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G.I,Kopylov 

DALITZ PLOT FOR FOUR-PARTICLE CASCADE 
DECAYS 

Abstract 

For four-particle cascade p•·oduction tl'1e variables are found, which as
sure the equal probability for every four- particle state assuming Lorentz 
phase space hypothesis. The diagrams give us the pos sibility of visual sepa
ration of the dynamic interactions from the kinematical features of the decays. 
The variables are listed in the following table 

Cascad e 

7 ~ 5 + 6 ~ (I+ 2) + ( 3+ 4) 

7~1+6 ~1+(5+4)~1+«2+3)+4) 

6 ~I +5 ~1+(2+3+4) 

6 ~I +5 +4 ~1 +(2+3)+4 
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Formulae 
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The width of these plots in variable <I> as a function of 
2 

mil 

enables us to calculate the m1~ -spectrum in cascad e decays. 



.llsarpaMMa .llansua msp01co npsMeHBeTell llJtR Taro, '1To6&t aarnRllHO aao6palKaTb eocTo

liHJill TpOIIJtH 'laeTBil e <jlsJteHpOD.!IHHOII a<jJcjleKTJinBOII Maeeoll II HeDOllnHlKBb!M uesTpOM TSilKeeTII. 

rnaBHOe ee llOeTOBHeTBO - OllBOpOAHOCTb npeaeTaBJtSIBMOro e~ <jla30BOrO DpOCTpaaeTna: B OT

eyTeTBBe 83BBMOC(elleTnBB MBlKllY 'IBeTBilBMB nee eOCTOSUJBH B nepeMBHRbiX <u I' <u 2 ( 3 Heprsa 

nt06b!X llBYX 'IBeTJIIl ) BJlB ( KBBApBTbi Maee nt06b!X llBYX nap 'IBeTBil ) p8BHo-

nepOBTRI>I; ne!lltoe erymesae HJUI paape lKeHse TO'IBK HB llB8rpBMM6 03HB'IBBT n38BMOC(elleTBHe • 

.llpyroe nalKsoe enoileTBo aaarpaMMbl - ee anyMepHOCTb, 6ea •1ero Tpyaso 6btno 6bl rona-

pBTb o aarnll!lHOCTB • 

.llns 'leTblpex B 6onee qaeTRil aaanora aaarpaMM .llansua He npiiJlYMBHbl, MOlKHO aaanaTb 

TOJibKO BX 3p38Ubt: C(JlH 'leTnepKB 'IBeTRU - HeOliHOpOllBOe llpOCTpBHeTBO nepeMOHHblX 111 12 

H m,. , HMe~mee nsa upsMoyrom.aoro Tpeyrom.WIKB a nnepnble ynoMRsyToe n pa60Te
111

, 

B llJlH npOH3ROJibHOro 'IRena 'IBeTBil BBTOp BBBJl •MBHBMBJlbHO BBOllHOpOAHOe• BJtB • HHnenRpo

BBHROe• npocTp&HeTnO nepeMeHHI>IX1 06Jt8llBIOIIlOe T6M enolleTBOM1 'ITO napBBilHH llJtOTHOCTH 

eOCTORHRII n 3THX nepeMBBHb!X n ODpeaeneHBOM eMblene R npH ODpeaeneHHb!X yenOBHSIX MBHB-

/2/ 
M8JibBbl (eM., H81lpBMBp 1 ). 

B aasHoe pa6oTe nnR KaeKaaon paenaaon, aaKBB'IIIBB~IIliiXeB o6paaonauseM 'leTblpex 

'IBeTHU, nBOliHTeH 8B8JtOr llBBrpBMMI>I JlaJtBil8 - npOCTp8HeTnO nepeMeBHb!X, B XOTOpOM nee 

eoeTOSIIlllll npB nbliTOJtHBBBB 06b!'IBOII raUOTB3bl <jlaaono~o 06'beM8 panHonepOIITHbl. npocTp8H-

eTnO !lByMepH01 RO He RMeeT TBKOrO HBrJtSillROrO eMblena, XBK n 06bl'IHOII llHBrpaMMe 

