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HMHCTUTYTA umenn C. M. KHPOBA

Tom 145 1666

PACHET XAPAKTEPHCTHKH XOJiOCTOIO XOJIA
PA30YYBCTBHUTEJbHOI'O 3MyY COBMEIWEHHOTIO THINA

A. U. CKOPOCNEWKHWH, M. JI. KOCTBIPEB

{ PeKOMCHIOBaHO CCMHHApOM Kadelp 3TeKTPHYCCKHX MalUHH U OOUWell 3.1eKTPOTexHHKH).

CoBMmellleHHe B 0JlHOM MariHTONPOBOJE ABYX KaCKaJOB 3/JeKTPOMAaLllHIii-
noro ycuautens (IMY) nepemeHHoro Toka (puc. 1) nospojsier ycTpanuTh
CKOJIb3AILIIME 3JIeKTPHYECKHE KOHTAKThl M CjeaaTh MalUllHY KoMmmawktHofi [1].

Wy AWV

. . Bbixog =

| Kackag i Kockag

Puc. 1. Cxema ¢ asouyBCTBHTeAbHOr0 DMV,

[Mpu sTOM chiefyeT Taxk BBHIOPATHL COOTHOLIEHHE UHCET map I0.JTI0COB,
yKOpouelnHe HaroB M pacnpenesnensie ceKUHH 00MOTOK, a TaKikKe IOPALOK
COeIHHEHHS KaTyUleulslX rpynm B (ase, 4TOOLl OTCYTCTBOBAJIM CHJABL OJHO-
CTOPOHHEro MAarHUTHOTO NPHUTAKEeHHS 1 TpaucdopyatopHas CBA3L MEAIV
KaCKagaMi.

Pacuer MaruuTHoi memnd cOBMelUleHHLIX MAIUHH OCJOXKIAETCH TeM, 4To
yieablibie aMMIep-BHTKH Ha CTaJdbHBIX yYacTKax MAarHHTONPOBOJAA 3aBHCHT
OT B3aUMHOro nepeMmelleHHsl COBMELUEHHBLIX MarHutTiplX mnogeid., Maerorces
pa3auuHble METOJHKH, YYHUTBIBAIOLIHEe B3aHMHOE BJAHAHHE COBMEUILNIILIX
noaeil. Opna w3 HEX [2] TMO3BOJAsSieT TMOJYUNTh YAOBJAETBOPHTEALHYIO TOU-
{OCTD IIPH ONDeJeseHHOM COOTHOLIEHHH HHCeJ nap MoJ0con bJarogapst uc-
M0Jb30BAHKIO KPHUBLIX OJHOBPEMEHHOrO HAMAarHUUYMBAHHSA CTaJJil TOKaMH
paaanunoil vactorsl. Jlpyrad, Gojee TpyLoeMKas MeTcllka [3] ocHoBaHa
Ha MHOrOKpaTHOM TrpadoaHalHTHYECKOM pacyeTe Y4acTKOB MaTHHTONPO-
BOJAA NpH [epeMelleHHH COBMEUICHHOTC NMOJA OTHOCHTEAbHO PACCUUTHIBAE-
MOTO. AHAJAU3 MATHHTHON L€ COBMEIleHHbIX MaliuH [4], BoIMOJHeHHSb
ila OCHOBe alllpPOKCHMAlM{ KPUBOH HAMAarHMUHUBAHHA CTaJd THOepOoaHYe-
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CKHM CHIIYCOM, NPHBOIUT K AOCTATOYHO NPOCTLIM (OpMyJaM pacyera i. C.
11a CTaJdbHbie YYaCTKH MarHUTOMPOBOJA.

B Hacrosiinel paboTe npeaaaraercad MeTOAHKA pacuyera, OCHOBaHHasd
Ha peavabTatax aHagusa [4] u mo3BOAfA0ONLAS CPABHHTEJbHO TPOCTO YUECTh
B3aHMHOE BJHSIHHE COBMEIIeHHBIX nodael. MeToauKa IIpeaHasHaueHa s
pacuera XapakTEPHCTHKH X. X. ABYXKdcKalduoro (asodyBCcTBHTEIbHOrC IMY
COBMEILIEHHOr0 THIA, HO ee NPHHIHUIE MOTYT ObITb MCIOJAb30BAHLI AAA pac-
YCTA MATHUTHBIX Iemed JBYXKACKAJHDbIX 3JEKTPUUCCKHX MAalluil COBMELLel-
#1010 THIA.

