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NPEAMCNOBMUE

daexkrporexHuueckofi npomenneHHocteio ‘CCCP u sapy-
GeXKHBIMU 3JEKTPOTEXHHYECKUMH (HPMAMH BHITYCKAIOTCA TH-
PHCTOpPHLIe HPpeo6pa30BATENH YACTOTH MOILHOCTHIO OT CIAHHHIL
;20 HECKOJILKHX THICAY KHJOBOJLT-AMIep, NpelHa3HAUCHHHE
‘AJISl yIpaBJIeHHSA CKOPOCTHI) ACHHXPOHHEIX KOPOTKO3aMKHYTLIX
ABurarvejief, B Racrodlllee BpeMf 3JEKTPONPHBOL HOAAB/IAI-
mero G0JBIIHHCTBA MEeXaHH3MOB 10 TeXHHYeCKHM TpelfoBaHu-
AM W B Ipelesax peadH3yeMOH MOWIHOCTH MANIHHHB MOIKeT
OBITL BHINOJIHEH HA OCHOBE aCHHXPOHHOIO KODOTKO3AMKHYTOTO
IBHrateJs W THPHCTOpHOTO npecGpasoBaTens uwactoTe. Ilo
CPABHEHHIO C THPHCTOPHHIM NPHBOAOM HOCTOAHHOIC TOKA [0-
CTOHHCTBAMH CHCTeMH NpPeodpas3oBaTeib YaCTOTLI—ACHHXPOH-
HHHR ABHraTeanb ABJISIOTCA NPOCTOTA B IKCIAYATALHH H Jelie-
BH3HA JBHIATENs, HEeJOCTATKAMH — CPABHHUTENLHAS CAOMHOCTD
H 3HAUKTEJLHAS CTOMMOCTBL CUJIOBON UACTH THPHCTOPHOIO npe-
vBpaszoBatesss yacToThl {0COGEHHO Ha OCHOBE ABTOHOMHONO HH-
pepTopa c NPHHYAMTeALHOH KoMMyTanuell). B HacTosLiee Bpe-
-Ms cHcTeMa npeo0paszoBaTe/ib YACTOTH-—ACHHXPOHHBLIH ABHIa-
TeJdb HCIONL3YeTCd NPEHMYINeCTBeHHO TAM, TJlé NPHHIHIHAb-
Hasl NMpOCTOTa KOHCTPYKOHH ABMrateNss H MHHHMAJLHLIE Tpe-
60BaHHA MO SKCIJAyaTALHOHHOMY VXOAY CO3/JAI0T pemakole
TeXHHKO-3KOHOMHYeCKHE TIPeHMYIIeCTBA JAHHOTO THNA MPHBO-
za. Habaoparomuiica nporpecc B o6JacTH NPOU3BOACTBA TH-
PHCTODOB, CHJOBBIX TPAH3HCTOPOB, KOHAEHCATOPOB TPHBEAET
K JajpHeHIleMy pacUlHPeHHI0 HCHOJL30BAHHA 3JE€KTPONPHBO-
Jla o cHcTeMe J1peo6pa3zoBaTesb  YACTOTHl — ACHHXPOHHLIR
iIBUTATeN b B AuamasoHe momuocrelt no 500 xBr B Tex ofaa-

TAX, TAC B HACTORIIee BpeMs NPHMEHACTCH TPHBOX NOCTOSH-

HOTO TOKa. _
 Tlo cpaBnenno ¢ THPHCTOPHLIM 3JAEKTPONPHBOAOM ITOCTO-
AHHOrO TOKA 3JEKTPONPHBOJA O CHCTEME Npeo(pa3oBartens 'ia-
-CTOTHl — AaCHHXPOHKHIA ABHrartedan oGnajfaer psaom ocofeHHO-
cTei: '

1) muOroofpasne npeofpazoBarenefl YaCTOTH MO CXEMHBIM
peuleu¥aM M AHHAMHIECKHM XapaKTeDHUCTHKAM;
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2) ympasJieHMe MOTOKOM H MOMEHTOM CO CTOPOHBI CTATOpE,
npuieM ynpaBasiomiee RO3jeHCTBHE ABYXKOODIHHATHOE: Pery-
JHDYIOTCA aMILIHTYIa H 4acTOTa HanpaMKeHus (Toka) cratopa.
BaanMocBasp MemxAy AMIJUTYNOH H 4acTOTOH HanpsKeHHA
LJIsl HE3ABHCHMOro YNPABJEHHS NOTOKOM H MOMEHTOM [OJ/IKHA
6BITh CTPOrO OMPEAENEHHON; 3Ta 3aBUCHMOCTL ABaAeTca QyHK-
nnefl YacToTH, MOMEHTA, NPOH3BOAHOH MOMEHTa, apaMerpon
DBHTATeNs, KOTOpPble MEHSIOTCH, HANpPHMEep INPH H3MEHEHHH
TeMOepaTyphl. JTO CYLICCTBEHHO VCJOXKHAET 3ajauy ONTH-
MaJbLHOTO YOPABJECHHA acHHXPOHHWIM JIBHTaTe]eM, HeoOXORH-
MBl MHOTOUYHCJAEHHEIE AATYHKH, B YACTHOCTH, TOYHBIE AATUHKH
yactoTel Bpamedus. OTCTynsedne OT yKA3aHHOTO 3aKOHA CBA-
3aHHOTO YIPaBNEHAS aMIVIHTYEH M YACTOTHl HATIPSIKEHUS! OpPH-
BOAUT K TOMY, 4YTO NPH PeryJHPOBAHMM MOMEHTA ABHraTend
MEHACTCA ero MOTOK, TIPH 3TOM CHCTeMa YPaBHEHHH 3JeRTpo-
TMpHBOZA CTAHOBHTCH HenuHelHod#. IfpomeccH B o JHOMACCOBOH
CHCTeMe 3AEKTPONPHBOJAA ONHCLIBAIOTCA HEJNHHEHAHLIME nud-
(hepeHIAANBHLIME YPABHCHHAME OATOTO MOPAAKA, UTO CYLLECT-
BEHHO VCJOXKHAET HX anajla3; |

3) npumeHenHe Bpamamomelics CHCTEMH KOOPAMHAT JJist
paccMOTPeHHA NpOLECCOB B ACHHXPOHHOM JABHratene. BuGop
CHCTEMB KOODAMHAT SBJAAETCH MACTO ONPeJCaRIOMHM C TOYKH
3PCHUSA MPOCTOTHL PEIICHHS 3a]4aUM YIpaBJCHHL.

OucnuBas cOBpeMeHHOE COCTOSHHE TEOPHH ABTOMATH3UPO-
BANNOr0 AacCHHXPONIIOr0 3JeKTPONPUBOAA, CJASHYET OTMETHTb:

1} nocrarouno monnyio paspaloTKy TeOpPHA npeobpazopa-
TEJNCH NACTOTL —— ONPEJEILIHCE PAIIHOHAJBHEIE CUACBHE CcXe-
ML, 8 TAKKC OPHIUALT M CHCTEMBl YIIpaBIeHHS, CYIIeCTBYIOT
MCTOILHKH pacuerta. HaauHeHWwHA nmporpece B ofaactu mpeob-
pasoBaTeseld 4acTOTH CBA34aH € COBEpILIEHCTBOBAHHEM 3Jie-
MENTHOR Dashl;

2) oTcyTCTBHE TEODeTHUECKOH 3aBePLIEHHOCTH BOIUDPOCOB,
Kacawnuxed CHCTeM INpeoOpasoBaTess UACTOTH — ACHHXPOH-
HBI ABHTATeAb, KOTOpas 6B YCTAHOBHAA FPAHHIK DAIHOHAJB-
HOT'O HCIIOJB30BAHHA PaA3JMUHEIX npeolpasoBaTesieil YacTOTH H
3aKOHOB YIPaBACHUA ACHHXPOHHLIMH ABHMraTeJsMH, ONPENetH-
2 ONTHMAaJbHble CTPYKTYpPHbLIE CXeMBl CHCTEM VIOPaBJcHHS
¢ yyeroM auHaMmuueckHux ocofernocrefl npeobpasoparenei ua-
CTOTH IIPH HAJHMYHH MeTOJHK CHHTe3a pPeryJjsiTopoB TAHHBIX
CTPYKTYP.

OTCyTCTBHE TEOPETHUECKOH 3ABEPIICHHOCTH CBA3AHO C TEM,
4TO0 XOTA (YHAAMEHTAABHEE BOMPOCH YACTOTHOTO YOpPaBJe-
HYS acHHXPOHHBIM /[BHraTeJeM H NpeXjie BCero NpHHUHUT YII-
paBAeHHA C OpHeHTAllHedi No TNOTOKY ABHraTessd [LOCTATOYHO
rayGoko pazpabortansl [27, 29], no paspaboraunsie 3aKOHbE
ynpaBienus 6a3upyrITCs Ha HCNOJAL30OBAHHA FAaTYRKa IOTOKA,
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IIMIYJLCHOrO LATUHKA CKOPOCTH HJH AATYHKA YIJIOBOTO 10J0-
MeHHA Baja JBHraTeNs, Npd STOM ycaoxkH#ercs obllas xoH-
CTPYKUMA HCHOJHHTENRHOH YacTH NPHBOJAA M OH JIHLIETCA
cpoerc raaBHOro nperMyliectsa. [losToMy B NOAABASIOLIEM
fosLIIHACTRE clyuaes NPAKTHUECKOT0 WUCMOAb3OBAHHA ACHH-
XPOHHOTO 9JeKTPONPHBOAA NPHMEHSITcA CoJiee MpOCThie 1O
peaausanui, Ho QoJjee CAOXHHE [I0 MATEMATHYECKOMY aHajn-
3y NPOIECCOB 3AKOHHL

Ilpu HanHCaHHH KHMTH Tepej aBTOPOM CTOSJA 3afaua mpo-
BECTH AHAJNH3 JHHAMHKH CHJOBbIX 3JICMEHTOB ABTOMATHIHDO-
BAHHOTO ACHHXPOHHOTO 3JA€KTPONPUBOAA, NOJYUHTH CTPYKTYP-
Hble cXeMbl M 1aTh MeTOJMKY pacueTa PeryadaTopoB AAf OoJib-
IUHHCTRA HCNOJNL3YEMEX HA NPAKTHKE 3aKOHOB YacTOTHOTO VII-
PaBJeHHA W KOHCTpyKuu#i npeobpasosartenefl uacrord, llpa
H3NOKEHHH MaTepuana, YIHTLIBAA OrpaHHUYeHHHIH o6beM KHH-
I'f, ABTOD HCXOAMJ H3 TOTO, UTO YUTATE/Ab 3HAKOM € THPHCTIP-
IlhiM 3JKTPONPHBOACOM NOCTOAHHOr0 ToKa. [loaToMy ocHUEHOE
BHHMaHHe yiaendayoch oCcoOeHHOCTAM 3IJEKTPOMATHHTHBIX RpO-
UeccOB B ACHHXPOHHOM JABHraTese, MAPHHUKOAM YIPABICHHA
TOTOKOM ¥ MGMEHTOM ABHTaTe]f, MeTo[aM HCC/eA0BRaH#d AH-
HAMHUUEeCKHX CBOHCTB [ABHratTes, AHHAMHUECKHM Xapakrep-
eTHKam mpeobpasoBartesieli YacTOTH, CTPYKTYPHEIM CXeMaM CH-
CTEMBl 3ACKTPONDPEBOKE AAS DA3JIHYHBIX 22KOHOB YACTOTHOTO
ynpaBaeHus.

ARTOp mocJexoBatesqbHO H3Jarajl YKasaHHbIE BOUpOCH, OC-
HOBLIBAACH HA (PH3HYECKHX H MATeMaTHUECKHX OOJOXKEeHHUSX,
He 3aMeHSA A0KA3aTeNhCTBA CCHIMKAMH HA CPAaBHUTENbBHO MHO-
rOUNHCIEHIIYI0 NHTEPATypy, ROCBAILEHHYID OTAENbHBM CTOpO-
HaM npolaeMul M oTJMHYamINylOcsd pasHooGpasueM 06osHAaue-
wuit, A0NYUIeHHE, MATEMATHUECKHX IPHEMOB,

ABTOp NOMHMAET, YUTO €r¢ KHHra He JHUIEHA HEIOCTATKOB
# c 6AarofapHOCTLIO NPUMET BCE 3AMRUAHMSA MO CONEDHIHKIO
kunrn.  Mx  cmeayeT HanpaBasitb B aipec DHepromsnaTa:
113114, Mocksa, M-114, Hinwsosas nab., 10.
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Flnasa nepeasn

HACTOTHOE YNPABNEHME ACHHXPOHHLIM ABMIATEREM

3aKOH yNpaBieHHs >JEKTPHYECKOH 3Heprued, moaIBOAHMON
K ABHMATeJIO [ NOJYYeHHS MOMEHTA, OIPEAENseTCH BHYT-
PECHHHMH 3JCKTPOMATCHHTHLBIMH MPOLECCAMM B caMoM JBHraTe-
Jge. B Hacrosillleli rsraBe paccMaTpuBawTCH YPABHEHHS YCTa-
HOBHBIIHXCS TIPOIECCOB B ACHHXPOHHOM JABHraTede lPH Ha-
JUYHY Ha BBIBOAAX CTATOPA CHMMeTpHuHOH Tpexdasuofl cu-
€TeMBl CHHYCOHJAJLHHX HanpsixeHHH. B pesyarctarte Hccneno-
BAHUA ONpelelAOTCH XAPAaKTePHCTHKH ABHraTeNis NpH pas-
AMYHBIX 3aKOHAX H3MeHeHUs HaNpdKeHHS HAa BHIBOLAX CTATOpa
B (PYHKUHH 4acToThl H Harpy3ouHore Momenta. KodeuHolM pe-
3yALTATOM AHAJH3A SBJAETCH BEIGOD PALMOHANLHBEIX 3aKOHOB
YODABJEHHA HANPSAXKEHNEM H HacTOTOH. B cOOTBETCTBHY ¢ AaH-
HBIMH 3aKOHAMH ONpPefensiOTCd ($VHKOHOHAJBLHBIE CXEMbi
3J/IEKTPONPHBONOB N0 CHCTEME IpeoGpasosaTels HacTOThl —
acHHXpouubiH Asuratesn (ITH—AJ).

1.1, YPABHEHWA YCTAHOBMBLUMXCR FMPOLECCOB ACHMHXPOHHOR
MALIKHEL [YPABHEHHMA 3SNEKTPUMECKOTO PABHOBECMA LETIEM)

AcunXpoHHAS MalWAHA npejcTaBaserT cofoli CHCTEMY, KaK
MHHEMYM, ABYX OGMOTOK, OJHA H3 KOTOGDHX DACIOJOMEHAa HA
HENOABHKHOA uacTH (CTatope), Apyras Ha BPALIAOWIECACS Ha-
.¢tH (potope) mamdHbl. Momedt mamuHu olpasyerca B pe-
3yJbpTaTe B3aUMOAEHCTBHA TOKOB B 2THX oGMoTKax. Tpexdas-
Hag 06MOTKA CTATOpa HOJKAKYAeTCA K NUTAIOILEH ceTH, Tpex-
¢pasnas o6MOTKa poropa 3aMkHyTa. Hacro oOMCTKY poTcpa
BHIIOJHSIOT B BuAe Oegnubedt kaetku. Oya »KBUBajJeHTHA
TpexdasHoli KOPOTKO3aMKHYTOfl 0OMOTKe H MoXeT ObiTh 3a-
MeHeHa nocaeaneli.” [IpuHuMaeM, uTo oOMOTKa poTOpa HMeer
WHCJO BHTKOB, PaBHOE YHCJY BHTKOB 0OMOTKH cratopa. (6-
MOTKH CTaTOpa # pPoTOpa MATHUTOCBS34HBI, MO3TOMY MOTOKQ-
cennenye oOMOTKH CcTaTOpa oNpedeaseTcss KAaK TOKaMH, IPO-
TeKalWKuMK 110 TpeM (asaM OOGMOTKH CTATOPA, TAK H TOKaMH
$as poropa. 2TO XKe OTHOCHTCA H K o6MOTKe pOTOpA.
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Takum o6pasom, umeoTcs fBe Tpexdasrbie 0OMOTKH, Bpa-
waKmuecs cfHa oTHochTeApHO apyrofi. Eciu k o6MOTKe cTa-
TOpa MNpHJAOXKEeHO Tpexda3Hoe CHHYCOHAAJBHOE HANpsKeHHE,
a o0MOTKa POTOPaA 3aMKHYTa, TO yPaBHEHHE YCTAHOBMBLILrOCH
MpONecca JJiS CHCTEMEl H3 ABYX MaraHTOCBS3aHHHEIX OGMOTOK
HMeer BHA: -

!n+mw

1,1y 1 joo, T2§ (1.1
17 n_]-lru-'"'L'{ +L[2*
=1 +w22:Loll +L212'

(1.1) r — akTHBHOe compoTHBAeHHe, ¥ — IOTOKOCLRILIe-
nue, L —unnyxtuBrocTe. MiBAekcom «l» ormedens BCe BenH-
YHHE, OTHOCSIIHECA K CTAaTOPY, a MHAEKCOM «2» — K pOTOpY.
Hupercom «0» orMeyeHa B3aMMHAas WHIYKTRBHOCTb CTATOPA H

poropa. Beqnuunot U, I, ¥ otHOcATCA K o#HOH dase, pag
Apyrax ¢a3 TOK, HalpsikeHHe, NOTOKOcLendeHHe Oynyr aHa-
NOTHYHBIMH ¢ YYETOM COOTBeTCTBYKUiero (pasoBoro cABHra.
Ypasnenns (1.1) He cTONL NMPOCTEHL, KaK MOMKET NMOKa3aThCA Ha
nepewfi Baraan. Ilepeas oco6eHHOCTH — CTATOP H POTOP Tpex-
dasHbie, ¥ MATHHTHAA CBA3b CYILECTBYET MEXKAY KaxloH ¢a-
30 cTaTopa M OCTAALHBLIMH ABYMSA (hasaMK CTATOpa, a Takxke
Tpems ¢asamu potopa. Oanako B (1.1) OTCYTCTBYIOT B SIBHOM
BiJe B3aHMHble UHAYKTHBHOCTH. OHU YYHTHIBAIOTCA COQTBET-
CTBYIOLIHME 3Ha4YeHHAMH Beawyny Ly, L, L.

- Taxknm ofpasom, 8 (1.1) L; —HBAYKTHBHOCTL (assl cTa-
TOpa ¢ yueToM B3aMMHON HHIVKTHBHOCTH APYTHX (as, paBHAA
MOTHOMY HOTOKOCHENNeHHI0 (pa3bl cTaTOpa NPH OTCYTCTBHA
TOKA POTOpa, OTHECEHHOMY K TOKY 3Tofl ¢$aznl. AHajorHuHO
Lo — MHAYKTHBHOCTL hasu poTOPA C yYeTOM B3aUMHOHR HHAYK-
TUBHOCTH JIpyrax (a3 potopa u Lg-—B3apMHas HHIYKTHA-
HOCTL §ra3wl pOTOpPA CO BCeMH $a3aMy CTATOPA, PABHAH OTHN-
IIeHHI0 MAKCHMAaJLHOro 3HaueHus I0TOKocHeNenns ¢asel po-
TOpa, 06GYCJOBJASHHOIO TOKAMH CTaropd, K MakCHMAaJabHOMY
aHaueHHK’ (a3HOTO TOKA CTaTopa. [ OBOPH O MaKCHMANALAOM
#HAYEeHHH TOTOKOCHERJICHHH POTOPa, UMEEM B BHIY, 4TO Bpa-
IAIANKCA B 3a30pe HOTCK, o0yCcAOBJeHHEH ToKamH ¢as ¢Ta-
TOpa, Bpaumaercs B oDLIEM cJyuae TakikKe H OTHOCHTENLHO PO-
TOpa, M0TOMY NOTOK, cBA3annuifi ¢ pas3ol poTopa, H3IMeHsAeTCH
NO rapMOHHYECKOMY 32KOHY ¢ YacTOTOH CKOJIbIKEHHS, paBHOH
PA3HOCTH HaCTOTH TOKa €TATOPA M 4ACTOTH BpAlUEHHSA POTO-
-pa. Hacrora TOKa POTOpPd @We==w;—Pp®, I'A€ Pn— YHUCAQ IAP
MOMIOCOB ABHTATENs; ®» — YIJI0Bas CKOPOCTL poTopa. Bo Beex
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cayuasx NOApasyMeBaloTca cHMMeTpus $as cratopa U poTopa,
a TAaKXKe OTCYTCYBHE HYAEBOIO NPOBOJA.

Bropas ocofernocts (1.1) 3akmiouaercs B TOM, UTO NPH-
HATH pasiuuHble 0003HAUeHHS [ q)usmecxu OAHHX H TeX
®e TOKOB cTaTopa W poropa: I, u Iy, I, u I's. JIna o6bacye-
HUA JaHHOTO MNOJOXKeHHS pPAaCCMOTPHM INepBOe ypaBHECHHE CH-
cremu (1.1). 310 3anucarHOe B CHMBOJHYECKOH fopme ypap-
HeHYe YCTRHOBHBILETOCA peXHMa ILelH, CoepKauiel axkTHB-
HO¢ CONpOTHBJAGHHE X UNAYKTHBHOCTH, NPH JeHCTBHH HAa BHI-
BOJ4dX IelU NMePeMEeHHOTO HalpAXEHUA ¢ HacTOTOH fi=w/ 2.
CumBosanyeckas (opmMa 3aNHCH YCTAHOBHBUIMXCH IIPOIECCOB
AJS LelH NepeMeHHOro TOXa O3Ha4aeT, UTO BMECTO BEJMYHH,
H3MEHAIUIMXCA KO TapMOHHYECKOMY 3aK0HY ¢ uacTotoff fi,
paccMaTpHBaeM BEKTOPH, Bpailalolidecs Ha IJIOCKOCTH CO
CKOPOCTHIO ®), & IIPH Nepexofe K MTHOBEHHHM 3HAYEHHAM Ol
perensioTCs NMPOGKLHMH 3THX BEKTODOB HA HENOJBHAKHYIO OCh.

Orcwaa caeayer, 4To NpH ONHCAHHH IPONECCOB B CTAaTOpe
paccMarpHBaeM BKTOP 7, BpaIlaOIMMCH HAa IJIOCKOCTH CO.
CKOPDOCTBIC @], COOTBETCTBEHHO NOTOKoclendedne Wii=ami]
TAKJKe Bpaniaercs Ha NJOCKOCTH CC CKOPOCTHIO wy. B To me
BpeMd, Kax B0 YKA3aHO Bhllle, HOTOKOCLeNIeHHe Wy =L,
H3MEHHAETCH OTHOCHTENLHO (A3Bl POTOPA € UacTOTOH CKOAbKE-
HHfl, NO5TOMy IMpH ONHCAHHH YCT2HOBRBIUHXCS NPOLECCOB
B poTopHol uenu BexkTtop Wy, a cienoBaTennHo, H I') mpuHH-
MAITCS BPALIAIMAMHCH €O CKOPOCTbIO @z BOT mouemy BBO-
astest nea ofo3Bauenust aas Toka cratopa I w I’y u potopa
Iy 0 I's, ONHO—DNIPH PACCMOTPEHHH NPOLECCOB B CTaTOpE, ApY-
roe — B poTOpe.

Tpersn ocobennocts (1.1) cocTouT B TOM, UTO YpasHeH:H:
3anHcannl 78 MaKCHMaJbHbIX 3HAYeHHH CHHYyCOUAa/MbHBIX BE-
AHUHH, a He AaA AelficTBywomux snauennii. Ha ¢opMy ypaBsue-
HEfl 3TO HMEAK He BJHHET, HO B AAHHOM cjydae ylpoulaer
paccyxAendsa (IpH OOHCAKEMH IIPOIIECCOB B CHMBOJIHHECKOH
tdopMe I, — 970 BeKTOp, BpallalOLKACH CO CKOPOCTHIO @), MO-
IyJL KOTOPOTQ paBeH MAaKCHMaJbHOMY TOKY (hasHl cTaTopa),
a B IajbHefilleM yIpoulaeT Mepexoi OT YPABHEHHH HEYCTAHO-
BHUBLIHXCS HPOLECCOB K YCTAHOBHEBLIHMCS peINIEHHSM.

Uerpeprasg 0co0eHHOCTL 3AKMAICUAETCS B TOM, YTO IIpHBe-
JeHHas 34aMUCh YPABHEHHH ABUraTeNs sABIFgercd MaTeMaTHye-
CKH CTPOTOH TOJMBLKO NPH OTCYTCTBHH MOTEPh B MArHHTONPORO-
ne. CrmenosatennHo, nOpn ucnoanaosagau  (1.1) notepsamn
B CTAJAH MalIHHBI TpeHeGperaem.

Henocratkom (1.1) siBasercs TO, uTO mpolecchl B CTATOpe
H poOTgpe COHOHCBIBAWTCA B PAa3HBIX CcHCTEMAaX KOOpAHHAT, 4TO
BBIPAXKAETCA B HARJHUHH ABYX 0603HAYEHHH 1l TOKOB CTATO-
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pa n poropa. dro HeynoGCTBO 7€TKO CHHMAETCs IPH NPHBEle-
HINE NIPOLECCOB B POTOpe K yacroTe cratopa. Pasnenaum BTO-
poc ypaBHeHue cicTeMi (1.1) Ha @wg M yMHOXHM Ha& w). B pe-
8YJLTATE NOMYUWM:

0="lr—t+jo, =T, >+ jo T, (1.2)
2

IMo opMe 3amHCK 3TO YCTAHOBHBILCECH pellleHHE B CHMBO-
Jauieckoll Gopme 118 KOPOTKO3aMKHYTOTO KOHTYpa, coiepxa-
1IerO COMPOTHUBJIEHHE romifme, & MOJHBIE IIOTOK KOHTYpa MeHd-
eTcd ¢ 4acToToll wy. OcymecTBHB yKasanHoe npeofpasopaHue,
npufeM k QopMe 3alHCH NPOLECCOB B POTOpE, NPY KOTOPOH
YaCTOTA HW3MEHEHHA 3MeKTPHUYecKHX Bequuud f» u ¥, paBHa
W, 4 He @g, TOITOMY HeOGXOAHMOCTL B PazluYHLIX 0603Hade-
HUAX TOKOB [y u [z a5 CTATOPA B POTOPa OTHAAAET, OCTAITCA
ToALKo 0Gosuauendd Iy u 7. B atom cayuae (1.1} MoxHO 3a-
nmucath B BuAe (Tpux Han I’y onyckaem)

(1.3)

Hhd
Uy="rr, ol (L — L)+ jo L (F, -+ T);
0= f;f'g _:— + f'wl‘—fz (Lz _ Lo) + jw:L (E+?2)

Ha pne. 1.1 noxkasaHa cxema 3aMellleHHst ACHHXPOHHOTLO
ABHrare s, moctpoenHas no (1.4).

BekTopuble nuarpaMMbl acHHXPOHHOH MalliMHEl B COOTBET-
CTBHH coO cxeMoH 3aMemenns (pue. 1.1) gas s>»0 u s<0 npu-
Bejenk Ha puc. 1.2,a, 8.

¥pasrenns (1.3) ABJSAOTCH YPABHEHHAMH YCTAHOBHBINETO-
CH peMHMa ABHraTeJqd Kak CHCTEMBI JBYX MArHATOCBASAHHLIX
Tpextasinx oOMOTOK, K ORHOH |
M3 KOTOPHIX MpuaOXeHo Tpex- ~ 7 bile Le~bp
tbuanoe HanpsKeHHe TIOCTOSAH-
HOH  aMIJIHTYARL H  4acTOTHI.
8 Apyras, KOPOTKO3aMKHyTas,
BpALWACTCA OTHOCHTENBHS nep-
BOA C MOCTOSIHHON CKOPOCTRIS. Pye 11, Cxema samemens
BPE\U-LEIIHE ¢ NOCTOAHHCH CKO- ACKHXPOHUNOLO LBHTAaTens.

(1.4)
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Iz o}

Panc. 1.2. Bexropnpe auarpaMMB ACHHXPOGHHOTO IBHIaTendd.
a—5>0; 6§ —s<h.

POCTRIO O3HAUAET MeXaHW4eCcKkoe DaBHOBecHe, T. €. MOMEHT,
pESBHBaeMb]ﬁ JABHUTaTEJCM, pdBeH MOMEHTY CONPOTHBJICHHA.

1.2. MOMEHT ACHHXPCHHOTO JABMFATENA

PaccMorpnm ¢a3y o6MoTxR craTopa, OpeicTaBAawmy cofoff xaryi-
KY. ¥paBHeHHE YCTaHOBHBIIETQCH PEXHMa AJA (pase CTAaTOpa B CHMAGJH-
yeckoH QopMe — neproe ypasHenue cucreMu (1.3). Cpeasas sza  nepmox
MOMHOCTE LENA MEePeMEeHEOrD TOK2 DAaBHA CKANADHOMY [POH3BRIEHHId BeK-
TOPOB TOKa H HAIPAKEHHF:

P=I71fl=f,r11|+imﬁ’d,=
=P]!’]—J’-'(l)] Im (hﬁ*]). (15}

B (1.5) nepmoe caaraeMoe — 3TO MOUIHOCTH NOTEPE B AKTHBHOM -CO--
DPOTHBJAEHHH O0OMOTKH, BTOPUE CAaraeMoe -— 3TO T4K HasblBaeMas 9JeKTpoO-
MArHHATEAS MOIIHOCTb, OepejaBaeMan OOMOTKOH uepel BOZAVIUHHA 3a30p
B pPOTOP JNBHrarteis. ) ’

DNeKTPOMATHHTHAS MOLIROCTH TPeXgasHol CHCTEMH B YCTAHOBHBIIEM-
3}5 PeHME TIOCTONHHA M DaBHa YTPOEHHOMY 3HAYEHMIO cpeinell MOUHOCTH

A3bil

Pe=3w; Im (I,¥*). . (1.6)

SueKTpoMarHuTHAs MOIMHOCTE CTATOPa Npeelpasyercs B MeXxaHnue-
CKYI0 MOILHOCTB BPAU[ATEIbHOIO ABMKEHHHA, JISKTPOMACHHTHOe Mofe B 3a-
30pe BpalllaeTefd CO CKOPOCTLIO i/ Py CleRoBaTelnHO, MOMEHT ABHTareas
paBeH:

M=3p, Im (I'F*)). ENE N

{Togcrapass B (1.7) suavense ¥; us (1.3), noayuaem:
M==3puLo Im (I\7%3). ' (1.8)

TakuM 06pazoM, MOMEHT HPOROPUHOHANEH BEKTOPHOMY [POH3BEAEHHID
NOTOKOCLENJAGHHS CTATOPA Ha TOK CTATOPA H paBeH OTHOWIEHUN 3MEKTpo-
MATHMTHOR MOMIHOCTH K CKOPOCTH 3JEKTPOMArHHTHOTO noas, 310 [10aso-
€T TOAYYHTE QOPMYAY MOMEHTZ N0 CXeMe JaMemeRHA  ABHTATENs
{prc. - 1.1) ¢ ymeToM TOro, YTO HAEKTPOMATHHTHAS MOILHOCTbL -— 3TO

10



MOWHOCTD, PA3BHBACMAA B CONPGTHBJCHWH fZ/S:

r r
M=3pnﬁ_,;*1 = 3pl* s (1.9)

[Mocaepnue gpa ypasenus cucTeMbl (1.3) VCTaHABAHBAIOT CBRIL MeX-
RY TOXKaM#t M IIOTOKOCHENNEeHHSMH CTaTopa H POTOpa. 3aJaBLiuch AIOGHIMEH
ABYMA DETNYHHAMH, MOMKHO BHIPA3HTb 4epes HHX ocraiasubie. [lonyunm euie
PAJ BoIpakenx# AJAS MOMEHTA aCHHXPOHHOH MawHHBL:

L —
M= 3py [ Im (B, F%);
Lo . =~ =
M=3p; L—llm(’l‘,[*z); (1.10)
M=3p, Im (B, T*,);

L _
M=13p, —E;'- Im (7, F*,).

1.3. YPABHEHMA ABMIATENS B OTHOCHTENLHBIX EQMHULLAX

LN XapaxkTepueTHKM ACHHXDOHHMIX AB¥raTedefi HCHOAB3YIOTCA Kpar-
HOCTb NYCKOBOTO MOMEHTA, KPATHOCTH MAKCHMAJBLHOIO MOMEHTa, KPAaTHOCTH
NYCKOBOTO TOKA, T. €, OTHOIUGHHE ORPEAGASCMOr0 3HAYSHHR BeJHIHHH
K HEKOTOPOMY Ga30BOMY 3HAYEHHIO 370# BeJHUHHEL

B xauecrse §a30BHX NPHHHMaeM:

Makc#MaldbHOE 3Ha¥eHne HOMuHaAbHOro (PA3HOTO TOKA lﬁ:Vﬂm
MAaXCHMaJhHOE 3HaYeHHe HOMMHAJABHOTO (asHors Hampaxenus Ug=s
= VZ/SUHOM (B HOMMHAJLHBIX JAHHBIX ABHTAaTedell YKA3LIBAETCA Brcerfa

NHHelHOe HaTpsKeHHe);

conpornpaenne Zeg=Usg /I,

notoxocuenaene We={Us/non (Dgow — HOMUHAABHAR KPYroBas dac-
TOTA NHTawWel CeTH);

MOMHOLTHE  Pg= 5 Uels

MoMeRT Ms==p,Ps/Wacn. .

IMpyn nepexone K OTHOCHTEILHLIM EAMHHIAM CHICAYET NEePBHE B2 Ypas-
wenus cucremel {1.3) paspesuTh Ha §230BHE 3HAUSHWS BXOASIMX B HHX
BEJTHYUHH!

U, _ 1, r w, W,
Us T Zo "7 wg g~ 1
0 I r, 1 Cw &, (.15

=Tz s T s T,

[Ipu sanucs ypaBHeHufi B OTHOCHTEABLHBIX ©NHHHILAX COXPRHAEM B OC-
PBHOM Te ke ofo3HayeHHs, 970 H AAM AcHCTBHTE/bHBIX 3HAUCHWH, 33 HC-
IONEHHEM ) /o=, Pr@/wWs=v H M/Mg=p. Kpome rToro, BMecro orHo-
CHTCALHOTO CKOJBXKENHS § BBOAMTCA HOBAf OTHOCHTEIbHAH BEJANUMHA —
alconioTHOR CROMbKenHe Pf==sa.
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B (1.7), (1.8), {1.10) mpn nepexoie k& oruocuremtniM cAUHULAM HC-

4e3a10T KOSOOUUHENTL!, H (QOpMYJILL JUE MOMSITON 1IMCIOT BITR:
= Im (7111‘_1:1);
p= X,lm {7, 7%)),
=i/

X —
b=y, (s T i

L]

X W, T+
L' Im (%, I*,);

B ypaBueHHsx cucrempl (1.12) oTHOWIeHHA WHAVKTHBHOCTEH 3aMeHEHb!
OTHOWEHHAMY WHAYKTUBHBIX COTPOTHBAEHUH TIpH HOMHHaJLHON 4Yactorte.
Hp]d HCIIONBL3OBAHHH OTHOCHATEABHBIX €JHHHL BCe BEJHYHHB B YPaBHEHHAX
DOJAYYaIoTCH Ge3pa3MePHBIMI.

B oTHoCHTeJBHBIX eJHnnax YypaBHeHWSA 3JJEKTPHYUCCKOro paBHOEBECHA
{1.3) MOXHO 3amMcaTh CAeXYIOIHM 0BPasoM:

—~

o

v =1y + joll;
[— &% —
0=12P'2T+jdqr2; (1']3)

B =1LX,+T,Xy |
T, =T, X0+ 1 X, )
3xecs Xy, X Xo— MonMHBIE HHAYVKTHBHLIE COTNPOTHBJEHHS CTATOPa, po-

TOpa K CONPOTHB/AEHHE B3aHMHOH HHAYKUHH NOpH HOMHHAABHOH YacToTe
B OTHOCHTEJNbHHX €RHHHIAX.

Yacro BMecTo DOAHEX COMPOTHRJAeHHH X, H Xs HCOOAB3YIOT AHAYKTHB-
HEE COTIPOTHBJEGHAR PACCEAHHA CTATOPAE X1 H DOTOpA Xa:

xi=X—Xo;
X2=X2—Xu.

TlonHan cucTeMa YPABHEHHH BKAOYAET YPaABHEHHs JCKTPHUECKOrO pas-
Hopecua (113}, ypasuenns moMeHTa asurareas (1.12} (B ycrasosuBuIeM-
CH DeXHMe OH p4aBeH CTATHUCCKOMY MOMEHTY CONpPOTHBIEHHS) H YpaBHe-
HHE CKOPOCTH

ye=g—P. (1.14)

Boaee ynoTpefurenvHa zpyras ¢opma ypasuenni, uem (1.13). Pas-
LeXAUM NepBrie ABa ypasuenus cHereMbl (1.13) Ba o u sanuleM cHCTeMy

12



YPUBHEHH B CJIeAVIOIIEM BHIe!
U,yfe =—'11r‘/a iy
0==Tyrs/p + ¥,
iI’: =T:X| +T2X,,;
B, —

Ty 1,X (1.15)

X
=Ty XX! [m(lyi}fz),

y=a-—f.

B {1.15) Bce BeawynHs MOXKHO pasAenTs:

HA TzpaMeTpH ABHraTeNs 7y fz X1 Xz Xo — BeMWUWHE nocToAHHME,
B nprBonuMbix HHKE NPHMepax, e¢Cdu HE JAeNaloTca clleuMafbHble OroBOp-
KH, NPHHHMANIOTCA cAeAVIOLIHE NapaMeTphl ABHraTeas ri=r==0,035, X=
==X2=3,1, Xo=3,0; .

g napaMeTpe pexuma U, ©, p— HeaamHcHMEE DepeMenHbIe;

Ha MPOUIBOAHBIR napaMe'rpQB ABuratenn n pemuma Iy Iy \F,, '{"2, IFU,
, V.
B Pacyer CTATHCTHYECKHX XAPAKTEPHCTHK ABHrATes CBOAMTCS K ONpe-
Jenenwio ne (1.15) nponsBoa¥BX BeJWYHH, SABUCANMX OT NapamMeTpoB pe-
suma. B npolecce pacdera OKasuBaeTCs YAOGHEIM IPHHATL B K4YecTBe
napaMeTpa pemuMa fOapaMerp f§ BMeCcTO b, @ | ONPele/ATh Kak pPesynib-
TAT peineHHs. YOpaBleHHe HBUTATEIeM 3AKOUAETCH B ofeCledeHHH TAKHX
sHavenufi o M Uy, ODA KOTOPHIX CKOPOCTh ABHraTtens NPH 3aZaHHOM 3Ha-
YeHHH . Gblia bl BOOJHE QNpeReNeHHON.

YnpapieEHe CKODOCTBIO OCYIIECTBJAETCA H3MEHEHHEM HacTOTH O
C onpeleneHHEM OYEBHAHBIM IOOYVIISHAEM MOMKHO [0JaraTbh OJHO3HAUHON
3ABHCHMOCTb MEXJAY CKOPOCTbIO H uacToToH. Boaee cioxno pemraercs so-
npoc: KaKHM NpPHHATL RanpsaikeHHe LA 3dajazHod uacToTH? Hampaxenue
MOMET H3MEHATBLCH OT HEKOTOPOre MUHHMAJNBHOIO 3HAYEHHH, 3aBUCAUIErY
OT MOMeHTa Ha Baly JBHraTels, N0 TeODETHYeCKH OGGCKOHOUHO GOJBIIOro
auadennd. JTOT BOMpoc TpeByeT CNRLHANBHOrO OGCYKACHHA H eMy NOCBA-
IieriLl nocneayouike naparpadoi

1.4. PABOYAA CXEMA 3AMELLEHUA

Cxemy 3ameutenss (oM, puc. 1.1 » 1.3,0) TpuMeHdeM RIS YHPOWEHHS
pacdeTa YCTAHCBRBINMXCH HNPOUECCOB MO 33aZaHHBIM NapaMerpaM JXBHraTtens
W pexuMa. asa paasuefimiero VIOpOUIeHEHA CXeMBl 3aMellleHHS MpekKjie Bee-
ro, BHIHOCHM NapaMeTp ' Ha BLIBOAB! ABHraTens (puc. 1.3,6) H 3aMeHneM
napanaespHoe coelHHeHHe CONPOTHBJEHHA NocneloBaTessHEM (pue. 1.3,8).
Ipy sToM NoNHOE KOMIVIEKCHOE CONMPOTHBJEHH2 CTaTODa Zi COCTABUT:

Xs
Z, ry ¥ Xt X2, Iy
==m+ﬂl—x) X X\
o o 2 2 2
(s 52)

+f&'+(%y. {1.16)
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Oboasagum: X;—X2%/Xe=X'| — Gepexoitior NHAYKTHBNHOE CONPOTHBIE-
HHe cratopa asurareds; Be=fXo/ry — napaMerp, XapasTepuayoui gacTo-
TY TOKa POTOpa.

, o, roo.
ry  JUXXg)  jetXy X,) Ef S X)) J(XgXp)

U o, g 4 ; rs
1 JotAg 24 ﬂ A JXU F
A
o)
3 7
ry mef
N e
——
i 11 Xo .5
£asj delgz
B

Patouue cxemMul 3aMEIGEHHS ACHHXPORHOTO ABHraTedNA.

b2 VTouttnM (USHYECKHN CMBICR Mare-

MartHueckoro cumzoaa fls, Ecaw P -—
WCTOTA CKOJbKEHHA (3 B CTHOCHTENb-
HBIX €IHHMLAX, TAe 3a GasoByl eilr-
HHUY  BpeMeHH UPHHATA  BEJAHYHAA
H/@aon, TO Bz — 370 RaCrora CKOMbMXe-
HHA 0 B OTHOCHTEJbHLIX e€IHHHILAX,
rae 3a 6a3oByio ©IHHHIY BpeMeHH NpH-
HATA MOCTOSHHAR POTOpZ HPH Pa3IOMK-
HYTOM cTatope, T. e. fle=Llafre=

02

1 [4‘"62

i 1 |
0 02 0% 0

08 7,o<—}_;;
1.4, Tpaduk

G YHKREHA
Baf (1 +R%). '

Puc.

=X9/Waonlz. B paneHefiureM znga ympo-
HeBHA MaTemarHueckofi 3ammcu By-
HEeT HCMONB3GBATBCA TAKME eIHHHIA
spemMedt X3/ Wyomre, TPH 2TOM 4ACTH-

TA CKOJbME [HA XapaKTepH3yeTcaA Ba-
auunnol  Pi=PX'y/rz
Beomsa moBme oGoamauenud, (1.16) mpexcranasem b BHOe

Xz, I

Z, r X3 B ,
- + i X, 1+3% ‘

0 2
BRI A A T

x &

(1.17)

CxeMa 3aMelleHHs ABHrateds B copreercTBuH ¢ (1.17) noxasana Ha
puc. 1.3,8. AxTuBHOe conpoTusaeEHe R(Bo)=X%/Xaflo/(1+B%) ompegena-
erca no rpaduky puc. 1.4 mas Py=0-1, TIpu Po>>1 R{fiz) onpepensercs
no Touy e rpaduxy man suaverut 1/P,. MnaykTuBROe cORMPOTHBJECHHE
MOXHO paccauTats no dopmyne X(Bz)==R(p2)/f2

Cxema puc. 1.3,¢ NMO3BOASET ONPEAEinTh NOTOROCUEIVIEHHA MANIHHEL
B OTHOCHTENbHHX ennHuuax ¥, paBHO HAAPAKEHHIO 38 aKTHBHEIM CONPO-
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THRJIE&HHEM cTaTOpa f]f-a,, IFG PABHO HANPAMKEHHIO 332 AKTHBHBIM COII[)OTHB-
JENHEM H HHAYKTHEBHOCTBIO paccedHHs cTaropa asmratens. Hafiaem wanps-
weupe  wa  conporuedaeHEd  Z{Pa) =R(P:) +jX(Bs). Buipazum W
qepes I, n s :

X, —
X: T, (1.18)

m1 37:)(’1 +
i, NOJCTABHE €To B MepBoe ypanHeHne cucTeMbl (1.15), moaywmm:

- - — Xy =
Uifa=Tr /a4 LX +] 5 ®,. (1.19) -

MUz {1.19) creayer, uTo HanpsoXeHHe HAa CONPOTHBJEHHH Z{B) parxo
X

3 -
| ¥,. 3ro HanpsxKedue B AansHelineM obosnavaerca Eafa.
2

PaceMoTpuM COOTHOIISHHA MEX]AY MOTOKOCUENACHHAMH ABHratend, Ha
CXeMh 3aMeileHud CAefyeT:

Xy = - , )
i "j(:""pu:]l [R{8:) +7 X (3:)1,

OTRYAa
Xy = + X% i+35e 4
% ‘?’ =1 Ay 144 ’
RN .
(1-4B2) Fo=11Xo. {1.20)

IMotoxocnenitenne Wy BHipamaerca uepes Wy cleaymmum olpazomM:
— L Xe o= - X
iBo=i% Tt T J %

Mozncrasaas pMecto Iy ero anauenue ns (1.20), mosyuaem:

X
2

ﬁ,:@,(l-ﬂg, ¥ ) ' (1.21)
[ToTokocuenaenne Tﬁ] BHIpaaercs yepes .‘ld"-z CAeAYHOLWHM OﬁpaSOM:

IiF|=! ﬁz“"jl_xX'n

ﬁ:ﬁ,—(l-l-jg A (1.22)
1= X, b X, . }



Ha (1.20)—(1.22) ouwesngnul cacayeULIe QopMyNd AAH Moayaell nmo-
TOKOCUENAeHU:

LX, =%,V 11, qr.,-zwzl/l +(3: %—) ;

: X, X
q’:=q‘2_)_(";l/]+!\{32'7:h) = (1:23)

"—fq:n-dxr_:‘[l =+ 8%

Dopmyan (1.21)—(1.23) M0XHO NPeACTABHTL C HOMOLIBIO BeKmQHoi‘t
JHarpaMMH puc. 1.5,

i

Ana anpedenenun Ty

£s

- XTI — Xp
AL aa onpeberenus ¥y 7, % =iy
A L
| R
Bz Thp, i
AN AN Y
Ann onpedenenun Iy TN 7,
g 2 7

Puc, 1.5. T'eomeTpauecKop MeCTO TOUEK NOTOKOCUSNACHUE MalIHHD.

Ha puc. 1.6 npusesertr zaucumoctn 51\ Xo/Wa Wo/¥sy W /¥, or Ba
nocrpoernse mo {1.23).
MoMenT Asurartens s cooTsercrsun ¢ (1,12) pasen:

u=Im (F,%%).

370 BHpaXeNide aKTHEHON MOMIHOCTH LPH Toke J 4 HANDPHIKEHHH T
B cOOTBeTCTBHM €O CXeMOH 3zZMellerHA AKTHBHAA MOWHOCTb WENH — STO
MOIIHOCTE, pacCeHBaeMas B compoTuBAeHud R(f;). Oma Momer 6uTh ompe-

AeieHa wuepes Joboe HanpameHne g ﬁfn; i ‘XL@,. KpoMe Toro,
2

CTAHOBHTCA QUEBHAHOH CASAYIOM RS d)O]JMy.'Ia AJil BHIUHCJACHHSA MOMeHTa:
X? B
= J¢ = et T
p=IR () =1, __Xz T+ 6% (1.24)

3axaHuuBas oficyxcaenne pafoyell CxeML saMeumeHMA ABHTATENSA, YK&-
HeM elle Ha OmHY QopMy cxewb pAMemenna (puc. 1.3.2), Koropast meng-
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CPUACTBCNHO CAenyeT H3 CXeMbl 3a-
meienwn pre. 1.3,8. Cxema 3sawme-
ienws pue, 1.3,2 yio6Ha npH aHa-
JdNie npoileccos B c.ﬂyqae HECHHy-
COHRRALIOCTH Hanpamenun U, kor-
Al KPOME OCHOBHOH FapMOHHKH HM2-
otca oicmue. [lo  oTHOeHHo K
BLICIIHM TapMOHHKAM BDPAaLIAIONIHHA-
¢ ABHratenp HaXOOHTCH B pexnwe,
OAHIKOM K KODOTKOMY 3aMHKAUHIQ,
r. ¢ P m B> 1, nosromy Z(B)=
=R {(B)1-fX (B)=or2(Xo/X2)®. 3nave-
une ToH BeAHYMHH Mano, H IJC
E; TNpaKTHYECKH  CHHYCOMOAJBHA.
,U,Jlﬁ BCEX BHICIIUX TFapMOHUK AKTHA-
noe COHpOTHBJIeHHe JABHraTesda pas-
w0 1 +ra(Xp/X2)2, a MHAYKTHBHOCTB
"Wormon.

Puc. 1.6. 3aBHcHMOCTH MNOTOKOCHEN-
JeHHl MAWHHEL OT CKOJbLXKEHHA.

1.5. HCCNEROBAHME MOMEHTA ACWHXPOHHOIO [BMIATENA

pamerpor pexaMa {J,, ¢, P BocnobsyeMcs cxeMoil saMelenna puc. 1.3.¢

Y
“1 Jna onpeneneHua BHpasKeHHs MOMEHTa JBHraTe/id B 3aBHCHMOCTH OT
a

™% OOLIHM COGTHOWEHHEM

U, \* R(g,)
=IR(@g,) =] —r. (1.25)
B 1 (8a) = 72,

HecnenoBanue MomeHTa OCYUIECTBASeM NpH o==coNst H H3MeHEHUH
cuoabxenns P. Tlpu 9TOM mpuHuMaeM BNoOJHe onpefefeHHbHl 3aKCH H3Me-
uedus manpmxenus U,(R), npu xotopom W =const, We==const, ¥=const.

¥ —""" _J_ Alt AL
A S
L A4 [2Y ]

chey Py

% F | ¥

S

Puc. 1.7. CTpYKIYypHas cXeMa JIGKTPONPHBOAA € PEryJAsTOpOM
HANPAKEHAS.

PaccmoTpiM mpeofpazoBaTesip YAcTOTH ¢ PEeryAsTOPaMH HaRPAKEHHSR
# wacrore. Ecli cHCTeMY pery/iHDOBaHHA BHXOAHOCG HaNpAXeHHS mpeos-
pROBATeNn BLIIOJHUTE 3AMKHYTOH HO BHYTPEHHEMY HaNPRKEHMO ABUTa-
TRAH, TO NpH HCIOHB3OBAHHMY ACTATHYECKOrO PETY/HTOPA JAaHHOE HATNpakKe-
Xue Gyjer TNOAAEPIKHBATBCA C BBICOK IQHE3ABHCHMO OT H3MeHe-
e f. Ha puc. 1.7 noxasasa eTpyKT micc’gﬂeg%mngpoaaﬂm
Q168 VPoawowiat vosuis um | 17
ROCHD & KU vy, 3
Bm. (. M Kerroa
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Ui v a. Ona n3MepenHs BHYTPeHHETO HANPsKeHHS ABHTATRAS HCMOJB3YCT
¢ YCTPOHCTBO TeOMEeTPHYECKOT0 CYMMHDOBAHHS CHLHANOB HaNpSmeHHd n
TOka B COOTBETCTBHH €O CXeMOH asaMemeHusa pHe. 1.3,8. Oana Qasa nar-
yuka sHyrpenneft DAC nrurarens nmoxazama Ha puc, 1.8, Ha sxome yeu-
AnTenn ¥y CYMMHpYIOTCA TDH CHrHAJa: CHTHAM, NPONODUHOHAABHEI, Ha-
npaxennio U, uw pervanpyemulfi conpoTHeieHuem R); CHTHAJ, NPOROPLHC-
HAALHEIR NPOW3BOAHOH ToKa [4 M PeEryaupyeMblii cORpOTHBAeHHEM R
(AHCKPETHO MOMMHO DEryiupobaTh eMKOCTBI KOHZIEHCATOpa); CHrHAJ, Ipo-
NOpuUMOHaJbHLE TOKY [4 B peryiapyeMuil noreHumomerpoM R noche ¢u-
KCallHH CONPOTHBACHNS R».

red ™

Puc. 1.8. CxeMa msmepenua srytpennefi JC.

PeryanpoBKoll CHTH2A0B MOMHO NOJYYMTE BX COOTHOWIRHHE, PaBRoe
COOTHOIIEHHIC MEXAY HanpskenueM [/), najieHMeM HaNpAXKeHHS OT TOKa
Iy Ha conpoTHBJERHM r; H DajeHHeM HaNpHXKeHHA oF ToKa [; HA HEEYK-
THBHOM COHPOTHBJIeHHH x) WiAH X';. B peayanraTe Ha BblXome YCHAHTeNs
&;. mMeeM curHald, nponopuHoHadeHHl Ej=o¥, wan Ei=oW¥,, uau

X,
-Ez—_—u"j(_: "I’z.

Ecau BunpaMaennw@t Tpexdasuuii curuan E HCIQARIGBATE B. KAYeCTBE
CHFHAJA2 OTPHLATEAbHOH QOpaTHOH CBA3H B CHCTEMe DEeTy/IHPOBAHHA DHC,
1.7, T0 He3aBHCHMO OT DeXHMAa DabOThl ABHraTels COOTBETCTBYIOUIee Iio-
TOKOCHEIMNACHHE OCTAETCHA HEH3IMEHHLIM.

PaCCMOTpHM MEXaHWYEeCKYi0 XapaKTEePHCTHKY ABHraTels npH nognep-
XKAaHHH HEH3MEHHHM HOTOKOCLRENJIeHHA. HpH RCIOJAL30OBAHHH CXeME 3aMe-
niedus pre. 1.3, noayusaem B coorsercTtBum ¢ (1.25) eAexyionlne BrIpa-
KeHHA AJA MOMeHTa:

upu Wi=const

_(3,_ * R gy
P=UXT %) XT3 R (Bl

X T X LA
npu ¥, = const
R
T (B2} =
R*tsz)+[X(sz)+x=T=j
rm: ,*
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R{)

=¥, X, X
RE (3) 4 X* () +2X (1) % 5 +(x &)

- YuBnTusad, uto

X% B X 1
R (ge) = T;*r,ﬁﬁa—z: X p) = X T

1 2 . X% 2___1__- X
R () + X (Bz)—':(_)(";) 152, Xo=X,+ x4

anemz

! Xzﬁs;"xz
e P2 e — L2
p= ¥ X2 (Xaf%2)® + (% * (1.27)
Tpn @, = const
R (35)

b= TR F X G X
. C yuercm mopasennit aas R(B:) u X(f) nonyzaem:

X, 1 XX
e 3 /A5
P—‘lelxz XX/ X485 (1.28)

Qopmyas (1.26)—(1.28) soryr OuiTh MOJNYYeHH HA OCHOBAHHH Ce-
jyiomero npocrore upasuaa. Jas gaxaporo ywactka uemw (pHe. 1.3,8),
CUIQJIOKEHHOr) CNpaBa OT BHBOAOE ¢ GHKCHPOBAHHBIM HANPAMEHHEM,
a3/H9aeM CONPOTHBJEHHE XOJ0CTOrO Xoja Zxx (f=0) u conporHBAcHHE
IeaLHOTO KOPOTKOTO 3aMBIKaHWs Zna (B—occ). Jlasa paccMaTpHBaeMEX
y4aeB OHH HHIYKTHBHLIC M DABIHH:

1 Zy, x Zy.s
¥, — const X3,/ Xq 0

¥, = const X X3 Xo/ Xy
P, =const X, X

Tlpy B—>0 R(Bs)—0, u Tok B manuom pemume [Jo="W/X¢x Ha-
WaapHbHE YYaCTOK MexaHHueckoll XapakTEPHCTHKH MOMHO DacCiHTarh INo
opryae p=I%R (Ba) Han

2 w2 Xe, B,
a0 X7 R = Xx Xo T+ °
g X?
= —XT:(—_EL Ba. (I.?g)

- C pocrom B MOMeHT JocTHraer MaxcuMmyma. 3Hauenne Py, coOTBer-
RTBYIOLEE Wmax, PABHO:

52max=Xx.x/Xu.a- {130)

MaKCHMaﬂbHHﬁ MOMEHT B 2 paaa MeHbIIE, YEM 3HAYEHHE, NoJaydyaemoe
hpn MHHENHOM  H3MCHEHHH MOMEHTA [=lg,q Auf Po=Pamaz. Taxum
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06pazoM, MaKCHMANLHBI MOMEHT

iy X2 Bamax = WXz, 1 e

Pmae= X x XAq 2 T 2 X, XixZXgs =_2_-Y"‘“”‘
(1.31)

rae
Ymax= Xzo /XQZ,,XZM.

Ha puc, 19 poxeaaann xapaxtepmeTurm W(Ps) A7 DASAHTHHX 32KO-
HOB YNpPaBJICHAA NOTOKOCLEMieHHeM apuratend. Mz puc. 1.9 u dopmyanl
{1.26) caexyer, uro B pexume Wi==const MOMeHT asMrateast He HMeeT
MaKCHMyMa M pACTeT HEeQrpAHHYEHHO ¢
poctoM f3o. IIpasna, npu Goaswux Pz oot-
NepiKaKHe HEeHIMEHHEIM Wy HEBOIMOXKHO
H3-3a pocra ¥y (cM. pue. 1.6) u wHeus-
OeXMHOr0 Hachllenus asuratend. [Ipn ws-
MeHeHEH fa B npegeaax A0 3fowam (Powox

Hi \@j COOTBETCTEYET HOMHHAJIBLHOMY  MOMEHTY)
yBeanueHHe Vg HEIHAUHTETBHO H  PEHM
Yo=—=consi BnoaHe pealinzyem,’
g X1 Xz |2 2 P ¥

X %3 Mexanmdeckas XapaxkTepHCTHKA JIBU-

! ratens npn Wy—=const mmasercs Kaca-
Pue. 19. 3asucMocTh wo-  TobHOH B Touke f==0 k Mexammueckmm
MeHTA OBMraTeds oT cKomgb-  Fapakrepucriiam mpw Wi=const n W=

=const.
HCHHA, Paccmerprm (1.24}) npu  I=

=consi. Kputnuecroe cxoapxenne Pomos=
—1, MaxCuMaJbHLA MOMEHT Wmox=I%X%/2X;. Qunrako pabora aBuraTeas
npy [=—const NPAKTHYECKH He OCYMECTREMaZ, TAK XAK B KaHHOM pekuMe
¢ poctom  HafnwpaaeTcs pedkoe yMeHpIeHHe TorokocHenaedusi W B pe-
KHMe X0a0ctoro xoda npa ¥i=1 .=V Xo/X, =X/ Xy, [ =1/X..

Ecnw npuuate Tox [, TaxuM, uroGu sHaueHue Wy He upPeBBIANO QT-
woutenns Xo/X), 7. e J;=Wy/Xo=1/X,, TO MaKCHMANLHLIA MOMEHT NO.Y-
gaeTcs papubiM X% /2X,X;=0,15. :

Eciuw [, npuats TaxkuM, uTobul npH =1 Wo=X¢/Xs, 1. e =
=VE/X,, TO Pmax=0,3, HO B pexHMe Xoaocrore xojaa ¥ craHer pas-
HEIM VQX,J/XI, 4TG NPHBOZHT X CYLISCTBEHHOMY  HACBINEHHK JIBHCATes.
TaguM ofpazom, 3akon [i=cohsi He NpEMenHM AN yADaR/JIeHHA ACHHXPOH-
HEM zBurareled, TOK [; HYXHO PEryAHPOBaTh NPH HIMEHEHWH Harpysou-
HOTO MOMEHTA.

1.6. MEXAHMYECKAS XAPAKTEPMCTMHA B PEXXMME U, —const

Mowment p onpegenseM ¢ nomowsio {(1.25):

(Uy/2)* R (8:) .
B et RBIF X+ X G (1.32)

Odfpamadck K cxeMe 3aMelledds puc. 13,6 ABHratelts, BEAHM, YTO A8
AAHHOrO peXHMa CONPOTHBJEHHA XOJOCTOTO X048 H HAeadbHOTO KOPOT-
KOrQ 3aMEKAHHSA He HHIYKTHBHEIE, # AKTHBHO-HHAYKTHRHEE

Zy, =V F X5 }

(1.33)
Ly, 5= y (ryfo)® 4+ (X')%
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M3 (1.33) cynerom Toro, uto mpH fz—=0 R{B2)—+0, X (Po)—+X%/Xy
no/yyaeM, uro Ha HaqaJbHOM YuacTKe KpHBas w(Ps} sBAsieTcq npamoi

U,/ X2,
a0 =~ R e (1.3

%70 noaHocTRIO cooTBercTByer {1.29).
Hatizem #a {1.32) pemmumny (U)fa)?/u:

(_{_/L!_)g_]_ /e +R{@)I2 + (X7 4 X (By)i®
@ T R(8s)

(“)R(m"‘gu M

®au ¢ yuerom (1.28)

U,ze VX 1 2
O s

82 - ()(1/)(’1)2

+ Xa XX,
BE Xr
IMTocae mpectpasoBaHuil MOTyYHM:
Uiyl X 1 r .
( = ) T = ﬁ-ﬁ;lz’x,x+ﬁzzl’x. J+2—. (1.35)

MakcHMyM MOMeHTa u (3p) COOTBETCTBYET TaKOMY 3HAYSHHIO Jymaxs
: i U\t d l
hnpu KOTOPOM [POH3BOAHARA N [t (8z)] #om (Tl) d—h[m-)—] 6b1a
Bl papHa HYMO.

Ha (1.35) caemyer, uto

ﬁ2max=2x,::/z;(,3. - (1.36)

‘BBenem moHSTHE DACYETHOTO MOMEHTA Wp, YUHTHIBAIOIETO B MEPBOM
NpUGIHKEHHH conpoTHBIenne rifa. PopMynra aam p noaysaercs  H3
{1.35), ecnmn B nmpaBoft yacTH OTOPOCHTHL caaraemoe 2r /a:

(Ul ¥ Xy 2%, s

) B = X TR P B

OTKYIA

Ui Y X% 1 Babamax ’
Hp—( @ ) Xy Zr iZe 2 B2+ Bramax (1.37)

Qopmyasl (1.37) # (1.28) amanorHuHbL
DTo MOK23HBAET, UTO DPACUCTHEIH MOMEHT oONpeia/feTcd N0 YCTAHOB-
'IEHHbIM sbwe (§ 1.5) npaBHaaM COMJTAacHO ¢XeMe 3aMelleHMMs JBHraTeNs
K npeicTapadeT cofolt TaKyK e 3aBHCHMOCTh, UTO H MoMeHT npu W=
w=const. 3aBHCHMOCTE MOMeHTa ABkratTerst oT Bz B cootserereuu ¢ (1.35)
OTJHuZeTCH OT pacueTHoro Momenta npu Wi=cons{ caaraembm 2r;/a, no
¥MEeT BKCTPEMYM INIPH TOM 3Ke 3HAUEHHH CKOJBMEHHA Po=Pomax==
el x;"ZH 3
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Onpeteactne QakTHUCKOro MOMCHTA ABICATCAH 1O PAaCUETHOMY MO-
MEHTY He MpejcTaBaReT Goabmikx TpyAlrocred: .

()b (et o

o P «

Maxcumaneritifi MomeHT Lnwratens ¢ yuerom {1.37) u (1.38) paped:

1 U, 42 |
Pmax = "9~ (f:-) X, ry * (]'3-9)
+ ")'_(T;_Zx, xZK,3+T

3H4K «]-» COOTBETCTBYET MONOMHTENBHOMY 3HAYCHHIO Pomax, SHAK
«—» QTPULATENLHOMY.

Ha pre. 1.10 noxasaHel 3aBHCHMOCTH MAaKCHMaJLHOTO MOMEHTA H KpH-
THYECKOTD CKOMLKEHHA, PACCUMTAHNEIX cooTBercrsenwo no (1.39) u (1.36),
R oT orromenwst rife. Mx 3HaucHAS qips
B2:maxs Bmax wu(B<0) rifo=0 NpUHATH 32 eJHHHOY.

a5l \ B  JBHraTe/bHOM  peXHME MaKCH-

o MaALHEIl MOMEHT pesko najaeT ¢  yBe-
22 AMUEHHEM Fifit, B TeHepaTOPHOM — BO3pa-
&0 ¢raer. 3ABHCHMOCTb Mmex OT Fif¢t  HAS
18 TeHEPATOPHOTO peXEMAa NOCTpoeHA AAf

4 ) mocrosHHoro sHavennss Xo. B gefiersd-
34 Emax(B<0) TeJMLHOCTH ROTOR ABurateas Wo cyie-

>
12 cTBeHHO  yBenuyusaercs  {puc. 1.10).
1 Yeennuenne W, NpPHROZMT K HACHINCHHIO
08 MATHHTHOH CHCTEMBl MAlUBHHE M CHHKe-
%i_ bop Huio Xo. B pesyapTare B TEHEPATOPHOM
3;2 peMHAME MOMEHT ABHCATENT H3-3a BJAHAHHA

T ri/0 YBESWYABAETCH, HO He CTOJMb CYHIE-
6 02 0% 06 g8 ry/e CTBEHHO, KaKk 23Te ciaeiyeT u3 pue. 1.10.
B neaoM, npHXOAHM K 0OOIIEeH3BECTHOMY
Puc. 1.10. BaRsnxe aKTHBHO-  pupony o TOM, YTO 34KOH YACTOTHOTO pe-
L0 CONPOTHBNCRUN CTATODA  pypypopanns {/ifo=const mpm Goabmux
Ha XapdKTepHCTHKH ABHMATE-  gyauednax f)fu HenpueMaeM, IpexKae BCEro
as B pexknme Uy=const. BCJIGACTBHE PE3KOTO TNA[EeHHT MAKCUMANb-
HOIO MOMEHTa B JBHTATEJLHOM perHME.
Coornowrerne (1.39) nozponser AIA KOHKPETHHIX 3SHAYGHHH [apaMerpon
OBATATENA M XaPAKTEPUCTHKH HATPY3OUHOI'O MOMEHTA ONpPeleNHTh AMANAGIH
perymupoBanaa 1o sakouy Uj/a=const.

1.7. CNEUMANDHLIE 3AKOHBI YMPABNEHUA ACHMHXPOHHDIM
: ABHTATEREM

B npeawaymux naparpatax paccMaTPHBAINCE 33KOHHW CBA3AHHOIO yn-
PaBJeHHS AMIHTYNONH [HTAKMEre HANpsRKEHHd H yactorel, npuyeM aias
JABYX OCHOBHBIX 3akonop peryiaposanus: Wi=—const v Wy=const noayuu-
JIE, UTO aMIVIATYAA HanpsKeHHs A0MAMHAR MEHATBCA He TOJLKO B hyHKUHu
vacToTh. OEHHM W3 32KOHOB YMPaRICHHA HATIPAMEHHEM IBHIATENA B YHK-
EiH YacTOTH H HaTPY3KH, OBeCTeYRBAOUMIMX CHHXKEHHE NoTeph B IBHCATe-
le, ABASeTCA 3aKoH, mpeamoxenuumi M. [l Kocremko;

T/ ¥ o = ¥ 1/ Bons

KoTopetl B coorBercTeud ¢ {1.28) croamTca K YCJIOPHIO NOCTOAHCTBA CKOMIb-
MeHHS, T. e. HaNpAXeHHe Ha BHBOAAX ABHraTeas MeHAeTcd TakaM cOpa-
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30M, YTO NpH gwfoM HarpysounoM MoMmeHTe Po==famom. [Ipu 3TOM &BCE
Mempomarnmﬁme BEJHUHHH, xapaxrepnayl@mne mponeccLl B ABHraTeJe,

A3MEHAIOTCA NPONOPLHCHANLHO v, JleHeTBRTCABHO, B COOTBETCTBUM
{1.23) u (1.19) noayvaem:

B ® Benow |
X X! ]
m!:wz_‘:_l/l‘l'(?:— Bzﬂcm) H
X 2
T, =, V/ 1+(gm.ﬂ 722—) ; (1.40)

P —_——
[1:7? V1+Bamom; .
:yl X, ooy 4* Xy T t
=% ("X—o-i- Xy ) +( X, ﬁzuou—‘jm—) .

* OnTHMAABHOCTh JAHHOIQ 3aKOHA MOMKeT OHITh KayeCTBEHHO OGOCHOBA-
#a Tem, uTo B OONACTH HOMHHAMBHOIG peXUMMa aCHHXPOHHHH JABUraTeNb
paboTaer ¢ MakcuManbHeIMu gHavennaMu KIIJ u cos . Tips srom npumn-
MaWT, 4TC NapaMeTphl. ABHraT&id OCTAKTCA Heu3MeHHuMH. OpHako AaH-
* #0e YCJOBHEe HE BHIOOJHAETCA NPH GOMBLIHX MOMEHTaX, KOria ¢ yBesHue-
Huem W, ypeauympaeTCx Takme Wo ¥ HACTYIAeT HacHINeHHe ABATATENA.

Jpyrum 3aKoHOM YRpaBJAeHHA HANPAMeHueM B QYHKUMH HarpPys0UHO-
FO MOMeHTa, ODECHEUHBAIOWKM CHWKEHHE TIOTEPE B ABHraTese OpH pery-
WMpPOBaHHH, ABJAETCA 33KOH MHHHMaabhoro toka [2, 3). Jlauuuf 3akoH
PHBOARTCH C YYeTOM HeNHHeAHOCTH MarHnTHOH uenw AsmraTend, Pac-
JMaTPHEAETCA CleIVIONlasf 3afada: YCTAHOBHTH MAaTeMATHUECKYID B3aHMO-
“fBA3h MOMEHTA C NOTOROCUENJISHNEM M CKOJAbXeHHeM, APH KoToDOof TOK
praropa nNoJyuaercs MHHHMaAbHHIM. IlpH aHalu3e HCMOMB3YWOTEA  ABE
gopwyan (1.23) n (1.26}, ua xoTopHx Cienyer:

¥, pA, f
112?0—'/ 1+‘\W

ne [ ()]

F J“PIHHMYM TOKa l'] AAA 3afaHHoro M lonydyaeM IOPpH TAaKOM 3HAYEHHH

¥

3, pn KotopoM d{[%) /d¥ =0

Ve 29 2%, dX Xt 2
{*) 2 2 o+”‘2[-'(X:)

1w, = Xi, ~ X%, d¥, X, w, Tt

rora (%) ]-0
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B pexcaMe MpmmMyMa ToKa [; HMCCM CACAYKNILVIO SOBHCHMOCTD MEIY
v H ‘Fz:

Tx,
" Xty— X, g
2
b="xz, X g X A Xy (1.41)
(_Xo_j — ¥y, T, ("}(T)

Ha nnnrefinom Y4aCcTKe KDHBOI"’[ HaMarHnyuBaHudg, xKoraa

dx, d (X, e, 1
T =7 () =0 meen = xE, =)

T. ¢ upH pafoTe Ha JHHeHHOM YUacTKe KPHBOH HaMarHUYHBAHRA MHRHMYM
CTATOPHOTO TOK2 NOAYYAETCs [PU NOCTOSHHOM CKOJbMeHHH fo=1 W HaMe-

HeHHH BCeX 39/IeKTPOMATHHTHHX BeJAHYMH NPOMOPUHOHAMLHO F . -
3 (1.41) moxno B OBUIEM CAYUae CUPEAEIHTD:

d
X
pX, X, 1 T 1,42
b="g7, =X, X g (X (1.42)
X, T dw, \ X,
PaccMoOTpHM TIpOH3BOZHBIE NapaMETPOB HO MOTOKOCLETISHHAM:
dX,  dX, 4%, W,
o, =0, T%, =T,
()
dX, L 1 w, dl,
ar, T 4w, T T, \' T, dE, |
dX, 1 - w, [l aw,
4w, =7, I, d®, ) d¥,’
d X d : X5 rdX,
4T, X,,)= qE, X )= % X, T, T
_ X, 1 : ¥, dl, \ 4%,
=T X, W, T, Ja¥, ] d%,
ToacTarnstst BHIpakeHus AT NpoH3eoaHLX B (1.42), noaytaem
4 v, d¥, (¥, d, —l)
X, X, T, 4%, | [, JIF,
b= %, X Ko %o W 0%, (W, d,
X~ X, W, d¥, \ [, 4w,
(1.43)
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Jas BuuncieHus Py HeoGXOAHMO pacHonaraTb KpHBOH HAMarHHYEBa-
HHA JIBUCATeNd, KOTODa¥ PACCUMTHIBEAETCH MO JaHHBIM ONHTOB XOJOCTOrO
X0Ja ¥ KOPOTKOrO 3aMBIKAHHA:

. X 5\
Hy = (Ux, x 518 ¢y, x — Jig, x_KQ'_a)

3apucumorts Wy or fo=/ix,x W Oymer KpHBOA HAMATHHUHBAHHA
(puc. L.11). TTo kpumoH HaMarsnuMBaHHA AAS KaXA0ro sHavenus ¥y MOXK-
w, di, ¥,
HO OMPENeNHTh “J= = = -

T

Puc. 1.11. Kpuaa HaMaruudu-
BAHHA ACHHXPOHHOIO [BHTaTeN:,

o A

.

] Iy

Paccnorpum nponseoguyio oT ¥y no W

T e W E AR
T, =W, l/1+(ﬂaj}_i) ﬂfﬂ/%(%{&):
i, _ TR [ L
Rl VAR N [ e o

BeeaeM ofo3znauenus:

P P x
_@T;xz=32722'=5r_::ﬁu. (1.44)

rie fPo-—— OTHOCHTEJSLHES 1ACTOTA CKOJbLMEHHA NPH KPHTHYECKOH dacToTe
CKONBIKeHHST 1A pexumMa Wy-—canst.

