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B.B. Bna.oHMHpcKHII: .oan Ka'leCl'BeHHyro KapTHHy .oBH:>KeHHSI Me.o-

neHHbiX Heli:TpOHOB B M8I'HHTHb!X U OJISIX MHOI'O!IOJIIOCHHKOB H YK838J1 Ha BOa

MO:lKHOCTb Tp8HCDOpTHpOBKH H xpaHeHHSI XOJlO.OHbiX Heli:TpOHOB B M8I'HHTHb!X 

CHCTeMaX 9TOI'O THna. Bonee no.opo6Hoe paccMoTpeHae nOK83biBaeT, 'ITO 

cpe.OH HHX H8H60J1bWHII: HHTepec npe.OCT8BJ1SIIOT Heii:TpOHo-onTH'l:eCKHe Mar

HHTHbie CR"CTeMbl Ha OCHOBe wecTHnOJIIOCHbiX f148I'HHTOB, 0HH 06J18.Q810T 

B8:>KHOII: oco6eHHOCTbiO ( OTCyTCTByiOWell: B cnyqae nonell: HHOII: CHMMeTpHH), 

KOTOp8S1 COCTOHT B TByTOXpOHHOCTH nonepe'IHb!X KOJie6aHHII: JII060ll: 8MnJIH-

Ty .Obi, tPOKyCH pyeMbiX O.OHOBpeMeHHO no 060HM HanpaBJieHHSIM Heli:TpOHOB 

( HJIH .Opyi'HX Heli:Tp8JlbHbiX '18CTHU C KOHe'IHbiM M8I'HHTHb!M MOMeHTOM) 
I 

38.Q8HHOII: 9HeprHH, 

HH:>Ke 6y.oyT noKaaaHbi HeKOTOpbie npeHMywecTea, o6ycnoaneHHble 

9TOII: oco6eHHOCTbl0 0 KOTOpb!MH 06J18.Q8IOT npSIMOII: ropH30HT8JlbHblll: M8I'HHT

HWII: Heli:TpOHOBO.O H M8I'HHTHblil: KOJlbUeBOII: H8KOnHTeJib Heli:TpOHOB C WeCTH-

!I OJliOCHbiMH M8I'HHT8MH, 

§ 1. YpaaHeHHSI nouepeqHoro .OBH:>KeHHSI 

llJISI tPOKyCHpyeMOII: Heii:Tp8JibHOII: '18CTHUbl C M8CCOII: m 1 9HeprHell: 

m v2 
Ha .oeli:CTBHTeJlbHOII: onTH'l:eCKOII: OCH ( p8BHOBeCHOII: Op6HTe) W = 2 ...Q_ 1 

~18J"'HHTHbiM-MOMeHTOM /l H CnHHOM + tPYHKUHH narpaH:>Ka B CJiyqae .OBH

:>KeHHH B none npHMOI'O I'OpH30HT8JlbHOI'O weCTHnOJ110CHHK8 C y'l:eTOM .Oeli:

CTBHH M8I'HHTHOI'O nOJISI H l'p8BHT8UHH HMeeT BH.O ( CM, pHC, 1, o6oaHaqe-

HHH 
/2/) 
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2 2 

{ 

( •• ) mv ( 2 2 ) mv 2 L x,y,x,y •,_--Ap. x +Y -21ty -mgy-=-r--Ap.(x+y2), 
(1) 

v2=ic2+y2 +Z2=v:-K2(x2+y2), K.2. 2Ap. 
m 

y 

// 

X 
0 

PHc. 1 
....... 

Qcb Z HanpasneHa no OCH nyqxa H He COBIT8J18eT C ropH30HT6nbHOil: OCbiO 
mg /3/ 

wecTHnoniOcHHKa, a pacnono:>KeHa HH:>Ke nocne11Hell: Ha It = n;;:- eM 

<PyHKUHSI narpaH:>Ka B cnyqae ropH30HT8nbHOrO KOnbUeBoro HSKOITH

TenSJ (pH Co 2) B UHnHH1lpHqecKHX KOOp11HH8T8X r, 8 , y 6y 11eT pB.BHa 

2 
L(r,y,;,y) .. ~v -Ap.[(r-RJ2 -(r0 -R) 2+(y-lt) 2 -lt 2]-mgy= 

2 
=.....!!!..L- -Ap.[p2 +2p(r

0
-R)+y 2 ], \(2) 

2 

v2=v~-K2[p2+2p(ro-R)+y2]=r21J2+P 2+Y2, 

4 

/l 

?I 
jl 

I 
1 

I 
. I 

L 
.. 

I 
.~ 

' 

j 
r 

•: 

r 
''i· 

,,,,, :\ l.' R 
0-."'--'1'1 I I~ 

PHc. 2 

r11e 'o- pa11Hyc pasHosecHoil: Kpyrosoll: op6HTbi 11ns1 aHepr 

mv 2 
W O = y- 0 r = r O + p 0 p - OTKnoHeHHe TpSeKTOpHil: OT p 

KS)KeHHeM nom1 WeCTHITOniOCHHK8 H3-38 H3rH6a ero OCH IT 

6onbworo pa11Hyca R npeHe6peraeM. 