Mspectro {2, 4], uTo BAMSIHMEM BBICIUHX TAPMOHHYECKHUN B KPHBBIX
#i. C. i TOKOB Ha palOTy MaulMH MOXKHO NpeHeOpeuyb M BECTH pacyer JHUb
IO MepBOfl TapMOHHYECKOH H. C.

AMIJINTY Bl IePBBIX TAPMOHUK H. C. Ha 3yOubl [4].

"le = 2'Lz'a']0 (?’-Bz,ﬂ)'ll (‘BBz.ul), (1)
Fo = Q'Lz'a'[() (.BBz,ul)’[1 (.832,512)- . (2)

Mujexcsl 1 u 2 OTHOCSITCHE K NEPBOH M BTOPOH COBMEILEHHBIM Ma-
wunaM. B cayuae MY st10 1-if M 2-fi ero xackaabl.

I,(BB) u [, (3B) — ¢pyuxuuu bBecceass nmepsoro poja UYHCTO MHHUMOIO
APTYMEHTA HYJEBOIO ¥ MEePBOro MopsaaKa.

KosdduuuenTs! ¢ 1 f 3aBUCAT OT MapKH CTaJd M yyacTKa KPHBOH Ha-
M4dTrHHMUHUBAaHHUA.

Meronuke pacuera Ko3(Q(HLUHEHTOB « K f, 00€CTeUHBAIOLIIX HAHAYY-
HIyio annpoKCHMAaIlHIO Kp-PIB‘ijI HaMaruM4HBaHHA, a TaKxKe yueTy YIJAOIIe-
HESI MArHHTHOTO NOJA B 30He 3yOLOB M HEPABHOMEPHOCTH 1015 B APMAX.
Oypner nocBdAlleHa OTAeablas CTaTbi.

ANMIVIUTYAB MepBBIX TAPMOHUK H. C. Ha gpMa

4 .
Fal _ 'L(:l 05'](, (BB(I,HQ) ‘]1 (BBa.ul), (d)
T
4
Foo=— Ly -a- [U (SB(IJH) '11 (BBa,zzQ)- (4)
™

Baa, Bawe, Bzut, Bzys — aMIIATY/ILI NMEPBRIX TaDMOHHK HHAYKUHIT & ap-
Max d 3ybuax ot moaeit I u Il xackanos;
L:, Loy, Loz~ COOTBETCTBYIOWHE AJIHHLI YYACTKOB MATHHTONPOBOAA.

- 1,]

Pue. 2. Crpykrypuada cxeMa pacueTa xapakTepHCTHKH
X.X. CcoBMelleHHoro MY,

Tak xax 1. c. I u Il KackanoB CBSI3aHBl MEKAY COOOH Yepe3 HHAY <MK,
TO XapaKTepUCTHKY Mpejjlaraertcd PacCYUTbIBATE METOAOM IOCJAEI0BATEb-
HLIX npubauxkenud. CTPpyKTypHasi cXeMa TAKOH MeTOAHKH MNPeRCTABIEHA
Ha puc. 2.
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CYMMapHaH H. C. Ha Jlapy IOJIOCOB 1I kackana
ZF‘) — Fo2 "| zp2 “1' F’CQ JF Fap" +‘ FacZ (5)

Fiso, Fopo, Fzeo, Fape, Faco— cocTaBasiiomiyie H.C. Ha 3a30p, 3yOun
H 4pMa CTaropa M poropa.

Ha puc. 2 onH, 3a uciaouenueM Fi, obo3nauensl Fp.

Fs paccunthiBaeTcss no ofulenpuusteiM Gopmyaam. OcTaiabuble H. C.—
no dhopmyaam (2,4).

B nepBoM npHOJHIKEHHH 3HAUHH: mmylculm noas | xacxaza MOx-
HO IPUHATL

Cs
Boyi=—"— By, Cp=04-:-06. 6)
e B (6
C Mo
B(ml - _—EEL—' 'Ba,uQ- (7)
(1—Cs)p,

PexkoMenganui no BeiGopy Cp NpH NPOEKTHPOBalHH Aaxbl B [4]. Bo
ETOPOM H NOCJAEAYIONIUX NPUOJUKEeHHAX OepyTcs 3HaueHusa UHAYKIHH 005
I xackana, paccunTaHHele B MNpeAbiAyllleM NPHOJHKEHHH.

