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AallaoaTII~ecKHfi reaepaTop aapal!<eHHbiX crycTKOB ( aareaaTop) - cHc-

TeMa, HM9IO!U89 CHMMeTp!PIHbie MOI'HHTHbie sepKana. 8 cpeJlHIOIO nnOCKOCTb 

M9li<JlY npooKaMH npii cpaBHIITenbHO cna60M MOI'HIITH0:\1 none I!Hll<eKT~pyiOTCSI 

aneKTpOHbi. Opll aT0,:\1 MarHIITHoe none aauaoaTII'leCKII yBenH'lHBaeTCSI co Bpe-.' , ' 

MeHeM, B peaynbTaTe qero pacTeT BpamaTenbHaSI auepru11 aneKTpoHoB II yMeHb

IIIaroTCSI paaMepbl KOnbua. s' onpeaeneHHblll MOMeHT BpeMeHII aneKTpOHHoe 
' - ~ 

KOnbUO 38XB8Tb!B8eT IIOHble 0oCKOnbKY npouecc Cli<8TIISI aneKTpOHHOI'O KO~bUO 
npOIICX~JlliT B noTeHUIIanbHOH SIMe 1 TO )lnSI Bb!BO)l8 KOnbU8 liS 8~I'e38TOpa 

HeOOXOJlHMO ee onpegeneHHhiM o6pa30M ge<jlopMI!pOBOTb; 

Marl!IITHOe none aareaaTopa <jlopM~pyeTCSI CIICTeMofi BIITKOBo pacnonoll<el!

HbiX CIIMMeTpH'lHO OTHOCIITenbHO IInOCKOCTII 1 I')le npOUC:X.OllliT Cli<8Tlie zneKT

pOl!HOI'O KOnbUOe ToKH B BHTK8X TeKyT B OJlHOM HanpaDneHHH1 BHTKH COe)lHHe

Hbl nocne)lOBOTenbHOe CxeMa p.scnonOll<eHlm H p83Mepbl BHTKOB 1 H83B8HHbiX 

ocHoBHbiMH, noKasaHbi aa pn:c. I. 

PaCCMOTpHM none, C03JlSHHOe OCHOBHblMH BHTK8MHo MarHHTHOe none 

TOHKOI'O TOKO.BOI'O BHTKO HSBeCTHO: 

( 1), 

3 



i ·' 

k 
-

2 yar ' 
rae 

2 . . 2 
y(a+r) +(z 0 -z) 

a, Z O - p8!1IIYC II. K00p!IIIH8Ta BIITKa C TOKOM1 r, Z - KOOp!IIIH8Tbl TO'lKII 

aa6nioaeHIIH, K( k) II. . E ( k ) - snniinTII'lecKne IIHTerpanhi 1-ro II 2-ro po

!IOB, . I - TOK BIITKa. 

Pacnpeaeneane MarHIITHoro non11, C03!1aHaoe yKa3aafioft Ha pnc. CHCTe-

Moil 'leTbipex BIITKOB npii ToKe I = 250 Ka, npeacTaBneno aa pnc. 2 ( noKa-

3aHa nonOBIIHa CIIMMeTpH'lHOH K8pTHHb!) o KaK Bll!IHO ll3 pncyHKa, Lin!! Bh!B8}:18Hllll 

sneKTpoHHoro Konhua II3 aare3aTopa, Heo6xoaiiMo npeoaoneTh 6apbep, co3-

aaHHhifi HapaCT810II!HM no z . MarHHTHb!M noneM, Tipn STOM H8!10 COXp8HHTh 

npoaonhH bifi pa3Mep crycTKa II yaepJKaTh HOHhi. 

. '~ft., Hb!H 

lln11 sTofi uenn npennonaraeTcll ~AIIa6aTH'leCKII.!Ie~opMnpoBaTh MarHHT-

6apbep - HapylliHTh ero CIIMMeTpH!O T8KIIM o6pa30M 1 'lTOfibi Ha cryCTOK 

aeftCTBOBana BbiTanKnBaiOII!aH cnna B Hy:lKHOM HaJipaBneann • . ' ,. ( 

B anna6aTII'IeCKH YM8Hhlli8IOII!eMCSl MarHHTHOM none MarHIITHb!H MOMeHT 

'I8CTIIU:bl SlBnlleTCSl 8!1IIafiaTII'IeCKIIM IIHBapii.aHTOM: 

rno 
f:L 

2 
Yo v..l.o 

2H 0 

inv. 

YcnoBIISl aniia6aTH'IHOCTH1 KaK o6bi'IH01 MoryT 6biTb npencTaBneHhi. B Bnne: 

aH . 
~ --z<< Hz az 

·.,_,;• . 
. . 

n ~<< f3 cp~ 
Hz ·. 

( 2) 

rae ~- nnnHa nopllAKa r -pannyca sneKTpoaaoro Konhua, E¢- B03HHKa-

IOII!ee npn H3MeHeHHH H n.anrKunoaaoe sneKTpnqecKoe none. 

