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BeeOeHue 

AAre3aTop YTH npeACTaBnBeT co6oii Y3KYIO MeTannu

qecKyiO Ka_r;epy H3 Hep:lKaBeiOJ.UeH CTanH C TOnll.UIHOB CTeHOK 
0,5 MM /I .llpu6nH:lKeHHe MeTannH'IeCKHX CTeHOK K KOnhU:Y 

3neKTpOHOB AOn:lKHO o6ecne'IHTh ero CTa6HnhHOCTh no OT

HOWeHHIO K Hau6onee onaCHhiM KOrepeHTHhiM ueyCTOH'IHBO

CT.IIM. 

Buewuee MaruuTuoe none, C:lKHMaiOmee Konhu:o, co3Aa

eTCH TpeMH napaMH MHOrOBHTKOBhiX KaTyWeK C HMnynhc

HhiMH TOKaMH - TpeMJI CTyneHJIMH C:lKaTHJI, pacnono:lKeu

HhiMH CHapy:lKH KaMephl, H napoB KaTyWeK nOCTOJIHHOrO 

/MeAneuuo MeH.IIIOJ.Ueroc.ll 3a apeM.R C:lKaTH.II/ non.11. llpu 

paC'IeTe TaKOB MarHHTHOB CHCTeMhl Heo6XOAHMO Y'IHThiBaTh 

nepeXOAHhle npou:ecchl npu npoHHKHOBeHHH MaruHTuoro nonx 

BHyTph KaMephl, a TaK:lKe OTpa:lKeHHhle CTeHKaMH non.11 

KOnhu:a. CxeMa ycTauoBKH noKa3aua ua puc. 1. 
liMnynhChl TOKa B 3-x CTyneHJIX HMeiOT BRA nonyCHHy

COHA C xapaKTepHhiM nepHOAOM - J MC. 

AMnnHTYAhl TOKOB B KaTyWKaX onpeAenJtnHCh B03MO:lK

HOCTJIM~ CHCTeMhl nHTaHHJI H 3aAaBanHCh HOMHHanOM 

5-6 KA12 /.BpeMJI C:lKaTHJI KOnhu:a, onpeAen.ReMoe AnHTenh

uocT.RMH H aMnnHTyAaMH TOKOB B CTyneHJIX, OKa3hiBaeTCJI 

nop.RAKa 1 ..we. llepexoA ua 6onhliiHe apeMeua c:lKaTHJI onaceu 

H3- 3a B03MO:lKHOCTH pa3BHTHJI MeAneHHhiX HeyCTOB'IHBOCTeB, 

6onee 6hlcTpoe c:lKaTHe orpaHH'IHBaeTc.R napaMeTpaMH cucTe-

Mhl nHTaHHJI Ka TyUieK H 

MaruHTHa.R cucTeMa 

noTep.RMH B CTeHKaX KaMephl. 

aAre3aTopa YTH o6ecnequaaeT 

C:lKaTHe 3neKTpOHHhiX KOneu: C napaMeTpaMH, npHrOAHhiMH 

An.ll ycKopeHHJI MHOr03ap.IIAHhiX HOHOB B CnaAaiOJ.UeM MarHHT

HOM none. Ha Anuue ycKopeuHJI 1 M AOJDKHa npuo6peTaThCJI 

3HeprH.II -1-'-10 M3B/HyKAOH. 
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Cornacuo 3TOMY ycnoBHIO, napaMeTpbl 3ne.KTpOHHbiX 
.Kone:u npu pacqeTe Bbi6Hpanucb cne~YIOIIUIMH: 

1. llucno qacTH:U B .Kon~o:ue N e = 1 7 5 .l 0 13 . 
II pH O~H0060pOTHOH HH)Ke.K:UHH Ha pa~HYC r in = 36 CM 

H 100~ 3aXBaTe TO.KY HH)Ke.K:UHH 200 A COOTBeTCTByeT 
Ne '='- 1013 . 

2. HaqanJ.HaJI 3HepruJI lne.KTpOHOB 1,57 3 M3B /co
OTBeTCTBYJOIIUiii penJITHBHCTC.KH:ii clm.KTop Jin = 4 7 7 I. 

3. 1Ionypa36poc no 3HeprHJIM 3 .!. 5~. 

4. 3MHTTaHC 3ne.KTpOHHOrO ny'I.Ka 
a2 

171 = 11{3. y. _z_v ::. 0,07rr, 
z lD In r in z 

a H v - COOTBeTCTBeHHO pa3Mep H 'laCTOTa 6eTaTpOHHbiX z z . . 
.Kone6aHHii B a.KcHanbHOM HanpaaneHHH. 

