olar ki, yiiklonma amsali na gadar kigik olarsa
minimal itki o godor kigik gorginlikdo almir. Ifadodon gériindiiyii kimi minimal itki alinan
nisbi gorginliyin giymati eyni zamanda qurgunun giic omsalindan da asilidir. Qurgunun giic
omsal1 artdigca minimal itki gorginliyin azalmasi istiqgamotinds siiriisiir.

Yuxarida deyilonlordon istifado etmoklo asinxron miiharrikdo gorginliyin doyismasinin
miiharrikin itkilorino tasirini nozordon kegirak.

Molumdur ki, asinxron miiharrikds asas itkilor yiiksiiz islomo itkisi (esason polad itkisi)
va mis itkisidir. Qalan itkilor nisboton kigik oldugundan nazordon atmaq olar.

Onda yaza biloarik:

APpin = APy + APy, = k U? + kyi?
Bu ifadanin har iki torafini ko-ys bolsak alariq:

— APm(ih — E
k, k,

AP u? 4 i% = ku? +i?

Buradan nisbi itki
a
AP = (k + b)u? + = (7)

AP- mitharrikdaki nisbi itki, k = % = lfﬂ- minimal garginlikdo yiiksiiz igloma itkisinin,
2 mn

nominal mis itkisinoa olan nisbatidir.
Bu ifadoni gorginliys goro differensiyallayib sifra borabar etsok minimal itkidos
garginliyin ifadssini ala bilarik:
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dAP 2a
—=2(k+b)u——=0
du 3

u
v a  «|B?-cos?ey,
“Nk+b |k +sin2g,

Bu ifadslorin tohlili zamani belo noticoya galmok olar ki, eyni yiiklonmo omsalinda
itkinin minimal giymati corayanin minimal giymatino nozaron daha kigik gorginlikds alinir,

bels ki,
4 a 4 |A
Unppin = /m < Upnin = ,E

burada: U,p, . - minimal itkide gorginliyin nisbi giymatidir, Uimin- minimal coroyanda
garginliyin nisbi giymatidir.

Natica:Qisaqapanmis rotorlu asinxron miiharrikin carayaninin, giic amsalinin, itkilarinin
garginliyin doyigsmasindon asililiq ifadalara ¢gixarilmisdir. Minimal coarayana va itkilora uygun
gorginliyin ifadasi verilmisdir. Asinxron miiharrikin statoruna goarginlik doyisdikds yiikdon
asil1 olaraq itkilorin doyismasi tadqiqi edilmis va gorginlikdon asili nazari ifads alinmisdir.

Miiharrikin artiq yiiklonmo gabiliyyati, tezliyin nominala yaxin giymatlorinds goxalir,
lakin tezliyin kigik qiymotlorinds bu kamiyyat sabit qalir.

buradan

1. Kuroues B.H. Teopus anexrtponpusoja. 2011 r.

HUnvunckuri H @.OcHoBBI 351eKTponipuBoaa, 2012 r.
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N

HNCCIEJOBAHUE BJIMAHUSA UBSMEHEHUSA HANIPSKEHU A
ACHHXPOHHOTI'O ABUI'ATEJIAX HA UX ITOTEPU

AJIMEB 3.C.

I/I3BeCTHO, YTO HOMUHAJIBHOC HAIIPSKCHUC B MaJjoun HCHEC HAIrpy3KH Ha KOJIECO B
MMOJIHOCTBIO HArpy’KCHHBIX ACHMHXPOHHBIX ABUIATCJIAX BBIZBIBACT YBCIWMYCHHUEC MArHe€Tu3iMma,
4qTO IMPUBOAUT K YXYAUICHUIO MOINHOCTU JABUTATCIIA. YuutsiBas 9TO, B CTAaThC
MpeaACTaBICH3AaKOHU3MCHCHU A HaIIPSXKCHUA craTropa HCIIOJTHOCTBIO 3arpy>K€HHOI0
ACUHXPOHHOI'O ABUTATCIIAA OT HAIPY3KH.

KuroueBble ¢j10Ba: aCHHXPOHHBIH IBUraTellb, aKTUBHASL HAIPy3Ka, IOTEPs] HArPY3KH, HAIIPSDKEHUE.

INVESTIGATION OF THE INFLUENCE OF THE VARIATION OF THE
VOLTAGE OF ASYNCHRONOUS MOTORS ON THEIR LOSSES

ALIYEV E.S.
It is known that the nominal voltage at a low price of wheel load in fully loaded
asynchronous engines causes an increase in magnetism, which leads to a deterioration in

engine power. Taking this into account, the article presents the law of the stator voltage
variation of an incompletely loaded induction motor from the load.

Keywords: asynchronous motor, active load, load loss, voltage.
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VIK 539.2

OCOBEHHOCTH JIEKTPHYECKOM MPOBOJIUMOCTH TBEPJBIX
PACTBOPOB HA OCHOBE (CulnSe2)1-x (CoSe)x x=0.03,0.05,0.1

CAMEJIOBA Y.®.,TACAHJIA II.M., CA®EP3AJIE Y.M., AIMEBA E.P.

Hucmumym @uzuxu HAH Azepbaiioscana
1143 Baxy, np.I". [Jocasuoa 131, AZ-1143,Pecnybnura Azepbaiiodicana
E-mail: hasanli_sh@rambler.ru neytrino7 @gmail.com

ITokazano, uro 3aBucumocth G (T) B oOmactm Hu3kmx TemrepaTyp(80-200)K HOCHT NPBIKKOBEII
XapakTep W ONHWCHIBacTCs B mNpuOmmkeHnn Motra. PaccunTanel 3HAa4eHUs IUIOTHOCTH JIOKAJIM30BAHHBIX
cocrostHUH N, sHeprun aktuBauu E,, ITHHBI TPEDKKOB R, pa3sHOCTE MEXIY SHEPTHAMHU cocTosHUI AE BONMM3H
ypoBHS ®epMu ¥ KOHIEHTPALUH TITyOOKHUX JTOBYIIEK Ny,

KiroueBble cjioBa: TBEPIBIA pacTBOp, SJIEKTPONPOBOJHOCTh, TEMIEpaTypHash 3aBUCHMOCTb, DHEPIH
JIOKaNbHBIX COCTOSTHUM

Bseoenue: B Hactosee BpeMsi HanOojee IEPCIEKTHBHBIM MOJIYIPOBOTHUKOBBIM
COEIMHEHUEM, KOTOPOE MOXKET IPUMEHSATHCA 711 COTHEYHBIX AJIEMEHTOB U KOHKYPHUPOBATh C
KPEMHHEM M apCeHHJIOM TraJUTUEM sIBJsIeTCs TpoitHoe coenuHenue tuma CulnSe: [1].

Bonbmioit unrepec uccnenosareneii k CulnSe, u TBepapIiM pacTBOpaM Ha €ro OCHOBE
OOyCIIOBJIEH TE€M, YTO CJOXHBIM HSHEPreTUUECKUH CHEKTP 3JIEKTPOHOB U aHU3O0TPOMHS
ONTUYECKUX CBOMCTB MO3BOJSIOT CO3JaBaTb Ha OCHOBE XaJIbKOIMPHUTHBIX KPHUCTAJIOB
CBETOBBIX JIMOJOB, (OTOAETEKTOPHI, 3JIEMEHTHl COJIHEUHBIX OaTapel, KOTepeHTHbIE U
HEKOT€pEHTHBIE MICTOYHHMKH MOJISPU30BAHHOTO U3IIy4YeHHus [2,3].

B  npemnaraemoii  paboTe  IpeACTaBIEHbI  pe3yJibTaThl  AKCIEPUMEHTAIbHBIX
UCCIIeIOBAaHUH 3JIEKTPONPOBOTHOCTH TBEPIBIX pacTBOpoB Ha ocHoBe (CulnSez)ix (CoSe)x
x=0.03,0.05,0.1 B OCTOSTHHOM DJIEKTPUICCKOM ITOJIC.

2.Oxcnepumenmanvras memoouxa: Tpoiinbsle coennnenust CulnSe; OblM cuHTE3HpPO-
BaHBI U3 0CO00 YUCTHIX 7eMeHToB  (uHauii mapku Uu-000, cenen OCY 17-3, menp d7eKT-
ponutndeckas). CuHTe3 00pa3lioB MPOBOJMIN B BEPTUKAJILHOM MEYM B BaKyyMHUPOBaHHBIX
(~0,1T1a ) B kBapIeBbIX amMIyJiax CIACAYIOMMUM 00pa3oM: TeMIiepaTypa rneur Oblia MOBBIIICHA
co ckopocTsio 80° C/dac 10 700°C 1 aMIyInbl AepsKaauch TIpH 2TOi TemmepaType Ha 2 yaca,
3areM TemrepaTypa Obuia nosbliieHa a0 1050 - 1100°C. Ilponecc cunTe3a npoaomkaiacs 8
y. JIng npuBeneHUs CHHTE3WPOBAaHHBIX OOpa3lOB B COCTOSHUE, MAKCHMAJIbHO OJU3KOE K
PaBHOBECHOMY, HX mojBeprany omkury mpu 600°C B Teyerue 500 4. DNEKTPONPOBOTHOCTE
U3MepsIach 30H0BBIM KOMIIEHCAIIMOHHBIM METOAOM. M3Mepenust mapamMeTpoB IPOBOAMIINCH
npu TOCTOSITHHOM Toke. [Ipm 3TOM wu3MepeHHe MaJeHus HampsHKeHHs Ha  30HAAX
IPOU3BOJWINCH B JBYX HAIpaBIEHUAX TOKa. B KkauecTBe KOMIIEHCATOpa IPUMEHSIICS
MIOTEHIIMOMETP MOCTOSSHHOrO TokKa P348. OTHocuTenbHas W3MEPUTENbHAsT MOTPENIHOCTH
cocroBisia 2%.

3. DkcnepumenmanvHhvie pesyiomamvl U ux oocyxcoenus. VicciemoBanue yaenbHOU
IIEKTPONPOBOJHOCTH G TpoBeAcHbl B uHTepBane temmneparyp 80-300K. Pesynbrars!
WCCIENOBAaHNM TpuBeAeHbl Ha puc. 1. M3 pucyHka | BHOHO, 4YTO TEMIEpaTypHbIE
3aBHCHUMOCTH G HOCAT CJIOKHBIM XapakTep M UX MOXHO pa3ienuTh Ha 3o6nactu. [Ipu atom
kak BuaHO u3 puc.l. B obmactu 1(80K<T<I50K) ¢ pocrom Temmeparypsl HaOIr0IaeTCs
MOHOTOHHBI POCT YIENBbHON dyekTpornpoBogHocTH. B obmactm 2 (150K<T<220K)
HaOaromaeTcst Oojee pe3KWid POCT  YACIBHOM AJIEKTpompoBOogHOCTH. B obmactu 3
(220K<T<300K) Habm0o1aeTcsi MOHOTOHHBIH POCT G.
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Temneparypras 3aBucuMocTs Lno=f(10%T) (puc.1) mokaseiBaeT, 4To B Pa3IMUHBIX
00J1acTsAX TEMIIepaTyphl JCHCTBYIOT Pa3InYHbIC MEXaHU3MbI IPOBOJIUMOCTH.

3 TeMIepaTypHOil 3aBHCHMOCTH YJIENbHOH 3iekTponpoBoaHocTH Lno=f(10%T) B
Pa3IMYHBIX TEMIIEPATYPHBIX 00JIACTSIX OBUIH OMPE/ICICHBI BETUYNHBI SHEPTHU aKTUBAIH. V3
aHaJM3a OKCICPHUMEHTAJBHBIX PE3yJIbTaTOB YCTAHOBJIEHO, 4YTO B 3alpEUICHHOW 30HE
UCCIICIOBAaHHBIX OOPa3llOB CYMIECTBYIOT JIOHOPHBIC YPOBHU C Pa3HOM BEIMYMHON SHEPTHU
AKTUBAIIHH.

CulnSe> 3mon% coSe+97mon%CulnSe,

a 6 e 10 a 6 £ 10

Ino,Q"cm'1

-9.,16 o, <
5MonaSe+95Mon%CulnSe_) 10mon% CoSe+90mon%CulnSe,

10°%/T,K™

Puc. 1. 3aBucumocts Lno=f(10%T) B tBepabIx pacTBopax (CulnSez)1.« (CoSe)x x=0.03,0.05,0.1

922 9.2 u=2v 2
u=2v 1 9
-9,23

9,244 9,3
-9.25

-9,26 4

9,274

LnllU ANV
Lnl/U ANV

9,28

9,29 4

9,304

931 T T T T T T T T T T T
0,264 0,268 0,272 0,276 0,280 0,284 0,288 0,24 0,25 0,26 0,27 0,28 0,29
am amk

Puc. 2. 3aBucumocts Inl/U~(1/T)Y B tBepanix pactBopax (CulnSe;)1x (CoSe)x x=0, 0,1
1-CulnSe;; 2-10mMon%CoSe+90mon%CulnSe.,.

AHanmu3 TeMInepaTypHbIX 3aBUCHUMOCTEH 3JIEKTPUUYECKOM MPOBOJAMMOCTU TBEPJIBIX
pacTBOpOB MoKazall, uto B obmactu Ttemnepatyp 80 - 200 K snextpuueckas npoBoJIUMOCTb
noxuuHseTcs 3akoHy 1/4 (3akony Mortta) (puc 2).

