
~ 

COOBIUEHHH 
OB'bE,ll;HHEHHOrO 

HHCTHTYTA 
H,ll;EPHYX 

HCCJIE,ll;OBAHHft 
.Lly6aa 

I J 
pg - 6421 e 

B .M .~a6HQKHH , H.H.HsaHoB 

BAHHHHE YCKOPEHHH 3JIEKTPOHHOrO KOJibUA 
HA ~OKYCHPOBKY CHJIAMH H30BPA~EHHH 

1972 

- ---



P9 - 6421 

B.M.lKa6KqKKK, M.HJ1saHos 

BRMHHHE YCKOPEHMH 3REKTPOHHOrO KORbUA 
HA ~KYCMPOBKY CMRAMM M30BPAJKEHMH 

(;:~~-'P;:~ .. - ~~~...:.:~ 

~ ~~';::~._. --- . '- ;I '·-""'-~~~ n, 
~ u;:··. •. • •. ·. ::::::Fld~ ; 
~ :. . -~{A '· 

-,..1'-J<o·. 



B nnaeitaoM KonneKTHBHOM ycKopHTene HOHbi aaxsaTbiBaiOTCH H yaepJKH

BaiOTCH ITOTeHUHanbHOit HMOH sneKTpOHHOro cryCTKa, KOTOpb!H YCKOpHeTCH 

BHeWHHMH ITOnHMH. '34J4JeKTHBHaH CHna, yJlepJKHB8IOWaH HOHbl B sneKTpOHHOM 

crycTKe, rrporropunoaanbHa ero rrnoTHOCTH 111• 0TCIO/la HCHo, 'ITO HYlKHO o6ec

rre'I:HTb H ITOJllleplKHB8Tb B rrpouecce yCKOpeHHH nnOTHOCTb sneKTpOHOB B crycT

Ke llOCTaTO'IHO BbiCoKoit. B MO/lenn KonneKTHBHoro ycKopHTenH OH5fH sneKT

POHHbiH cryCTOK rrpellCTaBnHeT C06oit KOnbU0 1 o6pa30B8HHOe BpamaiOWHMHCH 

BO BHeWHeM MarHHTHOM none sneKTpOH8MH 1 C snnHITTH'IeCKHM ITOITepe'IHbiM 

ceqeaneM. PaananbHbiH paaMep snnnrrca aocTaTO'IHO s4J4JeKTHBHo rroaaepJKnsaeT

CH BHeWHHM MarHHTHbiM ITOneM, B KOTOpOM llBHJKeTCH KOnbUOo 0CHOBHbiM Me

TOllOM 4JoKyCHpOBKH sneKTpOHHOro KOnbU8 B HarrpaBneHHH ero llBHJKeHHH B MO

JlenH KonneKTHBHoro ycKopHTenH OH5IH HBnHeTcH 4JoKycnposKa cnnaMH nao6pa

JKeHHH B 8HH30TpOITHOM SKpaHe THITa "6enH'I:be Koneco" 12,31. 

npH paCCMOTpeHHH 4JoKyCHpOBKH CHnaMH H306palKeHHH B pa6oTax 12,31 

C'IHTanocb, 'ITO sneKTpoaaoe Konbuo KaK uenoe llBHJKeTCH pasaoMepao. B peanb

HbiX ycnoBHHX sneKTpOHHOe KOnbUO 6yJleT llBHraTbCH yCKOpeHH0
1 

ITpH'I:eM BenH

'IHHa yCKOpeHHH He HBnHeTCH ManoA. nosToMy B03HHKaeT BOITpOC 0 BnHHHHH 

ycKopeHHH Ha 4JoKyCHpOBKy sneKTpOHHOrO KOnbua CHnSMH H306pa~eHHHo 
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ByaeM c~HTSTb, ~To aneKTpoaaoe Konbuo KaK uenoe aBH~eTcH paaao

ycxopeaao H rrpHMOnHHeil:HO, rrpH~eM aBH~eHHe HOCHT penHTHBHCTCKHil: xapaK

Tep. B aToM cny~ae perneaue aaaa~H o ~oxycuposxe aneKTpoaaoro xonbua 

CHnSMH H306pa~eHHH yao6HO rrpOBOaHTb B CHCTeMe KOOpaHH8T 1 yCKOpeHHO aBH

~ymeil:CH BM9CT9 C KOnbUOM. Hcao, ~TO aTa C06CTB9HH8H CHCTeMa KOOpaH

H8T HBnHeTCH H9HH9pUHSnbHOil:o B aaHHOil: pa6oTe B Ka~eCTBe C06CTB9HHOil: CHC

TeMbl KoopaHHST HCIIOnbayeTCSI H9HHepuHanbH8SI MennepoBa CHCTeMa o 

06mue sonpocbi, cssraaaabie c sseaeaHeM aeuaepuHanbHhiX MennepoBbiX 

CHCTeM KOOpaHH8T1 paCCMOTpeHbl B pa6oTe /4/. B HHTepecyJOmeM HaC cny'lae 

pasaoycxopeaaoro rrpsrMonHaeil:aoro aBH~eaHsr rrpeo6paaoBaHHH xoopnHaaT K 

C06CTBeaaoil: CHCTeMe 6ynyT HMeTb BHa: 

1 c
2 

at 
T ---(- + z )sh--; 

c a c 

y = y 

2 
c at 

Z- (-+ ~ )oh--
a c 

X = X ; 

2 
c 

a (I) 

rne 
i 

X - KOOpaHH8Tbl TO~KH B na6opaTOpHofi ( HH9pUHBnbHoil:) CHCTeMe KOOp-

aHH8T1 
xi - KOOpllHH8Tbl TO'IKH B HH9pUH8nbHOil: MennepOBOil: CHCTeMe KODp-

nuaaT( ·i =0,1,2,3), a - ycxopeaHe Ha'lana KoopnHaaT co6cTBeaaoil: cHc-

TeMbl B aTOll: CHCTeMeo 0TnH'IHbie OT aynsr KOMITOHeHTbl MeTpH'I9CKOrO TeH30pa 

gl k B C06CTBeHHOil: CHCTeMe B 9TOM cny'lae paBHbl 

a z 2 
~ =(1+--); 

00 c 2 
g = ~ = ~ = -1. 

11 22 33 
( 2) 

~OpMynhi rrpeo6pa30B8HHSI KOOpllHHaT (1) H MeTpHKS (2) ITOnHOCTbiO orrpeae-

nHJOT Bee CBOil:CTBS C06CTBeHHOil: CHCTeMbi KOOPllHHSTo 

YpasaeHHH aneKTponHHaMHKH B rrpoHaBonhHOil: 4-Mepaoil: KpHBOnHHeil:aoil: 

CHCTeMe KOOpllHH8T B BaKyyMe HMeiOT BHa /5/. 

