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5. B otnnuue oT Ipyrux Bepcuil, oHa TakXKe MOSCHSAET HE TOJIbKO CKauykooOpa3Hoe Io-
BBIIIIEHUE pabodero HampsikeHus (COOCTBEHHO aHOIHBIN 3(P¢EeKT), HO U MOCTENEHHBINH POCT
HanpspKeHUs (1epes aHoJHBIM 3(PPEKTOM Ha ydacTKe C, puc.2), KOTOPBIM Mbl CBSI3bIBAEM C
YBEJIMYEHUEM KOJIMYECTBA TBEPIOH (a3bl B F€TEPOrC€HHON CHUCTEME IOCIEe MepeceyeHUs JIH-
HUU JIUKBUIYCA.

6. IlonyyeHHbIE TEOPETUYECKUE U MPAKTUYECKUE PE3YIbTATHI MOTYT OBITH UCIIOJIH30BA-
Hbl B IPOMBIIUIEHHOCTH MPU YCTPAHEHWU HEAOMYCTUMOIO aHOoAHOro 3ddexra B ciydae
AJIEKTPOJIN3a B PACILIABICHHBIX AIEKTPOJIUTAX.
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Beryn. Ha nanuit gac y cBITOBIM €HEpreTHIIl CIIOCTEPIraeThCsl 3pOCTAHHS ABTOHOMHUX
reHepyrouux yctaHoBok (AI'Y) Ha 6a31 cunxponHux rerepatopiB (CI), siKi € JpkepesoMm ene-
KTPUYHOI €HEeprii y MaJOHACEICHUX MICIEBOCTSIX, JI€ MPOKJIAAaHHS JIHIA eeKTPOInoCTayaHHs
€ HEJOLUIbHUM, a TaKOX Yy MICLIEBOCTAX, JOCTYI JI0 SIKUX YCKJIAQAHEHUH (TIpCbKi MICIEBOCTI,
octpoBa 1 T.1.) [1]. Kpim Toro, AI'Y 4acTo BUKOPHUCTOBYETHCS B IKOCTI PE3EPBHOTO JHKEpeia
€JIEKTPOKUBIJICHH JUIsl crioxuBadyis | ta Il kareropii.

st migsumennst criikocti CIT AT'Y Ta crabunizainii BUXiZHOT HAIPYT'W Ha 3aTHCKavax
cTaTopa 3acCTOCOBYIOTH pelieiiHe abo napameTpuyHe (GOpCcyBaHHs HAPYry 30YyIKEHHS Ta CU-
CTEMHU aBTOMATHUYHOTO PETyIIIOBaHHS 30ymkeHHs (AP3).

OpHak y BUNagkKax MPUPOJHUX KaTacTpod Ta CTUXIMHUX JIMX MPH MIJKIOYEHHI CO-
’KUBAYiB CIIIBCTAaBHOI MOTY)KHOCTI, HaNpUKJaJd, aCHHXPOHHUX JIBUTYHIB 3 K.3. poropom CI'
BTPAyvalOTh CTIMKICTh Yepe3 IHEpLiHICTh KOHTYpa 30y/DKEHHS, 3HAYHOTO JWHAMIYHOIO Ia-
JIHHS Halpyru Ta il TPUBAJIOCTI, 110 NPU3BOJUTH /10 BIAKIIOUEHHS 3aXMCTOM MIHIMaJIbHOI
HaIpYry NONEpPeHbO MIIKIYEHUX crokuBadiB npoTsarom 0,5-1,5 ¢ mpu 3HMKEHH1 HAapyru
1o 0,7U, (IIYE 1. 5.3.52).

HesBaxaroun Ha BHCOKY IIBHJKOJII0 TUPUCTOPHUX 30Yy/KyBadiB yepe3 1HEpIii-
HicTh KOHTypa 30ymkeHHss CI' BigOyBaeThCcsl amepioguyHe 3ami3HIOBAHHS CTpymMy 30ya-
KEHHs, [0 4acTO € NPUYMHOIO BTPATH CTIHKOCTI reHepaTopa. ToMy MiABUIIEHHS IIBUJI-
KOJIii peXxuMiB (GOPCYBaHHS JOCATAETHCS 3a PaXyHOK 3aCTOCYBAaHHS BUIIEPEKa040i pazu
Hanpyru 30yIKeHHS 1 MiABUIIEHHS i KpaTHOCTi. KpiM Toro, miABUILEHHS MIBUAKOMII pe-
KUMY (popcyBaHHS MOXKE JOCATATHUCS 3a PAXyHOK 3MEHILIEHHS 1HEpUIMHOCTI KaHaJlB BU-
MIpy 1 KepyBaHHsI Hanpyro [2-4].

