U3BECTHA
TOMCKOI'O OPAEHA TPYJOBOI'O KPACHOI'O 3HAMEHH
NDOJUTEXHHUYECHOI'O HHCTHUTYTA umenn C. M HHUPOBA

Tom 172 © 1967

KOMMYTALLHOHHAS PEAKLHMS AKOPSA B MAHIHHAX
MOCTOAHHOIO TOKA CEPHHU N1 C PEIYJIMPYEMOM
CKOPOCTbIO BPAILEHHUA

3. I'. YEBOTHKOB, 0. II. TATHIIIHHKOB

(PexomenjoBaHa cemuHapoMm rade[lp S/MeKTPHYECKHX MalllHH H QO0Ilel
3JEKTPOTEXHHKH )

B MamMHax NMOCTOSIHHOrO TOKa OOGBIYHOrO HCMOJHEHHS HaMarHHYHBAalo-
Hiasg cua KOMMYTAlLMOHHON peakUHH sikops F, HeBeJMHKa W cocTaB/isgeT OKo-
Jo0 3—6% ot H. ¢. raasHoro mosioca. ONHAKO MpH rJ1yOOKOM peryaupoBa-
HHH CKODOCTH BPallleHUs JBHraTe/sl yTeM ocjaaljeHuss [J1aBHOrO fOJS BJHU-
aHHe Fy Ha BLIXOIHbIE XapaKTEPUCTHKM MALIKMHBI [OBOJBHO CYLIECTBEHHO.
Tak, Ha prc. 1 NoKa3aHoO W3MeHEHHE CKOPOCTH BPAlLLEHUs] B 3aBHCUMOCTH OT
HACTPOHKH KOMMYTalluu MAJsi HopMaJjbHOro (KpuBbe 1) W ocnabJjentoro
(kpusbie [l rnaBHOrO MoJsisa NpU HeH3MEHHOM TOKe fAKOops. KpHBble nmoJyueHst
st pBuratens 4-ro rabaputa cepud Il npu H3MEHEHHH XapaKTepa KOMMY-
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Puc. 1. Bnuauue #, c. KOMMYyTalfHOHHOH
pPeaKLHH AKOPA Ha CKOPOCTH BpaLIeHHA

JABHraTensd,
I — npu HOpMaJbHOM MOJe TJIABHBIX
TIOJIOCOB,
I1 — mrpu ocnabieHHOM MOJie TJIABHBIX
[IOJIFOCOB.
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Tauuu B npeaesax 30Hb 6e3blcKpoBoil paboTtel. Kak BHIHM, H3MEHEHHE CKO-
pocTH BpallleHus npu ocnabaeHHom moge aocturaer 40%. Orciona sacHo,
CKOJIb BaXXHbl ONpeJeseHHe W yueT H. ¢. KOMMYTaUHOHHON peakLUHH fAKopd
TIpM peryaupoBaHuu ociabjaeHuem moss.

HMewouneca pacueTnble MeTonbl onpenenedus F, paspaGoraubt riaB-
HbIM 06pa3’oM NPHMEHHTENbHO K CHEUHaJbHBIM 3JeKTPHYECKHM MallHHaM,
Hanpumep, MY nonepeunoro noas [1, 2] Uto ke xacaercsi aHaJIHTHYECKHX
MenoJloB onpenenedus F, B MallMHax MOCTOSSHHOTO TOKA, TO OHM [AIOT 3Ha-
YHTEAbHYI0 TOTPEIIHOCTL. K npuMepy, pacueTHole 3Hayeuus F, aas 4-no-
JIOCHOTrO ABMraTesns He6GONbILIOH  MOIIHOCTH,  OTpe/iesleHHble 10 MeTO/LY
B. T. Kacbanosa [3] u H. M. Hemuenxko [4], oTnuuatoTess OT 3KCIepHUMEH-
Tanbablx Ha 30—70% (Ttada. 1). leno ob6bsicHsiercA TeM, UYTO Ha3BaHHbIE
METO/B He TIO3BOJIIOT YYeCTb Psil CyUlecTBeHHBIX (pakTopoB, B TOM uucae
CKODPOCTh BpPaLIEHHsT MAlIHHBL

Ta6anya 1
1 N Pacuertnste 3Hauenus Fy (a) Sxcnepi-
(a) | [06/MuH] [3] [4] (5] MEHT
12 1250 48 54 5,6 27,5
12 1850 48 54 8,28 37
14 1850 56 63 9,68 41,8

