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Iopomo masec~ao npKMeHeHHe ~eTanHftqeCRHX no:sepxHOCTe~ B

Ka'QeC.TBe KarHH'l!HliX 8Rpa.HOB, B TOM qJ4CJie H npH 81tpaHMpOBSmm 

MarHHTHOrO llO~H ~OCTaToqHo BHCOROi qac'l!OTH. 0~HaR01 no~aC BOB• 

H:HKaeT o6paTHB.fi sa,n;a~a: MeTa.IIJI 1 HaxO,II..ffiiiM!C.a: B c<Pepe ~e~CTBliiJi 
t 

nepeMeHaoro MarH~THcro rron.a:,~o~eH MMHHMaiThHO ~cKaxaTh BHemHee 

none. IToMMMo MSMeHeHM.ff BeJIM~Hti ~ npoCTpaHcTBeHHoro pacrrpe,II.ene

HH.FI BHeUIHero MariD:lTHOro llOJI.ff TOIUI Q2YI\O ,UH)I,yD;HpyeMHe B MeTaJIJie, 
. . 

npHBo~.a:T K sHaqMTeJihHHM noTepHM aHeprHH Ha Axoyne:so Tenno, a 

TaKil\:e K BOSFil'IKHOi:.dHIIIIO TIOH,II.~OTOflHblX Hallp.ll:llteHH"ti B MeT8..i1JI~e'.;l'~X 
GOBefXHOCT.fiX. 

,~I.ff OIJ;eHK~ p0;1¥.I 3TJIIX 3cHeK'J'OB Heo6XO,IJ,i!MO SHaTh pacnpe,n.e

J:!6Hl1e ·:rOKOB ~YKO aa. MeTa.rrJlliqecK~:x ilO~epxHOCT.ffX paSJIMqHo:a KOH

qJHrypaJ::V4,R. Ta.Roro po~a BonpocH neo~HoRpaTHo paccMaTpi4Ba.JmCh B 

.llBTe.pa:rype ,ynoKiilieM B RaqecT:se npHMepa [ 1-.3] • 0611\ero wa:reilda• 

TJ4qecKoro Me:ro.n.a,npHro,n.Horo ~XH Haxo&AeHH.a: pacnpe~eneHH.a: ~oRoB 
' 

~y:KO _no :Me:ra.n.ny_,He CYli4eCTByeT 1fltJSTOMy 06}'lqHO npoHS BO,D..ffTCH O~eH- ;; .. ~ 

ltH Ha OCHOBaHHH K,JJ;ea.JIMSHpOBa.'iHiiX: MO,II.enet! (C5eCROHeqao ,D;JlHUHHe 
. 

"qlUIMH,l];pJi, Heorpa.HMlleHHHe D.ROCROCI'll) HJIH pema.IOTCH ROHRpeTHI:ie 8 a-

.n,aqH, B OCHOBHO~M tUICJieHHI:lWtl :MeTO~a.MJ<!. 

Onpe,n.eJieHHe :se~HHH H pacnpe~eJieHHH TOKOB ~o B weTanne 

:::;:-~:.JC~TC.R: R RJiaccy S~aq TeOpHE CRHH•sqxpeR'l!R,ROTOp!ie ,Ra.R HB• 

seCTHo,pemaDTCH B oqeHb pe~KHX cnyqa.a:x. Aeno cao~TCH,B cy~Ho

CT«.K pemeHMD ypaBHeHHH E qacTEBOC npoHSBO~HHX ~a 

' ( -, .1) --J- • n.nOTHOCTb TOR&,H~pOBH.HHOI'O B KeTB.JIZe,B ,tJ.S..UbHelllleM 

DOJIOUK .Jl' = J • 



•a-
_ /1rJUi MeTaJIJmlieCKO:A: llOBepXHOCTH npOHSBOJibH0:2 cpop~~pliBO~I4~ 

It HeOClXO,IUH40CTH pema~b BHeiiiHIOIC J4 BHy-TpeHmolO sa~aqif SJie:RTpO.D,H..,. 

arumiW H cumsaTb- pewe1m.a Ha rpaaH~e MeTBJIJia. Ta.Raa: nporpa.M:Ma -1'" 

BMIOJIHID48. B CiOJibiiiHHCTBe- CJiyqae B JIIDIIb q-acJieHHbiM]l M.eTO,D.a.MH •. 

