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nnHC IO.A .• CopOKO Jl. M . p- 1502 

DenonHpHaauHH npOTOHO B B HaoxpoHHhlX UHKnoTpoHax. 

Ha OCHOBaHHH npOeKTHO~ TOUOrpAOOHH MarHHTHOrO nonH penH

THBHCTCKOrO. UI'IKnOTpOHa Ha 3HeprHIO 700 MeV npOH3BBLlBHbl pac

'ISTbl M8KCHM8nbHbiX HCK8)!{SHH~ MBJ:lH8HHOl! llO B BpXHOCTH MarHH T 

HOrO nonH, npH KOTOpb!X B03MO)!{HO YCKOpBHHB nonHpH30B8HHbiX npo 

TOHOB 6ea Cyll.!BCTBB HHOll J:1SUOnHpH38UHH. 

OpenpMHT 06MAHHettHoro MHCTIITYTa I.QepHbiX Mcc.aeno~aHMil . 
.lly6Ha . 1964 . 

p- 1502 

Plis Yu.A .. Soroko L.M. 

Proton Depolarization in Isochronous Cyclotrons. 

lJsing the design topography of the magnetic field in a 700 MeV relativistic cy cl o

tron, the calculations were made of the median plane distortions of the magnetic field 

at which it is possible to accelerate polarized protons without an essentia I depolariza

tion. 

Preprint.Joint Institute for Nuclear Research. 
Dubna. 1964. 
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paco 

CHHXpOUHKDOTpOHe na60p8TO 

npo6neMoA co3aaHHH penRTI 

t.t eCKHX 38Jl81.f, KOTOpbi9 MOr 

WOe 3H81.f9HRe HMeeT B03MO>K 

1..f 8C THU. C 3TOA uenblO B HBCTC 

npoToaoa npH ycKopeHHH »x a 1 

2 . VlcxoaHM H3 Tono 

KOCTH pen RTRBHCTCKOro UHK. 

8 = 

rae B(r) = B {1-(~)2 1-YO 
0 t 

0 

l .:: 0, 3, 

3aeprHR qacTHUhl H paaHyC 

rae y = ( 1 _ v 2 ) · >n • l 

Bwpa3HM paaHanbHble 

HB!l Me.QR8HHOA nnOCKOCTblO 

paaaoaeca~~-

= z I !!.l!!!i.[ 1 + < ·sin(L - NIJ J]-+{ 
d t .1. 

+ zp l.tel!W [ l +< sin (..L-NIJ ) 
dt 2 .1. 



I. B p a5oT e
11 1 

pa ccMOTpe H&I a cpcpeK T bi Lte n o nl!pK3aUHR np o T o H oB H Lt e ATp o H OB a 

C KHXpOUHK/IOTpoHe JJa5o paTOpHH II Lt epHw x npo 5 n e M Ha 3 Heprn iO 680 Mae. B c BR3R c 

llp05/IeMOll C03L!8HKII p e iii!THBHC T C KOro UHK/IOTpOHa B e CbM8 HHT e p e CH O 3 H8Tb Kpyr cpH 3 R

'I e CKHX 38Jl8'1, KOTOpbie MOryT 5&ITb R3 y '< e H bl Ha 3TOM Y CKOpRT e n e. B 'I S CTH OCTR, 50nb-

W Oe 3 H 8 q e HK e HMeeT B 0 3MQ}f(H QC Tb nony1.f e HKSI KHTe H C HBH OP O n yqKa nepBH"'H O- nOnHpH30B 8 HH bi X 

'1 8C THU. C 3 T Ol! Ue llbiO B H 8CTO S!W e ll pa5o T e p aCC M OTpe H bl OC H OB HbJ e 3cpcpeKT bl Jle/I OIIIIp H38UKK 

n p OT OH OB npK Y C K Op e HH H HX B p e ii i! T H BH C T C K O M U HK/I OTpOHe . 