Bbmonaeane nepBoro H3. cobTHOllleHnfi ( 2) oqe~nnao H3 pnc. 2, 
I 

OTKy}:la 

MO:lKHO Bbi'IIICnHT.h' rpanneH,'?'i; · BTOpoe COOTHOilleHHe Y'IHTbiBaeTCSl npH BhlfiO-

pe CKOpOCTII H3MeHeH;JSl M8I'HHTHOrO IIOnllo 

... 
'4 

J . 
I 

1 
I 

./ 

'I 

~ 
' !;:) 

lot) 

---~-

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

1::::) 
~ 

.c::::, <;::) c::;:, 
.l't) ~ -

--=----~-------

-~---
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- KOOplliiHa Tbl TO'!KII 

anhi · 1-ro II 2-ro po-

I'l!bii aa pile·, CIICT9-

!9HO Ha p!IC, 2 ( IIOK8-

(!CyHK81 llnli Bb!B9)l9HIISI 

)JloneTb 6apbep, co3-

9TOM aano coxpaHIITh 

'!jlopM!IpOB8Tb MarHIIT

)M1 '!T06bl H8 cryCTOK 

!Hliiio 

19 .MarHIITHblii MOM9HT 

rrpencTaBneHbi. B · BIIne: 

( 2) 

oni:.ua, E ¢- B03HIIKa

Koe rrone, 

:HO II3 p!IC, 2, OTKylla 

''!IITb!B89TCSI llpll Bb!60-

'······-··· 

-~------1~ 

: 
l 

I 
------.~ -----------l~ 

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

"""'------~~ -;;;;! '" 

.. 
lll 
0. 
:.:: 
~· 
lll 
~; 

:0. 
:I: 
lll 
0 
:I: 
() 
0 

:0 
c. 
Q) 

::; 
(') 
<1l 
c. C• 

:s: 
~ 
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:I: 
Q) 

lE 
0 
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a·· 
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YpaBHeHHe JlBH;>KeHHSI no OCR Z 'JlJlSI nOCTOSIHHOro HeOJ 

6yneT: 

d .. ( dH . 
--m 0 y z =-.Jl ---) • 
dt " dz " 

tlaneKc "s" osHa'IaeT ueHTpanhHyiO ( paBHoBecayro) 'IBCTJ 

'KOTOpyiO He JleliCTBYIOT KYJlOHOBCKHe CIIJlhi. 

T aK KBK y= const , To 

z,. 
v 2 ' 

-!-o( dH 
2H

0 
dz)" 

nepBbiH llHTerpan ypaBHeHHSI ( 4) npn H8'18JlhHhiX ycnoBHSIX: 

z=O H=Ho 6yn~T: 

H 
~ ~ -'1--. tJ~=tJ Lo v H .. .( . . 0 

0TCIO)l8 Bll.riHO, 'ITO JlJlSI BbiBOJla 3JleKTpOHHOro KOJlhUa ll3 _ BJ 

C03Jl8Tb yMeHblllBIOll{eecSI no Z MarHHTHoe none •. I 
I_ 

OueHnM norrycTHMbie rpanneHThi rromr. '4To6bi HOHhi ire 

3JleK.TpOHHOro cryCTK81 Heo6XOJlllMO JlOOllTbCSI paBeHCTBa ycJ 

TbiBBeMbiX 3JleKTpOH8Mll ll llOHBMH. 

YpaBHemm JlBlDI<eHHSI noHa nMeeT Bnn: . 

2N e e 

z~.-
11Rol\ly 3 

-· z 

rne Ne - 'IHCno,sneKTpOHOB B KOnbue, r, 8 - 6onbllloli u · J 

1\1 - Macca uoaa. , _ 

npnpaBHHBaSI Jl~Bh!e 'IBCTH ( 4) ll ( 6) 1 nony'IIIM BeJlll'III; 

rpanneHTa MarHRTHoro rronSI: 

7 



..............: . 

·.·.:--___ 

, 
1e1 C03.QSHHOe OCHOBHbl-

I 

YpannenMe .llBlf)!{eHIISI rro ocM · z · .nnH nocTOSIHHoro neo.nnopo.nnoro rronSI 

6y.neT: 

d dH 
--m y z' =-Jl. ( --) . 
dt 

0 3 
dz 

3 (3) 

PlnneKc "s" 03Ha'lJaeT U9HTpanbHYIO ( paBHOBeCHyro) ~8CTliUY CI"YCTK81 Ha 

·KoTopyro ne neiiCTBYJOT Kynol!OBCKlfe Cllnbi, 

T aK KBK y= const , To 

z 3 

v lo. d H 
=--· (-)3 

, 2H 
0 

dz 

nepBblii lfl!Terpan ypaBH9l!IISI ( 4) Ilplf H8'18nhl!b!X ycnOBIISIX: t = 0 

(4) 

t ·Z= 0 

(5) 

OTcrona BIIlll!O, 'ITO nnH BhiBona sneKTponnoro Konhua na anreaaTopa nano 

cosnaTb yMeHhlliBJOIUeecSI rro z MarHIITHOe none,. 