Hampuknan, B [2] 3ampomoHOBaHO TPHUCTPI, B SKOMY MIABHIIEHHS MIBUIKOMIT
pexuMiB (opcyBaHHS 3a0e3leuyeThcs 3a paxyHOK mojsiiiHoro audepenuiroBanHs EPC
TaxoreHeparopa, 34JCHOBAHOTO 3 CHHXpPOHHOIO MamuHoio (CM), BHachigok 4oro ¢op-
cyBaHHs 30y/1>KeHHS B11OyBaeThCs y QYHKUIT MOTYKHOCTI MPOKATKH.

[Topanpimie MiABUILEHHS IMIBUIKOAILL pexuMy (OPCYBaHHS MOJKIIHUBE MEpPEeMUKaH-
HSIM CEeKIlIi 0OMOTOK 30y/IPKEHHSI 3 TIOCIIIOBHOTO Ha MapajieibHe 3’ €AHaHHS IPU HE3MIH-
HOMY piBHI1 Hanpyru 30ymxkenHs [3]. TexHiuHa peanizalis TaKOro MPUCTPOIO BUMArae 3a-
CTOCYBAHHS PO3JUIOBUX 1 KOMYTYIOUHX A10/IIB 1 KIIFOYOBUX eneMeHTiB. Kpim Toro, oomo-
TKa 30ymkeHHsd CM mae OyTu CEKLIOHOBAHOIO.

Jnst CM 3 pi3KO3MIHHUM HaBaHTaXXEHHSM 3alPOIIOHOBAHO CIOCIO, 3T1IHO 3 KM
JUISl TIABHUIIEHHS MBUIKOAIT peTyat0OBaHHS 30yHKEHHSI BUMIPIOIOTh BEIUUYMHY 00€pTOBO-
ro MOMEHTY Ta BUKOPUCTOBYIOTH il K peryitorduil napametp [4].

[Ipote 3acTtocyBaHHS BIJOMHX CIOCOOIB 1 MPUCTPOiB GopcyBaHHS HANpyru 30y-
JOKEHHSI He 3a0e3Iedye 3HUKEHHS 1HEePIIHHOCTI caMoTo KoHTypa 30ymxenHs (K3), TooTo
cTpyM B oOMoTIll 30ymkeHHs (O3) 3aBxkau Mae anepiogudHe 3ammi3HIOBAHHS MO BIJIHO-
HIEeHHIO 710 (OpCyBaJIbHOI HAIPYTH, 110 Y pe3yibTaTi BU3Havae cTidkicTs CI'.

Jlnig ninBuieHHs: AuHaMI4HOI cTiiikocTi CI' He0OX11HO KOMIIEHCYBAaTH €JEeKTPOMAarHi-
THY IHEpUIHHICTh KOHTYypa 30yIKEHHS ILJISAXOM BMHMKAHHS B HbOT'O, HAIPUKIIAJ, €MHICHUX
HakonuyyBadis eneprii (€EHE).

IlocTanoBka 3agayvi. TeopeTuyHe Ta eKCIEpPUMEHTAIbHE JAOCIIHKEHHS CUCTEMHU Ke-
pyBaHHs 30ymKeHHsIM Al'Y 3 METOrO MIZIBUIIIEHHS CTIMKOCTI Ta cTadLIi3allii BUXITHOT HAITPYTH
reHepaTopa HUIIXoM KoMmmeHcauii iHepiiiHocti O3 mpu 3HaUHUX 30ypEHHSX.

PesyabTaTnn podoru. [IpunuumnoBy cxemy cuctemu 30ymkenas CI'” AI'Y 3 kommnen-
coBanoro O3 HaBeaeHo Ha puc.l [5].