Torma .
i, ®, B, 1 W, I —f
IE, ilfz-['“ i | T TFR. (1.45)

IToacrasus (1.45) B (1.43), Bupzsus npeasapuredsHo fz uepea Po,
nOJywHM KBaJDATHOE YDABHEHHE

o e (B
- ((“_?L_.) |

L TR\,

{1.46)

Pemenue ypasuenus {1.46) oruoccurenbzo P% mMeeT BHA

T, Xz
'm(l_’%)‘l'xs(l'_}{_ﬂa'

T
2(1—{-—Aq+ux,~—xg)

Bzu =
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vV 1—-—(—-—)1 )
o+ e (3 )
' 2(1+-A~4‘:—0x2——x2)

Tax kak Po<€l, To suavenuem f% B {1.46) moxHo upeHeSpeun o
cpaBuennio ¢ 1, B sroM cayuae ¢ yueroM (1.44) Bumpaxenue aiq B% yopo-
INAETCA:

+

. /AT,
o= T aw, =y

(1.47)

B peaysipTaTe mpHXOAEM K CREeAYIOWlEMY NOPALKY pacuera XapakTepH-
CTHK MAUIYHE B pe}KHMe MHHHMaABHQIro TOKa: AJA KaXA0Tr0 3HaUeHHS ‘Po
HaxonuM TnoclenoBarefsio AWy By fio (1.47); Xo=<Wy/lo; Xo=Xo-}-23;
B=Parz/ X

qmoﬂe

R RTT

¥, ViR,

A

Ha puc. 1.12 noka3aHs XapaxTepHCTHKM MAUIHHLI B pPeXHMe MHHH-
MaJbHOTO TOKA H IPH \Fo_const YMenbIIeHHe TOXA NPOHCXOAHT B OCHOB-
8 ol HOM BCJAEACTBHE YBEJIHUEHHA [OTO-
dosk I ’ KOCLUelVIeHHs  (HalpameRHd), OPH-
y : 4 s qeM  HATDRKEHHe, YBeaHUuBARTCK
© OplcTpee, 4eM YMeRbIlaeTcd TOK.
PemxuM MHHHMAALHOTO TOKA MOXKET
BbITh peani3oBan OPH NMATARHH ABII-
raTena oT npeoGpasosaTend "acTo-
Tul B QGRACTH HACTOT, MEHBLINX HO-
MHHA/LHOM, KOrLa HMeeTes 3alac oo
HAITPAKEHHIO,
O6uinM HedOCTATHOM CRenyais
[T W N N | Led . HBIX JAKOHOB YMPAaBJeHHA HATIPAZC-
o 0204 05CF 101214 HyeM B (QYHKIHH MOMENTA HBJSET-
) CA TO, "TO B PEXHME MaJbIX Harpy-
Puc. 112, XaparTepuctdku HABHTE: 30k 0oaabAseTcs NOTOK BOABYHKIC-
Tens B PeXHME  MHHHMAJBHOTO  uug, woropelfl e MoMker BoceTs

1,

002\

0,01+

TOXa. HZBAYBATLCH . MPHOBEHHO, U970, !
— peNMHUM MAEAMANLECLO TOKE; CBOI0 OUepeib, NPHBCAAT K TOMY.
————— pesaM  y—const. ' : :

TG SNEKTPONPHBOA  HE  MOKe!
stheXTHBHO BOCMPHHHMATb TOJNKH HarpysouHoro momenta. Ha mpaxruie
CHeNHAMLREE 3AKOHL YUPARJACHHA HANPAMEHHEM HCIOAB3VIOTCH PeiKo.
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1.8. PETYAIMPOBAHME CKOPOCTHU OCAABNEHMEM NONA

Tlo aHa/OTHH ¢ ABHCATEJAEM NOCTOSHHOIO TOK2 Gy/leM H3MEHATh HOTOXK
36yKaeHHA Wy Takum obOpazom, urofu DIC ABHraTtens, ofycnoBjesHan
AHHEIM TTOTOKOCHENJIEHHEM, OCTaBalacs HemameHHoH. B cooTBeTcTRHH ¢oO
%eMOil zamentenus puc, 1.3, 3T0 ycAoBHe unMeeT Clelylouiee MAaTEMATH-
Meckoe BopaXKeHHE:

EF G.Xo“?g ,’X2=const,

LT .

: . 1'1"2:E2X2,"X0U. (1.48)
. MoMeHnT mBHraTeNs B 34BHCHMOCTH OT YacCTOTHI Sy.u.E'l‘ H3MEHATLCH IO
saKony:

,' M=‘P2262/X2=E22X2ﬁ2/!¥20&2. (149)

VeaoBue NOCTOSHCTBA 3NEKTPOMArHHTHOH MOmHOCTH  Py—poa=const
gﬁecnem—maerca npu  Pe=PsX%a/E%X, TIpn 3T0M CKOPOCT: JABHLATENA
POMOPUHOHANBHA O :

P.X P X
v—aﬁﬁ_mmEe—X:rzm:a(l —T;;(;z—rg) (1.50)

% MexaHumuecKas MOLUIHOCTE P Tak e, Kak H JdeKTpoMarturHas Py, QCTa-
@TCA NDH perviAHpPoBaHHH MOCTAAHHOH.

i OnHaxko 3 OTJHYHe OT ABMraTeid NOCTOAHHOTO TOKA TOK H Hanpaxe-
#‘He ACHHXPOHHOIrO ABHratessa [OpH PEryAHPOBAHHH CKOPOCTH H HeHaMenHoA
MOUIHOCTY H3IMEHANOTCSE C POCTOM CKOPOCTH:

X T Xr S
U,:ullfl=aw27; 1._‘-" ]+(_X;L Be) =
4 '

= B XX, (X’xl” PaX2, N 1.51
—_}ﬁ:‘m—i/ ]+ 1 (XzEzgu)‘ ( )

T — B X £ X 2
S A VAR

H3 (1.51) caeuyer, uto ¢ POCTOM CKOPOCTH HANpAMKEHHE HA BHIROAAX
?l.nnra'reﬂﬂ VBETHUHBAETCA, @ TOK YMeHbUIAETCH.
¥ TIlpn zHaunrenpHoM yBeawueEnr o (B 2—3 pasa) sakom Ey=const
iqox{e'r 0Ka3aThCsl HepeaJH3YeMHM ¥3-3a He00X0ARMOCTH YyBeludeHHd Ha-
Ppsaenns Ha BHBOZAX JBHTATE]f, KOTOPOE He CMOMeT 00eCHeYHTE Npect-
asosaTenb 4acToTH. [lo3TOMY paccMOTpPHM BOSMOXHOCTH IBHraTels NpH
;erynnposam{u CKOPOCTH H3MeHeHHeM 4acToTh npH E—=o¥;=const.
AAHHOM eXnMe MaKCHM AJIbHbBI A MOMEHT JABHraresd, lJaBHhIH
mar=E"X%/2X XX 02, yMeHnmaeTCca npounopunoHaisHa a2, a palouni
OMEHT ABHraTe/isd, PaBHHH N=~PF./v, B HepROM NPHONMKCHRH TMPONOPLHHO-
giteH . ‘ClefoBaTedbHo, TIPpejefbHOe 3HAUeRHe o, OPHEHTHPOBOUYAD PABHO
$9, X2 /2X, X, X1 Py. Haligem Gosee toudo npefensHoe aHavenwe o. Ofosna-
M E3 X2 /2X XoX's=Pmax. 3Havenre By B (DYHKUEHM « onpejensiercs
OTHOUIEHAEM

wig

-
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HIR
X1
2
b X, X, P, ol

s =Pm —f
(B2-X_ll) ax &—p

HpeoGpasyem Brpamenue a?/(¢—P)=1/(1—p/a). Tak xax B pemume
ocNalAeHus MOJs, KOTODHH CYIMECTBYET MPH CKOPOCTAX BEIE HOMHHAND-
vofi, Bfo<l, TO I/(I—B/a)_1+ﬁ/a—(a+[3)/a B srom cayuase
a’j(a—ﬁ):&—i—ﬁ u (1.52) moxHo s3anucath B CIeLYIONIEM BHAE:

(1.52)

X"
%, ')T“

P,
X! = mx(‘[‘p)—
I+( X,

PE P2 2
= Prax ° T Proae XL

(1.53)

CornacHo moclenkeMy COOTHOLIEHHIO I'paduueckH JErKo ONpelensercs
sHavenue Pp Aas samaiublx sHaveHuft PyfPmae. 8 o (pue. 1.13).

Onpefenus OpeneNbHYIQ CKOPOCTL ABHraTeNs B pempMe Py=const n
E\=const. Bo3MoxHel JABa NOIXCAa NPH ONPeleleHHH NpefelbHOro 3Ha-
4eHA O.

2
} PJTIGJ( ﬁz
- LoD Prc. 1.13. I'paduyecknft pac-
B F | Ipﬁ X geT pafoYero pexuMma JABHCA-
-‘5-40: ! it Teas npu Py=const.
e ] !7"632 ) ‘
- ﬁ )

1. U3 ycnrosus mpepedbHBIX BO3MOXKHOCTell ABUraTend MO MOMEHTY
onpejensnerca rgezlenbﬂoe 3Hayerne ;. Coraacho puc. 1.13 3a cuer Hakjo-

Ha npaMofi iy [32 X, TNpedc/bHoe 3HavueHHe B menblie, wem X/X'r.

3HaveHHe ﬁz--ﬁup HaxoAnM H3  YCOIOBHA  PaBeHCTBA  NPOH3BOAHBIN
byHKLUMIL:

( X’l 2
)
0 X, B X, P [ 50
X, N = Prax s (1.54)
‘ '1+(Bx_)f1_
O6osnavmm:
X'\ P, Ts X,
1-}-(32———Xl ) =C.a Pl gy =d,
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torga (1.54) moXHO 3amMcaTh B BHie
CH+C—2=0, (1.55)
OTKYaa mocie mpeoGpa3oBanuli UMeeM:

- X, l/-1+V1+s;t 1
m = "XT] 6] — 1.

[lpenearHoe sHaveAwe uacTOTH B CcoOTReTcTBuH ¢ (1.53) pasmo:

: Prax QBan'1/X1 Ty
bap = T, T (apX 1/ Xa) — fap X.’

Vupzanp—ﬁnpfzf)(z.

2, Heenepyeres npouwseonuas dv/do npu Py==const.

Haiizennoe sHayeHHe Gnpp HE COOTBETCTBYeT MaKCHMAJAbLHOH CKOPOCTH
BBurarens. eficTBUTEAEHO, C YBeNHUEHHEM YACTOTH PACTET CKOABIKEHHE, M
B obnactu r[pe,ue.nbﬂoﬁ CKOPOCTH H3MEHCHNE CKOMbLMKEHHA MONEeT CKa3aTbhlen
fosee CYIECTBEHHEIM, YeM YBeJRUEHHE 4acTOTH. MaxcuMalbHad CKOpOCTh
COOTBLTCTBYST YCLJAOBHID

dv jdo=0.

Mz (1.50) casayer: dv/do==1—dp/da.

DOna onpesenchus df/doe npozuddepenuupyem no o ofe vact pa-
sexctea (1.53):

] X’I 2
g X' _(ﬁzxr)_d_ﬁz__ P, Py ry @,

Xy .,
4 O }
, de = 2C-—C% > } (1.56)
dv r, dp, 2 —C—20¢ I
de =T X, de T3 —_C—Cid - )

Yeaosue dvidi=0 COOTBETCTBYET PABEHCTBY
2C4{-C—2=0. {1.57)
Cpaenusaa (1.57) ¢ (1.55), noayuaem, uTo peuwrewne ypasuetus (1.57)

$0OTBETCTBYET MEHBHIHM 3HATeHHAM Pz, PakTHueCKOe NPelelbHoe 3HAYEHHE
CKONLIKeHns caeayer onpepenstd mo (1.57):

X — 1+ V1167
Bap = 7" ]/ +4d —1. (1.58)

M3 (1.58) cneayer, uTo npeieibHoe 3HAYEHHE CKOMbXKEHHA, IPH KOTO-
Em npousBoHas CKOPOCTH MO YRpaBifwlleMy BoddefictBuio (uacTore)

ABHa HVJIC, He MOMXET pDACCMATPHBATECH Kak palouas TOuYKa, ocofesHo
cHCTeMAX, A€ YOpaBjeHHe OCYUIeCTBISETCA ¢ NOMOWBK DEeryAsTOpPOB.
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B obnacre mannx cxoawmenuii dv/de=1. Orpannunm npenenhﬂﬂe sHAye-
nue dv/da anavennem 0<CK<<1 (wampumep, K=0,75). CKO.‘IbH(eHHe, COoT-
BeTcTRyonlee JtanHoMmy K, onpejeasem no {1.56):

€2 (2—K) - C (1—K)—2(1—K) =0 :
X, o
Beup == g7~ X

S =K+ V=K E+80—-K) 2=—K)d
x WE—K)

— L{1.59)

BoipaskeHHA ANA MAaKCHMalbHON gacroTw coraacuo (1.53) nMeior BHA:

X
. 9 1 :
Pmax X‘ ﬂznp Te :
Smax = P, X, — by - X (1.60)
14 (anp X, ) *
X
p 2 5 Sy ) :
Viax = Eax X7, — 2Bony - X_2 ) {1.61)
ot (Barm X, ) ’ * .

Gl;anpnmep, pH Prax/Po=2, K=0,75 nonyuaem B2X'1/X;=07, vmas==

=1,
1.9. YACTOTHOE M YACTOTHO-TOKOBOE YNPABNEHME

B nammom naparpade we GYAYT YCTAHABANBATHCH HOBblE 3AKOHBL 4a-
CTOTHOTO YIOpaBJeHHdA, pPeub MOHXET O BCTpedawllelcs KAacCHQHKALNH
BAPEANTOB NDAKTHYECKOH peasiH3allii YCTAHOBIRCHHLIX pavee 3aKOHOB.

ilpn PACCMOTPEHHH CHCTEM YMPaBJeHHS, ofecred#Balomux cTabuanja-

WHIO TOTOKOCHRIVIEHH] XBHaTeNs, CTPYKTYPA CHCTEMB Pery.lHpoBaHH#A BE-
NONHANACE 3AMKHYTOH [0 BHYTPEBHEMY HANDAMEHHIO ABHrATeNS MpHida-
© AAHHH, TNPONOPUHOHAJILHOM BRIXOAHOH 4YacToTe, C BO3JeHCTBHEM Ha DPETY-
JATOP BHIXOJHOTC HANPAMKEHHS npeoﬁpasosareﬂﬁ yactrotel. CaMmbiM Epo-
CTHIM CAYY8EM, COOTBETCTBYIOWIMM NpH AouyiieHid ri=0 péxamy W=
=const, aBAdAeTes H3MeHeHHE AMIHTYAb HANPAMEHHS OPONOPIHOHAIBHO
gacToTe. JTO HAauGoJee PacupoCTPaHeHHRIH CAyyall WACTOTHOrO YUPABJISHHS,
KOTOPHHA XapaKkTePH3YeTeA CJASIYIOLIHMH OCOOEHHOCTAMHA:

1) npeobpa3oBaTedb UYACTOTH HBJAETCR HCTOMHAKOM HaNPIXeHHA,

2) aMmauTYAa HAOPSAKeHHs PeryaHPYeTCs NPOTIOPUHOHAMLHO 4ACTOTE.

TMpu wacToTHOM YOpAaBJeH¥H CKOJNBLXKEHHe ARHTATENst H NOTpeliseMBIR
TO¥ YCTAHABAHRAIOT .B COOTBETCTBHH € MOMEHTOM, Pa3BuBaeMBIM RBRraTe-
aeM. MomenT ApHrateas He GOPMHDYETCH .CHEIHalLHBIM DPEryAsTOPOM.

Jaunntfi THI NPHBOXA HMEET CHSIYIOLIHE HEXOCTATKM:

1) Hu3koe KauecTBO DEryAHPOBAHHA CKOPOCTH K2K NMPH YIPABJSONIEM
BO3lefcTBrN (H3MeHeHHe YAcTOTH), TaK H NMPH BO3MYIMAIOUeM BO3LeHCTBHA
(u3MenenHe HATPY30UHOTO MOMeHTa);

‘ 2) orcyTerBre pexyMa paGoThl Ha <ynops. B pacecMaTpHBAEMBX NpH-
BOA4X [PH YPe3MepHhX Harpy3OUYHEX MOMEHTax NPHBOX OTKAKUASTCH 0N
AcficTBHEM TOKOBOH 3aLINTH

3} B pamKax YaCTOTHOTO PeTYJAHPOBaHHA TPYIAHO Pealin30BATH BaDH-

AHTLI CHEIUANBHOID YIPABJCHNS, KOrAa BeJHYHHA TIOTOKOCUCTVICHHS MEHA-
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frca B dynkumn MomenTa ABHratens, Ilpx sToM HanpameHne LO/LEHO pe-

ByanposaThes B QYHKUMH UACTOTH H MOMEHTA.

#. MoOXHO YNpOCTHTh PellleHHE NOCACAHEH Sanatd, eCAH OCYMECTRINTH

ﬁlpaunenae aMIIATYAOR TOKa CTaTopa, a2 He HanpAxenns. AMIIH1yIa
Kd CT3TOpPa OMPEIelfeTCH MOMeHTOM  {CKOMhMKEHHeM) [BHCaTens H [e
faBicHT OT uacToTHL UTOGH HEMOCPEACTDEHNO BOCHPOMIBOAHTL JAZAHHYIO

EMINTHTYLY 70Ka, NpeofpasoBaTe]t HaCTOTH jo/ken o6namath csoficrsa-

P PT {gr“f

2 Q-F -V i

=

f=uvar

A

Pac 1.14. CTpykTypHad CxeMa SIeKTPONPHBOAA € WACTOTHO-TOKOBON CH-
cTemoff peryJaHpPOBAHHS.

H BCTQUHEKA [MepeMeHHOro Toka. TakHM 06pa3oM, OpHUIE K BADHAHTY
ACTOTHO-TOKOBOTG  YIpasjeHus, KoTopulil b mamGojee THOHYHOH Gopma
ADAKTEDHIYETCH CALAVIOUIHMY 0COGeHHCCTAMA:

1) npeoGpasoBaresn YACTOTHL SABJASETCSH HCTOYHHKOM NEPEMEHHOTQ TOKA;
X 2) aMmauTyAa MepeMeHHoro TOXa Pery/aHpyeTcs B (PYHKUHH YacTOTH
FEROOpwenus (MoMeHTa). 3aBUCHMOCT, aMIAWTYAR TEDEMeHHOTs TOXK2a OT
JACTOTH CKOAL:KEHHS ONpelersaeTcs NPHHATHM 3aKOHOM yapapieens: W=
b=const, ¥.=const, ¥,(¥a}=var.

Jl.nﬁ 9ACTOTHO-TOKOBOTO YMpasieHHs EeOOX0AMM JaTYAK dacTOTH
FroabKennd. B Haubogaee pacupocTpaHeHHBIX HCNOJMHEHHAX CHCTEM YaCTOT-
vroxonoro YIPABACHHA JATYHK CKOJBKCHHA OTCYTCTBYST, B CHCTeMe YI-
fhasaeHns npeodpasosatens HOPMHPYIOTCH CHrHal CKOJLIKEHHA H COOTRET-
WIBYIIAE curHan aMILIUTYAE TOKa B DYHKEUE 320aWHA MOMEHTA JARHFa-
ijrenn [4]. Crpyxtypnas cxema 3JeKTPONPHBOAA, DeaiH3YIOLIETo YacTOTHO-
fTOKOBOE YNpasJeNie, Moxaizana Ha pue. 1.14. Hacrota o moayuaercs CyM-
MHDOBAHHEM IRYX CHTHAJOB, TEKYLIEro 3HAUeHHS CKOPOCTH vV H 33JaHHS
bronexenns f. CkoabikeHue onpejelseTcs 3afaHHeM MOMEHT4 ABHrates,
WOTODEIM fIBASETCA. BHXOAHOH cHrHan peryisTopa ckopoctd PC. Takue
MeHCTEMBl S/EKTPONPHBOAA OOJANAIOT KAYECTBEHHDIMH DPRryJHPOBOYHBIMH Xa-
AKTEDHCTHKAME, 00eCIeu¥BAIOT OrpaHiueHie MOMEHTA HAa 3aZAHHOM YPOB-
€, HE3ABHCHMO OT CKOPOCTH ABATATEN:.

) PaccmMorpeM npEMeHeHHe YacTOTHQIC H YacTOTHO-TOKOEOrQ yrpabdie-
g, Yacrornoe yupas/erne eiHHCTBEHHO BOZIMOMKHOE ANA MHOCOABHraTefdsb-
#Moro npuBoda, B KOTOPOM MOMKeT MEHHTLCA UHCAO ABHCATeAcl, 2 MOMERTH
£LONPOTHRICHHA OTAEMBHLIX ABHrateneli pazausatorcs. [Ipu 5TOM OCROBHON
ﬁKﬁH vinpasaenda: Wi==const. HacToTHo-TOKOBOE VIpaB/JeNHe MO¥eT HC-
OAB30BATLCSL TOBKD ILJsi_ OANOABHATATENbHOrO NpuBoAa. OcCHOBHON 3akoH
\panaetna: Wo—const. Jas 0IHOABHFATEALHONC MPRBOJA Ha TPAKTHKe
ke UCIOAB3YeTCS YaCTOTHOe YIOpaBJaeHHe, OPHYEM AJA YCTPAHEHHS OT-
PHHBIX HEOOCTATKOB YaCTOTHOTO YNPABAEGHHJ BBOASIT B CHCTEMY ynpas-
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JIEHHA KOPPeKTHDYOUIHe CcHrEadsl no Toky. Ilpw stoM ocyllecTBasercs
OTX0X OT CchHOPMYJHPOBAHHLIX OcO0eHHOCTell YACTOTHOYO YIDABAEHHA.

Crepyer, O0HAKO, OTMETHTH ONpPEACJICHHYI0 YCJAOBHOCTh paccMaTpy-
BAEMOro ACTeHHA BAPHAHTOB HCIOJHEHHA CHCTEM YADABJICHHS, MOTOMY 4TO
TOK BCeFAa ONpPeLEeAHercHd HANpsOKEHHEM, H TOT Ke 3aKOH ynpabJieHHs
Wy=const Moxer ObITh OCYUIECTBJACH ¢ MOMOWILIO HCTQUHHKA HAUPAMEHHA.
CHcTeMa YOPABJEHHA N[O CBOEMY €OCTaBY W (VHKUNOHAJBHEIM CBSSSM OI-
pefenseTcs [peRJe BCEr0 NDUHATHIM OCHOBHWIM 3aKOHOM YIPaBJeHAs
(¥=const, Wy=const, P=const, Jimin, OIHO30HHOE RHJIH JBYX3QHHOE),
HaJHYMeM HAM OTCYTCTEHEM peryJafTopa CKOPOCTH M MoMehTa. Jlulm B Mc-
NOJIHHTENbHOH YACTH @ CHCTEME YNPABJAeHHA YUHTHBAOTCH XapaKkTepHble
cpoficTea npenfpaszoBaTeNsl YACTOTH: SIBJSETCH JIH OH HCTOUHHKOM TOHa WAH
HanpaxeHusa, a TakkKe Apyrue Go/ee KOHKPETHHE ocoOeHHOCTH, MOITOMY
B JaibHeHmreM MOHATHSA YACTOTHOTO K HACTOTHO-TOROBOTO YMPaBIEHHS HC-
IOAL30BATECA He 6YAYT. VICHOJHeHHH CHCTEM 2BTOMATHYECKOIO YIPABJICHHA
ACHHXPOHHBIMH JeKTpoNpHeolaMu GyayT paccMOTPEHH B rI. 5, mocae kc-
C/e0BaHUA NWHAMHYECKHX CBOACTB  JABuraTens H  OpeoOpasobarenell
TECTOTLI.

Fnasa sTOpasn

ONMUCAHME NMPOLIECCOB B 3JIEKTPMHECKMX LENAX
C MCMONb3OBAHMEM PE3YJIbTUPYIOLLEFO BEKTOPA

YpaBHeHHS Npoueccos B MUOTOaalbX IACKTPAUECKKX MAlIMHAX Depe-
MeHHOTO TOKA H B MpeoBpasoBaTeAsiX MAaCTOTH OMUCHBAINTCA © NOMOILLIO
Pe3YARTHPYIOUTHX BEKTOPOB /CKTPHUECKHX [ MArlHTILX BeJHUHE

2.4. NOHATHE © PE3YNLTUPYIOWEM BEKTOPE

Jioble TpH NpouaBOabuble ckaaapiele Beinunkm A, B, £ ygoprerRo-
prfolllBe YCANOBHIO :
A}-BC=0, (2.1)
MOFYT OblTh lAlJeHBl KaK OPOeKiHH
HEROTOPOro BexTopa D, pacronoxen-
HOTO Ha IJIOCKOCTH, KA TPH OCH, Pac-
NONOKEHHbE B TOH XKe INJOCKOCTH
H ofpa3dyoliue Mexny coboll yrau
120°. Ha pue. 2.1 npupefcHH OCH
A, B, C, 3a DNOJOXKHTeJbHOE HA-
npapfeHne TMPHHESTO HANPABJIEHHE NO
crpenke or ofme#r ToukH 0. Ha
JABHBIX YACMOBBIX CeTAX OTKIANM-
BAKOTCH 3HAYEHUA CKANAPHHX Bead-
wug A, B, €. OnpedennM BeKTop
D na navHofl IIOCKOCTH, XapakTe-
PH3YIOWIHACA TeM, UTO erc npoek-
U Ha ocx A, B, € Gyayr pasuuy
COOTBETCTBYIOIRHM: 3HAYCHHSM CKa-
Prac. 2.1. PesyaoTupyiowmini BeKTOP  JApHBIX BeguymrH. CyMMa HpoeKiuii

Tpex$asHofi CHCTEME! KOOpAMHAT. sexropa [ ma ocu A, B, C pasma:
2 3 C
DCOS?—}-DCOS(TR——?)+DCOS(TK—-?)20, (2.2)

tae D - Moayas pextopa D; ¢ — yron MeXAy BeKTopoM u ockio A,
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: Bextop D onupefensercss MoOHMH ABYMS ODOEKUHAMH, TaK K2K TPeTbH
eKHHS HAXOAHTCA 10 OepPBEIM ABYM coraacko (2.2). Tak Kak wieHH
asrenufi (2.1} # (2.2) COOTBETCTBYIOT APYr APYrY, IAf ONPEeXefeHHsA
ktopa ' ucnoaniyeM ABa 9MCAOBHX 3HadeHus A u B coraacHo caemylo-
\hu YpasHeHHAM:

D = A, .
cos ¢ A } @.3)
_ Deos (*/m—g) =
- CucreMa (2.3) HMeeT eZHHCTBEHHOe pelleHHe
2
D:V—a—(mq_sﬂ-f-cﬂ _
(2.9)

?=afcfg(71§—+ﬁ%—*—ﬁ-),

irae —x/2<<@<<n/2, ecnu A>0;, n/2<Cp<3n/2, ecnu A<0, nostomy
gektop D ¢ mpoexunusmu A, B, € Ha ocH A, B, C TakKe HBASETCH eIHH-
| CTBRHHBIM.

© . OnA MaTeMaTHYeCKoro BHpameHHs BekTopa D HeofX0guMO ONpefaNHTH
"EQUPRAHEATHHE OCH IIOCKOCTH, B KOHKPETHOM C/Tydde MaTeMaTHueCKoro
onHcauns BekTopa D cormacyo (2.4) D= De’¥, nonapuaa o¢h -NpHEETA
'coBnajaomell ¢ ocblo A M OTCHET YIMIOB TNPOHABOJAMTCA MPOTHB dacoBoft
eTpeaxd. MoiKHO BRIDZ3HTL BEKTOD [} B AEKapTOBNX KOODAHHATAEX, COBME-
'CTHB BRUIECTBEHHYIO OCb € CCbig A:

D=D¢-+ijDg==D cos gD sin ¢. (2.5)

) Henonsayerca ewe onuH (kpoMe 2.4) cnoco6 HaxoXIeHHS De3yfbTH-
pymolllere BeKkTopa, B pafe Ciayyaes én.nee yaoGsasf. Beamunrunw A4, B, C
BHpAXKATCR uepe3 NPOSKUUH BexTopa D caexywouwuMm obpadom;

A= Dy;
Be= — Dycos60° 4 D, cos 30° = — Dy/2 4 V'3D,/2;
€= —Dyc0s80° — D, c0s30° = — Dy/2 —V 3D,/2,

ofxija
Da=3[A—",B—},C],

_ D, =2/, V3Bj2—V3Cs2.
Bexrop D=D;}jD, onpenensercs Kak

=2 A+ (— Yo+ i V3B +(—1/a—1 VF2) ).

Obosnagum:
iz
—a+iVE2=c ° =&
. LA
1 — V32 =me ° =
Torna

D‘=—§—- [A+ aB + aiCl. (2.6)
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JlwoGoit pesyanTupylowufl Bekrop Dy B cucTeMe KOOPAMHAT, CABHHYTOR
OTHOCHTE/bHO paccMOTPEHHOH Ha YIOJ §, MOXKHO BHPA3HTh uepes Hafizen-
nuf BekTop D {puc. 2.2):

D, = De—ie, (2.7)

QopMyna (2.7) moxasuBaeT CBA3b JIBYX CHCTeM KOQOPIAMHAT.
[TpuBenenHble paccy:KAeuns MOKA3KRAQT, UTO TPH CKaAApHLE BEnH-
YHHBI, YAOBAeTBOpAOILAE YeNOBHIO (2.1), MOryT GHTH HDeACTABJSHB OJHHM
Pe3VILTHPYIILNM BexTopoM, JHGO ABYMA
&* |4 DPOEKUHAMH pe3yabTHPYIOIIEr0 BEKTOPA 1'a
j OPTOrQHAJBHBIE OCH. Bosee KoMnaxkrtaam
3a0ACh H CBfi3aHHBle € 3THM YIPOUIEHHH
q:r npH MaTeMaTHUYECKHX onepanHAax — BOT
CMBICT BBEIEHHA TOHATHA pEByﬂbTpr}D-
wero (Apyrie HA3BaHMA — 0GCHmalome-
ro, wiobpamaowero) sekTopa. ®asa pe-
4 3VALTHPYIOWErG BEKTOPA 3aBHCHT OT BH-
* 8opa cHCTeMB KOOP/AHHAT Ha MMOCKOCTHA
q ¢as Harpyskd, ¥ 3TO BCerZa CHeyer
UMETh B BHILY NpH MaTeMaTHIeCcKo# sanu-
CH pe3yJbTHPYWOUEro Bekropa. EcaH na-
BECTEH BEKTOp 5, TG B COOTBETCTBHH ¢
Prc. 22, Bexkrop D B xeyx  (2.1) u (2.3} MOXKHO ONpeietHT: HCXOA-

CHCTEMAX KOOpIHHAT. HBl& BeJTHYUHHEL

2.2. NPUMEPLI ONPERENEHHMA PE3YALTHPYIOLLEIO BEKTOPA

OnpefteauM pe3yALTHPYIOUINA BEKTOP TpeX CHHYCOHAQALHLIX BeJHMHH
¢ OJNHHAKOBOH aMIIMTYROH, H3MEHAWIEXCH BO BpeMeHH TNpH cABnre thas.
OTHOCHTEABHO APYr Apyra Ha 120°

A= E cos (of 4 a); ]
2
B=Ecos(wt+a-——~—3—n);

(2.8)
4 |
C=Ecos(mt+m—-§-n). J
INMoncrapus spavenus A, B, £ 5 (2.6), l'[().?]yT-[HM'
- 2r vz
D='-§- E cos (wf 4 a) 4| — 5+ X
2 ! L ERW
XECOS.((DI'—-I-G-—TT:)"‘(_T— }-2—') X
X E cos (cot + oa— %r)] = Eel t0i+o), . (2.9

T. €. Pe3yJAbTHPYIOIIHA BEKTOP TPEX CHHYCOHAAJBHLHIX BEJNHYHH DaBeH No
MOAYJIID aMNAHTYOE CHHYCOHAAJbLHBIX BEeJHYHH H BpalllaeTca B MOAQXKH-
TeJbHCM HalpaBJEeHHH <0 CKODPGCThHIO, paBHOﬁ yFJIOBOfl 2aCTOTEé CHHYCOH-
JAaJbpHBEX BEJHYHH.

TIpu npuHAtoM Ha pHC. 2.1 pacnonoxmennn oceil $as ocs B onepemxaer
ocs A, PesyasTupyiomnit BekTop D, nepeMelladcs B NOJOXKHTEABHOM Ha-
IpaBJieHHH, paHblle XOCTHrHeT ocy A, deM B, 4To COOTBETCTBYET ORepe-
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mennwr no ¢ase ocu A. Cnenyer pasinyath rpaduyeckoe HaoOpaxenne
NpaBHja Nepexoia OT pe3yJbTHPYIOUIErd BEKTOPA K TPeM TapMOHHYECKHM
dyrkuaam (pue. 2.3,4) or pekTopHO#l AHArpPaMMB, HCHOAL3yeMoll B TEOPHH
BJSKTPHUSCKHX UeNell AfA RpeicTaBleHHA TpexdasHod CHCTeMbl TOKOB, Ha-
‘OpsEeHH B T. 4. cHMBOMMYecKHM Meroxom (pue. 2.3,6). B mochenHeM

+CrJA

i 5) 8

Puc. 2.3. Tpencrasienue Tpexdassofl CUCTEME! TapMOHHYECKHX BEJHUHH.

34— ODOMOLIbLID DPe3yNETHPYIOUWEra BeKTopa; f «~ ¢ NOMOLLBIO KOMILNEKCHBIX aMIad+
TYL.

caydae Qasuple BefMUKHBL ONDPEJENSKIOTCA KAk TNPOCKHHH TpeX BEKTODOS,
CTEAYIOMEX B NOPAAKe uepefAOBaHHs a3, Ha oANY ock (- Ham -Hj).
OnpenennM peayAbTHPYOWKHA BeKTOp TpeX NepHoaHYeckHX (c HEpHO-
aoM T) speMennnx dyeRURH, nApeicTaBasiomux cofoff npAMOYTObLHBE
HMOYABCH ¢ EJHHHYHON aMIAHTYAOH M aautedbHocTsio T/3, CABMHYTHX
OTHOCHTEILHO ADYT Hpyra wo BpeMenH Ha T/3 (puc. 2.4,a, 6). B xaxnmi
MOMEHT BPeMeHH 3HaueHusa Kaxnol us AByX ¢yHxumi paBHbl 1, TpeThel —
nymo. 113 (2.4) caeayer, uro aMIVIETYAa Pe3VABTHPYIOIIEr0 BEKTCpA pas-
"ga 2/¥ 3, a pacnojaraercs BeKTOp Ha [JIOCKOCTH NePOCHAMKYAADHO Tolt
OCH, KOTODas COOTBercTBYeT HYJEBOMY SHAUCHHIO OLHOr0 H3 CHIHAAOB. 3TO
osgayvaer, uto pexrop D B MOMEHTH H3- 7
MeHeHHR GYHKUMA CcoBepiaer CKadykood-

g : /3 f
Pa3HH OOBOPOT Ha MAOCKOCTH Ha ¥TIoa bel—am -

ft/3 u 3a nepuog T saunMaeT mecTh QHk- t
CHPOBAHHEIX MOJOMEHHH. —

[puayMan 2a Hawako OTCHETA MOMEHT
f=0 H COBMeLIAsl MOJOXKHTENLHYIO OCh ¢ 8 11
ocbio A (puc. 2.4,6), modyuaem cieayiomee l;‘—l:jf‘[—_“r_’
BRIPAKeNHe 1A BEKTOpa:

T e o (ORI o)
3 )

i
=

T T
17 TpH -3—n>t>-5-{n—1)-

*
I
|

(2.10)

. Puc, 24, Pesyavtupymomuli pexTop Tpex
NepHOJHIECKHX (YHKUMT.
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3TOT pe3yALTHPYKIUKN BEKTOD XapakTeped IA8 Tpex(ha3HwX MoCTo-
BHX BeHTHJBHHX npeofpasoBarefeff y Oyzer Sojee NOJpPoSHO paccMaTpr-
BAThCA HHMKeE.

2.3. CBOWCTBA PE3YNLTHPYIOLWLErO BEKTOPA

PaceMOTpHEM HEKOTOPHe NONE3HHE AR HPAKTHYECKOrQ HCMOAB3IOBZHHS
CBOMICTBA PesYJLTHPYIOLIErd BEKTOpA.

1. AMONHTYZa pesyJLTHPYIOINEro BeKTOpa I OMOPUHOHANLHA CPeRHe-
KBAAPATHYHOMY SHAUCHHIO TDeX Beshdnd (2.4). JT0 CBOACTBO NO3BOJAET
ONpeAenuTh JAeHCTBYIOIIHE 3HAYEHHA TNEDHOAHYGCKHX BEAHIHH, €CJH pelle-
HHE IHOJY4eHO B BHAE pesynbmpywmero BeKTOpa, Gea nepexofa K Tpem
$varumaM B coorsetctBHR ¢ (2.10) n (2.3).

2. Ecin Haa HCXOOHBIME (PYHEUHAMH OZHOBPEMEHHO OCYILECTBJSIOTCH
MateMarHdeckre MNpeolpasgBaHHfA, He Hapywawlmue cooTxomenna (2.1):
YMHOMKeHNe HA OXHY ¥ TY XKe (OYHKIKHK, HRTerpHpoBaHue, AHddepenuupo-
BaHHe-— TO aHaJoTHYHHE ¢yHKLHOHaALHEE NpecSpasoBanHa MOXKHO oOcy-
IICCTBAATE Hal Pe3ypTHPYIOIMM BeKTOpoM AaHrbx byukuud, CnpaseadH-
BOCTb JTAHHOTO NOJMOMEeHHS BHITCKAeT H3 TpeG0BaHHA COGMIONCHHA NIPH BCEX
npecfpazoBaHNAX coOTHOWeHEA (2.1). DTo CBORCTBO TMO3BOANRET 3ANKCATH
YPABHEHHA CHMMeTpHYHoR Tpexdasuofl 3jgexTpHuecKof Uend B Buie OAHO-
TO ypaBHeHHA AAS BEKTODHHLIX BeNduMn. PaccMOTPHM TPeX@AasHyl0 CHMMeT-
PRAEYI0 SIEKTPHUECKYIO Uenb (es HyJieroro nporofa. [nddepeHnnanbHbe
ypaBHeHH® A KaXKEoH a3kl MOMXHO NPHBRECTH K BHAY

Fralp) g =Fyu (D) i
Fis(pyey="Fap (p) 4 (2.11)
Frolp)ttg==Faye (p) ic,

TAe Ua, Ub, We, fay, bp, fo— HaOPANEHHA W TOKH COOTReTCTBYRMHX das;
Fualp), Fio(p), Fie(p), Faa(p), F2e(p}, Foc(p) — pHIpaKenns, onpenensio-
urpe ,umquepeHuHaﬁbHoe ypaBHeHHe AAA COOTBeTcTBylomel ¢ash; p=
=d Jdf —— cuMBoa ARPbepeHUHDPOBARHA, :
Tar kax crcreMa cHMMerpuyHas, Axd¢epeHnHalbHEe YpPaBHeHHA paB-
HOCHJIBHEL

Fa(p)=Fp{p=F(0)=F.(p; | (2.'12)
Faa (D) =Fp(p)=Fo (D)=Fi(p). | S

OTcyTeTBHE HYAEBOro NPOBOAA H CHMMETDHS HAarpyskd mo dasaM Go-
SBOJNAET BMECTO (A3HHX HaNPsUKeHH W TOKOB BBECTH COOTEETCTBYKMIHE
HM Pe3yAbTEDYIOUHe 3ekTOpH, JINS 5TOre yMHOMHM IepBoe YpPaBHeHHE CH-
cremnl (2.11) na 2/;, propoe — Ha 2/,3, Tperbe — Ha /33 H MpPOCYMMH-
pyem ¢ yuerom (26) u (2.12). B pesynbrarte NOJAYYHM OXHO BEKTODHOE

ypaBHEHRE
Fi(p)a=Fa(p)L. {2.13)

3. Paccmo'rpm ABA pe3yJABTHPYIOIUHX BEKTOPA, cNPeIenAeMHX N0 {2 $)]
B OFHON ¥ Tofi Xe cm:'reme KDOPAHHAT;

D= e [A+aB+aEC]=f)}+qu=Dew-,

lt

[

Dy = 5 (A, + 3B, + 8C,] = Dy + [Dyg= Dye®.
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Haitpem mextop D B cHCreme ROOpAHHAT, CBA3aHHOE ¢ DEKTOPOM ﬁ,.
Cornacgo (2.7) uMeeM:

Bt — Pyt = D1 2.14
Dt = De~ 4 = D5+ (2.14)
1

rae D*, — Bexrop, coupaxesunii ¢ Bextopom D,

- 5-5*1 = DDy + Dq-qu . Dlqu —_— quDd -
D == D; + 7,

1
5 (AA, + BB, 4+ CC)) +ivy [A(B—C)—A(B, —C,)]
D, ’
{2.15)

JlaHnne cOOTHONIEHHA NMPAaKTHYECKH HCIOAB3YIOTCA B YCTPOHCTBax mpe-
06pa3oBaHus HepeMeHHHX BeMWuME IsHrateas. Mz (2.5) BuITexaer, uto,
€CJIH NPONECCH B TpeXdJaSHOﬁ CHCTEME OHHCHIBAIOTCH C TOMOIUBI> De3yiih-
THPYIOLIMX BEKTOPOB, TO HpouiBesenne J-U* XApaxTepH3YET MIHQBEHHO@
sHauenye nosHoll (2KTHBHOR M pPeakTHBHON) MONIMOCTH CHCTEMEL

4. Peayaprupyroliuil BeKTop TpeX NepHoARueckHX GyHKIHH, CIBHHYTHX
Ha Yy nepuora, MomeT GHITh NPSJCTABACH B Buie paia Dypse

2 T
- fgn ~i It
B ()= j {t) e dt, (2.16)
. .

1

i [‘ﬂ 8

o0

HeficreuTentHo, nepuogndeckne ¢yuxiun A, B u € moryr 6umTh npe-
cTaBleHH B puie paja $ypre. H3 yenosHs cHMMeTpHH (YHKIEH crelyer,
970 K0ab(HIIeHTH paznoxenua ang A, B, C oIMHaKOBH H CyMMa MrHo-
BEHHHIX 3HAUCHMI aMIJHTYR Kaxjoft rapmonuxy pasga 0. Taxum ofpasom,
AN Kax poft COCT&BJIHIO!.I.leﬁ paa.no:»xex-mﬂ MOXKeT OHTE OIpEASNCH COOT-
BETCTBYIOUIHH pe3yYNbTHDPYIOWHI BeETop. CyMMa pe3yAbTHPYOIIHX BeKTo-
%m H ABAAETCH OOUIHM Pe3yALTHDYIOUEM BeKTOpOM. CoCTaBARIOLIHE BEKTOPR

() npeacraBasioT coGoff BeKTOPH HeW3MeHHOR AMIIHTYHE, BpallalollHe-

- ‘
€f ¢ nocrosunofl KPyrosoi wacrorolt F-n, rae n=—oo+—to0. Tlpu n=0

onpefensieM NOCTOAHHYIO COCTABJMIONLYI0 Pa3foXeHHA, aMIIHTYAa NOCTO-
T
., . 1 =
AHHOM cocTaBasiomed pasha: —7 | D (f)dr.

-0
IMpu a=0 ,u.gﬁ J';‘(t) mo (2.10) moayuaem cyMmy IeCTH BEKTOPOB

€ aMITHTYfo# e CRBUHYTHX OTHOCHTEJALHO IPYr APYTa Ha Yroa

n/3. Cymma aTux Bextopop pasHa Hymo. Taxum oGpazom, D(f) no (2.10)
\ABIRETCS NEPHOSHYECKON BeKTOPHOH GyHKuueH Ges NOCTOSHHOH cOCTaBis-
mied.
5. Hdus sernok dymxuma D (¢), 7. e. D(t +7/2)= —D(f) cymecr-
RYIOT TOJBEO HEYeTHMWE COCTABIAIONIHE pasdnoxennd. HehcrsuTenabHo, AIa
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. { = nt _ —f = nT
qeTHOTO R ¢ AsaeTcs HeueTHof Qwynkumed, a D (8 e —

A —F T nt
4eTHaH YHKUES, H ID (e dt =
3 «

6. PaccMoTpHM HEPHOAHMECKYID BeXTopHylo dynxumio D(f), ®rortopas
H3MeHseTCA [0 OZHOMY H TOMY Ke 3aKoHY &£ pa3 3a mepuon T.

o2
E(t—}-%-t):ﬁ(t) JdEE, (2.17)

roe =05k —1.

Tlpu pasnoxenny B pan Pypbe BexTopHOR (YHEKUMH, ANs KOTOpPOHA
cnpaseganso (2.17), noay4aloTCs rapMOHHKM HOpsnka n Opn A=km--1,
rhe m — Oelioe YHCAQ 0T —oo J0 ~1-0o. JleHCTRHTENBHO,

T

_ —jz—;nf
jD(t)e df =

HuTerpan j‘ﬁ(f) e df paBeH cyMMe DeKTOPOB ¢ OAHHAKOBOR
0

AMIMTYZION, CABHHYTHX OTHOCHTENHO APYT ADYLa HA yroa — -gki(n—l).
s Beex n, xpoMe n=kmm + 1, 3Ta cymma pas#a nymo. Jaa n=km + 1

T 2w Tk . Zm
- —f Tnt - —f Tnt
jD(t] e dt = kjl Difye dt, (2.18)
o

Qyurupa D(f) no (2.10) yaoBrersopser ycnosdte (2.17) mpr A=S.
OnpegeauM fJis 310l $yHKuMM koadbHIMeHTH paja Pypbe;

T6 = 2

1 9 5 —i—FnT 3 1 ©

TB 7—3;3 e dt:;——n SinT. (2.19)
o
B pesyabrare pekTop [D(f) ApeAcTaBNAeTCH B BHIE CAGLYIOLIErO pAfa:
Q 2%

- 2 3 I i
D(t):ﬁ:? E wm 1 ¢ . (2.20)

m=—u ’



QopMyna cpasmwTensHo npocrag. OHa noayweRa AAa (YHKURH, 33HA-
MAoUleH iecTh MOJOXEHHR HA TAOCKOCTH, NMpHYEM B MOMEHT Hayaxa oOT-,
cueta perTop D(f) 3anaa nonoxenue, Ha 30° omepexaiollice BelllecTBeH-
HYIO OCh.

ARanorHUHO MOXHO [OKa3aTh, YTO BegTopaylo dynkumio D(f) ¢ enn-
{‘lfmnoﬁ aMIIETYAOH, 3aHUMAIOIRYI0 X NMOJCXKEHHH, MOXHO Pa3JOXUTh B PAR
Dypre:

T
_ sin—= @ 1 fE—;f(ka)t
b=—— Y Tmyr* - B3
* e ‘

Ha (2.21) crenyer wmrepecHoe M IpaKTHKH npaeuro. Ecom rapmo-
HAueckasd QYHKUHSA 3aJaHa £ ONHHAKOBEIMM TG JUINTEJBHOCTH YVUacTKaMp
C HEH3MeHHOR aMIMIATYAOH, TO HAWJAYYIMIHR rapMOHHUECKHHA COCTAB HMeeT

™
MECTO MPH HiMeHeHHH aMNJHTYZH ¥YacTKOB N0 3aKOHY sin(nT-[- %).
Ilpr srom HesaBHCHMO OT SHaYeHHA o [OAYYAIOTCH rapMOHHKM TOPALKa
1

km-1 ¢ oTHOCHTENLHON aMIAHTYA0M Fmr

2.4. AHODEPEHLMANLHBIE YPABHEHMA ACHHXPOHHOTO
ABHMIATENA

Ha cratope # poTope ACHHXDOHHOTO ABHrarTedsl PacIOAOMKEHH CHM-
METPHYHHE N[O KOHCTPYKTHBHOMY HCHOJHEHHK TpexgasHue obMorkx. Jo-
OYCTHM, OOMOTKA POTOPa OTCYTCTBYET, 4 CEPJEUHHK DOTOPE THajkui, Oes
nasoe. bnarogaps nocaeAneMy JoOyIleHHIO KO3(OHUMEHTH CAMOHHIYKIHYE
L ramnofi ¢a3m cratopa A BIAMMHON HA-

Ayknur M dasHEX 06MOTOK NOCTOAKAH A

He 3aBHCAT OT NOJ0KeHHa poropa. Ecau Aa G.
no TpeM oOOMOTKaM CTaTOpa NPOTEKAKT @

TOKH, TO TOTOKOCUeNJeHHst a3 paBHH: 90 © &

Wy=Lyis+ Mygig+ Myoic
Wy— Mg, iy Lgig+ Mpoic A
W= Moy i+ Meging+ Lo ig.

(2.22) ® @0
Ha puc. 25 nogasam CXeMaTHUECKH ® g”

nonepeynn#l paspes MAIWIMHBEL ¢ TIpoCTei- : Ay
wedl ogHoxaryweyHod TpexdasHofl oGMOT-
koit npu p=1I. BcaengctBue cuMmerpun gaz  Pue, 2.5, Cxema pacmonc-
oseuano, uro Lai=Lp=lLe—l. Bsaum- wxenus Tpexdasuoit oO6MOTEH
Hele HHAYKTHBHOCTH Maip=Mic=Maa= cTatopa.
=Mpo=Mca=Mp NPHMEM  PaBHHIMH
0,5 M. TlonomurensHble HATPagAeHHA TOKOB NPHHATH OT Havana ofGMOTOK
(puc. 2.5). C yuerom OpHHATHX O0O3HAYEHHR MOMHC 3aflHCAThb:

W,e Li,— 0,5M, (ig+ i)
W= Lig—0,5M, (iy+ io) (2.23)

[l
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Kosppuumenr caMomuayxuun L H3-3a HaJHYMSA NOTORKOB pPACCEHHHS
Gonsme M; na L. Torma pam ceayuas [a-Ha-He=0 notoxocuenierus
a3 onpeasnsTea Kax

Wa=Laia+1,5Mia;
Wg==Laig+1,5M,ip; (2.24)
q"c=L;JC+1,5M;fc.

HepefineM K pesynsTHPYIIEMY BeKTOPY TOKOB M HOTOKOCLeNJIeHHE.
HanomuaM, 4T0 Opy Nepexofe K PesyJAbTHPYIONEMY BEKTOPY ML 3amaeMCs
ToNoXKeHHeM NeKapTOBHX Deelt Ba miaockoctd $as. Ha aToH e nuockoerH
opoBokEM MOZ yraoM 120° ocw KamIoll (asil, H2Z KOTODHE OTKAAALIBACM
MrHOBEHHLIC 3HAYCHHS 3MeKTPOMATHHTHBIX BEeJHUYMH, OTHOCHIIMXCA K JaH-
HoORt (hase.

Iloroxocuennenne craTopa onpejenserca Kak

WemLal i H1L5Mf=Luiy. (2.25)

CraragMoe WOJHOTO TOTOKOCUeNJieHHs cTaropa 1,6Mi, oBycnoBaeHo
HaJHTHEeM pealbiloro MOTOKa, CYHIGCTBYIOLLEr0 B BO3AYMIHOM 3a30pe Ma-
WHHL H BO3HHKAKUWIETO KH3-33 BAHAHHAH TOKOB BceX TpeX (a3 craTo-
pa. O6MoTkn Tpex ¢az cTaToOpa pacHOJOMKCHB CHMMETDHUHO B MJICCKOCTH
HOTIEPUHOro paspe3a MalldHB, a OCH HX CABMHYTH nof yraoM 120°, no-
STOMY peanbHBE NOTOK B 3a30pe Paclonaraercd B NAOCKOCTH fONepeyHoro
CCUEHHS OTHOCHTEJBHO OCCH ODMOTOK TaK e, KAK De3YNLTHPYIOLHH Bek-

Top Norokocuendewus cratopa W,='¥) pacmonaraerci Ha IJOCKOCTH OT-
HOCHTeJAbHO ocelt (pas, OTHOCAmMHUXCH K COOTBeTCTBYIOUelt 06MOTKe.

Taxum obpasoM, Tpexrasmasn CHCTeMa KOODAHHAT, B. KOTOPOH paccMa-
TPHBAIOTCHA Pe3YJbTHPYIOWIHE BeKTODH, MOMKeT HMeTh YeTkae {pHsHyecKoe
TOMAKOBaHHE — 3TO0 OCH TpexdasHoft ofMmorkH. Ilpu Haauumy Ha poTtope
oBMoTKH noTOKocuenaenne 1,5Mi, (8o BcAkoM citywae, wacte ero) Gyaer
OTHOCHTBCH TaKMe K oGMoOTKe potopa. Ecnu porop HenoiBuikeHd H 0GMOT-
Ka poropa pasoMkuyTa (Gojlee cTporo, saMkHyTa Ha OGeckgHeuHOe COUPO-
THBARHUE), TO BEKTOD NOTOXOCUCIJIEHUS POTOPA paBeH:

T, = L, (2.26)

rie B — yron cHBHTa KOODIMHATHHIX OCQH, CBM3ZHHHIX ¢ OGMOTKaMH CTa-
Topa H potopa; Ly — xosdduuHent p3anMAHON HHAYKUHH OOMOTOK CraTopa
# potopa. '

Paccmorpum npollecen B pOTOpe, TOAGMKHB, 4T0 TOKH B OBMOTKe ¢Ta-
TOpa OTCYTCTBYIOT M CTATOD He WMeeT Ba3zon. IToBTopas Te e paccyxie-
HHA, TPAXOAHM K CASAYIOUEMY BHIDANKEHHIO LJIf TOTOKOCHENAeHHR pOTOpa:

Wom=Lugir 1, 5Mais—LyTs. (2.27)

Peaynsrupyiotyie BerTopll We ® I2 PaCCMATPHBAIOTCA B OCAX KOODPIH-
HAT, XeCcTKo CBA3AHHBX ¢ (aaaM# POTOPa2, HEIABHCHMO OT TOID, HENOABH-
el pPOTOp RIH Bpamlaercs.

INoroxocuennenue poropa, pasuoe |5Msi, H sambkaiomleecs uepes
MarHHTONPOROA, CTaTopa, Gyner CBN3aHO ¢ oOMoTKoH craropa. Taxum oG-
pa3oM, MOJHHMA MOTOK CTATOPA W PoTOpa ofycrlopseH TOKaMH OOMOTOK (Ta-
Topa ¥ portopa. Bce mnpoumecch @ porope, paccMarpuBaeM TIPH  YCNOBHH,
qTO0 OOMOTOUHHE RAHMLE pOTOpa [puBefeHsl k oO6MOTke cTaropa. Has
NOAHOTO NOTOKOCHEeNMEHHA CTaTopa M POTOPa, €CAH CYHTaTh MATHHTHY
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¢HCTeMY MAIMHNH JHHEAHOH, MOKHO 3alHCaTh:

ﬁu=1~17u ’i"LnTza; }

. - - (2.28)

Wy == Lafye + Lotya.
‘, B Bopamesusx AAd NOTOKOCUENMIerHE BBeAeHA JNBOHHAA nHIEKCAIHA
toNeKTPHUECKHX Benvupd. [TepBuifl HHAEXC [OKASBIBAET, ABARETCH Nk JAaH-
‘MEfl pesyapTHpYOILHH BeKTOD BexTopoM Toxa c¢raropa (1) #ax poropa
(2), BTOpOM MBACKC HOKA3LIBAET, B KAKOHA CHCTEME KOODAMHAT ZaHHHHA BeK-
TOp paccMaTpHBAETCA: HENOIBHKHON OTHOCHTENLNO oGMOTKH cTaTopa (1)
‘mau poropa {2). Ecan yroa Mexjgy ocAMH KOOPAMHHAT CTATOPa H POTOpA
B Kakofi-TO MOMENT BpeMeHu paBel @, To B cooTBeTcTBME € (2.7)

Ez:inem 3 ]

: 2_21 == -fazf_“is'

(2.29)

I1pn BpailiedyH DOTOPA ¢ YrAOBROH CKOpOCThIO @ yron O onpepensercs
no GopMmyae
B=B—pu0!,

TAE Py —— UHCAQ [AD NOJOCOB.
Kosddunuent r3auMmnuoft nHAVKUHH O0OMOTOK C€Tartapa W poTopa

LoélﬁMI; .Loél,SMz. H

3navenre Ly Gyzer ROCTOSHHBIM, eCAH- NpeHedpeun 3y6uaTocTsio CTa-
TOpa H poTopa M NPHHATh OGMOTKH CTaToOpa H DOTOpa He COCPeAOTCUEH-
HEMZ B Na3aX, 4 PaBHOMEPHO DaclpeleJEeHHEIMH BIOJb BHYTPEHHEro AHa-
MeTpa MaluHbl. . ’ .

K ofMotke craropa npraokeno Tpexdasnce HampsiKeHHe, POTOP Ka-
POTKO3aMKHYTHA. YDaBHeHHT 3MEKTPHIECKOrO DABHOBECH® CTATOPA H POTQ-
pa, ecin npenefpeub NMOTEPHMH B MalBHTONPOBOIE,. HMEIOT Baj;:

51:=?;.n+;@u: }
0=Tez"z + P’?n.

Rie p— CHMBOA AidpepeHIHPOBAHAL.
Momeur naocKOl KaTyukw, oOTekae- o
MO TOKOM, IIpONOPUHOHANEH NpOH3Bene- 1 \QAT
C

(2.30)

HHIC TOKAa Ha TAHTEHNHANBHYIO K IJIOCKO-
/CTH AaHHOK KATYIIKH COCTABAMIOWYIO NOJ-
‘HOTO IIOTOKA, NPMYEM 04 AEHCTBUEM MO-
MeHTa KaTywmlka 10BOPAYHBAETCH TAKHM . $¥g
'06pa3om, 4TO FAHTEHUHANLHAA COCTABAMI-

@fl HOTOKA CTPEMHUTCH K HYJK, Upst 9TOM 7,
IMIC, oOycaoBieHHAR TOKOM TO RavVIIKE, 2
BHCIUHHA NIOTOK HAampaBAeHH COTJACHO.

C GOMOWmBD pPesyABTHPYIOMEX BeKTO- :
OB TOXKOB H TIOTOKOCHENIeHHH 06MOTOK *“.; B
aTOPa H POTOPAa MOMHO ONPEiednTh Ha- 2 / Mp i
paBjenHe MOMCHTOB, JeficTBYIOMHX wua .
ratep M u potopa My (puc. 2.6). Mc- ’
et Mer 1 Mp paBusl ¥ nporusononox™  Pue, 2.6. Peaymntapyiomue

Hanpasnedrl. 32 MNOJMOXHTENLHOE Ha-  BEKTODH TOKUB H  IOTOKO-
aB/JieHNe DPHHAMASM HanpasicHHe M¢~  cfendeHnH acHHXPOHHON Ma-
eHta My, JeficTBylOllere Ha poTOp B INHHEL

x5

41



ABHTaTeNbHOM pexiMme Mawmuer (puc. 2.6}, YunthiBas mpaeHma onpeaene-
HAA MoMeHTa (cM. M. 1), MOMXKHO 3a0HCATh:

M=ky Im (370*)=—dky Im (Wal*y), (231

‘rae &y — KoabPHIHEHT IPONOPRHOHAALHOCTH,

st MBEOrONOMOCHHX MalUuE (2.31) cuopaseanmso Aad Kamxpgof nmapwl
HoAKCOB, MOITOMY AJH OOPeACJACHHA NQJAHOTO MOMEHTA IABHIATeN Heolxo-
aumo (2.31) ymHOXuTS Ha pp. JAf OonpejeneiHA MOMEHTA BAXKHO B3aHM-
‘HO@ pacmonckenHe pekTopoB W H I H He HMeeT 3HAYSHHA, B Kakok cmere-
Me KOOpAHHaT OHH OYAYT PaccMaTPHBAThCH.

B OPERbIAYIIEM pacCMOTPEHHH GRLTH NPHHATEHL CAeayplne LONYLIeHHs:
‘MATHHTHAM CHCTeEMA ﬂH[{eﬁHaH, [MOTEPH B CTAJNH OTCYTCTBYIOT, [I43bl Ha cTa-
TOpEe H pOTOpE OTCYTCTBYIOT, a 0OMOTKH paBHomepHo pacnpene.ﬂenu BAOJbL
BO3LYVILHOTO 3asopa. Torza awddepeHunalbHble ypaBHEHHA ACHHXPOHHOTO
BBHrarteld MOMKHG 3allHCATB B BHJE

gy =Tyry + p¥;
0 ="Lpry + pPsy;

_ _ _ (2.32)
W= Ly = Loboy
Py, = Ln-‘flz + Lz.i_zz;
_5‘12 =_ille+ja' Iy = Tzzeﬂja i
b= — e (2.33)

M= kMF’nLn Im {_fl 2_"$22) = kMPnLo _Im (i_llFﬁ‘.’l);
M= M., + [ po,

HepocratkoM panHo# ¢opMb sanicH AH(depeHIHAJLHEIR YPaBHRHHH
HBJSETCA TO, YTO YPABHEHHS CTATOpPA H DOTOPA PacCMATPHBAKTCA B DA3-
AHYHBIX CHCTEMAaX KOODPAHHAT. J70T HeHJOCTATOK MOMKHO HCKJIOUHTB, €Cau
paceMaTpPHBATL OPOLECCH BO BpamaiounieHcs cHCTeME KOODAHHAT.

2.5. BPALWAIOWAACA CMCTEMA HOOPAMHAT

Ilpr mepexoje OT OZHOH CHCTEMBI KOODAHHAT K APyrof, Bpamamimef-
€A OTHOCHTENBHO Nepsolt, QopMa samumcu AHGdepeRnHaJpHLX YpaBHeHHH
H3MEHASTCA. I'onax{eu npaBnio MpeoSpasoBaHHA YpaBHEHHH HpH nepexofe
K Bpamammeacs: CHCTeM¢ KOUDAHHAT. PacemorpuM  NMnHelHOe ,n;mpcbepeﬂ-
HyaJbHOE YPABHEHHE B HeKOTOpOH CHCTEMe KOOpiauHaT:

n=b

- dar
Y= E an 7 [X (). (2.34)
He=—a
Bjech OTpHIATENbHO: 3HAUGHHE n 0G03HAYAET ONEPALHIO KHTErpHpPOBa-
=y,
B nomoilt cHCTeMe XOODAMHAT, CABHHYTON OTHOCHTENBHD NeDBOH Ha
yroa 0, gekropn Y ({) u X(f} GynyT ONHCHBATBCA (DYHKILHAMH:

Vriy=Yt)e
Xry=X (e 1?.
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BupaauM X(f) u T(f) uwepes X'(#) n ¥{f) n noacrapsv s (2.34):
n=b
¥r 19 an r il
V1 (t) el = E i g7 | X7 (8) &), (2.35)
fr=—a
Ymuonue ofe wacru (2.35) na ¢ /%, nomyunm:
n=h i
() = 2 ape™ 1 o X7 (1) 1], 2.36)

n=—a

VYpapueure (2.36) cBaamBaeT BeKTOPHEE (QYHRUWH H apryMeHT B HO-
Bof cueteme koopaukar, IlpegcraBum ero B CAEAYIOMIEM BHIE:

n=>b

Triny= D) aWa(t).

H=—a

Has n=1, npouaeas AH(QepeHIUpORaHHe, NOAYYHAH CAEAYOlIee
BHpameHHe AIA BeKTOPHOA (vHKuHH Va(f):

i al paX' - ds 1_dX'(t -
My =c10 [e'°—-a7(~)~+ef°X' (f)i*gr]= L+ X ),
(2.37)
roe w=d0/dt.
,H,JIFI n=2 .
Tat) = o1 S P (0] = o~ [Ty () ) =

@ _ dX’ (¢ - do _
——m T +20 D ep T+ T, (239

AnasorguHnM emocoSoM MOXHO onpemennts V,(¢f) npum n>2.
Paccmorpnm xon npeobpazosavnfl TPH OTPHNATENBHOM 7!

t
Vo ()=t g X1 (1) e, (2.39)
1]

Yusoxus xa ef® x npomutdepenunposas (2.39), noaywnm:
dV_ (1) fdid-joV_ (H==X'({). . {2.40)

Pemasn noayueHHOS ypaBHeHHe, MOXKHC onpenenuts ¥V._.(f). Ananorms
HEM crnocobom onpepenserca Vy(f) upy n<—1l. )

Qopuyan (2.37), (2.38) u (2.40) naioT ofiiee NMpasuao npeofpazoBa-’
Hua aud@epeHNHaJbHBIX YPABHeHHA NPH H3MEHeHHH CHCTeMb KOODAMHAT.
IIpu atoM OYeBHAHO, 9ro B cayuae dO/di=w==const nuHefiHocTL YpaBHeHH
He HapywaeTca. B clydae NMpoH3BOMBHOrO 3aKOHA H3MeHeHHA O annefinme.
imuddepeHIHANEAEES YpABHeHHs NOpH Nepexoie K HOBOM CHCTeMe KOOPAHHAT
LTAaHOBATCA HeAuHefHHMH. HanGonee npocro B ofmieM caywae OCYMIECTB-
\fi0Tes Npeolpa3oBaHHA ypaBHeHHHE NepPBOFO NOPAAKA, AAS 9TOTO BMECTO
beuMBOaa nuddepeHUHPOBAHEA p CAeAYeT HANHCATh p-Hjw.
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Huas papnoMepro Bpawamwefica CHCTeMH hpeo6pa3oBaHue yPaBHEHHS

¥m60ro NOPALKA 3AKMIOYAETCH B 3aMEHE P Ha P-f® ¥ DACKPHTHH OHHOMA.
aK,
p—{ptHo)=p43jop’—3pnl—jed,

3To Ke MPaBmND COXDAHAETCA M APH JANHCH JAHHeHHOIO YpaBHEHHR
B onepatcpHoit dapue. .

Hanpumep, onepatopxoe CONPOTHBJCHHe Iely, cocTOAIed W3 mocde-
ZOBATeNbHOTO coexnneHHa R, L u € B HeMOARMKHOH crCTeMe HMeeT BHA:

Z(8)=R-f-sLL1/sC, (241)
a BO BpamaIelcd CHCTeMe

. i 1
Z(s, juy=2"(s)=R4 C+iol+FETie (2.42)

33ech §— omepaTop Jlamaaca.

Echyu 32ad pesy bTHPYIOULHA BeKTOP HalpsiKeHus Bo Bpalgomefics
CHCTEME KOOPAMHAT B omepatapuol dopme &'(s), TO Bexrop TOKa NpH HYy-
JICBHX HauaMbHHX YCIQOBHAX ONpefeldeTcd MO 3axony Oua:

F (.S‘) =Tz’(s) #.

PentenHe ypaBHeHHH OCYLIECTBAASTCA H3BECTHBIMH NpaBHAaMH o0paT-
Horo npeofipasoBaxnd Jlanmaca. Bripaxenue
- 1 (s+iw)C
Y, [0} =Z7 = TG Fje) + LC s+ Jop +1

(2.43)

faaseTca mepeaaTourof gyHkuuell smena.

Tlepenarosnodt QyRKIHE AOJXKH2 COOTBETCTBOBATH H2CTOTHAH XapakTe-
PHCTEKR, KOTOpas Hoaydaercsd 3ameHoldl $ Ha j8. 3mech MBl crankusaeMcs
C TaK HA3HBAEMBIMH [BOAHLIMH KOMIeKCHEIMH uwncaamu [B]. HeoSxoau-
MOCTh VCHAOKHEHHs nohstufi CBssana ¢ TeM, uTo f§ 4 fo cyMMupoBath
Henb3f, MOCKONBKY § H JW —YKCI&a B PASHHX KOMIJEeKCHHX MJOCKOCTHX,
§ — puepaTop, BEpAMACWHE (YHKHHIO BPEMEHH, a4 [ — XapaKTepPH3Yer BeK-
TOp B CHCTEM& KOOpJHHAT Ha IJOCKOCTH, MOSTOMY B AAHHOM DaccMoTpe-
HMH MHuMOe uHeao j8 sanncmsaeM B wuae i0. Ilps oTOM uacTOTHad Xa-
PaKTepHCTHKA 3BeHa PabHa:

: (13 + jo) C
Y8, jo} ="RE5Fja) +LC @3 4 jo)f 1 °

PaccmorpuM ee dusnvueckufi cMeica, YacroTHas xapaxkTepHCTHEa MHOKa-
3L1BAET, KAK MeRsercd WO AMIMIHTYAe H (ase cHrHaf Ha BHIXOJe 3BeHs
NpH H3MEHEHHH BXOAHOTO BO3JeHCTBHE C eIHHHUHOH aMMIHTYACH no rap-
MOHHYECKOMY 32KOHY ¢ dacToTod 9. :

Ecan npeactabutk Y(id, jo) B BHAe CYMMB BellleCTBeHHOR M MmHMOHA
gacredt no @

Y(i8, jo)=Res {Y(i8, jo)}-H Ims{Y(iB, jw)},  (244)

TO NMOMYYHM [BA BHPaNKEHHS, ABIAOILHECA KOMIJIEKCHHMH THCIAMH, Xapak-
"TepﬂSy[OlllHMH ycmnoamwufeca 3HaYeHHA aMIINTYAbL H d)BE-OBOI‘O CEBH~-
ra NPOSELU{ BEeRTOpa TOKa I Ha NeHCTBHTENBHYI0 H MEHMYI) OCR B CHCTENe
KOOP/HHAT, BpallaioeiicA CHAEXPOHHO ¢ BEKTOPOM H, AMRIATYAA KOTOPOro
MenseTcs N0 rapMOHHYECKOMY 3aKoHy ¢ vacrorofi §, BexTop ToKa ompefe-
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%se'rca FeQOMeTPHYECKHM CYMMHDPOBAHHEM MIHOBeHHHK 3HAUEHHH HpOEKHHﬁ
3 OCH.

¢ Ecnw npeacrasurs Y (I8, jw) B BHEe cyMMH BellleCTBEHHOH M MHHMOR
Racred no §-

Y(i8, jo)=Re: {¥(ib, jo)}LiIm:{¥ (i3, jo))}, (2.45)

A0 -NOAYYHM EBA BEKTODHBIX BHIDAIKEHHH, COOTBETCTRYIOULHX ABYM BeKTO-
aM TOKa, B CHHXDOHHON € BeKTOPOM HaNUPAMEHHA CHCTEME KOOpIHHAT,
puieM AMILIHTYAA NepBOTr0 MEHAETCH CHH(A3HO C rapMOHHYECKHMH H3Me-
BHHAMH aMIUIMTYIH HANPAXEHHA, & BTOPOre — OmepexacT no Qase Ha
°. daxTHyeCKHH BEKTOD TOKA ABANETCH TeOMETPHUECKOH CyMMoOil Mrao-
HIKX 3HAYEHHA AAHHBX COCTABJITIOLINX,
v  Uro0Bl He BBOZMTH ZBOAHEIX KOMIVIEKCHBIX UHCEJ, BEKTOPHYIO Nepera-
é;oqnym dyuxnuo Y(s, jwo) packnafsBalOT H4 BELlECTBEHHYIO H MHHMYIO
%ocraanmor.uae, KOTOPHLIM TIPHCBAHBAKT HHAeKch. BceM BeauuMHAM, OTHO-
CHUHMCE K BellecTBeHHOH ocH, (yleM NpHCRAHBATL HHIEKC «d» K MHH-
MO — AHJEEC «g»:

Yals. o) =Re {¥ (5, j)} == {¥ (s, ]} +¥ (s, —ja)};  (2.46)

Yols, w)=Im {¥ (s, jw)} == _211_ {¥ (s, jwy—Y (s, —jw)}. (2.47)

Ipu paccmorpenun ypaBHexHHA Jas kaxJoft koopauHaTHOR. ocH oTHa-
AdeT HeoOXOAHMOCTD BBOJHTDL ellle ONWH CHMBOJ MHMMOrD Y€cAa i, Coxpa-
HAEM TOT XK€ CHMBON j, TaK Kak Beipamenns Re{Y (s, jo}} u Im{¥(s, jo}}
ABAAIOTCH BEUIECTBEHHLIMH.

‘ Tlepeparounnie GyHxuud- Yals, w) 1 Vq(s, ©) ne comepmar B KoHeu-
HOM pe3ysApTaTe MHHMHX COCTaBJAAIOWIHE, XoTA B (246) n (247) oum
. BRJIDYAKOT MHMMBIE CJ4araeMble, KOTODHE NP NIOCAEAVIOIIHX npeofpasoBa-
. HHAX B3aHMHO yHHYTOxa10TCR. [loaTOMy mpH pacdere yacTOTHOH XapakTe-

PHCTHKH MOXKHO anrefpaxdecKH CyMMHPOBATh fu H JO.

Jlaa paccmarphsaeMore mpuMepa menw R, L, € corsacHo (2.43):

N [G-Fe)C
Vi =7 | TITTm e —LC ey +
j3—0)C :
TITT G—w) RE—IC ¢ —o) }
o j@twC
_%Uﬂ=§r{1+;w+@R0~Lcw+wﬁ
jB—w)C
*1ﬂ@_@m—m@—w}'

2.6, AHDDEPEHUMANBHBIE YPABHEHWA [BMTATENA
BO BPALLAMOLWEACA CHCTEME KOOPAMHAT

BocnonnsyeMmcs seIBOAaMH § 2.5 u sanuiueM ypapHeHHH
graTopa u poropa cHeTeMH (2.33), HCMOJB30BAB BEKTOPH TO-
ka, NOTOKOCUEMJCHHSA HANPAXEHHA B OAHHX KOOPAMHATHBIX
CAX, BPAULAIOUIHXCA OTHOCHTEJIbHO HENOABHKHOTO CTAaTOpa €O
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CKOPOCTHIO wy. IIpH 3TOM Heo6XoNHMOCTL B ABOFAHOH HHAEKca-
IHH BeJIHYHH o*rna,r_(ae'r":

u, =iy, -+ (p+ jo) T
Q== 22+IP+J o —m]T
¥, =1L, }i,L

¥, =i L, -1,L,;

(2.48)

M= kyp,lm (i, ¥}) == kyp, i m i, ¥7) =

L,
= Ru Py T_ Im (T, &));
2 0

M=M.-Jpo.

Ilas yno6eTBa, Kak aTa jJenajock B M. 1, nepefiieM K oT-
HOCHTENbHEIM BeJJHUMHAM, NPUHAB 34 $as3oBble Te XKe 3Haue-
uus. Ho B ypasuennsx (2.48) nogBuJjach enle OfHA IepeMeH-
Hag — epeMsa. LlesecooOpasuo npuHsTs 6a30BYIC €XIHHHILY Bpe-
MEHH H NO0JbL30BATLCHA OTHOCHTEJARHBIMH 3HAUEHHAMH BPCMEHH.
[lpuunMaem fg=1/wuon. YpaBHeHHs aBUratens (2.48) mnoay-
yaeéM B BHIE

u =t Hptio) B, =1, (pHio) Xad, - (pio) 5 °‘F2,

=it +(p+ipT
) Tl =-I:1X1 —l"?aXo;
¥, =1,X,+ 05X, | 2.49)
pe=Im (T =X, Im (1) — i Im (.93 =

— X im (F,T2);
b ==pe 1 Hpv.

- O6o3nauenns, npuudarthie B (2.49), nyxnawrcd B HEKOTO-
PHIX HOACHeHHsX. Bo-NepBHX, coXpaHeHO ofo3HaueHHEe IIpOU3-
BOAHOWH p, XOTA Maclita® BpeMeHn ApYroH, caenyeT BBeCTH HO-
Boe of03HaueHHe p'=p/wxon, HO COXpaHAeTCA crapoe o6o3Ha-
YeHHe ¢ HOBHIM COJepKaHHeM, TaK KaK B ImocjaelyiomeM Oyaem
MIONb30BATECA TOJBKO OTHOCHTENLHEIMH eAHHHUaMHd. [ToToxos
cllellJieHde, KAK H NPH DPACCMOTPeHHH VDABHeHHHA CTATHKH,
NpeACTaBAEHO B BHE IPOH3BELEHHS TOKA HAa HHAYKTHBHOE co-
NPOTHBJIEHHE, TAK K4K B OTHOCHTEJBHBIX €JWHHIIAX HHIYKTHB-
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HOCTH paBHa COOTBETCTBYIOUIEMY HHAYKTHBHOMY COMNpPOTHRJE-
Hui0. Bo-BTOPHX, BEPaXKEHU A8 MOMEHTOB, NDEJACTABJEHHEE
B BH/e NMPOH3BE/IEHNs] BEKTOPOB TOKA H NOTOKOCLENJeHHH, Ta-
Kie 3Ke, KaK K AJs CTATHKA. B To e BpeMsa (HOPMYyJbLl CTAaTH-
KH AAf MOMEHT4, B KOTOPLIX HCHOJb30BAHLEL HE BEKTODH,
4 MOIOYJH BEKTOpOB, HampuMep p=i%r?%/8, B o0LieM cayyae He
MPABOMOYHLL 1] HEYCTAHOBHBIIUXCH PeXHMOB, TAK KaK Iepe-
X0AB K MOJYJAM BEKTOPOB NPOUIBOAMJNACE N0 YPABHEHHAM
CTATHKH,

. B ypapHeHuy MeXaHWYeCKOro IBHXKEHHUS (HIYpHpyeT To-
crosiHHas f{, KoTopas TOSBJSETCS B peayJbTate mpeobpaso-
"BaHMil YpaBHEHHS MEXaHH'UeCKOro ABMMKEHUS B CBA3H C BBeje-
-HUEM OTHOCHUTEJbHLIX €LHHHIL:

oy d @
dt H_J‘Oc,HOM We,mom 6, mom ® dv .
Mg Mg ™™ diog Mg " dwgyt
I
— Dumot gy 0V =H pv.
Mg

3xech H —BpeMA B OTHOCHTENbHEX €IHHHLAX Pa3roHa Ma-
XOBbIX Macc Tpusopa nof JefictBueM 6as0BOro MOMeHTa J0
HOMHHAJLHOH CHHXPOHHOM CKOPOCTH Ge,mom.