0,14Ha.Ko, B )J;aJibHelilrueM Hac c y,n;eT JiHiTepeco:BaTb · cJiyqi:Jf;:s--Ho.;;

BecTHoM CMUCJie npOTJ4BOll9JlOX~[ Tp~HOH~ B Teop~H CRHH-3~ 

cpeKTa 14 qaCTO BCTpeqaiOLqHHCfl HH rrpa.KTHKe; JdMeHHO ,MH 6y,n,eM Ctrl!-

h ropas).i.o MeHL-

me rnvc5:rnru: Cl\:&!H-c.noa ;::r,mi xapa:\TepHo:ti qacTOTl:i npoqecca :. 

J 
( .2) 

Tor,ll,a MO.iitHo ssecTH ti}li!sli!ttecl\oe npe~onozeHHe,KoTopoe npv,: ... 

BO,IJ;IIIT K IIOflBJI€H:L1IO MaJioro napaMeTpa : MarHHTH~ ITOTOK, COS,J.G~'S..e

.MH:iii TOKa.MH ~yKO (ITOTOK Ca.:MOidEAJ~HH), MaJI ITO cpaBH8.HY:TI C u:ar

m:Th.biM UOTOKOM L'IlfAYl\QMM BHelllEero llOJlfi qepes npOHSBOJihHYiO ITO.

:sepXHOCT.b B M.eTa.JIJie. Ta.K~ oc pas oM : 

( .3) 

3,II,ec.c ¢_ - ITOTOK Ca.MO~H,IJ;y:t~MH, Cf> &H - ITOTOK !J!H,IJ,jl\IJ;:£1~ BHeUl-c.u. 

Hero nona" 

EcJIH BWOJIHeRo ycJioBJtie (3) • _To u:ollHo np:wMeHHTh MeTo.n,' nocne.n.o• 

EaTe~bRHX UpMO~eHHi,cq~TaR,qTO B HyJieBOM npz6JI~zeHHM no C 

ti1IGUOCTb<·'.t:Q_~QB ~0 B Me!l!aJJJie paBHa 

-- - < • - • j foJ(£;f}= oE~.~H~ (X.t)., 



- 3-

-r~e ~uH4 - Hanpa&eHHOC~h SHeBTpHqecttoro TIOHH H~yKQHH,HaBe-
AeHHO~ Ha KOHType,orpaH~HBaD~EM B~eneHgyiD noBepXHOCTh ! 

(5) 

no Ha:ti,Ir.eHHOf! TIJIOTHOCTH ;:eoxa BiryJreBOM np:~H)JIH:ateirnH )fQJitHO onpe

~eJI~Th MarHMTHoe noJie B nepaoM npH6JIHZeHHK (nonpasxy nepBoro 

r:opP.:,JJ;.Ka no 6 K BHeWHeMJ MarHHTHOMY IIOJIIO), a aaTeM nonpaBEY 

nepsoro nopJi,IJ,Ka K TOKY (4) H ~ .,n. Ilepe~eM K ItOHttpeTHliM np:~nvre~· 

pa.oo. 

1 • @JIIi1H;gP KOHeqHo~ 8J!MHH B ~·iOE08HOM MarHMTHOM TIOJie. 

DycTb ocb QVJJIHH,JJ.pa )l;JIJtiHO~ 21- napaJIJieJihHa BHemHeMy noJE; • 

. fmelliHJ..fW p~yc QI-:IJUlH,IJ.pa R" >.> h -ToJI~Im ero c~eH-KH, Ta.K 

4TO B AanbHe~weM h?o 6y.ge~ J6oaHaqaT npocTo p~yc QHJIHHA

pa. 

l1ycTh Bhi!OJIHeHH ycJioBH.fi (.2) H (3). ToK Ha e,lJ.Rmm;y ,I:..:IHHI::l 

:; 

B ypaBHeHHH {a) w - QMKJIItlliecRa.H qacTo"ra Ha-Me~remu:I .aae:....~ 

uero rroJI.a:, R = L · ZJT Ko -oMMqecKoe conpoTHBJieHHe e.ruui;. -
6 h --

IJ;i:i ,LI,JIHHH Q~JrnMpa. Tenepb npHMeHHM MeTo.n, nocJie.n,oBaTeJibHiiX . -

; __ 

' 

' i ~ 

···2:f;;~~J 

(7) 



