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J. 0CHOBHbie Tpe60B8HHH K cryCTKy H cnoco6 ero 

C03£!8HHH 

0}lHa H3 OCHOBHbiX 38Jl8'11 B03HHK8IOlilHX npH OCyllleCTBneHHH KOnneK­

THBHOrO yCKOpHTeng Ill, - 3TO C03Jl8HHe 3apR*eHHOro aneKTpOHHD-HOHHo-

ro crycTKa. 

B aTOM crycTKe qucno aneKTpoHOB JlOn*ao cymeCTBeHHO npeo6naJlaTh 

H8Jl 'IHCnOM HOHOB H nnOTHOCTb aneKTpOHOB JlOn*H8 6hiTb MaKCHMBnbHO B03-

KHX noneii: B 3TOM cryCTKe, JleHCTByiOlllHe Ha H0Hbl 1 npeBbiWanH BenH'IHHbl 

_B __ 

CM 

Tor}la KOnneKTHBHbiH MeTOJl MO*eT OK838TbCR BeCbMa nepcneKTHBHbiM 

}lng nony'leHHR ·qaCTHU CBepXBblCOKHX 3HeprHH {COTHH, TblCR'IH faB), a TaK-

*e }lnSJ C03Jl8HHSI KOMITBKTHbiX yCKOpHTeneii: MHOr038pSIJlHblX HOHOB C JlOCTa-

TO'IHbiMH nnoTHOCTSIMH 'IBCTHU H OTHOCHTenbHO BbiCOKHMH 3HeprHSIMH. 

llpocTeii:wuii: aaanua noKa3biBaeT, 'ITO aau6onee nollXOilRlilHM JlnR aa-

lliHX ueneA MO*eT 6biTb KOnbUeBOA cryCTOK C BpalilaiOlilHMHCR aneKTpOHaMHo 

B TaKOM crycTKe cunhi K'ynoHOBCKoro pacTanKHBaHHR Me*llY aneKTpoaaMH 

B 3H8'1HTenbHOH CTeneHH CKOMlleHCHpOBaHbl MarHHTHbiM CTRrHBBHHeM. i10Hhl 

B KOnbue ylleP*HBaiOTCR 'IHCTO KynoHOBCKHMH cunaMH. lieM KOMnaKTRee 

CryCTKH H qeM 6onbWe TaM aneKTpOHOB, TeM 6onbllle aneKTpOCTaTH'IeCKHe 

nong B HHX. 

DnSJ nony'leHHR KOnbU9BOrO cryCTKa C Tpe6yeMbiMH napaMeTpaMH npH-

HRTB cneJlyiOlilaSI CXeMa. 8neKTp0Hbl HH*eKTHpyiOTCSI H3 CHnbHOTO'IHOrO nu-

ReHHOrO HHilYKUHOHHOro YCKOpHTeng Ha Op6HTY '6onbWOro' paJlHyca B yc-
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Taaoaxy, aa.saaHHYlO "aJlre.saTop". B a Tot!: ycTaHOBKe CO.SJlaHo MSII"Ko¢loKy.;. 

CHpylOIUee MSI"HHTHOe DOlle 60'IKOo6pa3HOI"O THna C DOMOIUblO 6e3)Ke1le3HbiX 

KaTymeK. B pai!:oHe paJlHyca HH)KeKIIHH n .. 0,5, a ueHTpe n .o • MarHHTHoe 

DOlle B yCT8HOBKe HapacTaeT BO BpeMeHHo 

Ha'IHHaSI c HeKoToporo aTana nocne HH)KeKIIHH ny'loK o6pa.syeT KOllbiiO, 

C)KHM8lOIII88CSI (ycnOBHe "2:1" He BbinOnHeHo) B 8JlH868TH'IeCKH pacTyllleM 83H­

MyTanbHO-OJlHOp0JlHOM MSI"HHTHOM none. TaKoe C)KSTHe conpoBO)I(JlSeTcsr a.sH­

MyTanbHbiM YCKOpeHHeM aneKTpOHOB H 8JlHa6aTH'I9CKHM yMeHbiiieHHeM Ce'le­

HHSI KOnbua. BnaroJlapsr aToMy,HanpSI)KeHHOCTb co6cTaeHHoro aneKTPH'IeCKO­

ro DOllS! DOBbiiii8eTCSI, HapaCT8SI JlO Tpe6yeMOI"O 3H8'1eHHSie Ha 38BepmalOIUeM 

:9Tane C)K8THSI B KOnbliO HH)KeKTHpylOTCSI HOHblo KoH<flHrypaiiHSI KaTyiiieK, C03-

JlSlOIUHX MSI"HHTHOe none, n03B011SieT BbiBOJlHTb KOnbiiO H3 8Jli"e3aTopa DO 

OCH. 

2. 0 KB8.3HCT8IIHOH8pHbiX COCTOHHHHX SWeKTpOHHOrO 

KORb118 

PaccMoTpeHHe JlBH)KeHHSI 'laCTHII Ha'IHeM c H3y'leHHSI KBa3HCT81IHOHap­

HbiX COCTOSIHHll: aneKTpOHHOI"O KOnhua C 6onhlllHM 38p.HJlOM H TOKOM B npH6-

1lH)K9HHH C8MOCOI"naCOB8HHOI"O nonsr. 3TO D03BOnHT paCC'IHT8Tb 8JlH868TH'IeC­

KOe H3MeHeHHe napaMeTpOB KOnhliS C y'leTOM C06CTB9HHbJX CHn H Bbi6paTh 

Ha'lanbHbie napaMeTpbi B COOTBeTCTBHH C Tpe60B8HHSIMH, npe)l'bSIBn.HeMbiMH K 

KOHe'IHOMy COCTOSIHHlO, a T8K)Ke C y'leTOM B03MO)KHOCTei!: HH)KeKTOpa. Pac­

CMOTpeHHe 6yJleT npoBeJleHO Jln.H JlBYX HJleanH3HpOB8HHbiX MOJlenetl: KOnbua, 

OTBe'lalOIUHX B H3BeCTHOM CMbiClle JlBYM BO~MO)I(HbiM Kpati:HHM Clly'laHM: 

a)ny'IOK 6e.s SHepreTH'IeCKOI"O paa6poca B nHHeti:HOM npH6nH)KeHHH, HOC pa-

JlH81lhHbiMH H 8KCH81lbHhiMH K01le6aHH.IIMH ( "CHMMeTpH'IHbiH ny'IOK"' /2/}; 

6) ny'IOK C SHepreTH'IeCKHM pa.s6pOCOM, 8KCH8nhHblMH KOne6aHH.IIMH, HO 6e3 

paJlHallhHhiX 6eTaTpoHHbiX Kone6aHHtl: /3/. 
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3. Co6CTBeHHbie IIORH H CHRbi B KORbiie 

06e MOJlenH, 0 KOTOpbiX I"OBOpHnOCb Bbiiiie, OTBe'ISlOT 

Jl8nbHOI"O BHJla C pe3KOtl: I"p8HHIIetl:. ci!OpMa Ce'leHH.H - annHnC. D 

HS.II nllOTHOCTb 38pSIJl8 OJlHOpOJlHa no 83HMyTy, He 38BHCHT B 

'leHH.II OT z (OCb z - nepneHJlHKynSipHa nnOCKOCTH TOpa) ~ 
nopuHOHanbHa nonsrpHoMy paJlHycy r • 

B naHeti:HoM npH6nH)KeHHH co6CTBeHHbie CHnhi, Jlei!:cTayJOJ 

MO)KHO 38nHC8Tb B BHJle 

2 

F r = 
m.,c Y.L p 11 4b 
---lpP + -[-·--11Pll. 

R R b g y.J.2 (b +g) 

2 

F z 
m .,c Y.J, - z 11 4g 1 

T[ 2 ·-+-2-11Pl. 
bg y.L (b+gl -

R 

y.L = y1- ,8~ b g - nonyocH annHnTH'IeCKOI"O Ce'll 

OTHeCeHHbie K D8JlHVCV OD6HTbl R b no OCH z II: 
p= r-n 

' 
1.1 N e 

p.•-, 11 =r -
Y.L 0 21TH 

r 0 I 

cf3o --;-' 

x) 

I"Jle N" - 'IHCnO aneKTpOHOB B KOnbue, r 0 =2,8. lQ-18 CM - l 

PBJlHyc aneKTpOHa, 

npeanonaraeTCSI, 'ITO 

npa b + g .. 10 -l 

I "' - TOK ny'IKa. 

P= 2fn(~ l. 
b + g 

11P« 1, 11P > g,b, 

Benlf'IHH8 p"' 10 ; ecnH (b + g l yMeHh 

pa3, TO P YBenH'IHBaeTCSI Ha'" 5 9JlHHHU. 

x) 
CM, pa6oTy 14/ 
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0 
H83B8HHYJO "8)li'e3aTop" • B STOii ycTaHOBKe C03Jl8HO MSII'KOiiJOKy.:.. 

e MBI'HHTHOe none 60'IK006pa3HOI'O THI18 C nOMOUlh!O 6e3)Kene3HbiX 

• B paiioHe paJlHyca HH)KeKuHH n .. 0,5, B ueHTpe n .o • MarHHTHoe 

ycTaHOBKe HapacTaeT BO BpeMeHH, 

'IHH851 C HeKOTOpOI'O STana IIOCne HH)KeKllHH ny'IOK o6paayeT KOnbll00 

eeCSI {ycnOBHe "2:1" He BbiiiOnHeHO) B 8JlH868TH'IeCK11 pacTyUieM 8311-

0-0JlHOpOJlHOM MarHHTHOM none. TaKoe C)KaTHe corrpoBO)KJlaeTCSI aaH­

hiM ycKopeHHeM sneKTPOHOB H 8JlHa6aTH'IeCKHM yMeHbllleHHeM ce'le-

blla. EnaroJlapSI sTOMY 
1 

HanpSI)KeHHOCTb co6cTseHHoro sneKTPH'IeCKo­

noBhilllaeTCSI, HapacTaSI JlO Tpe6yeMoro 3Ha'leHH51, Ha aaseplllaJOUieM 

)K8THSI B KOnbllO HH)K9KTHpy!OTCSI HOHbl, KoHiiJHrypallHSI KaTyllleK, C03-

M8I'HHTH09 none, noasonSieT BbiBOJlHTb KOnbllO H3 8Jli'938TOpa no 

2. Q KB83HCT8UHOH8pHbiX COCTOHHHHX sneKTpOHHOrO 

KOllbU8 

CCMOTpeHHe JlBH)KeHHSI '18CTHll H8'1HeM C H3Y'I9HHSI KB83HCT8llHOHap­

TOSIHHH sneKTpOHHOI'O KOnbua C 6onblliHM 38p51Jl0M H TOKOM B npH6-

C8MOCornaCOB8HHOI'O IIOnSI. 3TO II03BOnHT paCC'IHT8Tb 8)lHa6aTH'I9C­

eHeHH9 napaMeTpOB KOnbll8 C Y'I9TOM COOCTB9HHb!X C~n H Bb!Op8Tb 

rrapaMeTpbl B COOTB9TCTBHH C TpeOOB8HHSIMH, rrpe)l'bSIBnSieMblMH K 

COCTOSIHHJO, a T8K)K9 C y'leTOM B03MO)KH0CTeit HH)K9KTOpa, Pac­

oyJleT IIpOB9Jl9HO )ln51 JlBYX HJleanH3HpOB8HHhiX MO)leneit KOnhua, 

UIHX B H3B9CTHOM CMbiClie JlBYM B03MO)KHbiM KpaHHHM Cliy'I8SIM: 

093 9HepreTH'I9CKOI'O pa3opoca B nHHeiiHOM npHonH)K~HHH, HO C pa-

H aKCHanhHhiMH KoneoaHHSIMH ( "CHMMeTpH'IHbiH ny'loK" /2 I); 

K C SHepreTH'IeCKHM paaopOCOM, aKCHanbHhlMH KOlieoaHHSIMH 0 HO 093 

Hb!X OeTaTpOHHbiX KOne6aHHii /3/ • 
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8. Co6CTBeHHbie IIOllH H CHllbi B KOllbUe 

