"HU3BECTHUI
TOMCKOTrO OPJIEHA TPYJIOBOIro KPACHOI'O 3HAMEHH
MOJIMTEXHUYECKOTO MHCTUTYTA umesnn C. M. KHPOBA
Tom 161 : 1967

PE)XUM NPEPBIBUCTbIX TOKOB
NPy UMINYJbCHOM PETYJUPOBAHHUU CKOPOCTH
ACUHXPOHHDbIX ABUIATEJIEM C ®A30BbIM POTOPOM

10. I1. KOCTIOKOB

PekoMeHI0BaHA HAYYHBIM CEMHHAPOM 3JeKTpoMeXaHHyecKoro (akKyJibTera,

I/IMHYJIbCHblf;l METOoy PEeryJupoBaHUsgd CKOPOCTH ACHHXPOHHLIX [ABHra-
TeJel ¢ (I)a3OBbIM pOTOPCM B MNOCJA€LHEE BPpEeMdA I10JYy4aeT BCe OoJiblIee pac-

NpoCTpaHEHHE.
Mnes UMIIYJAbCHOTO YIPAaBJE€HHA CKODPOCTbIO ACHHXPOHHOIrO JABHraTeJis

3aKJiloyaeTcss B TOM, YTO B POTOPHYIO Liellb NMOCTOSIHHOro ToKa (puc. 1) ma-
paJiienbHO npeofipa3oBaTeNbHOMY 'yCcTPOHCTBY [ BBOJAHMTCS CXeMa HCKYC-
‘CTBEHHOrO BbIK/IOueHus1 ¥ B na Tupucropax.
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TaKaH cxXeMa I03BOJISeT H3MeHEHHEeM OTHOCHTeJLHOM NPONOJIZKUTEJ/Tb-
HOCTH BKJIOUEHHSI CHJOBOIO THPHCTOPA PeI'VJHPOBATb CKOPOCTb BpalleHHS
JBUTaTeJsd. OTHOCH&TeJIbHaH HpOllOJI}KHTEJIbHOCTb BKJIIOUEHHUSA CHJTOBOFQ 8 0 i
pucTOpa paBHa

Lol ‘
== T ’ : (l)
rae T — nepuojy MOBTOPEHUS HMIYJbCOR;

tu-—-]l.ﬂHTeﬂbHOCTb HMﬂyﬂbca, COOTBETCTBYIOILAsA BpeMeHH B TEUCHHE

KOTOPOro npeoOpasoBaTeib MPOBOAUT TOK.

[IpuHST 3aKOH KOMMYTAlUHH C MOCTOSIHHbIM BPeMeHeM OTKJIOYeHHOTO
COCTOSIHMSI CHJOBOro Thpuctopa (f, = consl) u mepeMeHHOH 4YacTOTOM.
Buinpsimutean B cobpan no Tpex¢pasHOX MOCTOBOH CXeMe; CIJIaXKHBaIOUHA
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peakrop P ymeHnbllaer nyabcanuu Toka. Bo u3Gexanne KOPOTKOrO 3aMbl-
Kanus npeobpazosaTe/is B €ro lenb BKAKOYEH 3allHTHbIH auon .

[Tpu WMIYyJbCHOM peryJHMpPOBAHMH CKOPOCTH 4CHHXPOHHbLIX JABHraTe-
nefi ¢ ha3oBbIM POTOPOM NpPHU MaJiblX Harpyskax B POTCPHOH Lemnu BO3MO-
JKeH DpexHM HpepblBUCTHIX TOKOB. [IpeacraBisier MHTepec HaWTH TPaHHLY
nepexoja OT HENpepbiBHOrO TOKa K MpepbiBHCTOMY. 3HaHHE MOrpaHHYHbIX
KPHBBIX B NPHBOJAX C HMITY/JIbCHbIM peryjiupoBaHueM obJeryaer nocrpo-
eHHe MeXaHHUeCKHX XapakTePUCTHK B 00JMAcTH MPEPHIBUCTHIX TOKOB [l].