Basopast eau#nIa BPEMEHH MOXKeT MEHATLCH, IPH 3TOM Ol-
HOBPEMEHHO MeHAeTcs M §a30Baf 4acToTd, pasHas o6paTHOMY
3HAUeHHIO §asoBoro BpeMeHH. JlONycTHM, NEPEIlNn K HOBOMY
GasoBomy Bpemenn f;=kfs. Torna (2.49) moxuo npeicra-
BHTbL B BHJE

U,

I

- 1 -
Hh “‘["—’ (pl—l_Ial) wn

0= ra+ (pl +j13|) ﬁz;
‘Flz“ﬁile_{_iaXo;

— - Z 2.50)
‘Farr-i X+ i X

=Im (T} =

(i,95) = (Im T

MEMGT+HIPIV13
Tie pi=pk; mi=ak; p1=fk; vi=vk; Hi=H[k.
CuoeayeT oco60 OCTAHOBHTHCA HA (H3HUCCKOM COLEPHKAHHH
G B ypaBHeHHaX aAHHaMuEx (2.49). B craTtHke -~ OTHOCH-
TeJbHAA UaCTOTA HANpPSKEeHHS Ha BHIBOJAX MallnHul. Bce pe-
‘3yALTHPYIOIIHE BEKTOPH TOKOB H HalpsixKeHH B3auMHO Helg-
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ABHXHbI, IO3TOMY o — OTHOCHTENEHAH YacTOTa BCECX 3JAEeKTpOo-
MATHUTHHIX BEINYHH., B AAHAMEHKE o —— OTHOCHTCJEHAH UaCTO-
Ta BpalleHHA CHCTEMBI KOODAHHAT, B KOTOPOI:I paccMaTpHBa-
KOTCA NpDOLECCCHl B IBHIaTEJE. ,U,J'IH ynoﬁcma HCCJACIOBaAHHA
CHCTEMa KOOPIKHHaT MPHHHMACTCA HE]’IO,H,BH}KHOH OTHOCHTEJBHO

KaKoro-anGo BeKTopa, HanpuMep, iy, iy, ¥, wiu W,. [lockoan-
Ky B JUHAMUKE B3aUMHOE [IOJIOJKEHHe BEKTOPOB MEeHHeTCs, TO
@ XapakTepH3yeT OTHOCHTeJILHYH YacToTy BpallleHHs B Helo-
ABKHOH CHCTeMe KOOPAHHAT He BCeX, a TOJLKO OAHOIC KOH-
KPETHOTO BEKTOpA.

* Ilpu uccnenoBaHMH YCTANOBHBHIMXCS TIPOLECCOB, alCOMIOT-
HOE CKOMABXKEHHE [ 03HAYAJN0 OTHOCHTE/ILHYIO YACTOTY TpOILec-
€oB B poTope. B ypapnenpax IHHAMHKH NoHaTHe f§ Goaee bop-
MaJibHoe, 3TO — PAa3HOCTh CKOpOcTefl cHCTeMbl KOODAMHAT o H
LBUTATE]A V.

'¥106cTBO aHasau3a NPOMECCOB B ABHraTese W NPHBOAE 10-
CTHTAETCA NMPH CBOGOJHOM TNepexoje K Pa3IHUBBIM CHCTEMAM
KOOpAHHAT ¥ Maclitab6am BpemeHH. Cucrema (2.50) yHupep-
calbHa B 5TOM CMBICJE, NPH €€ HCHOJALI0OBAHHH CIEAYeT TOMb-
KO INOACTABAATL HeoOXoJHMMLle 3HauycHusa ¢, f U & Hdaa toro
uyToOb H3 CaMOH 3amUCcH ypaBHeHHl GLIKK BHAHLI TIPUHNTHE
CHCTeMa KOOpPAMHAT W Macuita® BpeMeHd, BBOLMTCA LOIOJHH-
TeAbHAS RHEEKCAalus COOTBeTCTBYIOUIMX BeJuuud. Jlng anex-
TPUYECKHX BeJTHUHH HUMKE NPHHHMATCS, YTO NMepBHH HHAEKC
o3HauacT NPHHAANCIKHOCTL AAHHOH BeJMUHHBL CTaTopy, POTO-
PY Ha# HAaMarsduuBalolleld wvend (Hanpﬂmep, ¥, ¥, W),
ETOPOH — CHCTEMY KOOpAHHAT, TpeTAR (Aad mpoekiuii) — och
cacTeMbl koopinuar, O603HaveHus: cucTeM KOOpAHHAT: 00—
HEenOABHKHas, | — crcTeMa KOODJIMHAT, BELECTBEHHAR OCh KO-
Topoii cBAzaHa ¢ BexkTopom Wi, 2— ¥,: 3—1I,, 4—u,. Ha-
npuMep, ¥isq — NPOCKUMS BEKTOPA NOTOKOCHEILICHHS cTatopa
Ha BELIECTBEHHYIO OCh B CHcTeMe KoopauHat Ws. :

Huzke ucnoanayoTcsa CleIyIOIIMe HHIEKCH, PasjHYa0INye
Macwrabsl BpeMeHH:

0 — cunxponauii Maciitad (Gaszomoe BpeMa llogom). Obo-
3HAYEHHA BEJHYHH: ag, Bo, Vo, Ho; s — omeparop Jlannaca.

1 — Gaszopoe BpeMa DaBHO [OCTOAHHOH BpeMeHH poTOpa
npa Wi=const. {5=(1{wrom) - {X’sfrz). Obo3navenua BeJHIHH:
ap, ﬂlu Vi, Hl! S1.

2 — Ga3osoe .BpeMs PABHO IIOCTOSIHHON BpeMeHH poTOpa
npu . pasoMruytom cratope. fs=(1/wnom) (Xo/r2). Obosnauenns
BENHUWH: Gg, P2, ve, Ho, S2.

Kak 6HJ0 ykasano, MOHSTHS <4acToTas H «CKOJIbIKEHHED
NpeANnonaraloT BMOJHE ONpefefeHHYI CHCTEMY KOOpIHHAT,
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HaT, KOTOPHI YKasaH Buiute. Tak, gz — MacTOT2 BPAUICHHS
&ex’ropa ‘1’2 B MaciiTabe BpeMeHH fg5== (Il /wgon) (X 2/1’2) Boa—
ﬁac'm'ra CKOMBbIKEHHS POTOPA B cucTeMe KoopauHat Wy H Mac-
frTabe speMen fs= (l/wgon) (Xafrs).

JAnfA ycTaHOBHUBLIETOCA PEXHMA HHICSKCAILHS CHCTEMEH KO-
DPAMHAT AJA YaCTOTHl H CKOJNLMEHHKA TePAET CMEIC/, BCC 3JEK-
APOMATHHTHBIE BEJHYHHD BpamamwTrcs cuuxpouso. Ho u Batom
Layyae BBOAKM LPH HeoOXOZHMOCTH BTOPOH HYyJIEBOH HHIASKC,
ROTOpHI O3HaYAeT NapaMeTpnl YCTAHGBABINETOCH peN{uMa NpH
uHeapusamun 8 «majioM» AuddepennHaILHMX  yYpaBHEHHH
heuratesnd. Hanpumep, f—ycTaHoBHBlIERCA 3HAUCHHE CKOJb-
MEHHA P NPH MAJLIX H3MEHCHHAX NMADAMETPOB PEXKHMa ABH-
Fareas.

i JlnA yraoBof XapaKTePUCTHKH BeKTOPOB BBOAHM ABOHHYIO
#HAekcaumio yrioB. [lepBsifi Huiexc o3HayaeT BEKTOp, BTO-
OB — CHCTEMY KOODIAMHAT B COOTBETCTBHH ¢ BHILICHPHBECAEH-
MEIME 0603HaAUeHHAMH. i

Hanpumep 0z, — yron sekropa I B cucreMe KOOPAHHAT #i.

ﬁoaromy JNsi HUX BBOJAHTCA BTOPO# HMHIEKC ~- CHCTEMA KOOpP-
H

Fnasa Tperws

AUHAMMYUYECKME XAPAKTEPMCTMKM ACKHHXPOHHOIO
ABMTATENS

B macToaule#l rjase HCCACOYIOTCA IHHAMHYCCKHE CBOHCTRA
ACHHXDOHHOrO ABHraTesd Kak o0bexTa ynpasaenusa. Ilpomec-
fbl B KBHMTaTeJie OIHCHBAKOTCA NOJAYYeHHOH CHCTeMOH ypaBHe-
Huit (2.50), B xoTOpOI passyaeM, Kak ITO NesaJ0ch B IL I,
fapameTpsl IBHraTeNs (BeanHb: NOCTOSIHKEIR), MapaMeTpH
pekuMa — BHEIUHH® BO3JeHCTBHS H TNPOH3BOJHEE TapaMer-
PH — BEJHMHHBL, XapaKTEPH3YIOUIHE 3NEKTPOMAPHHTHEE IIpO-
lecchl, M MACTOTY BpALICHUA ABMraress. BHemHum# Bozaedict-
BHAMH SBJIAIOTCA AMIJHTYAAa M UacTOTa HANpAXKeHHR (TOKa)
EraTopa, a TaKxe MOMEHT Harpy3kd. (CucTeMa ypaBHEHHH
{2.50) HeaumHeiinas, narore nopazka. Ilpamoe pemwienHe ee

03MOMXHO, HO OHO He ofjamaeT HeoOXOAUMOA HATJNSIHOCTBIO.
aC HHYEPECYIOT AMHAMHUECKHE XADAKTRPHCTHKH B BUjle Ilepe-

Jarounbix (yHKIHE, B KpafiueM cayuae, B BHie cemelcTBA 4a-
TOTHEIX XapaKTePHCTHK, KOTOPHE HeoOXOQAMMH JAJS CHHTe3a
€ryJfTOPOB NMPHBOAA, MO3TOMY BOCHOJL3YEMCH CAECAYIOIIHMHE
[PHEMaMH, KOTODHE N03BOJIAT ONHCATh AHMHAMHUECKHE CBOHCT-
a ABHTATER B HHTepecymoweil Hac dopMe.

1. MckamounM Ha DaHHOM 5Tane M3 PAcCMOTDEHHS ypaBHe-
H5 MEeXaHHYeCKOro ABHKEHHS, TeM 6ojee, 4TO MeXaHHYeCKoe
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ABHIKEHHE ONpefenseTcs He TONLKO NApAMETpAMH IBHIATENA,
HO H JPYTHMH 2JI€MeHTaMH MEX4HHUeCKOH 4YacTH MPHBOJA.
B 3toM cayuae gBuraTens Gyaer ONHCHIBATHLES TOJNLKO VDaB-
HEHHAMH 3JeKTPOMATHHTHLIX MPOLECCOB, B KOTOPHIX B KauecT-
Be BXOJHOIC BO3LeHCTBHS BMECTO pcr BHICTYIAeT B. YpaBHe-
HHE MEXaHHYeCKOro [BHeHHA OyINeT paccMaTpHBAaTLCH OT-
JenpHo. 3ateM 06a pellleHHs MOXHO OObeAHHHTB COTJI4CHO
CTPYKTYPHOH cXeMe, TOKa3aHHoOll Ha puc. 3.1.

Z1(iy) i1 (EZ1)

% Al Her

t f * 1 Y
iy + £7

Prc, 3.1. CrpykrypHasd cXeMa aCHHXPOHHOTO [BHraTeNd € HArpyskod Ha
Bamy.
Al — acHMXpOHHEIR ABUTATERD.

2. ¥YpaBHeHHs 3JMeKTPOMATHHTHBIX I[POUECCOB [ABHTATeNs
0XBAaTLHIBAIOT TNpOUEcCH B cTatope H porope. Onpenenennas
HArJASAHOCTL AOCTHTAETCH, €CJH CHayaaa pacCMOTPETh OTASAL-
HO MPOLECCH B POTOPE JBHraTeds.

3.1. AHANKU3 YPABHEHMA POTOPA

Ilepexoagune mnpoueccst B JABHCATeNE OIHCHBAJHCH OB

4ype3BLMaiHO NPOCcTO, echad Obi nmoTorocHemaenne Wy ocraBa-
JOCh HedsMeHHBEIM. CYLIHOCTh MepeXQMHBX SAeKTPOMATHHTHBIX
IPOUECCOB B ABHraTele CBA3AHO C H3MEHCHHeM MOTOKOCHEIIe-

uua ¥, n0sTOMY paceMoTpHM OGofee noApobHO NoAHOE ypas-
HEeHHe MPOIleccoB B poTope [cM. BTopoe ypasHenue (2.49)]:

0=Iira+(p+if) ¥

Bripasum ToK 7y uepes Wp ¥ i1
: X, o r .
= — -t L 2 3
0=—ir, 3=+T (p+2-+13).
PasgenHB ypaBHeHHe HA rafXp, MOJyUHM:

11 Xo=Ws (14-pat-jpe) . (3.1)

B (3.1) nepemn x HoBOMY $a30BOMY BDeMEHH, PaBHOMY
NOCTOSHHOA BpeMeHH Ienu poTopa NPH pasOMKHYTOM CTAaTOpe:
Pa— CHMBOJI HpOH3BOAHONH B HOBLIX OTHOCHTEJBLHBIX eJHHHIAX
BpPeMEeHH.
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" Ecau paceMaTpHBATL NPOLECCH B pOTOpPE NMPH HEU3MeHHOM
KOJALKEHHH fo, TO ypaBHeHHe (3.1) nuHefiHoe, MO3TOMY erc
103XHO NPeACTaBUTL B oepaTopHoll dopMme:

Xota(s)=Wa(sa) (s2-+14jBs).
Komnaexcuas ¢bopma ypaBHeHHH ke MeHSeT OOLIMHBIX Tpa-

'BHJ ee WCITONb3OBAHUS AN DacyeTa MepexomfblXx MponeccoB.
3annutem (3.1) B cHcTeMe KOOpAWHAT, BellleCTBeHHAA OCh

KOTOpofi coBMeileHa ¢ BeKTopoM Wa:
D1oXo="Wa(Po117B22) (3.2}
Mad B NIpOeKUHAX Ra KQOPAHHATHHE OCH:
ilstn = wz (1 + pz);}
i:quu =W, B,

(3.3)

Bripaxennsa (3.3) packpbBalT MeXaHH3M 3JEKTPOMAarHHT-
HHX npotieccos B potope. [Ipy M3MeHeHUH MPOEKUHH TOKACTa-
TOpa Ha BeKTOp Wy aMIONMTYAa TOCJeNHEro HAauHHAeT HaMe-
HATLCS ¢ NOCTOAHHOH BpeMeHH Xp/Ggowfe, NP A3MEHEHWH HOD-

MaJbHOH CcOCTABJAAIONEH TOKA 1712 K motogocuengenus ¥ me-
HACTCH CKOJIBXEHHE ‘ﬁgg. HameHeHue cKOMbKEHNd NPOHCXOIHT
BCJIGACTBHE H3MEHEHHs YACTOTH BPalleHHA MNOTOKOCHEIJICHHS

W, oTHOCHTEALHO poTopa. Ecau mocrapieHa 3ajaua ynpabJe-
HRf JBHraTeJeM IIDH HEM3MEHHOM 3HaueHHH W, TO J0JKHA
NOLAepKHBATLCA HEW3MEHHO COCTaBJfIONIas TOKA CTAaTopa
{120, B 3TOM ciayyae cocTapifiouias TOKAa CTAaTopa iz, MeHA-
eTcs NPONOPUMOHANBHO Pzz W MOMEHT JBHraTeNf, PABHBIH

X, ,
p:-?“- Wi UBMEHAETCH, KAK H B CTATHYECKHX DeXKAMaX
2

npu We=const, Tak¥e MPONOPHHOHAJEHO Bg2. YCTAHOBJEHHOE
NPABHJO HAMEHEHHA TOKA {1 ONPEIELJALT DeKHM YIpaBleHHs
asurateneM npu Ws=const.

BripazaM B ypaBHenud potopa {2.49) Tok i, uepes ¥, n

¥,
=T L 4 )T
PasnenuM 5TO ypaBHeHHe HA rp/X’s:

——-—‘I’ (74 1R 3.4)

B (3.4) nepewns x 6a3030my BpeMeHH, PAaBHOMY TIOCTOSH-
‘HOH BpeMeHHn NellH poTopa DpH 3aKOpOYeHHOM crarope; ri=0,

B1-



1 — CHMBOJI IDOH3BOJHOH B HOBHIX OTHOCHTEJNILHEIX €XMHHIAX
BpeMeHH.

B ¢opme (3.4) ypaBHeHHe NMPOLECCOB B POTOpPe HHBADHAHT-
BO OTHOCHTENBHO KOHKDETHLIX NapaMeTpoB ABHraTes]s, MpiH
9TOM B KauecTBE BHCLIHETO BO3NCHCTBHA IO OTHOIIEHHIO K PO-

Topy paccMartpuBaercd W Xo/X,. ¥paBHEHHS NPOIECCOE B PO-
TOpe OAMHAKOBH IO (OPMe He3aBHCHMO OT TOTO, KaKasi BeJH-

uHHa — ToK i; (3.1) wau motokocuemaeHue ¥, (3.4) BuicTyna-
€T B Ka4ecTBe BHEIIHero BO3AeHCTBHA, H pe3y/bTATh aHAJH34
ypaBHeHHA OyIYT OIHHAKOBEIMH. -

3.2. NIMHEAPHBAUMSA AUMDMDEPEHLMANEHLIX YPABHEHWA
3NEKTPOMATHMTHBIX NPOLECCOR

Ilpu ananuse anddepeHHHANLHEX YpaBHeHH ACHHXPORHO-
ro asurateds (2.49) obpaijaeM BHHMaHHe Ha HeJHHEHHOCTSH
YpaBHEHHH, KOTOPAs BLIPAXKAETCH B TOM, 4UTO psil YJIEHOB CO-

ACPHHT NPOH3BENCHHUH ABYX TEKYLIMX IIePeMeHHbIX: aW¥y; Yy
Im (i;f*%:). JiuneapmsanHio ypaBHEHHHl oOcylllecTBJIfieM, PAacC-
CMATPUBAas MaJjele NPHPAIeHAn lepeMeHHbIX B OKPEeCTHOCTHX
TOUKM VCTaHoBHBIUerocsa pexuma. (OfosHmasan nNpHpameHHs
repeMerHbIX MaJBMH OYKBAMH, & YCTAHOBHBILHECS 3HAUEHHS
peXHMa, B OKPECTHOCTAX KOTOPOTO OCYILECTBASETCH Hecaelo-
BaHue, BelAeaAd uuaexcom «U», momyuaem us (2.49) caenyio-
Y0 CHCTEMY ypanHenui:

w=Tr, 4 (p+jo) 44 12T,;
0=i2r2+(p+jﬁo Gy - 1B a03
tp[_zX+:X ' (3.5

$y=1,X, 4 ,.X,;
= XD Im(!,oz2+31[30).
-BxoaneiMu BO3AeHcTBHAME cHcTeMEl (3.0) ABAAIOTCH W) HAH
i}, a Takxe g ¥ p. BMecTo ypaBneHuil 3/1eKTPHUECKOTO paBHO-
Becusi B BekrTopHo#t dopme (3.5) B psie cayuaer yaoGHee

no0J630BaThCA YPABHEHHAMH AJ4 HpOGKU;Hﬁ Ha KOOpJHHATHHE
OCH:

Uyg=1ir, + Phig — a’o‘PJq - am:qu;
Uyy=— f1qr: +p4’1q + % Pra + awldo;
0,= fadls + Do — @oq’:q Bwaqm
0= iaqra + pﬁbzq + ?’oq’sd + pwsdm

(3.6)



$ra== {10 X, = fpaXo; )
"qumiqul—l—i!qXﬂ; )
$oa = d1a X, o X (3.7)
$yg = i,qX,, -+ iquz;

p=UX, (Iuguizd - ]‘lqoisd—i_ ]2dni1q_[1duizq)'

Creremul (3.5} u (3.6) auHelinpie. Ilpu samucu cHCTeMB
3.5) uau (3.6) B oneparcproft dopMe NpH HYJAEBHX HAYAMIL-
BX VCJAOBHAX CcoXpaHseMm AJad H3obpaxenufi Te xXe oGo3Ha-
MeHus, YTO H JJIS COOTBETCTBYIOUIMX LepeMeHHbix. B aToM ciay-
tae ypapHeHHA (3.5)—(3.7) ocraioTca HeH3MEHHBIMH, HO BMe-
kTo cuMBosa AuddepesUUpPOBAHUA p 3ANHCHIBAEM ONEPATOP
Wlannaca s. B pesyabrare pellleHHs cHCTeMbl YDaBHEHHH Lio-
yuaeM BBpamKeHud IAst HsolpaKeHus Kax ol BRIXOAHOH Be-
WIHHBL g, l1gy T2y f2qr Yias $1g, P2, Vg, 0 B OYHKLHH H30-
Spa:KeHUA BXOAHOH BeJUUHHH u; (i1}, o, §. Ilpu sTOM ocrans-
HE BXOAHHIE BeJHYHHEI IoJaraeM paBHBIMH HyJwoo, [lepexa-
unyo $YyHKIHK ofosHavaeM TaK iKe, KAK H BEIXOAHYVIO Be-
HYHHY, C MHIEKCOM BBePXy, YKA3LIBAKIIWM BXOLHOe Bo3geh-
reue. Hanpumep, :

s () = s (5)/ 1, (5)

ESHa'{aET nepefaToOuHY0 (PYHKUMIO ABHraTe s IPH BHIXOAHOM
eNHUUHE — MOMEHTE [0 KaHaJy HANPAMKEHHA Uy,
YacToTHas XapaKTepUCTHKA [OJy4deTcd K3 COATBeTCTBYIO-
rlef{ nepejarousoil QyHKUHM 3aMeHoH § Ha j§, rae § — Kpy-
OB4S YACTOTA.

3.3. NEPEQATOYHBIE ®YHKUMM ACHMHXPOHHOIC ABMIATENS
MPH NHUTAHWM OT MCTOUHMKA NEPEMEHHOIO TOKA

3anxitem cHcreMy ypasHeruii (3.5) B onepatopnoii dopme,
POBMECTHB BellECTBEHHYIO KOOPAMHATHYK OCb C BEKTOPOM iy,

cxaounB W, M i, H NPHHAB B KauecTBe 6a30BOrQ BpeMeHH
ocroaHuyie T

| E;a:ixr1+ 'l"j"’zu) I'I'i 23 lr' IN—I—
+m+mym%+hﬂ°mw

: L (3.8)
‘l "'"'(S +ﬁ3=o+1 4’:3—{".’@2; 207

p=-— [lm i w230 + Im (/ lnq"u)] =g, + 8,7,
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Mo ypaBHeHHAM MOXHO ONpEReNHTH IepefaTOdHble (PYHK-
OAH JBHraTes MO KaHaJy TOKA i), CKOJALKEHHSA Pgs H 4ACTOTHI
ags. IIpy pacuere mepeaTouHHX GYHKUHII N0 KaHAJY TOKA i
nosaraeM dgs M fo; HydeenimMH. B stou ciyyae caerema (3.8)
npeobpasyerca K BHAY

,(Y ,r,

uw—z ro- (s, - jag,) = i A (8, 1 ) Xﬂ Paas

L, Xo= (8¢} iBeo 1 1) %a; (3.9
X: [lm (i, T2,) + Im (7, 3]

‘.l.:

s eroporo ypasHenua cucteMu (3.9):
~ iX X,
$y = ——; ( §) = ———
Sz + [Bz0+ | 14534 jBea ’
roe 95 (s,) — KOMIJIEKCHAS nepejaTouHast QyHKIus.
ﬂ,am pacueta nepeﬂ,aTqubxx tpyHKuuH OPTOTOHAJBHEIX MNPO-
exuil MoToKocmeneHus iy (s,) u q»gq {(s,) yMHOMMM YHCJHTE]L

A 3HaMeHaTeJb HpaBodl uactu gopmyant (3.10) zHa Bripaxe-
HHE, CONpPHKEHHOE CO 3HZMeHATesJeM. B pesyabTarte noJaydum:

(3.10)

i . X (1+s)
b (Sz) —322 + 28, 4 1 8%,
¥ (3.11)
(P (Sg) . nﬂzo .

RIS
Onpepenum nepepaToudsie  QyHKILMI q»? (s,) u 9513(.5'2), HC-

N0JAL30BAB NPaBHJO JHHeapH3AUHH (YHKUMH ABYX NepeMcH-
HHIX IIPH MaJblX A3MeHeHdAX HOCJeIHHX:

5" (5,) == €O B,,, b (Sy) -} sin b, 455 (5,);
W) e W) (3.12)

230
20 -1

H3 {3.12) c ucnonpsoBaHHeM ypaBHeHHH cTaTHKH H (3.11)
NOJlyuaeM OKOHUATeJbHHE BLIPAXKEHHA AJA HCKOMBIX Tepeja-
TOYHBIX GyHKOUE:

B2 (s,) == cos B,,,

R (S L 1. R
2 V|+Bgzoséz+232+l+ﬁzzn,

ﬂ_z's (8y) == dee ' SE

(3.13)
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Hafinem nepepatounyio ¢yukumio whs(s,). s Tperbero
ypapHenHs cucTeMn! (3.9) cnexyer:

X, . X, s
== — X, I‘Fa@h +q’2q[w] = _72 lF?ﬂ}“zl X
tag Tye } .
X [I + i Wago ’ 31
Xo @ ¥ (52) ] (3.14)
B SN PR L
B (5,) X, agot (s.) [ + ) ;
uh(s )zl-'-(sz] o Bo 8% 4 285 - 2(1 + %)
: ¥1(50) Iy S% 25 + 1 [

Aasa pacyera neperaroyHod (YHKIMH IBUraTead IIPH BH-
‘XonaHo#t nepemennoll puyrpesinedi 3JC Bocmodb3yeMmMcs COOT-

HOIGHHEM €, = r—;ﬁL (5, + Jg,) T,
2
C yueroum (3.11) u (3.12) noayuaem:
i L) 875 55 - %agfno .
¢ (%) ="X3, 2 T 05, LT+ By

I . X2 “‘20.+ Sg (%590 — Boo) .
] (82) = X, fa %+ 28 A+ 1t 7

2 -
e (sa) = 2 V&F;; X (3.15)
>< 52aBag - 5a0pg - Gag (1 4 f%50) .
82+ 29, L 1 5% !

i _ Sz 8y + 1B — daoBao
¥2 (5‘2) T T agelip A28+ 14-Ff

llepenatounble PYHKLHH MO KaHaay ckoabxeuus. Hcxoa-
HEE YPaBHEHUA JIIA pacueTa mepelaroyHuX PpyHKUME noayua-
eM u3 (3.8), monaras {; M ugs PABHBIMH HYJIO.

KoMnjekcHoe ypasHemde npoileccoB B porope ua (3.8):
0= (1--s3-jBa0)patiPasF a0
RJH

"‘ﬂ323¢20= (1+52+}'520)‘1_P-2‘ (3.16)
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U3 (3.16) nmoayuaem:

lPE:; () = Wage 2, + 223::21 FF
e k< Al
Wis)=—1,, S, zsf :o» T+ 0,

o (s) =~ e 215,—1:}»-321 +5%

[epenaToutass QYHKUMs ABHraTeds NpH BXOXHOH BEJHYH-
He — CKOJLKEHHH H BHXOJHOM MOMEHTE B COOTBETCTBHH
¢ (3.8} umeer Bux: :

X Bse fg s+ 1— %y
Bas o 9 —_
el (Se = X‘; l’antpzq (Sa) ———""_'B“ JERIE Baau. (3.18)

Iepeparcusnie $HYHKUEH ABHraTeas NpH BXOAHOH BeaHUH-
HE — CKOJib:Kenun B Bexoanol — 3JIC e, MOXHO 3anucartsh
cASAYIOIHM 08pa3oM:

63“(3 )‘__,_:__,__ 16X2%, Lz 8%3820 1 8o { g ae) + Ugg (B¥20—1) .
22 172 14 8% X% 5%+ 20, 4+ 1 %, ’
eB“(S )= -~ I, X2, _Ts 52y 4 55 (1 — B2a0 + @aola) - 2Besa0 s
S R R e T Y SN
eB" (8)=— 11 X%, s S-S+ g0 '
2 Vit Pa X% sh+ 25+
Bas e ..,-]._ S (2230 = Bap) - tag
?2 (Sz) o 2 ‘5‘23 + 232 + 14+ Bzzu ’

IlepegaTounsie PYHKUHE NO KaHANY 4acToThl. [IpHd pacuere
nepeaTouHBIX PYyHKIHA N0 BXOAY ¢ Mh (OpPMaibHO paccma-
TpuBaeM cucteMmy ypassenud (3.8), me ofpamas BHUMAanus,
YTQ NpH H3MEHEHHH YaCTOTH OJHOBDEMEHHO M3MEHSETCS H
CKOObKeHHE (Paa=0tg3—V2). DTO HMEET CMBICA, NOCKOJLKY foz
YYHTHIBAETCA KaK CaMOCTOATENbHAs He3aBHCHMAsA HepeMEeHHad,
KOTOpas PACCUHTLIBAETCS IO o3 H YPaBHEHUAM MEXAHHIECKOTO
IBHKEHUS.
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Ha (3.8) umeem:
u“ (s,) = ‘Pm" (5:) == (5,) =0;

2
e;éa (sz) [:o }}; F rﬂ ﬁlﬂg;__ i
Gzy —— n 1 . .
324 (sﬂ) __[lﬂ ng ra 1 + pgzo ? (3.20)
2™ (s,) =1 —

IMonyuennsie nepenaTouHsle (GpYHKIHM ACHHXPOHHOTO ABE-
ATeNA COCTOAT M3 Ko3(p(hHIHeHTOB H (QYHKUHIH S5 NpeacTas-
IOLJHX OTHOIUGHHE NOJHHOMOB HE BHIE BTOPOro NOpsAKa.
s dHIEeHTE 3aBHCAT OT MapaMeTpoB AeHrateas Xg, Xa, rp
; IapaMeTpoB DeXKHMa Loy g0, Pao- CocraBasoue, 3aBECA-
He OT HACTOTHI, OODEENAIOTCS TOAbKCG MApAMETDAMH DEXH-
8 paborhl dg M fgo. 3BEHbA, COOTBETCTBYIOLIHE JAHHBIM TIe-

JATOUHEIM (PYHKIHMAM, YCTOHUHBLIE.

3.4. NPHUMEPH] MCNONB3OBAHMA NEPEQATOUHLIX @YHKLHH
RBUTATENA

PaccmoTpuM BapuaHTel HacTOTHO-TOKOBOTO YIpPABMEHHSA
pu Wr=—const. OaHx H3 BAPHAHTOB OCHOBLIBAETCHS HA OJHO-
PEMEHHOM ylpaBJeHdHd B (DYHKUHH BHIXOJAHOrO CHTHaJja pe-
JNATOPA CKOPOCTH (3ajaHMe MOMEHTA ABHTaTeNsd) aMIlIUTY-
off TOKa cTaTOpa H 4acTOTefl cCKOMbKeHHs, HalizeMm sakoH yil-
BJEHHS aMIIATYAOf Toka craTopa H abCOMIOTHHM CKOJb-
ernem, npu koropoMm Wy=const. O6osznauum: i (s,) — nepe-
ATOUHAn YHKUHS ABHTATENS NPH BEIXOAHOH BEJHUHHE — TO-
i u BXOAHOH — MoMenTe, B (s,) — mepeaTouHas byuxug
"_u BHIXOHHOH BeMHUHHE — CKOJMbAEHHH H BXO,IIHOH-—-—MOMEH-

Hepeﬂa'roqﬂaa pyuxnag ‘Pz (s,) nmomxna ObITL HYJeBOH:

98 (s.) =11 (5) 92' (5,) - BB {s) 98 (s,) = O

[loncrasup cootseTcTBylowHe 3HadeHds & (s) H ¢fn(s,),
pvnyqﬂm:

1 +S’ + B’go ] wﬂﬂa!ﬂ J—
in (S,) [10 s+ 25, 4 1 %, — P () 5% 425+ 1 4 B!:o—_
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OTEYAA
ﬁn S:)'“" (s )ﬁs_z'i'_ﬁ__z_q . (3.21)

lﬂBEﬂ
HcnoarszoBas nosydennoe cooTHollenue, a tTakke (3.14) n
(3.18), onpenenim nepe,ua'roquylo byuxnyo p*¥s,)

i (5,) =1l (s,) s (S,) + Bhs (5,) pBos(s,),
UM (322
b (s,) == 1) (5,) 22 - AP |

1)
10 3220

JXenarenabHo, 4TO0H MOMENT ABHTATe/Ns OB IPONOPUHOHA-
AeH CHTHAJAY 3aJAHEA MOMEHTa, T. e. ph(s))==1. B artom
cayyae

A iy T Pae
i {s,)=—i = e
1(2) a o L4 0%, "

HAH ¢ YUeTOM YpaBHeHHl CcTATHKH

e X, f
i S — 2 29
+ (52 Xy V1 +f,

| 2 2
B (5,) = —2 ﬁi@..l;.ﬁ.ﬂ — g (s LSt B

w220 l +ﬁ 20 I +B’20
QopMaJbHO QNepUpYs NepelaTouHbMH (QYHKUMAMH, NpH-
mWaH K BeiBogam § 3.1, a nMenHo: B pexume Wry—const Tox
cTaropa MEHAeTCA IIDH H3MeHEHHH MOMEHTA, BCJEICTBHE U3-
MEHEeHHS COCTABJSAIOMIeH [jpq. I3MeHeHHe ToMBKO oOnHOH CO-
CT4BJAIOIIEH TOKa BEISHIBAET H3MEHEHHE TOJNOKEHHA BEKTOpa
TOKa ij2 B cHcTeMe KoopiuHat Wy(03=—=-—032). J10 mpossas-
ercdl, B YaCTHOCTH, B TOM, YTO CKOJIBXKEHUH Poz H Pgz B AHHA-
MHEe He paBHbl, 4 CBs3aHbl COOTHOIUeHHem (3.23), mpHuem

Szesz ( Sy} == { ea 2) - 322 (Sz) = ?22 (52)

=5 Sil’l Bazai,:q (‘92);
(3.23)

Sa

1 + 3220 ?

HaH B33 (S2) =P22 (82} / (1+P2%0) . UTak, npu uaMeHeHud 3a1aHHA
momeHTa OpH Wo==const neobxoiumo mo onpejneseHHOMY 3a-
KOHY MEHATb aMIIMTYLy TOKa cTaTopa i yroa flz. Ha mpak-
THKe 3afaHHHe H3MeHeHHs oTpadaThBAKTCA C MOMOIIBI JBYX
pAa3HHEIX CHCTEM pervJHpOBAHHA: CHCTeMbl DEryJAHpPOBAHHS TO-
K4 (aMIJHTYZa [1) H 9acTOTH (yroa Bs.). CHcremMm peryan-
poBaHHs B ofIieM caydae of6JamamT pasAHIHEIMH IHHAMHYE-
cKuMH cBolicTBamu. Bocnoassyemcs BBoZamu (3.12), utofnl
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$rpesennts nepeﬂamqﬂme YHKUHH aKTHIECKHX npoexuuﬁ
eKTOpa TOKa i Vi3BeCTHH 3aJaHMsl TIpOeKIIH TOKa i):
fi2a(s) ® i15q(s), mepenartounsie (YHKUUH PEryJaaTopoB

Fiis) u Fy(s).

+ Haofpaxenns npupauleHnfl 3agauus aMmAMTYLEl H Yyria

Pszl
| i, (s)=rcos eszoilzd (s) —l— sif aaED‘fIEQ (s);
:12 . ‘1
B, (s)=cos 8, [q 6 _ sin f,,, : 2;,(3) . (3.24)

¢ Hsobpamenns QakTHIeCKHX 3Ha4YeHHH Toka {;(s) W yraa;
| ', (s) =1, (s) Fr(s); ]
ﬁfz (.S‘) == 62 (S) Fy (S}'
Haobpaxenus ¢axtudeckux npoeknui i'1pq(s) u i'124(s):
1zd( )_'T' ( ) cos 6320 - -[_10 sin 03206’2 (S); }
Vg ()= 1, (5)Si Bypy - Ty 08 8,087 5), | 20

(3.25)

o
. i 120 (8) == (c0s™,,, + sin®6,,,) Fr (5) i,04(s) -
+ —2- sin28,,, [Fr(s) — Fa (s)] i“q (8);
5y (8) = (cos® B, -}~ sin*@,,,) .F; (8) £yng (8) T
- 50 20,5, [F1(8) — Ey (5)] £0a 5).

L (3.27)

Ha (3.27) cnexayer, 4To NPH BHINOJNHEHHH YCAOBHA Fj(§)==
p=Fy (s}=F(s), T. e. ecJH MepenaTOYHBIE PYHKLUHH CHCTEM OT-
aBoTKY 3a1aHHA AMIIATYAH TOKA H YACTOTH OIHHAKOBHE H
aBHH F (s}, TO nepeiaTouHHe QYHKIWH (PAKTHUECKHX 3HaUe-
Hi TIPOEKIMHA TOKA [0 COOTBETCTBYIOLIMM 3aJaHHAM TaKKe
aBabl F(s). JlanHoe ycioBre OyeT HCIONBL3OBATHCS IIPH CHH-
!eae CHCTEM aBTOMATHYECKOrO PEryJHPOBAHHA B IMI. 5.

}5. NEPESATOUYHBIE ®YHKUMM MAEANHIMPOBAHHOIO [ABMTATENS
NP NMUTAHUMA OT UCTOUHUKA HANPIHEHMS

[Ipu nuTaHHH HBUraTeJs OT HCTOYHHKA IePeMeHHOTD Ha-
PAMEHHS OCYLIECTBJIACTCH CBA3AHHOE PeryJHpPOBaHHE 3acTo-
H M HanpskeHHs. Ecam nmpeHeGpeun CONPOTHBJAEHHEM 7y, TO
ANpPAKEHHE H YACTOTAa OJHOZHAYHO OIPEeAeNsOT MOTOKOCLEeN-
ende cratopa ¥,. Huxe onpenensiores nepejatcuHele GyHK-
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UM HAeaqH3HPOBAHHOI'O ACHHXPOHHOrO JABHraTteld, T. €. Tam{
IO, y KOTOPOro ri=0. [Ipr 3TOM B KauectBe BXOIHEIX Boanew

cTBHil paccMmatpupatores ¥y, a 1 .
Ouddepenunansirle ypaBHeHus npuratens (3.5) samucbl-

BaeM B cHCcTeMe KoopauHat W, uckiaiouas i) H iz M IpHHAMAaH
B KauecTBe 6a30BOTO BpeMeHH NOCTOAHHYIO T'p:

u_(s 120 S a1 i oo
I “"(S +Jﬁ10+1 LPZ—E_}.SAITZN;

== }72'3("0;: [Im (mxw;in) '_]_ Im (wloqul)l;

(3.26

p— }LCT::H‘lSlvl’

rie s1=sX'ofro; ay=uX"yfrs; vi=vX'yfre; Hi=H (rafX's)2
Cuctema ypasHenuii (3.28) no ¢opme DONHOCTHIO COOTBET
creyer cucreMme (3.8) B pexuMe yupabBJaeHus TOKOM i, NO3TO
MYy MeperaToudble $YHKIHE IBHraTesJA NIPH BHIXOAHOH BeJH-
YyHHEe — NOTOKOCUENJIEHHE POTOpA. — 3alKCHIBAEM AHAJOTHYHO
(3.11), meperatoynyo GyHKUHIO ABHTaTe]s NpPH BHXOAHOH Be-
JIHYHHE — MOMEHTe — anajorndo (3.14), a mnepenaTouHHe
¢yHKUMH [BHTaTeds HPH "BHXOZHOH BeaHuune — D/PC ep—
ananornyHo (3.15). Kpome ykasaHHHX mepeiaTOuHHIX (YyHK:
HHH HenecoobpasHo paccMOTpPEThH TAKXKe nepejaroyHHe (yHk:
LHA ZBHTATENA NPH BHIXOAHOH BeJHYAHE —- TOKe {;. TaKum 00
pa3oM, NepeflaTcyHbIE (byHKan TIPH BXOJOHOM BO3AEHCTBMH 1

. o 145, .
q’ed( )= Xl 425 414 (3,7
\e . X, Bis .
. ¢3q (Sl)— X, s 425 41487,
4’ ( — i i 145y 4 B2 .
: Xy V!+ﬁzm 521+251+l+ﬁ2m,
5% (S) Bw %

W, %425 +1+ ﬁzn’

i¢;(s}=4—(1— Xy e ),
e XN XXy 84254 1 B8y, ’
Al — Xt Bio .
b (Sl) XXXy s 42541462,
() ie SEI 2048

¥, 42541402, 0




X2 5%+ 55+ Biotie
EXQXI' sa +231+1+ﬁ10
# X2 g+ 8 (%10 — $10)

e S 1==F ;
29 ( l) 2 XX 8 25+ 1 PP ’

zd(s)

b X 1 5By 1 53050 + 0 (1 F210) |
2 (s,) = 2 PV 2 2 2 4
X2 Xy 1482 s+ 25+ 142,
(P":" (S) . | 51+ 1+ Fro — 10650

@ 0P S5+ 25+ 1+,
[Mepepatounsie ¢yukuun npu Wi=const 1 BXOZHOM BO3-

keﬁcmnn Bi1 AHAJOTMYHKEL COOTBETCTBYIOUIMM NepelaTOYHEIM

YHEUUAM A48 f=consi:

‘]’Eg (5} ="Top s, 4 Qi,h:as; + B%q ’

ban (80 = — Vi =*,-|-23114T IBEB w0’

‘P;ll( s)=—1, st 4 23,?1; 14- B2y

By 1

B, (8)) = — T 2s::|-Sll o

fafs)=— Xj‘;;,' 20 +22sj-:11 P
i (s)= Xj(X F Ve i;l; 152—:13”10 i

B H4 18y
Bio S5+ 28 142, ’

pbn (Sl) =

R (s,) == — T X, Ty ) 80810+ 81 (216 — 210) F %10 {f? 10—”

X XY TP 428 - 1482y,
an (Sl) = — ZioXo? e ! 8% 4 8 (14 5By — B210) + 250810 |
X' XY 148, 82, 4 25, 4+ 14 %0 r
ep"( 1) —_— By Xo® _1y 1 3% =+ 85 | Byobio .
X2 X/ V1 F,, 52, _}_231 g,
Bﬂ ( l) — L S5 (%45 — Bio) + 010 X

o 425418
l'Iepe,u.aTqub:e (GYHKOMH T1pH BXOAHOM BO3LEHCTBHH ay):
S () =450 (s.) = gy () == iy (5)) =™ 5,) =0

X, __1_ Bro

ezd(sl):wlﬂ‘}T : Ty TLp '
2 1 10

Gl



L3t Xoa Ia i
eeq ( 1) m o P 2 ’
v, CLE SR I ol T
X, ry 1
e —_— ——
' ( x) lD X 2 Xl, Vl _{_Bgms
P (51) =0.
B sakamwuenHe oTMEHaeM, UTO BCE NEPCAATOUHLIC CI)YHKIJ,HH
LOOTBETCTBYIOT YCTOﬁ‘IHBblM 3BCHLAM.

3.6. MEPEAATOMHBIE YHKUMM ABWIATENA NMPM NUTAHWM
OT MCTOYHHKA NEPEMEHHOIO HANPAXEHWMA C YYETOM
AKTHBHOTO COINPOTHMBAEHMS CTATOPA

Ilpu nHTaHUH ABUTATeNR OT HCTOUHHKA TOKA CTATOPHEI
TOK ABJAACTCA HE3aBHCHMOH IlepeMeHHOH, [IPU 5TOM B CHCTEME
ypaBHenuil (3.6), onuceipaoiieil MEKTPOMATHHTHHIE NPOLEC-
Chl, HMEeTCH TOJILKO OAHO KOMIJeKcHOe auddepeHnHasnHOe
ypaBHeHHe IIepBOfi CTeneHd — ypaBHeHHe NPOILECCOB B POTOPE.
Ilpu pepexofie K ypaBHeHAAM JUJIsi NPOCKIHA Ha KOOpPIHHATHBIC
OCH TOAYYAKTCA CACTEMAa ypaBHeHHH BTOPOTO MOPALKA H Ie-
pefaTovuHble (PYHKIHH ARHTATE]S He BhLUE BTOPOro HMOPAZKA.
ARanoriyHas KapTHHA HalmojaerTcs NPH YNPABJICHHH ABHTA-
TeJeM OT HCTOUHHKA NepeMeHHOTo HanpsmeHHA Ipu W=
=const. Ecan ke MeHseTc B GYHKUHH YaCTOTH HaNpAXKEHHE
Ha cTaTope, TO IPH ONpeleNeHHH IHHAaMHYeCKHX XapaKTepH-
CTHK ABHraTes s HeoGXOZHMOQ MOML30BATHCA HNOJHOH CHCTEMON
ypagaensk (3.6), Ha OCHOBAHMH KOTOPOH MOryT OBITH IOJYYe-
Hbl KOMIJIEKCHBIe nepejiarouHble ¢yunkuuK. Hanpumep, nepe-
RarouHas (YHKUHSA TOKA I; 10 BXCAY @1 B CHCTeMe KOOpHH-
HAT, CRA3AHHOH C BEKTOPOM «; M B CHHXPOHHOM MacuTade
BPEMEeHH, Kag caegyer U3 (3.5) npH u=f~=0, uMeer BHA:

R ro (8 + j3) X
) = 3.29
fias) l’:+(s+f“o}X: (s + jan) X, i 329
(5 -+ jBo) X ry -+ (54 73 Xe
HJAH B BHAE HPOEKUME:
i1 (8) = iTia (5) -} jilsq (5).

3HaMeHaTe b BCeX NepeflaTOMHEIX (hyHKIME TpeiacTamnse!
coGofi cyefyoinee BHpaKeHHe:

ntGHi) X, (sriz) X I
(S'I’—a'ﬁu) Xo r _l_(s_i_]po

r,+(s—ja) X, (s — ja,) X,

(S_jl?'o)Xo ra+(s_ﬁga)X=

D (s} =

(3.30

62



PackpriBas onpepenuTejH, MOAyyaeM XapakTepHCTHUeCKOe
ypapHenne D (s) =0 ueTBepToro mopsaaKa. YCTOHUHBOCTL 3BEHb~
€B, COROKYITHOCTEIO KOTOPHX MOXeT ObITh MPeJCTABJEH ABHUTa-
Te/lb KaK 3JeKTPOMArHHTHAS CHCTEMA, ONMpPEleNseTcs 3HAKOM
BeLISCTBEHHOH YacTH KOPHefl XapaKTEPHCTHUECKOTO ypaBHe-
gud. PackpoeM MepBLIfl OMpefequTe b K 34lMKIEM €ro B cje-
gylomed popMe:

E!:S): ry 4 (54 jo,) X, (s 4 joug) X l_
(s+if) Xo  rad(s4 B} X
=X.X/ s s | 35 %+ ]+
rire rq
T 0304"!@0 Lota, 2l @3D

PackpuBasi cONpAREHHEA ONpelenuTenb, NOAYTaeM TO XKe
aMoe BBIpaKeHHE, HO Tepei MHHMBIMH UJIEHAMH 3HAK H3Me-
kn’rca Ha IIPOTHBOIIOJNOKHH.

Haiinem kopud ypasuenus d(s)=0:

____L Iy Ty _-ao'Jf“ﬁnv‘
S;,z‘_ o (XIJ + le) I 9 .i-
R N
=7 ]/ (s %7 ~ s e
g . ry ra v
+2 8 (55 — ) (3.32)

O6osnaunm: §;=A-+[B; s;=C+jD.
KopHH conpaskenioro noJHioMd DABHBL

§¥)=A—|B; s%*==C—jD.

Taxum obpasoM, AJs ONpejeNeHdus 3HAKA BeLIeCTBEHHOM
HECTH KODHelt XapaKTepHCTHYECKOro YpPABHEHHS JOCTATOYHO
CCNeJOBATE KODHH YDABHeHMH, NOJYIEHHOTO 110 HCXOLHOMY
onpenecanTtento d(s) (3.34).
Bocnonbayemca kputepreMm Muxafinosa ama axaanza sHna-
Ka BelIeCTBEHHOH 4acTH KOPHeH ypaBHeHHs:

T =s'ts [ —y’jr+f(ao+ﬁa)]+
= wh i (B e ) =0 633
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Bwmecto s noacraBnsem j6 u pasbupaeMm mONHHOM (3. 34)
Ha JBC YaCTH -— BEIUCCTBCHHYK H MHHMYH!

Red (j3)=—b"—(e, ) 8 + 325 — af (334

] Ty Iy Iy . ra ' 3
d ()= (1 + ) A oy T o . B.39)

BeulecTBeHHAs YacTh KOpHeHl ypaBHeHHS BTODOTO NOPAAKa
d(s)==0 oTpHuaTeJbHa B TOM Chayuyae, ecan tasa rogorpada
d (j§) npu M3MeHEHHH & 0T —oo [0 00 H3MeHseTcs Ha 2m paj.
B coorsercthun ¢ (3.34) npH $——>—o0 H §-—~co KOHEI| roA0-
rpada ycrpemasercd B OSCKOHEUHOCTb BAOJL BEINRCTBEHHOH
orphuarensHoil ocy. IIpu yMenpmenun |§| oT oo KOOPAHHATH
roporpada xapakTepH3YIOTCA OTPULlATEJLHBIM 3HAaueHHeM Be-
IEeCTBEHHON YACTH W MOJOKUTEILEHIM 3HAYCHHEM MHHMOR ya-
T npu 6>0, a TakKe oTpAUATELHBIMH SHAYEHHAMH BellecT-
BeHHOH m mMHUMoON Hacrelt npu 6<C0. a5 0KOHUATENLHOTO CY K-
AeHHuA O moBelleHuH rojorpada HeoGXoLHMO ONpeAeHTL 3Ha-
qeHHe BellleCTBeHHOH uyacTH NpH HyJe MHEHMOA. Ecan ato sHa-
YeHHE TNONOKUTENbHO, asa rojorpadpa npH H3MeHEHHH & OT
—o00 [0 00 MEHSeTCA Ha 2m pan,

IMoacraBassa B (3.34) suauenue §, paBHOE

‘ az_pnrl/xa'+“o’2/X2'
/XS X!

fioNny4aeM HCpaBeHCTBO
(rara/ XX (o —Ba)? rify 0. : 6
T X i 8.50)

ChenoBarencHo, nepenatoyHble (YHKUHUM ABHTATENs, OIH-
ChiBAIOLIHE 3JEKTPOMATHHTHHIE [POUECCH, COOTBETCTBYIOT
VCTOHYHBHM 3BEHBSM.

Kommnekcnas  mepejatounass  QYHKUHS i1} (S) coraacHo
{3.30) u (3.31) paBHa:

A (5 —jeg) X, (s — =g} Xy

Bo) Xz N ,
ﬁ;(s)z[rz‘F(-?“f‘fﬁ) ] (s Bs) Xo rg 4 (s — jh) Xa —

D(s)
1} S X4 e
Rt il £ (Q“XIX,) o)t
T D{s}
rife rt, ri,r, X!
+S( YxoTxx T B"2)‘%()(,)(-2)(; ThE T tode 37 X ' X X,)
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%)t ()

(3.37)

BhimosnuM pacyer mepenaTouHofl GyHKuUHHM 1P (S) DPH Xoe
FCTOM X0Je ABHrartend po=0, moKazap OAHOBpeMeHHO y106-

C fe o2 :'Aﬁ_ 2
; —]“03'+13X2, Fgls™

BO 1Jifl NAHHOTO KOHKPETHOr0 Cay4das CHCTEMBl KOODIHHAT,

BA3AHHOH ¢ TorOM o

\' . ]_r*—Im (‘-I’gz *o)=i2qWog—izg ¥ aa.
‘ B cucreme koopaudat fg l,,=0, ¥ ¥, =1 I?rﬂ 1
- . B

2g0 =

Pe=i, W, ), OTKyZA MH(S)ZTaqofgd (s} 4740 9By (5). Tlpw 8==0 [,,=
».-\"'0’ OTKyAa

W (s) = ‘Fsoigd (S)

- Pacuer nepenamqnoﬁ yHEIHH zgd (s} mpouapomaT NO
P aBHEHHSM (3.5), mpeacTasass X B oflepaTopholi dopume
yonaras =0 n a=0:

""l ! + S—I"Ia' in"'"?on); (3.38}
Blpzo“'"'iars_l_ S+1Bo) t1Xo+7|Xz)"

Cpasuusas (3.38) ¢ (3.5), Bupum, uTo ypaBHenus (3.38)
MBJIAIOTCA ypaBHEHHAMH O6DAIEHHOTO ABHrarens, T. €. Tako-
, ¥ KOTOPOTO CTATOP 3aKOpOHeH, a K pOTopy NPHNOKEHO Ha-
pﬂ}KeHne BWq. Tlépenatounas dyuxnns £ (5) =W, T (g)

‘nonyuaetes us (3.37) B3auMHOH 3aMeHOl napaMeTpos cTaTo-
pa H poTopa, a Taxxke g M fo. Toraa umeem:

: __ e, X2 X' 1, rs X' Xy
W= =5 s (I S+ R+

e(aag g )+ (o)) 09

ﬂpe}lCTaBﬂM BB (8) B BHAS KOMOHHAIUHY THIIOBHX 3BeHb--
EB aBTOMATHYECKOTO PEryJIHPOBRHHA

D (s)= (X, X,'8,8,) [( )+2—s+1]
X[(g) +2—=a,+1], (3.40)

65



e S,=VALB, L,=BVATE ,,=VCTID,
- t,==D/Y C*F D

Ky6uuecknii ‘yetrpexusen B ¢urypHux cxobkax (3.39)
NPEACTABHM B CJGAYIOUEM BHJE;

s'—f—as'—}—bs-{—c:c(—;—-{—l) [( )-|-2s +1]
. 4

BelllecTBEHHEIH KOpeHb -«—6; ¢ mobofi TOYHOCTBIO MOXKEHO
ONpefeJHTh N0 Chedyioluefl pexyppenTHo# dopMmyJe:

s+ 5% 4 bsp - ¢
35T, + 2a8, -+ b
rie s,——a, a 8§,=V¢f5, & =(a—8)/23,.
B peayabraTe mosyuaeM:

Sﬁ+l :Sn -

s _I» r} s
w, C XS T Xi: Xy

e () )
oo Gy eemen]
T+ e |[[m) vrmur]

TTepenarounyio dynxuuo w?(s) B pexume ¥i==const mo-
ayusaeM ua3 (3.33), (3.34). (3.39), noaaras r;==0. Ilpu stom
Bem=ra/X's, S1=ra/X’s, E1=1, Sp=0g=0%, Es==E3=0 u

a2 1 .
3 =-——E e -
W (=2 (3.42)

p(s)=

(3.41)

nI-

g2 1
Br (g )z 20
b (s) Xy 148

Tagnum ofpasoM, BaufHHE r, Ha TnepenaTouHyr GyHRIHD
pf (8) mposBagerca B TOM, UTO OJNHHAKOBHE KOPDHH NOJHHOMOB
qucadTens M 3HaAMeHaTeJist OTHOCHTEABHO § NpH r1=0 cMelma-
0Tes U B 00JIACTH YacTeT 6§, COOTBETCTBYIOHIHX JTAHHEIM KOp-
HAM, HabAIoNalTea pe3kHe H3MeHenus GazouacToTrHof xapak-
tepuctukn (®HX). dna gamocrpanuu Ha pHe. 3.2 nokasaHL:
3HAYCHHA CONPATAKMHX yactoT §1—3&; H koshunuenios E—
Es B OYHKUMH Gy AAA ABHTATeds ¢ ycpelHEHHHIMH Iapamer-
pami,
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- PaccMoTpeHHble TPHMEPH  TMO-~
f23LIBI0T BO3MOMKEOCTb ONpejele-
pis nepenaTouHoO# (YHKUMH ABH-
faTena c yueraoM ry, MIpHYeM B JaH-
oM ciyuae [BHrarenb Xaparfe-
JP3yeTCs COBOKYMHOCTBLIO mnepesa-
foubibix OYHKUMA A PA3MHUHBY
piaueHnii napaMerpoB o A fe.
EpaBHUTeAbLHAA CJAOXKHOCTL AaHa-
MTHUECKHX pacyeTOB [epefaveu- T T 7
§bIX cpyHKuHﬁp,uBHraTeJm (?Vh.emm o 0z 0¥ G5 08 %
r, M MHOMECTBEHHOCTb MEpesiaTou- Pye. 39, 3nateHss KopHef
jbIX GYHRUMI 3aTPYAHAIOT HX YHH-  DepefaTouHoft GYHKIRY
epcanbHOe HCTIOMh30BAHNe AU HC- pP(s) mpr msMereHmH Qo
f1eIOBAHHA TIePeXOQHBIX IIPOLEC- -

}OR M CHHTE3a PeryinsTopoB. B To e BpeMa cyilecTBYIOT ApPY-
fHe, Oosee Jerkne cnocoGpl pellleHHs MNOCTABJEHHOH 3alauH,

i HaCTHOCTH pacyer YacCTOTHHIX XAPAaKTEPHCTHK ¢ MOMOLIBIO
iudposoit IBM, .

3.7. PACHETY YACTOTHLIX XAPAKTEPHCTUK ABUTATENA
C NOMOLLLIO UMDPOEBOH IBM

Kos(puuuenTsl JHHEADH3OBAHHOR CHCTEMB ypaBHeHHH
NBHraTe s 3aBHCSAT OT MAapaMeTPOB YCTAHOBUBIIErOCH PeXKHMa,
JOSTOMY 1/l CYXACHHS O IHHAMHYECKHX XapaKTEPHCTHKAX
BUraTeds CJENyeT PAcCUHTATh H IIOCTPOHTL cemeficTBO da-
*TOTHHIX XapakTepHCTHK [Js1 Beekt 06,1acTH BO3MOMKHBIX DEXKH-
OB paloTHL. ,
3anumem cucreMy ypapHeHnit (3.6) BMecTe ¢ ypaBHEHHEM
bexannueckoro JABHXKeHHsl B cHcTeMe KoopAMHAT U (iig==u,
U,g=0): '

U, + a lplqo =14 + P — a‘o‘l"tq;
- a'andn = inqr; + p“!’lq+aa"p1d;

. 3.43
a‘wzqo == lyaty + Pleg — ﬁu‘}'aq "I_ vq’aqo; ( )
- ‘PIF 2de = izqra + p‘Psq + [aoq)szd - vwzdo;
O=X1i1d+Xoizd - ({)ld;
0= Xi?lq‘ + Xnizq - (qu;
O=X g+ Xyipa — Paas (3.44)

OZXo'iu; + Xzisq - ‘Paq;
0 =Xa (!moied - !1doiaq+ ]:ldoilq — [moixd) — P
— By = l-‘—l—HP‘V.
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Ilo nosoay naHHOR .cHCTEMBl YDAaBHEHHH MOXKHO YKasarth
cllenyiolee:

1. Yneno ypaBHeHu! MoXeT ObIThb COKDALIEHO, €CJAM HeT
HeoGXONUMOCTH ONpEeleNsTh TOKH i; H i{; H MOTOKOCIENJIEHHA

W, u W, nq onucaHHS TPOLECCOB AOCTATOYHO JIOOHX ABYX
BeJUYHH H3 4YeTHpex. [IpA STOM COOTBeTCTBEHHO HIMEHAETCH
SanHCh YPaBHEHHS MOMEHTA.

2. Jlannag cucreMa ypaBHeHHHE MOXeT OuTL HOTOJAHEHA
YPaBHEHHSMU BHEWIHEA CBA3H MeXAY OTASILHBIME TepeMen-
HbIMH, HAlPHMEp VDaBHEHHAMH CBASH MeXKIY CTATHIECKHM
MOMEHTOM COINPOTHBACHHA [y H CKOPOCTLIC v, YDABHEHHAMH,
VUHTHBAKUIMMY KODPEKTHDYIOUIHE CHIHAMAB N0 YacToTe HJIH
HAUPSKEHUID, U LD,

PaccMOTpPHM pacueT JAacTOTHRIX X4DAKTEPHCTHK 1O KaHAJy
ty. Honaraem npupalieHHe u; H3MeHAIUIHMCA [0 rapMOHHYE-
CKOMY 3aKOHY uy==sindf, wactora npr 9TOM OCTRETCS NOCTO-
AsHol (@=0). [Ipupamenus Bcex 3JeKTPOMATHUTHHIX BeJHUYHH
OyOoyT TaKKe MEHATHCH N0 TapMOHHIECKOMY 34KOHY, € ha-
SOBHIM CABHTOM OTHOCHTENHHO 4. OGosHauwaeM:

;14 —aq, sin ¥ -} a, cos 8f; }
i,,=b, sin & - b, cos &;
i,g=0¢, sinét +-¢, cos &t; _ (3.45;
iy,=d, sin 8t |- d, cos &¢;
v={, sindt 4 f, cos &t.

3anucuiBaem cHcremy ypasrenufi (3.43), (3.44), uckmouus
TIOTOKOCLEMJNEHHS H NOJIOXKHB CTATHUCCKHA MOMEHT CONPOTHB-
JICHHS, HE 3aBHCALIMM OT CKOPOCTH, Uer=0. Kakaoe ypasHe-
HHe pacnajjaeTcs Ha ABa: AJ1d anyCme ¥ KOCHHYCHHIX Caa-
raeMuix:

V'=ra —8X,0, —aXb —8X ¢, —a,Xd;
0=38X,a,+ra,—a X b,-+8X ., —a,Xdy;
0=a,X,a, 4-rb, — 6X b, +2,X,c, — 8X,dy;
0=n0,X,a,~rb, X b 10X, 80X,
0= 8X 0, — BX b, - 1s8, — 8X 0, — Fo¥ ol +
+(Xn[1qu+Xe‘rnqo)f;; .

(3.4€:
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0?: 8X,a, — B, X.baFric. 4 8Xo0, — B X, +
k : i —I"‘(Xu_]lq« +X:!:qo) fas ) ‘
0% B,X.a, — 86X a, -+ B X0, 4 rd, — 8X,d, —
— (XLt Xofoao) s

8X B X 4B Xty rad, 43X d, — [ (347)
. (Xulldo"l_X]zdo fz’
OF"X [eqoa “szdubl 1qn 1+X [u:tod aHfl;

O&Xflqoa — X Joasbe — Xf,quca—]-X 1 a8, -+ 8Hf,.

HOJIY‘«IPIJ[PI CHCTEMY JIHHeﬁHbe anreﬁpaﬂqecxnx ypaBHefmn
i‘:ﬂ’roro nopagKa.

v JlagHad cHcTeMa PacCUMTHIBACTCA AAS KaXOr0 3HAUCHHAA
8 «Onpene.neﬂne YacTOTHOH XapaKTepHCTHKH HpH uyacrote §
CCMOTPHM ~ HA  TpHMepe  nepeaaTousolt  QyHKuHH:

T

i (O (s) OTIHHYAETEst OT i1'(5)] ¢ yueTOM ypaBHEHHA Me-
E;nnqecmm JBHAKEHHST '

Iy (j8) ==V a%, -+ a%e”,
Bc g== arctg ﬂ*. |

Ha puc. 3.3,a, 6 noxaszans ceMefiCTBA YACTOTHHIX XapakTe-
BreTHK MU paja 3HaAZEeHHH o, Po 4 H=ococ.
A Axanoruunbiv 06pasoM MOTYT GHITb PAaCCYHTAHBL M MOCTPO-
b IPYPHE YACTOTHBIE XAPAKTEPHCTHRKH KaK JJs BO3NeHCTBHHE
D BXOAY u), TAK H NPH BO3AefiCTBHA MO BXOAAM ¢, Mer. FI3M10-
BPHHAS METOAHKa pacueTa YACTOTHLIX XaPAKTEPHCTHK IO He-
jiHMM nuddepeHnHaabibIM yDABHEHHAM MOXeT OLITh HC-
L,30BAHA L5 MIOGOr0 BAPHAHTA YACTOTHOTO PeryJHpOBAHHL
npn moGofl CA0XMHOCTH cACTEME!, OGYCJOBNEHHOH BHeHNIHHMHE
A3 MH.
b PaccunTauHEe YACTOTHEIE XAPAKTEPHCTHKH MOIYT GHTh He-
b/IL30BAHK /NI AHAJH3A YCTONUMHBOCTH NMPHBORA H CHHTE3a
grynsropop. O/HaK0 TOPH 3TOM HEOGXOZHMO 3HATh, KAKOMY
jeny, YCTOHUHBOMY HJH HET, IDHHANJMEKHT HaHHOE ceMedcT-
b XapaxTepucTuk. ECan 3BeHO HeycTORYMBOE, TO HARO AOMOJ-
§TEALHO 3HATHL YHCNO KOpHEeH ¢ IIOMCKATENbHON BellecTBEH-
jd 4aCTLIO.
"-Iacm'rﬂaﬂ xapax’repﬂcmxa f 1d (jﬁ) He. conepmm undop-
fiiin 06 yCTOHYHBOCTH 3BeHa, BEJWUHawomerc B cebs 1o cy-
BCTBY BCIO CHCTEMY nHLbQJepeHuﬂaJleh{x YpaBHeHHE JBAra-
1. CaenosarenibHo, paccunrannsie na 9BM wacrorHbe xa-
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PAKTEPHCTHKH JAOJKHH OBTh JONOJHEHH HCCJEHOBAHHeM
YCTOHUHBOCTH JBHTaTes. . '

Brie 6BIJIO YCTAHOBJCHO, UTO NPH MHTAaHUH OT HCTOYHHK4f
HANPAMKCHHS JACKTPOMAarHHTHLIE HpOLECCH B ABHraTese Beer:
na yeroBuuesie. HeoOxoauMmo mccnenosate Ha ycTOHYHBOCIY
SaMKHYTHIA KOHTYP (cM. pHe. 3.1), OTpaxanEd 3aBHCHMOCT.
CKOJILIKEHH:S 0T CKOPOCTH, 3 MOMEHTA OT CKONbXeHHA. JT0 He-
CAOXKHO CHAeNaTh, €CAH TI0 ypashenusM (3.46), (3.47), omucw-
BAIOIIHM TOJABPKO 3JIEKTPOMATHATHHE Ipolecchl, PaccYutarth
€eMeHCTBO TACTOTHBIX XapaKTepHCTHK (3Beno ué(s) — ycTof+

Jl
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Pre. 3.3. UacrotHee xapakrepucrrid 11y (jd). _ ‘
a—o=l, H=po; J—PB=012; 2 —[B=0,08; $—B=005 <¢—B=002 5— f=0; 6-
' B=002, Hw=oo; ! —a=1 2—a=07; 3—a=04; 4—a=0,1.
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), AOMOMHHTL UX 9aCTOTHON XapaKTepHCTHKOR MexaHHTZe-
gro ABHIKEHHs (3BEHO V*(8)) M BOCMONb30BATLCA KPHTEPHEM
4AKBHCTA NS MCC/IENOBAHHA YCTOHMMBOCTH 3aMKHYTOH CH-
feMb MO YacTOTHOM XapakTeDHCTHKE PAa30MKHYTOH,

3BeHO VM (§) TpH HEM3MeHHOM CTAaTHUECKOM MOMEHTE COnpo-
pretna {p,,==0) paBro v+ (s)=1/sH. B manHOoM ciyuae go-
IATOUHEIM YCJIOBHMEM YCTONYHBOCTH ABHTATeJfl MABJIAETCA Tpe-
pamne, urofor PUX 3sena pf(s) He saxopmia B ofiacTb
BOBLIX CJBHFOB, MEHBIIMX, YeM — m/2.

Ha puc. 3.4 nokazausl ceMefictea AUX u OUX 3pena uP(s)
49 IBHraTeqsl ¢ NPHRATHIMH YCPEeAHEHHBIMH NapaMeTPaMHu,
E_‘mm paoTH ABUraTeas XapaKTEPU3YETCH CJERVIONIHMA

d=01 . =10
=2-16-12-08-04 0 04 -08 -04 ¢ o4
afas ~ ‘pAab
] 4 :
1=
Fr=—==" N 5 30
, ?\ _
YN N
20 20 ]
N
1
7] - \\ 16 i g 1
: Ly 2 :
|
P e ] - : : igé
| I
R i |
1 14 t ; ‘
I 3
o (4.7
]
-19° g ! :
|
20° + J
~30° 4 : !
-4g° Ay L] -
- 500 2—"? : |
~70° l I . \\\\ ~70° \. 4!;!(
_.;gab 1’\ \\ - 800 i \! |
u <] S
-50° - -30° —
. @

Pre. 3.4. Yacvornnie xapaxtepucrukn u®(j6).
—}-U, w=const; 2—PB=B,,,, w=const; §—f=0, Fi=const; 4—f=R0_,,.
W =const. ’
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Aaupbivi: a=0,1; 1, B=0; Buou, uy=const g W, =const. Ilo
KPHBBEIM BHMZHO, UTO ()a3a YacTOTHOH XapaKTepHCTHKH pP(j§}
peansHOre ABUraTens Moxer OHTbL MeHbille, ueM —m/2, a 910
MOXET ABUTbCH NPHYNHOA HeycTOHYHMBOfi paGOTH ABHTATEJS.
[puuem pnsa umpeanusuposaHHoro japurarens (r=~0) nmpua nu-
TAHHH OT HCTOUHHKA HANpPSXCHEA (Dasa He MOXKeT GLThb MEHb-
me, yeM —af2. CaenoBaTeNbHO, yXylilleHHe YCTOHYHBOCTH
ABUTATE/NS B PACCMATPHBAEMBIX DEXHMAX CBA3AHO C HAJHYHEM
conpoTHBAeHEA OOMOTKH cTaropa 7). AHanuus HACTOTHHX Xa-
PAKTEDHCTHK NIOKA3hIBAET CAEAyIOLIee:

1) oTiaHuyHe YACTOTHOH XapaKTEPHCTHEH DeaJHHOrO JBHIA-
TeJIst OT YACTOTHOW XapAKTEDHCTHKH HAeaJM3HPOBAHHOID 3a-
KJIIOYAeTCd B HAJMHUHH B CPABHHTEJNBHO Y3KOH 061acTH uacro-
Tt §, 3aBucAiled OT ¢, npoBasna B amnadryzHod m ¢asosoil
XapaKTepDHCTHKAX;

2) uckamenne (pazouacToTHOH xapamepncmxu‘ Honsime
B peXHMEe XOJO0CTOro XOIa;

3) npu mansix vacrorax (g==0,1) CD‘-IX He onycrcae’rcx BH-
)l{e-——:rt/2

Takum o0pasoM, A4 CYXKAEHHT O NPHHLHIHAILHO BaiK-
HOM BOIIpOCE — YCTOHRUHB JIM ABHIATeNb NPH NHTAHHK OT CETH
6eCKOHEUHOH MOIIHOCTH, HeOGXOMHMO H A0CTaTOYHO HCCJ/eno-
Bate ®UX spena pf (j8) Bo Bcem paﬁorieM JAHAIIA30HE Hac-
TOT Q.

3.8. AHANIMTMMECKMH PACHET YACTOYHBIX XAPAKTEPHMCTHMK

B § 2.5 6ol paccMOTPEH pacyeT YaCTOTHHIX XAPAKTEPHCIHK
Dais NpoeKUHH HAa KOOPAHHATHHE OCH JHHefHOf QYHKUHH Fo
Bpaurawmelics cHeTeMe KOOpPAMHAT. BocnonpsyeMcs MM I
AHAJHTHYECKOTO pacueTa UACTOTHBIX XAPAKTEPHCTHK acuu-
XPOHHOIO [BHrarTesas. PaccMOTPHM ypaBHeHUs [BHraTejs Ip:
HIMCHCHRM MUTAIOWErO HANDAXENHT B CHCTEME KOOPAHHAT
BeKTODA Hanpﬂmeﬂnﬂ craropa (3.5):

Suy=Aivr1+(p+je) Ap;
==Absra-t (p+iB) Ape;
Au, = cos 8 = (ei% -} g—i%)[2,
Jra cAcTeMa ypaBHeHHH pacnaﬂ.ae'rca Ha ABe:

e o= Alr 4 (p - ja) A, (3.48
0= Al r, + (p+B) by,
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et = Abyr, -+ (p 4 ja) Ag,,;
0= Atnrs'i" (p+ ]ﬁ) A‘le-

Pewenne ypasuenuit (3.48) n (3.49) umeort BHIL:
L L w1 mt—eiesra, (3.50)
2 Zy(e.B+9) 2 Z(=f+9¥

(3.49)

Ay, =

— 1 —f[8¢-F@i(a,8—0)]
Al.ls=-———--—-e_'fu= ¢ s
2Z, (= 5 ~3) 2Z, (=, f, — )
g Z)(a, B,+8) — KOMIJIEKCHOE COTPOTHBJEHHE JBHTATENN
i uacToTe o0 ¥ ckoabienuu P40, cooTrercreeuo Z (e,
B,—8) — mpu vacToTe 1—§ H CKOALKCHHH f—B.
Tlpoexnu# nprpamenus Toka Ai} Ha NeAcTBUTEALAYIO Ailg
MHHMYIO Aij, OCH DaBHHI:

‘ A‘,-ldm_; {cos (Bt —oi(= B, +8)] , cos [3 + ¢ (= B, —d)] }; (3.52)

(3.51)

. ] Zy(a,B, F8) Zy{=, B8, —8)
s 1 fsin[8—o (sB +8)] s[5+ (s, —3)]}
Ay =3 { Zy(a B +9) Zep, —n  f &5

AnaauTnieckoe BHIPAXKEHHE IAS WACTOTHOM XapaKTepHCTH

{14 (}8), paBHOE OTHOINEHHK BPEMEHHOH TIapMOHHUECKOR
YHKUHU Az B KOMIJICKCHOH OpMe K rapMOHHYECKOH GYHK-
i1 At B kommexcHoH dopMe, uMeeT BRI

—ipi (2.8 +3) Jes(e, g —B)
e &
b %)= {Z( B, +a)+zl(a,e,—s)}
L | 1 1 3.54
T2 1Z,(e,8, +9) gl(u.ﬂ_-a)l i (3.5
AHajorHyHRO
* S .t 1 S R |
he 1= {fé(u»3+6)+liz_1(mﬁ—ﬁ)l o G5

. HasoseM KosduunentoM ¢Bs3au BHIpa:KeHHe,  YCTAHABJH-
Wwlee B3AHMHYIO CBA3L MEXKJY ABVMS BeJHYHHAMH B yCTa-
uemeMcs pexuMe. KosddHuuenT cBA3H ACHHXPOHHOrG
raresa fBaserca ¢pyHKRUHeld o B B!

V=¥ (a, p)X.

Tor,ua ananumqecxoe BHpaXKeHHe YacTOTHOMN xapax’repu-
jKH TpoeKuuy Y Ha X NpH #3MeHeHHH ammaurtyisl X no
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TapMOHHYECKOMY 3aKOHY C YacTOTOH O ABJIAETCH. MOAYCyMMOIl

KO3 QHUHEHTA CBA3M M YACTOTH 0+ H CKOMbXKeHHs B+ 86—

Y(a, B.+08), a TakiKe CONPSKEHHOTO BEIPAXKEHH: KOS(PHHLA-

EHTaé)CIBESH ANA 4acToTH 0-~~d, cronexenns (B—d)—|¥(q,
Y - .

