000000000000

3JIERTPH‘IEGTBO

1979 = 4



KOMMYHU3M — 3TO ECTb COBETCKAS BNACTb
MAKOC INEKTPUDUKALIMA BCEM CTPAHDI (Jlenun)
KYPHAN
OCHOBAH
s 1880 r.

JJEKTPHIECTEO

4

1919

AMPENb

OPrAH AKALEMUUN HAYK CCCP, TOCYLAPCTBEHHOIO KOMMTETA
CCCP MO HAYKE M TEXHMKE, Lil1 HAYYHO-TEXHHUHECKOIO OBLIIECTBA 3HEPTETUKH
Y DNEKTPOTEXHHUYECKOW MPOMBILLJIEHHOCTH

YIAK [538.312:621.313.321.001.1

AneKTpoMexaHHYecKoe npeoGpa3oBaHHe IHEPrHM B CHHXPOHHOH MallWHe

MOJIHBAHOB K. M.
Mockosckuil sHepaeTuvecKull UHCTUTYT

B cuHXpOHHBIX MallMHaX Nepeflaia SHEPTHH MeXIy
CTATOPOM H POTOPOM TIPOM3BOJHUTCSI NOTOKOM BEKTOPa
[ToliHTHHra, NPOXOASIIIHM uyepe3 BO3AYIIHBLIH 3a30p.
Unterpupys 3TOT NOTOK 1O MOBEPXHOCTH, OXBaThi-
BAOIUN POTOP, MOXKHO OIpPENeJUTh TepelaBaeMylo
MOLIHOCTb. B cjyyae CHHXPOHHOTO JIBHraTessl 3Hep-
THsl lepefaeTcs OT CTaTopa K POTOPY; B cjydae CHH-
XPOHHOro TreHepaTopa MexaHHYecKas 3HepPrHs NOABO-
JHTCSL K pOTOPY, Ipeobpa3yeTcs B 3JEKTPOMArHUTHYIO
H mepelaercsa uepe3 3aszop cratopy [JI. 1—3].

ITo KapTHHE IoJsi B BO3AYLIHOM 3a30pe MOXKHO

ONpeleNuTh HallpaBJieHHe TepesayH 3Hepruu. B cay-
yae JBHraTeJis TOJie BpalaloOLlerocss poTopa OTCTaeT
B NPOCTPAHCTBE HAa TOCTOSIHHBIA YTOJ OT CHHXPOHHO
Bpaulamollerocs InoJs craTopa; obpasymoumuicsd Ha-
KJIOH JIMHUH mOJsi onpelesisieT HaTsKeHHe M Bpallalo-
IAA MOMEHT, IiepellaBaeMble OT <CTaTopa poTOpy
(puc. 1,a). B cayuae reneparopa (puc. 1,6) poTtop
CABHHYT B CTOPOHY OliepexeHusi; YTOObI NMOAAEPHKH-
BaTb TakKoe MOJOXKEHHe POTOpa, AOJKeH ObiTb IIPH-
JIOXKeH Bpallaloniuii MOMeHT, COrJIaCHbIH € Halpas-
JieHHeM Bpallawplierocsi poropa. B cayuae gsurarens
9Heprus TIOABOAMUTCS K <CTATOPY [IOTOKOM BEKTOpa
[To#intuura M, mocrynamoumuM H3 CeTH, U Tepefaercs
BaJly NoTOKOM Bekropa ¥MoBa U. B ciayuae renepa-
TOpa HalpaBJ/leHHe IIOTOKOB MPOTHBONOJOKHO: OT Be-
Aymiero BaJja, COeIMHEHHOTo, HalpHMep, ¢ KOJeCaMHu
TypOHHBI, 3HEPrHs MOABOAUTCA K POTOPY B dopme
notoka U, mpeo6pa3syercsi B 37e€KTPOMATrHHTHYIO U JAa-
Jee B (hopMe nortoka Il mepenaeTcs uepe3 BO3AYLIHBIH
33a30p H YHOCHTCS K MOTPEeOUTENIO 3JeKTPO3HepPrHH
BJ0JIb HaNpaBJsIOIIUX NPOBOJAOB, INPHCOEIHHEHHBIX
K CTaTopy.

YpaBHeHHSIMH 3JIEKTPOJHHAMHKH ¥ MeXaHHKH OIIH-
CBIBACTCSI € MOJIHOH SICHOCTBIO nepejaua 3HEpPruu uye-
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pe3 BO3AYIIHBIH 3a30p, OAHAKO OCTaeTcst HeoCBelleH-
HBIM BOINPOC O TOM, KaxK H TJe TIOTOK 3JIEKTPOMAarHHT-
HOfl SHEPTHH MePeXOAUT B MOTOK MeXaHHYecKoH sHep-
THH, BbIpaXKaeMbIi KakK TIOTOK BekTopa ¥YMoBa. Tak,
B [JI. 1] cka3aHO, 4TO <...2J€KTPHUECKOE H MarHHTHOE
moJig B BO3AYUIHOM 3a30pe Bpamjamolleficss MalIMHBL..
MOTyT OBITb HCIOJNBb30BAaHBl JJIi H3YUEHHS [IOTOKA
MOUIHOCTH B MamiuHe, [Ipu 3ToM 0COGEHHO IOJIE3HbIM
okasbiBaeTcs BeKTop IIofiHTHHIa, Tak Kak HHTerpas
or S=EXH 1o 3aMKHyTOH MOBEPXHOCTH PaBEH CyM-
Me MTHOBEHHOH MOIIHOCTH, Npeofpa3oBaHHOi B MeXa-
HHueckylo ¢opMy B oObeMe, OrpaHHUEHHOM 3TOH
TIOBEPXHOCTbIO, MIHOBEHHOH MOLIHOCTH, 3allaCeHHOH
B 0o6beMe GJyarofapsi MPOTeKaHHIO TOKOB, H MI'HOBEH-
HOHl CKODPOCTH H3MeHEHHsl 3alaceHHO#l MarHMUTHOH H
3JeKTpuYeCKOl 3Hepruu B obbeme». He ouenb scHO
H TOCJelyiollee H3JOXKeHHe, B KOTOPOM TOBOPHTCS,
yTo «..HHTerpaa or Bekrtopa Ilofintuara S=EXH
10 MOBEPXHOCTH, OKpYy:KalolleH BO3AYIIHBIA 3a30p H
MPOBOAHHKH CT4TOpa U POTOPa, AaeT MOIIHOCTh, BTe-
KaIolllyi0 B 06beM ¥ pacceHBaIOUlyiOCs B BHAe NOTEPb
Ha JKOYJIeBO Temao B o0beMe, IIIOC MOUIHOCTb, BTe-
Kalollylo B 00beM H CBSi3aHHYIO € IOJOXHTEIbHOU
CKOPOCTbIO BO3paCTaHHs MarHMTHOH 3HEPTHH, 3amna-
cennoi B oObeMe. Tak Kak BBIYHCAEHHE 3TOro IHO-
BEPXHOCTHOTO HHTerpasa JMAaeT TMOJHYI0 MOIIHOCTD,
BBOAMMYIO B MalllHHY, TO MOJKHO CIIPOCHTb, IOHYEMY
OTCYTCTBYIOT UJIeHbl, CBsi3aHHBIe C IIpeoBpa3oBaHHEM’
sHeprut...» «OTCyTCTBHe UJIEHOB, CBSI3aHHBIX € TIpe-
ob6pa3oBaHHeM 3HePTHH, O3HAUaeT JIHIIb, YTO NIPH aHa-
JM3HPyeMOli KOH(HIypalUuH 3HEPrUa He mpeobpasyer-
csiy.  Asropnl  ganbuie  OObBSICHSIOT — CKa3aHHOE
orcyTcTBHeM ToKa B porope! Ho B Takom ciydae
H 1oTOK Bektopa IIoAHTHHra JIOJIKeH OTCYTCT-
BOBAaTh!
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Ha Bompoc serko orsetuts B cayuae KDYIJIOTO
TIONE€peYHO-HaMarHHYeHHOro poTopa (HOCTOSHHBIH Mar-
HHT), a Takxe B C/yyae aHH30TDPOIHOIO portopa, mnpo-
HHL2eMOCTb KOTOPOTO 3aBHCHT OT yIJia v.

OTBET 3HAUHTENBHO YCIIOKHSETCS B ciydae portopa
H3 CTaJd C¢ OOoJbIIOH NPOHHIAEMOCTbIO (u>1), He-
Cyulero oGMOTKY BO3OYXKIEHHsI, MUTAEMYIO MOCTOSH-
HbIM ToKOM. [leiicTBHTeNBHO, BekTOp IIOMHTHHra He
MOXET BOHTH B TaKOH POTOp, Tak Kak Ha ITOBEPXHOCTH
TaKOro UUJIHHAPA OTCYTCTBYeT TAHI€HIMAJbHAS cJara-
omas sekropa H, a caenoBartenbHo, u HopMasbHas
craraiowas Bextopa Ilodntunra: MdS= (EXH)dS=
=0 npu H||dS, rze dS— smement MOBEPXHOCTH,
HMEIOLIHIA HanpaBleHHe HOPMaJH K Heil.

PaccMoTpum crauana Gouaee MNPOCTOH cayyal, Kor-
Aa peimieHHe GJIH3KO K PAacCMOTPEHHOMY paHee B [J1. 4
u 5].

CHHXPOHHAs MaWMHA C TNOMEPeYHO HaMarHHYeH-
HeiM potopom. IlycTs (puc. 2) B KOOpAMHATaxX poTOpa
M —ero nocrosignas HamarmuueHHoctb; Hp, — Hanps-
XKEHHOCTb BHEUIHero CHHXPOHHO-Bpalllaiollerocs IoJs,
06yC/IOBIEHHOTO OGMOTKOH IIePEMeHHOI0 TOKAa Ha CTa-
Tope (Hz==const npu a—wt=const, T. e. B KOOp 1H-
HaTax poTopa); HANPSKEHHOCTb Pe3yJbTHPYIOUIEro
noast H conepxut eme caaraemoe Hj, o6yciosaennoe

pasmarsnyuBawmuM ¢dakropom N poropa [JI. 4]:
Hi=—WVM (1)

npH :
N=(c>—b%) /22, (2)

Ille b — pannyc potopa; ¢ — BHYTPEHHHH pafHyc cTa-
TOpa.

Ilpn sToM BHYTPH poTopa pachpemesen Bpauia-
IOIHA (MeXaHHYeCKHIT) MOMEHT, 06yC/IOBIEHHbIH B3aU-
MOZEACTBHEM NOJIST ¥ HAMATHHYEHHOCTH: '

Iy =" =p,MH sinv =p,MH, sin (M, H,)=BH sins.
3

a) 6)
Puc. 1.

Puc. 2.

OTOT MOMEHT MOXHO Ha3BaTh CTOPOHHHM IO OT-
HOUIEHHIO K MOMEHTY, O0O0yCJOBJIEHHOMY YIpPyro#
Aedopmanneii Tena. Pasymeercs, [T ecTb MOMeHT,
OTHEeCeHHBI K eAuWHHLe o0beMa (0OBbEMHO pacipe-
JeJIeHHBIH MOMEHT).

OrpanununBasicb MIGCKOH 3afaueil (HeorpaHnueHHO
AJIHUHHBIA POTOP), JIETKO HAHTH 3HauyeHHEe COOTBETCT-
BYIOUIMX KOMIIOHEHT TEeH30pa MeXaHHYeCKOro Hamps-
KeHus [JI. 4]; B yc/IOBHSAX yCTaHOBHBIIETOCS PexHMA:

T  =I70"—r?/2r* 4)

T, ~—T, =I" ©)

B 3tom cayyae B cucTéMe KOOPAMHAT «HEMOIBHNK-
HOro» HabJioJaTess, AJdsi KOTOPOrO POTOP Bpallaercs
C CHHXPOHHOH CKOPOCTbIO ®, BeKTop ¥YMoBa [JI. 5]
HMeeT palua/ibHyI0 COCTaBJAIIULYIO

U=—uT, —=—ol (b*—r})/2r. (6)

luBeprennus: BeKTOpa YMoBa NPH 3TOM IOJIOXKH-
TeJbHA:

div U=-L9Yr— o, MH sinv==wBH sins, @)

7
r Oor

IT0 ecTecTBeHHO, MOCKOJbKY TIOTOK BeKTOpa YMOBa
uepe3 00OJMOYKY pajuyca r (Ha eAMHHMLY IJHHBI IO
HaNlpaBJIEHHIO 2) B HaNpaBJeHHH K OCH

Py=—2nrU,=@l°T (b2—r?) [2 (®)

pacTer ¢ yMeHblLIeHHeM paJuyca; OH paBeH HYJI0 Ha
TOBEPXHOCTH poropa (r==>b). YacTb moTOKAa N0 Mepe
NPHO/HKEHHS K OCH NPHOGDETAaeT aKCHAMbHYIO CO-
CTaB/IAMOLIYIO H [IOCTyNaeT B BaJ, COeJHHEHHBIH ¢ po-
TopoM [JI. 5]. CkazanHoe He yuyuThiBaeTcs B IPHBO-
AMMBIX pacyeTax M He Hallo oTpaxKeHus B (8).

B cucreme xkoopauHAaT poTopa BEKTOPH IO
MMEIOT 3HaYeHHsl, TOKa3aHHble da pHC. 2, H OTCYTCT-
BYeT 3JIeKTPHYECKOe MoJie; B TAKOM CJydae B CHCTEME
KOOPJAHHAT HENOJABHIKHOTO HalbmioogaTenss IJs TOUYKH
C KOODAMHATAMH r, o CYLIeCTBYeT 2-si ‘CJaraouias
3JIeKTPUYSCKOTO TIOJS .

E=E,=roB;, )

rAe B TOYKE C KOOpAMHATAMH 7, q

B,=B, cos E=B cos (of +v—86—a), (10)
KaK 3TO BHAHO M3 puc, 2.
H3 Ttoro e pucyHka BUAHO, 4TO
H, =H cos (v -} ot — a); (1)
H =Hsin(v4 ot —a).
ITosToMy koMmoHeHTa Bekrtopa IloiHTHHTA:
' {l,=—EH =—roBH costsin (-} 8) =
= — - roBH {sin [2 (ot +-v — a) — 8] F-sin8);  (12)
[1,=E,H =roBH costcos (-} 8) =
=—é—rwBH {cos [2 (ot +v—a) — 8] 4 cosb}.  (13)
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IuBeprenuust Bektopa IIofHTHHra BHYTPH poTOpa

. 1 @ (fl, 1 o, .
divil=— (;r )+7— 5o = —oBH {sin[2 (ot +-

+v—a) — 8] +sind} + wBH {sin [2 (of }v—a) —
— 8]} = — wBH sins. (14)

IlnBeprenuus Bektopa I[IOHHTHHra OTpPHUATENbHE;
3TO 3HAYHUT, 4TO MOTOK BEKTOpa TIOCTENeHHO 3aTyXaeT,
npubauKasach K OCH, U MEePEHOCHMAasi JeKTPOMArHHT-
Has 3HeprHsi (B HalpaBJeHHH K OCH) yOGBIBaeT IpH
YMeHbIUEHHH pasuyca. [leficTBUTEIbHO IOTOK 3J€KTPO-
MAarHHTHOH 3HEpPruM, NepeHOocHMol BekTopoM IloHH-
THHra (OT mepHdepHH K OCH),

2 2
P—— S‘ 11,rda = oBH* S {sin[2 (ot +v —
a=0 0

— a)] }sin 8} da = oBHr*n sin § (15)

yMeHbLlaeTcsl ¢ yMeHblleHHeM pajuyca. Ilepsoe cna-
raemoe mojJ HHTerpasom (15) mepuosHYecKi 3aBUCHT
OT @ ¥ MOTOMY HCUe3aeT NPH HHTErPUPOBAHHH TIO BCei
TIOBEPXHOCTH.

CpasuuBas (7) u (14), HaxoquM, 4YTO
div U+div I=0. (16)

STO 3HAUHT, YTO HJEKTPOMATHUTHAS BHEPTHS, Tepe-
HOC KOTOpO# BhIpaxkaeTcsi BeKTopoM [loifiHTHHTa, Tipo-
HHKasg B pQTOp, HENPEPBIBHO NMEPEXOAHT B MeXaHHye-
CKYIO, TePEHOC KOTOPOM BBIPaXKaeTcsli BEKTOPOM ¥ MoBa.
Jlro6onwiTHO, uTo Kak div U, Tak u div Il gas kax ol
TOYKH POTOpa MOCTOSIHHBI, XOTs1 BekTop U 3aBHCHT OT
paauyca corsacHo (6), a Bextop Il OT yraa a H oOT
BpemenH B cooTBercTBHH ¢ (12) u (13). Opnaxo
B AByx ciaraiomux div Il B3aHMHO KOMIEHCHPYIOTCS
HepeMeHHble COCTABJSIOUHE.

Ananornunble cootHolrenuss st Txp, M u U mo-
Jy4aloTcss M AJIS  aHHU30TPOMHOTO LHJIMHIPHUYECKOTO
poTopa, NPOHHLAEMOCTb KOTOPOro B JIBYX OPTOTOHAJIb-

HBIX HalpaBJeHUSX { U 1), OPTOrOHAJbHBEIX TaK¥Ke OCH,
pasJsinuHa:

b 5 by (17)

llpeoGpasoBanue 3HeprHH B CHHXPOHHOH MalIHHe
¢ poropomM H3 ¢eppomarHerHka GoJblIOH NPOHHIae-
MOCTH. B GosbiunXx OBICTPOXOAHBIX MallMHAX MArHHT-
Hoe noje oObYHO BO30YXKAAeTCS NOCTOAHHBIM TOKOM,
NPOTEKAUUM B NPOBOAAX, YKPeIJIEHHBIX Ha pPOTOpE.
B Takux MalmlHHaxX poTop GObIBAeT HESBHONOJIOCHBIM.
On npencraBnseT coGoil KPYIVIBIA UMJAMHAD C MpoO-
TOUCHHBIMH Ha TIOBEDXHOCTH I1a3aMH, B KOTOPHIE U 3a-
KnajapiBaloTcsa mpoBoia. B mammmHe ¢ oxHo#i mapo#
MOJIIOCOB [IPOTHBOINONOKHO HallpaBJeHHble TOKH TpO-
XOIAT MO AHAMETPaJbHO NPOTHUBOIOJIOKHO JeXalllHM
nasaM. CTeHKH OTKpPBITBIX [a30B OGBIUHO JAeJdarTcs
napajyieibHbIMH cpeaHeMy paguycy [JI. 6]. Yacro
Al oOMOTKH BO3OYKIAEHHsI Tpope3aeTcst psij mapas-
JeNbHBIX T1a30B, 3aHHMaloliux 1/3 moBepxHoOCTH; Ta-
KyI0O e YacTb NOBEPXHOCTH 3aHHMAIOT Na3wl Ha AHa-
METpaJbHO TPOTHBONOJOXKHOH dYacTH TOBEPXHOCTH.
IIpn 3TOoM Ha rafKyl0 NMOBEPXHOCTb KaXKAOTO U3 ABYX
HESIBHBIX IIOJIIOCOB OCTaeTcda Mo 1/6 4acTu noBepXHO-
cri. Ilpn TakoM pacnpefesieHHH OGMOTKHM (C OXHHa-

-

LLLLLLLLL L

a,_—L R 7

RRNE2l);

/l 7TV

h § ®

Fr E
H

Hy

B moyxe 1 B mouxe 2

Puc. 3.

KOBbIM TOKOM B KaX/JOM Ia3y) MarHHTHOe I10Jieé BO3-
OyXIeHHS HMeeT 3aBHCHMOCTb OT yIiia, HaHGosee
6s1u3ky1o0 k cuHycouie. ITasbl Moryt GbIThb H TIONy3a-
KPbITbIMH, T. €. ¢ yMEHblIeHHbLIM Ha TiepHbepHH pac-
CTOSTHHEM MEXKJy CT€HKaMH, TapaJlieIbHBIMH painycy.

MaruntHoe mose cratopa o6pasyercst pacnpene-
JIEHHOH MHOrogasHo# OOGMOTKOIl NepeMEeHHOro TOoKa.
B BosaymnoM 3a3ope pajuajbHasi caaramomasi IoJs
CTaTopa pacnpeleseHa CHHyCOHZaJbHO H Bpallaercs
CO  CKOPOCTBIO pOTOpa; ©OHa IIPONOPUHOHANbHA
sin (a—wf+const).