Vf3 ( 1) BbiTeKBIOT ypasHeHHSI nonepeqHoro 11BH)KeHH~ 

Heii:TpOHOB0118 

~·+K2x=0,} 

y+K2y=0, 

a H3 (2) - ypasHeHHSI nonepeqHoro 1lBH:>KeHHSI B Konbuesc 

nocnetlHHe c y'leTOM senH'IHH BToporo nopHJlKA ManocTH 
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fl 

.,j 

R 

PHc. 2 

rae r
0

- paaHyc paaHoaecHolt xpyroaoA op6HTbi anSI 9HeprHH HeATpoHa 

2 mv 
W O = ..:r- 0 r = r O + p 0 p - OTKnOH8HHe TpaeKTOpHH OT paBHOB8CHOit. Vfc-

Ka)!{8HH8M nonS! W8CTHnOniOCHHKa Ha-aa H3I'H6a ero OCH no OKpy)!{HOCTH 

6onbworo paaHyca R npeHe6peraeM. 

VIa ( 1) BhiTeKaiOT ypaaHeHHSI nonepe'IHoro aBH)!{eHHSI anSI npSIMoro 

HeitTpOHOBOaa 

X+K2x=0,} 
y+K2y=0, 

(3) 

a H3 ( 2) - ypaBH8HHSI nonepe'IHOI'O aBH)!{8HHSI B KOnbll8BOM HaKOnHTene. 

nocneaHHe C y'leTOM BenH'IHH BTOpOI'O nopSiaKA ManOCTH HM810T BHa 

5 



v2 p p2 
p+-0- (a-+f3-6-..-z)=0 1 

'o 'o 'o 

Y+ 
2 

vo 

r o( r o - R) 
y "' 0 I 

2 2 
'o P + Y a=--- +3 -J __ o __ o_ 

ro-R 'o('o -R) 

2 2 
f3"" .!...L_.!:.a__ (l +2 ~)..3 _.!. ~ _( 4) 

r 
0

( r 
0

- R ) r 0 r ~ ' 

wo 
'o A!L(r

0
-R) 

n pH nony'leHHH 1-ro ypaBHeHHSI ( 4) 6binO HCnOnb30B8HO pew eHHe 2-ro 

Y = Y O COS K ( f - f O ) ( 5) 

« TO o6CTOSITenbCTB0 0 'ITO KOopnHHaTa () - UHKnH'leCK8SI. 

CnenyeT nonqepKHYTb, 'ITO XOTSI ( 3) no BHny T8KHe )l{e, K8K H3BecT

Hbie ypaBHeHHSI nBH)I{eHHSI cpoKycHpyeMbiX 38pSI)I{eHHb!X '18CTHU B MarHHTo

CTaTH'leCKMX 'leTb!pexnOmOCHbiX nHH3aX 1 Me)l{ny 060HMH 9THMH ypaBHeHHSIMH 

eCTb npHHUHnHanbHbie OTnH'IHSI. rnaBHblM H3 HHX MO)I{HO C'IHTaTb TO, 'ITO 

( 3) cnpasennHBbl He TOnbKO B napaKcHanbHOM npH6flH)I{eHHH, HO TO'IHbl 

soo6we. Jla*e cnyqaA i = 0 onHCbiBaeTcH ( 3) 1 npH'leM rayroxpoHHOCTb -. 
.nonepe'IHbiX Kone6aHHA BO speMeHH TO'IHO co6monaeTcH. )lpyroA oco6eH-

HOCTbiO nBH)I{eHHSI HeJtTpanbHblX 'laCTHU C MarHHTHb!M MOMeHTOM B HeOnHo-

ponHOM MarHHTHOM none H none rpaBHTaUHH SIBnSieTCSI HanH'IHe aaBHCHMo-

CTH HX CKOpOCTH OT KOOpnHHaT X H y 0 'lero ReT npH nBH)I{eHHH 38p'ilnOB 

B MarHHTOCTaTH'lecKoM none. BcnencTaue 9Toro HeATpanbHbie 'laCTHUbi 

C 6onbWeA aMnnHTynoA Kone6aHHA HMeiOT CKOpOCTb MeHbWYIO (eM .• ( 1) ), 

HO BBHny OnHHaKOBOCTH BpeMeHHOrO nepHona KOne6aHHit OHH npOCTpaH

CTBeHHO BbiHy)l{neHbl nepeceK8Tb onTH'IeCKYIO OCb B TO'IKe, pacnono)l{eHHOA 

6nH)I{e K HCTO'IHHKy, 'leM qacTHUbl C TOA )l{e HCXOnHoit w0 1 HO MeHbweA 

aMnnHTynoA KOne6aHHA. 

KonH'leCTBeHHbiA y'leT nocnenHeA npocTpaHCTBeHHoA a6eppauHH o6ner

'laeTcH 6naronapS1 TOMY1 'ITO HanpasneHHSI 1!1 CHnbi TSI)I{eCTH 1 H B03neA-
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cTBHSI HeonHoponHoro MarHBTHoro nonS! y Hac nepneHnHK: 

H 0 cnenoBaTenbH0 0 KOOpnHHaTa Z - UHKnH'IeCKaSI
0 

T. e. 

. 
z = const. 

)leACTBHTenbH0 0 TO'IHbie peweHHSI (3) BO BpeMeHH eCTb 

X = X 0 COS K ( f - f X ) 1 

y = yO COS K ( t - t y ) • 

0TKY na C y'leTOM ( 1 ) 

} 
• 'J K2(2 2) z = v 0 y -~ x 0 + y 0 = const . 

