U3BECTHUHA .
TOMCKOT'O OPHEHA TPYHOBOI'O KPACHOTI'C 3HAMEHH
[MOJAUTEXHUYECKOI'O MHCTHUTYTA uvenn C. M. KUPOBA

Tom 153 : 1965

K PACYETY HEKOTOPbBIX MYTATOPOB HA NOJIHOCTbIO
YNIPABJIIEMbBIX 3JIEMEHTAX

A. M. 3AMLIEB, B. H. MHUIUIMH

{TTpeACTaBICHO HAYUHBIM CEMHHAPOM 3JEKTPOMEXaHHUeCKOoro ¢akysrrera)

BeutunbHble nmpeoGpasoBaTesi NMepeMeHHOro TOKa B IOCTOSHHBIA  ITO-
JAyuudd . COJIbLIIOe PacIpoOCTPaHEHHE B PasuylblX 00JacTAX TeXHHKY, 0CO-
feHHO B iloc/eHee BpeMs, UTO CBA3aHO C PA3BHTHeM NOJYIPOBOAHHKOBOLO
npubopocrpoenus. OAHAKO NpH HEOOXOLHMOCTH PEryJHPOBAHHS  BbIIPAM-
JIGHHOr0 HaNmpsiKeHUsl B WHPOKUX Npefenax Ko3h(PUHHEHT MOIUHOCTH ycTa-
HOBKH OKa3blBaeTcs HHU3KHM. B Lejasx yJyuileHHss HePreTHUeCKUX Xapax-
TEPUCTHK MOAOGHBIX CHCTEM B MyTatopax ¢ MaJbiM UHUCIOM (a3 npu akTHB-
HO-HHAYKTHBHOM XapakTepe Harpy3ku MpeAtariercd INOCAeNHIOn YHTU-
poBaTh HeynpaBJsieMbIM BeHTHseM [l], uepe3 KoTophil paspsiKaercsi 3Hep-
IHst 3JIEKTPOMArHUTHOTO MOJsE HHAYKTHBHOCTH NOCJ]E MPOXOMKAEHUS COOTBET-
CTBYIOLLETrO (PA3HOTO HANDSAKEHHs CeTH NePeMEHHOro TOKa uepes HyJb B OT-
punaTenpHyio obaacte. Kpome Toro, 6bliid co3laHbl CHCTEMbI ¢ HECHMMETPHY-
IIbIM YIPaB/ACHHEM BEHTHJSIMH, a8 TaKKe MHOTOUUCJEHHBbIe CXeMbi C HCKYCCT-
BEHHOHl KOMMYyTaluell, B MOCAANNX Yros 3aKHraHusg OUePEJHOro BeHTHNIA
OKasblBaeTcs OIllepeKalolluM, YTo 103BoJseT UM pafoTaTbh € OT1aue’ B CeTh
peakTHBHON MOIIHOCTH. M3 cHCTEM € MCKYCCTBEHHOH KOMMYyTalHeH Haillau
NpHMEHeHnUe JIHIb MOLIHbLIE YCTAHOBKH € OTHOCHTEAbHO MasdbiM AMana3soHOM
peryJHpoBaHHUs BLIIPSIMJAEHHOrO Hanpsi:KeHus, pazpaboTaHHblXx B Kuesckow
NOJUTeXHHYECKOM HHCTHTYTe moj pykosoactsoM . M. Unxkenko.

[losiBAienne AOCTATOYHO MOIIHBIX TPAH3UCTOPHBIX KJwouell, THPHCTOPHBIX
npeoGpasoBaTeneil ¢ HCKYCCTBEHHOl KOMMyTaluel, a Takxe paszpaboTka
NOJHOCTbIO YNPaBJaseMbiX KPEMHHEBLIX BEHTHJ/ell JalT BO3MOKHOCTb CO3-
AaBaTh npeobGpaszoBaTesnbHble YCTPOHCTBA U HA OTHOCHTEJBHO HeGOJblIIHE
MOIIHOCTH, B KOTOPBIX YCTPAHAETCST YKA3aHHBI BhIlle OCHOBHOH HELOCTATOK
BEHTHJIBHBIX CXEM. :

B 0GbiYHbIX BEHTUJBHBIX CHCTEMAaXx C IIYHTHPYIOUISH HENbIo JUIHTeTh-
HOCTh HMMYJBCOB TOKa Yepe3 BEHTWIH B HeENPePLIBHOM peXuUMe ToKa Ha-
TPY3KH 1Jig JaHHOH cxeMbl npeofpasopartenss OAHO3HAYHO CHpeleasiercd
VIJIOM BKJANOUEHHA (3aKUraHus) BEHTHJEH, B NPEPLIBUCTOM — YIJIOM
RKJIIOYEHHS] U TTapaMeTpaMH Harpys3ku. B MyTaTopax, rie umeercss BO3MOK-
I10CTh T€M WJIM HHbIM crnocobom [1], [3] BBIKIOYATH NPOBOAAUIMI CHIAOBOM
BEHTH/b PaHblle, YeM CO3/aKyTCs YCJAOBUSA AJ5l €CTECTBEHHOH KOMMYTAIINH,
NPOLOJIKHTENbHOCTh paboThl BeHTHJeH OyileT 3BBHC2Tb HE TOJABKO OT CXe-
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Mbl BBIIPSIMAEHMS, HO W OT CHUIHAJOB cxeMal yupasieunust. ITlostomy 31ecn
MOXHO PaboTaTh C HEKOTOPLIM ONTHMAJbHBIM 1/ [{ailHOTO peXHma Ko3d-
(HUIHEHTOM MOLLHOCTH, BapbUpYysl COOTBETCTBVIOLLHM 006pa3oM B KayIOM
KOHKDETHOM CJIy4yae YIibl BKIWOYEHHS H MPOJOTKHTETHHOCTh BK/IIOUEHHY
CHJIOBBIX BeHTWJIell.

