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Bo BHeWHHX CTSIIHOHapHbiX MSI'HHTHbiX nonmt MOI'YT cymeCTBOBSTb 

paBHOBeCHble KOH«<JHrypSIIHH aneKTpOHOB C ynopSIJlO'IeHHbiM TOKOMo XopOWO· 

H3BeCTHb!MH npHMepaMB TSKHX CBCTeM SIBmiJOTCSI npSIMOA TOK B npOllOnb

HOM MSI'HHTHOM none (TaK H83biBSeMaSI 6pHnnroSHOBCK8SI «<JoKyCHpOBKa) 

B TOpOHllSnbHSSI KOH«<JBrypaiiBSI B CnSllSIDIJleM no PSllHyCy 83HMyTan&HD-CHM

MeTpH'IHOM MarHBTHOM none (Kon&IIeBble cna6o4JoKycupyromoe ycKopurenu). 

B aacroSJWeA pa6ore 6ynyr paccMoTpeHbl ycnoBBSJ cymecrBoBaHHSI 

H llBH~eHHe 38pSI~eHHOI'O TOHKOI'O KOnbiiS C penSITHBHCTCKHM no 83HMyTY 

TOKOM B 83HMyT8n&Ho-CHMMeTpH'IHOM BHHTOBOM MSI'HHTHOM none npoCTeA

Wei'O THna. TaKoe none coanaercg KOM6HHaiiHeA nponom.aoro MarHHTHoro 

nong B nong npSIMOI'O TOKa. TOKOM1 B '18CTHOCTH 1 MO~T 6b!Tb aneKTpOHHhiA 

ny'l, nonepe'IHhre paaMepbi KOToporo nonnep~HBSIDTCSI TeM ~e nponon&Hb!M 

MSI'HHTHbiM noneM. 

0K83biBSeTCSJ, 'ITO B TSKOM none B03MO~H8 pSBHOBeCHSSI KOH«<JHry

paiiHSI KOn&IIeBOI'O aneKTpOHHOI'O TOK81 TSK~e HMeiDIJlSSI aanpaBneagyro CKD

pocTb BllOnb OCR MSI'HHTHOI'O nong. HanH'IHe 83HMyTan&HOfl COCTaBnSIIDIJleA 

MSI'HHTHOI'O nong n03BOnSJeT ocyweCTBHTb llBH~eHHe KOnbiiS C nOCTOSIHHbiM 

PSllHYCOM B MenneHHO MeHSIIDIII9MCSI BllOnb OCH npOllOnbHOM MSI'HHTHOM no

ne. Bee STO MO~eT HMeTb 3HS'IeHHe B 38ll8'18X1 CBSI38HHbiX C KOnneKTHB

/1/ 
Hb!M MeTOllOM yCKOpeHHSI 
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1. ABH?KeHHe aapspKeHHOA 'JaCTHUbl B BHHTOBOM MarHHTHOM 

~ 

nycTb B nonHpHOA CHCTeMe KOOpJlHHaT I , ¢ , z Hanpaaneuue 

auewuero nocTORHHoro u OJlHOP91lHoro MarHHTHoro nong H coanaJlaeT 

C OCbiO Z • BllOnb 9TOA >Ke OCH Te'JeT orpaHH'IeHHbift no paJlHycy nocTo-

SIHHblft TOK I , C03Jla10IIIHA H cp COCTaSJIRIOIUYIO MarHHTHOrO nong, KO-

TOpag BHe o6naCTH 0 3aHSITOft TOKOM, pasHa: 

21 ( 1 ) K 
~-, lxl= 

c 
H = ¢ I 

3uax K a $opMYne ( 1) noxa npouaaoneu. 

HanuweM ypaaHeHHR JlBH>KeHHR aapR>KeHHoA 'laCTHUbi c aapMOM e 

H MaccoA noKOR m a MarHHTHOM none Hz + H ¢, cunoBbte nHHHH KOToporo 

6yJlyT, O'leBHJlHO, BHHTOBbiMH C nOCTOSIHHbiM warOM BHHTa, onpe)lengeMbiM 

OTHOWeHHeM HanpSI?KeHHOCTeft o6eHX COCTaBnRIOIUHX nong. 

3Jlecb y 

d ( . · 2 eHz eK m-- yi) =mi ¢ +-- Icp--
dt c c 

d 2 • eH 2 
--(my I 1 cp +--I ) = Q, 
dt 2c 

m-d
dt 

(y z) = ~ 
c 

I 

I 

z 
I 

(2) 