Hnsa ynpouleHusi puCyHKOB H MaTeMaTHYECKHX BBI-
KJaJl0OK MOXHO INpeACTaBHUTb cebGe KpyIJblii porop

CIPAMJIEHHBIM IIPDH OAHOBPEMEHHOM CIPAMJIEHHHU CTa-

TOpa W COOTBETCTBEHHO BCEro 3a30pa; TMpPH 3TOM, pa-
3yMeeTcs, Bpallaloleecss MoJie 3aMeHseTcs Geryuum,
Onate e AJA MPOCTOTHI M BMECTe ¢ TeM JJIs Ollpe-
JeJIEHHOCTH, MOXKHO IoJIaraTh, 4To Oeryliee moje cTa-
Topa 0Oyc/JIOBJEHO Tako#é 3Ke OOMOTKOH, Kak IoJe
poropa.

B MamHHe ¢ HENOABHKHBIM CTaTOPOM, HMEIOLUIHM
CBOH 3yOunl, Gerylilee WJAM Bpallaiolleecs Iojge 00-
YC/IOBJIEHO IIepeMEHHBIM TOKOM, HaJJleKallHM CHOCO-
6oM pacnpeleseHHbIM TO BHTKaM OOGMOTKH. B 3ToM
clydae Ha KapPTHHY TOJs B 3a30De BJHSIET OTHOCH-
TeJIbHOE pacnosioxkenve 3yOLOB CTaTopa H pOTOPa;
OHO H3MEHSIeTCSl BO BPEMEHH, H3MEHSeTCss BO BPEeMeHH
H moJje. 371eCb 3TO OOCTOATENLCTBO HE YUHTHLIBAETCSI.
[Tpn 3ToM cxopocTb 0GeMx wacTeli MaIIHHBI 10 OTHO-
IWIEHHIO K HaOJlofaTesi0o OLMHAKOBA H HapaJjJebHa
IIOBEPXHOCTSIM, TPAaHWYAUIHM C BO3AYLUHBIM 3a30POM:

U= ly.

ITpu Takoit cxemMaTH3aLUH CHHXPOHHAsl MalIHHA
B peXMMe JABHMrares NpeBPaTHaach B JHHEHHYIO CHH-
XPOHHYI0 My(Ty, B KOTOPOH NIPAMOJNHHEHHO Geryuiui
CTATOp TaUIHT 3a co6oi poTOp, ABMXNKYLIHiCA € Ta-
KOH Ke CKOpoCThblo. KycOK Taxkoi MalllHHBI, Xapakrep
MarHHTHOTO noJsi (C OJHMM IIa30M Ha TIOJIOC) H KOOp-
AHHATHBIE OCH NOKa3aHbl Ha puc. 3. CwmelleHHe IO-
JIIOCOB H OOMOTOK (POTOP OTCTaeT OT CTaTopa) CooT-
BETCTBYeT Ilepeflade SHEPrHH OT CTAaTOpa K POTOPY.

ExecekynaHo portop coBepuiaer paGoty (Ha enu-
HHIy OCEBOH IJIHHBI)

P=F.u,, (18)
OTHECEHHYIO K OAHOMYy moJiocy. Ee ncrounHkom ciy-
KHT CTAaTOp, CBSI3aHHHIE € pPOTOPOM TOJBKO uYepes

MarHuTHOe ToJie BO3AYIUHOTO 3a30pa, uepe3 KOTOpbli
SHePrus M mepeHocHTcs BekTopoM Ilofintuara. ITotok
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SHePrud, NPHXOAAIIMICY Ha OLHH IOJIOC H Ha OJHH
na3, MOXKHO HaHTH, HHTerpupys — [I, mo moBepxHo-
CTH, Jexalllefi B BO3JAYIIHOM 3a30pe Ha TIOCTOAHHOH
BbICOTe (NocjiefiHee He 0053aTeJNbHO) H TAHyIlelcH
OT TOYKH @ A0 TOUKH b (cM. puc. 3), eciid 3TH TOUKH
HaCTOJNbKO yAAJIEHBl OT I1a3a, UTo B Ha3BaHHBLIX TOYKaX
H=H, w H,=0 (mpu n1060M 3HaYeHUH Yy). .
[Mpu Manbix ckopocTsax (u2<c?) MOXHO cyuTaTh,
4TO MarHUTHOe IOJe OJHHAKOBO AJS CHCTEM KOODHH-
Hat Habaogateass # Geryuiero poropa. OaHako, eciH
B KOODAMHATAaX POTOpa CYIIECTBYyeT. TOJbKO MarHHT-
HOe moJe, #300paxKeHHOe HAa pHC. 3, TO B CHCTEMe
KOOpAHHAT HabmawnaTens: obHapyXKHBaeTCs 3JeKTpHUe-
CKO€ 110J1€, Hallpsi}KeHHOCTb KOTOPOTO
E=FE,=—upH, (19)
(B Bo3mymiHoM 3asope p=1). Ilocanennsss dopmyna
COOTBETCTBYET HU3BECTHOMY Npeo6pa3oBaHUIO JHHLITEH-
Ha—Jlopennia AJsg MaJjblX CKOPOCTeH, IOCKOJbKY CH-
cTeMa KOOpAMHAT HabaiojaTelisi ABHXKETCA €O <CKO-
POCTbI0 U=U,==—1U OTHOCHTEJbHO CHCTEMBl KOODIH-
Har poropa. [loaToMy ¢ TOYKH 3peHHs] HabmawoaaTelas

Ha ydacTke a—b cymectByer BekTop IloiiHTHHra,

HMEIOIHH y-10 cJaralouylo:
INy=E,Hy=—upHyHy. (20)
[ToToK 3HepPrHH, eKeCeKyHAHO IMePeHOCHMO# OT
craropa K poropy (Ha TOJIOC H eJAHHHIY aKCHaJbHOH

JJTHHBI)
b

P— f (—11,)dS,= j up H H o dx.

a

1)

Yro kacaercs cuabl Fy, ¢ KOTOpOH TOJE AeHCTBYET
Ha pOTOp, TO €e MOXKHO OIpeJes]HTb HCX0[sl M3 TeH-
30poB Makcsessa [JI. 7]:

Por=HpBr— (1/2) BH 85, (22)

KOTOPBIM COOTBETCTBYIOT cJaraloiliie CHJBI, Iepeia-
BaeMble Yepe3 3JeMeHTapHYI0 TIOWAAKYy dSk:

dF p=Pp1dSs. (23)

Orta cuna nepefaercsi O CTOPOHBI MOJOKHTENbHOM
HODMaJii e; B 06JacTb, Jexallyio ¢ IPOTHBONMOJOXK-
HOH CTOPOHBI (CO CTOPOHBI OTPHIATENbHOH HOPMAJIH);
B HalleM caydae 3Ta CHJa, € KOTOPOH Moje CTartopa
JeficTByeT Ha POTOP.

Chaarawomas cunbl Fy, mMepelaBaeMas IIOJEM UYepes
Ty Ke YacTb IOBEPXHOCTH, /ISl KOTOPO# MOTOK BeK-
topa [ToliTHHTa BHIpaxKaeTcst paBeHcTBOM (21), mpe-
craBJjseTcs HHTErpaJsoM:

b b
F,= f P,,dS,=— S oM H,dS,. (29
a a

Conocrasnenne (24) c¢ (21) npu ycaosuu (18)

MO3BOJISIET YTBEPXKAAThb, UTO

b b
P=uF =—[11,dS,=u [ PydS,  (2)

[Mpoussons unterpuipoBante Bekropa Il no 3aMkHy-
TOfi TIOBEPXHOCTH, CeYeHHe KOTOPOH MJOCKOCTBIO Yep-
Texka (pHc. 3) mpexcrasisier coGoit KOHTYp abodefgha,
HafileM, 4To pe3yJbTaT coBHafaer ¢ (25):

— fnds = — Sb 11dS,=P. (26)

JeicTBUTEIbHO: Ha ydyacTkax bc¢ H ha noasa or-
JHYaloTcs ToabKo 3HakamMu Hy (npu Hy=0) u E,
WHaye rOBOPsS, Ha OSTHX ydYacTKaX TOTOK BeKTOpa
[oiHTHHra HWMeeT OZMHAaKOBOe 3HaueHHe, HO AJs OJ-
HOTO y4acTKa OH OKa3biBaeTcsl BXOASIUHM BHYTPb 060-
JIOUKH, a Ha JAPYroM — BBIXOJSILIHUM H3 Hee;, Ha ydacrT-
Ke fe, JexalieM JOCTaTOYHO IMy6OKO BHYTPH masa,
OTCYTCTBYET y-91 cjaramiollias MarHMTHOTO MoJd, a cJie-
J0BaTeJbHO, H HANPSKEHHOCTb 3JEKTPHYECKOrO IO/
E=0, npu stoM, pa3yMeercs, OTCYTCTBYeT H BEKTOp
IlofinTHHra; Ha NOBEPXHOCTH pOTOpa, T. €. Ha ydacT-
Kax cde u fgh, Bektrop H o6si3aTeqbHO HOpMaJseH
K TIOBEDXHOCTH (peppoMarHeTHKa, NPOHHIAeMOCTb KO-
TOPOro IO TPEANONOKEHHIO OUeHb BeJHKa (p—>00),
a mpu 3ToM BekTop IlofiHTHHra HMeeT TOJIbKO Kaca-
TeJbHYIO COCTaBJAMIOMIYIO H, CIAeJ0BaTeNbHO, Ha 3ITHUX
yuactkax MdS=0.

PaccMOTpHM Tenmeph HHTerpaJs 10 TOH Xe 3aMKHY-
TOif TIOBEDXHOCTH OT TeH3opa MakcBeasna. IJTOT HH-
TerpaJj — BeKTOp; ero x-s COCTaBAAgIOILas

I,=§ P, dS, @7

ITo Teopeme Ocrporpaackoro—I'aycca, npuMeHeH-
HOH K TeH30pY Prn.

I = Eﬁ P, dS,= j (Div P,,),dV, (28)

rfe B NPaBOH CTOPOHe k-1 KOMIIOHEHTa 06beMHOH
IJIOTHOCTH CTOPOHHHX CHJ 3JE€KTPOMATHHTHOIO IIPOHC-
XOXKJEHHA, T. €. CHJ, He 0OYCJOBIEHHBIX YIPyrow
MexaHHueckolt gedopmaumeir [JI. 4 u 8].

[To ompepeneHuio k- cjaarapilas JAHBepreHUHH
TeH30pa B AeKaPTOBBIX KOODAHHATAX:

. ___0P;n 0P, 0Py, -
(DIV Pkn)k“"az—l— 0%4 + 0% °

(29)

B oTCyTCTBHe MONSIPH3YEMBIX CPel
(Div Pkn)k=th+ (JXB)k: ZT: (30)

rge p H J — IJIOTHOCTb 3JIEKTPHYECKOTO 3apdna H Cn-
OTBETCTBEHHO TOKa.

B ycaoBusix peliaeMod 3alayd BHYTPH Bced pace
MaTpUBaeMO# 00Ja&CTH

CT —

?

(31)

ecJIM MpOBOJA C TOKOM BO3OYXKIEHHS JieKaT HuxXe JH-
Huu ef. VI3 aToro ciepyer, uro uHterpan (28) paseH
HYJII0; OH OCTaeTCAa paBHBIM HYJI0 H nocje yMHOXKeHHS
Ha INOCTOSIHHOe KOHeYHOe 3HaueHHe CKOPOCTH Uy=Uu!

u @ PxndSnzuijdey—l— u“fpxxdsx-l—

+ [ Pos(—dS) =0, (32)
f

B npaBoit uacTH TOC/aAeJHEro paBeHCTBAa OTCYTCT-
BYIOT paBHBEIe HYJI0O HHTerpaibl Ha ydacTkax bc, cd,
ef, gh u ha. JleficTBuTenbHO, Ha yuacTkax bc, ha, ed
U gh OTCyTCTByeT Xx-i KOMIIOHEHTA HaNpsXEeHHOCTH
MOJsT H KOMIIOHEHTa

Pyn=0. (33)



JJIEKTPUYECTBO
Ne 4, 1979

JaexTpomexanuueckoe npeobpasosanue SHepeul 8 CURXPOHROL MauluKe 5

a PI1 b
/7[ g > Lz
Pomop hg L —

- -
U(—) 7 E/U)

w  wWh Ty
w(X)
ut __\_)\’/ Cucmermn
1, KOOpOUHT pOmopa
0 0. X
z
Puc. 4.

Ha yuacTke ef HHTerpupoBaHue BeAeTCA IO MJO-
magke ¢ HOPMasblo, HampapJeHHOH MO OCH ¥, TpH
3TOM

dFy==P4,dS,=0, (34)

TaK KaK Pyy==H.By=poH:H,=0, nockonbky Hy=0.
[Tpu 3anucu uHTerpana (32) NPHHATO BO BHUMaHHE
TO, YTO Ha ydyacTkax de W fg BHelIHHe HOPMaJH 3Je-
MEHTOB IIOBEPXHOCTH HaNpaBJeHbl IPOTHBONOIOKHO.
Comnoctasassa (21) u (32), MOXHO COCTaBHTbL pa-
BEHCTBO:

——"—-jnydsy —=u jpxxds,i—- 5Pxxdsx :qu.

(39)

U3 storo paBencTsa caelyer, yTo cuna Fy, € KO-
TOpoit cTaTop TAHET 3a COOOH pPOTOp, ONpeAeNsAeTes
Pa3HOCTBIO MAaKCBEJVIOBBIX HATAMKEHHH, NEHCTBYIOUIUX
Ha NPOTHBONOJIOXKHbIE CTOPOHB! Tasa:

g e
Fo( PosdS, — [ PustS =gy (B —H',) . 39
; a ‘

afech H_ W H,—3HayeHUs x-X COCTAaBJSIOIIHX HA
3ajHeil (ieBOM) W da mepedHei (TIpaBoit) BepTHKaJb-
HLIX cTopoHax masa (puc. 3 u 4); m — HeKoTopasd
HeroJIHas, .HO aKTHBHasi ray0uHa masa — Ha OOsblued
rayGuHe H_Q_—_—Hi,
ry6HHE HUYero He HobaBjiser; yepTa Hal OyKBaMH
H? oGo3nauaeT ycpeJHeHHe IO paccMaTpPUBAEMOli
riny6uHe 1. )

Bmecte ¢ Tem (35) mokaselBaeT, UTO BCA IHEPTHI,
eXKeCceKyHJHO pacxojyemasl Ha COBepLICHHe MeXaHHye-
CKolt paboThl,

npuyeM JajbHeHllee yBeJHUeHHe

P=uF, (37)

TOABOAUTCS OT CTATOPA Uepe3 3JEKTPOMArHuTHOE 1oJe
B BO3AyLIHOM 3a3ope MOTOKOM BekTopa ITofHTHHra.
OH BXOAHT uepe3 ydacTok ab; uepe3 Bce OCTaJbHbBIE
y4aCTKH 3aMKHYTOH TIOBEPXHOCTH IIOTOK 3TOTO BEKTOPA
paBeH Hy/j0o. EJXMHCTBEHHBIM MECTOM, 4epe3 KOTOpoe
npuHocHMas BekTOpoM [TOHHTHHra IHEPIHA MOXKET
NOKUHYTb 060J0uKy abcdefgha (puc. 3 u 4), ABJIAIOT-
csl BepPTHKaJbHbIE CTEHKH 11a3a, Ha KOTOpbie AeiCTBYIOT
MakcBeJJoBcKHe HaTsxkenus [JI. 6], mepenaBaeMbie
Tely poTOpa (OH II0IBEPraeTcs YNpPYTHM Hampsike-
HHAM); MO HEMY W TIEPEHOCHTCS BEKTOPOM YMOBa HO-

TOX 3HeprhH. B 3TOM cayuae, 0AHAKO, HET 06MacTH,
rie 3JeKTPOMarHuTHOe mnpeo6pa3oBaHHe IPOUCXONH-
7io 6B B COOTBETCTBHH ¢ ypaBHenueM (16).

B ciywae paccMaTpuBaeMoii MaluHHBL NpeoGpaso-
BaHHe 3JIEKTPOMeXaHHYeCKOW  3IHEPrHH TMPOTEKAeT
wHaue. [ToTok Bekropa IIOfHTHHra, BXOAAWHA B 00-
aactb V(abcdefgha puc. 3 1 4 B HalleM puMepe),
HMeeT KOHeuHoe 3HaueHHe, HOJOXKHTEIbHOE B CJydae
nsuratesis. Boliag BHyTpb 0061acTd, IOTOK BEKTODA
TlofiHTHHTa He NOKH/aeT ee — OH MOCTENEHHO HCCAKAeT
BHYTPH Hee, PACXOAYACh Ha YBEJHYCHHE 3HEPTHH IO/

div I==—0w /3t <0 npn dw/0t>0. (38)

Ecau mosarath, uTo objactb abcdefgha ocraercs
HEH3MEHHOH B CHCTeMe KOODAMHAT pOTopa, T. €. mepe-
HOCHTCSL CO CKOPOCTbIO U==U; OTHOCHTEJbHO HEINO-
JBUXKHOTO HabJloAaTeNss, TO OKaxKercs, 4TO BHYTpH
3TOH 06JiaCTH SHEPTHS OCTAETCs - HEH3MEHHOI:

5 wdV =W = const, (3%

TpH 5TOM BXOJSIIMHA B Hee IOTOK 3HEpPrHH OT/IHUCH
or Hyns. He TPOTHBOPEYHT JH CKa3aHHOe TeopeMe
ITofiaTuHra:

ow 0
@ndss—sﬁt—dv_—_—ﬁt—w.

(40)

Ila, nporuopeunt! Ho nocielHee paBeHCTBO cnpa-
BEJIHBO TOJIBKO MPH YCJOBHH, UTO 3aMKHYTas TOBEpX-
HOCTh OCTA4eTCS HEMOJABHKHOH B CHCTEMEe KOOpIHHAT,
ais xoropoit onpepeasiercs Il OQHaKO BEKTOD ]
onpejensics HMEHHO B CHCTeMe KOOpJAHHAT Ha0/110-
patensi (OH paBeH HYJIO B CHCTeMe KOOpAHHAT pOTO-
pa), a 3aMKHyTasi ITOBEPXHOCTb abcdefgha nBUXKeETCS
CO CKOPOCTbIO U=ty OTHOCHTEJbHO gabmogarens
(puc. 4). B cayuae ABHXKEHUS 3aMKHYTO!H IOBEPXHO-
ctn Teopema Ocrporpaackoro—TIaycca, coxpanaiomasn
CHIY,

Sﬁndsz— S div NdV (41)
He npuBoauT K (40).

Papenctso (38), Ha KOTOPOM OCHOBAaH IEPEXOX
K HHTerpajJibHOMYy NpeJiCTaBJeHHIO (40), cnpaBelJIHBO
npu 06A3aTeNbHOM YCJOBHH BBIMOJHEHHs BCEX onepar
UH{l ¥ ONnpejesieHUsi BCeX BEJAUUH B OJHOA W TOH XKe
cicteMe KoopAnnaT. OJHAKO CKa3aHHOe He HCKJIOYaeT
BO3MOIKHOCTH TOCJEeAyIOLUIero BbIpaXKeHHs BCeX BCTPE-
yaloLHXCes 3aprucuMocTeli B dopme (PYHKUHH KOOPIH-

" par Jo6oii u3 cucreM. Tax, MM—=EXH orauyHo OT

HyJIsi TOJIbKO IpH ONpeJNeJIeHHH STOro BEKTOpa B CH-
cTeMe KOOpAMHAT HabJiofaTels X; a B KOOpJHHATax
potopa

y=x—1ut, (42)
BeKTOp Hpor TOKJECTBEHHO paBeH HYJIo, TaK KakK
B 5TOMl CHCTEMe OTCYTCTBYET HalpsiKeHHOCTb 3JIEKTpPH-
yeckoro mosis. OjHako, onpenenaus Il .c TOUKH 3pemHis
na6monareas: I(x, ), 6ecCnIOpHO MOXKHO nepeiTH
K BBIDAXKEHHIO TOH e BeJHUYHHbl KaK (YHKUHH KOOP-
JHHAT POTOpa, T0Ab3YACH ¢opmyJoit (42), Tpu 3TOM
M (y, t)5=0; B mocnelHeM cayiae M (y, t) — 37O Bek-
Top [loiHTHHTE, Ha6JaiogaeMblil B CHCTEME KOOpPAHHAT
x, ¢, HO BBHIpa)KeHHBIH Kak (YHKUHS KOOPAMHAT Y, t,
T. ¢. B CHCTEME KOOpPAHMHAT pOTOpa. .
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[InoTHOCTD 3HEprMM MOXKHO MNpPEACTABHTb H Kak
dynkuumio koopaurar mabmwosatens w=/{(x, {), 1 Kak
(GYHKUHIO KOOpAHHAT poTopa w==g (¥, f), ecJu TOYKH
X U ), ONPEAeNSIOT B 3aAaHHBIA MOMEHT ¢ OJJHY U Ty Xe
TOYKy (HanpHMep, n Ha pHC. 4), TO

w=f(x, t)=g(x, t). (43)
Ho, nonarasi ¢ukcHpOBaHHOH KoOOpAMHATY X=
=const, umeem:

ow _of odg | og Oy __dg _ 0g
T T o T ot ot o (4
NOCKOJNIbKY IPH x==const

KaK 3T0 HemocpeAcTBeHHO ciaelyer u3 (42). Heckonb-
KO 0600uiasi, MOXKHO HalHCaTh, UTO TpH X==const

ow/dt=0g/ot—uV g, (46)

raie omepamust V INPOH3BOAHTCS B CHCTEME KOOPMIH-
HatT y (a He x).

