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Energetikanin problemlori o No2 e 2016 e IIpoGiembl SHEPreTHKU

DAHA YUKSOK GORGINLIKLI IKIDOVROLI ELEKTRIK VERILIS XOTLORI
UCUN NEYTRALI TORPAQLANMAMIS REAKTORLARIN TOTBIQI

HOSIMOV A.M., HUSEYN R. N.

Azarbaycan Milli Elmlar Akademiyasimin Fizika Institutu

Ikidovrali uzaq elektrik verilis xotlorinds xiisusi miiqavimet vo induktivliklerin, qarsiligli miiqavimet vo
induktivliklorin giymotlori 50+1000 Hz intervalinda hesablanmis vo onlarin ayrilori verilmisdir. 500 kV-lug
ikidovrali elektrik verilis xatlorinin se¢ilmosinds, layihslorin tortibinds va todgiqinds bu parametrlordan istifads
olunmasi daha mogsadouygun hesab edilir.

Acar sozlor: ¢oxdovrali, elektrik verilis xoatti, xiisusi miigavimoat, qarsiliqgh miiqavimot, xiisusi vo induktiv
miigavimat.

Neytrali torpaglanmamis reaktorlarin totbigino bir qayda olaraq birdévrali Xatlords
baxilmisdir. [1]

Hal-hazirda boyilik giiclorin uzaq masafotiiriillmasi ti¢lin birdovrali elektrik verilis
xatlarinin avazina ¢oxdovrali elektrik verilis xatlorindon istifado etmok toklif olunur.

Daha yiiksok gorginlikli elektrik verilis xoaltorinin etibarliligi, dayaniqligi, vo onlarin
tohliikasizliyinin artirtlmast magsadi ilo ¢oxdovrali elektrik verilis xotlori bu baximdan daha
moqgsadouygundur. Coxddvrali elektrik verilis xotlorindon istifado etdikdo iso neytrali
torpaqlanmamis reaktorlardan istifado mosolosi aktuallasir.

Bu baximdan ilk ndvbads ikidovrali Xatto baxmagq mogsadouygun hesab edilmisdir.

Hazirda iso ikidovrali elektrik xottindon istifado edilmasi qarsiya ¢ox shamiyyatli bir
mosalo kimi goyulmusdur. Bu mogsadlo 500 kV-luq uzaq elektrik veriligsindo ifrat
garginliklorin  mohdudlasdirilmasi moqsadi t¢iin birdévrali xatlorin ovvali vo sonunda
miixtalif uzunluglarda vo miixtalif rejimlords neytrali torpaqlanmis va torpaglanmamis ulduz
sxemli reaktorlarin tatbigine baxilmigdir. [1,2] Homginin daha yiiksok gorginlikli birdovrali
elektrik verilis xatlori tigiin kombino olunmus enina kompensasiyali vo suntlayici reaktorlar
uzaq verilis xotloro qosuldugdan sonra miixtalif rejimlords faz gorginliklorin maksimal
giymatlori hesablanmisdir. [2]

Coxmoftilli naqillords itkilorin yaranmasi masalosi do aktualdir.

Ikidovrali Xotlor elektromagnit uygunlugu cohotdon daha bdyiik tosiredici amilo malik
olduglarindan kegid vo kvazigorarlasmis rejimloro baxmaq reaktorlarin segilmasinda tosiredici
faktorlar kimi nazars alinmalidir.

Ilkin olaraq asagidaki hesabat sxemi se¢ilmisdir. (Sok.1)
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Sok. 1-Daha yiiksok gorginlikli ikidovrali elektrik Xatlori tiglin neytrali torpaglanmis
Vo torpaqlanmamis reaktorlar xattin avvali vo sonunda oldugda.

Dovranin diiyilin noqtalari ligiin goxmaoaftilli elektrik verilis xatlorinin hesabat tonliklori
bels ifads etmoklo yazilir [3,4]:

Ug—u, +Z(id —ip)+ h{che[a;te ,uej+ fe(%ieieﬂ+0(hz)=0;
. 1
Uy Uy + 2 iy )+ h{— z(pe(agte ,uej+ fe(%ieﬂ+0(hz)=0; @

Burada, z =(L,C,')** itkisiz xottin dalga miigavimoti, U4, Up, Ug, id, ip, iq —(1),

tonliyinin baxilan halli sahasinda (x, t), (x - h, t- 7) koordinatli ndqtolordaki gorginlik va
Corayanlardir. t, 7 —masafoys Vo zamana gora doayisonlordir. Bu dayisonlarin nisbati itkisiz xatt

boyu elektromaqnit dalgasinin siirati ilo eynidir. ¢ :(‘lie i) -yer va nagillorin tasirini nozara
e an e

alaraq ¢ox naqilli EVX —do gorginlik diiskiisii, f,= (%“,u) - taclanmanin tasirini nazors alan
t

funksiya, 7 =(L,C,)**-h- iso hesabat addimdir.

(1) diisturundan goriindityti kimi, dévranin diiyiin noqtalori tigiin goxmoftilli elektrik
verilig xatlorinds yaranan itkisiz xattin dalga miiqavimatini —z = (L,c,*)**ifadosinds Lo vo Co
kvadrat matrisa soklinds yazsaq:

L, L Lis Ly Lis L Ly L
Loy Ly Ly Ly L Ly Ly Ly
Lay Ly Ly Ly Lss L Ly Ly
L, = Li L L Liu Lis L Ly Ly (2)
Loy Ls; Lss Lss Les Lss Lsy Lsg
Leo Leo Les Les Les Les Lgr Les
Ly Lo Lys Ly Lis Ly Ly Lo
Loy Les Les Les Les Les Ler Les
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hn-asqinin orta hiindiirliyii, n-nagillorin sayi, ry —naqilin radiusudur.
Coxmoftilli elektrik verilis xatlorinds tac hadisalorinin tasirini nazars alan funksiya—

f,= (%‘tj,u) ifadasi tiglin do matrisasini yaza bilarik:

fm(%utl,ul)+ fm(%t“?,uz)+...fm(%t”8,u8)
fm(%t“l,uln f¢22(aat%,u2)+...f¢28(%t“8,ug)
o) ) (2 )
‘- fm(aat“l,ulpf¢22(%tl‘2,uz)+...f¢48(%t”8, )

’ ou ou ou ()
)+ £+ T )
fm(%t“l,um fwzz(%t“auz)+...fm(‘2“ts, )
fo (G ), (G u)
fm(%t‘“,um fm(aat‘“,uz)+... m(aa“tﬁug)

Homginin (1) ifadasinds yerds va nagillords sath effektinin tasirini nozars alaraq ¢ox moftilli
EVX —do gorginlik diigkiisii- ¢ — (‘lie i ) matrisasini yazsaq, onda:
e a e

n
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burada u
yaratdig gorginlik diiskiisti, . k =1,2..,m.
Sok. 1-do gostarilon ikidovrali elektrik verilis xattinin sxemina nazar salaq. Dovranin

avvali (I) ditylin ndqtasi va sonunda (III) diiyiin néqtasi uzun Xatlorin qosulma aninda dalga
proseslori {igiin asagidaki ifadoni yaza bilorik:

son= 0Z corayaninin yaratdigr gorginlik diiskiisii, n=212..,m, ug, - qarsiligh corayanin

| torof 11 torof
o) =Ly 1+ (6) {0 =L St %
oL oL o o
U= Lwi%wm; u="L,, d(ijvf +U,,; u'= L’wi%w’m; U= Lo di,,

Homginin sok. 1-do gostarilon ikidovrali elektrik verilis xottinin sxemina nazar salsaq

dovranin avvali (1) va sonunda (IIT) araliq noqtaleri {iglin hesabat tonliklorini asagidaki kimi
ifads edo bilorik:

| torof 11 torof
-U+(Z+Z)i, =V, ! i'a =V
1 ( n)-xl ql | (8) U/1+(Z +Zn)f/ 1 V/pl, (9)
_u1+(z +Zn)|x2 :qux u 1+(Z +Zn)| x2 =V p2.

Sok. 1-do verilmis ikidovrali elektrik verilis xottinin  sxemindo neytrali
torpagqlanmamig reaktorun neytralindaki gorginliys baxsag, Uo —in gqiymotini asagidaki kimi
gostormok olar:

_ ula + ulb + ulc

U, 3

;u, +u, +u,, =0;u, =0;u,, +u,, +u,, #0;u, 0. (10)

(8) va (9) diisturundan garginliklor farqini asagidaki kimi yazmaq miimkiindiir:
(Z + Zn)(ixl - i)(2) =Va1 ~ Vg2 (11); (Z + Zn)(ilxl - ilxz) :qul —V/qz (12)

Haradaki,



V, ==l +Zi, +6(1u,) + 6, -0,
V,=U, +Zi, = 6(20,) + 6, +0,;
Xattin avvalinds (I) diiyiin noqgtalari ti¢iin garginliklor forgindon alinmis (11) ifadasini
nozars alsaq, onda homin ifads asagidaki kimi olacagq:
ixl =1 _irl_irz _iwl_iWZ _ile
(Z + Zn)(lr _irl - ir2 _iw‘l _iwz _ixz) = Vql _VqZ’
(Z + Zn)(lr - ir1 - ir2 - iw‘l - iwz) - 2(2 + Zn)ixz = Vql _qul
X, =05Z +2,) [y Voo~ @ +Z)ll ~i i i -i)]  (13)
2ul + (Z + Zn)(ixl + ixZ) = Vql +Vq2’

Uy =05{(Z+Z, )iy +1,3) ~Vig ~Ves )

Sak. 1-doki sxemda dovranin avvali (I) diiyiin noqtesi asagidaki kimi yazsaq, onda:

di -
a: LT 1[e(t)—u1],
di, | -
dtl - Lrl 1u1!
di, ,
L=1L,U,
dt r2 -1 (14)
di, . -
T;: L l(ul_um)’
di, . -
dt2 =L, 1(u1_uoz)x
E,, sin( et +¢) T T Uy
. 2 ] .
e(t)= Emsm(wt+¢;+?”) P U= {Upy [ =1 ={U gyl 1y = Uy
27Z' ucl Icl upcl uqcl
E, Sin(a)t+(o—?)

Beloliklo, ikidovroli elektrik verilis xotlorindo dovronin dilyiin noqtalori iigiin
matrisalar yaza bilorik:

Ui, 211 le 213 Z14 Z15 216 ixal Voa
ulh1 ZZl Zzz Zzs 224 Zzs Zzs ixaz Vin
Uy, n 231 Zsz Zss Z34 235 Zse ian _ Voa
U, Z41 242 Z43 244 245 Z46 ixbl Vit (15)
ulb; Z51 Zsz Z53 Z54 Zss Zss ixb2 Vpbl
ulcz 261 Zez Zea 264 Zes 266 ixh2 Voa

[fadolori sadolosdirmak iigiin 6x6 matrisasindan 3x3 matrisasina kecid edok:
Belaliklo gostarilon sistemin tonliklori 3x3 matrisa soklinds gostarilmoklo hesabat iigiin

ifadolor alinir. Hesabat tonliklori igiin xattin parametrlori hesablanir.



Homginin 500 kV-lug ikidovrali elektrik verilis xotlori (Sok. 2) ti¢lin alinmis hesabi
parametrlor asagidaki cadvalds verilmisdir.
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Sok. 2- Toklif olunan 500 kV-luq ikidovrali uzaq elekrik verilis xattinin se¢ilmis
dayagu.

Secilmis dayagin hondoasi olgtilorini nozoro alaraq [7], yerlo nagillor arasinda vo
nagillor 6z aralarindaki xiisusi miigavimat vo induktivliklorin, garsiligli miiqavimat va
induktivliklorin 50-1000 Hs tezliyinds hesabati aparilmigdir. (Cad.1-8)



Cod: 1 Fazalararasi qarsiliqlt miigavimat va induktivliyin giymatlori 50+-1000 Hz

intervalinda.

Fazalararasi qarsiligli miigavimat Vo induktivliyin giymaotlori

Teli'z'k' 1-2 1-3 1—4 1-5
r, Om L, MHn r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.06738 | 0.65371 0.06738 0.65371 0.04042 0.61530 0.04712 0.61492
100 0.11417 | 0.58704 0.11417 0.58704 0.09234 0.54946 0.09255 0.54889
150 0.16045 | 0.54820 0.16045 0.54820 0.13659 0.51161 0.13696 0.51090
200 0.20614 | 0.52072 0.20614 0.52072 0.18002 0.48514 0.18056 0.48430
250 0.25119 | 0.49949 0.25119 0.49949 0.22278 0.46487 0.22349 0.46392
300 0.29559 | 0.48229 0.29559 0.48229 0.26494 0.44850 0.26585 0.44744
350 0.33938 | 0.46787 0.33938 0.46787 0.30658 0.43481 0.30768 0.43366
400 0.38263 | 0.45552 0.38263 0.45552 0.34775 0.42307 0.34905 0.42182
450 0.42541 | 0.44474 0.42541 0.44474 0.38849 0.41282 0.38999 0.41148
500 0.46776 | 0.43520 0.46776 0.43520 0.42882 0.40374 0.43053 0.40231
550 0.50974 | 0.42666 0.50974 0.42666 0.46878 0.39560 0.47070 0.39409
600 0.55140 | 0.41893 0.55140 0.41893 0.50840 0.38824 0.51052 0.38664
650 0.59276 | 0.41189 0.59276 0.41189 0.54768 0.38152 0.55002 0.37985
700 0.63385 | 0.40542 0.63385 0.40542 0.58665 0.37535 0.58920 0.37360
750 0.67469 | 0.39945 0.67469 0.39945 0.62533 0.36966 0.62809 0.36783
800 0.71529 | 0.39389 0.71529 0.39389 0.66372 0.36437 0.66670 0.36248
850 0.75566 | 0.38871 0.75566 0.38871 0.70185 0.35945 0.70504 0.35748
900 0.79580 | 0.38386 0.79580 0.38386 0.73971 0.35485 0.74313 0.35281
950 0.83572 | 0.37929 0.83572 0.37929 0.77733 0.35053 0.78096 0.34841
1000 | 0.87542 | 0.37498 0.87542 0.37498 0.81471 0.34646 0.81856 0.34428
Cadvalin ardi
. Fazalararasi garsiligli miigavimat vo induktivliyin giymatlori
Tezlik,
Hyz 1-6 1-7 1-8
r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.04733 0.63745 0.04630 0.56266 0.04628 0.56278
100 0.09312 0.57110 | 0.09037 0.49815 0.09032 0.49831
150 0.13797 0.53285 0.13312 0.46135 0.13303 0.46155
200 0.18208 0.50604 0.17485 0.43579 0.17472 0.43603
250 0.22559 0.48546 0.21575 0.41634 0.21558 0.41662
300 0.26855 0.46881 0.25593 0.40072 0.25572 0.40103
350 0.31104 0.45485 0.29548 0.38774 0.29523 0.38808
400 0.35310 0.44287 0.33446 0.37667 0.33416 0.37704
450 0.39476 0.43238 0.37392 0.36705 0.37258 0.36746
500 0.43605 0.42307 0.41090 0.35857 0.41052 0.35900
550 0.47700 0.41471 0.44844 0.35102 0.44801 0.35147
600 0.51763 0.40714 0.48557 0.34422 0.48510 0.34469
650 0.55796 0.40022 0.52231 0.33804 0.52180 0.33854
700 0.59799 0.39358 0.55869 0.33241 0.55813 0.33293
750 0.63776 0.38796 0.59472 0.32723 0.59412 0.32778
800 0.67726 0.38249 0.63042 0.32245 0.62978 0.32302
850 0.71651 0.37739 0.66581 0.31802 0.66513 0.31861
900 0.75552 0.37260 0.70090 0.31390 0.70018 0.31451
950 0.79430 0.36811 0.73571 0.31005 0.73494 0.31068
1000 0.83285 0.36387 0.77024 0.30644 0.76943 0.30710




Cod: 2 Fazalararasi qarsiliqlt miigavimat va induktivliyin giymotlori 501000 Hz

intervalinda.
Tezlik Fazalararasi garsiligli miigavimot va induktivliyin giymatlori
Hy ’ 2-1 2-3 2—-4 2-5
r, Om L, MHn r,Om L, MHn r, Om L, MHn r,Om L, MHn
50 0.04696 | 0.61566 | 0.04721 0.63797 0.04733 0.63745 0.04743 | 0.63700
100 | 0.09215 | 0.54997 | 0.09287 0.57185 0.09312 0.57110 0.09338 | 0.57044
150 | 0.13626 | 0.51226 | 0.13746 0.53379 0.13797 0.53285 0.13843 | 0.53203
200 | 0.17954 | 0.48590 | 0.18134 | 0.50714 0.18208 0.50604 0.18276 | 0.50507
250 | 0.22213 | 0.46574 | 0.22459 0.48671 0.22559 0.48546 0.22649 | 0.48436
300 | 0.26413 | 0.44946 | 0.26729 0.47020 0.26855 0.46881 0.26970 | 0.46759
350 | 0.30560 | 0.43586 | 0.30950 0.45637 0.31104 0.45485 0.31244 | 0.45352
400 | 0.34659 | 0.42422 | 0.35127 0.44451 0.35310 0.44287 0.35476 | 0.44142
450 | 0.38715 | 0.41405 | 0.39265 0.43414 0.39476 0.43238 0.39668 | 0.43083
500 | 0.42730 | 0.40505 | 0.43364 | 0.42495 0.43605 0.42307 0.43825 | 0.42143
550 | 0.46708 | 0.39698 | 0.47429 0.41670 0.47700 0.41471 0.47947 | 0.41297
600 | 0.50650 | 0.38969 | 0.51462 0.40923 0.51763 0.40714 0.52038 | 0.40530
650 | 0.54560 | 0.38305 | 0.55464 | 0.40241 0.55796 0.40022 0.56099 | 0.39829
700 | 0.58438 | 0.37695 | 0.59436 0.39614 0.59799 0.39385 0.60131 | 0.39184
750 | 0.62287 | 0.37133 | 0.63381 0.39036 0.63776 0.38976 0.64136 | 0.38587
800 | 0.66107 | 0.36611 | 0.67300 0.38498 0.67726 0.38249 0.68115 | 0.38031
850 | 0.69901 | 0.36126 | 0.71193 0.37997 0.71651 0.37739 0.72069 | 0.37513
900 | 0.73669 | 0.35672 | 0.75063 0.37528 0.75552 0.37260 0.75999 | 0.37026
950 | 0.77412 | 0.35246 | 0.78909 0.37087 0.79430 0.36811 0.79906 | 0.36569
1000 | 0.81131 | 0.34845 | 0.82733 0.36672 0.83285 0.36387 0.83791 | 0.36137
Codvalin ardi
. Fazalararasi garsiligh miigavimat va induktivliyin giymotlori
Tezlik,
Hy 2—6 2-7 2—8
r,Om L, MHn r,Om L, MHn r, Om L, MHn

50 0.04712 | 0.61492 | 0.04666 0.57837 0.04657 0.57885

100 0.09255 | 0.54889 | 0.09132 0.51312 0.09107 0.51383

150 0.13696 | 0.51090 | 0.13478 0.47574 0.13435 0.47664

200 0.18056 | 0.48430 | 0.17729 0.44967 0.17669 0.45073

250 0.22349 | 0.46392 | 0.21904 | 0.42976 0.21823 0.43097

300 0.26585 | 0.44744 | 0.26012 0.41372 0.25911 0.41506

350 0.30768 | 0.43366 | 0.30060 0.40033 0.29938 0.40181

400 0.34905 | 0.42182 | 0.34055 0.38888 0.33912 0.39048

450 0.38999 | 0.41148 | 0.38001 0.37890 0.37836 0.38062

500 0.43053 | 0.40231 | 0.41901 0.37008 0.41715 0.37191

550 0.47070 | 0.39409 | 0.45760 0.36219 0.45552 0.36413

600 0.51052 | 0.38664 | 0.49580 0.35506 0.49350 0.35711

650 0.55002 | 0.37985 | 0.53362 0.34857 0.53111 0.35073

700 0.58920 | 0.37360 | 0.57110 0.34263 0.56837 0.34489

750 0.62809 | 0.36783 | 0.60825 0.33715 0.60530 0.33951

800 0.66670 | 0.36248 | 0.64508 0.33208 0.64192 0.33454

850 0.70504 | 0.35748 | 0.68161 0.32737 0.67824 0.32992

900 0.74313 | 0.35281 | 0.71786 0.32296 0.71427 0.32561

950 0.78096 | 0.34841 | 0.75383 0.31884 0.75002 0.32158
1000 | 0.81856 | 0.34428 | 0.78953 0.31496 0.78552 0.31779
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Cod: 3 Fazalararasi qarsiliqlt miigavimat va induktivliyin giymotlori 501000 Hz
intervalinda.

Fazalararasi qarsiligli miigavimat Vo induktivliyin giymaotlori

Teli'z'k' 31 3-2 3_4 3-5
r, Om L, MHn r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.04696 | 0.61566 0.04721 0.63797 0.04732 0.63602 0.04733 0.63745
100 0.09215 | 0.54997 0.09287 0.57185 0.09860 0.56987 0.09312 0.57110
150 0.13626 | 0.51226 0.13746 0.53379 0.13751 0.53178 0.13797 0.53285
200 0.17954 | 0.48590 0.18134 0.50714 0.18141 0.50511 0.18208 0.50604
250 0.22213 | 0.46574 0.22459 0.48671 0.22468 0.48465 0.22559 0.48546
300 0.26413 | 0.44946 0.26729 0.47020 0.26740 0.46812 0.26855 0.46881
350 0.30560 | 0.43586 0.30950 0.45637 0.30964 0.45427 0.31104 | 0.45485
400 0.34659 | 0.42422 0.35127 0.44451 0.35143 0.44239 0.35310 0.44287
450 0.38715 | 0.41405 0.39265 0.43414 0.39282 0.43200 0.39476 0.43238
500 0.42730 | 0.40505 0.43364 0.42495 0.43384 0.42279 0.43605 0.42307
550 0.46708 | 0.39698 0.47429 0.41670 0.47541 0.41452 0.47700 0.41471
600 0.50650 | 0.38969 0.51462 0.40923 0.51485 0.40703 0.51763 0.40714
650 0.54560 | 0.38305 0.55464 0.40241 0.55488 0.40020 0.55796 0.40022
700 0.58438 | 0.37695 0.59436 0.39614 0.59462 0.39391 0.59799 0.39385
750 0.62287 | 0.37133 0.63381 0.39036 0.63408 0.38811 0.63776 0.38976
800 0.66107 | 0.36611 0.67300 0.38498 0.67328 0.38272 0.67726 0.38249
850 0.69901 | 0.36126 0.71193 0.37997 0.71223 0.37769 0.71651 0.37739
900 0.73669 | 0.35672 0.75063 0.37528 0.75093 0.37298 0.75552 0.37260
950 0.77412 | 0.35246 0.78909 0.37087 0.78940 0.36856 0.79430 0.36811
1000 | 0.81131 | 0.34845 0.82733 0.36672 0.82765 0.36440 0.83285 0.36387
Cadvalin ardi
. Fazalararasi garsiligli miigavimat vo induktivliyin giymatlori
Tezlik,
Hyz 3—6 3—-7 3-8
r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.04042 0.61530 0.04660 0.57866 0.04656 0.57889
100 0.09234 0.54946 | 0.091175 | 0.51355 0.09106 0.51389
150 0.13659 0.51161 0.13452 0.47628 0.13432 0.47670
200 0.18002 0.48514 0.17692 0.45032 0.17664 0.45081
250 0.22278 0.46487 0.21855 0.43049 0.21818 0.43106
300 0.26494 0.44850 0.25950 0.41453 0.25903 0.41516
350 0.30658 0.43481 0.29986 0.40123 0.29929 0.40192
400 0.34775 0.42307 0.33967 0.38985 0.33901 0.39060
450 0.38849 0.41282 0.37900 0.37995 0.37824 0.38075
500 0.42882 0.40374 0.41788 0.37119 0.41702 0.37205
550 0.46878 0.39560 | 0.45633 0.36337 0.45537 0.36428
600 0.50840 0.38824 | 0.49440 0.35631 0.49334 0.35726
650 0.54768 0.38152 0.53209 0.34988 0.53093 0.35089
700 0.58665 0.37535 0.56944 0.34400 0.56818 0.34506
750 0.62533 0.36966 0.60645 0.33858 0.60509 0.33969
800 0.66372 0.36437 0.64315 0.33357 0.64169 0.33472
850 0.70185 0.35945 0.67955 0.32891 0.67799 0.33011
900 0.73971 0.35485 0.71566 0.32457 0.71401 0.32580
950 0.77733 0.35053 0.75150 0.32050 0.74975 0.32178
1000 0.81471 0.34646 0.78708 0.31668 0.78523 0.31800
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Cod: 4 Fazalararasi qarsiliqlt miigavimat va induktivliyin gqiymotlori 501000 Hz

intervalinda.

Fazalararasi qarsiligli miigavimat Vo induktivliyin giymaotlori

Teli'z'k' 41 4-2 4-3 4-5
r, Om L, MHn r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.04042 | 0.61530 0.04733 0.63745 0.04732 0.63602 0.04721 0.63797
100 0.09234 | 0.54946 0.09312 0.57110 0.09860 0.56987 0.09287 0.57185
150 0.13659 | 0.51161 0.13797 0.53285 0.13751 0.53178 0.13746 0.53379
200 0.18002 | 0.48514 0.18208 0.50604 0.18141 0.50511 0.18134 | 0.50714
250 0.22278 | 0.46487 0.22559 0.48546 0.22468 0.48465 0.22459 0.48671
300 0.26494 | 0.44850 0.26855 0.46881 0.26740 0.46812 0.26729 0.47020
350 0.30658 | 0.43481 0.31104 0.45485 0.30964 0.45427 0.30950 0.45637
400 0.34775 | 0.42307 0.35310 0.44287 0.35143 0.44239 0.35127 0.44451
450 0.38849 | 0.41282 0.39476 0.43238 0.39282 0.43200 0.39265 0.43414
500 0.42882 | 0.40374 0.43605 0.42307 0.43384 0.42279 0.43364 | 0.42495
550 0.46878 | 0.39560 0.47700 0.41471 0.47541 0.41452 0.47429 0.41670
600 0.50840 | 0.38824 0.51763 0.40714 0.51485 0.40703 0.51462 0.40923
650 0.54768 | 0.38152 0.55796 0.40022 0.55488 0.40020 0.55464 | 0.40241
700 0.58665 | 0.37535 0.59799 0.39385 0.59462 0.39391 0.59436 0.39614
750 0.62533 | 0.36966 0.63776 0.38976 0.63408 0.38811 0.63381 0.39036
800 0.66372 | 0.36437 0.67726 0.38249 0.67328 0.38272 0.67300 0.38498
850 0.70185 | 0.35945 0.71651 0.37739 0.71223 0.37769 0.71193 0.37997
900 0.73971 | 0.35485 0.75552 0.37260 0.75093 0.37298 0.75063 0.37528
950 0.77733 | 0.35053 0.79430 0.36811 0.78940 0.36856 0.78909 0.37087
1000 | 0.81471 | 0.34646 0.83285 0.36387 0.82765 0.36440 0.82733 0.36672
Cadvalin ardi
. Fazalararasi garsiligli miigavimat vo induktivliyin giymatlori
Tezlik,
Hyz 4—-6 4 -7 4 -8
r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.06738 0.65371 0.04656 0.57889 0.04660 0.57866
100 0.11417 0.58704 0.09106 0.51389 0.091175 0.51355
150 0.16045 0.54820 0.13432 0.47670 0.13452 0.47628
200 0.20614 0.52072 0.17664 0.45081 0.17692 0.45032
250 0.25119 0.49949 0.21818 0.43106 0.21855 0.43049
300 0.29559 0.48229 0.25903 0.41516 0.25950 0.41453
350 0.33938 0.46787 0.29929 0.40192 0.29986 0.40123
400 0.38263 0.45552 0.33901 0.39060 0.33967 0.38985
450 0.42541 0.44474 0.37824 0.38075 0.37900 0.37995
500 0.46776 0.43520 0.41702 0.37205 0.41788 0.37119
550 0.50974 0.42666 0.45537 0.36428 0.45633 0.36337
600 0.55140 0.41893 0.49334 0.35726 0.49440 0.35631
650 0.59276 0.41189 0.53093 0.35089 0.53209 0.34988
700 0.63385 0.40542 0.56818 0.34506 0.56944 0.34400
750 0.67469 0.39945 0.60509 0.33969 0.60645 0.33858
800 0.71529 0.39389 0.64169 0.33472 0.64315 0.33357
850 0.75566 0.38871 0.67799 0.33011 0.67955 0.32891
900 0.79580 0.38386 0.71401 0.32580 0.71566 0.32457
950 0.83572 0.37929 0.74975 0.32178 0.75150 0.32050
1000 0.87542 0.37498 0.78523 0.31800 0.78708 0.31668
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Cod: 5 Fazalararasi qarsiliqlt miigavimat va induktivliyin gqiymotlori 501000 Hz

intervalinda.

Fazalararasi qarsiligli miigavimat vo induktivliyin giymotlori

Teli'z'k' 5-1 52 53 5—4
r, Om L, MHn r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.04712 | 0.61492 | 0.04743 0.63700 0.04733 0.63745 0.04721 | 0.63797
100 0.09255 | 0.54889 | 0.09338 0.57044 0.09312 0.57110 0.09287 | 0.57185
150 0.13696 | 0.51090 | 0.13843 0.53203 0.13797 0.53285 0.13746 | 0.53379
200 0.18056 | 0.48430 | 0.18276 0.50507 0.18208 0.50604 0.18134 | 0.50714
250 0.22349 | 0.46392 | 0.22649 0.48436 0.22559 0.48546 0.22459 | 0.48671
300 0.26585 | 0.44744 | 0.26970 0.46759 0.26855 0.46881 0.26729 | 0.47020
350 0.30768 | 0.43366 | 0.31244 0.45352 0.31104 0.45485 0.30950 | 0.45637
400 0.34905 | 0.42182 | 0.35476 0.44142 0.35310 0.44287 0.35127 | 0.44451
450 0.38999 | 0.41148 | 0.39668 0.43083 0.39476 0.43238 0.39265 | 0.43414
500 0.43053 | 0.40231 | 0.43825 0.42143 0.43605 0.42307 0.43364 | 0.42495
550 0.47070 | 0.39409 | 0.47947 0.41297 0.47700 0.41471 0.47429 | 0.41670
600 0.51052 | 0.38664 | 0.52038 0.40530 0.51763 0.40714 0.51462 | 0.40923
650 0.55002 | 0.37985 | 0.56099 0.39829 0.55796 0.40022 0.55464 | 0.40241
700 0.58920 | 0.37360 | 0.60131 0.39184 0.59799 0.39385 0.59436 | 0.39614
750 0.62809 | 0.36783 | 0.64136 0.38587 0.63776 0.38976 0.63381 | 0.39036
800 0.66670 | 0.36248 | 0.68115 0.38031 0.67726 0.38249 0.67300 | 0.38498
850 0.70504 | 0.35748 | 0.72069 0.37513 0.71651 0.37739 0.71193 | 0.37997
900 0.74313 | 0.35281 | 0.75999 0.37026 0.75552 0.37260 0.75063 | 0.37528
950 0.78096 | 0.34841 | 0.79906 0.36569 0.79430 0.36811 0.78909 | 0.37087
1000 | 0.81856 | 0.34428 | 0.83791 0.36137 0.83285 0.36387 0.82733 | 0.36672
Cadvalin ards
. Fazalararasi garsiligli miigavimat vo induktivliyin giymatlori
Tezlik,
Hz 5—6 5-—7 5—8
r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.06738 | 0.65371 | 0.04657 0.57885 0.04666 0.57837
100 0.11417 | 0.58704 | 0.09107 0.51383 0.09132 0.51312
150 0.16045 | 0.54820 | 0.13435 0.47664 0.13478 0.47574
200 0.20614 | 0.52072 | 0.17669 0.45073 0.17729 0.44967
250 0.25119 | 0.49949 | 0.21823 0.43097 0.21904 0.42976
300 0.29559 | 0.48229 | 0.25911 0.41506 0.26012 0.41372
350 0.33938 | 0.46787 | 0.29938 0.40181 0.30060 0.40033
400 0.38263 | 0.45552 | 0.33912 0.39048 0.34055 0.38888
450 0.42541 | 0.44474 | 0.37836 0.38062 0.38001 0.37890
500 0.46776 | 0.43520 | 0.41715 0.37191 0.41901 0.37008
550 0.50974 | 0.42666 | 0.45552 0.36413 0.45760 0.36219
600 0.55140 | 0.41893 | 0.49350 0.35711 0.49580 0.35506
650 0.59276 | 0.41189 | 0.53111 0.35073 0.53362 0.34857
700 0.63385 | 0.40542 | 0.56837 0.34489 0.57110 0.34263
750 0.67469 | 0.39945 | 0.60530 0.33951 0.60825 0.33715
800 0.71529 | 0.39389 | 0.64192 0.33454 0.64508 0.33208
850 0.75566 | 0.38871 | 0.67824 0.32992 0.68161 0.32737
900 0.79580 | 0.38386 | 0.71427 0.32561 0.71786 0.32296
950 0.83572 | 0.37929 | 0.75002 0.32158 0.75383 0.31884
1000 0.87542 | 0.37498 | 0.78552 0.31779 0.78953 0.31496
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Cod: 6 Fazalararasi qarsiliqlt miigavimat va induktivliyin giymotlori 501000 Hz

intervalinda.