.llansua. OasaKo, KBK a n o6bl'IHOII aaarpaMMe .llansua, oTeyTeTnRe naaaMonelleTnHH aonlKHO 

npanOliBTb It pBBHOMepaoll aaeeneBBOCTB UpOCTpaaeTna; HepanHOMepHOCTb 03HB'I8BT naBHMO

IlBIIeTnBe, ao6anO'IHoe It TOMy, KOTOpOe paapeUIBJtOCb KBeKRllOM. JlaJibRellmBe nn~eb! R MH-

ayebl npeaeTanneHHR eTRHYT ReHbl B3 B3Jt0lKBHRSI. 

non'lepKReM, 'ITO C(Jtll HeKaeKBllROro paenaaa HB 4 '18eTHUbl Ylt838Tb OllHOpOC(Hoe nnyMep

aoe npocTpaaeTno Re yaaeTes. 



§ 1. KacKallbi Tana 

7 .. 5 + 6 
I\ I'-

1 2 3 4 

H 7 .. 1 + 6 

I~ 5 + 4 

L 2 + 3 

llaHHS!I pa50Ta SISn!IBTC!I npOilOnlKBHHBM pa50Tbl 
131

, U09TOM)' Mbl 80CUOnb3YBMC!I 

/3/ 
5ea aonrax o5'h!ICHeHHII o5oaaa'leHHIIMH a peaynLTaTaMB a Toll pa50Tbi, B pa50Te 5bin o 

UOK838HO, 'ITO nep8Mll B3 YK838HHbiX 8 aaron08Ke naparpa~a K8CK81l08 8 OTCyTCT8H8 K8KHX

na5o 83SBMOilellcT8Bll a npa y'leTe oaaoro TOnLKO coxpaHe HB!I saepran a BMnynbca (ranOTeaa 

~3080rO 05'beMa) npB801lHT K cneayiOIUBMY 8BilY HHTerpana UO COCTOIIHBIIM (eM,, ~pMyny 

{3,12) B3 (3)) 
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+ ± 2 2 2 2 
F - ( 1, 2, 3, 4, 5)" F ( m 

1 
, m 

2 
, m 

3
, m 

4
, m:) = 

"' m ~ + m ~- 2cu 5 cu 3 ± 2 p 5 p 3 , 

(1.1) 

( 1.2) 

( 1.3) 

\1.4) 

(1.5) 
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B8eaeM nepeMeHHYIO <T> 53 cor nacHo ~opMyne 

2 2 2 
m 53= m s + m 3 + 2m 5m3 ch <I> 53 ' 

Hnn, 'ITO TO }Ke CBMOe, 
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( 1.7) 



(I. 7} 

Tor,qa 

2p 3 m ~3 • 2m 5 m 3 sh <l> 53 

H ~30B~l! HHTerpan (1.1) o6pBTHTCK B 

S 2w3 2 
= --- f d<l> dm • 

• ( 4 m,)2 ~3., 
( 1.8) 

Ecna B nepeM9HH~X I'll ~3 , I'll ; 3 COCTOllHHK CHCT9Mbl '19T~pex 'IBCTBU RMP.IIB IIIIOTHOCTb 
-I 

(2p 3 m53 ) (eM. (1.1}), TO B ll9p9M9HR~X <I> ~ 3 , m;
3 

IIIIOTHOCTb C OC TOBHB ll , K 8 It 3 TO 

cneAyeT 1!3 (1.8), pasaa BABRBue. YlaTerpan \1.8} rosopaT o6 o,qnopoAHOCTH ¢ aaoaoro npo-

CTp8HCTB8 ll9p9M9HH~X <1>53 , I'll ~3 • nep9M9HH8st 9CTb M OHOTORHB!t <jlyHKURst 
2 

I'll 
~3 

8 npe,qen~ H3M9H9RBK <!> 53 B BHTerpane IIOIIY'I810TC st B3 yp8BH 9 HH st (1.3) 0 KYA 8 IIOACTBB-

neno (I. 7). npocTpaHCTBO nepeMena~x 

arch 
ns.3, 4,6, 7)-m~ -m~ 

------.....::.-...::. < <I> 53 ::_ arch 

orp&HB'IQRO 1Ip9A9 1l8MH 

F+( 5, 3,4,6,7)-rn;-m; 

2m m 
~ 3 

F-( 3,2, 1,5,53) ::_ m :
3 

< F+(3, 2,1 , S,S3 ). 