Bepuemcst Temepr x (41), uMmes B BHAy, uTO
3aMKHyTasi TPaHHIA O6JIaCTH IBHXKETCHA € TOCTOSHHOM
CKOPOCTbIO U==U, U YTO NIIPH HHTETPUPOBAHUH JHBEp-
TeHUHH CJIeflyeT BbIPaXKaTb €€ KaK INPOH3BOIHYIO OT
IVIOTHOCTH 3HEPTHH, NOJb3ysAchb (popMmynamu (44) uau
(46). B urore nonyuaem:

@HdS:—S%—’;’dV—l—u‘Y%‘%dV, (47)

HJH

4
§nds:.—%—+u§%—‘;d% (48)
rie W — sHeprust BHyTpH Bcel 0GOJOUKH.

B ornnune or (40) npaBasi cTOpOHa HMeeT AONOJ-
HHTeJbHOE ¢jlaraeMoe, HCUYe3arllee NPH HEeoABHKHON
obaacty, koraa u=0.

ATO JIOMOJHHTENIBHOE CJIaraeMoe MOXKHO MOJABep-
THyTb JAajibHeHieMy Tpeo6pa30oBaHUIO, INePelNHChIBast
€ro B opme

uj"’o—‘fdvzg \V/ (uw)dV:éBuwdS.

3/ecb NPUHATHL BO BHUMaHHE: BhIpaxkeHHst (44)—
(46), ycnoBue Vu=0, BBIIOJHsSIEMOE npu u=const,
u teopema Ocrporpaackoro—Iaycca (41), nmpumenu-
Masl, IOCKOJIbKY BHYTDH paccMaTpHBaeMoM 06JacTH

(49)

HET DPa3pblBOB HENPEPBIBHOCTH. HGPEHOCH ‘cjaraemMoe.

(49) B npasyio uactb (48), MOKHO mpexcTaBuTh (47)
B Tako# topme:

@ (1 — uw) dS = — oW/ oz (50)

[TonydyenHoe paBeHCTBO (NIPH paBeHCTBe HYJIO Ipa-
BOH YaCTH) IIOJIHOCTBIO COBIAJaeT ¢ paHee HaHAeH-
HBIMH pesyabrataMu (26) u (35), Tak Kak =

=L =uw.

Hrak, necMOTps Ha HENPepBIBHBIH TIPHTOK 3HEp-
THH, BHOCHMBbIH BekTopoM [lofiHTHHra yepe3 yuacTok
ab (puc. 3 u 4), sHeprus BHyTpu obmnactu abcdefgha
MOXET He H3MEHATbCS, NMOKHAast o6JlacTb uepe3 Bep-
THKaJIbHble IPaHHULI 06J1aCTH, Ha KOTOPHIX IIOTHOCTb
JHEPrHH pasjHyHa; B 3TOM MeCTe SHEPrHS MOMKeT IIO-

KHJaTh pacCMaTpHBaeMyio o06aacTb
B IOJHOM CcOOTBeTCTBHH ¢ (50). -

Uro Kxacaercs 3/ieKTpoMexaHH-
YECKOro mnpeoOpasoBaHUs SHEPTUH
Ha TeX JBHXKYIIHXCS TPaHHIAX, TIe
BEKTODHI Ilep€HOCA 3HEPrHH H ee
TJIOTHOCTb NPETEPNEeBAIOT Pa3phiBhl,
OHO TPOHCXOAHT B COOTBETCTBHH C
TEOpeMOH 00 SHEpPreTHUECKHX COOT-
HOUIEHHSIX Ha JABHXYyILIeHcs IDaHH-
e, OCHOBbLIBAIOMIEHCS Ha 3aKOHe
COXpaHeHHs; 3Ta TeOpeMa MOXKer
paccMaTpHBaThC KaK MOAH(HKa-
OHsT  TeopeMbl YMoBa. 3aMeHHM
BekTop IlofiHTHHra 06061IEeHEBIM
BEKTOPOM IiepeHoca 3Heprud Q, a mox w 6yaem mo-
HHMAaTb IJIOTHOCTb CYMMBI CBOGOAHBLIX 3Hepruit. Takoe
e 06o0lleHHe MOXHO, pa3yMeeTcs, IPHMEHHTb M
K (50).

Ilyctb Qi u Q»— HopManbHBIE COCTABJSIONIHE
BEKTODOB TEpPeHOCa 3HEePTHH, W; H Wy — 00beMHubIe
TJIOTHOCTH 3HEPTHH € ABYX CTOPOH ABHKYILEHCS IJIO-
IaJKK, HMeIOUlell HOPMAJIBHYIO CJAralollylo CKOpO-
cti u (puc. 5). B takom cayyae M3 3aKOHA coXpaHe-
HHS 3HEPTHH CJeNyer:

Q1—Qo= (w,—w;) u; (51)

HHIEKCH 1 H 2 OTHOCATCA K Pa3HBIM CTOPOHAM Trpa-
HHIIBI, HOPMaJlb K KOTOPOH HamnpasjedHa H3 o6JacTH |
K obaacTtu 2.

Ipumenss (51) k neBok cTopoHe nasa u npeHebpe-
ras MeXaHMYeCKOH KOHBEKLUHOHHOH COCTaBJSOIell
B @1, TOJHOCTbIO YPaBHOBELIHBAEMONH NpPHpPalleHHEM
MEXaHHYECKOH 3SHEPTHEeH Wyerd (KOTOpAst ToOXKe He
BBOIHTCS B PAacCMOTPEHHE), MOXKHO HATHCATD:

Wy —-

ULALLLLLLL L LLLLL L 2L,

Puc. 5.

QU=U"=—uT\=— w0 u=—(1/2) p,H 4,
(©2)
31ech Ui_’—x-ﬂ cocTaBjsomas BeKTopa YMoBa;

TJ‘;’—-Teﬂsop MEXaHMYECKOT'O HANPSIIKEHHS, HCIBITHI-
BAEMOTO TEJIOM POTOpA, MPUMBIKAIOMHM K JIEBOH T'paHH-
ue naza. Ilonaras, uto T:) onpefensiercds Makcses-
JIOBCKHM HalpsiKeHHEM:

T =(1/2)pH, (53)

noJiyuaeM TOXAECTBEHHOE y}IOBJIeTBopeHHe paBeHCTBa
(62), Tak kak W, = (1/2) p,H>.

IIpumenss (51) k npasoil rpanuue nasa, HafiieM,
41O

—Q=—UP=TPu=0 u=(1/2) pHu; (54)
( 2
T = (1/2) p,H>. (55)

Pesynbrater cornacyorest ¢ (35) u (36). Ha or-
CTapIled CTOPOHe NBHXKYIIEHCS TPAHMLBI BO3HHKAET
BEKTOp YMoBa (Ha JIeBo# CTOpOHe ma3a pHc. 4) U YHO-
CHT 3HEPTHIO, «PacCLITaHHYIO» Iepel 3TOi TpaHHUeR’
M «cobupaemylo» INDH ee HACTYIIEHHH; Ha NpaBoil
CTOpPOHe ITa3a BeKTOP YMOBa HCUe3aeT BMeECTe C OT-
CTymamouie# rpanyued, ocrabiads 3a coGol, Kak 6nl
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«pacculinas», IPOCTPAHCTBEHHO paclpejlefieHHYI0 3Hep-
THIO; H TO M JAPYroe TPOHCXOAHT B TOYHOM COOTBeT-
creun ¢ {51). .

B urore uepe3 ma3 Ha eJHHHIy €ro BBICOTHl B DO-
TOP €KECeKYHAHO BXOAHT IMOTOK MEXaHHUEeCKOH 3Hep-
THH:

U7 UM =@ — 0Py u= T —T)u  (56)

dra 3Heprus MOABOAUTCS BeKTOpoM [lo#HTHHra H3
BO3IYIUHOTO 3230pa B COOTBETCTBHH € TeopeMoii (50).
Ilns ABWrarteass pas3HocTb (56) mNOJOXKHUTENbHA; 3TO
3HAYUT, 4TO CHJa, JeHCTBylOIlasi Ha JEeBYI0 CTEHKY
nasa, Gosablue AeHCTBYOLLeH Ha TPOTHBONOJOKHYIO

f;)‘>T§;)). PasHoctb cua onpefessieT MeXaHHYe-
CKHE YCHJIHsI, TepeflaBaeMble BHYTPEHHHM C/I0AM pOTO-
pa (/1. 8].

Ha puc. 6 mpeicraBieHO NpexHee CXeMaTHYECKOE

H306pazKeHHe YaCTH JABHIKYIIErocs poTOpa, OTIHUAIO-
meecss OT NpPeAbIAYLIMX TEeM, YTO TeNepb 3aMKHyTas

NOBEPXHOCTb abckimsha npeanonaraercsi HEMOABUK-

HOfi, H, KPOMe TOrO, MPOXOAHT 4epe3 TeJo POTOpa, MO
KOTOPOMY TepefaeTcs NOTOK BeKTopa YmoBa. B sToM
ciyuae mpuMeHuMa (OPMYJTHPOBKA TeOpeMbl ¥YMOBa-—
Toiintunra (40) npu u=0 u npu obs3aTeJbHOH 3a-
MeHe BekTopa IloiiHTHHra Gosiee oGIMM BBIpaKCHHEM
BekTOpa nepenoca axeprun Q=MN+U.

B 3akmiioueHHe PacCMOTPHM OOLLyI0 KapTHHY IIO-
TOKOB HEDTHH, CXeMaTHUeCKH I0Ka3aHHYlo Ha pHC. 7,
NpeCTaB/sIONeM TaKylo Ke JHHeHHYI0 pa3BepTKy
CHHXPOHHOH MalIWHB, Kak H puc. 3, 4 u 6. IIpu sToM
BCE pAcCMATPUBAETCS € TOYKHM 3PeHHs HEMOABHKHOTO
pabmopaTeds, B TOH XKe CHCTeMe KOODAHMHAT OIIpe-
NeAI0TCST BCe BEKTOPHI; KaK yXKe TOBOPUJIOCH, ¢ TOUKH
3DeHHS CHCTEMBI KOODAHMHAT pOTOPa He CYIeCTBYET
nu Bexropa Ilofintunra (Tak Kax E=0), HA BeKTOpa
VmoBa (Tak Kak u==0). [TyHKTUDHBIE JHHHH, OTAEIS-
IolIMe OAMH OT JpPYroro IoJioca, COOTBETCTBYIOT Ta-
KHM 3Ke MYHKTHDHBIM JHHHAM Ha puc. 3. Kaxpmas u3
3THX JMHHE NpeicraBisieT co0of TpaHHILy, Yepes Ko-
TOpYI0 He MOXKeT IIPOHTH IOTOK 3JeKTPOMAarHUTHOM
SHepTHH: OHH NPOBeJieHbl KaK IeOMEeTPHUYECKOe MECTO
touex moasi, rae H=H, wu 3nauur H,=0; B 3THX
TOUKAX OTCYTCTBYET 3JEKTPHUECKOe IoJe, MPOMOpIUHO-
HaJbHOE Y-H KOMIIOHEHTe MAarHHTHOTO IIOJIs (19),
a CIeloBaTeNbHO, OTCYTCTBYeT (He CYILeCTBYeT) H
pekrop IlofiHTHHra. Bechb MOTOK 3TOro BEKTOpa HOJ-
KeH cofity B ma3. C mpaBof CTOPOHBl JIHHHH 3TOT
NOTOK MOJHUMaeTcss OKOJO JAPYroi <CTODOHBI masa.
HanpassieHne MOTOKOB NOKa3aHO Ha pHC. 3. Cxema
pHc. 7 COOTBETCTBYeT CHHXDOHHOH MallHHE, paGoraro-
wedl B pekuMe aApurartensi. I pexnma pabOTHl B Ka-
YecTBe CHHXPOHHOTO TreHepaTopa AOCTaTO4HO, COXpa-
HHB KapTHHY MAarHHTHOTO NOJs DHC. 3, H3MEHUThH Ha-
npaBieHde JBHKeHHS  (CKOPOCTb  pOTOpa  Ux==U
saMeHUTb Ha —u). Toria H3MeHUTCA 3HAK HHAYKTH-
POBAHHOTO 3JEKTPHUECKOTO IIOJf, a TaKke Hampas-
JeHHe TIOTOKOB 3HePrui.

Ha puc. 7 aunud 1, 2, 3 1 4 u306paxaioT NOTOKH
5HeprHH, NePefaBaeMoi BEKTOPOM IloliHTHHTA OT CTa-
Topa K POTOPY Uepe3 BO3AYLIHBIH 3230D; Kaxjas H3
HHX COOTBETCTBYeT OAHOH UeTBePTH llepelaBaeMOH OT
¢ratopa K pOTOpY 3HEPTHH, npHXoAsiulecss Ha mapy

[: \ b
h s N K Lc
7] W L

m .

Pxuc. 6.

nofocoB. MCTOUHHK 3TOH 3SHEPTHH — JEKTPHYECKast
ceTh, K KOTOpO# NpucoennHeHa o0MOTKa C€TaTopa, JH-
Hust | ¢ ABYMs TIPUCOEJHHHMBIIMMHCS K Heit JIHHUAMH
4 u 5, orubasi TOBEPXHOCTb IOKHOTO TIOJAIOCA S,
yetpemssiorcss BHYTpb mnasa. OHH paccedBaloT CBOIO
suepruio B nasy (rae div I<<0 n dw/0t>0 B cucteme
KOOpJAHHAT HeMOABHKHOIO Ha6awogarens); 3Ta 3Hep-
rusi cobupaercss Haberalouiefi CTEHKOH poTOpa u OT-
BoAHTCS B (DOpMe TOTOKA BEKTOpa YMOBaA. ITOT NOTOK
n3o6parked MYHKTHPHBIMH JIHHHAMH 1, 4 u 5. Jlunuun
| u 4 OTBETBASIIOTCS BHH3, K [JyOHHHBIM CJIOSM DPOTO-
pa; OHM COOTBETCTBYIOT TOMY TIOTOKY 3HEPrHH, KOTO-
pas mepefaeTcst yepe3 BaJ ABHraTess paboueMy Mexa-
HH3My. DTOT NOTOK, CNyCKasich DaAHaJbHO MO TEIYy
poTopa, mprOGpeTaeT aKCHaJbHYI0 COCTABISIOUIYIO H
BLIXOAUT B BaJ, Kak 23TO [I0Ka3aHO, HAaNpHUMED,
B [JI. 5]. :

JIMHUS TOTOKA BEKTOpa YMOBa H, HauaBIUHCh Y Ha-
Geraollleil CTeHKH Ia3a, NpPOHAsA 1o TeJqy poTopa TpH-
GJAM3NTENBHO TapajjeJbHO €ro TOBePXHOCTH, Mpephl-
BaeTcs Ha ybGerawollell cTeHKe Masa, OTKyla OHA Tpo-
fonKaercs JuHHell nmoTtoka Bektopa [lo#HTHHrA. 3rtor
MOTOK OruGaer I[OJIOC, TPOXOAs NPUOJU3UTENBHO
apajjeNbHO €ro IOBEPXHOCTH; HalpaBJeHHs BEKTO-
pop M u U Ha JuHMM 5 MPOTHBOMOJOXHDL [Ipoitas
10 BO3AYUIHOMY 3a30py, JMHHs § OINYCKAeTCs B 1123
W 3aMBIKaeTcsi HA JHHHIO TOTOKAd MeXaHHUYECKOH 3Hep-
ru, 0603HaUeHHOH Takxke DH(POH 5.

CxeMa puc. 7 BMecTe C NpPeAbIIYIIHM TEKCTOM IIO-
KasplBaer, Kak NOTOK Bekropa [loiHTHHTa, HE HMES
BO3MOXKHOCTH BOHTH B TEJIO C PU—>00, BCe XKe NepeflacT
CBOIO SHEpPTHIO NMOTOKY BEKTOpa YMOBa ITyTeM Ipouec-
ca, KOTOpHIi 3Jech TNpPEACTaBJeH KaK pacchllaine
(paccesanne) u coGupanue. Takoe npeoGpasoBaHue
SHePTHH YacTO NPOMCXOAUT B NMPHUCYTCTBHH ABHMKYULHX-
cd TeJT M KaXyllasicsl MapaJoKCanbHOCTb MHOIHX CO-
OTHOLIGHHH HCUe3aeT, eCH CYHTAThCA € CYIIeCTBOBA-
HHeM TaKoro npeobpa3oBaHHs.

Bce u3J10:KeHHOE CTPOro COOTBETCTBYET KJaccHue-
CKOH 3JeKTpoAuHaMHKe MaxcBensa; OJHAKO 3THM HE
HCYepIbIBAeTCs BONPOC 00 3/1€KTPOMEXaHHYeCKHX TIpe-
06pa3s0oBaHuAX, KOTOPHIH HYXAaeTCA B JanbHeileM
aHanuse,
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Pewenue nuneiinbix auddepenuuanbupix YPaBHEHMA NpPH ABYX(asHOM
KOPOTKOM 3aMblKaHMH CHHXPOHHON MalIMHBI

Kanp. texn. nayk JIYIIKHH B. M.
BHHH3rexTpomaws

Jluneiinsle xudPepeHnranbHBIE YPaBHEHHS CHH-
XPOHHOi MaIUMHBEI IIPH HECHMMETPHYHBIX KOPOTKHX 3a-
MBIKAHHAX (K.3.) SIBJISIOTCS yPaBHEHHSIMH C nepHoaHU-
YECKUMH KO3 PUIHEHTAMH OQHOTO H TOTO 3Ke nepuojaa,
KoTopeie B [JI. 1] ompenesneHsl Kak «HeNPHBOAHMEIE»
B TOM CMEIC/I€, UTO HeJIb3sl BBeACHHEM JIHHEHHBIX TIpe-
ob6pasoBanuii Tuma Ilapka — lFopeBa cBect mx
K YPaBHEHHSIM C NOCTOSSHHBIMH KO3b¢uUHeHTaMH. Pe-
IIEHHIO 3THX YDPaBHEHHH MOCBSIEHO 3HAYHTeJdbHOE
yucno pabor. HanGosee mpocTeiM siBasieTcs: pelieHHe,
OCHOBAHHOe Ha TNPHHIHUIIE ITOCTOSIHCTBA MOTOKOCIEIIe-
HHs [JI. 2], 1. e. 6e3 yuera akTHBHBIX CONPOTHBJIECHUH
OOMOTOK, IIPH 3TOM IOCTOSHHBIE BPEeMeHH 3aTyXaHHs
ONpPEAENOTCA B3 PH3UUECKUX coobpakenuit. B [JI. 3]
YPaBHEHHSI HECHMMETPHYHOIO K.3. CBOJAATCH K 6eCKO-
HEUHOH CHCTEMe OmepaTOPHLIX ypaBHEHHI:, pelenus
KOTOPBIX B 0O0lileM BHJIE HE TOJyYeHO.

B [/I. 4] ykasbiBaercst, uTo HexoxHble AHHeHHbie
AuddepeHInAIbHbE yDABHEHHS ¢ nepHOJAHYECKHMHU
ko3 GHuHeHTaMu ABYX]a3Horo HECHMMETPHYHOTIO K. 3.
MOXHO NPHBECTH K YPABHEHMSIM C TOCTOSTHHBIMH KO-
3ppuuHeHTaMH, NPHYEM ABAa HCXOAHBIX auddepennu-
AJIbHBIX YDaBHEHHsI OTHOCHTENbHO TOKOB 3aMCHSIOTCS
TPEMsST YpaBHEHHSAMH B 0OCAX d U ¢, COCTABJAEHHBIMH
AT IOTOKOCUCN/IEHHH, a JJis BO3MOMKHOCTH NMpPHBEJE-
HUsST HeOOXOAMMO IpeIBAPHTENbHO pPELIHTh CHCTEMY
MHTErpajbHelX ypaBHeHUH. OQHAKO mpHBeJeHHe He
OCYUIECTB/IEHO M pellleHHe B oOlleM BHIe He MOJY-
YeHo.