Kak BuAHO H3 PHUCYHKOB OKCHEpHUMEHTaNIbHBIE TO4YKkH KpuBoii & (T) Xoporio
cpsaMiIsitoTess B KoopauHarax Motra [4,5] (puc. 2). B sToM cnydae BbIpaxkeHue ist
MIPOBOJIMMOCTH UMEET CJICTYIOIINNA BHI:

Y
— % _(To) "4
o= 2] »
_ Aa®
0™ kg(ER) (2)
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3nech T-abcomoTHAs TeMIiepaTypa, Go-cia0d0 3aBUCSIINN OT TeMIEpaTypbl MHOKHUTEIb
pa3sMepHOCTH 3JeKTponpoBoaHocTh. 3aechk [lapamerp To ompenensercs no ¢opmyne rae A-
Oe3pa3MepHas IOCTOsSIHHAs, HMEFoIIas 3Hauenne~16 [5].

B pamkax paccmatpuBaeMON MOJEIU CpeHss JUIMHA NPbIKKaA HOocHuTenen 3apsaaa R mo
JIOKQJIM30BAHHBIM COCTOSIHUSAM BONMM3M ypoBHS DepMmu A 3aJaHHON TeMmreparypbl T
HAXOJIUTCA U3 BhIpaXeHus [5]

R=3a(®)" @

W3 npuBeneHHOr0 ypaBHEHUS CJEIyeT, YTO IPU MOHMWKEHUM TEMIIEpaTyphl BEIMYMHA
napamerpa R yBenmuuBaercs. IIpu 3TOM mpoucxoauT OBICTpOE OIYCTOUICHHE JIOKAJIbHBIX
COCTOSSHUI B 3allpelleHHON 30HE M 3aMETHYIO pOJIb B IIPOLECCE 3IEKTPOIPOBOJHOCTH
HAUMHAIOT WrpaTh I[EPECKOKHM HOCHUTEJeH MO OTIeNbHBIM MPUMECHBIM YpOBHIM 0e3
aKTUBALIUU B 30HY IPOBOAMMOCTH. B pe3ynbTaTte pacTeT BEpOSTHOCTh NPBIKKOB HOCUTENIEH
3apsiia Ha MPOCTPAHCTBEHHO 0oJjiee yOaleHHbIe, HO DHEPreTUdYecku Oolee OJIM3KUE LEHTPHI
JIOKQJIM3alllM, YTO SIBJISETCS MPUYMHOM yObIBaHMS SHEPruM aKTUBAlMM IpbDKKa. Benuunza
pa3dpoca SHepruu JOKaIbHBIX COCTOSIHHM B 3TOM ciy4ae onpenensercs Gpopmymon

3
" 2mR3g(EF) (4)

npu 9STOM BCIMYMHA KOHLCHTpAUOWMW JIOBYIICK IJId CBE€TOBOIO H TCMHOBOI'O PpCXKHUMaA
HU3MCPCHUA HAXOOUTCS U3 YPABHCHU

Nt = g(EF)AE (5)

3HayeHUs1 MapaMeTPOB XapaKTEPU3YIOUIUX MPOLECC MPBDKKOBOIO 3JIEKTpolepeHoca
IIPHUBE/ICHBI B Ta0JIHIIE.

OGpasipl To K Ng,cm R,mkm AE.,»B N cm3
CulnSe; 1.12*10° 1.78*10%° | 7.34*107 0.034 6.03*10Y
3mon%CoSe+97mon%CulnSe; 1.2*10° 1.83*10'° | 7.63*107 0.031 5.27*10Y
Smon%CoSe+95mon%CulnSe, 4.03*108 4.9*10%8 1.09*10°¢ | 0.036 1.8*10Y
10Mmon1%CoSe+90mon%CulnSe; 1.3*108 1.91*10% | 7.34*10° | 0.030 6*10Y

[Tpu poBeIcHUH COOTBETCTBYIOIIMX PACUETOB IUIOTHOCTD JIOKATN30BaHHBIX cocTosiHUiT g(EF)
ompeensiach mo popmyite (4), a g pagnyca JOKaIH3aIu ObLUTo B3sTO 3HaueHue a = 20A°.

4. 3akmouenue: Takum o00pa3oM, aHaIU3 JAHHBIX TEMIIEPATypHOM 3aBUCHUMOCTH
AIIEKTPONPOBOTHOCTH yKa3bIBa€T HA BO3MOYKHOCTh PEATHM3AMH B IMOJUKPHCTAILTHYECKUX
TBepabx pactBopax (CulnSez)ix (CoSe)x x=0.03,0.05,0.1 mnpepKKOBOrO MeXaHH3Ma
MIPOBOJIUMOCTH C TEPEMEHHON JTMHON TPBDKKA MO JIOKAJM30BAHHBIM COCTOSIHUSM BOJIM3H
ypoBHs DepMmu.
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(CulnSez)1x (CoSe)x x=0.03,0.05,0.1 O9SASLI BORK MOHLULLARIN
ELEKTRIK KECIRICILiYININ XUSUSIYYOTLORI

SOMODOVA U.F., HOSONLI S.M., SOFORZADO U.M., OLIYEVA Y.R.

Bork mohlullarin todqigindon malum olmusdur ki, elektrik kegiriciliyinin temperatur
asililigr asag1 temperatur (80-200)K oblastlarindasigrayis xarakteri dasiyir vo Mott qanunu ilo
izah edilir. Fermi soviyyesi yaxinligindaki lokal soviyyalorin sixligi Nr, aktivlosmo enerjisi
Ea, soviyyolor arasinda mosafo R va dorin talolorin konstrasiyasi hesablanmigdir.

Acar sozlar: bork mohlullar, elektrik kegiriciliyi, temperatur asililifi, lokal saviyyslorin enerjisi

FEATURES OF ELECTRICAL CONDUCTIVITY OF SOLID
SOLUTIONS BASED ON (CulnSe2) 1-x (CoSe) x x = 0.03,0.05,0.1

SAMEDOVA U.F, HASANLI Sh.M., SAFARZADE U.M., OLiYEVA Y.R.

It is shown that the o(T) dependence in the low-temperature region (80-200) K is of a
hopping nature and is described in the Mott approximation. The values of the density of
localized states of Nf, the activation energy Ea, the hopping length R, the difference between
the energies of the states AE near the Fermi level and the concentration of deep traps Nt are
calculated.

Key words: solid solution, electrical conductivity, temperature dependence, energy of local states.
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NOMLIi VO SORTLiIi MUHITDO KOMPOZITLI
ELEKTRIKQIZDIRICILARIN ISTIFADOSI

XALINA, T.M.1, HUSEYNOVA S.A?2

lAltay Dovlat Texniki Universiteti, Barnaul $e Russiya, , temf@yandex.ru
2Azarbaycan Milli Elmlar Akademiyasimin Fizika Institutu, AZ1143, Baki, Azarbaycan,
pr.H.Cavid 131, sabina_quseynoval977@hotmail.com

Butil-kauguk  osasinda  antifriz  sistemlorindo laminar vo hocmli ¢oxelektrodlu  kompozit
elektrikqizdiricilarinin genis istifadasi iigiin tadqiqat islorinin istigamati miioyyen edilmisdir. Nomli va sortli
miihitds hacmli ¢oxelektrodlu kompozit elektrikqizdiricilarinin antifriz sistemlorinde uzun miiddatli istifadasinin
miimkiinliiyii siibut olunmusdur.

Acar sozlar: antifriz sistemi, ¢oxelektrodlu kompozit elektrikqizdiricist, nom va sortli miihit.

Kiilok, gar vo yagisdan sonra (su axidanlardan,navalcalardan) novdanlardan ¢ixan
kanallar, xoandoaklor vo dam ortiiyiiniin digar yerlorindoki buzlar elektrik ndqteyi-nazords ciddi
tohliika yaradir. Bu baximdan ananovi qarin vo buzun tomizlonmasi praktiki cohatdon effektiv
deyil, ¢iinki, tez-tez dam Ortiiylinlin zodslonmasina gatirib ¢ixarir, suyun drenajlart qirtlir vo
diison kiitlolor insanlara zoror vero bilor. Tabii hadisslorin naticalorine qarst miibarizo
aparmaq tgilin, ovvallor damortiiyli sothinds, navalgalarda vo su axarlarinda buz omolo
golmasinin vo qar qarigiglarinin aradan qaldirilmasinda istifado olunan miixtolif antifriz
sistemlori tiglin istifado edilirdi. Diinya praktikasinda tikinti islorindos istifado edilmis vo son
zamanlarda yeni binalarinda vo qurgularda qurasdirilan antifriz sistemlori 6z effektivliyini
dogrultmusdur. Belo sistemlorin istifadosi novdanlarda, kanallarda, bunker vo yeralti
kecidlords buzun an ¢ox miimkiin olan yerlords omolo golmosini istisna edir. Buzun siisovari
sokildo formalasmasi kanallar vo borular vasitosilo su axininin azaldilmasina gotirib ¢ixarir ki,
bu da insanlarin hoyati vo saglamlig {i¢iin ciddi tohliiko yarada bilor, vo ya maddi zorarloro
sobab ola bilar.

Bu su sirnaginda axan elektrik corayanmin istilik enerjisina g¢evrilmoasi ii¢lin antifriz
sisteminin asas vasito kimi istifado oluna bilor. Noticodo, onlarin on vacib elektro- termofiziki
parametrlori, enerji (giic) vahidi ilo ifads olunan hocmds vo sothdo yaranan istilik miqdarina
giymotlondirmok olar. Miiasir antifriz sistemlori osason dord ndv kabellordon ibarat olur:
miigavimatli, zirehli, araliq va 6ziinii tonzimlayanlar. Bu Sistemlor Rusiya bazarinda asagidaki
istehsalgt  firmalar  torofindon istehsal olunurlar: "XUSUSI SISTEMLOR vo
TEXNOLOGIYALAR" vo ya XST (Rusiya); TERMO, KIMA Isitmo Kablosu (isveg);
CEILHIT (ispaniya), ENSTO , TASH (Finlandiya), NEXANS (Norveg), ALCATEL (Norveg
/ Fransa); DEVI (Danimarka) [1-3]. Aparilan todqiqatlar Kabel istilik sistemlorindo asagidaki
catismazliglart ortaya ¢ixardi (codval 1):

- kabel uzunlugu boyunca geyri-barabar istilik ayrilmasi (bazi hissalords kabelin artiq
qizmasi, amma bozilorinds iso istilik yaradan sistemin kifayat qodor islomomasi);

- sistemin daha etibarli islomasi liclin eyni miqdarda istilik veran kabelin cothinin kicik
olmasi;

- istilik telinin ¢atigmazligi va ya korpusun izolyasiyasinin zadoalonmis olmasi hallarinda
kabelin biitiin uzunluq boyu sathinda keyfiyyatinin itirilmasi.
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Cadval 1.
Antifriz sistemloari ti¢lin kabellorin texniki va dayarli xiisusiyyatlori

Xiisusi | Kabelin | Standart Giicii Oiymati
Adi Kabel tipi giic | diametri | uzunlug (W1) Manufaktura Fg]UR ’
(Vt/m)[ (mm) (m)
Electrolux ETC | Ciit- tel .
2-17-200 miiqavimoti 17 45 11.8 200 | Isvec 3100
ch-1g-471 | civtel 18 4 9.5 171 | Rusiya 1600
mugavimati
TXLP 2-400-17 | Osas-vahid |5 4 235 | 400 | Norvec 5500
mugavimati
HMG 80-2cR | VZini 580 | 15 go | — | Conubi 410 xott
tonzimloyan Koreya liclin m
AKO-52341 | Areal 30 9 60 | — | ispaniya | 220t
liclin m
smsgo-2cr | 94 5-80 19 80 _ | Conudi 450 xott
tonzimloyan Koreya liclin m

Bu kabellor arasinda on somarslisi 6z-0ziinli tonzimloyon, miigavimati nisbaton bdyiik
olmaqla seksiyalara boliinmiis vo bununlada temperaturu uzunluq boyu avtomatik olaraq
tonzimloyan kabellordir. Bu kabellorin aggar Ustiinlityli onlarda istilik siialanmasinin kigik
olmasidir. Bununla bels, 6z-6ziinii tonzimloyon kabellorin qiymatinin nisboton yiiksok olmasi
onlarin genis istifadoesini mohdudlasdirir. Ona goro do, buzun siisovari formasina tosir edon,
sothi paylayici vasitesi ilo  qizdirllan laminar vo hocmi formaya malik kompozit
elektrikqizdiricilarin (KEQ) todqigati aktualdir [4-5]. Antifriz sistemlorinin iglonmasinin
zaruriliyi tadqiqat asagidaki masalalarin hollini miioyyanloagdirir:

- istilik metodu osasinda enerjini samarali istifado edon laminar vo hocmli KEQ-larin
sothi paylayici konstruksiyasinin inkisafi va onlarin texniki-igtisadi asaslandirilmast;

- kompozit elektrikqizdiricilarin  (KEQ) elektro-termofiziki xiisusiyyetlorinin toyin
edilmasi mogsadi ilo kompozitlorin vacib parametrlorini vo qizdiricinin konstruksiyasinin
kompleks tacriibi tadqiqatlarinin aparilmasinin zorurliyi;

- dam Ortiiyliniin su drenaj sistemlori vo kompozit elektrikli qizdiricilar osasinda
binalarin siiriismasine qars1 xiisusi taloblori nozero alinmagqla anti-dondurma sistemlarinin
inkisafi; elektrik izolyasiyasmnin yiiksok etibarliligi; kigik itki; Kkifayat godor istiliyin
catdirilmasi; riitubatin, giinas stialarinin tasirina garst miiqavimat; genis ¢esidli is temalarinda;
asag1 enerji istehlaki1 vo s.

- kompozit elektrikqizdiricilar osasinda binalarin dam ortiiklorinin su axarmi idaro
etmok yolu ils cihazlar vo xiisusi toloblor nozaro alimmagqla antifriz sistemlorinin inkisafi:
miivafiq elektrik izolyasiyasinin mohkomliyi; coryanin az itkili olmasi; Kifayat godor istilik
oldo olunmasi; nomliys qarsi miiqavimot effekti; genis temperatur diapazonunda isloyon
giinos radiatoru; az enerji sarfiyyati va s.