Ecna m ~ 0 
3 

, TO B M eCTO <jly HKUHR ( I. 7) BB9 A9M <I> 53 HH 8 '19 

2 2 <l> 53 
m 53 • m 

5 
+ A e 

(1.9) 

( 1.10) 

(1.11) 

r A e A- IIJ06ast lt0HCT8HT8 p 83M9 pHOCTB m 2 
, HanpHMep, 

2 
m 5 T0r'Jl8 On HTb OK83biB8eTCSI 

c npaeen naBoll <\>opMyna ll.8}, a ( 1.9) o6pa w aeTcst B 

In •< 5, 3, 4, 6, 7) - "' ; 
< <I' 53 :: In 

F+( 5, 3,4,6,7)-m; ( 1.12) 
2 

"'5 "'2 
~ 

n p ll BblDOllB Y PBBHeHB!t ll.8} fi biiiB Y'!Tea~ TOilbK O 38K011 b l coxpa n eiiB SI ,.aepr HH l!Mily llb

c a 11 TOT ~KT, lfT O p 8CUb .D. RB '18C 'rHUbi } t 2, 3, 4 npOH30Wen K 8 C K ll.ilOM , T. e . t.I T O MfiCC8 

n ap I+ 2 H 3 + 4 cl>HKCHposaaa u a aeecTaa. CTa no fihiT b, ec n K o e u oG•moq u oe B3al! ~!oneii 

CTBHe M9JKI1 Y ' !llCTRUilM H I, 2, 3 , 4, B CS!It o e o6cTo SITe n bcTso, ae y'!T e a a oe rrpa B biBone \ 1.8 ), 

JJ.Ol!}KHO C K 8 3 8 T bCB H8 HBC., Il9H H OCTB llHB!'p 8 MM bl (<f> 
53 

, I'll ~ 3 ) : B38HMOlle f: C1'tH1e CnH HOB 

qac rau 5 a 6, llel1 3 0 T p on Ho c T b p a cnanoe , eaaaMonelicT e H e 'laC TRU I, 2, 3, 4 n hOH<'YtiO" 

COCTOSI HRR. n p a IIOJ!b30B8 HHH llH B!'pB M MOl i (<!> , I'll 
2

) H8ll0 c e 6e RCH O npe ll,C' Tll. U /Is.:I T b , J(JlKnP 

H."l 8 TH X o6C T ORT € 1Ib C T B B 3 B e CTHbl H M Ory T fi hi Tb TeOp GTH l.:leC I(H Y1.f:TeH LI
1 

0 K lli<U C nO,'l lie i 'a T 

onpea.cnenn10 H3 .uuur pa MMhr. B o 5b!qHoi:t JlHarpaMMe .LlanHua orosopoK, rrpH KOT OPLiX p~An u-

30B A1!llCb OllHOpO.QHOCTb IIpOC Tp8HCT S 8 , 6Li nO M e Hb llle , q e M y HB C, 1£0 8 T O 11 e 0C T b HCJ]OC T B T OK 

5 



Cll M OII !IB&rp & MMbl ( <!> , m 
2
)- 3TO 06'b!ICH!IeTC H TeM, 'lTO 'l&CTBU CTBIIO 'leTbipe, a He Tpll1 H 

I<OilB'lBCTBO Mb!CliHMbiX B38RMO!IB IICTBI!Ii )'BBliH'IIIliOCbj nJOOblM CllOCOOOM 'IBTb!pe 'I&CT HUbl 

H3Y'l8Tb Tp)'!IHBII, 'IBM TpH, 

EcTb a npyra11 Tpy!IH OCTb 1 KOTopa!l 6Lma npBcyu!a nHarpaMMe Jlannna 1 a 3!19Cb Tonh-

1<0 ycyryoHTC!I, Cl!cTeMa Tpex 'l&CTIIU onacweaeTC!I nRTbiO nepeMeHHb1MH 1 a naarpaMMa Jla-

naua OCT8BflRn 8 H3 HBX TOnbKO JlBe 1 38BHCHMOCTb OT OCT8JlbHblX npOnBABna, '38HHTerpH-

poea.1aCb • . CacT eMa 'leTb1pex qaCTHU onHCbleaeTCII eoceMb!O napaMeTpBMH 1 a Hama naarpaM

