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JOCIIZKEHHA NTPOLECY KOPOTKOI'O 3BAMUKAHHA
Y KOJII OITAJIEHHA EJIEKTPOBO3A 4C8

Beryn

JloCBi BUSIBUB, 11O MIPU BUHUKHEHHI KOPOTKKUX 3amukanb (K3) y ko omnasieH-
Hs MMACaXUPChKUX BAaroHIB, sIKE JKUBUTHCS Bl CHEI1aIbHOT OOMOTKH TSTOBOT'O TpaH-
chopmaropa enexktporo3a UCS8, BUHHKAIOTH 3HAUYH1 TOIIKOKEHHS €IeKTPo00IaI-
HaHHS €JIEKTPOBO3a, HE3BAXKAIOUM Ha Te, 1110 3aXUCT CIPaLbOBYE B PEKUMI, repeada-
YEeHOMY CXeMOI0. J{71s1 po3poOKu pexoMeHAaliil 040 3MEHIIIEHHS OLIKOKEHb eJie-
KTpOOOJIaIHaHHS MPOBEECHO JOCIIIKEHHS 3 METOI0 BU3HaueHHs ctpymiB K3 mipu pi-
3HMX YMOBaX €KCIUTyaTallii.

Cxema 3aMillleHHS TATOBOr0 TpaHcopmaropa ejiekrpoBo3za YC3
Ha puc. 1 HaBeseHa cxema 3aMitieHHs TpaHcopmaropa tuny 1SL 66/4254/54
enekTpoBo3a YC8 3 meToro gocaimkenns npouecis npu K3 y kosi onaneHHs Ha AUis-

Hoi “ab” (nuB. kono ctpymy (- |3) Ha puc. 1).
[TapameTpu TArOBOro TpaHchopMaTopa MPUHMAEMO 3TiHO 3 OMHCOM TPaHC-
@opMaTopHoro KOMILICKTY enekTpoBo3a YC8 [1]:

12 — OpPUBEJCHUNA CTPYM B OOMOTIII ISl JKUBJICHHSI TATOBUX JIBUTYHIB; ln —
IPUBEJICHUI CTPyM B OOMOTI JUIsl ONAJICHHS BaroHis; |, — INPHUBENEHUN CTPYyM B

0OMOTI1 JONIOMIKHUX MAallluH; |g — OpUBEICHUNA CTPYM B OOMOTIII BIACHUX MOTPED

(npu Hanpysi 223 B); 16 — MPUBEJICHUI CTPYM B OOMOTIII BiIacHUX motped (mpu Ha-
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Puc. 1. Cxema 3amimenHns Tpanchopmaropa tumy 1SL 66/4254/54 enekrposo3za UC8

npy3i 260 B); I_7 — [IPUBEIECHUIN CTPYM B 0OMOTII 30y/P)KeHHA Tranbma; || — cTtpym y

NEPBUHHIN 00MOTLI; Z; — MOBHUH OMip NEPBUHHOI OOMOTKY; Z9,23,24,25,26,27 —
IIPUBEJICHI ITOBHI ONIOPU B1IMOBIAHUX 00MOTOK; U, — Hampyra Ha nepBUHHIN OOMOT-

i (Hampyra KoHTakTHOI Mepexi); U,,U3,U,4,Ug,Ug, U, — mpuBeneni Hanpyru Ha Bi-
JMOBITHUX OOMOTKAX.
PiBHSIHHS CTPYMIB 3alIUIIETHCS Y TAKOMY BUIJISAL

li=lg- (Ip+lg+ 14+ 15+1g+17), (1)

ae lg —cTpyM HamMarHi4yBaHHs.
Ctpym | BigHOCHO Manuit. [Ipuiiasasmm, mo | » 0, orpumaemo,

1= 1o+ lg+ 1y + 5+ 1+ 1. 2

[Ipu nocmimxeHHsx pexumy K3 y Kol onaneHHs BpaXxOBYeEMO TiIbKU 3HAYEH-
HS CTPYMIB, iX HampsM He Mae 3HaueHHs. ToMy B mpagiii yacTuHi piBHsAHHS (2) BKa-
3aHO TUIbKU a0COJIFOTHE 3HAYEHHSI CYMH CTPYMIB.

[ToBHa moTykHIcTh TpaHchopmaropa 1SL 66/4254/54 cxnamae 6824 B XA,
TOJIMHHHHN CTPYM MEepBUHHOI 0OMOTKH — 273 A [1]. Takum unnoMm, |1 =273 A.