F 
fk;f 

F ik 

; k 

+ F + F "' 0 
fl ; k k f. ; I 

4 1T .f 
--- J 

c 

4 

(3) 

(4) 

... , 
l, ~. ' 

llfil'·' 

(~ 
i;; 

\ 
i 

:.1 
~~· 'r.~· ,., 

:i·:· 

Teasop aneKTpoMarHHTHoro rronsr F 
il 

onpeaensreTcsr 'I 

TeHuHana 'A; cornacao ~opMyne 

F = A -A 
lk k;l l;k 

rrpH 9TOM ypaBHeHHH (3) ynoBneTBOpHIOTCH 8BTOM8TH'I9CK~ 

KOB8pH8HTH8H rrpOH3BDaHaH KOB8pH8HTHOrO 4-BeKTOpa 

·A = V A 
k; f I k 

aAk 

a x 1 

f 
f' A o ' k I ~ 

rae CHMBOnhi KpHCTO~~ensr Bb!pa~SIOTCH ~epea MeTp 

f' f 
kl 

a g 
_]_ ~fm (--·_mk 

2 ax f 

+ 
ag 

__ '!!l-

ax k 

ag 
-t!-
a X m 

) 

noacTaBnHH (5) B (4) H HCrronb3YH rrepeCTaHOBO'IHOe CDC 

pH8HTHbiX ITpOH3BOaHbiX KOHTp8B8pHaHTHOro BeKTopa 

k 
A ; m ; f 

k 
A ;f;m 

n k 
A R nfm 

k 
R nfm - TeH30p KpHBH3Hhl), rrony'IHM: 

-v VkA 1 +'~~ v 
k I 

Ak+gimR A" 
k nm ·c 

417 

rne Rk 
nkm 

R 
nm 

- TeH3Dp PH'I'IH. Bbi5Hpasr ycnoE 

V A k = 0 
k 

aaanorH'IHoe ycnoBHJO flopeaua, rrony'IHM, 'ITO 4-EeKTI 

ynoEneTBOpHeT cneayJOlliHM ypaBHeHHHM: 

- V V kA I + g I m R An 
477 

k n m c 

YpaBHeHHH ( 8), O'leBHauo, KDBapHaHTHbi H orrpeaensrJOT rro1 

aoro aneKTpoMarHHTHoro rronsr B n106oil: 4 - Mepaoil: KpH 

KoopaHHaT. 
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y~eM C'IHT8Tb
0 

'ITO aneKTpOHHOe KOnbUO K8K uenoe ~BH~9TCH paBHO

HO H npHMOnHH9ti:HOo npH'19M ~BH~9HH9 HOCHT penstTHBHCTCKHtl: xapaK

aTOM cnyqae pernearre aa~aqrr o ~oxycrrpoBKe aneKTpoaaoro KOnbua 

rrao6pa~eHHH y~o6HO npOBOAHTb B CHCTeMe KOOpAHH8T 0 ycKopeHHO QBH

H BM9CT9 C KOnbUOM. HCHO, 'ITO aTa C06CTB9HH8H CHCTeMa KOOp~H

HeTCH aerraepurranbHOtl:. B aaaaotl: pa6oTe B xaqecTBe co6cTaeaaoii crrc-

xoop~rraaT rrcnonbayeTcH HerraepuHanbHast Mennepoaa CHCTeMa. 

6rnrre BOTipOCblo CBSI38HHbl9 C BB9~9HH9M H9HHepurranbHblX MennepOBblX 

Koop~rraaT, paccMoTpeHhi B pa6oTe /4/. B HHTepecyiOmeM aac cnyqae 

CKOp9HHOrO npstMOnHHeti:Horo ~BH~9HHSI npeo6p830B8HHH KOOp~HH8T K 

eHHOtl: CHCTeMe oy~yT HM9Tb BH~: 

1 
2 2 2 

c a t c at c 
-(-+ z )sh--; Z • (- + ~ )oh -- - -- ; (1) 

c a c a 
c a 

y ""y ; X == X ; 

- KOOpAHH8Tbl TO'IKH B naoopaTOpHOfi (HHepurranhHOt!:) CHCTeMe KOOp
i 

X - KOOpAHH8Tbl TO'IKH B HH9pUHBnbHOtl: MennepoBOtl: CHCTeMe KOOp-

•i = 0, 1,2,3) 1 a - ycKopeHHe HS'Iana KOOp~HH8T co6CTB9HHOH CHC-

aTOH CHCTeMe. 0TnH'IHbl9 OT HynSI KOMTIOHeHTbl MeTpH'I9CKOrO TeH30pa 

B co6CTB9HHOH CHCTeMe B aTOM cnyqae paBHbl 

g = g = g = -1. 
11 22 33 

( 2) 
0
= ( 1 + ·~) 2. 

2 ' c 

nbl rrpeo6pa30B8HHH KOOp~HH8T (1) H MeTpHKa (2) nonHOCTblO orrpe~e

CBOti:CTB8 COOCTB9HHOtl: CHCTeMhl KOOpAHH8To 

p8BH9HHH aneKTpO~HHBMHKH B npOH3BOnbHOH 4-MepHOtl: KpHBOnHHeti:HOtl: 

e KooparraaT B aaxyyMe rrMeiOT BH~ /5/. 

+ F + F = 0 ! 
(3) 

;£ £; ; k k £;I 

k 4 TT .1 (4) 
=----] 

k c 

4 

"l 
,: ', 

,lJ:,:·· 

til 
"'! 

:;; 

~\ 
l 

i
.:. 
. 
",I 

,19 
<~ 

Teasop aneKTpoMarHHTHoro rronH 

Teaurrana ·A; cornacao ~opMyne 

F 
ilr. 

orrpeaenHeTCH qepes 4 - BeKTop rro-

F = A -A 
lk k;l l;k 

( 5) 

rrpH aToM ypaaHeHHH ( 3) y~oaneTBOpHIOTCH aBToMaTH'I·9CKH. Teusop A k; 1 ecTb 

KOB8pH8HTHBH ITpOH3BOAH8H KOBBpHaHTHOrO 4-BeKTOpa 

·A = V 1 A 
k; I k 

aAk 

a X I 

£ - r ·A", 
k I ~ 

( 6) 

r~e CHMBOnbi KpHCTO~~enH Bbipa~aJOTCH qepe3 MeTpHqeCKHil: TeH30p: 

r £ 
kl 

a g 
.J..gfm( _mk 

2 a X I 

+ 
ag 

___ m.!.-

ax k 

ag 
_.J!..!_ 

axm 
) . ( 7) 

noacTaBnHH (5) B (4) -H HCTIOnb3YH rrepeCTBHOBO'IHOe COOTHOWeHHe QnH KOBa-

pHaHTHbiX ITpOH3BOAHbiX KOHTpaBaprraHTHOrO BeKTopa 

k 
A ; m ; £ 

k 
A ;£;m 

n k 
A R n£m 

k 
R nfm - TeH30p KpHBH3Hb!) 0 nony'lrrM: 