Ecnu pa~uanJ.Hblii clmlOBblii o6'beM paBeH npHMepHo 
a.KCHanbHOMY, TO npH y.Ka3aHHOM BbiWe 3HepreTH'IeC.KOM 
pa36poce HMeHHO oH onpe~enJieT pa~uanJ.Hbl:ii pa3Mep ny'I.Ka. 

,lJ;nJI o:ueH.KH aenH'IHHbl pa3Mepa ucnonJ.3yeM MO~enb, 
He Y'IHTbiBaiOI:uYIO 6eTaTpOHHbiX pa~uanJ.HbiX .Kone6aHHii. 

Jion~owoii pa36poc no qucny H Ha'lanJ.Ho:ii 3Hepruu 3ne.KT
poHOB 3a.Kna~biBancJI B cxeMy pac'leTOB ~nJI Toro, 'IT06bl 
CHCTeMa C)KaTHJI MOrna pa60TaTb B WHpO.KOM ~Hana30He 
napaMeTpoa. 

Xapa.KTepHble napaMeTpbi C)KaTbiX Konen; ~O~Hbl 6J.ITb: 
1. KoHe'IHblii pa~yc 4 7 5 CM. 

2. Pa3Mepbl Manoro ce'leHHJI 1 7 2 MM. 

IIpH Bbi60pe MarHHTHOH CHCTeMbl Mbl CTpeMHnHCb 
aj HMeTb B03MO:>KHOCTb HH:>Ke.KTHpOBaTb .KOnb:UO B nOCTOJIH
HOe none /no.Ka3aTenb cna~a nocTOJIHHoro nonJI "-"'ocT >0 /; 
6/ He npoXO~HTb npH C:>KaTHH napaMeTpr'leC.KHH pe30HaHC 
~nJI a.KcuanbHbiX .Kone6aHH:ii /T .e. vz < 2 I H orpaHH'IHTb 
CHH3y BenH'IHHY IJZ B COOTBeTCTBHH C Tpe6oBaHHeM orpa
HH'IeHHOCTH a.KcuanLHoro pa3Mepa .Kon~o:ua anepTypo:ii .Ka
Mepbl. 

IIpe~nonaranocL, 'ITO no~aaneuue auxpeablx TO.KOB B 
pa30M.KHYTb1X .KaTyW.KaX o6ecne'IHBaeTCJI HX .KOHCTPY.K:UHe:ii. 
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Puc. 1. CxeMal/lU'IeCKUJI KOHCIIIPYKfiUJI KaMepr.r aoze3alllopa. 

B nepaoii qacTH npuae~eHbl ocHoBHble tllopMynbl, Heo6-
xo~HMble ~nJI pacqeTa c:>KaTHJI 3ne.KTpoHHoro .Kon~o:ua B a~
re3aTope. CpaBHHBaiOTCJI pac'leTHble H 3.KcnepuMeHTanJ.Hble 
xapa.KTepHCTH.KH MarHHTHOH CHCTeMbl B cnyqae, .KOr~a 

co6cTbeHHble nonJI .Kon~o:ua npeHe6pe:>KHMO Manbl. 

1. ){UHUMUl;(U 3AeK.,pOHHOZO KOAbfiU 

e 
BHewHee none B z , C:>KHMaiOII{ee .Kon~o:uo, H3MeHJieTcJI 

a~Ba6aTB'IeC.KH, T .e. BblnOnHJieTCJI ycnOBHe 
1 ase 1--- · __ z_ I « 1 

wB~ at ' 
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w- KpyrOBaJI 'laCTOTa o6pa~eHHJI 3lleKTpOHOB. 3aBHCHMOCTL 

cpe,n;Hero pa,n;Hyca KOllLU:a r O H paBHOBeCHOH 3HeprHH 

y oT apeMeHH 3a.n;aeTCJI ypaaHeHHJIMH I 3 i 

2 f3 y 

r 0 
- _e_(Er + f38 z)' 

2 me 

e 
r

0
{f3y + -- Ae) = 

m c2 

Me 
-;c = const. 