Fazalararasi garsiligli miigavimat Vo induktivliyin giymaotlori

Teli'z'k' 6—1 6—2 6—3 6— 4
r, Om L, MHn r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.04733 | 0.63745 0.04712 0.61492 0.04042 0.61530 0.06738 0.65371
100 0.09312 | 0.57110 0.09255 0.54889 0.09234 0.54946 0.11417 0.58704
150 0.13797 | 0.53285 0.13696 0.51090 0.13659 0.51161 0.16045 0.54820
200 0.18208 | 0.50604 0.18056 0.48430 0.18002 0.48514 0.20614 | 0.52072
250 0.22559 | 0.48546 0.22349 0.46392 0.22278 0.46487 0.25119 0.49949
300 0.26855 | 0.46881 0.26585 0.44744 0.26494 0.44850 0.29559 0.48229
350 0.31104 | 0.45485 0.30768 0.43366 0.30658 0.43481 0.33938 0.46787
400 0.35310 | 0.44287 0.34905 0.42182 0.34775 0.42307 0.38263 0.45552
450 0.39476 | 0.43238 0.38999 0.41148 0.38849 0.41282 0.42541 0.44474
500 0.43605 | 0.42307 0.43053 0.40231 0.42882 0.40374 0.46776 0.43520
550 0.47700 | 0.41471 0.47070 0.39409 0.46878 0.39560 0.50974 0.42666
600 0.51763 | 0.40714 0.51052 0.38664 0.50840 0.38824 0.55140 0.41893
650 0.55796 | 0.40022 0.55002 0.37985 0.54768 0.38152 0.59276 0.41189
700 0.59799 | 0.39358 0.58920 0.37360 0.58665 0.37535 0.63385 0.40542
750 0.63776 | 0.38796 0.62809 0.36783 0.62533 0.36966 0.67469 0.39945
800 0.67726 | 0.38249 0.66670 0.36248 0.66372 0.36437 0.71529 0.39389
850 0.71651 | 0.37739 0.70504 0.35748 0.70185 0.35945 0.75566 0.38871
900 0.75552 | 0.37260 0.74313 0.35281 0.73971 0.35485 0.79580 0.38386
950 0.79430 | 0.36811 0.78096 0.34841 0.77733 0.35053 0.83572 0.37929
1000 | 0.83285 | 0.36387 0.81856 0.34428 0.81471 0.34646 0.87542 0.37498
Cadvalin ardi
. Fazalararasi garsiligli miigavimat vo induktivliyin giymatlori
Tezlik,
Hyz 6—5 6—7 6—8
r,Om L, MHn r,Om L, MHn r,Om L, MHn
50 0.06738 0.65371 0.04628 0.56278 0.04630 0.56266
100 0.11417 0.58704 | 0.09032 0.49831 0.09037 0.49815
150 0.16045 0.54820 | 0.13303 0.46155 0.13312 0.46135
200 0.20614 0.52072 0.17472 0.43603 0.17485 0.43579
250 0.25119 0.49949 0.21558 0.41662 0.21575 0.41634
300 0.29559 0.48229 0.25572 0.40103 0.25593 0.40072
350 0.33938 0.46787 0.29523 0.38808 0.29548 0.38774
400 0.38263 0.45552 0.33416 0.37704 0.33446 0.37667
450 0.42541 0.44474 0.37258 0.36746 0.37392 0.36705
500 0.46776 0.43520 0.41052 0.35900 0.41090 0.35857
550 0.50974 0.42666 0.44801 0.35147 0.44844 0.35102
600 0.55140 0.41893 0.48510 0.34469 0.48557 0.34422
650 0.59276 0.41189 0.52180 0.33854 0.52231 0.33804
700 0.63385 0.40542 0.55813 0.33293 0.55869 0.33241
750 0.67469 0.39945 0.59412 0.32778 0.59472 0.32723
800 0.71529 0.39389 0.62978 0.32302 0.63042 0.32245
850 0.75566 0.38871 0.66513 0.31861 0.66581 0.31802
900 0.79580 0.38386 0.70018 0.31451 0.70090 0.31390
950 0.83572 0.37929 0.73494 0.31068 0.73571 0.31005
1000 0.87542 0.37498 0.76943 0.30710 0.77024 0.30644
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Cod: 7 Fazalararasi qarsiliqlt miigavimat va induktivliyin giymotlori 501000 Hz

intervalinda.
Tezlik Fazalararasi garsiligli miigavimot va induktivliyin giymatlori
Hy ’ 7-1 7-2 7-3 7-4
r, Om L, MHn r,Om L, MHn r, Om L, MHn r,Om L, MHn
50 0.04630 | 0.56266 | 0.04666 0.57837 0.04660 0.57866 0.04656 | 0.57889
100 | 0.09037 | 0.49815 | 0.09132 0.51312 | 0.091175 | 0.51355 0.09106 | 0.51389
150 | 0.13312 | 0.46135 | 0.13478 0.47574 0.13452 0.47628 0.13432 | 0.47670
200 | 0.17485 | 0.43579 | 0.17729 0.44967 0.17692 0.45032 0.17664 | 0.45081
250 | 0.21575 | 0.41634 | 0.21904 | 0.42976 0.21855 0.43049 0.21818 | 0.43106
300 | 0.25593 | 0.40072 | 0.26012 0.41372 0.25950 0.41453 0.25903 | 0.41516
350 | 0.29548 | 0.38774 | 0.30060 0.40033 0.29986 0.40123 0.29929 | 0.40192
400 | 0.33446 | 0.37667 | 0.34055 0.38888 0.33967 0.38985 0.33901 | 0.39060
450 | 0.37392 | 0.36705 | 0.38001 0.37890 0.37900 0.37995 0.37824 | 0.38075
500 | 0.41090 | 0.35857 | 0.41901 0.37008 0.41788 0.37119 0.41702 | 0.37205
550 | 0.44844 | 0.35102 | 0.45760 0.36219 0.45633 0.36337 0.45537 | 0.36428
600 | 0.48557 | 0.34422 | 0.49580 0.35506 0.49440 0.35631 0.49334 | 0.35726
650 | 0.52231 | 0.33804 | 0.53362 0.34857 0.53209 0.34988 0.53093 | 0.35089
700 | 0.55869 | 0.33241 | 0.57110 0.34263 0.56944 0.34400 0.56818 | 0.34506
750 | 0.59472 | 0.32723 | 0.60825 0.33715 0.60645 0.33858 0.60509 | 0.33969
800 | 0.63042 | 0.32245 | 0.64508 0.33208 0.64315 0.33357 0.64169 | 0.33472
850 | 0.66581 | 0.31802 | 0.68161 0.32737 0.67955 0.32891 0.67799 | 0.33011
900 | 0.70090 | 0.31390 | 0.71786 0.32296 0.71566 0.32457 0.71401 | 0.32580
950 | 0.73571 | 0.31005 | 0.75383 0.31884 0.75150 0.32050 0.74975 | 0.32178
1000 | 0.77024 | 0.30644 | 0.78953 0.31496 0.78708 0.31668 0.78523 | 0.31800
Codvalin ardi
. Fazalararasi garsiligh miigavimat va induktivliyin giymotlori
Tezlik,
Hy 7-5 7—6 7—8
r,Om L, MHn r,Om L, MHn r, Om L, MHn

50 0.04657 | 0.57885 | 0.04628 0.56278 0.45855 0.53482

100 0.09107 | 0.51383 | 0.09032 0.49831 0.08918 0.47115

150 0.13435 | 0.47664 | 0.13303 0.46155 0.13103 0.43503

200 0.17669 | 0.45073 | 0.17472 0.43603 0.17176 0.41006

250 0.21823 | 0.43097 | 0.21558 0.41662 0.21157 0.39114

300 0.25911 | 0.41506 | 0.25572 0.40103 0.25058 0.37601

350 0.29938 | 0.40181 | 0.29523 0.38808 0.28890 0.36349

400 0.33912 | 0.39048 | 0.33416 0.37704 0.32660 0.35285

450 0.37836 | 0.38062 | 0.37258 0.36746 0.36374 0.34365

500 0.41715 | 0.37191 | 0.41052 0.35900 0.40035 0.33557

550 0.45552 | 0.36413 | 0.44801 0.35147 0.43649 0.32839

600 0.49350 | 0.35711 | 0.48510 0.34469 0.47219 0.32196

650 0.53111 | 0.35073 | 0.52180 0.33854 0.50746 0.31614

700 0.56837 | 0.34489 | 0.55813 0.33293 0.54235 0.31085

750 0.60530 | 0.33951 | 0.59412 0.32778 0.57686 0.30601

800 0.64192 | 0.33454 | 0.62978 0.32302 0.61102 0.30157

850 0.67824 | 0.32992 | 0.66513 0.31861 0.64485 0.29746

900 0.71427 | 0.32561 | 0.70018 0.31451 0.67836 0.29365

950 0.75002 | 0.32158 | 0.73494 | 0.31068 0.71156 0.29011
1000 | 0.78552 | 0.31779 | 0.76943 0.30710 0.74448 0.28681
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Cod: 8 Fazalararasi qarsiliqlt miigavimat va induktivliyin giymotlori 501000 Hz

intervalinda.
Tezlik Fazalararasi garsiligli miigavimot va induktivliyin giymatlori
Hz ' 8—-1 8—2 8—3 8—4

r, Om L, MHn r,Om L, MHn r, Om L, MHn r,Om L, MHn

50 0.04628 | 0.56278 | 0.04657 0.57885 0.04656 0.57889 0.04660 | 0.57866

100 | 0.09032 | 0.49831 | 0.09107 0.51383 0.09106 0.51389 | 0.091175 | 0.51355

150 | 0.13303 | 0.46155 | 0.13435 0.47664 0.13432 0.47670 0.13452 | 0.47628

200 | 0.17472 | 0.43603 | 0.17669 0.45073 0.17664 0.45081 0.17692 | 0.45032

250 | 0.21558 | 0.41662 | 0.21823 0.43097 0.21818 0.43106 0.21855 | 0.43049

300 | 0.25572 | 0.40103 | 0.25911 0.41506 0.25903 0.41516 0.25950 | 0.41453

350 | 0.29523 | 0.38808 | 0.29938 0.40181 0.29929 0.40192 0.29986 | 0.40123

400 | 0.33416 | 0.37704 | 0.33912 0.39048 0.33901 0.39060 0.33967 | 0.38985

450 | 0.37258 | 0.36746 | 0.37836 0.38062 0.37824 0.38075 0.37900 | 0.37995

500 | 0.41052 | 0.35900 | 0.41715 0.37191 0.41702 0.37205 0.41788 | 0.37119

550 | 0.44801 | 0.35147 | 0.45552 0.36413 0.45537 0.36428 0.45633 | 0.36337

600 | 0.48510 | 0.34469 | 0.49350 0.35711 0.49334 0.35726 0.49440 | 0.35631

650 | 0.52180 | 0.33854 | 0.53111 0.35073 0.53093 0.35089 0.53209 | 0.34988

700 | 0.55813 | 0.33293 | 0.56837 0.34489 0.56818 0.34506 0.56944 | 0.34400

750 | 0.59412 | 0.32778 | 0.60530 0.33951 0.60509 0.33969 0.60645 | 0.33858

800 | 0.62978 | 0.32302 | 0.64192 0.33454 0.64169 0.33472 0.64315 | 0.33357

850 | 0.66513 | 0.31861 | 0.67824 | 0.32992 0.67799 0.33011 0.67955 | 0.32891

900 | 0.70018 | 0.31451 | 0.71427 0.32561 0.71401 0.32580 0.71566 | 0.32457

950 | 0.73494 | 0.31068 | 0.75002 0.32158 0.74975 0.32178 0.75150 | 0.32050

1000 | 0.76943 | 0.30710 | 0.78552 0.31779 0.78523 0.31800 0.78708 | 0.31668

Cadvalin ardi

Fazalararasi garsiligh miigavimat va induktivliyin giymotlori

TeHZ'Z'k' 8—5 8—6 8—7
r,Om L,MHn | r,Om L, MHn r, Om L, MHn
50 0.04666 0.57837 | 0.04630 0.56266 0.45855 0.53482

100 0.09132 0.51312 | 0.09037 0.49815 0.08918 0.47115
150 0.13478 0.47574 |0.13312 0.46135 0.13103 0.43503
200 0.17729 0.44967 | 0.17485 0.43579 0.17176 0.41006
250 0.21904 0.42976 | 0.21575 0.41634 0.21157 0.39114
300 0.26012 0.41372 | 0.25593 0.40072 0.25058 0.37601
350 0.30060 0.40033 | 0.29548 0.38774 0.28890 0.36349
400 0.34055 0.38888 | 0.33446 0.37667 0.32660 0.35285
450 0.38001 0.37890 | 0.37392 0.36705 0.36374 0.34365
500 0.41901 0.37008 | 0.41090 0.35857 0.40035 0.33557
550 0.45760 0.36219 | 0.44844 0.35102 0.43649 0.32839
600 0.49580 0.35506 | 0.48557 0.34422 0.47219 0.32196
650 0.53362 0.34857 | 0.52231 0.33804 0.50746 0.31614
700 0.57110 0.34263 | 0.55869 0.33241 0.54235 0.31085
750 0.60825 0.33715 | 0.59472 0.32723 0.57686 0.30601
800 0.64508 0.33208 | 0.63042 0.32245 0.61102 0.30157
850 0.68161 0.32737 | 0.66581 0.31802 0.64485 0.29746
900 0.71786 0.32296 | 0.70090 0.31390 0.67836 0.29365
950 0.75383 0.31884 | 0.73571 0.31005 0.71156 0.29011
1000 0.78953 0.31496 | 0.77024 0.30644 0.74448 0.28681
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Cad. 9 Fazalararasi xiisusi miiqavimat va induktivliyin giymatlori 50-1000 Hz intervalinda.

Fazalararasi xiisusi miigavimat vo induktivliyin giymatlori

TeHZ'Z'k' 1,6 2,3,4,5,6 7,8
r,Om L, MHn | r,Om L, MHn r,Om L, MHn
50 0.06689 | 0.61148 | 0.04730 0.64612 0.06599 0.55074

100 0.11286 | 0.54566 | 0.09305 0.057998 | 0.11046 0.48660
150 0.15812 | 0.50749 | 0.13787 0.54169 0.15392 0.44977
200 0.20267 | 0.48058 | 0.18195 0.514995 | 0.19643 0.42402
250 0.24646 | 0.45988 | 0.22542 0.49443 0.23800 0.40436
300 0.28951 | 0.44315 | 0.26836 0.47784 0.27867 0.38860
350 0.33186 | 0.42918 | 0.31083 0.46394 0.31853 0.37553
400 0.37361 | 0.41725 | 0.35287 0.45201 0.35767 0.36445
450 0.41481 | 0.40687 | 0.39452 0.44157 0.39618 0.35489
500 0.45554 | 0.39771 | 0.43581 0.43231 0.43412 0.34651
550 0.49585 | 0.38953 | 0.47676 0.42400 0.47156 0.33909
600 0.53579 | 0.38216 | 0.51739 0.41648 0.50856 0.33244
650 0.57538 | 0.37546 | 0.55773 0.40960 0.54515 0.32644
700 0.61467 | 0.36933 | 0.59778 0.40328 0.58137 0.32099
750 0.65366 | 0.36367 | 0.63756 0.39744 0.61725 0.31600
800 0.69238 | 0.35844 | 0.67709 0.39201 0.65280 0.31141
850 0.73083 | 0.35356 | 0.71637 0.38695 0.68803 0.30718
900 0.76902 | 0.34901 | 0.75541 0.38221 0.72297 0.30324
950 0.80697 | 0.34474 | 0.79423 0.37775 0.75762 0.29958
1000 | 0.84466 | 0.34072 | 0.83284 0.37355 0.79198 0.29616

Sok. 3 Tezliyi 50-1000 Hz intervalinda 1, 6 vo 2 — 3 fazalararasi xiisusi vo qarsiliql miigavimatlorin,
induktivliklorin ayrilari. 1-2 ayrilori qarsiliqli olduqda, 3-4 ayrilari xiisusi oldugda.

1.2 1,01

L,Hn |r,Om
1 0,81
08 4 0,7

0,6 1 0,5
1, 2-Qarsthqgh

3. 4- Xisusi
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NPUMEHEHUE PEAKTOPOB C HE3A3EMJIEHHOM HEUTPAJIBIO B
JABYXKOHTYPHBIX IMHUSAX SJIEKTPOIIEPEJAYN CBEPXBBICOKOI'O
HAIIPSKEHUSA

T'AIIUMOB A.M., T'YCEHH P.H.

Paccuntanbl 3HaYeHWs W NPEICTaBICHbl KPUBBIE YACIBHOIO COINPOTHUBIECHUS U
B3aMMHON HMHIYKTUBHOCTH Ul JABYXKOHTYPHBIX JIMHUI JalbHEW »dIIEKTporepenayu B
untepBasie 50-1000 I'u. IlpumeHeHHe 3THUX MapaMeTpOB CUMUTAETCS IEIeCO00pa3HbIM IpHU

BBIOOpE, pa3pabOTKe MPOSKTOB U UCCIICIOBAHUH JIBYXKOHTYPHBIX JIMHUN AJIEKTPOIIepeaun Ha
500 kB.

KiroueBble ciioBa: MHOFOKOHTypHBIﬁ, JIMHUA DJICKTPOINCpeaaIr, yACJIbHOEC COIIPOTUBIICHNUE, B3aUMHas
WHAYKTUBHOCTH
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APPLICATION OF UNGROUNDED NEUTRAL REACTORS FOR
TWO-CIRCUIT ULTRA-HIGH VOLTAGE POWER TRANSMISSION LINES

GASHIMOV A.M., GUSEYN R.N.
The resistivity and mutual inductance have been calculated and curves drawn up for
50-1000 Hz range two-circuit long distance power transmission lines. The application of these

parameters is considered feasible in terms of selection, designing and research of 500 kV two-
circuit power transmission lines.

Keywords: multi-circuit, power transmission line, resistivity, mutual inductance
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Energetikanin problemlori ¢ Ne2 e 2016 e IIpoOGieMbl SHEPTETHKH

VIIK 621.315

MOJAEJHUPOBAHHUE 'TAPMOHUK KOMIIEHCUPOBAHHOI'O
TOKA KOPOHBI BJI CBH

BAJTAMETOB A.B., XAJIMJIOB 2./11., BATAMETOB J.A., UCAEBA T.M.

A3epbaiiodcanckuti HayUHO-UCCIe008aMENbCKULL U NPOEKMHO-U3bICKAMENbCKULL UHCIMUMYM
anepeemuxu, AO «Az3puwbiey, Azepbatioxcanckuil I ocyoapcmeennsiti Ynusepcumem Hegpmu u
Ipomviunennocmu

PaccMOTpeHO MOJIENTMPOBAaHHE XapaKTEPUCTHK TMOTEPh KOPOHBI IMEPEeMEHHOTO TOKa B  cpele
nporpammupoBanus MatLab Simulink. JIns omenkn 3¢pdexkTHBHOCTH OpOU3BEIACH MOAOOP SKBHBAICHTHBIX
napaMeTpoB MOJEIH, MPOBEICH aHalu3 TapMOHHYCCKUX COCTABISIONIMX TOKa KOPOHBI. JaHbl CpaBHEHHUs
PE3yIBTATOB MOJEIBHBIX JAHHBIX C H3BECTHBIMU YNCICHHBIMU PACYCTHBIMU U YKCIIEPUMEHTAIBHBIMH JAHHBIMH.

KnaroueBble ciioBa: KOpOHa MEPpEMCHHOI'0 TOKa, MOACIb KOPOHBI, IPUPAINCHUEC EMKOCTHU JIMHUH, CIICKTP
TapMOHHK.

Bonpocsl, cBA3aHHbIE C BBICIIMMU I'apMOHMKaMHU KopoHupyomend BJI aBisroTcs maio
UCCJIEJOBAaHHBIMU. 3HAHUE TapMOHUYECKOTO COCTaBa TOKAa KOPOHBI MOXKET OKa3aTbCs
IIOJIE3HBIM: IIPU pacyeTax MEPEeHANpPsUKEHUN B JUIMHHBIX JIMHMSIX C Y4€TOM KOPOHBI, IIPH
ananmze pexxumoB JIDIT CBH no BeicmMM rapMoOHHMKaM, NMPU U3MEPEHUU TOTEPh MOIIHOCTH
Ha kopoHy BJI CBH Ha ocHOBe aHanu3a rapMOHMK, IPM MOHUTOPUHIE€ TIOKa3aTeNel KauecTBa
AJIIEKTPOIHEPIUH B IEKTPUUECKUX CETX.

Jlns aHanM3a TapMOHMYECKOTO COCTaBa TOKAa KOPOHBI B OOJIACTH 4YacTOT KpPaTHBIX
MPOMBINIIEHHON, OBUTM HMCIIOJIBb30BaHbl TEOPETUUYECKUE U IKCIEPUMEHTAIbHBIE PE3YNbTaThI,
noJTyueHHbIe B padbortax [1-6].

B Hacrosimee BpeMsi HHTEpEC MPEICTABISIOT BBICIINE TAPMOHUKM reHepupyemsie BJI
CBH, o0ycnoBieHHble KOPOHOM MEPEMEHHOT0 TOKA, U UX BIMSHUE Ha MOKA3aTesld KayecTBa
AIIEKTPOIHEPIUH B IEKTPUUECKUX CETSX.

Taxoke M3BECTHO, YTO IpPU KOPOHE 3a CUET HACBILIEHHWSA BO3/1yXa BOJM3M IPOBOJOB
3apsDKCHHBIMM ~ YaCTUIIAMU  TIOBBIIaeTcst eMmkocTh (a3 BJI [1-5], uyto mnpuBomuT K
YBEJIMUYEHHOW  TEHEpaluud  pPEaKTUBHOM  MOIIHOCTHM  BBICOKOBOJIBTHBIMHM  JIMHUSMH
ANEKTPOIIepEaauH.

B n3BecTHbIX McTOuHUKaX [1-7] ocBemieHs! (hu3HYECKHEe MPOLECCHI, COMPOBOMKAIOIINE
KOPOHHBIN pas3psia Ha npoBoaax BJI BeICOKOro HampskeHus, NpeICTaBICHbl TOK KOPOHBI U
BBICILINE TADMOHUKH U IIPEIaraéMble METO/IbI UX OLIEHKH.

OOBIlYHO MOJEIM  pEeakTUBHOTO d(dekra KOPOHBI  BBHINOJIHSIIOTCS B BUJE
JIOTIOJIHUTEIILHOTO JJIEMEHTa K IE€OMETPUYECKOM €MKOCTH JMHUU. [lodTOMy moJb3yroTcs
TEPMHUHOM «KOMIIEHCUPOBAaHHOTO» TOKAa KOPOHBI, pacyeTHas BEJIMYMHA KOTOPOrO paBHA
pa3HUIIE TOKA KOPOHUPYIOILEH JIMHUU U TOKA B €r0 TEOMETPUYECKON EMKOCTH.

Jluann wHanpsbxkennem 220 kB u  BhIIe, HA NOPOBOJAX KOTOPBIX B Ipolecce
DKCIUTyaTalliM BO3HUKAET KOPOHHBIA pa3ps, SBISIFOTCS MCTOYHMKAMHM TOKa BBICIIHX
rapMoHuK [1-4] BBUIY HECHHYCOMAAIBLHOTO TOKa KOpOHBI. OTMeueHo [1-5], 4To B crnekTpe
TOKa KOpPOHBI, TOMHMO OCHOBHOM YacCTOTBI, COJAEPKHUTCA TOK TPEThEH TapMOHUKH,
cocrapistonuii okojo 30% OT aKTUBHOM COCTaBIIAIONIEN TOKA MEPBOM TAPMOHUKH, a TAKkKe
IIATOW U CEbMOM TapMOHUK.

[IpumeHeHHe MeTOJa WMMMTALMOHHOTO MOJEIMPOBAaHUSA IO3BOJSAET PACCUUTHIBATH
NEpeXOAHbIe TPOLECCHl B JJIEKTPUUECKUX LEMAX C YYETOM peaJbHOH KOH(HUrypamuu
AJIEKTPUYECKON CUCTEMBI MOJICIIMPYEMOTO YCTPOKCTRBA.
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OH mnpexacraBisercss Ooee TMPOCTHIM WM HATTISAHBIM TI0 CPAaBHEHHIO C METOJIaMH,
OCHOBAHHBIMH HAa YHCIICHHOM PCIICHHU CHUCTEM YPaBHEHHIA, ONHCBHIBAIOIIMX IEPEXOIHBIC
MIPOIIECCHI B DJIEKTPOMArHUTHON CHCTEME.

HWcnonb3oBan mporpammusiii maker Matlab Simulink [8], xoropsiii Hamien mupokoe
NPUMEHEHHE TPU PEIICHHH TEXHHUYECKUX 33734, B TOM 4YHCIE B DIIEKTPOIHEPTETHUKE H
AIIEKTPOTEXHUKE.

[Tpu pacderax ¥ MOJCITMPOBAHUU OOBIYHO YIOOHBIM SIBJISICTCS TPEICTABICHUE MOJICITH
KOPOHBI B BHJIC OTIEIHHOTO dJeMeHTa. [Ipr 3TOM KOpOHHPYIOIIast CUCTEMA TPECTABIISICTCS B
BUJIC KOMIICHCHPOBAaHHOT'O TOKA KOPOHHI.

K crammoHapHoil MOJEIM KOPOHBI MOXHO IPEIBSIBUTH CICAYIOIINE TPeOOBaHUS:
9KBHUBAJICHTHOCTh TIOTEPh AKTUBHOW MOITHOCTH W JOMOJHHUTEIBHON PEaKTHBHON MOIIHOCTH
0 TEPBOM TrapMOHHMKE TOKAa KOPOHBI, BOCIHpoM3BeaeHUE (OpPMBI KPUBOW  TOKa,
TapMOHUYECKHH COCTaB KOMIICHCUPOBAHHOTO TOKAa KOPOHBI 10 aMIUIUTYAC U CABHUTY (a3
OTHOCHTEJIBHO HAIPSHKCHHUS.

Moneau koponbl. /[l wuccinenoBaHWs TapMOHHMK TOKAa JIMHHH, BbI3BAaHHBIX
KOPOHMPOBAHHUEM TPOBOJIOB, MOJICIIMPOBAHHE XapaKTCPUCTUKH KOPOHBI MPOHM3BOIUTCS
AJNIEKTPUUECKONW CXEMOM, IMOCTPOSHHONW Ha OCHOBE aHajm3a (PU3MYCCKOW KApTHHBI SBICHHS,
npemnoxeHHoit O.B.1epbaueBsim u ['.H.Anekcanaposeim [S], mpencraBiieHHON Ha puc. 1.

o

CkI:: Rk

Cwo = Cio =
1 %E L\/
E, -|- EZ—J'—

Puc. 1. Cxema Moenu KOPOHHI.

Ha cxeme monenu Cyo - reoMeTprueckas eMKOCTh JIMHUH, E1, E2 - HanpsbkeHne nmoamopa
paBHOEC HAYAJILHOMY HAINPSKCHWIO KOPOHBI. [lpW HampsOKEHWW JIMHHWH, TIPEBBINIAIOIIEM
HavaabHOE HampsbkeHue nuHUM, mnoakmouaercss cxema Cyi, Ci2, R, Ci1 - eMkocTsb,
MMUTHpYIOIIas o0pa3oBaHue OOBEMHOIO 3apsna B Toyie KopoHupytomed yuanm; R-Cieo -
DIIEMEHT UMHUTHPYET TMepeMelieHne OO0BEMHOTo 3apsja B IMOJIe KOPOHUPYIOUIEH IWHUH,
COTPOBOXAAIOIIEECS MOTepsiMU dHepruu. DineMeHT R-Ci; B COOTBETCTBUM C peajbHBIM
MPOIIECCOM KOPOHUPYIOIIEH JIMHUU MOIEPKUBAET TOK Yepe3 MOJIeIb KOPOHBI M pacCEUBAaHUE
DHEPTUU TOCIe TMepexoia 3apsaa 4depe3 MakcuMyM (TIocie 3amupaHus JH0/a) B TEUCHHE
HeKoToporo BpeMeHH. (COOTBETCTBHE MOJEIN KOPOHBI PEalbHOMY IPOILIECCY JTOCTHTAETCs
cooTBeTCTBYIOMUM BBIOOPOM Cko/Ck1 M TOCTOSIHHOM MOIENH

T:Ckl'CkZ'R. (1)
Ckl + Ck2

Mertonuka BeIOOpa mapaMeTpoB MoJIeH, oOecredynBaromias TpedyemMble THHAMUYECKUE
ee XapakTepucTuku, paspaborana B jabopatopuu TBH JIIIM m uznoxena B [5]. B aToit
paboTe OHKCIEePUMEHTAIbHO JO0Ka3aHO, YTO TpeOOBaHHE COOTBETCTBHS JUHAMHYECKUX
XapaKTePUCTHK (BOJIBTAMIICPHBIX HJIH BOJBTKYJIOHOBBIX) MOJICITH U KOPOHHPYIOIICH JIMHUN
TOXKJECTBEHHO TpPEOOBAHHUIO COOTBETCTBUS  3aBHUCHUMOCTEH TMOTEPh OT KpPaTHOCTH
NEPEHAIPSHKEHUsT OTHOCUTENIBHO HAYajJbHOTO HAIpPSDKEHHUS KOPOHBI M OT  YacTOTHI
MPWIOKEHHOTO HAMpPsDKEHUST MOJENH W peanbHoW uHuU. HeoOxomuMmbie 3aBHCHMOCTH
moaenu P=f(U/Urn) u P=®(f) nogbuparoTcst u3MEHEHHEM COOTHOIIICHHH ITApaMeTPOB MOICIIH
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Cko/Cki m T. AOCONIOTHBIC BEIWYMHBI IMAPaMETPOB MOJCIH BBIOMPAIOTCA IMyTEM CO-
MOCTaBJICHUSI 3aBUCUMOCTEH MOTEpb OT KPATHOCTH NEPEHANPSHKEHHS 1O OTHOIICHHIO K
HAYaJbHOMY HANpPSDKEHUI0 KOPOHBI HA PEaTbHOM KOPOHHPYIOIIEH JUHUM M B MOJEIH B
COOTBETCTBUHU C 33/IaHHBIM MacCIITA00OM MOJICIIMPOBAHHSI.

Metoanbl onucanus dpPekra KOPOHBI epeMeHHOro Toka. [lepBbiii MeTOI OCHOBaH
Ha BocIpou3BeAeHUH (B Mozenu wiu Ha [IBM) BoibT-KyJIOHOBOI XapaKTEpUCTUKH KOPOHbI
[1-5]. dnst yrmpoIieHHBIX pacueToOB 3TOT METO TPAKTUYECKH HEIPHMEHHM.

MonenupoBanue KOMIIEHCUPOBAHHOTO TOKA KOPOHBI Ha (PM3UIECKON MOJEITM OCHOBAHO
Ha CHATUU OCIMJLJIOTPAMMBI TOKAa KOPOHBI U CIIEKTpa FapMOHHUK TOKAa KOPOHBI U 00pabOTKe
pE3yJIbTaTOB.

B TaHHOU cTaTbe paccMmatpuBaeTcs BO3MO>XHOCTh MOJIETTUPOBAHUS
KOMIICHCUPOBAaHHOTO TOkKa KopoHbl B cpeae Matlab Simulink ¢ manprelinmm
HCII0JIb30BAaHUEM 3TOW Mozenu Juis onpeaeneHuss napamerpoB BJI CBH u ananuza BnusiHus
Ha Ka4eCTBO 3JIEKTPOIHEPTUH.

Cxema 3aMenieHus: KOpOHUPYIoeH MUK cofep uT nomumo L u C nonomHuTENbHBIE
HEJIMHEHHBIE 3JIEMEHTHI - aKTUBHYIO ITPOBOJUMOCTh U eMKocTh AC, KOTOpbIE MOTYT OBITh
OIIPE/ICTICHBI, SCJM M3BECTHBI XapaKTEPHCTHKA MOTEph MOIIHOCTH Ha KopoHy Pk =fi(U) u
yroJ CABUIa IEPBOW TaApMOHUKH KOPOHHOT'O TOKA OTHOCHTENILHO HampshkeHus @1 = f2(U).

Torna

2

g=5—" u o-AC=g-tg¥, (2)

JlononHuTenpHas €MKOCTb OINPEACIAETCS 10 HW3BECTHOM XapaKTEPUCTUKE IIOTEPh
MOIIIHOCTA HAa KOPOHY W YIVIy CIBMIa IIEpBOM TapMOHHUKM KOPOHHOI'O TOKA OTHOCHUTEJIBHO
HaIpsHKEHUs

AP
AC= gy, 3

rae APk - morepy MOIIHOCTH Ha KOPOHY B JIMHMM; @ - yrjoBas yactora; U -HampspkeHue
JUHUM; Y1 - (a30BbIl yroyi ciaBuUra MEepBOM TapMOHMKM TOKa KOPOHBI OTHOCHUTEIBHO
HanpsKeHHUS.