OueHIIM nonycTHMbie rpannel!Tbi rronH. t:fTo6bi MOHbi ne oTopnannch oT 

sne~Tponnoro crycTKa, neo6xonnMo no6nTbCSI panencTna ycKopeHIIii, IICIIhl

TbiBaeMbiX snexTpOH8MII II IIOH8MII • 

YpanHenne. nnn)!{e!IIISI no11a IIMeeT niin: . 

2N e e ·z I-

rne Ne - 'IIIcno.sneKTponoB B KOnhue1 
M - M8CC8 IIOIIB. 

·. ( 6) 

r, 0 - 6onhllloii n Manbiii pannyghi1 

npMpaBHIIBaH neBbie 'laCTH ( 4) II ( 6), rrony'IIIM nenii'IIIIIY rrpenenhHoro 

rpanneHTa MarHHTHoro rronH: 

7 



-}t~. 

l ~ 
:: 

-~ 

2e 2.Ne H0 
dH 

(-),.= 
dz 2 

rr R 8 M v l.o 

Ho 

Ho= 
m o cvloY 

er 

DoaCT8BnHH (8) B (7), rronyqnM: 

dH 
(-) 

dz '" 

2 
T 

moy 

M TT T 8 {3 (c ) y 2 
l z 

3aecb HCITOJib30B8HO rrpeo5pa30BaHue nopeHua: f3J...= 

~ t. 

C7) 

( 8) 

( 9) 

f31C} 
. (c)' 

, rae f3 -L -3Ha-
Yz 

qeHHe f3..l. . B corryTCTBYlOIUeit CHCTeMe KOOpaHHaT (rae Vz=0 ). 
nerKO IIOK838Tb0 qTo IIpH aoiiyCTHMbiX rpaaneHTaX IIOml: H f"' 50 CM 

(rronoanua annui:,r aareGaTopa) I' "' 1. 
z, 

llnH CHHTHH IIOTeHUH8JibHOrO 6apbepa H BhiBOaa· :;meKTpOHHoro KbnbUa. 

rrpeanaraeTCH IIOCT8BHTb B6nll3H M8KCHMyMa OCHOBHOro IIOnH aaa pa30MKHy

.ThiX BHTK8 (H830BeM HX aoiiOnHHTenbHbiMH) 1 KOTOphie MOryT 5b!Tb H8KOpOTKO 

38MKHyTbi B OIIpeaeJieHHhiH .' MOMeHT BpeMeHH. 3TOT MOMeHT BbiQHpaeTCH. TaK, 

qTo none B OCHOBHhiX BHTK~X erue HapacTaeT, T.e. npouecc CX{8THH aneKTpOH

HOrO KOJibUa erue He 38KOHquncH. 3a cqeT UHllYKUUOHHOro nonH, HarrpaBJieHHO-. 

ro npOTHB nonH OCHOBHhlX BHTKOB 0 CHHM8eTCH qaCTb MarHHTHOrO 6apbepa, 

a ToKo. TOK B OCHOBHbiX BUTK8X npoaonlliaeT HapaCT8Tb
0 

TO B OITpeaeneHHh!H 

' ' 
MoMenT apeMeuu coGaaeTCH aeo5xoanMoe anH BhiBO!la pacnpeaenEmue MarnuT-

HOro nonH. C 8TOrO MOIII!e~Ta TOK B OCHOBHb!X BHTKax nepecTaHeT.H3Me-

HHTbCH II qaCTHU8 6yaeT; aimraTbCH B nOCTOHHHOM HeO!lHOpOilHOM, none. KaK 
· . ' I r 

IIOK838JI npeaaapHTenbHbiH 8H8JIII3 0 He06XOilHMO nOCT8BHTb H BKnlOqliTb oaHo-
. }' 

BpeMeHHO llB8 aononHl!TeJibHhiX BIITK80 

~ .,,· 
8 

',II 

l 
,1' 
q} 

\1 

if 
Y)l 
' ., 

.. 

· KaK BllllHO 113 puc •. 2, . none aareaaTopa Ha pacCTI 

crra11aeT aechMa 6brcTpo. llnH BhrpaBHl!BaHuH pacnpe11eneu 

lli8HHH HOHOB H81l0 IIOCT8BIITh KOpOTKHe K8Ty~KH1 qucno KO~ 

CH Tpe6ye.Mb!M rp8Jll!eHTOM IIOnHo 

Benu<iHHbl TOKOJ3 B KOpOTK038MKHYTbiX BHTKax H8Hll' 

·ypaaHeHuit: 

rae 

d I . 
g(l) 

Lg(l) dr =-Ig(I)Rg(I)-Lgg 
d I g(2> 

d r 

dl g(2) dll<(l) 
L C2> ___ =- I g(2lR g(2>- L gg --- + .£ 2 

g d r d r 

4 di M dl k 
n ~ L . ___ m. 

c 1 =- n~ILng(l) ~-m=l kmg(l) dr ' 

( 2 =-!. 
n=1 

din M dh 
L ---~ L m 

ng(2) dr m=l k mg(2) d T 

T=W (t-t*), 

+£I 

t * - MOMeHT 38MhiK8HHH aoiiOJIHHTenbHbiX BUTKOBj Lg(I) 