HcnoawssoBanue B BeHTH/IbHbBIX cHCTeMaX NOAHOCTEIO praB.HHéMbIX J1e-
MEUTOB I:03BOJIAET TaKKe B CJyude aKTUBHO-UHAYKTHBHOH Harpy3ku pabo-
TaTh ¢ OTPUUATEAbLHBIMH YIJIAMH BKJIOUEHU:, 3J€Ch HEKOTOPOe BPEMS Nacae
BKJIOYEHUS] OYEPEHOre CHAOBOTO BEHTH/A Oy/1eT HMETh MECTO HHBEPTOPHBILII
PeXUM C oTZavell B CeTh 3UEPryud, 3alaceliHofl B HHAVKTHBHOCTH HArPY3KH.
B nopobroix ycTaHoBKax HaZOOHOCTH B WYHTHPYIOUIEM BEHTHJE OTIANAET,
M HX peXxinM paboTbl COOTBETCTBYeT MaKCcHMa1bHoll  oTiaue peakTHBHOMN
JHePrHuH. :

Takum 06paszom, BO3MOKHOCTE TEM WJIH HHbIM Croco6oM TNpepbhiBaTDh
TOK B NPOBOASILIEM CHJIOBOM BEHTHJE (BBIKJIIOUATH Cro) I103BOJISAET Co3/a-
BATH MYTATOPbl 478 NPeoOPA30BaHKsI MEPLMEHHOro TOKa B IOCTOAHHBIN ¢
Gonee BBICOKMMH JHCPICTHUECKHMH XAPAKTEPHCTHKAMH.

Ocuopnoe oranyue NoJA0GHBIX CHCTEM ¢ NOAYTPOBOIHHKOBBIMI 1pHGO-
paMH 3awaoyaercss B TOM, 4TO MOUIHOCTb, WAYUIASE HA HX BHIKJIOUEHHUE,
MaJja Mo CpaBHEHWIO ¢ MOHHBLIMH BEHTH/SIMH, BpeMS BHIKJIIOUEHHS He3Hayu-
TEJBHO, UTO [03BOJITET 6€3 GoJbLION MOrpeIlHOCTH PAacCMAaTPHBATh HX Kak
CHCTEMBl ¢ MTHOBEHHO JeHCTBYIOUIMMH KJIOHAMIL

B nannofl pa6orte ucenenyioTes pemumbl Uefiell  ITOCTOAHHOTO M Iiepe-
MEHHOro ToKa M-(ha3Horo MyTaTopa ¢ LIYHTHPVIOIUEH LENbIO HA BEHTHIAX,
KOTOPBIE MOTYT BBIK/JIIOYATHCS TeM WM HHbM crnocoboM. [Ipu stoM  cawm
(MOCOO BBIKJIIOYEHHA HE PACCMATPHBACTCA U ‘10 YUHTHLIBACTCS SHEPTHS, Y-
liast Ha BBIKJIOYEHHE NPpUBOPOB.

Ilpu ananuse npumen crenvioume ponyulenns:

‘ I) nuTanne cucTeMBl OCYUIECTRIAETCS OT CETH BECKOHEUHOH MOMHOCTH,
TO €CTb €€ aKTHBHOE I MHAYKTHBHOE CONDOTHBIGHUS PaBHBl HYJIO;

. 2) BKJIOUYEHHE H BBIKJIOYEHHE BEHTHIeH NPOHCXOMUT MIHOBEHHO ¥ Ge3
3aTPaT NUNOJHUTEIbIOA SHEPIHHU; ‘

€ =UmSinwt

Puc. 1



3) mageHua HaNpsKeHUs HA BEHTHJIAX MYT4aTopa fIBJASIOTCH MOCTOAHHBI-
MH W PaBHBLIMM JpVI APYILY;

4) Harpysxa COCTOHT M3 HEM3MEHHbIX MO BeJUYUHE HHAYKTUBHOCTH,
OMHYECKOro CONPOTUBJICHHS H 3. A. C. NIOCTOANNQOIO TOKA.

[pu crenanHplx JOTYLIEHHAX IKBUBAJCNTHAS CXeMa 3aMelleiist B
cAHO(a3uoM HenoaHenud OyAeT HMeTh BHI, uzobpameHnnit Ha puc. 1. Ha
3TOH  CxeMe YNpaBJsieMblil BEHTH/Ib NPeICTaBIACTCS ABTOMATHUECKUM Bbi-
kmouateneMm K, KOTOpPHI B COOTBeTCTBYIOUIME MOMEHTbl BPpeMEHH TNepuoin-
4eCKM MI'HOBEHHO NPOU3BOIMT HeOOXOAMMYIO KOMMYTANUIO B IJIaBHOU i
WwynTHpYyleued nensix. [Ips 3TUX BEIK/IOYEHUsIX, COTIACHO NPHHATEIM J0My-
LLEeHUSM, TOK HATPY3KH MTHOBEHHO E€PEXOAMT ¢ HEH3MEHHON BEJHUUHHOH 3
CHJIOBYIO WM LWIYHTHPYIOLLYIO UEMH, OCTABasich HEW3MEHHBIM O BeIHYHHE H
nanpapJeHuio B Harpyske. [Tajnenns manpsimeduss Ha BEHTHIAX YUHTbIBA-
IOTCA HCTOMHMKOM 3. 1. ¢. E, 0e3 BHYTpPeHHero CONPOTHBAEHHS, BKJIOYEH-
HbIM TIPOTHB TOKA.

B coOTBeTCTBHHM CO CXEeMOH 3aMellleliyst BpeMsl, B TedeHHe KOTOPOTV
)ou K samblkaeT IaaBHVIO Ienb, OveM Ha3blBaTb BPeMeHEM BKJIIOUENUs,
& BpEMS, B TeYeHHe KOTOPOTO KJIOU 3aMblKaeT WYHTHPYIOWLYIO UeMb, —-
BpeMeHeM Tayabl.