•4• 

.vlarHHTHOe noJie ROHeqHOI'O no ,IVIRHe COJieHOH)l;S. C O,llHOpO~Hl:Dl !ro-

KOM HS. e)U'l!Wqy )J,JIHHli paccq:wcHBaE·TCSi no JiiSBeCTHHM t;fJopMyJiaJt _______ --- -

{CM.Hanp. [4] ) Iii 1 TaRHM O~paaoM,HS.XO,IlHTCa IIOJie•B nepBOK 

npH~JIHJteHHH • Ana HJIJli.OCTpB.q1iH4 ynpOCTHM sa.~aqy, C'CD!Ta..f!, qTo 

~ >>fZ~ H npHMeHHM 4lOPMYJI1i ~.TI.f( noJia HS. Top:qe IIOJiy~eCROReqHo
ro coJieHoH,n;a. B.~eHTpa.JibHota oOJiaCTH J:4HJIH~pa MarmiTHoe aone 

TOKOB ~YRO 6y~eT paB¥0 

4T ~to) 4:r ~t•) 
J..1 tfJ / r =o ~ 2 2 c =- a " (8) 

a Ha Kpai.O 

i-1 I z 2'I !J (D) . 

4> l=/.. c (9) -

ilone nepBoro npz6XHxeHMa BHYTPH :QHJIH~pa aBnaeTca cyn~pnosH• 

~Heiit He, H - Hep = 47it'"JK(-r) ,r~e K(%) • HeRoTop~ 
l{08qxj:OHD;~eHT, MeHHiOtqM:t1:CSi B npe~eJJ.ax f -' K ~ _ f ( B .D;a.HHOM 

cJiyt~ae ,D;JIHHHoro ~HJIKH~pa). Onpe.E,eJieHPie BK)J;a cpymt~HH K (~} 

HeTpy~HO BbliiOJIHH'l!b, a.Ha.JIOI'ifqHOe Bblti:rtiCJieHMe ~y,I\eT npoBe,IJ;eHo 2~ 

CJie,Izy"tO~eM npHMepe • Ma.RCHMSJibHOE~ OCJiadJiemte BHemH.ero IIOJISI 

npOMCXO,IJ;HT B ~eHTpa.JibHO:ti 06JiaC~~Li D;V.:JIHH,IJ;pa 

(10) 
.... - .~ 



- 5-

~JIR ~aHHo~ aa,na-

&. = 
( 11 ) 

2. ~CR C OTBepCTM~~Q~HOEO~HOM_~~rHHTHOM rro~e~ 

IIycTb MeTaJIJIMqecKMt.i )J.MCR Tomr~:r.:Hoti h , BHeUIH.fl~l pa~vycml R 1 

H BHJTpeHHMM R 2 pq.Cll.2JIOJKeH nepneH)J.!IH<.YJIHpHo BHe:IJ-ne~-AY :.:ar-
-- r HHTHOMY TIOJI!O 1-/t,., = HgH 7 , 'laCTOTa li13MeH8H1:.ff Ko·ro f) oro paB-

Ha 6J • B HyJieBOM npM6JIM~eHMH llJIOTHOCTb TORa ~KO Ha pa-

B )J,MCRe paBHa : 

8neMeHTapHbl!i! TOR Ha pa)J.Myce . "t paBeH 

( 12) 

dJ = h;~o) d~ 

MarYii.1THOe ITOJie TOKOB <'J?yKO ~~:o:-Kl~T O:t¥Tb HaM)J,8HO CJMMV!pOBaHVJ:ci-1. 

!"IOJieA KpyroBbiX KOHl'ypoB C TOK•JM ct:J ; Hanp~Mep,oceBoe none 

' B 1'Qq.Re C .KOOpil,v1HaTaW1 ~I i paBHO: 

~ 't 2_ t' z_ r 2 

H ( ' ) _ t:ch 1-/8,1 '_~._ K;~,<) .,. ("t-t'Y' + i~ f (K) 
- -t, l - d'z Z(;Vl. l/ , . 

r(/0 z:r Rz v('t+~')'flz 

, 4t'l.' E u( 
3,necb K .:::: (~+t.'}z+rz , {KJ M 1\1 ~e) - rroJIH.ble 

( 13) 

HHTerpaJIH 1ro M 2ro po,na. 

BHpa.zeHHe ( 13) ii aHa.n:or~rqHoe .IJ)IJI H.,. onpe,rr,e.1!He·r 

nonpaBKY nepBOI"O TIOpR)J,Ka K BHeWHeMy llCJI[(). 



