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Tom 161 1967

Y3EJI HCKYCCTBEHHO¥M KOMMYTAUHUHU
HA TUPUCTOPAX JJisi WHECTU®A3HOTO NPEOBPA3OBATE/IA
C YPABHUTEJbHbIM PEAKTOPOM

A. U. 3AVLIEB, 10. M, AUKACOB, M. A. BOPOBHUKOB, B. H. MHHIIYH,
A. A, KYBLIKHHOB, B. II. ObPYCH#K, B. U. UHMPBEB

B GoabliuHCTBE BEHTHJIBHBIX NpeobpasoBaTesiefi BHINPAMJECHHOE Ha-
mpsikernne peryupyercs IyTeM H3MeHEHHsl yryia OTHHDAHHA BCHTHU/ICH «.
IIpy yBesuueHHH yraa o KO3(QGHLUHEHT MOLIHOCTH BEHTH/BHBIX Npeobpaso-
BaTesell pe3gc yMmeHbliaeTcs. B HacTosuiee Bpemsi TOJBKO PTYpHbBIE BhINPs-
MuTeNH npeodpasyioT ceoime 15% Bcell NPCHGBOAMMON 3JAEKTPOIHEPrHH B
crpane. [losromy moBuieHKe Kodddumuenta MolHoCTH mnpeoGpasopa-
TEJILHBEIX arperaTtoB fIBJSETCST BECbMa BAXKHOH HAPOJHOXQ3SHCTBEHHOM
3ajaueil. ’ . -

Ha B03MOMKHOCTb CO3/laHHsl BEHTHJIBHBIX CXeM C HCKYCCTBEHHOH KOMMY-
Tauueil 151 TeHepallul peakTUBHON 3Heprun ykaswiBaa I'. M. Babart [1], psan
cxem Gbur paspaboran M. Jl.KaranoseiM [2] M. M. Unxenxo {3] n ap.

HecmoTpst Ha GOALIIOE KOJAHUECTBO Pa3paGOTaHHBIX LXEM H  CrOCOGOB
WICKYCCTBEHHOI KOMMYTalUMH, NpaKTHYecKOoe IpPUMeHeHHe HallId JHIIb
KOMIIEHCAIMOHHbIe arperaThl, co3flaHHble B KHEeBCKOM MNOJMTEXHHYECKOM
uactutyte (KI1M) nox pykosoacteom M. M. Umxkenko. Opnaxo, cxema
KITH Tpe6yeT OTHOCHTEJNbHO GOJBIUOrO YBEJHUYEHHS YCTAHOBJAEHHON MOLLL-
HOCTH JIOTIOJHHTENbHOTO OBOPYNOBaHHs, B OCHOBHOM 3a CueT TpexdasHok
YpPaBHHUTEJbHON KaTYLIKH. , .

Huxe paccmaTpuBaercsi MPOCTasi CXeMa HCKYyCCTBEHHOH KOMMYTallMH
TOKa B wecTH(a3noM BbIIpsiMHTENTEe C YPaBHUTEAbHBIM PEAKTOPOM, COCTOA-
s U3 KOMMyTHpyiollero KonmeHcaropa C H KOMMYTHDYIOUIHX yIpasisie-
MBIX BeHTwied B u Bu (puc. 1).

PaccmotpuM padoTy npeo6pasoBaTessl ¢ y3J0M HCKYCCTBEHHOH KOMMY-
Tauud, HauMHAs C MOMEHTA BPeMeHy, Korga koupexcatop C 3apsxen mo-
JISIPHOCTHIO, YKa3aHHOH Ha pHC. |, MpHUeM HaNpsKEeHHe Ha HeM

Uc > €9y — €:z. ‘
BpeMeHHbIe lII/IaI‘paMMbI, TIOSICHAOOIHE pa60Ty H Ha3HaueHHe OTIAeJb-
HBIX 3JIEMEHTOB CXEMBbI, Hpe,lICTaBJleHbI Ha pHC. 2