B/iuAHHe CKOPOCTH BpallleHHsi Ha BeaHuHHy Fy yUHTbHIBaeTcA BbIpakeHH-
eM, KoTopoe Gbi1o npeanoxeHo B csoe BpeMa M. C. MuxainoseimM-Muky-
JHHCKAM {D] W HMeeT CJAEAYIOLUHH BH:

er'_el-

WC'H: iinc;"wcm (1)

rae =+ (ex—e,) HECKOMIIEHCHPOBaHHas 3.4.C. CEKIUH NPH KOMMYTalHH,

W. 4 — CpefiHee UHC/AO BUTKOB CEKUHHU SIKOPs,
incp — CPeAHHi 106aBOUHBIA TOK KOMMYTalluH,
SR, — CONMpOTHBJEHHE KOHTAKTa LIETKA-KOMIEKTOP, ONpe/e/seMoe B

3aBHCHMOCTH OT LICTOUYHOTO IEPEKPhITHHA.
CaeayeT OTMETHTb, UTO MPUHATOE aBTopoM [5] mpu ompenenenun poba-
BOUHOTO TOKa KOMMyTaluu Aomyllienue Ry =const Becbma cnabo oTBeuyaer
COBpeMEeHHbIM TPEACTaBACHHAM O CKOJb3sIEM KOHTAKTE H, KaK BUAHO H3
Taba. 1, IPUBOANT K 3HAUMTEJLHOMY DaCXOXKIEeHHI0 PacueTHLIX W IKcnepH-
MEHTAJbHbIN 1aHHBIX.
Huske najaraercss MHOH cocod pacuera cpeiHero 3HaueHus J00aBOYHO-
TO TOKa KOMMVTAIMK ¥ H. ¢. KOMMYTAalWOHHOH PeakLinu sKOPSA IPHMEeHH-
TeAbHO K MallHHAM MOCTOssHHOro ToKa cepuu I Maaamnx raGapuTos.
AHaJa13 OCLHJAJIOrPaMM TOKa KOMMYTAallMH TIOKa3blBaeT, 4To 6e3 0codou

MOTPEHOCTH MOKHO TPHHSTh CHHYCOHIA/bHBIH 3aKOH U3MeHeHusi 106aBou-
HOTO TOKa. Torga Ias NpocToil merjeBol 0OMOTKH H3MeHeHHe A00aBOUHOro

. b
TOKa Noj LIETKOM, HanpuMep MpH LIeTOYHOM IePEeKPLITHH M —3,M0KHO
K
fnpeicTaBiuTh, Kak Ha puc. 2. Ilpn 3TOM cpejree 32 ojHH 060POT KOJIEKTO-
pa 3nauesne N0GABOUHOTO TOKA B pacueTe HA OJMH MOJIOC MAlIHHBL Onpe-

nejsiercs cJaeAyoluM o0pasom:
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TAe izm — aAMIVIUTYAHOE 3HAayeHHe JOOABOYHOIO TOKA;

K — uncno KoanekTOpHBIX NJIACTHH;
k3

0= —F " YIVIOBAs YacTOTa, COOTBETCTBYIOWIAA MEPHOAY KOMMY- TalHH;
g — Dy

T=—-———  — NepHox KOMMYTAlHN CEKUHH;
100v,

by, — IIMpPHHA LIETKH,;

by — MexX1aMeabHOE PacCTOSHUE;
Vg — KOJIIEKTOpPHOE JieJieHue.
b Kby
6 = 100v,
by — KOJIIEKTOPHOE JleseHHe.

— Bpemda | oboporta Koasnekropa.

Ly

/

lace
)_’

lam

Puc. 2. K onpemenenuro cpefHero 3HaUeHHS
J06GaBOYHOTO TOKA HOMMY TAl[HH.
AHasoruunoe BblpaxKeuue A8 NPOCTOH BOJHOBOH OOMOTKH HMEET BHJL:
bug — by + (by — =+ yyby)

by

Iy cp = 2 i}_{m:mzinm, (3)

)
re T/ PK — INOJIOCHOE Je/JeHHe N0 OKPYXKHOCTH KOJJIEKTOopa,

Yk — ar oOMOTKH 10 KOJIJIEKTOPY.
Takum o6pasowm,

Fk:iyKCP.WC:m.iﬂmWC‘ (4)

