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Pe"'b nofi.neT o napHoM po)K.nemm peaoHaHcoa B peaKuumc Tuna p + p ... 

... P+P ... (
11

1 +
17
2 >+( 178+174 ),17++p-od+p ... (p+l1'"l+C1T+-ttr-) unu a oomeM cny"'ae o peaKuu-

SIX 

0 ... 5+6 
A/\ 

I 2 3 4 

( 1 ) 

. MoryT nu B noaooHhiX peaKUHSIX nap hi ""'y)Kux" 11 - MeaoHoB ( 11
1

11
8 

> u C11
2 

11
4 

) 

T8K)K9 Oopa30BhiB8Tb p - M930H? l1nu, eCnH "18CTHUhl 2 H 3 TO)KaeCTB9HHhl
0 

TO KaKOBa oyaeT oonaCTb li3M9H9HHSI (m
13 

,m
24

) , oyaeT nH OHa OTnH"'aTbCSI 

OT oonaCTH H3M9H9HHSI (m 12 ,m 34 ) B llpSIMOfi peaKUHH 0 ... I +2 +3 +4? floc­

neaHHH aonpoc Ba)KeH npu pac'IJeTe ~oHa, B03HHKaiDmero Ha TpeyronbHofi auar-

P8MMe (ml2 • m34) Ha-aa Hepaann'IJHMOCTH "18CTHU 2 H 3. 

H a 9TH 1i H9KOTOpb!9 apyrue BOllpOCb! ( CM. §2) Mhl OTB9THM , ecnu pac-

C'IJHTaeM oonaCTb I H3M9H9HHSI ( ml3 • m24 ) B npouecce ( 1). HH)Ke pema-

eTCH aTa aaaa"'a anSI. cnyqa~, Koraa m 
1 

=m 
2
=m

3 
=m 

4 
= ll , am~= m

6 
= m. 

Bonee oomHfi cny"'afi npoHaaonbHhiX Mace noKa He HMeeT aHanHTH"'ecKoro pe­
meHHSI. 

§ 1, Pa.c•IeT 

l1HTepecyiDIUHH Hac pac'IJeT MO)KHO npoaoanTb no-paaHoMy; Mhi npoae­

aeM "'aCTb pemeHuSI oaHHM cnocoooM, aaTeM npo.non)KIIM pemeHue no-apyro­

My, llOTOM nepeii.neM K TpeTbeMy Cil0C05y - B paC'ieTe Ha TO, "'TO O.llHH 

Ha- cnocoooa OKa)KeTCSI npHro.nHhiM anSI 6onee cno)I(HhiX aa.na"'. 
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ByJleM pa6oTaTb B CIICTeMe IIOKOSI 0, -B KOTOpoii IIMIIyllbCbl 'laCTIIU 5 
~ ~ ~ 

n 6 paBHbi P II - P , a saepi'HII ru 0 = ru 6 =ru = m0l2 • Ha IIMIIY.IIbCbi p H 

-p aacannM snnnncoHJlbi pacnanos 5 ~ 1 +2 n 6 ~ 3+4 (puc. 1 a). HanpasneHHSI 

~-
~ . 

IIMIIY.IIbCOB P 1 II Pa OllH03Ha'lHO OIIpene.IISIIOT, so-nepBbiX, .Be.IIH'liiHY p1 

H Pa 
~ 

, a, KpOMe TOI'O, H BeKTOpbl P2 

~ 

II pi 
~ ~ ~ -. -. -.: 
p = p -p 

2 1 
p =-p-p ; 

4 a 

3Ha'IHT, TeM caM&IM orrpenenSIIOTCSI II si}l<f>eKTIIBHbie MaCChi mIll n m 24 o Me­

HSISI HarrpaB.IIeHIISI Bbl.lleTa 'laCTIIU 1 II 3, 6yneM IIO.IIy'laTb pa3.1IH'lHbie 3Ha'le-

HIISI m 13 u m 24 i. aac HHTepecyroT Te aanpasneHHSI, rrpn KOTOpbiX (m
13 

,m24) 

IIp!iHHM810T KpaHHHe JlOIIyCTIIMbie 3Ha'I~HHSio 

Ha'!HeM C aHa.IIIITII'leCKHX I}JopMyn, ~ CliCTeMe IIOKOSI 5 aanalliiM KOCH-

Rye 71 yl'na Me:lKJlY p 
1 

II p 
5 

, B CIICTeMe IIOKOSI 6 - KOCIIHYC e yl'-

na Me}KJlY Pa 
.... 

II P5 u yPon ¢ MelKJlY rrnocxocTSIMII (p 
1

• p
5

) n (p
3

, p
5 

), 

BseneM eme senn'IHHY 

a 0-4p 2 lm 2) Yz ' 

'lepea KOTOpyiO Bb!pa:lKaeTCSI liMIIY.IIbC .111060ii II3 'laCTIIU 1 H.IIII 2 (3 H.llll 4) 

B C!iCTeMe IIOKOSI 5 (6): 

p:=ma/2. 