B-crathe paccmarpuBaeTcs anammtHueckoe pemure-
HHe HCXOAHBIX AH((depeHuHaJbHBIX ypaBHeHH{l ¢ me-
PHONHMYECKUMH KO3 HUUHeHTaMH aast AByXdasHOro
K. 3. H3 pexHMa X0JIOCTOrO XOAa OAHHOYHOH CHHXPOH-
HOHl MAIUHHBI € HHJMHAPHYECKHM DOTOPOM Ge3 JeMi-
¢eproit 06MoTKH npu w==const. ta 3amaua peliaer-
Csl TIPHBEJCHHEM HCXOJAHHIX ypaBHEHHH ¢ MNepHOIHYe-
CKUMH KO3(Q(UIHEHTaMH K YpaBHEHHSIM € TIOCTOSH-
HBIMU KO3 dunuentamu [J1. 5].

Mpunstble nonymenuss u HUCXomHbIE audrdepenun-
anbHble ypasHenus. Bce nomyuienns u o6o3naueHus
lapaMeTpop MaluuHH Te ke, yto # B [JI. 1]. Koadhdu-
LIHEHTH CaMOMHAYKIMH (a3 craropa:

La—_—Lb=Lc=ld.

Koadduunents: Bzaumuoi HHAYKIHH (a3 craTopa:
LaszbaZLaczLca='Lbc=ch=md-

Kosdduuuents Bzaummuoi HHIAYKUHH (a3 cTatopa
1 0OMOTKH BO36YXKICHHUS:

Ly = L, =M, cos (ot + %) Ly, =L,= M, cos (ot +

% —232)’ Lcr:chsz cos (wt+ro+'231)v-

Koabdbuunenr CaMOMHIYKIHH OGMOTKH poTOpa pa-
BeH Lr; To— yros mexay ocbio $asu a u npoxosbHoON
OCBIO DOTOPA B MOMEHT K. 3.

[Ipu x.3. bas a u b cnpasennusn YDaBHEHHSs:

d (b5 — $p) .. .
—#"—:r(za—tb):?rta,
(1)
dd ,
'_dt;_i—rrlr:Ur’
TaK KaK ig=—1ip, i;=0; U, — nanpskenue Ha o6MoOT-

Ke BO30yXKaeHus.
[Motokocuennenus $has u o6morkn BO36y2KIeHH:

Po = Laia + Labib + Lacic + La’i' =
= Lyiy M, cos (of 4-<,) i,;
by = Lyiy 4 Lpgi, + Ligi, - Ly, i, =

. 2n Y .
=— L, +M, cos(wt—]— T )t,;
“Pr == Lraia + Lrbib + chic + Lrir — Mdia [COS ((!)t +

-+ <,) — cos (mt -+ 1, — 231)] +L,i,

rae La=l4q—mg— npononbHas cHHXpOHHast HHIYKTHB-
HOCTb.

IoxcraBus Yo, P» u P, B (1), nocae npec6paso-
BaHuii, nonaras of-+19+n/6=r, TIOJIlyYHM HCXOJAHYIO
cHcTeMy' HdbepenIHaNbHBIX YPaBHEHUI ABYX(ha3HOro
K. 3., IDOUCXOASAIIEr0 NPH XOJNOCTOM XOJe OTKJIouel-
HOH OT CeTH MAaUIMHBI, TIPEACTABIEHHYIO B HOpMadb-
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HOHt (hopme:
Ge=AEi+al).
Wi
r P
T g 9
dig I +—5sin 21 R
dt || — 1 —p cos?z
i r — Mg - M
d{;t’ -L—a-V -L—rdcos':-]—l/3m—[fsin-n
-
] —p cos?t
r, V3 My _ My
L_:TECOST+V3QESIHT ig
= l'—pcos®t
reo po
Trr'—{——‘z—sm 21 —I_
T T i —pcosia i
Vg Ma U,
'—Q—G—LTCOS'\:
- l —mcos?t
+ . .
L
| —pcos?s
. 3amz o
e v=of+ 1, p:midr———npoaonbﬂbm K03¢-

¢unrent ¢Ba3u. Kosdh@HuHeHTs NpH TOKaX siBJIAIOTCA
onpefenentbiMu B ciaydae O<<p<<l. B nanHoit 3anaue
O<p<l.

Auanusupyst cucreMy (2) H BOCMOJB30BABHUIHCH
teopemamu [JI. 6], MOXKHO MNOJYUHTb Psifl IOJE3HBIX
pe3yJbTaTOB.

[TockonbKy HCXOAHAsE CHCTEMa JHHeHHBIX Audde-
peHUHAJIbHBIX ypaBHeHHH (2) dABAsSETCS CUCTEMOH
C MepHOANYECKUMH K03 (PUUHEHTAMH OAHOTO H TOTO XKe
nepuofia 2, ONpeAeJSeHHBIMH H HENPEePhIBHBIMH /s
BCex BelleCTBEHHBLIX { ¥ [, YAOBJETBOPAIOLLEIO YCJIO-
BHi0 0<<p<<C1, To cucrema (2) —mnpusonnmas. OHa
MoXeT GBITb NpHBeleHa K CHCTeMe JHHeHHbIX Audde-
PEHUHANbHBIX ypaBHEHHil C TOCTOSHHBIMH KO3(hdHLH-
eHTaMH.

B cayuae, Koraa nepHojHUYecKHE KOIDPULHEHTHI
A(t) MOXHO IPEACTaBHUTb B BHJE a0COJIOTHO CXOAS-
WHXCsT PAJAOB O HEKOTOPOMY IapaMerpy b, 4To uUMeeT

MecTo B Haluelf 3ajade npu 0<<b=——F— <1
gane npr 0<b= =<

(umn 0<<p<<1), peltieHust cHcTeMbl (2) ig M iy, TPH-
nuMatonine npu {=0 3HaueHus i, (0) u i-(0), ne 3a-
BUCAIIHE OT b, MOTYT OBITb NpeACTaBJCHBI DPSI1aMH,
PacmosIOKEeHHBIMU TIO LeJbIM ITIOJOXKHUTEJIbHBIM CTeTe-
HIM b H aBCcoMOTHO CXOASILHMHUCS TIPH BCAKOM [ H
Hal0XKEeHHOM OrpaHuueHud. B paccmartpHBaeMoM cJay-
yae, KOTAA K.3. TIPOUCXOAHT HU3 PeXKHMa XO0JOCTOrOo
xona, iz (0)=0, iy(0)=U;/r;, n TH HauyajbHble 3Ha-
4YeHHsI TOKOB HE 3aBHCSAT OT b.

Ecnu X.3. NPOMCXOAMT M3 peXUMa Harpyskd, Ha-
yanpHble 3HaUeHHs] TOKOB ig{0) H i;(0) 3aBHUCAT HESIBHO
OT b, MOCKOJBKY 3.A.C., KOTOpasi OTpeJenserT TOKH
Harpy3ku $as B MOMEHT Hg;lazna K. 3., Eqo=0Mg4ir(0),
. B _ d . .
b= vy T 0= P,
a Egp=/[(b). Onnako HeoOXOZUMBIM YCJIOBHEM JOKA-
3aTenbcTBAa aBCOJIIOTHOH CXOAMMOCTH DPSIAOB /1A HC-
KOMBIX (DYHKILHHA sBJISETCS OrpaHHUCHHOCTb HadaJb-
HBbIX 3HAYEHUH TOKOB, UTO BCETJa MMeeT MeCTO B Ha-
el 3ajade,.H, ceI0BaTeJLHO, TeOpeMa clpaBelinsa
1 B o6HIeM cAydYae Hallefl 3alauH.

JloKa3aTeéabCTBO CXOJUMOCTH PAAOB UIsi UCKOMBIX
pellleHnii MOMKHO NPOBECTH, HCMOJb3Ysl MeTold Xuiuia
[/1. 7], ocHoBaHHBIH Ha AOKA3aTeJbCTBE CXOAMMOCTH
6eCcKOHEYHOro onpefenuTens AJf aMIIUTYA B Caydac,
KOrjla pellieHHsi HILYyTCA B BHAE TPHIOHOMETPHUECKHX
PALOB ¢ HEH3BECTHHIMH aMIIHTyAamu. HeoGxoauMbIM
M JOCTAaTOYHBIM YCJOBHEM 3TOrO J0Ka3aTelbCTBA SB-
AsieTcs aBGCOMIOTHASL CXOAMMOCTb Pa3JoxeHui KoapdH-
[IMEHTOB MCXOAHOH cHcTeMBl (2) B TPHUTOHOMeTpHHE-
CKHe psijibl, UTO BCETJa HMeeT MECTO B HalleM ciayuae
npu 0<<b<Cl.

JluHeitHO# nojcTaHoBKoM i=V (¢)y nwan y=V~' (1),
o6nafaoileil CBONCTBAMH: 3JeMEHTH MaTpuilbl V(f)
eCTb HelpepbiBHbIE M OrpaHHuYeHHble (QYHKUHH f, HX
nepeble TPOH3BOAHBIE €CTh (QYHKIHH TOro Xe Xapax-
Tepa, a BeauWyuHa, obpatHas V(f), T. e. V-1(t) —
orpaHnuenHas (yHKUUsi {, cHcTeMy (2) MOXHO Mpe-
o6pasoBaTh B CHCTEMy YDaBHEHHH C TOCTOSHHBIMH
ko3 duunentamu. [Ipu 5TOM Kak KOIHHULUMEHTH TPHU-
BeJleHHs, TaK M TOCTOsAHHBIE KOI(D(PHUIHMEHTH MpHBE-
JEHHOI cHCTeMBl GYAYT ABIAATHCA CXOAAIIMMHCH psla- -
MM, PAaCHOJIOXKEHHBIMH I10 [EJNbIM OJOXKHTEIbHbIM
crenenaM b npu 0<<b<<1. Psabl, KOTOPLIMH NPEACTAB-
JISIOTCS TIOCTOSIHHBIE KO {ULHEHTHI NPUBEAEHHON CH-
cTeMBl, OyAyT OnpelenaTbCs MOCPEACTBOM HEKOTOPDIX
KpaTtublX uaTerpajtos [J1. 6].

XapaKTepHCTHYHbIE UHCJA CHCTEMbI (2) TOXAECT-
BeHHbl XapaKTePHCTHYHBIM YHCJIaM TPHBEJICHHOH CH-
CTeMbl ¢ TIOCTOSIHHLIMH Ko3(ppHUHeHTaMH, THe 0]
XapaKTePHCTUUHBIMA YHCJAaMH TPHUBEAEHHOH CHCTEMBI
C TOCTOSHHBIMH KO3(){HIHeHTaMH MOHHUMAIOTCA Be-
IieCTBEHHbIe YaCTH KOpDHeH XapaxTepHCTHYECKOro
ypaBHeHUs CHCTeMbl € NOCTOSHHBIMH ko3 dunrerTa-
MH, B3fiTbie C NpPOTHBOTONOXKHBIM 3HakoM. Ilonaras
NJis  wallefi TNPHBeZEHHOH CHCTEMBl BEUIECTBEHHBIC
yacTH KOpHedl XapaKTepUCTHYECKOTo YPaBHEHHS paB-
HolMH @ U ag, 3anumem [JI. 6]:

Zas:_él?:{;lq(t)s.sdt’ s=1, 2,

s

rie A (1) gs — BELIECTBEHHBIE KO3 HUHEHTDI HCXOXHO#
cucreMbl (2), crosiliMe B AHAroHasd MaTpHIBI K03(]-
$bHULHEeHTOB, T. €.

on r JSRO]

a+a ____L U-}Tsm%r. _
! 2 2= T T 1—mcos?t
0
® .
r
T T T—pcostt A LgV 1T —p L,Vl—p. :
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1o 06CTO$IT€JIbCTBO BeCbMa CylIeCcTBEHHO npu
npoBepke NPAaBUJIBHOCTH HAXOXKACHHUS KaK KOpHeﬁ Xa-

PaKTEPHCTHUYECKOTO YpaBHeHUsa TIPHBEAEHHOH 'CHCTEMBI,

TdK H CaMHX MOCTOSHHLIX KO3(D(hULHEHTOB npHBEJEH-
HOH CHCTeMbI, NPEACTABJCHHEIX B BHje CXOASAILUXCST
psaaoB 1o b.

B coorserctsnu ¢ [JI. 8] ycraHoBHBIIeeCs pelrenne
cHcremel (2) aBasercs NIEPHOAMYECKHM, TIOCKOJIBKY
TpaBasi 4acTb STOH CHCTEMbl COMEPIKUT TOCTOSHHEIE
COCTaBJSIOLIHE, @ MePeMeHHbie COCTABJSIONIHE ee SB-
JATCA NePHOAHYECKOH (dyHKLHed ¢ TIePHOAOM H3Me-
HEHUsT KO3 HIHEHTOR CHCTEMBI (2), paBuBIM 27.

Boipaxkenus nas tokos ABYyX(hasHOTo K.3. ogunou-
HOl CHHXPOHHOH Mammubl. Hcxomnas cuctemMa  (2)
B cooTBeTcTBHH ¢ [JI. 5] moxcTaHoBKOK

i:V(-:, —‘i—)y 3)

NPUBOJUTCA K CHCTEME C MMOCTOSHHBIMU Ko3(puunenra-
MH:

d 1
@ =W () +16), (4)
%) — HeocoGeHHas MaTpHia NpUBEJEHHS Tie-
1 1
T) :V (2‘5, . ?):E.
Fo) =

I
?)a(-s); a (v} —cTon6l0Basi MaTpuila CBO-

rie V(-:,
pHOA 2w, npuuem V(O,

w (F)—Mafpnua, He
—_—V_l(-:’

3aBucsilass ot  «;

GOMHLIX UJEHOB CHCTeMbl 2).

Marpung V(-c, ?l) " W(Lm) ONPEeJIeJIIOTCA 110
BEIPAXKEHUAM:

v (1, .(‘;> =E +g (%)kvk ®);

W)= B we

B cBoio ouepenp matpuunt Vi(tr) u W, onpeme-
JSIOTCH  CAEAYIOUHUMH  PEeKYPPEHTHBIMH  COOTHOIIe-
HHSIMH: :

)

2n l', T
W=z (A V.O=[ (a0 —W)ds
1] 0

2n
Wi, :% S‘ [A (D Vo, () — Vn+1 (D)W, —

0 ()
—_'Vn('c) Wl—' . '_Vl (T') Wn] dt;
Vn+1 (T') = S‘ [A (1) Vn (":) - Vn (1) Wo -
0
Vi W, — ... =V, (%) Wy —W,]dr,

rie A(t) — maTpuua

KO3 HIUHERTOB npH
B cHcTeMe (2).

TOKax

Ilpu onpegenennu usnenos Vi (x) u W, psagos mart-

1
pun V('c, T) H W(—m—) no (6) mosyuamorcs HHTer-
Panabl oT (QyHKUHH, KOTOPHIX HeT B OGIIEH3BECTHBIX
cnpasounukax. IlostoMy uesmecoo6pa3Ho  seMeHTHI
MaTpuusl A(T) pasloXHTL B psigbl Dypne, To ke

Iesecoo6pasHo mpojenaTb €O CBOGOAHBIMH WIEHAMH
CHCTeMBI (2):

r
A(T)llz—m(l+2bcos21—l—

+2bzsin61+...)——ﬂ%_w(sin2c+

+bsin4c—{—b2sin61—{—- .5

rr VB—IMd b 3
LIV T 1 VT (cost b cos 314

9 V3_(0Md T
—+b*cos St 4. . ')+Ld(l T (sint—

—bsin 3t 4 b*sin5c4-. . .);

LiL.VT—u(+Vizy) (cos=+-b cos 3r-
2V3 oM,y

~+ b’ cosbe--.. ) RN A= (sint -

~-bsin3t4-6’sindc}-. . .);

r
T _— 21
A=y (14 2cos 26

? — e (sin2:
+ 2b°cos 4t -...) R gpmy (sin 2t 4
+-bsindc 4 b*sin6:4-. . .);

V3amuu, 1 bcos 3t
Lyl VI=u (1 +Vi—g) (cos=+- +

+-b*cos5i 4. ..);
a(e),= 2 (14 26 cos 2¢ - 2 cos 4x . . );

e . _1=Vi—e
04+ Vi—=pr 1+ VT

A(")lz’:

A (1)21 =

a(T)l:_

M3 abcomotroit cxomumoctu psiga b4 b6 b°...—

=i_b'5 npu 0<<b <1 cnegyer aGconoTHAsi U paBHO-

MepHas cXoAuMocTh psfoB Pypbe KoaddumueHToB A(3).
[TosToMy BO3MOXKHO MNMOYJIEHHOE HHTEI'DHPOBAHHE PSJOB,
npeicTaBisomux A (z), NpuueM CyMMa HHTeI‘paJI(l)BB or
uJIeHOB psila paBHa HHTerpaJsJy OT CyMMhl psxa. B pe-
3yJbTaTe BBIUMCJIEHHH MOCPeJCTBOM KDAaTHHIX HHTerpa-

JgoB no (6) u (5) mns V(':, %) MOJIy4aloTCsl TPUIOHO-

MeTpHYEeCKHe psifpl, KO3(h(dHIHEHTE KOTODHIX NpexNCTaB-
JAIOT CTeNneHHbie psifpl Mo b, T. €. V('c, —J)::V(r, b),

1
— TC CTeNeHHble pAABl MQ
a and W<,w) noJyYalTcs p
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b, W —‘ln— =W (b)), 1 311 pafbl GYAYT CXOASAUMMHCA TPH
yenosun 0 <0< 1.
Pemenye cucteMbl (4) umeer Bug [JI. 9]:

y=¢e"" (yo + f eV (s) ds) . )
0

Torpa B cooTBeTcTBHM ¢ (3) pellleHHe AJsA HCKO-
MBEIX TOKOB IIOJIYUHUM B BHIE

i=V(s, b {em [yo -+ ‘f e VF (s) ds]} .

0

@)

npuyeM HadaJ/JibHbie 3HAYEHHA Yo onpenendarTca COOT-
HOLIEeHHEM

io-—_—V(O, b):Eyo’ T. €. .’/1020! yzo:irozli_r-

r

Mpumep. B KkauecTBe H/MIOCTPANMH NpeJJiaraeMoro MeToaa
HaiiieM aHaJHTHYECKOe pellleHHe AJs TOKOB JAByx(dasHoro k. 3.,
BOSHHKILErO IPH PEXHME XOJNOCTOr0 XOAa OAHHOUHOA CHHXPOHHOH
MalHHb Ge3 meMiepHoil o6MOTkE 1 p=20,2.

Bce MaTeMaTHUeCKHe BHIKJIAAKH H BBeJleHHble YIPOIIEHHsS Aa-
HH B TMPWJOXKEHHH. B pe3ysbrare NMpHBeAeHHs CucTeMul (2) mo-
CpeiCTBOM IOACTaHOBKH [==V (T, b)y noayuaercs cjefymooulas CH-
cTeMa ZH((epeHIHaLHHX YPaBHEHHH € MOCTOAHHBIMH KO3((H-
IHEHTaMHU.

dy
=W y+f(),

WM B pa3BepHYTOM BuJE:

dy,
at |_
dy,
dt
R A
LdVl—p. LVi—qu -
r r, My
af — —d
_ ( LdVl—p.+L,V1—H)3B2Ld %
(=)o
LdVl—p, Ler—p L,
ey 1A
L,Vl—p. Ldyl—-p.
My
Y2
3MdUr

2LdL,V1—:; (i V'l_-——;) (M — Ncost-} P cos 2t)

r

L,Vl—p.

(M' — N’ cos-- P’ cos2r)

()

pemenye KoTopodt nasectHo [JI. 9].