Noaticalor va onlarin miizakiralori: Sok.1-do [2,3] Coxelektrodlu kompozit elektrik
qizdiricilarin - (CKEQ) osasinda  hazirlanmig istilik  sistemi  konstruksiya verilmisdir.
Konstruksiyanin EQ qatlarinin (3) asasin1  xiisusi izolyasiya vo tokminlosdirilmis fiziki-
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mexaniki gostaricilora malik, butil-kaugukun asasli kompozit toskil edir; elektroizoloedici
gatlar (4) N-330, N-220 markali texniki karbon torkibli butil-kaugukdan hazirlanmigdir.
Elektrodlar (2) vo corayan simlori (1), oyilon (yumsaq) 1,5 mm tobagoli miss moftildon
(teldon) hazirlanmisdir. Miixtalif kauguk qatlart ilo aparilan todqiqatlar [4,5] gostormisdir ki,
bir sira kifayst qodor farqlondirici keyfiyyatlorine baxmayaraq butil-kauguk maddoslorindon
ibarat olan antifrizlo elektrikqizdirict sistemlordo daha c¢ox islonir. Dogrudan da isti havalara
yiiksok miiqavimoati olan kauguklar osasinda hazirlanmis butil-kauguk, azotun, riitubatin,
tursunun, alkallarin tesirino davamlidir, vo temperaturun genis intervalinda 6ziiniin yiliksok
elektroizoloedici xiisusiyyatlorini saxlaywr [6]. Yiiksok xiisusi maqgavimoto (pv), kigik
dielektrik itkisino (tgd) vo normal soraitde (t=20+5°C) yiiksok nomlik effekti miiddatindo
(maddonin tam suya batmasi middoti) yiiksok elektrik mohkomliyine (Um) malik olan
elektroizoloedici hazirlamaq miimkiin olunmusdur (sok.2). Todqiqatlar kapasitometr vo tgo
E8-4 vo yiiksok gorginlik qurgusu PUS-4 ilo QOST-a [7] uygun olaraq aparilib [8].
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Sokil 1. KEQ-nin sxematik goriintiisii: a) laminar, b) hacmli

P, Omeen tg8+10" Uy, kB/mm

00— 8= 35

r-\ pv
14 \;
' 6 30

tgd

\ I // Un
13 P
w0 - 444 25 |

d
0 24 2

0 2 4 6 8 10 12 14

Time, Day

Saokil 2. Riitubst miiddstindan py, tgd vo Upr parametrlorin asililig.

Kaucukun fiziki-mexaniki moéhkomliyinin, xarici miihitdon asili olaraq qatilagsmasi vo
KEG-nin izolsedici tobagasini tadqiqi OJSC-nin «Altai Tyre Plant» (ATP) zavodunu Markozi
laboratoriyasinda molum QOST-a uygun aparilmisdir.

Cadvel 2 do, KEG-nin izoloedici tabaqgosinin toskil edon kaucuk qarisiqinin dord
niimunasi istehsalat niimunoalorine uygun vo QOST-a miivafiq tsullarla Ol¢lilmiis fiziki-
mexaniki gostaricilorinin orta qiymatlori verilmigdi.

Zorarli miithita garst miigavimatin yoxlanilmasi da yuxarda QOST-a uygun metodla
aparilmigdir [10].

Metodun mahiyyati, verilmis zaman vo temperaturda otraf miihitin tozyiqindon asili
almayaraq kiitlo, hocm vo diger parametrlorin doyismosinin todqiqat aparilan miihito qarst
miigavimatini miioyyon etmokdir.

Tadqiqatda zorarli maddolor Kimi asagidaki kimyavi maddslordon istifado edilmisdir
5% ammonium mohlulu, 10% vo 20% sulfat tursusu (H2SO4); 10 vo 20% natrium hidroksid
(NaOH); su (H20). Bu ciir sortli miihitds eksperimentlor 24 saat miiddstinds davam edirdi.
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Codvoldo 2-do sortli miihitin tosirindon sonra kaucuk qarisigin fiziki mexaniki
gostoricilorinin giymatlori gostarilib, burada AP,% - niimunanin plastiklik doyismasi.

Cadval 2.
Sortli miihitin tosirindsn sonra kauguk garisigin fiziki mexaniki gostoricilorinin gqiymatlori
Sortli mithitin novii fo, M Pa €, % 0, % AP, %
NH4OH, 5 % 111 530 21 3.85
H2S04, 10 % 115 570 22 1.30
H2S04, 20 % 115 550 19 2.60
NaOH, 10 % 104 550 20 2.52
NaOH, 20 % 8.4 560 23 7.41
H20 12.3 540 16 0.51

Cadval 2-nin analizi gostorir ki, adi soraitdo kauguk qarisigi, bu tip kauguk novlorine
verilmis toloblors uygundur, zorarli miihitin tosiri naticasinds 6z sortliyini itirir vo kigik bir
faiz1 sisir.

MECEH-in layiholosdirilmis konstruksiyalarindaki antifreez sistemlorin hamist
istismariin vo islomoasinin spesifikliyindon asili olaraq o6lgiilori: 200x 135x 10 mm ol¢iili
laminar vo daxili diametri @24, xarici @44 x 200 mm, 6l¢iili silindrik olmagla osas iki noév
se¢ilmisdir [11]. Birinci novii tarlarda, dam c¢atlarinda, xondoklordo vo dam otriiklarindo,
ikincisi iso novdanlarda istifads edils bilar.

ASTU-nun osas binasinin antifreez sisteminin toskili ii¢iin, ilk névbado, MECEH
elektrikqizdiricilarinin qurasdirilma zonasini geyd etmoak vacibdir.

Secilmis orazilordo conub-qorb kiiloyi istiinliikk toskil edir. ASTU-nun asas binasina
kiilok axininin ikitorafli vektorlarinin istiqamatlori sokil 3-do gostorilir.

N

Soriy Simali

Sakil 3. ASTU-nun asas binasina kiilok aximinin iistiin istigamatlori.

Qarm yagmasimin va sliso kimi buzlarin boytik bir hissasinin formalagsmasina, hava
kiitlosinin turbulentliyino kiiloyin mane olmasi1 danilmazdir, belo halda, binanin simal-sorq
hissasindo iri qar yagmasi vo sliso buzun formalagmasi zamani, qizdiricinin giiciiniin
artirilmasi vacibdir (sokil 4).
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Sokil 4. Hava axininin turbulentliyi.
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Osas binanin daminin perimetri 577 m borabordir. Bu baximdan, damin conub-qorb
hissasinin uzunlugu 297 m (binanin 6n hissasi), simal-sorq hissosinin uzunlugu iso 280 m
borabordir.

Su drenajlarinin say1 33-dir, qizdirict bunkerlorin vo suyun bosaldilma ndqtolorinin
hiindiirliiyi toxminon 22 m-dir, bunlar1t nozors alaraq, qizdirici iiclin damin conub-qorb
hissasini va biitiin su drenajlarini segacayik (sokil 5).
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Sokil 5. ASTU-nun asas binasinin daminin qizdirilma néqtslerinin  uzunlugu vo su
drenajlariin gostarilmasi.

RT-200 cihazin istifadesi ilo nozarstin asas diaqramini segirik (sokil 6).

Power supply ~-3808/2208
e

P E

= @ HL SFON

I
I
l«!’{» L 4— L I yT. = 300 mA t—a,

SFI% SF2
lyr.=3DV\A] N I yT. = 30 mAs

K2 K3

I Av?a SSS——

T To the sensor LI
- ]Zc-rf ‘melt water Heating of the =

he sensor | sensor of
of pi‘e('lp}.‘u(mni precipitation

Remote control [H/Y\/\ﬁ L/\/\/\,._
ealing sectlons o,

. ; Heating sections of the
the roof heating heating of the water drains

To the sensor
of temperature

Sakil 6. MEKEQ bazasinda antifreez sisteminin asas diaqramu.

Sistemin is prinsipi asagidakilar Kimidir. Omoliyyat diapazonunda otraf miihitin
temperaturunun doyigmosindo (istehsalda quragdirilmis vo istehlak¢i torsfinden doyisdirils
bilorso) rele K1 istirak edir. Istiliyin ovvoelcoden toyin edilmis temperaturda saxlanmasi
(istehsalda qurasdirilmis olur vo istehlake1 torofindon doyisdirilo bilar) toyin edildikds, cihaz
biitiin damin isitma miiddatini Taymerlo (K2 vo K3) toyin edir (hazirliq rejimi). Vaxt sona
catdiqdan sonra, isitma dayandirilir vo RT-200 su va ¢okiintii sensorlarin vaziyyatine nazarat
edir. Yagis vo qar zamani, dam va tarlarin qizdirilmas tictin RT-200 (rele K2 vo K3 gostarilon
qaydada) ac¢ilir. Yagint1 olmayan zaman, dami qizdiran cihaz (K2 relesi vasitasilo) sondiirtiliir.
Novdan va tarlarda orintinin su halina qodar sensorun signali qalir. Bundan sonra kegirici
taymeri qurulana qader isitmo dayandirilir (taymer alinib istehsalatda qurasdirilmisdir va, su
drenajlarinin uzunlugunun asililig istehlak¢i torofindon doyisdirilo bilor). Longimok vaxti
uzandiqca, qizdirict tamam sondiiriiliir. Bundan basqa, cihazin gosterisinin ollo nozarati,
qizdiricinin blank formasina salmasi miimk{indyir.

Noticalor: Laminar sathi paylayici vo hacmli elektrikqizdiricilar asasinda MECEH-nin
toskilatciligl ilo layiholosdirilmis antifreez sistemlorinin iistiinliiklori agagidakilardan ibaratdir:
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- elektrikqizdiricinin  bir nego seksiyasinin parcalanmasi, biitdév istilik bdélmolorin isino
mahiyyatco tosir etmir, ogor islomoyon qizdiricilar toplanmirsa, ustiinliik verilir kigik
uzunluglu seksiyalara;
- isidici sothin xeyli boyiik sahasi;
- gliciin bolmoalorin istehsal olunan seksiyalarin uzunlugu boyu bolisdiiriilmasinin
tonzimlonmasi: asas buz konsentrasiyast olan yerlordo (mosslon, su drenajlarinin giris vo
cixislarinda) giiclii elektrikqizdiricilar qurasdirilir.

2. Binalara vo qurgulara toklif edilon antifreez sistemlorin konstruksiyalarinin genis
toqdim edilmosni, MECEH elektrikqizdiricilarinin asagidaki gostaricilorini tomin edir:
- qizdiricinin otraf sahasinds temperaturun bircins paylanmasini vo lazimi parametrlorini;
- elektrik vo yangin tohliikesizliyi soraitindos, etibarliligi, zororli miihitdo riitubsto vo kimyovi
maddalara qars1 miiqavimati, ekoloji tomizliyi,
- istiyo davamliligy, yiiksok dielektrik gostaricilari, istilik yigma xiisusiyyatlori, xeyli xorardon
yayinma;
- elektrikqizdiricinin enerjisino nozarst sisteminin etibarliligit vo 6z-0zlinii tonzimlomo
rejiminin yering yetirilmosi, vo temperaturun avtomatik stabilliyinin tomin edilmasi;
- elektrikqizdiricilarinin istifado edon texniki vasitolorinin enerji somoraliliyi vo iqtisadi
faydasi.
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HCIOJIb30BAHUE KOMIIO3UTHBIX JEKTPOHATPEBATEJIEM BO
BJIA’KHOM U ATPECCUBHOM CPEJIE

XAJUHA T.M., TYCEMHOBA C.A.

ChopmynupoBan  3a7a4dl  HAyYHO-HCCIIEAOBATENBCKOW  pabOTBl Al IIMPOKOE
IPUMEHEHHE JIAMMHAPHBIX U OOBEMHBIX MHOTO3JEKTPOJIHBIX KOMIIO3UIIMOHHBIX 3JIEKTPO-
oborpeBarelieii Ha OCHOBE OyTHIIKayyyKa B aHTU()PHU30BBIE CUCTEMBI. BBITN TOKa3aHbI Lieje-
cooOpa3Hble IPUMEHEHHs KOMIIO3UIIMOHHBIX 3JIeKTpooOorpeBareieid B aHTU(PHU30BBIX
CHUCTEMax ¥ BO3MOXHOCTb UX JUIMTEIBHOM JKCILTyaTalluy BO BIAKHOM U arpECCUBHOM CpeJIe.

KnwueBble cjioBa: cucreMa 3amldThl  OT 3aMCp3aHuA, MHOTI'O3JICKTPOAHBIX KOMIIO3HMIIHOHHBIX
3HeKTpH‘IeCKHﬁ HarpeBarTeiib, BJIAKHBIX U arpCCCUBHBIX CPCI.

USE OF COMPOSITE ELECTRIC HEATERS IN HUMID AND HOSTILE
ENVIRONMENT

KHALINA T.M., GUSEYNOVA S.A.

The tasks of research work for broad use of laminar and voluminous multi-electrode
composite electric heaters on the base of butyl-rubber in anti-freezing systems have been set.
The reasonability of use of composite electric heaters in anti-freezing systems and the
possibility of their long-term exploitation in humid and hostile environment have been
proved.

Key words: anti-freezing system, multi-electrode composite electric heater, humid and hostile
environment.
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GENERATORLARDA STATOR DOL@(‘:ININ YERLO QAPANMADAN
MUHAFIZO ETiBARLILIGININ ARTIRILMASI

HOMIDOV M.H., MORUFOV i.M., iISMAYILOV i.E.

