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PA3BBUTHUE TEOPUU OITEPAIMOHHOI'O HCHUCJIEHUA JIA
KOMIIBIOTEPHOI'O MOJAEJIMPOBAHMUSA NIEPEXO/HBIX
IMPOIECCOB B CJIOKHBIX QJIEKTPUYECKHUX HEITAX
C PACHIPEAEJIEHHBIMU TAPAMETPAMUA

UI’KABAJTIOB H.T', ’MAMEIOB A.1, 2HUBAJIOB A.A.

'Hayuonanvnoe Aapoxocmuueckoe Azenmcmso
2Uncmumym Kocmuueckux Hccnedosanuii Ilpupoonsix Pecypcos
ibadov-anver@mail.ru

Ha ©0aze pa3BuUTHA TEOpHH OIEPAIMOHHOTO WCYUCICHHS MPEICTAaBICH HOBBIN  YIIPOIICHHBIH
YHUBEPCAJIbHBIN YUCIEHHBIM METOJ /U1 KOMIIBIOTEPHOIO MOJIEIMPOBAHMS MEPEXOAHBIX MPOLECCOB B CIOMKHBIX
JNMEKTPUUECKUX LEMSIX C PACIpeleNICHHBIMU IapaMeTpaMu Oe3 ydeTa MoTepb B JIMHWUU. [loiydeHsl HOBBIE
MIPOCTBIE PEKYPPEHTHBIE COOTHOLIEHUS, JIETKO peau3yeMble Ha KOMIIBIOTEPE.

KioueBble cjioBa: KOMIBKOTECPHOC MOJACIUPOBAHUC, DIJJICKTPUYCCKAA LCNb C PacCIpeACIICHHbIMU
napaMeTpamu, YUCIICHHBII METO.

BBenenue:B Hacrosimee BpeMst OOJBINON KIacc AJEKTPOTEXHUUYECKHX 3a7ad CBs3aH C
UCCJIEIOBAaHUEM TIEPEXOIHBIX IMPOILECCOB B JNEKTPUUYCCKUX IIETSIX C paclpeleICHHBIMU
napaMeTpaMu, MPOTEKAIOIIUX M0/ BO3ACHCTBHEM HANPSKEHUH MPOU3BOIBHOM (hopmbr [1-12].

B cBsizu ¢ 3THM, BOMIPOCHI CO3JaHUS METOJOB IS MATEMATUYECKOTO MOJCITUPOBAHUS
MEPEXOJHBIX MPOIECCOB, BO3ZHUKAIOIIMX B JJIEKTPUUYECKUX IEMSIX C paclpeeleHHBIMU
napamMeTpaMu, TpPH BO3JICHCTBUU TPOU3BOJILHOTO HAMPSIKCHHS, SBISIOTCS BaKHOU
TEOPETHUYECKOMN M MPAKTHUECKOM 3a1a4eil, TpeOyIolel CBOero penieHusl.

Opnako,manHas mpoOsieMa B HAYYHOW JUTEpaType M3Yy4YeHa elle HEJO0CTATOYHO, YTO
BbI3bIBACT LENbIA psAJ TPYAHOCTEH Kak MpU TMPOCKTUPOBAHUM, TaK M IKCIUTyaTalluu
AIIEKTPUYECKUX IICTICH ¢ pacrpeaeieHHbIMU napamerpamul| 1-6, 9-11].

B nacTosiee BpeMs B YCIOBHSIX IIMPOKOTO BHEAPEHHS KOMIIBIOTEPHOW TEXHUKU B
MPAKTUKY WHKCHEPHBIX PAacyeTOB, BOMPOCAM KOMITBIOTEPHOTOMOCIMPOBAHUS TIEPEXOTHBIX
MPOLIECCOB, BO3HUKAIOMIMX B AJEKTPUYECKUX LEMAX C pPACIpeleSCHHbIMU MapaMeTpaMu,
YAENSETCS MPUCTATHHOE BHUMAHHE.

[IpyuMmeHeHre KOMIBIOTEPHOW TEXHUKHU ISl YMCIEHHOTO MOJEIMPOBAHUS MEPEXOTHBIX
MPOILIECCOB B DJIGKTPUYECKUX IMEMAX C paclpeAelieHHbIMUA MapamMeTpaMu TO3BOJISET
CYLIECTBEHHO PACIIUPSTH KPYT PEIIaeMbIX MPAKTUYECKUX 3a7a4 B yKa3aHHOU 00JacTH.

OpanM 13 3((HEKTUBHBIX YHCIEHHBIX METOAOB Ui KOMIBIOTEPHOTO MOJEITHPOBAHHUS
MEPEXOJHBIX MPOILECCOB B CUCTEMaX C paclpelesieHHbIMU NapaMeTpaMH, OMHCHIBAEMBIX
YpAaBHEHUSMU B YAaCTHBIX MPOU3BOJIHBIX THIEPOOTUYECKOr0 M MapadOIMYeCKOTOTHIIOB,
SIBJISIETCSL HOBBIM 4yncIeHHbIM MeTon [13-17], oCHOBaHHBIM HAa KMCMOJb30BAHHE ITHCKPETHOIO
aHaJIOra MHTErPajbHOIO ypaBHEHUS CBEPTKH [8].

[IpenmyIiecTBOM yKa3aHHOT'O HOBOI'O IMOJAXOMa, MpeIoKeHHOro B paborax [13-17],
SBJIIETCS TO, YTO OH IO3BOJISIET MPOU3BECTH KOMIIBIOTEPHOE MOCIUPOBAHUETIEPEXOIHBIX
MPOLIECCOB B CHUCTEMax C paclpeleieHHBIMU MapaMerpamu 0e3 mepexoia B 00JacTh
JTUCKPETHBIX M300paxkeHuid [9-11], a Takke OoCyIecTBIATh mepexon oT JlammacoBeix H300-
paXxeHUH HCKOMBIX (YHKIMKA B OOJACTh OPUTHHAIOB 0€3 HAXOXKICHHS KOpPHEH XapakTe-
PUCTHUECKHUX ypaBHEHHH, 0€3 pa3moKeHUsl ornepaTopHOro kodpduimeHTa pacripocTpaHeHUs
BOJIHBI M OINEPATOPHOI'O BOJHOBOTO CONPOTHUBIEHUS B PSAbI, YTO CYHIECTBEHHO YMPOIIAET
MaTEeMaTUYECKHE BBIKJIAJKUA U MOBBIIIAET TOYHOCTh pacueToB. KpoMe TOro, mpeayioKeHHbIN
HOBbIA MmoaxoA[13-17], B oTiauuue OT CymecTByrOIMX MeTofoB [1-12], B 3aBUCUMOCTH OT
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3aJlaHHOM TOYHOCTHU pacueTa, IMO3BOJISIET 3aMEHUTh OIEPalMI0 HENPEPHIBHOTO HWHTET-
pPUpPOBAaHUS CYMMHPOBAaHHEM, TONB3YACh (POpPMylIaMH HE TOJBKO HPSIMOYTOJBHUKOB, HO H
TpaneruiCumicona, Y[ 7].

VYka3aHHblE CBOMCTBAa HOBOI'O IOJXOJa CYLIECTBEHHO PACUIMPSAIOT KPYT pelIacMbIX
MPAKTUYECKHX 3a]1a4.

B nanHoOI cTaThe,Ha 0a3e JajnbHEUIEro pa3BUTHS TEOPUH ONEPALIMOHHOIO UCUUCIIEHUS,
BIIEPBbIC B HAYYHOW IJIUTEpAType PAacCMATPUBAIOTCS BOMPOCHI, CBSI3aHHBIE C JATbHEUITUM
pazButueM padot [14-17] ana pa3pabOTKH HOBOTO YINPOIICHHOTO YUCJICHHOTO METOJa, Kak
JUISE KOMIBIOTEPHOTO MOJIETUPOBAHUS TEPEXOJHBIX MPOLECCOB BIOJIb TPACChl CIIOXHOMN
AJEKTPUYECKOM IIENMU C paclpe/leICHHBIMU MapaMeTpamu, (puc.l) Tak u JJsi ompeneneHus
u3MeHeHus: Hanpspkenust B Hadane U,(t)u Toka B KoHue ix(t) ee, mpuBO3mEHCTBUH
npou3BoJbHOrO HampsbkeHus: Uy(t), 3ameHsiss omepaluy HEMpepbIBHOTO HHTETPUPOBAHUS
CYMMHUPOBAaHHEM, B TAHHOM clly4ae, IOJIb3ysach (HOpMYJION Tpanenni.
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Puc.1. CtpykTypHas cxema CI0KHOM HArpy>KeHHOH 3JEKTPUUECKOM 1IeTH
C pacrpeieeHHbIMU [TapaMeTpamu.

1.ITocranoBka 3amaum:B J1aHHOW TMOCTaHOBKE 3aJayd TEPEXOJIHBIE TIPOIECCHI,
MPOTEKAIOIIUE B BJEKTPUUYECKON IIENMU C paClpeeICHHbIMU IMapaMeTpaMu, OIMHMCHIBAIOTCS
BOJIHOBBIMH YPaBHEHUSMHU:

du _ . i
ox  ot’
oi _ ou 0.<c<t 1
ax ‘o’ =4S (1)
rne U =U(x,t),i =i(x,t) — COOTBETCTBEHHO HW3MECHEHHE HANPSHKEHHS W TOKa B

HpOHBBOJ’IbHOﬁ TOYKEC LCIIM B JIF000H MOMEHT BpeMeHI/I;L,C — UHAYKTHBHOCTbL U CEMKOCTb
eI Ha CAVMHUILY OJIMHBI; {- JJIMHA [CTIHU C pacCpCaACIICHHBIMUA ITapaMETpaMu.
Hauanvnwvie yciaoesus.:

U(xl t)t=0 = 0; l(x; t)t=0 =0
FpaHuqule ycuoesus:
U(x: t)x:O = Un(t)' i(x' t)x:l = lk(t)r

rae U, (t), i, (t) — cOOTBETCTBEHHONIPOU3BOJIBLHBIE 3aKOHBI H3MEHEHUS HANPSUKEHHS B HavaJle,
TOKa B KOHIIC IIETIH C paclpeeICHHbIMH IMapaMeTpaMHu.



2.Pewenue 3adauu: COriacHo NpeiokKeHHOMY MOAXO0Y, IPU PEeIIeHUH ITOCTaBJICHHOM
3a/la4d Ha IEpBOM ATane HeoOXoAaumo mnosyduth JlamnacoBo m3oOpaxenue s (QyHKIUI
U(x,t),i(x, t)B oneparopHoii hopme.

B cBsa3u ¢ 3TUM, NpU NPUHATHIX HAYalbHBIX U TPAHUYHBIX YCJIOBHUSX, M3 CHUCTEMbI
muddepeHManbHbIX ypaBHeHUH (1) moaydaem crenyromiue BbIpaXEHHs AJI yKa3aHHBIX
¢GbyHKLIUI B onepaTopHO# Gopme:

shvx
chvf(z)

hv({—
UG, t) = T2, () = pli(s)

106,8) = 222U, (5) + 1 () T (3)

p chv
N
rjae s-onepaTtop npeoodpazoBanus Jlammaca, v = sVLC = — k03 UIMEHT pacpoCTpaHEHUS
1%

L
BOJIBHBEI; pZZ‘J; — BOJIHOBOC COIIPOTHUBJICHUC LCIIK C PACHPCACICHHBIMU IIapaMCTpaMUu;

V=— — CKOpocTb pacnpoctpanenuss Bojubl, U(x,s),I(x,s),U,(s),I;(s) — JlamiacoBo

uzo0pakenune ¢pyuxuuii U(x, t),1(x,t),U,(t), [ (t).

Bropoil 3Tan pemieHuMs JAaHHOM 3a1add CBSI3aH C OCYLIECTBIECHUEM IEPEeXoaa OT
JlanmacoBbix n3ob6paxkenutii (2), (3) B 061aCTh OPUTHHATIOB.

B cBs3M ¢ 3THM, COTrJIaCHO HOBOMY IMOJAXOJY, MPEIIOKeHHOMY B paborax [14-17],
BbIpakeHUs (2), (3) MOKHO MPEACTaBUTDH B BUJIE:

US,5) [+ ki (5)] = Tha(s) + ks (DIU,(5) — phe(s) [ka(s) — ks()](4)

1(8,s) E + kl(s)] = %[kz(s) — k3 ($)]U,(s) + I () [k4(s) — ks5(s)], (5)
e ky(5) = Sy (5) = o kg (5) = Sy (8) = S kg (s) = S

5= % ki (s), ky(s), ..., ks(s)— nepenarounsie hyHKuMM.

Ha ocnoBe Teopemsl cBeptku [14-17], mepexoas ot ypaBHeHu# (4), (5) OTHOCUTEIBHO
M300paKeHUI K ypaBHEHHUSIM OTHOCUTEIHLHO OPUTHHAIIOB, ITOYUHM:

t t t
ju(t —0,5)1(0)d0 + f Ut — 0,8)k,(0)dO = fUH (t — 0)k,(0)d6 +
0 5 s
t v t v t
+ f U, (¢t — 0)ks(0)d6 — p f i, (t — 0)k4(6)dO + p f i, (t — 0)ks(0)d6 +
2l(1-68) 1(1-268) 1(1+268)
Ut 15) 19]
rp j by (¢ — 0)s(0)d0 ©)
1(1+26)
v t t 1 t
f i(t—06,6)1(0)do + J- i(t—0,6)k,(6)do — ; f U, (t—6)k,(6)d6 —
0 2l 218

v



1 f U, (t — 0)k;(6)d6 + fik(t—e)k4(9)d9+ Jik(t—e)k5(9)d9, 7)

21(1-8) 1(1228) 1(1+28)
1% 1% 1%
rue ki(t), k2(t), ..., ks(t) —u3BecTHBIE OPHMTHHAJIBIXIIEPEIATOYHBIX byHKIHI

k1(s), ka(s), ..., ks(s); ki(t) = 1(t — 27), k,(t) = 1(t — 276), k3(t) = 1(t —
21(1 = 8)), ka(t) = 1(t — 7(1 = 28)), ks(t) = 1(t — 7(1 + 26)), 7 = = —Bpems

pacrpoCTpaHEeHHs BOJIHBI B OJIMH KOHEI[ UCXOHOM 3JIEKTPUUYECKON LIETIH C pacIipeieIeHHBIMU
napamMeTpamu.

WNuterpansapie ypaBaenus (6), (7) MOTYT OBITH peIIeHBI YUCICHHO, €CIH 3aMEHUTh
HHTErpajIbl CYMMaMH, C TOMOIIBIO Pa3IMYHBIX Crioco0oB [14-17].

B cBsi3u ¢ 3TUM, HUCTIONB3YS CBSI3b MEXIy HETPEPBIBHBIM BPEMEHEM t U TUCKPETHBIM

T .
n(n=0,123....)B Buiet = nT [9](rne T = 2T — aOCONIOTHBIA MEPUOJI  MOBTOPEHHMS
pemeTdatoid (PyHKIMKM) MPOU3BOJUM JHCKpeTH3anuio ypaBHeHui (6), (7) mpu BeIOpaHHOM
T

MHTEPBAJIC 3aMCHSIS OTIEPAIIHIO HEMPEPHIBHOTO HHTETPUPOBAHHS CYMMHPOBAHHEM, B IAHHOM
citydae, moJib3ysich hopMyitoii Tpaneruii [ 14-17].

Ipu sToM BMecTo (6), (7) oTHOCHUTENBHO pemeTdathix Gyukimi U[n, 8], i[n, § |moxuo
MPEJCTABUTD CIICAYIOIIAEC BBIPAKEHHUS:

T n
— > (AmlUIn—-m, 8] +1[n—m +1]U[m —1,8]) +
+%z(k1[m]U[n —m, 8]+ ki fm—1]JUn—-m+1,8]) =
m=A4

=2% > o]t In = m] + by = 110, m + 1) +

m=A46
n

T
+ﬂm=;_8)(k3[m]UH[n — m] + k3 [m — 1] UH[n —m+ 1]) _

—p% z ka[mligln — m] + ka[m — 1]ig[n — m + 1]) +

m=0,54(1-26)
n

+,0%1 Z (ks[m]ix[n — m] + ks[m — 1]ig[n — m + 1]) ®
m=0,54(1+26)
z%mzzo(l[m]i[" —m, 8]+ 1[n—m+ 1]i[m — 1,6]) +

+1 (ki [mli[n —m, 6] + ky[m — 1]i[ln —m + 1,6]) =

1T Z (ko [m]U, [n = m] + ky[m — 1]U, [n — m +1]) —



n

tos > (kaDmlign — mlkgbm — Uigln —m + 1]) +
n m=0,51(1-26)
+% D ks Imliln—m] + kslm = Uigln —m + 1], 9

m=0,51(1+25)
raekq[n],..., ks[n]- usBectHbIe penieTuarsie GyHKIHH;
ki[n] = 1[n — Al .k,[n] = 1[n — 48], k3[n] = 1[n — A(1 - 8],

ks[n] = 1[n— 0,5A(1 — 26)], kg[n] = 1[n — 0,54(1 + 26)]
31ech

Z( [m]U[n —m, 8] + 1[n — m + 1]U[m — 1,8]) = U[n, 6] +

+Z(1 Uln —m, 8] + 1[n — m + 1]U[m — 1, 8])(10)

=1
n

Z(l [m]i[n —m, 8]+ 1[n—m + 1]i[m —1,6]) =

=0
n

=i[n, 8] + z (1[ml]i[n —m, 6] + 1[n — m + 1]i[m — 1,5]) (11)

m=1

Bripaxxenue (8) ¢ yuerom (10) Oyner:

Uln, 8] + Z ([m] Uln = m, 8] + 1[n — m + 1]U[m — 1,8]) +

m=1

+ Z (k [m]U[n = m, 8] + ky[m — 1]U[n — m + 1,8]) =

m=1
n

= Z (ka[m]Uy[n —m] + ky[m — 1]JUy[n —m + 1]) +

+ Z (ks [m]Uy[n — m] + ks[m — 1]Uy[n —m + 1]) —

o D (ulmliln = m] + kyfm = 1iln—m+11) -

m=0,54(1-26)
n

—p z (ks[m]ix[n —m] + ks[m — 1]ig[n —m + 1]) (12)
m=0,5(1+28)

Otcrona HaxoguM  CIEIYIOIIee PEKyppeHTHOE COOTHOLICHHE, I03BOJISAIOLIEe
HOCJIeI0BaTEIbHO BeIYuCIUTh GyHkuu U[N,d]:

Uln, 8] = z (ky[m]U[n = m, 8] + ky[m — 1]U[n —m + 1,8]) +

7



n

+ 2 (ks[m]Uy[n — m] + ks[m — 1]Up[n — m + 1]) —

m=A(1-9)
n

“p D> Ckalmligln = ml + kyfm — 1lifn —m + 1) +

m=0,54(1-268)
n

4p D eslmlighn —m] + ksfm — 1Jigln - m+ 1) -

m=0,54(1+26)
n

_ Z (k[m]U[n = m, 8] + ky[m — 1]U[n — m + 1,8])
m=A
—Z(l[m]U[n—m,S]+1[n—m+1]U[m—1,6]) (13)

m=1

Beipaxxenue (9) ¢ yuetom (11) Oyner:

i[n, 8] + Z (1[m] i[n — m, 8] + 1[n — m + 1]i[m — 1, 8]) +
m=1

n

+ Z (ky[mliln —m, 8] + ky[m = 1]liln—m +1,4]) =

m=A7
1 n
=7 Z (ky[m)Uy[n — m] + ky[m — 1]Uy[n —m + 1]) —

m=A0
n

(ks[m]Ugz[n —m] + ks[m — 1]JUy[n —m + 1]) +
m=l1gl—é)

+ z (ka[mlig[n — m] + ky[m — 1ig[n — m + 1]) +
. m=0,5(1-28)
+ Z (ks[mlix[n — m] + ks[m — 1]ix[n —m + 1]) (14)
m=0,5(1+26)

Otrcioa HaxoAMM  CICAYIONIEe PEKYPPEHTHOE  COOTHOIICHHE,

[MO3BOJIAIOIIEE
MOCJIEIOBATEBHO BBIYUCIUTE QYHKIMHUI[N, J]:

n

1
i[n, 8] = En;&(kz[m]UH[n —m] + kyfm = 1Uy[n —m + 1])

1 Z (ks[m]Uy[n — m] + ks[m — 1]Uy[n —m + 1]) +
m=A(1-9)

©

+ Z (ka[mlig[n — m] + ko[m — 1]ig[n —m + 1]) +
m=0,5;11(1—26)

+ z (ks[mlix[n — m] + ks[m — 1]ig[n —m + 1]) —
m=0,51(1+26)



_ Z (k[mli[n = m, 8] + ky[m — 1)i[n —m + 1, 5]) —
my)

—Z(l[m]i[n—m,d]+1[n—m+1]i[m—1,6]) (15)

m=1

[TorpemnHocTh paBeHCTB CBsi3aHa ¢ BeMUUYUHON A. Uem Ooibliie BEIOPaHO YUCIO A, TEM B
MEHBIIEH Mepe XapaKTepUCTUKU HEMPEPhIBHON (PYHKIMU OTIMYAIOTCS OT COOTBETCTBYIOIIUX
XapaKTePUCTHUK PEIIeTYATHIX.

[lonyuennble pexyppeHTHble cooTHomeHus (13), (15) mno3BoISAIOT ompeaenuTh
U3MEHEHHE HAIPSOHKEHMSI U TOKA B IMPOM3BOJIBHOM TOUKE CIIO)KHON Harpy>KeHHOM JTMHEWHON
ANEKTPUYECKON LIeNH ¢ paclpeeseHHbIMU MapaMeTpaMu B 000 MOMEHT BPEMEHH U JIETKO
peanu3yroTcsl Ha KOMIIBIOTEPE.

B pexyppenthbie cootHomenus (13), (15) Bxomat nenssectoie hynkiu Un[n], ik[n].
Onpenenenye X 3HAYEHUN OCYILIECTBIISIETCS 11O CIEAYIOLEN METOIUKE.

Jlns ompenenenuss u3MeHeHuss Hampspkenust Un[n], cormacHo puc.l mias HavajabpHOM
TOYKM (x=() OaHHOM SJIEKTPUUYECKON LENU C pacHpelesICHHbBIMH MapaMeTpaMu MOXKHO
MPEACTaBUTH cieayromee nuddepeHnrnaibHoe ypaBHEHHE:

t
dig(®) 1
: dt(t) + 7 | in@)ds + vy, (16)
0

Uop(t) = Ryiy(t) + Ly

rae iH(t) — u3MeHeHne Toka B HaYaJIbHOM TOYKE DJICKTPUUECKOW IENU C paclpeaesiCHHBIMU
napaMeTpamH.

[lpyu HyneBbIX HayanbHBIX YyclIoBUSAX auddepenunansHoe ypaBHenue (16) B
OIepaToOpHON (opMe MOXKHO MIPEICTABUTH B BUJIE:

Uo(s) — Un(s)

Iy(s) = T (17)
R1 + LIS + a
Bripaxkenue (17) MOXKHO NpeACTaBUTDH B BUJIE:
bis
I = U -U , 18
1 (s) PR Sra——— [Uo(s) — Uy (s)] (18)
R 1 1
rac a2:1, a]_:L_i, aOZE, b1:L_1

Jns  onpeneneHus opuruHana JlamacoBoro usoOpaxkenusilH(S) w3z (18) 0e3
WCIIOJIb30BAHUSI TEOPEMBI PA3JIOKCHHS, 0€3 HAXOXKICHHS KOPHEH XapaKTepUCTHYECKOTO
ypaBHeHMS a,S2 + a;S + ay, cormacHo HoBomy moaxony [14-17], Beipaxkenue (178 MOKHO
MIPEICTaBUTh B BUJIC:

aly (s) + Wi(s)Ix(s) = Wy(s)[Up(s) — Ug(s)], (19)

1 1 1
206W1(S) = alT + ay S_z, Wz(S) = bl;



Ha ocHoBe Teopembl cBepTkH, mepexois OT ypaBHeHus (19) oTHocuUTeNnbHO
M300pakeHUH K YPaBHEHUIO OTHOCUTEIIEHO OPUTHHAJIOB, TTOTYYUM:

aip(t) + f Wy (0)iy(t — 6)do = f W,(0)[Uo(t — 6) — Uy(t — 6)]d6,  (20)
0 0

rae Wi(t), Wa(t) - uzBectHble opuruHais! nepeaatounsix Gynximii Wi(s), Wo(s);
Wy (t)=ai+aot, W2(s)=b1-1(t)

Pemuth monydeHHOe HWHTErpanbHoe ypaBHeHue (20) B SBHOM BHIE OTHOCHTEIBHO
UCKOMOM (DYHKIIMH HE TPEICTABIAETCS BO3MOXKHBIM. OHO MOXET OBITh PEIICHO YHCIICHHO,
€CITH 3aMEHHUTh MHTETPAJIbI CyMMaMH.

B cBf3W ¢ 3THM, COIJIACHO BBIMIC MPEUIOKEHHOMY HOBOMY TIOIXOIY, 3aMCHSS
OTEPAIMIO HETIPEPHIBHOIO WHTEIPUPOBAHKS CYMMHPOBAHHUEM, B JAHHOM CIIy4ae IMOJb3YsACh
¢dbopmynoii Tpanenuii, BMecto (20) moayyum:

ayinln] + %;O(W1[m]iﬂ[n —m] + Wiln = m + 1iglm ~ 1) =

_ Z%Z [Wy[m](Uoln — m] — Uyln — m]) +

+W,o[n—m+ 1]((1)]0[m — 1] — Uy[m — 1])] 21D

Wy [m]ig[n —m] + Wi[n —m + 1]ig[m — 1]) = W;[0]iy[n] +

(WiImligln —m] + Wy[n —m + 1]ig[m — 1]) (22)

Z [W,[m](Us[n —m] = Uy[n —m]) + Wy[n —m + 1J({Up[m — 1] = Uy[m — 1])] =

= W,[0](Uy[n] — Uy[n]) + Z [Wa[m](Up[n —m] — Uy[n —m]) +
FWyln—m+ 11Uyl — 1]+ Uglm— 1] (23)
re Wo[0]=bs
Jlnst onpesierenns 3Havenus pemeruatol ymkuun iy [n] Bepaxenne (21) ¢ yuerom

(22), (23) 6ynmer:

@yinln] + W4[0) 5 iuln] +55 Y (Walmliyln — m] + Waln ~m -+ 1igfm — 11) =
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= %Wz[o](Uo [n] — Uy[n]) + % [W,[m](Uy[n — m] — Uy[n —m]) +

m=1

+W;[n —m+ 1](Up[m — 1] = Uy[m — 1])] (24)

Pemras ypaBHenue (24) OTHOCHTEIBHO perierdaroil GpyHKuu in[N], momxydnm
CJIEJIyIOIlIEE BhIpAaXKEHHE:

T
iy[n] = ——2—— (W, [0](Uo[n] — Uy[n]) + B, [n]}(25)
a, + W [0] 2

rIe

Blnl = ) [Wylm](Uoln — m] = Uyln = m]) +Wyln = m + 1] (Uglm — 1] -

m=1

n
~Unln— 1) = ) Wylmliyln = m] + Wyl — m + 1y [m — 11
m=1
B pekyppentHoM cootHomeHun (25) 3Hadenume HeusBecTHOM GyHkmmu Unp[n]

OIIpeIeNAeTCs 0 CIEAYIOIEN METOIUKE.
[pu6=0 u3 pexyppeHTHOrO cooTHOIIEHUs (15) momydaem cienyromiee BIpaKeHHE IS
Toka in[n]:

in[n] = %LZ:O(kZ'[m]UH[n —m] + ky[m — 1]Uy[n — m + 1]) —

n

= (k3T = m] + kg lm — 11Ul —m + 11)] +

m=A
+2 Z (kalmigln — m] + kqlm — Lig[n — m + 1]) —
m=0,51
- (ki[mlig[n —m] + ky[m — 1]iy[n —m + 1]) —
m=A7

— (1[mlig[n — m] + 1[n — m + 1]iy[m — 1]) (26)

m=1
rae

k,[n] = 1[n], ks[n] = 1[n — Al k4[n] = 1[n — 0,54]

3nech
Z (ka[m]Uy[n —m] + ky[m — 1]Uy[n —m +1]) =
m=0
= ka[0]Up[n] + Z (kg Im]Uy[n — m] + ky[m — 1]Uy[n — m + 1]) (27)

m=1

Bripaxkenue (26) ¢ yuetom (27) MOXKHO NPEACTaBUTh B BUJIE:
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inln] = /13 Ualn] + B, [n] 28)

rac

B,[n] = %[;1(k2’[m]u,,[n —m] + ky[m — 1)Uy[n — m + 1]) -

— Z(ké[m]UH[n —m] + ks[m — 1]Uy[n —m + 1])] +

m=A
+ Z (kalmlixln — m] + ky[m — 1ig[n —m + 1]) —
m=0,51
—Z(kl[m]iH[n—m]+k1[m—1]iH[n—m+1])—
m=A
—Z(l[m]iH[n—m]+1[n—m+1]iH[m—1])
m=1

IoncraBnss 3HaueHwe penrerdyaro Qyakmuu iH[N] u3 (28) B (25), momyuaem
CIIe/IyIoIee PEKYPPEHTHOE COOTHOIICHHUE TS onpeaescHus HanpsokeHusiUn[n]:

_ 1(W,[0]Uo[n] + B, [n]) — By[n]

Uy[n] (29)
% + nW,[0]
rIe
T
_ 2
= T
a, + W [0] —

24

B pekyppentHoM cootHomeHun (29) B coctaB pemerdaroi ¢yukiuu Bo[n] Bxomut
Hem3BecTHas QyHkuusik[N] — n3MeHenne Toka B pemeryaroi (popMe B KOHIIE HIEKTPUIECKON
LN C paclpese’eHHbIMU napameTpamu. OIpeleeHue €€ 3HaYeHHs OCYIIECTBIISETCS IO
CJIEIYIOLIECH METOAMKE.

CornacHo puc.l Ui KOHLA 3JIEKTPUUYECKON JIMHUM C paclpeieleHHBIMU IIapaMeTpamMu
otHocutenbHO HampspkeHust Uk(t) MoxHO mpeactaButh cienyromee audQepeHIranIbHoe
ypaBHEHUE:

dig(t) 1 (.
it + C_z i, (t)dt (30)
0

U(t) = Ry (t) + Ly

Ilpyu HyneBbIX HayanbHBIX YycloBUsAX auddepenunansioe ypasaenue (30) B
OIepaToOpHON (hopMe MOXKHO IIPEICTABUTE B BUJIE:

sC,
L,Cys% + R,Cys +

I(s) = -Uy(s) (3D

Bripaxenue (31) MOXHO Mpe/ICTaBUTh B BUJIE:

LaCol(5) + WalS)1(5) = < CaUi (s), (32)
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rIe

1
W- =R,C,—+ —,
2(s) zzs+sz

Wo(S) — mepenarounast GyHKIUSL.
Ha ocnoBe Teopemsl cBepTku [30-35], mepexons ot JlamacoBoro nzodpaxenus (32) B
00J1aCTh OPUTHHAJIOB, TIOJIYYUM CIIEAYIOIIee HHTETPaIbHOE YpaBHEHHE:

t

L,Cyip (£) +fwz(e)ik(t —6)dg = c2f1(9)uk(t— 9) do, (33)
0

rae Wo(t)=RoCo+t

Janee, monw3ysack GOpMYJION Tpamenuid, HHTErpalibHOe ypaBHeHUe (32) B penieTyaTon
(dhopMe MOKHO MPECTABUTH B BH/IE:

LoCainlnl + 57 . Walmlii[n —m] + Waln —m + 1igm — 1]) =

— CZ% Zo(l[m]Uk[n —m] +1[n—m + 1]U, [m — 1]) (34)

raeW,[n] = R,C, + nTT, W, [n]- pemeryaras pyHKIuS.

3nech
Z (Wy[m]ig[n — m] + Wy[n —m + 1]ig[m —1]) =
m=nO
= W,[0 ]+ Z Wy [mlix[n — m] + Wyln — m + 1]ig[m — 1]) (35)

m=1

Z (A[m]Uy[n —m] + 1[n—m + 1]Uy[m — 1]) =

+Z(1 mlUp[n —m] + 1[n = m + 1)U, [m — 1]) (36)

m=1

Bripaxenue (34) ¢ yuetom (35), (36) Oyner:

LaCoieln] + WlOi[n] o + 5= > (Walmliiln —m] +Waln —m + 1liglm — 11) =
m=1

=C 55 Ug[n] + 2y 1[m]Ux[n — m] + +1[n — m + 1]V, [m — 1]C, (37)
Boipaxxenue (37) MOXKHO NIPEICTaBUTh B BUJIE:
T\ . T
(chz + W,[0] ﬁ) il = Cy o Uylnl + Ay [n], (38)

13



rIe

A,[n] ﬁz mUy[n —m] + 1[n — m + 1|U[m — 1])
—%Z mlip[n —m] + Wy[n —m + 1]iy[m — 1])

Bripaxenue (37) MOXKHO TIPEICTaBUTH B BUJIE:

= n(C,Uk[n] + A1[n]), (39)
rac
T n
n=—2 ', Al =G, ) (AUl = ml + 1n —m + 1U[m = 11) -
L,C, + W,[0] — —

27
= ) Wylmligln = m] + Wyln = m + iy [n — m])

B Boipaxeruu (39) st onpenencuust 3HaueHus: Hanpsbkerus Uy [n], B pekyppeHTHOM
cootHomeHnu (13) npunumast x = [, momydum:
n

Upln] = 2 z (ky[m]U,[n — m] + ky[m — 1]U,[n — m + 1]) —

m==0,51
—p Z (kyImlig[n — m] + ky[n — m + 1ig[m — 1]) +
m;O
+p Z (kilmliglm — 1] + kglm — Ligln —m + 1]) —
m=A
- 2 ey [m]U[n — m] + ky[m — 1)U, [n = m +1]) —
m=A
—Z(l[m]Uk[n—m]+1[n—m+1]Uk[m—1]) (40)
m=1
rac
ky[n] = 1[n — 0,51], ky4[n] = 1[n], ks[n] = 1[n — 1]
Bripaxkenue (40) MOKHO NPEACTaBUTH B BUJIE:
Uiln] = Byaln] - p Z (kilmliin = m] + kgl — m + 1]i[m — 11) (41)
m=0
rac

B,,[n] = 2 Z (ky[m]U,[n — m] + ky[m — 1]U,[n — m + 1]) +
m=0,51

14



n

+p Z ki [m] ixn —m] + ki[m — ig[n — m + 1] —

m=A4
n

— ) (ky[m]Ug[n —m] + ky[m — 1]Ug[n —m +1]) —

m=A
n

- Z (A[m]U,[n = m] + 1[n — m + 1]U,[m — 1])

3nech

Z (kalmlix[n —m] + kyln — m + i [m — 1]) =
m=0

— K, [0]ix[n] + Z (kyImligln — m] + ky[n — m + Lig[m — 11)(42)

m=1
Bripaxenue (41) ¢ yuetom (42) Oyner:
n

Ugln] = By [nl — pky[0]ix[n] — p Z (kalmlix[n —m] + kyln —m +]ix[m — 1)~ (43)
m=1
Beipaxenue (43) MOXXHO MpeICTaBUTh B BUJIE:

Uy[n] = By,[n] — pk,[0]ik[n], (44)
rac

Bpaln) = Baalnl = p ) (eqlmlisn = m] + kgl = m + i fm — 11)

m=1
Bripaxxenue (44) ¢ yuetom (39) Gyner:
in] = n[Co(Bs2[n] = pk [0)ixInl) + 41 [n]] (45)

Bripakenue (45) MOXHO MPEICTaBUTH B BUJIE:
ir[n] (1 + nCypk,[0]) = U[CzBéz[n] + Ai[n]] (46)
Bripaskenue (46) MOKHO MPEJICTABUTD B BUJIC:

_ U
1+ nC,pk,

ix[n] mﬁQ%AM+AHM) (47)

CrenmoBareapHO, MOC/IE ONMPEAEIeHNs 3HaueH perrerdatsix Gyakmii Un[n], ik[n] u3
PEKYpPpeHTHBIX cooTHOIeHu (29), (47) ocymecTBiasieTcs TNEpPeXoa K HaX0XKICHHUIO
M3MEHEHHUS HAMpPSOHKEHHUS M TOKa B JIFOOOH TOYKE AJIEKTPUUYECKOM IeNH ¢ pacipeaeaeHHbIMU
mapaMerpamMud 0e3 ydera TOTeph B JIMHWM TP TMPOHW3BOJILHOM 3aKOHE W3MEHEHUs
Hanpspkenns Uo(t)McTouHMKa MUTAaHUS, ¢ TIOMOIIBIO PEKYPPEHTHBIX cooTHomeHui (13), (15)
B IIPOU3BOJILHBI MOMEHT BpEMEHHU.

[MpeumymiecTBOM Ha 6a3e pa3BUTHS TEOPUHU OMEPAIMOHHOTO MCUHUCICHUS YUCIEHHOTO
METO/a, 10 CPAaBHEHHUIO C YUCJICHHBIMH MeTojgamu [9-13], siBisieTcst TO, 4TO OH TMO3BOJSET
HAWTH TepPeXOJHBbIE MPOLECChl B CIOXKHBIX AIEKTPUYECKUX IEMAX C paclpeaeIeHHbIMU
napaMeTpamMu 0Oe3 ydeTa TOTeph B JUHHMM, Oe3 Tmepexoja B 00JacTb JUCKPETHBIX
M300paKeHUl, a TakXKe OCYIIECTBIATh Mepexoid OT JlammacoBbiX M300pa)KeHHl HUCKOMBIX
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byHKIMi  (HampspDKEHWE, TOK) B 00JacTh OpPUTHMHAJIOB 0€3 HaXOXACHUS KOPHEH
XapaKTePUCTHUCCKUX yPaBHEHUN, MUHYS CTAJIMIO MCTIOIH30BAHUS TEOPEMBI PA3IIOKEHUS, UYTO
CYLIECTBEHHO YMPOIIAET MATEMAaTUYECKHE BBIKJIAIKU U TIOBBIIIAIOTCS TOYHOCTH PACUYETOB.
Kpome Toro, mpemsioxkeHHBI YUCICHHBI METO]I SIBIISICTCS BECbMa YHUBEPCAIBHBIM, B
KOTOPOM, B OTJIMYME OT CYHIECTBYIOIIMX METOAOB [6, 9-13], mpu KOMIBIOTEPHOM
MOJICTTUPOBAHUHU TIEPEXOHBIX MPOIECCOB, BO3HUKAIOIINX B CIIOKHBIX JEKTPUICCKUX IMETISIX
C pacmpeneleHHbIMU MapamMeTpaMud 0Oe3 yudera MOTeph B JUHHUHM, TNPU BO3JECHCTBUU
HAMpPSDKCHUST TIPOU3BOJIBHONW (OPMBI, B 3aBUCUMOCTH OT 33JaHHOW TOYHOCTH pacyera,
MO3BOJIAET 3aMEHUTh OIEpalMi0 HENPEepPHIBHOIO HMHTETPUPOBAHHUS CYMMHPOBAHHEM,
MOJIE3YACH (POPMYJIaMU HE TOJIHKO MPSMOYTOJIBHUKOB, HO U Tpanenuii, CUMIIcoOHa, Y3 1Is.
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PAYLANMIS PARAMETRLIMURBKKOBELEKTRIKDOVROLORINDD BAS
VERBNKECIDPROSESLORININKOMPUTERMODELLOSDIRILMBSi UCUN
UMUMILOSDIRILMIS 9DaDi USUL
CAVADOVN.H.,,MOMM®BDOVA.I., IBADOV®.9.

Paylanmis parametrli, mirokkob elektrik ddvrlorindo bas veron kecid proseslorinin
compute rmodellasdirilmasi Gglin Gmumilagdirilmis adadi tsul toklif edilmisdir.

Acar s6zlar: kompiiter modellosdirmosi,paylanmis parametirli elektrik dovrasi,odadi tisul.

THE COMPUTER SIMULATION OF TRANSIENT PROCESSES IN ELECTRICAL
CHAINS WITH DISTRIBUTED PARAMETERS

JAVADOV N.H., MAMMADOV A.l., IBADOV A A.

On the base of developed operation calculus the computer simulation of transient
processes in electrical chains with distrubuted parameters.

Keywordd:computer simulation,electrikdravewith distributed parameters, numerical method.
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Hacrosmas craTbs nocBsIlieHa UCCIEJ0BAHUIO B3aUMOBIIUSHUS TapaMeTPOB MOTEHIUANBHOTO 31EKTPoia
U Pa3psAIHOTO IMPOMEXKYTKa MPH BO30YXIEHUN HAHOCEKYHIHOTO UMITYIBCHOTO pa3psijia B INIOTHOM Bo3ayxe (1-4
aTM.), BIMSIHHSL DPA3NMYHBIX IMAJICKTPHUECKUX HAcaJ0K B KOHCTPYKIHMH IOTEHIHAIBHOTO 3JEKTpoAa Ha
XapakTep Bo30yx/1eHHs U (GOPMHUPOBAHHUS pa3psisia, €ro CTPYKTYpHBIE TapaMeTpsl (JUTMHA M IIUPHHA Pa3psIHON
30HBI), COCTOSTHUSI TIOBEPXHOCTH AJIEKTPOAA C MaJbIM PAINyCOM KPHUBH3HBI 10 M TOCIIE BO3/AEHCTBHUSI BBICOKOTO
HUMIYJIBCHOTO HANPSDKEHUS KOPOTKOM AAUTENBHOCTU.. DTUUCCIIEA0BAHHS HAIPABIECHBI HA YCOBEPILIEHCTBOBAHUE
KOCTPYKIIMH OTAENbHBIX KOMIIOHEHTOB (MCKPOBBIX DPa3psIIHHUKOB BBICOKOTO JaBJIECHHS) BBICOKOBOJIBTHBIX
UMITYJIbCHBIX YCTPOWCTB C LEJIbI0 OoOecriedyeHHs CTaOWIIBHON TIeHepalun KOPOTKHX HMMITYJIBCOB M CO3JaHUs
6osiee d(pPEeKTUBHBIX YCTPOMCTB IpU pa3paboTKe HMMIIYJIBCHBIX I'eHepaTopoB. lIpeiioskeHbl HOBbIE MOJIEIH
MOTEHIMAIBHBIX 3JIEKTPOAOB C MCIIOIB30BAHUEM IHANEKTPUUECKUX HACATOK, CIIOCOOCTBYIOIIMX KOOPAWHAIINU
HOHM3ALIMOHHBIX TPOLIECCOB B  pa3psgHOM mpoMexyrke. [loka3aHo, 4YTO U3MEHEHHME MOJIOKEHUS
JIM3IEKTPUYECKUX HAcaloK APYT OTHOCHUTEIBHO Jpyra M OCTPHUs IMOTEHIHAIBHOTO 3JIEKTpoJa — KaToja B
npeznenax 1-5 MM NIPUBOIUT K PACIIMPEHHIO Pa3psaHOI 30HBI U (OPMUPOBAHUIO OOBEMHOTO HAHOCEKYHIIHOTO
paspsiia. BpIgBIEHO, UYTO YMEHBUICHHE MEXDICKTPOJHOTO PACCTOSHUS MPHUBOAUT K KOHTParupoBaHHIO
HUMITyJbCHOTO paspsila M €ro JIOKUIN3AIMM HAa MUHEOJHOPOJHOCTSIX pabodell moBepxHocTH Karoma. C
yBEIIMUYEHUEM paJgiyca KPUBU3HBI MOTEHIHMAIBHOTO 3JIEKTpOJia pacTeT YUCIO MUKPOHEOJHOPOAHOCTEH Ha
MIOBEPXHOCTH KaTo/a, CIIocOOCTBYroMIee 00Jiee pABHOMEPHOMY paclpeeIeHHI0 MaKCHMAJIbHON HAPSHKEHHOCTH
OJIAL.

KnioueBble cJI0Ba:HAHOCEKYH/IHBIH UMITYIbCHBIN paspsill, IVIOTHBIN BO3yX, NOTEHIHNAILHBIA 3JIEKTPOL,
JIUINEKTpUYecKass ~ Hacaika,  MEXKDIEKTPOJAHOE  PAcCTOSIHUE,  JaBJICGHUE,  IIOBEPXHOCTb  KaToja,
MHKPOHEOTHOPOTHOCTH, MUKPOB3PBIBBI, PaJNyC KPHBHU3HBI MIEKTPOA.

[lepexoa OT TpaAULIMOHHBIX BBICOKOBOJIbTHBIX UCTOYHUKOB F€HEPAIUU JICKTPUUECKOM
SHEPTUU K MMITYJIbBIHM TpeOyeT pelIeHus psiia BaXKHbIX TEXHHUYECKHUX 3anad. [locTosHHOE
Pa3BUTHE U YCOBEPLICHCTBOBAHUE KOHCTPYKTUBHBIX KOMIIOHEHTOB OTAEIBHBIX UMITYJIbCHBIX
YCTPOMCTB TpeOyeT NpOBEECHUSI HEOTIOKHBIX IKCIIEPUMEHTAIbHBIX padOT U UCCIIEI0BaHUN B
3TOM HampaBiieHUd. VIMIynbcHAas SHEpPreTHKa SBISETCS OTHOCUTEIBLHO HOBBIM HAayYHBIM
HAIpaBJICHUEM, HEMPEPHIBHO DPA3BUBAIOLIMMCS B HACTOSIIEE BpeMs M CIOCOOCTBYIOUIMM
pa3paboTke HOBEHIIMUX YCTPOHCTB M UCTOYHHKOB DHEPTHH [JISI MPUMEHEHUS B Pa3IMYHBIX
TEXHOJIOTHYECKUX Tmporeccax [1-4]. BBICOKOBOJIBTHOE HWMITYJIBCHOE OOOpYJOBaHHWE U
OTIENbHBIE €ro KOMIIOHEHThl CO3Jal0TCs Ha 0a3e MPOBENEHUS MIUPOKOMACIITAOHBIX
HCCIIEOBATEIbCKUX Pab0T M 00paOOTKH TMONMYYEHHBIX HAYYHBIX pe3yabTaToB [5-7]. DT
YCTPOMCTBAa BBIPAOATHIBAIOT JHEPTUI0 OONBIION MOITHOCTH W KOPOTKOW JIJTUTENHHOCTH,
KOTOpasi MOXET OBITh MOJIE3HO MCIOJB30BaHA B PA3IMYHBIX TEXHOJIOTMUYECKUX TporeccoB. C
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JIPYroil CTOPOHBI, MPAKTHYECKOE 3HAYMMOCTh MPUMEHEHUS BBICOKOBOJBTHBIX HUMITYJIBCHBIX
YCTPOWCTB COCTOMT B WX 3HEProd((HEKTHBHOCTH, IKOHOMHUYECKOW IEJIeCOOOPa3HOCTH H
skosnornyHocTU. C 3TOM LieNblo, MPOBEIEHUE SKCIEPUMEHTANIBHBIX pabOT B HaIpaBICHUU
YCOBEPIIICHCTBOBAHUS HWMEIOIUXCS H pa3pabOTKe HOBBIX KOHCTPYKIIUH  OTIEIBHBIX
AJIEMEHTOB UMIYJIbCHON YHEPreTHKHU, U3yUYEHUE MPOIECCOB MPH BO30YKIECHUU UMIYIbCHBIX
ANMEKTPUICCKUX PA3PsIOB KOPOTKOW JUIUTEIHHOCTH, IMOBEPXHOCTHBIX 3(P(PEKTOB, BO3HH-
KaIOIIUX MPHU UX TeHEepallii UIMEET OUYEHb BaXKHOE HAYYHOE U MPAKTUYECKOE 3HAUYCHUE.

B mHacrosmieidl crathe pacCMaTpPHBAIOTCS BONPOCHI 3PO3UU  MOBEPXHOCTH BBICO-
KOBOJIBTHBIX MOTEHIIMAIBHBIX AJIEKTPOIOB MPHU BO30YKIACHUH HAHOCEKYHIHOT'O UMITYJIbCHOTO
paspsja B TUIOTHOM BO3JIYIIHOM IPOMEKYTKE TPH PA3IHMYHBIX aTMOCQEPHBIX YCIOBHSIX
(naBnenue 1-4 atm.). [lns npoBeaeHHs SKCIIEPUMEHTOB B Jabopatopuu OU3MKK U TEXHUKHU
BbicOKMX HampsibkeHud HWucrturyra @usuku HAH  Asepbaiimkana Obiia paspaborana
ycTaHOBKa Ha 0a3e reHeparopa uMIyIbCHbIX HanpsokeHudt (I'MH) ¢ BbixoaHbM
HarnpspbkenueM 60 kB. 'MMH coOpan Ha €MKOCTHBIX HAaKOMHUTENSIX SHEPIHH C MapaMeTpamu
umnynsca Ha Bbixojae 20/400 He. B xaduecTBe AJIEKTPOAHON KOHCTPYKIIMU ObUTA MPEaioskeHa
MOJENb “UrIa-TNIOCKOCTh”, “‘CTEPKEHB-TUIOCKOCTh M “IIap-TUIOCKOCTH” €  JIUIJICKT-
puyeckuMu Hacajakamu u3 (apdopa, oprerekna u dropormnacra (puc.l) [8]. [Tonoxkenue
Hacazok (1,2,7) BapbupoBaIoCh OTHOCUTEIBHO APYT Apyra U KOHIA CTepXkHS B quarnaszone (-
5 mm. Pagmyc crepxus (1,5) BappupoBaiics B mpeaenax 1-4 MM, a AuaMeTp IIApOBOTO
aekTpoaa (6) coctaBisi 16 MM. DIIEKTPOIBI TPEIBAPUTEIHLHO MOIBEPTraIuCh 00paboTKe B
pacTtBope nuctuiuupoBanHoit Boabl (80%) u FeSO4 (20%), mocne 4yero oHu BHICYIIUBAIHCH
Y TIPUTOTABIMBAINCH K TMPOBEIACHHUIO YKCIIEPUMEHTOB. J[0 M TOCie BO3IEHUCTBUSI BBICOKOTO
UMITYJBCHOTO HAIpPsDKEHUS TMOBEPXHOCTh JJIEKTPOJIOB HCCIEAOBANach IMOJ MHUKPOCKOIIOM
MIICY-1 u ¢ororpadupoBanach ¢ momompio 1uQpoBoi ¢Gorokamepsl. Ha moBepxHOCTH
CTEP)KHEBBIX JICKTPOJIOB HaJeBaIUCh Hacaaku u3 dapdopa (2) u propomnacra (3), a Hacaaka
u3 oprcrekia (7) MCHoiib30Basiach B KOHCTPYKIMM IIAapoBoro sinekTtpoaa (6). Ipumenenue
(dapBopoBOl TPYyOKH CIIOCOOCTBOBAIO BO30YXKACHHIO YACTUYHBIX Pa3psA/IOB B MPOMEKYTKE
cTepkeHb-papdop, a HA TMOBEPXHOCTH (TOPOILIACTOBOM HACAJKW HAKAILTUBAIKMCH OTPHIIA-
TeJbHBIC WOHBI BCJIEJICTBUE MPWININAHUS B BO3AYUIHOM IMPOMEXKYTKE IJIEKTPOHA K HEHT-
panpHOW MoJekyne Kuciopona. Mrak, Bapbupys MECTONOJOXEHHEM HACaIoK JIpyT
OTHOCHUTENILHO JpYra MbI JI0OMBAINUCH T€HEpAIH MMyYKOB 3apsHXKEHHBIX YACTHI] C Pa3TUYHON
o0BeMHOM cTpyKTypoi. B mocnennem cnydae (puc.l, ¢) dapdopoBas TpyOka HE HCIIOJNb-
3yeTcs u3-3a O0JBIINX TUAMETPANbHBIX Pa3MEpOB MIapa.

TakuM 00pa3oM, H3MEHSSI MEXDIIEKTPOJHOE PACCTOSHUE W JABJICHHE BO3IYNTHOTO
MPOMEXYTKa MBI HCCIEOBaM HM3MEHEHHE TrabdapuTHBIX pa3sMepoB CTPYKTYPHI pa3psaa
(IMMHY W MUPUHY pa3psIHOW 30HBI) M PA3IMYHBIC MOBEPXHOCTHBIC SIBICHUS. MEXIIEKT-
pPOIIHOE paccTOSHUE W3MEHsUIoCh B jauana3one 5-20 mM. Ha pwuc.2 mnpeacraBieHbl
WHTETpaTbHbIE (DOTOCHUMKH CBEYCHHUS HAHOCCKYHJHOTO Pa3psijia MPU PA3THYHBIX PAJHyCcax
KPUBU3HBI MOTEHIIUATILHOTO 3JIEKTPOJIa U PE3YJIbTaThl U3MEPEHHSI TEOMETPUUYECKUX pPa3MEPOB
pa3psIHON 30HBI HA TIPUMEPE AJICKTPOJTHOM CHCTEMBI UTJIA-TUIOCKOCTh. Kak yke ykablBajaoch,
MOJIOXKEHUE TUAIEKTPUYECKUX HACAJO0K JAPYr OTHOCUTENBHO Jpyra U KOHIA MOTEHIIHAIBHOTO
3JIEKTPOJIa BapbUpPOBAJIOCh B mpeaenax 1-5 MM NOpH pa3auyHbIX JAaBIEHUSX BO3AYIIHOTO
MPOMEXKYTKA, paJinycax MOTEHLIUATIBHOTO AJIEKTPOAA U MEXDIEKTPOJHBIX pacCTOSTHUAX. J{is
obnerueHust mporecca ¢GororpadupoBaHUsT Pa3pSJAHOTO CBEUCHHS B KAueCTBE IUIOCKOTO
ANEKTPO/a HMCMOJIb30BANACh METaJUIMYecKkas CeTka, a (oTokamepa MoMellanach B HUKHEH
IJIOCKOCTH peakTopa (monx ceTkoi). Ha moTeHuuanbHbBIN 3JEKTPOJ MOJABAJICS HUMITYIBC
OTPHUIATENLHOM MOJIIPHOCTH.

OtmeTrM, 49TO BO30OYXKIEHHUE W PAa3BUTHEC HAHOCEKYHIHOTO HUMIYJILCHOTO paspsaa
CHayajla CHMMAJOCh B BUJCO PEKUME, a 3aT€M C IMOMOIIBIO0 CHEIHATLHON KOMMIIOTEPHOMN
MpOrpaMMbl OBUTA TIOTYYeHBI (PUKCUPOBAHHBIC WHTETpPajbHbIe (POTOCHUMKH. Kak BUAHO U3
puC.2, pu OAHOBPEMEHHOM HCIOJB30BAHWU B KOHCTPYKIIMHM MOTEHUIUATBHOTO AJIEKTPOja
Pa3IUYHOTO POJIa HACAJOK U YBEIMUCHUH PACCTOSHUS MEXKITY UX paOOUYUMU MTOBEPXHOCTSIMH,
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rabapuTHbIE pa3Mepbl pa3psIHOrO cBeueHus (MMpUHA M JJIMHA Pa3psSAHON  30HBI)
YBEIUYHMBAIOTCS B jauamnasone 9-26 mMm u 9.4-25 MM coorBepcTBeHHO (puc.2., a-B). C
YBEIIMYCHHEM paJuyca KpPUBHU3HBI MOTEHIMAIBLHOTO 3JIEKTPOJa (CTEPKEHB-IIOCKOCTh) U
YMEHBIICHHEM MEKAJIEKTPOAHOTO PACCTOSHUS pa3psii NEPEeXOoAUT OT 00BEeMHON T Qy3HOIM
dbopmbl (1) K JOKanbHO-KOHTparupoBanHou (e). IIpu 3tom B auddy3Hor dopme cBeUCHUS
HaOJI0aeTCsl MPUKATOAHAS TUTa3Ma OeJIOro CBEYECHHUSI U 00BEMHOE CBEYCHUE BO30YKICHHBIX
MoJieKyn azota (uoneroBoro 1mBeTa. C yMEHbBIIEHHEM MEXIIEKTPOJHOTO PACCTOHUS
KOJIMYECTBO CTYCTKOB Ha KaTOAE BO3pAcTaeT M KaXIbld W3 HUX SBISETCS HAYaIOM
dbopMUpYyEeMOTo KOHTparupoBaHHOro KaHama. C yBeJIMYEHHWEM JaBIIEHUS B BO3AYIIHOM
MIPOMEXYTKE 710 4 aTM., pajuyca MOTEHIMAIBLHOTO 3JeKTpoja (IIap-MI0CKOCTh) U HAIUYHUIO
HACAJKU U3 OPICTEKIIa HAMPSHKEHHOCTh MOJIs B IPOMEKYTKE Pe3KO BO3pacTaeT, Habto1aeTcs
(dbopmMupoBaHKE CBETAMIETOCS mapa (k) OeIoro CBEYSHHs, YTO COOTBETCTBYET MPOTEKAHUIO
BBICOKOTEMIIEPATYPHBIX TEPMOUMOHHU3AIMOHHBIX MPOLECCOB B MEXKIIEKTPOJHOM IMPOCT-
panctBe. Wtak, Bapuamusi napaMeTpoB MEXKDJIEKTPOJHOTO BO3AYIIHOTO TPOMEXKYTKA H
MOTEHIIUAJIBLHOTO SJIEKTPOJa MPUBOJUT K U3MEHEHUI0 0OBbEMHBIX pa3MepOB BO30YkKIaeMOIo
HAaHOCEKYHIHOTO pa3psija, PEKUMOB (OPMHPOBAHUS BBICOKOCKOPOCTHBIX MPOIECCOB B
paspsAHOM MIPOMEKYTKE, YTO OYEKHBb BaXKHO MPU pa3psA00TKe M KOHCTPYUPOBAHUU HCKPOBBIX
Pa3psITHUKOB BHICOKOTO JIABJICHUSI.

[Tpu dopMupoBaHNN HAHOCEKYHIHOTO MMITYJILCHOTO pa3psia B IJIOTHOM BO3JIYIIIHOM
MIPOMEKYTKE Ha MOTCHIIMAILHOM JJIEKTPOAEC M B €0 OKPECTHOCTH MPOTEKAIOT Pa3JIMYHbIC
¢bu3nueckue TMpPOLECChl, OTIUYHBIE OT TPAJAULIUOHHBIX SBICHUH, NPOUCXOASIIUX MPHU
Pa3BUTHH JIEKTPHUUECKUX Pa3psiiOB HA MOCTOSITHHOM M MEPeMEHHOM HanpspkeHud. Cpeau HuX
MOXXHO OTMETHTh MHKPOB3PBIBHBIE TIPOIECChl HAa KaToAe MpU BO3JAECUCTBUU KOPOT-
KOBOJTHOBOTO HMITYJIBCHOTO HampspkeHus. Crlemyer OTMETHTh, 4YTO TP BapHalUU
F€OMETPUUECKHX pa3MEpoB MOTEHIMAIBLHOTO S3JEKTPOJa ATH TMPOIECChl MPHOOpETaroT
IpYNIOBON WM JOKaJbHBIM Xapakbep. Ha puc. 3 npuseneHbl (POTOCHUMKHU MOBEPXHOCTH
KaroJa N0 M TOCJ€ BO3JACUCTBUS HUMITYJbCHOTO HANPSIKEHUS C XapaKTEPHBIMU pa3MepaMu
KpaTepoB TPHU PA3NIUYHBIX JABICHHUAX BO3JyXa M paguycax KPHBH3HBI MOTEHIIUAIHLHOTO
ANEKTPOAA.

—r— —— —_—
—_—
_—

a) b) <)

Puc.|. KOHCTPYKLMH 3EKTPOIHLIX CHCTEM: ) HITId — MI0CKOCTE, 0) CTEPIKEHE — NIOCKOCTE, C) AP ~ NN0CKOCTD,
1) uraa (=1 mm); 2) haphoposas py0xa; 3) droponiacropas Hacaaka, 4) METANIHYECKAR NIACTHHKE,
5) crepsens (=4 Mm); 6) map (=8 vm); 7) droponnactosas Hacaka.




