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A H H o T a u u g 

nocTpOeHa penRTHBHCTCKag Teopug peaKUHil: C TpeMg H 6onee '!aCTHUaMu-npo.nyK

TaMu. 0Ha RBnReTcg o6o6rueHneM _penRTHBHCTCKoil: Teopuu peaKuuil: Tuna a+ 6 ~ C+ d 

B cpopMe )KaKo6a, YuKa il "Y2Koy ryaH-tiJKao. npu 9TOM OKasanocb Heo6xo.nHMbiM B 

Ka'!eCTBe OTHOCUTenbHbiX HMny~hCOB '!aCTUU ilCllOnh30BaTb BMeCTO nepeMElHHbiX JiKo6u 

.npyrue nepeMeHHhre. 

BbmucaHhr npasuna OT6opa .nng TaKux peaKuui!:, cne.nyroruue us coxpaHeHug 

'IeTHOCTH. 



1. VI3B8CTHa cpopMa peJU!TUBUCTCKOH OOIU8H T80pUU peaKUUH Tuna a+ g ~ C +d 
( T,e. o6ruue Bbrpa:>KeHuSI .unSI yrnoBoro pacnpe.ueneHuSI u nonSipuaauuu 'lepea ~aabr), 

ucnonb3YIOIU8SI onucaHue CnUHOBOI'O COCTOSIHHSI B T8pMHH8X npoeKUHH Ha HMrrynbC 'laCTH-

1-3 . K . . ;!... 
Ubi , poMe pensiTHBH3Ma 1 6onbUIHM . .llOC.TOHHCTBOM 9TOH • 'f'OpMbl S!BnSI8TCSI M8HblllaSI 

. . . -

rpoM03.llKOCTb ee cpopMyn no cpaBHeHHIO c ooruepacnpocTpaHeHHbrt-m cpopMynaMu cpaaoBo·· 

r'o aHanuaa ( ucnonbayeMbiMH, HanpuMep, npu cpaaoBoM aHanuae p-p -pacceSIHHSI). 

B H,BCTomueii cTaTbe no. MeTo.uy 
1-3 

pa6oT nocTpOeHa TeopHS! peaKUHH Tuna 

a tJ- n d e (a TaK:>K8 + () .... + + + ... a ... c~ d+e+... ) • Cnn:Hbl ll MaCChi nOKOSI 

'laCTHU rrpouaBonbHbi, O.uHnM ua peaynbT8TOB HBnSieTCH Heo6xo.uuMOCTb ucnonb30B8HHH 
. . i . 4 . 

B penSITifBHCTCKOH Teopuu BM8CTO nepeM8HHb!X .HKOOH ( CM,HarrpuMep, ¢a6pu ) .llPYI'HX 

HMnynbCHb!X rrepeMeHHb!X 1 BnepBbl8. n:cnonb30BaHHbiX ,UanHTU8M .UnSI onucaHHSI 
5 

Z" -pac-

na.ua 

2. Ha'IHeM co cny'laSI Tpex 'laCTHU a+ g --. 1 + 2 + 3. OcHOBHbre nono:>KeHHSI 
2 6 

o6rueil: Teopuu peaKuHil: Hano:>KeHbr, HanpHMep, B pa6oTax u 

-npe:>K.ue BC8I'O BM8CTO HMnynbCOB fJ. 1 f2. 1 p3 Tpex 'laCTHU Ha.llO BB8CTH 
_... ... - _. _, -"' 

nonHbiH HMnynbC 'P = f1 ~ P2. 1' p3 ll .llBa "oTHOC~TenbHbiX HMnynbca p . ll f' 
( TO'IH08 HX onpe.ueneHH8 CM, .uanee), CoxpaH8HH8 'P 1103BOnSI8T HCKniO'IHTb aTy nepe-

6 
=0. 