Azarbaycan Doviat Neft va Sanaye Universiteti
E-mail: ilkinmarifov@mail.rutel.051- 731-01-30

Mogqalods generatorlarin miihafizo etibarliliginin artirtlmasi todbirlori tohlil olunmusdur.Generatorlara
doyon zororlor hom xarici monbodon axan coroyanin, hom do generatorlarin daxilindo yaranan coroyanin
hesabina ola bilir. Bu corayanlari mahdudlagdirmaq mogsadilo generatorlarin neytral ndqtesi torpaglanmalidir.
Mogqalods eyni zamanda generatorun stator dolaginin yerlo gapanmasinin miihafizo etibarliligini artirmaq
moagsadilo faz differensial, yerlo differensial, asiri coroyan va yarim harmonik daxiletms miihafizo metodlari
analiz olunmusdur.

Acar sozlar: Generatorlar, stator dolagi, coroyanlar, qisaqapanmalar, miihafizs tisullar1.

Elektroenergetika sistemlerinin tobioti, enerji sabokolorinin onlara birlosdiyi yerler, son
10 il miiddatindo asash sokilde doyismisdir, lakin biitiin bunlar, generatorlar {i¢iin tolob olunan
oan vacib tolablori doyisdirmomisdir. Biitlin bu doyisikliklorin elektrik enerji sistemlorine
gosulan vo paralel olaraq isloyan generatorlarin olgiilorindo 6nomli tosiri olmusdur. Miihafizo
toloblori miihafizo olunan avadanlhigin doyeori ilo birbasa baghdir. Belo ki, boylik giicli
generatorlara qoyulan miihafizo toloblori kigik giiclii generatorlara qoyulan miihafizo
toloblorindon xeyli forglonir. Bundan basqa, generatorun elektrik enerji sistemloring birlosdiyi
yerlordo yaranacaq hor hansi bir tohliiko eyni zamanda onun birlosdiyi enerji sisteming tosir
edir.

Generatorlar istehlakgilar1 fasilosiz olaraq elektrik enejisi ilo tomin etmek iiciin
mosuldurlar. Bu sobabdon onlarin etibarliligi vo yaxs1 funksionallasmasi oldugca miithiimdiir.
Generatorlarin bu ciir miihiim rolu elo bir miihafizo sistemi tolob edir ki, o sistem nizamsiz
voziyyatlordon qaynaqlanan qoza hallarinda belo generatorlar1 tam sokildo qoruya bilsin.

Mbasalonin qoyulusu: Generatorlarin miihafize sistemi o qodor hassas olmalidir ki, o
geyri-ciddi gozalar1 hossasliq deracasine gora bir-birindon forqlondirs bilsin. Ciinki miihafizo
sistemi har hansi bir kicik qoza zamani generatoru dovrodon agmamalidir. Generatorlar hom
daxili ham do xarici qozalara qarst miihafizo olunmalidirlar. Onlar sobokenin 6zilinds
(transformatorlar, sinlor, xotlor) bas verocok xarici qozalardan miixtolif acarlar vasitosiylo
izolo olunur. Daxili qozalarin yaradacag: tosirlori askar etmok vo onlar1 logv etmok {iglin
miixtalif iisullar mévcuddur. Stator dolaginin yerls gapanmasi generatorun moruz qaldigi
gazalar i¢inda on adi hallardandir. Bu qozalar otraf miihitin tosirinden sargilarda izolyasiyanin
korlanmasindan, masalon nomlikdon, yagmn tozla qarisigindan omolo golo bilor. Stator
dolagmin yerlo qapanmasi fazin yerlo qapanmasidir. Generator iki sababo gdro bu xotadan
miihafizo edilmalidir:

e Bu sobabdon birinci vo an 6nomlisi odur ki, onlar elo qaydasiz vaziyyatlordir ki, bu da
maginin daxilindo arzuolunmaz gorginliklor, carayanlar, ragslor ya da zadolor yarada bilon
hallardir.

e ikincisi, askar edilmomis vo holl edilmomis yerlo qapanmalar fazalar aras1 xotalara da yol
aca bilor. Ciinki bu xotalar generatora bilavasito ziyan veracok qisagapanmalardir va
yaranacaq olan qisagapanma caroayani dagidict hadds ola bilar.
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Statorda bir fazin yerlo gapanmasindan generatorun moruz gqaldigi zororin hocmi
asagidakikimi izah eds bilarik: Elo tasovviir edok ki, har hansi bir generatorun neytral noqtosi
miiqavimat vasitosiylo torpaqlanib vo bu generator sinlor sobokosine agar vasitosiylo qosulub.
Ogar generatorun terminallarinda statorun dolaginin yerlo qapanmasi bas verarss, o zaman iki
coroyan: birincisi xarici monbadon generatora axan, digori iso generatorun 6ziindo yaranan
coroyanlardan ibarot olar. Generatorun moruz qaldigi zoror limumi xota corayani ilo
miioyyonlosor. Miioyyon edilmisdir ki, generatorun daxilindo yaranan ziyanin hocmi xota
yerindoki qdvsda olan enerjinin qiymati ilo miitonasibdir va:

D=af) U(D)i(t)dt (1)

(1) ifadasils tayin olunur.

Demoli generatora doyon zorarlor agsagidaki vasitolorls ola bilar;

-Xarici manbadon axan carayanin hesabina generatora dayan zarar: Bir torofdon
ogar stator dolagindaki xata miihafizo sistemi torafindon gecikmo olmadan agkar edils bilar ki,
bu da gecikmonin bir dovriidiir. Digor bir torofdon generatoun agacaq olan agar bes doviirds
isloyon zaman bu coroyan altt dovr edocok (60 hers olan sistemlordo toxminon 0.1 saniyo).
Alt1 dovr gecikmoni (1) ifadodesindo qiymatlondirarak todqiq etdiyimiz generatora axan
coroyanin yaradacagi ziyan haqqinda fikir yiiriitmok olar.

-Generatorun daxilinds yaranan xata corayamimin verdiyi zorar: Ogor generator
dovradon agar vasitasi ilo agilibsa 0 zaman generatorun daxilinds olan corayan kasilmir, ¢iinki
generatordaki saha hoalo do tosirlonir. Tasirlonma, agarin bir fazla yerlo qisagapandigi zaman
sabiti T-ya gors agilmasindan sonra azalacaq. Bu sabit hor generator ii¢iin farqlidir vo adoton
0.8-1.1 san haddinds olur.

Belaliklo, qozali generatora doymis zorarin aksor hissasi onun daxilinden galir vo bunu
logv etmayin yegana yolu xota coroyanini azaltmaqdir.Bir fazin yerlo qapanmasi zamani
yaranan xata caroyani neca azaldilmasi mosalasinin halli olduqca aktualdir.

Xota coroyanini azaltmaq TUg¢ilin miixtolif tocriibolor mdovcuddur. Boyik giiclii
generatorlar paylanma sinlorina birbasa qosulmurlar. Yiiksoaldici transformator generatorun
terminallarina baglanir vo bu transformator torpaqlanir. Natico etibar ilo do stator dolaginin
yerla qapanmasi zamani xata corayani azalir (toxminan 10 A-1s 20 A arasinda olur)

Xota coroyanimi azaltmaq tgciin diger bir {isul iso generatorun neytral ndqtosini
torpaqlamaqdir. Stator dolaginin yerlo qapanmasinda generatorun neco torpaglanmasinin rolu
bdyiikdiir, odur ki, torpaglanmanin analizi lazim galir.

Stator dolagimin yerlo qapanmadan miihafizasi iigiin bir ¢ox miihafizo tisullart
movcuddur: Generatorun daxilinde yerlo qapanma bas verdikdo, onun miihafizo sistemi bu
xotan1 askarlayib generatoru dovrodon agmalidir. ©vvoldo geyd olundugu kimi generatorun
miihafizo sistemi neytralin torpaqlanmasi ilo birbaga baghdir. Beloliklo, istifads olunan
torpaglanmanin ndviindon asilt olaraq, miixtalif név miihafizo sxemlorindon istifado eds
bilarik. Ciinki, bazi torpaqlanma névlori miixtolif miihafizo sistemlorinds istifads oluna bilmir
ya da tam oksino olur.

Faz Differensial muhafizasinda:Bu miihafizo generatorun daxilinde yerlo qapanmalari
askar edo bilir, lakin agor maksimum yerlo gqapanmada xota coroyani differensial toplama
fazasindan asag1 olarsa, cihaz bunu askar edo bilmoyocok. Belo hallarda, yerlo qapanma
differensial sxemins ehtiyac olur. (sakill)
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Sokil 1. Faz differensial miihafizosi

Bu miihafizs xarici xatalarin isine qarsit miikkommal miihafizeni ve daxili yerlo qapanma
xotalarin hossasligla askarlanmasini tomin etmok {igiin yerlo differensial miithafizo sxemindon
istifado etmok daha magsads uygundur. (sok 2) Belo sxem generatorun neytral xattinds yerlo
gapanmada 10% xata ilo miihafizoni tomin edo bilir.
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Sakil 2.Yerlo gapanmadan differensial miihafizo

Xarici xotalara qarsi dostok miihafizosini tomin etmok ii¢lin asir1 coroyan miihafizosi
sxemindon istifado etmok moagsads uygun hesab edilir, hans1 ki, acarlar xarici xatan1 izols eds
bilmadikds, bu relelor (R) onu agacaqdir. ©gor xota generatorun terminallarinin yaximliginda
bas verirso orda uzunsiiron yiiksok xota coroyanindan zodslonmonin miimkiinliiyli ehtimali
movcuddur. Bu ziyan ani asir1 coroyan miihafizosi zamani coroyan relesindon istifado

edilmoklo azaldila bilor. (sokil3)
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Sakil 3. Asir1 corayan mithafizasi

Bu idisul yarimharmonik daxiletma iisulu adlanir: Yarimharmonik gorginlik (adoton
sistemin tezliyinin dérdds biri) yerlo generatorun torpaqlama elementi (miigavimsat, paylama
transformatoru ya da reaktor) arasina transformator qosmagqla yerino yetirilir. Bu prinsipin
islomo nozoriyyasi stator dolagmin yerlo gapandigi zaman daxil edilon gorginliyin amaolo
gotirdiyi yarimharmonik coroyanin doyismasinin Ol¢lilmosi osasindadir. Xota bas verdikdo,
statorun yero nazaoron tam miiqavimati doyisir, yarimharmonik miihafizo sxemins daxil edilon
coroyanin bu doyisikliyi agkar edir vo generator dovradeon acilir.

Generatorun normal is1 zamani, amolo golon yarimharmonik coroyan torpaqlama
miiqavimati (miiqavimat, reaktor, ikinci torafindo miiqavimot yiiklii paylama transformatoru)
daxiletmo dovrasinin daxili miiqavimati, stator dolaginin yera tutum sizintisinin suntlanmasi,
sinlo, yiiksoldici transformator vo s. ilo mohdudlasdirilir. Gorilindiiyli kimi, stator dolaginin
induktivliyi corayanm1 mohdudlasdiracaq element kimi gostorilmomisdir. Stator dolaglarinin
induktivliklori torpaglama elementinin miigavimoti ilo miiqayisado nozeoro alinmaya bilor.
Yarimharmonik daxiletma prinsipi yarim harmonik corayanin doyisma prinsipi asasindadir.
Ona goro do bu doyisikliyi agkarlamaq, 6lgmok vo ogor, bu stator dolagini miihafizo etmok
liclin yarim harmonik daxiletmo sxeminin funksiyasi olarsa, onu islotmok vacibdir. Sok 4-do
yarimharmonik daxiletms tisulunun sxemi gostorilmisdir.

G D

.....

Sakil 4. Yarimharmonik daxiletms metodunun sxemi.
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Yuxarida sadalanan bu metodlar stator sargisini yerlo gapanma xotasini yalniz 95%
askar etmoyo imkan verir, ¢linki neytrala yaxin hissodo xota bas verdikdo coroyani dagimaq
ticlin kifayot godor gorginlik olmur.

Noatica: Generatorlar elektrik sisteminin on vacib elementlorindon biridir. Ona gorado
onlarin etibarliliginin tomin olunmasi yiiksok soviyyado olmalidir. Generatorun normal is
rejimino miixtolif amillor tasir eds bilor. Bu tosirlor onun etibarliligina birbasa tosir gostarir.
Bu sobobdon do generatorlarin etibarliligini artirmaq moqgsadilo miixtolif metodlar analiz
olunaraq, on somarali vo etibarli metodun seg¢ilmosi tokliflori irali siiriilmiidiir.

1. IEEE Standard C37.102-2006, “IEEE Guide for AC Generator Protection”, 2006.

2. Cigré WG B5.04. “International Guide on the Protection of Synchronous Generators”,
2011.

3. IEEE Recommended Practice for Grounding of Industrial and Commercial Power Systems,
IEEE Std. 142-1991.

4. |EEE Guide for AC Generator Protection, ANSI/IEEE C37.102-2006

5. Anexcanopos A.M. O630p pyKOBOISIIMX MaTepuanoB Mo peierinoit 3amute PAO «EDC
Poccumy» 3a 1990-1999 ron. Yuebnoe mocodbue. Cankr [TetepOypr 2000 ro.

6. Jlune I'.3. CepuiiHble pele 3aluThl, BBIMOTHEHHbIE Ha HHTETPAIbHBIX MUKPOCXEMaX.

INOBBILNEHUE HAJIEZKHOCTU 3AIIUTBI CTATOPHOI'O OBMOTKA
I'EHEPATOPA OT 3AMBIKAHUE HA 3EMJIIO

IrAMUJA0B M.I'y MAPU®OB U.M., ICMANJIOB U.E.

