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B pdooTe· [ 11 pac~MoTpeH oAnH. ~3 sap~aHTos Ma~nTH~i() KOMIIapaTopa 
(MK). TIOCTOSJHHO.::O TOKa CKOM6HHHp(niaHHbiM ypaBHilBCllHBaHHCM; KoMm!HCa-:
JJ.liOHIIasi'ooMoTKa :;,1-oro MK sblnonH:eH<i B BRAe pSI~a oT,nMhHhlX ceKu.n:H. Ilpn 
3TOM oAHau3 ceK~nii IiK.1trolfeHa s KCmTyp asToperynnposaHHSJ (asToKoMneHca~ 
ll,nn) MK, a ocranbHhle ceKU.JUI no,nKJIIollCHbl KCOOTBeTCTByrom,nM shlxoJJ.aM. 
·KoMMYT~nopa,.sxo.n Koioporo noAKmoiteH K sblxoAy ncroitHnKa :;,fanoHHoro To
K<i" 013T). Ko~.u.{yTaTop o6ec1IetiniiaeT BKJIIOlJeHne ceKu.nii s pa3JIHtiHhlx KOM-
6niiau.nSJx s ll.enb 3TaJIClHHOfo.TOKa, ripn3TOM se.Ji:HllHHa SXOAHoi:'O conpOTHSJie
HH9 KOMMyTaiopa, SJsnSirom.erocSJ Harpy3KOH H3T, <mpeACJISJcrCSJ KOJIHtiecr:BoM: 
sinro4eHHblx' ceKLI,HH KOMTieHcaU.noHHOH OOMOTKH. B OAHOM H3 npeAeJibHbiX 
CJiyllaes (OTKJIIDlleHbi see ceKLI,HH) conpOTHSJieHHe Harpy3KH J13T MHHHMaJib
HO, as ApyroM.(BKJIIOtieHbl see ceKJJ.HH) - MaKCHMaiibHO. HsMeHeaile ~ mnpo
KOM ,nnana3one HarpysKn.H3T SJsn'sl:eTcSJ He)KCJiaTCJibHhlM Aecra6wmsnpyro-
m,nM ijlaKTOpOM. . 

Bonpochl KOMMyTau.nn ceKU.HH KOMneHcau.noHHOH o6MOTKH MK o6cy)I(JJ;a
. JIHCb S. pa6oTe (2 ). B 3TOH pa6oTe 6hm paCCMOTpeH OTHOCHTCJlbHO npOCTOH KOM

MyTaTOp, ynpom.eiiHaSJ 6noK-cxeMa KOToporo npnse,neHa Ha pnc.l (s,necb lie no., 
Ka3aHhl :;,neMeHThl ynpasneHnSJ, KOHTPOJISI n T.,n.). B Kalfecrse KJIIOlJeii s Ko~

. · MyTaTope MOryT 6b1Tb HCllOJib30BaHbl MeX~lHHlJeCKHC . HJIH 6eCKOHTaKTHhle 

+ 
-f3T 

PHc.I. Ynpo~eHHall 6JtoK-cxeMa KOMMYfaTOpa c OTKmoqemteM 

CCKU.HH KOMOCHcaU.HOHHOH o6MOTKH 

Ot,.w:a:i~(tiHLAn . ac..rarr ~ 
na~,sw.x atC'.'!P-Witmfl 

9tSnt-tOTEKA ............ ...___. 
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K.IIIO'Ill. 113-Ja o6ru;en3BCCTHbiX HeAOCTaTKOB MexaHn•recKux KJIIO•reif u,x Jic-:

nOJib30BaHne Ha npaKTuKe AonycKaeTCSI JIIIIIIb B KOMMyTa1'opax nmt MK c py•r-· 

HblM ynpaBJieHneM. 0AHaKO HCOOJib30BaHIIe 6eCKOHTaKTHbiX KJIIO'leii H AaHHOH 

crpyKType KOMMyTaTopa npnBOAIIT K cirpaHu'leHuiO cPYHKIJ,nomiJihHhiX BOJ

MO)KHOCTeii MK. MK c TaKuM KOMMyTaTopoM SIBJ'ISieTcSI OAHOnoJISipHbiM UJMC- • 

puTeJieM, TaK K,aK He o6ecne'lnBaeTCSI U3MeHeHHe nOJISipHOCTII 3TaJIOHHOro TOKa 

B ceKIJ,HSIX KOMneHca~IIOHHOH o6MOTKII. B enyqae HCnOJib30BaimS! MeXaHULJC-
- ' • ' • • -' • • • ~ ' ) • • • 4 - '• • • ~ ' • • -' '. • ; 