i: 2+ I 2¢ 2+ z 2 

onpeJleneuo xax o6bi'IHO: y = ( 1- 2-- ) -th. 
c 

4 

~~~ 
(j 

BaeJleM o6oaHa'leHHR: 

eHz 
(t.)H 

mcy 

eK 
a= 

me y 

BenH'IHHa a HMeeT paaMepHOCTb 'laCTOTbi, Jlen 

CHCTeMy (2) aanHWeM B BHJle: 

i:. = I¢ 2 + r:;H I q; - ; ;. 1 I , 

• WH -
I2rp +- I 2 =P=Const 

2 

z = ;i /I . 

p- a3HMyTanbHbiA MOMeHT KOnH'IeCTBa JlBHlKeJ 

B paCCMaTpHBaeMOM a3HMyTanbHO-CHMMeTpH'IHOM 

panoM JlBH?KeHHR. 

Hac 6yJleT HHTepecoaaTb, npe>KJle acerc 

Mbl ypaBHeHHA (5), COOTBeTCTByiOIIIee JlBH?KeHHIO 

paJlHYCOM I = I O H noCTOSIHHOA CKOpOCTpiO BJlOnb 

poe onpeJlenReTCR ua ycnoauA: 
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1. LlBH.lKeHHe aapa.lKeHHOA qaCTHllbl B BHHTOBOM MarHHTHOM 

none 

yCTb B nonHpHOlt CHCTeMe KOOpJlHHaT t ¢ ' z Hanpasneaue 

ro nocrosiHHoro n oanopoaaoro MarHHTHoro nona H cosnaaaer 

z • Baonb arolt .lKe ocu Te,er orpaHH,eHHbilt no paauycy nocro-

OK I ' C03JlaiOIIXHA H ¢ cocrasnaiOIIXYIO MarHHTHoro nona, xo-

He oonaCTH, 3aHaTOlt TOKOM, pasHa: 

21 (I) K --, 
t 

lxl= H = ¢ c 

a $opMYne (1) noxa npoHasoneH. 

nHllleM ypaBHeHHa JlBH.lKeHHa 3apa.lKeHHOlt qaCTHUbl C 3apAAOM e 

A noxoa m B MarHHTHOM none Hz + H ¢, cunoBbie nHHHH xoroporo 

qeBHJlHO, BHHTOBbiMH C nOCTOaHHbiM lllarOM BHHTa, onpeaenaeMbiM 

HeM Hanpa.lKeHHOCTelt 009HX COCTaBnaiOIIXHX nona. 

d ( . • 2 eHz eK z 
m-- yt)=mt¢ +-t¢---

dt c c t 

d 2 • eH 2 
--(myt ¢+--t )=0, 
dt 2c 

m-d
dt 

(y z) = ~ 
c 

t 

t 

(2) 

i:2+r2¢2+z2 -th 
onpeaeneHo xax oobi,Ho: y = ( 1 - c 2 - ) • 

4 

... 

1 
l 

'il 
l 
;J 

,~· 

BseaeM oooaHa,eHua: 

eHz 
(3) WH 

mcy 

eK 
a= 

me y 
(4) 

Benn,HHa a HMeer paaMepHocrb qacTOTbi, aenenHoA Ha annHy. Tenepb 

CHCTeMY (2) aanHllleM B BHJle: 

t = t ¢ 2 + c:;H t q; - ; 7. 1 t , 

t 2~ + 
WH 

2 
t

2 =P=Const (5) 

z = ;1 /t . 

P- a3HMyTanbHbiA MOMeHT xonnqecrsa JlBHJKeHHa, aeneHHbi:lt aa m y , 

B paCCMaTpHBaeMOM a3HMyTanbHO-CHMMeTpH'IHOM none OH asnHeTCSI' HHTer-

panoM JlBH.lKeHHSI. 

Hac oyaeT HHTepeCOBaTb, npe.lKJle BCero, 'laCTHOe pellleHHe CHCTe-

Mbl ypaBHeHHlt ( 5), COOTB9TCTBYIOIIXee JlBH.lKeHHIO KOnbUa C nOCTOSIHHb!M 

paJlHyCOM t = t O H noCTOSIHHOlt CKOpOCT!=>IO BJlOnb OCH nonH Z = Z O 
0

- KOTo

poe onpeaenHeTCH na ycnosuA: 
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r 
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f 
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.,. 

• 2 
I cp +cV I 

0 0 H 0 
cp = a 

0 
~ 

I 0 

2 • (UH 
I (-1. +--)=P 

0 'I' 0 2 . 

(6) 

3.uecb Z 0 - npOH3aOllbHbiH napaMeTp, HMelOWHH CMbiCn Ha'lallbHOH CKOpo-

CTH aneTa 'laCTHUbl a MarHHTHOM none, a I O H cp O 

.ueHbi ua ( 6); npuae.QeM abipa*eHHe .unn I 
0 

I 2 
0 

-------v ;; 2 i 2 + p 2 w2 - a-z 
----...!1..--.--H!:!------ • -2; 

(UH 2 

MOryT 6biTb Haft-

(7) 

TpaeKTOpHR c nocTORHHhiM pa.uuycoM (7) aoaMO*Ha npH onpe.ueneHHhiX 

ycnoaHRX Ha Ha'lanbHhle COCTaanRlOIUHe CKOpOCTH I H I ¢ H nonO)KeHHe 

aneTa 'laCTHUhl a none. l.JaCTHUhl C .upyrHMH Ha'lallbHhiMH .QaHHhiMH ( HO C 

TOH )Ke CKOpOCTblO Z 
0 

) 6y.uyT JtlcnbiThiaaTb Kone6aHHR OKOnO STOH Tpa

eKTOPHH. HeTpy.QHO HX onpe.uenHTb 0 npe.unonaran, 'ITO OTKnOHeHHR OT pas

HOaeCHblX Ha'lallbHbiX ycnoaHH Manbi. nonO)KHM I = I O + ~ t ¢ = ¢ O + fJ 

nO.QCTaaHM a (5) H OCTaaHM 'lneHbi, nuHeHHhle no OTKnOHeHHRM. Tor.ua, 

HCnOllb3y R ( 6), nony'IHM: 

. -2 ;;2 
~ + ( (U + --:-r-+ 

. H I 
0 

2;; z 0 
r-:-) ~= 0 • 
0 

6 

~I 
,j 

~ 
:,:,~1' 

. 2P 
e = - ----,;-- ~ , 

a 
z 

I 0 Io 

0TClO.Qa aH.QHO, 'ITO Kone6aHHR OKOnO TpaeKTOpHH 

'"'2 2az 
npOHCXO.QRT C 'laCTOTOH 4i" 2 + _E __ + O t n 

H I; I~ 
TpeM CTeneHRM cao60.Qbl CaR3aHhl Me)K.Qy C06oft: ~ 

KOOp.QHHaTbi CKOpOCTH 'laCTHUhl OT caoero paaHOat 

(I O , cp O' Z O) abJ3hiaaeT Kone6aHHR TaK)Ke H no .Qpy 

06WHX ypaaHeHHH ( 5) noKa3biaaeT, 'ITO KOne6aHH~ 

eKTOpHH (7) RBnRlOTCR yCTOH'IHabJMH. 

BpaweHHe 'laCTHUhi a nnoCKOCTH, nepneH.UHK~ 

XO.QHT a 06WeM cny'lae C 'laCTOTOH, OTnH'IHOH OT 

abipa)KeHHe .QnR Hee nerKO Hail:TH H3 ( 6) ) H nHlllb 

c ;:; H , npH sToM H pa.uuyc apawefiHR ( 7) paaea 

a O.QHOM TOnbKO npo.uonbHOM MarHHTHOM none: I 

2. PaaHoaeCHOe COCTORHHe aapR)KeHH 

PeaynbTaTbi npe.Uhi.Uywero paa.uena, a TaK*e 

C006pa)KeHHR .QalOT OCHOaaHHR nonaraTb, 'ITO a aH 

paCCMaTpHaaeMOrO aH.Qa a03M0)1{Ha KOMneHCaUHR K 

KHaaHHR a 3apR)KeHHOM KOnbUe C a3HMyTanbHbiM T 

noKa)KeM, 'ITO STO .QeHCTaHTellbHO TaK, npe.unonarl 

HOe COCTORHHe .Qeil:CTaHTenbHO cywecTayeT, H pace 

.uenbHOil: 'laCTHUhi KOnbua c y<~~ToM co6cTaeHHoro 

OCTanbHbiMH 'laCTHUaMH. npu STOM 6y.QyT nony'leHI 

paaHOaeCHR (~OKYCHpOaKH). 
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• 2 • z 
I cp +w I cp =;__.Q,_ 

