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BJIHSHWE BPEMEHH KOMMYTALHH B HMAYJbCHbBIX
NMPEOBPA3OBATEJAX NOCTOAHHOIO TOKA
HA XAPAKTEPUCTHKH JJIEKTPONPHBGIOB
C JIBUTATEJIIMHU NOCHEINOBATEJBHOIO BO3BY)XIAEHHUSA

A, H. CATIOHHHUKOB, B. A. BEVHHAPOBHY

(ITpeacTaBieHa HayyHO-TEXHHYECKNM ceMunepon 1HITH ADM)

asliyabcHble METOAbl  PeryJHPOBAHHS CKOPOCTH BPALUEHHS 3JEKTPO-
ABHraTedell ¢ HCMOJL3OBAHHEM THUPHCTOPHBIX Npeodpas3oBaTesiell HAXOAHT
IHPOKOEe NPHMEHeHHe B 3JeKTPOIDHBOJC. B Hacrosfllee BpEM# HM3BECTHO
G0JbII0E YHCJIO CXeM THPHCTOPHBIX Ipeo0pa3oBaTe]ell HAlPAXKEHHA NOCTO-
$HHOMO TOKa, NPHMEHSeMbIX AJAS PEryJupoBaHHs CKOPOCTH BPALHEHHS 3JCK-
TPOABlIaTE el ¢ IHTAHHEM OT HEPeryJaupyeMbiX HCTOYHHKOB TNMOCTOMHHOTO
roxa. Oco0eHHO BeAUKO 3HAUCHHE TAKHX CHCTCM B TArOBBLIX 3JOKTPONPHBO-
13X M VCTAHOBK2X C aKKyMYJASTODHBIM MUHTAHHEM.

Tax Kak THPHCTOPHI 00JMaJaloT XapakTepHCTHKOM THPAaTPOHHONG THIIE,
T0 B NPeoSPasoBaTeNsiX HANPAMEHHT HOCTOSHHOTO TOKa NPHMEHSAITCH VCT-
PONCTBA HCKYCCTBEHHON koMMyTalu. ITo THmy yCTpOfCTBA HOKYCCTBEHHOI
KOMMVYTAlHY¥ NPeoOpa3oBaTelH NOCTOSHHOIO TOKa MOMHO Pa3ACNuTh Ha
ABe npymnel. K nepsoil rpyine OTHOCATCA HMAV.IbCHbie npeoGpasoBareti
¢ MTHOBGHHBIM [pekpallleHHeM NOCTVILICHHs 3Heprud B Harpysky, B pe-
3vAbTATE 4Yero CpPefHce HANpAKCeHHE HA HATPY3Ke OJHO3HAUYHO ONpeneascT-
€51 OTHOCHTEJBLHON NPOLOTKATCILHOCTLI0 BKIIOUHNS Yy. KO BTOPOR rpymnmne
QTHOCHTCS HMIYJILCHBIC NPeoOPas’CBATENH ¢ KOHEUHbIM BDeMeHeM KOMMYyTa-
1HH, B TeyéHue KOTOPOTD B HArPy3Ky NPOJOJAKECT HOCTYIIATH 3JHEPrHs OT
}ICTOUHHKA MUTaHHUA., BejaencrTBHe 3TOr0 MuliiMaabHas BEAHUHHA CPEAHEro
HANPSIKEHHs HA HATPY3Ke e MOXKeT ObiTb MeHblle ileKOTOPOro 3HaueHns,
GIPEICAAEMOTr0 MapaMerpaMi VCTPOACTBAa HCKYCCTEEHHO KOMMYTaUWH H
BCJIHUHHOIN TOXa HaTDV3KH.

Tipu pacuere MCKYCCTBCHHBIX 3/ICKTDOMEXANHUYCCKHX H MEXaHMYeCKIiX
NaDaKTEePHCTHK METOAaMH. ONHCAHHBIMM B [2], cpeniee nanpsxenne Ha
SBIFaTEeSe CYMTACTCa PasHbM yyU, 4TO IPHBONUT K PalcXOKACHHIC 3KCHCPH-
VEHTAJIbHBIX H PACUeTHLIX XaPaKTePHCTHE B C1viuac DpuMelcHus npeobpa-
soparedeft BTopoii rpyanb. B paGore [1] mpupciena MeToanxa pacdera wc-
AYCCTBCHHBIX 9/ICKTPOMEN2HHYECKHX XAPaKTePHCTHK ¢ \USTOM  KOHEUHOIO
ppeMenH KOMMyTauuu B npes0pasoBatessix ¢ OO BCTBHIO KOMMYTAUM
{puc. 1 a) H nokaszayo, 4To yyU He OINDENEIsicT 0THO3MAURO BEIUHIEY DI
LCrO HANPSKEHHS Ha Harpyske. D70 0GDACHACTCH TOM, 47¢ JICHCTBUTRIbIEN
L POAOJKATEALHOCTD BEVIIOU@HHA v CYUICCTBEHHO H3MEHUCTCH 8 38BHCHMOCTH
OT BeaH4YMEB Toka narpyskn [ (puc. 1 0}, mockoiabxy BpeMda nepesapala
KOMMYTHPYVIOUIETO KOHjAeHcaTopa Cy NMOCTOSHHBIM RO BLIHYHIC TOKOM JIPH
sanpazennn nutanus U pasno [1]
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Puc. 1.