HominansHuU# cCTpyM B 0OMOTIII OMaJICHHS

uzéi 3

ne S; — moBHA HOMIHAJbHA MOTYKHICTH 0OMOTKH omaneHHs, S3=1500 kB xA [1];
U3 — HomiHanbHa Hanpyra ooMotku omaneHHs, Uz =3050 B [1].



_1500 x0°

=491,8 A.
3050

I3

[Ipu nocnimxenHi K3 aBrorpanchopmaTtop po3riisiiaeTbes K 3BUYANHUI JBO-
00OMOTKOBMH TpaHC(OpMATOp, y SIKOr0 0AHa OOMOTKA 3aMKHEHa HaKOPOTKO, a Jpyra
— JKUBUTBCS BiJ] JDKEpena 3MiHHOTO CTpymy [2].

PanroBe K3 y koJ1i 00M0OTKH onajieHHsI

B ymoBax ekcrutyatamii K3 Ha ginsnii “ab” (puc. 1) koia omajneHHS MOKE BH-
HUKHYTU B pe3yJbTaTl €IEeKTPUYHOrO MpoOOI0 Ka0ea0 BUCOKOBOJIBTHOI MaricTpali
1oi3/1a, eJACKTPUYHOro Mpo0OoI0 130JIA1iT B MDKBArOHHHMX 3’ €IHAHHAX (M0 HAHOLIBII
IMOBIPHO), TOMUJIKOBHUX i 00CIyroByI0UOro nepconany ta id. Pexxumy K3 y posr-
JSAa€EMI cXeMi BIANOBIAAE CXeMa 3aMIIIeHHs, sika 300paxkeHa Ha puc. 2. CTpyMm He-

pobouoro xoxy iyg » 0. Tomy rinka HamarHiuyBaHHS BBaXKa€ThCS BiICYTHBOIO.
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Puc. 2. Cxema 3amimenns npu K3 B 00MOTIII OnaneHHs

CTpyM KOpPOTKOTO 3aMHKaHHS |, HabaraTo nepeBUIlye HOMiHaIbHUN. TomMy B

pexxumi K3 cnag Hanpyru Ha HOBHOMY ONOp1 NEPBUHHOT OOMOTKU 3HauHMM. Enexrt-
popyuiiiiHa cwiia E; nepBuHHOT 0OMOTKM Oyjie 3HaYHO MEHIIO0, HIXK B HOMIHAJIBHO-

my pexumi (Uy =- E; +11Z;). A sxmo E; 3MeHmIyeTscs, To 3MEHIIY€eThCS 1 MOTIK
ocepas F B mopiBHAHHI 3 Horo HoMiHambHMM 3HaueHHAM (E; =4,44f,FW,, ne
fy =50 I'm — gacrora crpymy; W, — KUIBKICTh BHTKIB NEpBUHHOI 00MOTKH). OTXe,
ocepas TpaHcdopmaropa — mano Hacuuere. [Ipumyctumo, mo Uy =Uq,Sin(wt +a)
i B Mmoment K3 t=0, U; =Uy,Sinag, ne ag — dasosuit kyr U, B nepmuii MOMEHT

K3. [ludepeniianbue piBHAHHS UIsl CXEMHU, 1110 HA PUC. 2 Y PO3IISAAEMOMY PEKUMI
OyJie MaTh TaKUW BUTJISI:

: : di
UlmSII’](\Nt'FaO):IKI’K"'LKd—:, (4)
ne L, — IHAYKTUBHICTb KOPOTKOI'O 3aMHUKaHHSI
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[TapameTpu KOpOTKOTO 3aMUKaHHA i Bunaaky K3 y kol 0OMOTKH omaneHHs
3alUIIEThCS TaK:

Q:ﬁ+@ U
X —x1+x3;;r'/ (6)
Z, Zl+Z3b

«IIITpux>» OIS MO3HAYCHHS TTapaMeTpa 03HAYa€e MPUBEACHHS IIbOTO IMapameTpa
710 TIepBUHHOT 00MOTKH. P0o3B’ 5130k piBHsAHHS (4), K BigoMo, Mae ycraieHny (8) ta Bi-
apHy (3aTyxarouy) (9) ckimaaosi:

iK = IK ycT + iK.BiJ‘I; (7)
: U
IK.yCT - 1msm(wt +tag- j K) (8)
K
v
iK.Bin = IHOqe s (9)

ae |,y —HNOYaTKOBUH CTPYM.
VY Hamomy BHMNAAKy X, =Tr., To0To cTpyM K3 Mae iHIYKTHBHMIA XapakTep

(0<j . <90°). Crama gacy Tpancdopmaropa B pexumi K3
t =X, (10)

ne L, —BiANOBIAHA IHAYKTUBHICTb.