IMpennosoxuM, 4TO TOK NPONYCKaIOT CHJAOBbIE BEHTHJIH B, n Bs. B mo-
MEHT BPEMEHH, KOrJa HYXHO HCKYCCTBEHHO BbIKJIIOYHTh BEHTHJIb B;, o71-
KPHIBAETCS BeHTMuI» Bi. K 3ToMy MOMeHTy Ha ceTKe BeHTHJs By JOJMKeH
OBITH 3aMHPAIOIIHNA TOTEeHIHAJ.
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Kounencarop C HauyuHaeT paspsykaTbcsi Ha paboTalolinil BeHTHAb By,
IIPOINYCKasl Yepe3 Hero TOK B HENpoBojsuleM HanpasaeHud. Uepes mpome-
XKYTOK BPEMEHH, PaBHbiil BpeMeHH KOMMYTAUMH y;, TOK C IVIABHOTO BEHTH-
asa B, nepexoaur Ha Kommytupywouuit B 1 1 Ha apyro# raasubiii Be. 3aTem

.~y

| lezx lé’zy jé’zz
8, |8 |6 zZ,

LY.

Puc. 1.

KOMMYTHPYIOLIHI KOHAEHCATOp pa3psixkaercs i Iepe3apsizKaeTcsi MOCTOSH-
HBIM TOKOM, pPaBHBIM IOJIOBHHE TOKA Harpy3kKH.

Korpa cuusaioiieeca Hanpsexedne Uc cpaBHHBaeTcst ¢ (DasoBLIM Ha-
APSDKEHHEM B IEd BBIXOJAILEro n3 paGoThi BEHTHJA B; U 3aTeM CTaHOBUT-
csl MeHbllle ero, CO3[AI0TCH YCAOBUS A/ MOBTOPHOTO 3aXKHTAHHST 3TOTO BEH-
Tuas. Yro6pl MpefynpeuTh 3TO, HYKHO TakK NMOA0OpaTh BEAHUAHY €MKOCTH
C, uToGrI mpH JAaHHOM TOKE HAarpy3kH cpaBHuBaHue Hampsukeuuil Uc H g
NPOHCXOAMJIO HC paHee 4eM vepe3 NPOMEXKYTOK BPEMEHH '

®MHH == T4 + ?:, .
rje ?)—BpeMH JHOHHU3AaUWH BEHTHJA NOCJie TallleHus.
KOI‘Ila HampsizKeHrWe Ha KOHAeHCaTOope INOCTHIHET BECJHUYHHL

L/c = @9, — €9g

CO3MaayTcsl YCAOBHSA JIIA BKJIOUeHUst BeHTHJsT Bj. K 3ToMy BpeMeHH Ha ero
CeTKe NOJI2KEeH ObITh MOJOKHTETBHBIH MOTeHlHAaJ.

[Ton neficTBHeM yBEMHULBAIOILErOCH HANMPSIXKEHHS €55 33 NPOMENKYTOK
BPEMEHH, DaBHbIH BPEMEHU KOMMYTAIMU Yg, TOK ¢ KOMMYTHpYIOLIEro BeH-
THIA By rnepexoauT Ha ryaBubit Ba. '

B pesyabrate KoHameHcatop C oKaszajcs 3apAKEHHbIM MPOTHBOIMO-
JIOXKHOH NOJSPHOCTBIO 10 HATIPSIXKEHHUS.

Ue > ey, — e9s.
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3aTeM OTKpbIBaeTCsi KOMMYTHDPYIOLLHI BeHTHIb Bi] KOHJIEHCATOP CHO-

Ba M€pesapsiKaercs, NMPOH3BOAS KOMMYTAIHMIO TOKa C BEHTHAA Bs Ha BeH-
THADb By.

[ {
y Z X ¢ £ X v 2N ) 7o
LD O.O0.O.CN paniian ¥
2 Lo z
Yoo ¥ A‘Z; |
L i
LAV g e
SRRV & ‘
| | l ! ‘ n / @
UJﬁW d Vs ¥
Vg \v"J\vr‘-p\/"}\/"}\/”‘kv 2 — 44 7 — T ev
Puc. 2, Puc. 5.

