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npH npOeKTHpOBaHHH K8HanoB aapSI>KeHHbiX '!aCTHU Heo6xonHMO Bb16paTb 

TaKoA aapHaHT KaHana, KOTOpbt A B MaKCHManbHOA CTene HH y noaneTBOpSin 6bl Tpe -

6oaaHHSIM 3 KCnepHMeHTa , [lnSI 3TOf'0 0 ec nH HeT OnTHMH3HpyiO~el! nporpaMMbl, 

npOBGntrTCII pac'!~Tbl HeCKOnbKHX B8pllaHTOB OnTHKH KaHana n/1!1 Bbt6opa HaH6onee 

OCITKM a nbHOro. 

¢oKyCHpOBKY aapg>KeHHblX '!aCTHU B 6onbWHHCTBe cny'laea o cyu!eC TBIISI IQT 

C liOMOWbiO Ma['HHTHblX KaanpynonbHblX IIHH3 0 K8>KnaSI H3 KOTOpbiX, cpoKyCHpy!! 

'laCTHUbl B onHoA nnoCKOCTH, necpoKyCHpyeT HX B npyroA, nepneHnHKyngpHOA K 

nepBOI!, noaTOMy 06beKTHBbl , tPOKYCHpyiOutHe '!aCTHUbl 8 o6eHX nnoCKOCTSIX
0 

COCTaa­

nSIIOTCSI nH60 H3 nayx KBanpyrronbHblX nHH3 - ny6neT, nH60 H3 Tpex - TpHnneT, 

Ill 
Ha npaKTHKe npn pac'!~Tax cpoKycHpyiOutHx CHCTeM , KaK npaaHno, rronb-

aytoTCll npencTaaneHHSIMH o6 H n e a n b H 0 II nHHae. npH 3TOM npennonara-

eTcl!: 

a) rpanHeHT nonS! B nHHae He MeHSieTCSI no anHHe H He a aBHCHT OT panHyca 

H aaHMyTa; 

rne 

6) nBH>KeHHe '!aCTHU B Maf'HHTHOM none OliHCbiBae'TCSI ypa aHeHHeM 

d 
2 

X 
-----+kx~o 

300r 
k -=v'-­

p c 

z -TeKyutaSI KOOpnHHaTa anonb OCH nHH3bt; 

X nonepe'!H Oe OTKIIOHeHHe '!aCTHUbl OT OCH nKH3bl; 

r rpanHeHT nonS! nHH3W; 
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p C - f.!MnynbC cpOKyCHpyeMbiX '!BCTHU; 

) 
rivh · 12,31 

B 3't''t'e KTf.IBH851 lll1f.IH8 nf!H3bl onpenenSieTCSI Bb!p8>KeHHeM 

I l l 
f.II1H 

1 00 

P(r)~-- f B(z,r)dz 
B 

0 
(r)._.., 

P(r)~-·-- f r(z ,r )dz , 
r o (r) _ .., 

(2) 

(3) 

rne B(z , r) H r ( z, r) - peanbHOe pacnpeneneHHe nonS! H rpanH e HT8 B 11HH3e 

Ha panHyce a B 
0 

( r ) H rO (r) - 3 H8'!eHHe nonS! H rpanHeHT8 

B ueHTpe 11HH3bl H8 TOM :>Ke panHyce . 

0CHOBbiB8SICb H8 npHBene HHb!X BbiWe npennonO)I(eHHl!X 06 HneanbHOCTH nHH3blo 

Tp 8HCcpOpM8UHIO HC T O '!HHK8 B H306pa)l(eHHe nnl! cpOKyCHpyiOllle ll CHC T eMbl H3 KBanpy-

14 ,5/ 
nOI1bHb!X nHH3 MO)I(HO 38n HC!lTb 8 Han Of'H'IHO cnenyiOlllHM o6p830M : 

( :,) =A (; :o) (: :) (: :o) (:,:) (4) 

rne S0 H TO - p8CCTOl!H Hll no HCTO'IHHK8 H H306pa)l(eHHll OT rpaHHU 3cpcpeK-

TIIBHOf'O M8f'HHTHOI'O non l! nepBOl! H nocnenHel! no ny<JKY nHH3 0 COO T BeTCTBeHHO ; 

A, j, a, n, b K03cpcpHUHeHTbi 0 CBl!38HHbie C napaMeTp8MH C HCTeMbi, npH 3TOM 

T 
S 

0 
a + b 

a 
S 

0 
j + n (5) 

.Ll.H >I o6'beKTHBa, cocTOSilllero H3 Tpex nHH3 - H eCRMMeTpR'IHbill TpHnn e T (pH c. I), 

