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Knura npencrasnsieT co6ofi MoHOrpaduio, ‘HanucaHHYyIO
no pesyabTaTaMm paboT aBTopa. B Hell Hccmepyercs nu-
¢dpakuus TJIOCKHX 3JEKTPOMArHUTHBIX BOJIH Ha HAeaJibHO
NPOBOAALIMX TesaX, MOBEPXHOCTb KOTOPHIX HMEET H3JIOMBIL.
Jlnueitnble pasMepsl Tesl NPEANOJAraloTcst GOJBIIMMH IO
CpaBHeHHI0 C IJWHOH BOJHEL Pa3BUTHIi B KHHre METOXR
YYHUTLIBAET BO3MYIIeHHe MoJst BGJHM3U H3J0Ma MOBEPXHOCTH
H TO3BOJISIET CYLIECTBEHHO YTOYHHUTL NPHOJMIKEHUS reome-
Tpudeckoii u ¢Qusuuecckoi . onTuku. HalineHnl BbIpaXKeHUus
JIS1 paccesiHHOrO MO/ B AaJsbHelt 30He. BrimosHeHn 4ucseH-
HbI pacueT XapaKTePHCTHK pAacCestHHsT W TPOBeJeHO HX
CpaBHeHHe C pe3yJbTaTaMH CTPOTOHl TEOPDHH H C 3KCHepH-
MEHTOM.

Kuura npensasHaueHa ans (HU3WKOB H DaJHOWHIKeHe-
pOB,  MHTepecyloHUXcsi  OUGPAKUHOHHBIMH  SIBJIEHHSIMH,
a TakXKe JUISl CTYIEHTOB CTapIUMX KYpPCOB M acMHPaHTOB,
CTEUHAIH3HPYIOIUXCS TIO aHTeHHAaM W PaclpoCcTPaHeHHIO
PALHOBOJIH.



[MPEOVCJIOBHUE

ITpexxme Bcero ciaenyer HOACHHTb TepMHH <«du3Hue-
ckast Teopus mudpaxuuu», Ins 3TOrO0 ocraHoBHMCS Kpat-
KO Ha HMCTOPUUYECKOM pa3BUTHM JHGPAKLUHOHHOH TeOpHH.

Ecnun paccmorperh, HampuMep, TajeHHe TJIOCKOH 3JeK-
TPOMArHUTHO!M BOJIHBI Ha XOPOIIO TIPOBOAsIee Tesao, BCe
pasMepbl KOTOPOTO BEJMKH IO CPaBHEHHIO C IJIMHOH BOJ-
HBl, TO NDOCTeMHllee pelleHHe 3TOH 3a4auyd MOXKHO TNOJY-
YUTh C TIOMOILbIO 2eomeTpudeckol ontuku. WspectHo, 4TO
B psjie CJAyuyaeB IeOMETPHUECKYIO ONTHKY ClefyeT [OMoJi-
HUTb 3aKOHAMH (pu3uueckol OnTuKku, CBI3aHHOH ¢ HMeHa-
mu Tofirenca, ®penensi, Kupxroda u Kotsaepa, ncnosb-
3ylolleil HapsAy C YPaBHEHUSAMH TOJS TPeANoJoKeHHe
0 TOM, uTo BOJIM3M OTPAKAIOLIEro Tejaa clpaBefJjUBa reo-
MeTpHyeckasi ONTHKaA.

Ha pyGexe XX Beka NosiBWICA HOBBIH pa3nesn Mare-
MaTHUeCKOl (H3UKH — MATeMaTu4eckas Teopus ougpak-
yuu, GBIIM TMOJyuYeHBl CTPOTMe pellleHdsT 3ajnau o Judpak-
uuu Ha KauHe, chepe n GeckoHeuHOM LHJIUHIpe. Brocnen-
CTBUH K 3TOMY NpHOABUJINCH [pyrue CTPOTHe pelIeHUd,
ofHaKo ofllee YMCJIO pelIeHuil CPaBHHTEJbHO HEBEJHKO.
HJ1s1 1ocTaTouHO KOPOTKHUX BOJMH (IO CPaBHEHHIO C pa3Me-
paMy Teja UAM JAPYTUMH XapaKTeDHbIMU DACCTOSIHUSIMMU)
3TH pelIeHHs], KaK MpPaBUJ0, HEeI(D(heKTHBHb, NpsAMble YHC-
JIEHHble MEeTOAbl 2JeCh TaKXKe CTAaHOBSITCS HEeNpPUTOTHBIMH.

Orciofa BO3HHKAeT HHTepec K NPUONMKEHHBIM (acHM-
NTOTHYECKHUM) MeTOAaM, KOTOpble MO03BOJMUIM ObI PaccMoTt-
peTb mM(pPaKUHUIO NOCTATOYHo KOPOTKHX BOJIH Ha DasJuy-
HBIX Tesiax ¥ TPHUBOIUJK Obl K 60Jiee TOUHBIM UM HaJEKHBIM
KCJMUeCTBEHHBIM BBIBOJAM, UeM TeOoMeTpHuecKas WUau ¢u-
3uueckass ontuka. OUCBUIHO, YTO 3TH METOAbl IOJIXKHBI
KaK-TO yuYUThIBaTb HauboJsiee Ba’Kuble pe3ysbTaThl, A0OOHI-
Thle MaTeMaTHYecKod Teopueld OHGPaKIHH.

B «reoMmerpuueckoit Teopuum nudpakuuu», TpeAJIONKEH-

3



ot Kesnnepom, Xak pas Hcnosab3ylorcs u obobuialorcs pe-
3yJabTaThl, NOJYy4YeHHble B MaTeMaTHUeCKOH TeopUH AHP-
paxkuuu KOPOTKHX BOJH. 31eCb BBIIBUTaeTCss Ha NepBbIH
naaH KOHUenuus AX(PaKUHOHHBIX JYyueif, BBICKAa3aHHas
CKopee Kak (u3uueckasi TdnoTesa W He MNPUTrOgHAsA AJs
npeJlcTaBJeHus MOJsi BO BCEM NPOCTPAHCTBE: TaM, Tie Npo-
HCXOIUT (POpMHUpPOBaHUE NUPPAKUHOHHOTO TOJAs  (KayCTH-
Ka, rpaHula cBeTa U TEHW U T. J.), O AY4aX FOBOPUTh Hellb-
351 ¥ HeoOXomvMa BOJNHOBAs TPaKTOBKA.

" Cxa3aHHOe Bblllle [eJjaeT IMOHATHBIM INOsiBAeHHe 00Jib-
1woro uucaa paboT, B KOTOPbIX AH(PaKUHsi KOPOTKHX BOJIH
paccmaTpuBaeTcsd WHbBIMU MeToxaMmu. [lpuMenurtesabHo K
OTpa)KarmwlUM TeJaM € pe3KUMH H3J0MaMH I[OBEPXHOCTH
UM C OCTPBIMU KDasiMU (JIeHTd, AMCK, KOHEUHBIH LHJUHIP
MU KOHYC M T. 1.) 3[€Cb [IpexJe BCero cjelyer OTMETUTb
pabornt Ii. §I. Ydumuesa, KoTopble Hauaau IOSIBIASTLCH
B meyatd B 19567 r. Ha ochoBe sTux pador M Hanucaia
naHHas KHUra.

[1. fI. Ypumuer uccienyerT XapaKTePHUCTUKH paccesiHus
Ha TakKuX Tenax, NPUHHUMAas BO BHUMAaHUe HAPSLIYy C ToKa-
MK, BO30OyXKJaeMbIMH Ha [OBEDXHOCTH Teja M0 3akoHaM
reoMeTpuuecKoll ONTHKH («paBHOMepHAsT uacTb ToKa» IO
ero TepMHHOJNOIMH), AONONHATENbHble TOKH, BO3lilKaloulue
BGiu3n pelbep HWJAH KpaeB, UMeloLlHe XapaKTep KpaeBbIX
BOJIH W ObICTpPO ocnaleBalollye Npud yAadeHdn ot pebpa
AU Kpasi («HepaBHOMepHas uacTb rtoka»). Ilone wusayue-
HUS, CO31aBaeMoe [JOTOJIJUTENbHBLIMY TOKAMH, MOXKHO llaii-
TH, cpaBHUBasi pebpo 414 Kpait ¢ pedpoM OecxoHeuHOro
KJMHa WJIH KpPaeM MOJYIJIOCKOCTH. B HeKOTOphIX cayuasx
HPUXOIHTCSH YYUTHIBATh JAU(PPaKUHOHHOEe B3auMolelcTBue
pe3auuHbIX Kpaes, T. €. TO 06CTOATEeLCTBO, YTO BOJHA, CO-
3aaBaeMasi OJHMUM. KpaeM M PacnpocTpaHAioOlascA MHMO
ADYroro xpas, jJudparupyer Ha HeM (BTODHYHAs AUPpPaK-
nus).

Takoil moaxon K audpakuuy KOPOTKUX BOJI o0Janaer
OONIbIIOK (hHU3NUECKOH HATJSAHOCTBIO W I03BOJISIeT TOJIY-
YUTb JOBOJILHO MPOCThie MPUOJIHIKEHHBIE BbIpAXKCHHUA A1%
[0/, PACCESIHHOrO Da3JHUHBIMY MeTaJIHUECKHNHU TeJaMd.
DTOT M0IX0J MOMXKHO HA3BaTh Qu3uueckod Teopulti Ouppak-
yuu, npuveM 3TO Ha3BaHHe NMPHMEHHMO KO MHOruM pafo-
TaM Nmo JAuppakuuy KOPOTKHUX BOJIH, B KOTODbIX MaTeMaTH-
yeckHe TPYIHOCTH 0O6X0JAT C MOMOIIbIO (PU3HUECKUX CO-
o6paxeHui.
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fIcHo, uto pusMueckas Teopust AU(PAKUHH eCTb lUar
BMepel TO CPaBHeHHMI0 € (uU3HueCcKOH ONTHKOH, KOTOpas
Boo61Ie TIpeHeOperaer OTOJNHHUTENbHBIMH (KPaeBBIMH) TO-
Kamu. PesysbTaThl, TOJNYy'ieHHble B JaHHOH KHHTe, TOKAa3bl-
BAWOT, YTO TIPU 3aJaHHOH IJIMHE BOJHBL (H3M4eCKas Teo-
pusi nudpakuu{ mAaeT JY4IIYIO TOYHOCTb, yeM (H3HuecKkas
OITHKA, a NPU 3alaHHOI TOUHOCTH (du3uueckas TEOPHSA JHU-
@pakuun TO3BOJsIeT NMPOJBHHYTbC B Oosee  IJIHHHOBOJ-
HOBBI# OHANa3oH M, B YACTHOCTH, MOJYYUTb PSI Pe3yib-
TATOB, HHTEPECHBIX JIJIs1 PANHOJOKALIHH, Flle OTHOLIeHUs pas-
MepOB TeJ K AJIMHe BOJIHBI He JOCTHUTAlOT TaKHX OOJbIUHX
3HaueHuil, Kak B OITHKE.

Bwmecte ¢ TeMm pusuyeckass Teopusi AMPpPaKUUU OXBATHI-
BaeT pPsiT MHTEDECHBIX SIBJEHHI, COBEPIIEHHO UYXIBIX (H-
3uueckoi onrtuke. Tak, B psame cayuaeB AONOJHHTEJNbHBIE
TOKH JIAIOT HE MaJlylo TIONPaBKy K TIONIO M3JyYeHHs, a oc-
HOBHOH BKJsiag B 3T0 moJe (cM. oco6enso ra. IV u V). Ec-
JM MJIOCKas BOJHA Hudparupyer Ha TOHKOM NPSMOM npo-
gojge (maccuBHoM BuGpaTope), TO JOMONHHTEIbHBI TOK
cnajaeT BecbMa MeJNJIeHHO NPH YyHOaJeHHH OT KOHIA Mpo-
BOJAA, TIO3TOMY pelleHHe MOJyyaeTcd CYMMHPOBAHHEM Bceli
UeNMouKd AU(PPaKUHOHHBIX BOJH (BTOPHYHBIX, TPETHUHBIX
M T. N.), MOCJeNoBaTelbHo BO3HMKAIOIIUX BCJENCTBHE OT-
Pa’kKeHdsl TOKOB OT KOHIIOB HPOBOJA, U MMeeT Pe30HaHCHBIH
xapakrep. Tax pewena B rai. VII 3amaua o paccesiHun mio-
CKOM BOJIHBl Ha NPOBOJle KOHEUHO JJIMHBI, SBJIOWIAACS NHU-
¢dbpakiuoHHO# 3ajiauell HECKOJbKO HeOOBIUHOro THMA: MO-
JiyueHHOE pellieHke TIPUMEHUMO APH YCIOBUHM, UYTO AHAMETD
IpOBOAA MaJ MO CPAaBHEHMIO C JUIHHOH BOJIHBI M JJIHHOM
NpoBONa, a OTHOUIEHWE JJIMHBI HPOBOXA K JJIMHE BOJIHBI
NPOU3BOJBHO.

OxoHuaTenbHble (OPMYJB, KOTOPble BbIBEIEHbl B JIaH-
HOfi KNure M IIPUMEHEHbl JJIF pacuyeTdoB, He SABJIAIOTCA
aCHUMITOTHYECKHMH B CTPOrOM CMbicjie 3Toro cJosa. [lo-
3TOMY €CTeCTBeHHO TIOCTaBUTb BOMpOC: ueM OYAYyT OTJH-
yaTbCcsi OT HUX MOCJeNOBaTe/lbHble acUMOTOTHUecKHe ¢op-
MYJB, KOTZA WX, HaKOHell, NOJyuyaT B MaTeMaTHUeCKoH
Teopuu Audpakuuu? MoKHO cKasaThb 2apaHee, 4To IJias-
HBIH ujleH aCUMIOTOTHUYECKOr0 pasyioxKeHUsi He 6ymer BO06-
uleM CcJyuae COBMajnaTh C pelleHWeM, HOJYUEHHBIM Ha Oc-
HoBe (hU3MUeCKHX coobpakeHHH: B IJIaBHOM ujieHe OyOyT
¢urypupoBath Apyrue (Kak npaBuiio, Gosiee CJIOXKHBIE) Meil-
JIEHHO MeHglomuecss GyHKUIUM, Ompelessiolle CHajaHue
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moJsiefi ¥ TOKOB NpM YyJAajieHHH OT ipebep M KpaeB, a TakKxke
IndpakuHOHHOE sYanmoneiicTue KpaeB U 3aTeHeHHe Kpae-
BbIX BOJH. OnQHaKO yTOUHeHHe MeIJEHHO MeHSOUIUXCS
OyHKIMH B BBIpaXKeHUH s NHPPaKUMOHHOTO MOJS HE MO-
7KeT cepbe3HO NOBJAMATh Ha KOJKYECTBEHHbIe COOTHOILEHHS:
3T0 BUIHO M3 CDaBHEHHsl Pe3yJbTaToB, NMOJYYEeHHBIX B HaH-
HOHl KHUre, C pacueTaMy TO CTPOrOH TEOPUM U APYTUM
npubJauKeHHBIM (opMysaM, a Tak:Ke C pe3yJbTaTaMu H3-
MepeHHUH. :

CooTHollleHYs, HOJNyYeHHble B NAHHOH KHHTre, IOJXKHBI
TaKxke NOMOYb pa3paboTKe AaCHMNTOTHYECKUX METOLOB B
MaTeMaTHYeCKOH Teopuu NU(PaKIHH, NMOCKOJbKY OHH MOX-
CKa3blBAIOT XapaKTep anmpoKCUMAaUHH W CTPYKTYDPy HCKO-
MOro pelleHHs.

J. A. Baiiniumelin



BBEJEHHE

B noc/ienHue rofbl 3aMETHO IMOBLICHJICS HHTepeC K JH-
¢bpakuuu 3JEKTPOMATHHTHBIX BOJIH-Ha MeETaJJIMUecKux Te-
aax cjaoxuoit ¢opmbl. Takue nupakuuoHHBle 3aJauu TPH
CTpPOroil MareMaTHyeckKod (OpMyJHPOBKe CBOAATCA K MH-
TEMPHPOBAHHIO BOJHOBOTO YPAaBHEHHS HAM ypaBHeHUH
MaxcBesasa ¢ yueroM TpaHUYHBIX YCJOBHH Ha TIOBEPXHO-
ctu tena. OjpHako HafiTH pelIeHHs B cjyyae peasibHbIX
TeJl CJO0XHOH KOHQHUrypauun He ygaercs. DTO MOKeT ObITb
C/leIaHO JIMIIb AJIST TeJ NpocTedllled reoMeTpuyeckoi ¢op-
Mbl — TaKHX, KaK OeCKOHeYHO AJUHHBLI LUAUHIpP, cdepa,
nuckK u T. A. Ilpu aToM oxa3riBaeTrcsl, uTO MOJNYyuYeHHBbIe pe-
LIeHUs] TO3BOJSIOT 3(M(PEKTUBHO BBIYHCAUTL JUPPaKUUOH-
HOe ToJie JIMIb TIPH YCJOBUH, €CJH IJMHA BOJHB GoJbile
HJIM CPaBHUMA C KOHEUHBIMH pasMepaMu Tena. B «xBasuon-
THYECKOM» cCJiyuae, KOrga [JMHa BOJHBL MHOIO MEHbIIE
pasmepoB Tesa, CTPOrHe pellleHHs OOBIYHO TepSIIOT CBOIO
NpaKkTHUECKyl0 IeHHOCTb, U HX HeoO0X0IMMO HONOJHATH
TPYIOEMKUMH H CJIOXHHIMH ACHMITOTHUECKHMH HCCJIEN0Ba-
HusiMU. UMcleHHble MeTOABl pelleHHs] TPAHWUHBIX 3ajgay
30eCh TakKxKe CTaHOBATCA Hed(pdekTuBHbIMU. [loatomy B
Teopud audpakuuu Gosbllioe 3HaueHHe npHoOpeTaloT TMPHU-
O/NuKeHHble METOIBI, MO3BOJIAIONINE H3Y4YUTh AUDPaKIUIO
JOCTaTOUHO KOPOTKHX BOJH HA DPa3jUYHBIX Teaax.

ITone, paccesHHOe HAaHHBIM TeJOM, MOXKeT OBITb BBI-
UHCJeHO TPHOJIHNKEHHO C MOMOLIbI0 3aKOHOB TeoMeTpuye-
CKOil ONTHKM (OTpaxkarejbHble (DOPMYJBl, CM. HanpuMep
[1—3]), npunuuna lofirenca — @perens, ¢opmya Kupx-
ropa u Koraepa [3—6].

Hau6onee ynorpebutenbHbiM METONOM pacuera B KBa-
3MOINTHYECKOM ciayuyae siBasiercs mpuHoun [oifrenca —
®penensi B dopmynupoBke Kupxrodpa u Kornepa — tak
HasblBaeMoe npubanxkenue ¢usvueckoil ontuku. CyTb 3TO-
ro Meroaa MoXKHO copMyaupoBath ciaeaylouum obpas3oM.
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Ilycte mnockas 3JAeKTpOMalHHUTHAs BOJIHA TajaeT Ha
Kakoe-J1ub0 uIeaJbHO TPOBOJsILEe TeJo, Haxoxsuleecss B
<BOGOJHOM TIpoCcTpaHCcTBe. B npubauxeHun (u3HuecKoH
ONTHKHM TNOBEPXHOCTHAsl MJIOTHOCTb TOKa, MHAYUHPOBAHHOI'O
3100 BOJIHOJ Ha OCBelleHHOH YaCTH TOBEPXHOCTH TeJa,
npuHuMaercsd (B aOCOJIOTHOH CHCTeMe eNUHUIL) paBHOi

. 4
J0=5_[nH,], (A)
TAe ¢ — CKOPOCTb CBeTa B BaKyyMe, N—BHELIHs HOPMAaJib
K moBepxHocTH Tena, Ho— MarmutHoe mnoJie wmanawielt
BosiHel. Ha 3aTeHeHHOH cTOpoHe TesNa MOBEPXHOCTHBIH TOK
npeqnosaraercs paBHbIM Hydro (j°=0). dopmyna (A)
C3HAuaeT, YyTo Ha KaXJIOM 3JeMeHTe OCBElLIeHHOH NoBepx-
HOCTH TeJsla BO30YyXKjJaeTcsl TaKOil e TOK, KakK Ha Kaca-
TeJIbHOH K 3TOMY 3JeMeHTy HAeaslbHo NPOBOAsLIEH MJoC-
KocTu OeCKOHeuHBIX pa3MmepoB. PaccesgHHoe moJje, co3ga-
BaeMmoe TOKOM (A), HaXomutcs 3aTeM C MOMOIIbLIO Y(paBHe-
Huil Maxkcsenna.

OueBumHO, 4YTO B AEHCTBUTEJNBHOCTH TOK, HHAyLHDYe-
MBI Ha INOBEPXHOCTH Tesja, OyAeT OTJAHYAThbCA (BCJAEICT-
BHe HCKDHBJeHUs ToBepXHocTH) oT Toka j° TouHoe Bblpa-
JKeHHe /1 TUIOTHOCTH IOBEPXHOCTHOTO TOKa HMeeT BHI

j=i"+7, (B)

rage j! ecTb MOBEPXHOCTHAsi IJIOTHOCTb JONONHHUTENBHOTO
TOKa, 0OYCJOBJEHHOrO MHCKpHBJeH#xeM mnosepxHoctd. [lox
HCKPHBJIEHUEM TMOBEPXHOCTH MBI TNOHHMaeM J[1000€ ee OT-
KJOHeHHe OT GeCKOHEUHOH TJIOCKOCTH (MJaBHOe HCKpHBJe-
HHE, H3JIOM, BBICTYI, OTBepCTHe U T. I.). Ecau Teno sBas-
eTcsl BBINYKJBIM M TNadKUM, a ero pasmMepnl ¥ paguychl
KPHUBU3HBI -BEJINKH TI0 CPAaBHEHHIO C JJIMHOW BOJIHBI, TO JO-
MOJHATEJBHBIH TOK cOCpeL0TOUYeH, B OCHOBHOM, BOJIM3H Tpa-
HUIBl MEXIy OCBELIeHHOH U TeHeBOH YacTsAMH MOBEPXHO-
cta tena. Ecau Ke Teno uMeer Kpasl, H3JIOMbl HJIH OCfpHd,
TO IOMOJNHHUTENbHBLI TOK BO3HMKaeT TakxKe BOJHM3H HHX.
ITnoTHOCTL HOMOMHHTENBHOTO TOKa CpPaBHUMAa C JIUIOTHO-
cTel0 j°, Kax NpaBuJo, JHUIb Ha pAacCCTOSHUAX INOPsSAKa
AJViHbl BOJIHBI OT COOTBETCTBYIOLIEro Kpasi, H3JoMa WJH
octpua. TakuM o06pa3oM, e€cju pa3Mephl Tela 3HAUYUTENbHO
NDeBBIUIZIOT IJIMHY BOJIHBI, TO IOMOJHHTEJbHbE TOKH 3a-
INMAalOT CPaBHUTEJbHO HeOOJbIIYI0 Y4acTb ero IOBEepXHO-
CTH.
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[TockonbKy TOK, BO30YyXKIaeMEBIil TJIOCKOH BOJIHOH Ha
uIeasbHO NPOBONALIEH IJOCKOCTY, PacCnpemesieH N0 Heil
paBHOMepHO (€ero MOBEPXHOCTHAs NJOTHOCTb NOCTOSIHHA MO
a6coJIoTHOM BesanuMHe), TO BekTop j° MOXKHO Ha3BaTh
«PaBHOMEDPHOH» YACTbI0 NOBEPXHOCTHOTO TOoKa. [lononHu-
TeJbHbIH TOK j!, 06yC/OBNEHHbIH HCKPUBJIEHNEM IOBEPXHO-
CTH Tejla, Mbl OyjaeM B naJibHefillleM Ha3BBaTbh «HEPABHO-
MepHOU» uacTelo ToKa. B mpubamxeHuu Gu3HUeCKOl On-
THKH YUUTBIBA€TCS TOJNbKO paBHOMepHas YacTb TOKa,
MO3TOMY HEyAMBUTEJNBHO, UTO OHO JaeT B psle CJaydyaes He-
yIOBJIETBOPUTE/bHbIE pe3ysbTaThl. [Ipn 60jee TOYHOM pac-
yeTe HeOGXOMUMO YUUTHIBATbD ¥ HEDABHOMEDHYIO UacTbh
TOKaA.

B npenjiaraeMoil KHHIe H3JI0XKeHbl H CHCTEMAaTH3HDPOBa-
Hbl DE3YyJbTAaThl aBTOPA, OTHOCSIIHECS K HPHUOGJIHKEHHOMY
pelleHHI0 IH(PPAKUHOHHBIX 3a1ay. B OCHOBHOM 3TH pe3yJb-
TaThl ObIM KPATKO H3JI0KeHbl B psaae crartel [7—14]. Ilpu-
MEpHO B TO e BpeMsl NOABHJIHCL PaGoThl APYrHX aBTODOB,
NOCBSIIICHHbIE aHaJIOTHUHBIM 3a4auyaM. Mbl OCTaHOBUMCS Ha
Hux Gosee mompo6Ho (B § 25) mocsae TOro, Kak yuTaTenb
NPUBLIKHET K TMOHSITHSM, HCHOJb3YEMBIM B AU(PaKIHOHHBIX
3ajlayax TaKOro Tuma. 3aMeTHM JHIIb NOKa, YTO B 3THX
pa6oTax NpUMeEHEHBl, KaK NPAaBUJIO, HUHbIe METOMBI.

B kuHure paccmarpuBaTcs 3amauu ¢ AAGPAKIUH TJO-
CKMX 3/IeKTPOMAarHUTHBIX BOJIH HAa BBIMYKJBLIX MeTajjuye-
CKHX TejaX, [OBEPXHOCTb KOTOPHIX MMeeT H3JIOMBl (pel-
pa). Pasmepsl Ten npeanosaraioorcs OOJMBLIMMHU 1O CpaB-
HEHUIO C JJIHHOH BOJIHB, a HX [MOBEPXHOCTb —HAEabHO
NPOBOASALIEH.

OueBuaro, utro ecau peb6pa ynganeHbl APYr OT Apyra
NOCTATOYHO HAaJieKo, TO TOK, TEKyIUHH Ha MaJjiOM 3JIeMeH-
Te TMOBEPXHOCTH Tesna BOJH3H ee H3J0Ma, MOXKHO NpubIn-
JKEHHO CUMTaTb TaKHM JKe, KaK Ha COOTBeTCTBYylouleM Gec-
KOHEYHOM JByrpaHHoM yrje (kauHe). [leficTBUTEJBHO
B ra1. I nokasano (cMm. Takxke [5] § 20), uto HepaBHOMepHas
Y4CTb TOKA Ha KJNMHEe HMeeT xapaKTep KpaeBoii BOJHBI, KO-
Topas OblcTpo yO6bIBaeT ¢ ynasjeHdeMm oT pebpa. Ilostomy
MOJXKHO CuHMTaTh, YTO HepaBHOMepHAas YacThb TOKa cocpeno-
TOU€Ha, B OCHOBHOM, BO/aM3H ussoma. C NOMOIIBIO 3TOro
($u3nveckn OYEBHIHOTO NPENNOJOKEHUS BHIYHCJAEHO TOJE,
pacceannoe jgenroit (ra. I), muckom (ra. II), mumunmpom
KoHeuHoH miuHbl (ra. III) »m HekoTopeIMM Hpyrumu Tena-
Mu Bpautenus (ra. IV),



[lpu OGojee TOYHOM pacueTe HYMKHO, OTHAKO, HMETb
B BUIY, UTO HCTHHHOE pacmpejielleHHe TOKa BOJU3H Kpaes
TeJla OTJMYaeTCs OT ‘paclnpeieseHdss ToKa BOau3u pebpa
KnnHa. JlelcTBUTENLHO, KpaeBasi BOJIHA, COOTBETCTBYIOLLAS
HepaBHOMEPHOH 4YacTH TOKA, PaClpOCTPaHssICh BAOJb IO-
BEDXHOCTH TeJja, NOCTHraer coceiHero pe6pa U HCHBITH-
BaeT Ha HeM OU(paKUuio, Bo3OykKAass BTOPUUHBIE KpaeBble
BoJsinbl. [locieqHue B CBOIO ouepelb IOPOXKIAIOT  HOBbIE
KpaeBble BOJIHBI U T. A. Ec/au Bce pasMephl Teja BeJUKH MO
CPaBHEHUIO C OJIMHOH BOJIHBI, TO, KaK IPaBHJO, HOCTaTOYHO
yuecTb TOJbKO BTOPHYHYIO Nudpakuuioo. DTo sSBJEHHE H3Y-
yaercss B IJ1. V Ha NpUMepe JIEHTHl ¥ JHUCKa.

B cjayuae TOHKOrO UHJIMHIPUUECKOTO MPOBOJHHKA KO-
HeYyHOll MJIHHBl KpaeBble BOJIHB TOKa YOBIBAIOT C yHaJe-
HHEeM OT KaXKJIOro KOHIA oueHb MepjsieHHO. [loaTomy 31echb
HeJb3sl OTPAHHYUTHCS YYEeTOM TOJIbKO BTOPHUHOH audpax-
LMY, a8 HeOOXOOMMO pacCMaTpPUBAaTh MHOTOKpPATHYIO AU paK-
LHUI0 KpaeBHIX ‘BOJH. DTo# 3amave nocesiileHa ria. VII.

PaBHoMepHasi 1 HepaBHOMepHAas YacrH TOKa SIBJAIOTCH
He TOJBKO BCIIOMOTATEJNbHBIMH TOHATHAMH, T0JEe3HBIMH
npu pelieHnn AndpaxkuuoHHbIX 3agau. B ra. VI nmoxasawo,
UTO M3 [OJHOTO DacCesiHHOTO IOJS MOXKHO 3KCIIepHMeH-
T2JIbHO BBHIJEJUTh TY €ro 4acTb, KOTOpasi CO3[1aeTcs Hepas-
HOMEpDHOH dYacTbio Toka. TaMm ke NOKa3bIBAaeTcs, UTO siBJe-
HHMe Jel0JApH3ailii OTPAXKEHHOr0 CHrHaja OoO0yCI0BAEHO
TOA6KO HEPAaBHOMEPHOH YacThiO TOKA.

OTMeTnM c/efyIOLlyI0 OCO0EHHOCTh Meroja, H2J0MKeH-
Horo B KHure. B HeM IIHPOKO ucmosb3yeTcss (usnueckoe
npeJcTaB/eHHe O 'HEDAaBHOMEPHOH uyact# TOKa. HO HHrue
He TpUBOIATCS ee sIBHble MaTeMaTHYecKdHe BBIPaXKEHHs.
Jeno B TOM, UYTO 3Ta 4YacTh TOKA HE BBIpaXKaercs B
obuweM cayuae uyepe3 u3BecTHble (GyHKIMH. OueBHIHO, UTO
HermocpenCTBEHHOE MHTerpupoBaHue TOKOB IIDH BBIUHCIE-
HHHM DAacCesiHHOrO IOJS MOXKeT MNPUBECTH JUWb K BECbMa
CNIOXKHBIM H Heo603pUMbIM Gopmyaam. [losTomy MHl Ha-
XGAUM DpaccesHHoe ToJie, CO3NaHHOe HepaBHOMEPHOI
YaCTbI0 TOXa, 6e3 ee HEMOCDPENCTBEHHOrD WHTErPHPOBAHUA
Ha OCHOBAaHMM KOCBEHHBIX coobBpaxkeHHll (CM. 0COGEHHO
ra. [—IV).

Meron, kKoTopuiM pewaroTcs ANPpakIUNHHBIE 3aTauM
B IAHUOW KHHTE, MOXKHO KpaTKo c(hOpPpMyNUPOBATHL CJeIyIO-
muM o6pasoM. Mbl uineM npuGAMIKEHHOE pelleHHe [HU-
(pakKUMORHOH 3agayMm AJAs KaKoro-1ubo Tena, npeasapH-
10



TeJbHO M3YUUB OUGPakKIHI0O Ha €ro OTAe/lbHBIX FeOMeTpH-
yecKux 3JjeMeHTaX. Hanpumep, ans KoHeqHOro IMJIMHIpA
TaKUMU 3JeMeHTaMU SIBJAAIOTCSA: 6GOKOBasi NMOBEPXHOCTb KakK
44aCTh NMOBEPXHOCTH OECKOHEeUHOro NUJIAHAPA, Kamjoe OC-
HOBaHWe KaK YacTh TJIOCKOCTH, KaxK bl OTpe30K pebpa Kak
Kpaii kjauHa (KpHUBH3HOH pe6pa B IepBOM mMPUOIHKEHUH
MOXHO npeHe6Gpeub). M3yuuB nudpaxinuio Ha OTHEJTBHBIX
3JieMeHTaX TeJjla, Mbl TI0JydaeM UpeJCTaBJeHHe O HepPaBHO-
MEpHO#l 4acTH TOKa U O [oJe, KOTopoe el u3Jjyyaercs. 3a-
TEM MCCJelyeTcss BTOPUYHAS, TPeTHUHAs ¥ T. A. fudpakuud,
T. €. yuuThiBaeTcsl AU pakLHOHHOE B3auUMOJeficTBHE pasny-
HBIX 3JIEMEHTOB TeJja.

JlauHbelll MeTon anejnupyer kK Qusnueckum coobpaxe-
HUSIM He TOJILKO IMPU TIOCTAHOBKE 3agauM, HO U B INpPOLEC-
ce ee pelIEHHs, U 3THM OT;JIUYaeTCcss OT METOJ0B MaTeMaTH-
yeckodl Teopuu nucdpakuuu. IlostoMy Takoil MeTom MOXKHO
OTHeCTH K ¢pududeckoil Teopun JudpakLum.

K ¢usnueckoil Teopun mudpakiuy MOKHO TaKxKe OT-
HeCTH Uenbl#l psax APYIrHUX JAHUPPAKUHOHHBEIX HCC/eTOBaHHUI,
nosiBuBLIMXCcsA B mocaenuue -5—10 ger. IlepBoit paGotoii,
B KOTOpOH coxep:Karcs upeu (U3MUECKOH Teopuu audpax-
IHY, SABJSETCS, MO-BUAUMOMY, craThs Llzapumuabna [15],
ony6/JMKOBaHHAsl elle B HayaJje HbIHEUIHEro CTOJNETHS U
NOCBAIleHHAas] IHPPaKUHK Ha IIEH.

Caeayer OTMETHTb, UTO NPUGJHIKEHHbIE pelIeHHs! -
(paKUMOHHBIX 3ajay Obld Obl HEBO3MOZKHBLI §e3 HCIOoJb-
30BaHUsI DPe3yJbTATOB, [OJYYeHHBIX B MaTeMaTHUECKOM
Teopun audpaxuuu. B uwactHocTH, B NaHHOH KHHre: ILIUPO-
KO HCTOJBb3yeTcs CTPOTOe pelleHHe 3ajmaud o Juppaxkuuu
Ha KJHuHe, NMpuHamnexaiiee 3oMMmepdennny [16]; B ra. I
35T0 peuleHHe NoJydYeHo HHBIM MeTomoM. Paborel ®oka
{17, 18] mocnyXHau OTIPaBHBIM MNYHKTOM MHOTOYHCJIEHHBIX
ucciael0BaHUi Mo AM(PaKUUY Ha I'V1aJAKUX BBEHTYKJBIX TeJax.
Crporoe pelnenne 3anaux 0 JUPPaAKIUA HA OTKPHITOM KOH-
e BostHOBoZAA [19] BckphiBaer MexaHu3Mm 006pa3oBaHus Iep-
BHYHBIX AX(PPaKIHOHHEIX BOJH M UX 3aTeHeHHe TPOTHBOIIO-
JIOXKHBIM KpaeM BoJHoBozna. Crtporast Teopus, OTHOCSLLASICS
K JIeHTe ¥ OUCKY, TI03BOJISET BBLISCGHUTh TOYHOCTb TPHOGIH-
XEHHOU TeopuHu (cMm. ra. V).






TJIABA 1
AUPPAKLHSA HA KJIHHE

Kak y»e TrOBOPHJIOCH BO BBEIEHHH, PaCCeSIHHOE TEJ0M
nojie MOYKHO paccMaTpHUBATL B BHIE CyMMBI TOJeH, H3JIy-
yaeMbIX paBHOMEPHOH ¥ HepaBHOMEPHOH yacTAMH TOBepX-
HOCTHOrO TOoKa. PaBHOMepHas yacThb TOKa MOJHOCTbIO OTIpe-
IeJisieTcss TreoMeTpHeldl TeJa M MAaCHUTHBIM [OJIeM Majfalo-
wefi BosHb. HepaBHomepHas uacTh B oflueM cjayuyae He-
pssectHa. OaHakKo MPUOGAHKEHHO MOXKHO ° CUHTATb, YTO
BO/IM3M H3JI0Ma BBITYKJOH NOBEDXHOCTH OHa GYyHeT Takoh
Ke, KaK Ha COOTBETCTByloueM KjauHe. [loaToMy HaM Hyxk:
HO cHAuana U3yuuTh JUPPAKUUIO MIAOCKOH 3/J€KTPOMATHHT-
HOU BOJIHBEI Ha KauHe. DTol 3ajmayve ¥ GyAeT MOCBsILEHA Ha-
cTosimlasi TnaBa. BHayase Mbl paccMOTpPUM CTporoe pelie-
Hue gaHHoit sazauu (§ 1 u 2). 3atem Halizem ee pelieHue
B npubankennu usnveckoil ontuxku (§ 3). PasHoctb atux
pelleHHil ompepensieT MoJe, CO3/MaBaeMOe MHepaBHOMEPHOH
yacTbio ToKa (§ 4).

§ 1. CTPOIOE PEIIEHHUE

Crporoe peuleHue 3afaud 0 AU(PPAKLHH NJIOCKOH BOJ-
Hbl Ha KJ/uHe BNepBHe ObLIO NoJydeHo 3oMMepdenbroM
C TIOMOWIbIO MeTO0Ja pPAa3BETBJCHHBIX BOJHOBBIX (YHKIUNH
[16]. BnocnencrBuu Oniia M3yueHa Takxke -AudpaKUUA IH-
JINHADHYECKUX U cepHuecKUX BOJH Ha KauHe. J[OBOJIbHO
o6wKpHyl0 6uGaAKOrpaduUo Mo THM BOIDOCAM MOXKHO Hall-
TH, nanpumep, B cratee OGepxertunrepa [20]. TTocko/bKy
3ajaua o OUPPAKUMH Ha KJUHE JIEXKUT B OCHOBE HAUIUX
MCCJeNO0BaHUN, MBI CO4JH lesecoo0pa3HblM He TOJbKO
NPHBECTH pe3ynbTaTh ee CTPOCOro pellleHHs, HO M AaTb UX
HOBBI{, 60/ee HarasnHbli BbIBOA. Mnaesi sToro BhIBONA He-
NOCPeICTBEHHO BbITeKaeT u3 pa6GoTel 3oMMepdenbia.
3oMMmepdenpa Hallen pellieHHe 3aayd B BHIE KOHTYPHO-
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ro uHrerpasna, a sateM npeo6pasoBan ero B psag. MoxHo,
OIHAKO0, MOCTYINHTb Hao60pOT: CHauaja HAUTH pelleHHe
B BHUJe Dsila, a 3aTeM YXKe NaTh ero HHTerpaibHOe dpel-
craBsnenne. Tako#l myTb Kaxercss HaMm 6ojiee HaTJISITHLIM
U M3JI0KeH B gaHHOM mnaparpade. Heo6xomuMmocts B mo-
IpOoGHOM BBEIBOIE BBHI3BLIBAGTCS elle TeM, UTO Pe3yJbTaThl
3ommepdenbna {16] npexcrasieHbl B HEIOCTATOUHO YETKOH
dopme, 3aTpynHsIOUIEH HX HCTOJb30BAHUE,

'M

O=d

Puc. 1. Bo36yxieHue KJAHHOBHAHOH o06GjacTH
JINHEHHBIM  MCTOYHHUKOM,

Q — uctouHUK, P — Touka HaGmoneuus, L —

KOHTYp uMHTerpuposarust B dopmyae (1.10).

Urak, mycTs B ©BOGOLHOM TpocTpaHcTBe (IYCTOTE) Ha-
XOAUTCH KHAeasNbHO NMPOBOASIUMN KJAHH H NapasiiejbHbIH ero
pebpy ucTouHMK Q uLuAMHApHyeckoil BonHBl (puc. 1). Bae-
IeM IHUJHHAPUYECKYIO CHCTEMY KOOpAMHAT r, ¢, 2 Tak,
ytoOBl OCh 2 COBNaJja c ipebpoM KJHHA, a YroJ ¢ OTCUHTHI-
BaJICSl OT OCBelleHHO# rpaHu. Buemuuit yron KauHa obo-
3HauuM OykBol a, Tak uto O0<¢<<o. Koopaunartel ucTOu-
HuKka Q o6o3HauyuM uepes 7o, Qo.

PaccmoTpuM JBa wacTHBIX ciaydyas BO3OYXIAEHUA 3JiekK-
TPOMArH4THOTO TI0JiA. B mepBoM ciyuae oHo Bo36Gyxkiaer-
cs ,HUTBIO 3JIEKTPUYECKOrO TOKA“

ji=—iopd(r—ry, ¢ —®), (1.01)
BO BTOPOM CJlyuae — ,HHTBIO MarHATHOIO TOKa“
jT:—immzﬁ (r—ry ¢ — @p)- (1.02)

Beauunanl Pz U M; 03HavYalwT 34AeCb COOTBETCTBEHHO 3JI€K-
TpH'{eCKHﬁ H MarHUTHBIH MOMEHTBl HHTH Ha eUHHLY ee

14



AJIHHBL II0 OCH 2, o — [UKJHYECKYyI0 4YacCcTOTy <(.0=Ck=

=), 8(r—ro, ¢ — ) =0(r—r)3[r (¢ — )] — AEYX-

MepHyl0 [esibTa-QyHKIHUIO, YJOBJIETBOPSAIOMLYIO YCJIOBHIO
SS 3(r—ry, @ — @) rdrde=1

TIpM MHTErPHPOBAHHH IO OKPECTHOCTH TOYKH Iy, .

3nech U B jajbHeiilleM Mbl HpHMeHsieM abCOJIOTHYIO CH-
cTeMy enuuul (cuctemy [aycca), a 3aBUCHMOCTb OT BpEMeHH
npeanonaraem B Buge e

B nepBom ciiyuae ,3jeKTpHUYECKHI“ BEeKTOD-NMOTEHIUAJ A;’
YIOBJETBOPsieT ypaBHEHHIO (CM., Hampumep, [4])

e e At e
DA A=t (1.03)
M TPaHUYHBIM YCJIOBHSM
A=0 mpu ¢=0 u p=a. (1.04)

Bo BrOpOoM ciayyae ,MarHUTHBIH® BeKTOp-IOTeHLHUAJ A:"
YIOBJIETBOPSIET ypPaBHEHHIO
m 2 m_ 41'; m
AN RPAT = — (1.05)
U TPAHHUHBIM YCJIOBHAM

0AT
3 =0 npu ¢=0 u ¢g=a. (1.06)

Pewenne HeomHopoaHeix ypasHenu#t (1.03) u  (1.05)
€CTECTBEHHO HCKAaTb B BH[IE

Z asJ, (kr) Hi') (kry) sin vs @ sin vy mpu r<r,,
A= (1.07)
N agd, (kry) H (kr)sin vye, sinvse npu r > ry;

= s N
( ©
Y bsJ, (kr) H ‘fs’ (kry) cos v, cos vep mpu 1< ry,
AT= S:f (1.08)
2 bJ, (kry) Hf”(kr) COS Vs@y COS V@ TIPH 1 >y,
s=0
Ve=5—.

a
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IlpousBsepenns

J, (kr)sinvse J, (kr)cosvse

" (1.09)

H'" (kr)sin v,9 H'" (kr) cosvp
SIBJIAIOTCA YaCTHbIMH pellenusmu ypasHeHui (1.03) u (1.05)
6e3 mpaBoH uacTH, YAOBJETBOPSIIOLIMMH TI'PaHUUHBIM YCJIO-
BuaM (1.04) m (1.06). OcranbHble MHOXKHTEJH, BXOASMIIKE
B ¢opmyanl (1.07), (1.08), obecneunBaioT COGJIOAEHHE NPHH-

IMNa B3aMMHOCTH H HeNpPepbIBHOCTb NOJsI Ha Ayre r=r,.
®yuxnusa beccens va (kr) BXOAMT B 3TH ¢opMyJibl TpH 7 <

MOTOMY, UTO OHA OCTaeTCsl KOHeuHOH mpu 7 — 0, a dyHKIMs
d (1) -
Xaukesnsi HVs (kr) B3sita mpu r >r, jJs TOTO, 4TOOBI pelle-
HUE YAOBJETBOPSJIO YCJIOBHUIO H3JydYeHHUs.
Koad¢uuuento a; U b, MOXKHO onpe,zLeJme C TIOMOLIBIO
TeopeMbl ['puna
u .
4:Wdl= S AudS, dS= rdrde (1.10)
L

IJsi KOHTypa L B IulocKocTH 2= const, H306paxkeHHOr O
Ha puc. 1. bykpo#l n 3aecb obOo3naueHa BHeLUHSi1 HOpMAaJb

K Koutypy L. I'pumenss ¢opmyay (1.10) & ¢ysxnmam A°,
AT u cosepulas B Heil TpeieJibHble INEPEXOAb f;—>Try A
ry = ry, TOJyYyuM

/048 0AZ
( — J—
. \ or —0/

ro0 dr
0A7 Jank
S( or )rod?=l—:‘—mz5‘5(q”—'%)"’od‘?-
ro+0 r,—o0 0

m

047
ar

Tak Kak 3aech Tpefesbl HWHTETrPUPOBaHHS IPOU3BOJBHBI, TO

13 paBeHCTBA HHTErpajioB CJeAYyeT PaBeHCTBO HOAbIHTe-

FPANIbHBIX (PYHKILHH: -

\rod? =i ——pz S 8 (¢ — ¢g) rod9,

- —— =i —"58(p— ), 1.11
7 e e ($ —%0) (1.11)
== = =i T 5 (0 — @) 1.12)
or {,v0 97 |r—o ro (¢ —20) ( /
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MopcraBum Tteneph Boipaxkenue (1.07) B paBenctBo (1.11)
H YyMHOXHM o6e 4acTu IOcJeHero Ha sinvyp. MHTerpupys
3areM IMOJyueHHOE PaBeHCTBO IO ¢ B mpenedax ot O go a,
HaxoauM

472
as='T kpz- (1.13)
AHaNOrMuHpIM TyTeM ONpejelisieM KO3(hOUIHeHTbI
47.2
bs_—:Es o kmz, (1.14)
rne 30=Tl, &=g=...=1. (1.15)

CnenoBaTeslbHO, HATb 3JIEKTPHUECKOTO TOKa BO3GYyXAaeT
B NIPOCTPAHCTBe BHE KJHHA IOJe

E,=ikAl=
4 2 had .
ik, 2 H (kro) J, (kr)sinvyg, sinvep
s=1
npu r < rg, (l 16)

o]
i kp, 2 T, (kro) HY (kr)sin veg, sinvep

s=lI

TIPH ¥ >,
E,=E=0, H=-\ rotE, :

a HUTb MArHHUTHOIO TOKa — IIoJie
H,=i kAT:

co

. 4n2

i—— km, Z esH(\,].) (kro)J, (kr)cosvap, cosvep
=0

— npu r<ry, (1.17)

R
i -% k*m, E ssz‘ (kry) H f'], ) (kr) cos v49, COS V4P

s=0

OpH 1 >y,
1
“AH1‘=H‘P= O, E=—'Wr0tﬂ.



Bocrosnbdyemcs Tenepb aCHMITOTHYECKOH (QOpMysof ass
bynxkuun Xasgens mpu kry — co [21]

‘ — i krv—ivs—i —i’":—vs
Hi”(kro)=]/“:ro e( ) HO (kr)e 2 °. (1.18)
Torna seipaxkenus (1.16) u (1.17) B obnactu r < r, npusu-
MalOT BHJ

4
E,= i k2 p.H\ (kro) X

X 2 e 2 v"Jv (kr) sin v, sin v,9,

Ho=i 2 2 m,H (kry) X
(o] _iw_v
X 2 ese 2 J, (kr)cos v, cosvsp
§=0 °
unm
E,:iukzsz(g”(krn) [w(r, ¢ —¢y) —u(r, 49l )
Ho=ink*m,HY (kro) [ (r, 9 — @)+ u(r, 94,
rae
u(r, np):ﬁ_}g ee I U (kr)cosvep  (1.20)
s=0

=9 ==9).

3aveTum fajgee, 4TO B CBOGOJHOM TPOCTPAHCTBE MOJIE
3MeKTPHYECKOH HUTH C MOMEHTOM p, ONpejefsieTcs COOTHO-
wIeHueM

E,—_wiukzp,Hg')(/grp), (1.21)
a 1oje MAardHuTHOH HHUTH C MOMEHTOM m, — COOTHOILIEeHHEeM
H, = ink*m H, (kr,). (1.22)

[TosTomy BblpakeHHd, CTOAIIME Mepen KBaAPATHBIMH CKOG-
kavu B dopmyiaax (1.19), mMoxsH0 paccmaTpuBaTh Kak MepBHY-
HOE TMOMe HUTH — UMTHILDHUECKYIO BOJHY, MPHXOAALIYIO
K peGpy knuHa. . Yaanas Temepb HUTb TOKAa Ha GeCKOHed-
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HOCTb (ry — o), NepelileM K NaJalOUM IJIOCKHM BOJIHAM

E,— Eoz . e—ikr cos (l?—‘}”o)’ E,= Ew:'_— 0 (123)

Hy=Hy,-e ¥ E=% H —H =0. (1.24)

[Tone, BosHuKalomiee npu nudpakuud 3THX BOJH Ha KJHHE,
6yneT, OYeBHIHO, UMETb KOMIOHEHTY

E;=E[u(r, 9—) —u(r, 9+¢)]  (1.25)

Hy=Hyu(r, o —9)+u(r, o449,  (1.26)

Hafinem nHTerpajbHoe mpencraBleHHe A8  (DYHKIHH
u(r, ¢). C atoit uenbio Bocnosbayemcss ¢opmyJoi (cm. [16],
ctp. 866)

J, (kr)=§1“-1§1ei [#rcoseens (b5 )]dp, (1.27)
I

rae npenensl [ —II] o3HauaiOT, YTO KOHTYp HHTErpHPOBa-
Hus mpoxonut u3 obnactu I B obaacte [/I (puc. 2). 3a-
IITPUXOBAHHbIE YYaCTKH B IIOCKOCTH KOMIUIEKCHOTO Mepe-

SNVANN ﬁ (8)
) \
A N N N
NN N
N N
- 2 o R }4
0 /4 \ /4 f
\ \
N \\
N N A\ A

Puc. 2. KOHTYpH HHTErpUPOBAHH B KOMILIEKCHOM
IUIOCKOCTH f.

MmeHHoro f.(R'), usobpaxensble Ha puc. 2, fBJAIOTCA ObJa-
ctsaMH, B koTopbix ImcosB >0 (ImcosP < 0). Tlosromy na
y4aCTKax KOHTypa, YXOASIUUX B OGeCKOHeYHOCTb, NMOIbIHTE-
rpanbHas QYHKIUS CTPEMHUTCSE K HyJIO, obecreduBas CXOAH-
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mMoctb uHTerpana. IloacraBaas Beipaxkenue (1.27) B dopmy-
ay (1.20), monyaum
u(r, $)=
111

oo oo
1 ikrcos B[ Y v, (B—m4d) iv, B—m—q)
A G TS W
I s=1 s=1

ITocne cymmupoBaHus OGeCKOHEUHBIX TeOMeTPHYECKHMX IIpo-
rpeccufi M 3amenb| mepeMeHHoH P Ha ' =p—= GyHKIHA
u(r, ¢) mpuoGperaer BUA

u(r, §)=

1 g )
—i ’ 1
-~ Se ikr cos B — —— d6,~
? i (B +9) )

1—e 1—e

B pesyibTaTe MBI TOJyuyaeM H3BECTHBI MHTerpas 30MMep-
Peabaa

. T
i@+
& l1—e

1 e-—ikrcos B
u(r, $)y=-- j‘ —d}. (1.28)

Koutyp unrerpupoBanus C usob6paxkeH Ha puUC. 3 H CO-
CTOMT H3 JByX OeckoHeuHblX BeTBef. Tak Kak HOAbIHTE-

KN

N\
N\

)
Ay

o 0 F 3 7l
i

Puc. 3. KouTyp muTerpupoBanus B dopMyJe
(1.28).
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rpajibHOe BbIPaXKeHHE HMeeT MOJIOCH B TOYKaX Bm=2am — ¢
(m=0, =1, ==2,...), To LJja 3Ha4eHUH# ¢, COOTBETCTBYIO-
mux npoctpadcTBy BHe KiauHa (0 < ¢ < a), dynxumio z(r, $)
MOXHO MNpencTaBuTh (npu n<a<2rm, 0<<¢,<<m) crnenyio-
muM obpasom:

u(r, $)=o(r, tp)—l-e_ik'°°s"’ npy —n< <=,

u(r, $)=vo(r, $) ) npu ©< ¢ <2a—m, (1.29)
u(r, p)=o(r, q,)_l__e—tkrcos (2a—q) v
npu 2a —n <Y <2a, oF
rue
1 © g—ikrcosB
o(r, V)=e | ——————d
( q’) Qabg\ ij:-(ﬁ+¢) ﬁ
l—e
HJIHU

n? T
cos ———— cos—— (¢ +&)

. g ikr cos ¢
o(r, §)=osin j T & . (1.30)

Kourypnt unrerpupoBanust D n D, n306paxeHb COOTBETCT-
BEHHO Ha_puc. 3 u 4.

Do

Q)
(SE

Puc. 4. KonTyp HHTerpuponanus B op-
myae (1.30).
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Ilpu npon3BO/JbHOM TMageHHH TJIOCKOH BOJIHB Ha KJHH
MOXET IpPeACTaBUTbCA OJHMH K3 JBYX CJydaeB: 1) miockas
BOJIHA ,0CBelllaeT* TONbKO OJHY rpaHb KiauHa (0 < ¢y < a — =)
H 2) nmockas BOJHA ,ocBellaer* ofe TIpaHH  KJ/HHA
(2 —mn<9,<n). Bomumem Goviee NOAPOGHO COOTBETCTBYIO-
mue uM Qynkumu #(r, ¢). B caydae ¢,<a—m= (puc. 5)
HMeeM

u(r, § —9,) = )l }
=uv(r, (P__(PO)_{_e—ilzrcos (¢ —<o) I ,
b npr 0<o<m— ¢,
u\(r, =
( (P + cpol ikr cos (o+ o) !
=0(r, ¢+t e
u(rt cP_(P()): ) 1 |
=v(r, (P~<P0)+e—lkrcosl(‘?—‘?t) Hpn ﬂ_cpo<?<“+cp0’
u(r, (P+<P0)=v(r’ (l°+q’0) ’
u(r, —95)=0(r, $— ) } o
pu ¢y <p<a,
u(r, 9+9)=0(r, ¢+ %) ’

)
(1.31)
a B ciydae a— < 9y<® (puc. 6)

u(f, cP“—'CPO)= \I
—ikr cos (¢—9,)
=vo, <p——<P) et ¢ I
T
, ‘ |
=u(r, g e et
ul\r, CP—-(P )__:
— . ( O_ikr cos (v —Pg) Tpu
=0(r, ¢ —%) e . S
u(f, CP—I-(PO)—_—_U(’" cp_l__(Po)
u(r, <P—"CPO):;_-" )
=U(f, P —¢ )__l_e—tkrcos(q;_.?o pu
u(r, 0<P—|—cpq)= % — 7 — gy < 0.

=0(r, g ) e BT
(1.32)

Hanpapsienne ¢=—m—@, COOTBETCTBYET Jydy, 3epKajbHO
OTpaxKeHHOMY OT IIepBOii Ipanu (NepBOH CUHTaeM Ty TpaHb,
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Puc. 5. [udpakuus MJI0CKOH BOJIHEL
Ha kJauHe Iliockas BoJHa OCBeHlaeT
TOJNBKO OJHY TpaHb KJHHA. §q— YroJa
najenus. JIuHUg ¢ = ® — ¢, ABAAETCSH
rpaHuuedl OTPaxKeHHOH IIOCKOH BOJHBI,
a JIAHHSA ¢ = 7 -~ ¢, — IPaHHLEHd TeHH.

OT KOTOpOH BeJeTCss OTCUeT VIJIOB), a HanpaBlieHHe @ =
= 2a — m — ¢, — Jydy, 3€pKaJbHO OTPaxKeHHOMY OT BTOPOH

rpauu (puc. 5, 6). ®yukuuu e ”* % onuceBaoT niockue

q_ﬁ—%

?=d

Puc. 6. Hudpakuus Ha xauHe. [liockas

BoJIHA ocBellaer o6e rpavn. Jlunug ¢ = 20—

— T — ¢, ABAAETCA TrpaHHLlel NMJOCKOH BOJHHI,
OTpPaxeHHOH OT BTOPOH rpanu (p = a).

o — ik —
BOJHbl ENWHHUHOM aMmIuTyasl e ' “®®~%)_ panapoman
BosHa, e~ #r O #¥%)__ ponga, oTpakeHHas oT mepeoil rpanu,
gTikreos @a—9—%)__ ponna, oTpaxKeHHas OT BTOPOH TpaHH.
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§ 2. ACUMIITOTHYECKHE BbIPA)XEHHSA

Hurerpan
eikr cos td{

H 2
©u(r )=, sinT- . . (2.01)
' 2 ¢ cos %— — cos %(4)-[-@)
D,

sxonswuit B ¢opmyasr (1.31), (1.32), He BhIpaxkaercs B 06-
meM cjyyae uepe3 u3BecTHbie ¢yHkuud. OfHako 1pH
#r> 1 ero MOX40 BBIUHUCJIUTDL . IPUGJMIKEHHO C TOMOIIbIO
metona mepeBana [21]. [lepexoms ¢ 3TOH UeJbI0 B HHTETpa-
ge (2.01) x HOBOH nepeMeHHOﬁ HHTEr PUPOBAHHUS

s_/2e snc—, s?=i(l —cosl),

2
TIOJTyYUM .
T oo
i e ehrsds
R (oo et )t
n n
— o
(2.02)
rae
= (2.03)

Herpyaxo Bugets, uto Touka s = 0 siBjsieTcs TOUKO! Tmepe-
Baja: TIpH yapajdeHun oOT He€ no MHEMOH ocu (Res=0)
B INOCKOCTH KOMIITEKCHOTO IIepe MEHHOro § (yHKuusA e
Haubojee GLICTPO BO3pacTaeT, a TMpPU yOaJeHHH MO AeficT-
sButesnpHol ocu (Im s = 0) — HauGosiee Guictpo yGriBaet. [lo-
sromy npu kr > 1 ocuoB4oit Bkaax B wuaterpan (2.02) maer
nojpldrerpaibias GyHKIUI HA y4acTKe KOHTypa BOJIH3H TOU-
ku mepesasna (s=0).

Meron mepeBasia 3akjuyaeTCs B TOM, UTO IOJBIHTEr-
pameiad GyHKUHMA (32 MCKITIOUE HHEM MHOXKHUTENs € ©°) pas-
garaetcs B psan Teitnopa mo cTemeHsiM S, KOTOpHIA 3aTeM
HouneHHO HHTerpupyercd. Eciu moAbIHTErpasbHOe pasiioxe-
HHMe CXOIMTCA TOJIbKO HA YaCTH KOHTypa HHTErpHPOBaHHUS-
TO pe3yJbTHPYIOUIUiA PAM, IMOJNydyeHHbH MOC/Je HHTErpHpOBa-
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Husl, GyneT mosycxoasmumcs (acumnrorndyeckum). Orpanu-
4KBasiCb B HeM MEPBbIM WIEHOM, MOJyYHM:

] . L =)
: i|kr+ —)
sin — R ( 4

—krs?
v(r,$) =~ — e ds=
2nwn b
V cos T — COSs T’L

— o0

1 : ™

Sosin (#r+)
- N (2.04)
kd b Vorkr

COS —/— —COS ——
n n

OcrasbHble YjIeHbB aCUMITOTHYECKOTO paAxa UMET BEJIHYHHY

nopsakKa " BbIIE.