Binomo, 1m0 HalOUIbII HECTIPUATIMBUN PEXKUM KOPOTKOro 3aMuKaHHs — 11e K3
npu HepoOouomy xofi [3]. V Hamomy Bumaaky — 1e pexxum K3 na nimstami “ab”
(puc. 1), konu npuIaaU ONAJIICHHS Ta IHIIC HABAHTAXXCHHS OOMOTKH OIAJCHHS HE
BBIMKHYTI. J[11s1 Momenty t =0

o4

U,
| =- =1 " 11
ZKsm(ao i) (11)

[To3naunmo amrutityay yctanenoro crpymy K3 sik

U
lm :%. (12)

K

Toni piBasiHHS (7) A0S BUMAIKY, SKHHA PO3TIISIAETHCS, 3AMHUIICTCS TaK:



t

i = lemSNWE+20- ] ) - lanSiN@g - j (e 'x. (13)

I3 piBastHHS (13) BUILUIHBAE:
a) KOPOTKOMY 3aMHUKaHHIO Ha JUIIHIN “ab” Koyia omajieHHs: B MOMEHT 4acy, KO-
m ag-j =0, BigmoBigae Bigpa3y ycTajaeHui CTpyM B 0OMOTKAX TaK fK | =0;

OynyTh HassBHUMHU, sikiio K3 y 3a3Haue-

K.B111

0) HaWOLIBIII 3HAYCHHS CTPYMY |y 4iy

HOMY KOJIi BiIOYA€ThCS B MOMEHT 4acy, KOJIM ag - | , = % . [Ipu upomy

t

i =l mooswt - | e ts (14)

SkicHMI XapaKTep NepexiJHOTo MpoIecy AJIA UOr0 BUMAAKY PO3TISHYTHI Ha
puc. 3.
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Puc. 3. Xapakrep nepexinnoro nporecy (puc. 2) npu K3 Ha ginsami “ab” (puc. 1)
_P

KOJIa OITAJICHHS Y MOMEHT 4acy, KOJIH &y - | « = —

2
Ilpu Wt =p B oOMoTKax npotikae HaibuIbKiA (ynapuuii) ctpym K3 iy, . Tl
t :B:
W

. p
i =- I p@+te W) =-1 . % (15)

ya Kkm -ty

ne Ky, — ynapHuii koedirieHT

©

Ky =(@+e M) (16)



Po3paxyHok 3Ha4eHHsI yaapHoro crpymy npu K3 Ha ginsaui “ab”

Benmnuuny ynapaoro crpymy K3 Buznaunmo 3a ¢popmynamu (15), (16). Cxema
3aMillleHHd IS AochipKyBaHoro pexumy K3 300paxena Ha puc. 4,
ne (C; - C,) —3aruckadi OOMOTKH OTaJeHHS;

U, —Hampyra K3, B;

(- I 3,) —npuBenenuii ctpym B ooMoTtii onaneHHs npu K3 Ha 3atuckagax C - C,.

Puc. 4. Cxema 3amimenns npu K3 Ha gineauii “ab” kona onanenns enexrposo3a UC8

I [4]: 1, =60 A; U, =5850 B; P, =28,6 xBt; u, =234%, u, —nampyra K3
y nporeHTax no oomorni onanenns (C; - C,).

JInst po3paxyHKy cTainoi yacy notpiOHi 3HaueHHs X, Ta I, (10).

Bizomo [3, 5], mo

Z, =, an
1«
o=k 18)
Ik
Xe =NZE- 1S (19)
_ X .
=X 20
L= (20)
w=2pf, f=50TIm. (21)

Taxkum yuHOM:

Z, —@—97 67 Ow;
60
= 28620 =7,94 Owm;
60
X, =+/97,622 - 7,942 =97,35 On;
i« —arctgﬁ = arctg—— 97,35 =85;
r 7,94
L —E—OSl I'y;

20 >50



0,31

t,=——=0,039 c.
7,94
3riaHo 3 Bupasom (16):
.
— 0,039 _ -0,25 _
kyy =1+e w =1l+e =1,771.
3rigHo 3 puc. 2 pantoBuii ctpym K3 |4 :% :% =296,9 A (npu makcu-

MaJIbHO-JIOITyCTUMIN Harpy3i B KOHTaKkTHIH Mepexi Uy =29 kB).

| = lim =~2X =+/25296,9A=418,6 A;
iy = || Kyy = 418,64, 771=7413 A.