K03cpcpRUR e HTbl Tp8HCcpOpM8UH OHH Ol! M8TpHUbl Bb!p8)1(8JOT C ll '!epe3 napaM e Tpb! CHC­

T e Mbl cnenyiOlllHM o6pa3oM: 

~-¢ -¢-¢ +d ¢<I> +(d +d)¢ <I> +d ¢<I>+ 
I 2 S 112 12 IS 223 

4 

+(-~--d 
k 2 

2 

ld2)¢1¢2¢S 

(6) 

n ~ 1-d
1 

¢
2
- (d 

1
+ d 

2
) ¢ 

rne 

a ~1 - (d +d 
I 

¢ 
b~d +d + 

I 2 
k 

km~v'­

;P ; f ; p - 3cpcpeKTHBH bie 
I 2 S 

B e T C TB e HH o ; 

d 
1

; d
2
-p8CCTOSIHHll ME 

poll - TpeTbe ll nHH3 COOT 

O<JeaH nHo, 'ITO nnH 

v' -3oor . 
pc = ly-' 

cos 

npHaeneHHbie Bb!WE 

HOI! finOCKOCTH, TBK f! B 

T OB a nHH3ax •. npH nepe x 

nHH 38X MeHl!IOTCSI H8 06p1 

Ec T eC TB e HHO, 'ITO f 

d 1 ~ d 
2 

1-1 ny6neT, npH 

HeCRMMeTpH'IHOf'O TpH nne 

3aMeTHM 0 'ITO B b ! pB 



(2} 

(3) 

nQ ~ rpaa~eHTa B n~Hae 

lqeH~e nonQ H rpaaKeH T a 

IQX 06 ~aeanbHOCT~ n~H3bl, 

{IOLUeA CHC T eMbl H3 KBaapy­

lUHM 06p830M: 

(4} 

n~H3 , COO T BeT CTB e HHO; 

M~ C~CTeM bl . np~ 3 TOM 

( 5 } 

~'!H biA Tp~nneT ( p~c. 1), 

Q qepea napaMeTphr cHc-

¢ +d ¢ ¢ + 
3 2 2 ' (6) 

nel-d </> -(d +d )</> -
I 2 I 2 3 

1 d 
- ( ---d d)</> ¢ +--2 ¢¢¢7) 

k2 I 2 3 k2 l 2 3 
2 I 

a el-(d 
1 ¢1¢3 

+d)¢ -d </> -(--dd)¢¢ ---- + 
I 2 I 2 2 k2 I 2 I 2 k2 

2 (8) 

- d 
I 

rae 3oo r 

¢3 
d )¢ +--d 

I 2 2 k2 2 

</>me k m tg k m m 

2 
k 

I 

( m e 1,2,3 ) k m~ v ----m­
pc 

;P ; f ; p - 3cpcpeKT~BH bie anHHbl nepBOl!, BTOpOl! ~ T peTbe A n~ H3 no ny'!Ky COOT-
I 2 3 

B e TCTBeHHo; 

d I; d 2 -p8CC TOSIH ~Q Me)l{ay 3cpcpeK T HBHb!MH anHH8M~ n e psoA - BTOpOA ~ BTO­

poA - Tpe Tbe l! nHH3 COOTB e T C TBeHHO. 

QqesHaHo, 'ITO anSI nHH3bi , HM eiOweA oTpHua T en hHbiA a HaK rpaa~eHTa, 

30or 
~ i k ; </> "' i k !g i k P e - k th k P • 

pc 

cos i k P ~ ch k P ; ( i k ) 2 ~ _ k 2 

(9) 

np~BeaeHHb!e Bb!We cpopMynbi OOHCb! B 810 T cpoKyCHpOBK Y K 8 K B r o pH 30HT8nb­

HOA nnocKOCTH, T8K H B s epTHKBnbHOl! npH n1060M qepeaosaHHH 3H8KOB rpaaH e H­

T OB B n HH38X •· npH n epex o ae O T OaHo A nn OCKOC TH K apyrol! 3H8 KH rpaaH e HTOB BO BC e x 

n~H38X MeHQIOT C Q HB o6 p8THb! e . 

Ec T eC TB e HH O , 'ITO H C HMMe TpH'IHblll TpHnn e T, npH k I = k 3 ; e I= e 3 ; 

d 1 = d 2 11 ay6neT, npH k 3 = 0 

H e CHMM e TpH'IH OrO TpHnneTa. 