1
(kr)3/2
Haiinentoe Beipaxenue (2.04) cnpaBeiJIHBO MPH YCJIOBHHU
[ ¢ —
(cos ~~ — cos T)‘/kr >1 u onuceiBaeT Ty YacTb IH-

({paKIMOHHOrO 1OJsI, KOTOpas HMeeT XapakTep LHJIHHApUYE-
CKHX BOJIH, pacXojsdiuxca oT pe6pa kauHa. I1pu mapeHuu
Ha KJuH 1ockoit BosHbl (1.23), a2sexTpuueckuii BEKTOpP KO-
TOPOH mnapasjesneH pebpy KJWHA, LHJIHHIPHYECKas BOJHA
onpefensercs corsacHo (1.25) u (2.04) dopmy.oit

E;=—H,=Eq[v(r,e— %) —0(r, p+o)] =

i (kr + %‘-)
e
= — 2.0
Eoif V 2nkr (2:05)
rane
i T
sin n 1 1
f=— — T - o | (2.06)
SOS n Ccos n cos —I’l — COs n

B cayyae Bo30yxkneHns KiauHa miockoil BosHo# (1.24), y xo-
TOPOH MAaTHHUTHHI BeKTOp TapajulesieH peOpy KJHHA, LH-
JIMHADHYECKash BOJHA MMeeT BH[

Hz—_-E(?:Hoz‘[U(r’(P_‘PO)+U(r’(P+(I°O)]=
i(kr—l--%\'

€
= 171028 Ve (2.07)
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n 1 1
g=— . +— . | (@08)

¥—%o
0S — — COS —_—
Ccos n Cco n cos n Ccos

B6uiu3u rpaHunbl TeHH (¢ = n—l—(p,,) u BOJM3M HanpasJe-
HUH 3epKajbHO OTPaXKEeHHbIX Jyuell (P =~n— ¢, ¢ = 2a —
—m—¢,) Bolpaxkenus (2.04) — (2.08) He cmpaBeasMBE, TaK
KaK HOJIIOCHI

i T
'y

. ix
si=1/2e 'sinZHY, sz=l/§e4sin(nn__ﬂ)

NOAbIHTErpaJbHOH GyHKIMH B (2.02) 61usku kK s =0 u, cie-
JOBaTe/IbHO, ee pasjloxeHHe B psil Teilsopa TepsieT CMbICI.
®duspyeckH 3TOT pe3ysnbTaT O3HAYaeT, 4TO B yKa3aHHOH 06-
JacTH AuQPaKIHOHHOE II0J€ He CBOAMTCA K IUIOCKHM H
IUJIMHAPHYECKHM BOJHAM, a MMeeT 0oJiee CJOXKHBIH Xapak-
Tep. AcuMOTOTHYECKOe TpencTaBieHde GyHKUAM 0 (r,P)
B 31Ol OobsacTu Gbuio mosyueHo B 1938 r. [layau [22]; mb
npuBeJeM 3[eCb BbBOJ IepBOr0 ujieHa aCHMITOTHYECKOro
psiaa, MoJyuyeHHOro B [22].

YMHOXKUM M pasgejuM MOABIHTErpajbHOE BblpaXKeHHe
B ¢opmyne (2.02) Ha BesuuuHy

cos § - cosC =i (s* —is}) <s =2 cos® g) (2.09)

H pasjoxuM B psn Teifijopa no creneHsaM s (GYHKIHIO
cos ¢ 4 cos §

T cos P cos 2
(COS n—COS n )COS2

KOTOpasi yXKe He HMeeT mojioca B Touke mepeBata (s=0)
npu ¢=¢ =¢,=m=.  OrpaHuuuBascb B 3TOM pale
NepBLIM UYJIEHOM, MOJyYaeM

sin = i .k =) R
P n . 13 ( r —T) —Rrs?
o(r4)="2. I+cosd o T .
7 n 1 (L sz_,sg
cos —~—cos - J
(2.10)
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Bxoasuiuit crona HHTErpajJ MOXHO IIPeICTAaBHTb B BHAE

oo -] 00
—krs? ibrs2 ' g2
e . —ikrs — (s2—is%) ¢
S————ds__—e OSdS j e 0" dt.
0

§2— g2
3 0
MeHﬂﬂ 34€eChb HOpHﬂ,OK HHTerHpOBaHHﬂ, Haxoagum

o © ©
—krs? ik 2 is2t
e —ikrs is dt —xt
S-———ds:e 05e°-—; e d
0

s2—is? t
0 kr V
(=]
n —ikrs?
, V= i f Tdg (2.11)
IS0l o
Vir %ol
H OKOHYATeJIbHO
T ¢ L
9 sin — | cos 7] s e 4
U(r,q))::T o ) e_‘ revsé e X
L R ™
cos — cos —
<
X 5 e'’dg. (2.12)
V2kr |cos —l

Crnepywomuii 4neH acCUMITOTHYECKOrO pPasjioxeHHs AJs (PyHK-
nuu o(r,'h) UMeeT BeJHUYHHY, TOPSLOK KOTOPOH 3aBHCHT OT
HanpaBJjieHusl HaGmoeHus: BOJM3H TpaHUIBl IJIOCKUX BOJIH
| :
(p=~ n—=¢,) OH mopsaika ——, a BJAJH OT Hee — IOpPsAAKa

V kr

1
%~ 1O CPaBHEHHIO C BLUTHCAHHBIM WIEHOM (2.12).

Bripaxenue (2.12) ynoéﬂo NpeACTaBUTh B cCJenylouleh
dopme:

. T ¢ =

sin — cos 5~ 1
2 n 2 —ikr cos¢ €
o= D eremse
cos — —cos - Ve
n
V 2kr cos 5
X S ""’dq. (2.13)
00 COoS —'
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3nech HuxHEE Tpemes uHTerpaia Ppexens mo abcosoTHONR
BeJIMUMHEe BCerja paBeH GeCKOHEUHOCTH, a €ero 3HaKk ompe-

JeJisieTcsi 3HaKOM COS —g— [TosTomy @ipu mepexome uepe3
TpPaHully TUIOCKHX BOJH (¢ =¢=¢,—m) HIKHUA Tpeaen
MeHsleT 3HaK, W uuTerpaj PpeHessi HCHBITHIBAET KOHEUYHBIH
paspniB, ofecreunBasi Ha 3TOH TrpaHuile HENPEPLIBHOCTD
¢yukunn u (r,$) v, creroBaTespbHO, AUPPAKIHOHHOTO TOJS.
JleficTBUTEJIBHO, C,TIOMOIIBIO H3BECTHOH (OPMyJibl

[ evdg— Ve o7 (2.14)
0
HETPYNHO 1I0Ka3aThb, YTO'
eikr ) eikr
v(r,a+0)=—%-, o(r,a—0)=—-— (2.15)

H, CjJeaoBaTeJibHo,
’ . g I ik
u(r,'uiO)_-——Te”. (2.16)

B cuny acvMOTOTHYeCKHMX COOTHOILUEHHWH

P t D2 —-p - ip?
[ e ——'17,, S e"’a’q_—-——% (mpr p> 1) (2.17)

.
©o — 0o

¢opmyna INaynu (2.13) npeobGpasyerca mpu / 2kr ‘cos ¢I>1

K Buipaxenuto (2.04). OHo, Kak yKe yKasbiBajoCh BBHIIIE,
omnpeesserT LWJIMHAPHYECKHE BOJIHBEI,  pACXOAALIMEcs OT
peGpa KJauHa.

C nowmouisio dopMyssl (2.13) MOXKHO BHUHCIUTL IIOJIE H
BOJIM3K HampaBjeHuss ¢ =2a—w—¢,, T. €. BGiU3U Tpa-
HHIB! TJIOCKOH BOJIHBI, OTPa)KEHHOH OT I'paHd ¢=—a; AJs
9TOro AOCTATOYHO 3aMEHHTb ¢ HAa a— @, a P, HA & — P,.

MuTepecHo TakXKe OTMeTHTb, 4TO B CJydae IOJYIJIO-
ckoctH (n=2) topmyna (2.13) naet BbipaxeHue

—iL V2krcos—
o(r, ) ——ikreosy = X S edg, (2.18)

oocox—-
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KOTOpOe IIOJHOCTBIO COBNAJZaeT CO CTPOTHM pelieHHeM.
IeiicTBuTeNbHO, NP a =27, KOIAd KJHH _TIpeBpariaercs
B IOJIyIJIOCKOCTb, HHTErpaJt (1 30) paBen

i etkrcosC
o(r, ¢)=—¢;5’—¢+.—Qdc 2.19)
2

cos
D,
H MOXeT ObiTb cBeleH K HHTerpany ®penens. Pasgennm
nas atoro xoutyp D, Toukoit {=0 na aBe wactu. Cymmu-
pysl MHTErpajbl MO 3THM YacTsM KOHTypa, HaXxOAHM, UYTO

_ ikrcos € 1 1 .
0 cos 2 cos 2

T
)
2 eikr cos § cos %_

i ¢ —_—
=_—TCOST S cos ¢ 4 cos § dc.

0
I'Iepexozm Jajee K HOBOH IepeMeHHOH HHTerpHUpOBaHHS

T
4
s=y 2e sm——— M TpHHEMas BO BHHMaHHe QopMyJly

(2.09), nonyuaem
a i kr—i b —krs3
o (r, §)=— "2 cos e( 4)J‘;ds. (2.20)

2 §? —is?
Hurterpas, sxonsaiwmii ciona, 6ul1 yxke #amu Bbiuncaed. O6-
pawasch K ¢opmysae (2.11), MbBl NpuUXOAUM K BBHIPaKEHHIO
(2.18), kotopoe BMecre ¢ coorHolueHusiMu (1.25), (1.26)
u (1.31) maer HaM cTporoe pelleHde 3agauyd o AUPPaKLUK
AJIOCKHX BOJIH Ha WAealbHO NPOBOASLIEl MOJYIIOCKOCTH.

§ 3. NIPUBIAHWKEHHE ®HU3UYECKOHN ONTHKH

B npubnnkenuu ¢usanueckoll ONTHKH pacCesiHHOE TIOJe
MILeTCH KaK 3JeKTPOMAarHuTHOe IoJje, CO3JaBaeMoe PaBHO-
MEpPHOH 1JacTbi0 NMOBEPXHOCTHOTO TOKA

jo=o- [nH,]. (3.01)
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HanomuuMm, uTo n o3HauaeT 3heCh BHENIHIO HOpMajb K IO-
BepxHOCTH Tesna, a H,— MmaruuTHblfi BekTOp majaolel
BosHbl. PaccmoTpum cHavasna caywail 0<<¢,< a—=, Koraa
majfaloulas IJoCKasi BOJIHA OCBellaeT TOJIBKO OXHY I'paHb
KauHa (puc. 5).

Uz dopmyasr -(3.01) cienyer, YFO MJIOTHOCTH paBHO-
MEepHOH YacTH ToKa, BO30YKIaeMOTO Ha OCBELleHHOH rpa-
HY miockumu BoauaMu (1.23) u (1.24), umeer coorBercT-
BEHHO KOMIIOHEHTHI

J2 =g Eor-sin ge ™0 0 = =0 (3.02)

0 __  C —ikx cos ¢ 0 0

]x—ﬁHoze o’ ]y—]z"_o' (3'03)
Isisi BHIUKCJEHHS] TOJIsI, H3Jy4aeMOr0 3THM TOKOM, MBI BOC-
noJb3yeMcsl C/IeIYIOLIMM HHTerpajibHbIM TpelcTaBleHHEM
¢yukuun Xankeas (cM. [16], ctp. 866)

3—ioco ) [
HY (p)= ,L S ey — — S e gy (3.04)
—8+io0 —oo
O<dé<n)

Ilonaras 3gecb p=+kd u mnepexoAss K HOBOH IepeMeHHOMN
uHTerpupoBanus {=dsh¢, nonyuaem

) ik Vasie
H\ (kd)_—— el —dl

—00

(3.05)

C nomouipto dopmya (3.02), (3.03) u (3.05) nerko nokasars,
4TO BEKTOP-NOTEHIHAJ

o) 0 —
1 . oik Vi (x—t)fc2
A ,,0=—S°Ed& T & (3.06
e O="J1O0E | v ® G
0 -— 00
UMeeT KOMIIOHEHThI
A= Eqsing,1,, A;=A,=0, (3.07)
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eca KJHH BO30Gyxkmaercs IJockodl BoJHOH (1.23), m
sz_g‘Hoz‘Iv A,=A,=0, (3.08)

ecJi KJMH B036yxaaercsl MIockol BoaHod (1.24). Yepes I,
3fecb 0603HauUeH HHTETpajl

I, = f e et W /T (x—B)P)dE. (3.09)
0

ITpeoGpasyeM ero, HCHOJb3ys COOTHOLIEHHE

m - 1 x ei(vd-—wz)
HY (ky/ TF28) =— f v
~oo
(v=+/F* —w? Imv>0, d>0), (3.10)

B CIIPaBeIJMBOCTH KOTOPOrO HETPYAHO yOedUTbCs, NPOBEPHB,
4YTO OHO HepexoAWT B Bblpaxeune (3.04) npu 3ameHe w=

=ksint, v==Fkcost n k i/ d*4-2°==p. B pesysvTare
dw, (3.11)

1:

1 T eitelyl-wx
= |
—o

v (k cos ¢ — W)

rle KOHTYD MHTerpupoBaHus orubaer CBepxy HOJIOC W=
=k COS 9.

3ameTtum, uto uaterpan (3.11) saBasiercs ¢yHKuueid or
|yl 1 mepefinem K MOJSIPHBIM KOOpAMHATAM 1O (HOpPMyJiaMm

X=1rcos®,
lyl|=rsine npu ¢ <m, (3.12)
lyl= —rsine npu ¢ >m.
OcymecTBuB fajiee 3aMeHy
w=—Fkcost (v=~ksing), (3.13)

noJiyyum
eikr cos (E—c)

COS ¢, -I-cosg

I, =L

75 ) cos e oot & mpm ¢ <],

(3.14)

dt npu ¢ >m,

F
1 gikr cos (E4-c¢)
= Tk Y

F

COS 9o~} cos £

[ ——
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Kouryp wuHTerpupoBanusi F usobpaxeHn Ha puc. 7,a u 7,6.
Ilpu aTom Ha puc. 7,4 ITPUXOBKOH OTMeueHbl YYacTKH B
NJIOCKOCTH  KOMILIEKCHOIO IlepeMeHHOro &, Ha KOTOpbIX
Imcos (¢ —¢) >0, a Ha puc. 7,6 — yuacTku, rae Imcos(E-}+
-+ ¢)>0. [edopmupyem Temepb KOHTYp F B KOHTYp
G,(G,) nna 3HaueHuidl ¢ < w(p >m) M nepefileM K HOBOH
NIepeMEHHOH HHTer pHpOBaHHs

=f—e  mmels | (3.15)
{=t—(2n—9) npu ¢ >.
B pesyabraTe NOJy4YHM CJEAYIOLIHE BbIPaXKeHHs:

J 0 mpu ¢ > — ¢,

1 eikrcostdc

]1=iTkS‘ Cos ¢o -+ cos (€+q«)+ 2 o—ikreos(eten (3.16)
Do ksimny,
N np“ <P<ﬂ—-(Poy
ecad o< m, H
. 0 mpu ¢ w9,
1 eikrcos(dc
‘=Tn7zS s FesCop T|__2  mitreos—v (3.17)
o k sin g,

npu ¢ >m - ¢,

ecnu ¢ >=. Koutyp unrerpupoBanuss D, mokasad Ha pHc. 4.

(4

M

-+l

nt

NNAANARNNN
N

%

d)

Puc. 7. Koutyp unrerpuposanust B Qopmynax (3.14).
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. C momomsio ¢opmyasr (3.06) u paBeHcTBa
E,=ikA, (3.18)

HaXxOLUM TIOJIe, KOTOpOE H3JydaeTcs PAaBHOMEPHOH YaCThIO
TOKa, BO36yxkAeHHOro Ha rpauu ¢ = 0 miockoit Bojuod (1.23)

0 (9, @) — e H TR py 0L o<l —9,,
B _| o (#, %) npu © — 9, <L¢ < 5 o
Eo: | 0] (¢, ?0) npu =< ¢ < w4 ¢,
O] (@) — eI py o, <@ <,
rae
o (9, 90) == sin @, li e . 3.20)

Herpyaso Bmgerh, uto mpu a— m< ¢, < m, Korga ocse-
eHbl 06e rpaHH KJuHA, IoJie, BO36ykKAaeMoe BTOpPOI I'PaHbIO
(p==a), Oyner onucbiBaTbCs ITUMH Xe (GOpMyJnaMH, eclH B
HUX 3aMeHHTb ¢ Ha a— @, a ¢, Ha a — @,.

CknageiBasi moJsie, H3jyuaeMoe paBHOMEpPHO! YaCTbIO TOKA,
¢ najaioowei miaockoir BosHoH (1.23), mbl moayuyaem aud-
PaKkUHOHHOE TmoJe B npubmkenun usudeckoit ontuku. OHO
paBHO

v]"' (¢, 9o) + ewlkr €OS (p—%o) __ e—lkr cos (¢ +¢o)
npn 0<<P<1:_€P0’

U|+ (9> @) + @tk cos (¢ — o)
§L= + npu 1'5—--?0<(P<,n , (3‘21)
0;- (?, CPO) + e—lkr cos (¢ — Po) .

| npu =< ¢« -+,
Ul_ (‘P: (Po) npy “+<Po<<P<a,
3—2190 .




ecau ocBellleHa ofHa rpadb KnuHA (O @o<la—m), H

ol (9, ?)+7, (a—9, a—¢)4
e ikr cos (¢ — 9o)__ o= ikr cos (¢ + 90)
npu 0 < ¢ <7 —¢,,
0 (¢, 90) 0 (3 — ¢, a—¢,)+
+e—ikrcos (% — %) npu me—@, < o<l a—m,
E_| 0 (9 ®0) 07 (65— 9, a—0) -
E,: _I_e—ikr cos (¢ — ) npu a —n<p< m,
o0 9 a0+
_l_e—ikrcos (9 — %0 mpu ©< ¢ < 2a — n— @,
o (9 @)+ (@ — 9, a—g0)+

+ e—ikr cos (¢ — ) __ e-—ikr cos (26 — ¢ — §g)

(3.22)

mpu 20— 17— ¢, < ¢ <a,

€CJIH OoCBellleHbl 06e rpaHu KJuHa (a — m< o< m).

Bbluncsinm Temepb IoJie, BO3HHKaKllee NpH  AM(PaKknuu
Ha KauHe mjockoil Boaubl (1.24). Ilose, paccesiHHOe nepBoi
rpatbio (¢ =0), onpenenseTcss COOTHOLIEHHEM

Hz——' ogx ’
y (3.23)
Hy=H,=0

KOI\‘IHOHeHTy Hz MOXKHO 3anucatb B BHUAe

0

i
Hz—-’_—Hoza—y

s 1, (3.24)

uinu

H,=——%H0,-12 npu ¢ < =,
(3.25)

sz:—f;,— Hy,-1, npu @ >
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Bxogsamas ciona BeqnumHa [, eCTb WHTErpan

kcos g, —w

T iyl —wn
L= | s ™ (3.26)
—00

no 6eCKOHEYHOMY KOHTYypy, orubaioleMy MoJc W ==k Cos @,
cBepxy. DTOT HHTerpaj TOYHO TaK e, Kak M [,, mpeoGpa-
syeTcss B uHTerpan mo KouTypy D,. B pesyabraTe mosy-
JaeM

0 (9, @) e HC Ty Do m— @,
H, | (@ ) npH = —@o < ¢ <%,
o™ 1 o7 (9, 90) o < p < e )
(% (95 #) — €7 E T npy a6, < g<a,

rue

+ sin (c + ‘P) eikr cos €
vy (P, Po) == 2,:]‘ 05 9o T cOS C E ?)dt. (3.28)

B cayuae, korja ocsemienst ofe rpaHu KiuHa, INoJje, pac-
CesIHHOE BTOPOH TIpaHblo, Takxke onpesnejsercs GHopMyJaMu
(3.27), (3.28), B KOTOpBIX cJlefyeT TONbKO 3aMEHHTb ¢, Ha
a—¢P, H ¢ HA a— Q.

Cr/aabiBasi 3aTeM IoOJIe, H3/ydyaeMoe PaBHOMEPHOR 4acThIO
TOKa, ¢ majawuel sosHol (1.24), Haxoaum nudpPakKIMOHHOE
noje B npuGnuxesun ¢usnueckoii ontukd. OHO paBHO

v; (?, 90) 4+ g ikrcos (¢~ %)_|_ o= kT cos (e +9,)
mpr 0<p<<m—¢,
UF (@, o) e R e8P =5
npu © — ¢, < o< =, (3.29)
5 (P, @) e Hreoste—vo
npu 1'r<cp< ﬂ_l_%'
vy (9, 90) i T4 < @< a,

T

l
Il

=




ecJiu OCBemeha OJlHa I'paHb KJHHa, H
0f (9, Po) 0, (a—¢, a— @)+

__l_»e—ikr cos (¢ — tp.,)_i_ e-—ikf €os (9 + o)
mpt O <o <™ — 9o,
vy (9, @)+ 05 (a—¢, a—%)—!—

_l_e—ikrcos(?"'%) npn ﬂ_?o<?<a—“,

H, 197 (9 90)F0) (a—o, a— @)+
m=1" (3.30)
+e_ r COSs (¢ — o) mpi a — <l <,

vy (9s @0) +0F (a— ¢, a —¢5)
+e—ikrcos (® — %) HPH 1;<(P<2a~—“_?og
vy (9, @0) 05 (@ — @, &— @)+

+ e—lkr cos (¢ — %)_|_ e—lkr cos (26 — @ — @)

npu 20 — © — ¢, < P <4,
€CJIH OCBEUIECHbI obe ero rpaHu.

Waterpanel o, vy He BbpaxaioTcs B oOLieM Ciyuae

yepe3 u3BecTHble GyHKIMH. OfHAKO, MOJNL3YACh METOLOM Tepe-
Bajia, HETPYAHO HOJYyYHTb MX ACHMITOTHUECKOE PasjIOKeHHe
npu kr > 1. Bpamu or wHanmpaBjenuii ¢=wnt9, U ¢=
= 20— ™ — ¢, TEpBLId UYJeH aCHUMITOTUYECKOrO DPa3/OXKeHHs
JaeT HAM LMJHHApPHYECKHe BOJHbI, pacxojsiliyecs oT pebpa
KiauHa. B ciyuae Bo36Gyxaenus KauHA MIOCKO# BoJHOM (1.23)
9TH LHJIHHADHYECKHe BOJIHBEI OmpelensioTcs (opmyJoi

l(kr+—)
— 0.8 = 7
E,=—H =E,f 5 } (3.31)
E‘P=Hz= ,
a npu BO3GYXAEHMH KJHHA IuIockoit BoaHo#t (1.24) — dop-
MyJoi
i(kr+%)
—F —H...p0.8 .
HZ_E?—HOZ g '/m ’ (332)
Hv=E,=0.
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- Oynkumy f° 1 g° mMeloT BHA

fo= sin ¢
COS ¢ = COS y, (3.33)
g =— sing

COS ¢ =+ €OS yq.

ecny ocselleda oxHa rpab KanHa (O< @y <a— =), u

fo = sin ¢, + sin (@ — ¢4)
COS ¢ - COS ¢, cos (o — ¢) + cos (@ —.yo) ’ (3.34)
sin ¢ sin (@ — ¢) '

g0 — —_—

&= cos ¢ -} cos ¢,  COS (6 — y) -+ cos (@ — ;) ’
ecqd ocsemeHbl oGe ero rpaHd (a—n<go<m). Hupmekc
«0» y yukuuit f© u g°,03Hayaer, 4TO UUJIHHIPHUECKHE

Boanbl (3.31), (3,32) wusayuyaloTCs paBHOMEPHOH uYacThbio
ncBepXHocTHOro toka (j°).

§ 4. TOJIE, M3NYYAEMOE HEPABHOMEPHOM YACTHIO TOKA

B § 1 u 3 Mbl mpeacTaBUJIM CTPOTOE H TMPUOMUKEHHOE
BbIpaXKeHHe s AH(PPAKIMOHHOIO TOJS C MOMOLIBIO HH-
TerpajoB IO OJZHOMY M TOMY e KOHTyDy B IIOCKOCTH
KOMILJIEKCHOT'0 TiepeMeHHoro. Bbluutass 3 crpororo Bhipa-
KeHUss npubaHIKeHHoe, HalileM Tosne, co3laBaeMoe He-
paBHOMepHO#l uacTbio Toka. OHO ompepensieTcs HHTerpaJa-
MH THIIa

Ig p(a’ @, Po, C) e‘ikr(:os (dt’ (4.01)
_ i
KOTOpule IpH 3aMeHe HepeMeHHO# § Ha s=) 2 ! sin-g—
npeo6pa3yloTcsi K BHIY
' =)
e [ g0 9.0 5) e ds (4.02)

—0o

B MOTYT OBITb NPHOJHXEHHO BLIYMCIEHbH METONOM HepeBaJja.
Pasnoxum ans atoro ¢yskuuio g(s) B pan Teinopa

q(a’ P Por S)=%-—]—q,-s—|-¢7,'s’—|—. . (4.03)
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3ametuM, ato pasnoxenne (4.03) me uMeer cMmpIcna JHIIb
B YacTHOM cJayuae

P=mn* 9, npu ‘Po=0; T,
p=2a—7n— ¢, IpH P=a— T,

} (4.04)
KCTJa HampaBJieHHe Ha6awofeHusi (@) coBmajzaer ¢ ‘Hampas-
JIeHHeM paclpocTpPaHEHHs Nanawouledl BOJHE, CKOJb3sulei
BIO/b ONHOH M3 rpaHeil KauHA.

IMoncrasasa pan (4.03) B dopmyny (4.02) u ocyue-
CTBJISIS 3aTeM NOuJeHHOe HHTerpHMpOBaHHUE, HAXONAHUM acHM-
NTOTHYECKOEe Das3JjioKeHHe 1Js MOJs, M3JAyyaeMoro Hepas-
HOMEpPHOH yacTblo TOKa. MBI orpaHHYMMCs MEPBBIM UYJEHOM
aCAMNTOTHYECKOI'0 pPas3/OXKeHHs, ONycKas 4YieHbl MOpsOKa
(kr)"” H Bbille. B pesysnbraTe MCKOMoe moje OT HepaBHO-
MepHOR uacTH Toka OyJer paBHO

T
i (kf + 7)
e

E,=—H¢=Eozf1_]fﬁ‘-y ' (405)
E,=H,=0
npy BO36yXAeHHU KJuHA IocKolt BoJHo# (1.23) u

X L]
i kr+47-)

— F — 1€
Hi=E,=Hug' — 5 (4.06)
H,—E,=0

npu BO36GYXKAeHHU KJuHA MJockoil BoaHO# (1.24).
Boluncasis ¢ momouibio ¢popmyn (4.05) u (4.06) uHepas-
HOMEpHYI0 4YacTb TOKa, HETPYILHO BHIETh, YTO OHa cocpe-
JDOTOueHAa B OCHOBHOM BGju3u pebpa kauHa. [lome e,
coznaBaeMoe B o6GJsiacTH kr> 1 3To# yacThlio TOKa, UMeeT
BHI UMJIHHADUYECKHX BOJIH, Yryiosble’ QYHKUHH KOTODBIX
OlpeneasiloTCA COOTHOLIEHHsIMH * '

fl=Ff—f g'=g—g" (4.07)

* [TpuHsaTHle 30ech 0603HAUEHHST HECKOJbKO OT/IMYAIOTCS OT MCIOJb-
30BaHHBIX B cTaThax [7--11]. Oyukuun f u f' Gblin oGosHaueHsl TaM
COOTBETCTBEHHO yepe3 f u f. -
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rae B coorBercTBuu ¢ § 1 u 3 umeem

T

. sing 1 _ 1
=— IR T (4.08)
g €os 7~ — cos — cos - —cos — — .
(n=%)
n=—
™
H
f° sin ¢, I
cos ¢ + cos ’
e (4.09)
sin ¢

o —___ v
g =: oS ¢ + cos ¢, ’ .

ecsid OCBellleHa OAHa I'paHb KjuHa (T. e. npu 0 <9< a—), U

f" _ sin ¢, ‘|" sin (@ — ¢y)
T cos ¢ + €S ¢, €os (& — ¢) 4 cos (@ — ¢,) ’
, S (4.10)
0o sinp _ sin (@ — )
= cos ¢ + cOS g, oS (a— ¢) - cos (@ — g¢p) ’

€CJIM OCBellleHBl 06e rpaHu KauHa (T. e. npu a—ra< o< ).
Hanomunm, uro ¢yskuuu f, g ONMMCHIBAIOT LMAHHIpHYE-
CKHe BOJIHBI, M3JlyuaeMbie JIIOJHBIM TOKOM, T. €. CYMMO#H
paBHOMEpHOCH U HeparHOMepHO# uacreidl, a dyunkunu [0, g°
OTHOCATCS K LUMJAMHIDUUECKUM BOJHAM, U3/1Yy4aeMbiM TOJb-
KO paBHOMepHOH uacTbio Toka (j°).

OTMmetuM HexoTOpble cBOMcTBa GyHKUMM f!' u gl. OyHK-
unst f'=f'(a, @, o) HempepbiBHa, TOraa Kak OQYyHKIUS
g'=g'"(a, @, Qo) HCULITBIBAET KOHEYHBII pPas3pelB INpH
@o=oa—x. [lpuunHa aToro paspriBa 3aKa0YAETCS B TOM,
YTO paBHOMepHas yacTb TOKAa OTJIMYHA OT HYJs Ha TPaHH,
BJ0Jb KOTOpO#l pacnpocTpaHsercs (NpH @o=a—7m) IMJI0-
ckass Bosaua (1.24). B pamuosnokaunoHHom cJiyuae, Koraa
HanpasJiedyie B TOUKY HaGJIONEHHsi COBMazaeT ¢ HampasJe-
HiIeM Ha MCTOYHHK (@p=go), 00e ¢dyuxuuu f! u g' nempe-
pBIBHBEL. PaspriBa y GyHKUUKH g! NPH @=@o=0—I HET Io-
TOMY, YTO 3/€MeHT TOKa He M3JyuaeT B IIPOJOJbHOM HaTllpas-
JICHHH.

Ha rpaunue nmockux BosaH (T. e. Npu g@=aEtq@ H
¢e=2a—n—qo) yuruuu f, f> u g, g° o6pamaiorcs B Gec-
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KOHEYHOCTb, B TO BpeMs Kak ¢yHkuuu f!, g! ocramorcs Ko-
HeyHbIMH. B coortBercTBuu ¢ ¢dopmynamu (4.07) —(4.10)
OHH TPUHUMAIOT CAEIYIOUlMe 3HAueHUS
fl 1 =
— sin —
- n n 1 1 T
=— +—2—ctg<po—’_'§;ctg-’—z~, (4.11)

L] €0S — — cos 20
g n n

€CIH Q=T — Py, @ Po<_a—T,

1 n

751[‘17

- 1 1
['l=—r __%—l—-Q—ctgcpo—l—?—nctg%—

?
— —¢co
. cos 7= — €os —

. sin (@ — ¢,)
cos (@ — ¢) + cos (@ — ¢;) ’

 (4.12)

n 1 1
g'= p- (P_%_—I—? ctg <po-.-—2—nctg 71:"""

sin (@ — ¢)
cos (@ — ¢) 4 cos (@ — ¢,) ’

ecan p=r—@;, a a—n< P T, H

- I =
Pl wsg
==
1 T ¢+ 9o
COS — — COS

g n n

l 1
=+ o-ctg ¢y — 5, ctg % , (4.13)

ecid ==+ ¢, a ¢,<a—mn. 3daueHHe ¢ =1 ¢, NPH
@ —m< ¢ <™ COOTBETCTBYeT YrJy BHYTPH KJHHA U MO-
3TOMy He MPEACTaB/sfieT HHTePeca. B Hampas/eHHH 3epKaNbHO
OTPaXKeHHOro Jiyya ¢ = 2a — = — @, ¢GyHkuuu f' u g' omnpe-
peqsitores (mpu a — w < 9, < ®) creAyomgaMy GopMmynamu:

1 =

71‘ sin 7

sin
fl —_ - _ Po +

¢ — %o oS ¢ + COS ¢
COS? — COSs '—n—'

1 T
+gctg(a—g)+ g clg = (4.14)
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t
nsinn

i
g'=— 4+

n n

1 1 d '
+gctg(a—e¢)—5ctg - (4.14)

®yukuuy f! 1 g' MMEIOT KOHeUHYI0 BEJIHUYHHY BCIOLY,
3a HCKJIOYeHHeM O0COGBIX 3HAueHHH @ H (o, TIEPeuHCIeHHbIX
B dopmyne (4.04). I'padukn ¢ynkuuit f! u g! (puc.8—13),
NOCTPOEHHbIE B MOJSIPHBIX KOOPAMHATAaX, NAAIOT HArJsALHOE

@=150° o =360°

Puc. 8. /lnaypaMMa 110451 OT HepaBHOMep-

HOH YacTH TOKa, B030yX1aeMOTO IJIOCKOH

_BOJIHOH Ha noaymiaockocTd. ODyHkuus f?

(i g') COOTBETCTBYeT CJy4alo, KOTAa

3NeKTPHYECKHH (MM MAarHUTHbIA) BeEKTOP

najamomed  BOJHb  TNapaljefeH  peGpy
" KJIHHa.

Puc. 9. To ke, uTo ¥ Ha pHc. 8, Aas cayuas
P = Po-
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npeicTaBjeHHe O BJIUSHUHM HEPABHOMEDHON 4acTH TOK4,
cocpenoToueHHoi BOAU3U pebpa KauHa. B uacTtHocTH, OHH
NCKa3blBalOT, YTO 3TO BJHUSHHE MOXeT ObITb CYylleCcTBeH-
HBIM [JIST PacCessHHOTO TOJSi He ‘TOJbKO B 00/1aCTH TeHW
(n+go<¢9sSa,), Ho u B obnactu cBera (0<<p<m+@o).

)l/ R \\qa
/ / :
G-
| .
w a=270° /

A\

7

7

Pumc. 12. To x&e, uto u Ha puc. 10, mas
caydast ¢ = @qu

.
e o
Y

Cnnomnsle JUHAM Ha PHCYHKaX COOTBETCTBYIOT (YHKUHA
f(f'<0), 1wTpUXOBble U WTPHXNYHKTHPHBIE — (DPYHKLUH
g!, npuyeM IUTPHXOBble JIMHHUM OTHOCATCA K  CJAyvalo
g'<0, a WTPUXNYHKTHPHBlE — K caydap g!>0.

O6paTHM BHUMAaHHE HA CJEeNyIOIIMH BaXKHbHIH MOMEHT.
Kak BugHo u3 § 1 u 3, HepaBHOMepHas 4acTbh TOKa. HAa KJIHU-
HE OMHCLIBAETCS KOHTYPHBIM HHTErpasjioM, KOTODPHH B 06-
S0
_——5’40

Puc. 13, Oynkuuu ft u @' nna Kiauba
(o = g0, 6 =210°).
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IIeM cJaydyae He BbIpa)kaeTcs uepe3 H3BECTHble (QYHKIMM.
Il BHIYMCJIEHHS XK€ IOJIsl, pacCessHHOro Kakoii-in6o BHI-
MVKNOH HAeaJbHO TNPOBOISIEH [OBEPXHOCTBIO ¢ H3JIOMa-
Mu (pebGpamu), ykasaHHOe BbIpax<eHHe HeOOXOLHMO elle
MHTErpupoaath no JauHo# mosepxHocTd. OueBHAHO, UTO Ta-
Kol MyTb MOXKeT NPHUBECTH JHUIIb K BecbMa TIDOMO3IKHM
topmynam. ITosTomy B nanbHefileM TpH pacueTe moJs,
paccestHHOTO CJIOXKHLIMU TeJaMH, MBI He Gyl1eM HHTerpu-
pGBaThb sBHble BhIPAXKE€HHA [/ HeDaBHOMEPHOH 4acTH TO-
Ka, a ToCTapaeMcsi BbIPa3uTb 3TH HHTerpaJjbl ‘Hemocpep-
CTBeHHO uepe3 HafigenHble Gyukuuu f!' u gl

§ 5. HAKJIOHHOE NAJEHHUE NJIOCKOWM BOJIHBI HA KJIHH:

Berime 6bia n3yyeHa Oudpakuus MJA0CKOH BOJHB, Na-
nawpoued Ha KJAUH [epnediHKy/aAspHO K ero pebpy. Pac-
CMOTPUM Terepb cayual, KOria Ha KJIUH Tanaer mJIocKas
BOJIHA

E____Eoelk(xcosa+ycos(3+zcos 1) (5.01)

oA KOCBIM yTJoM Y <0<Y< %) K pe6py kiuHa (puc. 14).

W3 reomeTpur 3agaud ClefyeT, uTo AU(PAKLHOHHOE [OJIe
JOJKHO HMETb Ty XK€ 3aBHCHMOCTb OT KOOpAMHATHL 2, UTO
1 noJie nagawouieil BOJMHEL, T. €.

E=E (x, y)e** T,
H=H(x, y)e** 7. }

[Monb3ysich ypaBHeHusMH MakcBesa
rot H= —ikE, rot E=ik H, (5.03)

MOXHO IOJy4YuTb CJEeAYIOIIHEe BbIpaXKeHUs JisA paguaJIbHbIX
K a3uMyTaJbHbIX KOMIIOHEHT IIOJISA:

(5.02)

Er=— gy (7 o o015 )

He =gy (7 3 — 51757 ).
E,=am (o — 5 ). (5.04)
H,=— g (o + S5,
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Puc. 14. Judpakuus Ha KJuHe NPU HAKJOH-
HOM NaJeHHH [JIOCKOHX BOJIHEL
Y — YroJ Mexjay HOpMaJjbio K (DPOHTY Manai-
ed BOJHBI H OCbIO 2.

(4

-

®yukuun £, 1 H, B cBOIO 0Yepelb yLOBJCTBOPSIOT BOJ-
HOBBIM YypaBHEHHSIM :

AE, -k E,=0, AH, K H,=0, (5.05)
rae
92 92 .
A=5x—2+0—y2' )58 kl= kSln Y. (5.06)

‘B § 4 mur mame noas (4.05) u (4.06), ymosiieTBopsio-
Hi¥e ypaBHeHHSM

AE,--k*E, =0, AH,+k*H,=0 (5.07)

M COQ3naBaeMble HEPAaBHOMEPHOH 4acTbiO TOKa, BO36GyxkKiae-
MOT'0 Ha KJIHHE IJIOCKOH BOJIHOM

E — Eoe—ik (x cos ¢ + ¥ sin ¢g) . (508)

[Npencrasnsis Buipaxenue (5.01) B Bume
E=E eikz €os 7. — iR; (x cos §o + y sin @g) (5 09)
0 .

u cpaBuuBasi ypasHeHnuss (5.05) u (5.07), ™Mbl Jerko Haiimem
noJie, CO31aBaeMOe HepaBHOMEpPHOH 4YacCTbl0 TOKa IpH 006Jy-
ueHHH KJuHa IIockoil BoaHo# (5.01); mas 3Toro jpocraTouHo
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B ¢opmynax (4.05) u (4.06) samenuTs k Ha k,, a E,, uH,
Ha E,,e* T p H e 7 B pesyabraTe noayunm

ik + ;—) . |
Evm— H, = Byt (9, 0) S 27, |
i V 2nkyr

g b (5.10)

i k,r + 4—) . ‘

H,—F =H (o, e =~ ikzcos1.
z P z8& (CP (Po) % 2—nk1r € J
Bxoasmuii ciona yroa ¢, omnpeneJisieTcsi yCJOBUEM
eik (xcosa 4 v ~cos 3) — e—-lk, (x cos ¢q + y sing,) (5. 1 1)
OTKy[a

i tg g, =P (5.12)

cos a

OcraJjibHble KOMIIOHEHTHI 1OJIs, CO3/aBaeMOro HepaBHOMEp-
HOH YyacCTbl0 TOKa INpPH HAKJOHHOM IaJeHHH IIJOCKOH BOJIHBI,
HaxoAaTcss M3 coorHomeHudt (5.04) u npu kr > 1 paBHE

Er=—"cthEz Hr———-—’_cthHz

= g, H—=——_LE, (5.13)

¢ siny ¢ siny

IToBepxHOCTH paBHOH (a3bl AJA 3THX BOJH HMEKOT BHJ
rsiny -z cos Y =const (5.14)

H ABJIAIOTCA KOHHYECKHMH IIOBEPXHOCTHAMH, o6pa3yxomne KO-
1
TOPRIX COCTaBJAIOT YyroJ ——2—+'{ C NOJOXHUTEJbHLIM HalpaB-

JeHueM ocu z. Takum ofpa3oM, NpH HAKJOHHOM OGJyueHHH
KJMHA IIJIOCKOi BOJIHOH IIOJIe, CO3[aBaeMoe HepaBHOMEpPHON
YacThI0 TOKa, NpeacTaBiseT co6oii KOHHYetKHe BOJIHBI, pac-
xomauipeca ot pe6pa kauda. Hopmanu x ¢asoBoM mosepx-
HOCTSIM 3THX BOJIH COCTaBJIOT Yroj Y € IOJOXHTEJNbHBIM
HampaB/eHHeM OCH 2 W IOKas3aHbl Ha puc. 15. DT BOJHBL
MOXHO NpeJCcTaBUTh B Gosiee HarJaaHOH dopMe, ecilH BBECTH
KOMIIOHeHThl (CM. puc. 15):

E =E,cosy— E,siny, } (5.15)

H1=H, cosy— H_sin¥y.
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Torpa oxkoHuaTeJbHble BbIPaXKeHHs MAJIi PACCEAHHOTO IIOJS B
HanbHefl 30He GyAyT HMETb BH[

(5.16)

Tenepp MBI MOXeM nepediTH K NPHUMEHEHHIO [OJYUeH-
HBIX pe3yJIbTaTOB /s DelleHUA KOHKPETHBIX AH(PakIHOH-
ublX 3apay. [Ipocrefilieds W3 HUX sABJAsSeTCs 3ajaua O OH-
¢pakuun Ha OGeCKOHeYHO OJMHHOH JieHTe, KOTOpas HMeeT

2

ér

7

Puc. 15, Konyc audparHpoBaHHBIX Jyyed.

crporoe peweune [23] B Buae psaxoB no Gyuxuuam Matbe.
Oxnako B KBa3!ONTHYECKOH obsacrH, Koraa WHPHHA JIeH-
TLl BeJIMKa MO CPaBHEHUIO C IJAMHON BOJHBI, 3TH PAAH 00-
naj1al0T NJI0XOH CXOAHMOCTBIO U HE MPHUTOAHBI AJsT YHCJEH-
4eX pacuetoB. [lostoMy BO3HMKaeT noTpeGHOCTH B MPH-
OavxeHHBIX (popMyaax, MPUTOIHBIX B KBA3HOMTHYECKON
ob6aactd. BeiBoa Takux ¢opMysa Ajas TOAs, PacCesHHOro
JeHTOH, Oyler gaH B cjaeiyiolieMm naparpade.
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§ 6. AHWP®PAKU M HA JIEHTE

PaccMorpuM anudpakuuio Ha GeCKOHEYHO TOHKOH HAe-
aAbLHO MPOBOAsNLEH JeHTe, HMelolel WHPHHY 2a U Heorpa-
HuueHHyo nauHy. OpueHTauus JEHTH B NMPOCTPAHCTBE MO-
Ka3aHa Ha puc. 16.

'} P

Puc. 16, Judpakuus niockol
BOJIHbl Ha GeCROHEYHO MJIMHHON
aente. Orpesnk ocn
y(— a < y<Ca) usobpaxaer mno-
NnepeyHoe CeyeHWe JEHTH IIIo-
Z crocrblo z2=0, a—yrox mna-

> ACHUA.

-a%

HyCTb HOpMaJIbHO K KpasiM JIEHTH! naaae'r IJIOCKasi 3JIeKT-
pOMarsfuTHag BOJIHA, HalpaBJieHUe paCHpOCTpaHeHHH KOTOpOﬂ

COCTaBJIIET YroJa a (| a| < —2—) ¢ maockocteio y=0. Ilone
9TOH BOJIHBI MOXHO IIPEACTAaBUTb B BHAE
E=Eo ik (x cos a4+ ysin a)’ H__H eik (x cos a + y sin a) (6 01)

PaBHOMepHaﬂ 4yaCTb TOKa, Boaﬁyx(,uaemoro IJIOCKOH BOJI-
HOH Ha JleHTe, UMEeT KOMIIOHEHTh

]3 =2_I;_Hoz elky sin u’ (6.02)

5__ € . iky sina
12—2-1‘—Eo,cosae .

[loncraasa atu 3HaueHns B Qopmyny AN BEKTOpP-TOTEH-
uLana

ik Vita (y—n) +2

A=%X i () dy \n S g N (X

x4 (y—n)* + ¢*
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¥ NpPHHHMAasi BO BHMMaHuWe cooTHouleHus (3.05) u (1.18), mo-
Jy4UM CJefyiollve BbipaxKeHus B o6JacTu r > ka®:

Ax - 0’
i (kr+41)
A _ 2 g sin [ka (sina —sin )] e
y=—7"Ho sina — sin ¢ Vonkr (6.04)
i (kr+41)
2 sin[ka(sin« — sin ¢)] e
A= & Ey; cosa sin a — sin ¢ V2ukr

KoMmoOHeHTE! paccesiHHOTO MOJs B UMJIWHAPHYECKOH CH-
CTeMe KOODAMHAT PaBHbI
E,=—H,=ikA;, H.=E =ikA,, (6.05)

rge
A,=Aycosp— Agsine. (6.06)

[NlogcraBnss cioma Boipaxenns (6.04), ompemenum mode,

H3JlyyaeMoe paBHOMEpHOH YacTblO TOKa, ,

i (kr+§£-)

sin [ka (sina — sin¢)] e
sina—sing Y 2akr

i(kr+3—I-)
sin [ka (sina —sin ¢)] e
sine —sin¢ Y 2rkr

z=—-H‘p=--2E.,,cos<x
(6.07)

E¢=H,=2Ho, cos ¢

3To mose MOXKHO npeACTaBUTb B BUAE LUJIHHADPUUECKUX BOJH,
pacxoaalUluXCcd OT KpaeB JIEHTHI

Evm— H = Eype[fo(1) e 789

i(kr+41)
0 (9 e-—lka(slna— sin¢)) €
+1° @ 1

E~P=H’= Ho-[g°(1) gika (sin a—sin L
z(kr+{-)
0(2 e—ika(slna-—sinq:) e .
e @) ] V 2xkr J
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[TepBble cnaraemble 34eCb COOTBETCTBYIOT BOJHaM OT Kpasi [
(y==a), a BTOpHIE — BOJHAM OT Kpad 2 (y = — a). PyHKLHH

f° n g° ompenenAOTCA B MPaBOM IOJYNPOCTPAHCTBE (] <p|<-§)
¢dbopmynamu

Pl)=—/Q)=gr

na—sing '

eN=—eQ = tay

a—sing °

(6.09)

»

Hafizem Tenepn nose, uanyuaemMoe HepaBHOMEPHOH 4acThbIO
ToKa. Ilpeamonaras JieHTYy HOCTAaTOYHO WHpoKoH (ka > 1),
MOXHO TOK BOJIM3M ee BepXHEero Kpas npuOJHMKEeHHO CUMTaThb
‘TaKUM e, KaK Ha HJeaJbHO NPOBOAALLEHl MOJYMJIOCKOCTH
—oo<y<a, a BONU3M HHXKHEro — TakuM, Kak Ha moJy-
TWIOCKOCTH — @ <y <<oo. [loatomy. corjacHo § 4, nose or
HepaBHOMEpPHON YaCTH TOKa, TeKYIlero Ha JIeHTe, MOXHO
NpeACTaBUTb B BHJE CYMMbl KPaeBhIX LMJIHHAPHYECKHX BOJH

Ez= —H<p= Eoz‘[f‘ (1) eika (sin a—sin 9)_|_
i(kr+—}-)
1 —ika (sin a—sin ¢)y €
e | vk (6.10)
E¢=H2=Hoz‘[gl (1) eika (sina —sin q:)_l_
l(kr+T"-)
1 —ika (8in a—sin ¢)q €
+g'(2)e 1~ |

rae dynkime f' u g' onmpemensIOTCA B MPaBOM MOJYNPOCT-
paHCTBe ([<p|<%) dopmynamu

M=f)—f(1), FR=F@—/(©).
rM=iM)—ia0), F@=f@ i()}(ﬁ-ll)

g(h=gl)—g'(1), g'@)=g2)—g°®),
%0



npuyeMm

. cos—_g—?—sin“;?
fF()= sina—sin ¢ ’
cosa 3 ‘P+sina;?
f(2)=_ sina —sin¢ ’
(6.12)
cos +?+sln k.
g(1)= sina —sin¢ ’
. ——o:osazq’-{-sina‘;(P
g@)= sinea —sing

Oyukiuy f° 1 g° omuchBaloTes cooTHomerusMu (6.09).

B pesyabraTe paccesHHOe moJje (cymMMma Mnoseit, uanyyae-
MbIX pPaBHOMepHOH W HepaBHOMepHOI uacTaMu TOKa) OyaeT
paBHO

E,—— Hq: = E,o.-[f (1) gika (sina —sin ?)+

.(,Hn)

2} —ika (sin aw-sin ¢) ,

+i@e ] e = o1

E‘P = Hz= Hoz-[g(l) etka (sin a—sin (p)+
ei (kf‘l-T)

—ika (sin a—sin ¢)
+eg@e |~

CrnenoBaTenbHO, pe3yJbTHpPYIOlLlee TOJIie BbIpaXKaercs
TONILKO uepe3 GDyHKUUH [ U g, onpemesiiolie HUIUHIPHYE-
CKYI0 BOMHY B CTpOroM pewenuu (cM. § 2), u asasercs cy-
nepnosuuded ABYyX TaKHX BOJIH, PAcXOAsIMXcs OT Kpaes [
(y=a) n 2 (y=—a).

[MoacraBasas B dopmyant (6.13) sBHble BBIpaXKeHUd
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(6.12) nna ¢byukuuit f 1 g, noayuum

_ _ cos [ka (sin ¢ — sin ¢)
Ez—-—H?—Eozl_ o ? (P]+
cos —
ikre=
_I_l.sin [ta(sina—sing)] | e ( 4)
sina;? ; V2ukr
cos [ka (sin sin ¢)] (6.14)
s a — sin
E?=H1=Hoz[ ot ¢ ! JI_
cos —;
2
A
_l_isin[ka(sina—singo)] e( 4)
sina;? l V 2nar

St GopMyJBl ClpaBelJHBH NpH r>ka® u |<p|<% . Kpome

TOro, mpeamojiaraetcss, 4to ka > 1, Tak Kak TOJBKO TpH
3TOM YCJOBHH MOXKHO CYHTATh HEPaBHOMEPHYIO 4aCTb TOKa
BOIM3KM pe6pa JIeHTH NMPUMEPHO TaKOH Ke, KaK HAa COOTBET-
CTByIOIeHd MOJIYINIOCKOCTH. B cJjiyuae HOpPMaJIbHOrO MajeHus
nia0ckoi BosHbl (a = 0) dopmyael (6.14) nepexoasTt B Bblpa-
JKeHUs, COOTBEeTCTByloUlMe mNepsBoMy npubaumxkenuio LlIsapr-
muabga [19]. '

M3 coornowennit (6.03) u (6.05) cnenyer, uTo JEKTPH-
yeckoe MoJe fIBJASeTCA UYeTHOH, a MariHuTHoe — HeueTHoMH
¢dyHKUHell KOOPAMHATH X, OTCUMTHIBAEMOH NeprneHIUKYy/AsD-
HO nJockocTd x=0 (B KOTOpO#l TeueT TOK)

E,(xX)=E,(—x), H,(x)=—H,(—x). (6.15)

[Tostomy Ha ocHoBauunm ¢opmya (6.14) u (6.15) MoxkHO Ha-
NHCaThb BHIPaXKeHUS AJs PacCesHHOro moJs B obaactu x< 0

(me —’25—<|cp|<1r)

¢ L a—9%
sin p)

E,—=—H —=+F, {cos [ka(sina —sing)]
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’

a V 2nkr

ilkr4—
— sin[ka (sine — sing)] ) e ( * )
cos }

?
2

E(p — H, = H,, '{cos'[ka (sina — sin ¢)] +

sina;? (6.16)
i (rre
_,l_isin[éa(sina—-singa)]‘e( 4)
( cos ~ ) f } V 2nkr

Bepxuuii 3nak nepen (QUrypHbBIMU CKOOKaM# 31eChb HYXKHO
6patb mpu >0, a HuxHuA — npu ¢<0.

[Noayuennsie dopmyaet (6.14) u (6.16) B oTauune ot dop-
mya (6.07) ynoBneTBOPAIOT NPHHLHNY B3aHMHOCTH. B aToM
HEeTpPyAHO yOeauTbCs, TMPOBepuB, 4To ¢opmyta (6.14) He us-
MeHsleTC NpH OLYOBPEMeHHOH 3aMeHe & HA ¢ WM ¢ Ha a,
a ¢opmyna (6.16) —rmnpu 3ameHe « Ha =9 U ¢ HA & —

(eCJm —rn<lo<— %) U IpH 3aMeHe a Ha T—P U ¢ HA T—a

(eCJIH%<<p<'n).

Onuako ykasauusle GopMyJibl IPUBOLAT K Pa3pblBY TaH-
reHuuajibHoO# cocrasaswooumeid H, MarHUTHOrO BeKTopa Ha
miockocT x=0. 3T0 06CTOATENBCTBO CBSI3aHO C TeM, UTO,
CcuMTash HepaBHOMEDHYIO 4aCTh TOKa BOJM3H Kpas JeHTHl Ta-
KOH e, KaK Ha COOTBETCTBYIOUEH MOJYNJI0CKOCTH, Mbl (ax-
THYECKH TpenmnoJiaraeM HaJjJHuHe TOKOB Ha Bcell MJIOCKOCTH,
coxepxauefl JeHty. YTo6bl YTOUHHTH TOJYuEHHble BbIpa-
KeHHsl, HYXXHO DellNTb 3ajayy O BTODHYHOH AHbpaKIHH,
T. €. 0 AU paKUUHU BOJHBI, HAYUIEH OT OJHOrO Kpas JeHTHI,
Ha npyroM ee kpae. MiHaue rosops, He06XOMUMO NPHHSATHL BO
BHUMaHHe NU(]PPaAKIHOHHOE B3aUMOIEHCTBHE KDPaeB JEHTHL
Kak ™Mbl BUIMM, B yyeTe BTOPHUHON nUdpaKUHy HYKIAeTcs

o T
H cjydyali a==—-, Korja JoJixKHa OBITL paBHA HYJIO KOM-
2 1a HY

nowenta H, paccesHHOro moJs.
B ra. V MbI BepHeMcsl K 3amave 0 IUPpPAKUUK Ha JIEHTe
H Hapady C pacCMOTPEHHeM BTOPHYHOH NHGpaKUHUK TpPUBe-
IeM pe3ysibLTaTel YHCIEHHBIX pacueToB To dopMyJsaM
(6.07), (6.14) u (6.16).
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IJIABA 11
AUPPAKIIMA HA OHUCKE

3anaya o AudpakuUHu HA JHCKE HMeeT CTPOroe pelleHde
{24—26], onHako OHO HeMPUIOLHO AJS YHCIEHHBIX PAcueToB
B KBa3HONTHUecKOH 00.1aCTH, KOrna pasMephbl LHCKA BeJHKH
N0 CPaBHEHHUIO C IJIMHOH BOJHBL. MexXay TeM, HCNOJb3yeMOe
B TaKuxX cjayuasix mpubauxkenue pu3uyecKOd ONTHKH mgaer
HHorga owunGoyHble pe3ysabTaThl. B uacTHOCTH, paccesiHHOe
noJsie, BHIYUCJAEHHOE B 3TOM MNPUOJIMIKEHAH, He YI10BJAETBOPS-
eT MPHHIMNY B3aHMHOCTH.

B naxHO# ry1aBe NIPOBORMTCS YTOUHEHHUe npn6nmxemm
tusuueckoit ontuku. CHayana paccMmarpuBaercss AHPpak-
1Sl MJIOCKOH 3JIeKTPOMArHUTHOH BOJIHBI Ha JHCKe NPH HOP-
MmanbHOM majenuu (§ 7—9), a satem (§ 10—12) — npu ua-
KJIOHHOM T1aJeHUH.

HOPMAJIbHOE OBJIYUEHHUE

§ 7. NIPUBJIW)KEHUE ®HU3HYECKON OIITHKH
Ilycth mpeanbHo mpoBOOALKA GeCKOHEUHO TOHKHMHA DHCK
panuyca a (puc. 17) oG.yyaercsi MJIOCKOH BOJIHOM
Ey—:—Hx:_HOxeikz y
E,=H,=0. }
PaBHoMepHasi yaCTh TOKa, BO36yKIaeMas Ha JMCKe BOJHOH

(7.01), onpenensierca dopmysaoit (3.01) u wuMeer KOoMIO-
HEHTBI

(7.01)

.0 c ) ;0
jy=—5-Hu J,=i,=0. (7.02)
Haiinem moJse, coszaBaemoe 3THM TOKOM.

"TTockosbKy Hac uHTepecyeT AHGMPAaKLHOHHOE IOJe B Aajb-
Hefi 30He (R > ka’), To BekTOp-MOTEHLHAN

a 2n
—.:.i- ,
Ax, g, 2) =~ (Spdpoj“p

(7.03)



Prr.ym

N

R

Puc. 17. [dudpakuus. Ha JUCKe®. IIOCKOH
BOJIHBI, DacCNpOCTpPaHSIOWEACH BAOJNb OCH 2.

MOXHO YNPOCTHUTb, MOJb3YsIChb COOTHOLIEHUEM
r=y R Fp°—2pRcosQ=R—pcosQ, (7.04)
rae Q —yron mexay p u R, a
cos Q=sin ¥ cos(y — ¢). (7.05)
B pesyabrare moayunm GoJee mpocTyio Gopmysy

a 2
eikR ¢

Ax g, )= [ode [ 10, ) =" ay. (7.06)
0 0

Vcxoas Kanee us ypaBHeHRni
H=rot A, rot H=—IkE, (7.07)

JIerko To0Kas3aTh, 4TO B C(epHYecKod CHCTeMe KOOpAHHAT
KOMIOHEHTh! pacCesiHHOro moJsa mpu R > ka® paBuul

Ee=H?=ikA3,
E?=—H0=ikA¢, (7.08)
ER =HR=0’

rae

A, =A,cos¢— A,sing, } (7.09)
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[ToxpcraBnds cloofa 3HaueHHs

A 2 (kasin) <)

v = How iy i (kasin®) 2= L7 49

Ax=Az:0,
BoiTekalomue u3 dopmyn (7.02) u (7.06), Haxomum 1odJe,
U3JlyuaeMoe DABHOMEPHOH 4acCTbiO TOKa, B BHJE

E,=H, = — iaHyy S22 cos 8/, (ka sin 9) e
y=H,=—ia Ox'mcos L (ka sin )T,

ikR
|

(7.11)

e

E,=—H,=— iaHox-%Jl (kasin9)

®yuxuus J, (kasin®) ectb ¢ynkuns Beccens nepsoro nopsna-
Ka. [losb3ysicb ee acCHMITOTHYECKHM BBIpaXKeHHEM
. 2 . 3
Ji(kasin ﬂ):[/mw cos (ka sind — T) , (7.12)
OpurofnbiM mpu kasin® > 1, MOXHO nepenucatb (OPMy.JIbl
(7.11) B caepyomeM BuAe:

. . - a sin ¢
Ea_H?_——zHox‘/msmacosﬁ X

—i (kasin a—i"-) i(ka sin 9-—3—") s::
Xle ! —|— € ! J ER— ’
— } (7.13)

E,=—Hy=—iH,,

¢

—i (ka sin 8-—37") i (ka sin &—%E) kR
Xle +e -

R "

27k sin § sin & X

[lonyyeHuele ¢opmysibl MOKa3bIBAlOT, uTO B 06JacTH
R > ka®, kasin® > 1 paccesnHoe Ioje MOXHO paccMaTpH-
BaTh KaK CyMMy c(epHueckHX BOJIH OT ABYX ,CBETAMIUXCA“
TOYeK Ha 060Je AucCKa, MOJAPHLIA yros KOTOPHIX COOTBET-
cTBeHHO paBeH $ =¢ u ¢ == -+ ¢. Herpymuo Bumern, uro
3TH BOJIHLl YAOBJAEeTBOPAIOT npuninuny Pepma. eficTBuTeNbHO,
M3 BCeX TOYeK Ha ITIOBEPXHOCTH AMCKA TOUKa p=a, ¢ =¢
siBsieTcs GaiKaiiweit k Touke HabmoneHus (R, 9, ¢), a Touka
p=a, y==-} ¢ —Haubojee ynajJeHHOH OT Hee.
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Onuako ¢opmyJsl (7.13) OMUCHIBAIOT U3JIyUEHHE HE TOJNBKO
OT IBYX ,CBeTAUlMXCA® ToueK. OHH ONpelessioT MoJsie, usiy-
yaeMoe IeJIof ,CBeTAUIEHCA* 06/MacTbio, KOTOpasi MpHUJeraet
K JIHHMM, COeJMHsIOLIeH TOUKH p=a, $=¢ U p=a,
QP =n —l— P.