Ill 

r cu 
3.n;ecL f3 = -{- , e = -I e I H m- 3ap11.n; H Macca 3neKTpoHa, 

Er H 8z - COOTBeTCTBYIO~e KOMnOHeHTW 3neKTpH'IeCKOro 

H CYMMapHoro MarHHTHOrO noneii B U:HllHH.IJ;pH'IeCKOH CHCTe

Me Koop.n;HHaT I B = jjc +Be, E = E c, HH.IJ;eKcoM"c "o6o3Ha

'leHw co6cTBeHHwe non11 KonLu:al, Ae - a3HMyTanLHwii 

KOMnOHeHT BeKTOp-nOTeHU:Hana CYMMapHOrO MarHHTHOrO 

nOllJI, M () - () - KOMnOHeHT MOMeHTa o6o6~eHHOrO HMnynL

ca - HHTerpan .IJ;BH)I(eHHJI. ,lJ;nJI paBHOBeCHOH 'laCTHU:W Z O = 0, 
T .K. BCe nOllJI CHMMeTpH'IHLI OTHOCHTellLHO nnOCKOCTH Z = 0. 

HcKnro'laJI H3 Ill f3'Y H Y'IHTLIBaJI ynLTpapenJITHBH3M 

3neKTPOHOB ( y >> 1, f3:: 1}, nony'IHM ypaaHeHHe .n;n11 onpe.n;ene

HHJI r 0( t) : 

c 2 Ae 1 
F( r , t) = --M () + r • ( 8 - -- + -{3 E ) = 0 . 

0 e 0 z r r 
0 

121 

B cnyqae npoH3BOllLHoii apeMeHHOii 3aBHCHMOCTH BRew

Hero nonJI peweHHe ypaBHeHHJI 121 HaXO.IJ;HllOCL MeTO.IJ;OM 

HLIOTOHa Ha Ka)I(.IJ;OM ware t0 no apeMeHH.a F 
Tpe6yeMaJI .n;n11 3Toro npoH3BO,n;HaJI -- ecTL 

a ro 

a F [ ( e ( 2 c) a 1 , c ) , 
-- = r 0 1 - n) 8 + - E + 8 + r 0 -- (-E + ll J • 
aro z f3 r z aro f3 r z 

/31 

CKopOCTL C)l(aTHJI KOllLU:a ro , Heo6xo,n;HMaJI .IJ;nJI Bhi

'IHCneHHJI C06CTBeHHOrO MarHHTHOrO nOllJI H Onpe,n;eneHHJI 

Hyneaoro npH6nH)I(eHHJI .n;n11 r0 { t) no cilopMyne 

ro{tn+l) = ro{tn)+ro{tn)·(tn+l- tn ), 

dF 
HaXO.IJ;HTCJI H3 ypaBHeHHJI -- = 0 H paBHa 

dt 

6 

a Ae 
( 8 - -) at z ro 

2 ____ _ 
r o = - r o aF 

141 

aro 
EcnH MaTepHan KaMepw Henpoao.n;JI~ii. T.e. 3KpaHHpo

aaHHe MarHHTHWX noneii MO)I(HO He Y'IHTWBaTL H TOKH 

B KaTyWKaX MOryT 6WTL 3a.n;aHW KaK 

Jie\JiO• 

1o = consi 

1T 
sin W ( t- tiO )], tiO:;:; t:::; tiO + 0 • 

0 1T 
t < tiO 't > tiO + !1 

lSI 

I i = 1, 2, ... - HOMep cTyneHH C)l(aTHHI, 'ITO B03MO)I(HO TonLKO 

B npeHe6pe)l(eHHH HH.IJ;YKTHBHLIMH CBJI3JIMH Me)l(,n;y HHMH, 

TO ypaaHeHHe 121 pewaeTCJI aHanHTH'IeCKH. Y'leT co6cTBeH

HLIX noneii He3KpaHHpOBaHHOrO ynLTpapenJITHBHCTCKOrO 

ny'IKa cao.n;HTCJI K nepeonpe.n;eneHHIO y: 

y = y + 2v • rn 
16r 0 

ar + az 

e2 Ne 
I v = --· --- - noroHHLIH 3neKTpoH, ar - pa.n;HanLHLiii 

mc2 2rrr 0 

pa3Mep ce'leHHJI KonLu:al. TaKHM o6pa3oM, co6cTBeHHhle 

non11 cilarypapyroT TonLKO npH onpe.n;eneHHH Me H3 Ha'lanLHLIX 

ycnoaHii H y qepe3 y. 
B pe3ynLTaTe peweHHe ypaaHeHHJI 141, .n;aro~ee t KaK 

ciiYHKU:HIO r O' npe.IJ;CTaBnJieTCJI B BH,IJ;e: 

t = _!_ ( arc s i u C + 1./J) , 
!1 yA2+82 

161 
cosljJ 

A 
sin !jJ 

8 

yA2+ 82 y A 2+ 82 
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c 1o 
r,IJ,e C =--Me- -G0 ( r 0 ) 