0 

HnH, ecnH paccMaTpHBaiOTCSI Manbie Kone6aHHsr, 

• ( K
2 

( 2 2 ) z~v 1----x+y). 
0 2~ 0 0 

0 
TaKUM o6pasoM, nepece'leHHe sc:ex, na*e napaKcHanbHbiJ 

To'le'IHoro HCTO'IHHKa, pacnono*eHHoro, HanpHMep, Ha n 

onTH'lecKoA ocH HeATpoHosona, nocne onHoro nonynepHo 

soo6we rosopsr, npencTasnsrTb co6oA He TO'IKy, a KOHe'IJ 

n.'lHHOIO 

A • TTK ( 2 2) 
LlZ 1 =--- x

0
+y

0 
• 

2 vo 

tlnHSIHHe nocnenHeA a6eppauHu cnenyeT y'IHTbiBaT& npH 

npeuH3HOHHOit MOHOXpOMaTH3aUHI'I TpaHCilOpTHpyeMbiX He~ 

KonnHMaTopaMH • 0TMeTHM 0 'ITO ORa B03paCTaeT npom 

llYTH. 

nonb3YSICb 

x"+lc
2

x,.,O,} 

r"+Jc2r=O, 

/' ( 6') 0 MO)I{ffO aanHCBTb ( 3) H B BHne 
4 

lc = y A p.=, 
w,. 

X 
= J2x 

Jz2-, 

• 2 2 2 
w =....!!!.!..... = mvo [ J _ _ K_ ( x2 + y2) ] • 

"' 2 2 v2 0 0 ( 
0 

npH'leM ( 10 )-( 11) - TO'IHble 0 a B napaKCHBnbHOM npa6n 

nonaraT& 
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CTBHSI HeO.OHOpO.OHOrO MarHBTHOrO nonH y Hac nepneH.OHKynHpHbl K OCH OZ 

u, cne.ooaaTenbH0 0 xoop.ouHaTa z - uuxnuqecxaH, T. e. 

z = c:onst. 

Jleli:CTBHTenbH01 TO'IHbie peweHHSI ( 3) BO BpeMeHH eCTb 

X = X O COS K ( f - f x ) 1 

y = yO COS K ( f - f y ) , 

0TKY .oa C yqeTOM ( 1 ) 

} 
z = v 0 •.j l- ~2 

( x~ + yg ) = c:onst. 
0 

Hnu, ecnu paccMaTpHBaiOTCH Manbie xone6aHHH, 

• 2 2 2 
z;. v

0 
[J- ~(x0 + y

0
) 1. 

2vo 

(6) 

( 7 ) 

( 6') 

(8) 

TaKHM o6pa3oM, nepeceqeHue a~ex, .oa*e napaxcuanbHbiX1 TpaexTopuA OT 

TO'Ie'IHOrO HCTO'IHHKa, pacnonO)KeHHOr0 0 HanpHMep 0 Ha .oeA~TBHTenbHOil 

onTH'IecxoA ocu HeATpoHoao.oa, nocne o.oHoro nonynepuo.oa xone6aHHA 6y.oeT, 

aoo6we rOBOpH 1 npe.ocTaBnHTb co6oA He TO'iKY 1 a KOHe'IHbl~ 0Tpe30K OCH 

.O.fiHHOIO 

A • 1TK ( 2 2J LlZJ=--- X ~y . 
2 0 0 vo 

(9) 

tlnHHHHe nocne.oHeA a6eppauun cne.oyeT yqHTbiBaTb npu Heo5xo.oHMOCTH 

npeuH3HOHHOil MOHOXpOMaTH3aUHR TpaHcnopTHpyeMblX HeilTpOHOB y3KHMH 

KOnnHMaTopaMH • 0TMeTHM 1 'ITO OHB B03p8CTaeT nponopuHOHBnbHO .onnHe 

nyTH. 

no,1b3YHCb 

x"+lc
2

x .. O, 1 
y"+lc2y=O, 

/2 3/ 
( 6') 1 MO)KfiO 38llHC8Tb ( 3) H B BK.Qe 1 

lc = v A /l=' 
wz 

= d
2
x_ 

dz2 ' 
X 

w = mz 2 
= mv! [ l- _L ( x2 + y2) ] . 

z 2 2 y2 0 0 ' 

( 10) 

( 11) 

0 
npH'IeM ( 10 )-( 11) - TO'IHble, a a napaxcuanbHOM npB6nH)KeHHH .OOCTaTO'IHO 

nonaraTb 
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w "= w 0 , 

T,K, rrorrpaBK8 B KBa.QpaTHbiX CK06KaX ( 11) B 8TOM cnyqae BeCbMa Mana, 

Ha ypaBHeHHH aKcHanhHhlX Kone6aaHA (rro y ) B (4) cpaay cneayeT, 

'ITO paBHOBeCHhle KpyrOBhle op6HThl B KOnbUeBOM HBKOIIHTene paCCMaTpHBae

MOrO THrra aomKHhi pacrronaraThCH BHe Kpyra paaHyca R, T.K. B npoTHB-

HOM cnyqae 8KCH8nhHOe .QBH~eHHe CTaHOBHTCH HeyCTOH'IHBb!M, 

npH aTOM H3 ( 5) 

w
0

=Ap.r
0

(r
0 

-R), 

OTKy.Qa rronyqaeM MBKCHManbHO B03MO~Hb!H 8HepreTH'!eCKHA 3aXBaT 

B KOnbUeBOH HBKOITHTenb: 

0 5: w 0 ::; A p. ( R +a) a = W mox 

( 12) 

( 13) 