2. VfC XOJl HM H 3 T O n O r p a cp HH H81lp i!>Ke H HOCTH M a rHHTH OrO /10/IR B MellHBH HOA /1 /I OC 

K O CTH peiiRTHBHCT C K OrO U KK/I OTp O HB, K OT OpBR KM eeT C /l ea y iOW KA BHll: 

rJJe B(r) 

B = B(r) [ 1 + <(r) sin( - ' - -N O )] ., 
A 

B [1-( _r_ )' I""' 
o r 

0 

• .:: 0, 3, 

B = 7900 apc T e JJ 10,79 Til ~ 

r = 396 CM, 
0 

A = 7, 7 C M ' N = 8 • 

3HeprKR 'IBCTHUbl H pallHYC TpaeKT OpHH C B!I38H bl 11pH 9 TOM COOTHOWeHH e M 

' a 

r = m yy.::-1 
e B y 

v cifopoc Tb npo T o Ha, c = 1. 

I ll 

121 

13 1 

R B
0 

Ha B &I co T e z 

HB ll MellKB H HOll /1/IOCKOCTb iO npH C Me w eHKK p LteHCTBHT e /lbH O H Op 5 HT bl OTHOCH T e /lb HO 

pa B H OBe CHO!i. 

8 an. ~ 
p z--or-- + zp a r~ 

= z I !!.1!!1L l 1 + < sin(.L -NO J]-t{ B(tl !f!_ sin (_r_ - Nil)+ B(t) _!_ oos ( - '- - N II )] I + 
dr A dr A A A 14 1 

+ z p 1 .re.B.!r.). [ 1 +< sin ( .L-N II )J + 2r/B(r) [ ..dL_ sin 
dr ~ A dt dt 

(-'--Nil) +.L oos (-~- -Nil)]+ 
>. A A 

3 



+ [ 8 ( r ) d 2< sin ( _r_ - N 0) - 8 ( r) _!_ sin ( _ r_ - N 0 ) + 2 8 ( r) <lL _1._ 
dt 2 A A2 A d r A 

CX)S ( _!_ - N 0 ) l I 
A 

/ 4 / 

8o 3.__ ii..!!z I UL £__§__ 
a 0 r a raO 

= 2._ [-N B( t) < oos(-L- N O)] +LfL [-N dB(rj < ros ( _ t_ - N 0 ) -
A , d r >. 

/ 5 / 

- N 8(r} .'!!___ co s ( - '- -NO)+N 8( t) _<_ sin( - ' - - N O) ) 
d r >. >. >. 

r ile d l{ r) B r 

B e nHttH Ha z 

---;;;- = [ 1 -( _I_ } 2 ]3 / 2 - , -2 - • / 6 / 

B / 4 / H / 5 / BKnJ0'!88T 3Ha.fllHHSI CB000Jl H
0
b!X B8 pTRK8nhHb!X KOne6aHH>i H o T -

K 110H9HH H M9.llH8HH O A rt o eepXHO CTH O T rtllO C KOCT H O TC\feT a : 

z = z oo s w 0 + ~ a co s r 0 , / 7 I 
m • f = t r 

rne W =0,24w • w o::: e fl ( T)_ UH K 110T p0HH8 R f.I8CT OT8 • .[l nR B bJl-IH C 11 9 HHR B9K T Opa ne rtonRpH 3 8 UH R 

• e e m y I ! / 
s ' BOC nOn b3y eMCH B b!pa >KeHR eM TH U8 /! [(.9 / B paOO Te , - C T O>i T OnbKO p83HH ueii , 'ITO T e-

n epb Heo6xoJlHMO y 'leCTb aaBH CHM OC T b B( r} 

V1 MeeM : 

o T p aJlH yea . 

r il e 

·1¢(0> e l </>r0'>+t6' B . 8o 
s ' =- ie J e [(1+ 1,8y)--=...p....- 2, 81 --

8 (r) B(r) 
1 dO ' ., 

0 

</>= - J (I + 1,1 Y J [I + <(•) oln (_!_ - NO' >] dO', 
0 >. i </-

3 an HweM e npHOnH >KeHHO B BHJle: 
o 

,}¢ "' e l f (I+ I,IY) ,I} ' 
0 

e 
[ 1-i J ( 1 + 1, 8y)<sin( - ' _ -NO')dO']. 