AHA/IUTHTECKO® BhipaXKeHHe UYACTOTHOH XaPAKTCPHCTHES!
TIPOeKUHM ¥ HA OCb, HOpMaJbiylo X, ecTh TOaAycyMMa Ko3()-
punmenTa cpsasu Y (u, §,-+8), nenennoro wa j, a Takxe conps-
KEHHOTO BHpameuns kosddrumenra csasu Y (a, p—9), ze-

*

JieHHOro Ha f, T. e.‘%?(a,@—&)’ .
I .

Bocronbsopapiuucs 5THMH pekoMeHzauuaMe mo  (3.38),
MOXKHO CPa3y 3aMHCATD:

B, 0w, 1 ! "
§) —= —20 |/ ) - -
ia (f3) 2 \ZaG ot 0) + | ZoG a2 }, (5.56)
]FB 5] — w,, l%ﬂﬂ(ﬁ”’“"s) {BH(B, o — 8) '
P 2 ]J'_Z,(ﬁ,a-l—ﬁ) iz, 0—9)] ) (3.57

rae Z; # Zsy--- ONPeAESIOTCH O CXeMe 3aMelnenus obpalen:
HOro jBurareas (puc. 3.5).

1

Pac. 3.5. Cxema 32
2 X1 MelleHHA OGpamen

Xp 7 : HOro ABHraTens
N 1404 A
X1 :H'(C\‘fﬁ 2 () .

Ty

Tloncrasasia B GOpMyay
b8 (%) == Wyyila () 4 1,, U3, {j8)
nonyyeHnbe puipaxkenus (3.56) u (3.57), a TakXe packpuiBa

HX. COTJacHo cxeme samewmtedws: (pwc. 3.5) W Bupaxkas W,
uepes g, MOAYYaEM CHELVIOIYIO QopMyay:

u8 (j8) = Lo f_rafb—Rlx +8) — X' —jX(«+?) 1

2 1o/ O+ R(at+ )4 /¥y + 1K@ B F 8
+ r:/B_R(“**a)'{‘sz";‘fX(“_a) ! }. (358
B —B) + Ra—2) — Xy —[X(a—8) §—3
% B.::O K

N | o
W) =g S\ T T RGO

B T RAG+H T

. s i
T R0 £ A XS T o) |’ J




7 N S B PR 2 1 (359
‘ w(i2) 230'3,—)0 ) lZ_2(3,5+a.)+£3(5,6-—a:)l' ( )
. Conporusnenua Zy(8, 8,+a)/8 u Z»(8, 6,—a)/0 cpaBHH-
fioHO TPOCTO ONpenesRIOTCA IO KPYroBofl aHarpamMe colpo-
JleRHi ofpalltentoro asurarens (puc. 3.6). Bruipaxenrne
e PHrypHBIX cKOOKax dopmyan (3.59) MoXKHO 3anHcaTh

- & 1 i
7G040 T L0000 Zn T 2
le R — Xﬂl X22
=gt o~ G+ ) 360

- Ilpn aHanuTHYECKOM Hcc.JleJlOBaHnu YacTOTHOH XapaKrepH-
frku puf (j6) cTouT 3anaua onpejefeHHs 3HAUeHHH o H f, npx

o

Puc. 3.6, Kpyrosas pmarpamma o0palleHROTO ZBHIATENd.

bropeix (pasa B (3.60), paras ¢ase uwactotHofl xapakrepn-
HkH p8 (f8), 6yner Menslne, ueM —a/2. Jto TpeGoBaHUe CBO-
ITCA K BEIUIOJHEHHIO CJAEIYIONIero COOTHOUWIEHHS: Rpf/Z%,4
Roof Z%0 <0, Jlaunoe COOTHOIISHHE BO3IMOMHO TOria, Korjaa
POTHBJECHHE Rpy CTAHOBHTCH
HOATeABHEIM, T. €. KOHell
sxtopa Zp (puc. 3.6) pacmo-
AraeTCs JieBee ToukH rofd. Mas
gNAHHOTO 3HAYEHHS O NPHHAMA-
A PAN 3HAUEHWH & ¥ mo Kpy-
fpoil nHarpaMMe Onpelendior-
| NaHHBE [J8 pacyera aKTHR-
#i npomoaumoctH Ro1/Z%,+
b R29/Z%5. -
5;-1;1{]3 puc, 3.6 BumgHO, uto npn 4 & o &
CyMMa aKTHBHBIX NpOBoO-

MOCTEN MONOMHTRNbHE, @ 5TO 5;‘,&%357{”2&%?;};?30 e

ayaer, 4To mpH MajaHx 6 da- HOll NpOBOAHMOCTH JBHraTexs.
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3a wacToTHOH XxapakTepuctHkd pP(j8) Goanwe, ueMm —muf2,

npHueM 3Ta O0JacTh 4acToT & TeM umpe, ueM Joaslie 7g.
PaccMOTpEM BbipaXeHue .

L X2 (e —8)2 X,/

3 X, 14+G—drXn)
I'paduueckoe pemenne ypasHenusns Ry=0 nano Ha puc.

3.7. 210 ToukM Os B O Ilpu (c—8)X,/r\>>1 snauenne 8 on-

pedesideTcs COOTHOLICHHEM

Iy
g b ——————,
ra+r(Xo/Xy)
a de=~

OTpnua’reanoe 3HayeHue cOHpOTHBJIEHHH Rg H, caegosa-
TEJbHO, yMeHblieHue (hasu pb (;6) o cpaBHeHuo ¢ —mf2 Bo3-
MOKHO TONbKO B objactu

[ Y. T
ry b r( X/ X5)?

Bosnee noapoGroe nccaegoBanue Bhlpamenna RofZ%,1
+R20/ 7%, nOATBEPKACHHOS YHCACHRBIMH PacReTaMH, TOKA3L-
Baer, 4TO nporaJ ¢ascyacTOTHOR XapaKTepHCTHKH COOTBET-
CTBYET 4aCTOTE

) 1 r r
oy — (g — 2 4. 1
2( s ) B

s oy o -l
P [ A —
C npyroi CTOpOI—lhI, rac uTepecyeT (hasa PasOMKHYTOH CH-
1 .
cremu - ué (s) B obaacts uwacroTH cpesa. Jas oueHku
. 3 - '

3HAYEHHS YacTOTHl Ccpesa BOCIHOJL3YEMCS  PacCyXIeHHAMH,
OpHBeJeHHHMA B § 3.6 OTHOCHTE/LHO BIHSHHH 7 HA Nepeaa-
TOUHYI0 GYHKUHIO pP(s), H pHc. 3.4, U3 KOTOPHX CJAEAYeT, YTo
paaanue r, na AUX ckazpiaeTcs TONRKO B y3KO# ofsacti
gactot, e B ®UX mabmoparoTtes nposannl. [ToaToMmy oGaacth
YacTOTH CpPe3a MOMXET GHTh OLEeHeHa IO NepeJaTOYHOH (YHK-
uuA pé(s) gag r;=0 cormacuo {3.42). Toraa

| Qi-h'nax 1 1
() o e 11

H of Xo' {45 X' sH

rs
| 1
= X, r, '

bt (X)[H(X)]

Ty P



3 nocaeanero coOOTHOMICHHS CAEAYET, UTO

,.;, 2maz 1 {ry/ X,o')*

Dy ey B
o Hry X, p Zmax ’ (% 61
J— 3.01)
% Hir/ X |
5 %Vﬂ npu SfVelfa ) L],
R H P Wmax

BBIUHCAHB 8cp, Hafiaem ofaacts wacToT a, B KOTOPOMH He-
oﬁxommo HceseaoBats QUK asena pb (f8), 1. e,

s I

2 eyt —
. P le acp+ T
w7

HTax, Mbl onpeneqHiR CpaBHUTEABHO Y3KYIO obaacts ua-
©TOT & M a, B KOTOpOH HeoGXoiumo necqaexnsars ®UX 3pena
#.(s). Sr10 y10o6Ho BHNOJHATL MO popmyre (3.35), packpus
J.?(.s) B cooTBeTcTBHA ¢ (3.33) n (3.34):

X, I‘l 2

Ta _ aalE
8 (i L e -(uau-l- ) agX_z’ (l+ Ay "z Xy r
P-U) X'{ [

_fafs . . oy _
XXy a“"’“["(xu JFX')JF X )

-

-]-jﬁ[(an-{—Q——- & ig—’ —63]
- : Xy X XIX') L @36

BT Yy,
gt (5~ %)==l

- Unesennsie pacqubI BbIMOJIHEHHBIE JJIA JABHTATedeH CepHil
A2 H 4A, NOKa3HIBAIOT, YTO NapaMeTphl ABHraTeaeH (BRJA0OYad
MOMEHT HHepIiHH) TAKOBEI, YTO IPH paboTe OT ceTH GeckOHeu-
HOHM MOIIHOCTH TPH 1I000M 3HAUCHHH ¢, ABHTATe/IH YCTORUMBHL
Ho 3To He sBAseTcH OOGLIMM 32KOHOM. .
i, TlpoBenenrHoe cpaBHHTeNBHOE TOAPOGHOE HCCASIOBAHHE
baSHuMH MeToZaMu mepepatounodt ¢pyukuumu uf(s) u sompoca
ycmnqusocm IpecaAeoBaN0  IeJah— YIPOCTHTh NPOBEPKY
TOXYUBOCTH JABHIATeNd, 9TO MPHHIIHNMAJILHO BaXHO NPH HC-
JONb30BAHHH NPOCTHIX H YHHEBEPCZMBHEIX SJEKTPOTIDHBOAOB Ha
fize ABTOHOMHHX KWHBEPTODOR HampaxXeHus (cM. Ia. 5).
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Fnapa uyeraeprasn

nONYNPOBONHUKOBBIE TPEOEPA3OBATENMM YACTOTHI

[Ipeo6pasoBartenn 4acTOTH, OCYIECTBAAOUINE Npeobpazo-
BaHUE HEPEMEHHOro TokKa (QUKCHpPOBaHHOH TACTOTH H HANpA-
JKEHHs B NepeMeHHAH TOK PeryJHpPYeMoH 9ACTOTH H Hanps-
JKEHHUs, PA3ASIAIOTCA 110 NOCTPOCHHIO CHAOBOH CXeMEl H PeXH-
My yHPaBJI€HHS HA JBa OCHOBHEIX KJacca: mpeofpasoBareliu
HA OCHOBE aBTOHOMHEIX HHBEPTODOR H HenocpencmeHHbIe npe-
o6pa30BaTeaH TACTOTHL.

s mocTpoeHHs CHCTEMBl ABTOMATHYECKOTO DPeryJaHpoBa-
HHS IpeXIe BCero BaXKHHI CBORCTBa npeolpasoBaTenst qacTo-
TH KaK HCTOUHHKA 3JeKTPHUeCKOH IHepTHH: ABASETCH JH CH
HCTOUHHKGM TOKAa HAM Hamnpsaxeyud. M HenocpeAcTBeHHhe
npecGpaszoBaTed WACTOTH, H NpeocOpaszoBaTe/H 4HacTOTH Ha
OCHOBE aBTOHOMHHMX HHBEPTOPOB MOIYT BHINOJHATHCH B BHIe
HCTOUAYKOB IEPEeMeHHOro TOKA M B BHAE HCTOUHHKOB NepeMeH-
HOro Hanpsxkedus. Kax opaeuno, HCMOJHEHHe NpeofpasoBarte-
N 4acTOTHl KAK HCTOUMHKA JHEPrHH OKa3BzaeT BAHAHHE Ha
CHAOBYIO CXEMY, DEIKHM YIPaBJCHHA H BO3MOXHOCTH IO PEry-
aapoBanuio. B nauboqee siBHOH dQopme 3TO npOABAAETCH
y npeofpasoBaTenieil 4acTOTH HA OCHOBE ABTOHOMHEHIX HHBep-
ropon. I[locnenHHe paxe MPHHATO Pas3ieNATh HA ABTOHOMHUbIE
MHBEPTODH TOKA H HAIPSIKCHUS.

4.1. ABTOHOMHBIE MHBEPTOPbI TOKA

ITpeo6pasopaTenb YacTOThH ¢ ABTOHOMHBIM HHBEPTOPOM TO-
Ka COJePMHT cAEAYIoIiHe 3JeMEHTH: YIPAaBAAeMEl BHTIpAMU-
Tedb ¥B, GUALTP B 3BeHe NOCTOAHHOIO TOKa © H aBTOHOMHWE
uuBeprop Toka AH (puc. 4.1,a). YnpaprecHue aMmuantynol
BEIXQJHOTO TOKA OCYLLIECTBJAETCS C NIOMOWILI0 YNPaBASEMOro
BLIDPAMHTEJA, YUPaBJE€HUE YACTOTOH BHIXOZHOIO TOKA —- 4a-
CTOTOR DOjAaYH YOPABIAWUIHX UMNYJIBCOB Ha THPHCTOPLI @8I~
HOMHOTO HHEEpTOpa.

B cucreMe 94cTOTHO-yOPARAAEMOr0 3JEKTPONPHBOAR B Ka-
YeCTBE ARTOHOMHEIX HHBEPTOPOB MOrYT MCIOJIb30BATHCH TONB-
Ko npeofpasopaTeqH ¢ JABYXCTYIeHUaToll NPHHYIHTeNbHOMR
KOMMYyTaluel, B KOTODLIX NapaMerph YCTPOHCTB NpPHHYIH-
TeJEHOH KOMMYTAllHU ONpPEAeNAIOTes NMOCTOAHHBIMH NapaMer-
pamu jBHrateds H He 3aBHCST OT YacToTH B pafiodem puana-
30He M3MeHeHwWs HacrorTel [10]. [Tpuvensaorest TpH ABTOHOM-
HBX HHEBepTODPA TOKAa ¢ [KBYXCTYNEHYaTOH NPHHYIWTEALHON
KOMMYTalieii: aBTOHOMHBIH HHBEpPTOP TUKA € OTCEKAJOMHMH
zHonamu (puc. 4.1,4}, aBTOHOMHHI HHBEPTOP TOKA ¢ PasHLIMH
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KOoMMyTHDYIOLIHMHE y3aamu (puc. 4.1,6), aBTOHOMHHIA MHEep-
Op TOKa ¢ OOWMM KOMMYyTHpylomaM yajioM (puc. 4.1,8).
§ Ilepmuifi THn HHBepTOpa TOKa Nojaydis Hauboabiuee pac-
npocTpanenne, ‘
b, PaccMmoTpim noapoGHee 3JEKTPOMATHATHBIE  NMPOILECCHI
B HHBeDPTOpE TOKA C OTCEKAIOUIMMH OHOAAMH HAs BHABAEHHS
oGeHHOCTed, KOTOPLEe cJAelyeT YUMTLIBATE NPH HCC/IeIOBAHAH
HEMHKH 3JEKTPOIPHBOAA.

PacuerHas cxeMa 3aMelleHHs ACHHXPOHHOrO JBHrarTens
HpH MUTAHHH ABTOHOMHOI'O WHBepropa B Buae DJC n mALyk-
HBHOCTH X', o6GocHOBaHa B T4, 1.

- Ilpoueccnl B aHOAHOR M KAaTOZHOH BEHTW/BHBIX TpyNmax
kpexdrastoro MoctoBoro npeoGpasoBaTesin NPOTEKAOT aHAAO-
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~Pac. 4.1, ABTOHOMHBIE MHBEPTOPH TOKA.

E—-'c OTCERAWUNME AnofaMa; 6 —c ¢asnkMa EOMMYTHEPYOUIHMH yalaMu) & — ¢
. oSN KOMMYTHPYIOULHK . ¥3J0M. -
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i - ‘ - + Puc. 4.2, [Ipouecc B aBTOHOMHEOM HHBEp-
A T0pe TOKA C OTCEKAKOMAMH RHOTAMHY.

127 / N

N \_/ THYHQ B Teuedne 2/3m, a mexay
_ cof0f mnponeccH B pPasHBIX BeH-
iffcmax ,  THIBHBIX TPYNNaX CHBHHYTH Hi
yron =/3. TlosroMy BblgendeM
IIeCTh aHaJMOTHYHLIX LHKAOB 32
nepHoa paGorel uHBepropa. Pac-
: J\ CMOTPHM OJMH M3 HUX, KOTOPHI
B CBOKW OuYepenb AENHTCH HA TPH
@ 1./ srana. Brnroueuw rtHpucTOpe T #
aT\f \Watmax
N kL Ts. Tok npeoGpasoearens [y npa-
tekaer no uemnu Iy, M, daza A4,
: © daza C, Hs Ts Crenyromum
BKAIOYaercd  THpHerop 7o KoHOeHcaTopel,  MOAKIIO-
‘YeHHHE K NPOBOAANIEMY THDHCTODY, 3apAXKEHH 10 OIH-
HaKOBOTO HANPSMEHHs, UpHUeM INOJAPHOCTh  Harpsxe-
HHS T4KOB4, UTO NP BKJKUEHHH JIO6G0OTO APYroro THPHCTOpA
IAHHOH TpPyNnel MNPOH3BOAHTCH BLIKJIIOUEHHE NPOBOASIIETD.
IMocne BrAOUeHHA THpHCTOPA Tp MPOUECCH MPOTEKAIOT CJAERY-
KM 06pasoM.

Atan 1. Tok [y samuikaerca no nenu T, Cy(3fsln) u Cy,
Ci(\3ln), O, dasa A, pasa C, Hs, Te. Konmencatope nepe-
sapsaxalorcd, Okoruanne 3tanma 1 W Hauajo srama 2 HacTy-
[aeT B MOMEHT PaBeHCTBA HANPAXEHHS Ha KoHJcHcarope C
auHefigof DJ1C npuraTeqa eap.

. 9ran 2. Tox Iy nporexaeT yepes THpHCTOp Ty u panee pas-
BeTBAAETCS Ha [IBe YacTH: TOK (asn A yepes KOHAEHCATOPE!
Ci(*fals) H Co—~C3('/s/a) u TOK asu B uepes s, tasy C,

& Ts. B Teuenne stana 2 Tox ¢asu Avcnagaet or Iy xo HyJ4,
a 'roa tpassl B yBesquumBaerca ot Hyas A0 In.

9dran 3. Tok [, nporekaer mo uenu Ty, [, daza B, dasza
C, Mg Te. Dranm 3 saxanuHBaercs BKJIOUEHHEM OQUYEPEAHOro
THPHCTOpPA B APYTofl THPHCTOPHOHN Trpymme. 3tam 3 He HBJASET-
¢ ofinsateneHniM. BrogHe peasien pemuM, Koraia KOMMYTAIIHY
B AHOAHOR M KaTOAHOH BERTHJILHHIX IPYHIAX NPOTEKAT OAHQ-
BPeMeHHO, ecjH BpeMs NepBhIX JIBYX sranor Goasize 1/6 nepu-
04 BHIXOJHOH 1aCTOTHL.

Ha puc. 4.2 1ann auarpaMMel TOKa H HanpsKeHH# JBHTa-
TBJ]}I, Ha EKOMMYTHpPYIOIIEM KOHAEHCATOpPE, THPHCTODE, J.'[HO,!IQ
'Kak noxasano 8 [10], npu omucaHun KOMMYTAUMOHHHX MpO-
eCCOB B HHBEPTOPE MOryT GHITb NDHHATH CJAESLYIOUIME YIDO-
UEeHHbE 3aBACHMOCTH. AMNUIHTYJa HANpsXKeHHA H& KOMMY -
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pyiomenm KOHneHcaTope
UCmax = VS E;sing, + f V4X /3mmMC _ (4.1)

" 3pecy Ep— neficTByomice 3Hagenne ¢asroi IINC zpura-
fes1a; C — emxocTth Konpencatopa C (Cs, Cs). |
Bpems sTana | OpHeHTHPOBOYHO COCTABJIAET:

- V6E, si 3VEE, si “X7C
gi.i‘1=.z.3(;,,,,,,,c+ 6E, sin g, -—3—C.'=:~ ,sm:pzc_l_l/g)(,c"

I, 2 I, @yrom
(4.2)
' Z 1
iA‘ § olwuom
/ t2
— 3
Puc. 4.3. Buxommolt 2|7 ' N _
WOK aBTOHOMHOro MH- _3-i[] ; :
pepTopa (@) 1 anmpok- t2 o)
CHMHpYIOmAt KOMMY- e 1 ‘?t
TANROHHARA KIIHst 2 L
Da (6}¢’ml 6 ttyom I 2
. 2,
: &) :

KommyTangss Toka b hasax JBHraTens npoTeKaeT no rap-
MOHHYECKOMY 3aKOHY:

iA;:fnCOSV XHO’\TCt ig:]“ (1 — CG5 V'%ch-t)'

BpEMH KOMMYTAUHH [TOCTOAHHOE, OHO DPABHO!

. 3X,C
=gV RE

"OGuIee BpeMs MepPBOro H BTOPOTO eTant)B:
£t — 3V'6E, sin ¢,C i (] + _1_:_) ]/3;(1:6. @3
Iy 2 Dyom .

Ecan xocunyconnancHyio QopMy TOKa BO BpPEMsi KOMMYyTa-
IHH TIpeAcTaBHTh JoMaHOH (pHc. 4.3), To yraoBofi cABMr oc-
ROBHOHA TADMOHHKH -TOE& OTHOCHTEJIbHO MOMENTa BRJIOYEHHSA
COOTBETCTBYIOIIETO THPHCTOPE COCTABHT:

. 2
‘PI = Ogou (tl —1_'? ta) - %- (4’4)
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Paccmotpera maufosee THNIMYHAR KAPTHHA HPOHECCOB
B HHBEPTOPE C OTCEKANOIMMH IHOLAMH, AJAA KOTOpOH xapak-
TepHbl CACAYIONIHE OrPaHHUEHHS: BPeMA NEPBHIX ABYX STAIOB
B OTHOCHTEJLHHIX €IHMHUIIAX MeHblle, 4eM 2fym; OTCEKaloliHe
IMOAH MPOBOAAT TOK TOJLKO B NEPHOA IPOTEKAHHA COOTBET-

2 1
CTBYIOIIETD TOKA (pa3el, T. e. B TeueHue BPEMEHH—“S“-ﬂf_—*-——{—t..
. . Wiy

Jlanubie yCAOBHA MOrYT He BBINOJHATBHCHA. [IpH - BHCOKUX
YACTOTAX B PEMHME XOJOCTOrO XOAA BO3MOIKHO MpPEBLILISHHE

. 2
t,+1t; BETHYHHHL — 3TO 03HAYAET, YTO KOH/ICHCATOPEL

Wyoy &
BeHTH.IbHON rpylinb He GYAyT ycnesaTs nepesap;marbcsi 10

Hayaja cieayiomell KoMMyTanuu.

Ananus KOMMYTAIHOHHEIX NPOLECCOB NOKA3BIBALT, UYTO NIPH
ONpe/ie/ieHHBIX YCJOBHAX OTCEKAIOUME JHOAM. MOTYyT NpOBO-
JMTB TOK 1 NOCJAe TOTO, KAK COOTBETCTBYIOIHA TOK dasH cTa-
Her paeHEM Hymw. [lo kpuswM puc. 4.2 BuAHO, 4TO NOCHE BHI-
Xola H3 paldoThl OTCEKaKINEro AHOLA BO BpeMfl ABYX MOCJe-
JYIOIIHX KOMMYTauHli OTpHIaTeNLHOE HANpsXKEHHEe HA JHOAE
YMEHBIIAGTCH, ¥ B 3TH TEPHOAH BO3IMOMKHA FOTOJHUTEABHAN
POBOAHMOCTE AHOAA. JONOMHHTENbHOE BKIAIOUEHHE OTCEKaIo-
KX IMOZOB NPHBOAMT K TOMY, UTO ONpejesieHHas 4aCTh TOKA
In 3aMplxaercd uepe3 KOHASCHCATOPH, KOTOPLIE OKa3uIBAWOTCH
BKJAUYSHHEIMH N4pane/ bHO HAPY3Ke,

B cayuadx HECOOTBETCTBHH KOMMYTALMOHHEIX MPOLECCOB
pacCMOTPeHHLIM BHIIE BO3MOMKHHE aBTOKOJAeGAHHA B CHCTEME
3JIeKTPONpPHBOLA, paHee yetofinusoil. [Ipuunna asToxonebanui
3AKJII0YAeTCH B CYLIECTBEHHON 3aBHCHMOCTH OT pexuMa pabo-
TH JBHTaTENA aMILTUTYAH W ¢asbl BEIXOJHOIO TOKAa HHBEPTOPA
NpHU HeH3MeHHOM TOKe /p U HeH3MeHHOR uacToTe YNpaBafic-
‘IIHX HMNOYJALCOB HHBepropa. O6GpaTHAA CBA3bL ABJAAETCH CJef-
CTBHEM KOMMYTAUHOHHEIX NPOLECCOB B HHBEPTOpe, KOTOpHIE
NPOTEKAIOT NPH H3GEITONHOCTH KOMMYTHPYIOUEH eMKOCTH AJf
JlaHHOR 4acTOTH M HATPYSKH. JTO NPHBOZHT K QrpAHHUEHHIO
PEery/HpOBOUHEIX BO3MOMKHOCTEH HHBEPTOPA BBEPX 110 HaCTOTe,
0c¢00eHHO, ecal IIpH paloTe Ha BEPXHHX YACTOTAX CYLLECTBYeT
peXHM XOJOCTOrC XOZa ABUrarenasd, MOCKOABKY Hanboabliee
BpeM#s f; HMEET MeCTO IpPH MaKCHMaJbHOH JacToTe B DerkHMe
XOJIOCTOTO XDJ1a.

PaccMOTpeB KOMMYTAlHOHEBIE MPOLECCH B ABTOHOMHOM Hii-
BepPTOpe TOKZ, AaKUEHTHPYEM BHHMaHHE Ha c.rle,n.yionmx obero-
ATeNbCTBAX:

1) taza BHXOIHOIO TOKA HHBepTopa He OCTaeTcss HeH3MeH-
HOM OTHOCHTEALHO  YNPaBJIAIIIHX  HMAYILCOB HHBEpTOpA.
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HManGonee cymecTBednnf yxon $a3p TOKa HA BepXHHX YacTO~
aX B peXKHMe XOJ0CTOTO X0/4;

- 2) HampsXKeHHE HA KOMMYTHPYIOIIMX KOH/EHCATOPax cy-
JUECTBEHHO 3aBHCHT OT TOXa Hpeobpasopartens Jy. YMeHbIIMTH
BanpaxeHue NpH 3aJaHHOM TOKE MOXKHO YBeJHYCHMEM EMKO-
CTH KOMMYTHDYIOWAX KOHAEHCATOPOB. YBEJHUEHHE €MKOCTH
KOMMYTHPYIOIUHX KOHIEHCATOPOB NPHUBOAMT K OrpaHHYEHHIO
pepxuHero npefesaa pabouedi yacTOTH, KOTOPAS B NPAKTHIECKHX
aspaborkax ne mpeswmaer 1—1,3 faou.

Kpome Toro, KoMMyTHpYIOIIAsS eMKOCTh BhIGHpaeTcs Ans
KOHKPeTHHIX napaMerpos jaeuratenss (X’;). IlpouaBosbHoOe
¥MeHbIeHHE HATDY3KH (HANPHMED, OTK/lOUeHHe psara Zeura-
Fellell NPH MHOTOABHraTeNbHON HArpyske) NDHBEXET K H36H-
FOUHOCTH eMKOCTH H CBA3AHHBEIM C 9THM OCJOXKHeHHAM. [loato-
MY HCIOJIB30BAHHE HHBEDTODPOB TOKA OrPAHKUMBAETCH OIHO-
ABACATEJLABNM TPHBOLOM.

4.2, AETOHOMHLIE MHBEPTOPLI HAMPSIKEHWS

- Ilpeo6pasoBaTtesip YacTOTH ¢ aBTOHOMHEIM HHBEPTOPOM Ha-
E?pﬂ)l(EHHH (puc. 4.4) Brmwuaer B cefs cAelyoOUHE CHAOBHE
BJEMEHTHE: BBIIPAMHTENb B, cuiomoli ¢uasTp @, asToHOMUMIL
gHBepTOp Hanpsaxenns AH. Tpexdaannti moctoBO#l 2aBTOHOM-
HElll HHBEPTOD HANPAXKEHHA COAEPMHT IIECTh BEHTHABHBIX
KOMIJIEKTOB, ABJSIOUWINXCA CXEMHEIM AHAJOrOM KJI042, 067Aa-.
RAWOIEro ABYCTOPOHHEH NPOBOAMMOCTEIO. B KavecTBe BenTHMIA-
HbIX KOMIJIEKTOB MOIYT HCIIO/Ib30OBATHCSA TPAHIHCTOPHI, UIYHTH-
poBauupie AHONAMH, HIH THPHCTOPH, WIYHTHPOBAHHBE. AHOLA-
MH, C YCTPORCTBAMM NPHHYAHTEARHOTO ramenus. Ha BuBogax

B —— e R *
CREEEEE T
Jiss 22 A

L B8 P A

?Hc. 4.4, TIpeoGpa3zopaTent YacTOTH C as-
" TOHOMHHM HHBEDTOPOM HaIPRIKEHHS,
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OOCTOAHHOIC TOKa  4BTOHOMHOIC

HHBEPTOpPA HANPAMEHHS  BRIIOYE-
K‘I} KZ} .'(3}' eTcsi eMKOCTHHH (HALTP, orpamw-

YHBAIOMMHE NyJAbCAUHH Hanpsxe-
;(g HHf, CBA3aHHBIE C MEPEKJIYEHHEM
BeHTHJIEH WHBepTOpa. B oTanune
OT .2BTQHOMHEIX HHEBEPTOPOB TOK4,

1l

rie ycTpPOHCTBOM NPHHYAHTeNbHOi

KOMMYTALKHH OCYIIeCTBJAETCH [e-

peBojx TOKa H3 onHOH dasw Ha-
Puc. 4.5 H,neaﬂysyponaﬁ- rPYSKH B ADYFYI0, 4 eMKOCTb
HBfl aBTOHOMEMR HHBEDTOD  yoyyurppyiomiX — KOHACHCATOPOB

HaNpAMEHHA.

CPaBHHTeNBHO GOJbHIAfA, TaK KakK
oHa BuifHpajack H3 YCAOBHS OTPaHHUEHUS HANDSKEHHS
Ha BMEeMEHTAX CHJIOBOH CXEeMEI, B ABTOHOMHEIX #HBEpPTOpaX Ha-
TIPSXKEeHHS! TIPH H3MEHEeHHH JHarpaMMEL. paGoTe KJuell cxeMH
H3MeHAeTCs NOJAPHOCTL HANPAXKEHHA HA BHBOJAAX ¢a3 Ha-
TPY3KH, & OTpaHHUCHUE [IepeHaNpsaXednil AOCTHraeTCH IBYCTO-
POHHEH TPOBOAHMOCTEIO Kmiouell W eMKocTbi0 QuasTpa. Kom-
MYTHPYIOUIAA eMKOCTh CPABHHTEAbHO Maja (B CaydYae TPaH3H-
CTOPOB OHa BOOOLIE OTCYTCTBYET), TaKke Maiad BpeMs KOMMY-
TAUHOHHBIX MpolLeccos (AN THPHCTOPHHX npeoﬁpasoaafrenen
Ao 100 mxc). KoMvyTanMOHHEIE MpOLEccH B CHJIOBOH cxeme
HHKE He paccMarTpHBaloTcA, [105TOMY HHBEPTOPH HAIpAKEHKA
OyayT u300paxaTthCsl B BHAE HAGAMLHOH KIIOUEBOH CXeMul
(puc. 4.5).

Hcnoarayerea aba cnocofa peryiHpOBaHUS BHXOB,HOI‘O Ha-
TMPAMEHHA ABTOHOMHEX HHBEPTOPOB HANDAKEHHHA: aMIJHTYA-
HEf H HPOTHO-HMOYAbCeHBIH, TIpH aMIIHTYAHOM ciiocobe HAa-
OPAXKEHHE Ha BXOJAe HHBEPTOpA PEry/AHPYETCA ¢ MOMOMIBIO ¥II-
PABAAEMOr0 BHIPSAMHATE S, aBTOHOMHHH HHBEepPTOP OCYLIECTB-
JIIET NpeolpasoBAHNE HaNpPAKEHHA IOCTOSHHOTO TOKA B BhI-
X0JHOR HANpPSIXKEHHE IepeMeHHOro TokKa. [IpH IIHpPOTHO-HM-
TMyJabCHOM cnocofe aMR/KTYJa BHXOZHOrO HANDPSMEHHA pery-
JHpYeTCs AONOJHHTENILHHIMH KOMMYTRUHAMH BeHTHJEH HHBED-
TOpa NPHU HEH3MEHHOM HANDPSAKEHHH HA BXOAe HHBEPTOpA.

5 TOro uToGHL BHIXOILHOE HRMpPIMEHHWe HHBEPTOpA ONpe-
ASALA0CH OAHO3HAYHO AKOHOM YNPABJCHHHA KAIO9aMH CXEMEI,
HeoOX0AAMD, YToOEl OJMH H3 ZBYX KJIOUEBHX 3JeMeHTOR dassl
OBl Beerjda 3aMKHYT. JTO 3HAYHT, 4TO NpH Ji000OM 3aKoHe
yIpaBJeHdsa BpeMs 3aMKHYTOTO COCTOSHMS KJIO4Ya B YIVIOBHX
eIuHMIAX BEIXOXHOH yacToTH 6yner paBHo w. JlHarpaMMel pa-
GOTH aBTOHOMHOrO HHEepTOpa 6e3 WHPOTHO-UMITYILCHOIO pe-
ryauposanus (IIHMP) u dopma nuuefinoro nanpsxkenus (va-
30BeM ee OCHOBHOH) MOkasaHHl Ha puc. 4.6, OTMerHM, 4TO Iua-
rpaMMa paboTE HHEEPTOpPA HE MEHASTCHA B TCUCHHE BPeMEHH
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#/3, B KamInfi MOMEHT BpPeMeHH Harpyska MOAKMIOTaeTcs
¥ OHROMY H3 BHIBOJOB HCTOYHHKA TOCTOAHHOFO TOKa uepes
OfHH KJ104 (HasoBeM a3y HHBEPTOPA, K KOTOPOH OTHOCHTCA
JEAHHHH KJ104, Ioc/eoBaTedbHOH), a K ,U.pyrowy BEIBOLRY HC-

‘TOUHMKA — Uepes ABa KJaoua.

.- Ilpocrefimuk saxon IHWP aaknwuaercs B tom, uto Ge3s
H3MEHEHH# OCHOBHOH AHArpaMMHE B mocjenopatesbHol (ase
OCYUIECTB/AAETCA DAA  AONOAHATEAbHBIX Kowv.ry'ranﬁn (puc.

4.7). Tlpn 3tom BOSHMKAKOT IIpO-
'MeWYTKH BPEMEHH, B TeueHHe KO-
“TOPBIX Harpyska uepes OAHONOJSIP-
HEIE 3aMKHYTHE KJAOUH 3aKOpaui-
‘BAETCS H _BBEIXOJHOE HATPSKEHHE
pasHo #yaw. Perynupys AauTedb-
"HOCTh HYJIEBLIX NMPOMEIYTKOBR Bpe-
MEHH, H3MEeHseM BLIXOAHCe HAlps-
xenne. IIpu pocratounc mriconoii
4acTore JOMOJHHTENSHHIX KOMMY-
TalHd B mocaefoBaTedbHOH (aze
BLIXOLHOE  HaNpAKeRHe  MOMKHO
NpencTaBUTh B BHAS CHrHajla mmo-
‘CTOAHHOA  aMIMIHTYAL,  paBHOH
CPeAHEMY 3Ha4YeHH0 HANDHXKEHHd,
Orciofa BhITEKAST MPHHIMI YOPaB-
JIEHHS KJIUaMH HHBEpTOpa, HpH
KOTODOM aMNAMTYAA BHIXGEHOTO Ha-
OpPAMKEHHa OyIer CcoOTBEeTCTROBATL
3aJaHHOMY 3HAYCHHIO Jake IpH

L(

K2

K3

]i_',

M.

R

K5

K6

Bt}

Fa(t)

Polt)

[

!

Pue. 4.6. OcrosRas guarpaM-
Ma B3aMKHYTOrO COCTOSHHA
Kmouell HHBEpTOpPa 1O DHC.
4.5 1 JuHe#RbIe HARDPIHOHHS
Ha BBIXOJe HHBEPTOpA.
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Puc. 4.7, HuarpaMmMa 3aMKHYTOro COCTOAHHS KAioueR WlealM3ApOBAHHOTO
gusepropa npu IJHP u annefinpie HanpsimeNHA Ha BHXOJAe HHBepTOpa.
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KoNeGanusax HanpAXeHud NOCTOAHHOTO TOKa. PaszobveM me-
pHOJA n/3 Ba'n PABHOMEPHBIX YUacTKOB, B Hauajle KaXAOIo yia-
CTKa KJHYH MHBEPTOPA 3aAMHIKAIOTCA B COOTBETCTBHHM € OCHOB-
HO# uarpaMmoii paboThHl, cxeMa ocTaeTcs BKJNUEHHOH B Tede-
HHEe BPEMeHH, 32 KOTOpOe HHTerpaj BXOMHOTO HANPsAMKEeHHH,
H3MEHAAChL OT HYJs, KOCTHTZET 3AJZAHHOTD 3HAYEHHS, 3aTEM
OCYIIECTBARETCH KOMMYTAlUHA B NOCASAOBaTeNbHOH (ase, H A0
OKOHYUAHHS OTpe3Ka BpPeMeHH fi/37 BBHIXOAHOE HANpAXKeHHe
pasHo Hym0. Ilpu ykasaunom cnocole yupasieHHsi Deanusy-
eTcA IUPOTHO-HMIy/AbcHad moayasuua HIHM-IT [21].

Bonee cnowunte 3axoun JIMP npecaenyioTr nens #e Todb-
KO PeryJHpoBaTh aMNIHTYLY OCHOBHOH F'apMOHHKH BLIXOZHOTO
HANpSKEHUA, HO H 0C1a0A4Tb CYIICCTREHHHE IO . AMIJIHTYLe
BHICIIIHE TaDMOHHKH, HauboJsee GIH3KHe K OCHOBHOH. JT0 Arn-
CTHTaeTcs TeM, 4TO B TedeHHe IepHOAA NOBTOPAEMOCTH n/3
OCYIIECTBAAETCH UePHOLHUSCKOR H3MEHEHHe OCHOBHOR mma-
rpaMMsi paboTH KJOYEH HHBEPTOPA NPH O,IlHOBpeMBHHOM BBE-
JIeHHA HYJIEBHIX YYACTKOB.

4.3. HENOCPEACTBEHHLIE NPECEPA3ZOBATENM HYACTOTH

© KiaccHueckas cxeMa HemocpeACTBeHHBIX Hnpeofipasopare-
aeft zactorst (HITH) mpefcrapaser cobofl TPH peBepCHBHHIX
npeofpasoBaTeNfd MNOCTOAHHOO TOKA, YNPaBIfAEMEX TpeMs
rapMOHHUYECKHMH CHFHAJ4MH, CIBHHYTBIMH HA YIoJ- %/ar MO BH-
xoauoki uactore. [losromy, onpezenss Boamoxuocte HIIY
OJs PeryJjapyeMoro 3JeKTPOIPHBOAA, CJASLYeT HCXONHTL H3
. AHHAMHAYECKHX CBOACTB BCHTHJBLHHIX npeoGpasoBatedaetl, KoM-
MYTHDPYEMEIX CeTbio, HauboJjee NoApolHO HCeCAeNOBAHHEIX AAH
NPHBOLA TOCTOSIHHOTO TOKa. PeBepcHBHLIA NpeoGpasoBaTedh
. IOCTOAHHOI® TOKa NPH HCHOOJb30OBAHHM CHCTEMBl HMIYJBCHO-
(dazoporo ynpasaenuss (CHOY) c onopro#t cunycougoit pac-
CMaTpUBaercss Kak TPONOPIHOHAJBLHEE YCHJIHTENL BXOXHOTO
CHrHala Ti0 HaupsixkeHwio. IIpW COBMECTHOM YNpaBJeHHH BeH-
. THNBHEIMM Komriaerrama HIIH #scnoabsyered B KavecTBe HE-
TOYHUKA HANPANKEHHH, PErYAHDPYEMOro 1o 4acTOTE ¥ aMNJIHTY-
ne [13]. B to xe Bpemsa HIITU npu coRmecTHOM yIpaB/ieHHH
BEHTHJILHBIMH KOMIJJEKTAMH CBOHCTBEHHH HEJIOCTATKH: HaJM-
YHe TOKOOrpPAaHWUHBAIOMIHX PEaKTOPOB M JAONOJHHTENbHAs 3a-
_ TPY3Ka BeHTHIeHl ypaBHHTENLHHM TOKOM; MOTEPH HANPSIKEHH:
,B TOKOOTPAHHUYMBAIOIIHX peaKkTOpax, 0COGEHHO IPH Tpefensb-
HEIX BEIXOJHHIX JacTOTax peobpasoBatesis; HENOJHOE HCIOJb-
3oBaHHe npeoGpasopaTens N0 RANpAKEHWIO K3-32a HeoGXoaH-
MOCTH OTP2HHYEHHS yIJla YIPaBJeHHA BEHTHASMH B BHUIDAMHU-
TEJbHOM perRHMe.
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Ykasannvle HEAOCTATKH KacaKTCA B OCHOBHOM HCIONL30BA-
HHS CHAOBOrO oSopynosanus, oHH orcyreteylor y HITU ¢ paa-
AC/IbHBIM YIpPABACHHEM, HO MOCJASAHHM B 3HAYHTEALHO BOJb-
Ulell CTeMeKu CBOHCTBEHHE! JIPYTHE HENOCTATKu, 0OyCI0BJIEH-
Hbi¢ HeHeaJIbHOCTLIO YIPaBISeMOro BEHTHABHOIO Ipecfpaso-
BaTe)id Kak YCHJHTeNd BXOAHOrO curHana. OHH CBI3apH
C OHCKPETHOCTBI MPONECCOB B BEHTHJALHOH CXeMe; BeHTHJILHH-
M1 CBORCTBAMH 3/EMEHTOB CXEMH, KOTOPHE B JOMOJHeHHe

oA F ok K ¥

Al

SIS

Puc. 4.8, Cxema HeTOCPEACTBEHHOND Npeo6PasCBATEN YACTOTH,

K IHCKPETHOCTH NPHBOAAT K U3MEHEHHWIO AMHAMMUECKHX Xa-
‘PAKTEPHCTHK lpeolpasoBaTeis B DeXHME HeNPEPHIBHOFO H
MPEPLIBHCTOTO TOKOB; HENOJHON YNPaBAREMOCTDIO BeHTHALHBIX
3JeMEHTOB. '
B npusoge mocTomHHOTO TOKA 5TH OCOGEHHOCTH NMPOABJS-
I0TCH, KAaK [PABHJIO, B TeX CHCTEMAX, Il CTpeMaATes ofecre-
_YHTL npeienpHoe GricTpopeficrsne. B HINY npn pabore Ha
-ABHTATEJILHYIO HATDY3KY OTMEUEHHBe AMHAMHUYECKHE 0coGeH-
'HOCTH NPOABJNIOTCH B YCTAROBHBIIEMCA PeXNMe TP Hempe-
PHBHOH 0Tpab0oTKe TapMOHHYECKOTO CHrHAJa yIpaBJieHus. Ha
puc. 4.8 nokasana cxema HITY mo Tpexcasnoii nysnesofi cxe-
Me, a JIBHTATENL Npefcrasiel B Buie 31C ¥ nocae oRATENBHO
BKJIIOUEHHOW HuAykTHBHOCTH X';. PaccMoTpum Baixogmoe Ha-
npaxenne HITY npu nozauve na Bxox CH®Y c¢ onopro#t chuy-
CO#/I0H TPeX rapMONHYecKHX cHrHanos. [Ipu Gonmpluom coor-
‘Howennu uactor muradug HITY n ynpaesenns nonyuaem ma
'BHIXOJ@ HaNPAKeHHe, BOCIPOH3BOAAILEE YIPaBAAIONHE CHC-
Ran. Ho yxe mpu cootnomennn vacror 1:5 noayunts Hlel-
THYHOCTb BBLIXOLHLIX HANPSKEHHH HEBO3MONKHO H3-32 JHUCKDET-
"Hocty mponeccos B HITY. [eficTutensno, 9To6m o6ecneunTh
JIOJHYI0 HAEHTHYHOCTh paloTH BEHTHILHHIX KOMILIEKTOB H
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HAGHTHYHOCTh BHXOJAHHIX HANPAXeHHR HEOGXOARMO, 4TOGH
BHIIOJIHANOCE chnefyiomee cooTholienue: -

fg_—.;fll(Qk—l—l) /1_1.7151 m=13
HJaH .
fa=h/k nna m=H6,

rae m—uuciao (as npeofpasomarens; fi—uacrora ceTH; fo—
BLIXOZHAA YACTOTA; k— HATYPAJbHHH paj YHced.

B ofmewm ciayuae COOTHOLIEHHS 4acToT f; U {2 B BLIXOAHOM
HalpsiKeHHH TPHCYTCTBYIOT OCHOBHAs TaPMOHHKAE, BHICUIHE H
cyGrapmouuku. Ho name npu fo=f/(2%811) BoaMoxHa He-
CHMMETDHA, CBA3AHHAA. YIKe C HeNOJHOH YyIpaBJfeMOCTEIO BEH-
taaefl B puckperdocThio HITY. Brixoz us pa6oTel BeHTHJALHO-
IO KOMIIJIEKTA OCYUIECTBAHETCH TOJABKO NIPR CIAJAHHM 10 HYJsS
TOKA HArpyskH, MPH 3TOM MOMEHT CNaja A0 HYJAd TOKaZ MOMKeT
OpPoH30fiTH HJM He Npou3ofiTH A0 MOMeHTa NMOCTYNJEHHS oue-
PeIHOr0 YHpAaBJAIINEro HMIYJAhca. B 3aBHCHMOCTH OT 3TOrO
nepekaoueHHe paboTawlIEX KOMIJIEKTOB OyIerT HeOoJHO3Hay-
HHM OTHOCHTEJbHO YNPAB/AIONIErO HANpsXKeHHs;, a paszbpoc
cocraBut (120fy/f1)°. Bo3HuKIIAA HECHMMETPHS, KaK IPAaBHJO,
(dHECHpyeTcs BeHTUJNbHOH cxeMoH. JlomycTuM, MepeKaOReHds
BEHTHJLHBIX KOMILIEKTOB B OJHOE (hase sarTaHyJoCh, 3TO NpH-
BEJET XK YMeHbUeHHID TOKa BCTYNHBIIErO B PAOOTY BEHTHJALHO-
ro xoMIJeKTa H ero Oojee CHCTPOMY chlaly; B PE€3yJbTaTe
NOJYTIEPHOAH TOKA GYAyT HEOZHHAKOBHIMH 10 NJAKTEALHOCTH H
aMnantyie: B cHcTeMe NPaKTHYeCKH OTCYTCTBYIOT AKTHBHEHIE
CONPOTHBJ/IEHHA, KOTOpPHE Crnoco6eTBOBanH OB JIHKBHIALHH
naHHOR HeCHMMMETPHH, NO3TOMY B HATPY30UHOM TOKE BOZMOXK-
Ha MOCTOSHHAR COCTaBJAKOLIad.

Takum oGpasoM, HIIY coszaeT necuMMeTpuIo B Bmxo;mom
HATPSMKEHHH, KOTOpas chenugHyecKy NposBIsfeTcs B caydgae
JABHMATEJILHOH Harpysxd. Bo-NepBLIX, BpAWAIONIMECH IBHTATE-
JU MepeMEeHHOro TOKa SBJSIOTCE HEJHReHHBIMH YCTPOBCTBAMH,
B ZAHHOM CJjyuae HeJHHeHHOCTb NMPOABJAAETCA B TOM, UTO Ta-
pamMeTph CXeMBl 3aMelleHHS AJA OCHOBHOH rapMOHHKH, BBIC-
IIHX H cyOrapMOHHK pasjnuHble. Jlas BHCIIMX H cyO6TapMOHHK
OHH N0 aMIJHTYAE HAMHOTO MCHBIIE, yeM AJS OCHOBHOH. DTO
NPHBOAHT K TOMY, 9T0 J106ast HeCHMMeETDPHA B HANPSKeHHH
CHJILHEE NPOABJAAETCa B TOKe, a pabora HIIY cymecrsedHo
-32BUCHUT OT TOKA.

BoO-BTOpHIX, BhICHIHE FapMOHMKM H cyOrapMOHHMKH TOKa
BHI3HBAIOT KOJe6aHHs MOMEHTa JABHraTens, a4 CyOrapMOHHRH
MOMEeHTa HPHBOIAT K KoJebaHuAM ckopocTH. IIpn kKonefanusx
CKOpPOCTH HAYHHAIOT MEHATLCA N0 aMmautyade H dase ID]JC,
HOKa3aHHEeE Ha pHC. 4.8, packaunBas cHCTEMY.
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[pakrtuka noareepauia, yro HITHY c pasaeasmem yupas-
JendeM HepaGorocnocof0eH Xak HCTOYHHMK HANPSMKEHHA npu
ApurateqbHOH Harpyske. Ilo-BHAMMOMY, CpPelCTBAMH aBTOMa-
THUECKOrO PeTYJAHPOBAHMS BO3MOMKHO ofecneuiTh padoTocio-
COGHOCTL CHCTeMH IpH HCHOJAb3oBaHMH HIIY B xauectse He-
TOUHHMKA HATIPAKECHUA.

B 10 ke BpeMs CpaBHHTEJLHO HpocTo ofecrneyHBaeTcs pa-
6ora HITY B pexxume ucTOUHHMKA TOoKa. Hanfomaee oueBMuHbil
H HCIOJb3yeMBIH crnocob NpHAAHHA HITY, aBaswimeMycsa ycH-
JIMTE]eM HalpsXKeHHS, CBOHCTB PEryJAHPYEMOrO HCTOUHHKA TO-
®a zaxaioyaerca B toM, 4yto HIIY Brawuaerca B 3aMKHYTYIO
CHCTEMY YIpaBJeHHs IPH COOTBeTCTBYIOUIEM GHCTPOLCHCTBUH
CHCTeMEl, 3aMBKAHYEM CHCTEMBI IO TOKY OGECleUHBAETCH He-
IpepLIBHOE peryJiHpoBaHHe YIJa YIpaBJIeHHs MO CHIHAJAY
OUHBKH TOK4, HeM MCK/IIOUATCH B 3HAUHTENLHON CTEOeHN
ykasauHwe HegoctaTkn HIIY, ceasannme ¢ HecumMetpueft
TOKA. :

4.4. AMHAMMWMECKME NPOUECCHE B TNMPEOSPAIOBATENAX MYACTOTHE

[lo cBoeMy GyHKHHOHZJBLHOMY HasHAUGHHIO B CHCTEMe V-
paBleHHda NpeofpazoBaTeNH YACTOTH ABJAIOTCA CHAOBHIMH
YCHAHTENAMH, OTPaGaTHBRICINKMH 3aJlaB4aeMBle CHTHAJAM YoI-
pasnenus. Jlns cunTesa peryJiSTOPOB 3JeKTPonpHBoAa HeoG-
X0JIMMO MATEMATHUECKOe QNUCAHUE TIpeoOpasoBaTels YacToTH,
KOTOPHE He Bceria MOXKHO NPeACTaBATH B BHJIE NIPOCTOrO yCH-
JATEALHOTO 3BeHa. BO3MOXKHE pasiHYHBE MOIXOAE TPH Ma-
TEeMAaTHYCCKOM OMMCAHHH NpeoOpasopatensi YacTOTHL:

1) nmeranpHoe paccMOTPeHHE IPOLECCOB B Ipeofpa3oBaTe-
AKX YACTOTH € y4YeToM AHCKPETHOCTH IPOLECCOB, 3JEKTPEYE-
CKHX XdDAKTEPHCTHK BEHTHJLHBIX HjeMEHTOB, HPOILECCOB B CH-
¢Teme (hopMHPOBAHHA YIPABJISIOUIHX HMIYJBCOB H yUeT B JH-
HAMH4eCKoH MOIear BCeX YKasaHHHX ocobeHHocted;

. 2) .pujgeseHHe HanboJslee CyLIECTBEHHBIX AMHAMHUECKHX Xa-
PAKTEPHCTHK NpeofpasoBaTelsi YaCTOTH H IPENCTABJEHHE €To
‘B BHIE COBOKYNHOCTH TMPOCTHIX, KaK NpPABHJI0, HENPEePHIBHLX,
THIOBHIX 3BEHBLEB.

"~ Bropas QopMa npeicTaslcHHS NpeoBpascBaTeas Y4CTOTH
HCTIONB3YETCS] IPH PACCMOTDEHHH BCeH CHCTEMDI 3JICKTPOMpH-
Bona, Koraa TpebyercA pewatb BOHPOCH NPHHUMNKAJILHOH
CTPYKTYPH CHCTeML yrpasnenus, Ilepshlil moixoi neobxonuM
HAA BuSCHEHHS TIPaHMI] NPHMEHHMOCTH UPOCTHZX (OPM OIHE-
calisd NpeobPasoBaHyA W ABJAETCA MPEAMETOM CHeNRaoHEX
siccaenoBaHM .

¢ B macrosmelt riase OyieM paccMaTpPHBATh AMHaMEYeCKHE
E?(apamepncmxn THPHCTOPHBIX npeo0pasoBarenell 4acToTHl,
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NPUGAHMEHHO OMHCHBAEMble HPOCTHIMH QYHKUHSAMH AAR CHH-
Te3a CHCTEM aBTOMATH3HPOBAFHHIX ajaekrponpuBofos. Haubo-
Jee ppocthM 1o omnucanuw seagerca HIIY. Ero, kax u pe-
BepCHBHEI npeofpasopartens NOCTOAHHOIO TOK&, NPH HCIOJMB-
‘soBanun CHDPY c onopHofl ¢rHycOHAOH MOMXKHQ PACCMAaTPH-
BaTh KaK NPONOPHHOHAALHBIH YCHAHTeNh BXOAHOTC CHIHEMa
0 HATPAMKEHUIO,

A4
—— v8 ® A .__/#_-_©
* .

L]

Lucmemy
ynpabnenin

" Puc. 49. CTpyKTypHAa® cXeMa S/eKTPOMPHBOLA C NBYXSBENHHM upeobpa-
30BaTEIeM YACTOTHL

Hepnocratxu npeo6pasosaTens YacTOTH KAK YCHIKTENLHOIG
3JeMEHTA JOCTATOYHO NOAPOGHO HccaenoBamul B [23, 24}, nx
y4eT NPHBOIKT B KOHEUHOM cyeTe K HeOOXOAMMOCTH OTFpaHu-
YeHHS ORICTPOAefICTBHA CHCTEMB YIPaBJeHHA. Tak, B cHCTeMe
ABTOMATHUECKOTQ PEryJHPOBAHHSA C npeoﬁpasoBaTeneM 4acro-
TH IO Tpex(dasHoH MOCTOBOH CXeMe, 3aMKHYTOH IO TOKY H Ha-
CTPOEHHOH N0 CHMMETPHUHOMY HJIH TEXHHUECKOMY ONTHMYMY,
HupeieabHas 1actota cpesa okoqe 300 1/c—400 /e,

CToab e OpocTo MOXeT OLiTh HNpeicTaB/ieHa XapaKkTepH-
cTHKa ylpaBJeHHd mpeofpasoBaTefeM YacTOTH Ha OCHOBE
aBTOHOMHHX HHBepTopoB ¢ IIMP BHXoaHOrO HanpAXKeHHs,
Apronomuui#t waeeprop ¢ HIMP moxxo paccMarpuBaTth Kak
HCTOUHHK TIEDEMEHHOro HaNpAKeHHUT, KOTOPOE pPEeryAHpyeTcs
N0 YaCTOTE, AMIAUTYE U 3HAKY NMyTeM VIpPaBJEHAT MOMEHTa-
MH BKJIIOYEHHA H AJHTEALHOCTHI0 PAafOTHl BEHTHNLHBIX KI0ued
HHBEpTOpA.

-Jdas HITY 1 npeoGpaaosaresis HA OCHOBE a2BTOHOMHOIO HH-
BepPTOpPa NDHHHUMAETCHA, YTO BRIXOJHOE HANpAMKeHHe ONpenes-
eTCAd TOJILKO CHTHAJOM YNPAaBJleHHA H He 3aBHCHT OT IpOLEC-
ca B Harpyake. HMHBIMK cnoBbiMH, O6paTHas CBH3b M0 TORY
HaTPYSKH B BHIXO[MHOM HAaNpAXKeHUH OTCYTCTBYET.

i npeobGpasoBaTedieli YacTOTHl ¢ ABTOHOMHBIMH HHBep-
TOPaMH TOKA H HampfXKeHHs NPH AMILIHTYZHOM YIpaBJAEHHH
BJIHSHKE HArPY3KH HA ELIXOZHLlE CHTHAMBI HpecOpaznnarens
YACTOTH! CYILECTBEHHO M JAO/IKHO YUHTHIBATBCA NPH CHHT23E
CHCTEMBl yNpapacHHA. Taxkike CYIIeCTBEHHOE BAMSAHHE H2 he-
‘pexoflable mporeccy B 3THX Npeobpasz0BaTe]saX YacTOTH OKa-
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S$HIBAIOT CHAOBHIE HMABLTPH B 3BEHE IOCTOAHHOIO TOKa, IJTH
ofcroaTenseTBa MPUBOAAT K TOMY, 4TO JBYX3BEHHLIE Npeo-
pasoBaTeqR YaCTOTH He MOGIYT paccMaTpPHBATLCH KAK NDOCTHE
YCHJIHTeILHEE 3BeHbs, 8 AJAA MaTEMaTHYECKOrO ONHCAHHA HX
K4K yODPAaB/AACMHX HCTOUHMKOB TOKA WJH HanpameHHd Tpely-
€TCA COBOKYMHOE HCC/EeROBAHHE BCEX COCTABANOIHX CHJIOBOH
CXeMbl H BHYTDEHHHX peryasropoB. CTPYKTYpHAS CXeMa 3JeK-
TPOTUPHBOLA ¢ ABYX3BEHHHM InpeobpasoBaTesJeM YACTOTHL IO-
Kasana Ha puc. 4.9.

CuioBas yacTh BEMIOUaeT B cefs: ynpaBaseMulil BbIIIpHMH-
Teqn ¥ B, cHa0BOH QuabTp @ B 3BeHE NOCTOAHHOID TOKA, @BTO-
HOMEGLA mHBeprop AM u asurarens AZ. JimHamuueckne xa-
PAKTEDHCTHKH VHPABJAAEMOTC BHIIDAMHTEJS TaKHe IKe, K4k .
HITY, B nepsoM mpubaHikeHHH €10 MOXHO NPEACTABHTH B BH-
e TPONCPIHOHAABHOrQ VCHJAHTENLHOro 3BeHa. B  KauecTse
SHIABTPOB HCHDJAL3YETCH Ka"rymxa HHIYETHBHOCTH L nan [-00-
pasnan LC-cxema.

YpaBHeHHs, YCTaHaBJIMBAIONIUe 3aBHCHMOCTh MeXny 06006-
IAIMHMH BeKTOPAMH TOKA H HaNpAXKEHHS ACHHXPOHHOTO
ABUraTensd, NmpHBedeHo B ra 2. Jlas nonHoro onMcanus mpo-
HeCCOB B CHJIOBOH cXeMe HeoOXOAMMO NPENCTABHTL aABTGHOM-
HBIH HHBEPTOP 3BEHOM 9JEKTPHUECKOH CHCTEMBI C UEMAME IIO-
.CTORHHOTO M NEPeMeHHOTQ TOKOB.

4.5, YPABHEHMR MOEARMIUPOBAHHLIX ﬂPEOﬁPABOBA‘I’EﬂEP’l
YACTOTHI -

© Ha puc, 4.10 nogasad ureanH3npOBaHHBIN Tpexdasuull mo-
‘¢TOBOA HHBepTOp. Hieanwsanus COCTOHT B MNPEXCTABJCHHU
‘geATHIeH kaouamu. [lodydyHad Tak Ha3wIBaeMBH BEHTHILHEIH
KOMMyTaTop, $asbl KOTOPOrD INepeKauaTed ¢ YIJIOBHM
capuroM 2z, a NMepHOoA TPOROLHMOCTH BEHTHJBRHOIQ ILIE€YA
{oaun xAwu) MoxKer JHITE B npedenax 2/zm—mn. Heofixogumo
YCTaHOBHTh COOTHOIIEHHS
MeXIY TOKAMH W Hanpaxe-
HHSMH Ha BXOJe M BhIXOIe
BEHTHABHOIO  KOMMYTATOPZ.
“Harpys}{y ‘mosaraeM CHMMeT-
puuHOf 1O tbazam (acuHXpoH-
i IBHraTeNb).

YpapHeHHA HCTOUHHKA Ha-
npsxkenua. IlpuausmaeM, 4TO
BpeMA BKIIOUEGHHOTO COUTOR-
ES ReNTHILHOTO MJeya DR

Ho zt. JTO 03HAYAET, UTO B pye, 4.10. Haeasusuponauseill BeH-
KAKABA MOMEHT BDEMEHH THABHEMA npeofpal’oBaTenb.
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3aMKRYTH TPH KMioua. B atom

X1 I
o ' tayuae  CylIlecrTByeT  OJHO-
g ' " 3HAyYHas 3aBHCHMOCTL MEKIY
A8 _ HanpsxkenueM mnpeolpasoBa-
Bt TEJsl Ha BXOAE Uy H Hanps-
MeHHAMH HA BHIXOAE U4, Us,
&,; H¢ BEHTHJBHOTO KOMMYTaTO-
- ] pa. JHonmycTHMm, 3aMEHYTH
& kmoun K1, K5, K6. Kawou K/
. ¥  npoaxJioyaer HArpysky K Io-
o _u_—*" “uF " MOKUTENBHOMY MOMOCY  HE-
g TOYHUKA NOCTOAHHOTO TOKA,
e, S W - waoyu K& u K6 — x oTpuna-
] B tTesibHoMy. Torfa dap==up,
s i L-—}—- H ] Upc==0, toa=—Un }1011}’-
¢ =5 T CTHM, 3aMKHYTH Kawoun K4,

K5 n K6. Harpyska ukasblBa-
Puc. 4.11. Koumyraunontuie $yHR-  ercy gagopoueHHoil uepea of-
IHE ABTOHOMYHOro HHBepTOpDA HA-

TpAeHAS, pHIATENBHYIO IIHHY HCTOYHH-

: . Ka H #as=#pc=Htca=0.

TIpn cHMMeTPHUHOM HArpyske Nepexof OT JuHefKblX Hanps-

WEeHRH K (a3HEM OCYIIECTSJAETCsl COTIACHO CAEAYIOIMUM CO-
OTHOILEHHAM: .

Hap— B,

CUdp= T m'/aun;
Spc= g ‘

Up—= —g——-—-—-—z —_ ’,’aun; ’ (4.5)
Ueoa—Upe ,

Ue=—= —--3— . — ‘/au".

[Ip4 AHOM COCTOSHHMH KJIO4UeH BEHTHJIBHONO KOMMYTaTOpa
3HaYeHHsl HANpPSKEHHH U4, Up, H#¢ OYAYT APYTHMH, HO OEH
MOryT OHThL HafiieHBl N0 HANPSIKEHWIO Uy ¥ Iuarpamme pato-
TH KoMMyTaTopa. Ha puc. 4.11 mokazansl anarpaMMa paGoThl
KAlouel KOMMYTATOPA M BLeMeHHBIe QYHKUHH, Ha KOTOpLIE
cnefyeT YMHOXKHTh HAlpSKEHUE Un, UTOObl B KaXIbI# MOMEHT
BpeMeHd ONPENCNHTh AHHERHBE H (Da3Hbe HaNpAKEHH

usp==ty@ap ty; ta==uLalt);
upc =1, @pc(t); up=u,Lplt}; } . (4.6
' uca=,®cilt); uc=uPe(l), :
rie {DAB(t)', Dre (f) y '(DCA (f) s LN (t) , Og (f), Q¢ (f) — onpeje-
JIleHHble (QYHKUMH BPEMeHH, CBA3anHLe ¢ IporpamMMoll paboTnt

KOMMYTaTopa; HX OPHHSTO HA3LBaTh KOMMYTAUHOHHEIMHK
DYHKIHAMHE.
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. Peayavtupyromui BEKTOD HANPSKEHHA HArpyskH NpH Co-
MEILCHHH BEINSCTBEHHOR OCH CHCTEMB! KOOPAHMHAT C OChIO (ha-
i A cormacHo {2.6):

= (1 G+ ') =
= ~§- L[4 () - a®s () - 2%c ()] %

Kommyraunonusie Qpyuxuun Oa(f), Op(t), De(f) npen-
Tapasior coboH npoekuun Ha ocu (a3 RArPY3KH BEKTOpa
: aMIIANTYRON %/5, Mepemelfalomerocs CKa4KOM Ha MJIOCKOCTH
a yron mf3 (cMm. § 2.2). VYumrmBas cootsomenus (2.10),
2.20), noaydaem: -

o
- T 2 1 w(Bm .
=@, (t) =u, 2 Tmp et (48)

m=—o

itech @ — vacTora, paBHas o=w/37, rae T -— BpeMms Mexuy
gBYMS TOCACAOBATEIbHHIMH COCTOAHHAMH BeHTHJIBHOIQ KOM-
iyTatopa.

HaaoBem @z (f) pesyJbTHPYIOIIEM BEKTOPOM KOMMYTAaIU-
ol GyHKUMH npeoGpasoBaTend, paboTaroulero B pexHMe
HCTOUHHKA HANDTKEHHHA., YCAOBHEM pexHMAa HCTOUHHKA Ha-
PAXKEHHA ABAAETCH NPOBOIHMOCTL KaXKIOrCo BeHTHJILHOTO
Jgeda B Teyenue 180° 3a meproX BEIXOJHOH CACTOTHL

- Tagam of6pa3oM, HaNpsXKeHHEe #x SBALETCH BIOJHE OIpe-
eaenHoll QyHkuuell BpeMeHH (NpH 3aNaHHEIX Uy M @), H
ABHCsLel OT HATPY3KH HA CTOPOHE IEPEMEHHOro Toka. B To
€ BpeMs TOK iy NPH 33JaHHOM &y ONpelenseTcs mapaMerpa-
{H Harpy3kd. BXOJHOH TOK BEHTHJILHOTO KOMMYTaTopa co-
JJIACHO JMarpaMMme KOMMYTATOpa DaBeH MIHOBEHHOMY 3Haye-
HI0 TOKa MOCJAEN0BATEIbHON (ash, HO TOK Harpyslm B UeJIOM
apaKTEPH3YETCS BEKTOPOM im.

' MareMatHYeCKyl0 3aBHCHMOCTb MEXNY TOKaMH ix H in
CTaHOBHM ¢ NOMOULbIO YpaBHeHHs §asaHca MOIIHOCTH HA BXO-
e ¥ BLIXOJE BEHTHJIBHOTO KOMMyTaTopa. B uieanusupoBaH-
HOM KOMMYTATOPE fIOTEPH OTCYTCTBYIOT, IIO3TOMY

by == - (). BCE)

Cxaaaproe npoussenenue (Ha-in) He 3aBHCHT OT CHCTEME
OODAHHAT, B KOTOPOH paccmarpnaammn BEKTOPHL B cucreme
00pAHHAT, BELIECTBEHHAS OCh KOTOPOH JKECTKO CBS3AHA C BeK-
hHpoM uﬁ, BE!KTOp iy paBed Dgln, a (#g-in)=0nliniss, rre
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ipg — NPOGKIHA BEKTOPA TOKA HA BEKTOP HAnpsKeHWs. B pe—
3yAbLTATE NOJyYaeM:

2
3

i=—-3-q)i

D= Bl = g (#.10)
~ Coornowenns (4.8) u (4.10) ABASOTCA yPABHEHHAMH BeH-
THJLHOTO KOMMYTATOpA B PEXHMe MCTOYHHKA HAMNPHKEHHA.
PaccmoTpuM npHEMep pacdeTa BXOAHOIO TOKA ip aBTOHOM-
HOTO WHBEPTOpa HanpsKeHHA B oblieM BhAe, 3agaHbl HANpH-
JKEHHE #y H De3yJbTHDPYIOMEH BeKTOP KOMMYTALHOHHORA dyHK-
uuu npeoGpasosarena My(f). Hanpskenne B BEMOABHXKHOH
‘CHCTEME KOOPAHHAT uUp=tnPu{f). Has onpeleneHHs TOKa iy
HeoOXONMMO peIUHTh cHcTeMy AuddepeHnuanbHEX ypaBHeHHI
Harpy3KH, KOTOPYIO YCJAOBHO 0603HauHM Yy

1=, ] =Y., [18, 0. (4.11)

ToK uHBepTOpa i B CHCTEME KOOPJAHHAT, JKECTKO CBS3aH-

HoW {In, paBeH: _
' Ua=1a®%n ({) /Qx,

rue CD*H(t) —- YHKIHA, conpsuKennas C Du(t).

BemecTBeHHan 4ACTE TOKA [y H GYAET BXOLHBIM TOKOM HH-
BepTOpa HaNpAKeHUs, T. €.

=2 ,Re { Lelly, [, 0]} =

= —Re {5 () Y, [u®, )} (4.12)

[Ipy mpaKTHYECKOM MOCTPOCHHH CHCTEM AaBTOMATHUECKOro
VipABJEHNA BO3HHKAaeT HeOoOXOAMMOCTB OTNpeleseHud aKTHB-
HOW H peaKTHBHOH COCTABJAAWLIMX TOKA iy B CHCTEMe KOOpIH-
HaT ¥y Paccmorpum nponspegenue iy@*q(f).

in==1, @y () = —‘-‘-(5,4 4 Gin-4-a%e) [D4 (1) -+ 205 (t)F-a®c ()=

% [ia®a (6) + is®5 (t) - ice (5] —
— i 757" 1ia®sc (£) -+ is®4 (£) — icPa (1)) (4.13)

Toxu ia, i, ic—2TO peajibHbe TOKH HArpPyskH, a KOMMY-
TalUOHHHE (QYHKLHY HECNOXKHO BOCIPOH3BOAATCH MO YUpas-
JHIOIWMM CHFHAMAM aBTOHOMHOTO HHBEPTOPA. YMHEOQKeHHe To-
Ka Ha CTYNeHYATYIO KOMMYTAUHOHHYI (YHKIHIO COOTBETCTBY-
9



I CTYNMEHUaTOMY H3MCHEHHIO aMIVIMTY[bl CHTHAJIa TOKa ¢ NO-
POLIDIO KIOUEBLIX 2JEMEHTOB.

Jns aHANMMTHYECKHX pacyeToB BBeaeM (oJee [IPOCTYIO IPH-
JIHKEHHYI0 POpMY ypaBHeHHA BEHTH/ILHOTO KOMMYTATOpPA, KO-
ppas OTpaxKaeT OCHOBHHEe OCOOEHHOCTH LAaHHOIO yCcTpoHCTSa.
'IpolueHHE 3AKIIOYAETCA B MCHOJL3OBAHHK TOMNBKO OCHOBHOH
apMOHHKH pasioxennsn o pag PypLe peasnHON KOMMYTAIH-
ol pynxunyu (cm. § 2.3). B aTtom cayuae

&, (1) = -’%- elot,

Bin B cunxpouHOM MacuiTaGe BpeMeHH

o, ()= -i—efmf. (4.14)

Pue. 4.12, CrpyxrypHoe mHpeicTaB- (s)
AEHHE TepeAaTOYHOH GyHxmxH aB- 0 7,
“TOHOMHOFO HHBePTOP2 HanpAMKeHHA.

in(s)

%Re)’(aw’w)-

Peaknueft aBTOHOMHOrO HHBEPTOPA HAMPSKEHHS KaK M-
“EHTa UeN¥ TOCTOSHHOTO TOKA ABNAETCH TOK im, KOTOPLIE CO-
pacHo (4.12) paBeH

I Re {QD YH [ul'l@i-l {t)]}
h.:m ¢ yueroM (4. 14)
fy=—- Re {ei*tY, [tne/}}. (4.15)

Iy

;. Jlas aunefinoit Harpysku HpH g==const JHHEHHOCTH CHCTE-

e

B HE Hapyulaercs, H ©oneparopHOe BLIpaXEHHE M4 TOKA in
AdBHO.

i

in (5) =2 L {Re [e=*1Y, (uei)]} =
= = Re{L[e~i"1Y, (e} = — Re {L [V, (e foms. ja ==

3-——Re{un(5 —I‘I S)}s;+fm:—Re{” (5)Y, (s -Ha)}

' I[lepemarounas (QyHKUHMA ABTOHOMHOFO HHBEPTOpa Rampa-
(SIS NIPH H3MEHEHHH HanmeeHHa Un paBHa'

i (s) )
e 1
=R Vs (4.16)
CTPYKTYpHOE TpEICTaBJEHHE 3BEHA CHCTEMH C nepeiaTou-
Efi dyaknuefi (4.16) nmoxasaHo na puc. 4.12,
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Ecan paccmartpuBaeTcs B XayecTBe HATDY3KH HHBEPTOPA
ACUHXPOHHBIA OBHraTefdb, TO B OOIEM caydae AHANHTAUECKHX
pacyeToB HCHOSB3YEM PAcUETHYIO0 CXeMy, NOKA3aHHYIO Ha DHC.
4.13. TNpr a=const nepesaToudas (QYHKIHS ACHHXPOHHOrO
ABHraTeJs YIpOLiaeTcsd; -COOTBETCTBYIONIAS CTPYKTYpHAS CXe-
Ma npyBeleHa Ha puc. 4.14.

AX l“

Uy + | & [vpasuenus | 214 |3 P
- e e
B8uzamesn R

g
1

Puc. 4.13. Crpyxtyphas cxema ¥HBEPTOPa HANPAKEHHS KAK 9AEMEHTA ne-
IH BOCTOAHHOTQ TOKA, )

g (s) 7 1| uy T in [ §1a0s)
] T > 1,/(s) = >

Puc 4.14. CrpyxrTyphas cXema HHBEDPTOPA HANpPANKEHHH.

VYpapuenus HCTOuHMKA TOKa. OnpefeauM COOTHOIIEHHS,
cipaBeiauBHe JJ5 BEHTHJIBHOTO KOMMYTATOpPa INPH MpPOBOAM-
mocTH kioueft B Teuenne 120°. Takoft pexum paborsl xapak-
TepeH AJs NnapaJjenabHOre aBTOHOMHOro HHBepTopa TOKa. [Ipu
YKa3aHHOM pelKHMe paBoThi BEHTHJALHOrO KOMMYTAaTOPa B KAXK-
ALl MOMEHT BpeMeHH NOCTOSHHBIH TOK NpOTeKaeT uepe3 ABe
$asp HArpy3KH, BeHTHJAH KOTOPHIX BRJIOYEHH, a TOK TpeTbel
$asu paBeH HyJi0. B 3TOM cayuae TOK Harpyskd OZHO3SHAYHO
CNpefe/AeTc TOKQOM inx H NpPOrpaMMof paboTH BeHTHABHOIO
KOMMyTaTopa, PasHbie TOKH 3anMChHBA€M B BHAE

_ iAmiu(I)a (1‘) y iB=inCDb (t) . ‘icminmc (t) . (4. 1 7)

Ha puc. 4.15 nokasasa anarpaMma pa6oTh Kaioyelh KOM-
MyTaToOpa W KoMMyTauuonHuie $yHKIuE Dy (), Dp(f), Ve (f).
PeayapTupyiOIIKA BEKTOp TOKA HATPY3KH NPH COBMELICHHH Be-
{IIeCTBEHHOA OCH CHCTEMBI KOOPHMEAT ¢ ocbio tasm A

T 2, - -
= (a4 ala-t i) =— 1o [@, (1) +- 39, () 4 a*Pc ()],
4.18)
Pa3nsie KOMMYTALHOHHbEE (DYHKIHH ABAAITCA MPOEKIHA-

MH Ha-ocH bas Harpyskd BeKTOpa ¢ aMmanTymoli 2/} 3. Bek-
TOP nMepeMellaercsd CKAYKOM HA IVIOCKOCTH Ha ni/3 {cM. § 2.2).