-v 'VkAI +V V 
k I 

Ak+glmR A" 
k nm 

.4 1T j 
·c 

r~e 
Rk 

nkm 
R - Teasop PH'I'IH. BbiOHpast ycnoaHe xanH5poBKH 

nm 

V A k = 0 
k 

aaanorrr'laoe ycnoarrro flopeaua, nony'lrrM, 'ITO 4-aexTop .noTeHUHana 

y~OBneTBOpHeT cneAyiOIUHM ypaBHeHHHM: 

-v VkAI +g 1mR A" 
4TT 

j 
k nm c 

A; 

(8) 

YpaaueHHH (8), oqearrauo, KOBaprraHTHhl rr orrpeaenst~T rroTeuurranhl nporrsaonb

Horo aneKTpOMBrHHTHOrO TIOnH B nro6oii 4 - MepHOll KpHBOnHHeilHOU CHCTeMe 

KOOp~HHBTo 
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Hal)leM HBHbll!: BHll ypaBHeHHI ( 8) B HeHHepuHanbHOH MennepOBOH CHC

TeMe KOOPllHHaT B cny'lae paBHoycKopeHHoro llBH :lK9HHH. B aanbHefimeM 5y-
• 

l:(eT yao5HO BBeCTH B rrpOCTp8HCTBeHHOH o5naCTH UHnHHllpH'I9CKHe KOOpJlHH8Tbi, 

EcnH H8'18nO KOOpllHHST C05CTBeHHOI CHCTeMbl COBepwaeT npHMOnHHefiHoe paB

HOYCKOpeHHOe llBH:lKeHHe BllOnb OCH Z t TO OTnH'IHbl9 OT HynH KOMITOH9HTbl 

r f 
MeTpH'IeCKOrO TeH30p8 g l k H CHMBOnOB KpHCTo<!J<!JenH . k l paBHbi: 

g -(1+~)2; 
00 c 2 

g
11

s-1; 

ro-ro- a 3 

; roo= 
03 30 c 2 (1+~) 

c2 

r 2 r 2 1 r1 --- ; = 12 a 21 r 22 

Bee KOMITOH9HTbl T9H30pa PH'I'IH 

e e 
ar ar 

R .. R .. ~.L._-~ 
/k kl axf ax k 

g 22 • - r 2; g 33 .. -1 ; 

_a_ ( 1 + ~); 
c2 

- r 

+ r P 
i k 

rm 
P.m 

c2 

- r m 

i f 
I' f 

km 

(9) 

( 10) 

V kAi 
paBHhi Hymo. PacKpbiBaSI k V cornacHo ( 6) H. ucrronbayg ( 10), rrony'IHM 

cnenyJOIUH9 ypaBH9HHSI: 

(I':J. __ 1_ a 2 
3 a +--- _a_)Ao-~- a A 3 

-~jO; 

h 2 c 2 a t 2 h c 2 a 7. h 3 c 2 a t c 

2 2 
1 ~ a a a, 1 2 a A 4 11 . 1 

(to,.-------+-- ----'-)A----- =---J . 

r 2 h 2 c 2 a t 2 h c 2 a z r a IJ c 

( 11) 

1 1 1 a2 a a 2 2 uA 1 

-(6--- ----+ -- --)(r A )----
r 2 h 2 c2 a t 2 h c 2 a z r 3 a IJ 

417 j 2; 

c 

1 a2 a2 a a !':J.--------+---
h2c2 at2 h 2 c 4 hc 2 az 

) A 3_ ~ ~ .. _ ..i.!!_ j 3; 

h c 3 a t c 

6 

· .. ~ 

~ 
l 

\ 
l 

rae h 2. g /':!. -onepaTOp nannaca B UHnHHllpH'IeCJ 
00 

HST: 

/':!. 1 a a 1 ----- (r ---) + --
a 2 a :z 

---+--... 
r a r ar r 2 ao2 a z 2 

YpaBHeHHH ( 11) onpeaenHJOT ITOTeHUHSnbi A i B ( 

aneKTpOHHOI'O KOnbU8, nycTb aneKTpOHHOe KOnbUO npeaCT 

H9'1HO TOHK09 38pSI)I{eHHOe KOnbUO paaHyca r O 1 05pa:; 

MHCH c qaToTotl w 
0 

.aneKTpoHaMH. Toraa 4-TOK j i (; 

HOI'O KOnbUB, ITOKOSIIU9I'OCSI B nnoCKOCTH Z = 0 C05CTBe; 

ji(xk)=(c Ne o(r-r )o(z),O,~w o(r-r )o(z 
2rrr 0 211r 0 0 

0 0 

rae N - 'IHcno aneKTpoHoB B Konhue. EyaeM paccMa1 

aneKTpOHHOrO KOnhiia CHnSMH H305pa:lK9HHSI B Hl:(98nbHO IT 

'19CKOH Tpy5e paaHyca b > r O , npH'IeM 5yaeM C'IHT8' 

poHHOI'O KOnbllB JlDH>K9TCH yCKopeHHO BJlOnb OCH Tpy5b!, 

HH'IHhl'\Hl yCJIOBIIHMH HnSI KOMITOII9HT TeH30pa aneKTpOMI 

5yJlyT ycnOBHSI JlJIH nepeM9HIIOI'O aneKTpOM8I'HHTHOI'O f 

CHCT9M9 KOOpJlliHBT HB llOB9pXHOCTH H)leanbHO npoB 

F 03 = F 02 = F 23 = O , 
A A A 

nocKOnbKY T9H30p aneKTpOM8I'HIITHOI'O ITOnSI 
F ik B ( 

KOnbU8 CBH3BII C T9H30p0M sneKTpOM8I'HHTHOI'O nonH 

CHCTeMe COOTHO!ll9HI!eM: 

F ik = ~~~Fmn 
A axm ax" 

TO, HCITOJib3YH ( 1), ITOJIY'IliM1 'ITO Ha ITOB9pXHOCTH HJl 

UllnHHJlp8 B co5CTB9HHOH CHCTeMe KOnbUB rpaHH'IHbl9 

F 03 F 02 = F 23 = O • 
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HaAaeM HBHbiH BHa ypaBH8HHA (8) B H8HH8pUH8JlbHOH MennepoBOH CHC

KOOpaHH8T B cny'lae paeaoycKopeaaoro aBH ~eansr. B nanbHeiiweM 6y

yao6ao BB8CTH B 11pOCTp8HCTB8HHOH OOJ18CTH UHJIHHapH'18CKHe KOOpAHH8Tbl. 

