
- I, lf 

OB'bEDJ1HEHHblti 
HHCTHTYT 
.RDEPHbiX 

HCCnE.nOBAHHYI 

Dy6Ha 

B.K.CycJieoKo 

• 

K OEPH~EPHqECKOM MO~ERH OPOUECCA 
N+N~N+N + 1( 

lt67, 



P2 · 3597 

x) B.K.CycJieHKo 

K nEPM~EPMqECKOH MO~ERM nPOUECCA 
N+N-N+N + 1( 

x) P aaHeBbi H HHC THTYT HM, B.r. Xnon HHa , n eHHHrpaa. 



Abstract 

In this paper the one-- pion- production process in NN collisions is 
considered and thP. convenient reference system determined by the labora
tory vector R ~ p L - qL was proposed. Using this reference system and 

I . 
taking into account the energy and momentum conservation laws ( 15) and 
( 16) , the method of calculation of the differential cross sections for pions 
( expression ( 43) ) was developed. 

E quation ( 29) repres ents the solution of the conservation laws, the 
absence of the </-> - depe ndence in it being the consequence of the motion 
symmetry of nucleons q 

1 
and q 2 rela tive to the vector R , and by this 

r eason the r a n ge 0 <. tb < 2rr for the integration variab le ¢ is permittect. 
For another integration variable, cos {3 , the expressions ( 25 ) a nd ( 42) 
represent the limiting values A and B, which were obtained b y takin g into 
account e quatio ns ( 23 ), ( 29 ), ( 36)- ( 41). From equations ( 44) a nd ( 45) 
it is easy to prove tha t the upper limit B • + 1 i s imp ossible. The equa
t i o ns (411)-(5 '5) conta in the proof of the e xistence of the li •nit B and that 
of the unique possibility of the (+) solution in express i on (23). 

The main fea ture of the proposed method of the differentia l cross 
s ecti o n calcula tion consists in expressi~g the five funda mental invariants 
throug h the v a lues d e termined a t the l ub. sys tem, namely, masses, T , T L, A L 

and QJ~ , cos f3 J , ¢ J ( j = 1, 2 ) , and in obtaining the limits of t~.e 17 

integration variables cos fl J and d, 

In the c a se of pion d istributions o nly 
the functionu l dependence on cos fJ J a nd 
give their explicit expressions . 

invariants t 2 a nd 
dJ a nd the formulae 

J 

t 2 include 
( 7() - ( 9) 

This approach appears as a gener a l o ne for every process of type 
( 1), the derivation of the square of ma trix element I M 11 12 in terms 
of the fundamental inva riants being the matter of a ny model. Using the 
matrix element of the peripheral model, the machine computer calculcl tions 
of the energy distributions of pions ( eq. ( 80) ) fot· the p r ocess 
P + P .. p + n + " + were carried out a nd the good qualitativ<;! 

Agreement wi th 'the experimental d a ta at T ilo 556 a nd 660 MeV, AL = 24° 

" G(t 2)= ---=-"-Br:...,. __ _ 
I t2 +91'2 

was obtained. In these c t l l cuJa tions the formfactor 

was used. 'I'his agreement proves the app licability of the peri~he ral 
conceptions at the energy reg ion 0 . 5 -0. 7 BeV. 

'TlodeJ 

The analogous calculations with the rules propo9gd bv Ferra ri a nd 
Selleri [ 4] ( D- system) (88) arrl N urushev a rrl Solovjanov 1 (L-system)( 1•l 1) ·.'.•ere 
also carried out, a nd the ambiguities of the ir approaches were shown. 



flnSJ ITOnHoro OITHCSHHS! CHCT9Mbl Q 
'ISCTHU He06 XOilHMO BB9C TH 3 Q - 10 

H938 DII CHMbiX HHB8pi18HTOB. npoue cc OllHOM93 0HHOro 0 6 p a3 0Bil HHSJ B HYKII OH-HYK IIOH-

HbiX COy!l.::tpe HH SIX 

l1 ) 

xapaK r epn3ye T C SI ITS!Tbto He3aBIIC H M btMII IIHBa p Ha HTSMH. KHHeMa T H '!eCKO e p ewe HHe 

npoGiJeMbl , OC IIOB.'l HHOe Ha C TpOr OM Y'I9 T e 38K OHOB C OXpaHe HHSI 3 H e pri! H H HMn ynb

ca , no:J nonner o n penem t r b n o nyC T IIMbl e pa3~!epbt ¢aa osor o npoc rpaacTsa , tjly HKU H-

OIIB Ji biiYIO ."liJ B l!C I!MOC T b H HD8p!! llHT OB If , T eM C 8 M bi M , M aTpii 'IHOro 3 II9M9 HTa O T 119 -

pCM911111->I X ll iiTerpn p OBilHH SI I! HX rpiJ HIIU bl 113M 9 H9 H H SJ. 3 a n aqe fl K OHKp e THOH MOnenH 

SID JI11 9 T CSI )"CT/JHODII91111e DllllA :JB BIIC II MOC TH M B TpH'!HOrO 3 n9M9HTO O T BCC X XapaK-

r ep HbiX 111113 /Jpnanron pacc,ta Tp H nae ~.· oro npouecca • .Un 11 rrpouecca 

I II! C b llJIH 3 11 9 !Jrll ii OT nopora 110 600 M 3 B "pe30H8 HCHaSI" MO!l9IIb / } / 

/ ~ / / 3-7 / 
111 0 800 J',bn H3o6aptl'l ec K an n rrepH cjJepn 4eC K a SI (nM ) 

( 1) paCCM8TpHna-

H nnn 3 HeprH H Bbl -

M onerm. P e3oHaH-

C lla :1 I.IO!lCIIb , npennO)K9fiH8 5I I\1B H!l9IIbC TB MOM , S!Bll51 ·9 T CSJ cj>e H OM 9 HOI!Or n qeCKOJ1 1'.10-

llCilbtO, B KOT Opoii Y 4HT b iDil9 T C51 pOI!b (3 / 2 ,3 / 2) p e3 0H8 HC a QH 3 1149CKOrO rr N pac-

C91! 11 1·151 II 11pOBO!lH T CH !l9 T QI!b Hbl ii y 'l e T 3Ql<lJ9KTOB B 38HM OL19tiC T B I! SJ 
rr N H NN 

n I<O HE"III bi X coc T OHHH>t x ; Ma T p ii 'Hibte aneMe HTbt n o n a r a to T C >t KOHC T aHTaMn . H ::1 o 6 a -

1'11 '19CKllSI h!CJ!l9IIb m:lJISI9 T CI! C l li!T930M C T8THC TH 'i9CKH X IT P91lC T BBII9H!IIf II f..JOIIH ( 3 / 2 , 

3 i 2) pe>:1v11auca n nper r 'lrnye r na Kaqec r neHaoe orrn caHHe npouecca ( 1) np11 3Hep-

r·n HX lf OC KOrlbKO f 3 n . 

311a•llrrenb H bl ii 11porpecc B r e ope r n4eCKO M p.::tcC~IOTpe Hn H Hpou ecc a ( 1) nocr11r-

11 '111 llllC>H 3 TOii "0Ll 9II Il ::l i ii( IIIO 'i.:IO T C SI B npennonox <C Hllll /lO~tii ii HPYIO LlJ e iJ ponn 011110-
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:vte30HHoro o6MeHa H ( 3/'2, 3/2) pe30HilHCa rr N pacceslllll51 sue Macc osoH no-

DepJIHOCTII 1 npH"!CM DHA M8Tpll"!HOrO ai1C MCUT8 YC T 8H8DJ1HDBCTC51 H8 OCHODC <jleiiH ~Ia-

HODCKHX IIOll!OCHblX ntWrpaMM . fipennol10>I<CHl!51 nepH<I>epn"!eCKOii MOACllll npooep51l1 lJCb 

cpasHeHHeM c a KcnepHMCHTallbHWMH AilHHWMU nnR a HepreTH"'CCKux p <.lcnpeneneun n 

HYKllOHOB B np o u ecc e 

+ P+P-+(l+n+rr {2 ) 

npH a ueprlt51X T =970 , ~000 11 2850 M ao 11 6blilO nony "' e Ho xopowce corn a c u e / 4 / . K 
/ 4 / 

CO>KOl1eH!iJ0 1 B Dbl"!HCl1eJU!S1X pa60 Tbl AOHyiUeH llpOH3BOll 1 B03HIIKWHii BClleAC TBIIe 

npene6pe>I<CHH51 orpaHH"!enn 51MH , o6y c nonnet-IHbiMH 30KOH8M H coxpa neHn51 a Hepr!IH 

ll llMIIYllbCa . 

B nanHoii pa6oT e npenn oro eTCSJ yno6 n a51 ti HarnRn tra51 CHCTeMa OTC"'e T a , c 

IIOMOUllilO KOTOpOii 11p0DOAHTC 51 IIOClleAOBaT e ilbHWA yqe T 3 8KOHOD COXpane HHSI a11 e p -

rHH n nMny nbca ; B W"!HCll51IOTC51 a nepre TH"'eCKHe c neKTpw rr + - Me30HOB, o 6 pa-

3Y IOlllllXC H B npoue cce (2 ) 1 C Ue llb!O Bbi ·SICHeHH 5I B03MO>I< HOCTH p a cnpOC Tp 11HeHll51 

npenc Tosneunii nepH<jlepwTeCKoil Monen H All 51 o6nacTH aHeprH A T =500 - 700 M a n . 

1. Pen51THBII C TCK H HHBapHaHTH851 KHHeMaTHKa H Bbtpa>KenHe All51 

JlltCe<: >epenunanbuoro nonepecn10ro ce"! e HHSI npouecca N + N -+ N + N + 71 

B ee npennono>~<eHI!SI riM, ee a nn a p a T H KHHeMaTn"!ecKa51 cxeMa nonpo6no 11 3 -

/ 3,4 / 
no>KeHhi B pa 6 oTa x • 3necb Kp a TKO H3 n araiOTC51 nHwb cymecTBeHHbte neTanu, 

Heo6xonnMbi e nnSJ SICHOCTH nanbneflwero aHallH3a . 

8 pllMKBX fiM npoueccy ( 1) COIIOCTOBllS!IOTC51 "'eTbipe f!OllJOCHbie <jleAHM8HOB

CKHe AH a rpaMMbl ( pHC. 1). JlnSI npouecca ( 1) BBOAUTCSI <jlyHAOMeHTOllbHblll Ha6op 

TISITH He38BHCHMblX pe1151THBHCTCKH HHB8pH8HTHWX BellH"!HH 

w 2 = ( p + p )2 

2 

2 
w = ( q + q I) 

2 = ( q 
2 

u + q 2 ) (3.1) 

t. 2 =-(q2-p2) 
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rne P 1 , P 2, q , q 1 H q 2 - 4 - !I&ICTOpbi, COOTB&TCTByiOmHe '18CTHU8M Ha 

pac.l. 'I - nonaaR saeprag !I cacTeMe .neaTpa Mace p 
1 

a p 

2 

; cu (u)-

-IIOIIH8R 9Heprag 'IBCTHU q, q 1 ( q, q 
2

) B HX c.n.M,, B ICOTOpoA q + q .. 