STOT MPOIlecC MOBTOPSIETCA ¢ TPOMHOH YACTOTON MHTAIOWEH CETH, npH-
yeM I0JIe3HO HCNOJbL3yeTcss 3apsa 060HX 3HAKOB.

Ilpa mpoexTHpOBaHWM y3/a HCKYCCTBEHHOH KOMMYTauUMH 3a1adya CBO-
AHMTCSI K BbIOODY BEAHUHHBI KOMMYTHPYIOILE]l €MKOCTH B 3aBHCHMOCTH OT
Harpyskn u napaMmerpoB mnpeoGpasosatens. Cxema saMellleHus pabouero
KOHTypa Yy3/ia MCKYCCTBEHHOW KOMMYTaLHMH NPH NEpPexoje TOKa C IJaBHOTO *
BEHTH/IS1, BBIXOAAILEr0 M3 pabOThl, Ha KOMMYTHDYIOWHHA (nepBasg KOMMyTa-
nMs) NpeacraBjeHa Ha puc. 3.

AHanu3 npoBeleM IPH CJAEAYIOUMX IOMYILeHHAX:

1. TlapameTpsr KOHTYpa KOMMYTalUHH, TOK HArpy3Kd M (asHee Ha-
npAXeHusi TpaHchopMaTopa B TeueHHe BPEMEHH BBLIKJIOUEHHSI OCTAIOTCS
HEHU3MEHHBIMH,

2. B/e.HH‘-IHHbI naneHui HanpsizkeHusi Ha BEHTHJAX PaBHbl U He 3aBH-
CsAT OT HpOTEKa}OLHEFO TOKA. '

HpOHQCC KOMMYTalk¥nd TOKa C BBIKJOUAEMOrQ BEHTHJA B Helb KOMMY-
THPYIOLIEro ONHUCLIBaeTCH CJHeNYIOIMHUMH ypaBHEHHAMMU:

e AU + AUy — 250 =L %2 iR — 1 iR 1y,
. I .
l1=-—2-d-—lc
R P (1)
2="2_'+1'c
ic-:ng_utE,

rge C — BeJIMYMHA KOMMYTHPYIOIIEH eMKOCTH



/

Rul — akTHBHOE CONPOTHBJICHHE H MHAYKTHBHOCTb (asbl TPparchop-
MaTopa,
14, i, i), ia— TOKH Harpysk#, KOHJeHcaTopa, BeHTuae#i B, u Bg coormer-
CTBEHHO;
AU, — BHyTpeHHee TajicHHe HanpsKeHUs B BEHTHJIE.
YuHuThIBasi HayaldbHble YCJOBHS

Uc:UCO’ lCZO
TIOJIyUHM pelleHne cHcTeMbl ‘ypaBHeHui (1): ‘
c=et(Ue+AE,) ( sinpf — cos [St)—}—AEh (2)
i :bl_ﬁ. et (Ueo-+ AE,) sin Bt )
THe /
AE, =€y~ ega—U”‘cos(g;— —a );
__R__ 1 ’
°= T “—W’
l/ch 4T2
HpO,IlOJI)KHTEJ‘IbHOCTb IepBOil KOMMYTaluu HafiieM W3 YCIOBHA:
. 1
(f)imm =5 %)

IToncraBus (4) B (3) ¥ pa3noxuB B psAa MakjopeHa NnoKa3aTeabHYIO
¥ TPUTOHOMETPUYECKYI0 (YHKIHM, IONYYHM NPUOJHUKEHHO:

/ 21 4R )
=T 11— } — 55— —— | 5
n=t (11 1— s ®)
yCJ’IOBHEM HAJ€XHOIro BBIKJIOUEHHA CHJJIOBOrO BEHTHJIA SABJAAETCHA
(UC)I:'{1+5 = AEI' (6)

flostomy, yuuTBIBasi, 4TO IH0C/Je KOMMYyTalMH KCOHJEHCATOD paspsxaercs
NOCTOSIHHBIM 110 BEJUYHHE TOKOM, '

AEy =& (Uso-+ AE3) (5-sin Bra — cos By )4 8E, 428, (@)