HB'IBJIO KOOp.UHH8T COOCTB8HHOH CHCT8Mbl COBepwaeT 11pHMOJIHH8llH08 paB-

KOp8HH08 aBHlK8HH8 BaOJib OCH Z t TO OTJIH'IHbl8 OT HYJIH KOMIIOH8HTbl ,·,11 f , 
H'18CKoro T8H30p8 g H CHMBOJIOB KpHCTo«iJ«fJensr r;. I paBHbl: I, 

lk ' 

g .(1+~)2; 
00 c 2 

g11=-1; 

0 0 a 3 - ·r = r - r 
03 30 c 2 (1+~) 

, 00 

c2 

2 2 1 rz 
rz2=r2t z -- ; -r 22 

Bee KoMrroHeHTbi TeHaopa PH'I'IH 

R = R 
I k 

e e 
-~.L_-~ k, a x e ax k 

g 22 • - r 2 ; g 33 • - 1 ; ( 9) 

_a_ ( 1 + ___!!3._) ; 
c2 c2 

( 10) 
- r 

I' f ... rf rm -rm 
i k ~m i ~ km 

k I 
paBHhi Hymo. PacKpbiBaH '\7 k '\7 A cornacHo ( 6) H, rrcrronh3YH ( 10), rrony'IHM 

cneJ:lyJOIUHe ypaBHeHrrH: 

(t. __ 1_ a 2 
3 a +--- _a_J Ao-~- aA 3 

- _i_:!___ j Q ; 

h 2c 2 a t 2 h c 2 a z h 3c 2 a c 

1 ~ a2 a a 1 2 iJA
2 

4TT . I 
(!'1.--------+----)A -----~=---1. 

2 h 2 c 2 a t 2 h c 2 a z r a (:} c 

( 11) 

1 1 1 a2 a a 2 2 iJA 1 

-(t.--- ----+-- --)(r .1 )----
4 7T j 2; 

r2 h2c2at 2 hc 2 az r 3 ao c 

(t.--1_£_~+-a_j_ 
h 2 c 2 at2 h 2 c 4 hc2 az 

) A 3_ ~ ~. _ ...i.!'_ j 3; 

h c 3 at c 

6 

~ 
l 

t'?: !,;1~\ 
~·' 

,f 

rae h 2. g ~ -onepaTOp nannaca B UHilHHapH'18CKOH CHCTeMe KOOpA: 
00 

HaT: 

ll 1 a a 1 a 2 a 2 
= ----- (r ---) + -- --- + ---

r ar a r r 2 ao2 a z 2 

Ypasaeansr ( 11) Ollp8A8JIHIOT IIOT8HUH8Jlbl 
A i B COOCTB8HHOH CHCT81 

aneKTpoHHoro Konbua. DycTb sneKTpoHHoe Konbuo npencTaBnHeT co6oii 6ecK 

H8'1HO TOHKOe 38pH)I{8HH08 KOJlbUO paaHyca r O , 00p830B8HH08 Bp8UI8101UI 

MHCH c 'laToToii w 
0 

.sneKTpoHaMH. Torna 4-ToK j 1 ( x k) .unH aneKTpo 

HOro KOJlbU8 1 IIOKOHIUerOCSI B IIJIOCKOCTH Z = 0 COOCTB8HHOH CHCT8Mbl, paBE 

( l ji(xk)=(c Ne o(r-r )o(z),O,~w o(r-r )o(z),O); 
2TTr 0 2TTr 

0 0 
0 0 

rne N - 'IHcno aneKTpoHoB B Konbue. EyneM paccMaTpHBaTb «PoKycnpos 

9J18KTpOHHoro KOJ1bll8 CHJ18MH H300p8lK8HHH B H.Cl88JlbHO 11poBOAH!U8H UHJIHHAp 

qecKoii Tpyoe pnnnyca b > r o 1 Upll'18M oyneM C'IHT8Tb1 'ITO U81!Tp 9J18K 

po!!Horo KOJibiW anuJKeTc>t ycKope!!HO saonb ocn Tpyohi. B aToM cnyqae rp 

Hll'IHhl'.Hl yCJIOBIHIMH AJIH KOMIIOI!81!T T8H30pa 9J18KTpOM8rHHTHOrD IIOJIS! F 

OYAYT yCJIOBHSl Allll rrepeM8HHOrO 9J18KTpOMarHHTHOrO IIOJISI B J1800p8TOpH 

CHCTeMe KOOp.UHH8T 118 IIOB8pXHOCTH HA88JlbHO llpOBOASIWero UHJIHHAP 

F 03 = F 02 = F 23 = 0 • 
A A A 

nocKOJlbKY T81!30p 9J18KTpOM8rHHTHOro IlOJISI F 1
k 

KOJ1bll8 CBSI38H C T8H30pCM 3J18KTpOM8rHHTHDrO IIOJIH 

CHCTeMe COOTHOW8HHeM: 

F ik = ~ 
axm 

_]....!£!<_ F mn 

A ax" 

B COOCTB81!HOH CHCTe 

F mn A B na6opaTopH 

TO, HCI10Jlb3YH (1), I1DilY'IHM1 'ITO Ha !10B8pXHOCTH HA88JlbHO llpOBOASIIU€ 

UHJIHH.Up8 B COOCTB8HHOH CHCTeMe KOJlbU8 rpaHH'IHbl8 ycJIOBHSI HM810T Bl 

F 03 F 02 = F 23 = O • 
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fpaHHqHbl9 ycnoBHH (13) H 38A8HH09 ABH*9HH9 38pHAOB (12) OAH03HaqHO on

penenHIOT T9H30p :aneKTpoMarHHTHoro nonH F I k • nocKOnbKY 4-TOK ( 12) 

He 38BHCHT OT Bp9M9HH1 a BCH CHCTeMa 8KCHanbHO CHMMeTpHqHa, TO ypaBHe

HHH ( 11) ynpOUI810TCH 1 H HHTepeCy!OUIH9 H8C ypaBH9HHH AnH A O(xk) H A
2 

( xk ) 

npHHHM810T CneAy!OUIHfi BHA: 

a 2 ,3a 
+ --- + ---a z 2 h c2 

a o 411 . o 
--)A =---J 
a z c 

1 a a 
(- -- (r -) 

r a r a r 

( 14) 

1 a 2 a 
--+--+--

1 1 a a 
-(--(r-) 

a 2 A11 . 2 
--)(r A )2.:...--1. 

r r a r a r r2 az2 hc2 a z c 

YpaBHeHHH ( 14) llnH 381l8HHoro 4-ToKa ( 12) c rpaHHqHbiMH ycnoBHHMH ( 13) 

HM910T peweHHe 

hc2 
2N 2 oof/ab u) 2 K u . r 
__ e(_c_)f-----1 (~u)[K (-' u)-..:.:.JL-1 (-u)]/ (pu)u du; r

0
<r<b 

b a b 
0 

h 1 a b 0 b I 
0 

(u) 0 b 0 

0 

'A =• hc2 
)(-u) 2 K() r 

( 15) 