' CKIIX KJIIO'leii 3TOT HeAOCTaTOK JICI'KO yCTpaHSICTCSI nyTt:'!M li3MCHCHUSI OOJISipHO-

CTH BKJIID•U!HHSil13T npHH3MCHeHUH ii6.n'~pHOcTll H3MepSICMOIU TOKa. ' .·· :· 

B 'pa6oie [3 1 npCAJIO~eHa crpyKTypa·KOMMyTa;opa AnSI MK,' CB060AHaSI ClT 
. yi<aJaHHhiX neAop-(l~Ko~. Ynpow,eHHaSI .6noK-cxer.~a sToro KOMMyTaTopa noKa

Jana Ha pu:c.2 ·(He noKaJaHhi sneMeHTbi ynpaBJICHHSI, KOHTpOJISI irnp.) ~· KoMMy- '. 

TaTop coAep:1iuT N SitieeK (ARsi: ynporu;eHuSI Ha puc.2 noKaJairhi TOJihKo nepmtSI. ,j 
'N -9 SI'IeiiKu). K BhrxoAaM SI'leeK noAKJIIO'lcHbr cooTBeTcTByrow,ue ceKu.uir KoM

neH:cau.uon:Hoii o6MOTKH. Ka~asl · SI'leiiKa .KoM~tyTaTopa COACP)KHT •IeTI,rpc 

KJIIO'Ia (HarrpuMep, KJIIO'IU K1 - 1. ~ .K1 - 4 AJISI; nepBOH SI'leii:Ku), COCAllllCfi

HhlC no CXCMC MOCTa. 

1\1-1 

K1-2 

f I3r 
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1\N-1 

KN-2 
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KN-Y 

·:r~:;;,il7, :), ,. , ... ~ ·-~· ;' 
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Puc. 2. Ynpon(elllmii 6JIOK-c.xc~m 
KOMMYT3TOpa C 113MCIICIIIICM 11a11 1)a1J· 

JICIIIIII. TOKa ·n CCK!\II>IX KOMIICIICHI\11-

0IIHOii 06MOTKII . 
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.0TMCTIIM, 'ITO AaHHhlH KOMMyTaTop B IJ,eJIOM xapaKTCpii3YCTCSIOOJICC BhiCO

KIIMII. CYMMapHbiMII OOTCpSIMII Hai_IpSI)KCHIISI Ha KJIIO'laX,- TaK KaK KOJIII'ICCTBO 

KJiro•Ieii, BKJIIO'lcHHbiX B u.enb :naJionnoro TOKa, Jnecb B nBa paJa 6oJihiiie, 'ICM 

B KOMMyTaTope na TaKoc )KC KOJin'le~TBO BhiXOAOB no cxeMe puc.l. 3TO npuBo

AilT K YBCJIII'ICHUIO MOUJ,HOCTII J13T. 

Pacc~f(:iTpnM pa6(ny 51'lcii:Kn KOMMyTaTopa, HanpuMepnepsoii. Tipu JaMhi

KaHuu KJIIO'leii Kl - 2 u Kl - 4 (KJIIO'III K1 -, 2 n K1 - 3 npu 3TOM OOSI3a..: 

TCJlbHO pa30MKHYThl) TOK OT J13T npOTCKaeT DO CCKIJ,IIII 1 KOMneHCaiJ,HOHHOii 

06MOTKll OT CC BCpXHCro (no CXCMC) BhlBOAa K HII)KHCMy. Tijm JaMhl~aHHH KJIJ0-

1JdiKJ -;- 2 n K1 - ·3 (KJIIO'IH K1 ·- 1 , n · K1 - 4 npu 3TOM OO.SIJaTeJibHO paJ

MbiKaroTCSI) TOK OT J13T npOTCKaCT no nepBOH CCKIJ,IIII KOMneHCaiJ,UOHHOH 00-
MOTKJI B o6paTHOM HanpaBJICHIIll (OT HII)KHCro BbiBO}la K BCpXHCMy). AHaJIOI'II'I

HO pa6oTaKJT H see ocTaJibHbiC SI'ICHKII KOMMyTaTopa. CocT051H-He mo6oii SlqeiiKn 

KOMMyTaTopa; onpCACJISIIOIIJ,eC HanpaBJICHIIC TOKa B OOAKJIIO'ICHHOH K ee BhlXO

AY CCKIJ,llll KOMneHC3IJ,liOHHOH o6MOTKII, 3aAaeTC51 6JIOKOM yllpaBJICHHSI (Ha 

. 6JIOK-CXCMC pnc.2 HC OOK33aH). 