TMokaxeM, uTo CBETAIAACT 061aCTh AEHCTBUTENBHO NaeT OCHOBHOH
BKJald B pacceaﬂﬂoe noae. C 3rtoit eJ1bl0 BBIYHC/IUM IdJIe, H3JayuyaeMoe

TOKaMH, KOTOpPble TEKYT BHYTPH CEKTOpa, OXBaTLIBaKOLIEro JHHHIO ¢ = ¢
(puc. 18). ¥Yriosbie pa3Mephbl CEKTOpa BO3bMEM TaKHMH, 4TOObl erojayra,

]

wefica“ o6racTbio JAHCKA.  §

/ ver
Puc. 18. K pacuery noas, X \
M3JIy4aeMOro ,CBeTs-
J | |

pannan 2a®,, sanumana nepsyio sony ODpeunens, [Ipu stom yroa @,
GyneT yAoBJAETBOPATb yDaBHEHHIO

A
a(l —cos @) sin8=—4-. (7.14)

B paccmarpuBaeMoM HaMu clyyae, KOrJa BHIIOJHAETCT YCJIOBHE
kasin 3 > 1, u3 dopmyasl (7.14) umeem

o &

cos ®°=I—Esi—n§a~:l-—- , (7.15)

_
=V (7.18)

BekTop-noTeHlHa] TOKOB, TEKYIIUX B YKa3aHHOM CeKTope, oIlpepe-
asgetcs GopmyJoi

OTKyIa

D, a
1 elkR .
Au =— 5 H“”'—R— S dy S e—tkpsin & cos q;P dp, (7.17)
—®, 0
A, =A4,=0.

57



[IpunuMas BO BHHManWe. ycjaosHe kasind > 1, MoxHO mokasarb, uto
noae, co3jaBaeMoe TOKaMH [AAaHHOro CeKTopa, 6yn.er pasHO

- a
Eg = H?"\. H. V-m cos ¥ X
sin g e#R _zkasina+t’5'— 4o ( 1
_— Vi

sm9 R °© kasind)’ ;
— (7.18)
E —— x ,/ L.
@ He~ Ho nksin ¢ X
cos v e®R  —ikasin 94 ’;— 1
smd R °© ( v m) )

AMnanTyna Hali J€HHBIX BbIPAXKEHUH IPUMEPHO B V2 pa3 Goablue aMmau-
Ty /bl NeDBLIX WieHoB B hopMyae (7.13). Kpome toro, Beipaxenn (7.18) u co-
OTBETCTBYylOUIHe ujeHbl B (opMyse (7.13) HECKONBKO OTJAHYAKOTCT CBLHMU
i T
(dasaMu: mepBble HMEIOT MHOXHTEJb € , a mocaegHue —e . [lo
JY4eHHHI Pe3ynbTaT aHIJIOTHYeH ' H3BECTHOMY B NITHKE MOJNKEHHUIO,
4TO e icTBYe B)H/IHbI PasH) NeICTBAO MUI)BAHB MepBOH 3)Hb DpeHeis
(cMm., Hanpumep, [27). cTp. 132).

BG6nusu nanpasneunit 9=0 u @=mx, Koria asuMyTanb-
Hbl@ KOCMMOHEHTbhl TEPAIOT CMbIC/, AJA HUCCAE10BAHWA pacce-
SAHHOrO MOJisd y:106Hee 1M0/1b30BaTbCsl Q€KAPTOBLIMH KOMIIO-
HEHTaMH.

Ei=(Eycos8+E sind)cos ¢ — E sine,
E,=(Egcosd+ E sind)sine -+ E_cos¢.
O6pamasice k dopmyaam (7.11), maxoxum, uto npu 3 =0 u
d=n _ . ’ Lka? kR
Ex‘—'ov Ey‘=—lHox-%——e-R— . (7‘20)
CnenoBatenbuo, B mpHOaHkKeHdud (HU3HUECKOH ONTHKH ToJe,

paccesnnoe B HanpabieHuax % =0 u ¥ ==, coxpauser no-
JSpH3alHMIO NMajaiollell BOJHbL.

§ 8. MOJIE OT HEPABHOMEPHON YACTH TOKA

[lepexonuM K BbIYMCIEHHIO MOJS, CO3[4aBAEMOrO HEPaBHO-
MEpHOH 4YaCTblO TOKAa NPH HOPMANbHOM OOGJydYeHUH MHCKa.
Taxk kak mocsienHss cocpejoTOUYeHA B OCHOBHOM BGJIH3H
Kpasi JUCKa (p==a), TO COOTBETCTByIOWuH el BekTOp-HO-
TeduHan 6yner corsaacHo cdopmysae (7.05) pasen

(7.19)

a eikr\’

a 2
= SdPS it (P: 4)) e-lkp sin § cos (¢ —¢) dqa. (8.01)
o 0

A="Tx
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BuyTpennnii MHTerpas BbIYHCIAETCS MPH kasind > 1 no Me-
TOAy CTauuoHapHod ¢asbl (cM., HanmpuMmep, [21], cTp. 256) u
tdopmyaa (8.01) npeoépasyeTca K ‘BULY

- . L'
on elkR i

a
A 4 D=7V Hgemy & ¢ X

X [S P 40— [ 1o 4 ] , (8.02)
0 0

KOTOpbIl MO3BOJSIET HHTEPHPETHPOBATb paccesiHHOe MOJe,-
KaK [oJe OT cBeTsllefica JMHHM Ha AUCKe. DTa JHHHS €CTb
AMaMeTp, MOJSPHBIA Yyros ¢ TOYeK Ha 3TOM AMAaMeTpe paBeH

$=¢ u $y=1n-+¢. (8.03)

[Ipennonaras nuameTp aucka LOCTaTOYHO GOJIBIIMM MO
CPaBHEHHIO C JJIMHOK BOJHBI (Ra > 1), MOXHO NpHOJMKEHHO
CYMTATh, YTO HePaBHOMEPHAs 4aCTb TOKAa BOJH3M Kpas AHCKa
GyneT Takoll e, KaK Ha COOTBETCTBYIOLlell MOJYIJIOCKOCTH
(puc. 19). Ha ocHoBanun § 4 nose oT HepaBHOMEPHOH YacTH
TOKa, TEKYIlero Ha MOJNYIVIOCKOCTH — 00Ny, <<@, MOXHO
npejCTaBUTb B BUAE

i (RR+T )
— —_ fr (1.8 0 —ikasind
Ex!‘(l)----tkAxl(1).—-onl (1 oy e ,
H, (1)=—ikA, (1)cosd= ! (8.04)
i (kR+T
- s € —ika sin §
=H,, & (1)_—1/,%_,«1?' e ) ‘

¥ aHAJIOTHYHO — II0JIé OT TOKa, TEKYLIero Ha MOJYMJIOCKO-
CTH — a<y,<oo,

i(kR+"—.
J— 1 ikasln&
E, (@=ikA, (2)=E,, ['(2) v ViR ;
i (kR+T
_— — .ol & gtkasing |
H,(2)= zkAyl,(2)cos& »Hox. g'(2) Ty e

(8.05)
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Puc. 19. K nudpakuuu Ha IHCKeE.
[MoaynaockocTb L JiexuT B mjo-
ckocTH Aucka. Pe6po miaynao-
¥ CKOCTH SBJASETCST KacaTeJabHOH
K OKDYXKHOCTH JHCKa B TOUKe
y1=a, x,=0 (a— pannyc

IUCKa).

31ech

1 on i( . — sin
A(l)=—o—‘/’£e * Jr(m) e gy,

— i(er+Z) 4
1 2 4 i
A(2>=7V;,%‘e( ) [ it eerinsan,
—~00

(8.06)

a ¢ynkuuu f' m g' ompegensiorca AJA NPABOro  MOJyMpo-

CTpaHCTBa (O <3< —;—) (QopMyamu

| cos—g—- -]-sin—z~
1 _ J—
f (U-f(l)"‘m‘» f(l)—“—_si—ﬁ'ﬂ——,
8 9 (8.07)
cos 5~ —sin -5
1 2 2 .
! (2)=f(2)_m, f(2)=——m—— )
cos i in ?
cos 9 oSy
g‘(l):g(l)—f—m, g(1)=—-——si—fl%_ ;
: R . L (8.08)
cos—5~ + sin 55—
cos 2
gQ=g@— g5 80= —g5—
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U3 coornomennit (8.04) — (8.06) cnenyer, uTO -

a
S j;l (1‘) e~ iknsin § d‘n—:
—00

ic —ikasin §
=_mE0x1'f1(1)e asin ,

- } (8.09)
S’ j;zl (n)eiknsinedn__:
—o0
=__Q_’:_/3 on,.]u (2) eika sin §
U
—o0
_ ic —ika sin §
=gwkcosy 11058 (e s (8.10)

a
5’ j:/. ('f)) elkn sin § d'f}'—_—_
—oo

ic Hox,°g1 (2) eika sin & .

= Onkcos ¢

B coorBercTBHH C NpeAnmoOJIOKEeHUEM O TOXIAECTBEHHOCTH
TOKOB HAa AHUCKE€ U MOJYyNJOCKOCTH MOXKHO CUUTATb CIIpaBej-
JIMBbIMH CJIEAYyIOlIlHME paBeHCTBa:

o . a - )
Sjl("' ¢,) e e g = 5 e gy, |

p e .
S' jl (P! ('Pz) etkP sin%dP: .S’ jl (,n) elk'q sm&dn‘

0 J

[TosroMy mose OoT HepaBHOMEPHOH YacTH TOKa, TeKYLLero
Ha Aucke, OyaeT paBHO
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iaE,

ka sin &—3—1:)
V 2nka sin ¢ sin i}

4

E,=—Hy= ey -

©

_r e—; (ka sin 8— iﬁ)] oikR

—_—y

( 31‘) (8.12)
. _ iaHo? . i | %a sin 8—
E° _H'*’ " V2skasind [g (2)e
. 3
—i(kasin® — — 1ER

gl (1) e ( ! ) %’ )
rae B cuay (7.01) '

EO?=——HM cos 9, HO(P='—Hoxsincp. (8.13)

- Hnsa wanpasnenuss $=0 no copmyse. (8.01) nmeem

on

a eth

A=2.20 quaSj (b $)dp, (8.14)
HO COIJIaCHO PaBeHCTBaM (8 09)—(8 11)

Sji‘(P’ $) dp=£;f7aHox~COS ¢
‘ (8.15)

N — — o e r——

a
(7,6, 9o =35 Huwsin.
0

CrenoBaTesbHO,

n a

__a_ik_’* [jcoswq»ji;,,(p, ¢)dp+
0

+ sin q»d&PSl (e ) dP] =0

p } (8.16)

on

Ay=7—:-’j-{ Scosqadq»S] (b, ) do+

on
+ (singdy (11 v, q»)dp]=0,
it
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T. e. B HampaBjeHud rjaBHOro jemnectka (8=0) more or
HepaBHOMEPHON 4YacTH TOKAa PaBHO HYyJIO.
C nomompnio ¢yuxuuii Beccens J; u J, Aja nojs OT He-
DaBHOMEpHOH YaCTH TOKA MOXHO HamucaTh (opMyJibl
iaE,,

E,=—Hy=—3"{[[* () —* ()] /y (kasin¥)+
@)+ (D] s (kasin )} 57

Ey=H,="0% {[g" (@) — g* ()] J, (kasin §) +

Filg' @)+ g (D], (kasin®) S |

KoTopule npu kasind > 1 nepexomsit B yxe HaliiedHble Bbl-
paxenus (8.12). B nanpaBnennn # =0 3tu dopmyan nawT
moJe, paBHoe B coortBeTcTBuH ¢ (8.16) Hym0, a npu mpome-
KYTOUHBLIX 34aueHHsX SBJAIOTCA HHTEPHONSUHOHHBIMH, [lo-
CKOJNbKYy mepexon oT dopmya (8.12) k dopmynam (8.17) He
ABJISETCS BIOJIHE OJHO3HAYHBIM, TO B MHTEpBajJe YrJOB

0L 85% dopmyant (8.17) MoryT naBaTh HEKOTOpPYIO OMIMG-

(8.17)

Ky, nocjiejHsss He O4Y€Hb CYyLlEeCTBEHHA, TaK KakK B 3TOM HH-
TepBaJjieé BEJIHKO IoJjie OT paBHomepHoﬁ 4yaCTH TOKa.

§ 9. MOJTHOE MOJE, PACCEUBAEMOE JOHCKOM
NPH HOPMAJ/IBHOM OBJIYYEHUH

O6pamasce K popmynam (8.07), (8.08) u (8.17), npen-
CTaBUM [10Jle OT HepaBHOMEPHOH YaCTH TOKA B CAeIylOLIeM
BUieE:

X kR
E,=—Hy=iaH, 3¢ J; (kasin a)ikj__,

— {ellox 417 (2) — F (1)), (kasin ) +

i1 @) +F (D], (kasin®)} cosp Spm

i orr L (9.01)
E&=H?=iaHox&T‘gcosﬂJ,(kasinﬁ)R———

— e (1g2) — g (1)), (ka sin 8) +

+ilg (@) +g W)/, (kasind) sing S .
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[TepBuie cnaraembie.3aech, KaK HETPYIHO BHIEThb, NMPENCTaB-
J10T co6oit B3siToe ¢ 06paTHBIM 3HAKOM I[10JIe OT paBHOMeEp-

HOl yacTH TOKa. B pesyabTare nosuoe mose,

paC'CeH‘H HOE

auckoM (T. €. CyMMa moJjiedl, H3JydyaeMblX DaBHOMEPHOH H
HepaBHOMEpHOH yacTsaMH Toxa) OyZIeT BHIPAXKaThCs TOMBKO
uyepe3 GYHKIUH [ U g, ONpefesiolliie B CTPOrOM pelIeHHH

UHIUHAPHYECKYIO BOJIHY OT Kpas NOJYNJOCKOCTH

E,=—Hy=—"= cos ¢ ([} (2) —

— ()], (kasin8) i [fm(g)—f—

+ 1 ()], (kasin®)}
Ey=H,=—"0sing {[g(2)—
—g (], (kasmﬂ)—l—t[g(-?)—l-

-+ g (1)]J, (kasin 8)}

(9.02)

INoacraBnsaa cioga siBHble BhipaXkeHus QyHKUu# [ u g,
NPUXOAUM K OKOHUATENbHBIM BblPaXKEHHSAM [Ji PACCESHHOr O

1oJis

A
sn2

_ _ iaHy J,(ka sind)
E?_ — H'&__ ox [ 1 _

J2 (ka sin )

Kl

e
|

g cos9,

. _ iaH,, [ J,(ka sin®)
E&'—'H —— 20 1 5 +

sin 5

iy I, (kas:}nﬂ) ]Tsm?
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Oty QopMyJbl COpaBefJHBBl B NPaBOM IOJyIPOCTPAHCTBE

” :
(0 <«3<%). B seBoM mosynpocTpaHcTBe (T<8<“) pac-
CesiHHOE II0Jie JIeTKO HafiTH, YYHTbiBas, UTO €ro 3JeKTpHye-
CKOe MoJie eCTb UeTHas, a MarHUTHOe —- HeueTHasd (yHKUHs

KOOpAHHATHI 2.

E,(2)=E,(— 2. }
H,(@)=—H,(—2). (9.04)

CnenoBartesnbHo, B obmactu 2 <0 <T. e. TpH —’23- <¥< n)

_ _ _iaHe [ Jy(kasind)
E,=—Hy=—— [ Y

cos _2‘

3 R cos ¢,

s (ka sin d) ] ¥R
sinT

(9.05)

2 —
cos 9

__faHy, [ Jy(kasind)
EG:Hv;— o [ 1 i) -+

3 & sing.
sin 5

4 Jo(ka sin 9) ] etkR

lMonaras B ¢opmynax (9.03) n (9.05) COOTBETCTBEHHO ¥ =0
u ¥ ==, nonyuuMm .

b2 kR
E,=— ";a Hoy- "R_ , E.=0, (9.06)

YTO 3KBUBAJEHTHO MPHOJMXKEHHIO (H3HIeCKON ONTHKH [CM.
dopmyay (7.20)].

Buipaxenns (9.03) u (9.05) corsacyiotes ¢ pesysabraToM
Bpaynbeka [29] mns paccesiHHOTO CKaJsipHOTO TNOJSL B Aalb-
Hell 30He. DTH BblpaxKeHHUst HHTEPECHO TaKXKe CPaBHUTb C TOY-
HBIMH YHCJIEHHBIMH pe3yJibTaTaMH, MNOJy4YeHHbIMH Deskunoi
[34] MeTogom pasgeneHuss IepeMeHHBIX B C(pepOMAANbHOM
cucreMe koopaunHaT. OxasbiBaeTcd, 4TO YyXe IpH ka=>5
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V)] Ka=5 apv)

Vi
\
‘t

A
NN
\\

0.
[
I
| |
AT iy
T A
Ay /
N\ argV"‘{l?)
\\ Nl /]
\ ] 160
A V) '
AN I e g i g - W /|
\ T/
, |
7 W 5 W 7 7T 0
¥

Puc. 20. OynruUMT vy (¥) ang aucka UpH HOPMAJbHOM NaA€HHH BOJHDI.
Pasnuysble KpUBble COOTBETCTBYICT Pa3HBIM TNPUGJIMNKEHUSAM.

BabmoaaeTca yIOBATBOPUTENIbHOE COTJIacCHe MeXAy HAIIHM
npubJHKeHHRIM MeTofoM H ctporofi Teopuelf. Ha puc. 20 n
21 npusenenn rpaduku  oynkuuit V(@) u V) (9), nosso-
JIAICILHX BRIMHCJATb PacCesiHHOe IoJle No (opMyaaM
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E,=— Hy =% B,y v () % cos, |

¢ 2
ika? (2) ’kR I (9'07)
E,=H, __—EoyV ()sR sin ¢.
) Ka=5 ary V:’(J A
. T 1T T T T }’ v
Jargvi) =T N | argv@e) w0’ [T

YA /]

—
P

)
2

—
— o
-

I
<\
|
~
-
—=

N
\ 4

N g/ .\\ I \§-‘ 00
™ il t—

\ V@) f

L\ i =T 77

\ - — ‘\.«’j/ i
B .“‘“‘-\. T TN
¢
0’ 5° 60° 90° 120° 150° 7/&0"
v

Puc. 21. ®yuxnust V) (9) 117 nucka npu HOpMasibHOM mNajeHud mioc
KOH BOJHEI. Pas/MYHEIE KDUBbIE COOTBETCTBYIOT DA3HEIM IDHO/IHKEHHSM.
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HenpepuiBHast KpuBas COOTBETCTBYeT CTpOrofi Teopuu [34],
IUTPHX-YHKTHPHAsT —IIOJNI0 OT pABHOMEpHOH YacTH TOKAa M
WITpUXOBas — noJio cornacHo dopmymnam (9.03) u (9.05).

HAKJ/IOHHOE OBJIYYEHHE
§ 10. MPHBJIMKEHUE ®U3UYECKON ONTHKHU

paCCMOTpHM 001K cjyyad, KOrja Ha J[OHCK Inajgaer
nJIoCKass BOJIHA
E— Eo elk (y’siny+z cos ) (1001)

™ noj MNpOHU3BOJIbHEIM  YIJIOM
K ero ocu. Cdepuyeckyio
CHCTEMY KOOpAMHAT BhiGe-
peM Tak, 4robhl HOpMalb
K (pOHTY mnajaroliell BOJHBI
n Jiexaja B NOJNYINIOCKOCTH

¢ =5 H COCTABJIAIA yroa Y

Piziyiz)

(0<Y<—’2‘—) ¢ 0CBIO 2 (pHC.

22). [pupepxuBasich Mopsiji-
Ka H3JI0XEeHHs, TNPHHATOrO
% B IpeAbAyIUHX Naparpadax,
! BHIYHCJIMM CHayaja paccesH-
Puc. 22. HaknowHoe nagende mjo- HOE TIoJe B IIPUOJHKEHHU
CKOH BOJIHBI Ha [OHCK, n — HOpManb q)HBquCKOﬁ OIITUKH.
K GpoHTy nanaiomed BOAHLL. PaHomepHasi yacTb TO-
Ka, Bo30yxaaeMas Ha AHCKe
BoaHoft (10.01), ompenmensiercs ¢opmymo#r (3.01) u umeer
KOMIIOHEHTHI :
o c 1 i .
]2 =5 Hoy’elky sin T ]: _ _;? H,. iRy sin T ](:___;0. (10.02)
Manyuaemoe eto mose HaxopwTcsi, Kak u B § 7, WHTErpHpO-
BaHWeM (Ipu ycaoBuH R> ka®). B cayuae E-monspusanuvt
napnatomeir Bonusbl (E, | yoz) sTo none pasHO

—H —i I, (kay Ew?) &R
Es ~H?_zanx~cosycos8cos¢%lf—— e R
) . . . I, (& Re1a2) iR
EQ=——HG=—zaE.,x-cosysmq>——i“V—;’_2—%:“—)%—,
(10.03)
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a B cayuae H-nosspusauuu (H,_ yoz)

TENIE) )
E,= H =—iaH,cos¥sine J—(—ki—'{j—— e |
v Vi b (10.04)
_ . I, (ka V ReFpd) e )
=—H, =—iaH RL R i
Eq Hy iaH,, cos ¢ Vira !

Bennuuasl A ¥ p, Bxoasamue B dopmyast (10.03) u (10.04),
OTpeeNsIoTCs CaefyomKuM o6pasom:

2 =sin Y cos ¢,

p=sindsine —siny, (10_05)'
1/}."’ +p =0
[lonarasi B mojy4eHHBIX BbIpaXKeHUsIX ¢ = — —12- i =

=r— ( <8<-:> , Ha#JieM rnoJie, pacCesHHOE JHCKOM

B HampaB/IeHHM HA UCTO4HMK. [Tpu E-mossipusanun najaloled
BOJIHBl OHO PaBHO

iaE, cos : kR 7
E,=—Hy=—"5="20J, (2kasin #) <, ' (10.06)
E°= H,? = 0

a npu H-nonsapusanuu
iaHy. cos ®
Es=Hv= 2 sind J (2ka Sm {}) R (10.07)

E?—_——H&:O-
[Tosb3ysicb aCHUMITOTHYECKMMH BbIpaKeHHAMH IS (YHK-
uult  DBeccens, MoxHO mnokasath, uTto0 HpH R > ka® u
ka / 2*4-pn* > 1 paccesanHoe moJjie "ecTb u3/yueHue OT CBe-

mmenca obnacTy Ha aucke. B ciyuae, xorma ,/ 2% - p20,
cBeTsulasicss 06GJacTh YBeJHYMBAeTCs, U B Ipegene (NpH 2.——
=—p =0) HaunHAeT ,CBETHUTHCH* BCS MOBEPXHOCTb AMCKA.

§ 11. NOJIE, U3JYYAEMOE HEPABHOMEPHOH
YACTbIO TOKA

ITpucTynuM K BHLIYKCJIEHHIO MOJIA OT HEPaBHOMEPHOH 4acTH
TOKa )

o, $)=1J(p, p)etresinreine (11.01)
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CooTBeTCTBYIOIUA el BEKTOP-IIOTEHIHA

a 2n
— @ &R — ikpV T cos (=)
A= (do {3, gm0y (11.02)
0 0

C TOMOILBIO MeTOJa CTalMOHAPHOH (a3bl npeobpasyeTcs NpH
‘kay/ ¥ p* > 1« Buay

A== 1/ e "'ITU 3o, ) e FGp
0

2n
ka Va2 4 u?
a

——iSJ(p, b,) el VI g ] ?%? , (11.03)
0

3nech
¢, =38, Y,==-}0 (11.04)
— TOYKH CTAalMOHApHON ()a3bl, a BeJU4MHA O oIpejeJieHa pa-
BEHCTBaMH S
S 5
sin.d Vi cos o Vi
Us copmyner (11.03) crmenyer, uto npu R> ka® u
kay/ 2 p¥> 1 oCHOBHOIl BKJaj B PAaccesHHOe MOJE AaeT
cBeTAllasAcad 06/acTb, NpuJerawuas K Jugin ¢ =1, ¢=1¢,.
Takum o6pasom, TOYKH cTalHoOHapHOH dasul ¢, P, hH3HIECKH
COOTBETCTBYIOT CBeTslledcd JMHHM Ha MOBEPXHOCTH AHMCKa.
Inst Toro, uToOBl BHIUUCAUTL BeKTOp-noTenuuan (11.03),
HaM HYXHO [IpeLBapHTEJBHO BBIPa3UTb HePaBHOMEPHYIO
4aCcTh TOKa Ha IIOJYIJIOCKOCTH Yepe3 ee ImoJge B AajbHel 30-
He. C 2T0# i[e/ibl0 BBeleM BCIOMOraTelbHble CUCTEMBl KO-
ODIOHMHAT X1, Y1 U Xy, Yo (CM. puc. 23) u mpUMeM CAeLyIoLHe
0603HaUeHN: ’
oy, B, (4, By)— yrasl MexXay HOpMaJjbilo K (DPOHTY nmajalo-
med BOJMHBL M KOOPAWHATHBIMH  OCSIMH
X1 Yy (xz’ ya);

(11.05)

¢ (¢) = — @) )—yroJl Mexiy oCblo z U IpOeKIHed yKasan-
HOH HOpMaJl Ha MJIOCKOCTh X, ==0;
¢, (9, = — 9,) — yroJI MEX/y OCbIO 2 W HalpaBJEHHEM M3 Ha-

yaja KOOPAMHAT B TOUKY p(y,, 2), KOTOpas
JEeXHT B miockoctH X, =0 ¥ saBIfercd
npoeklyelr Ttouku Habmogenus P (X, Y, 2);
r, — paccTOsiHHe OT Hayaja KOOpAUHAT A0 TOY-
ku p (Y 2).
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Puc. 23. K auQpakuud Ha [HCKe PY HAKJIOHHOM Naje-
HHH TUIOCKOM BOJIHBL JlonymanckocTb L JIeXXUT B IIOCKO-
CTH AHCKa, ee peGpy ABASTETCH KacaTeJbHOH K OKPYMKHO-
cTH gucka B Touke x,=0, y,=a (@ — paauyc HHCKa).

BBegenuble 3Aech BEJHUUAL ONpeAeA0TCs  (opMynamu:

cosa, == =-sinycosy,, cosf,==sinysiny,,

Gy =T — %, Bp=r—B,
.0 _ cosfy e ol COS Y
SIN¢; =5 oy’ cos ¢, T sina,
. sin ¥ cos (¢, —
Sin (Pl = —% ( l,, (P) ’
V1—sin ¥ sin® (4; — ¢)
Cos ¢, = cos i
! Vi=sin®0sm?(¢; —g)
0 0
Pr=—Pn Pr=—9¢,

r,=RV 1 —sin*9 sin® (% —9) -

(11.06)

3anumiem Jajee BblpaxeHus g TOAS OT HepaBHOMEPHOII
yacTH TOKa, Bo30yxpaaemoro BosHo# (10.01) Ha wupeasbHO
OPOBOJSIIEH HOMYMIOCKOCTH — oo<<y,<<q. Cormacuo § 5

OHU HMEIOT BHJ
i(k,r,+-’4i)
E ____ez'kx.cosu.E 1 0,y € e
ox,] (P1> Py )"'_VQT,,-,

Xy

ika (sin gc?—sin <)

>

(11.07)
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! k"”’%) ikya(sin ¢O—sin ;)
__ ikx,cosqy 1 0, € LRy ¢ —sin¢,
Hx,—e HOx,g ((Pl’ (P] ) V‘m € ’
rae (11.07)
k,=Fksina,,
. .0 T 11.08
by sing, —sing) )=k YT fpr, [ (11.08)
o1 — 9 o1+ ¢
sin —5 + cos- p) 0
' @0 )= =
! sin 9? — sin ¢, sin cp? —sing,
01— 91 o1+ ¢
— sin ) +-cos 3 cos ¢,
1 0y ___ .
g (e ) sin ¢? — sin ¢, sing) —sing, ’ )

(11.09)
(——-’;—<¢1 <§>

C npyroii CTOpPOHBl, 3TO INOJe MOXHO BLIPa3UTb Yepes
BEKTOD-TIOTEHIHa

. T kY ZF (i) F (=P
e _1._ ) ik v,cos B, ikt cos ay ©
A=— j J(m)e dn S e e L
—00 —00 n
(11.10)

.

C nomomuipio GopMyJibl
1 G lpVDFG
=) VDite

—00
g=V p*—#, Img>0, D>O,

KOTOpasi BhITeKaeT H3 paBeHcTBa (3:10), ecau B HeM moJo-
®uTh 2 =1, w=C{,d=—ip, k=—iD, HaxoouM, 4TO

HY (gD)= e 4L, (11.11)

a

A— i olkxicos o, S J () Hf)’)[k V/ml ok cos B’d‘q.

¢
—00

(11.12)

[TpannMas Bo BHUMaHHe, YTO HepaBHOMEpHAs YaCTb TOKA CO-
CpeoToYeHa, B OCHOBHOM, BOJM3M pe6Gpa MOJMYIJIOCKOCTH, H
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OMb3ysiCh ACHMNTOTHUECKUM INpeicTaBienneM ¢yHkuun XaH-
KeJls, . 101y 4uM

—— ik(x,COS aytry sin oy)i = 2 .
A=_‘_l/k_2_"_ e ! jJ(n) e ® gy (11.13)
4 17

rae ®, =cosf, -—sina, sine, =

2
=sin tsin g, —sindcos(t,— ) ) Ty amg
(11.14)
B cayuae, 'koraa ¢,=35 [cM. dopmyasl (11.04) u (11.05)]
¢yuxkuus ®, npuHHMaeT 3HaueHHe

O, =— /1 (11.15)
Hcxons us Boipaxkenus (11.13), Hetpyano nokasatb, 4TO

paccesiHHOe moJie B JaJjbHell 30He ONHUCHIBAETCS CJIeAYIOLIHMH
¢opmynamu:

E, =—iksina,cosa,sin ¢, A, ~+ ik sin? nA,,
H, = —iksina, cosp,A,, } (11.16)
rae Ay, = 9,1% (1), Ax, = 91],;, (91,
1 Tox  ik(x,cos oatry sin ay) 4-i -41 } (11 17)
01 = e m e ,

I (pI j‘ _[ ('q) e—tknlfp_l_ F’d"]
v (11.18)
Ix, ((’Pl) = S Jx‘ (‘q) e‘”‘"‘[ A4 md'f‘,
—oo

[TpupaBuuBas 3aTem Bolpaxenus (11.07) u (11.16), maxomum
UCKOMYIO CBSI3b MeX1y HepaBHOMEpDHOH YaCTbi0 TOKa Ha MO-
JYIIOCKOCTH — CO <Y, <<@ ¥ €e MoJieM B JajbHeH 30He

Hy,, ' 0y —ikaViF s
1, 8) =" 5= Smyessyr & (0 91 ) € ,

’xx(q")—“‘—isz:?M[ ot (1 @) ) — (11.19)

—ikadVir L 2
—cosaltgcleOxg (‘Plr cp] )]e tRal’h +P’.
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[ 4
-

CoBepllieHHO aHaJIOTHYHO MOXHO II0OKa3aThb, YTO HEPaBHO-
MepHasi 4acTb TOKa, Bo30yxaaemas BoJanoi (10.01) ma mouy-
IJIOCKOCTH —oo <y, <@, CO3[aeT B AajibHeld 30He paccesH-
Hoe IoJie

E, =—iksina, cosa,sine, A, +iksin®a, A ,
* . (11.20)
Hx2 =—iksina, cos¢, A ,
! )
rue A, =00, (v.), A, =81 ($), I
1 Tr ikrisina — &, cos o)+ — i (11.21)
O .
a \
]yz(’\l)z): gl ()elkrlf)Jf""'dn’!
- ! (11.22)
' * ; ik, Ve L 2
1@ = {4, (e ay |
— )
C nmpyro#t CTOpPOHBI, COIJIACHO § 5 3TO 1OJIE PaBHO
i| Ryt ‘;‘) ik S0
__ _—ikxycosa e {kia(sin ¢ —sin ¢q)
EXz— € F()x f (<P2’ V-QTAC_/CIT . ’
k]l’1+ %) . . 0 .
__—ikxycoso ; 0y e 4 ikya(sin ¢y—sin ¢q)
Hx’——e HO.\'gg ((P'.h (Pg ) VW “— e . )
(11.23)
3aech ky(sing, —sing) )= — V/22J-p*,  (11.24)

a ¢yukuua (@, cpg) u g (¢, <pg) onpenensiorest  opmy-
JaMH:

L= 97 o1+ o
s — cos 0
P (fa $)) = ? A
’ > Rt g
e sin ¢ — sin ¢, sin o) — sin ¢, ’
\ 11.25)
N ¢ S ‘f‘f o1+ ‘P? (
o ) sin— 4 cos 3 cos ¢
1 —_ S
g (90 % sin ¢) — sin ¢, sin ¢} — sin ¢,
/  3m E]
= —<(P1 ) .
AN

74



[TpupasuuBas Besuuuubl (11.20) u (11.23), waxonum

¢ eikaV)x2 +p2

0
]!/n ($)=— ik2n sina, cos ¢, HOXag! (®2 s ),
ikaV N w2
L W)= 5 e [Eo [ (0, 8)— [ (11:29)

— cosa, tg ¢, g (92r ¥ )]-

Takum oGpa3oM, Mbl YCTAHOBH/IM 3aBHCHUMOCTb MeXIy He-
PaBHOMEPHOH 4YaCThlO TOKa Ha NOJYIJIOCKOCTH U €e I0JeM
B fajbHell 30He. BepHeMmcsi Tenepb K BBIYHUCJIEHHIO MOJs OT
HepaBHOMEPHOH YacTH TOKa, TEKYIIero Ha JUCKe.

ITockonbKy nuck mpepmosaraercs GOJbLIMM [0 CPaBHe-
HUIO ¢ JJIHHON BOJIHBIL, TO HEPABHOMEPHYIO YacTb TOKa BOJH-
3M ero Kpas MOXKHO [IPHOJMKeHHO CUMTATh TaKoH XKe, Kak
Ha COOTBeTCTBYIOWel moaymniockocTd. CrefoBaTeNbHO, HH-
Terpannl, Bxoasmue B Gopmyny (11.03), 6ynyr npub.au-
¥EHHO PaBHBI COOTBETCTBYIOIIMM HHTErpasaM OT TOKa Ha
TIOJTYTIIOCKOCTH

S‘/x, (0, ¢,) e—ike Vie —l-apﬂdp:—_— le %),

0

“ ik ViTTT

000 )™ o= (3)),
" L b (11.27)
S‘]x’(Py ‘*Pz) eikPV)\z-FF-’dp:[xa(q)z)’
0

J,. (s $s) et gy — 1, ($a)-

e T

B pesyabrate KoMmoHedTh BexTopa (11.03) moxHO mpencra-
BUTb B cnenylomeﬁ dopme:

QikR i—;:-
—l/m, =S U, )+, 0]
1(11.28)

N e o . e e’

TTOma R i :
A=ty 71/2X=—+—M7—R” U )L,
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[Toncrasnss 3ateM 3Tu 3HaueHus B GOpMyJnl
E =ikA,=ik[A, sin (p, —¢)— A, cos($, —¢)],

Ey=ikAy;=ik[A,cos (¢, — @)+ A, sin (¢, — ¢)] cos 8,

(11.29)
HalijeM MoJe OT HEePABHOMEPHOH uacTH TOKa, TeKyIllero Ha
LHCKe

.o
‘7

ae el®R ( _ [Siﬂ (br—9)_

E""=_H3=i/2nk—alr—}\2+=pﬁ R sina, cos ¢1

__cos(dr—9)

sin? a,
X [g" (91, @) emikaV TIF_ g (g,, @) eikeV T —
. on, cos (¢, — 9) [ (¢s, ‘PT ) e—ika Vierpr __

cos a, tg <p,] ><.

sm*al
— i (g (Pg)ei{ean]}’ (11.30)
o — aei%cosg S, cos (4, — 9)
8= ?_VWTI °"’[m§\°—'+

+._s%$l_al__?)_ cosa, tg ‘P:][g‘ (@0, 9 ) emthaV TFw _
—_— igl (?2’ ?; ) eikaV)\z +u9] _'_on Sin(d.;l — ?) X
1 sin
X [f‘ (‘Pp ‘PT ) e—ikaV)\z+ B3 ___ ifl ((PB' (P; ) eikan:.,.p,a ] } (11.31)

[TonyyenHbie BbipaxKeH s CIIPaBe A/HBLI IPH ka/ Ap? >1.
X MOXKHO HECKOJIbKO YIOpPOCTHTDb

i =
4 ikR
E,=—H,=—-2% ¢
P T Vmar e R X
><{— Hi, cos § S0 [g1 (o, g} ) e=tbat o
__.igl (<p , (P" )eikanzﬂn ] — Ox. Cozifj;x — %) X

X (0 9 ) =tV FTH_ ifi (g, )e‘“”’*“’l} (11.32)
76



‘T . IkR
EjH =—=2% % _ X
s=H b 2nka V AP p2 R

e S 5, o T

Slla

; 0y _ikaViigpe sin ($; — ¢)
- lgl(q’z’ (Pg) Sl ] + on,COS iy smzl ><
X [fl (‘Pu ‘?: ) e—ika Ve B ifl (?2, (P(:) eikaV)\z+pP] }, (11.32)

.

€CJIH BOCMOJb30BaThCA TOX(}leCTBaMH
sin (b, —¢) cos (b —9) cos ¥ sin (¢,-—(p)

sin a, cos ¢, sin?a, cos o, 1§ ¢, = sin? a,
{(11.33)
cos ($; —¢) ; sin (4:, — cos($; —9)
sin a, cos <p,+ sin®a COS o 1 9 = sin®a, cos ¥ ° ,I

ITponenannele Brlle ONePallud MOXKHO KpaTKo chOpMyJiu-
poBaTh caenylomum oGpasoM. ITose oT HepaBHOMepHOH 4acTH
TOKa Ha AMCKe

2z a
ikR .
A=22 yd(pj.l (e, 4)e™® dp
0 0

HaXOZUTCA (6e3 HeMOCPeACTBEHHOTO BBIUMC/ICHHS TOKA) yepes
13BECTHOE MOJIe BCIIOMOTaTesIbHON MOJIYIIOCKOCTH

A== ]/k,r,

nyTeM 3aMeHbl

a a
36 9 e dp na [ 3(m) oy
0 —00

B Tex c.nyqéax, korga ?=@,. Oyuknun @ u O, ompene-
asoTest GopMynamu

® =sin ysin ¢ —sin & cos (¢ — ¢),

{R(xyc0S ay+ry sin a,)+i—1;' s tem®
yJ (n) ¥y

~—00

®, == sin y sin § — sin 9 cos (q)——cp)‘/w (11.34)

sin? 9 sin%(d—y)’
MimenHo Tak Obwio mosaydeHo  pemieHue (11.32) mpu
ka)/A* +p*> 1, Kkorga [nJs BCIOMOTATEJbHOR MOJYIJIOC-
KocTH, pe6po KoTopo#l kacaeTcsi o6oja AHMCKA B TOUKAX
$ =3, ¢=mn-}3, daza @, 6uina pabua P.
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Peulenye 3agaud AaHABIM MeTOJOM BO3MOXKHO TaKKe
B Clyuae

§=1, <p=_’2‘_, (11.35)
korga ®, —=®=0. Hanpasnenne ¥=7, (pz% COOTBET-

CTByeT TIJIaBHOMy MaKCHMyMy AMAarpaMMbl paccesiHus H IIO-
3TOMYy InpeAcTaBiasieT ocobwlif uHTepec. I[loxcraBiss BuiTe-
Kawoliye B 3ToM caydae u3 (11.19) coorHomeHus

c H,Ox, ,Sin ??_l i
79 ik4m sin a;  cos? ‘P(]) ’ |
) (11.36)
. ¢ 1 Y 0 sin ?] —1
I = ram siwra; (Eop, T cosatg @ Hy ) — & !
B opMyJibl

sz_:’_ gl cos ¢/, sin¢)dy,
" (11.37)

A = ST, sing 1, cosi) dy,
4 c ;
0

Haifilem mnoJjie, H3jgyuaeMoe HepaBHOMEPHOH 4acCThiO TOKA B Ha®
npaBJjieHuy raBHoro maxcumyma. Ilpm E-mogspusaunun ma”
Jamolell BOJHBI (EoJ_yoz) OHO pPaBHO

ikR
Esz‘sz Eo ﬂSlI‘lz <2KCOS Y __..l_-iLosz.E)S__,

cos R "1 (11.38)
E,=H,=0,
a npu H-nonsipusaunu (H, 1 yoz)—-
Ey=-—He=— EO&nsm’ ]
: 1+ cos?y ikR bo(11.39)
X(2K COSY WE)T: I
E,=H,=0, )

rae

K= y Vi—sintysin?¢ sm21sm2¢ E——_y/l——sinzﬂ{sinch d¢
’ ’ (11.40)
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—IMoJIHble 3JINNTHUECKHe WHTerpansl. M3 moayueHHBIX BHI-
pamemm ceayer, UTO IPH MOBOPOTE TONADH3ALMM I@a-
natomeit BosHs Ha 90° ¢asa moas oT HepaBHOMEpHON ya-
CTM TOKa M3MeHseTCd, KaK U B Cjayuae MOJYINJOCKOCTH, Ha
180°. Ecau Y~ 0, To pasnuuue MexAy MOJNSPH3ALMSAMH HC-
uezaer, ¥ B npegesne (mpu Y =0) Mbl MPUXOAUM K IpexKHe-
My pesyabtaty (8.16).

[To popmynam (11.38) u (11.39) 6blau mpoBemeHBl 4HC-
JeHHble pacuerbl. OHM NOKa3ajd, 4TO AJS 3HavyeHHid Y, He
npeBblAONINX 55°, T0Jie OT paBHOMEDHOH YacTH TOKa MH-
HUMYM B ka pa3 Goablle MoOJsi OT HEPABHOMEDHOIM YacTH
TOKa.

§ 12. XAPAKTEPUCTHKH PACCEsIHHUSA

nNPU NMPONU3BOJIbHOM OBJIYYEHUU
IlomHoe mose, paccesiHHOe AHMCKOM, PaBHO CyMMe MOJieH,
U3JiydaeMblX DABHOMEpHOH M HepaBHOMepHOH 4acTAMH TOKa.
OnHako Temepb, B OTJHYME OT CJAyuas HOPMAJbHOTO OBJy-
ueHusi, BoGuactu kaV 2* 4 p*> 1 nosmoe moje yxe He Bbl-

paxaeTtcss TOJIbKO uepe3 ¢yuxuuu f v g. Ilostomy Mbl pac-

CMOTPHM CHauaja fojiee AeTajlbHO paccesiHHoe NoJe B ILIO-
ke

CKOCTH TajJeHus <x= 0, (p=—_'—_—2—>, rie BolpaxkeHus (11.32)

NPUHAMAIOT BHJ

r ikR
— ___ae —ika . ikap ] €
Ey=—Hy = Borl 1" (™™ i 2) e
JIpH o=, $>7,
i 43 . )
Esoz_Ha:V%k = lon[ F(2) et - ift (1)e ‘”‘] '
E Hy= ae T 1(9) gikak 1(1) e—ikak] et#R
“o }/Qﬂka] I ox[f( lf (1 -
npu ¢ — — % :
(12.01)
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E =H — aei THOx[ 1 (l)e—ikap+i 1 (2) eikﬂl‘-]:eiie
8 ¢V 2nkap g R
mpE o=, $>7,
E.=H = i HW‘[ (2) elkaH —|—tg —-ikau] elkR
K (] V o wka || —8 R
mpn o=, 31,
l T
E.—=H — ae Hox[g (2) elkau. igl (1) e—ika“]i_kR
8 ® " Y onkalp| R
npn @ = — --12‘— .
(12.02)

®yuknun ' (1), g'(1) cooTBETCTBYIOT MOJIO BCIOMOraTe/b-
HOfl MOMYMJIOCKOCTH —o< < y<q, a ¢yHkuun f*(2), g'(2)—
M0N0 MOJYMIOCKOCTH — a<<y<<oo. -CorsacHo ¢opmysam
(11.09), (11.25) onu ompenensilOTCS BbIPaXKEHHAMH

PO=1)— gy -
1 cos 9

g M=)~ sr—=ams-
Q= f<2)+ﬁ%ﬁ,

g @) =g O+ ;-0 e=—
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9 —
sin 5

()=

1 —cos

B+1
2

— sin

g(l)y=

siny —sind ’

; 1+cos

34y
2 -

. 8—
sin —3

f@2)=

sin y — sin & ?

—Co0s

L
2

sin

siny —sind ’

—2-1+cos

34y
2

/s

siny — sin & ’

(12.03)



T T
eciH p=-3, a &<—2-; H

cosy sinﬂ-g‘{—-cosﬁ-;‘{
fP)y=il)— siny +sind’ f(l)y=-— siny 4+ s ¥
il { A —y

‘ cos § sin ) +cosT
g=e)—mysems’ e)=—yrems

i} 4 —
sin‘ ;-Y+cos‘ 3 1

f1(2)=f(2)+m%’ [(2)=— siny +sind ’

¥4y §—vy
Sln'T——COS 2

cos? -
gl(2)=g(2)+m’ g2)= siny+smmd O’
(12.04)

T
ecau <p=-—%, ad<—.

Bolie 61110 0TMeUYeHo, uTo IpH ka > 1 B HanpaBneHun 4=y

3 ’ o
(0°<y<55°), ¢= 5 nose OT HePaBHOMEPHOH YaCTH TOKaA
npeHe6peXXMMO Majo 10 CPAaBHEHHWIO C TOJeM OT paBHO-

MepHO# uyacTH. IToaTomy Asid moasi OT HepaBHOMEPHOH yacTH
TOKa MOXHO HamucaTb ¢ nomoinpio ¢QyHkuuit beccens cie-

AYIOIIHE HHTEPNOJISLHOHHEIE (POPMYJIBL: NIPH cp=-’21

E,=—Hy="L (1 (1) — p@)] /(0) —

— [P )+ @)1, €) S

i (12.05)
Ey=H, =—>{[g'()—g" 2)]45 ) —

—ilg' ()42 @1 ) S
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T
ampu ¢=——

E,=—Hy =25 {F ()= @) 6+

+ [ () + 121/ (E)}—~-

Ey=H, =) — g @t | 500
+ile (I &', B} g
rae |
ot o) (1207)

ATH BHpaXeHHs ChpanefnnBnl B ofnactu 0<H< > TpH

¢>1 u [f| > 1 onn nepexoxar B ¢opmyasl (12.01) u (12.02),

ki
a B HampaBJeHWH V=7, ¢ = — [AOT IOJe, PABHOE HYJIO.

[ToJb3ysieb KOHKPETHBIMH BbIpaXKeHUSIMH [Jist QyHKUmi f*
u g', HeTpyZHO yOGelMTbCS, 4TO IOJHOE IIoJe, paccesHHOe
nuckoMm, B cuny dopmya (10.03) u (10.04) moxHO mpencra-
BHTb B CJelylOLleM BHAe:

T
npu (P=?

1aEM
E'? =—Hy=

{{f () —F@214h @) —

— il () )1 €

- (12.08)
E-3=.. Hc,: = __23: {[g(l) —g (2)]‘,1 ©)—

— ilg () +2@)] /i) S
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T
a Inpu CP=~—2~

E = Hy="2{[} (1) — [ @)1/, () +
(D) A7, 6) S

. (12.09)
Ey=H,=—5"{lg (1) g @) 6+
o GlkR
+ilg()+g@V: O} 7
i BhpaXKeHHA yI0GHO 3amHCaThb TaK
zaE s eikR )
F:-—H ou(ﬁ, Y)R’ |
L (12.10)
iaH gy < elkR
Eg=H,="3=x®, nS, |
rie GyHKuMM I M L ompefeseHl B 061acTH O<{}<%
(hopmynamu:
'S} J1 @) . Iy (€ 1
X®,0) |=— : ‘(’—‘r:tl ‘)_1_1 mpH ¢ = -,
E(‘()’ Y) sin 9 CoSs
_ 12.11)
) 11 E e » 2 E } (
X3 | = ' ﬁ(-l)— i 1.() mpH ¢=—--,
2(1‘)’ Y) 5111‘—2— CcoSs 2
)
a B obractu - <H<n
ST I ING )
50, 0 V=m0 i B o =7,
(9, Y) cos 2 sin 3
< £ 12.12
50, 1) \=oe O ngf)_anH p=—7. (12129
(8, v) €osTy sin —

J

Monaras specy Y= 0, nosyyum npexuue cootowenus (9.03)
u (9.05).
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B manpaBnemusx 9=y u d==n—7 <an <p=—”—>, rie

AuarpaMma paccesidds HMeeT IJIaBHbIH MaKCHMyM, H3 qup-
mya (12.11), (12.12) creayer, urto

X)) =X (y)= — kacosy (12.13)
"
X(r—7)=-—Z(x— )= — ka cos Y. (12.14)
B HampaBieHHM Ha HCTOYHHK (1‘_} =T—y, ¢=— %)
byukuun (%) u Z(9) npnﬂnma}of 3HaueHus
I(8)
£®) =_Sm0 Jy®)—iJ, (8). (12.15)
Cunras 3gech & ==, noaydaem
T (%) = — Z(v) = ka, (12.16)

YTO COOTBETCTBYeT MPUO/IHKEHHIO (PH3HIeCKOH OnTHKH [dop-
myae (7.20)].
®yuxknuu I U L MO3BOJAIOT BHIUHCIHTH

sp=1a*|T ], ,,=ma*|Z (12.17)

— athdeKTHBHBIE TIOBEPXHOCTH  DACCessHUsl NpH E u H-no-
NApu3anyax naiatomei sosdsl. HanoMuuMm, u4to no onpene-
JeHnio 3G (eKTMBHAs MOBEPXHOCTb PACCESHHSI eCTh BeJHuH-
Ha, paBHAA

0_41:R’|I go‘l (12.18)

rue

] (12.19)

— ycpeIHeHHas 3a TepHon KoseGaHHH NJNOTHOCTb MOTOKA
3HEPTHH (BEKTOD [oiintunra) B paccesn-mou BOJHE, a Sp—
aHaJOTHYHAs BeJUYMHA [AJs1 Tajalouled BOJHBL

Takum o6pasoM, HaMHu TOJyueHB BLIpaXeHHA AJsI pac-
CEeSIHHOT O TO0JisA, PUBJUKEHHO YUYHTHIBAIOIIHE HepaBHOMEDHYIO
4acTh Toka. J[OBOMBHO IIpOCTYIO U yAOOHYIO [IJISl pPaCueToB

n
¢dopMy OHH HMEIOT B, INIOCKOCTH naae}mﬂ( =—_'-.—2-). Un-

TepeCHO TaKXKe, UTO B JaHIOM CJyyae OHM YJAOBNETBOPSIOT
NpUHIUNY B3aHUMHOCTH, B OTJHuHe OT Bblpaxedui (10.03) u
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(10.04), cooTBETCTBYIONINX PaBHOMEPHOH YacTH Toka. B atov
HeTpyAHo yGeauTbcsd, TpoBepuB, uTO popMmyant (12.11) ne
M3MEHSIOTCS TPH OJHOBpeMeHHOH 3ameHe Y Ha & u ¥ Ha vy,
a ¢opmyanl (12.12) — npu 3amene & Ha m— | u ¥ HA =—3&

B Cilyyae ¢ = —-% .
Onsako dopMyas (12.11), (12.12) npuBoasT K paspuiBy
TAHCEHIHAIbHOR COCTaBAsIOWEA MarauTHoro noas H, wa

naockoctH 2z =0, B xorapo#i jJexut Auck. Kak u B ciayuae
IuGpaKUUY Ha JeHTe, NpHYMHA DTOTO ABJEHUS 3aKJI0YaeTcs
B TOM, YTO HaMH He y4TeHO B3aHUMOJelicTBUe KpaeB. B yue-
T€ YKa3aHHOTO B3aHMOLeHCTBHS HyXJAaeTcsl Takxke CJayudail

. © n
CKOJIb3fIlUEro mnajaeHuss nJOoCKOH BOJIHBI <Y=T>’ Korga

ROJIKHBL ObITb paBHbl HyMO KoMmoHenTol Eg U H_ paccesH-
HOr o noJil. :

B 3akaiouenne maparpaga ‘enie pa3 OTMETHM, YTO BbIpa-
xkenus (12.11) u (12.12) B6nusu Hampassenuit 3 =7y, ¢ =

T ©
=7 —7 <npu cp=7) HMEIOT HHTEpNOJISiHOHHBIA Xapak-
Tep, HO 3aTO MO3BOJIAIOT TMPeACTaBHUTh B YAOGHOH (eaHHO-

o6pa3Hoit) popme paccesHHOe TMoJie B IJIOCKOCTH INaneHHs
x =0, KoTopoe yacTo mpeiCTaBJseT HauGONbIUIKI HHTEpec

(cp. § 24).



TJIABA III
AHPPAKLIHUA HA UMIHHIAPE KOHEYHOM OJIMHDI

OcoGeHHOCTh JaHHOH 3aJaud 3aKJAHuYaeTcss B TOM, 4TO
Ha TOBEPXHOCTH LMJIMHADA MOMHUMO ‘HepaBHOMEPHO!N YacTH
TOKa, 00YCJOBJIEHHON H3JIOMOM, CYLIECTBYET TakKXKe Hepas-
HOMepHas 4YacTb TOKa, BO3HMUKAWOUlAs BCJENCTBHE IJaB-
HOTO HCKDHBJIEHHS TIOBEPXHOCTH. ITa YacTb TOKa HMeer
Xapakrep BOJH, OETYUHX IO LUJIMHIPUYECKOH NOBEPXHOCTH
BIOJb Teofesuyeckux JuHui [36], T. e. MO BHUHTOBLIM JM-
HUSIM Ha unauagpe. Harankusasch mpu cBoeM OBHXKEHHH
Ha pe6po LMJAHHAPA, OHH HCOBITHIBAIOT AMGPAKLHUIO H BO3-
Oy»KIaioT AOMOJHUTEeNbHble TIOBEPXHOCTHEIE TOKM. B «cBOlO
ouepesb, HepaBHOMEPHAS uaCTh TOKA, o6ycJa0BJIeHHAs U3J0-
MOM, HCHUITBIBACT AH(PAKIKIO, PACIPOCTPAHSACH [0 IH-
JUN1PHUECKOH NoBepXHOCTH. $IOHO, YTO KODPEKTHBII yueT
BCEX 3THX 9PPEKTOB ABJSETCS OYEHb CJHOMKHOH 3anauefl.

Oxnaxko ecau Bce JHMHEHHble pa3Mepsl IHIHHApPA AOCTA-
TOUHO BEJHKH 1O CpPaBHEHHIO C AJUHON BOJIHBI, TO 3THMH
sddekTamu MOKHO IpeHebpeup NMPH pacuerax PacCesHHOTO
MOJIST BO MHOTHX CJy4asiX, UMEIOIIHUX NPaKTHYeCKHH HHTepeC.
B wacTtHOCTH, MM MOXKHO NIpeHeGpeub nPH pacyere m0JA,
paccesiHHOTO B HanpaBJaeHuyu Ha wctouHux [5, 37]. B artom
cJyyae [JOCTAaTOUHO YUeCTh HePABHOMEpPHYIO uacTb TOKa,
00YCJIOBJIEHHYIO TOJbKO H3J0MOM MOBEPXHOCTH, UTO MBI H
caenaeM B nauHoi rsaBe. IlonyueHHble TakuM nyTeMm ¢op-
MyJbl c606lIAIOTCS Ha cayual, Korja HamnpasJenue HabJIo-
IeHHs He COBNAJaeT C HANpPaBJEHHEM HA HCTOYHHK.

§ 13. MPUBJIMXEHHE ®#HU3HUYECKON ONTHUKH

Paccmorpum nudpakiyio TI0CKOH 3/eKTPOMAaruHTHOH
BOJIHBI

E"—_-Eo eik(ysln Y+2cos 1) (1301)
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Ha KOHEYHOM HAeasjbio IMPOBOMAIIEM LWIHHAPE pajuyca a
v aiuael [, ChepHueckylo cHCTeMy KOOPAHHAT PaCIOJIOXKHAM
Tak, 4ToGLl €e HayaJo0 HAXOAWIOCh B IEHTpe LMWJIMHAPA, a
HopMasb M K (POHTy TNajaimolled BOJHBI Jexala B MOJy-

TJIOCKOCTH cpz—g— M COCTaBJsiia yroa Yy (O<*{<-—7—2‘—>

¢ ochio z (puc. 24).

P :

/ 3

Puc. 24. Iudpakuusi nJ0CKOH BNJIHbI
HA KOHEYHOM UM/HMHIDE. N — HOpMAaJL
K (ppOHTY Nafaioied BOJHHL

)

[Tapaowyio BoMHY, UMEIOULYIO NPOU3BOJBHYIO nnnehym
TOJISIPU3aIHIO, BCErla MOXKHO IIPEICTAaBUTh KaK CYMMY IBYX
BOJIH C B3aHMHO TepIeHUKYJSIPHBIMI oasipusanuamMu. ITo-
5TOMY ISl IOJIHOLO DELIeHHs 3a1ayd 10CTATOYHO paccMo-
TPeTh [ABa YACTHLIX CJAyuast MOJSPU3ALUNH Nafatolel BOJHLI:

1) E-noaspusaius, Koria 3JeKTPUYecKHi BeKTOp manao-
uleil BOJIHBI NeprneHAHKYAsiped miockocti yoz (Eo | yoz),w
2) H —nonspusauuns, korna Ho L yoz.