06e MOJlenH, 0 KOTOpblX I'OBOpHnOCb Bblllle, OTB9'18JOT ny'IKY TOpOH­

Jl8nbHOI'O BHJl8 C pe3KOii rpaHaueit, <llopMa Ce'I9HHSI - snnHIIC, TipocTpaHCTBeH­

HaSI IlliOTHOCTb 38pS1Jl8 0JlHOp0JlH8 IIO 83HMyTy, He 38BHCHT B npe)lenax Ce­

'19HH51 OT z {OCb z - IIepii9HJlHKYliSipHa IInOCKOCTH TOpa) ~ oopaTHO rrpo­

IIOpllHOH8nbH8 IIOnSipHOMy p8JlHYCY r • 

B nHHeiiHoM rrpHonH*eHHH coocTBeHHhie CHnhi, JleiiCTBYJOUIHe s Konhue, 

MO)KHQ 38IIHC8Th B BH)le 

2 
m .,c Y.l. p ll 4 b 

F = I!LP + -[-·---f!P]I. 
r R R bgy.l.2 (b+gl {3. 1 ) 

2 

F z .. 
m .,c Yl z ll 4g 1 

R ,-[ 2 ·---+-2-ll p]. 
bg Y.J. (b+gl {3.2) 

y.l. "' y1- {3~ 
b g IIOnyOCH snnHIITH'IeCKOI'O Ce'leHHSI TOpa, 

OTH9C9HHhl9 K 08JlHVCV 006HThl R ( b - IIO OCH z 1!: - IIO OCH r ) , 

P"" r-n 

N e ro 
x) 

v 
p.•-, v ~r --•-

Y.l. 
0 21TR c{J(} e {3,3) 

I')le N., - 'IHCnO sneKTpOHOB B KOnhue, r 0 =2,8. to-13 CM - KnaCCH'I9CKHA 

p8JlHYC sneKTpOHa, 

npeJliiOnaraeTCSI, 'ITO 

TipH b + g 10 -t 

- TOK ny'IK8, 

16 ,, 
p,. 2f'n(-- ). 

b + g 

f!P« 1, ll p > g,b. 

senH'IHH8 p"' 10 

{3.4) 

{3.5) 

; ecnH (b +gl yMeHblllaeTCSI s 10 

paa, TO p ysenH'IHBaeTCSI Ha "' 5 e)lHHHU. 

x) 
CM, pa5oTy /4/ 
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4. YpaaneHHH H HHTerpanbr .aBHJKBHHH 

Ha paBHOBeCHYlO '18CTHUy, ABH)KYlUYlOCSl no OCH xonbua, noMHMO BHew­

HHX CHn, AeftCTByeT nHWb nOCTOSlHH8Sl COCTaBnSllOlU8Sl CHnbi ( 3.1 ) , o6ycnoa­

neHH8Sl B38HMHbiM BnHSlHHeM C06CTB9HHbiX noneft pa3HbiX y'laCTKOB 38MKHY­

TOrO ny'IX8 /4/, 3Ta CHna ABeT nonpaaxy X H3B9CTHOft ~OpMyne, CBH3hlB810-

lUeft aseprHlO paasoaecsoA 'laCTHUhl H MarHHTHoe none H • sa ee op6HTe 

paLlHyca R : 

H • 
m 8 c

2 
t18 >'.L(l + p. Pl. 

( 4.1) 

C DOMOillbJO HHTerpana MOM9HTa HSXOllHM cneayJOillYJO CB513b H •( R, t ) H R (t) I 

2 1 R 
H (R,t)R [ 1-B(R)].const, 8(Rl=--Jn(n)H 

• H R 2 o 
(u)du, 

• (4.2) 

• 

HsMeHeHHe aHeprHH paBHOBecHoro anexTpOHa onpeaensreTcsr ~opMynoA 

const [1-B(RJ] 
y R = .. y R • const , 

.1. [1-B(R)](l+p.P) .l.o 0 [1-8(R)] (4.3) 

[ 1 -8(R)j 
P. • P. o ,. const (4.4) 

[1-B(R l] 
0 

HHl19KCOM 'Q' OOMe'leHO Hd'ISnbHOe COCTOSlHHe, 

Kax BHAHO H3 ( 4,3), yMeHbweHHe R conpoBO*AaeTcsr yaenH'IeHHeM 

Y.L 6naroAapsr ycxopsrromeMy AeAcTBHlO BHXpeaoro anexTpH'Iecxoro nonsr. 
1 

TioBeAeHHe HepaBHOBeCHblX '18CTHU OfiHCbJBaeTCSl ypaaHeHHSlMH: 

d • 2 2 w.w 
--(y p)+y.l. w v p--. 
dt .I. r l'lm 

d ( • ) 2 2 -- Y z +ylw v .,o, 
d t .I. 

ctl8 
, W • M -M • ~ W• 

R 

6 

1
~}, ~ 

(4.5) 

(4.6) 

" J' 

'~ 
•' ~ 

" 

M - o60I51lleHHblil MOMeHT; 15espa3MepHble '18CTOTbl KOne6aHHA 

2 4p. p.P 
v ·0-n)O+p.P)-[ +--] 

2 2 
g(b+gltJ8y.l. 2 

} 2 4p. p.P 
v •nO+p.Pl-[ +---] 

z 1012 2 2 
b(b+g),_..8 y..l. 

~y .1. 2 w p. p p 
---= tl --+ --·-

yl 8 p 2 2 R 
p • R y.L m c tJ 8 , 

2 • 

t{aCTHUbl C pa3nH'IHbiMH napaMeTpaMH W HM9lOT pa3nH'IHbl9 no. 

HOBeCHH. TipH W,Q nonO)K9HHe paBHOB9CHH COBnaAaeT C paAHYCOJ 

paasoaecso:H: op6HTbi R 

AMnnHTYAhi xone6asHil 

w 
a •<p- )+ 

p 

2 
a = z 

z 

Ry wv 
J. 

m 

2 2 

+ 
m 2 y 2 w 2v 2 

• .1. z 

.. 

AnHa6aTH'IeCKHe HHBapHaHTbi 

a 

2 
p r 

m 2Y 2w 2 v 2 

• J. r 

Y R {3 r,z V 2 J 
.I.. 1J R r,z r,z , 

TO'lHblH IIHTerpan 

W = con~t. 
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4. YpasHeHHH H HHTerpanbi .aBHJKeHHH 

BecHyiO 'laCTHUY, LIBHlKYIIlYIOC5l no ocH Konbua, noMHMO BHew­

TByeT nHWb nOCT05lHH85l COCT8Bn5liOIIl85l CHnbi ( 3,1 ) , o6ycnOB­

bJM BnHSIHHeM C06CTB9HHblX noneA p83Hb1X y'ISCTKOB 38MKHy­

/, 3Ta CHna Ll89T nonpaBKy K H3B9CTHOA lj>OpMyne, CB5l3biB8IO­

paBHOB9CHOA '18CTHUbl H MSrHHTHoe none H 8 H8 ee Op6HTe 

H • 
m 8 c

2

,80>'.l(l+ p. Pl. 

( 4.1) 

erpana MOMeHTS HSXOJlHM cneJlyJOJJJYJO CBH3b H 8 ( R, t ) H R (t): 

2 1 R 
R [ 1-o(Rl]•const, o(Rls--Jn(u)H 

H R 2 o 
• 

(u)du, 
z 

prHH paBHOBeCHOrO sneKTpOHS onpe)len5l9TC5l ~OpMynoA 

const [1-o(RJ] 
= s= y R • const , 

[1-o(R)]O+p.Pl J.o 0 [1-o(Rl] 

r 1-o<a>1 
[1-o(R >1 

0 

noMe'leHO Hd'ISnbHOe COCT05lHHe. 

(4,2) 

(4.8) 

(4.4) 

:Ho H3 ( 4,3), yMeHbweHHe R COnpOBOlKLl89TC5l yBenH'I9HH9M 

pH yCKOpSIIOIIleMy LieACTBHJO BHXpeBoro aneKTpH'IeCKOrO nonH. 
I 

paBHOBeCHbiX '18CTHU OnHCbiB89TC5l ypaBH9HH5lMH: , 

d • 2 2 w.w 
--(y I p)+yJ. W V p • ---, 
dt ... r n m (4,5) 

d ( • ) 2 2 -- y z +y,w v zsO, 
d t J. .. 

(4.6) 

c,B 0 
,W2M-M. W• 

R 

6 

.,.: 

M - o6o6JJJeHHbiA MOMeHT; 6eapa3MepHble 'ISCTOTbl KOne6SHHA 

·~. 

• 2 
g(b +g>,B 0 y J. 

@ 

} 2 4p. p.P 
v •nO+p.P)-[ +---] 

2 2 2 
b(b +gl,B 0 y J. 

(4.8) 
~y .1. 2 w p. p p 
---- ,Bo--+ --·-

Y.J. P 2 2 R 
p ·Ry, m c,Bo • 

2 ... • 

'-laCTHUbl C pa3nH'IHbiMH napaMeTp8MH W HM9IOT pa3nH'IHbl9 nonmKeHH5l paB­

HOB9CH5l. OpH W=O nonoJKeHHe paBHOBeCHH coBnaLiaeT c paLIHYCOM MrHoBeHHOA 

paBHOBecHoA op5HTbi R 
AMnnHTYLlbi Kone5aHHii 

w 
a •<p- )+ 

p 

2 a ~ z 2+ 
z 

Ry wv 
J. 

2 
p z 

m 

m2y2w2v2 
e J. z 

AJ1Ha6aTH'IeCKHe HHBapHaHTbl 

a 

2 
P r 

2 2 2 2 
m y w v 

e J. r 

,, 

R R r,z V 2 J 
Y J,. t' () R r,z r,z , 

To'IHbiH HHTerpan 

W e con~t. 

~ 7 
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(4.10) 

( 4,11 ) 
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5 • .ase t/JyHKIIHH pacnpeaeneHHH 

nepsaSI <jlyHKUHSI pacnpeaeneHHSI, cornacyiOwaSI aaaa'ly, HMeeT BHJl. 

J, J z 
f =0 o<w)o < --+- -1), 

I I J J 
rm zm 

(5.1) 

2 
J • y .L R {3 (J b 11 = const 

zm z 
J •y Rf3 g

2
11 •const, 

rm .L (J r (5.2) 

Q 
1 

•const - HOpMHpOBKa. 

AHanH3 DOK83biBaeT, 'ITO CTPYKTypa TaKOI'O DY'IKa aaeT 3aDHC8HHbl9 

paaee co6cTBeHHbie cHnbi. <llopMynbi (5.2) onpeaenSIIOT aJlHa6raTH'IecKoe no­

seaeHHe nonyoceli: g, b • B JlaHHOli: MoaenH npHcyTCTBYIOT 'laCTHllbi, aMnnH­

TYJlbi paJlHanbHblX H aKCH8nbHblX KOne6aHHli: KOTOpblX CBSI38Hbl COOTHOW9HHeM 

R 2 2 
R p z 

.1' g•gR, b oobR, --:-+-::-
g . 2 b 2 (5.3) 

paBHOB9CH8SI 'laCTHUa - clJHKTHBHa. 3TOT cny'lali:: H830B9M "CHMM9TpH'IHbiM" 0 

DOJl'l9pKHB8SI T9M C8Mb1M CHMM9TpH'IHYIO CBSI3b (5.8) 8MitnHTYJl r - H z-

KOne6aHHli. 

Ewe OJlHH sapHaHT <jlyHKUHH pacnpeaeneHHSI, OTBe'laiOweli: Bbi6paHHOMY 

TOpOHJl8nbHOMY DY'IKY; COOTB9TCTByeT cneayroweli:: MOJl9nH: 'laCTHUbi He COBep­

WalOT p8JlH8nbHblX 6eTaTpOHHbiX KOne6aHHli: 0 HO HM9IOT pacnpeaeneHHblli:: H8-

6op BenH'IHH W , TO eCTb Ha6op op6HT 0 Ha~op 3HeprHII:; 8KCHanbHbl9 KO­

ne6aHHSI TaKOBbl
0 

'ITO 6nai'OJl8pS1 HM nOKpblB89TCSI 3nnHDTH'l9CKOe Ce'l9HH9 

Top a. 

