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Koraa poMaeHHe HecKonbKHX qacTHU ITpoHCXOAlT KacKaaoM, TO BaBy­

MepHbiX paCITpeaeneHHSIX ITO a<jlcpeKTHBHbiM Mace aM A 3YX rpyiTIT qaCTHU, 

B3S!Tb!X H3 pa3Hb!X B9TB9ll KaCKaaa, HHoraa ITpOSIBnSI9TCSI H9KOTOpaSI BHyT­

peHHSISI CTpyKTypa, a HM9HHO: nHHHH ypOBHSI STHX ptCITpeaeneHHll OITpenenSI­

IDTCSI TOnbKO xapaKTepOM KaCKaAa H MaCCaMH qacTH~ H OT paCITpeaeneHHSI 

s<jJ<j:JeKTHBHbiX MaCC BC9ll CHCT9Mbl He 3aBHCSIT. 3TO >IBneHHe IT03BOnSieT 

B IIpHHUHITe BOCCTaHaBnHBaTh paCITpeneneHHe s<j:JcpeKTJIBHblX MaCC BCeft CHC­

T9Mbl1 H3MepSISI s<jJ<j:JeKTHBHyiD Macey TOnbKO qaCTH IT]JOAYKTOB paciTaaa. ilaH­

HaSI pa6oTa ITpeacTaBnSieT co6oiD pa3BHTHe HAeH, Ha;wMeHHofi e §3 cTaTbH I 1 I. 

§ 1. BoccTaHoBneHHe ciTeKTpoB s<j:JcpeKTHHHbiX Mace 

m ( TT ± TT O) ITO CIT9KTpaM m ( TT ± y ) 

PaccMoTpHM cneayiDIUYID aaaaqy. B peaKUHH TIIITa 

TT- + p -> D + ~ + TT- + TT O + TT O 
(I) 

perHcTpHpyiDTCSI TonhKO aapSIMeHHwe qacTHUhl H oaHr y -KBaHT. Heo6xo-
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llHMO BOCCTaHOBHTb C:IeKTp a<fl<fJeKTHBHbiX Mace m ( 17± 1T 
0

) 110 H3M8p8HHHM 

m ( TT ± y ) ( ae neTeKTJ pyH TT 
0 

-MeaoH! ) • 

1 • l1ao6pa3HM HHTepecyJOIIIYJO HaC qaCTb peaKUHH ( 1,1) CX8MOft 

( pHC 0 1) • 3<fJ$eKTHBHBH Macca 11apbl ( 1T ± 1T O) - B8nH'IHHa 118p8M8HHaH. 

3<fJ¢eKTHBHaH Macca 'iaCTHU 1,2 naeTCH ¢opMynoft: 

2 2 2 (4) (4) 2 (4) (4) Ll(4) 

m I 2 = m I -i W I W 2 - p I p 2 COS 0 I 2 ( 1. 2) 

rne 

HaneKcbi 

( 4 ) 
WI 

( k) 
w 

2 2 2 m - m - m 
0 I 4 ---------- ' 

2m 

(4) 
w 

2 

m4 

2 

( k) 

p I 03Ha'iaJOT, 'iTO 9HeprHH H HMI1ynbC 

( 1,3) 

qacTHUhi aanaHbi B cJ:cTeMe 110KOH t~acTHUbi k • TaK KaK pac11peneneHHe 
(4) 2 

pacl1allHbiX Y -KBE HTOB 110 COS (} 12 paBHOM8pHoe, TO CI18KTp m 12 11pH 

aanaHHOM Macce mo eCTb 1T -o6pa3Ha.H KpHBaH: 

I 
( 1.4) 

4 (4) (4) 
p I p 2 

B 11peaenax: 

2 - f ±( 2 2 )- 2 2 (4) (4) 2 (4) (4) 
m

12
max- mo,m i -ml+ wl w2 ±PI P2 ( 1,5) 
min 

3TH 11peaenbi0 KBK <fJy IKUHH 
2 

m 0 , Hao6pa)l{8flhi ua pH c. 2 oTnenbHO an.11 m 2 = 0 

H anH m 
2 

~ 0. 
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Koraa rrnoTHOCTb crreKTpa 
2 

m 
0 

8CTb 

2 
m N ( 2. 2 

0 max l m 
0 

) d m 
0 

f ----------------
4p(4) p(4) 

2 1 
m 

0 min 

, ro 

( 1.6) 

Opn m 
2

= 0 Bepxmril rrperren ecTb "" ( peanbHO 3Ha'IeHr II m 
0 

orpaHn'I8Hbi 

M8CCOi1 M BCeif CliCTCMbi) 0 a HIUKHUH rrony'IHM, peW.SII ( 1,5) OTHOCHT8Jlb-

2 
HO m O 

m2 
0 min 

+ ------- ) . 
2 2 m m 
12 

B naweM cnyqae m ooffi =m H 
1 4 TT 

2 m4 ___ .1..2_ __ 
m 

0 min 
m2 - m 2 

12 TT 

Opn m2 ,J, 0 o6a rrpeaena nepeMeHHhi: 

rae 

2 
m 

0 
max 

min 

(2) 
w 

2 2 2 
10 12- 10 1- 10 2 ----------

2m
2 

(2) 
w 

4 

2 2 2 
~m2-~~-

2 m 
2 

( 1. 7) 

( 1,8) 

( 1.9) 

( 1.10) 

2, 06paTUMCII Tenepb H8ITOCp8ACTB8HHO K peaKU11 II ( 1,1), 0epeiTHill8M 

( 1,6) B BHA8 
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2 2 
N(m 0 )dm

0 --------
R( m ~) 

(1.11) 

rae 

( 1.12) 

M3 pHC. 26 BHaH0 0 ~TO HBHMeHbWee 3HaqeHHe HHMHero rrpeaena B HHTer-

pane (1.11) ecTb (I~ 1 +m 4 ) 2 ;rrpH 3TOM m2 =f+=f-=2m 2 , HHTerpan MaK-
1 2 77 

CHManeH, H B CITeKT['e n ( m 2 
) IT pH m =i2 m cneayeT OMHaBTb ITOSIBneHHSI 

12 77 

MBKCHMyMa ( HITH ITITLTO) He38BHCHMO OT crreKTpa N ( m 2 ) • t.fT06hi HBHTH 
2 

N ( m 0 ) , rrpoan<P<PepeHUHpyeM ( 1.11) no 
2 

m 
12 

d 2 
_rn_o min __ 

R( m ~) 2 
d m 12 

M3 ( 1.8) rronyqnM 

d m 7 2 ------
2 2 

m12- m77 
± ------

2 

d m 0 min 
R ( 2) mo 

B HTore rrpnxoaHM K 

rae 
4 

m2 =--~~-
7777 m2-m2 

77Y 77 

8 

0 

( 1.13) 