1 

~ 0 ( q .. + q
2 

aO): 
H 

t 
2 

- ICBBltp8Tbl 'I&Tblp&XM6pRbiX IIepenaRHbiX HMIIYIIbCOB, 

M C)KHO o5pa30B8Tb T8KlKe BCIIOMOl'8T61Ibllble HHBapaaRTbl 

~2 --(q -p )2 
2 I 

2-- ( q - p ) 2 
I 

(q-pl)2 

;-2 -(q-p )2 
2 

z (ql+ q2)2 

OepBble 'leTbipe HHB8pB8HT8 Ha5opa (3.2) RBIISIJOTCH nepenaHHbiMH BMIIYIIbC8MH
1 

IIHTbilf - KBanp a ToM nonaoA saepraa 'IBCTHn 

q,+ii2=0 
q I H a ax c.n . M., rne 

Bcno.MoraTenbRbie ali:sapaaHTbi (3.2) Bb!pa)KaiOTCSJ 'Iepea !jlyH.QaMeaTanbable 

HHBBpH8HTbl (3,1) CIIeJtyiOmHM 05pa3 0M 

i 2 
a W 

2 
-3m 2 

- cu l'l 2 

t 2 
= W 2 - 3m 2 - u 2 

- t 2 

{3,2) 

(3,3) 

-2 
r = u + t 

z = w cu - u 

n l06 b! e KHHeM8TH'IeCKHe BeiiH'IHHbl ( SHeprag, HMIIY1IbC
1 

yron p iiCCeSJHIHI H Jtp,) B 

III0 6olf CHCTeMe OTC'IeTa MOryT 5b!Tb Bblp8)KeHbl 'lepe3 OC HOBHble HHB8p HOHTbl (3.1), 
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flonHbti'l HHBDPJJaHTHbtii Marpn'!Hbtti 3 neMenr M 11 

onpeneneHllblii COOTHOWBHHBM 

npouecc a (1) H (2), 

7 

S =-i(2rr) 2 [ 
fl 

m4 y, 
84( q+q + q -p -p ) M 

2 1 2 It (4) 2 q q q p p 
10 20 10 20 

SIBTI51BTC51 anre6pDil'IBCKOii CyMMOfi '!B!'blpBX MOTpH'il!blX 3l1BMB IITOB COOTBBTCTBy-

JOlUHX nnarpaMM a), b), c) , d),pnc.l, 

M M -M -M + M 
b c d (5) 

11 

KonKpeTHbtt"r ann MarpH'!Hutx 3nervteHroa, 3aancsuunrr or neranerr npennono>KeHHi1 flM, 

6yner ycraHoanen B rnaae 3. He KOHKpent3HpR ann nonHoro Marpn'!noro 3/lCMCH

Ta (5), o6parnMc51 K crroco6y Bbl'·IHCnetmSJ naoi'IRbtX nn¢cpepeHunanbHbiX rronepe'!l!btX 

d 2 a 
CB'IBHHI{ (i=rr,N,N). 

dq
10

d0 1 

LlnSJ rrpouecca ll) o6tuee nncjJ<jlepeaunanbHOe rronepeqaoe ceqenne :JarrHCbiBil-

CTCSI '1epe3 M8TpH'1Hbtfl 3/lBMBH T 

d a 
-5 

( 2 " ) 
F 

4 
m 

2 

M 
II 

cnenytomn M o6pa30M: 

2 

L I M II I 
8 4 (P d 3 q d 3 q d 3 

f-P,) I q2 

qo q 10 q 20 
(6) 

rne cnMaon L 03H8'!8BT ycpenHeHHB TIO H848llb!lbiM H CyMMY no KOHB4!lbiM Cnii

"F=J(p•p ) 2 -m • HOBb!M COCTOSIHUHM; 
I 2 

- pell51THBllCTCKU UHBOpllDHTH~A no-

TOK, m - M8CC8 HYKllOHa. 

q • q • q 
0 10 20 

d3q,d3ql,d3~2 

8 4(Pf-Pt ) 

4-nMrrynbca, rne p 
1 

- TIOllHhlB 3 Heprnn '18CTHU B KOHB4HOM KaHnne, 

- nncpy'1epeHUll8llbl rpeXMepHblX llMnyllbCOB, 

4-Mep!!OSl 8 - ~JYHKUU51, apryMeHTOM KOTOpofl ~JB-

n51ercn Ohtpa>Kenue nnn 3aKoaa coxpaaenH51 

p + p 
2 

p 
f 

q + q I+ q , T.e. 

p + p 
I 2 

q+ql+q 
l7) 

6 



BblpBll<eHH e (7) SIBnSie T c SJ KpllTKoii 3BnJ!Cb iO 3 BKOIIOB coxpaHeHHSJ 3Heprnu 11 

HMnynbca: 

p 10 + p 20 q 0 + q 10 + q 20 (8) 

p + p 
2 

q + q + q 2 \9) 

JlnSI Bbi'IHcne HHSI JlBO!lnoro Jlncj>cjJepeHUHanbHOro none pe'!Horo c e'!eHHSI JlnSI m o -

6 o>l H3 KOH9'1flb1X 'lBCTHU COOTB9TCTBYIOUU1Ji efi JlH<jlcjJe peHUIIan d 
3 

q I ( i = "• N, N) 

nepeHOCHTCSI B neoy10 'lBCTb Bb1p8>!<9HifSI ( 6) H HCI!Onb3Y9TCSI C OOTHOWeHHe 

3 
d q 

I 
q d q d n 

10 I 0 ( 10) 

B 'IBCTHOCTH, Jlnst JlBOiiHoro JlH<jlcjJepeHuHanbHoro nonepe'lnoro· ce'leHHR Jlnst 

IIHOHOB ('IBCTHUB q 

d 2 (] 

) nonyqaeM 

4 
m 

2 
I q I 

Bblpa>~<eHHSI, noJlo6Hb le ( 11), JlnSI qacTnu q I 

d 3 q d 3 q 

q 10 q 20 (11) 

H 3 Jl9Cb He 11piiBOJl5JTCSI ... 
ocnencTon e ux O'leBnJlHOC TH. CnenyeT nMeTb o BHJly, 'ITO o e nn'lnHa I q I Bbl-

H Bblpllll<elme, C TO-

Slillee IIOJl 3 HBKOM HHT e rpana B ( 11), RBnReTCSI p e nSJTHBHCTCKH HHBBpHBHTHbiM H 

M Oll< eT 6b1Tb D bl 'IHCn e no B m o 6o!l CH C T e Me OTC'!eTa , Ero Bbi'II!Cne HI!e Tpe6yeT npo

B9U9HHSI weCTH KpBTHoro HHTerpnpooaHiiSI, 4eTblpe H3 HHX nerKo MoryT 6biTb ycTpn

H e Hbi C IIOMOlUbiO 0 
4 

- GJYHKUHII, B pe3ynbTBTe qero OCTaeTCSI JlBOiiiJOII HH-

T e rpa n, Dbi'IHCnSJeMbli1 oubi'IHO 'lncneHHO, 

nonnHTerpanbi!Oe BblpB X<9 11H9 JlOn>KHO 6b!Tb Bblpax<e HO qepe3 qJyHJl ll M9HT£lnb

ll biii H a 6op IISITH HHBllpii B HTOB ( 3.1), noCKOnbKy HHBBpH O HTbl BCIIOMOraTenbHOI"'O 

HaG opa (3.2) Bblpll>K B IOTCSI 'l e p e3 Ha6op (3.1), 10, ecnn OKBll<e TCSI YJl0 6 HbiM, OHM 

T HK X<e MOI"'YT HCIIOnb3 0BB T bC 5J B llpOUe CCe Bbi'IHCne HJJi!, 

7 



D nn ni~I 1 1f! CJ I C I111i't Bhlpll>t(e !ll!i'l Tl!lla { 11) 
14 1 

llO T Opa~ tll pi1GOTI>I np eJ:ITI OlKC I!bl 

C:JJ eD)'lCJ!Il ll8 C H C T eM bl O T C 1leTa: 

a I naGopaTOp111H T ( L ) C I!CT8 M<J 

G ) c u c T eMa u e 11Tp a rvwc c (B) (p 
n ) Q- CII C T eM B (q~ + q~ = 0), 

I 

r) P - C li C Te~ta (q + q ~ 0) , 
2 

n) D - CH C T "MB (q +q = 0), 
I 2 

( p ~ 0 ) ' 
~ 2 

,+P?~O) , 

n:) 1\0 T Opbl X Q, p H D - C I!C T 8Mbl HCrtCTib3 0BilTi li C b U TIH Bbi'II1 CJI 8 llliH Ohlpa-

)I(<' • II!! ii Tllll 8 (II) ,QTIH 'IBCTIIU q 2' q I H q , COOTB8 T C TB8 1111 0 , II YKil31l fib! II[JC-

Jll'lll>l IIII TC rpHpOB B IIHH, X.1pl1K T 8p !!bl8 UTIH CHCT8Mbl U e HTpll MBC C ynpyror o paccen-

11 11 H noy x 'l BCTliU. H 11 »<e 6yne T noKa3aHo, 'ITO T BT<He rpaHHU b t HliTerpHpOBDHI!H BbtG-

p ct llhl rtpOH3BOTibi!O H 'ITO 3 T O rtpHB e riO K np e He 6 p C>I<8 HHIO 3[1 K0118MH COXp811CHliH 

•W' i' l ' llll II H "'tnYTib Ca H, B KOH8'1HOM C'ieT e , K H e COOTB8 T C T BY!OU! l! M H M pe3yJTb T l1 -

/ 8 / 
T <t~t Bbi'~Hcnenul! . AsTop i)Mll .npyrofl p a6oTbT nposonHTiliCb B b l'liiCTienHn B b tp a -

''·'' 1111 <I ( II) B L - CHCT e Me H H M H T a K•e ,QOITyweHa rtOU0 6 H aR HCTO'lliOCTb . 

2. Bbtne nennan na6op a Topnan CHCTeMa OTC'leTa L R - C H C T 8MI) ) UJIR 

rrpouecc a N+N-+N+N + TT 

Jlrt60p[IT0pHI)R C I!CTeMa OTC'leTa ( L ) onpenenneTCH COOTHOW8HIIeM: 

-+L 
p 0 . 

J;tJ JIIUI C I>I 3 i!KOHLI COXpL! li CII IHI 3 Hepnt n ll H MrtyribCI) B 

L 
P + m 

10 

p L 

L L 
q + q 

0 I 0 

L 
+ q 

20 

-+L -+ L L 
q + q + q 

L - c HcTeMe 

( 121 

( 13) 

\ 14 ) 

B•• e ! :n ~ · c nCJlY IOillH e ooo3 n a•tel tl! H H nep e nHtueM Bbtpa>Ke nn n ( 13) n ( 14) B n•:nP 

R 

R 

L p L 

10 
+ m- q 

4 L _,.L 
p - q q L-'-

8 

L L 

I 0 + q 20 

-• L 
q 

( 15) 

I l GI 



BseneM IIOBepHyTyJO OTH OCHT91IbHO B9KTOpa p L na6opaTOpHy10 CHCTeMy , OIIpeneliSie-
1 

MYJO BeKTopoM R ( LR- CHC T eMa), 3ana HHoro Bhtpa)KeHHe M (16). Ponb a Toll C HCTe-

Mhi 6yneT SICHa H3 ASlibHeJlrnero paCCMOTpeHHSI. 