O0600611eHHas 3aBUCUMOCTD TIOTEPh MOIIIHOCTH HAa KOPOHY Ha (a3y JIMHUH, [TOTy4EeHHas
HKCHEPUMEHTAIBHBIM ITyTEM, alllIPOKCUMHUPOBAHA BbIpakeHHEM [6]

2112
_L052mtCUs yy (hog)0aa] [ 2| g 4)
ne, U, | U,

AP,

rie C - eMxocTh (assl D/kM; € - AUDIEKTpUUEcKas IPOHUIIAEMOCTE Bo3ayxa 8,86-107° d/km,
U u Up — paboyee n HavaipHOE HANpsDKEHUs KOPOHBI MHHUM, f - gacToTta cetw; N - 4mcio
POBOJIOB B (ha3ze.

IIpumep pacuyera. [{na oneHku >PpPEeKTUBHOCTH MPEIOKEHHOTO METOa MPOBEICHBI
HKCIIEPUMEHTHI 110 MOJIEIBLHOM TeHepalu, o0padoTKe W aHANU3y IMOJYYEHHBIX MOJIEIbHBIX
JTaHHBIX. Moielh KOMIIEHCUPOBAaHHOTO Toka KopoHbl amst BJI 500 kB ¢ xoHCcTpyKIme# dasbi
3AC330/43, ¢ marom pacmieruienus 40 cMm u mapamerpamu o= 0.029 Om/kMm, Xo= 0.299
OM/kM, co=11.910"° ®d/km, bo=3.74 +10°° Cm/kxM npuBenena Ha puc. 2.

OkBUBaJICHTHBIE apameTpsl Mojaenu BJI CBH npuHSATH HAEHTUYHO UCXOAHON MOJEIH.
Ipu 5tom Ck1=6.5¢10° @, Cio=13+10° ®. AkTHBHOE COMPOTUBIEHHE MOJENH OMPEAETAIOCh
u3 BeipakeHus (1) nmpuammas T=0.00166 cek, koTtopoe mmeer 3HadeHHe Rm= 383080 Owm,
Uu0=Umax=408.248 kB, Upepu/Upn=1.1.

BennuuHbl mapamMeTpoB MOJEIH BBIOMPAIOTCSI MYTEM COMOCTaBJICHUS 3aBHCHUMOCTEH
NOTEPh OT KPATHOCTH HAIPSDKEHMS 110 OTHOLIEHUIO K HauyaJlbHOMY HAIPSHKEHHUIO KOPOHBI HA
peanbHON JINHUNA U B MOJIEIIH.
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IMoxGop sxBHBajieHTHBIX mapamerpoB Matlab momenn. [lns manHO#M Momesw
MCXOMIHBIE pacueThl Tpousseaensl npu 3aganuu U/Uo=2, Cio=Ch=12+10° @ u u3 ycnosus
Ck2/Ci1=2, Cik1=Cik2/2=12/2=610° ®. U3 ¢opmynsr (1) R=415000 Om. Pe3ynpTaThl
MojenupoBanus u3 Matlab npuBeieHs! B epBoii cTpoke Tadiuis 1.

mﬁgj Fiszde\KnrmyFm- SN WENEE NS WENNEN W W— e [ ] B

[Fie et view smubstion Formet Tools He\p‘ —
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Workspace?
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Kaspersky Endpoint Security 10 for Windows 10.2.1.23
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Puc. 2. Mozens KOMIIEHCHPOBaHHOTO ToKa KopoHsl B Matlab Simulink.

ComnocraBisisi moTepu Ha KOpoHy 425 kBT ¢ moTepsiMu Ha KOPOHY, MOJyYE€HHBIMH IO
00001IIEHHONW XapaKTepUCTHKE NoTepb Ha KopoHy 460 kBT (4), NMOBTOpEHBI pacueTsl
npuanMas Cio=Cdp=13+10° @ u u3 yenoBus Cio/Cii=2, Cri= Ck2/2=12/2=6.5+10° ®. U3
dopmyst (1) R=383080 Om.

Ta6muna 1. PesynbraTel MogenupoBanus Ha Matlab monenu no puc. 1 Toka KOpOHBI
1t noaoopa mapamerpoB Moaenu mpu Upepa/ Ugpu=2.

No Ckl, Ck2, Rm, Imax, PMO[I, QMo;I,
10°0 |10°® Om A kBT kBAp
1 6 12 415000 1.8 425 325
2 6.5 13 383080 2.0 460 347
3 7 14 375480 2.1 490 350

TakuMm oOpa3om, mapamMeTpsl CTPOKU 2 MPUHSATHI 33 OCHOBY.

PesyabraTsl mMopenupoBaHusi koponsl B Matlab. Pesynbrater MonenmpoBaHus
kopoubl B Matlab Simulink npusenensr na puc.3. IlepBas cTpoka puc. 3 3TO HanpsHKCHHE
MICTOYHHKA IEPEMEHHOTO HANPSKEHHS C BEIMUMHOM Hampsokerus 500+\2/\3 kB, Brops
ctpoka Tok B nenu Cyi, TpeThsi cTpoka TOK B nenu R-Cyi, yeTBepTas cTpoka OOIIMil TOK B
MOJIEJIN KOPOHBI.

PesynapTatel  MopenupoBaHHMS ~TOKa KOPOHBI B 3aBUCHMOCTH OT KPaTHOCTH
nepeHanpsikeHUs Upeps/Upn. Ha Matlab monenu o puc. 2 npuBenens! B Tabnune 2.

Jlna onpeneneHuss Ha4aJbHOTO HAIPSDKEHHUS KOPOHBI MCIOJB3YETCA XapaKTEPUCTHUKA
[OTEePh MOIIHOCTH Ha KOpoHY (3) Mo OOOOIIEHHBIM XapaKTePUCTUKAM, IOJTY4EHHBIM
JKCIIEPUMEHTAIIBHBIM ITyTEM OT KPATHOCTH IIEPEHANPSIKCHUM.
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Pa3znioxkenue Toka KOpoHbl B psag @ypbe. DxpaHHbIE (QOPMBI PeE3yIbTATOB
MOACIIMPOBAHUA aAMIUIUTYAbl TapMOHHK TOKa KOPOHBI B 3aBUCUMOCTH OT ICpUOLA
MEPEMEHHOT0 TOKA MPHU KPaTHOCTHU MEPEHAIPSKEHUS paBHOM IBYM MpPHUBEACHBI Ha puC. 4-6.

AMIuIUTYB U (a30BBIE YIIIBI CIBUTA TAPMOHUK KOMIIEHCHPOBAHHOTO TOKa KOPOHBI B
3aBHCUMOCTH OT KPaTHOCTH MepeHanpsHKeHUs pUBeeHbI B Tabaule 3.

B Simulation result for : Multimeter = | =

L |

L

File Edit

Dadse |

Wiew  Insert Tools Desktop Window

S M PDE K- 2| 0E =0

Help ~

Usrc: AC Voltage Source
T T T T T T T T T
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L
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L
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L L L 1 L
0.04 0.05 0.06 0.07 0.08

Ib: Series RLC Branch1

L 1
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Lk . i

L L 1 L L L 1 L
o] 0.0 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

L 1
0 02 003

Ib: Series RLC Branch4

Puc. 3. Pe3yapTaTsl MOAEIMPOBaHUS Toka KOpoHb! B Matlab.

Tabnuia 2. Pe3ynbraThl MOJCTUPOBAHUS KOMIICHCHPOBAHHOTO TOKa KOpoHbI Ha Matlab.

No UpepH/Ucl)M UiM, PMou—d): Qmou-d):

kB kBT kBAp
1 1.05 428.6607 8.202 1.773
2 11 449.0731 21.33 6.136
3 1.2 489.8980 51.07 19.83
4 1.3 530.7228 86.87 40.17
5 14 571.5476 127.8 66.78
6 2 816.4966 459.70 347.3

Tabnuna 3. AMmuTyasl ¥ (a30Bble YIiibl CIBUTA TAPMOHUK KOMIIEHCUPOBAHHOTO TOKa
KOPOHBI B 3aBUCUMOCTH OT KPATHOCTHU NEPEHANPSKCHUS

HOMep AMHHHTyHBI nu (1)33OBBIC YTJIbI CABUT'a TAPMOHUK KOMIICHCHUPOBAHHOI'O TOKA
rapmo- KOPOHBI B 3aBHCHMOCTH OT KpaTtHOCTH riepeHanpsukeHUsT Upepn/Upy
HUKHU 1.05 2 1.4 2
Ui ¥; Ui W, Ui ¥; Ui ¥

1 005| 11.6|0.23| 19.9 0.52 28.5 1.42 37.2
3 0.05| 2145 0.18 | 241.8 0.36 267.8 0.66 -61.8
5 0.04| 5810111124 0.15 161.9 0.16 -70.6
I 0.04 | 262.7 | 0.07 2.9 0.07 120.3 0.18 244.4
9 0.03 | 109.1 | 0.05 | 261.9 0.08 42 0.11 236
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11

0.02 | -41.4]0.03 | 156.3 0.05 -36.3

0.1 190.2

13

0.02|173.4|0.03| 76.4 0.05 -89.9

0.08 178.9

15

0.01| 36.2|0.04 ] -285 0.04 188.4

0.07 136

Jr B Scope
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0.04
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Puc. 4. Dxpannas popma aMIIITUTY 16 TAPMOHUK 1-7 KOMIIEHCUPOBAHHOTO TOKA KOPOHBI.

File Edit View Inset Tools Desktop Window Help
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1
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Fundamental (50Hz) = 1.414 , THD= 53.25%
T T
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2 4 6 8 10 12 14 16 18 20
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Ddde | RSO0 EL- 808 DO
— Available signal
2 Display FFT window Structure
Selected signal: & cycles. FFT window (in red): 1 cycles ScopeData2
I I ‘ ‘ ' ' ! Input :
6 ,
signals

Signal number.

1

— FFT wind
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Max Frequency (Hz):
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Display | [ Close
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Puc. 5. Dkpannast popma criekrpa rapmonuk 1-19 Toka kopons! B Matlab.

Samples per cycle = 115
DC component = 0.002353
Fundamental = 1.42 peak (1.004 rms)
Total Harmonic Distortion (THD) = E52.51%
Maximum harmonic fregquency
used for THD calculation = 2800.00 Hz (56th harmonic)
0 Hz (DC): 0.17% 270.0°
16.6667 Hz 0.53% 73.0°
33.3333 H=z 0.49% gg8.5"
50 Hz (Fnd): 100.00% 35.5°
66.6667 Hz 0.42% 56.3°
B3.3333 Hz 0.56% 73.2°
100 Hz (h2): 0.40% 255.6°
1l6.667 Hz 0.34% 44 ,7°
133.333 Hz 0.61% 56.9°
150 Hz (h3): 46.76% -66.9°
la6.667 Hz 0.42% 52.8"°
183.333 Hz 0.62% 28.1°
200 Hz (h4): 0.57% 209.3°
216.667 Hz 0.51% 33.2°
233.333 Hz 0.56% B.6"°
250 Hz (h5): 11.37% -80.2°
266.667 Hz 0.55% 8.5"°
283.333 H=z 0.49% -4.,0%
300 Hz (hé): 0.50% 168.6°

Puc. 6. DxpanHas popma criekTpa rapMOHUK TOKa KopoHbl B Matlab.

PesynbTatel conmocraBneHusi Tabia.3 ¢ OTHOCUTENIBHBIMH aMIUTUTYAaMH U (Da30BBIMU
yIJlaMU CIIBUTAa COOTBETCTBYIOIIUX TAPMOHUK KOMIIEHCHPOBAHHOT'O TOKAa KOPOHBI MOKAa3bIBa-
IOT COBMAJICHHUE C dKCIIEpUMEHTaIbHbIMU HaHHbIMU B.1. JIeBuroBa u B.U. ITonkoga [1,4,5].

[Ipuparmienrie eMKOCTH MOKHO OINpEAENTuTh, UCHOIb3ys pe3yabratel MATLAB Monenn
KOpoHBI (Tabn.2 u 3) u HCcnonb3ys BeipakeHue (3), KOTopble MpUBEICHBI B Ta0. 4.

Tabnuua 4. Pe3ynabraTel MoJIeIMpOBaHUs NpupalieHue eMkocTu JuHuu 500 xB.

NQ UpepH/Uq}M UiM, PMOH'(I’! QMOH‘(bv U Iy ] C, ] C%
kB kBt | kBAp | rpan. | 10°®/xm

1 1.05 428.66 8.20 1.77 5 0.025| 0.21
2 1.1 449.07 | 21.33 6.14 10 0.118 | 1.00
3 1.2 489.90 | 51.07 | 19.83 15 0.363 | 3.05
4 1.3 530.72 | 86.87 | 40.17 20 0.715| 6.01
5 1.4 571.55|127.80 | 66.78 25 116 | 9.76
6 2 816.49 | 459.70 | 347.30 34 2.96 | 24.88
7 2.2 898.15 | 601.80 | 487.30 | 35.7 3.29 | 27.64

CorocTaBieHre XapakTepUCTUK KOPOHBI, MMOJYyYEHHBIX Ha Ja0opaTOpHON Mojaenu [5] u
TFapMOHUKHA TOKa KOPOHBI, MOJNyuYeHHBIX MojenupoBanueM Ha MATLAB mnokasbiBaer
COBMAJICHUE C XapaKTepUCTHKaMHU (U3MUECKON MOJEeNU U MOJECIUPYEMON KOPOHUPYIOIEH
JMHUM, YTO MOXKHO CUMTaTh yJIOBJIETBOPUTENbHBIM. OnHako MonenupoBanueM Ha MATLAB
MIPEIOCTABIISET IIUPOKUE BO3MOXKHOCTH.
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BriBoabI

1. Tloctpoena wMoxenp KommeHcUpoBaHHOro Toka koponsl BJI CBH B cpene
nporpamMupoBanus B Matlab Simulink. TIpemioxena meroanka moadopa SKBHBAJICHTHBIX
apaMeTpoB MOJIETH KOPOHBI IEPEMEHHOT0 TOKA, KOTOpasi HMEET XOPOIIUE PE3YJIbTaTHI.

2. Mozenb KOMIIEHCHPOBAHHOTO TOKa KOpOHBI B Matlab MoxeT ObITh UCTIONB30BaHA B
coctaBe ¢hopmupoBanus moaeneit BJI CBH u ananu3a BIusHHS Ha KAYECTBO DJICKTPOIHEPTHUH,
OTKpBIBasi HOBBIE BO3MOKHOCTM M TEXHHYECKHE PEIHICHUS, CIIOCOOCTBYET DPAa3BUTHUIO U CO
BEPILIEHCTBOBAHUIO 3JIEKTPOIHEPTreTHUYECKUX CHCTEM.

3. Mogens kopoHsl nepemenHoro Toka BJI CBH mo3Bossier, onpenenuTs nmoTepu Ha
KOPOHY, TONOJHUTENIbHYI0 eMKocTh BJI, ananu3upoBaTh napameTpsl TapMOHHUK TOKa KOPOHBI
aMIUTUTYABI U ()a30BBIX YIJIOB CABHra FapMOHHMK TOKa OTHOCHTEIBHO KPUBOHM HANPSIKCHHS B
3aBHCUMOCTH OT KPaTHOCTH MepEHANPsKEHUSI.
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YUKSOK GORGINLIKLI ELEKTRIK VERILIS XOTTINDO KOMPENSO
EDILMIS TAC COROYANI HARMONIKALARININ MODELLOSDIRILMOSI

BALAMETOV 9.B., XOLILOV E.D., BALAMETOV E.9., ISAYEVA T.M.
MatLab  Simulink miihitindo  doyison  coroyan tac  hadisasi itkilorinin
xarakteristikalarinin modellogdirilmasina baxilmigdir. Effektivliyin giymatlondirilmasi ti¢iin
modelin ekvivalent parametrlori segilmis, tac coroyaniin harmonik toskiledicilarinin tahlili
aparilmigdir. Modellasdirmoanin naticalarinin malum hesabat vo eksperimental verilonlarla

miiqayisasi verilmisdir.

Acar sozlar: doyison coroyanda taclanma, tac modeli, Xattin tutumunun artimi, harmoniklarin spektri
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SIMULATION OF COMPENSATE
CURRENT CORONA HARMONIC iN EHV OL

BALAMETOV A.B., KHALILOV E.D., E.A. BALAMETOQV, ISAEVA T.M.
The modeling of the AC corona losses characteristics in MatLab Simulink considered.
To assess the effectiveness of the selection is made equivalent to the model parameters, the

analysis of the harmonic components of the corona current. Comparisons of data modeling
results with the numerical calculated and experimental data are presented.

Keywords: AC crown, crown model, increment of line capacity, harmonic spectrum

30.03.2016
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Energetikanin problemlori ¢ Ne2 e 2016 e IIpoOieMbl SHEPIrETHKH

UQOT 537.525

YUKSOKGORGINLIKLI ELEKTRIK VERILIS XOTLORININ
IFRATGORGINLIKLORDON MUHAFiZ9 PROBLEMLORI

SOFIYEV E.S., HUSEYNOVA 1.0., HUMBOTOLIYEVA S.T.
Azarbaycan Déviat Neft va Sanaye Universiteti

Moagaloados yiirsokgorginlikli hava elektrik verilis xatlarinin daxili vo xarici ifratgarginliklordon miihafizo
problemlori tohlil edilmis, torpagqlama miigavimatindon asili olmagqla ildirimdan miihafizo trosu olan ve trossuz
Xatlorda, miiasir geyrixatti ifratgorginlik mohdudlasdiricilarin tatbigi masalalorine baxilmigdir

Acar sozlar: yiiksokgorginlik (YG) xatlori, kvazistasionar ifratgerginlik, ildirim ifratgorginliyi,
bosaldici, geyrixotti ifratgorginlik mohdudlasdirici (QIM), miihafizo trosu, torpaglama miigavimati, qigilcim
araligi (QA).

Ventil bosaldicilarin geyrixatti ifratgarginlik mahdudlasdiricilari ila avazlanmasi

Enerji sistemlorinds istifade olunan ventil bosaldicilarinin  ¢oxunun resurslar1 — artiq
tilkonmis vo yiiksokgarginlik (YG) xatlorini va elektrik avadanliglarini lazimi saviyyado
miihafizo eds bilmirlor. Onlarin xarakterik ndgsanlart asagidakilardir:

— gorginliyin elementlor {izra barabar paylanmamast;

— suntlayict miigavimatin qirtlmasi;

— germetikliyinin pozulmasi sobobindon daxili hissasinin nomlonmasi;

— elementlorinin diizgiin komplektlonmomasi;

Coxelementli bosaldicuilarda on ¢ox yuxari elementlor siradan ¢ixir. Buna Sabab
gorginliyin  borabor paylanmamasidir. Gorginliyin paylanmasi bosaldicinin  yerlogsma
hiindiirlilytindon, elementlorin diizgiin qoyulmasindan, bosaldicinin layiha hoallindon (bir vo ya
iki siitunlu hazirlanmasindan) vo ekraninin dlgiilorindon asilidir.

YG Xottinin fazasinda bosaldicida qirilmis suntlayict element olarsa onun digor
elementlorinds daha intensiv qizma miisahido olunur, islomayan elementds iso temperatur
asagi olur.

Bosaldicilar il orzindo on az1 bir dofo yoxlanilmaldir, ¢linki onlarin xarakterik daxili
nogsanlarinin inkigaf miiddati toxminon 12 aydir.

Enerji sistemlorini daha etibarli miihafizo etmok {igiin ventil bosaldicilart (VB) yiiksok
gostoriciloro malik vo istismar1 sada olan geyrixatti ifratgarginlik mohdudlasdiricilar1 (QIM)
ilo avazlonmakdadir.

Bosaldicilarin vo QIM-lorin miihafizo xassolori onlarin isci elementlorinin voltamper
xarakteristikalariin geyrixattiliyino asaslanmigdir. Bu xasso onlarin elektrik miigavimatini
YG-do shamiyyatli doracads azaldir, gorginlik azaldigda iso miigavimati normal is¢i qiymato
qaytarir. Bosaldicilarin elementlorinin voltamper xarakteristikalarinin geyrixattiliyinin asagi
olmasi onlarda eyni vaxtda ifratgorginliyin miihafizosini vo isci gorginlikde kigik isci
Ccorayanin olmasini tamin edo bilmir. Isci gorginliyin tosirini logv etmok iiciin bosalldicilarda
geyrixatti elements ardicil olaraq qigilcim araligi (QA) qosulur.

QIiM-larin kvazistasionar ifratgarginliys davamhg
QIM-lorin metaloksid, esasen sinkoksid (90%Zn0O, 1% -do cox Bj,O,. Sh, O,. NiO,

Cr, Os) miiqavimatlorinin (varistorlarinin) yiiksok qeyrixattiliyi onlarin daxilinde QA-dan

imtina etmoys imkan verir. Miigayisa tiglin geyd edok ki, ventil bosaldlcilarinda istifado
edilon silisiumkarbon miigavimarlari (SiC) ilo miiqayisado onlarin qeyrixattilik doracasi
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(B = lIJ((ileJ) toxminan on dofo ¢oxdur. Sakil 1-do “ABB” firmasinin istehsal etdiyi 110 kV-

lug QIM-in qurulusu gostorilmisdir.

Sokil 1. “ABB” firmasmin istehsali olan REXLIM seriyali QIM. 1- siiso liflorindon hazirlannus
borkidici element, 2 - sothino nazik siiso tobagesi ¢okilmis (¢okisinin 0,1%-don az olmagla)
metaloksid varistorlar, 3 -silikon rezin gin, 4 - miihafizs lenti, 5 - flans.

QIM-lor  sobokayo birbasa, tam is miiddotindo qosula bilor. Bu halda QIiM-larin,
bosaldicilardan forgli olaraq, kvazistasionar ifratgorginliys qarsi hossasligi xeyli artirmig olur
ki, bu da onlarin is¢i elementlorinin (varistorlarinin) hoddon artiq qizmasina vo hotta
yanmasina sobab ola bilar.

Kvazistasionar ifratgorginliklor, bir-nego saniyadon onlarla saniys miiddotinds, miixtolif
sabablordan, ¢ox vaxt sabakanin sxeminin dayismasi naticasinds (planli va transformatorlarin
Vo ya hava xatlorinin goza kommutasiyasi) yarana bilar.

QIM-lorin germetikliyi pozuldugda va onun daxiline nomlik niifuz etdikdo varistorlarin
zodolonmo xarakteri bosaldicilardan forgli olur, bu halda is¢i gorginlikds, yoni sobokanin
rejimi doyismadikdo, varistorlarin sothi iizro bosalma gedir.

Son vaxtlar QIM istehsal edon firmalar onlarm keyfiyyotina, o ciimloden istismarda
germetikliyinin pozulmamasima boyiik diqqget yetirirlor. Buna baxmayaraq 110-220 kV
gorginlikli gobokalorin istismar1 gostorir ki, bu mohdudlasdiricilarda yena do zadalonmalor
olur. Lakin zodslonmolor gox vaxt istehsalla olageli deyil vo sobokalords kvazistasionar
ifratgorginliklor sababindon olur.

QIM iigiin on boyiik is¢i gorginliyin secilmosini nozorden kecirok. Kvazistasionar
ifratgorginliklor ham sanaye tezliyinds, ham do yiiksok vo algaq harmonikalarda ola bilar.
QIM-in sonaye tezliyindo gorginliyin artimina davamliq gabiliyyoti onun “gorginlik-zaman”
xarakteristikasi ila tayin olunur (cadval 1).
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Coadval 1
110-220 kV gorginlikli sobakalar {igiin “garginlik-zaman” xarakteristikasi

Artmus gorginliyin tosir miiddati, san Artmus gorginliyin QIM-in is¢i gorginliyinin on
boyiik giymatine (Ussi) nisbati (Kigwm)
0,1 1,45
1 14
10 1,35
100 1,28
1200 1.2

Miixtalif firmalarin istehsal etdiklori QIM-lorin “gorginlik-zaman” va voltamper
xarakteristikalar1 bir birino yaxmdir. Ona géra QIM-lorin Xassolerinin ¢oxunun tayin
olunmasinda osas parametr isci garginliyin on bdyiik qiymetidir. QIM segildikdo Uogi -nin
asag1 qiymoti mohdudlasdiricinin etibarli isi ilo, yoni ona is¢i gorginliyin va kvazistasionar
ifratgorginliyin tosiri ilo, yuxart hoddi iss elektrik avadanliglarinin ildirnm vo kommutasiya
ifratgorginliklorindon miihafiza taloblorine asasen hiidudlanir.

QIM-in is¢i rejimindo gozasiz isini tomin edon on boyiik gorginlik asagidaki sorto asason
toyin edils bilor:

Uogi > Uoss (1)

burada Uess - sobakanin on boyiik is¢i (faza) garginliyidir.
Sobokods T miiddati arzindo artim doracasi ki olan kvazistasionar ifratgoarginlik olarsa,

sobokoya gosulmus QIM-o ki Uoss  gorginliyi tosir edocok. Onda mohdudlasdiricinin
kvazistasionar ifratgarginlikds gozasiz islomasini tomin edan
an boyiik is¢i garginlik:

)
olacagq.

Goriindiiyii kimi, Upgi -nin diizgiin secilmosi iigiin sobokoda QIM-in qurasdirildigr yerdo
kvazistasionar ifratgorginlik artimmi (ki) vo bu gorginliyin mévcudluq miiddostini bilmok
lazimdir. 110-220 kV sobokalorin neytrali effektiv torpaqlanmis olur vo onlar iigiin ki < 1,4
olur.

Ifratgorginliklorin tosir miiddoti (T) osas rele miihafizasinin tosir vaxtia borabar gobul
edilir vo bir-ne¢a saniyodon ¢ox olmur. Cadval 1-i, (2) ifadesini vo diger amillari (QIM-do
gorginliyin borabar paylanmamasi, soboko daxilindo yiiksok harmonikalarin olmasi) nazoro
almagla :

Uosi = (1,0-1,05)Usgs 3)

geabul edilir.

QIM-in segilmosinds vo elektrik sabokalorina totbiginda onlarin qosulma sxemi va is rejimi
dogiq todqgiq olunmur. Kegmis Sovet ittifagindan qalmis elektrik sobokalorinds asagidaki
spesifik hallar mévcuddur ki, onlar mohdudlasdiricilarin qurasdirilmasinda nozors alinmalidir:

— yarimstansiyalarin ¢oxunda iki transformator istismar olunur, onlardan birinin neytral
torpaglanir, ¢ox vaxt 110-220 kV torafds acarlar olmur;

— belo yarimstansiyalar bozi hallarda uzun 110-220 kV xatlorlo gidalanir, yoni
sinlarindoki garginlik doyismaz olan gidalanma moarkazindan uzaqda olur.

Yuxarida gostorilonlori vo ifratgorginlik hesabatlarini nazors almagla tasdiq etmok olar ki,
sobokodo kvazistasionar ifratgarginlik olduqda (3) sertinin 6donilmasi 110-220 kV-lug QiM-
in etibarl1 isino Zomanat vermir, ona gora Ki:
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- 110-220 kV YG xatlorinin vo ya neytrali torpaqlanmis giic transformatorlarinin qoza
acilmasinda 110-220 kV sabokalords neytrali izolo edilmis sabaka hissalori gala bilor (bu isa
elektrik avadanliglarin istismar qaydalarinin pozuntusudur). Bels rejimlorin galma miiddati
xidmati heyatin transformatorun neytralinin torpaqlanmasina sarf etdiyi vaxtla miiayyanlogir
Vo onlarla dagigo toskil eds bilar;

- bozi hallarda 110-220 kV sobokalorda Xatlorin, yiiksakgorginlik torafinds acarlari
olmayan 110-220 kV -luq giic transformatorlar1 bloku ilo birge kommutasiyasi naticasinds
uzunmiiddatli yiiksok kvazistasionar ifratgarginliklo miisahids olunan kegid ferrorezonansinin
yaranmasina sabab ola bilor.

110-220 kV QIM-in etibarli isini tamin etmok {i¢iin kvazistasionar ifratgorginliyin asag
salinmasinda miiayyan todbirlor hoyata kegirilir.

Yiiksakgorginlik sabakalorinda qisagapanma

Sobokads qisagapanmani (QQ) nazardon kegirok. Qisagapanmalarin iimumi migdariinin
osas hissasini togkil edon birfazali QQ-da zadalonmayan fazada gorginliyin artim doracasi
asagidaki kimi hesablanir:

Kk, = \J3 \—/m+m+l (4)

m+2

burada m — sobokonin verilmis noqtesinds molum birfazali vo goxfazali QQ corayanlarina
uygun olan sobokonin tutum kegiriciliyini vo aktiv miiqavimatini nozars almamaq iiciin
istifado olunan kemiyyatdir:

®

— k
m=3 % -2 (5)

k

1
burada | &)

Adoton 110-220 kV sobokalords birfazali vo ligfazali qisa qapanmada corayanlar bir-
birindon az farglonir. Ona goro m~1 vo ki ~1 olacag. Demali birfazali QQ-da (basga QQ-

da oldugu kimi) gorginliyin artimi az miisahido edilocok. Lakin zodolonmis element
acildigdan sonra gobokonin izolo edilmis neytrali olan hissasi 6zlinii miivaqgsti olaraq biruzo
veracok Ki, bu da boazi hallarda tohliikali kvazistasionar ifratgarginliklorin yaranmasina sobab
ola bilar.

vo | S) uygun olaraq birfazali va tigfazali QQ coroyanlaridir.

Yiiksakgorginlik xatlorinin ildirnrmdan miihafizasi

110-220 kV YG Xxatlorina ildirim vurmasi ¢ox amillordon asilidir. Onlardan on asast YG
Xattinin uzunlugu vo ildirimin aktivliyidir. Ifratgorginlik ndqteyi-nozarinden baslica tohliiko
ildirnmin YG xattlorini birbasa vurmasidir, onlar sorti olaraq iki yers ayrilir:
- ildirimin trosu (1 noqtasi, sokil 2) vo dayagi (2 ndqtesi) vurmast;
- ildirimin faza nagqilini (3 ndqtasi) vurmast;
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Sakil 2. 110-220 kV YG xattinin izolyasiyasinda ildirim ifratgarginliyinin asas moanbalori.
Dayagin gabaritlori metrlo gostorilir.

110-220 kV YG xatlorin elementlorina ildirim vurmasinin miixtolif tisullarla hesablanmis
orta nisbi say1 cadval 2-do gostarilir.

) Cadval 2
[ldirimin vurma sayimin paylanmasi
[ldirimin vurdugu hissa, D Tros oldugda Tros olmadigda
Trosa, D, 0,5 0
Dayaga, D, 05 05
Faza nagiline, D, 0,005 0,5

DT+ DD+ DF ~1 1

Sadolik ticin hesab etmok olar ki, neytrali torpaglanmig gobokonin 110-220 kV YG
Xatlorinin izolyasiyasinin hor bir impuls qapanmasi giic QQ-na kecir (bozi metodik
gostaricilorda giic qovsiiniin yaranma ehtimali 1-don bir godor azdir). Bu halda YG xatlarinin
ilditim ifratgorginliyindon agilmalarinin say1:

— Ly Ts
N_(DTPT+DDPD+ DFPF)nﬁﬁ (6)

olacaq. Burada P., P, ., P, - ildirimin trosa, dayaga v faza nagilins vurmasinda YG

Xatt izolyasiyasinin gapanma ehtimali; n=100 (100 ildirim saat1 arzindo 100 km YG Xxattino
diison ildirim vurmalarmin saymin orta qiymati), |, - yiksokgoarginlikli xattin uzunlugu

(km), T - YG xattinin kegdiyi arazids il orzinds ildirim saatlarinin miqdaridir.

Birdovrali 110 kV YG Xattinin a¢ilma sayini qiymotlondirmok tgiin (6)-ya daxil olan
ehtimallart hesablamaq lazimdir. Belo hesablama ham hava Xxatlarinds, hom do paylayict
qurgularda ildirim ifratgarginliyinin asash tohlili tigiin EMTP (ElectroMagnetic Transient
Program) programui ilo hazirlanmis compiiter modelinds aparilmisdir.
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[ldirim 110 kV YG xottinin faza naqilini vurduqda (gox ehtimalla “c” fazasini) zodalonmis
fazanin izolyasiyanin qapanma chtimalini dayaqlarin torpaglama miiqavimatindon asili
olmayaraq ilkin olaraq P_ =1 gobul etmok olar. Ogar daha giiclii ildimmin YG xattinin

torpaqlanmis hissasine dogru oriyentasiyasini nazors alsaq izolyasiyanin gqapanma ehtimali
vahiddan kigik olacagq.

Ildirm 110 kV YG xottinin torpaglanmis hissasini vurdugda, hotta ¢ox kigik torpaqlama
miiqavimatindo bels, bu Xattin izolyasiyasinin gapanma ehtimali olacaq. {ldirim trosu vo ya
dayagi vurdugda dayaqdan yero dogru impuls coroyant axacaq. Bu coroyan dayagin
torpaglama qurgusunda vo dayagin induktivliyinds gorginlik disgilori R, i(t) vo LS;
yaradacaq. Faza nagilina nisbatdo dayaqdaki yiiksok gorginlik torpaqlanmis travers ilo faza
naqili arasinda izolyasiyani qapadir, yani oks qapama yaranir. Dayagin induktivliyindo
gorginlik diisgiisii olduqda, hatta dayagin ideal torpaqlamasinda da (R, ~0) , ildinmn

dayagi va ya trosu vurmasi 110 kV YG xattinin izolyasiyasinda oks qapanmanin olmamasina
zomanat vermir. YG Xottinin iist fazalar {igiin, dayaqdan torpagqlama qurgusuna qadar olan
hissasinin induktivliyi ¢ox oldugundan trossuz YG Xottinin yuxar1 “C” fazasinda (sokil 3)
asagl “A” vo “B” fazalarina nisboton izolyasiyanin gqapanma ehtimali ¢ox olur. Xatdo tros
oldugda ise yuxar1 “C” fazasi yalniz torpaqlama miiqavimoti az olduqda oks gapanmada
ohamiyyatli rol oynayir, ¢iinki bu halda trosun ildirim coroyaninin axma yoluna tasiri zoif
olur.