R g(2) .., C8MOHHilYKUllH II conpOTHBneHHe aonoJIHHTenbHhiX E 

a!jJ!jluuueHT HX B38HMHOH HHilYKUHHj L ng(l) • Lng(2)' -· K08( 

HOH HHayKUllll llOnDJIHHTeJibHhlX BUTKOB C OCHOBHb!MUj L k g(l) 
m 

a!jJ!jluuneHThl B381IMHOH UHilYKUllll aononHHTenbHhiX ~HTKOB c 

PaaMepbi aononHHTenhHhiX Bl!TKOB B3SIThi oauHaKOBhiM 

R g( I)= R g(2) L gO> = L gC 2 > 

Pernag CHCTeMy ypaBHeHHSI ( 10), HaitaeM TOKH B aonc 

Kax: 

9 



( 7) 

( 8) 
.-...._ ... · 

( 9) 

. (c)' 
, rJle f3 ...L -3Ha-

' tlHeHTax nonst n CM 

!BOlla·· aneKTpoHHoro Kbnbua. 

IBHoro nonst .usa pa30MKHy

pbie MOryT 6b!Tb HaKOpOTKO 

•T MOMeHT BhlqllpaeTCSI, TaK, 

npouecc c~aTnSI aneKTpoH

romforo nonSI, HanpasneaHo-~ 

acTb MarHHTHoro · 6apbepa, 

CT8Tb1 TO B onpe.ueneHHhiH 
I 

OJla pacnpeJleneHne MarHnT

BHTKax nepecTaHeT.H3Me

M II90J:IHOpOJlHOM none. KaK' 

ICT8BIITb ll 'BKJiiO~HTb O,llHO-

~·'l 
iJ 

\." ~·· 

. ' . 

· KaK BH.llliO, H3 pnc •. 2, . none a.ure3aTopa Ha paccTostHIISIX z > 20 eM 

cna.uaeT secbMa 6biCTpo • .Unst BhipaBHHBaHnst pacnpe.ueneHnst c uenbiO y.uep

~aHHst HOHOB HB.llO UOCT8BHTb KOpOTKHe KaTy~KH1 ~HCnO KOTOpblX-OITpe.uensteT

CSI Tpe6yeMhiM rpa.uneHTOM nonst. 

BenH~HHbl TOKOB B KOpOTK038MKHYThiX BliTKaX H8H,lleM 11:3 cne,llyiO!IlHX 

ypasHeHnii: 

rne 

d I g( 2> 

d T 

dl g(2) d I ~(I) 
L 8<2,--- =-I s< 2>R g(2>- L "" --- + c 

dr . dr 

£ I 

4 dIn M 

=-n~-ILng(l) --- ~ L k (I) dr m=l mg 

dik ___ m, 

dr ' · 

(2 ;,_~ 
n~l 

din M • dhm 
L ng(2> -- - ~ L k g(2l ----

dr m=l m d T 

T=W (t-t*), 

+ £ I 

( 10) 

( 11) 

t*- MOMeHT 3aMhiKaHHSI .uonoJIHHTenbHhiX BHTKos; Lg(l) , L g(;> , Rg(t), 

R g(Z) ...,. caMOIIHJlYKUHSI 11 conpoTnsneHne JlononHnTenbHhiX BHTKon; L gg ·- Ko

a<P<!muneHT HX B38HMHOil HH.llYKUllllj L ng(l) • Lng(2)" - Koa<fJ<PnuneHThl_ B3811M-

HOH liHJlYKUHH JlOITO.'IHHTenbHhiX BHTKOB c ocHOBHhiMn; L k g( o , L k . g( 2>- Ko-· 
. . m m 

a<flifJHUH9HThl B38llMHOH IiH.UYKUHll ,llOITOnHHTenbHbiX ~liTKOB C KaTyiilK8Mll. 

Pa3Mepbl .llOITOnHIITenbHhiX BHTKOB B3S!Tbl O,llllH81WBh!Ml! 

R g( I)= R s<2 > L s<t> = L s< 2> 

PeruaSI CHCTeMy ypaBH9HllSI ( 10), H8HJ:I9M TOKH B JlOITOJ!HliTenbHblX ~liT-

Kax: 

9 



I 
I 

' ....... _,, .. 
\; . •:... \ 

:i: 
.. ,,. 

l:_ 

), 

i 
! 

rne f 1 n 

flpn ycnoBnH 

• 

I go> 
E I +£ 2 

-~r 
+I g(2> = (1-e L* ) ; ,, 

R g 

Rg 
c I-< 2 

I g(l >-I g(2> 
---r 

= ( 1-e L"* 
) ' 

Rg 

f 2 orrpenemiiOTC.II ( 11) 

L * = L +L g gg 
~. 

L** = L -L 
~ "~ 

Rg 
Tk «1 ~Tk <<1 --- H 

L* L** 
H3 ( 12) HMeeM:. 