Crabuanis BuximHoi Hanpyru CI' Ipu MAKIIIOYEH] CIIOXKWBA4YiB 3 HOMIHAJIBHUM CTa-
TUYHUM HAaBaHTAXEHHSAM 3a0e3reuyeThes cucteMoro AP3. YV Bunaaky miAKIIOYSHHS CIIOXKH-
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BayiB CIIBCTABHOI MOTYXXHOCTI, 110 CYNPOBOJIKYETHCS 3HIKEHHAM Hanpyru no 0,85U, abo
3pOoCTaHHIM cTpyMmy Bulle 2/, 610k ¢popcyBanus (b®) Bmukae tupucrop VSI1, mio npusso-
IUTH 10 po3psny koHneHcatopa €HE na tupuctopuuit nepersoprosay (TII) 1 O3 ta kommneHn-
cauii iHepuiiiHocTi O3. 3a yac, KUl TOPIBHIOE YBEPTI MEPIOAY KOJIUBAIBHOTO PO3PSALY KOH-
nencaropa, cuctema AP3 BcTraHOBIIOE HEOOXITHUI piBEeHb Hanpyru 30y/uKeHHs, a niox VD4
BUMMKA€E KOHJIEHCATOP 13 KOHTYpa 30y KEHHS.

Hns ITIBHIIICHHS
HIBUAKOALl pexXuMiB  (op-
CyBaHHS HEOOXIHO BH3Ha-
YUTH AITOPUTM KEpPYBAHHS
KOHTypoM 30ymxeHHs CI.
c |y [Tpu MIIKITFOYEHH]
— coxkuBauiB 10 CI' kyr Ha-
BaHTAXEHHS MO)KHAa BH3Ha-
YUTH 32 BUPA30OM:

6260+A6, (1)

ne 0y — KyT HaBaHTa)KEHHS,

BT

SIKUW BIATIOBITAE €IIEKTPO-
MaFHiTHOMy MOMCHTY TIC-

AP ' Hepatopa M .,, piBHOMY
HOBOMY 3HA4YCHHIO MEXaHI-
Pucynok 1 — Ilpunnunosa cxema cuctemu 30ymxenns CI° AI'Y unoro momenty M. Bin-

MOBIAHO 1 E€JIEKTPOMATHIT-
Huit MoMeHT CI' MOXHa IpeICTaBUTH BUPA30M

M.=M_. +AM,, 2)
B askoMmy AM . obymoBienuii kyrom A0 .

PiBHSIHHSI MOMEHTIB reHepaTopa MpuiiMe BUTIISAL;
My-M,=Jypo,
ne Jy — cymapHHil MOMEHT iHepLii reHepaTopa i IPUBOJHOTO JBUIYHA; (® — KPYTOBa 4acToTa
obepTanHs potopa reneparopa; p =d / dt — oneparop qmudepeHIiroBaHHs.

3 ypaxyBanusam Toro, mo My =M pf=w, — w, a Takoxk cuisBigHOMWEHS (1), (2)

c0>
PIBHSIHHS MOMEHTIB MpUKHMe BUTJISIA:

Jyp*AO+AM, =0, (3)
i€ % — CHHXPOHHA KPYTOBa 4acToTa.
IIpn npuiinsatux gomymeHasx M . € GyHKIi€ero nuIe oHiel 3MiHHOT — KyTa 0 , i ToMy

MO2KHa 3a1ucaTtu

AM . = M (A0, 4)
ne M — KoedIiieHT CHHXPOHI3YI0UOTO0 MOMEHTY:
oM
Mg = ( < j : (5)
00 0=0,
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TakuM 4MHOM, KEpyBaHHSI KOHTYPOM 30y/KEHHSI TOBUHHO 31 CHIOBATUCH HE JIUILIE Y
¢GyHKLIi Hanpyry Ha cTaTopi aje 1y PyHKIIl MOXiTHOT €JIeKTPOMAarHiTHOr0O MOMEHTY 32 KyTOM
HaBaHTaxeHHs CI'.

Marematuuny mozens CI' Ta CTpyKTypHY CXEMY CUCTEMM KEpYBAaHHSI KOHTYpOM 30Y-
JUKEHHSI HaBEAECHO Ha puc.2.