[lpu BLIBONE OCHOBHBIX 3aBUCHMOCTEll MPHUHSITHI CJEAVIOIIHe JOomylle-
HMsI: paccMaTPUBAETCsi VCTAHOBUBLUMHCS PEeXHM IPH KOTOPOM AKTHBHBIM
CONpPOTHBJIEHHEM CTATOPd, MYJAbCAUHSAMH TOKA C Y4CTOTOH CKOJIbXKEHHSI H
YrJOM IepeKpbiTusi BeHTHJAeHd npeHeOperaemM; cxeMa HCKYCCTBEHHOrQ Bbl-
KJIOUeHHs] 5KBHRAJEHTHA HJAEaJbHOMY KJIOUy. :

B uenu BhUNIPAMJAEHHOTO TOKAa YUHTBIBAeTCSl CPejlHee 3HauyeHHe BHYT-
PeHHell 3.1.Cc. acCHHXpOoHHore aBurartens (E's), @KTHBHOE CONPOTHBJEHHE
ABYX (a3 oOMOTKH poropa (R), HHIYKTHBHOCTb peaxkTopa U HHAVKTHBHOCTb
paccesiHns 1ByX (a3 acMHXpoOHHOro aBuratenss (L).

Dysnem cuntaTh, 4TO NpsiMOe najeHue HANpsKEHHs! B MOJYNPOBOJIHHKO-
BbIX BEHTH/ISX HE 3aBUCHT OT BeJIMYMHBI TOKA, a MajeHHe HaNpsKeHHs Ha
3alHUTHOM JHOJEe M CHJIOBOM THPHCTOPe PaBHbI M OTHECEHb! K OOulell Lenu
nocrosinHoro Toka (AU). :

B nenun npeoGpasoBartens YYHTHIBA€M TOJBKO BCIPEUHYIO 3.1.C. HEH3-
MEHHOH BeJuuuHbl (£, ) ¥ 5KBHBAJeHTHOE OMMYECKOe CONpPOTHBJCHHE
(R‘u)

Cxema 3aMmenieHus c
yU4eTOM YKa3aHHBIX C0006-
paxeHuil npeicTaB/eHa Ha
puc. 2. Hcxonuvie ypas- e
HEHHs, XapaKTepusylouiue

pabory. ACHHXPOHHOTO
Cf Es-al

JABUTATENS] MPH MPOU3BOJb-
HOM HEH3MEHHOM CKOJIbXKe-
HUHM S, HUMEIOT BHUI:

1) nns HHTEpBaJaa
BpeMeHH, B TeYeHHe KOTO- Buig. 2
poro Ccu/a0BOi THUPHCTOP e
BKmodeH, 0 = £ <3

; di
i+Ty—y— =T, (2)

2) 1Jig WHTEPBAJa BPEMEHM, B TeueHHe KOTOPOrO TOK IPOXOJMT yepe3
npeo6pasosarenpb, 1T <t LT

> ) d. /4
e @)
rje
i e Es —pl w _ Fs— AU—E,
i e TR s RT R, npejie/ibHOe (4)
3HayeHne TOKOB COOTBETCTBEHHO mpu y = 1 un y = 0;
L L
S elas o L ey g P (5)

— IOCTOSIHHbIE BPEMEHW [/ MepBOro W BTOPOTO HHTEDB2JIOB KOMMY-
Tauuu. B norpaHuuHOit TOYKe MeX1y HEeNMpepLIBHbIM M MPEPLIRHCTHIM pe-
KMMaMi MHHMMaJbHOE 3HAayeHHWe TOKa YCTAaHOBHBLIEroCsi MEPHOJHYECKOro
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npouecca ofpaniaercss B HyJab (puc. 3).- Bpeas HOBYIO NepeMeHHYIO —=
OTHOCHTeAbHOe BpeMs [2] u peinas ypaBHeHMe (2) ¢ HyJeBbIM HayaJbHbIM
YCJIOBHEM, HAXOAUM

/ | I'(1 —ei/1=1) e=of-
T FrU—e)=0, ©
‘ o : rae
e p=—pi— ™
| e
0 ot S |
7‘ ; \\ ]u o = —Tz—. (8)
i W e Bl A R JLJisi cpeaHero sHaueHusi TOKa
; - MOXKHO TOJIYYUTb CJefyioluee
Puc. 3. \ BbIpaxKeHHe
(et e e ©

3aBHCHMOCTL MOMEHTA JCHHXPOHHOTO ABMIaTe/si OT CDCAHEr0 3HAYEHHUS
TOKa npubJHkeHHO omnpenensercs (popmyJioi [3]
tie ok ;
Mugoeh- oy (10)

rje o, — CUHXPOHHAs yIJIoBas CKOPOCThb BpAlleHHsi POTOpPA.
Bripaxenue (6) c¢ yuerom (4), (5) u (8) MoxKHO mepeuncarth Tak:

Es— AU 1
g g e | (11)y

€ —1p

OueBnHO, nocjelHee pPaBeHCTBO BbIMOJHAETCS TOJABKO npu Es—AU<E,.
910 ¥ (hH3HYECKH IOHATHO, TaK Kak TOJbKO B AaHHOM caydae Tok [” cTpe-
MHUTCA K OTPHLATEIbHOMY 3HAYEHHIO, HO BCJIEJCTBHE BEHTHJILHOTO [efCT-
BUsl BLIIPAMHTE/H H3MEHEHHe HalpaBJEeHUss TOKa HEBO3MOXKHO H MDH
HYJIEBOM 31aY€HHH OH TpepbiBaeTcs.