B CTPY,KType no CXCMC pnc.2 npu ee HOPt.faJibHOH pa6oTe TOK OTJ13T npoTe

KaCT no seeM ceKIJ,H51M KoMneHcau.uoHHOii o6MOTKU. B o6w,eM CJiy'lae B OAHOH 
' ' - ' - ' ' ,-·- _, . ' .. . ' 

'laCTlf CCKIJ,Jill TOK UMCCT HanpaBJICHne OT BCp}mero. BbiBOAa K HII)KHCMY, a B 

Apyroii - OT nu)l(Hero K ~epxneMy. BKpaii:Hux CJiy'la51x TOK so scex ceKll.u.Six

nMecT Hanp~mJienueoT BepxHero Bbmona K uui<iieMy IIJiuHao6opo1' - oT HII)K~ 
Hero Bb1BOA3 K BCpXHCMy; · ., . . . _ . . . , , . . .· , . 

- HaMarun'l.lsarow,a51 cuJia (u.c.), co3AaBaeMaS!: Jiro60ii ceKu.ueii KoMneHca

U.HOHHoii o6MOTKII, IIMCCT.HanpaBJICHHe, COOTBCTCTByiOru;ee HanpaBJICHIIIO npo-. 
·. . . - : . 

TCK310UJ,ero no HCH 3TaJIOHHOro TOKa'J .'A'TaK KaK HaMOTKa BCCX CCKIJ,IIH
1

KOM.:.. . . :n . . ' 
nCHC3IJ,HOHHOH 06MOTKll BbinOJIHCHa B OAHOM HanpaBJieHUII, TO CCKIJ,IIII C o.z:iuHa-; 

' L ' ~. •, 

KOBbiM HanpaBJICHIICM TOKa C03A31{)T OAIIHaKOBO HanpaBJICHHbiC . H.C. 

YCJiosnMc51, 'ITO ceKIJ,mt, TOK s Koi-opbrx npoTcKaeT-~T sepx'Hero sblscma K nux<-: 

HCMy, C03AaiOT nOJIO)KlfTCJlbHbiC H;C., a CCKIJ,IIII, TOK B KOTOphiX,,OpOTCKaCT OT 

HII)KHCro BbiBOAa K BCpXHCMY, C03Aai{)T OTpiiiJ,aTCJibHhlC H.C. 

PeJyJihTnpyrow,aSI H.c. F, C03AasaeMa51 N ceKIJ,U.SIMu KOMneHcau.uoHHOH o6-

MOTKii, MO)KCT 6biTb npCACTaBJIC~a B BHAC 

F =±I W1 ±.I W2 ± ... ±I WN 1 ±/ WN; 
3T 3T 3T - . :JT ... 

(I) 

rAe / 3T- HOMIIHaJibHOC JHa'lCHne TOKa Vl3T, W1, J,V2 , •.. JVN _ 1 '· JV N- coor-. 
' ' 

BCTCTBCHHO 'IIICJIO BliTKOB nepsoii, BTOpoii •••• (N- I) -ii II N -ii CCKIJ,Hii KOM-: 

fiCHC3IJ,IIOHHOU 06MOTKII. 3H3Kll . "nJiroC.. li.'Ill "MIIHYC.,, ncpc,n 'IJICHaMII 

Bh1p3)KCJHI.SI ,UJIII H.C. F onpc,UCJISII{)TCSI COC1,'05IIHI.SIMII COOTBCTCTB\'I{)JUliX 51'1CCK 

KOM~ty~aTopa.'CoCTOSIIIIIC SI'ICeK KOM~tyTaTopa,.KaK y)KC OT~IC~ta~OCh, Ja;:(aCTCSI 

6.~oKoM ynpanncnm1. CoorHowcllllc .0) MO)KHO npencrannTh s n11,1c 

3 
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· ·F = I3T (W' W"), (2) 

rJI.C lV' :__ OOUlCC (CyMM3pHOC) 4HCJIO BHTKOB CCKJJ.IIH, C03A310uiltX nOJIO.IKJITCJib

HblC H.c., W''- o6mee 4HCJJO anTKoa ceKu.nii, coJna10wnx oTpnu.aTCJihHi.Ie ~.c., 
npu 3TOM scerJI.a W' + W" = wK. Yl3MCHSISt. COOTBCTCTBYIOUlliM o6pa30~I c no-

' ' . ., . ' 

Mow&K> KOMMyTaTopa nanpaaneHne 1-oKa a ceKJJ.liSIX, MO.~~<Ho li3MeHSITb _(pery

nupoaaTb) n.c. F BJI.llana3oHe oT .- I 
3
r W K ( W' = 0) JlO + 13 r W K ( W" =:= 0) . 