8(..[f ) 
. r 

r ·Q~ -· 
~ V J r 

8(xl•l
1

' 
0, 

' ... 

w~ 
8[v'J (1- -)-J ... wa • 

m 

w2 
v'J 0-->-J 

zat W ~ z 
m 

x ~0 , Q 
2 

• cons! 

X< 0 , 

8 

(5.4) 

\ 

J 

' 

' 

W • m c .. . 2 
f3 eY Rv g •const, 

.L r 
-w < W<+ w .. m 

3aepreTH'leCKRli:: nonypaa6poc CBSI3aH, rnaBHbiM o6pa30M, c W m R 

HOBKR 8blp8*9HRSI JlnSI nocneJlHeA &enH'IHHbi 38DHCbi889TCSI TaK: 

.:\y .1. 2 2 p. P x) 
-•g(ll f3 +-) 

YJ. r 8 2 

CpasHeHRe (5.6) H (5.5) 
L\y.l -y.l 

DOK83bi889T, 'ITO senR'IRH8 

Ka K KOHCT8HT9 0 TaK K8K BTOpoli: "'neH s (5.6) - He6onbwag no 

6. AHanH3 a.aHa6aTHqecxoro nose.aeHHH nyq11 

3aDHW9M "'aCTOTbi B BHJl9 

II ~ • I(~ - ~~~ ~ 
~ 2 2 

II • K -.~11 
z ,z z r ' 

2 p. p 
K •n( l+p.Pl--, 

z 2 

2 p. p 
K •0-nHl+p.Pl--, 

2 

/(2+/(2 .. 1. 
r z 

Ha cpasHeHHSI c (4.7) BHJl 
2 

1\v H 
z 1\v: gceH. 3TH senR'l 

roT OCHO&Hoe aeAcTBHe nong ny"'Ka Ha "'aCTOTbi xone6aaHA. H 

TOSIHHe ny'IKa 6yJleM 38JlaB8Tb napaMeTpaMR 

x) 8 cnyqae "CHMMeTpB'IHOro" ny'll[8 H81[0TOpblil llefiOnhWOII &Hepre~ 
I[Hil pa36poc, CBSI38HHhlil C senB'IHHOii p. P , T81[lK8 eCTb; B 9TO 

'189 

~Y.L -Yl 

p.P 

-·-r-· 

9 



5. ase ~yHKUHH pacnpeaeneHHH 

1yHKUHSI pacnpeaeneHHSI, COI'JIBCYlOWSSI 38Jl8'1y, HM99T BHJl. 

J J 
1 =0 a<w>o<-'-+--!..-n, 

I I J J 
rm zm 

(5.1) 

2 
•Y.lR/3 Ob II =const 

zm z 
R/3 g2 v "'const, 

0 r 
(5.2) 

- HOpMHpOBKa. 

OK83biB89T, 'ITO CTPYKTYPB TSKOI'O DY'IK8 aaeT 38DHC8HHbl9 

Hbie cunht. <llopMy.Jihi (5.2) onpe,!le.JISilOT aauat>raTu'lecKoe no-

eil. g, b • B aaHHoA MO.!lenu npucyTCTBYIOT qacTHUbi, aMnnu­

biX H 8KCH81lbHblX KOJie6aHHA KOTOpblX CBSI38Hbl COOTHOWeHHeM 

a 
z g•gR, b = bR, al, + (5.3) b 2 

CTHU8 - cfluKTHBHa. 3TOT cny'lalt H830BeM "'CHMMeTpH'lHblM', 

eM C8MbiM CHMMeTpH'lHYlO CBSI3b (5.3) 8MIIJIHTYll r - H z-

B8pH8HT cflyHKUHH pacnpeaeneHHSI, OTB9'l8IOW9R Bbi6paHHOMY 

ny'IKY; COOTBeTCTByeT cneayiOWelt MO,!le.JIH: 'l8CTHUbi He COBep-

6eTaTpOHHbiX KOne6aHHii., HO HMeiOT pacnpe,!leneHHblil. Ha­

t TO eCTb Ha6op op6HT, Ha6op 3Heprui\; 8KCH8JibHble Ko­

'lTO 6naroaapSI HM DOKpblB89TCSI 3JIJIHDTH'leCK09 de'leHHe 

v-J. 
r 

X) -I I, 
0, 

wa 
9 [y J {1- - )- J 

zm w2 z 
m 

(5.4) 
wa 

yJ 0-->-J 
zm w· :1 z 

ID 

it ~ 0 , Q 
2 

• const 

X< 0 , 

8 

..... 

l 
! 

,,~: I ,,j 
j 

I 

?!i j 
.,. ' ;, , 

·~ 
~ 

t
·~ . 

~ 
' . . 
' 

·~ 

'j 

J 

I 

~ 

' 

• 
W • m c .. . 2 f3 O Y R v g • const , 

.l r m 
(5.5) -w < W<+ w 

m 

3aepreTuqecKalt nonypaa6poc csSI3aH, rnaBHbiM o6paaoM, c W m a nocne DO.!lCTa­

HOBKH BbipalKeHHSI ,!l.JISI nocne,!lHelt Be.JIH'lHHbl 38UHCbiBAeTCSI TaK: 

t\y .l 2 2 p. P x) 
-•g(v f3 +-) 
y~ r 0 2 (5.6) 

Cpasaeaae (5.6) H (5.5) 
~Y.L 

a,!lecb 6naa-UOK83biBAeT, 'ITO Be.JIH'lHHA 
YJ. 

KA K KOHCTAHTe, TAK KAK BTOpOil. 'l.JleH B (5.6) - He60JibWASI nonpasKa. 

6. AHanH3 a.QHa6aTH'lecKoro noseaeHHH nyrtKa 

3anuweM 'lACTOTbl B BH,!le 

v a. K 2 - .1.v 2 
2 2 2 

v • K - .1.v 
z ,z 

2 p. p 
K an( l+p.P)--, 

z 2 

z r 

2 p. p 
K •0-n)(l +p. P)- --, 

2 

K 2 +K 2 esl, 
r z 

(6.1) 

Ha cpasHeHHSI c (4.7) BH.!l 
2 

t\v H t\v~ SICeH. 3TH Be.JIH'lHHbl OOHCbiBA-
z 

lOT OCHOBHOe .!leii.CTBHe DOJISI DY'lKA H8 'l8CTOTbi Kone6aHHit. Ha'lA.JlbHOe Coc­

TOSIHHe DY'lKA 6y.!leM 38.!l8B8Tb napaMeTpAMH 

x) B cnyqae •caMMeTpH"'Horo' ny•uc:a HeKOTOpbllt lle6onbwolt 9HepreTH'Iec-
KHA pa36poc, CB!I38HHblit C senR'IHHOA 1' P , T8KlK9 eCTb 0 B 9TOM cny-
qae 

f1P 
~ 

Yl •!--r-• 
(5.6a) 

~ 
9 



I 

II '"'II f , 
0 01 

~112 
zO 

bo 
• l 0 • 

g 0 

b 
0 

got f (6.2) 

f - 'IHcno ot5opoTOB HH)I{eKUHH. TorAa Apyrae ua'lallbHbie napaMeTpbi t5y­

AyT; 

b I 4110 ( 0 
o• . 

Q 2 2 2 
1-' y {1+£ 0)~11 

()o J. o ,.o 

b 0 . g--. 
o t

0 

~Jill • f ~ II 2 
.0 0 zOO (6.3) 

rAe II O - Ha'lanbHOe SHa'leHHe BeJIH'IHHbl II H3 (3,3) C y'leTOM BOSMO)I{HQ-

ro uaKonneuug TOKa. 

HecKOJibKO enos no nosoAy cooTuoweauA (6.3). 