o 0 H 0 0 IO 

{6) 

2 • WH 
I (cp + -) 

0 0 2 
P. 

0 - npOH3BOJibHbl:it napaMeTp, HMeJOIIIH:it CMbiCn Ha'laJibHO:it CKOpo-

'laCTHUhl B Mal"HHTHOM none, a I O H cp 
0 

{ 6); npuseaeM Bhrpa:lKeHHe anSI I 
0 

I 2 
0 

-------
.I -2 • 2 p-·2 -2 - • 
v a z + wH-·a z 

------~~---~~------ . 
~~I 2 

MOI"YT 6hiTb Ha:it-

{7) 

KTOpHSI C noCTOSIHHhlM paJlHYCOM (7) B03MO:lKHa npH onpeaeneHHhlX 

Ha Ha'lanbHhle COCTaBnSIIOIIIHe CKOpOCTH i: HI ¢ H nono:lKeHHe 

THUhl B none. 4aCTHUhi C llPYI"HMH Ha'laJibHhiMH JlaHH~MH { HO C 

OpOCTbiO Z 0 ) 6yayT HCnhiThiBaTb KOne6aHHSI OKOnO 9TO:it Tpa

HX onpeaenHTb, npeanonaraSI, 'ITO OTKnoHeHHSI oT paa

Ha'laJibHhiX ycnosH:it Manhi. OonO:lKHM I = I 
0 

+ g , ¢ = ¢ O + 0 • 
B ( 5) H OCTaBHM qneHbi, nHHe:itHbl9 no OTKnOHeHHSIM. Toraa, 

(6), nony'IHM: 

. -2 ;2 
g+ (w + -:r+ 

. H I 
2;;zo )g= 0 • 

0 

6 
..-

i 
II 

,,j 

~I 
11 

' ·I 

l1i 
-:11 

. 2P 
8=-----.z-g, z 

I 0 

a 
g + z 0. {8) Io 

0TC10Jl8 BHJlHO, 'ITO KOne6aHHSI OKOnO TpaeKTOpHH C noCTOSIHHhiM paJlHyCOM 

_ ~ 2 a z0 
npOHCXOJlSIT C 'laCTOTO:it w 

2 + -- + 1 npH'I~M KOne6aHHSI no BCeM 
H I; I~ 

TpeM CTeneHSIM CB060Jlbl CBSI38Hhl Me:lKJlY C06oil:: OTKnOHeHHe KaKO:it-nH60 

KOOpJlHH8Tbl CKOpOCTH 'laCTHUhl OT CBOei"O paBHOB9CHOI"O 3Ha'leHHSI 

(I 0 , cp O' Z 0 ) Bbi3biBaeT Kone6aHHSI TaK:lKe H no llPYI"HM nepeMeHHhiM. AHanH3 

06IIIHX ypaBH9HH:it {5) nOK83biBaeT, 'ITO KOne6aHHSI OKOnO paBHOBeCHOH Tpa

eKTOpHH. {7) SIBnSIIOTCSI YCTO:it'IHBhiMH. 

BpameHHe qacTHUhi B nnoCKOCTH, nepneHJlHKynSipHo:it ocu z , npoHc

XOJlHT B 06IIIeM cny'lae C 'laCTOTO:it, OTnH'IHO:it OT UHKnOTpOHHO:it WH {SIBHOe 

Bhrpa:lKeHHe anSI Hee nerKo Ha:itTH H3 (6)) H nHlllb npu z
0 

= 0 cosnaaaeT 

C ;;H , npH 9TOM H paJlHyC BpaiiieHHSI (7) paseH 06hi'IHOM_y 3Ha'leHHIO 

s OJlHOM TonbKO npoaonbHOM Mal"HHTHOM none: I 
0 

.. ..; 2 1! I .. 
WH 

2. PaBHOBeCHOe COCTOSIHHe 3apSI:lKeHHOI"O KOJibUa 

PeaynbTaTbr npeJlhiJlYIIIero paaaena, a TaK:lKe npoCThie $H3H'IeCKHe 

C006pa:lKeHHSI JlaiOT OCHOB8HHSI nonaraTb, 'ITO B BHHTOBOM Mal"HHTHOM none 

paCCMaTpHBaeMOI"O BHJla B03MO:lKHa KOMneHCaUHSI KynOHOBCKHX CHn pacTan-

/2/ 
KHBaHHSI B 3apSI:lKeHHOM KOnbUe C a3HMyTanbHhlM TOKOM • Ce:it'laC Mbl 

noKa:lKeM, 'ITO aTo ae:itcTBHTenbHO TaK, npeanonaraSI, 'ITO TaKoe pasHosec

Hoe COCTOSIHHe Jle:itCTBHTenbHO CyiiieCTByeT, H paCCMaTpHBaSI JlBH:lKeHHe OT

JlenbHO:it 'laCTHUhl KOnbUa C Y'I~TOM C06CTBeHHOI"O nonSI, C03JlaHHOI"O BCeMH 

OCTanbHblMH 'laCTHUaMH. 0pH 9TOM 6yJlyT nony'leHbl He06XOJlHMhle ycnOBHSI 

paBHOB9CHSI (ifJOKYCHpOBKH). 
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f 
I I. 

~ 

BselleM cnellYIOIIlHe rrpellrrono*eHHsr: 

1. _v_ << 1, 
Yep 

v= 
e

2 
N 

2rrt
0

me 2 
(9) 

N - rronHoe ~ucno ~acTHU B Konhue. Ycnoeue (9) 03Ha~aeT, KaK HeTpyll

HO IIOK838Tb, ~TO IIOrrepe~HOe llBH)KeHHe ~aCTHU B KOnbUe (B CHCTeMe, rae 

OHO IIOKOHTCSI K8K uenoe) HepensrTHBHCTCKOe. HHa~e roeopsr, Mbl 6yaeM 

rrpeHe6peraTb H3MeHeHHeM IIOnHoft SHeprHH ~aCTHU (y) 

CTBeHHoro sneKTPH~ecKoro rronsr Konbua. 

2. 
a 

--«1. 
to 

3a c~~T co6-

( 10) 

3aecb a - Manbxft rronepe~HbX:ll: pa3Mep KOnhUa, «flopMy ce~eHHSI KOToporo 

6yaeM ansr rrpocTOTbi npearronaraTh 6nH3KOA K KpyroeoA. Ycnoeue (10) 

C y~~TOM (9) II03BOnsreT IIpH6nH)KeHHO 38IIHC8Tb C06CTBeHHOe none KOnbUa 

B BHlle nonsr rrpsrMoro mHypa. 

npome BCero llnR peWeHHSI 38ll8~H rrepeftTH B CHCTeMY KOOPllHHaT, 

llBH*YIIlYIOCSI Co CKOpOCTbiO KOnhU8 K8K uenoro 

CocTaBnSI!OIIlHe IIOnSI B STOA CHCTeMe 6yllyT 

3aecb 

K 
E '· =- Y f3 z -t- ' 

r z 0 0 

K 
H¢=yz

0
_t_' 

H' = H z z 

(1 f3 2 )-1/ 2 · I y z = - z ' f3 z = Zo e 
0 0 0 

8 

zo 

(11) 
·, -~, 

... , 

.:·.·--· 

Toraa ypaBHeHHSI llBH)KeHHsr KaKoA-nu6o ~aCTHI 

pe~HOrO ce~eHHSI KOnbU8 C y~~TOM (9) H (10) MO)K 

t 
• 2 • a • a · 

t,~,.' +cu t,~,.'-y -z -y -z 
't' H_ 't' zo t o z o t 

+-

t2 • CUH 
ep'+t 2--=P 

2 

02 t 
z =· ____!!.. (z-z)+ay -

2 o z o t 
yep 

3aecb BCe BenH~HHbl B3SITbi B C06CTBI9HHOA CHCTeME 

CUH H a Tenepb paBHbi 

eHz eK a=------cuH=----, 
me Yep me Yep 

B (12) to • z 0 - KOOpllHH8Tbi OCeBOA nHHHH KO 

n2- e 2N 2 v e 2 

y =< =· ' p 

rr m t.
0 

a 
2 yep 

2 ep 
yep a 

- pensrTHBHCTCKHA «flaKTOp B co6CTBeHHOli: CHCTeMe 

y=yepYz
0 

9 



eaeM cneayJOIUHe npeanono:lKeHHSI: 

~« 1, 
Y¢ 

v= 
e

2 
N 

2rrt
0

me 2 {9) 

HOe ~HCnO ~aCTHU B KOnbUe. YcnOBHe {9) 03HaqaeT, KBK HeTpya-

8Tb, qTO nonepe~HOe aBH:lKeHHe qaCTHU B KOnbUe {B CHCTeMe, rae 

HTCSI KBK uenoe) HepenSITHBHCTCKOe, MHaqe rOBOpSI, Mbl 6yaeM 

raTb H3MeHeHHeM nonHO~ 9HeprHH qaCTHU 

o sneKTpHqecKoro nonSI Konhua, 

a 
-t-- « 1. 

0 

( y) aa cq~T co6-

(10) 

- Manbi~ nonepeqHbi~ pa3Mep KOnbUa, !jlopMy ceqeHHSI KOToporo 