Jlnst ynpolieHis BBHBOMAOB M YA00CTS B HCHOB30BAHHE  TOJYYEHITHIX
pe3y/abTaTOB OPHMEM TIPH HKCCAAOBAHHH METOI OTHOCHTEIbHBIX — eIHHHIL
pa3BHTHII TPUMEHHTEIbHO K BeHTH/IbiibIM cuctemam A. A. Byarakosbim [2].
B KauecTse GA30BbIX BEJHUKH MPUMEM aMIJIMTYAY CHHYCOWIAALHOrG Hampsl-
wenns cetn U, ¥ TOK KOPOTKOTO 3aMblKaHus, oUpelesaeMblii aMINUTY 101
HATIPSZKEHUSA CETH ¥ AKTUBIBIM COMPOTHB/ICHHEM el NOCTOAHHOTO TOKA.

O603HauUM 4Yepe3 OTHOCUTENILHOe HanpsaKeHue

 E+E; 0
g= 0. (
W OTHOCHTENbHELIH TOK
Im Um s )
rie E — 3. /. C. genM MOCTOSIIIHOrO TOKa; .
E, -— najeHue HamupsKeHls HA COOTBETCTBYIONIEM BEHTHJIE;
U, -— aMIJHTy/a CHHVCOWTaNbHOI0 HAMPSXKEHHs CeTH;
~{ — MTHOBeHHOE 3Ha4YeHHE TOKAa,
[, — 6asoBoe 3HaueHHE TOKA;
R — akTUBHOe COUPOTHBJICHHE Len¥ Harpys3kKu.

DMeKTPOMATHHTHYIO HHEPIMIO LENH NOCTOAHHOTO ToKa OyleM  yUMTH-
BaTh TapaMeTpoM HarpyskH. -

wl,
tg0 = =wl, . (3)
R
L]
raie m == 2 af -— yrjaosas uyacroTra CeTH NEPEMEHHOIO TOKA,
L — HHAYKTHBHOCTb HArpy3KH;
T — 5neKTPOMATHHTHAA IOCTONHHAN BPEMEHH HArPY3KH.

Tax e KaK W B OObIYHBIX BEHTUJBHBIX CHCTEMAX, TOK Harpy3KM pac-
cMaTpuBaeMblX TpeobGpasoBaTesiefl MoxKeT ObITb KakK HENpPEpHIBHBIM, TaK H
LMCKPeTHEIM (IpepbiBHCThIM). B neppoM cayuae MUHMMAa/ibHO BO3MOXKHBIH
YroJ BKJICUEHMS, OTCYUMTHIBAEMbIl OT Hauada MOJONKHTENBHBIX HOJAYEOMIH
CHHYCOHA HampsKeHUsl CeTH, ONpeleqseTcs BEeJHUMHON HANPSXKEHHs] JeTH

Uysind, >0 (4)

HJIA
0. (4a)



AHaauTnuecKu NpoLECCH B cxeMe Ha puc. | onmuceBalores cienyiouiei

cucreMoil AudepeHnuanbHbIX YpaBHEHUH IpH BKAKEHHH U nav3e COOTBEeT-
CTBEHHO.

di

Unsin (3, + of) = E ~E, + iR+ L, _
di , (3)
dt

OZE‘I“EB_T‘iR_j_L

rae { — BpeMs, OTCUHUTBIBAEMOC 0T MOMCHTA 3aMbIKaHK4A TOH HJAH WHOH
Jienu. ’

Passenus o6a ypasHenns cucreMbl (5) na Up W 3aMendB BpeMs yr-
JOBOHl KOOPAHMHATONH ¢ = of, NOTYYyUM B OTHOCUTEAbLHBEIX €IUHHIAX.

di (6)

t
Penicnue auddepenunaibubx ypapuenu#l (6) gact caeayiollide Bhipa-

KelHs 47 TOKa HarpyskKkd B MOMCHTBI BKJ/IIOUCHUA U TNay3bl B OTHOCHTEb-
LbIX €ARHHIax

5

jo=[c03@sin (¥, — O -~ ¥) —¢] + [¢ — cosOsin(¥,— O) -
: — dctg®
+ Joul © ° Y (7)

jﬂ:(e+j0ﬂ)e -BCtge — ¢ !

rac jon il jon — HaudaJbHBIE 3HAYEHUA TOKOB B MOMEHTHI BKJ/JIOUCHHA H
Lay3bl COOTBETECTBEHHO.

HauanpHble 3HaueHHA TOKOB B HENPEPHIBHOM PEXHMe HalAyTes Kak

- . C
e = Ju [Ipu b=
on (8)
= nps ¥ = — A ;
j(" JII p rn
raie A — NPOAOMIKHTEABHOCTb BKIKUEHHS CHJAOBBIX BEHTHJeEH:

m —- 4ucJo (a3 Myrartopa. )
[MoncraBus ycioBua (8) B cucTeMy ypasueHHR (7), moJyduMm
jou = [€03Osin (4, — O + 1) —¢] + [e — c03Osin (¥, — O)+

' — hc'g®

. )
—-(%———L) ctg®

w»

+ Janl €

jou == (s + jon) e

OTKYZa ‘ladaJbHble 3ladeHus COOTBeTCTByEOLU,I/IX TOKCB ONpEeaeaqaTCsl Kai

co B Je hetg® sin (8, —O + 1) —<n (Y. —0)]
W= N —&, 10
’ =T ct29 (10)
e m — 1
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Puc. 2

N
N

dopMa HMNYJALCOB TOKA B PA3/JIMUHBIX 3BeHbfX PAacCMaTPUBAEMOrO MYy-
TaTOpa NpH HENpPepHBHOM TOKE HArpy3KH [OKa3aHa Ha pHC. 2.
B vcraHoBuBIEMcs pexuMe pafoThl npeobpas3oBaTensi MAKCHMAJbHBIA