I e I c 

I A I =I. liO G.(r \I c~sntio l . 
B i c I 0' sm n tiO 

CyMMHpo:sa.aae pacnpocTpaaJieTcJI aa pa6oTaJOUUie B ,IJ,aH-

HLIB MOMeHT cTyneaa, lilYHKUBB G 1 ( r) ,IJ,JIJI o,IJ,aoro BBTKa 

onpe,IJ,eJIJIJOTCJI KaK 

G.(r) =r(rG 8 - GA) lz=O 
• I z 

R = Ri 
z = z1 

k2 p 
1--(1+2) 

2 r k 
G8 (r,z,R,Z)= ---[K 

z -
y'rR 1 - k2 

·---El, 

4 R k
2 

G A( r, z~ R, Z) = - y'- [ ( 1- --) K - E], 
k r 2 

171 

4rR l/2 
r,IJ,e k = { 

2 
? J - MO,IJ,YJIL nOJIHLIX 3JIJIHnTB'IeCKHX 

(r+R) +(z-Z)~ 

HHTerpanoB E a K , r, z - Koop,D,aaa TLI TO'IKB aa6JIJO,IJ,eHHJI 

a R, Z - KOOP.IJ.HHaTLI BHTKa. C:>KaTae, O'leBB,IJ,Ho, B03MO>KHO 

JIHWL ,IJ,JIJI TeX 3Ha'leHHB pa,IJ,ayca, ,IJ,JIJI KOTOpLIX apryMeHT 

apKCBHyca no MO,IJ,YJIJO MeHLWe e,IJ,HH.8IJ;LI, He06XO,IJ,HMOe ycno-

at 
sae c:>KaTBJI --- < 0 swnoJIHJieTcJI, ecna, cornacao /4/, 

aro 

i 
0 

ro 

( 1 - n) s: 
e 

A ~ ( Be- _e_) < 0 . 
at z ro 

/8/ 

PaJMepw ceqeaaJI KOJIL:u;a B npe,D,nono:>Keaaa, 'ITO pa,D,a

aJILHLIB pa3Mep onpe,IJ,eJIJieTCJI TOJILKO pa36pocoM no 3Hepraa 

3JieKTpOHOB, HaXO,IJ,JITCJI H3 ypaBHeHHB: 

8 

J 

' 

'} 

\ 

{3 y 2 2 ~Me 
--vz az = Iz' yv a = --

ro r r me 

c 

w2 v 2 = -
e{3 e aEz aBr /9/ ·nBe- -(--{3 --). 

0 z my r 0 z my az az 

2 2 
WOVr 

c 
2 e{3 e e aFr aBz 

w + --·nBe---F ---(--+{3--), 
0 m yr 0 z my r 0 r my ar ar 

aBe 
r z 

r,IJ,e n = - - • -- I 
se ar r=ro 

z 

- noKa3aTeJIL cna,IJ,a saewaero 

nOJIJI, w 0 - 'laCTOTa o6pall.{eHBJI paBHOBeCHOH 'laCTB:ULI; 3Ha-

'leHBJI noneii B HX npOH3BO,IJ,HLIX 6epyTCJI npB r = r O, Z = 0 . 

2. Br.J'iUCAeHue eHeumux MaZHU111HWX noAeu 

MarHBTHOe none TOHKOrO KpyrOBOrO BBTKa C TOKOM I , 
ero BeKTOp-noTeHIJ;BaJI B rpa,D,HeHT ,IJ,aJOTCJI lilopMyJiaMH /3/ : 

F(r,z) =!. GF(r,z,R,Z), 
c 

/10/ 

r,IJ,e CBMBOJIOM F o6o3Ha'leHLI .A e, Bz, 
aBz 

, reoMeT-

ar 
paqecKae lllaKTOPLI G A a G 

8 
onpe,IJ,eneHLI paseacTBOM /71, 

a z 

Ga
8 

( r, z, R, Z.) 
z 

ar 
n•; 

k2 k2 
1-- 2 2 1-- 2 

k I-K+ 2 E+ (z-Z) k [ 2 K-( 1+ k )EJI. 
1- 1{2 4rR 1- k2 (1-k12 ry'Rr 

r Z 
Ha puc. 2 npase,IJ,eaw rpalilBKB lilYHK:UHH n ( R , R ) ,IJ,JIJI o6-

z 
JiaCTB 0 < .!_ < 2, 5; 0, 1<-<2,5, KOTOpLie BCnOJIL3YJOTCJI ,IJ,JIJI 

- R - - R-
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Puc. 2. Tpaf/JuKu noKa3alleA.R cnaoa MazHumHozo noA.R 
n ( r/R, Z/R) 011 OOHOZO 6UIIKa: a/ 0 < r/R .; 1, 5 ; ~ 
0,2 < Z/R < 1,3 ; 6/ 1,1 < r/R < 2,6 ; 0,2<Z/R < 1,2 ;' 
e/ 0 - < r/R -< 2, 3 ; 1, 4 S Z/R < 2, 5 . -

10 

npe~sapaTenLaoro sw6opa CTyneHeii c:>KaTHJI. IIo~po6Hwe 

BLI'IHcneHHJI aanp.H:>KeHHOCTH MarHHTHoro non.H Kpyrosoro 

BHTKa C TOKOM CO~ep:>KaTCJI B pa6oTe /5/. 