A~ 

2Ne(~~) r 1 ab 1 (-c-u)[K (pu)-~ 1 (pu)]I (-u) u du 
b a b o h 1 a b 

0 
I 

0 
(u) 

0 0 
b 

r < r 
0 

2Ne c2 "" hc2 c2 r K£u) r - (-) fl
0 

{ 1 (-·- u)] (- u)[K (-u) -· _ · I (~uJ]I (pu)u du; r<r<b 
r b a b o 0 a b 0 a b 1 b I (u) 1 b 1 0 

- 1 

2Ne (~) {:3 (Of ( h c 2 u)J ( ~ uJ[K ( pu) ·- &D!J_I (pu)] I (.!._ u) 11 du; 

r b a b 0 0 a b 0 a b 
1 

I (u) 
1 1 

b 
1 

8 

( 16) 

r < r 
0 

. j· 
{' 

~ 
'( 
ill 

/:~:' 
:·,1 

:,:~~· 
•i', 

I 
. I 

-·~·-
,;_, 

~~ 

r w r 
rae p m __o_ ; {3 - __ o __ o_ 1 - tPYHKUHH EeccenSJ nepac 

n b 0 e 

- MOilH¢HuHpoBaHHbie tPYHKUHH EeccenH rrepaoro H TpeTber 

BeHHO • 

AKCH&nbH8H COCTaBnSIJOIU8SI 4-cHnbi, aefiCTByJOIUel! H8 aneK 

CTOpOHbl HaBell9HHbiX 38pHilOB1 p8BH8 

H 
f 

3 

rae u k= 

e 

e 

H 
F 

3k 

dxk 

ds 

[ ~' r y = 1-( ....::::.LOJ2] -v, 
}, e 

k 
u 

H H 

ey aAO wo 
--(--- + --
he a z e 

~). 
az 

-KOMllOHeHTbl 4-CKOpOCTH qaCTHUbl; C 

H 
A H 
- 0 

H 
A , KBK HCHO H3 (15) H 

2 

H "., ~ oo h e 2 h e 2 e 2 K ( u) 
A =- ............._ ((-) 1 (---u}1 (-u)_::::_a:_:::_J (pu)l 

0 b 
0 

a b 1 a b 1 a b I (u) 
0 

0 

H 2Ne oo c 2 he 2 e 2 K (u) 
- {:3 ( tt'--}1 (--u).f (--u)--

1
--1 (p 

b 0 
0 

a b o a b 0 a b I iu) 1 
A 

2 

npu M8rrhlX CMemeHllAX 3apAlliBHHOR qaCTHUhl OT rrnoCKOCTI 

Benl!qHHY B03Bpalll810Tl!Bi'; C!Inbl orrpeaenHBT rrp0113BOilH8H 

KOTOpaA paBHa: 

a f <P 2Ne 2 ~ c 2 e 2 K (u) 2 ( lJ r-u) f (-u) [ ~~ (pu)- {3 
0 . 0 

o a b 1 a b I 
0 

(u) a z b 3 

K (uj e 2 K (u) 
- (-..s;;,_!) u [ 12(__c_=ti)~ 12(pu)- {:32 12(-u) _1 __ [ 

a b 1 a b I ( u) 0 0 0 a b I ( u) 
0 1 

9 



cnDBHH ( 13) 1-1 38A8HHOe ABH~eHHe 38pHAOB (12) OAH03HaqHO 011-

HGOp sneKTpOM8r'HHTHOI"'O llDnH Fik o nocKOnhKY 4-TOK ( 12) 

OT BpeMeHH, a BCH CHCTeMa 8KCH8nbHO CHMMeTpHqHa, TO ypaBHe

pO!U810TCH, 1-1 HHTepecyJOIUHe Hac ypaBHeHHH nnH A O(xk) 1-1 A
2 

( xk ) 

cneAy!OIUHll BHA: 

a2 3a 
+ --- + ---a z 2 h c2 

a o 4" .o 
--)A ----1 
a z c 

a a 
-- (r -) 

ar Cir 

( 14) 

1 a 2 

-- +-- + 
a a 2 .4rr . 2 

--}(r A )•.:..--1. 1 _a_(r-a-J 

ar ar r 2 a z 2 h c 2 a z c 

HSI ( 14) JlnH 38Jl8HHOI"'O 4-TOK8 ( 12) C r'p8HllqHbJMH yC!IOBHSIMil ( 13) 

:peweHI!e 

hc2 
c2 ~f/""7ibu) c2 r K u r 

--)f-----1 (-uJ[K (-u)-.:.:..J}_f (-u)]l (pu)u du; r 0 <r<b 
a b 

0 
h 1 a b 0 b l 

0 
(u) 0 b 0 

T (~2u) 
c2 ~- 1 ab _ c2 K (u) r --) (---1 (-u)[K (pu)- ~-1 (pu)]l (-u) u du 

a b 0 h 1 a b 
0 

l (u) 
0 0 

b 
0 

r < r 
0 

( 15) 

c2 "" h c2 c 2 r K (u) r ( --J fl 
0 

( 1 (-- u) 1 (-·- u) [ K (- u) -· :=1 (~ u)ll ( pu) u du; r< r < b 
a b o 0 a b 0 a b 1 b l (u) 1 b 1 0 
- 1 

c 2 hc2 c2 K(u) r (-) f3 (1 (--u)J (-u)[K (pu) ... ~l (puJ]l (-u)u du: 
a b 0 0 a b 0 a b 

1 
l (u) 

1 1 
b 

1 

8 

( 16) 

r .< r 
0 

M 

··:jl ,, 
' 

~~ 

rAe 
r w r 

p ~ __/L ; f3 = _.Q__Q_ 1- cpyHKUHSI BeccerrH rrepBoro poaa; 
n 

I 1-1 K -
b 0 c 

n n 

- MOAH<\JHUHpDB8HHbJe cpyHKUl-111 6eccenH rrepBOI"'O 1-1 TpeTbero pona COOTBeTCT-

BeHHD. 