2 
BoccTaHOBneHIIe :'li ( m rm \ MO)!<eT Ob!Tb He3aBHCHMo 1 poBeneHo KaK no 

( 2) /2 I dn '0 ) y•wcTKy crreKTpa n m77 y crreBa OT m
77 

y'~ \ m 
77 

, rae -d -;:r- _ , 

TaK H no Y'18CTKY cnpaBa (rae -1'L~- <_ 0 ) , 
77Y 

' m 77Y 

tPopMyJlbi, BoccTaHaBJJHBaJOl!lHe N ( m 
2 

, cnpaB,)flJJHBbl B JI!06biX peaK-
rm 

UHH~ rne pomnaeTCR 77° -M830H0 a perHCTpHpyeTCR OJlllH Y -KBDHT, 0HH 

OC068HHO ITOJ183flhl 0 KOrJla HOT f\03:\10?KHOCTH Bb!D8J1IIT> orrpe;jE:>Jl8HHbiH KrlHDJl 

peaKU1111 1 HarrpHMep, KOrL\Ll Ml!l!le!Ih o6nyqeHa H8HTpOH'1MI1 HJII1 H8HTpHHO BCe­

B03MOmHbiX 9HeprHii, HJ!l1 Koraa, KaK B ( 1,1), pomaa,)TC'i! MHoro HeperncT-

pHpyeMNX HeifTpanhHwx qacTnu. B pacrranax THrra K. +- 0 0 
.,.77-Ti TT HJ1H 

+ - 0 ) 77 17 77 ITO ITOH06Hl,Uvl lj.opMyJiaM lvl0)KH0 0 perHC1 pnpy'il :38pSDK0HHb!8 

'WCTHUbl H OHHH )' -KBDHT, BOCCTDHOBHTh CITeKTfll•l n ( 77 ± 77 O'J • 

3. Mbr rrpHMGHHJlH 1jJopMyrry ( 1.13) JlJl'il BoccraH >BrreHHH crwl<Tpa m(77±rr 0
) 

B p811KUHH ( 1,1) II pH pP = 4 fsB, B KOTOpofi perHCTpHpOBDJICH OJlHH 

Y -KBElHT/ 2/, f1orryqeH Hal-l B 9TOM OITb!TE:> ( 110 23 74 '~06h!Tl!I1M) CYMMa Cfl8KT •· 

poB n(m 1 )Hn(m_) 
77 y 77 y arrrrpOKCHMHpOBDJIDCh Kpl!BOR Tuna 

/3/ 
C IIOMOlUhiO nporpaMMbl 0 OIIHCAHHO!l B pa6oTe ( CM pH c. 3), BbiJ!O norry-

'18HO 
2 

X 20 ripH 26 3I<C118pHMf.'HT11Jlbflb!X TO•JKaX, ( II8KTp N(m +c) 
77-77 

orrpenerrHJICR H3 ¢opMyrrw 

( 1.15) 

0H B OCHOBHOM CornacyeTCR ( pHC, 4) CO CITGKTpOM 'li (Ill 
1 

_) 113 TOll ?KG 
77 Ti 

peaKUHll ( 1,1) 0 OC068Hl!O C pe3yJlbTaTO:VI ero ri[lHbJ1H; WHIHI <
1./.:t.:30Bbl:V!H l<pHBL.l­

/2/ 
MH 
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norpelliHOCTH BOCCT8HOBJI8HHH crreKTpa N ( m1T±1TolrrpH ll8HHOM Bbi6ope 

cpyHKUHH ( 1.14) llOCTJ:raiOT ( 3+5)% IIpH Oll1H6KaX 9KCIIepHM8HT8JibHOH rH-

CTOrpaMMbl n ( m + ,( 8-10)%. lfT06b! TO'IHee OU8HHTb IIOrpeiiiHOCTb1 Mbl 
rr- y 

pa3b!rpanH 8000 C06HTHH THII8 1T -p -> n 77+77- 1T O rr0 
II pH p c = 4 faB ( IIO 

rrporpaMMe <t>OPC
141

,, rrony'IHB B pesynhTaTe crreKTpbrN(m 1717 ) Hn(m
17

y) 

( pHc. 5,8). CrreKTP n ( m rry) Mbl IIOIIbiT8JIHCb IIpH6JIH3HTh cpyHKUH8H THIIa 

y = c ( x-a )a (b-x )f:. exp (-y x) . 3To nano X 
2

= 40 rrpH 21 TO'IKe 

{To'IKH m rry= 575+775 MaB rrnoxo JI0)!{8TCH Ha KpHByiO, aToMy OTBe-

qaeT m
1717

,800-800 NaB). KaK BHL\HO H3 pHc. 8, BOCCT8HOBJI8HHbiH crreKTp 

(crrnolllHaH KpHBaH) H rHcTorpaMMa xopolllo cornacyiOTCH B rrpenenax 

CT8THCTH'I8CKHX Dll1H60K ( .!,.5%) 38 UCKJIIO'I8HHeM yqacTKa 800-800 M 9B. 

Mbr saKJIIO'IaeM, 'ITO BoccTaHaBnHBaeMbre "rnanKHe" crreKTpbi HMeiOT rrpH-

MepHo TY )!{8 TO'IHOC1 h 1 'ITO H rHCTorpaMMa n ( m ) o 0ueHKa HCTHHHOfi 
rry 

rrorpelliHOCTH B Clly'Ia e H8JIH'IHH B n ( m ) y3KHX IIHKOB !Ip8L\CT8BJI5!8TCH 
0 

cno)!{Hofi sanaqeH:. 

§2. J.1CIIOJih30B8HHe L\ByMepHb!X pacrrpeneneHHH 

npeUCT8BifM Tereph1 'ITO B K8CK8L\8 (pHCo 1) OllH8 H3 'I8CTHU 1 HJIH2 

HBnHeTcH Ha caMOM ;:. ene rpyrrrroH: qacTHU; To rna ee Macca m 1 ( HJIH m 2 ) 

rrepeM9HH8 0 nycTh Mel B COCTOHHHH H3M9p5!Th ee 3H8'I8HH9 B K8)!{JJOM C06b!-

THH ( HapHilY CO 3H8'IHHHeM m 12 ). Torna Mb! 6yneM HM8Th UByMepHbie 

2 2 2 
pacrrpeneneHHH n(m

12
, m

1
) HJIH n(m~ 2 m 2 ).lJT06bi CBH38Th IIJIOTHOCTh 3TO-

ro pacrrpeneneHH5! C 1~ ( m ~) Hy)!{HO 9Jlle 381l8TbC5! Bep05!THOCTh!O TeX UJIH 

HHb!X 3H8'I9HHH m\ U lH m ~ 

1. Pas6epeM cH l'Iana cnyqafi, Korna MeH5leTcSI 
2 

m 2 • DorrycTHM 1 

'ITO yrrqM5!HYT85! Bepo~THOCTb eCTh w ( m 2 , m 
2

) o 3Ha5I 3TY cpyHKUHI0 1 2 4 

Mbl M0)!{9M IIpHCBOHTf: K8)!{L\0MY C06biTHIO 

y'IHTbiB8IOJllHH BepoHTJ:OCTb aa6niOneHH5! 