. L]
Peuius coBmectHo ,(5) u (7), monyyum BeJMYMHY HAYAJBHOTO Hampsi-
JKEHHSI Ha KOMMYTHpYIOLeM Konnenca'rope:

Ueo = (V 2CL 4-3) —AE,. 8)

3,14C 14C

ITocae noracanusi cMJAOBOrO BEHTHJAA 1O KOHAEHCATOPY MpOTEKaeT mo-
Iq

CTOAHHBIA TOK, PaBHbIN 5 Bpemsi mpoTeKaHUsI MOCTOSTHHOTO TOKa MNpH yc-

JOBHH
(Uc)t=11+tn = AE2 (9)

-onpeaeauTcs U3 GoOpMYyJIb:

b= LB | (10)
rje ,
AE22825—825=UmCOS[%“Q“!’*(&)(Tl—*—tn)]-
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Cxema 3aMeltennsi pabouero KOHTypa y3Jjla MCKYCCTBEHHOH KOMMYTa-
MY TIPH Tepexole TOKa C KOMMYTHPYIOLIErOo BEHTUJAA Ha IJAaBHBIH, BCTY-
maioluil B paboty (BTOpasi KoMMyTanusa), JAaHa Ha puc. 4. Ona orauuaer-
cA OT mpeAblAyieldl TOJNLKO 3Haue-
HuAMH ($a3HbIX HANPs:KEHUH TpaHC-
tdopmaropa. [lostomy puddepenin-
aJbHOe YypaBHeHHe, OUHCHBawllee A
npouecc BTOPOH Kommyramuy, Oy- 2
JeT uMeTb TOT :xKe BHA (1), TONbKO
BMecto AE, B Hero Boijaer AE,.
YuuteiBasi HauaJibHblE YCJIOBHA
Ue=AE, i =2, ly
NOJIy4uM peieHue ypaBHeHuid (1) L
JJi1 BTOPOH KOMMYTallHHu:
Iq

Ue =y e sin Bt +3Ea, (11)

i =_2’_g_est (c;in pt+ P cos pt). (12) s lla

YcaoBuem OKOHUAHHMS mponecca
nepesapsiia KOMMYTHPYIOillero KOH-
JeHcaTopa siBJfeTCs:

(ie)i-2 =0 } (13 Puc. 4.
(Uedt=12 = Uco

IMoxcrasns (13) B (12), DONYYHM TNPOJOJIKHTENLHOCTH BTOPOfl KOM-

MYTaLHH:

Xo

2LRC aT )
=g g (Va1 1) (14
Tloanoe BpeMs mepexojga TOKa ¢ OAHOTO [JIaBHOro aHoja Ha )lpyroi’&
JOJI?)KHO NOJYHHATHCA 'YCJIOBHIO!

1 :
. . tKE < 2‘7}(—, (15)
rae fys = 11+tn + 7o)
x = 150 ey —yacToTa KOMMYTAaLUH.

" Tocae nogcranoBku (14) B (11) u passoxeHHs MOKa3aTesNbHOH M TPH-
roHomeTrpuueckoit QyHKUMi B psabl MaksopeHa noJyuuM:

Vo= 1)/ £ —R ) +0E, .8

[TpupaBuas (8) u (16), monyyum ypaBHeHHe BTOPOH CTEMNEHH OTHOCH-
TesqbHO eMkocTu C. PernleHue ero jaer MHHMMAaJbHYIO €MKOCTb KOMMYTHPY-
IOHIEr0 KOHJAEHCATOPA, JOCTATOYHYIO JJISI HAaJE€XHOH KOMMYTaLHH:

C = 4 10,443AE +0,31,L — V T,(0,148LAE + 0,0967,L7)], (17)

rae AE=AE,--AE,.