Beaegcrsue 3T0ro BHElIHsAS XapakTEPHCTHKA NpPeoBPasoBaTeis H COOT-
BETCTBEHHO 3J@KTPOMEXaHHYeCKHEe H MeXaHHYeCKHe XaPaKTEePHCTHKH TNpH
WMNYJIbCHOM NHTaHHH OT npeoOpa3oBareneil BTOPOH DPYENE OKAa3LIBAIOTCH
Go/nee MATKHMH.

B nacrosmesi paGorte Hccaemyercs BAMSHHE UMITYJILCHOTO mmpeobpalo-
BaTesast BTOPOil IPYINbl HA H3MEHEHHe CKOPOCTH BPallleHHs ABUraTedell ne
CPaBHEHHIO C NMHTAHHeM TeX e [BUTaTes]ed OT HMIYJbCHOTO npeobpasoBa-
TeJdd NepBOH IPYNMbI, TO €CThb NaeTCs KOJHYECTBEHHAs OLUEHKA BJHSHHS pe-
4/IbHOTO BpeMEeHH KOMMYTAUHH Ha 3JeKTPOMEXaHHUECKHEe XapaKTePRCTHKM
3JEKTPONPHBOA ¢ LIHPOTHO-UMITYJBCHBIM CH/IOBBIM NIPe0Gpa30BaTeaeM.

Tlapamerpel ycTpoficTBa NpHHYIHTEBHON KOMMYTAalHH BHGHPAIOT TAK,
4TO0bl COXPaHfAIach BO3MOXHOCTD 3alHPAHHA (BHIKJIIOYGHUS) CHJIOBOrO TH-
pucTopa npeoGpasoBaresisi NPH NPOTEKAHWH YePe3 HEro MaAKCHMaJbHO AO-
NyCTHMOIO TOKa Harpyskd. B caydae nuTanHsi GBHraTens, BLIOpaHHAS cXe-
Ma npeoOpasoBaTenst N0JPKHA KOMMYTHPOBATb IYCKOBOH TOK MBUIaTeas
HAH, NPH HalH4nHd TOKOOTPaHHYeHHs, ToK ymopa. Ilpu stom yerpofictBom
KOMMYTaUUH CHIOBOMY THPHCTODY MNPeROCTABJISCTCS BPEMS AJS BOCCTAHOR-
JEHHSI 3aMUPaloHUX CcBOHCTE [3]

t g make = Ks ts nacn = Cx T (2)‘
iy

rie
Ky=(1,2+1,5) — kosPpuunent szanaca no BPeMEeHH BOCCTAHOBJCHHS!
ts macn — NACOOPTHOE BpeMsi  BOCCTAHOBJIEHHS 3altHpaiy
CBOHCTB CHJIOBOT'O THPHCTOPA;
i — HOMHHaNBHBIA TOK ABHraTens:
A — KO3 QULHEHT KPATHOCTH MAaKCHMAJBHOIO TOKAa 1
OTHOLIEHHIO K HOMHHAJLHOMY, By
Paspenns Bripaxenne (1) na (2) u pasgesnus d6€e YacTH NOJYYEHHOIQ
PaBCHCTBA HA JJIHTENHHOCTb MEPHOJla KOMMYTAUUH Tk, MOTyYHM BHIpaKeHHe
A1 OTHOCHUTE@JBHOH MPOTOJIKHTEABHOCTH  ZONOMHHTEIBHOIO NPOTEeKaHUs
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TOKa 4epes ABMraTeJb 3a CUET YCTPOHCTBA NPUHYAHTEIBHOH KOMMYTALKH
B npeoGpasoBaTeisix BTOPOH TDPYMIb, 3aBUCsLell OT BeJAHYMHDI TOKA Ha-
rpy3Ku

. . A
Ay (1) = 2 K5ty nacn’fKT ’ (3)
I
rie f; = F T uacrora KOMMYTalHH;
K
, I
i =~ — OTHOCHTCABHAA BeJHYHHA TOKa Harpy3KH.
H

AHaJOTHUHBIM 06Pa30M MOKHO HCCJIEA0BATh M APyrue BapHaHTHL CXEAM
npcoGpazoBaTeseil BTOPOM TPYMNbl U MOKA3aTh, YTO BO BCEX CIYHAAX HME-
crest Ay (i) >0.