12 

"Bee" ---
1
---• 

w(m 2 m 2 ) 
2 ' 4 

m ~ • CyMMapHaH rrnoTHOCTh 



1000 

700 

'100 

100 

L-1-a~a--~~--~-s-oo~~--~~--~-o~~-~~b HJl 
M(:J'%1} 

PH c. 5. PacnpeneneHHe MonenHposaHHhiX co5biTHii n J m ( "y) • fnan­

KaSI KpHB8SI - annpOKCHMHpy!OmaSI tPYHKUHSI. 
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800 

500 

300 

100 

Pnc. 6. PaciTpene.reane MonennpoBaHHbiX co6biTHfi ITO m (7777) • fnanKaR 

KpHB851 - BOCCT8HI)BneHHbiH CITeKTp ITO m ( 7777) • 
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Beca co6biTifll 6nlf3 TO'IK!f ( m 72 , m 22 ) 6yneT paBHa 

2 
0Ha CBH38Ha c N ( m 0 ) ypaBHeH!feM ( 1.6): 

( 2.1) 

B KOTOpOM Mbi OTM8Tifnlf, OT K8KifX Benlf'llfH 38BifC51T lf~lflynbCbi pI If p 2 • 

npenenbi B ( 2.1) Jl8IOTC51 rrpe)f(HifMif tjlo pMynaM!f ( 1. 7-1. 10) • 

B HBHOM Brrne 

2 (4) ( 2) 
_P_~.2..:. 

m 4 

m 
2 

0 max 

J 

non lfHTerpanoM H8T Benlf'llfH, 38BifC51llilfX OT 

TOMY tPYHKUifiCl <1> ( Z ) cnenyiOllilfM o6pa30M: 

<1> ( z ) J 
(m +m )

2 

I 4 

If rrplfJl8M K COOTHOlli8HifiO 

15 

m ~ 
2 

If m; . BBeneM rro3-

( 2.3) 

( 2.4) 



EyaeM HCKBTb ·~(z)B BHae ~ 
m 

a m cl> m ( Z ) 1 rae (!) m ( Z ) - K8KHe-TO 

Bhi6paHHhie HBMH H3E ecTHbie cjlyHKUHH, Tor a a MO)!{HO MeToaoM MaKCHMyMa 

ITpaBaoiToao6H51 IToaoe paT& 3Ha"'eHH51 a m 1 HBHIIY"'WHM o6pa:ooM yaoBrrPT­

BOp51IOIUHe TO)!{aecTB) ( 2.4), T1poH3BoaHa51 ¢yHKUHH cl> aacT ciTeKTP N ( m 
2
0 

). 

PaBeHCTBO ( 2,4) 03H8"18eT1 'ITO paCITpeaeneHHe V HB ITIIOCKOCTH 

(m~ 2 ; m~) o6naaae1 oiTpeaeneHHoil cTpyKTypoil 1 He 3aBHC51IUefi oT ciTeKTpa 

N (m ~) ( CM, § 3 H 4) • 

BbJBeaeHHbie cfC pMyiihl IT03BOII51IOT1 H8ITpHMep1 B peaKUHH ( 1,1) BOC-

CT8HOBHTb CITeKTp n ( 11 ± 11 O), KOI'AB 11° -Me3oH Ha6niOaaeTc51 ITo paciTa-

A8M narrHUa 

( 2.5) 

a y -KBBHT He pe!'l:CTpHpyeTC51 ( TaKa51 CHTyaUH51 MO)!{eT BCTpeTHTbC51 

B BOAOpOAHhiX HIIH C rpHMepHbiX KaMe pax) • B peaKUH51X THITa 

( 2,6) 

TaKHM CITOC060M MO:KHO ITO H3MepeHH51M Mace ITap 
+ 7171 H 11 + 11 - 1 He ae-

TeKTHpyg 710 • BOCCTaHOBHTb CITeKTp MaCC 11 K H T,IT, 

2, Cny"'ail 1 Kor a a MeH51eTC51 m 1 1 Tpe6yeT ao6aBo'IHhiX aoiTymeHnfi. 

TeiTepb Bep051THOCTb HMeTb TO HIIH HHOe 3Ha'IeHHe 
2 

m 
1 

aon)!{Ha 1 Boo6me 

I'OBOp51 1 3aBHCeTb 01 m 0 , a 3Ha"'eHH51 m 
0 

Mhi He 3HaeM, YpaBHeHHe 1 

CB513b!B8IOIUee 1 Mbl Bh!Hy)!{aeHbl 38ITHCaTb B BHae: 

2 
N(m 2 )w(m 2 ,m 2 )d 2 m 

n ( m 2 2' 
0 max 0 I 0 mo 

m, f -------------- ( 2,7) 
12 1 

2 4 (4) ( 4) (m 2 ) m p 2 p 1 1; m 
0 min 0 

16 



H 1 38ll8BllllfCb BlfllOM W ( m 
2

1 , m ~) 1 pelllaTb 8TO ypaBHeHHe 'IHCneHHO, ilo­

rryCTHM1 OllH8K01 'ITO B CHCTeMe 'I8CTHU a, f3 ( 8TO fljiOllYKTb! pacrrana 'I8C­

THU 1 H 4) BhlrronHeHa rwrroTeaa ~aaosoro o6~eMa: 

rne 

C4l c< l 

w ( m2 · m0 
) = 

I' 0 

S 2 ( I; a, f3 ) S 2( 0 ; I,4) 2 
1T P a P 1 

(I) 
p 

a 

S
3

(0;a,f3,4) 

I I -2--( -----, 2 ./ _2_( _____ 2 
--- v m 1 - m a + mf3 v m 

1
- m a - m 3) 

2m 1 

(2.8) 

( 2.9) 

( 0) (4) 
T aK KaK p 

1 
m 

0 
= p 

1 
m 

4 1 TO p( 4 ) B (2,7) COKp8li!aerCSI 1 If Mbl ITpHXOlllfM 
I 

K ypaBHeHHIO 

(rr / 2 ) 
2 

m p< 1) 
_____ !__E._ 

2 

I 
N (m 2 ) d m2 

___ o ___ o __ 
m 

0 max 

p (4) m 
2 I 

m2 S (rr 
0 3 0 ( 2.10) 

m2 
0 min 

B HeM Of!S!Tb ITOll lfHTerpanOM He OCTanoCb BenH'IIfH1 3aBHCSillllfX OT m
1 

npenenbi ll810TCSI1 B 38BHCHMOCTH OT m2 1 nH60 ~Op!V ynaMH ( 1, 7) 1 nH60 

( 1,9), BseneM Terre ph rrepsoo6paaHyiO 

<I> ( z ) I ( 2,11) 
z 

17 



Ona MOHOTOHHO y6~BaeT 
2 

Ha yqacTKe CBoero orrpeneneHHSI (rna+ m,st- m4 ) :::; z :_"". 