DepeXOJl B CHCTeMy IIOKOSI 0 Jl8CT Jl.IISI SHepi'Hll '!8CTllUbl 1 Bbip8>KeHne 

flpoeKUIISI IIMIIY.IIbC8 
... 
pI 

cu = 1 

cu+pa71 

2 
~ 

H8 p
5 

6yJleT (C<JU77 + p) I 2 , a el'o no-

nepe'IH8SI KOMIIOHeHTa 

TII IICXOJlHblX qJOpMy.II 

ma V 1- 712 I 2 o T aK Mbl IIPHJleM K COBOKyiiHOC-

ru
1
=l(ru +pa71), 

2 

(<)2 _!_ ( CU - p U'17 ) , 
2 

ru =..!.<ru -pug), 
3 2 ' 

P 'II .!.._ (C<JUTJ + p ) ' 
.2 

1 
p 211 = 2 (- WU71 + p) ' 

~ 1 
I p I~ I = 2 m av 1- 71 

2 

~ 

;2 ~ =-Pw. 

1 
P alf 2 (ruae -p ) , I P~ I =~may1-e 2

; 

(1) 

4 

. . . -. ~ . . . 

• 

'• 

• 

4 . ! 
c~~s:v 
~ 

~ P.-Pi -1. 

CflWJ 
A.-fi., 

4E 2 e= 3~ 

4( ee3 31 

_-;E ) ~· C 3-p 

Puc. 1. 
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Opoi!: HMilyllbCbi 'IaCTHU 5 

/2 • Ha HMnynbcbi p H 

·4 (pHc. 1a). HanpaBneHHH 

, Bo-nepBbiX:, BenH'!HHy PI 

1.1aCCbi m I :I H m 
24 

• Me­

ny'IaTb paami'IHbie 3Ha'Ie­

msr, npH KOTOpbiX (m
13 

,m
24

) 

le ilOKOSI 5 3a!{a!{HM KOCH­

IKOH 8 - KOCHHyC ~ YI'-

acTHU 1 nnn 2 (3 nnH 4) 

[ 'IaCTHUbi 1 Bbipa>KeHHe 

t- pl I 2 , a ei'o no-

Mbl ilpH.QeM K COBOKyllHOC-

I ; I = .!... m ay 1 - 1J 2 
; I_.L 2 

pa-L I =~mayl-~ 2
; 

(1) 

r 
J 
I 
' 

• 

(a} 
' . 

{b) 

(cJ 

(d) 

(e) 

Puc. 1. 
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..L ( cu + P a~) , 
2 

P411 = i-<-cua~ -p) 
-+ -+ 

(<)4 p 4.1 =- Ps.J. 

~ ( p1.l 
.... ( -+ 
P s..L ) = ~ P 2.l 

.... 
P4L ¢ . 

Tenepb Mbl B COCTOSIHHH Bblp83HTb 

m 
2 

= 21' 
2 

+ 2 cu w - 2 p II p 
11

- 2 p ..1. p ..1. co" ¢ 13 1 3 1 2 1 8 

'lepe3 ~, 1J , ¢ : 

m 2 = 21' 2 + ..l.( (<) 2 + p 2) ( 1- a2 ., ~ ) + (<) p a ( TJ - e ) -
18 2 . 

-+ m
2

a
2 y1-7] 2 y 1-~2 co"¢ 

KeanpaT m 2 
24 

OTnH'IaeTCSI OT m2 
13 

3HaKOM TJ 

2 • 
m24 =211-2 + ...l.. ( w 2 + P 2 ) ( 1- a. 2 '7 ~ ) - w pa ( 1J - ~ ) -

2 

- .L m 
2 a 2 v ~ v 1 - e cos ¢ 

2 

;-· 

H f 

(2) 

(3) 

Cpa3y ennHo, 'ITO B noucKax KpafiHHX 3Ha'leHHii m
13 

H m 
24 

Mbl MO-

)!{eM orpaHH'IHTbCSI TOnbKO 3Ha'leHHSIMH CO!O cp = ± 1 , llOTOMY 'ITO 38BHCH-

MOCTb m2 
13 H m2 

24 
OT cos¢ nnHefiHa. CnenoBaTenbHo, Kpast o6nacTH 

npHHanne)l{aT nnOCKHM KOHcPHrypaUHSIM HMnynbCOB p , ,, , p o 3TO CHnb-
1 4 

HO o6ner'laeT llOHCKH. 

Tenepb Bocnonb3yeMCSI ¢lH3H'i:eCKHMH coo6pa*eHHSIMH •. Mbi Y*e OTMeTH-
., -

nu, 'ITO Korna pacnan 0-; 1+2+3+4 npoucxonnT He KacKanoM (s¢4>eKTHBHaSI 

Macca nap .1+2 H 3+4 He cPHKCupoBaHa), To o6nacTb. H3MeHeHHSI (m 13 ,m~4 ) 

npencTaBnSieT co6o10 paBH06enpeHHbtfi 'npSIMoyronbHbifi Tpeyron~:>HHK c KaTe­

TaMH m 0 - 411-

2p._:Sm
24

:Sm
0

-2p., 
(4) 

2p. .:S m13 .:S m 0 -m24 

6 

,·:" 

I 
.l 

flyCTb STO 6yneT ~KOL Ha puc. 2, rne E'S=E'T=21' · ' l 

= m - 4p. • 11cKoMaSI o6nacTb I HaxonHTCSI rne-To BHYTPH ~~~ 
o6n:cTb, rne cotJmoneHbl no6aeo'IHbJe ycnoBHSI m12 =m34 = m 

'ITO OHa npuneraeT K I'HllOTeHy3e AB 
-+ _.. ~ ..,. 