a) Ecnu 11 • 0 , TO H ~~~ 
0

2 
... 0 , TorAa seJIH'IHHa 

0 z 
He onpeAeJigeTCg H gsngeTcg, B npHHUHne, npOHSBOllbHOi!:, 

15) YMeubweaue f 0 npH ASHHbiX 110 H 
2 

~~~ zO 

b o H3 (6,3) 

OSHa'laeT OAHo-

speMeauoe yMeabweaue b 0 H ysenu'leHHe g 0 : sapgA pacnpeAengeTcg 

no 15om, we MY HHTepsany paAuycos H ot5ner'laiOTcg Tpet5osauug K z - ABH-

)l{eHHIO, 

a) Ecnu yMeHbweuue l npOHCXOAHT 38 C'leT AOUOJIHHTellbHblX nop-
0 

UHA 'ISCTHU (yseJIH'IeHHg II n 
) 

0 
A.SIOWKX BKJISA B PSJlHSllbHbiil: paSMep, TSK 

'ITO V 
0 

l 
0 

• const ' TO npH JlOCTSTO'IHO MSJlbiX l 0 BeJIH'IHHS 

b 
0 

.,. const : ny'IOK CTSHOBHTCg THUS KOJibUeBOil: JieH_Tbl,_ 

r) YMeHbweaue ~~~ ~ c yMeHbweuueM l o nerKo noHgTb nepeil:Jlg 

K npeJleny: npH g
0 

... oo 
COelCTBeHHOe paJlHSJlbHOt aneKTpH'IeCKOe none CTpeMHT-

CH K HYJIIO (9~KT "MHOI'OBHTKOBbiX" B38HMOJleitCTBHi!:), npa 

a)lHaelaTHKe B cnyqae CHMMeTpH'IHOI'O ny'IKa 
-~ 

2 ~ 2 t/4 
b 

Kzo- 11 zO g 
_,..( ) =t/1 . -· 

b 0 K 
b go 

2 2 
K .,0 - £0~11 z.IO 

2 
K 

z 

B cny11ae ny11Ka c past5pocoM auepraii: 

10 

3Ha'IHTeJibHOit 

J 

t/4 

) =t/1 •'. (6.4) 

~ 

·:~ 

·~\ ~y 

i 

g 
2 ll 

Kro _,o~11 .o 

!1. 
Kr 

.. "'12 . -·· l!o 

noA'IepKHeM, 'ITO g H b - BeJlH'IHHbl OTHOCHTellbHble H npa 
,. '>:"!.''"' 

phi saTyxaiOT nponopuaonam,uo R 

Bhlme paccMOTpeHbl ABe 'Kpaii:nae• MOAena IIY'IKa. Peal 

C5yAeT CJIO)I{Hee. npa OJlHOOISOpOTHOA- HH)I{eKUHB Ba'lallb&Oe COCTC 

cooTeeTcTeyeT c&MMeTpK'IHOMY uyqxy. Ecna •. Hft)l{eKUBB •necKc 

aag•, TO nonesao MeHgTb saeprHIO BH)I{eJtUHH OT o6opOTa K tt5o 

meCTBJISI'l'b yCJIOBHg, COOTBeTCTBYIOWBe BTOpOMY CJIY'1810, TSK II 

Hble t5eTaTpOHHble KOJiet5aallg 6yJlyT MaJibiMH, a paAHallbHblii: pa31 

uhiA c auepreTB'IeCKBM pas6pocoM, saTyxaeT cam.uee ( cpae1 

(6.5) ) • .D.ng oue~oK npeAnOJIO)I{HM, 'ITO cMemen&e opt5HTbl sa o6· 

)l{eKUHH (TaK HaSbiBaeMag 'npOMaWJta') •2g 01 , rAe 2g 01 

ny'IKa npH OAHOOelOpOTHOi!: HB)I{eKUBH. .D.anee npBMeM, 'ITO ny'IOK 

JIHSHTeJibHO SJIJIHUTH'IeCKOe Ce'leHHe, a SaTyXaHHe SaAaeTCB CJII 

pas oM: 

b• b o t/1 b ' 11 •go t/1 1 ' "'I 
1 1 -o- -lt/1 + -t/1 • r .:a r 11 

rAe 11 o•got f f - 'IHCJIO OelOpOTOB HH)I{eKUHH, 

f'-t f 
npH nepeMeHBOi!: 9HeprHH HH)I{eKURH 

'1 npa nocTogauoA: aaepraa RH)I{eKUHH. 

3aepreTa'leCKRA nonypast5poc saAaJlRM TaK: 

~y.l 

-
YJ. 

~y lo (1-t/J 
~-g10 I 

y J. 0 

!lp -·· 2 • 

11 

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

dv zO , f 0 -

bo 

g 0 

b 
0 

got e • (6.2) 

OTOB HH)I(eKUHH. Torna npyrHe Ha"'allbHbie napaMeTPbl 6y-

b 0 
.. 'g a--, 

2 

Jdv zO 

0 E 
0 

1v
2 

•E d v 
2 

r0 0 zOO (6.3) 

oe 3Ha"'eHHe BenH"'HHbl V H3 (3.3) C y"'eTOM B03M0)1(Ho-

a. 
OB no nOBOAY COOTHOWeHHft (6,3). 

2 
.. 0 , TO H dvz0 .. 0 , Torna senH"'HHa b 0 H3 (6.3) 

gsngeTCg, B npHHUHne, npOH3BOIIbHOft, 

He E 0 npH aaHHblX vo H 
2 

dv zO oaaa"!aeT onao-

eHHe b 0 H ysenH"'eHHe g 0 : 3apgn pacnpenengeTcg 

pBany paaHyCOB H o6ner"'810TCg Tpe60B8HHg K z - ABH-

HbWeHHe l npOHCXOAHT 3a C"'eT aononHHTellbHbiX nop- . 
0 

'leHHSI V n ) , l1810WHX BKnan B P8l1H81IbHblft P83Mep, T8K 

nst 
1 

TO npH .ll0CT8TO'IHO ManbiX Eo BenH'IHHa 

Y"'OK CTaHOBHTCSI THna KOnbueaoa neHTbl~-

dv ~ c yMeHbweHHeM to nerxo noHHTb nepeA.osr 

C06CTBeHHOe paaHanbHOe 3neKTpH"'eCKOe none CTperHT-

, MHOrOBHTKOBbiX" B38HMOaelkTBHft), TipH 3H8"1HTenbHOH 

ae CHMMeTpH"'HOrO ny"'K8 

g 
2 2 

K r0 - Eodv z •O 

J 

t/4 

) =.P.1.(6.4) 

t/4 

) ="' ' b 
-- .. 

2 go K z 

pa36pocoM 3HeprHA 

10 

~ 

·~,~ .. ~ ·. · .. 

',<:1' .. ~ ·: 
,.· 
)i ~. 

:tJ{ 
>',• 

,., ' ·I':~'." :.·~~ -~. 
r, ·~';i. 

·~, ·~y 
) 

J' 

g -·· go 

2 2 
K,o -fodvzO 

2' 
K, 

• if! c2 • (6.5) 

llOa'lepKHeM, 'ITO g H b- senH'IHHhl OTHOCHT81IbHhl8 H. npH 1/1 •I pa3Me-
,. 'l;"J:-· 

phi 3aTyxaiOT nponopuaoaallbHO R 

Bhlwe paccMOTpeHhl nse 'xpaA:aae' Monena ny'IKa. PeanhHbiA II}"IqK 

C5y.oeT CnO)I(Hee. TipB OAHOOC50pOTHOA- HH)I(8KUBB H8'181IbH08 COCTOgH&e) 6onee 

COOTB9TCTBY9T CBMMeTpH'IHOMY ny'IKY• EcnH, HH)I(8KUHSI 'HeCKOnbK006opO'I'­

Hag', TO none3HO M8HSI'l'b SHeprHIO BH)I(9KUHB OT o6opOTa K ~60pOTY B ocy­

meCTBngTI> ycnOBHSl, COOTB9TCTByiOmBe BTOpOMy Cny'l8100 TaK K8K paAB81Ib­

Hhl9 6eTaTpOHHbie xone6aaag 6y.oyT ManhiMB, a panaallhHhiA: pa3Mep, CB.513aH­

HhiA c aaepreTB'leCKBM paa6pocoM, 3aTyxaeT CBn&Hee (cpaBHBTe (6.4) B 

(6.5) ), Lln.H OUeROK npennonO)I(HM, 'ITO CMemeHB8 op6BThl 3a o6opOT npH HH-

)1(9KUBH ( TaK Ha3biB89Mast 'npOM8WKa') • 2 g 01 , rne 2 g 01 - pa3Mep 

ny"'Ka npH OAH0060pOTHOH HH)I(8KUHH. Llanee np&MeM, 'ITO ny"'OK BM98T npB6-

nH3HT8nbHO annHDTH'IeCKOe C9'18HH9 0 a 3aTyXaHH8 3a.lla9TCSI cnenyiOmBM 06-

pa3oM: 

b • b o .P b • g •go .p 1 ' 

1 1 .p • (1- T lo/ + - .p 1 • 
1i [ c2 r 1 

rne g 0 - g 01 f f - 'IHCnO OC50pOTOB HH)I(9KUHH, 

f'-t f npH nepeMeHHOA 3HeprBH BH)I(9KUHH, 

npH nOCTOSIHHOA aaepraH HH)I(eKUHH. 

3aepreTH'IeCKHA nonypa36poc 3ananHM Tax: 

dy.L 

- • 
p.P 

l-·· 
y.L 2 

• 11 

(6.6) 

(6.7) 



7. flone, yCKOpSliOII!ee HOHbi1 B 38BHCHMOC'l'H 0'1' 

napaMeTpOB atlre3aTopa 

Hawe Kom.uo &cnom.ayeTC51 s llam.HeAweM llnSI ycKopeHH51 HOHOB. Ecn& 

HOH pacnono~eH Ha nonywHpHHe noTeHUH8llbHOi 51Mhl B 

lleAcTsyiOwee aa aero ycKopSIIOIUee none 

& scjl .. 
~ 

rpaHHU8X ny~Ka, TO 

(7.1) 

Bbtpa3HM napaMeTpbi Kom.ua ~epea Ha~am.Hbte, 3allasaeMbte npH HH~eKUHH 

a a.Qre3aTop: 

JrLo vo 
&v ll U+£o) 

zO 
0 

& li stiJ = H • 1 1{1 + 1{1 • 2 ] 

+-.. - gl 
£ f 

[1{1 b 

0 

r.Qe 

f 01 1 f 
-;:- -r-( 

0 f 0 'i = --. 
f 

H • - M8rHHTHOe none H8 KOHe~HOM pall&yce. 

(7.2) 

(7.3) 

113 8HanH38 (7 .2) cnellyeT, ~TO )ln51 cny~ag, KOrlla HMeeTCSI llOCT8TO~­

HbiA .TOK H3 HH~eKTOpa H HCnom.ayeTC51 OllHH o6opoT HH~eKUHH npH f 0 • canst, 

&v 2 ,.canst , y 1 · a const, 
zO _. 0 

&s"'"' F_ .. ..;, • 
'I' 0 0 

(7.4) 

3aBHCHMOCTb P BHlle KOpHSI OT TOKa CBSI38H8 C TeM, ~TO XOTSI CornaCHO (7.1) 

& sljl "' N e , HO senH'IHHa b 0 , onpeaenHIOWaH b- bo 1/J b , s aaaMe-

HaTene (7.1) nponopuHoHanbHa ~ 
EcnH HH~eKUHSI HeCKOnbK0060pOTH8SI0 HO SHeprHSI npH 9TOM He MeHSI-.. 

eTC51 0 TO f • I 

~ 

If H3 (7 .2) nony~aeM 

12 

' 

,, 
I' I 
i) 

I ~ 

~-

I 
II 

'f \ 

,, 
1\ 

,f 

/!' 

(. 
.: 
;I 

\1, 

·1 
lj 
f:. 

& scjl"' yl o1 
li 

fy l Hotff 

.p +L.P 
b. • cl 

01 

rae I 01 - TOK OT oaHOI'O o6opOT8 HH~eKUHH. 

np& OTHOCHTenbHO 6onbWHX f ( nopSillK8 HnH 6onbiiie 

& sljl H8Cbllll8eTC510 . H He ysenH~HB8eTC51 C pOCTOM f , TaK l 

g B 3H8MeHaTene (7.1) T8K~e pacTeT nponopUHOH8lJ&HO 

N f , senH~HHa ~e b .. canst < g • 

npH nepeMeHHOl!: 9HeprHH HH~eKUHH f ==f H nony'laeTc 

& 0L stP .. ..; ,- e..; l + ( /f , ~ 01 01 

+ I ,/, ( f- I) 
-(-'1'1:1 + -1/J 

01 £
01 

c2 "' b 

3aecb HaCbtweH&e HacTynaeT noa~e ( npH 6om.w&x f ) , TaK Ka 

sHepreTH~eCKHl!: paa&anbHbtl!: paa6poc aaTyxaeT 6biCTpee, ~eM p 

083600C, CBSI38HHbil!: C 6eTaTOOHHbiMH KOne6aHHSIMH x), 
np&seaeM Ta6nHUY HeKOTOpblX THnH~HbiX napaMeTpOB lln51 ' 

B3SITblX npH 

H senH~HHe 