937 mm

12,83 mm

28,81 mm

Lk

25,79 mm

9,06 mm

|

Puc.2. UHTerpanbHble (OTOCHHMKH pa3psiIHOTO CBEYCHUS IIPH PA3IMYHBIX HapaMeTpax M KOHCTPYKLHMSX
MOTECHIMABHOTO 3JIEKTPOJa M BO3AYIIHOTO MpOMExyTka: a) uria (=1 mMm) — miockocts, p=1 at™, d=10 mm,
bapdopoBasi TpyOKa CIBUHYTa Ha 5 MM OTHOCHTEIbHO KOHIIA CTEPXKHEBOTO 3JeKTpona; 0) mria (r=1 mm) —
mwiockocth, Pp=1 atMm, d=5 mm, ¢papdopoBas TpyOka caBuHyra Ha | MM OTHOCHUTENBHO KOHIA CTEP:KHEBOTO
9JIeKTPOa, a roporiacToBas Hacaaka — Ha | MM OTHOCHTEIBHO Topua dhapdoporoit TpyOku; B) uria (=1 mMmm)
— mIockocTh, P=1 arm, d=20 mm, papdoposas TpyOka cIBHHYTA Ha 4 MM OTHOCHTEIHLHO KOHIA CTEPKHEBOTO
ANIEKTPOJa, a (PTopoIIacToBas HacaaKa — Ha 3 MM OTHOCHTENBLHO Topua ¢apdopoBoii TpyOky; r) urmna (r=1 mm)
— mIockocTh, p=1 artMm, d=3 MM, dapdopoBas TpyOka ciBHHYTa Ha | MM OTHOCHTEIHHO KOHIIA CTEPKHEBOTO
3NIEKTPOJa, a PTOpPOIUIACTOBas Hacaaka — Ha 1 MM oTHOcHTeNnbHO Topua (apdopoBoii TpyOKH; 1) cTepikeHb (I=4
MM) — II0CKOCTh, P=1 at™, d=10 MM (6e3 Hacaakm) €) crepkeHb (F=4 MM) — I0CKOCTh, P=1 atM, d=5 mm (6e3
Hacauku);;; k) map (r=8 mm) — miockocts, p=4 atM, d=10 MM, Hacajka W3 OpPrCTeKIa CABHHYTa Ha 5 MM
OTHOCHUTEJIBHO pab0o4ero KOHIA MapoBOro 3IEKTPOa.
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0.07mm

0,13 mm |

0.045mm 0. 1Mm

x) 3) u)

Puc.3. ®DOTOCHMMKM IOBEPXHOCTH MOTEHIUAIBHOIO 3JIEKTPOJa A0 U TOCIE BO3ACHCTBUS HMITYJILCHOTO
HalpsDKEHNUST KOPOTKOM JUTMTENBHOCTH: a) uruia (I=1 cM) 1o MpuitoskeHus HanpsbkeHust; 0) urna (r=1 cm) moce
BO31elcTBUS HampspkeHus (p=1 atm.); B) mrima (r=1 cm) mocie BO3JeHcTBUSA HampsbkeHus (p=4 atm.); T)
CTepKEHb (=4 cM) 10 TIPWIIOKEHUS HANPSHKCHUS; 1) CTepXKeHb (=4 cM) mocie BO3AeHCTBHA HapspkeHus (p=1
aTM.); €) cTepkeHb (=1 cM) rmocie BO3JIeHCTBUS HanpshKeHus (p=4 aT™.); 5K) aTroMUHHEBBIH map (=8 cm) mo
TIPUJIOKCHAS HANPSDKEHUS; 3) AMIOMUHHUEBHIN map (r=8 cm) mocie Bo3neWcTBUS HampsokeHus (p=1 atm.); u)
TFOMHUHUEBBIN Iap (=8 cM) mocie Bo3AeicTBHS HapsDKeHus (p=4 aT™.).

Kak BugHO U3 puc.3 Ha MOBEPXHOCTH MOTEHIIUAIBHOTO 3JEKTpoAa (KaToaa) UMEIOTCS
HCOAHOPOAHOCTHU — MUKPOBBICTYIIBI, HA KOTOPBIX BO3ZHUKACT MaKCHUMaJIbHasA HAIIPAKCHHOCTDH
MoJIsi TPU BO3ACWCTBUM BBICOKOTO HampspkeHusa. C yBelnMUEHUEM paauyca dSJCKTpoAa u
pacmpeHueM ero pabodell MOBEPXHOCTH YWCIIO TAaKMX HEOTHOPOJHOCTEH BO3pacTaeT M
CyMMapHasi MaKCUMaJlbHas HANpsOKEHHOCTh TOJS PAaBHOMEPHO pacmlpeensercs Mo Bcei
noBepxHoctu. Habmomaemoe Ha porocHMMEKax rpymmnoBoe (puc.3, 0) u jokanbpHOE (puc. 3,
B,1,3,) paclpeielieHue B3PHIBHBIX YYAaCTKOB CBS3aHO HMMEHHO C HEOJIHOPOJHOCTHIO
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pacmpeneneHus HampsDKEHHOCTH 1oyis Ha ToBepxHocTH. € yBeTMYEHHEM JaBJICHUS
BO3AYIIHOTO TPOMEXKYTKa €ro IpOOWBHOE HAIPSDKEHHE YBENUUMBaeTCs (Kak W TpU
KJIACCUYECKUX AIEKTPUUYECKUX pa3psiaax) v Bo3pacTarouas HanpsyKeHHOCTh MOJIsl IPUBOIUT K
MepPeXo/ly OT TPYMOBBIX MHUKPOB3PHIBOB K JIOKadbHOMY (puc.3, 0, B) C COOTBETCTBYIOIINM
yBeJIMYeHHeM auameTpa MukpoBmnaguH ¢ 70 mxm (puc.3, 0) mo 130 mxm (puc.3, B). C
YBEJIMYEHUEM pajuyca KpPUBHU3HBI MOTEHLMAJIBHOrO 3jekTpoia (=4 cMm) pa3Mepsl
MUKpoOBHaaAuH yBenuuuBaroTces ¢ 50 mxm (puc.3, a) no 80 mxwm (puc.3, e). JanbHeiiee
yBEJIUYCHUE pajauyca katona (=8 cM) MpPUBOAMT K HEKOTOPOMY YMEHBIICHHIO pPa3MepoB
MUKPOBMIAJUH TOCJE BO3ACHCTBUS WMITYJIbCHOTO HAMNPSIKEHUS. DTO CBA3aHO, BUJIUMO, C
NpUOIMKEHHEM KOH(QUTYpAllMH MOl K OAHOPOJHOM C YBEJIMYCHHEM paJnyca KPHUBH3HBI
MOTEHIIUAJIBHOTO AJIEKTPOAa U COOTBETCTBEHHO YMEHBIICHUEM HAIPSKEHHOCTH MOl HA HEM.

Takum oOpa3oMm, ©npu BO3ACHCTBUM Ha IUIOTHBIA BO3AYIIHBIA INPOMEXKYTOK
BBICOKOBOJIbTHBIX HMMITYJIbCOB KOPOTKOW [IJIUTENBHOCTH U BO30YXKICHHUH HAHOCEKYHIHOTO
UMITYJIbCHOTO pa3pslia B TMPHIJICKTPOIHBIX 00JACTAX, a TaKkke B 00bEMe INPOMEXYTKa,
MPOTEKaeT KOMIUIEKC BHICOKOCKOPOCTHBIX (PU3UYECKUX IMPOLIECCOB, HE UMEIOIINX MECTO MpHU
Pa3BUTHH KITACCUYECKUX AIIEKTPHUECKUX pa3psnoB. [IpudnekTpoaHbie mpomecchl TpUBOIAT K
(GOpMUPOBAHMIO TJIA3MEHHOTO KaHajla B OKPECTHOCTH TMOTEHIMAIBHOTO 3JIEKTPOJa,
B3pBIBHBIM TIpOILlECCAaM Ha MHUKPOHEOAHOPOJHOCTAX W3-32 KOHIGHTpPAalMM Ha HHUX
MaKCHUMAaJbHOM HAMpsDKEHHOCTH TOJIs, TEeHEepalud DSJIEKTPOHOB BBICOKOM JHEPIHH,
BBI3BIBAIONINX OYPHYIO HMOHHU3AIMIO BO3AYIIHOTO TPOMEXKYTKAa M TIEpeXoay paspsaa oT
muddy3Hol GopMbl K 00beMHON mNpu OonbIIUX AaBIeHHUSX Bo3ayxa. OIHOBpPEMEHHO,
MPOUCXOIUT OypHasi OoMOapaIUpPOBKa IMOJIOKUTEIBHBIMI MOHAMHU MOBEPXHOCTH KaTOZA, €To
HarpeB M Kak CIIEJICTBHE TEPMODJIEKTPOHHAS AMHUCCHs C €ro mnoBepxHocTU. [IpumeHneHue
TVRJICKTPUYECKUX HACaJOK B KOHCTPYKIMM TOTEHIMAJIBHOTO JJEKTPOJa TPHBOAUT K
pPaCHIMPEHUIO Pa3pSIHON 30HBI M HHUIIMAIUMU TPOIIECCOB YIapHOW HOHHM3AIMH BAAIU OT
KaToJsia. DTO MPOUCXOAUT BCIEICTBUE BO30YKICHHS YACTUYHBIX Pa3psaoB B 00JaCTH KaTOA-
dapdopoBas TpyOka U reHepaleil OTpuIaTeNIbHBIX HOHOB KHUCIOPO/1a, CKAITMBAIOLIUXCS Ha
MOBEPXHOCTH (DTOPOIIIACTOBOM HACAJKH, WX JAJIBHEHIIMX DPAcragoM B 00JAaCTH CHIIBHOTO
nonss ¢ oOpa3oBaHMEM CBOOOAHBIX JJIEKTPOHOB, PACIIUPSIONIMX O0JACTh HOHU3AIIUU.
Pacmmipenne paspsgHOH 30HBI TMpPH  BBIABIDKEHHHM JIUAJIEKTPHYECKUX HACAAOK JPYyT
OTHOCHUTENIFHO ApYyra ¥ KOHIIA MOTEHIIMAIBHOTO 3JEKTPOAa CBSI3aHO C YBEJIIMYEHHEM 00JIacTH
YaCTUYHBI3 PAa3psAIOB B TPOMEXKYTKE KaTOJI-IUAJIEKTpUUYECKash HAcagka, KOHIIEHTPAIH
OTPHUIATENLHBIX HOHOB U COOTBETCTBEHHO CBOOOJHBIX 3JIEKTPOHOB. Kak yxe oTmeuasnoch, ¢
YBEIMYEHUEM paguyca KPUBH3HBI MOTEHIHAIBHOTO 3JEKTPOJa YHCIO MHUKPOHEO-
HOPOJHOCTEl HA TOBEPXHOCTH PACTET, KOTOpBIC SBJISIOTCS JIOKAIBHBIM LIEHTPOM
MOHU3ALMOHHBIX TPOIEeCcCOB BOMM3M anekrpoga. C  yMEHBIICHHEM MEXIJIEKTPOIHOTO
paccTtosnus, 1ud y3HbIA 100 00BEMHBIN pa3psi MEPEXOAUT B KOHTPArUPOBAHHBIN, TPHUEM
KOJIONYECTBO TUIA3MEHHBIX KAHAJIOB COOTBETCTBYET YHMCIYy MHKDPOHEOIHOPOTHOCTEH Ha
MOBEPXHOCTH MOTEHIIMATBHOTO AJIEKTPO/IA.

Wrak, BappHpOBaHHWEM MapaMeTpPOB BO3IYHUIHOTO TPOMEXKYTKA, TI'€OMETPUYECKHX
pa3MepoB MOTEHIMAIBLHOTO JJIEKTPOJa M YUYETOM €ro KOHCTPYKTHUBHBIX OCOOEHHOCTEH,
BO3MOYKHO OOECTIeUeHHE pEerylIupOBaHUS (U3UYECKUX IMPOIECCOB, MPOTEKAIOIINX B
MEIJIEKTPOJAHOM MPOCTPAHCTBE, UYTO OYEHb BAXKHO NpPU pa3pabOTKe M KOHCTPYHUPOBAHUU
BBICOKOBOJIBTHBIX ~HMMITYJIbCHBIX ~Pa3psiIHUKOB BBICOKOTO JIaBJICHMS, OOECIICYMBAIOIINX
TpeOyemblil (PPOHT TeHEPUPYEMOT0 MUMITYJIbCa M YACTOTY €r0 CIIEJOBAHHS B COOTBETCTBHH C
IIOCTaBJICHHOM 3aa4eil.
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SIX HAVADA NANOSANIYOLI QAZ BOSALMASININ
HOYACANLANMASINA POTENSIAL ELEKTROD VO QAZ
BOSALMASI ARALIGININ PARAMETRLORININ QARSILIQLI
TOSIRININ OYRONILMOSI

MOMM®OBDOV H.A., HOSIMOV A.M., QURBANOV E.C.,
NAMAZOV M.B., QURBANOV K.B.

Togdim olunan mogalo six hava araliginda (1-4 atm.) naosaniysli impuls gaz
bosalmasiin hoyacanlanma prosesino potensial elektrod vo hava araliginin parametrlorin
qarsilight tasirinin dyronilmasi, qaz bosalmasinin hayacanlanma vo formalagsma prosesine vo
struktur parametrlorine (gaz bosalmasi zonasinin uzunlugu vo eni) potensial elektrodun
konstruksiyasinda moévcud muxtoalif dielektrik basliglarin tasirinin, qisa miiddatli yiksok
impuls garginliklarin tasirindon gabag va sonra kigik radiuslu elektrodun sathinin todgiqatina
hosr edilmisdir. Bu todgigatlar yuksok gorginlikli impuls avadanhiginin ayr1 ayn
komponentlarinin (ylksak tozyigli qigilcim bosaldicilari) tokmillogdirilmasi, qisa impulslarin
stabil generasiyasinin tominati vo impuls generatorlarin islonilmosi zamani daha effektiv
cihazlarin yaradilmasi magsadilo aparilir. Qaz bosalmasi araliginda ionlasma proseslarinin
koordinasiyasi ii¢lin potensial elektrodlarda dielektrik basliglarin istifado olunan yeni
modellori toklif edilmisdir. Gostorilmisdir ki, dielektrik basliglarin vaziyyatinin bir birina vo
potensial elektrodun-katodun ucluguna qarst 1-5 mm civarinda doyismasi (horokoti) gaz
bosalmasi zonasinin genislonmasi vo hacmi nanosaniyali qaz bosalmasinin formalagsmasina
sobob olur. Muoyyon edilmisdir ki, elektrodlar arasi mosafonin azaldilmasi impuls qaz
bosalmasinin katodun sothindo mévcud olan mikrogixintilarda lokallagsmasina imkan yaradir.
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Qeyd edilmisdir ki, potesial elektrodunun oyrilik radiusu artdiqca katodun sathindoki
mikrogixintilarin say1 artir vo bu sobobdon orada maksimal elektrik sahanin daha barabor
paylanmasi bag verir.

Acar sozlar: nanosaniysli impuls qaz bosalmasi, six hava, potensial elektrod, dielektrik bashq,
elektrodlar aras1 mosafs, tozyiq, katodun sathi, mikrogixintilar, mikropartlayislar, elektrodun oayrilik radiusu.

RESEARCH OF INTERACTION OF POTENTIAL ELECTRODE
AND DISCHARGE GAP PARAMETERS ON EXCITING
A NANOSECOND PULSE DISCHARGE IN DENSE AIR

MAMMADOV H.A., HASHIMOV A.M., GURBANOV E.J.,
NAMAZOV M.B., GURBANOV K.B.

This article is devoted to study of mutual influence of parameters potential electrode
and discharge gap on excitation of nanosecond pulsed discharge in dense air (1-4 atm.), effect
of various dielectric nozzles in design of potential electrode on excitation and formation of
discharge, its structural parameters (length and width of discharge zone), state of electrode
surface with a small radius of curvature before and after exposure to short duration high pulse
voltage. These studies aimed at improving construction of individual components (high-
pressure spark gaps) of high-voltage pulse devices in order to ensure stable generation of
short pulses and create more efficient devices in development of pulse generators. New
models of potential electrodes using dielectric nozzles that facilitate coordination of
ionization processes in discharge gap are proposed. It is shown that change in position of
dielectric nozzles relative to each other and the tip of potential electrode — cathode within 1-
5 mm leads to expansion of discharge zone and formation of volume nanosecond discharge. It
was found that decrease in interelectrode distance leads to contraction of pulsed discharge and
its localization on mineral heterogeneities of cathode working surface. With an increase in
radius of curvature of potential electrode, number of microinhomogeneities on cathode
surface is increased, which contributes to a more uniform distribution of maximum field
strength.

Keywords: nanosecond pulsed discharge, dense air, potential electrode, dielectric nozzle, interelectrode
distance, pressure, cathode surface, microinhomogeneities, microexplosions, electrode curvature radius.
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SPREY KOATINQ USULU ILO TOBOQONIN UZORINO COKDURULMUS
KARBON NANOBORULARIN RAMAN ANALIiZi

ABASZADO R.Q., 'ASIMOV 9.A., ' MOMMODOVA S.A.,
! SLOKBOROVRL.I., 'OLIYEV 0.9., °NOBIYEV A.M.,
S9LIYEVE.M., ‘SOFOROLIYEV S.K., °’KAPUS O.A.

YAzarbaycan MEA-nin HM. Abdullayev adina Fizika Institutu,
Az-1143, Baki sahari H.Cavid pr. 131
2Baki Doviat Universiteti, Z Xalilov kiic., 23,

Baki, 1048, Azorbaycan
SHelmholts-Centrum Polimer Arasdirmalart Institutu, Almaniya,
Maks-Plank kii¢. 1, 21502, Gestac sohari, Almaniya.
4Azarbaycan Doviat Daniz Akademiyasi, Az1000,

Baki sahari, Z.Oliyeva kiic., 18.

SUkrayna Milli Elmlar Akademiyasi, V.E.Laskarov adina Yarimkeciricilor
Fizikast Institutu,Nauky pros.41, 02000, Kiev, Ukrayna.
abaszada@gmail.com, r.abaszada@physics.science.az

Togdim olunan magalo elektrik qdvsi metodu ilo alinmig karbon nanoborunun vs gadoliniumla
asqarlanmig karbon nanoborunun SiO; tobogosinin Uzorino sprey koating metodu ilo ¢okdiiriilmiis vo raman
analizine baxilmigdir. Gostorilmigdir ki, tedqgiq edilon metodun xisusiyystinden asili olaraq karbon
nanoborularin intensivliklori vo tezliklori uygun olaraq doyisir.

Acar sozlar:karbon nanoboru, gadolinium, raman sapilmasi, sprey ¢okdirilma metodu.

Giris: Son illor aparilan todqigat islorinin oksoriyyoti qrafen osasli materiallarin
todgiqino hosr olunmusdur. Belo ki, ilk dofs olaraq yapon alimi lidjima torafindon karbonun
borusokilli formada todqiqi hoyata kegirilmisdir [1]. Karbon nanoborulart miihiim mexaniki,
optik vo elektrik xassolorino goéro genis totbiq imkanlarma malikdirler [2,3]. Karbon
nanoborulari, 6zlori-nin genis totbiq saholori ilo yanasi, nanoelektronikada, molekulyar
elektronikada, fotonikada, energetikada, tibbdo vo elmin miixtalif sahslorinds genis totqiq
olunur [4,5,6].

Qrafen osasli materiallarin todqiqi avvalki illorlo miiqayisado daha da genis viisot
almigdir [7]. Karbon nanoborularin alinmasi {igiin an ¢ox istifads olunan aerozol [8], elektrik
qovsii [9], lazer ablyasiya [10], kimyavi buxar ¢okdiiriilmo [11] metodlar1 vardir. Nadir torpaq
elementlorinin  genis totbiq saholori vardir. Radioelektronikada, cihazgayirmada,
masinqayirma-da, kimya sonayesindo genis totbiq imkanlarma malikdirlor. Karbon
nanoborularin raman sopilmasi spektrinds ikiqat rezonans hadisasinin tobiati [12] va ikiqat
rezonans pikinin miisahidoe olunmasi kriteriyalar1 gostorilmisdir [13]. Nadir torpaq elementlori
icarisindo Ozliniin fiziki xtlisusiyyeotlorino gora forglonon gadolinium olduqca maraqlidir. Bu
baximdan karbon nanoboru-larin gadoliniumla agqarlanmasi hoyata kecirilmigdir.

Tacriibi hissa. Karbon nanoborularin miixtalif alinma metodlar1 vardir. Bu metodlar
icorisindo elektrik qovsii (arc discharge) metodu Ozlinomoxsuslugu ilo segilir. Bizdo bu
metoddan istifado edorok karbon nanoborular1 sintez etmisik [14,15]. Sintez edilmis karbon
nanoborular1 funksionallasdirilmis vo daha sonra qadoliniumla asqarlanmisdir [16].

Asgarlanma prosesi novboti morhoalodo hoyata hegirilmigdir: 0,02 qram GdoS3 ilo
0,08 gram (1-20% nisbatindo) funksionallagdirilmis karbon nanoboru (FCNTSs) petri siisosinda
qarisdirilaraq 150 millilitrlik kolbaya daxil edilmisdir. Uzorino 50 millilitr distillo suyu alave
edilmis, kolbadaki qarisiq oks soyuducu ilo tochiz olunmus maqnit qarigdiricida 6 saat
miiddotindo  qarigdiritlmigdir.  Alinmig mohlul sprey metodundan istifado edilorok
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SiOstobagasinin  tizorino ¢Okdiiriilmiisdiir. Raman sopilmosi qrafen osasli materiallarin
diognostika edilmasi {i¢lin mithiim metod hesab olunur.

Raman sopilmasi spektrlorinin 6lgiilmasi Nanofinder 30 (Tokyo Instr, Japan) konfokal
raman mikrospektrometrinds aparilmigdir. Hoyocanlandirici monbo kimi 532nm dalga
uzunlugu vo 10mVt olan maksimal giico malik Nd:YAG lazerindan istifado olunmusdur. Bu
zaman spektral ayiretmo gabiliyyati 0,5sm™ —dir. Detektor kimi (-70°C) -0 godoar soyudulan vo
fonon hesabi rejimds isloyan CCD kamerasindan istifado edilmisdir.

Naticalar va onlarin miizakirasi:

Counis
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Raman shift, 1/cm

Sak.1. Sintez olunmus karbon nanoborunun raman sopilmasi.
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Sak.2. Bir gat sprey ¢okdiriilma metodu ilo alinmig karbon nanoborunun raman sopilmasi.
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Sok.3. ki qat sprey ¢okdiiriilmo metodu ilo alinmis karbon nanoborunun raman sopilmasi.

Raman sopilmasi metodu muixtalif handasi formaya malik karbon asasli niimunalorin
diagnostikasi tiglin avozolunmaz metodlardan hesab olunur. Sokil 1 -do Raman analizina
osason D piki uygun olaraq tezliyi 1338sm™ -do intensivliyi iso 817 -do; G pikinintezliyi
1595smintensivliyi iso 703 -do, 2D piki tezliyi iso 2676sm™intensivliyi do uygun olaraq 421
-do miisahido olunmugdur. Raman analizinin bu naticalari gostarir ki, D pikinin intensivliyi,
G pikinin intensivliyi ilo mugayisads daha intensiv xarakter dasiyir. Qeyd etmok lazimdir ki,
elektrik govsu metodundan istifado edarok yilksok keyfiyystli karbon nanoborunun alinmis
vo raman analizi ilo tosdiq edilmisdir. Sokil 2 -do sprey ¢Okdurilma metodundan istifads
edorok alimmis niimunsnin SiO; tobagesinin (zarina bir gat ¢okdirilmasi ilo Raman
analizina baxilmis va D piki uygun olaraq tezliyi 1350sm™ -do intensivliyi iso 1966 -da; G
pikinintezliyi 1593smtintensivliyi iso 1520 -do, 2D piki tezliyi iso 2673sm™intensivliyi do
uygun olaraq 841 -do miisahido olunmusdur. Sokil 3 -do sprey ¢okdirilms metodundan
istifado edoarok alinmig niimunanin SiO; tobagasinin lzarins iki gat ¢cokdurilmasi ilo Raman
analizino baxilmis vo D piki uygun olaraq tezliyi 1350sm™ -do intensivliyi iso 1819 -da;
G pikinintezliyi 1594smtintensivliyi iso 1425 -do, 2D piki tezliyi iso 2712smtintensivliyi do
uygun olaraq 1000 -do miisahido olunmusdur. Sokillordon do gorundiyd kimi bir qgat ils
miqayisads iki gat ¢cokdlrilmo metodu zamani intensivliklorin kKoskin doyisdiyi miisahido
olunmusdur.
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PAMAH AHAJIN3 YIJIEPOJHBIX HAHOTPYBOK HAHECEHHBIX
CIHPEA METOJOM HA OJJIOKKY

ABAC3AJIEP.I'., ACUMOBA.A., MAME/IOBAC.A., AJIEKBEPOBP.U., AJIMEB

0.A., HABUEBA .M., AIMEBE.M., CA®PAPAJ/IMEBII.K., KAITYII O.A.

Cratbst IpeACTaBIsET COOOM UCCIIEIOBAHHUE C TIOMOIIBI0 KOMOMHAITMOHHOTO PacCEesTHUS

YIJIEPOIHBIX HAHOTPYOOK, MOJTYYaeMbIX AYTOBBIM METOAOM, KOTOpBIE HANBUISJIMCH Ha CIIOE
SiO2 ¢ momompio crvpeii - Merona. [lokazaHo, YTO MHTCHCUBHOCTH M YaCTOTHIB CIIEKTPax
HaWJICHHBIX YIJIEPOAHBIX HAHOTPYOOK CYIIECTBEHHO H3MEHSIOTCS.

KnroueBble cjioBa: yriepoaHbsle HAaHOTPYOKH, TaJOJHMHUH, KOMOMHAIIMOHHOE paccesHHe,  CHHpel

METO/I,.

RAMAN ANALYSIS OF CARBON NANOTUBESDEPOSITED ON
A SUBSTRATE BY SPRAY METHOD

ABASZADER.G., ASIMOVA.A.,, MAMADOVAS.A.,
ALAKBAROVR.I., ALIYEVO.A., NABIEVA.M.,
ALIEVE.M., SAFARALIYEVSh.K., KAPUSHO.A.

The paper is a study using Raman scattering of carbon nanotubes obtained by the arc

method, which were deposited on a SiO2 layer using the spray method. It was shown that the
intensities and frequencies in the spectra of deposited carbon nanotubes significantly change.

Keywords: Carbon nanotubes, gadolinium, Raman scattering, spray coating method.
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Civo PLAZMASINDA iONLARIN PAYLANMA
FUNKSIYASININ TOYINI

HUSEYNOYV T.X., QORIBOV Q.i., SOFOROV V.H.,
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Civo buxarmin qovs bosalmasi plazmasinda ionlarin enerjilora gore paylanma funksiyasi tocriibi olaraq
zond tsulu ilo todqiq edilmis vo miioyyon edilmisdir ki, stasionar halda ionlarin paylanma funksiyasi Maksvel
paylanmasindan koskin forqlonir. E/p nisboti boyiidiikco, paylanma funksiyasinin maksimumunun azalma siiroti
longiyir. Bundan basqa, sorbast qacis yolunda ionlarin qazandiqglar siirat, atomlarin istilik harokat siiratlerinden
boyiik olur vo plazmada rezonans yiiktiirmo prosesi iistiin rol oynayir.

Acar sozlar: qovs bosalmasi plazmasi, anizotrop plazma, ionlarin paylanma funksiyasi, zond iisulu,
plazmada yiikdasiyicilarin radial paylanmasi, coroyanin modullasdirilmasi, differensiallayici signal.

fonlarin istiraki ilo bas veron plazmakimyovi reaksiyalarm oyronilmasinds, ionlarm
yliriikliiyliniin toyin edilmasinds, plazmadaki neytral komponentin qizmasi vo s. proseslordo
ionlarin enerjiloro goéro paylanma funksiyasinin todqiq edilmesi boyiik maraq kosb edir.
Miiasir dovrds an ¢ox Oyranilon elm sahslarindon biri do plazma nanotexnologiyasidir, bels
ki, burada miixtolif materiallarin sothinin plazma tosiri ilo tomizlonmasi, ion dostasi ilo sothin
bombardman edilmasi yolu ilo sothin agindirilmasi proseslori hoyata kegirilir [1].
fonlarin paylanma funksiyast (IPF) nozori olaraq tam Oyronilmisdir. Lakin arqon
bosalmasinda uzununa istigamotdo ion spektral xatlorinin Dopler siiriismasinin spektroskopik
isulla dlgmolorinin aparildigr [2] isindon olave demok olar ki, diger tocriibi todqiqatlar
aparilmamigdir. Ona goro do bu sahodo yeni tocriibi todqiqatlarin aparilmasi xiisusi maraq
dogurur.

Togdim olunan isdo sabit elektrik sahasindo cive buxarinin qovs bosalmasi plazmasinda
ionlarin enerjilore gore paylanmasi tocriibi olaraq dyronilmisdir.

IPF-IN OLCULMOSININ NOZORI OSASLARI

[PF-i toyin etmok {i¢iin zondun voltamper xarakteristikasnin miisbot potensial
hissasindon istifado edilir. Zond xarakteristikasinin homin hissasinde plazmadaki ionlar
longidici elektrik sahasinda harakat edirlor. Bu halda, ionlarin enerjisi kicik olduguna gora,
zondun miisbat potensialinda miistavi zonddaki elektron corayani potensialdan asili olmur vo
sabit qalir, miistovi zonddaki elektron corayaninin ikinci tortib tdramasi isa sifra barabar olur.
Gostarilon sortlor daxilinds ionlar tormozlayict elektrik sahasinds horokst etdiyindon, ion
corayaninin zamana goro ikinci tortib téromesi paylanma funksiyast haqqinda tam molumat
dasiyir. Buna goro do, todqiq etdiyimiz 0+1 V potensial intervalinda 1) ifadasi ionlarin

paylanma funksiyasini tosvir edir. 1 qeyd edilorkon, demodullagsma vo fazaya goro

detektoetmo texnikasinin komoyi ilo bosalmada elektrik corayaninin sabit qalmasina osas
diqgat yetirilir.

Aksial-simmetrik plazmada sferik koordinat sistemindo simmetriya oxu istiqgamotindo
ionlarin siiratlora gora paylanma funksiyasi azimutal bucaqdan asili deyil:

F.(r,v)=F.(r\Vv,0) (1)
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Burada V = |v|, 6 — polyar bucaqdir. Plazmadan zondun sothina diison ion carayanini 6lgarkon
forz edirik ki, zondun potensial ¢aparini kegon biitiin ionlar zond terafindon udulur vo onun
sathindon ikici elektron emissiyast hadisasi bag vermir:

2z 0 Ofnax
| =qS[V,F, (Vv = 205 [dg' [ ede [Fo(c.0'¢)cos0'sin 0o (2)
m- 5 qu 0
Burada Vi, - siirot vektorunun zondun sothine normal istigamotdoki toplanani,

V, =vcos® >v . =(2qU / m)ﬂ/Z; m — ionun kiitlesi, U — zondun miisbat potensiali, &€ =

mv%/2, ¢, 8" - uygun olaraq, polyar oxu sferik koordinat sisteminds olan v vektorunun
azimutal vo polyar bucaglardir. (2) ifadosini U-o gora iki dofs differensiallasaq:

d S{ [F.(qU,0'=0,¢)d¢'~ [ | ﬁ Foleli ¢)e | @)

m

"o_
1) =

(2) ifadesinds inteqral altinda olan funksiya IPF-i tosvir etdiyi tglin (3)-do dekard koordinat
sistemindon polyar koordinat sitemino kegok. Bu moagsadlo 6°-1 6 vo ¢ -1 iso a ilo avoz edok
(sokil 1.):

c0s 6 = cos @' cosa +sin f'sin a cos ¢’

Burada cosd’ = ‘/ﬂ cosa + ‘/1—£sinacos¢’ .
& &

y A
N

Y,
— \ 0 .
\9' Anopna dogru
— >
<9 a z

Sok.1. Masslonin handasi tasviri: N — zondun sothine yonslmis normaldir.

Onda:

o _27Zq38 _izﬂ ,OOL .
1 (@U,@)== "2 Ra(aU,a) - !d«ﬁqfu T dad B




(4) tonliyi IPF-1 ii¢iin axtardigimiz inteqral tonliyi ifado edir. Paylanma funksiyasinin agkar
soklini tapmagq tigiin Fia(e, 6) vo 1] (qU , a)funksiyalarlm Lejandr haddlorinin comi soklindo
siraya ayiraq:

F.(2,0)= Y F2 (2)P" (cos6), (5)
17(qU, ) 2;rznq3s i F"(qU)P"(cosa). (6)

Qeyd edok ki, Lejandr haddlori fiziki monaya malik olub, onlarin komoyi ilo plazmanin
parametrlorini tapmaq olur. Masalan, fo haddi ionlarin konsentrasiyasini:

_47[\/_."\/—1:
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va f1 haddi plazmada ion corayan sixligini:

ifads edirlor. (5) vo (6) ifadolorini (4)-do nozors alsaq, F, ilo F" arasinda olaqo yarada

bilorik:
n i \ a n qU
Fa (QU) (qU) q'[Fa(g}G(qU)P [\f A Jdé‘. (7)

Burada Lejandr haddlori hagqinda
P"(cos@')=P" (cosa)P”( ﬂ} + ZZH: E: — t; P (cosa)Pk”(‘ /ﬂJcos ke’
+k) £

toplama teoremindon istifads edilmisdir.
(7) 1fadasi Volterin II ndv inteqral tonliyi adlanir. Volter operatorundan istifado edorak,

F.. -n1 tapmagq olar:

©

Fa(qU)=F"(qU)+ [F(e)R"(qU, )de (8)

Burada Rj(qU,g)=%gakj(qu] L a,; =(-1)f $(2|(Jj_—2|l())l((j—2k)? j=0,2,4....

j=0,2,4... qiymatlari {i¢iin homin operatorun a¢iq sokli:

R,(qU,£)=0;
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RZ(qU,g)=2u—3/2,
562 (_ ¢ _
(qU 5) 4u3/2[7a_3j’

212 £
R,(qU, &)= 60 (33&] —3oa+5}.

(8) ifadasindoa n-ci komponent Ugiin (5)-1 nazars alsaq:

2n+1)m? ¢, ]
O IO

-1

Fa(qu)=

1a

Vo ya

Fa(qu)= Mi[l(j (qU,x)+ T 17 (&, x)R"(qU ,g)dg]P” (x)dx . (9)

47Zq S -1 qu

totbiq edilon isul {igiin asas ifadoni alariq. Burada x =cos« .
Noticada, (5) sirasinda birinci li¢ hodd tigiin:

m2 i "
F2(quU)= ppr IIU(qU,x)dx,
a

2
Fi(u)=—2

4nf Sﬂ J(qu,x)+ 2:U T S(S,X)iz:}xdx,

qu

5m?

1 3 o0
o T 2 q{x/zlg(g,x)dg](gﬁ e

Beloliklo, birtorafli miistovi zond iisulu ilo zondun miixtalif monfi potensiallarinda
1/(qU, ) kemiyyatini odlgiib, (5) vo (9) ifadolorino géro F. hoddlorini vo IPF-i
hesablamagq olar. (9) tonliyi ixtiyari doracali anizotrop plazma tigiin 6danilir.

CivVo BUXARIBOSALMASINDA IONLARINPAYLANMA
FUNKSIYASININFORMALASMASI

Tocrlbiqurguva zondunpotensialinagoros zondcarayanininikincitartibtéromasinin
olctlmo tsulu [5]-isinda otrafl verilmisdir.Homin isdo istifado edilon modullagsmis signalin

riyazi ifadosi:
U(t)= As(l+cosmt)cosm,t . (10)
soklindodir.
Totbigedilon Usuldaapparatfunksiyas: |z| < 24/2 oldugda [82]:
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2 2

8 1 Uz—i
Az)== | 8 1-u)| du (11)
Tyl
242
va|z| > 24/2 oldugdaiso
A(z)=0

,/218'—85

Ag

Tocribi isdo differensiallayici signalin optimal amplitude giymati secilmis (Ag) vo
geydetmo sisteminin Xattiliyino nozarat edilmisdir. Istifado edilon parametrlarin giymotlori: Ae
=0,05; 0,1 v2 0,2 V; o1 = 6-10% Hs; w2 =6-10° Hs gétiirilmisdir.
IPF-idagiq 6lgmak magsadi ilo zond 6lgmoloring tosir edon bitiin amillor hartorofli tohlil
edilmisdir [4]. Olgmoalords buraxilan xotalar: azaltmagq mogsadi ilo bosalma borusuna
katoddan 20 vo 25 sm uzaghqda olan iki mistovi vo sferik (diametric 0,3 mm) zondlar
yerlasdirilmisdir. Zondlardan biri asas, digari iso kémokgi funksiyasim icraedir. Olgmolor
aparildigda, aparat funksiyasinin xatasinin [4], clt-cit togqusmalarin [6], zondun 6lclsunin,
onun sathinin girklonmasinin [3] va s. tasirlari nozara alinmisdr.
Olgmalor civo buxarinin 10 Tor, corayan sixhiginin j = 100 mA/sm?, E/p = 400 V/smTorvo
neytral atomlarinT, = 410 K temperature qiymatlorinds (11) apparat funksiyasinin kémayi ilo
aparilmisdir.

Zondun monfi potensial oblastlarinda 1, kemiyyati elektronlarin stratlora gors

paylanma funksiyas: ilo mitonasib olan, zond corayaninin electron hissasindon tayin
edilmisdir. Potensialin todgiq olunan 0+1 V oblastinda 1] kemiyysti ionlarin paylanmasini
tosviredir. 1} koamiyyati geyd edilorkan, bosalmada electron carayaninin stabil galmasina asas
diggot yetirilmisdir.

Aparilan 6lgmoalardonmoalum olmusdur ki, elektronlarin temperature yikssldikco,
ionlarin paylanma oyrisinin quyrug hissasi yuksak enerjilor oblastina dogru genislonir.
Verilmis temperaturda alinan paylanma funksiyalar1 Maksvel paylanmasindan farglonir,
paylanma ayrisinds elektrik sahasi ilo miioyyan olunan, atomlarin istilik harakatinin enerjisino
uygun giymoatlorde maksimum miisahids edilir vo hamin maksimum yuksak enerjilor
oblastina dogru getdikco, Kicilir. fonlarin paylanma oyrisindoki maksimumun kigilmasina
sobab, dostodoki siratli ionlarin 6z enerjilorini dostodon konarda harokot edon yikli
zorracikloro Stiirmasidir. Bundan basqa, differensiall ayici signalin giymati artcigca, IPF-1in
mutlog giymotido azalir vo paylanma funksiyasinin koskin doyisdiyi enerji oblastlarinda
homin effect daha gucli misahido edilir. Tocribi dlgmolordan alinan hamin noatico nozari
hesablamalardan alinan noticolorlo {ist-Uisto diisiir. Ionlarin enerjiloro goro paylanma
funksiyasinin formasint askar etmok (gunciva buxarinin qovs bosalmas: plazmasinda asagi
tozyiqdo (p = 10°3Tor) vo E/p = 400 V/sm Tor-da bir torafi kegirici olan miistovi zondun
komoayi ilo F.) = f(g)asilihg slgiilmiisdiir (sokil 2). Homin sokildon giiriindiiyii kimi enerji
artdigca, IPF-in anizotroplugu daha da yiiksalir. Buhalda an boyiik anizotroplug enerjinin
kicik € = 0,05eV giymatindo misahido edilir. Buna sobab 6lcmolorin glclu elektrik
sahalarindo apariimasidir. Qeyd edoak ki, Lejandr hoaddlorinin siraya ayrilisina uygun olaraq
[PF-nin homin sokildo formalasmas: realdir. IPF-da anizotroplug artdigca, onu tosvir edon
hoddlorin sayr da artir. Bundan basqga, ionlarin enerjisi artdiqca, hoddlorin say: da artir, gunki
[PF-1 anizotrop olur va ionlar radial istigamotdo yaranarag, paylamr. Yaranan ionlar totbig
edilon xarici elektri ksahasinin istigamotinda suratlonarok harokat edirlor. Qeyd edok ki,
baxdigimiz civenin misbati onlart halinda, E/p = 400 V/smTor giymotinds, ionlarin enerjisi
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0,1 eV olduqda, IPF-in formasim askar etmok ticiin, Lejandr hoddlori sirasinda 7 haddin
olmasi kifayst etmir.

0 T T T T T 1
0 0,2 0,4 0,6 0,8 1 1,2
e(eV)
Sak.2. Civa buxar1 plazmasinda mistavi zond tsuluils 6lctilmiis Hg*ionlarin enerjiys
goro paylanma funksiyasinin enerjidon asililigi: corayan sixligi j = 100 mA/sm?;

tozyiq p = 10 Tor; E/p = 400 V/smTor; nopmal atomlarin temperaturu isa T, = 410 K.
1-Ae=0,1V;2-Ae=0,2V;3-Ac=0,05V.

NOTICO

Sekil 2-den goriindiiyli kimi Ae — apparat funksiyasi artdiqca, IPF-in formasi vo
maksimumu doyismir. lonlarin enerjisi artdiqca, IPF-in azalma siiroti longiyir. Paylanmasi
izotropluga vo Maksvel paylanmasina yaxin olan IPF-in maksimumu, yenico yaranmis ionlar
hesabina formalasir. Hogigoton da, ylikotiirma prosesi yenica yaranan ionlarin konsentrasiyant
formalagdirir. Strotli zorrociklor dostosi misali ilo bunu asanligla izah eds bilorik. Dastodoki
zarraciklorin siirati yiiksok olduqca, dastonin saxlanmasi {i¢iin konsentrasiyanin qiymati kigik
olur. Noticada, E/p nisbati artanda, IPF-nin asag1 diismo siiroti yavasiyir. Odur ki, IPF, g =
E/poc parametri ilo toyin olunur vo verilmis halda giymati, ionlarin siiratinin yiiksok oldugu
giiclii elektrik sahalorinds toyin edilir. Burada ¢ — rezonans yiikotiirma prosesinin effektiv
kosiyidir. Homin sokildon giiriindiiyii kimi biitiin hallarda IPF, maksimuma malikdir.

Beloliklo, IPF-i tosvir etmok ii¢iin Lejandr sirasinda hoddlorin saymi baxdigimiz iisulla
toyin edo bilorik.
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ONPEJEJEHUE ®YHKIIMU PACHPEJIEJEHUS HOHOB
B PTYTHOM IIJIABME

T'YCEHHOB T. X., TAPUBOBT. H.,
CA®APOB B.I'., PACYJIOB 3.A., AJIVTAXBEP/IMEB III.A.

DKCHepUMEHTAIBHO HCCIIeIOBaHA 30HIOBBIM METOI0M (DYHKITUS pacrpe/eieHuss HOHOB
110 3HepI‘I/ISIM B IJ1asMe I[YI‘OBOFO pa3psma B Haan pTyTI/I, U BBIABJICHO, YTO B CTaL[I/IOHapHOM
COCTOSSHUM (YHKIHMS PpacHpee/icHUs] HOHOB PE3KO OTIUYAeTCA OT MAaKCBEUIOBCKOTO
pacupenenenusi. C pocrom orHouieHuss E/p CKOpOCTh yMEHBIIEHUS MakCUMyMa (DyHKIHH
pacnpeneneHus CcHumkaetcs. Kpome 3Toro, ckopocTtb, HaOpaHHas HWOHAMH Ha JUIMHE
CBOOOIHOTO TpoOera, CTaHOBHUTCS OOJBIIE CKOPOCTH TEIJIOBOTO JBHKCHHS aTOMOB, W B
m1a3Me IpeodIaIaroIlyio pOJIb UTPAET MPOIECC PE30HAHCHOU TIepe3apsIKH.

KnroueBbie cjioBa: ma3Ma AyroBoro paspsjia, aHM30TpONHas Iu1a3Ma, (YHKIHS PaclpeeieHns] HOHOB,
30HJOBBIA METOJN, pagualbHOe paclpeleliecHHe HOCHTeNled 3apsaa B IDIasMe, MOAYSLHS — TOKa,
nmuddepeHInpYIONiA CUrHaIL.

DETERMINATION OF THE DISTRIBUTION FUNCTIONS OF IONS
IN THE MERCURY PLASMA

HUSEYNOV T.Kh., QARIBOV Q..
SAFAROV V.H., RASULOV E.A., ALLAKHVERDIYEV Sh.A.

The energy distribution function of ions in the arc discharge plasma of the mercury
steam was investigated by the prob method and it was found that distribution function of the
ions differs from Maxwell distrubution sharply. With the increasing E/p ratio decreasing
speed of maximum of distribution function is delays. Furthermore, the velocity of the
particles during free path is higher than thermal velocity of atoms and the resonans charge-
transfer processes play a major role in plasma.

Key words: arc discharge plasma, anisotropic plasma, distribution function of ions, prob method, radial
distribution of charge carried in plasma, modulation of current, differentiating signal.
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SULU MOHLULLARDA MiS—-GERMANiIUM SULFIiDLORININ
OMOLOGOLMO SORAITININ TODQIQI

HUSEYNOV Q.M., KAZIMOV M.H., RZAYEVA AB.

AMEA Nax¢ivan Bélmasi Tabii Ehtiyatlar Institutu
gorxmazhuseynli@rambler.ru

Moqalods Cu~Ge**-S? sistemindo ion tarazhigmnmn analizino asasan CupS vo GeS; birlosmolorinin vo
onlar osasinda tgli tiobirlogsmalorin hidrokimyovi ¢okdiiriilme soraitinin termodinamik hesablamalarinin
naticalori verilmisdir. Bu naticolor miivafiq sulfidlorin ¢okdiiriilmosi {igiin reaksiya qarisiginin torkibini miioyyon
etmoys imkan vermigdir. Hidroksid, trilon B vo ¢axir tursusu mohlullarinda miihitin pH-dan asili olaraq Ge**,
Cu* ionlarinin vo onun kompleks formalarinin gatiliglar1 toyin edilmis, gatiliq paymin pH-dan asili olaraq

doyismosi hesablanmis vo o—pH qrafik asililigr qurulmusdur. PC, — f (pH) diagramlar1 qurulmus, hidroksid,

trilon B vo ¢axir tursusu miihitlorindoboark fazalarinin alimma soraitinin sorhadlori daqiqlosdirilmisdir. Almmig
noticalor asasinda tacriibi olaraq 70° vo 100°C-do Cu,GeSs, CusGeSs vo CugGeSe birlosmolorinin nanotabaqalari
almmis vo onlarm mikromorfologiyasi 6yronilmisdir.

Acar sozlor: mis(I) tiogermanat, ion tarazligi, hidrokimyovi ¢okdiirmo, almma soraiti, termodinamik
hesablama, grafik, bark faza.

Mis(l) tiogermanatlar miiasir texnikanin miihiim funksional materiallar1 sirasina
daxildir. Bu sinif birlosmolor (Cu2GeSsz, CusGeSs vo CugGeSe) perspektivli yarimkegirici,
foto-, segneto- vo termoelektrik xassoli materiallar kimi istifado olunur va ya totbiq iigiin
ohomiyyatli hesab edilir [1, 4, 6, 8-12]. Cu—Ge-S sisteminin Cu>S—-GeS; politermik kasiyindo
Cu2GeSs, CusGeSs vo CusGeSs torkibli birlosmalor alindigi moalumdur[8, 11, 12]. Bunlardan
Cu,GeSs vo CugGeSg birlosmolorindo yaxsi yarimkegirici xassolor miisahide edilmisdir [6].
Qeyd olunan birlosmalor yiiksok temperaturda (927-977°C vo ya 1200-1250 K) elementar
komponentlori vo ya germanium(IV) sulfid vo mis(I) sulfidi vakuumlasdirilmis (~10 Pa)
kvars ampullarda birgo oritmoklo alimir [1, 9-12]. Bu birlogmolorin homogenlogmasi iigiin
yiiksok temperatur (850-920°C) va uzun vaxt (2-5 giin) tolob olunur. Buna géra do bir ¢ox
ikili vo tglii tiobirlosmolorin alinmasinda daha perspektivli metod hidrokimyovi ¢okdiirmo
hesab edilir [5, 7]. Hidrokimyavi metod istifado olunan qurgularin sadsliyi vo sintez soraitinin
asan nizamlanmasi ilo forglonir. Hidrokimyovi ¢okdiirmo zamam altliq lizorindo miixtolif
tobiotli, xassoli vo formali tobogolor alinir. Adoton, hidrokimyavi ¢okdiirma ilo alinan nazik
tobogolordo maddolorin nanodlgiilii  hissaciklori formalasir [7]. Bu baximdan, mis(I)
tiogermanatlarin sulu mohlullardan hidrokimyoavi ¢okdiirmo metodu ilo alinmast vo onlarin
xassolorinin Oyronilmasi aktual masalolorden biridir.

Mogalode Cu'—Ge*'—S? sistemindo ion tarazligmnin analizino osason CuzS vo GeS;
birlosmolorinin alinma soraitinin termodinamik hesablamalarinin naticolori verilmisdir. Bu
noticolor miivafiq sulfidlorin ¢okdiirilmosi tigiin reaksiya qarisigimin torkibini miioyyon
etmoyo imkan vermisdir.

Metalin sulfid fazasinin omoalogolma soraitinin sorhodlorinin hesablanmasi {igiin avvalco
sulfidlogdirici reagent kimi istifads olunan tioamidlorin par¢alanmasini nozordon kegirok.
Hidrokimyovi ¢okdiirmo prosesinin osasini bir sira reaksiyalar togkil edir: tioamidin
pargalanmasi, hidrogen-sulfidin ionlagmasi vo sulfid ionlarimin meral ionlart ilo qarsiligh
tosiri [7].

[lkin tocriibi naticalora asason CuzS, GeS; va Cu.S—GeS, tobogolorinin alinmasi tigiin
dord sulu mohluldan (H[CuCl.], GeCly, trilon B va ¢axir tursusu) istifads edilmisdir.

CuzS va GeS: birlogmalarinin tiokarbamid (CS(NH2)2) va tioasetamidlo (CH3CSNH>)
cokdiirlilmasi zamani bas veran reaksiya tonliklorini asagidaki kimi yazmaq olar:
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CuL; +CS(NH,), +OH™ — Cu,S ¥ +XxL+CN? + H,0;
CuL +CH,CSNH, +OH~ — Cu,S { +CH,COONH,, + xL;
GeL* +CS(NH,), +OH™ - GeS, ¥ +xL+CN2 +H,0;
GelL" + CH,CSNH, +OH ™~ — GeS,  +CH,COONH, +xL .

Metal duzlarinin minimum miqdarina asason miivafiq sulfidlorin amologalms soraitinin
sorhadlori miioyyan edilmisdir. Belo ki, sulfid fazalarinin omals golmasi prosesin baglangici
hesab edilir. Cox duru mohlullarda az hall olan birlogsmalar tigiin metal vo sulfid ionlarinin
aktivliyi vahida barabordir. Belo halda amals galon bark fazanin baslangic 6lgiisii (Ap) miqdari
olaraq moarkazlorin 6l¢iisiinii ifads edir. Moarkozlorin 6l¢iisiinii miisyyon etmak iiciin asagidaki
boraborlikdon istifado edilmisdir:

HHGeS2 Ay = [Ge4+ ]b '[S . ]E = [Ge4+:|t '[S 27]‘2 = jHGeSz J

burada HH s — germanium-sulfidin hallolma hasili; /H s — germanium-sulfidin ion hasili;

[Ge‘”L : [S Z_E , [Ge‘”l \G) [S 2_]‘2 1so miivafiq olaraq germanium vo kiikiird ionlarinin
baslangic vo tarazliq qatiliglaridir.

Sistemdo kompleks omoalogalmoni nozars alaraq Ge** ionlarinin migdar1 ion tarazliginin
analizinoa osason hesablanmisdir:

[Ge4+:|:a 'CGe'

Ge4+

burada «_.. — reaksiyaya daxil olan Ge™ ionlarmin qatiliq pay1; C., — mohlulda olan Ge**

ionlarinin imumi qatiligidir.
a.. qatiliq paymi hesablamaq tigiin 298 K-do sistemds omoalo golon komplekslorin

davamsizliq sabitlorinin qiymatlorindon istifads edilmisdir:

1
OCGe‘H = 2 n !
CLLRF L L)
Kl Kl,Z Kl,Z...n Kn+1 Kn+2

burada L, vo L,— ligandlarin qatiligidir.
Tiokarbamidin vo tioasetamidin par¢alanmasi asagidaki reaksiya tonliklori ilizro bas

VErir:
CS(NH,), <> H,S+H,CN,;
CH,CSNH, <> CH,COONH, +H,S..

Buradan tiokarbamidin parcalanma reaksiyasinin tarazliq sabitini asagidaki kimi
hesablanmigdir:

K = [HZS]t '[H2CN2]1 _ [SZ_]I '[Csz_]n '[H30+]4
° [CS(NHZ)Z]t [CS(NHZ)Z]t ’kst 'kHZCN2
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burada k,, 5 vo ki ¢, — hidrogen-sulfidin vo sianamidin ionlasma sabitidir; [Csz’l, [H 30*1
Vo [CS(NH 5)5 ]t — iso miivafiq ionlarin tarazliq qatiligidir.
Tioasetamidin parcalanma reaksiyasinin tarazliq sabitini agagidaki kimi hesablanmisdir:

« _IH;s]-[cHcoonH,]  [s*].[Ho°f
P [CHSCSNHZ]t [CH3CSNH2]t 'kst 'kHZCN2

burada [CH ,CSNH 2]1 — tioasetamidin tarazliq qatiligidir.

pH-dan vo germanium duzunun minimum qatiligindan asili olaraq tiokarbamid vo
tioasetamidlo ¢dkon sulfidin omologolmo sorhodini toyin etmok diglin  asagidaki
boraborliklordon istifads edilmisdir:

1 3 By 20V,
pCb=5pHHGesz—paGeM—§(pkst pH, +— pK += p(CS(NHz)) Epﬂ) 23RTE ; (1)
1 3 /3 20V
C.==pHH.. — . ——(pk H, K, CH,CSNH M_ (2
PC, =2 PHHs, — Parg, 2(|o -p oL 5 P45 p( 2)+ 2 ﬁ 213RTrb()

Burada p — menfi onluq loqarifmanin gostoricisi; C,— bork fazanin amolo golmasi iigiin
kifayot edon metal duzunun minimum miqdar1; o — xiisusi soth enerjisi (C/m?); Vm — molyar
hocm; r,— moarkazlorin radiusu (m); R — universal gaz sabiti; T — prosesin temperaturu (K);

S, vo B, — sabit komiyyotlordir. Sabit komiyyatlor asagidaki boraborliklorlo toyin edilmisdir:
+ P + .
B, =[HO [ +k . [HO J+kys
+ P +
ﬂc = [H3O ] + kHCNZ’ ’ [HSO ]+ kHZCN2 ’

burada k. va k.. — hidrogen-sulfidin vo sianamidin birinci morhalo iizra ionlagma

HCN,
sabitidir.

(1) vo (2) boraborliklori gatilasmanin bohran ndqtasi {i¢iin Tomsan-Osvald borabarliyini
xarakterizo edir. Bu boraborliklorlo ilkin vo son markozlorin Ol¢iisiinii toyin etmok
mimkuindur. Sulfidlorin alinmasinin nazari va tacriibi naticaloring asason malum olmusdur ki,
GeSz-nin alinmasi heterogen mexanizm iizro gedir. Xalkogenid mokozlorinin béhran radiusu
(1) (3,2-3,8)10° m araliginda olur. GeS; ii¢iin omoalogolma sorhadinin hesablanmasinda

o=15 C/m? vo r, = 3,5-10°m gotiiriilmiisdiir [2, 3].
(1) va (2) berabarlikleri iizre aparilan hesablamalarin naticalori asasinda pC, — f (pH)

grafik asililigi qurulmusdur. Fikrimizca bu asililiq GeS: bark fazasinin omoalogolmas soraitinin
sorhadlorini tam ifado edir. Oxsar qaydada Cu.S, Ge(OH)s birlosmolorinin omoalogalma
soraitinin sorhodlori toyin edilmisdir. Prosesin ilkin morholosindo hidroksid fazasi sulfid
fazasinin niivesinde, homginin tobaqads qarisiq soklinde ola bilor. Ge(OH)s birlogsmasinin
omologolma soraitinin sorhadlori asagidaki kimi toyin edilmisdir:

HH guom,, = G |- lOH ',
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Bu boraborlikds suyun ionlagsma sabitini ( K,, ) nozors aldiqda asagidaki sokildo yazmaq olar:

Ky

HHGe(OH)4 :W'QGEM :
3

Co

e

Bu boraborliyi logarfmalasaq alarq:

PC, = HH ooy, — e —4PK, +4pH .

G

Qrafiklori qurmaq tg¢iin sonuncu hesablamalarda hidroksid, trilonat vo ¢axir tursusu
sistemlorindo miihitin pH-dan asili olaraq Ge* vo onun kompleks formalarmin gatiliglar
toyin edilmisdir. Hidroksid, trilonat (trilon B=0,1 mol/l) va ¢axir tursusu (tartrat=0,05 mol/l)
sistemlorinds movcud olan germanium komplekslorinin qatiliq paymnin pH-dan asili olaraq
doyismoasi hesablanmis vo grafik qurulmusdur (sok. 1).

1 2 1
e e e e e o e e e o _ 1,0 2
o 1 2
« | 1-Gers, 1- Ge™ iy
i 2- GelOH, 08 2- Ge(OH), i 1 - Ge(C,ILO3'
3 - Ge(OH)? 3 - Ge(OH1E 08 2 - Ge(OH),4
ol 4~ Ge(OH) ool - Ge( ) 3. Ge(OH)E-
BT 5 - Ge(om)3 ’ 4 - Ge(OHY 06) 4 - Ge(OH)2"
5 - Ge(OH) 5 - Ge*
04 04 gl 6 - Ge(OH)3
7 - Ge(CgH,0,)%
3
n2 0,2 5 n 3 0.2
5
4 (5 0.0bas a " 0,0

Sak.1. Trilonat (a), hidroksid (b) va ¢axir tursulu (C) sisteminds germaniumun
ion va molekulyar formalarinin qatiliq payinin pH-dan asililig.

Qrafiklorin analizindon malum olur ki, germanium(IV) sulfid fazasinin omols golmosi
prosesi ligandlarin novii vo qatiligindan asili olaraq doyisir. Hidroksid sistemindon forqli
olaraq trilonat vo caxir tursusu sistemlorindo bork sulfid fazasinin omalogolmasi yavas gedir.
(1) vo (2) tonliklorinden istifade edorak GeS: birlogsmasinin hidrokimyavi ¢okdiiriilms soraiti
hesablanmigdir. Hesablamalarda istifadoe olunan mohlullarin qatiliglart nozers alinmusdir:
[CS(NH2)2]=0,5 mol/l; [CH3CSNH2]=0,2 mol/l; [CsHO4]=0,4 mol/I; Trilon B=0,1 mol/l.

pC, — f(pH) qrafik asililigint qurmaq {i¢tin (1) vo (2) tonliklerinds istifads olunan

termodinamik kamiyyat va sabitlor agagidaki kimi olmugdur:

PK.(TK)=22,48; pK (TAA)=6,0; pK, =14; pk, ; =19,88;
Pk, =6,99; pHH,s =74,5; pHH .oy, =32,9[3].

Bu parametrlor osasinda aparilan hesablamalar qrafik olaraq GeS> vo Ge(OH)s
birlogmolorinin omologolms saholorini toyin etmoys imkan vermisdir (sok. 2).