2w -

VIOJT MPOAOMXKHTEJBHOCTH BKJ/IIOUCHHHA BeHTU el paseil » B 3TOM CAy-

‘iae pexuM Iaysbl OTCYTCTBYET, H TOK le'ialI/IHﬂTle JONVILCHHAX MTHO-
BEHHO [epexXoAUT ¢ OLHOro CHJIOBOTO BEHTHJ/IST Ha ,[I[)YFOf"l. B crsa3u ¢ aTuv
¢aeayerT OTMETHTh, uTO Hadudue  IHYHTUDYIOULETO BEHTHUIAA 1-1eo6x0ij0
JHIIb IIPH OTHOCHTEJALHO OoJabUIOM aHana3oHe peryanpoBanug CcpeaHe-
EBIIPAMJACHHOLO HanmpsizKeHH4. Ecau e NpH BBIKAKWYECHUH OOHOIO CHJIOBOIYD
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BEHTHJIS1 OJHOBPEMEHHO BKJAIOYAeTcs APYroi, Haxo6HOCTh B LIYHTHPYIOLLEH
LUenH OTHaLaeT.,

Bripaxenus (7) cnpaBeAduBBl H Ajas1 OObIUHBIX IIpeobpas3oBaTesbHbIX
CUCTeM ¢ UIYHTHpVIOUiell Lenbio, paboTalollluX C OTCTAIOIHM YIVIOM BKJIO-
yeiiusi. B 3Tom cayuae NpoOACAMUTENBHOCTH BXJAKUEHHS BEHTHAS TOH WU
HHON (Qaabl GyAeT onpeieiATbcd B PEeXHMEe HENpPEpbIBHbIX TOKOB YIViaMH
BKJAIOUEH1is

. m—2
he=m— 8 noH S .

A= —— npH ¥, <=

[Toayuenrble BeIpasKeHusl CIPaBeAJvBBl, KAK OblJI0 YKA3aHO BhHIIUE,
JHIIb B 00JaCTi CYLLECTBOBAHNS HENPePBIBHOTO peKUMa TOKa HarpvsKH.
YeaoBusiMi CYLICCTBOBAHUA TAUHOTO pexuMma OyayT

jon > 0, ecan 9, > arc sin e, (12)
H fn >0 mpu ¥ = arcsine — ¥, ecau ¥, <arcsins. (13

TakiiMm ofpa3om, TpaHUYHble 3HAYEHHS YIVIOB MPONOIKHUTENBHOCTH
BKJIIOUEH ST, TP KOTOPHEX elle CYLIECTBYET PeXHM HelpPepLBHOIO TOKa B

iarpyske, ¢ yuerom ycaouit (12) — (13) mafayresa uz (7) u (10) xax
cosOJe hpCtg® sin (¥, — © - k) —sin(, — O )]
0= — E,
PAT (14)
-——ctg® .
ecJu. J, > arcsine,
u 0 = cos©sin (arc sine — @) — & +

. N
e cos@sin (y — ©) = [l ¢ (ACSINE =) CALO L 5
ecau ¥, < arcsine.,

Bue yeaosuit (14)—(15) Tok marpysku HOCHT ,ZlHCerTHblff'I Xapaxren.
[ipu aTon B paccMaTpHBAeMbIX CUCTEMAX ¢ ILIYHTHPYyIOLWIEH LENbi0 MOryT
HMETb MECTO B CBOIO O4Y€Peib TPIH PA3HOBHAHOCTH PeXHMa NPEPHIBUCTHIX
TOKOB (pHuc. 3).

1) Tox narpysku cnajaer fo HyJst BO BPeMs Nay3bl (puc. 3 a);

2) Tox parpy3kd yMeHbIIaeTcsi 1o HyJs npa padoTe oqepe,aHoro CHJIO-
BOro BeHTHJs B o6jactd yrros -(puc. 3 6)

v < arc sine (16)

3) Tox B cH/IOBOM BEHTWJE CIajaeT [0 HyJs paublie, 4yeM INpuUAeT
KOMaH/a Ha ero HCKYCCTBEHHOE WJIHM eCTECTBEHHOE BbikIoueHue (puc. 3, B).

[Tocaennuit BapuaHT peUMa NPepbIBUCTBIX TOKOB, HMEIOUIHH MecTo “
B BeHTHJALHLIX cHcTeMax ¢ OObUHBIM (3ar1asjibiBalOUlUM) yIJOM YOpasJe-
ius, noapebuo Hceamenoean B pabore A. A. byarakosa [2] u 3jaech He pac-
cMaTpHBaercs. :

Pazfepem o6gacTi  CYLIECTBOBAHHMS JBYX IIEPBBIX C/IyyaeB pexuMa
NpepbIBUCTLIX TOKOB OoJee IeTasblHo.

I. Tox HArpy3ku yMmeHblIaeTCs A0 HYJASt BO BPEMA Nay3bl

SQECE; MUHHMAaJbHO BO3MOXKHBIC YIrJbl BK/JWYEHHS CHIOBBIX BeHTHJ el
OIpeessiloTCs BeJIHYHMHAMU 3. [, C. NOCTOSAHHOTY TOKa B LENH HATPy3KH H
daeHueM HanpAXKEHUS Ha CHJAOBbIX BEHTHJIAX

%, > arc sine (17)
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Puc. 3a

Tok Farpyskd B LAaHHOM peXHME ONMHCHBAETCS BhIpaxKeHusMu (7), rie
HayaJbHBI TOK BKJIOUEHHs] paBeH HYJI0, 4 HayalbHO€ 3HAaueHHe TOKA
naysmel waiaercs u3 ychosus (8), oTKyda mociie HOACTAHOBKHM COOTBETCT-
BYIOIUMX BENUUUH MOJYUHM

jon: [COSG‘Sin(&B —0 EE )\) — EZ] -+ [8 — c0s9- Sil‘l(l(}a—e)] ’ (]8)
10 €CTh OKOHYaTeJbHOE BBHIpaxKeHWe AJS TOKA Harpy3KH B pexUMe naysnl
AyAeT HMETb BH]