PaBHomepHas yacTh TOKa, Bo36yKaaeMas Ha HHJAUHAPH-
yeckoit mosepxuoctu Bosuo# (13.01), umeer npu E-noasipu-
3aliMH KOMIIOHEHTH

i2=— %on‘SinYSin‘PeM ; ]
j0= 5= Equsinycos g &, I} (13.02)
i°= —29; E,y-cosycos ¢ %, J
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a npu H-monsipu3aiiy — KOMIOHEHT bl
.0 .0
i,=i,= 0,

](: = Hox sin ) ezko l (13.03)
rae
© = gsinysiny 4§ cosy. (13.04)

BolupcauMm moJie, co3jaBaeMoOe STHMH TOKaMH B 06J1aCcTH
T

=77
BexTop-noTeniua paccesHHOr o MoJjs onpexesercs Gop-
MyJlaMH

2
g_sdq’ “-‘”: ‘P)—dC npu Y=0 (13.05)
0

~

2

I
0

A=2 S dy S e «p)—dC npu 7>0, (13.06)

—T

2

rae

&
r=yE+u—0+E=0" . (13.07)
[Tockonbky Hac uHTepecyeT ToJe B JanbHelf 30He (R > ka?,

R > kI?), To 3T Bblpaxkeuuss MOXHO YNPOCTUTb, NMOJb3YACh
COOTHOILEHHEM

r=~R-}-asindsinp —{ cos 8. (13.08)

B pesynbraTe mosyuum Gosiee mpoetyio dopmyay

NIN

N

j° (c’ *P) e—ikt cos ’dt.’. (13‘09)

ikR

a
A=TF%

3‘ eika sin & sin q;dq)

(ST



Tak Kkak KOMIOHEHTH TOKAa OMUCHBAIOTCA (QYHKIHUAMU

() e™*®, To 3amava 0 HAaXOX/eHWH MOJA CBOXMTCA, TMO Cy-
IeCTBY, K BHLIYHC/IEHHIO HHTErpajioB THIa

0
eik((cosy—wos\‘})dc S f(¢)eipsin¢d¢=

1 ig—l (cos y—cos §) __
~ ik (cos y— cos 3)'[

0
S F(p)e?s™ dy.  (13.10)

—_T

—i ’;—I (cos y—cos §) ]

Hurerpan
0
S F()e?Mdy, p=ka(siny+sind) (13.11)

npu p> 1 Jerko BbIYHC/SAETCA METOAOM CTALHOH2PHOH (ha-
3bl. Todka -craunoHapHoi (aspl ONpejesieTCss H3 yCJOBHA

%sinq»:O H paBHa

Yo=——5" (13.12)
[lonaras sateMm qa=-%-—|—8, HaxoAuM

0 3

Y
_,, 3
= '/%f (o) %P S eit?df—= V—%;_f (bo) e.‘p+'4_ )
(13.13)
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B pesyabTate IoJy4aeM CJedyIolllHe BhIpaXKeHUs HJia
BEKTOp-NOTeHNHaaa: IIpHU E-nonapnsauuu

Ax=—E,,\sm*( [ A,=A,=0 (13.14)

u npu H-nonspusauuy

ikR
A,=—2";Hox.°—1!;—'1, A, =A,=0, (13.15)
rae
i?(cos y—cos 9) - ; (cos y—cos §)
) [ — e —e
— ik (cos;y — cos §) X
o —ika (sin y+sin 8) +i i"- »
’ XV ka (sin y + sin ¥) e - (13.16)
PaccesiuHoe mnosie B 06JaCTH ¢ = — —g— onpeenseTcs
COOTHOLIECHHUAMH
E =—H,=ikA,
® 4 x
Ey=H, = —ikA,sin a.} (13.17)
[Toatomy mpu E-moJjisipusaliid OHO DPaBHO
Lka ikR
E,=—Hy= 57 Eossiny 53— ’] (13.18)
E,= H =0,
a npu f-nojspusainu
ika . elkR
By =H,=—g Howsind 71, (13.19)
E(p =H,=0.

[TonyueHuble (bopmynbl MOKa3bIBAIOT, YTO [0JE, pacceuBae:.
Moe unnmmpuqecxou TOBE)PXHOCTbIO, CO3AAETCA B OCHOBHOM
cBeTdlle#ica NOJOCOH, npuneratom,eu K ofOpasywomeii -

JUHAPA MPH § =g = — —2-. Hanyuenne oT 3TOH TMOJNOCHI
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MOXHO NpeacTtaButh [cM. dopmyay (13.16)] B Bume coepu-
YeCKHX BOJIH, PacXOAsLINXCS OT €e KOHIOB (TOukH 2 u 3 Ha
puc. 24).

3anuwem temepb Boipaxenus (13.18) m (13.19) B dop-
me, HaubGosiee ypoOHOH Ansi pacyeTa 3(PQpeKTHBHOH MOBepx-
HOCTH paccesHus

ia iRR &R0 .
E,=—Hy=" Eu- Y} & 1)

Ey=H, =% Hop S 2u ®, 1. (1220
Sneco
Y =Gsiny, ¥, =—asind,  (1321)
a
6 =2y s ¥
sin [%l (cos y — cos :;)] —ika (sin y+sin §)+i -
X (13.22)

jo _‘0
Mupeke ,0¢ y }_.u % >-'u O3HauaeT, uTO IOJIe BBIYUCJIEHO

B NpUONMKEHHH (PU3MUECKOil ONTUKU (10 PAaBHOMEPHOH uacTh
TOKa), a WHAEKC ,0“ TNOKa3bBAeT, UTO 3TO PACCESHHOE IOJe
CO3/aHO LMJIUHAPHUECKOH ITOBEpPXHOCTBIO. DjdeKTHBHAs MO-
BEpXHOGTb paccesiHuss corJiacHo (12.17) ompepensiercss aJs
UWJIMHAPUYECKON TOBEPXHOCTH COOTHOILEHHSMH

° —:-‘o 2 .
— 2 —_— 212
o, p=Ta Zu’ =ma?sin®*y |G |?,

L Y . S LA I 2
o ,=1a llu‘_na sin®8 |G 2.

(13.23)

B Hampapienud 3epKajbHO OTPaxeHHOro Jyua (% =r)
nMeeM

cf[’E—_:c;, H:kalzsiﬂﬁz.:g;—alzsin'a_ (13.24)
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=0
B uanpaBnesnu Ha uctousuxr (% == —7) QysKuuu 2

u L paBHBI
o

__ 2 V‘sin 3 sin (%l cos ﬁ) e—~2ilza sin 8+i:—- (13 25)

T cosv

STH BRIpaXKeHUs] CHpaBelsuBbl, ecau kasin9>1. C mo-
mowibio ¢opmyd (13.02) —(13.05) wuerpymHo yGemuTbed,
YTO paccesHHOe 1oJe paBHO HYyJo, ecau y=0, a 9=xn. Ta-
kMM o6pa3oM, B DaIMONOKAUMOHHOM cayuae (T. e. B Ha-
MpaBMeHHH Ha MCTOYHHMK) Mbl HAIJIM BbIDaXKeHMe mJis pac-
CesTHHOrO Tnouisi B ob6aactu kasin9>1 u B HanpaBaeHuH
9=mn. EcrecTBeHHO, BO3HHMKAeT XKeJjaHHe HANUCaTb HHTEp-
NoJIALUHOHHbIE (POPMYJbl, T. e. Takue GOPMyJbl, KOTOpbIe
obecrieunBanu Obl HENPEPHIBHBIA mepexox U3 06JacTH
ka sin > 1 Kk HanpaB/ieHHo U =m. 3aMeTUM Tenepb, YTO NO-
Jie, paccesiHHOe UHJMHIPOM, CKJaablBaeTcss U3 noJei, pac-
CesTHHBIX OGOKCOBOH (LLUMHADPHUYECKOH) NOBEPXHOCTBIO H OC-
HoBaxHeM (TOpLOM) LWAHHIpA. B npubamkenun ¢usuye-
CKOH ONTHKM mMoJie, paccesHHOe TOPIOM LMJAMHADA, 3KBUBA-
JIEHTHO T0J10, paccesHHOMy nuckoM. [Tone xe, paccesHuoe
IUCKOM, omucerBaercst GpynkuusMu Beccens. loatomy node,
paccesiHHOe LMITHHAPHUECKOH MOBEPXHOCTBIO, TaKXKe 1eJeco-
oGpa3Ho Bbipa3utTh uepe3 QpyHkuuu beccens. B pesyabrare
HCKOMBIE WHTEDIIONALHOHHbIE opMyJIbl A1 1OJIA, paccesH-
HOTO LUJMHAPUYECKOH MOBEPXHOCTbIO, MOXHO NPENCTaBHUTh
B BHIE

’21‘:._ 2:= _25(1:2:0 (eikl cos§__ —ikicos 0) [/, Q) — iJ, ©)]
(13.26)

{ =2kasin®.

. L 0
Orciona caenyer, 4to }_n = En =0 B nanpaBnenny & ==,

a npu ycnosuu kasin® > 1 noayyaem copmyss (13.25).

Ilone, paccenBaeMoe TOpLOM UMAMHApPA (OHCKOM), cO-
rnacHo pasencrsam (10.06) u (10.07) onuchiBaeTcs B mpd-
6nuKeHUH (pU3HUeCKOH ONTHKH pOopMyaaMHu
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™~
EIR R

] ikl c "
} == Oh et (13.27)
R

CrnenoBaTesbHO, TOJIE, pACCesiHHOe BCel IOBEPXHOCTHIO IIH-

JuEApa, OydeT ONpele]aTbCs B IJIOCKOCTH @ = — % ¢top-
MyJIaMH:
, ikR 0 )]
E,=—H,= ‘_Q‘EEOx.eTE @, |
N it o e [ (13.28)
E8=H?:—2—Ho.r' R }J ('3), l
rage
0 .
) (9)

__ sin¥®
=

20 @) | 2 cosi

cosb (et ((=2kasin®).  (13.29)

—sin?d

(eikl cos$__ ikl cos ‘?r) [, @) —iJ,Q)] =

At GopMyJbl MO3BOJAIOT ONPENeuTh B nNpUGAuKeHuu ¢a-
3MYecKoit ONTUKH 3(PPeKTHUBHYIO NOBEPXHOCTb pacCesiHHs
KOHEYHOTO ilUIHHALDA.

§ 14. NOJIE, CO3NABAEMOE HEPABHOMEPHOH
YACTBIO TOKA

Hafinem mosie ot HepaBHOMepDHO# uyacTu TOKa, OGYCJOB-
JeHHO# H3joMoM mnosepxnoctd. O6pa3HO roBops, paccesiH-
HOe LUJIMHAPOM TOJIe CO3[1aeTCs <«CBeTSIIUMHUCA» 06/acTs-
MH Ha efo Topue M 60OKOBOH moBepxHOCTH. MarteMaTnueck4
3TO NOJIe OMHUCbIBAaeTCsl- CyMMOH c(hepHuyecKUX BOJH OT «CBe-
ramuxcs» touek I, 2 u 3 (cm. puc. 24). OuyeBugHO, yTo H
roJie OT HepaBHOMEpPHOH 4yacTH TOKa Oyner UMeTh BUI cde-
pHUYECKHX BOJIH, PAcXOJIfIIUXCH OT STHX K€ TOYEK.

B cnyuae, xorna ajuHa W gMaMeTp LMJIUHIpPA HOCTATOU-
HO BeJIHKH N0 CPaBHEHUIO C IJIWHOH BOJIHBI, MOXKHO CUMTATh
npuONMKEHHO, 4YTO HepaBHOMepHas 4YacTb ToKa BOJH3H
H370Ma Takas e, KaK Ha coOoTBeTcTBYylolleM kjuHe. [loJe,
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y3/iyyaemMoe 3TOH 4acThblO TOKA, B MPHHIMIE MOXKHO HaHTH
TaK XKe, KaK H B ciyiae aucka. OqHako Taxoit myTe NOBOJb-
HO cjox<eH. Mbl HafifeM HCKOMOe moJje GoJjiee MPOCTHIM H
HalJIILHBIM TIyTeM, HCXCIAA U3 (PU3MYecKOro aHasM3a pelie-
HUSI, TTIONYUYEHHOrD /I IHCKA.

Paccmorpum ¢ 3T0f wesabio cTPYyKTypy Boan (12.01) n
(12.02), nanyyaemblx nuCKOM. B ykaszanHble HOpMYJEl BXO-
TAT MHOXKHUTENb
ia elBR  ikR th 1
Varka(siny Fsin) R " VamiR ¥V R Vsiny f sino

(14.01)

. a
3nechb V—R— — K03(dunueHT pasBepThiBaHus BOJHBL. OH MO-

KasblBaeT, Kak (opmupyetcs Ioje C yAajeHueM OT AUCKa:
pudparupopannas BOJHA, LUIMHAPUYecKas BOJH3M [HCKa,
pasBepThlBaeTC C YyAajJeHHeM OT Hero B CHepHYecKylo.
Koadduuuenr (siny--sin &)~"s mnponopuuoHasen mupuHe
cBeTsielicd 00JacTH HA AUCKe WJY, MHA4Ye TOBOpS, ILHPHHE
nepBoil 3oubl Ppenessi. Taxum o6pasom, B popmyaax (12.01)
u (12.02) or reomerpun Tesna, Toddee, OT XapakTepa H3Jo-
Ma 3aBHCAT TOJNBKO GyHKnuu [ u g

[TosTomy BHOJIHE €CTECTBEHHO INIPEINOJNO0MKHTb, YTO aHa-
JIOTUUHBIE BOJIHBI, paccenBaeMble IHJIMHIPOM, HMEIOT TaKYIO
e CTPYKTYPY M OTJMyYaloTcs Juilb GyHKuuamu f! u gl, co-
OTBETCTBYIOLUMH B MAHHOM CJydae MPSAMOYrOJbHOMY KJIH-
ny. CsenoBarenbHO, B HaMpPaBlIeHHM HAa HCTOYHHK MOJIe
OT HEepaBHOMEPHOH yacTH TOKa, TeKyLlero Ha UHJAHHIPE,
MOXKHO MPEICTaBUTb Npu kasind>1 cienyomum ob6pasoMm:

E(?z—HB:_—V;%on{f‘(l)e ' —
ikR

1 2 ileOS’&_l_ 1 3 —iklcos & /—i( 4) e_ s ]

(@) €=ty pr@eteosdpe Ve a0
| i (t-—%’i) +1klcos

H,y,- ‘g‘ ()e —

i (c—i’—‘) +ikl cos §

=

ia

E,= H? =Voz
3

—4—)! QikR

'R

—i{C
_ [gl (2) eiklcos &_i_gl (3) e—zlzlcos 8] e (
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B coorBerctBuu ¢ § 4 dyHkumm ' wm g' onpenensioTcs
dhopMynaMu

fl(l) ]_Sin‘%( i _
g (1)

1 “cos ¥

— —

-+ P 1:—2{))—2sin1‘)’
COST——COS n

k17
in —
e _ L ! _
gl(Q)}— " cos-‘l-—lw*— cosi——cosﬂ -
n n n

___cos® __ sind
“39sin® " 2cos 9 °

13 S“‘?( L

—_ ope
T

g‘(3);— " cos;T——l

— 1 . sin 9
-+ © m+29 | — 2cos 0’
cos "ﬁ“‘ — COS

(14.03)
rae
n=—-. (14.04)

B ra. IV 6yner nokasano [cM. dopmyay (17. 25)], uro
B HalpaBjleHHH %=mn—7Y== T0jJeM OT HepaBHOMEPHOIi
4acTH TOKa, TEKYIero Ha LUJUHIAPE, MOXHO IpeHe6peub IO
CPaBHEHUIO C II0JieM OT paBHOMepHOH uacTH, ecau ka > 1.
[loaToMy nsisi mosisi OT HepaBHOMEPHOH YacTH TOKA MOXKHO
Hanucatb ¢ nmomouplo Gyskunuil beccens caenyiomue unrep-
NoJIALMOHHBIE (HOPMYJIBL:

; R
E?=—H8=%on.e—R—2 ),
(14.05)

eilzR 1

Ea'—_-H?:—%‘—Hox'-—R-— (8)°
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3neco
T 0) = 1, () + N, (] === ® —
R GOIAGEIIAG) Dt
T (8) = [MY, () 4 NV, (&)] e * —

—_ gl‘ (3) [Jl (t) _ ijz (C)] e—lklcos ] , (14.06)

a dynkuun M, N' u M', N* COOTBETCTBEHHO PaBHbI

=

1
1

}=f‘ (1) =), j:f:} =g'()g'(2), (14.07)

=

HJIR

M sln-; B :
M [T TR\ w m—20 =

Ccos —/— —
n cos n

! )_,_cosﬂ’_‘__ sin #

-

I+

2 28 )~ sin® T 2cos ¥
cos - — cos—-

r

N } _ -““7( 2 (14.08)

Nt 7 -+

i 1
cos —— —

— 1 -
n n—29
€os —— — cos

n

— 1 sin &
- n 2% )“‘Qcosﬁ :
cos — — COS —
n n

[Monyuennsle ¢opmyssl (14.05) nepexoasrt mpu kasind > 1
B Boipaxkeruss (14.02), a B HampaBieHun == naOT AJd
NOJIs1 BeJIMYMHY, PaBHYIO HYJIIO.
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- § 15. MOJIHOE PACCESAHHOE MOJIE

CymMupysl BbIpaXKeHus (13.28') u (14.05), HeTpyaHO BH-
AeTb, 4TO MOJHOEe TMoJje, paccesHHOe MNUIMHAPOM, Oyner
paBHO

; iRR =
=t § 2.5 T
_ R (15.01)
By=H, =5 Ho Jj ).
rage

Y (8) = (3, (4 i (O] €4 ® —

— [ B) 2 (€) — iy(R)] %,

Y @)= [MJ, Q) +iNJ, @) ™t — 1 (15:02)
— g B) [ Q) — iy ()] e ®

{=2kasind J

a dynkuuur M, N u M, N BHIPaxaioTcsi TOJIBKO yepes (yHK-
UMK [ H g, COOTBETCTBYIOUIHE ACHMITOTHYECKOMY peLIeHHIO
AJS NPSMOYTOJIbHOTO KJIHHA,

_”.’}r——f(l):f(m, M}=g(l):g<2>. (15.03)
N N

HJIH

13
M sin 7 . 1 N 1
MIT 7 |+ = T—20— =& 2 |°

cos n cos n COST COS_n'

— . .

N —sinn oy _ l . |

N[T n ( = -+ w n— 20 n 20 |
n

cos—n—-l cos— -~ cos o8 — - cos—-

(15.04)

®yukuun f(3) u g(3), B cBOIO ouepenp, ompexensioTcs ¢op-
MyJIOH

o mE
g(3)}= C (c I ,t+28). (15.05)

os;z-—l . COS—- —cos —
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Takum 06pa3oM, B OKOHUATEJbHBE BbIPAXKEHHS MJIsi XapaKTe-
DHCTHMKH pacCesiHMs IJIOCKOH BOJIHbBl Ha UWJIHHADE BXOAAT
Jumb QyHKOUM [ u g. ‘

B wanpabienun % == ¢yHkuuun X (%) u X (%) npuHumaloT,
Kak M B CJlydae AHCKa, 3HAUEHHs

I (1) = — B (%) = kae ¥ (15.06)
a npu % = % OHH COOTBETCTBEHHO DPaBHbI
lsin = '
TN n n 1 : . .
V(7 )=~ cte Fhik UG — i@,
cos— — 1
n
4 T
3 . Tsm n 1 T .
E(T)=l T—"_—E—Ctg-;—lkl jg(C)'{‘
cos - — 1
1 .
+ (T ctg %—]—;kz) 7 @),

(15.07)

rie {=2ka. Caaraemble B 37O0M dopMmyJe, conepxaliie MHO-
KHUTeNIb RI, OTHOCATCS K MOJIO OT PaBHOMEDHOM yacTu TOKa,
a OCTaJibHble — K TOJII0 OT HepaBHOMEDHOH 4YacTH TOKa.

Cornacio (12.17) >ddekruBHas noBepxHOCTb pacces-
HUS UHAWEIpA ompenensierca npu E-monspusanuu wnagaro-
el BoMHBI QyHKIHEH

op==mat|Z(9) ], (15.08)

a npu H-nonspusauuy —
s, =ma’| Z(8) " (15.09)

3ameruM, uto BhIpaxeHus (15.02) jaas paccessHHOro
nossi MO¥HO TOJYYHTb cpPasy mo aHajoruud c popmynavu
(12.06), MuHys BbluMC/JeHHe moOJieii OT paBHOMEDHOH U He-
paBHOMeDHON yacTell TOKa. TakuM Ke NMyTeM MOXKHO HOJY-
YUTb BHIPAXKEHHS
i ;—l (cos 8 4-cos &)

(8, 8o)=[7(’1~11 (E)—l—il—\]./z ©)]e -

—i 25-1-(1:03 8 + cos &)

— @G —ih@)]e . (16.10)



i gf.(cos ¥ 4 cos ¥o)

(8, 8)=[MJ,(®)+iNJ(E)e -

—i gi(cose + cos 8)

— g EO—iE)]e . (15.10)

NpUroJHble AJS pacueTa pacCesHHOro MoJsa B 06/1acTH @ =
T T

=——, _2_<8; #,<m B,==—7Y). Bxomammue- cioga

BEJIMUHHBl PaBHbI

E=ka (sin® 4sind,) (15.11)

T
A—/I sinT
M}= n X

1 1
X("‘ = =9, — = ﬂ+ﬁ°)’
COST——COS —_—

n cos '71' cos n

— . 7‘

N_smn 9 .

N[~ n P 9 —0, =
n

cos — —cos
_ 1 _ 1
—+ P T—0—08, T = 9+,
COS H-—COS ——————  CO§ 08 —;
(15.12)
R T
f@3) } S T 1 _ 1
= — — p .
g(3) " (cos Eﬂ-—cos ¥ nﬁ" cos ni—cosi“}n-l——&')
(15.13)

Buipaxkenns (15.10) y10BJeTBOPAIOT HPUHIIKHITY B3aUMHOCTH,
T. €. He H3MEeHfIOT CBOeH BeJUYuHbl, €CJIH B HUX IOMEHATb
mecramu & u 9. [Tpu % =49, oun nepexoasr B NpekHHE BH-
paxenus (15.02).

Hafigennsie dopmyan (15.02) u (15.10) onucuiBalor uamy-
YeHHe OT TOKOB, TeKYLHX JWLb HA YaCTU TOBEPXHOCTH IH-
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/ ,
JIMHApA: Ha OLHOM TOpIe ‘\npu z=———g—-) H 1onoBuHe 060-

KoBo# moBepxHocTH (— 7©<<¢<<0). Kpome roro, stu Bhpa-
JKeHHsi de YUHTHIBAIOT HepaBHOMEpHOH 4acTH ToKa, 06ycJioB-
JIEHHOM KpUBH3HOH IWIHHAPHYECKOll mnoBepxHocTH. [TosTomy
OHM HyXJAAlOTCS B yTOYHEHHH NpH 3HaueHusx & u &, Gnus-

1
KAX K — H m Omnako B ciyyae #==8, 1. e. B HanpasJe-

HHM HA HCTOUYHHK, YKa3aHHBIMH NOMNPaBKAMH MOXHO npeHe(-
pedb, ecau mapaMeTpsl ka W kI pocratouHo Benuku. Uncnen-
HBle pacueThbl, NpoBeleHHble Mamu no Qopmyaam (15.02), mo-
Ka3bIBalOT, YTO 3TO, NMO-BUAHMOMY, MOXHO cjllenaTh yxKe TpH

fimgis
—— RPOPEMUYELAER
[ | ———ancnepusenmanmas ] 1
|
I
N
.\\ ™~ Ka=7 {
N L , n-m5 |
N '
N \ N
\ 0N/
\ \|I —
NI Il
‘ I
\L nll .
' 150° "' 120° 0°
, \ ||
\ Ao LTI |
\ TN | |
W1 TA TA LW s
A AW HRY R I
v ARV ‘ ]
\/ BRI i
i It ] l

Puc. 25. [lmarpamma 5(QeKTHBHOH MOBEDXHOCTH DACCeSHHST IS KO-
’ HeuHoro umanuapa. Crydaft E:nonspusaunn.
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4
g 71

i
[
i meggemuvecnas ] 2 ]
— e GHCNEDUNENMNOHTA
ha=f
w\\\ 2oy nf-mr !
\
\
\ 5
A
‘L
1 \
v . L
17 W T e T TN @] r
s ] AN |
WHIW |
EINL A f
NIV ' 5
IRREHAV —
HlH ]
i n
[ . -
B | 41N I

Puc. 26. [narpaMma >bGeKTHBHOH HOBEPXHOCTH S KOHEUHOTO ILH-
auaapa. Cayuait f7-nossipusaumu.

ka==% 1 kl==10=. [paguxu QyHKui %:,’f(’&)lz "

G N .

;t—iz'-;=‘2(ﬂ) I°, 1loCTpoeHHble AJIsi ITOTO CJayuas Ha puc. 25
H 26, COrJaCyloTCsi C 3KCIepPHUMEeHTANbHOH KPHBOH* (IITPUXO-
Basi JIMHHS): TOJIOXKEHHe MaKCHMYMOB W MHHHMYMOB B OCHOB-

* DKcnepHMeHTasNbHble KpHBble, H300paxKeHHble na puc. 25, 26,
a TakXe Ha puc. 31, 32, 65 u 7I, noaywennr E. H. Maiisenncom u
JI. C.Yyryuosoit. .

Ce 2
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Ha=5i

ki =107

|

10° [

180°

-

-
=)

-
L1

—
~

]

/
/
I

3

2]

Puc. 27. DdpexTuBHAT MOBEPXHOCTb pPaCCesTHHST GOKOBOH TNOBEPXHOCTH
UunuRIpa B npubanxenuy Guagyeckod ontuky [cum. (13.26)).
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HOM COBNafaeT, 4HC/I0 AHPPAKLIHOHHBIX JIEeNeCTKOB OJHHA-
kK0BO. C LeJblo HIIOCTPALNH BAUAHUS TOPIOB MBI IIOCTPOUIH
rpaduk 3pQeKTHBHOH NOBEPXHOCTH paccesHus [LJs TeX Ke
3HaueHnd ka u kI Tpu yueTe TOJBKO PABHOMEPHOH wUACTH
TOKA Ha LWIMHApHYeCKOH moBepxHocTH (puc. 27). CpaBHeHue
puc. 25, 26 u 27 noka3blBaeT, YTO BJIHSHHE TOPIOB HAUMHAET
CKa3blBaThCs yxe npu # = 120°.



IJIABA 1V

AHPPAKIUS MJIOCKOH BOJIHbI,
NAJAIOUWIEN HA KOHEYHDIE TEJIA BPALLEHUS
J BAOJIb UX OCH CUMMETPHH

B naHHO# rnaBe Mbl YTOYHUM NPHOAHKEHHE (DU3HUECKOH
ONITHKH /IS HEKOTOPBIX APYTHX TeJs BPallleHHs, MOBEPXHOCTh
KOTOPBIX HMeeT Kpyrossle H3jsoMbl. IlpH atoM orpaHuuumcs
cayyaeM, KOTHa {1JIOCKast 3JeKTPOMAarHWTHas BOJIHA majgaer
Ha TeJa BIOJb HX OCH CHMMETPHH.

Jlunefinble pasMepnl Tes1 GyAeM NO-NMpeKHeMYy IPennoJa-
rarb GOJMBIINMH TIO CPAaBHEHHIO C NJAMHOH BOJHBL B 3ToM
clyyae TOKH BOJIM3M KPYroBOrO H3jJ0Ma J1060i BBIMYKJIOH
[IOBEPXHOCTH BpAaIl@HUs] MOYKHO NPHOG/IMKEHHO CYMTATh Ta-

" KUMH JKe, KAK M Ha COOTBETCTBYIOLIEM KOHHUYECKOM TeJe.
CnenoBaTesibHO, 1OJle OT HePaBHOMEDHOH uacTH TOKa, 06y-
CI0BJIEHHOH KPYTOBBIM HM3JIOMOM IIOBEPXHOCTH, LOCTATOYHO
H3YUWTh HA NMpHUMepe TAKOro Tenaa.

§ 16. NMOJIE, CO3JABAEMOE HEPABHOMEPHOH
YACTBIO TOKA

[TycTh miiocKasi 3JIeKTPOMATHUTHAS BOJIHA f1agaeT Ha KO-
HUYECKOE TeJi0 B TMOJOMXKHUTENbHOM HATDaBJIEHUH OCH Z
(puc. 28). U3 cootHOLIeHHU

]

E= —-37 gddivA+en). | oo )

H=rot A l

HaX0OIHUM g.nenyloume BbIDAXKEHUS a7 paccessHHOro I0OJS
B BOJIHOBOH 30HE:

E.,=H,=ikA,,

$=0 (16.0
Ey=—H,=ikA, } b (16.03



E==—H;=ikAx,

d==  (16.03
E,=H.=ikA, } mpr $=r.  (16.03)

[Tpu 3TOM BeKTOp-NOTeHHMaJ ompejeseTcs (opMyJIoi
o [,
ethr

A= [ b @™ e —tsinw)at 4
0 0
A ‘
+h@e™™ 2@ —tsinQ)dtlds.  (16.04)
0
3/1er r — pacCCtodHHe OT u3joMa A0 TOUYKH HaGJIlO,U,eHHﬂ,

j; (§) — mIoTHOCTD MOBEPXHOCTHOTO TOKA, TEKyILero Ha OCBe-
ILEeHHOA CTOpOHe Tesia, j, ({) — MIOTHOCTb TOKa HAa TeHEeBOH

y -~

L

Puc. 28. dudpakuus nJI0CKo# BOJHb Ha
KOHWYecKoM TeJe. [liockas BosHA pac-
MPOCTPaHAETCST BIOAL OCH 2.

cropoHe. BepxHuii 3HaK B 3KCIIOHEHTaX OTHOCHTCS K CJydalo
% =0, a HuXHHA—K ciydao & = =. [TockoJbKY HepaBHOMEp-
Hasg YacTb ,TOKa COCPE/OTOYEHa B OCHOBHOM BOJIMSH H3NOMA,

TO COOTBETCTBYIOWIMH €fi BEKTOP-MOTEHUHAT MOKHO NpencTa-
BUTb B BHIE

2 o
— a el 1 ey Akiklcoso o |
‘ A== f(ij,(t)e %
. + [ By @™ e "dt) . (16.05)
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OueBHgHO, 4TO HEDPABHOMEPHYIO yacCTb TOKA BOJIHM3H H3-
JOMa KOHMYECKOH NOBEPXHOCTH TPUONHIKEHHO MOXKHO Cui-
TaTb TaKOH e, KaK Ha COOTBETCTBYIOIIEM KiauHe (puc. 29).

7 2
Z /
'

Puc. 29. JIByrpaHHbiii yros, COOTBETCTBYIO-
KA HU3JI0MYy KOHHUECKOI 11DBEPXHOCTH.

B MectHOH UUAMHADHUECKOH cHCTeMe KOODAMHAT fi, ¢y, 24
[oJle OT HepaBHOMEpPHOH yacTH TOKa, TeKyWero Ha TaKoM
KJHHE, onpefnessiercss B AanbHeil 3oHe (kr>1) caemyiouu-
Mu popmysamu:

E e p— H i A ,
2, (q)) 9 (4’) ' 1 2 (q)) (“)Ob)

Hz, ($) = ‘E?. (¢)= lkA@: (),

rae
A= %_ k:?:r‘ [ j: (€) e i#E <05 o -
g
T F iklcos 8 i ‘,kn + }) -
+{i@e e ). deon

b .

3}1&Cb BerHHﬂ 3HAK B 3KCIIOHEHTAX OTHOCUTCH K CJilyudro
¢1=n+®, a HHXKHAA — K caydaro @¢=o, C apyro#t cropo-
HBl, B § 4 OblJI0 MOKa3aHo, YTO 3TO [OJe PABHO

' i(kr,-l-})
E = E ! e—'————-__.— y
W= E O] e
(16.08)
i (kﬁ +§‘)

. _ 1 €

Ha(‘P)—'HOz‘(q))g }/%Tr“

rie E,, (), H,, (§)—sHaveHus aMmIuTyAs mNajaiolled

BOJIHH Ha pefpe KJauHa, 2 f' u g'— yrioBble QyHKUHH, Xa-
paKTepusyIolllue [HArpaMMy DacCestHHs.
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Beegem oGo3Hnauenmne
[o o] R [+ X
J= 5 j; 14 e ik¢ cos °qt +S‘ j; (c)e;tk( cos S‘dc (1609)
0 0

[NpupaBuuBasi Beipaxenus (16.06) u (16.08), naxonum

¢Eqe, (9) cHo, (V)
‘]z._ ik2m f* Jv.: ik2n g (16.10)

Kowmmnonentsl J, # "J,, B3aUMHO IepNeHAUKYJADHBI M TpH
$ =0 u & == napaasenbunl miockoctu x0y (puc. 30). Pas-

J

&, (V=7)
Puc. 30. BaauMuas opuenta-
nusg OpToB e, , e, B CIy-
yagx ¥ = 0 H Y= ’w(”’”’ &z
o/ \ z

JMHYHAs ODHeHTalHs OpTa e, TMpH =0 u ¥== cBs3aHa

C TeM, YTO YroJ ¢, OTCYMTHLIBAETCH OT OCBEILlleHHOH I'paHH
KauHa. B HCXomHO#l cHCTeMe KOOpPIWHAT X, Y, 2 BeKTop J
HMeeT KOMIOHEHTH ,

Jo=J, siny—J, cosd,

) npu =0 (16.11)
Jy=—J, cosy—J_ sing

Jo=J, siny+J cos¢,
Jy=—J, cosp+J sin¢

IToncraBass cioga Beipaxenus (16.10), momyuaem
. 1
Je= ikc21: [FE,, (V) siny— g'H, ($)cos¢],

|
. t mpr 8=0
Jy= o [['Ey,, () cos ¢+ g'H , ($)sin ¢] !

~.

} mpy 8=rm.  (16.12)

(16.13)
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u

Jo= = [[E,, ($)sin g+ g'H,, ($) cos §],

Jy =" gz IPEog, (9) cOsp — g'H, (§)sin ¢]

I} npu & = =
}

(16.14)

OroxaecTBisiss Tenepb TOK BOJIM3H H3J0Ma KOHHYECKO:
MOBEPXHOCTH C TOKOM Ha KJHHe, HaiileM KOMIMOHEHTHl BeK-

Top-noTexuxasa (16.05)

'h.rQR
ei j'[flEOz, (({)) sin ,‘P .

0

A ca

x = TE%x 1
—g'H 0z, (¥) cos ] d,
2n
ihr N
Ay=— e & j [FE,, ($) cos ¢+
; .

+g'H,, (y)sin ] dy

. ihr:zt o |
x :ik% e—,—SIfIEWI (§) sin b+
b
+ g'H,, (§)cosp]dy,

2n
eikr

A

Ay=s— g S IPEg ) cosp —

0

—g'H,, (§)siny] dp,

mpy 9=0 (16.15)

npH = (1616)

[MycTh gajee mJockasi BOJHA MOJSPH3OBaHA Tak, uTo E, || Ox.

Torna

,EOz, ()= E,xsiny, Ho:.("’)= — E,xcos¢. (16.17)

VuuTHIBAs STH COOTHOWIEHHS W NOACTABIISIS BhlpaxeHus (16.15)
1 (16,16) B dopmysst (16.02) u (16.03), HafizeM nose OT He-
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DaBHOMEpHOkH YaCTH TOKa, 06YCJOBIEHHON KPyrOBBIM H3JIOMOM
KOHUYECKONl MOBEPXHOCTH,

Eym=Hy= Lo (4 gy &Y |

r

npp 9=0 (16.18)

:u=Hx=O ’
“ S
Eyome— H, = o (n Sﬁ
’ 20— )| npu V== (16.19)
E,=H,=0 l

®opmyna (16.18) rmpumenuma aas 3sHaveHHd 0<o< —

Al\?

o< O<m, dopmysa (16.19)—ans snauenmi 0<o<—-,

0<0 <. B cayuae aucka (u).:. -, 0= w) nojie OT Hepas-

&

HOMEPHOH 4aCTH TOKa paBHO HyJIO HA OCH 2, TaK Kak ['=
1 1
-——__..._.g1=__._2_ npu 8;0 " f‘=g1=____ npu Fy p—)

2
[cp. (8.16)].

TNoJsbsysicb mosyueHHbIMH COOTHOLIEHHSMH, Mbl B ClleyIO-
IuMx naparpacdax BbuUHCAHM 3¢(EKTHBHYIO NOBEDXHOCTb pac-
cesHUs (B HanpaBjeHHH ® = n) [Js KOHKPETHBIX TeJ. l'Jpn
atoM Oymem npeanojaraTb, 4TO OHH 00JyualOTCs n.nocxon
BOJIHOR

E.=H,= E, e, (16.20)

a UX JiMHeHHble pa3Mepsl BEJMKH [0 CPaBHEHHIO C MJIHHOM
BOJIHBI.
§ 17. KOHYC

[Tycte xoHyc (puc. 28) o6ayyaeTcs IJIOCKOH 3jeKTpomar-
HuTHOK BOsHOR (16.20). PaBHOMepHas yacTb TOKa, BO30YXK-
JgaeMasi IpY 3TOM Ha ero MOBEPXHOCTH, HMEET KOMIIOHEHTB

c Co |
Jy =15 Ecxsinwet®,

=0, (17.01)

c .
i =55 Ewxcoso cos g etk

N s o e e e



M CO31aeT B HampaBjeHud & =m (npu R > ka®, R > kl?)
noJie

Eem —Hy=—Ep o tgro®rt |
x— — Ily— = ox@ng_l‘ |

i kR 17.02
2 2 a el 2k ( . )
+Eo==(7k‘tg °’+—2—t€‘°)Te’ L O

yé

Ey p==5 Hx =. ,l
[TepBoe cnaraemoe 3jech OMHCHIBAeT CHEPHUYECKYIO BOJHY,
pacxoAsILylocs OT BepLIMHBI KOHYCa, a OCTajlbHble—C(epH-
YecKy!o BOJIHY OT ero OCHOBaHHSI.

[Tone, o6ycaoBNIeHHOE H3JIOMOM IOBEPXHOCTH y OCHOBA-

HUSl KOHyca, mpefcTaBisieT co6oil cdepHuecKyi0 BOJHY H
onpenensiencs cornacHo (16.19) Beipaxenuem

%—sin_: \ .
Exz—Hyz—_g_on tgo -+ % }e @?ikl
Cos — — COS - |
E,—H,=0, J
(17.03)
rage
»+Q
n=14 - (17.04)

. AcHMITOTHYECKOe BBIYMCJEHHE CTPOrHX AU(DPAKUHOHHBIX
psinoB aasi mosyGeckoHeuHoro KoHyca [38—40] mokasniBaer,
YTO B HampaBJieHHH & = 7 MOKHO npeHe6peyb BJAHAHHEM He-
paBHOMEpHOH uacTbi0 TOKa, OOYC/JOBJEHHOH KOHHYECKHM
ocrpueM. [lostomy cymmupys (17.02) u (17.03), mbl moay-
YHUM cJelyiolilee BhIpaXK€HHE [JIS PacCesiHHOTO MOJsi:

Ei=—H,=—E,. | +tg*o(1 —let*) |

2
2 s e | (709
2tk
+ ka ¢ | %R
. COST’—COS?
E,=H,=0 J
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OTMeTHM C/AeAYIOLYI0 CYLIeCTBEHHYI0O OCOGEHHOCTb To-
JayueitHoit ¢opmyabl. B 3amauax, KoTopbie OBLIH paccMo-
'DEHBl B MNpPEAbIIYLINX TJ1aBaX, KpaeBbie BOJNHBI PaccesHHO-
ro moJisi BbIpaxaJjucb ToJbKO uepe3 ¢yHkuuu f u g. Te-
epp xe B dopmysme mnasi cpepHuecKOH BOJHBI OT OCHOBA-
HHSl KOHYCa Hapsi1y C 4ieHOM, 3aBucsiuM oT [ u g [mocaexn-
Hee cjaraeMoe B KBaapaTHOH ckoOke dopmyas (17.05)]
HMeeTCsi  ellle  NOMOJIHUTENbHBII  ujleH  {cjaraemoe
~—1/otg?we?™®! B popmyne -(17.05)], KoTOopblli He 3aBHCHT
OT 3THX GYHKIUE W omnpelessieTcsi paBHOMEpPHOH 4YacThbio
toka. [ToaToMy pes3yJbTHDYIOUYIO ChepHUecKylo BOJHY OT
OCHOBAHMS KOHYCa HEb37 NPENCTABHTh TONBKO uepes ByHK-
uuM [ ¥ g, XapakTepH3ylolde NUATPaMMy MOJHOH KpaeBoi
BOJIHBI OT pebpa COOTBETCTBYIOLIEro KAWHA. DTO CYIECTBeH-
HOe OBCTOSITeNCTBO He yunThiBAloch B paGorax [41, 44],
BCJIEJICTBHE Yero HX aBTOpaM He YHaJoch MOJYYHTb Ipa-
BHJIBHBIX D€3Y/bTATOB 4Jf. KOHyCa C TPOU3BOJNBHBEIM YIVIOM
pactBopa o (0 <So<< 71/2).

SddekTHBHAS MOBEPXHOCTD 'paccemma corsacHo:(12.18)-
onpenenasiercs GpopMynoi

s=ma|Z|, (17.06)
A)
rae QDYHKI.IPU{ ¥ cBfizaHa C pacCedHHBIM ITOJIEM COOTHOLIEHHEM
a eikR
W paBHa A
2 n

— sin —
L= tgtosinkleint T _exnt (17.08)
cos 7'_(308 T

Ananoruusyio (yHKUHIO B NPHUGMMMKEHUH (PU3HUECKON ONTHKH
MOXHO 3anucaTth corjacHo (17.02) B Buze

2°=%tg”msin klethl —tg o ekl (17.09)

ﬂpu AedOpMHPOBAHUH MepefHed YaCTH KOHyca B IHCK
(m - - l—»O) dopmyanl (17.08) u (17.09) npeo6pasyrorcs

COOTBETCTBEHHO K BHAY

(17.10)

1



N3 (17.08) 'u (17.09) nanee creayer, 4to AJs GOJBLUMX
3HaueHu#t nmapamerpa ka (ka > tg®o) dynkuuu X u Z° MOXKHO
NpeiCTaBUTb B BHIE

-{i sin =
n n )
T 5 €2RL, (17.11)
oS -~ C0s -
20 —tg w e2ikl, (17.12)

Takum o6pasom, jlaxe B Caydae KOPOTKUX BOJH (ka > t1gle,
HO R > kl*) naume Boipaxenne (17.08) e mepexoput B ¢op-
MyJly (GH3HYeCKOH ONTHKH W CyILIEeCTBeHHO OT Hee OTJH-
gaeTcsl, Tak Kak

2 © 2
TSin ry
s =ma® = o7 (17.13)
cos —-—cos —~
)4
P =na*tg’w. (17.14)
Ilpn atom ’
| 2 i I
n>" n
s=2a° e (17.15)

T bl
(cos & — cos T) tgao

T. €. AJd ROCTaTOYHO KODPOTKHX BOJIH (MM MJISt HOCTATOY-
HO GOJBIINX pa3MepoB KOHyca) (QYHKLUHS O MPONOPLUHOHAb-
Ha 0% mpuueM KO3(hGHUHEHT NPONOPILHOHAILHOCTH He 3aBU-
CHT OT pa3MepOB KOHyca, a ONpelessieTcsi TOJbKO ero
tdopmoi.

AT10T pe3yabTaT HANISAHO WJJIOCTPHPYETCS KPUBBIMY,
ITAIOLMUMH 3aBHCHMOCTb 3((DEKTHBHOH! NMOBEPXHOCTH pacces-
Hust KoHyca (w=10°25, k=m, Q=90°) or ero OJHHBI
(puc. 31). B 1o BpeMs, kak Hama tdopMmyna (HenmpepbiBHAS
JIMHUSI) HaXOIUTCS B YNOBJIETBOPHTEJIbHOM COIMVIACHH C pe-
3yAbTaTaMH H3MepeHHH (KpecTHkH)™*, npubaukeHue ¢busu-
yecKOH ONTHKM (IUTPHXOBAHHAs JIMHMS) 1aeT 3HAYEHHs Ha
13—15 06 Menbue 3KcnepuMeHTasJbHBIX. Oco6eHHO G60JIb-
1Ioe 3HayeHHe HepaBHOMEPHAs 4acTb TOKa MMeeT AJs OCT-
pbix koHycoB. Ha puc. 32 moctpoeHa kpuBas nas sdpdex-
THBHO# TIOBepXHOCTH KOHyca (ka=2,75n, Q=90°) npu ne-

* CM. cHOCKy Ha ctp. -101.
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dopmupoBannu ero B auck (o—90°). PacxoxneHue Mexny
@alleil KpuBOM W mNpUGIMIKEHHeM (QU3HUECKOH ONTHMKH A0-
cTuraer 3nech npu o =2° nouru 30 06.

TMoayuennoe Hamu Bhipaxenue (17.08) mosBossier Tak-
e, B OTJHUYHe OT NpUGHMKeHHs (GH3HIECKOH ONTHKH
(17.09), ouenutb posib (FOPMbl TEHeBOH 4aCTH Tesa W MOKa-

gr A .

\

&
~——l
\\

N

Puc. 31. 3anucuMocTb 3QGhEKTHBHOH NOBEPXHOCTH

paccesiHUsT KOHEYHOTO KOHYCa OT ero AJMHEHL

dynkuds ¢ (CNJOWHASK JIMHAS) BHIYHCAEHa TO

¢opmysie (17.06), yuuTbiBalolWeldl HepaBHOMEPHYIO

4acTb TOKa BOAM3H KPYyrosoro usjoma. OyHruus o°

(wTpHXOBas JIHHHS) COOTBETCTBYET NPHONHIKEHHIO
¢usuyeckod OITHKH.

3bIBaeT, 4TO OTPaXKEHHHIH curHajg GydeT TteM OGOJblIE, YeM
G6amxe sta popma K BopoHKooGpasHoil (Q~m—ow). Tak,
HanpuMep, B cayyae o=10°, kl=10x (k=n) Benuuuua cur-
HaJ/a, OTPaXKeHHOro KOHycOM, MoxkeT Ha 15 06 npesbliarb
3HayeHHe, COOTBETCTByiollee (U3HUECKOH oOnTHKe (CM.
puc. 33), ecau Q=170°.

3aMeruM, uyto Hame Boipaxenue (17.13) sxBuBa/NeHTHO
NpUBEJIEHHOMY B YIOMSIHYTHIX Bbille cTaTthax [41, 44], onna-
KO rnocJieHee TPUMEHHMO JIHLIb A/ OCTPbIX KOHYCOB, TOrIa
Kak y nac, nomumo (17.13), wumeercs copmyna (17.08),
8 3axk. 2190 113



ings |- -
] 3 ha =275
0 /
- 7
w : = 2
" A
\ el
-._—-——-r—"’i/ /./ Iﬂlgd"
I} A
v
/ \
//
[ ) 74
/
/
1/
-1 -
/
[
|
|
-0 |
i 7y 50° 0 W

Puc. 32 3asucumoct» 30 (eKTHBHOH MOBEPXHOCTH PacCesTHHST KOHEYHOrO
KOHyCa OT BeJIHUHHHI yIJa TPH BeplUHHe.

.

OpUroiHass [aJjag KOHYCCB C JMOGBIM yrjioM pacTeBopa o

(O<w<—;-) .

H3noxeHHBIT MeTOn pacuetra MoxKeT ObiTh 0000IleH Ha
cayuail ‘HeCHMMeTpHYHOro obsydyenusi konyca. OxHako npH
HEeCUMMETPUYHOM OO6JyUeHHH, BOOOLIE TOBOPS, YyKe HYXKHO
fpUHMMAaTh BO BHUMAHUE HepaBHOMEDHYIO 4acTh TOKa, obyc-
JIOBJIEHHYIO OCTPHUEM KOHyCa.
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B sakJaiouenne naparpada BEIYMCAHM 3G ()EKTHBHYIO NO-
BEPXHOCTb PACCesiHHsl /il Tela, 06pa3yeMoro BpalleHHeM
(

41113 4 o 47 (8 (9
inge 1o oye
iy T
]
/l/
3
/ =107
f w-1’
I
/ ;
3 0y
iy ‘
Lr
4 ] 74 W o’ m’
¢ f?

Puc. 33. 3aeucumocTb 3¢deKTHBHOH NOBEpPX-
KOHEUHOro KoHyca oT ¢op-

HOCTH pacCesiHus !
i MBI TEHEeBOH 4YacTH.

BOKPYT OCH 2 TJIOCKOH (QUrypbl, u306paxkeHHoH Ha puc. 34-
ViHTerpupyss paBHOMEPHYIO YacTh TOKA, HETPYIHO NMOKA3ath,
yTO moJe, paccesiHHOoe B HanpabjieHuu @=g; OOKOBOH RO-

4

@ ‘
2

i

-t

Puc. 34. OGpasywoomas NOBePXHOCTH
BpallleHHT.

8*
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BEDXHOCTbIO YCEUeHHOTO KOHyca (puc. 35), ompenessercs
dbopmyson

Bi=—Hy=Ep[ —(gtg*o, - Figo,)

; e () | ok R
+<A~:;tg2wl—|—%2tgml> ek (vt AT
J
/] ¥
=
i :
a
| ¢ X
e, i :

Puc. 35. OGpasyiowmast yCeueHHOH
KOHHYeCKO!l MOBEPXHOCTH.

Cymmupys sto Bhipaxenne ¢ (17.02), rne Benuunnnl [ u a
cnefyeT 3aMeHHTb Ha [; M @), HAXOAUM TOJle OT PaBHOMEp-
HOM YaCTH TOKa, TeKylLero Ha BCed OCBELeHHOH CTOpOHEe
Tesa

Ey=—H,—— a—'gﬂ {;:7 tg® wsin kl, el tgw p2ikh -+
i 1
1 : ikl ay sikl,),, 2iks, | € #R
(17.17y

[Tosie, u3nyyaemoe HepaBHOMEDPHOH YaCTbIO TOKa, oOmpe-
aensiercs: corsacHo § 16 dopmymoi

; 2 =
— s
a,EO,[ ny ny

24kl
Exz'f‘H'y:_" P ( p= % "I"tg“’_tgmx)e 1+
\ COS — — cos —
Oy 1y
—sin i 1 .
. . kR
a, Ny Ny Lt %k (L,+1,) | €
a p %0, 1 tgo, e R (17.18)

COS —— — COS ——
S 1a > g

rae

n=142=% 1492 709),
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Cymmupyst Tenepb (17.17) u (17.18), mnosyuyum yTouHeR-
HOe BblpaXKeHHe [Ji IHOJs, DPacCesHHOrO B HaNpaBJieHHH

=T

¢

f 1 . i
E,=—H,=— a,12;“°,, Ef,tgz wsin ke

2 T

. ikR
a M2 ™ ok (h +1,) | €
e - (17.20)

CrnenoBaTenbHO, 3(QPEKTHBHAsE TNOBEPXHOCTb pPacCesiHUs

6yner paBHa

s=ma EIEI tg? wsin kl,e* :'—n'% e?*h
cos ‘E; — COSZ
_2_ o
+_1_ tg? o, sin klelet2ikhy G n, S, p2ik L+ D) |
ka, 1 2 a, n 2w,
Ccos n—2 — COS "’;;"

(17.21)

B npubamnxKennn Qu3nMuecKod ONTHKYU aHAJOrM4yHasg BeJUYUHA
paBHa ,
1 . . .
o = 7ma’ 7 187 @sin Rl et — tg we®*h |-
1
1 . ikl, as 2ikl, 24k, 12
+[k~a;tg2mlslnklze —|—<1-—a—fe >tgm,]e , .
. (17.22)
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[lpu nedopmupoBaHuyu IepefHEro KOHyCa B JHCK (w—>—;— y

I,—»O) ¢dopmyast (17.21) u (17.22) npusuMaloT BHL

2 . 1 om 1 2 . ikly
s=ma, |—ika, — i ctgn—l—[—kTh tg* o, sin kl,e™? -}

2 = 2
- sin - .
% I‘iz ny - e?lklg , (17.23)
Y cos —— cos n—'
2
*=ma! | —ika,+ 18 o, sin ke 4
+ (1 —a e ) tg o, '2 : (17.24)

[Tonaras B 3Tux Bhipaxkenuax o,=0, naxoaum adbek-
THBHYID NIOBEPXHOCTb pacCesiHUsl AJS KOHEUHOr O IMJIMHIApA

2 = 2

~ —Ssin -
3= naf | —ika, — 711— ctg —{—# % | | (17.25)

| ! ! cosr;——l

{ 2
2 = na; (ka,)?, (17.26)
npuieM '
3 e

=z, n=14+—. (17.27)

®opmyna (17.25) saBasierca Gosee TouHOH, ueM (opMy-
jga (15.06), BuiBenenunas B § 15, rae BesuuMHa noJsi B Ha-
npasjienny Y=g Oblia B3siTa B NPUOIHIKeHUH (DH3MUECKOH
OTITHKH.

§ 18. MAPABOJIOU, BPALLEHUSA
BoiyncanmM 3¢ pekTUBHYI0 NOBEPXHOCTh pacCessHUs lapa-

Gononpa Bpauenust r?=2pz (puc. 36), obayyaemMoro mio-
ckoit BoaHoH (16.20). PaBHomepHas uwacTh TOKa, BO3OYXK-
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JaeMass Ha ITOBEPXHOCTH napa6on01ma, HUME€EeT KOMIOHEHTh!

.0 c . ikz
ir=35 E,, sinae™, ]

T

i,=0,

(18.01)

0 c .
I =5 Egx-cos a cos e

HMuterpupys 3TOT TOK, HETPyAHO INOKasaTh, 4TO B HAMNpaB-
JeHHH 3 == OH H3JydaeT IoJe

eikR

T’] (18.02)

a

Ex=—Hy=—Ep 5 (1—e*)tgo
E,=H,=0.

3necb a-—paguyc OCHOBaHHSl TapaboJiouia; l:g—})=

a
= clg ® —ero QumMHa; a-— yroi Mexjay OChl0 2 H Kaca

TeJIbHOH K o0pasywouieil mapa-

6osouna (r*=2pz). B rtouke | —
2=/ yron a mpuHUMAaET 3HA- 2
yeHHe a=m<tgm=£> .

a 2 &

ITone or HepaBHOMepHOM
yacT¥ TOKa, 0O0YC/0BJEeHHOU
M3J0MOM MOBepxHocTH mapa- | 00— s
6onouna, onpenesasiercss ¢op- 3
myaoit (17.03). Hro Kacaercd  pyc. 36. K audpakuun nirckoi
MoJige OT HepaBHOMEPHOM 4Ya- Boaun Ha mnapa6ojonie Bpaule-
CTH TOKa, 0O0yCJ0BJIeHHOH HAS.

MJIaBHbLIM HCKPHUBJEHHEM TIO-

BepxHocTH mapabosionna, TO TPU CHMMeTPUYHOM oOsayue-
HUM OHO paBHO Kyuaio [45]. TTostomy, cymmupys (18.02) u
(17.03), Mbl HaxoZuM Bblpa)KeHue [Jig pe3yJ/bTHPYIOLIETo
paccestHHOTO MOJIS




CnenoBaresibyo, 3(Q(eKTHBHAS MNOBEPXHOCTb pACCEAHHS
napa6osnounga GyeT ONMpedessiThCs COOTHOLICHHEM
2 0= 2
— Sin —
—aa?|tgof — "M (18.04)
T 2w ’
' COS n — COS n

KOTOpOoe  Npu  feOPMHPOBAHHM MapaboJioHia B JHCK
((n—»—g , >0, Q—_—_const) npeobpasyeTca K BHALY

o = wa?

ika+ ~ctg | (18.05)

‘CpasuuBas Buipaxkenue (18.04) c dopmyJion

' = matg?o | 1 — e, (18.06)
KOTOpyt0 nmaer 1Js 3pdeKTuBHON NOBEPXHOCTH pacCesHHs
¢usnyeckas ONTHKA, Mbl BUAHM, YTO OHH CyILIECTBEHHO OT-
JUYAOTCA Apyr OT Apyra. [leACTBHTeNbHO, INpeK/le BCEro
obpamiaer Ha cebsi BHUMaHHe OCHHJJIMDYIOIIME XapakTep
dbysxuuy o°: OTpaKeHHbI CHrHaJ paBeH HyJIO, €CJH 1o
JJIvHe TapaboJIONAa YKJA[blBAaeTCs LeJioe YHCJO IOJYBOJH

A
| l=—2—n, n=1,2,3...), © TIpuinMaeT MaKCHMaJbHOE

3HaueHue, eCIy COAEPKUT B cebe IOJNyLesoe UHCIO IIOJYy-
BOJIH (l:%(n—{—%) yn=1,2,3.. )

ITpoBenenuniii Hamu no ¢opmyne (18.04) pacuer pas
mapaGosionnos. ¢ mapamerpamu Q=90°, tgw=0,1 (k=n)
noxkaseiBaer (puc. 37), uTO, XOTS OCHHMJIIMPYIOUIMH Xapak-
Tep 35(P¢EeKTUBHOH TOBEPXHOCTH pacCesiHUs COXpaHseTcd,
aMIUIATyda OCLHJJSUHNHA COCTaB/sIeT BCEro JHUb 0K0JIO 2 00,
a MakcuMaJbHble 3HaueHHs (QYHKUHH O MPEBHILAIOT COOT-
BETCTBYIOLMe 3Ha4YeHHs] B NPHOJUKEHUM (HU3UYecKol OMNTH-
&Y mout Ha 13 06. Ewe Gosee cuiibHOE pacXoXIeHHE MEXK-
1y pe3yJabTaTaMi Hawell Teopuu U GpuU3nyecKo onTHKY 06-
gapyxuBaercsi npu nedopMupoBaHuu napabo/onaa B AUCK
(puc. 38, ka=3m, k=mn, Q=90°, ® - 90°).

Kak ¥ B ciyuae KOHyca, CyLIeCTBEHHOe BJIMSIHHEe Ha Be-
JINYHHY OTPaKEHHOT'0. CHrHAa/Ja OKa3kelBaeT (Gopma TeHeBOH
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Puc. 38. 3aBncaMocTb >(eKTHBHOH TNOBEPXHOCTH PAacCEesiHUA KOHEUHOIo

4]

38
napaéo.nonzla OT €ro JJinHbl NPH NOCTOSIHHOM paauyce OCHOBAaHHUA.
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[
0

-
he~27 Ki~0%
=1
8'=0

A

~40

] 8° L [N

Q
Puc. 39. 3aBucumocTb 3(pheKTHBHONH IOBEePXHOCTH
paccesHHsT KoneyHoro napa6iouaa ot (opMmbl TeHe-
BOdl 4acTH.

yactu. Hanpumep, as1a mapaGosouna ¢ mapaMerpamMu ka=
=2n, kl=10x, tgw=0,l (k=mn) BeanuMHA OTPaKEHHOTO
curuaja BO3pacTaer mpu yBenuHueHHH Q (0<Q<n—w) Ha
44 06 (puc. 39).

B 3akuiouenne naparpada OCTaHOBUMCS Ha BONPOCE O BbIYHC/EHUH
3()PeKTUBHOH [OBEPXHJICTH paccedrdd s TeJ BpPalleHHT CJOKHOH
(opMbl, 35EMEHTOM KOTOPHIX ABJfeTcd 0)KdBaids NOBEPXHICTb YCEueH-
Horo napa6oJjounzna. [1yae oT HepaBH)OMepHOH YaCTH ToKa, BO3HHUKAKLLIErO
BO.IM3H KPYroBbIX H3.J0MOB, MOXeT ObiTb 6e3 TpyAa ompeiejeH) C M0-
moubio Gopmyast (17.03). ITose oT pasBHOMEpPH)A 4aCTH T)Ka HaXOAUTCH
kBaapaTypamu. [lpm stom nose, co3daBaeMoe B HanpaBieHHH ) == 7 paB-
HOMEpPHOH YacThlo TOKa, KOTODas TeueT Ha OOKUBOH IIBEPXHOCTH YycCe-
YeHHOro mnapabosouia r2=2pz(p = a,lg ©, = a,tg v, cM. puc. 40),
onpezeJsercs GopMy.ok

1 oty + 2ikl, &R 1
Ey=— Hy= —5 Eo (a1t 0; — dyig 0, &2 je™2 R’J (18.07;

E,=H,=0.
3nechb

1
ly =5 (asctg @, — a, clg wy) (18.08)

123



—L i

Puc. 40. OGpasyioutass 60okoBOH To-
BEPXHOCTH YCEYeHHOro Tapa6oJonja
BpalleHHuS.

€CThb BBICOTA YCEYEHHOTo Napabosionia (PacCTOSTHHE M@XAY ero OCHOBa-
‘uusaMH). 3aMetuM, uro ¢opmyna (18.07) sBasercs npocThIM asre6pau-
deckuM caenctsueM Buipaxenud (18.02): oma npeacramiser coGoit pas-
HOCTb TOJledf, pacCesTHHbLIX COOTBETCTBEHHO MNapaGoJoOMJOM C BHICOTOR
L+ g 6 il = a,2
1 F L= 2p " nap\a 0JIOUIOM C BBICOTOH [, = 2p"

§ 19. COEPHYECKAS NMOBEPXHOCTDb

Ha noepxuocTi npeanbio nposoasied cdepsl (paauyca p
H C IEHTPOM HAa OCH 2 B TOYKEe 2 =p) Nafawollas BOJHA
(16.20) Bo3OyxkmaeT MOBEPXHOCTHBIN TOK, paBHOMepHasi 4acThb
KOTOPOr'0 HMeeT KOMMOHEHTH

= 2%: E, cos 0™, }
42: 0, ' (19.01)
jg = 20—_: E,.sin 0 cos ¢eirz. |

‘Takue TOKH, TeKyllue Ha cepuyecKoM KoJiblle, BbIpE3aHHOM
W3 MOBEPXHOCTH cdepbl IJocKocTMH 2z =1[, u z=1[1,-}1,
(puc. 41), co3malOT B HampaBJeHHH © = = MoJe

E%Z—HU—_—'on[—(%‘tgml—ﬁ) et |

—I-(%itgmz—f'/;) e?ik(ll+12)] eikR , i (19.02)

R
E,=H,=0, ]
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rape

11=P(1 —sino,),
19.03)
[, =p(sin o, —sin w,); } ( )

p=—A_—_%_ (19.04)

T cosw;  COS O,

3nech a, — paauyc MEepPBOrO CeueHus; @, -- paguyc BTOPOro
ceyeHuss; o, (w,) — yroJ MeXAy OCbO 2 M KacaTejbHOH K
Mepuauany B Touke z =1, (2. =1, ;).