>. 
0 

OueHHM HHT erpan e KBa Jlp a T Hb! X CK06Kax / 10 / , C'!HTast no c T OSI HH hlM H e e nH'I RHhi 

H.:!:.. 
dO 

np" 

e 
J ( 1 + 1,8 y ) < ·sin (..L

A 
0 

3T OM N » _!_ _sir_ 

" dO 

2,8 l 

N - I dr 
Ado 

NO ')dO ' ~< (l + 1, 8 y ) Cos (t - NO) 

N - L ;iL_ 

+ sin (-f-= - NO) 

(N __ 1 _ 5!!._ )' 
A d iJ 

< 1, 8 :!..!:_ 
dO 

A dO 

/ 8/ 

/ 9 / 

1!0 1 

/ II / 

dy 

dO 

Ill . P accMoT pRM ycn o e Rst nosteneHHH eoaMo>K HbiX peaoHa Hcoe, He y 'IHTbiBast n oKa He-

/12 / 
nHHe llHor o 'l n e Ha - z p 1-o + 1,8 r ! + 1 + e = o . 

BoaHHKBeT nea peaoHa Hca : 

4 

2 

3 

K o a cf•cflHUHe HT , o npeJl enst JOu 

C1
)= ~1 _1_ AIK11( 1 + 1,8 y ) 

f 2 B(r) d r 

3 Ha~ e HH R o Ta e nbH WX cnaraE 

npH 2 4,3 . 

npa 3 22 ,5 . 

M oJl y n b KOa c!:>ci:> HuHeHTa 

paee H: 

n p H 2 

3 

OnpeJle nHM w HpHH Y peaof 

r Jle ...!!..y_ ~ 
d O 211 m 

T aKHM o5paao M , wHpHHa 

OK83WB89T CR .ll 0CT 2 

UHKilO T pO H e. 

Ou e HHM s enH tt: HH Y .ae rrc 

nony'!ae M: 
2 

= 3 



_1_ cos ( _!__ - N e ) I I 
A A 141 

s(t- -NO)-
/ 5 / 

--NO) ] ; 

16 1 

B€ pTHK8nbHbiX K On e68HHll H OT-

17 1 

.9 HH51 B9K T O p8 ae n o n stpH38UHH 

TOH TOnbK O p83HH ueH , '-ITO Te-

_!!__Q__ I dO' ., 181 
B( r) 

- N0')j do·. /9/ 

- N!i ' )dO'] . / 10 / 

dy 
'O SIHH biMH B 9 nH1.fHHbl 

d!i 

) '.::os (-t- -NO) 

N _ j_ j_r_ / I II 
ll d(} 

8 :!J'_ , 
d!i 

JOHaH coa , He y q HT biBast no Ka He-

/ 12 / 

2 

3 

y = 1,11 

y ~ 1,67 

r = 178 

r ~,315 

Koa q-,qJ H u HeHT, onpe.nenstJO WHM HHTeH C HBHOCTb 3T HX .a.syx pe3o HaHco e , paaeH 

cf1>= ~I _1_ .!!ll!J1( 1 + 1,8 y J- i 
f 2 B(r) d r 

[•;, < 2
( 1+ 1,8yJ

2
_

1 _ + ;L§... ~. r 1 + 1,8 y Jll. 
AN 2 

/ 13/ 

114 1 

3H 8 '1 € HIHI OTLl€nbHblX c nara eMblX B rp HrypH blX C K 06K8X / }4 / paBH bl COOTB€T C TBeHHO: 

rrpn 

llpH 

paaeH: 

npn 

2 

3 

2 

3 

-3 
4,3.10 • 

- 3 
22 ,5. 10 • 

-3 
6,6.10 • 

-3 
11,7.10 • 

(1) 

,p> = 5_ 
f 

-I 
2,1.10 ; 

- 3 
1,6 .10 . 