Sl npocTOTbi npeanonara Tb 6nH3KO~ K KpyroBoii, Y cnoBHe { 10) 

{9) D03BOnSieT npH6nH:lKeHHO 38DHC8Tb C06CTBeHHOe none KOnbU8 

nH npSIMOrO IUHypa, 

IUe BCero anSI peweHHSI aaaaqH nepe~TH B CHCTeMY KOOpaHHaT, 

CSI CO CKOpOCTbJO KOnbUa KBK Uenoro Z
0 

TaBnSIJOIUHe nonSI B 9TOii CHCTeMe 6yayT 

z
0

=(1-f32 
z 

0 

E '. =- y 
r z 0 f3 zo 

K 
Hif>=yz

0
_t_ 

H' = H z z 

K 

t 

)-1/2 
• f3 z o = zo I e 

8 

..-

{11) ··, 

1 .... ;.· .~\\.i .· 
., 
;· ' 

.. ~, 
1\, 

.1. 
\~ 

}~ 

.~· 

( 
ll 

Toraa ypaBHeHHSI aBH:lKeHHSI KaKoii-nH6o qaCTHUbi B npeaenax none

peqHoro ceqeHH.SI KOnbUa C yq~TOM {9) H {10) MO:lKHO DpHBeCTH K BHay: 

t 
• ,2 • , a • a · , 

t¢ +w tA.. -y -z -y -z 
H. 'f' zO t 0 z 0 t 

2 • (L) 
t ¢'+t2___!!_=p 

2 

n2 
p 

+ --2- (t-to)' 
yep 

z 
n2 

p 

2 

t 
(z- z )+a Yz -

0 0 t yep 

{ 12) 

3aecb BCe BenHqHHbl B3SITbl B C06CTB'3HHOii CHCTeMe KOOpaHHaT, T8K qTo 

WH H a Tenepb paBHbi 

eHz eK 
a"'----- (13) 

(L) =-----
H me y cp me y cp 

B {12) r 0 , z 0 - KoopaHHaTbi oceBoii nHHHH Konbua, 

2 2 • 2 
2 e N 2 v e ( t 2 ¢ ' ) -1!2 n - =· , y ,~,. = 1- · -· 
p 2 'f' 2 

rrmt a 2 y y,~,.a e 
.o ¢ 'f' 

- penSITHBHCTCKH~ !jlaKTOp B co6CTBeHHOii CHCTeMe KOOpaHH8T, 3aMeTHM, ~TO 

r=rpYz
0 

9 



'I 

~ 

8biSICHHM1 npH KSKHX ycnOBHSIX Manbie KOne6aHHSI aneKTpOHOB OTHO

CHTenbHO t 
0 

, z 0 B npe.11enax nonepe'IHoro ce'leHHSI Kon~>ua 6y.11yT 

yCTOH'IHBblo n ono>KHM e = t - t 0 1 (} = ep '- ep '0 , 'f/ = Z - Z 
0 

H npoBe.lleM 

nHHeapuaauHIO ypaBHeHHA ( 12). Y'IHTbiBaSI ycnoBHSI paBHOBeCHSI (6) - Te-

nepb TSM H8.110 3aMeHHTb a Ha a y •o H p Ha Py z 0 - iwny-

'IBM 

2 
np 2 t= (--r- <UH- 2 

Yep 

n2 

a z o Yzo 
t2 

0 

p a Yz 
~·=--;-'f/+ 

to yep 

a Y. 
) (- ., ' 

to 

(14) 

e 

i(Ut 
By.lleM HCK8Tb OCllHnnHpyiOillee pemeHHe CHCTeMbl (14), nonaraSI e ,., "'e • 

Tor.11a .llnSI qacroT Kone6aHHH nerKo nony'IHTb cne.llyiOmHe xapaKTepHCTH-

qecKoe ypaBHeHue: 

2 2 2 2 2 
2 20p np np a yz 2 

(U 4 - (U 2( n - ) + -- ( --+ o_ n ) = 
2 2 2 t 2 

yep ~ yep 0 

3.1leCb BBe.lleHa '18CTOTa CB060.11Hbl:ll; KOne6aHHH 

n 2 = (U 2 + a2y.
2 

H a + 
t2 

0 

10 

2 a y •o z 
2 

to 

0 . (15) 

(16) 

r 

':'' i,,, 

' ' ~,·.· . 
• 
~ 't \ 

J 

I 

j' 

KopHH ypaBHeHHSI (15) 6y.11yT BemecTBeHHbiMH (J 

TenbH01 pemeHHSI CHCTeMbl ( 14) YCTOH'IHBbiMH, e 

x/ 
ycnOBHSI ! 

2 
n p .

0
2 

2 2 

-> -
2 -· 
~ 

Yep 

2 n -
__.!.,.. < --1... n 2 

2 - 2 yep 

t2 
0 

n 2 4 2 

--;- < _l!_. t 

Yep- 4 a2y2 z 
0 

Hccne,llyeM. nony'leHHbie ycnOBHSI no.llp06Hee. npe 

ycnOBHSI ycTOH'IHBOCTH He BbinOnHSIIOTCSI, KSK H ~ 

B O,llHOpO,IlHOM Hz MSI'HHTHOM none KOnbllO pa 

BHeM CHn npocTpaHCTBeHHOI'O 38pSI.Il8 B.llOnb OCH 

.UpyroA npe.11enbHbiH cnyqaA - npSIMOnHHeAH 

none - nony'IHM, nono>KHB <UH = 0 , z 0 = 0 

H3 ( 19) cne.11yeT: 

2 1 2 
np <- (UH' 

2 - 4 Yep 

x/ 
TpHBHanbHbiH cnyttaA ycTOH'IHBOCTH npH 

HCKniO'IeH. 

11 



HHM, npH KSKHX ycnOBHSIX MSnbie KOne6aHHSI aneKTpOHOB OTHO-

I 
0 

, z
0 

a npeaenax nonepe"'HOI"O ce"'eHHSI KOnhUa 6yayT 

• llonOlKHM e = I -I 0 o (} = ep,- ep '0 , T/ = Z- Z O H npOBelleM 

UHIO ypaaaeHHil (12). Y"'HThiBaSI ycnoBHSI paaaoaeCHSI (6) - Te-

H8ll0 3aMeHHTb a Ha a Y z 
0 

H p Ha Py z 0 - iwny-

2 np 2 
~· = ( --z- - W H - 2 

yep 

n2 
p 

a z 0 Yz
0 

[2 
0 

a Yzo 
~·=---r-"1+ 

Io yep 

) f-

e 

a Yz 
--ll 

Io 
., ' 

(14) 

lwt 
8Tb OCUHnnupyiOIIIee perneHHe CHCTeMhl (14), nonal"aSI e •T/ = e • 

"'SCTOT Kone6aHHit nel"KO nony"'HTb cneayiOIIIHe xapaKTepHCTH

BHeHHe: 

2 2 2 2 2 
2 20p np np a yz 2 

(U 2( n - ) + - ( --+ o_ n ) = 
2 2 2 I 2 

yep ~ yep 0 

eHa "'SCTOTa CB060llHbiX KOne6aHHit 

02=w2+ 
H 

_.: 

2 
a2y•a + 

2 
I 0 

10 

. 
2ayzo ~ 

2 
I 0 

0 . (15) 

(16) 
/ -~i 
)~ 

,, 
i· 
·\·j· 
~~ 

J 

KopHH ypaaHeHHSI (15) 6yayT aemecTaeHHhiMH (unu aynHMH) H, cnenoaa

TenbHO, peiiieHHSI C.HCTeMhl (14) ycTOil"'HBbiMH, ecnH BbinOnHeHbl cnellyiOIIIHe 

x/ 
ycnoBHSI : 

2 2 2 
n p ·n2 
->~, -· 

2 -
~ 

Yep 

2 - 2 np J.. n 
-~ 2 2 yep 

I2 
0 

0 
2 4 2 

___L < __!!_ I 

2 - 4 a2y2 
Yep •o 

(17) 

(18) 

(19) 

HccneayeM · nony"'eHHhie ycnoaHSI noapo6aee. llpeJKlle acero, ecnu a= 0 , 

ycnOBHSI ycTOil"'HBOCTH He BbinOnHSIIOTCSI, KSK H llOnlKHO 6biTb 0 TSK KSK 

B OllHOPOllHOM "· MSI"HHTHOM none KOnhUO pacnnhiBaeTCSI nOll aeitcT-

BHeM CHn npOCTpaHCTBeHHOI"O 38pSilla BllOnh OCH nonSI. 

npyroit npeaenbHbii!: cny'lait - npSIMOnHHeitHbli!: ny"'OK B npOllOnbHOM 

none - nony"'HM, nono)KHB wH = 0 , z 0 =· 0 

H3 ( 19) cneayeT: 

2 1 2 n p w ' <-4 H 2 -Yep 

a 
• -·= wH • y,~.. = Y • Torna 

Io 'I' 

(20) 

'X./ TpHBHanbHbil!: cny'lait ycTOil'IHBOCTH npH np = 0 3lleCb, ecTeCTBeHHO, 