J
/oW

/w/ =1

7

7] - y . //jh?

a R 0 ?

1
| | T i

1 2 l

L]

o l' —-—t:-—

N _

Puc. 41. Kouaeuno, swipesaHHoe H3 T0- Puc. 42. Cdepuueckuit
BEPXHOCTH c(epnl MIOCKOCTAMH 2= I, CerMesT C OCHOBaHHEM
uz=I[ 41, KOHMYECKOH (OopMBI.

llonaras nanee B dopmyae (19.02) wI:% (w,=const),

noJyyaeM B NpuG/UKeHHH (HU3MYECKOH OITHKH BblpaxkeHHe
ANs TIOJIsl, paccesiHHOro cgepuyeckuM cermeHToM (puc. 42),

a ., i
Ex=—H,=FE: [_2cosw+ﬁe+
; . ikR
+(§ tg co—ﬁ) eZH! ] - (19.05)

31ech Mbl MCIOJB30BaJU HOBblE 0003HaueHHus

= 0= 0 } (19.06)
l=1,=p(1 —sinw).
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dopmyasr (19.02) u (19.05) ynpomatoresi, ecan ka, > 1
v ka,> 1. Tlpu aToM mose oT cepuueckoro Kosena Oymer
PaBHO

L, a 2kl,\ o . ikR

Ex:::-—Hy—_—-—on(%—ltgwl——ftgmze )etkl—eR—-,

(19.07)
a mnojie OT cepHIecKoro cermeHTa
. oikR
Ei=— Hy=—"2%(secco—tgo ™).  (19.08)
Ecan snech mosoxuth © =0, TO dopmysa
. ikR

E=—H=—"n 5 (19.09)

JIaCT HaM BeJIMUUHY TIONs, paccesiHHoro noaycgepoit. Coor--
BETCTBYIOllee eil 3HaueHye 3(P(PEKTHBHON NMOBEPXHOCTH pac-
cesHus 6yner coraacHo (17.06) pasHo

o= nqa?. (19.10)

Haiinem temeps moJse, paccesinHoe cepHyeCKUM cerMeH-
TOM, YUYUTBIBasi H3JIOM I[OBEPXHOCTH; BO3MYLIEHHEM TOKa
BCJENCTBHE TIJIAaTKOTO HCKPUBJEHHS IOBEPXHOCTH MOXHO
npene6peun, ecsn ka>1 [74]. HepaBnomMepHas uyacTh TOKa,
ofGyc/noBNeHHAas H3JOMOM, +€03[1aeT B HaNpaBleHWH =5
roge (17.03). Cymmupys nocnegsee ¢ nosnem (19.08), na-
XOAHM BEJHYHHY MCKOMOIO MOJIs

2 =
— sin— .
— ____aEu| 1 noon oikt | e'*R
Ei=—H,=— 2 cosw+ ™ %0 © R °
cos—r—l-—cos;l— »
(19.11)

CaenoBaresbHo, 3 (}eKTUBHAST MOBEPXHOCTh paccesHus che-
puueckoro cermenra OyneT paBHA

2 . T 2
Zsin =
1 n n ikl
—_— 2
e=Ta s m+ w %0 © ’ (19.12)

— —CO0S§s —
COSn S n

n=142%2
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B npuGanxkenuu ¢Gu3M4eCKON ONTHKM aHAJOTHYHAS BeJIHUH-
Ha onpefedasiercs nosem (19.08) u pasua

2

. (19.13)

2 2ikl

co_—:'na

—1tigwe

Cos w

Ilpu nedopmupoBannu cepuueckodl NMOBEPXHOCTH B JHCK
(m?%, /-0, Q=const) dopmyant  (19.12) u (19.13)

npeobpasyloTCa COOTBETCTBEHHO K BHAY
o =ma* ilza—l—L ctg x
n n

o® =ma? (ka)®.

2 , ~| .
(19.14)
J .

o Ira-Z.Zlﬂ'r'
» \ - Q=15
\\ — s

——= yye°
u \

2 3
¢
Puc. 43 3anucuMocTb sdderTUBHOH Mo-
BePXHOCTH paccesHHd cdepuyecknro cer-
MEHTa OT €ro [AJHHb NPH UHCTOTHHOM -Pa-
auyce ocHoBaHHsl. PyHKUMSA ¢ (CMJIOWHAdA
auuud) BbiuucaeHa mo  dopmyae (19 12),
YUuTbIBA'0 1€l HEePaBH MEPHYIO 4acTb TOKA
B6au3KM u3JoMa. PyHknus c° (wTpuxobas
J¥HUA) BblUHCJEHa 1o ¢ pMyae (19.13) u
COOTBETCTBYET NPUO.IHKEHHIO (DHU3UYECKOH
OMNTHKH.
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Uz dopmya (19.12) u (19.13) ‘crenyet, uto >PdexTHs-
Has TOBEPXHOCTb paccesHus c(epHyecKOro CermMeHra sB-
JsieTcst oclMANupylowel GyHkuued ero miauHbl. Ilepuon oc-

UHIIANAE paBeH ——- UHC/eHHble PacueThl, TPOBeNEeHHbIE

no 3TuM (opMmysnaM, moxkaszanau (puc. 43), 4TO NMPHU MajabIX
yraax usnoma (Q=15°) nosnem oT HepaBHOMEPHO! 4YacCTH
TOKa eule MOxHO mpeneGpeub. Ha puc. 44 nmocTpoeHsl rpa-

- igé k=270

\ Q=5
30 \

V4

" \ \\7\\\ 1
EAVans

Y

2 J {

Puc. 44. CpaBHeHue 3hdeKTuBHOH NMOBEPXHOCTH pac-

cesHUsT C(hepUUecKOTO cerMeHra (CMJIOLUHAS JHHUS)

W KOHEYHOrOo KoHyca (WTPUXNYHKTHPHAS JHHHS),
HUMEIOIUX OJHMHAKOBbIE OCHOBaHHA.

¢dukn pia >pbdeKTHBHOH NMOBEPXHOCTH paccesiHus cdepuye-
CKOrO CerMeHTa H KOHEUHOro KOHyca (WITPHXNMYHKTHpHAA
KpHBas), HMEMOIUAX OJHHAKOBbIe AHAMeTp U (OPMY OCHO-

BaHUs.
*

* *

Pesynbrathl, mosyyeHHble B JaHHOH rJaBe, TI0OKa3bIBAIOT,
YTO BeJMYMHA OTPAiKEHHOTO CHTHaJa CYUIeCTBEHHO 3aBHCHT
oT (OpMbI TEHEBOH YACTH Tejia ¥ BO3pPacTaeT C yBeJHUEHHEM
ee soruytocTd. OmHaKO MOCKOJIbBKY HepaBHOMEpHasi uacTh
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ICKa COCpefoTOYeHa B OCHOBHOM BOJIM3M H3J0Ma, TO T2
4acThb 3aTEHEHHOH NOBEPXHOCTH, KOTOpas yjnajieHa OT H3J0-
Ma Ha HeCKOJIbKO AJIMH BOJIH, MO-BHAMMOMY, He Gynaer 3a-
METHO BJIMSITb Ha BeJWUYWHY OTPAXKEHHOTO CHIHaJja M MOXer
OBITb IPOHU3BOJILHOH.

HHTepecHo, UTO HALUH BLIPAXKEHUs, HaX0AsIlHecsd B YAOB-
JETBOPHTENBHOM COTJIACHH € 3KCIEPUMEHTOM, [a)e IIDH
GosbIIMX (MO CPaBHEHUIO C AJHMHOH BOJIHBEI) pasMepax Tel
He TepexonsaAT B (popMynabl (pU3HUECKOH ONTHKH M CyHIecT-
BEHHO OT HUX OTJHyaioTca. B To xe Bpemsi ¢usmueckas on-
THKA, BONPEKH DACNpPOCTPAHEHHOMY MHEHHIO O ee HalIex-
HOCTM B TaKUX CJyuasx, MPHBOAMUT K 3HAUHTENLHOMY pac-
XOXJEHUIO C SKCMEePUMEHTOM.

Mero, npuMeHeHHBIH B 3TOH ryaBe, MO3BOJSET PacCyH-
TaThb 3(p¢pEeKTUBHYIO NMOBEPXHOCTb pacCesiHUS MNPH CHMMET-
pHUHOM OOJyuYeHHH AJ JI060T0 BHIIYKJOTO TeJa BpalleHus,
TOBEPXHOCTb KOTOPOTrO HMeeT Kpyrosble uanoMbl, OH Moxer!
OBITb TakKe 0000lleH Ha cayyald HeecUMMeTPHUUHOro o6.y-
YeHHs, OQHAKO NMPH 3TOM HEOOXOIMMO NPHHUMATb BO BHH-
MaHHe HeDaBHOMEPHYIO 4acTb.TOKa, 06YCJOBJEHHYIO OCTpH-
€M M TNJaBHBIM HCKPHBJIGHHEM MOBEPXHOCTH.



IVIABA V
BTOPUYHASA NUHPPAKLLUA

B npeapiaymiyx raasax OblI0 MPOBeNeHO TPHONHKEHHOe
pellesde AUPPaKUUOHHBIX 32734, OCHOBaHHOE Ha mMpen-
CTaBJIEHHH PACCESTHHOTO I0JS B BHAE CYMMbl moJieH OoT pas-
HOMEpPHOH W HepaBHOMEDHOW uacTell TMOBEPXHOCTHOT'O TOKA.
[TepBoe moje HaxoQUAOCh KBampaTypaMH, BTODOe — mpd-
6/MMXKEHHO; TpPeInoaarajoch, 4To HepaBHOMEpPHAs 4acTh TO-
Ka BOJU3U U3jg0Ma (pebpa) MOBEpPXHOCTH TaKas Xe, KakK Ha
€OOTBETCTBYIOLEM KJIHHE. ‘

OnHako HaiiieHHble TaKUM CNOCOGOM 1OJs SBJAAIOTCA
(aKTHUeCKH MOJSAMH OT TOKOB, TEKYIIHX He TOJbKO Ha MJ0-
CKHX HJIHM UCKPHBJEHHLIX y4aCcTKaX MOBEPXHOCTH TeJa, HO H
B KakOH-TO Mepe Ha reoMeTpUUecKOM MPOLOJJKEHHH 3ITHX
yuacTkoB. OmnGKa B BbIpaXKEHUSIX [JIsi PACCESTHHOTO MO,
BHOCHMAss 3THM OOCTOSITEJBCTBOM, Haubosee CyLIECTBEHHA
ITPY CKOJIb3AlIeM NajJeHUH BOJHBI, KODNA KpaeBas 30Ha, 3a-
HATasi HepaBHOMEPHOH uacTblO TOKa, 3HAUYMTEJBHO DPaci-
psieTcsi, a TaK)Ke INIPH CKOJIb3SIEM H3Jy4YeHWH, Korga Ha-
IIpaB/ieHde B TOYKYy HaOJIOJeHHs cOCTaB/sieT MaJjblfi yroa
C OAHHLIM YYaCTKOM [OBEDXHOCTH. B 3TuX ciayyasix Iojy-
yeHHbIe paHee Pe3yJbTaThl HYXKAAIOTCA B CYLIECTBEHHBIX 110-
NpaBKaxX, O YeM yxke KpaTKo rosopusaoch B § 6 u 12.

st yTouHeHMs HaHAEHHbIX Bblle pelleHHit HeoOXOoA!l-
MO yueCThb, YTO B AE€HCTBHTEJBHOCTH TOKH TEKYT TOJIBKO Ha
IIOBEDXHOCTH Teja, ¥ YTO BOJIHA, HAyLlas OT OgHOrO pebpa
K ApyroMmy, OyZeT HUCHOBITHIBATH Ha NOC/EIHEM BO3MYILEHHE,
[Tpouecc popMupoBaHHs pPACCESHHOTO TOJS MPH 3TOM MOX-
HO paccMaTpuBaTh cjaenymouuM o6pasoM. Kpaesas BoaHa,
pacnpocTpaHsiicb OT ONHOrOo u3 pebep, nudparupyer Ha
ApPYrux pebpax; BO3HHKAIOIHe NPH 3TOM BOJHBI B CBOIO
ouepenp nudparupyloT Ha cOCeIHHX pe6pax u T. A. B 3roil
rJaBe Mbl PACCMOTPHM CAYYail, KOrga pasMepH TpaHei .Be-
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JUKH [0 CPaBHEHHIO C AJIMHON BOJIHBI HACTOJIBKO, YTO AOCTa-
TOYHO OTPAHUYUTHCS YueTOM Oi(ppaKUMH TOJBKO NMePBHYHBIX
KpaeBbIX BOJIH. DTO sBJeHHe Mbl Ha3blBaeM BTODHUHOH IH-
dpaxuuei.

B nmannoil rnaBe nocaenyeTcsl BTODHYHAS DUGpakiuvs Ha
GeckoHeuHo anuHHO# Jsente (§ 20—23) u kpyrosom OucKe
(§ 24). Peurenne 3THX 3ajay MOXKeT ObITh IOJYYeHo ¢ I10-
MOILBIO MPHHUXNA ABOHCTBEHHOCTH W3 pelleHHs mudpakiy-
OHHBIX 3afau AJs GecKOHEYHOH LIesH M KPYIJIOro OTBEPCTHA
B MJIOCKOM HJea/ibHO nposodsileM 3KpaHe. OkxasbiBaeTcH,
4TO B HOCJAefHeM cJaydyae (u3nyeckas TpPakKToBKa audpax-
IIMM KPaeBbIX BOJIH 3HAYUTENBHO IPOILE; MMEHHO MO3TOMY
ITOYTH BCE HCCJAENOBAaHUS AUPpPAKUHUM KDaeBbIX BOJH OTHO-
CSITCSL K OTBEPCTHSIM B IVIOCKOM 3KpaHe. OLHAKO MBI He MOIi-
JAeM TaKMM TIyTeM, a PacCMOTPHM JIEHTY W THCK HEmocpes-
crBeHHOo. CoOTBETCTBYIOILMH MOAXOL o6GJagaerT TeM TpeuMy-
11eCTBOM, 4TO ero Jerko o606IIHTh Ha caydyadl ob6beM-
HBIX TeJ.

§ 20. BTOPHYHASI IHUPPAKILMSI HA JIEHTE.
NMOCTAHOBKA 3AJAYH

[lycTb GeckoHeuHO TOHKas HIeasbHO MPOBOAALIAS JEHTA
IHPHHBL 2@ ¥ HEOrDAaHHYEHHOH JJIHHBI ODHEHTHPOBAHA B IIPO-
CTPaHCTBE TakK, KaK mokasaHo Ha puc. 45. ITapatomas nop-
MaJbhHO K KPasM JIEHTBl MJOCKas 3JeKTPOMarHHUTHAas BOJHA

[ 4

Puc. 45. TIlonepeudoe ceueHue

JIEHTH IJIOCKOCTBIO xoy, Xx =0,

y=a n x=0, y=—a—xo-

OpAHHATH peGep JeHTHl, N — HOP-

Madb_K ¢QpoHTY nagatoumei 1Jo-
CKOH ,BOJIHBI.

-a
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HampasJ/eHa MO yIJOM G X {IJIOCKOCTH XOZ U MMeer CJIelylo-
LMH BHI:

E— Eoeilz (xcosa + ysin a), H=— Hoeik (x cos a + y sin a.). (2001)
\

B § 6 6biin Ha#igeHbl npHGIHKEHHBIE BbIpaXKeHHs AJA
paccestHHOro NoJid B jAajibHeH 30He, KOTOpble HE YYHTHIBAIOT
B3auMojelicTBus KpaeB. B cayuae E-noJisipHsanuu mapgalo-
weit BouHbl (E, || 02) 3™ BBIpaxenus MoXHO mpeACTaBHTH
B hopMme

E:=—H,= Eg[f(1)e*etme—smo 4

i (kr + :—:—)
+f (2) e—ika (sina — sin ¢) ] e !

et 1 (20.02)
V 2rkr

E?=Hz=0,
u B cayyae H-nmonspusauumn (H, | 02)
Hz= Etp——_HOzl[g (1) eika (sin o — sin ¢p)+
ikre—=-
( “) (20.03)

— ika (sina — sin¢)y €
+Ta(2)e ]Vﬁk?’

H¢=Ez=0. '

HamomuuM, 4TO BXOAALIMe CloAa (GYHKLMH [ 4 g ONpenes-
10TC B 06/1aCTH }?Ig% (npn [a[<%> CJe YOI HMH

COOTHOLIEHHUSIMH:
cosm-;-‘P--—sina‘—-;-Jz Cosag?ﬁ‘sma_;t
f()= sina— sin ¢  F@)=— sina—sing ’
-(20.04)
g)=—=f@2), g@=—[(@). (20.05)

[TepBrie unenn B dopmynax (20.02) u (20.03) omuce-
BAlOT NIMJIMHIDHYECKHE BOJIHB, pacxoisiuiyecs oOT Kpas [
(y=a), a BTOpbIe — IUJIMHADHYECKHE BOJHBI, pacXoAsdliHe-
ca or kKpasg 2 (y=-—a). HepaBHoMepHass uacTh TOKa, Ha
KaxJIoH CTOPOHe JIEHTH TaKXe HMMeeT BHI BOJIH, KOTOpHIe
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pacxoasTca OT kpaeB / ¥ 2 ¥ ABAAIOTCA <«aHAJUTHYECKHM
IPOIOJIKEHHEM» COOTBETCTBYIOUINX CJaraeMblx B ¢opmynax
(20.02) u (20.03). HaGeras na npOTHBOMOJIOXHBIH Kpaf,
BOJIHA TOKa OTparaencd OT Hero. MHaue MOXKHO CKa3arTb,
UTO Kamaasl U3 LHHMHAPUYECKNX BOJIH, PACTIPOCTPaHSIIOIMIHNX-
‘csl OT Kpast / uau 2, nperepneBaer IH(PPaAKUKIO Ha MPOTH-
BONOJIOXKHOM Kpae (BTOpPHUHas Nudpakuus).

Puc. 46. Tudpakuus UUJAHHAPAYECKOH BOJEH

Ha [MOJYNJOCKOCTH. Q —HCTOUHMK, Q*—3ep-

KaJibHOe H306paxeHue HCTOYHHKA, P — TodKa
HaGJII0IeHAS.

Ecnu uivpuHa JeHThl LOCTATOYHO Be/IMKa MO CPaBHEHHIO
C JJIHHOH BOJIHBI, TO NPHOJIMKEHHO MOXKHO CUHTaTh, YTO Ha-
Geraroliasi BOJIHA TOKa BOJIM3M Kpas JIeHTH Gyner TaKoH
e, KaK Ha COOTBETCTBYIOUleH MOJYNJIOCKOCTH, BO36yxKIae-
MO JIMHEHHBIM MCTOYHWKOM, MOMEHT KOTOpPOro BhIGpaH
onpesenaeHHbIM 00paszoM. OueBUIHO TakiKe, 4TO OTPaKeH-
Hble OT Kpasl BOJHBH TOKa TOraa ToxXe OYAyT COBMAafaTh.
CaenoBaTesbHO, 3aJaya O BTOPHUYHOH NudpaKUuM HaA JeHTe
MOxkeT GBHITh CBeJeHa K 3ajaue O IUDpPAKUWH IHIMHIpUYE-
CKOH BOJIHBI Ha IMOJIYMNJIOCKOCTH.

ITone, co31aBaeMoe B Touke P HUTBIO TOKa, mapasiefb-
HOH Kpalo MOJYIJIOCKOCTH W mpoXxodsiied uyepe3 Touky Q
(puc. 46), MOXHO HaAHTH C MOMOILUbLIO NPUHIHMIA B3aUMHO-
ctH. B cayuae E-mossipu3aluy OHO OMpENessieTcst COOTHO-
HIeHHeM

E.= 5— E.(Q), (20.06)
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U B ciydae H-nossipusauuu
H,= :’ni. H:(Q). (20.07)

3necb p, (m;) — 3MeKTpUUeCKUH (MarHUTHBI) MOMEHT HUTH
TOKa, TNpOXoJsfllel uepes TOUKY Q; po; (M,;) — MOMEHT
BCIIOMOraTeJbHOH HHTH TOKa, NpPOXOAfllell uyepe3 TOUKy P
¢ xoopaunatamu (¢, R), H,(Q) wm E,(Q)— mone, co3na-
BaeMO€ BCIIOMOraTeJbHOH HHTbIO B TOouke Q.

YnanuM tenepb BCIIOMOTaTeNbHYIO HUTbh TOKAa HACTOJBKO,
yTOGBl NPHUXOASALLYIO OT Aee LMJIHHIPHYECKYIO, BOJHY MOX-
HO GBbIJIO CUMTATh MJOCKOH HA yuacTKe OT Kpas MOJYIJIOCKO-
ctH 1o Touku Q. B atom cnyuae cornacHo § 1 u 2 co3naBae-
MoOe elo noJie B Touke Q 6yJer paBHO

E.Q=Ew(0)[u(d, ¢ —¢")—ud ¢+¢) } (20.08)
H, Q)= H,.(0)[u(d, ¢ —¢") -+ u(d, ¢+¢")]

Bxopasuiue ciona ¢GyHKUHM & OnpelensiorTcs (AJs 3HadeHHi
0 < ¢’ <) dopmysamu

—_— i
—i® Vikdcos?Z 2"‘

i (d, ‘P’ . CPN) — e"ikd cos (¢’ —¢/7) € >< eiqqu'—i—

S

V=
=’
00 CO8 -t
2
—i S (! -ttt
_I—{ e ikd cos (¢'—'’) npu 0<(P,<“+<P"
0 mpu = ¢" <9 < 2m,
z;: VQ_kTicos(p'*';‘W—
—ikd cos (¢’ +¢’’) € 2
n(d, ¢—+9¢)=c¢ v X S e'"dg -
(;l+(?ll

o0 COoS

rr

mpu O<¢'<m—¢
mpu T — ¢ < ¢ < 2m,

{ e—ikd cos (¢’ +¢’7)
0

(20.09)

a seauuannl E,(0), A, (0) cyTb 3HaueHHs MEepBHYHOTO IOJS,
CO03[aBaeMOr0 BCIIOMOraTesbHOH HHTBIO B TOYKaX, COOTBET-
cTBylOLUX Kpaio nogynnockocTH. Cornacuo dopmynam (1.21)
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u (1.22) ato nosie MoxeT O6bTh NpeacTaBieHo mpu kR > 1
B BHAE

. o kR—i'
Eoz (0) = ik* po, fkﬁ ( )’ }
) . } (20.10)
. i(kR—fr) |
H o2 (0) = ik*m,, R € )

CrneoBaTeIbHO, HHTH 3JEKTPHUECKOTO TOKA, PAacloJo-
MEHHAs Yall WIeaibHO MNPOBOAsWeli MOJYIIOCKOCTBIO, BO3-
OyxnaaeT B Touke P moje

V — i‘k/e-i
P b2 ’ !l 4 '’ 2= (\ 4)
E,:z.kpz[u(d.f?—-P)—”(d"P'{"P)JVIWE ’
(20.11)

d HUTb MATHUTHOTO TOKd 8036}/}!(2[801' B TOuke P moJge

2- i (IzR——- 4*»)
H,=ikm, u(d, ¥ —¢")+u(d, ¢ +¢) Y = :
(20.12)

Jlerko BHAETDb, UTO BXOAALLAA B 3TH BbIDAXKEHHUS 3KCIIOHEHTA

gl [R—dcos (z'—¢!")] COOTBETCTBYET [€PBHYHOH UHJNHHADUYE-
CKOHl BOJIHE, NPUXOJAfUIEHd B TOUKy HabmoleHus P, a 3KCro-
menra e [R™208 "+l _ rpaseHHOl LAIHHAPUIECKOH BOJI-
He.

MoMeHTBl M, M p, HY)KHO BbIOMpAThb TakK, 4YTOGHLI B Ha-
ll'paBHGHHH " =mn (puc. 46) HHTb CO3JaBaJjia Haj 6eCKOHeY-
1Ot ueabHO NPOBOASUIEH NIOCKOCTBIO 1I0JI€, PABHOE OO
MepBUUHON KpaeBOH. BOHBI. Mbl 3aKOHYHM 3TU BBIYMCJEHH:
B cjenylollux napanrpadax, a cefiuac cpenaeM éme OJHO
3aMeuyaHue O IOCTAaHOBKe 3alauH.

B mpenpiayuwx raaBax ObLIO TOKA3aHO, UYTO pacced-
BaloIWMi 0ObEKT MOMKHO anmpOKCHMHUPOBATh PAIOM HCTOU-
Hi{KOB — «CBeTSILIUXCSI» MUHHHA u ToueK. Iloatomy 3apmauy
O BTODUYHOH IHU(PPaKUHH MOXHO (DOpPMYyJHPOBATh Kak 3a-
nauy o0 OTbICKaHMH (YHKIHH, KOTOpble ONMHCBHIBAIOT Hempe-
PEIBHOE H3MeHeHHe I0Jisi KaXKAOro TaKOro HCTOYHHKA HpPH
nepexole yepe3 COOTBETCTBYIOLLYIO eMy IpaHMLy cBera H
TeHH,

135



§ 21. BTOPHYHASI JHOPAKLLUS HA JIEHTE
(H-NOJISIPU3ALLHS)

Hutp TOoka ¢ MoMeHTOM M, pacnosoXeHHas Hajy Hie-
aJbHO mpoBoAswed maockocTbio (A=0, puc. 46), cosgaer
B MPOCTPAHCTBE I0Je

| 2= ik*m,2rH\ (kR,). (21.01)

Boanu or HutH (mpu kR, > 1) 310 mnose omnuceiBaercs
aCUMNTOTHYECKHM BBIDAXKEHHEM

i (kRy+ :—) N

.= 4nk’m, 2 (21.02)

V2R,

IlepBuuHast e KpaeBasi BOJHAa NPHHUMaeT B HaNpaBJeHHHU
¢’ == 3HauyeHHe

R =
il RRy+ T

m=Hmmmm%Eﬁrn (21.03)

riae H,y,(Q) — nose majaimouieifl NJIOCKOH BOJMHE B TOuke Q,
g (Q) — 3HaueHue yrJoOBOH (PyHKIMH IepPBUYHON LHMIHHIPHYEC-
KOl BOJIHBI B HampaBJIeHHH K MPOTHUBOMONOXKYOMY Kpalo JeH-
tel. [IpupaBuuBas Belpaxeuus (21.02) u (21.03), Haxonum
MOMEHT HHUTH, IIOJIEM KOTOPOH Mbl ammpOKCHMHPyeM IepBHU-
HYI0 KpPaeByIO BOJIHY, B BHIe '

My = Hi: Q2 Q). (21.04)

B pesysnbraTe moje, CO34aBaeMOe HHUTAMH, PACTIOJOXKEH-
HBIMH HaJ TOJYIJIOCKOCTBIO — A < Y < OO H COOTBETCTBYIO-
mumu kpaio I (puc. 47), MOXKHO NpeACTaBUTb JJs1 0OJacTH

|cp|<-1;— B BHIE \

H.()=HT(1)+H (1) (21.05)
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& yukupst

~ .

2V za cos —%}

eikr

<" o,

eika (sin a—sin ¢)-

H: (Dz%Hozg:(l) X

8 L_-—-;:_l:

(21.06)

+
OMUCHIBAET BOJIHY, M3JyyaeMylo UCTOYHHKOM m , a (yHKuHUsA

WVka 2
2V'ka cos ( T3

etkr

H:(])-_-_- ",171:10:; (1) X S‘ eiq’dq VV = eika (8in a—sin q:)+

(e <]
i|kr + —})
oo (1) S gt sina=sine) 21.07
0z8 V 2nkr
P
mfp * Mz y=a r )
)
(4 ‘ j
y=a (
mi| M3
p

Puc. 47. K samaue o BropuuHofi mud-
pakKuuM -Ha JIeHTe. mﬁ;_ M mj, — uc-

TOUHHKH, NOJEM KOTOPBLIX aMMPOIKCHMU-
pyeTcsa nepsHyHast KpaeBas BOJIHa, pac- -

xonsmascst or kpax I(y=a), mf, u
M, — UCTOUHHKH, TOJEM KOTOPHIX arl-
NMPOKCHMHDYETCH TepBHUHAf BOJHA OT
kpasg 2(y = — a).
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— BOJIHY, H3/lyuaeMylo ucTOuHuKoM m__. CyMMa 3THX BOJH
paBHa
_ -
szacos<T—-2—)
- ikr

2 - ig? e ika (sin a—sin %
H,(l)‘=?H0,g(l)X 5 e’dg V-%ek‘ ne—sins) )L

)
|
°° |
l
)

("'*T)

+ H ozg (1) T lka(\m a--si )

* (21.08)

[lepBoe caaraesoe B 3TOM BbIpaXKeHHH 11peacTaBaser co60i
HCKOMYIO BTODHUYHYIO BOJHY OT Kpas 2, a BTOpoe — noJe,
H3JIy4aeMO€ HHTBIO, KOTOpaa pacroJiolKeHa Hal HIeasbHO
npoBogsAllel maockocTblo x=0 "4 obiamnacy MOMEHTOM

\ M= Hag (1) 25007, (21.09)

rme

+0

§(1)———g(1)L=_‘L : (21.10)
o 2 ‘

CriaibiBasi HAfICHHYIO BTOPHUHYIO BOJIHY C HEBO3MYyLUeH-
HOl TepBMUHON BOJNHON OT Kpasi /, mosyuaem

H,(1—-2)=
oV 'ka cos (%—
! i/ar
2 - t-u sin g —sin =z
=H0$T§(1 ‘S 'qd(/ ___2_/;; iku (si in,)_l_
% (21.11)
i kr+—

4

+ Hozg (1) EW_ eika (sin a—sin q).

3710 BHIpaxeHHe 06pallaeTCs B HyJlb, €CJ¥ B HEM IOJOMKHTb,

k17 .
¢=— 5~ ClIe0BaTeJIbHO, BTOPHYHAS hudpakuus JHUKBULH-
pyert umeBmuﬁca B TMIpeXHeM npnﬁ.nmxeﬂun CKa4oK IMoJs Ipu
P =— —2— OnHako B HATpaBJeHHU @ = 7 none (21.11) ot-
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augio ot Hyasi. Ilockosbky H, sBasietcss HeuefHodm ¢ywk-
uuell KOOPAHHATHl X, TO COOTHOWeHWe H,| 09&0 03-

HayaeT, YTO KOMIIOHEHTHl paccesiHoro nogas H, u E, Gynyr
npeTepreBaTb CKauoOK IIPH Tepexofe 4Yepe3 HampapJieHHe

]
€P=-§— . l'lpntmaa TaKOro Cxauka IMO-IIpeXXHeMy 3aKJlouyaer-

T
2

cd B TOM, YTO B HalIMX pacyeTax IJIOCKOCTb x =0 sBjseT-
cd MJIOCKOCTBIO TOKOB. JlefiCTBUTEJbHO, HAXOAS BTOPHUHYIO
BOJIHY OT Kpas 2, MB (aKTHYECKH CUHTAJH, UTO JIuppaKIus
TPOUCXOAUT He Ha peOpe JIEHThl KOHEYHOH IIUPHHB, a Ha
Kpaio HAeanbHO MPOBOAAILeH TMONYIIOCKOCTH — @ < ¥ < ©O.

BHOBb TMONyYeHHbIH CKAYOK HMMeeT BeJIMYHHYy TMopsiaka
. Cosepmeﬂno SICHO, UTO TIOJIHOCTBIO CKAauOK MOJS
Vkal/ kr
MOXET ObITL yCTpaHeH JIWIIb TpPH yyeTe MHOTOKPaTHOH JH-
opakiud. OQHaKO BbIUMCIIEHHE MOJIeH, BO3HUKAIOIUX TIPH MHO-
TOKpaTHOH JHGpakLui, TpeGyeT KOPPeKTHOro yueTa ciestyio-
IUX MO TOPSJAKY MaJIOCTH UYJIEHOB B pasnox(ennn TnepBUYHO
KpaeBoil BOJIHBI MO OOpPaTHBIM CTEreHAM - kr (cMm., Halnpu-
Mep, [46]). Bce aTo upesBblYaidHO yC.TIO)KHﬂeT pacyetnl, mo-
3TOMYy Mbl, NOJIB3YSICh yCJaOBHeM ka > 1, orpaHnummcs pac-
CMOTpeHHeM BTOPUUHOH AM(PAKLHUH, a M/ JIMKBHAALHMHA CKa-
4ykoB B TJOCKOCTH X =0 NOCTYyNHM CJeAyIOmuM 06pasoMm.

Byaem cuutare BenuunHy 2(1) B Bolpaxenun (21.11)

yukuueii yI!J'la ¢ (cm. 'Q)opMy.nbl 20.05), T. e. 3amMeHUM 5(1)
¢dyukunest g (1). B stom ciyuae dopmyna

Ho(1—9)=
9Vha cos[——3.
“( ) *" ika (sin amsin ¢)
{ —__ AlrRa(sin a~—sin
oz~—~g 5 e"'dg ),kre +
_|_ Hozg (1 zka (sin a-—sin ¢) (2112)

GyleT 1aBaTb KaUYeCTBEHHO MPaBUJIbHbIE Pe3yJbTaThl He TOJb-
x .
KO NpH @~ — ——, HO M TIPH BCeX IPYruxX 3HAUEHHAX .
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He#crBarenpHo, uHTerpaid OpeHenss GAU30K K HYJIO, eCjH
V ka cos (_%‘___;;)251, 1 B dopmyse (21.12) ocraercs Juib

BTOPOH uJieH, KaK 3TO U LoJkKHO OniTh. [loaromy dopmyay
(21. 12) MOMKHO pacCMaTpHBaTb Kak HHTepIIOJIHI.lPIOHHyIO H

NPHUMEHATb TIPH JIOOLIX 3HAYEHHAX ¢ (]cpl . Jlerko Bu-

LeTb,, 4TO Telepb pPacCessHHOe MOJe He npeTepneBaeT pas-
pHBa TpU Tepexofe uepes MIoCKocTh X =0, TNOCKOJIbKY BbI-

paxkenne (21.12) obpautaercs B HyJb npu ¢= :':%

HHtepecHo oT™MeTnTb, uto opmyaa (21.12) aBromaruye-
CKM BbITeKaer 13 Gopmyanl (21.08), ecau B mocaegneit 3a-.

MeHuTb g(1) Ha g(1). ITocyuecTBy 3Ta 3aMeHa 3KBHBAJIeHT-
Ha TIPEITOJIOXKEHHIO, YTO MOMEHTHI HHUTEH, MoJjieM KOTOPBIX
Mbl aNIPOKCHMHDYeM MepBUUHbBIE 'KpaeBble BOJIHBI, 3aBHCAT
OT HampasJeHHUs ¥3ayueHus (T. e. OT asUMyTa ¢ TOUKH Ha-
G6aoeHus)

m,=—m!= H,o g (1)e*esine (21.13)

1z A4n kz

Takoe onpeiesnenne MOMEHTOB BCIOMOrATe/IbHbIX JIHHEHHBIX
MCTOUHMKOB MCMOJb3yeTcsi, Hanpumep, B paGoTe Munna-
pa {47].

Touno Tak xe, Kax Oblan noaydens hopmydasr (21.06) u
(21.07), mbt HaxomuM (mpu x>0)

2V 'ka cos (%4——%)
- ) . eik!’ . . .
H+ (2) = —H,g (2) j el dqvg_l; e ika (sin a—sin ¢) ,

0o

(21.14)

4 LA
2 kacos(4+2

) | - 2 o —ika (sin a- ¢
HI@=7Hugd | cagggmetonneeoy

[se]

i kr+T"

+ Hozg (2) ] V% e-ika (sin e—sin @)!. (21.15)

~
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OTH BBIpAKEHHS 1410T TOJIe, CO3/aBaeMOe HUTSMHU, KOTOpbIe
DaCOJIOKEeHbl Hal MI1eaJbHO NPOBOASLIEH TIONYINIOCKOCTbIO
—O0OSYy <<g¢ ¥ 00/1a1aI0T MOMEHTaMH

L H,g @ e # 8 (21.16)

- + 1
m,=—Mm,= e

B coorBerctBun ¢ cdopmynoii (21.04) 3geco

g@2)=¢g o (21.17)

M' a

Cymmupys aajiee (21.14) u (21.15), nmonydaem
2V %a cos .—n-+i
( ¢ ) ikr

2 - ) i e~ sin a—sin
H.(2)= Hyu—g(2) 5 €7dq g e Ot

- <]

_ i(kr + {—J ‘ .
_l_ Hozg (2) e V2n_kr ‘ e—;ka (sin a—sin o) ] (2118)

[lepBoe cnaraeMoe 3jxech mpeacrasiser co60d HCKOMYIO
BTOPHYHYIO BOJIHY OT Kpasi /, a BTOpoe — moJe, H3J1y4aeMoe
HUTBIO, KOTODas pacmno/oxeHa Hal HAeaJbHO TPOBOASLIEH
nockocTbio x=0 1 o6Ja1aeT MOMEHTOM M o, . Ck/albiBas
HalAeHHYI0O BTODHYHYIO BOJHY ¢ HEeBO3MYILLEHHOH mMepBHY-
HOW BOJIHOH OT Kpas 2, uMeeM

2Vka cos (f——]-i)

)

; elkr !'
H (2 . 1)___ o2 —g(2) 5 zq dl] y ri —lkﬂ (sin a—sin q)_l_

. ool

i(kr-x-%)

+ Hozg (2) e Ym; e—lka (sin a—sin 'p)' (21. 19)

HerpyaHo Bujerh, yTo mosyueHHOe BhlpaxKeHue oOpallaeTcs
ki

B HyJb, €CJIIH B HEM IOJNOKHTb ¢ =5 . Cief0BaTe.bHO,

BTOpHUHasd AH(paKHHUsl ycTpaHseT uMeBiuniics panee (§6)

CKayoK MoJsl MpH ¢ = —2—, HO BMecCTe C TeM OHa e IpH-
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ko

2

BOJAHUT K CKa4Ky IOJs MpPH @ == -— —5- . BHOBL MOJy4YeHHbIH

CKaQ4OK 110JI1 MOXHO JIMKBHAHPOBATb yKa3aHHbLIM BhIllIE MpHE-

MOM, 3aMeHss BeluuuHy g(2) Ha g(2), T. e, moJsaras Mo-
MEHTBl M, H m; 3aBHCALIUMU OT yrJja HaOJIAeHus ¢.

JleficTBUTENbHO, B pe3yJbTaTe TaKOi 3aMeHbl MBI MOJyYaeM
n3 (21.19) Buipaxkenue
2V'ka cos % -(—;—

tkr

2 n i —-ika (sin a-—sin
H:@—)=Hurg@ | "dq yame ey
[s o]

i‘)kr+ 1

\ —sinc¢
+Hozg(2f—},2—ﬂ_kT efalimETIRG (21.20)

- -
KOTOpOe yxKe ofpalaetcss B HyJb NpH ¢ = = — . IJTO Bbi-

paxKeHHe MOXKHO PacCMaTpPHUBATh KaK MHTEPUOMNANHOHHYIO (op-
MyJly, KOTOpasi OIMCHIBAaeT IOJie, CO3[aBaeMoe B 06JaCTH

T o o ’
| ¢|< 5 mepBuuHOM BOJIHOH OT Kpas 2 C yueToM'ee Ju-

(pakuuu Ha Kpae I.
CkaazneBas tenepp (21.12) u (21.20), noayyaem caenyio-
llee BhIpaKeHHe [Jsi TOJHOrO TMOJisl, PAaCCesHHOrO JeHTOMH:

Hz — Hoz [G(l, (P)g(l)eika(sina—sin cp)_l_

i(kr—}-:—
—ika (sina—sing); € .
+G(2, 9)g(2)e™ l————]-,M . (21.21)
3mech .
S 9V'ka cgs (———%)
G(l, ¢)= V" XS eirdg  (21.22)

eCTb (YHKUHMA 3aTeHeHWs MepBHYHON BOMHBI, HAylleH OT
Kpas I, a

2Vl;; cos (-f-+—;-

4
edg’  (21.23)

—_—i —

e X

0

G2, ¢)=
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—dyuKunsa 3aTeHeHUs NepBHUHON BOJIHBI, HAYUIel OT Kpas 2.
OTH (YHKIUH NOKa3blBAIOT, UTO NepBHYHAs BOJHA OT Kpas [

T
HCOBITBIBAET HauboJibllee BO3MyllleHue TMpu (P'Ft——-—?—, a

T
BOJIHA OT Kpast 2-—TpH ¢ = —- .
BaxubiM cBofictBom dopmyabl (21.21) aBasercsas TO, 4TO
4 ™ .
oHa ofpallaeTcs B HyJb IPH ¢ = = ——, T. e. HMeBlIHicCA

paHee CKauyoK MOJsl B TWIOCKOCTH X =0 NOJHOCTBIO JIHKBH-
JLUpyeTCs. -

B sakmouenne naparpaga BepHeMcs K Bolpaxkenusam (21.11)
1 (21.19), KoTopble MPHUBOAAT K CKaukaM pacCesiHHOTO MOJs
B IIOCKOCTH JeHTH (x =:0). MoXHO mnokasaTb, UTO CyMMa
3THUX BBIPAXKEHHH '

WV ka cos (%——j— ,

/

ikr - . - o
Hl:Hoz,—;“ :;_m g(l) \ elqdqe/katma .sm,)+

+§ (2) S eiqqu o TRa(sin o sin ) _l_

i kr+—1)
4
H 1) eika (sin a —sin <) 9 —ika (8in a—sin f;)] ©
+ Holg ( +g(2)e Vi

(21.24)

coraacyercs npu } ka cos ( :— + —;—)>> 1 ¢ acumnroTHuec-

KHM pellleHHeM, NoJydeHHuIM B kuure [50] ¢ nomomplo uH-
TerpajbHbIX ypasHeHui. Pemeunne, Hafinennoe B [50], umeer
HauOboJIbIIyI0 TOYHOCTh MPH & =0, ¢ =0 u coBepueHHO He-

MPHOMIHO, €CH &= =& —- WM Qymk — .
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§ 22. BTOPHYHASl JUOPAKILMS HA JIEHTE
(E -NIOJISP U3ALLUS)

M3BecTHO, UTO HUTb TOKA C SAEKTPHUYECKHM MOMEHTOM Dy,
Haxo1Allasicsd Ha paccTOSIHUU A OT OeCKOHEeYHOH HealbHO
mposoasuell naockoetu (cM. puc. 46), coslaer B mpocTpaH-
CTBE ToJe,

E,=ik*pn[HY(ER,) — H (kR,)). (22.01)

[lpn Manblx 3HaueHusx A (u R, ,> kh®) 310 BbpaxKeHue
npeobpasyeTcss K BHAY
i(/zRo+l)

2 7

E, = —i2p,RPhsind |/ —& e

= (22.02)

[TepBuunas KpaeBast BOJIHA ONPELEJSIETCS COOTHOLIEHHEM

i(kRo-]- -:—)

Ei=Ew(q)] @) , (22.03)

V 2rER,

rae Eo,(g) ecrp 3HaueHune mossi manamouieil NJIOCKOH BOJHBI
B Touke ¢ (Ry=0). CnenoBarennHo, MepBHYHYIO KPaeBYIO
BOJIHY B HanpasJjeHuu =0 MOXKHO paccMaTPHBAaTh KaK BOJ-
HY OT HUTH TOKa, PaCHOJIOMEHHOH Hajx U1eajbHO MPOBOLS-
me#l MJI0CKOCTbIO, eCJH CYUHTAaTh MOMEHT HHTH PaBHBIM

Pz= '_4“;33,1 Eo:(9) L@) (22.04)

sin ¢ ly=0

[Tone, cosnaBaemoe B TOuKe P HUTBIO TOKA C MOMEHTOM P,
napajyieJIbHOH Kpalo I10yIJOCKOCTH M Ipoxojsllell uepes
TOouKy Q, ompejensiercs BoipaxkenueM (20.11). Pasnaras npa-
BYI0O 4YaCTh 3TOrO BbIpaXKeHUs B psj IO Majoif BeJHYHHe
h(h - 0) n orpaHnuHBasiCh NEpBLIM OTJHYHBIM OT HyJS YJe-

HOM, NOJydaeM
Ey=ik*p,— (u(d, ¢ —¢")—

—u(d ¢+ e i(kR—T)~ (22.05)
=0

EEE

C nomomibio cootsoutenusi (22.04) u (22.05) moxHO mMoKa-
3aTh, YTO HHTH TOKa C MOMeHTam# p_ u p’, pacmosoxes-
12z 1z
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Hble Ha HIeajbHO MPOBOAALLEH IMOJNYMIOCKOCTBIO—AC Y OO
W cooTBeTCTBylomue kpawo / (cMm. puc. 47), cosgaioT B 06-

JaCTH |<pl<-2l mnoJie

) 2Vka cos (—:—-\-«g-)
ikr -
E,=Eozi | cos¢ S e'Tdg+

TV 2kr

=)

i o T ¢\ 2ika (1+4sin ¢) = 1 ika(sinu—sln:p)_l_
+ —bln(T—T e D 1i(l)e
2V ka < ,)

i|kr+ T"-)

+ Eyf (1)cos ¢ fﬁ glkasina—stne) 99 gg)

»

— +
HuTe ToKa ¢ MOMeHTaMu p M p., pPACNOJNOXEHHbIE Haj

HAeaJbHO TPOBOASALIEH NMOJYIIOCKOCThIO — 00 < Y@ H CO-
OTBETCTByIOLLlME Kpalo 2, CO3JalOT B TOH Ke 06JacTH moJe

— E's [
2V ka cos (T+ ) )

ikr 2
E;=E.,z-%]°7§—5 cos ¢ S e’dg--

+2___Vi_fsin (%_'__%)emka(l—smtp) }»(2) e_lka(sma__sl”)_i_
a

< °i i T) —ika (sin a—sin o) 29.07
tEaf @)cose — ¢ . (22.07)

[Tepsbie cnaraemuie B BrpakeHuax (22.06) u (22.07) mpea-
CTaBJIAIOT COGOM HCKOMBIE BTODHYHBIE BOJIHBI, a TOCHEIHUE
CllaraeMbie -— AOAS DT HHTEH TOKa, DPACROBONKEHHLIX HAI
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H1edaabHO 1POBOAdiLeil Ti10CKOCTbI0 X =0 u 00Ja/1a0UIX
MOMEHTaMH

p_ 4ﬂk'h Eoz f(l)elka sin "‘, pZ:ﬁEoz.f(2) e’-ika sin a’
(22.08)
roe
NN IU Y B i |
J(D)=cosel __= : F(2)= =t s - (22.09)
o 2

Cymmupysi HafiieHHble BTOpHYHblE BOJIHBL ¢ HeBO3MYleH-
HBIMA NePBHYHBIMH BOJIHAMH, Mbl NOJydaeM [OJHOe MO/,

paccesdHHOe JIEHTOH,

o Vka T2
2 ¥ ka cos ( 7 2)

Ey=—H,=E;— l,Zk{f(l)[cow>< S e'dg+

o]

2)

2 Vka cos (—:—+ k1

+72) [cos ¢ X S | e“dg -+

i . Qika(l + sin ¢) ika(sin x— sin )
——=SIn \ e
+2Vka. ( 4 ] T

'+- 2Vk S n ( _*__%) e2ika(l—-vsin '_v*)] e—ika(sin a—sin -)}+
:l_ Eoz [f (1) etka (sina—sin ¢) "I‘ i (2) e—ika(sin a—sin ) ]X
i (kr+%)
e
X Vot (22.10)

[Monarasi Temepb, Kak W B cjiydae H-MOJApH3aLHH, MO-
MEHTHl p. W p,. 3aBUCAIMMH OT yrjaa ¢, T. €. 3aMeHss

[y =~ 03]
f(l) Ha cos ¢ u f(2) u 4 cosy (22.11)
nosiyuaem
E;=— H(; =F, [F(l, (P)f (1) eika(sin a— sin (p)+
i(/zr+—:l

FE gf@eT I (22.12)

A
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rae

= [ 2Vkacos (%—-i;—)

2 —T :

F(1, ¢) =y=© S edg+
0

g 2Ika(1 +sin ¢)

+4V5cos (-—:———2“1) ’

— LA 22.
9 — .:_ 2Vka cos(—4+ —2—) ( 13)
F@2 == S edg +
) 0
z;ka(l—sln @) A

+ i

4;/kacos( )J]

”
cyTb (yHKUuHM 3aTeHeHusi. OHM [OKA3LIBAIOT, YTO NepBHUHASA
BOJHA OT Kpas [ WCHHITHIBaeT HauGoJjbllee BO3MYIeHHE

BOU3H @;=—=—

T
a BOJNHA OT Kpas 2 — BOJIM3N @ —=-.

T
2 2

§ 23. XAPAKTEPHCTUKH PACCESIHUA MJIOCKOH BOJIHBI
R HA JIEHTE

[TonyyeHHble BHiLIe BbIpAXKeHHst (21.21) u (22.12) paa
10JIsl, PACCEesIHHOTO JIEHTOH, - NPHOJIHKEHHO YYUTBHIBAIOT B3aH-

MOJeCTBHE KpaeB W CIPaBeJJIMBbl IPH |<p|<?. Onuako
OHH HENPUMEHHMBL NIPH CKOJIb3SLIEM MaJeHHH INIOCKOH BOJHEL
Ha JIEHTY (npu o +—) .

UTo6el HaliTH (GOpMyJibl, MPHUrOJHBE B 3TOM Cjydyae, HO-
CTYINHUM CJeAyIOLIHM 06pa30M Hanumem Bripaxkenus nJs
T0JI%, H3jy4aeMoro JIeHTOH. B HalpaB/eHHH a TpPH nap,euma
IJIOCKOH BOMHBI B HampaBreHud ¢ (puc. 45)
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Er=—H, = Eo F(2, a)[ (1) e
i (Rr+ %)

+F(1 a)f(2) —-ika (sina—sin «;)] V2ﬂkr ,
H/=E,=H.[G (2, a)g(l)e‘ka<sm=—=mv>+

()

V 2nkr

(23.01)

+G(1, 2)g(2) —ikalsin a—sin g) |

k3 k12
3nech yxe |a|< -, HO ¢ He MOXKeT NPUOIMKATHCH K == -

3ameTuM Temepb, uTO BbIPAXKEHHs MJIS PaCCeAHHOTO MOJis
AOJKHB yJOBJIETBOPATh TMPUHLMNY B3aHMHOCTH, T. €. He
HNOMKHBl MEHSITbCSl ITIpH O/HOBPEMEHHOH 3aMgHe o HA ¢ U @
Ha a«. CpaBHuBas dQopmyns (21.21), (22. 12) u (23.01), me-
TPY/AHO MOJYYHTH BHIpAXKEHUS

E,=—"H,=Eu[F (1, ¢)F(2, a)f(1)e™n*7*m4
(kr+ )
+F(2 (P)F(l G)f(2) —ika(sin a--sin t.)] Voﬂkr -,
Ho=E = Ho[G(1, )G (2, a)g (1) 9w

i(kr+ —:—)

--ika(sina—sing)y &€ ~ = °
+6(2. 9)G(1, 9)g(2)e =

(53.02)

KOTOphbie yLlOB.HETBOpﬁlOT NpUHIHNY B3aUMHOCTH, HHUrJAe He
HMEIOT paspbiBOB H MPUTOAHBI AJis1 pacyeToB IMIpH JIOOBIX 3HA-

YeHHAX & H ¢ (!a|<—"—, j<p|<—1)‘ M3 Bropoli opMmyJinl

(23.02) Buirekaer, yro H;=E =0 mpu ¢= T. e.

== 2 ,
paccedHHoe 1moJie He IMpeTeprneBaeT CKAYKOB B IJIOCKOCTH
x=0. Kpome Toro, H,=E_ =0 npu m06bIX 3HaYeHHX P,

T
€CJIH a.=.‘_*’_‘-—é—, T. €. [IJIOCKasi BOJIHA, MOJIpH30BaHHAsA Mep-

NEeHAHKYJAPHO Jieute, He HCABITHBAET nmbpaxmw apH CKOMb-
#AlIeM TaJeHuHH. a
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[onyuennnie dopmyas (23.02) MOXKHO paccMaTpUBATh Kak

WHTEpNOJsuOHHble. JleHCTBUTENBHO, TIPH |a|<%, Korza
Vkacos(—4—+—)>>l ¢yukuuu F (1, ), F(2, 2), G(l a)
u G (2, a) 6nu3kn K eguduue H opmyaw (23.02) nepexonsar

B _TIPEXKHHE BbipaKCHUS (21.21) u (22.12). Ecan xe |<p|<-—

u Vkacos(--1—~i;§)> 1, ro ¢yskuun F(1, ¢), F(2, 9)

Gi(1, ) u G (2, ¢) 6nusku Kk enunuue, 1 popMyis (23.02) ne-
pexondar B ¢opmyaer (23.01). Hanomuum, ytro dynxmun F u
G omnpejensioTes cooTHoweHusmu (21.22), (21.23) u (22.13).

B HampaBieHHM TJaBHOTO MAakCHUMyMa OHarpaMMbl pac-
cesHus (¢ == o) dopmy.sl (23.02) npuuumMaioT creayIOWHUE BUIL:

H,=H,, |'(2ika, cosa 4 G2, 2+

00(2 a) « 0G(1, a) ei (k"" %)
+6(1, a) Z D G2, oy T ] S

(23.03)

E,—_—.-E,,zl(?tkacom )F(l a)F(2, a)+

OF 2, 0) IF (1, %) (e 7)

ore.y g ori,m e :
+F(1’ Oa F(2, a) Oa '/2*:,;
Orciopa npu a—-—-—i% HMeeM

HZ=07
3= 7Y 2Vka

L dq] ¢ (23-0‘4)
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HHTepecHo oTMmerutb, uto Bhlpaxenus (23.02) momumo
BTOPHUHOH NH(pPaKUHH YYHTHIBAIOT B KaKOH-TO Mepe H Tpe-

o o ~ T
THYHYIO0. JeHCTBUTENbHO, NS 3HAYEHHH |al<<-2— u e <5
HMeeM

G(l, (P) 0(2’ a) eika(sin a—sin ¢) ~ eika(sin a—sing)

P . %
elka(2+ sin a+sin o) ‘T eika(2—sin a—sin ¢) ‘7
— e —_ e +
Vi L) — T a
2V nka cos ( ry 7) 2V =nka cog <T+7)
i eilza(4—sin a+sin ¢)
+on £ (23.05)

cos (T—%)cos(% +%) .

Ousnyeckuil CMbICH YeThipeX YJEHOB B MPaBOH 4acCTH 3TOM
¢opmyel mosicHen Ha puc. 48 (puc. 48,a cooTBETCTBYET IEp-
BOMYy uleHy, puc. 48,6—BTOpOMYy_ M T. A.).

¢j) 5) 9

Y

Puc. 48. CxemaTuueckKoe u300paxKeHHE BOJH, COOTBETCT-
BYIOIIHX Pas3HbIM wieHaM B dopmyae (23.05).

[lpunuMass Bo BHuMaHHe yciaoBue (6.15), MOxHO Ha-
nucath GOPMYJIBI 1JIs PAaCCESHHOrO MOJs B JIeBOM IMOJYMpO-

CTpaHCTBE (% <|¢|<m, Ho |a] <—;—) B TOM Xe Buze (23.02).
Tlpu srom ¢yrkman G(1, a), G(2, o) u F(1, a), F(2, «)

6yAyT MO-NpeXHeMY ONHKCHIBATbCS COOTHOWleHuamHu '(21.22),
(21.23) u (22.13). OcranpHuie ‘Xe OQYHKUHH, BXOAfllHE B
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Bripaxenus (23.02), GynyTfonpenenstses npn 5 <|¢|<=

caepyomumMuy GopMyJiamu:

2

e'%dyg,

D aoVED & LN 2
z :tszasm (4—+ )

Q
=
£

I

N
al

(¢}

Oy

(23.06)

+oVka sm(—4-— i)

2 4 i
G@ p=r=e - [ v
0

WVEasin{— + 2 1-
+2 kasin(4 +2

E(l, ¢)= ——e [ S e'Pdg ==

0
: 2ika(l+sin @)

=+ 1}_6[ ] ,
4Vka . (™ .9
5"1(4 -’-2>

2V ka sin 1 )

(23.07)

F2 o= —2-- e [ S " dg

0
L i C‘Ziku(l —sin ¢) jl
b

=
4WEka . [T _¢
sin <4 2)

)

a . a— A
cos 2"’+sm 2? cos%—-sln ?

g)y== sina—sing ~ g@y==

sinea—sing . 2

(23.08)

F)=g@), [@)=g(. (23.09)

Bepxmm 3HaK B BhipaxeHusx (23.06 —23.09) nymo 6paThb

“ SO
mpH - <P<m, a HUKHUE -~ TIPU - -—11:\cp<__3_,
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[Tonaras B popmyaax (23.02) u (23.06 — 23.09) p==—n-a

ki R
(npn 0<“<T>’ HAXOJHUM TOJe, M3Jydyaemoe JIEHTOHALB Ha-

TpaBJeHUH HA HCTOUHUK, .
H,=H,[G* (2, a)g (1) e™*"°

i kr+l;—)
2 —i2ka sin &y € ,
+G*(1, 2)g(2)e ]—W
. (23.10)
Ez=E:oz[Fa (2’ a)f (l)e i2ka sina+
F2(1 f(2 —i2ka sin a ei(kr+%)
+F (1, 9)f(2)e ] Vi
rae .
g()=f@Q=—1E00" g@)=f(1) ="ty (23.11)

[pu a =0 umeem

2ka— —
a—4)

Hy=—H, | Qika+1)G (1, 0)—2)/ % ! X

i kr-Pf—‘
XG(1 0)9___4_)
1] V2T:—kr- i

Ez:Eoz[(%ka——l)F(l. 0)+V2lmei (”‘“*T”X

. ]
i (kr+ T)
€

V 3nkr

XF(1, 0)

(23.12)
ITo BelBeqeHHBIM Bbillle” hOpMysaM GbUIH TIPOBEAEHHI pac-

ueTHl XapaKTePHCTHK paccesnus — QyHKuul 4 (a, ¢) u e(a, ¢),
onpejeNdIOIUX paccesHHOe II0Jie C_NOMOIIBIO COOTHOLIEHHH
3 =
— i|kr+—
Ez=Eozkae(a, ?)/-é——e ( ! )9
T .
r , (23.13)
— i(kr+ %)
H.= H,kah(a, (P)‘/ 2 e :
nkr ,
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Pacuetnt nposoxumuich A5t sHauennii ka =V 28 u ka =V 80.
Ha puc. 49 —62 npunarsl caefyiouue o6osnadeHusi: 1)
QyHKUMH © A W e COOTBETCTBYIOT  CTPOTOH  TEOPHH,
2) oymkuum h, u e,—NOMO OT pPABHOMEPHOH YacTH

14
—
L. | [ eerernenens 4
10b 2
ka =VZ8
Yo-7+d
08—t -
\
\
- "N )
e T
0 —tr R
[Z 7 %0
d
Puc. 51. To e, 4ro ¥ Ha puc. 49, mpu ¢ = — x4 a.