,Uanee OCHOBHOH aa.ua'leH S!BnSieTCSI HaXO:>K.ll8HH8 cpyHKUHH npeo6pa30BaHHSI 

(F p' ~. m, m3 / ... I M > , no3BOnSIIOIU8H nepeil:TH OT onucaHHSI B TepMnHax H3Mepg-. 

e~biX B onbrTe nepeMeHHbiX (HMnynbcbr 'laCTuu) K onucaHHIO 'B npe.ucTaBneHnH, r.ue cpu-

r'ypupyeT coxpaHSIIOIUHit nonHbiH MOM8HT J H ero npoeKun.R • .llnSI ~BYX 'laCTHU 
;!... 1,2,3 

aHanOI'll'IHaSI 'f'YHKUHSI HM88T BH.ll 



• 
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nonHb!il: MOMeHT I .llBYX qacTHU ll ero ·IIpOeKUHH m OTHeCeHbl K C,U,llo .llBYX qaCTllU 

C IIpOH3BOnbHO Bbi6paHHbiMH ?CHMH ;!':J' 1. 1 
• ij ll r - ccilepnqecKne yrnbi oTHocnTellh--HOr'O llMIIynhC8 f .llBYX qaCTHU B 9TOH CllCTeMe oceil, fl11 ll m:z.· - CIIHHOBbie IIpOeK"" 

-t 

unn qacTnu 1 n 2, OTHeceHHbie K cncTeMe oceil: Zc II p ll Jell [i']<p]. (n OTH~CeH-
Hbie K CllCTeM8M IIOKOH 9TH X qaCTHU K8K K nopeHTUOBCKHM CllCTeM8M), m1

1 
ll m;_ . KB'8H

TyiOTCH OTHOCHTenbHO Tex :lKe oceit Zcljr. Xc t HO OTHOCHTCH K C,U.ll, .llBYX qaCTHU. MHo-

:lKHTenh q, IIOHBnHeTCH B pesynhT8Te rrpeo6p830B8HHH CIIllHOBbiX rrepeMeHHbiX ll3 CllCTeM 

IIOKOH qaCTHU B HX C,U,H, 

.0.nH peweHHH IIOCT8BneHHOH 38.ll8qll C TpeMH qacTHU8Mll Mbl MO:lKeM B IIpHHUHIIe 

I I ' 
K nepeMeHHbiM ( In,, m-2. j rn ) H .nanee oT. rrepeiiTH OT rrepeMeHHbiX ( f 

( p' rn m3 ) K ( l'h m3 [M ), 
tn,. /rl:l. 

CqHT8H CllCTeMy ll3 qaCTllU 1 ll 2 KaK 6b! O.llHOH qaCTH-

j ueil C rrepeMeHHbiM CIIHHOM . 
.-.. ..., _. 

(HarrpnMep, fJ == P'/2 + p 
• O.nHaKo, ecnn Mbi nonhsyeMCH rrepeMeHHbiMH .HKo6n 

_. _,I .;.... _. _.I 

P:z.= P~- f n f3=- P l, TO CIIHHOBbie IIpOeK-... 
Ullll H8 f He HBnHIOTCH rrpoeKUll.HMll H8 llMIIynhCbl ·qacTHU ( helicities) • ·A s c!Jop-

Myne (1) m, l! m:l. .llOn:lKHbl 6b!Tb HMeHHO T8KllMll IIpoeKUHHMllo 

OycTb 
.... 
p eCTb llMIIynhC qaCTHUbl 1 B nopeHTUOJ:iCKOfi CllCTeMe K,2. 1 r.ne 

. 5 '"* 
rronHbiil: HMrrynhc 1 n 2 paseH HyniO ··• Tor.na -p 6y.neT HMrrynhCOM 2, · Lho6bi ·rronHbili 

n!-1nynhc cncTeMbi I 123/ paBHHnCH HyniO, rronHbiii nMrrynhc cncTeMbi I 121 ( OTHocn1-enhHO · 

; ......., . ..., ' ..... I .. 