[T -7 7773 |
d
|ﬂ:ud+r,id+a//qw; I uy uf
| dt | %
\dy, | "
L =u, i, —y,0; ' sqrt =
dt 4 1 Iy
\di X
ly . ! Ug
'7‘”;""]’/—%’ I _2
wo 4l x
— |ded _ . | = .
=Wy —Vialyas | !
e : dt I sqrt =
—_— Y
Wiy —u —r i 1= X .
I g kq — "kq'kq> | Iq »
:duc . |
I =Xlys e M)
dt ial X
| d e Loy * K, 2 ]-|i | PII
Py y b Pey X T 6
| z dt c nas.> :_. %
iq
| — ; PII1.1
M=y, e I v Y
Ki —
il
PII1.2
Uy _ K ur
5 YTV Topl [
©) K, ur *

Pucynok 2 — Marematuuna moziens CI' Ta CTpyKTypHaA cXeMa CUCTEMH KEpyBaHHS
KOHTYPOM 30Y/I’KEHHS

OO0uucieHHs CTPyMiB 3a MO3J0BXKHBOIO 1 MOTIEPEUHOIO0 OCSIMHU, CTPYMY KOHTYpa 30y-
KEHHS, TIO3J0BXKHbOTO 1 MOTIEPEYHOT0 CTPYMIB AEMII(EPHUX KOHTYPIB 3IHCHIOETHCS 32 BU-
pazamu:

iy =Aip /! Ayp;
ir =AM/ Ayps ¢ (6)

ira =Dixkp ! A gps

ikq :A[KQ /AAQ

O6uncnenns suauens Ajp, Ao, A, Akp, Ao, A yp, A 4 3niiicaioetses 3a

CIIBBIIHOIIIEHHSIMU:
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Ayp =Xg Xg 1 Xokd +xad(xaf Xohd T X6 Xord T Xo -xaf);

AAQ = Xo " Xokg t Xaq " Xokg + Xaq " Xo>

Ap :<xaf “Xokd T Xad “Xckd t Xo f 'xad)l//d ~Xad Xokd "V f ~Xad Xof Vikd>
AIQ = (xakq +xaq)l//q _xaq 'l//kq; (7)
Ap =~Xaq Xoka Va + (Yo “Xokd + Xag  Xokd + X5 'xad)l//f ~Xad "X Vids

AIKD ="Xad Xof Yd ~Xo Xad Vi +<xa 'xaf+xad'xaf+xa'xad)l//kd;

AIKQ = Xgg Wyt (xa T Xqq )l//kq'

Hns ouinku BminuBy €HE 1 aBToMaTtuuHOoro perynstopa 30ymKeHHS Ha BHUXIJIHI
napameTpu AI'Y BUKOHAaHO pO3paxyHKH 3 BUKOPUCTAHHSAM po3pobiieHol mojeni [6].

Ha puc.3, 4 HaBeneHo po3paxyHkoBi 3asiexHOCT1 BuxigHoi Hanpyru CI' Ur =230 B 3
NOYaTKOBUM 30ymkeHHsAM Uy= 22 B 1 BMMKaHHSAM CIIIBCTABHOTO HABAHTAKCHHSA y BUIJIA-
Il aKTUBHUX pe3ucTopiB 3 onopom 10 OM B koxHIN ¢a3i Ha 4-1i1 cexyHai ¢t = 4 c. [Ipu Bi-
JCYTHOCTI 1 HasBHOCT1 €eMHOCTI HakonuuyBaya eHeprii C = 100 mx®.

Pucynok 3 — Po3paxyHKOB1 3aJ€XHOCTI Pucynok 4 — Po3paxyHKOB1 3a€KHOCTI
pexXUMy QOpPCYBaHHS CTPYMY pexuMy GopcyBaHHS CTPYyMY
30ymkenns CI' 6e3 €HE 30ymkenns CI' 3 €HE

Amnani3z nepexiJHUX MpoIleciB MOKa3ye, 110 Yac cradunizamii BuxigHoi Hanpyru CM 0e3
€HE cxnamae t = 0,6 ¢, a 3 €HE t = 0,2 c. TakuM yuHOM TIpU OJHIN 1 TI camiii KPaTHOCTI
MaKCUMAaJIbHOT Hamnpyru 30yIKEHHS LIBUIKOMAIS MPUCTPOIO, IO JOCILIKYETHCS, B PEXKUMI
dopcyBanHs B Tpu pasu Bumia, HbK 0e3 €HE, a mamiHHS Hampyru BiONOBIZHO CKJIaaae
AU =40% ta AU = 10%.

