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K PACYETY XAPAKTEPUCTHK ABHIATEJS
NOCHAENOBATEJIbHOIO BO3BY)XIEEHHS
NPHU NMUTAHHUHU OT WHN

A. H. CATIOHHHKOB, B. A. BEHHAPOBHY, A. 1. AJIHOUPOE

(IlpencTaBieHa HAYYHO-TEXHHUECKHM cemuHapoyw HHH ARPM)

ViMny/bcHOe peryJjHpoBaHHe CKOPOCTH HaXOANT BCe GOJiblIee Dacipo-
CTpPaHEHHE B 3JEKTPONPHBOAAX INOCTOSHHOTO TOKA, OCOOEHHO B yCTaHOBKAX
C aBTOHOMHBIM MHTaHHEM (aKKyMYJSTODHBIE 3JGKTDOBO3B, 3JEKTPOKApHI,
IEKTPOMOOHIH, 3/JEKTPONOTPY3YHKH M T. H.) H B THNOBBIX YCTAaHOBKAX C
TPOJIJIEHHBIM NUTaHKEeM (3/7eKTPOBO3bI, TpPOJJaeibych, TpaMBau u T. m.). B
TaKUX YCTaHOBKaX, KaKk IPaBHI0, IPUMCHSIOTCS ABHraTeNd MOCJIEIOBATENb-
noro Bo3Oyxaeund (HIIB), obecneynsaioline 6oapliiie I'YCKOBLIE MOMeH-
Tl U TIJIaBHOCTb MEPEXOMHBIX NPOLECCOB, NHTAIOUIHECS OT CHIOBHIX IIHDPOT-
HO-UMIYJILCHBIX ~ mpeoGpasosarenel (LLIMIT), BeimoiHeHHBIX Ha THPUCTO-
pax.

Pacuery saekrpoMexanuyecknx xapaktepuctux JIIIB, mnpeacrasasio-
LUX c000H 3aBHCHMOCTb CKODOCTH BpalleHHs o OoT Toxa I meurartens o (1)
npu mutauud or IHMIT ¢ yyerom HemuHelHOH 33BUCHMOCTH TOTOKa BO3-
Oyxaenns ¢ or roka gsurateas O(1), nocssamenn padorn [1, 2, 3, 4, 5],
B KOTODPBIX HCHOJIB3YIOTCS rpaduyeckue WJIH npadoaHaIHTHUECKHE METO K-
KH pacyera.

O6UmHM B 3THX MeTOLHKAaX pacdyera SBJACTCS HONOAb30BaHHE €CTeCT-
BCHHOH 3J1eKTPOMEeXaHHUYeCKOH XapaKTepUCTHKU aBurateas o.(l), xpusoi
HamarnvunBanua @ (1) [1, 2, 5] u ponymenuii [2, 3, 4, 5] o ToM, 4UTO me-
PHOX KOMMYTailHH CHIOBOH LeNH 3HAaYHTEJbHO MEHbIIE 3JCKTPOMeXaHiHdye-
CKOM W 3JIeKTPOMArHUTHOH MOCTOSIHHBIX BPeMeHH 3JCKTPONPHBONA, KOMMY-
THPYIOLIHE 3/JeMeHThl Ge3bIHePIHOHHBI, CKOPOCTH BPaLIeHHA B TeuYeHHe mne-
puona KOMMYTaUUH HE H3MEHSAIOTCA, a 3. /. C. ABHraTe s 3aBUCHT TOJALKO OT
CKODOCTH BpallleHHs M TOKa JABHraresas (4epe3 KpHBYX HaMarHHUEHHS),
NpoliecChl B CHCTeMe ralleHHs OCHOBHOIO THPHCTOpPA He BJHSIOT Ha Hellb
JABUT ATEJNA.