c,u,n. Tpex qacTnu l<113 ) .non:lKeH 6biTh paseH - p3 nnn +jJ • CKopoCTh j3 cHcTeMbi 

K,,. oTHocnTenbHO K,23 p~sHa p'/ E,,_ , r.ne E.1,_ =Yp'2. + ~'""f a de,2 -"Macca" 

cncTeMbi I 121 ( orrpe.nenHeMaH o6bJqHbiM o6pasoM K8K rronHaH aHeprHH /12/ s nopeHT-

uoscKoii cncTeMe, r .ne I 12i rroKoHTCH: X,;. = y fz..+ Je/ + (pz. + Je.z.2.' 
1 

.sa e.ilHHnuy 

cKopocTn rrpnHHTa cKopoCTh cseTa), VIMrrynhCbi qacTHU 1 H. 2 B K123 ·rronyqaJOTCH 
. . 7 -

nopeHTUOBCKHM rrpeo6p830B8HHeM lcM, 1 § 18): 

p, = p- P'f;t) (~ -1) v f 2 +ot:2.j 
X,:z. . 

(2) 

-: =- .... .,. f-'[ -P,f' ( S -t J - re:I.+.H/j. f f . f ..Je,:z. de,2. 
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l{ T06hi H8HTII -f 
_. 

1 3H8fl IIMIIynbCbl fl. II f.z. Ha~o c~enaTb o6paTHoe rrpeo6pa3~ 

B8HIIe 

..... p= (3) 

. r~e 

VfTaK
1 

ecnii /1/ H8IIIIC8H8 ~nfl 'i8CTIIU 1 II 2, TO ·f- ~On:lli:HO 6h!Tb rrepeMeHHOH 

Aan1ITU8 II 1'11,1 '. rn:. .. i II m ~on:lli:Hbl OTHOCIITbCH K nopeHTIIOBCKOH CIICTeMe K,'2. . 
¢yHKUIIH rrpeo6pa30B8HIIH·· OT ( f' m m3 ) . K ( fn I m; J ,A1 ) IIMeeT T8KOH )Ke BII~ /1/ 

II IICKOM8fl ¢YHKUIIH paBH8 

2:_ ( p rn. mz. J m,' mt fJm )( p' mm3/ m'm3' f'Jfr1)::: 
111 

(4) 

B 9TO~ ¢opMyne J . M . j . In' II rn; ·oTHOCHTCH K CIICTeMe 1<123 1 M 
o' ' 

IIpOKB8HTOB8HO. OTHOCIITenbHO HeKOTOpOH CIICTeMbl ocefi zfiX II II ' r CYTb c¢ep1I'iB-

~/. n I 1 
CKIIe yrnhl f OTHOCIITenbHO Z:!JX . • . poeKUIIII m3 II (n 1 a T8K)Ke /113 II fn 11pO-

KB8HTOB8Hbl OTHOCIITenbHO CIICTeMbl oceif C OCbiO i'/1 f' II OCbiO //' //[ ~)t ji'], 
{J II r - c¢ep1I'ieCKIIe yrnhi f B 9TOH :lKe CIICTeMe ocei!:,· T,e, {) "':' yron - -, Me:lli:~Y f II f •. HaKOHeU

1 
m

1 1 In~ 1 /n3 OTHOCHTCH K CIICTeMaM IIOKOH COOTBeT-

CTBYIOllliiX. 'i8CTP.U, 



.. 
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Ba)KHbiM .uocTOHHCTBOM nepeMeHHhiX .UaniiTua smn.HeTC.II eme II B03MO)KHOCTh 
' ~ ~, 

Bhrpa3IITh nonHyro sHepriiiO CIICTeMhi Tpex qacTHU KaK cpyHKUIIIO TOnhKO I p ( II If / : 

E.= E,:z. +lp'Z_,. .>(3~·::; I p'z.-t-[Vf~+.H,~· -tIp~.,.~:]---. + Yf'~+,}fi' . (5) 