Sokil 3. Tldirrm bosalmasinda caroyanin axma yollari: a) ildirm trosu (dayag: vurduqda); b) ildirim
faza nagilini vurduqda ;
Torpaglama miigavimati ¢ox olduqda ildirim coroyami noinki yaxindaki dayaqdan
kegmoklo torpaglama qurgusundan yers axir, hom do tros boyunca qonsu dayaqlarin

torpaqlama qurgusuna axir (sokil 3,a). Trosda garginliyin | J . (t) olmas: faza nagillsrinds

K-U, (t) gorginliyi yaradir. Burada k —naqil va trosun rabito smsali adlanir. Bu smsal trosa

yaxin yerlogmis “C” fazasi iliclin maksimal olur vo demoli, yuxar faza {i¢lin izolyasiyaya
diisan garginlik (1-k) |J, (t) az oldugundan onun qapanma ehtimali da az olur. (6) ifadasi ilo

hesablamada P_ = 1 olmasimni, cadval 1 vo 2-ni nazars almaqla, dayagin torpaqlama
milgavimati R, = 10 + 30 Om olmagla, tros olduqda va olmadiqda 110 kV YG xattinin
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acillmasini giymotlondirmok olar. Belo hesablama EMTP programindan istifado etmoklo
kompiiter modelinda aparilmisdir (cadval 3).

Cadval 3
110 kV YG xattinds R, =10 + 30 Om olduqda, trosun olmasi vo olmamasini nazars

almagla ildirim agilmalarinin sayinin giymatlondirilmasi

Trosun olmasi: Tros var Tros yoxdur
D, P, sv 0,01-0,1 0
D, P, sV 0,5x(0,09-0,4)
D: P- S.V. 0,005 x 1 05x1
N, 100 km vo 100 saat 1,5x 10,5 545—-70

Codval 3 asasinda 110 kV YG xatti ti¢iin asagidaki naticalara galmak olar:

— tros oldugda ildirim ag¢ilmalarinin osas Sobobi ildirnmin trosa vo ya dayaga
bosalmasidir ki, naticads oks qapanma bas verir (sokil 2-ys asason onun asagi fazada
ehtimal1 daha ¢oxdur);

— tros olmadiqda ildirim agilmalarinin asas Sebobi ildirimin yuxari faza naqilino vurmasi
Vo traverso qapanmasidir;

— tros olduqgda ildirim bosalmalarinin sayinin dayaqlarin torpaglama miigavimatindon
koskin asililigr miisahido olunur, miigavimatin 30 Om -dan 10 Om -a godor azalmasi
ildirim vurmasini taxminan 7 dofa azaldir;

— trosdan imtina etdikdo agilmalarin say1, dayaqlarin torpaqlama miigavimotindon asili
olmayaraq, buraxila bilon haddan ¢ox artacaq;

YG xatlarina QIM-larin qoyulmasi
Dayagqlarin torpaqlama miigavimetinin azalmasi v tros miihafizasinin qoyulmast  110-
220 kV YG xatlorin ildirimda qars1 dayaniqligi artiran ononavi tisullardandir.

Bununla belo ononovi tisullar YG xatlorinin ildirnmdan miihafizosinds illik agilmalarin
effektliyini vo istehlakgilarin talablorini tomin eds bilmir. Belo hallarda ildirima qarst
dayaniqligr artirmaq {iglin geyri-ononavi tisiillardan istifads edilir. Onlardan on asasi xotlordo
QIM-lorin qoyulmasidir.

QIM-lor hom ayriligda YG xattinin tohliikali hissalorinds, hom do kiitlovi sokilda xatt boyu
dayaglarda goyula bilor. QIM-n ayriliqda totbiqi asagidaki hallarda miimkiindiir:

— ildirimin ¢ox vurdugu qisa xatt boyu hissalords va dayaqglarda;

— yiiksok induktivliys vo demali izolyasiyanin oks gapanma ehtimali boyiik olan hiindiir

dayaglarda;

— digar YG xatlarlo kasisan va Xatt agirimini mohdudlasdiran dayaqlarda;

QIM-lorin kiitlovi tatbiginds asagidaki masalalor hall edilmalidir:

— hava xatti boyunca QIM-lor hans1 masafado vo hansi fazada qoyulmalidir?

—  QIM-lor dayaga neca birlosdirilmalidir?

—  QIM-in xarakteristikas1 neco olmalidir?

110-220 kV YG xattinds izolyasiyanin gapanmasi asasen diroklords izolyator zoncirasi
boyunca olur. Bu halda dayaqda QIM olarsa miihafizo olunan fazalarin izolyasiyasinin
qapanmasi istisna olunur.

Tutaq ki, birdévrali 110 kV YG xattindo QIM-lor aralarindaki mosafa 300 m olan
iki dayaqdan birinds qurulmusdur. Hesab edok ki, xotds tros yoxdur vo ildirim yuxari fazani
vurur. Hesablama gostorir ki, 110 kV-luq QIM-lorin is¢i xarakteristikalart on  bdyiik isci
gorginliyi U = 88 kV olan aparata uygundur. Ildirnm dayaqdan 300 m araliqda olan faza
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naqilini vurdugda torpaglama miigavimatindon asili olmayaraq izolyasiya yiiksok ehtimalla
gapanacag.

[ldirm hotta QIM-in yaxinhginda bosaldigda miihafizo olunmayan dayagin
izolyasiyasinin qapanma ehtimali saxlanilir. Bu onunla izah olunur ki, (sokil 3,b) faza naqili
ilo miihafizo olunmayan dayaga dogru

Uou * L0 + RO

ildirim dalg@asi yayilir. Onun maksimal qiymati ildirim corayani i(t) vo bu caroyanin doyismo
stirati d;(:) —don asili olarag QIM-do qgaliq gorginliyindon | om Vo miihafizo olunmayan
dayagin izolyator zoncirasinin desilma gorginliyindon xeyli artiq ola bilar.

Tros olduqda dayaq vasitasilo torpaga axan caroyaniin bir hissasi azalir (sokil 3,b). Ona
gora do, zodolonmoyon dayaga dogru gedon ildirnm dalgasmin qiymoti Vo izolyasiyanin
gapanma chtimali azalacaq.

QIM-larin kiitlovi olaraq bir dayagdan bir qurasdirdlmas: daha effektlidir. Bela ki, tros
olmayan YG xatlorinds torpaglama miigavimati 10 +~ 30 Om olduqda, ildirim faza naqilini
vurduqda izolyasiyanin gqapanma saymin saviyyasi 1,0 -don 0,6..0,7-yo, yoni az, diisiir. Ona
gora, diinya tocriibasine osalanaraq, tovsiya olunur ki, xiisusi sahalordon kegmoayan 110-220
KV YG Xxotlor boyunca QIM-lorin kiitlovi qurasdirilmasinda onlar hor dayagin segilmis
fazalarinda quragdirilsin.

Troslu YG xatlarinds tipik torpaqlama miiqavimatinda, codval 2-don goriindiiyti kimi
ildirimin trosu va ya dayagi vurmasinda tohliikoni oks qapanmalar yaradir. Onlarin asagi
“B” vo “A” fazalar ii¢lin ehtimal1 daha ¢coxdur.

Trosu olmayan YG Xotlorinds ildirim bosalmalari  yuxari “C” fazasi i¢iin, nadir
hallarda iso “A” fazasi vo dayaq ti¢lin tohliikalidir. Onlar ilk novbads “C” vo “A” fazalarinda
qapanma yaradir.

Yuxarida gostarilonlor QIM-larin 110 kV YG Xxatlorinin hor dayaginda qurasdirilmasinin
effektiv texniki hallini toklif etmoayos imkan verir (codval 4 va 5).

Codvol 4

Trosu olan 110 kV YG xattinin har dayaginda QIM-in effektiv yerlosdirilmasi (RT=30 Om)

QiM D, P.+D,Ps D:-P- N vox +100 km vo 100 saat
Yoxdur 0,1 0,005 10,5
B 0,069 0,005 7,4
B, A 0,034 0,005 3,9
B,AC 0 0 0
Cadval 5
Trosu olmayan 110 kV YG xattinin har dayaginda QIM-in effektiv yerlosdirilmasi
(RT=30 Om)
QIM P, D, Ps D- P- N o, 100 km va 100 saat
Yoxdur 04 0,2 0,5 70
C 0,254 0,127 0 12,7
C,A 0,145 0,0725 0 7,2
C,AB 0 0 0 0
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Codval 6-do konkret olaraq 110/88/100 tipli QIM f{iciin (6) ifadasi ilo toyin edilmis
zodolonmalarin say1 gostarilmisdir.
Codval 6

Hor dayaqda ii¢ QIM olduqda trosllu va trossuz 110 KV YG xattinda QIM-lorin
zadalonmalarinin say1 (RT=30 Om)

Trosun olmast Tros var Tros yoxdur

N , 100 km, 100 saat 0,0025 0,5

QIM -in konstruksiyasinda xarici qi@ilcim aralifi olarsa (asagida gostorilir) onlarda
zodolonmalarin say1 xeyli ¢ox olur.

QIM-lorin iki asas tipi vardir: xarici qugilcim araliqli v araligsiz. Birinci tip dayaga sort
botkidilir ki, qigilcim araliginin 6lgiilari sabit qalsin (sokil 4,a), ikinci tip, adaton, tist flansi ilo
faza nagilindan asilir (sokil 4,b).

a)

Sokil 4. QIM-lorin YG Xottino birlosmo variantlart: a - xarici qigileim araligl; b — qigileim
aralig1 olmadiqda;

1- travers

2- izolyator zoncirasi

3- QIM

4- faza naqili

5- YG dayag:

6- qigilcim aralig1 (QA)

7- ayirici

8- sleyf

Xarici qigileim araligh QIM-larin qoyulmas:

Qigileim aralight yalmiz ildirim ifratgorginliyinin iso diismoesine tonzimlonir vo QIM-i
kommutasiya vo kvazistasionar ifratgorginliklordon, sobokonin uzunmiiddstli isci
gorginliyindon miihafizs edir ki, bu da onun tstlinliiylidiir. Lakin nozaro alinmalidir ki:

—  kommutasiya ifratgarginliklori QIM fiiciin tohliikoli deyil, ciinki 110-220 kV YG
Xatlorinds onlarin enerjisi ildirim ifratgarginliklorin enerjisi ilo miiqayisidi ¢ox azdir
vo qigilcim araligh olmayan QIM-lorin kiitlovi totbiginds bu enerji eyni vaxtda
verilmis fazadaki QIM-lorin ¢oxunda yayilir;

— 110-220 kV sobokalords kvazistasionar ifratgarginliklor YG Xattino birlogsmis giic
transformatorlarinin neytrali torpaqlanmis oldugda QIM-lor iiciin tohliiks yaratmir. ©n
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boyiik is¢i gorginliyi 88 kV olan 110 kV-lug va 176 kV olan 220 kV luq QIM-lordon
istifads edildikda doa onlar tigiin tohliika olmur;

—  QIM-lora sobokenin is¢i gorginliyi uzun miiddat tasir etdikdo onlarin ilkin voltamper
xarakteristikas1 barpa olunur va belaliklo onlardan impuls coroyani kegdikdo geyrixatti
elementlarinin xassalorinin pislosmoasi kompensasiya edilir;

— gorginliyin uzunmiiddatli tasiri aparati qurudur, onun nomlanma riskini azaldir;

Qigilcim arahg olmayan QIM-lorin qoyulmasi
Qigilcim araliginin olmamasi QIM-lorin iistiinlilyii sayilir, ciinki:
—  QIM-lerin ifratgorginliyi mahdudlasdirmagq iigiin iso diismosi siiratlonir;
— qigilcim araligmin sohv quragdirilma naticasinds diiz islomamasi istisna olunur;
—  QIM-lorin say1 ¢ox olduqda ildirim ifratgorginliklorinin enerjisi yayilir, onlarm hor
birino diison yiik azalir vo texniki hallin etibarlig: artir;

Qigilcim araliginin olmamas1 QIM-lori dayaga xiisusi qurgusu — “ayiric1” olan elastik sleyf
(qusa naqil) vasitasilo birlogsdirmoye imkan verir (sokil 4,b). Dgor QIM neytrali torpaglanmis
sobokado zadolonarsa ondan birfazali qisagapanma coroyani kegaCok, bu isa osas YG
acarlarinin acilmasi basa catmamis “ayiricinin” tez dagilmasina vo QIM-in Xotton ayrilmasina
sobob olacag. Xott 6z acarlar ilo agilsa da onun avtomatik tokrar qosulmasi ugurlu olacaq. Bu
halda agilmis torpaqlayict sleyf YG xottinin sonraki istismarina mane olmayacaq vo YG
Xattino gozlo baxisda aparatin zodalonmis oldugunu gostaracak.

NOTICO

1. Daxili (kommutasiya vo kvazistasionar) ifratgorginliyin yiiksok oldugu halda QIM-lor
qigilcim araligr ilo yerlogdirilo bilar;

2. YG xatlorindo QIM-laorin qurasdirilmasinda onlarin yerlosdirildiyi orazids illik ildirim
saatlar1, dayaqlarin torpaqlama miiqvimati nozars alinmalidir;

3. Ildirmin vurma ehtimalindan asili olaraq QIM-lor hom troslu, hom do trossuz YG
xatlorinda qurasdirila bilor;

4. QIM-lorin dayaglarda vo fazalarda somoroli qurasdirilmasini tomin etmok {iciin EMTP
programi ilo hazirlanmis kompiiter modelindon istifads edilmasi magsadouygundur.
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IMPOBJIEMBI 3AIIIUTHI BBICOKOBOJIBTHBIX JIP!JHHI?'I
IJIEKTPOIIEPEIAY OT IIEPEHATIIPSIKEHU U

CA®UEB J.C., TYCEMHOBA U.A.,, TYMBATAJIMEBA C.T.

B cratbe wuccnenoBaHbl MpOOJIEMBl  3ALUTHI BBICOKOBOJIBTHBIX ~ BO3AYILIHBIX
NEKTPUYECKUX JIMHUN OT BHYTPEHHHUX W BHEIIHUX MEPEHANPSIKEHUN, BOIPOCHI IPUMEHEHUS
HEJIMHEHHBIX OrpaHUYMUTENIeH MepeHaIpsKeHUs B IMHUAX ¢ MOJIHME3AUTHBIM TPOCOM U 0e3
HETO.

KuaroueBblie ciioBa: BricokoBoNIbTHBIE (HV) THHMIA, KBa3uCTaIMOHAPHBIM OPOCKOB HAIIPSKEHHUS, MOJTHHH,
KpalHsisi HanpspKEHHOCTh, paccialusiiomunii, HenuHelHble orpaHnuntenu nepeHanpsokenus (WIC), kabenu
6€30MacHOCTH, COMPOTUBIICHUE 3a3eMIICHUSI, THana3oH UCKPbI (QA).

THE PROBLEMS OF PROTECTION OF HIGH VOLTAGE TRANSMISSION
LINES FROM OVERVOLTAGE

SAFIYEV E.S.,, HUSEYNOVA |I.A,, HUMBATALIYEVAS.T.
In the article are investigated the problems of protection of high-voltage air electric

lines from internal and external overvoltages,the questions of use of nonlinear limiters of an
overstrain in lines with a lightning protection cable and without him .

Keywords: High (HV) of lines, quasi-stationary voltage surges, lightning, extreme tension, relaxing,
non-linear voltage suppressors (WIC), security cables, grounding resistance, spark range (QA).
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Energetikanin problemlori ¢ Ne2 e 2016 e IIpoOGieMbl SHEPTETHKH

VK 536.242.08

HUMU3KOTEMIIEPATYPHAS TEIINIOEMKOCTDb, TEMIIEPATYPA JIEBASA
OHTPOIIUSA B KPUCTAJJIAX TIC0S2, TICrS2 m TIFeSe2

KEPUMOBA 3. M., ABAYJIUIAEB A. M., AJIIVKAHOB M.A.,
HAJKKAD3AILE M.I., 3AMAHOBA A.K.,TACAHOB A.H., T/ KAD®PAPOBA C.I'.

Unemumym ©@uzuxu HAHA, baky, Aszepbatiocan,
ekerimova@physics.ab.az

AnHotanusi: B mHacrosmeit pabore wuccriemoBaHbl TerumoeMkocTn KpucrammioB TICoS,, TICrS,
uatepBasie 55-300 K wu temmoemkocts TIFeSe, B wmHTepBane temmeparyp 4.2 - 300K. Paccuuransr
XapaktepuctHieckne Temmneparypsl ebas. 3asucumoctu C,(T) musa TICoS, u TICrS, obnapyxkuBaroT sSpko
BBIPKCHHBIX aHOMAJINH, yKa3bIBAIONINE Ha HaIM4IHe (ha30BbIX epexo10B. MakcuMaabHbIC 3HAUCHUS AaHOMAITHH

Haxomares ipu Temreparypax T, = 111K mus TICoS, u T, = 130K ms TICrS,. Onpenenens u3MeHEHNSN AQ
AS AS

seprun 1 AS smTpormn dasossix mepexonos T, u T.. Mankle BEIHYHHEI Fz 0,02 u ?= 0,05

YKa3bIBaIOT Ha TO, YTO TH IEPEXO/bl OTHOCUTCS K IEepexXoaM TUIa CMEICHHUS.
Hust TlFeSe, paccunTaHsl TemuepaTypHble H3MEHCHHS SHTponud. lIpoBeseH aHamM3 pasIMIHBIX
TEOPETUYECKUX MOAX00B, UCIIOIB3YyEMBIX IS OIMCAHUS PEIICTOYHOM TEINIOEMKOCTH KPUCTAIIIOB.

Koaiouesble ciioBa: TennoemkocTs; Marnetnswm; temnepatypa Jebas; DuTporust

Coemunenus ¢ odmieit xumuueckoir Gopmynoir TIMeXz (Me=Co, Ni, Fe, Cr, Mn;
X=S, Se, Te) oTHOCATCSAK Kiaccy HU3KOpa3MEpHBIX MarHeTWKoB. B [1-11] mpencraBieHs!
pe3ysabTaThl O MOJYYEHUIO TAKUX COCTMHEHUH U UCCIIEIOBAHUIO UX (PM3UUECKUX CBOMCTB.

B Hacrosimieii padote usydensl temoemkoctu T1C0S2, TICrS; u TIFeSe, Ha ocHoBe
MPELU3UOHHBIX KaJTOPUMETPHUUECKUX u3MepeHuit [12, 13, 14], ¢ uenpio npoBeIeHUs aHaIu3a
pPa3IMYHBIX TEOPETUYECKUX TOAXOJOB, HCHOJb3YEeMBIX JJsI ONHCAHUS PEIETOYHOM
TETUIOEMKOCTH KPUCTAJUIOB.

Ha puc. 1 mnpencraBieHbl pe3yinbTaThl HCCIEAOBAHUM HU3KOTEMIIEPATypPHBIX
TEIIOEMKOCTe! aHu30TpornHbIX kpuctaiwioB TIC0S, u TICrS; B unTepBane 55 + 300K [13,
14 ]. TlorpemHocTh ONpeAeNeH s TermIoeMKocTH He mpesbimana 0.3% BO BceM MHTepBaie
UCCIIEIOBAaHHBIX TeMIiepaTyp. bonee moapoObHO mMeToumaueckre 0COOEHHOCTH IKCIIEPUMEHTA
omucanbl B [15]. Kak Buano, wna 3aBucumoctedi C,(T) oOHapyKeHbl aHOMAIUH
terioemkoctedt ¢ mukamu npu T, = 111K mnst TICoSz u npu T, = 130K mns TICrSy,
COOTBETCTBEHHO, CBA3aHHBIX C MarHUTHBIMHU (pa30BbIMU nepexoxamu. Ha puc. 1 mrpuxosas
auHUS | ¥ IWTPUX-TIyHKTUPHAS JUHMS 2 MMOKa3bIBaIOT TerioeMKocTeil B Mojaenu Jlebas Cp =
3nRFy(T/0p), tne n — uncio atoMoB Ha (GopmynbHYIO emunuiy (B ciaydasx TIC0Sz u
TICrSz n = 4), R — rasosas nocrostunas u F, (T /0p) — dyrkuus Jebas [16]

Op/T
Fy(T/85) = 3(T/6,)° | 5%
D / DJ) — / D (ex _ 1)2 ’
PACCUMTAHHBIX Ul XapaKTepucTuyeckbix Temmeparyp Hebas 6, = 262.5K mns TICoS; u
0p =~ 300K mns TICrS;, coorBercTBeHHO. Kak BUAHO, MOJTyY4aeM BechbMa TOYHOE COBIAJICHUE
JAHHBIX IS TETJIOEMKOCTEH, 1aBaeMblil Teopueit Jlebast ¢ SKCIepUMEHTAIbHBIX 3HAUYCHUSIMU
npu Temneparypax T = 55K.

40


mailto:ekerimova@physics.ab.az

100 T

! T ,_.I r‘!—ﬁrﬁj*_‘
TC ‘LC /._:._.._—.-—;}'T.‘:'r.—;j.: A £y A
b et
80~ i 1
AT o
— ot -—T1CoS-
—~ 60 At - —T1CrSo .
Z fie”‘
: ;;%A/t/
R »;_‘ 40* / :/ 1
o 1//’/«
/ ’/
20+ ;.02 *
/7
o
//
0 = | | | | |
0 50 100 150 200 250 300
T, K

Puc. 1. 3aBucumoctu Cp, (T) miist TICoS, u TICrS,: @ u A— skcnepumenr, 1 (mTpuxoBas JUHUA) U 2
(Tpux-myHKTHpHAS JHUSA)-Moaens Jebas s T1CoS, u TICrS,, cooTBeTcTBEHHO.

IIpu Temnepatypax T < 55K HeT skcniepMMEHTaNbHBIX JaHHBIX JUIS TEIOEMKOCTEH
kpuctasioB  TlCoS, wu  TICrS,. Orpannuennocts mozenu Jlebas ¢ oaHOM
XapaKTePUCTUUYECKON Temmeparypoil 6p BbI3BaHAa TMPEXKAE BCEro HCIOJIb30BaHUEM
M30TPOMHON TUIOTHOCTU (POHOHHBIX COCTOSHUN. OUYEBUAHO, JJISI AaHU30TPOMHBIX KPHUCTAIIIOB,
k kotopeiMu otHocutcs TICoS, wu TICrS,, HEOOXOAMMO WCIIOIB30BATh AHW3OTPOITHBIN
(OHOHHBIN CHEKTP, XapaKTePU3YIOMIMICSI, B YACTHOCTH, HECKOJbKUMHU J1e0aeBCKUMU
teMrieparypamu. [Ipm 3TOM aHM30TpONUs PEIIETKH OINPEIEISAETCS BEIMYMHOW, PaBHOMU
OTHOLLIEHUIO TIapaMeTpa PEUIETKU B CIIO€ K MapaMeTpy MEXAY CIOSIMHU, & TaKKe pa3InuueM
JKECTKOCTH PEIIETKH IO OTHOIICHWIO K KOJIe0aHUSM aTOMOB B IUIOCKOCTH CJIO€B U
KOJIEOaHUSIM CJI0EB OTHOCHTEIBHO APYT apyra [16].

Hna TICoS, u TICrS, TemnoeMKOCTh HE JOCTUTAeT KJIACCHYECKOTO 3HaueHUs
C,~100]- mol~1 - K™!, xpome Toro, kak BugHO U3 puc. 1 Temnoemkocts TICrS, MeHbIue
yeMm TeroeMkocTs T1CoS,. D10 cBuaerenscTBYeT 0 ToM , 4To B TlCOS, Xumuueckas cBA3b
MEXIy aTOMaMU OTHOCHUTENBbHO CHJIbHEE OCIA0JsSeTCsl C TeMIepaTypoid, YeM B KpHUCTaIe
TICrS,.

[Tpu ananuze (Ha30BBIX TIEPEX00B HAMOOIBIINNA HHTEPEC MPEICTABISAET HHPOPMAITUs
0 CBSI3aHHBIX C HUMHU aHOMAJIHHOM TETIOEMKOCTH W IHTPOMNUHU. V30bITOUHAS COCTaBISIOMIAS
TEMIoeMKocTH AC, ompesensanach Kak pasHOCTh MEXIy u3MepenHo# (Cp) M paccuMTaHHOM
(ononnoii (Cp-monens Jlebas) remmoemkoctsimu AC, (T) = C,(T) — Cp(T), uTo mo3Bonuno
OTIPEICNUTh U MPOAHATH3UPOBATH XapaKTePUCTUKH (a30BbIX Mepexoa0oB kpuctaimios T1CoS,,
TICrS,.

[Muk remmoemkoctu (cm. puc. 1.) mpu T, TICrS, neBenuk u cocrasuset nunis ~12.5%
ACy (Te)

Cp (Tc)
ACy(T)

CD(TC)
temtoemkocteir TICoS, u  TICrS, BOmmsu T, (T,) oOHapyKuBaeTCs pSI XapaKTEPHBIX
ocobennocreii: HeOombmibie ckauku npu  T.(T,) ©u aHoOManuu, HECHMMETPUYHBIC
OTHOCHUTEJIBHO Temieparyp mepexomoB. aszoBeie mepexomsl mpu  T.(T,) MOXKHO
paccMaTpuBaTh Kak Mepexo/sl BTOPOTo pPoja.

N3amenenust suepruu (AQ) u sutpornuu (AS), cBA3aHHBIX ¢ (a30BBIMH HEPEXOJaMU MIPU

OT PEIIETOYHON TETJIOEMKOCTH ( ~ 0.125), a st TICoS, muk TeroeMkocT (CM. puc.

1) mpu T; emie MeHbIie ~9%( ~ 0.09). Ha temmneparypHbIX 3aBUCHMOCTEN
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T;(T.) Obuld  ONpeHeNeHbl ITyTeM HHTETPUPOBAHMS KYOMYECKHUX HHTEPIOISIMOHHBIX
ChnIaiiHOB  IUIOIanel mnon aHoManbHOM wacteio  kpuBoii  AC,(T) wu  AC,(T)/T,
COOTBETCTBEHHO.

3navenus AQ u AS mpencraBiensl B Tabmuie. Manbsie Benuunabl AS/R = 0.02 s
TICoS, u AS/R = 0.05 mns TICrS, yka3bIBaroT Ha TO, YTO JAHHBIC MEPEXOIbI OTHOCATCS K
nepexo/iaM TUIa CMELICHUS.

Kpucrann 20 L AS ] E
"mol "mol - K R

T1CoS, 229+0.1 0.21 +0.01 0.02

TICrS, 50.7+0.1 0.40 £0.01 0.05

Takum o0Opa3oMm, Ha pemeToYHbIX ((DOHOHHBIX) COCTABIISIFOMIBIX TEIJIOEMKOCTEH
TICoS, u TICrS, npu Ttemmneparypax T = 55K ocHOBHOE BIMSHHE OKa3bIBAIOT KOJICOAHUS
aTOMOB, KOTOPBIE€ MOTYT OBITh PACCMOTPEHBI B 160a€BCKOM MPUOIMKEHUH.

Temmoemkocty TIFeS, wmccnemoBana B wHTepBane 4.2 - 300K Ha agmabaTtudeckoi
KAJIOPUMETPUUECKOW  yYCTaHOBKE, HCIOJIb30BaHHONM panee B [15]. OtHocuTenbHast
HOTPEIIHOCTh U3MEPEHUH TEINIOEMKOCTH COCTaBIIsAET 0KoJio 2 % B auanaszone 4.2—10K, nanee
HOrperHocTh cHkaeTcst 10 0.3 % K a30THBIM TeMmIepaTypaM M OCTaeTcs B 3THX Ipezenax
BI10Th 70 300 K.

Heiitponorpaduueckue uccinemoBanus npu ~16K [2] mokaszanm, uto coenuHeHue
TIFeS, umeer, anTudeppoMarHnTHOE yMopsiAO4YeHHE NMpU HU3KUX Temmeparypax. [lo SAI'P
[2,5] ycraHoBiieHO, uTO MarHuTHBIN (ha3oBeiil epexon B TIFeS, HabmomaeTcsi B MHTEpBae
170 — 190K.

Pe3ynbrarthl mpsMOro SKCIEPUMEHTa MO H3MEPEHHIO TEMJIOEMKOCTH KpPHUCTAJIOB
T1FeSe, npu mocrosuuom nasnenun Cp,(T) npencrasiensl Ha puc. 2. Kak BuaHo u3 puc. 2,
nns kpucramnoB TIFeSe, 3aBucumocts C,(T) He MMeeT PE3KO BBIPAKEHHBIX AHOMAIHH,
XapaKTEPHBIX JUIsI MArHUTHBIX (Da30BBIX MEPEXOJIOB.

Busyaneno nosenenne Cp(T) ABISETCA THIHMYHBIM JUIS TBEPIBIX TEIN; TEIIIOEMKOCTH
JIOCTUTAET ~ Kiaccuyeckoro 3HadeHus (p~100]- mol™*-K™' yxke npu T = 230K,
noauuHsissch 3akoHy Jromonra u ITtu [17]. Dro cBumerenscrByer o Tom, uto B TIFeSe,
XUMHYECKasl CBSI3b MEXAYy aTOMaMH 3aMETHO OCJIabisieTcs C yBEIMUEHHEM TeMIepaTypsl U
KpOME TOT0, HaJI0 YUUTHIBaTh BKJIa/l MarHUTHOM COCTABIISIIOIIEH B TEIUIOEMKOCTb.

[Tonnas Ttemmoemkocts TlFeSe, mpencraBnser coboli cymMMmy pas3lIW4yHBIX BKIIAJIOB,
CITOKHBIM 00pa30M 3aBHCSIIMX OT TeMIepatypbl. B HikHel yactu uccrnemoBanHoro (T <
80K) TemmepaTypHOTO aHMama3oHa TEMIOEMKOCTh MOXKHO TpenctaButh B Bume: C,(T) =
ACy, + Cp(T). 3mecy nepBoe craraeMoe NPEICTAaBIAET COOOW BKJIAJL PasIMYHBIX (B TOM
yucie  MarHutHOHM)  cocrtapisiomux  AC,(T) B TemIoeMKOCTb,  BTOpOE — —
pernreTouHyro(J1e0aeBCKyI0) cocTaBsronIyro TerioeMkocT Cp (T).

JIyist MHOTHX COEIMHEHHH, Kak u3BecTHO [17], Cp (T)~aT3, To ecTb B TeIMEBOM MHTEpBAJIE
TEMIEPATyp PELIETOYHBIM BKJIAJ B TEIJIOEMKOCTh YJIOBIETBOPUTEIBLHO OMHCHIBAETCS
nebaesckuM npubmmkenueM. B atom ciyuae Ha 3aBucumoctu C,(T)/T ot T2 BO3MOXKHO
BbIJIEJICHHE JTUHEMHOIrO y4acTKa, HKCTPAMOJISIIHS KOTOPOTO K HYJO MO3BOJIIET ONpPENETUTh
PELIETOYHOM COCTaBIAIOIIMX TeIUloeMKocTH BemiecTBa. Opnako, B ciaydae ¢ TlFeSe, Ha
sasucumoctu C, (T)/T ot T? nuHeHHbI y9acTOK O4eHb KOPOTKHIL. DTO CBHIETENHCTBYET 00
OTKJIOHEHUH OT KyOMYECKOTr0 3aKOHa.

Ha puc. 2 xpuBas | mokasbiBaeT TEIJIOEMKOCTh coriacHo mojenu Jlebas, paccuuTaHHYIO
JUIs Xapaktepuctuueckor temrneparypsl ebas 0p = 230K. Ilpu temneparypax T < 70K u
T > 160K »skcnepuMeHTalbHbIE 3HAYEHMUS JIEKAT BBIIIE MOJEJIBHOW KpPHUBOM, 4YTO
00yCJIOBJICHO MarHUTHBIM BKJIAJIOM TEIUIOEMKOCTH M aHM30Tponuu B Kpuctamuiax TlFeSe,.
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OrpanndeHHOCTh Mojienu [lebasi ¢ OHOM XapaKTepUCTHUYECKON TemmepaTrypoil O BhI3BaHa
MIPEXJIC BCETO MCIOJIb30BaHUEM U30TPOITHON IIJIOTHOCTH (DOHOHHBIX COCTOSIHHM [ 16].
120 : .

100 .

60| i

)y, J/(mol K)

\ I \ I \
100 150 200 250 300

Puc. 2. 3aBucumocts Cy, (T) nist TIFeSe,: Touku—skcnepument, 1-monens [lebas, 2-n30bTounas
cocrapsromas rernoeMkoctu AC, (T).

Berantanuem pemerounoro Bkaaga Cp(T) w3 mommbix BemuuuH Ternoemkoctu Cp(T)
kpuctaax TlFeSe, momydena TemmeparypHas 3aBUCUMOCTb M30BITOYHOM COCTaBISIOIIEH
teroemkoct: AC,(T) = C,(T) — Cp(T) (puc. 2).