cpurypaUHH p1 +p
3 

=0 t p2 +p4 =0 

B caMOM nene, paceM< 

lpuc. Ia). flpH sT< 

(<) + w 
1 3 

-+ -+ )2 y m2 +( P +P = m 13 l 
13 1 3 

a w2 + w4 =m o 3aKOH COXpaHeHHSI SHepi'HH MO)I{eT 6 
24 

MY nepenHcaH B eune m 13 + m 24 = m 
0 

, a STO H ecTb ypaeHell 

Hy3bl AB • KpaHHHe TO'IKH A H B nony'laiOTCSI npH TJ =· 

A(cu -pa, cu+pa), B(cu+pa, w-pa) 

t{ T06bl HaHTH ypaBHeHHe rpaHHUbl ACDB , npu6erHeM K npyro 

113 3aKoHa coxpaHeHHSI HMnynbca p + p = - ( p + p ) = p en' 
1 2 3 4 

necTBO 

p -p )+(p -p )=2p. 
l 3 2 4 

_, 
O~o H3o6pa*aeTCSI TpeyronbHHKOM abc co CTOpoHaMH ab = 1 f 

bc=lp-p I H ac=l2p • BenH'IHHa cTopoH ab H 
2 4 

nSieTCSI sq,¢eKTHBHOH M8CCOH m13 H m24 H pa3HOCTSIMH SHe) 

H CU -cu 
1 

llOTOMY 'ITO cymeCTByJOT TO)I{neCTBa 
?. 4 

1
... .... I [ 2 2 2 1rs p - p = ( cu -cu ) + m 3 - 411-

1 3 l 3 1 

I 
.... ... I [ 2 2 2 1% 
p2-p4 = (w2-w4) +m24- 4 P. • 

113 3aKoHa coxpaHeHHSI sHeprHH cnenyeT w 1 -w 3 = w 4 - w 2 • ct>J 

nH'IHble 3Ha'leHHSI STOll pa3HOCTH r (oHa MeHSieTCSI OT HynSI 

paCCM8TPHB8.5J pa3nH'IHble TpeyronbHilKH abc C onHHM H TeM :ll 

nY'JilM CeMeiiCTBO KpllBblX, CBSI3biB8101llliX m 13 c m24 • Ca: 
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¢. 

(2) 

TJ 

(3) 

~9Hiifi mJ3 li m 24 Mbl MO-

llOTOMy ~TO 38BiiCii-

19}:10BaTenbH01 Kpasr o6nacTn 

:lK9HiiSIM.Ii, .Mb! Y:lK9 OTM9Tii-

19 K8CK8,l:tOM (a¢¢eKTiiBH8SI 

~CTb. ll3M9H9HHSI (m 
13 

, m ~4 ) 

:bHblfi TpeyrOnbHHK C KaTe-

(4) 

llycT& aTo 6yneT AKOL Ha pHC, 2, rne E 'S =E 'T = 21! . , a OL= OK= 

=m
0 

-41! • 11cxoMasr o6nacTb HaxonnTCSI rne-To BHyTpn AKOL ; aTo 

o6nacTb, rne co6moneHbi no6aso~Hbie ycnosnSI m
12 

=m
34 

= m • floxa:lKeM, 

'ITO oHa npnneraeT x rnnoTeHyae AB • B caMOM nene, paccMoTpn_M KOH-

¢nrypauHH p
1 

+t
3 

=0 p
2 

+p
4 

=0 {pnc. la). fipH aTOM 

cu + cu 
1 3 

= m 13 1 (5) 

a w 2 + cu 4 = m 24 • 3axoH coxpaHeHHSI aHeprnH MO:lKeT 6hiTb noaTo-

MY nepenncaH B BHne m 13 + m 24 = m O t a 8TO ll 9CTb ypaBH9HH9 rHllOTe-

Hy3bl AB • KpafiHHe TO'IKH A H B nony'laiOTCSI npH "1/ =t_l, e= ±_1: 

A(cu-pu, cu+pa), B(cu+pa, cu-pu (6) 

1.{ T06bl HafiTH ypaBH9HH9 rpaHHUbl ACDB , npn6erHeM K npyroMy npneMy. 

11a aaxoua coxpaHeHHSI HMnynhca p
1 

+ p 
2 
=- ( p 

3 
+ p

4
) = p 

ll9CTBO 

p -p )+(p -p )=2p" 
1 3 2 4 

cnenyeT TO:lK-

(7) 

O~o nao6pa:lKaeTcsr TpeyronbHHKOM abc co CTOpOH8MH ab = 1 P 1 - p3 I 
bc=lp-p Ill ac=l2p 

2 4 
• BenH~HHa CTopoH ab n be onpene-

nSieTCSI a¢¢eKTHBHOfi Maccofi m 13 n m24 

ll W ~ -cu 
4 1 llOTOMY 'ITO cymeCTBYIOT TO:lKll9CTB8 

1-+ -+ I [ ( ) 2 + m 2 - 4u 2 t• 
p1- Pa = w1 -cu3 13 r 

(8) 