B cratbe aHanu3upyroTCs MeEphl IO TOBBILIEHHIO O€30MacHOCTU TI'€HEPaTOpOB.
[ToBpexxieHHEe HHXKEHEPOB MOXKET ObITh CBA3aHO C TEKYIIMMH IOTOKaMH OT BHEIIHEro
UCTOYHUKA U OT TOKA, F€HEpUpPYeMOro reHeparopamu. YToObl HEHTpaau3oBaTh 3TH TOKH,
HeTpalbHas TOYKa TIE€HEpaTOpOB JIOJKHA OBITh 3a3emiieHa. B mopayne Takxke Obuin
MPOAHAIM3UPOBAHbl  pa3jMuYHble  METOAbl  3alMThl  (a3HbIX, AudPepeHInanbHbIX,
NEPEKPHIBAIONINXCA U IOJYTapMOHUYECKUX BXOAOB Ul IOBBIIIEHUS 3alIUTBl CTAaTOPHBIX
3aMKOB T'€HepaTopa.

KaroueBrblie ciioBa: rCHGpaTOpBI, CTAaTOPHBIC 3aMKH, TOKH, KOPOTKHUEC 3aMbIKaHUEC, 3allIUTHLIC CPEACTBA.

IMPROVING RELIABILITY OF THE GENERATOR STATOR WINDING
PROTECTION FROM EARTHING TO EARTH

GAMIDOV M.G., MARIFOV I.M., ISMAILOV I.E.

The article analyzes measures to increase the safety of generators. Damage to the
engineers can be attributable to current flows from the external source and the current
generated by the generators. To neutralize these currents, the neutral point of the generators
must be grounded. The module also analyzed different phase, differential, overlapping, and
half-harmonic input protection methods to increase the protection of the generator's stator
locks.

Keywords: Generators, stator locks, currents, short circuit, protective equipment
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OINIPEAEJIEHUE OIITUMAJIBHOI'O YIIPABJIEHUSA
IJIEKTPOIIPUBOJA CTAHKA KAYAJIKA

AKBEPOB 41.C.

Asepbatioocancxuil I ocyoapcmeenuviti Ynusepcumem
Hegmu u [Ipomviutriennocmu
baky, AZ 1010, npocnexm Azaodnwvie,20

B cTarbe onpeneneH oNTUMAaNbHBIA 3aKOH U3MEHEHHS YaCTOTHI BpAIlEHUs] KPUBOLINIA B TEUCHUN LIUKIIA
paboTHI TTyOMHHO HACOCHOM YCTAHOBKH, NPH KOTOPOM MHHHUMM3HPYETCSI pa3HOCTh XOJOB IUTYH)KEpa M TOUYKH
nozseca 1TaHr. IIpoBeneHHBIN aHAIU3 MOKA3bIBACT, YTO IIPU IMPUMEHEHUU PEryJIUPYEMBIX 3JIEKTPOIPUBOLOB
UMEETCSI BO3MOJKHOCTb IIyTEM M3MEHEHMs 4YacTOThl BpALUECHUS [BUraTelld IO ONTUMAJIBHOMY 3aKOHY,
YMEHBIIHUTh Ce0eCTOMMOCTh He(TH. 3HAYMMOCTBIO PA0OTH M HOBU3HOM SIBJISIETCS ONpE/AEICHHE ONTHMalIbHOTO
3aKOHa M3MEHEHHS YacTOThI BPAILICHNS] KPUBOILUIIA B TEYEHHHU IMKJIa paOOTHI INIyOMHHO HACOCHOH YCTAaHOBKH.

KnarueBble cjioBa: FJ'Iy6I/IHHO HACOCHasg YCTAaHOBKA4, CTAaHOK-Kadalika, KOS(l)(I)I/ILII/IeHT nmoJga4ynM Hacoca,
HacCTOTa BpalllCHUA ABUTAaTCIIsl, MOMCHT MHCPI WU, IUTYHKEP.

Kak wu3BecTHO, IIyOMHHOHACOCHAs YCTaHOBKA COCTOUT W3 TIIYOMHHOTO MOPUIHEBOTO
(TUTYH)XKEpHOT'0) Hacoca OJUHAPHOTO JCHCTBHUSA, OMYCKAEMOIO B JKHUIKOCTb CKBaXXUHBI U
MOJIBELICHHOTO K KOJIOHHE HACOCHBIX IITAHT, BBIMIPSIMHUTEIBHOTO MEXaHU3Ma, Ha3bIBAEMOTO
CTaHKOM-KQ4aJIKOW | AJIEKTPOABHUTATES IJIsl €TO MIPUBO/IA.

MexaHu3M cTaHKa—KayaJKi OTIMYAeTCs OT APYTHMX MPOMBICIOBBIX MEXaHU3MOB TEM,
YTO UMEET NIEPEMEHHYIO BEIIMYMHY MOMEHTa WHepiuu. [103ToMy ypaBHeHUE NBUKCHUS UIS
HETro YCJIOKHSETCS U 3anuchiBaeTcs popme [1]:

du = U?dJ
M-M.=]—+——.
dt 2 de
['ne, J-MOMEHT MHEPIMH BCel CUCTEMBI DIIEKTPOTIPUBO/IA,-yTIIOBas YaCTOTa BPAIICHHS
JIBUTATEJS, (0-yriia MOBOpOTa Baia. B o0miem ciryyae MOMEHT MHEPIIUH SIBIISIETCS] BETUYMHOM
IIEPEMEHHOM 3aBUCAILIEH OT yIJia IOBOPOTA BaJIa, T.€.

J=f(¢)

Bo Bpemst paboThl cTaHKa-Kavajakd MpU MOJHEME TOJIOBKH OanaHcHpa IJIEKTPOJBUTA-
TeJb MPUBOJIA BOCIPUHUMAET Harpy3Ky, COCTOSLIYIO U3 Beca MOJHUMAEMOM KUKOCTH U Beca
KOJIOHHBI IITAHT, a TIPY OMYCKAaHUU TOJIOBKU OallaHCHpa Ha JBUTATENb JIOKUTCS HArpy3ka OT
OJIHOTO Beca KOJIOHHBI IITaHT. TakuM MyTeM Harpyska JABHUraTesl MojydyaeTrcss HepaBHOMED-
HOW M 3HaKoINepeMeHHOU. [l BhIpaBHUBAHUS HArPY3KH CTAHOK-Kavajdka ypaBHOBEIIUBACTCS
MyTeM YCTaHOBKH I'py30B (ITPOTHBOBECOB) HAa 3a/IaHHOM ITuleue OallaHCUpa WIIM Ha KPUBOIIIN-
nax MexaHh3Ma CTaHKa-KaydaKu.

CoBpemMeHHOE COCTOSIHME He(TeI00bIBAIONIeH MPOMBIIUIEHHOCTH XapaKTepU3yeTcst
TEM, YTO OOJIBIIMHCTBO HE(TAHBIX MECTOPOXKACHUN HAXOAUTCS B 3aBEpIIAIOLICH cTaauu pas-
paboTKH, OTIMYUTEIHHON OCOOCHHOCTHIO KOTOPOU SIBIISIOTCS HU3KHE TEMITbl JOObIUM HEDTH
U ee BbICOKas ce0ecTonMOcCTh. [1oaTOMY OTHUM M3 BaKHEUITUX (PakTOpOB pa3BUTHs HedTEI0-
ObIBaIOIIEH MPOMBIIIIEHHOCTH B YCJIOBHUSIX COBPEMEHHON PBHIHOYHOM 3KOHOMHKH SIBIISIETCS
MOBBIIICHUE MTPOU3BOJUTEIILHOCTD IITAHTOBBIX CKBAXXUHHBIX HACOCHBIX YCTAHOBOK, KOTOPBII
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MIPUBOANT K CHIDKCHHIO CE0ECTOMMOCTH J00BIBaeMOil He(TH. A 3TO SIBISETCS B HACTOSIIEE
BpeMs KpaifHe aKkTyalbHOH MpoOIeMO.

PaboTta craHka-KayaJlKku XapaKTepU3yeTcsl LMKJINYECKMM TIpaduKOM Harpy3kud cC
NEpUOJIOM LIMKJIA, PABHBIM MPOAODKUTEIBHOCTH OJHOTO KayaHus. XapaKkTep U3MEHEHUs CTa-
TUYECKOT0 MOMEHTa COINPOTHUBIIEHUS 3a BpeMs ILMKJIA ONpEeAesseTcs 3aKOHOM H3MEHEHMs
CKOpPOCTH M YCHUJIHSI B TOUKE TOJBECA IITaHT.

VYcunue B Touke IOJBECa IITAHT HE OCTAeTCs MOCTOSIHHBIM. [IpH Xozie miryHxkepa BBEpX,
CTaTWYecKas Harpy3ka B TOYKE I10/IBECa INTAaHT OOYCIOBIMBAETCS BECOM IITAHT, CTOJOA
AKHUJIKOCTH HaJ| IUIYHXEPOM U CUJIaMU TPEHUs IUTyH)KEpa U KOJIOHHBI IITAHT. Y cuiue 310, Oy-
Jy4H TIPOTUBOJICHCTBYIOIINM JABIKEHHIO, HAarpykaeT aBurarenb. Ilpu xoae ruryH)xepa BHHU3
CTaTUYeCKas CUJla paBHA BECy IUTAHI C Y4ETOM IMOIPYXKEHHUS UX B JKUAKOCTb MUHYC CHIIbI
TpeHus 1, OyAy4u HampaBiieHa B CTOPOHY JIBMIKCHUS, pa3rPy’KaeT JBUTATElb.

Taxoli peskuM paboThl YCTAHOBKH CO3Ja€T TSKEIble YCIOBUS, KaK Ul CTaHKa-Kadasky,
TaK W JJISl €r0o JIEKTPONPHUBOJIA, YTO COKPAIIAET CPOKHU CITYy>KOBI 000OpYIOBAHUS U yBEIHYH-
BAeT NOTEPHU 3JIEKTpo3Hepruu. [103ToMy pyu NPUMEHEHUH PETYIMPYEMBIX 3JIEKTPOIIPUBOOB
MMEETCsl BO3MOKHOCTh ITyTE€M M3MEHEHHUE YacTOTHI BPAIIECHUS JIBUTATENS MO0 ONTUMAIBHOMY
3aKOHY, YJIYUIIUTh YCJIOBUS pabOThl HACOCHBIX 00OPY/IOBAHUH, MOBBIIIAS AJIUHY X0/Ja IUIyH-
Kepa M MOXHO TIOBBICUTH JEOUT M MPOU3BOIUTEIBHOCTh CKBOKUH U CIIEAOBATEIHHO
YMEHBIIUTH Ce0ECTOMMOCTh HEPTH.

[Tpu mpoekTHpOBaHNH M BHIOOPE peKUMa pabOTHI TIIYOMHHO HACOCHOTO 000PYAOBaHUS
BO)XHBIM I10Ka3aTelIeM SIBISIETCS MCTMHHOE 3HAu€HHE MEepeMEIleHUs IUTyH)Kepa, onpenaes-
I0IIIee BO3MOXHYIO IIPOU3BOIUTEILHOCTh YCTAHOBKH.

Benencrsue npyrux negopmanuii mraHr U TpyO, BBI3bIBAEMBIX MPUIOKEHHUEM K HUM
NEPEMEHHBIX 0 BEMYMHE HArpy30K, MepeMenIeHne TOYKU MOJBEcCa IITAHT TeM B OOJBbIICH
CTEIeHH, YyeM 0oJibllie rTyOrnHa MOABECKH Hacoca.

3aKoH JBMKEHUS IUTYH)KEpa MCKaKaeTCs TaKkKe BCIIEACTBUE JOOABOYHBIX Je(opmanuit
IITAHT, BBI3BIBAEMBIX YCKOPEHUEM HX JIBUKEHUS NPH MOBBIIIEHHOW 4acTOTe BpALIEHUs KpH-
Bomuna. [Ipu 5TOM MPOUCXOIUT HEKOTOPOE CAaMOCTOSTENILHOE JIBIKEHHE IITAHT KaK MPH XO-
Jie BBEpX, TaK M MPH XOJE BHU3 B PE3Yy/bTaTe COOTBETCTBEHHOIO OTHOCHUTENIBHOTO pacTsike-
HUS WM COKPAIICHUST KOJIOHHBI IIITAHT .

Hekotopoe camocCTOsTeNIbHOE MepeMEelIeHHEe IUTyHXep MOXKET TaKKe IMOJIyYUTh NpHU
YBEIIMYCHUU YaCTOTHI BPAIICHUs] KPUBOIIUIA B KOHIIE XOJa BBEpX M BHH3. BcieacrBue ca-
MOCTOSATEIBHOTO JIBUKEHUSI IPU OIpPEJeIEHHBIX 3aKOHAaX W3MEHEHHs 4acTOThl BpaICHUs
KPHUBOIINITA, ICTUHHBINA XOJ TUTYHXepa MOXKET 0Ka3aThCsl POBHBIM U Ja)Ke OOJIbIIEe BETUIUHBI
nepeMeleH st TOYKH MoJ[Beca ITaHT. B ¢BA3M ¢ 3TUM, olpesielieHne 3aKoHa U3MEHEeHUs yac-
TOTBI BpallIeHUs ABUTATENs (KPUBOIIUIIA), TPH KOTOPOM TMOBBIIIAETCS UTHHA X0/1a TUTyHXKepa,
a TeM CaMbIM U TPOU3BOJUTEIHHOCT INTyOMHHO HACOCHOW YCTaHOBKH, IPEICTABISAECT 3HAYM-
TEJIbHBIN HHTEPEC.

Y4uTeIBas 3TO, HUXKE OIPEEIIeTCs] ONTUMANIBHBIM 3aKOH U3MEHEHUS YacTOThI Bpallle-
HUS KPUBOIIIUTIA B TEYCHUH IHKJIA paOOTHI TITYOMHHO HACOCHOW YCTaHOBKH, TIPH KOTOPOM MH-
HUMM3HPYETCS pa3HOCTh XO/I0B IUTyHXKepa U TOYKH MOJBeca IITaHT.