AKCH8nbH8SI COCT8B!ISIJO!U8SI 4-CH!lhl, aeikTBYJOIUelt H8 aneKTpOHbl KOnbU8 CO 

CTOpOHhl H8BeneHHhlX 38pS!llDB, p8BH8 

H 
f 

3 

e 
= --

c 

H 
F 

3k 

k 
u 

H 

ey CIAo "-'o 
--(--- + --
he a z c 

H 

~). az 

rAe u k= 
dxk 

ds 
-KOMIIOHeHTbl 4-CKDpOCTI! 'I8CTHUbli d·s 2 • g dx i d X k; 

ik 

[ 
w r 

y ~ 1-(-= .. Q.: . ..OJ2]-'12 
H 

A n 
- 0 

H 
1 K8K SICHO H3 ( 15) H ( 16), paBHbl ( t <_b); A 

2 
lt c 

H "" h 2 h 2 2 K (u) r 
A =- ...lJ:i.J:.... r ( _c_) _, (--c-u)J (-c-u)~l (pu) l (-u) II du 

0 b 
0 

a b 1 a b 1 a b l (u) 
0 0 

b 
0 

H 2Ne ""c2 hc 2 c2 K(u) r 
- f3 r q"--J.T (--uJ.T (--u)--

1
--1 (pu)l (-u)u du. 

b 0 
0 

a b o a b 0 a b l /u) 1 1 b 
A 

2 

npl-1 ManbiX CM8l!lelliHIX 3apSI~8HHOli 'I8CTifUbl OT Il!IOCKOCTH l{OnbU8 Z = 0 a f<P a h c 33 n 
BerrllqHHy B03Bp8!JJ810Tfl8 CH!lbl orrpeaenHeT !IpOH3BOJlH8SI -- = --(--g f 3 ), 

- az az y 

KOTOpaS! paBHa: 

a f <P 2Ne 2 "" c 2 c 2 K (u) _ 2 K (u) 
r i]or-u).f (--uJ[~l (pu)-{3 2~ [2(puJ] 

a b 1 a b l (u) 0 01 (u) 
0 1 a z b 3 

0 

K (uj c 2 K (u) 2 ~ 
- (-~) u [J 2(........C..~)~ [2(pu)- {32 .T 2(-u) _1 __ [ (pu)] I u ~au. 

a b 1 a b l ( u) 0 0 0 a b l ( u) 1 
0 1 

( 17) 
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OpoaonbHoe aBH~eHHe aneKTpOHHoro Konbua KaK uenoro aon~Ho yaosneTso

pRTb ycnOBHIO npeaOTBpaiUeHHSI OTpbiB8 ycKOpSJeMblX aneKTpOHHbiM KOnbUOM 

HOHOB OT aneKTpOHHOrO KOnbU8o nnH 3TOrO Heo6xoaHMO ao6HTbCH TOro, 'IT06bJ 

ycKopeHHH aneKTpOHOB He npeBbJIU8nH YCKOp9HHlt1 HCnbiTbJBaeMbiX HOH8MH. 0po-

6neMa yaep~8HHH HOHOB B nOT9HUH8nbHO~ HMe aneKTpOHHOrO KOnbU8 0 aBH~yme

roCH C noCTOHHHbiM yCKOpeHHeM B C06CTBeHHOH CHCTeMe H HaxoaHIUerOCH B 

nnoCKOCTH Z -= 0 C06CTB9HHOil: CHCTeMbl1 paCCMOTpeHa B pa6oTe /6/, rae 

nonytJeH0
1 

'ITO npH onpeaeneHHblX ycnOBHHXo H8KnaahiB8eMblX Ha aneKTpOHHO

HOHHbilt cryCTOK
1 

yCKOpeHHe aneKTpOHHOrO KOnbU8 0 yaoBneTBOpHIOIUee ycnOBHIO 

yaep~aHHSI HOHOB
1 

B C06CTBeHHOH CHCTeMe KOnbU8 onpeaenHeTCH HepaBeHCT-

BOM 

a< 
Ne2 

rr g r M 
0 

z 
A 

rae 8 - Manbiil: paaHyc Topa ( aneKTpoHHoro Konbuesoro crycTKa), M 

M8CC8 nOKOH npOTOHa, Z H A - aapSia HOHa H ero aTOM Hbli1: sec COOT-

seTcTBeRHO. OTciOaa nonyqaeM, 'ITO 

ar Ne 2 Z 
(_lL)< -

c 2 rr A M c
2 

A 

llpH ycKopeHHH npOTOHOB aneKTpOHHbiM KOnbU9BbiM cryCTKOM C 'JIICJJOM qac-

13 a r 0 
N = 10 H g = 0, 1 eM anSI senH'IHHhi (--

2
-) nonyqaeM cnenyJO-

c 
THU 

UIYIO oueHKy: 

ar 
( --· --0) < 10 - 2, 

c2 

ar 
T,e, BenH'IHHa ( ~) HBnHeTCH npH yCKOp9HHH cyiUeCTByiOIUHX aneKTpOHHO-

c2 
HOHHbiX crycTKOB Manoil:, XOTH H ycKopeHHe a npH 3TOM 3Ha'JHT9nbHO, 

PaccMoTpHM cnyqail:, Koraa ManbiM napaMeTpoM HBnSJeTCH 

a r 
(--0-) 

c2 

B aToM cnyqae anH ~YHKUHA BeccenH MO~Ho HcnonbaosaTb acHMnToTHqecKoe 

npeacTasneHHe 

10 

2 rrn 11 

.I ( u) • ,j - [ P ( u) cos ( u- - - -) -· Q ( u) 8in f 
n 17U n 2 4 n 

HBnHIOIUeeCH XOpOillHM npH6nH~eHHeM anH 1 O (u) H 1 I 

H Qn (u) - ~yHKUHH ne~aHapa nepsoro H BTOporo po 

06oaHatJaSI B ( 17) noahiHTerpanbHoe Bbipa~eHHe 'Iepea 

( 17) s cneayiOIUeM BHae: 

a 1¢ 2 Ne 2 00 

r r./1 (u) du 

az b 3 
B 

2Ne2 
+ -----

b 3 

B 

r ~~ 
0 

rae B > 
ab 

c2 
( C'JHTaeM, 'ITO b r 

0 
) • B nepso 

BOCIIOJlb:JOBHTbC.H 8CHMIITOTH'J9CKHM npeJJ.CT8BJ19HH9M ~YHF 
a r o 3 

HHTerpan ecTb nenntJHHa nopHJJ.Ka ( --2- ) 
c 

a r 

ll03TOMy, 

paano~enne B ( 17) no cTeneiHIM (--f) ao BeJJH'IHH 
c 

a r 
( ~ TO MO~HO nonO~HTb B = 0 , l1cnonb3YH np 

c2 

ne~aHJJ.pa p (u) 
n 

H Q (u) B BHae pHaa, C TO'JHOCT f 
n 

a r
0 

poro nopHaKa no ( ) nony'IHM cneayiOmee Bbipa~e 
c 2 

a ~~ 2Ne 2 a r 2Ne 2 

----- - - ---- <I> (p) + (____JJ_)2 <I> ( 

az ir r 3 1 c 2 TTt3 
2 

0 0 

rile BBeaeHbi o6oaHatJeHnH 

<I> 1 ( p) 