8 L R - CHCTeMe nposeneM Bhl'IHCli9HHe ITOAHHTerpalibHO!'O Bb!p8lK9HH!I B 

( 11} ( 3HSK l: Ali!! KpSTKOCTH OIIYCKaeM) 

J = f I M 
!I 

YcTpaaa M c noMOllibJO 

2 

I 8 
4 

(P p 
d 3 d ~ 

q I q 2 

q 10 q 20 

8 
4 

(P - P ) 
f I 'i9Tblpe HHTe!'pHpOBSHHSI 

q 

2 -+ L L L 
f I M I 8! (P - p ) d .. 

II f I q 

(} rp ( q L20) I 2 L 
-----...:::__ __ 1- I M II I d n 2 • 

a q L 
20 

npnqeM semi'IHHB non 3HBKOM HHTel'pana \ 18) 'orrpenenaeTCSI rrpH ycnoBH!!X 

( 17) 

( 18) 

\ 19) 

\20) 

(21} 

3TO 03HS'I89T, 'ITO 'leTbtpexKpBTHOe HHTe!'pllpOBSHHe C IIOMOllibiO 8 4 - !jlyHK

UHH CBOAHTC!I K OIIpeneneHHIO 38BHCIIMOCTH liOAHHTe!'pSlibHO!'O BhlpB>KeHHR ( 18) 

OT nepeMeHHhiX B9liH''iHH q L , COS 0 R H cp , OIIpeneneHHbiX B 
20 q 2 q q 2 

LR- CHCTeMe B COOTB9TCTBHH C 38KOH8MH COXpaReHHR 3Hep!'HH H H M IIylibCB 

( 15) H ( 16). 
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CHTYBUIHI B L R - CHCTeMe rpa¢wieCKH n3o6palKeHa na pHc,2, rJle 

cos a = cos () ( p L COS () L- q L ) 

R I rr 

cos y 

L 
COS( 

Rq 

cos f ) I = COS () R q 

I 

cos {3 2 

cos () 

cos () 

cos () 
Rq 

qq 
2 

Rp 
I 

2 

</> q q 
2 

</> 
R q 2 

</> 

1 L L 
-- ( P - q L COS () 

R I rr 

Yf3 (20) H ( }9) HM88M ypaBH8HRe 

L , 

q = R - V ( R - q L) 2 + m 
20 ° 2 

R V R 2 -2R .j( q L)
2 -m 

2
cosf3 +(q L )

2 
,(22) 

20 2 20 

peill8HH8M KOTOpOrO HBnHeTCH BenRqHH8 

L(+) 
q -

20 

1 
-------- [ R ( R 

2
- R 

2 
) + R cos (3 .j ( R 

2
- R 2) 

2 
-4m 2

( R 2- R 
2 
cos 

2 f-!
2 

] 

2 ( R 2 _ R 2 cos 2 f.! ) o o - 2 o o 
0 2 

(~3) 

3aMeqaTenbHOfi OC06eHHOCTb!O Bblp8lK8HHH (23) S!BnHeTCH TO, qTo OHO He COJlep-

BaeTCH OT nnOCKOCTH, COJl8plKaWell B8KT0pbl 

</> = </> 
qq 2 -+ -+ L 

R 'pI 

( yron cp OTCqRTbl-
-+ L q q 2 

H q ) , 3TO 0 3H8-

lKHT 38BHCHMOCTH OT 83HMyTanbHOI'O yrna 

qaeT, qTQ HanpaaneHHH B8KTOpa q L, COOTB8TCTBY!Oill81'0 BoanRqRHe (23), o6na-
2 

JlBIOT nonnoi\ CHMMeTpRetl OTHOCHTenbHO aeKTopa R B 3BBHCI1MOCTH OT a3HMY-

Tanbnoro yrna </> , a aenHqHna a T oro aeK T opa OJlHHBKOBa npH acex 
qq2 

3 Ha qeHHHX yrna cp qq • 

2 L (+) 
QqeBI1JlHOe ycnoaRe aemecTaeHHOCTR aen~o~qRHbi q

20
- nanaraeT orpanHqe-

nne 

( R 
2 

- R 2
) 

2 
- 4 m 

2 
( R 2 

- R 2 cos 2 f3 ) > 0 
0 0 2 - (24) 

10 



PaaeacTeo aymo neaol!: 'IBCTH Bbipa>KeHIHI (24) onpenenHeT rpaHH'!Hoe 3HB'!eaue 

cos f3 2 , paeaoe 

A (cos f3 ) 
2 rp I v' 

4m 2 R 2- ( R 2- R 2 ) 2 
0 0 

I . 
\25 ) 

Pewe HHe ( 23) c oaep>KHT 3 HBKH ( + ) nepea KopaeebiM Bbipa)KeHneM , Heo6-

XOAIIMO yCTSHOBHTh, KOTOpoe ll3 peweRHli C OIIpeaeneHHbl M 3 H8KOM HMeeT !jJH3 H'! eC 

KHli CMblCn, K CO>KaneHIUO , 1Ip!IMOil IIOACTBHOBKOfl (23) B HC XOll HOe BblpBJKeRHe (22) 

He ynaeTC!J 1IpOH3BeCTI! Bbi60p, TBK KBK B pe3ynbT8Tf' cneayeT llOilyCTIIMOCTb 0 6 0I!X 

pewe HHfi, 

Llpyroi\ IIYTh OT6opa peweHHH MOlKeT 6b1Tb TBKHM. Llng Kp 8 TK OC TH BBeneM 

o 6 o a na'!eHU!I 

b = ( R 
2 

- R 
2 

cos 2 f3 . ) 
0 2 , 

II BW'IHCnHM HMIIynbC COOTBeTCTBYIDillHfi II011HOI1 3HeprnH 

2b 
[ a R cos {3 :!: R v' a 2 

- 4m 
2 

b 1 
2 0 

L(+) 
q -

_l_ [ R 
0 

v' a 
2 -4m 2 b .::_ a R cos {3 

2 
] • 

2b 

(26) 

QL(:!:J B (23), 
20 

(27.1) 

(27.2) 

q L !±J MO)I<eT 6b!Tb 381IHC8H8 llBOSIKHM MSTBMSTH'!eCKH 
2 

nonycTHMbiM o6paaoM a aHae nH6o (27 .1), nH6o (27 .2). 

BocnonbayeMcSI ycnoBHSIMH: 

1) q L( t.J > 0 , 'ITO 03H8'!8eT BeweCTBeHHOCTb II II01!0JKIITe1!bHOCTb QJH3ll-
2 

'!eCKHX Be1!l!'!IIH HMIIYI!bCa ( B G111l'IHH8 Q L (:!;) = 0 HeB03MO)!{H8 

B CI! e llCTBH e (cos {3 2 lrp f. 0) ; 

2) a 2 - 4m 2 b = 0 n pH cos f3 
2 

= ( cos f3 
2 

) rp 

n o 1!b3Y S!Cb ycnom t e M 2) 
1 

113 (27.)) !101!y'IH M 

11 



aRcos,B
2

>0. 
(28} 

3aTeM, UOnb3YS!Cb CHOB8 ycnOBHeM 2), H3 (27.2) YCT8H8BUHB8eM, qTo AUSI 

YAOBUeTBOpeHHSI ycnOBHSI 1} B (27.2} Reo6XOAHMO B3S!Tb TOUbKO 3H8K \+}. Ha-

me 6yAeT Hanomea apyroA cnoco6 OT6opa pemeaan c onpeaeneHHblM aHaKoM, noATnep

lKAaJOmnfi He06XOAHMOCTb TOUbKO ( +) pemeaun. 

11TaK, eAHHCTBeHHblM peweHHeM ypaBHeHHSI (22}, YAOBUeTBOpS!IOWHM ljJH3l!qeCKHM • 

yCUOBHSIM 38A8qH, SIBUS!eTCSI 

L 
q = qL!+l = • [R (R

2
-R 2)+Rcos,B y(R 2-R

2
) 2 -4m

2
(R 2-R

2
cos 2,9 )]. 

0 0 2 0 0 2 20 20 2(R 2_R2 cos 2 f3) 
0 2 

B A8UbHeilmeM BCIOAY o6oaaaqaeTCH q L (+) 
20 

YqHTblBHH, qTQ 

L 

q 20 

(29) 

L ~L 2 2 -+ -+L 2 
q = y(q ) + m a y(R-q ) + 

SO I 2 

m2 =yR 2 -2Ry(~-m L 2 
cos ,B + ( q ) • 

2 20 

llUSI CT8T!jJ8KTOp8 nonyqaeM Bblp8lKeHHe 

R L 
P { Cj , COS ,B ) a 

20 2 

L 
q 2 

q 10 

a ¢ < q L > -1 
20 I 

a L 
q 20 

20 

(30} 

(qL)2-m2 

20 I· 
R j(qL } 2 -m2,_qLRcos,B 

0 20 20 2 

(31) I 

3aTeM, ecnH Bhlp83UTb BCe HHB8pli8HThl, OT KOTOphlX 311BHCHT M8TpH'!Hblll ane-

MeHT M II , qepea 
L 

q 20 cos f 2 r/> qq 
2 

H H XapaKTepHble UOCTOS!HIIble 

sennqHHbl B L R - CHCTeMe, TO 38A8qll 0 CUOC06e UpOBeAeHHSI HHTerpnpOBBHHil 

B ( 11) Up11HUIIUH8UbHO pewaeTCSI BblqHcneHHeM HHB8p11811THbiX BblpameHHfi 

12 



B 2rr 
L 2 

I p L ( q 20 ' cos F3 ) I M ( qL 'cos {3 ' ¢ ) I I. 
2 II 20 2 q q 

2 
(32) A 

f d cos {3 2 f d ¢ 
qq 2 

J 

YfHTei"'pllpOBBHIIe no nepeMe HHOlf </> q q 
2 

BCTieJlCTBI!e CII MMeTpllll 3 8Jl8'!11 OTHOCHTeTibHO 

seKTopa R ( KaK 3TO cnenyeT 113 . BIIIlB B bipa>Ke HIIH (29)) II M e eT npen enbi 

3anaqa 5yneT pew e Ha n o nHoC Tb !O , ecn11 ycTaHoaneabi npene nbi HHTeppHpoaaHHH A 

11 B no nepeMeHHoii cos {3 2 • 

Open en A = (cos {3 
2

) rp onpenen e H B (25). 

nnH 'leTKOI"'O nOHIIMBHHH c y m eCTBOB BHHH npenena B cnenyeT HMeTb B BIIAY 

CnenyJOLUee: '!9TblpeXKp8THOe HHTei"'pHpOBBHI!e C nOMOIUb!O - tPYHKUHII MO>KHO 

npOBeCTII B o6p8 TH O M nOpH/lKe, T,e. BIIB'!Bne no d 3 8 
q :l, a 3 aTeM no d q 1. , B 

, BHB nOI"'H'!HOe Bb!pBlKeHH !O (29) 

qL • Ecn11 yqecTb HlleHTH'!HOCTb '!BCTHU q
1 

H 
20 

q 
2 

, TO 3TO 031IB '! BeT, 

'ITO y '!BCTHUbl q I HMeeTCH T8K09 )1{9 I"'p81IH'!HOe nonO)I{9FIII9 KBK II y '!BCTHllbl 

q
2 

, onpenenHeMOe Bblp8>K 9HH9M (25) . 0p11HIIM8H BO BHIIMBHI!e (15) II (16) (eM, 

TBK>Ke pHC,2), nei"'KO nOHHTb cne nyJOmee. 8 TOT MOMeHT, KOI"'Il8 '!8CTIIU8 q 2 
38-

HHMana rpaHH'IHOe nono>KeHHe A, 'IBCTHua q I 3BHH M aeT nono>KeHHe B, KOTopoe 

UO B9TIH'li!He onpe nenHeT :paHH'!HOe liOTI0)1<9HHe '!BCTHUbl q 2 , KOrna '!8CTHU8 

q
1 

3aHnMaeT rpaHH'!Hoe . nono)!{eHI!e, no senH'!IIHe paaHoe A, T . e. 