Jlnsi uMIyJibCHO-peryaupyeMoro conpotuByenusi Ey, =0, Torna

14+B(e*— 1) —e—i/l-1 = (. (12)

DT0 paBEHCTBO HHKOTZA He COOJIOAAETCS, T. €. MPH HMIYJIbCHO-PEry-
JUPYEMOM CONPOTHBJIEHHUH PEXHM TIPEPLIBUCTLIX TOKOB HeBO3MOKeH. Pu-
3HUECKH 3TO 00DLACHSETCS TeM, YTO™B JaHHOM cJ/ydae MpejJenbHOe 3Haye-
HHe ToKa [” Bcerjia moJi0XKHUTEebHO.

Boipaxenune (9) jaasa cpenHero 3HaueHusi Toka c¢ yuetrom (4), (5) u
(8) npuBoauTCA K BHAV

I R Ese AU ol
s B
e B B el o ‘
= ﬁ: e ) ] S8 (1), (13)
Ha ocuosanun (10), (11) u (13) monyyum OKOHYATEJIBHO :
1 4
(p= ; l_e_"(’T/l_T y (14)
b e —1np
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: y i . ) (Al £ Lig—obr/l— y _ &
M=glptr0—p— LDO=BL —L)—pa—n, @

i Es— AU :
rae ¢ = —p—— — CKOJIbXeHHe B OTHOCHTE/bHbIX eJMHHIAX, (16)
e u 'y .
; M pRog ' - . :
M= —p — — 3HaucHHe MOMEHTa JBMraTe/isi B OTHOCHTeJIBHbIX €Jlu-
g u

HUIAX. (17).

 Ypasnenne (l4) cosmecTHo c¢ ypaBHenueM (15) mnosBouasier ompeje-
AWTb KPHUBbIC HA IJIOCKOCTH ¢, M, orpanuuuBaiomne 06/acTh HeENpepbiB-
Horo Toka. [lonb3yach NMPpHBEJICHHLIMH BbIPAaXXeHHAMH JIETKO MOCTPOHTh Me-
XaHHYeCcKHe XapaKTePUCTHKH B 00/1aCTM HeNpepbiBHOrO (IPH MaJblX Ha-
rpy3Kax) W NPEpbIBHCTOrO TOKOB.

Hanpuwmep, tpedyercsi MOCTPOUTh MEXAHHUECKYIO XapaKTEPUCTHKY MpPH
OTHOCHUTEJILHOI TPO/0JIKUTENLHOCTH BKJIOYEHHS Y M 32JaHHbIX «, f.
pexHuMe HemnpepLIBHOTO TOKA MOMEHTHO-CKOPOCTHAs XapaKTepucTHKAa Bbl-
paxaercsi ypaBHenueMm (15). Jlnsi ompeseseHHss TOUKM MeXaHMYeCKoil Xxa-
PaKTePUCTHKHU B 00JACTH NPEPHIBUCTOTO TOKAa NPH INPOH3BOJIBHOH OTHOCH-
TEJLHOH TNPOAOMKHUTEIBHOCTH BKJIOUYEHUS Y.(Y, >7Y) onpeneasieMm na-
paMeTp cucTeMbl &, 10 GopmyJe

Pkl <= )

o, = @ ————1 : : 18
ey 1tk S
B sTOoM ciyuae cKoJibXKeHHE ¢, U MOMEHT M, COOTBETCTBYIOT KOOpPJAHHATAM
TOYKH TPAHHYHOTO pexKMMa JBHUratess, paboTaiomero mpu o, M ,.