96 -



YuntniBan coorromeHus (4.18), noayuaem:
;

¥ o

3 T 3 2 . 1 o

W=k ="k )] et (419
M=-=00

rae Oz (¢)—peayabTUPYIOIHA BEKTOP KOMMYTALHOHHON (yHK-
LHH KOMMYTATOpA B PeKUME MCTOYHHKA TOKA.
- Hrak Bexrtop i. aBasiercs s !
{BliofiHe onpelenenHoft Gymk- X1 ]
neft ppemens (upw sapan- X
tRIX [ M W), He 3aBHCALlefi P
DT HarPy3K{ Ha CTOpPOHE fie- s
eMeHsoro Toxka. Hanpamxe- KE
Me @in UPH 3aJaHHOM Iy 4
prpenensercs Harpy3koii. A8
anpsAmeHie Ha BXofe KOM-
YyTaToOpa iy paBHO JUHeHHO- gs i
Y HanpameH#lo AByx ¢as,
OJK/IWUAeMEIX B  COCTBET-
TBHH ¢ JHarpaMMoil pafoThi
KOMMYTATOpP2 K BBIBOAAM NO-
onkHOrO ToKa, Boree obutas L1 415 Mnarpaua patoru ner
dBHCHMOCTD MEXAY HANPA-  Hye GYHKUMH HASATHIHPOBAHHOIO
IEeHHAME U; W #x YCT4HaB- HCTOUHHKA TOKA.
HBAETCA C INOMOilLK ypaB-
eHust Oa/laHCa MOINHOCTH Ha BXONE H BHIXOAE BENTHALHOIO
ommyratopa (cum. 4.9). B cucreMe KoopAHHAT, BelecTseH-
Hasik OChb  KOTOPOH  JKeCTKO  CBisaHa ¢ BEKTOPOM

- 2 . - = . 2
=Yg e @ (e d) = hiha == Lihy. DA thng — pOCK-

Log

Hf BEKTOPA HANPHMKEHHS Ha BEUIECTBEHHYIO 0Chb (BEKTOD TO-
a}. Hanpsxenne na Bxoze Kommyratopa

3 3 2 3
Uy == = Dty == 7V Y™ V 34y {4.20)

Cootnowenuss (4.19) u (4.20) sABAMOTCS ypaBHEHUSMH
peoGpa3oBaTena YacTOTH B PeXXKHME HCTOUHHXE TOKA.

Hna onpeieneHus HANpMMKEHHS Ux N0 3a1aHHOMY TOKY Ty
HEOOXONMMO PelluTh CHCTeMY AH(ihepeHnAatbHEIX ypaBHEHH
HarpysxH. DTy CHCTEMY YCJIOBHO oBo3HauzeM Zg.

Zu=Zu [{a]=Zx [ix® (£) ]. (4.21)
Hanpaxenue &y B cHCTeMe KOOPAHHAT, ECTKO CBASAHHON
€ Ta, PaBHO:

[

E,u=ﬁ]’6*q- (t) /(I]T.
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CTBEHHAN CTh ' n,
BeillecTBenHas YacTh HANPAXKEHUA & MHOMEHHad Ha

-g—tIJTz V'3, u Gymer cornacuo (4.20) BXOAHEIM HaIpsKeHH-
eM HHBepPTOpa TOKA

=30 Re{ T2 7, 113, 1]} =

= = Re {;(t) Z, [4,3; 0. (4.22)

Jdna mpakTHYeCKOro Onpe/ieIeHNHs] AKTHBHOH H peaKTHBHOﬁ
COCTAB/AIOUIHX HANPR:KEHHS Uy B CHCTEME KOOPIMHAT iy pac-
CMOTPHM nponaaeﬂeﬂne 7u®*x (t) (amagorwunas byuxuus on-
peneasaace B § 2.3):

70— 0= - ot g )
X = [0, (- 2%, (1) + @9, ()] =
= % [, (1) -+ 12,0, )+ 1D, ()] —
— e 02 O F 520 ) — 42 O, (423)

30€Ch Ua, Up, Uc— peajbHble HANPAXKEHHS Ha BHIBOZAX Iepe-
MEHHOTQ TOKA4.

KomMyTaunoHHBHE YHKIHH MOTYT OBITE BOCIPOHSBEJEHH
JIOTHYECKH 1O nmporpaMme paGOTH BEHTH/ILHOrO KOMMYTATOpA.
Dopmyna (4.23) nokasbiBaer, KAK NPAaKTHYECKH MOXHO onpe-
JNeNHTh COCTABISIOINNE HANPANKEHHA 'y, 4 TAKMKe .

[Tpn anaaMTHUECKOM HCCJEZOBAHHM NPOILECCOB B CHCTEMe
¢ HHBePTOPOM TOKA YIpOIIaeM BblpaKeHHe Pe3yJbTHPYIOLEro
BEKTOpa KOMMYTAUHOHHOH GYHKUMM HHBEPTOpPA TOK4, BhIE-
J1As TOJbKO OCHOBHYIO TapMOHHKY. B aToM cayuae

T, ()= % V Belat, (4.24)

Peaguuell ABTOHOMHOIC HHBEPTOpA TOKA KAK 3JEMEHTA le-
Ii NMOCTOAHHOIO TOKA fBJAETCH HANpHKEHHE iy, KOTOPOE COo-
raacHo (4.22), paBHo:

=2 V3R ez, [-i- V'3"inef”]}.



Ilas avnelinof narpyssy MpH g=const moayuaem crienyto-
mee onuepartopHOe BhpaNKenue JNS HaNpAMeHH:A:

18 ,
t, (8) = — i,(s) Re {Z (s ja)} (4.29)
B MepefaTOUHYIO tbynxumo ABTOHOMHOI'O HHBEPTOPa TOKa
48— 1B Re{z,(s+ ja)}. 4.26)

£p(s)
CTpyKTypHOE MPEJACTABACHEE COOTBETCTBYIOEro 3BeHa CH-
pTEMDLI TTOKa3alo Ha puc. 4.16.

_Pm:. 4.16. CTpyKTYpHOe mpejcTanie- iy (s)
upe TepedaTouHOft HYNKHHH aBTOHOM- n
HOTO HHBEPTOpa TOKA.

| als,
78 relyfor)] |41

Ecnu narpyskoii #rBepropa sisifercs acHHXPONHBIA [IBHra-
relih, TO B o0lleM caydae CTPYKTYDHAS CXEMa CHCTEMBI, [pel-
FTaBJlFIIOLU,EH HHBEDTOD KaK 3BEHG NOCTOAHHOIC TOKA, MOKA34a-
Ha Ha phuc. 4.17.

loc
: [—— T YpalBrenue u u
tn 3, L dBuzamens 14 —'23: P L
| | 8 cucmeme T4

Pac. 4.17. Crpyxrypras cxema HHBEpTOpa TOKA KAk 3JeMeHTa LelH Mo-
CTOAHHOFO TOKA.

iafs)

infs) p i1 ; , uw | g
n .) . _é_vg el () + 35Ty }EVE

Puc. 4.18. CrpykrypHas cxeMa HHBepTOpa TOKA.

[lpu e=const n JguHeapu3zamuu B MaJjoM ypaBHeHHH ABH-
rate/is CTPYKTypHag cxeMma pHc. 4.17 npeofpasyercsi B CTPyK-
IYpHYIO cxemy prc. 4.18.

4.6. NPOLECCH B LLENAX C PEANbHbIMM WHBEPTOPAMM

. B § 4.5 6o ycramopaeHo, 4To npH paboTe ABYX MJeY
yipeoGpasoBaTe/s 4ACTOTLL AJUSI HEro CUPaBeAJHBbl yDaBHEHHA
BCTOYHHKA TOKA, IPH BKJKUYEHHH TPeX IJIeY — ypaBHEHHAs HC-
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TOUHHKA HamnpaxeHus. [la npakTHKe AJs aBTOHOMHLIX HHBEp-
TOPOB HANpsIXKeHHs YCJIOBHe OJHOBpeMeHHOH paloTel Tpex
BEHTH/BHHX IIJIed, KaK NPAaBH/o, BHIoAHAeTcd, JIaa aBTOHOM-
HEIX HHBEDTOPOB TOKA XaPaKTePHO HaJHMYHE PexHMOB paborw
ABYX ¥ Tpex BeHTHJeH, nocjaeanufi pexum HabawoJaerca BO
BpeMs KOMMYyT&LHH TOKa B (hazax Rarpysku. Jnsi aBTOHOM-
HOTO HHBEPTOpA TOKA C OTCEKALIMMH AHOJAMH IPH HCCIEAC-
BAHHH KOMMYTallHH TOKa B ()a3ax HArpyskH B KauecTBe BeHTH-
neil HeoOXOAHMO PACCMATPHBATL OTCEKAIOUIHE HHOMHL.

B neproa kOMMyTallHH hJs1 ABTOHOMHOTO HHBEPTOpa TOKA
COpaBELJAHBLL ypaBHeHHs WHBepTopa HanpamxeHHd. OnHako
OHH MOryT GBITb MCNOJbH30BAHLI TOJLKO NPH pacuere Ha DBM
npoueccos [18]. Haa anaguTHYeCKHX, OCOOEHHO KaueCTBeH-
HBEIX, pacuyeroB OHH GecnonesHwl. JlelcTBHTeNLHO, HAM H3BeCT-
HO He HaNpgXeHHEe Ug, 4 TOK iy, KOTOPHIH 6jarofaps peakTo-
py GuasTpa NOALEpKHBAETCH NOCTOAHHLIM, H PaccCHIHTHIBATL
Apoilecchl B HArpyske H DEAaKIHI0 HHBEPTOpa, KaK aJaeMeHTa
[ENM [TOCTOSTHHOTO TOKa C/e1yeT, HCXOLS M3 TOro, 4T0 3alaH
BXOAHOH TOK HHBEPTODA.

Ofo3HauuM TOKU HArPYSKH {4, ig, ic. PopMa tbasnoro TOKa
COOTBETCTHYET, HanpHmep, nokKa3asrofl Ha puc. 4.3. Bsenem
IIOHATHE KOMMYTAmHOHHBIX QyHKIHA: @4(t)=iafin, Vc(f)=
==ic/in, DVp(¢)==ilp/in. B OTAHUME OT BBEJEHHHX paHee KOMMY-
TaUHOHHBIX (DYHKIHH 3TH KOMMYTAUHOHHBEE (YHKUHN onpele-
JISIOTCA He TOJALKO AHArpaMMOH YIpAaBIeHUA BEHTHJAIMH KOM-
MYTATOPA, HO H PEAJbHbIMHM IPONECCAMH B CHCTEME HHBCD-
TOP—HArPy3Ka, NOSTOMY OHH HE SABJASIOTCH Hartepef 3aTaHHH-
MH GyHKUuaMH BpeMenH. Ho xoJp CKOPO HenoabsyeTcs NOHS-
THe KOMMYTAUHOHHOH! (VHKIHH, TO B cOOTBeTcTBHH ¢ (4.18)
Peakuuio HHBepTOpa (HANPAKEHHE Uy) MOXHO ONPEeAIHTL TO
(4.20) u (4.23):

iy == = Oty =0, 0 () -, 0y () - uple (). (4.27)

Janbuefiliee mpaxkTHUecKoe npeoGpasoBalie KOMMYTAallH-
OHHEIX OYHKIHA CBOANTCA K BEIASJCHHIO OCHORHOR TapMOHHKH.
Tlpumep peanbHON KOMMYTAUMOHHOH (YHKUHH ABTOHOMHOIO
HHBEpTOpa TOKa TmokaszaH Ha puc. 4.3. OHa npeacTaBaser ¢o-
Goft ydacTOK ENHHHYHOH aMIVIUTYABl MJMTENBHOCTBIO 2fgn—v
M JBa KOMMYTAlUOHHbIX YIacTKa AJHTENBHOCTEIO ¥, PeanbHasn
tdbopMa KOMMyTAmHOHHOro yuacTKa 3aMeHANachk TPEYroJAbHOM
IJAHTENBLHOCTRIC 2/3y. Boofille, MpH oOlpeleseHHH OCHOBHOH
FAPMOHHMKH KOMMYTAUHOHHOH (PYHKLUHH BCErja MOXKHO HaHTH
SNIPOKCHMHPYIOIUA YYACTOK KOMMYTALHMH — NPAMOYTOJbHbIH
TPEYTOALHAK AJHTEJLHOCTHIO He GoJgee 5i/3, NpH 3TOM KOMMY-
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TauHOHHaf QYHKUHS Hpexcrasisier coboil tpanennio. OcHOB-
Has rapMOHHKA HpPH PA3IOKeHWH B PAJ TpanededfabHol ne-
pHOIHYecKOH PYHKUHH DaBHAa:

o, =1,y 52 (4.28)
/2
rie y— AAHTEJNLHOCThL AaNNPOKCHMHDYIOIET0 KOMMYTALlHOHHO-

ro y4acTka.
Tipu mamenenun y ot 0 po n/3 spauenue Oy AeKHT B Lpe-

nesax 3-—]/3'— —2—V§-0,955. D10 MOKA3HBAET, UTO BIHNHHC
. T kL

KOMMYTAIHOHHOTC Y4ACTKAa HAa OCHOBHYIO I'apMOHHMKY KOMMY-
TAUMOHHOH (GYHKIHU HECYILECTBEHHO, II03TOMY [IPAKTHYECKH
3HaUEHHEe Uy, HE3ABHCHMO OT AJHTEJbHOCTH palboTel KioueH

3 Py
KOMMYTaTOpa, ONDEAEISeTcs COOTHOIIEHHeM iy, — — V Sit,q.
H ki3

;l'lpu 3TOM OOHAPYKHBAeTCA HECOOTBETCTBHE H3JMOXKEHHOMY
B § 4.5, B xoTopoM OnlI0 NOKa3aHO, YTO IPU TPOBOAHMOCTH
KJIOUeH KOMMYTaTopa B TeueHHe n (B IaHHOM CJAyyae TpH
w=m/3) KoMMyTaTop pafoTaer B peXHMe HCTOUHHKA HANpPS-
JKEeHWS, NPH KOTOPOM CYILECTBYET ONHO3HAUHAS 3ABHCHMOCTL
MEX Yy HANPSKEHHSMH Ha BXOJe H BHIXole Kommyraropa. Of-
‘Hako cnpasefausn ofa yreepxienus. Hejo B ToM, 4TO BCay-
yae 33JAHHA BXOLHOTO TOKA iy HANpAMKeHHe Hg HE ABAAETCS
He3aBHCHMOH NepeMeHHOH, OHO ONpeleNdeTcs HArpyskoH Ha
CTOPOHE TIECPEMEHHOTO TOKA IIpeolpasosartesd.

Hanpamep, npu {=m=/3 cnpapefmussl cAefyIOUME COOTHO-

) 2 3 Y . .
IIeHRA: U, —=— t, H ty=-—7 3k, g, OTKYJAA CJ¢AyeT, 4o B
™ k11
6V§
9TOM PeIKHME U, ==—5— U4, 3UeCh u, — OCHOBHAs TAPMOHHKA

HalpsiKeHHd Ha BHBOLAX NePeMEHHOTO TOKA KOMMYTATOPA.

B peaysawrare nmoayuuaH, 9TO AN peadahHOrO KOMMyTaropa
pexnM paGoTe (HCTOUHMK HANPAXKEHHSA HIH TOKA) H COOT-
BETCTBEHHO YypaBHEHHA npecGpascBaTens ONpeledsIoTca pe-
KHMOM 3aJaHHA BXOAHOH BeJHYHHB (HANPAMKEHHA Uy WIH TO-
Ka i) H CBA3aHHEIM C 3THM XapakTePOM CHJOBOrO (HJILTDA
B 3BeHe NOCTOSIHHOTO ToKa. JJuTepHOCTL 3aMKHYTOrO COCTON-
HES KJloUefl He SIBJISIETCA Olpexenstomefl.

TakuM ofipazoM, yeTpoHRCTBA NPHAYIHTENLHAOR KOMMYTalHH
ABRTOHOMHOI® HHBEPTOpPA TOKA HE BAHAIOT HA OCHOBHEIC COOT-
HOIIEHHA, XAPAKTCPH3YIOUHE MPOUECCH. B cucTeMe. lmeercs
B BHAY DexHM palGoTH, NPH KOTOPOM aHOMajbHEE KOMMYyTa-
Uuonnbie IPOIECCH, PaccMOTpennbe B § 4.1, He npoABAAIOTCA.
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Jag nocTpoenus NPAKTHISCKHX CHCTEM YNPABACHHS C Pealb-
HLIMH aBTOHOMHBIMH HHEEPTOpAMH BaXKHO YMeTh BLIIEJATD
KOMMYTalHOHHYI (DYHKIHID MHBEPTOPA, KOTOpas yXkKe He Mo-
HKeT OUpejensaThed 1O airopuTMaM YNPaBJeHHdA, TaK Kak He
CBSI3AHA 3KOCTKO ¢ YNPABJIAKIIHMHE HMOYJALCAMH,

Ha ocHOBaHHH M3J0KeHHOTO MATEPHANA Npe/JIAraeTcs ce-
AVIOIHE NOpALOK OHpE’,?lEJIEHHH KOMMYTAUHOHHOH (YyHKIHU
(cuM. puc. 4.3,a, 6):

1) xommyTannonHas QyHKUHS NMpeAcTaBiadercs B BHIe NpH-
MOYTOJLHHKOB eJMHUYHON aMIINTYAR AJHTENLHOCTRIO 2/am;

2) ¢poHT KOMMYTAUMOHHOH (PYHKIEM OmMpenefsercs B Mo-
MEHT paBerncTBa TOKa (assl NOJOBHHHOMY 3HAYEHHIO TOKA i

Janunit criocof onpejeneHds KOMMYTAalKOHHOA (YHKIIHH
YUHTHBAeT BPeMeHHHH CABHr KOMMYTAIH#A TOKa B (pazax IBH-
ratesis OTHOCHTEJILHO YIPaBJIAINNX HMIOyJaLcos (f-2/sfa)
B Pe3yibTaTe (PYHKUHOHHPOBAHHA YCTPOHCTBA NPHHVIHTEIb-
HOH KOMMYTAIlHH,

Ho He Toabko B 5TOM NpOABAAeTCA OTJUYHE PeanbHOro HH-
BepTopa TOKa OT WAeaJu3npoBanHoro. KomaeHcatopn yeTpof-
CTB3d NPHHYAUTEALHOH KOMMYTAUUH HBJASIOTCA HAKONUTEAAMH
SHEPIUH #, CAef0BaTeNRHO, AOJMKHL YUMTHIBATHCH B JIHHAMH-
YecKHX pexuMax. YdacTie KOHECHCATOPOB B IEPeX0JHOM TPo-
Hecce MOMKHO TPEICTABHThL CACAYOEM o0paszoM. B MexkoMm-
MYTAUHOHHLI MePHOA TOK in NPOTEKART NO IENH TOCTOSHHOTO
TOKA H ABYyM MOCJCACEATEILHO BKIOUEHHWM (ha3aM HArPY3KH.
B nepros KOMMYTAUHH B LENL NOCJAELOBATEALHO BKJAYAETCHA
Garapess KOHIEHCATOPOB C HANDAMNEHMEM Uomgx, OaTApes Ie-
peaapsikaeTcsl ¥ BHIXOANT U3 paGOTH ¢ HANDPAKEHHEM, ONpese-
JasevuiM o popmyne (4.1), B xKoropylo Heo$XOAHMO NOACTA-
BHThL TeKYLIHe 3HAUEHHS €; M [p. PaccmaTpuBasi nepexoiHbie
mpoleces, BpeM# KOTOPHIX SoAnlle TepHodd KOMMYTaLHH,
MQIKHO CUHTATL TOK ip H DC e nenaMeHHnMH BO BpeMs KOM-
MYTAaLHH, NDH 3TOM 3Heprusa darapelt KOHAeHCATOPOB TPH BHI-
xojae Oarapen u3 paboTLl ABAAETCH (GYHKIMEH TeKyIIero - co-
CTOSIHHA CHCTEMBI.

Takum obpazoM, ¢ INEPreTHYECKOH TOUKH 3DEHIx YUACTHE
KoHJeHecaTopos B paboTe cHCTeMBl 34KJIOUAETCS B TOM, UTO
B OnpeiefeHlible MOMEHTH BPeMeHH, OTCToAllue APYr OT ApY-
ra Ha %/3(n/w), Garapes KOMAEHCATOPOB BKAUACTCH MTOCAER0-
BATEJILHO B UENHL K ofmednBaetcs ¢ Hell suepruell Takum 06-
pasoM, UTO 3UeprHs fartapeH HPHBOAHTCA B -COOTBETCTBHE
€ TeKYUIHM COCTOANLEM CHCTEMLI BO BPeMH BRJOUexys, Kom-
MYTHDYIOLHEe KOHIEHCATODH aHOAHOH M KaTomHo#f rpynm pa-
60T4I0T AHANOCHTHO € BPEeMEHHBIM CABHFOM n/3m. Tax Kax
B TeYeHHe MepeX0JHOTO HPOIEcca HUMEeeT MECTO MHOTOKPATHOE
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HCJIO KOMMYTalK#, AHCKPETHOCTRIO NIPOLECCoR NpeHelperaeM,
SHEPTHI0 KOMMYTHDYIOUIUX KOHIEHCATODOB CYMTAEM Hempe-
)BBHOK (PYHKIHER COCTOSHHS CHCTeMbl. JHEPIHS KOMMYTHDY-
IHX KOHJCHCATOPOB B MeKKOMMY TRUHOHHENL TIepHOA PaBHa
=2Ct2cmax. Boipaende 1as ABAraTe.ILHOM HATPY3KH ompe-

emqu ne (4.1), samenda ]/692 §in ¢, BHpaKeHHEM VSezq,‘
Ie €94~ TIPOEKIHsI BEKTOPA 3 HA MHHMYIO OChH B CHCTEME KO-
paunar i;. MsmeHenue sHepruu KOMMYyTULYIOLIHX KOHjJeHca-
‘ropos NpH MepexoAHLIX NPOUeccax YUMTHIBAeM BBEIEHHEM NpO-

THRO-DJIC Ha BHIBOAAX MOCTOAHHOIO TOKA HHBEDPTOPRA Ucn!
1 dW

. . Bemax dquﬂx
b=y g =4C—— —

. N 4){' 29 dig
= 4C (V3 T‘F‘ + )U/(% mu) l/ 300“0 ) % -

m40(2 e»q+/§t’)’i’)(6 d:iz!f! - V;fﬂ_,é_)(;l_?. (429)

~ Ilo ¢opme sanucu (4.29) KOMMYTHPYIOLIHE KOHAEHCATOPE!
3aMeHsieM 3SKBHBaJeHTHOH KaTyluKofi HHAYKTHBHOCTH, HHAYK-
THEHOCTb KOTOPOH B COOTBETCTBHM ¢ (4.29)

o 6 f)zq X\ [ 6 dey 9 X7
L‘-‘“"w(x -2 3w“c)(‘?r T +2 FonC

. B aBeHe nocroggHoro Toka TpeolpazoBarens YacTOTH C aB-
TOHOMHEIM HHBEPTOPOM TOKA COAEPHKHUTCH CIVIAXKHBAKIIHHA pe-
AKTOp, MHAYKTHBHOCTL KOTOPOTO Goabie MKy KTHBHOCTH Le.
TlosToMy HajHuMe YCTPOHCTE NPHHYAHTEALHOH KOMMYTALHH
ABTOHOMHOrO HHBEPTOpPa TOKAa He BHI3LIBACT ocobeHHOCTEH
=13 HPOTEKE{HHH HepeXO,ﬂ}-Il:IX HpOLlECCOB.

Fnaea nartas

CTPYKTYPHBIE CXEMbl HACTOTHO-YTNPABNAEMbIX
2NEKTPONPFMBO R OB

5.1. KNACCHDHKALMA CUCTEM MACTOTHOIO YMFABNEHMA
ACHHXPOHHEIM [JABUFATEJIEM

3apavell »JeKTpPONpHBOAA SABJAACTCA yNpaBJeHde MeXaHH-
YeCKHM JBHKeHHeM. MoMeHT — 3T0 ocHoBomosarawuufi napa-
MeTp MeXaHHYECKOTo ABHIKeHHSA, ONpelesiOlHl yCKOPEeHHe,,
CKODOCTh, NOJIOXeHHe o0bekTa peryjuposanus. Cpeau pas-
JIMUHBIX BO3MOXHBIX NPHHIHIOB KJAcCHOHKAUHH aBTOMaTH3H-
POBAHHEIX ACHHXPOHHHIX 3JEKTPONPHBOAOB GyAeT OPHHAT TOT,

103



KOTODBIH XapaKTepH3yeT OCOGEHHOCTH YNPaBJEHHS MOMEHTOM
acHHXPOHHOrO [BHraTess ¢ NOMOULpI0 Npeobpasosareneidl ya-
CTOTHL.

MoMeRT n1000ro THNA JSKTPHYECKCH MALIHHBEI BO3HHKAET
B pe3ysibTaTe B3aHMOACHCTBHS OOMOTKH, OOTEKaeMOH TOKOM,
¢ TIOJHBEIM TOTOKOM, CBASAHHHM c JanHoil oOmoTkoiM. Hasa
ACHHXDOHHOTO JBMrate/s GHJI HOAYYeH PN BHPAKEHHH AJ1
MOMEHTa, W3 KOTOPBIX JAJf NOCJAeAYIOLIer0 PACCMOTPEHHS CY-
LECCTBEHHBIMY HBJAAIOTCH CieAyloliHe nBa BBIDAMKEHHS:

p= —i“— [T, 0 p==|T, X7
2

MoMeHT onpejensercd B PaBHOH cTeneHH IOTOKOM M TO-
koM. OnHako B NOLABASWONEM OGJbLIIHHCTBE CAYyYaeB PeryJiH-
pPyeMBIX IPHBOAOB IpH M000M THIE ABHraTead YIpaBJeHHe
MOMEHTOM OcylilecTBaseTcs ToKoM. [loTok kak Bojiee HHeplH-
OHHYIO BeJIHUHHY, OTPaHUYEHHYIO CBePXY VCJOBHAMH HACHIILE-
HHA MArHHTHOf CHCTeMEl, B HpoLecce paboThl NOAJEPHHBAIOT
HEH3MCHHBIM HJIH H3MEHSIOT [I0 CPABHEHHIO C TOKOM B 3HAUYH-
TeJqpHO GoNee y3KHX HIpefenax, NpuYeM He RJIA peryjaHpoBa-
HHA MOMEHTZ, 4 AJIA YJAyUIIeHHS WCIOJB30BAHHA CUJIOBOTO
obopyloBanis npHBoja (aopurareqas u npeobpasosartend).
B asromMarHsHpoBaHHOM HPHBOJAE MNOCTOAHHOI'C TOKAa YIpaBJe-
HHe 3J1eKTDOMATHHTHLIMH IpoHeccaMH B ABHraTele OCYIIeCT-
BJfeTCA ABYMS CHCTEMAaMH: NIOTOKA H TOKA HKOpA., JTO Ke
OTHOCHTCH H K 4CHHXDOHHOMY 3JEKTPONPHBOAY.

B kadecTBe nepBoro KaacCH(PHKANMOHHOTO NPH3HAKA CH-
CTeM YACTOTHOIO YNPABJAEHHS ACHHXPOHHLIM IBHTATeNeM Bbl-
AeJiaM noTorocuennedde Wy uan Wy IlotokoclenneHue moxer
NOAePKHBATECA HNOCTGAHHEIM HJIH PeryJupoBaThed. YIpasie-
HHE TOTOKOCcUem)ieEneM W', BGasHpyeTcs Ha CJAEAVIOUIHX COOT-
HomeHHsX [(cM. (2.49)]:

pW =t 1a—inar;
ot Wi=t1g—l11gM1-

H3 panHBX QopMmys BHTEKAeT ycaoBHe: NPH i€y yoao-
BHIO Wi==comst COOTBETCTBYET HPOIMOPUUOHATLHOE H3MEHEHHE
AMIJIHTYAbl HANPAXKEHHS H YACTOTH.

Ynpasjenue noTokocUuemieHneM Yy OnI0 paccMOTpeHO
B § 3.1. AMDauTYZa NOTOKOCUEILIEHHS POTOpPa ONpejessaeTcd
npoekuuell Toka cTaTopa Ha BeLIECTBEHHYK: OCb B CHCTEME KO-
opauHat ¥s. YcaoBuio Yr—=const cooTBercTBYeT [jgg==const.
Kposme toro, npu We=const 2JC, uanykrupyemas B o6MOTKe
craropa MOTOKOM POTOpA, NPONOPIHOHAMLHA YacTOTe

X
€y = ""X"'g" “a:wa'
2
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Tlp¥ pelucHuM 3a7aYM yNPapieHHA MOMEHTOM ABHTATENS
TIOTOKOCHENJeHAe paccMaTpHBaeTcs KaKk 3ajaHHAas BeXHYHHA,
a4 MOMEIT peryJHpyercsd H3MeHeHHeM IPOEKLUHH TOKa CTaTopa
Ha MHHMYIO OCh B CHCTEMe KOODIHHAT, COOTBETCTBYIOWCH Hpu-
HsiTOMY moTokocuemaeniw W uan Wy, YrasaunHoe ynpaBaeHHe
TOKOM CTATOPa OCYLHECTBJAASTCS HSMeHeHHeM CKOJbXEeHHA,
ChnenopaTeqbHO, MapaMeTpoM VIPaBAEHAST MOMEHTOM acHH-
XPOHHOTO JIBHratTens BHICTYIIAET CKOJbKEHHE,

C
N i?'fq —i

tos B £y fs) o 2
g {1.)

i

- e

% 8) &

: Fs) pbeea] X |
3 8)

bac. 5.1. CTpYKTYpHLE CXeMBl YNDABAEHHA MOMEHTOM: ACHHXPOHHOTO ABH-
Fa'renn npn Wy=const (e); achnxzporHoro ABHTaTeds npH Wy=const (6);
' IOBHraTens TOCTOAHHONO ToXa (&).

~ [IpocTefinive CTPYKTYpHHE CXeME YOPABJeHHS MOMEHTOM
\CHHXPOHHOTO OBHTaTe s NokKasasw Ha puc, 5.1, Tam xe anas
paBHEeHHS NpHBCIEHA CTPYKTYpHas cXeMa yIpaBAeHHS Mo-
EHTOM ABHTATESAA OOCTOSHHOTO TOKA.

Brophm KiaccH(PHKAUHOHHHIM MPH3HAKOM CHCTEM VHPAB-
€HUS ACHHXDOHHBIM JABHTaTeJdeM IpPHHHMAETCH cliocod ympas-
eHMS CKONbIReHHeM, MenoabayioTes chaefylowne BapHaHTHL.

1. Mamensetcad HemocpeicTBeHHO wacToTa npeofpasoparTe-
A HEe3aBUCHMO OT 3JIEKTPOMATHHTHBIX NPOIECCOB B JBHraTe-
€, a cKoJbXKeHHe GOPMHPYETCA KaK PA3HOCTh HACTOTH COOT-

BeTCTBYIOLIErD IOTOKOCLENJeHHS W YacTOTH BPAUIEHHA POTS-
pa. B mpHBoie MOCTOAHHOTO TOKA AHANOrHYMbLIN cnocob ynpas-
NMeHHA 3aKMI09aeTcd B He3aBHCHMOM PeryJARPOBAHEM HampA-
XeHUA HA BHBOJAX NBHrATEJA.

2. HactoTa NOTOKOCUENJIEHHS YCTaHABIABAETCA TakKofl,
¥TO ABTOMATHYECKH Noay4YaeTCd 3aiaHHOE CKOJBKEHHE. Ecau
§anano anavenue P ¥ KH3BECTHA CKOPOCTb ¥, TO MOXKeT OHTL
peluKchaeHa HeoOXoAuMas gacrora a=p-}-v, KOTOpas peaJjusy-
$TCA COOTBETCTBYIOILMM YIDaBRJeHHEM BHXOAHOH 9acToTof npe-
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oGpasoaTenas. s HaHHOTO BAPHAHT4 YIDABJACHHS CKOJALKe-
HieM HeOoOXOZHM BATYHK YACTOTH! BPAalISHHA ABHTATEJA.

3. Ha Bxon ycTpolicTBa ynpaBsieHusi gactorofi npeodpaso-
BaTEMs [10/IACTCA BBIXOJHOH CHIHAJ 3AMKHYTON CHCTEMB yO-
paBJelHd MOMEHTOM JBHrarejs, IIpH 3TOM YacTOTa aBTOMA-
THYECKH YCTAHABJAMBAGTCA TAKOH, NPH KOTOPOH MOJyYaercs
CKOJALIXKCHHE, COOTBeTCTRYIOUlee 3afaHHOMY MOMeHTy. [las
AAHHOTO BapHaHTa YOPABJACHHA CKOJLMAeHHeyM HeoGXOAHM IaT-
UMK MOMCUTA JBHTATENA. '

4. Bo Bcex npeinllyMmUX BapuanTax QOpPMHPOBAHHS CKOJL-
MEHHT HCIOVIL30BALOCH CMIEUHANBHOE YCTPOACTBO JJIsl 3a AlMsS
yacToThl npeofipasopartens. B gaHHOM BapuaHTe yIpaBleHr
yacTtoroll Hpeobpasopatena GazupyeTcad HAa U3MEPEHHHU cpeu{-l

THUECKOR YaCTOTLI NOTOKocuenJeHHA Ws, a BeaquuHa iz ym
PABJAETCA U3MEHEHHEM COCTABAAIOMICH TOKA {jaq, T. € Wafo=]
=i12¢Xo. 2TO TAK HA3WBAEMDbLIl HPUHIMI OPHEHTAUMH N0 NOJIY
ABUTATENIS,

Takum o6pazoM, MBl paccMOTPEJAH Ha ypoBHe oOLIHX pacH
cysAeHuil BapHAHTHL JBYX QCHOBONOJATAIONIHR CHCTEM YIPaB-
JelNnA: [OTOKOCUeNJieHHeM JIBHIATENS H MOMEHTOM (TOKOM
ckoJbienneM). [Ipn aToM HCMoJb30BalHCch Takie NOHATHA
KdK CKONLXKEHHe B CHCTEME KOOPIAHHAT NOTOKOCUENJIEHMS, an
CTOTa IIOTOKOCUEIJEHUH, DPOCKLHEY TOKA CTATOPA B CHCTEM
KOODAHHAT TOTOKOcUenJenHd. B To ke Bpems (baKTH‘-IeCKHMj
YIPABAAOUUME BO3JEHCTBHAMU SBJASIOTCA HacTOTA M aMIau
Tyla Hanpsxenns {Toka) craropa. [losToMy B peanbHEIX CA;
¢reMax UaCTOTHO-YIIPABJSEMBIX 3JCKTPOIPUBOAOB HMEKTC
JONOJHHTE/bHEE pelllaiolilie W PeryJHpyloliHe yCTpoﬁCTBrj
ofecrneunpaomyue npeobfpasopaHue BeJHYHH, ONpeleNfIouiH
NOTOKOCLENACHHE ¥ MOMEHT [BHIATess, B CHTHAJAW 3aJaHHj
AMOJUTYABL H YACTOTH HANPIKEHHS (TOKA), a TaKke yCTpoil
CTBA YIPABJEHHR, 00ECNeYHBAIIIHe KAYECTBEHHYID OTPAGOTK)
AAHHBLIX cHrHaaom, [IpHuyeM ykazaHuame ycTpoHCTBA aBTOMATH
UECKOrO YUPaBJeHHA B 3HAUHTEJBbHOH CTENEHH ONpeIeNsiOrc)
THIIOM NpeoGpasoBatend 4acToThl. CAeLyIOIUHM KJIacCHPHKR
MHOHHLIM [PH3HAKOM cucTembl OyaeT THil npeoldpasonaTtess ua
CTOThI. :

Ecau paccmatpuBath Tpi OCHOBHRIX THIA npeclpasoBare
JIS 4aCTOTHL H BBOJUTE IOLPAa3/e/eEHe Hd IPHUBOABL C OAHO30kH-
HBIM (W==const) u nByxsoHduiM (W=var) ynpasaendem Ipu
¥ >>Vgou, TO OOIIEE UMCAO CTPYKTYP CHCTEM YAaCTOTHOTC yIpar:
JeHHA MOMEHTOM AoCTHrHeT 48. BpaAn nu Bce oHH Heaecool
pasHol. Huxe GyayT OHYCAHEl palMOHAJbHBIE, ¢ TOUKH 3PeRY;
aBTopa, CTPYKTYPH, H, IO BO3MOMHOCTH, 0GOCHOBAHO JAHHO
MHEHHe.
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Ha crnenyrouiemM, GoJiee BEICOKOM YPOBHE yIPaBJIeHH1 Mexa-
HUUECKHM JBHMeHUeM KnaccH@UKauMs OPHBOAOB Ompernead-
ETCS DKCIJAVATAULHOHHLIMH XapaKTEePHCTHKAMH H He ABJIAETCH
tmenddrIHOd AN ACHHXPOHHDLIX YACTOTHO-YIDAaBASEMBIX 3JeK-
TPONPHBOILOB, HANpPHMEp, ¢ HCHONB3OBAHHEM PEFYJATOPa da-
ETOTHL HJIH PeryadaTopa CKOpocTH (aHANMor MPHBOAGB MOCTOSAH-
HOro TOKa ¢ PeryJAaTopoM JC v peryasaTopoM CKOPOCTH), pe-
BCPCHBHBIX, HEPEBEDCHBHBIX, C PeKYHNEPATHBHLIM H OHHAMHUL-
KHM TOPMOXeHHeM, OJIHOABHTATCNLHBIX, ABYXABHTATRJbHBIX
BHIPABHHBAHHEM Harpys3kH, MHOrOJIBHraTeApHbIX H T. L.

B HacToduieli KHHre paccMaTpHBAKITCA B OCHOBHOM TOJIBKO
BapUAHTEI CTPYKTYD VIPABJIEHHS MOMEHTOM, NIPH 3TOM TIPHBOZ
ipenncgaraeTcad GAHOIABHIAaTEJNLHBIM, ¢ PeKYNEPATHBHHIM TOD-
MOJKEHHEM H PEryJfTOpOM YaCTOTH HJIH CKODOCTH.

5.2. HEKOTOPBIE OBLUME 3AMEYAHKWA NO CHHTE3Y
PEFYNATOPOB

E O6mnit nmoaxoA K NOCTPOSHHK YIPaBAAIIIAX CHCTEM @7
TACTOTHO-VIIPABANEMOr0 acCHHXPOHHOTO 3JAeKTPONPHBOLA Ta-
kKoft e, KAK W IJS aBTOMATH3HPOBAHHOTO NMPHBOAA MOCTOSIH-
HOTO TOKA, K 34K/I04aeTcs B CJAeLYIOINIeM: [0 YpaBHEHHAM
PIEeKTPOMATHHTHEIX TIPOIIECCOB B JBHIATENE, B YACTHOCTH TO
epefnaTouHEIM GyHKIEAM (cM. T 3), W 3JeKTpOMEeXaHHYe-
KHX TIPOLECCOB B MPHUBOILE COCTABNINTCH CTPYKTYDPHLIE CXEMBL,
KOTOphIe AOMOMHAIOTCS CTPYKTYPHEIMH CX€MaMHi DeryJsaTOpOB,
hOecNeuBAONINX HA MDHHUNTE OTpHuATeNLHOA ofpaTHOl CBA-
Bl MOCJEL0BATENLHYI0 OTPa0OTKY OCHOBHBIX KOOPAHHAT IBH-
JKeHHsT CHCTeMBl. 3TO TaK HasbiBaeMoe NOAYHAEHHOe perynupo-
banue napamerpos [22]. Tlpu peanmaauym cHCTeM ynpabJe-
fHS MCIONB3YETCA Ta Ke 5JaeMeHTHasd 6asza, uTo H Aa4 TpH-
BONA TOCTORHWOTO TOKA: PeryasiTOphl I2 OCHOBE ONepamuoH-
HLiX yCHAWTe e, NaTYMKM TOKA, HANPSIKEHHH, ZHAJOTOBLE H
PMITYJILCHLDIE AATYHKH YACTOTHI BPalleHusd, npeolpasoBatesu
EHAJOTOBOTO CHIHANA B HMIYJLCHLIH, MHOMKHTEILHO- ICAUTENb-
finie yeTpoilicTea H p. B TO Ke BpeMst HMeeTcsd pPsf yeTpPoHCTB
(1aTUHKOB), clelH{UUHLIX IJs NPHBOAA IlepeMeHHOro ToKa.
PTO .YCTPORCTBA MOJCAHPOBAHUA SJEKTPOMArHHTHBIX NpPOLEC-
FOB B ABHTaTesJe H yCTpofcTBa npeo6pasoBaHHﬂ KOOpAMHAT.

. TlpuHuHm mOCTPOEHHA YCTPOHCTB MOAETHPOBAHHA OCHO-
Bay Ha:

1) WamepenuH TOKa H UANPSKeHHs Ha BHIBONAX ABHIA7CIA
K onpenenenuy DIC craTtopa, o0yCaoBAeHHOH NMOTOKOCUENLIe-
pHeM Iy, no BEIp&KEHHIO

i el——ul-—zm

i(cxema Buesens DJC ¢ nokasaHa Ha pnc 1.8);
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2} BouMcaenus noTokocuenneuns Wy NyTeM HHTErPHPOBA-
nus noayuaemoft 3C e, Tak Kax

g=p¥;
3} onpepenennn 3JC crarepa, HaBOAHMOH NOTOKOCHeTLIC-
nueM W Mo BblpamKeHHo

e,=u, —i,r.— Xpi

(yerpoiierso pupencnus IC e; mokazano Ha puc. 1.8);

4) noayueHun norokocuenienun W myreM HHTErpHupoBa-
unga 3JIC &, TaK Kak

x .
Ey = '?"' p‘]?'z.

Tlo tdasnwiM ToxaM i4. ip, i¢, BANDANKCHHAM N4, Ug, Ug,
DAC e4, 21, €10 W €94, €28, €3¢, NOTOKOCLHENMICHHAM Ty4,
Wig, Wic U Wya, Wogr, Wor MOXKHO HANUTH NPOEKUHH COOTBET-
CTBYIOLLETO De3YJILTHPYIOLIETO BEeKTOpa Ha OPTOrOHAJBHBIE OCH
B HENOIBHIKHOR cucreMe Koopauuar (cum. § 2.1). Hasa atoro
HCTIONbL3YIOTCA CYMMHEPYIOUIHE YCHJAHTENH. BemecTsennyo ock
CHCTEMEl KOOPAHHAT COBMeLIaeM, HaanMep, ¢ ocel0 rasue A:

imd:iﬂ’ ilo V‘— (tb — 5)
H T. A,

Ha ocuopanuu (2.14) u (2.15) onpenejsiorcss nPOEKUHH
0000 BEKTOPA B CHCTEMe KOOPJAMHAT, CBA3AHHOH C IADYrHmM
sekTopoM. Hanpumep,

t15=110'F* 20/ ¥s
HIH
lrmd";[‘rzmci -+ i:uquzoq "mnlpzod - ‘1 odwzoq

ilzd'}'ﬁwq:: T, + i T,

Jas onpegeneHus BeKTopa B HOBOM cHcTeMe KOOPAKHAT HC-
NOAB3YIOTCS YMHOMKHTEIH, CYMMATOPH U JeJNTe]H.

Ha c¢TpykTypHHX cXemMax NPHEOLOB OJOK, OCYWIECTBIIO-
mHi yKasaHHKe M3MepDeHHs H npeobpasoBanus BeJIMYHH, Xa-
PaKTEDHIYIOIINX 3/ASKTPOMAruvTHEe IPOLECCH B JABHraredfe,
He OyageT packpuparhes H Oyier obo3anauaTeed MHIEKcOM «l»

B cucremMax IHOAYHHASHHOIO pErydHpoBaHAA NapaMeTpor
CHHTEe3 PEryJsiTOPOB OCYIMECTBJSETCH JJsi THNOBOH CXeMH, Ho-
KazauHo# #a puc. 5.2. 3aMKHYTH KOHTYP. peryJHpOBaHHs
¢ elnHNUHON 06paTHOH CRA3LI0 COZEPIKHUT PETYJSATOp [mepena-
toyHaa dyuxnua P(s)], anepuoauueckoe aBeno ¢ MaJaof Ino-
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ETOAHHON Toin M anepuoguueckoe (H/IH MHTErpPHpYIOLICE) 3Be-
H0 ¢ Gonbiodl nocTOAHHOR Tmax.

:  BrixoAHo# napamerp cHCTEMBI PeryJHpoBanus Xpyx ONpe-
AeaseTcd BXOLHLIM yNPaBJIAICIHM CHIHANOM Xymp M CHTHAJIOM
BO3Myleuns Xposw, a Tarme BujioM JIAUX pazoMknyToli cu-
cTeMul. BO3MOXKHEL CACIYVIOMAS THIL aCHMIATOTHYecKHx JIAUX
PaSOMKHYTOH CHCTEMBL.

. Xaozm )
; X
Xynpj‘ 2 o P(s) Ky K Baix
1+3Tmin .

148 Tmax

I

F‘uc. 5.2. THmoBaw CTPYKTYpHaA cXeMa CHCTeM NMOAYHIEHNOrC PeryaHpoBa-
N U NapaMeTpos.

i

t 1. P(s)==1, a BMecTO alepHOIHYECKOTO 3BeHa ¢ Iepeia-
TouHOl Qyukuuel Rof (1-+5Tmex) BBEAEHHEM HHTETPHDYIOLIETO
apena puAa kyfsTmax nONyyaem cucremy ¢ JIAUX tuma 1—2
(uvcsio uMGp onpefeafeT UHCAO DPSIMOJHHEAMHIX YYACTRKOB
€ pasJHUHEIM HAKJIOHOM acuMmnroTEYeckoi JIAUX, a xampas
uH$pa — crenens Hakaoua: 0 —orcyrcTBHe HakgoHa, 1—
20 nb/nex, 2—40 ab/nex u T. A.). XapakTtep H3IMeHCHHS BHI-
XOAHOr0 CHTHAJIA TPH HOPMHEPOBAHHOM BHAE CHTHAJIOB Xymp M
Xposn ONPCIEHsercs OTHOIEHAEM 7Tmgx/Tmin, @ TAKIKe 4acTo-
Tof ¢cpesa dep:

Scp=Fk1ka/Tmax NPH TminkiRofTrmax<<1

H 6l'p=]”/—klkz/Tmmeax npH Tminklk2leax>l-

2. K cncreme ¢ JIAUX tuna 1—2 npuxoaum B caydae amne-
PHOJIMYECKOrQ 3BeHA ¢ nepefatounod Qynkuued kof (14-5Tmax)
H TpPH HCIIOJNb30BAHHH INPOIOPUHOHAJILHO-HHTErPaJbHOro pe-
rynstopa. Ilepenatounas QyHKIMS peryisropa NPHHEMAETCH
takoi, utobnl obecneunts Scp=1/2Tmin, @ OTHONUICHHE HHXKEeR
conpAraiouell YacToTH K JacToTe cpe3a paBHO 2, T. €.

Ps)— 1 1 1+ sTax
2T sk $

CHHTe3 peryasTopa 0 YKA3aHHOMY IPHHIMIOY HOCHT Ha-
3BaHHE TEXHMYECKOTO WIH MoAyabHOro onteMyma. O obecne-
YHBaeT BLICOKOE KauyecTBo H OBCTposelicrBue orpalorKH yN-
PaBJSIOUIEr0 CHrHaJAa B (opMe cKavka. B 1o Xe BpeMs HDH
JHHEHHOM H3MEHEeHNWH CHUHaJa yOopaBjeHHS B cucTeMec JIAUX
tana 1-—2 nalJawonaercd YCTAHOBHBHIAACS CKOPOCTHAA OMIUG-
Xa.
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3. Ecan anepHoauyeckoe 3BeHO ¢ mepenaTouHoii pyHKmmeit
kof (15T mqax) 3aMeHSETCA HHTErPUPYIOIEEM Ro/$Tmax, TO MpH
CHHTe3€ MO TEeXHHYECKOMY OINTHMYMY MOJAYy4aeM OpoOnopuHO-
HAJBHLIE PEryaaTop ¢ mepepartouHol dyHkuxe# Bula

P (S) =Tma.‘x‘/2T7Tanl'k21
4. YcTaHOBHBLIAACA CKOPOCTHAA oltMBKa OTCYTCTBYET B CH-
creMax ¢ JJAUX Ttuna 2—1—2, xoTopas noJayyaercd NpH Ha-
JUYHY HHTETCPHPYIOLIEro 3BeHa ¢ TMepefaTouHol dyHKuueR
RofsTimgx W TPOMOPHMOHANLHO-HHTEIDANLHOTO  PEryasTopa
BHIA
m
14+ s—Tnm
Tnqxt n

m2T21r1inklkE g ’

P(S):

roe m — OTHOIUeHHe BepxHell compsrammief 4acTOTH, paBHoi
1/Tmm. K YaCcTOTe cpe3a; 1 — OTHOLIeHHe HMMKHEN CONpsArae-
el YacTOTH K JacTOTe Cpe3a.

Tpn n—0 npuxonuM K cucreMe kaacca 1—2, mpu n<0,25
cucteMa knacca 2—1—2 6imM3ka K cHcTeMe KJaacca 1—2 no
JHHAMHUYECKHM cBOficTBaM, 34 HCKJANOUEHHEM YCTAaHOBHBUIefics
¢KopocTHOH ownlky, T. e. npu m=2 u n<0,25 peaxunn cucre-
MBI Ha CKAY0K 33aJaHAA NPHMEPHO Takasd 3Ke, KaK IIPH CHHTe3e
peryasaropa 10 TeXHHYSCKOMY OTTHMYMY.

s YMEHbUIRHNS BIHSHAA HA BLIXOMHOH cHrnat Xpyx BO3-
MYULAOIIere Bo3aeficTBHS TapaMeTphl HOJKHBI HMeTh ONTH-
ManbHble 3HaueHns: m=1215 u n=0,243 [24].

TToapo6uo ceasn xapaxrepa JIAUX pazoMrayTOfl cHCTEMBI
Ha . IMHAMMYSCKHE XapAaKTePHCTHKHM 3AMKHYTOR IpHBeIeHa
B [24, 25].

B mocienyoiieM B 3aBHCHMOCTH OT KOHKPeTHBIX TpefioBa-
HHH K CcHCTeMe perysmHpoBaHust GyAyT paccMaTpHBATLCH TIPO-
MOPUHOHAALHO-HHTETPAJIbHEE DeTYASTOPH, CHHTE3HDOBAHHEE
RO TEeXHHYECKOMY ONTHMyMy Jufio M3 VCIOBHE NoJyueHds
JIAUX tuna 2—1—2 mpu m=2 u »=0,25 wau m==1,215 u
n==0,243.

5.3. CTPYKTYPHbIE CXEMBI DOPMHUPOBAHMA SAAAHMQ TOKA T,
B PEXMME Y>==const

3amaka, KOToOpasi NOCTABJEHA AJA DeDIeHHA B HACTOSUIe
rJ4Be, 33KAI09aeTcs B pazpaboTkKe CTPYKTYD YIIpABIEHHMA yYa-
CTOTHO-YTIPABASEMBIM SJEKTPOUPHBOAOM ¢ PA3IWYHBIMH THIIA-
MH TipeofpasoBaTesel yacroThl, OBEeCHeYHBAIOHIAMH yIpasJe-
HHE MOMEHTOM ACHHXPOHHOTO KOPOTKO3AMKHYTOTO JBUTATEJS.
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Ta 3ajd4a B CBOH (tHepeiL pacnajgaercHd Ha LBe:

" 1. TlpeoOpazoBanne cHrHana 3anaHdsl MOMEHTA B CHTHAJHI
Tpasnennd npeobpasosateneM yactoTel. Hanpumep, npu He-
: OJE30BaAHHH HHBEPTOpAa TOKa HEOﬁXO,H,HMbI CHCHAJIbI 3aJaHHuA
AMILTHTYAB M HACTOTH TOKa cTartopa. IIpu 3ToM, Kak npasuJo,
_aKﬂaﬂ,bIBHEOTCﬂ AOMOJMHUTeNhAbIe OrpaHHYCHHA. B JaHHOM
piyuae Wo=const;

" 2. OBecrneuenne otpaGoTkn npeofpazoBateneM chopMupo-
&HHBIX CHIHAJOB YIpaBJCHHAA.

B Kauectse 3anaHUS MOMEHT2 ABHTATE/]s MOXKET HCIOJb-

§OBATLCS BHEIUHME CHTHAJ, HANPHMEDP B CHCTEMAax ¢ Peryjaro-
oM HatsiKenusa. Ho HauGogaee

acTo 3a/laHueM MOMEHTA fBJs-
E:Tc;l BHIXOZHOH CHTHan peryas-
opa CKOPOCTH.
i B wuHacroamem maparpade
accMaTpHBAaeTCsl HepBaf 4acTs
E’aﬂam{ ana pexuma We=const.
ilocnennee yenosue cpasy onpe-
glenser, 4T0 YpaBHEHHA IIpolec-
OB IBHTATE/A, MCNO/B3YEMBIE  pge, 53, JInarpaMma NponeccoB
AR npeofpas3oBaHHY 3aJaHHA B pexuve ¥a=const,
‘MOMeHTa B 3aJaHHe TOK iy, -
JOJKHL PaccCMaTpHBATRCH B CHeTeMe KoopauHat ‘I,

B § 3.4 65110 MOKA3&HO, YTO NPH YIPABJEHHH C NOAAepxKa-
HueMm noctoancTBa We COOTHOLIGHHS MeXIy BeJMUHHAMH, Xa-
PAKTEPHIYIOUIAMH IIPOUECCH B IBHTATENE, TAKHE XKe, KaK /s
YCTaHOBHBLUIEIOCH PeXAMa, 3TU COOTHOLIEHHS MOMKHO yCTaHO-
BHTh ¢ NOMONIbI0 BEKTOPHOH AHarpaMMbl, IOKa3aHHOH Ha
puc. 5.3:

¥

W, . W oo
p== T‘{—;— B“ - ry 502! l
'f-mmiu V-] _|_ @Eneiﬂn LH%VI +}3’22€"G"; {(5.1)
tg eaz :BEZ' ]

V3 (5.1) caemyer, 4TO MOMEHT ABHTATEJ]s NPONOPUHOHANEH
CKOLKEeHHIO Poo, CICIOBATENBHO, CKOJbXeHHE Pga JOMKHO
MEHATLCA HPOMOPIMOHAJNPHO CHTHANY 3aiaHnd moventa. Ya-
croTa Bpamenus BekTopa Wy OTHOCHTE/BLHO POTOPA PaBRA Pas,
A OTHOCHTeJNBLHO cTaTopa wotrafes/Xe. Yactara BpalleHns
BEKTOpA [; OTHOCHTEJBHHO POTOPA paBHA

Bea T d/dtzﬂaz = By -+ (:

; dt,

arctg B,
i



OTHOCHTEJIBHO CTATOPA B CHHAXDOHHOM macutate — BpeMeHH
r r, d
A, ===V — - =i arct .
03 (] + Xa ﬁzz _1 X-2 a'tz g Bzz

Ilpe u3smMeHeHHH MOMEHTA HacToTa TOKA <TATOpa ROMOJHH-
TeJLHO Mensercd BCAeICTBHE H3MeHeHHS yrdaa bap; npHYeM
9TO H3MeHeHHe HoJjee CYLMIEGCTREHHO IPH MAJIBIX 3HAYCHHAX MO-
meHTa, B obaactn p=0 GopMHpOBaHHE MOMEHTA B AMHaMHKE
ofecTieuHBaeTcs He 33 cUeT YBEJHUCHHSA aMIJHTYABl TOK4, a 3a
¢HeT CABHra BEKTOPA TOKA OTHOCHTENLHO MOTOKOCLURILIEHHS
W,. ITpu HoapminX CKOJbKEHHSX H3IMEHeHHe MOMeEHTa INIPOHC-
XOAUT B OCHOBHOM B pe3y/bTaTe YBeJHUEHHA aMILIMTYIH TOKA.

CTpykTypHas cxema (pOpMHPOBAHMSA 3aJ4HHA TOKA cTraTopa
00 aMILTHTYAE H YacToTe B QyHKIUMH CHI'HAJA 3aJaHHsS MOMeH-
T pa~Pop MOKazana Ha pHc. 5.4,4. YIPaBJAEHHUIO COINIACHO CO-
oTHoweHusM (5.1), 3anucaHHBIM B IOJADHEIX KOOPAHHATAX,
COOTBETCTBYET cXeMa pHe. 5.4,a, MO KOTOpOH peryaupyorcs
aMIJUTYZA BEXTOPA H yroa fOi. YpaBHeHHe TOKa B NOJSPHBIX
KOOpAHHATAX HCIOOJb3YeTCs AJS MHBEPTOpa TOKA, KOTAAa pery-
JRPYIOTCA aMIAHTYAA M 4AcToTa TOKa, a gopMmupoBaHHe (az-
HHIX TOKOB OCYLIECTBJISICTCS BCJEACTBHEe (PYHKIHOHYDOBAHHSA
BEHTHJIBHOTO KOMMYTATODA.

B cayuae HITY, ncmonbayeMmulx B CHcTeMe, 3aMKHYTOR Io
TOKY, OCyLlecTBIAfAeTca (opMHpoBaHHe (PasHHX TOKOB, HNPHYEM
sajaHne (PasHEX TOKOB JAOAXKHO OHTb CHHYCOHAANLHEIM.
CrpyktypHas cxema (OPMHDOBAHHA 33JaHHA TOKa B IMOJAD-
HBEIX KQOpJAWHATAX Iokasana Ha puc. 54,6, B a1y cTpyxTyp-
HYIO CXeMy B OTJIHYME OT CXeMHl pHC. 5.4,0 BBeHEHH yCTPOHCT-
B0 HopMHpOBAHKA rapMOHRTeCKHX curdanos ¢I'C # yMHOKH-
TEJH,

Hapsgy co cxeMamu (hOpPMHPOBaHRA CHrHaJa0B, PyHKIMH
KOTOPHIX 32J4HH B MOJSPHEX KOOPAWHATAX, HCIOAL3YIOTCA CH-
cTeMbl GOPMHPOBAHHA CHMTHAJOB, (PYHKIHH KOTOPHIX 3aJaHbi
B JeKapPTOBHIX KOODAMHATAX, OCHOBAHHHIE HA CJAEIVIOLIHX CO-
OTHOIIEHHAX (cM. pHC. 5.3):

. i, . , .
bLisd = 5 ;,,qzll‘,ﬁa,/XD; 1g Baszpu:‘wq/‘md- (52)
X

CoOTBeTCTBYIOIIHE CTPYKTYDHBIE CXEMH IOKA3aHH Ha pHc.
5.4,8, 2. Cxema prec. 54,2 anag HITY oranuaeTcs OT cXeMul
puc. 54,6 TeMm, UTO BHIXOAHOH CHTrHAJ ijg HOJYYaeM B BHIE
JABYX, & He TpeX NMPOEKUHH COIMIACHO COOTHOMIECHUIO

ilo :-:iﬂejq:m [ (i“d—l— ji",) (COS G.,t+f sin G.nt) =
= g g COS @yt —1 gy SIN&GE =] (£144 COS Agt -5 510G ,0). (5.3)
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Puc. 5.4. CxeMmu (OpMAPOBANAA 3af3aHH® TOKA CTaTOpa.

Ylepexod oT ABYX OPOEKIHHA K TpeM HPH HeoOXOIHMOCTH
OCYUILCTBASETCH CYMMHDOBAHHEM CHIHAMOB ijga ¥ oy (CM.
ria. 2).

XapakTepuo#t 0COGEHHOCTHIO CTPYKTYPHLIX CXEM, IIPHBEIEH-
HBIX Ha pHC. 5.4,a—e, ABasieTcs npaMmoe HOPMHpPOBAHHE HACTO-
TH CKOJbEKeHHS B $yHKIHM CArHANA 3aJAHHA MOMEHTAa, a Tak-
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XKe ylpaBJeHHe aMIIHTYAOH ToKa CTATOPa, a HE HAIDSIKEHHS,
NO3TOMY B NIEPBYIO OUePeAb PacCMATPHBAIOTCA AJEKTPONPHBO-
ABl, BHIOJHAEHHBEE ¢ HCHOOJL30OBaHHEM TNpeolpasoBartened uwac-
TOTH B PeXXKHME MCTOYHHKOB TOKA.

5.4. CTPYKTYPHA CXEMA 'PEI'YHHP!'EMOI'O DNEKTPOMPHMBORA
HA QCHOBE ABTOHOMHOIO MHBEPTOPA TOKA

B 5.3 onpenenentl 3akoHB H3MEHEHHS AMILIHTYAB BEKTOPA
TOK4 CTartopa (uam ero mpoekuuf Ha NPAMOYro/NbHBIE KOOD-
JHHATBI} H 4acToThl B pexkuMe Wy==const npu HenmocpemcTBeH-
HOM YIIpaBJeHHH CKoAbMkenueM flos B QYHKUHH BBIXOLHOTO
CHTHAJa peryjsropa cxopoctH. CTPYKTypHAas ¢XeMa 3JeKTpo-
IPHBOJA, 3aMKHYTOTO 110 CKOPOCTH, NokasaHa Ha puc. 5.5. Ha

PC Frer
v 2 b H 1
| \:. % sH

Puc. 5.5, Vopowesnas CTPyKTYpHas cXeMa SJIEKTPONPHBOZA ¢ PEryJsTo-
POM CKOPOCTH.

BXole peryaaropa ckopoctH PC cpaBHHBAIOTCH CHrHAJBl 3a-
JaHus v, B ofpaTHOH CBSI3H TNO CKOPOCTH. BHXonmo# curman
PEryasiTopa CKOPOCTH ABJSETCH 3ajaHiieM MOMEHTA JBHIaTe-
asi. 3alUTPpHXOBAHHBIA XKBaapaT (YepHHl AHK), MTOKA3aHHLIH
Ha pHc. 5.5, BKAOUalOIHE B ceds npeofpazoBaTteds YacTOTHI,
ABUTATENL, PETYIATORH! TOKA H HacTOTHl, ABARETCH YCTpOHCT-
BOM OTpalOTKH 3aJaHHA M0 MOMeHTY. JTa orpadoTka He Mo-
KeT OuThL Ge3nlHepUHOHHOM, TAK KAK YePHHH AUIHK BKAKYALT
B ce0sl HHEPUUOHHLIEC CHJAOBEE B/JIEMEHTH, a TAKKE BEeHTHJb-
HEle npeobpasoBaresi, ofjagaloilyue orpaHHYeHHOH wacToToR
nponyckakis. Ecau onpenendTs nepeiaToyHvio QyHKURK Yep-
HOTO sIIHKA B BHAE allepPHORMYECKOro 3BeHa 13 (s) ==1/(1-
~+sT,), TO cHHTE3 PEryJaaTopa CKOPOCTH MOXeT OHITh BRIIOJ-
HeH MeTodaMH, NPHHATHMH AJA CHCTEM MOAYHHEHHOTO pery-
nuposanus [22]. B nanHoM naparpade npoBeneM CHHTeS pe-
TYJAATOPOB TOKA H YACTOTH ¢ YUeTOM AHHAMHYECKHMX Xapakre-
PHCTHK acHHXPOHHOTQ ABHraTes H mpeo6pasoparens A OT-
pabotku 3aganus MoMeHnTa. Ilas sToro panee 3aJaBaliuCh aM-
OAKTYAA H yacToTa ToKa cratopa. PaccMoTpuM yopaBieHHe
MOMEHTOM nyTeM oTpafoTKH lpeoGpasoBaTeseM 3afaHu# To-
Ka | C TIOMOIILIO BRYTPEHHUX PEryJsTOPOB.
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PaccMOTpUM CTPYKTYDHYIO CXeMy PeryJHpyeMOro 3JeKTpo-
PHBOJIA C aBTOHOMILIM HMHBepTOpOM ToKa (puc. 5.6), ocho-
BanHy©o H& QJopMHpOBaHm: MOMEHTa [JBUTATeNd B COOTBETCT-

pmi co cxemofi puc. 5.4,6. BHIXOAHOH CHIHAJ NPONOPIHOHAIb-
HO-HNTErpaanioro peryaaropa ckopoctn PC- siBasietcs 3aga-
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Puc. 5.6. Crpykrypuad cxema pPeryaupyeMoro 3JeKTPDONPHBOLA Ha OCHOBE
ABTOHOMHOIO MHHBEPTOpPA TOKA,

HHCM MOMeHTa AsHurarens. CurHaj pz—fae, npecépas’oBanHbii
B (PYHKLHOHAJILHOM [OCTPOHTENE, SBAAETCA 3aJaHAeM aMILIH-
TYAH TOK3, KOTQpPOe aTpadaThBaeTcqd 3aMKHYTOH CHCTeMOH
aBTOMaTHUecKoro ympasjcuust. OgHospeMenHo dGopMupyercs
gacTOTa TOKA CTATOpa, NPHYEM HPHHUHMN (OpMHDOBAHHS ua-
CTOTLl TAKOB, UTO CKOJLKCHHE DPOTOPA B CHCTEMe KOOPAHHAT

Yy paBHO CHrHAAV fas.

Hameuenne momenta ppuratens B QYHKUHH CHCHAJAA Pog
OyaeT onpenessaThea KauecTBOM oTpabOTKH BO BpeMeHH 3aja-
AR aMOANTYIH M 94CTOThl TOKA CTaTopa. 3/18Ch ARTOHOMHBIE
HHBEPTOPH IoJaraeM WACaTH3UPOBAHHEIMH, YTO NpeAnQJara-
er OeckoHeuroe unedo ¢as mHBepropa. Ilpw stoM kKoMMyTa-
NuOHHAA (PYHKUMA OCHOBHOTO BLIXOAHOTO mnapamerpa (Toka)
rapmonuyeckasi i orpaloTka cHMHAJa 3alaHusg 00 JacToTe
fesnnepuronHas, TaknM o6pasoM, ObicTpozeficTBUe B OTpa-
6oTKe sanauus MoMcHTa Gyner onpenensarThes GHCTPOLEHCTEH-
eM CHCTEMBl PETYNHPOBAHHS aMUJHTYAB TOKA CTATOPA.

3ajanHe aMIVIMTYAB ToKa OTpabaTHBAETCS] B SAMKHYTOM
CHCTEME, KOTOpas NOoKa3aua Ha pHe. 5.7 B cjaefyeT u3 puc. 5.6.
Ha puc. 5.7 npaHATHL caelyOliHe 0603HAUCHAA: £z — KO3DDH-
HHeHT YCHAeHHS N0 HANPAMKEHHIO YIIPaBJIAEMOro BHINpAMHATE-
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asg ¢ CHDV; rp v Xy — napaMerpr 3BeHA MOCTOAHHOTO TOKA,
Un— HampsKeHRe HA BXOAe HABePTOpa. BHeWIHe CTPYKTYpa
TaKas e, KaK M ISl [IPHBOJA NOCTOSHHOTO TOKA, HO Uy BHI-
paxaeTes GoJjee caoxKHON (yHKIHMeH, yeM npotuso-DAC 1Bu-
raressi OCTOAHHOTO TOKA, MOCJACHHSAS MPH IOCTOSHHOM NOTO-
Ke Onpejefsercs TOALKO CKOPOCThio JBHratens. Coryacuo

PT
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Prc. 5.7. CrpyeTypHas cxeMa KOHTYPa PeryJRpOBanusl TOKa.

YPaBHEHHAM NpeobpasoBaTessl B PeXKHME HCTOYHHKA TOKa (CM.
3¥3
§ 4.5) npotuBo-3/1C Ha BXOfE HHBEPTOPA Uy==—r—U,,q, TAC

ty3¢ — UPOEKIHS BEKTOPA HANPSKEUHS @) HA BeUlECTBEHHYIO
OCh, COBMCUICHHYIO C BEKTOPOM {j. DTO 03HayaeT, 4TO Js
AANbHEAIIEro pacCMOTPEHHs! LeIeco06PasHo MepellTh K CHCTe-
M€ KOOPAMHAT, CBA3AHHOH ¢ TOKOM ij. Micmonways ypaBHeHHe
cratopuoii wenn nsuratens (2.49), B cucteme KoopxuHat I,
NONyHaeM:

tysa=r1i+pX v tessd, (5.4)
rae _
X, X
L "X'_zpqrasd T "")?2' a‘oa]pzaq‘ (55)
Yuurusas Bb}pameum{ WIS Ug H Upag, NTOJIYUAEM:
3V3
Uy=""2 rin_l" X’ vt —— Caut- (56)

Mapamerpwl r, 1 X, MOXHO OTHeCTH K 3BeHY nocmﬂHHoro
8
TOKA M PACCMATDHBATD 7y~ —o f,, @ TAKKe X,,-I—- X' KaK

mapaMeTpol, ONpefefdlomye SAeKTPOMATHHTHYIO TOCTOSHHYIO
3V3
ODUBOAE, 3 ——— €y,q — KaK 11poTHB0-3]IC fearaTes.

OnepartopHoe Bhpaxewue Ajsa npotHBo-IJC Gymem ompe-
LeJsThb, TMOAb3YACH NEPeAATOYHBIMH (YHEIHAMM ABHraTesA
(cm. ra. 3) B cucteme koopaurat Iy. Huxe nporasogutes pac-
ger npotuBo-2JC 1Js KOHKpPeTHOH CHCTEMHL perylHpOBaHHs
(puc. 5.7), xapakrepusymouefica OJLHOBDEMEHHLIM H3MEHEHHEM
TOKa M CKOAbXKenuda. IIpH pacuere nmpuHHMaeTcs NONYILEHHe
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® TOM, 4TO (aKTHUeCKAs aMIIUTYA4 Toka (a4 He 3ajanue) H
wxonhmeﬂue H3MeHsAITCs OAHOBPEMEHHO 110 3aKOHAM, COOTBET-
werBylomuM noctosiictay We. OT0 ycnoBHe TPAKTHUECKHM BH-
‘Homuumo. JlomycTHM, aMUAMTyAa TOKA [P CKadyke 3afaHHsi
‘MeHsieTCA TO 3KCIOHEHTe ¢ TocTosHHOR Iy, @ d4acToTa, Kak
Ka3bBaJoCh BbIIIE, MEHRETCST MIHOBeHHO. BBoAs Ha BXoA

2 I'.f;

£7
iffz e2d .
F ! : ¥ & .
25 S PR Bz efr L5
1+55 :
Xg K’ 1_|Y2 %2} a2
1z % s2Hiz | - 2d

" Puc. 5.8. CIpywTyphas cxeMa Ads pacuerd npoturo-3JIC Ha BXoge HH-
' BEPTODA.

- yeTpoficTs, POPMEPYOIIMX CKONLKEHHE JABHrarend, alepHONH-

YecKee 3BeH0 ¢ NOCTOAHHOH T, OJyyaeM CHHIXDOHHOE H3MeHe-
HHE AMILIUTYABE H uacToThl Toka. IIpH aToM mepenaroyHad
$YHKIHA MOMEHTa HBUIMATeJAs 110 OTHOLIEHHIQ K BHXOZHOMY
CHTHaJly PEryasropa CKOPOCTH 6yIeT HPeACTABJICHA aNepHO-
IMYeCKHM 3BeHOM ¢ MoctosiHHO# Ty (cM. § 3.4). Pacemarpu-
Bad CHI'HAN Ha BHIXONe JAHHOTO aNepHOAMUECKOTD 3BEHA [ng
B KAYeCcTBe BXOJHOro, Mo/ayddeM CXeMy LA pacueTa NpPOTHBO-
3OC e934, TOKA3AHUYIO HA PHC. 5.8, COPaBEANHBYI0 AJA MAJBIX
HsMeHem{ﬁ 3aXAHHA MOMeHTA;

i o) =it ey te) (14 ) e o) e ]
- u (s,) -——em"( 8y)- (8.7)

[Moncrapasia B (5.7) BEpaKeHHA NS NepefaTOUHHX yHEK-
uui (cm. § 3.3), IpUX0AMM K CEAYIOUIEMY COOTHOIUEHHIO:

5’22 fotg X, oazo an
e = e r, -
2ﬂd(2) V]_LLBIQU X +V-l+ﬁazo X, ¢ 0
X e
+ V__'oﬁag__ Lo p b ) (5.8)
1B, X7 s,H,

HMsuenenne npotuso-3/C na BXOAe HHBEpTOpa H3-3a BJH-
SIHUA TePBHIX JBYX CJAraeMBIX €psq OUCHDL CYLIECTBEHHO TIpH
H3MeHeHWH MoMeHTa B ofjacTh MajuXx ', xorma orpaforka
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MOMEHT2 OCYUIECTBJIAETCSH B OCHOBHOM BCJIEICTBHE H3MEHEHHS
yraa @z2(0:}, a He yBe/HICHHS AMIVIKTYABl TOKa, MPHYEM BO3-
JeHCTBYIOT 5TH COCTABJAIOINE OAHOBPEMEHHO C H3MEeHEHHEeM
MOMEHTA.