Ontponus, cooTeTcTBYIOMmAsA AC, (M),
T

AS—fAcpdT
= | =Ear,

0
C POCTOM TEMIIEPATYPHI CTpeMHUTCs K Benrunne AS =~ 32.15] - mol~! - K™! npu temneparype

T = 76K (puc. 3).
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Puc. 3. U3menenune n36srtounoit surponuu AS(T) anst T1FeSe,.
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DTO 3aMETHO OOJIBbIIIE MAKCUMAJIBLHOTO W3MEHEHUSI SHTPONHUU AS,, e TPU HAPYIICHUU
MarHUTHOH yHOPAN04eHHOCTH: AS, max = RIn(2J +1) =RIn9 =~ 18.27 ] -mol™t - K1,
3neck R-ra3oBas mocTosiHHAs, | = 4 — KBAaHTOBOE 4YMCJIO MOJHOTO MOMEHTa 3JIEKTPOHOB
Fe2* [18].

[Tostomy, ouesuano, senmnuuna AC,(T) , MOMMMO MarHMTHOIO BKIaJa, COMEPIKHT

elle 1o KpalHeil Mepe OHY COCTaBiAonlyro. [1o-BuauMoMy, 4To pedb MOKET UATH O BKIJIAJE
aHU30TPOIIUU B Termnoemkocth TlFeSe,, xapaktepHoM Ui MHOTHUX COEIMHEHHH
AQHU30TPOIHBIX KpUCTAILIOB [16].
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TIC0S2, TICrS2 va TIFeSe; KRISTALLARINDA ISTILIK TUTUMU, DEBAY
TEMPERATURU, FAZA KECIiDi VO ENTROPiYA

K9RIMOVA E.M., ABDULLAYEV A.M., ALCONOV M.A., NOCI9FZADO M.D.,
ZAMANOVA A K., HOSBNOV A.i., COFBROVA S.Q.

Indiki isda TICoS,, TICrS, kristallarinin 55-300K vo TIFeSe, kristalinin 4.2—-300K
intervallarinda istilik  tutumu todqiq edilmisdir. Xarakterik Debay temperaturlari
hesablanmigdir. TICoS,, TICrS, kristallarinin Cp(T) asililiginda faza kec¢idinin movcud

olmasimi gostoron anomaliya askar olunur. Anomaliyanin maksimal qiymoti TICoS, ii¢iin
T, = 111K, TICrS, ii¢iin iso T, = 130K temperaturunda yerlosir. T, vo T. temperaturlar
otrafindaki faza kegidlorinds enerjinin AQ va entropiyanin AS doyismalori toyin olunmusdur.

% =0,02 vo A—RS = 0,05 kigik giymatlori uygun olaraq T, Vo T, temperaturlar1 otrafindaki bu

kegidlorin yerini doyismo tipins aid oldugunu gostarir.

TIFeSe, lglin entropiyanin temperatur doyigsmosi hesablanmigdir. Kristal gofasin
istilik tutumunu tosvir etmok figiin istifado olunan mixtalif nozori yanasmalarin tohlili
aparilmigdir.

Acar sozlor: Istilik tutumu; Magnetizm;Debay temperaturu; Entropiya

LOW-TEMPERATURE HEAT CAPACITY, DEBYE TEMPERATURE, PHASE
TRANSITION AND ENTROPY IN CRYSTALS TICoS2, TICrSz and TIFeSez.

KERIMOVA E.M., ABDULLAYEV A.M., ALJANOV M.A., NAJAFZADE M.D.,
ZAMANOVA A K., GASANOV A.l., JAFAROVA S.Q.

In the real work thermal capacities of crystals of TlCoS,, TICrS, an interval 55-300 K
and a thermal capacity of TlFeSe, in the range of temperatures 4.2 - 300K are investigated.
Characteristic temperatures of Debye are calculated. Dependences of C,(T) for TICoS, and
TICrS, find pronounced anomalies, pointing to existence of phase changes. The maximal
values of anomalies are at temperatures T, = 111K for TICoS, and T, = 130K for TICrS,.
Changes AQ of energy and AS an entropy of phase changes of T, and T, are defined. Small

quantities of %:0,02 and %:0,05 indicate that these transitions are related to

transitions of the displacement type.

For TIFeSe, temperature changes of an entropy are calculated. The analysis of various
theoretical approaches used for the description of the lattice thermal capacity of crystals is
carried out.

Keywords: Thermal capacity; Magnetism; Debye temperature; Entropy
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Energetikanin problemlori ¢ Ne2 e 2016 e IIpoOGieMbl SHEPTETHKH

UOT 621.317.7,621-319

INDUKSION LEViTATORUN .M.I"JXTGLi.F HAVA
ARALIQLARININ MAQNIT KECIRICILORININ TOYINi

ABDULLAYEYV Y.R., ISMAYILOV Z.N.

Azorbaycan Dovlat Neft vo Sonaye Universiteti
zahidismayilov@mail.ru

Apartlmis tahlillor gostorir ki, elektromaqnit aparatlarinda movceiid olan miixtalif konfiqurasiyali hava
araliglari tigiin istifado olunan diisturlar bir sira ehtimallara osaslandigindan onlarin diriistliiyii yiiksok deyil. Bu
induksion levitatorlarin hesabinin doqiq metodlarla aparilmasina imkan vermir. Ona géro do hava araliglarmin
tocriibadon toyini metodu islonmigdir. Tocriibo doyison Coroyanda aparilir vo 6l¢ii dolagindan istifado edilir.
Molum diistiirlarin doqiqliyini artirmagq {iglin korreksiya omsalindan istifado olunmusdur.

Acar sozlor: hava araliglari, maqnit kegiriciliklori, polinom ,magnit sellori, maqnit sistemi, dl¢iisiiz
omsallar,korreksiya, doyison coroyan dolagi, 6l¢ii dolagi.

Giris. Induksion levitatorlar vo basqa elektromaqnit qurgular osasinda qurulmus
miixtalif toyinath elektrik aparatlarinda [1-11] konfiqurasiyalari ilo forglonon hava araliglar
movciiddur. Onlarin maqnit kegiriciliklarinin giymatlorini  dogiq bilmodon dolaglarin
induktivliklorinin va corayanlarinin, ham do levitasiya elementina tasir edon elektromaqnit
qiivvani diiriist tayin etmok miimkiin olmur [2,3].

Miixtolif konfiqurasiyali hava araliglarinin maqnit kesiricilorinin hesabi {i¢lin ¢oxsayl
metodlar islonmisdir [5,6,8,11]. Lakin onlarin doqiqliyi yoxlanilmamisdir vo hal-hazirda
istifads olunan diisturlar korreksiya olunmamigdir. Ona géra do layiho masalalarinin hallinds
istifado olunan bir ¢ox diisturlarin doqigliklori do namolum galmaqdadir.Homin diisturlar[1-
13] togribi xarakter dasidiglarindan kegiricilarin tocriitbadon daqiq toyin olunmasina ehtiyac
vardir.

Bu mogsadlo yeni metod islonmigdir. Taocriiboni aparmaq ti¢lin maqnit sisteminin
doyison caroyan dolagma ampermetr qosulur vo 6l¢ii dolagidan istifade olunur. Olgii dolagi
maqnit sistemin orta gubugu boyu horokats gatirilir vo onda yaranan elektrik harakat qiivvasi
voltmetrlo ol¢iilir.

Sokil 1 a-da induksion levitatorun maqnit sisteminin prinsipial sxemi verilmigdir.
Homin sxemds tiggubuqglu polad magnit niiva 1 vo orta ¢ubuqda yerlosdirilmis doyison
caroyan dolagi 2 gostorilmisdir. Dolagin yaratdigi maqnit sellori vo onlarin yollarindaki hava
araliglarinin maqnit kegiriciliklori sokill,a va b-ds isaralonmisdir. Maqnit sellarinin gapanma
yollarina (sokil 1, b) asason magnit dovrasinin avaz sxemi sokil 1, v-do qurulmusdur.

Qiitblorin hava araliglarinin maqnit kegiriciliyi Ak, uzunluglari | olan ¢ubuglarin hava
araliglarin maqnit kegiriciliyi Aj vo dolagin |1 uzunluguna aid olan hava araliginin maqnit
kegiriciliyi As ilo isara olunmusdur.

Ovaz sxeminds homin kegiriciliklora uygun olan magnit sellori @k, @i, ®s ilo, dolagin
maqgnit horakot qlivvasi F1=11W; 6l¢ii dolaginda W» yaranan elektrik harokat qiivvasi iss E2
ilo isaralonmisdir.

Tacriibanin daqiqliyini artirmaq tigiin asagidak: sortlor yerina yetirilmalidir:

1. Dayigon coroyan dolaginin uclarina verilon gorginliyin amplitud giymati vo
tezliyi sabit qalmalidirlar.
2. Polad niivadoki maqnit induksiyanin Bm giymati magnitlonma ayrisinin Bm(H)

Xatti hissasina uygun goalmolidir.

46


mailto:zahidismayilov@mail.ru

3.

Doyigon corayan dolagina ardicil qgosulmus ampermetrin daxili miigavimati ¢ox

kicik olmalidir.

4.

Olgii dolagmmn ¢ixisina qosulan voltmetrin (elektron voltmetrin) daxili

miiqavimati ¢ox boylik olmalidir.

5.

6.

Olgii dolagimin sargilar sayr W» bdyiik (W2>50 ), nagillarinin diametri d; kigik
(d2<0.1mm) va qalinligi I2 ¢ox kigik (I2< 0,3mm) olmalidir.
Polad niivonin miixtalif en kasiklorindon kegon magnit sellori yalniz bir 6l¢ii

dolagi ilo Ol¢iilmalidir vo 6lgma miiddatinda titrayislor olmamalidir.
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Sokil 1. induksion levitatorun hava araliglarinin magnit kegiricilorinin (a), maqgnit sellorinin
(b) va magnit avaz sxeminin (v) tosvirlari.

Magqnit kegiricilorinin analitik ifadalari va onlarin tahlili.
Umumi halda tesirlonmos dolaginin induktivliyi ii¢ induktivliyin comi kimi tayin oluna

bilar:

Ly =Ly + L, + Ly = NGJWE + AWE + AWE = WEA,,
yaxud polinom gaklinds
Ly = Ly + XiZh AWE,
Ao = Ay + A; + A - ekvivalent maqnit kegiriciliyidir.

burada
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(1 ) dusturunda Aj vo As, uzunluglar1 | vo Is olan paralel ¢ubuglar arasindaki hava
araliglarinin maqnit kegiricilikloridirlar.
Ay =tly=b Ay =yt b 3)
li»e  va byc oldugundan gubuglarin sapalonma kegiriciliklori ¢ox kigik olur va ilkin
hesablamalarda nozoro alinmirlar. Bu halda (3) diisturundan istifado oluna bilor. Homin
diisturda g, = 4 - 1077 Hn/m havanin magqnit nufuzlugomsalidir, b iss niivenin qalinhigidir
(sokil 1, a).
Hava araliglarin ekvivalent maqnit keciriciliyi (1) dusturuna asasen hor hansi x vo'y
mosafalori ti¢lin asagidaki diisturla tayin oluna bilar:
A = A+ [ Aydx + f) Agdx (4)
X Va y ¢ubuglarin | uzunluguna va dolagin l1 uzunluguna aid olan koordinatlardir.
Oxuculara  molum olan odobiyyatlarda [4;12] cubuglarin qiitblorindoki  hava
araliginin maqnit kegiricisi A, liglin miixtolif dusturlar toklif olunmusdur:
Ay =,uO%ln(1+%); (5)
Ay = 0.875u.b. (6)
burada a niive ¢ubugunun enidir (sakil 1, a).
Sonuncu diistur avvalkindan forgli olaraq maqnit kegiricisinin ¢ubugqlararasi masafoni

C nozara almur. Belalikls, bu iki diisturun hansinin daha daqiq olmas1 namalum qalir.
(5) diisturunu 6Slgiisiiz amsallarla mavo mc ils ifads edok.

b c
Ay =,u0;ln(1+2—a) 7)
burada a=b/ma; c=b/m¢ gabul olunmusdur.

Magqnit kegiriciliklarinin va sellarinin tacriibadan tayini
Ovaz sxemindan (sokil 1, v) maqgnit sellori asagidaki diisturlarla tayin olunurlar.

O=11W1Ak ; (8)
O=IIW1AS; 9)
Os=[1W1As; (10)
O3 =D+ D1+ D=1 W1 (AxtAI+As) . (12)

Magnit sellorini tocriibadon toyin etmok figiin 6l¢ii dolagindan vo daxili miigavimoti
cox bdyiik olan voltmetrdon (elektron voltmetrindan ) istifads olunur. Ol¢ii dolaginda yaranan
elektrik horokat qiivvvasi (EHQ) E2> hamin voltmetrlo 6lgiiliir vo asagidaki diisturla tayin
olunur:

E2=oW202=0Wi1l1A12, (12)
burada ®; va A120lgli dolagindan kegon magnit seli vo hamin magqnit seli yolundaki hava
araliginin maqnit kegciriciliyidir.

Olgii dolagin1 orta ¢ubugun miixtolif ndqtolorinds (1, 2 vo 3, sokil 1.1, b)
yerlogdirmoklo magnit sellori 6lgiiliir.

Ol¢ii dolagmi1 W qiitbiin 1 néqtasinds yerlosdirands onda yaranan EHQ:

Ek = CUWZ @k = a)Wl.WzllAk . (13)
Olgii dolagim W5 tosirlonma dolaginin W1 yaxinhgindaki 2 noqtesinds yerlosdirondo
onda yaranan EHQ:
Ey = oW, (D + D) = oW, - W, - (A + A)) (14)
3 noqtasinds yerlaldirilmis 6l¢ii dolaginda induksiyalanmis EHQ:

Es = oW, (D + @ + @) = oW, - Wy - I - (A + A, + A). (15)
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(13), (14) va (15) diisturlarindan maqnit kegiricilori tiglin aliriq:

Ay = ﬁ = kE), = Ay; (16)
A+ Ay = i = KBy = Ay (17)
Ay + A+ Ay wavz-zl = kE; = As; (18)
burada k- moalum parametrdir:
k = m (19)

Aq, Ay va Az ilo isars edilmisdir:
A1:Ak; A2:Ak+Al;A3:Ak+Al+AS (20)

Owvalco A; maqnit kegiriciliyi tayin olunur, sonra iss A, maqnit kegiriciliyi

hesablanilir. Ona gora do A; maqnit kegiriciliyi dolay1 yolla hesablanilir.
A=A — A4 (21)

Tam maqnit kegiriciliyi Azhesablandigdan sonra tasirlonma dolagmin yerlagdiyi hava
araliginin maqnit kegiriciliyiAg hesablanilir.

Dolagin yerlosdiyi hava araliginin maqnit kegiriciliyini xususi maqnit kegiriciliyi A ilo
ifado edok:

Ay =242 (22)

burada A -iki paralel ¢ubuq arasindaki hava araliginin xususi maqnit kegiriciliyidir;li-dolagin
uzunlugudur:

b
ﬂ“ = luo Z = luomc (23)

Sonuncu diistur gubuglarm yan sathlorindon sopalonmo magnit sellorinin nazors
almadigindan hava araliginin ¢ ¢ox kigik qiymatlori iigiin istifado oluna bilor.

Hava araliginin ¢ boyiik giymotlorinds sopalonmo sahoasi giiclii oldugundan xususi
maqnit kegiriciliyini miixtolif diisturlardan [1;25] istifado etmokls hesablayirlar:

A=ty [me +2.921g(1 + mla)]; (24)
1.28m,
A= py(me +0.52 + ma::lc)' (25)

Burada m, =b/a vo m.=b/c — molum O6l¢iisiiz amsallardir,a/c = m./mg,-
Olc¢iisiiz omsallar nicbatidir.

Tacriibanin naticalari

Tocriiba {igiin istifads edilmis {iggubuqlu maqnit sisteminin (sokil 1,a) asas olgtilari vo
parametrlori malumdurlar:

a=12-10"3m, b=20-10"3m,c=25-10"3m, [=120-10"3m;

W; =350, R, =6.20m; W, =50, R, =1220m; U; =40V,
w=314 1/san
I, =1.64A;E; =558V; |, =45-1073m

1. Ekvivalent maqnit kegiricisinin hesab.
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Uy 40
7y =—=——=1243900m; x; = /zf — R2 = 23.579 Om
i, 164

L= 23579 _ 75.092 - 10~3H
1= " 314 '™ n
L, _ 75.092

-1073* =6.11-10""Hn

Aek:AS+Al+AT:W_ 3502
1

2. Maqnit selinin paylanmasinin tayini.
Uzunlugu [ =120-10"2m olan orta cubuq boyu magnit

selinin paylanmasi

horokat edan 6lgii dolagr ilo tadqiq olunmusdur. Dolagdaki EHQ E, elektron voltmetri ilo

toyin edilmisdir vo adadi giymatlori cadval 1-ds verilmisdir.

Magnit selinin amplitud giymatini @,, EHQ-nin tasiredici giymotino  E, asason
hesablanmigdir.
@, = V2B _ (1"“‘*) .E, = 22.519-107¢ - 5.58 = 125.656 - 1075 V/b.
oWy 314-50
Magnit sellorinin adadi giymatlari cadval 2 —ya yazilmigdir.
Cadval 1.
Magqnit selinin paylanmasi
X-1073, m 0 20 40 60 80 100 120 165
0,3 1,0 1,6 2,3 2,9 3,6 4,1 5,58
Eo,V
6,75 22,27 36,03 | 51,72 65,3 78,06 92,32 | 125,656
D 10°,Vb

3.Hava araliglarinin maqnit kegiricilorinin hesabz.
Maqnit kegiricilorinin hesabini asagidaki diisturla aparirq:
a=( : )-E: = !
oW W,i,/ "% 314-350-50 - 1.64

Hesablamalardan aliriq:

Ay = A,=11.09-1078 - E; = 11.09-1078-0.3 = 3.327 - 10~ 8Hn;

E, =11.09-1078-E, Vb.

Ay = Ay + A, =11.09- 1078E, = 11.09- 1078 - 4.1 = 45.469 - 10~8Hn;

A= Ay + Ay = 11.09- 1078 - 5 = 11.09 - 1078 - 5.518 =
=61.2-10"8Hn;

As = Ay — A, = (61.2 — 45.469) - 1078 = 15.731- 10~ Hn
Ay = Ay — Ay = (45.469 — 3.327) - 1078 = 42.142 - 10~8Hn

A; 421421078
2N=—=———

l 120-1073

=3.511-10"®Hn/m.
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A(ma;mc) funksional asililigin adadi giymeatlorinin (Ax10° Hn/m)

Cadval 2.

Ma
mec 1 1.6 2 3 4 5 6
0.8 2.467 1.934 1.708 1.345 1.127 0.981 0.785
1 3.518 2.985 2.759 2.397 2.179 2.032 1.927
2 4.774 4.241 4.015 3.653 3.435 3.288 3.183
3 6.03 5.497 5.271 4.909 4.691 4.544 4.439
4 7.286 6.753 6.527 6.165 5.947 5.8 5.695
5 8.542 8.009 7.783 7.421 7.203 7.056 6.95
6 9.798 9.265 9.039 8.677 8.459 8.312 8.207

Iki paralel cubuq arasindaki hava aralifmin xiisusi maqnit kegiricisinin qiymoti

hesablanmig xiisusi maqnit kegiricinin yarisina barabar olacaqdir.
A=0.5-3.511-10"°% = 1.756 - 10 ®Hn/mn.

4. Dayigon carayan dolaginin sopalonmo induktivliyi
Ls = AW?2 =-15.731-107% - (350)2 = 6.423 - 10"Hn,
yaxud
1 1
Ls =324+ L)W} = 2+ (3511-107° - 1) - (350)* =
=143.365- 1, = 143.365-45-1073 = 6.45 - 10~ 3Hn.

5. Dayison caroyan dolaginin tam induktivliyinin L1 giymatini yoxlayiriq:
L, = W{A; =350%-61.2-1078 = 74.975 - 10~ 3Hn.
Alinan noticoni ovvalki giymatlo 74.092 - 1073 Hn miiqayiso etdikdo hesablamalarin

gonastbaxs oldugunu gabul etmoak olar.
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Magqnit kegiricilorinin analitik ifadalorinin korreksiyasi.
(24) va (25)-ci diisturlar bagqa molum diisturlardan sadsliklori ilo segildiklarindon va
miiqayisali tohlillor tiglin moagsads uygun olduglarindan onlarin diiriistliiyiinii tocriibadan

yoxlamaq daha asandir. Bu mogsadlo korreksiya amsalindan istifado etmok olar:

Ar
k=7

Burada A, vo Ar —xiisusi maqnit kegiricilorin hesablamalardan va tacriibadon alinan
giymatlordir. A, >A; olarsa , onda k; <1 va bu halda (24) va (25) dusturlar1 asagidak: sokilds
korreksiya edirik :

A=k Ay = ki - pg [mc+2921g(1+1)] (26)
A=k Ay =y g [mc +0.52 + “j’r’:] 27)
Ap<Ar olduqda ki>1 alinir vo bu halda (24) va (25) diisturlart asagidaki sokildo

Yyaziriq:
A= k—lk g [me + 29219 (1 + mi)] (28)

1
A==y |me+ 052+

1.28mc]
k

mae+me

(29)

m, = 1.6 vo m, = 0.8 olan hal {iglin (24) vo (25) diisturlarina asason xiisusi maqnit
kegiriciliklarini hesablayaq:
A =1.256-107 - [0.8 +2.921g (1 + R)] =
=273.46 - 10" Hn/m; (24, a)

A, = 1.256 - 10~° [08+052+1'28'0'8 =
h— = ' ' 1.6 +0.8]

=219.38- 1078 Hn/m (25, a)

Korreksiya amsallarini hesablayiriq:

_r _ 1756 _
ki = In 27346 0.642 (24,b)
_Jr _ 1756 _
ki = 2 = 22 = 0.800 (25, b)

Hor iki distur iiglin k<1 oldugu {igiin (26) vo (27) diisturlar1 asagidaki sokildo
yazilmalhdir:

A= 0.6424, [mc +2.921g (1+ mi)] (30)
A= 08y, [mc +0.52 + “j’:;] (31)

(25, b) vo (24, b) diisturlarina gors (24) va (25) diisturlarin verdiklari nisbi xatalar:

5= 000, = 27340 1756 a0 = 55.720
e 0T 175.6 0T e
§ ="M 1009 = 2282571802 1000 = 51.5%.

Ar 180.2
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Goriindiiyu kimi molum diisturlarin verdiklari xotalar kifayst godor boyiikdiirlor.
Qiitblorin hava araliglarinin maqnit kegiriciliklori ti¢iin malum (5) vo (6) diisturlar
liclin yazmagq olar:

b me 20 0.8
Ae=pm,—In{1+—|=1256-10"%-——-10"3In(1+—) =
Ho m

“ 3.14 1.6
=0.324-10"8 Hn;
Ar 3.327 .
kk = Z = m == 10268,

Ax = 0.875 - y,b = 0.875 - 1.256 - 107%-20-1073 = 2.198 - 1078;

_ Ar _ 3327 _
ky, = 2198 1.513.

ki >1 oldugu ti¢iin (5) va (6) diisturlari sokildos diiriistlagdirila bilar:

-1, ., °b me\ _ _Hob M-
e = ke Ho <10 (1 + ma) = Tozesr M1 + ma’’ (32)
1 0.875
Ak = e 0-875/1019 = R'uob = 0578/“0 (33)

A(ma;mc) funksional asihhigin adadi giymatlarinin hesab.
(24)-ct diisturu olglistiz ma, Vo Mg kamiyyatlors nozoran askar sokilds yazag.

2 =[1256 - m, +3.66752lg(1 + —)| - 10~¢ (34)

Ma Vo Mc  Olgiisiiz kamiyyatloro miixtolif giymotlor verib (22) diisturuna asasan iki
paralel gubuq arasindaki hava araliginin xiisusi maqnit kegiriciliyini hesablayiriq vo noaticalori
cadval 2-ys yaziriq.

Homin giymotloro osason sokil 2-do  A(ma;mc) funksional asiliigin qrafiklori
qurulmusgdur. Qrafiklordon goriiniir ki, polad niivonin galinligir b artdigca, yaxud niivonin
cubugunun eni a azaldiqca (limumi halda ma-nin artmas ilo ) xiisusi magqnit kegiriciliyi A
azalir. Bu halda maqnit kegiriciliklori Aj Vo As azalirlar, dolagdaki coroyan I vo levitasiya
elementino tasir edon galdirici elektromaqnit qiivvasi Fe artirlar:

ki Uy

I, = F, =050 +W,)2- 4
VT oWR(A + A+ A TE (L 1)

Olgiisiiz mc¢=b/c omsal1 artdiqca A,Aj Vo As kegiricilori artirlar, naticads 11 coroyani vo
elektromaqnit qiivvasi Fe azaliriar. Ona gora do korreksiya omsalini kk=0.642 nazors aldigda
hesablamalarin naticalori ¢ox forqli alinir. Odur layiha masalalorinin hoallinds bu forgi nazors
almaq vacibdir va cadval 2-da verilmis ragoamlori kk =0.642-ys vurmaq lazimdir.

Qiitbiin 1 noqtasi vo doyison Coroyan dolaginin yanindaki 2 noqtosi ligiin hava
araligindaki maqnit sahalori bircinsli olmadiglarindan tacriibonin naticalori doqiq alimur.
Ona goro do 0Olgii dolagi bircinsli magnit sahasinin 4 va 8 noqtalorinds  (sokil 1,6)
yerlogdirmoklo E4 vo Eg EHQ-lorini 6lgmok lazimdir. Tacriibada 4 noqtasi 1 noqtasindon 40
mm uzaqliqdadir, 8ndqtasi iso 80 mm uzaqligda yerlasir (yani 14=40 mm va [g=80 mm).

Magnit sellorinin vo onlara uygun galon EHQ-lar liglin yaziriq:
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©, =E W, - Ay = LW, (Ag + 22 1,); (35)

q)g = E1W1 - A8 = 11W1(AK + 21" 18)' (36)
0%
Hi/r
——1{' i i
— -:- 5 By
| ¥ : e
- i
1 16 2 3 4 5 6 7

Sakil 2.1(ma;mc) funksional asihiligin grafiklori.

E4_ = (I)WZ - q)4_ = (,l)W1W211(AK + 2&[4), (37)
E8 = (,l)Wz - CDS = (UW]_WZI]_(AK + 2/118) (38)
Buradan aliriq:
_ 1  Eg—E4
Zl o ((L)W]_'Wz'll) lg—l4 ' (39)

Tacriibadon malum olan giymatloriyerine yazandan sonra tapiriq:

21 =11,09-10"8 29-16  _5c04
S (80 —40)-10-3 77
A =1,802-10-5Hn/n. (40)

Alman natico avvalki noticadon A = 1,756 - 10~Hn/m bir az forglonir. Bu halda
korreksiya omsalinin qiymati do forgli olur.

_Ar  180,2-1078

e = An  273,46-1078

= 0,658.
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NOTIiCOLOR

Induksion levitatorun miixtolif hava araliglarin maqnit kegiricilorinin ~ ayri-
ayriligda doaqiq hesablamaq moqgsadi ilo elektrik aparatlarinin hesabi iigiin istifado olunan
miixtolif diisturlar tohlil olunmusdur. Miioyyon olunmusdur ki, homin diisturlar bir sira
ehtimallara osaslanmisdir vo ona goro do onlarin dirdstliyii yiiksok deyil. Hamin
diistlirlardan istifado etmak mogsadi ilo hava araliglariin magqnit kegiricilari tocriibadan tayin
olunmus va korreksiya omsalindan istifado olunmusdur. Polad niivenin 6l¢iisiiz amsallarinin
miixtolif giymatlori ticiin hava araliginin xiisusi maqnit keciricisi hesablanmig vo onun
doyisms ganunauygunlugu miiayyan olunmusdur.
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OINPEJEJIEHUE MATHUTHBIX TPOBOJJUMOCTEM
YACTUYHBIX BO31YHHBIX 3A30POB UHAYKIIMOHHOI'O
JIEBUTATOPA

ABJIYJIAEB £1.P., HCMAHWBLIOB 3.H.

Pa3zpaboTan skcnepuMeEHTaIbHBII METO/ ONpeAeieHNss MAarHUTHBIX MPOBOJANMOCTEH
YaCTUYHBIX BO3JYIIHBIX 3a30pOB C HUCIIOJIb30BAaHUEM IOBUKHONW M3MEPUTENBHON OOMOTKH,
AJIEKTPOHHOI'O BOJBTMETpa M amiepmerpa. Ha OCHOBE 53KCIEpHMEHTAlbHBIX JIaHHBIX
KOPPEKTUPOBAaHbl HU3BECTHbIE (QOPMYJbl ISl MAarHUTHBIX MPOBOAMMOCTEH BO3TYLIHBIX
YYacTKOB.
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KiroueBble c10Ba: BO3AYyLIHBIE 3a30pbl, MAaTHUTHBIE MPOBOJUMOCTH, NOJUHOMHUANIBHBIE, MAaTHUTHBIE
MOTOKH, MarHUTHOH CHUCTEMBI, Oe3pa3mepHble KO3()(OUUNEHTHI, KOPPEKTUPYIOLIHE, IEPEMEHHBIN TOK KaTYIIKH,
U3MEPEHUs KaTyIIKHU.

DETERMINATION OF THE MAGNETIC CONDUCTIVITIES
PARTIAL AIR GAP INDUCTION LEVITATORA

ABDULLAYEV A .R., ISMAILOV Z. N.
An experimental method for determining the magnetic conductivity of the partial air

gap using a mobile measuring winding, electronic voltmeter and ammeter. On the basis of
experimental data uncorrected known formulas for magnetic conductivity of air parcels.

Key words: air gaps, magnetic conductivities, polynomial, magnetic fluxes, magnetic system,
dimensionless coefficients,correction, alternating current coil, measuring coil.
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MATHEMATICAL CALCULATION OF ADSORPTION IN
A LIQUID-ADSORBENT SYSTEM
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Abstract. The paper presents mathematically simulated
calculation of adsorption process in a liquid-adsorbent
system.

Keywords: adsorbent, trass, liquid-adsorbent

I.INTRODUCTION

Mathematical modeling of adsorption processes
represents great interest for resolution of a number of
tasks, for example, during defining the quantity of an
adsorbent needed to reduce solution concentrations to the
given quantity within the given period of time. For this
purpose, equations describing the change of concentration
of a solution during its precipitation on adsorbent have
been introduced.

ILEXPERIMENTAL PART

Kinetics of adsorption processes plays an important
role for both the use and evaluation of adsorbents. A
series of experiments have been carried out in laboratory
conditions to study this issue. 200 ml of water with
dissolved Fe?*, Fe®* and Mn?‘ions was used in overall
experimental works. The sizes of trasses were (-50+10)
mkm, equally. Solution was mixed on magnetic mixer at
a constant speed. During the first series of experiments,
the obtained concentrations of solution were measured at
10, 20, 30, 40, 60 and 120 minute intervals according to a
standard method. The following quantities of substances
were taken: Mn?* with initial concentration of 52 mg/l
and 50mg of adsorbent, Fe?* with initial concentration of
12 mg/l and 10mg of adsorbent, Fe3* with initial
concentration of 83 mg/l and 50mg of adsorbent. During
the second series of experiments, the values of
concentration with the same metal ions were obtained
after 60 min of adsorption for initial concentrations: 1,
5,10,20,50,100,200 and 300 mg/l.

In order to mathematically describe adsorption of
metal ions - Mn?*, Fe?* and Fe®" - from one -component
solutions we accept the following assumptions:

¢ Mixing up of a water volume with dissolved metal
ions and trass particles proceed with such intensity that at
every moment of time concentration of ions are equal in
any point of this volume.

e Adsorption of ions proceeds on both the trass
surface and even on the precipitated metals, and possibly,
with different intensity.

o Since the porosity of trass is small (about 4% of
volume), so adsorption in pores is not taken into account.
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e Trass particles are of spherical form and the same
size.

Taking into account the mentioned assumptions, we
will find the mass precipitated on the surface of metal
trass over the time from t to t +At. Let V be the volume
of water from which metal ions are adsorbed, So — the
area of trass surface, S(t) - the area of the trass surface
with precipitated metal ions, and Se-S - the surface free
of ions, accordingly. Let u be average liquid stream
running on the trass surface. Then over the time of At,
u(Se-S) AtC(t) mg of metal ions washes the free surface
of trass, and Ami=kiu (Se-S)AtC(t) of which
precipitates on the free surface. ki is a value
characterizing the ability of the free surface to adsorb the
given metal ions. We consider it to be constant not
dependent on the stream velocity u, concentration C and
other parameters of adsorption process. Analogically,
USAtC(t) mg metal ions washes surface S and is
adsorbed on already covered surface Amy=kou (So-
S)AtC(t) mg. ko is a value characterizing the ability of
the free surface covered with metals to adsorb the given
metal ions. ko is also constant not dependent on the
adsorption parameters, but only on the nature of dissolved
metal. In a common case ki k.

Then from the law of conservation of mass

AC-V+Ami+ Amp=0
or

1)

[C(t+At)-C()V =
=—ku[S, - SM)[c(t)At + k,uS(t)C(t)At

After elementary transformations, by dividing the
both parts of equation into At and transition to At—0
limit we obtain differential equation


mailto:magerram-hasanov@rambler.ru

C' =-d,1-x)+d,x|C
where d, =k,uS, /v, d, =k,uS,/V,
X = X(t) =S(t)S,, C’- derivative on times.