—Act . ©
e =

ja = {’COS@'SiH (%, — O+1) -~ [e — cosB -sin(P, —
. _ (19)
—0)e —kctg@} . —dctg®

[~
I'paiuyHEIMH yCJIOBHSIMH CYILECTBOBAHHS J14HHOTO PeXiMa INpephiBH-
CTBIX TOKOB OYyIyT
o
m

— A

jnn= 0 npu ¥ = rpl s (20)



eCau 8, > arcsine , H
2w '

jn=0" npu ¥ = -oarc sine - dy,y (21)
m
eCan ¥, < arcsine
FAC Ay — MPOJACJIKHTENLHOCTD BKAIOUEHHST CHAOBLIX BEHTHJIEH, TIPH KOTO-
rpl

poil MMeeT MecTO TIPAHUUHbLIN cayyall cylecTBOBaHUA pacemart-
pUBaeMOro peKMMa NPepbiBUCTLIX TOKOB;
', — yraoBag KOOp/JHHATA, COOTBETCTRYIOIAS [o/lade HA ouepel-
HOA CHJIOBOH BeHTUJb BKJAIOUAIOULELO CHUTHANA.
I3 yveaoBua (21) caemyer, 4To B AAHHOM PeXKUME NPEPHIBUCTHIX TOKOB
C NPUXOAOM YODPABJAAIOUIETO CHIHAAd CUI0BOGIT BCHTUJIb HE BCTYNHUT B pa-
60Ty, Tak KAk BeJHYHla NMEePEMEH:Oro HANpPsKEHHUS MCHbIe CYMMbl maje-
HUS HANpsiKeHusi Ha BEHTHJE H 2. ;1. C. B LeMIf MOCTOSHHOTO TOKA, a UHAYK-

E=UmSinwt
N , Z

Puc. 38
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Puc. 38

THBHOCTBb HATPV3KH YiKe YyCIlleJa Da3pAaluThCA. lel COXpaHeHHﬂ ynpasnaso-
IIEro curnaJga Ha BKJAKYEHHE BEHTHJ/Ab HAYHET MPOBOAHWTH TOK, HayuHas
C MOMEHTA BpPEMEHH, COOTBETCTBYIOULIETO

O=70_ ,=arcsine

[Moacrasus ycnosus (20)—(21) B8  Buipaxenwe (1Y), moayuum
VPaBHEHUS [JISl HAXOXKIEHHS TPAHWUHBIX YIJIOB TIPOJOJIKUTEABLHOCTH BKJIO-

" €HHA CHJOBBLIX BEHTHJEH

0= {cos@-sin (%,; A

(2“- A ) ctg®
. ¥ — | 4 = rpl
+ [e—cosB sin(}, — B)] e by C1g 0 } e m : —e  (22)

napH ¥, =", >arcsine u

0= {cos@-sin (% — B + k) + [e— cosO-sin(d, — 8) [ X
PA

Xe | Aepr Ctge} e* (—m— ™ e — aresine -3, ) cig® (23)

— €
pu ¥, <arcsine .
Ina anannza pa6GoThl MyTatopa TpedyeTcsi 3HAHHE HE TOJNHKO T'PAHHIL

COOTBETCTEYIOIIHUX DE€XKHMOB, HO H NJHUTEJNbHOCTh UMNYJABCOB TOKa uepe3s
OTA&JbHBIE 3JIEMEHTBI CHCTEMBI IIpPHKH pEGOTe ee BHe FpAaHHYHLIX YCJIOBHﬁ.

It



Yrost NpoaoJKUTeABHOCTH BKJIOYEHHSA IIYHTHPYIOUIETO BEHTU/IS B pe-
XHMe MPEPBIBUCTRIX TOKOB, Korfga A<(A.,, , nafijaerca s JAaHHOH Mmpo-
JO/KUTEIbHOCTH BKJIOUEHHST CHAOBLIX BEHTHIEH A N3 yCioBHUSA

j w =0 IpH ﬂ:?.m (24)
OTKy/[a nocjae nojicTaHoBku 8 (19) noayaum

0 = {cosBsin (9, — 6 +-2)
— )\ctg@} o hctg O o (25)

<

i e - cosO sin (Y, — @)] ¢

HJIH

; 1 G @
hy == 12O In— { cos®sin (B, -- O 4 1)

+ [ — cos@sin(¥, — O)] e hetg @ } (25a)

B rex cayuasx, Korga A>h.,,, MLl TepexoAdM K CJAy4aio 2 pexuma
PEPHIBHCTHIX TOKOB, ecad ¥, <Carc sin &; WM K peXUMY HEMPEPhIBHBIX TO-
KoB, ecau &, > arc sine. '

2. Tok Harpy3kd yMeHbWAE€TCs N0 HyJd NMpu padore CHIAOBLIX
BEHTHJIeH B 06JaCTH yr/aoB < arc sin e.

Aror pexum (puc. 3'6) HMeeT MeCTO, €CJH CHTCHAJ Ha BKJIOYSHHE
oYyepe/THOro CHJIOBOIO BEHTUJSI IPUXOAUT, KOIAa YIVIoBash KOOPAKWHATA Hanps-
Aenusi cooTBeTcTBYeT HepaBeHcTBY (16). [Ipu 3ToM BeHTUAb BKJIOUAETC!I
¥ NPOBOAMT TOK 3a CUeT 3. [. C. CAMOHHAYKUHH HHAYKTUBHOCTH HATPY3KH.
Ecau BesinunHa 3Hepruu, 3anaceHHoll B HHAYKTHBHOCTH, MaJa, TO TOK, NpoTe-
Xawiluii yepes BEHTHUJb, MOXKET YIACTh J0 HYJS paHbliie, YeM BBIMTOJHHTCS
VCJ0BHE €ro YCTOHuMBOil paGoTsl — O > arc sin e.llocse rakoro ectecrBeu-
HOTO BBIKJIOYEHUSA BEHTHJIS B CJAyuae COXPaHeHHs Ha ero yrnpasJisioliux 3Je-
MEHTax BRJIOYAIOLLEro CHrHasja, Npu6op BKJIIOUWTCS B padoOTy BHOBb, KOT/a
yIJioBas KOOpjAMHHATaA craueT pasuoit O=10,, =arc sine. [Ipy moBTOpHOM
BKJIOYEHHY BEHTHJIsI €r0 TOK HauHeT BO3PacTaTb C HYJEBOTO 3HAUYeHUS.

