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BHHapHLie npoqeccLI c yqacrueM qacTuq co CnHHOM y.u;o6Ho paccMaTpu

BaTL B cnupanLHOM Q>opMaJIH3Me :>KaKo6a u BuKa
1 11 • CnupanLHLie aMUJIH

Ty.D;LI HMeJOT JJCHbiH <j>H3H'IeCKHH CMbicn, npoCTbiM o6pa30M CBJJ3aHbl C <j>H-

3H'IeCKH Ha6nJO.u;aeMLIMH BeJIH'IHHaMH. O.u;HaKo cnupanLHLie aMnnuTy.D;LI 

06Jia.D;aJOT H CyJUeCTBeHHbiMH He.D;OCTaTKaMH: B HHX He UOJIHOCTLIO y'ITeHbl 

TpeOOBaHHJI 3aKOHOB COXpaHeHHJJ, H OHH UOMHMO OC06eHHOCTeH, KOTOpbie 

onpe.IJ;eJ1JJJOTCJJ ycnoaHeM yHHTapHOCTH (.u;HHaMH'IecKux ocobeHHocreii) , 

HMeJOT .D;OUOJIHHTeJlLHbie, KHHeMaTH'IeCKHe OC06eHHOCTH - HYJIH, UOJIJOCa, 

TO'IKH BeTB~eHHJJ H T ..11;., CBJJ3aHHbie CO CUHHOM. llo 3TOH npH'IHHe CaMH CUH

panLHbie aMUJIHTY.D;bl napaMeTpH3YIOTCJJ nocpe.D;CTBOM .u;pyrux aMUJIHTy.D;. 

qame BCero HCUOJib3YIOTCJJ HaOOpbi HHBapHaHTHbiX aMUJIHTy.D; (eM., Hanpu

Mep, 12• 3/ ) • HHaapuauTHLie aMnnHTy.u;LI cao6o.u;Hbl aT KHHeMaTH'IecKux 

oco6eHHocTeii. 0Hu y.u;o6HLI MR paccMoTpeHHR qacTuq c MaJibiMH 3Ha'le

HHJJMH CUHHOB. C poCTOM CUHHa pe3KO B03paCTaJOT Tpy.D;HOCTH onpe.u;eneHHJJ 

3THX aMUJIHTy.D;, npu 3TOM cno>KHOCTL Q>opMaJIH3Ma .u;enaeT aecLMa Hey.u;o6-

HLIM HX HCUOJib30BaHHe MJJ OUHCaHHJI npoqecCOB, B l(OTOpbiX YllaCTBYIOT 'la

CTHqbl co CnHHOM 6onLwe nonoBHHbl. KooMe Taro. HHBa!)HaHTHbie aMnmt

Ty.D;LI HMeJOT pa3Hble p83MepHOCTH, HO He HMeJOT JJCHoro <j>H3H'IeCKOrO CMbiC

Jia. Ha6nJO.u;aeMLie BeJIH'IHHLI Bblpll)KaJOTCJJ nocpe.u;craoM HHBapuauTHLIX 

aMUJIHTy.D; cno>KHbiM o6p830M. 

:>KenaTeJlbHO HMeTL e.D;HHbiH UO.D;XO.D; MJJ JIJ06biX 3Ha'leHHH CUHHOB, 

B KOTOpoM CJIO>KHOCTb Q>opMaJIH3Ma C poCTOM CnHHa He YBeJIH'IHBaeTCJJ. 

B pa6oTe 
141 

6LIJIH npe.D;Jio)l(eHbi T .H • .u;ucnepcuoHHLie aMnJIHTY.D;LI. 3TH aMn

JIHTy.D;bi HMeJOT JJCHYJO HHTepnpeTaqHJO, O.D;HHaKOBbie p83MepHOCTH. llapa

MeTpH3aqHJJ UOCpe.D;CTBOM .D;HCnepcHOHHbiX aMUJIHTy.D; e.u;HHa MJJ 6HHapHbiX 

npoqeccoa c pa3JIH'IHLIMH CnHHaMH u o.D;H03Ha'IHa. «l>opManH3M o6ecne'IH

aaeT aBTOMaTH'IecKoe BbiUOJIHeHHe 3aKOHOB COXpaueHHJJ (H peaJIH3yeT 

paaeHCTBO 'IUcna creneHHH CB060.D;bl 'IHCJIY He3aBHCHMbiX aMUJIHTY.D;) MJJ 

pacceJJHHJJ anepe.u; u Ha3a.D;. 