VyuTHIBAS BBIIECKA3AHHOE, CPeAHee 3HaueHHe HANPAXKEHUA Ha HATPYy3-
Ko npeoGpasosaTesieil BTOPOi PPYMILl npH yCAOBHH, 4TO Hada/dbioe Harp:-
JKeHue Ha KOMMYTHPYIOLLEM KOHJIEHCATOpe PaBHO HANpSKEHHIO MCTOUHHKA
MHTAHHA, a TOK HATPY3KH MMeeT HenpephiBHBEIH XapakTep, BCACACTBHE HCTO
yepe3 KOHJGHCATOP NPOTEKaeT HEH3MEHHLIH 110 BeIWIHHE TOK, paBHBI TOKY
farpy3KH, ONpPeAesiercsl BhIpaKeHueM:

Uep = vy + Ay (i)}-U . (4)

OnpejefnM BeJMYnHY OLIMOKH, BHOCHMYIO HEyHUeTOM JLOTIOJIHUTEIBHOILT
[1PONOAKHTEALHOCTH BK/IOUeHUsi Ay (i) NpH pacyere 31eKTPOMEXaNHICCKHAX
xapakrepucTuk. Caelys MerTopuke [2] H cunTas HampsKeHde HCTOUHMKA
;paBHbI(M ‘HOMHUHAJBHOMY, BeJIJHYUHA CKOPOCTH mBurareJia B OTHOCHUTECJBHbBIX
CIUHULLaX O!ﬁpeﬂeﬂﬂeTCﬂ

ay — ip’-)
v == — Y 5
H o — 1 | ( )
rie
(!)H L (.De
Y= s Ve = o T OTHOCHTE/JbHble 3HAUEHHS CKOPOCTH BpAaLLeHHs
w
. H H
' ABUraTe]s] COOTBETCTBCHHO Ha HCKYCCTBEHHOT
H eCTEeCTBEHHOH XapaKTepPHCTHKAX;
I .
i = T OTHOCHTEbHOe 3HayeHHe TOKa SKODHOH IeMH;
H
U .
0= H_ . OTHOLIEHHe HOMHHAJDHOI'O HAaNPsKEeHHA NUTAHUA
laRyp
K HOMHHAJBHOMY IAaJe@HHIO HAMPsKEHHS B LenH
IBHTATEN;
by, = _Ii?_ —_ OTHOCHTEJbHOE 3HauYeHHe COMPOTHBJEHHS CHJIO-
Rps poit menu IIIWUIT-ATIB, Bxaodas BHYTPEHHES
COMPOTHUBJIEHHE HCTOUHUKA NATAHUSA,
37eCh o Rys — COTMpOTHBJICHHE LeNH AKOPS ABHTATEJS;

Ug, s, ©s — HOMHUHAJIBHBIE NapaMeTpbl JBHraTess.
B Boipaxennu (5) cuHTaeMm y COCTOsIICH H3 ABYX COCTABJAMIIHX

| y=yy+Ay(i).
Torna Buipaxenue (5) ¢ yuerom (6) samuuieTcs
. oYy — ip o Ay (i)
YH:V0+AV= %-___1—3V6+—:1_—ve- (7)
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OTkjoHeHHE CKOPOCTH OyfeT ONnpeaensTb BTOpOoe cjaaraeMoe ¢ Ay (i).
Cunurasi, KaK 5TO TPHEATO B paGore [2], 3a 3TaNOH XapaKTECPHCTHKY, 10O-
JyyaeMylo TIDH Hjlea/bHOM KJioYe H HAeaJbHOM ACTOMHMKE MHTaHAdA, ONpE-
JeAseMyl0 BhIpaKeHHEM

Y, =
9 o — i

ayy — i '
Y Ve » A8)
OTHOCHTEJbLHOE OTKJIOHEHHE CKOPOCTH ONpPENeNIsieTcsi LeNeHHEM BTOPOTo
caraeMoro BHpaxkeHHs! (7) Ha BeJMUMHY 3TATOHHOH CKOPOCTH 1O (8) mns
OJIHOrO M TOTO K€ 3HAMEHHS TOKa H OJHHAKOBOIO 3HAUEHHS Ve
Ay aAy (1) (9)
'A @Yy — I
Jlnsi o6061eHHs Pe3yJbTaToB aHaJjgn3a Ha HMIOY/JIbCHBIE npeo6pa3oBa-
TeJM BTOPON TPYNIEl ¢ JIOOBIM THIIOM THDPHCTOPOB, BbIpaXKCHHE (9) c yue-
ToM (3) 3anuiiercs L
AV 21 . "
= : o (10)

Av, (ayy — 1)-i

rne A=K,tp macaix: A — MOCTOAHHAA BedHUHHA A4 BbIOpAHHOH CcXeMbl IIpe-
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Pac. 2.