BBeneM TBKMe "Bee" ~ 
(77/2) 2 m4 

co6biTHSI ( m 72 ; m7 ) , paBHhifi m / p < 1l, n KOHCTBHTy 
1 a 

k = ---- • OrHITb ¢YHKIHISI p (4) 

2 

l 

k 

OIIpenenHBTCSI TOnbKO 3HB'IeHHSIMH rrepB006p83HOfi ~ 

v ( m 2 ; m2 ' = <ll ( F- ( m 2 
; m 2 

) ) , 
12 12 1 

)), 

m 0. 
2 

( 2,12) 

( 2.13) 

( 2,14) 

4JyHKUHSI <fJ 1 6yay'l¥ HauaeHa ll3 ( 2,13, 2,14) 1 BOCCTaHOBHT HaM crreKTp 

MaCC mo , 

dm 2 
0 

( 2, 15) 

3, Mb! IIpHMBHlll:ll 9TH <flopMynhi anSI BOCCTBHOBneHHSI CITBKTpa Mace 

0 /2/ 
m ( 17+ 17-17 ) B peaxr:nn ( 1,1) IIpll pc = 4 fsB , JlnH STOf'O B KalKllOM 

C06b1Tllll Bbl'IHCnSinHCI: MaCChi ( 17+ 17- ) If ( 17+ 17- Y) 
1 

If C06b!THIO IIpHCBaHBBnCSI 

~ m 7717 
Bee p = --=======:= .Pacrrpenenenne rrnoTHOCTH Beca Ha rrnocxocTn 

2 2 
2 2 

y mn: 77 -4 m 
0

. 
( m rr rr, mrrrry) "' ( mi , mi 

2 
) non MHo 6binO - B rrpenrronoMeHnn crrpaBennnBoCTH 

¢asoBoro o6beMa - yaoBneTBOpHTb ypaBHeHnro ( 2,14): 

<ll ( l ) z (l + ( 2. 16) 
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ilJIH K8)K):I0f'O A8HHOf'O m 
1 

H8HMeHbiiiee 3H8'IeHH•! Z AOCTHf'aeTCH 

rrpn m 
1
2
2
= m ~ + m 

1 
m 

17 
ITpn aTOM <fl ( z ) - MaKcnMaJibi!O, CneaoBaTeJibHO, 

H8 IIJIOCKOCTH ( m 2 , m 2 M8KCHMyM IIJIOTHOCTH Beca V IIpll ):IBll)KeHllll 
I 12 

BAOJib rrpHMbiX m 1 = const AOCTHraeTCH Ha JIHHHH CD m 2 
= m 2 + m m 

I 2 I I TT 

He3aBHCHMO oT crreKTpa N ( m ~ ) ( pnc. 7). 

Pa306beM rrnoCKOCTb JillHHHMll ypOBHH Z = const 

H8 IIOJIOCbi, YpaBHeHHe ( 2,16) YTBep)K):I8eT, '~TO BAOJII:o K8)K):I0l!: IIOJIOCbl 

H8 paBHbie IIJIO!ll8All IIpllXOAHTCH paBH8H "cyMM8 BeCOB 
7 

V H 'ITO v 

ll3MeHHeTCH Jilllllb Ilpll rrepexoae OT OAHOl!: IIOJIOCbl K AJlYf'Ol!:, He38BllCHMO OT 

crreKTpa N ( m 
2

0 
) • 

M bl ITO 8TOMY IIOCTpOHJill f'llCTOI'paMMy "BeCOB" 1 r pHXOAH!llllXCH H8 IIO-

CJie):IOBaTeJibHhle rronochl z • McKoMaH ~yHKUHH <fl(z) rronyqaeTCH nene-

HlleM CTOJI6UOB 8TOl!: f'HCTOI'p8MMbl Ha IIJIOIU8Ab IIOJIOCll f) ( z ) ( pnc. 7). 

<fl ( z 
0 

---- ~ p(m7) 
Q ( z ; 1"1 ) z < z < z +1"1 

0 0- - 0 

( 2. 17) 

3Ta rrnoiUaAb paBHa pa3HOCTH IIJIOIUaael!: o6nacTel!: gn H n EmF 

rae 

q ( z ) 

Q(zo,L'l)= q(zo+L'l)-q(zo), 

_ _!,._ ( z -3 m 
2 

) R- m 2 z In 
2 TT TT 

z -3m~- R 

R 

z-3m2 - R 
TT 

--------
Y ( z -9m2 

) ( z - m2 
) • 

TT TT 
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( 2. 18) 

( 2.19) 

( 2,20) 



PHc. 7. 
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Ha pHCo 8,9 rrpnBe.QeH BH.Q rrepBoo6paaHoA <ll ( z) , rrony I8HHoA aTHM 

CITOC060M 0 H BOCCTBHOBneHHhll CIT8KTp _d"'(m 0 ) 

dm 0 

§3o CTpyKTypa pacrrpe.oeneHHA 

M bi TonhKO 'ITO BH.Qenn, 'ITO pacrrpe.oeneHne rrnoTf OCTH Bee a Ha 

rrnocKOCTH ( m ~2 , m2
1 ) o6na.oaeT rrpn m 2 = 0 orrpeueneiiHDi1 cTpyKTypoA, 

He aaBHCHIIleA oT BH.Qa "3aTpaBO"'HoA" tj:JyHKUHH N ( m~ ). flHHHH H3MeHeHH51 

Beca orrpenen51JOTC51 TOnbKO OUHOI KHHeMBTHKOI ( tPYHKUI' 51MH Z ( m ~ , m
1 
~ ) 0 