I g(O 

I g(2) 

r 
= -[ 

2 

< 1 + < 2 

L* 

~[ '1 +<2 
2 L* 

+ 
<I -< 2 

L"* 

( - < 

] ' 

L____2_] • 
L ** 

( 12) 

( 13) 

3HaSI TOKH1 ITO ljlopMyne ( 1) HafineM none,. C03A8HHOe nononHUTenbHbiM II BllTKa

Mlle ToK B OCHOBHbiX BHTK8X H3MeHSieTCSI no cnenyiOIDeMy 38KOHy: 

1=1 0 wt npn 0 ~ t 'S_t k 

I = ronst rrpn t > t k• 

KopOTKHe KBTYIIIKH BKni0'!810TCSI OAHOBpeMeHHO C 38MbiK8HlleM AOIIOnHIITenb

HbiX BHTKOB H TOK B HHX ·a~ ~ t ;,_ t k H3MeHSieTCSI T8K)Ke n~HefiHOo 
" , . ; 

B pesynbTaTe MarHRTHoe none anresaTopa orrpenenSieTcSI rro ljlopMyne: . 

)' 
21 0 4 M 

Hz =--I !. <I> n w t +!. <f>k 
C n=1 m=1 m 

ok m ( wt- wt*) -(<I> g( n a -<I> g( 2> ,8)( wt-wt *)I, ( 14) 

•. 10 

.rne 10 w t k - M8KCIIManbHOe 3Ha'ieHne TOKa B OCHOBHbiX BHTR 

- OTHOIIIeHne TOKa B KaTylliK8X K TOKY B OCHOBIJbiX BIITK8Xe 

4 M 

a=-
1

[l:(a +/3 )+l:(a +,8 )Bk ], 
, 2 n=l n n ~s km km m 

4 M 

,8 = .!. [ l: ( a -·1 ,8 ) + l: ( a -,8 ) Bk ] • 
2 n~J n n m=l km k m m . 

. 3necb 
L +L 

L n~( ~ L ng(2) ng( I) ng( 2) 
,8= a= 

' L* L ** 

Lkmg(.l) + L km g(2) Lk g( n- L k g(: 
,8 k 

m m ak = 
' = 

m L* m 
L ** 

flpn 9TOM K09tPtPHUlleHTbi B38llMHOii:. llHAYKUllll Bbl'IHCn.!InHCb 

3necb 

2 2 . L =4rry'aa [(- -k) K (k}-- E(k)]. 
l 2 k k 

k 2 = 4a 1 a2 
2 2 (a +a )+f 

1 2 

a 1 , a 2 - pannyCbi BHTKOBi f - paCCTO~Hlle Me)Kny HHMlle 

C8MOHHAYKUH:U H8XOJiHnC.H :U3 COOTHOllieRnS:i: 

· Sa 
L =4rra (fu --g ~2), 
. g g ~ 

rne ·a g, ~ - 6onblliOii: n ManbiH. panriycbr BUTKa. 

3a BpeMSI pocTa HHAYKUHOHHOI'O ITOnSI · AOIIOnHHTenbHbiX BllTl 

IIone ll 3ft C'ieT KaTyllieK Ha paCCTOSIH:USIX .z>2Q CM :U C03A8H 

yMeHblliBIOIDeroC.H ITO iz cyMMapaoro rronSI, c Hy)KHbiM rpa.nu 

OIIpe.nenSITbCSI Terrepb 'iHCnOM KaTyllieK ll·3Ha'ieHHSIMll TOKOB B 

• 
11 



Rg: 
-r 
L*-

) ' ' 

) ' ' 

3 ( 12) HMeeM: 

( 12) 

( 13) 

llOilOnHHTenbHhiM H BHTKa-

romeMy 3aKoHy: 

: t -~t k 

'k' 

aMhiKaaneM nononHnTenb

:aK)Ke. nnHeiiao. 

lpe.nen.SJeTc.SJ no <flopMyne: _ 

: -<1> g(Z) f3}(wt-wt*) I, (14) 

·- ~· 

,, ... ~ . 

r.ne 
I k 

}0 w t k -. MBKCHMBnhHOe 3HaqeHne TOKB B OCHOB~hlX BIITKllX) ok ,: __ m_ 

m 10 
- -OTHomeane TOKB B KaTylllKBX K TOKY B OCHOBIIhlX BHTKaX, 

4 M 

a= __!_ [ }; ( a + /3 ) + }; ( a k + {3k ) 8 km ] , 
2 n=l n n ~' 

m m 

( 15) 

l 4 M 

f3 = - [ }; ( a -·1 {3 ) + }; ( a - f3 ) 8k ] • · 
2 n~~ n n m=.l km k m m . 

Opn STOM KoscfJ!flifUIIeHTbl B381IMHOH. IIH.ClYKUIIH BbJqncn.SJnHCh 110 !flopMyne: 

L =4TTy'aa [(_! -k) K(k)- k2 E(k)]. 
1 2 k. 