HCKniO'IeH. 

11 
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,.. 

"'TO coanaAaeT c ycnoaHeM 6pHnn~sHOBCKoA ~oxycHpOBKHo BoaapawaHCb 

K aHanH3Y o6wHX ycnoBHA ( 17) - ( 19), 38M9THM1 "'TO ecnH nepBbie AB8 

HenpOTHBOp911HBbl 1 Toe• npaBaH "18CTb (18) 60nbW9 npaBOft "'SCTH (17), 

TO ycnoa&e (19) 6onee CHnbHoe, "'eM (1 8)o TorAa ycnoBHH ycTOA"'HBocTH 

MO>KHO Bbip83HTb TSK: 

H 

_!_ 02 
2 

a2 y 2 
2 z o _._........,::J!.. 

E 2 
0 

2 2 

<~!.!a.. 
E20 

02 04 

<..---2.-·<-
- 2 - 4 

yep 

E2 
0 

2 2 
a Y z

0 

(21) 

(22) 

Ycnoaue (21) ~aKTH"'eCKH onpeAenHeT wHpHHy o6nacTH ycToA"'HBOCTH, 

(22) HaKnSAhlBaeT orpaHH"'eHHe Ha KOnH"'9CTBO "'SCTHU B KOnbUe, HSXOAH-

werOCH B COCTOHHHH paBHOBeCHHo 

3aAMeMcH, npe>KAe acero, ycnoaueM (21 ). EyAeM C"'HTaTb aaAaHHhl-

MH napaMeTpbi: E 0 , v'(fi z 0 o TorAa ycnosue ABH>KeHHSI no paB-

HOBeCHOft TpaeKTOpHH C paAHYCOJ.I( E0 , KOTOpOe Mbl Tenepb aanuweM 

B BHAe 

Y zo 2 . 
a !L...:. = {3 ep -

c 2 

w~of3ep' {3ep= 

12 

1 v, I 
'--:!L. 

(: 
(23) 

It 

.1. 

·;, ·, 

' ' 

;', ~' l
t .. ::3' ::,1 

.~,.\ 'h;.' 
,, ' 

<r. )l 

'I 
... 't 

1 
·l ,. 

~~ 
·f• 

A89T CBH3b M9>KllY W H H a o l1CKn~"'8H W H H3 

nony"'HM: 

2 2 > a 0 y zo f3z<f3ep HnH a 

-~ 
3AeCb yep= (1- f3J> .Ycnoaue (24) npe11nonarae1 

BbinOnHeHO 

y > y • 
ep zo 

TaKHM o6paaoM, B npHHUHne ycTOA"'HBOCTb aapH~ 

6biTb o6ecne"'eHa, ecnH CKOpOCTb KOnbUS BllOnb C 

CKOpOCTH BpaweHHH sneKTpOHOB (B C06CTB9HHOft < 

H KOMnoHeHTa H ep MarHHTHoro nonH yAoaneTBop 

OcTaeTCH paccMoTpeTb HepaaeHCTBa (22), c 

HOBCKHA 3apHA KOnbUSo nocne H9KOTOpblX npeo6p1 

Me>KAY Hz If Hep nongMH H3 onpeAeneHHSl 6om 

(23), HepaBeHCTBS (22) MO>KHO npHB9CTH K BHAy: 

1 < 

E 2 0 2 I 2 [ a2 y 2 ( 1--
o P Yn. _ z --'--~:t;:!..-~ < 1 + 0 

2 
2 {3z 

2 --"2 c2{3~+a yzo f3ep 
2 2 

4 a Y z 
0 

13 
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aAaeT c ycnoaHeM opHnn~saoacxoA ~oxycHpOBKH. BoaapamaHCb 

y OOIIIHX ycnOBHA ( 17) - ( 19) t 3aMeTHM, 'ITO eCnH nepBbie AB8 

ope'IHBbi, T.e. npaaaH 'laCTb (18) oonbme npaaoA 'laCTH (17), 

He (19) 6onee cHnbHOe, 'I eM ( 1 8). TorAa ycnoBHH ycToA'IHBOCTH 

bip83HTb TaK: 

1 2 
-- o 
2 

a2 y 2 
2 z 

o - ----=..11.. 
2 

I 0 

2 2 

<~!.'!A. 
I2 

0 

02 04 

<____!.·<-
2 - 4 yep 

I2 
0 

2 2 
a Y z

0 

(21) 

(22) 

(21) ~aKTH'IeCKH onpeAenHeT IIIHPHHY o6naCTH ycToA'IHBOCTH, 

naAbiBaeT orpaHH'IeHHe Ha KOnH'IeCTBO '18CTHU B KOnbUe, H8XOQH-

COCTOHHHH paBHOBeCHHo 

MeMCH, npe>KAe acero, ycnosHeM (21 ). ByAeM C'IHTaTb aaQaHHbi-

eTpbi: I 0 , v'¢ z 0 • TorQa ycnoaHe ABH>KeHHH no pas-

TpaeKTOpHH C panHyCOM I
0 1 KOTOpoe Mbl 

a y z zo 
~. ~ 0 

c 2 

cuI lv'l 
~2- H 0~ ' ~ • ~ 

¢ c ¢ ¢ c 

12 

... 

Tenepb aanHmeM 

(23) 

• ! 
~~ .. ~ 
~ 

.·._·· __ -.r ___ -·0·~. 
~ 
l

i 
' 

' ~ 
H f 

;· ' 

. . '.~.--.:_ 

.. 1 

._,_.· .. _:_ 

"· ' 

i, 
) 

~~ 
I 

<i' i 
( 
I 

'•!. I 

ABeT CBH3b Me>KQY cu H H a • 11CKn~'I8H cu H H3 (21) C nOMOIIIb~ (23) 1 

nony'IHM: 

2 2 
a • Y z

0 

c 2 ~ 2 

>- ¢ 1-~:/ ~¢' ~z< ~¢ HnH 

c2 Q 4 
2 . tJ ,./, 

a > -~---...z..__ 
2 . 2 

1- Yz
0 

/ y ¢ 

-~ 
3AeCb y ¢ = ( 1- ~J,> .Y enos He (24) npeAnonaraeT, 'ITO AOn>KHO ObiTb 

BbinOnHeHO 

Y¢ > Y z
0 

(24) 

(25) 

TaKHM o6paaoM, a npHHUHne ycToA'IHBOCTb aapH>Keaaoro KOnbUa MO>KeT 

Ob!Tb o6ecne'leHa, ecnH CKOpOCTb KOnbU8 BAOnb OCH nong He npeBOCXOAHT 

CKOpOCTH BpameHHH 9neKTpOHOB (a COOCTBeHHOA CHCTeMe KOOpAHHaT) 

H KOMnoaeaTa H ¢ MarHHTHoro nong yQoaneTBOpHeT ycnoaH~ (24). 

OcTaeTCH paccMoTpeTb aepaaeacTaa (22), orpaHH'IHBa~mH.e xyno

HOBCKHA 38pHQ KOnbU8, llocne HeKOTOpbiX npeo6pa30B8HHA, HCnOnb3YH CBH3b 

Me>KQY Hz If H¢ nongMH H3 onpeQeneHHH 6onbmoro paQHyca a ~opMe 

(23) 1 HepaaeHCTB8 (22) MO>KHO npHB9CTH K BHAy: 

1 < 

2 

I202 1 2 [a2 y: (1-~i)-c2Q2]2 
0 p yep - 0 ~2 ~-'¢ 

2 
2 ~z 

2 ---; c2~¢+a yzo ~¢ 

< 1 + _____ .:_.je_ ___ _ 

2 2 
4 a Y z 

0 

13 

( c 2 {3 2 + a 2y 2 ___p;_ ) 
¢ zo ~2 

¢ 

(26) 



,. 

Hau6onbwag wupuua o6nacTH ycroAqHsocrn 6yaeT, Koraa B {24) aaKnro

qeuo CHnbHOe HepaBeHCTBO. Toraa BTOpoA qneH B npaBOA qaCTH {26) 

MO*HO ynpOCTHTb: 

1 < 

2 2 
t

2

0 /yep <1+ 0 p 

2 
2y 2 f3!lf3¢ a z

0 

2 2 2 

{1- f3z / f3q) --4 f3: I f3 ¢, 
{27) 

0Tcroaa BHaHO, qTo WHpHHa o6naCTH ycToftqHBOCTH 6biCTpO yMeHbWSeTCH 

c pocToM f3 z (f3 ¢"' 1) H npH y! = 2 Y*e paBHHeTCH npHMepHo 10%. 3ToT 
0 /2/ 

BbiBoa yToqugeT npeAsapHTenbHbie peaynbTSTbi 
c R-'- . 

B qaCTHOM cnyqae f3 z = 0, ~ =<1fH ycnoBHH <l!oKycHpOBKH 6yayT 
ro 

TaKHMH: 

a> c f3 ¢ HnH H¢>Hz, {28) 

. o:/y¢ . (a2-c2f3¢,)2- {H~H2,.) 2 

1 <--< 1 + --- = 1 +·-·---
2 2 2~ 8 2 2 

wH 4acp¢ 4¢H 10 

{29) 