3aM e T>IM, 'ITO B b!p8)1{e HHSI, n oao6Hble (6- 9), HCnOnb3YIOT CQ B r eoM e TpH q e c -
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/6 / 
KOl! o nTHK e llllSI OllHCBHHSI T OllC TbiX 11HH3 , no3TOMy pBCCMOTpeHHbiA BbiWe 06beK-

THB MO>KHO npe llCTBBHTb B BH!le TOllCTOl! 11HH3bl ( pHC, 2) C onTH'IeCKHMH XBpBKT e ­

pHCTHKBMH: ¢oKyCH Oe pBCCTOSIHHe 

F =- ( 11 ) 
A j 

n OfiO>K eHH e rllBB H Ol! llllOCKOCTII C O C TOpOHbl HCTO'IHHKB OTHOCHTellbHO rp&HHUbl a ¢ ­

¢ eJ . THBH O r O llOllSI n e peol! no ny'IKY 11HH3bl 

!\ - ( F + 
n 

) . ( 12) 

nono>KeHH e rllBBHOl! nnOCKOCTH CO CTOpOHbl H306pa>K e HHSI OTHOCIITellbHO rpBHHUiol 

a¢¢eKTHBHoro p onSJ nocne nH e &! no ny'!Ky 1lHH3bi 

!\ , a 
- ( F + 

K03¢¢HUH e HT llHHel!H OrO yeellH'IeHHSI 

f3 c 

F 

F-S-1\ 
0 

Koa¢¢HuH e HT yrnoeo r o y e e nH'IeHH SJ 

y = 
(3 

) ' ( 13) 

(H) 

(15) 

n pH fiOllO>K IITe nbHOM 3 H B 'IeHIIII aenH'IHH F. 6. ' ~, OTC'Il!T e eneTCSl Hapy-

>Ky OT rpaHHU n HH3, T, e . snpaeo o T 11pae o ro cpeaa nHH3bi nnSJ eenii'IHH F II 

A' H eneeo OT n e eoro cpe aa nH H 3 bi nnl! F II tJ_ • 

H a :onoA oc Hose 6bl118 C031lBHa nporpaMMa ( Ng 789) nnll onpeneneHHll 3 Ha-

'!eH HA k I; k 
2 

; k 
3 

t T,e, rpBilHeHTOB B 1111H38X II On TH'IeCKIIX XBpBKTe piiCTHK 

06beKTHB B npH 3 THX rpBillleHT8 X, 

B HB'IBllbHbiX ycn oBH l!X 3BilBIOTCll r eoMe TpH'IeC KII e nap aMeTpbi o6be KTHea 

e . e . P • d 
I ' 2' 3 ' 

. d 
• 2 YCllOBIIll ¢oKy C 11pOBKII s r; s s T r ; T B ,Opll e HTHpo -

BO'IHbi e 3 H B 'I e HIISI Jr I; k 
2 

; k 
3 

CO 3 HBKBMH COOTBeTCTByiOll!IIX liM rpBilll e HTOB, 

npll 3 T OM Y'IHTbiBBeTCSI cnoco6 BKlliO'! e HIISI 1111H3 B 06b e KTI!B e , T , e . B cny qae Tplln-

neTa npH nocne nosaTen bH OM BKlliO'teHIIII KpaAHIIX niiH3 k 
1 

= k 
3 

• np11 pa3nen b-

6 

1 
l 

l 
J 

HOM BKniO'teHIIII 11HH3 k I Il l 

k~cO(P 3 cO; d
2

c0 

B n e peol! 'IBC TH nporp< 

a enH'IIIH b i k 
1 

; k 
2 

; k 

H e HHl! ( j) , 3Bnii CBHHbiX llllSI 

HBXOiliiTCSI MeTOilOM H BHMeH 

HilS! 

Bo BTOpol! 'I BC TH npoq 

k 
1 

; k 
2 

; k 
3

, on pen en 

F.~. ~'.{3, y T OllCTO l! 

XpOMBTH'IeCKHX a6 e ppauHA 0 

HHTepsan HMnynbCOB 
!\ 

+ ( --
- k + + 

{3 - ; y 

BpeMSJ, Heo6xoll11Moe 

KyHJl . 