Ecnw e curHas Ha BKJIOYEHHE BeHTHJeH NPUXOAHUT B MOMEHTBHI Bpe-
MeHH 9>-arc sine, paccMaTpuBaeMbll peX UM TNPEPLIBUCTBIX TOKOB HE MO-
KeT UMeTh MecTo.

Takum 06paazoM, TOK CHJCBOTO BEHTUA4 B JaHHOM pPeXHMe 3a Bpemsd
BKJIOUEHHST COCTOUT U3 JABYX HMHYJbCOB, MEPBHI H3 KOTOPBIX, HAYHHAACH
¢ HEKOTOPOro 3HayeHH:A, MOCTENEeHHO YMEHbIIAETCA A0 HYJS, H BTOPOH BO3-
pacraeT ¢ HYJeBOro 3HAYEHHs JO HEKOTOPOH BeINMduHbl, NPH KOTOPOH BeH-
THJIb HCKVCCTBEHHO BBIKJIOUAETCSI.

Jauiibll pexxuM [pPepuIBUCTEIX TOKOB  CYLlecTByeT TpPH 3HAYEHUAX
VIJIOB MPOJOJKHTENbHOCTH BKAIOUECHHST CHAOBLIX BeHTHJeH, YIOBJIeTBOPSK:-
DIMX CJeyIolleMy HepaBencTBY ‘

A rp >}">}“ Fp1 ( 26)

N3 HepaseHncrBa (26) caexyer. uTo ¢ OJHOH CTOPOHBI paccMaTpuBae-
MBIH pPEXHUM NPEepBhIBUCTHIX TOKOB OTpaHHuyuBacT o00aacTb HeNpepbiBHHIX
TOKOB HAarpy3ku, a ¢ JIpyrofl CTOpoHbl ~- 06714CThb TOKOB, CNAAAKOUIUX JO
Hyas npu naysze. Kpome Toro, cienyeT NpoBEPsITb NMOTEHLHAJNbHYIO BO3MO-
JKHOCTB CVIIIECTBOBaHUs paszbupaemdro pexuma no yciaosuwo (16).

MaTeMaTHUYECKH TOK HATPY3KH B JIAHIOM DEXHME C VYETOM CHCTEMbI
ypaBHeHun#i (7) OyneT ONUCHLIBATHCH CJAELVIOLIMMH BBIPaXKeHHSIMH

jMI = [COS Bsin (‘(}BI '4 " i ) o E] ‘+ '
_ dete @
4 [e —cos B sin (V,; — O) + jou] € ctg® R (27)
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jur = [cos © sin (D — O+ B) —e] +
: —dctg® (28
+ [e—cos B sin (¥, — B)]e = (28)
) — dctg O (29)
- (e + ]ou) ¢ —E€,
rae 9, H O, — YIJOBHE KOODAWHATH, COOTBETCTBYIOUIHE MOMEHTY Iep-
EOTO M BTOPOTO BKJIOUEHHIl CHJIOBLIX BeHTHJeIl.

HauanbHble 3HaueHusi TOKOB Nay3bl M MEPROrO HMIYJbCa TOKA 4Yepes
CHJOBON BEHTHWJb HAHAYTCH U3 YCJIOBUH

jon = jn'.’ npu b= Ao s (30)
2r ) ‘
jonl = |n npu b= )‘n = m - )‘112 _(‘}u‘z _ {}Bl)) (31)
rjae s w2 — HPOAOTIKUTEJNBHOCTH BTOPOrO BKJ/AWUEHHUA CHJAOBOTO BEHTH/IA.

[ToactaBuB ycaosua (30)—(31) B Beipamennss (27)—(29), noayunm
ClelYIoLIMe YpaBHEeHHsl /s OonpefeneHuss HauadbdblX 3HAYEHHH TOKOL Ha-
_TPY3KH B PasJUUYHble MOMEHTH BpeMeHH

Jon = [cOS @ sin (B, — O + b)) —e]

. : — A oC e
~+ [e — cos @sin(V,, — )] e g€ . - (32)

Jom :joi{ cos @ sin (¥, — @ + &) + |e —cos @ sin (Y, — O)] K

'Ox
) e — B, D .
_}\”thg 6 }e ( m 2 B2 7 _Bl) clge e (33)

X e

B pacuerax paccMaTpuBaeMOro peXHMa MPEpPHIBHCTOrO TOKAa B Kaue-
CTBE HE3aBHMCHMOIl mepeMeHHOH yaoOHee BCEro HCMo/Ab30BaTh BPEMSH BTOPO-
10 BKJIUCHHS CHJOBBIX BeHTHJeH. [Ipu 3TOM HeH3BeCTHON YyTJOBOH KoOp-
JIMHATOH EHE TPaHHUYHBIX PEKHMOB OKa3blBACTCH NPOLONTKHTEIBHOCTL Mep-
BOI'0 BKJI‘OMEHHS CHUJIOBOTO BEHTH/f, KOTOPYIO MOZKHO HaHUTH H3 YCJIOBHSH

At - (34)

fTocste mojcranoBKkH yeaoBus (34) B ypaBHenue (27) HOJAYYHM BHIpaXKGHHE,
H3 KOTOPOTO MOXKHO HallTH HeH3BECTHYIO YIJIOBYIO BEJHUHHY.
= [COS © sin (B'Bi = O+ hy) — 5] -+

)mCtg e (35)

jur =0 npu  ¥=

-~

4 [e — cos O sin (B, — ©) +jou ] €
Bripaxenne (35) sIBAS€TCS TPAHCHEHIEHTHHIM MW DAa3pelIMMO ML
YHCJAEHHBIMH H rpauyecKUMH METOdaMH. '
Onpefenus rpanHibl CylIECTBOBAHHS TOKOBBIX PEXKHMOB HATPY3KH U
IPOJONIKUTENBHOCTD paGOTbI OTHAEJLHLIX BEHTHJIEH B KaxKAOM H3 HHX, Ie-

pEI/IIleM K ollpeeNeHnIo ,ZLBHCTBYIOIJJ,GI‘O H cpenﬂero 3HaYeEHHA TOKOB B 3Je-,
MEHTAX CXEMHBhI.