JleficTByo1iee 3HaUEHHE TOKA B POTOpE

P2
I _-*  .XF, 8
’ 0,911, wpe ®

m, — Yucao ¢Has 06MOTOK poTopa;
<; — 4HCJA0 BUTKOB B dasze o6MoTkH Wpe ¢ YH4CTOM 0OMOTOUYHOTO KO3 -
bunuenra;
P, — uucao nap noawocos Il xackana.
Y paBHedue nenu poropa

Epl ‘{_ EpQ - ] ("11 "‘If"jxsﬂ); (9)

¥p = Ipt T Fpz — AKTHUBHOE CONPOTHBJIEHHE OOMOTOK POTOPA;
Xsp == Xsp1 -} Xsp2 — HHAYKTHBHOE CONPOTHBJACHHE paccesaHus 0OMOTOK PO-
TOpAa;

Epo = w2« fprwp - Dy- 104, (10)

fp — 4aCTOTa TOKA B DPOTOPE;
@&, — marduTHLI notox nodas Il xackana.
M3 ypasrenusa (9) jeiicTByioilee 3HaAYCHHE 3. 1.C. B OOMOTKE

Ept=v (Epp+ 1, X5p)* + (1,1,)* . (11)

[lo paccuuranHoMy 3HadeHHIO £, ONpeACAAIOTCH HHJYKUHH B 3a30-
pe W Ha CTaJpHBHX yuacTkax [ xackaza.

LF, paccuuThiBaeTcst aHaJorngHo LF,. 3nauenus unAaykuui noqas Il kac-
kana B (opmysax (1,3) GepyTcs TOTO Ke MPHOAMKEHHS, YTO U UH/TYKIHH
noas 1 kackajna.

B konue xamaoro NpUOMMKEHHS NMPOBEPAIOTCH YCJAOBHA:

[EF)usr — (B F), <005 (FL)n; (12)
[EFo)nrr — (BF3), | <005 (BF2)ns (13)

I — TIOPAJOK NPHUONHKEHHI.
[pu Beimosanenuu yesaosuit (13, 12) paccyureiBaercs H.C. OOMOTKH
YO PaB/aeHHs

Fy:]/(BFl)‘-’—}—(Fp1)3+2(ZF,)-Fp1-Sincpl'] , (14)
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PO AL el (15)
’ 1
’ :) | 11' ‘S“) ~
¢ = arctg (—~————Eﬂ+ p i ) (16)
r l,-r
prp

©p1 - HHCAO NOCJARA0BATENbHBIX BHTKOB B (2a3e OGMOTKH € ydYCTOM
0OMOTOUHOTO KO3DPHIUHEHTE;

P, —— uuCaA0 map noJjaoocos | xackaja.

Jigst 0OMOTKH YNPaBACHEA KCOHUEHTPHUECKOTO THOA

Iy = ayFyny (17)

o'
y

2

0 = 0y 2L (18)
Y1

®y — TIOJHOE UYUCJHO BHTKOB OOMOTKH YIIPaBJACHu,

T, -— HOJICHOE zededHe 1 xackaja B masax

Vep — CPeIHM# 1ar OOMOTKH YypaBJcHus B Iasax,

(ty —~ YHCJIO TAPAdJeJbHEIX BeTeeld O0OMOTKH Wy.

JiJg pacupejieaenucii o0MOTKH YIpaBjAeHHus Tina sKkopuoli OO0MOTKH
MAIHHBL TOCTOAHHOIO TOKAa

I T'C-ay‘Fy By
vE
4 v
(19)
o = 0y Ko

Takux o0Gpasom, npegaaraeMasi MeTOAHKa [O3BOJASET CPABHHTEABIO
LPOCTO y4YecTh B3auMiioe BIHAHHE COBMEULCHHDLIX MOJeil.

Pacuer no ofbiuiioil Metoanke, 6e3 yueTa COBMEUICHHS, AaeT 3aHHXKCH-
noe 3HavenHe Toka HaMmarunuupanus. Ho ecan ne yuurniBath siprenue yn-
JOILEIH N0Js B 30He 3ySUOB ¥ HEPaBHOY MepLOCTh NOJA B sApMe, To pac-
UCTHBIL TOK HECKOAbKO yaemumnﬂ YTO 1IpUBELET K HEXOTOPOi KoMmIeica-
Ll owHdOKH, BLIBRAMHON He Y4eToM COBMCUICHHAI.