TIpotHBo-DC ep34 0TPALATE/ILHO CcKA3LIBAETCH Ha OLIC £No-
IeHCTBHM CHCTEMBl PETyLiHPOBAHHS TOKA, HO3TOMY AJA Ghici-
POLEHCTBYIONIHX CHCTEM €e BJHAHHE KeJaTebHO CKOMIeICH:
poBaTh. BO3MOMKHO HemocpeICTBeHHOE M3MepeHue epq. Pas

pr 507y #

ey
% Bez
N '_»%v;:ﬁzx

¢4
Foz 02 s

[ ey A A “

-.:'2_ = | =
Xz \ @ity
¥p
| 44
arcitg fizz A

Puc. 59. PaGouas cTpyxTypHas cXema HacTOTHO-YNPaBALEMOTO 3JEKTPO-
IPHBOAZ C ABTOHOMHBIM HHBEPTOPOM TOKA.

apie BHyTpeHuue DJC ABHraTesss MOKHO CPABHHTEJLHO NPO-
cTo BhiZeaHTs (cM. § 1.5), 3aTeM HX cJelyeT YMHOXHTL Ha
COOTBETCTBYIONIHE KOMMYTALHOHHBbe (YHKIHH (Pa3HbIX TOKOB
B npocymmuposatn {cM. § 4.6). Boaee mpocto B naane mpak-
THUECKOH peaniu3auud ONPEALJSieTCS €3 HENOCPEJCTBEHHO
B cHcTeMe peryauposalys. CorjlacHo BeKTODHOR auarpamme
{cm. puc. 5.2)
; 2 j 2y 2
Erpd = %o Zat sinb, —=a,, 2 X _ia____. 5.9
’ X, X, V144,
C yueToM npHBeZeHHLIX coobpaxkennii na puc. 5.9 nokasa-
Ha CTPYKTYPHasA cXeMa 3JeKTPONPHBOJIA ¢ HHBEPTOPOM TOKA.
[lpn xomnencanuy IpoTHBO-DC ey3q IyTeM HOmaun CHr-
HaJsa, TPONOPLUHOHAMABHOIO €g34, HA BXOXA CHCTEMBl VIpaBACHHA
BLIIPAMHTEIECM CHHTE3 pETryJsiTopa TOKAa OCYLIeCTBIAAETCH
¢ Y4eTOM TOJIBKO 3JIeKTPOMATHHTHOMN NOCTOSIHHON NIpHBOAA.
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Cxema puc. 5.9 no3Bosder DOJAYYHTL IUHAMHYECKHEe XapaK-
k‘epncmxu npusoja nocrosHuoro toxa. HeoBxogumo oTMe-
ft}m,, YTO MPHHUHIHAJALHG pafoTocnocoGHAA CTPYKTypHad cxe-
Ma puc. 5.9 ¢ yueToM HecTaOHILHOCTH NAPAMETPOB ABATATEJS
# ocofeHHoCTeR JUHAMUYCCKHK XapaKTepUCTHK HHBEPTOpA TO-
Ka JOJKHA OLITh AONOJHEHA CIEeLHAJALHbLIMH KOPPeKTHDYIOMH-
M peryastopamy (cMm. § 5.8},

5.5. CTPYKTYPHAS CXEMA PEIYAMPYEMOIO DINEXTPONFHMBOMA
HA OCHOBE HMY

Tlpu ucnoasvzoBanun HIIY B kauectse ycHAMTENBHOTO 3Je-
MEeHTa 3aMKHYTOH CHCTeMH VHOpPABJEHHs TOKA HeoOX0[uMOo
copMHpPOBATL TPH TAPMCHHYSCKHX CHIHAJA 3aflaHHsA (PA3HBIX-
TOKOB. YIIpaBisioliie CHrHAJB (HOPMHPYIOTCH TIO YPABHCHHAM
POTODHOR IHCilH B JeKapToBHX koopaunatrax. CHerema ynpas-
JeHHs COJNEPIKHT CJeAYIoNi¥e yCcTpoHCTBA:

I. PeryastTop CKOpPOCTH, BLIXGJAHOH CHI'HAJ KOTOPOrG #ABJA-
eTCHd 3ajandeM UJYdCTOThI CKOJALMEeHHsI B CHCTeMe KOOpILﬂHaT
notoxocuenaenus Wy, a Takke 3afadHeM IpOeKUHH TOKA CTa-
TOpa 1o MHMMOI ocu B Tof JKe CHcTeMe KoopAMHarT. Ilpoexnus
TOKA CTATOpa MO BellecTReHNOH OCH 3ajaeTcd HE3aBACHMO H
QCTACTCH H&HSMEHHDH OoHa OIIpe,H.EJISIET NMOTOKOCHeNJAeHHe qu

2. CyMMaTop UacTOT BpailleHHS] H CKOJbKEHHT Opa==Vp|-
+ifiga.

3. ®opmupoBares rapMOHMYECKHX CHMCHAJNOB Sildel M
COS Ugal.

4. QopMuUpOBATENL BEKTOPA CTATOPHOTC TOKA B HENGABHIK-
"HOH CHCTEME KOOpIHHAT

Lfm“: (ilzd CcOS C(ozf*ilzg sin U.o:zt) —]—
~+j (£124 51N 0opt1-i124 COS tngl) ==i10a+fi10g.
Curnaan 3ajanus (GasHeiX TOKOB MOXHO TPEJCTABHTH

B BH/lE

fA: iwd; i \
[3:_0,51:‘0({—1‘-0,865I1"¢; (5,10)
ic==— 0,514 — 0,866 ,,.
Hanee peo0xoanmMo BOCHPOM3BECTH 33JAlHHC [APMOHHYE-
CcKkHe cHruasiel B BUAE dasAbix TOKOB JBHTaTesd. JTa 3ajada
pewaeics uelo/ih30BaAHHEM 3aMKHYTOH IO (ha3HOMY TOKY ABM-
raTeds CHCTEMBI apToMaTHUecKoro ynparedeuust ¢ HITH s ka-
yecTee yeunutenas. Harpyaxof HITY asaserca cratopHas nens
asuratens (cMm. puc. 1.3,2), xKotopas mpeAcCTaBJAAETCH B BUEE
CONPOTHUBJIEHHA ry, HHAYKTHBHOCTH X’y H npotueo-3C e,
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oBycnoBNeHHOR norokocuemieHuem W, (puc. 5.10). B cxeme
pra puc. 5.10 peryssitop Toka PT Brmwouaer B cebs nm HIIU
€ CHCTeMOH yIpaBJieHud, NOCAeJHHHl fBALETCA NPOCTHIM YCH-
JAHTEILHHM 3BeHOM. Bes yuera ey cHHTE3 MApaMeTPOB PEryJs-
TOPA TOKA ¢ HATPY3KOH B BH/E ANEPHOAHYECKOrO 3BEHA MOXKeT
OCYIIECTBJISITECA H3BECTHSIME METOaMH,

) 7 L

i, ""ii ®__ 1 i i

ry+ Xy

Puc. 5.10. Cxema peryanpoBanfs ¢asHoOro TOKa ABHTATENA

Llenecoo6pa3nocTb IpHMeHEHHA NPONOPLHOHANBHO-HHTE-
IpaNbHOTO PETYNATOPA A OTPabOTKH HEePeMEHHOI'0 TOKa He
ouesnaHa. Ho 10 B TOM ciyyae, ecjH He YUHTHIBATh, UTO JIO~
fas HECHMMeTpUsl B padoTe KaxK-

4 AOr0  KOMIJIEKTa  PEeBepCHBHOTO
HIIY Moxer npHBecTH K. nossde-
HHIO TOCTOSIHAOH coCTaBJSIONER B
0 BHIXOAHOM HANpPAXKeHHH W ToKe

INE £ JABWFaTeNs, TMPONOPUUOHAJLHO-HH-
TerpajdpHulfl PeryasiTop HCRICTAST
BO3MOMXKHOCTE [OSIBJEHHS TOCTONH-
HOM cocTaBJAIOIER B TOLe HArpya-
Pue. 5.11. ﬂﬂ;;vg;‘ﬂ:‘:‘”“)‘g_‘_ ki, B paccuarpupaeMndl cucieMe
;’ﬁfggﬁ%ﬂ pazoMkmyrofi  YNPABJEHHS CymlecTByer 3anada
cHCTEMB perynupomamHs To-  TOWHOrO BOCHPOH3IBELEHHH CHCTE-
K3, NOCTPOEHHOR TO TEXHH- MoH  BXOLHOFO rapMORIUYECKOTO
HECKOMY OTTHMYMY. curiasa. OmgHUM U3 BapHaHTOB
pemenHs AaHHOfl 3anaua ARAA-

eTca YCTAHOBKA Ha BXOHE CHCTEMH  yrnpahjenus  To-
KOM 3BeHa ¢ IepeaToynoH dvHkuHefi, obGpaTHO# nepepa-
TouHOH (PYHKIHH 3aMKHYTOH CHCTEMBI DeryJHpPOBaHHS TOKa.
Hanpumep, pery/isitop TOKAa CHHTCIHDOBAH IO TEXHHUECKOMY
onramMyMy (JIAUX pasOMKHYTOHl cCHCTeMBI NOKa3aRa Ha pUC.

5.11). Ilepesarounas HyHKIMS PASOMKHYTOH CHCTEMHI

1
Fy(s)= §/8ep(] + 5/28¢p)

a 3aMKHYTOH

F.(s) = — !
5 (8)= (s/V%c,,)=+2s(V§+ 1V 38,
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. Ilpu yacrorax, Menpwux 0,58.p, fanHoe 3BEHO MOXKeT GHTH
AMODOKCHMHPOBAHO AlEPHOSHUCCKHM 3BEHOM C IepeiaTOuHOH
ibyuknne#t 1/(1-5/d¢p). IIpu 9TOM KOMIIGHCALHA IOTPEIIHOCTH
WIpaBJeHHA OCYIIECTBJASETCS yCTAHOBKOH Ha Bxoxe AHPbe-
PEHLHPYIOLIETO 3BeHA NIEPEOTO MOPsAKA,

' Boxogmoii Tox HIIY ompegensercd He TONLKO CHrHAJIOM
safauns, HO ¥ D]JIC asurareas. [Ipu nepeaaTouHol (hyHKIHH
paszoMkHyTOH cucreMel F(s), HaoOpaMeHue Toka ABHraTesd
AMeeT BUA!

. L (s Fp(s) 2, (s) [
Q)= 2l el L (5.11)
I+ Fp(s) sX\! 14 Fps)

' Tipu uacrtoTe, paBHoH BmxoaHoit wacrore HITU, xoropas,
KAaK MHHHEMYM, B 2 pa3a MeHbLIe YaCTOTHI CPe3d PASOMKHYTOTO
KOHTYpa pery/JHpOBaHUsl TOKA, COCTARJSIINEA TOKa, 06yC/a0B-
Jqeanan DJC npuratens, npubaHKeHHO paBHA IPH Peryfsro-
‘Pe TOKA, CHHTE3HPOBAHHOM N0 TeXHHYECKOMY ONTHMYMY,
‘ . 8

83X, Bca

Uucnennoe 3HAUCHHR €y/6X") NPHMEPHO PABHO RYCKOBOMY
TOKY HBHrAaTess Ha JAHHOH 4acTore, NMO3TOMY COCTABJAILAN
TOKA {° MOMKET JTOCTHIAThL IOJOBHHH IYCKOBOTO TOKd, YTO CO-
BEpIIEHHO HEJONYCTHMO C TOUKH JPEHHS TOYHOCTH BOCIDOHS-
Benenna Ha Buixoge HIIY zamannoro toka. OrpHuarenbHoe
paugnue DC npurarens momer OHTh CYIIECTBEHHO ocgaabne-
HO, eCJIH Ha BXOJ cHcTembl ynpasdenus HIIY mopats coorser-
CTBYIOIIMII CHTHAJ, KOTOPEIH ¢ yueToM Ge3nlHepukonnocT HITH
‘B paccMaTpHBaeMOM [IHama3oHe YacTOT KoMneHcHpyer 2J1C
aeurarens. Curuaa ¢asnoit 3LC Moxer ObiTh BOCIPOH3BEICH
10 TOKY ABHMATENd H BLIXGAHOMY Hanpsixeruio (cm. § 1.5},
HO Taxke CPOPMHPOBAH CHCTEMQH peryJHpoBaHus. B cHcTeMe

koopaunar Wy e, = (ptjon) <=V,
2
Ilpn Wy=const
Ko
2

ITpu nepexoje X cCHCTeMe KOODHMHAT CTATOpa

6‘: =j a’osqrr

ézu ﬂ)‘ in a,“‘ylgf“ozf bt
2

= a‘o!wz (“._ sin a“f + I cos a“f) = elnd+ jezaor (513)
121




PC
2 el
n {rﬁzz > ‘
| B4 - ' Taog | |
1 ey
sinotyst :
AZ dﬂz (171 X
- e
Yo PICN |cosotgst
Lezd >
olpg cosolgzt .‘33ﬁ
02
o e
. ga STR T ‘ P
% 02 02 b A
¥y

Puc. 5.12. Pafiouast CTPYKTYPH3A CXCM#A Y3CTOTHO-YNPaBJSEMOry
PIl — P13 — hyHRUHOHANLHBIE

[Ipn coBMelleHHH BelleCTBeHHOH OCH CHCTEMEl KOOPIHHAT
¢ ocoio (pasbl A curuann saganus ¢assux DJC onpeaensior
CH 10 COOTHOINEHHAM:

€ 1 ==Cyoats
eg==— 0,5¢,,41 0,866¢,,,; 5.14)
ep,=—0,5¢,,, — 0,866¢,,,.

Ha (5.13) n (5.14) caenyer, 4to curianasl 3agauus ¢as-
HeX 2J1C onpeneaanTCs NO CHIHANAM Ogg SiN cgel H oz COS dgaf,
KOTOpHE (opMUPYIOTCA cUcTeMOHR peryauposannd. HMsaoxeH-
Hule IPHEIHIL IOCTPOEHHS CHCTEMEl pery/JHpoBaHHS (asHLIX
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¥OKOB peann3yloTCs CTPYKTYpHOH cXeMo#f, nokazannofi Ha
puc. 5.12.

© _Ha pnc. 512 noxaszaH H APyrofi BapHanT oNpefeeHHs
DIC aBHraTens IO €ro ToXaMm H HATpsKeHHAM. BrlgeaeHHBS
¥eM HaM JPYruM crnocoGoM curEansl dasuwmx I C sBoaaTCA
Ha BXOAB cHcTeM yhpasaenns HITY.

" Tlpu komnencaunn DIC apurartens 3aMKHYTHIA KOHTYD pe-
IYJIHPOBAHHA TOKA COJEPIKHT PEryJsTop, VCHIAUTENE * (Tpeol-
PasoBateab) H HArpy3Ky B BUAE ANEPHOJHYECKOrO 3BeHA, CHH-
TE3 peryndaropa TOKA NeJeco00Da3HO OCYIECTBAATL IO TEeX-
{HHYECKOMY ONTHMYMY IPH HACTOTe cpe3a PA30MKHYTOTO KOH-
%ypa mns tpexdasnoro moctosoro HITU oxono 300—400 1/e.
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Taxum o6pasom, no BeicTpoieficTBHIO OTPaGOTKH 3aJaHUs MO-
menta npusog ¢ HITY rtaxofl me, kak THPHCTOPHHIE IpuBOj
IOCTOSHHOTO TOKA.

B § 5.4 u 5.5 paccMoTpeHH 1Ba BapHaHTa OJHOH H TOI XKe
ﬂpHHHI{HHaJIbHOﬁ CHUCTEMbl YOPABJCHHA ACHHEXPOHHOIO OBHra-
Teasi: 0as uHeepropa toka u HITY. Orauums, xotophie npu
39TOM YCTAHOBJEHH B HCIOAHHTENLHON YACTH CXeMBl, 6ymyvr
TAKMMH 3Ke AJNA BCeX APYTHX CTPYKTYP CHCTeM VIIPaBJSHRHA,
KOTOpHE GYIYT ONHCAHBl HHKe, NO3TOMY TpPH MOCASLYIONEM
ONHCANHM CHCTEM YNpaBieHHs OyAer TPHBOAHTBCH TOJHKG
OJHH BApHAHT npeobpasoBaTed YacTOTHL.

5.6, CYMMATOPHI YACTOT

B paccmaTpuBaeMEIX NpHMepax CTPYKTYPHHIX CXeM 4acToT-
HO-YIIPAaBJAfEeMBIX 3JIEKTPONPHBOJOB HCHOJIL3YETCS CYMMAaTOp
YacTorT, KOTOprﬁ ABJAECTCH OJHHUM H3 OCHOBHBIX yCTpOﬁCTB CH-
¢cTeMBl YIPAaBJEHHS ACHHXPOHHBIM B3JEKTPONDHBOIAOM ¢ NpH-
MHM (POpMHpPCBAHHEM CKOJbXeHHA. CyIlecTByeT HECKONLKC

NPHHIHHOB CYMMHpPOBaHHA
o ABYX HACTOT, 3aJaHHHIX B MO-
ar TEHLHANBHOH HAH  HMOYJbC-
u Hol ¢opme.
£ CymmupopanHe aHanoro-
Puc. 5.13. Cvm BbIX CHTHANOB HA BXOAe 3a-
it }g“ﬂ?{g;g“:a;:g‘:ggfo naiolero remeparopa  (puc.
remepaTopa. 5.13). 3apaounit reHeparop
3I' aBnserca npeofipasosBaTe-
JeM HanpAXKEHUS (TOKa) B HOCJ‘IE}IOBBTEJIBHUCTB HM-
nyabCoB, UACTOTA KOTOPLIX npouopuHOHa.ana BXOAHOMY
curgany. Mcnmonbays curian Tekyulefl ckopoetd B BUHAC
HaNpsXKeHHs TaxoreHepatopa, a 3aJaHHe YACTOTHl CKOJbXe-
HUA B BHJAE BHIXOZHOTO HAINDSKEHHA DETYNATOPA CKOPOCTH K
CYMMHPYS HX Ha BXOJ€ 3aAZI0NIET0 reHepaTopa, noaydaeM Bbl
XOAHYIO Y4CTOTY 3aJAI0IIErc reHepaTopa, PABHYIO CyMMe Ha-
CTOT BpALIEHHS M CKOJLXeHHA. B ycTpoficTse, IOKa3aHHOM
Ha puc. 5.13, moayuaeM HMOYJABCH, COOTBETCTBYWOIHE HACTOTE
Ogz. ECAH Heof6XO0JHMAa YAacTOTa Gg3, HA BXOJX 3aJA10LIEr0 reHe-

d
patopa 3I" crenyer moaath elle cHrian - arctg g, law-

Uy

HEIl BapHAHT CyMMAaTOpa 4acTOT HaHBGONee MPOCTOH, HO OH,
KaK TpaBuio, He ofecmevlBaeT HeoOXoAuMoH IAA NPAKTHKH
TOUHOCTH. JIONYCTHM, 4TO 3aLaNdCh TOTHOCTHIO BOCTIPOM3BEJXe-
Hus 4acToTH cKoabxkeHns 10% Pu. ¥ coBpeMeHHBIX ABHrare-
Jieit Pr MOXKeT coctasiath npumepno 0,01. 3ro osHauaer, uTC
CyMMapHas NOTPElHOCTh AHAJOrOBOTO TaXOreHeparopa M 3a-
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al0lIero reHepaTopa BO BCeM [IHala30cHe 4acTOT He JOJIKHA
pesuiates 0,19%. 310 oueHb BHICOKAS TOYHOCTh, B TO XKe Bpe-
iA 145 ABHratejeffl ¢ HOMHHAJBHBIM CKOALXKEHHEM OKOJO 5—
0% TpeGoBaH#A K TOUHOCTH CYLIECTBEHHO CHHIKAIOTCA H HaH-
HEIH NPHHIMI CYMMHPOBAHHA YACTOT BIIOJIHE PeasH3yeM.
. Bobixogmast wactoTa 3ajamouiero reHepatopa unpeofpaayer-
Es myTem neneHus, mepecuera, JOTHUECKHX oNepauHii B ynpas-
MIAI0ILHe HMMMYJAbLCHL  @BTOHOMHOTO HHBepTOpa TOKA, a AJs
HITY — B rapMonuueckyie QYHKUMHE BPEMeHY.

r K. .
g iz I——c:}—-l
S, | ry\ : L gyix
T o . l/,
gy k1kz, fl\'n 7)
1
— o | @

Puc. 5.14. ®opMuposartesnr rapMOHMNecKoro CHTHAzAa.
a — CTPYRTYPHEA ¢XeMa; O — dopMma BuXogHOrO cHFHAAA.

Ilpec6pasoBaHue HMNyJbcOB B TapMOHHUECKHE GYHKUMH
BpeMEHH OCYLICCTBJACTCS ¢ MOMOWBID YCTPOHCTBA, CXEMATH-
HeCKH IOKasaHHOro Ha pHc. 5.14,a. Ha Bxox Joruueckoit cxe-
Mer JTC mOCTYNAoT HMIYJbCH C 3a4AOIIEr0 reHEpaTopa, Ha
peixoze GOPMHDPYIOTCH CHrHAJIW! YNpaBjeHHA K/aoYaMH K-—
Kn, U3MEHAIONIMMH BXOJHOE COIPOTHB/CHHE VCHAMTEdN Y.
B pesyabrate Ha BBEIXOJlE MOJAYIAeM CTYNEHUATYIO NepHOAMYe-
EXyI0 QYHKINIO BpeMeHH, OCHOBHAS rapDMOHHKA KOTOPOH H AB-
NsteTCsi KegaeMuM cHrHagoM (puc. 5.14,6). Uueno crynenef
DaBHO HHCJAY HMIYJLCOB 34 IEPHOX BBEIXOLHOH YACTOTLI, 4eM
gonbme HMIIYJALCOB, TeM OJine BHXOIHAS (YHKUIHR K rapmo-
fruzeckoft. Ananua ¢$HoOpMBl BHIXOTHOTO TIEPHOSHUECKOIC CUrHa-
7#ia W pacueT BXOJHBEIX CONpPOTHBAeHHH ycTpoficTBa pre. 9.14,a
DIpOM3BOAMTCA HA OCHOBAHHM MarepHaJja § 2.3, rae paccma-
TpHBaJCH pe3yASTHPYIOILMA BeKTGD eIMHHYHOH AaMIIHTYAH,
jaguMarilifl & GUKCHPOBAHHBIX PABHOCTOAILMX IOJOXKEHHH.
Ipoekunsa nanroro BeKTOpa Ha KOOPAMHATHLIE OCH H SIBASET-
€A HCKOMOH QyHKIHEH BpEeMeEHH.

CyMMaTop 4acToT, 3aflaHHBIX B BUAE HMOYyAbcOB. CUrHAJB
YacTOT BpallleHHA H CKOJbKeHHdA, 3aJaHHBe B HMIOYJILCHOM
popMe, cyMMupYIOTCA HJAM BHUHTalTCS. B pesyasrare mosmy-
mwaeTcd NOCASAOBATENBHOCTh HMIYJBCOB, UPeIHAS UACTOTA KO-
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TOpOl paBHA CYMMAPHON MM PAa3sHOCTHOH HacTOTE HCXOAHBX
noc/enoBaTe bHocTell 63 NOrpemaocTed.

HepocraTkoM marHOTO cnocofa CYMMHPOBAHUA UYACTOT fik-
J51€TCs] HepABHOMEDHOCTh BLIXOAHOR NOCJENOBATERABHOCTH HM-
MyaLCOB. BiusiHne naHHOW HEPABHOMEPHOCTH OL@HHM, paccmo-
TPeB XapakTep NePeMellleHHs BeKTOpa TOKa CTaTopa OTHOCH-
TeALHO POTOpA npd MHTanuu Apurarteas or HITY, socnpounsso-
gaulero Ge3 TOrpeUIHOCTH 3ajanue Toka. [as yupasieHH:
HITY ucnoan3ylTcs CHHYCHBIR M KOCHHYCHBIE CHTHaJ®, (op-
MupyeMmele YCTPOHCTBOM, NOKa3aHHBIM Ha pHc. 5.14,a, Ha BXxoA
KOTOPOre MojaeTcd CyMMapHas HOCJeN0BATEJNBHOCTL MMIYJIb-
COB.

CIrlH}'CHbIﬁ H KOCHIchlIhlfl CHI'HaJabl B JAHHOM cJiyyae ABJid-
I0TCSL TIPOEKIMAMH pe3y/ILTHPYIOLIEro BEKTOPA, NOBOpauYHBAaIo-
meroca Ha OmpeneNleHHLI Yrog ¢
KaX/IblM HMIOYJIBCOM CyYMMapHol
yacToTet. JLOUYCTHM, MepHOH BHI-
XOOHOH 4YacToThl 3ajaerca f HM-
NyabCcaMH, MPH 3ITOM.C KaHABIM
HMAOYABCOM De3YNbTUPYIOMHT BeK:
TOD NOBOpaunBaercd Ha yroa 2m;k.
Ha sxop ycrpoficTBa cyMMHPOBa-
HHSI HMNOYJbCOR TIOCTYNAXOT HM-

T MyNBCH 4ACTOTHL Bpamienks (# nM-
IYJbCOB NPH TOBOPOTE RAAA JBH-

Egﬁﬂﬁg'},ﬂgzggfﬁgoﬂiﬁj rateas #a 360°, mpu 3TOM dHedo
TOpa Npd HMIYJLCHOM CYM- HMITYJABCOB YaCTOTBEl BPalCHHS na
MHPOBAHHH TACTOT, oouH ofopoT OyaeT paBHO 2ZpR) N
HMIOYJILCHL YHaCTOTH CRKOALMKEeHH

(kR MMOyAbCOB 3a ONHH NepHOJ YacTOTH CKOAhKEHHR).
¥raopoe nepeMelieHde Pe3y/IbTHPYIOUIENG BeKTOpa, CyM-
MapHo#  HACTOTH B HEMOABHXKHOH CHCTEME  KOCOpAHHAY
MOMHO [OPeICTABATL KAK H3MEHEHHe Yyrja Memay pe-
3YJLTHPYIOIHEMHE BEKTODAMH 4YACTOTH BpPAIGEHHS M CKOJIbiKe-
uus (pHc. 5.15). B cooTBercTsUH ¢ aHarpammofi (pHc. 5.15)

Pa=9»1 ¢ WIH B HENOABHKHHX 0CiX Dy==D.Dg. Tlpu
GoJlbIIOR PA3HOCTH 4aCTOT BpallleHHs H CKOJLKERHA BEKTOp
D, nepememiaercs cHHXPOHHO ¢ BeKTOpoM D), H TOJNBKO B MO-
MEHTbl IOCTYNMIEHHST WMIY.SFbca YaCTOTHl CKOJIBIKEHHS COBep-
ulaetr ACHMOJHATENLHOR MepeMeuleHne Ha yroa 2nfk. Takum o6-
pa3zoM, BCKTOpP CTATOPHOrO TOKA OCTASTCH HENOJBHIKHEIM
B NPOCTPAHCTBE B TeYeHHe BpeMeHH 2r/kv, a 3aTeM CKauYKoOM
nepememaeTtcs Ha yroa 2x/k. Ilpw sToM cpefHee noJoXeHHe
BEKTODA CTATOPHOTO TOKa OTHOCHTENBHO POTOPA OCTAeTCH He-
H3MEHHBIM, H TOJALKO ¢ vacToToll 2m/RB OH mepeMemiaercs

126




aYKOM OTHOCHTENLHO pOTOpa Ha yrod 2zfk. JlaguM Koauue-
TBEHHYIO OHEHKY DAaCcCMATPHBAEMOMY HEDABHOMEDHOMY IBH-
KEHHIO ReKTopa CcTatopHoro toxa. B cooTeercreum ¢ (2.21)
eayAbTHPYIOIME BekTOpsl [), ¥ Dy MoryT OBITh NpeacTas-
eHl B BHAE TaPMOHHYECKOro pfAja (mojaraeM AJAs YIPOLLe-
HH, WTO B MOMENT H4sasd OT¢MeTa OHM OSHOBPEMEHHO 0Ka3a-
HCL B OJHOM NOJIOKEHHA) !

o
T singr/k) ! jltemtl)vi.
Dv—-* ﬂ/k E km+l € ¥ ?
. s —o
) L (5.15)
7 sin (w/k) i (kin, - 13pE
DB = =k 2 km, + 1 el ’
Hy=—00

Toraa

oo w e
— sin (m/k) \ 2 iR Dy + e+ 1)l
D, — [S0=k) Vg ’ . (5.16)
/R i (ke 4 1) (hmy 4 1)
MO0 Ay =00
© B tabaaue nprBefedn noayyennsie mo (5.16) oTHOcHTE b
HE AMIJIATYAB H 43CTOTH FAPMOHHUCCKHX COCTABJSIOLIMX,
JU3KHX K OCHOBHOH, B CHCTEMe KOOPJMHAT CTAaTOpa M pPaBHO-
NepHO BpAalAONIETOCA POTOpa.

- Snavexun HacTOTa B CUCTEME Jactora B cpeTemMz
KOODIHHAT CTATOPa Ammary Aa KOOPAMRAT POT Opa
1
o+ k| — k

8 P 8- k§
%~ KB L B — kp
k—1
.
a kv R, kv
+ P 8+
o — kv _.__1 p— Ry
£—1

o aanHbM, TPUBEASHEEM B TabJAHLE, MOTYT OBITh CHeNA-
bl CJACAYICUIHE BLIBOARL.
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[Ipn o=kP H v=f/k EMeeT MECTO NMOCTOAHHOE MOAMATHH-
YHBAHHE OTHCAbHBLIX YYACTKOB MATHHTHOHR CHCTEMH MallHHEH,
B lIePBOM cliyyae craropa, BO BTopoM caydae poropa. Ho, Tak
KaK 8T0 NOCTOSHHBIE COCTABJASIOUHE TOKA, 4 He HANPAXKEHHT,
NpHYEM OTpaHHYEHHOH aMOAHTYAH, TO NpH GosplloM & (&>
>20) orpuuaTesbHOE BIHAHHE HX HECYILECTBEHHOE.

B momenTe ABHratens OyAyT COAepKAThCA apMOHHYECKHE
COCTABMAOWIEE NOpsiiKa kB H kv, aMIJIHTYZAa KOTOPHX HpO-
nopuyocHanLHa otnowendo Wi, fk. TIpn manux ckopocTsx He-
3ABUCHMO OT CKOJbLIKEHMN W IPH MAaJLIX CKOJILXEHUAX HE3ABH-
CHMO OT CKOPOCTA H3-3a& MapMOHHUYSCKHX MOMEHTOB MaJlol 4a-
CTOTH BO3MOIKHHI KOJe0aHHsi CKOPOCTH [BHraTeJIsl.

Otpuunareasiurit 3¢ ekt AHCKPETHOCTH CHCTEMB $HOPMHPO-
BaHWA 3a5aHHA YACTOTH TuKa GyAeT TeM MeHblue, ueM GoJibie
k. TIpn k—so00 NPHXOAHM K CYMMUPOBAHHK) aHAJOTOBLIX CHF-
HAaJOB. KaK oKasana IIPpaKTHKa, NOCTATOUHBLIM YC/AOBHEM Ka-
gecTBeHHOR padoThl NpHBOLa sBAsieTcs kB>D0.

BrixogHble CHTHAJABl YCTPOHCTBA HMOYJABCHOTG CYMMHpOBA-
HHS HCOOJb3YIOTCH JHGO s POpPMHPOBAHHS TapMOHMYECKHX
curHasoB B ciyuae HITY, an6o B KayecTBe TAKTOBHIX CHIHA-
JIOB CHCTEMBl YNpaBJiCHUA AaBTOHOMHBIM HHBeptopom. s
Tpex¢asHOro MOcToBOrC npeofpasoBare]s YacToTa TAKTOBHIX
curHanos B 6 pas BHIUC BHXOAHOH uyacTOoTH HHBepTopa. Ilo-
9TOMY Ha BHIXOJE YCTPOHCTBA CYMMMPOBAHHA YacTOT YCTaHAB-
JHBACTCA HeJuTenb 4actorel Ha k{6. [lpu mpuMeHeHwWwu apTo-
HOMHBIX HHBEPTOPOB UHCJI0 R JOMXKHO GuThb KpaTHO 6.

Hudpoananorosee cymmuposante 4acTor. CyMMHDPOBAHHC
2HAJIOrOBBIX CHIHAJOB HA BXOAE 3a/ai0lero reHeparopa oi-
JAHYaeTesi MPOCTOTOH peasiM3alluH, BO3MOXKHOCTBIO IOJYyYeHHS
HKeJaeMofl KPAaTHOCTH TeHepHPYEMBIX CHTHAJO0B IO OTHOLIEHHIO
K BEIXOAHOH dacToTe mpeoSpa3oBaTelisi, PABHOMEPHOCTEIO CJe-
JIOBAHHA HMIYyJbcOB. HeaocTaTKOM TAKOro CyMMHPOBAHHSA fAB-
JISIeTCsl HEBEICOKAA TOYHOCTB, KOTODAs MOXET OLITh MOBHIIEHA
IpH HCHOJAb30BaHWM UudpoBoro Koppekropa. K umndposomy
KODDEKTOpY, KaK NpaBHJO, He NPIBbABJNAITCA BLICOKHE Tpe-
6oBaHHsl MO OHHAMHKE, HOCKOJBKY OH MpeaHasHayaercs LJA
KOMIIEKCALHH MEAJCHHO MEHSIOLIHXCA BO3MYIIAMOLIHX BO3ZeH-
CTBHH B 3ajalouleM reHeparope H TaxoreHeparope, TakHX Kak
BpeMeHHas ¥ TenaoBasg HecTaGH/JILHOCTH, MeXaHHUYECKHH H3HOC
H ap. Hepricokne TpeGoBaHHA 1O GHCTPOASHCTBHIO ofecneyH-
BAIOT BO3MOXKHOCTh HCNOJIL3OBAHHUA JJIS UH(POBOro KOppexTo-
P2 MMOYJALCOB YaCTOTH BpalleHHs MaJofl KpaTHOCTH,

TparoksoMeTpHuecKoe CYyMMHPOBaHKWe YacTor. Bricokoe Ka-
HeCTBO CYMMHDOBAHHA [IBYX YacTOT MoOXeT OGbITh NOJYUEHO,
€C/H JacTOTHl BpalleHHA M CKOJNbXKeHHd 3ajaHBl B BHIe Ipo-
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ﬁ;_.mﬁ COOTBETCTBYIONIHX Pe3yJbTHPYIOIIHX BeKTopos. Hefct-
TEABHO,

Dy=DiDy=(dy 4 iq,) (dp+- jg) =duds — q,9, - 1 (A, 9,5
(5.17)

Hannas GopMyla cOOTBETCTEYeT H3BECTHHIM TPHIOHOMET-
fHueCKUM COOTHOLUEHHAM:

" cos af = cos (v B) £ ==cos vt cos pt — sinvi sinBf, 5.18
sinaf == sin (v - f) £ == sin v cos pf |- sin pf cos v¢. } (>.18)
Carsamer d, H ¢, MOryT OLITh NOAYUEHH ¢ MOMOUILIO

[ATUMKA YrJI0BOFO NOJIOKEHHUS Baaa. B kauecTBe naTunka yr-
FOBOTO TNOJOKEHHS  MOMET

BITh HCMOJIB30BAH CEJBCHH, cesut

J6MOTKa BO3GYIKICHUS KOTO- RA DS py
joro noAKAK4YeHa KHCTOUHH- iﬁﬁ

fy MOBBILIEHHOH 4acTOTH TaK, | x

TO aMIMUTYAA HanpsiKeHus §in f¥
ja OOMOTKAX Ce/qbCHHA CIIpe-
ReACTCH  YTAOBLIM  TIHIONKE-

giieM OOMOTKHM W MAaJlo 34BH-

BT OT 4acTorsl BpalleHHR

ana. Hanpaxeuue BLXod-

off 06MOTKH cesbcHHA noja-

frest Ha a30uvBCTRYTEIbHELA Etft?éci.c}fc; ycggf{i?}f:g;fﬂ“?;;
QEINDAMHTENL  C  (DHALTPOM, rapMOHMTECKHX (BYHRUHT,
anpsXeHHe Ha BhXoAC [0-

fiennero NpONODUHOHAJEHO CHHYCY YIVIa [I0BOpPOTa Baja.
L [OMOILBK ABYX HJH TPeX BBHIXOZHHX 0OMOTOK cesibCHHA ITO-
JyuaeM CHHYCHBIH M KOCHHYCHbBUH CHTHAJLI YIJIOBOTO MOJOMKe-
A1 BaJa ABHrCaTeNd.

FapMoHHYeCKHe CHFHAJML YACTOTH CKOJbLKEHHS (POpMHDY-
PTCA ¢ NOMOUILI YCTPOKCTB, aHAJOTHYHBIX IOKA3AHHOMY Ha
yuc. 5.14,a, mpuueM B JAHHOM Cayuae SHAUCHHe BeJHUHHBL 2
Moxker GBITh OPHHATO CKOMb YrOoAHO OONLIIHM, TaK KakK HM-
yJIbeI TACTOTH CKOJBMEHNS NOJAYYAIT ¢ NOMOWLI 3a1aK-
Hero reneparopa. Ha BXoa 3ajamwniero reHepaTopa IcAaercd
MrHal Pog, €CJE HeOOXOAHMC OIPeAesHThL HACTOTY G- Ha
puc. 5.16 moxkasana CTPYKTYpHAd CXema ycTpoHCcTBa TpPHrOHO-
METPHUECKOTO CYMMHDOBAHUS YacTOT.

. HenocrarkoM omucaHForo yerpoficTBa siBJsfeTCS HCIOJb30-
PaHHE B KAUECTBE JaTUMKA YIJIOBOTO NOJNOXKEHHST Bajka 3JEK-
fpuyeckofi Mamuael. TIpHHIMNHAALHO AATIHK YTJIOBOTO NMOJIO-
&eHHA Bajad, oOeCNeUHBAMIMN NpHEMJAEMOE KA4YeCTBO rapMo-
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HHUeCKOH (PYHKIHH, MQXKeT GBITh BGLIIOAHEH HMIYJLCHRIM Hpd
fO/LIIOM £ HJIH Ha OCHOBE MMIYJAbCHOIO H aHaJOTOBOTO Aat-
YHKOB YaCTOTH BpalLieHHs.

Mexannueckoe cyMMupoBaHue uacror. B [4] omucano
yeTpoiicTBO CYMMHPOBAHHA ABYX 9aCTOT ¢ IOMOIIBIO MeXaHu-
yecKoro augrpepennuana, ofMH BajJ KOTOPOrO CBA3AH ¢ BAJOM
ACHHXDOHHOIO ABHraTes, a BTOPOH BaJ NPHBOJAUTCA BO Bpa-
LIeHHe HCIOJNHHTEJIBHBEM NPHBOLOM, YIIPABJASEMBEIM BEIXOAHEM
CHTHZJIOM DeryJaaTopa CKOPOCTH.

Bee paccmoTpeHHble YCTpOHCTBA CYMMHEDOBAHHSA 4acTOT HC-
H0JB3YIOTCA Ha nNpakThke, HauboJjee INePCNEKTHBHHIMH 10
KauecTBY paboThl, NPOCTOTE HCIOJHEHHH, & TAKXE C Y4ETOM
BO3MOKHOCTH HCIQJL30BAHHA COBPeMEHHBIX MMIYJbCHHIX HaT-
YHKOB 4acToThl BpaueHud, ofecliedHBAOIINX eIHHHIE U e
CATKY THICAY HMHOYJLCOB Ha 00OpOT Baja, ABAANTCA YCTPOH-
CTBA UMIY/AECHOTO CYMMHPOBAHUSA HACTOT.

O6muM HejoCTATKOM pPACCMOTPEHHHX 3JE€KTPOIPHBOJOE
ABJseTCH HAJNHYHe JATYHKA 4YacTOTH Bpauenus. [loatom,
NePCHEKTHBHE BADHAHTH CHCTEM perylIHpOBaHHA, NpHBelen
Aee B § 5.7 u 5.9.

5.7, YNPABNEHME TOKOM OBMFATENA MPU OTCYTCTEBMM
PEFYNATOPA CHOPOCTH

HacToTHO-YNpABASeMEIl ACHHXDOHHBIH 3JEKTPOIPUBOM, pa-
30MKHYTHI 110 CKOPOCTH, HAXOAMT Haubojee UIHPOKOE HPHMe-
Henne. YnpapjaeHue 4acTOTOR BpAalllenus YKAasaHHOID 3JeKTpO-
NPHBOJAA OCYILECTB/SETCH H3MeHeHMeM JacTOTH IpeolpaszoBa-
TeJA, IPH 3TOM MOMEHT IBH[ATEN QIpelefiAercs qlaKTqu-\
CKHM CKOJBXeHHeM. PaccMOTpHM 3anadyy yHpaBJIeHHR TOKOM
JBUTATE/S TIPH THTAHHH €r0 OT HCTOUYHHKA TOKS U BLITOJTHEHAT
yenousi Wo==const, npu stoM ea==qge (puc. 5.3).

Perynstopel pasoMKHYTOr0O 0O CKOPOCTH ACHHXPOHHOTY
3NEKTPONPHUBOLA NPHBENEHBl HA CTPYKTYDHOH cxeme pHe.d.17
Ona noA06Ha CTPYKTYPHOH cxeMe NPHBOJA MOCTOSHHOIO TOKZ
¢ peryasitopoM JJAC (puc. 5.18). Ilepenarounnie (yHKLMK
eﬁ‘(sg) u eég‘,d(s,) BHPAXAKWT 3ABHCHMOCTE OT TOKAa aMIJHTY-
aa 20C ey u mpoexuun 3JAC EHa BekTOp TOKa i;—&s3.
C YYETOM YPABHEHHS MeXaHHuecKoro ABHmenns. OHM HoJyue-
HH 10 mepeiratoydeim gyEruuaAM asurareas (cu. § 3.3) c yue-
TOM CTPYKTYpHONl cxemer (puc. 3.1). Ilo BHAY nepemaTOUHELY
byHKUHE MOMXKHO 3aKJOUYUTb, YTO AHAJOIHA C NPHBOAOM IIG-
CTOAHHOTO ToKa uYHcTO BHewHAd. Ilepejarounas yHKLHS

1
ey (s,) ompenenseTcd He TOJABKO NapaMeTpaMH IBHMATENT Y
IpUBOJA, HO H ITapAMETPaMH pexuma paboTH.
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Cosnanue 3/1eKTPONPHBOLA HA OCHOBE COBPEMEHHEIX J(BHIa-
feell ¢ Ma/bM CKOJIbKEHHeM N0 CTPYKTYpPHOH cxeMe puc. b.17,
faecTBEHHO paboTaloliero B ITHPOKOM AHANA30HEe M3MeHEHHs
[ACTOT H IIArpy30K, 3ajaua HepeaanHas, He paaeasck B To-
POOHBI MAaTeMATHYECKHH aHAAM3 CTPYKTYDHOH CXEMH DHC.
.18, MoKHO noKasars, MoueMy 310 Tak. CHCTeMa pPeryJHpoBa-
M 3JAEKTPOIIPHBOLA TOCTOAHHOrO TOKA ¢ peryastopom 3C
¥ NOAYHHEHHBIM DeryJasaTCpoM TOKA Npeirnosiaraer He3aBHCH-
0€ YIDaB/JCHHE MOTOKOM Bo30ymAeHuA. JTo ke TpebopaHHe
HBADHAHTHOCTH [OTOKA NIPH H3MEHeHHAX pexuMa paboTe
BHraTe/s ABJAAETCA NMEePBHM M OCHOBHHM AJA KajyecTBEHHOrO
npaBpieyd MOMEHTOM ABHraTeJss, OHO NPpHHATO BO BCEX pa-
€e PACCMOTPEHHBIX CTPYKTYpPax CHCTEM yIpaBiedus. B cay-
ae 3JIeKTPONPHBOLA MO CTPYKTYpHOU cxeme puc. 5.17 ynpas-

' 50!'4%
P3 PT _

o - - S
[

S\l

LLE
Lidd

ef

A,JIO

Puc. 5.17. Crpykrypran cxesma aCHEXDOWHOIO 3/EKTPOTIBABOAA C Deryia-
Topom DJC.

'H — 3a0ATYHK  HNTeHcHsHOCTH; P3 — perynarop SIC: PT - perynarop toka;
1T — QyHKIHOE ANy LR npeoﬁpaacna'renh Ag — acnﬂxnommﬂ HBATATEND.

FP3 PT .
1 Tn I»'[
tﬂ K 1 rptsXy o2 (52
SB/—' 1
&34(5)

F“c 5.18. CTpyxkTypHas CXeMa SJIeKTpPoIpHBOAa NOCTOAHHOrO TOKA C pe-
ryaaropom 3JC.
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JI€HHe TOKOM i) ocyimecrBasgercda B ¢ynxuun Hamerendn 3IUC
€s, KOTOpPOE HABJACTCA CJNEJACTBHEM HaMEHEHHA INpeXje BCero
notoxocuenienus ¥, yactora TOKa 3a7aeTCA He3aBHCHMO,

TaknM o6pa3oM, B paccMaTpHBAEMOM 3JEKTPONPHBOLE Pk
HeyCTAHOBMBIIHXCH Tporeccax norokocuennenne Wy mensercs
N0 AMIIKTYAE, YTO BHI3BIBAST M3MeHEHHe 3aJaHusl ToKa I,
MpHYEM TOK ij OTPaBaTLIBACTCA ¢ 3aMa3/EIBAHHEM OTHOCHTEIL:
Ho uamerenua ¥, Kpome Toro, BzauMHoe nodoxeHue Wy u i
He GopMHPYeTesT COTMAcHO AuarpaMme puc. 5.3, a yCTARABJH-
BAETCH HEKOHTPOJIHPYEMO, B COOTBETCTBHH € 3JAGKTPOMAriuT-
HLIMH IIpoHeccaMi B ABUTATEJIE. ;

82
83 —= :
—] ez3 e
e2g | % . X .
— Puc. 5.19. ®opmnpoBanHe aMIJIATY-
k¥4 EBl TOKA,
Xo .

Has kauecTBeHHO¥ paloThl ACHHXPOHHOTO ABHIraTeNA Heol-
X0JHMO cOOJWAeHdEe BO BCEX PEXHMAX COOTHOILIEHHS MEMIy
BekTopamu Wy W §;, COOTBETCTBYIONIETO BeKTOPHON AMarpaMme
puc. 5.3. Ilpn naauyun obpaTHOR CBS3H 1O CKOPGCTH OCYIle-
cTBAAETCS (POPMHpPOBAHHE CKOJbLMKEHNS [BUraTe s, OJLHOBpe-
MEHHO C M3MeHEHHeM Py MeHAeTcs TOK i;. QJHAKO CKOJRXKE-
HHE Pgz He ABAAETCA €/HHCTBEHHHIM NapaMeTpoM XBHIaTeds,
B QIYHKIHH KOTOPOTQ MOXKHO (JOPMHPOBATE TOK ABHTATENA CO-
riaacHo jgumarpaMme puc. 5.3. B KauecTBe Takoro mapamerpa
MOXET ObITh MPHHAT yroa €y HaH yroa ¢p npu We=consi
Os4-@,=n/2. OcHoBHEE COOTHOUIEHHs B YHKIHY Yyraa
@2 CAeNVICLIHE:

Y w, 1w, 1
sing, X, sing; X, cosf,
€104 =€, COS @y, (519}

8y,,=2¢€,8in¢,;
byag ™ 412q Ctg Py

CTpyKTypHas cxeMa (GODMHDOBAHHS 3a1aHHS AMASHTYAL
H YacTOTH TOKA B NOJAPHBIX KOODIHHATAX, peasH3ywoulas co-
otHomenua (5.19), nokasana ua puc. 5.19. Ilpoueccu B cuere-
Me NPOTEeKalT caeAyrwmuM obpasom. 3ajanye M0 yacroTe sk
JIfeTCA JKECTKHM, B DE3YJETATE H3MEHEHHS CKOPOCTH IBHIaTe-
Jisl, BRI3BAHHOIC, AOMYCTHM, HAOPOCGM MOMEHTA HAarpyaku, Me-
HAeTCA cKoMbkeHMe. B QYHKUHH CKOMbXKeHHS MEHSETCS Yro.
2. M3wmeHenne ¢p QHKCHpyeTCHs, aMIIHTYAa TOKa iy oTpala-
ThiBaeTesl B cooTsetctBuy ¢ (5.19). Ilpu arom B KaxAn# Mo-
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MEHT BPEMEHH NPOEKIUA TOKa ijpy OCTASTCS HEW3IMEHHOH, uem
pbecreunBaeTes MOCTOAHCTBO NMOTOKocuensenus Wy, a B q)ym{-
KHH CKOJLXKEHUHA MCHAETCHA COCTABJAIOWIAN {j2q, ONpeeJisiio-
mas MOMeHT ABHraTedd. JdPeKTHBHOCTL NAHHOTO 3aKOHA V-

. Hap B2z 2055(5,) el Py AP
vz
; I
¥y 1(s,) Py 1,3
;;_#23(:,2 yl
5 o)
¥; .
ﬂg.s' goz 23 (52) &2 L?g (sz ) Fl.-,f (52 ) |
1-if2(s2) o21(s2) PR
Sz H. 2
JILa"zs (52
g
1 |
plEca) > 2 (s,) 11(52) |
mmmmmmm - Pe 7
7 | s2fz
52 #5552 :
¢21 I
__________________ A J
8 '

Puc. 520. CTpykTypHEE CXeMB, OTpamaioliye IpollecCH B JBHTATEAE IPH
(GOPMHPOBAHKH TOKA.

paBJIEHHS TOKOM i[, NOJYYEHHOTO NyTeM NPOCTHX (PH3HUECKHX
paccy¥nenu#, nposepHm Oo’ee cTpOre, HpHBIeKas annapar
nepejaToYBbIX (pyHRUHT.

CrpyKkrypnas cxema, OTpajkamwllas NTpoiecch B JIBUra-
TeJle NpPd YOPAaBJIEHHH AMIJIHTYIOH TOKa i; B (YHKLUHRH
yria g, nokaszaHa Ha pHc. 5.20,a. Ee MoOXHO mpencTaBHTDL
8 BHOe cxeMbl puc. 5.20,6 m nanee —cxemu pue. 5.20,8. Co-
[acHO NAHHLIM CTPYKTYDHBIM cxemam u (5.1%) noayuaem
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CJ]QI.L}’IO[HI/IQ COOTHOHIEHH A :
?Bﬁs (s ) . ?3“(8:) .
BT i s el (s)

d (w1 y\_
I () =il"= 'de(“_,?;' sm%)—— L4Bee  (0.21)

Gopmysel  InA  BoipameHHs 9§ (s,) U it (s,) mpHBeNeHB
B § 3.3. Iloacrapaas (3.15), (3.19) u (5.21) B (5.20), nony-
yaem:

(5.20)

o) =— s +1+@. 62

C yueroM (5.21) u bopmyn aaa wh(s,) n pboe(s,) (3.14) u
(3.18) onpemgenseM BhipaKeHHe JAA YaCTH cXeMwl puc. 5.20,8,
o0Be1eHHOR JUTPHXOBOR JuHHel,

0 ; 1825 (s,) 2
L} (S,) o (Sz) —]__B__—— = l +B 20 (5'23)
532 (s,) Bzo
OkoHuaTe/bHOE BHIpaXKeHHe IJd lepeiaToyHoll GyHKUIHY
O MOMEHTY AJA cXeMHl puc. 5.20,8 HMeeT BHA:

fua (5 Ho I —— w2, _ 1 . 524
W) = T T i — % Trati v oY

dopmyna (5.24) mokazblBaeT, UTO HCCJACLYEMbLIH NPHHITAMN
yOpaBJeHHs aMILIHTYIoH Toxa {, ofecrneynBaeT MOCTOSHCTBO
norokocuennerus W, (ks (0) =1,/B,,» uTO cooTBercTBYET Vo=
==const), HO mepefgarounas QYHRUHA NO MOMEHTY SBJISETCH
HeJHHelHLHIM anepuojHuecKHM 3BeHOM. B paHee paccMOTpeH-
HEIX CTPYKTypax, 6asupylowuxca AHa GOPMHPOBAHHH CKOJbXKeE-
HHA Por, NepejaTouHasi QYHKLNA 0O MOMEHTY ABJIAJACHL IIPO-
NOPUHOHAJBLHBIM 3BEHOM. dto pasanpuue (pHSH‘{ECKl/I JIETKO
o0bacuimMo. [Ipu ¢opMHpoBaHHH CKOJLIKEHHS [loe OLHOBpe-
MeHHO otpabaTtuiBaicd yroa Os, IpH 3T0M NepeaaTodyHan PyHK-
UMS 10 CKOJLXKEHHI0 B CHCTeMe KOOpPAMHAT i) papBHA:
85 =1 +5,/(1 - PF). B naHHOM cayyae MEHSETCH CKOJbIKe-
HHe fla3, 2 MepenarouHad QYHKLIHS N0 CKOJBMEHHIO Poo Byner
paBHa: [335’(3,) =1/[1}-s2/(14-P2%29)]. JlaHuHasn HHEPUHOHHOCTS
NpoABJIAeTcs U B 0TpaboTKEe MOMEHTA.

CTpyKTYypHAs cxema npusBoja puc. 5.20,6 npuBoANTCH K BH-
Iy, IoKasaHHOMY Ha puc. 5.2]. 3To TEMAYHAA cXema MPHBOLA,
B KOTOPOM INPHHATO BLUIEJAATL 3JEKTPOMArHUTHYIO IOCTOAH-
HYI0 [B naHHOM caydae B macuwitabe Bpemend Ty OHa paBHa
1/(1-}-p%%)] # aaekTpomexandgeckyw (B TOM e MacuiTabe
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BpeMeHn oHa paBHa [,Xo/W?). XapaxkTep mpoueccoB B JAaH-
HOH CTPYKTYypHOH cXeMe onpelesgercs OTHOWIEHHEM 3JEKTpo-
MeXaHHYeCKOH H 3JACKTPOMATHUTHOH NOCTOSHHBIX. JTO OTHO-
DIeHHe 0603HAUMM T; H B ZAHHOM cayuae oHO paBHO HoXs(1-4-
+PB20) /W2, Tlpn 1,<2 B cucreMe HabmonaioTea KoJaebaHud.

FCT
023 ez _ng 1 b & 1 u2

X2 p4g, —1 Sptz
v 1485

Pue, 5.21, CrpyktypHad cXeMa 3ACKTPOAPHBOAZ npH (OPMHPOBAHHH aM-
MANTYRL TOKA CTATOPA.

AnanoruyHele CTPYKTYpHLIe cXxeMbl OyayT BcTpeuaThest U
B jgajbHefllleM, aHaJjn3 HPOLECCOB B HHX H METOABI YJyuile-
HHS JHHAMHYECKHX XADaKTEPHCTHK BBIXOIAT 22 PAMKM HACTOMA-
LIEro paccMOTPEHHd, a HMEHHO — aHajlu3 CTPYKTYP YyhpasJe-

HHA MOMEHTOM acmixpmmoro ABHrateas U 6y,[lYT HpHBeﬂEHbI
B § 512

5.8, KOPPEKTMPYIOLLME PErYNATOPH NMOTOKA M MOMEHTA

Onucandble BHLIE  CTPYKTYPH YaCTOTHO-YOPABJAAEMBIX
3JEKTPONPHBOIOB ABJAIOTCH TAPAMETPHUECKHMI, 3TO HX Heilo-
cTaToK., B MeHnlledl CTeneHH 3TO OTHOCHTCH K CHCTEMaM yi-
DABJIEHHS aMIJIHTYI0H Toka B (YHKIHH yraa z(8:), B Goan-
el cTeneHn—K CHCTeMam ¢ OpsaMbiM (opMHPOBAHHEM CKOJb:
JKEeHH.

Jns cucTeMel ¢ OPMHPOBAHHEM AMINUTYIR TOKA TOK pa-
BeH o= —2——, Ilapamerp Ay, onpeiensesulil MOTOKO-

: X, sino,
cuemiennem Wy, mensiercst aaxe npd We=const (cm. § 1.4)
B QYHKIHH MoMeHTA ABHTaTe q. [1yTH EOMIeHCcanH H3MeHeHRs
Xy OUEBHAHHE — cAefyeT MeHATh TOK i} TAKAM 06pa3oM, ITo6H
notokocuenaenne ¥y 6u10 paBHO 3a1aHHOMY 3HaueRHQ, CTa-
OuAH3ALAS OCYILECTBAAETCs peryaaTopoM notoka (¥s), KoTo-
PHA ONHOBpPEMEHHO KOMIICHCUPYET BO3MOZKHBIE NOTPELIHOCTH
pellaloNux YCTPONCTS, ONpeleNsiOIiX Gyuknuio 1/sings.

Ha puc. 5.22 noxazaHa CTPYKTypHAas cXemMa 3JeKTPONpH-
BOJa C Pery/asitopoM UacTOTh, VIpaBJCHHE aMIIHTYAOH TOKA
OCYLIECTBARETCA B COOTBeTCTBHH ¢ (5.19) mpM mamuuun Kop-
pexTHpyiowero peryastopa notoka PII. Curnan sapaHus ua-
. CTOTBl (DOPMHpYeTCH 33aHaTYHKOM HHTeHcuBHOCTH 3H. Tlpru-
uun BofeseHHs dasubix DJC, a TakkKe mpoekuuii peayaALTH-
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PYIOILEro BEKTOpa &y Ha TOK i) (eyq M €u3,) Olidcad B § 5.2.
3aganueM TOKa [; ARJAETCH BHIXOLHOE HaNpsAXeHHe MHOMNMH-
T€JABHOrO YCTPOHCTBA, HA BXOABl KOTOPOTO MOLANTCS CHrHAJ
€afesq, @ TAKXKE CYMMA PACUETHOrO 3HAYCHKSA i0a—=Y¥aofXo u
BBIXO/IHOTO HANDPSKEHHS peryjsatopa notoka. Ha sxoxe mo-
C/IEANEro CPaBHUBAIOTCA CHTHa/bl 334aHHA H (PaKTHIECKOTG
3HavYeHHd noroka ¥,
PT *

2723d , @

223¢ o )
&2

Puc. 5.22. Crpyxrypras cxema yilpasieHns 3NeKTPOTIPHBOAOM ¢ PeryJaaTo-
POM HacTOTH.

MoXHo 6510 bl HCKTIOUHTL MHOXKHTEJALHOE ycTpolicTao u
BEIXOAHOM CHTHAJ Peryfisrtopa IOTOKA BMECTe C OCHOBHEIM CHT-
HaJ0M 3alaHHA TOKA NOLABATL Ha BXOA perysnsaropa toxa. Ho
U OpH 3TOM K03bOHNHEKT YCHICHHS B CHCTEME YIIPABJCHHS
MOTOKOM 3aBHCen Obl OT yraa @p JefCTBHTENBHO, i§jgq==
==i1 8in . PeryasnTop notoka ynpasaser tokoM i;. Cregoma-
TeAbHO, KO3MQHUMUEHT Repesays CHCTEMB YNpasJeHHA NOTO-
KOM T0J1y4aeTCsl NPONOPUHOHANIBHBIM Sifl ¢g.

IIpn BBexeHHH ycTpolcTBa yMHOXEHHS NpHpaIleHHE TOKA
hige (0603navaem Aljpg) B QYHKUHH DPHPAlIEHHA BBIXOAHOIO
CHCHAJA Perynsitopa moroka A 6yner:

Adgg=Al; sin go=A (i124/5in @g) sin pe=Ai)q4.

Koadpunuenr nepenauu cucrembl peryJupoBaHHS NOTOKA
TPONOPUHOHAJEH TOKY {124, KOTOPHIT npd Wo=const mendercs
MaJo.

HegocTaTkoM cHCTeME! YOpaBAeHHS MOTOKOM, BOSAEHCTBY-
Iolell Ha aMIVINTYAY TOKa |, ABAAETCA TG, YTO OXHOBPEMEHHO
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ﬁ H3MeHeHHEM {jog MCHARTCA ([1aq, T. €. MCHAIOTCA NAPaMETpH
HCTeMBl peryJNHpPOBaHHS MOMeHTa gBHratens. Jlaumuoli meno-
€TATOK OPTAHHUECKH NPUCYLL cHcTeMaM ¢ GopMUpOBAHEEM 3a-
‘maHud TOKA i B MOJIIPHEIX KOOPAHHATAX.

* OmyMcannag CUCTEMA COLEPHKHT [BA PETYISTOPA: PETYISTop
TOK&, CHHTEZ KOTOPOrO He OTJAYATCS OT PACCMOTPEHHOTO
'8 § 5.3, u peryanrop notoxa, [lepeaarounas QyHKUHS ABAra-

PlI
¥ ¥ |iud | x | %2
K Xo{1+55T,) 1+5z

Puc. 5.23. CTpyKTYpHAs cXeMa 9/JEKTPONPHBOAA MPH YAPABAEHHH MOTOKOM,

; x

Wens npu BRIXOJHOH BEAHUHHE — NOTOKOCHENJAEHHH H BXOA-
. i

HOM BO3ZEHCTBHH i onpesenesa B § 3.1, T, (s,)=

=Xo/ (1-}s2). C yuerom naHHON OpPMYyNbl H CXeMBl IPHBOLA
{pmc. 5.22) na puc. 5.23 noxasana CTPYKTYpHAS CXeMa 3a-
MXHYTOro KOHTYpa yIpaB/eHHd MoTokocuenaeHreM Wy, B kou-
TYpe CONEDKHTCA alepHOHUYeCKOe 3BEHO ¢ GoJblOOH TOCTO-
HHHOH BpeMmeHH, paBHoll | B MaciuTabe BpemeHu To==Xafrs, #
AnepHOAMYECKOe 3BEHO ¢ MaJ0H oCTOAHHOH BpeMenu Ty, pas-
HOH 3IKBUBAJEHTHON NOCTOSHHOH 3aMKHYTOTO KOHTYpa yIpAB-
Jenus TokoM. CHHTE3 acTaTHUECKOro peryJsaropa OOTOKa OCy-
WeCTBAACTCA NO MEeTOAMKE, TpHBencHHOH B § 5.2 npn n==0,25
B Bep<1/27 .

Onelt noKaspiBaeT, 4TC A0CTATOUHOE GHICTPOAEHCTBHE CH-
CTeMbl PeryJHMpOBaHHA IOTOKA ofecneydBaeTcs NPH B8gp=21/15
B CHHXPOHHOM MaciltaGe BpemMeHM, YTO COOTBETCTBYeT IIpH-
mepro 20 ¢t

OGpaTHMCA K CTPYKTYPHBIM CXeMaM ¢ APAMBIM GopMHpO-
BaHHeM cKoabxenuds (cM. puc. 5.9 u 5.12). Ilpu paccmorperun
NPOLUECCOB B ITHX CTPYKTYPHEIX CXeMax TOK fjpg 3aJaBalcH
PaBHBEIM pacyYeTHOMY 3HaueHHIO. Kak ycTaHOBJI€HO B HACTOSA-
juem naparpade, JaHHOE pacueTHOE 3HAUEHHE JOJIKHO KOPpPEK-
THpoBaTbcA. [IpH dOpMHpPOBEHHH TOK2 B NOJADHBIX KOODIH-

Hatax (i, =i,.V | 4 F,) CTAGHAN3ALUS MOTOKA OCYIIECTBA-
eTCs aHaJOrMyHO cXeMe pHC. 5.22, T. e. BBOOATCH PeryasTop
MOTOKAa H ycTpolcrBo ymuoXeuus, [Ipu ¢opMmposanuu 3aga-
HHA TOK2 i) B JEKAPTOBHX KOOPIAMHATAX CHIHAJA DPeryasTopa
fIOTOKA MOMET MOAABATHCA B BHIE CJAAraeMOr0 Ha BXOH 3azja-
HHA TOKA fj3q. [Ipn 3TOM HM3aMeHease 3ajauds TOKA iz, OTCYT-
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CTBYET, UTO sBJsIETCS AOCTOHHCTBOM JaHHOrO BapHAaHTA yIpaB-
JIeENs TTOTOKOM.

OnBaKo TONBKO KOPPeKUHH 3aJaHus TOKA ijgq AJS CTPYK-
Typ ¢ npaMelM (QOPMHDOBAHHEM CKOJbIHEHHHA HENOCTATOWHD.
Kak Buauno u3 puc, 5,12, nepexox OT BEIXOAHOTO CHPHAMA DE-
I'yJaTopa CKOpPocTH (MacTOTHL fag) K YACTOTE CKOJAbKEHHA PO-
TOPA B CHUXPOHIOM Macuitabe BpeMeHW OCYLIECTBJAASTCH Ue-
pe3 Ko3(ppuIMenT, papHbid rofXa. Hu rg, nu Xp He ABAAWOTCA
HCH3ME@HHLIMH, 3HauCHue ry 3ABUCHT OT TeMIEepartyphl POTOpA,
YacTOTH TOKA pPOTOPA, B MCHbIUEH CTefleHH OT HACHIINeHHd
3y6uosoft 30KB. 3HaueHHe Xp MEHAETCA C H3MEHEHHEM DeXH-
Ma MATHHTHOH CHMCTEMDL! ABHIaTesd, .

Uro npodsoiiger, ecdd GaKTHYeCKAT UaCTOTA CKOJIbKEHHS
B’y Oyner oTaMyaThLCs oT pacuerHoit B,,? Ilpu oreyrcTeHm pe-
TyJaTopa MOTOKA AMIVIMTYAa Toka Oyler oNpefensThes pac-

HeTHLM 3HAYCHHEM CKONBMEHHS By, T. €. i, =i,/ 1 4B, a
HOTOK — QaKTHYeCKUME 3HAYEHHAMH TOKA i, H CKOJbiKeHHHA iy,

T. €. Wz”:iudXo l/ L + ﬁannﬂ/l + (B’u)a- npﬂ HAJ4HA peryid-

TOpa TMOTOKa MocHedHyii O6yleT MeEHATE COCTABJIAKILYI
ij9¢ TaKMM 0O6pasoM, 4T0 aMUAHTY[a TOKa OYIET COOTBETCTBO-

BaTh pPeaJbHOMY CKOJBXEHHIO Pop, T. €. i, ( ,/X YWWTF B
IIPH 3TOM 3ajlaHHOe 3HaueHHe cocTasasiomed

mi'—“V‘ .lzq'—“(w /X VI+ ﬁu)' ﬁzz'

I3 nmocneqnero cOOTHOIIEHHS clieAyeT, 9TO0 IPOLBCCH B CH-
CTEME MOIYT VCTAHOBHTLCH TOJBKO IpH (B'22)—B%a>—1.
Eme paa moguepxupaeM, uTO 3T0 OTHOCHTCR K BapHAHTY BO3-
OeHcTBHSA peryasropa notoka He Ha aMIVIMTYRY TOKa i, 4 Ha
COCTABAAMYIO ijps. Momto 6ulao 0bl Bo3ZeficTBOBATL HA i,
HO TOrfa PeryasaTop NoToxa OyaeT OJIHOBPeMEHHO BO3AEHCTBO-
BaTh HA CHCTEMY yIpap/ends MOMEHTOM, 94TO OCOBEHHO Hexe-
JATERBLHO A 3JeKTPONPHBOXOB C ABYX30HHHM YHOpABJICHHEM
cropoetd (cM. § 5.140).

TakuM ofpasoM, npi GOPMHPOBAHHHM TOKAa i; B JeKapTo-
BHIX KOOpPAHHATAX MOKHO obecleyHTh KayeCTBEHHOe yIpasJe-
HHE TOTOKOM IBHTAaTeAs B IIHPOKHX Ipeieiax, HO NPH 3TOM
BCJE/CTEBHE DA3NHUHS PAcyeTHOr0 H (PAKTHIECKOTO CHOJIBIHKE-
HUR MOXeT IPoH30RTH HapylleHHe HOpMaJabHOR paboTh cHETe:
MBI YOPaBACHHA,

Hna ragsectBenHoH paloTH npuBoJa Leneco00PasHO BBe-
CTM elle OAHH KOPPeKTHDYIOUHHA perymatop, KOTOpwil Oynmer
MeHSITH (PAKTHUECKYIO YaCTOTY CKOJbXKEHHS TakuM olpasoM,
YT06bl 3EAUCHHS Bae==PoeXo/rz NpH MeHsIOWHKXcA Xy H r2 COOT-
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BETCTBOBAJM BLIXOAHOMY CHTHAJMY PETYJAATOpA CKOPOCTH, HJH,
APYTHMH CNOBAMH, 3alaHHIO MOMEHTa ABHraTenad.

JartyikomM MomeHTa xBHTateas B pexume Wo—const sis-
JACTCS CUIHAJ {15, KOTOPHI OlpefeJseTcs: N0 TOKY W Hanpa-
KEHHI0 JBHIATENA COTJACHO METOAHKE, NpHBeIeHHOH B § 5.2

Ha puc. 5.24 norasara cTpykTypHas cxeMma cHCTeMH ViI-
paBJeHHs ¢ ABTOHOMHBIM FHBEPTOPOM TOKAa, B cxeMme mcmoJas-
3YIOTCA KOPPEKTHPYIOIMe PeryasTopbl MOTOKA H MOMEHTA.

PN e s0ry

o WYt Vit pr = ljj
S frae iV ‘g o8 g i pa e
r

Y

Esl =

R ¢ S

(D
A4
Tl o~

&

Puc. 524, CxeMa ynpaBieHHS SMCKTPONPHBONOM Ha OCHOBE ABTOHOMHOIO
_ HHBEPTOpa TOKa ¢ KOPDEeKTHPYIOIWMMHE PEryJIATOPAMH NMOTOKA ¥ MOMenTa.

QPopmupoBaHHe 3afaMHA TGKA BHIONHACTCS B TEKAPTOBHIX KO-
opaukarax. Jlnd rnoapgep:KaHus HEHSMEHHOTO NOTOKOCLENJTe-
HHA Wy KOPPEKTHDYETCS TOK ijzg C MOMOLUBIO PEryasTopa Io-
ToKa PII. CHrHan Toxa {12, (MOMeHTa) ABMraTens cpaBHMBA-
€TCA Ha BXOHe perynATopa Momenta PM ¢ BHIXOAHHM cHTHa-
JI0M peryJasaropa ckopocTH BpixonHo#i curman PM nopaercs
B KauecTBe KOPPEKTHPYIOLLErO CHMrHaJa Ha BXOJ ycTpolicrsa
ynpasaeHHs 4acToToli npeobpasosaress. Peryiastop Mowmelra
MEHAET TacTOTY CKOJbXKEHHS TakHM obpasoM, uTo (dakTHue-
CKO€ 3HaUeHHE TOKA i{jzq CTAHOBHTCA PABHLIM 3HAUCHMHIO, 3a1a-
BaEMOMY PEryJsiTOPOM CKOPOCTH,

. Ilpn anamuze mnpoileccoB B KOHTYpe ympaBieHHS TOKOM
f12¢ (MOMEHTOM) ABHraTel]st MOjaraeM, UTo HYACTOTA CpPe3a AHa-
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JU3HPYEMOrQ KOHTYPa BHILE, YeM KOHTYpa YIpaBJACHHR Ya-
eToTOll BpamieHus H noroka. [losToMy IpH CHETe3e KOPPEKTH-
PYIOIIETD PeryjaaTopa MOMEHTa MOWKHO pa{.‘.CManHBaTb pexaM

ii=const. [Tepenarounas dyusuus 1o (s,) npu ij==const » co-
orsetctend ¢ (3.17) Hyaer

i35 (59) == i1 (53) B8 (s,) = i(—;e—ﬂ B (s,) =
143, '
8%, + 28, 4~ 1+ 8%
B o6nacr wacvor §, > T p%,
i3 (5,) = dyagfS,e (5.25,

CTpykTypHas cXeMa KOHTYpa YHpPaBJeHHS MOMEHTOM I1O-
KasaHa Ha puc. 5.25. HacroTa cpesa pasOMKHYTOIG KOHTYpa

==lsd

X2 PM
e Xy + bos [ s * Puc, 5.25. CrpykrypHas 'CxeMa KOH-
=4 I: t124 (57 Typa peryJHpDOBAHHA  TOKA faq
L1z | (MoMeRnTa).

YIpABJACHHR MOMEHTOM TNPHHEMaeTcs paBHOH 28cp, rae Sgcp—
YyacToTa Cpe3a KOHTYPA PeryJHPOBAHMS UACTOTHL BpAIIEHH?
(8 macuirabe Ts), 8z0p, KAk mpaBuio, Goabme, uem V' 1%,

Hcxoms us nmeperatounoil ¢pyukuuum (5.25), sapanHoH wac-
TOTHL cpe3a 8pep H n==0,25, onpenensem nepesarodnywo yHk-
LHI) peryjaTopa MOMEHTA:

agch 14 232/62@
‘FD.M {8} == 1 P :

(5.26.

TocnenoBaTeJpbHO C PEryJasTOPOM MOMEHTA BBOLHM JEJH-
TeJbHOE YCTPOICTBO, B KOTOPOM OCYLIECTBJHETCH LecHHE BEI-
XOLHOIO CHTHaJa PeryisiTopa MOMEHTA HA TOK figq.

BBegende KOppPeKTHPYIILETO pPeryJasaTopa MOMEHTa  Hc
TOALKO 06GeCTeUnBAET KATeCTBEHHOE VIPABMEHME MOMEHTOM
JBUraTens, HO TAKWKE MO3BOJAET OTKA3AThCHA OT BHICOKOHK Tou-
HOCTH H3MEPEHHS YacTOTHl BPAIUeHHA H CYMMHPOBZHHS YaCTOT
BpallleHuss H cKojexeHust. Jlas ynpaBieHus uactoToll ToKa
CTaTOpa ABUraTe]s MOryT OHITL MCIOJL30BAHLI AHAJOTOBHI
TaXOreHepaTop M 33/1al0LHIE reHepaTop, HA BXOAE KOTODOre
CYMMHPYIOTCA CHTHAJBI TAXOUTEHEPATOPA, PEryaATOpa CKOPOCTH
H KOPPEKTHPYIOIIEro peryJsTopa MOMeHTa. Bce MOrpelrHocTs
B OTpafoTKe 3a/AHHOTO 3HAUCHHSA CKOJNbLXKEHHS Pog KOMNEHCH-
PYIOTCS NPONOPUHOHANBHO-HHTCIPANBHEM  PETYJASTOPOM MO-
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MeHT2. DTO BAXKHO C TOYKH 3PeHHS TPaKTHUeCKOHA peanHsanuu
IpUBONOB, MOITOMY YIPaBJEHHE CKOJbKEHHEM ¢ [MOMOLIBKO pe-
FyJsaTopa MOMEHTA BHIAEJEHO B CAMOCTOATENBHHIH KAaccH(H-
KallHOHHBIH MPH3HAK CHCTEM YACTOTHOTO VIIPABJICHHS.

" DBperzenme peryaaTopa MOMeHTa HE HBJACTCA €IWHCTBEH-
BEM cHOCOOOM KAYCCTBEHHOTO YIPABJEHHS MOMEHTOM JBMra-
TSJIA OyTeM KOMIEHCADME IIOTPEIIHOCTH TAapaMeTpHyecKoro
gagaunst ckoavxeinud. Jlannaa aajgada moxer OblTh pelleHd
VIOBJIeTBOPUTENILHO IEPeX0A0M K CHCTEMAaM, OCHOBAHHLIM HA
ﬂpHHH,I/II'ie OpP[eAHTaU;HH 1o Ioao.

5.9. CHCTEMBI C OPMEHTAUMEHR NO NOMC ABUTATENSA

BapHaHT CHCTEMBl, KOTAA ONpeJe/saaH aMIINTVAY TOKa 10
bopmyne ij=i194/Si0 Po==1124/c05 0, OBLI ONHCAH BHILle, NpPH
HTOM OlpejeAad MONOKEeHHe BEKTOpPa TOKa I; OTHOCHTEJLIO
BexTopa noTokocuenyedna W, (wau 20C &) # ycranasansa-
JH AMILIMTYAY {; B COOTBETCTBHH C MAHHOH OpHeHTAIIHeH, Ha-
Knaanisaa ycnosHe Wy=const. HasopeM cuHcTeMbl, yHKIHO-
HHpYWOUINE 110 YKEa3aHHOMY NPHHUMIY, CUCTEMaMH ¢ AMIOJH-
TyAHOH OpueHTanWeR Mo HeJl.