C yueroMm sTHX monyiucHuii npu nutawmu B or IMIT obiuee aaa
BCEX METOJMK pacueTa BhbIpakeHHe HOKYCCTBEHHOH  3.J€KTPOMEXaHHYSCKOMH
xapaxkrepuctugu 1B B GVHKUHH OTHOCHTEIbHOH NIPONOJJKHTENbHOCTH
BKJIOUEHHS y U TOKa JBurateas [ mopker ObiThb 3anHCaHO B CJeIyiOUleM BH-
ne:

_ VU AU) - IR,
Wy = U — IRIIB Pe 4 (1)

rie U — HampsoKeHHe HCTOYHHKA NMHTAHHSA;
AU — nanenue HanpsiKeHHs Ha CHJIOBOM THPHCTOPE;
. — Yyri1oBasg CKOpPocThb BpamleHus 1B, cooTBercTByIOLLas TOKY ABHU-
rates | Ha ecTecTBeHHON 3JEKTPOMEXaHNIUECCKOI X&paKkrTepH-
CTHKE [IpH HanpawkeHuH nHtanusa U,
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Puc. 1.

- Ha puc. 1 npuBenedsl 3aBHCHMOCTH oyx(7y, 1), paccunrTaHHple HO METO-
MHKaM, U3JI0KeHHbM B [1, 2, 4, 5]. Pasnuunkle pesynbrartel pacuera s
OXHHUX Y TeX XKe 3HaYeHHH OTHOCHUTEJBHOH NPOLOIKHUTEABHOCTH BKJIIOUCHHS
Y U TOKa aBuraresss | BO3HHMKAIOT M3-3a PA3HOTO 3HaueHus R, KoTOpoe
NPHHUMAETCS

5]

[1] R:;.:R;m“l—‘Rn(l——y)—}—(,RO+RT)Y;
[2] Ry=Rys, wactHblll cayuyail;

[4] Ro=Raa+7v(Re+Ro);

[6] Ra=Rus+Ry;

& @ &

37leCh ,

Ro, Ry, Ry — cOmpOTHBAEHHST COOTBETCTBEHHO HCTOYHHKA OHTAHHUSA, TH-

PHCTOpPA U IIYHTHPYIOILErO AHOMA.

3TO HO3BOJSIET NpeloKeHHbie METONUKH pacueTa pasmesNHTb Ha TpH
PYIIb, B KOTOPBIX: ; -

1) comporHuBJeHHe Neny MBATATENS CYUTAETCS NOCTOSIHHEIM Ha HHTEp-
BaJaxX HMINyJbca ¥ maysu [2];

2) compoTHBJICHHE LeMH NBUIATeJs Pa3JHYHO HAa HHTEpBAJaxX HUMITYJb-
Ca H naysbl H OTJIHYAeTCs Ha BEJNYHHY BHYTPEHHETO COTPOTUBJEHHS HCTOY-
HUKa DHTaHudA [2, 5]; .

3) COMpOTHBJIGHHE LEMH IBHraTe/ds H3MeHseTcs TaK XKe, KaKk BO BTO-
pofi npynme, HO KpOMe 3TON0 VUHTHIBAETCS BOJILT-aMIlepHAas XapaKTePHCTH-
Ka CHJIOBONO Kjatoua [4] HIH cONpOTHBJEHHE CHJIOBOTO KJi0Ya H IIYVHTHDY-
iomero auona [1]. K stoli rpynme pacyera MOXKHO OTHeCTH TIpadHuecKyio
MmeromuKy [3], nospouasmomiefi, KpoOMe TOrO, VUHTHIBATH BHELIHIOI XapaKTe-
pUCTHKY IpeobGpasoBartess.

Henp HacTosilied paGoThl 3aK/aIOUaeTcss B ONPEACJeHHH BJHSHHS Iapa-
METPOB 3JIEKTPONBHUraTe/s, HCTOYHHKA TUTaHHS W BOJbT-aMMEPHON Xapak-
TePHCTHKH CHJIOBOI'O THPHCTOPA Ha pe3y/abTaThl pacyeTa 3JEeKTpPOMeXaHnue-
CKHX XxapaxrepucTHk [AIIB u ycrmoBuii monmycTHMOCTH HeyYeTa PasjHYHBIX
(haxkTOpoB.