,UucKpeTHOCTh perynupoaaHnSI n.c. F cocTa~.nSieT 2 W0I 
3
r , rne. W0 - .ll.liCKpcT

HOCTh nepeKJiro4eHn'SI BliTKOB KOMnCHC3JJ.UdHHOH o6MOTKH. 
PaccMoTpnM pa6oTy li3BeCTHoro [ 1 I MK c KoM6nHnpoaaHHhiM ypamwnc

umnaHneM (ero 6JIOK-CXeMa npeJI.CTaBJICHa Ha pHC.3 B H3CTOSlUlCH pa60TC) np11 

yCJIOBllll, ,4TO. KOMMyTaTOp CCKJJ.UH KOMOCHC3JJ.IIOHHOH 06MOTKII BbiDOJIHCH no 

cxeMe pnc~2. MKcoJI.ep.~~<nr CJICJlYIOwnc y~JI~J: I ~.rcHcpaTOp ao36y.~~<nennSI c 
BbiXOJI.aMn ocHoanoii (F1) n YJI.BOCH~oii (2F

8
) 43CTOT, 2- ¢a304yncTBHTCJlhHfiiii 
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Puc. 3. Ynpou~etinall 6iioK~cxe~a Man'tnnioro KoMnaparopa c Kol-f6H~;,ponamt~iM 
ypasnoneuinuatineM ' · . 

:; ... · 
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JI.CTCKTOp,' 3 -. yCHJIIITCJib nOCTOSlHHOrD TOKa (YllT), 4 U 5_:.- pa604HC MarHH

'TonpOBOJI.bi, 6 ,__ 3KpaH:npyi01IJ,Iii1 MarnnTonponOJI., 7 n8 .::..._ o6MOTKH ao36y.~~<Ae:
mtSI, 9- n3MepnTeJihHYIO o6MOTKy, I I___:: 3TaJIOHHhii1 pe3ncrop, 14 .-:...·KOMMY-: 

TaTop ceKu.niiKor:fneHcau.uoHHoiio6MoTKu, 15- ncro4HHK 3Tanomlo'ro TaKa 
(Yf3T), I6 _:_ 6~oK 'ynpaBJICHIISl KOMMYTaTOpOM 14. 3JI.eC& . .tKe OTMeTHM, liTo' o6~ 
cy.~~<Jlae~tbiii MK Mo.~~<eT 6biTb ucnoJih3oaaH 8 cucTeMax uJM:epenuSI u cra6um1:.. 
Jau.uu nocTOSlHHblX TOKon 6oni.woii.CUJibl: ,UJISI3Toro a MK JI.OJI)l(Hbi6blTh aneJI.e- · 
Hbl cpeJI.CTBa, o6ecnC411B310UlUC .(B COOTBCTCTBUH c ero H33HalleHUCM) ynpaaJie

HliC KOMMYT3TOpOM, CbCM UHclJopMaJJ.HH 0 COCTOSIHIIH KOMMyTaTOpa, H3MepeHHC 

BbiXOJI.HOro HanpSI.~~<eHuSl MK n JI.p. 3Tn aonpoCbi a JI.annoii pa6oTe o6cy.~KJI.aThCSI . 
ne6yJI.yT. . · 

06cy.~~<JI.aeMbllt MK coJI.ep:>J<HT 3aMKHYTYIO ciicTeMy anToMaTnllecY.oro pery-
. . ' ' . . . ' . . \' ' •' . . ' ' 

JIHpoaaHuSl, .ll.CHCTBue KoTopoii nanpaaneno na noMep.~~<anHe 6anaHca n.c~ no-

CTOSIHHhiX TOK~B, JiciicrnyiO~liX na M3rHliTHblH MO~YJISlTOp [ 1]. BnllJI.y MMOCTH : 
..... "··' • ' ; ' ' . . .::. '!' • ,, ' • • :. ' . .' ' ' • ' .' " . _. ; 

JI.CI1CTBYIOUlCrD paCCOrJiaCOB3HifSI B KOHType 3BTOperymtpOB3HHSl ero BCJIHliH-: 
noii Mo.~~<i-fo npeHc6pe'lh, TOrJI.a cocTOSlHHC 6ana-Hca 1I:c: MO.~~<eT 6hiTh gan'Hcano n 
BIIAC · 

IW - F+ I W:::::: 0, 
11 .• C· C 

(3). 