CTpyM iy, =iy, = 7413 A (puc. 2).
ITpu Hanpy31 B KOHTaKkTHIN Mepexi U, =25 kB yaapHuii ctpym

o 25 _
=743 =639 A,

Sk BUAHO 31 cxeMu (pHc. 2) el CTPYM € OJIHOYACHO 1 IPUBEICHUM CTPYMOM Y
0OMOTIII OITaJICHHS ‘|3‘ , TOOTO ‘|3yﬂ‘ =lyg = 639 A.
[lepexia Bijg MPUBENECHOTO | 3yn A0 PEATBHOrO YIApHOTO CTPYMY i3, B oOMoT-

i onasieHHs B pexkumi K3 3xificaemo 3a takoro popmysioro [3, 5]:

i3y, = i3y M0, (22)
Y . :
ne n—U — Koe@iieHT TpaHncopMalii TATOBOro TpaHcPopMaropa BIJHOCHO
GG
OOMOTKHU OMaJICHHS.
n= 25000B _
30508

Jac UCl' C, =3050 B [1]

TakuMm 4HuHOM,

=741,3>8,2=6078,7 A (npu U; = 29kB);
=639>8,2=5239,8 A (pu U; =25 «B).
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ITpu MiHIManbpHO-fONYyCTUMOMY 3HadueHH1 Uy =19 kB

L, = 63952 = 485,6 A;
25
i3g1 =iy =485,6, A;

i3y, =485,6>8,2=39819, A.

Otxe, peanibHi (He MPUBEICHI) yAapHi cTpyMU B 00OMOTIII onaneHHs npu K3 Ha
3aThcKayvax 1i€i OOMOTKH CKJIa/1al0Th:

=398L,9 A (nmpu U; =19 kB);

i3y,
i3y, =5239,8 A (mpu Uy =25 xB);
i3y, =6078,7 A (npu Uy =29 kB).

Cxema 3axucty Big K3 y xonax omajiieHHs moOynoBaHa Tak, IO Bl MOMEHTY
BUHUKHEHHS K3 10 po3MUKaHHS BHUCOKOBOJIbTHOIO BUMHKAaya MPOXOAUTH SIK MiHi-
myMm 0,08 c. Matouu 3HaueHHs ctpyMiB K3, MoXHa OI[IHUTH BIJIUB €JIEKTPOAUHAMIY-
HUX CUJI BUIIITOBXYBaHHS, SIKi J1IOTh MK CHJIOBUMHU KOHTaKTaMH KOHTAaKTOpa oTa-
aeuns tany 1 SVADS8, po3m’sikiieHHst (TUTaBieHHS) IIUX KOHTAKTIB il BIUTMBOM
Bkazanux ctpyMmiB 3a 0,08 ¢ Ta po3pobuTn pexoMeHaailii mo10 3MEHIIEHHS MOIIKO-
JDKEHHST €JIeKTpoOo0IaiHaHHs. 3anponoOHOBAaHUN METOJ] MOXe OyTH BHUKOPHCTAHHM
11t BU3HayeHHs ctpyMiB K3 y konax onaneHHs ¥ IHIIMX TUIIB €JIE€KTPOBO3IB.

Bucnosok

3HaueHHs cTpyMmiB npu pantoBoMy K3 y komni omaneHHs enekrpoBo3iB UC8
CYTTEBO 3aJeXaTh HE TUIBKH Bix BenmuuHM Uq, a i Big BenmuuuHM KyTa (Qg-] ) ¥
momeHT t =0, ne ay — ¢a3oBuil KyT HaNpyru KOHTakTHOI Mepexi U; y nepury MuTh
K3 (t=0); j , — xyr Mix BekTopoMm Hanpyru U, Ta BekTopoMm ctpymy |, y mocimizi
K3 TsaroBoro tpanchopmaTtopa npu 3aMUKaHHI HAKOPOTKO OOMOTKH OMaJeHHS.

Icnyroua cucrema 3axucty Bif ctpyMiB K3 Ha enexkrpoBo3i UC8 He 3a0e3neuye
HajiitHoro 3axucty npu K3 y konax onanenHs. Sk minimym, npotrsrom 0,08 c maii
ctpyMmiB K3 y kol onmaneHHs BIAIOBIAHOTO 3aXUCTy HE ICHYE. A MPH LbOMY 4Yepes
KOHTaKTH KOHTaKTOPIB OMAaJE€HHs, K MOKa3aJd PO3paxyHKH, KOPOTKOUYACHO MPOXO-
aate ctpymu 3981,9 — 6078,7 A, 110 BUKJIMKA€E TUIABJIEHHS KOHTAKTIB 1 pO30pHU3KY-
BaHHS PO3IUIABICHOT0 METAly B KaMepi.
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