B ofuiem cayuae Bennunna ingm B BhIpaxenusx (2) u (3) MoxkeT HaMe-
451TbCst B BECbMa LIMPOKHX NpefieiaX B 3aBHCHMOCTH OT HACTPOHKH KOMMY-
Taluu KaxaAoH KOHKpeTHoH Maiumubl. OnHaKo B NOAABASIOLEM OOJbUIHHCT-
Be c/iydaes KOMMYTANHs C TEMH MM HHBIMH OTKJAOHEHHSIMH COOTBETCTBYET
CepeivHe 30Hbl OE3bICKPOBOH paBoTht MAIUHHLI, TAK YTO B JAJbHEHAINUX pac-
CYKACHHUSIX TOM ipym NOHUMAETCSl aMILIUTYIHOE 3HAYeHHe N06aBOYHOro TOKa,
COOTBETCTBYIOULETO ONTHMAJBHOH KQMMYTAaLHH.

JKCIePKEMEHTaNbHOE Olpeieiene F, NPOBOAUIOCH ¢ HCHOMb30BAHHEM
uspectHoro meroga M. A. Anadbesa, YCOBEPUIEHCTBOBAHHOIO NPHUMEHeHHEM
AaTYUKOB 3.4.c. Xoana [7]. Kak noxasaj auaaus BepPOSITHOH MOTPeLIHOCTH
npy onpexeseHun by nanmHbiM MeTomoM, 0O0YCHOBJIEHHOH CMeillleHHeM cpel-
He#l JIHHMK TOKOCheMa INPH peBepce MAlUMHBl U KaUaHHAX LIETKH B KOJOIILE
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LeTKoAepkKaTes, ee Benuuuna e npesblimaer 8—10%. Bee uccnegoBanus -
F, npoBoaunucs Ha malimHe MOCTOsiHHONO Toka cepuu Il 4-ro rabapura.
HomuHanbable 1aHHBIE UCIBITYEMOH MAalHHBI

HanpsaxeHue nuranus 320/175 ©.
BruixogHas MOLLIHOCTH 3,4/1,4 kBT,
CKOpOCTL BpallleHust 1875/1250 o6/MuH.
Tok siKops 14,3/11,8 a.
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Puc. 3. 3asucumocts Fy=Fy (la) ° ,
a) cropocTh Bpalenus 1300 06/mu:,
6) cxopocts Bpamenta 2000 o6/mun,

Hsmepenus F, Mpou3BOAHJIUCH B Pa3/IMUHBIX peXuMaX paboTbl Maulu-
Hbl IIpH M3MEHEHHH €€ CKopocTu Bpaiuenus or 600 mo 2000 o6/mun, ocyue-
CTBJISIEMOM TIYTeM M3MEHEHHsT MAaTHUTHOTO IOTOKA IJ1aBABIX IIOJMIOCOB, a TaK-
&Ke npu Tokax akops ot 6 no 18 a. OnbiTHbie 3Havenus F, npencrabsiensl B
macwmitabe H. ¢. BO3OyxaeHuss B Ilepecyere Ha | MOJIOC rJIaBHOA MarHuWT-
HOH wefmH MAlUHHBI. : :

Ha puc. 3 (a, 6) npuBejfeHBl ONBITHbE 3aBHCHMOCTH Fy oT Toka akops,
noayyeHHble Aaa cKopoctd Bpamenust 1300 u 2000 o6/Mun npm pasaudHbIX
TOKAaX MOANUTKH JONOJHHTENbHBIX MogiocoB. O6pafoTka 3kcHepHMeHTaslb-
HBIX KPMBBIX METOAOM PAaBHBIX IJIOLIALed AAeT CJAeAYIOHIYI0 3aBHCHMOCTE:

[ \
Fp=C, [ % 5
K 1 2a / ’ ( )
rae I, — TOK sAKopA,
a — 4YWCI0 map NapadjaeSbHblX BeTBeH OOMOTKH K0P,
C, — BennydHa, U3MeHsioIasics /s pas/aHyHbIX CKOPOCTH BpalleHHUs