Ha puc. 2 npuBeeHbl 3aBUCHMOCTH, NIOCTPOCHHDBIE 1O poipaxkennio (10)

H XapaKTePHU3YKL[He OTKJIOHEHHEe CKODOCTH [BHTATe]Isi OT PacuerHoro mpi

HAeaqH3aluy 1peobpasoBaTelisa MO BhPaXKeHHIo (8) ¥ No3BoJsgloulne N0 H3-
Av

BECTHBIM BenuumHaMm A, a, i, yy ONPeLesHTb o Ha puc. 3 noxasanbl
3

3aBHCHMOCTH OTKJAOHEHHs CKOPOCTH ABHTaTensd OT PacyeTHOrO 3HAUCHNA
npU TOKe HATPY3KH i=0,5 n OHTaHUH OT WIHPOTHO-HMIYJIBCHOIO NMpeodpaso-
paTteas BTOPOU rpymmel (TWMa puc. 1, @) ¢ ykasaHHbIMH napaMeTpaMH, ofl-
peleJsiolAMA  BeTHUUHY NOCTOSIHHOrO Kosdouuuenta A=0,042. Kpusbie
Av
Av,
19 3a]aHHBIX 3HAUCHUH Yy, ¢ W 1 HA MOCTOSHHBLA Ko3hduunent A. Hamnpu-
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puc. 3 MOJYYeHbl M3 KPHBBLIX pHC. 2 NyTeM YMHOXKeHHs KOOPAHHATLI
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Av
Mep. OpamHara ToukH B Ha puc. 3 paBHa TN -A=23.0,042=0,965 npn
3

_c‘/,::—'l; i:.O,'S H ‘Vy=’0,3.

{3 xpuBBIX pHC. 2 H 3 BHIHO, YN0 Heyuer Ay (i) MPUBOAUT K 3HAYHUTEND-
{0ft oHOKe B ONPRACJCHHH CKOPOCTH ABHraTess, ocoGeHHO B 00JacTH Ma-
JLIX 3HAYeHHME TOKa Hanpy3KH JIBHTATeNsi ¥ MaJblX yy. Tak NpH TOKe Harpys-
ni i=0,6 1 pyy=0,3 (puc. 3) B 3aBUCHMOCTH OT ¢ OWIUGKA B ONPeIeNCHUH
CKOPOCTH MO HA€ATH3UPOBAHHBIM ycaoBusaMm (8) cocrasasier or 0,6 no 0,95,
T3 €CTh J€HCTBHTENbHASt CKOPOCTh JABHIATeNs, MHTAOIIEroCcsl OT THPHCTOPHO-
o iipeobpasoBatens BTOpol rpynmsl, Oyaet 8 1,6--1,95 Bbillle pacCYnTaHHOI
o veroguxe [2] 6e3 yuyeTa KOHEUHOrO BPEMEHH KOMMYTAIIWH.

AnamorayHbple 3aBHCHMOCTH OTKJIOHEGHHS CKOPOCTH MOXKHO TNMOJYYHTH H
5 oCaydae NMHTaHHA JABHraTesss OT 4acTOTHO-HMIYJBCHOTO Ipeo0pasoBaTtens
[4], B KOTOPOM TaK:Ke MOMKHO BBEIEJHTb NOCTOAHHYIO COCTABAAIONIYIO M-
1¢/IbHOCTH HMITYJ/IbCA Hampsi?KeHHs: H NMepeMeHHY!0, 3aBUCHMYIO OT TOKa Ha-
(PY3KH M OHpENeIAeMyl0 BbipaxkeHueMm (3).

Taxkum oGpasom, 115 u3bexaHus GOMbIWIUX OWIHGOK MPH pacueTe 3JaeK-
TPOMENAHHYECKHX H MEXaHHYeCKHX XapaKTepPHCTHK qBHraTesJel I0c/eroBa-
TCIBHOTO BO3OYXAeHHd MO (2), NUTAIOMHKXCS OT THPUCTOPHBIX HMIVJBLCHBIX
sipeobpasoBaTeneil BTOPOR TPYINbI, HeOOXOAHMO VUHTBIBATL KOHEUHOe Bpe-
317 KOMMVTaLHH,
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