11a aaxoua coxpaHeHHSI aHeprnH cnenyeT w1 -cu 3 =cu4 - cu 2 • ct>nxcnpysr paa­

nH'IHble 3H8'19HHSI 9TOH pa3HOCTH r ( OH8 M9HS19TCSI OT HynSI AO P U ) H 

paccMaTpHBaSI paann~Hhle TpeyronbHHKH abc C OllHHM H TeM :lK9 r no-

ny~HM CeMefiCTBO KpHBblX 1 CBSl3biB8101IlliX m 13 c • CaMaSI sHeWHSISI 



H3 HHX, O'leBHilHO, nony'IHTCSI, eCnH nonmKHTb r =0 1 a TpeyronbHHK abc 

paasepHyTb B 0Tpe30K. 3JleCb MbiCnHMbl TpH B03MO)I{HOCTH: ab - be = ac 

( 3TO 6hiBaeT BllOnb llYI'H 

CD ) Hn~ - ab + be = ac 

AC Ha p11c. 2), ab +be = ac (3TO - llyra 

( a'To llyra DB ) • CnelloBaTenbHO, ypasHeHHSI 

llYI' AC H DB cyTb 

ly'm2 - 4fL2- y'm2 -4fL21 =2p, 
13 24 (9) 

ypaBHeHHe llYI'II CD 

y' m 2 -4[L 2 + y'm 2 -4[L 2 = 2p • 
13 24 ( 10) 

To'IKaM Ha llyre ACDB OTBe'laiDT KOH~HrypaUHH THna pHC. 16 npH pa3nH'l-

HhiX nonO)I{eHHSIX TO'IKH N 

0Ka3hiBaeTCSI, OllHaKO, 'ITO MbiCnHMbl H llpyrHe rpaHH'IHbie KOH~Hrypa­

UHHo To'IKa E 1 HaH6onee 6nH3KaSI K Ha'!any KOOPilHHBT1 nony'!aeTcSI npH 

pacnonO)I{eHHH1 noKa3aHHOM Ha pH Co 1 Be llpH aTOM 71 = '= 1 1 cp= 0 1 H Mbl 

HMeeM 

m = m = cu · y' 1- a 2 == 2 p.cu I m == p. m0 I m , 
13 24 

TO eCTb y TO'IKH E KOOpllHHaTbi cyTb E( fL m0 I m , [Lm
0
1 m l • llycTb 1 lla-

nee, napa p 
1 

, -+p
2 

Ha pH C. 1 B OCTaeTCSI HenOilBH)I{HOil: ( 71 == 1) 1 a uapa 

p 3 , p 4 Ha'IHeT nosopa'IHBaTbCSI ( ' Ha'IHeT Me~SITbCSI1 CMo piiCo 1 I'); TOI'-

lla Ha'IHeT 6hiCTpO B03pacTaTb 1 m24 MellneHHO y6hiBaTb 1 TO'IKH m 
13 

(m1m l Ha'IHyT llBHraTbCSI no Kpiisoil: EA 
13 u . • YpasHeHHe aToil: Kpllaoil: nony-

'IHM1 UOnO)I{HB B (2), (3) 71.=1, cp=O H HCKniD'IHB 113 HHX ' • Ql(o MQ-

)l{eT 6b!Tb aanHCaHO TaK, 'IT06bi 6hinO BllllH01 'ITO llYI'a EA lleil:CTBHTenbHO 

UpOXOilHT 'lepe3 TO'IKH A ( C!J-p a , C!J + p a } H E (C!Jy' 1-a2 ,C!Jy' 1- a~} 

2 2 2 2 
mu -m 13 (E) m13 (A)- m 13 (E) 

= 
2 

-m 
2 

(E) m 
2 

(A ) - m
2 

(E) m 
24 24 24 . 24 

EcnH a aToM ypaaHeHHH nepecTaBHTb 
m 13 H m 24 , UOny'IHM IJ.yry ·'EB • 

8 

) 