KaK H3BeCTH0 1 HHTeHCHBHOCTb B MOIUHhiX HeTO'IHHKBX XOnO.QHhiX HeATpOHOB 

Ha enHHHUY nnHHhi BOnHhi A rrponopuHoHanhHa ang 8TOA o6naeTH cneKTpa 

'-5 " . CnenoBaTenhHO, pace'IHTbiBaH nonyqHTh xoporuy10 HHTeHeHBHOCTb Ha-

KorrneHHhiX HefiTpOHOB, enenyeT OCb BaKyyMHOfi KOnhUeBOfi KaMepbl pacrro

naraTh 6nH~e K Hapy~HOMY Kpa!O anepTyph! MarHHTa, EcnH BCIIOMHHTb 

K TOMY ~e, 'ITJ HanH'!He B pa6oqefi o6naCTH MarHHTHOrO rrong HaKOIIHTeng 

~H rueCTHITOniOCHHK8 1 rae none paBHO HynJ01 He~enaTenbHO H3-38 B03MO~-

HOeTH 3.QeCh rrepeBOpOTOB CIIHH8 H IIOTepH HeATpOHOB 1 TO B eoOTBeTeTBHH 

C BbillleeK838HHbiM B KOnbUeBOM H8KOITHTene uenecoo6p83HO HCITOnh30BaTb 

TOnbKO Ty '!8CTb MarHHTHOrO rrong rueCTHITOnJOeHHK8 1 KOTOp8H BCH pacrro-

no~eHa BHe uHnHH.Qpa panHyca R • 

TaK 'ITO ang MarHHTHoro KonhueBoro aaKorrHTenH ce'!eHHe MarHHTa 

.QOn~HO rrpe.QCTaBnHTb C060A He rronHhili rueeTHIIOnJOCHHK 1 a nHlllb O.QHH 1 .QB8 

HnH TpH ero eMe~HhiX aapy~HhiX ceKTopa, rrpH'!eM BO Bcex cnyqagx uene

coo6paaHo pacrrono~HTb OCb llleCTHITOnJOeHHK8 BHe BaKyyMHOH KaMepb!, 

EnaroaapH aToMy, oTrraaaeT aeo6xo.QHMOeTb BBO.QHTh aorronHHTenhHbie o6MoT

KH .QnH C03.Q8HHH 8-BOH COCTBBnHJOIUefi MBrHHTHOrO ITOnH C uenbJO rrpe.QOTBpa-

8 

I 

1/' 

,,, 
I, 

fl 
r 

-~ 

I ,, 

IUeHHH rrepeBOpOTOB CITHHa B OKpeCTHOCTH OCH rueeTHIIOniOCHHK 

aynbTaTe Bee KOnbUeBoro MarHHT8 H MOIUHOCTb ero IIHT8HHH 

a ero KOHCTpyKUHH yrrpomaeTeH 6e3 3aMeTHOrO CHH~eHHH 'IHC 

HhlX HefiTpOHOB ITO epaB~eHHIO CO cnyqaeM Herronb30B8HHH ITOn 

JIIOCHllKBo 
/3/ 

B oTMeqanocb, 'ITO CMemeaHe h ropH30HTanbHOfi .Qe 

OITTll'!eeKOH rrnOCKOeTH B rueeTHITOnJOCHHKe 3a e'!~T rpaBHTBUHI 

OT 8HeprHll HeATpOHOB W .BcneaeTBHe 8Toro Bee TpaeKTOpHH 

l!Ci!T)JOHOB B KOnhueBOM H8KOIIHTene, KBK 8TO BH.QHO H3 (4) H 

llMeiOT e.QHHeTBeHHYIO .QnH BCeX 8HeprHli w0 ropH30HT8nhHYIO 

rrnoeKOCTb 1 ne~aiUyJO HH~e ropH30HTanbHOH rrnOCKOCTH eHMMe 

nonJOCHllKa Ha 
2
mLcM. nono~eHHe ~e paBHOBeCHbiX op6HT 

Ap. 
HOMY .QBH~eHHIO 38BHCHT He OT ITOeTOHHHOH ITO BenH'IllHe eHnbi 

nHeTcH eHna Beca HeATpoHa, eMemaromaH paBHoBeeHyJO op6HTy 

JIH) 1 a OT UeHTpo6e~HOti CHnhi 1 IIpOIIOpUHOHanbHOA KHHeTH'!eCKI 

HeATpOHa w0 . nosTOMY pa.QHYC r 0 B03MO~Hb!X paBHOBeCHhiX 

op6HT MO~eT rrpHHHM8Tb BeCb KOHTHHYYM 3H8'!eHHA B HHTepBa 

§3, HHTeacHBHOCTh HeiiTpoHoB 

3¢¢eKTHBHOeTb 38XBaTa HefiTpOHOB B TpaHCIIOpTHpOBKY 

pil30HTanbHhlM MarHHTHhlM HetiTpOHOBO.QOM MO~HO 
/2/ 

(7) ll ¢opMyn1 rrpHBe.QeHHhlX B (eM, pHe, 3), 

Bbl'!llenHTb 

npil 8TOM nerKO ITOK838Tb 1 'ITO Bbillle.QlliHe H3 TO'IKH 

3aMe.QnHTeng HeATpOHbl e 8HeprHeA W 6y.QyT 38XBa'!eHbl B TpaJ 

B TOM cnyqae, ecnH TeneCHbiH yron HX paaneTa ~ 0 He rrpeB 

'IilHbl 

An A' A' 2/cxm .IJ-/c;2 ( X~-~2 2/cym 'J 1c2 2 j u••=ux uy < ----v + n - -- · -----V + n - 1 0 o-l+lc2n2 'xm l+lc2n2 
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Ill 
weHHH nepeBOpOTOB CnHH8 B 0Kp8CTHOCTH OCH WeCTHnonroCHHKa , 8 pe-