B cnyqae nepeMeHHhiX .HK66u E 38BIIceno eme OT yrna Me)K.uy OTHOCIITenhHhiMII 

uMnynhcaMII, II 38KOH coxpaHeHII.II sHepriiii Henh3SI 6hrno 3aniiC8Tb B npe.ucT.f!BneHIIII 1 

co.uep)KameM M~.uynii IIMnynhcoB II J, M • 

Tenepb MO)KHO HanucaTb cne.uyromee sl,rpa)KeHIIe .un.11 sneMeHTa S -MaTpiiUhi 

(unii MaTp~Ubi R =. s -1 ) peaKUIIII a+ .f -I 1+2+3: 

< f p' m, m:~. 1113 } S / fr ma m~) ::: 
I 1 . j • .r (6) 

- E (2I+J)I.2j-d
1 

~ {-7J,9Ji-~) .2) {-r,:J: ;r,-~'). 
~7i .J?;ii . ;r M .. . hl,+mz.,»~ . "'~"'3M 

J 1 ht
1 

J I 

·( m,m:.m
3
jmp / SJE / Jn4 .mt) 2Jr.- (-n,~, Tt-r:,). 

ln_,+lllf. M 
. I 

¢yHKUIIII q, BKnro'ieHhr B o6o3H8'i9HIIe < I S .J'E {). To'iHee, nocne nepexo.ua B npe.u

cTasneHIIe, co.uep)Kamee .J II M • c IIX noMOlllhiO MO)KHO B03BpaTIIThCSI OT npe.u-

' I I I ) 
CTasneHII.II B npoeKUII.IIX m, t trlz. t m3 II fh - CM. no.HCH9HII9 nocne ( 4 - K npe.u-

3 
CTaBneHIIIO B fn1 1 Jh z. 1 J'hJ 1 fn ( cp. ) • 

CyMMIIposaHIIe no M 6 
MO)KHO BbinOnHIITb 

' J).r (-1i, s; 7i -tt>'J !/)T"'" {-n, s--t, 1i-·ftr} :::2'J.I (-7i, .§"~ n-f~ (7) 
L- m+m M · . lnn+IH( M · 111+1113 1'14 -tmt · ,M · 3/ . I I . J 

,.., 
~ ~ -

r.ue v II r 6y.uyT ccpepi1'i9CKIIMII yrnaMII f' B CIICTeMe ocefi Zq{/4 Xq, 

OTHOCIITenbHO KOTOpoil: npOKB8HTOB8Hbi mit II fni (a 'i8CTHOCTII, ?a }I;;., ). nosTOMY 

M8Tpi1'iHhifi sneMeHT (6) MO)KHO 38niiC8Tb B,BII.Ue (!n,l11.,.1113 fp'/S(-.9,r,f7:r'/m..,httf'a> 
(3H8'iKII C" H8.U -f'' H r' 3.U9Cb H B .[l8nbHefiweM He BbiniiCbiB8IOTCSI). 

¢opMyna .un.H a~l+2+_3· HMeeT aHanorH'iHhifi BII.U: 



( p"f' m, m:z. m3( S / JM) ==-
{8) 

- ;:- ~ /(2j-t-f}(2J+J) 2J.1 (-7i,8, 7i-CR) !l) 7 
{-7i, 

'37i . ln1+m m f · 111+m3 M 
j,m ~, ' 

- (m, m~ ln3jm p .1 sr~l) 
3.aecb J o6o3Hat:IaeT cnHH pacna.aaJOrueii:cH qacTHUhi, M ~ ero npoeKUHJO OTHOCHTenb-

HO HeKoTopoii: _ .Tpoii:Kn: oceii:, ;)e - Mace a- noKoH pacna.aaJOrueii:cH t:IaCTHUhi. 