(I) .,] 
K I~ 9,1.)0 

2 .,] 
K( I) I ~ 27, 10 

3 

OnpeaennM Wllpl!Hy pe3oHaHca KaK 

r Ll e __!l_y__ 
dO 

..j 21T 
1,8 ay 

dO 

5 -5 
_ 2.10_ - 3,2.1 0 J 

2.10 9 

rl_r_=_ .J-,J-.-.J-0"'"2....,1. 

OT KY Ll8 

TaKHM o6paaoM , wHpHHa peaoHaHca, 6naro.a.apH BhiCOKHM 3Hal.feHHst M V
0 

/ 15 / 

1161 

117 / 

/ 18 / 

O K83biB 89 T CH 1lOCT8T04HO y 3KOA ITO Cp8BHeHHlO C W HpHHO ti pe30H8 HC8 B C HH Xpo-

U H KflOTpoHe . 

O ueHH M eenH '-IHHy aerron<~pH3au H H 

I s' l a l o: l ; r I. /1 9 / 

nony'laeM: 

I p> I= I ,[1) I 2 ~ r = 1,5 B 
2 2 2 

( 1), ' 

= 3 s I= 4,5 B 

' 3 

5 



, 
LJ.nfl BbinOnHeHHfl ycnOBHit I P> I < 1 

2 

'-!T06b! 

H 

a < 
3 

8 co1'< 1, 
3 

0,22 CM 

aeo6xOJlHMO, 

/20/ a2 < 0,67 CM "I 

nocMOTpHM, KBKHM HBIIpH>KeHHOCTHM 

I 

Bp COOTBeTCTBYIDT 9TH JlOIIYCKH IIO a e • no-

cxqnbKY 

TO 

B 
p 
2 

B 
p 
s 

= 12,5 ·a 2 , 

= 75 a • 
3 

B 
Pe 2 . --yr/2' 

r [ 1-(-'- ) 1 
r BJLa p 

o r 
0 

r = 178 CM, 

r = 315 CM, 

AHanorH'-!Hble pe30H8HCbl IIOHBUHIDTCH 

B~ < 8,4 apcTeJl I; 
I Bp

3 
<.16,5 spcTeJl I· 

Ha TeX >Ke p8JliiYC8X IIpll 

/21/ 

/22/ 

f = 5 H 

6. Koa¢<l:JFiuHeHT, oupeaensnoruHII HHTeHCHBHO.CTb aTHX peaoaaHcos, paseH 

I e 

Up H. 

npH 

c'2)= ~~( 1+ 1,8y) -·- + i ~- f 1!.___,_ 
2 2 A 2 

5,6/, OTKY.l;IB HBXOJlHM 

5 

= 6 

1P> I 
5 

(2) 

(2) 
K = ~ 
e ae 

y = 1,67. 

=1 0,078 + i 0,009 

y = 1,11 

K(2 ) I = 0;07. 
6 

3aTeM oupeJlenHeM MOJlYIIb seKTopa JleiiOUHpH38UHH /19/: 

= 5 I J2 ) I' = 13 a 
$ 5 

ls(2) I' =ll a 
6 6 

= 6 

315 CM 

0,08; 

= 178 CM 

11 2>{ < 1, ecnH 
5 

as < 0,074 CM 

1 f2>1 ' < .l , ecnH 
s 6 

a 
6 

< 0,09 CM 

/23/ 

/24/ 

/25/ 

3TH ycnOHHH COOTSeTCTByiDT Tpe60BBHllHM Ha p8Jlii8UbH-I>Ie. KOMIIOHeHTbl 

B < 5,6 apcTeJl, ~p < 1,1 a·pcTeJl 

6 p5 
HaiiJleM orpaHH'leHHH Ha 8-ro rapMOHHKy HCK8)KeH~H, MeJlH8HHOH 

TOpaH He IIpHBOJlHT K pe30H8HCHOH JleliOIIHpH3BUHH. 

l • ~- I a, A 

\ s ' \ < 1 , e cnH 
8 

4 

3 

6 

0,05 aB 

a < 20 CM 
B 

/26/ 

uosepXHOCTH, xo-

/27/ 

.r·'l''·_: __ ,. 