B = (cos {3 ) < cos (3 < (cos {3 ) 
1 l'p - 2 2 l'p 

A. (33) 

BenR'!HHa B = (cos {3 
1 

) rp JlOTI)!{HB 6biTb onpeneneHa HB OCHOBe CTpororo yqe-

TB 38KOHOB COXp8H9HIIH 3Hepi"'HII II HMnynbC8 ( 15) li ( 16). 

Ba>K HO HMeTb B BllllY, 'ITO nnSI 3BilBHHbiX 

R 
0 

L L 
p 10 + m - q o 

13 

qL 

0 
II 

-+L 
q s e nn'!IIHbi 

(34) 



RBnmoTCSI K OH C T B HT a MH n pH 3an a HH LI X T T L 

" 
H OL B BhlpaJK9HH H ( 11) • 

" 
3necb p L = m + T , T - KHHeT;Pre c Ka SI a n e pruH nane Ta iOmell qac THU ht p a 

! 0 j t I 
L - CHcTeMe, p L = T(T + 2m ) - a e nH'IHHa ee II M rrynhca; q L = 11 + T L 

I 0 1T 
L L J L L ' rne T - KHH9TH'l9CK8S! 9He pr1IH IIHOH8 B L - CH C TeMe, q = · T (T +211 ) -
1T 1T 1T 

aemi'IIIHa ero IIMrry nbca; 0;; - yron BblneTa IIHOH8 OTHOCHTenbHO B9KT Op a 
· c. 
p 

I 

a L - CHCTeMe. B"ce a TR aenii'lHHhl g anSIIOTCH KOHCTaHTaMH rrpn Bhl'mcneaaa 

BhiP8*9HHil (32). 3 T O 03 H8 "!8 e T, "'TO B ( 15) CYMM8 ;JOnH h lX 9 Hepraif qL H qL 
10 20 

'l8CTHU q H q 
2 

npa ax H3 M e BeHaa rro 38KOHY (29 ) B rrpene n ax (33) non*Ha 

OCT8BC TbCH IIOCTOHHH OH H paBHOH R 0 • OnHoape MenHo aeKTopaa H c yM Ma IIMnynh-

COB ijL H qL B ( 16) TBK*e non* H8 OCT8B8TbCS! IIOCTOS!HBOfi a paBHOll 
I 2 

.. 
R 

( aena'!Hlia a T oll cyMMhi paaaa R , onpeneneHHOMY a (35) ) • 

Bhr'lHCnHM aenH"'HHy B = (cos {3 ) . 
I rp 

8 3SIB CKanSipHOe IIpOH3Bene HHe B9KTOp a R Ha caMoro ce6SI II coKpaTHB 

H8 aenH"'HBY R , H3 BbrpaMeHHSI ( 16) rrony'IHM a o6meM cny"':ae 

R = q L cos {3 + q L cos {3 
1 I 2 2 

cos f3 ( R - q L cos {3 ) ' 
qL 2 2 

I 

H H3 (36) nnH rpaHH"'HhiX BenH"'HH HMIIyRbCOB a yrnOB 

R=(qL) 
I rp 

( COS {3 ) + ( q L ) 
I rp 2 rp 

( cos f3 ) ' 

B = (cos f3 ) 
1 rp 

2 rp 

--
1
-- ( R - ( q L ) ( cos {3 ) 

2 rp 2 rp 
( q L) rp 

1 

(38) 

(37) 

l . 

H 
L 

( q 2 ) rp BenH"'HHhl ( L 
q 20 ) rp B bl "'HCnSIIOTCSI R3 (29) II pH ycnOBHR (25) II 

paBBbl 

2 

(q L) 
20 rp 

R
0 

( R - R 
2m 2 

(38) R 
2 2 

R - R 2 2 2 
2 [ R - R ( cos f3 ) ] 

o 2 rp 

14 



2 m 
2 m 

2 
R ( cos {3 

2 rp 

(39) 

B enwtHHa ( q L ) 
10 rp 

onpenenSieTCSI H3 3BKOHa coxpaHeHHSI sHeprHn ( 15) nnH qacT-

noro c nyqag rpaHH'IHbiX sneprHI1 'IBCTHU q I H • Y'IHTb!BBS! (38), H3 (15 ) 

nonyqaeM 

L 

( q 10 ) rp 

It 

R o (1- - --), 
R 2 - R2 

0 

00JlCT8BHB (39) B (41) B (37) , n o nyqaeM 

B = (cos {3 ) 
( R 

2
- R 

2 
) - 2m 2 (cos 

2 
{3 

0 2 

1 rp 2m 
., 2 2 2 

y R 
0 

- ( R 
0 

- m ) ( cos 2 (3 
2 

(40) 

( 41) 

r p 

(42) 

Bbrpa)!{ eHne ( 42) npencTaanSieT c o 6ol! HCKOMbil! aepxm1li npenen HHTerpnpoaaHH H no 

nepeMe HHOH COs {3 
2 B Db!pB>KeHHH ( 11). 0KOH'IBTenbHO, JlH<jJ<jJepeHURBnbHOe no-

nepe'IHOe Ce'!eHHe nHOHOB ('IBCTHUB q nnH npouecca ( 1) npB Bbi'!HcnenHn a 

LA - CHCTeMe Bblp8)!{eHIHI, CTOS!IUero non 3H8KOM HHTerpana B ( 11), Jl8eTCS! 

d 2 " -s ~ s 
---- = ~ ~ I Cil r dcosf=, 
dq

0
dD F 2 

2FT 
R L L 

( d ¢ I p ( q , cos f3 l I M ( q 
O qql JO J II JO 

15 

2 
, cos f3 ¢ 1 1, 

J qq' 

(43) 



r)le j = 1, 2 03H8'!8eT '!8CTHUY q 
1 

, q 
2 

II c noco6 Bbtpa>KeHIISl aRB8p118HTOB , OT 

2 
xoTopbtX 38BIICaT MaT pH'IIlbt!l sneMeHT I M u I ; q 10 , A 11 B ABJOTCSI Bbtpa-

>Ke lliiSIMH (29), (25) II (42), C OOTBeTCTBeHHO. 

3aMeTHM, 'ITO H3nO>KeHHb1il CnOC06 Bbt '!aCnena SI B = ( cos f3 1 ) rp 88 OCilOBe 

.. L 

(37) n e SIBnSie TCSl eAaHCTB eHHb!M, 06pa3ySI CKanSipllbie npOa3BeAe HaSI B,eKTOpOB q 

II qL C Bbtp8)!<eHHeM ( 15), MO>KBO nony'laTb cneAyJOIUH e Bbtpa>KeHIB! 
2 

cos {3 1 ~ L 
q 

I 

L 1 L2 L2 
q cos {3 + - ( q - q ) l 

2 2 R 10 20 

H 113 ( 44) II ( 36) MO>K HO T8K>K e nony'IIITb 

R 1 L2 L2 
ros {3 = -- ( 1 + -- ( q - q ) l · 

I 2 q L R 2 10 20 

1 

(44) 

(45) 

fpallH'IHOe 3118'!eaHe COS {3 1 
no ~OpMynaM (44) II (45) nonyqaeM ITOACT8HOBKOH 

L L L L 
B HHX rpaHH'IHb!X 3 H8'!ellllil q I , q 

2
, q IO , q

20 
a COS (3 2 , JlerKO nOK838Tb, 

'ITO Bblpa>K eHHSl (36), (44) a (45) II COOTBeTCTBY!OlllHe Bb!p8)!(eHaSI AnSI rpaHH'!HblX 

3H8'1eHaA 3KBaBaneHTHbl, 

HHTepeCHO OTMeTaTb, 'ITO a3 lj>opMynbi (44) cneAyeT HeB03M0)!(HOCTb paBeH-

C TB8 rp8HH'ilib!X 3Hepral!: 'iSCTHU q I 

= (q L 
20 rp 

H q2 

(cos {3 I) rp = (cos {3 2) rp ' 

, TSK KSK B cny'!ae L ) 
( q 10 rp 

A= B 

H aHTerpan (32j paBeH nynto . 3aTeM H3 (45) cneAyeT, 'iTO 3TO T8K)!(9 0 3 H8'!8eT 

He003MO>KI!OCTb COS (3 I =>t-1. 

H3 BbttlleH3no>KeHnoro cneAy eT, 'ITO petlleHHe (29) Tpe6yeT yTO'!HeHHSI npeAe

nos o5naCTH I\Ja30BOrO npOCTp8HCTB8, rAe OHO COOTBeTCTByeT aCXOAHbiM B b tpa>KeHH-

S!M (15) a (16), H 3 KOTOpb!X OHO 6btn 0 n o ny'ieHO. TIOK8 >K9M T8K>K9, 'ITO cymeCT-

ByeT Apyrol!: cnoco6 Bbt'!acneHHSl (cos {3 
1

) , OCHOB8HHbtl!: H8 TOM, 'iTO qL 
Q ~ 

B Bbtpa>KeHIIH (29) np u cos {32 = (cos 

onp e AeneHHOe Bbtpa>KeHHeM ( 40) • 

{3 ) AOn>KHO nepeATa B 
I rp 

qL 
10 

)lng YA06CTB8 nepenH!lleM Bbtpa>Ke HHe (29) C y'ie TOM (25) B BHAe 

16 

) 
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L 
q 

20 
(46) 

f1pHQL=(qL) 
20 20 rp 

BhinOnHH9TCH COOTHO!Il9HH9 ( 40), KOTOpOe OAHOBpeMeHHO 03-

HaqaeT, 'ITO npa cos {3 
2 

= (cos {3 
1 

) rp (46) uon•Ho nepefiTH B 

R o - ( q ~o ) rp = R o ( l -
R - R 2 

(47) 