a N ( m: ) BnHHeT nnmh ua cKopocTh H3MeHeHH5lo To'!~ o TaK )Ke n B o6-

meM cny'!ae ( m 2 f 0) pacrrpe.oeneHHH rrnoTHocTeA "BE coB" v( m ~ 2; m ~ 

H V ( m~ lm2

2 
) xapaKTepH3YJOTCH H8KOTOpOI 0 XOT51 H 6nnee cnO)KHOI, 

CTpyKTypolo 

1. ITpn m f 0 rrnoTHOCTh v ( m 2 ; m2 ) 
2 12 I 

.oaeTcH ¢' lpMynoA ( 2o13) o 

Ha pnco 10 rroKa3aHo ceMelcTBO nnHHA ypoBHH ¢yHKUHH F ( m ; m ) 
I 4 

rrnH peaKUHH TT p -> n + TT + + TT- + p O _ _, TT + + TT - ( BM ~CTO HHX yno6Hel 

CTpOHTh COBII8.Q8101Illle C HHMH nHHHI m ~ 2 = f :j ( m t ; m2
1 

) 0 

3TH nHHHH C pOCTOM m 0 paCXO.QHTC51 OT TO"'KH e o Y K8)K.QOI 

nnHHH aa pncyHKe yKa3aHo 

2 

B H8KOTOpb!X ycnOBHbiX errHHHUaX 3Ha'!eHHe 

mo 

ITycTh MaKCHManhHoe aaa"leane m 0 B .oaHHoA pPaKUHH ecTh M. 

H F±(m 2 ·,m2 )=M~ Tor.oa oTpe30K g nHHHH ypoBHH 
12 1 

.oenrrT rrnoc-

KOCTh aa .QBe "'BCTH A H g n II g k o B o6nacTH H g I Bepxan:A rrpe.oen 

HHTerpana ( 2ol0) eCTh M , cne.ooBaTenhHO, ( 2o13) MD)! ao rreperrrrcaTh 

Tal(: 

v ( m2 • 2 
12' m 1 

"' ( F -( m2 2 ) ) 
"' 12 m 1 • ( 301) 
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PH c. 8. <l>(z) J:WH cny'I 01eB THrra ( 1.1) rrpH pc = 4 f:;m c y'IeTOM Be coB 

C06b!THfi. fJIBAK851 Kpl B851 - arrrrpOKCHMHpyromaH ljlyHKUH51o 

22 



10000 

L----------------------------------------
0.5 1,0 I,S 

PHc, 9. BoccTaHoeneHHhlA crreKTp 

BHCHMOCTH OT m
0

= m(77+17-770 ). 

23 

'IJ n. (rtl) 

dN 
dm< 

B 38-



PH c. 
UHH 

± 2 2 
10. CeMelkTBO 

1 
nHHHli ypoBHSI <jlyHKUHH F ( m 12 ; m 1 ) 

11- p -> n 11+ 11- p 0 _ 
11++11 

I 2 3 

24 
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TaKHM o6pa3oM 1 B o6nacTH H gk nHHHH ypoBHSI <tJyHKUHH v H 

COBIT8A8~T 1 H crrpaBeAnHBO BCe 1 qTQ rOBDpllnOCb Bblllie 0 CBOHCTB8X ITnOT-

HOCTH v rrpn m = 0 
2 

ITpOXOASIT ABe 

z - 8TO npyraSI rrpn nHHHH ypoBHSI F ±= z 1 onHa rrp11 ManoM 

6onhlliOM - 8TO F + • Bnonb A B v = 0 H ypaBHeHHe (2.13) yTBepMA8-

eT, qTQ rrnoTHOCTb V MOHOTOHHO paCTeT 

rpaHHUbl BAonb J1HHHH ypoBHSI Ft B J1~6y~ CTOpO,Iy. 

PaccMoTpHM Terrepb qeThlpexyronbHHK, o6pa3oBaHHdfi KaKHMH-HH6yAb 

nHHHSIMH ypOBHSI 1 H8ITpHMep1 
PSUT nnn P R Q S • M bl HMeeM, cornac-

HO (2.13), 

v(P) =<1>(:3)-<1>(4), v(T) =<1>(2)-<1>(4), 

v(ll) =<1>(2)- <1>(5 ), v(S) =<I> (3)- <1>(5) 

11 T.A. 0TC~A8 Bb!TeKaeT HCKOM8SI CTpyKTypa ll!lOTHOCTH Beca: B o6naCTH 

A H g B rrpoH3BDnbHOM qeTb!pexyronhHHKe, cocTasneHHOiv H3 nHHHfi ypoBHSI, 

cyMM8 rrnoTHOCTefi B ITpOTHBOITOnOMHbiX BeplliHH8X OAHH8~ OB8 

v(P) + v(U) = v(T) + v(S) v(S)=v(P) + v(Q). ( 3.2) 

BMecTo rrepeMeHHhiX m 2 
12 

m2 
I 

MOMHO BBeCTH HOBbW rrepeMeHHble Z ',z 

C ITOMOllib~ ¢opMyn 

z' = z ( 3.3) . 

06naCTb 1 B KOTOpy~ J1SiryT TQqKH C KOOpAHH8T8MH (z',z''\ ITOK838H8 Ha 

pHC. 11. YpaBHeHHe rpaHHUbl CK ecTb z "= F+(f+(z+,4m2
77

)), z'>(21Il,r+m
4

)
2

, 

rpaHHUbl CA-z "= F+(f-(z ',4m 2 ) 4m 2 ), z '<4m 2 + 3m 2 nHHHH, 
77 77 77 4 
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H 

~I 

PHc, 11, 
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AH-z "= z',z'>4m 2 +3m2 .BbiiUe rrpSIMO~ gH 
TT 4 

rrnoTHOCTb ~ ( Z ', Z ") 