Further over the time of At, the free surface of trass
decreases by a magnitude:

O]

[S, —S(t)]-[S, - S(t+At)]=Am, /a 3)
where, a — the density of trass surface filling by metal
ions.

After some transformations, replacing x= S/Sy and
transition to At—0 the following is obtained from (3):

x' = Al-x)C

where, A= kju / a, x!- derivative on times.
Equations (2) and (4) form a usual differential

equation system

C' =—d,@-x)+d,x[c

x' = Al-x)C
of which solution under initial conditions C(0)=Co, x(0)=0
allows finding a dependence C=C(t),x=x(t), while 0<x<1.
When x reaches the value equal to 1 within a moment of
T time, i.e. all of the trass surface is covered by metal and
C(T)=Cy, subsequent change of concentration will be
determined from equation:

(4)

®)

C' =—d,C,t)T (6)
under initial condition C(T)=Cr.

In order to solve the system (5), it is necessary to
know the value of parameters Sg, ki, k2, u, a. It should be
noted that all experiments were conducted with one size
of trass - (-50+10) mkm and the volume of solution - 0,2
I. The solution was mixed by one mixer at a constant
speed.

Let equations (5) and (6) adequately determine the
change of solution concentrations at times, i.e. at known
So, ki1, k2, u, a, the calculated C (t1) gives the values of
concentrations, which coincide with experimental C (t1)
for

t1=600, t,=1200, t;=1800, t,=2400,

t5=2400, ts=7200 sec (7
times of Mn?*, Fe?* and Fe® solution that at initial
concentrations after 60 min. of adsorption will be
verifying for the found values of parameters. If
coincidence of the calculated and experimental values of
concentration is quite satisfactory, it can be concluded
that the proposed model with obtained values of
parameters adequately describes the process of change of
concentration of the given metal ions in solution volume
with adsorbent.

Let us go on to determination of Sp, ki, ko, U, a
values. According to the last assumption and the
calculations conducted, r =20 mkm is a good proximity
for trass particle sizes - (-50+10) mkm. Therefore, in
calculations it is accepted:
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S, =3m/ pr, cm® 8
where, m- mass of sample, g; p-trass density, g/cm?; r =
0,002 cm.

At initial moments of time, when S — the area of trass
surface with adsorbed metal is small, the value x=Sy/S is
small. Without taking into account small x, system (5)
comes to the task of Cache

Clz -d1C, C(O) = Co,
of which solution C(t)=
sec., we obtain a value

Co exp (-dir). If take t;=600

d, =—In(C,(600)/C,)/600,1/ cek, ©)
where, Co (600) — experimental value of concentration at
the moment of time of 600 sec.

From expression d; =k, uS, /V we obtain

k,u=d\V/S, (10)
For great values of time it can be supposed that
almost all the trass surface is covered with metal, so x =1.
Then from (5) we obtain an equation C!= -d,C and
C(t)=Dexp (-dat), where D is some constant.
Hence, we find a value

d, =—In[C,(7200)/C,(3600)]/3600, 1/cex (11)

where, Cp (3600), Co (7200) is experimental values of
concentration at the moment of times 3600 and 7200 sec.,
respectively.

Sinced, =k,uS,/V ,so k,u=d,V/S,
It is worth to note, that in our case only values K, U

and K,U can be obtained, but not ki and k, as all

experiments were carried out at one mixing speed.
Parameter a, mg/cm? was determined through
calculations and  minimization of  discrepancy

L= 2?_1[C(t1)_cl(tl)]2 for the moments of time t; from

(7), where C and C; are the calculated and experimental
values of concentration. Parameters obtained by this way
are presented in the Table below.

Metal kiu, kau, a,
ions cm/sec cm/sec mg/cm?
Mn? 2,946:10* 1,695-10°3 0,08
Fe?* 1,812:107 3,064-10* 0,30
Fe 2,037-10° 6,380-1073 0,35

As it can be seen from the Table, manganese ions
(Mn?*) have lower coefficients and precipitation density
compared to ferric ions, i.e. adsorption of manganese
proceeded worse, as it was also observed during the
experiments.



[=]

Mn?* (1) — calculated values; + -experimental data;

Fe?* (2) —calculated values;o —experimental data;

Fe3* (3) —calculated values;o —experimental data.

Fig.1 shows the dependence of calculated data at the
given parameters, concentrations and experimental data
on the time. The calculated dependence of residual
solution concentration on the initial concentration and
experimental values are given in Fig. 2.

mg/l o

[=)
(=]

S
(=]

[
(=

Concentration of an element in a solution

80 100

time,min

Fig. 1 Kinetics of adsorption of ions on trass.
Concentration of element in liquid, mg/I.
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Fig. 2 Dependence of the residual concentrations of Mn?* (a), Fe* (b) and Fe®* (c) on the initial concentration. -------
calculated values; -------- experimental data.

111. CONCLUSIONS

Comparison of the calculated and experimental data
shows that the proposed model describes experiment with
satisfaction. The difference of the calculated and
experimental values can be explained with insufficient
precise determination of parameters So, kiu, kou and a.
Significant declination of the calculated and experimental
values under small initial concentrations of solution is
typical of all ions, and may be explained with injustice of
the first assumption in this case. The given model can be
used during implementation of the known conditions for
the calculation of adsorption kinetics of ions and low-
molecular compounds on various adsorbents.
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GUC ADSORBENT* SISTEMINDD ADSORBSIYA PROSESININ
RIYAZI ANLAYISLARI

HOSSEINAHLI N.M.

Mogalads ,,Giic adsorbent* sisteminds adsorbsiya prosesinin riyazi anlayiglari tagdim
olunmusdur.

Acar sozlari: adsorbent, gil, riyazi anlayislar

MATEMATHYECKHAW AHAJIU3 ITIPOIIECCA AJICOPBIIMA B CUCTEME
«[VIMHA-AJJICOPBEHT

XOCCEMHAXJIN HM

B craTbe npezacTaBieHbl pe3ysibTaThl MaTEMAaTHUECKOIO aHAJIM3a MIpoliecca aacopouuu
B CUCTEME «TJIMHA-aJICOPOCHT.

KuroueBble cjioBa: ancopOeHT, IIMHA, MaTeMaTUYyCKUH aHATU3.
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_ MUXTOLIF TEXNOLOJI o
SORAITLORDO HAZIRLANMIS POLIETILEN
MATERIALININ “STRUKTUR-XASSO” OLAQOLORI

HOSIMOV A.M., SULEYMANOVA L.C., QURBANOV K.B.

AMEA akad. H.M.Abdullayev adina Fizika Institutu
Az-1143 Baki, H.Cavid prospekti, 131

Mogalodos yiiksok sixliga malik polietilen materialinin miixtolif texnoloji soraitlords hazirlanmis niimunslarinin
“struktur-xassa” slagalarinin tadgigindan sldo edilmis tacriibi naticalor tagdim olunmusdur. Miiayyan edilmisdir
ki, makromolekullar toplusunun amols gotirdiyi strukturdan asili olaraq polietilen niimunalards, nozars garpacaq
daracado forgli xassslor miisahids olunur.

Acar sozlari: polimer, izotrop, struktur, xasss, amorf, kristal, polikristal, sferolit, kristallasma, temperatur,
fibrilyar qurulus, tozyiq.

Odabiyyat molumatlarindan [1-5] birgiymatli olarag, malumdur ki, polietilen tozunun,
onun orimo temperaturundan yiiksok (200°C) temperaturlarda, 40-150 atm. tozyiglordo
sixilmasi vastasilo istonilon galinliglarda alds edilmis arintini, arima temperaturundan asagi
temperaturlara kegirtmoklo polietilen 16vhoalorini almag olar, eyni zamanda malumdur ki, alds
edilmis 16vhalor, qalinliglarindan asili olmayaraq, izotrop xassoyo malik olarag, sferolit
strikturla xarakterizs olunarlar.

Mogaloada galinligi 0,6, 1,2 vo 1,6mm olan polietilen niimunalori tadqiq edilmisdir.
Tadgigat niimunasinin segilmasi onunla slagadardir ki, ilk névbada polietilen materiali, xatli
polimer sinfinin tipik niimayandosi olarag, amorf-kristallik qurulusla kristallasaraq
polikristallik strukturlar amala gatirir vo izotrop halda sferolit struktur elementlorindan togkil
olunur; polietilen materiali bir sira aspektlordsa genis 6yranildiyi sabobindon adobiyyatda olan
molumatlardan da istifads edorok, magalodo garsiya qoyulan mosalalorin todgigindon alinan
naticalarin birgiymatli vo yaxud ¢oxehtimalli izahatlarini tamin etmok olar.

Tacriibalords yuxarida geyd olunan iisul ilo miixtalif qalinligh (0,6; 1,2; 1,6) todgigat
niimunolari 40-150 atmosfer tozyiq totbig etmoklo olds edilmisdir. Niimunalorin kristallagma
temperaturu 20°C toskil etmisdir. ©dobiyyat materiallarindan [1, 2] molum olur ki, yuxarida
geyd olunan temperatur-tozyiq rejimlorindo polietilen materiali 6lgiilori kigik olan sferolit
struktur elementlorindon toskil olunur. Kristallagma temperaturu otaq temperaturuna yaxin
oldugundan, materialda kristallasma prosesi kifayat godor siiratlo getdiyi sobobindan sferolit
struktur elementlorinin inkisafi mohdudlasir vo sferolitlor kicik Olgiilora malik olurlar.
Nishaton nazik tobagalorde materialin qalinlig: iizro 20°C-nin daha tez zamanda tosir etdiyini
nozaro alsaq sferolitlor daha kigik o6lgiilorlo xarakterizo olunurlar, eyni zamanda P tazyiginin
kigik giymatlorinds vo qalin materiallarda defektlorin say1 ¢ox olur.

Qeyd etmok lazimdir ki, polimer arintilorinin kristallagmasi iki osas marhalodon kegir:
kristallasma moarkazlorinin yaranmasi va bu morkazlordon kristallarin inkisaf etmasi.
Kriatallasma morkozlori polimer makromolekullarin  toplusu vo yaxud da bir
makromolekulanin dofalorlo gatlanmasindan toskil olunur. Polimer orintilorinin  osas
xiisusiyyatlorindon biri do odurki, onlarda amorf halinda olan qismon nizamli qurlusla
olagodar olaraq, orintido hetrogenlik miisahido olunur. Qeyd olunan nizamli qurlus polimer
materialinin arimoa temperaturundan kifayat godar yuxari temperaturlarda da miisahids olunur.
Mohz bu sababdon polimer arintilori soyudulduqda onun kristallasmasi boyiik siiratlo basa
catir. Polimer orintilorindo kristallasma morkozlori yarandiqdan sonra hor bir kristallagsma
morkazindon struktur elementinin inkisaf etmosi morholosi baslanir. Polimer orintisi
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soydularkon kristallasma prosesi ilkin olaraq siiratlo gedir (ilkin kristallasma) sonraki
morhalodo kristallasma qismon az siiratlo (ikinci morholo kristallasma) basa catir. Ilkin
kristallasma prosesindo molekullar toplusunun oamolo gotirdiyi struktur elementi yaranir;
ikinci kristallasma morhoalasinds nizamliligin yaxsilasmasi prosesi gedir. Qeyd etmoak lazimdir
ki, hor iki proses eyni zamanda gedir, ancaq ilkin prosesin siirati daha yiiksok olur.

Qeyd olundugu kimi orinti soydularkon materialda adoton sferolit struktur elementlori
formalasir, beloki kristallagma prosesinds istirak etmoyon asqarlar, makromolekuldan ayrilmig
sonluq qruplari, amalo golon kristallarin sothina ¢ixarilir. Kristallarin inkisafi tomiz orinti
istigamatinds olur, ¢ilinki sathlors ¢ixarilan asqarlar kristalin inkisafini modudlasdirir.
Noticads fibrillardan toskil olunmus radial sferolit amalo galir.

Polimer materiallardan polietilen polipropilen izotaktik polistirol, quttapergi,
poliakrilonitril va digor kristallagsan polimerlards strukturamalagatirmo prosesi B.A.Kargin va
onun amokdaslar1 torafindon otrafli tadqiq edilmisdir [6].

Kristallagan polimerlorin morfoloji todqigi istigamotinds aparilan g¢oxsayli nozori-
tocriibi todgiqatlarin naticalorino osaslanaraq polimer materiallarda formalasan miixtolif
struktur elementlori sirasinda osaslari olaraq, monokristal, fibrilyar vo sferolit qurulus
elementlori geyds alinmisdir [2].

Miioyyan edilmisdir ki, sferolitlorin formasi vo Olgiilori eyni zamanda kristallagsma
morkozinin noviindon (homogen vo yaxud hetrogen) vo kristallasma markazinin amolo
galmasi va inkisaf etmasinin siiratindon asilidir.

Sferolitlorin daxili qurlusunun Oyronilmasi {izra rentgenoqrafiya, elektronografiya,
elektron-mikroskopik, monoxromatik isiq optikasi tisullari totbiq edorok bir sira islor yerino
yetirilmisdir [2, 7]. Qeyd etmoak lazimdir ki, hazirk: vaxta goadar bu masala tam aydinligi ils 6z
hallini tapmamisdir. Miiasir tosavviirlora asason sferolitlorin daxili qurlusu moarkozdan radius
boyunca yayilan fibrillordon togkil olunur. Fibrillords makromolekullar radiusa
perpendikulyar vaziyyatds olur. Polimerlarin izotrop halda kristallasmasi sferolitlorin amala
golmosi ilo mohdudlagsmayaraq, eyni zamanda sferolitlor vo sferolitobonzar strukturlarla
alagali sokilda, 6l¢iilori daha boyiik olan lent sakilinda struktur elementlari amala gotirirlor.

Tocriibalorda polietilen materiallarindan uzunlugu 4sm vo eni 0,8sm olan todgigat
nimunalori  kasilorok, xiisusi qurguda, bir ox istigamatindo deformasiya edilmisdir.
Materiallarin deformasiya prosesi otaq temperaturunda yerina yetirilmisdir.

Tacriiboalordon alinmis naticalor codval 1., Miivafiq diaqram (sokil 1) vo grafikds (sokil
2) oks olunmusdur.

Cadval 1

Miixtalif d galinligina malik yiiksok tozyigli polietilen 16vhalarinin T,=200°S temperaturunda,
miixtolif P tozyiglorinds Ti=22°S kristallasma temperaturunda emal olunmus va bir ox
istigamotinds, deformasiyasi tacriibalorindan slds edilon naticaloar.

d=0,6mm d=1,2mm d=1,6mm

No Pratm g, % g, % £, %

1 40 ™~ 110 80 50

2 60 150 120 95

3 80 190 150 120

4 100 290 220 190

5 120 350 300 270

6 140 320 280 250

7 150 300 270 200
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Miiayyan edilmisdir ki, materialin qalinhi@ artdiqca deformasiya prosesi naticasinda
polimer niimunslorinin mexqaniki qirilma hadisesi deformasiyanin kigik qiymatlorinds
miisahido olunur. Materiallarin deformasiya prosesindan oldo edilon ilkin naticalor onunla
izah olunur ki, qalinlig1 kigik olan niimunolords kristallasma prosesi otaq temperaturunda
daha boyiik siiratlo yekiinlagdigindan sferolit strukturlar kigik olgiilii oldugu sobobindan,
sferolitloraras1 masafalor do kigik olur vo bu hal materialin daha bircinsli olmasina sabab olur.
Qalinhig1 ¢ox olan niimunolords iso otaq temperaturu materialin qalinligi istigamotindo
geyribarabar  paylandigi sobobindon, materialin hacminds makromolekullarin sarbastlik
daracasi daha ¢ox olur vo bu sababdon sferolit strukturlarin inkisaf etmasine sorait yaranir vo
olgiilori bdyiik olur. Bu halda sixligir az olan sferolitlorarast mosafolor boyiik oldugundan,
materialin geyri-bircinslilik doracasi do ¢ox olur vo bu da materialin mexaniki
deformasiyasinin azalmasma sabab olur. Digor torofdon qalinligi ¢ox olan niimunalords
defektlorin sayinin daha ¢ox olmasi da materialin mexaniki deformasiyasinin az olmasina
gatirir.

400

£, %

350 -

300

250

200 -

150 -

100

20

40 60 80 100 120 140 150
P.atm

Sakil 1. Polietilen 16vhalorinin deformasiya prosesinin
naticalori tizra diagram.

1-d=0.6 mm

2-d=1.2 mm
3-d=1.6 mm
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Sakil 2. Polietilen 16vhalarinin deformasiya prosesi lizra naticalor

Qeyd etmok lazimdir ki, 140-150 atm. tozyigindo hazirlanmig niimunalorin mexaniki
deformasiyasi, 120 atm. tozyiqdo hazirlanmis niimunalors nisbaton az miisahido olunmusdur.
Bu notico onunla izah olunur ki, 140-150 atmosfer tozyigindo materialda struktur
elementlorinin formalasmasi vo inkisaf etmosi ¢otinlogir, materialin kristallasma doracasi
azalir vo material daha ¢ox defekto malik olur.

Qeyd etmok lazimdir ki, amorf-kristallik struktura malik polietilen materiali bir ox
istigamotindo deformasiya prosesine moruz gqaldigda materialin amorf vo kristallik
hissalarinds struktur doyismalori mévcud olur, belaki struktur dayismalorinin xarakteri asasan
materialin hazirlanma texnologiyasinin parametrlorindon: deformasiya prosesinin aparildigi
miihitin temperaturundan, sferolit qurulus elementlorinin daxili strukturundan, sferolit
elementlorin meterialda dairovi vo yaxud radial yerlogsmasindan, sferolitlorin ¢ox defektli vo
yaxud az defektli olmasindan, makromolekullarin sferolitin morkozindon radiusu boyunca
yayllmasinin xarakteridon, materialin kimyovi qurlusundan vo materiali xarakterizo edon
digor parametrlordon asilidir. Yuxarida yazilanlari nozoro aldigda gorara golmok olar ki,
polimerlarin mexaniki mohkomliyinin vo deformasiya proseslorinin mexanizmlorinin izahi
yalniz struktur elementlarinin (sferolitlorin) dlgiilori ilo miioyyanlogmir va bir sira faktorlardan
asilt olur, odur ki, ilkin tocriibalordo aldigimiz naticolor gostorilon temperatur vo tozyiq
soraitinds emal olunmus yiiksok tozyiqli polietilenin “struktur-xasss” slagalarini xarakteriza
etmis olur. Deformasiya proseslorinin sferolitin olgiilorindon asililigim1 birgiymatli olaraq
toyin etmok tgiin, sferolit daxili qurlusu eyni olan va digar tasir edon amillorin niimunays
tasirinin konarlasdirilmas1 miimkiin olarsa, bu halda materialin xassasinin struktur elementinin
olgtilorindon asililigin xarakterina dair birgiymatli fikir sdylomok olar.

Mohz yuxarida gostorilon soboblordon polimer materiallarin deformasiya proseslarini,
biitiin hallarda ohats edon timumi nazariyyanin verilmasi ¢atinlik téradir. Bu baximdan ayri-
ayr1 hallarda deformasiya prosesinin tacriibi tadgigindan slds edilon naticalorin statistikasinin
toplanmasi deformasiya prosesinin nozariyyasinde movcud olan mohdudiyyatlori aradan
qaldirmaga yardime1 ola bilar.

64



=

bapmenes I'M., ©penkenv C.A., Duzuka noaumepos, 1990, Jlenunrpan,«Xumusi», 429 c.

2. Mocerin @.X. TlomumepHble MOHOKPUCTAIUIBI, TMEPEBOA C aHriuiickoro B.I. bapamosa,
T.U. Boaxosa, bB.M. l'unzoypea, FO.H. Ilanosa non. pen. npod. C.A Dpenxens, u3n.
«Xumus», Jlenunrpaackoe ortaenenue, 1968, 551 c.

3. Manoenvrepn Jleo, Kpucrammuzanus IMOJIUMEPOB, MEPEBOA C AHIIMMCKOrO MOJI.pEN.
nokropa ¢u3. mat. Hayk C.5. @penkenst U3n.«Xumus» Mocksa-Jlenunrpan,1966, 333 c.

4. Maeeppamos  A.M. CtpykTypHOE u paadaloHHOE MOAU(PUITIPOBAHUE
MbE303JIEKTPUYECKUX CBOMCTB MOJMMEPHBIX KOMIO3UTOB, baky, -«9am»-2001, 325 c.

5. Hlamawseunu M.B., Pecosckuii A.B., Cmupnos A.B., ®edepos b.A., Kypwvineun U.C.,
Envawesuy ['K. VccnenoBaHue CTPYKTYpbl IIOPHUCTBIX ITOJIMATHIICHOBBIX IIJICHOK
METOJIOM MaJIOYTJIOBOIO peHTreHOBCKOro paccessuus. BMC, 2005,rom 47,Ne6, ¢.970-977.

6. Kapeun B.A., Cnomunckuu I'.JI. KpaTKue OYEPKU MO (PU3UKO-XUMHUHU TIOJUMEPOB. U3
«Xumus», Mocksa, 1967, c. 221.

7. 3esuna A.B., 3y606 B.I1. u np., HoBeiimme MeTOIbI CCIICAOBAHMS TIOJIMMEPOB, MTEPEBOJI C

anriuickoro, noa.pea. Kapruna B.A., [lnare H.A., 1996, U3a. «Mup» Mocksa, 571 c.

B3AMMOJIEMCTBUE CTPYKTYPHI CO CBOMCTBAMM OBPA3IIOB
MNOJIMITUJIEHA U3TI'OTOBJIEHHBIX B PA3JIMYHbIX
TEXHOJIOI'MYECKHX YCJIOBUAX.

TAIIUMOB A.M., CYJIEHMAHOBA JL.Y., TYPEAHOB K.B.

B crartbe uU3I0KEHBI PE3YyJIbTAThL HCCIIeJOBaHUI ,ZLCCI)OpMaLII/IOHHBIX IMpoLecCcoB
06pa311013 IMOJIMDTHJICHA CITPECOBAHHBIX ITPH PA3JIMYHBIX JTABJICHUAX.

KaioueBble ciioBa: mONMMEpH, W30TPOIHO, CTPYKTypa, CBOMCTBAa, aMOpQHbBIC, KPUCTALINYECKHUE,
MOJIMKPUCTAIUTMYECKHIE TEMIIEPaTypa KPUCTAIIIM3AINH, JIaBIICHHUE.

INTERACTION STRUCTURES WITH PROPERTIES OF A SAMPLE
POLYETHYLENE MADE IN VARIOUS TECHNOLOGICAL CONDITIONS.

HASHIMOV A.M. SULEYMANOVA L.C. QURBANOV K.B.

The article presents the results of research of deformation processes ot hardened
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Energetikanin problemlori ¢  No2 e 2016 e IIpo0GieMbl SHEPIETHKU

UOT 621.472

FOVQOLADO HALLAR ZAMANI OHALININ QAYNAR SU iLO TOMIN
OLUNMASI UCUN SOYYAR GUNOS-KULOK ENERGETIK QURGULARINDAN
ISTIFADONIN PERSPEKTIVLORI

SALAMOV O.M., "OLIYEV F.F., MAHMUDOVA T.O.

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

Xiilasa: Isdo fovgolado hallar bas verarken 6z dogma yurd-yuvasindan ayri diismiis vo miivagqoti olarag,
morkozlosdirilmis elektrik vo gaz tochizati xottlorindon uzagda yerlogson sohra soraitli sigimacaqda yasamaq
mocburiyyatindo qalan ailolorin soyyar xarakterli kombino olunmus giinos-kiilok energetik qurgularindan
(KOGKEQ) istifado etmoklo gaynar su ilo tomin olunmasi ikkanlar1 nazardon kegirilir. Bu mogsadlo, AMEA
Radiasiya Problemlori Institutunda yaradilmis qurgu {izerinde Baki sohorinin klimatik soraitinds aparilan tobii
smaqlardan vo Azorbaycan Respublikasinin orazisinin miixtalif zonalarinda mévcud olan giines vo kiilok
resurslar1 nozars alinmaqla nazori hesablamalardan slds edilmis naticalordon istifado olunmus vo KOGKEQ-nin
yuxarida geyd olunan magsadls istifads imkanlar1 doyarlondirilmisdir.

Acar sozlor: Qaynar su, yasti giinog kollektoru, kiilok elektrik miihorriki, istilikdasiyici, giinos
radiasiyasinin intensivliyi, kiiloyin siirati, orta siirat, ani siirat, kiiloyin ani siiratinin paylanma ayrisi

Aparilan arasdirmalar onu gostorir Ki, bir torofdon antropogen, digor torofdon iso
texnogen faktorlarin tasiri naticesinds son zamanlar Yeratrafi atmosfer qati, torpaq vo igmali
su manbalari ekoloji cohotdon katastrofik doracads girklonmaya moruz qalir. Ogar bazi ekoloji
fosadlar nisbaton lokal xarakter dasiyirsa, istixana effektinin naticasinds Yerotrafi atmosfer
gatinin istilik balansinin pozulmasi vo miixtalif név zohorli, toksik, aqressiv qazsokilli
maddalarlo ¢irklonmasi global fosadlara gotirib g¢ixarir. Mahz bu sabablor iiziindon son
zamanlar diinyanin bir-sira 6lkolorindo miixtolif nov tobii folakotlor, xiisuson do stinamilar,
qasirgalar, ¢aylarin dagmasi, leysan yagislarinin naticasinda iri hacmli yasayis massivlarini,
bozon iso boyiik soharlori su basmasi, kiitlovi meso yanginlari, tursu yagislari vo s. kimi
ekoloji fosadlar bas verir. Biitiin bu tobii falakatlor hamin orazilordo yasayan ohali iigiin
fosadsiz Otiismiir vo onlarin tohliikali orazidodn koniillii, yaxud da mocburi kogiiriilmasi
mocburiyyati yaranir. Belo olduqda bas vermis tabii folakot vo onun torotdiyi fosadlar aradan
galdirilana godor hamin insanlarin he¢ olmasa saglamliga zoror vurmayan minimal soraitdo
yasamaq imkanlarinin tomin olunmasi ¢ox bdyiik 6nom dasiyir. Tabii folakotdon zoror ¢okon
Vo yaxud da 6z 6lkasinds bas veran vatondas garsidurmalarinin tératdiyi fosadlardan qagaraq,
ailo tizvlorini gorumag namina, onlar1 da gotiiriib, qonsu dlkalors iiz tutan ¢coxsayli qagqinlar
da yasamaq ti¢lin bazon he¢ minimal soraitin do olmadig1 miivoqqeti qagqin diisorgslorindo
moskon salmaq macburiyystinds qalirlar. Azorbaycan Respublikasi da kegan osrin 90-ci
illorindo 6z mistoqilliyi ugrunda miibarizoys qalxarkon, onun orazisinin  20%-i
himayadarlariin gostordiyi horbi doastoyin sayasindo monfur qonsularimiz torafindon isqal
olundu. Ona godar do 1986-87-ci illordo Qarbi Azarbaycanda yasayan sonuncu 300 mina
godar soydaslarimiz dogma yurd-yuvalarindan qagqin diisorok Azarbaycana iiz tutmusdular.
Biitiin bu gagqinlarin yenico miistaqillik qazanmis va igtisadiyyati bir o qader do dayaniglt
olmayan bir 6lko torofindon komfort soraitli yeni monzillorlo tomin olunmasi, olbat ki
miimkiin olmayan bir peoses idi. Odur ki, hamin praktikadan gordiiylimiiz kimi, homin vaxt
dogma yurd-yuvasindan didergin diismils qac¢qinlarin oksariyysti, miixtalif rayonlara iz
tutarag, bir godor miinasib hesab etdiklori yerlordo 6zlori ti¢in miivogqati yasayis maskoni
salmigdilar. Tabii ki, bu zaman homin qagqinlarin da igmali suya, xiisusan da gaynar suya vo
istiliys olan talabatlar1 ¢ox ¢atinliklo va gisman 6danils bilirdi. Belo hallarda, sohra saraitindo,
cadirlarda moskunlagmis ailalorin saglamliq durumlari, on baslicasi onlarin na daracods
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sanitar-gigienik gaydalara riayst eds bilmasindon asilidir. Bollidir ki, hamin ailslor uzun
miiddat arzinds (6zlarine miivaqgati yasayis yeri tapana qadar hatta aylarla) isti dus gabul eds
bilmirlar. Onlarin heg¢ paltarlarin1 yumaq ti¢iin da isti su ilo tominati miimkiinsiiz olur. Biitiin
bunlar ise, antisanitar voziyystin yaranmasina vo miixtalif nov yoluxucu xastoliklorin bas
vermasine sabab olur.

Biitiin bu yuxarida geyd olunanlardan balli olur ki, har-hansi sabab {iziindon miivaqqgati
olaraq sohra soraitindo yasamaga mocbur galan insanlarin qaynar su ilo tominati miistosna
ohomiyyat kasb edir. Balli oldugu kimi hazirda qaynar su aldo etmok ii¢lin har-hanst név
yanacaqgdan vo yaxud da bilavasito elektrik enerjisindon istifads olunur. Lakin, bazi hallarda
tobii folakot zamani miivaqgsti maskunlasan ailslorin moskunlasdigi yerlordo ananavi enerji
monbalari vasitasilo gaynar su aldo etmosi ii¢iin he¢ bir real imkan olmur. Belo hallarda
alternativ va barpa olunan enerji manbalorindan, xiisuson do yast1 giinos kollrektorlari (YGK),
fotoelektrik corayan monbalori (FCM) vo kiilok elektrik miiharriklorindan (KEM) gidalanan
sayyar gaynar su tominati (QST) qurgularindan istifads olunmasi boyiik shamiyyat kasb edir.

Azarbaycan ham giinas, ham da kiilok enerjisinin ehtiyatlarina géra diinyanin 6ndo gedon
Olkalorindon sayilir. Cadvolda diinya 6lkolorinds vo Azarbaycan Respublikasinin arazisinds
movcud olan giinas va kiilok enerjisi ehtiyatlart barado malumatlar verilmisdir.

Codval
Azarbaycan orazisindo mévcud olan giinas vo kiilok enerjisi ehtiyatlart
Parametrin adi Miqdari ve 6l¢ii vahidi

Yer sothinin 1 m? iifiigi miistovising il arzinds diison giinos enerjisi 833-2222 kVt saat
Yer sothino diison giinos enerjisi 1600-2283 TVt-saat/il
[lin miixtolif fosillorinda yer sothinin 1 m2-o diison orta giinliik 2 28-7.3 kVt saat
giinos enerjisi o
Azarbaycanda giinas pariltisi saatlariin nazari miqdari 4400 saata godor
Azarbaycanda giinas pariltisi saatlarinin real miqdari 2000-3000 saat
Azorbaycan orazisindo giinos radiasiyasinin giin arzinds miisahido 900-950 vt /m2
olunan maksimal giymati
Azarbaycan orazisinds 1 m? yer sothina il orzinds diison giinas 1400-2100 kVt- saat
enerjisi

Azarbaycan arazisinda giin arzindoki isci saatlarin miqdari:
y & ¥ q 16 saata qodor

yay movsiimiindo 7 saata godor
qis movsiimiindo

Azarbaycanda il arzinds giinasli giinlarin maksimal say1 300 giina goadar

Y?r SaEhina yaxin atmosf_e_r _qatlnda, 150m-a godor hiindiirlikds 16-21 TVt-saat/il
miimkiin olan kiilak enerjisi

Azorbaycanin B zonasinda kiiloyin orta illik stirati 2,0-4,0 m/s
Azorbaycanin A zonasinda (Abseron yarimadasi vo Xozarsahili 4,0-8,5 m/s, (ayri-ayri
dar zolaqda) kiiloyin orta illik siirati yerlords 10 m/s-ys yaxin)
Abseron yarimadasinda il arzinds kiilokli giinlarin say1 270 giino gadar

Goriindiiyii kimi, Codvoldo verilon bir-sira parametrlor Yer kiirrasinin vo Azorbaycanin
biitiin orazisini shate etdiyindan, homin parametrlor miiayyan interval daxilinds verilmislar.
Orazisi 40° 24' en dairasinds yerloson Abseron yarimadasi vo Baki soharindo giinasli giinlorin
il arzindoki say1 300 giino, giinas pariltis1 saatlarinim illik migdari iso 2500 saata yaxindir. il
orzinda hor 1 m? maili satho diison giinos radiasiyasinin enerjisi 1900 kVt/m?-a yaxm, giinos
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radiasiyasinin intensivliyinin (GRI) yay movsiimiindo giin orzinds miisahido olunan maksimal
giymati 950 Vt/m?, bu gostericinin orta illik giymati ise 200 Vt/m?-o yaxindir. Bak1 soharinds
imumi GRI-nin osasinda isloyan enerjigeviricilor iigiin (FCM va YGK) isci saatlarin qis vo
yay movsiimlarindaki giymatlori, uygun olaraq 4,8+7,8 saat va 7,2 +12,5 saat toskil edir [1].
Kiilok rejimina goldikds isa, Abseron yarimadasi vo Xozorsahili dar zolaqda kiilokli

giinlorin il arzindoki migdar1 270+280 giin, kiiloyin orta illik siirati 7+8 m/san toskil edir, ayri-
ayr1 yerlords iso, bu gostarici hatta 10 m/san-don do yuxaridir. Biitiin bunlar onu gostarir Ki,
Abseron yarimadasinda kiilok enerjisindan istifads olunmasi yiiksok somara vers bilar [2].