3.necb 

k 2 = 
4a 1 a 

(a 

a I , a ll - pa,nnyChl BIITKOBi e - paCCTO.SIHIIe Me)K.ny HIIMII. Kos!fltf!J:IUHeHT 

- C8MOUH.UYKUIIII HBXOJliinCH II3 COOTHOIIIeHIIH: 

Sa 
L =47Ta.(fu--g -2), 
• g- g ~ 

r.ne a g , ~ - 6onblllOH II MBnhJH pa.nliyCbl BHTKa, 

3a BpeMH poc'Ta IIH.ClYKUHOHHOrO nons! aononHHTenbHh!X BHTKOB HapacTaey' 

none H 38 cq~T KBTyllleK Ha paCCTO.SIHHHX • z> 20 CM II C03ll8HHe MOHOTOHHO' 

yMeHhlllaJOmerocH no z cyMMapaoro non.SJ c Hy)KHhiM rpa.n!IeH-r:oM 6y.neT 

onpe,nen.SJThC.SJ Tenepb qncnoM KBTyllleK ,H 3HaqeHH.SIMH 'I'OKOB ._B. HHX, 

11 



"\ .... 

PacqeTbi npoaommHch Ha Bhi'IIICnHTenhHofi MalliHHe E3CM-4. OcTaHoBII

nHch Ha cnenyrollleM, aap!IaHTe, ynoaneTBOpSiroiiieM ycnoa~SIM BhiBona II ynep-

:>K8HIISI IIOHOBe 

nononHIITenhHbie· BIITKII HM9IOT paJliiYCbl a g = 16 CM,, KOOpJlliH8Tbi IIX 

Z g(l) = 18 CM 1 Zg(2 ) = 22 CM (paCCTOSIHIISI OTC'IIITbiB8IOTCSI OT nnoCKOCTII 

CIIMMeTpliii OCHOBHOrO ITOnSI) • J] OIIOnHIITenbHbie KaTy~KII ITOM9III8IOTCSI 
1

B IIHTep-

Bane Z k = 30 CM - 50 CM 1 paniiyCbl IIX a k = 16 eM. Ha piic. 3 II 4 

noKasaHo pacnpeneneHHe MarHIITHoro nonSI a pa3Hbie MOMeHThr·: apeMeHII nnSI 

JlBYX BapiiaHTOBe 0Tnii'I8IOTCSI OHII Jlpyr OT npyra 'IIICnOM KaTyllleK II 3H8'18HHSI

MII TOKOB B HIIX. nnSI p!IC. 3 'IIICnO KaTyllleK paBHO TpeM, KOOpJliiH8Tbl cepell!I-

Hbl II X: Z k = 30 CM 1 Z k = 42 CM 1 Z k = 4 7 CM. K03tPQHUII9HTbl1 XapaKTe-
l 2 3 ' 

p1I3YIOIIIII8 TOKII B KaTylliK8X I TBKOBbl: ok 1 = 0,09, ok ~. = 0,095, ok
3 

=• 0,195. 

nnSI piiCe 4, OTnii'I8IOIIIerOCSI 6onee nnaBHblM paenpeneneHIIeM MarHIITHOrO 

nonSI np!I z > 20 

zk = 36 eM 2 . • 

ok 2 = o,o5; 
BIITKOBe 

eM, 'IIICnO KaTyllleK paBHO '19TblpeM1 KOOpl!IIH8Tbl !IX Zk .=30 CM 1 
' 1 

. Z k.a = 42 eM; Z k
4 

= 47 eM, TOKII B HIIX ok l = 0,05; 

ok 3 = 0,08; ok 4 = 0,18. Bee KaTylliKII eoeTOSIT II3 Tpex 

E Ka'IeCTBe rrapaMeTpa Ha rpa¢IIKax B3SITa Benii'IIIHa t' n- ---- t* ' paBH8SI 

OTHOlli8HIIIO TeKymero BpeMeHII K BpeMeHII BKniO'I8HliSI 'JlOITOnHIITenbHbiX BIIT-

KOB (t* ). 0KOH'I8HIIIO npoueeca e:>K8TIISI COOTBeTCTByeT n= 1,72 Ha p1Ic.3 

II n = 1,91 - Ha p!Ie. 4; t k = 200 MeeK. 

KaK BIIJlHO II3 piieyHKOB1 no Mepe HapaeTaHIISI IIHJlYKUIIOHHOrO nonSI 

. JlOITOnHIITenbHblX BIITKOB1 . MIIHIIMYM MarHIITHOrO nonSI ITOeTeiTeHHO CJlBIIraeTeSI 1 

MarHIITHbifi 6apbep YM8Hblll88TCSI II B OITpeneneHHbifi MOMeHT BpeMeHII MarHIIT

HOe. none eTaHOBIITCSI MOHOTOHHO .Y6biB8!0IIIefi tPY.HKUIIefi Z • C 3TOrO MO

MeHTa MarHIITHOe none nepeeTaHeT II3M8HSITbeSI BO BpeMeHII II. qaeT!IUa. 6yneT . . 

JlBIIraTbeSI B ITOeTOSIHHOM. HeOJlHOpOJlHOM MarHIITHOM none. CKopoeTb .ee H~ 

Bhlxon~ II3 anreaaTopa 6yneT onpenenSITbCSI nepBbiM IIIITerpanoM ypaaHeHIISI (4) :' 

:2 ~ {3 2' 
{3 z : z 

. k 
{3 2 (. 1..:..' .J!_ ), . 