2 ( R 
2 

- R 
2 

(cos 
2 (3 ) 1 

0 I r ~ 

B npnnunne, H3 ( 47) TaKJKe MOJKHO nony'II!Tb BhipaJKeHHe unn (cos (3 
1 

) rp • Ou-

f!BKO 9TOT nyTb OK83hiBBeTCH 3H8'!1!TenbHO 6onee CnOlKHbiM, T BK KBK Tpe6yeT 

pellleHHH ypaaaeHHH qeTBepTOH CTeneHH. 3Ta npouenypa CBH38Ha C OT60p0M pellle-

aHn c onpeueneHHhiM 3HBKOM n c nononaHTenhilbiMH npoaepKBMH, B Bbi'!HC~eHHSL-.: 

TBXOrO pona HeT HHKBKOH Heo6XOAHMOCTH, llOCKOnhKY HCHO, '!TO pe3ynhT8T B KO

H9'1HOM C'leTe AOIDKeB 6b!Tb TOlKA eC TBeHeH C (42). 3TO CTBBeT HeCOMHeHHhlM, ec

nR 6yAeT llOK838HO, '!TO npR llOACTBHOBKe (42) B (47) A9HCTBHTenhBO nonyqaeT

CH Tpe6yeMoe TOJKnecTaeaaoe paBeacTBO. OnycKan nnn KpaTKOCTH o603IIa'!eHHn rpa

IIH'IflhiX 3IIB'IeHHU, H3 ( 47) RMeeM 

2 R: q ~o - R 
0 

( R ~ - R 
2 

) -2 q 
10 

R 
2 

cos 
2 

f3 
1 

= 2m R 
2 

cos f3 
1 

y cos 
2 

{3 
1 

- cos 
2 

{3 
2 

• ( 48 ) 

ITpoHaaeun npoCThie npeo6paaoaaHH n c acnonhaoaaHaeM (25) n ( 42), nony'!aM 

J1erKO y6enHTbCH, 'ITO 

2 
cos fl 2 1 

2m R 2R 2 
2 

____ 
0 
-- y R 

0
- ( R ~- m 2 ) cos 

2 {3 2 cos f3 
1 

• 

(R 2_ R2) 
0 

17 
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y COS 
2 {3 - COS 2 {3 e 

I 2 

2 
R

0
(1-coa {3

2
) 

2 2 2 2 yR
0

-(R
0
-m )cos {3

2 
(50) 

no.r:tCTSBBM (49} H (50) B (48) H, COKpSTBB BCJO.r:ty Ha !R 2 Jl
0 

COs {3
1 

, no.nyqaeM 

2m 2 
m ( 1 - cos f3 ) 2 m 2 2 2 2 2 2 

---- y R - ( R - m ) cos {3 - =( 1 - ) cos I) ...:I • 
2 

2 o o 2 R2 R2 • 
( R o - R ) y R2 

-( R 2
- m 2 ) cos 2 f3 o - (51 ) 

0 0 2 

Bhmonaas B (51) aneMeHTapHhi e .r:telkTBBH, nony'!aeM 

m sin 
2 

{3 [ (R
2
+R 2

)-2m 2 ]+2m 3 
2 0 

(R
2
-R

2
)-2 

0 

2 
m 

Y '!B Tb!BSSI ( 43), nony'!BeM 

r ·2 2 2 2 

13 ..f R - ( R - m ) cos f3 cos 
1 0 0 2 

-msin
2

{3 + 
2 

2 2 2 2 
e y R 0 - ( R 0 - m ) cos f3 

2 
cos f3 

1 

1 2 2 2 2 
a --- [ ( R - R ) - 2 m COS {3 ) 

2m 0 

2 2 2 
(R-R)-2m 

0 

2 m 

H HeCKOnhKO npeo6pa30B8B JieByiO 'IBCTb (52), npHXO.r:tHM 
K Bbipa>K eHHIO 

m sin 
2 f3 + 

2 

3 2 2 
2m + 2m R sin f3 

2 
--------~------------~----- a m 2 2 2 

(R 0 -R )-2m 

2 
sin {3 

2 
+ 

2 
(R

0
-R 2 )-2m 2 

2m 

KOTOpoe npe.r:tCTBBIIHeT C06oft TO>K.r:teCTBeHHOe paBeHCTBO, TBK KBK C y'!eTOM (25) 
HMeeM 

2 2 22 2 22 2 2 2 2 4 
[ ( R - R ) -2m I a ( R - R ) -4 m R + 4 m R + 4 m = 

0 0 0 

18 
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(55) 

DponenaHHhie BhiKllallKH HBllHJOTCR o'!eBHilHhiM llOKaaaTellbCTBOM Taro, "'TO 

Bhi'!ucneHHaH B ( 42) senH'!HHa B c (cos f3 
1 
)rpnellcTBHTenbHO ynosneTsopHeT ( 47), 

BhiTeKaJOIUeMy aa ( 15) a ( 16). KpoMe Toro, nony"'eHo npstMoe AOKa3aTellbCTBO 

Heo6XO):IHMOCTH TOnbKO ( +) peiUeHHR B Bblp8>K9HHH ( 47) (a, Cll9):10B8T9llbi!O, II B 

(23) ), UOCKOnb ;<y 0'19BH):IHO, '!TO C (- ) pemeHII9M He nonyqaeTCSl Tpe6yeMOr~ 3a-

HaMil COXpaHeHIISl TO>K):leCTB9HHOrO paaeHCTB8 B Bblp8 >K9 HHII, UOlly'laSMOM BMeCTO 

(54) ):lllH (-) pemeHHSl (a, Cll9):10BaTenbHO, H B (47) ). 

0npeaeneHH9M B CTpOrOM COOTBeTCTBHH C (15) H ( 16) npe):lellOB HHTerpHpO-

BaH!I H no nepeMeHHhiM ¢ 11 cos f3 
2 

B ( 32) ycTaHosneH cnoco6 HHTerpHpo-
qq2 

BaHHH BbipalKeHHll ( 11) IIO ):IOllyCTHMOMy 3BKOHal\IH COXpaHeH!IS! 3 HeprHH H HMllynb-

CB ¢a30BOMY npOCTpaHCTBy llllS! qaCTHllbl q 
2 

( llllH q I ) . 
Onpeneneaae BHila MaTpH'IHoro sneMeHTa M 11 a aanaCHMOCTH aT aasapaaH-

TOB ¢YHil8M9HT8nbHOrO Ha6opa (3.1) S!Bl1H9TCR BOilpOCOM II 3anaqell KOHKpe~HOfi 

Monena. Hano>KeHHhill cnoco6 Bhi'!HcneHIISI niiqxpepeHIIIIBllbHhiX rronepe'!HbiX ceqeanll 

naoaos RsnneTCSI o6WIIM ):lllH mo6oi!: Monena mo6oro npouecca TIIrra ( 1). llnH ero 

llpl!MeHeHHH He06XOilHMO TOllbKO, 'lT 06bi HHB8pHaHTbl ( 3.1), OT KOTOpbiX 38BHCHT 

MBTpH'IHblll 3119M9HT M It , UOMHMO 3aU8HHbiX B L - CHCTeMe B911H'IHH MBCC 

'!aCTJIU, 3Heprnfi T T L H na6opaTOpHoro yrna Ha6moneHHH e L 6hlllH ' , , 
Bblp8)!{9Hbl q ep e3 QL(+) , COS {3 2 II cf>qq ( HllH qL(+) cos {3

1 
H 

20 2 10 

</> ). 
q q I 

3 . nepH¢e pH'19CKHA MBT p H'IHhl A 3119M8H T H BW'lHCll 9HHe 3Hepre TH"'9CKHX 

pncr: p t'll C lleHa ii rr + - M e80HOB an H npouecca p + p -+ p + n + rr + 

Ana n11 3 upenona}!'.e HH li n ep a tjlepH q eL ~oft :>.lO;:tenn u cpaaae an e c 3KCnepHl\teH

T9llb llbi M H lllli!Hb!Mil 6yny T npe UM9':'0" ;Jpyr Ol l )JJOvTLI. 

3!!Cf'b AllH HllliiOCTptlUIH! ~,:01 OUll L R CHCTeMC: Bbl plLW.O-

( lfC"f~M0 OTC'liCT!l , P.L·Pi"iiC llHM J!IOpl l!"f lf Lt8C'!\.!\? pD ...... TIP"' 1-l0J1Pp·~~ r.:pn flAHT(O'' yrnp !Jn[). 

/.K.J~leJIHH D - O:..Yt'CTC"\'0' 17-1- - r-~~ 0 -i('H'""--.· 1 c::}J...t:J•'--•!l'~ACSl '[!. fl0D.I~ 1 ~·~·~ (2) . 



14 / KaaapaT MaTpHqaoro aneMeHTa a a TOM cnyqae yao6ao aanHcaTb a aHae 

2 G 
2 

2 
2 

I M 11 I = ( 2 "
2 

) --•- [ ( c 
2 t c ) X + ( c 2 + c ~ ) Y 2 + ( c 

1 
c • + c 

2
c 

4
) Z Z • ], 

m 4 1 3 2 • , (56 ) 

2 2 2 
rae ( C + C ) X - BKnaa KBaapaTOB MaTpHqHbiX 3ITeMeHTOB aHarpaMM (a) H c ) I 3 

pHc .l, (c
2 

+ c
2

) Y
2

- TO >Ke anSiaHarpaMM a) H d); (c 
1

c +c c )ZZ* 
2 4 3 2 4 

BKnaa OT COOTBeTCTBYIOIUHX HHTepljlepeHUHil MelK.IlY .Ill!arpaMMaMH (a) H c ); B)H d); 

C I , · · • , C 4 - 6a3HCHbie H30TOITHqeCKHe KOsljlljJHUfleH Tbl 1 COOTBe TCTBYIOILille .IlHar

paMMaM a), ••• , ld) l 
14 1 nnSI npouecca (2) (o6oaaaqeHHSI KaK B pa60Te ). 

(c
2

t c
2

) = (c
2

+ c 2)=(c c +c c 
I 3 2 4 13 24 

20 
9 

x 
2 

= u t 2 n 
2 

< t 
2 

) 1 r 
1 

+< u, t 2 ) 1
2 

< t + 3 cos 
2 e p > 

y 2 - 2 - -
u 2 t 

2 n · < t 2 
) 1 t < u, t 

2
) I 

2 o + 3 cos 2 
l P > 

I+ 

zz•= u
2
n(t

2)n(t 2)1 f* (u,t 2)f (u,~)l x 
I+ I+ 

I [ p p p 2p 2p 
x ( u + m ) R ( _ .) 1 + 9 cos (} cos l cos a - 3 ( cos (} + cos l ) ] + 

( u -m ) R ( + l [ cos a P + 3 cos (} P cos l P I l , 

n (t 
2

) = 
l 

G(t
2 )= 

1 8 11 2 . 
I 

t 2 + 11 2 I t 2 + ll 2 t2 + 9 ll 
2 

I 

(t2 = t2, t2 
I 

20 

(57) 

(58) 

(58) 

(60) 

(6 1) 



I 
rae 

I 

' 

p 

f (u, t 2 ) = ~ r (t 2 ).; 
I+ I qP I (62) 

2 
3( t I + 1"2 ) 

------)[ 1 + 
2m(u-m) 

t I + I' 2 

------ J- 3
• (63} 

2m(u- m 

2" y2 
(1 · R - [ -------- l. 