3. OpH o6hi'IHOM cnoco6e cno:>KeHHH MoMeHTOB c noMOll{bJO KO::Hpqmun:eHTOB 

Kne6wa-rop.aaHa Mhi npnyqaeM .anH a-+!._. 1+2;i-3 cne.ayJOWYJO cpopMyny (ecnH 

MaCChi llOKOH BCeX t:IaCTHU He paBHhl HynJO): 

( p p' n, n~ h3 I S / j; nq nt) :: 

= 2: Ye,tur~'fJ Ye'Ac' l.8:r'J C~. ~at n 
:J' J ··~~ ( 9) 

B ( 9) BCe CllHHOBbie npoeKlliiH n npOKBaHTOBaHbl OTHOCHTenbHO O.llHOii: CHCTeMbl 

oceii: :i:fJX t K KOTOpoii: OTHOCHTCH TaK:>Ke H BCe ccpepH'IeCKHe yrnhlo l 1 0 l~ l~ 

CllHHhi t:IaCTHU 1,2,3; ~ 03Hat:IaeT cyMMy· no e,:)l,e;.J"',i,""'f1 1!i 1 .5:n;:r;M,~n,e~.I.JUq. 
HBnHeTCH penHTHBliCTCKOii: 0 ecnH !JO.ll ji H_ f 1 no.apa3yMeBa-

JOTCH- nepeMeHHhre .llanHTua, a .anH omrcaHHH penHTHBHCTCKoro emma ynoTpe6neHo npe.a-
8 

CTaBneHHe n.ctJoyn.an:-lO.illHpOKOBa 

¢opMyny /6/ MO:>KHO nony'IHTb H3 /9/ • .llnH 9TOrO Ha.ao nepeii:TH K CllHHOBbiM 

npoeKUHH~ Ha HanpaBneHHH HMnynbCOB t:IaCTHU m - UpOeKUHH) C ITOMOWbJO COOT-

HOllleHHH 
+i 

/m) = 2.. 
fZ=-i ( 10) 

r.ae {} - llOBOpOT 0 COBMell!aJOIUHii: TpOii:Ky oceii: ;{fiX C COOTBeTCTBYJOWeii: CHCTeMOii: 

oceii: .anH 
6 

Mep, 

HHe B) i 

ln. -npoeKUHH. BbmonHHB .aoBonbHO rpOM03.llKHe npeo6pa30BaHHH ( cp.1 HanpH-

pM.aen 2 ), Mhi nonyqn:M (6), ecnH o6o3Ha<iHM (cp. 
2 

H 
3 , npHno:>Ke-



'i 
'j 
j' 

8 

( rn, rn2 rn3 jm p } S IE} rnt't h1t) :;: 

== L [ ;~· C .l tn, .. ht~ 
2j-t-[ Ltn(..,. 

I I .Z '"2. 

c j ,, .. 1'11z. 

i 111,+117~ eo 
J [ /2e'·d C s' m+m3 

2l·d ;'m i 1n '3 3 

l(< i ejs'f'p I srEI s' > 6 

f ~2.l!a. -t f . S m<~ -+ mt 
• ( 2f..-j c,a m'l til1ft 

c j tn"< .. 111~ -~ • 

.s mit + l7ttf e () 

CJ m+m3 J 
. S

1
1ntm3 e'o 

( 11) 

HcHo, HacKOnbKO 6onee rpoMC)3.llKa ·q;opMyna (9) no cpaBHeHHIO c (6). B -qacTHo

CTH, B (6) HeT HH O.llHoro KoacpcpiiuHeHTa Kne6wa-ropaaHa. KoHe'IHo, OHII nosmmtiOTcst, 

ecnii .llnst OlliiC8HIIst ClliiHOBOI'O COCTOHHIIH 8HC8M6nst 'i8CTHU ynoTpe6nstTb TeH30Pbl nonst-
( 6 I ) • p1I38UIIII . CM. 1HanpiiMep, II : 

p ( ~, 1:) = J 2 i .;f 2: {-1) i-m ' < t' i m - m ' J t? r:-) J' "', m' . 
. In, m' 

3aecb L - ClliiH '18CTIIUbl 1 p m,J>t' -MaTpHUa nnOTHOCTH
1 

OlliiCb!B8101Uast ClliiHOBOe 

cocTostHIIe aHcaM6nst 'iacTnu. 06o6rueHIIe Bbrpa:m:eHIIil: .cinst yrnoBoro pacnpeaeneHIIH 

II TeH3opoB nonstpii38UIIII npoayKTOB peaKUIIII (eM. 
6 

a 
9 , pa3aen I) Ha cny-qail: Tpex 

'i8CTIIU Tpy LlHOCTeil: He npe,llCTaBnsteT. 