.M9ttTc91lbHhllt 

n a "'0,5, KOHe~HblX 3Ha'leHH51X p8llHYC8 

vc
0 

""0,23 ( v :o "' 0,05), nony'leHHOA 

llc9.1Ul bl'lto 

R = 5 c: 

H8 OCHOi 

Ben&'IHHa 

tPopMyllbi 

& linrr B Ta6nHUe paCC'IHT8H8 anSI npOTOHOB 

m Y l e e KZ 
& li stP 

A 
& aon ,. G G 

MP 

rae A - 'IHCnO ayKnOHOB B ycKOpSieMOM HOKe, z - aap51ll 

<llaKTOp "o6aHpKH', .LlnSI npOTOHOB G == l , 

x1.. . -
31jlcjleKTHBHOCTb MHOI"0060pOTHOii IIHlKeKUIIII ~IOlKeT 6btTb, nO-BIIJlHMOMY, 

aecKon&KO noabrweaa aa C'leT yaena'leHHH rot • MHoroaHTKOBbre aaaHMOJleli· 

CTBHSII B03M0li<H0 1 fi03BOnHT B3S!Tb
2 

OJlHOBUTKOBblll ny'IOK JlOCTSTO'IHO Y3KUI\,I fiO 

r H c .6on&woll aenu'IUHoli ~v • ,o 

13 



7. flone, yCKOpHIOlllee HOHb/1 B 3BBHCHMOC'l'H 0'1' 

uapaMeTpoB aare3aTopa 

e KOnhUO HCITOnh3yeTCSI B ~anhHeftuteM ~ng yCKOpeHHSI HOHOBo EcnH 

ono*eH HB rronymHpHHe ITOT9HUH8nhHOR SIMhl B rpaHHUBX rry~Ka, TO 

ee aa aero ycKopHDmee none 

&~scjl"' 

( 7.1) 

rrapaMeTpbi KOnbua ~epea Ha~anhHbte, aa~aaaeMbte rrpH HH1K9KUHH 

lop: 

~aljl .. H 

f 
0 

jYLo vo 
~v 2 0+£ 0 ) 

zO­
f 

0 .....------· 
1 (f- l) 

[1/J + -'If- 1/1 + .. 1/1 2 1 
b [ gl f II 

f 0 ~ f 0 

f 01 
1 e 

t
0
f ., ::-T' a-, 

e 

MarHHTHOe none Ha KOHe~HOM pa~Hyce, 

(7.2) 

(7.3) 

aHanaaa (7,2) cne~yeT, ~To ~ng cny~ag, Kor~a HMeeTCSI ~ocTaTo~­

aa HH*eKTOpa H HCITOnbayeTCSI O~HH 060pOT HH*9KUHH rrpH f 
0 

• consl, 

, Y ..1. 0 = canst, 

& scjl "' F
0 

.. VI 0 • (7.4) 

Tb ~ BH~e KOpHSI OT TOKa CBSI38Ha C TeM, ~TO XOTSI cornaCHO (7.1) 

, HO aenH"'HHa b 0 , orrpe~en~masr b • bo r/t b , a 3HaMe-

.1) rrporropuaoaanbHa ff. e 

H HH*eKUHSl HeCKOnbK0060pOTHaSI, HO SHeprasr rrpH STOM He M9HSI-
"' e .. 1 H H3 (7 .2) rrony~aeM 

12 
_..: 

,, 
I 

'li 
!'I 
p 

Jr 
~~. 

f 
', 

\ 
)., 

·r~~ 
,',, 

I 

I 
/ ~' 

! 11 

\i 
¥ 
'·) 

lj 
':..' if 

fy 1 H 0tff 
& scjl = yl 01 f r/t 

!i r/t + - cl 
b' ( 01 

(7.5) 

r~e I 01 - TOK OT O~Horo 060pOTa HH1KeKUHH, 

TipH OTHOCHTenbHO 6onbWHX f (rropSI~Ka HnH 6onbme 5) BenH~HHa 

[b stJ! H8CbiutaeTCSI,. H He yaenH~HBaeTCSI C pOCTOM f , TaK KaK aenH~HHa 
g B 3HaMeHaTene (7,1) TBK1Ke paCTeT rrporropUHOH8nhHO f , KaK H 

N f , aenH~HHa *e b .. const < g , 

TipH rrepeMeHHOR SHeprHH HH*9KllHH f =f H rrony~aeTcH: 

&,,scjl .. _,,- fy1 + c /f 
"' V Ol Ol . 

+ _l_r/t (f-1) 
( cl +-t/1 

Ol col ell 

(7 .6) 

t/1 
b 

3~ecb uacbtmeuae aacTyrraeT rroa*e ( rrpH 6onhmHx f ), TBK KBK rrpH rft <rft 
•2 .1 

saepreTa~eCKHR pa~HanbHbiR paa6poc aaTyxaeT 6btCTpee, ~eM pallHanhHbiR 

Oa3.600C, CBSI3BHHbiR C 6eTaTPOHHbiMH KOne6aHHSIMH x), 
TipHBelleM Ta6nHUy HeKOTOpblX THITH~HblX rrapaMeTpOB .QnSl Tpex cny~aea, 

B3SITblX rrpH R = 5 CM~ K 
2 ., 0,05 
z 

H aena~HHe 

Me.ttTB.IlhH.blll 

n 0 = 0,5, KOHe~HblX 3Ha"'9HHSIX pa~HyCa 

vE 0 .. 0,23 ( v :o .. 0,05), rrony~eHHOR Ha OCHOBe SKCrrepH-

,IUHU:Ibl)(., ~· 

BenH~HHa 

cjlopMynbr 
@Dorr B Ta6nHUe paCC~HTaHa .QnSI rrpOTOHOB Ha OCHOBBHHH 

& llOIT .. G 

m Y J. e e KZ 
~--- &!i scjl G 

A (7 .7) MP 

r.Qe A - ~HCno HyKnOHOB B yCKOpSieMOM HOKe, Z - aapSlll Slllpa, K ~1-

tiJaKTOp "06llHPKH', DnH rrpOTOHOB G == 1 , 
x1 ~- -

31j14leKTHBHOCTb MHOI'0060pOTHOll I!H)K9KUHII ~10)K9T 6biTb, nO-BH)lHMOMy, 

Hecxom.Ko noabiWeHa aa C'leT yaenu'!eHHll < 01 , MHoi'OBHTKOBbie aaai!MOllell-

CTBH!I1 B03MOlKH0 1 noaaon!IT B3!1Tb OllHOBI!TKOBhill ny'IOK aocTaTO'IHO yaKHM no 

r II C -60nbWOA aenH'II!HOII dv 2 
, 

~ ,o 
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npB pacqeTe CKOpOCTB B3M9H9HBSI M8rHBTHOro nona ~ng 

He06XO~BMOi npOM8WKB BCnonb30Banacb ~OpMyna 

R 1 aii. 
--), 

2 at 
a a. 

ft,., <--+ 
a 1 H • U-nl 

r~e H 
- cpe~Hee none • B xpyre pa~nyca 

Mol Mo~en& (nepsaa cTpoxa B Ta6n&ue) senHqHHa .. 
R 

.. 
H "' • 

• .nn: 

109 -

pHo~ HHJKeKUHH, 3aTeM H 

Ha sa o6opoT 

5.107 9Ei~ npnpOCT 9Hepr 

2 
2 jej77R aa. 

~(m <: Y ).. - • 
.l c a 1 

npH pa6oqeM 3HaqeHHH fi • 9T8 BenHqHH8 ~nH MO~enH MeHHe~ 

nax"' 2,5 K9B .. 25t(ss. nOTepH 9HeprHH '18CTHUbl Ha CHHXpOTpOH 

HHe 38 o6opOT cymeCTBeHHO MeHbWe, 

B. BnH HHHe 9Kpanos 

B npe~bi~yllleM paccMoTpeHBH He yqHThlBanocb snHSIHHe ~ 
Ily'IK8 B CT9HK8X K8Mepblo Han6onbWee ~eitCTBHe MOJKeT OK83 

orpaHH'IHB8101118SI K8Mepy no P8L1Hycy. npH 9TOM, OL1H8KO, LteAc 

6yLteT CyWeCTBeHHO nHWb, H8 H8'18nbHOM 9Tane CBOp8'IHB8HHSI, C ) 

HHSI CTeHOK KOnbUO 6yLteT yCTOi'IHBbiM no 6onbWOMy P8L1HYCY 

H9TCH K CT9HKe), ecnn 

R 
r~e e-­

Rs 
=0,6 .. 0,8 H 

n< 1-
e(l +e> 

2 o-e>2 ":d-a, 

R 9 - pa~HYC CTeHKH, R - p8L1Hyc op6HThi, 

n =0,5 H9p8B9HCTBO (8.1) BbinOnHSieTCSI LlnSI BCe 

'laes, npeLtcTasneHHbiX B Ta6n. 1. 
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npH pacqeTe CKOpOCTH H3MeHeHHB MarHHTHOrO nonB QnB o6ecneqeHHB 

He06XOQHMOA npOMSWKH HCnonb30BanaCb ~OpMyna 

'aH. 1 aH. 
R"' <--+--l, at 2 at 

R 

H • 0-nl 

rne H - cpeQHee none s Kpyre panHyca • 
MOA MOllenH (nepBSB CTpOKS B Ta6nHue) senHqHH8 . ' 

(7.8) 

R • llnH coopy*ae­

H •"' 109 ~ B ne-

pHOll HH)I{eKUHH, 38TeM H 5.to7 sg;~ npHpOCT 9HeprHH sneKTpo--

aa sa o6opoT 

2 -
2 \e\ITR dH• 

l:!..(m c y ).. - • 
e .l c dt (7.9) 

npH pa6oqeM 3HaqeHHH fi • STa senuquHa nnH MonenH MeHHeTCSI s rrpene-

naX .. 2,5 K9B•25t(ss. nOTepH 9HeprHH qacTHUbl Ha CHHXpOTpOHH09 H3ny'le­

HHe aa o6opoT cymecTseaao MeHbwe. 

B. BnH HHHe sKpaHOB 

B npellbillyweM paccMoTpeHHH He yqHThiBanocb snHSIHHe uao6pa*eHHB 

iJyqKa B CTeHKSX KSMepblo HaH60nbWee neACTBHe MO)I{eT OK838Tb CTeHK8 1 

orpaHHqHB8IOW8SI KSMepy ITO paJlHyCy, npH 9TOM 1 OllH8K01 neACTBHe CTeHKH 

6yneT cyweCTBeHHO nHWb HS gaqanbHOM ~arre CBOpaqHBSHHSI. C yqeTOM BnHSI­

HHSI CTeHOK KOnbUO 6yneT ycToAqHBbiM no 6onbWOMY PSllHYCY (He rrpHTB­

H9TCSI K CT9HKe), eCnH 

R 
rne e-- -­

Rs 
=0,6•0,8 H 

n< 1-
e-o +e- > 

2 o-e->2 p. ;1-a, 
(8.1) 

R - p8llHYC CTeHKH 1 R - p8llHYC op6HTbi. npH e-, 
a 

D =0,5 HepaBeHCTBO (8.1) BbiiTOnHSI9TCSI JinSI BCeX Tpex cny-

'laes, npencTasneHHbiX B Ta6n. 1. 
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!r 
'l 

l'i 

\ 
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I, 

I: 
~~I 

3Kp8R OX83biB88T BllHSIRB81 8CT8CTB8RR01 H· R8 6eTaTpORRb18 Jtone68RH51o 

llpK yqeTe 9Jtp8R8 nonpaBKB It qaCTOT8M B3M8RmDTC51: 

~ ~ ~ 

l 
(~v ) 

9 
• ~v [1-b(b+ slY T •) • • • .L 

~ ~ ~ 
T ). 

(~v, )9. ~v [l+s<h+slr 
r .L r 

(8.2) 

3nec& !iv ll 
II 

B 
!iv :& - e,ell1lqKRbl, onpeneneRRhte B (6.1) K (4.7). Kosclt-

r 
T • 38BKCRT OT reOM8TPKqeCKBX ~KTOpOB B M&Tepaana T 

r 4JBnaeRTbl B 

sKpasa. 

LJ.ng TpeX npellCT8BR8RHbiX B Ta6n. 1 B8pB8HTOB B Ta6n. 2 l1810TC51 COOT-

B8TCTBYIOWH8 nonpaBKH npB llBYX 3H8qQRB51X e . 
Ta6n11Wl 2 

b(b +g)y..L
2

T• 
g(b+g)y;T, 

~ 0,6 0,8 0,6 0,8 

B 

I 0,008 0,06 0,01 0,07 

II 0,005 0,035 0,004 0,03 

III 0,05 0,35 0,15 1,05 
I 

113 T'ifinKUbl BKllHO, qTO CTQHK8 MO:lKeT 6b1Tb pacnORO:lKeH8 npB e oa(),8. 
sano yqecT& nononHHTen&Hble cnsHrB qac-

llpB pa3yMHblX 3HaqeHHSIX e 
TOT H H3MeHeHHe 8l1H868TBKH. CymeCTB8HHOrO H3M8H8HHSI npHBelleHHbiX Bbl­