Uclii sulfidlori ¢kmo sarhoadlarini toyin etmok iigiin CuzS vo Cu(OH)2 birlosmalorinin
hidrokimyovi ¢okdiiriilmo soraiti hesablanmigdir. Bu hesablamalarda misin osas komp-
lekslorinin davamsizliq sabitlorinin qiymatlorindon istifado edilmisdir (codv.).
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Sak. 2. Hidroksid (a), trilonat (b) va gaxir tursulu (c) sistemlorde GeSz vo Ge(OH)4
bark fazalarinin alinma soraitinin sorhadlori: 1 — GeSy; 2 — Ge(OH)a.

s cus
- Cuf

H - GeS,

- GefOH),

- Cu{OH),

Wb =

I —
1 2 3 4 5 6 7 g 9 0 11 12 13 14
H

Ch
14 1-Cus
2- Ge(OH),
1 3. GeS,
4 Cu(OH),
10
c) s
1
6
4
s
ob— f ! N
1 2 3 4 5 6 7 8 9 i n 12 13 14

pH

Sak.3. Hidroksid (a), trilon B (b) va ¢axir tursulu (¢) mohlullarda
H[CuCl,]-GeCl,—CS(NH2)2(CH3CSNHy) sistemlarindabark fazalarinin alinma soraitinin sorhadlori.
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30'C .

Sok.4. 70°C va 100°C-ds alinmis Cu.GeSs, CusGeSs vo CusGeSs
birlagmalarinin SEM sokillari.

Cadval
Misin asas komplekslorinin davamsizliq sabitlori (pkp) [3]
CuOH CuOH* Cu(OH), Cu(OH)s Cu(OH)4* CuY#
14,7 7,0 13,68 17,0 18,5 18,8

Bundan olavo hesablamalarda odobiyyatda [2, 3] verilmis asagidaki komiyyatlorin
qiymatlarindon istifads edilmisdir:

PHH,, ¢ =60,6; PHH, o), =19,66; Vy"* =28,4-10°C/m?;
o=15C/m*; r, =35-10°m; T =298K .

Yuxarida geyd olunan noticolor osasinda hidrokimyovi ¢okdiirmo metodu vasitosilo
Cu—Ge-S sistemindo mdvcud olan ti¢lii birlogsmolorin (Cu2GeS3z, CugGeSs vo CusGeSs) va
onlar asasinda omala golon doyiskon torkibli fazalarin ¢okdiiriilmo soraiti toyin edilmisdir.
pC, — f(pH) diaqramlar1 qurulmus, Cu2S vo GeS: birlosmoalorinin birge ¢okmo soraiti

miloyyonlogdirilmisdir. ~ Hidroksid, trilon B vo g¢axir tursusu  mihitlorindo
H[CuCl2]-GeCls—CS(NH2)2(CH3CSNH.) sistemlorindobark fazalarinin alinma soraitinin
sarhadlari doqiqlosdirilmisdir (sok. 3).

Sokil 3, a-dan goriindiiyli kimi hidroksid sistemindo CuzS vo GeSz birlogsmolorinin birgs
¢okmo sahasi (strixlonmis) pH=1-6 araliginda miisahido olunur. pH=3-5,3 araliginda alinan
sulfid fazalar1 igorisindo Ge(OH)s fazasi, pH=5,3-6 araliginda iso Cu(OH), fazast mdévcud
olur. pH>6 oldugda CuzS fazasinin torkibinde Ge(OH)s vo Cu(OH)2 qarisig1 olur.

Trilon B mohlulunda H[CuCl2]-GeCls—CS(NH:)2(CH3CSNHy) sistemlarinda(sak. 3, b)
CuzS va GeS2 birlogmalarinin birge ¢okma sahosi pH=10,2-13,1 araliginda miisahido olunur.
Bunun sobabi mis vo germaniumun trilon B ilo amolo gotirdiyi xelat tipli komplekslorin
davamsizliq sabitlorinin qiymatlorinin yliksak olmasidir.
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Caxir tursusu mohlulunda CuzS vo GeS; birlosmolori fordi sokildo pH=4,3-5,8
araliginda ¢okiir(sok. 3, c). pH=5,8-6,1 araliginda sulfid fazalarinin torkibindo Ge(OH)s,
pH=6,1-11,5 araliginda Ge(OH)s+Cu(OH), fazalar1 olur. pH>11,5 olduqda iso torkibindo
Ge(OH)4+Cu(OH); fazalart olan CuzS birlogsmasi alinir.

pC, — f (pH) diagramlar1 asasinda tacriibi olaraq 70° vo 100°C-do Cu2GeSs, CusGeSa

vo CugGeSe birlogsmoalorinin nanotobogolori alinmisdir (sok. 4). Tocriibi noticolor nozori
hesablamalarin naticaloari ils yaxsi uygun golmisdir.

Miioyyon edilmisdir ki, 100°C-do birlosmolor daha yiiksok ¢ixima malik olur. NaOH
mohlulunda birlogsmalarin ¢ixim1 97,4-98,3%, trilon B mohlulunda 78,9-81,7%, caxir tursusu
mohlulunda iso 79,01-87,19% araliginda olur.

Umumiyyatlo, alinan noticalordon molum olur ki, CuzS vo GeS; birlogsmolorinin fardi
sokilds birgo ¢6kmasini tomin etmak ii¢lin ilkin komponentlorin, kompleks amologstiricilorin
(NaOH, trilon B va ¢axir tursusu) migdarini vo miihitin pH-n1 doqiq se¢mok lazimdir. Digor
torofdon, fazalarin ¢okdiirtilmo miiddoti vo formalagmasi temperaturdan asilidir.
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W CCJIEJOBAHUE YCJIOBUH NOJIYUYEHUS MEJHO-TEPMAHOBBIX
CYJIb®N10B B BOJJHBIX PACTBOPAX

T'YCEHHOB I''M., KABUMOB M.T., P3AEBA A.B.

Bcrathe nmpencTaBieHbl  pe3ynbTaThl  TEPMOJMHAMHYECKHUX PAcyeTOB  YCJIOBUIA
TUIPOXUMHUYECKOTO ocaxkaeHus coequueHnii CuzS u GeSz ¥ ux TPOMHBIX THOCOEIUHEHUI 10
JIAHHBIM aHAJIM3a MOHHOTO Gamanca B cucteMe Cu'—Ge*'—S%. DTu pesynpTaThl MO3BONIIHN
OTPEACNIUTh COCTAB PEAKIMOHHON CMeCH IJi OCAXKIEHHUS COOTBETCTBYIOLIUX CYIb(UIOB.
Onpenenensl koHuenTpanuu nonoB Ge*', CU* m mx KommiekcHble (OPMBI B PacTBOpax
rUApoOKcHaa, TpwuioHa B M ykcycHOM kuciotel Ha ocHoBe pH cpeawl. Paccunrtansl
W3MEHEHWE JIOJM KOHIICHTpauu B 3aBUCHMMOCTH OT pH W ycraHaBieHsl rpaduyeckas
3aBucuMocTh o—pH. Ycranosnens! rpaduku pC, — f (pH) u yrouHeHsl rpaHuubl yciaoBHI

MOJIyuyeHusl TBEpAbIX (pa3 B pacTBopax THAPOKCHAA, TpwioHa b m ykcycHoil kucnoTtel. Ha
OCHOBAaHMHM TMOJYYEHHBIX PpE3yJbTATOB AKCIEPUMEHTAJIBHO TOJYYCHBl HAHOIUICHKH

coequuennii CuGeSs, CusGeSs u CusGeSs m uccnenorana mMukpomopdonorus npu 70° u
100°C.

Knrouesbie cioBa:tnorepmanar menu(l), HOHHBIN paBHOBECHS, THAPOXUMHUIECKOE OCAXKICHNE, YCIOBUS
MOJIy4eHHsI, TEPMOJMHAMHYECKUI pacyeT, rpaduka, TBepaas ¢asa.

INVESTIGATION OF OBTAINING CONDITIONS OF COPPER-
GERMANIUM SULPHIDES IN AQUEOUS SOLUTIONS

HUSEYNOV G.M., KAZIMOV M.H., RZAYEVA A B.

The article presents the results of thermodynamic calculations of the hydrochemical
deposition conditions of Cu,S and GeS, compounds and their triple thiocompounds according
to the analysis of the ion balance in the Cu*™-Ge*—S? system. These results allowed to
determine the structure of the reaction mixture for the deposition of the corresponding
sulfides. The concentrations of Ge**, Cu* ions and their complex forms are determined based
on the pH of the condition in hydroxide, trillon B, and acetic acid solutions, and concentration
portion change depending on pH is calculated and the a—pH graphical dependence is
established. pC, — f (pH) diagrams are established, the boundaries of acquisition conditions

of the solid phases in hydroxide, trilon B and acetic acid conditions are specified. Based on
the obtained results, nanolayers of Cu>GeSs, CusGeSs and CusGeSe compounds were
obtained and micromorphology was studied experimentally at 70° and 100°C.

Keywords: copper(l) thiogermanate, ion balance, hydrochemical deposition, obtaining conditions,
thermodynamic calculation, graphic, solid phase.
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YK 678.017: 620.17

SJIEMEHTAPHBIE ITPOHECCBI B KHHETHUKE 3JIEKTPUHYECKOI'O
PA3PYIIEHUS MIOJJUMEPHBIX KOMITO3UIIUIA

Aauena UK., Beaues T.M.

Aszepbaiioscanckas locydapemeennas Mopckas Axademust

AZ 1000, Azepbaiioxcan, e. baxy, yn.3.Amuesoi, 18.
iradealiyevakerim@gmail.com

W3mepsnochk pacmpeneliecHue M0 3JIEKTPHYSCKOW TOJITOBEYHOCTH Tk MoymMepHbIX kommosumuid (I1K)
MOJIUIpOTIUIIeH-oIMATIIIeH HU3KoH 1uoTHoctu (IITI-IIOHII) B mocrostHHOM Mo 3HaKky moje. CpaBHHBAJIUCH
PEe3yABTATHl HETPEPHIBHBIX OMBITOB M OIBITOB C MPEpPBIBAHMEM ACHCTBUSA IMOJII HAa 00pa3lax, OCTaBIIMXCS
[ETBIMA TOCJIE BBIICPKKA B TEUCHHWE BPEMEHH, OTBEUAIOIIETO CpeaHeMy 3HaueHuio lgte. B mepepriBax
BAapbUPOBAIIUCH MPOJIOJDKUTENBHOCTD MEpPEephIBa, TEMIIEpaTypa, HAIpsHKEHUE MOl TPOTUBOTIONOXKHOTO 3HAKa, B
3aBHCHMOCTH OT 4Yero HaOJroJanach  pa3jiddyHas CTCIEeHb PEreHepaluy dJICKTPOIMPOYHOCTHBIX CBOMCTB
kommosunuu [ITI-TIOHII. YcranoBieHa criocoOHOCTh HAKATIIMBAIOIIUXCS 3apsIOB K pereHepanuu (BIUIOTh 10
moyiHOM). [loka3aHo, YTO HAKAIUTMBAIOIIUECS W3MEHEHUsS MOJ JCHCTBHEM JIICKTPUYCCKOTO TMOJS B KHHCTHKE
anekTpudeckoro paspymenus [1K sBisroTcs oOpaTHMBIMH.

KiaroueBbie cJioBa: TIOJIMMECPHBIC KOMIIO3UIIUH, HaIAMOJICKYJIIpHAsL CTPYKTYpa, KHHCTHUKA
SJICKTPUYCCKOT'O PA3PYLICHHUS, DJICKTPUICCKAsA JOJTOBEYHOCTh, HAKOIMMUTCIBHBIC ITPOILECCHI.

Beeaenne. Co3ganne KOMIO3UIIMOHHBIX MaTEpUaIOB HA OCHOBE KPUCTAJUIM3YIOIIUXCS
MOJIMMEPOB HAXOMST IIMPOKOE MPUMEHEHHE B PA3JIMYHBIX BBHICOKOBOJIBTHBIX YCTPOMNCTBaxX B
KaueCcTBE M3OJSIHUOHHBIX MaTepuasioB. [Ipym 3TOM IJIEHKH ATHUX MaTEpPHATIOB HCIBITHIBAIOT
BO3JIEHCTBUE AyekTpudeckux monei. [loaTomMy mpobremMa >JIeKTpUYECKON MPOYHOCTH U
paboTOCTIOCOOHOCTH TMOTUMEPHBIX KOMITO3UIIMOHHBIX IJICHOK MPHUBJIEKAET OOJBIIOE BHIMA-
HUE. YCTaHOBJIEHO, YTO MPOOOH MOTUMEPOB U UX KOMIIO3HUIIMH BHICTYMAET HE KaK COOBITHE
KPUTHYECKOT0 XapakTepa, a Kak siBJICHUE, UMEIOIee KUHETUUECKYI0 npupoy. Kunetuueckuit
XapakTep AIEKTPUYECKOTO Pa3pyIIeHUsI 3TUX MAaTEPUATIOB MPOSBISETCS MPEKIE BCETO B TOM,
YTO NpOOOH MPOUCXOIUT MPHU Pa3IMUHBIX 3HaUCHUX dekTpudyeckoro nois (E), Ho 3a pa3Hoe
Bpems T aeiictBus E, mpuuem yem mensie E, Tem Gonbmie t[1-3]. DddexT anexrpuueckoit
JOJITOBEYHOCTU TE O3HAUYAEeT, YTO MOJ JACHCTBHEM IoJig B o0paslie MPOUCXOAST MPOLECCHI,
MOJTOTABIMBAIONIME MaTepuan K mpobdoro. OTcrona cieayeT, 4To 3TOT MPOLECC COCTOUT U3
MOCIIEJIOBATENIFHOCTH HEKUX 3JIEMEHTApHBIX aKTOB, BPEeMs OKHUJAHUS KOTOPBIX OMpeeseT
€ro CKOPOCTb. DJIEMEHTApHbIE MPOLIECCHl IPUBOIAT K 00pa30BaHMIO JIOKAIbHBIX U3MEHEHUH,
HAKOIJIEHHE KOTOPBIX 32 BPEMsS TCO3JAET YCJIOBHS 3apPOXKIACHUS U PA3BUTHS MarucTpaibHOTO
nmpo0osi. [1o3TOMy Ba)XKHBIMH SBJISIOTCS BOIPOCHI OOPAaTHUMOCTH M HEOOPATUMOCTH 3THX
AJIEMEHTAPHBIX MPOIIECCOB, MOATOTABIUBAIINX Po6oit TIK.

B Hacrosiei paboTe mMpoBOIMUIOCH BBISICHEHHE CTENIEHW O0OPaTUMOCTH 3JIEMEHTAPHBIX
IIPOLIECCOB B MEXAHU3ME JJIEKTPUYECKOr0 pa3pyLICHUs MOJMMEpPHbIX Komnosuumi II11-
[1OHII.

O0beKTHI U MEeTOAMKA HCCAeA0BaHNi. Bce n3mMepeHus: mpoBOIUIUCH B OCTOSSHHOM
M0 3HAKy OJJIEKTpU4eckoM rosie. HampspkeHHOCTh 3a7aBaeMoro 3JEKTPHUUECKOTo MoJis,
JeHCTBYIOIIETO Ha 00pasell, Bhipaxanach kak E = U/d , roe U — npuioxkeHHOE K 3JIeKTpoaam
HanpsbkeHue, d — TonmuHa 00pasmna. OObeKTaMy MCCIIe0BaHKs OBbUTH B3STHI OMTHMATbHBIX
MOJIMMEPHBIX KOMITO3UIIUI MOJIUTTPOTTUIICH—TIONUATHIICH HU3KOMN MIPOYHOCTH
(ITIT:TTOHI1=80:20) ¢ paznmuuHbIMU HaaMoJeKyasspHbIME cTpykTypamu (HMC)[4]. TonmuHa
mieHok coctaBisia 20+30 MKM. DJjeKTpudeckas JO0JrOBEYHOCTh HM3MEPSJIach B S4YCiKe ¢
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NPWXUMHBIMU HOJMPOBAHHBIMU 3JIeKTpoAaMu. [Ipoboit GpukcupoBacs Mo UMIyJIbCy TOKA B
LETIH.

PesyabTaTsl 1 ux odcy:xkaenue. Ha puc. 1, a u 6 nokazaHel HHTErpajibHble (QyHKIMH
pacnpeneneHus MeIeHHO oxJaxaeHHbX (MO) ObicTpo- oxnaxiaeHHbIXx (BO) obpasuos
noiuMepHbix komnosunuid [IIT-II9HII, coorBeTcTBeHHO, Mo |gTE mpm cooTBeTcTBYrOmMUX E

u T. Io ocu opaunat oTnoxeHa Gynkuus 1— n, / N, rie N — nonHoe yucio 00pasloB B
cepun; N —4mcno 00pa3noB, OCTABIIMXCS LEIBIMH II0CIIE BPEMEHHU BBIIEPKKH T .

Kak Bunmno, rpadukm >THX (GYHKOHHA UISITE UMEIOT eIuHOooOpasHylo S-hopmy c
>¢dexrunoii mmpunoit pacnpenenenus Algr =1+15. ®opma pacnpenenenus 6nmska K

HOPMaJIbHOMY paclpeAeiCHHIO CIy4alHBIX BEJIWYMH (MHTErpanxy BeposTHOcTH). lllupuna
pacripesiesieHusi 00yCIIOBJIEHa, OYEBU/IHO, BapyUallUe CTPYKTYPHI, Ne(PEKTHOCTH 0Opa3IloB U
T.JI.

10 -2
n

05 -

20 25 W % alho sl.s "-:J
lgw,C
Puc.1. MHTerpasibHOE pacnpeneneHne 00pasiioB M0 BPEMEHH 0XKUIaHUS
po0os (10JITOBEYHOCTH) B TIOCTOSIHHOM 3JIekTpudeckoM noje. T=120 K.
a — MO o6pasuos ITIT-IT9HII, 30 obpasuos, E=2,5-108 B/m;
6 — BO o6pasuos III-II9HII, 30 o6pasuos, E=5,5-10% B/m.

U3 puc.l, a u 6 omnpenenuauch 3HAUYCHHUS IEKTPHUUECKON JoiroBedHoctd T1=871 ¢ u
11=661 c, COOTBETCTBEHHO, OTBeUaromue npodutuio nojaosuusl yncia MO u BO o6pa3ios
[IT-ITOHII. [lanee Opaauch HOBBIE CEpUU TaKUX K€ 0OPA3IOB M BBIACPKUBAIUCH MPU TAKUX
ke 3HaueHusX E u T B TeueHne BpeMeHH T1, IOCTIE YETO IEKTPUIECKOE MoJie CHUMAJIOCh. B
pe3yibTare oOCTaBajachb He MpOOMTOM TOJOBMHA 4YMciaa oOOpasloB, C KOTOPbIMH H
MIPOM3BOIMIINCH JIATIbHEUIIIHE OTIepaIIHH.

CMbIca u crioco0 aHanM3a JaHHBIX CXEMAaTU4eCKH MOsICHEH Ha puc.2. 31ech kpuBas 1 —
BEPXHSSI 4acTh KPUBBIX pacrpezaeneHus puc.l, T.e. moctpoeHHas ot yposHs 0,5 Ha puc.l u
NEPEHOPMHUPOBAHHAS HA MOJHOE YHCIIO OCTaBIIMXCS HE MPOOUTHIM 00pa3LoB (C OpAUHATOM

1-n / 0,5n). Ecnu pmomycTuTh, YTO MOCTE BHIAEPKKHM MOJ HAMPSKEHHOCTHIO SIEKTPH-

YEeCKOro MOJIsl B TEUEHUE BPEMEHH T1 B OCTABIIUXCS HE MPOOUTHIMHU 00pa3Lax HaKOMKBIINECS
M3MEHEHMs 3a BpeMs IepephlBa paccocaluch (MOJNHAs pereHepanus), TO TOrja Iocie
BTOPUYHOI'O MPUIIOKEHHSI TOW K€ 3JIEKTPUUYECKOTO IMOJIsl pacHpelesieHne 3TUX 00pasloB 10
BTOPUYHOM JIOJITOBEYHOCTH JIOJKHO COBIACTb ¢ KpuBOH 1. Eciu ke mociie BBIIEP)KKH T1 U
CHSATHS TIOJI HAKONMBILMECS M3MEHEHUS IOJIHOCTBIO COXPAHAIOTCA 3a BpeMs IEpepbIBa, TO
pacmpeneneHue 0Opas3lOoB IO BTOPUYHOM JOJTOBEYHOCTH JOJDKHO TIOJIy4aThCsl IyTeM
nepecTpoeHust KpuBo# 1 oT 3HaueHui no 19t k 3HaueHusm |g(t—T1) U NPUHATH BUI KPUBOWH 2
(puc.2), T.e. MOWTU B 00JIACTH MEHBIIUX 3HAYCHWHA T, OCOOEHHO B OO0JACTH Ha4yaIbHOU
(HmkHEN) vacTu pacnpeaeneHus. HakoHen, eciau B mepepblBe MEXIy CHATHEM IOJIA U
MOBTOPHBIM €€ NPUJIOKEHHUEM B 00pa3liax MpoluIa YacTUYHAs pereHepalysl HaKOMUBIINUXCS
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M3MEHEHMH, TO pacnpezesneHre oO0pa3loB MO BTOPUYHOM JIOJITOBEYHOCTH JOJDKHO IMOMTH
MEX1y KpUBbIMHU | U 2, T.€. COOTBETCTBOBATH KPUBOM 3.

1-n./0,5n

O 1
T1 lgt
Puc. 2. Cxema pacmpeneneHus 00pa3ioBs 1o J0IrOBSYHOCTH:
1 — mpoOuThIe 3a BpeMs, MPEBBIIIAIONICE T1; 2 — TO K€ paclpe/iesicHue,
Ho 1o lg(t—T1) — 110 BTOpHYHOI JONTOBEYHOCTH; 3 — paclpeaeieHue 0
BTOPHUYHOM JIOJTOBEYHOCTH TEX K€ 00Pa3IoB MPH WX YACTHYHOMN pereHeparum.

T T T
1 2 T 3 4

Igte.C

Puc.3. MaTerpansHOe pacnpenenenne o0pasoB 1o IeKTpudeckoit nonrosedHocta T=120K:
a — MO o6pazuos IITT-IT2HII, 30 o6pasuos, E=2,5-10% B/m;
0 — BO o6pasuos IMTII-IT9HII, 30 o6pasuos, E=5,5-108 B/m.

OObpatumcs K pe3y/IbTaTaM ONBITOB C IPEPHIBAHUEM JAEHCTBUS 3JIEKTPUUYECKOTO MOJSL.

Ha puc.3 a u 6 Toukamu 1 — mpencraBieHbl pacHpelesieHHs] MO SJIEKTPUUECKOM
JIOJITOBEYHOCTU MpU HempepblBHOM JeictBuu noiig 1t MO u BO o0pa3noB moinuMepHbIX
kommno3unuii [ITI-IT9HII, cooTBEeTCTBEHHO, C AOITOBEYHOCTHIO, MpeBbIMaoNIe 11=871 ¢ u
11=661 c, T.e. mepeHOpMHUpOBaHHbIE OT N Ha 0,5NBepXHHE YaCTU KPUBBIX paCHpEICIICHHS
(puc.1). Touku 2 — pe3ynbrathl nepectpocHus Touek 1 mo koopauuate Ig(t—t1). Touku 3 —
HKCIEPUMEHTAJIbHbIEC JAHHBIE IO BTOPUYHON JJOJITOBEYHOCTHU MOCIIE BBIIEPKKHA 00pa3IoB M0
HArpy3koi B TedeHMe BPEMEHH T1 M TepepbiBa jeiictus mons 10°c mpu T=120K. Bausocts
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Touek 2 1 3 Ha puc.3 a U O CBUIETEILCTBYET O TOM, UTO 3a BpeMs NEPBOM BBIACPKKH MOA
Harpy3Kkoil T1 B KOMIIO3UIIMOHHBIX 00pa3liax HaKOMUINCh U3MEHEHHUS, KOTOPbIE COXPaHWINCh
B IIEPEPBIBE JCUCTBUA IOJIA [IPU TEX K€ TEMIIEPATypax, B KOTOPBIX AEHCTBOBAJIa HATPY3Ka, U
IIpUBEJIN K 00Jiee HU3KUM 3HAUEHUSIM BTOPUYHOI JI0JITOBEYHOCTH.

Wtak, Ha paHHoW ctamuu wuccienoBanus a1 MO u BO 00pa3noB MoIMMEpHBIX
komnosuuii  IIII-TI9HII 3aKkOHOMEPHOCTH KHUHETHKH 3JIEKTPUYECKOrO  pa3pyLICHUs
OKa3aJIUCh eIMHO00pa3HbIMU. T.€. B YCIOBHAX KHHETHKH 3JEKTPUUYECKOTO pa3pylIeHUs npu
HU3KUX TEMIEpaTypax HaKaIUIMBAIOIIMECS W3MEHEHHS B 00OMX KOMIIO3MLIMOHHBIX 00pa3iax
BBICTYIAIOT KaK HEOOpaTUMBbIE.

[lepeiinem Tenepp K ombITaM, KOrja BO BpeMsl NepepbiBa (CHATHS 10Jist) OyAeM MEHSTh
BO37eiicTBUE HAa 00Pa3IIbI.

JUis 37eKTpUUYEcKOro pa3pylIieHHs BO BpEMs «OTIbIXa» ObUIM NMPUMEHEHHbI JBa BUJA
BO3/ICHCTBUS: MOBBIIICHUE TEMIIEPATyphl, a TAK)KE HAJIOKEHHE Ha o0Opas3ell IOCTOSHHOIO
JIEKTPUUYECKOTO I10JIs1 IPOTUBOIOJIOKHOIO 3HaKa (IPOTHBOIOJE). Pe3ynbTaTel pecTaBiIeHbl

Ha pI/IC4 U 5 COOTBETCTBEHHO.
1-1,/0,5n

0,75 —

0,50

025 _}

2,0 3,5

Igte,C

Puc.4. UuterpansHoe pacnpeneneaue MO o6pasios [TT-ITOHIT no gonroBednocty mist
snexTpuueckoro paspymenus E=2,5-108 B/m; T=120K. Touku: 1 — npoGursie 3a
BpeMs, TIpeBbImaromiee 11=871 ¢; 2 — u3MepeHHOe pacupeaeneHne 00pa3IoB 1o
BTOPUYHOM JIOJITOBEYHOCTH IOCIE «OTAbIxa» B Teuenue 10% ¢ nmpu 120K;
3,4, 5, 6 — mocne «otapixa» B Teuenue 10° ¢ mpum 293, 313, 333, 353K,
COOTBETCTBEHHO (YacCTHUYHAs pereHepalys MPOrpeBoM).

Ha puc.4 (xpussie 3, 4, 5, 6) nokazano pacnpeaeieane MO o6pasnos ITII-II9HII no
BTOPUYHOM [JIOJITOBEYHOCTH, KOTZa BO BpeMs NEpepbIBa JNEUCTBUS SJIEKTPUUYECKOTO IO
obpasiel BeIIepxkuBanuch mpu 293, 313, 333 u 353K B teuenme 10°c, COOTBETCTBEHHO.
BungHO, 4TO mpOM30LUIO CMELIEHHWE pPACHpPENETICHUsT B CTOPOHY IOBBIIICHHUS BTOPUYHOMN
JOJTOBEYHOCTU. B cOoOTBETCTBMM €O CMBICIOM KpUBOM 3 Ha puc.2, 3TO O3HA4aeT
OTIpENICTICHHYIO CTENeHb pereHepupoBanue usMeHeHud B MO oOpaszmax [IIT-TTOHII.
CootercrByromue nqanubie 11t bO obpasuax [ITT-ITOHII sBnstoTcst mog00HBIMU.

Ha pwuc.5 nokazaHo BiIMSIHHME TPOTUBOIOJS HAa BTOPUYHYIO JOJATOBEYHOCTH MO
obpasuoB IIII-IT9HII. Buano, 4to u 37ech 32 BpeMs «OTIbIXa» MPOUCXOAUT pereHepanus
HaKOMMBIIMXCA U3MEHEHUH. [Ipn 3TOM pereHepanuo MOXHO CIeNaTh MPAKTUYECKH MOJHON
(kpuBas 1 — cBeTJibIE TOYKH HA PUC.S).

Takum 06pa3zoM, MOXKHO CUMTaTh, YTO HAKAIUIMBAIOIIMECS W3MEHEHUs MOJ JeHCTBUEM
AJEKTPUUECKOTO TMOJS B KHHETUKE AJIEKTPUUECKOTO Pa3pylICHUs] MOJIUMEPHBIX KOMIO3UIUN
[IT-ITOHIT siBnsroTCSt 00paTUMBIMHU.
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1-0,/0,5n

0,75 ]

0,504

0,25

I
3 4 I
1
|

1 1
2,0 2,5 u 3,0 3.5
Igte,C

Puc.5. Unrterpanproe pacnpeaeneaue MO o6pasmos [I1-IIOHII mo gonroBeyHocTH 1uis
sexTpuueckoro paspymenns E=2,5-10% B/m, T=120K: 1 — yepHble TOUYKU — IPOOHUTHIE
3a BpeMsl, IpeBhImatomnee 11=871 ¢; CBETIIbIE TOUKH — MPOIICIINE PETCHEPAITHIO
npu aeiicTBun npotusonois En,= 2,5-108 B/m, 103, 120K (nonnas perenepaiius
MIPOTHUBOIIONIEM); 2 — U3MEPEHHOE pacipeiecHIe 00pa3IoB M0 BTOPHUIHOMH
JI0JTOBEYHOCTH TIOCTIE «OTabxa» B Teuenue 103 npu 120K; 3, 4 — mociie «oTapixay»

B Teuenne 10%c nmpu 120K u melicTBUs pOTHBONONS (YaCTHYHAs PEreHEpanus
npotusononem): 3 — Ey,=1,0-108 B/M; 4 — E,;,=2,0-108 B/m.

Bompoc 00 osneMeHTapHBIX aKTax Mpolecca, ONPEACISIONIEr0 AJICKTPHUECKYIO
JI0JTOBEYHOCTh MOJIMMEPA U MX KOMITO3MIIMU, OCTAETCS MOKa HEIOCTaTOYHO BBIICHEHHBIM.
Hmeromuecs: JaHHbIE CBUAETENBCTBYIOT O (UIYKTYAlIMOHHOM MEXaHHM3Me 3THX aKTOB [5-7];
00CYXal0TCs pa3IMIHBIC IPOIIECCHI HA 3JICKTPOHHOM U aTOMHO-MOJIEKYJISIpHOM ypoBHE [1-3,
8,9]. llomyuennsle B Hacrosmiell paboTe HaHHBIE O PETEHEPUPYEMOCTH HW3MEHEHU,
HAaKOIJICHUE KOTOPBIX NMPHUBOJAUT K DJIEKTPUUECKOMY PA3PYLICHHIO (IIPOOOI0) MOIMMEPHBIX
KOMITO3HUIIUH, TO3BOJISIOT CZeNIaTh HEKOTOPHIE 3aKIIOUEHHS O XapaKTepe dTHX H3MEHEHUH, 110
KpailHeli Mepe, [UId HUCCIelIOBaHHbIX ciydaeB. [lo-BHUaMMOMY, 3/1€Ch HaKalJIMBarOTCS
M3MEHEHHS TOJBKO Ha AJIIEKTPOHHOM YpOBHE. MOJEKYJspHBIE NEePerpyniupoOBKH, Pa3pbIBbI
MOJIEKYJI, OYEBUIHO, 3aMETHOM posin He urparoT. Hanbosnee ecTeCTBEHHBIM MPEICTABISAETCS
JUIE  HAaXOJSIIErOCs TMOJ DJICKTPUYECKUM HAIPSDKEHHEM KOMITIO3UIIMOHHOTO MaTepuana
(¢bopMHpOBaHHEM B HEM CO BpEMEHEM OOBEMHBIX 3apsOB, IO JOCTHXKEHUIO JAOCTATOYHOU
BEJIMYMHBI KOTOPBIE M HAcTymaeT npodoi. OOBEeMHBIN 3apsa MOXKET (HOPMUPOBATHCS KaK W3
WH)XEKTUPOBAHHBIX AJIEKTPOHOB (romMo3aps]), TaKk M 3a CUeT BHYTPEHHEH MOHM3aluu
MOJTMMEPHBIX MOJIEKYJ B DJIEKTPUYECKOM TOJIE C MEPEXOA0M 3JIEKTPOHOB OT MOJIMMEPHBIX
MOJIEKYJI B MEXMOJIEKYJIsipHbIe ToBYyLIKy [10-12].

[lpy mpUIIOKEHUH AIEKTPHUUECKOTO TIONS, WH)KEKTUPOBAHHBIE M3 KaToJa JJIEKTPOHEI,
HAYMHAIOT MPBDKKOBBIA (M3 JIOBYIIKH B JIOBYIIKY), IMOIIATOBBINA (¢ marom ~1 HM) apeiid B
cTopoHy aHojna [2]. B pe3ynbrate oOpa3yeTcss M HaKaluIMBaeTCs O0JIAKO OTPHULIATENILHOTO
3apsiia, IBroKymierocs k anoay [2,3]. B pabote [13] merambHO paccMoTpeHa naiabHEHIIas
HBOJIIOIMS  3apSA0BOTO COCTOSIHHSI TIOJIMMEpPa B MEXKAJIEKTPOJAHOM IPOCTPAHCTBE: (op-
MHUpPOBaHME W BCTPEYHOE IBMIKEHHE IOJIOKHUTEIBHOIO OOBEMHOro 3apsijia BOJIM3U aHOAR;
BO3HMKHOBEHHE AaBTOKOJICOATEIHHOTO PEXHMMa HBOJIONMHM OOBEMHBIX 3apsiioB, OOYCIIOB-
JICHHOTO TIOJIOKUTEJIbHOW OOpaTHOW CBA3bI0O MEXAY 3apsJaMH U HOJSMH Y 3JIEKTPOJIOB;
pe3koe BO3pacTaHWe TOKa, MPHUBOJsAIIee K TpoOoro audnekTpuka. B Takoe mocneno-
BaTEJIbHOCTU COOBITUI MOJArOTOBKU MOJIMMEPA U UX KOMIIO3ULUHU K TPOOOI0 OCHOBHOE BpeMs
3aHMMaeT Hauboyiee MEUICHHBI mporecc— (GOpPMHUPOBAHUE OTPUIATEIBHOIO OOBEMHOTO
3apsijia Ipy NPBDKKOBOM Jipeiide 3J1eKTPOHOB MO HOJIIO.

49



3aKi0ueHre O HAMpPaBICHHOM IMPBDKKOBOM TPAHCIOPTE 3JEKTPOHOB KaK O IMpolecce,
KOHTPOJIUPYIOTIEM IOATOTOBKY JHAJICKTPUKA K MPOOO0, TMOATBEPKAACTCS  IKCIEPHUMEH-
TaJbHBIMU JJAHHBIMU 10 BO3MOXXHOCTH PEre€HEPUPOBAHUS UCXOIHOTO COCTOSIHUS MOIUMEpa U
WX KOMITO3UIIUHM ITyTeM BKIIFOUEHUS TIOJS MPOTHUBOIOJIOKHOW MOJSIPHOCTH (IIPOTHBOIIONS)
Moclie BBIIEPKKH 00pasia B mojie HauanbHOU mossipHocTH [14-16]. [IpoTuBomosie BbI3BIBAET
TPAHCTIOPT JICKTPOHOB B OOPAaTHOM HAIIPABJICHHHA M TEM CaMbIM BEJIET K «PaCCACHIBAHHIO)
00BEMHOTO 3apsiaa, chOpMHUPOBABIIETOCS B MOJIE HaYaJIbHOW MOJSIPHOCTH. Takas omeparus
MPUBOTUT JaKe€ K TOMY, YTO JJICKTPHUYECKAs JOJITOBESYHOCTH MOJUMEPHBIX JTHIJICKTPUKOB B
npoTuBonoyie (mocie ACHCTBUS HAYadbHOTO TOJS) OKa3biBaeTcss Oojee BBICOKOM, 4eM B
HEMpephIBHO AeiicTByromeM nojie [14]. DTo CBUIETENbCTBYET O CIHOCOOHOCTH «3JIEMEHTOB
pa3pylieHHs», BHI3IBAEMOE JACHCTBHEM ITOJIS, K PETCHEPHPOBAHHUIO.

Perenepannonnsie 3¢ dexTsl, Tpedyrolue nepeMeneHus 3apsaoB s UX BCTPEUYH APYyr
C JPYroM, COTJIACYIOTCSI C MPEACTABICHUEM O TOM, YTO MMEHHO TPAHCIIOPT 3apsiJiOB MOXKET
SBJIATHCA MPOLIECCOM, KOHTPOJIUPYIOIIUM KUHETUKY SJEKTPUUECKOTrO pa3pylIeHUs: MoJIuMep-
HBIX KOMITO3ULIUMA.

BoiBoabl. M3ydyena perenepaiusi 3JIeKTPONPOYHOCTHBIX CBOMCTB MOJIHUMEPHBIX KOM-
MO3UIMH TIPH HU3KUX TEMIIepaTypaX — BOCCTAaHOBJICHUE DJICKTPHUYSCKON OJITOBEYHOCTH
MyTeM HarpeBaHusi WM JEeWCTBUEM TMOJs TMPOTHUBOMOJOXKHOW moisipHocTH. Ha ocHoBe
CTATHCTUYCCKOTO aHajIn3a KUHETHKH PETeHEPAIMH CJCJIAaHO 3aKIIFOUCHUE, YTO pereHeparus
o0OyCIIOBJIEHa paccachlBaHUEM OOBEMHBIX 3apsA/I0B, HAKOIUIEHHE KOTOPBIX BEAET K MPOOOI0
MOJIMMEPHBIX KOMITO3UITUH.
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POLIMER KOMPOZITLORIN ELEKTRIK DAGILMA
KINETIKASINDA ELEMENTAR PROSESLOR

OLIYEVA i.K., VOLIYEV T.M.

Miixtolif molekulyar {istlii qurulusa malik polipropilen — asagi sixliqli polietilen
kompozitlorin sabit elektrik sahosinds yasama miiddstine te (desilmonin gézlonilmo zamani)
gors paylanmasi dl¢iilmiisdiir. Elektrik sahosinin fasiloli vo fasilosiz tosiri zamani desilmoyon
niimunalorin yagsama miiddotlori miigayiso edilmisdir. Fasilo zamani temperaturun vo oks
istigamaotli sahonin qgiymotindon vo tosir miiddotindon asili olaraq polimer kompozitlorin
elektrik mohkomlik xassolorinin miixtolif dorocods regenerasiyast miisahido olunmusdur.
Miioyyon edilmisdir ki, polimer kompozitlorin elektrik dagilmasi zamani yi8ilan yiiklortam
regenerasiya olunma qabiliyyotino malikdirlor vo bu da elektrik dagilmasi kinetikasinda
yigilan doyisiliklorin donon proses olmasini gostorir.

Acar sozlor:polimer kompozitlor, molekulyar {ist strukturu,, elektrik dagilma kinetikasi, elektrik yasama
miiddati, y1g1lma proseslori.

ELEMENTARY PROCESSES IN KINETICS OF ELECTRIC
DESTRUCTION OF POLYMER COMPOSITIONS

ALIYEVA LK., VELIYEV T.M.

The distribution of electrical life of the polymer composites of low density
polypropylene-polyethylene in a content sign field was measured. The results of continuous
experiments and experiments with interruption of the field effect on samples remaining intact
after exposure for a time corresponding to the average value of Igte. During breaks, the break
duration, temperature and field strength of the opposite sign were varied, depending on which
a different degree of regeneration of the electric strength properties of the PP-LDPE
composites were observed. The ability of accumulating charges to regenerate (up to full) was
established. It was indicated that the accumulated changes under the influence of an electric
area in the kinetics of electric destruction of PC are reversible.

Keywords:Polymer composites, supramolecular structure, kinetics of electrical destruction, electrical
durability, storage processes.
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OPTIC FIBER SENSING BASED IOT SYSTEMSFOR ENERGY FACILITIES
HAJIYEV Y.M.

Azerbaijan State Oil and Industry University
Baku , Azerbaijan
yhajiyev@gmail.com

The growth number of the Internet of Things (IOT) applications has become a new sign in the industry
automation segment. 10T is to connecting things to the Internet in order to retrieve information from energy
facilities to control and regulate them from anywhere. Our paper presents a way in which power producing and
distribution objects to be embedded with fiber based sensors to perform their monitoring and sensing. The
development of the technology of the IOT and the fiber-optical sensor it is a new round revolution in information
technology. The combination of the sensing of parameters and transmitting them over fiber network is a big
issue have been considered carefully in paper. Thus the fiber-optical IOT has a promising development prospect.
This article outlines 10T’s current status, the key components of 10T, the theoretical frame and the applications
that stands behind of IOT.

Keywords: Internet of Things, Application Layer Protocols, fiber sensors, fiber networks, transmitting
techniques.

Introduction

The growth of Internet of Things (IOT) is the latest trend [1,2] of IT-development
focusing on moving to realizing the concept of hyperconnected world. One of the popular
definition is - “The Internet of Things refers to technologies that allow networked devices to
sense other devices and interact and communicate with them.” 10T is fitted by different
information sensing devices, that in accordance with the agreed protocol, are interconnected
through the Internet, and support information exchange and communication to enable to
control, to manage, to regulate different real world objects. industrial objects and domestic
equipments through the Internet. The ‘Things’ mean the real world objects — industrial and
technological processes and domestic equipments [3,4].

Development of the IOT encompasses a set of major technological innovations such as
miniaturized modern electronic, nanotechnology, networking and other newest smart
technologies. One of key component is a newest sensing techniques, information processing
and acquisition methods.

General principle of 10T organization is depicted in below diagram.

Fiber-aoptic /GSM/ Internet
/Bluetooth/VWIi-Fi

loT Devices

Remote

) = Frocess control,
Data processing . D management.
analysis and === Decision-rl_'ual:ing.
storage Fulfill service
= options. ="
ToT application—-—"

Fig.1. General principle of 10T organization.
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As can be seen from the figure, the 10T is combined from sensors and actuators through
which the IoT "feels" and manages the objects that are called ‘things’. Measured data from
the sensors [5,6], as well as control signals to the actuators are transmitted through gateway
over fiber-optical, GSM, Bluetooth, Wi-Fi and other communication channels.

Over gateway, data and codes are transmitted via Internet to control units to manage
relevant IoT related services.

The specific field where 10T applications have been successfully implemented [5,7] is
the energy industrial processes and specifically the energy resources. Those types of
applications allow remotely control over embedded sensors what is happening in energy
power module or machines when we are not there, automatically adjust the working regimes.
Other applications allow sensors, embedded in our power units to communicate to inform
about force majéur situation in energy delivery performance and etc.

The most common 10T applications designed for domestic services, widely use wireless
networks made up from Mobile Communications (GSM), Bluetooth, Wi-Fi and etc. [2, 7] do
allow two way communication between sensing devices and smart home appliances,
particularly when combined with smartphones, tablets and PCs.

However in many of heavy industrial and technological facilities allocated areas the
environmental conditions are seriously too harsh to allow wireless networks to operate
properly. That necessitates the widely using of fiber network and optical fiber sensing
technologies to build of 10Ts in the field of energy, producing and distribution.

Thefiber-optic communications networksprovide the best reliable and flexible means of
processing of acquired data and transmitting it around a facility.

Optimized Architecture of Internet of Things

According to ITU-T recommendations, the structure of 10T is made up [7,9] from
lamination of five layers — sensor networks, access network, backbone network, middleware
and application platforms.

The simplified architecture of the Ubiquitous Sensor Network (USN) based on M2M
i.e. "machine to machine" abbreviation includes the intelligent and interactive link between
human, machine and system, to automatically transfer the data contained in these devices.

In accordance with the current universal approved network architecture of 10T, the basic
configuration structure of Internet of Things is broadly divided into three layers:
perception/sensing layer, network layer and application layer, as it pictured in Fig. 2.

Network layer
Internet-based network,
- PANs ; LANs; NANs; WANs
- Optic fiber; GSM; Wi-Fi;

‘ﬁf Aplication layer
’4]5 - 'Things' traking

modes,

< Intelectual managing
of loT;

- Providing service options;

-Final presentation &
storing of data;

-Decision making

-driven devices
-execution units

Actuators

Perception layer
-sensors networks
-control terminals

Fig.2. General organization layered structure of 10T.

53


http://www.ppc-online.com/miniflex-pushable-fiber-optic-cable-for-fttx

Perception layer, —is subdivided into perceived control and communication interlayers.
Perceived or sensing interlayer consists of various types of sensor networks, control modules,
and variety of terminals.

Sensing interlayer realizes acquisitions of underlying data collected from sensing
devices, and transmit it to the upper layer via wireless or fiber-optic connections.

Network layer, —collects the data from the lower perception layer and passes them to
the Internet. Network layer is configurated over the topology of existing networks, by means
of expanding and merging of different heterogeneous networks into form of unified integrated
information exchange network.

Network’s range is conditionally categorized in four classes — Personal Area Networks
(PANSs), Local Area Networks (LANSs), Neighborhood Area Networks (NANs), and Wide Area
Networks (WANS).

Below picture depicts the communication technologies employed in IoT.

Wide Area Metwork - 002 7

MAN
Metrepolitan Aren Nabwoek 000 15

Optic-fiber g#
Wirsd ¢ LaN
Local s Metvuork - 505

PAN
Parsonal Arep Network - & 1

Fig.3. Communication technologies widely used in IoT.

PANs works over wireless lines with low radio transmission power, operate on tiny
batteries and cover a range of about 10 m. LANs might be built over wired or wireless lines,
or their combination . The wireless LANs (WLANSs) cover a range up to 100 m. NANs are
mostly wireless and can cover area with 25 km in diameter. NAN supports high power levels
of transmitting, but usually carries low data traffic. Finally, WANs are able to operate over
extensive area and in most cases for WANs the fiber optical network is used.

Network layer is to support integration and expansion the existing heterogeneous
networks. Network topologies that widely used in 10T are star and mesh. Star topology is to
enable central node to operate as a gateway for all other adjacent nodes. Mesh topology is to
enable capability to connect individually to various other nodes, when several other nodes can
operate as a gateway. Mesh network can expand covering range by means of many hops.

Application layer, — is the application center or control center of IoT system.
Application layer receives information from the Network layer and process that information to
the form convenient to fulfill the management of the current application.

I11. Optical Fiber Sensing Technologies in 1oT

At the perception layer the 10T utilizes mainly techniques [6,7] for data acquisition
from wide variety of types of sensors are designed to measure exact and adequate information
on processes are running in controlled entity.

Unfortunately, the most of smart wirelessly working non-contact sensors couldn’t be
employed in power entities because of hard severe exploiting conditions.

The fiber optical sensors (FOS) and affiliated sensing techniques have many advantages
over other types of conventional sensors, so the development of fiber optical sensor and
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measuring technology has become a new direction for development of smart instruments and
probes for energy segment.
FOS conditionally can be divided into two categories by sensing principle:

- functional sensors or intrinsic type (directly sensing type), the role of optical fiber in
which, are both the signal transmission and sensing of relevant physical parameters.

- second category is known as non-functional sensors, non intrinsic type (light
transmission type), which only operates as an fiber optical transmitter of the signal gotten
from relevant optical sensor.

In 1st category FOS — the modulated light (laser beam) pulses are fed into optical fiber
and then are beamed to explored object. Upon interaction the optical characteristics of pulses
(e.g., light intensity, wavelength, frequency, phase, modifier state, etc.) are changed. That
changes is caught by light detector and after demodulation, the system detects the parameters
of explored object [14].

In 2" category FOS — the optic fibers are not directly implicated in process of sensing
of parameters of explored object. The function of optic fibers, here is limited to transferring
the detected data from sensors to network layer of 10T. The wide variety of separate sensors
might be used here and they have to be equipped with converters to transform sensed signals
from electrical or other forms to optical signals, to be transmitted via optic fiber.

IV.Sensing techniques to probe physical parameters for Optic Fiber based 10T

Sensors form the front end of IoT, and they are to sense the physical/chemical
parameters [4,6, 7] of objects, to convert it into a signal suitable for processing (e.g. optical,
electrical and etc.).

In 2" category FOS the optic fibers are not implicated in process of sensing of
parameters of explored object. Here the any typical sensor, operating on the basis of any
physical principles, can be used to be connected to fiber optic networks.

For the 1% category of FOS the sensing are performing by the fiber-optic lines
themselves.

The specific physical properties of fiber allow to create the sensors to probe different
(temperature, pressure, displacement, etc.) physical parameters of objects.

The most commonly used effect in fiber-optic sensors is the Fabry Perot effect, as well
as its special cases. Based on this effect, a number of pressure sensors, deformation /force
Sensors operate.

The figure below illustrates the operation of the pressure sensor realized on the basis of the
Fabry Perot interferometer.

p Sensor head
- e« .. holder Incoming

semitranspareni ﬁght / ’aser
mirror pulse

Pressure diphragm

with mirror surfac ;
(external mirror) R Oi.)f!Caf
=, fiber

Measured external : F":A' . “ ‘/:::;:.,_-»)

pressure (p) -

Time delay t= 2lgap/c

: between two pulses
Airgap (lg,, )between reflected from both
both mirrors mirrors

Fig.4. Conceptual schema of fiber-optic pressure sensor based on Fabry Perot interferometer.
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The sensor holder on above diagram has a semitransparent mirror that is formed on the inner
surface of the diaphragm, which is bulged inward under pressure [4,6]. The stronger the
pressure, the more the diaphragm bends and the smaller the distance between the mirrors.
The light / laser probe pulses coming out optical fiber are split into two impulses on a semi-
transparent mirror. The first is directly reflected from the semitransparent mirror back into the
optical fiber. The second pulse crosses the semi-transparent mirror and then reflects off the
mirror surface of the diaphragm and enters back to the fiber.

The time delay between two reflected pulses determines the amount of deflection of the
diaphragm, which, in turn, will determine the value of the measured pressure.

tdela\y = 2Igap /C (1)

For continuous measurement of dynamically changing external pressure, a series of light
pulses should be fed into the system to repeat the measurements many-fold.
Based on the same basic principle the transducer type sensors for measuring
temperature, displacement, strain, force and etc. were created.
In below diagram the principal schema [7,8] of optical fiber based temperature sensor
is depicted.

Temperature-dependent
optical birefringent crystal

with dg-thickness * Incoming unpolarised

Llight/laser pulse 'S

"Ifl'"'f:." B
o

Dielectric mirror

)

optical fiber

Transduser
head holder

5 5, 8 1S (Linear polarizer to let
Polarization sensing interferometer pass the S-polarised and

dfﬂerence pal‘h fength 60= 2 B dc P_pofarjsed ray pufses

P- refracting polarized ray §- reflected polarized ray

Fig.5. Conceptual schema of fiber-optic temperature transducer/sensor
based on polarization interferometer.

The unpolarized probing light/laser pulse through fiber is fed to linear polarizer that is placed
at the input of birefringence crystal is used for transduction mechanism. Polarizer splits pulse
in two different — s- and p- polarized light pulses.

P- polarized light is polarized in the plane of incidence, not strong reflects from surface
of optical crystal, but it refracts inside of crystal. The refraction degree varies with the
temperature of the crystal.

S-polarized light is polarized perpendicular to plane of incidence. It is reflected from
crystal surface and reflection degree varies with the incidence angle. In case of perpendicular
incidence — no reflection for S- polarized light and no undergo refraction inside of crystal.

At a special angle known as Brewster's angle, no p-polarized light is reflected from the
surface, thus all reflected light must be s-polarized. Both polarized light pulses fall into
optical birefringent crystal.

P-polarized pulse undergoes refraction up to reach mirror and after reflection back to
linear polarizer.

S-polarized pulse runs straight to mirror and then is reflected straight back to linear
polarizer. Thus, it is obvious, that travel path of p-polarized pulse longer than path of s-
polarized pulse.

Path length difference between them:
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S, =2eBed, )

Where B — temperature dependent birefringence; d — crystal thickness.

With increasing of crystal temperature the refraction will strengthen and difference
between paths of both polarized pulses will increase.

That difference is the temperature measurand [9]. The transducer signal output as
function of temperature T is given by following equation:

5C(T):S.0T+5Ozzoa—BdcoT+50 (3)
oT
It is seen from above equation that sensitivity of transducer depends of temperature
coefficient of crystal birefringence—g—_?. So sensor can be designed for various temperature

ranges.
Interferometer [8] is used also for creating sensor that measured displacement of
external object. The schema of that sensor is depicted in diagram below.

Incoming unpolarised

!:ght/s‘ase%lsi
%\1 reflected

Displacing shaft with wedge i pulses
£ h

|
Dlsplacement /

direction

Optical wedge |

l L NNy
Interferometr sensing path / ~ Wirrored

surfaces
fength difference e = 2L of wedge

G Length L. varying along
translation direction

Fig. 6. Conceptual schema of Displacement sensor based on Fizeau interferometer.

As it is seen from diagram [8] the glass wedge-prism with two mirrored surfaces are
fixed over shaft of sensor. The shaft being in mechanical contacts with external object is
sliding depending of displacement of object.

The modulated unpolarized incoming pulse is fed to sensor via optic fiber. Pulse
partially reflected from first mirrored surface of wedge, and partially from second mirrored
rear surface.

The path difference between two reflected pulses is

S, =2eL (4)

C

where L. - the height of the cross-section of the wedge at this point.
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Lc - varies linearly along the wedge and forms time delay (5c) between pulses reflected from
1%t and 2" mirrors:
Loy =0 /C=2L./C (5)

To meter the displacement, it is necessary to calibrate magnitude of the displacement on the
thickness of the wedge at the different positions. From the measured by interferometer the
value of teelay it is easy to calculate the wedge thickness at current position, and, knowing
calibration ratio, to derive the magnitude of shaft displacement.

As in the case of pressure sensor, temperature sensors, and motion sensor, one of the
critical components is the modulator that forms probing light pulses to be fed to sensor. The
ratio and relative duration of the probing light/laser have to be tuned precisely and interval
between probing pulses must be several time longer than interval between both reflected
pulses.

V1. Conclusions and Outlook

IOT framework technology and fiber optic sensing technology has been studied in this
paper. The conceptual principles of optical fiber sensing technology applications are analyzed
in 10T perception layer, and the specific applications of the optical fiber sensing things are
studied in mine functional operability, that fiber-optic sensor network is found to provide
greater new options for supporting functionality of modulator. Based on this, it could be
predicted that the fiber-optic sensing things will have the greater perspectives for operatively
controlling and monitoring of energetical facilities.

Our paper focuses on physical principles of working of designed IoT based system to be
used in power producing and power distribution systems.

The optical fiber sensor (OFS) considered in paper for using in 10T systems for controlling
and regulation of power industry objects has many advantages compared to traditional sensing
techniques.

OFS used the newest technological advances achieved in the field of fiber optic
technology, laser technology and optical detection. OFS is greatly promoted in the
information transmission and sensing aspects, and it has a wide range of applications.
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ENERJI OBYEKTLORININ “OSYALAR INTERNETI” NOZAROT
SISTEMLORINDO OPTIK - LIFLI SENSORLARIN TOTBIiQi

HACIYEV Y.M.

Osyalar Internetino aid (IOT) tatbiglorin energetika sonayesinda prosesslorin vo
qurgularin avtomatlagdirma seqmentindo yeni bir inkisaf istigamotino ¢evrilmisdir. Enerji
obyektlorin is parametrlorina istonilon yerdon nozarat etmok vo tonzimlomok Internet
Uzorindon 1OT vasitasi ilo yerino yetirilir. Mogalomizdo enerji istehsali vo yayilmasi
obyektlorinin monitoringi va nazarat yerina yetirmok Ugln fiber asasl sensorlarin obyektlarin
Uzorinda yerlosdirilmasi toklif olunur. IOT texnologiyast va fiber-optik sensorun inkisafi
informasiya texnologiyalart sahasinds yeni morholadir. Parametrlorin 6lgtlmasi vo fiber
soboko Uzorindon 6tlrtdlmasi ilo olagadar bir ¢ox masalolor arasdirilib hall yollari
g0storilmisgdir. Belalikla, fiber optik IOT perspektivli inkisaf imkanlarmma malikdir. Bu
magaloda 10T-in movcud vaziyyeti, IOT-in asas komponentlori, nazari osaslar vo 10T-nin
arxasinda olan totbiqlor 0z oksini tapir.

Acar sozlar: ogyalar interneti, fiber optik sobakalor, totbigi saviyali protokollar, fiber sensorlar, fiber
Uzarindan signallarin paylanmasi, signallarm 6tiirms texnikalar1.

®UBEP —- ONTHYECKUE CEHCOPBI B CUCTEMAX “UHTEPHET — BEIIEN”
JJIA KOHTPOJIAA DQHEPTETUYECKUX OB BEKTOB

TATVKUEBSLM.

Poct uncna mpunoxenuir Murepuera Bemeit (IOT) cran HOBBIM 3HAKOM B CETMEHTE
aBToMatu3anuu oTpaciu. l0T 3akmrouaercs B MOAKIIOUEHHMH Beuledl k MuTepHery st
MOJy4eHUsT HMH(POPMALMM OT SHEPreTUYECKHMX OOBEKTOB, YTOOBI KOHTPOJIUPOBATH U
perynupoBaTth UX M3 J000ro MecTta. B Hamieil ctaTbe mpeacTaBiieH crocol, ¢ MOMOUIbIO
KOTOPOTO OOBEKTHI, MPOU3BOJIAIINE U PACTIPEACISIONINE SJICKTPOIHEPTHUIO, TOJDKHBI OBITH
BCTPOEHBI C TIOMOIIBIO BOJOKOHHO-ONTHYECKHX JATYUKOB [JII HMX MOHUTOPUHTA U
m3mepenusi. Passutre texHomoruu IOT M BOIIOKOHHO-ONTHYECKOTO JATYUKA - 3TO HOBBIN
BUTOK PEBOIIOIUHN B HHPOPMAIIMOHHBIX TexHOJIorusax. KoMOuHaIms BocipusiTHs MapaMeTpoB
U Tepelayd HUX IO ONTOBOJIOKOHHOW CETH SBISETCS OONBINON MpoOIeMOid, TIIATEITHHO
paccMOTpeHHOW B cratbe. Takum oOpa3om, BosokoHHO-onThyeckuii |OT wumeer
MHOTOOOCMIAIONIYI0 TEPCIEeKTHBY pAa3BUTUSA. B OTOi cTaThe OMMCHIBAETCS TEKYIIEE
coctossare |OT, xmoueBbie kommoHeHTHl |OT, TeopeTnueckass OCHOBA W TPUIIOKCHHS,
crosmue 3a |0T.

KiaroueBbie CJIOBA MHTCPHET BCH.[Cﬁ, TIPOTOKOJIBI TTPUKIIATHOTO YPOBHSA, ONTOBOJIOKOHHBIC IaTYUKH,
OITOBOJIOKOHHBIC CETH, MCTOJIbI TI€PEAAYN.

1.
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CooGiaercst 06 UCCIIEIOBAHUHN IIEKTPHIECKHX U (POTOITEKTPHUECKUX XaPAKTEPUCTUK TE€TEPOCTPYKTYPHI
GaAs/Culng gsGao 14(Se0sS0.2)2, MONYydEHHOr0 Ha TOMIOKKAX H3 apCeHUJa TaJUIds, OPHEHTHPOBAHHBIX B
miockocTsax (100) m (111)A GaAs, MeToOM MarHeTpOHHOTO pACHBUICHHS M 3 ABYX MAarHeTpoHOB CO
CMENIEHHBIMH JIPYT K JPYry MAarHUTHBIMH CHCTEMaMH. B KauecTBe MHIICHEH OBUIM HCIIOJIB30BaHbI
IpeccoBaHHbIe MOpomKH MaTepuanos A'B3CS,,

Kmiouerblie ciioBa:GaAs - Culng 7Gaps (Seo9So.1)2 rereponepexosl, apdexruabie CJ, cOrjiacoBaHHbIE
mapaMeTphl KpUCTAIUTHYECKUX PEIIETOK, MArHETPOHHOE PACIIBIJIEHHE U3 IBYX HCTOYHUKOB OJHOBPEMEHHO.