KoHe'IHa.H TOJIUUIHa KaTyweK CYIQeCTBeHHO cKa3wsaeTCJI 

Ha senH'IHHe n H Y'IHTLIBaeTCJI B pac'leTe none:ii H rpa~HeH

TOB CYMMHpOBaHHeM C COOTBeTCTBYIO~MH BeCaMH no BHT

KaM Ka TyWeK. 

HH~YKTHBHa.H CB.H3L Me~y KaTyWKaMH pa3nH'IHLIX CTy

neHeii npHBO~HT K nepepacnpe~eneHHJO TeKy~x B HHX 

TOKOB, TaK 'ITO BLipa:>KeHHJI /5/ cny:>KaT nHWL ~n.H pac'leTa 

B Ha'lanLHOM npH6nH:>KeHHH • 

IlapaMeTpLI HMnynLCHLIX Ka TyWeK H CHCTeMLI llHTaHHJI 

BLI6paHLI HaMH TaK, 'ITO 'laCTOTLI [l i KOHTypoB, o6pa30BaH

HLIX HH~YKTHBHOCTJIMH CTyneHeH L i H eMKOCTJIMH KOH

~eHCaTopHLIX 6aTape:ii ci ' npHMepHO O~HHaKOBLI In i;;:_ 

;;:_ 2.103 c-1 /. MoMeHTLI BKnJO'IeHHJI ti H BLIKnJO'IeHHJI CTy

neHeii t : llO~'IHH.HIOTCJI HepaBeHCTBaM: 
1 

t < t < t < t' < t' < t' . 
1 2 3 1 2 3 /11/ 

3.0 

2.5 

20 

---~ 
""'· 

15 a/ 
~ 
~ 
~ (0 ,. 

' ' 
05 

r 
0 0.5 10 1.5 z.o 

t'/R 
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B Bb16pauuoii o6nacTH qacTOT MO>KHO npeHe6peqL aKTHB

HbiM COllpOTHBneHHeM Ka TyWeK no cpaBHeHHIO C peaKTHBHbiM 

I RL_ < 2.10- 2 /, no3TOMY noTeHuuan --". Ha i -oM KOHJJ.eH-n ~ ~~ 

caTope onpeJJ.enseTcJI H3 cucTeMLI ypaaHeHuii: 

~ C . M .. ¢'. + ¢ . = 0 , 
j =1 J IJ J J 

/12/ 

r)J,e Mij - B3aHMHaJI HH)J.yKTHBHOCTb CTyneHeii C HOMepaMH 

i H j, N - qucno pa6oTaiOUUIX cTyneHeii. 

CTyneHL Me)J.neHHOrO HOnJI B CHCTeMe /12/ He yqHTbiBa

eTCJI, )J.RJI llO)J,aBneHHJI TOKOB, HaBe)J,eHHbiX CTyneHJIMH C>Ka· 

THJI, B ee Uellb BKnroqeH ,ll,pOCCenb C HHJJ.YKTHBHOCTbiO, Ha

MHOrO npeBLIWaiOU(eH C06CTBeHHYIO HHJJ.YKTHBHOCTb KaTyWeK. 

IloTeHuuanLI ¢i npeJJ.cTaansroTcs B YJJ.06HoM JJ.RJI no

cne)J.yromux BblqacneHHii BHJJ.e, ecnu H3BeCTHbl co6cTBeHHble 

BeKTOpbl I Y a( i) I B qucna 'A onepaTopa II C .M .. II, T .e. 
({ J IJ 

N ') 
A y(i) = l C M y<l. 

a a j=lj i.i a 

BeKTOpbl y ~i) MoryT 6b1Tb opTOHOPMHPOBaHbl c Be COM r i. 