3Hass eMKOCTb W HanpsiXeHHe Ha KOHAEHCATope, MOXKHO NOACYUTATD
HeoOXO0MMYI0 YCTAHOBJIEHHYI0 MOLIHOCTb KOHJAEHCATOPOB B %3Jie HCKYCCT-
BEHHON KoMMyTanuu. KoHAeHcaTOpEl, IPHMEHsAEMbIE B 2HEProcucTeMax I
yJayulieHus Ko3¢@HuHeHTa MOLIHOCTH, MAPKHPYIOTCA OObIYHO MPH MPOMbIIL-
seHnoR uvactote 50 ey. IMo3toMy yCraHOBJEHHAst MOIUHOCTb KOHJEHCATO-

Im




POB, puBe/eHHas K yacroTe 50 ey B npeano/ieeHHH, YTO Gopma HanpsKe-
HH Ha KOHAeHcaTopax OJIM3Ka K CHHYCOMJAJbHOH, OGyleT ompenesTbest
BhIpaxkeHHeM u3 [2]:

U c
Q=—5—o. (18)

[Topcrasue (16) B (18) ,monmyunm:
Ny TV T(an— 1o R ‘
Q = [V‘;_V L+vece (AEz 7T R,)J o, (19)

Has oueHkn Ko3(duilHenta MOUIHOCTH NpeodpasoBaTelist C HUCKYCCT-
BEHHOH KOMMYTallHed, a TakKxkKe 1Jd ONpelecendss Kosdduuuenta sddek-
THBHOCTH HCIOJib30BaHUsl KOHJEHCATOPOB NPENNOAOKHM, UTO HHIYKTUB-
HOCTbL HArpy3kH OCCKOHEUHO BeJHKa, TO eCThb TOK HAaTPY3KH HIEasbHO €rid-
keH. B sTOM cuyyae BTOpHYHBIA TOK CHMJIOBOrO TpaHcdopmaropa Gyaer
uMerb opmysy Tpameunii (puc. 5). '

[locne npuGmuxeHnHoro pas-

e T e 2 JIOKEHHWs] KPHBOH mNepeMeHHOTO
___g_fu%% TOKa B paf Pypbe mnosyyum
. AeHCTBYIOIee 3HaYeHHE MEpPBOM
-— 7 dv‘l/f(, J .
TapMOHHYECKOH TOKa
7z . . .
=+ s V2Jd Uys — Uq
; Iy =——* cos i X
& H Uyl 1
4 Am Uy + 9
f X cos{ - — X1 (20)
T . 6 4
‘i J¢ M YrON CcHABHTAa NePBOH TrapMo-
HHYECKOH
2 _.___47_0‘ - J?
i 5. d Uy
P 574 Py =a— 5 (21)
;/?—a('f(/ql(f - d
rae Uxs = 0lgs,
Puc. 5. Uy = @y .
Peaktupuasi MomHocTb, reHepupyeman npeoGpasoBaTeseM:
Q:3U1(1)Sirl Py = )
21 Vyr— Uy - U+ e Uyx v
=3UV_ 4 cos K4 T cos T_le 1 -sm(a-—‘—%— . (22)

rfie U — neficTByiomee 3HaueHHe (asHOrO HampsukeHus TpaHedopMmartopa.

Otunomenue Boipakenuit (22) u (19) pact kosdodumuent >ddheKTus-
HOCTH UCHOJIb30BAHUA KOHIEHCATOPOBR.

OKcnepuMenTanbHas MNpPOBePKA PACCMOTPEHHOH CXeMbl HCKYCCTBEHHOM
KOMMYTaUHUH NPOBOJWJIACh Ha YCTAHOBKC ¢ TupaTpoHamu Ttuna TI'1-5/3.
B KauecThe KOMMYyTMPYIOIMX BeHTHJICH HCMOAL30BAJHCL THPHCTOPH THIA
HA-238I". TlposeaeHHEle OMBITHI OKA3aAH XOPOLIYIO paboTocrocobHOCTD
cxembl. Koahduunent 3(h(PeKTHBHOCTH HCHONBI0BAHHUS KOHJIEHCATOPOB [AO-
C€TUTraJ BeJHYHHEI 4,5--5,

[TonoGuble cxeMEI pekOMeHAyeTcs NPUMEHSITH B TeX caydadx, Koraa
3HAaYUTEJIbHOE CHHXKEHHE BBINPSIMJEHHOTO HaMpsKEeHHdA, Kak B cxeme KITH,
He JollycKaercs. '
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