Jssi onpeneneHHs BJIUAHHS BhlleNepeyucIeHHbX (aKTOpoB Ha TOY-
HOCTb pacuera 3JeKTpoMeXaHHYecKoH xapakTepucrukd III1B npu nurannu
or IIIUTT sanuuiem BbipazkeHue (1) B OTHOCHTE/JbHHIX efuHHIax. 3a Gaso-
Bble BEeJIMYMHH TOKa, HalpsiKeHHs, CKOPOCTH H NOTOKA NPAMEeM HOMHHAJb-
Hble 3HaYeHHsl 3THX Beawuud. [IpH aTOoM yuTeM, 4TO

UH —_— IHRIIB = EH = C(DHmH ) (2)
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rae
p-N
2r-a

— Ko03(ubuilieHT, onpeaeaseMbiil KOHCTPYKTHBHBIMH fapaMer-

pamMu MatnHbl [6].
Toraa 3aBHcUMOCTL (1) B OTHOCHTEJLHBIX €IHHHILAX NPHMET BHI

vy (» —Av)a — ipy
= 2, (3)
rae
_ LOH . N (UC }
= Ve = o OTHOCHTeIbHBbIC 3HayeHHsi CKOPOCTH BpalleHHus
i it
IBHraTe.as COOTBETCTBEHHO Ha WCKYCCTBEHHOH H
eCTeCTBEHHON XapaKTePUCTHKAX;
U AU
= ——; Ay = —— — oTHOCUTC/bHbIC 3HAYCHHs HATIPAMKOHHA MHTAHHI
" Uy Uy
U Najenlis HanpspKeHUs Ha THPHUCTOPE;
R.
Dy = —2 __ OTHOCHTEJbHOC 3HaueHHe CONPOTHB/JIEHHUS CHJIO0-
iaB
BOH Llem ABHratens;
I .
{ — — — OTHOCHTEJBLHOC 3HaYeHHe TOKa AKOPHOU UelNH;
IH
UH
o = I—-—R L __ oTHOWEHHE HOMHHAJbHOTO  HAampsSXKeHHs MHTa-
RN B

HHAST K HOMHHAJAGHOMY [aJeHHIO HallpAXKEeHHsT B
Uenu aBurartedis.

DJeKTpoOMeXaHHIECKHe XapaKTCPHCTHKH, pacCUUTaiHble MO JIOO0U me-
ToauKe, onucanuo B [1, 2, 3, 4, 5], Moryr ObITb nepecydTaHbl B MeEXaHH-
M
JeckHe, [Jsi Yero HeoOXOAuMa TMePexoqHas XapakTepHCTHKa —— = f() .,

WIH MOTYT ObITb PacCuMTaHbl, eCjy¥ HMeeTCH KaTaJoKHad we=1(M), u 1o
2HAJOTHH C NPAHHUHON JeKTPOMeXaHHYeCKOH XapaKTepHCTHKOH orp=1(1)
noCTpOeHa INpaHHUHAas MeXaHWyeckasi XapaKTepHCTHKa OMB op=1{(M).

Toraa 148 eCTECTBEHHOI MeXaHWYeCKOH XapaKTepPHCTHKH ChOpaBelnBo
BbIp aXKeHHe

— U i{’lB RJ[B
0o = M oy — M )
cd AP b ole
M s HCKYCCTBEHHOH MeXaHHueCKOHl XapaKTepHCTHKH
(D:_(LJ_—__A_[_J)_Y_MM_E@_:“) /17,__9,9 Y_M_R,S, (5)
i c® 2 q? 'p U 2’
rie
M — MoMeHT Ha BaJy ABHrateds;
U )
Orp = <y T 3HAUCHHE IPAHHUHON CKOPOCTH BpALleHHA 1O XaPaKTePH-

ctike wrp=1I[(M), cOOTBeTCTBYIOLlee MOMEHTY M;

W — 3HAUCHHE CKOPOCTH BpPalleHHsl IO KaTaJIOoXKHOH XapaKTepH-
cruke o.=1{(M) coomBercrByfomee MoMeHTy M;

@ — MaruuTHbLII NOTOK ABUrareas, COOTBETCTBYIOLUHH MOMelI-
v M.