3 ynbT8T8 BeC KOnbUeBoro MarHHTa H MOWHOCTb ero nHT8HHH CHH*8IDTCH 1 

a erO KOHCTpyKUHH ynpowaeTCH 6e3 38MeTHoro CHH*8HHH qncna HBKonneH

HWX HeHTpOHOB no CpaBgeHHID CO cnyqaeM Hcnonb30B8HHH nonHoro WeCTHno-

nroCHHKa, 

B
131 

oTMeqanocb, qTo cMerueHne h ropH30HTanbHOfi neficTBHTenbHofi 

onTnqeCKOH nnOCKOCTH B W8CTHnOniDCHHKe 38 cqeT rpaBHT8UHH He 38BHCHT 

oT 3HeprnH HeiiTpoHoB w . BcnencTBHe 3Toro Bee TpaeKTOpHH 3axBaqeHHhiX 

ueiiTpOIIOB B KOnbueBOM H8KOnlfTene, KBK 3TO BHAHO H3 (4) H pHC, 2, 

IIM8IDT 8/lHHCTBeHHYID AnH BCeX 3HeprHfi Wo ropH30HT8nbHYID paBHOBeCHYID 

nnoCKOCTb 1 ne*a.wyro Hlf*e ropH30HTanbHOfi .. nnOCKOCTH CHMMeTpHH WeCTH

noniDCHifK8 Ha 
2
mLcM. nono*eHHe *e paBHOBeCHbiX op6HT no pannanb-

Ap. 
HOMY ABH*eHHID 38BifCHT He OT nOCTOHHHOH no BenHqHHe CHnW (KaKOH HB-

nHeTCH Clfna Beca HefiTpOHa, CMeW8IDW8H paBHOB8CHyro op6HTy no BepTHKa

nH), a OT ueHTpo6e*HOfi CHnW, nponopUHOHanbHOfi KllHeTHqeCKOH 3HeprHH 

lleiiTpOHa w0 • no3TOMY panHyC r 0 B03MO*Hb!X paBHOB8CHbiX KpyrOBbiX 

op6nT MO*eT npHHHMaTb Becb KOHTHHYYM 3HaqeHHfi B HHTepBane (R, R +a). 

§3, MHTeHCHBHOCTb HefiTpOHOB 

3~¢eKTllBHOCTb 38XB8T8 HefiTpOHOB B TpaHcnopTHpOBKY npHMbiM ro-

PH30HTanbHbiM MarHHTHbiM HefiTpOHOBOAOM MO*HO 

121 
( 7) H ¢opMyn, npHBeneHHbiX B ( CM, pHC, 3), 

BbiqHCnHTb C noMOIUbiD 

npH 8TOM nerKO nOK838Tb 1 qTo BbiWeAWHe H3 TOqKH X 3 ' YJ ) 

3DM8/lnHTenH HefiTpOHbl C 8HeprHefi W 6ynyT 38XBaqeHbl B Tp8HCnopTHpOBKy 

B TOM cnyqae, ecnu TeneCHbiH yron HX pa3neTa ~ 0 He npeB3ofineT Benn-

qllHbl 

~O=~x~ ~Y~ < ~..!!!..._y' l +k;n 2-f. x~ .1· 2 • __!_~v' l +k 2n 2-( 2L-l ( 14) 
-l+k2n2 \ xm/ l+k2n2 ym 
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'IW 

., 'r77 

0} ' 
1..-. n-

PHc, 3 

lc2=~. 
wo 

n - paCCTORHHe OT 3aMennHTenR no axona a HeATpOHOaon, 

xm 1 y m - nonyanepTypbi npRMoyronbHoA nonocTH KaMepbi 1 ( 14) conep)I(HT 

a ce6e T8K)I(e H cnyqaA n = 0 1 npH KoTopoM saMennHTenb pacnono)l(eH Henoc

pencTaeHHO Ha axone a HeATpOHOBon. Hs ( 14) BHnHo1 'ITO HeATpoHbi saxaa

TbJaaJOTCR B Tp8HCnOpTHpoaKy C T9X TO'I9K 38MennHTenR 1 KOT0pb19 OTCTORT 

no BbiCOTe OT ero cepenHHhi ( y =-
4
m..L n 2) He 6onee qeM Ha y3 =Y v'J +lc 2n 2

1 
~ m m 

J 2 i a no ropH30HTanH - He 6onee qeM Ha x 3 = x v + lc n • 
m m 

nocne Hecno)I(HbiX npeo6pasoBaHHA MO)I(HO nony'IHTb cnenyJOmee Bbipa

)1(9HHe HHT9HCHaHOCTH J 38XB8'19HHbiX a TpaHCnOpTHpOBKY HeATpOHOB C nnHHOA 

BOnHbl A nnR He qpe3MepHO 6onbUJHX n B npennonO)I(9HHH 1 'ITO HHTeHCHBHOCTb 
\ -5 HeftTpOHOB HCTO'IHHK8 Ha enHHH'IHbiA HHTepaan 1\ nponopUI10HanbHa ,\ : 

p.mA 
J (,\)d.\= 4;t 2 

0 -8 5 2 2 d A ~ii.Tp, 
4> _r_ Jm(SA )(5. 10 ) X my m 7- ceK 

X 
( 15) 

rne .• - OTHOUJ9HHe nnOTHOCTH SMHCCHH HeftTpOHOB B HanpaaneHHH Ha axon 

HeftTpOHOaona K CpenueA rrnOTHOCTH SMHCCHH B yron 2 17 panHaH 1 'T/ "' 0 1 5 1 

T,K. TOnbKO nonoaHHa HeATpOHOa nonRpH30B8H8 non)I(HbiM o6pa30M 1 X - CKBa)l(-
/4/ 3 ..o· 