PacknanbiBasi 3KCIOHEHIHWAJbHbBIE UYJIEHbl B CTENEHHON psA, NMONydyuM
npubIHKeHHble YPaBHEHHS /s NOCTPOEHUS MeXaHHUECKHX XapaKTepHCTHK
‘B 00/1aCTH NMPEPLIBUCTHIX TOKOB

— Y

g | _ (19)

-

1
(Pn:q)—_l‘_

M, = (3, — 1 +1,) B (20)

TAe ¢ — CKOJIbKE€HHe B OTHOCHTEJbHBIX eJMHHLAX Ha IOTPAHHYHOI KPHBOH
npa 3anaHHbiX «, B, 7.

Ilpu uMmy.1bCHOM PperyJHpOBAHUM CKOPOCTH ACHHXDOHHBLIX ~ JBHrare-'
Jeil ¢ (as3oBbIM pPOTOPOM 3HaueHue Koa(duuuernta B 3akx/aoyeHo OOLIYHO
B npenenax 0,5-1,0; 3HayeHne mapamerpa o BCerja MOXKHO TOJYYHUTb
Menbmie 04, : :

Jlasi o6sierueHus pacyeToB :KeJaTeqbHO MOCTPOUTh YHHBEpCAJbHBIE U
arpaMmbl B GyHKIHHE KpuTepHeB nonobust a 4 f. Ha puc. 4 nana nuarpamma
3aBHCHMOCTH ¢ OT M pnmsi pa3nuuHbX 3HaueHW# o npu B=1. Ty KpHBLIE
MOCTPOCHBI 10 'YPABHEHUSIM

oo :
Gl Doy (21)

M=o—1+7. / (22)

- CneBa OT morpaHMYHBIX KPUBHIX pacrnoJiaraercss 06;1acTs NpepLIBUCTOrO TO-
Ka, crnpaBa — HenpepuiBHoro. Ha puc. 4 Takike mocTpoeHO ceMeiicTBO Me-
XaHuyeckux xapakrepuctuk npu a=0,2. IIpu B=1 xapakrepuctuxu O6Ju3-
KM K NpAMOJKHeHHBIM, pH B<1 Gojee sIBHO BBHICTYMAaeT HEJAHHEHOCTb
MeXaHUYEeCKHX XapaKTEPUCTUK. MexaHHuecKHe XapaKTepHCTHKH B .00/1acTH
NPEPLIBUCTBIX TOKOB HMEIOT 3HAYHUTENbHYI0 KPYTU3HY (OCOOEHHO MNMpH Ma-
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fBlX Y ) ¥ He TNPHUTOAHBI /sl MPUBOAOB, TPEOYIOUMX MOCTOSTHHONA CKOPOCTH
npu MeHsoollelica Harpyske. 3Hasi mpefesibl H3MEHeHHs: MOMEHTa Harpy3Kd
H TMOJb3YSChb NPUBEJEHHLIMH BbIDAXKEHHAMH, He mpejicraBisieT OOJbLIOrO

Tpyda HaWTH  Tpebyemoe

g 0,05 ; : 3HayeHHe napamerpa aq,
yi\(o./ 0!,5 i pof Xz vae IPH  KOTOPOM JBHraTesb

PPy i A, e e e 8 ‘paboTaeT B pexuMme He-
RIR P — 143 '0"3'5 npepoiBHOoro toka. [lpwu

\ 4 %é;_— @< 0,05 pexkum mnpepuLIBH-

29 A AR B CTHIX TOKOB IpaKTHYECKH

ain :/ AR HCKJII0YaeTcs.

y il o0 o IKcnepuMeHTasbHask

26 ray / ¥eSion g O 0 npoBepKa pacyeTHLIX ¢op-
/ é/\ g MyJ ~ TpOBOAMJIACH HA

p, Tz~ Capdi=de ACHHXPOHHOM  JBHTaTe/e

28 /] o mouHocThio 4,0 k8T u mpe-
’ '/]%\ ~ .| req ob6pa3oBaTesbHOM YCTPOM-
{ iy CTBE MALIMHHOrQ  THMNA.
1 ™M PacxoxK/eHue 3KcnepuMeH-
4 205 a1/ a75 a2 025 TaJIbHbIX H PACUETHBIX JaH-

‘ HBIX JUJISI CKOJIbXKEHUS H

Puc. 4. cpelHero 3HauYeHUs TOKa

: e mpesbiaer 10--20%.
[Ipu 3TOM MeHbLIAsh TOYHOCTb MOJYUaeTcs NMPH OTCYTCTBHHU CIVaxKUBAIOLLIEro
peakTopa, Tak Kak 3aMeTHoe BJHMAIHMEe OKa3blBAIOT IMyJbCallMH TOKA C yac-
TOTOH CKOJIbXKEHUS. '
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