!lf 
.~.,l .f 
I. 
~~~ 

''· 

j 
ll) 
fJ, 
"\ 

\)' 

i, .,, 
\ 
·i 

m., 

PHc. 2. 
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r =0 , a TpeyronbHHK abc 

3MO>KHOCTH: ab - be = ac 

1- be = ac (aTo - Jlyra 

CnellOBaTenbHo, ypaaaeHHH 

I = 2p. 
(9) 

( 10) 

m Tuna pRe. 16 npH paanuq-

f"I'He rpaHH'iHbie KOHtfJHI'ypa­

KOOpllHHaT, nonyqaeTCH npH 

M TJ=e=-1 1 cp=O , H Mbl 

'm ,p.m
0
/m) 

lllBH>KHOfi ( 1J = 1 ) 

ITyCTb, ll8-

, a uapa 

!HSITbCSI1 CM. pH C. 1 I') i TOI'­

tneHHO y6biB8Tb 1 TO'IKH 

laBHeHHe 8TOil: KpHBOfi nony­

IO'IHB H3 HHX e • o'n~ Mo­

l Jlyra EA Jleil:CTBHTenbHO 

: (J) ..; 1 - u 2 • (J)..; 1- u ~ ) 

2 
m 13 (E) 

• m
2 

(E) 
24 

m 24 , nonyqHM llYf'Y ·'EB. 

'' 

PHc. 2. 
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i 
:I 

I. 

il 
I 
I 

I· 

ct>opMa o6nacTeii 1 cne.ttOBBTellbH01 .tiOBOIIbHO CnO:H<Ha: STO CYMMB 

.nayx o6nacTeii, o6paaoaaHHhiX TpeMSI nuHHSIMR ACDB AEB R AB, 

COe.ttRHSIIOI.tiRMR TO'IKR A R B .; llpu pacna.ne HB cPOTOHhl ( p. = 0) OHa or-

paHU'IeHa npSIMhiMH - STO A 'C'E'D'B' (ypaBHeHHe A'C' eCTb 

~ 
m 18 -m 24 =2p = (m~-4m2) ). 

TaK BhirnSI.tiRT o6nacTh B pacnatte f 0 -. 2 "o -+ 4y • 06naCTb ACEDB 

npRMepHO COOTBeTCTByeT pacna.ny napbl p - Me30HOB Ha 11 - Me30Hhl. Ec­

nR 6hi aHeproahi.tteneHRe B pacna.ne p -+ "+" 6hmo BeaenRKO (a cpaaHeHHR 

c pacna.noM o ... p + p ), To o6nacTh I np11:o6pena 6hi cPOPMY A"E"B", 

r.ne .nyra A" B" onRChiBaeTCSI o.nHHM TOIIbKO ypaaHeHHeM (10). llpu STOM 

pacnonmKeHHe annunCOH.tiOB 6hinO 6hl TaKHM1 KaK Ha puc •. 1.tt. 

PaccyJK.tteHHSJ1 KOTOphlMH 6hma ycTaHOBneHa cPOpMa , I 1 He 6hinH CTpo-

rHMU. CTpOrHfi nO.ttXO.tl COCTOSJn 6hl B OT06paJKeHHH o6naCTU -I ~ e , TJ ~ +I , 

tP = 0 H 11 C nOMOI.tlhiO cPOpMyn (2) H (3) Ha nnOCKOCTb ( m , m ) 
18 24 

(.nocTaTO'IHO noCTPOHTb nuHHH 71 =-C , 71 =I H C= I , ace .npyrue oKa-

3hiBaiOTCSI BHyTpu Hux). Ho annuncou.tthi .nenaroT BhiKna.ttKH Kopo'le. 0HH no-

neaHhi U B 3a.tta'laX nocnOJKHee. T aK1 XOTSI Ta JKe 3a.[la'la .ttnSI CHCTeMbl 

+ ++ 0 + + -
11 +p-+ Ll + p -+ ( p +11 }+( 11 +11 

1 2 3 4 .. ( 11) 

O'leHb rpOM03.ttKa, HO OT.[lellbHhle 'laCTH rpaHHUhl onpe.nenSIIOTCSI HeMe.ttneHHO: 

annuncou.tthi pa_cna.noa Ll -. p + 11 H p -+ 11 +11 RMeroT paanu'IHyiO «Pop My 

(puc. 1a), noaToMy ycnoaue p1 +p
3 

=0 HeBhmonHHMo (unu BhmonHHMO B 

o.nHoii - .nayx TO'IKax), TaK 'ITO rpaHuua o6nacTn e.naa nu KacaeTCSJ runoTe­

HY3hi Tpeyro11bHUKa Ha puc. 2. C .ttpyroii CTOpOHhl, KOHcPHrypaUHU Tuna puc. 1B 

H 1r B STOM cny'lae B03MOJKHhl 1 TBK 'ITO o6naCTb (m 13 ,m24 ) aqnH3H TO'I-

KH E MOJKeT 6biTb O'lep'leHa ( TO'IKa E yJKe He 6y.tteT Ha OCH CRMMeTpRH) • 

Boo6me, annuncou.tthl p~~:c. 1 noaaonSiroT HaMeTHTb xapaKTepHhle TO'IKH rpa-

HHUhl. 

llpe.ttCTSBHM Ce6e, 'ITO Mhl H3Y'IBeM peaKUBIO ( 11) H HSf{OCHM TO'IKH 

C KOOP.tiRHaTaMH ( m , m ) Ha Tpeyron&eyro .nuarpaMMY Tuna ( 4). PoJK-
12 34 

.tteHue L\ H p Bhlpa3HTCSI B nepeHaceneHHOCTH o6naCTH m 
12 
~ m L\ , 

10 

. 1 
• ci>OH COCTaBSIT 1 BO,-nepBbiX, C06hiTHSI H3 npSI~ m34;;; mp 

77++p-+p+r.++17++17- U U3 peaKUUii C pOJK.[leHHeM O.tiHOrO pe30HaU 