TOKa (MPHUOIMXKEHHIO (HU3MYECKOH ONTHKH);, 3) (YyHKIHH
h, 1 e,—TONIO OT paBHOMEPHOH W HepaBHOMEPHOH 4aCTH
TOKa, HO G6e3 yueTa B3aUMOJEHCTBHA KpaeB; 4) dyuk-
uua  h, ¥ e, — paccesHHOMY TIOJIO C  YYeTOM  BTO-
puuHO# nudpakuuy, BufiMCieHHOMYy 10 (opmynaam (23.13),
(23.02) u (23.10). Ilpu atom coraacHo § 6

sin [ka (sin « — sin ¢)]
ka(sin o — sin ¢)

€, = COoSa

sin [ka (sin a — sin ¢)]

|
'} (23.14)
)

hy=cos ¢ ka(sin a — sin ¢)
"
e sin[ka(sin a—sin ¢)] ;08 [ka(sin e — sin ¢)]
_m =Y , (23.15)
h, Ska sin —5 cos —5
. T 1
rie la|<\7’ “PI<7

[Tonyuenusle pesysbTaThl ~ MOKA3HWBAIOT, 4YTO HAMIK
npubAHKeHHble QOpMyJibl  y10BJETBOPHTEJIBHO COTJIACYIOTCA
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CO CTPOroit Teopueit yxe npu ka =1V’ 28, X0Tsi B LAHHOM CJTy-
yae Ha UIMPHHE JIEHT B! YKJIa4bIBAeTCS IPUMEPHO MOJTOPB! AJMHHbI

1
BOJIHBL. B HampapJeHHH Ha HCTOYHHUK (‘P=-—W+a, 0<a< 7), a

kg
TaKXke PR CKOJIb3sillleM OﬁﬂyquHH JIEHTBI (a: — —2—), Koraa

GYyHKIHY €y, h, ¥ e,, h, TPUBOAAT K KaueCTBEHHO HEBEPHLIM
pesyJabrataM, (YHKIHH €, H A, AAIOT, KAK U B OCTaJbHBIX
clyyasix, BIIOJIHE YJIOBJIETBOPHTeNbHBIA peaysbrar. [eficTBu-

141
——
o=
" Ha =V80
fa-Ted
a5
L
|
\/I\| /
0 7 \ -~ /
0 a0’ &° w°
o
Puc. 54. To xe, uTo u Ha puc. 52, npu ¢ == — & 4 a.

TeJIbHO,—KpHuBasi | h, | mouTH BCIOAY COBNajaeT C KPHBOH | h|
(puc. 49 — 54) B npenenax rpacduueckoil TouxoctH. Paccun-
TaHHble JXe 3HaueHHs (YHKUHU |e,| OTJIMYAOTCSA OT COOTBET-
CTBYIOIMX 3HAaueHHH (yHKUUH |e| JNuLIb Ha COThle LOJH Npo-
nenta (puc. 55— 62). Jlyumee coBmajeHue cO CTPOTOM
Teoprei npu E-nonsipusanun o0bsicHsieTcss GoJiee CJa6LIM
B3aUMOJEHCTBHEM KDaeB B 3TOM Cjydae, a HEKOTOpOe pac-
XOX[eHHe KpuBbIX |A,| u |A| BQIM3M TIJIABHOTO MakCHMyMma
paccesHAsi—HMHTEPIIOJIALHOHHBIM XapaKTepoM Halux dopmy..
~ BeaeacrBue HMHTEPNOJSLMOHHOTO —XapakTepa (GopMyd
(23.02) uHTerpanbHBIN MONEPEYHHK DACCEHHs, TIONydYaeMblil
u3 Buipaxenuil (23.03) npu a=0, He coBmamaer c uHTe-
rpajbHBIM NONepeuHUuKoM, HalneHHnIM KiemmosbiM [46]
B BHIE I€PBBIX WIEHOB aCUMITOTHYECKOTO Pa3JIOKeHHs MO
o6parubim cremensm V ka.  Onmako Haum (OpMYJEL B OT-
JAHYHE OT aHaNOTHUHBIX (QOPMYJN, MOJNYUYEHHHX JADYTHMH aB-
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1
\ ka=V80
7 e-red
' -
45
U/NL A
V1Y -
0 v o ]
2 o 90
g 30 60 %
Puc. 62. To xe, uro u Ha puc. 59, npu ¢ = — n 4 a.

TOPaMH, TO3BOJISIOT PAaCCYATHIBATH XaPaKTEPHUCTHKH pac-
CesAHHA TPH JIOOBIX YryaX MajeHus IJOCKOH BOJHEL.

3ameruM, wuto oynkumu e(a, @) u Ao, @) mas
puc. 49—62 BLIUMCASANHCH O CTPOTMM DSAAAM, TOJIYUEHHBIM
METOJIOM Da3/eJIeHHs] NMePEMEHHBIX B 3JJIMITHYECKOH CHCTe-
Me koopauHat (cp. {23])*. -

§ 24. BTOPUYHASl JHOPAKUUSA HA JTUCKE
YTOuHHM TpHOGMMKEHHOE pellleHHe AM(PaKIMOHHOH 3a-
nadu nna nucka, naiizennoe B ra. 11. .

ITycTb B CBOGOAHOM IPOCTPAHCTBE HAXOAUTCA GECKOHEUHO
TOHKHA HIeaJIbHO INpOBOAAWIMEA AHCK pazuyca a. OpHeHTH-
pyeM cOepHuecKylo CHCTEMY KOODAMHAT TaK, YTOGHl
HOpMasb M K (POHTY Maiamomledl BOJNHBI Jexkana B MoJy-

7 ki1
TIOCKOCTH 9=~ H COCTABJIsIA Yron Y <0< T< 7)0 OCBIO 2
(puc. 63). Tone maparomeil MIOCKOH BOMHKEI 33aJafUM B BHAE

E— Eo eik(y sin y+zcos 7) , H= Hoeik(y sin y +2z cos 1). (24001)

* DTH BBIUHC/IEHHs GBHIM BEINOJHEHH nox pykosoactBom I1. C. Mu-
KasaHa.
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Cornacto § 12 paccesunoe mose B MJOCKOCTH §= S

omuceiBaetcs (pu R > ka?) dopmynamu

J— EO@
E,=—Hy =232 {[(2.8)— (15)] 0 +
eikR
AR (N A S
ok b (24.02)
H,=E, =" {lg(2, 5 —g(1, ) 40)+
. . ]eikR
Filg@ o+tg(l, AL G

T _ T
OTu BbIPaXKeHUsl CMpaBe/JUBbl NpHU 8<—12l n Y <{5. Bxons-

lide B HHUX BeJIMUUHBI OIpEeAcJIAI0TCA COOTHOLICHUSIMH:
/

40 3—9
s cos —5— —sin—g
f(1, 8)= sind —sin ¢ ’

§4+9 5§ (24.03)
, cos —5 —5 -+ sin —5— 3
[(2 8)=—

’

sin & — sin §

g(l, )=—(2,9), g2, d)=—f1,3),

{= ka(sin® —sin?), (24.04)
(
| v =5
s=| (24.05)
T
‘I 1 1pn ¢ = -
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Puc. 63. Ceuennme nHucKa
CKOCTBIO Y02, N — HOpMalb K
Gponty TNajaoed BOJHbI

3ameTuM, 4uTO 3[eChb

HCETE
L=t |
|7(2) npn o=

(1) mpn ¢
i

f208)=
[7(1) npw ¢ =
fg(l) npu ¢
g(1,3)=i
lg(2) npu ¢ =
fg(Q) mpH ¢
g(2,8)={
{g(l) npu ¢ ==

o

vo] 2 w!n wla w[:{ w[a w]g v a wlﬂ

l

|

nJo-

-

-

-

(24.06)

a ¢ynkuuu (1), f(2), g(1) u g(2) onpenensorcst Gopmy-

aamu (12.03) u (12.04).
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IMpu {> 1 Buipaxkenns (24.02) npuHHAMaIOT BHL

?

e 3™ )
E,——H,= 52125 e 75

. ) (24.07)
H, =E, V%[g@, Be'
\ —eLye (- 4)}«32"*

OHu TOKa3blBAIOT, YTO pacCesiHHOe TMQJe B 3TOH o0bJacTH
MOXHO pacCMaTpHBaTh Kak CyMMy c(epHuecKHX BOJH OT
IByX CBeTSLIHXCSA TOYeK Ha 060Je J[AHUCKAa C MOJSIPHBIM

. i o
yriom $ =z —-. Judpakuuio Ha [AHUCKE KaXI0H U3 3THX

Puc. 64. BoaGyx/JeHHe HOJNYMIOCKOCTH 3Je-
MeHTapHbIM  JHUNOJEM, HaXOASILIUMCS B
Touke Q.

BOJIH MOXHO HM3y4YuTh TaK e, KaK M B CJydae JIEHTHl, HO
Mbl TIOCTYNIUM HHaye.

CpaBHuM 3aTeHeHHe c(hepHUeCKOH U IMJIMHIPHYECKOH
BOJIH MOJYNJA0CKOCTbIO. IlycTh B CBOGOZHOM HPOCTPaHCTBE
HaXOXUTCA HA€aJbHO MPOBOASIIAS MOJYINIOCKOCTh U B TOU-
ke -Q — ajeMeHTapHBIH aunoJn (puc. 64). Haiizem mnose
B MJIOCKOCTH, NICPNIEHANKY/IAPHONH K pe6py monymioCKOCTH H
npoxonsiell yepe3 TouKy Q.

B cooTBeTcTBHH ¢ NPHHIHMIOM B3aHMHOCTH OHO OTpene-
JsIeTCst A/ 3JIeKTPHUYECKOro AMIOJA COOTHOLIEHHEM

E,= ;’—’ E.(Q), (24.08)
0z
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a i MarHdTHOT O A HIIOJS

H,= Z; H,(Q) (24.09)

3necb p,(m;) — MOMEHT 3JeKTPHYECKOro (MarHWTHOIO) HH-
MOJisi, HAXOJSIIEroCs B TOUKE Q; poz, M,z — MOMEHTHI BCHO-
MorareJibHbIX [HIOJEH, ToMellaeMbiX B TOuKy P; £,(Q) u
H,(Q)— noad, co3gaBaeMble BCIOMOTraTeJbHbBIMH JHIOJSIMU
B Touke Q.

YnanuMm Temepb BQIOMOraTesbHble ITHIONH HAacTONBKO,
yToObl DPUXOAALIYI0O OT HUX <COEepHUECKyI0 BOJHY MOXKHO
OBII0 CUMTATh NJIOCKOH HA yuyaCTKe OT Kpas MOJYNJI0CKOCTH
oo Toukd Q. B stoM cayuae coraacHo dopmyse (20.08)
noJjie, co3naBaeMoe BOJIHOI B TOuKe Q, OyIeT paBHO

£y (Q)= Eoz(0) [u(ds &' — ¢") — u(d, ' +¢")], } (24.10)
H,(Q)=Ho: (0)[u(d, ¢ —¢") + u(d, ¢ +¢")]-
Bripaxenus
E,y2(0) _._kzp.,z , H oz (0) = k*mq, > (24.11)

R
. .
ONpenensioT MoJsi, CO3J1aBaeMble BCIIOMOraTeJbHbIMH JTUIII-
AsMy B CBOGOLHOM TPOCTPAHCTBE (MPHU- OTCYTCTBHU MOJMY-
njaockocty) 8 Touke 0.

CinenoBaTtesbHO, T0Js, BO30yxK1aeMble B Touke P aJjek-
TPUYECKHUM M MarHMTHBIM AKNOJSMH, HAXOASUIMMHCST B TOY-
Ke Q Hal MmOJyNJIOCKOCTBIO, COOTBETCTBEHHO PaBHBI

Er=pu(d, ¢ —¢") —u(d, ¢ +¢")] S

(24.12)
Ho=kmy [ (d, ¢ —¢") 1 (d, ¢ +9")] S

(S ——

[lpp oTcyTCTBUM TOJYIJIOCKOCTH 3TH JMIONH  CO3AAIOT
B Touke P roJe

E,— kgp eikR e ikd cos (¢/—w!?) )
z— 2z R ’ l

H.— bm e'kR o—ikd cos (/=o' | (24.13)
TR "
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CpaBuuBas Bnipaxenus (24.12) u (24.13), Haxo;mm ¢dyHKUHN
3aTeHeHUs

E: [ll (d, (P' — CPl!) —u (d’ <Pr _l_ cPu)] eikd cos (¢! —c’ r)’

G=[u(d, ¢ —¢") + u(d, e + o] oikd cos (9—o")

B cayuae, koroa uepes ToOuky Q MPOXOMHT mapPaIeIbHO
KpPalo MOMyNJI0CKOCTH HUTb TOKa, NoJsie B Touke P ompene-
nasiercs coraacHo (20.11) u (20.12) dbopmynamu

(24.14)

5— i(kR—"
E;=ikp:[u(d, ¢ —¢")—u(d ¢+ ¢")] VZ% € e )

4

— iferR=Z

Heo=ik*m,[u(d, ¢ —¢") +u (d, ¢ +¢")] l/i% ¢ =
)

(24.15)

]
]
1
!

I
o
]
[Ipn OTCYTCTBUM MOJYIMJIOCKOCTH 3TH HCTOYHHKH CO3AaI0T
B Touke P mnoJe

P12 2 i(kR_ T) —ikd cos (9'—¢’?) }
E,=ik’p, e L

k—R; e
— i(kR__"_) } (24.16)
Hz=ik2m, ?R_ e 4 e—ikd cos (g;.l_g,u)' ||
)

CpasuuBast dopmynst (24.15) u (24.16), moaydaem nns
dyHKuUi 3aTeHeHus Te xe Bhlpaxkenus (24-14). Cnenosa-
TeNbHO, cepuueckas BOJHA B HaNpaBJEeHWH, TIEPIEHIUKY-
AAPHOM K MJeaJbHO TIPOBOAALIEH IOJYNJIOCKOCTH, 3aTeHser-
Cs1 €10 TaK JKe, KaK LMJHHIPUUECKasi BOJIHA. :

3aMeTHM, OIHAKO, uTO Bhipa)keHns: (24.14) He 5KBUBA-
JIeHThl BBIpaxkeHusaMm (21.22), (21.23) u (22.13), Tak kKax
fepBble MpPeaCTaBAsfoT (YHKLUHIO 3aTeHeHHs TOJYIJIoC-
KOCTbIO BOJIHBI OT OZHOTO HCTOYHHKA, a mocjaegHue — QyHK-
LUI0 3aTeHeHHsi KPaeBOH BOJIHBI, KOTOPYIO Mbl amIPOKCHMH-
pyeM BOJHAaMH OT JBYyX HCTOYHHMKOB, DaCHOJIOXKEHHBIX
c ofenx CTODPCH COOTBeTCTBylomed moaymiockoctu. Ilo-
CKOJIbKY (YHKUAHM 3aTeHeHHs cdhepHuyecKUX ¥ UUJIUHApHUE-
CKMX BOJIH OLWHAKOBbl, TO U QYHKUHH 3aTeHeHHS KDaeBbIX
BOJIH Ha JIeHTe ¥ JIUCKe TaKxKe OyAyT :COBNaAaTh.
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[Tostomy npubiuKeHHble BblpaXKeHUss [Js pPACCESHHOFO

JHCKOM TIOJIsI, YUMTHIBAIOI(ME BTOPHYHYI0 AMGBPAKLHIO, MoO-
T
TyT GHTb NpeicTaBleHsl B o6MacTn ¢ === -, 0<¥< =

{mpu £> 1) B ciexnywuieM Bune:

E H iaE, i(c_ 3%‘)
,=—Hy= }TT:_[F(&%)f 2, d)e —

— T

—F(l,%)f(l,’é)e_l( 4)]# .
(24.17)

iatt (=% |
H?-_—.Es=7%—°;-[a(2,a)g(2, 3) e —

—G(l,ﬁ)g(l,&)e-i(_

raie ¢yukunun F u G nonyuarorcs u3  dopmya (21.22),
(21.23) u (22.13) sameno#t ¢ ua &. opmynsl (24.17) Mox-
HO paccMaTpuBaTh KaK aCHMIITOTHUYECKOe IIPeICTaBJIeHue
(npu {> 1) caenylomux BbIpaxKeHHUH:

ia

E=—H, =" F@nf@8 — FOn1a,0+
S EF @@ F (L) (1,80} S
(24.18)

taHO(?

H,=E,="211629g@% — 6(1LNg1LALEO+

14

G20 g @8+ g (L1025

T
Sru BHpaXKeHUs MMEIOT MeCTo B ofnacTu $ < - aas sHa-
o n n .
yeHHH 8:—? ¥ Y <-5 . [Iom3ysch tdopmyJioit  (24.18),
Han¥IeM BbIpaXKeHHs LU TOJIsi, H3jly4aeMoro JAMCKOM B Ha-
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IpaBJeHHH Y NPH NAJEHHH HAa HErO IJIOCKOH BOJHBI (CJIEeBa
HanpaBo) nox yrjaom 9,

E()o
E,=—Hy= {—[F(zo)f(lo)_
—F(L3)]2.3)] fl(C)-I—l[F(?,O)f(l,a)—l'

eikR
FFOLER %O %
H,— E =" (G 2,9 g (1,5
— G, g4+ ) g+
ik : '
+6(1,2) 22,014 0] -

(24.19)

3rech yxe |~ Y<%—) nd <2

Wcxonsa u3 Bulpaxenuét (24.18) u (24.19), netpynuo Ha-
HHCaThb HHTEPHOJISILMOHHLIE (GOPMYJbl AJST PACCESHHOr O IOJI,
NpUrojHbie [Jisl JIOObIX 3HaueHMH | H ¥ B HHTepBaje

(O; %), HO TpH <p=—_'—~1r;—;

E,=—Hy= “’{[F(2,8)F(1,8)f(2,8)—
— F(LO)F @) (L)L O i [F 9 F(L3)F Q)+
ik
TELOFRHILLO) %, @420

Ey=H, =2 (62,961,525 —
L P AR R P RS
—[—G(l,ﬂ)G(2,8)g(1,8)]]2(ﬁ)}9;—:5. (24.21)

3ametum, uto npu y=0 3Tu BbIpaxenus OyAyT ClpaBel-
JUBBEl 1151 JIOObIX 3HAUeHHH a3uMyTa @, Tak Kak TOraa Jio-
6y10 TOYKY MPOCTPAHCTBA MOXKHO CYHTAThb DAacroJIOXKeHHOH

B NJIOCKOCTHU MaAaeHHd.
B HampaBJieHHd TIJIaBHOTO MaKCI/IMYMa IlHanaMMbl pac-

cesiHusd, T. €. mpU ¥ =17, ¢ =—- 2 , paccesnHoe mogse (24. 20)

u (24.21) npusumaeT BHJ
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. ikR )]
E,——H,=%2 Epy F(2,7) F(1,Y) S cos ¥, |
' ' i (24.22)

. ikR
E =H = ‘kzaz H0?~G(2,Y)G(1,Y)e?—cos x-

OnHako 5TH BBIPAXKEHHS HUMEIOT HMHTEPUOJSIMOHHBIN Xa-
pakTep M [IPM MaJblX 3HAUEHHUSX YIJa | HX HeJb3s CUMTaTb
6osiee ToOuHBIMH, 4eM mpocTble dopmyast § 9 u 12. B yacr-
HocTH, mpH Y=0, Korga paccesiHHOe NOJie He JOJKHO 3aBHU-
CeTh OT MOJIAPU3ALUM Mafaloliell BOJHBI, OHM NAIOT 3Haue-
HUs, OTJAMuyatlomuecs npu E-u H-monsipusalud Ha MaJible Be-

1
JIMYHHBI TIOPANKA Ve Ilostomy B paHHOM ciayuae (TpH

v==0) Boipaxenuamu (24.20) u (24.21) uMeeT CMBICJ MOJb-
30BaTBCA JIMIIL BIANM OT OCH 2, Tepexois BOJIM3H Hee
K bopmynam (24.02).

Dopmynel (24.20) wu (24 21) 06J1aua10'r cJie 1y UMA
BaxKHbIMM cBoOHcTBAMH. OHHM He HMEIOT Pa3pLIBOB, OXBATHI-
BAIOT CJydyald CKOJb3fLEro MafeHds INIOCKOH BOJHBI H
yIOBJETBOPSIOT MNpHHUMNY B3aumMHocTH. M3 HuHX crenyer,

uro E,=H _ =0 npu B__—, T. €. pacCesiHHOe IIOJIe He

nperepreBaeT paspmBa B InJjockoctn 2 =0. Kpome Toro,
k1
E,=H, =0 npu moGuIX 3HaueHHsX ¥, ecaum | = - T e

IJIOCKAsl BOJIHA, INOJIAPH30BAHHAS MEPHeHAMKYJIIPHO K ILIO-
CKOCTH [HCKa, He HCHBITHIBaeT AH(PPAKLUMIO NPU CKOJb3ALLEM
00JlyueHUH OUCKA.

Kak u B cayuae jqudpakuuu Ha JeHTe, HOBble MPHUOIH-
AEeHHble BbIPAXKEHMs YUHTHIBAIOT B KaKOH-TO Mepe H TPeTHd-
Hy!0 nudpakuuio {cM. dopmyast (23.05) u puc. 48].

[Nonb3ysicb ycaoBuem (9.04), HeTpyaHO HamucaTb ¢op-
MyJbl AJIs pacCesiHHOro MoJjsd B JieBOM IIOJylNpOCTPAHCTBE

<%<3‘<1‘:; ?:i%)

E,=— Hy= 2P (2, s — ) F(1,5)] 2,5) —

—F(La—9)F (2,9 (1,30 +
i[F @ —3) F(1,8)](2,8)+

FFLr— ) F@0)[(1LO140) e,  (2423)
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E,=H, = °°{[G<2 x—9)G(1,8) g(2,8) —

—G (L —9)G (2,8 g(1,8)]J, )+
+i[6G @ x—9)G(1,5)g(2,5)+

+G(1,m—8)G(2,3) g(1,8)]/, (@) }‘“’Rj (24.23)

rae QyHKuuM f U g ompejensoTca GopmyJaaMu
a+a a_n
Cco

g(1,9)=[(2,0)= siné —sin ¥ ’

349  5—9
cos —2_ —S111 T

f(l’ﬁ)-__—_g(Q,a): sin d — sin &

(24.24)

N — o = c—

= k17
B HampaBieHud Ha HUCTOUYHHK (n_—_ T—Y, o= — _2_>

paccesiHHOe TIOJie PABHO

= — H, =P (18] 2,8 —

— P 2,8) (L)) i [F*(1,8) ] 2,8)+
LR RO
Ey=H, =" °°f[02(1 5) g (2,8) —

— G*(2,8)g (1O O+ [6°(1,7) £(2.8) +
62,8 2(1,9]4,0)) %

(24.25)

-

rpe
. o 1 4siny |
F(L8)=g(2,8) = — 52t
1 —siny

F2.0)=g(1,8)= 5ot

(24.26)

R A —

Kak yxe ormeuasock, dopmysamu (24.25) umeeT cMbICH
[OJIb30BaThCs JIHILL BAAJH OT OCH 2, MNepexois BOJH3H Hee
K Boipaxenuto (12.15) npexuero npuGinuxenus. Ilo atum
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¢opMynaM 1pu ka =5 BbIMOJHEH pacueT (QyHKuuH X (= — )

H Z(m—y) (puc. 65 u 66), onpeneasiomux 3(QHeKTHBHYIO
TIOBEPXHOCTb paccesinus [cM. Boipaxkenus (12.17)], wu mpose-

6,
1
A kaes — méapemuueck;ﬂ.
\ T=7-0 == JkCNEPUMENTANOHAA

S
/
(A
\
J
)

~~
-

o T T
—

. \\
-2

-2 L

Puc. 65. JluarpaMma sddexTHBHOH MOBEPXHOCTH DACCETHUS NUCKA B CJIy-
Yae, KOrjJa MaTHUTHBIH BEKTOP TIJIOCKOH BOJIHBI NeEPHEHAMKYJSPEeH ILIO-
CKOCTH MaJeHHS.
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IIleHO CpaBHEHHWe C pe3yJabTaTaMM u3MepeHuil. K3o6paxeHusie
Ha puc. 65 [Be 3KCIepUMEHTaJbHblE JAHarpaMmbl (ILTPUXO-
Bble JIMHHHM)* XapakTepu3yloT TOYHOCTb 3KCNepuMeHTa. B or-
JM4pe OT MNPeXHUX NPUO/IMKeHHH, TNPHBOAAILMX B [JaHHOM.

1, 68
Y
5
ka=§
r=n-9
o
5
0 - .
30 50° %

i
U

N

15
Puc. 66. PacueTHast AuarpaMMa 3(Q@QEKTHBHOH MOBEPXHOCTH pacCCesTHUS
JuCKa AJs cJydas, KOrja 3JeKTPHYeCKHH BEKTOD MJIOCKOH BOJHBI TEp-

NeHIUKYJIApeH ' IJIOCKOCTH  MaJeHHs.
cjlydae K KaueCTBEHHO HEBEPHBIM pe3ysabTaTaM [cM. HOopMyJibl
(10.06), (10.07) u (12.15)], ™bl' HabJalomaeM yJaOBJETBOPH-
TEJIbHOE COTrJjlaCHe TEOPHH C SKCIIEPHMEeHTOM.
Jlna mpoBepKH MOJIydeHHBIX pPe3yJsbTaToOB Gbll IIPOBeAeH
takxke pacuer Oyukunir VM (9) u VA (3) [cMm. dopmyan
(9.07)] npu ka=5 (puc. 67 u 68) mpu HOpMaabHOM OOJIY-

* CM. cHOCKy Ha crp. 101.
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YeHMH JMCKa MJI0CKOH BoaHoH. KpuBasi / coorBerctByer mo-
JII0, BBIYMCJIEHOMY TIO CTporoil Teopuu [34]; xpusas Z — mo-
JII0 OT PAaBHOMEDHOH 4aCTH TOKa (NPUGIHKEHHIO (pU3HYe-
CKOH ONTHKH); KpUBasi 3 — TOJIO OT PaBHOMEDHO{ U Hepas-

argv(d)
y | Al
'V"{l’” -\k'\\ Im-.T ;;__
» ‘\ 4
\'VM(',“R\\ /
w0
\ T{‘ ¥ |
N gut mmy
%
5 !
i 90°
\\ ] ;;/ Il
g \'i'"i »
15 \
\ . Il /
Fi
e, ar, Vm (l,) ¥ l
\ " /
\ [ 10°
\ “’_/; af
' W 50° w 7 w0 s

Puc. 67. Oymxuna V{) nis Mucka npa HopMambHOM ma-

JeHUH IJOCKOH BOJIHEI (kpuBasi 4). IJsi cpaBHeHHs HaHe-
N cennl kpuseie I, 2, 3 ¢ puc. 20.

HOMEDHOH uyacTed Toka, HO 6e3 yuera B3auMOIeHCTBHS Kpa-
€B; KpuBas 4 — MoJ10 ¢ yueToM BTOpHUHOH audpakuuu. Kak
BHIHO M3 NPHUBeJEHHBIX TI'papHKOB, YyueT B3auMoxelcTBUA
KpaeB YTOYHSiEeT npexHee npubjukeHue H obGecrneuuBaer
Jyuuiee corjacHe C pe3yJjbTaraMH CTPOTOH TeOpHH.
AHanoTHYHBIM METOZOM MOXKeT ObiTh pellleHa 3amaua
0 BTODUYHOH nupakumu Ha wumuaipe. OxHako, npuHEAMaf,
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BO BHMMaHHe, YTO TIONPaBKH, OOYCJIOBJEHHblE BTOPHUHOMH
audpakuuell, oOKasbBalOTCA 3AeCh He0OJbIUUMH (IOpsiaKa
1 06) yxe npu ka=mn, kl=10m%, a GOpPMysb CYILIECTBEHHO
YCJAOXHSAIOTCSA, Mbl UX 30€eCb HE IIPUBOLUM-
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Puc. 68. ®yuxuus Vg)) LJAST IUCKA TIPH HOPMAJbHOM NaJeHWH MIOCKOH
BoJHE! (KpuBast 4). JlAs CpaBHEHHs HaHeceHbl xpuBbie [, 2, 3 ¢ puc. 21.

B paccmoTpeHHBIX Bhillle 337aYaX KpaeBble BOJIHBI MMe-
JIH XapaKTep LUUJHHIPHYECKHX HJIM cPepHUeCKUX BOJH, T. €.
y6blBanyu ¢ ynaJjeHHeM OT Kpasi qocratouso Gwicrpo. [Tosto-
My YKe B CJy4ae, KOria JIMHeHHble pa3Mepbl TpaHeil co-
CTaBJSIIA TPUMEPHO IBe MJHUHBI BOJIHBI, NOCTAaTOYHO GbIIO
OrpaHUYUTLCS YUETOM TOJHKO BTOPHYHEIX BOJH. B ri1. VII Mut
paccMoTpuM 3amayy o BuOGpaTope, Ha KOTOPOM KpaeBbie
BOJIHBI yOLIBAIOT HACTOJIBKO MeJJIEHHO, 4YTO HeOGXOANMO YU H-
THIBATh MHOTOKPAaTHYIO AHGDPaKIHIO
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§ 25, KPATKMH OB30OP JIMTEPATYPBI

B srolt # mpeaplIyliuX raaBax Obld MOJyYeHbl TPHOAN-
JKEHHBbIE BBIPAXKeHUSl 1/ XapaKTepHUCTHK pacCesHUst IIO-
CKO#1 BOJIHbI Ha PA3JIMUHBIX TedaX. DTHU BhIpa:KeHUs BhiBele-
BBl C MOMOUIbID (PU3HYECKHX COOOpaxKeHHil, He MpeTeHLyIo-
{IMX HZ MATEMaTUYECKYI0 CTPOTOCTb, M MPHLOAHBI OJs A0-
2TATOYHO KOPOTKUX BOJH. B sutepatype umeercs psg pa-
(0T, B KOTOPBIX MOJlyueHbl aHAJOPHUHDbIE Pe3YJILTATLI. Boab-
JIHHCTBO ITHX padoT TaxyKe He OTJIMYAETCA MaTeMaTHuecKoM
*TPOTOCTbIO ¥ OCHOBAHO HAa TeX WM HHBIX (DU3UYECKHX A0-
OYLEHUsX, TOITOMY UX MOMKHO OTHeCTH K (pu3nyeckoll Teo-
puyt nudpakund. JIHUb B HEMHOTUX pa-léorax (oTHOCAIIUXCS
K G6oJiee MPOCTHIM THPPAKUHOHHBEIM 3aauaM) yAaJ0Ch IOJY-
4UTb KOHKPETHbIe Pe3yJbTaThl HAa G0Jiee 'BEICOKOM YDOBHE
MaTeMaTH4eCKofl CTPOrOCTH, 4 MMEHHO, pa3BHBAsg aCHMIITO-
THYECKHE METOIbl MaTeMAaTHUECKOH Teopuu AUQPaKLUU-

Mgl nepeuncaum KpATKO BaxKHeillne pe3yabTaThl, mOJy-
YEHHblE B Dsifle CTaTell M KHHUT, TPYNNAPYs MaTepual B cie-
nyioule#l moc/ae10BaTeNbHOCTH:

1. Judpaxunss Ha TJIOCKHX GECKOHEYHO TOHKHX IJIa-
ctuHax (OeckoHeuHass JeHTa, KPYrdBOHM AMCK) M Audpak-
U¥s Ha TOMOJHUTEJbHBIX OTBEDCTHAX ‘B TJIOCKOM 3KpaHe
(6GeckoHeyHas 1iesb, KPYroBoe OTBepCTHE).

2. Nudpakiuus Ha 0GBeMHBIX Texax ¢ peGpaMu (KoHed-
HBIH IWJAMHIP, KOHEUHBIH KOHYC H T. I.).

3. Hpyrue nudpaKkuHoOHHbEIe 3a]aUH.

IIpu paccmorpennu n1MdPaKUHOHHBIX 32124 NepBOH rpymn-
NMbl HYXKHO UMETb B BHIYy MPHHUUIN ABOHCTBEHHOCTH [4], KOTO-
Dbl I03BOJISIET JIETKO NMEPEXOAUTh OT JIEHTHl K LIeJH, OT IUC-
Ka K KpYroBOMy OTBEpPCTHIO U T. A. B snuTeparype, kaknpa-
BHJIO, NIPEANOYHTAIOT PACCMATPHBATL OTBEPCTHS B GeCcKOHed-
HOM TJIOCKOM 3KpaHe, B TO BpeMsl Kak B Halllefl KHHre HC-
‘cienoBana audpakuus Ha JeHTe U [HCKe, uTO obJeryaet
Tepexo] K BGBEMHBIM TesaM (CM. 3aMeyaHHe B HaugaJje
JlaHHOHN Ty1aBH). o

ITo BpeMenu mosiBjeHus (ecjau He cunTath paBoTwl
IBapumunabna {15], 0 KOTOpPO#l MBI FOBOPUJIH BO BBEJEHHH)
caeIyeT mperkie BCEro OTMeTHTh palGoTel Bpayubexa 28—
30], nocesiuieHHble AU(PAKUUK CKAJIPHOR BOJHBI Ha KpYT-
JIOM OTBEDCTHH B MAOCKOM 3KpaHe. Ilpexmonaras, uro mJo-
CKas BOJIHA TaJaeT HOPMaJbHO K dKpPaHy, aBTOp MOJyyaeT
NPHUONKCHHOE PEIIeHKHe B BUe NOBEPXHOCTHOTO HHTErpana.
I'paHHYHbIE JHAYEHUS HOLLIHTErPaNbHON DYRKUUH 3a4MCTBO-
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BaHbl U3 CTPOTOro pelleHHs 3a4ayu o IUGpPaKUAU HA MOJY-
MJIOCKOCTH, HaliieHHoro 3oMMmepdenbroM. Brluucasercs no-
Je B fajibHeH 30He Ha OCH OTBEDCTHS M BIAJAH OT Hee,
a Takxe Ha ocd BOJMH3M 3KpaHa. B TOM Xe TpUOMHKEHHAH
BpaynfekoM HeZaBHO pellleHa 3afaua o Audpakuum cka-
JISIpHOH BOJIHBI Ha OTBEPCTHH B BKpaHe KOHHYECKOH ¢op-
mu {31].

B cratbsax ®pana {32, 33] 3ToT MeTOx mMpUMEHEH K JAHu-
¢bpakuUU 3JeKTPOMArHHTHHIX BoJH. Paccmorpena mudpax-
UHS MJIOCKOHA BOJIHBL, Majaloulell HOPMalbHO Ha MeasbHO
NPOBOAAILINH 5KpaH C KPYrOBbLIM OTBEpPCTHeM. BhrrumciaeHo
noJsie B OTBEDCTHH M Ha OCH, a TaKXKe MoJjie B JajbHell 30He
1 K03(p(PULMEHT NPOX0OKIeHUs (OTHOIIEHHEe SHEePTHH, MPOXO-
nsmel yepes OTBEpCTHe, K Mmajalolleil Ha Hero).

B mepeuncnennsix paGorax BpayuGeka u ®pana ue yuil-
ThIBaJach BTOpHuHas Andpakius. [TomyuenHble MU BbIpa-
SYKEHUs AJsi MHTEHCHBHOCTH :pacCéessHHOrO fToJis ‘B HaJbHel
30He COBMAJAlOT C aHAaJOTHMYHBIMH BbIPAXKEHUSIMHU, BBITe-
KalomuMy #3 Hawux gopmya (§9).

Kapn n Paccex [51] uccnenoBanu audpakuuio Ha Lienad
B CJyyae, KOrja 3JEeKTPUUYECKHil BeKTOp majaiolled BOJIHBI
napaJnieseH Kpaio mend. [1pu sroM Kaxnayio nosnyGeckoHey-
HYIO 4acTb 3KpaHa OHY PACCMaTPUBANM KaK MOJYNJIOCKOCTb,
B030yXAaeMylo noJieM nafaloiiedl BOJHB H «BHPTYaJbHO-
ro» MCTOYHHKA, KOTOPBIfl JIOKAJM30BaH HAa KPalo MPOTHBO-
MOJIOKHOH moJsiymaockocTd:  MoMeHTBI 3THX HCTOYHHKOB
OTpENe/IsICh U3 CHCTEMbl IBYX ajareGpauyeckux ypaBHe-
HUi, MOyYaeMBIX MyTeM WCIOJB30OBAHHS ACHMITOTHYECKUX
BbIPaXKEHHH, BHITEKAIOWHMX H3 CTPOLOTO PELIEHHS AJIS MOdy-
IJIOCKOCTH. YuTeHa BTOpHYHAs AUGPaKUHa ¥ YAaCTHUHO 00-
utee B3aumopefictsie. Oco6oe BHUMAaHHE yaeJNeHO BbIYHCIE-
HUIO KO3 HUHeHTa TIPOXOXKAEHHS, HO OTCYTCTBYIOT opMy-
Jbl NI XapaKTepUCTUK pacCesHHs, NPUTOLHbIE NPH JI00BIX
Hampas/eHHAX PACIPOCTPAHEHHS Najalollei BOJHEL

Knemmos [46] u Munnap [47-—49] BbUHCAAIOT B <BOMX
pa6orax KO3(h®HUHEHTH MPOXOKIEHHS TPH HOPMAJIbHOM
06/1yueHWH ILEAN Y OTBEPCTHS, a TaKkKe TIOJie Ha OTBEPCTHH.
Pemenue wiercss ¢ moMouUIbIo KPUBOIMHEHHBIX MHTErpason
O KpPasM OTBEPCTHs OT (HKTHBHEIX JINHEHHEIX TOKOB. Yun-
ThlBaeTcsl B3auMmogeiictBue kpaes. Ciayuail HaKJOHHOTO OG-
JYYeHHsl He PacCMOTpPEeH, TaK KaK 0Ka3aJcs CAMLUIKOM CJ0XK-
HBLIM [/ UCCJIRJ0BAHUS 3THM METOIOM.

Ocoﬁbm "UHTEpet  lipedcTaBaaeT . - «TeOMEeTpHYecKas Teo-'__
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pus audpakunu» Keanepa [42—44], ouepupyrowas ¢ au-
bpakunoHHeIMu nyyamu. Paza U aMNAMTY1a, COOTBETCT-
pyloUuIMe KaxKJoMy AH(PPAaKIHOHHOMY Jydy, ONpenessiorTcs
B KaxJIo# TOuKe Jyya Ha OCHOBAaHUH reOMeTPHYeCKHX CO-
o6paxkeHuil M 3aKOHA coxpaHerus sHepruu. Hauanbnasa am-
mIMTyAa AndpakUMOHHOrO Jyya MpejnoJaraercs Nponop-
HHOHaJbHOA aMMJUTyJe Najarollero Jyya B TO4Yke ero AH-
¢bpakuuu. HenspecTHbH KO3)(ULHEHT NPONOPLHOHANBHOCTH
MeXAy aMIJINTYIaMU W HayajbHas pasHocTb (az ompefne-
JSAIOTCS 43 CpPaBHEHHS C pe3ynbTaTaMi H3BECTHBIX pelle-
Uil (HQPAKUHMOHHBIX 3agau. TakuMm myTeM HaXoAsTcCs IO-
Js, paccesiHHble NPY HOPMAJBHOM NaJeHHH MJIOCKOH BOJIHBL
Ha MieJb U OTBEPCTHE B NJOCKOM 3KpaHe. DTH NOJs MOJY-
ueHBl C YYeTOM MHOI'OKPATHOH NU(PaKUUH, HO He SIBJSIOT-
Csl TOYHBIMHM pelUeHUsIMH BOJIHOBOTO ypaBHEHMS, TaK Kak
npu X pacueTe HCXOASAT U3 NPUOJIMMEHHBIX COOTHOLIEHUH.
Kpome Toro, reoMeTpuueckas TeOpusi AvPpaxkuuu He NpH-
MeHHMa BOJM3H KaYCTHK, 2 TaKxKe BOJJH3Y rJ1aBHOTO MaKCH-
MyMa AuarpaMMbl pacCesiHHSsl.

B meaasuno onydaaxosannoil cratse Byxana u Kensnepa
[02] mpe1ioAes HOBLIH Metc] pellerus (udpakIHOHHBIX 3a-
Jay JJsl OTBePCTHH B MJIOCKOM 3kpaHe. KaveTHku U rpaHH-
1Bl TEHH PaccMaTp#BalOTCs 3[4eCh KaK TOHKHE TONpaHUuHBIe
CN0Y, BHYTPH KOTOPLIX TIPOHCXOAUT OBICTPOE H3IMEHEHHUE
nossi. DTOT METOA JOMOJHAET reOMEeTPHUECKYIO TeopHuio AH-
(dpakiiud U D03BOJSIET, B YACTHOCTH, HAHTH TioJe B KayCTH-
Kax ¥ Ha TPaHULE TeHH.

B nocaexHee Bpems nis peuleduss 3amad o AudpakiHu
HA OTBEDCTHSIX B IIJIOCKOM 3KDAaHe MPHiMeHseTcs MeTon HHTe-
rpasgbHbix ypaBHedd#. B uactuoctu, ipunbepr {53, 54] cso-
JHT pelleHue NaHHOH 3afaud K MHTErpaJbHOMY YPaBHEeHHIO
\1J151 «TEeHeBOTO» TOKA, KOTOPBIH SIBJsIeTCS MO Haulell TepMu-
HOJIOTHH TOJOBUHOH HepaBHOMeprOH uyacth Toxa. [losyuen-
Hble MHTETpPa/bHbIE YDABHEHUS MOTYT OLITh pelleHH (mpH
JI00BIX COOTHOIIAHHAX MEXLY pasMepaMy 0TBEPCTUS M [JIH-
HOM BOJHBI) MeTO1CM TMOC/AeI0BATEAbHBIX MPUOMHKEHUH.
KpoMe TOro, OHHM {IO3BOJSIOT MONYUHTL ACHMITOTHUECKUE
Buipa¥keHds, MPHTOIHbIE AT KOPOTKMX BOJH. B craTee [55]
[punGepr Hamen acHMNTOTHUECKOE -BEIDAXKEHHE AJAA TOKA
Ha Jenre mpu ka 1 (2a — wwkpuna aente). [punbepr u
[Muvenos [56] moayuuan aHasoruuHOe peileHde B CaAydae
HOPMANBLHOTD NajeHuss TJIOCKOH BOJIHBI Ha KDYIJICce OTBep-
crue. TaKuM e MOTOJOM HalileHO acHMITOTHYeCKOoe BhIpa-
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JKeHHe 11d TOKA Ha INVIOCKOM KoJblle [57], wupHHa U BHY-
TPeHHUH AMaMeTp KOTOPOTO MHOIO. GOJibllle JJIHHBI BOJIHBL.

[Mepeuncaennsle Buille paGoTel {53—57] oTHOCATCA yKe
K MaTeMaTHYecKkod Teopud AudpaKlL¥u: B HUX NOJYyyeHbl
nepBble WIEHBl ACHMTTOTHYECKHX ‘PA3/IOXKEHHH JUIs TOKA,
NpU JKeJaHHH MOXKHO, MO-BHIHMOMY, BHIUUCAUTL U CJAEAYIO-
mue yaesel. K coxaneHuio, HafiieHHble 10 CHX TIOP ACHMI-
TOTHIECKHE BbIPaXKEHHS OTHOCATCS TOJIBKO K 'TOKaM, a Xa-
PaKTEDUCTHKH DACCESHUs MPHUXOAUTCS BBIUMCIATh € IMIO-
MOILBIO UNCJAEHHbIX KBadparyp [56]. Bcaeacrsue GricTpoit
OCHHJVISILMH NOJBIHTErpaJbHBIX (QYHKUHE TaKol NyTh BeseT
K JIOBOJBHO TPOMO3IKHM BBIYHUCJIEHISIM M He IMO3BOJISIET CO-
CTaBHTb HATJIAAHOTO IPEACTAaBJIEHHsT O (POPMUPOBAHHU pac-
CesHHOIO TIOJISI, a TakxKe HCCJAei0BaTh 3TO ToJe Haljexa-
wHM 00pasoM.

Munnap [58] paccmoTrpen 3afiauy o JudpaKUUU SMEKTPO-
MarHHTHBIX BOJIH Ha LM B MJOCKOM 3Kpaue. [losyueHnHas
MM cUCTeMa HHTerpaJsibHbIX ypPaBHEHHH [Js TOKa pelIaeTcs
MeTo40M MOoCJAeR0BaTe AbHBIX Npubanxkenuil. [To HafineHHBIM
TOKaM BBI4IC/IEHO 110/ B OTBEPCTHH, a 3aTeM MO NOJI0 B OT-
BEPCTMHA pPacCUMTAHO TOJie B JajbHeld 30He U K0dbdUIHEHT
NPOXOKAeHHs. Bce yKa3aHHBle BeJMYUHBI IIDeACTaBJEHbl B
BHJe aCHMIITOTHYECKOTO pasJiokKeHHs M0 oOpaTHBIM CTeme-
usm napamerpay/ kallonyueHo Takxke pemenue B caydae
CKOJIb35i1LIETO NMa1eHUS TIOCKOH BOJIHBL.

3aMeTHM, 4TO aCHMNTOTHYECKHe BBIPaXKeHHs, MNOJydeH-
Hbie METOJO0M HHTEerpajblblX ypaBHEHHH, OTVIMYAIOTCHA 3Ha-
YMTE/]bHOH CJIOKHOCTBIO M YacTo TpebyioT TalynHpOBaHHs
HOBLIX CIEUHaNbHBIX (GYHKIHH, BXOASILIAX B 3TH BbIpaxe-
HUS. o

B nenasuo Beimenmem toMe Handbuch der Physik {50},
IOCBSIIEHHOM TeOpHU JIU(PpPaAKUUH, KOMIJeKcHas Xapakre-
pPUCTHKA DacCesiHHsi IJIOCKOH BOJIHBL Ha JIeHTe HCCJelloBaHa
HENnoCpefCTBEHHO, MUHYs BbluHcaeHHe TokoB. [last 3To# Xxa-
PAKTEPHCTHKU COCTABJEHO CHHTYJASIPHOE HHTEerpaJjbHOoe ypas-
Helue, pelieHue KOTOPOTO HIIEeTCs B BANE aCHMITOTHYECKO-

ro paga no oGpaTueiM crenensmV ka. IlepBeiii uieH 3Toro
psima coorBercTByer ¢dopmynam (6.14) u (6.16), ceayio-
K uJieH yUUTHIBaeT B3aUMOJeHCTBHe KpaeB H ofpallaeTcs
B GECKOHEUHOCTb [PH CKOJb3sILEM MaJeHHH MJIOCKOH BOJ-
HBI, @ TaKxKe A/ ToueK HaGJMI0NeHH s, JeXalluX B IIJIOCKOCTH
Aedthl. [To3TOMy TIpOCTHle BBIpaKeHHsi, nmosayueHssle B [50],
He TMO3BOJISIIOT MOCTPOHTh MOJIHOH XapaKTePUCTHKH  pacces-
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nusa. B [50] paccMoTpena nudpaxuus Ha THCKe,-chepe, Gec-
KOHEYHOM KDPYIJIOM LUJIHHApE, a TakKke XaH 0030p OOLIHX
MeTO10B TeopHH AMdpakuux u Gubnuorpadus, oxXsaThiBalo-
uiasg Gosblioe yMca0 paGoT (TaBHBIM 06Pa30M HeMeUKHX
¥ aMepHKaHCKUX).

B kxuure Kunra u ¥ {[59] npusenen (kax mpasumo, 0Oe3
BBIBOJA) DS aCUMITOTHYECKHX BBIPAXKeHHHl, OTHOCAILIHXCS
K LIeJH M 'KPYrOBOMY OTBEpPCTHIO, a TaKike K APYTUM 1H-
tdpaxkuyonnelM o6bexTaM. OHHAKO M 3[eCb OTCYTCTBYIOT
(GOpMYMbI, O KOTOPLIM MOXKHO GbINO OBl TIOCTPOUTH Xapak-
TePHCTHKH DACCeAHHs Hia JIEHTe W jIHCKe NpH mio6om naje-
HHH TIJIOCKOH BOJIHBIL. .

Pa6otel mo pudpakuun Ha 0OBEMHBIX Tegax, HMEeUIuX
pebpa, cpaBHHTENbHO HeMHOrouucseHHu. B craTtbe Curess
v Apyrux [41] ¢ momMowblo aaeMEHTaPHBIX PaCCy’KIeHUH BhI-
yuciaeHa 3ppeKTHBHAA MOBEPXHOCTb DAaCCESIHHS [ KOHey-
HOTO KOHyCa IIpH MaJeHHH Ha HETo IJIOCKOH BOJIHBI BOJb
ocu cumMerpuu. [losyueHuble 31ech BBIpayKEHUA He TMOJHO-
CTbIO XapaKTEePH3YIOT PacCesiHHOe NOJie M TIPUTOJHBI JHIb
1711 OCTPHIX KOHYCOB, O 4UeM Mbl yxKe ynoMuHaau B § 17.
B cratbax Kensepa [44] koHuenunus 1upakiHOHHBIX JyUei
NpUMEeHseTCcsl K pacyeTy DacCesiHHsl CKaJsAPHOH U 3JeKTpo-
MariuTHOH NJOCKHX BOJIH Ha KOHEYHOM KDYTOBOM KOHYCe C
IJIOCKHM OCHOBaHMEM, & TaKiKe Ha KOHYCe, HMEIOUleM BMe-
CTO IJIOCKOTO OCHOBaHHsl cepuueckoe 3akpyraenue. ITony-
YyeHHBIe BBIpAXKEHHUS] HENPHUMEHHUMBI BOJH3M HEKOTOPBLIX Ha-
npasyieHuit ob6ayuenus u Habawonenus. B § 17 mbl nmoxasa-
JIY, YTO TIOJIe, PacCesiHHOe KOHYCOM M HEKOTOPBIMH APYTHMH
TeJlaMd BpalleHUs,, HE BBIPAZKAETCH TOJAbKO uepe3 (PyHKIlHH
[ n g, oTHOcAmMecs K AM(PAKUMOHHBIM JyuyaM, KOTOpBIE
pacxonstcs or pefpa KiauHa. DTOT pe3ynbTat, MO-BUIMMO-
MY, CBHJIETEJNbCTBYET O HEBO3MOMKHOCTH MOJIHOIO BBIYHCIE-
HHUS XapaKTePHCTHKH PACCETRHUS C TIOMOLIBIO KOHUENIIHH JH-
tpaKUHOHHEIX JyUel.

Hudpaknuondsle 3afayd, BO3HUKAIOLLME B TEOPUH aH-
TEHH, OTJIHYAIOTCS OOBIYHO GOJBLIOH CI0KHOCTBIO, TOCKOJb-
Ky COOTBeTCTBYIOIIHe MeTasJMHuecKHe Tena (3epkaJsa, pdy-
MOpHL U T. 1.) UMeIOT cl10xHYyI0 dopMmy. Tak Kak pasmepn
3THX TeJ 1 pas3Mephl H3JydalOLIUX OTBEPCTHH 3HaUMTEJbHO
Gosibllle AJMHBL BOJHBEI, TO NPHMeHeHHe (U3HYeCcKOoil TeopuH
JUppaKUMK K aHTEHHLIM 3aflauaM NpeNCTaBJasieTcd BeCbMa
TIepCNeKTHBHBIM. B 3TOM HampaBjeHHM CIeJaHBl JHIIL Nep-
Bble mary. Tak, Kuuodep {60, 61] nponspes pacuer paspasxu
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¥ GOKOBOTO M3/MyueHHsi 3epKajbHbHIX aHTeHH. Creundbuka
3epKaJibHbIX aHTEHH 3aK/I04aeTcs B TOM, YTO NHQpaKIHOH-
Hble Jy4yH, BO3HHKaIOIMe Ha Kpae 3epKaJjia, HCHLITHIBAIOT
MHOPOKpPaTHOe OTPaxKeHHe Ha ero BOTHYTON IIOBEPXHOCTH.
Bosnee nerajiibEO 3T0 MHOMOKpaTHOe OTpa)KeHHe HCCAEL0BA-
HO KuHGepoM NpHUMEHHTEIbHO K BOTHYTOH MOBEPXHOCTH LH-
JIMHApa H chepHl [62, 63].

Hudpakuuonsele 3aJayd, OTHOCSIIIMECS K aHTEHHOMY
BHOPATOPY — TOHKOMY UHJIHHIDHUYECKOMY TPOBOAHHKY —
paccMotpensl B ra. VII, TaM ke faHBl CCHIJIKH Ha JuTepa-
TYPY.

B 3akaroueHne ckaykeM HECKOJbKO CJOB O AH(pPaKIlii
KODOTKHX BOJIH Ha I'1aikHX Tenax. OcHOBHBEIE 3aKOHOMEDHO-
CTH, OTHOCSILLMECST K TAKHM 3ajJauaM, BbIICHeHbl B ¢yHOAa-
MeHTaJ/bHbIX paGoTax Poxa 1 JIeoHTOBHYA. ITH 3aKOHOMEp-
HOCTH ycTaHoOBJeHNbl CJedyiOllMMHM MeToJdaMHu MareMaruye-
CKOH Teopuu AuDpakUMU:

1. MeTo10M HHTErpaJbHOTO ypaBHEHHUS IJS TOKA Ha IIO-
BEPXHOCTH XODOILO NPOBOASINCIO Tesa (JOoXaslbHBIA Xapak-
Tep noJst B obnactu moayrtend, cM. [17]);

2. MeT010M acUMITCTHYECKOrO CYMMHpOBaHUs audpak-
IIHOHHBIX PAOB (TOK Ha mapaboaoune [64, 65]; pacnpocrpa-
HeHHe DAAMOBOJH Hal chepryeckoil semaeit [18, 66]).

3. MerogoM mapaboauuecKoro ypaBHeHHsl (pacmpocTpa-
HeHHe pajgMOBOJIH Hal MJAoCKoi {67] u chepuueckon [68, 69]
3eMJIei; 1MoJie MJIOCKOH 37eKTPOMarHUTHOH BOJHBI B 06J1aCTH
TOJYTEHH LJs1 J11000T0 BhINyKJAoro Tena [70]).

Kennep [42], onnpasico Ha KoHUenuuioo MUPpaKUHOHHBIX
Jgyyel, NOJAyYUJ BbipazKeltie 1A T0Jas B FIyOOKOH TeHH NpH
IA(paKIH{d Ha BHIMYKJIOM LUUJAHHAPE C JlepeMeHHOH KPHBH3-
HOU. B uacTHBIX ciayyasx 3JaUINTHYECKOro u napaboande-
CKOTo IHJHHApPA, KaK NMoKazauo B padorax BaliHmrefiHa u
®enopora [71] u VBaunosa [33], popmyart Kennepa coraa-
CYIOTCA € pe3ysabTataMyu 0cJjee CTPOTOro MaTeMaTH4eCKOro He-
CJlel0BaHus, KOTOPOE NO3BOJisIeT TOuHee u3yuuth (cM. [71])
TpeBpalleHde TUPPaKLHOHHBIX Jydell B oObIUHBIE H Ha060-
pPOT.

Bosee obuiuit moaxoa K AMGpakiuui Ha BEIMYKJBIX Teaax
naer MeroJ NapaboOJKYECKOro ypaBHEHHS, 3allMCaHHOTO B
TaK Ha3blBAaeMbIX JYYEBBIX KOOpAHHATaXx. JTOT MeTOX IIO-
3BOJISIET MOJNYYHTb Oflilee BblpakeHne Ads pyHkuuu I'puna
B cayyae kpyroBoro uuansapa [72, 73]. INo-suguMomy, nas-
HBIf MeTOJ B HaJjbHellleM yAacTcs NPUMEHUTh H K OPYTHM,
B TOM uHc/Je K TPeXMepPHBIM AH(PaKUHOHHHIM 3afayaM.
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I'JIABA VI

HEKOTOPDBIE SIBJIEHHS, CBSI3BAHHBIE
C HEPABHOMEPHOM YACTbIO
NOBEPXHOCTHOIO TOKA

B npenwiaymux raaBax 6blI0 TIPOBEAEHO TeOpeTHYeCKoe
HcCJe0BaHUe TNOJs, MU3JyYaEMOI0 HepPaBHOMEPHOH YacCThlo
TOKa. B naHHOM riaBe Mbl M3JI0KHM METOI U3MEPEHUS 3TO-
ro noast (§ 26) u paccMoTpuM siBJeHHe AeNoJiipH3alUy OT-
paxerHoro curaajna (§ 27).

OKcnepuMeHTAIbHbIH MeTOA HM3MepeHHs MoJis OT Hepas-
HOMEpHOH yactd TOKa Obli IpENJOKEH BIepBble NS Tel
Bpawenus B crarbe E. H. Maiizensca u aBtopa [12]. Bno-
caeAcTBUH OBLIO TIOKA3aHO, YTO 3TOT METOJA HMeeT YHHBep-
CaJIbHBIIl XapaKTep ¥ IIPUTOAEH [JIst U3MepPEHHs NOJsl OT He-
paBHOMEpPHOH 4dCTH TOKa, BO36y:K1aeMOro NJ0CKOH BOJIHOM
Ha JIo6BIX MeTaauueckux tenax [13].

. § 26. HK3MEPEHHUE NOJis, H3JIYYAEMOTO
HEPABHOMEPHO¥ YACTbIO TOKA

Ilyctb .B cBOGOAHOM IPOCTPAHCTBE HAXOIHUTCS HAEasbHO
NpOBOJsillee TeJNO TPOU3BOJBHON (OPMBEI, 3JeMEHT IOBEepX-
HOCTH KoToporo u3obpaxken Ha puc. 69. Cucremy Koopnu-
HaT BhiGepeM Tak, yToOH ee HayaJo JexaJso BOJIH3U Teud,
a ucrounnk Q Obln pacrosoxeH B Mjaockoctd x=0. Ecmau
paccTosiiie MeXJ1y TeJOM H HCTOUYHHKOM MHOTro- GoJblue
pa3MepoB TeJa, TO NajJaloULlyl0 BOJHY MOXKHO pacCMaTpH-
BaTb BOJIM3M Tesa Kak maockylo. [lpencraBuM ee B Buae

Eszoxeik(y sin y+2 cos 1), EU=O. (2601)

3aech y — yroa Mexny Hopmaabio N K (GpOHTY BOJIHBL H
0CbIO Z.
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ITomectnm Temepp mepeil HCTOYHMKOM [lapajliiebHO
dponty u3snyuaeMoil BOJHb mMoaspusatop P, mpeoGpasyio-
WA JHHEHO MOJNsPH30BaKHOE M3JyYeHHe B BOJHY KPYro-
BOH moaspusauuu. IlycTs mpowenwas uepes momsipusatop

Puc. 69.- K samave o audpakuuu 3JeKTpPOMarHHTHBIX

BOJH Ha [POU3BOJILHOM: MeTallidueckoM teje. dS —

sJeMedtT TOBEPXHOCTH TeJa, N — HopMaib kK (pPOHTY

najal:ieii BOJAHB, Q — UCTOYHHK, P — nojaspusarop,

Npeo6pasyiowuil JMHEHHO M)JAAPH3OBAHH)NE H3JIyueHHe
B BOJHY C Bpaulaiolleics noJsipusanued.

BOJIHA C 3JIeKTPHUeCKUM BekTopoM E, oTcraer mo ¢ase Ha
90° or BOJMBI C 3JeKTpPHUeCKUM BekTopoM £ (puc. 70).
B stoM cayuae mosspus3atop OcyllecTBJ/sieT NpaBoe Bpallle:
Hue *. B pesysnbTare moJsie najaiouleil BOJHB B HauaJe Ko-
opauHaT OyaeT paBHO

T

. T i
‘3 7

E.=2—E, Hy= 3—27 E,s. _ (26.02)

Tlose, paccesidHoe TEJIOM, MOXHO [IPeACTaBATb B BOJ-
HOBOH 30He CJeAyloLUMM 06pasoM:

. T
T
iaE,. e

Ve (26.03)

E,——Hy=

[_

zaE‘,,c e

okR
Ey=H,=—~ VT 2(’3"?)—,?—,

*IlpocTefilinM npHMepoM TaKOTo MNOJAPH3AaTOpa MOMKeET CJYXKHTb
cHCTeMa METa/IMUeCKHX fJACTHH, NMapasie/bHBIX BEKTOPY €.
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rie a-— ecTb HeKOTOpas AJIHHA, XapakTepusylollas pasmep
tejaa, a L (¥, ¢) u X(9, ) — HeusBecTHble yrjoBble  (YHK-
uunn. [lone (26.03) npeacrasisier co6ol B oflmem ciaydae

ez

[
€n v Puc. 70.