Ma OCTaBlii!BT 1!3 RHX Olli!Tb TOnbKO napy: OyMal"a HMeeT !IBa H3MepeHRII, no OCTAnbHbiM 

8BTOMBTH't9CKti UpOH3BOJJ.HTCSl BHT9rpKp088HHe, H MOJK8T OKS.38TbCSI1 tJTO nOCll9 HHTerpnpO-

BBH H SI Jl068BQq HQ9 B38HMO.UefiCTBHe 1 CK8)KeM 1 M9>K.IlY 4.8CTHU8MB 1 R 4 CTSHeT He3aMeTHbiM 1 

"aaHHTe rpapy e Tcl!" - nHarpaMMa (~> 5 3 , m : 3 ) ocTaHeTCII paBH03aceneHHoii . Ho Ha noMotnb 

npaxonaT TO ooCTOIITenb CTBO, 'ITO an11 KaJKnoro pacnaaa 7 ~ 5 + 6 ~ (I + 2 ) + ( 3 + 4) MO>KHO 

UOCTpOHTb BOCeMb !IHarpaMM (<!>, m 
2
)- B nepeMeHHbiX ( q) 53 , m : 3 ) 1 (<!> 53 , m ~ 3 ) , (<!> 54 , m 2

2
4 ) 

(<!>54,m~ 4 ), (<1>
01 

,m,;), (<1>01 ,m~ 4), (<f'
62 

,m~ 3 ) , (q>
02

, m:
4

) , nepeMBHHB!I <!>lk O!IHD-

3H8'liHO CBSI38H8 C M8CCOJ1 C H C TBMbl j k I n03TOM Y H 3 3 THX BOCbMH JlH 8rpaMM MO:>KHO Bbi-

OpBTb Ty , Ha KOTOpOii B3aHMO£Ie>tCTBII9 MC!>KliY I!HTepecyiOUlHMH HaC 'laCTI!UaMII lk npa 

pa3llll'lHbiX MaCCBX !lpyroA napb! qaCTRU lm 

eCliH B OllbiTB Bbi!IBlleHLI napbi Y ( 1385) R 
l.:\ 0" 

M8CCOA H B8C RHTepecyeT B38HMOneHCTBB9 

He oKaJKeTCII aauHTerpapoeaRRb1M, HanpaMep 1 

N* (1238) c onpeneneHHOll 3 ¢cpeKTIIBHOll 

0\4 g" 
'\ T pacnao a Y c nR-Me30 HOM OT pacnana 

N* , Bb1 nonlKHbl eocnonbaoeaTbCSJ oHarpaMMOH e nepeMeHHL1X (<!l 54 , m~ 4 ) BIUI (<!> 01 , m :.>. 
nollblTOlKRM 3 T Y 'lllCTb paccy JKueHHli, Ecnu HaOmn noeTC Sl npouecc 7 ~ 5 + 6 ~ (I +2) ~ (3+4) 

H eac HHTepecyeT eaauMonelicTBHe B HYTPH n a pb1 2 + 3 " '"'YTPH napb1 5 + 3 (cKalKeM, pacnpe

.oeneHHe no dm ~ 3 d m;
3 

B pa3nH'l.JHblX npennOllO>KeHH51X pACCtllfTBHO TeopeTIPteCKH). TO 

npe.anaraeTCSJ anSI K8}{<.noro Ha6nlO.nanmerocST a onhiTe coGhrTH 51 pacct.tHTBTb m;
3 

H 
2 

m 53 • 

3BT9M Bb1'1HCliHTb <!> 53 II HaHeCTH TO'IKH B KOOp!IIIIIBTaX <IJ SJ • m ~ 3 HD. TillOCKOCTb. B 

OTCyTCTBIIB KBKHX-liHOO B3BHM0!1Bi1CTBHH TO'IKH HO .DKarpa MMe pacnpenenSITCSI paB!IOMepHO, 

B BCe H9p8BHOMepHOCTH B pacnpeneneiii!H BbllleliSITCJI CT'yl!leHHI!MH 11/fH paapelKeHBSlMII, C no