K 
0

(u) 2 2 K/u) 
p3 r [ 10 (pu) - f3o ---

0 I 
0

(u) 11 (u) 
1~ ( P u) 
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HOe ABH~eHHe sneKTpOHHOro KOllbUS KSK uenoro AOli~HO YAOBlleTBO

liOBHIO rrpeAOTBpameHHSI OTpbiBS YCKOpSieMbiX sneKTpOHHhiM KOllbUOM 

T sneKTpOHHOrO KOllbUSo nnSI STOrO He06XOAHMO A06HTbCSI Toro, 'IT06bi 

HH sneKTpOHOB He IIpeBbllll8.1111 YCKOpeHIIH, IICilbiTbiBSeMbiX IIOHSMII, npo

aep~SHIISI IIOHOB B IlOTeHUIISllbHOH liMe sneKTpOHHOro KOllbUS, llBIIlKYIUe

IlOCTOHHHhiM ycKopeHIIeM B C06CTBeHHOH CHCTeMe H H8XOAHU(eroCH B 

Til z - 0 C06CTBeHHOl!: CIICTeMhi, paCCMOTpeHa B pa6oTe 161, rne 

o, trTO IIpll OIIpeneneHHhiX ycnOBIIHX, H8K.118AhiB8eMbiX Ha sneKTpOHHO

crycToK, ycKopeHIIe sneKTpOHHoro K0.1Ibll8 0 YAOBlleTBOpHJOIUee ycnOBIIJO 

IIH IIOHOB, B C06CTBeHHOfi CIICTeMe KOllbU8 OIIpenenHeTCH HepaBeHCT-

Ne2 

~rgr0 M 

z 
A 

- Msnhil!: paanyc Topa ( sneKTpoaaoro Konbueaoro crycTKa), M 

OKOH IIpOTOHa, Z II A 38pHA IIOHa II ero 8TOM Hhlil: Bee COOT-

0TCIOA8 IlOllytraeM1 'ITO 

Ne 2 Z 
) < 

"g M c
2 

A 

opeHIIII IIpOTOHOB sneKTpOHHhiM KOllbUeBbiM cryCTKOM C 'Il!CliOM 'H:IC-

13 a r 0 
= 10 11 g = 0, 1 CM llliH aenlltriiHhi (--

2
-) rronytraeM cnenyJO-

c 

< 10 -2 
' 

ar 
'IIIHa ( ~) HBnHeTCH IIpH yCKOpeHIIII CyiUeCTBYIOllliiX sneKTpOHHO

c2 
ryCTKOB Manoll:, XOTH H yCKOpeHIIe a Ilpll STOM 3H8'IHTenbHO, 

CMOTpiiM cnytrai!:, KOrlla MSllbiM IIspaMeTpOM HBnHeTCH 
a r 

(--0-) 
c2 

cnytrae llliH ~YHKullfi EeccenH MO~Ho IICII0.1Ib30BsTb acnMrrToTIItrecKoe 

neane 

10 

2 11n 11 11 n 11 
.I ( u) • ..) - [ P ( u) cos ( u - - - - ) -· Q ( u) ~in ( u - - - - ) ] , 

n 17U n 2 4 n 2 4 

HBliHJOIUeecg xopOIUIIM rrpn6nn~eHIIeM AliH ]
0 

(u) n ] I (u) rrpn u> 1 (Pn (u) 

11 Qn (u) 
- ~YHKUHII ne~aaapa rrepBoro H BTOporo poaa COOTBeTCTBeHHo). 

06oaaatraSI B ( 17) IIOAhiHTerpanbaoe Bhipa~eane trepea 

( 17) B cneayJOIUeM Bnae: 

a 1¢ 2 Ne 2 OC> B 

t/1 ( u) , 38IlHIUeM 

-- 2Ne 2 
( t/1 ( u) d u , r "' (u) du + -----az b 3 b 3 

B 0 

rae B ' 
ab 

c2 
( C'IHTaeM, 'ITO b r 

0 ) • B rrepaoM HHTerpa.ne Mo~ao 

Bocrro.nb.:.JoBaTbCH aci!MITTOTIItrecKnM rrpencTasneHIIeM <f>yal':unfi BeccenH. BTopoil: 

a r o 3 
liHTerpan ecTb se.nutrnaa rropHAKa ( --2- ) • nosToMy, ecn11 rrpouasoanTb 

c 
c1 r 

paanolKenne B ( 17) no cTerreHHM ( --..1l.) 
("2 JlO Bellll'IHH BTOporo 110pHJlK8 110 

a r 
(-.D. 

c2 
~ TO MO~HO llOliOlKIITb B = 0 • 11crro.nb3YH rrpeacTaanea11e ~YHKunl!: 

nelKaHJlpa p (u) 
n II Q (u) B Bl!lle PHJla, C TO'IHOCT bJO JlO BeJJII'IHHbl BTO-n 

a r
0 

poro rropHJlKa no ( ) rronytrl!M cneJlyJOIUee Bbipa~eHRe: 
c 2 

a '<P 

az 
2Ne 2 

77 r 3 

0 

rae BBeJleHhi o6oaaatreHHH 

00 

a r 
cl>(p) +(--11.)2 

I . 
c 2 

2Ne2 

17T3 

0 

cl> (p) 
2 

cl>l(p) 
Kiu) 2 2 K/u) 

p3 r [ 10 (pu) - f3o ---
0 I 0 (u) 1

1 
(u) 

1: (pu)] u2 du 

11 

( 18) 
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., \ 

'<ll (p) = 
2 

p 

8 

oo K (u) 
r r-o-
0 I (u) 

0 

1 2 ( pu) - 5 {3 2 

0 0 

K 
1 

(u) 

I (u) 
1 

I 2 (pu) ) du: 
1 

OepBoe cnaraeMoe B ( 18) eCTb ljloKyc11py!OUII1H 'lneH, CoBn8Jl810UII1H C Bbrpa

)!(eHI1eM llllSJ rpalll1eHTa lfloKyc11py10meii Cl111bi B cny'lae paBHOMepaoro JlBI1)!(e

HI1SJ aneKTpOHHOI"O K011bU8 C TOKOM BHyTp11 11Jle811bHO npOBOJlSJUieH UI11111HJlp11-

'leCKOii Tpyt5br /2,3/, BTopoe cnaraeMoe CBSJaaao c aanl1'liieM ycKopeHHSJ 

aneKTpOHHOI"O K011bU8 KaK uenoro. 1.:f11CileHHbie 3Ha'leHHSI 

npn p8311H'lHblX p np11BeJleHbl B T801111Ue ( np11 {3 O = 1 

p 0,7 0,8 0,9 

<1>1 (p) 0,245 0,386 0,613 

<1>/p) -0,024 -0,107 -0,152 

<ll ( p) 
1 

) . 
11 '!I> 2 ( p) 

KaK Bl11lHO 113 Tat5ni1Ubi, <ll2 ( p) < 0 JlllH npnBeJleHHbiX 3Ha'!euni1: P , npn

qeM ¢J 
2 

( p) no at5conJOTHOi1 Benn'lnHe, KaK n <ll 1 ( P) , pacTeT npn 

p -+ 1 • 3TO 03H8'l8eT, 'ITO H811H'!l!e ycKopeHl!SI K011bll8 K8K uellOI"O npl!BO-