- ~· ., 
f.ll.C I - lf3MCpSICMbiii TOK, W - 4HCJIO BHTKOB 113MCpHTCJibHOH 06MOTKII 9, 

'II , -

I - nhiXOJI.Hoii TOK YnT 3, w - 4nCJJo nnTKoa ceKu.nn 10. 3nalle1me u.c. F , c c . ' ' ' 
· onpCJI.CJISICTCSl cooTnowenneM (2) n, KaK OTMe4aJIOCb Bbillle, n.c. FMo.~~<e'iu3Me
HSITbCSI a ~nanaJone oT - I WK no + I WK . llo3ToMy o6cy.~KJI.aeMoe ycTpoii.: 

3T . . 3T · 

CTBO 

-I 
· o6ecne~maaeT H3Mepeune TOKOB JII06oi1 rronSipnocTn (oT 

II OM 
~0 + I . ) . I13MCpSICMI>Iii TOK tonp. Cll,CJISlCTCSl KaK 

HOM , · · . 

1 =I (JV' - W'')/W - KU , 
3T 11 n 

(4) 

rJI.C U . ..:..:.. B~XOJI.noe nanpSI.~~<enue MK, K= WI R W, R - ~OMHHaJihHOe 
ll. . , : · C 3T II 3T 

3natienue 3TaJionuoro pe3ncTOpa I I. 
llpCJI.CJI~HOC SH34CHHC OTHOCHTCJibHOH norpelliHOCTil 0 II3MCpCHHSl TOKa 

JI.JISI ycTpOH;;,.Ba no6JIOK-CXCMC puc.3 MQ)KCT 6hiTb H3HJI.CHO 113 COOTHOlliCHHSl 
(npH .· · . BI.inoJIHeuuii • ' yCJioBnii: • :.... 21 · W

0 
::;' I W ::; 2I W

0 
· u 

·. . ·' 3T. · C C 3T 

I (W' ';: W") I·::"> W0 ) 

o = o1+ .2 (ou + oR)Wof I (W' ~ W")l, 
' . - .. ' ' . ' ' 

rJI.e o
1

- oTnocuTCJihHaSI norpelliHOCTb HCTO~HHK~_sTaJIOHH<?ro.ToKa 15, ou-. 

OTHOCHTCJihHaSI norpei .. :IH~b H~Mepen~ ~~xJ~~dfu Ii~npSI.IKCHHSl Un , OR-· 
. ' . ' . . ' - . . . 
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OTHOCHTeJibHaSI norpeiiiHOCTb OIIpCACJICHHSI COnpOTHBJICHHSI ::naJIOHHOro pe3n: 
cropaJJ. ' · · · 

.!I.JiSI paccMaTpusaeM:oro MK OTHOCIITeJibHaSI norpeiiiHOCTb o H3MepeHnSI. TO-

• i<.a I onpeACJISieTCSI s OCHOBHOM .OTH~CIITCJibHOii norpeiiim::iCThiO o 
1 
nCT~'lHHKa 

3TaJIOHHOfOTOKa, TaK KaK npn. I (JV' - W") I >. > wo BJIItSIHIIe norpelllHOCTCH 

. ~ U II ~ R CyiiJ,CCTBCHHO OCJia6JISrCTCSI. 
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· llpii.IIHI\taeTCst .IIOJllliiCKa ua npenp1111Tb 

IIIICTIITyTa SI.UCpHbiX llCCJICJlOBallllii II <<KpaTKIIC C• 
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uCMCl!\llhiX oGnaCTSJX uayKu 11 TcxnuKn. 

19. B11oqm311Ka 
----=------------~-------

<<KpaTKIIC cooGntcnmt OIUllf>, (6 nhmycKon 

llo,nmtcKa 'r.to)f(CT UhiTh mjlOpM.rJcua c moon 
ffo IICCM IIOIIJlOC<IM mfJOpM.'ICIIIIII .jlll:\IHIC 

TCJJt.CKTIIii OTJlCJI OHSIII 11~1 a:\l)ccy: 1411JRO. r.Jl 