nonyqeHHbie peaynbTSTbi MO*Ho uecKonbKO o6o6IUHTb. Ecnu aanu

caTb ypaBHeHHH (14) B BHae 

( +w iJ+A g=o Hcp 1 

tj-wH g+A 27]=0, 
¢ 

14 

WHcp= 
a y,.o 

to 

(30) 

t 

TO MO*HO 3aMeTHTb, qTO cnyqaft HenoaBH*HOrO B 

B npHCYTCTBHH 6oqKoo6paauoro H,. nong c noKa: 

TSK*e coaep*HTCH B ( 30), npH STOM, K8K HeTpya 

paBHbi: 

2 

2 {} p 

A 1 = wH ( 1 - n ) - :---;-

A = 
2 

2 
2 {}p 
wHn-~· 

'¢ 

Y¢ 

XapaKTepHCTHqecKHe qacTOTbi CHCTeMbi ( 30) paBH 

2 
w 

1,2 

w2 +A +A --.....!!.$. 1 2 (w2 +A ~) 
2 ± y Hp 1 2 

4 

Ocuosuoe ycnosHe semecTBeHHOCTH qacToT 

qro A 1 H i\ 2 aon*Hbi HMeTb oaHHaKOBbie auaKH • 

TO K STOMY Tpe60B8HHID ao6aBnHIDTCH eme asa, aJ 

HbiM pauee - {18) H (19). EcnH A 1 , A 2> 0, qTo 

ang i\ BHaa ( 31 ) , aononHHTenbHbiX yen osHA HeT. 

B cna6o<l!oKyCHpyiDIUeM MarHHTHOM none B npHCYTC 

nOMHMO 06biqHoA o6naCTH ycToftqHBOCTH (i\ 1 ,A 2 

ycnOBHHX noHBnHeTCH eme oaHa o6naCTb ycToAqHB 

i\ 2 , i\ 2 < 0 , KoTopag no <?BOeMy xapaKTepy auanor 

BbiWe ang cnyqag oauopoauoro H ,. nonH. 
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g lliHpHHB oonaCTH ycToftqHBOCrH oyaeT, KOraa B {24) 3aKniD

H09 HepaseHCTso. Toraa sTopoA qneH s rrpasoA qacTH {26) 

OCTHTb! 

2 2 
t20 ly¢ <1+ 0 p 

1< 2 2[3 2 1[3'¢ 
a y zo z . 

2 2 2 
(1- {3z I {3¢) 

.....--
4 {3z2 I {3 ¢ {27) 

aHo, qTo lliHPHHa oonaCTH ycToftqHBOCTH ObiCTpo YM9Hblli89TCR 

2 
{3 z ( {3 </>"' 1) H ITpH y z = 2 y)Ke paBHR9TCR ITpHMepHO 10%. 3TOT 

0 /2/ 
.qageT rrpeJlsapHTenbHhie peaynbTaTbi 

CTHOM cnyqae {3 z "' 0, ~ = ~ H ycnOBHR $OKYCHpOBKH oyayT 
ro 

a > c {3 ¢ HnH H¢>Hz, (28) 

n 2 I 2 (a 2- c 2{3 2) 2 ( H 2 H2) 2 
P Y¢ ¢ - c/) z 

1<---<1+-- =1+-·---
2 2 2a'l 

48
2

8
2 

wH 4 a c P¢ ¢ iZ 
{29) 

eHHhie peaynbTBTbi MO)KHO aecKonbKO o6o6IUHTh. Ecnu aarrH

eHHH (14) B BHJle 

( +w i]+A ~=0 
H¢ 1 

tf-wH ~+A 2 71=0, ¢ 

14 

,... 

WH¢= 
a y"'o 

to 

(30) 

TO MO)KHO 3aMeTHTb, qTo cnyqaft HerroaBH)KHOrO B rrpoCTpaHCTBe KOnbUa 

s rrpHcyTCTBHH 6oqKoo6paaaoro H"' nonR c rroKaaaTeneM crraaa nong n 

T8K)K9 COJlep)KHTCH B (30), rrpH STOM, KaK HeTpyJlHO rroKa3aTb, .\
1 

H A 
2 

paBHbi: 

02 
2 p 

A 1 = wH ( 1 - n ) - ~ 
Y¢ 

A = 
2 

2 
2 np 

w Hn- ---a-
>¢ 

XapaKTepHcTuqecKHe qacTOTbi cucTeMbi (30) pasHbi 

2 
w 

1. 2 

w~ +A 1 +A 2 ch 

2 

± y (;;~+A 2)2 -.\ .\ 

4 1 2 

(31) 

(32) 

Ocaosaoe ycnosue semecTseHHOCTH qacToT 
w 1,2 

JlOn)KHbi HM9Tb OJlHHaKOBbie aaaKH. Ecnu 

COCTOHT B TOM, 

qTo .\ 1 H .\2 A1,.\2<0, 

TO K STOMy Tpe60BSHHID JlOOSBnRIDTCH eme JlBa, aHanoruqHbie paCCMOTpeH

HbiM paaee - ( 18) H ( 19). Ecnu A 
1 

, A 
2 
> · 0, qTo MO)KeT ocymecTsnHTbCH 

anH .\ suaa (31), aononHHTenbHbiX ycnosuA HeT. 0TCIDJla cneJlyeT, qTo 

B Cnaoo<floKyCHpyiDIUeM MarHHTHOM none B ITpHCYTCTBHH H¢ KOMJ10H9HTbi 

rroMHMo oobiqaoa oonacTH ycToftqusocTH ( .\ 
1 

, A 
2 

> · 0 ") rrpu orrpeJleneHHbiX 

ycnOBHHX ITOHBnHeTCH 91U9 oaHa OonaCTb yCToftqHBOCTH, COOTB9TCTBYIDIUSR 

.\ 2 , .\ 2 < 0 , KOTOpaH no <?BOeMy xapaKTepy aaanoruqaa paccMoTpeaaoA 

BbiiUe anH cnyqag oaaopoJlHoro H z rrong. 

15 
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8 CBH3H C T8M 1 ~TO OAHa H3 ~aCTOT (32) npH AOCTaTO~HO 60nbWOM 

H ¢ - none CTaHOBHTCH aecbMa 6onbwoil:, npeAcTaanHeT HHTepec BhiHCHHTb 

anHHHHe H¢ nong Ha Manhiil: paaMep Konbua. 

3. ABH*8HHe KOnbUa B HeOpHOpOAHOM BHHTOBOM none 

B aaKmo~eHHe Mhi paccMoTpHM aonpoc o6 H3MeHeHHH 6onbworo 

paAHyCa penHTHBHCTCKOI"'O KOnbUa aneKTpOHOB1 KOI"'Aa OHO ABH*eTCH B H3-

M8HHIOWeMCH BAOnb HanpaaneHHH ABH*eHHH H • -none H H ¢ - none 
/3/ 

BHAa ( 1 ) • YlaaeCTHO 1 ~TO B aAHa6aTH~eCKH MeHHIOW8MCH B npocTpaHCTBe 

H ! none nocrynaTenbHaH aHepi"'HH KOnbUa nepexoAHT so apawaTenbHyiO 

(HnH Hao6opoT), npH STOM 60nbWOil: paAHYC H3MeHHeTCH o6paTHO nponop-. 

UHOHanbHO v'H.(z ). Ecnu BhmonHHTb npocrpaHCTBeHHoe 6eTaTpoHHoe yc

noaue 2:1, ~TO Tpe6yeT BBeAeHHH BHyTpeHHei"'O coneHOHAa C nepeMeHHhiM 

/3/ 
B npOCTpaHCTBe Mai"'HHTHbiM nOTOKOM (eM. ), TO OKa3biBaeTCH B03MO*-

HhiM COXpaHH Tb nOCTOHHHhiM 60nbWOil: paAHYC KOnbUa npH ycKopeHHH B cna-

Aa!OIU8M no OCH Z Mai"'HHTHOM none. 

Ceil:~ac Mhi noKa*eM, ~To npu HeKOTOpbiX ycnoaHHX A06aaneaue H¢ 

KOMnOH8HThl Mai"'HHTHOI"'O nong npHBOAHT K CXOAHOMy peaynbTaTy. 

ByAeM c~uTaTb, ~To none Hz MeHHeTCH aAHa6aTH~eCKH no ocu z 

no 3aKOHy 1 6nH3KOMy K nHHeii:HOMy 1 TaK ~TO BbinOnHeHO 

lr. 
z 

Hz 

aH 
az 

z I<< 1 (33) 

H 

r ---\- [, 
I 0 

.-

I H zdl .,. 

16 

1 

2 
Hz (34) 

TorAa ypaaHeHHH ABH*eHHH oceaoil: ~aCTHUhi K< 

CH OT ypaBHeHHil: ( 5) TOnbKO A06aBO~HbiM ~neHOM 01 

nong a TpeTbeM ypaaHeHHH. BhmHweM ero: 

2 
I 1 I CiJ (z) d CiJ 

Z=a--,+--(P- )-
t 2 2 dz 

ITepBhie ABa ypaaHeHHH ( 5), KaK H paHbwe, AaiOT op, 