[MocpeacTBoM NOACTaHOBKH {=V (T, b)y WIH B Pa3BepPHYTOM

BUJe (CM. IPHJIOXKEHHE):
ia
i

C — Dcost.-+T cos 2:—

M
—(F —Kcost+4 L cos 2q) 27‘1—(1—_‘_—-———;-1—_—_?) "
B 3My ” v “ (o

(F — K cos t+ L cos 21) m—»

—+C —Dcost-} T cos2t

MOJYYHM BBHIPAXKEHHS JAJA HCKOMHX TOKOB aByxdasnoro K. 3.,
OMECHBaeMHX CHCTEMOH (2):

V3 E
ig=— X 0+ VOTO—-_@) {Rgo+Ra cos 4Ry, cos 2t)—
_ V3 o, X
X (0 +VT=n) (1 —p+VT=y)
R S
‘ LVi—qu
X (RD 4 R icos s + R cos 25) e r * +
V3 Ee
_—2)(_,1‘0_;1—&_0—;%— (R + R cos t-RY) cos 27) X
.,
L, VT= :
e ¢80 : { o
i 14+ 6
iy=1irRrot+ l—f‘:_p—‘/('l——_:l__'—p‘_) (R,ycost 4 Ry, cos 21) +

irop? (1 + D)
T +‘}’1~\u) i View }
1+V1i—p
X("u(l )

r

R 4+ R cost+ R!D cos21) X

r
-t
LVIi—w (L4 b)cosa,

Xe —
I—u

X

X (R@ 4+ R cost+ R cos2g) e d Vi—e

' J

BoipaXeHHst AJsf NapaMeTpoB, BXORAMKX B (9)—(11), mpu-
Be/ieHHl B NMPHJIOXKEHUH,

OGcyXenue pe3yabTaToB. BoipakeHHs (11) pas
TOKOB BHe3anHOro JABYX(asHOTO K.3. CHHXDOHHOH Ma-
[MIMHBL SIBJASIIOTCST aBCOJIOTHO CXOASIIUMHUCA DPALAMU
no b mpu 0<b<<l. C uenblo yMeHbIUEHHH obbema
MaTeMaTHUeCKHX BBIKMAJOK penleHHe MOJNYyueHo A0
2-i TapMOHHKH BKJIOUHTENBHO U CIPaBEMTHBO A
n<0,2. Tpu >ToM Ans onpeje/eHHs MaTPHUBI TIPH-
penenust V (v, b) ¥ MarpHiuB K03(PHIHEHTOB NpHBE-
neqHoft cucreMbr W (b) HOCTATOYHO UYETHIpEX WICHOB
paza (5), onpesenaeMbix no QopmyJe (6).

[ToCKOJbKY MOKa3aHa CXOLMMOCTb DANOB A KO-
spdunueaTo marpun V(t, b) H W(b) npu Bcex
0<b<<l (0<<p<<l), TO mpemnaraeMbiM METOJOM
NOJYYHTb pellieHHe A/ TOKOB ABYX(ha3HOTO K.3. H M
peadbHbX 3HaueHnii p=0,7--08 (6=10,29--0,38)
CHHXDOHHOI MalIMHBL. B 3ToM caydae AJs obecneue-
HHs cxoauMocTH panoB V (v, b) u W(b) morpebyercs
He Gonee 14-—20 uNeHOB PANOB, TIOCKOJDBKY B 3TOM

1420 rr r

—— ——— M I -
ciay4dae b £ L, < » ,a ToCJAe AHHMHA bl HpEeHE
6peraeM B OKOHUAaTeJbHBLIX BBHIpaXKeHHAX A V (17, b)

llJIﬂ MOII[HbIX CHHXPOHHBIX MallHH B OKOHYATe/]b-
HBIX BhIpaxeHusix A V (v, b) MOXKHO npeHe6Gpeub
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COCTaBJIAKIIHMH TPHTOHOMETPHYECKOTO pana, B KOS(b-
(bI’IIlI’IeHTaX KOTOpOro HMEIOTCSI COMHOXKHUTEJH BUAA

r ry : )
ol; M oL (cM. npunoxenue). B atom cayuae oJy

UCHHOE peUIeHHe C TOYHOCTBIO J0 2-H TapMOHHKH
BKJIOYHTEJBHO npH p<C0,2 poMKHO cOBmagaTh ¢ pe-
wennem [JI. 2], ocHOBaHHOM Ha mpuMeHeHuu TeopeMbl
O TOCTOSHCTBE MOTOKOCUENJIEHHH IJsi KOHTYPOB CTa-
TOpa W pOTOPA, y KOTOPHIX aKTHBHBIE CONPOTHBJIEHHS
PaBHBl HYJIO, 4TO H HMeeT MECTO Ha caMoM JeJie.
JleKpeMeHTEl 3aTyxaHHsi TOKOB BHE3aIHOrO AByx(a3z-
HOTO K.3. ompejesieHbl HaMH KakK KODHH XapaKTepH-
CTHYECKOTrO ypaBHEHHs1 NPHUBEAEHHOH CHCTEMBI € IIO-
CTOSHHBIMH KO3()(dHUHEHTAMH, a He U3 (H3HYECKHX
coobpaxkenuit, kak B [JI. 2]. HMeiomee MecTo He-
GoJbloe pacXokAeHHe (MaKCHMAJbHO 10 8%) B ompe-
ACJICHHH COCTABJAIOUINX TOKOB K.3. o (11) o6ycmaos-
JCHO C/EAYIOUIHMH OOGCTOATeNbCTBAMU: pPsifbl Pypbe
Anst A(T) OrpaHHueHBl UNEHAMH C COMHOMHTEJSIMH
A0 b BKIIOYMTENBbHO, OTOPOLIEHBI T'APMOHHKH BbILle
2-d NpH ompejfeseHHH DPAAOB AJS V(z, b), B3sT0 KO-
HEUHOE YHCJI0 uieHOB psiga Anst V(t, b), yureHa ToJb-
KO TOrpelHoCTy npu pacyerax. Ilis Apyrux 3Haue-
HHH Tp MOMEHTa Hayana K.3. pacueT gaer TaKyI0 XKe
NOrPEeLUIHOCTD.,

Ppunoxenne. Mpu onpenesennu unenos paaoB mas V (1, b)

r 2 2
H W (b) Gynem npeseGperaTh caraeMbiMH Buia (@) , (mr_lf—)
-

rr,
H W) NOCKO.IbKY N1 MOILHBIX CHHXPDOHHBIX MAlUMH OHH

r r,
3HAUYHTEYIBHO MeHblle 1 —— H T
v € YeHOB BuAa oLy " oL, - Tak, ucnoabays

r
npuMep Ha ctp. 101 [JI. 1], umeem: erd =5,45-10-3; er, =
r 2
r 2 ((DLd)
=5,6-10-4; (—) =2,96.10-5; ———t =5.3.10~2. Sya-
(!)Ld - ’

2
oL,
re, ry \?
eHHST ————— Oro MeHblie.
k olgel, " |er| ® TOro Men

UacTe Ko3(pduuuenToB TPHIOHOMET DHYECKHX DSAOB B OKOH-
HaTeJILHbIX BbIDAMEHUAX V1A MaTpuubl npusefiesns V (1, b) =E +

oo
+ Yo (&) i o
), k(1) (5| comepxaT B Buge commoMHTesell ol M
k=1

Tr
E’ KOTOpblMH JJI1 MOILHBIX CHHXPOHHBIX MAaHIUH MOXHO HpeHeG-
r

peus.

TTockoNbKY NOKa3aHa CXOAMMOCTL PALOB AJs MATPHIE [PH-
sefernn V (1, b) u matpuum W(b) mpu 0<<b<<1, a B MaTpHue
V(t, b) Mbl npene6peradn CoOCTABJSIOIIEMH TPHTOHOMETPHYECKHX
r r,
S H
de wL,
$a3HOro HeCHMMETPHUHOrO K. 3. JOJIKHO COBMNAAATD C pelleHHeM,
OCHOBAHHOM HA NPHHIHIE MOCTOSHCTBA MOTOKocuemleHHs [JI. 2]
A4 mo6Hx 0<u<Cl. JlekpeMeHTH 3aTyXaHHs OAHO3HAYHO onpe-
ACITIOTCS  KOPHSIMH  XaPAKTePHCTHYECKOr0 YPABHEHHS CHCTEME
(9), a He u3 dH3HYECKHX COOOPAXKEHHH, KAK B [J1. 2].

Beugy Toro, uto GHICTpOTa CXOAUMOCTH DSNOB B MATpHLAX
V(t, b) u W(b) yBenHuuBaeTcs ¢ yMeHbllleHHEM b(p), 1o cuensio
yMeHbilleHus: O0beMa MaTeMaTHYECKHX BHIKAAAOK pelleHHe A.s

paRoOB € TO HCKOMOe€ pellleHHe AJIf TOKOB ABYyX-

TOKOB jByxasHoro K. 3, Haliiem aas p<<0,2 ¢ TOYHOCTBIO N0
2- TrapMOHHKH BKJIOYHTENBHO. B pe3y/bTaTe BLIUHCIEHH) 1O-
JYYHM:

Tr
—.—__A.
Ler"—l& ’

L
|2 (b)xz = 2_[‘:1 W (b)zx -

i r
W(b)":_m(l + A+

r r, 3Md
= — — B.
( LdVl—H+LrV1-M)2Ld '

r, r )
V 0= =y () e
SMaUp :
fi (t)=2LdLr VT:TL ( +VT:L) (M — Ncost+ Pcos 21);
U
f2('r)=1—V-l%t1—(/W’——N’COS'C+P’ COS2‘C);

rae
b b
A=4p [(1 + 7) cos? gy — - cos? 2t [;

21p?

2
V3i(Q+VT—p) [c‘m"( + 2
b? 7 b 7b
— 8b* cos® t,— 7 cos 4-:,,) -+ bcos 3*:,,(—&--— -2—+ 5 cos 21:0)];

9 29
C=1+42b [1+b(1+°°721°—~ COSQ o )+

2b cos 1, cos 31, __ bcosdr, .
+ 3 4 E]
b%cos3

D =4b cos 5, (1 + b) ——o;

Tzﬁ(l 4 _lill)_i_b"’ cos 31,

2 9 3
2 b cos 3,

7b
F —.:T{cos Ty (1 +T—bc05210)—|—T——

V
1 cos 2t, cos 3 cos 3
— b2 [ — +cos 2-:0) COS Ty — TZ T 6%]};

76 bcos 2z
[1+T+ S

+ b2 (71-+cos 2-:,,)];

2

2 3 bcos3
L =—b(—c05-co-— *—CZ—T“)

et i

, V3 uK \
M =< TV TP e

[Monyyennas B pesyabraTe NPUBELEHHsS CHCTeMa C [OCTOSH-
HbIMH KOG (HLINEHTaMH AaHa BhIpaXceHHeM (9).
Halizem pelnenne nmpusefenHoii cucteMbl (9) € NOCTOSHHBIMH
ko3pduuuenramu ([J1. 9]:
¢

2
G (p; R —p.s
y=22\7(~(’;—?)ep‘t yo+j'e Pif f(s)ds

9]

Hauasbipie snavenus

. . Ur
Y10=103(0)=0, g =iy = PR
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Onpe/ieuTeNb XapaKTepHCTHIECKOH MaTpullbt Pemegne ans y (£):
: My
sp=| ° —;7(1‘)‘)’)“ —WW(’&*; H= n 0 (0 n LT TR
- 21 pP— 22 ¢ aM
Yy, (£) LdB 144
2 _ r r{’ : )+ r
=p p( LdVl—-p. L,Vl--p, . r, _, ‘ r,
L View 0 LVieg*®
g T T
LdVl-—p. L,—Vl —p ro 5
r rrA
et ] % 3M4U, P essan
LdVl.—p. . Ler——-p. 2LdL,V1_:p(1+V—_—1—— )(M Ncoss 4P cos 2s')
X w ds|+
ra —Ir (1.+ A) ————(—j’z— (M'—N' coss’--P’cos2s"}
X Vi LVi—p 1 LVi—u /
Cymma KopHeil XapaKTepUCTHIECKOro ypaBHeHuA A(p)=0 no 144 3_22_‘1. B
r re +
—_ — e . Hﬂﬂ
teopeme BreTa p; -+ p. LdVl-—-p. Ler-‘P‘ —BMdB 2
paccMaTPHBAEMOTO Chyuad = 0,2, 1, =0, A(l+4+A) =3B . r .
y r X t ————s
Torga p1pP2 LL—m)’ J 2 LdVl—-p. ) De X e 2V T—w “ iO “—{—gleLd I —p X
ro
—— TlprcoeHeHHbe MATPHIH XapaKTepHCTHHE-
LVi—u

¢Koli MaTpHLIBL:

.-A( r _ ' Tr )_)
AN\ V= L VI—g
Tr r, 3My
G(p) = ( LdVl—p. L,Vl—p. 2Ly )
r _ rr )3MdB—-> ’
(LdVl——p. L,Vl—p. L,
1 A( - L )
U+ AT yVvise  LVIi—»
L
—1+A)( L )_>
(. LdVl—p. L,Vl-—p.
r) re 3IMy
(- -+ L )——B
G (py) = ( Vi & L VIi—u 2
r r, )31’Vde
—_— — — B>
(LdVl—p. L,Vi—=u ) L
_.A( LA ’_’___)
Vi—p L Vi—u

ﬂpous BOjHbIE XapPaKTepHCTHYE CKOro orpeneuT ey

r r,
Y (p) = 2p; — | — LS A,
A (py)=2p; ( LVi—s L,Vl——p)
& (py) =~y ="
=" VTi—s L Vi—p'
A’( )_— r _ ry
PI=TT VT —n LiV1—p '
Torza
3My 3My
— —_——t A 57— B
6y _|| —4 T o | 1T
A" (py) 3My P A (p) 3My
I, B 1+ A4 —IT,;B —A

3MaU,
oL L, Vi (14 Vi)
U,

(M—Ncoss’ + P cos 2s')
X ’ i dsls

(M?—N"' coss’+ P'cos 2s)

LVi—pu

T
rae s’ =0s- 1°+—6—.

Tlocae B3sTHs WHTErpajoB BCEMH C/araeMbiMH BHAA
N —7———' (t + —)tosi (t—}— ")
® — |t wsin{w —_
Vs cos + 1 3 | | T+ g
r 2
0)2 [l —_— }
L +(\de Vl*u)

TaK KaK HX OTHOUIeHHE K CJaraemMbliM Bala

MOXHO npeHeGpetn,
MLV T=y)
r

ans Momubix Mamun N, N/, P ® P’ BBIUHCIATH HET HeO6X0AUMO-
cTh. B pesyabraTe MOJNYYHM ANA y(t):

o 3MaU,
A T (T 74 g
wly— rlg[(1+AM+MB(1+VI=0)
/L, [MA+MB(1+V1i=p)

3HAUUTENIbBHO MeHblle eIWHAIbI. Takum 06p330M,

MA4+ M'B(L+VT—=0)1X

|+

3MaU,
+ oLy, (1 +V1—=0) X

r

I . ¢
3 [ — LrVI_——-— 3‘MdUr
X [MA4 (M B 4+VT=)] e » X
r
x{1~ LM A) LM\ TV
rLe (L +V T—p) rbe
U, , 3u.MB
wiy =7 | M (1+A>+1+V——1_Hj

Il—— rLg3unMB
KL (1 A) (- VT—w) +3:BM]

}+
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U, ) BMB
7 [y o - [

e L Vi—yu ._r_rrAx
R S
O T B
Xll rL, (1+V1—p«)A+‘

Hckomble TokH i, H i, Haxofarcs u3 noacranosku (10).
3HaueHHd BXOAAUIMX B BblpaxeHHus (11) mapamerpos:

MaU U
=Mo ._—r—=iro; -Xd=de; Xr:(.l)Lr,

E
00 [ ',

Toe Op— 3HAaUeHHE Yrja MeXAY OChl0 Pe3yJbTHPYIOLIEro MHOJs
CTaTopa NpH K. 3. U NPOAOJBHOH OCBIO POTOPA B HAYAJbHHA MO-

k1
MeHT K. 3. B ganHOM cayuae a, = g TOCKOJIbKY NPHHATO 14=0.

vy %3
Ry = MIC_Q_M,IF; Ry ="9 MK — M,D;

V3
Ryy = M,T — 9 ML

Ry =(cm+ 2 pan,) LtV Iz
R;I)=(DM2+1/2—3KM'2> I—Hi‘Vl""‘H o
2= (1 2 ) A=V S
V3Fm V1=
(@ _ _ 2 » il
Ro '—[DM-‘J 2(1+V::.)] cosa, '
V3km Vi,
(@) __ _ 3 Ll
Ry’ = [DMJ" 2(1—|—Vi?p) ] cosa, '
VILm 2V i
@ _ . 3 [l
RaZ = [TM3 2(1+V1—'_E;) ] cosa, °’
2V§.p.
Ry=CM, ——2%__ppy,.
(1+VT=py
R 2V3KM, . DM, (1 +V T—p) .
T A+ VI=a (1 +b) p (14b) ;
R 2V3 LM, ™ML (L +VITE)
r Q+VI=p) 1+ p (14 b) ’
R(,)=_2V3—PM2V1—p. CM' (1 —p+VIizy)
r0 1+VT—a W '

o 2VIKMVT=g DM, VI—p(+VT — )2

R’ = w (1 4 b) p2 (T4 b) :
RO VI LMV T TM, VT =g (1 4V —p)? .

r (14 b)p e (1+0)
RE@ _ cCM,VTi—p 2VIFMY T —% 1
Pl e T A VT =) (1 b | cosw
R 2V3KM, VT4 M, V1—y. 1
T La+Vi=aa+e T (+be | cose
R@ _ ™,V Ii—q SVILMVI—5n ] 1 )
L rED T A VT—p) (I +b) |cosa,’

. L BeMB 7

M,_[M (1 +4) +(1+V——"1—u]’

M= ? [MA4+MB( +VT—w);

V3 p—
Mo= == [MA+ (M, — 1) B+ VT —q)];

M= [ 4y (1 — ) —

V3
M3=—2—B; M= A. :
Oas p=02, 19=0 3Havenus KO3()PHUHEHTOB, BXOAAILHX
B (9)—(11) caenyiomue:

A=0,169; B=0,57; C=1,13; D=0,203; T=0,096; F=1,07;
K=1,29; L=0,083;, M=—1,0;, M’'=1,057; M,=0,808:
M'1=1,055; My=—0,128; M’3=0,156; M3=0,49; M'3=0,169;

1
AV (s, b)

3uMB ].
1+V1—p]’

ko =

1
TV V@ Bn—V (@ BV & by 07
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Cxembl 3aMelleHHS] CHHXPOHHbIX MAalUMH C MNPOLOJbHO-NONEpPeyHOH
HeCHMMeTpHed HHJIYKTOpa

Nokrop Texn. Hayk KYILEBAJIOB B. M., kaug. Texn. nayk LAJIC H. H.

Puza

CxeMbl 3aMellleHHs] MIHPOKO HCIOJNb3YIOTCA MPH HC-
C1elOBAHHM M pacyerax 3JeKTPHYecKHX MaluH. IIpu-
MEHHTE/IbHO K aCMHXPOHHBIM MalllHHAM H TpaHcdopMma-
T0paM CXeMbl 3aMellleHHsl [AOCTATOYHO XOPOIIO H3Yy-
yennl. M3BecTeH psix cXeM 3aMellleHHsi CHHXPOHHDBIX
MamMH. Opfpako OGOJNBIIMHCTBO H3 IIPEeAJIOXKEHHBIX
cXeM 3aMellleHHsl CJIOXKHBI, He OTPaXaloT (H3HUYECKYIO
CYyUIHOCTb $IBJIEHHH H HMX COCTaBJieHHE NPeACTaBaseT
coboil caoxuylo 3afauy [JI. 1]. MmeroTcsa u npocTbie
CXeMbl 3aMellleHHs], HO OHH CIpPaBeAJIHBBI JIHIIb HPH
CyLIECTBEHHBIX JONYLIeHHAX, KOTOpble He BCeTJa BO3-
moxubl [JI. 2].

HauGosee 061e#i U3 H3BECTHHIX CXeM 3aMelleHHd
CHHXDOHHBIX MallIUH fIBJAsSeTCA Pa3BepHyTas cXeMa 3a-
MellleHUs GECKOHTAKTHOH CHHXPOHHOH MAalIMHBI C KOT-
Te0Gpa3HbBIMK TIOJIIOCAMH H BHEUIHAM MaruuTONPOBO-
gom [JI. 3]. OnHako TpHeMBbl, UCIOJNb30BAHHLIE IPH
ee COCTaBJIEHHH, HEIIPUMEHUMBI B CHHXPOHHBIX MallH-
Hax APYrHX THMOB (aKCHAJbHBIX HHAYKTOPHBIX MallH-
HAX, CHHXDOHHBIX MAaUIHHaX ¢ HeMarHHTHBIMH IpoMe-
KYTKaMH 10 TIPOJOJBHOH H TONEPEYHOH  OCsAM
HHAYKTOPA H T. 11)

B Hacrosillleli cTaTbe PacCMOTPeH OOLIHH ITOAXOL

K COCTABJICHMIO CXeM 3aMelleHHs] CHHXDOHHBIX MallHH
¢ IPOAOJIbHO-TIONEPEYHOH HeCHMMeTpHeH WHAYKTOpa.
Kak npakTHueckoe NpHMeHeHHe OOIIero Mojaxoaa IpH-
BelleH CHHTe3 CcXeMbl 3aMellleHHsl aKCHaJbHOH HHAYK-
TOPHOH MaIIHHBL.