pbiX, C06hiTHSI C KOOp.tiHHaTaMH ( m 18 , m
24

) - Mhl HX He OTnH'Ia 

' i 
TUii ( m 12 • m ~ 4 ) BBU.tiY HanU'IUSI .tiBYX TOJK.tteCTBeHHhlX 17 

Benu'IHHy cPOHa HyJKHO 3HaTb .ttnSI Toro, 'IT06hi paCC'IUTaTb aep1 

.ttenhHhlX KaHanoB peaKUH.ii:. 06hi'IHO cPOH U3-3a TOJK.tleCTBeHHOCT 

HOB C"'HTaroT paaHoMepHhiM. PaccyJK.tteHHSI npe.tthi.ttymero a6aa1 

HaC, 'ITO STO HeBepHo; C06biTUSI ( m 
18 

, m 
24 

) B yrnhi Tpeyrom, 

noTeHyae Boo6me nona.naTh He 6y.nyT. K coJKaneHuro, aHanuTu"le< 

no.no6Horo cPOHa Kpa.ii:He cnoJKeH; Ha.no nu6o npu6erHyTb K MOl 

nu6o npu pac"!eTe BepoSITHOCTe.ii: KaHanoB aoo6me ua6eraTh npoe 

6biTUSI Ha nnOCKOCTb (m lk ,mf'm ). 

§2., 3a.aB'IH 

3 a .n a"' a 1. MoryT nu B KaCKa.tte p + p .... p + p -> 4 11 

JKHX" M930HOB o6pa3CiBbiBaTb pe30HBHC C MBCCOfi m p ?. 

P em e H u e. llnSJ aToro Heo6xo.nuMo, 

Op.tiUHaTaMU ( m p , m p ) OKa3anaCb BHyTpU 

"'T06hl TO"!Ka R ( {: 

o6nacTH • nonJK 

nonHeRo ycnoaue m 
13 

( R) > m 
18 

( E ) 1 TO eCTb m > 
p 

OTKy.na cne.nyeT ycnoaue 

m > ....;-;;;-;;; 
p 17 0 

B 'laCTHOCTH, B pacna.ne napbi o.nnHaKOBbiX peaoHaHCOB Ha ~em 

TOHhl ( m >> /l ) HH'ITO He MelllaeT napaM nenTOHOB HMeTb Ma< 

coa. B pacna.ne napbi p - Me30HOB Ha TT - M930Hbl ST• 

m13 = m24 = m p B03MOJKHO nHIIlb TOr.tta, KOr.[la ScPcPeKTHBHaSJ 

p -Me30HOB He npeBbiCHT 

m2 /m ... 4 raa p 17 • 

3a.na'la 2. B KaKHX npe.nenax MO:lKeT M9HSITbCSI B 

11 



lOBOnbHO cno:llma: STO CYMMa 

1 ACDB AEB H AB, 

Ha ciJOTOHbl ( 1' = 0) OHa Or'-

( ypaaaeaue A' C ' 

I )'f. ) • 

eCTb 

, 06naCTb ACEDB 

eaoaoa Ha TT - Me30Hhi. Ec­

ihmo HeBenHKO ( B CpaBHeHHH 

ro6pena 6hi ciJopMy A"E"B", 

ypaBHeHHeM (10). llpH aTOM 

.K Ha puc.· 1.!1. 

I ciJopMa I 1 He 6hinU CTpo-

HU o6naCTU -1 ~g , TJ ~ +1, 

Ha nnocKOCTb ( m 
13 

, m 
24 

) 

u l= 1 , ace .!lpyrue oKa­

T BbiKna,!lKH KOpO'le, 0HH no-

)Ke 3a.!la'la ,!lnSI CUCTeMbl 

.. ( 11) 

bi onpe.!lenSIIOTCSI HeMe.!lneHHo: 

IMeiOT pa3nU'IHyiO ciJopMy 

lbiUOnHUMO ( UnH BbiUOnHHMO B 

ru e,!laa nu KacaeTCSI runoT~ 

hi, KoHciJurypauuu Tuna puc. 1a 

CTb (m13 ,m24 ) B6,nH3H TO'l-

6y,!leT Ha OCH CHMMeTpHH), 

UTb XapaKTepHble TO'IKH rpa-

KUHIO ( 11 ) H Ha.H'OCBM TO'IKH 

'IO .!lHarpaMMY Tuna ( 4). Po*-

1 o6nacTu 
.. 

m 12 = m I!!. ' 

m 
34 

;::; m p , <I>OH , COCTaBSIT 1 Bo,-nepBbiX1 C06biT~.Sl H3 npSIMOit peaKUHH 

TT + +p-+ p + r, ++TT+ +TT- U U3 peaKUUH C pO)K,!leHUeM O,!lHOI'O pe30HaHCa H1 BO-B To-

pbiX1 C06bi.TUSI C KOOp,!lUHaTaMH ( m 13 , m24) - Mbl HX He OTnHttaeM OT C06bi-

TUH ( m 12 • m ~~) BBU.!lY HanU'lUSI .!lBYX TO~.!leCTBeHHbiX TT + - Me30HOB, 

BenuttuHy ciJoHa HY*HO 3HaTb .!lnSI Toro, ttT06hi paccttuTaTb aepOSITHOCTu oT-

.!lenbHhiX KaHanoB peaKUUH, 06hl"IHO 4JoH U3-3a TO)K,!leCTBeHHOCTU TT - Me3o­

HOB cttuTaiOT paaHoMeplibiM, Paccy)l{.!leHHSI npe,nbi.!lymero a6aaua y6e*.naiOT 

Hac, 'ITO STO neaepno; co6biTUSI ( m 
13 

, m 
24 

) a yrnhi TpeyronbHUKa H K ru­

norenyae aoo6we nona.!laTb He 6y.!lyT, K co*anenuiO, aHanuruttecKuii pactteT 

nO.!l06HOI'O ¢oHa KpaiiHe CnO)KeH; Ha.!lO nu6o npu6ei'HYTb K MO,!lenupoBaHHI0 1 

nu6o npu pacttere aepoSITHocreii KaHanoa aoo6we ua6eraTb npoeuupoaaTb co-