I !!.!f ,. 
He~py.IJ.HO noRp.aa~b, q!J!o Ma.KClUiaJl:DHoe OTHoUieHKe u 

neH 
CHOBa nopii~a t B q>opMe ,aHBJIOI'kl"qHo~ ( 1f ) . HanpHMep . , 

B6JIHSH OCJ4 AMCita ( "% ~ r ::::0 ) • 

I !!.f./- J._ h (Rt-Rz) 
HIH - z cfZ . 

(14-) 

,!VIa B:titmCJieHJtiil nonpaBOR nepBOI'CI nop~Ita It llJIOTHOCTJ4 TOEa 

HYJKHO BI:RJtiCJIHTb noToR H.H;Jzyit~KH noM ( 13 ) tiepea :KpyroBoa 

1\0HTyp pa.n,Kyca R ( R, ~ R ~ R,) npH e = 0 • ilJIOTHOCT:b TOita 

llTaK ,.n,eJIO CBO,II;~a~C.FI K Bl:RHCJI8HHD KHTei'pa.Jia . '• 

R ~ I 

J :: Jteh j ;,~;' { K 
1 KM + £ {.c 1 , K' = ;, :! • ( f b} 

0 Rz · 

llpe.n,cTaBJtiM I B B~e c~ T.pex HHTerpanoB cJie.IJ.yD~M 

oC5paaoM: 

I 

(17) 
I 

l 



•. _.,_ 
--

·--- -----~--- /J---~ l?, --~--------------- .. 

I =itch! ",'ott. {K'I( r E) -t' ;> ~ 
3 "t .- 't J (17) 

1Zz. t 

B S'.rHX HHTerpaJiax npHMemw npeoC:pasoBaFrne,s.RBHBa.JieHTHHe npe

o6pasoBa.HHeM Jla~eHa [ 5] : 
' Z (1- K) . K ( t<) = 1 + K 1 /( 1 + K, , 

~<'KrKJ +EM= (I+K'J E ( ~:;.) , 

k'K(t<j-E{K}= f~:: Kt:::.)-(t-K'JE{::K~) 
(I 8) 

Tor,n;a nocJie HeKoTopHX npeo1jpas oBaHmlii HeTpy,n;Ho yC5eAMf':CbCH, 

tl''l:O I, , T2 , I 3 C5yp;yT Bh-pa.Ea:cbca qepes HHTerpaJII:i cxo,IUloro 

BH~a .. ; BI:~II:ImeM m BI::NMC:!IHM B KaT.IecTBe npMMepa [ 1 : 

f2 .. _ R e -t 12, -

I = zjr.'2dAz'J E(? }ttVt. =!) ~~~, !J<(~~ l-~(R,~l7 = 
I 

7
,z _ ~ z ~ .... j 1 Ll' t / "! /1 

Rz 0 Rz 

J 

ilOCJl€.!J,IDIM HHTerpa.U TaelJiil\l~Wi: j~ 51 H OROHtla,!leJI:&HO : 



(f!J) -

. AHSJIOI'iNHO B:cNHCJUiiO~C.ff I . .. H . 

~eJI:oHlif.i peayJI:oTaT ,JJ.Jiil I : 

I=~ jRf(R,~-212/E(~}+ :ft~(R,
2

-12}K(:J 1-

'(20) 

{ CIIJIOWHO:~ ,IJ)ICK) H IIO,D.C~aBH~b IIOJiytiMB-

meeca B:r:».pUeHJiie B tPOPMYJIY · ,D.Jiil IIJIOTHOC~H TORa B rrepBOU: npMC5JIM

xeHMH {20) , To peayJibTaT coBrr~~e~ c ¢opyYJIO~;npMBe,n.eHHo~ oes 

BHBo,n.a B RHHre Cu:aATa ( [2) , crp.411). 
I~ . k · 

IloJioDM /J~ nT • x = -- • Tor.n;a 
'fl. R R! 

'' . :t 

Ha pac. no ocH op,JJ.HHaT OTJio~eHH a6coJIIOTHlie snaqeHHH nepBo

ro {HynesoA no~oR) H BToporo (nonpaBKa nepsoro no~a) CJia-
, . 

raeMliX B cpopwyJie (2/) , no ocH aCSCW4CC x • 

AB~op o~u:eqae~ IIJIO,JJ.OTBOPHOCTb AftCRyCCHI ,c r.A.ZBBBOBHM 
no sonpocau:,aaTpoH~ B ,n.aHHo~ paCSoTe. 
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