CpeaHve u JeHCTBYIOIIHE 3HAUEHWS] TOKA HATPY3KH B OTHOCHTENDLHLIX
eQUHHIAX 1] J1060ro H3 PacCMOTPEHHBIX PEXKHUMOB HaNAyTCA KAk

) .
jop = ;.[Sju(ﬂ)dﬂJrSjn(a)dﬂ} , (36)
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" X
Ja = i “12 '¥)d8+5 2 (9) d‘}} . (37)

2% o

Hyxho umeTb B BHUAY, YTO B 3dBHCHMOCTH OT XapakTepa TOKa Harpys-
KH B BbipaxeHus (36) —(37) cjeayer noacTaBJjsiTh COOTBETCTBYIOLLHE MOX-
uHTerpaavibie QyHKIUM H NpeNenb HHTErPHPOBAHHA.

WuTterpanbl B KBaJipaTHHIX CKoGKax 3aBHcHmocredt (36) —(37) npen-
CTaBASIOT cOB0l CpeAHHe M KBaJpaTHUHbIE MJIOLLALH HMIYJAbCOB TOK4 4epes
COOTBETCTBYIOIIHE BEHTHUJIH CHCTEMbI, OTKYAa MOryT ObiTb HaHJeHbl HCHO-
CPENCTBEHHO U TOKH. ‘ ,

[Mpu MccaenoBaHUH  BHIIPSAMUTENBHBIX CXEM OKAa3blBaeTCs HeoOXOonH-
MBIM 3HaTb CHEKTPaJbHBEI COCTAB HMIYJbCOB TOKAa, NPOXOASILIETro uepes
CHJIOBBIE BEHTHJAH MYyTaropa. Bbipaxkenue jJs Toxa CHJIOBBIX BenTuJaelt (7)
MOMKHO NpeNCTaBHTb B BUje cnenylomero psana dJypbe [2].

20

n jucp T 2]}([4 sin (kﬁ + q)x) = j}icp a 5 Ay Siﬂ kd % b cos ki, (38)
E=—=1 . l»—-—l l\v;'l

rjie chp — CpeILHee 3HaueHHe TOKa CHJOBDLIX BeHTH.J‘leI'?I CUCTEMHBI 3a He-
p[’IOﬂ nuTtamwuiero HaHpH}KeHHH; -
— T P
j}m - Vax + sz (39)
— amnantyaa K-olff rapMOHUKM HMMYJbCA TOKA; -
gy = arctg- (40)
Ay

— ¢a3a K-off rapMOHHKH,
®asza K-ofi rapMOHUKH OTHOCHTEJIBHO HANPSXKEHHSI CETH  HePEeMEeHHOr)
TOKa HauIerca Kak

$x = —arc tg ; bK +8B (41)
A
Kos(punuente psaa <Dypbe a, H by HalLyTcs ¢ MOMCUIBIO HHTe-
rpaJjioB ~
1 }\
g e [y 9 di .
ay gm 1) sin k9 dv | (42)
L 1 }\ »
by = —{ 1§, (9) cos ki db (43)

o

Ecai TOK CHJOBOTO BEHTWJSI 34 HEpHOA COCTOUT H3 IBYX HMITYJIbCOB
(2-7 cayuah pekuma NMPepLIBHCTBIX TOKOB), TO K03 duuueHTs psana dypse
ONpenensiTca ¢ NOMOILbLIO CAeAYIOUIUX HHTErpasos:

— l‘\Hf)

2= - {" Y (M sinkddd +§ o () sink (91 9,, — 8,,)d8 | | (44)
L. O .
. ) 12
by = f Jus 0)603k3d0~--§ Jaa(¥) cosk (D + By, *')m)d(} , (45)

o Q o

[y

b2

rae My, M A,,-— NPOAOINKUTEILHOCT NMEPBCTO U BTOPOTO BKJIOUEHHH CH-
JOBbLIX BeHTHJeHdl B DeXHMEe NPEPLIBUCTHIX TOKOB;
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%y, H ¥y, — YIVIOBBIE KOOPAMHATHI BKIIOUEHHH CHJOBBIX BEHTHJEH,

Yy — U, — $daza BTOPOro HMMOYJbca TOKA BEHTH/ISE OTHOCUTEJIbHO NEpBO-
ro UMHyJabCa.

-C nomoluplo Boipaxenuil (36)—(45) nocae uHTErpHpoBaHud M npeob-
pasoBafiifl MOXHO TOJYUHTb s J1060TO H3  PAaCCMOTPEHHBIX PEXHMOB
paBoTbl MyTaTopa BEJHYHHEl COOTBETCTBYIOILIX TOKOB B OTHOCHTEJbHHIX
¢JIMHHLAX, KOTOpble TIPOTEKAIOT B PA3JIHYHBLIX 3JeMEeHTaX CHUCTeMBl, a TaKxkKe
HX rapMoHHUeckuit cocTaB. PacueTnble GopmyJanl OyAyT npeactaBasTb coboi
(DYyHKUMHM HCKOMDLIX BEJHUHH OT YIJ0B BKJOUEHHS W NPOAOJKUTETbHOCTH
BKJIOUEHUs, B KOTOPbLIX XapaKTepHCTHKH Harpysxu (ig© i &) MOXKHO CuM-
TaTh napamerpamu. MTorom Taxux phiunciaeHuil OyleT BbIOOP 3JeMEHTOB
1peobpazoBaTenss 1 PacyeT €ro XapakTepPUCTHK. 3/]eCb CAelyeT 3aMeTHUTb,
YTO BO3MOMKHOCTh MOJHOT0 yIpPaBJelids BEHTHISMH MyTaTtopa (He3aBHCHMO
oT crnocoba ynpaesetnsl) AaeT HeKoTOpyto obJacTh YrJAOB BKIIOUEHHS H
NPOACJKHUTENbHOCTH BKJWOUeHNs, ofecneuuBaniuxX A8 JaHHBIX napamer-
POB HArPYy3KH MOCTOSICTBO CPeJHEro Toka. 1o ecTb MOXHO, NMPHACPIKH-
BasiCh ONDEEJEHHOTO 3aK0Ha YIPAaBJISHUS BEHTWISAMHU, NMOJYUYHTh HanboJgee
KeJaeMbie B KaXAOM KOHKPETHOM CJayuae 3llepreTHUecKHe IoKa3aTeln
YCTAHOBKH. .