JUig miATBEP/DKEHHSI TEOPETUYHUX IOJIOKEHb IPOBEIEHO E€KCIEPHUMEHTalIbHI JOCHi-
JUKEHHS Ha CUHXpOHHOMY reHeparopi tuny MCA-72/4A: P, = 12 xBrt; U, = 230 B;
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in=37,6 A; Us=27 B; i =23 A; n,= 1500 06/xB. B pexxuMi (popcyBaHHs CTpyMy 30yIKEeH-
HS 3 3alPOTIOHOBAHMM IPUCTPOEM 1 3 CEPITHUMU TUPUCTOPHUMH 30yKyBauaMu IMPH MIJIK-

JIFOYEHHI CIIOKUBAYIB CITIBCTaBHOT MOTYKHOCTI (pHC.S, 6).
EdexTuBHICTh BIUIMBY KOMIIEHCOBAHOI CUCTEMHU 30Y/PKEHHS Ha JTUHAMIUHY CTIMKICTb

CI' minTBepIkKEeHO EeKCHEPUMEHTAIbHUMU JOCIHKEHHSIMU NP MIIKIIOYEHH] CIIOXKHUBava 3

PI3HUM CIIBCTAaBHUM HaBaHTA)KCHHSIM.

Ha puc.5 naBeneno ocuunorpamu npu niaximodeHi AJl notyxnictio 11 kBt no CI' 3
HCKOMIICHCOBAHUM KOHTYpPOM 36YI[)I(€HH$[, a Ha pI/IC6 — ocouiorpaMm 3 KOMIICHCOBaHUM

KOH-TYpPOM 30YyIKEHHS.

Hampyra cratopa
U, =+/2-230B

Ur, B4

230

120

-120

=230 |

0 0204 06 08 1,0 1,2 14 1,6 1,8

AU, %=39%; t, . =1,2c

cmab

Crtpym™m craropa
I,A4

70

35

t

, C
»
>

0 05 10 15 2.0 25 3.0 35 40 45

I, =~/2:364; 1, =~2-704

yem

Ctpy™m 30ymKeHHS
I, A4

140

100

60

117 A

,C

'0,5 1,0 1,5 2,0 2,530 3,540 45 50

I, =134; I, =1174
J pop

0

.ﬁl()q

1l
Zow‘ i v b

Hampyra cratopa
U, =+/2-230B

1 i 1 1
L L ! i »

L i L L ! .
0 02 0406 08 1,0 1,2 1,4 1,6 1,8

AU %=11%; t__=0,36c

cmab

Ctpym™m craropa
Ir: Aﬂ

0 0,5 1,0 1,5 2,0 2,5 3,0

I, =~/2-364; 1, =~2-704

yem

CtpyM 30ymKeHHS

I A A

140

100 e

60

T117TATTT

20 |y ; ' t, C

»

0 0,5 1,0 1,5 20 2,5 3,0 3,5 40 45 5,

I, =134; I, =1174
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Pucynox 5 — Pexum migxmrodeHHs A/l Pucynox 6 — Pexum mimxmodenas Al
no CI' 3 HekoMIeHcoBa- no CI' 3 koMHneHcOBaHUM
HUM KOHTYPOM 30Y/I>KE€HHS KOHTYPOM 30Y/I>KEHHS

TakuM 4YuMHOM, pe3ylIbTaTH NOCHIPKEHHS IUHAMIYHUX pexumiB pobdotu CI' tumy
MCA-72/4A noBOIsAThH, IO Yac TOCSATHEHHS CTPYMOM 30Y/IKEHHsI (JOpPCOBAHOTO 3HAYCHHS 3
HEKOMIIEHCOBAaHUM KOHTYPOM CTaHOBUTH 1 ¢ mpu majaiHHi Harpyru 39%, a 3 eMHICHUM HaKo-
nuyyBadeMm eHeprii — 0,01 ¢, komneHcarlist e1eKTpOMarHiTHO1 IHEPLIHHOCTI B THX K€ YMOBax
3a0e3neuye najaiHHA Hanpyru He Outbuie 11%.

BucnoBku. [linBuIleHHS TMHAMIYHOT CTIMKOCTI CHHXPOHHOTrO reneparopa AI'Y npu
MIAKITIOYEH] CIIOXKMBAYIB CHIBCTABHOI MOTYXHOCTI MOXKe OyTH 3a0e3medeHe €MHICHOIO KOM-
MIEHCAIlI€0 IHEPIIMHOCTI KOHTYpa 30Yy/IXKEHHS 3 KEpyBaHHAM peXKUMaMH GOpCyBaHHS Y QYHK-
11l TOX1THOT €JIEKTPOMArHiTHOTO MOMEHTY 332 KyTOM HaBaHTa)KCHHSI.
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