H TOKAa MOAIHTKH JONOJHHUTEAbHBIX IIOJOCOB.
[Mokazarteap creneun 0<n<1 B BHIpaXKeHuH (D) IpaKTHYECKH IOCTOS-
HeH MpH MMEBHIMXCS YCJOBHAX ONBITA W paBeH B XaHHoM ciyudae 0,97. Ta-
KHM 00pasoM, 3aBUCHMOCTb F, OT TOKa siKOpsi OTHIOJAb He IpAMOJHHeHHa,
KakK 3TO BbiTeKaeT H3 BhipaxkeHusi (1). 3To obBLAcCHAETCA, TO-BUIUMOMY, TEM
0OCTOATEJNBCTBOM, YTO CONPOTUBJACHHE WIETOYHOIO KOHTAKTA HE OCTAeTCs f10-
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CTOAHHBIM TIpPM M3MEHEHHHM TOKa SKOpPSl H, CCOTBETCTBEHHO, IJIGTHOCTH TOKa
R CKOJIb3siIIEM KOHTakKTe. YOeaHTenbKEbIM MOATBEPXKAEHHEM IOCJAELHETO fAB-
ASIOTCA KpHpble 1 u 2, npuBefeHHbie B {6] Ha puc. 2 (a, 6), KoTopble nOAY-
YeHbl NMPH HOMHHAJBHOM IJIOTHOCTH TOKa B KOHTakTte 6 u 12 a/cm®, coorser-
ctBeHHo. CjefyeT OTMETHTb, 4TO NPH onpejejeHuH by KOHTakTHas IMJOT-
HOCTb TOKAa He IpeBwiiliasna 4 a/cm®, yuem u 0OBsICHAETCS CPABHUTENbBHO CJa-
Has HenwHelHocth 3aBUcHMOCTH Fy(1,). SlcHo, uTto uem Gonblle HOMHHAJb-
Has NJOTHOCTb TOKAa B lIETOYHOM KOHTAKTe, TeM CHJbHEE 1} B BbIpaXKeHHH
(9) nmomxkHO oTaMYaThes ot .

C yueToM 33aBHCHMOCTH GT CKOPOCTH BpallleHHsi (3KCAepHMeHTaJibHble
KpuBbie Ha puc. 3 u 4) obluee sMnupuueckoe Bhipaxkenue s Fy nprobpe-
TaeT CAeAVIOIHH BHA:

I, \
Fi= Cz(ér) n*. (6)
80
Fe ca)
],,:‘0.12[q
40 — o
/

40 o 1600 1060 400 18002200,
Fr el o , | n a%uh‘
a___,__a_-—-<,__.——.y--—-" A \ ( )
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Puc. 4. 3aucumocts Fy=F , (n).
a) Tok sAxopsa 12a,
6) 10K Arops 18 a.

lTokasateb cTemenu x, NoJyd4eHHBI npH 06paBoTKe IKCIEPHMEHTAb-
HbIX AaHHBIX, pasen 0,6. Mtak, necMoTpsi Ha NpsMyI0 NpONOPLUHOHATBHOCTD
MEXKIY €pey=€x—e€, U CKOPOCTbIO BPALUEHNS MALUWHBI, IPH POCTe MoCIel-
Hell Fy, a caepoBatensHo, H 100aBOYHBI TOK KOMMYTAUHH YREJHMYHBAIOTCH
HesrnHeio. OTcl01a ¢ OYEeBHIHOCTBIO BBITEKACT, YTO CYMMAPHOE CONMPOTHB-
JICHHE IEeTOYHOro KOHTAKTA VBEJIMUHBAETCS] C TIOBBILIEHMEM CKOPOCTH Bpa-
ILEHUS KOJAJICKTOpA. DTHM ellle pa3 NOATBEPK/AaeTcs, YTO eCcTeCTBeHHas IH-
HaMHuuUecKasa BO.HbT—aMHepHaH XAapaKTePHCTHKA CKOJb3AULEIr0 KOHTaxTa Te-
CHO cBsi3aHa c vcaosuaMu ere Gopmuposanus. B camoMm nene, npu ysenu-
HEHHH CKOPOCTH BpalileHns BpeMs (OPMHPOBAHUS KOHTAKTHOH NPOBOAUMO-
CTH TPONOPHUOHANBHO YMCHBIIAETCS, YTO BeeT B Pe3VAbTaTe K VBEIUYEHHIO
YAeJbHOrO KOHTAKTA CONPGTUBJIEHUS.