4. n pii 06o6rueHIIH ( 6) II ( 8) Ha cny-qaj:j 6onee Tpex 'i8CTI1U-npO.llYKTOB He llOHBnst

eTCH HIIK8KIIX cyruecTBeHHbiX HOBbiX Tpyauoc-reif, BMecTo ji,.. ~ , A 
BBO.llHTCH nepeMeHHbie llaniiTUa; Ccpepii'ieCKHe yrnbi 9i HBnstiOTCH yrnaMH Me:m:ay 

HMnynbC8MII llanHTUa. npH. yBenii'IeHIIH 'IHCna '18CTIIU Ha O.llHY llOHBnsteTCH .ll0llOnHH

TenbH8H cpyHKUIIH npeo6pa30B8HIIH BII,lla (I)~ 

5. B 3aKniO'ieHue BbllliiWeM npaBIIna oT6opa, BbrTeKaiOume H3 IIHBapiiaHTHOCTII 

M8Tp1IUbl nepexoaa OTHOCHTenbHO npOCTpaHCTBeHHOI'O OTpa:m:eHIIH II HanH'IIIH onpeaeneH

HbiX 'ieTHOCTefi y Bcex 'i8CTHU. Cnoco6 nony-qemrst IIX TO'IHO TaKoii :m:e, KaK B pa6o-
9 I 2 

Tax 
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( 12) 

B TepMn:Hax KoacpcpHun:eHTOB W 1 BBepeHHh!X B 
9 

1 aTo npasn:no oT6opa n:MeeT 

BH.ll: 

< "'' Zi ... 1 W ($. r, .9; r~ ... ) I f!a ~ '~' 'l;() ;(-1) "'+ ... 1- fit +CJ'tt" 

(-1) r:,+ ... +i.,+ Zi < ~~, -r, ... I W {"' -r, :J: -r~ .. .) ! ~ ~z;, ft -:z; >, 
'ITO,_ B 'laCTHOC'l'Ha .lln.II yrnOBhiX pacnpepeneHHil: 03HaqaeT 

v/9, r, :1') = rr {9, -~ tJ') 

B cnyqae Tpex qac'i'H;u n:. 

s cnyqae · '!9Thrpex ·:~~ T • .ll. HanoMHHM1 'ITO ' yron lf OTC'IHThlBa9TC.II OT OCH 

(13) 

( 14) 

( 15) 

·x"/1 [ lP:, "p"ix ~J. , a yron OT. X'/) [fp"xp'}•p''] • npasn:no /13/ 

( B .llPYI'HX cpopMynupc:i'sxax 10 
H90.llHOKpaTHO YDOMHH.anocb B nn:TepaType1 CM.Hanpn:Mep 

Cnepy.19II.me .113· coxpaHeHH.II '!eTHOCTH a3uMyTanbHhre CHMMeTpim s KacKapax 

peaKuHit 1 copep>Kamux peaKun:u . Tn:na a"t- £ _, J. + 2. + 3..,. ... 
1
' • nonyqaroTcSI 

9 
O'I9BH.llHhiM o6o6meHn:eM nepeqn:cneHHhiX B CHMMeTputt ( pnSI KacKa.llOB ouHapHhiX 

peaKnua, T.e. Tuna a ... I -o 1 +2 ) • 

PyxonHcb nocTynn:na B H3.llaTenbCKHit oTpen 
9 HO.IIOp.II 1960 I'O.lla. 
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