!! ( q p )2 
2 

(u- u 
0 

) 

• 2 ( Q P. I ) 

y- [------]yo 
1 + ( q P. I ) +--

4 

u 0 a 1235 Mas, -3 -1 a • 6,3.10 Mas , y 0 • 58 Mas; 

p 112 p p 1/2 
R(+)=[(p +m)(pP +m)] ,R, ,=[(p -m)(p -m)) 

10 20 - 10 20 

cos e p = [ r 2 + (m 
2 
+ 1"2) -2qPpp l. 2 q p p p • 20 

2 

C0Sf'pe 
[ r 2 + ( m 2 + I' 2 )- 2 q ~ p :0 l. 2 q p pP 

I 

p 
[ 2m 

2 - w 2 + 2pp p p COSQ = 
2 p p p p 10 20 

I 2 

p 1 2 2 2 2 
q =--(u +ll -m ), qP=y(qP) _I' 0 2 u 0 

21 

(64) 

(65) 

(66) 

(67} 

(68} 

(69) 

(70) 



r 2 

p p 

20 

1 2 2 2 
--(u +m +t ), PP=y(pP )2-m2 

(71) 2 u 

B pe3 ynbrare 

r 2 z 2 

2 20 

u2=W2-3m2-t2_;2 (72 ) 

I M 12 
fl 

t 2 H 

OK8 3 biBBeTCH BbipaJKeHHbiM q e pe3 HHBBpH BHTbi W 2 
, 

-2 
t .Y'IHTbiBB H (3.:J), HC HO, 'ITO B KOH 8'1HOM C'!eT e 

I M 11 I \3bipa}KeH '! e p e3 ¢yanaMenranbHbiA aa6op HHBBpHaHTOB ( 3 .1). l1Haa pi1 B HTb l W 2 

2 
z r2 -2 

H r UpOCTbiM o6pa3 0M Bbip8 lK 8IOTCH '!epe3 UOCTOHHHble nenH'IHH b! 

B L - c acreM e 

r 2 - (m -p. )2 + 21-!T- "2'1'- (m + T)- 2Jitf + 'J:mj JTL ('{'•+ 2;.) cos (JL 
rr rr rr rr 

(73) 

~ 2 =-(m-1-1) 2+2mTL 
" 

(73') 

W
2

=2m(2m+T) (74) 

z
2

=(2m-1') 2 +2T(m-I')-2T (2m+T)+2yT(T+2m)yTL(TL+2j.t)cosliL 
rr rr , 

(75 ) 

- (q L + q L ) 2- ( q L+ q L )2 = R 2-R 2. 
10 20 I 2 0 

TaK!IM o6paao M , BC H 3BBHCH MOCTb or nepeMeHHhiX narerpapos aHHI'I coaep>KHTCI'I a 

HHB8p!!8HT8X t 2 
H t2 

, KOTOpbie Bblp8>K8IOTC H '1epe3 nepeMeHHb!e IIHTerpl'lpO-

B BHH 5I COS {3 
2 

H cp 
2 

a ng 'IBCTHUbl q 
2 

cnenyromHM o6pa3oM: 

t 
2 

= 21 - - 1
- ( 2m 2 + p. 2 ) + m q L + ( m- q L) q ' · + 

2 0 0 20 

q L 1 L 2 'r L L L L . L r 2 , •76 l + -- \ ( q ) - rn 2 ( p COS 6 - q ) COS {l + ( p Sin 0 J.../1 -COS f3 COS cf> , l , \ 
R 20 1 rr 2 1 rr 2 2 

?~ 



- 1 2 2 LL LL L L LL L2 
I 

2

~2[- -(2m + 11 )+ p q +p q cos(} +(p -q )q -Ry'(q ) -m 2cos{J], 
2 I 0 0 I II' 10 0 20 20 2 

(77) 

H '!epe3 llepeMeBHble HHTerpapOBBHHSI 
COs f! I H </>I AilS! 'IBCTUUbl Q I 

(78) 
( p L sin fJ L) V 1 - COS 

2 (3 COs </> ] } , 
I rr I I 

(79) 

B (76)-(79) q L ' L 
20 QIO orrpenellSIIOT CH Bbipa>KeaaeM (29), rrpH'IeM rrpe.oellbi nu-

Terpupoaaang A n B AilS! '!BC THU q 2 H O.OFIHBKOBb!. noCKOilhKy 38BHCFIMOCTb 
I M 1

2 
11 OT BX OAHT TOilhKO '!ep e3 

, To rrpe.oellbi HHTerpupoaaanH no 

<f>· M O>KHO 5p8Tb OT 0 AO rr , YMHO>KHB peayllhTaT aa 2. 

B peaynh:raTe aemPrnaa, cooTaeTCTBYIOIUaH TO'!Ke saepreTH'IeCKoro crreKTpa 

- Mea oaoa c KHHeTH'IecKol! saeprneii T L rrpn yrlle aa51liO.Oeaag (J L 

rr " nng rrpouecca (2) naeTcsr Bbipa>KeaaeM 

2 
d a 

d T L d cos (J L 

" rr 

20 

9 

G B rr 

F I cjLI fdcosf3JpR(q ,cos f3 )[d¢ [X 2+Y 2 +ZZ*] ,(80) 
A J 0 J o J J 

rne A a B naiOTCH Bbipa>KeHHHMH (25) n (43), cooTaeTcTaeaao; 
j ~ 1,2 H 03-

HB'IBeT '18CTH!ly 

z 
G • 

Q I, q 2 If COOTBe TCTBeHHb!l! CITOC06 Bb!pa>K eHHSI lfHBapnaHTOB 

f 
2 

, rne f 
2 

a 0,08 - KOHCTBHTB CBSI3 H • (81) 

23 



Pe3ynbT8Tbl Bbl'UicneaHfl no cj>opMyne (80) aaepreTH'leCKHX pacnpeneneaaii rr+ -

M930HOB 1 o6pa3yJOI.UHX B npouecce (2) 1 ITpiiB9A9Hbl H8 p11C.3 II 4 B Cpa BH9HIIII C 

L 0 
aKcnep11M9HTanbHbiMn aaaHbiMH ann yrna (} rr • 24 np11 aaepriiRX T • 657 11 

/10 / 
556 Mas , H3 KOTOpb!X s11aao, <ITO cornacHe TeopHH c aKcnepiiM9HTOM xopo-

wee BITnOTb AO aaepr11fl, 6nH3 KHX K M8KCHM8nbHOH 1 rae B 3KCITepHM9HTe BCne.QCTBII9 

aenocTaTO'lHO xopowe ii pa3pewaromel! cnoco6aocTH annapaTypbi Ha<IH!IaeT npons

nllTbCll np11M9Cb OT ITHK8 ITHOIIOB H3 rrpouecca P + P -+ d + rr + • 

Bbi'lHCneHHH Bbipa)l(eHHl! ( 80) nposonanacb c n e pe M eHHbiMH HHTerpaposaHHH 

.QnH 'l8CTHU q 2 II q I ; pe3ynbT8Tbl 3THX Bbi'!Hcnealll! cosnanaroT. 

llnH KO!ITponH B bi!TOnH9 1IHH 38K OIIOB COXp8H91IHll ( 15) H ( 16) anH BC9X 3 H9p-

f'H ii CITeKTpa T~ , npll K OTOpb!X Bbl'lHCnHnHCb senH'lH!Ibl (80), npOBOAHn OCb Bb!-

'lHC n e aae cne ayromax senH'lH n 

Q(+) = (qL) + (q L(+)) 
0 20 rp 10 rp 

Q(-)=(qL) +(qL(-) 
0 20 rp 10 

rp 

Q(+) = (qL) 
2 rp 

(COS f3 ) + ( q L (+)) (COS f3 ) , 
2 rp 1 rp 1 tp 

Q (-) = ( q L ) (COS f3 
2 rp 

Bo scex cnyqaux OK83biBanocb , 'ITO 

(+) 

Qo Rcu , 

Q<+ l = R • 

) + ( q L ( - l) (cos f3 ) . 
2 rp 1 rp 1 rp 

Q<-J" R o • 
0 · 

Q<->,_ R. 

24 

(82) 

(83) 

(83) 

(84) 

(85) 

(86) 

(87) 



3TH peaynhT8Tbl SlBnHIOTCll 'IHCneHHblMH UOATB9plKA9HHl!MH He06XOAHMOCTH TOnbKO 

(+) peroeaHl! H aeaoaMOJKHOC TH (-) peweHHll B (47) H (23). PeaynhTBThi Bhi'UIC-

neaa.A Bblp8lK9liHJ!: (80) C HCUOnb30B8HH9M L R - CHCT9Mbl npHB9A9Hbl aa pHC,7. 

4. D H L cncTeMhl oTc'!eTa 

D - CHCT9M8 (CHCT9M8 U9l1Tpa MBCC '18CTHll q(q +q cO}) 
I I 2 

/4/ B pa6oTe npennoJKeHo Bhl'UICnliTh Bbipa>~< eHHll ( 11) B D - cacTeMe B 

d 2 a 
D +I 

d T L d cos 6 L 

1 2,.. ... !.., ql D II' Dr 2 2 
q 1--fdcosO {dcp LX +Y +ZZ*],(88) 

z 
II' II' 

TaKHe JKe, KBK B paanene 3; 

2 2 L L L L 
z E ( 2m - p. ) + 2 T (m - p. ) - 2 T II' ( 2m+ T) + 2 y(T T + 2m) v' T II' ( T II' + 2 p. ) COB 6 II' • ( o9 ) 

HliBapHaHTbl H B ABHliOM cnyqae BhtpaJKaiOTCl! qepea aenH'!Hllbl B D 

CBCT9M9 cneltyiOIIlHM o6p830M: 

COS Q D • -~--:o- ( 2p D p D + 2m 2 - W 2 
] 

2 pDp D 10 20 
(92) 

I 2 

D :r: 
q 10 --2-. 

25 



p1~ 

Po 
20 

1 2 
- .-(z 2 +m +r2), 
2z 

D 
p 1 • V (p o) 2- m 2 

10 

2z 
( :z 2 + m 2+ r 2) , p D = y- ( p o ) 2 _ m 2 

2 20 

(93) 

0TCqeT yrnOB HHTerpHpOBBHHH Be~eTCR T8K 1 K8K YK838HO H8 pHc.5. 