3

SJUTHII THYECKH HOJIﬁpI/ISOBaHHle BOJIHY. B HamnpaBJICHUH Ha
1
UCTOYHHUK <{}:_—1t—‘{, (p:-—»—y) 9Ta BOJHA HOpOXOo4HT

yepes3 IMOJdpU3aTop M CO3JAaeT 32 HHM TIoJe

Eoop o laEm g S F
coET T T2 +‘1 ’ (26.04)
iaE,, oikR
Eg=Hy=—3"= ) &>
rae N
L/ N\
Y. =7 (Z=Y) (26.05)

Ecnu HCTOYHMK M3Jayyaer BOJIHY APYroft MOJSIpU3aLHH
(Ho L yoz), To BosHA, OTpaXkKeHHasT TeJOM M MpoLIeALIast ye-
pe3 mospH3aTOpP, ONMHUCHIBAETSS B TOYKe Q aHAJOTHYHBIMH
COOTHOLUEHUSIMH

i . )

iaH,, ?i[i Y5 I
He=Ey=""5"Q, ®° > L (26.06)

iaH,, oikR .

Hy=—E.="3= Y o]

PaccMorpum Tenepnp B mpuGAMKeHHH (U3HYECKOM ONTH-
KM An(dpaxkUHuIO NJ0CKOH JIMHEHHO INOJSPH30BAHHOH BOJIHHI
na tom xe tese. Corsacuo onpenenenuio (3.01) paBHomep-
Hasl 4acTb TOKa, BO30YK1aeMOro Ha IOBepXHOCTH TeJsa MJlo-
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¢koit Bomuo#t, npu E-monspusanuum magamuledl BoMHbI
(Ey L yoz) paBHa

i3 =— 50 Eox (nysin 4 n, cos y) €

g
j‘; = if? E - ny-siny e, ; (26.07)
)

0 c - i
j,= Q?on’nx cosye”,

a npu H-nonspusauuu (H, | y0z)

it =0, i
. > i |
jy =5 Hox ns€", { (26.08)
o
o= —5=Hox-ny-e™. }|

3necb Eoy U Hy, — aMIUUTYAbl  3J€KTPUYECKOTO M MATHHT-
HOTO MmoJisl TNajaiollefl BOJHB COOTBETCTBEHHO Inpu E- u
H-nonsipusanuu, ¢ =k (y"siny -2’ cosy) — dasa napawouei
BOJIHBI B TOUKe (X', ¥, 2’) Ha IIOBEPXHOCTH TeJaa; My, Ny,
n, — KOMMOHEHTH HOpMaJ/i K TIOBEPXHOCTH B TOH Ke
TOUKe.

Boluncas  ganee IO 3TOMY TOKY BeKTOp-NOTEHIHAJ
B JajbHe# 30He W NMOACTaBJAs ero 3w€aueHuss B GOpMy.JIbi

-E?=—H%=ik/\¢, ]

26.09
Eg=H, =ikA,, | (2099

HafiieM paccesiHHoe moJie. [lpu FE-nossipusanun OHO paBHO

E . H ik E eikR . . )
o=—Hy=5 - Eqx—p— [fysiny cos e
~+(n, sin Y+ n, cos 1) sin 9] *asS, (26.10)

ik etkR . . .
E3=H9=§1TE°“'—R—' [nx(sinycos¥sing — colesmf}) —

— (n,sin {4 n,cosy)cos g cos#] e”®dS,  (26.10)
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a mpu H-nonsipusauuu

; kR
E=—H=2% H, cos¢ —e—R—S n.e"°ds,
- (26.11)
S(ny sin & -+ n,sinp cos §) e**dS.

oikR
R

3pech R, ¥, ¢ — cheprnueckne KOOpPAMHATHl TOUKH Habmode-
agenuss, ®=¢ —kr'cosQ, a HHTerpupoBaHHe OCyILECT-
B/AfETCS TI0 OCBRIlEHHBIM 3JIeMEHTaM MOBepXHOCTH TeJa.
B paaMOJIOKaLlMOHHOM cJydae, KOrja HampapjeHuss HabJio-

. ik

JneHuss U o6JiyyeHHs COBMNAJaloT (8 =n—y, = — _”2_), H3
¢dopmya (26.10) n (26.11) cooTBeTCTBEHHO CaepyeT
. ik iRR X ]
Ex=—Hy=— —;—: oneTj(nl,smy-k I

+ g2 cosy) e ds, t (26.12)
Ey=H,=0 !

ik eteR p
Ey=H =g H,, % (nysiny -4

~- n, cos ) e dS,

\
} (26.13)
E.=H,=0. |

[Tonaras panee aMmaUTyAbl NAJAIOLIHX BOJIH 3a4aHHBIMU
tdopmyaoir  (26.02), 3anumieM Bblpaxenns (26.12) u (26.13)
cledytoliuM 0o0pa3oM:

_ __iaEyu e et 5,
Eem—Hy="2% 35 7 | (6.14)
. —if 1kR ]
E. —H __laEy e _ & I
8 x b ) ’
vz R )

rae
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[TpenctaBuM Temepp yrioBble (YHKIHUH PACCESHHOTO
nossa (26.03) B Bume

t4 1l
|

=X 4T, } (26.16)
S

rae ¢ysknum X°, X° u X', X' oTHOCSATCS K NOJIO, U3Jydae-
MOMY COOTBETCTBEHHO paBHOMepHOH W HepaBHOMEPHOH ua-
cThio Toka. [ToacTaBiAa 3Ty BeipaxkeHus: B popmyssl (26.04)
1 (26.06) n yuntnBas ~ cooTHowenne (26.195), naiimem pac-
cesiHHOe IIoJle, Mpollefliee yepe3 I[0JspH3aTop P K HCTOU-
HUKY Q. B cayuae E-moJspusanuu OHO paBHO

Ar_ )

Ey=—H,: ».lant s T S 7 l
&= ) } (26.17)

E —H. = M#(Q}:o_l__:l . \*1) _tL/. !

. »
a B ciyuae H-monsipnsauun

. .ﬂ: )

H —_ E laHox (vl—‘— z‘l th E l
(26.18)

taH,,x

Hy= — E,="3= or 42 -5 Sl | :

J

®usnueckuii CMbICJ TOJYYEHHOTO pe3yJabTaTa 3aKJIo-
4yaeTcs B cjaenyioniem. PaccesHHoe — TejioM  moJie B
Touke @ sBJsleTCd CyMMOH [OBYX BOJIH, IOJSIPH3OBaH-
HBIX BO B3aWMHO TepleHANKYJAPHBX HampaBjieHusx. OT-
pa)keHHasi BOJIHA, MOJIIPU30BAaHHAs TaK- 2Ke, Kak H TIep-
BHYHOE W3JIyUeHHe HCTOYHHKA, onpejedsercd (QyHKuued

I, = —;- (S*+Z') 4 CO3MaHO TOJILKO HepaBHOMEpHOI YacThio
Toka. OTpakeHHasi BOJIHA C MEPIEHAUKYJSIPHON MOJApu3an el
onucuiBaeTca dynkuuedt T_ =2%° L' —3¥' u mnpexacras-
JseT co0oil mose, wusjayyaemMoe ofeMMH YacTsIMH TOKa. 3a-
MeTuM, uTo GyHKnud X' u X' B o6lleM Cjayyae He COBMa-
JalOT U MO3TOMY B BbIpaXKEeHHH AJs L_ He KOMIIEHCHPYIOTCS.
Jpyrumu cnoBamu, moJie, H3jlygaeMoe DaBHOMEDHOH 4YacTbiO

TOKa, He MOMXKeT ObITh BoIAENEHO B JaHHOM c.nyqae n3 pac
CesJHHOT O ToJ.
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Takum obpasoM, paccMOTPeHHBLI cnocol No3Bo.sIeT Bh-
LeJUTh U3 TOJHOTO MOJIsl, PACCEeSIHHOIO JIIOGBIMH MeTaJsan-
YeCKHMH TeJaMU KOHEYHBbIX Pa3MepOB, Ty €ro 4acTb, KOTOpast
0o6ycJIOBJJeHAa MCKPHBJIEHNeM IOBEPXHOCTH (H3rH6OM, M3J0-
MOM, OCTpHeM, BbiCTynmoM, orBepcTHeM u T. A.). Cuenyer
OTMETHUTb, YTO B CJAyUae PaccesHHsi 3JeKTPOMATHUTHBIX BOJIH
Ha CHCTeMe Pa3pO3HEHHBIX TeJa BbledseMass YacTb TIOJ:
o6ycjioB/ieHa He TOJNLKO HCKDHBJEHUEM TOBEPXHOCTH, HO U
IU(ppaKLHOHHBIM B3aUMOLEHCTBUEM TeJl.

HyxHo, ofHako, uMerh' B BHIY, 4TO YKa3aHHOe pa3je-
JIeHHe pAacCessHHOro Mo.jst Moxker OBITE OCYLIECTBJIEHO He
B MPOU3BOJBHOM HanpapIeHKW HAOMIOTeHHs, a JIHWb B Ha-

NpaBJIeHH, A KOTOPOTO BBINOJHSETCA Yc/a0BHe X0=—30,
HalpuMep, B HaTPABJIEHUH HA UCTOUHUK.

Yuer HepaBHOMepHOH YacT# TOKA MO3BOJSIET TaKXKe 00b-
SICHUTh AeNoJsIPU3alHUIo OTPaXKeHHOH BOJIHBI, KOTODYIO MBI
paccMOTPHUM B CieldylollleM nmaparpade.

Ha puc. 71 npencrasjieHbl pe3ysbTaTbhl H3MepeHnuii * H
pacueToB 3G (PeKTHBHOH MOBEPXHOCTH pAacCesHUs

st —rat ¥, [P= - ma? | B E N (26.19)

KoTopast O0OyCJIOBJieHa HepaBHOMEDHOH 4YacTblO TOKa, BO3-

Oy3K1aeMOro IJIOCKOH 3JIeKTPOMarHMTHOH BOJIHOH Ha JHCKe.

5A
JluameTp AHMCKa paBeH 2a=—ﬂ— (A -— monuna BonHR). Pac-

YeThl BHINOJHEHbl C yYeTOM BTOPHYHOH NU(PaKLUK MO TpH-

GnumxeHHbIM (opMysaaM ist QyHkIuA X U X, BblBeJeHHBIM
B § 24. IlockonbKy H3TOTOBUTb TOHKHI AUCK C AOCTAaTOYHO
IUVIOCKOH IOBEPXHOCTBIO TPY[IHO, M3MEpPEHHs IPOBOJHIIUCH
C TymnblM KOHyeOM, OJIH3KUM MO (opMe K JHCKY H HMEKLAM
BbICOTY, PaBHYIO NPUMEPHO OJHOH NecsToil auameTpa.

Kak BugHO n3 puc. 71, Teopernyeckass H OSKCIepPHMeH-
TaJbHAas KPUBBbIEe JOCTAaTOYHO OJH3KH APYyr K mpyry. Heko-
TOpOe pacXoxXKIeHUe MEXKAY HUMH, acOOeHHO B 06J1acTH 3Ha-
yeHn#t vy, 6au3KkuX K 90°, MOXKHO, TIO-BHAMMOMY, OOBSCHHUTD
Kak KOHHueckofl ¢opmoii o6pa3ma, Tak U TPUOIHKEHHBIM
XapakTepoM pacuerHHBIX ¢opmys. 3Hauenue y=90° cooTBer-
CTByeT HaNlpaBJieHUIO BO0JIb NMOBEPXHOCTH NHCKa, a 3Haue-

HHe y=0° —HampaB/ieHHIO, HOPMAJBLHOMY K IHCKY.
* CM. cHOcKy Ha orp. 101. e
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N §

Puc. 71. InarpaMMa uaiyyeHus oT HEpaBHOMEPHOH ya-
CTH TOKa, TEKYUIero Ha [HCKe.
’

§ 27. LENOJISPU3ALHS OTPA)XEHHOM BOJIHbI

Bepuemcs onath K 3ajaye O PaCCesiHAM 3JeKTPOMArHHT-
HOH BOJIHBI Ha NPOU3BOJbLHOM MeTaJJIMueckoM Tese. Baaum-
HOe pacrosiokedue HMCTOYHHKA Q, 37eMeHTa NOBEpPXHOCTi
o6/nyuaeMOro tesa M CHCTEMBl KOOPAMHAT MOKa3aHO Ha
puc. 69. HanmomuuM, 4To HCTOYHHK Q HaXOLHTCS B MJOCKO-
cty y0z v u3nyyaer JMHEHHO MOJNAPU3OBAHHYIO BOJHY. By-
JeM panee cuuTaTh, YTO TOJApH3aTOp P, u3o6pakeHHb!!
Ha puc. 69, Tenepb oTCYTCTBYET.
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O6o3HauuM uepe3 a Yroa MeXAy MJIOCKOCTbIO Yoz
i 3nekTpuueckuM BektopoM E, mapatomieir BosHbl (puc. 72).
ITone 3Tof BOJHBI NpeACTaBUM B BHAE

S . ik(y sin Y+2 cos 1)
Ey=H, = E e ,

H,=— Eo-, — Hoxeik(ysin a--zcos 1)’ (27.01)
rae
Epe= Eosina, Hyo=— E,cos 2= =tga. (27.02)
. oy
K er
Eo
d.
Oz
Puc. 72

PaccesiHHoe Tesom mosie onpejeJsieTcss B BOJHOBOH 30He
(opmyaamu
. . .
Eep =—H,= 5 [EoxE (Y, B, ?)\‘l"
kR

+ HoxZ, (1, 8, 9)]

ia _ ) (27.03)
E%= e 9 [EOxzz (‘{’ o, cP)_i_
kR

i
+ H,oeZ (1, 9, 9)] 25

3mecb @ — HeKOTOpasi AJHHA, XapaKTepH3ylollas pa3Mmep
Teqa, R, §, ¢ — cepuyeckue KOOpAMHATHI TOUKH HabJIOAe-
wus, Z,,(1, 9, ¢) u X ,(f, ¥, ¢) —HeusBecTHele  yrioBble
(hyHKLLKH.

OueBuaHO, UTO TOJSIPH3allUst PACCESTHHOTO MOJAS, T. e.
OPHEHTalHsd B NPOCTPAHCTBE €r0 3/1E€KTPHUECKOTO BEKTOpa.
38BHCHT CAOXKHBIM 00pa3oM OT HanpasJeHUH Habal01eHHa H
o6iyueHus. B HampasjeHuM ‘Ha MCTOYHHK OHa MOXKET He

191



coBMajarb C MNOJAAPH3ALUMHEHd BOJIHBI, H3Jdy4daeMOil HCTOUHH-
KoM. Takoe siBleHHe Ha3bIBAae€TCs [JenoJdspusaureii orpa-
JKEHHOH BOJIHHI.

[lpuunHy [enoJspH3aluu Jerko YCTaHOBUTb, eCJH pac-
CesiHHOe [10Jle  pacCcMaTpuBaTh KakK CyMMy moJiedf, u3sJjydae-
MBIX paBHOMep:HOH H HepaBHOMepHOH dacTsaMH TOKa. B camom
Aene, corjacHo § 26 paBiomepias 4YacTb TOKA H3Jydaer

B HalpaB/eHWH Ha UCTOUHHK (3= T—, P=— —2—) nosie
Ex == — H’S = i(lon i{i EO ]
> R . (27.04)
. __iaHy et ‘
E,= H(?—— 3 TL".
Oyuknuu 50 u Y0 yiOBIETBOPAIOT ycAOBHIO L°= —ZL°H

onucuiBalOTCs opmynol’ . (26.15). M3 dopmysnl (27.04) ne-
Me/JIEHHO ToJly4yaeM PaBeHCTBO

i,_x —=tga, (27.05)
8
KOTOpOe O3HayaeT, 4TO B NPHUOIHKeHUH PU3NUECKOH ONTH-
KM OTpa’KeHHasi BOJHA He HCIBLITBIBAET JelojspU3alluu.
CilenoBarteibHO, [eNoJsipH3anusi OTpaK€HHOHW BOJHB 00y-
CJIOBJIEHA TOAbKO HEPABHOMEPHOLU 4aCTbl0 TOKA WJIM, HHAue
TOBOpPS, HCKPHBJIEHHEM OBEPXHOCTH.

BruiBenem cdopmyny AJsi BeaMuMHBI yraa O, Ha KOTOPHIH
TMOBOpPAUHBAETCA BEKTOD 3JEKTPHYECKOro MOJs OTPa>KeHHOH
BOJIHbL MO OTHOLIEHHIO K 3JEKTPHUeCKOMY BEKTOPY BOJHBI,
usnyyaeMoi ucrouHmkoM. C 3TOH LeJbI0 TNPeICTaBUM

GyHKIMHT 2y (2 1 21 () B BUIE

s ¥0 !
z‘ (2) = Ll(2) + 2'1(2)' 1

v . 0 vl l
~1(2) "—21(2)-—’— (2

390 WO
rie cjaraemble 21(2) L

. 2 2
MOMYy paBHOMEpHOM YacCTbIO TOKa, a cJjiaraemMmble 21(2) H
2:(2) — [IOJIIO, H3JydYaeMOMy HepaBHomepHoﬁ 4YaCTbO TOKa.

Cpasuuasi Boipaxkeuusa (27.04) u (27.03), HaxommM, 4TO
0T 0 '
=X, =0, |

(27.06)

u COOTBETCTBYIOT IIOJIIO, H3Jaydaer

_ _ (27.07)
%, =0, ﬁ;-m[ ‘
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[Toaromy nose, paccesiHHOe B HANpaBJeHHH HA HCTOU-

HUK (19_—_1:—*{, = — —g—), 6yneT paBHO
. L L WikR
Ei=—Hy="7[E.x (B°+ )4 H,,X] eR ]
) . (27.08)
E _H __i_a[E il-—H (Eo_\»\l)] elkR
s—HHx=7 0x~o ox “2 R

DJleKTpHUECKHH BEKTOpP 3TOTrO nojsi o6pasyeT € MIOCKOCTHIO
yoz yron B, KoTopuii ompejesercss GopmyJioi

043 — 5l et
DERTRCRY o (27.09)
35+ 3ltga

E..

B pesy/ibTaTe HCKOMBIH yroa §, KOTOPBI XapaKTepU3yeT Be-
JUYHHY JIeNOoNsIpH3aluy, GyIeT paBeH
d=a—B. (27.10)

Takum o6pa3oM, mojie OT HepaBHOMEPHOH YaCTH TOKa,
BBIJEJISIEMOE «B, YHCTOM BHIE» C MOMOILbI0 NOJSpPU3aTOPa
(§ 26), npuBOAMT K AeNOJsIPH3ALNH PACCESTHHOTO H3JTYUeHHUSI.

KonKkpeTHBle pe3y/ibTaThl II0 pacuery AeNnoJspH3aluy
BOJIH, OTPaKEHHBIX OT HEKOTODHIX TeJ, MOXHO HaWTH, Ha-
npumep, B paborax Xuruaa [75—77] u Bekmana [78]. B ua-
CTHOCTH, B cTaTbe [77] noKa3aHo, YTO BJHSIHHEM MeINOJspHU-
3allMd Ha 3¢ (PeKTUBHYIO MOBEPXHOCTb pacCesiHUs BBINYKJBIX
TeJ MOXKHO NpaKTHYecKH TIpeHeGpeub TOJBKO NMPH YCJIOBHH
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[JTABA VII

JHU®PAKLHA. HA ‘TOHKOM LHHJIHHAPHYECKOM
NPOBOOHUKE

[Toutu BO Bcex paboTax, NOCBSAILEHHBIX AU(PAKIUU TIIO-
CKHX 3JeKTPOMATHHTHBIX BOJIH Ha TOHKOM LM/JIMHAPHYECKOM
IIPOBOAHHUKE, HCCAEAYIOT HaBOAUMBIH B MpOBOJE TOK, a 3a-
TeM, MHTEerPUpysl NocAeAHHH, BBIYUCASIOT pacCesiHHOe MoJie
B AaabHeH 30He. ONHAKO B CHUJAY CJ0KHOCTH 3ITOil 3apaud.
CpaBHHUTENBHO NPOCTLIe POPMYJbl YIAETCH TIOJNYYHTL JAHLID
B UaCTHOM cJryuae, Korja HanpasJjeHdHe HaOalOleHUs H Ha-
npabJjeHHe Ha HCTOUHHK COBMAJAIOT W MNepTeHIVKYJSAPHEI
K ocH npoBoiHHUKa. B obiem ciayuae, korga yka3aHHble Ha-
MpaB/JeHHUs e COBMATaloT U NPOU3BOJIbHBI, BBIPAWKEHUS AJ3A
paccesiHHOro IIOJISI CTAHOBSITCS BeCbMd CJAOXKHBIMM M He-
ya0oOHbBIMH 1751 pacdeToB. [locKoJIbKY HX NOJy4aloT HHTE-
FpHpPOBaHHEM NPUOJIHKEHHBIX BBIpaX(E€HHH 145 TOKa, TO
OKa3biBaeTcsl, yTo OHM 00aajaloT ellle OJHUM CYLIeCTBeH-
HBIM HEAOCTAaTKOM —- He YIOBJETBODPSIOT NMPUHLHIY B3aUM-
HOCTH.

B 1aHHOW ryaBe TOJYYCHBI SIBHble BbIpaKeHHUsl /15 pac-
CesIHHOTO TOJisl, NMPUrOIHBIE [Js PACUETOB MU ~1IOObIX Ha-
npaBJjeHusx 00Jy4YeHust u HabarogeHusi. [Ipu 3TOoM MBI yuu-
ThIBA€M KaK NepBHUHBle KpaeBble BOJIHB, BO30yXKIaeMble
nagamouleil MJI0CKOH BOJHOH, TaK W BTOPHYHBIE, TPETHYHbIC
W T. 1. KpaeBble BoJHbL [lo/iHOe paccesiHHOe MoJie HaXOIHT-
Csl CYMMHUPOBaHHEM BCeX TH(PPaKUHOHWHBIX BOJH.

§ 28. BOJIHbl TOKA B MAEAJIbHO NMPOBOASILUEM
BHBPATOPE

3J1€KTpOIU/IHaMHlIeCKaH 3ajaaua 00 onpeneJeHuu TOKa
B TOHKHX LHJIMHIPHYECKUX INPOBOAHHKax (Bubpartopax)
O6GBIYHO CBORUTCH K HHTerpojHddepeHlinalbHOMY ypaBHe-
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Huw. [ocaenrnee BBIBOIUTCS € MOMOILBIO I'D aHHYHBIX YCJIOBHH
Ha TOBEPXHOCTH NPOBOAHHKA M CYLIECTBEHHO ympollaercs
B CJyuyae TOHKHX TPOBOJOB, KOTJa BHIMOMNHSIOTCS HepaBeH-
CTBA

+<luka<l, (28.01)

2n
™

Ero pemedne MoxeT GbITh Hafi€HO, HaNp#AMep, Mero-
JIOM TnocJegoBaTe bHLIX npubauxenuit [79, 80] uau mero-
aoM BoaMmyuieduli [85]. Henasno Baiinuwrreiin [81, 82] npen-
JIOXKHUJI HOBOE pellleHHe 3TOro ypaBHeHus. [lockonbky B
najbHelimeM Mbl 6y71eM OMUPaTbCA Ha pe3yabTaThl paboT
{81, 82], ocranoBuMCS Ha HUX OoJee 1101POSHO.

[IpennosoxuMm, YyTo ochb CHMMeTpHM BHOpaTOpa COBMe-
lIeHa C OChIO Z, a 2ro KOHibl MMeIOT KOOpPAHHATHl 2=2; H
z=2y (L=2—2;). B cnyuae Bo30y:xIeHuss Bubparopa co-
CPENOTOYEHHBIM CTOPOHHHM TIOJIEM

E® =8 (z) (28.02)

[O]
rage a — paauyc, L-— pJuHa nposoaa, k =— =—

TOK J (2) B NPOBOAE MOXHO OYEBILHO 3aMMCaTbh B BUIE CyM-
MBI BOJIH, O€ryIHX MO INPOBOAY CO CKOPOCTBIO C OT TOUKH
Bo30yKaenuss z=0 il KOHUOB Z=2; U 2=2,. B pabore [81]
NMoKa3aHo, YTO KOMIJeKCHble aMILTHTYAbl 3THX BOJH. CyThb
MeIJeHHO MeHstollecs (YHKIHHA KOODAHMHATHL 2, KOTODBIE
MOXKHO TPUOJMKEHHO BBIPA3UTh 4epe3 GYHKHHUIO P (2), Tak
uro jas toka J(z) mosyduMm craenyiollee BhIpaXkKeHHe:

J@)=J[v(z)e* 2 4+ A ¢ (z —z,)e* T+

+ A, b (z, —2z) ™) (28.03)
3aech BeMYMHA
Jy=— y=1781... (28.04)
41n ?Ea_

onpejessier HauaJbHOe 3HaueHUe BOJIHBI TOKa, pacnpocTpa-
HslOllefics OT TOUKM BO30y:KTeHHA *, a QyHKUHs P (2) sB-

* 3ameruM, 4to ¢opmyay (28.04) MoOXKHO YTOUHHMTh, YMHOXas €€
NPaBylo YacTb #Ha MHOXKHTEIb O (00buHO ©@g=~1), BLIYHCIEHHBI]l B pa-
Gote [84].
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JSeTCsl PellleHueM HHTETPanbHOrO ypaBHEHHS H, KpoMe me-
peMeHHOH 2, 3aBUCHT TaKike OT IapaMeTpoB 2 U a. Mb He
OyneM 3[echb ITepPEUHCAsiTh BCeX CBOWUCTB (pyHKuuH P(2), 0T-
METHM JHIIb, YTO OHa YyAOBAETBOPSET YC/JIOBHIM

$(0)=1, ¢(c0)=0, (28.05)

a ee abco/IOTHAS BeJMYUHA MOHOTOHHO YOBRIBaer ¢ POCTOM
2. D10 yOBIBaHHE — JOBOJIbHO MeEJJIEHHOe H He HUMeIOIee
IKCNOHEHLHAJbHOI'O XapakTepa—OoO0yC/IOB/IEHO HU3/yUeHHEM.
TMocrosiuubie A; U Ay onpenensiioT HauaJbHble 3HAYEHUA
BOJII TOKA, HAYHMHAIOUHXCS COOTBETCTBEHHO B TOYKAX 2=
=2 U Z=2p i PacnpoCTPaAHAIOIHUXCS [0 HaNpaBJIEHHIO K
[POTHBOINONOXKHOMY KOHHY NPOBOJAA. DTH TIOCTOSIHHBIE Ha-
XOISITCA M3 YCJOBHHM Ha KOHIAaX TIpOBOJA '

J(z)=1(2,)=0 (28.06)
1 paBHBI
A= [4(—2) — § (@) (L) e e,
] o (28.07)
Av=— 75 [bz) — (=2 p (L) e e,
rae D==12¢*(L) ¥, (28.08)

1
[puHuMas BO BHHMaHHe, YTO BENMYHHA - PaBHA Gecko-
HeuHOM reoMeTPHYecKOH NporpeccHu

o =1+ L) e L) e™ 4., (28.09)

BoipakeHHe (28.03) MoxkHO 3ammcaTh B pasBepHYTOM BHAE
J@)=1{p (12 )™ !*! —g(—21) e T [P (2—z,) €T
—$(L) €™ § (2. —2) @I ¢ (L) g (2 —
—z) oikE—2) __ ] — b (za) eikz, [4 (2, —2) eik(z,—-z)__
—¢ (D)™ (2 —z,) T
492 (L)e™p (z, —z)e®H=P— ). (28.10)

Orcrofa Bujed Qusnueckuil cmuica Bbipaxkenns (28.03). Ilep-
Boe cJjaraemoe B Qopmyse (28.10) npencrasaser coboit
MepPBUYHYI0 BOJIHY TOKa, COBMNAJalollyl0 C BOJIHOH, KOTOpas
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BO30y>KaaeTcss COCPeLOTOYEHHOH 3. 1. €. B GeckOHeuHO
IJMHHOM TIpoBOZe. Bropoe caaraemoe (co BCelf KBaapaTHON
CKOG6KOI) COOTBETCTBYeT TOKY, MOJIy4eHHOMY INpH OTpaXKeHUH
MEepBHYHOM BOJHBI TOKa OT KOHIIA TPOBOJA 2 =2; U B pe-
3yJbTaTe TMOCJELYIOIMX OTpaXeHWH OT KOHIIOB IIpOBOJA
BO3HHKLIEH 0OpH 3TOM BOJHBI —J, ¢ (— zl)e—‘kz‘q» (z—
— 2,) e®¢™®) Tperbe caaraemoe (co Bceit KBaapaTHON CKOG-
KOIf) COOTBETCTBYeT TOKY, MOJIydeHHOMY @PH OTpaxKeHHU
TIepBHYHOM BOJIHBI OT KOHIA 2 =2, W B pe3yJjbTaTe IOC/]e-
AYIOWUX OTPaXKeHHA OT KOHIOB NPOBOAA BOSHHMKLIEH mpw
3TOM BOJHBL — Jo (2,) €579 (2, — z) e,

U3 dopmyant (28.03) Takxke caemyer, 4To CTOpOHHEE
none (28.02) Bo36yxkapaeT B NOJyOECKOHEUHOM TMPOBOME
(2, <2 <00) TOK"

J@)=Jol (12 e b (—z)e T (2 —z,) 7,
(28.11)
a Ha moJy6ecKOHEUHOM IpoBoJe (— 00 <2 <<2,) — TOK
J@) =1y (z e T —¢ (z,)e" Y (z, — 2) * =7, (28.12)

CpaBHHBas 3TU BeIpaXKeHHs C HaA IeXal uMH uieHamu B (28.10),
MBI BHIUM, YTO OTpa)keHHe BCeX BOJIH TOKA Ha KOHIE BHOpa-
TOpa KOHEUHOH NJIMHbl TIPOMCXOAHMT TaK JKe, KaK Ha KOHIle
10J1y6eCKOHEUHOr 0 NPOBOJA.

B cnyuyae maccusHoro BuOpaTtopa (z; <z <z,), BO30OyXK-
JlaeéMOro TUIOCKOH BOJIHOH

E! =Eye"™, w=—kcosh, ~ (28.13)
TOK TaKXKe TpPEACTABJAETCS B BHAE CyMMBI BOJH (CM. pa-

6oty [82]) .
. /(Z) —S [eiwz . (P_ (Z _21) eiwz,+ik(z-z‘) .

-—-l{t_‘_ (zg . 2) eiwzﬂ-‘ik (22—Z)+>A1 q)(z ‘—'21) eik(z—z.)_{_

+ A, (2, —2) €57, (2814

rae nepBbli WIeH COOTBETCTBYeT TOKY, BO30yX/1aeMOMYy
IIJIOCKOH BOJIHOM. B 6eCKOHeuHOo AJUHHOM 1poBoae. Ero xowmm-
JIEKCHas aMILIuTyda S paBHa

S— obe: . (28.15)

2k2 29 —_—
2k2sin ‘)‘“‘{kd sin 9
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Btopoit u Tperufi usmeHBl CyTb NepBHUHBIE KpaeBbie BOJIHHI,
BO3HUKAIOIlUe BCJENCTBHE o6meaHm toka Se’®%; oun BH"
paxaroTcsl uepes (pym(unu $4+(2) B $_ (2), KOTOpHIE 3ABUCATS
Kpome TEPEMEHHOH 2 M NapaMeTpoB k W @, ellle OT yrJa 4

B yIOOBJIETBOPAIOT COOTHOUIEHUAM

e — <z>la_o-q» )
by @)oo= b @] =1

HauanbHble 3HayeHHss NepBHYHBIX KpPAaeBbIX BOJIH TaKOBHI,
4T0 B CyMMe C BojiHOH Se™® OHM [JalOT Ha KOHLAX Ipo-
BOAA TOK, PaBHBIA HYJIIO.

Ilsa mocnegnux useHa B dopmysae (28.14) cooTseTCT-
BYIOT BTODHYHBIM, TpPeTHYHBIM K T. A. KpaeBblM BOJ-

HaM M HMEIOT TOT XKe BHA, YTO W [AJisl Iepefaiomero subpa-
Topa [cp. dopmysay (28. 03)]. HeussecTHbie Ko3pdHUIHMEHTH

A, u A, Haxonarca us yCJIOBI/Iﬁ (28.06) u paBHBI

(28.16)

Al — l(k+w)22 [‘J (L) —

- (L) g (Lye e, (28.17)
;\2 S [$_ (L) —

— 9, (L) g (L) ' FFN] e,
C nomouisio papenctsa (28. 09) BbIpaxKeHHe (28 14) moxHO
3alucaTb B GoJjiee HATJISALHON (popme

j(z) :S{ezwz o 4)_ (2 - 21) eiwe,+ik (z—zl)_l_
+ O_ (L) TR (g (2, — 2) PP
— d) (L) iqu) (2’ . 21) eik(z—z,)+
L) (2, —2) X ]
_q,+ (22 - Z) eiwz,+ik (2.—2) _l__
e (L) @SR [y (2 z,) MR
_ (!J (L)eikL ‘-P (22 *-Z) ei/e(z,—z)__l__
+ 2 (L) Q2ikL (2 _zl)eik =2 __ 0

1

(28.18)
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3aech Hapsidy ¢ BosHOH Se™ W NepBHYHBIMH KPaeBbIMH BOJI-

HaMH, O KOTOPHIX Mbl 'OBODHJH B CBs3H C (opmyJoi (28.14),
SIBHO BbIMHCAHBl ~ BTOpHYHbBIE, TpPeTHYHbE ¥  T. 1L
BOJIHbl, pAacXOJsliHecs OT KOHLIOB Z==2, H Z==2, OHH
COOTBETCTBYIOT ~IepPBOMy, BTOPOMy M T. [. YleHy B
KBAaJIPaTHBIX CKOOKaXx.

Tepexonsi B dopmyne (28.14) k npeapeny npu 22—>oo
HailiieM TOK B MoJy6ecKkoHeyHOM IIpoBOAe (2,, o0)

J(z)=S-[eiwr —§_(z —z,) et R (98 19)
H aH2JIOTHYHO—TOK B NOJIYBECKOHEUHOM HpPOBOAE (— o0, 2,)
J(z) =S [eivr — 3, (2, —z) eHT*ETI ) (98.90)

Herpyaho BHIeTDL, UTO M B Cjydyae ITaCCHBHOro BHOpaTO-
pa oTpaxeHHe BOJH TOKAa Ha ero KOHIAX MPOUCXOIHUT TakK
e, Kak Ha KOHIEe NoJy6ecKOHeYHOro NPOBOAA.

Takum 006pa3om, KOMIJIEKCHbIC AMIUIMTY/bl BOJIH TOKa B
TOHKOM TPOBOJAE KOHEUHOH AJIHHBI TNPOMNOPLHOHAJNbBHBL (PYyHK-
uuam ¢ (2) 1 P, (2), MOHOTOHHO yOBIBAIOLHM C DOCTOM 2

BCJiencTBHe M3jydeHus. OTMeTHM elle HEKOTOphble CBOHCTBA
BOJIH TOKa B BHOpatope. Kaxaas naberaolas BojiHa B CyMMe
€ BO30GYXXIEeHHOH el0 OTpa)KeHHOH BOJHOH ﬂaeT HyJIb TOKa

Ha KOHHe Mposoja. B ciayuae L=z, —2z, =~ n—— (n=1, 2.

3 ...) u D=0 B BUOpaTOpe HAacTyHaeT PE30OHAHC TOKA.

Touhocte Bbipaenuit (28.03) u (28.14), nosyuyeHHbIX
METOJOM MeNJIeHHO MeHsoWnxcs GyHKUKHE, pasjudHa Ha
pa3HbIX yyactkax npoBoga. OHa cpaBHLTEIBHO MaJja B6JI-
34 KOHUOB mnpoBoaa (u BOAH3H Touku z2={ neperarolero
.BUOpaTtopa), rie BO3HHKAIOT BOJIHBl TOKa M I'1e HX KOMIM-
JIEKCHasi aMILIMTyla MEHsieTcst 10BOJIbHO Obictpo. C yia-
JIEHHEM OT YKa3aHHbIX 3IEMEHTOB BHOPATOpa TOUHOCTh ITHX
topMy/1 HEOrpAaHHUEHHO pacTer.

Crnenyer cka3satb, uto nmpu Gosee crporoM moiaxode [79,
90] aMTIHTYIBI y BCeX OTPaKeHHBIX BoJMH OyAyT onpene-
JATbCS PA3HBIMH (PYHKUUSAMH, OJHAKO pas3jHudHe MexXAY
HHUMH OBICTPO YMEHbIIAeTcsi ¢ POCTOM HOMepa OTparKeHHS.
®yHruMA $(2) ¥ $o(2) AAWb TPHGIMKEHHO ONHCHIBAIOT
3TH BOJIHBl TOKa, HO 3aTO NO3BOJSIOT 3(Q(PEeKTHBHO HX NpO-
CYMMHPOBATh U NMOJYYHTb 3aMKHYThie (DOPMYJIBL.
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C momoluble BapHaLM.)HHOTO MeTofa AJs (PYHKUHH
P(z) 1 P+(2) noayyeHsl npn6nmerHble HO 3aTO MpOCThIe
dopmyan (cwm. [83])

-1

In =
19
bE) =57 ’
ln-—:f— —E(2gx)e~2iax
| (28.21)
Ins—
194
by @)= —; . —
* In 2—’:—-—- E(29,x) S
rane .
In(—1)=im, Ini=i%, (28.22)
x_—__“qi, g=(kay, q,=q T2 (28.23)
H

E(y)=Ciy+isiy=_5’eT“dt. (28.24)

4

Wnrerpanpueiii kocunyce Ciy ¥ HHTerpasbHbIi CHHYC Siy
ONpeNeSIIOTCS COOTHOLIEHUSIMU

o @ .
Ciy=.rS°°j’ dt, siy=_SS‘;"¢t (28.25)
v y

H SBJSIIOTCS XOPOIIO TaGyJUPOBaHHBIMH (DYHKIIUSIMU.
Brinucauuble Bbile GOpMyJbl A TOKa B KOHEYHOM
NpPOBOJe OTJNHYAIOTCA HalVIAHOCTBIO W MO3BOJSAIOT = YIOLO-
6UTb NPOBOJA OTPE3KY Iepenaioliell JHHUH, B KOTOPOil, 0HA-
KO, 3aTyXaHHe BOJIH TOKa IPOHUCXOAMT He IO SKCIOHEHIH-
aJbHOMY 3aKOHY, a mo 06oJjice CJIOXKHOMY, OIpeaessieMOMy
dopmynamu (28.21). BmecTe ¢ TeM B YKa3aHHBIX (QOpMY-
Jax orobpaxeH AU(PAKIHOHHBIA XapaKTep 3aaau#, TpHIeM
crenuduka npoBoaa Kak AudpakUHOHHOIO 0GbeKTa 3aK/I0-
yaercsl B BeCbMa MeAJI€HHOM 3aTyXaHHM BOJH TOKa, BCJel-
CTBHE YEro Hesb3si OrPAHHYHBATBLCH YYETOM TOJbBKO BTOPUY-
HOM ¥ TpeTuuHol NH(DpaKUUH, a HeOOXOAMMO CYMMHPOBATH
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BCe OTpaxkeHHble BOJIHBL B pesysibraré TaKOro cyMMupoBa-
HHSI U MOSIBJISIETCS] «PE30HAHCHBIM 3HaMeHaTeab» D, yuYuTHI-
RAIOILHI Pe30HAHCHBIE CBOHCTBA TOHKOTO MPOBOAA KOHEUHOI!
DJIHHEL -

§ 29. H3JIYYEHUE NEPEJAIOWErO BUBPATOPA

XapaKTepHCTHKa H3JyUeHHs Tlepenawilero subpaTopa
MoxkeT OBLITb BhIUMCJIEHa 110 W3BeCTHOH (opMyJe myTeM HH-
TEerpupoBanusi Toka B HeM. OAHAKO Tak NOCTymaTh Helesne-
coo6pa3Ho, MOTOMY YTO, KaK YKa3blBaJOCh BEIIIE, TOUHOCTh
¢dopmya (28.03) pasnuyHa Ha pas3HBIX ydaCTKax IPOBOAA H
Mana BOJH3M €ro KOHUOB (2=2; U 2=2p) ¥ TOukH 2=0.
Bonee TouHble pe3ynbTaThl daeT NPHHIHUN B3aUMHOCTH, KO-
TOPLIH MPHBOAUT K CJAEAYIOILEMY BhIPAXKEHHIO NS TIOJS W3-
NyueHusi ‘B 1ajbHeil 30He [82]:

o QikR N
Ey=H, = 2i g 1®), |
2sin d IHW } (2901)
E,=H,=0. }'
DbyHRIUs

f(%)-——‘ 1 — q""- (22) eik.’g(l-cos 3) __.(P_ (_ 21) e—i/azl (1+cos 8)+
+BI(P+ (L) eikz,(l—cos 9) _}_qu)— (L) e-—ik&, (14cos 8) (29.02)

cBsi3aHa ¢ ToKoM (28.14), Bo30yKnaeMuM B BUGparope IJo-
cxoii BosiHOK (28.13), cooTHOLIEHHEM

J(0) == Sf (%), (29.03)

npuyeM KosphuuueHTs By U By He 3aBHUCAT OT yraa o.
Bripaxkenne (29.02) mosBosisier mpocaenntb 3a GOpMH-
poBaHueM u3gayueHus. IlepBoe ciaraemoe (emiuHUNa) TIpel-
craBjasier co60oi mNoJie H3JAyueHUss OECKOHEUHO IJHHHOTO
npoBoxa, Bo3By:KaaeMoro cocpeloTOYeHHOH 3. A. c¢. Pac-
npocTpaHsisich B HampaBsaeHuu ¢=0, 370 TMoje NTOXOAHT OO
KOHIla TpOBOJa 2=2, H, AUGDparupys Ha HeM, NOPOKIAeT
NepBUUHYIO KpaeByI0 BOJIHY (BTOopoe ciaaraemoe). AHano-
THYHEIM -06pa3oM Bo30ykKIaeTcs NepBHYUHAs KpaeBash BOJ-
Ha, pacxojsliasicsi OT KOHLA MpoBoja z=z2; (TpeTbe cJaa-
raemoe). Ilocneanne nBa usnena B dopmyne (29.02) onpe-
NEeSIOT BOJNHBI, BO3HUKIINE B pe3ysabTarte Nocaeayiolleil 1u-
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dpakuuu (BTOPUUHON, TPETHYHOH M T. A.). AMunautyaw B
H By >THX BOJH MOTyT GBITh HaﬁﬂeHbl U3 YCJA0BHI

[(0)=1](m) = (29.04)

KOTOpble 03HA4aloT, YTO H3JydyeHHe KOHEYHOro MpoBoia B
HanpaB/eHHU €ro reOMETPHYECKOTO MPONOIKEHHS HTOJIKHO
ObITb PaBHO HyJIIO. JTH YCJOBHS C yYyeroM COOTHOLIenwii
(28.05) 1 (28.16) npHBOAAT K cHCTeMe ypaBHEHH:

; -2ikz, - ,—2ikz,
Bl—‘i—qu)(L)‘e _‘(P( zl)t‘)'/> ) } (2905)
By (L) e - B, = ¢ (2,) ™,
OTKy a2 oes T]’)yjl.':l HAXOAHUM
"iize'a —2ikz, )
B, =+ D H’)('"Zl) p(2,)e" e * , l
| L (29.06)
-2ikz,; 2ikz, H
By= 5 [$(zs) — (L) d(— e
)

IIpunuMasi BO BHHMaHHe paBeHCTBO (28.09), npeacTaBum (QyHK-
umo [ (9) B 6ojlee HarJjsAHOM BHAE

F@)=1—¢. (2g) ™= P py2,) & 72 ¢
X b (L) o ikIicos 8 o (L) e[/el,,*h. (L) o ikzacos § +
@)y (L) e
. q)_ ("‘21) e—ilzz,(1+’«705 3)_1_,;) (__ ) tk(l~—z,) Ny
e H) (L) e-—ikzﬂcos 3 QP(L) Ci/el, ":" ( ) - ikz, cos &+
4 (L) e™* g, (L) e ], (29.07)

rje SIBHO BBIMHCaHbl BTOPHUYHBIE, TPETHYHbIE I T. A. BOJIHBI,
COOTBETCTBYIOIIHE NEPBOMY, BTOPOMY H CJEAYIOUHM YJeHaM
B KBaJgpaTHBIX cKoOKax.

TaxkuM o6pasoM, roje, M3JayuaeMoe MepelaloliuM BUO-
paropoM, BO3HHKaeT B pe3yJbTaTe MHOIOKpPaTHOH MHU(pak-
LMY KpaeBHIX BOJIH Ha KOHLax BHOpaTopa. 3aMeTum MIpH
3TOM, YTO KpaeBasi BOJiHa AU(pparupyer Ha NMPOTHBOMONONK-
HOM KOHIle BUOpPAaTOpa TaK »Ke, KaK Ha KOHIIE COOTBETCTBYIO-
ulero noJiy6eckoHeuHoro mpoBofa. B 3tom HerpynHo yGe-
JUTBCS, pacCMaTpuBasi M3JyuyeHHe TMOJNyGECKOHEYHOro mpo-
BOIa, BO36YKAaeMoro cocpefoToyeHHo! 3. 1. C.
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§ 30. NEPBHYHASL H BTOPHYHASl JHPPAKILUA
HA NMACCHBHOM BHBPATOPE

[Tycte maockast 3aekTpoMaruuTHasi BOJIHA Tagaer Iiod
yriioM $¢ Ha TOHKMH LUHAHHAPHYECKHH INPOBOJHHUK dJIHHBI
L=2zy—2, v paauyca a (puc. 73). ns obIIHOCTH OyneMm
CIMTaTh, YTO IeKTpUUecKoe Nosje Eq mapatounieil BOJIHH €O-
CTaBJIsIeT yroJ o C TJIOCKOCTbIO pucyHKa. Torma ero raHres-
LHaJbHasl KOMIIOHEHTA HAa TOBEPXHOCTU TPOBOAHUKA Oyiaer
paBHa

ES = Eyp-e™, (30.01)
rage

E,=Esind,, E=E,cosa, w,= —kcosth. (30.02)

Tox, HaBoAMMBIH B BUGpATOpPE 3THM TIOJIEM, PacCMOTPEH
Haymu B § 28. Kak y:Ke yka3plBaJjoch BhILIE, NOJAYYEHHOe AJS
Hero BeIpax<eHue (28.14) o6namaer CpaBHUTEJBHO MaJoii
TOYHOCTBIO BO/MHZH KOHLOB NIPOBO/A, [103TOMY HCKATh pacce-
SIHHOe TI0Jie TIyTeM HHTerpPHpOBa-

HUSI TOKa HelesecooGpasHo. 3a- £,
MeTHM elle, .YTO HalileHHOe Ta- D

KHM cIoco60M paccesiHHOe MoJie ~

He YJIOBJETBOPSieT NDPHHLHUIY Z .
B3aUMHOCTH. !

Mbl GyneM uCKaThb XapakTe- e — ]
PUCTHKY paccesHus mMaccusHoro . - Haneﬁne ko
B'quaTOpa, HCXOAA U3 CACAYIO™ ooy a Tomknii IMJTHH L PH-
leil KapTWHBI PacCesiHUs, KOTO-  yeckuit npoBOAHHK, 0y — VIO
pasi ecTeCTBeHHO BBbITEKaer U3 nafenus.
npenblaymux pesysabrartos. [la-
pawlias njaockas BOJHA, nH(parupys Ha KOHLAx IpOBOAA,
BO30yX/Jaetr MNepBHYHble KpaeBble BOJIHbBI, M3JYy4alollHecs
B OKpyXaioulee NpocTpaHcTBo. PacmpocTpaHssch BHOJb
npoBoga, Kanas W3 3THX BOJH HCHBITBIBaeT AH(DPaKIHIO
Ha MPOTHBOIOJIOXKHOM KOHIle NMpoBOJa W BO30YXKIaeT BTO-
pHUHBle KpaeBble BOJIHBIL, JlocsieqHue, B CBOIO ouepenb, mo-
pOX1al0T TpeTHUHble KpaeBble BOJHBI W T. 1. [lonHoe pac-
CestHHOE moJie CKJA4AbIBaeTcsi U3 CYMMbl BCE€X KPaeBhbiX BOJIH,
obpasyomuxcs TpU MOCJAeL0BaTeNbHOH (MHOTOKDPaTHOM)
nUGbpaKIHKd Ha KOHLAX 1POBOAA.

B § 28 u 29 Mbl oTMeuya M, 4TO BOJIHBL TOKa OTPaAXKAMOT-
Csl OT KOHLOB NIPOBOJAA KOHEYHOH MIJNHHBEI TaK XKe, Kak OT
KOHLlA NOJy6ecKOHeUHOro NpPoB01a, U YTO IMMPaKIUA ITHX
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BOJTH Ha Ka)JOM KOHIe NPOHCXOAUT TaK Ke, KaK Ha KOHIe
nony6eckoHeunoro nposona. IloaromMy nepsuuHble KpaeBble
BOJIHbI MOXKHO Ha#fTH M3 3a43yd O PacCesHHH MIOCKOH BOJ-
HBl Ha TnoJay0GeckoHeuHOM mpoBoie (2, o) H TIPOBOJE
(—o0, 29). CyMMa TakHX BOJH JaeT NMepBHYHOE AHGPAaKIH-
OHHOe noJie

ikR
EY — H‘” “E%R—'Fm(&’ %), (30.03)
rge
F(l)(%)‘ 'ﬂo):

. ‘\tl)
o ctg 5 ctg Ty

T2 (cos U 4 cos ) B(—Fk cos I, — k cos Ug)

{ Uy
tg 5 5 tg - o

- 0 (cos & 4 cos 0,) @ (& cos 1, k cos B,)

iRz, (cos d4cos ) —

—ikzy (coS B + cos D)

(30.04)

Oynkuua @O (w, wo) Moxer ObLITL BbUKCAEHA NyTeM
CTPOrOro pelleHNs 3aj1auk o noJaybeckoHeduHoMm BuOparope
(cm. [82] § 3 u [83] § 4) u B 3TOM cayuae ynOBJCTBOPSAET
COOTHOILEHHIO

.20
D (w, w,)P(— ©w, —w,)=1In ?Emvvoa’

(30.05)

G

v=/ kP —w’, vy=} . w; .

OnHako B cTPOroM Bblpa<eHUH Aas QpyHKuuH D B panabHeii-
nieM He Oyner HeoOXOAMMOCTH. 3aMeTHM, UTO (OpMyaHl
(30.03) u (30.04) aHasorMuHbl BbipakeHusiMm (6.13) nna
JIEHTHI, He YUYMTHIBAIOLIUM BTOPUUHYIO AUPPaKIHUIO,

BropuuHas KkpaeBas BOJIHA, PacHpOCTPAHSIOMAsCH OT
KOHLlA 2 = Z2, BO3OYKAACTCS 11PYU AMPPAaKIHH Ha TOCTEeIHEM
NepBHUYHON BOJIHbl TOKA

. Sq,(l (2' ___zl) eiwoz,+ik (z—-z,), (30-06)

rae uepes q»i (z) mbl 0603HauaeM GyHKIMM, TNOJyuYalOUIHeCcs
u3 QyHKumin §, (2) samenoit & na 8,. a5 BHIUHC/IEHHS HCKO-

MOH BTODHYHOH BOJIHBL HaM HYKHO [pPeXBAPUTENbHO HAHTH
TAaKOC CTOPOHHEe MoJie, MPHJIOKCHHOe K OeCKOHEeYHOMY Ipo-
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BOAy (— o0 =<2z << o<c), KOTOpoe BO30Yy»KAdeT Ha e€ro ydacTke
(2, <z <oo) tox (30.06).

C 3TOfl 1eJbI0 H3YYHM TOK, HABOAUMBI B GECKOHEUHOM
NPOBOAE CTOPOHHHUM ITOJIEM

Ei=Epe™ ez —2)), 8'(2,—2.)={1 Y
) 0 npu z >2,.
(30.07)

CunTaeMm, 4TO W, HMeeT He()OJIbLUle OTpHLATEJIbHYIO MHH.

mylo yacth (Imw, > 0). Beauunny Eo,eiw°‘dt MOXXHO paccMart-
pHBATB KaK COCPeJUTOUEHHYIO 3. Jl. C., KOTOpasi COIJIaCHO
¢dopmyne (28.03) coznaer B OecKOHEUHOM MPOBOAE TOK
E ol + ik |2—
__CEez ’*l)(l > C') elmot+lk |2—¢| de. (3008)
41n ‘{ka

[loaToMy B COOTBETCTBHH C NPHALKNIOM  CYNepro3ULHK 1101-
Hblil TOK, CO3faBaeMblii B odacTH 2,<2z<<oC CTOPOHHHM
nosnem (30.07), Oymet paBeH

2,

/(z) ::,_ﬁ__ rS ? (2 . C) etm,,t-}-lk (z—%) dc

4ln o '{ka

—Co

i
41n

_ cE._,,._ Qito? S o () gl k—wol b e (30.09)
vka 2

2- 1

[MostyueHnbiit mnerpaﬂ MOXHO BbIPa3HTb 4Yepe3 (YHKLUUH
$(2—2,) H q) (z—z,), cooTBeTCTBYIOIHE COOTHOUIEHHS Bbl-
BefleHbl B § 2 paGotw [82]. B pesyabraTte Haxomum

A
CE,,e"®v

I(z)= e —2)e T —
8ik sin® 5~ In 7~ e
3 L iWeZ,
. cEy.€ ,' ?0 (z—2, )ezk (z=2) (30.10)
2ik sin® 8, In
Yka cos -
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Takum o6pasom, oxaablBae‘rca 4TO cropoHHee noJe (30.07)
B036yX/aaeT, TOMHMO BOJHE U’ , Takke W BoJIHY ¢. 1715 BO3-

0
Oy>X/JeHHs ,YHCTOH“ BOJHBl $_  HYXKHO, OUYEBHIHO, MPUJIO-
JKHTb JAONOJIHHTENBHOE CTOPOHHEe MoJie ‘

E;=83(z—z,), (30.11)
‘rakoe, 4TO
cE, Lei@o? b(z -2 )€ik (z-2y) +
4, i 1
8ik sin? ~— In Yka
-l—i‘,—q»(z— z,)e* e =0, (30.12)
41n 2 yka
Orcrona
£ aiweZ,
Gim— (30.13)
2ik sin? —2"—

Hnst Toro uro6el cymma cropodHux noJeit (30.07) u (30.11)
co3faBaja ToK (30.06), moJKHO ellle BRINOJHATBLCA PABEHCTBO

A
cE,;

s ©Ew (30,14
2ik sin? 0, In _k—;s_T 2k2 sin2 9, In ‘—‘_—‘“Yka sin 9,
YRka B

KOTOpOe oOIpefeisieT BeJUUHHY
i
In ——5—
Uy
N Yka cos -
Eypmm Efyr— 2. (30.15)
In 3%a sin 9,
CrnepoBaTesibHO, [Jsi BO30yxaeHuss B GeCKOHEYHOM IPOBOIE
(mpu 2z >2z,) Boaubl ToKa (30.06) HeoOXomMMO NpPUIOKHTb
CTOpOHHEe  MoJie

In ———
vka cos - i@ez, L
E;=Eoz 27 2[ : d(z—2, )—ewoz (z"“zl)]»
. Y 0
In ka sin g 2ik sin® 5
c(r—zy=] 1 TPHE<E (30.16)
0 mpu z > 2,.
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C()Bepmem»lo aHaJIOTHYHO MOXHO TI0Ka3aTh, 4TO CTOPOH-
Hee 11oJie
i .

In —

. L]
Tka sin5 w42y .
E;=Eq 2i - 70 (2, —2)— ew"ze(zg—-z)] )
e — ; 0
In Thasin ¥, 2ik cos® 5

1 npn 2>z, (30.17)
0 npn z <7z,

s(zz—-z‘):{

BO30YXAaeT B GeCKOHEUHOH OJHOMPOBOAHON JIMHHM (TIPH
z < z,) TOK

iz :u (2, 2)e ik (24-2) (30.18)

Masyunm tenepp audpakuuio BoJHbl ToKa (30.06) na mo-
Jy6eCKOHEUHOM INPOBOAE (— 00, 2,), AJS Uero BOCMOJb3y-
emcsi iemmoit Jlopeuna [4] ’ ’

Y( it E,+ iTH, )dv—o (30.19)

3necy j =— iop,3(R-—R’) ecTh TOK BCMOMOIATEJBHOTO
AHUIOJS C MOMEHTOM P,, HaxoAsdllMMCsl B Touke */ C KOOp-
auHatamu (R, #), H,—ero nmose Ha 1oBepXHOCTH MpO-
BOoAa, TIJe 3aJaHBl CTOPOH-
nue Toku jy;  E,— moxe,

CO3/aBaeMOe 3THMH TOKaMHM
B Touke [ (puc. 74).