B nopmasnbnom pexuMe IMY paboracT ¢ HeHACHIUIEHNOH MAaruHTIOH
nenbio (B . < 1,4 ma). Beanuuna H. c. 11a CTaJbHbIE YYACTKH MATIHTO-
HPOBOJA HEBeAMKAa M HOSIBJAACTCS BO3MOMKHOCTb pacyeTa XapaKTePUCTHKH
N, X. 0e3 yuera COBMeELIelus], 110 VIDOWERHNOH MEeTOAHKE.

C uesplo COHOCTARJENHS VIPOLEHHOH H [PELJIOKENNol MEeTOANK ia
SHBM «Mincek-1» Oblag BuIIOAHCHB pacueThl XapaxkTePHCTHRY X. X. Ma-
kneta (aszouyBcTBHTEABNOrO MY CcOBMEUIeNNIOro THHA.

Ha puc. 3 npexcrasieis: ONbITHAS XapakTEPUCTHKA 1, XapaKTePHCTH-
Ka 2, paccunmTanyas ¢ YUETOM COBMEWIeNHsl 10 NPeAJIOKLIION MeToAHKe, U
NupDaKTepICTHKA 3, paccunTanHas no ynpoluennold meroauxe. Comocranie-
e OMLITION H P2CUCTHBIX XAPAKTEPHCTHK MOKAZLIBALT, UTO MPH MAKCH-
MadblBIX HHAVKIDIX B < 1,6 M4 yiopouigHian MeTojiuka jpada omudxd
ciipedeacind TOKd B pOTCpe H TOKA YHIPaBJelHsd:

(.k plvae = 10/0 . (.l‘[y}mzlgc - r\f}m(’,
]))CDC;I o 8/07 (4\“1'y)cpeA - ”}“ 4 04,
[lorpemnocts pacuera e NnpPeBLilaeT OTKAONCHHH, ONPEIEAICMBIX J0-
MVCKAaMH 1a BO3AVIIHBIHE 3a30p, pas3dpocoM apaMerpon HJIEKTPOTEXHHUYC-
Ckoil cTaad U T. I.
MeToauKa, VUHTLIBAIOULAS COBMElLenie, npy HuAykuuax 8,10 sz
) b HMAKE ™~ 4
aaja omrHOKu:
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(A[p)MaKC < 1 1 %M (Aly )Maxc < 6 96 )
(A/p>cpe,1. = —8 %, (Ajy)cpen. =29
Ilpu unpykuuax By, > 1,6 ma kpuBasg 2 NpoxOAUT 3HAUHTENABHO HHU-

2K€ ONDLITHOMH. DTO 00BACHALTCS TeM, YTO MakKeT ¢ YHCIOM NOJI0CoB 2 p; = 2
H 2p; — € Obl1 N3roToBJeH Ha Oasze G-mOJIOCHOTO aCHHXPOHHOTO JBHIaTe-
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Puc. 3. XapaxrtepucTuku X.X. Maxera DMY.

asi. 1i05T0oMY IpMa HacHLIAMUCh NOTOKOM | kackajga paHdbiie, uyem 3yOubl.
IpensiaraeMas MeTOAMKa pacCudTaHa Ha MaUIHHBI ¢ HOPMAaJIbHOH reOMeTpH-
eli ¥ Ye yuuThIBaeT ABJeHNH, CBI3anbIX C HACHILEHHEM SPM.

Brizoap

1. Tlpeasoxennasi MeToAXKa pacdeTa XapaKTepPHCTHKH X. X. ABYXKac-
Kajadoro 3MY coBMeILEHHOr0 THMA YUYUTLIBAeT BJAHSHUE ApPYyr Ha JApyra
COBMEIISHHBIX Mojed, OTJHYaeTcad NMPOCTOTod H ofeclnednBaeT MpPaKTUIeCKH
VIOBJACTBOPHTEAbHYVIO TOUHOCTH pacueTa. lIpeasoxkeninii MOAXOA MOXKeT
OBbITH HMCHOMBL30BAN AJsT pacyeTa MarHUTHOK Hend APYIHX ABYXKACKALHBIX
MalldiE coBMenlennoro rtuna (0ecKoHTaKTHble NpeodpasosaTe]d, ABUra-
TEAH H IP.).

2. Jlumelinyio uacTh XapakTePUCTHKH X. X- IByXKackaaupix SMV cos-
MCILEHHOrO0 THOA A0NYCTHMO PAaCCYATLIBATL MO ynpouiennod meronuxe, Ges
yuera cOBMelienna noJell, ViAOIeHUs 1oaa B 3o01e 3y0IOB U HepaBHoMep-
HOCTH 10449 B SApMax,
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