Boipaxenusi (4) u (5) Moryr ObiTb 3alHCaHbl B BHIE

Rus
Ve — (l)rp = — M—C'262- ;
/ AU R.
oy — Opp ( 1— ~U—)Y=— M—gr

H, eCJH B3ATO HX OTHOIICHHE IOCJ€ HEeCJAOXKHBIX npeoﬁpasoBaw}mﬁ, noJay-

YHUTCH
R, R, ( AU ]
oy =20, — =2 — (1= — |y |o,, (6)
TRy ¢ {R U
MJAH B OTHOCHTEJBLHBIX elHHHLAX, cyutasa U=U,,
Vg = PavYe — [95 — (1 — Av)y] Yrp - (7)

Ecau xe Ro=0 n cHJI0BOH KOMMYTaTOp HIA€AJbHLII, TO BhIpaxmeHHe
TIIPHMET BHT

Yu = Ye — (1 —¥) vp . (8)

EctectBenno, uro npyu nepexoje OT rPaHUYHON H CCTECTBEHHON Xapak-
TepHCTHK K HCKYCCTBEHHOH, NEpPecyeT CKOPOCTH BpAllleHHst TPOHIBOLHTCS
2Jsl OJIHOTO W TOTO XK€ 3HaueHHs MOMeHTa Ha Baay ABurartenas. Has nody-
HEHUs 3aBUCHMOCTH CKOPOCTH BPAlleHHS OT 3JeKTPOMArHHTHOrMO MOMEHTa
HEOOXOAUMO MMeTb MCXOJHble 3aBHCHMOCTH e U ®rp=1(Myy).

Hrolbl pacnpocTpaHUTb Pe3yJbTaThl HCCACMOBAHHA BJAHSTHHS mapaMer-
poB @i, P> © Av Ha TOYHOCTb pacyera 3JeKTPOMEXaHHUECKHX XapaKTepHCTHK
na sce THnel JTIB, BBOAHTCA BblpaskeHHe STaJOHHON CKOPOCTH, KOTODASt TO-
JIy4aeTcs NPH MHTAHHH OT HIeaJU3UPOBAHHBIX UCTOUHMKA NMHTaHWs u HIUII,
TC ecTb =1, Av=0 n v=1. Bupaxenne (3) npu 3TOM npuMer BUA

2 — |
v, = T )

a — i
OrtHocnTeTbHOE OTKIOHEHIe DAacueTHOro 3HaueHHs CKOPOCTH, ompeje-
JAEMOe HEHJTeadbHOCTAMH HCTOYHMKA NHTauns (Re>>0) n HIMIT (R.>0;
AU>0), noryyaercs gesennem (3) Ha (9) H 3TO NO3BOJSIET He YUHTBLIBATb
DU KPHBOH HaMarHHYHBAHHsA, KOTOPAs PA3JHYHA IS PAsSHBIX MallyH

Ow o _ ¥ 1 Api Avay  yav — | Av, Ay 0
Yo Y1 qa—1  yi—1  qa—y v, o U0

rie AVF,—OTHOCHTeJleaH BE&JIHYHHa nepenana CKOpDOCTH, Bhi3BaHHAdg 10O-
NMOJTHUTEJBHO BKJAIOYaeMbIM i CONPOTHBJICHUSIMH;
Avk‘OT\HOCHTeJIbHaH Be€JHYMHa nepenana CKODOCTH, BbI3BAHHAAa 1a-
ACHHEM HampsaxKeHHs1 B CHJIOBOM KJIOYe.

Apaz‘oa—'l,—_—’y_B__rﬂ. ,JI_ (1_v)§f1 , (11)
1B B
ecan npuHaTh Ry =R, To
Ry +
Asy = V_OR_BT_ (12)
AB

/a5t HeKOTOPBIX THIOB TATOBBIX JBHraTesell B Tada. | IPHBENeHBl 1.1
lIpHMepa OCHOBHBIC NaHHble H 3HAYOHHS KO3(OUIHEHTa «.