( 2 ( ' ") 2 ( ' ") ) ;o; V m 
12 

Z , Z , m I Z 'Z 38BHCHT TOnbKO OT z , a HH)Ke - rrnoTI 

V B BepiUHH8X mo5b!X 11pSIMoyronbHHKO_B CBSI38Hbl ycnoBHeM ( 3,2), 

2. nnoTHOCTb aeca v ( m; 
2

, m:) , aaeaeHHaSI a 

rro.Qo5Hb!MH CBOli:CTBaMH. nHHHH ypoBHSI F \ m 2 ' m 2 
12 2 

§ 2. 1, T8K)Ke o6na1 

rroKa3aHbi aa 

pHC, 12 AnSI HeKOTOpbiX ycnOBHbiX 3Ha"!eHHli: m 2 = Z "' 1,2,3,4,5,6, 
0 

g H K - nHHHSI ypoBHSI nprr HaH5onbiUeM B03MO)KHOM B aaaaoli: peaKUHH 

m ~ = M 2 
• Toraa B o5nacTrr g H K nrrHHH paBHhiX nnoTHOCTell: aeca 

c oanaaaroT c nHHHSIMH F- ( m 
2 

, m 
2 

, a B o5nacTH A B H g onSITb Bbir 
12 2 

HSieTCSI 'ycnoaHe "!eThlpexyronbHHKa" (3.2) , 

§4, KHHeMaTH"!eCKHli: noTeHuHan 

1. Mbi BHAHM1 "'TO aayMepHbie B3BeiUeHHbie pacrrpeaeneHHSI 9<f><Pef 

Hb!X MaCC v ( x, y )HMe!OT HHOii pa3 11pOCTOe CTpoeHHe: MO)KHO yKa38Tb 

TaKy!O (yHKUHIO <fl ( Z ) t "'TO 

v(x,y) =<ll(¢+(x,y))-<ll(¢ (x,y)) ( 4, 

HnH eiUe rrpome 

v(x,y) <ll(¢ (x,y)), (4 

rae cp (x,y ) -H3BeCTHaSI <jJyHKUHSI, orrpe.QenSieMaSI TOnbKO KHHeMaTHKOll: 11 

ca, 8To CBOli:CTBO OT.QaneHHO H8110MHHaeT CBOli:CTBa ITOTeHUHana B TeO 

rronSI, Koraa aeKTOpHoe none B rrpocTpaHCTBe nony"!aeTCSI H3 HeKoTopc 

CKanSipHOli: <jJyHKUHH Bbl"'HCneHHeM rpa.QHeHTa, 

27 



AH -z "= z ', z'>4m 2 +3m2 .Bbllne rrpSIMO:l' gH 
1T 4 

11110THOCT~ ~ ( z ', Z ") -

=v(m 2 (z',z"),m
2
(z',z")) 3aBHCHT TOI1bKO OT 

12 I 
Z 1 a HH)Ke - 11110THOCTH 

{; B BepiiiHHBX nl06biX npSIMoyronhHHKO.B CBSI38Hbl ycnoBH ~M ( 3.2) • 

2. ITnoTHOCTb Beca v (m~ 2 ,m:), 
110Jl05HblMH CBOHCTBaMHo nHHHH ypOBHSI 

BBeaeaaaSI B § 2.1, TaK)Ke o5naaaeT 

F ±( m 2 , m 2 r oKaaaHbi Ha 
12 2 

pHc. 12 Jli1SI HeKOTOpbiX ycnoBHbiX 3Ha'!eHHH m 2 = z " 1,2,3,4,5,6. ITycTb 
0 

g H K - nHHHSI ypoBHSI rrpH HaH5onbllleM B03MO)KHOM B a a HHOH peaKUHH 

m ~ = M 2 
• Toraa B o5nacTH g H K nHHHH paBHhiX rrnoTH JCTefi Bee a v 

coBrraaaiOT c nHHHSIMH F- ( m 
2 

, m 
2 

, a B o5nacTH A B H g OITSITb Bhmon-
12 2 

HSieTcSI "ycnoBHe '!9TbtpexyronbHHKa" ( 3.2) • 

§4. KHHeMaTH'I9CKHH 110T9HUHan 

1. M hi BHilHM, 'ITO JlByMepHbte B3BellleHHhte pacrrpel.eneHHSI a!f>!f>eKTHB­

HbiX Mace V (X, y )HMeiOT HHOH pa3 11pOCTOe CTp09HH9! M ))KHO yKa3aTb 

TaKyiO ~'YHKUHIO <fl ( z ) t 'ITO 

v(x,y) =<fl(¢+(x,y))-<fl(¢ (x,y)) ( 4.1) 

HnH eme rrpome 

v(x,y) <fl(¢ (x,y)), (4.2) 

rae cf> (x,y ) -H3B9CTHaSI !flyHKUHSI 1 011peaenSieMaSI TOI1bKO Kl!H9M8THKOH rrpouec­

ca. 3TO CBOHCTBO OTJlaneHHO HaiTOMHHaeT CBOHCTBa 110T9HUHana B TeopHH 

rronSI, Koraa BeKTopaoe none B rrpocTpaHCTBe rrony'!aeTcs H3 HeKoTopofi 

CKanSipHOH !flyHKUHH Bbi'!HCI19HH9M rpaJlHeHTa. 
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Ol C'l 

E 

E 

+I 

. 
0 
:s:: 

n.. 

Mbi ycnoBHMCH roBopHTb rroaToMy B cny"'ae (4.1), (4.2), 'ITO 

rrone rrnoTHOCTeH BecoB TO"'eK P(x,y) ¢aaoBoro rrpocTpaHCTBa (x,y 

o6nallaeT KHHeMaTH"'eCKHM IIOTeHUHanoM <I> ( Z ); OHO OITpellenSJeTCSI pa~ 

HOCTbiO ITOTeHUHanoB <I> ( Z ) B TO"'KBX Z 1 ITp81lCTaBnHJOIUHX C060IO 
+ 

6pa)l(eHHe To"'eK P c rroMOIUbJO ¢YHKUHH z=<l>- (P). TaKoe none rrnoTHOCTe 

o6naJlaeT CIT8UH¢H"'eCKHMH CBOHCTBBMH: B cny"'ae (4.2) ero nHHHH Y! 

COBIT81l810T C nHHHSIMH ypOBHSI ¢yHKUHH ¢ 
"paBeHCTBO "18TbipexyronbHHKa" ( 3. 2) o 

, B cny"'ae (4.1) Ileac, 

CymecTBOBaHHe y rrnoTHOCTH v KHHeMaTH"'ecKoro rroTeHuHana 

cnellCTBHe TOI'0 1 'ITO B HHTerpanbHOM ypaBH8HHH 1 CBSI3biB8JOIUeM V 

38BHCHMOCTb OT KOOpllHHaT TO"'KH p BXOilHT TOnbKO B rrpellenbi HH 

pHpOBaHHSio 

B K8"18CTBe rrpHMepa ITOnSI rrnOTHOCTeH1 y KOTOpOI'O HeT KHH8ME 

d 2 d m
2 

B Kac "l:ecKoro rroTeHUHana, rrpHBelleM pacrrpelleneHHe rro m
12 125 

0->1+4->1+(2+3) 
l..-.----.5 + 6 

m m 
' 2 ? • 4 ~ 

n\m ; m J = ------
'12 125 4(4) (3) 

p 2 p 5 f-

f± = m 2 2 2 (5) (5) + 2 (5) (5) (5) 
12 +m3+ w12 w3 - P12P3 • w12 

( 5) 

w 3 
2m

5 

TioTeHUHan OTCyTCTByeT1 TBK KBK ITOil HHTerpanOM CTOHT 
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Mbt ycnoBHMCSI rosopHTh 1109TOMY s cnyqae (4,1), (4,2), 'ITO 