:! y<Oy<O C. = o . 
i a f3 1 o.{J 

PeweHBe cucTeMbl /12/ ecTL 

~ ! (k) (k). (i) 
¢.= .._ lA coslcu (t-r)]+A sm[cu (t-r )li·Y , /13/ 

1 a= 1 Ia a k 2a a k a 

npB rk<t<rk - - +I ' 

2 1 a r 
w =- 1 < k < 2N, k 

a A a 

~ tk ecnu k s N 

~ t' ecnu 
k-N 

N < k.::; 2N. 

B COOTBeTCTBHH C /11/ CTyneHB npoHyMepoBaHbl B nopJI)J.Ke 

BX BKnroqeHHJI H t ~ > t N . Il03TOMY Ka>K)J,OMY k COOTBeT

cTayeT onpe)J.eneHHOe qucno pa6oTaiOUUIX cTyneHeii. Ilpu 

k = N + f ,HanpBMep, pa6oTaiOT CTyneHB c HOMepaMH e + 1, 
e + 2, ... 'N. Ko34lcliHUHeHTbl A Ia H A2a B «<JopMyne /13/ 
HaXO)J,JITCJI 83 HaqanLHbiX ycnOBBH )J.RJI BKnroqaiOUUIXCJI CTy· ' 

12 

neHeii, YCROBHH HenpepbiBHOCTH BenBqHH ¢ i B ¢ i )J.nJI 

pa60TaiOIUHX CTyneHeii npH t = Tk 

A(k) =:! ¢~k-l)(r ) C. Y (i)(k) 
Ia i I k I a ' 

A< k) 
2a 

w 

1 L ¢ ~ k-1~ T ) c . y ( i) ( k) • 
(k-1) i I k I a 
a 

3aBBCHMOCTb TOKOB OT BpeMeHH onpe)J.enJieTCJI no «<Jop

MynaM 

li=¢iCi. /14/ 

Ha puc. 3 llOKa3aHbl TOKB B CTyneHJIX B OTCYTCTBBe CBJI· 

3eii /nyHKTBPHble KPBBhle/ H paccquTaHHble no «<JopMyne 

/14/ )J,ns pa6oqux napaMeTpoa, yKa3aHHbiX Ha puc. 1. 
B MeTannaqecKOH KaMepe /JJ.a>Ke TOHKOCTeHHOH/ HM· 

nynLCHble MarHHTHble nonJI cymecTBeHHO oTnuqaroTcs OT no

neB: B cao6o.D.HOM npocTpaHCTBe. Ecnu 'IORUUIHa cTeHOK 

h 3HaqaTenbHO MeHLWe rny6BHbl CKHH•CflOJI, TO, cne)J.yJI 

pa6oTe /6/, noaepXHOCTHYIO nnOTHOCTb TOKa ig( e) I e -ToqKa 

Ha KOHType L, B3o6pa>KaromeM a3HMyTanLHoe ceqeHHe KaMe

phi/, MO>KHO npe)J.CTaBHTb B BB)J,e 

ie = c :!A. [a .(t)- a~(t) ]tf,.(e). /15/ 
j I 1 I l 

B !l>opMyne /14/ t/J i ( e ) B A i - COOTBeTCTBeHHO co6-

CTBeHHble OpTOHOpMBpOBaHHble «<JYHKUHB H C06CTBeHHble 3Ha-

G+G( '') qeuus HHTerpanLHoro onepaTopa c JIJJ.POM A~~ ,\ r,z, r ,z + 
+ GA(r,z,r', -z'~ /A. HyMepyroTcJI B nopJIJJ.Ke B03pacTa

HHs7, ai( t) H a~( t) •
1
CYTb K034lcliBUBeHTblpa3nO>KeHHJIBeK

TOp-noTeHUBanoB nonuoro H na)J,aromero MarHBTHbiX noneii 

Ha MeTannuqecKOH noBepXHOCTH no «<JyHKUHJIM t/J i ( £) · 
Ko34lcliBUBeHTbl ~ ( t) paBHLI: 

t' __ t t 

Tj ( I 1 f 0( ') = e · a.. +- a. t 
I t = 0 Ti O I 

ah 

e ri dt' ) , ai ( t) 

r.D.e Tj = 
c2Ai 

, a - npOBO)J,HMOCTb MeTaJIJ111qecKHX CTeHOK. 
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BeKTop-noTeuuuan, uanpJDKenuocTL H rpa.u.neHT HH.U.YUH

poaauuoro llO.liJI B Me,IJ.HaHHOB llJ10CKOCTH 

F. d (r) =2~,\.[a.(t) -a~(t}] GF, (~), 
tn jll I i 1161 

r.u.e (IF· = I (; Ft/J i ( e ) d£ ' a G F onpe.u.enJIIOTCJI l}lop-

MynaMH 
117 I~" 17 'I npH R = r (P ) , Z = z (e ) . 