HOCTb pa6oThi HCTO'IHHKa ( nnR HBP a-2 X = 21 86.10 ) 1 I (. ~ } - rrHKOBoe 
m 

'IHCno HeATpouoal HMeJOIUHX ,\ =sl 1 ~,\ = 1 J 1 HcnymeHHhiX enHHHueA nno-

10 

UJanH saMennHTenH B TenecHbii1: yron 2 17 (I (SJ ) nnH HBP 
m 

u/ eM 
2 ~ ceK). CyUJeCTByeT MHHHManbHOe 3Ha'leHHe 'A k , no em 

ueilTpOHbl B TpaucnopTHpOBKy He 38XB8Tb!B810TCR, 

n OnHbif1 noT OK J 0 TpaHCnOpTHpyeMbiX HeftTpOHOBOnOM '18C' 

cnenoBaTenbH0 1 

p.mA 
J 0 = ""'B:'f2 

0 
<1>-'TI-J (5A).Ss. 10-32 x~y~ 

X m ,\2 
k 

B cnyqae HCnonbsoBaHHR rronuoro UJHCTHnonJOCHHKa c non 

10 CM 1 A =120 1 Hma:'12 KS 1 B rrpennono)l(eHHH 1 'ITO HanH'IHe B 

nacTH rronR rrpRMOA 1 ua KOTopoil H= 0 1 He rroanHReT cymeCTBeHJ 

CHBHOCTb TpaucnopTHpyeMbiX H9llTpOHOB 1 H3 (16) nonyqaeM(A~~ 

OueHKa HHTeHcHBHOCTH ueilTpOHOB B HaKorrHTene nHaMeTp 

ycTaHOBneHHOM Ha HCTO'IHHKe THrra YJBP-21 C HCllOnb30B8HH9M 

u~x C0KTopoB UJeCTHnonJOCHHKa npH nonyanepType 20 CM 1 A= 
- -1 

= 12 KS (cepenHHa HHTepaana saxaaTa no sueprHH 2,37,10 

r
0
-R"" 12,5 eM) naeT HX '!Hcno N 

4 5 
N "" 2.10 - 10 uei!TpoHoB. 

B Ka'leCTBe HH~neKTopa npennonaranacb HHKeneBaR nnac· 

ua KoTopyJO ny'IOK uei!Tpouoa ~oKycHpoaancR UJecTHnonJOCHhiM 

c yKasaHHhiMH BbiUJe napaMeTpaMH. 

§4. M oHoxpoMaTH38UHR Hei!Tpouoa. 3KcrrepHMeHT no 

H3MepeHHIO YCKOp9HHR CHnbi TR)I(9CTH nnR H9llTpOf 

nycT·b BHyTpH rrpHMOrO ropH30HTanbHOrO H9llTpOHOBOna C 

B BHne onHoro C9KTOpa UJeCTHllOniOCHHKa B6nH3H ero BXOnHorC 

KOHUOB yCT8HOBneH~ (pHC, 4) naa HneHTH'IH~X KOnnHMaTopa < 

HbiMH IUenHMH ( 1 H 2) C nonHOll lllHpHHOll KB)I(nOil 113 HHX 2 0 I 

Me)l(ny HHMH L. OycTh T8K)I(e nnocKOCTb CHMMeTpHH, npoxonRI 

cepenHHbi meneil 1 CTporo ropH30HTanhHa, T,e, ee paccTORHHe 

11 
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maJlH 3aMeJlnHTenSI B TenecHbiH yron 2 rr ( lm (5 A ) nnSI YIEPa-2 = 4,10 

n/ eM 2 )\ ceK). CymecTByeT MHHHManhHOe 3Ha'IeHHe A k , nocne KOToporo 

neATpOHW B Tp8HCITOpT!ipOBKY He 38XB8ThlB8roTCSI, 

0 onHblH noT OK J O TpaHCITOpTHpyeMbiX H8HTpOHOBOJ10M qaCTHU 6yneT, 

cneJloBaTenbHO, 
0 2 2 

<t> _TJ_ J (SA). 5 5
• J0-

32 ~1.!!!--. 
m A2 

X k 

( 16) 