OcHOBHbIE NPHEMbI COCTaBJEHUS CXeMbl 3aMelleHHs.
B ofmeM cayyae HHAYKTODP <CHHXPOHHOH MAalIHHBL
HMeeT NPOLOJBHO-NONEPEUHYI0 HECHMMETPHIO H ABe
AeHcTBYIOLIME TIO TIPOAOJNBHOH H nonepeqﬂon oCsIM
06MoTKH BO3GYyXaeHHs. Jlis Kax[Aof M3 OCedl MOryT
6LITH COCTABJEHBI 2JIEKTPHUECKHE CXEeMbl 3aMellleHHsd,
KOTOpble MPEACTaBJAAIOT COOOH akTHBHBIE ABYXIOJIOC-
miku Ag 1 A Ilpu npeneGpexeHHd NOTEPSMH B CTa-
AH AKOPSt TOKH ¥ HalpPsKeHHs Ha BXOJe ABYXIOJIOCHH-
KOB HaxOAATCA B KBajapaType, a CXeMbl 3aMelleHH:
10 NpPOAOJIbHOH U TOnepeuHon
OCSIM COJMepXKaT JHIIb HHIYK-
THBHBIe 3/JeMeHTH. B cayuae,
eclAH KakKoH-mu6o H3 TOKOB
BO36GYXKAEHUS paBeH HYJIO,
COOTBETCTBYIOIIHH JBYXIIO-
JIIOCHHK CTAHOBHTCH TAaCCHB-
HBIM.

BekropHas auarpamma To-
KOB H HamnpsXKeHHH AKOpS 10-
KazaHa Ha puc. 1, rme o6o-
sHaueHo: U; — HampsKeHHe

CETH; U U , U,,— syt
peHHee Hanpmxe}me H  €ero

npoaoJibHast u Ionepeynas co-

Puc. 1. Bekroprag AuarpaMma CHH-
XPOHHOH MaIIMHA C MPOXOJBHO-TIO-
nepeuHoi HeCHMMETpHEH HHIAYKTOpa.

. JIIOCHHKH,

crasasiouiue; I, Ia, I1g— TOK siKOpsA H ero npogoJb-
Hasi ¥ [OIepeuyHast COCTaBJSAIOLINe; ry, X; — aKTHBHas
¥ HHAYKTHBHAs COCTABJSIONIHE CONPOTHBJCHHS 06MOT-
KU SIKOPS.

CxeMbl 3aMellleHHs N0 NPOJOJNBHOH H IIOTIepeyHOi
ocsM MOryT GHITb OOBeJHHEHB M TOJyueHa ooblias
cxeMa 3aMeliledus. s 3Toro Heo6XOZUMO ABYXTO-
COOTBETCTBYIOIHE NPOAOJBHON H TIONepei-
HOH OCSM, BKJIQUHTH COBMECTHO C COTJIACYIOUIMMH CO-
IIPOTHUBJIEHHSIMHU Tcqg H Teq TAK, KaK II0OKa3aHo Ha pHC. 2.

Corsacyiouiye CONPOTHBJICHHS] ONpEAEJHMM HCXOJs
H3 TOro, YTo MNajieHHe HaNpsKeHHsl Ha HHX JOJIKHO
COCTABJATb ANS NPOAOJBHON H ronepevyHONd OCEH €O0T-
BETCTBEHHO U H U s BexTOpHOH JAHArpaMMEL
H CXeMbl 3aMem.eHHﬂ, leI/ITbIBaSI, 4TO BEKTOPHI Upd
7§ Ilq, a Takxe U u [,;, 6o copnagaor no ¢ase,

aa60 HaXoAATCS B npomBoq)ase, caegyeT, 4YTO CoOrJia-
CYIOIIHe COIIPOTHBJIEHHS ABJAIOTCS AKTUBHBIMH 3JIE€MEH-
TaMH,- U MOXKHO 3allHCaThb:

U
ra= I—:i-sm 0 re,==% 1._:
rge 3HaK «IJIIOC» COOTBETCTBYeT CJy4aro, KOTAa TOK
U HamnpsKeHHe COBIAZAIOT 10 (Pase, a 3HAK «MHHYC» —
KOTJa OHM HaxoAsiTcs B npotuBodase.

B cayuae, xorja TOK BO30Y>KAEHHS paBeH HYJI0,
Boipaxenns (1) MoxHo mpeoGpasoatb. Ilpeamoso-
KHM, 4TO TOK BO30yxkJIeHHS OOMOTKH, AeHCTBYIOILIHH
no nonepeunoil ocu [y,=0. Toraa momepeuynas cocTaB-
JASI0las8 TOKa SIKOPsS paBHA NOMePeYHO} COCTaB/Alo-~
el HamarHmuuBaomero toka: lg=1/_. Bxoxuoe

CONPOTHBJIEHHE [ABYXTOJIOCHHKAa A, 0603HauuM yepes
X;iq. CocraBasiiolllasi HalpsiXKeHHUsA U‘L 110 ToNepedyHoi
ocH

cos b, (1)

U, =il Xte @)
W3 BeKTOPHOH AMAarpaMmsl M BbipaxeHnHs (2)

'

. Y N '
U, =U_—=e =1, Xigcigh’. 3)

wd wg sin 6§/

Comacylomee 'COHPOTI/IBJIGHHQ 1o nonepetmoﬁ ocH
Fog=%iqCtg®'. (4)

Buime G6BJIO PAacCMOTPEHO COCTaBjeHHe oOulel
3JIEKTPHYECKOH CXeMBl 3aMelleHHsl MallHHBl 10 H3-
BECTHBIM CXeMaM 3aMelleHHst [Jisi IPOJOJbHOR M IIO-
nepeyHoil ocefi. ITogo6HbIM 06pa3oM IO CXeMam 3aMe-
LIeHHS MAaTrHHTHOH IenH AJsl NPOJOJIbHOH H moneped-
HOH OCel MOXKHO COCTaBHTb OOIIYI0 MAarhHUTHYIO CXEMY
3aMellleHHs] MAIlHHbL.

. PacemoTpeHHEfl TOAXOA K COCTABJIEHHIO CXeM 3a-
MeIleHHs] MOXKeT ObiThb IPHMEHEH H NpH y4ere norepb
B CTaJH H SKpaHe sBHONOJIOCHOH CHHXPOHHOH Ma-
HIMHDL.
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JIeKTPOMArHHTHAS MOIHOCTh B CXEMe 3aMelleHHs.
D/IEKTPOMATHUTHAST MOLUHOCTb OJHON (asbl CHHXPOH-
HOMf MallMHBI MOXKeT GOBITb BBIPAaXKeHa Yepe3 COCTaB-
JAOLE BHYTPEHHETO HampsiKeHHs Upn TOKa SIKOps

I, mo npoponbHOM M momepeunofi ocsm [JI. 4]:
Psm.:Updllq_l_ qu[xd' (5)

B cxeme samemenusi, nokasafHo# Ha puC. 2, TOKH,
NpoTeKaiolllie Yepe3 COracyloulue CONpPOTHBJECHHS,
NPeACTaBJAT COO0A NMPOAOMBHYIO H NMOMEPEYHYIO CO-
CTABJISIIOLUNe TOKA SKODPS [, a HANpsIKeHHs Ha HHX —
NPOJIOJIbHYI0 M MOIEPEYHYI0 COCTABJSIOLIHE BHYTPEH-
Hero HampsiKeHHs Up. W3 cxem 3ameutenns puc. 2 u

BoIpaxeHus (5) caegyer:
P3M=[21qrcq+[21drcd, (6)

T. €. 3JIEKTPOMATHHTHAsSI MOIIHOCTb MAIUHHB (DUTYDH-
PYeT B cXeMe 3aMeLleHHs] B BHAE TIOTEPb B aKTHBHBIX
COIVIACYIOUIHX CONPOTHBJIEHHUSX.

CnexyeTr OTMEeTHTb, 4TO B cXeMax 3aMemieHHs
ACHHXPOHHLIX MAalIHH B BETBb, COOTBETCTBYIOILLYIO BTO-
PHYHOH Uenw, BKJIIOYEHO A06aBOYHOe (MJH corJacyio-
liee) AKTHBHOE CONPOTHBJIEHHE ry(l—s) /s, noTepH
Ha KOTOPOM COOTBETCTBYIOT MeXaHHYECKOH MOUIHOCTH,
pasBHBaeMOH ABHTraTeJeM NpH €ro BpallleHHH. Takum
06pa3om, coryiacyiouiie CONPOTHBACHHS B MPeAN0KeH-
HBIX CXeMaxX M CXeMaxX 3aMelLleHHsl acCHHXPOHHBIX Ma-
IIHH MMEIT OJMHAKOBLIA (DH3HYECKHH CMBICI.

OcoGeHHOCTH CTPYKTYphl CXeMbl 3aMelleHHs mNpH
yueTe HepaBeHCTBA MNOJIHBLIX NMOTOKOB MOTOKAM NEPBbIX
rapMOHHUK. SIBHONOMIOCHBIE CHHXDOHHBIE MAlMHBI, KaK
IIpaBHJIO, COAEPXKAT pacnpejeseHHylo 06OMOTKY SKOps
H COCPENOTOYEHHYI0 OOMOTKY HHAyKTOpa. Pacnpepe-
JIeHHasgs o6MOTKa SIKOpPSl NPH COOTBETCTBYIOIIEM BLIGO-
pe ee cxeMbl B3aHMOJEHCTBYET JIHIb C OCHOBHOH rap-
MOHHYECKOH 0TOKa IVIABHOTO BO3AYLIHOrO 3a30pa o,

B 10 ke Bpems uepes 06MOTKy B03GyxaeHust npo-
XOJMT TIPH NpeHeOPEeKEeHHH PacCestHUEM HHAYKTOpA IO
Hblll TIOTOK HA TNOJIOCHOM JeJieHHH $_ B PasHOMMeHHO-

NOMOCHBIX CHHXPOHHBIX MAIMHAX W IOJHBIH IOTOK HAa
JABOHHOM TIOJIIOCHOM JleJIeHHH ®, B OJHOHMEHHONOJOC-
HBIX CHHXPOHHEIX MalllHHAaX.

PaccmoTpum cuuxpoHHyio Mamuny npu NpOAOJIb-
HOM moJsioxXeHun poropa. Ilotok no mpojoabHO#i ocH
CO3/aeTca M. 1. ¢. 0OMOTKH BO30yxaeHuss F; u pmefict-
BYIOIl€H 110 NPOJOJILHOH OCH M. J. C. 0OMOTKH AKOPA
Fa.q. Kak nortok 1-f TapMOHUKH, TaK U MNOJHBIH NMOTOK
MOryT OBITb ONpefeselbl ¢ HOMOILILIO Ko3(ppHuHeHTOB
nojs. B urore Moryr GuiTh COCTaBieHB ypaBHEHHS,
CBA3bIBAKOUIHE M. . C. F; U Fo ¢ MATHHTHBIMH TNOTO-
KaMd @gu ©_ (D, ).

YpaBHeHHs, CBs3bIBAIOLIKE NMOTOKH H M. A. C., Ael-
CTBYIOIlHE IO TNPOAOJBHOH OCH, IOCJTe HeCJOKHBIX
npeo6pa3oBaHuil NpEJCTaBISIOT CO6OH  ypaBHEHHS
[TaCCHBHOTO 4eTBIPEXNOJIOCHUKA, HPOCTefmas cxema
3aMeIleHHS KOTOPOro COJEpXKHT TPH 3JeMeHTa, Kaxk-
AbI M3 3/1EMEHTOB CXeMBl 3aMeINMeHHs B OTAedbHOCTH
He HMeeT (usHueckoro cmuicsa. OnHako T- uau I1-06-
pasHasl CxeMa 3aMellleHHsl, PacCMOTPeHHasl Kak efau-
HOE I1leJ10e, CBA3BIBAET MOTOKH H M. . C. MAalIHHBbI,
JefCTBYIOIHE [0 NPOAOJLHON OCH H, TAKHM o6pasom,
SKBHBA/IEHTHDPYET SKOPb U AKTHBHYIO 30HY MAIlUHHBI.

Puc. 2. O6mas cxema 3a-
MeIleHHS] CHHXPOHHOH Ma- _
UIHHBl C NPOAOJBHO-TIONe-
pevyHoli HecHMMeTpHell HH-
LYKTODA.

ok
-4

AHanoruyHo MOryT OBITH pacCMOTpPeHb MHOTOKH H
M. A. C., IeACTBYIOIIHE MO MONEPEYHOH OCH. '

YueT HepaBeHCTBA MOTOKA OCHOBHOH TapMOHHKH
IIOJIHOMY TOTOKY B 3a30pe CKasblBaercs JIHIL Ha
CTPYKTYP€ HacCTH CXeMbl 3aMeIleHUs], SKBUBAJIEHTHPYIO-
Led SIKOPb H aKTHBHyIO 30HYy MaiuuHbl. Crpykrypa
CXeMBbl 3aMelleHHs HHIYKTOpa MAIUHHBl HE 3aBHCUT
OT CTPYKTYpPHl CXeMBl 3aMelleHHs sikopsi. [loaromy
B psjie ciayuyaeB IleslecooGpa3HO ypaBHEHHE IOTOKOB
COCTABJISATb HCXOJAA M3 MEXAYHOJIOCHOH M. A. C. Fo,
a2 He W3 MOJHOH M. A. C. BO3OyxKaeHus F;.

PaccMOoTpuM pa3sHOHMEHHONOJIIOCHYIO CHHXPOHHYIO
MawnHy. [TOTOK OCHOBHOH rapMOHHKH 110 IIPOJOJBLHOH
ocH

(DP:RU- = F2kf — Fadkd’ (7)

rae ks, kq— ko3 duuHeHTH (BOpMBI noJs Boséyx(neu-
HHS H TIOJIS1 DeaklUMH SKOPS pPa3HOUMEHHOMNOJIOCHOM
CHHXPOHHOH MaIlldHb.

~ Tlonnpl MOTOK MO NMpPOAOJBIIOH OCH (Ha MOJMIOCHOM
nenenun) [J1. 5]

k
(Dthp.:szfkdﬁ_Fﬂdk_Z) (8)
4 Ry
k_f .
Boipaxenust (7) u (8) MoxHO npeoGpasoBaTh
K BHAY:

rie k,—

a

1
N - . .
(DudRp.d_F 2 k_a Fad’ , 9
2 ?a— ad

— F%
(Dthp."l_F
rje npuBeAeHHas MexXAynoJiocHass M. A. C.

ky 4
F*2:F2k_dka:F2?’ (10)
de -— CONMpOTHBJIEHHE TJIABHOTO BO3JAYIIHOTO 3a30pa
NOTOKY 1-fi rapMOHHMKH MO HPOZOJIEHOH OCH.

YpaBHenuaM (9) cootBercrByer, Hanpumep, [1-06-
pasHas cxeMa 3aMenleHus (puc. 3,a), rie

kg ke . p __
R,=R,, Fa—1° R2:Rudk¢——l ; Ry=R,
(11)

Pacuersl noxkasmsiBaooT, 4To cONpoTHBAeHHE R, B 3a-
BHCHMOCTH OT FeOMETDHH AKTHBHOH 30HbLI IpHHHMAaer
KaK TOJIOKHTeJbHbIE, TaK U OTPHIaTe/bHble 3HAUCHHS,
B TO BpeMsl KaK CONPOTHBJeHHsT R; u K3 Bcerja noJo-
KHUTEJbHBI. :
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Pue. 3. Marnutas (a), anektpHueckas (6) u npeoGpasoBaHHas

3/MeKTpuyeckas (8) cXeMbl 3aMelIEHHSI SIKOPA W aKTHBHON 30HBI

MepeMeHHONOJMOCHO/ CHHXPOHHOA MallMHBI NDH NPOAOJBLHOM IO-
JIOXKEHHH pOTOpa.

Ot MarHuTHOH CxXeMBbl 3aMellleHHs] pUC. 3,a mepeii-
JieM K 3jieKTpuueckoit (puc. 3,6), rie
hp—1 kg —1
ka —3 X, x —Ea—’— P'dk—a (12)
CxeMy 3aMeLlIeHus (pHC. 3,6) MoxkHO mpeobpaso-
BaTb, BBHIHOCSA COIPOTHBJIEHHEe X3 Ha 3axuMu U

. AHAJIOTHYHO TOMY, KaK B CXeMax 3aMeli€eHHsa AacCHH-

x—x

X=X

XPOHHBIX MALIHH OCYIIECTBJAAETCA BLIHECEHHE Ha 3a--

¥uMbl U; HaMarHMuMBalOUlero KOHTypa. YYHTHIBaf,

YTO0 MONPaBOUYHBIA KO3QMHUHEHT o==14X|[xs=R,,
B Ipeobpa3oBaHHOlil cxeMe 3aMeilleHus (puc. 3,8):
Koy =X0 X0 =X, (ol —1); \|
X' =xft=x 2 (fa |
— e n k, } (13)

|

Uy U =Uyy; 1"2=1'*,% e

ComporubJaenue X2y npeiacrasasier coboi noGaBoq-
HOe HHAYKTHBHOE CONpPOTHBJIeHHEe AuddepeHIIHaIbLHO-
ro paccesiHusi BTOpHYHOH Hend. B MaumuHax ¢ Hop-
MaJbHOH reoMeTpHeil aKTHBHOH 30HBI H §=0 NpH op=
=0,5+0,7 oHo HeBenuko (mopsiaka 1—3%[yx, )muM
MOXHO npeHeGpeub. OHaKo NPH GOJBUINX 3HAYEHHSX
0p, @ TaKXKe B MAIIHHAaX C HeOOLIYHBIMH COOTHOIiIe-
HHSMHM TEOMETPHYECKHX Pa3MepoB, “X,, CTAHOBHTCS
3aMeTHbIM, H €ro cJeAyeT YUHMTLIBAThb.

Cxema 3amMelleHus] aKCHAJbHON HHAYKTOPHOH Ma-
wuHsl, OfHOH K3 HauboJsee pacnpoCTpPaHEHHBIX Pa3HO-
BUAHOCTeH OBCKOHTAaKTHBIX CHHXPOHHBIX MalIMH SIBJIS-
loTCA aKCHaJIbHBIe HHAYKTOpHBIe Mamuun (AVIM). Tlo
CPaBHEHHIO C Pa3HOMMEHHOIOJIOCHBIMH CHHXPOHHBIMH
MaulMHAMH HHAYKTOpHBble MAllHHBl HMEIOT PN Xapak-
TepHEIX OcoOGeHHocTel, 06yC/IOBJIEHHBIX CBOEOOpa3nueM
MarHUTHOTO NOJIA B TJIaBHOM BO3AYLIHOM 3a3ope, KO-
TOpOe 3aKJIOYaercss B TOM, UTO Kak moJie Bo30yxKne-
HUS, TaK U MoJe SKOpS 1o I'IpOlIOJIbHOH ocu colepxar
NOCTOSIHHBIE COCTaBJIAIOLIHE.

OcHOBHasl rapMOHHKa M I[IOCTOSIHHAS COCTaBJIslIO-
af MHAYKUMH Pe3yJbTHPYIOLIEro HOJI 1O IIPOLOJIb-
HOH OCH OT M. A. C. 0OMOTKH BO36y:AeHUs F; u mpo-
JOJbLHON peakuuu skopd Fuq (Ha AaBa moJsioca) ompe-
lejsifoTcs CaelyolUMH cooTHoweHusiMu [JI. 6

k kpkgok
B f1 ARdoRf1 .
Bl-‘-dl_' [} -[l—g-kff,kA Ff"l"o"r)(l-{—Ia:,cokA

- kd.> F,,d} :

(Rjof';e — 0 SkdoFad)

L (14)

— o
By= e 1 __

l—]—kf

2—45

TAe Ry, kjo— KO3 dHIHEHTH GOPMBI 1OJsT BO3GYXKe-
HHS; ka1, Bgo— Ko3hUIHeHTH (GOPMBI MOJST SKOPS;
Mo — MarHuTHad MNOCTOSHHAs; 6 —rviaBHBIA BO3AYyW-
HBI 3a30p.

Kosduuuent k£, B Bepaxkenusix (14) onpenenser-

Csl COMPOTHBJIEHUEM [JIABHOTO BO3AYINHOrO 3a30pa M0
TOKy l-i rapmOHHKM NMpH TafiIkOM LHJIMHADPHYECKOM pPO-
TOpe R, H CONPOTHB/IEHHEM MArHHTONPOBOAA HHIYKTO-
pa RE.