CropoHnHii TOK- j;' ompe-
nensieTcss U3BeCTHON (opMmy-
Jioit

j =———[nE] (30.20) Puc. 74.

yepe3 asekTpuueckoe doje E Ha nosepxHocTH MPOBOAIHKa.
B cuny rpannudoro ycsoBus

E,+ES=0 (30.21)
nMeeM
joy=—-—"E: . (30.22)
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Onpejenifisi fajee MOMEHT AMIOJS P, uepe3 ero Hoje B
CBOGOAHOM TPOCTPaHCTBE (B TOuKe X =y =2 =0)
, T eikR
E,,=—Fkp, —&— sin 9 (30.23)

W Mepexois OT MATHUTHOH HANpsKeHHOCTH [ K moaHOMy
TOKY
. ca
j-'T H,, (30.24)
HaBOJAMMOMY [HNOJEM B IpPOBOAE, MOJNy4YduM H3 JeMmbl Jlo-
peHlla clefyloliee COOTHOLIEHHe:

__ k2sind elkR
io)E(',z "R

2z
Ej=H,, SE;J(z)dz. (30.25)

—o0
Ecan punoss p, ymanurb Ha paccrosiHue R > 2, — 2,,
TO H3jlyuaeMOe MM IIOJle MOXHO pacCMaTpHBaTh Ha y4yacTKe
2, — 2, 10J1y6eCKOHEYHOr 0 npoBoja (— o0, 2,) Kak IJIOCKY™
BOJIHY . TOI‘LL? TOK, HAaBOAUMBIH Ha 3TOM OTpe3ke IIpoBojaa,

6yaeT omnpenensTbes (bopmynon
J@)=S8 [e“” e, (2, —z) " ®7], (30.26)

rae ®E,

S = =, w=—kcosd. (30.27)

9ph2 2 —_—

.jk sin?d1n Tkasin®
Besauuuny 2, Mbl BO3bMeM TakOH, uTOObl Ha pacCTOSIHHHU
2,—2, OT KOHIa IMpOBOjJa OTpaKeHHas BOJHA TOKa Oblia
NpPaKTHYECKH paBHAa HyMo (Y. (2, —2,)=<0). Tloacrasasas
oynkmuio (30.26) B mpaByio uacth pasenctBa (30.25) u mpu-

HHMasl 33 BEeJHUHHY Ez ctoporuee mogse (30.16), monyuum

1
E2&=H29= - X

o 2i
2sind In thasin®

X eikR S‘ Ee [e,’w_q‘-" (.22__2) eiwz,+ik(2g—z)]d2 —

kR

— 1 5 eR {61 [eiwz, - "P.,_ (L) eiwz.+ikL] +

2sind In TRz sind

2y

—Eeittrezn j e‘""i(k""”"’zah (za—z)va"z.}
3 )
(30.28)

A ei (w+wy) 2,

tEeToray
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BaxxHo#l 0COOEHHOCTBIO 3TOr0 COOTHONIEHHUS SIBJSIETCS TO,
YTO HHTETrPHPOBAHHE 3/eChb IPOBOJMTCS He 110 BCeMy IPOBOAY
(— o0, 2,), a JUWb IO €ro 4acT (— oo, 2,), rae GYHKIHS
$, (2,—2) OmHCHIBAET TOK YyXe C XOpouleH TOUYHOCTBIO.
Murerpansl, BxoAsiliye CIOAA, BBIUMCIASIOTCS TaK ke, Kak B
¢dopmyse (30.09). B pesyabraTe mose, najaydaemoe nogyOe-
CKOHEUHBIM MPOBOJOM (— 00, 2,), OyAeT paBHO
ikR

X

EQ'B = HD'; =

1 e

W
2 sin § lﬂ_.m

éozei (@ +we)2,

iwz, twz,rikL N
X8, [e7 — by (L)e 1= ik (cos §4-cos B,) +

o, i
sin® 5 In - o W
E‘ eikL+i (woz,+wz,) Yka sin —5-
+ 5 b, (L)— —— (L)

ik(cos¥ 4 cosdy) | I+ 8, i

. cos* 5 In ————~—

(]

Yka cos -

(30.29)

Cuaraemble B QUrypHpix CKOOKax, umeromue (hasoBblii MHO-
XUTeNb €%, COOTBETCTBYIOT HCKOMOH BTODHYHOH BOJIHE,
pacxoasiieiics OT KoHIa mpoBoja 2z =z, C momouybio ¢op-
mya (30.13) u (30.15) sty BosMHY MOMKHO NpPEACTaBHTDb B BHAE

(2), ikR .
EPQ(@)=H?(z)= E et (30.30)
: 2sind In Teasing
rae

o 4iEeiwoz,+ikL
(5( ) (z,) = 2 X
ksindy(cos ¥ 4 cos 9y)In

Ykasin®,

_‘—ﬂo ¢, (L)—
Yka cos 5~

2?9_ 2 8
x[cos 5~ COS 71n

. oy . b i
—sin? % sin? 5 1n .{ka—;n_ﬁ_— (PO_(L)] . (30.31)
2 .
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AnanoruyHplM IyTeM HAXOAHM BTODHYHYIO AU(PPAKIUOH-.
HyI0 BOJIHY, pacIpOCTpaHSIOUIYIOCS OT, KOHHa z==2,. Jjga
3TOr0 HYXHO paccMOTpeTb AMGMPaKUMIO HepBHYHOH BOJHBI
(30.18) Ha KoHue 2=2, mNONyGECKOHEYHOro MpPOBOAA
(z,<2<oo). llpuHNMD B3aMMHOCTH NPHBOJHT B 3TOM CJYy-
yge K COOTHOILLEHHIO

o0

S'Ej J(z)dz,  (30.32)

B2

ikR

k2sind e
Ey=H, =22
=% uoEOz R

KOTOpOe TOCJIe TOACTaHOBKH B Hero ¢yHkuuu (30.17) u Toxa

. iwE, , . . .
J(2)=—— E [ (z—z,) e
2k2sin2 ¥ In m

(30.33)

LaeT HaM TIoJle, W3JydyaeMmoe I10y6eCKOHeUHbIM MNPOBOJAOM
(2,, o©). Bouna, wusnydaemas KOHLOM IIPOBOJA, SABJSAETCH
HCKOMO#I BTODHYHOH KpaeBOH BOJIHOH MW MoxeT OvlITb NIpef-
cTaBjieHa B BHJeE

EY (2)=HP (2,)=

EC)(2,) elkR p—ikzicos ®
2sin 81 _ R ,
sinvln Yka sin

(30.34)
rge

4iEeiw°Z2+ikL

0(2) -
8 (=) = 57— X
k sin ¥, (cos % 4+ cos 8,) In

1ka sin 3,

I - (L)—

vka sin D)

i

o ¥ .o g B
X [sm" —-sin*—-1n

3 b {
— cost 3 cos* - In m ¢ (L)] . (30.35)
2

Bnipouem, 3TO BblpakeHHe MOXKHO HANHCATb CPasy, 3aMeHsis
B ¢opmynax (30.30) u (30.31) 2z, Ha 2z,, $ Ha " — % u &
Ha ©— 8.
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§ 31. MHOTOKPATHAS O H®PAKIIUS KPAEBbBIX BOJIH

Hafinednble BTopuunble BosHb (30.30) u (30.34) cyrb
BOJIHBI, PACXOI#AIIHUECST OT KOHLOB M0J1yGeCKOHEUHBIX IPOBO-
OB (—o0, 25) U (21, ). Ecau 6ecKOHeuHYI0 OJHOMPOBOJ-
HYIO JIMHHUIO BO36GYXKAAaTh CTOPOHHUM NOJIEM

E¢ =808 (z —2z,), (31.01)
rae

i
2i In 7 ¥ (L)
ka T— . .
@_ 3(2) —_ 1 ikL —ikz, cos 8
82 (9’ (22) l&:n e ,

fsind, ln ——
sind, In vka sin ¥,

(31.02)
TO BO3HHMKaer c(epuyeckas BOJHA, KOTOpas MpH =~ COB-

najgaer c BosHoi (30.30). [Ipu Bo36yxknaerun GeckoreuHoit
JIAHHUH COCPEeOTOYEHHOH 3. 1. C.

E'= 8P (z —z,), (31.03)
rae
i
2i In—5— 4% (L)
tka T+ iRL—ikz, .
(‘3(]2)2 8 (z,) ',3=0: E. i K24 ke, cos B ’

ksin $, In Ykasin 9,

(31.04)

BO3HHMKaeT BOJIHA, cOBMajaloinass ¢ BoaHoit (30.34) mpu
9~0. Herpyaxo BHAETb, UTO 3TH CTOPOHHHME MOJS AeHCTBH-
TeNbHO BO30yXKAaOT B GeCKOHEYHOH ONHONPOBONHON JIMHHH
BOJIHBl TOKa, SKBHBaJeHTHble BTOPUYHBIM BOJHAM TOKa B
naccuBHOM BHGpaTope (T. e. TeM BOJHaM, KOTOPble BbIpa-
JKAlOTCsl NepPBLIM CJaraeMbIM B KBaApaTHBIX cKoOkax ¢op-
myasl (28.18)). IToaToMy TpeTHuHBle BOJHBI MOXKHO pac-
CMaTpUBaTb KaK- KpaeBble BOJIHBI, H3JyyaeMble T0.y6ecKo-
HEUHBIMH NPOBOAAMH (25, o) U (—o0, 2;) npu Bo3Oyxie-
HUH #X COOTBETCTBEHHO CTOpOHHUMH moasmu (31.01) u
(31.03). U3 dopmyn (30.25) u (30.32) Ge3s Tpyma HaxXxoguM
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NOJIHOe IoJle, H3Jiydaeroe MPH YKA3aHHOM BO3OyXIeHUH
NPOBOJOM (2, o0),

&P kR L
E‘D: H's= 2 5 e 7 [elwzs___ (P_ (L) ezwz,-]-sz]
2sin % In m
(31.05)
U NOJIHOE MOoJe; H3Jyyaemoe ﬂpOBOﬂ,OM (—' oo, 22),
& ikR . N
EG= ?:___ 1 o (3 = [eth,__ q)+ (L) ellDZ"l-lkL]_
f2sin & In Thasing
(31.06)

B pesyabraTe aas TPeTHYHBIX BOJIH, PACXOASILUXCA OT
KOHLIOB 2, M 2,, Mbl MOJydaeM CJeAyIOlllHe BbIpaXKeHHs:

. s 80 (z4) e*R bz, cos 8

EL)(21)=H;)(2‘)= 2sin ¥ In ——"“‘.‘kaiinﬂ TR ’
(31.07)

B ) = HY (2 = —— g S et

2sin d In Jeasind
(31.08)
rae

8 (21)=— & 4_(L)e"", (31.09)

8" (2.)=—8%-¢, (L)e™™

B Hanpap/ieHHsX K.IPOTHBOMOJIOXKHOMY KOHILy IIPOBOAA 3TH
BOJIHBl 3KBHBAaJIEHTHBl H3Jy4YeHHI0O OeCKOHeYHOil OAHOTIPO-
BOJHOH JIMHHH, BO36GYXKAaeMOH CTODOHHHMH  IOJSIMH

Ei=@l-0z—z), 87=8"(@)|_, (1.10)
Ei:@‘;”.&(zz_z)' 323)‘:6(”(2’)’0—«' (31.11)

CaemoBaTesbHO, YyeTBEPTHYHBIE BOJIHBl ONATH MOXHO pac-
CMaTpuBaTh KaK KpaeBble BOJIHbI, H3JydaeMbie nonyﬁecxo-
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He4yHBIMM TIpoBOJaMu (— oo, 2,) H (2,, ©0), NpH BO3GyXIe-
Huu ux cropoHuuMu nojamu (31.10) u (31.11). C nomouisio
NIPUHIANA B3aHMHOCTH JIETKO IOJIyYaeM

", “ &M (2,) e R ine coss
E-(B (zl)____Hg)(z!)___ - 125 ? ¢ ~ikzicos ,
-sin«‘}lnm :
(4) (z ) (4) (2 )= &) (z,) elkR e-—-ik,z2 cos &
— 2 9sin 8 2i R ’
sin 3 In . vka sin :)
J
(31.12)

rae

8 (z)=—8-4_(L)e*, |

’ . (31.13)
EM (2,) = — ({353).4)-}_ (L) e‘kL, J

CoBeplLIeHHO aHAJOTHYHO HAXOJSTCS KpaeBble BOJIHH
n-ro nopsiika

EP (z)=H" (z) = é“")(zl)w ei;R e—ikzicon®
. 25in{}1nm
EP (2) = H (2,) = — é"”’(za)?i 'ei’;"’ o—ikzacos 8
2sin&¥ln~_{ka—sim¢ J
, (31.14)
3necsb
EM@=—8 " (e |
(S(n)(ze)=_@(ln—l).q)+(L)eikL ' (31.15)
H

»

B =8"()|,_, 8 =8"(z)|,_. (31.16)
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"Takum o6pasoM, moJjie, BO3HUKAIOIIEE NP MHOTOKPATHOM '
Auppaknuy (HauMHas CO BTOPHYHOR), MOXeT ObITb HpenCcTaB-
JIeHO B CJIe/lyIOIlEeM BHIE:

)
) Z[E(sn)(zl)_l‘Egl)(zz)]:
n=2
1 : ikR ! —i cos
= 5 R [Z&n)(zl)e Frrcosp
Qsm%ln‘(ka—silﬁ- n=2
[oS) M )
+E (\S(“)(Zg) e-*lkngOS's , (31.17)
n=2 n
rae
2@“’1)(2!):
n=2
—8® @ it g ¥=0B a1 40
— 89 (2)H (620 (L) e — 2 = e, (31.18)
Y &M (z) =
n=2
— 22 @ ke pen ¥+ w3149
=8® (2:)+ 8, - (L)e""— 7] —5—e"", (31.19)

a dymknmn 8™ (z,,) u @) onpenensmores dopmynamu

(30.31), (30.35), (31.02) u (31.04). Mpl He GygeM BBIIHCHI-
BaTh 3[e€Cb JOBOJIbHO TPOMO3[KOE OKOHYAaTeJbHOe BhIpaxe-
HHe A/ 3TOTO MOJsi W TepefiieM K BBLIUKCJEHHIO TOJHOTO
TOJISI, PACCESHHOTO BHGDPATOPOM.

§ 32. MOJIHOE PACCESHHOE NOJIE

Ilpexne ueM OPHCTYIaTbh K BBIBOAY BHIpa)KeHHS AJs
XapaKTepHCTHKH paccesiHHsl, cAesaeM claelyiolllee 3aMeuda-
Hue. B popmyay (30.04) Bxoxsit dpynkuuu @, KOTOphE yIO-
BJeTBOPSIOT cooTHoweHusiMU (30.05) u moryT 6bITh HafiieHbl
nyteM Qakropusaunuu. OaHaKo Hallle pacCMOTPeHHe Tocje-
JOBaTeJbHBIX , BOJIH, BO3HHKAIOWHUX TpH AUpPaKIMH Ha KOH-
IaX TpOoBoAa, ObLIO HPUOGIHUIKEHHBIM, TI03TOMY HeET CMBICJA
T0JIb30BaThCs TOUHBIM BhipaxenueMm (30.04) anas mepsuu-
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Horo mosisi. MBI HCTIONIb3yeM TIPHOJMKEHHbIE BBIPaXKeHHs
ansa pyakoun @

®(—kcosd, — kcosdy)=In ———— -,
vka sin - sin —2°—
) (32.01)
®(kcost, kcost,)=In ‘{} 5

: 0
‘Yka cos 5 cos —2‘—

110JyueHHble C NMOMOLLbIO BapHALUHOHHOrO MeToga u obJaa-
Jamllie AOCTAaTOYHOH Agasi Hac TouHoctbio (cM. [83]). Tou-
Hee TOBODS, Mbl BOCHOJIb3yeMcsl NPHOJ/IMKEHHEIME GopMyna-
Mu (32.01) B couyeranuu co crporum BuipakenueMm (30.05)
M TIOJIOXKHUM

l

In g
\» ¥
{ - ka cos “5~ cos T"
®(— kcosd, —kcosly in 2i n 2i ’
\ ka sind " yka sini)
L k ‘ (32.02)
14
L
| tka sin 5~ sin —
®(kcos¥, kcos¥) . 20 | 2
n vka sin ¥ n Jkasiniy,
Torpa nepsuyHOe ToJe OyaeT paBHO
1 Oy iE ‘gikR
Ey=H, =— T2 5 WR X
2(cos ¥+ cos ¥) In Tha sifi In tka sin ¥,
3 ¥ i i ‘8.
X Ctg _50' ctg 5 in . 5 e ikz, (cos $4-cos §o)
N
Yka cos 5 cos 5
_ tg _‘szL tg % In i . e—ikzz(cos J+cos 9¢) .
thasin —- sin =
(32.03)

Cymmupyst Tenepb Boulpaxkenus (31.17) u (32.03), Haxomum
MoMHOe TOoJIe, pacCesiHHOe [AaCCHBHBIM BHGPAaTOpPOM, B BHIE

oikR
kR

F(), 8), (32.04)
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rape

9%
F (8, d)=—r e — X
(cos % 4 cos 8,) sin & sin &, In

i
vka sin ¥ In vka sin §,

. ) $s i .
X COSz—Q— cos? —20— In 1\}l - e ikz, (cos $4-cos Bo) __
1ka cos —5—cos T“
NIRRT i —i .
— sin? _g_ sin? __20_ In 3l 5 e ikz, (cos 84-cos 8;) +
— gip —
vka sin 5 sin—
ikL 2 ¥ ., i
+ e | sin® - sin® - In —5 $_—
vka sin 5
, ¥ 2 ¥ o 2
— cos? - cos? -QL In ——3 q,_‘_ ik (23 cOs Bot-2, cos‘so) +
Yka cos —5- 5
i PR B i
+ e | sin® —-sin® 2~ In ———— ¢? —
1ka sin <~

2 9 2z Yo
— €0s” —- €08 —2—111————-4;_‘_]
1ka cos —o- ]

-—zk (23 c0s 842, cos B¢)___

(cos ¥ 4~ cos ¥y) In 5=
2D

_ q)o_ e—ikz. cos B,,] t{a_e —ikz, cos -3_

“(ka szL [ " q)esz—zkz, cos By
+

{cos ¥ 4 cos ¥p) In —
2D

. _ q)()_ime—ikz, cos -B'o] q)+e~—ikzz cos &} ’ (3205)

Y’w eHEL [40 q)eilzL—ikz. cosdy__

npuueM Bce QyHKUMH §, H qaoi umeroT aprymedt L. Iloay-
yeHHOe BbipaKeHHe, HECMOTpPS Ha CBOIO CJOXKHOCTb, HMeeT
yeTkuil ¢usnueckuil cmelca. JlefcTBHTeNBHO, NepBOe CJja-
raemoe B (QUTYpPHBHIX CKOOKax COOTBETCTBYeT IepPBUYHOH
KpaeBoil BOJIHEe, H3JyyaeMoi KOHIOM IIPOBOJA 2 =2,, BTO-
poe — NepBUYHOA  BOJIHE, H3JyyaeMofl KOHIOM HpOBOAa
2z =2z,. Cjnaraemeble, 3aKJIIOUeHHble B IIepBble KBaJpaTHbie
CKOOKH, OTHOCSITCSI KO BTODHYHOH BOJIHE, YXOAsillefi OT KOH-
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la z=2,, a cJaraemsie ‘BO BTODHIX KBaJpaTHHIX CKOOKax —
KO BTODHYHOH BOJIHe, yXoasulefl oT Kouua z==2z,. Ocranb-
Hble YJeHbl OIHCBIBAIOT CYMMYy BCEX MOCJeAYIOUHX BOJH,
BO3HMKAIOMWIMX IIPH MHOTOKPAaTHOH AHDPaKIHUH, M HMEIOT
pe3oHaHCHHIHt XapakTtep. PesoHanc Hactymaer npy L=

=za—z,>:n—;—('n=1, 2,3,...), korna D=0.

Hpyras BaxkHast 0COGEHHOCTb XapaKTepPHCTHKH paccesi-
'HUS 3aKJIIOYaeTcs B TOM, YTO OHa YAOBJETBOPSIET NPHHLUIY
B3aMMHOCTH, T. €. He U3MeHsieT CBOel BeJHYHHB! TIPH B3aHUM-
Ho#l mepecraHoBKe & u ¥y MOXKHO Takie IOKasaTb, UTO
BUOpaATOp He U3JyuaerT B HaNpaBJEHHSX BAOJbL CBOEH OCHH
He paccenBaeTr 3JeKTPOMAarHUTHHIE BOJHBI TPHU cxonbsamevl
00JlyyeHHH, T. €.

F(0, 8)=F (=, %)=F@®, 0)= F (3, =)=0. (32.06)

Tloab3aysice panee anas QyHKUHE P ¥ P IPeACTaBIEHHEM
(28.25), noayuum ciepywollee BhIpaXKeHHe AJS XapaKTepH-
CTHKM paccessHus (32.05) B HampaBJIeHHH 3epKaJbHO OTpa-
XKeHHoro ayya (9=n—0): oL

F(rn—1d,, %)= ._—2l_+
2n Tka sin ¥,
b 9
W (sz sin? 7") +U2E (2L cos? _2._)
kL N Y +
<]n vka sin 80)
{ ( 2i
+ ind 2i 2 In vka sin 3, 2+
i T N Jea sin 30)
1 3, i _
_|_ —2—'q)+COS T—In i . ‘1’+ zlzL(I cos&,)_l_
1ka sin 2°
+(-l— q)O sin® -»_" — In ) '~l’ iRl (14cos 8g)
2 - 2 — 3 | Y-
: vka cos -2—
i
ln Tea

2ikL r 0 | kL (l—cos & 0140
- o2 [!P+q)el (1—cos o)_q,_]q).'._
Inza .
_— el2tkL[q)0- yeikL (1cos 8o __ 4,‘_"_] P 7. (32.07)
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[Tpu ckosbasiem o6ayuennn BuGpatopa, Korga $y=0 uu
3, =, orciona cienyer, uro F (=, 0)= F (0, n)=0.

[Monaras Tenepp B Qopmyae (32.07) & =—-, nosyuum

2
COOTHOLleHHue
= g kL 2. E (kL
F(T’%>=— 2i +kL‘ (21)\2+
2n-p (ka \ (ka/
+_%[ln-{7i{‘“ f)"l"\ 2ln l)‘l'e“"*‘
<ln %> ]
o
1ka  sipr .
+ 2 e ] , (32.08)
q)_?+ 0= l
2

KOTOpOe XapaKTEPH3YeT BeIMYHHY OTPAXKEHHOTO TMOJIs NpH
HOpMaJIbHOM 06Jy4eHHUH.

Hanumiem  Taxxke Bblpa)KEHHe ans pysxuun  F (8, &),
COOTBETCTBYIOLlee DALHOJOKAUMOHHOMY CJydalo, KOrja Ha.
npasjieHust HaGJiofeHgs H 0O6JyuYeHHs COBMNAZalOT (3'='30)

F(®, %)=

i i — 2ikz, cos §__

¥
4 B
) % \? {COS 5 In T e
<sm $1n Thasiny ) cos ¥ Tka cos? 5~

. ) i —2i
—sin® —In — e T koSS

vkasin?® 5

. b [
+2 |sin* 5 In ————¢_(L)—
Tka sin 5

=)

¥ i 1 . .
— cos* - 1n : ‘3’+ (L) e ik (2,4-2,) cos BHikL
Tka cos -

1)8 n "-ﬂP L L)¢ | —ik (2,42) cos y
2551 ﬂlm ( )‘{’_,_( )o_(L)e k(2420 *H—SkLI
—l—__‘D [ _i y
COZ ln{kl—a ’[‘{’i(L)e %ikz °5‘°’+

+ q’j— (L) e—%kzsc0s 8] ezsz} ) (32.09)
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MoxHo 10KasaTh, 4TO TpH 8_ ‘popmyna (32.09) npupo-

IUT K Bhlpaxeduio (32.08).

Haiinennasi Bbllle XapakTepuctuka paccesnus (32.05)
Gblia Mo/yYeHa CyMMHPOBaHHEM BCeX BOJIH, 06DasyIOLLUXCs
NpH MHOTOKpaTHOi Audpakiiuu. Takoil myTb OueHb Haras-
IeH, HO HEeCKOJIbKO IJHHeH. K 3TOMy Re pe3yJbTaTy MOMKHO
MPHATH CcKOpee, ecJaM Yy4yecTh, YTO Tpolecc IH(PpPaKUHH
KpaeBHIX BOJIH Ha KOHLAX MacCHBHOTO BUOpaTOpa HPOHMCXO-
IUT, HauyMHasi C TPETHYHOH AMpaKLMMU, TaK Ke, KaK Ha
KOHllax Nepexpaioulero BuGparopa. IlosTroMy auarpamMmy

paccesiHMsl MacCMBHOTO BHGpaTopa MOXHO @pa3y HCKaTh
B BHJE

2i .
F (3530) = - 2% %i 'f(av 30)’
. sin¥sind,ln Yka sin ¥ In Yka sin ¥,

(32.10)
rae
. 1
[® %)= oy reosy, X
X cos? ‘_3_‘:052 EQo_ n '18 5 e—Zkz. (cos 8+4-cos $,)
tka cos - cos 7“
—sin? _g_ sin? i)g_ in '; i e—lkz2 (cos 8+vcos '89)_|_
tka sin—5- sin T"
i . ¥ .8
+-et*t [ sin® —-sin®— ln———— ¢_(L)—

Yka sin 7

Y 9 ;’ _
— cos? —2—'0082—20— In i 5 (P:.(L)] e ;k‘(zzcos 80+ 2.cos '8)r+
vka cos -5

S ; o
3 ekt [sm - sin ——ln—l—8 ¢ (L) —
‘{kasinT

i

. q)+ (L) _-" e—ik (2, cos §+2,cos 80)}_'_

3 3
— cos? - cos? —7“- In

0
Yka cos 5~

+ Copa(L) €528 Cp (L) e ™0, (32.11)
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dBa mocnenuux unesa B ¢opmyne (32.11) mpencras-
As10T cO60M .CyMMy BCEX KPaeBbIX BOJIH, HAUHHAS C TPETHU-
HBIX, pACIPOCTPAHAOUUXCA COOTBETCTBEHHO OT KOHILIOB TIpPO-
BOJla 2=2; U 2=2;. [loctosnuble C, u C, onpenensiorcs u3
YCJIOBHS

F (0, 8)=F (=, 8)=0, (32.12)
KOTOpOe MPUBOLMUT K CHCTEME YpPaBHEHHi
lq) tkL__l C _ ’2—' In Y_k_a_ 4)0 (L) e2ikL—ikz2cos%}.,’ 1 (82 13)
C,+C,o(L) eikL.__;ln “—"'P (L)e 2ikL—ike,cosd, l .
OTKyAa
. b e pikl—ikzy B0
C]—'————@_elkl-.l .{ka [q).l'q, iRL—ikzycOs
_ q)o e—zkzlcoss.?]
e | 32.14
C2 —_ Qlﬁ' e_sz .In Y/w [tl)_tP e/kL—-zkz.cos&., ( )
_'(P.o;. e——tkzzcos%),,]'

§ 33. BUBPATOP, KOPOTKHH MO CPABHEHHIO
C NJIMHOHN BOJIHBI (MACCHBHbBIX JHMNOJIb)

Hanoxensast B 3T0#l ri1aBe TeODUS PACCESIHUS NJOCKOR
BOJIHBl Ha TOHKOM LHJIUHIPHYECKOM BHOpaTOpe OCHOBaHa
Ha psage ¢usuwgeckux coobpakeHuid. CuabHOH CcTOpOHOH
3TOH TeOopHH SABJSIETCS TO OOCTCSITENbCTBO, UTO €€ TOUHOCTb
yBEJNMYUBAETCS C LJIUHOH BHGpaTopa, NOCKOJbLKY BOJHBI TO-
Ka, AM(QPaKUUI0 KOTOPHIX MBI PacCMaTPHBAJH, BHIPaXKeHHl
TeM GoJsiee ueTKo, ueM MIHHHee BHOpaTop. OOHAKO MOXKHO
MoKasaTh, YTO H JJIs1 KODOTKHX BHOPATOPOB, AJIHHA KOTOPHIX
Majia mO. CPaBHEHMIO ¢ IJUHOU BOJIHBI, BbIBEIEHHblE HaMH
tdopmysbl 06/1a8a10T XOPOIIeH TOYHOCTBIO.

SlcHo, uTo BUOpPATOP, KOPOTKUH MO CPaBHEHHIO C AJMHOH
BOJIHEI, JeHCTBYeT KaK AMMOJb, CO3[aBas pacCcesHHOe IoJie

eikR

—_— —_ 3
Ea—H?—-——-kp TR sind, (33.01)
rie IUIOJAbHBIH MOMEHT p, MOXeT OBIThb BBIYHC/IEH NyTeM

peueHus C-)JICKTpOCTaTH‘IECKOH 3agayyu M 3§BHC'HT OT pa3Mme-
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pos u ¢gopmbl BudOparopa. CormacHo pabore [92] aunobHbIN
MOMEHT LHJHHApPA B OXHOPOIHOM 3J€KNPOCTAaTHYECKOM TIO-

ae E, paBeH
‘ (1)( > . (33.02)

rae D(!) ectb Ge3pasMepHast (DyHKIHS l=-2%, n306paxeH-

.

Hasg Ha pHC. 75 cmuomHo# kpusoit. [Tpu { > 1 dynkumio D ({)
MOXHO BBMHCIATb C MOMOWBIO ACHMITOTHYECKOTO pasio-
JKeHust

D(l)=%< 14097 977+ > 2(11141-—%).
(33.03)

Ecin B 3ToMm pasyIOKE€HUH OrpaHHUYHUTLCA IEPBBIM UJICHOM, TO

D(z)=m . (33.04)

PesyabTaTel uncieHHbIX pacueToB no ¢opmyde (33.04) u306-
paxeHbl Ha pHUC. 75 IUTPUXOBOA KPWBOH: Mbl BHAHM, 4YTO
nocneHss ¢opMyJa [daeT XOPOMIYD TOYHOCTb yXKe NpH
{>9,-

TakuM 06pa3oM, AMMOJIBHBEIE MOMEHT BHOGpPaTOpa, KOpPOT-
KOTO M0 CPaBHEHHIO C [JIMHOH BOJIHEI, paBeH

e

n———m

a ero XxXapakTepHCTHKa pacCCesiHHs A0JKHa uUMeTb BHI

F (5, 8,)="1 siadsind, { 14-0 [( 1n-§—>'2]}.

In—=——

(33.06)

B nanHoM naparpacde Mbl HafiieMm nmepBble JBa ujeHa pas-

JIOXKEHHs] XapaKTepuUCTHKH paccesHus Bu6Gpatopa F mo o6pat-
L

HBIM cTeleHsiM OGOJIBIIOrO mapameTpa lnT (mpr 4~ o0) W

opaBiuM uX ¢ Boipaxkednem (33.06). Ilpm 3TomM Mbl OTpaHH-
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Puc. 75. Tpapur oyHkuun D (I), onpelensionied AUNONb-
HBIA MOMEHT UHJIHHIpA.

ypMes cgydaem ¥ =84, = —; Korjaa gpyHkuus F onucoiBaeTcs
Gosee mpocToil dopmyaoir (32.08).
[Tpu Manbix 3HaueHHsX aprymenta z QyHkuud ¢ (2) #

@(z):qq_‘s: = ¢_|,_x (cm. Gopuynei (28.21)) woryr GuiTb

z
l'lpe,[LCTaBJIeHbl B Buae (
_1_8@®—¢20 L
p(z) =1—E5=22 +0(g2(0,),

B T (33.07)
_1__8(—gl(0) U }
4)(2)" 1 "—QE‘(O.)—_ +0<g2(0)>‘ ]

Bxomsamue cioona QyHKOHMH g M g onpegensiiorcs (HopMmy-
JaMHu:
2i ko

o
2vkz —-9ik e i
V2 e = ds, g(0)=In

(33.08)

g()—g0)=1In

N
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u

- — ) . i'ko
g(2)—g(0)=1nTE 4 ik

€
G

(0)—1n1ka .

(33.09)

3ameruM, uTO BhipaxeHus (33.07) MONHOCTBIO COBHNAZAIOT
C COOTBETCTBYIOILIUMH Y/JeHaMH acUMIITOTHUECKOTO pasjioxKe-
HuA A OyHKIHH ¢ M ¢, KoTOpoe MOXeT OBITb HOJIy4eHO
M3 HCXOJHBIX HHTerpa/IbHblX ypaBHEHHI, OMpeJeNsIolmuX 3TH
¢dynkuuu (cMm., Hampumep, [81], § 4).

OrpanuyuBasich B pasjioxeHud A8 QyHKUHE ¢ (2) U ¢ (2)
yileHaMH mopsifka (kz)®, uMeem

(P(Z):l—;—’ : - [ikz <1n27—kz— 1)—}—

In—- -~

e — 8

1ka
Lk In Q—Y?l——i\! —1 2; R*2° { In %’“‘ )
(33.10)
" E)(z):l———l.—[iszln"ﬁz———l\—l—
s L n J
Tka
k222 7kz 3\ k22 f,  Ykz 11
+ (1 ——TJ—ITKIH"T' &
(33.11)

B Bupaxennsax (33.10) u (33.11) onyuieusl, Kpome TOrO,
4jieHbl TOpALKa <ln —i‘->—2 Ecnu Tenmepb. Mbl Oyaem TOA-
CTaBJIATb 3TH BhIPaXKeHHs B Qopmy.ty (32 08), To B Hell cJe-
LyeT OMyCTHThb 4YJjeHbl MOpsAAKa (ln Ta ) . [TosaTomy QyHK-

-

uuto F (T 7> MOXKHO MpeJCTaBUTb B BHIE

Flg ) =g 5| o — EGD) |+

27 2 9
(ln Y/CT) 1
2i — 1 1 V? i
+1ﬂ.{Ta T+T F—2¢(L)In Ykal e -
21n
Yk . ;
emrorc R B
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[Tpunumasi gasnee Bo BHuMaHHe Gopmyasl (33.10) u (33.11),

HaxXxoaum
i 2i
A [ 2 — )|
kL[, 2 " L
_T(ln%—ln sz+—4—>, (33.13)
ln1ka 2 7 T =
kL k2L® . ROL3
1ka —I— 5 '—-—-—‘—-l 1o (3314)
Vi k2L k3L3 2
23 (L) In 2l e _2(1-;-sz— i )1 'fka
kL kL 1
. ykL 1
ikl (gin 5 — —18—) : (33.15)
H, HaKOHel,
2lnL
Tka 2
ot F et =
=.-(1+i—3-kL-—k”L"’ t:ﬁk’L’>l 1-,;——
kL 51n2 d
i koL In R k’L’( 42z 2;' ) (33.16)

C nomoupi0 3THX COOTHOIIEHMH HETPYAHO MOKA3aThb, YTO

—7—— n2
F+ %)=’%Ii‘a{mlg+€ Ll)=+0f<“‘%)_3]}"
a

g

(33.17)
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Haiinennast popMysaa MoxeT ObITb Nepenucana B Bij1e

S sarT el GO}
(33.18)

Oua noJaHocTelo corgacyercs ¢ dopmydoi (33.06), caenyio-
weit u3 {92].

IlonyuyeHHEIll pe3yabTaT NOATBep:KAaeT NPaBUJIBHOCTD
BLIUUC/AEHHOH HaMU XapaKTepHUCTHKHU paccesuus (32.05)
MOKAa3bIBA€eT, UTO OHAa NpUMeHUMa AJs BU6paTOpoB .a1060ii
JJTHHDL. -

§ 34. PE3YJIbTATbl YHCJIEHHBIX PACYETOB

®dyuxnua F (9, ¥g) mo3BosseT BHIUUCAUTL UHTETPaJbHBIf
nmonepeyHuk paccesHus S u 3DPeKTUBHYIO IOBEPXHOCThb
paccesiHus ¢ maccuBHoro BuOpatopa. MurerpasbHBIi mome-
pPEUHHK paccessHHs ONpelesieTcsi COOTHOLIeHHeM

s— £

s=2, (34.01)
rae

p=y= E, (34.02)

eCcThb yCpeQHeHHAs 3a NMepuoi KosebaHHH NMJIOTHOCTh NOTOKA
5Heprau B Majalouleil BoJHe, a

P=Re Sn’[EH*]dS-— E sin 9, Rej (3) eitecoso g,

21

(34.03)

— CpellHee 3a TNepuoj 3HAYeHHe IHEPTHH, paccenBaeMoii
BHOPAaTOpPOM B OKpyKalolllee TPOCTPAHCTBO. TaK KaK pac-
CesiHHOe MoJie B HaJbHeH 30He MOXKHO NpeICTaBHTb B Ha-
npasjeHdun ¢ =n—=0y popmynamu

itR 22 .
Ey=H, =_~31 9, % .Sj(z)e”‘““%dz (34.04)
. =
H
ikR
E,=H, =—E ekR F(n—19,, %), 34.05)
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TO, onpeneuB OTCIOAa HHTErpas

E

* ikz cosd, cE - a
5./(2)e"’ Oz = g F(x— T, 8)  (34.06)

2

MOJTyuHuM
2

S=2costa-Im F (x — B, %). (34.07)
PacueTsl BeJMYHHBI —— S <npn a=0, %, = ) >, MPOBE e HHbIe
HaMH AJis BuﬁpaTopOB C MapaMeTpoM j, == gy -, MPHHIMAIO-
y=—20,05 u y =—0,1. HaxomATca B CO-
rnacuu ¢ pesyapratamu JleoutoBuua u Jlesuna [85]. Ilpu
7 =—20,1 Hama xpuBasg (NyHKTHpHAs JHHUS Ha puc. 76)

JuUb CJErK1 CMelleHa B CTOPOHY OoJsiee IJIHHHBIX BOJIH H
[aeT HeCKOJbKO GoJsiee BBICOKHE Pe30HAHCHBlE IIHKH.

AbdekTHBHAS TOBEPXHOCTh PACCESHHS ¢ MO OIpeJeseHHIO
paBHa

5 (9, 8,) = f%‘i?i, (34.08,
rie p ecTb yXe u3BecTHas BesnuuHa (34.02), a
F(%,9
Py =gt | By =g LG p (34.09)

NpeACTaB/sfieT CpefHee 3HaUeHHe IJOTHOCTH MOTOKA 3HePruu,
paccenBaeMoil BHGpaTOpoM B HanpasjaeHun #. Ciie10BaTeJbHO)

5 (3, B)) = cos?a-| F (B, &) [ (34.10)

Ecnu mpuemHasi aHTeHHa pafoTaer Ha TOH Ke MOJsApH-
3allud, 4TO M Iepefalollas, TO COOTBETCTBYIOLlee 3HAUeHHE
3¢ dekTHBHOI TOBEpXHOCTH GyAeT paBHO

5, (8, 8) =2 costa- | F (8, 8,)|° (34.11)

B panuonokalHOHHOM caydae, KOraa npHeMHas U nepeaaio-
1las aHTEHHBl COBMEILEHBl, a MOJAApH3alU MPOU3BO/bHAY,
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Puc. 76. 3aBUCHMOCTS HHTErPaJIbHOTO nonepednnka pac-

cesnns BHGpaTOpa OT €ro MHHbl (MR ' HOPMaLHOM

NaJeHdd NJIOCKOX BoJIHbI). Kpusble [/ BbluncieHsl JIeoH-

ToBuueM u JlesuneiM [85). Kpusbie 2 paccunmTaHbl MO
¢dopmyae (34.07).

pacceuBaiomHre cBofictBa BuGpatopa XapaKTepuayIor ycpen-
HeHHOH BeJMYUHON

2%
@)= ® 8)da=221F (8, 0. (34.12)
2n . 8=
; :
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Puc. 77. 3aBucumocTb 3¢deKTUBHOH 110BEPXHO-
CTH paccesHHs BuUOGpPaToOpa OT e€ro [IJHHH IpH
HOpMaJIbHOM TNajleHHH Miockoi BosHbl. Kpusas /
soiuncaena Jlungporom [79), wpuBas 2 — Ban-
drexoM [86] ¢ momouibio MeTOAa HHTErpajlbHLHIX
ypaBHeHH#, kpuBag 3 — nc dopmyae (34.12).

Ha puc. 77 u 78 NyHKTHPHBIMH JIMHWAMH IIpeJCTaBlleHsbl
pesyJibTaThbl pacyeToB, BLUIOJHEHHBIX Mo dopmyaam (34.12)

n (32.08) nas ciydas HOPMANLHOTO OGJyYeHHs (&:%/.

Puc. 77 WANIOCTPUPYeT 3aBHCHMOCTb DYHKLHMH G OT BEJIHUHHDI
2L

kL mpu sananuoM sHauenmn Q =2In—=15, 1. e. mpu

OTHOLUEHHH OJWHBI BUOpPAaTOpPa K ero [gHaMeTpy, PaBHOM
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55'2452‘ Ha puc. 78 mocTpoen rpaguk ¢yHKIME & B 3aBH-

. .
CAMOCTH OT YacCTOTHI f=T10" (B Merarepuax) AJs 3a-

AahHBIX TapameTpoB L=5cm u Q,=15. CnaomHxo# Jau-
HRell 3/eCb IpoBeJeHH KpHBHE, NOCTPoeHHble JIMHApOTOM
[79]), wTpux-nyHKTHpHas KpuBas Ha puC. 77 BbyucJeHa BaH-
®nexkom u aAp. [86].

é
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Puc. 78. 3aBucuMocTh 3¢h(eKTHBHOA MOBEDXHOCTH pac-
- c
cesHusi BUOpaTOpa OT 4YacTOThbl [ = < 10-¢ (B Mera-

repuax) NpH HOPMaJbHOM MajeHHH IUIOCKOH BOJIHHL.
OGo3HaueHHst Te e, 4TO ¥ Ha puc. 77. /

\

Kpusble JIunapora u Ban-®aexka paccuutanel mytem
MHTErPHPOBAHHUA TOKAa, KOTOPHIH HalleH B pe3yJbTaTe NpPH-
GJIMXKEeHHOTO pelleHHsi WHTErpajbHOro ypasHenus. OxHako
yKa3aHHasl nmpoleaypa npoBejeHa B pabotax {79]u{86] pas-
JIMYHBIM 06pa3oM. JIMHAPOT MOJYYHI BHIpAXK€HHe AJs pac-
CesSTHHOTO MOJIS1 B BHJE PA3JI0KEHHS MO OOPATHBIM CTEHeHSIM
napamerpa Qp, KOTOpOe BKJIOYaeT 4jeHHl Mopsaka Qp73,
B pa6ore [86] ncrnonb3oBaHbl pPa3JMYHOLO POfa amlpOKCH-
MaLuH, YTO NMPUBOAUT, KaK 3TO cJjelyeT U3 puc. 77, K 10-
BOJIbHO IpyObIM pe3yJabTaTaM, OCOOSHHO B Pe30HAHCHOH 06-
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nactd. Hama kpuBas (IyHKTHpPHAasi) NOYTH BCIOAY COBIld-
Jaer B npeiesnax npapHYecKoil TOUHOCTH ¢ KpuBoil JInHApO-
‘Ta. 3HAUUTEJNbHOE pacxXoxKieHHe Habjalofaercss JHUIIb B Be-
JIMYYHE TIePBOTO PE30HAHCHOTO MHKa.

Ha puc. 79 u 80 nmocTpoeHsl PaaHOJIOKALHOHHEIE JHa-
rpaMMbl BuGpaTtopoB anuHoi L=0,50 1 L =2A mpH 3a1aHHOM

snavenun —- =900. Kpusble / Beiunciensr Taem c mo-

MOILBIO BapHalMOHHOTMO Merona {87], KpuBHe 3 MOJyYeHbl
METOJOM HaBeleHHBIX 3. A. C. [86], kpuBble 4 — yKa3aHHBEIM
Bhile MertonoMm Ban-®uneka. Pesyabrartel pacueroB mo Ha-
wuM cdopmysaam (34.12), (32.08) u (32.09) uso6pakeHsl
KPHBBIMH 2, i

B nutmpoBaHHBIX pa60oTax paccesHHOE T0Je BBIYHCJSIOT
HENOCPEACTBEHHEIM HHTErPUPOBAHHEeM TOKa, /S ONpejeJe-
HHSI KOTOPOTO HCIOJb3YIOT Pa3iHuHble NPHUOJIHIKEHHbIe Me-
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Puc. 79. CpaBHenne pHarpaMM Ajas 3Q@EKTHUBHOH Io-

BeDXHOCTH pacCcesTHHsi TOJYBOJNHOBOro BHOpaTopa, BbI-
YHCJIEHHRIX Pa3JHYHBIMH MeTOJaMH.

Kpusas I snigucgaena Taem [87] ¢ momowbio BapHalHOHHOTO Me-
Tona, Kpusas 2—no dopmyJe (34.12), kpueas 3 — METOAOM Hase-
AeHHHIX 3. . €. (B pa6ore Bau-Pnexa ([86]); kpuBas 4—Ban-
- daexoM [86] ¢ ToMOWbIO METOAA EHTErpajibHLIX YDaBHeHHM.
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Puc. 80. MuarpamMMel mas d>DGEKTHBHOH NOBEPXHOCTH paCCesHHST BHO-
paTopa, BBIYHCJEHHBIE Ppa3juYHBIMH Mertolamu. OGo3naueHus Te IKe,
9ro M Ha puc. 79. L =2\

»

Tofibl. B Bapuaunonnom Meroze [87] ¢ 3Toil uesbio cTpouTCs
(yHKUHOHAJ, CTAllMOHAPHBIH OTHOCHTEJNLHO MaJIbIX BapuaLri
TOKa. 3aTeM TOK HINETCS B BHIe HEKOTOpO#l (yHKuuH, cO-
JepiKallleit HeompelaeNeHHble IOCTOSTHHBIE, HAaXOAHMMble H3
YCROBUS CTAUUOHapPHOCTK (YHKUHOHANA. DTOT METOLd TNo-
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3BOJISIeT JOBOJIBHO JIETKO NOJYYHUTh NepBoe TpUBIHIKEHHE,
OJLHaKO ero pe3yjbTaThl, 0COGGHHO AJs1 IJHHHEIX NMPOBOMOB,
MOTyT CYLIeCTBEHHO 3aBUCETh OT BHJA MPOOGHOH (YHKUHH.
B Merone HaBedeHHBIX 3. 1. c. [86] TOK HllleTcsi B BUjEe KOM-
6UHANUU TPUTOHOMETPUUECKHX (YHKUHE C HEu3BECTHBIMH
Ko3(pulHeHTaMH, KOTOpbie ONPeNeasIoTCS ¢ TIOMOUIbIO 3a-
KOHA COXDaHeHHs SHepruu. DTOT MeTOA HauboJsee IPOCT, HO
ob6siafiaer psiloM Cepbe3HbIX HENOCTAaTKOB. Tak, BCJENCTBHE
HEKOPpPeKTHOro yuera KOMIIOHEHTHl TOKa, HMelolleli ¢a3sy
najamouero noJjs, OH NPHBOLUT K HelpPaBHJIbHBIM (pe3y/b-
TataM B Cjyuyae HeYEeTHBIX pe30HaHCOB (0coGeHHO MAJist
IJIMHHBIX TIPOBOAOB) H He JaeT.CMellleHHs Pe30HaHCHBIX NH-

. 2
KOB OT 3HaueHudt A=—- (n=1, 3, 5..) B cropony Gosee

IOJTUHHBIX BOJIH.

ITonyyeHHble HaMHu pe3yJbTaThl TaK:kKe SIBJASIOTCS INPH-
GnuxkennbiMd. OfHako Hawa dopMmyaa (32.05) ynosierso-
psieT NPHUHUMNY B3aUMHOCTH U IIPUMEHHMa AJsi BUOPATOpPOB
qioboit anunel. Ilpu atoM Anst ouehb KOPOTKHX BHGPaTOpOB
L €2 oHa mepexoAHT B aCHMITOTHYECKOE BHIpaKeHHe AJis
XapaKTepUCTHKH paccesHua aunoas (cMm. § 33). Has Buo-
paTopoB AJHHOH B HECKONBKO AJNHH BOsMH (L=nh, n=1, 2,
3, 4) dopmyna (32.05) naeT yLOBJETBOPHTE]bHBIE pPe3YJb-
TaTel. Pacuersl, npoBeieHHble MO Hell OJs1 pagHOJIOKALHOH-
HOTO OTPa)KeHHsl IpH HOPMasbHOM OOGJYyUeHHH, CcOrJacyloT-
ca ¢ pesyabratramu Jlunapora. Xopouee «coriacue Ha6.1i0-
IaeTcs Takke c pesysabrataMu JleontoBuua u JleBuHa Auis
HHTErpanbHOH XapaKTepUCTHKH paccesHus. C yBenuueHHEM
IJAuHB BUGpaTopa TOYHOCTH yKa3aHHOH (opMyJwl pacrert,
9THM OHa BBITOJHO OTJHYaeTcs OT (OPMYJ, NPeATOKEHHBIX
A_XapaKTepPUCTHKM DaccesiHds APYTHMH aBTOPaMH.

BMecTe ¢ TeM, pacxXoxieHHE MeXIY Da3JUYHBIMU TpPU-
OMUKEHHBIMH METOJaMU CBUIETEIbCTBYET O He0OXOJHMOCTH
NpOBeleHHsT AOCTATOYHO MOAPOOGHBIX PacyeToB NO TOYHBIM
MeTOoZaM C lIeJbl0 OLeHKH [eHCTBUTCNbHOH NOTpellHOCTH
NpuGAMKEHHBIX MeT010B. Takde pacueThl MOXKHO BBIMOJ-
HiTb, HANPHUMEp, C MOMOLUBIO METOJHKH, M3JOXKEHHOH B pa-
6otax [88, 89] uau [91].



3AKJIIOYEHUE

B a1aHHO!I KHUre TNOJYYeHO pelueHHe psifa AU(PPaKIUOH-
HBIX 32724, OCHOBAHHOe Ha NMPHOJIHKEHHOM yueTe BO3Myllle-
HUSL TMOJst BOJIM3M M3JI0Ma NOBEPXHOCTH HMJIH OCTPOro Kpasi.
BriBenenbl ¢opMysabl JJas XapaKTePHCTHK paccesHHs HIIH,
B HEKOTOpHIX caydaax (ra. IV), ans paiuosoKalllMOHHBIX
MIONMepeYHHKOB OTpaKeHUst NPH OllpeleIeHHOM HallpaBJeHHH
o6ayuenusi. HaiileHHble BbipaxeHHss HMEIOT YeTKUH ¢u3u-
YECKHil CMBIC], y®BJeTBOPSIOT TPHHIUHIY B3aWMHOCTH #
yno6GHBI /151 [paCyeToB.

TTosyuyeHHble pe3y/bTaThbl TIO3BOJASIOT COCTABUTH OoJee
MOJIHOE TpeACTaB/eHe O IPAHHIAX MPUMESHUMOCTH MPHG/IH-
XeHusi pusnueckoit ontuku. OGBIYHO TIPUHSTO CYHUTATh, UTO
370 NPUG/HKeHHe JaeT HajlexKHble Pe3yJabTaThl, €CJIH TOJb-
KO pa3Mepbl Tejia BEJIHKH MO CPABHEHHIO ¢ NJTMHOH BOJIHBL
Takoe MHeHHe OCHOBAaHO Ha ClAeIYIOLIeM DPacCyKIEHWH.
ITpu6nnxenue ¢U3NYECKOH ONTHKH YYHUTHIBAET H3JydeHHe
TOJIBKO OT 'paBHOMEDHOI Y&CTH TOKa W He NPHHHMAaeT B pac-
Yyer HEPaBHOMEPHYIO 4acTb TOKa, KOTOpasi KOHIEHTPHPYeT-
cs1 B6/IM3M H3JIOMOB M OCTPHIX KpaeB. [losTomy, xonma pas-
Mephl TeJla BHAYHTeNbHO 6OJbllie IJUHBI BOJNHBI, HEPaBHO-
MepHasi YacThb TOKa 3aHUMaeT OTHOCHTEJIbHO HeGOJbUIYIO
JOJII0 TIOBEPXHOCTH Te€da, H MOXKHO AyMaTh, YTO ee BJIHSHHE
6yner maJo. '

B nmellcTBHTEIbHOCTH Ke OKa3blBAeTCsl, UTO HaAeXHOCThb
pe3yJbTaToB (PU3HYECKOH ONTHKH CYILECTBEHHHIM 00pasom
3aBHCHT He TOJbKO OT Pa3MepoB Tefa, HO Takxe OT (HOpMHbl
TeNna, HanpaB/eHHH o6aydeHus u HaG.lonenus. Hampuwmep,
TIpH CKOJIb3SILIEM MafeHHWH BOJIIB Ha IJIOCKYIO IpaHb Tena
KpaeBasi 30Ha, 3aHsATasi HeDPaBHOMEDHOH YacTblO TOKA, 3Ha-
YUTENBHO PACUINPAETCS, U BJAHSIHHE 3TOTO TOKAa CTAHOBUTCH
cywiectBeHHbIM. [JosToMy (H3HuecKAs ONTHKa Jaer Kadve-
CTBEHHO HeBepHbBe PEe3yAbTaThl IS TN, PACCEAHHONO MJO-
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CKHMH [JaCTHHAMH TMPH CKOJb3flleM OO6/JyYeHHH, He3aBHU-
CHMO OT COOTHOLIEHHSI MEXAY HX pa3MepaMH # JIJHHOM
BOJIHbI. BunsiHMe HepaBHOMepHOH YaCTH TOKa CTaHOBHTCS
3aMeTHBIM TaKXKe B TeX HalpPaBJIeHHSX, Tle COrJiacHO GU3H-
4eCKOH ONTHKe pacCesiHHOE TIoJie NOJKHO ObITh PaBHO Hy-
JII0 MJIH UMEET MaJylo BeJHUHHY.

SIpkuM TIpHMepoM TOTO, HacKOJAbKO GOJbIIOE 3HaUeHHe
HMEIOT yKa3anHble Bbilile (aKTOPHl, CAYXKHT 3ajaya O AU-
(pakUH1K NJIOCKOH BOJHBI NPH NMaJeHHHU Ha KOHYC BAOJb €ro
ocu (§ 17). Xota B 3TOM cnyyae HepaBHOMepHasi 4acTb TO-
Ka, cocpenoTtoyeHHasi BOJIM3H BepIIHHBI KOHyca, TIpaKkTHye-
CKM He BJIHSIET Ha paccesitHHe, TeM He MeHee MPHO/IHKEHHE
(u3nvecKof ONTHKH [AeT /5 BEeJHUHHBI pafiHOJOKALHOHHO-
HOTO NMoNepeuyHHKa 3HAUEHUS, KOTOphle Ha AECATKH deuubden
MeHblIe SKCNePUMEHTAa bHbIX 1axe fpu GOJbUIMX pa3Mepax
KoHyca. Pewalomas poJsib 3nech IpuHaaIeXHT HepaBHOMED-
HOH YacCTW TOKa, TeKyllel BOJM3M KPYroBOTO H3/I0Ma KOHH-
YyeCcKo#l TIOBE@PXHOCTH; ocobeHHO GoJsbllOe 3HaueHHe Hepas-
HOMepHas yaCTb TOKa HMeeT HJi OCTPhl§ KOHYCOB.

JIpyruMm MHTepecHBIM NPHMepOM MOXo6HOro poia SIBJAS-
eTCsl paccessHHe TJIOCKOR BOJIHBI Ha KOHEUHOM TapaGosounne
Bpauwenus (§ 18), korga npubanxkeHue (PpU3HUECKOH ONTH-
KM TPUBOAUT K KauyeCTBEHHO HEBEDPHHIM pe3ysibraTaM. Bhl-
uypcieHHas B. 3TOM HpubavKeHuu 3¢pdeKTHBHAs TOBepX-
HOCTb paccesiHUsi OKa3blBaeTcsl INepHOJHUecKol yHKuHel
IJHHB napabosiouja ¥ TPH HEKOTOPHIX AJauHAx obpalnaer-
csl B HYJIb, YTO COBEPLIEHHO He COOTBETCTBYET JAEHCTBHTEJb-
HOCTH.

Uccnenosanne IOuUdpaKIUH KpaeBbIX BOJH I10Ka3aso
(ran. V), 4T0 IS IJIOCKHX NJACTHH MOXHO OrpPaHHYHTHCA
Y4€TOM BTODHUHOH AM(paKLHH, ecJH UX JHHEHHble pa3Me-
PBl BCEro B MOJITOPA-ABa Ppa3a 6oJibllle AJHHBI BOJIHBL

3aMeTHM, 4TO Mbl CTPEMHIHCh NOJIYYHTb DOPMYNBl LIS
XapaKTEPUCTHK paccesiHHd, KOoTopule obmamanyu 6bl pusnve-
CKOI HATJSAMHOCTbIO H Gblin Obl YNO0OHH Aas pacueroB. [Ipu
3TOM HaM NPHLIOCH TIOATH Ha BBeAEHHE DA3JHYHOMO poia
MHTEPMONSUHOHHBIX W YNPOILEeHHbIX (OPMyYJ, KOTOphbie YI0B-
JeTBOPAIOT CHOPMYIHPOBAHHEIM TPeGOBAHMAM, HO 3aTO He
SBJSIOTCS B o0lleM caydae TJIaBHBIMHM YJeHaMH CTPOroro
aCHMITOTHUECKOrO PasJsioXkKeHUs II0 CTENEHAM MaJjoro napa-

A
Merpa -
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Mpl He cTaBHIM CBOel LeJbI0 BBIYHCAMTL TOKH Ha IM0-
BEePXHOCTU Tesa, ToJie B OJaHKHEH 30HE WM HHTErpasbHBIH
TNONEePeyHHK paccesndsi. DTH BOMPOCH paccMaTPUBAIOTCS B
psde Apyrux pador mo (H3HUeCKOH Teopuu AUPpaKIHH,
KOoTopble yiKe Obliu nepeuncsiensl B § 25. B mux, B wacrHo-
CTH, MOJYYeHbl TIePBbIE YJeHbl aCHMNTOTHYECKHX Dasjioxe-

HU{ TI0 CTemeHsAM i IJIst UHTErpaJibHOro IonepeyHuKa, Xa-

PaKTepH3yIOLlero MOJHYI0 MOLIHOCTb, DAaCCESTHHYIO TEJIOM.
Oanako B 9THX paborax, Kak NpaBH/IO, OTCYTCTBYIOT (op-
MyJbl JJI XapaKTePHCTHK paccesHHs, CNPaBeNJHBHE NPH
JI06bIX HampaBJaeHHsAX oGjayuyeHust ¥ HabuaogeHus. [Toatomy
pe3yJbTaThl NAaHHOH KHHTH M YKa3aHHbIX paBoT Kak G6b
B32HMHO JONONHSAIOT APYr Apyra.

B Hacrosillee BpeMmsi TeOPETHYECKOMY H3YUEHHIO MOLAa-
eTcsl JIHIIb OTPAHMUYSHHOE UHCAO OUPPaKUHOHHBIX 3ajnay,
B CBSI3U C 3THM 6OJIbIIOE 3HAUYEHHE HMEET IKCIepPUMEeHTalNlb-
HOe HccaeNoBaHHe AubpakUWu Ha Pa3JUUHBIX Teaax.
B ra. VI u3noxen skcnepuMeHTaJbHBIH CMOCO6, MO3BOJSIO-
ILHH BBIAEJNUTH B YHCTOM BHAE» M HU3MEDHTh IIOJie OT He-
paBHOMEpHOI YacTH TOKa, BO3OYKAAeMOro MJI0CKOH BOJHOM
Ha MeTaJ/lJIMUecKHX Tesaax Jqaloboit ¢opMel. B Toit xe riaase
MOKa3aHO, YTO U3BECTHOE SBJEHHE JEMOJSPH3aUNM BOJIHBI,
‘OTPaKeHHOH OT HaxoAsllerocs B CBOOOLHOM IPOCTPaHCTBE
T€Jla, BHI3BIBAETCSi HEPABHOMEPIOH YaCThIO TOKA, HJIUM, HHAye
roBOPH, HCKPUBJIGHHEM MOBEPXHOCTH. '

[lpoeenennoe 8 ra. VII ucciaenoBanne 3agmauu o Ou-
(hpakuup Ha TOHKOM LMHJIMHADHYECKOM IPOBOILHHKE KOHEY-
HO# HJMHBI MpELCTaBJsET eCTeCTBeHHOe Pa3BUTHE M 3aBep-
LIEHHe METOAMKH yueTa MHOrOKDaTHOH AU(pPaKIUH KpaeBblX
BOJIH, KoTopasi 6blna mpumeHera B ra. V. B ra. VII BhiBe-
ZeHbl GOPMYJIBL [Is JQHarpaMMbl pPacCesHUs, TPHFOLHbIE
I BUOPATOPOB NPOH3BOJILHOMN JJIHHBI MIPH JIOOGBIX Halpas-
JIeHUs1X 00/yueHds U HaOJaI0AeHHU .

[TosnyyeHHble B KHHUIe DPe3yJbTaThi NMOKa3hIBAKOT MJOLO-
TBOPHOCTb (H3HUECKOH TeOpHH JAU(PPAKUHH M MO3BOJAIOT
MONOATH K pelueHuIo IpYrux, GoJjiee CJA0XKHHX 3anad. Takue
3aJaud MOXKHO pasjesuTb Ha IBa kKJaacca. K mepBoMy kJjac-
Cy OTHOCSITCS 3ajauH, KOTOpble MOTYT OBITb pelleHbl yXe
cefiyac Ha 6a3e U3BECTHLIX PE3YJbTAaTOB TEOPHH AU PAKLHH;
B KaueCTBe NpHMepa MOXHO yKas3aTb 3afayy O AU(PPAKLHH
nJ0cKod BOJIHBL Ha yCEYEHHOM KOHYCe HJHM Ha OecKOHe4yHO
DJIMHHOM LHJHHAPE C MHOTOYTOJbHBIM HONEPEYHHM ceue-
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HueM. Ko BTOpoMy Kjaccy cieayeT OTHECTH Te 3ajauu, ads
pellieHHsT KOTOpbIX HeoOXOAMMO CHayaJja MoJYy4YHTh (c Mo-
MOILIbLI0 METOAOB MaTe€MaTHUYeCKOH TeopHHM AH(paKLUMH) Le-
JBIH pSiN HOBBIX pe3yJsbTatoB. B uacTHOCTH, 1nJs TOro, 4To0bl
naThb TOJHOe pellieHHe AH(PPAKUHOHHOH 3a4a4i O KOHEUHOM
KOHYyCe, Hal0 Jydille 3HaTh 3aKOHbl Andpakuuu Ha noaybec-
KOHEUHOM KOHYcCe.

TlonBonsi WTOrM, MOXHO CcKasaTh, 4To Pu3HueckKad
TeOpUs NUPpaKUuu NoMoraer pasobparbecsi B AUDPAKIUOH-
HBIX SIBJIEHUSIX JJISI CJIOXKHBIX TeJ, CTaBHUT MpoOJeMBl mepel
MaTeMaTH4yecKoll TeopHell AndpaKUHK U No3BoJseT 3Ppdek-
THBHO TPUMEHSTb CTPOTHe Ppe3yabTaThl MaTeMaTHUecKoH
TeopHH IHGpaKUuK [IJ15 pellleHHst HOBBIX 3a7au.

B 3akawouenne BBIpaxaw ray6okylo OGaarogapHOCTb
JI. A. BaliHmTeliHy 3a ileHHble COBETBl U Pery.asipHoe o6cyx-
JeH’e BOMpPOCOB, KOTOPHLIM TIOCBSILLEHA 3Ta KHUra, a TaKxke
3a BHMMAaTE/IbHOE MPOUYTEHHUE PYKOMHCH H PAI1 TIOJNE3HBIX 3a-
Meuanuil. IToab3yloch Takxe cjayyaeM BbIPa3UTb HCKDEH-
Ho0 GmarogapHocts M. JI. JleBuHY 3a BHHMaHHE K pabote
W LleHHble 3aMeyaHusl.
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