11one 11nOTHOCTeft secos TO'!eK P(x,y) ~asosoro 11pocTp~HCTBa (x,y) 

o6naaaeT KHHeMaTHqecKHM 110TeHuHanoM ¢(z ~oHo o11pe~enSieTCSI pas-

HOCTh!O 110TeHuHanos ¢ ( z ) B TO'!Kax z , 11peacTaBnSI!OlllHX co6o10 oTo-
+ 

6pa)l(eHHe To'!eK P c 110MOlllhJO ~YHKUHA z=¢- (P), TaKoe 110 Tie 11nOTHOCTeft 

o6naaaeT C11eUH~H'!eCKHMH CBOftCTB8MH: B cnyqae (4,2) ero nHHHH ypOBHSI 

COBI18a8JOT C nHHHSIMH ypOBHSI ~yHKUHft ¢ 

.. paseHcTso qeTbtpexyronhHHKa" ( 3, 2), 

, s cnyqae (4,1) aeftcTsyeT 

CymecTsosaHHe y 11noTHOCTH v KHHeMaTH'!ecKoro 11oTeHuHana ecTh 

cneacTBHe Toro, 'ITO s HHTerpanhHOM ypasHeHHH 1 CBSI3hiB8JOllleM v c N, 

38BHCHMOCTh OT KOOpaHH8T TO'IKH P sxoaHT TOnhKo I 11peaenht HHTer-

pHpOB8HHSI, 

B Ka'!eCTBe 11pHMepa 110nSI 11nOTHOCTeft1 y KOTOpOI'O HeT KHHeM8TH-

d 2 
qecKoro 110TeHUHana, 11pHseaeM pac11peaeneHHe 110 m

12 

2 
m s KacKaae 

125 

0->1+4->1+(2+3) 
L---.5 + 6 

m m r+ 
n(m2 ; m 2) = ___ 4 __ a __ f 

'12 12~ 4(4) (3) 
P2 P5 r-

N(m
2

)dm
2 

0 0 
--------- --------. -- X 

y' m~- (m I+ m4 )2 y' m~- (m ;:=-~)2 y' m2o-= (m 12-m ~)2 

x[m2o-(m )2]-t/2 
12+ rna • 

(5) 

wa 

2 2 2 
m 125 - m12 -m5 -----------

----------. 
2m 

5 

noTeHUHan OTCyTCTByeT1 T8K K8K 110a HHTerpanoM CTOH~' m 12 
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2. f1oTeHunanbHEIM xapaKTepoM MoryT o6na.aaTb n .aByMepHbie ::mep­

reTwweKne paerrpe.aen emu1. f1ycTb Mbi B paerra.ae K 
0 -~ rr + rr - rr o li3MepHeM 

8HeprliJO W 12 E a<jltj:Jf,KTHBHYJO Macey m12 rrapbl TT~ TT-; BepOHTHOCTb 

rrony'lllTb m12 rrycTb 6yneT W(m
12
), Tor.aa Ka)!(JlOMY cny'!aJO (w 12 ,m 12 ) 

MO)!(HO npucBoHTb Bee --1-- • CyMMapHbiH Bee co6b1Tlli1 B OKpecTHOCTH 
W ( m 1 :) 

TO'IKH (w 12 ,m 12 ) 

0 

6y,ceT paBeH ll(w 12 ,m
12

)/W(m 1). Ec'mi 6bi pacrra.a 

/5/ 
Harrncann K 2 6bin 11BYX'IaCTH'IilhiM1 MbT 6b1 

II ( W ) = 
1 

m WOmax N(w )dw 
0 0 

__ o_ J ---
2 * p 1 WOmin 

. ( 4.4) 

Po 

B HameM pacrra.ae Ha Tpll qacTHUhi Hy)!(HO TOnbKO 38MeHHTb n ( w 
1 

) 

Ha 11 (w , m )/W ( m ) . Mbi rronyqaeM 
12 12 12 

n (w ,m 
12 12 

2 p* ( m ) 
12 12 <l>(f+(w ,m ))-<I>(f-(w ,m )), (4.5) 

12 12 12 12 
W(m 

12 

r.ae 

<I> ( z ) J N(w )~-
o 

Po 

( 4.6) 

w* ± p 12p~ 
2 2 2 w mo +m -m + 12 0 12 3 f - * (1) 

m 0 2m 12 
12 

3. XoTH eymeeTBOBaHne rroTeHunana o6nerqaeT BoccTaHoBneHne crreKT­

pa rrepBH'!HbiX '!8CTHU, OHO He HBnHeTCSI Heo6XOllllMbiM yCl!OBHeM T8K0f'O 
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BOCCT8HOBJieHHH H He aaeT onTHM8llbHb!X yCJIOBHii: BOCCTltHOBlleHHHo PaCCMOT­

pHMo HanpHMep, soccTaHosneHHe N (w 0 )s npouecce K 
0 

... r+ 11-11° no H3Me-

... /6,7/ 
peHHHM m 

12 
H p 

12
• TloKaaaHo , "'TO N (w 0 ) npH <jlJIKCHpOBBHHOM m 12 

YAOBJieTBOpHeT ypaBHeHHID 

(4.7) 

pOB8HHOM m 12 H eCTb <jlyHKUHH m 12 , a apryMeHT U O B npaBOii: "18CTH Bbl-

... 
"'HCJIHeTCH H3 H85JIIDAeHHA m 12' p 12 no onpeaeneHHhHI npaBHnaM 

u = u 
0 12 

± U* 
12 

I 
U* =-In 

12 2 

u 

wr2 
w* 

12 

12 

I 

2 

+ 11 i2 
- 11* 

12 

V* = p* I w* 
12 12 12 

In w 12 + p 12 cos() 12 
- ' 

2 2 2 
m +m -m 

w* 0 12 3 -- ' 
12 2m

0 

K(x) =(2V* ch:'x)- 1 
12 • 

I x I < a rth V* 
12 

TlycTb Tenepb cneKTp m 12 ecTb W( m 12 ) , Toraa Ka JKAOMY co5hiTHID 
-I 

( m 
12

, p
12 

) MO)I{HO nOCT8BHTb B COOTBeTCTBHe Bee W ( m 
12

) o ilnH onpeae-

neHHH N(U 0)Tenepb rrony"'HM ypaBHeHHe: 
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n(U O'ml) 

W ( miJ (4.8) 



B KOTopoM oT m 
12 

aaBHCHT sulpo K H npenenhi HHTerpHpoBaHHH. TaK 

K8K B HOBOM ypaBHI!HHH ( 4.8) COXpaHeHa 6onee nonpo6H8SI HH$opM8UHSI 

0 pacnanax1 OHO no 3BOnSieT BOCCT8HOBHTb N ( U 0) TO"l:Hee 1 'I eM ypaBHeHHe 

( 4. 7) 1 nony"'aeMoe ~a Hero HHTerpHpoBaHHeM no 'm 
12 

" XoTSI nnoTHOCTb 

n/W He o6nanaeT noTeHuHanoM1 ypaBHeHHe (4.8) ny"'rne 'noTeHuHanb­

Horo• ypaBHeHHSI (4.5) Ha-aa HanH"'HSI "'neHa N( U0 ). 