~ Boipaxenue (6) sanuiuem B Buse:

e U_a)““ (7)
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4TO MOCJe HeCJOXKHbIX npeofpas3oBaHUl maeT

pa— Ia 1 Da x
F\ = c4(—2—a) B (8)
N3 conocrasnenns (4) u (8) monydaem
, I,\" D
Inm == C ('2_;_) Dklixnch’ (9)

rae uyucaeHHoe 3nauenue C=0,208-10%.
Takum ob6pasom, obuiee Bolpamenue F, HMeeT BHA:

B I, \n D;
FI( = mC('2—a-) DKl—ln Wc, (10)
AJisg TIPOCTOM NeTneBol OOMGTKH
m, — oPw " bu 1)
by

a /1 IpOCTOH BOJHOBOH OOMOTKH
by — by + (b — 7+ yibw)

mp =2 =by

. (12)

Kospduuuentel | # ¥ B Bhlpaxenun (10) omnpenensioncss XapakTeph-
CTHKaMH IeTOYHOro Konrakra. OmnpejeneHHble ONBITHBIM MYTEM AJS LIETKH
ST'-43 mpu HOMHHAJBHON IJIOTHOCTH TOKa 1,5—4 a/cM?, 3T# Ko3dhdHIHEHTHI
paBHBI coorBercTBenno 0,97 u 0,6.

HMrak, ncxonsi H3 ONTHMAaJbHON KOMMYTaUWM, NOJYYEHO PACUCTHOE BHI-
paxenue ana Fy, KoTopoe MoxKeT ObITH HCIOJbB30BAHO IIPH ONpejeSeHHH
H. C. KOMMYT2UWOHHOM peakiMH AKOPS MalldH MOCTOSIHHOTO TOKA HeGOJb-
LIOH MOIHOCTH, PaboOTalOlHX ¢ GOJbLUIMM JHANAa30HOM H3MEHEHHs CKOpoO-
CTH BPAILEHUsT IIPU HOMHHAJNEHOH NJOTHOCTH TOKAa B IHETOUHOM KOHTAKTe
1,5—4 afem? 3Hauenus kosdduunentos C, 1, %, COOTBETCTBYIOHINX Gosee
BBICOKHM ([JIOTHOCTAM TOKa B KOHTAaKTe, OyAyT MNOJIYYEeHB B X0J3e

JAJIPHEHLIMX 3KCNEPHMEHTAJbHbIX HCCIeI0BAHUE KOMMYTALMOHHOH peakLnu
STKOPSI.

JIUTEPATYPA

1, B. WM. P apau sy Peakyus KOMMYTAIHOHHBIX TOKOB B OMY ¢ NounepeyHbiM TI0-
JeM. JJeKTpuyYectso, Ne 9, 1957, )

2. A U CropocHeulkdH K BONPOCYy DPEaKIiMH KOMMYTAI[HOHHBIX TOKOB B
9JeKTPOMAUIMEHDBIX YCATHTENAX ¢ IoNepeuHsiM noxeM. HBY3, SaexrpoMexanuka,
No 12, 1958.

3. B. T. Hacp arop. Peaklua A%0pA MaLIMHBI IOCTOSHHOrO ToKa. BOII, No 2,
1940,

4. H M. HemueHEKOo HOBbIl clocob pacuera Peakuuy [A0GABOUHBIX TOKOB.
Tpynbt Ry6aHcKoro ¢/X MHCTHTYTA, Bbul, 2, 1955,

5. M. C. Muxaitaor-MHUREYIHNHCK 1N Peakiuua g06aBOTHOIO. TOKZ KOMMY-
Talu¥ Ea TVIABHOE II0JIe MAIlWHBI MOCTOAHHOTO Tora BOIIT, No 7, 1949,

6. 10, II. TanummHHuKEOB, A. U. Criopocnemxuy Kcrectsentbie BONLI-

aMRepHbIe XapaKTEPUCTHRY CHOJb3AIET0 KOHTAKTA yroJbHad IeTKa-KoJmextop. Hase-
crua TIIH, tom 172, 1967.

7. B. A Jludbanos, A T. Jopu Hecaegorarue HOMMYTAIHORHOH pPearLuy
AKGDA B MAlIHHAX NOCTOSHHOrO TOEA C TOMOLILIO JarTyMkoB Xouaa, MBY3, Paexrpo
vexanuka, Ne 3, 1961.

11. UssecTHsa, T. 172. 161