., 

~. _;~ ... 

I·;--' ,._ 

!·: '. 

.: .. __ 

~I 

...,.::-_. 

4. PacCMOTpiiM. BOIIpO 

pHaauHH HeJmaeiiH&Ie qneH&I, 

YcnosHH uossneHHH Ta 

J - /1 + 1,8 y I 

rJle 6Jp 113MeHHeTCH B upe 

BHJlHO, '-ITO pe30HBHC CBH311 

5. Y'-!TeM snHHHHe Bbl 

UIITYJlB STHX Kone6aHHH pk 

rapMOHHKe 83HMYT8UbHOH ac 

rae 

·B = ·B(rJ 
"' 

Peaoaaac soaMcimea u 

/1 + 1, 

y= ~ 1,8 ' 

Pac"'eT uoxa3biHaeT, 'ITO Jl' 

6. PaccMoTpHM. peaoH 

Mil II IICKa>KeHHHMH Me.o;H8Hl 

n, 

Bl 

r.o;e 

B 
• 

Hac HHTepecyroT HTOpl>!e em 

cos· OUpe.llenseTCH K09tPtPH!l 

~ a . 2 
-r 

1 

7 
B 

8 

/·B (r} + d 2 B. 

dr 2 d r 2 

·lin ( _r__ - N 
A 



Heo 6xoa KMO I 

0,22 CM 120 1 

lTH llO IT yC KH ITO B 
1 

. no-

•pcrell I ; 
)CT8Jl I· 
ay c ax npH 

1211 

1221 

1 = 5 H 

pe30H8HCOB, p aBeH 

315 CM 

0,08; 

178 CM 

KOM llO H e HT bl 

1231 

1241 

125 1 

1261 

MeD H3HHOA noaep XHOCTH, KO -

127 I 

r 

4. PaccM OTpHM sonpoc o TOM, He B Hec yT llH .nononHHT€11bHbrx 3rjJclJe KTOB D.enonH

pHaaUHH HB IHtHeHHbl€ 1..!.Jte Hbl , O llHCbiB8lOWH€ CB513b BepTHK811.bHbiX H p8 LlH811bH b!X KOne6aHHA. 

Y C110B H51 CI0518Jt.€HHS1 T8KHX p e 30H8HCOB HMe tOT BH Ll : 

I - 11 + 1,8 y I + I ~ 0,2 4 ~ "' p 0 1281 

rne ,, J H3M 8H H€TCS1 B npenenax O T l .!10 1 ,7 38 ape:vHI YC K OpeHH rl , T8K 4'l'O O TCKl,ll8 
p 

BH a,HO, l..fTO p830H8HC CBSl3H H€ MO>K eT OC y l.lleCT BI151TbCS1. 

5 . YYTeM BJlHHHHe BbiHY I'KlleHH biX pan.HanbHbiX Kone6aHHH . Ka K H.Jaec 1 H0
1 .~ . , aM n-

n HT Y ilB 3THX K o n e 6aHHH p 
k 

CBSI38 H8 C K03cPcPHUH8HT8M H b • npH CUOT B8T C TBY IOtUeft 

rapMOHHKe 83HMYT811bHOA 8CHMM8TpHH cnenyiOUlHM COOTHOWeHHeM: 

b 

p -· 
1291 

(k
2+ cu 2 - 1) 

13 0 1 

PeaoHaHc B03MO>KeH npH k 2 

- 11 + 1,8 y I + + 0,24 + 2 0 
1311 

~-1,8 - 1,24; 235 CM. 

PacqeT noKa3biBaeT, ttTO .aenonBpH38UHH OK83hiBaeTcH npe He 6pe>K HM O ManoH. 

6. PaccMoTpHM peaoH a Hc, o6ycnosneHHhrll CBH3bl0 M8>KilY pallHanbHbiMH Kone6aHaH

M H H RCK8>K€HHHMH Me.UH8HH Oi% no a epX HOCTH. 