Bwpa~eHHJI .u.nJI MarHHTHoro nonJI a Me,IJ.Hanuoii nnoc

KOCTH OT O,IJ.HOH napw BHTKOB C TOKOM BH,IJ.a 151 B Ka)I(,IJ.OM 
16 I 

npHae.u.euw a' ' 1 • Tpe6oaanHe ManocTH H3MeHeHHJI aMnnHTy-

.u.w llOJ1JI CBO,IJ.HTCJI K yCJ10BHIO 

( n , 
1 

)2 I. 1171 

l}la30BbiB C,IJ.BHr HMDYJ1bCa llpODOpUHOHaneH 0 r
1 

, 

)J.nJI npe,11.BapHTeJ1bHOrO aHaJ1H3a MO~eT 6WTb HCUOJ1b-

30Bana ouenKa, nony'leHHaJI H3 l.J.Hcneuuoro C'leTa: 

a h X0 
T = 1 

X 0 - .u.nnua KOHTypa L . 
('2 

,.,---..... , 
/ ~/ h. 

I -J.i / \ I2c 
1 .Jfo / -----

/ ----..! / 

0.5 

0 05 1 1.5 
t ( MCSK) 

.... 1.£ 
',l.Jo 

' ' ' ' ' ' ' ' 

2 

' ' ' ' \ 
\ 

' \ 
\ 

\ 
\ 

Puc. 3. ToKu e cmyneH.RX 6e3 y'lema ce.R3eil /nyHKIIIUPHble 
Kpuebre/ u pacc'lumaHHble no (JopMyAaM /141. 
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bOJibWHe TPY.U.HOCTH npH paclJeTe MarHHTHOH CHCTeMM 

,IJ.J1JI TOHKOCTeHHOrO a.u.re3aTopa MO~eT BM3BaTb 3aBHCHMOCTb 

llOKa3aTeJ1JI cna.u.a MarHHTHOrO DOJ1JI OT BlseMeHH, KOTOpaJI 

o6cy~,IJ.aeTCJI H HJIJIIOCTpHpyeTCJI B pa60Te 6 /, 

B .u.aunoM pac<J.eTe KOOP.U.HHaTw BHTKOB R, Z aw6HpanHCb 

TaK, l.J.To6w ua pa.u.Hycax nepexaaTa lpaauoaecuwx pa.u.Hycax 

KOJ1bUa B MOMeHT BKJ110l.J.eHHll COOTBeTCTBYIOIUeB CTyneHH 

C~aTHJII BMDO.l1HJIJ10Cb npH6J1H3HTeJ1bHO paBeHCTBO lPa30BMX 

CJ).BHrOB HMDYJU.Ca DOJ1JI H ero npOH3BO,IJ.HOH. 

llpH 3TOM n Mano oTnH<J.aeTcJI oT noKa3aTenJI cna.u.a 

B CB060,IJ.HOM npOCTpaHCTBe. 

3KcnepHMeHT DO l}lopMHpOBaHHIO MarHHTHOrO llOJ1JI B TOH-
' . KOCTeHHOM a,IJ.re3aTOpe I 7/ llOKa3aJ1 npaBHJ1bHOCTb TaKOrO 

aw6opa reoMeTpHH cTyneueii H xopomee coana.u.enHe pac<J.eT

uwx H H3MepeHHWX xapaKTepHCTHK. B 3KcnepHMeHTe H3Me

pJIJ10Cb MarHHTHOe none B,IJ.OJ1b TpaeKTOpHH KOJ1bUa /H3MeHe

HHe pa.u.Hyca KOJ1LUa so apeMeHH onpe.nenJieTCJI ypaaneHHeM 

121 I ua ycTauoaKe, cxeMaTH'IeCKH H3o6pa)l(euuoii Ha puc. 1 
pa6oTw /7 I c BbiK.liiO<J.euuoii cTyneHLIO Me.u.neuuoro nonJI. 

t: 

t.lll 
1.1 4 

1.0 i 
~~ 1 
:7J 
Q.'~ 
QSj 
0.1,' 

I 

Q31 

. . /1 .· / .. .... / 
·~·:·.·· .... . ___ ....-.: ... · .. 