MOUlbJO fl0Jl06Hb\ X .OHarp8MM MOIKHO H3Y't8Tb D38H!>.i O.O.efiCTa•e B KOHe'-IHOM COCTOSJHHK qaCTHil i 

nOHBn<1JOll!BXCH OT pacnana n ap p p, p N* H T,U,) npH p &3Hb1X MaCCaX nap, 

Ha pH c. I noKa3oHa n HarpaMMa (<I>, m 
2 

) U/Hl nponecca "p • p N* ~ (rrrr)(TTN) e nepe-

Mel!HbiX <l>p N, m ~rr npH mrrp = 2,5 r :o> a, 

06paTHMC SJ K KBCKany 7 ~ I + 6 I+ (5 + 4) -• I+( (2 +3)+4). XoTH 011 Re no-

XO>K H8 nepBbi if KHCK8.0, HO BblKllD..UKH npH BO.llHT K 6lll1 3 KOMY n;J8.llCT8BJieHU}() HH'rerpana COCTOH-

HIIH (eM, QlOpMyny (4 ,3) 113 (3)) 

S - 2rr
3 

· · ~f 
7 

d "': s r dm 12' 
( 1.13) 

2 p l IT' 15 
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eoov' 
~~------------~~----~ 

3 

~ 
N• (m?"' " 2,5c,.~ 
1\ 

;: T, rv:r. 

2 

~P"' 

4,2 1,3 f,i f,~ 1,6 1,? 

p H C, 1 • 

2 + 
m 

15 
E F - (1 , 5, 4, 6, 7 ) 

2 ± 
m

12
EF (1,2,3,5,15). 

J.1 3)leCb TB lKe 38MeHa 

m : s = m 21 + m 52 + 2 m t IT'Is ch <f) l .S 

rrpnaeAeT K 

s = • 

(1.14} 

( 1.15} 

( 1.16) 

( 1.17} 

TO eCTb 8 nepeMeHHbiX npH y~eTe O)lHHX TOnhKO 38~0HOB COXpane Ha g 3 HeprKH 

H HMnynbca o6naCTb 

+ 
<fll5 ~ <fll5 ~ <1>15. 

m 2 (<I> ) < m 2 < m 2 (<I> ) 
12 min 15 ~ 12 =- 12m os: 15 

aon>KHB 6biTb panHroaceneHa . M btCnHMa ewe .opyraSI 1'&Ka SI aaarpaMMa , B rrepeMeHHbJX 

<l> 15 ' m :! · 
7 

( 1.18} 

( 1.19} 



C UOMOUU.IO UO!I06HhiX !IR8rp8MM MOlKKO, aanpHMep, H3Y 'I8Tb ltOH9'1Hble S38HMOOel!CTBHSI 

'18CTR!I & lt8Cit8!18X THUS 
, + e-••(1810) 

L e•(tS~)+ rr 

LE (1321 )+ rr 

npll pa3Rb1X M8CC4X CRCT8Mb.l " C, **. 

§ 2. Pacnanw Tana 

6 .. 1 + 5 

L.2+3+4 

a tl .. 1 + 5 + 4 

L. 2 + 3 

Korna aa6nJ0!189TCH lt8CXK!I 6 .. (1+5) .. 1 + (2+3+4), TO HHTerpan COCTOS!Hall MOlKeT 

6blTb npeACTaanea a sane (eM. <j>opM)'ny (2.9) 113 
131 ) 

S _ 2rr 
3 

' - (4m
8

)2 f dm 3
2
4 

rne 

2p 3 m H f d m 122 • 
m 2 

34 

2P 3 ~~' 34 ~vm 2 
-(m +m lVm2 

-("' -m ) 2
, 

34 3 4 34 3 4 

2 2 
a npenen.bt aaMeHeHRSI nepeMeHRWX 111 34 , m12 TAXO&bl 

2 2 2 
(m 3 +m

4
) _:::m 34 ~(m 5 -m 2 ) 

2 + 
m 

12 
E F- (1, 2, 3 .. , 5, 6 ). 

BseJieM ljlyaKIUIIO <I> cneJiyiOmaM o6pa3oM 

<l>(x,a,b)-J(x-aHx-b)+ a+b arsh 2J(x-a)(x b)_ 
2 a- b 

- v' ab arah 
2{i;.j( x-a)( x- b) 