BBenenne. OgarM u3 HanboJee MEPCIEKTUBHBIX METOIOB MOJIYYCHUS dIIEKTPOIHEPTUN
U3 BO30OHOBISIEMBIX HCTOYHHMKOB  SIBISECTCS  (POTORJEKTpHUYECKOEe IpeoOpa3oBaHUE
COJTHEYHOTO U3IYYCHHs] C HKCIIOIh30BAHUEM BBICOKOI(P(HEKTUBHBIX T€TEPOCTPYKTYPHBIX
COJIHEYHBIX 3JIEMEHTOB Ha OCHOBE MEbCOJEPIKALINX XaTbKOTEHUAHBIX TOTYITPOBOAHUKOBBIX
MaTepuanoB. DQPGPEKTUBHOCTh TaKMX CHUCTEM MOXKET MPEBBICUTH IPPEKTHUBHOCTH
TPaJAMLIMOHHBIX KPEMHHMEBBIX COJHEUHBIX OaTapell B 2-3 pa3a IpH 0XKUIAAEMOM CHIKEHUU
CTOMMOCTH OJTHOTO BaTTa YCTAHOBICHHOW MOIIHOCTH COJIHEYHBIX YHEPTOYCTAHOBOK.

DOTOINEKTPUIECKOE TMpeoOpa3oBaHUE COJMHEYHOro wu3iaydeHuss B CO Ha OCHOBE
toukorieHouHbix CulnSez, Cu(In,Ga)(Se,S). CIG(S,Se)2, 6maronapsi yrauHoMy COYETaHUIO
(OTORNEKTPUYECKUX M IHEPreTUYECKUX IMapaMEeTpOB ATHX MOJYNPOBOJHUKOB, OTKpPHIBACT
MEPCTIEKTUBBl CYIIECTBEHHOTO TOBBIMICHUS J(P(GEKTUBHOCTH, W CHIDKEHUS CTOMMOCTHU
COJIHEYHOM JIEKTPOIHEPTUH.

KiroueBoit npobaemoii coznanust CD Ha ocHOBE MosynpoBoaAHUKOB I-111-VI2 aBnsercs
pa3paboTKka TEXHOJOTMH TOJYYEHHsS TOIJIONIAIOIIETO CJOosi C  BOCIPOMU3BOJIUMBIMH
¢u3nUeckUMU XapakTepucTHKamMH. Bo3MoOXHBIM cnocoOoMm moBblmeHus 3(deKkTuBHOCTH
npeoOpa3oBaHus 3a CUET YBEIUYEHUS BHYTPEHHETO JJIEKTPUUECKOTO MOJS U PacCHIMpPEHUS
00JIacTH TPOCTPAHCTBEHHOTO 3apsana sBisercss npumenenue coenuHeHus Cu(In,Ga)Se:
(CIGS) ¢ mmpuno# 3anpemenHoi 30ubI 1.1 - 1.4 3B. Kpome Toro, ucrnosip3oBaHue 3TOro
MaTepuana MpeaoCTaBIsieT BO3MOXKHOCTh YIIPABICHHSI 30HHOW CTPYKTYPOH IMOTJIOIIAIONIETO
CIOS TIOCPENCTBOM  BapbupoBaHus cooTtHomieHuss Ga/(IntGa) mo TiyOmHe cCliosl.
Koppektupoka mnpodumieri Ga/(In+Ga) mo rTiayOMHE TMOTJIOMIAIONMIETO CIOSI TO3BOJISET
YIy4IIUTh 3HAUYEHUS HAMPSDKEHHS XOJIOCTOIO XOJa U TOKa KOPOTKOTO 3aMBIKaHMSI, YTO
npuBoaAuT K yBennueHuto KI1/] conneunsix anementoB Ha ocHoBe CIGS muiéHok.

K macrosmemy Bpemenn Ha ocHoBe MmarepuanoB w3 Cu(In,Ga)(Se,S).
(CIG(S,Se)2),cozmansl pa3nuyHbie TeTepornepexoasi[l, 7-9], GapbepHbIE CTPYKTYPHI: TOMO p-
n-niepexofsi[S, 6], u 6apbepsl LlotTku [10]. B npuHnumne, uHTEpec K retepornepexoiam Ha
ocuoBe CIG(S,Se)2 Bo3poc mocite coobienust o monyuenun CulnSe-CdS rerepoctpyktyp ¢
k... 12% [4].

B nanHoii pabore coobmmaercs o moiydenun  GaAs/CulnggsGao.14(Seo.8So0.2)2
reTepornepexo 0B METOIOM MarHeTpOHHOI'O pacHbUIeHHs B aTMocdepe aprosa.llpuBoasrcs
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pe3ynbTaThl HWCCIAEAOBAHUS JJICKTPHUUYECKUX U (DOTOIIEKTPUUECKHX  CBOKMCTB TeTepoIe-
pexomoB GaAs/CulnogsGao.14(Seo.8S0.2)2.

ToHKOTUIEHOYHAsT TEXHOJIOTHSI Ha OCHOBE MaTEPHAJIOB C BBICOKUM KOI(PPHUIIMEHTOM
nornomenus, takux kak CdTe, Cu(In,Ga)(Se,S)2, KOTOpble TPHUMEHSIOTCS B BHIE
MOJIMKPUCTALTNYECKUX TIJICHOK ITO3BOJISIOT 3HAYUTEIBLHO CHHU3HTH PAacXoJ U CTOMMOCTh
ucrosib3yeMoro marepuana. [lomoOHas TEXHOJOTHS SIBISETCS BBICOKOI(DPEKTHBHON MpHU
WCIIOIB30BAaHUM TAaKWX MaTepHajoB, MEHEE HDHEproszaTrpaTHOW W jemieBoil. KauecTBeHHBIE
CulnSez-GaAs reTepocTpyKTyphl BIIEpBBIE OBLTH MOJyYE€HBI METOJOM >KUJIKOCTHOW SIUTAK-
cuu B padote [2] 1 METOIOM MarHeTPOHHOTO pacHblieHHS [1].

B Hacrosiiiee BpeMsi 3HAUMTENbHOE BHUMAaHUE MCCIIEIOBATEIEH MPUBIICKAIOT MHOTO-
KOMITOHEHTHBIE TIOJIYIPOBOAHMKOBEIE coeanHenus rpymnsl CIG(SeS)2, koropeie 00mamaroT
CBOMCTBaMH, HEOOXOIUMBIMU JUIS CO3JIaHHS BBICOKOA(D(PEKTUBHBIX TMpeoOpa3oBaTeici
SHEPTHH DJCKTPOMATHUTHOTO M3IIYYCHHS B DJICKTPUUYECKYIO; IMUPOKUN JHana3oH 3HAYCHUH
SHEPryH 3anpeneHHon 30HbI (~1- 2.35 3B), npssM030HHOCTh MaTepHUAJIOB, BEICOKHE 3HAYCHUS
ko3 dunmenta nornomenns (0~10° cM™), BO3MOKHOCTB MONYYEHNS STHX MOTYIPOBOJHHKOB
KaK II-, TaK U P-TUTIA TIPOBOIUMOCTH.

OnauM u3 TpeOOBaHMIA K TeTeporepexojaM i co3aaHus 3(P(HEKTHBHBIX COJTHEYHBIX
npeoOpaszoBarteneil, IBISETCS YCIOBUE COBIAJCHUA MapaMETPOB KPUCTAIUTMUECKHUX PEIIETOK.
B kadecTBe MOUIOKEUHOTO MaTepuaja s [ONY4EHHs OSIUTAKCHAIbHBIX  CJIOEB
matepuanos A'B3C®; MoryT ciryuTh MTacTHHBI M3 apCEHMIA TAIITHS, TePMAHHUS, KDEMHUS 1
dbochuna WHWS, TaKk KaK nMeeTcs ITUPOKHI Jiara3ox COCTaBOB
Cuini-xGax(Se1-ySy)2, KOTOpble COBMANAIOT MO MApaMeTPaM KPHCTAJIMUECKOH CTPYKTYpHI C
stuMu Marepuanamu [1]. B aToli pabore B KayecTBE IMOJIOKEUHOTO Marepuana ObUn
HCIIOJIb30BaHbI apCEHHU] TaJINEBBIC TIACTUHEI ¢ opueHTanuel miockoctu (111) u (100)A kak
N-, Tak ¥ p-TUNA NPoBOAUMOCTHU. [[apaMeTp KpUCTAITMYECKON PEIIETKH apCeHuAa TaJlTus U
Culno.gsGao.14(Se0.8S0.2)2 6mm3ku, Eg Ha ocHose pabots! [1] nMeer 3nauenne oxoio 1.12 3B.
DTOT MaTepHrasl MOT ObI CIIY)KUTh KOMIIOHEHTOM, OCHOBHBIM TOTJIONIAIONIMM MaT€pUajoM B
MHOT'OCJIOMHBIX-MHOTOKaCKaIHBIX KOHIIEHTpaTopHBIX CO [3].

Texuuka sxcnepumentTa. ['erepoctpykrypsl GaAs/CulnggsGao.i14(SeosSo2)2  momy-
yanuck ocaxxnenueM mienkr CulnogsGao.14(SeosSo.2)2 Ha moBepxHocTh GaAs (1=910% cm®)
METOJIOM MarHeTpoHHOro pacmeuieHus (MP) mo meronuke, ykazanHoi B padorax [11,1,2].
OmHOBpPEMEHHO TOJIYYaJI TUICHKU Ha TIO/IOKKAX U3 ONTHYECKOTO CTEKJIa U TOJMaMHUAa Jst
ONTHYECKUX HU3MEPEHUHN, KOHTPOJISI KA4ecTBa, W JIJISl OMPEIEICHUsI €€ TOJIIMHBI U COCTaBa
IUICHKU. B kauecTBe MuIeHed ObUTM HCIONH30BaHBI MPECCOBAHHBIC TOPOIIKA MATEPUATIOB
CulnixGax(Se1-ySy)2, pazmuuHOoro cocrtaBa. PeHTreHOorpadMuUecKHe HCCIENOBAHHS ILICHOK
MOKa3alii, 4TO MpHU BBIOpaHHOM pexkume monydeHus tuieHok Ha (l11) moBepxnoctn GaAs
pacter MoHOKpHcTayutnueckas mmicHka CulnogeGao14(Se0sSo2)2 B mampasiaenun (112).
DnuTakcuaabHbIE CIIOU Tpu MeTojie MP ux momydeHus, Menn 3epKallbHbIA OJIeCK.

DuekTpudyeckue u (orodiekrpuueckue cpoiictBa GaAs/CulnossGao.14(Se0.8S0.2)2
rereponepexonoB: ['ereporepexoasl umeroT m-GaAs/p-CulngssGao.14(Se€0.8S0.2)2- aHOIHYIO
BoabsT-AMniepHy0 XapakTepuCTHKY Kak B padote [2]. [Ipsmoe HampaBlieHHE COOTBETCTBYET
npuioxennto kK Culng gsGao.14(S€0.8S0.2)2 MOIOKUTETHLHOTO CMEIEHHs. TOKOBOE HAIIPSHKCHHE
orceukn coctasisier 0,85B mpu temneparyp 300K. B oOpaTHoil BeTBH BOJIbTaMIIEPHOM
XapaKTePUCTUKA HMMEETCS TEHACHIMS K HacelmieHWto. Ha puc.l. mnpenacraBieHa
TEMIlepaTypHas 3aBUCHUMOCTb IpsIMOH  BETBM BonbT-AMNEpHOH  XapaKTEpUCTUKU
GaAs/Culno.ssGao.14(Seo.8So.2)2rereponepexo/a.

Kak BugHo, mpu Mmanbix 3HaueHusix HanpspkeHus ( U<0,7 B nmpu T=288K) Ttoku
YBEJIMYMBAIOTCA 10 JKCIMOHEHIMAJIBHOMY 3aKOHY, MpPHUYEM HAKJIOHBI 3KCHOHEHIUATbHBIX
YYacTKOB HE 3aBUCAT OT TEMIIEpaTypbl. JTO yKa3blBa€T Ha TO, YTO HAa TOKOIIPOXOXKIACHHE
OWJILHO BIUSIET M TYHHEIIbHBIM MEeXaHU3M.

Ha puc.2 npuBeneHsl TeMmnepaTypHble 3aBUCUMOCTH OOpaTHOTO TOoKa (kpuBas I, mpu
U=1.0 B) u Toka HacbimeHus (kpusas 2) - Jo. BumHo, 94T0 00paTHBI TOK M TOW HACHIIICHUS
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Jom3MmeHnstroTcst ¢ Temmeparypoil mo 3akoHy J~eXp(-Eu/kT), rme Es=0,80 3B - suHeprus
AKTUBAIlUW, KOTOPAsi COOTBETCTBYET BBICOTE JHEPIreTUUYECKOro Oaphepa Ha TpaHUIIEC pa3jelnna
mexnay m-GaAs u p- CulnosgsGao.14(SeosSo2)2. 3Hauenme BricOoTHI Oapbepa (E.=0,80 5B),
OTIpE/ICIIEHHOE U3 TEMIIEPATyPHBIX 3aBUCUMOCTEH - Jo Mlo6p , XOPOIIIO COTIACYETCSI ¢ TOHOBBIM
nanpsokenneM  orcedku (0,80 5B). Bce momydennsie p- CulnossGao.14(Se€0.8S0.2)2/m-GaAs
TETePOCTPYKTYPHI SBISLTUCH CBETOUYBCTBUTEIBHBIMH. [ITOTHOCTH (hOTOTOKA KOPOTKOTO 3aMBbl-
KaHMS ¥ HAIIPSDKEHMS XOJIOCTOTO X0/1a COCTABIIIIN 3HaueHue Ji.s, =30MA/CM? , (Uxx=0.7 B. mpu
OCBEIIEHNH CTPYKTYpPHI OEIBIMCBETOM IUIOTHOCEhI0 MomHocTH 100 MBT/cM? co cTOpoHBI
ruteHkn Culng.gsGao.14(S€0.8S0.2)2. IIpu aTom GaAs Bcerja 3apsyKaeTcst OTPHUIIATENBHO.

ILmA

0 0.2 0.4 0.6 0.8
uv

Ha puc.1. [Ipsimble BeTBH BostbTaMnepHbIX xapakrepucTuk GaAs/Culng.gsGao.14(S€0.850.2)2
rerepornepexona npu temmneparypax (T=300 K (I), 340 K (2) 380 K (3) u
T=420 K(4)) B nonymnorapupmMmuaeckomM mMaciiraoe.

Puc.2. TemmepaTypHbIe 3aBUCHMOCTH OOPaTHOTO TOKA
(xpusas I) mpu U=1.0 B u Toka HaCbIieHus (kpuBas 2).
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Ha pwuc.3 mnoka3zaHbl CHOEKTpaJbHBIE 3aBUCUMOCTH (DOTOUYBCTBHTEIBHOCTH P-
CulnogsGao.14(Se0.8So0.2)2/m-GaAsS  TeTepOCTPYKTYpPHI IIPU OCBEIIEHHUH CO CTOPOHBI IIEHKH
(kpuBas 1) u momnoxku (kpuBas 2). Kak BUAHO, T€TEPOCTPYKTYPHI MPOSBISIOT (hOTOUYBCT-
BUTENHHOCTh B Onacté juymH BOMH (0,48-1 mMxkM. UyBCTBUTENBHOCTH TETEPOCTPYKTYPHI B
001aCTH KOPOTKHX BOJH MOKHO OOBACHUTH TeM, 4To IuieHKH u3 CulngssGao.14(Seo0sSo0.2)2
obutr gocratouHo ToHkuME (~100 HM). KBaHTHI ¢ sHeprueir 6onbmie Eg apcenuna rammms
mpoxoas u4epe3 ToHkme IieHKH CulnogsGao14(SeosSo2)2 mormomarorcs B GaAs.
@DOTOYYBCTBUTEIILHOCTh B CIy4Yae OCBEIIEHHS CO CTOPOHBI ITUICHKU 3HAYUTEIILHO OOJbIIE,
YeM MPU OCBEIICHHH CO CTOPOHBI MOIOKKH (KpuBas 2). Takoe MoBeaeHHE CIEKTPAIBHOM
YyBCTBUTEIHHOCTH TIO3BOJIICT CO3JaHHE CEJCKTUBHBIX NPUEMHUKOB, YYBCTBHTEIHHBIX B
obmactu mmuH BoaH (0.9-1.0) MKM 3JeKTpoMarHuTHOro wu3nydeHws. Kpome Toro, us-a
BBICOKOT'O 3HAYEHMsI KOHIIEHTpaIuK HocuTenel apipok B CulngssGao.14(Seo.sSo.2)2(00mee, uem
10Y" cm®) ocHoBHas wacTh AUMQY3HOHHOTO TOTeHIMana magaeT Ha GaAs, a  IO3TOMY
¢doronocurenu, co3nanubie B GaAs paszzaenstorcs 6onee 3¢ dexTuBHO.

GOTOUYBCTBHTETBHOCTD ( B OTHOCHTEIBH BIX @1H HHLLAX )
o
L
T

=]

12 14 16 18 20 22 24 26 28
hv. eV
Puc. 3. CriektpanbHble 3aBUCUMOCTH TNIOTHOCTH (JOTOTOKA KOPOTKOTO 3aMbIKAHHUS
p- Culno.g6Gao.14(Se0.850.2)2/m-GaAs rereponepexona. T=300 K.
Kpusbie 1 1 2 cOOTBETCTBYIOT CITy4alo OCBEIIEHHS reTepornepexoa co
cropoHsl p- Culno.gsGao.14(Seo.8S0.2)211 GaAs COOTBETCTBEHHO.

—

AEc

VDp ¥

n-GaAs p- Culngz6Gaga(Sep sSo2)2

Puc.4. Dueprerudeckas 30HHas auarpamma p- Culng gsGao.14(Seo.8S0.2)2/m-GaAsrereponepexona.
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Takum 00pa3oM, Ha OCHOBAHHHM H3MEPEHHS DIICKTPUYECKUX U (POTOIICKTPHUCCKHUX
XapaKTePUCTHK  IMOCTPOEHA  DHEepPreTHUecKas 30HHAs  JguarpaMMa reTeporiepexoja
p- CulnossGao.14(Se0.8S0.2)2/m-GaAs (puc. 4). U3 sHepreTHueckoil 30HHON JHArPaMMBI
CIIEJIyeT, YTO HW3MEHEHHEM COOTHOIICHUS KOHIICHTPAIUHA JBIPOK H OJICKTPOHOB B
Culno.gsGao.14(Se0.8S0.2)2u1 GaAs ecTh BO3MOXHOCTH YBEJIHYHTH (POTOYYBCTBUTEIBHOCTD
p-Culno.gsGao.14(Seo.8S0.2)2/m-GaAs reTepornepexo/1oB.

Takum 00pa3oM, BbICOKHE 3HaueHHs KOI(D(DHUIMEHTa BHIMPSIMIICHUS, TOKA KOPOTKOTO
3aMbIKaHUS W HAMPSDKEHUS XOJOCTOro Xoaa moiydeHHbIX CulnggsGao.14(Seo.8So.2)2-GaAs
reTEepPOCTPYKTYp YKa3bIBalOT HAa TO, YTO MPH ONHUCAHHOM TEXHOJOTHYECKOM METOJe
MOJTy9YaeTCsl pe3Kasi FeTepOrpaHuila U IPU TOM POJIb TPAaHUYHBIX COCTOSIHHN HECYIIIECTBCHHA.

BoiBoabl. TakuM 00pa3M, MpOBEJAEHHOE HCCIEAOBAHUE IO TONYYSHHIO W HCCIie-
noBanuto  GaAs-CulnogeGao14(SeosSo2)2  rerepocTpykTyp  mokazajio, 9TO  METO]
MarHeTPOHHOTO pACTBUICHHS W3 JBYX MAarHETPOHOB CO CMEIICHHBIMH MArHUTHBIMH
CHCTEMaMH MOJKET ObITh pUMEHEeHa i HaparmBaHus p- CulnggsGao.14(Se€0.8S0.2)2 TOHKHX
IUICHOK CJIOKHOTO cocTaBa. BbICOKOe 3HaueHHWE (OTO-4YBCTBHTEIBHOCTH — IMOJYYCHHBIX
Culno.gsGao.14(Se€0.8S0.2)2/m-GaAS-reTepoCTpYKTYp  YKa3bIBalOT Ha TO, YTO MPU OMHCAHHOM
TEXHOJOTMYECKOM PEKUME IMOJYUEHHBIE TeTePONepPeX0/Ibl SBIUIMCH PE3KUMHU M MPU ITOM
POJIb TPAHUYHBIX COCTOSHUM OBLIM HECYIIIECTBEHHBIMH.

1. A6oynzaoeH.H., AecanueeaC.T., Axmeoosall.A., MypcaxyroeH H., Cabzanuesad.D.

[Tpo6semsr Duepretuku. Ne3, 2019, c.: 53-58.

Cabzanuesad.D. IIpodnemsr DHepreturu. Ned, 2019, c.: 31-35

3. Ircaghapos T JI., Caovieos M.C., Mypcakyros H.H.Ilonyuenue u coiictBa CulnSer-GaAs
rereponepexooB. [Ipenpuat Ne287 Mucturyrra ®usuku AH A3.CCP, baky-1988, c-14.

4. Abdulzada N.N., AndreevV.M., ohmadovaD.A., MursakulovN.N., Sabzaoliyeva C.O.,
YakusevM. // AJPFIZIKA 2018 vol. XXIV Ne3, section: Az p: 165-167

5. Abdulzad> N.N., Agaliyeva S.T., Osgorova K.O., Ohmadova D.A., Sabzaliyeva C. E.,
Zamanova A.K., Mursakulov N.N. Magqnit sistemlori siiriisdiiriilmiis iki magnetrondan
tozlandirilma {isulu ilo nazik tobagoli glinos elementlori {igiin CulnixGaxSe; tobagalorinin
alinmasi vo tadqiqi. // AJP Fizika, volume XXIV N1, section: Az p: 13-167.

6. Ciszer T.F. //J Crist.Growth 1984, v70, N1-2, p.405-410.

Miglorato P, Tell B., Shay J.L., Kusper H.M. // Appl.Phys.Lett.1974, v.24, N5, p.227-228.

8. Gonzales J., Rincon C., Redondo A., Negreyte P. // Jap.J.Appl.Phys. 1980, v.19, suppl.19-
3, p.29-32.

9. Wagner S., Say J.L., Migliarato P., Kasper H.M. //Appl.Phys.Lett.1974, v.25, N8, p.434-
435.

10. Shay J.L., Wagner S., Kasper H.M. // Appl.Phys.Lett., 1975, v.27, p.89-90.

11. Endo S., Irie T. // Jap.J.Appl.Phys. 1980, v.19, suppl 19-3, p.53-58.

12. Parkes J., Tomlinson R.D., Hampshire M.J. Electrical // Solid St.Electron., 1973, v.16, p
7713-777.

13. Nelson H. Epitaxial growth from liquid state and its application to the fabrication of
tunnel and laser diodes. "RCA Rev."1963, v.24, p.603

14. I'pemenox B.®., 3anecckuti B.b., Mypcaxyroe H.H., Tusanos M.C.TOHKOIJIEHOYHBIE
COJIHEUHBIC 3JIEMEHTHI Ha OCHOBE MOJYNMPOBOAHUKOBEIX MaTepuaio Cu(In,Ga)(Se,S). co
CTPYKTypo# xanmpkonuputa. baky “29JIM™, 2013 -250 c.

15. Zaretskaya P., Gremenok V.F., lvanov I.A.,Zalesski V.B, Mursakulov N.N., Abdulzade
N.N., Sabzaliyeva Ch.E.. //AJP “Fizika”, 2010, vol.XVI, N2, Series: En, 2010, p.403-407.

16. MudryiA.V., KorotkiA.V., GremenokV.F., ZaretskayaE.P., ZalesskiV.B., MursakulovN.N.,
AbdulzadeN.N., SabzaliyevaCh.E. // AJP “Fizika”, 2010, vol. XVI, N2, Series: En, p.408-
413.

17. Gremenok V.F., Mudryi A.V., Korotki A.V., Zaretskaya E.P., lvanov I.A., Abdulzade N.N.,

64

no

~



Mursakulov N.N., Sabzaliyeva Ch.E.Characterization of CuinSe2 thin films from nanoparticle
precursors. The First International Scientific Conference “Nano-technology and its use in
Technique”. ATU, 15-16 December, 2010 Baku, p. 132-137.

18. Zaretskaya E.P., Gremenok A.P., Odrinsky V.F., Abdulzade N.N., Mursakulov N.N.,
Sabzaliyeva Ch.E. /[ AJP “Fizika”, 2012, vol. XVIII, N2, Series: En, p. 20-23.

19. Zaretskaya E.P., Victorov I.A., Goncharova O.V., Leonova T.R., Gartner M.,
MursakulovN.N., N.N. Abdulzade, Ch.E. Sabzaliyeva.//AJP, 2012, vol.XVII11, N4, p.26-30.

GaAs/Culno.gsGao.14(Seo.sSo.2)2HETEROKECIDLORIN
ELEKTRIK VO FOTOELEKTRIK XASSOLORI

SOBZOLIYEVA C.E.

Magqalado GaAs oturacaglarinin cilalanmis (100) u (111)Amistovilori tizorindo magnit
sistemlori bir-birino torof siirlisdiiriilmiis iki maqnetrondan magnetron tozlandirilmasi iisulu
ilo boyidilmiis CulnogeGao.14(Se0sSo.2)2 tobagalori asasli GaAs/CulnogeGao.14(Seo.8So.2)2
heterokegidlorin elektrik vo fotoelektrik xassolorinin todgiqindon bohs edilir. Magnettron
tozlandirilmasi ii¢iin hodaf qismindo toz halina salinmis A'B3C® materialinin preslonmosi
naticasinds diizoldilmis hadaflordon istifads edilmisdir.

Acar sozlor: GaAs - CulnxGaix(SeySiy)2 heterokegidlori, effektiv giinog elementi, uygunlagmis
kristallik qofos parametrlori, eyni vaxtda iki monbadon magnetron tozlandirilmasi.

ELECTRICAL AND PHOTOELECTRIC PROPERTIES OF THE
GaAs/ Culno.gsGao.14(Se0.8S0.2)2HETEROJUNCTIONS

SABZALIEVA CH.E.

In this paper, a study of the electrical and photoelectric preperties of GaAs/
Culno.gsGao.14(Seo8So2)2  heterostructures is  reported.  GaAs/CulnogsGao.14(Seo.8So.2)2
heterojunctions, was grown on (100) and (111)AGaAs, by magnetron sputtering method from
two magnetrons with shifted magnetic systems. As targets, pressed powders of A'B3C®;
materials were used.

Keywords: GaAs - CulnxGaix(SeiySy)2 heterojunctions, effective SC, wel-matched crystal lattice
parameters, magnetron sputtering from two sources simultaneously.
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Energetikanin problemlori e Nel e 2020 e [IpoGnembl HEPreTUKU

UOT 615.09.09.29

p-(CulnSe2)ogs(In2Tes)o.0/N-THINSezZHETEROKECID QURULUSLU
GUNOS ELEMENTI VO ONUN PARAMETRLORI

OBILOV C.i., HOSONOVA M.S.

Azarbaycan Texniki Universiteti, Elektronika kafedrasi, Baki,
cabilov@yahoo.com, mhsh28@mail.ru

Ni-SnO2/p-(CulnSz)o.09(IN2Tes)o01/N-TIINSe2/Ni  quruluslu  giinos elementi  yaradilmig, onun
totbiqi parametrlori dyronilmisdir. Bu magsadlo (CulnS2)og9(IN2Tes)o01 bark mohlulunun va TlInSe;
birlogmosinin ayri-ayriliqda fotovoltaik xassolori todqiq edilmis, onlarin yiiksok fotohassasliga malik
olduqglan askar edilmigdir. Heterokec¢idin ekvivalent elektrik sxemi vo energetik diaqgrami qurulmus,
onun isiqda vo garanliqda VAX-lari, qisa qapanma corayaninin aciq dovra gorginliyindon asililig:
tadqiq edilmigdir. Giinog elementinin ¢ixis giicii qiymatlondirilmis, f.i.e-nin n=6,5%, qisa qapanma
coroyaninin [c=0,88 mA va aciq dovro gorginliyinin Ux=16,8 mV qiymatlorindo oldugu
miloyyonlogdirilmisdir.

Acar sozlar:giinos elementi, heterokecid, energetik diaqram, ¢ixis giicii, f.i.0.,qisa gapanma
carayani, agiq dovra garginliyi

Giris. Hazirda alternativ enerji monbolorinin yaradilmasi, tokmillogdirilmasi vo onlari
liciin yeni torkibli struturlarin alinmasi istigamatinds genis todqiqat igloriaparilir. Xiisusile do
giinog batareyalari {iclin yeni torkibli yarimkecirici materiallarin vo bark cisim quruluslarinin
alimmas1 vo todqiqi sahasinds yerina yetirilon islor ¢ox aktualdir. Si, CdS, GaAs, CulnSex,
Cu2ZnSnSs vo bu kimi materiallar artiq giinos batareyalarininda totbiq taparaq somorsli enerji
manbalari kimi fayda vermokdadirlor [1-3]. Adeton, giinos batareyalar1 p-n kegidi soklindo
hazirlandigindan, bels kegidlorinin ikinci materiallar: da faydali fotoelektrik xassalorino malik
olmalidir. [4] isindo gostorilmisdir ki, TlInSe, birlosmasi yiiksok fotoelektrik xassolorino
malikdir vo o, fotovoltaik material kimi pespektivlidir. Homginin, eyni xiisusiyyatlora p-
(CulnSe2)o.99(IN2Tes)o.01 tarkibli bark mohlul arintisi do malikdir [5] . Gostorilonlori nozors
alaraq torofimizdon p-(CulnSe2)o.g9(IN2Tes)o.01/N-TIINSe2 quruluslu heterokecgid yaradilmus,
onun fotoelektrik, voltamper vo digor xassolori toadqiq edilmisdir. Heterokecidin energetik
diaqram1 vo ekvivalent elektrik sxemi tortib edilmis, nazik tobagolorin yerlosdirilmo qurulusu
tosvir olunmusdu.

Tacriibi hissa. Elementin yarimkecirici materiallarinin  ovvolco bircins kristallari
alimmis, sonra althq kimi gotiiriilon K-208 tipli siiso iizorina [6]-da verilon texnologiya ilo
onlarin nazik tobogolori ¢okdiiriilmiisdiir. (K-208 siisosi elektron sonayesi miiossisolorindo
optik vo fotohassas cihazlarin istehsalinda istifado edilon vo sothi SnO» soffaf nazik kecirici
tobaqo ilo Ortiiriilmiis tomiz torkibli xtlisusi slisadir). Sothindo SnO> olan bu siisonin lizorino
ovvalco TlInSe; birlosmasi, sonra isa onun iizorino (CulnSe2)o,99(IN2T€3)0,01 bork mohlul
orintisi ¢okdiirtilmiigdiir. Yaradilan nazik tobogolorin qalinligi ~ 4-6 mkm. tortibinds olmus-
dur. Althq K208 siisosi dairovi oldugundan yaradilan nazik tobagolor do dairovi alinmisdir.
Lakin onlarin diametri siisonin sathindoki SnO; tobogosinin diametrindon kigikdir vo SnO2-
nin artiq qalan sathindo sonradan maska tisulu ilo omik kontakt olan nikel materialindan nazik
tobogo yaradilmigdir. Belo nikel kontakt tobogosi strukturun iist sothindo do qoruyucu
maskalarin komayilo formalasdirilib.

Naticalor vo onlarin miizakirasi.Yaradilan giinos elementinin struktur sxemi sokil 1a -
da verilmigdir. Sokil 1b-do iso onun ekvivalent sxemi gostorilmisdir. Sxemds is1q enerjisinin
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elektrik enerjisino ¢evrilmoasi mexanizmini daha aydin tasovviir etmok {i¢iin glinos elementinin
qurulan energetik diaqgramina miiraciat etmok olar (sokil 2).

(CulaSe, | ool Te, | o1 Ni Omik kont.

Omik kont. ;
74 A ) o~ o
7 K 208 silsasi 7 . #E . :‘-D[12
LI O # %

T S LM

Isiglandirma . O
a) b)

Sok.1.Yaradilan giines elementinin struktur sxeminin en kasiyi (a)
va onun ekvivalent sxemi (b).

—

daxili elekirik saha Kegiricilik zonast
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i
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Sak.2. p-(CU|nsez)o,gg(|n2T63)o,01/n-T| InSe, quruluslu heterokegidin
energetik diaqramu.

Goriindiiyti kimi, glinos elementindo yiikdasiyicilart giinas enerjisini dastyan fotonlari
udaraq hoyacanlanir vo valent zonasindan kegiricilik zonasina kegmoyo baglayirlar. Yaranan
elektron-desik ciitlor p-n kecgidindo mdvcud olan potensial ¢opordoki elektrik sahasinin
tosirindon ayrilirlar vo fotovoltaik prosesin bag vermasi {iclin zomin yaradirlar.

Yaradilan giines elementinin qaranliqda vo isiqda ¢okilon VAX-lar1 sokil 3-do
gostorilmisdir. Gorilindiiyii kimi, xarakteristikanin oks qolu isiqlandirilmaya qarsi daha
hassasdir. Har iki VAX-1n (qaranliq vo isiqda) oks qollarinda xottilik movcuddur, lakin -30
mV gorginliklords oks qollarda zoif sinma miisahide edilir. Yerina yetirilon 6lgmalorden
molum  olmusdur ki, heterokegidin qisa qapanma fotocoroyant (Isc) isiqlandirma
intensivliyinin (E) doyismasindan asagidaki kimi asilidir.

I, ~E"

Molum olmusdur ki, bu asililiq xatti olaraq artir vo asililifin meyilino osason m-—
komiyystinin qiymotini hesablamaq olar. 4 sayli sokildo heterokecidin agiq dovro
gorginliyinin vo qisa qapanma corayaninin isiqlandirma enerjisindon asililigi gostorilmisdir.
GoOrundiyl kimi, Ise~ f(E) asililigi xatti olaraq artmaga meyl gostarir.

67



. . L
80 60 a0

Sak.3. SnO; — TlInSez/(CulnSez)o,99(IN2Te3)0,01 qurulusunun garanligda (1)
va isiqda (2) ¢okilon volt-amper xarakteristikalari.
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Sok. 4. Qisa qapanma carayaninin (Isc) vo agiq dovra gorginliyinin (Uqc)
isiglandirmaintensivliyindon asililig1.

Bu asililigdaki informasiyalardan istifado edorok giinos elementinin ¢ixis giiciinii

qiymatlondirmok olar. Bu mogsedle U = L ifadosindon istifado edilir ki,
Ing.
Aln|| —= [+1
Ing
burada da A = ——. Formuladaki n — komiyyati isiglandirma zamam ideallagdirma faktoru

nkT
sayilir vo onun qiymati Inlse~ f(Uoc) asililigindan hesablanir. Lakin giines elementinin ¢ixis
gliclinii miioyyonlosdirmok ii¢lin sadaco g, ~ f(U,;) asililigindan da istifado etmok olur.

Hazirlanan quruluslu giinos elementinin belo bir asililigr sokil 5-do gostorilmisdir. Qrafikdon
molum olur ki, glines elementi qurulusunda 1, =0,5mA vo U, =13,0mV tortibindadir. Yoni

burada P, =1,U, =65mVtvo R, =260m. Olgmolordon vo 5 sayli sokildon molum
olmusdur ki, yaradilan gilinos elementindo qisa qapanma coroyan: I, = 0,88 mA, agiq dovro
garginliyi iso U, =16,8mV qiymatlorino malikdirler.
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Sok.5.Yaradilan qurulusun isigda volt-amper xarakteristikasimnin
fotogenerasiyarejimine uygun hissasi.

Buradan I -Uy. =14,784 mVt. Digor torofdon molumdur ki, nazik tobogali giinos
elementnin 1 sm? sothindon gdtiiriilon maksimal giicii P, =FF-lg -U,. ifadosi ilo
qiymotlondirmok olar.Burada da FF komiyyoti forma omsali vo yaxud, voltamper
xarateristikasinin doldurulma omsal1 sayilir. Onun giymeti FF=1,U;/l; Uy, =0,44 Kimi

tapilmisdir.Giinos  elementlorindo  enerji  ¢evrilmosinin  somoroliliyi, yoni  f.i.o.
Pin

giiciidiir. Onun adoton maksimal giymatini 100 mVt/sm? berabor, yoni 100%-o ekvivalent

. : FF-1 .
kimi qobul etmok olur). Tocriibi olaraq n = WmO% =FF- I Uy kimi hesablanir

ifadosi ilo miioyyonlosdirilir. (burada Pin — elements tosir edon siianin

ki, buna asason do hazirlanan quruluslu giinos elementinin f.i.o. n = 6,5% tortibinds olur. Bu
qiymat CulnSe, /GaAs, CdS/CdTe vo digor quruluslu giines elemenlorinin [7,8] miivafiq
gostoricilorine yaxindir vo CdS/CuGeSe, 4 Te,,,, INTe/CulnSe, quruluslu giinos elemenlo-

rinin [9] miivafiq gostoricilorindon {istiindiir.

NOTICO

Ni-SnO2/p-(CulnSez)o09(IN2Tes)o,01/N-TlINSe2/Ni quruluslu giinos elementi hazirlanmis,
onun tatbiqi parametrlori Gyronilmisdir. Bu magsadlo (CulnS2)o,99(IN2Tes)o,01 bark mahlulunun
vo TlInSe>2 birlosmalorinin ayri-ayriliqda fotovoltaik xassolori todqiq edilmis, onlarin yiiksok
fotohossasliga malik olduqlar askar edilmisdir. Heterokecidin ekvivalent elektrik sxemi vo
energetik diaqrami tortib edilmisdir. Homginin elementin isiqda vo qaranligda VAX-lari,
qisaqapanma corayani vo agiq dovro gorginliyinin isiglandirma intensivliyindon asililiglar
todqiq edilmisdir. Bu asililiglara goro gilinas elementinin ¢ixis giicii vo VAX-nin doldurma
omsal1 qiymatlondirilmis, onun f.i.9.-nin n=6,5 %, qisagapanma caroyaninin Isc=0,88 mA vo
ac1q dovra garginliyinin Uoc=16,8 mV qiymatlorinds oldugu askar edilmisdir.
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COJIHEYHBIN SJIEMEHT C FETEPOHEPEXOI[HOﬁ CTPYKTYPOH
p-(CulnSe2)o.99(IN2Tes)o.01/N-TIINSe2K ETOITAPAMETPBI

ABMJIOB Y.1., TACAHOBA M.III.

Co3aaHcosiHeuHbIH 351eMeHT co cTpyKTypoitNi-SnO2/p-(CulnSz)o g9(IN2Tes)0,01
In-TlInSez/Ni, uzyuen ero mnpukiagHeie mapameTpbl. C 3TOW IENBIO B OTIACIBHOCTH
ucclieoBaHbl (DOTOBOJBTAMYCCKUE CBOMCTBA TBEPABIX pacTBOpoB (CulnSez)o.os(IN2Tes)o.o1u
coequaenuss T1INSez, BBIABIEHO YTO OHHM OO0JAAIOT BBICOKOH (HOTOUYCTBUTEIBHOCTHIO.
[TocTpoeHa SKBUBAJICHTHAs DSJCKTPHUYECKas CXeMa W JHEpPreTHUYecKas auarpamma TeTepo-
Mepexo/1a, UCCIICIOBaHbl TEMHOBBIC M CBETOBBIC BOJIBTAMIICPHBIC XaPAKTEPUCTHKH, a TAKIKE
TOKH KOPOTKOT'O 3aMbIKaHHsI U HAMPsHKEHUST X0JI0CTOro xoja. OIeHeHO BBIXOIHAS MOITHOCTb
COJIHEYHOT'O 3JIEMEHTA, ONpE/ENIeHbl 3HaueHus K.I.4. 17 = 6,5%, Toka KOPOTKOTO 3aMbIKaHUS

lkk = 0,88 MA u Hanpspkenus xomoctoro xoaa Uyxx=16,8 mV comHedHOr0 2IIeMeHTa.

KiioueBble cJI0Ba: COJHEYHBII QJICMCHT, TCTCPONCPCXOZ, ISHCPICTUYCCKAsA AuarpaMma, BbIXOAHAA
MOMIIHOCTbD K.II.J., TOK KOPOTKOT'O 3aMbIKaHU 1, HAIIPS)KCHUC XOJIOCTOI'O X0Aa.

SOLAR ELEMENT WITH p-(CulnSe2)o.99(IN2Tes)o.01/n-TlINSe2
HETEROJUNCTIONS STRUCTURE AND ITS PARAMETERS

ABILOV CH.I.,, HASANOVA M.SH.

A solar element with Ni-SnO2/p-(CulnS2)0,99(In2Te3)0,01/n-TlInSe2/Ni structure was
created and its application parameters were studied. For this purpose, photovoltaic properties
of (CulnS2)0,99(In2Te3)0,01 solid solution and TlInSe2 combination have been investigated
separately, and they have been found to have high photochemical sensitivity. An equivalent
electrical circuit and power diagram of the heterocyclic has been established, its VACh in the
light and darkness and the dependence of short-circuit current on open circuit voltage was
investigated. The output power of the solar element was evaluated, it was determined that for
Eff, n~6,5% for short circuit current, 1sc=0,88 mA and for open circuit voltage, Uoc=16,8

mV.

Keywords:solar cell, heterojunction, energy diagramc, output power, Eff., open circuit voltage,short
circuit current.

70



Energetikanin problemlori e Nel e 2020 e [IpoGnembl HEPreTUKU

UOT 536.77:547.442

QUBA -XACMAZ ZONASININ GEOTERMAL SULARI VO ISTILIK
ENERGETIKASINDA ONLARDAN iSTIFADONIN PROQNOZLASDIRILMASI

BABAYEVA S.S., BABAYEV N.I.

Azarbaycan Doviat Neft va Sanaye Universiteti
babayeva_sevinc64@mail.ru

Mogalodo Azobaycan Respublikasinin Quba-Xagmaz zonasinin termal sularmmin kimyovi torkibinin
dyronilmoesi iizro todqiqatlar aparilmigdir. Bolgonin bes mineral su monboyinin(Cimi 2, Cimi 4, Qalaalt1, Istisu,
Yalama) kimyavi torkibinin eksperimental tadqiqi aparilmisdir, miioyyon edilmisdir ki, bu sularin torkibi asason
Na * + K * (21,03 - 2777,45) mq / |, Ca? (5 — 380) mq /1, Mg? (6 — 72) mq / I, SO?% (24.6 — 444.42) mq / |,
minerallasma (695.92 — 8501,12) mq / |, CI- (8,88 — 4668,25) mq / I, HCO?® (183 - 762,5) mg/I-don ibaratdir.
Oldos edilmis eksperimental molumatlar Azorbaycan Respublikasinin miivafiq tobii ehtiyatlarinin diinya molumat
bazasinin genislondirilmasing, bu sulardan istilik energetikasinda, kimya sanayesindo, tibbds istifadoys imkan
Verir.

Acar sozlor: geotermal, geotermal sularm kimyovi torkibi, geotermal istilik tochizati, elektrik enerji
hasilati,alternativ enerji, tektonika,su sorfi.

Azarbaycanda gedan siyasi va iqtisadi inkisaf miiasir energetikanin inkisaf istiqgamatino
osasli tosir gostorir.Bu, xiisusilo yanacagin qiymotinin doyismasi vo yanacagin noqli ilo
olagodardir.©Otraf miihitin qorunmasina qoyulan sortlorin sortlogdirilmesi do miiasir
energetikanin inkisaf istigamotina tosir gostoron amillordondir.Belo ki, regionlar anonavi
enerji resurslart ilo yanasi geyri ononavi enerji resurslarindan istifade edorak,onu inkisaf
etdirmoys 6nam verirlor. Yalniz Azarbaycan deyil,diinya iizra bir-birindan enerji asililig1 olan
dovlatlor do altenativ enerjidon istifadoys maraqlhidirlar.

Beynolxalq Energetika Agentliyinin molumatina osason 2018-ci ilds 2017-ci iile
nisbaton alternativ energetikadan alinan enerji artimi 180 heqavatt (HVt) toskil etmisdir.198
6lkadon 195-i 2018-ci ildon 2030-cu ilo godoar alternativ enerji hesabina enerji istehsalini hor
il 300 HVt-dan ¢ox artirmaga razilasmislar.Energetikada digor alternativ enerji novlari ilo
yanagi,geotermal enerji do prioritet yerlordon birini tutur.Beloki,istilik tachizati sistemlarinin
tokmillogdirilmosi vo yeni sxemlorin islonilmasindo geotermal enerjidon istifads giindomdo
olan mosololordondir.

Sokil 1-de diinyada geotermal elektrik stansiyalarin qoyulmus giicliniin illor iizro artimi
gostaorilmisdir.

30 4
20 21,443
6, 83{ 7973 8903 10,897 12,635
1995 l\ 1 \ ..... :
2000 2005 2010 = ;' Qoyulmus giic, HVt
2015 2020

Sak.1. Diinyada geotermal elektrik stansiyalarin qoyulmus giiciiniin illar {izro artimi.
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Geotermal enerji-yerin dorin qatlarimin enerjisidir.Yerin tokinin istiliyi su, buxar,
qizmis maddalar vasitesilo yerin sothino ¢ixarilir.Elektrik vo istilik enerjisi istehsali noqteyi
nozorindan istilik dasiyici kimi su vo su buxarindan istifado ononovidir.Istilik tochizatinda
istilik dastyicinin temperaturu 100 ° C-don asagi ola bilor. Lakin elektrik enerjisi istehsalinda
100 ° C-don yiiksak olmalidir.Giinas va kiilok enerjisindon forqli olarag,getermal enerji daimi
vo arast kosilmozdir.Geotermal enerji ehtiyatlarina malik olmaq har o6lkoys nasib
deyil.Bu,osason,orazisindo vulkanizm proseslori inkisaf etmis dovlotloro moxsusdur.

Elektroenergetikada,sonayedo vo kond tosorriifatinda geotermal enerjinin genis vo
effektiv  istifado sahosi istilosdirmo, ventilyasiya, qurutma, isti vo texniki su
ilotachizatdir.Geotermal elektrik stansiyalar diinyanin 30 6lkasinds isloyarak,10 min MVt-dan
cox enerji istehsal edirlor.Bu sahodo ABS,Filippin,Meksika,Indoneziya,italiya, Yaponiya,Yeni
Zelandiya,islandiya liderlik edir.Islandiyada hoyat gdstoricilorinin yiiksok olmasi,onun
igtisadiyyatinin geotermal enerjiyo baglanmasi ilo slagodardir.

Hal hazirda geotermal istilik tochizatinda istilik nasoslarindan istifade genis viisat alib.
Almaniya,ABS vo Kanada bu texnologiyadan genis istifado edir.

Geotermal energetikadan istifadonin spesifik xiisusiyyotlori var. Hor bir istilik vo
elektrik hasil edon stansiya 6zlinomoxsusdur.Belo ki, buna is¢i miihit,geotermal monbonin
yerlosma dorinliyi,geotermal suyun temperaturu vo kimyovi torkibi tasir gostorir.

Adoton geotermal energetika iki tip regionda inkisaf edir.Tobii qaynar monbaolori olan
regionlar bu enerji néviindon daha genis istifadoyo maraqlidirlar.Bundan basqa yanar faydali
gazintilar1 mohdud olan vo ya dasinmasi iqtisadi cohotdon baha basa golon 6lkalor bu név
enerjidon istifadoys istiinliik verir.Elo dlkalor var ki,geotermal enerjidon alinan istilik vo
elektrik enerjisi ona olan tolabatinin osas hissasini 6dayir.Bu texnologiya ilo Amerikanin San-
Fransisko gohorindo tolob olunan enerjinin 1/3 hissosi geotermal enerji hesabina
Odonir.Polsada istismarda olan 4 geotermal stansiyadan biri kurort sohori olan Zakopanin
biitiin enerji tolobatin1 6donilir.Litvanin Klaypeda soharinin isti su tochizati geotermal stansiya
hesabina reallasir.

Diinya miqyasinda geotermal energetika perspektivli istigamotlordondir.Alternativ
Enerji Monbolori iizro Beynolxalq Agentliyin ( IRENA) molumatlarina asasan taqdim olunan
38 0lko geotermal enerjinin hasilatinin 500 % -0 gador artirilmasina sos vermisdir.Bu sahonin
inkisafi otraf miihitin korlanmasinin garsisini alan soboblordon an vacibi olacaqdir.

Hazirda Indoneziya 6ziiniin 3,5 HVt geotermal giicii ilo diinya iizro iigiinciidiir.Bu 6lko
2025-ci ilo goador bu giicli 6 HVt —a catdirmagi prognozlasdirir.

54 olkodon ibarat Afrika Alyansi sorqi Afrika sohrasinda geotermal enerji osasinda
alternativ energetikadan alinan giicii 10 HVt-a catdirmag planlasdirir. Qlobal Geotermal
Alyansin molumatlarina asason 90 dovlotin bu enerji noviinii inkisaf etdirmoys potensiali
var.Lakin hololik 24 06lko bundan istifado edir.Buna sobob Olkolorin siyasi qeyri-
sabitliyi,prosedurun yerina yetirilmasi ¢otinliyi, quyularin qazilmasina yiiksok kapital
qoyulusu,kosfiyyat-istismar riski olmusdur. Elm vo texnikanin inkisaf etmis bu giinki
soviyyasi imkan verir ki, quyularin qazilmasina g¢okilon xarclori vo kosfiyyat-istismar riski
asagi salinsin.

Diizdiir, hololik neft ehtiyatlar1 var, lakin bu resurslar istifado olunaraq azalib tiikon-
dikca,yerin daha dorin qatlarinda yerlogon nefti ¢ixarmaq,geotermal enerjidon istifadodon daha
baha olacaq.Diinya dovlotlori do bunu goriir vo dayerlondirir.Azorbaycanin yaxin
gonsularindan olan Rusiyanin Kamgatka,Saxalin,Qafqaz,Stavropol,Krasnodar vilayatlorindo
quyu qazaraq,geotermal enerji aldo etmok olar.Bu sularin temperaturu 70 -126 °C arasinda
doyisir. Eyni zamanda bu geotermal sular tobii yolla yerin torkindon ¢ixirlar.Belsliklo, heg bir
boyilik xorc ¢okmodon bu regionlardaki yasayis vo sonaye miiossisolori geotermal enerji
hesabina hom qizdirila,hom dos isti su ilo tomin oluna bilor.Geotermal monbodon alinan istilik,
gazanxa-nadan alman istilikdon 4 dofs ucuz basa golir.

Azarbaycan mineral vo termal sular ilo zongin bir dovlatdir.Son zamanlar Azorbaycanda
alternativ energetikadan istifadonin biitlin sahalari kimi geotermal manbalora do boyilik maraq
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artmigdir.Buna goro do alimlor do totqigat obyekti kimi geotermal sularin Oyronilmosino
boyiik maraq gostorirlor.Bu sularin totbiq saholori genis olub,kond tosorriifatini,tibbi,sonayedo
vo kommunal tasorriifatda istilogdirmoni ohato edir. Azorbaycanda geotermal enerji potensiall
800 MVt —a yaxin qiymatlondirilir. Burada yerin istilik enerjisindon istifads etmok mogsads
uygundur. Azorbaycanin Boyiikk vo Kicik Qafqaz orazilori,Abseron yarimadasi,Talis
daglar1,Kiir ¢okokliyi, Xozor-Quba,Lonkoran-Astara-Masalli, Yalama-Xudat vo s. Regionlari
iiclin geotermal monbolor xarakterikdir.Bu geotermal monbolor iligiin geotermal sularin
temperaturu 100° C-ni agmir.(Kiirdomir rayonu Carli termal su yatagi 100°C-don artiqdir).Bu
monbolor,asason,asagl potensialli sayilsa da,homin orazilords yerlogon moisot vo miixtolif
toyinatli obyektlotin istilik enerjisino olan tolabatin1 6domak iqtidarindadirlar.Mohz buna goro
do, hal-hazirda Azorbaycanda olan geotermal enerjidon az da olsa, istixanalarda vo miialico
moqsadils istifado olunur.Bu mogsadls istifado olunan geotermal monbolor Lonkoran,Kiir ¢ay1
hovzasi (Carli,Muradxanli,Sor-Sor),Gonco,Yalama-Xudat regionlarindadir.Eyni zamanda bu
sular hom do yiliksok minerallidirlar. (15 qr/l-don ¢ox). Bu istilik enerjisindon istilogdirmo,hor
hans1 kond tosarriifatt mohsulunu qurutma, vo s {igiin istifado etmok olar.Halolik geotermal
monbaolorin istiliyindon elektrik enerjisi alinmasi {igiin istifado edilmir.Lakin golocokds istilik
nasoslarinin totbiqi ilo elektrik enerjisi do almaq olar.

Istilik tochizatini tomin edn avadanhigm, bu avadanliglar1 6zlorinds birlosdiron
sistemlorin tohliikosiz,iqtisadi cohatdon somorali isini tomin etmak ii¢lin homin avadanligin
kimyavi su rejimini diizgiin toskil etmok vacib masalolordondir.Bununla yanasi geotermal
sular kimyavi torkibindon asili olaraq, insan orqanizmi ii¢iin do tohliike yarada bilor.Ona goro
do istilosdirmo moqsodi ilo istifado etmomisdon ovvalbu sularin kimyovi torkibinin
Oyronilmasi vacib masoalolordondir.

Respublikada 1000 —don ¢ox mineral su monbayi var.Hidrotermal sularin debiti
toxminon sutkada 50 min litrdir.Boyiik Qafqazin simal-sorqinds bu sularin temperaturu 82-85
°C, bazi yerlords iso 90-105 °C —dir. (sokil 2,sokil 3).
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Sok.2. Azarbaycanda olan geotermal manbalarin prognozlagdirilan su ehtiyati.
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Sok.3. Azarbaycanda olan geotermal sularin temperaturlari vo geotermal manbalarin
tam energetik guclari.

Toxmini hesablamalara goro Azorbaycanda geotermal enerjinin gotirdiyi istilik
enerjisi,200000 ton bork yanacagin yanmasindan alinan istilik enerjisino borabordir.Hal
hazirda bu geotermal sularin istiliyindon ohali kustar Usulla istifado edir.Geotertermal
monbalarin ¢ox boyuk hissasi hom do mineral torkibli olub, mualicovi xarakter dasiyir.
Azorbaycanin iglimi,landsafti imkan verir ki, bu mokanlarda kurort zonalar1 salinsin. Bu
zaman homin orazilordo olan sanotoriya, pansionat vo digor toyinatli miioassisalorin isti su
tochizatin1 vo isidilmasini bu geotermal monbolor hesabina 6domok prioritet masalalordon
olacaq.Respublikamizda termal su yataqlari ¢oxdur.Tokco,Carli yataginda 3 sayli quyunu
3050 m dorinlikden boyiik tazyiglo galxan vo giindalik sorfi 20000 m2 olan suyun yer sathindo
temperaturu 100 °C-don artiqdir.

Holo kegon osrin sonlarinda,Azorbaycan Dovlot Geologiya Komitasinin apardigi elmi
islor osasindaQuba —Xagmaz zonasindaki geotermal monbalorin sonaye mogsadlori Ugln
istifadasini tasdiglomisdir.

Quba-Xagmaz zonasindaki geotermal monbalor gur sululugu ilo Xxarakterizo
olunurlar.Buradaki geotermal sularin temperaturu 35 °C-don 85-86 °C-dok doyisir.Sanitar —
gigiyenik sortloro asason istilogsdirma i¢un istifado olunacag isti suyun temperaturu 80 °C-dan
¢0X,55-60 °C —don az olmamalidir.

Muasir Azorbaycanin turizm sektorunun inkisafi,bu orazidoki kurort zonalarinda
istilosdirmoni geotermal monbo hesabina aparilmasii labiid edir.Energetik qurgularin
fasilasiz vo gozasiz igini tomin etmak iigiin geotermal sularin kimyavi torkibinin 6yranilmosi
vacibdir.Bu mogsodlo Azorbaycan Dovlot Neft vo Sonaye Universitetinin “Neft — gaz
geologiyasi ” vo “Enerji istehsali texnologiyalar1” kafedralarinin birgs isi naticasinds Quba —
Xa¢maz geotermal sularinin kimyoavi torkibi vo golocokds onlarin istilogdirmodo istifados
istigamati arasdirtlmisdir.

Quba-Xa¢cmaz zonasi tektonik aktivliyi ilo segilir.Mohz,bu xarakterik xisusiyyatino
goro belo zonalarda termal vo mineral sularin temperaturu,yeraltt axma siiroti vo Kimyavi
torkibi zamandan asil1 olaraq doyisir.Bunu son 35-40 ilin tadqigatlar1 da siibut edir. Beloki, bu
sular xlorlu- kalsiumlu tips aiddirlor.Torkibinds yod,brom, bor,stronsium va b. elementlor
var.Bu sular ¢ox yiksak lay tozyiqi ilo xarakteriza olunurlar(300-700 atm.).

Quba-Xagmaz zonasindaki geotermal sularin kimyovi torkibi osason HCO* SO, *
,Cl,Ca?*Mg?*,Na* K* (sokil 4),gismon iss NO* NO*,NH* Fe** Cu?*,AI¥* Zn%*"ionlarndan
(sokil 5 )ibaratdir.

74



8000

7000
2777,45
6000
5000
4000 48
3000 6 =
— =P
2000 | . a— My 146,22
1000 21,0 264,7
r____J
0
&
N\ H Qalaaltimg/l ®Cimi-4 mq/I Yalama mg/l ®Cimi-2 mqg/l ®istisu mg/I

Sok.4. Quba-Xagmaz zonasindaki geotermal sularin kimyavi torkibi.

Bu hovzonin geotermal sularinin minerallasma doracasi 576,2 mg/l — 1561,5 mg/l
intervalinda doyisir.Todgiqgatlar gostorir ki,quyularin dorinliyi artdiqca, sularin mineralliq

daracasi do artir.

Quba-Xa¢maz zonasindaki geotermal sularin torkibindoki Ca ionlar1 da genis
diapazonda doyisir.Beloki,bu ionlarin miqdarinin ¢ox olmasi istilik mubadilosi isindo

problemlor yaradir (masalon, Cimi -4 —do).

Quba-Xa¢maz zonasindaki geotermal sularin torkibindoki asili hissociklorin migdari ¢ox

Kicik intervalda doyisir (sokil 5).

~ Bu regionun geotermal sularmin codlugu 0,75-23,0 mq.ekv/l intervalinda dayisir (sokil
6).Istilik tochizatinda az codluqlu sulardan istifado magsads uygundur.Lakin debiti ¢ox olan
monbalordo geotermal sular kimyavi tomizlondikdon sonra istilosdirmo mogsadi ils istifads

oluna bilor.
3
2 1
2,5
, /
0,001 9.006
1,5 0,001 0,01
1 0,007 =" 0 0og™=
=7 0,007 0,09 6mm
0,5 0,007 0,02# 0,0
0 e s =
Asili NO2 - NO3 - NH4+ Fe3+ Cu2+ Al3+ n2+
hissaciklar
M Qalaalti mq/I Istisu mq/I Yalama mg/l M Cimi-2 mqg/l ®Cimi-4 m1/I

Sok.5. Quba-Xagmaz zonasindaki geotermal sularin kimyavi torkibi(ardi).
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Sak.6. Quba—Xagmaz zonasinin geotermal sularinin codluq gostaricilari.

Bundan basqa bu sularin torkibinds Rn,Th,U, Ra vo basqa radioaktiv elementlarin
olmasi diqqgati ¢okir.Quba—Xa¢maz zonasinin geotermal sulariin torkibinds radon ve radium
elementlori radioaktiv tarazliq vaziyystinds deyil. (radonun miqdari radiumdan g¢oxdur).
Istilik tochizatinda bu sulardan istifado zamami onlarin otraf miihiti girklondirmomasi tigin
qapali sistemdoa dovr etmasi tomin edilir.

Quba—Xagmaz zonasinin geotermal sularindan istilik tochizatinda istifado osason istilik
miibadilosi qurgularinda vo bu sularla kontaktda olan sothlordo korroziya vo orpin yaranmasi
ilo problemlor yarada bilor. Geotermal istilik tochizati sxemlari tortib edilorkon, avvalcadon bu
sularin istilogdirmayo birbasa verilmasinin, gazan vo istilik miibadilo aparatlarinda maksimum
qizdirilmasinin miimkiinlilyii, korroziyanin va orp amalo golmasinin qarsisini alacaq tadbirlor
planinin hazirlanmasi vacibdir.