,-6biTUSI Ha nnOCKOCTb (m lk ,mfm ). 

§2~ 3a,aaqH 

3 a .!1 a 'I a 1, Moryr nu a KacKa.!le p + p -+ p + p -+ 4 rr napbi "tty-

)I{IIX" Me30HOB o6pa30BbiB8Tb pe30H8HC C MSCCOit m p ?. 

p e We H U e, nnSI STOI'O He06XO.!lUMO, 'IT06bi TO'IK8 R (puc. 2) c KO-

Op,!1UH8T8MH (mp ,mp ) OK83anacb BHYTPH o6naCTH , non)KHO 6biTb Bbl-

nonneno ycnoaue m 1 3 ( R) > m 13 ( E ) , TO eCTb m >'m m
0
1 m , 

p TT p 
OTKy.!la cne.nyer ycnoane 

m > V-;;:-;;;-
P TT 0 (12) 

B ttaCTHOCTH, a pacna.!le napbi O.!luHaKOBhiX peaoHaHCOB na nenroHhi unu ¢o­

TOHbi ( m >> 1' ) HU'iTO He MeWaeT napaM nenTOHOB HMeTb M8CCy pe30H8H-

coa. B pacna.ne napbi p - Me30HOB liS TT - Me30Hbl STO paBeHCTBO 

m13=m24=mp B03MO)I{H0 numb TOI'.!l8 1 KOI',!l81 s¢¢eKTHBH8SI M8CC8 .!lBYX 

p -Me30HOB. He npeB,biCUT 

m
2 I m ... 4 rsa. 
p TT 

3a,naqa 2, B KSKHX npe.nenax MO)I{eT MeHSITbC.SI a pacna.ne 

11 



:) 

!I 
I 

! 

I' :l 

i· 
I 

0 5 0 6 0 'T 0 
K -+11 + IT + IT 

L,.\.r, +r, (13) 

- 'T 
aclJclleKTHBH8Sl M8CC8 TpOHKB '18CTHU ITO y y ? ·Ha CKOllbKO OHB MO:lKeT 

1 3 

OTnH'l8TbCSI OT M8CCbl napbl ITO ITO B pacnane K 0 -ozP +ITo (T.e. oT498Maa) 

unu B pacnane ( 13), rne miTo 71o MeHSieTCR OT 

363 Mas? 

2m =270 
IT 

no m -m =~ 
K IT 

p e ill e H He. 3all8llHMCSI MBCCOH m 0 
napbl 5+6 H nepeii:neM B CHCTe-

MY noKoR 3TOH napbi. B seA 6yneT uaaeCTHa aaeprHR 'laCTHUbi 7: 

ru ={m2 -m
2

-m 
2
l/2m • 

'TKO IT 71 

Mbl MO:lKeM
1 

38ll8BillHCb M8CCOH napbl 1+3, HanHC8Tb Bblpa:lKeHHe .nnR acP«<JeK­

THBHOH MaCChi TpOHKH 1+3+7: 

m 2 = m 2 + m2 + 2ru CIJ 
13'T 13 IT 13 7 

2p p cosO. 
13 7 (14) 

MaKCHMYM 3TOI'O Bblpa:lKeHHSI llOCTHraeTCSI npu cosO =-1 (HH'ITO He Mema­

eT B CHCTeMe UOKOSI 5+6 paaneTY napbl 1 +3 H 7 B npOTHBOUOnO:lKHbie CTopo­

Hbi). 'l!To6bi onpe.nenHTb w
13 

B cucTeMe noKOR 5+6, aa.no aapgny c m 13 

aanaTb H Macey m ,
14

_ 

(() 

13 

m~ + m1'i - m/, 
2m

0 

Hcso, 'ITO aau60llbmee 3Ha'leHHe 

6ollbmeM m 
13 

H HaHMeHbillBM m 24 

w
13 

6y.neT .llOCTBI'HYTO npu HBH­

• rngng Ha o6nacTb I{A'C'E'D'B') 

sa puc. 2, Mbi BBllBM, 'ITO cnenyeT ucnbiTBTb napbl ( m 13 • m 2 , ) sa oTpea-

• 
• Ha HeM m

13 
-m

24
=2p 1 U03TOMY BXOllmiiee B cPoPMyny Ke A' c' 

.llnR c.J 13 co'leTaaue mi3 -m;, = 2 P { m 13 + m 24 ) .llOCTHI'HeT MaK-

CUMYMa B TO'IKe A ' • B seil:, KaK u noacrony aa rmtoTeayae A 'B' , HM-

nyllbc p 13 = 0 1 D03TOMY (14) np1106peTaeT BUll 

12 

I 

I 

2 2 2 
+ 2m13Ct.l 'T -.•. m 13'T max = m13 +miT 

r.ne 2 ;· 2 ~ 
m 0 +{m 0 -4m

11 
) 

m13=Ct.l6+p6= 
2 

OcTaeTCSI Bht6paTb m 0 1 MHHIIMH3Hpyrolllee 9TO Bbipa:lKeHHe. J 

AHTbCSI1 'ITO MaKCHMyM llOCTHI'aeTCSI npn Han60nbilleM mo , paaw 

npn 3TOM 'laCTHUa 7 UOKOHTCR: CIJ 7 
=m 

71 
B HTOI'e 

m137max = m 13 max + m71 

mK+miT 

2 

.I 1 2 2 -+ v- ( m - m ) -m -;; 437 Maa 
4 K 71 71 

+ 

H~HMeHhmee 3Ha'leHne m 
137 1 KaK nerKO llOI'aAaTbCSI1 6) 

30BaHO TOI'Aa, KOI'Aa napa 1+3 II 'laCTHUa 7 HanpaBSITCSI B OllHY 

HanMeHbilleil: pa3HHUeH B CKOpOCTSIXo llnR 9TOI'O nonmKHM COl5 (}= + 

( m 
13 

, m 
24 

) B03bMeM B TO'IKe D' (puc. 2), 'ITO npnae.ne, 