Owvallor apardigimiz todqiqat islori naticoesinds balli olmusdur ki, imumi sahasi 7 m?
olan YGK-dan istifads etdikds ilin 9 ay1 (mart-noyabr) arzinds ails {izvlorinin say1 4 nafordon
ibarat olan ailonin adambasina diison sutkaliq norma 80 1/sut olmaq sortilo etibarli sokilds
gaynar su ilo tomin edilmasi miimkiindiir. Lakin, miivoqqsti olaraq sohra soraitindo
moskunlasan sakinlorin gaynar suya olan talobatini komfort sotait ii¢iin nozords tutulan
tolobatla eynilogsdirmok olmaz. Bu baximdan yanassaq, onda demali eyni 6l¢iido YGK-dan
istifado etmoklo 8-10 nofardon ibarot ailoni, adambasina diison sutkaliq norma 50 I/sut olmaq
sortila, sanitar-gigienik gaydada gaynar su ilo tamin etmok miimkiindiir [3].

Nozars alsaq ki, hal-hazirda STP-da ildo xeyli
miqdarda giinos suqizdirict qurgulart (GSQ) istehsal ne S
olunur vo onlar asanligla qurasdirila bilir, demoali 9% . vahidin hissasi

Azorbaycan Respublikasi iigiin bu masalo bir o “0 [ LT TT]
godar do problemli sayila bilmaz. Lakin Sakil 1-don 0.5 -

goriindiiyii kimi, YGK-nin fi.o. qis mdvsiimiinda 04 \ ]
kaskin sokildo asagi diisdiiyiindon, Sathinin imumi — / ]
sahosi 7 m? olan YGK ilin 9 ay1 orzinde (mart- 03 1/ \
noyabr) 4 nofordon ibarst ailoni etibarli sokildo 02 9| | ERE
gaynar su ilo tomin etso do, qis aylarinda (dekabr- 0 2 4 6 8 10 12
fevral) eyni sayda ails {izvii olan ailoni 6z hesabina aylar
he¢ minimal sortlorlo do gaynar su ilo tomin edo  $akil 1. YGK-nin orta ayliq f.i.a.-nin il
bilmir [3,4] Odur kl, qis movsiminds YGK-nin arzinda dayisma grafiki

KEM va yaxud da FCM ila kombins olunmus sokil-
do istifadasi daha somorali sayilir [5-9].

Aparilan tadqiqat islorinin naticasindo balli olmusdur ki, QST moagsadilo ayriligda
YGK-dan istifads etdikdo, sado quruluslu, birkonturlu sistemin tatbiqi daha bdyiik shomiyyot
kasb edir. Belo sistemlords istilikdasiyici reagentin (¢ox zaman adi sudan istifads olunur) tabii
dovrani isulundan istifads edilir. Lakin, homin nov QST qurgular kigik istehsal giiciino malik
olur va ancaq bir ailonin QST ii¢iin totbiq olunan bilir. Nisboton daha iri miqyashi qaynar su
istehlakgilarinin, o ciimlodan do qagqin diisorgslorinin vo miivaqgoti maskunlasmis ailalorin
dayanigli sokildo QST magsadils isa giinas vo kiilok enerjisindan birgoe istifads etmoak, yani
kombins olunmus giinos-kiilok energetik qurgularindan (KOGKEQ) istifado somorali sayilir,
hansilarda ki, ¢oxkonturlu sistem istifado olunur va istilikdasiyici-reagentin macburi dévrani
totbiq edilir. ©gor lazim golarss, alava enerji manbayi kimi, istilik nasoslar: totbiq etmoklo
yerin 6zliniin vo onun doarin gatlarindaki geotermal sularin enerjisindon istifads oluna bilar.

Kiilok enerjisinin har-hans1 magsadlos istifadasinin somarsliliyini dogru-diiriist miioyyan
etmok tigiin tokca kiiloyin siiratinin KEM-nin istifads olundugu yerdoki orta illik vo orta ayliq
giymatlorini bilmak yetorli deyildir. Bu mogsadls, an baslicasi, kiiloyin miixtolif orta siiratlori
iclin onun ani siiratinin miixtolif qradasiyalarinin todqiqat dovriinds, yoni il, ay vo sutka
arzinds tokrarlanma omsallarinin, hamginin ds siikunot saatlarinin miqdarini bilmok lazimdr.
Daha sonra bu omsallardan istifado etmoklo KEM-nin sutka, ay va il arzinds vers bilacayi
enerji dogiq toyin edilir ki, bu da KEM-nin qurasdirildigi orazido kiilok enerjisindon
istifadonin na doaracads somorali oldugunu irslicadon prognozlasdirmaga imkan verir. Sakil 2-
do kiiloyin orta illik siiratinin Abgeron yarimadasi ii¢iin xarakterik olan 8 m/s qiymati {i¢iin
kiiloyin ani siirotinin miixtalif qradasiyalarmin il orzindo tokrarlanma omsallarinin
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doyismasinin grafik gedisi tosvir olunmusdur. Sokildon goériin-diiyii kimi, bu arazids kiilayin
ani siratinin 5-15 m/s intervalindaki quymatlorindoe KEM daha ¢ox enerji hasil eda bilir.
Kiilayin siiratinin 15 m/s-don yuxari giymatlorinds iss faktiki olaraq KEM-nin ¢ixis giiciiniin
artm1 bag vermir (belo ki, kicik giiclii KEM-ds kiilayin siiratinin 9 m/s, daha boyiik giicli,
sonaye masstabli KEM-do iso 10-13 m/s giymatlorindon sonra KEM-nin ¢ixis giicii
stabillogir), odur ki, kiiloyin ani siiratinin 15 m/s-don yuxari qiymotlori KEM-nin imumi
enerji hasilatinda bir o gadar do shamiyyatli rol oynamur. Sakil 2-ds tosvir olunan tokrarlanma
ayrisindan va ¢ixis giiciiniin kiilayin siiratindon asililiq qrafikindon (KEM-nin yiik volt-amper
xarakterisyikasi) istifado etmokls, nozari yolla irslicodon se¢ilmis ¢ixis giiciine malik KEM-
nin ilin miixtolif aylarinda vera bilacays orta ayliq vo orta sutkaliq enerji hasilatinin miqdari
toyin edilir.

AMEA Radiasiya Problemlori Institutunun «Borpa olunan enerji ndvlorinin ¢evrilmosi
laboratoriyasi»nda kond va bag evlorinin QST magsadilo KOGKEQ islonmis, yaradilmis va
bir-neg¢a il arzinds Baki soharinin klimatik goraitinds ugurla sinaqgdan kecirilmisdir. Sakil 3-do
homin KOGKEQ-nun sadolosdirilmis elektrik sxemi tosvir olunmusdur.

Qurgunun is prinsipi asagidaki kimidir. ©Ovvalca YGK conub-garb istigamatina dogru
yonaldilir vo optimal maillik bucag al-
tinda yerlosdirilir, hans1 ki, ilin aylari
vo fosillorindon asili olaraq doyisir.
Daha sonra YGK-nun 1 borular1 vo
qaynar su ¢aninin 3 igarisi soyuq su ilo
doldurulur. Bu mogsadlo 17 ventili
baglanir, 18, 19 vo 20 ventillari iso
acilir. Ela ki, 20 ventilindon su axmaga
baslayir, homin ventil baglanir. Dévran
nasosu 5 iso qosulur vo «-YGK-nun 1
borular - istilikdoyisdirici 12 - dovran
nasosu 5 - drenaj ventili 18 - YGK-nun
1 borulari-» qapali konturu iizro mac-
buri gokildo dovr edon istilikdastyict
todricon qizaraq, qaynar su ¢aninin 3
igarisindaki suyu isidir. Ogor saxtali
hava soraitindo YGK-nin 1 borularinin 1-YGK; 2 - KEM; 3 - qaynar su ¢ani; 4 - genislondirici gon; 5 -
donmaqgdan miidafissino ehtiyac olsa, ddvran nasosu; 6 - KEM-nin elektrik generatoru; 7 - algal-dici
17 drenaj ventili a(;lllr va su YGK-dan transforn?at_or; 8_— akkumulyator batareyalararinin dolma- bosalma
1 axidilir. Torofimizdon istilikdaslylcl proseslarini tonzimlayan blok; 9 - akkumulyator bata-reyalari; 10 -

.. .. faza-invertor bloku; 11 - slave enerji monboyi; 12 - YGK-nin
kimi adi sudan istifads olunan hallarda konturunda quragdirtlmus istikidoyisdirici; 13 - elektrik qizdiricist;

YGK-n1 saxtalt hava soraitindo siradan 14,1516 - istilik relelori; 17,18,19,20 dre-naj ventillari; 21,22 -
c¢ixmaqdan qorumaq magsadilo avto- elektrik acarlart

matik rejimda isloyan GSQ islonmisdir

Bu qurguda saxtali havada YGK-nin

borular1 ilo dévran edon istilikdastyicinin temperturu avtomatik olaraq 1-5°C intervalinda
saxlanildigindan, donma ehtimali tam olaraq aradan qalxir [10].

Owvalki tadqiqat islorindon balli oldugu kimi, ilin mixtalif fosillorindo vo aylarinda
YGK-nin maillik bucagimi doyisdirmoya ehtiyac yoxdur. Ovvala, ona gors Ki, YGK bir-sira
torpanmaz birlogdirici kommunikasiya xottlori vasitalorilo GSQ-nun digar hissalari ilo (qaynar
su ¢ani 3, genislondirici ¢on 4, dovran nasosu 5 va S.) Sart sokilda alagalidir, ikincisi, miioyyan
edilmisdir ki, yaz-payiz movsiimii liciin optimal sayilan maillik bucagi altinda qurasdi-
rilarkon YGK-nin illik enerji hasilat1 qig movsiimii ii¢lin optimal sayilan maillik bucaq altinda
qurasdirildig hala nisbaton 5-10% c¢ox, yay mdovsiimii iiclin optimal sayilan maillik bucagi
altinda quragdirildig: halla miigayisads iSo 5-10% az olur. Odur ki, diinyanin aparict alim vo

Sakil 3. KOGKEQ-nun sadslogdirilmis elektrik sxemi:
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miitoxassislori birmanali sokildo YGK-nin biitiin il boyu yaz-payiz mévsiimii {iglin optimal
sayilan maillik bucagi altinda qurasdirilmasi daha magsadouygun hesab edilmisdir [11-15].
Sakil 2-da tasvir olunan tokrarlanma ayrisi va ¢ixis giicliniin kiiloyin siiratindon asililiq
xarakteristikas1 nozars alinmagqla, hesablama yolu ils toyin olunmusdur ki, foqolads hallar bas
verorkon dogma yurd-yuvasindan ayri diisorok, macburiyyst qarsisinda he¢ bir kommunal
soraiti olmayan sigiacaqlarda maskunlagsmis vo ailo iizvlarinin say1 4 nofar togkil edan ailoni
ilin biitliin aylarinda fasilasiz olaraq gaynar su ilo tamin etmok tigiin sathlorinin iimumi sahasi
7 m? olan YGK-nin ¢ixis giicii 1,5 kVt olan KEM ilo kombino olunmus sokilda istifadasi
yetorlidir. Bu ciir eksperimental KOGKEQ-da aparilan todqiqat islori onu gostormisdir ki, ilin
qis faslinda, hamginin dos yay faslinds buludlu hava soraitinds vo gecas saatlarinda, miivagqati
moskunlasan ailonin normal sokildo gaynar su ilo tomin olunmasi moasalasi asason KEM-nin
tizorina diisiir. KEM-don istifadonin bir-sira digar iistinliiklori do vardir. Bela ki, yay foslinds
gaynar suya olan tolobatt YGK tam sokildo 6dadiyindon, KEM-nin enerjisi digor mogsadlor
tiglin istifado oluna bilir. Bu baximdan, hazirki isdo ancaq fovgolads hallar zaman1 miivoqgoti
moaskunlagsmis ailolorin QST-dan s6z getso do, yay foslindo KEM homin sigmacaqlarin
isiglandirilmasi vo istifado edilon bit-sira elektrik avadanliglarinin elektrik enerjisi ilo toamin
olunmasi, qis faslinds isa sigimacaqlarin isidilmasi magsadilo do istifads oluna bilor. KEM-
nin, ¢ixisina bufer rejimindo akkumulyator batareyalar1 bloku 9 qosuldugundan, bu KOGKEQ
yay movsiimiinde, yarimbuludlu vo tam buludlu hava soraitindo GRI koskin sokildo asag1
diisorkan, kiilok olmadiqda bels biitiin sutka orzindo KEM-nin hesabina istehlak¢ini qaynar su
ilo tamin eda bilir. Yetarinca qaynar su ehtiyati olduqda iso (hazirki halda sart rejim noazords
tutuldugundan, har adambasina sutkada 50 1), KEM digar magsadlar ii¢iin istifads olunur.

Azorbaycanda daha global miqyasda miivoqgsati moskunlasma 1986-1993-cii illords,
azorbaycanlilarin avvalca Qoarbi Azarbaycandan qovulmasi, daha sonra isa Dagliq Qarabag vo
ona bitisik olan yeddi rayondan qagqin diismosi naticosinds, nisboton kigik saviyyali
miivagqati moskunlasma hallar1 iso Kiir ¢ayinin dasmasi, torpaq siiriismoalori vo Balakan-
Zakatala zonasinda bas veran zalzals ilo slagodar bas vermisdir. Biitiin bu hallarda miivaqqgati
moskunlasan ailoloro an bdyiik vo tacili yardimlar mohz Févgolado Hallar Nazirliyi vo onun
tabeciliyindo olan qurumlar torofindon gostorilmisdir.

Ohalinin miivoqgoti maskunlasdigi regionlarin bir-coxu Azorbaycanin kiilok rejimlorino
gora alverissiz sayilan C zonasina [2] disdiiyiindon, homin yerlordo maskunlasan ailalorin
fasilosiz QST igilin kiilok enerjisindan istifado 0 godar do Samara vermir. Odur ki, bels
hallarda ovozedici enerji monbayi kimi KEM ilo kombins olunms energetik qurgudan deyil,
digor n6v hibrid qurgudan istifads edilmasi mosalosi daha aktual xarakter alir, hansinda ki, iki
miixtalif giinos enerji monbayi - YGK-r1 vo FCM-nin birgos istifadasi reallasdirilir. Bu enerji
monbolorinin hor ikisi {imumi (birbasa, diffuziya vo albedo radiasiyalarinin comi) GRi-nin
osasinda igladiyindon, onlarin birgs istifadosi daha boyiik somoars verir. Belo qurgulardan
istifadonin bir tstiinlityli do ondan ibaratdir ki, FCM-nin hasil etdiyi enerji miixtolif tisullarla
akkumulyasiya oluna bilir vo akkumulyasiya olunmus enerjidon GRIi-nin nishaton zoif oldugu
vaxtlarda va sutkanin geco saatlarinda istahlak¢inin qaynar suya va istiliys olan tolabatlarinin
odanilmasi tigiin istifada oluna bilir.

Toqdim olunan KOGKEQ-da har ehtimala qarsi, alavo enerji monbayi 11 kimi KEM-dan
basqa digar enerji monbayinin do istifads olunma imkani nozards tutulmusdur. Bu mogsadlo
Sohra soraiti ti¢iin yararli olan hor-hansi név enerji monbayi (FCM, dizel yanacagi ils isloyan
mini elektrik stansiyasi va S.) istifado oluna bilar.

Hazirda AMEA RPi-da saquli firlanma oxlu KEM-nin bir-neco modifikasiyas1 islonmis
Vo onlara Azarbaycan Respublikasinin patentlori alinmisdir [16-18]. Bu tip KEM konstruktiv
cohotdon sads quruluslu, ucuz basa golon, yiingiil ¢akili, yiiksok dizaynla hazirlana vo asan
dasina bilon oldugundan, onlarin soyyar energetik qurgu kimi fovgolads hallar zaman1 YGK
ilo birgs sohra soraitinds istifadasi daha boyiik maraq dogurur.
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INEPCIIEKTHUBbBI UCITIOJIb3OBAHUA ITEPEJIBUKHBIX COJTHEYHO-
BETPOBBIX SHEPTETUYECKHUX YCTAHOBOK Is1 CHAB’KEHU A
HACEJIEHUSA I'OPAYEN BOJAOMU 1P YPE3BBIYAUHbBIX CUTYALUAX

CAJIAMOB O.M., “"AJIMEB ®.®., MAXMY/IOBA T.A.

AHHoTanusi: B pabote paccMaTpuBaroTCsi BO3MOKHOCTH TOPSYEro BOJIOCHAOMKEHUS
CEeMbHU, BBIHYXJICHHO MOKUHYBIIME CBOM POJHBIC OYard M3-3a YPE3BBIUAWHBIX CUTyallUH U
BPEMEHHO IIPOKHUBAIOIINE B OTAAJICHHBIX OT [IEHTPAIU30BAHHBIX JTUHUI 3JIEKTPOCHAOKEHUS U
ra3ocHaOXeHHs yOeKHUIIax C MOJEBBIMU YCIOBHUSIMH, C UCIOJIb30BAHUEM KOMOMHHUPOBAHHON
COJIHEUHO-BETPOBOM 3HepreTuyeckor ycraHoBku (KCBDY) nepenBmxnHoro xapakrepa. s
YKa3aHHOM L€l ObUIM MCIOJIb30BaHbl PE3YJIbTAThl, MOJYyYEHHBIE U3 HATYPHOTO MCIBITAHUSA
ycTaHOBKH, co3fgaHHOW B MHcturyre Pammamumonnsix I[Ipoomem HAH A3zepOaiimxaHna, B
KJIIMMaTHYECKUX YCJIOBUSAX I'. baky, U U3 TEOPETUYECKUX PacyeTOB, IMPOBOJUMBIX C YUYETOM
COJTHEYHBIX M BETPOBBIX PECYPCOB, MMEIOLIUXCA B PA3IMYHBIX 30HaX A3zepOailakaHCKOI
PecnyOnuku u orieHeHbI BO3MOXKHOCTH Hcronb3oBanus KCBOY 1uis Beleyka3aHHOM LENH.

KiioueBble cioBa: kursTka, [I7IOCKHil CONMHEYHBIH KOJUIEKTOpP, JIBUTATENh DHEPrUs BETpa, TeIuIa,
WHTCHCUBHOCTh COJHEYHOTO W3IYYCHHS, CKOPOCTH BETPa, CPEOHSISI CKOPOCTh, MTHOBCHHAs CKOPOCTB,
MTHOBEHHas BeTpa KpuBas pacmpeneneHuss CKOPOCTH

PROSPECTS OF MOBILE SOLAR-WIND POWER TO SUPPLY THE
POPULATION WITH HOT WATER IN EMERGENCY SITUATIONS

SALAMOV O.M., ALIYEV F.F., MAHMUDOVA T.A.

Summary: The paper considers the possibility of hot water the family were forced to
leave their native lands because of the emergency and temporarily living in remote from
centralized power lines and gas shelters with field conditions, using a combination of solar-
wind power plant (CSWPP) mobile nature. For this purpose we used the results obtained from
full-scale tests of the installation, set up at the Institute of Radiation Problems of the
Azerbaijani National Academy of Sciences, in the climatic conditions in Baku, and from
theoretical calculations, carried out in view of solar and wind resources available in the
various zones of the Republic of Azerbaijan and evaluated opportunities CSWPP use for the
above purpose.

Keywords: boiling water, flat solar collector, wind power engine, heat, solar radiation intensity, wind
speed, average speed, instantaneous speed, instantaneous wind speed distribution curve
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GOMi LOVBOR QURGUSUNUN ELEKTRiK MUHORRIKINiN
IS REJIMININ YAXSILASDIRILMASI

MEHDIYEYV H.A, HOSONOYV E.A.
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Az1000 Bak 5. Z. Oliyeva kiig., 18
Azorbaycan Respublikasi Fovgolada Hallar Nazirliyi
Az1025 Baki s. N. Rafiyev kii¢.,26
E-mail: hasanov.079@mail.ru

intigalinin is rejimlorinin yaxsilagdirilmasi, homginin 16vborin donizin dibindon qoparilmasi zamani elektrik
miiharrikinin qisa-gapanma rejiminin aradan qaldirilmasinin miimkiinliiyii askar edilmisdir.

Acar sozlar: gomi, 16vbar qurgusu, asinxron miiharrik, firlanma siirati, tonzim, tezlik ¢eviricisi.

GIRIS: Lovbor-yanalma qurgulari gominin korpiiya yanalmasini, orada tohliikesiz
dayanmasini vo nisbaton dayaz olan yerlords 16vbaor salib dayanmasini tomin edirlor [1,2,3].
Ancag gomilards qurulan 16vbar-yanalma qurgularinin asinxron miihorrikli elektrik intigallar
miiharrikin qurulusuna vo idaro etmo prinsipino goro miasir dovriin toloblorina  cavab
vermirlor [5,6]. Aparilmis todqiqatlar gostorir ki, 16vbar qurgusunun elektrik miiharrikinin
miiasir tezlik ¢eviricilari vasitasilo idars edilmasi, qurguya bazi texniki vo iqtisadi tstiinliiklor
vera bilar [5,6].

9sas hissa: Yuxarida gostarilonlori nazors alarag, magalads tezlik geviricisi ilo idare
olunan 16vbar elektrik intiqalinin gorgin is rejiminin yaxsilagdirilmasina baxilmisdir. Malum
oldugu kimi, 16vbor qurgusunun elektrik miharrikinin vozifasi zonciri y1g1b 16vbari
qaldirmaqdan ibaratdir. Lovborin suya salinmasi iso xiisusi elektrohidravlik tormoz vasitasilo
yerino yetirilir. Bu sababdon do, mogalods gominin 16vbar zoncirinin yigilmasi, 16vbarin
donizin dibindon goparilmasi, 16vbarin gomiya godor qaldirilmasi marhaloloring baxilmis vo
bu marhalads elektrik miiharrikinds gedan proseslor arasdirilmisdir.

Lovbar zancirinin y1gihib 16vbarin qaldirilmasi

Sakil 1, 2-do 16vbar zonciri y1g1ldig1 zaman gominin vaziyyatinin 16vbara nisbaton
doyisilmasi va elektrik mitharrikinin yiik diagrami gosterilmisdir. Tutaq ki, 16vbar “0”
noqtasindadir (Sakil 1). Gaminin Klyuzu iss har hansi 41 vaziyyastindadir. Lovbar qurgusunun
elektrik intigalinin igo salinmasindan sonra t; zamani arzinds (I marhala) zancirin donizin
dibino ¢okmiis hissosi 0-B1 mosafasi yigilir. Bu zaman gomi 16vbar elektrik intiqalinin
yaratdig1 dartma qiivvasinin tasirindon A1 noqtasindon Az ndqtasine kimi horokat edir. Bu
prosesda zancirin sallanan hissasi sabit qaldigi ti¢lin elektrik miiharrikinin valindaki Mca
momenti (Sakil 2) va elocads onun firlanma siirati Nmy sabit galir. IT marhalods gomi 4>
noqtasindan 43 ndqtasinae dogru harakat edir vo miiharrikin valinda yaranan miigavimat
momenti getdikco artir (Mc2). Bu iso miiharrikin yiikiiniin artmasina, siiratinin iss azalmasina
sobab olur.

Il morhalonin sonunda (43 noqtasi) gominin gabaq hissasi demok olar ki, 16vbarin
iistlinds olur. Bu zaman elektrik intigalinin tasirindon vo gominin aldig1 otalotdon t3 zamani
arzinds (111 marhals) 16vbar donizin dibindan qoparilir. Bu zaman miiharrikin valinda yaranan
miigavimat momenti (Mc3) 16vbarin qiynaglarinin danizin dibins ilismoasinin hesabina ¢ox
boyiik qiymoto malik olur vo miiharrik az miiddstds qisa-gapanma rejimindo (Nm:=0) olur. Bu
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morholoys sorf olunan vaxt az oldugu Ugiin vo elektrik miihorriki xiisusi qurulusda
hazirlandig1 ti¢lin (30 saniys qisa-gapanma rejimina davam gotiron) o, bu rejims davam

gatirir.

IV moarhalads t4 zamani orzinds zoncirin suya sallanan hissasi yigilir. Bu marhalada
miiharrikin valinda yaranan moment (Mcs) getdikco azalir, miiharrikin firlanma stirati iso artir.
Bununla da gominin 16vbardon azad olunmasi prosesi basa catir.

A Fs A Fa2 F1
— e N ] _
v - T T7 B WL
» <
\\ TA5 \\ As \\ Az \\ / A2 \ A1
\{ \\ <~ )\\
[\ N RN /
TN AN RN 4/ \\
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Sakil 1. Lovbar zanciri yigilan zaman gominin vaziyatinin doyisme diaqrami.

Mc4 son

n A M. Mes
//
/
/
/
/
Mc2 /
/
/
/
//
Mca /
Nm1
Nm1-3
0 >
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Lovbor zoncirinin yigilmast vo 16vberin qaldirilmasindan aydin goriiniir ki, 16vber
elektrik miiharrikinin is rejimi genis miqyasda doyisir. O, hatta az miiddatds yiik diagraminin
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t3 hissasindo yiik altinda dayanir (qisa qapanma rejiminds olur). Miiharrikin yiik altinda
dayanmasi zamani (qisa-qapanma rejiminds oldugundan) onun sobokodon aldigi corayan
nominal giymats nisbaton 4-6 dofs artir vo bu rejim miiharrik {igiin ¢ox agir vo dagidici rejim
sayilir. Qisa-gapanma rejiminin miiharrika tosirini azaltmaq ti¢iin 16vbar qurgularinin elektrik
miiharriklori 30 saniys qisa-gapanma rejimino davam gatiron xiisusi qurulusa malik olurlar.
Olbotdo belo miiharrikin hacmi, kiitlasi vo giymati adi miiharriklora nisbaton yiiksok olur.
Lovbar qurgusunun elektrik miiharrikinds qisa-gapanma rejiminin yaranmasinin asas Sababi
16vbari donizin dibindon qopardigda onun  qiynaqlarinin donizin dibins ilismasindon
miiharrikin valinda yaranan miigavimat momentinin bir nego dofo artmasidir. Bu vaxt
miiharrikin valinda yaranan miigavimat momentinin giymoti miihorrikin yaratdigi maksimal
(kritik) momentdan ¢ox olur vo miiharrik yiik altinda dayanir.

Qeyd etmok lazimdir ki, ogor hal-hazirda 16vbar elektrik intigallarini idars etmok tiglin
totbiq edilmasi toklif olunan [5,6] miiasir tristor tezlik gevricilorindon istifads edilorss
miiharrikin qisa-gapanma rejimino kegmosinin (yiik altinda dayanmasinin) garsisint almaq
olar. Olbatdo I6vborin qiynaglarinin donizin dibins ilismosindon yaranan miigavimot
momentini azaltmaq olmaz, ancaq bu vaxt tezlik g¢eviricisinin idara ganununu doyismoklo
miihorrikin yaratdigi maksimal momenti artirmaq olar.

Yuxarida gostarilonlori siibuta yetirmok {igiin hal-hazirda gomilords genis totbiq edilon
3 stiratli I6vbar mitharrikinin is¢i sargisinin (2-ci sarg1) parametrlorindon istifads edilmisdir.

Miiharrikin tipi: MAP 622-4/8/16. Burada 4, 8, 16 — miivafiq olaraq miiharrikin
statorunda yerlogon yiiksok (4), orta (8) va algaq (16) siirat dolaglarinin qiitblor sayidir.
Miivafiq olaraq homin dolaglarin giicii: Pn=28/36/10 kVt-dir. Nominal firlanma siiratlori:
Nn=1445/670/315 d/daq.-dir. Orta siirat dolaginin (2P=8) parametrlorini toyin edok:

Dolagin artiq yiiklonmo gabiliyyati:

M
A, =—MxX2 =2 4 1
T ®
Dolagin nominal momenti:
M,, = 9,8197iJ _981 923 514 nm 2)
2n

Stator dolaginin is rejimindo yaranan nominal siirlismo asagidaki kimi olacaqdir:

Noo = Nyp _ 750 —675 0106 3)

S,, =

n
r]02

Miivafiq olaraq kritik siirlismoni tapaq:

S, =S, (A4, + 5 -1) =0106-(2,4+,/2,4* -1) =0,106 - (2,4 + 2,18) = 0,48 4)
Dolaglarin yaratdigi maksimal (kritik) moment asagidaki kimi olacaqdir:
M, =4,-M,, =2,4-514 =1233,6 Nm (5)

Lovbar qurgusunun miiharrikini tezlik g¢eviricisi ilo idaro etdikdo ancaq orta siirot
dolagindan (2P=8) istifado edimisdir vo onun toalob olunan is rejimlarini yerino yetirmosi
yoxlanilacaqdir.

Misal tiglin gotlirilmis MAP-622 tipli asinxron miiharrikinin ancaq is¢i dolagi (2-cCi
dolag1) gorginlik altinda oldugda enino impuls modulyasiyali tezlik g¢eviricisi ilo firlanma
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stiratinin tonzim olunmasina baxaq. Belo tezlik geviricilori asinxron miiharrikinin firlanma
stiratini 20-30 dofo nominaldan asagi vo 1,5-2 dofo iSo nominaldan yuxari qaldirmaga imkan
verir. Burada osas is¢i dolagi (2p=8) vasitasilo tezlik ¢eviricisinin komoayi ilo 16vbor
qurgusuna lazim olan nominaldan asagi firlanma siiratlorinin alinmasini vo miihorrikin qisa-
gapanma rejiminin aradan gotiiriilmasinin miimkiin olmasini aydinlasdiraq.

Molum oldugu kimi, bu tonzim etmo tisulunda miiharrikin artiq yiikklonma gabiliyyatini
(tonzim etmonin biitiin pillalorinds) sabit saxlamaq ti¢in miiharriks verilon carayanin tezliyini
doyisdikda, verilon garginliyin do giymatini doyismok lazimdir. Miiharrikin artiq yiikklonma
gabiliyysti 0 vaxt sabit olur Ki, tonzim zamani miihorrikin yaratdigi maksimal momentin
(Mmax.i) nominal siirotds yaranan maksimal moments (Mmax.n) Nisbati mexanizmin yaradig
miigavimat momentinin nisbatino barbar olsun.

sti _ Mmax.i (6)

Burada Msti, Mmax.i — tonzim zamani mexanizmin yaratdigi statik miigavimat momentinin va
miiharrikin maksimal momentinin giymatloridir.

Mstn, Mmaxn — statik miigavimat vo miiharrikin maksimal momentinin nominal firlanma
stiratinda giymatloridir. Asinxron miiharrikin stator dolaginin miigavimatini nozaro almasaq
onun maksimal (kritik) momenti borabardir.

LY )
2CoX,
2
BuradaK = MP"  _ sabit kamiyysat, L,-qisa qapanma induktivliyidir.
8C, 7L,

Elektrik intigalinin nazoriyyasi kursundan molum oldugu kimi bir ¢ox mexanizmlarin
statik miigavimot momenti mexanizmo firlanma horokati veron miiharrikin bucaq siiratindon

(@) asihdir.
Mg =M, +(M, —M;)* 8)

Burada: M, — statik miiqgavimat momentinin bucaq siiratindon asili olmayan hissasi;

o - statik miigavimot momentinin bucaq siiratindon asililiginin - daracasini  bildiran
gostaricidir. Mexanizmloarin asas hissasi tigiina =0 + 2
9gar M, nazars almasaq (8) diisturunu asagidaki kimi yazmagq olar.

M, =Ca" =C,f* 9)

BuradaC vo C,; - sabit komiyyatdir.
Qeyd etmok lazimdir ki, I6vbar qurgusunun statik miigavimat momenti bucaq siiratinin
doyismosi zamani sabit qalir. (M, =const) vo belo hal Gigline =0 olur. Yoni tonzim zamani

miiharrika verilon garginlik tezliklo miitonasib doyisir. Onda yaza bilarik:

u, f

L 10

ot (10)
Buradan U, =U, ¢ (12)

@, = f—' - mitharrika verilon corayanin tezliyinin doyismasinin nisbi giymatidir.

n
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Molumdur ki, mihoarriko verilon coroyanin tezliyi doyisdikdo homin miiharrikin stator
dolagmnin yaratdig1 sinxron bucaq siirati (@), miharrikin induktiv miigavimati X, va bunlarin

doyismasi ilo alagoadar olaraq kritik siirtismanin da giymati doyisocokdir.

Statorun firlanan maqnit seli o, = 27Fz)f @y =@y, @ (12)
Miiharrikin qisa-gapanma reaktiv miiqavimati X, = X, - ¢ (13)

Kritik stirismoanin dayison tezlikds diisturu asagidaki kimi olacaqdir.

Syt :i—C1r2 (14)
2 2 2
-+ Xq -@

Burada statorun miiqavimoati I, =0 gobul edilarss, hansi ki, tezliyin doyismasila garginliyin
doyisma qanununun ¢ixarilmasinda gabul edilmisdir [4].

Skrf == Clrzl = Skr (15)
Xy @

(15) disturunu Kloss diisturunda (16) yerino yazsaq, homin diisturun yeni goarginlik vo
tezliyin doyigmasi hali {igiin ifadasini alariq.

M, _ 2 My (16)
S L Sk
S, S
Mo M (17)
'¢+ kr
Skr @

Yuxarida gosorildiyi kimi (17) disturundan istifado edib MAP-622 tipli asinxron
miihorrikinin  ig¢i  dolagi ig¢lin tezliyin  mixolif giymotlorindo yaranan mexaniki
xarakteristikalarin1 quraq. Tonzim etmo, tezliyi nominaldan baslayaraq azaltmagqla, gorginliyi
iso nominal giymotdo (380 V) saxlamaqla miiharrikin firlanma siiratinin azaldilmasi
istigamatinds aparilacaqdir.