~···· ~ ,.:/· 
(~~ 

--- --------~ 

' 

r 
l 

I 

1/ 

:I 
oL----.5-----,~~~--~t5~---2~o-----2~~----~~~---J~5-----

r;. (C"") 

Puc. 4. Fpa(JuKu n- mpaeKIIlopuil. Pac'lemHa.R n - mpaeKIIlopu.R -
CnAOIUHQ.R AUHU.R, IIIO'IKU - U3MepeHHble 3HU'IeHU.R n. 
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3KcnepaMeHTanLHaJI n -TpaeKTOpBJI cTpoanacL no B3Mepeu
HLIM 3Ha'leHBJIM MarHBTHOrO llOnJI B np~He6pe>KeHBB Co6-
CTBeHHLIMB llOnJIMB KOnL~a. 

CooTBeTCTByromaJI pac'leTHaJI /cnnowuaJI nBHBJI/ a B3-
MepeuuaJI n-TpaeKTOPBJI, npeACTasneuuaJI TO'IKaMa,noKa3a
HLI ua puc. 4. 

3Ha'leHBJI H3MepeHHLIX MarHHTHLIX none:ii OTnB'IanBCL OT 
pac'leTHLIX ua senH'IHHY- l'fo. 
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PyKonucb noc•ynUAa 6 U30alfeAbcKuu o•oeA 
24 UIOAJI 1975 zooa. 

• 

Y CJIOBKH 06MeHa 
IlpenpHHTbl H C006IUeHHX OH:JIH: paCCbiJiaiOTCX 6ecnJiaTHO, Ha OCHOBe 

B3aHMHOro 06MeHa, YHHBepCHTeTeM, HHCTHTyTaM, Jia6opaTOpHXM, 

6H6JIHOTeKaM, HayqHbiM rpynnaM H OT,lleJibHbiM yqeHbiM 6onee 50 CTpaHo 

Mbi O)I(H,llaeM, qTo nonyqaTeJIH H3.n;aHHil: OH:JIH: 6y.n;yT caMH npoxB

JIXTb HHHIJ;HaTHBY B 6ecnna THOH nOCbiJIKe ny6JIHKaU:HH B )l;y6Hy o B nopX)J,Ke 

o6MeHa npHHHMaiOTCX HayqHbie KHHrH, )l(ypHaJibl, npenpHHTbi H HHOrO 

BH,lla ny6JIHKaiJ;HH no TeMa THKe OH:JIH:o 

E.n;HHCTBeHHbiH BH.ll ny6JIHKaiJ;HH,KOTOpb!H HaM npHCbiJia Tb He CJie.n;y

eT,- :no penpHHTbi I OTTHCKH eTa Teil:, y)l(e ony6nHKOBaHHbiX B HayqHbiX 

)l(ypHanax/ 0 

B px.n;e cnyqaeB Mbl caMH o6pamaeMcx K nonyqaTenxM HaiiiHX H3.n;a

HHil: C npOCb60H 6ecnna THO npHCJia Tb HaM KaKHe- JIH60 KHHrH HJIH 

BbiiiHCaTb )J,JIX HaiUeil: 6H6JIHOTeKH HayqHbie )l(ypHaJibl, H3)J,aiOIUHeCX B HX 

CTpaHaxo 

OT,lleJibHbie 3anpocbi 

H:3.n;a TeJibCKHH OT )J,eJI e)l(erO)J,HO BbiiiOJIHXeT OKOJIO 3 000 OT .n;eJibHbiX 

JanpocoB Ha BbiCbiJIKY npenpHHTOB H coo6meHHil: OH:JIH:o B TaKHX Ja

npocax cne.n;yeT o6x3aTeJibHO yKa3biBaTb HH,lleKc 3anpaiiiHBaeMoro 

H3)J,aHHXo 

A,11peca 

IIHCbMa no BCeM BOnpOCaM 06MeHa ny6JIHKaiJ;HXMH, a TaK)I(e 3anpo-

Chi na oT.n;eJibHbie H3JlaHHX cne.D.yeT HanpaBJIXTb no a.D.pecy: 

101000 MOCK6Q, 
TAa6HblU not~maMm, n/JI 790 
l130Q/IIe/lbCKUU OIIIOe/1 
06oeOUHeHH020 UHCIIIU/IIyiiiQ 
JIOepHbiX UCC/le006QHUUo 

A.D.pec )J.JIX nOCbiJIKH BCeX ny6JIHKaiJ;HH B nOpX)J.Ke 06MeHa, a TaK)I(e 

)J,JIX 6ecnna THOH nO)J,ITHCKH Ha HayqHbie )l(ypHaJibl: 

101000 MocK6a, 
T/la6Hb1U no'I/IIQM/11, n/JI 790 
Hayt~Ho-mexHu'leCKQJI 6u6AuomeKa 
06oeOUHeHH020 UHCIIIUIIIYIIIQ 
JIOepHblX UCC/le006QHUUo 