B reoMeTpH 'IeCKO A on1 

T 

B bi'IHCllHB n o ( 16) a H < 

llHH el!HO A XpOMB T H'IeCKOl! a 

II nonepe'IHOl! XpOMBTII'!eCKC 

3aM e TIIM, 'ITO nonyqeH 

OT HMnynbCB ¢oKyCHpyeMbiX 

B npHno>KeHIIH npHBO D 

'111 p eayn bTBTOB, 



: ODTH'!eCKHMH X8p8KTe-

( 11) 

:::HTeJi bHO rpaHKUbl s cp-

( 12 ) 

rHOCH T 8J1 1oHO rp&HHU!ol 

( 13) 

(H) 

(15) 

TC'!~T aeneTCH H&py-

nnH aenH'!HH F H 

nnH onpeneneHHH 3 Ha-

:KHX X8p8KT8pHC TIIK 

s 
8 

T r ; T B ,OpH 8 HTHpo-

·ay!OWHX liM rpanH eH TOB, 

ae, T. e . B cnyqae Tpl!n-

< 1 = k 
3 

• np" pa3nenb-

! 
r 

HOM BKJIIO'!eHHH J1HH3 k I HJIH k 3 6epeTCH TIOC TOHHHhlM, B CJ1yqae ny6neTa 

k,~o(P 3 ~o; d 2 ~o). 

B nepaoi! '!BCTH nporpBMMbi npH 3anaHHbiX HB'!BnbHbiX ycnoaHHX HaxonHTCH 

aenH'!HHbl k I ; k 
2 

; k nyTeM COBMeCTHOI'O peweHHH CHCTeMbl H3 nayx ypaa -

HeHHi! ( o) , 3BDHCBHH biX nnH aepTHKanhHoi! H ropH30HTBnbHoi! nnocKOCTei!. P eweHHe 

dk 
H8XOaHTCH MeTOaOM H8HMeH bWHX KBBapaTOB Cn 123 C 38a8HHOl\ TO'!HOCTbiO --

k 
Bo BTOpoi! '!BCTH nporpaMMbi, Hcnonb3yH Hai!neHHbie a n epaol! '!BCTH 3Haqe-

HHH k I k 
2 

; k 
3

, onpenenHIOT no cpopMynaM ( 11-1 5) On TH'!eCK He X8p8KTepHCTHKH 

F,f'o., !'>.',(3, y TOJICTOI! J1HH3bl , 3KBHBBJ1eHTHOll 06'beKTHBy , 3JJ.8Cb )l{e nnH OU8HKH 

XpOMBTH'!eCKHX a6epp8UHi! 06'b8KTHB8 nnH 3Ba8HHOI'O B H8'!8J1bHhlX ycnOBHHX 

HH T epaan HMnynbCOB 

{3 ± ; y + 

f'o. k 1 /';pc + + + 
+ ( --- =---- )HaxonHT' 3 HB'!eHHH F- ; tJ. -; tJ.' 
- k 2 p _c 

BpeMH, Heo6xonHMoe nnH pac'!~Ta onHoro· o6beKTHaa, cocTaanHeT 10- 15 ce -

B reoMeTpH'!ecKoll onTHKe CBH3b Me)l{ny S H T MO)I{HO 3BfiHC8Tb a aHne: 

F S ( 1 6) T 
s F 

Bbi'!HCnHa no ( 16) 3 HB'!eHIIH T, T + 11 T nerK6 onpenen liTh KoscpcplluHeHTbi 

J1HH8i!HOi! XpOM8TH'!eCKOll a6epp8UHH 

+ + T-

II nonepe'!HOl\ XpOM8TII'!8CKOl\ a6epp8UHH 

+ + 
8 y 

( !7) 

r' 

± ( 18) 

3BM 8 TIIM, 'ITO nonyqeHHbi8 onTH'!eCKH8 X8p8KTepHCTHKH 06'beKTHB 8 He 38BHCHT 

OT IIMnynbC8 cpoKyCHpyeMbiX '!BCTHU, T.K. 

3oo r 
p c 

B npHJIO)I{eHIIII np11aonHTCH o6pa3eu 38110IJHeHHH HaqanbHbiX ycnoaHll H Bbina-

'!H p e3yJI bTBTOB, 
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Bbi'IHCneHHble no nporpaMMe aHa<Je HHH 

M e HTanbHblMH. HanpHMep, nnSI TpHnneTa npH 

k xopowo cornacyiOTCSI c :o> KcnepH-

r I e r 3 = 0,71 8 M; 

d
2

= 1,084 M; Tre 

11 a pac <J I:! Ta nony<J e H o k 1 = k 3 

H a l! neH O k I e k 
3 

= 0, 46719 ; 

SreS 8 m 35 M 

y 2 !,116 M; 

T B = 15 ,564 M 

"' 0, 47297 ; k 2 "' 0, 49724 

k 
2 

e 0, 49623 

d I = !,067 M 

3KC11 2 pHMeHT8nbHO 

C 110M0Wb10 nporpaMMbl MQ)KHO 11pOH3BOilH Tb p8C'JI:!Tbl IIOHHO-ollTH'JeCKHX CIIC­

T e M,COCTOSIWHX H3 6on bWOrO 'JHCna nHH3, .[lnSI 3 T OrO CnO)K H8SI CHCT,.MB paa6Haa­