+ ..lk . H k 

rne Hk '3H8'17YIIe MarHIITHoro ITOnSI. B TO'IKe1 rne HBXOJliiTeSI' qaeTIIU8 

B MOMeHT BpeMeHII t k 1 e·OOTBeTeTBYIOIIIIIfi OKOH'laimro npoueeea ·e)K8TIISI 
1 

Vzk = {3 zk c· 1 V.J. k = f3.J.k C - eOCTaiinSIIOIII!Ie eKOpOCTII qaeTIIUbi B 3TOT MOM8HT. 

I 
!Ill 
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\iaunme E3CM-4, OcTaHoBn-

J ycnOBliSIM BbiBOJl8 ll ynep-

:;.· :r'" 

'g · ,;, 16 CM 1 KOOpJlliH8Tbl l!X 

rC'Il!Tb!B8IOTCSI OT IInOCKOCTll 

TylliKll IIOMeiUBJOTCSI B l!HTep

k = 16 eM, Ha pnc, 3 n 4 

3Hb!e MOMeHTbl, ~peMeHl! JlnH 
-._,___ 

qncnoM KaTyllleK n aHa'leHnSI-· 

0 TpeM 1 KOOpJlliH8Thl cepenn-

CM, Ko3<P¢IIuiie.HToi, xapaKTe-

1, ak~· = o,o95, ok 3 =·0,195, 

lcnpeneneHneM MarHl!THoro 

i:!M1 KOOpJlliH8Tbl l!X. Zk .=30 CM 1 
. . I 
ToKn a Hnx ok 1 = o,Oq; 

! KaTylliKll COCTOSIT ll3 Tpex 

n= t' -r:-· paBHaSI 

'leHnSI ;nononHnTenbHoiX anT-

n= 1,72 Ha pnc,3 

T8HllSI'llHJlYKUl!OHHOro nonsr 

IOnSI IIOCTeiieHHO CJlBl!raeTCSI 1 

~fi MOMeHT BpeMeHl! MarHIIT

Ul!efi z , C aToro Mo

Bo BpeMeHl! n· '18CTIIU8 6yneT 

THOM none, CKopocTb 'ee Ha 

M ,llliTerp~noM ypaBHeHIISI ( 4) :
1 

)'; > 

1Ke1 rJle H8XOJll!TCSI' '18CTllU8 

o'H'Iaimro npouecca cmaTIIH 1 

~n qacTl!Ubi B aToT Mo~eHT, 

I 

I 
I 

.. I 

~ ~ "' ~ ..... ~ ..... 
h " " II 

t:: t! ~ ~ 

13 
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:a 
'"' = Q) 

::; 
0 
::; 
Q) 

~ :a 
= "' ca. 
c. 
Ill 

Q) 

c. 
0 

'"' ca "' . Q)~ 

f. = 1:! :.:: 

~ 
ca S 

>. 
Ill '"' ca 
0: :.:: 
~ 
0 >< 
1:: :a 
0 = ,.Q 
f. ~ 0 Q) 

= '"' '"' = - ·' = O::'' 
0:: ~ 

~ 
f. 0 ca 1:: ::; 0 
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Hz 
9000 

-~. . .· · · ~·n=l.91. 
10 · n=t.7s 

· n =1.68 
6000 . 

'\ rAnn I '\. "'- .__ n = 1. H 

"' 
ltooo _ 

- -n=/.22 

n=t.ot· 
2000 

1000 

o m M » ~ Zr~J 

PHc. 4. Pacnpe.neneHHe MarHHTHoro nom1 B a.nreaaTope B pa3Hbie MOMeHTbi 
BpeMeHH ( qeTblpe .ttononHHTenbHbiX KaTyWKH) o 

.,• 

) 

14. 

3Ha'JeHIHI, KOOpllHH8Tbi H ·CKOpOCTH 'J8CTHUbl B H3MeHSI 

MeHH M8I'HHTHOM none ( t * ,:5 t ::: t k ) · · ' H8XOllHnHCb 'JHCneHHI 

.HneM ypaBHeHnfi llBH)KeHHSI .. no MeTony PyHre-KyTTa. 

· · PeaynbTaT hi pac'JeTa noKaaaHbr Ha pnc •. 3,. rne Kpec~ 

KOOpllHH8Tbi 'J8CTHUbi B COOTBeTCTBYIOIIIHe MOMeHTbi BpeMeHH, 

B810T OTHOCHTenbHYIO 'SKOpOCTb 'J8CTHUbi ( {3 z ) • KaK B 

:goKa none eure naMeHSieTCSI ~o apeMeHn, qacTnua cMeuraeT< 

TeHunanbHofi SIMofi.Ha paccTOSIHHe 8-10.cM· M·CKopocTb 

- f3 "' w-4. 3aTeM no~e nep.ecTae; YM9Hbrll8TbCSI II 'Ja z ' 

B nocToSIHHOM cnana10ureM none. B aapiiaHTe, 'npencTaane 
. ' ' . ' 