Ct.l 18 = P 13 = m77 
2 

/ 2 m 0 • ct>opMyna nng m ~3'T o6paTHTC5 

2 

m 
2 

= m 2 + ~ (w - p ) = m 
2 

+ 
13'Tmln 17 mo 'T 'T 17 

4 
m77 

mo w'T+mo Pr. 

C pOCTOM m0 BenH'IHHa m0 c.J 7 y6bmaeT, ll09TOMY BbirOAHee I 

mo noMeHbme: m 
0 

m 137 min 

=2m 71 B HTore 

1 
"' m + - ( w - p ) "' 143 Maa • 

71 4 7 7 

3aAa'la 3. B KaKHX npeAenax MO:lKeT MeHSITbCSI B paCll8Jll 

0 70 so 9 0 
K ->17 + 17 + 17 

Lr +Y 
I 2 

Lr 
3 + y 4 Lr 

5 + y6 

9<MleKTHBII8SI Macca TpOHKH y y y ? 
1 a 5 

13 
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( 13) 

? ·Ha CKOJibKO ORa MOlKeT 

2m =270 
7T 

.no m -m = 
K 7T 

l 5+6 H nepeiiJleM a CHCTe-

[JI'HSI '18CTHUbl 7: 

·aT& aLrpalKeHne JlliSI s!l>!l>eK-

:osO, 
( 14) 

( HH'ITO He Mewa-

a npOTHaOITOliOlKHble CTopo­

SI 5+6, eaao uapsmy c m
13 

iyJleT llOCTHI'HyTO npH H8H­

Ha o6naCTb I(A'C'E'D'B') 

Pbl (m ,m ) 
13 24 ua oTpea-

OMY BXOJlSIWee a tPoPMYny 

JlOCTHI'HeT MaK-

118 I'HllOTeHyae A' B' , HM-

an:.n 

--~~ 

! 
I 
i 

I 
.l 
1--. 

2 = m 2 + m2 +2m m w 
13T max 13 1T 13 

T ._, 

rae 

mo 
2 ;· 2 +(m 0 -4m 17 

)~ 
m =W + p6 13 6 2 

OcTaeTCSI Bbi6paTb m 0 , MHHHMH3Hpyrowee aTO Bbipa)!{eHHe. nerKO y6e-

lliiTbCSI1 'ITO M8KCHMyM ll0CTHI'89TCSI llpH H8H60llbWeM 

llpH aTOM '18CTHU8 7 llOKOHTCSI: W 7' =m 
7T 

B HTOI'e 

m 
137' max + =m 

13 max 

+ ...j..l(m -m ) -m 2 ~437 Mas 
4 K 7T 7T 

H~HMeH&wee 3Ha'leHHe m 
137' 1 KaK nerKo .nora.naThCSI1 6y.neT peanH-

30S8HO TOI'Jla 1 KOI'Jl8 napa 1+3 H 'laCTHUa 7 HanpaBSITCSI B OllHY CTOpouy C 

li8HM9llhWeii pa3UHUeii S CKOpOCTSIX, nnSI aTOI'O llOliQ)!{HM cos (J= + 1 1 a napy 

( m 
13 

, m 24 ) B03bMeM B TO'IKe D' ( pHC, 2) 1 'ITO llpHBeJleT K m 
13

=0, 

• ct>opMyna JlliSI 
2 

m 
13T 

o6paTn:TCSI B 

2 

m
2 =m 2 +~(w l=m

2 
+ 

13Tmln 1T 7' -pT 1T mo 

4 
mrr 

y6LmaeT, rroaToMy sbrl-o.nuee scero s3SITh 

m 0 rroMeHhwe: m
0 

=2m 77 • B HTOI'e 

1 
m "' m + - ( w - p ) "' 143 Mas. 

137' min 7T 4 7' 7' 

3a.naqa 3. B KaKnx rrpeaenax MQ)!{eT MeHSIThCSI s pacna.ne 

0 7' 0 so 9 0 
K ->IT + 1T + 7T 

Lr +Y2 L Ya +Y4 Lr + y6 I 5 

a4>4>eKTHBIIaSI MaCCa TpOiiKH y 
1 

y 
3 

Y 
5 

? 

13 



I! 

peW e H He. l1HTYHUHH llOilCKa3hiBaeT, 'ITO. H8H601lbWee 3Ha'leHHe MaCChi 

Y 
1 

Y 
3 

Y 
5 

6ylleT llOCTHI'HyTO OllHOBpeMeHHO C HaH6011bWHM 3Ha'l:eHHeM MaCCpl 

9 0 
Y1 Y3 " • 

8hiWe Mhl BHilenH, 'ITO npH STOM B CHCTeMe llOKOH Ko 'l:aCTHUa 9 

nOKOHTCH, a Macca naphi 13 paBHa m 13 max "' 437 - 135 = 302 MaB, PacnaJJ . 
llOKOSIWeficg 'l:aCTHUhl 9 nopOilHT !j>OTOHhl C SHeprHefi m /2 1T 

1 TaK 'ITO 

m = V ( m + ..l. m )
2 

- ( ..L m )
2 

= y m 
13 2 1T 2 1T 13max 

max 
135 

m 
139 

""365 MaB, 

max max 

HanMeHbwee 3Ha'l:eHHe MaCchi Y1 Y 3 Y 5 
paBHO Hynro, llOTOMY 'ITO Ta-

KOBa a!jl!jleKTHBHaH MaCCa TpeX !j>OTOHOB 1 neT5IWHX B OllHY CTOpOHy1 a HH'ITO 

He MewaeT .TpeM 11° - MeaoHaM paaneTaTbCH KonnHHeapHo, HanpHMep, BllOllb 

OCH z 
1 a Ka)KJlOMY H3 TpeX !j>OTOHOB Y 1 • Y3 • Y 5 

BhtneTeTb TO)I{e B HanpaB-

neHHH OCH Z • 

PyKOUHC~ nocTynuna B H3naTen&CKHA OTnen 

31 BHBapg 1969 ron~. 

14 
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