(a-blx . 

nepawl! ersh arch 2 x -a- b TaxlKe TOlK!I9CT&easo paaea 

una In 1 + , , ( x- a Y( x-b ) 

1- y( x-a) / (x-b) 

In ,[Jb+ y'(x-a) / (x-b) 

, BTOpOli -

v a / O- y \x-a) / (x - b) 
<l>yi!Kll i! ll<l' o6naA8 9T cnetty!O<UHMH C B Of!CTB8MH: 

~ 

nrsh 

a- b,_ _______ _ 
2/(a-l_x-1)( b -I_ x- 1) 

b-1 -· - 8 

(2.1) 

(2.2) 

(2.3) 

12.4) 

(2 .5) 

HnH 



1 ) <!> ( a, a, b ) = 0. 

2) OHII MOHOTOHHO p8CT9T C pOCTOM X 

3) 
d¢= dxv'(x-e)(x-b) 

X 

Bb!pelKeHHbill B nepeMe!IHblX <l>(m 3
2
4 ,(m

3
+m

4
)

2
,(m 

3
- m

4 
)

2
), m

1
2
2 

maeTCa a 

S = ("/ 2 )~J d<l> dm 2
12 4 2 34 

me 

BHyTpH ot5naCTH 

HHTe rpen (2.1) o6pa-

\2.tl) 

(2.7) 

\2,8) 

Ecna a= b ( T.e. eona m 3 HnH m 4 paBHbl HyniO ) 1 TO <jlyHKUHIO ~ MO>KRO 

onpeuenHTb TaK 

<t> ( x, a, a) • x - a- In (x I .e ) , (2.9) 

a Torua OIIHTb aepHbi <jlopMynbi (2.6)-(2.8). 

VI TaK, HanH'<He a KaCJ<aue 6 .. I + 5 .. I+ (2 + 3 + 4) B3BHMoueliCTBHH a KOHe'<HOM cocToa-

BHH MOlKeT 6biTb 06HapylKeHO, 9CIIH BOCUOIIb3088TbCH napoli nepeM9HBbiX <f> 34 H m
1
2
2
(nH60 

<f> 23 1 m~ 4 111160 ~ 24 , m1
2
3 B 38BHCHMOCTH OT TOrO, B38HMOUeliCTBHe M9lKIIY K B KHMH 

'18CTHU8MK H8C HHTepecyeT), 

Kor.na m 
3 
~ m 

4 
= 0 , TO MO>KHO npstMO no1Ib30BaTbCSI nepe MeHHbiMH m :. a m t

2 
; xor-

ua lK9 m S » m 
3 

+ m 
4 

, TO np&KTH'I9CKH 06118CTb nep9M9HHbiX (<IJ
34 

, m 
1

2

2
) UO'ITH He OTIIH'I8-

eTCHOT06118CTH (m ; 4 ,m~ 2 ) 

t 
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¢3<. 

4m#~ 

Ha pac. 2 UOK838 Rbl 

Ao'lo" ' • 
!.. YY TT 

o6nac Ta ( <l>, 4 , m ~2 ) nnH pacn a n os 

, aa p a c . 3 - nn H p a c n anos 

X (1680) .. A 
0 

'1 ° II 

I 2 ' • 
B .... JTcv .... Y " " • Cxo.a.-

' t.!!; 
X (1680) .. 

HbiM 06p830M MOlKHO H3 Y"'8Tb B38B M OJl e l!CTBII e ni!OHOB B K 8CK8Jl8X A 2 .. ":L.rr TT TT ana 

npOCTO 83811MOJle l!CTBHe MelKilY npollyKTH MH paCITHilH W ( 1) ) - M e30HOB II llpyrHMH "18CTHIT8M11 1 

pOlKilaeMbiMII COBMeCTHO C W ( '7 ) - M e 30HBMH, 

06paTI!MCH I< nocne naeMy RIITep e cy rom e My Hac xaci<any: Kaci<any 6 .. 1+5+4 .. 1+(2+3)+4, 