~ ' 
Bp z + ~ p z ' 

a r a r' 13 21 

• 
BO 

a B. z a B .!.!__ + --L 

a o a r ao 

B (r) = B(r) + 8 ( r) sin (_r_ - NO), . . )\ 

133 1 
B,(rl = B (r) < (r) , 

Hac HHT e p ecy iOT B TOpbre cnaraeM hie, n po n opuHoHanbH hie 

CO B o n p81l8 IT SI8T CSI K 09cPcPH'!H8H T OM npH p z 

pz • HHTeHCHBHOCTb peaoHaH-

1 

7 
B • 

sin (_L - NO ) ; 
)\ 

sin ( _r_ - f! fl) + 2 .E.b 
A )\ dr 

7 

cos ( _!_ - N 0 ) -
A 

1341 



;/ 8 __._ N !!..!!__,_ ws ( ...L - N 0 ) + !!_ ~ Ein ( L - N 0 ) ; 
a r ao dr A r A A 

rne 

d
2
B(r) 

dr 2 
-~ 2 

r 
0 

2 

1 + 2(L-) 

II - ( _r_ f p /2 
r 

0 

BoaMO>KHbl e peao HaHCbJ onpenenHIOTCH cooTHOrueHHeM 

rne w - y 
p 

- / 1 + I ,8 y I + 1 + !. w 
p 

B peaynbTBTe nonyqaeM nonomeHHH peaoHaHcos 

= 3 

4 

y = 1 ,07 

y = 1,43 

y = 1,25 

o], 

= 144 CM 

284 CM 

235 CM 

/ 35 / 

/36/ 

/37/ 

Vf HT 9 HCHBHO CTb pe30H8HC8 = 3 H onpenenHeTCSJ BKnanoM cne.ayJOUlHX 

1.f11 9 HOB: 

!~ = ~ .L.,._1_ d
2
8( r) 

( 1 + 1,8 )' ) ' e 2 2 B( r) dr 2 

(4) 
_l__ ..!!..!!..l_ _ l_ ( 1 + 1,8y ) 2 

•;, ~ ..E..a,_ ' /38/ c = p A dr N B(r) 2 2 

d') = ~ .a£. .f'_m 
e 2 2 

.:!..!!..a_ - ' - 2,8 ( 1 + 1,8 y ) • 
d r B( r) 

VlHT e H C HBH OCT b pe30H8HC& f = 4 3&BHCHT T&KlKe OT cneLlyiOWHX K03cpcpHUHeHTOB ; 

~·) = ~ ~ 
2 

p 2 dB 
-"'- - ____L_ 

1 

8( r) 
( 1 + 1,8 y ) ' 

2 A dr 

em = y, ~ _!!_,._ ~ 
f 2 2 A2 B(r) 

(1 + J,8 y) 

2 

c') = v, ~..£.., ..i.Ji.,. _1_ ( 1 + 1,8 y ) 
e 2 2 d r 2 B(r ) ' 

c•) = '/; "e p N a. ~. ~ e 2 2 AB(r) 

c'•J_ .. ae p N ~ __3!!_ e -'/;2~-r- d r !J(r) 

/39 / 

n o na ra~ M8 KCHM&/lbHYIO &M/1/lHTYLlY p&LlH 8/lbHWX K On e6aHH A paBK O A 5 CM, H& X O D HM B e K-

TOp ne n on Si p!I38UHH: 

8 

~ 3 

4 

YneHbi, aHanorHqHbte /39/ , ·Ll l 

5 

7 

I s ' 
5 

I s ' 
7 

V1 T & K , Ll0/10/lHHTenbHb!MH ycnc 

ManoA .ae n 0 11SipH38UH H , RB/HUO. 