8 ~8HHOit pa60Te Bbl'IHCnRnBCb BenH'I.HHbl (88) ~ng pa3nHqHbiX . HCXO~HbiX ~8H

Hb!X H CpBBHHB8nHCb C peayllbT8T8MH Bbi'iHCneaHll BenHqHH (80) B L R- CHCTeMe, 

Bo acex cny'lasx nonyqanucb aecoarra~aromue peaynbTSTbi, 0Kaaanocb, qTo peayllb

/4/ 
TaT Bbiqacneuull: aenaquu (88) a D - cucTeMe no peuerrTy p a6oTbi paaeu cyM-

Me peayllbTaTOB Bbi'!Hcneaua aenuquu (80) a 
L L(-l 

L R - cucTeMe c qLcqL(+~H 
20 20 

q = q 
20 20 

, npH'IeM B Ka'!eCTBe aepxaero npe~ena HHTerpupoaaHHR no cos {3 2 

uy>KHO B3RTb ·R=+ 1. Ecnu cnoco6 Bhi'IHCneaHH a La - CHCTeMe Bepea, TO 3 TO 
D 

03H8'189T 1 'ITO rrpe~enhi HHTerp11pOB8HHH no COS () B Bbipa>KeaHH (88) He COOT-

B9TCTByiOT aaKoaaM coxpaueHHR sueprHI! H I!Mnyllbca H ax Bbi6op npouaaonea, H, 

cne~oaaTenbuo, MeTe~ onpeneneHHR ~onycTHMoro ¢aaoaoro npocTpaucTaa ua ocuo-

ae auanorl!l! c cucTeMoll ueaTpa Mace yrrpyroro pacceRHHR ~ayx qacTHU a cnyqae 

rrpoueCC8 ( 1) ITpHBO~HT K ITpOTHBOpe'l.IIIO C 38KOH8MH COXp8H9HHR 3HeprHH H HM-

rryllbca. Bae~euueM 

MemeHI!R BeKTOpOB qD 
1 

D 

H 

cacTeMbi npe~ocTaanHeTCR rronuaR cao6o~a ~ng nepe-

q-+ D 
2 

BO BC9M Tp9XMepHOM ¢fi30BOM npOCTp8HCTBe, 

KOTOp8H He I!MeeT MeCTB B cnyqae rrpoUeCCOB THIT8 ( 1), J1aTepeCHO OTMeTHTb, 

'ITO C8MO B~e~eHHe CHCTeMbl UeHTpa M8CC '18CTHU q H q2 c caMoro aaqa-

na npe~nonaraeT TBKYIO B03MO>KHOCTb, TBK KBK H3 onpe~eneaHH D -cl!cTeMbi 

q o + -qo 
I 2 

0 , Ro= ;o + ;o_;jo 
1 2 

0 (96) 

cne~yeT, 'ITO BCne~CTBHe p8B9HCTB8 ayniO BeKTOpa CHMM9TpHH 
;o 

B9KTo-

pbl 

;o 
I 

'!ae 

q D H QD 
1 .... 2 .... 

pD H q D 

MOryT 38HHTb n1060e Harrpaaneuue OTHOCHTellbHO BeK TOpOB 

, 3TO, ITO-BH~HMOMy, 03HaqaeT, 'ITO D - cucTeMa B cny-
2 

npouecca ( 1) MSKCHManbHO CKpbiBaeT ere KHH9M8TH'IeCKHe OC06eHHOCTH H 

ue RBnHeTCH y~o6Holl ~ns orrpe~eneHI!R rrpe~enoa HHTerpupoaauun Bbtpa>KeHHll (88) 

B COOTB9TCTBHH C (8) H (9), 

BorrpOC 0 ITpHMeHHMOCTH CHCTeM UeHTpa MBCC Q p D H B ~nn 

26 



Bbiqacneaal!. na!jlcjlepeauaanbBbiX nonepeqabiX ceqeaafi npoueccoa rana ( 1) r pe6yer 

6onee neranbaoro accnenoaaaag a eMy 6yner nocaruneaa ornenbaag pa6ora. 

na6oparopaag CHCTeMa L - CHCTeMa) 

.[lnSI BbiqacneaRB Bblp8lKeHHll ( 11) B L - CHCTeMe ( p L = 0 ) 
2 

cnenyeT ac-

XO):IHTb H3 38KOHOB COXpaHeHHSI 3HeprRH H BMITynbC8 1 38ITB CBHIIbiX B !jJOpMe { 13) H 

( 14). B e e aanpaaneHHR H yrnH onpenenmoTCR OTHOCHTenhao a eKTopa 

• 

rne 

L 
Bena"'BHB q

10
,nonyqaeMaSI 113 3aKoaoa coxpaaeaaSI, paaaa 

L (+ J 
QIO-

a p L + m - q; 
10 

(97) 

(98) 

{99) 

( 100) 

/ 8 / + 
B pa6oTe BbiqacnSinach saepreTaqecKae pacnpeneneHBSI rr - Me3oaoa, o6pa-

3YJOinBXCSI B nponecce (2), HB OCHOBe BblpBlKeHHH BH):I8 

rne 

d 2(1 

---,----~ = cons! I q L 
d rL d cos eL 

rr rr L 
( cooO ) 

P q rp 
I I 

27 

217 

1
2 l 

' (101) 



A 2 = a 2 

p L = I 

L 
(cos (} 

L 2 2 
( q to ) - m 

I , 
W

2 
L J L 2 ' / L (---q )(q ) -m -cq 

2m to to to 

2 2 2 
~~-~v'!J +~ -~ 

PI q I rp 
B2 + C 2 

b2 
L L L L L L B ~ q sin (} cos ¢ , C ~ p - q cos (} 

rr qql - I rr m2 

( 102) 

(103) 

( 104) 

/ 8 / L L ( + ) 
Dpa Bbl'lacneaaHX B pa6oTe 6panoc& q - q , rrpa'leM Bbi6op ( +) 

to to 
pemeRHR B (97) npHBeAeH 6e3 aOK838Ten&CTB, DOKSMeM, 'ITO npeaenw HHTerpapo

L 

rp qq I R BepXHHI1 npeaen HHTerpRpOB8RRR IIO COS (} L p8BHbllt +1, 
. PI q I 

B8RHSI ITO 

B3RTbl npOR3BOnbHO H He COOTBeTCTBYJOT 38KOH8M COXpaaeHHR 9ReprHa ( 13) H 

HMnyn&ca (14). 

fpa!jla'lec KH CHTyauasr s L - CHCTeMe aao6pa>Keaa aa pac.6, rae f3 =cos(}~ • 

) Pl)q VI a pH c . 6 saaao, 'ITO npeaenbi aaTerpaposaaaH no yrny ¢ L B Sbipa>Keaaa 1 
qql 

(101) COOTBeTCTSYIOT TOn&KO cny'laJO a). Cny'laR s) H c) !jlOpMynol!: (101) He 

Y'IHTbiSaJOTCR. 

l..J:To Kaca eTCR npeaenoB no nepeMeaaoJ.I cos (} L , TO Ba>Kao OTMeTHT& cne-
P I q I 

ay10mee, L~ - CHCTeMa OTnaqaeTCR OT L - CHCTeMbl nosopOTOM B nnOCKOCTH 
... L ... L ( L L 1 L L L 

BeKTopoB P 1 H q aa yron € • cos € = 11<p1-q cos 0,) • KaK ycTaaosneao 

paaee, Benaqaaa cos f3 = + 1 B L R - cacTeMe aeB03Momaa, cneaoBaTen&ao, ae

IB03MO>Kaa a Benaqaaa cos 0 L = + 1 • 3aMeTHM, 'ITO L 11: L R cacTeMbi cos-
. P I ql L 

naaaJOT S 'laCTROM cnyqae, Koraa COS 0 rr = !; 1 

Bbi'IHCne aasr B L R- cacTeMe Bhipam eaall ( 43) conpoBomaanac& Bbi'Iacneaa-

eM BenH'IHH (cos {3 2 ) rp , (COB {3 I ) rp H L 

T~ c uen&JO npoBepJta cymecTsosaaaH cnyqaes a), B) a c) B L - cacTeMe. 

YcTaaosneao, 'ITO npa aa'lan&aoJ.I saepraa T•660 Mas see Tpa cny'la!l MoryT ocy-

cos € ansr Kamaoro aaaqeaasr 

OL 
:tr: 

6nH3KRX K 20 O H 90° npH 3Ha'leHHS!X 

IneCTBnRTbC!I. 8 '18CTHOCTH, cny'laH B) R c) HMBIOT MeCTO IlpH yrnax 
L 

rr + - Meaoaos ann npouecca (2). 

T, , 6nH3KHX K 
L 

T, )maz cneKTpa 
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• 
TaK>Ke Bbi'lHcnnnHCb Bbipa)l<eHHH ( 101) a L - CHCTeMe, PeaynbTBTbi 3 TKX 

Bbl'lKCn e HHli He COBll8A8 10T C pe3ynbT8T8MK Bbl'lHCne HKR B L R - cacTeMe no npa-

aana M pa3nena 3, 'ITO aanaeTCH cnencTBKeM npoK3 aona B onpeneneHHH npenenoa 

HHTerpKpOBB HH S! B Bbipa>Ke HK SIX ( 101 ) , 

MHoro'!acneHHbiMH Bbi'lUcneHHHMH ycTaHoaneHo, 'ITO peaynbTBTbi Bbi'!Hcneaan 

B D 

CHCTeMe Bbl p 8ll'. e HHli ( 101) n p H 

18 1 

(80) H CyMMB pe3ynhT8TOB Bbl'lHCneHilli B L -
L L(+) 

q 10 c q 10 11 qL = qL(-) 

10 10 
c npene naMH HH-

TerpHpOBBHilSI KBK B c oanan a iOT, 3TH peaynbTaTbi coananaiOT II C Bbl'lKCne HiiS!-

M H B L R - cac Te tv: e Bbipa )Ke HKli nna cyMMbi c 
L L (-l 

qJO=qlO B 

cnyqae, Korna aepxHKli npenen HHTerpapoaaHHH B p a ae H +1. 

H 3 H3no>KeHHoro cne n y eT, 'ITO pew e Hae aonpoca o6 ycTaHoaneHKH npenenoa 

B COOTBeTCTBHH C 38KOH8MH COXpaHeHHS! SHeprHH H HMny1IbC8 B B b lp8)!(ef!HRX 

(32) II IIX Bbl'liiCneHHH B L - CllCTeMe CBSI38Hbl CO 3H8'lHTenbHblMK Tpy AHOCTH-

/ 8 / 
MH. PerneHae, naHHoe a pa6 oTe , HeynoaneTBOpHTenbHO. B npe nno>Ke HHo il B naH-

aon pa6oTe L R - cacTeMe ace onacaHHbie TpynHOCTH aBTOMOTH'leCKH ycTpa an-

IOTCn, TeM He MeHee n e TanbHbi il aHanaa nono>KeHHS! B L - CHCTe l\1 e HHTepe-

Cell UOTOMY, 'ITO OH8 0Tp8)!{8 9 T ycnOBIIS! 3KCnep!!MeHT8, 3H8HI!e KOTOpbiX BO)!(HO 

npH nnaHI!pOBBHHH H npoaeneHHH 3KCnepHMeHTOB, K8C810lliHXCS! npOUeCCOB THna (1), 

PeaynbTOThl Bhl'lHCne nHA B D II L CIICTeMax npaaeneHbi Ha pac.8 . 