JlnvHa Xo/a TuIyH)Kepa MpHu yAJUHEHUH ITaHT KaKk COOCTBEHHOI'O Beca, U Beca CTo0a
XKHUJIKOCTH, TaK M OT CWJI MHEPLUHU B MPEAINOIOKEHHUH ApMOHUYECKOTO 3aKOHA JIBMXKEHUS
IITaHT MpeacTaBiseTcs B Buje [1]

2255L%n?

Srm:S(l'i'loT) — Awrs (1)

rae S- AyMHa Xo/a TOYKH MoJBeca ITaHT; L-JIMHa MITaHT; N-9UCII0 Ka4aHUH B MUHYTY; Ay~
noTepst XoAa OT YAJIWHEHUS IITAHT 32 CUET Harpy3KH OT CTOJI0a KHUIKOCTH.
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Munumm3upyeM (QYHKIHOHAJIOM IIpU TEpEeMENICHHH OOBEKTa YIpaBICHUS U3
nosnoxenus t=0B nmonoxenue t=t,sBisercs QpyHkumuonan Buaa [2, 3, 4].

J=J;(A-A, UL, 0

205,4SL?
e Ay = Ay, Ax = T 1010

[lpu sToM Ha ymparmsomyo QyHknuo U, SBISIOIYIOCS YacTOTOW BpalleHHUS
nBUTaTENs, HAT0XKEHO orpaHudeHue Upyin < U < Upnax

UactoTa BpalleHUs JBHUTATENII MOXET OBITh ONpEEICHAa W3 YPaBHCHUS JIBHIKCHHUS
NPUBOJIA:

M=K,i = My-M; cos 2¢ + K, M; sin 2¢ +]%. (3)
" YpaBHCHHUS SJICKTPOABUIKYIIUX CUJL:
U=K,U + iR + Lo, (4)

rae, Ki-ko3¢punmenT nponopunuoHaIbHOCTH MEX/Yy TOKOM 1 MOMEHTOM;
K,- nocTosiHHBIH K03 PHUIIMEHT, OTIpeIeIsIeMblid U3 AUarpaMMbl TAHTCHIIUAIBHBIX YCHITUI:

K, = 22%271"Tisin 2(,0.
nTo

J-MOMEHT MHEPLUH BPAILAIOIINXCS MAaCcC, IPUBEICHHBIX K BaIy JIBUTATEIs.
M-MOMEHT, pa3BUBAEMBIil SJIEKTPOIBUTATEIIEM,
M,-nipuBeICHHbIE 3HAYEeHHE MOMEHTA COIIPOTHBIIEHUS CTAaHKA KayaJIKH ITPH XOJIOCTOM XO/IE,
M -nipuBeZICHHBIE 3HAYEHNE MOMEHTAa CONPOTHBIICHIE NTPU MaKCUMaJIbHON Harpy3Ke,
(-yriia IoBOpoTa KpUBOLINIIA,
U-ynpasinstomas GyHKIUSA

[Tocne pspa mnpeoOpa3oBaHMl ymnpaBiasieMblii OOBEKT ONUCHIBACTCS CIEAYIOLIEH
OCHOBHOU cucTeMoii audpepeHInaIbHbIX ypaBHeHHH [4]:

9= A, — A, U?
' dt (5)
di du .
i BlU—Bz’u—Bga+B4c052<p — B sin2¢ — B

rac
1 _Kiq,
By ==; 32—71
_RJ RMy
B3—_; B4_ = y
KiL KiL
__ K;RM; o RM,

B .
5 )

rzae, R —akTuBHOE CONPOTHBIIEHHUE, L-MHIYKTUBHOCTB 3JIEKTPOJBUTATENS.
st kotopoit pyHKIus ['aMuIbTOHA U COTIPsKEHHAsA cucTeMa OyeT UMETh BHL:
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¢0 =0; (6)

Yupasnsromyro yHknuio U HAX0IUM U3 YCIOBUS dKcTpemyMa pyHknuu ['amMunbpToHa
noU:

—wle+J¢€B%+4wo¢1AzB4cos2@—4wow1AzBsﬁn2¢+4woAzc

U= 21PoA;

(7)

[TocTostHabie P, Y C ompenensercs u3 ycnoBuid npu =0 — s=0, v=0, npu
Q=@1—5=51,V = v;. [ 1€V — CKOPOCTH JBMKEHUS TOUKH MOJ[BECA IIITAHT:

=K aisi 17
v=—="U(singp +55sin 2¢) (8)

K-noctostHHbIM KOApPUIMEHT, {=JInHa aTyHa, -paAnyc KpUBOLIUIIA.

Kak noxazanu uccienoBaHusi, Ip¥ MMUHUMU3ALMU PAa3HOCTH JUIMH XOJIOB IUIYHXKEpa U
TOYKM II0JBECa LITAHT, 4acTOTa BPALLEHUSA KPUBOIIMIA U3MEHSETCS B MHTepBane Ui, <
U < UypgIO TAPMOHUYECKOMY 3aKOHY. IIpum 3TOM CKOpOCTH ABMKEHUS TOYKH IIOJBECA
LITAaHT B HAYaJIbHBIE M KOHEUHBIE IIEPUO/Ib] IBUJKEHUS KaK BBEPX, TaK U BHU3, YBEINYUBACTCS
110 CPAaBHEHUIO C ITOCTOSIHHOW YaCTOTOM BpAlCHUS KPUBOILIUIIA.

B oOmem cinyyae, mnpeacTaBisisi CTaTMUYECKMH MOMEHT Ha Bajly KpUBOILIHUIA
OCCKOHEYHBIM PSIJIOM:

My = My + My Y= Ky sinme — My YX0=7° B, cos me. 9)

Vpasnsomas GyHkuusU OyaeT u3MEHATHCA M0 3aKOHY:

—1B; +\/¢%322+4¢0¢1A234(E%§i° Kmsinm—Y7=% Prcos mp)+41oA;C

2YoA;

(10)

TakuM 00pazoM, M3MEHEHHEM 4YacTOThl BpALICHHUS KPHUBOILWIIA B TEYEHHE IUKJIA
paboThl CTaHKa-KayajiKd TpU MOMOIIM PETYIHPYEMBIX AIIEKTPOINPHUBOIOBIO 3aKOHaM,
onpezaensieMbiM BbipaxeHueM (7) wiu (10) MOXHO MUHHUMHM3UPOBATH Pa3HOCTh JJIMH XOJI0B
IUTYH)Kepa UTOYKH I0/IBECA ILUTAHT, MOBBIIIAs TEM CaMbIM MPOU3BOJUTEIBHOCTh TTYOMHHO
HACOCHOM YCTaHOBKH, YTO MPUBOJUT K CHIIKEHUIO CE0ECTOMMOCTH JT00BIBaEMOM HETH.

BreiBogel: MccnenoBanue SIEKTPONPUBOJA CTaHKA KadalKH, C IOMOINBIO 3aKOHOB
AIIEKTPOTIPUBOA, BO BpeMsi pabodero IMKIA CTaHKa Kadallkh, B pe3yJbTaTe H3MEHEHUs
YaCTOTHl BpAIEHUS KPUBOIIHIA WM MUHUMH3AIMUA Pa3HUIBI MEXIYy XO0Ja TUIYHXKepa |
JUTMHA XOJa TOYKH TO0JIBECa IITaHTH, MOXXHO CBECTH K MUHUMYMY ce0€CTOMMOCTH He(TH, 32
CYET MOJYyYEHUS TIOBBIIIIEHUS TPOTYKTUBHOCTH TNTYyOMHHOHACOCHBIA YCTAaHOBKH.

1. Koszapyx A.E. CoBpeMEHHOE U TMEPCIEKTUBHOE aJITOPUTMHUECKOE oOOecreueHne
YaCTOTHO-PETYJIUPYEMBIX 3JIeKTponpuBooB «CaHkT-IlerepOyprckas 3aeKTpOTEXHU-
yeckas koMmnanusay, 2004 r.
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MANCANAQ DOZGAHI ELEKTRIK INTIQALININ OPTIMAL
IDARO EDILMOSININ TOYINI

9KBOROYV Y.S.

Mogalods dorinlik nasos qurgusunun bir tsikl orzinds krivosipin firlanma tezliyinin
optimal doyismos ganunu toyin edilmis, hansiki, stanq asilgan1 ndqtosi ilo plunjerin gedis
uzunluglart forqi minimumlasdirilir. Aparilmis analizlor gostorir ki, tonzim olunan elektrik
intiqalinin totbiqi ilo miiharrikin firlanma tezliyinin optimal qanunla doyismosi neftin maya
doyarinin azalmasma imkan verir. Isin ohomiyyati vo yeniliyi dorinlik nasosu qurgusunun
isinin tsikl orzindo krivosipin firlanma tezliyinin optimal idars edilmesi qanunu ilo
doyismasinin toyinindon ibaratdir.

Agar sozlar: dorinlik nasos qurgusui, mancanaq dozgahi, nasosun vermo omsali, miihorrikin firlanma
tezliyi, otalot momenti, plunjer,

DETERMINATION OPTIMAL CONTROL OF THE ELECTRIC DRIVE
OF THE MACHINE OF THE SHANK

AKBAROV Y.S.

The article defines the optimal law for changing the crank’s rotational speed during a
cycle of deep pumping installation, in which the difference between the plunger strokes and
the suspension points of the rods is minimized. The analysis shows that when using adjustable
electric drives, it is possible by changing the engine speed according to the optimal law,
reducing the cost of oil. Significance of work and novelty is the determination of the optimal
law for changing the crank’s rotational speed during the deep-pumping installation cycle.

Acar sozlar: dorinlik nasos qurgusui, mancanaq dozgahi, nasosun verma omsali, miiharrikin firlanma
tezliyi, otalot momenti, plunjer,
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KORROZiYA MOSOLOLORINDO SINERQETIK EFFEKTLORIN
DISPERSIYALI ANALIiZ USULU ILO TODQIQi

ISMAYILOVA G.G.

_ Azarbaycan Dovlat Neft va Sanaye Universitetit
Unvan: Azarbaycan, Baki AZ 1010, Azadlig prospekti 20
E-mail: qulgaz77@mail.ru

Mogalads ikiamilli dispersiyali analiz asasinda iki faktorun: A-faktoru, ¢onin hocmi vo B faktoru — mis
sulfat elektrodun yaxin yera nisbaton ¢onin dibinin potensiallarinin 6l¢ii noqtolori vo bu iki amilin qarsiliqlh tosiri
aragdirilir.

Acar sozlor: azmig coroyanlar, qurgunun potensiali, disspersiyali analiz, Figer kriteriyasi, sinerqetik
effekt.

Giris: Bir ¢ox korroziya masalalorinin hallindo tesadiifi komiyyatlorin vo proseslorin
xarakteristikalar1 tocriilbadon alinan verilonlorin statistik iglonmasi naticasinds miioyyen edilir.
Dispersiyali analiz doyiskon amillora tosir gdstoron sobablorin mévcud olmasini miioyyon
edir. Doyiskon amillorin qiymaoti tocriibo noticosindo alina bilor. Statistik ehtimallarin
yoxlanmasi li¢lin dyronilon amillorin variasiyasiin tosadiifi olmasi forz edilir. Dispersiyali
analizda bir va ya bir ne¢o amil verilmis sokildo doyisir. Belo ki, bu doyismolor miisahidslorin
naticaloring tosir gostora bilor. Dispersiyall analizin moagsodi, mohz belo tosirlorin todqiq
edilmosidir. Ogor sado olaraq iki ayirmanin orta qiymoti miiqayiso edilirso, dispersiyali
analiz, asili olmayan ayirmalarin adi t-kriteriyasi {i¢iin vo ya asili ayirmalarin t- kriteriyasi
alinan natico ilo eyni olacagq.

Osas alqoritm: Tocriiboda 2 A vo B amil doyisir. A amilinin qiymsti I qrupuna, B
amili 1so J soviyyosino gora tosnif edilir. Ogor (i, j) yuvasindaki miisahidolorin ¢oxlugu
tosadiifi xarakterlidirss, onda orta 7;; vo bu ¢oxlugun dispersiyasi kimi yuvalarin
dispersiyast vo hoqiqi orta ¢oxluq kimi baxmaq olar. {W}} —nin qiymoati B amilinin
soviyyasina uygun olaraq segilir. Forz edilir ki, }.; W; = 1. A-nin orta i-ci soviyyesi 4; =
2jWim;; soklindo yazilir. Analoji olaraq {V;}, V; >0, ¥;V; =1 secilir. B-nin orta j-c1
SQViyy@Si B] = Zi Vir’ijv d/as U= Z] VV]B] = Zi ViAi = lej VlVer]lj olur. A-nin i-ci
soviyyonin osas effekti A a; = A; — u; ¥; V;a; = 0. Analoji olaraq 5; = B; — p; X; W; B; =
0. A-nin i-ci saviyyasi ilo B-nin j-c1 saviyyasinin qarsiligh tasiri,

vij = (mij — Bj) —a; =ni; — B — A; + p,
Nij = K+ a;+ B +vij.

K;j — (i, j) yuvasindaki miisahidalarin say1; Y- (i, j) yuvasindaki k-ninc1 miisahidslari; D-
bos olmayan yuvalara uygun golon {(i, j)} ciit ¢oxluqglardir.
Bir sira forziyyalor qobul edilir

Yijk =Mij + eij;
0 {el-jk} astlt olmayandilar va N (0, 0?)uygun olaraq paylanmiriar;
k= 1, ""Kij; (l,]) eD
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Miisahidolorin geyri-barabor sayinda kriteriyalar1 totbiq etmok iiglin molum olmayan m-
| c-xatti ifadoalorlo hall etmok tolob olunur. Burada m, I vo J saylarimin on kicik qiymatindon
konara ¢ixmayan ododdir.