Oksigen on aqressiv qaz olub, korroziyaya sabab olur.Bu sularin torkibinds oksigen
yoxdur.Lakin istilik tochizati sisteminin kipsizliyindon suyun torkibino daxil ola bilor.Ona
goro do istilik tochizati sistemlorinin boru komorlorinin hermetikliyini tomin etmok ii¢iin
gaynaq birlosmoli  hazirlanmalidir.Yivli  birlogsmolordon  maksimum az istifado
olunmalidir.istilik sisteminin konservasiyas: zamani sistemo oksigenin sizmasinmn qarsisini
almaq tiglin geotermal su ilo tomasda olan biitiin kommunikasiya vo avadanliglar su ilo
doldurulmalidir.

Bundan bagga istilik miibadilo sothlorinin korroziyasina sobob geotermal suyun
mineralliligi, pH-1,tozyiqi, temperaturu,onun torkibindoki hidrogen sulfid vo s.-
dir.Korrozoyaya qarsi totbiq olunan metodlardan biri deqazasiyadir.Burada sudan aqressiv
qazlar (hidrogen sulfid va karbon qazi) kenarlasdirilir.

Quba—Xa¢maz zonasinin geotermal sularmin torkibinds kalsium karbonatin olmasi
yerin sothino c¢ixana qodor tozyiqin azalmasi naticasinds karbon qazi sudan
ayrilir.Belaliklo,homin suyun torkibindo kalsiumun miqdar1 artir ki,bu istilik miibadils
aparatlarinin sathlorindo ¢okiintii soklinds toplanir. Bu zaman su horokot edon borulardan
istilik pis kecir vo goza hallar1 bas verir.Daha dogrusu,¢okiintiilorin suyun torkibinds galmasi
isitmo sistemin avadanligmin istilik-texniki xarakteristikalarini pislosdirir,bu zaman borularda
hidravliki mugavimat artir vo sistemda oza hallar1 bas verir.

Quba—Xa¢maz zonasinin geotermal sularindan istilosdirmo magsadils istifads etdikdo,
kalsium karbonat ¢okintllorin garsisin1 almagq ti¢iin suyun polifosfat emalini totbig etmok vo
ya ona kiikiird tursusu olave edorak, pH-mn1 6,5-7,5 intervalinda saxlamaq moQsads uygun
sayilir.
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Quba-Xa¢maz zonasinin geotermal sularinin torkibi yod vo brom elementlori ilo
zongindir (Cadval.1.). Bu keyfiyystino goro Yalama 6,Xudat 112,Nabran 111,Xagmaz
4,geotermal monbolori xususilo farglonirlor.Yuxarida adlari ¢okilon moanbalorin suyundan bu
elementlori ayiraraq kimya sonayesindo vo tibbdo genis istifado etmok olar.Bu sulardan
mualicavi vo sanator-kurort sahasinds doa genis istifado etmak mimkanddir.

Codval 1.
Quba-Xag¢maz zonasinin geotermal sularmin tarkibindoki yod va brom
elementlorinin migdari.
Geotermal monba | Yodun Bromun Geotermal Yodun Bromun
miqdart,g/l | miqdari,g/l | manba miqdari,g/l | migdari,g/l

Yalama,5 0,85 - Nabran,111 13,22 1414
Yalama,6 25,91 208,1 Xudat,11 0,98 4,96
Nabran,7 0,65 8,78 Xudat,20 8,6 40,7
Nabran,9 1,4 7,5 Xudat, 112 7,6 276,6
Nabran1/90 16 64,5 Xudat,113 1,36 20,7
Nabran,14 1,78 19,1 Xudat,116 137,1 16,96
Nabran,12 4,6 11,7 Xagmaz,4 15,8 203,3
Nabran ,110 5,25 38,5 Xagcmaz,115 | 0,74 19,9

Umumiyyatlo,aparilan todgiqatlardan belo notico ¢ixir ki, Azorbaycanda geotermal
enerjidon istilik energetikasinda genis istifado etmok olar.Bundan basqa,asagr potensiall
sulardan istilik nasoslart ilo kombino olunmus rejimlordo elektrik enerjisi do almaq olar.
Geotermal suyun kimyovi torkibinin Oyronilmosi onun totbiq saholorini doqiqlosdirir vo
istifado  metodikasinin  iglonmosino sorait  yaradir.Belo kibu sulardankimya
sonayesindo,tibbdo,energetikada istifads reallasa bilor.Bu iso Azorbaycanin iqtisadi inkisafina
tokan veror.
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I'EOTEPMAJIBHBIE BOJIbl KYBA-XAUYMA3CKOI'O PETHOHA
HUITPOI'HO3UPOBAHMUE NCITOJIb30BAHUA UX B TEIIVIOTEXHUKE

BABAEBA C.1I., BAGAEB H.H.

B craTtbe uccnenoBaH XMMHUYECKHI cocTaB TepMasbHbIX BoA I'yba-Xauma3zcKol 30HbI
Azepbaiimkanckoii PecnyOnuku. bBpilo HaleHO SKCIEpUMEHTAIBHOE HCCIEAOBaHUE
XMMHUYECKOI0 COCTaBa AT MCTOYHUKOB MUHEpaJIbHOM BOAbl B peruone ([xumu 2, Jxumu
4, T'amaantel, UcTtu-cy, fmama), kotopbie B OCHOBHOM cojaepkanu Na + + K + (21,03 -
2777,45) mr / n, Ca2 (5 - 380) mr / n, Mg2 (6 - 72) mr / 1, SO-24 (24,6 - 444,42) mr / n,
muHepanusanus (695,92 - 8501,12) mr / 1, CI- (8,88) - 4668,25) mr / 1, HCO3 (183 - 762,5)
Mmr / n1. TlomydeHHBIE SKCTIEpUMEHTAIBHBIC JaHHBIC MO3BOJSIIOT PACIIMPUTh MUPOBYIO 0a3y
JAHHBIX COOTBETCTBYIOIUX MPHUPOAHBIX pecypcoB AsepbaiimxaHckoil Pecmybnuku,
HCII0JIb30BaTh UX B TEIUIOPHEPIETUKE, XUMUYECKON ITPOMBIIIIIEHHOCTH, METULIUHE.

KiioueBble ciioBa: reoTepMalibHAd SHEPTUs, XUMHUYCCKHI COCTaB reoTepMaJIbHbIX BOJ, I'COTECPMAIIBHOC
TeHJ'IOCHa6)KeHI/Ie, IMMPOM3BOJACTBO IJICKTPOOHEPIUH, aJIbTCPpHATUBHASA SOHEPICTUKA, pACXO0/ BO/bI.

GEOTHERMAL WATERS OF THE GUBA-KHACHMAZ REGION AND
FORECASTING THE USE OF THEM IN HEAT ENGINEERING

BABAYEVA S.SH., BABAYEV N.I.

The article examines the chemical composition of the thermal waters of the Guba-
Khachmaz zone of the Republic of Azerbaijan. An experimental study was found out the
chemical composition of five sources of mineral water in the region (Jimi 2, Jimi 4, Galaalti,
Isti-su, Yalama), which mainly contained Na * + K * (21.03 - 2777.45) mg / |, Ca? (5 - 380)
mg /1, Mg? (6 - 72) mg / |, SO-24 (24.6 - 444.42) mg / |, mineralization (695.92 - 8501.12)
mg / |, Cl- (8.88) - 4668.25) mg / I; HCO3 (183 - 762.5) mg /I. The obtained experimental
data allow expanding the world database of relevant natural resources of the Republic of
Azerbaijan, using them in the heat power emgineering, chemical industry, and medicine.

Key words: geothermal energy, the chemical composition of geothermal water, geothermal heating
supply, electricity production, alternative energy, water consumption.
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Energetikanin problemlori e Nel e 2020 e [IpoGnembl HEPreTUKU

YK 621.313.3

OBOCHOBAHUME METOJOB UCCJIEJOBAHUA PEXKUMOB PABOTbBI
IJIEKTPUYECKUX MAIIIUH B B2Y

I'ACAHOBA JLT.

Asepbatioxcanckuti Hayuno-Hccneoosamenvckuii u

4 y

IIpoexmmno-Hzvickamenvckuii HMncmumym Suepeemuxu
gasanovalg@mail.ru

B crarbe Ha 6a3e 0030pa nmUTEpaTypHl MPHUBEAECHO 0OOCHOBAaHME Pa3pabOTKH YHHBEPCAJIbHBIX METO/OB
MaTeMaTH4YeCKOTO MOJEIUPOBAHUS YaCTOTHOYIPABISIEMBIX CHHXPOHHBIX M AaCHHXPOHHBIX TEHEpaTOpOB
Pa3INYHBIX BU/IOB, IPUMEHIEMBIX B CHCTEMHOH BETPOIHEPTETHKE.

KnroueBble c10Ba: BETPOIICKTPUYECKHE YCTAHOBKH, JIEKTpUUYECKass CETh, MaTeMaTH4ecKas MOJEIb,
9NIEKTPOMEXaHUYECKUE MPEoOPa3oBaTEIH, YACTOTHOYIPABISIEMbIC CHHXPOHHBIC U aCHHXPOHHBIC I'€HEPATOPEI,
CKOPOCTH BeTpa

Pa3BuTHe HaydHBIX METOJOB aHAJIM3a M UCCIIEOBAHUS PEKUMOB pabOThl COBPEMEHHBIX
BETPOIEKTPUUYECKUX YCTAHOBOK, PAaOOTAIOIIMX B 3HEPrOCUCTEME, HAYaJIOCh MPAKTUYECKU
BMECTE C BBHITYCKOM U BHEIPEHUEM IEPBBIX MPOMBIIIIEHHBIX BETPOYCTAHOBOK B KOHIE 70-x
n Havane 80-X rolOB MPONLIOrO CTOJNIETHA. XOTS MEpBble PabOThl O MPUHIMIAX PAOOTHI
BETPORJIEKTPUUECKUX YCTAHOBOK MAaJIbIX MOIIHOCTEW MNOSABUIUCH pasblie B 50-60 roxsl,
0JIHAKO CUCTEMHBbIE HCCIIEI0BaHUsI OTCYTCTBOBAJIH.

HccnenoBanuio pexxuMoB pabOThl BETPOIIEKTPUUECKUX YCTAHOBOK, pabOTalolIuX Ha
AJIEKTPUUYECKYIO CETh, TOCBAIICHO 3HAYMTEIHHOE KOJIMUYECTBO PabOT, MPUTOM «reorpadus»
3TUX paboT O0ImMpHA — ATHUMH BOIPOCAMU HHTEHCHBHO 3aHuMaiorcs B EBpome ([anus,
I'epmanus, Mcnanus, Aarnus), B Amepuke (npeumyuiectseHHo B CIIIA), B Asum (Kurai,
Wupaust). DT uccienoBaHus MOCBSIIEHB OOMITMPHOMY CIIEKTPY PacCMaTPUBAEMBIX BOIIPOCOB:
UCCJIEIOBAaHNE BETPOIHEPIeTUUECKUX XAPAaKTEPUCTUK PETMOHOB, IPUTOIHBIX JJII CUCTEMHOMN
BETPOIHEPIreTUKU; HCCIEIOBAHHE XapaKTepUCTHUK U JPGPEKTUBHOCTH (PYHKIMOHHUPOBAHUS
caMHX  BETpPOJBHUTATENIeH;  MCCIEJOBaHME W  ONTUMH3AIMA  PEKUMOB  pabOTHI
ANEKTPOMEXaHUYECKUX Mpeodpa3zoBaTesiell MPUMEHSIEMbIX B CUCTEMHON BETPOIHEPreTUKe, U
HAKOHEIl HCCIIeIOBaHHE BOIPOCOB COBMECTHOW pPabOTHl BETPOIIEKTPUUECKHUX YCTAHOBOK
napajiesIbHO C SHEPrOCUCTEMOI.

Kaxnass w3 BbIlIEyKa3aHHBIX HaIIPaBICHUN SIBIIAETCS OTHAEIBHOM CaMOCTOSTEIbHOU
npoOjeMoii B 00ImIel mpoOieMaThKe TIIO0ATbHBIX BOIPOCOB pa3pabOTKU H  (PyHKIHO-
HUPOBAHUSI IPOMBIIUIEHHBIX CUCTEMHBIX BETPOIEKTPUUECKUX YCTaHOBOK (BDVY) kpymHbIX
MOIIIHOCTEH, padOoTaromMX Ha SJIEKTPUUYECKYIO ceTh. B HacTodlel cTatbe ouepueH Kpyr
HCCJIEIOBAaHUI TOJIBKO AJIEKTPOMEXaHUYECKUMHU IpeoOpa3oBaTesiMHU (T.€. 3JIEKTPUUECKUMU
MamHamu) BOY. Ha Ham B3risia, oToT y3en BOVY saBasercs Hanbosee BaKHBIM U CIOKHBIM,
HO caMO€ TJIaBHOE, OH SBISETCS HauOoJiee JIErKO YIpaBiseMbiM (B TOM YHCIIE TIO
ONTUMAJbHBIM 3aKOHaM) y3i1oM BDOY, mN03BONAIONIMM TMOBBICUTh YCTOMYHMBOCTH U
3¢ heKTHBHOCTE paboTHI Bceit BOY mpu ero paboTe Ha AJIEKTPUIECKYIO CETh.

Lenbto Hacrosimiel cTaTbu sBJIsETCS Ha 0as3e MPOBENEHHOTO 0030pa TEXHHUYECKOM
auTepatypel 00OCHOBaHHME pa3pabOTKH YHHUBEPCAIBHBIX, OTHOCHTEIBHO IPOCTO peaslnu-
3yEMBIX, METOJIOB MaTEMaTHYECKOTO MOJICIIUPOBAHUS YACTOTHOYMPABISEMBIX CUHXPOHHBIX U
ACMHXPOHHBIX T'€HEPAaTOPOB pAa3JIWYHBIX BHJIOB, NPUMEHSEMBIX B CHUCTEMHOW BETPOd-
HEpreTukKe.
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Tak kak paccMmarpuBaroTcsi KpymHble BOY meraBaTTHOro kiacca, paOoTamIIMX Ha
ANEKTPUYECKYIO CETb TO, €CTECTBEHHO, CE€Th U IMOTPEOUTENN MPENbSABISET MOBBILICHHbIE
TpeOOBaHUs B MEPBYIO OUEpe/lb K KaUECTBY BbIpaOaThIBAEMOMN 3JEKTPOIHEPTUH, TOCTUKECHUIO
HSKOHOMHYECKOW M TEXHOJIOTUYECKOH A(PPeKTHBHOCTH (PyHKIMOHUpOoBaHUs BV, xotopsie
o0ecreyrBaeT COOTBETCTBYIOIIAs aBTOMATHUKA U CHCTEMBI YIIPABIICHUS.

OO6paboTka ¥ aHaIM3 MHOTOYMCIICHHBIX HCTOYHUKOB TEXHUYECKOH JUTEPaTyphl,
MMOKAa3bIBAET, UTO HA CETOAHSAUIHUM 1I€Hb B CUCTEMHOM BETPOIHEPIETUKE MEraBaTTHOTO Kilacca
MOJIYUYMJIM PACHpPOCTPAHEHUE M MPOJOJDKAIOT YCHEIIHO BHEAPATHCS CUCTEMBI 3JIEKTPO-
MEXaHHYECKOro mnpeoOpa3oBaHUsI BETPOBOW JHEPTHH B JIIEKTPUUYECKYIO, COCTOSIINE U3
YaCTOTHOYNPABISAEMbIX «KJIACCUUECKUX» CHUHXPOHHBIX W ACHHXPOHHBIX TI'€HEpaTOpOB C
KOPOTKO3aMKHYTHIM POTOPOM U COJEpKalle MpeoOpa3oBaTesid 4acTOThl B IIEMSIX CTaTopa
sTux MamuH. Ilpuuem mnpeoOGpasoBaTenu 4YacTOThl, NPUMEHSEMBIE B BETPOIHEPrETHKE
BBIMIOJIHEHBI HAa TMONHOCTHIO ympaBisieMbix GTO — tupucropax, nubo nHa IGBT cumoBsix
TpaH3UCTOpax.

[TomrMoO BBINIEYKAa3aHHBIX TE€HEPATOPOB, OOJBIIOE pPACIPOCTPaHEHHE B BETPOIHEP-
TeTUKE IOJIyYWIM T€HEpaTOphl, BBIIOJHEHHbIE Ha 0a3e AaCHMHXPOHHBIX MAalIUH JABOWHOTO
nutanus (AM/II), ynpasnsemble mpeoOpa3oBaTeIsiMU 4aCTOTHI CO CTOPOHBI POTOPA, a TAKXKe
YaCTOTHOYNPABISIEMbIE CHHXPOHHBIE TE€HEpPATOpbl C TOCTOSIHHBIMH MarHuTaMu, T.€.
reHepaTopbl Y KOTOPBIX OTCYTCTBYET AJIEKTPOMArHUTHOE BO30YKICHHE.

[IpumeHeHne BbIlIEYKa3aHHBIX CXEM T€HEpallMHd 3JIEKTPUYECKOH DSHEPruM ompe-
JENSI0TCA TUIIOM M MOLIHOCTBIO BETPOJBUTATENS, BETPOBBIMU XapaKTEPUCTUKAMU PETHOHA,
rae ycraHasnuBaercss BOVY, ycnoBUsAMM BBIIBUTAa€MBIMU AJIEKTPUYECKUMU CETSIMU B MECTaX
UX MPUCOEINHEHHUS, XapaKTEPOM Harpy3KH U T.II.

Jl1st BceX 2IEKTPOMEXaHWIeCKHX peoOpa3oBaTenieii MPUMEHSIEMbIX B BETPOIHEPTETHKE
HEMPENOKHBIM SBIISIETCA OJTHO OOCTOATENHCTBO — B KAUECTBE YHEPTOHOCUTENSI B HUX SBIISETCS
BETPOBOM IOTOK, CKOPOCTh KOTOPOIO M OIpelesieT MOIIHOCTh BblgaBaeMyro BDOVY B
SHEPTrOCUCTEMY.

CkopocTh BeTpa BEJIMYMHA HEMOCTOSHHAs, JUANAa30H €ro U3MEHEHMH MOXKET JOCTUYb
3HAYUTENIbHBIX BEJIMYMH, 00Jiee TOTO 3HAYUTEIHHBIX BEJIUYMH MOXET OCTHYh U CKOPOCTh
n3MeHeHHs (IyKTyanuii CKOpoCTH BeTpa (T.€. YCKOPEHHIH).

Bce 310 nukTyeT HEOOXOQUMOCTh 3HAHHMS W YMEHHs OMNPENeNsTh JMHAMHUYECKUE
peXUMBl  PabOTHI AJIEKTPOMEXAHWYECKUX IpeolOpa3oBaTesiell yNpaBisieMbIX Ipeodpaso-
BaTEJIIMM YaCTOThI U TPUMEHSAEMBIX B COBPEMEHHBIX BOY.

Kak Opl10O OTMEYEHO, NOMHMO HM3y4Y€HUs IUHAMUYECKHX PEXKHMOB U OOecreueHus
YCTOWYMBOCTH PabOThl YaCTOTHOYIPABIIsIEMbIX reHepaTopoB BOY, BaxkHOe 3HaUeHHE MMEET
npobnema moBbIeHUs dpdekTuBHOCTH (QyHKIMOHMpoBaHUs BOY B KBa3uCTalMOHAPHBIX
pexkuMax paboThl, 0OecTieueHUue KaueCcTBa BbI1aBaeMON B CETh AJIEKTPUUECKON YHEPTUU.

Koneuyno, mMmeercs MHOXKECTBO HCTOYHUKOB TEXHUUYECKOW JIUTEPATyphl, NpPEUMY-
IIECTBEHHO 3apy0e)KHOM, Iie BbIIIeyKa3aHHbIE BOMPOCHI B TOW WJIM MHOW CTENEHU MOIYIUITN
cBOoe paszpemieHne. Hmke mnpoBOAMTCS KpaTkuid 0030p JUTEepaTyphl, MO3BOJSIONIMNA
ONpPEETUTh CTENIEHb MOJIHOTHI UCCIIEJOBAHUS U OCBEIIEHHUS TOTO WJIM HHOT'O BOITPOCA.

B pabotax [1, 2] oxapakTepr30BaHb BETPOIHEPTETHUECKUI MOTEHIMAN PECIyOJINKH,
MEPCTIEKTUBBI MPUMEHEHHS BO30OHOBISIEMBIX UCTOYHUKOB SHEPTruu B AzepOaiikaHe, B TOM
qluclie M BETPOIHEPIeTHKH, BOMPOCHl O0OECIEUEHUs] HSHEPreTMueckord Oe30macHoCTU
pecnyOJIMKY TPU YCJIOBUU HIMPOKOTO BHEIPEHHS BO30OHOBISIEMBIX MCTOYHHUKOB SHEPTUH, B
TOM YHCJIe U BeTpoBOil. Pa3paboTaHO TEXHHKO-DKOHOMHUYECKOE 00ECTIeUeHHE CTPOUTENHCTBA
BOC momHocteio 50 kBT B AzepOaiimkane. ChopmynupoBaHa AanbHEHIIas MOJUTHKA T10
BHEJPEHUIO BO300HOBIISIEMBIX HCTOYHUKOB HHEPruM B HHEprocucreMy pecnyOnuku. B
cTathsiXx [3, 4] mpoBeAeHbl aHalW3 MyTeH pa3BUTUA BeTpodHepreTuku Poccuu, ¢ ydeTom
MIPABOBBIX MPOOJIEM,0CO0EHHOCTH HMHHOBALMOHHBIX MpoekToB BDY ¢ acuHXpoHHBIMU
reHepaTopamu, 0030p BeTposHepreTuku Kutas. B Tpynax [5,6] ocBemieHsl 00Iue BOIPOCHI
TEOPUH IIEKTPUUYECKUX MAIMH U aIlapaToB, MaTEMaTHUYECKOE MOJEIUPOBAHUE U IKCIIEPU-
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MEHTAJIbHOE HCCIIEOBAHNUE, PACUET MapaMETPOB PEKUMOB HUX pabOThl KaK B yCTAHOBUB-
IIMXCS, TaK U B MEPEXOAHBIX PEXKHMMAX, 3aTPOHYTHI BOMNPOCHl UX PAOOTHI B aHOPMAIBHBIX
pexuMax,paCCMOTPEHBI  HEKOTOPBIE  BOIPOCHl YaCTOTHOI'O  YIPAaBJIEHUS ACHUHXPOHHBIMU
MalIMHAMH, a TAKXKE OCBELIEHBI BOIPOCH! padOThI 3JIEKTPUUECKUX MAIIUH B YHEPTrOCUCTEME.

B pabotax [7, 8] paccmaTpuBaroTCsl BOIPOCH MPUMEHEHHUS BO30OHOBISIEMBIX HCTOY-
HUKOB DJHEPIUH, KOMIUJIEKTAllMH BETPOIICKTPUUYECKUX CTAHIMM, NPUBOAMUTCA CpPaBHEHUE
PEXKUMHBIX BO3MOXXHOCTEH PA3JIMYHBIX BETPOIHEPIE€TUUECKUX YCTAHOBOK U MX YIIpaBIICHUE.
3aTpoHYTHl BOIPOCHI TOBBIIIEHUA dS(dexkTuBHOCTH BIY myrem perynupoBanHusi yria
YCTaHOBKHM Jionacted BerponBurarens. lIpoBeneH aHanm3 BO3MOXKHOCTEW HCIIOJIB30BaHUS
pa3HBIX THUIIOB TeHepaTopoB miss BDOY, ocBemieHsl BOMPOCH ONTHUMAJIbHOW CEIEKIIUU
BETPOBBIX TYpOUH.

B pabotax [9, 10] ocBemienbl 0011Me BONPOCH IPUMEHEHNSI CUHXPOHHBIX T€HEPATOPOB
B BOYVY — Bompockl ux BbIOOpa, HKCIIEPUMEHTAIBLHOTO HCCIEIOBaHUS, ONpEAeNCHHE OITH-
MaJbHOI'O BapHaHTa reneparopa maisg BOY. B paborax [11, 12] onucanbsl MHOTIOIIOJIIOCHBIE
CUHXPOHHBIE TE€HEPATOphl C MOCTOSHHBIMU MarHuTamMu s BOVY; mnpoBeneHa oneHka
MIPOM3BOJIUTENIFHOCTH BETPOYCTAHOBOK M HMX A((EKTUBHOCTH C IOMOIIBIO MeEToJa
BEpOATHOCTH (akToB coObiTuil. I[lpencraBieHa cucTema ONEPaTUBHON TUATHOCTUKU
TexHuueckoro cocrostnust BOY. B crateax [13, 14] ocBemiatoTcsi BOIPOCHI KOHCTPYKLUU
CUHXPOHHBIX TeHepatopoB BOVY ¢ noctosHHbIMM MarHuTamu. M3y4daroTcsi BOpPOCHl BIUSHUS
KOH(HUrypauu KaTynek oOMOTOK cTartopa. /[atoTcsi HOBbIE aHATUTUYECKHE BBIPAKEHHS IS
pacuera KoH(puUrypamuii kaTymiek. PaccMaTpuBaroTCsi BO3MOKHOCTH JIallbHEHIIIET0 pa3BUTHS
KOHCTPYKTUMBHBIX IapaMeTpPOB CHUHXPOHHBIX T'€HEPATOPOB C IOCTOSHHBIMH MarHUTaMH C
OCEBBIM HAIIPaBICHHEM MAarHUTHOTO TMOTOKa s OecctynmeHuatbix BJOY. UWzyuensr
TPAEKTOPUU JBWKEHHUS MAarHUTHOTO MIOTOKA, 0COOCHHO ITyTH €ro yTeuku B poTtope. Ilokaszano,
YTO HNIMPUHA U YPOBEHb HACHIIICHMS JK€Ji€3a OKA3bIBAET BAXKHOE BIIMSHHUE HA PACIpEEICHUE
MarHMTHOTO MOTOKA B CHHXPOHHOW MAIlIMHE C TIOCTOSIHHBIMU MarHutaMmu. B padorax [15, 16]
MOKa3aHbl OCOOCHHOCTH pabOThl CHHXPOHHBIX T'€HEPATOPOB C MOCTOSHHBIMH MarHUTamMH B
cucTemMax InpeoOpa3oBaHMsI BETPOBOH SHEPruM B 3JeKTpuueckytro. OcoOeHHOE BHUMaHHE
YAEJIEHO BONPOCAX WX KOHCTPYHMPOBAHUS C UEIbI0O MAKCUMAJBHOTO HCIIOJIb30BaHUS
MarHUTHON AHEPrUM IOCTOSIHHBIX MarHuToB. [IpoBeaeHO MopaenupoBaHHWE U YIpPaBIIECHUE
BETPORJIEKTPUUECKUX YCTAHOBOK C YKa3aHHBIMU MAILIMHAMH.

B pa6orax [17, 18] mnpuBeaeHsl CcBeACHUS O MalIMHaX JBOWHOIO IHTAHUS,
MIPUMEHSAEMBIX B BETPOIHEPreTHUeCKuX cuctemax. lIpoBeneHo MoaennpoBaHHE BETPOBOM
TypOMHBI C TEPEMEHHOW YacTOTOM BpAILLEHUS, HCCIEAOBaHbl HEKOTOpBIE BOIPOCHI
ycToHYMBOCTH uX paboThl. [lpenctaBieHsl pe3ynbTaThl aHadW3a MEPEXOJHBIX MPOIIECCOB B
3THX MAaIIMHAX, PAaCCMOTPEHBl HEKOTOphIE BONpOChl paboTel BOY Gosblioll MOIIHOCTH Ha
cnabple anmekTpuueckue cetd. OmmcaHa JAWHAMUKA YyopaBieHHs MomHocThio AMJIII,
KOHTPOJIb PEKUMOB €ro paboThl B YCIOBHAX HEIMOCTOSTHCTBA CETEBOr0 HampspkeHus. B
crathsx [19, 20] paccMoTpeHBI BOMPOCHI cTabmiaM3anmuu mnapameTpoB BOY ¢ momoristo
npeoOpa3oBareisi YacTOThl, MNPEUIOKEHHE KOHCTPYKIMHM CHHXPOHHOTO TeHepaTopa Ha
MIOCTOSIHHBIX MarHurax 1is BOY, koTopas, MO0 MHEHUIO aBTOPOB, OTIMYAETCS BBICOKOM
s pexkTuBHOCTRIO. OCBEIIEHB BOMPOCH MOACTUPOBAHHS ACHHXPOHHOTO TeHepaTopa H
ACMHXPOHHON MalIMHBl JIBOMHOTO NHUTaHHUS C KOHJIEHCATOPHBIM CaMOBO30YKIEHHUEM,
MPENJIOKEHA CXeMa peryisaTopa HampsDKeHHs Uil aCMHXPOHHOro reHeparopa BOYVY,
MpoBeAeHa ONTHUMU3alMs cucteM ynpasieHus BOC. ABTopamu mnpennoxeHa cucTema
ONEepaTUBHOW JMArHOCTHKHM TEXHUYECKOro coctosiHus BOVY, a taxke, mpeaioxkeHa OIEHKa
addextuBHOCTH BOY ¢ momompio MeTona BeposTHOCTH (pakTopoB coObITHi. Paccmorpena
JNIEKTpOMEXaHWYECKass  cucTeMa  aBapuiiHoro  TopmoxkeHuss BOVY.  IlpennoxeHno
UCIONIb30BaHHEe B BOY BBICOKOYACTOTHBIX T'€HEPATOPOB C LEJNBbK) MOBBIMIEHUS MOIIHOCTH
BOY. B crarbsix [21, 22] npeacTaBieHbl CXE€Mbl, ONUCAH MPUHLIUI pabOThl AaCUHXPOHHOMN
MalllMHbl JABOMHOrO NMUTaHUsA B KadecTBe reHeparopoB BOVY. 3ammcanHbl B KOMIUIEKCHOM
dopme nuddepeHMaTbHbIE YpaBHEHHS ATUX MAIIWH, YKa3aHbl MYTH WX pEUICHHS TpU
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HEU3MEHHBIX 3HaUEHUSAX CKOpocTH BeTpa. [TokazaHbl mpenmyniecTBa IPUMEHEHUS YKa3aHHBIX
reaeparopoB B BOY. OcBemieHsl BONMPOCH! UX YIPaBJICHUS U NMOBBILEHHUs P exTuBHOCTH. B
3apyOEIKHBIX CTaThAX [23, 24] MIMPOKO UCIIONB3YETCS 1T MOJICTUPOBAHMS PEKUMOB PaOOTHI
AMJIT B3Y mnporpamma MatlabSimulink. PaspaGorana wumwuTanMoHHass MOJCIb IS
KOHTPOJIsl aKTUBHOM M pEakTHBHON MOLIHOCTH reHepatopa BDYVY, BbiosHeHHOro Ha 6ase
AM/III IIpoBeneHo cpaBHEHHE JAHHOM CUCTEMBI C APYTMMH aJbTEPHATUBHBIMU CHCTEMaMHU.
[IpoBeneHsl HEKOTOPBIE UccaenoBanus no BausHuo BOY ¢ AM/III Ha 351eKTpUYEecKyro CETb.
[IpencraBnens! pe3ynbratel padbotsl BOC ¢ AM/II npu HapylieHusiXx B dHEProcucTeMe Ha
KOTOPYIO OHH paboTaloT.

Huxn uccnenoBanuil MOCBSIIEH Mpeo0pa3oBaTelisiM 4acTOThI, mpuMeHsiem B BOY [25,
26] M TrapMOHMYECKOMY aHaJIM3y MX BBIXOJIHBIX IapaMeTpoB. B pesynpraTe naHsl
pPEKOMEHJAMM [0 CXemMaM IIpeoOpa3oBaTeseil, KOTOpbIE MO3BOJISIIOT CYLIECTBEHHO
YBEJIMYUTH UX BBIXOJHYIO MOIIHOCTH. [IpoaHann3npoBaH rapMOHMYECKUN COCTAB BBIXOIHOTO
HanpsDKeHUsT mpeoOpa3oBareneid yactotel BOY U mpeanoskeHsl Mephl 10 UX CHIDKCHHIO C
MOMOILBIO (UIIBTPALIUH.

B cratesx [27, 28, 29] npencraBieHbl NPeIOKEHHS 110 MOBBILIEHUIO YCTOWYMBOCTH U
3¢ (GEKTUBHOCTH NMapauleIbHONM paboThl BETPORJIEKTPUUECKUX CTAHLUM C SHEProCUCTEMO.
IIpy >TOM y4MTHIBA€TCS CTOXAaCTHUECKHUH XapaKTep M3MEHEHUs CKOpPOCTH BeTpa —
sHEproHocutessl. M3ydeHsl BOIIPOCH! MEPEX0a IHEPrOCUCTEMBI C TPAJULMOHHON CUCTEMOMN
IrEHepaluy MOIIHOCTEH K CHUCTEMaM C pACHPENEICHHOM TIeHepalueii, OCHOBY KOTOpPOH
COCTaBJIAIOT 3JIEKTPOCTAHLMM, BBIIOJHEHHbIE Ha 0a3e BO30OHOBIIEMBIX HCTOYHHUKOB
SHEPTUHU.

Taxum o0Opa3omM, n3 0630pa IUTEPATYphl MOYKHO CJIIENaTh BBIBOJ, YTO HA CETOJHSIIHUM
JIEHb HET YHUBEPCAJbHBIX M OTHOCHUTEJIBHO MPOCTHIX M JOBEACHHBIX O HWHXEHEPHOTO
BOCIPUATHS METOJOB MOJEIMPOBAHUS U MCCIEAOBAHUSA JMHAMUYECKMX U CTATHYECKHUX
peXUMOB paboThl cUCTEMHbIX BDY MeraBaTTHOro kiacca, 3JIEKTPUYECKHE T'€HEpPaTOPhbI
KOTOPBIX CHa0>X€Hbl YaCTOTHBIMH IpeoOpa3oBaTelssMHU, HE B IOJHOH Mepe OCBEILEHBI
BOIIPOCHI YIIPaBJICHUSI U ONTUMU3ALNH PEKUMOB padboThl 3THX BOY.

Ha 6a3e »sToro, HamMM npeasaraloTCsi METOJbl MaTEeMaTHYECKOTrO0 MOJEIUPOBAHUS
ANEKTPUYECKUX MALIMH MEPEMEHHOIO TOKA, IMPUMEHSEMbIX B CUCTEMHOI BETPOIHEPreTHUKE.
OpurvHanbHOCTh METOJIOB MOJICIMPOBAHUS 3JIEKTPOMEXaHWYECKUX HpeoOpa3oBaTenen
MIPEJIOKEHHBIX HAMU 3aKJIFOYAETCsl B TOM, YTO OHM SIBJISIFOTCS, BO-IIEPBBIX YHUBEPCAIbHBIMU,
T.€. B OJHOU CTPYKTYp€ MO3BOJISAIOT MCCIEA0BATh PA3HbIE BUBI M TUIIBI MAIlIMH, @ BO BTOPBIX
OHU TIO3BOJISIFOT OTHOCUTEIBHO MPOCTO BOCHPOHM3BOJIUTH BCE CIIOCOOBI YHPABICHHS STHX
MallliH, €CTECTBEHHO, YTO Ul MAlllMH NEPEMEHHOI0 TOKa OCHOBHBIM CIIOCOOOM YMpaBJIEeHHUS
ABJIAETCA YAaCTOTHOE KakK /Uil CUHXPOHHBIX TaK M JUIsl aCHHXPOHHBIX MAallMH, a TaKXke
ylpaBiieHHe BO30YXICHMEM CHHXPOHHBIX MAIIMH M aMIUIMTYIOM HampspKeHUs  JUIs
ACMHXPOHHBIX MAaIINH.
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KULOK ELEKTRIK STANSIYALARINDA GENERATOR KIiMIiSTIFADO
OLUNAN ELEKTRIK MASINLARININ iS REJIMLORININ OYRONILMOSI
METODLARININ OSASLANDIRILMASI

HOSONOVA L.H.

Mogalado adobiyyatin icmalina asason hazirlanmis kiilok energetikasinda totbiq olunan
tezlik ¢eviricisi ilo idaro olunan miixtalif ndv sinxron vo asinxron generatorlarin riyazi
modellosdirilmosinin  universal metodlarinin islonib hazirlanmasinin  asaslandirilmasi
verilmisdir.

Acar sozlor: kiilok elektrik stansiyalari, elektrik gobokasi, riyazi model, elektromexaniki g¢eviricilor,
tezliklo idare olunan sinxron vo asinxron generatorlar, kiiloyin siirati.

JUSTIFICATION OF METHODS OF INVESTIGATION OF OPERATING MODES
OF ELECTRIC MACHINES IN WIND POWER PLANTS

HASANOVA L.H.
In this article, based on the review of the literature, justification of developing universal

methods of the mathematical modeling of frequency-controlled synchronous and
induction generators of various types used in wind power generation systems is presented.

Keywords: wind power installations, electric network, mathematical model, electromechanical
converters, frequency-controlled synchronous and asynchronous generators, wind speed.
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INDUKSION LEVITASIYALI SAQULI OXLU KULO9K
GENERATORUNUN iISTILiK HESABI

ABDULLAYEV Y.R., CAHANGIROV 8.N., MORUFOV i.M.

Azarbaycan Dovlot Neft va Senaye Universiteti
cahangirov.ali@gmail.com, I.Marufov@asoiu.edu.az

Saquli oxlu kiilok generatorunun induksion sistemi tarpanmoz tasirlonmo dolaglarindan vo elektromaqnit
qiivvalorin tosirindon levitasiya olunan qisa qapanmis dolaglardan ibarstdir. Dolaqlardan axan coroyanlarin
tosirindon onlarda aktiv giic itkilori yaranir, naticads dolaqlar qizirlar. Qizma naticasinds levitasiya dolaginda
“istilik dreyfi” bag verir vo levitasiya hiindiirliiyli bir goder azalir. Belo arzuolunmaz effektin tosirini azaltmaq
i¢iin induksion levitasiya sistemino dolaqlarin yiiksok elektrik kegiricilikli naqillordon hazirlanmasi toklif
olunmusdur.

Acar sozlor: induksion levitasiyali, saquli oxlu, kiilok generatoru, istilik hesabi, istilik dreyfi, tasirlonma
dolagy, levitasiya dolag1.

Giris: Hal- hazirda kiilok energetikasi basqa istigamatlors nisbaton daha siiratlo inkisaf
edir. Hazirda bir ¢ox Olkolordo miixtolif toyinatli vo konstruksiyaliminlorlo kiilok qurgular
movcuddur. Kigik vo orta giiclii (50 kVt godor) kiilok generatorlar1 kigik fermer
tosorrufatlarini, adalarin yasayis montogolorini vo tele qiillolorini, magistral yollar,
aqrosonaye komplekslorini vo basqa local obyektlari elektrik enerjisi ilo tochiz edirlar. kiilok
qurgularinin qiymoti vo onlarin vasitasi ilo istehsal olunan elektrik enerjisinin maya doyari
cox da yiliksak deyil. Ekspertlorin royine gore kiilok generatorlarinin 1kVt qoyulus giicliniin
gqiymati 1000 dollara yaxindir. Ona gorado faydali is omsal1 yiiksok olan kiilok qurgularinin
yaradilmasi aktualdir. Saquli oxlu maqnit levitasiyali kiilok generatorlar1 horizontal oxlu
kiilok generatorlarindan forqli olaraq bir sira tstiinliikloro malikdirlor.

Saquli oxlu maqnit levitasiyali kiillok generatorlar1 horizontal oxlu kiilok
generatorlarindan forgli olaraq bir sira Ustlinliiklors malikdirlor:

— Mexaniki kontaktlarin va strtinmanin olmamasina géra kilayin 7 m/san —don ¢ox

asag stiratlorinds sassiz vo uzun middat islays bilirlor.

— Istismar xorclarinin az olmasi

— Faydali is amsalinin ytliksok olmasi

— Kiilayin siratinin ¢ox asagi olan regionlarda lokal obyektlarin elektrik enerjisi ilo

tochizatinda effektiv islonmasi

Morkozi Asiyada vo bir ¢ox 6lkolords istismar olunan vo niimayis etdirilon saquli oxlu
magqnit levitasiyali kiilok generatorlarin inkisaf prespektivlori artiq tosdiq olunmusdur. Onlarin
totbigi vo istismari ilo bagl elmi todqiqat iglori siiratlo gedir. Kiilok generatorunun faydali is
omsalinin artirilmasi otraf miihitin ¢irklonmosino sobab olan bahali anonavi generatoru olan
ehtiyacin todricon azalmasina vo daha ¢ox kiilok enerjisinin istehsalina yol agir. Ona goro do
induksion levitasiyali vo sabit magqnitlor asasinda qurulmus saquli oxlu kiilok generatorlarinin
tokmillogdirilmoasing vo layiho masalalorinin hollino daha ¢ox digqgot verilir.

Masalonin qoyulusu
Sokil 1-do induksion levitasiyalh kiilok genratorunun levitasiya sisteminin prinsipial
sxemi verilmisdir. Ugubuglu magnit sistemi 1 olan polad niivanin asag: hissesinda tarpsnmoz
tosirlonmo dolagi 2 goyulmusdur. Bu dolag dayison corayan monbayindon gidalanir. Onun
yuxar: hissasinda qisa gapanmis levitasiya dolag: 3 yerlosdirilmisdir. TD-do naxan carayan Iy
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LD-do doayison corayan l> induksialandirir va naticada galdirici elektromagnit qiivvesi Fe
yaradir. Elektromagnit quvveanin tosirindon LD mioyyon hinddrlikds h (levitasiya
hindurliyu) gerarlasir. Elektromagnit qlivvasi Fe turbinin vo LD-nin agirlig quvvelarini ( Piva
Pa ) tam konpensasiya edorok levitasiya effekti yaradir.

Elektromagnit qlivvasi va corayanlar: asagidak: disturlardan toyin olunurlar:

Fe=0.5 M(11W1)? = Pt + P, 1)
_1 ’2 _ K, U,

Il_m z (Pt + Pa) - lezl(ho‘Fh) (2)
LY

|2—b2W2 Iy 3)

Burada W1 vo W2 dolaqglarin sargilar sayidir ; b, = 0.97 + 0.98 dolaqglarin arasindaki
maqnit olagosini xarakterizo edon omsaldir ; A — LD-nin horokat etdiyi is¢i hava araliginin
xususi magnit kegiriciliyidir.

(1) va (2) diisturlarindan alinir:

R= () (o) o

Ky—TD-nin aktiv gorginli diiskiisiinii I1 R nozors alan omsaldir; h-levitasiya hindarliyu;
ho - ekvivalent hindurlikdar.

Mo he A

hy =
Dolaglardan axan coroyanlarin tosirindon onlarda aktiv giic itkilori yaranir, noticodo
onlar quzirlar vo “istilik dreyfi * effekti omolo golir. “Istilik dreyfi” tosirindon qisa miiddot
orzindo levitasiya olunan dolaq bir qodor asagi siiriisiir. Belo arzuolunmaz effektin tosirini
azaltmaq {Ugiin istilik zaman sabitini azaltmaq lazimdir. Bu mogsadlo dolaqlar elektrik
keciriciliyi boyiikk olan (mosolon misdon) materiallardan hazirlanmalidir. Ona goéro do
induksion levitasiyali maqnit sistemlorinin dolaqlarim1 mis nagqillordon hazirlamaq toklif
olunur.

Py SR
3
] l FITLS] _—————l
1 s
= / vl __,_—d""aa f
]
Fr A ’//// """1 —_———
— | I - o A,
o ///PEPE.-' P /
2 2 2
] _,.-—F"'"Pa b
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Sok.1. induksion levitasiyali maqnit sisteminin prinsipial sxemi.
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Masalonin holli.

1. Levitasiya dolaginin istilik hesab1

Sokil 2 vo 3-do LD-nin soyuma sathlori vo asas Olgtilori gostorilmigdir.

Burada

Sx1 Vo Sxz xarici (yan ) sothlor ; Sq vo Sd - orta gubuga yaxin olan daxili sothlor ; Sy vo

Sa — Ust va alt sothlor ; karkasin qalinligi Ak ilo , karkasla niive arasindaki hava boslugu Ao ilo
isaro olunmusdur. Umumi daxili 6l¢l 2A=2(Ax+Ao ) toskil edir.

Sakil 2-do LD-nin 6l¢iilari verilmisdir.

LD-nin timumi soyuma sathi

St, = Sx + Sq + Sq + 5,(6)

Burada
SX == hz(nz + 4‘C2) , Sd = O,Shz : (172 + 4A) , Sé + Su = 2C212

=TI, + 4C; + 44 =~ I, + 4C, ; M. = 2(2a + b) ; I, = 1 + 44
A=Ay + Ay ;240 ~ 24, ~ 1% 1073; ©)

LD-nin sothlorindon soyuma soraitlori miixtalif olduglarindan fimumi sothin sahasini
asagidaki diisturla hesablayirlar

St, = Sx + Me(Sq + Sq + 5u) (8)

2

2(a +A)
o

) !
SC SIJ _’._FE'I ]
]
_H:“ - S.: 2z
|

Ala+oz+A)

Sok.2. LD-nin soyuma sathlarinin tayini.
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Sok. 3. LD-nin élgilarinin tayini.

Burada n¢ omsali tocriibodon toyin olunur vo miixtolif sothlordon istilikotiirmonin
effektivliyini gostorir. Polad niive doyison corayanda qizdigi {i¢iin dolagin niivoys yaxin olan
sathi ligiin =0 gobul edilir. Bu halda nt S¢=0 vo (8) diisturu asagidaki kimi yazilar:

St, = Sx T Ne(sa’ + su) = sx +Mt(2C;1,) ©)

Karkassiz bandaneli dolaglar {i¢iin n=0.9, karkasli dolaglar ii¢in n=1.7 vo dolaq
birbaga niivoys sarinan halda nt = 2.4 gqobul olunur.

Sx-in ifadasini (7)—dan (8)-o yazandan sonra aliriq

Stz = 8T]tC% + 2(2h2 + Ne + HO)CZ + hz HO

Yaxud hz=ITe2 C> oldugunu nozars alandan sonra aliriq

I n ,
Stz = ntCZZ + (TO + TO . nt)CZ (10)
Yaxud
St, = % - C,(Iy + 4C,) 11)
Burada
14 Ne . !
ntzz—nzt,nt=1+nt
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(11) diisturundan goriiniir ki, LD soyutma sathinin sahasi 6l¢iisiiz omsallardan Ile; vo ne
asilidir. Bu omsallar hesablamalarda toqribi qobul olunduglari ligiin (Tle2x2+6 vo Mw=l.7)
yuxarida alinan diistur (11) ilkin hesablamalar ii¢iin istifads oluna bilor.

Temperatur artimi {igiin molum olan Nyuton diisturundan istifads etmakls dolayr yolla
tolob olunan soyuma sathinin sahasini Sitoyin etmok ¢otin deyil.

P2
S =
t2 k1T,

(12)

Aktiv giic itkilori P2 vo aktiv miiqavimati r2 asagidaki diisturlardan tapilir:

F2p,l
Pz = I%rz = k322'11: ZC% (13)
2
L,WF
T2 = P2 o 2 (14)
2
Onda
_ F%pZIZ
= kaSZStzneZC% (15)
_ (P2 F3l,
% T\T,) kr - kagn, 2
T T " K321¢,C)
G.g = (&) P
1P} Stz - T2 kK321, (16)
Xiisusi elektrik miiqavimati p2 temperatur artimindan asilidir.
53,45
p2= pao[ L+ o (v+35-20)] = procio (1+°2)

T2

Burada 0p=0.0042 1/c; p20=2.78 *10® Om*m, otraf miihitin tempraturu 6o=35 °C
nazords tutulur. pz/t—nin qiymotlori  cadvalds verilmisdir. (11) vo (16) riyazi ifadsloring
osasan aliriq

CZ C2 nt 3
S, = =—-c
L, "% My4+4c, 2 4 2
3 = P2 F_%
€ _mt(‘rz) krkas (17)
Burada isaro olunmusdur
4
mt=
Ng, Ny

Ampersargilarin qiymoti F riyazi modelin (4 vo 5) diisturlarindan tapilir. (17)
diisturlarindan LD-nin qalinligin1 tapiriq

— 3/ p2)  _F}
©2= mt(rz) krks; (18)
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Cadval 1-do Olgiisiiz omsallarin ne, Nt vo my levitasiya omsalindan Ile> asili olan
qiymatlori verilmigdir. Levitasiya omsali Ilex artdigca m¢ omsali azalir, naticodo LD —nin
qalinlig1 ¢ do azalir. Bu halda temperaturun 12 verilmis qiymati {i¢iin hiindiirliik h artir.

(18)—ci ifadoys osason LD-nin qalinligi toyin olunandan sonra qalan parametrlori

hesablamaq ¢otin deyil:

Fa

h2=ne,c; ; S=haCz; €2=11g + 4c; ; Fo=baFy; jo=—
3292

2. Tosirlonmo dolaqlarinin istilik hesabi
Tasirlonmo dolaginin 6l¢iilorinin igaralori sokil 4-do verilmisdir. TD-nin polad niivoys

sixilmigalt vo hiindiirliik boyu sathlorinin istilikotiirmalarini nozors olmadan yazmagq olar:
Su= SxatneSe= (I1y + 8¢y) (hy + 1 (1) (19)

Yaxud

Su=8(Ne1+1M¢)C12+11; (Ner+1) C1=8M¢ C1%+ MiT;C1
Burada

ij_:hl(nl + 8C1); h1 = ne2C1 ’Hl = HO +4Ak
Suzcl(nl + 8(:1) X Hl = HO +8Ak, me= nel+nt

(19)-dan aliriq

[}
é‘i- et —p -n—ﬂk
¥
2(a+ AAC)
|
D
1
&
e 20 Ci +
al §
O
U

Sok.4. TD-nin 6l¢lorinin tayini.
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TD-nin orta naqilin uzunlugu (sokil 4)
Il = Hc +8Ak +4C1: H1+4C1
Onda

12 HC+4’CZ
1, Hc+4C,

Burada 4Ao+4Co~4C; ; 4Ak+4C1~ 4C1 ; 4AkKT]¢ gobul edilmisdir.

) Cadval 1
Nt , Nt vo meamsallarin qiymatlori
Ne2 2 3 4 5 6
ne 0.636 0.955 |1.273 |1.592 1.920
Nt 1.636 1.955 |2.273 |2.592 2.920
mt 1.222 0.682 | 0.439 | 0.308 0.170
TD-nin temperatur arttm1 Nyuton diisturundan tapilir:
P 2 Pih 2 p1(I11+4Cy)
= =F =F 22
Tl kTStl 1 k315t1 1 kTStl ( )
(22) —don alirq
Sty _ 2P1 /T
morac, 11 gk (23)
(19)-dan St1 —in giymati toyin olunur
St = 8M C1(C1+-2)=Mk C1(8C:+11;) (24)
Onda (24) —i (23) —ds yerina yazsaq alariq
Ci(8Ci+My)_ 12 p1 /71 (25)

4C1+H1 1 ka31mt
Sonuncudan TD-nin galinlig1 tigiin kvadrat tonlik alinir

A In A
012—(5—?1)61 -3 =0

Buradan toyin edirik

-1A_I 1A _Hiyp 4
C1=3G S)i\/4(2 s) Tl

Yaxud
91
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(26)



1
Ci=—[(44—T,) + J16A2 + 112 — 6AT1, ] (27)
Burada

A= FZ P1/T1 (28)

1 krksymye

Molumdur.
Sonra hesablayiriq:

h1=ne1Cy1; S1=h1 C1: l1 =TI + 4Cy; j1 = Fu/ka1 St

Istilik dreyfinin azaldilmasi: Temperaturun artimmin ani qiymoti T(t) onun gorarlasmis
qiymatindon tq va istilik zaman sabitindon Ti asilidir:

t

T()=1q (1-e7) (29)

Istilik zamani sabiti iso nagillorin kiitlosindon m, xiisusi istilik tutumundan c,
istilikotiirmo amsalindan k; va istilikotiirma sathindon St asilidir.

Ti=— 30)

T kSt

Sonuncu dusturdan gérunurki, zaman sabitinin T; on effektiv azaldilmasi tisulu xiisusi
istilik tutumu c kigik olan nagqillorden istifade etmok olar. Bu mogsadls dolaglar elektrik
keciriciliklori bdyiik olan naqillordon hazirlanmalidirlar. Dolaglarin kiitlolorin azaldilmast,
yaxud istilikdtiirma sothlorinin artirilmast iisullart miioyyon moahdudiyyatlorlo baghdirlar,
mosalon gabarit dlgiilorin artirilmast ilo.

NOTICO
Induksion levitasiyali saquli oxlu kiilok generatorunun istilik hesabini aparmagq {iciin
levitasiya tonliyindon, dolaqlarin tempratur artimlarinin Nyuton diisturlarindan vo dolaglarin
soyuma sathlorinin diisturlarindan istifade olunmusdur. “istilik dreyfinin” tosirini azaltmaq
liclin induksion sistemin istilik zaman sabitinin azaltmaq lazzimdir. Bu mogsodlo dolaglar
elektrik kegiriciliyi yiiksok olan naqillorden hazirlanmalidir.
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TEILIOBOM PACUET UHAYKTHUBHOI'O JIEBUTPA
BEPTUKAJIbHOI OCH BETPOTEHEPATOPA

ABAYJUIAEB 10.P., I'KAXAHI'MPOB A.H., MAPY®OB HU.M.

WunykuroHHass cucTeMa BeTpPOreHepaTopa C BEPTHKAIbHOH OCBIO COCTOUT U3
KOPOTKO3aMKHYTBIX  IIYCTOT, KOTOpbI€ HajaraloTca CHJaMd UMMOOWIM3AlUu |
ANEKTPOMarHuTHEIMU cuiiaMu. OHM BBI3BaHBI MOTEPEH aKTUBHOW MOIIHOCTH B PE3yNbTaTe
MPOTEKAIOMIUX TOKOB, M B PE3YJbTaT€ OHU HArpeBalOTCs. TeII0 BBI3BIBAET «TEIJIOBOM
npeiid» Ha mATKe, a BbICOTA JIEBUTAIMM HEMHOTO yMeHbIaeTca. YToObl yMEHbIIUTE 3P QeKT
TAKOTO HEXelaTeNbHOro 3¢ dexTa, OblIa MpeIokeHa CHCTEMa WHAYKIIMOHHOW JICBHTAIH
JUTSL 3aTIOJTHEHUSI IyCTOT KaOeNsIMU C BBICOKOH 3JIEKTPOIIPOBOJHOCTHIO.

KnwueBble cjoBa: HHIYKIMOHHAS JIEBUTPA, BEPTUKANbHAas OCh, BETPOICHEPATOp, TEIIOBOU
KaIbKyJSITOP, TEIUIOBOH Ape(, yrapHas mpoOKa, JICBUTAMOHHOE 3aII0JIHEHHUE.

THERMAL CALCULATION OF THE INDUCTIVE LEVITRA OF THE
VERTICAL AXIS OF THE WIND GENERATOR

ABDULLAYEV Y.R., JAHANGIROV A.N., MARUFOV |.M.

The induction system of a vertical axis wind generator consists of short-circuited voids,
which are superimposed by immobilization forces and electromagnetic forces. They are
caused by the loss of active power as a result of flowing currents, and as a result they heat up.
Heat causes a “thermal drift” on the heel, and the height of the levitation decreases slightly.
To reduce the effect of such an undesirable effect, an induction levitation system has been
proposed for filling voids with high conductivity cables.

Keywords: induction levitra, vertical axis, wind generator, heat calculator, heat drift, shock plug,
levitation filling.
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ISMAYILLI RAYONU, GIRDIMANCAY UZORINDO “ISMAYILLI-3"
KSES-in HIDROENERGETIK POTENSIALININ TODQIiQi

VOLIYEV C.Z.

Baki Miihondislik Universiteti
valiyev.cz@mail.ru

Maqalads Girdimangay iizorindo nazords tutulmus “Ismayilli-3” KSES-in hidroenergetik potensialinin
qiymotlondirilmasina baxilmigdir. Bu magsadls ¢ayin ¢oxillik molumatlari osasinda hidrologiyasi aragdirilmis va
miivafiq tominat faizlorino uygun maksimum su sorflori toyin edilmisdir. SES-in sugobuledicisinin gétirduiyu
sorfo vo itkilor nozoro alinmaqla hesablama basqisina uygun qoyulmus giicti, illik enerji istehsali toyin
edilmisdir.

Acar sozlor: sugobuledici, su sorflori, basqili derivasiya borusu, itkilor, siirot, hesablama basqisi,
goyulmus giic, enerji istehsal1.

Azorbaycan Respublikasinda alternativ vo barpa olunan enerji monbolorindon istifado
olunmasi tizro Dovlat Proqrami “Azarbaycan Respublikasinin Prezidentinin 21 oktyabr 2004-
cl il Seroncami” gobul olunmus vo 16 noyabr 2009-cu ildo “Azorbaycan Respublikasinda
alternativ vo borpa olunan enerji monbolorinin totbigilo bagli olave todbirlor haqqinda”
Soroncam imzalamigdir. Qeyd olunan Soroncamlarin, gostorislorinin, eloco do Azarbaycanin
Regionlarmin 2009-2013-cii illords sosial—iqtisadi inkisafina dair Dévlot Programinin yerina
yetirilmosi {i¢iin orazimizdo yerloson ¢oxsayli kigik ¢aylarin, kanal vo basqa suaxarlarin enerji
potensiallarinin manimsanilmasi maqsadile genis islor aparilir. Qeyd edilon programin davami
olaraq Girdimangay iizorindo “Ismayill1-3” KSES-in tikilmosi nozerds tutulmusdur.

Girdimancayin aximinin hidroenergetik potensialinin  dyronilmasi iiciin  mévcud
topoqrafik xoritodon istifado edilmisdir. Burada c¢aymn macrasina vo onun sahilyam
hissolorino Ismayilli rayonunun Qaraqaya kondindon baslayaraq asagiya dogru 8400 m
uzunlugundaki trassa boyu arazinin xaritasino baxilmisdir. Cayin iizorinds sugabuledici qurgu
V865.0 m yiiksakliyindo KSES iss V640.0 m yiiksakliyinda yerlosdirilmisdir. Buna uygun
derivasiya borusunun uzunlugu 8400 m olub, SES-nin su sorfi ¢ayin orta c¢ox illik su
aximinin tominat oyrisi vo ¢ayin ekoloji axini nozors alinmagla Q=4,5 m®/san, onun qoyulmus
giicii 10.0 MVt va il arzinds iglomasini T=4000 saat qobul etmoakls illik enerji istehsali 30.0
mln kVt saat hesablanmisdir.

Yuxarida yerino yetirilon islorin analizi noticosinds “Ismayilli-3” KSES-in binasinin
Baki-Ismayilli-Qabolo avtomobil kérpiisiine yaxin yerlosdirilmosi mogsadouygun hesab
edilmisdir.

Kicik Su Eektrik Stansiyasmin (KSES) bas qurgusunun Ismayilli inzibati rayonunda
Girdimangayin lizorinde Qaraqaya kondine yaxin yerlosdirilmasi nazards tutulur.

Qaranohur mantogosi zonasinda Girdimangay vo onun qollart olan Kiird-Qobu, Dalicay
caylarinin macras1 yataqlart vo onlarin ohatesinin topoqrafik materiallari, eloca do homin
caylarin hidroloji vo metroloji materiallar1 analiz edilib Gyronilmisdir. Bu islorin gedisindo
Girdimangayin Qaranohur montagesinde mdvcud enerji potensiallarinin qiymotlondirilmasi
vo onlarin istifads olunmasi imkanlarinin arasdirilmasi nozordon kecirilmisdir.

Aparilmis miivafiq todgiqatlar noticesindo Ismayilli rayonu, Girdimangay iizorindo
“Ismay1lli-3” KSES-in plani1 sokil 1-doverilmisdir.