R,
ky,—
A R,

om. (15)

OO6MoTKa fIKOpsl BBINOJIHSIETCSl paclpele/eHHOH H
CO3laeT CHHYCOHMIAJBHYIO M. A. ¢c. B orinube ot 00-
MOTKH $KOPst OOMOTKa BO30YMKAEHHS BBIIOJHSIETCS
COCPeIOTOUEHHOH H, cilefoBaTe/ibHO, CO3MaeT M. A. C.
npamMoyroyibHol ¢popMbl. OCHOBHAsl rapMOHHKA M. . C.
0OMOTKH BO3OYXIeHHS

Fy=2F, (16)

Kaxk cnenyer us [JI. 7], kqo0==ks /2. [Tocsne noxcra-
HOBKH 3HaueHHH F*; M kg M mepexofa OT HHAYKIHH
K MOTOKaM BhIpaxeHHs (14) npeoGpasyiorcs cienyio-
mHM o6pa3oMm:

O, 1R, (1 kpky) = o kP — [+ |
- By (g By — ko)) Fog (17)
OR, (L Ry = 5 kyoF*; — 5 By Faa )I

Ilpun npeHe6Gpe:KeHHH MOTOKOM paccesHHs] 0OMOTKH
BO30yXJAeHHs1 NOTOK D, mpeacras/ser Co0O# IMOTOK,
IPOHHU3BIBAIOIIHE OOMOTKY BO30OYKAEHHSI.

Bruipaxenuss (17) npeacrasasior co6oit ypaBHeHHﬂ
[IaCCHBHOrO 4YeThIpeXmoJiocHuKa. M3 atux ypaBHeHuit
MOTyT OBITb ONpeAeJieHbl CONpoTuBJIeHHS T-06pa3HOl
CXeMBI 3aMelleHH:

. nkio — Ry, .
Rdl T "‘(ka'xkfo "‘kflkdo) ’ (18)
Rda - Rd4 + R*g; (19)
ks,
Rd" - RP' © (kdlkfo - kflkdo) ? (20)
rape

2ky, — ks, :

Ruy=R, oo = @1)

w n? (kdxkfo - kflkfo)

H HOpHBEACHHOE COIPOTHBJIEHHE BHEIIHErO0 MAarHUTO-
nposonaa

4

R = LR, (22)

B coorBercTBUEM ¢ BripaxeHuaMu (18)—(22) mo-
eT OBITb COCTaBJeHa pa3BepHyTas MarHutHas T-06-
pasHas cxema 3ameuienuss AMUM no npogmosbHOH ocu
(puc. 4). UYactp cxeMBbl 3aMellleHHs, ompenesieMasi
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Puc. 4. PasBepnyras T-ofpasHas cxema 3aMellleHHs MArHHTHOM
nenn AMM npu npogosbHOM NOJIOMKeHHH poTOpa.

reoMeTpHed aKTHBHOH 30HBI, BBIJeJeHa MYHKTHPHOH
auHuell. Kak ¥ B cxeMe 3aMellleHHS pasHOMMeHHONO-
JIIOCHOK CHHXPOHHOH MaIUHHBI, TPHBEIECHHOH Ha pHC. 3,4,
B cxeMe 3aMeileHuss AVIM. akTHBHas 30Ha NpeACTaB-
JieHa TpeMs CONMPOTHBJIEHHSIMH Rgi, Rgs, Rgs. 3Haue-
HHSI CONPOTHBJNEHHHA Ry1, Rag, Rqs MPU U3MEHEHHH reo-
METPHUH AKTHBHOH 30HBI MEHSIOTCSI B HIMPOKHX Ipejle-
JaX, B NpPH 3TOM CONPOTHBJEHHe Rgs B HNPaKTHYECKH
HCIOJB3YeMOM JAHAaNa30He H3MeHeHHMs LIHpHHBI 3y0ua
OTPHILATENBHO.

Yacrb cxeMmbl 3aMelleHHsi pHuc. 4, He BbIAeJeHHast
IyHKTHPHOH JIHHHeH, COOTBETCTBYeT BHelllHEMY MarHH-
TOMPOBOAY H ompenpensieTcs ero reoMerpuei. B obliem
cnyyae B AMIM HMeloTCH B NOTOKH paccestHHs oOMOT-
K1 BO36yXKJeHHs.

B 3aBHCHMOCTH OT KOHCTPYKTHBHOTO HCIOJIHEHHS
AVIM MaruuTHEIE CONPOTHBJEHHS NyTeli MOTOKOB pac-
cesuug R’ u R', nomXHEl GHITh BKJIOYEHH B CXeMy

3aMellleHHs TaK, KaK MOKa3aHO IYHKTHPOM Ha pHC. 4.
[lpuBenenHbie conmpotHBJeHHs R u R, onpeensioTcs

aHAJIOTHYHO IIPHBEJEHHOMY CONpPOTHBJIEHHIO BHEIUHETO
MarHHTONpOBOAA [CM. BEIpaxkeHHe (22)].

OT cxeMBl 3aMelleHHsT MarHUTHOH lenu puc. 4 1o
U3BeCTHHIM NpaBunaM npeoGpasosanus [JI. 3] moxkem
nepeiiTH K dJeKTpHUecKoll cxeMe 3amellenns AMM mo
npojosibHOK ocd. CxeMa 3aMelleHHs 10 MOMEPedHOH
OCH paccMaTpUBaeMOH MalIMHBI HHYEM He OT/JIHYaeTCs
OT CcXeMbl 3aMelleHHs pPa3HOHMEHHOIOJIOCHOH CHH-
XPOHHOH MaIlHHBL

[lo cxemam 3aMelleHHsl AJisT NPOJOJBHOH H MoIe-
peutioft ocelf Mo:KeT OBITH MO METOAMKE, H3JIOKEHHOH
BHIIIe, cOocTaBfieHa oOmias cxema 3amelnehus AUM,
floKaszaHHast Ha pHc. 5.

[Npoponsro#t ocu AFVIM cooTBeTcTBYeT Bbifie/ieHHAs
HBYHKTHpHOR JHHHEeH 4acTh OOMmeHd cXeMbl 3aMenieHHs.
DnexTpHueCKHE COMPOTHBJICHH Xz, Xag Xgp X g

x* , X*, COOTBETCTBYIOT MAarHUTHBIM Ry, Ry, R
R*,, R* , R*
e cl? 52

CxeMy 3aMellleHMs pHUC. 5 MOXKHO NpeoGpas3oBaTh,
BBIHOCS CONPOTHBJIEHHE Xg4 HA 32XKUMBI x4;. [Ipeobpa-
30BaHHast cxema 3aMenleHus: sikopa AMM cosnapaer
¢ mpeoOpasoBaHHON .cXeMOH 3aMelileHHS SIKOpSl mepe-
MEHHOIIOJIOCHOH CHHXPOHHOH MaiuuHbl (puc. 3,8), rAe,
YUHTBIBAsl MONpPaBOUHLIK KO3PhHUIHEHT '

— o Fds_ 2 ka
°= 1+xd4_ g kf, ’

(23)

Puc. 5. O6uias 9neKTpHueckKas cxeMa samemenus AWM.

KBTIP, Al cosy, 7 _ == cosy )
e

by = 7
75 151075

y P
4 ///L

P

st 1k 05t
/4
25¢ 51025
W= i
o- 0~ 0 2 4 3 BT
A

7cosg=1)
7~
25 ///
6/@49{0
I
0 70 A

Puc. 6. PaBouue (a) u perynupoBounbie (6) XapaKTePHCTHKH
snekTpoaBHrateas CJIDB 71-2/4, paGotaiomero B OZHOHMEHHO-
MOJIIOCHOM DeXXHMe,

. — HKCNIEPHMEHT; — — — — pacuer.

Jost AUM umeem:

kd1kfo
Xoo = xp.d (2 szl

U"2=Uz—72-c~%%; I, =12

’ U (kg \?
1) = |y
1), X g= Xy — (kf:)
ks,
kdl )

(24)

Oco6eHHOCTbIO O{HOMMEHHOMOMIOCHBIX CHHXPOHHbBIX
MallHH SBJSETCA TO, YTO CONPOTHBJeHHe AuddepeHiiy-

aJbHOTO paccesiHHs X,,CPABHHMO o BeJIM4HdHEe C CO-
I[IPOTHBJ/ICHHEM xp.d'

lNpumep pacyera xapakrepHcTMK sJaekrpoiasurateass CIADb
71-2/4. Baerrpoasuratenr CIB 71-2/4 sgBasercs ABYXCKOPOCT-
ABIM 6GECKOHTAKTHBHIM CHHXPOHHBIM 3JIEKTPOJBHrartejeM ¢ BHeLl-
HMM MarHHTONPOBOLOM H KOITeOOpasHbIMH MOJMIOCaMH. MOIIHOCTD
3JIeKTpOABHraTea coctasiser 12 kBr npu wdctote BpallleHHs
3000 o6/mMuH u 6 kBT npu uacroTe BpameHus 1500 o6/muu.
ITpu 6Gosbliel YacToTe BpAllEeHHS ABHraTeJb paboTaer B pasHo-
HMEHHOTIOJIOCHOM pPeXXHMe, & OPU MeHbIied — B OJHOHMEHHOIO-
JIOCHOM H AaHAJOTHYeH aKCHAaJBHON HHAYKTOPHOR Mammue. [las
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OXHOHMEHHOIOJIIOCHOTO PeXXHMa paboTel OHIH ONpefelieHbl Hapa-
MeTPhl CXeMEl 3aMellleHHsl DHC. b H N0 HHM pacCYHTaH pAx Xa-
PaKTePHCTHK MAaIIHHEL. :

[lpn pacuerax HeJHHeliHOe CONPOTHBJEHHe BHeLIHero MarHu-
TONPOBOJA X*; INPEACTAaBJEHO B BHJe BKJIOUEHHBIX NapaslIeshHO
NOCTOSTHHOTO ~ CONPOTHBJEHHS Xx*g., ONpeJeJsieMOro JHHEHHOH
YacThI0 MArHHTHOH XapaKTEPUCTHKH, H HeJHHeHHOro x*g,, ompe-
JenAeMOoro HeJIHHeHHOH 4acThi0 XapaKTEPHCTHKH MAarHHTONPOBOJA.
B stom cayyae compoTHBJEHHe X¥g, aNIPOKCHMHpYyeTCs MOKasa-
TeJdbHOH (QYHKUHeH, 4TO sBJsfeTc YAOOHBIM NIpPH pacyeTax Xapak-
TepucTHK Ha 1IBM. Hacbllllenne SKOPS YYHTHIBAJIOCH NPHOJMHKEH-
HO N0 XapaKTePHCTHKE XOJOCTOTO XOAa.

Pacuer moka3aJ, uro pabGouHe XapaKTePHCTHKH, MNOJyYE€HHbIE
pacyeTHHIM H 3KCIHEPHMEHTAJbHLIM I[yTeM, OTJHYATCA HEe3HauH-
TedbHO (pHc. 6,a).

PerynupoBounbie XapaKTepHCTHKM IpHBeleHsl Ha puc. 6,0.
[Ipn Tokax BO36Y:KAeHHs, 3HAYHTENBHO NPEBLIAIOIIMX HOMHHAJb-
Hbllf, pacyer paer AJs KpHBbX ¢ cos =09 u cos =1 3aBH-
leHHble 3HAYEHHS TOKa SKODS.

2. Ilerpoe I. H. daekrpuueckue Mamunel. M.; JI.. TocsHep-
rousxar, 1963, u. 2.

3. Kyuesanoe B. M., Burtoauunm $I. A. CxeMB 3aMelleHHs,
.OTHOCHTEJIbHble XapaKTePHCTHKH H reOMeTPHYeCKHe MeCTa TOKOB
cHHXpoHHbIX MaunH. — M3e. AH Jlate, CCP. Cepusi ¢uauyeckux

‘H TeXHHYeCKHX Hayk, 1967, Ne 2.

4. Boabgex A.
1974.

5. Cuka 3. K. MaruuTHble NoJs B MPOCTPAHCTBE MEXKAY SKO-
peM H HHAYKTOPOM CHHXDOHHBIX MAIUHH C KOITEOGDa3HLIMH IO-
JiocaMu. ABToped. AHC. Ha COHCK. y4eH. CTEleHH KaHJA. TeXH. HayK.

Pura, 1965. B napsar.: AH Jlats. CCP, ®usuko-3HepreTnyecKui
HH-T.

H. Dnexkrpuueckue Mamuuel. JI.: DHeprug,

6. Myraves B. A. AxkcuajbHble HHAYKTODHblE MauIHHB C IO-
CTOSTHHBIMH MarHHTaMH B Nasax HHAYKTOpa. ABToped. Ha COHCK.
yUYeH. CTeleHH KaHA. TexH. HayK. Pura, 1969. B magmsar.. AH
Jlars. CCP, ®usuxo-sHepreTHueckKHi HH-T.

7. DomGyp JI. 3. TI'apMoHHYeCKHH aHaJH3 H KO3()(PHUHEHTHI

CIIHCOK JIMTEPATYPbI MarHHTHHIX MNoJiefi AKOpS HHAYKTOPHOH MalulnHHL— B xH.: Bec-
KOHTaKTHBle 3JeKTpHYecKHe Mamuebl. Pura: 3unnarhe, 1965,

1. Toakauer 3. A, Cxema 3aMmelleHHS CHHXpOHHbe MaWlHH.—  pui. 4. ;
dnektpuuectso, 1970, Ne 11. {2.12.1977]

VAK [621.313.322:538.31§].001.24

Mertoa jaByx annpoKcuMauuii B JBYMepPHBIX 3ajlayaX MarHMTOCTATHKHU
TEOPHH 3JEKTPHYECKHX MallMH

Kaupa. texn. nayx BOTJAHOB B. A.
Jenunepad

B mocneatne rombl As8 peleHHs 3ajJay TeOPHH
YIPYTOCTH, TEOPHU KoJieOaHHH, HEeKOTOPHIX 3a4ad THA-
DOAHHAMHUKH C YCHOeXOM IIpHMeHseTcsl TNpHOJIHKeH-
HBl  aHAJUTHYECKHH MeTOX J[ABYX amlpOoKcHMaLHH
B. M. ®puamana [JI. 1—3]. ITopo6GHble MeTOABI pe-
WeHHsl KpaeBBHIX 3ajad AJsd ypaBHenuii llyaccoHa u
Jlannaca npeacraBAsIOT IPAKTHYECKHH HHTepeC IPH
pacyerax 3JIGKTPOMArHHTHOTO MOJSI 3JEKTPHYECKHX
vamuH. Hume MerToX ABYyX anmpOKCHMAaLui, SIBJSIO-
wufica BHIOH3MeHeHueM Metojga Purna — By6nosa —
[anepkuHa, pa3BuBaercs NPHMEHHTENIbHO K PEIUCHHIO
IBYMEpHBIX 3a7a4 MarHUTOCTATHKH [Js1 cpel H obJa-
cTedl CJ0XKHOH CTPYKTYPHIL.

Jns KOHKpeTH3aLHH H3JOXEeHHS PacCMOTPUM BO3-
MOXHOCTH MeTOJa M €ro 0coOeHHOCTH Ha ImpHMepe
pacyeTa MarsEMTHOTO 1OJs B 06JACTH BO3JLYIUHOTO 3&-
30pa HesSBHONOJIOCHOTO CHHXDOHHOro TreHepaTopa.
B nonepeunom ceueHuu pabouell 30HHI reHepaTopa BhI-

leMdM NEepPUOXHYECKH  HOBTOpsoutyiocss o0JacTb
(puc. 1).
[TonaraeM crpaBeAJIMBBIMU JAONYLIEHHS: UMJIHH-

JpHuecKHe IOBEPXHOCTH PACTOUYKH POTOpa H cTatopa
MOFy’I‘ 6bITb 3aMEHEeHbI napaJlneanbeu IIJIOCKOCTAMH
¢ HPSIMOYTOJILHBIMH I1a3aMH; OceBble MJHHBL poTOopa H
CTaTOpa BEJIUKH, H I0JI€ B 3830[)6 MOXHO CYUHTATh
IIOCKHM; MATHHTHBIA MOTEHLIHAJ MaUIdHBL «cpabathl-
BaeTcsl» B 30HE BO3AYUIHOTO 3a30pa U 3yOHOB.

Ias nons ABCDEFGH cnpaBefyiuBo ypaBHeHHE
Jlamgaca OTHOCHTEJBHO CKAaJISIPHOTO MATHHUTHOTO MO-
TeHIMaNa

Ap=:0. (1)

2‘

Metoz AByx amnfipokcumaimil mpemmoJjaraer mpes-

CTaBJieHHe ypaBHenHus (l) B BHAe CHCTeMBl ypaBHe-
HHH:

VB=0;
Ve=—- @

U foc/jeAylonlero NpuGIHKEHHOTO pellieHHsl 3amnucaH-
HOH CHCTEMBI COBMECTHO € TPAaHMYHBLIMH YCJOBHSIMH
OpsIMBIM BapHallHOHHBIM MeTOAOM HJH MmeroaoM bLy6-
HoBa — 'ajiepkuna. Ilpu 3aToM ammpokcumMauusi ocy-
LIeCTBJASAETCH OJHOBPEMEHHO Aas ¢ H B. B naneuei-
lIeM HMCIOJNb3yercss BapHANMOHHBIA noxxox. -Oco-
GEeHHOCTBIO ero AB/SETCS NOCTPOSHHE HEKOTGPOro
MOJIOXKHUTEJBHOTO (YHKIHOHANA, CTallHOHAPHOe 3Haue-

ry JE Y 2

I
I A

5?*

|
|
{
!

u=t 1A

I
|
!
{
]
|
]

|

[

|

|

{
I I—b I
. v
AN AN SENN\AVAN 7
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HHEe KOTOPOrO HIeTCs B KJacce (GyHKUHH, yA0BJETBO-
PSIOIIHX KPaeBBIM YCJIOBHAM H NpHOJHXKeHHO AHO-
(depeHIHANbHBIM 'yPaBHEHHSM.

YpaBHenue (1) cnpaBenauBo mjs nonas B o6JacTH
¢ onHopoaHo#t cpenoft. CucremMa (2) Gosee o6ia, OHa
MOXeT ObITh HCMNOJb30BaHa H AJAa objacTed ¢ pasHo-
pPOJAHOH cpefofi (3Ta cuCTeMa COOTBETCTBYeT, BooOlie
roBops, He (1), a ypaBHeHno VuVe=0). [Ina pexu-
Ma XOJIOCTOTO XOja IpaHUYHble YcJaoBUA Ajas (2) 3a-
MHIeM B BHIE:

_feln O=F, (2, | x|<b
B | B,((x]=b, y)=0, 0<y<h-|3
(X Y) -.r,'—:{Bx—(l xl:a,, y)=3x+([xl:a, 4);
By(x’ y) Ir,,:{By_ (5 y=6)=By+ (%, y==1),

@)

rige Iy, Ty, 's—yuacTKu rpaHudlibl, BbiJe/€HHblE Ha
KOHType paccMarpuBaeMoit obsacti; B, By-— KoMmo-
HeHTH BeKTopa B; ocrasbHble 0603HavyeHHsl SICHBI M3
puc. 1. :

[pu pewenun 3agaun (2)—(3) aas oGaacru Ta-
Kol csoxHol Koudurypauuu, kak ABCDEFGH, Bo3-
HHKHYT OGHiuHbBle AJif MPSAMBIX BapHALHOHHBIX MeETO-
JOB 3aTPYAHEHHS INPH NOCTPOEHHH CHCTEMbl KOOPHH-
Hatublx GyHkuui. [ToaTomy mocraBuM 3ajauy HHaue:
BMeCTO MOJA AJAsi O6JacTH CJOXHOH KOHGHUrypalHH
ABCDEFGH c¢ opHopoxHO# cpefoii Oymem paccma-
TpUBaTh fOJie AJIst 00J1aCTH HEOJHOPOAHOH CTPYKTY-
pbi, Ho npoctoii Koupurypauun ABCFGH (cm. puc. 1).
[Ipu sToM cucteMa (2) ocTaercs NPUMEHHMOH, a rpa-
HUuHBe ycsioBHst (3) 3anuiteM caelyioliluM 06pas3oM:

C (e(n O)=F,(x), | x|<b;
#le v [F"{cp(x, h48)=0, | x|<b;
B, (%, )y, = (B, (x|=b, ) =0, 0<y<h+3.

4

[pannunsie ycaosusi u3 (3) AJ KOMIOHEHT BEK-
topa B, xapakrepusyiollie HX HENpepbIBHOCThL Ha
y4acTKax TpaHHIl pa3jfiena cpejl, YAOBJIeTBOPHM BblGO-
POM CHCTEMBI KOODJAHHATHBIX QYHKUHH.