llmA 
J 0 = a;;f2 

B cnyqae ucnonb30B8HHSI nonHoro mHCTunonrocHHK8 c nonyanepTypoti 

10 eM, A =120, H =12 K9, B npeJlnonolKeHHH, 'ITO Hanuque B pa6oqeii: o6-
m ax 

nacTH nonSI npSIMOti, Ha KOTopoii: H= 0 , He noBnHSieT cymecTBeHHO Ha HHTeH

cuBHOCTh TpaHcnopTupyeMbiX HeiiTpOHOB, H3 ( 16) nonyqaeM.(A ,1> 4l)J ,JO 

9

H/ CeK. . ·- 0 

0ueHK8 HHT8HCHBHOCTH H8HTpOH0B B H8KOnHTene ]lH8M9TpOM 20 M, 

ycTanoBneHHOM Ha ucTo'IHHKe THna YIEP-2, c HcnonbaoBaHHeM Tpex HapylK-

Hl>IX cr>KTOpOB mecTimonrocHHKa npH nonyanepType 20 eM, A= 30, H max = 

= 12 K9 (cepeJlHH8 HHT8pBana 38XB8T8 no 9HeprHH 2,37,10-
6

aB (A =186)\), 

r 
0

- R ~ 12,5 ct-f) 11aeT ux qucno N 
4 5 

N "' 2,10 - 10 H9HTpOHOBo 

B KaqecTBe uH¢neKTopa npeanonaranach HHKeneBaSI nnacTHHKa 1,5x1,5cM, 

HB KOTOpyro nyqoK H8HTpOH0B ¢oKyCHpOB8nCSI W9CTHITOnroCHhlM MarHHTOM 

C yKa3BHHb!MH Bbllli8 napaMeTp8MH, 

§4. MoHoxpoMaTuaauuSI HeiiTpOHOB. 3KcnepuMeHT no 

OycT·b BHyTpH npSIMOrO ropH30HT8nbHOrO H8HTpOHOBOJl8 C MBrHHTOM 

B BH}le OJlHOrO ceKTOp8 weCTHITOnroCHHK8 B6nH3H ero BXOJlHOrO H BhlXOJlHOrO 

KOHUOB ycTaHOBneHhl (puc, 4) }1B8 HJ19HTH'IHhlX KOnnHM8TOp8 C ropH30HT8nb

HbiMH memiMH ( 1 H 2) C nonHOH WHpHHOH K8lKJlOil: 1'13 HHX 2 8 H paCCTOSIHH8M 

MelKDY HHMH L. DycTh TaKlKe nnocKoCTh cuMMeTpHu, npoxonSiillBSI qepea 

cepeUHHbi meneil, CTporo ropH30HT8nbH8 1 T,e, ee paCCTOSIHH9 OT OCH weCTH-

11 
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\I 

:I 
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I 
I 
I 

I 

_l 

Pnc. 4 

IIOnJOCHHK8 IIOCTOSIHHO, Y CT8HOBHM 8!U8 Me >Kay menHMll 9Kp8H ( 3) 1 H8IIpO

HllU88Mbiii anH mo6oii paaHBUllll ( B TOM 'IHCne ll H8i1TpOHOB) 1 IIpHMOnlfH8liHO 

pacrrpocTpaHHIOIUeiicH oT menn ( 1). Toraa aeTeKTop MeaneHHhiX neiiTpo-

HOB ( 4) 1 yCT8HOBneHHbiH H8 BhiXOae ll3 lU8nH ( 2) 1 sa<jlHKCHpyeT pe3KHfi 

M8KCHMYM C'I~Ta !Ipll TOM eaHHCTB8HHOM 3H8'18Hllll TOK8 B036y>Ka8HHSI Mar

HHT81 KOraa yiiOMHHyTBSI IInOCKOCTb CHMM8Tpllll meneif 6yaeT OIITll'I8CKOif 

IInOCKOCTbl01 a COCT8BnHIOlll8SI rpaaneHT8 MBrHHTHOrO IIOnH B IInOCKOCTH 

-.... cnMMeTpHH menei\ G y 6yaeT pasna 

G = 2A h = GaKB y 

"=~-2 A p. 

( 17) 

( 18) 

- paCCTOHHll8 OT ropH30HT8nbHOfi IInOCKOCTll CllMMeTpHH menell: ao OCH we-

cTnrroniOCHHKa, B aTOM cny'lae anH rrorrepe'IHoro asn>KeHHH nei\Tponos saonb 

OCH y 38!Illlli8M 

y = y 0 c:os ( le 0 + clle ) z + ro sin ( le 
0 

+ clle )z , ( 19) 

le 0 + clle 
rae 

( n - uenoe) 1 

leoL=nrr ( ?0) 

W = ~- COOTB8TCTBY8T 9Heprllll H8fiTpOHOB1 <jloKy

leO 

12 

cnpyeMhiX TO'IHO na menb ( 2) cornacno ( 20). lis ( 19) H ( 20 

aeTb1 'ITO menbiO ( 2) 6yayT IIporryiU8Hbl TOnbKO Te Hef!:TpOHbl, 

I c11e -I"' -...,.-8 __ 
leo leo L • y m 

y m - Cpeanee 3H8'18HHe MoaynH M8KCHM8nbHOrO OTKnOH8HHSI 0 

rrnocKoCTH TpaeKTOpHH o6ornyswHx aKpan neATponos, OueHKH 

141 
IIOK83b!B8IOT1 'ITO !IpH HCTO'IHHKe HefiTpOHOB THII8 liEP-2 H 

ponosoaa L .. tOO M 1 arrepTypoii a .. 20 eM ( MarHHT oanoceKTop• 

ll A - r Ha BbiXOae H3 menH ( 2) lliHpHHOii 2 8 .. 012 MM n 

nei\TpOHOB B H8CKOnbKO HefiTpOHOB B CeKyHay C 3HeprHeii 

-4 
W 0 = 3,10 9B H 0 -3 ..h.__= 1 • 

wo 
Bblp8>K8HH8 ( 18) liBnHeTCli B TO >K8 Bp8Mll OCHOBOii anSI 

G C OTHOCHTenbHOii TO'IHOCTbiO 
9KB, 

£\ G 8 
__ ....i9ZJK11oJBI;l. = --- , 

G 2h 
3KB, 

OTKyaa cneayeT T8K>K81 'ITO yCKOp8HH8 CHnbi Tll>K8CTH g am 

g = ~- G 3KB, 

ll3MepH8TCH C TOil >K8 TO'IHOCTbiO ( 22), A6coniOTH8SI >K8 TO'IHC 

6yaeT o6eCII8'18H8 1 ecnH OK8>K8TCH B03MO>KHbiM aOCT8TO'IHO TO 

Heo6xoaHMbi8 IIapaMeTpbi MSrHHTHOrO IIOnH H TO'IHO Bbiaep>K8T 

KHe BenH'IHHhl B 3830p8 MarHHTa, qTO K8C88TCH H80aHopoaHhl: 