Basqili hovuzun dibinin yiiksokliyi V861.90 m soviyyasindadir. Onun qarsisinda
zibiltutan tor qoyulmusdur. Basqili hovuzda suyun saviyyesi V865.00 m togkil edir. Basqili
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hovuzun fliitbetinin qalinligi 0,75 m-dir. Hesabat sorfini Qses=4.5 m®/san buraxan zaman, su
V865.00 soviyyasinds suasiranin qasindan axaraq SES-in basqili hovuzuna tokiiliir (sokil 2).
Bu zaman yaranan basqini [1,2] toyin edok:

2/3

Q \” 45
= <mb,/2g) - <0.36 -6.0 - 4.43) = 0.60 m (V865.60 m)

Qses=4.5 m®/san su sorfi SES-in sugobuledicisindon kegon zaman su saviyyesi V865.00
m olur. Bu zaman, su saviyyasinden suqgabuledicinin girisinin yuxar1 astanasina qodor mosafo
vo girigo yaxinlagma siiroti

_4Q 4-45

V = =
md? 3.14-1.52

= 2.55m/s

$=0.52-V-h%°=0.52-2.55-1.5%°=1.62 m(V863.38 m)

Sugobuledicinin girisindos dib saviyya: Dib V=V863.38-1.5=V861.88 m olacaqdir.SES-
in sugobuledicisinin uzunlugu 6.4 m olub, basqilt hovuza birlogir. Sugobuledicinin eni 5.0 m-
don 1.5 m-o kegir. d=1500 mm-lik tozyiqli borunun girisinds 6l¢iisii 4.7x1.5 m olan zibiltutan
tor, 1.5x1.8 m olg¢iisiindo olan miistovi dorinlik baglayicisi, 0.4x1.0 m 6lgiido aerasiya saxtasi
vo 1.5x1.5 m 6l¢iids diizbucaqli saha, uzunlugu 1.10 m d=1500 mm olan sahays kegir.

Basqili boru komori sugobuledici qurgudan ¢ay aximini KSES binasina gotirilmosini
tomin edir. Bu boru komori diametri d=1500 mm, divarin qalinligi t=12.0 mm-lik polad
borudan layiholondirilib. Layihodo polad borunun uzunlugu L=8400 m-dir. SES binasina
yaxinlaganda polad boru dord hissays saxslonmisdir.

Basqili boru komorindo hidravliki zorbonin yaranmamasi {i¢iin Pelton tipli calovlu
turbinlordo miivafiq qurgular nozordo tutulmusdur. Basqili borunun iimumi itkilori nozoro
alinmagqla hesablama basqis1t H\=201.7 m toyin edilmisdir. Hy=202 m gobul edirik.

Hesablama basqis1 vo sorfi molum olduqda derivasiya borusunun alverisli diametri [1,5]

osason asagidaki diisturla toyin edilir:
3
d, = 17/—5’2Q :
H

burada d, — derivasiya hesabat borusunun diametridir; Q — boruda suyun sorfi, Q=4.5
m®/san; H - boruda axmmin statiki tozyiqi, Hst = 225 m.

Beloliklo,
3
de 7224 S 11om
226,5

Derivasiya borusunun diametri d=1,5 m gqabul olunur.

KSES-in statik basqist H=225 m vo borunun diametri d=1,5 m oldugunu bilorok,
derivasiya borusunun qalinligi 6=12 mm qobul edilir.

Derivasiya borusu boyu basq itkisini Darsi-Veysbaxa goro [2,3,4,5] asagidaki ifadodon
hesablamagq olar:

hiz= 1 £ . U_ ’
d 2g

burada A - boruda hidravliki miigavimat omsali; £-derivasiya borusunun uzunlugu, £ =8400
m; d-borusunun diametri; v-boruda suyun siiratidir.

Derivasiya borusunun diametri d = 1,5 m-2 uygun, onun en kasik sahasi
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o = 0,785 d?=0,785-(1,5)% = 0,785-2,25 = 1,77 m?-dir.

Onda derivasiya borusunda axinin siirati

022 = ﬂ = 2.55m/ san
o 177

Borunun uzunlugu boyu hidravliki miigavimot omsalim1i A.D.Alsulun asagidaki
diisturundan toyin edirik:

A=0.11 (68 + KB)O'ZS
T 777 \Re  d

burada g=9,81 m/san?; K»-borunun eklvivalent kolo-kotiirlik omsalidir, K» =0,012; d -
borunun diametri; d=1,5 m-dir.

Reynolds adadi
Re= 24 _ 29515 99108
¢ =T T101-10-%
A=0.11 (68 + KS)O'ZS =0.11 3.14599 _ 0.0109
~ 77" \Re  d T 31.623 0

Yuxaridaki ifadodon borunun uzunlugu boyu yaranan basq itkisi {ligiin aliriq:

L v? 8400 2.552
he = A=+5—=10.0109-—

: = 20.23
29 150 19.62 m

Derivasiya borusunda yaranan yerli itkilori uzununa itkilorin 15% kimi qobul edirik.
Onda boru boyu yerli itkilor:

hyer=0,15-hy; = 0,15-20.23=3.03 m.
Beloliklo, derivasiya traktr boyu yaranan timumi itki {i¢iin alirq:
Ehw = hyer + hyz =3.03+ 20.23=23.26 m.
Noticodo KSES-in hesablama basqisi:
Hh= Hst— > hw = 225-23.26= 201.74 m.
Hr=202 m qgobul edirik.
Burada hidroaqreqatin qoyulmus giicii asagidaki ifadodon tapilir:
N=9.81Qhmaqr.,
BuradaQ - axinin sorfi; Qses =4.5 m®/san;

H - agreqatin hesablama basqisi, Hv=202.0 m;
Nagr. - aqreqatin faydali is omsalidir, 1 aqr. = 0,85.

Onda SES-in is¢i giicii asagidak: ifadodon hesablanir.
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N=9.81Qhnaqr=9,81-4,5-202.0-0,85=7,5 MVt

Illik ener;ji istehsali:
E:981QH1’] aqr_'T:NT,

burada Q - suyun orta sorfi, m/san; H - aqreqatin basqisidir, m; 1 aqr- faydali is
omsalidir, T- aqreqatin il orzinda isladiyi saatlarin miqdari, T=4000saat qobul edilmisdir.
SES-in N=7,5 MVt isc¢i giiciino uygun illik elektrik enerjisi istehsali:

E=NT=7,5 -4000=30,0 mln.kVt.saat.

SES-in suqobuledicisinin gétirdiyi Qses=4,5 m3/san sorfo vo Hn=202 m hesablama
basqisina uygun hidroaqreqatlarin say1 4 odad (I-ehtiyat) olmaqla qoyulmus giicii Nq.=10
MVt, isci glici N=2.5x3=7.5 MVt va il arzinds islomosini T=4000 saat qobul etmokls illik
enerji istehsalt E=30.0 mIn.kVt.saat toyin edilmisdir. Verilmis parametrlora uygun Calovlu
Pelton tipli turbin se¢ilmisdir.

SES binast masin zalindan vo qurasdirma meydancasindan ibarstdir. Planda olgiilori
40.50x21.55-dir. Agreqatin oxundan yera qodor olan mosafs iso1.50 m gotiiriilmisdiir. SES
binasinin alt hissasi (SES binasinin iistiinden dibina gador olan masafs) v638.5-v633.1=5.4 m-
dir.

Masin zalinda texnoloji avadanliglar, kran vo digor kdmokei avadanliglar yerlosdirilir.
Binanin istii ortiiliidiir.

Kranalt1 yolun saviyyasi quragdirma meydangasina gatirilon avadanliglarin bosaldilmasi
vo onlarin masin zalina daginmasi {i¢iin 7.55 m gobul edilmisdir.

Masin zalinin qurasdirma meydangast da daxil olmaqgla imumi uzunlugu 40.50 m-dir.
Burada osason tobii isiglanmadan istifado olunacaqdir.Masin zalinin eni hom kran, hom do
texnoloji avadanliglarin yerlosdirilmasi sortilo siitundan siituna 15.05 m toskil edir. Masin
zalinda hidrogenerator, vo onlarin komoke¢i avadanliglar: yerlosdirilir.

Agreqat blokunun 6l¢iilari texnoloji va konstruktiv toloblara gore miioyysn olunmusdur.
Hidroagreqatlarin  oxlar1 arasindaki maosafs, generatorlarin yerlosdirilmosi vo onlarin
arasindaki kecidlori nazars almagla 8.6 m gabul edilmisdir.

Masin zalinin eni 15.5m, xidmat korpusunun eni iso 6.05 m-dir. Bir-biri ilo pillokonlor
vasitasile alagolondirilmisdir.

SES binasinin yeralti hissosi biitlin istigamotlordo konstruksiyanin sortliyini tomin
etmak mogsadilo monolit domir beton gobul edilmisdir. Biindvronin altinda 10sm qalinliginda
B10 sinifli betondan hazirliq qat1 verilmisdir (sokil 3).

“Ismay1ll1-3* KSES-in osas texniki-iqtisadi gdstoricilori asagidaki codvaldo verilimisdir.

Cadval 1
Gostaricilorin adi Gostaricilor

SES-in tipi Basqili derivasiyali
SES-in sinifi v
Qoyulmus giicii MVt 10.0
Illik enerji istehsali, mln kvt-saat 30.0
Hesablama sorfi, mS/san 45
Hesablama basqssi, m 202
Hidroaqreqatlarin sayi, ad. 4 (1 - ehtiyat)
Turbin Calovlu Pelton tipli
Isci giic, MVt 7.5
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NOTICO

1. Aparilmis todqiqatlarin naticalorinin islomalorine osason Girdimangay {izorindo
nozordo tutulmus “Ismayilli-3” KSES-in hidroenergetik potensiali hesablanmisdir. Gdstormok
lazimdir ki, Girdimangayin hidroloji molumatlarinin islomalari naticasindo onun maksimum
su sorflori, eloco do coxillik orta su sorflorinin tominat oyrilori hesablanib, tortib olunmusdur.
Belaliklo, Girdimangayim 3% tominatli sel axim1 Qsy% = 220 m%/san, 5% tominatli maksimum
su sorfi Qse = 192,0 m¥san, 10% tominatli su sorfi iso Q10%=185 m%/san toyin olunmusdur.
Girdimangayin coxillik orta su sorflorinin tominat oyrisindon onun 50% tominatli su sorfi 5,4
m®/san toskil edir. Cayin asag aximinda sanitar su sorfinin saxlanmasi sortindon KSES-in
hesablama su sorfi Qses=4,5 m3/san gobul olunur. Qalan Q=0.9 m*/san sanitar su sorfi caya
buraxilir.

2. SES-in sugobuledicisinin goturdiyi Qses=4,5 m®/san sorfo va Hn=202 m hesablama
basqisina uygun hidroaqreqatlarin say1 4 odod (1-ehtiyat) olmagla qoyulmus giicii Nq.=10
MVt, is¢i gilicii N=2.5x3=7.5 MVt va illik enerji istehsali E=30.0 mln.kVt.saat toyin
edilmisdir.Verilmis parametrlors uygunCalovlu Pelton tipli turbin se¢ilmisdir.
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HCCJIEJOBAHUE 'MAPOSHEPTETHYECKOI'O IIOTEHIIUAJIA
«HUCMAUNJIJIBI-3» MI'C HA P.ITTUPAUMAHYAHU
NCMANLIMHCKOI'O PAMOHA

BEJIMEB/I7K.3.

B cTtatbe paccMoTpeHa olleHKa r’APOIHEPreTUYECKOro noreHuana «Memammisi-3»
MI'DC na p.I'upaumanyaii. C 3T0i 1eJIbIO,pacCMOTPEHA THAPOJIOTHS MHOTOJICTHUX JAHHBIX
PEKH U OTIpe/ieIeHbl COOTBETCTBYIOIIUE MPOLIEHTHBIE 00€CIIEYeHHOCTH MaKCUMAJIbHBIX
pacxo0B peku. B coOOTBETCTBUM ¢ pacXo10M U pacue€THBIM HaropoM Bojio3adbopa I'DC
oIpeJieIeHa YCTAaHOBJIEHHAs! MOIIHOCTh M I'0JI0Bast BBIPAOOTKA 3JIEKTPOIHEPTUH.

KaroueBble ci1oBa: B0103a00p, pacxo/] BO/bl, HAMIOPHAs TPyDa, MOTEPH, CKOPOCTh, pacyeTHOE JaBlICHUE,
BBIXO/[HASI MOII[HOCTb, BEIPAOOTKA 3JIEKTPOIHEPT UH.

RESEARCHING HYDROELECTRIC POTENTIAL OF
“ISMAILLI-3” SHPS ON THE RIVER GIRDIMAN

VALIYEVJ.Z.

In the article, the hydroelectric potential calculation of “Ismailli-3” SHPS on the river
Girdiman is conserned. In view of this, hydrology of long-term river’s dates are analyzed and
maximum flow discharge is defined. In accordance with water intake discharge HPS and
design head installed capacity and annual output of power are defined.

Keywords: water intake, water flow, pressure pipe, losses, speed, design pressure, power output, power
generation.
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PEIIEHHUE 3AJAYM KOIIIU — HEUMAHA JIJISI YPABHEHUSA JIAILTACA
METOAOM ®YPBHE U ONIPEJAEJEHHWSA HE TPUBHUAJIBHBIX IEPEMEHHbIX

3EMHAJLIBI C.M.

Tauoorcunckuti I'ocyoapcmeennviil Ynugepcumem
subhiya.zeynalli@rambler.ru

B paccmorpenHoi paboTe ObIIM HalICHBI yIOBICTBOPSIOIINE HE TPUBHAIBHBIE ITEPEMEHHBIC METOI0M
paznoxxeHuid, ypaBHeHui Jlamnaca ¢ HOMOIIbIO PSAIOB.

KiaioueBble cioBa: ypaBHeHHe,QyHKIWSA, QopMmyna, (QYHKIHMOHAN, MHOXECTBO, KOd((HUIIICHT,
ONTUMAJBHOE YIIPaBICHUE, CUCTEMA.

Pemennesanaun Komu-Helimana nis ypaBHenus Jlamiaca numeer BUI:
1
u(x,t) =Eexp{—\/F}cos kxshk(l+t), keN, 1)

Kpowme Toro, mpu K — 0o dynkums ¢ (X) paBHOMEpHO CTpeMHTCS K HyIIO M IPUTOM HE
TOJIBKO cama, HO U Bee ee nponsBoanble npunaanexar Ly (0, 7). Oxnako pemenne (1) npu

mo6om t>—1 uMeer BUA KOCHHYCOMIBI CO CKOINb YTOJHO OONBIION aMIIMTYHOH U He
npuHaexut npoctpanctey L, (Q).

Jlnst Toro urobbl Gynkumst @y (X) yaoBieTBOpsUIa yCIOBHIO {exp(2k)go1k }Eozl cl,

HEOOXOAMMO U JOCTaTOYHO, 4TOOBI KOd(duuuenTel Oypre (P HMMEIH aCUMITOTHKY IS

oonemmx K mopsaxa eXp{—(2 + &)k}, rne £ >0. B paccmarpusaemom Hamm npumepe

MMeeM acUMNTOTUKY Beero Jjimb pashyio €XP{—/ K}, xoropas ssno memocrarouno mms

KoppekTHocTH 3aaaun Komu-Jlupuxiie s ypaBuenus Jlamnaca.
ITocTanoBka 3a1a4u :
B o6mactu D={(x,t)|0[ x[J m, 10Jt[]1} paccmarpuBaeTcs rpaHUYHAs 3a]a4a

%+2% u=f(x¢t),(xt)o Dy, (2)
%:o,%:o,m[ 11], (3)
u(x-0= o 9. 22 = 0, xe 0.7). @

[peamonaraercsi, 4TO %j U,.., rme Ug- Bemykimoe 3aMKHYTOE MHOKECTBO U3

L,(0,7),0€U,u fel, (Q),(DO EW21(0,7T),¢1 € L, (0, 7) - sanannsie Gpynxuun.
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Pemenne 3amaum (1)-(3) sBasercs 3amadeit Komm-HeliMmana miis 2i1enTHYECKOTO
YpaBHEHUS, SIBISIETCSI HEKOPPEKTHO NOCTaBICHHOM [1].

[locraBum B cootBetcTBHE (1)-(4) cienyromyro 3aady ONTUMAJIbHOTO YIpaBICHHUS:
HAWTH MHHUMYM ()yHKIIOHATA

IOV = [ [u0-D) - o (I ®
0

BU npu orpaHn4eHusnx

o’u ou
2 Tae U= fxt) (x)0 by, (2)
ou(0,t) ou(mt)
o S0 TS0t (1), 3)
%:%(x), %:V(x) xe(0,r7). (6)

B Teopun ontumanbHOro ympasineHus 3agada (5), (2), (3), (6) Takxke sBisercs
HekoppektHoit  [4].  Ormernm, uro mpu f € L,(Q), ¢ € L,(0,7), Ve L, (0, 7)

rpanuyHas 3amava (2), (3), (6) uMeeT eTMHCTBEHHOE O00OOIIEHHOE pPEIICHUE U3 W21 Q) [2,
3].
Pemenus rpannunbix 3ama4 (1), (2),(6), (10), (12) 6ynem uckaTh B BUIE

00D = DU X, (X, ) = Xy X, ().
k=0 k=0

rac

Xo(x):%, Ao =0, Xk(x):\/%coskx, A =—k?, k=12,..

CUCTEMBl OPTOHOPMHUPOBAHHBIX COOCTBEHHBIX (YHKIMH ¥ COOCTBEHHBIX 3HAYCHUW IS
CIIEKTpaJIbHOM 3aa4u

X"(x)=AX(x), X'(0)=X'(x)=0.

Honcrasnsts npexnonaraembie pemenns U(X,t), w(X,t) mpuV=V(X) B (1), (2), (5), (10)-

(12) ornocutensro ko3ppuimentos Uy (t), w (t) nomyunm coornomenus

b, — (k% +Duy = f (1), te(-12),
©)
U (-1) = oy, U () =V, k=012,...,
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pix — (K* + Dy =0, te (1),
8
v (=) = U (=) — 9o, ¥4 () =0, k =01.2,..,

(—l//k (1) +05Vk)(Vk —Vk) >0 VVk, k = 0,1,2,..., (9)

rne  fi (), ook, @1 Vi, Vi, K=012,...- xosdpduumenter Pypoe ¢ynxumii  f (X,t),
©o(X), @, (%), M(X),V(X) no cucreme dymrmmit {X (X)}e—o-

Pemenns rpanmansix 3ana4 (7) u (8) mpuK = 0,1,2,... npencrasnstorcs B Buze

~ Vehvk® +1(1+1)  pychvk® +1(1-t)

k2 +1shovk2 41 k2 +1sh2k? +1

1
B chk? +1(1+1) Jch\/m(l—s) f, (s)ds+

K2 +1sh24/k? +1 7

Uy (t)

t

' \/ﬁj sha/k? +1(t —s) f, (5)ds, (10)
+1l

v (t) =— Ui (=1) — oo chvk? +1(1-t). (11)

Vk? +1sh24k? +1

N3 dpopmyin (10), (11) u (9) Haxoqum

(U (<1) — o + aVk? +1sh2vk? +1-V)(V, -V ) =0 VYV, k=012,...

D10 ycnoBue mpeodpaszyeM K CIAeAyIOIIEeMY BUY

[\, 2
[—gplk cth2vk +1+Vk[ L +a\/k2+1sh\/k2+1J—

Jk2 +1sh2vk2 +1

1
1 [,,2
— Pok — chvk+1(1-s)f, (s)ds |( —V%) =0
Vk? +1sh2+/k? +1 _Il (12)
VVk, k :0,1,2,... .

Teneps paccmorpum cirydait U, = L,(0,n). Toraa u3 (12) nony4um, 4ro

cth2v/k? +1 .

]
Vk = Bra| Pok + Puc >
ke +1
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1

+\/k2 . ;2\/k2 1jch\/k2+1(l—s)fk(3)dsJ, (13)
+ 1S +1 4

rac

1+ a(k? +1)sh?2vk? +1
Bia = 2 2
k2 +1sh24/k? +1

TakuM 00pa3oM, HaXOAMM ONTHMajibHbIC 3HAaueHHs Kod(poummentoB Pypse V|
yaxman V(X) . Manee npux —> 0 u3 (10) u (13) umeem

Upo (1) = lim uy (t) = g chVk? +1(L+1) + Pak x
a0 VK2 +1sh24/k? +1

, k=012,...

x[ch2vk2 +1chvk? +1(L+t) - chWk2 +1(1— )] +

1

Vk? +1

Yo = lim ¥, = Vk2 +15h2vk? +1pg, + @y ch2vk2 +1+
a—>

+

t
jchx/kz +1(t—s)f (s)ds, k =01,2,...,
-1

1
+ jcm/k2 +1(1—s)f, (s)ds, k =012,...
-1

OTMeTuM, YTO pEIICHUS uk(t), HaiineHaple o Qopmyne (10), B COOTBETCTBHE C
ontuManbHbME KodGduumenramn @ypee Vi, K =0,12,..., naiinennsie no dgopmyune (13),

JOJDKHBIL  YAOBJIETBOPATH IPENEIBHBIM COOTHOLIEHUSM lim Uy (—l) =@k, KOTOpHIE
a—0

neficTBATENBHO MMEROT MecTo. U 310 cornacyercs ¢ yenosuem U(X,—1) = ¢y (X) u3 (4).
Takum oO6pa3om, TouHOe pemieHue 3anaqu (5), (2), (3), (6) npeacrasusiercs Gopmyoi

V(x) = i\/%[\/kz +1sh2vk? +1gy, + ch2vk? +1¢y, +
k=1

1
+ j chvk? +1(1-5s) f, (s)ds}cos kX +
-1

1
+ | gpgsh2-+ pigch2+ [ chit—s) fo(s)ds |
Jr 2

a pelIeHne UCXOMHOM 3a1aun (2)-(4) mojydaercs CIeIyIIIM 00pa3oM
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@
u(x,t) = Tuo(t)+z {%kch\/k + (1+t)+\/k2+18;|;\/k2+1x

x (ch2/k2 +1chWk? +1(1+1t) — ch/k? + 11— 1)) +

sh\/kz 1(t —s) f, (s)ds |coskx.
k +1 -1
Takum obpasom u3 pemienus ypaBHeHHs Jlammaca metogom ®Dypbe mMoOIydeHBI HE
TPUBHAJIbHBIE [IEPEMEHHBIE.
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FURYE METODU iLO LAPLAS TONLIYININ KOSI - NEYMAN MOSOLOSININ
HOLLI VO QEYRI TRiVIAL DOYISONLORININ TOYINi

ZEYNALLI S.M.

Bu isdo Laplas tonliyinin siraya ayrilma vasitasilo geyri trivial doyisonlor tapilmisdir.

Acar so6zlar: tonlik, funksiya, funksional, coxluq, omsal, optimal idarseto, sistem.

SOLITON OF THE CAUCHY-NEUMANNPROBLEM OF THE
LAPLACEEQUATIONBYTHE FOURIERMETHOD AND
DETERMINATION OF NON-TRIVIAL VARIABLES

ZEYNALLI S.M.

In this study, non-trivial variables were found through the sequencing of the Laplace
equation.

Keywords: equation, function, formula, functional, set, coefficient, optimal control, system.
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Energetikanin problemlori e No1l e 2020 ellpoGiemMbIdHEPreTUKI

Y]1K620.9, 697.3, 69.027.1

NMPUMEHEHHUE HEKOTOPBIX TEXHOJIOTUA B CHCTEME
SHEPI'ETHUKE U OKOJOI'MYECKHUE ACITEKTbI

HOBPY30BA 3.9.

Hucmumym Quzuxu HAH Azepbaiioscana,
2. baky, np. I'. [locasuoa 131, Az-1143,

B sT0#i cTaThe aHAMM3MPYIOTCS HOBEWIIME TEXHOJOTHH M UX IMPUMEHEHHE B SHEpPreTHKE. DHEpreTuka
SIBIICTCSI OJHOM M3 OCHOBHBEIX OOJNAacTeil SKOHOMHUKH, IO3TOMY BHEIpEHHE WH(POPMAIHUOHHOW TEXHOJOTHH
SIBJIICTCSI OCHOBHOM 3a/aueil yIydIIeHHWs YCIOBHS JKM3HM YeJoBeKa. UeM CIIo)KHEee NPOU3BOJACTBO, TEM OHO
HY)KTaeTcsi B aBTOMATH3alMH. YTBEPXKICHO, YTO U1 pealn3alliid aBTOMATH3MPOBAHHOW CHCTEMBI
JUCTIETYEPCKOTO YIpPaBICHHUS  HYXHBI aBTOMATHYeCKas CHUCTeMa IIPOTUBOABAPHIHOIO YIpPaBICHUS U
pEeTHUCTpallii JaHHBIX 00 aBapwsX, YIPaBICHHS IMPOITYCKHOW CIOCOOHOCTBIO M PETYIMPOBAHHSA HAIPSDKEHUS,
pEryIupoBaHusl MEPETOKOB MOIIHOCTU M OrPAaHMUYEHHS MEPETOKOB MOIIHOCTH M 4acToThl. C pa3BUTUEM
TEXHOJIOTUM B DJHEPreTHKE M B JPYTUX OTPACIAX IPOMBIIUICHHOCTH pPAcTeT HEraTUBHOE BIHSHUE Ha
OKPYKAaIOMIYI0 Cpeny, KOTOPOE BBI3BIBACT JKOJIOTHYECKOE YXYIIICHHE CpeAbl. YTBEpKIEHO, YTO OCHOBHAs
3ajaya NpeIOTBPATUTh ITH HEraTHUBHBIE YCIOBUS M YMEHBIIUTh UX 10 MUHUMYMA.

KiiloueBble cji0Ba: DHEpPreTHKa, 3KOHOMUKA, aBTOMATU3UpPOBAaHHAS CHUCTEMa JIUCIETUYEPCKOTO
yrpaBieHus, HHGpOpMaIOHHAsS TEXHOJIOTHS, AIEKTPUYIEeCKast YHEPT U

BBenenue: B sHepreTrke MHHOBAIMSA BHEPSETCS C BBICOKOH CKOPOCTBIO, U SIBIISETCS
OCHOBOW JHEPreTUKU,ABHALIMOHHOM, W >KEJIE3HOJOPOKHON INPOMBIIIJIEHHOCTH, MAaIlUHO-
CTpoeHusi, HedTerazoBoil A00bYM M mepepaboTku.Pa3Butue oTpaciieil MPOMBIILIIEHHOCTH
3arpsizHsieT 3KoJyoruto. C BBICOKOW HHTEHCHUBHOCTBIO pa3BUBAETCS 00JACTh 3HEPreTUKH.
DOHeprust BeTpa U COJIHLA NepepadaThIBaeTCs CIEIHUAIBHBIM CIIOCOOOM B 3JEKTPUYECTBO.
Hcnonp3oBaHue CBETOJUOJIHBIX JIAMII SIBJISIETCSl YCHEIIHON TexXHoJoruei B aHepreruke. OHu
MO3BOJISIIOT  COKPATUTh IMOTpeOJieHHe 3JeKTpUYecTBA M PacXobl Ha  OCBEIICHUE.
CBeToAMOHbIE JIAMITBI HE COJIEpPKAT PTYTU M SKOHOMST 3eKTpo3Hepruio 10 90%. Muoro
JIeT BAMSIHUE Y€JI0BEYECTBA Ha OKPYKAIOLIYIO Cpely IPUBEIIO 3KOJIOIMYECKUM MTOCIIEICTBUSIM.
Bo Bcex pa3BUTHIX CTpaHaX MPHHATHI AKTHl HA OTPAHWYCHHUS 3arpsI3HEHUS TIPUPOJIBI, YTPO3BI
310poBbI0 HaceneHus. [103ToMy BaKHO yMETh HMPOTHO3UPOBATH MPOLECCHI, KOTOPbIE MOTYT
OTPULIATENILHO MOBJIMATH HA OOCIY)KMBAIOIIMKA NEpPCOHAN, a TaKkKe HOPMHPOBATh
3JIEKTPOMArHuTHBIE M3MydeHHs U wyM. lIpu cTpouTenbcTBEe NPOU3BOJICTB, HEOOXOIUMO
TIIATEIHHOE COOJIIOICHHE TEXHOJIOTUYECKOM MOCIeI0BaTeNbHOCTH padoT. OCHOBHAs 3aj1ada
HayKH HE JIOMYCTUTh OIIMOOK U CO37aTh HOPMaJbHbIE YCIOBUS JJIS SKCIUTyaTallud aTOMHBIX
ctaHimii. M ams 3TOro HeEoOXOIMMO YCTaHOBUTH JOIYCTHMbIE 3HAUYEHHS pPUCKA U UX
cienoBanue. Jlnsg MuHMMM3auuu Bo3aeHcTBHS ADC Ha OKpPYXAIOLIYI0 TEPPUTOPUIO,
MPOBOJIATCS  KOMIUIEKCHBIE MOHUTOPHHTH. OCYIIECTBIISIETCS MOArOTOBKa pPaOOTHHKOB
JIEKTPOCTAHLIMU. JIEKTPOIHEPTETUKA SIBJIAETCS OCHOBHOM OTpaciiplo SKOHOMHMKH. OHa
oOecreynBaeT 3JIeKTPUYECKON U TEIIOBOM HHEprueil moTpeOHOCTH HAaceIeHHUs] U HapOJIHOTO
XO034HCTBA, OCYIIECTBIISIET SKCIOPT JIEKTPOIHEPTHH B Ipyrue coceanue crpansl.lIpaBuibHoe
(GYHKIMOHUPOBAHUE OTpaciu O00ECIIEUMBAIOT SHEPIeTHUECKYI0 OE€30MaCHOCTh CTpPaHBbI, M
ABJISIIOTCS  BaKHBIMU  (aKTOpaMHM B pa3BUTHUM HSKOHOMHMKH. 3a MOCJeIHUHNEpHO]
OmaromapsioomieHapogHoro Jmaepa AsepOaimkana [eiimapa AyeBa W HBIHEIIHETO
npe3usieHTa Minbxama AnneBa B 3JIEKTPOIHEPreTUKE U3MEHMIIACh CUCTEMa IOCY1apCTBEHHOTO
peryJiupoBaHUs OTPACIH.

NuHoBauum B npoMbinuieHHOCTH: CaMblMH ~ HWHHOBAaLIMOHHBIMU  BHJIAMHU
COBPEMEHHBIX TEXHOJIOTUA B DJHEPreTUKE SBJIAIOTCS MCIIOJIb30BAHHE BMECTO O€H3MHa
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OMOTOIUINBA, YHUUTOXKAIOIINE HEPTSIHbIE U XUMHUUECKUE 3arpsA3HEHUs OKpPYKaloIIel CpeJibl.
Taxke WCTIONB3YIOT (PEKUHT, KaK CWIy YIAapHOH BOJHBI Ui JOOBIYM  TTOJIE3HBIX
HCKOIIaeMbIX, HE(DTU U3 CIAHILIEBBIX CJIOEB, 3AJIETAIOIMX HA OOJBIION ITyOuHE U MOBBILLICHHUE
HEe(PTEOTAaYl OT CTaphIXx MecTopoxaeHuil. CorimacHo MeToqy (peKkWHra mpecHas BoJa B
TEXHUUYECKHUX LEJISAX HE NMpuMeHsieTcs. biaaromaps MeTony MCHOIb30BaHUS ITPOMBIIIIEHHOIO
YIIIEKUCIIOTO Ta3a CTapble CKBAXKHMHBI MOTYT OBITH 00pabOTaHbI B TPETUH pas.

B Hacrosmee BpeMs HIET 3aMEH T'MIPOIIEKTPOCTAHLMHM € ocMocTaHuuen. Ocmoc
3¢ EeKT MPOUCXOAUT B CTBOJIAX JIEPEBHEB, TJE€ MPOUCXOANUT MEPEHOC MUTATEIHLHBIX COKOB B
30Hy (OTOCHHTE3a. YUEHbIe MPEUI0KUIN PUMEHNTh MOAOOHBIHN Mpolecc B SHEPreTHKE, B
paboTe THAPOIEKTpOCTaHIIUNA. PasHHIAa JaBIeHUN MPECHOW M COJEHOM BOJIBI HA CTAHIIMSIX
co3raer ocMoc A(PQEeKT, KOTOpbI 3acTaBiseT BpallaTh TypOWHBI M BbIpabATHIBATH
anekTpudyecTBo. M, KOHEYHO,9TO TOpa3fgo JemeBie OOXOAUTCS, YEM CTPOUTEIbCTBO
IHJIpodJIeKTpocTaHuil. I3BecTHO, 4To B aTMoc(epe HakaruMBaeTcs 3aekTpudectBo. M ogun
13 BAPHUAHTOB €TI0 MCIOJIb30BaHUS 3TO 3aXBaT dJIEKTpUYECKOM 3Heprun MoinHui. B XIX Beke
yueHble Hayajly 3aHUMaTbCd 3a7auedl nepejaud SHepruM Ha paccTosHue 0e3 MpOBOJOB
«@HepreTudeckuii uHTepHET». IlprMepoM siBisieTcs yCTpOMCTBO OECHpOBOIHON 3apsiiku
cmaptdoHoB. Ho moka B NpPOMBIIUIEHHON peanu3alMyd «3HEPreTUYeCKUd HHTEpHET» He
MOJIY4HII.

NudopmanuonHasi TEXHOJIOTUsI B JIeKTPOIHePruu:. BHepeHre HOBOI TEXHOJIOTUU
COKpaTUT pPacXojbl HA KOMMYHajbHbIE IUIaTeXH. [[is1 3TOro paszpabaThIBalOTCS MPOEKTHI
«YMHBIE J0May», JIEMEHTHl OTOIUICHMS, AKKyMYJSATOpBI, COJIHEYHbIE MaHenu U T.A. s
JOCTHKEHMSI OTOM TEXHOJIOTMM HYXHbl aBTOMAaTU3UPOBAHHBIE U ABTOMATHYECKUE CHCTEMBI
YIPAaBJICHUS, HOBBIE CETEBBIE TEXHOJIOTUU.

DJEeKTpOIHEPreTHKa 00ecIeYnBaeT MOTPEOUTENEH IHEPTUE U OT Hee 3aBHUCAT yCIOBHS
KM3HU Y€JI0BEUECTBA.

KomnbrotepHast TeXHOIOTHS B c(epe IHEPreTHKH PETYIUPYET YaCTOTHl M MOIHOCTH B
JHEProCUCTEME, CBOJUT K MUHUMYMY YEJIOBEYECKOrO TPYAA, pacHpelenseT Harpy3skd Ha
reHepaTopbl 3JIEKTPOCTAHIMU. ABapUM MOTYT BpPEAUTb OOOPYAOBAHMS BBICOKOBOJBTHBIX
JUHUN 3JIEKTpollepe/lauyd M, KOHEYHO, BJIEYET 3a COOOW TsKesble MOCIEACTBUS JUIS
sHeprocucteMbl. M mosToMy 0€3 aBTOMAaTH3MPOBAHHBIX CHCTEM HPOTHBOABAPUMHOIO
YIPaBIEHUS UCIUIb30BAHNE BBICOKOBOJIBTHBIX JIMHUM 3JIEKTpOIEepeay 3alpelleHo.

Hogeiilmne aBTOMaTU3HPOBAHHbIE CHCTEMbI KOHTPOJIA M y4eTa JHEPropecypcos:
ABTOMaTH3UPOBAHHBIE CUCTEMBI KOHTPOJIS M Y4€Ta SHEPrOPECypCOB BEAYT YUET U U3MEPEHHE
KOJIMYECTBA HHEPruu. ABTOMAaTU3MPOBAHHBIE CHUCTEMBl HPHUBOJAT K MHHHUMYMY TpPYZI
4eIJI0BEKA.

[locneqHee Bpemsi BHUMaHUE YIEISETCS CHUXKEHHMIO BBIOPOCOB, 4YTO MPHUBOJIUT
5Hepro’pGeKTUBHOCTH B CEKTOpax MPOU3BOACTBA U MOTpedieHHs sHepruu. B cextope
noTpeOIeHUsT TOIUIMBA, dJIEKTPUYECKON DHEPTUH, MOBBIIICHHE (PPEKTHBHOTO MPOU3BOJICTBA
DHEPIrMM M NEPEXO] Ha aJbTCPHATUBHBIE HU3KOYIJIEPOAHBIE BHUIABI TOIUIMBA, PAa3BUTHE
aTOMHOM SHEPTeTHKH MMO3BOJIUT COKPAaTUTh BbIOpockiHA S50 %.

B pasButeix  crtpaHax  EBpombl  pa3pabaThiBaeTcsi  yCOBEpPLIEHCTBOBaHHBIM
MBUICYTOJIBHBIA  HEproOsiok. Bce TexHONOTrMYECKWe KOMIIOHEHTHI Ui YJIaBIWBAaHUS H
yaepxkanuss CO2 Ha yronbHBIX DJEKTPOCTAHLUAX, NPOU3BOAATCS INPOMBIIUIEHHOCTBIO.

Bonbiime Hamexapl BO3NAraloTcs Ha MPUMEHEHHE TEXHOJIOTMM YIaBIMBAHHUS U XpaHEHUs
YIJIEKUCIOro rasa Ha TeminodiekTpocTaHiusx TOC. Dra TEXHONOIMsT MOXET HalTH
NMPUMEHEHHE W Ha TNPEANPUATHSIX XUMHH, HedTernepepaboTku U HePTEXUMUH,
METAJUTyPTHYECKUX KOMOWHATAX U B APYTUX KPYIHBIX MPEIIPUITUSIX.

OTKpBITHE BO3MOXKHOCTH TOJIYYEHHUS MaTEpHalioB U M300peTeHHe MapoBOil MallWHBI
YCKOPHUJIO pOCT TOpo0B. Ho ¢ apyroit cTOpoHBI JBIMOBBIC Ta3bl 3aBOJOB 3arPSI3HUIT BO3AYX.
3arpsizHeHHe aTMocepbl U OKpYXalomleil cpeapl CKOHILIEHTPUPOBAJIO BHHUMaHUE
OomnpimHCTBa eBporneiickux crpad U CIIIA Ha npuHATHE 3aKOHOB IO 3alIUTE aTMOC(EPHOTO
Bo3ayxa. B konme XX Beka OYMCTKa [ABIMOBBIX Ta30B CTaja TJaBHOW 3amadeil. B
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OONBLIMHCTBE pa3BUTBIX CTPaH IPOMBIIUIEHHOCTH OCHAILIEHbl  AJIEKTPO(UIBTPAMH,
CepOOYHCTHBIMU YCTAHOBKAMH.

SlcHo, uTO uem ObIcTpee pacTeT TEXHOJIOIHs, TeM ObICTpee pacTeT Harpy3ska Ha
OKpPYKAaIOIIYI0 CpEay, BBI3BIBAIONIAS YXYALICHHE OHKOJOTHMUecKor curyarmu. Ilpobnema
OXpaHbl OKpyXKarolled cpeabl NMpeBpaTHiIach B OJHY M3 IJIOOATBHBIX HPOOJIEM MHPOBOIO
coo011ecTBa.

Hexoropble BemiecTBa OKa3bIBAlOT OTPULATEIBHOE BO3ACWCTBHE HAa OKPY)KAIOLIYIO
cpeny auOO TOCiIEe XMMHUYECKUX H3MEHEHHWH B atMocdepe, MO0 HEMOCPEICTBEHHO, MO0
B3aMMOJIEHCTBHEM C JpYruMH BemlecTBaMH. Kak u3BecTHO, aTMoc(epHbIil BO3yX sABIsSETCS
OCHOBHOM cpeoii cyniecTBoBaHHS OHMOC(EphI, B TOM YHCIIE YEeTOBEKa.

OnHUM U3 OCHOBHBIX MCTOYHHMKOB 3arpsi3HEHHs OKPY)XKaoLIeH cpeabl SBIAIOTCA
TerioBble  3nekTtpocraHiuu.Padota TOC  oxa3piBaeT  pas3inyHble  OTpHUIATEIbHBIE
BO3JCHCTBUS Ha BCE KOMIIOHEHTHI Ouoc(epbl. 3arps3HsIOIIMe Ta30Bble U a3pO30JIbHbIE
BBIOPOCHI OOBEKTOB HHEPreTUKM HAPYIIAIOT PaBHOBECHE NPUPOAHON CpeIsl B MECTHBIX,
pPErHOHANBHBIX U TI00aJbHBIX MacuTabax. IIpy CKMraHuUM >KUAKOTO M TBEPJOrO TOILIMBA
MIPOUCXOISIT BEIOPOCHI B BUE TBEPAbIX yacTull. OHU 00pa3yroT B atmMocdepe aspo3onu. OHu
00pa3yloTCsl HEMOCPEACTBEHHO B arMocdepe B pe3yiabTaTe XHMHYECKHX peakuuil u
€CTECTBEHHBIX PUPOIHBIX TPOIIECCOB.

BbIOpOCHl TEMIOBBIX 3JIEKTPOCTAHLMH B 3aBUCHUMOCTH OT Pa3MEpPOB YaCTHUI] MOYKHO
KJIaccu(pUIMpoOBaTh HA TBUIb — TBEPJbIE YACTHUIIBI, TYMaH — TBEP/bIC WM KUIKUE YACTHIIbI,
JIbIM — YaCTHIIbI, a9PO30JIM — B OCHOBHOM CKOIIEHHE Ia3000pa3HbIX MOJIEKYJ.

TemnoBoe Bo3nEHCTBHE OOBEKTOB HHEPreTUKM HApPYIIAeT TEIUIOBOE pPAaBHOBECHUE
OKpY’Karollen cpebl.

Bonee cymiecTBeHHBIM (aKTOPOM TEIJIOBOTO 3arpsi3HEHUS] OKPYXKAIOWIEH cpeabl
SBJISIFOTCS. TTAPHUKOBBIE Ta3bl, MOBBIIIEHUE KOHLEHTpALMi KOTOPBIX B aTMocdepe crnocodcT-
BYET BO3HHKHOBEHHIO MTAPHUKOBOTO A (heKTa.

CyiecTByeT IIyMOBOE BO3JEHCTBHE OOBEKTOB TEMJIOIHEPIeTUKH Ha OKPYKAIOIIYIO
cpeny. Ilog mrymom moHuMMaeTcs 000N HEXeNaTeNbHBIH 3BYK, WM YIPYrHe BOJHHBI,
pacnpoCcTpaHsIoLIMecs B yIPYroi cpelie B BUAE pa3IMUHbIX KojeOaHUH U BbI3BaHHbIE KaKUM-
7100 MCTOYHMKOM. 3BYK XapaKTEepH3yeTCsl MHTEHCHBHOCTBIO MEPEHOCAa 3BYKOBOW JHEPTHUH,
CKOPOCTBIO U HaIlPaBJICHUEM PACIIPOCTPAHEHUS 3BYKOBBIX BOJIH, 3BYKOBBIM JIaBIIEHUEM.

Hanbonee WHTEHCHBHBIMH HWCTOYHHKAMH IIyMa SIBISIOTCS TypOWHBI (OCOOEHHO
ra3oBbl€), KOTJIbI, KOMIIPECCOPHI, Pa3JIMYHOIO BHJIA HACOCHI, MapONPOBOJbI, CUHXPOHHBIE
KoMmreHcaTopsl u Ap.Haubonee CHIBHBIM HMCTOYHHMKOM IIyMmMa siBisieTcsi cOpoc mapa. s
CHWKEHHMsS BBIOPOCOB TOKCHYECKHX BELIECTB B arMocdepy HeoOXoAuMO obecreueHue
dHEPreTUIecKor 3PQPEKTUBHOCTH W IKOJOTUYECKOW OE30MaCHOCTH IHEPIeTHUECKUX O00b-
€KTOB, MCIIOJb30BAaHMEM TEXHOJIOTMH OYMCTKU U repepaboTku Torusa. Hambonee omntu-
MaJbHBIM SIBJISIETCS TEPMOJMHAMUYECKUN (PaKTop, BIUSIONIMIA HAa BCE MapaMmeTpbl WU
MOKa3aTesu SKOJIOIMYECKOH OMaCHOCTH.

YcrpoiicTBa 7S yITaBIUBaHUS MBUTH Pa3eNIOTCs Ha MEXaHHUECKHUE, THIPABINYECKHE,
(GWIBTPBI ¢ HOPUCTHIM (PUIBTPYIOLIMM CIIOEM, 3IEKTPOYUIBTPHI.

HenocratkoM MeXaHWYECKHX YCTPOMCTB SBISIETCSA MX 3HAYUTEIBHBIA U3HOC BCIIE/ICTBHE
JeMcTBUSA yAaapa YaCTHLl IbUIM O CTEHKH U UX CKOJIBKEHUS 110 HUM.

OOBIYHO HAa AJIEKTPOCTAHLHUAX HCIIONB3YIOTCSI MOKpPBIE TBUICYIOBUTEIH H DIEKTPO-
¢uibTphl. B anekTpoduiabTpax o4ncTKa ra3oB OT TBEPABIX WIM KUIKUX YACTHIl IPOUCXOIUT
MOJ JIEHCTBHEM DJJEKTPUYECKUX CHJI. OJNEKTPOPUIBTPHl OTIMYAOTCS APYyr OT Jpyra
IUIOINAJbI0 AKTUBHOTO CEUEHMsI, BHICOTOM 3JIEKTPOAOB, IUIOLIA/bI0 OCAKACHUS U JPYrMMHU
napaMeTpamH.
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O0mme cBeneHust 00 ATOMHON JHepPreTHKe,paJlMOAKTHBHOCTH W BO3elCTBUH
ATOMHOI 3JIEKTPOCTAHLMH, TeIUIOBBIX JJIEKTPOCTAHUMH M ABTOTPAHCIOPTa Ha
OKpy kawiny cpeny: M3BecTHO, YTO aTOMHBIC 3JEKTPOCTAHIIMM M TEIUIOAIEKTPOCTAHIIMHI
OTPHUIIATENILHO BIUSIOT HA OKPYXKAIOILIYIO Cpey XUMUYECKUM, TEIJIOBBIM M PaAHOAKTHBHBIM
3arpsA3HEHUEM OKPYXAIoIlel Cpeibl U Ha OOCTYKUBAIOIIMKI MepCOHaN, 0COOCHHO, IIIYMOBBIM
W DJIEKTPOMArHUTHBIM BO3JeHCTBHEM. SICHO, YTO yCTPAaHUTh 3TH HEJAOCTATKU 10 HYJS HE
BO3MOXXHO, HEOOXOJMMO MHMHHMU3AIUU JTUX HETaTHBOB HA OKPYXAIOMIYI0 cpemy. A s
ATOTO TPEOYIOTCS JOMOTHHUTENBHBIE 3aTpaThl Ha COOTBETCTBYIOIIWE MEPONPHUATHS IS
IIOCTOAHHOT' O KOHTpOJIH Hal JSTHUMHU HpOHCCC&MI/I B BHJC MOHHTOpI/IHFa. KOHG‘IHO, B
MMPOCKTUPOBAHUM W TIPU DKCIUTyaTalldd B aTOMHOW DHEPreTHKE peau3yeTCsl KOMIUICKC
MEpONPUATUI NPEIOTBPALLICHNS aBapUi U UX Pa3BUTH B CIIy4ac BOZHUKHOBECHHUS.

3AKVIIOYEHHUE

Posb KOMIBIOTEPHOW TEXHOJIOTUH B AJIEKTPOIHEPTETUKE OrpoMHa. B HacTosmiee Bpems
I/IH(I)OpMaI_[I/IOHHbIM TCXHOJIOTHUAM IMO3BOJJIACTONTUMHU3UPOBATL TCXHOJOTHMYCCKHUE MPOUCCCHI
reHepaluy, pacupeiesieHnuss U MOTpeOJIeHUsT 3JEeKTPUUYECKON PHEPTUU C LEIbI0 CHIKEHUS
NOTEePb, YIy4IIeHHUs (UHAHCOBBIX MOKa3aTesel IpeANpUsITHS U IpyTHUE.

Takum oOpa3om, aHaIM3 OKA3bIBAET, UYTO PA3BUTHE JEATEIBHOCTH YEJIOBEKA HAMPSIMYIO
WM KOCBEHHO BO3JICHCTBYET Ha MPUPOTHYIO OKPYKAIOUIYI0 cpedy. Jis u3bexkaHue oT 3THX
HEraTHBHBIX PE3yJIbTaTOB HEOOXOJUMO JOBECTU J0 MHUHHMYMa 3KOJOTHYECKHE BBHIOPOCHI B
IPUPOLY U HENPEPHIBHBII MOHUTOPHHI, KOTOPBIH MOI OBl BBIABUTH OTpPULIATEIbHBIE
BO3JICHCTBUS.
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ENERJi SEKTORUNDAKI ON YENIi TEXNOLOGIYALAR
AVTOMATLASDIRILMIS ENERJi UCOTU SISTEMLORI VO ONLARIN
YERKUROSININ EKOLOGIYASINA TOSIR EDON OSAS AMILLORI

NOVRUZOVAE.E.
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Magalads an yeni texnologiyalar vo onlarin enerji sektorunda totbiqi tohlil edilmisdir.
Enerji iqtisadiyyatin asas sahoalorindon biridir, buna gorads informasiya texnologiyalarinin
totbiqi insan voziyyatinin yaxsilagdirilmasinin osas vozifasidir. Istehsal nagoedor miirokkab
olsa, o qodor avtomatlagdirma tolob olunur. Avtomatlagdirilmis dispetger idaraetma sisteminin
hoyata kegirilmosindo avtomatik tocili nozarat vo qoza molumatlarini geyd etmo sistemi, bant
genisliyi va voltaj tonzimlonmasi, enerji axminin tonzimlonmasi va glc va tezlik axinlarinin
mohdudlasdirilmas1 tolob olunur. Enerji sektorunda vo digor sonaye sahalorindo
texnologiyanin inkisafi ilo otraf mihitin pozulmasina sobob olan monfi tosir artir. Osas
moagsadin bu manfi sortlorin garsisini almag vo minimuma endirmak oldugu iddia edildi.

Acar sozlar: enerji, iqtisadiyyat, avtomatlagdirilmis dispetger idaroetmo sistemi, informasiya
texnologiyalari, elektrikenerjisi.

THE NEWEST TECHNOLOGIES IN THE ENERGY SECTOR AUTOMATED
ENERGY ACCOUNTING SYSTEMS AND THEIR MAIN FACTORS
OF INFLUENCE ON THE ECOLOGY OF THE EARTH

NOVRUZOVA E.E.

This article analyzes the newest technologies and their application in the energy sector.
Energy is one of the main areas of the economy, so the introduction of information
technology is the main task of improving the human condition. The more complex the
production, the more automation is needed. It is stated that the implementation of an
automated dispatch control system requires an automatic emergency control and accident data
recording system, bandwidth control and voltage regulation, regulation of power flows and
limitation of power and frequency flows. With the development of technology in the energy
sector and in other industries, the negative impact on the environment that causes
environmental degradation is growing. It has been argued that the main objective is to prevent
these negative conditions and minimize them.

Keywords: energy, economics, automated dispatch control system, information technology, electric
energy.
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YJIK.621.336.01

OBECHEYEHHME HEPEJAYA ABTOMATUYECKHX TOKOMOTHUBHBIX
CUTHAJIOB IYTEM MOJAEPHU3AIIMU CYHIECTBYIOIIIUX YCTPOUCTB
HA QJIEKTPUOUIINPOBAHHOM YYACTKE BAKY - BEIOKKACHUK AK/{

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

"ATE® [pynna komnanuti
ragim1953@ mail.ru,

B cratbe paccMOTpeH BOIIPOCHOBOW CHCTEMBI Nepeiavud JIOKOMOTHBHON CHTHAJIHM3AIMK pPa3padOTaHHOM
Ha OCHOBE eBpOTEHCKoi u cucTeMbl mpuMeHUMBIX B crpanax CHI'. CymectByer tun Ab crpanax CHI ¢
pasjienieHueM JapocceiieM TpaHC()OpPMAaTOPOB Ha OTIETbHBIC Y4acTKa PENbCOBOM LEMH M CHUTHAIBI EPEIatOTCs
JIOKOMOTHBaM IO TSATOBOMY penbCy. B eBpomelckux cTpaHax HpUMeEHSIOT ADB,curHaibHbIE TOKM KOTOPBIX
MEePEeIAtoTCsl IOKOMOTHBAM  PAIMOCUTHAIIOMHA3EMHON CTAHIIMK WK CO CIyTHUKA. [[pUMEHEHHE TaKUX CHCTEM
TpeOyeT, JOTMOTHUTEILHBIX (PHMHAHCOBBIX 3aTpaTr JJIs MOHTaXa CTAIMOHAPHBIX PAJTUOCTAHIIUA U AHTCHHBIX
BBILIEK JUIsl TIEpeiaud JIOKOMOTHUBHBIX curHanoB. C NpUMEHEHHEM HOBOM CHCTEMbI 3a3eMIICHHSI OIIOD,
obecnieueHa HopMabHas pabota AJIC, curHaIBI KOTOPBIM MPUHAMAETCS C PEITBCOB.

KiroueBble cj10Ba:aBTOMAaTHYECKAS 6J'IOKI/I]Z)OBK&, aBTOMAaTH4YCCKas JIOKOMOTHBHAas CHUI'HaJIU3allus,
TpynIroBO€ 3a3€MJICHUEC OTIOP KOHTaKTHOM CCTH, TATOBBIC MMOACTAHIINHU, 3a3CMJIAIOIINE SJICKTPOABI.

Ha yvacTke baky - BetoKKksCHK OCyIIeCTBISIIOTCS pabOTHI 1O IEPEXOAY OT MOCTOSTHHOTO
ToKa 3 kB Ha nepemMeHHbIN TATOBBIN TOK 27,5kB.

KoHTakTHass moaBecka M 3a3eMJICHHE OIOP KOHTAKTHOM CETH TNPOEKTHPOBAHO U
MOHTHUPYETCS MO eBporeiickuM cranaaptam (Cum.puc.1).

HoBpIif  €BpONMEHCKHMIIPOCKT MpeayCMaTPUBACTUCIIONH30BaTh OOpATHBIA  TSATOBBIM
MPOBOJI MapajuIebHO K pesibcoBoi memu. OOpaTHBI MPOBOA OJHOBPEMEHHO HCIOIB3YIOT
JUISL TPYIIIOBOTO 3a3€MIICHHUS OMOp KOHTaKTHOH ceTu (CMm.puc.l) U coenuHsAeTCS Ha TATOBBINA
pebC U 3eMITI0. 3a3eMJICHUE OMOP Ha 3€MIII0 OCYLIECTBISETCS C MOMOIIBIO 2-MsI METPOBBIMU
3JIEKTPOJIaMH, KOTOPBIEOOECTICUMBAIOT OE30MaCHOCTh TIEPCOHANA, TIPH KOPOTKOM 3aMBIKAaHUH
Ha OIIOpPE KOHTAaKTHOM CeTU. B ABYXHYTHBIX y4YacTKaX 3a3€MJIEHUE OMNOpP KAXKIOW IyTH
COCIUHSCTCS MEXKIy coOol ¢ mHTEpBaIoM 450MeTpoB.

B eBporelickux cucreMax TITOBOE AJIEKTPOCHAOKEHHUE JKEIE3HBIX TOPOT HA CMEXHBIX
TATOBBIX TOJACTAHIUAX, OOBIYHO THTAOIKME (uaepa KOHTAKTHOW CETH, BKIIOUYACTCS
pa3ienbHO, U KaXk/asi MOJCTAHIHUs MUTAET TOJBKO MOJOBUHY TATOBOTO y4acTKa.

B oTnmmume oT eBpomeHCKuX TATOBBEIX TpaHcopmaTopoB, Ha moxactaHimsax AXK]]
MPUMEHEH Tpex(as3HbIi TATOBBIA TpaHCHOPMATOP CO CXEMOU COENMHEHUS TSATOBBIX 0OMOTOK
27,5kB TtpeyronsHuk(A) 1 oxHa ¢asa TpaHchOopMaTOpa COCAUHACTCS C PEIBCOM U 3EMIICH.
[TuTaHMe KOHTAKTHOM CETH OCYILECTBIIICTCS ABYMsI (ha3amu.

Mexay CMEXHBIMH TATOBBIMHU TOJCTAHIUAMH (Drmepa KOHTAKTHOH CETH BKJIFOYCHBI
BCTPEYHO Y€pe3 MOCThl CEKIIMOHUPOBAHUSI KOHTAKTHOW CETH. 3a3€MJICHHE OMOpP KOHTAKTHOM
CETH TTPOCKTUPOBAHO IO €BPOICHCKUM CTaHIapTaM.

OcHoBHO# (ynkiueii cucrembl AJIC sBIsercs mepenada COOOIICHUH O MOKa3aHUAX
HAIOJILHBIX CBETO(OPOB Ha JIOKOMOTHBHEIN cBeTO(Op B Kabuny Mamuuucta(Cm.Puc.3.).

Ha 3akymnennbix AXKJ] HOBBIX JJOKOMOTHBAX MPUEM aBTOMATHYECKUX JIOKOMOTHBHBIX
curHaiioB (AJIC) mpemycMOTpeH ¢ pellbCOBBIX myTed. B TakoM ciydae NOSBHIHNCH
MIPOTUBOPEYHUST MEXIY MPOEKTaMH TPYIIOBOIO 3a3€MJICHHUSI OINOp, TZI€ PENIbC 3a3eMIISIETCS
3eMJIt0 ¥ cucteMamu Ab n3-3a HecornacoBaHHOCTH nepeaaromux curaaiioB AJIC no pelnbcy.
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Metoabl pemienusi. Cucrema Ab m AJIC npegHasHadyeHa sl IPEAOTBPAICHHS
(6bmoxmpoBaHUs) BXOJIa MO€3/1a HA Y9aCTOK MyTH (OJOK-Y9acTOK), 3aHATHIA APYTUM TI0€3/I0M
WJIU B TIpeJiesiax KOTOPOTO HapylieHa IIEJI0CTHOCTh PEIbCOB.

B 3amanmHoeBpomneickux cTpaHax O€30MacHOCTh JBMIKEHHS MOE37I0B 00eCIeunBaeTCs
Tak ke ¢ nomoiupio ycTpoiictB AJIC. Curransl AJIC mepenaloTCSIIOKOMOTHBAM PaJHOCHUT-
HajaMd, OT HA3eMHOTO WIM CIIYTHHKOBOro mnepenatruuka, Hamnpumep, [JIOHACC wunm
NAVSTAR GPS nns omnpezneneHuss MECTONOJOXKEHUS IOe37a Ha YYacTKe JKeJIe3HOI0-
poxnoro nytu (Cm.puc.l).

Cnymuux(GPS) Cnymuuk (FACHALC)

CmamyuorHaa CmanyuoHHan

Cuzraast ABTL-H

Odepydodanue | O3opydobanve
ABTL-M \i/
A/CH u ANC-EH
1 MY
rmanqua A L] Aoxomomud |_| cmasen &
= Yyacmox ynpaBaewus = Yeacmok ynpabrenus <
om cmanuuy A om cmaryuy b

Puc.1.Cucrema nepenaun AJIC pagunocurHazamu.

Vipapiasomuii  CUTHAJI  (OPMHPYETCSI Ha  OCHOBE CHTHAlla  CIIYTHHUKOBOM
HaBHUTaIIMOHHON CHCTEMBI U JIAHHBIX AJICKTPOHHON KapThI XKEJIE3HOH JIOPOTH M UCIIOIB3YETCS
JUISL TIEpeKJItoueHus pexuma padbotsl cuctemMbl AJIC B 3aBUCHUMOCTH OT BUJIa OJIOKHMPOBKHU
y4acTKa KeJIEe3HOH TOPOry, Ha KOTOPOM B JaHHBI MOMEHT HaXOJIHUTCS TIOS3I.

['pynmoBoe 3a3emieHuE OMOpP MEXIY TITOBBIMU MOACTAHIMSMHU B KOHIIE B HaIlleM
BapuaHTe coeauHsieTcss Ha ¢azy «C» TtaroBoro TtpaHchopmartopa. Ilpm sTomM mpoBoga
TPYIIOBOTO 3a3€MJICHHMS] KOHTAKTHOM CETH B JBYXIIYTHOM YYacTKE COCIMHSIIOTCS MEXIY
co00¥i C TeTBI0 CHIKEHHUS 00IIIero CONpoTUBIIeHHs TsroBoi cetu(Cm. puc.1,3.).