ABH*eHHH, H aAHa6aTH~eCKH H3MeHHIOIUHii:CH 60nbWOfi I 

AenHeTCH Bbipa*eHHeM BHAa (7): 

!2 

---------=~------------------2. 2 2 -2 
v' a z + P CiJ H( z ) 

-2 
CiJH(z}/2 

a-2: 

T aKHM o6paaoM, Heo6XOAHMO coBMeCTHo peWHTb 

B ypaaHeHHH ( 35) BBeAeM Hoay10 HeaaaHCHMyiO 

H WTpHXOM 6yAeT o6oaHa~aTb npOH3B01lHyiO no ;H , 

TeT BHA! 

2 -
, - , t' 1 - I CiJ! 

z z ·= a z --+- ( P - -
t 2 2 

T enepb aaeAeM 6eapaaMepHhie nepeMeHHhie 

z t 
{3=--, y= --, 

c r
0 

17 
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sHaH C TeM, qTO oaHa H3 qaCTOT (32) npH aocTaToqHo 60nbWOM 

e CTaHOBHTCH aeCbMa 60nbWOA, npeACTaBnHeT HHTepeC Bb!HCHHTb 

H.p nonH a:a ManhiA paaMep KOnbUa. 

3. Aan~eHHe KOnbUa B HeOijHOQOijHOM BHHTOBOM none 

aKmoqeHHe Mbl paCCMOTpHM BOnpoc 06 H3MeHeHHH 60nbWOI'O 

enHTHBHCTCKOI'O KOnbUa aneKTpOHOB, KOI'aa OHO aBH~eTCH B H3-

CH aaonh a:anpaaneHHH aau~eHHH H IE -none H H ¢ - none 
/3/ 

HaaecTHO , qTo a aaua6aTuqecKH MeHHIOWeMCH a npocTpaHCTBe 

nocTynaTenhHaH aa:eprHH KOnbUa nepexoaHT so apawaTenbHYIO 

opoT), npu aTOM 6onbwoA paauyc H3MeHHeTCH o6paTHo nponop---v' Hz ( z ). Ecnu BhmonHHTb npocTpaHCTBeHHoe 6eTaTpoHHoe yc-

qTo Tpe6yeT aaeaeHHH aa:yTpeHHero conea:ouaa c nepeMeHBhlM 
/3/ 

Mai"HBTHbiM nOTOKOM (eM. ), TO OKa3biBaeTCH B03MO~-

nocTOHHBbiM 60nbWOA paaByC KOnbUa npB yCKOpeHBH B cna-

Z Mai"HHTHOM none. 

noKa~eM, qTo npu BeKOTOpbiX ycnoBBSIX A06aanea:ue H.p 
Mai"HHTHOI'O nong npHBOaBT K CXOAHOMy pe3ynbTaTy. 

cquTaTb, qTo none Hz MeHHeTCH aaua6aT&qecKB no ocu z 

, 6nB3KOMy K nHHeABOMy, TaK qTo BbinOnHeBO 

lrz 
z 

Hz 

--\- r. 
I 0 

..-

aH 
z I << 1 az 

I H zdt ,. 
1 

2 

16 

Hz 

(33) 

(34) 

Toraa ypaaHeBBH aau~eBHH oceaoA qacTHUhi KOnbua 6yayT oTnuqaTb

CH OT ypaBBeHHA. ( 5) TOnbKO ao6aaoqHbiM qneBOM OT H r - COCTaBnHIOWeA 

nong B TpeTbeM ypaaHeBHH. BhmuweM ero: 

2 
t 1 I CU (z) d cu 

Z=a--+--(P- )---
t 2 2 dz (35) 

llepBbie aaa ypaBHeHHH ( 5), KaK H paHbWe, A a lOT op6BTY paBHOBeCHOI'O 

aau~eHHH, H aaHa6aTHqecKH H3MeHHJOWHftcg 6onbwofi paauyc KOnbUa onpe

aenHeTCH Bb!pa~eHBeM BBAa (7): 

t2 
v' -2·2p2-2 -

a z + cu H( z ) - a ·z 

(36) -2 
cuH (z)/2 

TaKHM o6paaoM, Heo6xoaBMo coBMecTBo pewHTb ypaa.He.HBH (35) B (36). 

B ypaaa:e.HHH (35) aaeaeM a:oay10 a:eaaBHCHMyiO nepeMea:.HyiO cuH(z) 

H WTpHXOM 6yaeT o6oaa:aqaTb npOH3BOOHyiO no ;;H • Toraa OHO npB06pe-

TeT BHa: 

z z 
2 -

- • I, 1 - I CUH 
a z-+-(P---). 

I 2 2 (37) 

Tenepb aaeaeM 6eapaaMep.Hbie nepeMeH.Hhie 

z (U 
t: H a 
~ =---. k= --· (38) 

I 
f3 = --. y= 

c to CUHO 
c 

17 
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DnH onpeaeneHHOCTH 6yaeM cquTaTb, qTo Konbuo B HaqanbHOM cocToRHHH 

noKounocb B npaKTHqeCKH oaHopoaHoM none, TaK qTo 

2 - -
P 

I WH 
= _, 0 2. 

2 
~::_g_ = ~lo 

c 

p 
,--=-

c 

I 0 ~ Jo 
2• (39) 

B HOBblX 0603HaqeHHHX HCKOMble ypaBHeHHR, onpeaenHIOIUHe H3MeHeHHe CKQ

pOCTH KOnbUS H ero 60nblllOI"O paauyca, Bbii"n~HT TSK : 

d 2 
4~ -(kin y-~)= ~l (I+~ y 2

) 
d~ 0 

(40) 

2 2 2 2 
v' k ~ + ~ lo ~ /4 -k ~ 

--- 2 --
~ /·2 

( 41) y2 

noacTaBnHH (41) B (40), nonyquM ypaBHeHue anH ~(~): 

~~2+2v'k2~2+~2 e/4 lo 1o 1 
---- =-=+0(-). 

k 2 + 2 v' k 2 ~ 2 + lite /4 y .to 

2 
d ~ 1 
~=--2-· (42) 

Hau6onee HHTepeCeH cnyqaA HaqanbHOA penRTHBHCTCKOA CKOpOCTH BpameHHH 

sneKTpOHOB 0 KOI"aa y lo >> J, TSK qTo B ( 42) OI"pSHHqHMCH BblDHCSHHblM OCHOB

HbiM qneHoM. YpaB.HeHHe ( 42) MO)K.HO npoHHTerpupoaaTb, ecnu nono)I{Hl'b 

¢ = v' k"2,82~ 2/4 . (43) 

18 

' 

DnH ¢( ~) HMeeM: 

2¢'(k 2 +2¢)= ~- k 2 . 

C yq~TOM HaqanbHblX ycnOBHA ~ = 0 , ~ = 1 , 

(B03BpamaeMCH K <fly.HKUHH ~ (~) ): 

v' k 2 ~ ~~2 /4 = v' k2 + ~+ _L 
4 4 

YpaaaeHHe (45) onpeaenHeT B HeHBHoA <flo 

H nocne noaCTSHOBKH B. ( 41) - <flyHKUHIO y ( ~) . 

qTo 38KOH H3MeHeHHR CKOpOCTH H 6onblllOI"O pa~ 

oaHHM napaMeTpoM k . Ecnu k = 0 , ( H¢ = 

aaua6aTuqecKuA aaKoH (ua (40)): 

2 2 W H 
~ = ~ 1 ( 1 - -.-) 

-+0 -
WHO 

H 

I2 VWH 
--=~.---0. 

2 L -I 0 w 
0 H 

flpH k f, 0 SCHMDTOTHqeCKHe 3HaqeHHR ~ H I 

~ = y'l+kY?4 -k/2 . 
ae 

H 
I 2 

-;r· 
0 

~!i 
4k 13:e • 

19 



pe~eneHHOCTH 6y~eM C'IHTSTb, 'ITO KOnbUO B H8'18nhHOM COCTOHHHH 

B rrpaKTH'IeCKH O~HOpO~HOM none, TSK 'ITO 

2 -
I O CUH Q. ~~ =,Blo 

c 2 

p 
,-=-

c 

I 0 f3Jo 
2 (39) 

,JX o603HS'IeHHHX HCKOMhie ypaBHeHHH1 OITpe~enHIOIUHe H3MeHeHHe CKQ

KOnbUS H ero 60nblli0f'O pa~Hyca, Bhif'nMHT TSK : 

d 2 
4 ,e - < k 1n Y- ,e > = .e1 <I+ e Y 2 > de o (40) 

y2 
2 2 2 2 

v'k ,e +f3loe 14 -k,e 
--- 2 - -e 1,2 

(41) 

BnHH (41) B (40), rrony'IHM ypaBHeHHe ~nH ,B(e): 

d ,82 I 
-:IT =--2-

e ,8 
2 

+ 2 v k 
2
,8 

2 
+ ,8 2 e I 4 lo 1o I 

---· == +0(--). 
k2+2v'k2,B2+1o2el4 r~~ 

(42) 