Qarsiligli alagasi olmayan va ya additivlik Hyg- forziyyasini asagidak: sokilds yazaq,

Hag: M(Yiji) = o+ a; + B;.

w simvolunu w = 2 N H,p ligiin totbiq edak.
w-nin cimlalarinda normal tanliklor,

Ny + 2 Gi@iw + X HiBjw = 2i 2 2k Vijio 1)
Gifl + Gi8i + X KiiBjw = 90, (i =1,...,D); (2)
Hifly + 2iKij@iw + Hifjw = hj, G = 1,...,)). (3)

Bu diisturlarda indekslor gostorir ki, satir va siituna miisahidolorin uygun {g;} vo {hj}
soklinds w —nin giymatlorini tosvir edir.

gi =2 Xk Yijk: hj =Xi2kYije (4)
G; vo Hj- qiymatlori vasitasilo isa yuvalardaki miisahidoalorin say1 asagidaki sokilds tosvir
edilir
G =X;Kij; H =K. (%)
Ogor adi ifadslordon {[? jw} ¢ixarsaq, onda
Zir i@y = @i =1,...,1), (6)

alariq. Burada,

Qi = 6;G; — XjKij Ky j/Hj; @i = gi — X Kij h/H;. (7
Ogor adi ifadoalordon {@;,, } ¢ixarsaq, onda

er bjjrﬁj,w = 7'[}', (] =1,...0), (8)
alariq. Burada
Bijr = 8jjrHj — XiKij Kijy /Gy, Hj = hj — X Kij 9/ Gi.

On kic¢ik kvadratlar nozoriyyasine asason 3, asagidaki sokilds tosvir edils bilor:

S =22 2k Yo = 2i 2 Xk Yijk fly — X1 9i @iw — 2 1y Bjw )
(9) ifadesindon {,ij}-m ¢ixarsaq,
So = Ti %) Xk Y — Tiw; @iy — X 17 /Hj, (10)
ogor {@;,, }-ni ¢ixarsaq, onda 3, ifadosini asagidaki sokilds alariq,
So = %2 2k Yk = 2 M Bjw — 2191/ Gi. (11)

. ifadosini sadalosdirsok olavo a;,, = 0, B, = 0 sortlor daxil edilib. Belaliklo, J,,- n1
hesablamaq ti¢iin {@;,, } machullu I-1 xatti tonliklarlo hall etmok lazimdir:
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g’_=11 QAiir &irw = Qi (l =1, '] - 1) (12)
Sonradan alinan hollori (10) diisturunda @;,, = 0 ilo yerino qoyaq. Ogor I#J olsa, onda
sistem az sayda mochulla hall edilir.
H,p yoxlamagq li¢iin F statistikasi asagidaki ifadoyo boraber olar,

F=(m-p)/p—-1-]+1) Qu—30)/30

Kij
z (Vg =Y. )'
(i,)€ED k=1
Hpg —do p-1-J+1 va n-p sarbast pillali F-paylanmasina malik olur.
Q tokliflorindo osas effektlor {igiin kriteriyalar: biitiin &; = 0 Hy forziyyslori iiclin F-
kriteriya stirotdoki kvadratlar comi SSy:

31):

N _ A \2
SSa =YW A2 — T w)H(Zw; 4) (13)
burada
-1 ~
w; = [Z;(W? /K] 5 A= XWini; = X WYy (14)
SS, — kriteriyanin moxraci:
Kij
2
$Se= ) ) (Y= Vi)
(i,j)eED k=1

I-1vo n-1J sorbost pilloli Q olanda, Ha forziyyesi iiciin F-kriteriyasinin SS,/SS,
statistikasidir.

He kriteriyas: ii¢iin biitiin 8; = 0 analoji olaraq qurulur.

Ikifaktorlu disspersiyali analiz: Iki faktorun tosirini todqiq etdik: A-faktoru, ¢onin
hacmi vo B faktoru — mis sulfat elektrodun yaxin yers nisbaton ¢onin dibinin potensiallarinin
Olcli noqtolorinin somtlogdirilmosi. Conin dolu oldugu mohsulun hom alti, hom do onun
otrafinda torpaga hopmus hal kimi amil do nozors alinacaq. Boru xattinin ¢ona birlosdiyi yers
vo analiz liglin niimuna gotiiriilon yerlordo mohsulun sizmasi bas verir, naticodo mohsul
torpaga hopur. Torpagin hopmus hali {i¢iincli amil kimi nozoro alinmir, amma kompleks
amillarin tosirinin analizini do tadqiq edilmisdir.

Molumatlarin iglonmosinin bu metodu Oyronilon gostoricilori gérms qabiliyyotini
miigayisa etmok vo qiymotlondirmok imkan1 verir. Hocmlori 10000 m?, 8000 m?, 5000 m® vo
uygun olaraq ¢onin dibinin diametrinin 32 m, 28,6 m, 22,6 m olan ¢onin toftisi aparilmisdir.
Potensiallar uygun olaraq 1, 2, 3, vo 4 ndmralonmis doérd ndqtods: simal, sorq, gorb vo conub
ol¢iiltib.

Potensiallarin 6l¢iilorinin naticalori ikiamilli codval 1-do gostarilib. (1)-(3) diisturlarina
uygun olaraq sistem qurulur:

Cadval 1
Conin altinin potensialinin gqiymatinin ikiamilli codvali
Conin Potensiallar, V
r}:iﬁmn;; Nogta 1 Noqto 2 Nogts 3 Nogts 4
0,34;0,38;0,42; 0,44;0,47;0,49; 0,44;0,47;0,45; 0,49;0,49;0,42;
10 0,35; 0,46; 0,39; 0,41,
0,34;0,35;0,40; 0,48;0,37;0,52; 0,56;0,45;0,46; 0,62;0,48;0,44;
0,42 0,50 0,47 0,47
0,32;0,39;0,43; 0,40;0,43;0,42; 0,54;0,40;0,46; 0,39;0,40;0,52;
8 0,44, 0,43; 0,40; 0,58;
0,49 0,45 0,42 0,52
5 0,38; 0,32;0,38 0,41;0,46;0,42 0,47;0,42;0,44 0,36;0,33;0,30
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64, + 32a; + 20, + 12as + 16B; + 168, + 1685 + 168, = 27,76\
32, + 32a, + 8B, + 8B, + 8B; +8B, =14,24
20, + 20a, +58, + 5B, + 583 +5B, =883
12, +12a3+ 3B, + 3B, +3Bs +3B, =469
16, + 8a; + 5a; + 3az +16p; =615 ( (15)
16, + 8a; + 5a; + 3as + 168, = 7,15
16, + 8a; + 5a, + 3as +16B, =724
16, + 8a; + 5a, + 3a; + 168, = 7,24)
Ya=0va ) B = 0 oldugunu gobul edarak, (15) sistem tonlik hall edarak, aliriq
a, = 0,0192 By = —0,0494
u=0,4258 a, = 0,0157 B> = 10,0131
a; = —0,0349 B3 = 0,0175

A, B amillorinin vo sohvlorin qarsiliqh tosirini xarakterizo edon, SSyp,. Kvadratlarin
giymati toyin edilir.

SSapre =) ) D V=B ) D D V= D @ ) Y V= D fj ). Y ¥y =0,18
i J K T J K i T K 7 i K

Cadval 2 asason hesablanan SS, sohflorin kvadratlarinin qiymaeti agagidaki sokilde alinir

$5= D03 3 (= ¥y ) = 0,1347
i J k

Cadval 2
Sohflorin kvadrat1 SS,
(;emr_l hacsml, 1 9 3 4
min-m
10 0,0084 0,0148 0,0157 0,0299
8 0,0161 0,0013 0,0139 0,0277
5 0,0024 0,0014 0,0013 0,0018

k=p-1-J-1=12-3-4-1=6, k=n-p=64-12=52 sorbost pillolorin sayidir, burada p-dispersiya
cadvalinin bos olmayan 6zokloari, I - sotrlorin sayi, J — siitunlarin sayidir.

F = [SSpg+e/(@ —1 —] — D]/[SSe/(n —p)] = (0,1767/6)/(0,1347/52) = 11,37.
ki vo k, azad pillslorin 0,05 ilo saviyyesindoki Fiser kriteriyasinin codval qiymatlori:
2,23=F(0,05; 6,70) < F(0,05;6,52) < F(0,05;6,50) = 2,29; F > F(0,05;6,52)  olur.
Beloliklo, A vo B amillorinin qarsiligli tosiri oshamiyyatlidir. A amilinin tosirini xarakterizo
edon SS, kvadratlarinin comi (13) diisturuna osason toyin edilir:

-1 2
i i i

W =1/] =1/4; 4; = X W;Y;.; A, =0,445; A, = 0,441; A; = 0,390;
W, = [S(W2/K)| 5 Wy =32 Wy =20; Wy =12 ky =1 —1=3-1=2;
SS, = 0,0281; F = [S§S,/(I — 1)]/[SS./(n — p)] = (0,0281/2)/(0,1347/52) = 5,42.
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Fiser kriteriyasinin cadval giymatlori: F(0,99; 2,52)=5; F(0,995;2,52)=6. olur. Belaliklo,
A (¢onin hocmi) amilinin tosirinin doqiqliyi 99% ohomiyyatlidir. B amilinin tosirini
xarakterizo edon SSp kvadratlarinin comi asagidaki ifadoya asason toyin edilir:

ss = 2.0t -(2n) (Xv)

V=1/1=1/3 B; = Zviyij.; B, = 0,383; B, = 0,441; B, =0,448; B, = 0,430

-1
v, = [Z(Vﬁ/l(ij)] SV, =V, =Vy=V,=13671;k =) —1 =4 —1 = 3;5S5 = 0,035;

F=1[S8S;/(J - D]/[SS./(n—p)] = (0,0352/3)/(0,1347/52) = 4,53.

Fiser kriteriyasinin cadval giymatlori: F (0,99; 3,52)=4,2; F (0,995; 3,52)=4.8 olur.
Beloliklo, B (potensiallarin 6l¢ii montagolorinin orentasiyasi ) amilinin tasirinin doqiqliyi 99%
ohomiyyatlidir.

Noatica: Tkiamilli dispersiyali analizi vasitasilo miioyyon edilib ki, A vo B amillerinin
tasiri vo onlarin qarsiligli tasirinin doqigliyi 99% ohomiyyatlidir.
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HNCCIEJOBAHUE B KOPPO3ZUOHHBIX TPOHECCAX CUHEPTETHYECKHUX
IDPPEKTOB METOAAMMU JUCITEPCHHHOI'O AHAJIM3A

NUCMAMJIOBAT.I.

B crtatbe Ha ocHOBe ABYX(aKTOPHOTO JAMCIIEPCHOHHOTO aHalM3a MCCIeAYyBaIOTCS /Ba
daktopa: ¢akrop A—oObeMm pe3epByapa u Qakrop B — opueHTamus MyHKTOB 3amepa
MOTEHIIMAJIOB JHHIIl pe3epByapa OTHOCHUTENHHO ONM3KON 3eMIIM MO0 MEAHO CYI(paTHOMY
DJIEKTPOJTY, & TAKXKE B3aUMHAasl 3aBHCHUMOCTH 3THX JIBYX (haKTOPOB.

KoaloueBbie cioBa: OnyXIarolye TOKH, NMOTEHIMAN YCTPOWCTBA, MUCIEPCHOHHBIA aHANN3, KPUTEPHU
Owumepa, cuHepreTudecknit 3 dexr.

RESEARCH IN CORROSION PROCESSES OF SYNERGETIC EFFECTS BY
METHODS OF DISPERSE ANALYSIS

ISMAYILOVA G.G.

Two factors are investigated in the article on the basis of two-factor analysis of
variance: factor A - volume of the reservoir and factor B - orientation of the points of
potential measurement of the bottoms of the reservoir relative to the close ground along the
copper sulfate electrode, and also the mutual dependence of these two factors.

Key words: stray currents, device potential, dispersion analysis, Fisher criteria, synergistic effect.
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MUOLLIFLORIN NOZORINO

1. Umumi qaydalar.
“Energetikanin  problemlori” “jurnalinda energetikanin kompleks problemlori,

elektroenergetika, istilik energetikasi, elektrofizika, elektrotexnologiya, informatika vo yeni
texnika saholorino hasr olunmus elmi-texnki moaqalslor dorc edilir, eyni zamanda cari xronika
da verilir.

Jurnalin asas mogsadi yliksok elmi keyfiyyot kriteriyalarina cavab veron orijinal elmi-

texniki mogalolorin dorc edilmosidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktoblor, limumiyystlo elmi

hayatda coroyan edon hadisalor haqqinda molumatlart da darc edir.

Redaksiya heyati, bu vo ya digor sobablordon, jurnalin toloblorini tomin etmayon

magqalalori dorc etmoamok hiiququnu iizlinds saxlayir.

2. Mbaqaladlarin taqdim edilmasi.
Biitlin moagalolor asagida qdstarilon iinvana, jurnalin redaksiyasina gondorilmslidir:

Azarbaycan, Az-1143, Baki, Hiiseyn Cavid prospekti, 33
Azarbaycan MEA Fizika Institutu
Tel.: (994 12) 539 — 41 — 61; (994 12) 539 — 44 - 02; Faks : (994 12) 447 — 04 — 56

E — mail : arif @ physics.ab.az ;
Mbasul katib Qurbanov Kamil Baxtiyar oglu.

3. Maqalalarin matninin dili.
Maqalslor azorbaycan, rus va ingilis dillorinds gobul edilir. Respublika miislliflorinin

moqalslori yalniz azarbaycan vo ya rus dillorindo, yaxin xarici 6lkslordon olan miislliflorin
mogqalalari yalniz rus dilinds, uzaq xarici 6lkalorin miialliflorinin maqalslori isa yalniz ingilis
dilinds qobul edilir.