a < 0 ,28 C"'l l npH 
4 

a < 0,35 CM 
5 

a < 0,28 CM 
7 

7. j]o CHX nop Mbl He 

83HMYT81lbHOH B8pH8UHH MBrH 

OKPY >KHOCTH MO lK HO pa c cMaTf 

/ 29 / 

p 
• 

Pa.aH an bHwe Kone6 aHHH c TBI 

Tp 9 Tb en rapMO HHK 8M H HCK8 >K t 

onp9D911SI9TCH B OC HOBHOM K< 

c 

B peaynbT&Te n onyqaeM: 

npa 

npH 

2 

= 3 

Tpe6osaHHe ManoA nenon~pa 

a, < 

a3 < c 

B H.a.Ho, qTo a TH ycnoBHH CJH 

8. M b i He paccMoTpe 

ycKopHIOWHM n o neM. Ou t~aKo 

119M OK83biB89TCR H93H81.JHT € 

J]e non~pHaauH~ npH BJ 

D. 8HH blX 0 K OHCT pyKUHH BbiBC 

9. B T a6n"uax I H 2 c 



• _r_ _ - N 8 ) ; 
A 

], 

144 CM 

284 CM 

235 CM 

1,8 y ) 

• 1,8 y ) ' 

13 5 1 

/ 36/ 

/37 I 

1381 

139 1 

i! paBH OH 5 CM , H8XOLl H M B e K-

... . 

: 3 Is : I 10-2 a 
J 

- 1 
Is', I 1,4.10 a 

I 

4 I s ' I 3,5 .. • 
4neHbl, BH8110rH'iH bJe /3 9 /, · Ll B IOT KpOMe 3TOrO cneayJOLUHe p e30 HBHCbJ: 

5 

7 

s' 
5 

s ' 

2,8 a 
5 

= 3,6 a 
7 

144 CM; 

235 CM • 

/40/ 

V'fT8K, ,UOriOllHHT91lbHbiMH yC1lOBHSIMH , KOTOp bi9 H906X O.ll HM O BbJIT01lHHTb, .O. llSI fiOlly"'eHHSl 

MB.nOH D.9IT01lstpH38UHH, SIBllSUOTCR 

a < 0,28 c~ npH 2 84 CM Bp < 11,6 3 

• • 
a < 0,35 CM 144 CM IJ < 3, 15 3 / 4 1/ 

5 :· a < 0,28 CM 235 CM < 6,3 3 
7 p 

7 

7. Do c11x nop Mbi He y 'if!T biBB1lH, 'ITO o p6MTa Ll BH >Ke HHR npoTO HOB a cneacTBHe 

83HMYT81lbHOH B8pH8UHH M8r'HHTHOT"'O ITOllSI He RB1lSI€TCR OKpy>K HOCTblO. 0TK1lOHeHHSI OT 

O Kp ytK HOCTH MO >K HO paccMaTpHBaTb KaK BhiHy >K.a.e HH bJe pa.a.Han&Hble Ko n e6aHHst. Corn ac Ho 

/ 29 / 

p 
• 

Pa .a. Han&Hwe Kone5aHHR c 

= b ~ 4,7.10-3 r / 42/ 
8 64 + w 2

- 1 
T BKOH '< BCTO-foli MOryT LlBTb pe30HBHCbl CBSI311 CO BTOpOA H 

Tp e Tb eii rapMO HIIK8MH IICKB >KeHHli MeLlHBHHOH noaepXHOCTH. V!HT e HCHBHOCTb pe30 H8HCO B 

onpe.a.e1lR9TCR B OC HOBH OM 

B pe3y1lbTaTe n ony« a eM: . 

npa 

2 

: 3 

K03 cj:J<P HUf! e HTOM 

(II) 

ce / l + 1,8 

s(ll)l' = a 
2 2 ' 

• I s(11)1' ·= 2,5a • 
3 J 

y 

Tpe6oaaHHe ManoA aenon!!paaauHH I s1 < 1 y aoaneTBOp!!eTCS! np 11 y cnoBHM: 

a2 < 

a 3 < 

) CM 

0,4 CM 

npa 

npa 

= 178 CM, 

= 3 15 CM , 

B HLlHO, 'ITO a TH ycnoBHS! cna6ee, '!eM Tpe6oaa HH e / 20 /. 