we llSHHhlX HQ npOH30AlleT. 

YsenHqeHHe qacTOThi aJtcaan&HbiX xone6aHHA - nono:lKaTen&HbiA ~KTOp, 
8 yMeH&WeHBe p811H8n&ROA qaCTOTbl He onaCHO npH R8CK0n&K006op~HOA HR­

)I(eKUHK KnB B006me npH 3RaqeRHSIX l o 1 B ·HeCKOn&KO p83 MQHbWHX 1, 

T8K K81t TOrl18 fiv 2 - ae6on&W8SI senHqKR8 (eM. (6.3)). B TO :lKe spe-
r 

16 

.,. 

MSI HeKOTOpOe yMeH&WeHHe Haqan&HOA P8llH8nhHOA qaCTOThl MOl 

aaTyxaRHe panHan&Horo pa3Mepa x). AHanKaKposanoc& TaK:lKe 1 

pa:lKeHHSI nyqJta B KH:lKeKTOpe, nnSI MOllenK - BnHSIHHe Hecyme 

AaHKhiX, npencTasneHHhiX s Ta6n. 1, a· TpeT&eM aapHaHTe cnen 

TK 6onee neTan&Hhie oueHKH. 

9. Ponb peaoHSHCOB 

P anaan&Hhie pe3oHaHChi He oqeHb onaCHht, TaK KaK oa 

B Bhir'OllHOM HanpaBnEHHH: qaCTOTa KOne6aHKA fi0BhlW8eTC.51, 

pe30H8.HC 6hiCTpO npOXOllHTCSI H3-38. paCWKpeHHSI nyqKa, Tal! 

npocTpaHCTBeHHoro 3ap51lla nanaeT. 

llpOXO:lKlleHHe pe30R8HCOB B CTOpoli:y yMeHbWeHHSI qaCTOTl: 

30H8.HCHOe B38.KMOlleACTBKe, T8K K8.K 83-38. npOCTpaRCTBeHHOrO 3 

WKpeHHH nyqKa qaCTOTa fiOBhiWaeTCSio LJ.ng H36e:lK8.HK51 OnaCHOr< 

z - pe30R8.HCOB :lKenaTenbHO HMeTb: 

0,1 <v <0,25 
II 

:1 
(0,01 <v < 0,063). 

z 

Torna Mhl MKHY8M pe30H8.HChl v z =(),5; o,ss: o·,25. OueHKH 

nonycK Ha D llRSI npOXO:lKlleHHSI, HanpKMep, pe30H8.HC8. v 
z 

:lK8Tb TpyllHO, RO R8.W8 pa6oqag TOqKa He 38XB8ThiB8eT 9TOT 

30R8HC V z • 1/3 Mo~eT 6ht'l'b npoAnes. CnenyeT oueHHTb Tl 

ciMewaHHhtX panHan&Ho-axcHan&li:biX pe3oHaHcos. Boo6me HMel 

:lKecTKHe orpaHHqeHHSI sa napaMeTpbl nyqKa. TaK, ecnH sHaqan' 

a 12 pa3 6on&we pacqeTaoro, TO pe3oaasc v " =0,5 ocy me< 

qeM, eCnH yqeCTb 0 qTO 9TOT pe30H8HC oylleT npOXOllHTbCSI npi 

au 
CHpOB8HHOrO 3HaqeHHSI ~~ , T,O MO:lKHO nonhiT8TbC51 Bbl, 

BeTCTBYIODlBA nonyCK ( 3n < 2 • 10 -a ), 
1 

x) B 9TBX paccyJK,aeKBSIX npe,anonaraeTCSI, 'ITO sKpaH npHBOIIRT K yMeHbwe 

HRIO H8'18nhROA pallR8llbHOA '18CTOT&I, 8 He K YBeliH'I8RRIO H8'18llbHOrO p8IUI• 

8llbHOrO p83M8p8 OpR TOA JKe '18CTOTe. 
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snHSIHHe, ecTeCTBeHHO, H- H8 6eTaTpOHHI:de xone6aHHSI, 

9Kp8H8 nonpaBKH K '18CTOT8M H3MeHSIIOTCSI: 

~ ~ ~ 

l 
<Av )

9
.Av [1-b(b+g)y T.J • • • l 

~ 
~ ~ (8.2) 

(Av, )9. Av r [ 1 + g ( b + g )y l T }. 
r 

ll.v :& - senR'IHHhi, onpe.aeneHHbie B (6.1) H (4.7). Kos~ 
r 

R T z 38BHCHT OT reoMeTpR'IGCKRX ~KTOpOB R M8Tepaana 

npeJlCTSBneHHbiX B Ta6n, 1 B8pR8HTOB B Ta6n, 2 .118IOTCSI COOT­

npR .llBYX 3H8'1eHRSIX e , 
Ta6naua 2 

b(b +g)y.l 11 T
8 

g(b+g)y;T 

e I 0,6 0,8 0,6 0,8 

0,008 0,06 0,01 0,07 

0,005 0,035 0,004 0,03 

0,05 0,35 0,15 1,05 

BH.IlHO, 'ITO CTGHK8 MOlKeT 6biTb pacnonoJKeHa npR e oo(),8. 

e H8Jl0 y'leCTb .aononHRTen&HbiG C.llBRrR 'lAC-

e a.aHa6aTRKH. CymecTseHHoro H3MeHeHRK npase.aeHHbiX Bbl-

'18CTOTbl 8KCH8nbHbiX xone6aHHil - nonOlKRTen&Hblil ~KTOp, 

P8JlH8nbHOil '18CTOTI:d He onacHO npH HGCKOn&K0060p~HOil RH-

npH 3H8'leHHSIX l 0 1 B HeCKOn&KO p83 MeHbWRX 1, 

llv •2 - He6on&wast senR'IHHa (eM. (6,3) ). B TO JKe spe-

16 

...--

MSI HeKOTOpoe yMeHbWeHHe H8'18nbHOil paJlHSnbHOil 'ISCTOTbl MOlKeT yny'IWHTb 

aaTyxaaae pa.aHan&aoro paaMepa x). AaanH3Hposanoc& TSKJKe BnHSIHHe H3o6-

palKeHHSI ny'IKS B HHlKeKTOpe, .anSI MO,IlenH - BnHSIHHe HecymeCTBeHHO; .anSI 

.aaHHbiX, npe.acTasneHHhiX B Ta6n, 1, a· TpeT&eM sapHaHTe cne.ayeT npoHasec-

TH 6onee .aeTan&Hhte oueHKH. 

9. Ponb peaonancoa 

Pa.aHanbHble pe30H8HCbl He O'leHb Ofi8CHbi1 T8K K8K OHH npOXOJlSITCSI 

B BhlrOJlHOM HanpasnEHHH: '18CTOTa KOne6aHHil fiOBhiWaeTC51, H H8'18BWHAC51 

pe30H8HC 6biCTpO npOXO.IlHTCSI H3-38 paCWHpeHHSI fiY'IKa, TSK K8K BnHSIHHe 

npOCTp8HCTBeHHOrO 38pS1,118 na.aaeT, 

npoXOJK,IleHHe pe30H8HCOB B CTOpOHy yMeHbWeHHSI '18CTOTI:d y.anHHSieT pe-

30H8HCHOe B38HMO)leACTBHe, TSK KSK H3-38 npOCTpSHCTBeHHOrO 31ipSI.I18 npH pac­

WHpeHHH DY'IK8 '18CTOT8 fiOBhiW8eTCSI, Llnst H36elK8HHSI OD8CHOrO npOXOJKJleHH51 

z - pe30H8HCOB JKenaTenbHO HMeTb: 

0,1 <v <0,25 
• 

2 
(0,01 <v < 0,063), 

z (9.1) 

Tor.aa Mbl MHsyeM peaosaHChi " z =-0,5; 0,88; 0",25. Ouesxu noxaaanH, 'ITO 

.aonycx Ha n .llnSI npOXOlK.IlGHH510 H8DpHMep, pe30H8HC8 V z oo(),5 Bbl,llap-

lK8Tb TPY.IlHO, HO H8W8 pa60'l8SI TO'IK8 He 38XB8TbiB8eT STOT pe30H8HC, Pe-

30H8HC v z • 1/3 MOJKeT 6hiTb npoA.aeu. Cne{lyeT oueHRTb TaKJKe .aeAcTBHe 

cMewaHHbtX pa.aHan&uo-axcHan&HbiX peaoaaacos. Boo6we HMeiOTCSI .aoson&ao 

JKecTKHe orpaHR'leHHSI sa napaMeTpbi nyqxa. Tax, ecnH BHa'lane b o 6y.aeT 

B {2 paa 6on&we pac'leTaoro, TO peaoaaac v • =-0,5 ocy mecTBHTCSI. Bnpo­

'leM, eCnH y'leCTb 1 'ITO STOT pe30H8HC oy.aeT npOXOJlHTbCSI DpH HanH'IHH ~op­

iJH 
CRpOBSHHOrO 3H8'1eHHSI -iJ 8 

• , TO MOlKHO DOObiT8TbCSI Bbl,lleplK8Tb COOT-
t . 

BGTCTByiOmHil .llOfiYCK ( 8 n < 2 • 10 -a ), 
1 

x) 
8 9TBX paCCYlKileHBSIX npennonaraeTCII, 'ITO 9KpaH npHBOilRT K yMeHbWe-

HB~ H8'18n&ROA pallR&nbHOA '18CTOTY, 8 He K yeenR'IeHR~ H8'18n&HO!'O P81lR-
8nbHO!'O paaMepa npR TOA JKe '18CTOTe • 

• 
17 
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10. J1HJKeKJlHH HOHOB 

B KOHUe npouecca C*8THa'H8~HH8eT pa60T8Tb HCTO~HHK BOaopoaa,llpH 

CTOnKHOBeHHaX penaTHBHCTCKHX aneKTpOHOB C MOnexynaMH BOaopoaa 06paay­

IOTCa B OCHOBHOM MOnexynapHbie HOHbl ( STO H8H6onee BepOHTHbiit npoueccl 

a 08 10-19 C~ 
1 

SHeprVIa HOHH38UHH .. 15 SB) 1 KOTOpb!e npH nocneayiOIIIHX 

CTOnKHOBeHHaX C aneKTpOH8MH aHCCOUHHpyiOT H8 aTOM BOaopoaa H npOTOH, 

CxonbKO 6yaeT npoTOHOB H aa xaxoe BpeMa? 

llpHMeM, ~To apeMSI aanonHeHHa BoaopoaoM o6'beMa xonbua 

a 

v - -y· 
0.1 CM 

(lo5.106) ~ 
ceK 

'" I • 0,1 MKCeK (10.1) 

MHOrO MeHbllle •t 
b + g 

, rae a= ----r-- - cpeaHHit paaHyc ce~eHHa xonb-
II u 

ua
1 

v - cxopocTb Monexyn aoaopoaa, 

MeHa aHCCOUH8UHH H HOHH38UHH, 

II 
t u - xapaxTepHbie Bpe-

211 R a 
2 

( 10.2) .. ----"" (50. 5) MKCeK u 
N ~c a 

ana N., = 1013 .. 1014. nna t > t u Hati:aeM 

p 
N = N n Bo,go~o,ga c t' (10.3) 

p e !1 
760 MM pT, CT, 

rae NP - ~HCnO npoTOHOB, n ll '" 6t-8 - ~HChO HOHOB1 o6pa30B8HHbiX oa­

HHM aneKTpOHOM H8 1 CM nyTH npH HOpManbHOM aaBneHHH. EcnH t =50 MKCeK, 

N P '" 1 o-2 N ., • TO P 
-6 I 

Bonopona .. 10 MM pT. cT. B cnyqae 6onblllero 

naaneHHa aonopona rrpouecc MO*HO ycxopHTb. 

0TMeTHM OAHO 06CTOaTeJlbCTBO, llp11 HSnH'IHH HOHOB '18CTOTbl 6eTaTpOH­

HbiX Kone6aHHH 6ynyT Bbiiiie, qeM pacc~HTaHHbie paHee. Mo*eT oxaaaTbCSI, 

~TO COOTBeTCTBYIOIUHH CABHI' paAH8JlbHOH '18CTOTbl rrpH HarrycKe HOHOB MO*eT 

rrpHBeCTH K npoXO*AeHHIO' qepea peaoHaHc vr =1 • Hano y'leCTb, oaHaKo, 

ponb BbiBOaHOit MeTannH~eCKOit Tpy6bi 1 A8IOIUeii ne!l>oKyCHpyiOIUHit ITO paAHYCY 

18 

~ 

a4>!l>eKT, neTanbHMit y~eT STOrO a4>4>eKT8 n03BOnHT BMaCHHTb
1
5y 

XOAHTbCa STOT OnSCHMit pe30H8HC, B HHTepBane paaHyCOB1 npH K 

H3BOaHTCa HBTIYCK HOHOB, MO*HO ocymeCTBHTb T8K*e pe3KOe I 

B aareaaTope. 3ToT Bonpoc Tpe6yeT aononHHTenbHoro Hay~eHI 

11. BbiBOJl sneKTpOHHoro KOJlbllS H3 

a.are3aTopa 

MarHHTHOe none aareaaTOpa !l>opMHpyeTCa CHCT9MOit BHTKC 

*eHHMX CHMMeTpH~HO OTHOCHTenbHO nnOCKOCTH, rae npOHCXOaHT 