I/ICXU,EH M3 BbILICH3J0MEHHOI0, MOXKHO NpelJIOXKUTh CJIQ,U,YIOLL[HE[ [no-
PSIIOK pacuera CTATHYCCKHX PEXHMOB pacCMaTpHBAaeMblX MYTAaTOPOB  HA
MOJHOCTBIO YIPARJSieMBIX 3JeMenTax.

1. OnpenessieTcs: mapaMerp Harpyski {g© u 3ajaercs onpelesneHHH
2aKOH H3MEHeHHs YIJOB BKJIKUeHHs, obecneunBawliuil Tpebyembe sliepre-
THUECKHE NoKasaTeqH CHCTEMBL

2. 3agaeTcst BeIHUMHA 3.7 . C. B LeNy NOCTOAHMHOIO TOKa MyTartopa, 1o
eCTb BeJHYHHA e.

3. dna maHublx tg® u e, yuuTBIBAas 3aKOoH YIPaBJEHHS YriaMu BKJIO-
UEHUS, HaXOASITCA ¢ NTOMOULbIO Bhipaxkenuit (14) — (15), (22) — (23), rpa-
HHUIbl PA3JHUHBIX TOKOBBLIX pPeKHMOB npeofpasoBaTteds.

4. [lnia psna yiJioB NPOAOMKUTETbHOCTH BKJIOUEHHsI CUJIOBbLIX BEHTHU-
Jeil, HaynHas C HYJeBOro 3HauyeHUs, HAXOIATCH HYXKHDLIE TOKH U UX CHeKT-
panbhBlil coctaB. I[lpu aToM a9 KaxK10#l NPOLOMKHUTENbHOCTH BKJIOUEHHUSI
¢lelyeT 1poBepaTh pexum paboThl MyTaTopa ¢ TeM, yToObl B LanbHe#lueMm
OlIEPHPOBATh COOTBETCTBVIOLUMMM BhIpaxKeHUsiMU. B pesyabTate Takoro
pacyeTa nROJYYATCsl CTaTHYECKHE XapaKTeDUCTUKH J[aHHOro npeobpasoBa-
TeJsl C Harpyskofl, uMeioliefi ounpefenenuslil {g® u 3. A. ¢. TOCTOAHHOrO
TOKA.

0. M3ameHnsercs Besnuyuua 9. J. C. NOCTOSHHOIO Toka (&), U pacuer mo-
BTOpseTcsi, Haunuas c [1. 3.

PacxoxkneHus pacueTHbIX pe3yJbpTaToB MO NpeaaaraeMoil MeTOIHKE
C NPakKTHKON MOTYT BO3HUKHYTb, B OCHOBHOM, BCAeACTBHe npeHeOpeKeHns
4KTHBHBIM H PEAKTHBHLIM COMNPOTHBJIEHHAMH CeTH INEpPeMeHHOro ToKa,
a TakXe BREJHYHHOH 3HEPTHH, OTAaBaeMOH B HAIPY3KYy CXeMOH HCKYCCTBeH-
HOH KOMMYTAallUH, €cjy MOCJeAHsls NMpUMeHseTcsl /U BbLIKJIKUEHHS BeH-
THJIEH. = :

Tarum ofpazom wuajdcKeuHbld MeToa Oyl1eT AaBaTh Majaylo OUIHOKY
B cJyyae IMT@HUA MyTaTopa OT AOCTATOYHO MOHIHOH CeTH MNepeMeHHOro
ToKa. A npenebpexkeHue 3HeprHefl y3jga HCKYCCTBEHHOM KOMMYTALHH Ofl-
paBlaHo NPH HCNOAB30BAHHH B HCCAEAYEMOH cHCTeéMe THPHCTOpPOB, obJsa-
JaruIliX MaJblM BpeMEHEM BOCCTAHOBJIEHHH YHPABAALIUX CBOWUCTB) OUIHG-
Ka 31€eCh BO3HMKAET JIHIIbL NPH Harpyske, OMH3KON K PEXHUMY XOJOCTOro XO-
Ala npeobpasoBaTens H3-32 COH3MEPUMOCTH IHEPTUil, MOCTYNAOUIUX B Ha-
TPY3KY H3 CeTH M CHCTEeMbLI MCKYCCTBeHHON KoMMmyTtauud. [Ipaspa, B He-
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KOTOPBIX CXeMaX HCKYCCTBEHHOH KOMMYTaUHH 3TOT 3(h(dEKT MoKeT OTCyT-
CTBOBATD. | .

"DKCllepUMEHTaJNbHEIE  HCCIEe]0BaHUs, IPOBeleHHble HA YCTaHOBKe
C KPEeMHHEBBLIMM YNpaB/seMbBIMH BEHTHJ/SIMH, TOKA3aJ/IH, YTO ONBITHLIE AaH-
Hble UMEIOT XOpoIlee COBNAJleHHEe ¢ TEOPETHUECKHMH Pe3yJbTaTaMH.
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