4.1.

4.2.

4.3.

4. Maqalalarin tirtib edilmasi qaydalari.

Mogqalsloar, jurnalin redaksiyasina disket togdim etmoklo, fordi kompyiiterdo, A4 formatlh
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vo sagdan — 2,5
sm masafs ilo, Times New Roman 12 sriftinds yazilarasq, 1 niisxads, sotir araligr 1
interval olmagq sartilo ¢ap edilorak, qosulmus CD disk ils toqdim edilir.

Maqalolorin imumi hacmi, qrafiki materiallar, fotolar, codvallor, diisturlar, adabiyyatin
siyahis1 va xiilasolor do daxil olmagqla 8 sohifodon yuxari olmamalidir.

Maqalolorinin birinci sohifosinin sol kiinciindo Universal onluq tosnifati (UOT) iizro
indeksi gostorilmalidir. Sonra 1 interval asagidan, qalin vo bdyiik hariflorls maqalonin
ad1 yazilir. Sonra 1 interval asagidan, qalin vo boyiik hariflorlo miisllifin (miialliflorin)
soyadi, ad1 vo atasinin admin bas hariflori yazilir. 1 interval agagidan maqaloni toqdim
edon toskilatin adi1 yazilir. 1 interval agagidan, moqalonin matninin diline uygun olan,
hocmi 10 satirdon ¢ox olmamagq sortilo, 10 srifti ilo ¢ap edilon xiilaso, agar siizlor (5-6
$0z), maqalonin asas matninin Oniinds verilir. Sonra 1 interval asagidan maqalonin osas
motni 12 srifti ilo ¢ap edilir. Bilavasito mogalonin motninin davami olaraq, heg¢ bir
basliq vermodon, yalniz 20-25 simvolluq xott ¢okorok, say sirasi ilo istifado edilon
odobiyyatin siyahis1t verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis
dillorinds olan xiilasolor vo agar sozlor (10 srifti ilo ¢ap edilorak) verilir. Moqalonin

67



moatninin sonunda, oalaqo telefonlar, telefakslar vo E — mail-1 gostormoklo, miialliflor
maqaloni imzalayirlar.

4.4, Moqalonin qrafiki materiallari, fotolar, cadvallor, diisturlar motno uygun yerlordo
yerlogdirilmalidir. Qrafiki materiallarin sorhino aid olan yazilar moqalonin matnindo
verilmolidir. Qrafiki materiallarda odadi vo ya horfi isaralor gostorilorok, uygun izahatlar
moatnin i¢arisinda verilmalidir. Qrafiki materiallarin asag1 hissasinda say sirasi verilir vo
ad1 yazila bilor (misal {i¢lin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say siras1 qeyd edilmoklo, orijinalin dilinds verilir. Mislliflorin soyadi, adi
vo atasiin adi kursivdon istifads etmaklo yazilir. ©dabiyyatin siyahisi asagida verilon
nliimunalar tizrs tortib edilir.
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K CBEAEHUIO ABTOPOB

1. O0mue npasuia.

B xypnane “TIpoGiembl DHEpreTUku” MyOJUKYIOTCS HAYYHO - TEXHUYECKHE CTaThU B
007acT KOMIUICKCHBIX MPOOJIEM DSHEPreTHKH, SIEKTPOIHEPTETHKH, TEIJIOIHEPTEeTHKH,
AMEKTPOPU3UKH, IEKTPOTEXHOIOTHH, UH(POPMATUKN U HOBOM TEXHUKH, a TAK)KE MPUBOIUTCS
TEKyIasi XpOHHUKa.

OCHOBHOH 1IENIbIO JKypHANa SIBISIETCS MyOJIMKAIMsl OPUTMHAIBHBIX HAyYHO-TEXHUYEC-
KHUX CTaTel, OTBEUYAIONINX TPEOOBAHMSIM BBICOKOTO HAYYHOTO Ka4eCTBa.

B xypHane npuBoasaTCs cBeleHus 0 pabote KoH(DEepeHIHi, CHMIIO3UYMOB, Pa3IUYHbBIX
HAYYHBIX IIIKOJI, @ TAK)KE 00 MHTEPECHBIX COOBITUSX, POUCXOAIINX B HAYIHOM MHUPE.

Penakuus coxpanser 3a co0oii mpaBo HE MyOJMKOBATh MaTepuaibl IO TeM WJIH WHBIM
MPUYMHAM, HE YAOBJICTBOPSIOMIUM TPEOOBAHUSAM >KypHAaJIa.

2. lIpencraBienue crareii.
Cratbu 1OIDKHBI OBITH NMPECTABICHBI B PEIAKIUIO XKYPHAJIA 110 CIEAYIOMIEMY aJipecy:

Azepbaitmxkan, A3-1143, baky, np. I'. JI>xaBuna, 33
WNuctutyr @usuxku HAH Aszep0Oaiimkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; ®dakc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OTtBeTcTBeHHBIN cekpeTaps - ['ypbanoB Ksamunp baxTusip orisi

3. SI3bIK cTaTeii.

CraTby MPUHUMAIOTCS Ha a3epOaiPKaHCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX, IpUYeM
CTaTbH aBTOPOB U3 A3epOaiikaHa TOJKHBI ObITh IPEICTABIECHBI HAa a3epOailKaHCKOM WU
PYCCKOM $I3bIKax, cTaTbu aBTOpoB U3 cTpad CHI' - TOJIbKO Ha PyCCKOM SI3BIKE, CTaTbU aBTOPOB
U3 JAJIIBHETO 3apy0exkbs - TOJIBKO HA aHTJIMICKOM SI3BIKE.

4. MpaBuia opopmiienus crarei.

4.1. B penakuuio XypHaja MpeICTaBISIOTCS CTaThbH, HAOpaHHbIE U HalleYaTaHHbIE B OJTHOM
IK3EMITISIPE Yepe3 OAWH MHTEPBAT HA MEPCOHAIBHOM KOMIIbIOTEpE, Ha Oenoil Oymare
dopmara A 4, mpudrtom Times New Roman, pasmep mpudra 12, a Taxxke
npezcTaBisieTcss B dnekTpoHHOM Buae Ha CD jaucke. Tlomst cBepxy W cHH3Y - 2 cM,
cJieBa M CIpasa - 2,5 cM.

4.2. OOBeM cTaThu HE JOJDKEH MPEBBINIATh 8 CTPAaHWUII, BKIIOYAs rpadudeckue MaTepHallbl,
¢doro, Tabau1bl, GOPMYJIBI, CIIUCOK JUTEPATYPhl U AHHOTALINH.

4.3. B BepxHeM JIEBOM YIUIy MEpBOW CTpaHUIIBI CTaThU yKasbiBaeTcs mHaekc Y/IK. Uepes 1
MHTEpPBaJl HI)KE OMEIIAETCsl Ha3BaHUE CTAaThU )KUPHBIM U 3arjaBHbIM mpudrom. Uepes
1 uaTepBan nomeniaercs pamuins (haMUIUN), 1 HHUIHABI aBTOPa (AaBTOPOB) KUPHBIM
U 3aryaBHbIM mpudrom. Uepes 1 nHTepBas yka3blBaeTCsd HAUMEHOBAHUE OpPraHU3ALUH.
Yepe3 1 uHTEpBan momemiaercs aHHOTAIMsS Ha s3bIKE CTaTbu o0beMoM He Oosiee 10
CTPOK MW KJtoueBble cioBa (5-6 cmoB) mpudtom 10. Uepesd 1 mHTEpBaN momMemaercs
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4.4.

OCHOBHOE€ cojepkaHue craTtbu mpudToM 12. B KOHIIE OCHOBHOIO TEKCTa CTAaThH
IPOBOAMTCA Ipouyepk AnuHOW 20-25 CUMBOJIOB, IOCIE YEro IOMEIAETCS CIHCOK
auTepaTypel 0e3 Kakoro-iubo Ha3BaHMs, B MOPSAIKE HYMEpPALUU CCHUIOK B TEKCTE
cratbu. Ilocie 3Toro uepes 1 uHTEpBan NMomelarOTCd AHHOTALUMU HAa JBYX JPYrUX
S3bIKaX — PYCCKOM (MM a3epOailpkaHCKOM), aHTJIMMCKOM M KJIloueBble ciioBa (5-6
cioB) mpudTom 10.

B camom KkoHIle cTaThU MOMENIAIOTCS KOHTaKTHbIE TenedoHsl, ¢akchl u E — mail, a
TaKXe MOJIUCH BCEX aBTOPOB.

I'padpuueckue  marepuwanbl, ¢Goto, TaONUIBl,  GOPMYJIBI  MOMEMIAIOTCS B
COOTBETCTBYIOLIMX pa3fefiaXx TeKcTa craThi. Hamamucu, oTHOCsIMECS K rpaduyeckum
Marepuaiam, MOMEIIarTCs B TEKCTE CTaThu. B rpaduueckoM MaTtepuaie yKa3bIBarOTCs
OykBeHHBIE M LU(POBbIE 00O3HAYECHHS, & UX KOMMEHTAapUU IOMEIIAIOTCS B TEKCTE
cTaTbu. B HIKHEH yacTH TpaduyuecKkoro MaTepuaya yKa3blBaeTCsl HOMEP M MOXKET
yKa3bIBaThCsl Ha3BaHue Matepuana ( Hamp., Puc.3. Cxema ycTaHOBKH. ... )

4.5. Cnucok IUTHPOBAHHOM JIMTEPATYpPhl IPUBOJMTCS Ha A3bIKAX OPMTMHAIOB. Damuiuu u

WHUIMAIE aBTOPOB TMeYaTaroTcs KypcuBoM. CIHUCOK JUTEpaTypbl O(OpMIISETCS IO
o0pa3sily, IpUBEICHHOMY HUXKE:

Kuaurn

1. Pasesue /[.B., Cokonosa M.B. Pacuer HayanbHbIX U pa3psAHbIX HANpSIKEHUH Ta30BbIX
npoMexyTkoB. M.: Dueprus, 1977.- 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

Kypnausbl

3. Aeanos B.I'., Pazesue J[.B. // OnextpuyectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Anaxoapos O.3. /| duzuka-1999-Ne 3- ¢.44-49.

I[eHOHI/IPOBaHHLIe PYKOIIUCHA

5. Usanos JI.I1. M., 1985. 40c. - Jlen. B BUHWUTU 25.10.85, Ne19233.

Juccepranuun

6. Ilempos B.I. Jluc. kaun. ¢wus.-mar. Hayk. JI.: HHCTHTYT BBICOKOMONEKYISPHBIX
coequHenmi, 1985.
7. Cuoopos H.B. [luc. n-pa xum. Hayk. HoBocubupck: Muctutyr Xumuu, 1979.

ABTOpCKI/Ie CBHUACTECJIBCTBA U NATCHTHI

8. Anues C.I"., /rcananos K.X. A.C. 163514, CCCP // B.1. 1988. Ne 4.¢.50

9. ITat. 3386968 CIIIA // PXK. ®13. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

Kondepenuuu, cuMmno3nymsl

11. Meoseoes I1.T. // Tes. noku. 111 Beecoro3. Coerr. o mpo0iemMaM SHEPTeTHKH.

JI.: U3n. JIIIN, 1984, ¢.30.
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FOR THE ATTENTION OF AUTHORS
1. General Rules.

The Journal of Electric Power is dedicated to publicize scientific research articles
reflecting the current problems in the electric power systems, heat transfer, technology and
information technology, and digests.

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

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

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

2. Submission of the papers.
The papers must be submitted to the editorial body at the following address:

Azerbaijan, A3-1143, Baku, pr.G.Javid, 33
Institute of Physics of the National Academy of Sciences of Azerbaijan
Tel: (994 12) 539-41-61 ; 539-44-02; Fax : (994 12) 447-04-56
E-mail: arif@physics.ab.az;
For the Attention of K.B.Kurbanov — the Responsible Secretary

3. The Language

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

4. The papers must be submitted in the following format.

4.1. The hard copy of the paper must be submitted on the A4 format in 1-line interval, typed
in “Times New Roman”, in 12 font, with the borders from top and bottom — 20 mm, from
left and right — 25 mm. The electronic copy on a CD-disk should be submitted along with
the hard copy.

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

4.3. In the upper left corner of the paper the index of UDC must be indicated. Below that,
omitting one line, the name of the article must be placed printed in a BOLD CAPITAL
LETTERS. Underneath the name of the paper, omitting 1 line, the name of the author(s)
printed in capital letters must be printed. Below that, omitting 1 line, the name of the
organization must be indicated, which supported the research. The abstract follows that,
leaving 1 line of blank space, which must be no more than 10 lines,and keywords (5-6
words) of font 10. The text of the paper follows the abstract, leaving 1 line. Drawing a
line with the length 20-25 symbols must indicate the end of the text. The reference list is
printed below the line, following the same order as it was referred to in the text. Below

71


mailto:arif@lan.ab.az

the reference list, the summaries and keywords (5-6 words) in Russian and English must
follow.

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

4.4. All graphic materials, photos, tables, formulas must be placed in the corresponding place
of the text. The legends must be placed in the text. All the keys to the symbols must be
given in the text of the paper. Below the graphic material the number can be indicated
followed by the name of the material (e.g. Fig. 3. Schematic drawing of the
installation...)

4.5. The cited materials must be referred to using their original language. The names of
authors must be given in italics. The reference list must follow the example below:

Books

1. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.
Journals

2. Price D.A,, Lucas I.L., MoruzziJ.D. // J.Phys.D(Appl.Phys),1973,v.6,N0.12,p.1514-1524.
3. Anaxoapos O.3. /| ®uzuka-1999-Ne 3- ¢.44-49.

Patents

4. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.
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