TpOHHOrO KOnbll8. CxeMa pacnon0*9HHa H p83M9pbl BHTKOB I: 

p~~:c. 1. PacnpeaeneHHe MarHHTHoro nona B aareaaTope1 coaa1 

OCHOBHbiMH BHTK8MH 1 npeaCTSBneHO H8 pHC, 2, 

Kax BHaHo Ha pHC. 2, ~To6M BbiBeCTH anexTpOHHOe KOnhllC 

Topa, Heo6xoaHMO npeoaoneTb 6apbep, coaaaHHbiit HapacTaiOIIIHIII 

noneM. llpH aTOM Haao coxpaHHTb npoaonbHMit paaMep cryCTKa 

HOHM, 

B aa&a6aTH'ieCKOM np&6nH*9HHH ypaBHeHHe ABH*eHHa ~aCTi 

38TIHCbiB89TCa B BHA9 

fl .. 

2 
m • Yo v .l.O 

2H 0 

d 
-(m 
dt " 

• const 

y z 
• 

aH z 
)=-p <-) a z • 

- MSrHHTHMit MOM9HT ~8CTHUbi, 

0603H8~aeT paBHOB9CHYifil ~8CTHilY cryCTK8, llepBblit HHTerpa 

( 11,1 ) TipH HyneBbiX H8~8nbHbiX ycnOBHaX ( z • 0, {3 z o = 0) 

aHHOrO HeOAHOpOaHoro MSrHHTHOI'O nona (y •Yo paBeH: 

{3 .. (3 yl-H /H , 
z .Lo z zO 

0TCIOaa BHaHO, ~TO ·ana BbiBOaa aneKTpOHHOI'O KOnbll8 H3 aare 

coaaaTb yMeHbmaiOmeeca no z M8rHHTH09 none, llpH STOI 

nono6paTb TaKHe ·rpaaHeHTbi MarHHTHoro nonH1 ~To6bi HOHbi HE 
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JO. YfH)I(eKI.lHH HOHOB 

e npouecca C*8THR'H8~HHaeT pa60T8Tb HCTO~HHK ao.nopo.na.TipH 

penRTHaHCTCKHX sneKTpOHOa C MOneKynaMH aOAOpOA8 o6paay­

MOnexyngpHbl9 HOHbi ( sTo HaH6onee aepoRTHbiA npouecc, 

, saepr11R HOHH38UHH., 15 sa), KOTOpb!e npH nocne.nyJOIUH,X 

sneKTpOH8MH AHCCOUHHpyiOT Ha aTOM aOAOpOA8 H npOTOH. 

6y.neT npOTOHOa H 38 K8KOe apeMR? 

apeMH aanonHeHHR aOAOPOAOM 06'beMa KOnbU8 

a 0,1 CM 
(10.1) • I • 0,1 MKCeK 

.. __ ,. 
v v 5 6 CM (lOt-lO)ceK" 

b -
, I'Ae a= 4 - cpeAHHH paAHYC ce~eHHR KOnb-•l 

c u 

MoneKyn BOAOPOAa, c t u - xapaKTepHbie ape-

HOHH38UHH. 

211 R a 
2 

u ----'" {50 t- 5) MKCeK ( 10.2) 
N .c a 

1013 • w14. DnH t > t u aafi.neM 

p 
N = N n BOllOJ20i18 ct, (10.3) p e 11 

760 MM pT. CT, 

'ilrCllO npOTOHOa, n !l ., 6t- 8 - 'IHCllO HOHOa, o6pa30a8{1Hb!X O.U­

Ha 1 CM nyTH npH HOpM8llbHOM .naaneHHH, Ecn11 t =50 MKCeK, 

-6 I 
P ao.nopo.na '" 10 MM pT. CT. B cny'lae 6onbll!ero 

rrpouecc MO*HO YCKOpHTb, 

HOHOa '18CT0Tbl 6eTaTpOH­

Mo*eT oxaaaTbCR, 

H C.UBHI' paAH8llbHOH '18CTOTbl rrpH HanycKe HOHOa MO*eT 

vr =1 • Ha.uo y'leCTb, o.uaaxo, 

MeTannH'I9CKOH Tpy6bi, A810IU9H .neljloKyCHpyiOIUHfi ITO paAHYCY 

18 

.... 

sljlljleKT. DeTanbHMA y~eT sToro sljlljleKTa noaaonHT aMRCHHTb
1

6y.neT nH npo­

xo.UHTbCR STOT OD8CHMA pe30H8HC. B HHTepaane pa.UHycoa, npH KOTOpMX npo­

H3aOAHTC9 Hanycx HOHOa, MO*HO OCyiUeCTaHTb TBK*e pe3KOe H3MeHeHHe n 

a a.ureaaTope. 3TOT aonpoc Tpe6yeT .uononHHTenbaoro Hay~eHHR. 

11. BbrBo,a sneKTponnoro KOJibl.lB H3 

a.are3a Tops 

Mai'HHTHOe none 8AI'938TOpa lj>OpMHpyeTCR CHCTeMoA aHTKOa, pacnono­

:lK9HHMX CBMMeTpH'IHO OTHOCHTenbHO nnOCKOCTH, I'.Ue npOHCXO.UHT C*8'l'He sneK­

TpOHHOI'O KOnbU8, CxeMa pacnonO:lK9HHSI H paaMepbi aHTKOa nOK838Hbl H8 

pHC. 1. Pacnpe.neneHHe M8I'HHTHOI'O nonsr a BAI'938TOpe, C03A8HHOe STHMB 

OCHOaHMMB aHTK8MH, npeACTaaneHO H8 pHC. 2. 

Kax aHAHO H3 pHC, 2, 'IT06M abJaeCTH sneKTpOHHOe KOnbUO H3 a.nreaa­

TOpa, H906XOAHMO npeo.noneTb 6apbep, C03.U8HHblil: H8p8CT8IOIUHM M8I'HHTHMM 

noneM. TipH STOM H8.UO COXp8HHTb npo.nonbHMA paaMep cryCTK8 H y.nep:lK8Tb 

HOHM. 

B a.uaa6aTH~eCKOM npH6nH*eHHH ypaaaea11e ABH:lKeHHH 'laCTHUhl no ocH z 

38RHCbiaaeTCSI B aHAe 

p. -

2 
m" Yo v J.o 

2H 0 

d 
-(m 
d t e 

• const 

y z 
• 

oH z 
)c-p. (-) a z • 

- M8I'HHTHhlil: MOM9HT '18CTHUM, !I 

0603Ha~aeT paaaoaecayro '18CTHUY cryCTK8t Tiepabi:li HHTerpan 

(11.1) npH HyneabiX Ha~anbHbiX ycnoaHHX ( z aO, {J zO = 0) 

SIHHOI'O HeO.UHOPO.UHOI'O M8I'HHTHOI'O rrong (y •Yo paaea: 

f3 =f3 yl- H I H • 
z .J.o z zO 

(11.1) 

- HH.U9KC 0 

ypaaHeHHSI 

AnR ITOCTQ-

(I 1.2) 

0TCJOA8 aHAHO, ~TO 'AnR abiao.na sneKTpOHHOI'O KOnbua H3 8AI'938TOpa H8AO 

C03A8Tb YM9HbW8IOIU99CSI no z M8I'HHTHOe none. TipH STOM Tpe6yeTCSI 

no.uo6paTb TSKHe 'rpa.uHeHTbi Mai'HHTHoro nonH, ~T061>1 HOHbi He o'l'opaanHcb 
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i 

~,,,,_._ 

OT 3nCKTpOlli!OrO cryCTKa. YpaBHCHHe t:IBH)KCHHSI HOHa HMeeT BHll: 

2 
e N 

e 
z I 

rrHaM ( 11.3) 

l",lle R , a - 6onbWO~ H Manbi~ pa.llHYCbl aneKTpOHHOI"O KOnbUa, N e 

'IHCnO aneKTpOHOB, M - Mace a HOHa. flpHpaBHHB8SI ( 11.1) H ( 11.3) ( Y •Y 0 ), 

oueHHM aonycTHMbie rpaAHeHThi nonSI: 

aH z 
(-)= 

a z • 

2 
2e N e H0 

2 
rrRaMvle (11.4) 

nng CHgTHg noTeHUHanbHOI"O 6apbepa H Bb!BO.lla aneKTpOHHOI"O KOnbUa npe.ll­

naraeTCg nocTaBHTb s6nH3a MaKCaMyMa nonS! .llBa pa30MKHYTbiX ,llOnonHaTenb­

HbiX BaTKa, KOTOpbie MOI"YT 6biTb H8KOpOTKO 3aMKHYTbl B OnpeaeneHHbl~ Mo­

MeHT BpeMeHH. 3TOT MOMeHT Bbi6HpaeTCSI TaK, 'ITO none B OCHOBHbiX BHTKaX 

ewe HapaCTaeT H 3a C'leT HH.llYKUHOHHOI"O nonS!, HanpaaneHHOI"O npOTaa nong 

OCHOBHblX BaTKOB, CHHMaeTCH '18CTb Mal"HHTHOI"O 6apbepa, a T.K. TOK a OC­

_HOBHblX aHTKaX nponomKaeT HapaCT8Tb, TO B onpeaeneHHb!il: MOMeHT C03,lla­

eTCH He06XO.llaMOe ,llnH Bb!BO.lla pacnpeaeneHHe Mal"HHTHOI"O nonsr. C 9TOI"O 

MOMeHTa TOK B OCHOBHbiX aaTKaX nepeCTaeT H3MeHS!TbCSI H '!aCTaUa 6y.lleT 

.llBHI"aTbCSI B nOCTOHHHOM MarHaTHOM none. 

KaK saano H3 pHc. 2, none aareaaTopa na paccToS!HaHX 20 eM cnaaa­

eT aeCbMa 6b!CTpO. nng BblpaaHaBaHHH pacnpeaeneHaSI nOnS! 3,lleCb npe,llna­

raeTCSI nccTaBaTb ,llOnOnHHTenbHbie KaTyWKH, 'IHCnO KOTOpbiX (a TOKH B HaX) 

onpeaenHIOTCSI Tpe6yeMbiM rpa,llHeHTOM nonS!. 1BenH'IHHbl TOKOa B KOpOTKO~ 

3aMKHYTblX BHTKaX HaXO,llHnHCb H3 06bi'IHbiX ypaBHeHHil: aneKTpOTeXHHKH C 

y'leTOM r;cex Koa4J4JauneHTOB HH.llyKuna a caMOHH.llYKUHH. Pac'!eTbi nposoaa­

nacb na abi'IHCnaTenbHO~ Mawane B3CM-4. OcTanoaHJIHCb Ha cnenyroweM 

aapHaHTe, ynoaneTaOpS!IOWeM ycnOBHHM Bb!BO.lla H yaep>KaHHSI aOHOa. 

nonOJIHHTenbHbie aHTKH HMeiOT pa.llHYCbl R b =18 CM, KOOpnHH8Tbl 

ax: z bl =18 CM, z =22 CM (paCCTOSIHHSI OTC'IHTbiBaiOTCSI OT nJIOCKOCTa 
b2 

CHMMeTpHH OCHOBHOI"O nong). nononHHT9nbHbl9 KaTyWKH noMeWaiOTCSI a HH-

Tepsane z k =30 CM t- 50 CM, paaaycbi ax R k =18 eM. Pacnpenenenae 

20 

.-

.. 

Mal"HHTHOI"O nOJISI a pa3Hble MOMeHTbl apeMeHH noKa3aHO Ha 

n=- - OTHowenae TeKywero apeMeHH KO apeMeHH BKniO~ 
t t 

HHTenbHbiX aHTKOa. 0KOH'IaHHIO npouecca C>KaTHH KOnbUa COOTae 

=1,72; t 1 =200 MKC9K. ., 

KaK aH.llHO H3 pHCYHKa, no Mepe HapacTaHHSI HH.llYKUHOHHC 

nonHHTenbHblX aHTKOB MHHHMYM Mal"HHTHOI"O nonH nOCTeneHHO 

Mal"HHTHbi:H 6apbep yMeHbWaeTCH H a onpeaeneHHbl~ MOMeHT a: 

CTaHOaHTCH cnaJla!OlllHM no z 

PeaynbTaTbi 'IHCneHHoro HHTerpaposaHHSI ypaanenag aaa>Ke 

a TaKOM H3MeHSIIOWeMCH ao apeMeHH H npOCTp~HCTae Mal"HHTHOII 

aana, 'ITO aa speMH, noKa none ewe H3MeHsreTcsr ao apeMeHH, 'I 

waeTCH BMeCTe C noTeHUHanbHO~ SIMO~ Ha paCCTOHHHe 10 CM H C 
-4 

O'leHb Mana ( f3 z .. 10 ) • H a pac. 3 KpecTHKaMH OTMe'leHbi a. 

pOCTH H KOOp,llHHaTbl '!aCTHUbl B COOTaeTCTBYIOlllHe MOMeHTbl ape 

none nepeCTaeT H3MeHSITbCSI ao apeMeHH H '18CTHUa .llaH>KeTCSI B 

cnaaaiOweM none. CKpcCTb ee onpeaenHeTcsr cooTHOWI;lHHeM (2). 

Te JlnSI N = 4.1013 KOHe'!HaH CKOpOCTb {3 "' 0,3. ci>OKYCHpOBKa e z 