/43/ 

/44/ 

/ 45 / 

8. M bi He paccMoTpena a e TBIIbHO aenon!!puaauu 10, B bi3Ba HHY JO aneKT p H« ecKKM 

ycKopsuoll..(HM non e M. O .aHa KO o ueHK H noKa3hiBBIOT, ttTO ne n u nstpH:38UHSI aneKTpH'-19CKHM n o· 

neM OK83b!B89TCSI H93H81.!HT €1l bHOfi. 

LlenonRpM38UIIS! npK BbJBOLle H3 yCKOpHTei!S! He p8CCM aTpHBaeTCS! BBK LlY OTCyTCTBHS! 

.D.8 HH b1X 0 K OHCTp y KUHH BbiBO.llHOlf CliCTeMbl . 

9 . B T a6nnuax I " 2 cyMMnpoaa H bi ocHoBHbi e peaynbTBT bi a aHHbiX pac'leTo B. 

9 



p ea o HaHc a 

paBHosecuo n 
OpOHTbl 

VfCIIS lK 8 HII 8 M8Ll iiBHHOl! 
O OB e p X H OCTH 

CsoooaHble sepTHKan&H bie 
KOfi80BHHR 

CsH3b paa aan&H biX H sep
TKKan&Hb! X KOfi 80 8HRll 

B b!HY >K Ll8 HH bJe paaHan&Rble 
Kon eoa HHH 

TaonKua 

144 CM 178 CM 

a
2 

( 0,67 CM 

a
6 

< 0,09 CM 

235 CM 

Hape30HSHCHSH Ll8UOnHpH38URH 

Hepe30HSHCHRH Ll8fiOnHpH3SUHH 

b < 
2 

2t!4 CM 315 CM 

a
3 

< 0,22 CM 
a < 0,074 CM 

C sR a & pa a Han&H bi X Kone-
6a RHA C K C Ka >Ke HHSIMH Me

Ll H S HHO~ fiO BepX HOCTH 
a < 0,35 CM 
s 

a < 1 CM a < 7 CM a < 0,28 CM a < 0,4 CM 
2 a 1

<0,2BcM • 3 

~ ~144 

a 
l 

a 
2 

a, 

a • 
a 

s 

a 
• 

a 
T 

a 
• 

< 0,35 

Ha p830RSHCHSH 

7 

Taonaua 2 

178 235 284 315 

< 7 

< 0,67 

: < 0,22 

< 0,28 

< 0,074 

< 0,09 

< 0,28 

B aaKn iO'Ie HHe asTopbl Bblpa>KaiOT 6naroaapHOCTb B.n. DM HTpHeBcKOMY H B.B.Kon&-

re aa none3Rhle aaMe"'aHKH. 

10 
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1. IO. A. nnKC, II. M. Copo KC 
T pOH8 . npenp H 

2. 11.11. ronbllHH, G.B . C KB 411 
psnt<e HH hiX qac 



235 CM 

1pH38UHII 

pR38UHSI 

b < 
2 

21:!4 CM 315 CM 

a
3 

< 0,22 CM 
8 < 0,074 CM 

8 < 7 CM B < 0,28 CMa < 0,4 CM 
a

1
< 0,2ilcM 4 

' 
7 

284 315 

:< 0,22 

< 0,28 

< 0,074 

I. ,UM HTpueBcKoMy H B.B.Konb-

1. lO.A . nnuc, II.M. C o poKO. ,Uenon!lpH38UHSI liPOTOHOB llPH YCKOp e HH H B CKH XpOUKKno
Tpoue . npenpHHT Ov!SH1, P-1 449 , .Dy6Ha, 196:S . 

2. 11.11. ronb.OHH , C.B. CKa'IKOB, K.H. WopKH. MarHHTHbie K3 MepeHKSI B YCKOpKT 9!l!IX 3a
p!I >K 9HHbiX '18CTHU. rocaTOMH3.08T, 1962. 

P y KOllHCb nocT y nana B H3.QaT e nbCKHH o T.oen 
24 .oeKa6p" 1963 r . 