e HHTepeCeH cnyqan H8'18nhHOA penHTHBHCTCKOA CKOpOCTH BpameHHH 

HOB, KOf'~a y lo >> I, TSK 'ITO B ( 42) OI"pSHH'IHMCH Bb!ITHCSHHhiM OCHOB

eHOM. YpaBHeHHe ( 42) MO)KHO rrpoHHTerpHpoBaTb, ecnH rrono)I{Hl'b 

¢ = v k'2,B2':;1 21 4 · (43) 

18 

... 

lJ.ng cp( e> HMeeM: 

2¢'<k 2+2¢>=e- k 2 . (44) 

c Y'I~TOM H8'18nhHbiX ycnOBHA ,8 = 0 • e= I. ¢=II2 pemeHHe (42) TSKOBO 

(B03Bp8IU86MCH K ciJyHKUHH ,8 (e) ): 

. 2 2 2 2 k 4 e2 k 2 
2 

v k ,e + e 1 4 = v' k +- + --- e - k 1 '2 . 
4 4 2 (45) 

YpaBHeHHe (45) onpe~enHeT B HeHBHoA c~JopMe «PYHKUHJO ,e < e > 

H rrocne rro~CTSHOBKH I\ ( 41) - «PYHKUHIO y (e) . Tenepb xopomo BH~Ho, 

'ITO 38KOH HSMeHeHHH CKOpOCTH H 6onbWOf'O pa~HyCa KOnbUS orrpe~enHeTCH 

o~HHM rrapaMeTpoM k . EcnH k = 0 , ( H¢ = 0 ) , To rrony'laeM o6hi'IHhiA 

8~Ha6aTH'IeCKHA 38KOH (HS (40)): 

2_ 2 cu H 
,8 - ,8 -l.o (I - -_.-) 

WHO 

H (46) 
I 2 IICU H --·= ,8. ---0 

2 L -I 0 cu 
0 H 

TipH k -f, 0 SCHMITTOTH'IeCKHe 3HS'IeHHH ,8 H I , KOf'~a e-+ 0 1 T8KOBbi: 

f3 = v T+k74 - k/ 2 . ac 

H (47) 
r 2 

--;r 
0 

,Blq 
__;r_. 

4k ,8 ac 

19 
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TaKHM o6pa3oM, B oTnH'IHe oT ycKop9HHSI Kom:.ua B none H" ( z) 

npH BbinO.JIHeHHH npOCTpB.{iCTBeHHOrO 6eTaTpOHHOrO yC.JIOBHSI, B HallleM C.Jiyqae 

cyllleCTsyeT npeaem:.Hasr cKopoCTb Kom:.ua npH yMeHbllleHHH nonsr Hz , 

T.e. npOHCXOJlHT Heno.JIHbii!: nepeBOJl Bp81118Te.JlbHOi!: 9HeprHH B nocTynaTe.JibHYIO• 

<I>H3H'IeCKH 9TO srcHo, TaK KaK rrpH H ... 0 paaHyc He CTpeMHTcsr K 6ecKo

He'IHOCTH 38 C'I~T KOMneHCBUHH UeHTpo6e:>KHOi!: CH.Jlbl CHnOi!: nopeaua OT H¢ 
a liyz V,J.. --

nonsr, pasaoi!: z 0
, npH 9TOM f3¢1 a e =---;;*" = y k f3 . 

Ha pHc. npeJlCTBB.JleHbi pe3ynbT8Tbl 'IHCneHHoro paC'I~Ta 4JYHKUHH 

y ( g, k )npH HeKOTOpb!X 3HB'IeHHSIX napaMeTpa k , npaKTH'IeCKH noCTOSIH

HbiM paJlHYC KOJibUa OK83biB8eTCSI npH k = 0,3 t npH 9TOM y z '" 2,0 , 
ac 

AsTop secbMa npH3HaTenea M.n. 11osaoBH'IY 3a o6cy:>KJleHHe psraa 

npHHUHnHanbHb!X BOnpOCOB 1 K8C8IOIUHXCSI JlBHHOi!: pa60Tbl, 

n H T e p a T y p 8 

1. B.l1. BeKcnep H ap. MaTepHanbi 6-oi!: Me:>Kayaapoaaoi!: Koa4JepeHUHH no 

ycKopHTensrM. KeM6pHJl:>K, 1967, CTp. 289. ATOMHasr aaeprHsr .~ 317 

( 1968). 

2. A.r. EoH'I-0CMO.JlOBCKHi!:, r.B. Jlon6H.JIOB, 11.H. 11BaHOB, 3.A. nepenbiiiTei!:H, 

B.n. Capaaues, 0.11 • .HpKOBOi!:. npenpHHT 011.HH, P9-4135, Jly6aa, 1968. 

3. A.r. EOH'I-0CMO.JlOBCKHi!:, r .B. Jlon6H.JIOB, O.A. KonnaKOB, A.B. Ky3HellOB, 

B.H. MaMoaos, K.A. PellleTHHKosa, H.E. Py6HH, C.E. Py6HH, B.n. Capaa

ues. npenpHHT 011.HI1, P9-4171, Jly6aa, 1968. 

PyKonHCb nocTynuna B H3JlaTenbCKHi!: oTaen 

3 asrycTa 1970 roaa. 
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PHc. 1. I13MeHeHHe 6onb111oro paaHyca KOnbua nJ: 
MarHHTHOM none. 

I. k = 0,1 y I H = 3,2 
z z ... 0 

II. k = 0,2 r I 
z H -+ 0 

= 2,36 

III. k = 0,3 y 1- = 1,96 
z H -+ 0 

IV. k = 0,5 r I = 1,6 
z H -+ 0 

v. k = 1,0 r I = 1,27. 
z· H -+ 0 
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HM o6pa30M, B OTIUI'IHe OT YCKOP9HHSI KOlibUB B none HIt ( Z ) 

nHeHHH npOCTpa~CTBeHHOrO 6eTaTpOHHOrO yCliOBHSI0 B HBWeM cnyqae 

eT npeJlellhHBSI cKopocTb KOllbUa npu yMeHbWeHHH nonH Hz , 

CXOJlHT HeiTOliHbiH nepeBOJl BpawaTellbHOH 9HeprHH B ITOCTynaTelibHYIO• 

H 9TO SICHO, TBK KBK npH H -+ 0 PBJlHYC He CTpeMHTC.II K 6eCK0-

3a cq~T KOMTieHCBUHH UeHTpo6e)I(H0H CHllbl CHliOH nopeaua OT Hc;b 
a 1tyz v,~.. --

HOH 0
, npH 9TOM f3¢1 a e =- "' y k {3 • z c 

npeJlCTasneHbi pesynbTBTbi qucneaaoro pacq~Ta <iJYHKUHH 

H HeKOTOpbiX 3HaqeHHSIX napaMeTpa k • TipaKTHqeCKH ITOCTOSIH-

OK83biB8eTC.II npH k "' 0,3 0 npH 9TOM y "' 2,0 . 
z ae 

op sechMa npH3HaTenea M.n. l1osaosHqy sa o6cy*JleHHe p.IIJla 

llbHbiX BOTipOCOB, K8C810IIlHXCSI JlBHHOH pa60Tbi. 

n H T e p a T y p a 

excnep H Jlp. MaTepHanbi 6-oA Me*JlYHBPOJlHOA xoa<tJepeHUHH no 

Ten.IIM. KeM6pHJl*• 1967, cTp. 289. ATOMHaH aaeprH.II .~ 317 

loaq-OcMOliOBCKHA, r.B. non6Hnos, l1.H. l1BaHOB, B.A. TiepenbWTeH:a, 

apaaues, O.l1. HpKOBoA. TipenpHHT Ol1HH, P9-4135, ny6aa, 1968. 

aq-OcMOliOBCKHA, r .B. non6HliOB, O.A. KonnaKOB, A.B. Kysaeuos, 

aMoHos, K.A. PeweTHHKosa, H.B. Py6Ha, C.B. Py6Ha, · B.n. Capaa

penpHHT Ol1HI1, P9-4171' ny6aa, 1968. 

--

PyxonHCb nocTynHna B H3JlaTenbCKHA OTJlen 

3 asrycTa 1970 rolla. 
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PHc. 1. l13MeHeHHe 60llhWOrO paJlHYCa KOlibUa npH JlBH)I(eHHH B CTiaJla!OIIleM 
MarHHTHOM none. 

I. k = 0,1 y z I H ... 0 = 3,2 
z 

n. k =0,2 y I = 2,36 
z H -+ 0 

Ill. k = 0,3 r I. = 1,96 
z H -+ 0 

IV. k = 0,5 r I = 1,6 z H -+ 0 

v. k = 1,0 r I = 1,27. 
z· H -+ 0 
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