Takum o6pa3oMm, 3ajaya pacueTa MarHHTHOrO I[10-
Ast B 3yOLOBOH 30HE reHepaTopa B peXHMe XO0J0CTOTrO
Xolla CBeJeHa K DELIEHHI0 CHCTeMBl ONEePaTOPHBLIX
ypaBHeHHll (2) ¢ nepeMeHHBIM apaMeTpoM u H YyCJo-
BuaAMH (4). O6siactb MoxeT ObITb M 3HAUHTENBHO 0O-
Jlee CJOMKHOH, MOXKeT HMeTh HeCKOJIbKO nojobsacteid
¢ PasNMYHBIMU CPEXHUMH 3HAYCHHAMH MarHHTHOH mpo-
HHI2eMOCTH [i, HO AJISI APOCTOTHl H3JI0KEHHs pPacCMOT-
pHM cayuail, npeACTaBJeHHbIH Ha pHC. 1.

p.:‘[ me ANs £, -
g, s Q; (®)
Q=0,+9,

[pubanxkenHoe peuenue (2), (4) OyAem HCKaThb
B BHJE OTPE3KOB PSALOB — ABYX HE3aBHCHMBIX aMmpo-

KCHMAallHH:
¢ (X.', y) :Z Bks(Pks (x’ y);
kS

6
B (5, )= 3| B (5, 9 ©
ks

HsBectHO, uTO pellieHHe KpaeBoH 3azauu Ajas AHG-
(bepeHLHaJbHOTO YPaBHEHHS] B YACTHLIX IIPOM3BO/JHBIX
WIH cHcTeMbl (2) ¢ ycaoBHAMH (4) 3KBHBaJEHTHO
YCJIOBHIO CTAlMOHAPHOCTH (yHKUHOHaNa Buja [JI. 2]:

g, B)="7 [(VB)so—B(%+V<p)] dQ -+

+ (o — 2£) Bnal + - Bugal = - [ [ (Bl —

T

—B (%-!—V?)]dg—l--;—sw— 2F°;Bydr+

1

+ 5 [ B, M

rfle n— BHYTpPeHHsis HOPMaJib K IpaHHLE paccMaTpH-
gaeMoil obJjacTtu; Fo—3ajaHHOe HeOJHOPOAHOE rpa-
HHUYHOE YCJOBHE 10 .
. Ctpesku Ha puc. | o3HayaioT BbIGpaHHOE MOMONKH-
TeslbHOe HampaBjeHHe 00XOJla KOHTYPOB 0GJacTH.
0 (7]
Onepatop [ aMuibTOHA V:(W’ T?_y_) comnpsixkeH
B cmbicje JlarpaHxka [pH PaHHYHBIX YcJoBHAX (4):

{ (VB) pd2=— [ BV$dQ+- { 9Bndl'-  BrigdT.
1% T,

& I,

8)
3anuilleM YyCJOBHe CTALHOHAPHOCTH (YHKIHOHA-
aa (7) ¢ yuerom (8)

o (9. B)= [ (VB) b9 — | 4B ( + FVe) 2+

Q

Ty 2

+ ( (¢ — F,)8B,dT + | B,3¢dT'=0. § ©)

B cuay HeszaBuCHMOCTH BapHaumii 6¢ n OB ycno-
BHe (9) moxer ObITh 3alIHCAHO TAK:

[ (7B) 892 +- { B,2gdl' =0;

@ Iy

— g 5B (%_i_vq,) dQ + g (¢ — F,) 8B,dl'=0.

I,

\
|

i (10)

| .
J

Hckomoe peteniie (6) yao610 npeACTaBHTh B BH-
ne aByx caaraempix [J1. 2]:

Bl ) =5(v 9)+50 o) | "
B(x, o) =B (x, »)+B( v

re OT 4aCTH pelleHUs ¢ noTpedyeM yIOBJIETBOPEHHS
YCJOBHSIM BHYTPH OOJACTH H OJHOPOJAHBIM IPAHHUHBIM
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yCJIOBHASIM 3aJadvH, OT ¢ — HEOJHODOAHBIM TpaHHYHBIM

ycnoBusiM, OT B —mnepsoMy u3 ypaBHeHui# cucre-
mbi (2), or B — mepBoMy ypaBHEHHIO CHCTEMBI H, BO-
obilie TOoBOPS, NMPOU3BOJNBHLIM TPAHUYHBIM YCJIOBHAM.

B KauecTBe KOOPAMHATHBIX QYHKUHH @rs U Brs (11)
BoiGepeM IMOJHYIO CHCTeMy COOCTBEHHBIX dyHKUME 3a-
naun agst obsacth MNKV, ugentuuHolt no KoHowury-
panuu u pasmepam ABCFGH, Ho ¢ OAHOPOAHOM cpe-
noit p=1 (puc. 2):

B, —21° =(;
V ks~ ksPrs (12)
vcpks"*_Bks:O;

Geele, =0; By, I, =0. (13)

Xhs 'rs

CocraBasiiouly o B u3 (11) mpencraBum B BHAE Psi-
Aa 10 KOOpAMHATHHIM dyHKuHAM Bps s (12) u (13)
npu Aps5#0, a COCTaBJISIOULYIO B — 10 KoOpAMHATHBHIM

dynkuusiM Bps mpu Aps==0. [Ipu 3TOM B AaHHOM CJy-
yae B omnpenesnena BBIOOPOM CHCTEMBl KOOPAHHATHBIX

dyHKuUMH, KaK yKa3aHo Bbilue, a B ompeneaum H3 mep-
Boro ypaBHeHusl. [jif ero pemeHusi NpUMEHHM IOA-
XOlI, CBSI3aHHBIl C pacuJeHeHHeM omepaTopa V=

0 0
:(o_x—’ﬁy—) [TpeacraBUM HHTEHCHBHOCTb KOMIIOHEHT

noast B B CHJIy 3TOTO ypaBHEHHs B BHIe psjia MO Hak-
JeHHOM TOJHOH chucTeMe PYHKUHA Qs

a—%—:—' ——%—=2 ;ks;ks x, y)=
P
=N ay.Py (1) Y, (9). (14)
ks
s (14) umeem:
i=a+§@mewu:a+
+ S @4 (07 )
ks (15)

_—Ey :Eyo_l'z';ks 5 Prs (X, y) dy::'
ks

=B, + S %Py () Q).
ks

KoHCTaHTbl HHTEr PHPOBAHHSA Bx., H Byn MOT'YyT GBITh

(bYHK]_LI/IﬂMPI Yy U x COOTBETCTBEHHO, a noToMy npeAacTa-
BHM HX B BuUje pAAOB. -

Exo (y): 2 ;los?s (y)’

_ = (16)
By9 (/\'):%‘_‘%opk (x).

B pesyabraTe
B, =B, 4B, = S\ a8y, + DY, () +
ks s

+Z;ks)? k () ?s'(y);

ks~ ~ o (17)

—By:‘—(By"*'By):Z“ksByks-{—' )
ks

+ S 2Py (%) + 3 @eaPe (4) Qs ()-
k ks

B npexacraBaenuu (l1) aasi CKaJsipHOro NOTEH-
umana g(x, y) cocTaBjsoilas ¢ omnpeaeseHa BhGO-

pOM CHCTEMBI KOODAHHATHBHIX GYHKUHH ors (12) u
(13), Bun COCTaBJ]ﬂ}OI:Lleﬁ ¢ 3a7ajJUM HCXOAs H3 crne-
AYIOWHX PacCyXAeHUH.

Ipannupt I', va puc. 1 u f‘_, Ha pHC. 2 npakTHuec-
KH COBMAJAIOT, OJHAKO |z ==0, a B Kpaesbix ycJo-
BHSIX paccMaTpuBaemol 3ajaun ¢ fr =F, (x). Ilpeacra-

BHM HEOAHOPOZHOCTH B ¢ (11) B BHIe Da3JjiOXeHHs 10

HEKOTOpO# MoJHOf Ha uHTepBane [—b, b] cucreme
dynkuuit. [TocKoNbKY B KOHKPETHOH 3ajaue HEeOIHO-
POAHOE TIpaHHYHOE YCJOBHE 3aJaHO B BULE SIBHOH
¢yukuun Fo(x), To caenatb 3TO HETPYIHO. B kauecT-
Be noJHON Ha uHTepBade [—b, b] ymo6HO BHOpaTh

cucTeMy (YHKIHH ﬁh(x), k=1, ... Hrak, 3sanuiuem
pemenne s @(x, y) (11) B pasBepHyTOM BHJE:

o 1) = S\B%Pe )+ N BePr (O Vs 0).  (18)
k ks

Nanee, ucxoas u3s (17) u (18), yuutbiBasi ofHOPOA-
HOCTb ycJoBHH 151 By Ha 'y u yaoBJIeTBOpSs N€pBO-
My ypaBHeHHI0, H3 mepporo ycaosus (10) moayunm

19

a,s=0.

Bapuanuontoe ycaosie BMecto (10) npumer BHA
Broporo u3 yciaosui (10). [loacraBum B Hero sHaye-
HUe BapHalHi:

— By (5 +9)da+ [ (o= F)Byndl =
2 Ty
L S B, BdQ — (L——‘—> fB,,BdQ-—
o P Mo v
S0 1

— (B, 7 9d@+ [ (¢ —F) B, a0 =0,
& r,

(20)

r:1,...; l:l,

Sanuiiem (20) noppobHee ¢ yueTOM CHEAYIOUMX BbI-
paX<eHui: :

[ (79)Bd@=— [ ¢(VB,)d2+ [ ¢Budls  (2))
13!

X

8 8
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[ #(VB)dQ= [ ¢(VB,) d2; (22)

B (- !/) =B (s y)= E a-ICSEx.si + Z;kogykoj +
s k

— (B, i
+2aks(_ ks )v (23
ks Byksj
torfia (20) mpuMeT OKOHYATENbHBIH BHI:
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rae ans By u3 (23) Heo6xoaMMO mHOCJEJ0BATENbHO
nepeGpaTh Becb Habop KOOPAMHATHBIX (GYHKIHH.

CucreMa JMHeAHBIX  aure6pavueckKHX ypaBHe-
HHH (24) n03BOJIAET ONMpEeJENHTh BCe HCKOMBIE KO3(b-
¢uiuuentsl anmpoxcuMupyiouero peuterds (17) u (18)
IJIsi pacCMaTPUBAEMOro pexXuMa paboTHL.

B pamkax JuHefiHOH TeopuH onpejejeHue Mar-
HHTHOTO M0JIs1 B 3y6110BOH 30He /151 HOMHHAJBHOIO pe-
XKHMa paboThl TeHepaTOpa CBEAETCS B CHJY CIpaBej-
JHBOCTH NPHHIMIA CYNCPHO3HLUHH K peElLIeHHIO ele
OZHO# 3ajayM, aHaJOTHYHOH paccMoTpeHHOHn (2) wn
(4), u mocrenyiomieMy HaJOXeHHIO pemeHuii. [Ipu
3TOM [/t BTOPO# 3a/lauH H3MEHSATCS IPaHHYHBIE YCJI0-
Bus (4) mo @(x, y):

e(x, 0)=0, | x|<b;

X = 25
P O, {q»(x. hF8)=F, (x), a<x<b.} ®)

AHaNIOrHYHO DPACCYMUTHIBAIOTCS M APYTHE PeXKHMBI
paGoTH, B TOM 4HC/Ie H HeCHMMeTpHuHble. [IpHMeHss
K NOCJHEIHAM MeTOd CHMMETPHYHEIX COCTaBJISIIOLIHX,
MOXKHO NPHATH K NOROGHBIM 3a7auaM JJisl COCTaBJSIO-
HIHX OPsSMOH H 0O6paTHOH MOCJeN0BaTENbHOCTEH.

UsnoxnM NOAXOA K peIleHHI0 3alauH pacyera
MarHHTHOTO NOJIsT B 3y6LIOBOH 30HE 3JIEKTPHYECKOH Ma-
IIHHBI NMPH HaJHYHH OBYXCTOPOHHEH 3yO64aTOCTH.

Ha puc. 3 u3o6paxeH oaWH U3 BAPHAHTOB CHMMeT-
PHUHBIX 110 X B3aHMHBIX MOJIOXKEHHHA 3yGILOB cratopa
i poropa. PaccmarpuBaercss HeoaHOpoaHasi 06JacTb
Q — ABCD, uMelomasi npocTyio KOHQHTypallHio, Tie
Qo —vacth obsacTu Q, 3an0JHEHHasl BO3AYIIHOR cpe-
ROH: pu=po; Qi —wacTb obsacTu Q, 3aHsaATas cpeaon
¢ p=p1; Qo—uactb obsactH Q, 3aHATas cpenoi
C p=—=pa.

Ins unTEpecyomero pexuma paGoThl 3JIEKTPH-
YeCKOH MallHHLI 3aNHCLIBAIOTCS TpPaHHYHbIE YCJIOBHS
B BHJE, YIO0OHOM [JIsi HPHMEHEHHS H3JIOKEHHOro Me-
ToAa. [lanee samucelBaeTcsi (yHKIHOHAJ, HMEIOILHH
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XapakTepHylo cTpyKrypy (7). [eficTBys mo mpusenes-
HOH BBILIE CXEME MeTOJa, NPHXOAHMM K JHHEHHOH CcH-
creMe anreGpanveckKHX ypaBHeHHH Tuna (24). B orin-
YHe OT PACCMOTPEHHOH 3ajayu JAJs MalldHbl ¢ ONHO-
CTOPOHHEH 3y6YaToCTbIO, 3€Ch CJEAYET YYecTb, UTO
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HMurerpans no kontypam I't u Ty nomo6HL paHee
PacCMOTPEHHBIM, B OCTAAbHOM CXeMa ACHCTBME ocraert-
CA NpexHed.

IIponenaemM Heo6xoauMble BHKIAAKA A4 CHOPMY-
JUPOBAHHOR 3ajaun (2) wu (4). Hckomoe pemeHne
(17) u (18) c yuetom (12) u (13) umeer Bun:
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CucreMa (24) [ocjie BbIIOJHEHHS HEOOXOLHMBIX
npeoGpa3oBaHHi MOXKeET OHITH 3amucaHa B BHJAE:

b(h—i—oﬁ) s (_____) 2a2m]2',,sAs,=0,

B o
s=I1

=1, ..., m
LA L o) g (M )hzak,,ck,

o
Ops .
—= Cp,sin X

.oy Ny

R

N /(B

n
- Iz
>< Z a‘kockr +bﬁ.ro [ A (A0 -
k=0

h4 b(h1d -
—_;Lrl + ]"__—" (2_l_ )l”prl, Af—:«l,...,ﬂ,;

In

I=1, ..., m
[lepsoe u3 ypaBHenu#t (29) naert

—‘o,=0 l.-’:1, ey M.

mee BLIHCAHBl 3HAUEHHST KO3(PPHUHEHTOB armpo
KCHMHpPYIOLIEro pelieHus, NOJydYeHHbIe H3 (29), aas#

NepBBIX ABYX HPHOIMKEHHH.
Hynesoe npuénmxeﬂue n=m=r=0:

B=p SF" (x) dix;
b

- bﬁooo

X, —

TR (oD,

o Mg o

[ ——

ITepBoe mpuOGIHKEHHE n=m=1; r=0, 1, [=1; Ko-
SQPUUHEHTHl @ps ONMPENIAIOTCS H3 pelleHHs anre6-

pauyeCcKoi CHCTeMbl ypaBHEHHH:
. La=F;
L=a,, k=1, 2, 3; s=1,2, 3

o= (% %o )7 == (by b, b,),

} (32)

K03 PHUIHEHTH Prs ONpPEJENAIOTCH H3 BLIpAXKEHHUH:

I ® htd
A R R |+

¢ Gy T 00
T X_—(h-}-a) ( Cio 00+am>+( ™ —‘—") Mox C10Du“u},

(33)
Bun= )\,,b(hz-l- 3) {bz[ku(hﬁ+ 6)—)'“’1-:6]—{_
+(755) 2 @t @)+
+ (':T“T»T) L (MI,A,, c,,D,,)Eu‘J (34)

(29) rae

o _[eatd (1
an - [ o (M‘ o ) hcoo]:

o[ (-]

o o
o= 252 ()~ (2 [+ (-
[ (2 o)

1
a,=—=Qyy = ('—'_——) hCoxv 18 ==y =

B o

_k__-__><h+6) C°lslnh+6’

/1 I \(h+?
T\e u)(T> Cuvsin 777 b =08

bihtd) o .
p P 100

Ays =0z =—

bz = b§°m§ bs =

(30) Cpp» Myy» Agpp Dy — T20NHUHEIE HHTETDAJEL BHAA:

a
Cp= S cos—;-g X cos-— xdx; My, =
—Q

a
S‘ xsm——xd'c

—a

31) had

A = S 51nh+6y51nh+6ydy. Dy =
d

h43 ’
= 5T cos——li— d
_g cosh+ay h_'_ay Y.
]



24

Merod dsyx annpoxcumayuii 6 Osymepnoix 3adauax MAHUTOCTATUKY

SJIEKTPHYECTBO
Ne 4, 1979

7 1o
Iﬂ!,p z

»
'(':’5)/ / P\ N,
/ byx7) \\

Puc. 4.

Hns BTOpOro mnpuGIMKeHUS KOI(PDHIUEHTH Qps
OMpPENEJSIOTCS U3 JIMHEHHOH CHCTEMBl ajre6paHuecKHx
YPaBHEHHH CeIbMOTrO MOPSAKA, Prs-— H3 BHIPaKEHHH
thna (33) u (34). CymecTBeHHO, UTO MaTpHHa KO3¢-
¢uunentoB L cucrembl (32) cHMMeTpHYHa; 3TO ympo-
IaeT BHIYKCJIEHHSI.

lpumep. PacuyeT MariuTHOroO NOJ4 B 30HE BO3-
AYWHOrO 3a30pa HEIBHONMOMICHOro Typ6orene-
patopa Tunma TBB-200-2 gas pexuma xoaocTo-
ro xofxa ¢ yueToOM OJHOCTOPOHHehA 3y6uaToCTH
CepaedTHHKa,.

B kauecTBe HCXOAHBIX [HAHHBIX NPUHATO: [;xy=—1025 A;
w;=126 BHTKOB; [,»,=0,819; v;=0,692; 1=1,94 M; 6§=0,08 M,
a==0,06b M; b=0,075 M; h=0,19 M.

ITone paccuntano gs Hy/neBOA rapMOHHKH Da3JOXEHHS B Pk
110 YaCTOTe MarHMTHOrO NOTEHIMaJa:

Fy (%)x.x = 86120 cos — x; —L=100.
T Mo

B pesyabrate pacuera noayyeHo: aas HyJaeBoro mnpHGAM-
JKeHHs

Booo= 172 960; ago=1,243;
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3aBucnmoctd nepBoro npubimkenns Aas @(x, y), By(x, y),
Bx(x, y) npeacrasnieHH B BHAe rpadHKOB Ha puc. 4 u 5. Ha
pHC. 4 NMpHBEJEHO H3MEHeHHe MAarHHTHOTO HOTeHLHana §(x, y), co-
CTaBJSIONIHX BEKTOPA HHAYKUHH By H By BAOJBE KOOPAHHATH X IPH

HECKOMPKHX (PUKCHPOBAHHLX 3HaYeHHsx y=0; 6:6—|-—"2; Ha

pHC. b — M3MCHEHHE TeX Ke BEJHYMH BJOJL KOODAHHATH Y HpH
x=0; a; b. TIpu sToM 3HauYeHHs ¢ U B, OTHECEHH COOTBETCTREH-
HO K HMX 3HaueHusiMm B Touke x=0, y=0, a By—B TOUKe

h
y=0+ 5, x=0b.

Kak BHAHO H3 BBHIIICH3JIOKEHHOTO, METOJ BeChbMa
3 dexTHBEeH NpPH pellleHHH 3aJay MAaTHHTOCTATHKH H
NPEAOCTABJSAET PACUETUHKY psjJ yAOGCTB: B pe3yJsbTa-
T€ pelleHHsl NOJydYaeTcs 3Ha4eHHe MaTHUTHOTO NOTeH-
Huaja W BEKTODAa MAarHHTHOH MHAYKUHH, pelleHHe A0
BTOPOro NpHOJIHKEHHS BKJIOUHTENBHO MOXKeT OBbITh
noayueHo 6e3 Mcnoab3oBaHus DBM u 1. A. Yacro oka-
3BIBAETCS, UTO BTOPBIM NPHO/JIHXKEHHEM B BHIYHCJEHH-
SIX MOXKHO OTPaHHMYHTLCSH, TAK KaK MOCTPOEHHble PSAbI
HMEIT XOPOIUYIO CXOLHMOCTh B OOJACTH, a H3JIOXKeH-
HBIA MeTOZ o6Js1afiaeT NOBBIILICHHOH TOYHOCTBIO B CPaB-
HEHHH C H3BECTHBIMH METOJAMH OJHOH aNmpoKCHMa-
nuu [JI. 1].
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