4. Bee ynQMSIHYThie HaMH no CHX nop noTeHuHanbHhie nonS! nnoTHOCTH 

MOI'YT 6b!Tb HCnOnb30B8Hbl nnSJ BOCCT8HOBneHHSI cneKTpOB nepBH"'HbiX "18C­

THUo Ho nono6Hb!e liOnS! B03HHK810T H B ycnOBHSIX1 Korna B BOCCT8HOBne­

HHH HYJKllhi aeT. To :-na oHH npencTaBnHJOT co6oiO npocTo nsyMepHbie pac­

npeneneHHSI onpenelleHHOl!: CTpyKTyph! 1 He 38BHCSI!Ilel!: OT cneKTpOB nepBH"'­

HhiX "18CTHU 0 nposepKa HanH"'HSI T8KOl!: CTpyKTypbl Ha OnbiT9 cny)KHT onpaB­

naHHeM TeX nonyme iHl!: 1 npH KOTOpb!X BbiBOaSITCSI COOTBeTCTBYIOIIlHe ypas­

HeHHSI ( 06b!"'HO - n:noTe3bl lP830BOI'O 06'beMa) o npHBeneM npHMepb! T8KHX 

nonel!:. 

A. CHcTeMa T.Jex "18CTHU 1 + 2 + 3 c ueonpeneneHHol!: Maccol!: 

m = m (m
0 

<M), pacnpeneneHHSI B KoTopol!: perynHpyJOTCSI rHnoTeaol!: $aaoso-
t2a -

181 
ro o6'heMa. npocTpt HCTBO nepeMeHHhiX ( m 2 

21! m~) npencTaBnHeT co6o10 

$Hrypy nanHU8 nnH pacnana 0 ~ 1+2+3 C mo=M, K KOTOpOl!: npHCOeOHHeHbl 

HH)KHHl!: neBb!l!: yron npS!MOyronbHHK81 onHC8HHOI'O BOKpyr $Hrypbl ( CMo 

pHc. 13). 

none nnoTHOC1·el!: n ( m :a, m~2 ) anecb HBnHeTcSI noTeHuHanbHhiM1 

npH"'eM BHyTpH $HI') pbl nanHua BEDCF BbiiTOnHSieTCSI ycnOBHe ( 4.2). BHe 

ee, B yrne BAFC ·- ycnoBHe ( 4.1). 4>yHKUHH II> H ¢ ± HMeJOT BHn 

z 

c[l f 
(m +m +m l2 

1 2 a 
m 2 S ( m

0
) 

0 8 

rne S a - !flaaoBbil!: o6'heM cHcTeMhi 1 + 2 + 3, 
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(4.9) 





w wa 

2 2 2 
m2a- m 2- m 3 

( 4.10) 2 2 2 
m -m - m 

12 1 2 

B. l.JeTaepKa q lCTHU 1 · + 2 + 3 + 4 c 38ll8HHbiM m 1284 = m 0 

B rrpearrono1KeHHH 0 '1~'0 ee COCTOHHHSI IIOll'IHHSlJOTCSl I'HIIOTe3e <fla30BOI'O 

/8/ J 2 2 
o6'beMa. Toraa o 5naCTb H3MeHeHHH rrepeMeHHbiX m 234 , m 

12 

eCTb <f!Hrypa nanHU8 llnSI paCII8ll8 '18CTHUbl C MSCCOft m Ha '18CTHUbl 

C M8CC8MH m 
1 

, m
2 

, m + m , K KOTOpoft IIpHCOellHHeH IIpaBbJft HH1KHHft 
3 4 /8/ 

yron OIIHCSHHOI'O BOI:pyr Hee rrpsrMoyronbHHKa ( CMo pHCo 3 H3 ) o 

flone IInOTHOCT ~ft B J HOCHT IIOTeHUHSnbHblft xapaKTep: 

z 

cfJ ( z ) 

2 2 2 2 2 2 
m -n m234 m -m -m 

0 12 1 2 w 234 = w2 = -
2 n 2m 1 

B aTOM cnyqae H3BecTeH ll81Ke SIBHbiil: BHll <fJyHKUHH cfJ (z) 

B. B Toft 1Ke CHcTeMe H B Tex 1Ke rrpeanono1KeHHSIX npocTpaHCTBO rre-

2 2 . 
peMeHHbiX ( m a' m ) T8K1Ke IIpellCTSBnsreT C060JO <f!Hrypy nanHU8 C 11pHC0-

12 23l /8/ 
eaHHeHHbiM yrnoM ( I•Hc. 4 H3 ) • ITone rrnoTHOCTeft rroTeHuHanbHo: 

z 
2 

dm S (m ;m ,m ), 
28 2 23 2 8 

cfJ ( z ) J 
(m +m J2 

2 3 
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HO nHHHH ypoBHH apyrHe: 

"'+ ( 2 2 ) 2 + m2 -m2 + 2w w '~"' - m 123 ' m234 = m 123 234 o 1 ~. 2 pI p 4 ' 

w 
I 

2 .2 2 
m +m - m 

0 I 234 

w4 

2 2 2 

m o + m 4- 11 123 

2m 
0 

r. B K8CKaae 3H8KOMOro HaM THIIa 0-> l + 4 -> l + ( 2 + TT + TT ) pacrrpe-

( 
2 2 

aeneHHe B IInOCKOCTH m
12

,mTTTT) 06naaaeT KHH9MaTH~9C{HM IIOTeHUHanoM 

----v 
2 2 

mTTTT- 4 m TT 

2 
m 

TTTT 

+ 2 2 - 2 2 
x[<ll(F(m ,m ))-<IJ(F(m ,m ))], 

12 TTTT 12 TTTT 

- X 

( 4.11) 

IIpH~eM IIOT9HUH8n <ll orrpeaenHeTCH ¢opMynoi1 ( 2.3), a cpyHKUHH F + 

MO;>KHO B3HTb H3 ( 1.9), rronaraH m3 =mrrrr· 
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