V. 06cylK,aesne pesy/IbTBTOB 

B naHHofi pa6oTe nna aHa na3a nponeccoa Tnna (1) npenno>KeHa y no6naa H 

HarnHAHBS! CHCTeMa OTC'leTa - L R - cacTeMa, onpenenaeMaH aeKTopoM 

P
-+L ~ L 

I - q_
1 

, H C e e HCUOnh30B8HHeM pa3BHT MeTOA Bbl'lHCneHHS! nmt>cpep CHUH8nhHblX 

nonepe'lHblX Ce'leHHli npH A9T8 nbHOM yqeTe 38KOHOB COXpaHeHiiS! 3HeprHA H HMnynb

/ 4,8 / 
CB, noK838 HO, 'ITO B MeTOABX Bhl'lHCneHiiS! B npyrnX CI!CTeMOX OTC'leTa He 

npoBOAHTCH nonHoro y'leTa 3 8KOHOB coxpaHeHnH aneprHH n HMnynbca acnencTaue 

B03HHKO!OlliHX ocno>KHeHHfi B 3THX CI!CTeMOX, no-BHAHMOMy, H8H60nee eCTeCTBeH-

Hofl nnn npoue c coa Tana (1) aanneTCH L R - CI! C T e Ma H nono6Hble en, B KO T Q-

pbiX CyiUeCTByeT OTn!I'lHbiA OT Hyng BeKTOp CHMMeTpHH, p8BHb!A CyMMe BeKTOpOB 

nay x npyrax 'lBCTHU. B 'lOCTHOCTn, ecnn HHTepecyiOTCH p a cnpeneneHHSJMII naoHOB 

~ -+ L -+L 
a n pou ecce (I), T O T OKH M ae KTopoM a L- CHCTeMe nanneTcn R = p 

1 
- q • CymecT-
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BOBaHHe TaKoro BeKTOpa ll03BOliHeT yqeCTb BCe KHHeMaT!P!eCKI!e OC06enHOCT!I npo

UeCCOB (I) H )'.doalleTBOflHTb. Tpe6oaaHHn 3aKOHOB coxpaHeHHH sneprnH .11 nMnynhca. 

J1aTepeCHO OTMeTHTb, 'ITO nfJH Ka.X<AOM naHHOM 
~L 

q cj>HKCHpyeTCH B L - CHCTe-
~ 

Me li BeKTOp R • OcymecTaneHn e M KOHTponH aan aeKTop o M R npH naHHOM 
~L 

q KOHTpOliHpyeTCH HHTepaan yrliOB '!aCTHl! Q I 

), 

H q 2 OTHOCHTellbHO BeKT Q-
~ 

~L 
pa R ( H, TeM CaMbiM, OTHOCHTellbHO pI KOTOpbili onpenenHeTCH H3BeCT-

HbiMH rpaHH'!HbiMH 3 Ha'!eHHHMH A H B ((25) n (42)), T.e. A< cos {3 < B. Ecna 
- J-

KpOMt! BeKTOpa qL rjlHK CHpyeTCH, CKa )!{eM, If BeKTOp q L , TO, KBK CnenyeT !I3 ( 16) 
I 

, 31'0 06CTOS1TellbCTBO MO)!{eT .II (36), cj>HKCHpyeTCH IIOJIOJI<eBI:e BeKTOpa 
~L 

q 2 

OK83aTbCH none3Hb!M llpli nnaR.IlpOBaHHH H n poseneH.IlH B03MO)!{Hb!X 3KCnepHMeiiTOB 

Ra COBnaneHHe '!aCTHl! B KORe"'HOM KaHane npoueCCOB THna ( 1). 

BbmonHeHRbie a naaaoa pa6oTe pacqeTbi nacj>cpepeHIUianbHbiX noriepe'!HbiX ce

'leHall tr + - Me30HOB, o6pa3yiOWIIXCH B npouecce (2), np.11 HaqanbHbiX aRepra nx 

npoToaoa T • 657 H 556 Mas yKa3b!BaiOT Ha nocTaTO'!HO xopowee cornacae npen-

CKa3aHHJ! nepacpepH'!eCKOH MOAeliH C a KCnepHMeHTa llbHblMH naHHblMH, llnH riOJI HOH 

AOCTOBepHOCTH HaJIH"'HH TaKOrO cornaCHH Tpe6yeTCH 6onee lllHpOKOe c p aBHeHHe Te-

opaa c aKcnepaMeHTOM, OnaaKo nony"'eHHbiX naHHbiX nocTaTO"'RO nnn yTaep >Knennn, 

'ITO nepacpepR"'eCK8H MOAellb npRMeHHM8 AJ1H OIIHC8HHH npouecCOB (1) H (2) H B 

o6nacTH na"'aJ1bHbiX snepraA 500 - 700 Mas. 

B 3aKJ1IO"'eHHe aaTop C'!HTaeT npH HTHbiM nonroM Bbipa3 HTb rny6oKyiO 6naro-

napnoCTb B.H.Ko'!KHHY 3a cocTaaneRHe nporpaMM a Bbi"'HcneHHH, K.O.Oragecn-

ey, B.A.Hp6e, npocpeccopaM 3.Mapa"'y, B.D.ll)!{enerroay, n.H.nana,nycy H C.B.I13-

MaAnoay 38 nonnep)!{KY pa60Tbl H o6cy)KJleHRH pe3yJ1bTaTOB; AHpeKl!HH nTciJ,nBT A 

a nepcoaany Bbi'!HCJ1HTellbJioA MaWHHbi M-20, aa KOTopoll 6biJIH BbinOJIHeHbi ace 

Bbi"'HCJ1eRHH, 
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•:asunaa 
-oHliiitO.LO NN a HBHtxiocudgo O..IOHHocawouno ooanodn uuanow lJOlil::>eb 

-uda<fludan a aul!Ioumiqouno 'Iql'iwud..I11Hl1 auxoaonuwnva<P ;nqlloOluon adiqJ.ah ·r· OHd 

~b 

b 

• 



PHc.2. P acn ono•eHHe BB KTOpOB H OTc ~e T yrnoB B 

CHC T BMa OTC ~BTO , IIODBp llyT IHI OTI!OC l i T e n b HO 

cosrL= _l_(p L -q Lcos I)L l ). 
R I TT 
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1.0 

0.5 

-p +-p-- -p+ n. + ~+ 

T= 807 M~V 
e~= 2.Lt· 

• /~~;::;:-) - · 
.~··· 

100 200 
Pnc.3. C paaaeuHe BbPlHCneHHA no nepu cf>ep n: qec x:oA Moaenn .an H aaepreTzq ecxn x 

pacnpe.neneann ,. + - MeaoHOB nponecca p + p ... p + n + , +, 
BblnOnH eHH biX C B CDOJib30B8HR 9M L R - CBC T 9Mbb C 3 K C n e p H M9HTBnb -

HbiMH n aHHhiMH pa6orhl M.r .Memep!ll<oaa " np. 1 1 1 npa T•657 u 
556 1-'aa, 6 L • J:t; . B Bbi'IHCne Hy,x HCilOIIb3 0BancSI cj>op M<I>aKrop 
na pa6on 1 FJeJ ieri 9 G( t ~) • t2, /9 "1 . .lln SI cpaBHBHHSI 

Ha rpa<j!IIKH HaHece Hbi peaynbTBThi Bbi'IHCneHHA no <jlop Myne (3 .87) 
p a6orhl 4> eppapu a C ennepn 14 1 (FS ) a peayllbraTbl pa6or bl M a H
n ellhcraMa / I / (M ) . 
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2.0 

1.5 

1.0 

d 2o 
_ __.o,-_-='"'" ( OTI'\ . ~·) 
dTidQ;. 

p+p-- p+n+x+ 

T= 556 Mev 

e~=24° 

I 

I - 3KenQrlA""•wrn. 'f"" .. ""Q ro-So"'•' 
M.P. Me~ep11Ko& .. ap., >i< 3T c:P,~1 ;45(1956) 

-- T<IOj>'lTU'I . ~<:f"'Caa noOM(f"'c.« tlR--•~ 
f S - p•u~'lcon no <f>•pM-,AQ (~.t>7) ~.,. 

E . F'«r,...r\ -"' T'. Sei.P.eri. [4] 
M - P"Y-T«T T_,..... M ..... 'aCA(oCTClHQ [ 1] 

100 tSO 

['>11(· . 4 . T o >Ke , '!T O 11 H a p11 c . 3 . 
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/~ I K - ~ 
I 

~~ q. 'f I 
I a 

'f. " o _,/(; K' 

I 

, 

I • 

9.: 
'f.-o 

cto~ 

'f.•+f ~-·i 'f,· ->1 

PRc ,6. 
.. L .. L 

T HnHqHbie cnyqaH· pacnono>t< eHH st seKTopoa q 1 H q 2 s L - cue-

T aMe ( yron c/J L OTC'HJ T blB88TCH OT nnOCKOCTB , B KOTOpon ne>HBT B9 K -

T Opb1 it L , q L H R ; y ron {: 
1 

OTClJJ!Tbi saeTcs::r or s e KTopa P L 

a) fJ 
1 

> 
1
< L , 0 :;: ¢ ::; 2 rr 

1 

6) fl · = ·~ · - -f$ c• :;o +T-
B) f3t (.E. ' ~!, <jo !, '~k~ 4 4 
B sepxHeM · pnoy pac y HKOB seKTOpbi p L q L H R • a T B K )Ke T Ol{KH 

K H K ' ne >Ka T a rrnocKOCTR qepTf> }i~a; seKTOpbi Q L B Q L spa-

WBIOTCSI aoKpyr eeKropa R ; HH >KHafi pn.a pucyHKOB a~o6pa>KAer DH!t 

'f.- 'f"'' 

4mryp, 0IIHC b!B88~tiX· K OHUOM B8KT0p 8 q ~ B nnOCKOC TH 1 n e pneH!tHKy ngp-

HOA K BeKTopy p
1 



d2 cr (oT~&. . eg) 

10 
dT.;dQ;. 

T=660 MeV 

Pac~eT & LR- cucTeMe. 

5 

100 200 300 T~. M~v 
P uc.7. Pac•te TII bte x p aohre no nepnr>epl!Y:ecxoi'l tAOLlCilll nnn 8ucpren1 t..tecnux cneK -

r poa rr + - Meaouoo npouecca P + P -+ p + n + " + ann T - 600 !·b n. 
Pac'Ie T n l R - c uc TeMe Bb!pa J;<: e llnH (80) nnuuoii p nGoTbl. 
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"' CD 

30 

20 

iO 

d 2 o 
dT!; d~ (oT .. . e~ ) :p + p~ p-+n+-JC+ 

T=670 M~\', e'.; = 1';19,s·, o&" .. 56° 

T = 860 Mcz.'f' - oc: Ta..--DKble. 
~l Ab\ 

100 200 300 

Pac ,B. Pe3ynbT8 Tbi pnc <Ie Tos: I ) Bb! p a:>KeH~ G (3 .78) paoOTbi <l> eppapn n Cenne pn
14 1 

D - CI!CTCMa); 2 ) cyMMbl B bipa~<e H>I il ( 101) c ( +) u ( - ) p ewenn HMH nno 
QdL (<j>OpMyliD (97) )l lli!HO A p a !iOTb!) ( j • 1,2) ;3) CyM Mbl Bbl p ll:>KeHHA 

(8 f c (+ ) ( -) peweHH HMH n nn q 1~ ( q,opMyna ( 23 ) ) n sepxHHM np ene-
noM HHTer pRpOB81iHSI n o COS {3

1 
• +I ( j •1, 2 ), 

Ti. Mctll 