.npn paC'IeTe Ha N e = 4•1013, CKOpOCTb paBHOBecaofi qac 

na anreaaTopa paana f3"' = 0,33. B' aapnaHTe,. noKaaaHHo~ 

pacqeTe Ha N e = 10 13 3Ha'IeHII& CKOpOCTll na BbiXone 

l-fTO Kacae.TCSI ljloKyCHpOBKII1 .TO llnH OTK-10HeHHSI 'I8CTHU~ 

HMeeM cnenyiDIIIHe mmeapnaosaHHbie no 

Kone6aHnil:: · 

r '=r-r 
~ 

'z ' +(w 2 n - n 2 ) z , = 0 
. H k ' 

II 

•• :, [ 2 2 . , 
r + W H ( 1-n ) :- fl k ) r = 0, 

rne 
eHz 

(L) = 
H 

m c y 
·o 

r a.Hz 
n· =- ---.-, 

02 
k 

H a.r 

'e 2N 

"2 2 rrR u m_l Y J.· 

KaK noKaaan paC'IeT, BenH'IHHa 0 2·= cJ~n - n ~ > 0 

z '~ 

npn 

n .• 0
2 

< 0 npn z > 10 c:M.· 3To aHa'IHT, 'ITo npollonbH 

BHa'Iane ocynrecTsnSieTcSI neonnoponHhiM MarHHTHbiM noneM ( n 

naSI SIMa coxpaHSieTCSI). 3aTeM oRa non)I{Ha 6biTb ocynrecTI 

15 



n•l.91 

~-
~·n=/.18 

n =1.68 

~-n.t.H "". ··. . . 

'~ "(. '----n=/.22 

··~· 
· · . n·t.OI · 

lTOpe B pa3Hble MOMeHTbl 

:H) •. 

·- -~··· 

1 

3aaqeHHSl, KOOpJlHli8Tbi U ·CKOpOCTU '18CTUUbl B U3MeliSIIOIIIeMCSl BO Bpe

MeliH MBI'liUTHOM none ( t * 5 t ::: t k ) · · ' liBXOJlUnUCb 'IHCneliHbiM llliTerpHpOB8-' 
. . 

.aneM ypaaaeantl: JlBUmeauSI no MeToJly Pyare-KyTTa. 

· ' PeaynhTBT bl paC'I~Ta nOK838libi liB puc •. 3, I')le KpeCTUK8MU OTMe'leHbi 

KOOpJlHH8Tbl '18CTHUbi B COOTBeTCTBYIOIIIUe MOM9liTbl BpeMeHH,. a UllifJpb! YK83bl

B8IOT OTHOCUTenhHYIO CKOpOCTb 'IBCTUUbi ( {3 z ) • KaK BUJlli0 1 38 BpeMSIJ 

noKa none eme naMeaSieTcSI Bo BpeMean, qacTuua cMemaeTCSI BMecTe c no

. TeauuanbHOti HMOti . Ha pacCTOSIHUe 8-10 . CM. H CKOpOCTb ee O'leHb Mana 

- f3 . "' 1o-4. 3a-TeM none nepecTaeT yMeHbul8TbCH u 'laCTUUa JlBUmeTcsr z . 

B nocTosrHHOM cna)laiOmeM none. B eapuaJITe, :npencTaeneaaoM Ha puc. 3 

.npn paC'IeTe Ha N e = 4•10 13, CKOpOCTb paBHOBecaoii 'lllCTUUbl Ha. BbLXOlle 

ua aJlreaaTopa paeua f3 7. = 0,33. B' aapnaaTe, noKaaaanoM Ha" puc •. 4, npn 

pac'leTe aa . N e = 10 13 aaaqeanSI. cKopocTu ua BhiXOJle f3. z = O, 22. 

lJTc) KacaeTCSI ifJoKycupOBKH, TO JlnSl OTK.10lieHUSl 'i8CTUUbl OT paBliOBecaoil· 

nMeeM cnenyromne zmneapuaoaaHHbre no 

Kone6auni1: 

r '= r.:.. r 

' +( cu ~n - 0 2k) z ' = 0, 

u 

+ [cu ~ ( 1-n )- 0: ] r' = ~· 

I'Jl9 
eHz 

cu 
H m c 

·o 
y 

n· =L a.Hz 
H a_r 

1 e 2N 

npn 

z ', z-z 
8 

ypaBnennSI 

lO <;iM 1 

Baaqane ocymecTanSieTcSI aeonaoponnhiM MarnnTHbiM noneM ( noKa no-reauuanh;,. 

HaH HMa coxpaaseTcH). 3aTeM oaa JlDnmaa 6biTb ocymecTeneaa eaeiiiHUMU 

'··· 
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·:\· 
,';. 

cpeacTBaMn. npu aToM ycnoann npeano~eHHaR cncTeMa BR1KOB noaaonsteT 

ocymecTBUTb Bbmoa aneKTpOHHoro Konbua na aareaaTopa ·npn HY~HbiX rpa-

JUieHTax nonst. 

,F 

~ .. 

• PyKoriuc& nocTynuna B nanaTe,,&cKnli OTllen 

25 asrycTa 1969 ro.aa. 
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