Ero HHTerpan COCTOHHHl\ 6btn BbiBell e H B /
3 / (eM. <f>opMyny (5,3) ) II IIMe eT BHil 

r11e 

a npenenbi TaKOBbi 

rw / ?1
3 2Pm,s 2 

S ~J d m 2 ---2 - J d m,2 
4 -= 2 15 m 

m & 1 s 

2pll' = J (m +m )
2
-m

2 

1 S 6 4 IS 
J (m 6 - m 4 ) 2 -m ~ 5 1 

(m
1

+ m
5

)
2 _s m 2

15 ~ ( m 
6
-m

4
)

2
, 

m 2 E ~· ± (1, 2, 3, 51 15 ). 
12 

31leCb H81l0 B BeC TII <f>yHK UHIO 

~ (x , a 1 b)=j;b arsh 2·/;;bJca-x ) ( b- x ) 

( a- b ) x 

(~.10) 

(:.!.11) 

(2.12) 

\2.13) 

(2.14) 

&+ b arsh --2--
2y ( 8 -X) ( h - X ) - J <a-x)(b-x) 

• - b 

CO CBOl!CTBBMa 

M 

1) <ll ( b1 a, b)= 01 <I> ( x, a, b) > 0 npH x < b, 

2) <I> MOHOTOHRO pacTeT C y6biB8HHeM X 

3) d<ll = -

B TO apeMR KaK <I>YHKUHR <ll 

<f>yHK UHII <I> onpeneneHa aa nyqe 

dxJ(a-x)(b-x) 

X 

(2.5) 6bina onpeneneaa a a nyqe 

x< b < a 
.., 

, KO a <f' a <l> 

(2.15) 

X ) 0 > b , HOBBII 

o6e MOHOTORHO B03pa-

CTBIOT OT RynH, nepBBSI - C ysena'!eHaeM X 1 BTOpaR - C yMeRbmeaaeM, nollCTBHOBKH 

(2,15) B \2.10) npaBOJlaT K 

S=~/ 2)
3

Jd.j; dm 2 

• m: ts 12' 
(2.16) 

rne aaTerpan 6epeTCH no o6na&T11 

M .. 2 
0 < <1l

15
<<1> ((m +m) ,(m +m ) 2 ,(m -m ) 2

), 
-- 1 s e.f. e 4 

(2.17) 

F-(1,2,3, 5,15),5 m
1
\ S F+{1, 2, 3,5,15). (2.18) 
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Pac. 4. 

~kt A• BH 

A'l IB' 
ci-f 

Pac. 5. 

12 

I 

rnz 

2,5 rJ;f 

m:Z: 
"'J 

rAe 

.. 
Ha PRC. 4 IIJlRBeJl&B BIIJl o!JTII1IlUIR ~ JliiR pACDaAOB TBna X(1680)-+ Y ,.o~o, 

Y - mo6aa "'ACTK!ta (A 
0

, I 
0 

• T.A.). 

L2! 

YY 

.. 2 
C DOMOillblO nepeM&BBhiX ~ JS • Dl 12 MOli<BO R3y-'l8.TJ> 0 aanpRM&p, 113A.RMOJleiiCTaRR 

IIJlOJlYKTOB pACDa,!lA p -M830JIA B peAKilRH 71' -p -+ p p O lr _ , - C IIJlOTOHON RIIR M930HOM H 

pem8Tb ApyrRe CXOAHOrO pOA8 38.118~. 

U 8. 3 a K n 10 'I e 11 • e 

Mb! nepe6p81IH ~ B03MOlKKOCTII KACI[IlJl!IOrO p0lKJl9!1HII '19Tblp9X 'laCTBil H DOKA3allll 1 

'ITO KaKOll 6bl THD KaCKaJl8 Hll OCyll!&CTBIUUICII1 BC&rA8 MOlK.IIO YK838Tb TSKYIO napy HHBapH

aHTHbiX nepeM&RRblX, 'ITO B OTCYTCTBBe B K8CK8Jl8 KSlUIX-nBrlO B3AIIMOA9JICTBIIII KpOMB JlD

DyCTHMbiX DO I'Bil0T938 <jla30BOrO 06:&eM8 1 TO'lltll 88 JlB8rpaMM8 JlODlKRhl pacnonaraTbCII 

paaROMepao, Hams JlHBrp8MMbl pem810T1 CTaiiO 6b1Tb1 CIIBJlYlODlYIO 3a,!la'fY: YK838Tb AIIH 