Apoccens mpaHcgopmMamopst Apoccens mparcpopmamopst

%_%ZEM( . ANC maxu? %[EAM oKy

Puc.2. Ab Ha pa3aeneHHyo pelbCOBYIO LIETb, HA PA3IMYHbIX OKOJIOTKAax
JPOCCeNsIMH TpaHCc(hOpPMaTOpOBYUYACTKA.

i nan o’

A/C moku
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B crpanax CHI' pa6ora AB ocymiecTBisier mepelayd CHUTHAJIOB  pa3lelIcHHEM Ha
ABTOHOMHBIC OKOJIOTKH  PEIbCOBBIX IyTEH C IMOMOIIBI0 JApoccelield TpaHchopMaTOpoB
(puc.2.).

Ha ocHoBe Takoro mnpuHiumna paboTel ycTpoicTB AJIC BbeIOMpaeTcs Apyroe
COTYTCTBYIOIIIME YCTPONCTBO oOecreunBaroliee 0e30MacHOCTh JBMIKEHHUS IOE3/I0B, B TOM
YUCJIe TUIT 3a3€MJICHUS OTIOP KOHTAKTHOM CETH.

xem 3HOE30POA‘(HEH‘ cmaHyus

(Bemaodio
[
AokomomuB cugHanad A/C
__llpuemnur AZIC

EeEa) ) () | — _

. T jﬂf_}ﬂb( ]

"o o oo 0p oo oo oo U o o
p.éi”';bf‘;-——. I O”Dp” ( : A i | ) foedwumma
[0 T TN HEENE EEEEEEEE r u

'800000_\0000‘0@)000@00

Puc.3. EBponetckas cucmema 2pynnoBozo 3a3eMNEHUS 0nNopg KoHmakmdod cemu

I[Io EBpomeickum cTaHzapram TIpPyIIIOBOE 3a3€MJICHHE OIOp OCYILIECTBISAETCS
QTIOMUHHUEBBIM TIPOBOJIOM, CE€YEHUE KOTOPOro coctamiseT 245 kB.MM. JlnmuHa oOpaTHOTO
MIPOBOJIA WJIM TPYIMIIOBOTO 3a3€MJICHHS 0 €BPOMEHCKUM CTaHIapTaM MOXKET COCTaBJIATh 45-
50KMm.

B Hacrosiimue Bpemsi IpOBOASITCS 3TU PabOTHI IO MOHTaXy YCTpoHCTB (AB) mo Bcemy
ydactky. [Ipumensercs cnocod komupoBanus curHagoB AJIC, TIa UMIyJIbCHBIM YHUCIIOBOM,
OCHOBaHHBIN Ha Nepeaayde cepuil (MOChUIOK) UMITYILCOB IEPEMEHHOT0 TOKa ¢ yacToTon 7511
(mHbOpPMAIIMIO HECYT YHCJIO W JJIUTEILHOCTh HMIYJIbCOB B IIOCBUIKE), W YAaCTOTHBIM H
HEMpPEephIBHO TepenaéTcss TEPEeMEHHBIM TOK OMpeAeN€HHON YacToThl (MH(OpMAIio
HecET yacToTa). [lepemava curnana uat nmo penbcoBoi nenu. CUTHAIBHBIA TOK TTOAAETCS OT
[EPElAIIEr0 YCTPOMCTBA K I0€34y MO OJHOM PENbCOBOM HUTH, IIPOTEKAET 4YEPE3
3aMBIKAOIIYI0 PEIbChl MEXAY COO0OM KOJECHYIO Mapy M BO3BpallaeTcs K MepeAarolieMy
YCTPOMCTBY MO ApYrod penbcoBoil HUTH. [Ipu 3TOM penbchl U KonécHas mapa oOpasyroT
paMKy € TOKOM, MarHUTHOE MOJI€ KOTOPON YJIaBIMBAETCA IOABEIICHHBIMU MEPEI IMEepBOU
KosiécHo mapoii Ha BbicoTe 110-240 MM Haja penbcaMy NPUEMHBIMH KaTyILIKaMHU.

ENEIHT dUﬂO MHOR CMOHUUR

[Bemogiop
\‘1 ucmavrux cuanagol A/0
rokaromul EE
1—5'6 FEMASHUA, asernenys, \p
o] / =) U—T enbe
\
o e \/ / e "'?»C' Z00remp.

\.\
anope! KOMMOKMHOG comy

puc.4. lpednozaemas cucmema 2pynnobfozo 3a3eMAEHUS ONOP KOHMAKMHOU CemLu.
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Ha pucynke 3 BHIHO, 4TO NMPU MPUMEHEHUH €BPOMNEICKON CHCTEMBI 3a3€MJICHHS OTIOP
KOHTaKTHOM CETH,IPOBOA I'PYIIIOBOTO 3a3€MJICHHUS 3a3€MJICHBI Ha 3eMJTI0 uepe3 450 MeTpoB.
ITpu 3azemnenHom penbce curHanel AJIC Oynyr mnporekatb Ha 3emito. [Ipu sTom
Hanpspkenue curiainoB AJIC Oynet cHmxkatbes U curHaibl AJIC He MOWIYT 10 MpUEMHHKA
anexTpoBo3a.llpu stom cucrema AJIC oGecneunBaromias 6e30MacHCTh PabOTHI MOE30B HE
OyHeT neiCTBOBATh.

B P® B Takmx caydasx, HOpH HOPUMEHEHHH €BPONEHCKOM cuctemMbl Ab,omopsl
KOHTaKTHOM CETH 3a3eMJISIIOTCS Ha pelibe U Ha 3emitto. YToObl curnanel AJIC He moTekin Ha
3eMIII0, TPOBOJAA 3a3€MJICHHMSI HM30JUPOBAaHBI OT PEIbCOB C MPUMEHEHHEM HCKPOBBIX
npoMexxyTok. Ho, HeOoNbIION 1O BpeMEHU OMNBIT paboThl 3TUX YCTPOMCTB MOKa3al
HEHAJEeKHOCTh 3TUX YCTPOMCTB M3-3a YACTOTO MPOOOS U3O0JISALUN B UCKPOBBIX MTPOMEKYTKAX U
MOCJIEIYIOIUM BBIXOJIOM U3 cTposi cucteMbl AJIC.

C uenpto obecnieueHrss HOpMaIbHON paboThl Ab UM HCKITIOUEHUS HapylIeHUs B LENU
nepenaun curnainoB AJICHa yyacTke, aBTOpaMHu MpeJiioKeHa HOBasi CUCTEMA.

B »T0li cucteme s momHOro M ucmpaBHoro mpuema curHaioB AJIC c penbcoB
MPUMEHEHO JIPYTO€ YCTPOWCTBO 3a3€MJICHHUSI ONOpP KOHTAaKTHOM ceTu.B 3Toil cucreme He
noTpedyeTcsl TMOoMepeuyHoe coeAuHeHue myTteill. [[nMHa aHKepHOro ydyacTka TpYMIOBOTO
3a3eMJICHHsI 00ECTIEYNBAIOIIETO AIeKTpoOe3onacHocTh  paBHO400M.(cM. puc.4.)
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AZORBAYCAN DOMIR YOLLARININ BAKI - BOYUKKOSIK SAHOSINDO
MODERNILOSDIRDIKDON SONRA LOKOMOTIV SIQNALLARININ
OTURULMOSINI TOMIN EDILMOSI
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ROHIMOV R.Q., ROHIMOV S.R., ROHIMOV AR.

Mogalodo Avropa vo MDB o6lkalorindo totbiq olunan avtomatik lokomotiv signal
oOtiiriicli sisteminin masalasi nozordon kegirilmigsdir. MDB 6lkoalorinda lokomotiv signallari
domir yolu ayr1 —ayr1 saholoro drossel transformatorlarin kdmokliyi ilo izolo edilib bdliinorok
lokomotivloro otiiriiliir. Avropa Olkolorindo avtolmatik lokomotiv signallart yer (Ustl
stansiyadanva ya peykdon lokomotivlora 6tlrtllr. Lokomotiv signallarinin 6tiiriilmasi ti¢iin
stasionar radio stansiyalar1 vo anten qiillolorinin qurasdirilmasi tolob olunur. Yeni torpaglama
sisteminin todbiqi ilo Lokomotivlorlo ALS signalinin gobul edilmasi tomin edilmisdir.

Acar sozlorizavtomatik bloklama, avtomatik lokomotiv signali, kontakt sobokosinin dayaginin com
sokildos torpaglanmasi, torpaqglanan elektrodlar dartma yarmmstansiyasi.

SECURING THE MOVEMENT OF TRAINS TO THE ELECTRIFIED SECTION OF
BAKU - BEYUKKYASIK AZERBAIJAN RAILWAYS

RAGIMOV R.G,,RAGIMOV S.R., RAGIMOV A.R.

The article considers the issue of the automatic locomotive signal transmitter system
applied in Europe and CIS countries.In the CIS countries, locomotives are separated into
separate locomotives separated by the help of drossel transformers. In European countries,
autolmatical locomotive signals are transmitted from ground station or from satellite to
locomotives. Installation of stationary radio stations and antenna towers is necessary for
transmission of locomotive signals. With the introduction of the new grounding system, the
ALS signal has been received with locomotives.

Keywords:automatic Interlocking, automatic locomotive signaling, group grounding of contact network
supports, traction substations, grounding electrodes.
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GOMi ELEKTROENERGETIK SISTEMLORINDOELEKTRIK
ENERJISININ iTKILORININ VO KEYFiYYOTININ TODQIiQi

ISMAYILOV S.S., SULTANOV E.F., COLILOV T.A.

Azarbaycan Doviat Daniz Akademiyasi
(Az1000 Baki §. Z.Oliyeva kii¢.18)
turyan777@mail.ru,
elshen sultanov@mail.ru,
sahib-ismayil@bk.ru

Maqalada gomi elektrik stansiyasmin (GES) sinxron generatorlarmin stator dolaqlarinda va kabellords
yaranan enerji itkilorinin toyini masslosing baxilmig vo molum olmusdur ki, corsyanmn oyrilorindoki geyri-
sinusoidalliginsobablorinin toyin edilmosi {iglin ilk yeddi harmonikanmn tosirini nozeros almaq kifayot
edir.Homginin maqalods gomi elektrik avadanliqlarinin miixtalif is rejimlorine malik olmalari il yanasi olduqca
miirokkab is soraitdo islomolori qeyd olunmus vo belo avadanliqlarda yaranan enerji itkilorinin azaldilmasi,
elocads igladicilorin keyfiyyatli elektrik enerjisi ilo tomin olunmasi masalslori aragdirilmisdir.

Acar sézlar:gami,elektrik stansiyasi, sinxron generator, giic itkilori, geyri-sinusoidallig, kabellor.

Giris: Torkibinds miixtolif nov elektrik avadanligi olan gomi elektoenergetika sistem-
lorinin (GEES) oasas vozifasi elektrik enerjisini hasil edib, paylamaqdan ibarotdir. Bura
homginin, elektrik enerjisi ¢eviricilori, o ciimlodon transformatorlar da daxildir. Gomi
qurgularinin oksoriyyatinin islomasi iigiin elektrik enerjisindon istifado olunur. Buna asas
sobab elektrik enerjisinin masafayas otriilmosinin asan basa golmasi, elektrotexniki qurgularin
yiiksok iqtisadi gostoricilori vo elektriklosmis mexanizmlorin idarasindo bdyiik imkanlarin
yaranmasidir [1].

GES-do asas enerji monbayi sinxron generatorlar oldugundan, onlarin hasil etdiklori
elektrik enerjisinin keyfiyyst gostoricilorinin yiiksok olmasi onomlidir. Belo ki, GES-don
miixtolif xarakters vo glico malik coxsayli elektrik islodicilori enerji alirlar. Bu islodicilor
sirasinda elektrik enerjisinin keyfiyyotino hassas olan qurgular da oldugundan, generatorlar
torofindon hasil olunmus elektrik enerjisinin keyfiyyati, eloco do, hamin enerjinin igladicilors
oOtiirlilmasinds yaranan itkilor daim nozaratds saxlanmalidir [1, 2].

Qeyd etmok lazimdir ki, sahil elektrik sobakolarina geyri-xatti yiik qosuldugu soraitde
coroyan oyrisinin formasininsinusoidalligdan bir az yaymmasina baxmayaraq,elektrik
sobokasininginlorindo gorginlik sinusoudal galir, yoni elektrik islodicilori ilo soboko sistemi
arasinda he¢ bir uygunsuzluq olmur. GES-doisogeneratorlarin hasil etdiyi gorginliklorin
sinusoidalliginin pislosmosi miisahido olunur.

GEES coxlu sayda islodicilori elektrik enerjisi ilo tomin edir. Gomilords istifads olunan
elek-trik avadanliglarinin 65-70%-ni asinxron elektrik mihorrikli elektrik intigallar1 toskil
edir [2, 3].

Beloliklo, miixtalif elektrik isladicilorinin elektromaqnit uzlasmasin1 gqiymotlondirmak
magsadile, sistemin kompleks tezlik xarakteristikalarini arasdirmaq lazim golir. GES-inasas
isladiciloriqisa gqapanmis rotorlu asinxron miihorriklor oldugunu nozoro almaqgla n sayh
harmonikalar1 diiz vo oks ardicilligla toyin etmok lazimdir [3, 4].

Doniz soraitinds, gomi elektrik avadanliq vo qurgular1 GES-don qidalanirlar. Bu
sobokalorin osas enerji monboayi dizel-generatorlar olaraq masin sobasindo qurasdirilmig
paralel iglayan sinxron generatorlardan ibarstdir. Belo bir enerji kompleksi, 6z aralarinda
otardcu xatlar ilo slagalondirilmis avtonom elektrik stansiyalarindan paylayict qurgulardan vo
elektrik tolobatgilardan toskil olunmusdur. Moalum oldugu kimi gomilordo xeyli sayda
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mirokkob quruluslu vo xarakterli elektrik avadanliglarindan vo eyni zamanda doagiq 6l¢U vo
gevirici cihazlardan istifado olunur. Belo cihaz vo avadanhglar iso 6z ndvbasindo
qidalandiglart elektrik enerjisinin  keyfiyyatino qarst hassasdirlar. Odur ki, avtonom
elektroenergetik sistemlorindo istehsal olunan elektrik enerjisinin keyfiyyatinin analiz
olunmas1 moqsadilo tadqgigat aparilmisdir.

Gomiloarda xeyli sayda olan asinxron muharriklorin iso diismasi zamani1 generatorlarin
¢ixisinda gorginliyin normadan artiq azalmasina, dinamik ytiklorin tasirindan iss tezliyin asagi
diismasi hallart bas verirki, bu da 6z novbasinds elektrik enerji keyfiyyatinin pislogsmasilo
miisahido edilir. Bundan olavo generatorlarin uzun miiddotli is rejimindo geyri-simmetrik
yuklonmadon faza gorginliklori forqi yaranir. Qarsiya qoyulan mosalonin hallinds elektrik
tochizati sxemlarinin, xiisusiyyatlori, eloca da etibarliligi nazors alinmalidir.

Osas hissa: Monbo vo elektrik islodicilori arasinda yiiksok harmonikalarin olmasi
elektrik sobokslorinds oslava aktiv gilic vo enerji itkilorinin yaranmasina sobab olur. GES-do
yuksok harmonikalarin monbayi sinxron generatorlardir ki, bu da onlarin maqnit dévralarinin
xuisusiyyati ilo alagodardir. Sinxron generatorun yiiksiiz isloma e.h.q.-nin geyri-sinusoudalligi,
natica etibarilo, yiik rejimlorindo corayanlarin geyri-sinusoidalligina sobab olsa da, sistemdoki
ventil ¢evricilorinin yaratdiglari harmonik coroyanlara nisboton ¢ox az bir faiz togkil edir.
Amma, istonilon halda, geyri-sinusoidal coroyanlar hesabina olavo aktiv giic vo enerji itkilori
yaranir ki, bu da slava yanacaq sorfino sobab olur. Belsliklo, elektrik sobokslorinin elektrik
isladicilorinin  isinin  somaraliliyinin  yiliksaldilmasi, gominin istismar keyfiyyotinin
yiiksoldilmasi, avadanliglarin is rejimlorinin yaxsilasdirilmasi, elektrik enerji itkilorinin
azaldilmasi kimi bir ¢ox holl olunacaq mosalolor ortaya ¢ixir [4, 5].

Qeyri-sinusoidalligdan yaranan enerji itkisi imumi halda asagidaki ifadonin komoayilo
toyin edilir:

Bu hesabat iki morholodo aparilir. Birinci morholods geyri-sinusoidal coroyan
isladicilorinin yalniz birinci harmonikasina aid olunur, 2-ci morholodo iso coroyan oyrilori
harmonik siraya ayrilir va ayri-ayri rejimlor ticlin hesabat aparilir:

AW, =3T ZQ K ?.vJ 022.\/ R, (2)

burada: T-elektrik sobokasinin elementlorinds itkilorin nazars alindigi is miiddati;
Kty - yiik grafikinin forma amsali olub, corayanin v-sayli harmonikasina aiddir;

JZ , - nozords tutulan elementds corayanin v -sayli harmonikasinin orta qiymati;
Ry - homin elementin aktiv miigavimoti;

N - corayanin nazara alinan harmonikalarinin sayidir.
Sinxron generatorlarda yaranan slava giic itkilorini

APq.s = APq.s.m + AI:)q.s.n + qu.s.t (3)

ifadasi ilo toyin etmok mogsodo uygundur.
Burada :4Pqsm- dolaglardaki slave mis itkilori;
APqs.n- niivadoki polad itkilori;
APgst - is9 yiiksok harmonikalardan yaranan oyloc momentini dof etmoys sorf
olunan guc itkisidir.
Kabellords yaranan olava itkilor asagidaki ifadsils toyin olunur.

AP, :32; KZJZR, (4)
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Sokill-do GES-in sadolosmis birxotli sxemi, sokil 2-do iso diiz vo oks ardicilligh
harmonikalar ugun Ky - omsalinin orta giymatinin doyigsma qrafiklori qurulmusdur.
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Sok.1. Gomi elektrik stansiyasinin sadologmis birxatli sxemi.

Umumiyyoatlo, GEES-in osas elektrik stansiyasinin vozifasi gominin istismar rejim-
lorindo islomasi lazim golon qurgularin hamisimi elektrik enerjisilo tomin etmokdir. Qaza
elektrik stansiyasi iso osas elektrik stansiyasi siradan ¢ixdiqda, yiiksok doracods mosul islodi-
cilori elektrik enerjisi ilo tomin edir. Gomi elektroenergetika sistemlorinin elektrik stansiyalar
arasinda bir, vo ya iki elektrik xotti qurulur. Onlarin vozifasi elektrik enerjisini osas elektrik
stansiyasindan qoza elektrik stansiyasina vermok, ya da osas elektrik stansiyalar1 arasinda bir-
birino elektrik enerjisi vermok ii¢iin, alago yaratmaqdan ibaratdir [4, 5].

Gomi elektroenergetik sistemlorinin istismar prosesinds elektrik enerjisi sorfinin vo
enerji itkilorinin azaldilmasi imkanlar aragdirilarkon, enerji balansinin osas {i¢ névii nozordo
tutulur:  faktiki  balans-movcud — soraitdoki enerji  tolobatgilarinin - oks  etdirilmasi,
normallagdirilmis balans-enerji tolobatinin optimallasdirilmast vo itkilorin azaldilmasi
tadbirlori vo nohayat prespektiv balans-golocok inkisafi nozoro alaraq keyfiyyot
doyisikliklorinin normallasdirilmasi vo prognozlasdirilmasi [4, 5].

Gomi elektrik sistemlorinds, tolobatcilar keyfiyyotli elektrik enerjisi ilo  tomin
olunmalidir. Bu iso 6z novbasinds elektrik enerji itkilorinin azaldilmasi vo avadanliglarin
istismar muddstinin artirilmasina imkan yaradir. Mohsuldarligin yukssldilmasi vo sabit
saxlanilmasinda gostorilon faktorlarin rolu oldugca shomiyyatlidir. Elektrik enerji itkilorinin
azaldilmasinin on effektli tisullarindan biri reaktiv giiciin kompensasiyasidir. Kompensasiya
tobii vo suini tsullar vasitssilo yerina yetrilir [1].

Gomi elektrik sistemlorinds reaktiv giiciin kompensasiyasinda oasason slini Usula daha
cox Ustlnlik verilir. Bu mogsadlo sinxron komensator vo ya kondensator batareyalarindan
istifads olunur.
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Sok.2. Diiz va oks ardicilligli harmonikalar tigiin Kv amsalinin orta qiymati.

Osas sinusoida
Sonuncu sinusoida
3-cti harmonika

/\/\\/\/

Sok.3. Harmonikali vo harmonikasiz dalga qrafiklori.

Qeyd moati 95%-o
catdirilmigdir. Kanada da bu omsal hatta 90+100% arasina, Fransada 93%, Portuqaliyada
92%, Macaristanda 92+97% va S. yiksaldilmisdir. Azarbaycanda da giic amsalinin vo elaco
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do gidalandirict elektrik enerjisinin keyfiyyatinin yuksaldilmosi (gln bir ¢ox todbirlor
gorilmoakdadir.

Elektrik enerjisinin keyfiyyat gostoricilori diinya standartlari ilo mlgayise olunmalidir.
Bu mogsadlo keyfiyyotlo olagoli butiin parametrlori hom anliq olaraq izloyon ham do
keyfiyyot doyismoalorini geyd edon cihazlara ehtiyac yaranir. Odur ki, elektrik enerjisi
keyfiyyatina nozarot etmok Uclin enerji keyfiyyatino tosir edon parametrlor anliq olaraq
olculmoali, internet olagesi ilo markazi kompyutera geyd olunmalidir. Bu parametrlorin geyd
olunmasi ilo yanas1 keyfiyyatdoki doyisikliklor yaddasda saxlanilmalidir [5,6].

Enerji keyfiyyatsizliyindoki doyisikliklords, zaman geydi do oldugundan, bu sahodo
muoassisalordoki istehsalat itkilorini vo zararlorin sabablarini toxmini olarag hesablamag olar.
Avtonom energetik qurgularda aparilmis olgiilarin naticoesinds alinmig oayrilor sokil3 vo 4-do
g6storilmisdir. Oyrilordon gorulduyld kimi gorginlik vo corayan oyrilorinds dalga sokilli
konara ¢ixmalar miisahido olunur. Yarimkegirici elementlorin cihazlarda istifadoasi belo konara
cixmalart xeyli artiraraq GES-in hasil etdiyi elektrik enerjisinin keyfiyyatini xeyli pislosdirir.

Sok.4. Harmonikasiz asas sinusoida vo harmonik hissalor.

Guc sistemindsa gorginlikdo harmonik hissalor olanda bundan butln yiklor tasirlanir.
Harmonika dasiyan bir corayan iso sadoca harmonik corayan amola gotiran bir yika tosir edos
bilor. Harmonikalarla slagsli xtisusiyystlor agagidaki kimi ifads olunur:

Garginliyin effektiv qiymati:

= F L

Vo ya

U= J(Ug + Uf + UZ 4+ UF +UZ 4+ +U3)

Burada U, U, --- U,,, har bir harmonikanin effektiv giymatloridir
Corayanin effektiv qiymati
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Gorginliyin com harmonik doyisikliyi:

2 2 2 2 2
YoCHD, = \/Uz + U2 + U4U+ UZ+ -+ U2
1

Corayanin com harmonik dayisikliyi

B+E+EZ+E++13
%CHD1=\/2 3 4i 5 n
1

Harmonikalarin sistemds Vo gomids sobab oldugu manfi tosirlori asagidakilardan ibarat olur:

- Kompensasiyadaki kondensatorlarin hoaddindon artiq yiiklonmasi vo omurlarinin
azalmasi,

- Rele, ayirici va qoruyucularin sohv islomasi;

- Xatlarin haddon artiq qizmast;

- Il va V harmonikalarin neytral xatti haddon artiq yiiklomasi;

- Sistemdo ardicil vo paralel rezonanslar;

- Saygaclarda 6l¢ii xotalart;

- Transformatorlarda itkilorin artmasi;

- Miharrik, generator va kegirici xatlordaki itkilor;

Sistemdoki digar yiklori harmonikalarin moanfi tasirindon muhafizo etmok vo isladiciys
daha keyfiyyatli enerji 6turilo bilmasi tiglin harmonikalar miayyan saviyyads saxlanilmalidir.
Umumiyyatlo geyri-xatti yiklarin meydana getirdiyi harmonik hissalari mohdudlasdirmagla
standartlara uygunlasdirmaq miimkiin olur.

Beloliklo gomi elektrik qurgularinin elektrik tochizati sistemlorinds, yuklarin
quragdirilmasi, movcud avadanliglarin  yenilogdirilmasi, yiik altinda tonzimlomo
qurgularindan istifado, elektrik enerjisinin keyfiyyatinin yuksaldilmasi vo s.bir ¢ox
mosalalorin kompleks tadbirlorinin gérilmasi, avtonom elektroenergetik sistemin somoarali vo
etibarli isini tamin edar.

NOTICO

Maqalado gostarilon ifadolorin komaoyilo aparilmis hesabatlarin naticosi olaraq, geyd
etmok olar ki, doyison ceroyan elektrik intiqallarin qidalandirilmasinda enerji monbayi
torofindo yaranan giic itkilori imumi giiciin 1%-ni toskil edir. Bu i1so dizel-generator
qurgusunun istifads etdiyi yanacagin miivafiq olaraq artirilmasini tolob edir. Bu zaman GES-
in ayri-ayr1 hissalorinds itkilorin kifayat qodor olmasi miixtslif is rejimlorinds onlara nozarat
etmayi tolob edir. Homginin gomilards generatorlar vasitasils hasil olunan elektrik enerjisinin
itkilorinin azadilmasi vo enerji istehsalinin maya doyorinin asagi salinmasi masslasine vo
elektrik sobokelorinin kompleks avtomatlasdirilmasi, texnologiyanin miiasirlogdirilmasi va
tokmillosdirilmasi naticosinda elektrik enerjisinin keyfiyyatinin yiiksaldilmasi masalasine aid
todbirlori arasdirilmisdir.
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HCCJEIOBAHUE KAYECTBA U TIOTEPH DJIEKTPHUECKOMN DHEPT U
B CYJAOBBIX DJIEKTPOOHEPI'ETHYECKHUX CUCTEMAX

NCMANJIOB C.C., CYJITAHOB E.®., JI'KAJINJIOB T.A.

B cratee paccMOTpeHBI BONPOCH ONPEAETCHUs TMOTeph MOIIHOCTH B TE€HEPATOPHOM
Kabene ¥ CTaTOPHBIX OOMOTKAaX CHHXPOHHBIX T€HEPATOPOB CYIOBOW JIEKTPOCTAHINH. Y CTa-
HOBJICHO, YTO MPU UCCIICAOBAHUH MPUYMH HE CUHYCOMJAIBHOCTU KPHUBBIX TOKA, JOCTATOYHO
ydecTh BIMSHHUE TEPBBIX CEMH TapMOHHK. Takke B CTaTbe yKa3aHO Ha padOTy CyIOBOTO
3JIEKTPOOOOPYIOBaHUSI B HEONArONMpPUSATHBIX YCIOBUSAX, HApsAy C TEM, YTO OHO HMEeT
pas3IMuHBIC PEKUMBI PabOTHI, a TaK)KEe MCCIEIOBAaHBI 3a/1a4l CHIDKEHHS MOTEph SHEPTUH B
TaKoM 00OpYyJJOBaHUH U CHaOXeHHUE OTpeOuTENeii KaueCTBEHHON AJIEKTPOIHEPTUeii.

KioueBble cjioBa: CyIHO, JEKTPOCTAHIIMH, CHHXPOHHBII FeHEpaTop, MOTEePs] MOI[HOCTH, HECHHYCOU-
aILHOCTD, Ka0es.

THE RESEARCH OF ELECTRICAL ENERGY LOSSES AND QUALITY
IN THE SHiPS ELECTROENERGETIC SYSTEMS

ISMAILOV S.S., SULTANOV E.F., JALILOV T.A.

The article considers the issues of determining power losses in the generator cable and
stator windings of synchronous generators of the ship powerstation. It is established when
studying the resons of the no sinusoidalcurrent curves, it is enough to take into account the
impact of the first seven harmonics. The article also refers to the operation of marine
electrical equipment in unfavorable conditions, along with the fact that it has various
operating modes, aswell as studies of the task of reducing energy losses in such equipment
and supplying consumers with high quality electric energy.

Keywords: ship, power station, synchronous generator, power loss, non-sinusoidal, cables.
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GORGINLIK KEYFiYYOTI VOELEKTRIK SOBOKOLORINDO
GORGINLIK REJIMLORININ ANALIZi

H9SONOV Q.9., RZAYEV M.A.

Azarbaycan Texniki Universiteti
garahasanov@agmail.com
rzayevmurad1997 @yahoo.com

Elektrik enerjisinin keyfiyyotino olan toloblor sonaye, kond tesorriifati, ictimai, yasayis binalar1 vo s.
saholordo istifado edilon cihaz vo avadanliglarin tokmillogdirilmosi vo inkisafi ilo olagodar daha da
aktuallagsmigdir. Keyfiyyot gostaricilorinin asasini elektrik sobokslorinde gorginlik vo tezlik meyletmoslori vo
rogslonmolari toskil edir. Ona gora maqalods asasan sobokoslords maksimal vo minimal yiikklonma sortlorinda
gorginlik doyismolori analiz edilmisdir. Bu mogsadlo gorginlik meyletmolorinin 2,5-5%-1li doyismo hadlorinin
grafo — analitik hesabat tisuluna baxilir.

Acar sozlar: gorginlik keyfiyyoti, gorginlik diiskiisii, orta vo algaq gorginlikli sabokalor, qida morkozi.

Elektrik enerjisinin keyfiyyatinin idare edilmasi o zaman efektiv olur ki, qorar qobul
edon is¢i heyyot kifayot qodor molumatli olsun. Personalin gorarlar idaro edilon obyektdon
alman asagidaki iki ciir molumatlardan vo onlarin ¢evrilmosi vo emalindan asilidir: -6l¢ii vo
misahido (bu molumatlarin noticolori personalda saxlanilir vo isgilorin peso hazirligindan,
sonadlogsmodon, statistikadan vo s.-don asilt olur); - ikinci molumat ndvii iso, personalin
elektrik sobokasinin modeli vo model rejimi haqqinda biliklorindon ibaratdir.

Personal elektrik rejim parametrlori vo elektrik soboko funksiyalar1 haqqinda no qodor
cox bilorso, Ol¢ii vo miisahido molumatlarindan bir o godor az istifado edor. Molumatlar
xaborlor gokilinde roqomsal kanallarla Gtiiriiliir. Xobor signallart miixtolif hocmlords olur.
Masalon 100 s6zdon ibarat olan molumat 10 s6zdon ibarat molumatdan daha hocmlidir. Eyni
molumatt miixtalif sayda xobarlo otiirdikde molumatin “sixigsdirilmasi”ndan istifads edilir.
Mbolumatin sixisdirilmast onun Otiiriilmosindo, alinmasinda vo emal olunmasinda omok
tutumunu azaldir.

Gorginliklorin gida morkozlorindo tonzimlonmaosi ¢ox effektiv olur. Bu zaman biitiin
paylayict sobakado gorginlik rejimlori tonzimlonmis olur. Bir ¢ox hallarda QM-i sinlorindo
tonzimlomo sohor sobokasinin elektrik islodicilorinde Ei gorginliyin keyfiyyotini tolob olunan
soviyyayo catdirir vo bu mogsadlor iiglin olavo xorclor lazim golmir. Garginliyin istonilon
ganunla avtomatik tonzimlonmosi {i¢iin, xlisusi AGT avtomtik gorginlik tonzimloyicilori totbiq
edilir sok.1.

Bir sira hallarda QM da tonzimlonan gorginliklor biitiin EI —nin sixaclarinda lazim olan
keyfiyyatli gorginliyi tomin edir. Bu o halda miimkiin olur ki, OG sobokosinin uzunlugu az,
sobokoyo qosulan yiiklor iso bircinsli vo ya ona yaxin olsun sok.1.

Tasiredici amillorin qarsiliqh slagslarini, paylayici sobakonin xarakteristik parametrlori
vo keyfiyyot gostoricilorini aydinlagsdirmaq {igiin, biitiinliikdo sobokonin xarakterik vo konar
hadlordaki is rejimlorini nozors alan timumilosdirilmis qrafik qurulmalidir.

Analizlor {iglin imumilosdirilmis diaqramin qurulmasinda, nisbi vahidlor (faizlo) vo
maksimal yiiklonma sortlorinds gorginlik diisiikiisii V! ordinat oxunda vominimal yiiklonmada
gorginlik diiskiisii V' —in giymotlori absis oxunda qeyd edilir. Standartlara uygun olaraq
gorginik diiskiilorinin bu qiymatlori igladicierin girisindo buraxilan hadlorini asmamalidir.
Sadolik iigiin bu hodlori +5% vo-5% gétiiriirlor. Belo oduqda Ei-in girisindo gorginliyin
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buraxilan hadlori abcd kvadrati sok.3-do oldugu kimi gostorilir. Kvadratin torofi 10%,
gorginlik diisiikiisiine, moarkozi iso koordinat basangicina diisir.

YG YG

3 r I YG T ! 3. ; t
AG ] AG A
a) c)
YG . . — YG , ,
L
b)
Tr Tr
R AG
d)
AG
e)

Sak.1 Algaldict yarimstansiyalarin tipik vo prinspial sxemlori.

QM |A A a 2 Are— A B
T T T T T 1 T
I
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< & =
< —=
<k =

Sok.2.0rta gorginlikli OG va asag1 gorginlikli paylayici sobsakslarin prinspial sxemlori.

Qida markazlari, orta gorginlik OG (a-b) vo asag1 gorginlik AG (M-K) ndqtalari arasi
paylayic1 sobokolordo gorginlik rejimlorinin todqigatlart {i¢lin sok.4.3 vo timumilosdirimis
diagramlar iisulu istifado edilir. Sokildo M ndqtasi AG xottinin basalangicina, K ndqtosi iso
homin xattin on uzaq elektriki noqtosine uygundur.
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Sok. 3. Garginlik rejimlorina gora V! va V1! koordinatlarinda elektrik isadicilorinin
buraxilan is geraitlori va asililiglarin iimumi diaqrami.

Verilmis koordinat sistemindos MK xattinin baslangic M ndqtesinds gorginlik
meyletmolorinin I{g! va[{g” koordinatlari ilo xarakterizo edilir.

Sok.3-do Vs! val{g” koordinatlarinda qurulmus diaqrama, tonzimloma gorginliyi +5%
olan OG paylayici transformatora (PT) qosulmasi ti¢iindiir.Basqa OG tonzimloyicisi olan PT

(0 vo -5%, +2.5, 0, +2.5 vo -5%-li bes budaglanmasi olan) sxemlordo diaqrama olavo
kvadratlarin qurumasi ilo ¢okilir sok4.

/
VL /
/AUk
A
4
2 AU/
1 1 1 1 | 'L\S L1 1 | VS//\
‘12 10 8] 6 A f2 o [2
-2
-4
E=0
-6
: E=5%
AU -8
-10
E=10%

Sak.4. QM- qosulmus OG va AG sabokalarinds gorginlik rejimlarinin iimumi diaqrama.
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Bu kvadratlar {i¢ tonzimloyici budaqlanmasi olan transformatorlar {igiin 5 vo 10% asagi
va sol torafo siirlisdiiriilmalidir, bes tonzimlomo budaglanmasi olan PT-larda iso 2.5, 5, 7.5 vo
10% asag1 vo sola stiriisdiiriilmalidir.

Deyilon qaydada qurulmus sok.4 diaqrami, qida morkazino QM-2 birlogmis biitiin OG
vo AG sobokolorinin gorginlik rejimlorini analiz eds bilir. Sok.4.4-do verilmis koordinatlar
sistemindo diaqramin hor hansi noqtasindo gorginlik meyletmasi sobokonin OG pillasing
gotirilmisdir. OG vo AG sobokslorindo gorginlik diigkiilori bilavasito homin diaqramlardan
toyin edilir. Sok.4 diagraminda qurulmus olaqali kvadratlarin mohdudlasdirdig: oblast EI —nin
is sortlorindon asilidir. Orta gorginlik sobokosinin sortlorinde gorginlik rejimlorinin grafikini
quraq sok.3. Prinsipco qrafik forgli bucaq omsalina malikdir:

AU 1
tgas ZH;S,:Z (1)
N

OG sabokesinda gorginlik rejiminin alinmis doyismo qrafikinde on boyilik yiik rejimi
fi¢lin uc noqtalarinin farqi ordinat oxunda AU 'y, absiss oxunda isa, an kigik yiik rejimi iigiin
qiymotlor fargi 4U"s verilmisdir.

AB diiz xottinin {izorindo, yuxari kvadrantda alinmis A-Az hissasi gostorir ki, sobokonin
homin hissasine OG gorginlikli paylayict transformator PT birlosdirmak olmaz. Ciinki,
sobokonin homin hissosindo AG gorinliklori buraxila bilon hadlordon konara ¢ixir. Beloaliklo,
gorginliyin verilmis rejimindo QM-in OG saboko hissasinin an boyiik yliklonma rejimi ti¢iin
AU’k -0 barabor olan itkilorino goro homin hisso QM ilo yaxinligdaki PT arasinda birlosdirici
kimi olmalidir. Sobokonin sonra golon hissolorine PT birlogdirilo bior. Maksimal yiliklonmo
rejimindos on boyiikk gorginlik diskiisiiniin 5% olddugu A1 — A2 OG saboko hissasing
budaglanma ilo +5%-li PT birlosdirmok olar. AG sobokolorinin homin PT-don aldig:
gorginliklarin fargli diiskiilordo oldugu goriiniir. QM- on yaxin olan A; transformatorunun
AG sabokosindo maksimal yiiklonma rejiminds buraxilan gorginlik diiskiisic 4Usumsy =10 %
olur, on uzaq Aondqtosino birlosdirilmis PT islodicisindo is0 AUsnuzaq =5 % olur. OG
sobakasinin sonraki Az - Az hissalorina 0 %-li tonzimayici budaqlanmalar birlogdirmok
lazimdir. Bu halda homin hissonin AG sobokalorinin is soraitlori avvalki soboko hissosinda
oldugu kimi qalacaqdir. Beloliko, OG sin sistemino qosulan yiiklorin se¢ilmasilo islodicilorin
elektrik tochizatinin etibarliligini artirmaq, soboko elementlorindo giic vo enerji itkilorini
azaltmaq, keyfiyyot vo texniki-iqtisadi gostoricilori yiiksoltmok olar. A2 — As hissasinda
tonzimloyici budaqlanmasi olan AG sobokosindo on boylik gorginlik itkilori 10% -o
barabardir. Bu Axndqtasine tonzimloayici budaqlanma ilo birlosdirilmis PT sobokasina aiddir.
Az noqtosinin PT —una birlosdirilmis AG sobokosinin gorginlik diiskiilori -7,5% vo As
ndqtesinin PT-una birlogdirilmis isladicilerin gorginlik diiskiilari 5% olur, sok. 2.

OG sobokosinin alinmis diaqramindan goriiniir ki, -5%-1i budaglanma tonzimloayicisi
olan paylayici transformatorun qosulmasi yol verilmozdir. Ciinki A4 -B xottinin homin hissosi,
kvadrantin EI gorginliyino géra buraxila bilon hoddini kegir. A4B hissasina orta budaglanmada
0% PT birlogdirilmosi do magsods uygun olmur. Ciinki bu zaman AG sobokosinin buraxila
bilon gorginik diisiikiisii 5% -don kigik olur.

Praktiki olaraq AG sabokolorinds buraxila bilon gorginlik diiskiileri forqli olmamalidir.
Ona goOro yilik rejiminin doyismosilo tonzimloyici budaglarin tez-tez doyisdirilmosi
sortlorindon imtina etmok lazimdir. Bu moqgsadlo maksimal yiiklonma sortlori iiciin, AG
sobokolorinds gorginlik itkilorinin on asagi hadlori nozards tutulmalidir.

NOTICO
Gorginlik keyfiyyotino olan toloblori nozoro alaraq gorginliyin gida monboyindo
tonzimlonmoasi daha moqgsodouygundur. Gorginlik meyletmolorinin  miixtolif doyismo
hadlorinin qrafo — analitik hesabati arasdirilmigdir. Bu hodlorin 2,5-5% - li doyisilmasi
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alimmisgdir. Maksimal vo minimal yiiklonmo sortlorinds gorginlik diiskiisiiniin hesablanmasi
analiz edilmigdir.
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AHAJINBKAYECTBA HAIIPSI’)KEHUA 1 PEXKUMOB
HAIIPAKEHUSAB DJIEKTPUYECKUX CETAX

I'ACAHOBT .A., P3AEB M.A.

B cBs31 ¢ ycOBepIIEHCTBOBAaHUEM M Pa3BUTHEM NMPHUOOPOB M arperaToB, UCTIONb3YEMBIX
B 00JacCTH NPOMBIIUICHHOCTH, CEIBCKOTO XO3SHCTBA, OOMIECTBEHHOTO W SKWJIMIIHOTO
CTPOUTENBCTBA W T.JA., TPEOOBAHUS K KAa4eCTBY ODJIEKTPOIHEPTHU BO3pOCIH. OCHOBHBIMU
MOKa3aTeNIIMI Ka4eCTBa AJIEKTPOIHEPT UM SBISIFOTCS HANPSHKEHUE, OTKIOHEHUE M KoJeOaHHs
Y4acTOThI B JJIeKTpoceTsx. [1o3ToMy B cTaTbe B OCHOBHOM pPacCMaTpHBAETCS OTKIOHEHHE
HaNpsDKEHHST B PEKUME MaKCHUMAIbHOH W MHMHUMaibHOW Harpy3ku. C 3Toil 1enbio
OTKJIOHEHHE HamNpsOKeHHs B auana3oHe 2.5-5% ObU1o paccMoTpeHo rpado-aHaIUuTHYECKUM
METOJIOM pacyeTa.

KinoueBble cj1oBa: KayecTBO HapsOKCHUA, MAaACHUE HAIPSXKCHUA, CETH CPEAHETO0 U HHU3KOTO
HaIPpsKCHUS, HCHTP IMMUTAHUA.

VOLTAGE QUALITY AND ANALYSIS OFVOLTAGE REGIMES
IN ELECTRICAL NETWORKS

HASANOV G.A., RZAYEV M.A.

Electricity quality requirements include industry, agriculture, public housing, etc. the
improvement and development of devices and equipment used in the field. The main
indicators of quality are voltage and frequency tension and oscilatory in electrical networks.
Therefore, the article mainly analyzes the voltage changes in the maximum and minimum
load conditions on the networks. For this purpose, a graphical-analytical reporting method
with volatility deviations of 2.5-5% is considered.

Keywords: tension quality, voltage drop, moderate to low voltage networks, powercenter.
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TOSIRLONMOSI TaNzngaNaN SINXRON GENERATORLU
VAL-GENERATOR QURGUSUNDA ELEKTROMEXANIKI
REZONANSIN TODQIQi

RUSTOMOV R.M.

Azarbaycan Déviat Daniz Akademiyast
ramiz.riistamov@mail.ru

[1,2]-do mioyyon edilmisdir ki, donizin dal3alanmasi sobobindon sinxron val- generatorda mocburi
rogslor yaranir. Sinxron generatorun gami dizel generatoru ilo paralel isladiyi zaman, gostarilon ragslar sarbast
rogslords toplanaraq tohliikali noticalora gotira bilocok elektro-mexaniki rezonans yarada bilor. Bu mogalads
gomi Ugln tahlukali olan, qeyd olunmus rejimin tadgiginin naticalori verilmisdir. Gostarilmisdir ki, sinxron
generatorun tasirlonmasinintanzimi ilo rogslorin shamiyyatli doracods azaldilmasina nail olmaq mimkiindiir.

Acar sozlar:val-generator qurgusu, sinxron generator, elektromexaniki rezonans, tasirlonmanin tanzimi.

[3] — do gostoarildiki, sinxron generatorun, tosirlonmoa dolagina avar vintinin momentinin
doyisma tezliyi ilo gorginliyin doyison mirakkobasinin verilmasi sayasinda rotorun ragslorini
azaltmaq olar. Bu halda sinxron generatora iki harmoniki doyison tasirlondirici tosir totbiq
edilir:

1) avar vintinin mugavimat momentin fluktuasiya murokkabasi

2) tasirlonma garginliyi

Bunlardan birincisi birbasa generatora, ikincisi iso tosirlonma sisteming totbiq edilir vo
elektromagqnit yolla rotorun harokat xarakterina tosir edir.

Qeyd edilon tesirlondirici tasirlor, isaralor eyni olduqda, miixtslif istigamatlords rotorun
nisbi horokatini yaradir. Belodiki, avar vintinin miiqavimot momentinin artimi rotorun déonmo
bucagini artirir, tosirlonma gorginliyinin artimini iso bu bucagi azaldir.

Ogor amplitudalar eyni olarsa, birinci tosir ikincisi ilo kompensasiya olunacaqdir.
Deyilanlari nazars alsaq yazmagq olar [1]:

AMV—M.ef
—Cl)vTj‘l']Cl)vKl"'Kz

AS =

1)

Burada AMef-tasirlenmenin tonzimlonmasi  sobablorindon yaranan elektromaqgnit
momentinin arttmidir.

(1) ifadesindon gbriiniir ki, rotorun roqgslorini tamamilo yox etmok iicinAMy, = M ef
olmalidir ki, yani bu momentlarin hom amplitudalar1 hom ds fazalar1 barabar olmalidir.

Tasirlonmanin tonzim olunmasi zamani sinxron generatorun elektromaqnit moment
artiminin amplitudasi asagidaki ifadonin hoqiqi hissasi ils tayin edilir:

_ . Gq(jw)
AM; = R, |Using, - pues. Ay @

burada G4(jw) voX 4 (jw) — kompleks kegiricilik va induktivlik miigavimat;
AU - tosirlonmagarginliyinin artimidir. G4(jw) — nin ifadssi beladir:

Xad ITf
1+jwTge (3)

jw) =
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Burada vo bundan sonra isaralor imumi gobul edilmislordir [3].
(3)-U (2) -0 qoysaq alariq:

Usin .
MM =R, | 22 (1 + jwTao)Ky AU (4)
_ XaadlTf
BuradaKy = Tr(Ta)?
(4)- dan haqiqi hisseni ayiraraq tapariq:
AMef - Using, . Xad/Tf . AUf(S)

Xqg  1+(T'd)?

* bu ifado elektromagnit momentin M, = Y 4i,- Y 4ig0sas ifadesinossason gixarilir.
Burada geyd etmok lazimdir ki, AU d (AS) / dt, d?(A&)/dt? va s. kimi siqnal funksiyalari

olaraq, tosirlonma tanzimloyicisi torsfindon avtomatik formalagdirilir.
Umumi halda tasirlonms dolaginda gorginlik asagidaki formada olur:

d(AS) + Kfz dl(ga) (6)

Uf = Uf0+ AUf = Uf0+ Kfl

Tasirlonmanin tonzimlonmasi  sobabindan tosirlonms dolaginda coroyan artiminin

amplitudasi
AUg/ty
1+(T'd)?

Aif tosirlonmo coroyaninin artimim bilorak, sinxron generatorun I6vbar dolaginda elektrik

harakat qlivvesi artimi:
Aef = Alf ' Xad (8)

Aejelektrik harakat qlivvasinin giymati vo son noticodoAM . — i toyin edir.
Ogor (5) vo (7) ifadalorindow=0 qoysaq, gorarlasmis rejim iiciin elektromaqgnit moment

artiminin ifadosini alariq:
UAefo

Xaq

AMfo = sind, (9)

Sonuncu ifadani biz milahizolorimizin dogru oldugunu gostormok Uglin verdik.
Hogigoton do, @w=0AUf=0 voAM,s=0 olur. Bu basa diisiilondir. Yoni =0 olduqda,
dalganintasiri olmadiqda AMy=0 olur vo bu sababdon do tasirlonmonin tonzimlonmasinag
ehtiyac qalmur.

Olavo olaraq geyd edok ki, tasirlonmo caroyaninim artimi Aiy, AUy gorginlik artimindan

fazaca geri galacaq. Bu bucaq a = arctgwT'd olur. Tasirlonmo dolaginin zaman sabiti T'd
boyiik giymato malik oldugundan hotta Kicik tezliklorda (1-3) Hs belo bu bucag 90%lur. Bu
amil o ciimlodan ifadssindasinéd oldugu tigiin tasirlonma dolagina boyiik coroyanin verilmasi
tolob olunur. Prinsip etibar ilo tasirlonms dolagina belo bdyuk coroyan vermok olar. Digor
torafdon iso, xisusan dos val-generator qurgusu iiglin bu boyiik ¢atinliklorlaslagadardir. Boyiik
olava tasirlonma caroyanlar sinxron generatorun stator coroyaninin vo reaktiv gucin boyuk
rogslorina gotirib ¢ixarir. Tobii olaraq bu gomi elektroenergetik sisteminin isino gox boylk
monfi tosir gostarir.

NOTICO
Mioyyan edilmisdir ki, sinxron val-generatorun tasirlonmosini tonzim etmoklo, danizin
dalgalanmasi sobobindan avar vintinin momentinin fluktasion maroakkabasi tosirindon yaranan
rotor rogslarini shomiyyatli daracods azaltmaq olar. Digor torofdon iso belo tonzimloms,
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sinxron generatorun stator coroyanin va reaktiv glclin ragslorinin yaranmasina gotirib ¢ixarir.
Beloliklo, standart konstruksiyali sinxron generator val-generator qurgusunda elektromexaniki
ragslorin aradan galdirilmasi moasalasini tam sakilda hall edobilmir.
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NCCIEJOBAHUE SJIEKTPOMEXAHUYECKOI'O
PE3OHAHCAB CUHXPOHHOM BAJIOI'EHEPATOPE
ITPU PET'YJIMPOBAHHMU BO3BY KAEHUA

PYCTAMOBP.M.

[Ipoananu3upoBaHbl METOMbl JeMI(HUPOBaHUSA KoleOaHUH CHHXPOHHOI'O BajOreHe-
paTopa, MOTYIIUX ObITh NPUYMHONW BO3HUKHOBEHHUS 3JEKTPOMEXaHHMUECKOr0 Pe30HaHCa. JTO
— YCTQHOBKaHa BaJlly MaXOBUKa M PEryJIMpPOBAaHUE BO30YXIEHUS CUHXPOHHOT'O I'€HEpaTopa.
[lepBbiii MeTOA MpH BHIOOPE COOTBETCTBYIOIIMX IapaMETpPOB M KOHCTPYKIMU MaXOBHUKa
MO3BOJISIET MOJHOCTBIO MOracuTh Kosiebanuss. OJHAKO ero NpUMEHEHHE B BaJOI'€HEPATOPHOU
YCTaHOBKE COMNPSKEHO C OIpe/eJCHHbIMU HeJlocTaTkaMu. PerynupoBaHueM BO30YXKIEHUS
CUHXPOHHOT'O I'€HepaTopa MOXKHO Takke M30aBUThCS OT KojebaHuil potopa. OgHAKO 37€Ch
BMECTO Kosle0aHMH pOoTOpa BO3ZHHKAIOT KOJEOAHUS TOKA CTaTOpa U PEAKTUBHON MOIIHOCTH.
[locnenHue TakxKe HE JKelaTeIbHbl B BAJIOTEHEPATOPHON YCTaHOBKE.

KaoueBble ciioBa: Bajl TeHeparopa, CHHXPOHHBIH TIe€Heparop, AJIEKTPOMEXaHWYECKHH pEe30HaHC,
pEryupoBKa BO30YKICHHUS.

RESEARCH OF ELEKTROMECHANICAL REZONANCE IN SYNCHRONOUS
SHAFT GENERATOR WITH REQULATION OF EXCITATION

RUSTAMOV R.M.

The methods of damping the oscillations of a synchronous generator, which can be the
cause of Electromechanical resonance, are analyzed. This is the installation on the flywheel
shaft and regulation of excitation of the synchronous generator. The first method, when
selecting the appropriate parameters and design of the flywheel, allows you to completely
extinguish the vibrations. However, its use in the generator set is associated with certain
disadvantages. By regulating the excitation of the synchronous generator, you can also get rid
of the rotor oscillations. However, here, instead of rotor oscillations, there are oscillations of
the stator current and reactive power. The latter is also not desirable in a shaft-generator
installation.

Keywords: shaft generator, synchronous generator, electromechanical resonance, exposure regulation.
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TEZLIiK CEVIRICILI ASINXRON ELEKTRIK INTIQALI
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Tonzimlonon elektrik intigalinin totbiqi enerji qonastini tomin edir vo sistem vo obyektlorin yeni
keyfiyyatlorinin alinmasina imkan verir. Hor hansi bir texnoloji parametrin tonzimlonmosi hesabma elektrik
enerjisinin xeyli qonasti tomin edilir. ©gar bu dozgahdirsa, onda siirat vo ya asas harokatlo salis tonzimlomok
olar. Tezlik ceviricilorin istifadesindon obyektlorde xiisusi iqtisadi effekti tezlik tonzimlonmasinin totbiqi verir.
Maslum oldugu kimi, icra mexanizmlorinin firlanma tezliyinin tonzimlonmasini miixtalif qurgular vasitasilo
aparmaq olar (stator vo rotora alavo daxil olan rezistorlarla, elektromexaniki tezlik ceviricilorilo, statik tezlik
ceviricilarila). Asinxron elektrik intiqalin idarasindo statik tezlik ¢eviricilori on mitkommol qurgulardir.

Acar sozlar:asinxron elektrik intiqali, tezlik tonzimlonmasi, texnoloji parametr, sistem, obyekt, siirot
tonzimlonmasi, energetik gostaricilar, verilon gorginlik, tezlik geviricisi.

Icra mexanizmlorinin firlanma tezliyinin tonzimlonmosini elektromexaniki tezlik
ceviricilori, statik tezlik ceviricilori vo s. miixtalif qurgular vasitosilo aparmaq olar. Lakin
onlarin bazilari siirat tonziminin yiiksak keyfiyyatini tomin etmir, iqtisadi cohatdon istismarda
vo montaj islorindo bdyiik xorclor tolob edir. Hal hazirda asinxron elektrik intigalin idarasinds
statik tezlik ¢eviricilori on miikommal qurgulardir[1-3].

Asinxron miitharrikin siirat tonziminin tezlik isulunun prinsipi ondadir ki,

_ 24,
P

2

ifadosino uygun olaraq, qida gorginliyinin tezliyini fi1 doyisorok vo qiitblor ciitiiniino p
doyismoz sayinda statorun maqnit sahosinin bucaq siirotini doyismok olar. Bu {isul siiritin
genis diapazonda solis tonzimini tomin edir, mexaniki xarakteristikalar iso yiiksok sortliyo
malikdirlor. Belo halda siiratin tonzimlonmasi asinxron miiharrikin siirlismasinin artmasi ilo
aparilmir, ona goro tonzimlomodo giic itgiloricox deyil. Miihorrikin yiiksok energetik
gostaricilorina: giic omsali, faydali is omsali, artiq yiikklonma-nail olmagq iiciin tezlikls eyni
zamanda verilon gorginlik do doyismalidir. Gorginliyin doyismo ganunu yiik momentinin M¢
xarakterindon asilidir. Sabit yilk momentindo Mc¢=const statorda

k1 gorginlik tezliyo miitonasib tonzimlonmolidir :

U
—L =const,
fy
. o N U,
yiik momentinin digor xarakteri ti¢iin: Tz = const.
1
U 1

Yiik momenti siiroto oks miitonasib olduqda iso : = const .
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Belolikls, asinxron elektrik miihorrikin valinin firlanma tezliyinin solis tonzimi ii¢iin
tezlik ceviricisi mitharrikin statorunda tezlik vo gorginliyin eyni zamanda tonzimlonmasini
tomin etmolidir. Texnoloji proseslordo tonzimlonon elektrik intigalin istifadesinin
uistiinliiklori: tezlik tonzimlonmenin perspektivliyi, bu da 6z ndvbasinds elektrik enerjinin
genaotini tomin edir vo itgilori azaldir; tezlik ceviricisinin strukturu: bir ¢ox miiasir tezlik
ceviricilori ikili ¢evrilmo sxemi oasasinda qurulmuslar. Belo ¢eviricilor asagidaki hissolordon
ibaratdirlor: sabit coroyan bandi (idars olunmayan diizlondirici), glic impuls invertoru v idaro
sistemi.Sabit coroyan bandi idars olunmayan diizlondirici va slizgocdon ibaratdir.Qidalandirict
sobakonin doyison gorginliyi sabit corayan gorginliyine gevrilir.

Ucfazli giic impuls invertoru alt1 tranzistor acarlarindan ibarotdir.Miihorrikin har bir
dolag1 uygun acar vasitosilo diizlondiricinin miisbat vo monfi cixislarina qosulur. Invertor
diizlondirilmis gorginliyin lazimi tezlikds vo amplitudada olan ii¢fazli doyison gorginliys
cevrilmasini yerina yetirir, bu da miiharrikin stator dolaqglarina verilir.

Invertorun ¢ixis kaskadlarinda giic IGBT-tranzistorlar1 acar vasitosi kimi istifado
olunurlar. Tiristorlarla miiqayisodo onlar daha yiliksok cevirgac tezliyino malikdirlor,bu da
sinusoidal formali ¢ixig signalin minimal tohriflorlo yaranmasina imkan yaradir.

Tezlik ¢eviricisi idars olunmayan diod giic diizlondiricidon B, avtonom invertordan,
idaro sistemindon, avtomatik tonzimlomo sistemindon, drosseldon Lg vo siizgoc
kondensatordan Cy, ibaratdir (sok.1). Invertorda ¢ixis tezliyinin fux vo gorginliyin Ug;x toanzimi
yiiksok tezlikli enine-impuls idarosi hesabina aparilir. Belo idare modulyasiya periodu ilo
xarakterizo olunur, vo bunun daxilindo elektrik miihorrikinin stator dolagi ndvbo ilo
diizlondiricinin miisbot vo monfi qiitblorine qosulur. Periodun daxilindo bu vaziyyastin
miiddoti sinusoidal ganunla modullagdirilir. Yiiksok takt tezliklordo (adoton 2.....15 kHs.)
mithorrikin dolaglarinda slizgoc xiisusiyyatlorino goro, sinusoidal corayanlar axir[2-5].

L:i 23 jSZS i L,;“JE, DI,J v;ﬁanE& D3
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Sok.1. Tezlik geviricisi: 1 -ligfazli korpii invertoru;B- tigfazli korpl
diizlandiricisi; Cg —slizgacin kondensatoru.
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Cixis gorginliyi oyrisinin formasi yiiksoktezlikli ikipolyarli diizbucaq impulslarin
ardicilligidir (sok.2). Impulslarin tezliyi enino-impuls modulyasiyasonin tezliyi ilo toyin
olunur. Impulslarin miiddoti (eni) avtonom invertorun c¢ixis gorginliyinin periodunda
sinusoidal qanunla modullasdirilib.

Cix1s corayaninin formasi (asinxron miihorrikin dolaglarindaki corayan) praktiki olaraq
sinusoidaldir. invertorun ¢ixis gorginliyinin tonzimi iki iisulla aparilir: amplituda iisulu (giris
gorginliyinin Ug doyismasi) vo enina-impuls Gsulu (Us=const oldugda V1-V6 ventillorin
gevirgac proqraminin dayismosi). Ikinci iisul miiasir element bazasmin inkisafinda miiasir
tezlik ceviricilorindo daha genis 6z totbiginin tapmisdir. Bu isulda miharrikin stator
dolaglarinda coroyanin formasi sinusoidala yaxindir, bu da dolaqlarin siizgaclik
xiisusiyyatlorino gérs alinir.

Belo idaroetmo geviricinin yiiksok FI9-nin alinmasina imkan verir vo gorginliyin
tezlik vo amplituda vasitosilo analoq idaraetmoyos ekvivalentdir.

Uax
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Sok.2. Cixis gorginlik vo coroyanin formasi.