HpyruM sapraiTOM IPUHIKNA OPHEHTAUUH TO MOAK SABAS-
eTcsl HCIONb30BaHue B KaduecTBe CHIHANA Qgp QaKTHUECKOH ua-

cToThl BpauleHus Bekropa Waofes). Jad cucreM ympasuseHws
‘BEKTODPOM i B JEKApPTOBHIX KOOpAHHATaX (cM. puc. 5.12) Heob-
XOZHMDI CHTREJBl Sifloge! # COS aogf, B KaYECTBE KOTOPHIX NMpH
ODHEHTALHH WO [ICJK HCNOAB3YIOTCS CHTHAJH  Wapg/Po==
=Woa/¥y 1 Wyg/Wo==(¥oz—Woc)/ V' 3¥, (Bemecrsenuyo
0Cb CHCTeMBl KQOPAMHAT COBMEWIAKT ¢ $asoit A cratopa) nan
{esp—ezc)d V' 3¢, H —egafes. Jaunuit cnocob ynpasieHus ua-
crorof Toka (Ha3oBeMm UACTOTHOH opHenTaumHefi Ho moAn)
cpaBHHTEALHO Tpoctofl U 5>QQeKTHBHHIA, HO NpHMEHHM, Kak,
BIPOUEM, H BCE BAPHAHTH CHCTEM, B KOTOPHIX HCNOALIYIOTCA

R3MepeNHple CHrHaanl 2p Had We TOMBKO B 00JaCTH 4acToT,
rie ofecrneunBaercd KauecTBenHoe uaMepenue IJC eq. [lpu
HCIOAbL30BAHUR »neMentor YBCP AW B yerpoficTBe Hamepe-
HHA corJacHo pHe. 1.10 B KauecTBe NaTYHKCB TOKA, HANpaKe-
‘HHfl, VCHANTesel, AennTesnell KauecTBeHHOR H3Mepenne obecne-
yupanoc, npu o>0,00. PacmmpeHde IHanasoHa BO3MOXHO
EBeleHEeM B 3a30p AsHratens naTyuxoB IDHC Xonana.
" Caepyer ofpaTuth BHHMAHHE €llle HA OJHO CYIIECTBEHHOE
06CTOATENLCTBO, Ollpefendloulee BO3SMOXKHOCTh HENOAL3CRAHHY
CHCTEM YIPaBAeHHS ¢ YACTOTHHM CJeXeHHeM [0 Moo LJA
pa3/IMUHLIX THIOB INpeobpasoBaTedell dactoTbl. B mnpexbiny-
IWeM PacCMOTPEHHH NOAPAa3yMEBAaNOCh, YTO B YCTAHOBHBIUEMCS
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pexiMe axTHUECKHH BeKTOp TOKa cOBIajaeT Ho (age ¢ 3a-
HaHHeM. Jasg aToro, mampuMep mpH Hcnouas3oBanmn HITH
(cM. puc. 5.12), ua BXoae perynaropa $asHOro TOKa yCTaHaB-
JIHBAJIOCH TPOTOPIUHOHANLHO-IK(pPepeHIHaNsHOe 3BEHO, a Ha
Bxon CHU®Y Beogutes currana, kommnencupyiomuii 3/C e;. Ho
JAaxe B 3TOM CJydYae TOrPeUIHOCTh He HCKmouena. B cayusae
ABTOHOMHOrO WHEBEpTOpPA TOKA, KaK ykasmBajoch B § 4.1, cy-
LIECTBYET C/BAT MeXAy 3ajaHHeM (as3bl TOKA B BHJE ylIpaB-

T+sTr T £
clofd g &
LLLL|
L7 ] L)‘ C
; 14s% PT
s [P =A@ A E g
[ ig |
Ly y
, 14T PT : 2
indy 3 >
T <
208 tlogt
stnoge®

Puc. 5.26. Cxema ynmpasieHHs 3/eKTPONPHBOAOM C 4aCTOTHON OPHEHTAIH-
efl mo moJmo.

JAILWHX KMOYALCOB HHBEPTOPA H (DAKTHUECKHM TOKOM, JToT
CABHT MOXeT GbITh CYLIECTBEHHEIM H LOCTHrath 100°. ®a3oskiit
CHBHI' MeXIy 3aJaHHEM H AeHCTBUTENbLHEIM MOTOKOM CTATOPH
MOXeT NPHBECTH K HapYIUeHHIO HOPMANLHOA paboTH NPHUBO-

na. Jomycrum, $pasoBwlit ¢aBur coctaBaser ¥, i, =i, '\, rae
15— 3ajJaHue (a3zpl TOKA, Torla

b=l COS Y —|_ ilEQS sin it }

. o . 6.27)
bi2g == bipga COS Y — L34, SINTY.

B pesyabraTe peryastop CKOPOCTH NPH BHXOJHOM CHI-
HaJe fjaga H PEryAATOP TNOTOKA IPH BBIXOAHOM CHTHAJe
{1243 OKA3HIBAIOTCS B3aHMOCBsizaHHbIMH. Jlas ocnaGnenus yka-
3aHHOW B3aMMHON CBA3KW MOMKHO BBECTH JONOJHMTEJIbHHE pe-
Ty TOPEl COCTABAAIOIUIX TOKOB {124 H {194, Gonee GuICTpOIEH-
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TBYIOIHE, YeM PEryAsTOPbl CKODOCTH H NOTOKA, B Pe3yJbTa-
fe 0TpaboOTKa 3aMaRHLIX SHAYCHHH COCTABJSIOMIMX TOKOB NPO-
#30feT 63 M3MeHeHUs PeKHMA OCHOBHBIX PEryJisTOpOB.

. Ha puec. 5.26 noxasana BRXOAHAS WaCTh CHCTEMBI YHpas-
WIEHHA NPHBOKOM, BKJIOUAKINAS [ONOJHHTEABHEE PEryaAATOPH
OCTABJAICHINX TOKA Iyi f1sq M {124, HacTb cucremn puc. 5.26
C peryisitopamu c yuetom (5.27) npusemena Ha puc. 5.27.a,
e MOIKHO npeobpasopatk B [BE OAMHAKOBEIE CTPYKTYPHHI?

Lrog ¥ o

Fs) —o—a»lcosy Lrsd

SindyFfs)
14+Fs)cosy

. i'12q3 |
L1293 —')-(2)—'
] Fs) cosy

siny

) 6)

sindy F(s)
+F(s)casy

Puc. 5.27. Crpykrypuas cxema PeTyaHpOBaHHA TOKOB T1z4 M f)34.

CXeMbl LM% KaXA0H cocraBasomell Toka {puc. 5.27,6). Us
pHC. 5.27,6 Clenyer, 4To NepejaTOUHEe GYHKUHH CHCTeMB 3a-
BucaT 07 yraa y. Ilpu y=0 s3aumnas cBssb Mexny peryds-
TOPAMH TOKOB fj2¢ H f134 OTCYTCTBYET, HM€eM I€PeJATOUHYIO
$yHKUMIO pagoMEHyTOil cHcTeMbl F(s). TIpn y=a/2 ¢ Toukn
3PeHUS NPAMOTO BO3LEHCTBUA DEryJISTOPH MEHRIOTCS MECTaMH,
H KaXj0¢ 3afaHue TOKa 0TpaGaTsiBaeTca MO CYLIeCTBY uyepes
IBa peryJjastopa.
Ilepenarounas ¢yHKUHA pa3oMKHYTOR CHCTeMbl F2(s).
IIpoBeneHHOe paccMOTPEHHE IOKA3LIBACT, YTO BBEJECHHE J0-
NOAHHTEABHBX DEryAsiTOPOB TOKOB f12g H ij2q IPH HACTOTHON
OPHEHTAUUH TMO MOJI0 A5 PasBASKH PEryJATODOB CKOPOCTH H
NOTOKA BCACACTBHE 3aMasALIBAHMNS, BHOCHMOIO lipeobpasoBaTe-
7€M YACTOTEl, MOKET oKasaTecd 3Qdexrusunm ais HITY, rue
3HAYeHHs y HeBonplIHe, H Hea(PeKTHBHLIM AJA npeoGpasoba-
TeIA TACTOTH C UHBEPTOPOM TOKA, Ile 9 MOXKeT OHTeL mo 100°,
JIpyrim HeZOCTATKOM paccMaTpHBAEMOro OPHHIMNE 3ajxa-
HHS MACTOTHI ABJACTCA ONPERENERHAR CACKHOCTL NPH INyCKe
OPHBOLA, KOTAA OTCYTCTBYIOT CHrHAALL g2 H Wy, HeoBX0AMMER
AJISL OCYULECTBJCHUSA YACTOTHON OpHEHTAIMM {10 MOJK).
Ykasaniux HeXOCTATKOB HET B CayUae NPHMEHEHHA NpHH-
LHIA aAMIIUTYAHOH OPHEHTaNMH N0 TOMIO, IPH KOTOPOM VII-
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paBjienHe 9acToTodl ocywiecTsaserca oT 31, ynpasieHHe aM-
OJATYA0K TOKA OPH OTCYTCTBHH CHTHAJOB &2, Wy MOMET OCy-
RIECTBAATLCA NAapaMeTDHUeCKH, a 3alaszjbBAHHE Yy POAH He
HI'paerT.

5.10. CTPYKTYPHBIE CXEMBl DNEKTPONPHBOAA NPU YINPABNEHHH
NOTOKOM

Huke onmMcHBAIOTCA ABE THNOBhE CTPYKTYPH YHDABAEHHA
noJjieM ApBUraTe/id; CrylienuaTtoe ocaabnenue NOTOKA, HCIOJL-
3yeMOe B NpPOCTHIX NpHBOAAX B CAYYae YBEJHYEHHA MacTOThL!
NpH OrpaHAMEHUH BBRIXOLHOrO HampsiKeHHs NpeofpasoBaTens;
naaBHOe yNpaBJeHHEe NMOTCKOM B INAPOKOM AHanasoHe AJjs Go-
Jlee CROKHBIX NPHBOAOB, IPH 3TOM BBOAHTCS Cleunazbhblil pe-
ryastrop DJC asuratend. CuHTe3 CHCTeM YUDAaBJeHHS B pe-
muMe Wo=var 6asupyercs HAa CAeAYIOUHX COOTHOLIEHHSX:

T (5) = X (155 oo =1sg X/ U
= (X‘,/Xz) ‘inme’ e-s = (XJX,) r + jooa) ¥, (528)
arctg (ilsq/ilad) HpH i12d>0 ‘
2 l T + af(‘-tg (imq/izad) npH iud < 0.

H3 (5.28) caenpyer, uto npu Wo==var OTCYTCTBYET OJHO-
aHaYHaA CBH3b MEXAY Poo ¥ 0.

ChenaeM OzHO CyuiecTBeHHOe AJA INIPAKTHYECKOTO BHITOJ-
HEHHA CHCTEM YIpaBIeHHs 3aMeuaHHe; yNpaBJleHHe IT0JeM BH-
NOJAHACTCA NPH YaCTOTAX, GOALLINX HOMHHANLHOH, MO2TOMY
3AC tpancopMauny egrp==(Xo/X2)p¥; cocraBaser nebosn-
Iy yacTb (€QMHHUE HJAH Hdame AoJm mupodenta} or JIC
ppailienus egap= (Xo/X2) doz¥z ¥ MOKET HEe YUMTHBATHCHA NPH
HCNOJL30BAHHY £ B KAYECTBE CHrHAaJa XJs pemaiolldx H yi-
PaBJAKIMX YCTPOACTE CHCTeM ynpamnends. KpoMe Toro, NpH
e2rp K Egp=0r-Bo=n/2.

PaccMOTpPHM CTPYKTYPHYIO CXeMy 3JeKTPONPHBOXA HA 0OC-
HOBE HHBEPTOPA TOKA ¢ PeryJsTopoM gacToTH (cM. pHc. 5.22).
BapranT AanBOf CTPYKTYDHOR CXeMH €O CTYNEHYATHM HaMme-
HeadeM notoka ¥y noxasan Ha pue. 5.28. Otauune saxmioua-
eTcs B WOABJEHHH YCTPOHCTBA CTYNEHYATOrO H3MEHEHHS TOKA
f1¢ H BBEJCHWH aTleDHONKMECKOrD 3BeHa ¢ nepeaatounolk pyuk-
naed Xof (1-}-s2), Momenmupywomers nepefaTouuyly (QYHKIHIO

1]
W (s,)-
IMogperynuposka noroka (W) NPHBOZHT K M3MEHEHHIO na-
PaMETPOR CHCTeMbl yIpaBJeHHd MoMeHTOM. PaccMoTpuM
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TOAUKOOGPASHOS H3MEHeHHe 2aKaHKT TOKA {12¢. OnHOBpEeMeHHD
TOJIKOM H3MEHWTCA TOK ij, COOTHETCTBEHHO {13,. [10TOKOCHEI-
-nenne Wy GyleT W3MEHNTLCA MO KCHOHEHTE. BCJeiCcTBAE Ha-
MEHEHHS {13, MOMEHT, OTpeAeTaeMEBI (5.28), naMenutes ckau-
KOM, 2 3aTeM GyIeT M3MeHSITbCH COOTRETCTBEHHO HSMEHEHHIO
OTOKA.

B ycradomuBmeMcs pexume nepejatownas byHERIUE TO
MOMECHTY IIPH BO3MYIIQIOMEM BOIACHCTBHH B KAaHAMe CKOJbIKE-

PT

#
A e A

3
E olpz

"
7 7
-.Z/ TFs.  Tis; Pl

Puc. 5.28. Baexrponpuson c PeryaaropoM 9acToTEl H CTYIGHTATHM H3Me-
HeHHEM ROTOKA.

HHg Oyler nponopunoHaarHa F2y uan i Ilpn srom o6par-
HO NpomopumonaisHo W# H3MeUHTCA 3JeKTPOMeXaHHuecKast
RCCTORNNAR MPHBOAA.

OcyinecTBHM cHiiTes CHCTEMBL ABYX30HHOrO YIIDABJCHUY yd-
CTOTON BPALUEHHS aCHHXPOHHOIO ABHLATENSI C HITY, 5 koro-
POl 11O OCHOBHOH uaCTOTH BPALICKHS YIpaBIenue OCYLIECTR-
JARTCA NIPH AOCTOAHHOM 3Haueddd Wy, a BHIE OCHOBHON —
IpH hexsMeHnoM 3Hadenuu IIC e; u nepemensom noTOKO-
cuennedny Wy Jlannas cucreMa sBASercsl pasBuTHEM CHCTe-
MBI CO CTPYKTYPHOH CXeMOf pue. 5.12. DNERTPONIPHBOL MO ¢Xe-
Me pHc. 5,12 OTIHYAETCS BHICOKHM KauecTBOM PEryIHPOBOUHBIX
xapaxtepucTHy. IlosteMy ans mero ompapgano YCAOXKHENHE
Y3JI0B CHCTEMBL YIDaB/ACHHA, KOTOPOe OBECTIeUHBAST J1ANbHEl-
liee noskiLenne kaueersa. B obuieh cxeme ynpassieHns Mmoxno
BLIACNHTS CACAYIOLIHE OTRCIBHBIC CHCTEMBI: CHCTEMY yIpaBie-
HHA MOMEHTOM IBHTIaTelNs, NOAYKHEHHYIO PEryjasaTopy CKOPO-
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CTH; cHCTeMy ynpaBhaeuds notokoM (¥), moauuHeHdylo pery-
aartopy JAC ez, cucremy GOpMHpPOBAHHS 3ajiaHufi M peryJH-
poBanus (PasHpIX TOKOB; KODPCKTHPYIOIIME DeryJjsaTop Mo-
MEHT2.

- PaccMoTpum 0cOOEHHOCTH OTAENBLHBIX CHCTEM, YIHTHIBA-
WX YIpaBAeHne MOTOKOM. BHIXOAHOR cHrHAA DeryiaTopa cKo-
pocTH npeofpasyeTcs B CHIHAJ 3aJaHUS TOKA [1pq H CKOJbME-
HHA P2. B coorseTcTBHH ¢ (5.28) moayuaem, uUTO B KaHAJH
3ajlaHiusl TOKA ijgqg H CKOJBXKEHHs [2a AOJKHLI BBOAMTBHCH He-

o= Ky
u ‘i"“'z‘? " 0z PZ
%2 Prc. 5.29. Crpykryp-
Xg?_ . X2 Hast ¢Xema POpMHPO-
e Lrag= s BaHHs 3aflayHf CKOJb-
Ho | Xe ? . i }an% JKENHR H TOKa [124-
XZ . T .
i

JHTeJALHEIE YCTPOHCTBA, KOMIIEHCHPYIOIIHE H3IMEHeHHe Nepeia-
TOUHLIX KO3(hQHUMenTOB npu peryanpoBaiun ¥y (puc. 5.29).
JleldcTBUTEARHO,

X, , X

T ) I s ————
Baz qﬂz ] 129 Xoipz

.
CucreMa ynpasaenus norokam (W) Braloyaer B cefa pe-
ryaarop SJC e; (pue. 5.30) H verpoiicTBO MOAeJHDPOBAHUA
noroxka nsuraredss. Ha sxone peryasitopa D1C PE  (puc.
5.30) cpasHMRawTCA 3ajaHHe rpaHuuroro sHaueHus DJC egrp
H cHarHaa ($arthyeckoro 3nauenns DJIC e;. Ha Breixosme pery-
aaropa DJAC prawOueH neauTenab, ofecNeYHBAOMHA NOCTOSH-
¢TBO Koa(dulmenTa ycHieHHs cHcreMul ynpapaends 3JC no
KaHany Wy nmpH age=var. BeIxonHOH CHTHAJX JejHTeas H 5B-
aserca asazaHueM Wy Koria es<égm, 2 wge MeHbIIe HOMME-
HAJILHOTG 3HAYEHHH, BHIXOZHOR CHrHAJ JenureNsl OrpaHHueH
npefenbHLEM 3HAYeHHeM M ABJASETCA HEM3MEHHBIM 3ajaHueM
notoka (Ws). Ipu es>eyyp 3agadne noroka (¥;) yMeHpiiaer-
¢ B npefenax 10 Wimin, 3348BAEMOT0 BHEIHHM CHUTHAJIOM.
ITpu cuHTe3e peryaarcpa NMOTOKA JBHCATEJS YIHTHIBAETCH
HeTUHeHHOCTh MArHHTHOH cuCcTeMbl. [Ipu aToM caelyeT UMeTh
B BHAY, YTO OpeAcTaBJeHKE KOHTypa BO3OyXJIeHUs B BHIE
AMepHOANYECKOT0 3BEHA OCTAeTcH CIPaBeAJMBHM H B cayyae
vieTa HeJMHCHHOCTH MAarHHUTHOH CHCTEMEl, KoTOpOe NpodBMs-
eTcl B H3MEHEHHH MapaMeTPoB KOHTYpa BO3OyIKIeHHS, [PH-
ueM Ipeesbl H3MEHEHHA NapaMeTpPOB sapaHee H3BeCTHH. Taxg,
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JIAUX 3BeHa ¢%i2a (j6) MOXKHO NpPEICTABHThL B BHAE CeMeHCT-
2

Ba XapakTepuCTHEK, NOKasavukx na pHc. 5,31, Tak kak gacro-

Ta cpe3a PasOMKHYTOro KOHTYpa peryJHPOBAHHA NOTOKA Bbi-
m1e, YeM Fomax/Xomin, TO HEAHHERHOCTh MATHHTHOH CHCTEMEI He
CKa3LIBAeTCsl Ha MmapaMeT[ax IpONOpPLYCHAJILHO-HHTErpaaLHO-

500

Yo min

FE :

. ¥,
en |22 H :
E2rp I;:z

Puc. 5.30. Crpykrypuas cxema (pOpMHPOBANHA 3aJaHHS TIOTOKa € NOMOILLIO
pervastopa 3IC.

ro peryasitopa NOTOKa, CHHTE3WDOBAHHOTO aHAJQTHYHO TOMY,
kaxk Geljio mokasado B § 5.8. Pakrnueckasn yacrora cpesa Oy-
JIeT MEHSThCS, HO TOJbKO H3-32 M3MEHeHHs CONPOTHBJEHHS rj.

3aMKHyTas CHCTeMa peryJupoBaBHs MOTOKA JBHraTejs,
B KOTOPOHl MCIONL30BAHA MOALJb CHCTeMHl BO3GYHIeHHS TDH

}l
Puc. 5.31. Jlorapugmuuecras am:t- E .
AMTYNHO-ACTOTHAN XapakTephcTHKa S| F ‘
KOHTYPA  BOACYMJICHHA JBHTATEN @l S |
NPy M3MEHEHAM €ro RapaMeTpos. S l s
1 Pzéin : "’meh\

gxzmax XZ min

Yo=var, noxkazana Ha puc. 5.32. OcobennocTLI0O MOAENH CH-
creMbl BO30YXKACHHA RBJSETCA TO, UTO B Hell onpepelsercs
noroKocuenienne o, B yNKIHH aMILTHTYIbl KOTOPOTO MERSH-
I0TCs conpothBaenns Xo # Xo. ITotokocuennenne Wy B cucreme

koopaunat ¥, paBHo:

Xe . X
W oo == x, ¥, + i T:' Aas

- (5.29)
Wooa = Eiag X, Xg-
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Puc. 5.32. CTpyKTYpHAR cXeMa 3aMKHYTO! CHCTeMBl PETYAHPOBAHHS [OTOXA
LBHTATEH.
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Pue. 5.33. CTpykTypHasl cxeMa yIpaBAEHHA 3JeKTPo
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Kpome Toro, npu noctpoenun monenu HCIIOIL3YETCH COOT-
HIeHHe

ina’Xoth(] +Sﬂ) HIH ilﬂd'iu_rz o % ’-2:5‘@-2'
X, X,

i Hamewneswem ornowenus XofXe w3-3a HesHHeHHOCTH Ma -
HHTHOH CHCTEMH MOXKHO mpenebpeys. Ilpu TOCTPOCHAH MO[IE-
JIH HCTIOIL3YIOTEA CHIHAJBL 33/1AaHHS COCTABJSHOMMX TOKA 7,
a4 He camu cocraBisiioue. ITostomy Heo6xoiuMo BBOLETS
ANEPHOANYCCKUE 3BeHbst ¢ NOCTOSHHOR Tr. C yuetoM Hanoxen-
HOTO CHHTe3HPOBaHA MOAENL CHCTEME! BO3OYIKICHWs ABHraTe-
Jis, KOTOpas [0KasaHa Ha pHe. 5.32.

Cucrema dopmupopanust sagannii ¢asHBx TOKOB M KOM-
- nercupyiomux 3G, nogaBaeMbix HeMOCPeICTBERHO Ha BXCI

E =
_.____.if_.._... 1+3TT - t_ @—’ tlml—-h @
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- =
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NPHBOOOM C ABY X30HHEIM pervaupoBannenm CKOPOCTH,
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CH®Y Takas xe, Kak B cxeMme puc. 5.12, Peryasatop MOMeH-
T4, HeOGXOOUMBII A/ KOPPEKUHAH 3aflaBaeMOi 4acTOTH CKOJib-
JKeHUs, aHajJoruyed onucanHoMmy B § 5.8, Crnezyer orMeTHTh,
YTO BO3MOMKHO HapylleHHe HOpMaJbHOH paboTHl KOPPEKTHpY-
IOLIETO Pery/IaTOpa MOMEHT2 IpH IEePexofe TOKa ijpq 4Yepe3s
HY/b, KOTOPHH NMOJAeTCA HA BXOJ AEJMTENLHOTO YCTpolicTBa
B KauectBe genurensa. [losToMy [ BBICOKOAWHAMHUECKHX
[PHBOJAOB € ABYX30HHLIM PEry/JHPOBAHHEM YACTOTH BPALIEHHS
GoJiee IpeaNOYTHTEIbHA CHCTEMA C YACTOTHOH OpHeHTalMed Mo
MO0, HeXeNH ¢ (OPMHPOBAHHEM CKOJbKeHHs M KOPPEKTH-
PYIOLEM PeryJaTOpPOM MOMEHTA.

O6mias CTPYKTYpHAsd CXeMa 3JeKTPONPHBOAA C ABYX30H-
HLIM DPeryJHpOBaHHEM YaCTOTH BPAIUEHHS NMPHBELEHA HA PHC.
5.33.

5.11. CTPYKTYPHBE CXEMB SINEKTPOTNPMBOAA NPH YNPABIEHWM
IOTOKOM ¥, M MCNONb3OBAHMM MCTOYHMKOB HANPAXEHWA

HManomenusit BHIIE MaTepHa) 0O CHHTeSY CTPYKTYp yI-
PaBJIeHHsl NPHBOLOM NO3BOJIAET CPOPMYIHPOBATL ABA TMONXO-
Ja K pelleHHI0 NOCTaBJeHHO#i B HacrosileM mnaparpad:z sa-
Rayu:

1) cpopmupoBarh 3ajauue MO aMIJMTYAE H yacToTe Ha-
TpsiXeHHA, UCXOIA U3 3aNaHHHX 3uHaueHuii NOTOKa M MOMEH-
Ta, a 3aTeM oTpafoTaTh ITH 3HAYEHHS PETyJATOPaMH Npeol-
pasoBateNd 4acTOTH;

2) ctopMHpoBaTL 3afaHHE TOKa, KOTOopoe 3aTeM oTpaba-
THIBAETCA B 3aMKHYTOH CHCTEME YIPABJEHHA C UCIOJIL3OBAHH-
eM npepOpa3oBaTed HAcTOTH B KauecTBe YCHJAHMTENLHOTO 2Je-
menta. Takoe pelreHHe MPHMEHAIOCH B CHCTEMAaXx 4acTOTHO-TO-
KoBOro peryauposanus ¢ HITH.

PacemOoTpuM IocnefoBaTebHo ¢6a BapHaHTa IOCTPOEHHA
CHCTeMB! YIPABJEHHS NMPHBOAOM HAa OCHOBE HCTOUHMKA Hanps-
WEHHA,

Ecau waBecTEnl TOK §; H HoTokoclenaeHHs ¥, To Heobxo-
AMMOE HATIpHIKEHUE OnpelenseTCs IO YPABHEHHIO cTATOPHOR
neny asurartess (2.49)

- 7 . ;T X, . T
U=t (P—l'"!a) X_1ll+ :\,_'(p"i—fa‘)wa'

IIpu ynpasaenun notokom (Wp) nociepnee ypasneHue me-
aecooGpasHo 3amHcaTh B cHcTeMe KoopamHaT We #f HpOEK-
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0l Ha KOOPAMHATHLIE OCH!

, , X
Uina == bypgts = PX sbipg — an’qu + _X'O— Y
2
N (5.30)
U= imqu + pX’]iIZ(] "!’" a’azX’Jvzd “l{" XD O’-02T2 .
2

B (5.30) wmoryt GHITL MCNONB30BAHE TOJYyUEHHHIE BHILIE
CHTHAJNN {194, {12q0 oz, Ve, pWs, M03TOMY B caMoM ofllieM BHIE
CHCTEMGI € HCNOJAL30BAHHEM HCTOUHHKOB HANDAXKEUHA OTJH-
YalOTCA OT COOTBETCTBYIOILUX CHCTEM C MCTOUHAKAMH TOKa
R gacTH GOpMHPOBAHUS 3aJAHMA  TOJbKO  jl00aBjeHHEM
YCTPOHCTB, peasiayIoOINX NaHHBE COOTHOUTEHHS.

a ti Loyd
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Pnc. 534, CrpykTypHad cxemMa VIOPABNCHHA ANPMKCHHEM B DeXHMe
Wo=const.

Ha puc. 5.34 noxasana BHXOIHAA YacTh YCTPOHCTBA 3ana-
HES ¥ OTpaboTkX yIpaBJCHHA NO HANDIKEHHI) ) B UPHBOJE
¢ aBTOHOMHEIM WHBepTOPOM Hanpsikedus. [lpu stom umeeTcq
B BHIY, UTO BXOJHBIE CHTHAJH iigd, iizg, oz, P¥2, s copmu-
POBaHEl CHCTEMON 3aJaHNMs TOKA i) B JACKAPTOBHX KOODJAHHA-
tax (cM. pue. 5.33). 3amanus npoekunfi HanpsXeHHs ¥ B CH-
creMe koopaunar W, BuuMcagiores no (5.30). 3aTeM BHINOJ-
HAIOTCSH HepeXod K 3afaHHI0 HANPAXKEHHA &) B HOJAAPHBIX KO-
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opjHHATaX W OTPafOTKA aMIIHTYAbl 3ajaHHs HallpsKeHHs
3AMKHYTOR CUCTEMOH YRPABJCHHA HANPAMEHHEM C [OAUHHEHN-
HBEIM DPery.iIsiTopoM Toka npeoOpasopateas. [las yaydiueHns
AHHAMHUCCKHX XapaKTEePHCTHK CHCTEMEl YIIPaBJeHUs HalpsKe-
HieM Ha BX0J PeryadTopa TOKA NoJaercs CHrHajg, Npornopii-
OHAJMbHBEI] NMpPOGKUHH BEKTOpPa I} HA #1—ij4d, KOTOPKl MOXKHO
onpeneantsh (2.15). [lockoapky npu BHYHCJASHHM TOKA i4¢ MC-
[0JB3YIOTCA He (PpaKkTUUecKHe 3HaYeHHS cOCTABJAIINUX HATPA-
MEHMH %, ¥ TOKa I, 4 3aJaHHs 3THX BJHTHH, TO CHTHAJL
3a1aHAs NOCTYNAWT uepe3 AHUAaMHUeCKHEe 3BeHbS C Iepelartou-
HoH (yHkuned Fu(y). Fu(s) —neperatoudas (QyHKUHA 34-
MKHYTOH CHCTeML! YIPABJeHHs aAMIIMHTYIOH HANpPAXKEHUA [Ipe-
ofipasoBaTtens 4acToThl. KongpeTHoe Buipamende Fyu(s) gaet-
ca B § 512

HenocraTtok paccMOTpeHHOH CTPYKTYPHOH CXeMHI C TQUEH
3peHNA KauecTsa (yHKIMOHHPOBAHMA 3AKJHOUACTCA. B Hapa-
MeTpuueckOM (QOPMHPOBAHMM HANPAMKEHHT, UTO MOXKET NpH-
BECTH K NOTpellHocTH B oTpadoTke Toka. Ind toro urtodw me-
KJHOUATDL NOTpellHOCTh, BBOAMM PEry/ATOPHl TOKA, aHaJOTHY-
HO TOMY, KaK 39TO BLIIIOJHAJOCE B CTPYKTYPHOH cxeMe pHC.
5.26. BBellenue perynsiTOPOB TOKOB #oq U [1z4 A€JNACT lieJeCo-
ofipasibiM nmepexol oT GOPMHUPOBAHHA CKOJNLKEHHA K JacTOT-
HOH oOpHeHTauH# Mo noJo. Tak KaKk ABTOHOMHBIE HHBEPTODHI
DalpAXKeHHA B YCTAHOBHBIIEMCE peXHMe oTpabarHBaloT 3a-
JaHHe Ge3 (pa3oBoft MOTPEINHOCTH, CHCTEMA YaCTOTHOH OpHeH-
TAUHH N0 Nonw 6yleT GYHKIHOHHPOBATL HOPMAMbHO. Jas
CHHTe34 PeryJATOpPOB TOKAa IepenyllieM CHCTEMY YpaBHeHHHA

re i,
(5.30), samenus agy Ha v+Boz, Poz HA 5 —g—, 2 p¥, Ha
2 2

P s
—)Hrzlmd Ta X, .
Uygg = kpag (rl —i'PX',) - Verileq -
- T2 %129 X X .
—-}?E—X’]Xo_ + -}‘?“5‘ Foligg = X: ralraa

. 5.31
u;eq nq +pXr '"'I—VX']‘]zd_!" ( 3)

2 iﬂ 124
b X X e X,

Iloayuennas cucreMa ypapHeHHHA Henmue#Has. IIpH JauHe-
apusaldy «B MaloM» GydeM Y4YHTHIBATb, YTO CHCTEMA YNpaB-
NeHHS TOKOM 6oJiee GHICTPOREHCTBYIOUIAS, YeM CHCTEMA YUpaB-
JeHHS YACTOTON BpallieHHA B NIOTOKOM, NMOITOMY HOJAraeM npH-
palleHHs 4YacTOTH BpallleHHS M HOTOKA PABHBIMH HYJIO.
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Lucrema ypapuenu#t (5.31) aas upupawesuii HMeeT BHA:

, X? ,
Aul!d:At’lzd(rl +“X_:=“rz+pX 1) _—

. ry Xbyay
-_— VX’I A"mq —_ 2 Ta ,;‘2 Al;[zq#

Xﬂg L}
Bty == By 1, - 21X, ) 4

r
X' Af

129

VX, By A B X Mg 1
HJIH ,
Au,zd:Ail?d(rl X, ) — Al X, (2B
Bty == A g, X, - Bi, (r 3t pX;) :

IMpupamwenue TokoB Ai,,, ¥ A,y PABHGL

(5.39)

X
Py Ayg ("‘: + —-Lrg-{—le’) + Buypq X, (%0 + o)
P.":ud '
(r.+ retkp Xy )( T rakpX )+ et g0 (X0
‘ LI "1+ rz+PX ’)—Aalz;tXirao
?_Aimq ==

(r +-—§Lr=+pX,’) (rl + ;( ek p X b (X, el
2 (5.33)

TlocnenHie COOTHOLIEHHS IIOKA3BIBAIOT, UTO €CJH BBIXOI-
HOH CHTHAJ DeryJaTopa Toka dgq OyAeT 3ajsaHHeM HaNpHAKe-
HHSL Y124, 4 BHIXOAHOH CUTHAM PLTY/ATOPA TOKA iigq — 33 aHHU-

i ! PT OCgX'{ y
12 é —_—
K T j\;—§+s)«’1r
z
) {otg+Bg ) X1

T.-12q - |
. X
— "? ” K r1-+-r1,———X;+sX§ ! |

Puc, 5.35. CxeMa BKAIOYEHHA DOTYRATOPOE TOKA.
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HHEM HANPSAMKEHUS Ujaq, TO 0Da perynsaTopa GYAYT B3aHMOCBSH-
3aHHBIMH. UTOGH HCKMIOYATDL YKA3AHHYIO B3AHMHYIO CBA3b, BLI-
NOJHEM COSJNHHEHHe PeryJsitopoB Tak, KaK IIOKAa3aHO Ha pHC.
5.35. B 3toM cayuae TOK Afipg OyIeT oflpedefAThCA TOJNLKO Ha-
npsixKeHueM Atlag, 2 TOK Aljgg— HaATpAKeHHEM Al TUpHUEM
nepegarourbie (YHKIUY ABHrATe sl HPH BBIXOJAHBIX CHIHAJAX
l12¢ 1 {19¢ ¥ COOTBeTCTBYIOUIMX HANPAKEHUAX PABHBI

i lﬂd(s): Fﬂ(s}

12d ns !
r —_—r sX,f
1 X2 : 1

(5.34:
Fiu(s)

Hi2g .
l'wq (s)=

X
r1+-}~(—'~r2+sX1’

IMpakrHueckd OHH ORHHAKOBHE,

[Tpn cuuTese cHcTeMH (POPMHPOBAHUSA 3AMAHNSA COCTABJS-
IOUIHX HANPSXKeHUs ¥ uefiecoobpasHo COXPaHBTh paccMOTpPeR-
HYIO BHILIC CTPYKTYPHYIO CXeMy pHC. 5.34, JONOJIHB ee pery-
JATOPAMH TOKOB {iag U i124.

Pery/asTopbl TOKOB TPYAHO BHINOJHHTL OHCTPOAEHCTBYIO-
IHMH, TEK KAK PeasIbHEIE TOKH ligg H [124, HCIIOJL3YEMHE B Ka-
4ecTBe CHriayoB OGpaTHOH CBA3H, COJAEPKAT IIyJLCANMH 4Ya-
croTel 6f (f — BEIXOHAS 4acTOTa WMHBEDTOPA) H MX HeoOXo-
AUMO (PUALTPOBATS.

CoxpaHsaa TNPeXKHIOW CTPYKTYPY (OPMHPOBAHHA 3ajaHHA
10 HANPAMEHHIO, MOMKHO CUHTATh, UTO TOKH f13q¢ M i1z, 3a1a-
BaeMple PeryJATOpaMH CKOPOCTH H [IOTOK4, 0TpadaTolBalTCH
AUHaAMUYeCKHM 3BEeHOM C nepejartou:Hcll dynkumeir Fy(s), a pe-
TYJATOPLl TOKCB OCYNIECTBJASKOT KOPPEKUMIO COCTABJSIOUINY
nanpsskenus. B 3ToM cayuae K HUM He NPelBABJISIOTCH IO-
BbIlIEHHDIEe TpeboBaKHs M0 GHICTPOAEHCTBHIO.

B cayuae KoMOHHAPOBAHHONH CTPYKTYPLI HOPMHPOBAHHA 34~
JaHfs COCTABJAAMWHX HANPAKCHHS KOMIEHCAIHA COCTAaBJSAI-

b'e -
IMHX, NPONOpHUOHANBHBEIX YAaCTOTC BPAalUCHHA v ( Xo 2),

ByIeT BBHITIOJNHATLCS aBTOMaTHueckH. [Ipu 9TOM NpHHATHIE yC-
JIOBHSA JHHEADH3aUMH CHCTeMBbl ypamuewuii (5.32) 6yayr ocra-
BATbeA CIPaBeAJIMBHIMH, Xa)e ecyn GoictpojeficTBHe cHCTEM
PEeryiHpOBAHKA TOKOB {1zg H fiaq OyACT MeHnINE, UeM ORICTDO-
JAEHCTBHE CHCTEM PeryJHpOBaHHMA CKOPOCTH W HOTOKA.

C yuerom wuaaoxenHore Ha puc. 5.36 npexacraBieHa BhLI-
XOAHAasl 9acTL CTPYKTYPHoil cxemm (puc. 5.34) ynpaenenus
npeo6pasoBareneM YaCTOTHl HA GCHOBE 2BTOHOMHOIQ MHBEPTO-
pa Hanpsaxenua (puc. 5.34).

154




- B cxeme puc. 536 nyxnaercd B TOACHEHHHM YCTPOHCTBO
tGopMHUPOBANNA YIDABASKUINX HMIYAbcOB PH aBTOHOMHOTO
HHuBepTopa. Ha Bxoja ycTpoiicTBa NMOAAIOTCA CHIHAMB MPOEK-
uuft panpakeHus iy (ocuosHas rapMoHuka). B ri. 4 nokasa-
HO, uTO Mepexoj uepes Hylib (pakTHuecKux (PasHLIX HampsaxKe-

digd
X,
xE I
. f‘1+Té - +SX1
Tizd PT \ :
ol b
gz,
Bz .
i?Zq FT
e e
f
4129
u!l
X3 .
7"1+i"‘zﬁ + 8X1

Puc. 5.36. CrpyxTypHas cXeMa BBIXOAHON 4acTH CHCTEMBl YIPABIEHHA
X NEKTPOTPHBONOM ¢ CPHEHTALMel Mo Moo,

HEH COBTUANAET ¢ UEPEXOAOM UepPe3 HyHb OCHOBHON rapMOHUKH
JAaHHBIX HaNpsXKeHHi, mosToMy ycrpoiictso @H aBnsercs cH-
cTeMofl opMHpOBAHHA MMIYJALCOB B MOMEHT Nepexoja depes
HYJb CUT'Han0B (a3sHbIX HANPAKEHHH, MOJYYEHHBIX COIJIACHO
(5.14) w3 HanpAKeHuH typs H Uigg.

5.42. QUHAMUYECKME XAPAKTEPMCTMKM NPEOBPA3IOBATENSA
YACTOTHI

IlpeobpasoBaTean 44CTOTH Ha OCHOBE aBTOHOMHOTC MHBEp-
Topa HAOPAXMEHUA ¢ aMIVIHTY AHBIM VIDaBJACHHCM KAK JHHAMH-
yecKas CHCTEMA YOPaBJACHHH aMILAHTYL0H HaNPsIXKCHHR MOXKET
paccMaTpHBaThCA B BHAE YNPABJIAEMOrO BHIPAMUTENA C UL
gpoM LC. TIpy HanWuau CHCTEMb! YIpPaBJeHUS HaNpsXKeHHeM
€ MOAUMHEHHBIM DEryJHpOBAHHMEM TOKA NPHXOAMM K CTPYKTYp-
HOH cxeMe, AHAMOTHYHOHA THPHCTOPHOMY MPHBOAY NOCTOSHHOTO
toka (puc. 5.37,a). HamHad cTpyKTypHasi cXema cOCTaBJeHa
110 ypaBHEHMAM IIPONECCCB B Npeofpasorarelie, 3alHCAHHBIX
B OTHOCHTENbLHBIX €AHHRIAX AJA CHHXPOHHOIC Macmrada Bpe-
MenH, DasoBelil HOCTOAHHELIA TOK ¢BA3al ¢ (6a30BHIM Halpsxke-
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HHeM cooTHOIeHueM Je=Us/Rq, rie Ry — aKTHBHOE CONPOTHEB-
JIeHHE, COOTBETCTBYIOIES HAKJOHY BHEUIHEH XapaKTePHCTHKR
BLINpAMUTEAA Ha BXOAe HHBepTopa. KosddriuueHT yeunendd
punpaMutens ¢ CH®Y ornecen k peryaatopy Toka PT, aasse-
Ho B ma pue. 5.537,a, BRMOUALLLEE BHIDAMUTEIb U CI/I(DV
uMeeT Ko3(punueAT yeuaenus, paBHEH 1.

Hng yayullenust AUHAMBUYECKHX XapPaKTePHCTHR uenecool-
Pa3HO BBECTH CHCHAJ HANPSKEHHMA ¢ KOHEEHCATOPA (HILTpa
Ha Bxoa CHDY ¢ apKKOCHHYCOHMAANLHOHN XapaKTenHCTHKORN

PH PT Luns

73
?l,: t?ﬁ?ﬁgﬁ _;Tcuuue

pi | er Tung

@ - B

PH Tung
Uz 1 é 1 Lyng
E ] 1+sT 5T g)

Puc. 5.37. CTpykrypHble CXeMEl DPeoBpazoBare/is YACTOTH ¢ ABTOHOMHbIL
HHBEPTOPOM HANPAKEHH.

YIPABJEHUS NApaieNsHO YPABJISIOIEMY CHIHAIY PeryJsaro-
pa 1oka. COOTBETCTBylOLIAA CBA3b NOKasaHa Ha pHc. 5.37,a.
Dtum KoMOeHCHpyeTcsa BHewHee Biuanve 3JIC, W crpyxTyp-
Han cxema pHe. 5.37,a mpeofpasyerca K BHIY, NOKa3aHMiHOMYy
ua puc. 5.37,0. B sroM cayuac

CHHTE3 DPeryJasTopa TOKa Ipo-

H3BOJAHTCA TG TeXHUUCCKOMY

OUTHUMYMY HIpPH -4acTOTe Cpe-

; 3a gas TpexdrasHoro MOCTO-

= dEP"’”:—T; BOIO BHIIPAMHTENS Ogp=]

X

T (uau  npumepno 300 ¢! &
Gep i CP:\ e ofmunoM Macmitabe Bpemc-

YucnoBas ook

nn). Tlpu cBepTKE 3aMKHYTO-

T0 KOHTYpa pPeryaHpoBatK:
Puc. 5.38. JloraprpMaueckas amMi-  gogy nocefHHE ONUCHLIBARTCS
.J'IHTYIJ.HO-'IBCTDTH&H xapaKTepHCTm(a

PA3OMKHYTOM CHCTeMEl yhpapmenns — GLCPHONHUECKHM —3BEHOM ¢
HATIDSKERHEM. nocToAHHOH Tr==1/1,53¢.
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B pesyabTaTe cTpyKTypHas cxeMma npeofpasyercd K BHAY.
HEOKazaHHOMY Ha puc. 5.37,8. DTa cxeMa u Oyfer paccMatpu-
BATbCA AJS BHIAB/ACHHA JIHHAMHUYECKHX XapaKTePHCTHK npeod-
pasopatessa. PeryJsaTop HanpsXKeHHS IPHHHMAETCA NPOTOP-
IHOHAJbHO-HHTErPaibHEM, YTO O0ecneuHBaeT YCTaHOBHBILYIO-
¢l HyJieByio omIHGKY Mpu oTpaboTKe 3alaHHS IO HATIPAKEHHIO
HE3aBUCHMO OT TOKA HATPY3KH HUBEPTOPA (fyua).

Ha puc. 5.38 nmokazana JIAUX pazsoMKHYTOR CHCTEMHL.
BepxHAd CONMpAraomas yacroTa H3BecTHa, oHa paBHa 1/T..

CHHTe3 PEry/aaTopa HaNpSAXKEeHHS NPOH3BOLAHM NO METORH-
ke, npuBegenHo#t B § 5.2, pas m==1,215 u n=0,243.

Jnsa ynobcrea mepexoanm K GasosoMy Bpemenn Tq, OHO
XapakTepu3yeT AMHaMuKy apeolfpasosarens. das nanusbix sna-
weHuA m M A nepefaTouynas QYHKUUS 3aMKHYTOH CHCTEMLI

§,/0,243 41
(so/’O 33 4= 1) [5,/0,775 + 2¢,-0,213,0,775+ 1] °*

F,{s,) (5.35)

rie sy— omeparop Jlannaca aas npuHATOTG MacuitTafa Bpe-
'MEHH.

[lepenarounasa ¢pyHkuus Fu(So) XapakTepuayer He TOABKO
BricrponeficTeHe NpH orpaloTKe npeofpasoBarteseM 3ajaHud
no Hanpaxesuw. Ilo cooTBeTcTEYHOUMIEA YacTOTHON XapakTepu-
CTHKE MOXHO CYAHTEH O TOM, KaKHe FAPMOHHKH TOKAa HHBEpTO-
'pa NPOABJAIOTCS B TOKE BHIIPAMHTEJS.

I'Iepe,uaTotiHaﬁ ($YHKLHS NP BBIXOJHOM CHTHAJIE ~— Hanps-
HEeHUH, NpH BXOI{HOM BOSMYH.I.&]OI.HEM BOSﬂEﬁCTBHH—TOKE HH-
BEPTOpa B OTHOCHTEJAbHHIX eJHHHIAX, HPHHATHIX IIPH aHAJH3E
NMpoLeccoB B npeofpasosatese, HMeer BHI:

. Tose (1 -+ 54)
Fr(s,) = N : . (5.36)
(0 a3 T )[ L0 770) +2 077,-1- J

. Ilpn naMeneHuu 6az0BOr0 TOKa MElsieTCA UHC/ACHHOC 3HA-
uenHe {ocTOAHHO# Bpemenn T B pannom caygae Te=
_==0-)H0MCR£I-

Ho uwactorno#t xapaxrepucture Fr(j8p) MOXHO CyaHTh
0 BJIHSHHH FapMOHHYECKHX COCTABJSIONIHX BXOJHOTO TOKAa HH-
BepTopa Ha QOPMY HalpsKeHHS.

TMepesatounad ¢yHKUHS BHIXOZHOTO CHTCHANA PEryJaaTopa
HanpsykKeHHs (3ajaHue B PeryJATOD TOKA) IO BOIMYIIAIIIEMY
BOBIEHCTBHIO (TOKY [mup)

Fpu(so)=(so+1) Fa(so). (5.37)
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Pre. 539 Jlorapngmuueckue wua-
CTOTHDLIE XapPaKTCPHCTHKH npeoBpa-
30B4TENR YACTOTHL.

—_—— PYX; — AUX; 71— F (/8e):
2= F (b ToiTy; 3 F, ,if).

Tlo mawuofi mepenartounofi
dbYHKIHYE MOXKHO OIpPeRe/HTH
00JM4CTh H3MEHEeHHd YaCTOoT,
B KOTOPOH MO BHXOAHOMY
CHTCHAJY peryJjaropa Hampd-
KEeHUS MoxeT 6uTh onpege-
JeH BNOAHOH TOK  WuBep-
topa. Ha puc. 5.39 nmpuseaeust JIAUX mnpeoGpasoBaTens ua-
CTGTHl IIPH ONTHMANLHOR HACTDOHKE peryasaropa.

Onepartopsoe naobpakeHue HATNPAKEHHA Ha BXOAE HHBEp-
TOPA, NMPONOPUHOHAALHONO AMINIHTYAE HANPAMEHWd &,

— Ty 5,1 +5)
umns (Su) - FH (Su) us (So) —[_ Tc FH (Sn) 89/0,243 + 1 lmm (So)'

Bxoxno#t TOK unBepropa
Ln==31 144/ 70.

C yueTOM CJIOKHOH 32BHCHMOCTH TOKA 144 OT HANPAKEHUS
dy B 3aKQHUEHHOM BHJAE OQNpeJeNHTL MepelaTOUHYIe PYHKIHMIO
Uaye (So) /s (S0) He ynaetcs.

Hns ynyulleHHs NTHHAMHYECKHX XAPaKTEPHCTHK npeobpa-
30Bareqas NpH oTpaboTKe 341aHHA NO HaOPAKeHHO Lenecood-
pasito copMHPOBAHHEIH B CHCTEMe YIPABJICHHS CHIHAJM 3a71a-
HHS TOKa ijy¢ NOAATL Uepe3 3BeHo ¢ mepeiatouncii QyHxumeh
15T, HemoCpeACTBEHHO Ha BXox peryJaaropa toka. ITonyua-
€M KOMIIEHCALHK BXOJHOTO TOKa HHBepTopa. B sroM cayuae
nepe1aToynas GyHKIUS HMeeT BHA:

Unua (8g) /43 (S0) =Fu(sq}.

Ecan curran zajauus aMIVIHTYAB HANPS3KeHUs TOAABATh
Ha BXOJ PeryJfATopa HanpsKeHUd Yepes IHHAMHUECKOE 3BEHO
¢ mepenatodHoil  yHKkuui gy
From(s), To mepemarouras
$yHKUMSA ABHraTeAs MpPH OT-
padoTke 3ajaHHsT MOMEHTA B
cxeMe pHe. 5.34 O6yner pasna

Fruu(8) Fu(s). Ecan, nHanpu-

Mep, KOpPpeKTHpYIoIlee [IHHA-

MHYECKOEe 3BEHO BLITOAHHTL - Lo

no cxeme puc. 540, T0 MPH  puc. 540. Cxema KoppexTHpyome-
COOTRETCTBYIOILEH HACTPOMKE o ANHAMHYECKOIC 3BEHA.
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cymMMapHas nepeaarcudas QyHKuuA Fuw(s)Fa(s) Oyier co-
OTBETCTBOBATEL ANEPHOJHYECKOMY 3BEHY. '

Ilpn oTCYTCTBHH BXOZHOIO AHHAMUYECKOIO 3BeHa Iepeja-
TOUHAA (YHKUHA 3BeHa Fyx(S) B CTPYKTYpHOH cXeme pHc. 5.34
coorBercTByeT (5.35), NpH HAJHYHH KOPPEKTHPYIOLIErO AHHA-
MHYECKOTO 3BeHa nepepatouHas ¢QyHxuus Fy(s) 6yier pasHa
Fruu (8) Fu(s).

5.13. CTPYHTYPHBIE CTXEMBI SJIEKTPONPUBOOA [MPHU YIPABREHWM
NO 3AKOHY Y,=const

Tlpu ucnosfn3oBaHKY NpeolpasoBaTesl YACTOTH HA OCHOBE
ABTOHOMHOrC HHBEPTOpPA HANPSIKEHHA YIpaBjeHHe aCHHXPOH-

HblM JABHTaTedeM B CHCTeMe KoopIuHaT Wy CBA3aHO ¢ cyHlecT-
BEHHBIM YCNOMHEHHEM CUCTeMEl peryaupoBaudHa (cm. § 5.11).
B 1O e BpeMs, ecqH JBHraTelb MCIOJs3YeTCH B Npeleaas
NACIOPTION IIePETPY30YHOM CIOCOOHOCTH 10 MOMEHTY, YAOB-
JAEeTBOPHTEILHEIE PErYJHPCBOUHLIC XAPAKTEDHCTHKH IIPHBOIA
MoryT OBIThL NOJYYEHE DpH YNpasJeHHH 1o 3aKoHy W;—const.
. ¥Yupapaeuwe NpH NOOCTOSHCTBE NOTOKOCHEIJICHHS CTATOpa
¥ nenecoobpasHo BCAEICTBHE MPOCTOTH HCHIONHEHHE CHCTEME
peryaupoBanus. Kak #e0lHOKpPAaTHO YKa3blBaJd0Ch, @CJAH Tpe-
Hefpelub CONPOTHBJCHHEM fy, TO NPH HAJHYHUM HCTOYHHMKA HA-
npaxennda U coOJI0JeHMH YCJAOBHSA ifeu—const aBToMarTnue-
CKH BHINOJHAETCH yc/JaoBHe HocTogHcTBa V). ComnpoTHB/ACHHE
ri IpH TOBBILIGHHLIX YacTOTax MaJo cKasehBaercsa Ha Wy, mo-
5TOMY NIPH PEeryJUpPOBAHMH IO YACTOTE BpALlEeHHSA BHH3 OT HO-
MHHaabHOH B guanascHe 1:5 (1:10) u nponopuzonaanHOM
H3MEHEHHH HANpPAXKeHAs H UYacTOThl OCYILECTBJSETCH pPEXKUM
¥ =const,

Flpm moctosHcTBe NOTOKOCUENACHHS eAHHCTBEHHBIM Tapa-
METPOM YOpaBjcHHA MOMCHTOM HABJACTCA CKOJLXKeHHe En.
B § 3.5 moayueun mnepenatoulsie dylUKIHK ABHLATENd 1O Ka-
HAJY CKOJbXeHNHd, KOTOPLIMH BOCIOJIL3YCMCA NS HCCAEA0Ba-
HMS AHHAMMYECKHX XapaxkTepHCTHK TpuBoaa. [lepenarounas
GYHELIHNS ABHraTess NMpH BXOLHOM BO3JAEHCTBHH [y U BHIXOLE —
MOMEHTe HMeeT BHA:

P (S ):ﬂ s+ 1 —52, . 2umar ST -
s B0 (8, + 12 4B [ - B2y (5: + )%+ 8%,
T2 X,z 1 s+ 1 —82,

XX X, 148, (si+1y¥ 48 )
B nocnexgyioileM usJoxeHun oGo3HayaeMm: B?io=q.

2Panax 541 —a
B1 =
Wi (s,) == e Gl (5.38)
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Conocrapnsa (5.38) ¢ BepaxenneM IJs IepeJaTOUHON
QYHKUHA 10 MOMeHTY B pexume Wo==const, noayuaem:

pi =W X,

oTMedaeM, 4T0 B pexume Wy=—const mepegarounas pyHkuus
18 (5)-— mocTosHubIf Kos(pHLHENT, T. €. MOMEHT NPH H3MeHe-
HHH CKOJIbXKEHHS oTpalarbipaeTca Oe3bIHEPLHOHHO, a4 B DEXKH-
Me W =const He IPOACXOAUT MIHOBEHHOH OTPaGOTKY MOMEHTA
mpu usMenenus sananus. Tak, npu a=0 ph (s,) npeacrasisger
cOO0H TepeaaTouHyI0 QYHKNHIO ANepHOAMYECKOTO 3BEHa C IOo-

Ap
BBLp iy
100} a=0
8,901
0,801 a1
o 0,701
i 260t o2
r 0,50 =
- 4ot
C 630k a=05
- 6,20
X 0,10
| Lt 1 r 1 1 1\ [ 1.J 11
i 0 08 16 24 32 40484
Pge. 541,  JlorapapmMaveckas Puc. 5.42, H3MmeHeHHe MOMEHTa Hph
AMIIITYFHO-YACTOTHAN XapaKTe- TOJNYKE CKOMAb A CHHS.
pucruxa pf (s,). —mno (525[5?1)51: Pairiaial {5.393

CTOAHHOH BpEeMEHH, paBHOI‘:l oﬁpaTﬂomy SHAYEHHIO KPHTHYECKO-
IO CROJILXEHWHA HBUTraTe A, O[)HEHTHPOBO‘IHOE 3HavYeHue ngaH-
HO# TIOCTOSIHHOK PaBHO:

”mnomkusr{on COS Prom,

rie kg— OTHOIIEHHE MNYCKOBOIO TOKA K HOMHHAJLHOMY,
a4 Spoy — HOMHHAABLHOE CKOJIbKEHME, COS QPuom — HOMUHAJLHOE
3naueHue cos ¢ asHraress. Ilepenarounas QyHkuus pb (s,) A
Jasetcd QyHKIMeH CROALEKeAns fig.

JlauHoe comocTaBfeHHe MOKa3bIBaeT, UTO PEKHM YIpaBJe
nus Wo—=const asnagerca uaubosee NPEANOYTHTENBHBIM JJIH
KauecTBEHHOrO YNPABJICHHA ACHHXDOHHLIM 3JIEKTPOIPHBOIOM.
‘Ha pnc. 5.41 nokasana JIAUX ¢ynkuuu b2 (s,) 1as AByX npe-
JeNbHuX 3HaueHHd a: a=0 u a=0,5. [Ipn a=0,5 xsurarenr
B VCTAHOBHBLIEMCS peXHME pa3BHRAET MOMEHT, paBHBIH
0,93 wmax.

Ha puc. 542 noka3aHBl HepexofHBIC XapaKTEPHCTHKH MO-
MEHTA TIPH ¥3MEHEeHHH CKOJhXKeHEA B dyHKUMH Bpemenu. Hs
KDHBHIX BHAHO, YTO B YKA43aHHOM [HANa30He CKOJLMKEHMS
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MOXHO aNnpOKCHMHPOBATh MepefaTOuHy10 (YHKIHIO IO MoO-
MEHTY anepHOJHYECKMM 3BCHOM C MEpefaToyHod (QyHKnued
BHA

l—a 2vmax
B1 == .
pb (s,) (rar s o . (5.39)
(1 +a)?-

C yuerom mepefaToyHoll GyHKUUHM 0 MOMENTY ABHraTe)d,
pPacCMOTPHM TPOLIECCHl B 3JCKTPOIPUBOAE, CTPYKTYPHAsA CXe-
Ma KOTOpOro moKa3aHa Ha puc. 5.43,a. B npeobpasosanroit

Uer ) Her
Rl 4 ff(‘)"j’)"&" ! oy AT s ,&_L g
: K s1Hq 1+a (sfr’!)2+a 574

IJ1 u]

[ a:) ) 6-)

Puc. 5.43. CTPYKTYpHad cXeMa smexTponpueoja B pexmme 'Ij=const.

. " - v
gy o4
| . o
0l [\ gmgor g,;:
Ry =05 ;o
- onl ~ g0
120 J T
100} —00}
—og0} _
4,80 —1,50
060
060} -7
—0.80
g40 ~5,90
20 —her
L1 11 r 1 1 1% 1 ]
0 GF 32 20 38 30 &F ¢

Puc. 5.44. Hsmememwe ckopoctd Pue. 145, Iameneupe CKOpOCTH
SACKTPOTPHBOAA LPY TOJUKe MacTo- TPHBOAA MPH TOJUKe HATPY3IOUHOro
Tl B pexnMe W=const. momenta B peammce W==const,

i cXeMe pHC. 5.43,6 HCIONB30BAHBL 0a30BbIA MOMEHT W6=2ZHmax
‘1, — BpeMa pasroHa HPEBOAA A0 CKOpocTH vi=l B maciwrabe
ppeMenu T==X's/opomlz TOA JefiCTBHEM MOMEHTA 2mox=
=2 X%/ X" X1 Xs.

[Mepenarounas GyHKIUA ABHTATENS NPH BHIXOIHOM CHTHA-
. /e — CKOPOCTH H YOpaB/isfioOeM BO3NEHCTBHH (B AaHHOM
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Cayyae ;) HMeeT BHA:

%, g4 1--a .
VL8, — j

! ( l) st 2 5 04+t +i—a ¢ (540}
INepenatounas QYHKNUA NBMTaTeNs NPU BHIXOLHOM CUTHa-

Jie — CKOPOCTH H BOSMYIIAK0IleM BO3AEHCTBAH (B LaHHOM cay-
4ae fter) MOJYyYdeTCA pPaBHOH

s 424 1+ta

Mo foy
) S e s R F T T—4

. (5.4

[Tepexoansie Npoueccsl B NPHBOJAE 3aBHCAT OT NapPaMETPOR
a u t;. Ha pune. 5.44, 5.45 nokazaHE BpeMeHHBIE 3aBHCHMOCTH

L 1 <t

Puc. 5.46, JlorapudMuveckee amn-

JUTYHO-9ACTOTHHE  XAPAKTEPHCTH-

KH PAZOMKHYTOR CHCTEMBI 3JIEKTPO-
OPHBOAA.

CKOPOCTH ABHraTeNs NPH H3MEHEHMH 4acTOTHL H HATPY3GUHOIO)
MOMEHTa Ahs psifa sHauennil v,. [Ipu Manux 7 npoueccH Xa-
PaKTEPH3YIOTCH CHJAbHON KOAe0aTeNLHOCTRLIO, fIpHYeM LJfA co-
BPEMEHHEIX HBHrares]efi ¢ MaJEHM CKOJbLKEHHEM. T) JIEXHT
B npegenaax 0,00—0,1. Taxofl xapakrep mepexogHBIX Ipolec-
COB CJeA0BaNo oXumath no suay JIAHX pasoMmymytoli cHeTe-
MEl, TOKa3aHHoA Ha puc. 5.46. Ilpu 1;<{] noJayuaeM cHCTeMY
¢ JIAUX tuna 1—2 npu compaAramluei uyacroTe, Medbllel ua-
CTOTH Cpe3a.

b
]
|
1
1 |
i

] —r

N N\ ]
F1cp { S1cprm ”a’fcpnf?fc/p 6\1‘:,0 é’fcp m
a) )

Puc. 5.47, Jlorapr{Mudecine aMIIHTYAHO-YACTOTHLE XAPAKTEPHCTHKH pa-
SOMKHYTOH CHCTeMS! 3JEKTDPONPHBOJA NpPH BBENCHHH OOGpaTHOH cPAIH mo
TOXY 114,

a — kecrioli; 6 -— rubxoh,
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PanukalpHeIM CPeiCTBOM YJYULIEHHS NHHAMHYECKHX Xa-
PAKTEPHCTHK NPHBOJA HABAAETCH OXBAT 3BEHA C NEPEAATOUHOH
ynkuneil Py (5)) orpunaressnoi ofpatHol cBA3BIO, TAK, YTO-
6o caBuHYTE yuacTex ¢ HakaoHoM 20 1B/1ek nesee 4aCTOTH
cpesa. DTO BOZMOMKHO CAeaaTh, Tak Kak pu==Wl;q, a TOK ii1q
paBeH BXOJHOMY TOKY HHBEDTOPA IpH NpeHeGpe:KeHHH colpo-
THBJAeHHEeM r. CHrCHAJ, MPONOPHHOHAJLHLH i;1,, BBOAUTCS HA
BXOA 3ajgaTuwka uacTtoTu. Ha puc. 5.47,a nokasana kejaeMasn
JIAUX pasoMKHYTOIO KOHTYPH, C VIETOM KOTODOH MOMHO Oll-
pefeanTs HeoOxoaumulli kosdduuuent obpartHol cBsau. 3Be-
HO ¢ nepeparounofl ¢yuxuded nf (s,), oxsaueHHOe€ OTPHIA-
TeALHOH 00paTHOH CBAZBIO ¢ KospduiureHTOM VCHISHHS &, 1O
(5.39) npeoGpaayeTcst B 3BeHO ¢ mepelaTOHON (PYHKIHCH

b 1

, (5.42)
]—}-kb | +s b
ke
rneb (1—a)/(1+a)>
1 h . 14 &b
-alwﬁﬁ: 1A By == b

i

¢ Ilpnammas m=—2 nm b=1, noayyaem k=)'2/«, —1,
o= 1/V 2%, Henocrarkom JaHHORO BAPHAHTA YJYUIICHAS Xa-

hpamepucmx IPHBOJlA SIBAACTCS CMATHCHUEC MeXaHHUYecKoH xa-
{PAKTEPHCTIKH JIBHrarellsl, TaK KaK CKOJLKEHIE YBeaHYHBACT-
e B A+1 pas.

- JAsg MCRAWUEHHS LAHHOTO HEJOCTATKA 3BEHO ¢ nepeiaToy-
HoB ¢yHKuKeH pP(5) oxBaThBaeTcd He NPONOPLHOHAABHOH
CBA3LID, 4 AHHAMHYECKHM 3HEHOM C NepepatodHoil (PpyHKLHH
§:TR/1+5T. Ha nuskyx uacroTax nepeparoubnil kodpduou-
€HT MAHHOTO 3BeHa CTPEMATCS K HYJI0, TIPH BHICOKHX OH pa-
BeH k. {Ipu oxpare orpunaTedsHod ofpaTHOH CBA3LIO mepena-
Toudas QyHKUUI 3BeHA Tpeolbpasyeres K BHAY

o b (1 -+ s,7)
R Y s oy iy 7Y coum ey

4 cyMMmapuasa mnepeaarounas d)yHKuHH pPa3oMKHYTOH cHCTeMbl
aaa b=1 GyneT:

;: COF (s)= LEsT ! (5.43)
P ST ooy (T 6T+ ) + 1 s

Heo6xonumo onpenennts 3Hauenus £ w T, PR KOTOPBIX
noayurM xenaeMyi JIAUX pasomkuyToH cucTeMbl THHA 1—
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2—1—2 (puc. 5.47,0) npH 3afaHHBIX 3HAUEHKSAX M U 1, T, €.
nepeAaToUHyo QYHKUHKO BHIa

1+ 8 /b, 1

Fm'p (Sl): (I 4 si/m81cp) (1 = 51/mipep) 547y ’

HnTepecylowue Hac apaMeTpsl paBHEL:
1 Vi, m—n Vi \ -
6 e el = L == — bl
T Y 0 r r k Ve, (I m ) (544)

Ilpu ucnonb3oBaHHN PAaCCMOTPEHHBIX NACCUBHBIX KOppex-
THPYIOUIUX 3BeHLEB IOJy4aeM MNpeleJbHYI0 4YacTOTy cpesa,

paBHylo 1/} 0« aaa <2 m lfty ana 1>2.

Has nanbueiulero ypeanueHHs GHCTpOZeficTBHE TPHBOIA
CeAyeT BBECTH DEryJsaTOp MOMeHTa, NOJYHHEHHLIH Dery/asTo-

PC PM

- - L~ e e e

. vq

Puc. 5.48. CTpyxTypitas cXeMa 3ACKTPCGNPUBOAA C PCrYJNATOPAMH CKOPOCTR
H MOMCHTA.

py ckopocTd. COOTBETCTBYIOMIAA CTPYKTYpHAA cXema mokasa-
Ha Ha puc. 548, B panHHOH cxeMe HesecoolpasHoc (opmupo-
BaTh YaCTOTY @ KaK CYMMY IBYX CHTHAJIOB: BBIXOJHOTO CHI-
Haja peryisitopa CKOPOCTH H CHPHasia 4acTOThl BPAUIEHHA.
2710 KeaaTeJbHO ANA KOMIEHCALHH BJAMSAHHSA YacTOTH Bpalle-
HUA Ha MOMEHT MpPH MYCKaxX H TOPMOMKEHHAX aHANOrHYHO BBe-
JIeHHIO TON0XKUTeNbHO#A o6paTHO# cBasu no SIC Ha ynpanas-
ownil BX0J BHIIPAMHTENS B MPUEOAE NOCTOAHHOTO TOKa. Pe-
TYNATOP MOMEHTA MPOMOPLUHOHANLHO-HHTErPAJLHEIN, CHHTE3N-
pPOBAHHLII HO TeXHHUECKOMY ONTHMYMY ZIJs YacTOTH cpesa
- PR o Sien (1 4+ 9)
8icpy ¢ MepemaTouHoil (PYHKIHeH £ i s, . Ilpm
BeIGOpe 8icp HCXOAHM H3 IpPaBHJA NOCTPOEHHS PEryasTopoB
CHCTEM ¢ TMOAUHAEHHHIM PErylipoBaHHEeM IapaMeTpoB. BAyT-
pPEHHHM KOHTYDOM INpH CHHTe3€e PeryjasTopa MOMEHTA SBJISIET-
csi mpeobpasoBaTte/ib 9ACTOTHl, NepefaTouHAs (PyHKUHA KOTO-
poro umeer pug (5.35). Yacrory cpesa Ojcp B CHHXPOHHOM
MacmTat?e caemyer NMpHHATH paBHo#t 0,2/T, (UTO COOTBETCTRY-
et 40.¢71).
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Beipoan mHactodwmero maparpada, xacawlunecs KoPpeKTH-
pylomyux csazeft (xecTkofl wan rudbKof) 1O MOMEHTY B yCTPOH-
CTBO VIIPABJEHHA YACTOTON, NOJHOCTBIO OTHOCATCH K IPHBOAY
¢ MCTOYHHKOM TOKA H CUCTeMOH ynpasJ/eHHS, NOCTPOCHHOH IO
NPHHLHALY aMIJATYLHOR OpAEHTALUN IO NOII0 ABHratens (c.
§ 5.7), He Tpefyiomeill TaTuMxa yacTOTH Bpamesns. Crpyk-
TypHas cxema INpHBOZA AJA AAHHOTQ CJAydyds NOKasaHa ia
puac. 5.21. '

OcofeHHoCThIO NepexaTouHofl (YHKUHH pé(s,) aBagerca
Ha/JAHYyHe NepeMeHHOH MocTosHHONH BpeMeHH. HanGoabiuee sHa-
qeHHe NOCTOAHHAA BPEMEHH MMEeT B PCiKHME XOJOCTOrC X0Aa.
Ecau pacueT KODPEKTHPYWUINX Lenedl BRINOJIHHTE C YIETOM

% Be 7 1 ¥r

Puc. 5.49. Pacyernas cTPYKTYpHAA Tres pyn

cXeMa DIPHBOZA UTpPH aMHJIHTy,IIHDl"{
OpPHEHTALHK OO TIOTOKY.

HApAMETPOB XOJOCTOro X043, TO BO BCeX peumax OyneT obec-
IIeUeH) KAYeCTBO NEPEXONHEIX IIPOLECCOB, HE Xyillee, YeMm
B pexHMe XoJocroro xoxa. CTPYKTYpHas ¢XeMma IPHBORA 14
BEI6OpA KOPPeKTHPVIOLWIMX Ieflell N0KazaHa Ha puc, 5.49,

3HaYeHHE Ty, PaBHOE OTHOLUEHHIO 3JEKTPOMeXaHHYeCKOM
Tw K afexTpomarauTHOR T, NMOCTOSHHON NpWBOAA, ONpexes-
€TCsl Ha OCHOBAHHH CAeIYIOUINX COOTHOIIEHHI:

2

T =Jw Buow (‘I)EHOM) .

" erren MHOM @, ’
Ta"—'—'XQ/_‘GJHOMr2-

Ecan YUYECTh, YTO rp==Puom COS Proms X2:IHGM!IO! TO

T novt DraonBrom ( Do
R = I ") cos . 5.45
2 Muoe 1o 0 @, ) Prion ( )

3 T yom .
JeCh T — BpeMA paaroﬂa NpuBCAa NOL JeHCTBUEM
HOM

HOMHHAJBHOIQ MOMEHTAa N0 HOMHHAJRHOMN CHHXpOHHOﬁ CROpoO-
CTH ®e,moms C)

I z
Ta Tli'ml-zﬂl\dl{im - (@;{OM) Cos ?Hom'
2

M
HG IHUM
Ananornuno
l 2
11=Tpmnomﬁeﬁou L (?ﬂ“) COS P
Lo \ @
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Mpu Wo=Dozgs; D=0 inox; Prom==0,035; T'p=05 ¢; Foflgon==03;
Ia/fuou=Db; €08 Pron=0,88 moavuaem ve=-0,051; ©,=0,85.

TlpuBefeHRLE OPHMEP HOKa3LBACT, YTO Tz HMeeT Maloe 3HAYEHHE #
LAS- YAOBAETBOPHTeNsHOR palorh npuBOJda HeoOXOAWMO BBeJeHHe Koppek-
THpy©OIero cHrHania. QueBufHo, wro OoJee MPeAROYTHTENLHBIM SIBJSETCA
yerpolictso THOKoR KoppekTHpylowlel o6paTHOHE CBASH, DApaMeTPH KOTO-
pofi onpepensiorcs no (b44):

m—n{ Vg, V i,
h=—pm—11— sy T=T, .
Vi, \ m n
Tax, npu m=2, n==0,25, 14=0,031 noxyuaewm:
Sep=1/T, V 0,001 = 3,26/T,;
k=483, T=1226/T,

5.14, YCTOHYMBOCTL 3NEKTPONPMBOARA C ABTOHOMHbBIM
MHBEPTOPOM HAI'IPSIH(EHHS!

Kaxk nokasano s npenbiAyLIeM naparpade, SHEKT[JOHpHBOJI
OpH YOPABJEHHH YACTOTOH H HalpsKeHHeM NPH coOMOLeHHN
saxona W==const ¥ BBeJeHHA KOPPEKTHPYICIIMX CHTHAJIOB NO
yacrore o6Majaer YOOBJETBOPHTENLHHIMH PeryJHpoBOYHBIMH
xapaxkrepucTukaMu. Jing obecnedyenns IOCTOAHCTBA TNOTOKO-

if4d

2 .
z [ I;?(S_) —l

Puc. 5.59. OfoOmennas cxema cu-
” g ¢TeMH npeofpasoBaTeNs YacTOTH —
r EA JABHTATEND,
' (50) ]

CUILIEHNA CTATOpa yiupasieHHe aMIJAHTYAOH H 4acToToH Ha-
IPAKERHA MOJMKHO OCYMIECTBIATLCA N0 3axouy (2.49), moay-
YeHHOMY MO YDaBHEHHSM CTATODHOH LENH B CHCTEME ¢ KOOpAH-

Hat ¥:

Upg=t11dr1;
tiig=an¥i+ing 1,
u,= Vulnd '+' u’?uq;
By == 0y +7Ci_ arCtg z:z '
Crcrema ¢opMHPOBaHHA 3aJaHUA AMNJIHTYAB M YaCTOTH
HanpsXKeHus] CTaTopa BKMIOUAET B cebs: ycTpolcTBO MaMepe-

HHS DPOEKNHH TOKA cTaTopa B cHcTeMe KoopiuHat W, MHO-
HHATENLHO-IeIuTeNbHEE YCTPOHCTBA, QYHKLHCHABHEE npedd-
pa3oBaTeNH.
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C TOYKH 3pEHHA TPOCTOTH CUCTEMBl YIPABJIEHHA HAWIYY-
IIHM ABASETCH TPHBOM, B KOTOPOM UACTOTA MeHsercs OJHO-
3HAYHO B GYHKUMH HATnpsxkeudHd 0es M3MeHeHHS BHYTPeHHHX
npoueccop B apHrartene. EcTecTBeHHO, Takoi mpusoj obnana--
T HeAOCTATOYHO KAYeCTBEHHHIMH NEPEeXOAHBIMH TpOIlecCaMy
(mpu 71<<2) W Hey/IOBJETBOPHTEALHOK paloTOH Ha HH3KHX ya-
crotrax. C ApYrofi CTOPOHH, KaueCTRQ NepPeXOAHHX NpOLEeccoB
OpPH H3MEHEHHH YacTOTH BpamleHHs (YacTOTH) MOMKeT GbiThb
¢hopMHPOBAHO ¢ IOMONIHI0 3aMaTUHK2 MHTEHCHBHOCTH, & JJH-
renpHas pafota ua uu3kux uacrorax (a<C0,1) c monyeim mo-
Me&HTOM He Bcernd Ttpebyercs. Kpome oTMeUeHHHX HEHOCTAT-
KOB OJf NPHBOAA C ABTOHOMHBIM HHBEPTOPOM ¥ AMIIMTYIHEM
peryiHpoBainemM HacTOTH CyllecTByeT npofJeMa ycTOHURBO-
ctd. OHa 00yca0BJeHa HedOCTAaTOUHOH KeCTKOCTHIO XapaKT:-
PHCTHK HCTOYHHKA HampsKeHHs, KOTOPBIM HABJAAeTCH Npeoh-
pasoBareap uacToTh. [leficTBHTearHO, KaK mokasano B § 4.5,

u 3,
BXOAHOH TOK HHBEpTOpa paBeH — i,y & 34BHCUMOCTbL Ha-
. t

TNpAXKEHHs Npeobpa3oBaTesd OT TOKA HATDY3KU BBIpaMaeTcs
flepenaTouHol dynruuei F;(sg) (cm. § 5.12). OGobmennas
CTPYKTYpHAs cXxeMa CHCTeMm:l [peoGpasoBaTenh YacTOTH —
nBurartens nokasana Ha pue. 5.50. Ilas mpoBepkH ycToRYHBO-
CTH JaHHOH CTPYKTYDH CAEAYeT HCCASHOBATL YaCTOTHYK Xa-
PaKTepHCTHKY pasoMyHyTofl cHcTembl. UacToTHas xapakTtepH-

‘eTHKa 3BeHa ¢ NepejaTouHoft gyHkumeR /14(s) Momer Gelth

lIoAyYeHa TOJbKO ¢ momompr nudposoi IBM. Ha puc.
551 a— TIOKa3aHO CeMefiCTBO WACTOTHHIX XapaKTepPHCTHK

{4(j5), paccuuTaHHBIX a5 JABHraTeas ¢ YCPEIHEHHBIMH Na«
pameTpaMH.