C T CSI Ha OT nenbHble 06beKTHBbl H 110 nporpaMMe HBXOnSITCSI OI1TH'JeCKH e X8p8KTep11-

C TIIKH 3 TII X 06be KTHBOB, 

3aTe M npoHaaonHTCSI nocne noaaTenbHoe o6benHH e HHe nayx o6beKTIIBOB 

B On iiH ( ilB Y X T OnC TbiX nHH3 B OnHy) nyTeM IICI10nb30B8HHSI tPOpMyn r eoM e TpH-

"!eCKOl! OI1 T HK II. 

np11 3 T OM: 

F F 
I 

F e- ( 19) 
L - F - F 

2 

F L 

"' c (20) 
L - F - F 

F 
2 

L 
!I'= 

L - F - F 
I 

(21) 

r n e L - p acc T OHHIIe Me)Kny BHyTpeHHHMII rn aBH blM H nnocKOCTSIMH o6b e KTHBOB; 

!\ H !\' O T C 'JII TbiBBIOTCH O T BH e WHHX rnaBHblX nnOCKOCTelt n e pBOrO H BTOpOrO 

o6be KTHB OB cooTBeTCTBeHHO. VIHn e K C bl I H 2 OTHOCH T CH K a e nH<JHHBM n e paoro 

II BTOporo 06b e KTIIB OB COO TB e T CTB e HHO. 

TaKI!M o6paaoM , BCIO ¢oKyC11py 10WyiO c H c TeMy M O>K HO aaM e HHTb onH o lt 

3 KBHB aneH TH Ol! e ll TOnC T Ol! niiH30lt. 3HaSI ee tPOKYCHOe paCCTOSIHII e F 11 nono)Ke-

HH e rnaaHwx nn o cK ocT e lt !I II !I' n e rK o no ¢opMynaM ( !4-1 8) onpeneniiTb 

011TI! 'J eC KII e xap8KTe p11CTHKII CIIC T e Mbl B uenOM , 

8 

B nporpaMMe npeny• 

C TI!K 06be KTII B8 np11 a apa> 

n " · 

1. N. M. King. Pro gr . in. Nucl . 

2. B .B.MHnne p. npe npiiH ' 

3. 0. Chamberlain . Ann . Rev. Nt 

4 . L. C. Teng. Rev. Sci. lnst. 2: 

5 . B . C . KnanHIIUKHl!. npe r 

6 . M . r epu6eprep, C o ape M 

7. C • .3 . <t>pHw,A.B. THM ope 



wo cornacyJOTCR c 3Kcn epH-

35 M 

d I = 1,067 M 

'll:iTbl HOHHO-OrtTH'IeCKHX CHC-

CfiO>KHaR CHCT,.Ma pa36 Ksa-

SITCSI OfiTH'IeCKH e xapaKTepH-

HHe llByX 06beKTHBOB 

3aKKSI cPOpMyn r eoMe TpH-

( 19) 

(20) 

(21) 

rtnOCKOCTSIMH 06b e KTHB OB; 

:KocTell nepsoro H BToporo 

R K aenH'IHHaM n epsoro 

I O>KHO 38MeHHTb OllHOll 

pBCCTOSIHHe F H nono>Ke-

pMynaM (14-18) onpenenHTb 

B nporpaMMe npenycM oTpe Ha B03MO>KHOC Tb onpenen e HHR o nTH'I eC KHX xapa KTe pw 

CTI!K 06be KTHBa npH 3apaHee H3BeCTHbiX rpan He HTaX , HUrt (J I! Me p, '1 3 3KCrt e pHM e HT8, 

n H T e p a T y p a 

1. N.M.King. Progr. in . Nucl . Phys. 9, 73, 1963. 

2. B .B.MHnne p. npenpHHT OYI 51Y!, P-1 590 , 1964 . 

3. 0. Chamberlain. Ann . Rev. Nucl . Sceince. 10, 161, 1960. 

4. L C. Ten g. Rev. Sci. lnst. 25, 264, 1954. 

5 . B.C.KnanHHUKKll. npenpKHT OY!51YI, 14 77, 1963 . 

6. M . repu6epre p, CospeMeHHBSI reoMeTpH'It!CKaR OIITHKa, 98 , k! .n . MocKBa 1963 . 

7. C • .3.¢pHw ,A.B. THMOpesa . Kypc o6well cPH3H KH, T, 3 , 304' r VI TT n 195 9 . 

9 

PyKonHcb nocTymrna a K31lBTenbCKHll OTnen 

25 KJOnR I <J 67 r ona. 
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