Miiasir invertorlar tam idaroolunan yarimkecirici cihazlarin asasinda yerina yetirilirlor
(baglayict GTO-tiristorlar1, yaxud bipolyar IGBT-tranzistorlar1). Avtonom invertorun IGBT-
tranzistorlarda {igfazli korpii sxemino uygun olaraq, o giris tutum siizgacindon Cg, alt1 IGBT-
tranzistorlardan V1-V6, qarsiligli-paralel qosulan oks corayan diodlarindan D1-D6 ibaratdir.

Ventillorin V1-V6 ardicil ¢evrilmosi naticasinda verilon idars sistemin alqoritmino
yugun olaraq, sabit giris gorginliyi Ug doyison diizbucaq-impuls ¢ixis gorginliyino ¢evrilir.
Idars olunan V1-V6 acarlardan asinxron miiharrikin coroyaninin aktiv hissosi axir, D1-D6
diodlardan isa-corayanin reaktiv hissosi.

Gorginlik invertorlariin totbiqi, sxem golizlosmadon yiiksok energetik gostoricilorin
alinmasina vo sinusoidala yaxin olan ¢ixis coroyanlarinin tomin olunmasina imkan yaradir. Bu
miiasir elektrik intigalinda avtonom gorginlik invertorunun genis totbigini tomin edir. IGBT
tipli tranzistorlarin osasinda inteqral texnologiyasi iizro yerino yetirilon tranzistor vo diod —
tranzistor modullarini xiisusi qeyd etmok lazimdir. Acar rejimlorinds kicik giic itgilori, is¢i
gorginlik vo coroyanlarin boyiik qiymetlori, bu modullarin qosulma vo agilmalarinin az
miiddotliyi, vo elocodos onlarin paralel igdo istifado olunma imkani yiiksok tezlik komutasiyali
yarimkecirici acarlar1 olan giiclii vo kompakt ¢evirici qurgularin yaranmasina imkan verir.

Tonzimlonan elektrik intigalinin asasinda enerjiya gonast edon bir ¢ox texnologiyalar
sonayenin miixtolif saholorino vo noqliyyat vasitolorindo daha genis totbiq olurlar. Son
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zamanlar tezlik cevrilmosi ii¢iin daha cox giic acarlar1 6z totbigini tapnuslar — IGBT
modullari. Cald geviricilorin sxemlorindo IGBT osasinda idarsedici giic acarlarin istifadosi
elektrik enerjisinin yliksak tezliklords ¢evrilmasing, ¢eviricilords timumi itgilorin azalmasina,
miiasir idara sistemlorinin totbiqino, qurgunun kiitlo vo gabaritlorin azalmasina imkan yaradir.
IGBT modullar1 oksar hallarda tranzistorlar yarikdrpii sxemi iizro birloson invertorlarda
istifado olunurlar. IGBT modullarin (sok.3) konstruksiya vo parametrlori daima
tokmillosdirilir, dayaniqliq vo modullarin istismarin sort soraitlorinds vo qoza rejimlorinds
xidmot miiddati artir[5].

Sok.3 IGBT modulun iimumi goriiniisii.

§9k.4-d9 IGBT-in qosulma vo acilma tosviri gdstorilmisdir. Yiikiin induktiv xarakterina
goro IGBT qosulduqda coroyan impulsu yaranir, agildigda iso - gorginlik impulsu.

Sok.4. Vg - bagl -emitter garginliyi; I.— kollektor corayani.

NOTICO

Tezlik ceviricisi (TC) miiasir doyison coroyan elektrik intigallarinin osas elementidir.
Miihorrikin moment va firlanma tezliyinin siirotinin idarssi-tonzimlonon elektrik intigalinin
iki osas holledici mosololoridir. Intigalin normal funsiyasi iiciin miihorrikin moment vo
coroyaninin buraxila bilon qiymetlorindo mohdudlasdirilmas1 lazimdir.Bir c¢ox sonaye
mexanizmlarin texnoloji rejimlori miixtolif is morhalalorinds is¢i orqanin harakatini miixtalif
stiratlo tolob edir, bu da elektrik intigalin mexaniki vo ya siirotinin elektrik tonzimlonmasilo
tomin olunur. Ona gora da siirat tonzimlonmasinin daqiqliyine va diapazonuna olan tolobloari,
intigalin totbiq sahasindon asili olaraq, genis haddlordo doyiso bilor.
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ACHHXPOHHBIN DJIEKTPOIIPUBO/ C MIPEOBPA3OBATEJIEM YACTOTHI
KEPUM3AJIE I'.C., MYXTAPOB /Ix.b.

[lpumeHeHHne perynupyeMoro 3>JIeKTPOIpUBOJa OOECIeUnBAeT IYHEProcOeperkeHne M
MO3BOJISIET MOJy4aTh HOBBIE KAaueCTBa CUCTEM M OOBEKTOB. 3a CUET PEryJIMpOBaHUS KAaKOro-
1100 TEXHOJIOTMYECKOro MapaMeTpa 00eCeunBaeTCs 3HAUUTEIbHAST SKOHOMUS 3JIEKTPOIHEP-
rud. Ecnu 370  CTaHOK, TO MOYKHO IUIABHO PEryJIMpOBaTh CKOPOCTb MOJA4M MJIM TJIABHOTO
aBrokeHus. OT NCTIOIB30BaHUS MTPe0OpazoBaTeseil YacTOThl 0COOBII SKOHOMUYECKH d(hdeKT
JaeT NPUMEHEHHUEe YaCTOTHOI'O PErylMpoBaHus Ha oObekTax. Kak M3BECTHO, peryiupoBaHue
YacTOThl BpALICHUS] HCIOJHUTENIBHBIX MEXaHU3MOB MOXHO OCYHIECTBJIATH IPU ITOMOIIU
pa3IMYHBIX YCTPOMCTB (PE3UCTOPAaMH, JOMOJHUTEIBHO BBOJUMBIMH B CTATOp WM POTOD,
ANEKTPOMEXAHUYECKUMHU Tpeo0pa3oBaTeNsIMU YaCTOTHL,CTATUYECKUMHU TpeoOpa3oBaTeIsiMu
yactoTel). HauOosiee  cOBEepIIEHHBIMH  YCTPOMCTBAMM  YIPABJICHUS  ACHHXPOHHBIM
ANEKTPONPUBOAOM SIBJISIOTCS CTAaTUUECKHUE IPE0Opa30BaTEIN YACTOTHI.

KnioueBble c10Ba: acHHXPOHHBIH 3JIEKTPONPHUBOJ, YAcTOTHOE PErYJIHUPOBAHUE, TEXHOJOTHMUYECKUH
mapamerp, CHUCTeMa, OOBEKT, perylupoBaHHE CKOPOCTH, »JHEPreTHYeCKHe II0Ka3aTelu, IOJBOJUMOE
HanpspKeHHe, TPeoOpa3oBaTeh YacTOTHI.

ASYNCHRONOUS ELECTRIC DRIVE WITH A FRECUENCY CONVERTER
KERIMZADE G.S., MUXTAROV C,B.

The use of an adjustable electric drive provides energy saving and allows you to get
new quality systems and objects. By regulating any process parameter, significant energy
savings are achieved. If it is a machine, you can smoothly adjust the feed rate or the main
movement. From the use of frequency converters, the special economic effect is the use of
frequency regulation at the facilities. As is well known, the rotational speed of the actuators
can be controlled using various devices (resistors, additionally introduced into the stator or
rotor, electromechanical frequency converters, static frequency converters). The most
advanced control devices for asynchronous electric drive are static frequency converters.

Keywords:asynchronous electric drive, frequency regulation, technological parameter, system, object,
speed control, energy indicators, input voltage, frequency converter.
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Maqalada gomi kran qurgularimin intiqallarinda totbiq edilon yarumkegirici ¢eviricilorin mihafizalorinin
xususiyyatlaorina baxilmis vo onlarin gomi kranelektrik intiqgallarinda  tatbiq olunmasvniistiinliiyii geyd
edilmisdir.

Acar sozlar: gami, kran qurgusu, elektrik intiqali, tezlik ceviricisi, yarimkegirici ¢evirici, miihafiza.

Giris. Gomi yiikqaldirict mexanizmlorinin elektrik intiqallari, gomi soraitindo istismar
toloblorino cavab veron xiisusilogdirilmis elektrik masinlarindan vo aparatlarindan istifado
etmoklo hazirlanirlar. Bir ¢ox kran gomilorinds, yiikqaldirict mexanizmlorin elektrik
miithorrikinin giicii elektrik stansiyasinin bir generatorunun giiciina baorabar vo ya ona yaxin
olur. Yiikqaldirici bucurgadlarin vo kranlarin elektrik intigallarina verilon tolablorin osasi
yiiksok mohsuldarligin tomin edilmasidir [1].

Gomi yiikqaldirict mexanizmlorin elektrik intiqallarina verilon tolablor, Doniz
Registrinin Qaydalari, miivafiq idarolorin standartlar1 vo normalar1 ilo miioyyonlosdirilir.
Biitlin tortib olunan telablorin yerine yetirilmasi, birinci ndvbods, mexanizmlorin yiiksok
mohsuldarligini tomin etmok, yiik omoliyyatlarin1 daha effektiv togkili vo onlarin tohliikosiz
istismart ti¢iin toklif olunmusdur.

Avtomatlagdirma sistemi do daxil olmaqla, elektrik avadanliginin texniki istismarina
dair iimumi toloblor gomi elektrik avadanliginin texniki istismar qaydalarini toyin edir. Bu
qaydalara omol etmoklo vo elektrik avadanligina daimi qulluq gostormoklo yiikqaldirict
mexanizmlorin elektrik intigallarinin etibarli vo tohliikesiz islomasini (vo miiasir toloblora
cavab vermasini) tomin etmoak olar [1, 2].

Molum oldugu kimi gomi kran qurgulari osas olaraq gominin yiiklomo rejimindo
isloyirlor buna goro do tezlik ¢eviricilorinin yarimkegirici elementlori siradan ¢ixdiqda gomi
qozaya ugraya bilor. Bu sobabdon do gomi kran qurgularinda tatbiq edilon yarimkegiricl
cihazlardan hazirlanmis tezlik ceviricilori {i¢lin coroyami islodicilordon ayirman xiisusi
miithafizo qurgular1 hazirlanir, bu moagsadlo onlarin bazilorine baxilmigdir.

Isas hissa. Yarimkegirici ¢eviricilorin  istismar1 zamani onlarda qoza rejiminin
yaranmamast miimkiinsiizdiir. Yarimkegcirici ¢eviricilorin qoza rejimi nasazligin bas verdiyi
yerdon asil1 olaraq xarici vo daxili goza qruplarina boliiniir. Daxili goza rejimi asas olaraq giic
sxeminin bir vo bir ne¢d ventil qrupunda ventillorin elektrik vo istilikden (qizma
temperaturun normadan artiq yiliksolmasi) desilmosi zamani bas vero bilir. Bundan olavo
ceviricinin enerji verdiyi isledicinin (coroyan yaxud gorginliya goro artiq yiiklonmasi, vo
yaxud onda qisa gapanma prosesinin yaranmasi da yarimkecirici ¢evirici {li¢lin qoza
rejiminin yaranmasina sobob ola bilir[2, 3].

Yarimkegirici ¢eviricinin asas goza rejimlorino aiddir:
- isladici yaxud yarimkegirici cihazi elektrik sobokasino qosduqda yaratdigi xarici qisa
gapanma gozasi
- yarimkegirici ventillorin  muixtalif sabablordon (kéhnalmadan, muxtalif deffektlordan,
sobokays diizgiin qosulmamasindan, artiq yiiklonmadoan va s.) yaratdigi daxili qoza;
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- invertorun gevrilmoasi yani invertorun ventillorinin diizgiin islomoamosindan sabit corayan
dovrasinds yaranan qisa qapanma;

- reversiv ceviricilordo vo yaxud (bilavasite) bir bandi tezlik ceviricisindo barabarlosdirici
Corayanlarin yaranmasi.
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Sok.1.Ug fazali korpii sxemli diizlondiricinin qoza rejimlori.

1- doyison caroyan sinlorinds qisa qapanma
2- tiristorun desilmasi

3 - sabit caroyan sinlorinds qisa qapanma
4 - 1sladiciys yaxin yerds qisa gapanma

Sokil 1-do istismar zamani korpii sxem diizlondiricisindo tez-tez bas veron qozalar
gostorilmigdir.

Diizlondiriciyo qosulan sinlordo qisa-qapanma bas verdikdo diizlondiricinin ¢ixisa
verdiyi sabit gorginlik azalar vo yaxud da yox (li¢ fazali qisa-gapanma) olar (1-ci hal), amma
tiristorlarin  birinin  desilmasi  diizlondiricido daxili qisa-qapanma yaradir hanst ki,
diizlondiricini yararsiz hala diismasina sabab ola bilor (2-ci hal).

Diizlondiricinin ¢ixisinda yaranan qisa-gapanma (3-cii hal) naticasindo do, diizlondirici
qisa zamanda siradan ¢ixa bilir.

Islodicido vo yaxud onun yaxinhgmnda qisa-qapanma yarandiqda (4-cii hal), qisa-
qapanma dovrasinda boyiik induktivlik oldugu tiglin qisa-qapanma corayani nisbaton gecikmo
ilo artaraq, 0z qorarlagsmis qiymaotino catar.

Invertorda yaranan qoza hadisosi osas olaraq idaro sisteminin diizgiin islomomosindon
vo yaxud tristorlardan birinin vo ya bir neg¢osinin desilmosindon yaranir. Gostorilon
sobablordon invertorun bir qolunda iki ventil eyni zamanda coroyan kecirir bu hadiso
invertor (giin on agir qoza sayilir[3, 4].
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Sok.2.Invertorun qisa-qapanmasi naticosindo yaranan qoza rejimi sxemi.

Sokil 2-do iki ventildon kegon qisa-qapanma coroyani qirlq xotlorlo gostorilmisdir.
Belo qisa-gapanma noticosinds invertorun ventillorindon kegon coroyanin qiymoti nominala
nisboton 30+40 dofo arta bilor. Olbotto, coroyanin bu qodor artmasi dévrodo olan cihaz vo
qurgularin ciddi zadslonmasi il naticalons bilor.

Qisa-gapanma coroyaninin artma siirotini vo giymatini azaltmagq ti¢lin invertorun sabit
corayan dovrasing boyiik induktivli reaktor qosulur.

Qeyd etmok lazimdir ki, avtonom invertorda da sobokodon idaro edilon invertorda
oldugu kimi eyni xarakterli qoza rejimlori bas verir[4, 5].

Yarimkegirici g¢eviricilorin gorginliyin si¢rayisla artmasina, artiq yiiklonmoys vo ya
qisa-gapanma caroyaninin qiymating eloco do onun artma siiratino ¢ox hossas olduglari ii¢iin
onlarin miihafizosino ciddi toloblor verilir hansi ki, bazon mévcud komutasiya miihafizo
aparatlari torafindon yering yetirilmasi miimkiin olmur.

oot
nn

Sok.3.Tez igloyan ariyan qoruyucular vasitasils {i¢ fazali diizlondiricinin miihafizesinin sxemi.
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Sokil 3-do ii¢ fazali korpii sxemli yarimkecirici diizlondiricinin tez isloyon oriyon
qoruyucular vasitosilo miihafizosi gostorilmisdir. Qoruyucular asagidaki funksiyalar1 yerino
yetirmak ii¢lin qurasdirila bilor:

- xarici qisa-qapanmadan miihafizs ii¢lin doyison corayan xatlorindo

- daxili qisa-gapanmadan miihafizs {i¢iin yarimkegirici ventillords ardicil olaraq

- isladicilords vo onlarin birlagdirici naqillorinde yaranan qisa-qapanmadan miihafizs {igiin
sabit corayan dovrosinin ¢ixiginda qurulur.

Qeyd etmok lazimdir ki, gami kran qurgularinda, val-generator qurgularinda vo avar
elektrik qurgularimin torkibino daxil olan yarimkegirici g¢eviricilorin oriyon qoruyucular
vasitosilo mihafizo olunmasina icazo verilmir, c¢linki gostorilon miihafizo (GES-nin)
coroyansiz qalmasi vo gominin idarsedilmasinin itirilmosino sabob ola bilor. Belo qurgularda,
geviricini goza rejiminin bas vermosi zamani miihafizo etmok {i¢iin yarimkegirici miihafizo
qurgularindan istifado edilir.

Tiristor agicist bir vo yaxud iki amoliyyath tiristorun iizerindo qurulur vo normal is
rejimindo o avtomat acar kimi coroyan kecirir. Qoza hadisasi bas verdikdos idars sistemindon
verilon signala goro tiristor baglanir (coroyan kegirmir) vo bu vaxt coroyan tristora paralel
gosulmus miigavimatdon kegir, bunula da coroyan azalir.

Tiristor qisaqapayicisi tiristor agicisindan forqli olarag normal is rejimindo coroyan
kecirmir vo qoza hadisosi bas verdikdo, acilib korpii diizlondiricisinin bir hissosini dovrayo
miigqavimat qosmagla qisa gapayir[4, 5].

R
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Z{Z{Z{ VD4 VD6 VD4 VD6 _/SZJSZJXZ

a) b)
Sok. 4. Yarimkegirici ¢eviricinin qisa qapayict (a) vo agici (b) tiristorlarla miihafizosi.

Sokil 4a-da qisa qapayici miihafizonin sxemi gostorilmisdir. Bu miihafizo VD7+9
tiristorlarindan ibarat olub, korpii diizlondiricisinin VD1+3 tiristorlarina paralel qosulmusdur.

Qoza bag verdikdo VDI1+3 tiristorlar1 qapanir, VD7+9 tiristorlar1 iso agilir. Noticodo
dovroys coroyani mohdudlasdiran R-miiqavimoti qosulur vo goza coroyanlart bu rezistordan
kecir.

Sokil 4 b—do iki omoliyyath tiristordan VD7 vo R miigavimotindon ibarat olan agici
tiristor mithafizosi gostorilmisdir. Qoza hadisosi bas verdikdo (osason dévrodo qisa-gapanma
yarandiqda) VD7 tiristoru qapanir (baglanir) vo corayan R miigavimotindon kecir. Qeyd
etmok lazimdir ki, kontaktsiz vo tez isloyon yarimkecirici qurgular miihafizo mogsodindon
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basqa yarimkegirici geviricilorin dovraya qosulmasi vo agilmasi {igiin do istifads edilir. Bu
halda onlarin komutasiya aparati ehtiyyatda qalir[4, 5].

NOTICO
Mbaqalads gomi kran qurgularimin elektrik intiqallarinda totbiq edilon yarimkegirici
ceviricilorin miihafizalarinin xiisusiyyatlorina baximigdir. Homginin yarimkegirici gevirici-
lorin istismart zamani1 dovrado goza rejiminin yaranmasi noticosinds, onlarin qidalandirdig
islodicids art1q yiiklonmonin bag vermasinin miimkiinliiyii askar edilmisdir.
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OCOBEHHOCTH 3AINUTHI ITIOJYITPOBOJHHUKOBBIX
MPEOBPA3OBATEJIEV IPUMEHAEMBIX B CYJIOBBIX
KPAHOBBIX YCTPOHUCTBAX

CYJTAHOB E.®.,, MAME/IOBE.M.

PaccMoTpeHbl 0cOOEHHOCTH 3aIIUThI MOTYTIPOBOJHUKOBBIX MpeodpazoBaTeneil, mpume-
HAEMBIX B JJICKTPONPUBOJAX CYIOBBIX KpPAHOBBIX YCTPOMCTB HYKA3aHO MPEUMYILECTBO
IIPUMEHEHNS TaHHBIX BUIOB 3aIUThl B KPAHOBBIX AJIEKTPOIIPUBOIAX.

KimioueBble cj10Ba: CyAHO, KPaHOBOE YCTPOWCTBO, 3JIEKTPOIPUBOA, YAaCTOTHBIA IpeoOpa3oBarelb,
HOJIYIPOBOIHUKOBEIN MPeoOpa3oBaTeb, 3aIIUTa.

PROTECTION FEATURES OF SEMiCONDUCTOR
CONVERTERS USED iN VESSEL CRANE IiNSTALLATION

SULTANOV E.F.,, MAMMADOYV E.M.
The features of the protection functioning of semiconductor converters used in crane
devices are analyzed and the appropriateness of using these types of protection in crane

electric drives is indicated.

Keywords: ship, lifting mechanisms, electrical drive, frugyency converter, semicunducter converter,
security.
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B cratee paccMOTpeHBI BaKyyMHBIC BBIKIIOUATEIUCPEIHEr0 HampshDKeHHs a0 35 kB  Bemymux
3apyoekHbIx pupm. [IpousBeneH aHaan3 KOHCTPYKTUBHOTO M 3KCIUIYaTAl[HOHHOTO MPEUMYIIECTBA BaKyyMHBIX
BEIKITIOUaTeNeil. BakyyMHBIE BBIKITIIOUATENN PAa3IMYHBIX TIPOU3BOAUTEICH COOTBETCTBYIOT TIPEIBSIBISIEMBIM
TpeOOBaHHUSAM W JUIS OJHOTO KJIacCa HAMPSDKEHHS OTIMYATCS MEXAY COOOW TEXHHYCCKUMHU MapaMeTpamH,
Ha3HA4YE€HUEM, TUIIOM IIPHUBOJA U €T0 KHHEMAaTHKOH, pa3MepaMu, BECOM,IN3aiHOM U SBIISIOTCS JOMUHHUPYIOIIHM
TUIIOM KOMMYTAIIMOHHOTO alapara B CeTsIX CpeJHEro Kiacca Hanpsbkenus 6 kB-35 kB.

KnioueBble ciioBa: BakyyMHbIC BBIKJIIOYATEIH, MEKKOHTAKTHBIH IPOMEXYTOK, AYroracHTelbHas Ka-
Mepa, pacHpeleluTeIbHOe YCTPOUCTBO, BO3AYLIHAs WU30JIALMA, 3JIEKTPOCHAO)KEHUE, 3KCILIyaTalluOHHbIE
3aTpaThl, AJIETa3, N30JSIMOHHBII MaTeprall, IPEUMYIIECTBa.

B nocnennee necsatuiiete B obmacTu pazpabOTKU M HMPOU3BOJCTBA BBICOKOBOJIBTHBIX
BaKyyMHBIX BBIKJIIOYATEIEH JalbHEM 3apyOekbe YCHEIIHO paboTaroT OOJIbIIOe KOJIUYECTBO
KoMmrmanui u npeanpusatuii. 9r0ABB, Siemens, Alstom(Areva), SchneiderElectricunpyrue.

BakyymHbIe BBIKJIIOUATEIN CErOJHS SBISIOTCS OCHOBHBIM THIIOM KOMMYTAlHOHHOTO
amrmaparta B CeTsIX CpPeJIHEero Kiacca HanpspkeHus 6-35 kB, ueMy crnocoOCTBYIOT MX KOHCTPYK-
TUBHBIC U HKCIUTyaTal[MOHHBIC TTpeuMyInecTBall].

Koncmpykmusnuvle npeumywecmsea 6axyymMuvix vlkaiouamerieti - 3T0 BBICOKOE OBICTPO-
NeHCTBUE M OTKIIIOUEHHE TOKAa IMpPHU MEPBOM MEPEXO0JI€ €ro uepe3 HyJb IOoCie pa3BeleHUs
KOHTaKTOB;,  BBICOKasg  CKOPOCTb  BOCCTaHOBJIEHHUS  DJIEKTPUYECKOW  IMPOYHOCTH
MEXKOHTAKTHOI'O  INPOMEXKYTKa B BaKyyMmMe€ TIIOCJ€ IIOracaHusi Jyrd;  BBICOKHH
KOMMYTallMOHHBIH M MEXaHUYECKHH pPEcypc, OIpPENeseMblid BBICOKOH H3HOCOCTOMKOCTBIO
KOHTaKTOB IPH KOMMYTAIlMd HOMHUHAJIBHBIX TOKOB M TOKOB KOPOTKOT'O 3aMBIKaHUS; B3PBIBO-
U T10Xapo0e30macHOCTb, AaKe MpU paboTe B arpecCUBHBIX Cpefax; MIMPOKUN IHana3oH
pabounx TeMIiepaTyp; MOBBIIICHHAS CTOWKOCTh K yJapHBIM W BHOPAIMOHHBIM HarpysKam;
MaJble TabapuThl U Macca JalT MPEUMYIIECTBO MPU BBHIIOJIHEHUH MOHTaXXa; BO3MOXKHOCTb
MIPOU3BOJILHOTO TIPOCTPAaHCTBEHHOTO pacnoyioxkeHuss BJIK 06e3 yxyamienus: kaueCTBEHHBIX
apaMeTpOB BBIKITIOYATEJIS, YTO CO3/1AET JOMOJIIHUTENbHbIE YA00CTBAa IPU MOHTAXE.

K sxennyamayuonnvim npeumywecmeam omuocames: BbICOKask HaJI€KHOCTh; MEHbILIAs
MHTEHCUBHOCTh OTKA30B; MEHbIIAs JUIMTEIbHOCTHPEMOHTOB;0€CIIYMHOCTh; OTCYTCTBHE
BbIOPOCOB MPOAYKTOB TOPEHUS] AYTM M BHEWHHX 3((EKTOB NpU OTKIOYEHHUH TOKOB
KOPOTKOTO 3aMbIKAaHUS; OTCYTCTBHE 3arpsi3HEHUS OKpPY)KAIOIIEH Cpelbl; COKpallleHUue
MEPEPHIBOB  BIJIEKTPOCHAOKEHUHU, CBSI3aHHBIE C BBIIOJIHEHUEM PErJIAMEHTHBIX padoT;
OTCYTCTBHE HEOOXOAMMOCTH B MPOBEJICHUU TEKYILIETO, CPEIHEro M KamUTaJIbHOTO PEMOHTA;
HU3KHE OKCIUTyaTallMOHHBIE 3aTpaThl, CBS3aHHbIE C OTCYTCTBUEM HEOOXOIMMOCTHU
COJIEp’KaHUsl MacJIIHOIO U KOMIIPECCOPHOI'O XO35HCTB.

Kpome Toro, BakyymHble AyroracUTelIbHblE KaMepbl HE TPeOYyIOT MOMOJHEHHS Jyro-
racsuieil cpeapl; UMEIOT Majoe MOTpedieHHe MOLTHOCTH I10 LU ONEPAaTUBHOIO MUTAHUS U
COBMECTUMOCTH C JI00BIMHU cyliecTByromumMu tunamu siueek KPY u KCO.

Crnenyer OTMETUTh, YTO €CIM MNPEANPHUITHH, KOTOpBIE IPOU3BOASAT BaKyyMHBIE
JyroracuTeNIbHbIE KaMepbl B MHUpE HE OOJbIle IECSITH, TO MPENNPHUITHH, MPOU3BOISIIMX
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BaKyyMHbBIC BBIKIIOYATEeNM Ha 0a3e 3TUX KaMep B HECKOJIbKO pa3 Oonbiie. [lpenmpustuii,
WCIIONB3YIONIUX TOTOBbIE BAaKyyMHbBIE BBIKIIOYATENH Jisi KoMIuiektanmu siueek KPY u
KOMIUIEKTHBIX TpaHC(HOPMATOPHBIX MOJCTaHIMK ele Oonbllie, HE TOBOPS yXKE O pa3HbIX
dbupMax W JWIEPCKUX OPraHU3ANMAX, 3aHUMAMOIIUXCS TPOJAKEeW M TOCTABKOW UYKUX
BbIKJIFOUaTeNe u komriekTHeiX KPY [2, 3].

B 10 ke Bpemsi HaliTU NOAPOOHBIE ONKUCAHUS KOHCTPYKLIMU U OCOOEHHOCTEHW TOrO MU
WHOTO BKJIIOYATENsl KpailHe cI0KHO. B OCHOBHOM 3TO KOMMeEpHYecKHe MNpEeJIOKEHUs U
pEeKJIaMHBIE MAaTE€pUaJIbl, KOTOPHIE HE MO3BOJISIOT OLICHUTHh JOCTOMHCTBA M HEAOCTATKU TOTO
WIM MHOTO afmapara, BIOOp KOTOPOro 3aBUCUT OT MHOTUX (haKTOpOB, HAUMHAS OT JIMYHBIX
MIPUBSA3AHHOCTEN M KOHYAS I[CHOM.

JIunepcTBO B pa3pabOTKE W MPOU3BOJCTBY BaKYyMHOI'O KOMMYTallMOHHOTO 000pYya0-
BaHUS MTPUHAJJICKUAT KOMITIAHUH Siemens.

Ha pucynke 1 mpencraBieHa BakyyMHas TeXHHMKa (GUPMBI Siemens, KOTOpasi Mepek-
pBIBaEeT BECh AMANA30H TPEOOBAHUM, IPEABSBISIEMBIX K CUJIOBBIM KOMMYTAIIMOHHBIM ammapa-
TaM KJ1accoB HarpsbkeHueM oT 6 kB 1o 35 kB [6].

OCHOBHBIE TIPUHIIMIIBI 3TOTO 000PYI0BaHUS OBUTH 3aJI05KEHBI HECKOJBKO JECATUIICTHI
Hazal Mpu (GyHIAMEHTAIbHBIX HCCIIEIOBAaHUAX, IMO3BOJIMBIIMX CHEIHATUCTaM (PUPMBI
Siemens co3/aTh MOIIHYIO BaKyyMHYIO JIYyTOTaCHTEIBHYIO KaMepy, U Ha ee 0a3e, B Hayaie
70-X ro/10B, TIEPBbIC CEPHITHBIC BaKyyMHBIE BhIKTt0uaTeu ThunoB 3AF n 3AG.

VYcoBepiieHCTBOBAaHHAS CIICIMAJIbHAST T€OMETPHs JTYTOracUTEIbHBIX KOHTAaKTOB, COO-
CTBEHHAsl peUEenTypa W TEXHOJOTHsS W3TOTOBJICHHMS KOHTAKTHBIX MATEpUANIOB, a TaK¥Ke
OOJNBLION OMBIT, HAKOIUICHHBI NpPU HW3TOTOBIEHHMH W SKciuryatanuu okoijo 300 000
BBIKJIFOUATEJIEH, JIETJIM B OCHOBY CO3/JIaHUsI HOBOM cepuHM BbIKiItouaresned 3AH.

DTO NATH BBIKIIIOUATENIEH ISl BCEX BUIOB KOMMYTAIIMA:

3AH1 - crangaptasbiil Beikroyarens Ha 10.000 nukioB, He TpeOyrOMUNA TEXHUYECKOTO
00CITyKHBaHWSI;

3AH2 - BbIKJIIOYATENb C TOBBIIIEHHBIM KOMMYTAallMOHHBIM pecypcoMm Ha 60. 000
[IUKJIOB;

3AH3 - ctaHgapTHBIN BBIKITIOYATEh 00J1b110M MomHOCTH Ha 10.000 UKIIOB;

3AH4 - BbIKITIOYATENIh C OYEHb BBHICOKMM KOMMYTAllMOHHBIM pecypcoM Ha 120.000
LIUKJIOB;

3AHS - BbIK/IIOYATEND C YIYUIIEHHOW 3KOHOMUYHOCTHIO Ha 10.000 nuxIios.

Bce Beixmouarenu cepun 3AH obecreynBaroT BBICOKOE OBICTPOJCHCTBUE U BO3MOXK-
HOCTh CUHXPOHHU3AIIMHU, aBTOMAaTHYECKOE MTOBTOPHOE BKIIFOYEHHE HA TOKHU 70 31,5 KA, OTKIIIO-
YeHHE TOKOB KOPOTKOT'O 3aMbIKaHHUS C OYEHb BHICOKUM HapacTaHWEM KPYTHU3HBI TOKA, KOMMY-
TalMI0 BO3JYIIHBIX M KaOEJNbHBIX JIMHUWA, KOMMYTALUIO JJIEKTPOJBUTATEICH, KOMMYTAIIMIO
TpaHcOpPMATOPOB M PEAKTOPOB, KOMMYTAIMIO KOHACHCATOPHBIX OaTapeil, KOMMYTAIUIO
Hernei IeKTPOPMIETPOB U MUTAHUS JICKTPOIYTOBBIX MIEUeH (I 3TOH 3aa9M UCIIOJIB3YETCS
BoIKITIO4aTens 3JIHS ¢ ynydreHHol 5 KOHOMUYHOCTBIO).

B xnaccax nanpsokenuit ot 6 kB 1o 35 kB cepus Boikimouateneir 3AH nepekpbsiBaer
BECh JIMAINa30H OTKJII0YaeMbIX MOIIHOCTEH. [Ipy 3TOM BBIKIIIOUATEIHM HAJIEKHO padOTAIOT KakK
MIPU ITTUTENBHBIX MEPEePhIBAX MEKIY OTKIIOUCHUSIMH, TaK U B PEKUME YaCThIX KOMMYTAIIHH,
YTO JeNlaeT UX HEe3aMEHHMbBIMU JJISi IPUMEHEHHUS B CETAX TOPOJCKOT0 JEKTPOCHAOKEHUS U
MIPOMBIIUICHHBIX TPEINPUATUH.

BriknrouaTenu cCpun HUMCHOT 0O0IBILION CPOK CJ'Iy)I(6I>I, OTJIMYAIOTCS ITOBBIIICHHOM
HaAC)KHOCTBIO U HE Tpe6y10T TCXHUYCCKOI'O 06CJIY)I(PIBaHI/ISI " yxoJa B TCUCHUC BCCIro CpoOKa
CJ'Iy>K6BI. OT0 o00ecneynBaeTcsl HMCIOJIL30BaHUEM NOAIIMITHUKOB C HCH3HAallIMBaCMbIMU
TPYIIUMHUCA MOBCPXHOCTAMU H HNPHUMCHCHUCM CIICHUAJIBHBIX HCCTAPCIOMUX CMA30YHBIX
MaTCpralioB, a TAKKC BBICOKUM Ka4YCCTBOM U3TI'OTOBJICHUA [7]
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Bakyymuble Bbiimtouatenn HVX  Alstom ycoBepuieHCTBOBaHHasi pa3paboTka s

IIPUMEHEHHsI B COBPEMEHHBIX PAaCIpPENEIMTEIbHBIX YCTPOUCTBAX C BO3AYIIHOW H30JSALUEH
(puc.2).

'3

Puc.l. BakyymHas KOMMyTaI[MOHHAs TeXHUKA GUPMbI SieMensa) o1HOMOTIOCHBIH
BaKyYMHBIH BBIKJIIOYATEIIb TATOBOTO JIEKTPOOOOPYAOBaHuUS; 0) BaKyyMHBIN
koHTakTOp 3TL; B) BakyyMHbIN KoMMyTaroHHbIA Moysib NXACT; r) BakyyMHbBIH
BBIKIIOUaTesib 3AH; /1) BakyyMHbIE IyroracutebHbie KaMepbl pupMbl Siemens.

Baxyymubiii BeikITtOuaTeNnb cepurd HVX siBsieTcs: ycoOBepIIeHCTBOBAaHHON pa3padoTKOi

JJI. IPUMEHEHUSI B HOBEMINMX PACIPEACIIUTEIbHBIX YCTPOMCTBAX C BO3AYIIHOM W3OJISIIIUCH.
OH xapakTepu3yeTcsi KOMIIAKTHON KOHCTPYKIHEH, HeOONbIINMI TabapuTHBIMU pa3MepaMu,
yIOOHOU JUIsl omepaTtopa CUCTEMOW YNpaBiICHUS U COBPEMEHHBIM MHOTO(QYHKIIMOHAJIbHBIM
MIPOMBILUICHHBIM JU3aITHOM.

TakuMm 00pazoM, BBIKJIIOUATENb MTOJTHOCTHIO OTBEYAET COBPEMEHHBIM PHIHOYHBIM Tpebo-

BaHUSIM, TIPY 3TOM €r0 KOMIAKTHBIC pa3Mepbl, €3 MPUMEHEHUS TOTOTHUTEILHOTO TBEPIOTO
M3OJISIIIMOHHOTO MaTepuana, MpPU YCTAHOBKE B ULIUTAX pPACIpeAesUTeNbHbIX YCTPOMCTB
00eCTIeuynBaIOT JOCTATOYHYIO JUAICKTPUUYECKYIO IIPOYHOCTb.

OcHoBHBIE XapakTepucTukuBbIkIiouaTe T HVX Alstom:
MHOTO() YHKITHOHATBHOCTh KOHCTPYKITHY;
KOMIIAKTHBIN ¥ HAJEKHbBIN OJHOBAJIBLHBIN MPYKUHHBINA TPUBOIHON MEXAHU3M;
(GyHKIIMOHATBHOE pa3MelieHre pabouyrX U CUTHAIBHBIX DJIEMEHTOB CHCTEMBI;
YIPABJIECHUS AJI OIlepaTopa;
OTCYTCTBHE HE3AIUILEHHBIX MMOJIIOCOB;
MOIBECHAs BaKyyMHasi KaMepa, 3allluIIeHHast OT BO3JCHCTBUS BHEIIIHUX CHUII;
000JI04YKa MOTFOCA BBIMOIHACT (DYHKIIMH U30JISIIUOHHOHN OTOPHI,
000J104Ka MOII0Ca 00ecTieunBaeT BHICOKYIO CTEIIEHh MEXaHUYECKON 3aIlUThI;
MIPUBOHONM MEXaHMU3M Ha 0a3e cojieHOua (BO3MOKHBIN BapHaHT);
Bepcusi GUKCHPOBAHHOHN YCTAHOBKH;
BEpCHUS YCTAHOBKHU B BHIKATHOM TEJICKKE;
BEpCHUs BBIKATHIBAHUS IO HAMPABIISAIOIINM pelKaM;
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® BBICOKasa HaJCXKHOCTD 6J1aronap;1 HUCIIOJIB30BaHHUIO HGGOJIBH_IOI‘ (6] KOJIHNYCCTBA
OTACJIBbHBIX KOMIIOHECHTOB,
¢ [PUMCHCHUC BO BCEM MUPEC B COOTBECTCTBHUU CO BCCMU CTAHAAPTAMMU,
e He TpeOyeT TEXHUYECKOTO OOCITy)KUBAHHUS.
Oo6snactu npuMeHeHusi:Bo3aymiHele JMHUM SJEKTpoNepeaaun; KaOeIbHBbIC JTHUHUH
ANEKTPOTepeaun; FICKTPOABUTATENH; TPAHCPOPMATOPHI; TEHEPATOPHI; KOHJCHCATOPHI

ALSTOM

Puc.2.BakyymHbie Beikrouarenu gpupmsr Alston.

HVX Bakyymubie Boikiatouarenu SchneiderElectric 3To HoBelmas cepust BaKyyMHBIX
BBIKJIFOUATENIeH, coueTaromas B cebe camble coBpeMeHHble TexHojoruu. HVX BakyymHbIe
Beikirouatenn  SchneiderElectric moaxomst kak ajisi HCIHONB30BaHUS B HOBBIX pacrpe-
JENUTEIBHBIX YCTPOMCTBAX C BO3AYLIHOW M30JLUEN, TaK U JUISl 3aMEHbI OTCIIYKMBIIMX CBON
CPOK BBIKJIKOYATENIEN B PEKOHCTpyUpyeMbIX ycTponcTtBax. HVX BakyymHBIE BBIKIIOYATEIN
SchneiderElectric pa3paboranbl ¢ y4eToM caMblX COBPEMEHHBIX TpeOOBaHMN W 00JIAAIOT
MPOCTOM M HAJEKHON KOHCTPYKLHEH, MPOCTbl U O€30IacHbl B YINPABICHUH, YTO B UTOTrE
MO3BOJISIET CYLIECTBEHHO COKPAaTUTh SKCIUTyaTallMOHHbIE 3arparbl B Oynymem. HVX
BakyyMHbIe BbIKIIOUaTenu SchneiderElectricobecnieunBaioT 3ammTy BCEX MPUCOSTUHECHUN

(puc.3).

Puc.3. HVX BakyymHuble Beikitouatenu SchneiderElectric, BeikaTHast Bepcusi.

OnuH w3 BUAOB BaKyyMHBIX BbIkitoarenei ¢upmsl  SchneiderElectricsBnsercs
TPEXIIOIIOCHBIE BBIKIIOYATENHN CpeAHEro HanpsbkeHus SF2 mpeaHasHayeHbl 11 BHYTpEHHEH
ycTaHOBKH. OHM IIPUMEHSIOTCS B KAYECTBE YCTPOWCTB KOMMYTALMU U 3aLIUTHI B IEPBUUYHBIX
Y BTOPUYHBIX pacupeaenuTeabubix ceTsax 20 u 35 kB.
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Hcnonb3yemplii B BBIKJIIOYATEISIX aABTOKOMIIPECCHOHHBIN CIOCOO TralieHust Iyru
MO3BOJIAET BKJIKOYATh M OTKJIIOYATh JIIOObIE HArpy3Kd, €MKOCTHbIE M HHAYKTHUBHbIE, O€3
NepeHanpsKeHUH B MOMEHT KOMMYTAlIHH.

Takum oOpazom, BeiKiItOUaTenb SF2 Xopolo MOAXOAUT s yIpaBieHHs OarapesiMu

KOHJIEHCATOPOB (puc. 4).
=

Puc.4. Bakyymnbriii Beikirouarens SF2.

B cocraB Boeikmouarenedt SF2  Bxomar:Tpu OTAENBHBIX IOJIIOCA, CBSI3aHHBIX
MexaHuuecku. Paboume s1eMeHTBHI TMOJNI0Ca HAXOIATCS B H30JMPOBAHHOM T'€PMETUYHOM
KOpIyce, 3aloJJHEHHOM 3JIeTa30M TMOJI HU3KUM HW30BITOYHBIM JaBiieHHeM.MexaHusm
yopasienuss GMH c¢ snektponpuBogom. CKOpOCTh 3aMBIKaHHMSI W PAa3MbIKaHHS TJIABHBIX
KOHTaKTOB HE 3aBUCHT OT OBICTPOTHI JIEWCTBHUU oOIepaTopa W Crocoda ToJayd KOMaHbI
(Bpy4HYIO WJIHM 3JIEKTPUYECKUM CHUTHANIOM). BBIKITIoduaTtesneM MOXHO YHpaBisTh AUCTaH-
[IMOHHO, OH CHOCOOEH BBIMOJHATh LMKJIBl ABTOMATHYECKOTO TOBTOPHOTO BKJIIOYEHUSI.
Oprasbl ynpaBieHHs M yKa3aTelu COCTOSAHMS Ha nepenHei maHend. KOHTakTHbIE BBIBOJBI
JUTSL TIPUCOETMHEHUSI K CHIIOBOM 1iernu. KileMMHBIN 010K JIsl TOAKTIOYEHUS] BHEIIIHUX BCTIOMO-
raTesbHbIX IeneH.

BakyymHble BBIKITIOUATEH, B CUITY CBOUX JIOCTOMHCTB, YK€ MPEJICTABIISIIOT CEPhE3HYIO
KOHKYPEHIMIO BBIKJIIOYATENSIM C 3JIera30BOM u3onsuuend Ha HampspkeHue 110 kB u Bbime,
XOTS Ha 3THUX KJIaccaxX HANpPsHKEHUN UM CEPhE3HYI0 KOHKYPEHIIMIO COCTABIISIOT 3JIETa30BbIC
BKJIFOYATEJIH.

B To >xe Bpems co3maHue BaKyyMHBIX BBIKJTIOUaTeseil Ha HanpsikeHue S00 kB u Bbiie
MIPEJICTABISET CephE3HbIe, 2 BO3MOXKHO U HEMpeoJoauMble TpyaHocTH. Kpome Toro, Ha 6aze
BAKYYMHBIX BBIKJIIOUATENICd BpPsJ JU BO3MOXKHO CO3/IaHME H30JUPOBAHHBIX OT BHEIIHEH
cpenbl, KOMIUIEKTHBIX paclpeleUTENbHbIX YCTPOMCTB, KaK 3TO HMMEET MECTO IpH
WCIIOJIb30BAaHUH JIeTa3a.

Takum 00pa3zom, MBI pacCMOTPENU OCOOEHHOCTH KOHCTPYKIIMM BaKyyMHBIX BBIKIIIOYA-
TeJe, MPEeJCTABICHHBIX HA PhIHKE KOMMYTAIIMOHHOTO 000PYI0BaHUsI, COCTOSTHUE U TIEPCIIEK-
THUBBI Pa3BUTHUS COBPEMEHHBIX BAKYYMHBIX W 3JIETA30BbIX BBIKIIOUYATEIEH U KOMIUIEKTHBIX
pacrpeeIUTeNbHBIX YCTPOUCTB (SUeeK) Ha UX OCHOBE.

3AKVIIOYEHUE

1. CymecTBeHHblE NPEUMYIIECTBA BAaKyyMHBIX BBIKIIOYATEIECH IMepen IpyruMU THUIIAMU
KOMMYTAllMOHHBIX YCTPOMCTB M MOKHO CKa3aTb €IMHCTBCHHBIM MX HEJOCTaTKOM Ha
CETrOHS SBJIACTCA CTOUMOCTB.

2. OCHOBHO HEIOCTATOK 3JIETa30BBIX BBIKJIIOYATENICH - BIUSHHE 3JIera3a Ha OKPY>KaIOLIyI0
cpelly, B TO BpEMs KaK BaKyyMHBIC BBIKIHOYATEIN SIBJISAIOTCSA JKOJIOIMYECKH YUCTBIMHU
anmnapaTtaMu

3. BakyymHble BBIKJIIOUATEIM SABISIOTCS OCHOBHBIM MAacCOBBIM  KOMMYTAllMOHHBIM
anmnapaTroMm Ha HanpsbkeHus 6 kB - 35 kB 1, BO3MOHO, IOTECHAT MO3MIMU AJIETAa30BbIX
anmapatoB Ha HanpspkeHus 110 kB - 220 kB.
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MUASIR VAKUUM ACARLARININ ETiBARLILIGININ ARASDIRILMASI
ROHIMLI I.N., ZHAI NATIKUN, RZAYEVA S.V.

Mogalada 35kV-a qoador aparici xarici firmalarin orta gorginlikli vacuum acarlari
nozordon kegirilir. Vakuum elektrik agarlarinin konstruktiv vo istismar istiinliiyiliniin tohlili
apartlmigdir. Miixtolif istehsalgilarin vacuum agarlar1 verilon tolobloro cavab verir vo bir
gorginlik sinfi {iclin 6 kV-35 kV orta gorginlikli sobokolordo kommutasiya aparatinin {istiinliik
taskil edon ndvii texniki parametrlorls, toyinatla, intiqalin novii ilo vo onun kinematik dlg¢iilori,
¢okisi, dizayni ilo bir-birino uygun golir.

Acarsozlar:vacuum acarlari, kontaktla rarast boslug, qovs sondiirmo kamerasi, paylayict qurgu, hava
izolyasiyasi, elektrik tochizati, istismar xarclori, eleqaz, izolyasiya materiali, tistiinliiklor.

INVESTIGATION OF THE RELIABILITY OF MODERN VACUUM SWITCHES
RAGIMLI I.N., ZHAI NAIKUN, RZAEVA S.V.

The article deals with vacuum switches of average voltage up to 35 kV of leading
foreign companies. The analysis of the design and operational advantages of vacuum switches
is made. Vacuum switches from different manufacturers meet the requirements and differ in
technical parameters, purpose, type of drive and its kinematics, size, weight, and design for
the same voltage class they are the dominant type of switching device in medium-class
networks of 6 kV-35 kV.

Keywords: vacuum switches, inter-contact gap, arcing chamber, switchgear, air insulation, power supply,
operating costs, elegaz, insulation material, advantages.
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MUOLLIFLORIN NOZORINO

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

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

Jurnalin asas moaqsadi yiiksok elmi keyfiyyat kriteriyalarina cavab veran orijinal elmi-

texniki maqalolorin dorc edilmaesidir.

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

hayatda coroyan edon hadisalor hagqinda molumatlar1 da dorc edir.

Redaksiya heyoti, bu vo ya digor sobablordon, jurnalin toloblorini tomin etmoyon

magqaloalori dorc etmamaok hiiququnu iiziinds saxlayir.

2. Magqalalorin taqdim edilmasi.
Biitlin moqalslor agagida qdstorilon linvana, jurnalin redaksiyasina gondorilmalidir:

Azarbaycan, Az-1143, Baki, HiseynCavidprospekti, 33
AzarbaycanMEAFizikainstitutu
Tel.: (994 12) 539 — 41 - 61; (994 12) 539 — 44 - 02; Faks : (994 12) 447 — 04 — 56

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

3. Maqalslarin matninin dili.
Moaqalslor azorbaycan, rus vo ingilis dillorinds gobul edilir. Respublika miislliflorinin

moqalslori yalniz azorbaycan va ya rus dillorindo, yaxin xarici 6lkolordon olan miislliflorin
moqalolori yalniz rus dilinds, uzaq xarici 6lkolorin miislliflorinin moaqalsalori iso yalniz ingilis
dilinds gobul edilir.

4.1.

4.2.

4.3.

4. Maqalodlorin tirtib edilmasi qaydalar.

Magqalslor, jurnalin redaksiyasina disket toqdim etmokla, fordi kompyiiterdo, A4 formatl
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan va sagdan — 2,5
sm mosafd ilo, Times New Roman 12 sriftindo yazilarasq, 1 niisxodo, sotir araligi 1
interval olmagq sortils ¢ap edilorok, qosulmus CD disk ilo toqdim edilir.

Mogqalslorin iimumi hocmi, qrafiki materiallar, fotolar, coadvallor, diisturlar, adobiyyatin
siyahisi vo xiilasolor do daxil olmagla 8 sohifodon yuxar1 olmamalidir.

Mogqalslorinin birinci sohifasinin sol kiinciindo Universal onluq tosnifatt (UOT) {izro
indeksi gostorilmalidir. Sonra 1 interval asagidan, qalin vo bdyiik hariflorlo maqgalonin
ad1 yazilir. Sonra 1 interval asagidan, qalin vo boyiik horiflorlo miosllifin (miislliflorin)
soyadi, ad1 vo atasinin adinin bas hariflori yazilir. 1 interval asagidan mogqaloni toqdim
edon toskilatin adi1 yazilir. 1 interval asagidan, magalonin matninin dilina uygun olan,
hacmi 10 sotirdon ¢ox olmamagq sortilo, 10 srifti ilo cap edilon xiilaso, acar siizlor (5-6
s0z), maqalonin osas matninin 6niindos verilir. Sonra 1 interval asagidan moagalonin osas
motni 12 srifti ilo ¢ap edilir. Bilavasito moagalonin motninin davami olarag, he¢ bir
basliq vermodon, yalniz 20-25 simvolluq xott ¢okorok, say sirasi ilo istifado edilon
odabiyyatin siyahist verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis
dillorindo olan xiilasalor vo acar sozlor (10 srifti ilo ¢ap edilorak) verilir. Mogalonin
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moatninin sonunda, alago telefonlari, telefakslar vo E — mail-1 gostormaklo, miialliflor
maqaloni imzalayirlar.

4.4. Moqalonin qrafiki materiallari, fotolar, codvallor, diisturlar motno uygun yerlords
yerlosdirilmolidir. Qrafiki materiallarin sorhino aid olan yazilar mogalonin motnindo
verilmalidir. Qrafiki materiallarda adodi va ya hoarfi isarslor gostarilorak, uygun izahatlar
matnin igarisindo verilmolidir. Qrafiki materiallarin asag1 hissosindo say siras1 verilir vo
ad1 yazila bilor (misal ii¢lin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say sirast geyd edilmokla, orijinalin dilinds verilir. Miislliflorin soyadi, adi
vo atasinin adi1 kursivdon istifado etmoklo yazilir. ©dobiyyatin siyahisi asagida verilon
niimunalor {izrs tortib edilir.
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K CBEAEHHIO ABTOPOB
1. O6mme npaBua.

B xypnane “IIpoGiieMbl DHepreTuku” MyOJUKYIOTCS HAyYHO - TEXHUYECKUE CTAaThH B
00JacT KOMIUIEKCHBIX MpPOOJEeM SHEPreTHKH, 3JIEKTPOIHEPreTHKH, TEIIOIHEPTreTHKH,
3JIEKTPO(U3UKH, HIEKTPOTEXHOJIOTHUH, UHPOPMATUKUA U HOBOM TEXHHUKH, a TAKXKE IPUBOJUTCS
TEKyIasi XpOHUKA.

OCHOBHOH 1LIETIBIO JKypHAJIa SIBJISETCS MyOJMKalUsg OPUTMHAJIBHBIX HAayYHO-TEXHHYEC-
KHMX CTaTel, OTBEYAIOLIMX TPEOOBAaHUSAM BBICOKOTO HAYYHOI'O KayecTBa.

B xypHane npuBoasTcs cBeneHus o pabore KoH(epeHIUH, CHMIO3MYMOB, Pa3IMYHbIX
HAyYHBIX IIKOJI, a TAKXKE 00 MHTEPECHBIX COOBITUSAX, IPOUCXOIALINX B HAYYHOM MUPE.

Penaxiust coxpansieT 3a co0oi mpaBo He MyOJIMKOBaTh MaTepuasbl IO TEM WJIW HHBIM
[IPUYMHAM, HE YIOBJIETBOPSIOLUIMM TPEOOBAHUAM KYypHaa.

2. Ilpencrasiienue crareit.
Cratbu TOJDKHBI OBITH IPE/ICTABJICHBI B PEAAKIIUIO )KYpHAJIA 10 CJIEAYIOLIEMY aJpecy:

AzepbOaitkan, A3-1143, baky, mip. I'. IxaBuna, 33
HNucturyr ®usukn HAH AzepOarimkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; ®axc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OtBeTcTBeHHBIN cekpeTaps - ['ypbanoB Ksamuinbs baxtusip orisl.

3. sI3bIk cTaTeii.

CraTbu MPUHUMAIOTCS Ha a3epOaiHKaHCKOM, PYCCKOM U aHTJIMMCKOM SI3BIKaX, IPHYEM
CTaThbU aBTOPOB U3 A3epOaiikaHa TOJKHBI OBITH MPEACTABICHBI HA a3epOail’KaHCKOM WU
PYCCKOM si3bIKax, cTaTbu aBTOpOB U3 cTpad CHI' - TOIBbKO Ha pyCCKOM SI3BIKE, CTATHhU AaBTOPOB
U3 JaJbHETO 3apyOe’Kbs - TOJIBKO Ha AHTJIMHCKOM SI3BIKE.

4. IpaBuaa opopmiienus crarei.

4.1. B pemakiuio >xypHaja MpeACTaBIsSIOTCS CTaTb, HAOpaHHBIC U HAIllEYaTaHHBIE B OJJHOM
IK3EMIUIApPE Yepe3 OJIMH MHTEPBAT Ha MEPCOHAIBHOM KOMITBIOTEpE, Ha Oenoi Oymare
dbopmata A 4, mpudtom Times New Roman, pasmep mpudra 12, a Takxke
npeacTapisieTcss B AekTpoHHOM Buae Ha CD mucke. Ilonst cBepxy U CHUBY - 2 cM,
cleBa u cipasa - 2,5 cMm.

4.2. O0beM cTaTbHMHE JNODKEH MPEBBINIATH 8 CTpaHWUII, BKIOUYas TpaduuecKue MaTepuabl,
¢doro, Tabmuibl, HOpMYIIbI, CIIUCOK JTUTEPATYPbI U AHHOTALINH.

4.3. B BepxHeM JIEBOM YIIIy MEpPBOW CTpaHUIIBI CTaThU yKasbiBaeTca nuaekc Y K. Uepes 1
MHTEpBaJl HUKE IOMENIAETCsl Ha3BaHUE CTaThU )KUPHBIM M 3ariaBHbIM mpudToM. Yepes
1 unaTepBan nomeniaercs pamunus (HaMuIInm), 1 UHUIHAIBI aBTOPa (aBTOPOB) KUPHBIM
1 3arnaBHbIM mpudTom. Uepes 1 nHTepBan yka3plBaeTCsl HAMMEHOBAHUE OpraHU3allku.
UYepe3 1 mHTEpBaJ NMOMEIIAETCS aHHOTAIM Ha SI3bIKE cTaThH 0oObeMoM He Ooiee 10
CTPOK M KitoueBble cioBa (5-6 cmoB) mpudrom 10. YUepe3 1 mHTEpBaN MOMENIaeTCs
OCHOBHOE cojiep)kaHue cTarbu mpudrom 12. B KOHIIE OCHOBHOTO TEKCTa CTaThH
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4.4.

NpPOBOAUTCS Tpoyepk anuHOW 20-25 CHMBOJIOB, IOCJIE YEro MOMENIAETCS CHHCOK
auTepaTypsl 0e3 Kakoro-muO0 Ha3BaHHS, B TOPSAIKE HyMEpallMd CCHUIOK B TEKCTE
crateu. [locie sroro uepe3 1 MHTEpBan MOMEINAIOTCS AHHOTAIMM HA JBYX JAPYIHX
SA3BIKaX — PYCCKOM (WJIM a3epOaiipkaHCKOM), aHTJIMHCKOM MW KIIIOYeBbIe cioBa (5-6
cioB) mpudTom 10.

B camoMm KoHIIe CTaThbM MOMEMIAIOTCS KOHTakTHBIE TenedoHsl, pakcel m E — mail, a
TaKKe TMOJIMICH BCEX aBTOPOB.

I'papuyeckne  marepuansl, (oro, TaOaUIKEL,  (GOpMYJTbl  TOMEIIAIOTCS B
COOTBETCTBYIOLIMX pa3zeniax TekcTa craThbu. Haammcu, oTHOcsmmecs K rpaduyeckum
MaTepuasiaM, IOMEIAITCs B TEKCTE cTaTbU. B rpaduyeckoM MaTepualie ykas3bIBalOTCS
OyKkBeHHBbIC M IU(PPOBBIE 0003HAYCHMSA, & UX KOMMEHTapHUU IOMEIIAIOTCS B TEKCTE
cTaTbu. B HMKHEW yacTu rpauueckoro Marepuana yKa3blBA€TCs HOMEP U MOMKET
yKa3bIBaThCs Ha3BaHUE MaTepuana (Hamp., Puc.3. Cxema ycTaHOBKH. . ..)

4.5. Cnucok UMTUPOBAHHON JIUTEPATyphl NPMBOJUTCS HA A3bIKAX OpUIHHANIOB. DaMuiuu u

WHHIIMAIB aBTOPOB TedYaTaroTcsi KypcuBoM. CHHCOK JuTeparypbl o(OpMIISETCS O
00pa3iry, IpUBEJCHHOMY HIKE:

Kuourn

1. Pasesue /[.B., Cokonosa M.B. Pacuer HadaJbHBIX U pa3psAOHBIX HANPSIKEHUI Ta30BBIX
npoMexxyTkoB. M.: Dneprus, 1977.- 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.

Kypnaabl

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

HeHOHI/IPOBaHHbIe PYKOIIUCH

5. Usanoe JI.I1. M., 1985. 40c. - len. 8 BUHUTU 25.10.85, Ne19233.

JAuccepranumn

6. Ilempos B.I. [uc. xaun. ¢us.-mar. Hayk. JI.: HHCTUTYT BBICOKOMONEKYISPHBIX
coenuHeHui, 1985.
7. Cuoopos H.B. [luc. n-pa xum. Hayk. HoBocuOupck: Uucturyt Xumuu, 1979.

ABTOpCKl/Ie CBUACTCJIbBCTBA U NATCHTDI

8. Anues C.I"., /[cananos K.X. A.C. 163514, CCCP // B.1. 1988. Ne 4.¢.50
9. Ilat. 3386968 CIIIA // PXX. ®U13. 1970, 25, c. 400.
10. Langsam M., Savoca A.C.L.Pat. 4759776, USA, 1988.

Kondepenmum, cumMno3nymsl

11. Meoseoes I1.T. // Tes. noki. 111 Bececoros. Cosent. mo mpoOiaeMaM SHEPTETUKH.

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

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

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

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

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

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

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

The Language

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

The papers must be submitted in the following format.

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

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

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

formulas, reference lists and annotations.

4.3. In the upper left corner of the paper the index of UDC must be indicated. Below that,

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

152


mailto:arif@lan.ab.az

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

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

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

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

Books

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

2. Price D.A.,Lucas I.L., Moruzzid.D. // J.Phys.D(Appl.Phys),1973,v.6,N0.12,p.1514-1524.
3. Anaxospos O.3. /| Puznka-1999-No 3- ¢.44-49.

Patents

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