Urofsl NOKajaTh BO3MOXKHOCTL HeYCTOHUNBOH pPalOTH CHCTEMEH, pac-
CMOTPHM CYMMAPHYIO YaCTOTHYIO XapaKTepPHCTHKY Pa3OMKHYTOro KOHTVYpa

G

Tl ) Fr ().

Bupaxetune F'r{s)} noayuaem nz {5.36) nyrem nepexoma x obmemy
OazoBOMY BpeMeHH H 0O6UleMy $a30BOMY CONPOTHRACHHIO LIS BCEro KOH-
Typa, 6a30BHe BENHYHHE TAKHE Xe, KAK I/A ABMrarte]s, a HMEHHO! (p=
=0nom; Z6=Zrou:

() = Ty Tos (1L T759)
1) = Gl [ T2 Ty 7
(5._33‘“) [(0 775) +25755 0,213+ ‘J

(5.46)

Hna npHMepa npnnmaeM YSCTOTHEE XaDaKTePHCTHKH ABHraTeas —
pHc. B.51,a—e, Tr=15; a=0,4; [3—_0 H=130,
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Ammanrynuo-basosas  XapakTepECTHKA  3BEHA C nepeaToYHoi

byuxuned v o CZ
17 (j3) Frp (79) —TT&

npuBefiena Ha puc. 5.52. Ona HauMbaercs B Hauafe KOOPAMHAT, 3aTeM M3
BTOPOrO KBajJpaHTa NeDEXORMT B TpeTHH, YeTBepTHH M CHORa TperHi, Ho
5TH HepeMellenHs rogorpada npoucxoparT BGJHIH HayalXa KOODIHHAT, T4K
KaK aMNIHTyJAa o4eHb Manenbkad. Hawiwas ¢ wacroTm 6=0,1 mpabmwona-
eTcs YBeMHYEHHE aMIVINTYAbl BeKTOpa, Op® 3ToM (asa HaMemsercm ot 254°
(6=0,1) 5o 23° (8==0,4), nepecekasi BeUIECTREHHYID OTPHHATEABHYH GCh
npr §~0,2 B Touke —5. JAg TOoro uwroSL B AAHHOM pexHMe CHCTEMa
Obiia yerolunBo#l (iBHrateis NpH HPUUATHX YoNOBHEAX yeTofuws), HeoG-
XOMEMO, uToGH A®X paszoMkHYTOH CHCTEMHB He oxsa’runéma TD‘II;}? (—1,0).
T

<

aHu0e TpefoBalHe BHINOJHACTCH 0OPH CIOBHU, 9TO 3 —.  ~%
A P My ! Tt O C Lo

1
<-§-,Hm1 npu Typ=1,5 OHO CBOZMTCH K TOMY, UTO €MKOCTb GHIBTPA M-

Lab
+20 I N ¢
hl N— 320°
2 T - \ 2&}00
=R N 2u°
e 7 {,[ 200° = Vel
k] o 4 3
/i 160 %
' ! 120° P~
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BepTOPA JA0JKHa OBTb §OJBIIE, HeM 5/Zaon®Wacon, ©. Jag 3akawouesns
06 YCTOHUHBOCTH BO BCeX peXHMax Haxo NPOBeCTH aHAJOTRIHOE HCC/ME0-
BaHEe N4 BCEro ceMeficTBA YacTOTHEX xapakrepuctux [y (/8) B paGoucit
ofaacta ¢ 1 B.

UPOBEJIGM aHanus yCTOﬁ‘IHBOCTH LNf peXAMa xojaocToro Xoja, a4 3a-
TeM pacupoctpaHHM BEIBOJR Ha OCTafpAMe pexkumul. Ha pHc. 583u, 6
npueenctn AUX # ®UX nsurareds aan p=0. Ha puc. 5536 wrpuxookt
auemefi moxazana ®UX dyuxumn F/r(fd), oTnoxeHHan BHH3 OT OCH, 1IPO-
xojamel gepea @r=180°

Jas Kaxzoro 3nauesns o B o6aacTa gactoT §, rie 3HAYEHHA Qi
AexaTl Bl WITPHXOBoR JMHWHM, cyMmapnas A®X pasomkHyTOH CHCTeMEL
GYleT HAXOAHTECH B TPerbeM Kpajpaute. 1ak, AIA a=0,4 (xpupaa 5)
rpafHYHHe 3HaueHHs O paBHH Oppmin H Grpmes. YeuoBne YCTOHYHBOCTH
CHETeMEl CBOJMTCA K TOMY, YTOGH npy 0o60MX rpaHAYHHX 3HAYECHHAX 4 am-
nnuTyaa cymMaphofi A®X Guna aufo Gonsute, AuGo MeHblle 1. Tak Kak
aMIETYNa cyMMapHoli A®X ymennuuBaerTcst ¢ pocToM YACTOTH OT Orpmin
20 Brpmax, TO LOCTATOMHEIM YCJAOBHeM YycToHuupocTd Oyler CHeRylomes:
aMmaNTyRa cyMmapHoft A®X mpH Orpmax AoMEH2 BHTh MeHBIIR 1. Ha
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+f Puc. 552, Amnauryano-paszosas xa-
1 0281

PAKTEPUCTHRA  PABOMKHYTOH CHCTEMBI
j—\ HEBEPTOP HaMPAXKeNnH:A -~ ABEraTelh,
i a4

4+ puc 5.53,a wTpuxopoll Auuwed noxa-

sapa AUX 3sena ¢ nepefarToutoll GyuK-
[ %3455739?9 el P Py

¥ Te .
unefi Ny Fi(jo) (em. puc. 5.36},

BaATAA € oOpaTHWM 3HAKOM. 3Ha-
YEHHEe  aMIMIKTYAh  CYMMAapHOTO 3BeHa ¢ Iepeflarouncd  QyHKUHed

6 .
;;rhfj'", (i8) I (j3) npu uexoropoM smanenmm § GYRET MeHbIie eNHEAUM

T
B TOM CAyUag, ¢Cli 3Hauehne smpaxcenua 20 lg (—'—w OMCTZ P ) Gyner
HO? HOM ¥

MeHbIle AJRHBI OTPe3ka 0T INTPHXOBON JMHHH Ap cooTeercTBymnmelt AUX
npH 3apanuoM 8, B3ATOro ¢ 0OpaTHEIM 3HakoM. CleAoBaTeabHO, YTOOH CH-
cremMa OwTa yerofuuBofl, Heo6XCIMMO A5 KaXKJ0TQ 3HauyeHHs o Ohpele-
a1Th Brpmas, 8 MO HeMy -— HeoOxozumoe auavenme 67./m20aomCZrom M
NPHHATL A/A pacuera HaHGoJgbluee spavenne C. Jaga amanuaupyemoro ABH-
rateds HaHbonpiuee 3Hauenue C momyyaerca ans o=0,15. Ono 3 6 pas
npeBHlilaeT 3HAYCHYE, oNpefeneHHoe Iad o=04,

Ecan npoamasusrpoBaTh YacTOTHBIE XAPAKTEPHUCTHKH LBHTaTesd, NpH-
BefeHHuie Ha pHe, 8.51,4—z, To0 OKaxercs, Yro A BCeX SHaweuHR « 3Ha-
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Puc. 5.53. Amnmanryaso-vacrornas (a) ® ¢asosacrothas (6} xapakrepu-
CTHKH 3BeHA © TepepatouHoll dyHxmmed /Yy (j&) B pemume xonoctoro xopa
(f==0} mpH pa3ARUHEIX 3HAYCHHAX .

I—1; 2—08; 5—08 4—05 §—04; 603 7--02 8§—0,15 501,
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UCHHE Q7 ANA YACTOTH Orpmax, ONPEXETEHHON COTJIACHO puc. 5.53,6, Gyzer
HaHﬁO.‘H:I.BHM pitg: | pemm\fa XOJIOCTOTO XoAa, a AMMAUTYRa ‘IaCTOTHOﬁ Xa-

pakrepuerhkn 1Y (j8) mam Tolt e wACTOTH Srpmue TpH P==0 Gyzer e
MeHnbile, wem npH XpPyrux sHaueHnax P. Jaknoe ofcToATENABCTBO MOKasH-
' i

uf PH . ig PT

2@ {EHr-IEH-®—E]

24

Puc, 5.54. ¥npasnienue yacTotofi npeofpasesarens ODH BEEASKHH KOppek-
:prromero CHrHaNa. -

BAET, YT NEHCTBHTR/BHO DEXMM X0/0CTOr0 X0Aa SABINETCA HaMXYAIIMM
€ TOUKH 3peHHsl YCTOMYMBOCTH CHCTEMEl IBHTaTellb — aBTOHOMHBIH WHBep-
TOP HaOpamKeRus.

Yoenuwerize eMxocTd QHABTPA ABASETCS AAeKo He JIVHIIEM CnocoGoM
ofeciedeHHA YCTONUNBOCTH aHAAH3NPYeMOR CHCTEMEL

PanukaibnuiM cpelcTBOM, MPHYCM YHMBEDCATLHMM, NOBBIIGHHT YCTO#-
YHBOCTH CHCTEMEl SB/AACTCH OXHOBPEMEHHOE C HIMCHEHHEM HANpsIKeHUS
HaMeHeHMe 4YacToTh npeobpasoBarens, [a pue. 5.54 [oKasana cxeMa
YCTPOHCTBA YTpaBJeRHs 4Y4CTOTOW IpeofpasoBatens ¢ koppexumell uacro-
TH B QYHRIHH CHIrAAada owwubkH, peryasatopa Hanpsamenus P, Ocgbenno-
CTHM> 3TOH CXeMHl ABJAETCA TC, UTO KOPPEKTHPYIOWEN CHIHAA B \'CTaHO-
BHBLIEMCH DeMHME He LeHCTRBYET, OPH 2TOM u==if;, 4 UPH PACCOIIACOBA-
HHAX 3amaius M (AKTUUECKOrO HaMpRMKEeHHs YacToTa MNpeoSpazoBaTenst
PaBHd G=0y—FkAu, npHueM A& peryJEPYyeTcA AN KOHKPETHOTO IBHCAT&AR
ot 0 g0 1. I'lpu BBeNGHKH KODPEKTHDYIOIULETO CHTHANA B WACTOTY MeHRercs

Hepeparouynad (QyHKLHS ABHI'aTeds i}’& (§)»  PeXHM YNPaBIEHHA XABHTa-
Tela npubmizkaercda K pexumy ¥ —=const.
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Puc. 5.55. CTpykTypHas cxeMa CHCTEMH ABTOHOMUBI WHBEDTOP - IBHTA-
Teab npr Wi=const.
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Heficreutentto, npy W=const u #,="0 wacroTa W aMIIWTYZa Hanps-
JKEHHS MEHSKTCA TPONOPUHOHANBHO, TPAYEM AJS JAHHOrC DeHMa Xapak-
Tepra alfcomortHad yeTofumsocTh. [lokaxem ato. CTPYKTYpHASA cXeMa TIPH-
BOJA ¢ Y4eTOM BJHAHHA BXOAHOrG TOKA UHBEpTODA Ha HampsiXKeHHe (H
yacrory) mpeobpaloBaTens MPHBeAeHa Ha pHe. 5.55,a. ITY CXEMY MOXEG
npeicTasuTh B Buie puc. 5.55,6. (dazouacToTHas XapakTepHCTHKA 3BeHa
¢ nmepezatouHoll GyHKUHew Fp(jb) menserca ot +n/2 no —n/2 ((:M
puc. 3.39), B 3THX XKe npefiesaX MeHALTCA OUX 3pesa © nepeAaTouHOH

5174

el T s 1

cg or m A0 —n 0 A®X He mepecexacT OTpHLaTesibEON BellecTBeHHOMN OCH.
CucreMa 1pxn moOBX 3HAYEeHHAX MapaMeTpoB ycrofivusa.

ITpaktHga BO BeeX cAyvasax MOATBEPIMAA, 4TO [PH BBRACHHH pac-
CMOTPEHHOrO KOPPEKTHDYIOWEro CHTHa/da B 4acTOTY YCTOHYHBOCTH CHCTEMH
ofeceynBaeTcd NMPH CMKOCTH GHARTPA, He Gonuliell, yeM 4/WuomZaon

. ChepoeaTedsHO, cymMMapHag ¢alda MeHseT-

Tnapa wectasn

HEKOTOPbLIE CMELLMANBHLIE BONPOCHI PABOTLI
SREKTPONMPHMBOLOA, CBA3AHHBIE C AMCHKPETHOCTBIO
MPOUECCOB B TUPUCTOPHLIX TNMPEOBPA3OBATENAX

YACTOTDI

€1, OBLUHE 3IAMEMAHWA

Bee TpscTopHBE OpeoBpaioBaTelH YacTOTH — YCTPONCTBA JHCKpeT-
HOrQ yilpapJ/eHWs; AMHAMHucCKHe CBOHCTBA i{IpeobpasoBaTedell 32BACAT OT
YACTOTHI, ¢ ROTOPON OCYyUlecTBAAETCA YNpaBieHne (YaCTOTHI KBAHTOBZHHH).
Aas HITY wactota kKBanToBaHHA papHa BOm I'u, rme m —uncao daa. Kak
npasuno, AAA Npeofpas’opatesedfl WacTOTHl M=0, 3JHAUYHTENbLHO PeXe 3 H
12, T. e. yacToTa KBaHTOB2ZHus B OCJBLIUHECTBe C¢JayuaeB paBHa 300 T
UacTtora KBAHTOBAHUA CPABHMTENEHO BHICOKAS, B TOKe MABHTATENsT H MO-
MEHTe oHa NpOABJfAETCH, HO HA CKOPOCTH M3-3a JeMIIQUPYIOWEre ZelCTBRA
MAXOBLIX MAaCC [PHBOAA HE CKAa3blBAETCH, MO3ITOMY AHCKPETHOCTL npeod-
pazoBaTens HeoBXOAHMO YUHTHIBATE TOJBKO IpH CHHTE3e PeryasaTopa Toka,
yacTOTA Cpe3a KQTOPOro OrpaHduuBaeTcd 3HauenneM oxodo 400 ¢!, [nas
KaPTHHA Ha(UI:0XaeTCH TPH AHAJNH3E NPOLECCOB B JMEKTPONPHBOAAX € 4BTO-
HOMHBIMM HHBEpTOpaMH. JIMCKperHEE Xapaktep paGoOTH aBTOHOMHOTG WH-
BEPTODA MPOABAASTCA B HECHHYCOHZANBHOCTH HHBEPTHPYCMOrO TOKa HAH
HaNpSKeHu#, OPHYEM YacTOTH BHCIIHX TADMOHHK NPOIOPLHOHAMBHEL OC-
HOBHOW uYacToTe. Brlcline rapMOHHXH BCeraa NPHCYTCTBYIOT B TCKe H MO-
MeHTe JBHTaTels, HO OPE MIYGOXOM YACTOTHOM PeryJHPOBAHHHM YacTOThHI
BPAMIEHHA BHH3 OT HOMHHAMBHOH My/NbCZUHH MOMEHTa NPHBOAAT K Hepas-
HOMEPHOMY BPAUIEHHI) ABHTATENA.

B ro. 4 npe omacaRHR OPOUECCGA B CHCTEMaX ¢ ABTORCMHLIMH HHBEp-
TOPAMH HCHOJAS30BANCH METOA HENDEPRIBHON annpokcHMallidH HHBEpTOpA,
NpH KOTOPOM B paccMOTpexHe BBOJAMJIACE He peaslbHad CTYNeHYaTAd KOM-
MyTauuoHHas (YHKUHA, a ee OCHOBHad TapMoOHuKa. [IpH TaKoM paccMoT-
PEHHH HHBEPTOP BHICTYMAeT Kak Ge3bHePUHORHOE YCHJNTEIbHOe YCTpod-
cTBo. HMasecTHo, 4To OmMmicaHHe YCTpoficTBa JHCKPETHOTO JAeHCTBHA Hempe-
PHIBHLIM Ge3LHEePUHOHHEIM 3BEHOM CONPAMXEHO ¢ MOTPellHOCTBIO, KOTOpas
3aBHCHT OT COOTHOLIEHES JaCTOTH CPe3a Da3sOMKHYTOTO KOHTYpa anaa JH-
HeHHMX CHCTEM H 4YacTOTH pabOTH IHCKPETHOTO 3JieMeHTa, [lif aHamuH3a
YACTOTHOTO CHeKTPa [PCOLUECCOB B CHCTEME € YHBEPTOPOM BOCNOJB3YEMCR
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coorHowenmaMu (4.8), (4.11) n (4.12). Coraacho (4.8) uHBepTOp MOMKeT
_PACCMATPHBATBCH KaK MOZYAATOP, OCYIIECTBAAIOMME OePEMHOMEHHE BXOM-
Horo up H onopHoro @x(f) curHamon. Ecid #y — BeJnvuHA NOCTOSHAES,
TO Ha BBIXOJE HHBEPTOPA NOJAYHAaeM CYMMY BeKTOPOB HAIPAKEHHA ¢ 4a-
. ¢rotol @w(6k+1), rae k=-—oo—foo. 'apMOHHKH HampsAXKeHHA OGYCAOB-
. AMBAWT COOTBETCTBYIOILNE IADMOHMKHM TOKA HarpyskH, T. e. cordacHo (4.11)
HMeeM:

oo
£, =Yy [tu ()] = 2 T, elo 6R41) ¢

h=—o0

Bxoanoll Toxk ueBepTOpa corAacHo (4.12) (npecfpasoBahue RepeMeH-
HOrG TOKA HaTPY3K¥ HHBEPTOPA BO BXOIROH TOK COOTBETCTBYET (H3HUC-
CKOMY DYHKUHORHPOBAHHIO JAEMOLYIAATOPA):

oo

o0
3 2 1 : -
_3 2 1 i@k ot jo (GkE1) £1
h="3 Re{ - E: 1 2: It f

k=—00 b0

H COAEPXKHT TapMOHHKH nopsika 6k, k==0--co.
Bxoarofi Tok HHBepTOpPa IOPOMCEAET COOTBETCTBYIOULHE IapMOHHKH
BXOJHOTO HANPHMEHHS Uy, T. &

oo

Uy = Z‘I U sin (6kot + pg).
k=0 s

3nayeHnd IAPMOHHYECKAX COCTABJSIIIHX HalpsiKedHs Hn ONpefes-
I0TCSl FAPMOWHRAMH BXOJAHOTO TOK3 in W YaCTOTHON XapaxkTePHCTHKOH 3pe-
Ha ¢ nepematoutoll Qynrumel Fir(s). Haanune rapwownk uacrote b6ko
B HaNPAXeHHWH d4np He MeHseT IapMOHHYECKOTO COCTABA HANPSMEHHS Ha
BHBOAaX Harpyakn. TakuM o6padoM, NOAYYHJIH [OYTeM paccy#aeHmH, uro
OpH NOCTOAHHOM BHELIHeM 33JaHHH HADNDSMKEHHS Ky TPOLECCH B 3BeHe
OOCTOAHHOIO TOKA COJABPKAT NOCTOAHHHE COCTABJASOLUHe U TepHOIHUECKHE
4acToThi Gkw, HO YKe KOUHUCCTBEHHEIH pacvyer AMIVIATYI COCTEBJSIOLUINX
dame Ans YCTAHOBMEMIErocH pEIKMMA MpeACTaBAseT ¢000# TPOMOAAKYIO
JUISL peleHud 3ajauy.

[Tyrem anaiorHYHBIX PACCY:KAEHHH MOMKHO TIOKA34Th, UTO ECAH BHELI-
MEE 3aJaHHC Uy ABJAAETCH I4PMONHYECKHM € dYacrorod £, To YaCTOTHHIA
CMEKTP CHFRAJOB B 3BCIC TNOCTORIIOIG TOKa O6ymer -Q-1-6kwm, k=—co-roo,
a HA CTOpONE MepeMeunors Toka unpepropa +Q+ (6k+1)w, A=—o0o0

B 1o xe Bpems npu neupepasnoil anNpOKCHMAalKH NOAYYAeM B 3BeHe Mo-
CTOSIHHOTO TOKA "ACTOTHBIH CHCKT] cnrnanor 281 Taxum o6pasom, npud-
HUIHANLHAS OWMGKA npH  Henpepulninoil ARNPOKCHMALNH HHBEPTOPA BO3-
MOIKHA, €CAM YACTOTHBIH CIEKTP CHINANOB B 3HCHC OTOMHIOTO TOKA [pU

HCOOJB30RAHHA JaHHOro merola utwpe, uem |-3w. Koawicermennnie pacue-
TEL NMOKa3bIBAKT, 4T0 INOCTATOYHBIM YCJAOBHCM III)IIM(‘.III[MOCTH MeToOga He-
NpepBIBHOA annmpOKCHMAllHH MHBEPTOPa ABJSICTCH YAGBJACTBOPEHHE clely-
jollero TpeBOBABUAT TACTOTA CPE3A CHCTCML, PasoMiinyToll Mo cHruaky o8-
paTHOH CBA3M WHBePTOPA, KaK 3JeMeHTa Ll IOCTOANHOIO TOKA IPH He-
NOAL3CBAHMHM HEeNPePHBHOH auNpOKCAMAUMH A0/MKNa 6uTh e Gotee 3w,
3akoHOMepeH BONPOC! HET JH APYTHX METG/OR HCCACAOBAHHS MPOLECCOB
B CHCTEMaX C HHBEPTOPaMH, KpPOMe HeNpepLIBHO AaNNPOKCHMAanHH, AJdd
KOTOPHX OTCYTCTBYET HeOGXOAMMOCTH BBOAMTL OCpalHucHHA? 3jeck Cie-
AYeT pa3nnuaTh 3ajady pacueTa H 3adauy aHajH3a HA NPEeAMET legeHa-
ApAaBJeHHOT0 CHHTE3a AJrOPHTMOB YIOPaBJAeHHS H PeryJisTOpOB.
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PacueT 3AEKTPOMATHHTHHX H 3/eKTPOMEXaHHYECKHX NPOLECCOB & CH-
CTEMAX C HHBEPTOPAMH BOSMOXKHOQ K HeAeco00pa3He BRIIOAHATh ¢ MOMOLILID
unppossix 3BM, Tak Kak CyulecTRYeT MATEMATHYECKOE ONHCAHHe IPO-
1leCCOR BO BCeX 3JIEMEHTAX CHCTEMEl, B TOM YHC/AE M B ABTOHOMHEX HH-
BepTOpax, Name B CTOMb CAOKHHX ¢XeMax H peXHMaX, KaK aBTOHOMHHE
HHBEPTOPhi € OTCEKAOUIHMM [HOJAMH MpPH HONOJHHTCJBHOM OTKDHBAHHY
noclenHux.

LA pacyeTa 3NEeKTPOMACHHTHLIX IPOUECCOB B CHCTEMAX € HAEAJH3H
POBAHHEIMH (MTHOBEHHAR KOMMYTAlHA) HHBEPTOPAMH UDH (UKCHPOBAHHEIX
BEIXOAHLIX YacToTaX H CTaTHYeCKofi HATPYSKe, KPOME METOJA HempepbiBHOH
ANNPOKCHMALHH, NPeANOXKeHb METCJA DPA3HOCTHHX Ypabiennfi [8, 34, 35},
CHEKTPAJbHO-OHePATOPHHH MeroX [36], MeTox HMOYMbCHEIX Moaeded [37
Bee ykazaunele mMeroanl Aadke AJA pacuera HHEEPTODPOB ¢ Mpocroii RL-Ha-
Tpysxofi CTONb TPOMO3AKH, TO B DPAcCMaTpPHBAEMOM CayHMae ABHrarejhbHOR
Harpyskd Bpi JIH peallbHEl AJf HCIOJB3DBZHUA.

ITo-BHOHMOMY, MeTOJZ HeNpepHBHOH ANNPOKCHMANUH SABASETCA €IHH-
CTBENHEIM, C MOMOIMLI® KOTOPOrO MOryt OLITb AOCTATOYHO NOJHO, & [NAR-
110€¢ PEIYALTATHBHC ONACABLL NPOLECCH B CUCTeMe /SKTPOTPHBOAA ¢ ABTO-
HOMHEIMH HHBEPTOpPaMH B (opMe, yaofHo#l AR aHaliM3a CHCTeMBl H CHH-
Te3a peryasTopoB (cM. ra. 5). Uro ke xacaercsi yKa3aHHHA orpaHudeHni
MeTojid, TO OHH CBE3axhl NPH MPOCTHIX 3aKOH2X YNPABMeHHA ¢ OCHOBHBIM
HeZOCTaTKOM HKHBEpPTOpa KaK YCTPOHCTBAa JHCKPETHOTQ JAeHCTBHS, KOTCPHH
Hex3GeKHO NPOABAAETCS B CHHMEHHH KauecTBa paGoTHl TIPUBOJA B CTATH-
Ke (HepaBHOMEpHOCTb BpALlEHWd ABHTAaTed) H AMHaMuKe (HeoBXOZUMOCTH
CHHKEeHHsl YACTOTH cpe3a cucTeMbl u OulcTpogeficteus). [Tostomy caeayer
paccMoTpeTh YKa3anHsle ABJACHHA W HaHTH TeXHHYeCKHEe CPeACTBA MOPEpAD-
JeHHA HeZOCTATKOB HHBepTopoB. OXHO M3 CYEBHIHHIX CpPeICTB — NEPEXOM
K 9KBEBAJIGHTHLIM MHCrOQasHeM cxeMaM, KoTOpPoe B mpegene (m-—oo)
103BOAAIOT CHOPMUDPORATE HALANBHYI0 CADMOHHYECKYID KOMMYTalHOHHYG
GyHKUHIO, ’

6.2. YNPOIMEHHOE BMPAMEHHE MOMEHTA ACHHXPOHHOTO
ABHFATENA

Kak 6b10 moxasaxyo paHee, B YCTAHOBHBINCMCS PeKHME rapMOHHTCCKHE
COCTaB JMEKTPOMATHMTHHX BeJHYHH He 3aBMCHT OT TOrQ, YYHTHIBAeTCs HJH
HeT peaklysd HHBEPTOPA Kak 3JeMeHTa HENH MOCTOSHHOIO. TOKA.

Pacuer ycTasoBUBMIEXCS NpPOLECCOB B HarPysKe ABTOHOMHOLO HHBep-
TOPA MOMET DPOH3BOAKTHCA KYCOYHO-TIPHMIACOBOUHHIM METOAOM,  MeTOJOM
IAPMOHHYECKOTO aHAJH32 H MeTojoM MANCKPEeTHOTa MNpeobpasoBaHpd Jlap-
Jnaca (z-mpeobpascsanus). [lpegpnourenne <AeiyeT oTHare BTOPOMY H
TPeTheMy MerojaM. MeToJ rapMOHHYECKOrO aHaAH33 MO3BOJNAET ONPEARIHTH
BCE TrapMOHHKM HccleiyeMoll mepHoZuuecKoH (ryHKLHE, B pe3y/sTaTe 4ero
MOTYT GHITH YCTAHOBJEHSH HX KOJHYECTBEHHHE COOTHOUIEHHA, MO KOTOPHM
ya00HO CYANTH © BAMAHHM HA ABHTaTeNh KAXKAOM cocTapimiomedl. MeTon
Z-npepfpascBanns Zaer pellexue B cBepHYTOi dopMe, npH SToM Jerko pac-
CUNTHIBAKOTCH MTHOBeHHBE 3HAUCHHA, HO 3aTPYAHEHA KoJHUecTBeHHAs OLEH-
Ka YNpoieHHEIX BLIDaMeHuUit,

Tpu ucnoab30BaHAH $OPMyaR MoMeRTa |i=(Xo/Xp) Im (Il‘ﬁ) TOK 1)
CYHTaeM 3akaiHofl Qpyuxuxedl ppemenn. B HenmoABHKHOA cuCTeMe KOOPAKEAT
i; cormacHo (2.20) papeH:

oo
- 1
Ly=1 2 e ghEm+1)at

=m0y
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3ro uneaquauposandan ¢ymxupsa. [lpw nMTaHMM OBATaTeds OT ABTO-
JOMHOTO HHBEPTODA TOK3 TNORBASETCS YIoJd KOMMYTAUHH, HO Ha HH3KHX
CTOT2X, 2 WMCHHO OHH UPEACTABJAT HanBOJBIIHHA HUTEPEC, YIIOM XOM-

y;amm MOKHO Tperefpeus H CYRTATL Qopmy &asHoro TOKa NPAMOVIOJb-
!‘llo

HJIH bacueTa MOMeHT& CJAeLYeT HalTH NOTCKOCHENNIEHE \?-2:
‘._:IXO ; ) ]
1 4834~ jBy |
_ 1 e)‘ m+1) at (6'1}
¥ {f) = 0%, 2 Gm 1 1 j6ma, + 5
&0

ﬁa {s:) =

rag Ge=aXy/ra.
YuureBas, 4ro Aas m#() 6may s Ba, Brmuzi> !, MOXHO 3amucare:

. ot L 2 i J Bne)) at )
.‘Fz(t)=t‘X°{e T E B = 1 B, I {6.2)

m=—0co
mza0

Jaa mearaTensi, pafoTaoILero B pexnMe a>>f, BBICIIHE - 'ADMOHRKH
HOTOROCUEIVICHHA POTOPA CYULECTHEHHO Melplle ocHopHoll, Tak, corsacHo
(6 2) umeem:

q‘am = Vl + 522 (6.3)
o, | (61 4 1) brma, |
npH =1
T VIEURE, §
%, ST e ©-4)
npx = —]
P _VITI/F B .
TS wm (65)

Ipupejesble COOTHOWEHHA WOATHEPHAIOT, NTO B ROTOKOCHEnJeHiN
npeofianaeT OCHOBHAA TAPMOHHKA, DTO Uposmieline cBoHcTBA MOCTOMHCT-
,Ba TOTOKOCHENeHHA KOPOTKO3aMxuyToro potopa. IMosremy npene@peraes
Taucmama TapMOHHKAMH (OTOKOCUEIVICHHA POTGPA I CUHTACM CTO PABHOMEp-
(MO BPAMAOMHMCS BEKTOPOM C NOCTONHHOI nMiuTyA0l. B chcTeMe Koop-

mma'r ‘P'g tok Ii(f} pasexn:
[=.2]

- : I ”
Tt Y T CUEs. )

m=—0
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MoMenT gBHraTeas

2
= _;((_:ws Im (7, (8}) = ))i': 2 V‘]—_:TF,T' hed
a0
it 2 E"n-l{—_] sin (6mat 4 arctg B,). (6.7)
n=—00

Amnnntyna 6-f rapMOHHKM MOMeHTa
| w2 VEBIR,
B =X, B IR

Ha nocaeawedt dhopMyam caeayer, ute 6-9 rapMOHHKA MOMEHTA YMeHb-
maercs ¢ pocroM Pa.

6.3. PACHET MOMEHTA JABMFATENA METOAOM :z-NMPEQBPA3QBAHMA

PesynbTHpyiolwHit BeKTOp KOMMYTALUMOHHOH QYWKLHMH HHBEpTOpA MO-
HEeT paccMaTpPHBaThed KaK BBIXOJHOH CHTHaJ] HMOYJLCHOCO VCTpOIicTBa, €O-
Oepikaiero QHKTHBHHI HMBYJabCHEIR 32eMeHT ¢ neprofoM pabotm T=
=n/30, rAe O — BHXOAHAS YACTOTA WHBEPTOpa H (UKCHpYWIlee 3BEHO
Hyaesore nopsaka, Ha Bxojg ummyiabcnoro ycrpoficTBa NOAAETCH BEKTOP-

naa Qyuxima €/%

Tax(1) P Bopmupyauuil Auneiinas | e (t)
> - | saemenm yacme yent -
z
, (¥3 ~
Burmubeorl s
UMIYALCHEL fpubBedennas nunellHa@A 4ACMb
AEMBHIT

Punc. 6.1. CrpyxtypHas cxXeMa DasOMKHYTOH HMMyJAbCHOM CHCTEMEL

Ha pue. 6.1 moxasaHa cxeMa DAasOMKHYTOH HMIYJABCHOH CHCTEMBI,
z-npeo6pa3oBanue BXOAHOH BeJHYHHH:

[}
fouex (2) = D) fox (nT) T ; (6.8)

r=0
z-npec6pasopaide BEXOAHOR BeAHUHHH
fous(2)=fax(2)L(2), (6.9)

rae L(z) —z-nmpeo6pasonanue npHBefeHHON JHHeHHOMW 9acTH, cocrosmeti
H3 N0CI&J0BaTeAbHO BKJKUYEHHHX dopMaApyouned HeAH M JAHHeRHOH uacTH
yerpoficrea. L(z) MoXHQ onpeleants Mo TabaHUaM HJIH DACCYHTAT: TIO
(6.8), nozcrapass sMecto ipy(nT) 3HaueHUs HMOyJbcHOR nepexoAHol xa-
PaKTEePHCTHKH NpHBEXCHHOW JHReRHOH YacTH B MoMentH al.

O6partueim z-npeoGpasoBanneM, BLINONHAEMHM pPA3JIOXKEHHEM Ha CO-
MHOXKHTENH CTaHZAPTHOTO BHIa ¢ HOCAEGAVIOUIHM HCOOJb3OBAHHeM Taladl,
OnpeAennlOTCA 3HAayeHHA BHXOAHON ¢yHKBHH fauwx(nT). Hns pacuera
feux B MoMenTH f==nT--eT, rae e=0+1, OTIHIHEE OT MOMeHTOB paGOTH
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HMOYJbCHOO 9JIEMEHTA, CJelyeT BOCNOJIb30BATHCH  MOAH(DHIMPOBAHHEIM
z-npeolpa3oBAHNEM TIPHBCACHHOR JINHCHBOK wacTy:

feux(z, 8)=fsx(2)Ll(z, &). (6.10}

B rafn 6.1 npHBeZeHHl HCOOAB3YEMHE HHXKE BHPakKeHds A OGHY-
HOrO H MORHQHIHpoBaHHOro =2-npeofpalobaHHil GyHEUHH BpeMeHH, Hpex-
: ¢TABJEHHHX B BHAe H306paxenna mo Jlamnacy.

Tagauma 6.1

Hpeg]ﬁg;;gggme 2-ipeoGpasopane Motsdunpposataoe 2-npeoipazosaiie
1 2 2
s z— 1 z—1
1 z z-e
s4-a P 72—
. —sT
I —¢ 1 1
$
1— =T 11— 1 s
—_— i m— —w ]z — ]
s(s +a) a z—e ™ a z— e ( )
—al
1— e z—1 e " ( n
_— e 7 &g—
s+ a z—e z2— oW

IIpn HeHaMeHHOM TOKE fn Pe3yABTHPYIOIMHI BEKTOP TOKa CTATOPA COB-
nagaer ¢ pe3yJbTHPYIOLIHM BeKTOPOM KOMMYyTalHOHROA (GyAkumd, Taknm
ofipazoM, i;(f) mpeAcTaBafeT cOGOH BHXOJHON CHIHAJM HMIYILCHON CHCTe-
MB ¢ IepHOAOM PaGoUTH HMIYJLCHOrO svieMeHTa J=—11/3¢ H QHKCHDYIONM

T s
3BCHOM HYJ/J€BOTO IMOpAAKA, HAd BXOJ CHCTEMbl [I0OAA€TCA CHITHAJ "L.-,;—tlef"f.

Xo

U5, (s50) = 2, (5) Ry gy oy . (6.11)

NMoaaraem cnauana v=0. ITpunnaman 3a eARHHIY BpeMeHU Tepuos pa-
GOTH HMIOYABCHOTO 2JCMCNTA, NMoJyuacM u3ofpadienre no Jlammacy Qukeu-

PYIOIEro 3BeHa HyJesoro nopuaka (l—e %) /sy, rne so=sn/3a, a nepe-
jAarousas QyHKIHA

T (5) — ——22
g {s) = g X p L. (5. 12)
r. o=

anBEJIeHHaﬂ anHefiHAA Y2CTh CUCTEMLl WMeeT BHJ:

X ] —g% 1 5
. X, 3a (6.13)
'+ ==
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Moguuuaposannoe z-npeofpasopalue npuBelennoll auHeliEOd yacTw
3aNHCHIBACTCH B BHIE!

Liz, )= X, |1 —

T le—1 1}, {6.14)
3N e

rtae e=0-+1—BpeMss B OTHOCHTeNBHLIX €ZMAMUAX OT MOMEHTAZ H3MEHeHHf

TIONOKEHUA BRKTOPA TOKA B MENOABHKHOA cHCTEMe KOOPARHAT.
z-npeofpasopaide NUHEHHOM WACTH Mo CBOEMY COJEPKAHHI0 SKBHBA-

JIEHTHO Nepefato4yHod QYHKIHH CHCTeMBl Npu OGHLIUHOM HpeoBpas0BaHHU

Jlannaca {z==e*). Eciu p BoipaKeHMH [epeAaTOYHOR (YHKLHH 3BEHZ 32-
MeHHM Sp Ha jidp, TO MOJYYAM YACTOTHYIO XapAKTeDUCTHKY 3BeHa UPH 4a-
CTOTE @, PABHYIO YCTAHOBHBUIEMYCA BHIXOAHOMY CUTHaNy 3BeéHAa BO Bpa-
mawmelcs ¢ 4acToToH ® CHCTEMe KOODAMHAT NPH COBMEHIEHMH BellecT-

BEHHOl OCH ¢ BXOMHLIM CHCHAJAOM elHHHYHOK AMILIHTY ABL. AHaJIOl‘HIIHO, 34-
+

3
MeHHB B 2-peopazobannd 2z ha ef™ = ¢ W YMHOJKHB HA AMIIATYLY
BYOJHOMO CHITIANA, TIOAYYHM YCTAHOBHEBIIEECA 3HAUEHMe BEHIXOAHOCO CHrHANA
8 CHCTEMe KOODAHHAT, COBMEULEHHOH ¢ pesyJbTHPYIOUHM BeKTOPOM TOKA:

LI LY
5 E—TX‘ o -
T, =X, | 1 — Uy . (615
2 3 hte f% w%%m(e!im]) ( )
é —e
Pacuer MoMedTa NpOH3BOAHTCH NO opMyle
Xy = - .
== —7-:——3*1', Im {W¥,}. (6.16)
£ yuerom (6.15) moaysaem:
2 x r: |1
- ® ra s iy Ay
X, Vi T wl—e ° 6
b=y e e eI
14e ¢
{CpefHee 3HayeHHe MOMEHTA:
I
In oX X2
ae d — VSTC e 2 0
’ 0
T+ 1
B Pary For 1
L, 1—e 4 B )
% {1 ) (6.18)
X e
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6.4. PACHET MOMEHTA BPALLAKOWEICCH HBUTATENA
YpaBHeHHe NOTOROCUENNeHHs Wy BPAMIACLIErocs XBHIATENR B HENO-
§ABHHHOH CHCTEMe KOOPZHHAT HMEET D

— . 1
L () = Xedi (5) I 4 8Xy/ry — j¥yXo/ry

e rs/ X, rof Xg—iv
= Xoi, (8) ro/ Xy — I s-hry/Xo— v (6.19)

enpeoGpaosanue QynKiny Yo 3aTHCHBACTCHA B BHAE:

5=
. 3o
- _ = an?,/X'z ;1_"3 ra /Xy — v . {520)
II'B (2) =i (Z) r2’f}('2 ——jy zi 5 5 fanz o f\’

Pue. 6.2. JlmarpaMmni  peayanTH-
! pywomero sektropa Wi NpH DATaHML
. OT HHBEPIOPE TOKA LA aXafry—2

U pa3THYABIX 3HAUeHHH v/u.
1—0 2~05 F~—1.

Moauduisposanzce 2-npeolpi30oBaHue

Xore/ Xy 1 4 i
- x 1 (fﬁ

Belo o) =0 0a) Tx, o AV T T I
(6.21)

B YCTAHOBYBIOCMES PeAIMe B CHCTCMe KOOp,T_I,HHaT il IOTOKCCIenACHHE
™
Ey

W,(e) ompesensem corzacho (5.2i), moctaBasa i; BMecto 11{2) M €
BMECTO 20
x| (rg jv) .
o BERA >
rof X, 2 I3
F, () = 1,X, —3 ~— 11— (e —1
rof Xy — ¥ Loom LI .
o/t i *?“a‘(m“”)
e —e
(6.22)

. Ha pne. 6.2 nokazanm rofiorpadrel BeKTopa Wy MpH PASHBIY 3HAUEHHAX
v, M3 5TOT0 pHMCYHEA BHAHO UPAGIHMKeHne TOAOIPAdOB C YEG/MUEHHEM W

K ORPYMHOCTH.
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HAana pacuera Momenta HeOGXOAMMO HafTH sHAYCHHE BHIPAXKEHHA
Im{¥.(e)}:

= - ¢ r
m{%, ()} = f - o X
()
v
ke M 1 Ly >
e Xa T oy 7
1—e -1 2¢ S‘“(“?TT_T)
2 ry n I

><~{l—|—€ B X g, 3% Xa sin(TT—]—‘-é*)—}-

L] I
~ 5 T, U ‘*[

+ e ?'—sin—g-(l——%—{- - :,)_}_
-l-vcos—g—(l—"v—ﬁ—-v— )-{,—-;%sm (14¢)
2
- —l—r_’iﬂ—e
+ v cos =~ -—(l—s)J-—e §oady o
vy : :
X[(O,S-—-;:;—e"‘—-;—v)cos (-g——:-a+—g:—)—
V3
_(0,5»“_'2— ;(2- )Sin (\—,:—-%-e —{-'-'g—)]} (6.23)

Bripakenue (6.23) rpoMosgxo ANA NPaKTHYECKOro HCHOALIOBAHHA, NO-
3TOMY YNPOUIEHHAS KapTHHA S/EKTPOMATHATEHX TPOLECCOB B JBHraTele,

OCHEOBAHHAN Ha YUETe TO/NLKO OCHOBHOH rapMOWHKE NOTOKOCHENNeHHS T,
uenecoofpasHa LMA KaYeCTBEHHBHIX OUEHOK H (JH3HUECKHX paceym/aeHult,

B cayuae HHBepTOpa HANpFAKEHHMA TOUHbIE BRIDAMEHHA LA [POLECCOR
B ZBHrarene NoAy4awTes eme §ogee IPOMOSIKHMH, 4eM [PH  HHBEpPTOpe
ToKa. IIpuyem NPAKTHUECKHE CMEHICH TOUHEHE BHIPAXKEHHS HMEIOT L% OLEHKH
npouecca ABHXKEHHA POTOpPa, HO caM HX BHIBOX §a3HpOBaJCA HA YCIOBHR
OTCYTCTBHSA NYJAbCAUHH CKOPOCTH, NMOITOMY AJAS TOUHHX pacueToB Mpouec-
COB B CHCTEME 5JCKTPONPHBOAA C ABTOHOMHBIME HHBepTOPAMN, eC/H B 3TOM
€CTL HEOGXOMHMOCTh, CJHeAVET HCMOAL30BaTh &HANOrOBBE HWIH UHOPO3HE
MaTeMAaTHUECKHEe MOJeNH, NOJ06HO TOMY KakK 370 BHIONHeHO B [2]. OcHOB-
EOH CMLICT MPCBEeNeHHOTO HCCA¢IOBAHHR 34KAIOUASTCH B TOM, YTO Ha era
OCHOBE MOXKHO CUpPefedHThL TeXHHYecKHe CPeAcTBA Ajd YMEeHBIIGHHA OTPH-
HATEJABHOIG BIMAHHSA AMCKPETHOCTH MNPOLECCOB B HHBEPTOPE HA KZYecrso
1afoTH 34eKTPONPHBGLA.

6.5. UHBEPTOPBI C YAYYIUEHHOA DOPMOM BbIXOAHOTC
HANPSHEHUS (TOKA]

PaccMorpam ¢H3NuecKyl0 KapTHHY OPOLECCOB B ACHHXPOHHOM JABHra-
“Tejle NP NHTAAHH €ro OT aBTOHOMHOrO HHBEPTOpPa TOKA. Bektop Toka 1)
Me:KAy ABYMS KOMMYTAaMMAMH B HHBEDTODe 3aHHMAET HENDABHKHOR [QJO0-
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OKeHze B NPOCTpaHCTBe, a BekTop Vs, mepememanch ¢ yrJiOBGH CKOPOCTHIO
@, MEHSET CBOE TMOJOHKEHHEe OTHOCHTRNBHO Iy Tak Kax MOMEHT NBUraTens
P HEH3MEHHLIX SHaueHwsax i; # 'Wp NPONCPUNOHAJIEH CHIYCY yria MeXAy

exropaMu i; H Wy, uaMeHeHHe YIyia NPHBOAMT K IYVJAbCAUHAM MOMERTA.
HanGoapirae OyIBCANHE MOMEHTA HAGMQAATCA B DEXHEME XOJOCTOTO XOAA.

- ! &4

N\ \\ “]
NN l %

tp E1 iz tz tu @) t 0 t1 t2 t3 tu ¢) t

“Puc. 6.3. Kpupas momenta JsHratels OpU fHTanuy o7 3-GasHore Mocro-
BOTO WHBEPTOPA TOKA B PeHMHUME XOJOCTOre XOLA.
g—TNpu oOHYHOM YIDABAGHHH, 6 — ODH YBETHYEHHH UHCHA KOMMYTAUHEH,

e

Ha pue. 6.3,¢ nokazasa KpuBas MOMEETA ABHTATEJS, NOCTPORHHAR [0
Jynpoumennel XapTHHe NPOLUECCOB B ABHTaTeNe LI DEAHMA XOI0CTOIO X0A2.
iMoMmeut MeHfercs 10 3aKOHY, ONPeieNfeMOMY OTPE3KOM CHHYCOMIH Nid-
JyensHocThRy 60°, 3aTeM NPOHCXOAHT cKaukoaOpasHoe KaMEHeHHe NOJOMKE-
HES BeKTOpA iy 1A Yroa /3, uTo DaBHOCHABHO Jufl KPHBCH MOMeHTa nepe-
'XOJ& Ha APYIYI0 CHHYCOHAY, OTCTOANYK OT mepBeil Ha yroa 60° Ilyme-
cAUMH CKOPOCTH NDH HeH3MeHHOR uacToTe ONPele]fiTCs [VIOIAABH KpH-
BO# MoMmellfa OZHOre 3Haka (Ha pHC. 63,2, TAKAA ILIOMIAAL 3aTPHXOBA-
#a). Ecan MeHaTh IOJOMEHHE BeKTODa [) B TeuenHe 60°, To Moxuo yMenn-
EIHTb EAOIIAAR KPHBOX MOMEHTA OLHOr0 3HAKZ, TEM CaMHM OCJMaGUB NYIb-
‘CAUUE CKOPOCTH, :

Ha puc. 6.3, morasaHa QMarpaMMa MOMEHTZ, XapaxTepu3yHiiascs 1eM,
970 MAOIMMaib KPHBOH OAHONG 3HaKa NpPHMEPHO B 4 pas MeHbije, ueM ¥ HC-
XOoAHOH. DTO AOCTHFACTCS UIMEHERHEM JHarpaMue paloTsl HHBEPTOpA H
YREAWUCHIIEM MACTOTH KOMMYTALACHHHX WPONSCCOB. Tak, YacTOTa KOMMY-
TANHE GIBCRTOPN JAE DOAYHCILT HarpaMMbl MOMENTa pHC. 6.3.6 npEMep-
o B 8— 10 pay Gosmaue, ‘oM Jns moayuetns awarpaMuel pue. 6.3.a. 3to
viliauaeT, uTo OpH clAEenn uieroTis B8 10 pas BHH3 OT MaKCHMAanbH 2
womIo nepeiTE K yayumennoil gopme Momenrta 6es yBeAMueHHA MOLLHO-
YT YCTPORCTE NPHEYANTCALION KOMMYTAIUIT HIBCPTOpA, YBeaHucHHEM Ha-
eror koMyyTanuit B 30—40 pa, ocrodunasich 11a TOM e TIPHHHOHTIE,
foMydzeM YMeHBIIEHHE IVIOMIAZl KPUBOH MOMCHTA OAROCO 3HAKa TpHMep-
flo B 16 pasz no cpasHeHHio ¢ wexonil (puc. 6.3.a).

YaydmeHHe KPHBOH MOMEHTH AGHIATCHT SLOCTREICTCH  CKAOUCHHEM
€OOTHETCTBYIOMHX rapMoHuk Toka. Orcyrernine H-it 1 7-i1 rapMon#k ToKa
COOTBeTCTBYET 12-hazmoMy pemuMy PafoTol 1MBepTepa, 1PN KOTCPOM pe-
OYAETHPYICIIHI BEXTOP Ha NJOCKOCTH G Narpyakn saomact 12 flofoxe-
gift, orcvretBue 5, 7, 11 w 13-ft rapwoinx covrnerersyer  24-¢gasHomy
PeNHMY,

Kpusan wmoseHTa EBHTATENS OpH 12-panuom pesnme paloTel HHBep-
Topa nokaszana Ha pHe. 6.4, Ilaomans Kpusoll moMenTa ofsoro 3uaka 8 4
paza mensime, geM Ea pue, 6.3,2. Tlo afcoaomiomy 3NaMCcunio myibeaiui
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CKODOCTH, ONPeAedseMOMY NVOIAABIY lepeMeHHOH cOCTaBMAMIe] MaMeHTa
OZHOTO 3HAKA, NHATPAMMEl MOMEHTA, NoKa3aHHble Ha pue. 63,6 m 6.4,
PaBHOLEHHE!, T. €. MOXKHO CUHTATh, 4TO JHArpaMya MomenTa puc. 6.3.6
COOTBETCTBYET 2KBHBAMGHTHOMY 12-dasHoMy pemuMy.

IMpuntun ofecneyenns 12-pasHore sxBHBAJEHTHOO pexnMa ana 6-
(hassoro KommyTaropa HIAKCTPHPYeTCd puc. 6.5. J—6 — dokTHYECKHEE nO-
JOXKEHHA BEKTOpA TOKA, WITPHXOBOM JHHHell MOKasaHLI SKsHBAJMEHTHEE Npo-
MEMYTOUHEE NOJOMEHHHA BeKTOPH, 0BpasyeMbie COCEAHHMH OCHOBHEIME NO-
noxeHnAMH. [lig Toro 9TOfL NONYHHTh NONQKEHHE BeKTopa Toka (1—2),

/.'L
SN
\

NN N
N N N N £

N N N N
Puc. 6.4. Kpupaa MomeuTa ABI- Pue. 6.5. [duarpaMma pesyap-
ratean IpH nwraunm ot 12-cai- THPYIOLEr0 BEKTOPA TOKa.
HOTO MHBEPTOpPA B peMHME XO- — OCHOBHBIE TIONIOMEHHS BEKTO-
JMOCTOTG X013, Pa  TOKA; = = == — 3KDPHBANIEHTHHE
IPOMEXYTOUHLIE DNOAOMEHUH BeKTCp?
TOKa,

Ee06X0ANMC MHOTOKPATHO ¢ NOBLIMICHHO 4HaCTOTOH MEHATH NO0KEHHS
BEKTOpa TOKa [ # 2, TIPH 3TOM TeOMeTPHYECKHM CYMMHPOBAaHHEM CpeaHHx
anayeHnli BekTopop { H 2 OOAyYaeM BKBHBAJEHTHOE TOAOKeHHe ([—2),
Ionoxenue pekropa (/—2) CUMMETPHUHO OTHOCHTEABHO NOAQMEHHN [ o
2, nostoMy npH ero GOPMMpPOBAHHN CPeJHHe 3HaueHHs caaraembix I’ m 2
paBHEl DOJOBHHE COQTBETCTBYIOWMX 3HaweHuf sektopoB [ H 2.

ITocxkoawky B nonoxennmdax [ H 2 AMOJHTYAA BEKTOpAa TOKA paBHa
2£n/V3, TO B mONOMeHHH [’ — 27 aMmntyda pasHa V3 (Qin/VB-Ej = .
T. &. MeHBUIE B 2/V3 pa3 1o CpPaBAEHHIO C AMUJMUTYAOH BEKTOpPa B OCHOD-
HbIX OJNOMENHSY,

Ina sksusajentHoro 12-dasHoro pexuMa HeoOGXogmMo, yTOGH BO BCEX
ROMOMKEHHAX BEKTOPA AaMIIMTyda ero §eia moctosveall,. 310 o3Havaer,

4To mpH GOPMHPOBAHHH SKBHBAJEHTHOrO MONOMKEHHA HeOOGXDAHMO B 2/V3
pas yBeaHUHBATD JIOCTOSHHBI TOK.

B ‘pesyanTaTe NPHXOAUM X ChlelylolleMy pEeMHMY YIpaBA¢HRs TPex-
(asHLM MOCTOBLIM ABTOHOMHHIM HHBepTOpOM Ada obecmeuenns 12-daszuore
SKBHBANEHTHOTC pexuMa. B Teyenwe BpeMenu #/6G BeHTUNH HHBepTORA
BRJIOUEHBl B COOTBETCTBHH C JHATPAMMOH PadoTh TpeX(aaWoro MOCTOBOIC
puseprepa. B creayoliui oTpe3oK BpeMedH fi/6a IPOMCXOAMT MHOFOKDAT-
HO®R NepexJdloyeHHe BeHTHlell, COOTBETCTBYIOLLEE CJELYIOULEMY H TEKYLLEMY
COCTORHHAM HHBEPTOPA MO AHarpamMe pafoTH. OBHOBpeMeHHD YBCNHUHBE-
eTCH 3HaueHHe mocTosnuoro Toka B 2/V 3 paa. Cyas no anarpaMMe Mo-
MeHTa JApHratens puc. 6.3,6, 8 ILaHHLI [EpHOL BpPEMEHH JOKHO OhITH
OXOMO BOCEMH JOMNOJNHHTENBHBIX KOMMYTalxH B HHBepTOpe. 3aTeM B Teue-
HHue /3¢ HHBePTOp (PHECKpYeTcA B HOBOM paGoueM COCTOSHHH, OQIHOEpe-
MEHHO MOCTOMHHBA TOK YMeHbHaeTCs A0 MCXOAHOrO 3HAMEHHA, H T. A.

AHasorHUHEIM 06pa3oM OGeCleydBAeTCH SKBHBAJNEHTHBIH 24-gasHbh
pexuM pz6OTH HHBeDTOPA. B CBOMX PACCYMACHHAX OTHOCHTE/BRHO SKBHPA-
JEeHTHHX MHOTOQasHHX PeIKHMOB ML PYKOBOACTBOBAJHCH LEJbK YAYYNIHTE
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$opmm KPHBOH BHIXOJHOTO TOKA, NPH 3TOM ABTOMATHYECKH YAyUIIAJach
GpMa KpHBOﬂ MOMEHTa JBUraTens. 3ro Q3HaAYaeT, YTO H3JIOKeHHbLIE CUo-
06k YHydilleHHA KauecTBa BBIXOAHOr® TNapaMeTpa OOJHOCTLIY HPHMEHHMBE
4 aBTOHOMHOTIOQ HHBCPTCDA HanpaKeHud. B pesyanTate TpHXoAMM K BB~
OLY, 4TO npoﬁneMH KAuecTBeHHOH paﬁoTbI ACHHXPOHHOIO SJeKTPONPHBOAA
'pénacrﬁ HH3KHX YacToT He CYUICCTBYET. OHa paapemaeTc;I CpaBHATEABHO
ThIMH TEXHHUYCCKUMH CpeAcTBaMu IIpH HCIIOAL30BaHHH Tpexcpaal-{h;x Moc-
X ABTOHOMHBIX HHBEPTOPOB.

AUHAMHUYECKME XAPAKTEPMCTMKH ABTOHOMHBIX MHBEPTOPOB
MPM YMIPABAEHMM HACTOTOH

YnpaBneHHe MOMEHTOM /IBHTATeNA OCYIUECTBASETCA OAHOBPEMeHHBLIM
HGMeHeHHEeM AMIVIHTYALL [epeMeHHOro TOKA (HAUPAMEHHA) H  YacTOTHI
PaceMoTpuM A48 mpHMepa YacTOTHO-YNPaBASEMHH 3JEKTPONPHBOR HA OCHO-
Beé HHBEPTOpPA TOKA, 3aMKHYTHI Mo ckopoctd (cM. puc. 5.7). Curuan saga-
HHA MOMEHTa MNOoL&eTcH uepes (YHKLHOHAMBHHIA TOCTPOHTENAbL 12 BXOA
PEryaATOpa TOKA ¥ Yeped CHeNHaNbHOE MPONOPLHOHAABHO-Au(depeHIHaAND-
HOE YCTPOHCTBO Ha BxoOJ 33Jalollero reHepaTtopa, OCYWECTBAAIOMEro mpe-
b6pa3cBanHe HeNPepHBHOIO CHTHANA B  MOCASKORATEILHOCTE HMIYJIBLCOB,
HACTOTA KOTOPHX LPONOPUKOHaNLHA aMIMHTYAe BXOJHOLO CHrHaga., JuHa-
MHURCKIE XdpAKTePHCTHKH HHBEDTODa TpPH VOPABJEHHH 4acToToll ompeae-
AAOTCH CBONHCTEAMH 32A4i0Llero reHepaTopa, NPHHUHA AeficTBHA KOTOPOrO

OBAH HA CPaBHeHWH WHTerpalia BXCAHOTO CHTHAJNA C 3TAJOHOM, H 4acTo-

off paGoTH 2aZ210LIETO TeHEPATOPa, CBA32HHONR ¢ BHXOZHOH uacToTOH M
dasHocTbi0 HHBEpTOpA.
- Kaxpufi gMnyJsc 3aJalouIero reHepaTopa BRI3BBACT cKauxkoobpasnblil
PBOPOT KOMMYTALHOHHOTO BEKTOPA HACATHILPOBAHHOTO MHBEPTOPA HA VIO
v/ m. CreloBaTeNbHO, BHXOAHAN YACTOTA MHBEPTOPA @ HPEACTABJIAET CO-
off n0C/AeR0BATEdbHOCTE §-(hyHKUNE.

B npeo6pasoparedsX HENPEPHBHOLO CHTHAJMZ B MOC/AEA0BATENLHOCTD
HMOY/IBCOB MMIYIbC HA BBHIXOAE NOABIAETCA B MOMEHT pPABEHCTBA HHTEIDA-
Ja HEMPEPLIBHOrO BXOAHOrO CHTHAA ONpelie/eHHON YCTABKE.

T
jX(t)dt:A, (6.24)
LH .

‘rfe X(f) — HenpepHBHHIH BXoAHO# cHrHas, cyTh 34JlaHBE€ YacTOTH )
‘A — yeraeka, A=2n/m.
Ecau curnan ynpasaeunsa Xo — Be/udHHA [IOCTOAHHAA, TO
A 2n Xa me;
X, ey =X =T (6.25)

7

sfech fo —uacrora, To— Mepuof 4acTOTH 3afaiOIIEro reHepaTopa.
YacToTa HAa BRIXOJE 3aAa10LULCTO TeHEepPaTOpa B /M Pas BHlle BHXOJHOH
4acToThl HHBEPTOPA.
[lycts B MOMEHT BpeMeHH {; OT Havala HekoTopore muxaa (0<f<g
:#a 10} CHTHAJ YNPaBJIeHHS H3MeHHJICA CKAyKoM M craa pasen X;>>Xo Tor-
In mepro] LHKJA, B KOTOPOM H3MEHH/CH CHTHAM 381aHHA,
A— X X, —X .
s ! T=1 + _T“' =T, 4+t —‘—X—l—"—, (6.20)

roe [| — nepHoZL BCexX MOCAELYIONIHX IMEJIOB,

_ Hpu wamenenuu ¢, or 0 ao Ty nepuoa T menserca or T jo To, T. &
BRHXOLHAA XADAKTEPUCTHKA [IpeolpasoBartels 3aBHCHT KaK OT BXOANOrO
CHTHAJA, TAX H OT MOMEHT2 €r0 H3MeHeHHH BHYTDH HEPHOJA IITCIPHPO-
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Prce. 66. Tpadnuyeckoe onpele/eHne
2 neproia MNOABACHHA BHIXOAHMIX HM-
Py MYJBCOB. -

Yo Asino
4 banud. HsMeHenne nepHoxa HHTErpHpo-
OAT N ] DaHHA  HENOCPEACTBEHHO moCde  Ha-
%J 0| Ppl N MEHERHs YNpaBAeHns NOKAILBAET, TO
T | amanusupyeMmumii  npeoGpaszomaTteNs He
ool | ¥ | PolPo|¥o| mMomer tpakropaThcs Kak 3Bemo ¢
> = YECTHIM  3aNasKHBaHHEM, MaTeMaTh-
YeCKOEe OXKHAAKHE KOTOPOTO DABHO NOJAYNEpHOLY HOBOK BEIXOAHOR wacto-
tel. B To ke BpeMs AaHHOe YCTPOHACTBO He SBASETCH OeabIHEPUHOHHEIM
3BEHOM.
PaccMOTpHM H3MeHEHHE BeJHUHHE [ HPH I'apMOHHYECKHX BOSMYHISHHAX
YNPABARIOLIET0 CHTHANA € PpadAWumofi wacToTolh W aMmAHTYAOIL Curkan
YApaBAEHHA MOCAE HEKOTOPOro NEPeKMOYEHHA

X=Xg+Xm cos (2nf _ t4aq)

f
j' Xdt = Xt + %%— [sin (2nf _t + @) —sina,]. (6.27)
i)

Bpema mexAy ABYMA ROCAeNOBATENbHBMH kMnyJscamu T, onpene-
AHeTCH 1o dopMyae

A=XT, + -—%‘—- [sin (2nf _T, 4 0,) — sin ). (6.28)

TlpH OTCYTCTBHH rapMONHUECKOrO CHrHalta
AL-:XnTo. .
ITpeoBpazonas ypapnenne (6.28) ¢ yuerom oGoanauenmii: '
To2nf =0 2nf_ T1=\pr;

2nf . Tt ae=g+ao=1t1; Xm/Xo=A,
HOMYYHM: ‘ -
Po=01——A(sin @;—sin oo},

A sin g2 =g¢+A sin e-tao. (6.29)

dopuyna (6.29) npexscraphsier coGoll  peKYppeHTHOE CODTHOMIGHHE,
¢ TOMOWIBLI KOTOPOTO MOXKHO NOCJAEI0BATE]LHO ONPefensTbh MOMEHTH Io-
SBJAEHHA BHIXOAHBIX HMNYJBCOB 3aJal0lIero remepatopa (puc. 6.6).

HAan k-ro nepuona

A sin oy ar=—=~kpot+-A sin ot (6.30)

CootHowenne (6.30) MomHO mepemucaTb B BHZe, YAOGHOM AJdS rpa-
(duUecKOro onpeAeneHHa Ga,

HIH

Epe— (ap—to)==A(sin ay—sin o). {6.31)

IMpy A—0 MoXHO NOAYuHTh aHAMHTHYECKOE Bhipamelhe OAf Ox.
Coraacuo (6.30)

oa=RPo--A sin s-}-0oe—A sin ap, (6.32)
sin fp=sin (kpo-}-to-+-A sin ve)—sin A sin ay=
==5in {o-f-ta) co8 A sin qo{-cos (Zpo-ao) sin A sin ao—sin A sin 0.
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TMpun A—>0cos A sin ge=1; sin A sin.g,=A sina, Torza
sin ar=sin {(kpo{-oo)-A sin @y [cos (kpetae)—1]
IMopctasus mocienmee wopaxkenue r (6.32), mafinem:
Or=kQo|-Co-A sin g—A sin (kpe-t+ao) —A? sin o {cos (Eget-ae)—1].
_ Ipenebperas cuaraemeiM B’I“O]JOFO nopsiiKa, MOJYUaeM OKOHYATENHHO:
o =Rpot-o-t-A [sin @e—sitt (kpotao)]. (6.33)

Amanna BLIXOZAOH HACTOTBI NPEOBPA30BATENS NOKA3IHIBAET, UTO KpuBad
BLIXOLHOTO CHTHAMA HABASeTCH  Iepuoguyeckoll (yHkumuefl ¢ mepHozoM
2np=qon, THEe # H P — B3aUMHO TPOCTHE WHCJAA, NEPHOA MOBTODIEMOCTH
pagen nTy.

Takum o0pascM, MakcuMadbHasi BXOAHAA 9YACTOTa, KOTOPAs MOMKeT
6biTh BOCIPOM3BEAEHA B BBIXOAHOM CHTHaZe 3aJal0llero remeparopa (rpa-
HHYHAA YacToTa), paBHa fe/2.

Jlasi xapaxrepHcTHKRM JAMHAMHUECKHX CBOWCTB KaHata mpeofpasoBamus
CHTHAJla 3a7aHHA YACTOTHI HHBEPTOPa BBoJMM K, — KOMMIEKCHHE Ko3d-
@UIACHT nepefaul, PaBHLIH OTHOUIEHHKY TAPMOHHYeCKOH cocraBasmoumed f.
B CHrHa/le BHXOAHOR 4aCTOThl MHBEPTOPAa K COOTBOTCTBYIOIIEMY CHCHAMY
Ha BX0Je 3ajawllero redepatopa, npayeM o0a TAPMOHWUECKHX CHPHAJA
npeJcTaBactEl B KOMIVIeKCHOR dopMe:

9 n—1 9 n--1
(TE cosakml)—jT E sin oy
K, — —= - k=0 , (6.34)

rHe ¢ pacCUHTHIBaeTcs cordacHo (6.31).

OnpenelnM aHaJHTHYECKH NOJHBH CIEKTP CHTHANA BLIXOAHOH 4YacTOTH
sgepropa. [IpH NOCTOAHHOM BXCAHOM CHTHAJI@ 3aalolerc reHeparopa
Xo=to, X.n=0 passoxsenneM noc/jeaoBaTeNbHoCTH O-Qyurnuf ¢ neprogoM
Ty moayuaem:

oo

o
o — "3; 2 gl (=) o 2 eitwom =% . (5 35)
o
q‘_'ﬁw

——a0

3deck T— sanazjuisarie Gukakliero cApaBa HMNYJAbCa OTHOCHTENBHO
nauana OTCYETA, Tt/ @ =up /2 [ .

Mpi HANMMHH BO BXOAHOM CHIlafie 33JdHHA 3a/1AI0LKET0 T@HEPAaTOpa
cocTaBAsomel uacToTn © =2 f_, npuieM @_/mei=p/n, pasicKeHde
B psiA NepHOAHYECKOH TocTeioeatensinocTd §-OVAKIWEE, cogep:kauledt B ne-
pHOJe n AHCKPeT, HaeT BLIpameHnHe

o W, -1
.)“th 1 9 Hlmkq—;
©= é mnl, ¢ =
§1=—§ =0
S et il
— @, 2 e — Y . (6.36)
Go=-00 k=0
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[Ipupanieve uacToTH, OGYCAOBAGHHOS BOAMYWLAOLMM  CHIHANOM
Xm cos of, -OyAeT paBHo pa3HOCTH YacToT cordacHo (6.35) u (6.36):

0 {1 ‘_'?f. f oy n—1 —J'“ki;'
A= @, 2 e )it —
== —00 k=0
o to
e (‘”om Al m“’o)
— 2 . ) {6.37)

g=—00
Hana pansuefimero npeoGpasosanns (6.37) paceMarpubaeM  Manwe

npupamieRns curgana X, 1. e. A—-0. IMoxcrasnsas s (6.37) 3mauenHe oy
6.33), monmywaem:

n—l1

oo T ?P: tq —i % {kgot oot h [sin ag—sln {Ago+uol}
Aw = &, 2 e - 2 e —

_ i eiqwom(t—-mi:)}' (6.38)

Yuptueag, wro A~ 0, sandchiBaem:
—] S [sln @p—sin (Ryo-t ug)] q
e * = cos = & [sin ¢ — sin (kg + o0)] —

— i -%— sin A [sin mq — sin {2, -4 @4)] =

=1ﬂj%ﬁx[sinaomsin(k%-}—mu)]ﬁl_j%ﬁ\sin 2, +

+ 5%. _’32_ [of (oot on) _ g (etartaol), (6.39)

Mopcrasnan pauwnoe supaxenne s (6,38), umeem:

= ffhsf'f 1 gty —-f%(k%-!-mn)
wmaf § TG I
f1=—0C0 =0
—1
A = ety =i o (et o)
._]-P—-sino:,, E g8 _n_ e =

§1=—a0

iy ("Tf - :) (oot o)

fq.i'l—~t —1'

f=—0 -
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4 == t 1 i (—q—l‘ + 1] (fepo + t5)
e D

o
A v =35
-~ Y e o -

G=—00 k=0

2 ot )
- 2 e . (6.40)
g=—00

s

B mnocremmell cyMMe X4a3J0e H3 YRTHIPEX NEpRBIX CHAr'AeMBIX BK.I0-
{AeT B KaueCTBE COMHOMKHTEAH CYMMY 7 BEKTOPOB, CABHHYTHIX OTHOCHTENb-
1o ADYT ApYyra Ha OANHAKOBUH Yroa ., ofmui yroa mosopora n BOKTO-
pOB KpaTed 2m.

Jiis nepRoro caaraemoro Qn,=qPe/p H AJs BCEX 3HaUeHHH @, KpoMe
Qx=2ng (§ —HaTYpalbHEH DAL UKCed), YKasaHHble BEKTODH O06pAa3yIOT
HA MVICCKOCTH CeMefCTBO # paBHOMEPHO CABHHYTHX Ha yrod 2m/n BekTo-
PoB; cyMMa VYKa3aMHLIX BekTOPOB  paBHa  Hydw. ChexoBareanHo,

PR —:‘—q;— (koo + o)

r 2 = gas Bcex §i, KpoMme qi@e/p=2ng nan g=
k=0

=q.2np/Po=g2np/®  To=gpmmo/® _ =qn.
Jas ¢gi=gn nepBoe caaracMoe B GHCYpHEX croOxax (6.40) noayua-

n n
9 omt —jg— o
r e

€TCH PABULIM 2 & 4 H B3aHMHO VHHUYTOMKAETCA ¢ No-
§=—00
CAeIHHM OATHM C/AAaracMui. COOTBETCTEEHHO,
; L
1 e (QT" )(k‘PO"'dn}
4 B
k=0
0 amq Faontp
n ,
=) = — u,mﬂ o]
¢ = A qy=qn-+p
-1 ;
| i ("”Tj+ 1) (k3o + o)
n gy ¢ =
k=0
<0 nam g, Fqn—p
= i
1 %y
2 -~ ATSE g, = gn— p.
C_y4eToM H3JIQKEHHOro BopamKenue (6.40) MOKHO 34nHCaTh B BrAe
[vs] . &,
ng quwn(i‘ ——-“'-)
bo = Arayg E -—jsin%je : -+
=0
3 g
Mgt 0, ) f—G ——mm
1 me, fl(q ok ond =4 57 %]
+T 77w +1je -
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U o i [(qmwo—w,-) t—g %{1«»]
( e ) e . (6.41)

— 29, —1

Mepexoas or koMmnercHoft dopMu 2anmeu pasa (6.41) k seuecrben-
HOHl, DKOHYATENbHO MOJYHacM:

o0
Aw = @y A (cosmt-l— {(M+ 1) %

% cos [(qmmo Fw_Yt-mg ot ao:’ -

m”
mow H me
- (q—w——"-—-l) cos [(qmwa——w,,)t-—q o %]—I—
~+ 2sina,g 'Z‘% sin [qmm,t—-q Zm" ao]}). {6.42}

Buipaxenne (6.42) noxasnpaer, yro Npy NOAaYe HA BXOX 3aTAKIETC
reHepaTopa MAJOro CHrHaJ A 3aJaHHS YACTOTHE A COS®W [ nochemuHsi no-
podaaer B BHXOAHOH uacroTe HHBepropa pAJ  YacTOT, DPABHEX
gmeyt o, B gmoo, NPHYEM T2DMOHMKH YACTOT gfMwe OTCYTCTBYIOT NpH
a4=0, [To ocHOBHO# rapMoHHKe ®_ NpH ©_ <<mie/2 xo3dhduunenT nepe-
Dayd pased 1, mpH O, =m@o/2 otaOBHAA CcOCTABAAKOWMAN Coraacho (6.42)

Aw=oy-Afcos @ __{—cos{w,_ i—2xe)],

° T P

3asmcuMocte K, OT ¢p MOKa3aHa Ha puc. 6.7.

Ilo XapAKTEPUCTHKE Ilepefadyd MaJhlX M0 aMNJAHTYJe TAPMOHHUECKHX
CHTHAJCR 4AaCTOT pas.ummoﬁ KPatTHOCTH IC OTHOIICHHIO K BEIXOJHOH 4acTo-
re @, onpeieNfemMofl MOCTOSHHON COCTABAAIOWER CHrHAJAA YNPABJIEHHA,
HHBEHTOP MOXET pacCMAaTPHBATLCA XKaK HMIOVJAbCHaA CHCTeMa ¢ MEPHOAOM

+ Jﬂ Pue. 6.7. KoumnaexchHeit nepefaTounsift kosddu-
Ko LHEHT NP TPAHHYHOH YACTOTE.

pabotu To=2mfmey. D10 He cTpOras aHaJorusd,
HOCKOJBKY COBIAJCHHE YACTOTHHIX XaPAKTEPHCTHK
JHHEeHOH CHCTeMB! H HHBEPTOPA IO K4HAAy 4a-
CTOTHL HMEET MECTO JiA ®,. <mmo/2, KpoMe To-
ro, HHBEPTOp HelHHeHHOe 3BeHO H KoapdunuenT
nepefaun _Ig,,, apnseTca QyHKOuei A.

B pesyabTaTe TMPOBEACHHOTO PAaCCMOTPEHHS NPHXOAHM K BHIBOAY, UTQ
AHHAMHYeCKHE xapaKTepucmxH ABTOHQMHOIQ HHBEPTOpa npe Yl'[paBJ'leHHH
yacToToll 3aBHCHAT OT TEKylLIEﬁ JacTOTH . STD HakaaAbBaeT OMNpeleneH-
Hbie OFPaHMYEHHS HA BEIGOp MapaMeTpOB PeryaaTopa ckopocTH. Uem Humxe
pafioyag yacToTa, TEM MeEHbLIE NOJXKHA OHITH YACTOTZ ¢Pe3a KOHTYpa pe-
TyAHpoBauHa CKOPOCTH Ogp, Oep<<MUpmin/2, HanpuMep, Ocp<niGupn/2.
TMpy BunOnHeHHH HNOCAeZHero YCAOBHs 0OCoOLe JHHaMHYecKHe cBoHCTRa
aBRTOHOMHOrO HHBEpTOpa NpH YLIPABJAGHHH vacrorofl me npossiamiorca. Haa
PACIIHPEHHS AHANA30HA DETYAHDOBAHHA NMPH 33aJaHHBIX JAHHAMHUECKHX Xa-
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PAKTEPUCTHKAX NpHBOAA, ompenesseMbix G¢p, caenyer mepefiTH K ympapae-
HHIO, obeCleuinBaoleMy 3KBHBalleHTHRIH 12-pasuuifi (SopSnamin) 1 24-
dasuull (Sep<2nimin) pemuMb. T2k, IPH @min=0,05 (aHanason pery-
JRpOBAHAA CROPOCTH He MeHee |:20) u npn sksuBaneHTHoM 12-dasHom
peRuEMe YupasaeHus loayyaeM Ogp=0,15 (oroso 50 1/c), wro coorser-
eTByer OObIYRON HACTPOHKE PeryJaTopa CKOPOCTM THPUCTOPHOIO HPHBOAZ
NOCTOAHHOrO TOKZ H YAOBAETBOpPseT TpeloBaHMAM N0 AHHAMMKe A% NO-
AaBIAKIIEre (O/LUKKHCTRA MEXAHA3MOB,
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