8-10 CM) ocywecTanHeTCH H90JlHOp0JlHbiM Mal"HHTHbiM noneM ( 

uaanbHaSI SIMa coxpaHsreTcH). 3aTeM ona aon>KHa ocywecTsnsrTbC 

Cpe.llCTBaMH. 

fluTepaTypa 

1. a)LB. 11. BeKcnep/, B. n. CapaHuea, A. r. EoH'I-OCMOnOBCKHJJ 
' 6unoB, r. A. 11BaHOB, 11. H. HBaHOB, M. n. HOBHOBH'I, J 

XOB, A. B. Ky.sHeUOB, B. r. MaXBHbKOB, 3. A. nepenbliiTeil 

IlleBCKHil, K. A. PeilleTHHKOBa, H. B. Py6uH, C. B. Py6uH, 

ues,[O. 11 • .flpKoBoifJ. KonneKTHBHoe nuHeiiHoe ycKopeHue El 

PHHT OH.f/11, P9-3440-2, ay6Ha, 1967; 

6) /V.I. Vekslerf, V.P. Sarantsev, A. G. Bonch-Osmolovsk 

bilov, G.A. Ivanov; I.N. Ivanov; M.L.Iovnovitch, I. V.. 

A.B.Kusnetsov; V.G.Makhan'kov; E.A.Perel'shtein, V.F 

K.A.Reshetnikova, N.B.Rubin, S.B.Rubin, P.I.Ryl'tsev; 

(gJ.Yarkovoy.] 
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TKa, YpaaHeHI!e ABI!lKeHI!Sl IIOHa IIMeeT Bllll: 

2 
e N 

e 
z I 

rr HaM ( 11.3) 

60nbwoil: II Manblil: paJlHYCbl aneKTpOHHOf'O KOnbua, N " 

M - Mace a IIOHa, DpKpaBHKBasr ( 11.1) 11 ( 11.3) ( y .. y 
0 

), 

rpaaReHTbi rronSI: 

aH z 
<->= a z • 

2e 
2 

N H0 e 
2 

rrRaM vle 
( 11.4) 

•HntrAnbHOI'O 6apbepa II BbiBOJla ane·KTpOHHOf'O KOnbUa rrpeJl­

MaKCIIMyMa liOnS! JlBa pa30MKHYTblX JlOIIOnHHTenb-

6biTb H8KOpOTKO 3aMKHyTbl B OIIpeJleneHHb!il: MD­

MOMeHT Bb!611paeTCSl TaK, 'ITO IIOne B OCHOBHbiX BHTKaX 

C'leT IIHilYKUIIOHHOf'O liOnS!, HaiipasneHHOf'O IIpOTIIB rronsr 

CHIIMaeTCSI '18CTb Maf'HHTHOI'O 6apbepa, a T,K, TOK B OC­

OAOnii<aeT HapaCTaTb, TO B OIIpe)leneHHblil: MOMeHT C03)la­

BblBOJla pacrrpeJleneHIIe Maf'HHTHOI'O IIOnSI, C 3TOI'O 

BIITKaX rrepeCTaeT 113MeHRTbCSl II 'laCTIIUa 6yJleT-

2, none a)lre3aTopa Ha paccTORHHRX 20 CM crraAa­

llnsr BbipaBHKBaHHSl pacrrpe)leneHIISl IIOnR 3JleCb rrpe)lna­

JlOIIOnHIITenbHbie KaTyWKII, 'IIICnO KOTOpb!X ( H TOKH B HIIX) 

rpa)llleHTOM liOnS!, BenH'IIIHbl TOKOB B KOpOTK~ 

HaXOJlllniiCb 113 06bi'IHbiX ypaBHeHIIil: aneKTpOTeXHHKH C 

l!eHTOB IIHilYKUIIH II CaMOIIHJlYKUIIII. p acqeTbi IlpOBOJlH­

•'I'Am .. Hnil: MaWHHe B3CM-4, OcTaHOBHnHCh Ha cneAyiDmeM 

YJleplKaHIISI IIOHOB, 

HMeiOT paJlHYCbl R b =16 CM, KOOpJliiHaTbi 

CM ( paCCTOSIHHSI OTC'IIITbiBaiOTCSI OT IInOCKOCTH 

f!OnS!) • llorronHIITenbHble KaTyWKII IIOMeWaiOTCSl B IIH-

CM +- 50 CM, paAIIYCbl IIX R k =16 CM, PacrrpeJleneHHe 

20 
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Maf'HHTHOI'O IIOnst B pa3Hbie MOMeHTbl speMeHH IIOKa3aHO Ha pHC, 3, f'Jle 

• - OTHOWeHHe TeKymero BpeMeHII KO speMeHH BKniO'IeHHSI JlOIIOn-n=-
t 1 

HHTenbHbiX BIITK0!3, 0KOH'IaHIIIO rrpouecca C)KaTHSI KOnbUa COOTBeTCTBYIOT n = 

=1, 72; t I =200 MKCeK, ,, 

KaK BllilHO H3 piiCYHKa, IIO Mepe HapacTaHHSI HHJlYKUHOHHOf'O rronsr JlQ­

IIOnHHTenbHbiX BHTKOB MHHIIMYM Maf'HHTHOI'O IIOnsr IIOCTeiieHHO CJlBHraeTCR, 

Maf'HIITHbiii 6apbep yMeHbUiaeTCSl H B OIIpe)leneHHblii MOMeHT speMeHH none 

CTaHOBHTC Sl CIIaJlaiOII(HM IIO z 

Pe3ynhTaTbi 'IIICneHHoro IIHTerpllposaHHR ypasHeHHsr ilBII)KeHHsr 'laCTilUbi 

B TaKOM 113MeHRIOUieMCSl BO BpeMeHH H IlpOCTp~HCTBe Maf'HIITHOM IIOne IIOKa-

3anll, 'ITO 3a BpeMsr, IIOKa IIOne ewe H3MeHSieTCSl BO speMeHII, 'laCTIIUa CMe­

UiaeTCSl BMeCTe C IIOTeHUIIanbHOil: SIMOil: Ha paCCTORHIIe 10 CM II CKOpOCTb ee 
-4 

O'leHb Mana ({3 z "" 10 ) , Ha piiC, 3 KpeCTIIKaMII OTMe'leHbl 3Ha'leHIIR CKO-

pOCTII II KOOPJliiHaTbl 'laCTIIUbl B COOTBeTCTBYIOWHe MOMeHTbl speMeHH, 3aTeM 

none IIepeCTaeT 113MeHRTbCSI BO BpeMeHH II 'laCTIIUa JlBIIlKeTCSl B IIOCTOSIHHOM 

crraAaJOweM none. CKpCCTh ee orrpeAensreTcsr cooTHOUieHIIeM (2). Dp11 pac'le­

Te JlnR N" = 4,1013 KOHe'IHaR CKOpOCTb f3 z"' 0,3, <flOKYCIIpOBKa BHa'lane (no 

8-10 CM) ocyUieCTBnsreTCSl HeOilHOpOilHbiM Maf'HIITHbiM rroneM (noKa IIOTeH-

UIIanbHasr SIMa COXpaHSieTCR), 3aTeM OHa JlOn)KHa ocyweCTBnRTbCSl BHeUIHHMII 

CpeJlCTBaMII, 

nHTepaTypa 

1. a)tB. 11. Bexcnepf, B. n. CapaHIIeB, A. r. BOHV-0CMOJIOBCKHif, r. B • .aon-

6HJIOB, r. A. HBaHOB, H. H. HBaHOB, M. n. HoBHOBH'I, H. B. Ko:JKy-

XOB, A. B. Ky3HeiiOB, B. r. MaxaHbKOB, 3. A. llepeJibiJJTeifH, B. n. Pa­

IlleBCKHif, K. A. PeweTHHKOBa, H. B. Py6HH, c. B. Py6HH, n. H. PbiJlb­

IIeB,[O.H. Rpxosoiil, KonneKTHBHoe liHHeifHoe ycxopeHHe HOHOB. llpen­

PHHT OHRH, PlJ-3440-2, Oy6Ha, 1967; 

6) /V.I. Veksler/. V.P. Sarantsev; A.G.Bonch-Osmolovsky, G.V.Dol­

bilov, G.A.[vanov; I.N. Ivanov; ·M.L.Iovnovitch, I. V.Kozhukhov. 

A.B.Kusnetsov; V.G.Makhan'kov; E.A.Perel'shtein, V.P.Rashevsky, 

K.A.Reshetnikova, N.B.Rubin, S.B.Rubin, P.I.Ryl'tsev; 

[O.J.Yarkovoy.] 
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Collective linear accelaration of ions. Proceedings of 

Sixth International Conference on high energy accelerators, 

Cambridge, 1967, p.2B9,• A3, 24, 317 (1968). 

B) Te JKe aaTopbl. ATOMHaH 3HeprHH, ~ 317 (1968). 

2. tO. H. RpKoBoitL flperrpHHT OHRH, 2183, ily6Ha, 1966. 

3. H. B. Py6HH. nperrpHHT OURH, 2882-2, ily6Ha, 1966. 

4. r. H. By,aKep. ATOMHa H 3HeprH H, .§, 9 ( 1956). 

PyKOllHCb nocTyrrHna a H3JlaTenbCKHii oTnen 

I Ho~6p~ 1968 rona • 

.. 
Jl 

I I\ II /\ 
SIJ 

,, 
#S #I 

l 
f# 

" 
, 
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/Ill Nl 

PHc.l. CxeMa pacnonmKeHHH H pa3Mepbl OCHOBHblX BHTKOB (cxeMaTH'IeCKH 

l!OK838Hhl HX l!OnOBHHKH). 
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Ill lfJ • '" n Ill 1i 

K=f:i.wt,. (¢,+r4) 

PHc.2. PacnpeaeneHHe MarHHTHoro nonH B aareaaTope npH R -6 c 

8MllnHTYAHOe 3Ha'!eHHe TOK8 B OCHOBHblX BHTKaX aareaaTOpa 

'18CTOTa ero H3MeHeHHH, I k - KOHe'!Hblil MOMeHT C)f(8THH K< 

~ 1 H ~ 2 - WHKUHH, onpeaenHIOlllHe pacnpeneneHHe nonS!. 
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linear accelaration of ions. Proceedings of 

International Conference on high energy accelerators, 

1.967, p.2B9; A3, 24, 31.7 (1.968). 

BBTOpbl, ATOMHBH 3HeprHH1 £1, 317 (1968), 

I· .rWKU.twn .. nperrpHHT OHRH, 2183, £ly6Ha, 1966. 

OHRH, 2882-2, £ly6Ha, 1966. 

Ey.aKep. AroMHBH aHeprHH, ..§, 9 (1956), 

PyKonHCb nocTynHna B H31laTellbCKHfl oTnen 

I Host6pl! 1968 rona. 

#I 

I' I' I I I d I t« I I I I I' .. , 
,__ ______ /lfJ ·-------' 

,1, CxeMa paCnO/lO>K9HitSI H pa3M9pbl OCHOBHb!X BKTKOB (CX9M8TH'I9CKH 

nOK838Hbl HX nOIIOBKHKH), 
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,.. 

., 

__ J_,_, 

H 

-
-
-.. 

1 111 lt1 .Ill 111 n 111 1i X 

K = f Y. w!.- { </1, + f4) 
,, 

Puc.2, Pacnpeneneaue MarHHTHOI'O nonS! a anre3aTope npu R -=6 CM, I 0 -

• 

BMnllKTYilHOe 3H8'19HHe TOK8 B OCHOBHb!X BHTK8X 8/li'938TOpa, W -

'18CTOT8 ere H3MeHeHHSI, I k - KOHe'!HbiA MOMeHT C>K8THSI KO/lbUa, 

Cl> 
1 

u Cl> 
2 

- !JlyuKuuu, onpenenSIIOIUKe pacnpeneneaue nonSI, 
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II 11 J(J II J1 ~e .. 

PHc.3. Pacnpe.neneHHe MarHHTHoro nonS! B anreaaTope npH BbiBoJie B paa­

Hhie MOMeHTbl BpeMeHH, , jj k !,2 ,3 - OTHOWeHHe TOKOB B nonOJJHHTeJJb­

HbiX KSTYWKSX K MSKCHMSJibHOMY 3HS'IeHHIO TOKS B OCHOBHbiX BHTKSX, 
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