'l&Tbip&X 'laCTBil OAKopoAHoe <jla3oBoe npocTpaHCTBO, }"UThiBAIOmee TOT <jlaKT, 'ITO 'laCTHllbt 

POARnBCb K8CK8JlSO, 

3a'leM aylKRO Ta~toe npocTpaacTao? MolKso 6bln o 6bl OTBeTIITb acTp&'IBbiM aonpocoM: 

a 3a'leM axcnepaMeBTaTopaM MarpaMMa .Uanana? CneKTpbl a¢qleKTRBRblX M8CC MOJKso nony-

'laTb R 6e3 see, ClliiB W O -M930S8 MOr 6b!Tb 0Dp9Jl81UIII B 'IRC/Ie!IBO, 6e3 'IBpTe>KeJt, 

BBAHMO, caOBM pacnpocTp8seHlleM .naarpaMMa .Uansna o6s3aRS aarnii.II.BOCTR B03HHKaiOmRx 

DpR B3rllSUl8 sa see o6p830B pacnpe.neneHRJl, 3TO o6pa3Sblll R3blll1 ll81lBM OMH 3KCDepiiM9H

TaTOp y6elKnaeT npyroro, 'ITO .ttellcTBBTenbKO BK.nen peaoaaac. B 3TOM CMbiCIIe MoryT olta-

3aTbCR DOII93HbiMB DpH H3Y'l9RRR 6onee CIIOlKRb!X CHCT9M R npennaraeMbre IUl.MH JlH8I'p8MMbl, 

C DOMODlblO BX, DD-BHIIHMOMy 1 B03MO>KHO onpenenm'b CDHRbl pe30IIBHCOB0 KBCKBLISO paCIIB-

JlB ~DlHXCR Ra 4 'IBCTII.ltbl, KBK 3 TO nenanocb B pacnanax sa 3 'laCTBUbl~ BIIR o6RapylKRTb KOp

peiiRiliiH a yrnax sn11 Maccax M e >KJlY nponyxTaMB cno>KBbiX pacna.noa. 

Bnpo'le M, onao npaMeseHHe o.naoponRblX <jla30BblX naarpaMM MOlKso y no!'.urnyTb y>Ke 

c e a qac, C HX DOMOmblO pac'leT CD9KTpOB a<jl¢8KTBBRbiX MaCC B K8CK8LlaX DpH06peTaeT RarnSI.II.

Sblll C MblCII, PaCCMOTpHM III06oll B3 Hall!IIX <jla30BbiX IIHTei'pBIIOB (1.8), ( 1.17), (2,6) llnB 

(2,16), n yCTb o6naCTb HSTei'pHpOBBRII!I ( ' <jla30Ba!l naarpaMMa •j HM 99T BHJl KaK Ha piiC, S 

Beany o n noponaocTB aToro npoc TpaacTea, eepO!ITHOCTb BMeTb m ~ ~ a IIRTepeane (a.~) 
2 

6 y n eT n aea TLC R nnomallb~ A'B ' B"A" , B. IInOTHOCTh s e pOSITHOCTB HMeTb m lJ •a - OT-

p e 3KOM A' A" • 11 T a x, IUHpaaa n11arpaMMbl no nepeMea ooll 

HOC TH H MeTb T e HIIR U:Hble 3H8'1eHH9 
2 

mil CnexTp 
2 

mil 

<t> naeT lliiOTHOCTb aepoHT

naeTc 11 mapa aoll 

<jl a 3 oe o il n oarpaM M bi, Koae'lao, TeM lKe ceol!cTBOM o 6 nanana a o6bl'<Hast noarpaM-

Ma Lla nuua , HO TSM Cnex.Tp KBanpaTOB M8CC nerKO BblqKCllHJICSI aaanBTH"!eCK.B, liTO B 

Kac xan a x He ecern a B03MOlKBo; r eoMeTpH'IeCKH fi nyTb pac'le T a cnexTpoe m ~~ OKa3biBaeT-

CH B HOrna O'le Hb yno6Hbi M , 
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