M3 ananusa Beipakenns (10), ucxons us 3aJ12aHHOI TOYHOCTH pacyera
NdPAKTCPUCTHK [DUBONA, MOXKHO ONPENETHTb RONMYCTHMOCTH HLeaansaluu
IHMTI B oTHOWeHNH HeyweTa mameHus HanPsIKEHHsT Ha THPHCTOPHOM KJIO-
ve (AU=0) u Heyuera Besnuun COTIPOTHB/IGHHH HCTOUHHKA (npn R, =0),
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Ta6nuyga 1

Tun pBHraress ! U, (B) i’i 1(1?(:) Ras (OM) a
MT-4 31 75 0,105 3,936
PT-2 50 145 0,02386 14
JHK-800A 110 110 0,1705 6,45
IT-31 250 145 0,1482 11,633
PT-113 750 344 0,1494 14,588
PT-63 825 340 0,122 19,84
YPT-110 1500 146 0,4155 24,726

tupucropa (npu R.=0) n wyutupyomero auopa (opH Ry=0), T0 ecTb
npuHatusa Avp=0 (npu Ap,=0).
Hneanrsannio MOXKHO CYHTATh AONYCTAMON, €CJH OTHOCHTEJNBHOE OT-
KJIOHEHHE CKOPOCTH
Avy, _ Avp - Avy  Apyi 4 yaAo

vy v, Yo — i ya — I

(13)

13 Boipaxenus (10) He nmpeBbilllaeT 3afaHHOH TOYHOCTH pacyera.

Ananus Burpaxenus (13) c¢ yueroM 3HaueHus o (ta6sa. 1) nossonsier
[I0JMy4aTh 3aBHCHMOCTb NpeAeJbHbIX 3HaYeHHH Ap, OT OTHOCHTEJLHOH IPO-
JOJIKHTeNBHOCTH BKJIIOUEHHA y M TOKA JBHTaTe]s i, IPH KOTOPBIX PaCXOXK-
JGHHEe pacyeTHbIX XapPaKTEePHUCTHK II0 CPABHEHHIO C 3TaJOHHOHK IO BHIpaxe-
Huio (9) He mpesbIllaeT 3aJaHHON TOYHOCTH, NPHHSB Avi=0,

Av ya — i
AO = ~—p . _ 14
V3 va i ( )

EctectBenHO, 4TO HanboOJblllee CHUXKEHHE CKOPOCTH OyHneT NPH MAaKCH-
MaJbHOM SHa4YeHHH Toka i=A, nae A x03hPHIHEHT KPaTHOCTH MAKCHMAaJib-
HODO TOKa MO OTHOLIeHHI0 K HOMHHAJbHOMY. C yYeTOM 3TOTO BBIpaXKeHHe
(9) npuMer BHX

Avi  ya — Nl A 15
v, ‘ A o A (15)

B cayyae BmimonHenus HepaseHcTBa (15) mura pealbHOH CXeMBl 3J/1€K-
TPONPOBOAA MOXKHO NPUMEHATb METOMHKH DpacyeTa MePBOH TPYMMbl, MPHHH-
Masa Ap,=0. TouHocTe pacuyeToB pyd 3TOM OyJaeT He HHXKe 0 BO BCEM AHa-
nas3oHe H3MeHeHHsd TOKa JBUraress. B IPOTHBHOM ciydae HEOOXONHMO MpH-
MEeHSITb METOAHKH BTOPOH TI'PYIMIHL

%

alx
F I e T

3336 (-4
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|
i\
|
|

/’—

| Lemier-g) |

b

\T‘+‘ L=645(2x-8004)
L i X

02 0% 46 48 17

fa % S So
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Puc. 2.

Bropas cocTaBasomlas CHHXEHHSI CKOPOCTH B BHIpaxenwn (13) ompe-
JeJAeTCs NaJleHHeM HalpAXeHHs B THDHCTOPHOM KJIOYe
Av valo
K
e . (16)

Y3 va — 1
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Ha puc. 2 npuBeaeHbl 3aBHCHMOCTH- OTHOCHTEAbHONO CHHXKEHHS CKOPO-
ctn —> OT BEJIHUHHBI y NIPU Pa3HBIX 3HAUEHHSIX o H MaLeHWH Hamps-

KeHus 8 THpHcTopHOM Kjarode AU=0,8 g, paccuuTaHHBIE 1O BBIPpaXKEHHIO
(16).

[lpriBomeHHbie pe3yJbTaThl B PaBHON CTeNeHH MPUTOMHLI W JJsi OLEeH-
KH BJHSIHHA NapaMeTpoB HA TOYHOCTb PaCYeTOB MEXaHHYECKHX XapaKTepH-
CTHK.
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