aHeHTOM = 170 a/ CM1 TO COBp8M8HHbl8 MeToabi H3MepetfHA 01 

a6coniOTHYIO OWH6Ky ¥ = Jo-4. feOM8TpH'18CKH8 senH'IHHbl H3MI 

TO'IH88, 

8¢¢eKTbi noneft pacceHHHH na Topuax MarHHTa HcKniO'IBK 

IUenH paCIIOnO>K8Hbl BHyTpH MarHHTOB He 6nH>K8 '18M B 115 -

MarHHTa OT ero BXOaHOrO H BbiXOaHoro KpaeB, 

T aKHM o6paaoM1 aocTaTo'IHO B3HTb 2 8 = 0 12 MM, h = I 

H3M8pHTb g C TO'IHOCTbiO & .. J/3000 1 KOTopaH H8 !IOpS!aOK 

/5/ g 
ll3B8CTHbl8 peaynbT8Tbl 
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cupyeMbiX TO'IHO Ha menb (2) cornacHo (20). Ha (19) H (20) nerKo BH

AeTb, 'ITO !IlenbiO ( 2) OyJlyT nponymeHbl TOnbKO Te HeftTpOHbi, Jln51 KOTOpb!X 

I ~- I=- --:--:-
8
--

lc o leo L • y m 
( 21) 

y m - cpeJlHee 3H8'1eHHe MOJlynSI M8KCHM8nbHOrO OTKnOHeHHSI OT OfiTH'IeCKOft 

nnocKoCTH TpaeKTOpHH ooorHyBrnHx 9KpaH HeATpoHos. OueHKH HHTeHcHBHOCTH 

141 
noKa3biBaJOT, 'ITO npu HCTO'IHHKe HeATpoHOB THna HBP-2 H anHHe HeAT-

poHOBOJla L .. 100 M, anepTypoA a .. 20 eM (MarHHT OJlHOCeKTOpHbiA), It= 15 eM 

u A '"' V Ha BbiXOJle H3 menH ( 2) lliHpHHoA 2 8"' 0,2 MM nony'IHM noToK 

HefiTpOHOB B HeCKOnbKO HeftTpOHOB B CeKyHJlY C 9HeprHeft 

w 0 = 3.10-4 aB H ~- .. ro-3
. 

wo 
Bbipa>KeHHe ( 18) SIBnSleTCSI B TO >Ke BpeMSI OCHOBOA JlnSl H3MepeHHSI 

G C OTHOCHTenbHOA TO'IHOCTbJO 
aKB. 

L\ G 8 
__ _,.a!AK.QB. = ---, ( 22) 

G 21t 
9KBo 

OTKYJl8 cneayeT T8K>K91 'ITO YCKOpeHHe CHnbi TSI>K9CTH g JlnSl HefiTpOH8 

g = ~- G 9KB. ( 23) 

H3MepSleTCSI C TOft >Ke TO'IHOCTbJO ( 22) • AoconiOTH8Sl >Ke TO'IHOCTb H3MepeHHSI 

6yaeT ooecneqeaa, eCnH OK8>K9TCSI B03MO>KHbiM Jl0CT8TO'IHO TO'IHO H3M9pHTb 

He06XOJlHMbie napaMeTpbl MarHHTHOro nonSI H TO'IHO BbiJlep>K8Tb reoMeTpH'IeC

KHe BenH'IHHbl B 3830pe MarHHTa. liTO KacaeTCSI HeOJlHOpOJlHbiX noneft C rpa

JlHeHTOM "'170 a/eM, TO COBpeMeHHbie MeTOJlbl H3MepeaHft o6ecne'IHB8IOT 

aoconiOTHYIO OlliHOKY ¥ =< Ja-4. feoMeTpH'IeCKHe BenH'IHHbl H3MepSIIOTCSI eme 

TO'IHee. 

3<jl<jleKTbi noneA pacceSIHHSI Ha Topuax MarHHTa HCKniO'I8IOTCSI, ecnH boe 

!IlenH pacnono>KeHbl BHyTpH MarHHTOB He onH>Ke qeM B 1,5 - 2 anepTypax 

MarHHTa OT ero BXOJlHOrO H BbiXOJlHOrO KpaeB. 

TaKHM oopaaoM, aocTaTO'IHO B3SITb 2 8 = 0,2 MM, It = 15 eM, 'ITOObi 

H3MepHTb g C TO'IHOCTbiO ~ • 1/3000 1 KOTOp8Sl H8 nopSIJlOK npeBOCXOJlHT 
/5/ g 

H3BeCTHbie peaynbT8Tbl 
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CneayeT oTMeTHTb, qTo B HawHx ycnoBHHX npH pa6oTe B none oaao

ro ceKTopa wecTRnoniOCHHKa cpeaaee aaaqeHRe rn f3 , rae f3 - yron Me)I(J]y 

aeKTOpoM H H aepTHKanbl01 cocTaBnHeT 0,82. 3To 3HaqHT, qTo npH aocTa

TOqHoft lliHpHHe III9ITH H3MepHeTCH g anH XOpOlliO nonHpH30BaHHbiX no Bep-' 

THKanH g J. J. ( HITH npOTHB Hee 9H ) HeftTpOHOB, 113M9H9HHe TOKa B03-

6y)Ka9HHH MarHHTa Ha o6paTHblft n03BOITHT, TaKHM o6pa30M 1 nonyqHTb SHaqe

HHH 9J.J. H g J.1' C TOft )1(9 TOqHOCTbiO, 

B 3aKn!OqeHHe CqHTaeM CBOHM npHHTHblM aonrOM HCKp9HHe no6naro

aapHTb <f>.n. lllanHpO 3a nOCTOSIHHhlft HHTepec K pa6oTe H nOMOIIIb. 
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