Molum oldugu kimi asinxron mihoarrikinin maksimal (kritik) momenti gorginliyin

2
kvadrat1 ilo diiz, tezliyin kvadrat: ilo tors miitonasibdir M, E%. Buna gorodo mexaniki

xarakteristikalarin qurulmasinda tezliyin azaldilmig qiymatlori {igiin yeni maksimal momenti
hesablamagq lazim galir. Bu voziyyatdo M, = const oldugu iiciin firlanma siiratinin azalmasi
istigamatindoki moment diisturundan istifado edilocokdir.

1. U=U,6=380 V

f, =50 Hz
f. 50 Sz’¢7+ Sir
Ske S,



My, = Mk;“ = 121?’23'6 =1233,6 Nm

2-M,, 2.1233,6

M = =
S, ¢, S« S,-1 048
S, S, 048 S,-1

Homin diisturda tezliyin miioyyan giymati iiciin ¢ tapilir vo ¢-nin giymati diisturda sabit
galmagq sartilo stirismoanin (S) ayri-ayr1 qiymatlori (0-dan 1-5 kimi) {igiin miiharrikin yaratdigi
moment tapilir. ¢-nin 1; 0,8; 0,7; 0,6 vo 0,5 giymatlori liciin aparilmis hesabatin noticasi

codval 1-do gostorilmisdir.

2. U=U =380V
f=08-f, =08-50 =40 Hz

f 40
(OZT:%:OB M = 2"vlkrz (19)
n SZ'§0+ Skr
Skr SZ@

Mic _12336 =1927,5 Nm

Mkr2= 2 082

2

Mo 2Mg 219275
S, ¢, S« 5,08 048
S. S, ¢ 048 S,-08

Stirismaya (S) 0,05-don 1-o kimi qiymotlor verarok hesabati (19) diisturunun osasinda

apaririq.

3.U=U, =380V
f=07-f =07-50=35 Hz

f 35
:—:—:0,7 M = 2'Iv||<r3 (20)
f, 90 S, P, Sir
Sir S,
M= Mkzr'" = 1233;6 =2517,5 Nm
2 7
M — 2-M,,, _ 2-2517,5
Sz-go+ S 82-0,7+ 0,48

S. S, 048 S,.07

Stirtismaya (S) 0,05-don 1-o kimi qiymotlor verarok hesabati (20) diisturunun osasinda

apaririq.

4.U=U, =380 V
f=06-f =06-50 =30 Hz
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2'Mkr4

S, ¢ 4 Sk
Sy S,-p

M, 12336

2 2

@ ’

v (21)

M., = =3426,6 Nm

2-M,, _  2-3426,6
_ S« S,-06 048
Se S, 048 S,-06

Siirismoaya (S) 0,05-don 1-o0 kimi giymatlor verorok hesabati (21) diisturunun osasinda
apaririq.

5. U=U, =380V

f=05-f, =05-50 =25 Hz

f 25
p=r==05 Mo 2Mu (22)
f, 50 32.¢+ S,
Sir S, ¢
M
M, =—90 = 12336 =4934,4 Nm
M = 2-M,; _ 2-4934,4
N S, N S B S,-05 0,48
S S,-p 0,48 S,-05

Siiriismaya (S) 0,05-don 1-0 kimi giymatlar verarak hesabati (22) diisturunun asasinda
apaririq. Bu gayda ilo aparilmis hesabatlarin naticasi codval 1-do gostorilmisdir.

Cadval 1
U=U,6 =380V S 0 | 005 | 01 0,3 04 | 048 06 0,7 0,8 1
f=1f =50Hz M
f 1 0 | 254 | 493 | 1111 | 1215 | 1293 | 1203 | 1152 | 1091 | 963
p=—=1 (Nm)
fy n 750 | 712 | 675 | 525 | 450 | 390 | 300 | 225 | 150 0
M s =1233,6 Nm | (d/daq)
U=U, 6 =380V S 0 0,05 | 01 0,3 0,4 0,48 0,6 0,7 08 1
f=08-1, M
f 2 0 | 319 | 625 | 1542 | 1784 | 1871 | 1927 | 1908 | 1853 | 1701
p=—=08 (Nm)
n n
Mooy =1927.5 Nm | (d/dlog) 600 | 570 | 540 | 420 | 360 | 312 | 240 | 180 | 120 0
S 0 | 005 ]| 01 03 04 | 048 | 06 07 08 1
U=U, =380V
f=07-f M,
o T (Nm) 0 | 363 | 719 | 1851 | 2237 | 2363 | 2504 | 2518 | 2488 | 2363
m
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f
Q=—= 0,7 n
f. 525 | 498 | 472 | 367 | 315 | 273 | 210 | 157 | 105 0
M —25175 Nm | (@/020)
max3 — ’
U=U,6 =380V S 0 | o005 |01 0,3 0,4 0,48 0,6 0,7 0,8 1
f=06-f, M
f 4 0 | 426 | 843 | 2253 | 2741 | 2966 | 3294 | 3392 | 3426 | 3343
p=—= 0,6 (Nm)
n n
Mo =3426.6 N | (d/dog) 450 | 427 | 405 | 315 | 270 | 234 | 180 | 135 90 0
U=U,6 =380V S 0 0,05 | 01 0,3 0,4 0,48 0,6 0,7 08 1
f=05f, M
f 5 0 | 512 |1017 | 2811 | 3512 | 3947 | 4445 | 4699 | 4861 | 4934
p=—=05 (Nm)
n n
Mos =4934.4 N | (/dloq) 375 | 356 | 337 | 262 | 225 | 195 | 150 | 112 75 0

Codval 1-5 asason MAP-4/8/16 tipli asinxron mitharrikinin orta siirot dolaginin (2P=8)
tobii mexaniki xarakteristikasinin MATLAB/Simulink programinda hesablanmasi sokil 3-do
gostorilmisdir.

@—p FREEATAUT0. T A5+0 AET0. T -

Elack Fn Scope
I —
ALEN)
zraph
@ el s2E0 -
Clod — Soopel

Sokil 3. MAP-4/8/16 tipli asinxron miiharrikinin orta siirot dolaginin (2P=8) tobii
mexaniki xarakteristikasinin MATLAB/Simulink programinda hesablanmasi.

Sakil 4-ds iso bu program vasitasilo hesablanmis vo M, = const sotino uygun olaraq

tezliyin miixtalif gqiymatlori {igiin (f=50, 40, 35, 30 vo 25 Hz) MAP 622-4/8/16 tipli asinxron
miiharrikinin orta siirat dolaginin (2P=8) mexaniki xarakteristikalar1 tasvir edilmisdir.
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Sakil 4. Tezliyin miixtalif giymatlori {igiin (=50, 40, 35, 30 vo 25 Hz) MAP 622-4/8/16 tipli
asinxron miihorrikinin orta siirat dolaginin (2P=8) mexaniki xarakteristikalart.

Natica

Aparilmig todgigata asason geyd emok olar: Lovbar qurgusunun elektrik intigalinin

idaro edilmosi iciin tezlik ceviricisi totbiq etdikds, homin g¢eviricinin intigala verdiyi
stlinliiklordon olavo tezlik ¢eviricisi vasitasilo 16vbari donizin dibindon qopardigda
miiharrikds yaranan qisa-gapanma rejimini do aradan qaldirmagq olar.
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TO IMPROVEMENT OF THE SHIP ANCHOR INSTALLATION OF
ELECTRICAL MOTOR WORK REGIME.

MEHDIYEV H.A., HASANOV E.A.

The article frequency converter drive is controlled by the ship's anchor and work
regimes were considered to improve the operation of the electric drive, the electric motor as
well as a short-circuit at the time of separation from the bottom of the sea anchor to eliminate
the possibility of the regime were found.

Key words: ship, anchor-mooring, asinchronoys motor, rotation speed, regulator, frequency converter.

YJIYUHIEHUE PEXKUMA PABOTDBI DJIEKTPOABUI'ATEJIA
CYJI0OBOI'O IKOPHOI'O YCTPOUCTBA.

MEXTHUEB I'.A.,, TACAHOB E.A.
B cratee paccMOTpeHBI BONPOCHI CBA3aHHBIE C pPEXUMaMU pPabOThl YaCTOTHO
YIPaBIsIMOrO 3JIEKTPONPUBOAA CYJOBOIO SIKPHOTO YCTpOMCTBa. BBISBIEHBI BO3MOKHOCTh
yIy4IIeHHEe PEXUMOB PabOThl 3JIEKTPONPHUBOJA a TAKKE HCKIIOUYEHHE PEXHUMa KOPOTKOTO

3aMBbIKAHBIC JJICKTPOABUTATCIIA IIPHU OTPBIBC AKOPS OT 'PYHTA.

KaroueBble c10Ba: cyqHa, SIKOPHOE YCTPOWCTBO, aCHHXPOHHBIN JBUTaTelb, 9aCTOTA BPAILCHUS, PETYINPOBKA,
npeoOpa3aBaresb YacTOTHI.
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Energetikanin problemlori o No2 e 2016 e IIpoGiembl SHEPreTHKU

HEKPOJIOI"

| MEXTHW3AJE PAY® HYPEJIJIUH OI'JIbIl |

Ha 73-m rony ymen u3 XW3HU  JOKTOp TEXHUYECKHX HayK,
3acIy)KCHHBIM HWHXXeHep AsepOaiipkanckoi PecryOnvku, 3aBemyromui
nabopatopuii «COBpeMEHHBIE METOJbl TMPUKIATHON 3JIECKTPOJIUHAMHUKI
Nucturyra ®usukun HamumonanpHoit Axanemun Hayk A3sepOaiimkana
Mextuzazne Payd Hypenaun ormsi.

Mextuzane P.H. B 1967 r. okoHunn MOCKOBCKHIT DHEpreTuuecKui
WMHCTUTYT U B TOM K€ IOy MOCTYNHJI Ha paboTy B nabopatopuio TexHUKH
Boeicokux  Hanpspkenuit HNucturyra dusuky, BO3IJIABJISIEMYIO
BBIJJAIOMIMMCSL  YYCHBIM, OCHOBATejeM a3epOaif/KaHCKOW IIKOJBI  BBICOKOBOJHTHHKOB
akageMukoMm YuHruzoM MextuesnueM /[>KyBapisl.

B ocnoBe nabGoparopuu mnojg pykoBoactBoM U.M. JIxysapibel Mextuzane P.H.,
IIOCJIEZI0BATENBHO MIPOXOJS CTYINEHM OT MH)KEHEpa M 10 BENYILEro HAay4yHOTO COTPYAHMKA,
IPOBOAMJI MCCIEIOBAHUS MEXAHU3MOB BO3JEHUCTBUS CHJIBHBIX D3JIEKTPUUECKUX IOJEH U
paspsAI0B Ha MaTepUallbl, AJIEKTPUUYECKOr0 Mpo0O0si BaaKyMHBIX HPOMEXKYTKOB, XKHUIKHX U
TBEPABIX  U3OJIALIMOHHBIX  MAaTEpUAJIOB,  HCIOJIB3YIOIIUXCA B DIIEKTPOIHEPIeTHUKE,
3JIEKTPOTEXHUKE, MpuOopax M YyCTPOMCTBax CHEIMAIbHOrO Ha3HadyeHus. B ToMm uucie
UCCJIEIOBaHMsI MPOBOJWINCH HEMOCPEACTBEHHO HA 3aBOJAaX B YCJIOBMUSIX IPOMBIIIIEHHOIO
IPOM3BOJICTBA IEKTPOU3OIAUMOHHBIX u3aenuil. CoBmecTHO ¢ K.¢.M.H. FO.B.I'opunbIM Ob110
NOJpOOHO M3YUYEHO SIBICEHHE pPAacliajia OTPULATEFHBIX MOHOB B Ta3ax W €ro BIMSHUE HA
BO3HMKHOBEHUE M Ppa3BUTHE OJIIEKTpuueckoro paspsanga. [lo pesynpraTtam wnccienoBaHui
pa3paboTaH U co37aH psj MPAKTUYECKUX CIIOCOOOB U TEXHUYECKUX YCTPOICTB.

B 1981 rony Mextuzane P.H. ycnemHo 3amuTui KaHAWJATCKYHO JUCCEPTALUIO B
Jlenunrpanckom [lonurexanueckom MHCTHTYTE.

B 1988 roxy coBmectHo ¢ U.M.J[xyBapinsl u FO.B. ['opunbiM BbinyiieHa MoHorpadus
«KOpOoHHBIN pa3ps1 B 2JIEKTPOOTPULIATENBHBIX ra3ax.

C 2002 r. Mextuzane P.H. paGotan B AOMKHOCTH 3aBelyrolero JabopaTopueit
«DU3HKN ¥ TEXHUKU BBICOKHUX HAMpsOKEHUI», a 3aTeM Jaboparopueil «CoBpeMeHHbIE METO/IbI
NPUKIAJHON 3JeKTpoAnHAMHUKN». HayuyHo-HMccienoBarenbckylo paboTy OH COBMeNIal ¢
IpenojaBaHUeM ClIeHUaNbHbIX TPEAMETOB cTyaeHTaM BY3-0B.

B 2010 rony M ycniemso 3amunieHa JOKTOpCKas AMCCEPTaLMsL.

Mextuzane P.H. omyOnukoBano 6osee 160 HayuHbIX crateit, 6onee 15 aBTOpCKHX
CBUJETEJIBCTB M IaTEHTOB, IOJ €ro Hay4YHbIM PYKOBOJCTBOM 3alllMIIEHA KaHIUJATCKUE
quccepraiui. Beictyman ¢ poknagamu Ha MexyHapOJHbBIX KOH(EpeHIUsIX U ceMUHapax B
Poccun, VYkpaune, ['pysuun, Hpane, Typuuu, Pymbinum, Mcnanuum, Anonun, Hopseruwu,
Typenxoit Pecybnuke Kump.

Mextuzazne P.H. sBnsercs unenom Komuccun «KomrmuiekcHble mpo6ieMbl SHEPreTUKU
Azep0aiimkanay, Criennaau3upoBaHHOTO coBeta 1o 3amute aucceptanuii. C 2000 romga on
OecCMEHHBIII OTBETCTBEHHBIM PEAAKTOp HAayYHO-TEXHHYECKOTO >KypHana AKaJeMHHM HayK
AzepOaiimkana «I[IpoGiembl sHEPreTUKN», OCHOBaHHOBA akajemukoM Y.M. JIkyBap:isl, a
TaKkke yueHbl cekperapel Opromurtera MexayHapoanoit Kondeperun «Texuuueckue u
buznueckue npobdiaemMsl IHEPreTUKN» OT Pecniydnuku AszepOaiimxkaH.

B 2005 rony Mextuzane P.H. ykazom Ilpesunenra Asepbaiimkanckoil PecryOmuku
IPUCBOCHO MOYETHOE 3BaHUE «3acilyXeHHbIN nHxXeHep» Azepbaiipkanckoit Peciyonuku.

Cgetnas mamst o Payd HypagmuaoBuua MexTu3ane HaBCEria OCTAHETCS B CEpIIax
€ro KOJIJIET, yYEHUKOB, Ipy3€H U 3HAKOMBIX.

Allah rohmat elasin!
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EHepaeTuKaHbIH Nnpobnemnapn o  Ne2e 2016 e  IIpoGieMbl SHEPreTUKU

MUANNTNONAPUH HASAPUHA

1. Umymum raiganap.

“EHepaeTMKaHbiH  Npobnemnapu
npobnemnapu, enekTpo-
eHep3eTMKa, UCTUINK eHepIeTUKaChl, eNekTpodU3nKa, eNeKTPOTEXHON03MA, MHOOPMATUKA
BA MEHW TeXHUKA CALANAPUHA LWACP ONYHMYLW €/IMU-TEXHUKU MATaNanap gAapb eanavp,
eMHM 3amMaHga bapy XPOHMKa Aa BEPUAMP.

KyYpHanbIH Acac MArcaan MUKCAK eNmu KerdUMIMAT KpuTepuitanapbliHa baBab BepsAH
OpPXKMHAN eIMU-TEXHUKN MATANANAPUH AP e4UIMACUAMNP.

ypHan eWHM 3amaHZa KoHpaHcnap, CUMNO3NyMAap, enmu  MAkTabaap,
UMYMURUAATAA €IMU WANATAA bAPANAH edaH WaANCANAp WarrbiHAa Maaymatiaapbl Aa 4apb
egup.

Pepakcnna wensatn, 6y BA Ma amasap cababnapaaH, KypHanblH TANABGNAPUHM TAMMH
eTMANAH MATANANAPU AAPD ETMAMAK LLLIYTYHY H3LHAA Caxianbip.

”iu

KyYpHaablHOa €HEP3ETUKAHbIH KOMnaeKc

2. MsArananapuvH TArgum eauamacu.
ButuH MsaranAanAp awabblaa SHOCTAPUAAH UHBAHA, XXYPHA/blH peAaKcuiacbiHa
3OHAAPUAMANUAND:

AzapbaiibaH, A3-1143, Bakbl, LLlucenH basua npocnektn, 33
AzapbaitbaH MEA ®usunka UHcTUTyTy
Ten.: (994 12) 539 -41-61; (994 12) 539 - 44 - 02; dakc: (994 12) 447 - 04 -56
E — mail : arif @ physics.ab.az;
Mscyn Katnb N'ypbaHos Kamunn baxtuitap obny.

3. MarananapuH MATHUHUH OUNN.
Msarananap asApbaibaH, pyc BS WH3IUAUC AunnapuHaA rabyn egunmp. Pecnybaunka
MUANAUDAAPUHUH MAFaNAanNapu ManHbli3 asapbalibaH BA Ma pyc AUNNAPUHAA, MaxblH
XapubK ONKANAPAAH ONAH MUANAUPAAPUH MAFaNANApu ManHbi3 pyc AUAUMHAA, y3ar
XapUbK IONKANAPUH MUANANDAAPUHUH MATANANAPU UCA MANHBI3 MHINAUC ANANHAA rAbyn
egunmp.

4. MarananapvH TApTM6 eguamsacu ranganapbol.

4.1. Marananap, XypHanablH pegakcMinacbiHa AUCKET TATAMM eTMAKANA, dapam Komnnutepasn,
A4 dopmatibl ab Kabbi3aa, cAWMOAHUH NapaMeTpaAspU : NyXapblaaH BA allabblgaH - 2
CM, congaH BA cabgaH — 2,5 cm msacada una, Times New Roman 12 wpudptuHan
nasblnapar, 1 HucxA[A, cATUP apanbibbl 1 MHTEpPBaAn o/Mar WAPTUAA Yan eaunapsK,
rowynmyw CD AUCK nna Taramm eamamp.

4.2. MarananapuH UMYMU  WABMKU, TpaduKM maTtepuannap, ¢otonap, baaBANNAp,
AUCTypnap, AaAbuininaTtelH CMaLWbICbl BA XUACANAp AA AaXUa onmarna 8 cawmdagaH
MNyxapbl 0/IMamanblgblp.

4.3. MsaranfHuH 6UPUHBU CAWMPACUHUH CONM KUHBUHAA YHMBEpPCan OHAYr TACHMGATbI
(YOT) usps mnHgekcn soctapunmanngump. CoHpa 1 vHTepBan alwabblgaH, ranbiH BA
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4.4,

4.5.

6rOMLK WAPUDAAPAA MAFANAHUH agbl Masbinblip. CoHpa 1 MHTepBan awabblAaH, raibiH
BA 6OMUK wapudnapaa muaanmouH (muannmdnapuH) coragbl, agbl BA aTacbiHbIH
aablHbIH 6aw wapndnapm nasbinblip. 1 MHTEpBan awabblgaH MAraAAHU TATAUM easaH
TAWKMNATbIH agbl Ma3biblp. 1 MHTEpPBan awabblAaH, MATANAHUH MATHUHWUH OUIUHA
YyMbYyH onaH, wAabMn 10 caTMpAAH Yox onMmamar waptuaa, 10 wpnudti naa yan egunsax
xunaca, agar sOzlor (5-6 s0z), maranaHUH Acac MATHUHWUH FOHUHAA BEPUAMP.

CoHpa 1 nHTepBan awabblgaH MArafaHMH Acac MATHM 12 wpudTM nas yan eanaump.
BunaBacuta mMAranAHMH MATHUHWH AaBambl onapar, wedy 6up Gawnbir BepmMAAsAH,
ManHbi3 20-25 cumBOANYr XATT YAKAPAK, Cak cblpacbl una uctudaga eaunsH
A0a6uiiiaTbiH cuidalbicbl Bepuamp. CoHpa apAabibbln onapar pyc (B a asapbaiibaH)
BA WHIWAMC AWANAPUHAA ONaH Xunacanap Ba agar sOzler (10 wpudtm mna uan
eaounApsK) Bepuamp.

MsAransiHMH MATHUHWUH COHYHAA, Anara TenedoHnapsbl, Tenedpakcnap 8a E — mail-bl
3IOCTAPMAKNA, MUANAUDAAP MAFANAHM UM3ananblpaap.

MsranaHuH rpadumkmu matepuannapbl, GoTonap, bAABANNAP, AUCTYPNAP MATHA YMbyH
nepnapga repnawgnpuamanngmp. Fpadukn matepuannapbiH WAPLWKMHA ang OnaH
Masblnap MAraifaHUH MATHUHAA BEPUAMAAMANP. TpaduKM maTepuannapaa Aaaam Bs
Ma wapdu wwapanap SOCTAPUAAPAK, YWbYH M3aWATAAP MATHUH WYAPUCUHAA
BepUAMAANAMNP. TpaduKM maTepuannapbiH alabbl WUCCACUHAA Call Cbipacbl BEPUANP
BA a4bl Masbina 6unap (Mmcan uuuH, LUAkK.3. ColHar rypbycyHyH CXxemu).

Apabuinnat calh  cbipacbl relg eaunMAKNA, OpPXKWUHAAbIH - AWAMHAA  Bepuaup.
MuannmdnapuH colagbl, agbl BA aTaCblHbIH afbl KypcuBAAH UCTUDAAA €TMAKNA
MasblabIp.

ApAbMANaTbIH CMAALLbICHI allabblga BEPUAAH HUMYHAAAP U3PA TAPTUO eannup:.

Kutabnap
1. Paszesue /I.B., Coxonoéa M.B. Pacuer HadaJbHBIX U pa3psAHBIX HaNpsHKEHUH ra3oBBIX

npoMexXyTKkoB. M.: Dueprus, 1977.- 178 c.

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

1974.

XypHannap

3. Aeanos B.I'., Pazesue J[.B. // DnektpudectBo.- 1972.- Ne 5.- ¢. 32-36.

4. Anaxoapos O.3. /| duzuka-1999-Ne 3- c.44-49.

JenoHe eaguamuw An iMasmachbl.

5. Hsanos JLII. M., 1985. 40c. - len. 8 BUHWUTH 25.10.85, Ne19233.

Huccepracuitanap
6. Ilempos B.I. Jluc. xaHn. ¢wu3z.-mar. Hayk. JI.: HHCTUTYT BBICOKOMONEKYISPHBIX

coequHenui, 1985.

7. Cuoopos H.B. luc. n-pa xum. Hayk. HoBocubupck: Uuctutyr Xumuu, 1979.

Muannndamk WAWAAATHAMANAPW BA NAaTEHTAAP

8. Anues C.I", /[rcananoe K.X. A.C. 163514 CCCP // B.W. 1988. Ne 4.¢.50
9. Ilar. 3386968 CILIA // PXK ®U3. 1970, 25,c. 400.
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10. Langsam M., Savoca A.C.L. Pat. 4759776, USA,1988.

KoHdpaHcnap, cumnosnymnap

11. Meoseoes I1.T. // Tes. noki. |1l Beecoros. Cosemi. o npo6iemam sHepreTrku. JI.: 3.
JITIN, 1984, ¢.30.

EHepaeTMKaHbIH Npobnemnsapu e Ne2 e 2016 e IIpoGieMbl SHEPTETUKH

K CBEAEHUIO ABTOPOB
1. O6umue npaBua.

B xypnane “Ilpobnembl DHepreTUKN” MyONIUKYIOTCSI HAYYHO - TEXHUUYECKUE CTaTbU B
00J1aCTH KOMIUIEKCHBIX MpOOJEeM SHEPreTUKH, 3JIEKTPOIHEPIeTUKH, TEIIOIHEPreTUKH,
ANIEKTPOPU3NKH, IEKTPOTEXHOJIOTHH, HHPOPMATUKHA U HOBOH TEXHHKH, a TAKXKE MPUBOJUTCS
TEKyIasi XpOHHKa.

OCHOBHOH 1IEJIbIO JKypHaJa SIBJISETCS MyOJIMKAlMsl OpUTMHAJIBHBIX HAay4HO-TEXHHUYEC-
KHX CTaTel, OTBEYAIOLINX TPEOOBAaHUSIM BBICOKOTO HAyYHOI'O KauecTBa.

B xypnane npuBoaarcsi cBelieHust 0 paboTe KOH(pEepeHINH, CHMITO3MYMOB, Pa3TUIHBIX
HAYYHBIX IIKOJ, a TAK)Ke 00 HUHTEPECHBIX COOBITUSAX, IPOUCXOAIIUX B HAYYHOM MHUPE.

Penakmust coxpansieT 3a co00i mpaBo He MyOJIMKOBAaTh MaTepUallbl 110 TEM HJIM MHBIM
IPUYMHAM, HE YJIOBJIETBOPSIIOIUM TPEOOBaHUSIM >KypHaJa.

2. IIpeacraBienne crarei.
CraTbu JOKHBI OBITh MPEACTABICHBI B PEIAKIIHMIO JKypHaa M0 CIeAYIOIEMY aapecy:

Azepbaitmxkan, A3-1143, baky, np. I'. JI>xaBuna, 33
WNuctutyr ®usuxku HAH AzepOaiimpkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; ®dakc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OTBeTcTBeHHBIN cekpeTaph - ['ypbanoB Ksmunbs baxtusp ormusl.

3. SI3bIK cTaTeii.

Cratbu TpUHHMAIOTCA Ha a3epOaiiKaHCKOM, PYCCKOM U aHIJIMICKOM f3bIKaX, MpPUYEM
CTaThu aBTOPOB U3 A3zepOaiikaHa JOIKHBI OBITH MPEICTABICHBI HAa a3epOaliKaHCKOM WIIH
PYCCKOM $I3bIKaX, CTaTbu aBTOPOB U3 cTpaH CHI' - TOJIIBKO HA pyCCKOM SI3BIKE, CTaTbH aBTOPOB
U3 JAJBHETO 3apyOeXkKbs - TOJIBKO HA AHIVIMHCKOM SI3bIKE.

4, TpaBuia opopmiieHus cTaTei.

4.1. B pemakuuio xypHaJia MPEACTABISAIOTCS CTaThbl, HAOpaHHBIC W HalleYaTaHHBIC B OJTHOM
9K3EMIUIApE Yepe3 OJMH MHTEpPBAJ Ha MEPCOHAILHOM KOMIIbIOTEpe, Ha Oeroi Oymare
dopmata A 4, mpudprtom Times New Roman, pasmep mpudpta 12, a Takke
npezcTasisiercss B anekTpoHHOM Buae Ha CD naucke. Ilons cBepxy u cHH3Y - 2 cM,
cJeBa U cripasa - 2,5 cM.
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4.2. OObBeM cTaThd HE JIOJDKEH MPEBBINIATh § CTPaHUIl, BKIIOUYas rpadiuecKue MaTepuallbl,
doto, TabnuIBl, POPMYIBI, CHUCOK JTUTEPATYPHI U AHHOTAIIUH.

4.3. B BepxHeM JIeBOM YIIIy MEpBOW CTpaHUIIBI CTaTh yKasbiBaercs uHaekc Y /K. Yepes 1
MHTEPBaJl HIKE [MOMEIAeTCsl Ha3BaHUE CTaThH KUPHBIM U 3arjiaBHbIM IpudTom. Yepes
1 uaTepBan nomemiaercs GpaMuinns (haMHUINK), 1 HHULHAIIBI aBTOPA (aBTOPOB) KUPHBIM
u 3arnaBHbIM IpudToMm. Yepes 1 nHTEepBan yka3blBaeTcsi HAUMEHOBAHUE OpraHU3alUu.
UYepes 1 uHTEpBan moMemiaeTcs aHHOTALMs Ha S3bIKE CTaTbu 00beMoM He Ooisiee 10
CTPOK M KitoueBble cioBa (5-6 cmoB) mpudrom 10. Uepes 1 mHTEpBaNT momemiaeTcs
OCHOBHOE cojiep)KaHHe CcTaThW mpudToM 12. B KOHIIE OCHOBHOTO TEKCTa CTaThbU
MPOBOJUTCA MpoYepK IMHOKM 20-25 CHUMBOJIOB, IOCJIE YEro IOMEIIAETCS CIUCOK
AUTEepaTypel 0€3 KaKoro-nuOOo Ha3BaHUsS, B MOPSAKE HyMEpaIMH CCHUIOK B TEKCTE
ctatbu. I[locrme 3toro uepes 1 wHTEpBan MOMEMIAIOTCS AHHOTALMU HA ABYX JPYIHX
S3BIKaX — PYCCKOM (WMJIM a3zepOaiipkaHCKOM), aHTIMICKOM M KJIO4eBble ciioBa (5-6
cioB) mpudTom 10.

B camMoM KoOHIIe cTaThu MOMENIAIOTCS KOHTaKTHBIC TenedoHbl, dhakcel 1 E — mail, a
TaK>)Ke TOJIITUCU BCEX aBTOPOB.

4.4 I'paduueckue mMatepuansl, poTo, TaOIUIBI, POPMYIIBI TOMEMIAIOTCS B COOTBETCTBYIOIINUX
pa3gmenax Tekcra craThu. Hanmwcw, oOTHOcsmuecs K rpaduyeckuM Marepuasiam,
MIOMEIIAIOTCSL B TEKCTE CTaThu. B rpaduueckoM wmarepuasie yka3blBalOTCs OYKBEHHBIC U
¢ poBsie 0003HAYCHHS, & UX KOMMEHTApUH TOMEIIAIOTCS B TEKCTE CTaTbu. B HMkKHEH
YacTH TpaHuueCKOro MaTepualia yKa3bIBaeTCsl HOMEP U MOXET YKa3bIBaThCs Ha3BaHUE
MmaTepuana ( Hamp., Puc.3. Cxema yCTaHOBKH.... )

4.5. Criucox NUTUPOBAHHOM JINTEPATYpPhl IPUBOAUTCS HA S3bIKaX OPUTHHANOB. DaMuInU U
MHHIHAJIBI aBTOPOB MevyaTaroTcss KypcuBoM. CIHMCOK JINTEpaTypbl 0(OopMIISIeTCs 110
00pa3ily, IpUBEJICHHOMY HIKE:

Kuuru

1. Pazesue /[.B., Cokxonosa M.B. PacueT HauanbHBIX W pa3psAHBIX HANPSKEHUH Ta30BbIX

npoMexyTkoB. M.: Oneprus, 1977.- 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

AKypHaJjibl

3. Aeanos B.I'., Pazesue J[.B. // DnektpudectBo.- 1972.- Ne 5.- ¢. 32-36.
4. Hnaxoapos O.3. /| ®uzuka-1999-Ne 3- ¢.44-49.

JlenOHUPOBAHHBIE PYKOIMUCH

5. Usanoes JLII. M., 1985. 40c. - len. 8 BUHWUTH 25.10.85, Ne19233.

Aduccepranuu
6. Ilempos B.I. Jluc. kaHn. ¢wuz.-mar. Hayk. JI.: HHcTuTyT BBICOKOMONEKYISPHBIX
coenqnuenni, 1985.

7. Cuoopos H.B. JTuc. n-pa xum. Hayk. HoBocubupck: Uncturyr Xumun, 1979.

ABTOpPCKHE CBHAETEILCTBA H NATEHTHI
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8. Anues C.I'., Jocananos KX. A.C. 163514, CCCP // B.1. 1988. Ne 4.¢.50
9. ITar. 3386968 CILA // P2K. ®U3. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

Koundepennuy, CMMIIO3HYyMbI

11. Meoseoes I1.T. // Te3s. noxa. 1l Beecoros. Cosent. mo mpo0aemMam dHEPTreTUKH.

JI.: M3n. JITIN, 1984, ¢.30.

EHepseTUKaHbIH npobaemnapu e Noe2 e 2016 e IIpo0OiieMbl SJHEPIrETUKU

FOR THE ATTENTION OF AUTHORS

1.

4.

General Rules.

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

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

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

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

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

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

The Language

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

The papers must be submitted in the following format.

4.1. The hard copy of the paper must be submitted on the A4 format in 1-line interval, typed

in “Times New Roman”, in 12 font, with the borders from top and bottom — 20 mm, from
left and right — 25 mm. The electronic copy on a CD-disk should be submitted along with
the hard copy.

4.2. The paper must not contain more than 8 pages of text, inclusive of any graphs, photos,

formulas, reference lists and annotations.
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4.3.

4.4,

4.5.

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

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

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

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

Books

1.

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

Journals

2. Price D.A,, Lucas I.L., MoruzziJ.D. // J.Phys.D(Appl.Phys),1973,v.6,N0.12,p.1514-1524.

3. Anaxosapos O.3. /| ®uzuka-1999-Ne 3- c.44-49.

Patents

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