Jll!T K Jl0ll011Hl!TellbHOH !floKycnpoBKe 9/leKTpOHHOI"O KOI1bU8 B HanpaBneHllll ero 

JlBl!)!(eHl!SI Clii18Mll H300p8)!(eHl!SJ B l!Jle811bHO npoBOilSJUieH UllllHHJlpl!'leCKOH Tpy

oe, npn'leM aljlljleKTliBHOCTb ljloKyCnpoBI\:ll B03p8CTaeT npn P --> 1 • ilon011Hli

TellbH8SI ljloKyCllpOBK8 CBSJ38H8 C H811ll'll!eM j 
2 

(X k ) ll ycKopeHneM K011bU8 

KBK uenoro, T.e. C M8I"Hl!THbiMI1 aljlljleKT8MI1 npn ycKopeHHH. B TO )!(e BpeMSJ 

aneKTp11'leCKOe none, Bbi3BaHaoe ycKopeaneM, SJBilSJeTCSJ lleljloKycnpy!OUIHM. 

l13 ljlopMyllbl ( 18) BHJlH0
0 

'ITO BK1181l 9/leKTpH'leCKOI"O H M8I"Hl!TUOI"O nonei1 0 

CBSJ3aHHbiX c ycKopeaneM KOI1bU8 KaK uenoro, B rpallHeHT ¢oKycnpy10mei1 

Cl111bl OK83biB8eTCSJ npOTHBOnOI10)!(HblM no Cp8BHeHI110 CO CI1Y'18eM paBHOMep!IO

I"O llBH)!(eHHSJ. 00CK011bKY llOnOnHHTenbHbiH 'llleH KB8Jlp8TH'IHO 38BHCHT OT 

a r
0 
2 ) 

c 
( 0 

SJBilSJIOUiei"OCSI M811blM napaMeTpOM, TO BK1181l 9I"O Man, H 

12 

H81111'll1e ycKopeHI1SI 9/leKTpOHHOI"O K011bU8 K8K uenoro 

npi1BeJleT K OTpHU8TellbHbiM aljlljleKT8M llllSI ljlOKyC11pOBI 

C TOKOM Clii18MI1 11306pameHI1SJ B 8Hli30TpODHOM 9KpaHe 

B aaKil!O'leHne aBTOpbi Bblpa)!(aJOT t5naroJlapaoc· 

npoBeJleHne 'lHCileHHbiX paC'leTOB Ha 3BM • 

nHTepaTypa 

1. B. H. BeKcnep H up. npenpHHT OHHH P9-3440-2, 

2. A.r. EoH'I-0CMOI10BCKHi! H up. npenpHHT OHHH, PI 

3. r.B. Llon6HI10B. npenpHHT OHHH, P9-4737, Lly6aa, 

4. A.r. EOH'!-0CMOI10BCKHi! H up. npenpHHT OHHH, 2€ 

5. n.n. naanay, E.M. nHij>WHU. TeopHSI ITOIISI. M., 19€ 

6. H.H. HBaHOB H LIP· npenpHHT OHHH, P9-5535, Llyf 

PyKonHcb nocTynHna B Hsna~ 

25 anpenSJ 1972 rt 
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) 
p 

8 

00 

r [ 
0 

K
0

(rt) 

I (u) 
0 

12 (pu) -
0 

5{32 K 1 (u) 
0 ----

1 (u) 
1 

I 2 (pu) ] du: 
1 

araeMoe B ( 18) eCTb <jloKycnpyJOIUHH •meR, COBIT8ll810IUHti C Bb!pa

rpaaneHT8 cfloKycnpyJOmetl: cnnbr B cny"'ae paBHOMepaoro llBH>Ke

oaaoro KOnbU8 C TOKOM BHyTpH Hlle8nbHO rrpOBOllHIUeif UHnHHJlpH

bl I 2,31. BTopoe cnaraeMoe cagaaao c HanH"'HeM ycKopeHMH 

KaK uenoro. lJncneHHbre aaaqeHMH 

p npMBeaeHbi B TaonMue ( npM {3 
0 
= 1 

p 0,7 0,8 0,9 

<I> (p) 0,245 0,386 0,613 
1 

¢ (p) 
1 

) . 

¢2(p) -0,024 -0,107 -0,152 __ j 

M ¢2 (p) 

TaonHUbi, <ll2 ( p) < 0 am1 rrpnaeaeHHbiX .::JHa'!eHntl: P , rrpn-

no a6conJOTHoif aenH"'HHe, KaK n <ll 1 ( p) , pacTeT rrpn 

03H8"18eT, 'ITO HanH"'He ycKopeHHH KOnbU8 K8K uenoro rrpHBO

OH cfloKyCHpOBKe aneKTpOHHOrO KOnbU8 B HarrpaBneHHH ero 

H30opa>KeHHH B Hlle8nbHO rrpOBOllHIUeif UHnHHllpH"'eCKOH Tpy

a<jl<jleKTHBHOCTb <jloKyCMpOBKH B03p8CTaeT rrpH P --> \1 • florronHH

yCHpOBK8 CBH38H8 C HanH"'HeM j 
2 

(X k ) H YCKOpeHHeM KOnbU8 

T.e. c MarHHTHbiMH a<jl<jleKTaMH npn ycKopeHnn. B To >Ke apeMH 

oe none, Bbi3B8HHOe ycKopeHHeM, HBnHeTCH ae$oKyCMpy!OIUMMo 

nbr ( 18) anaao, 'ITO BKnaa aneKTpnqecKoro n MarHHTIIoro noneti, 

x c ycKopeHneM KOnbua KaK uenoro, B rpaaneHT <jloKycMpyJOmetl: 

hlB8eTCH ITpOTHBOITOnO>KHhlM ITO Cp8BHeHHIO CO cnyqaeM paBHOMepHO

DoCKOnbKy aorronHHTenbHbifi qnea KBaapaTH"'HO aaancnT oT 

, HBnHJOmerocH ManbrM rrapaMeTpoM, To BKnaa ero Man, M 
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a r 
Hannqne ycKopeHHH aneKTpoHHoro Konbua KaK uenoro rrpn ( -i. ) .<< 1 ae 

c2 
rrpnaeaeT K OTpHUSTenbHb!M a<jl<jleKT8M llnH <jloKyCHpOBKM aneKTpOHHoro KOnbU8 

C TOKOM CHn8MH H305pa>KeHHH B 8HH30TpOITHOM 3KpaHe THIT8 "6ennqbe KOneco: 

B aaKnJO"'eHne aaTopbr Bbrpa>KaJOT 6naroaapaocTb M .r. Hexaeaoa aa 

rrpoaeaeane qncneHHbiX pac"'eToB a a 3BM. 
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25 anpeng 1972 roaa. 
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