* .llnR JIJ06LIX ynpyrux npoqeccoa 

a ( J •ll, A 1) + b( s, m, A 2 ) .... a( J •ll, A 3 ) + b( s, m, A 
4

) (1) 

CBJJ3b Me)I(,Zly CnHpaJILHbiMit H .D;HCnepcHOHHbiMH aMUJIHTy.D;aMH .D;aeTCJJ YHH

BepcaJILHOH Q>opMyJIOH 

* B CK06Kax yKa3aJibl cnuH, Macca u cnupflllbHOCTb 
p -
. ~V1Uii1{'l;ii.i..iil ,;.;:!~~. f 

11-':)l!ifdX t:i . :~:'.ll::JUU~fi & 

= §JtGfilrlCTEfi,. a 

COOT6eTCT6YIOU4UX 'laC1Ul4. 
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I A-ILl . 21 2 1"-+ILI 
f.S (S,t) = (cl) (y'St+[S-(ID+fL)UJ[S-(ID-/.d ]) (S (S,t), 
A3A4,A1A2 ID+fL (m+IL)2 A3A4,A1A2 

(2) 
3,o;eCb H ,D;aJiee no nOBTOpRIOIUHMCR HH,IJ;eKCa.M HeT CYMMHpoBaHHR. Ka)K)J.OH 

CDHpaJibHOH aMIUIHTy,o;e COOTBeTCTByeT O,D;Ha ,D;HCnepcHOHHaR aMnJIHTy,o;a, 

A = A 1 - A2 , IL = A3 - A
4

• 

,l1;HcnepcHoHHbie. a.MIUIHTY,D;bi cso6o.o;Hbi OT KHHeMaTH'IecKHx oco6eH

HocreH:, HO TOJibKO no O,D;HOH H3 ,D;BYX He3aBHCHMbiX nepeMeHHbiX, H He 

o6Jia.z:taiOT JIO)f(HblMH OC06eHHOCTRMH no ,o;pyroH nepeMeHHOH. 3Toro ,[1;0-

CTaTO'IHO nna paccMoTpeHHR MHOrHx 3a,o;a11. O.o;HaKo nna nonHoro paane

neHHR KHHeMaTH'IecKHX H ,D;HHaMH'IeCKHX CBOHCTB CDHpa.llbHbiX a.MIUIHTy,o; 

CJie,o;yeT Bbl,D;eJIHTb H3 COHpa.llbHbiX aMnJIHTy,D; KHHeMaTH'IeCKHe OC06eHHO

CTH H no ,o;pyroH He3aBHCHMOH nepeMeHHOH. J1cnOJib30BaHHe KpoCCHHr

COOTHOIIIeHHH ,D;JIR ,D;HCnepcHOHHbiX aMnJIHTy,D; npHBO,D;HT K onpe,o;eneHHlO 

,D;HHa.MH'IeCKHX a.MIUIHTy,o;, KOTOpbie, Y'IHTblBaR 3aKOHbl COXpaHeHHR BO 

acex KaHaJiax, CBOOO,D;Hbl OT KHHeMaTH'IeCKHX OC06eHHOCTeH no BCeM HHBa

pHaHTHbiM nepeMeHHbiM. <l>opMaJIH3M npH 3TOM OCTaeTCR npoCTbiM H o6IUHM. 

,l1;HHaMH'IeCKHe aMIUIHTy,D;bl HMelOT O,D;HHaKOBbie pa3MepHOCTH H RCHbiH 

<I>H3H'IeCKHH CMbiCJI. Ha6nronaeMLie nocpe,o;cTBOM ,o;HHa.MH'IecKHx aMIUIHTy,o; 

Bb!piDKaiOTCR npoCTbiMH <J>opMyJia.MH. ,l1;HHa.MH'IeCKHe a.MDJIHTY,D;bl, no Ha

IIIeMy MHeHHIO, y,o;o6Hbl KaK R3biK OOHCaHHR 6HHapHbiX npo~ecCOB.l1X MO:>K

HO HCnOJib30BaTb ,D;JIH noJiy'leHHR ,D;HCnepcHOHHblX COOTHOIIIeHHH ,D;JIR CnHpaJib

HbiX a.MIUIHTy,D;, npaBHJI CyMM, ,D;OKa3aTeJibCTBa HH3K03HepreTH'IeCKHX Teo-
·- --- --- ..... - ... .,.,. ..... ,..,..,.,... ".....,..,._.... ... ,..,T"&T T~P" "''"'"'"'nT~-~ 'I""''"'T· ~LTr-.n~T.I'V ~UOnT"TA'OV t..f T n 
):.IClYJ.' 1-'..J&n ~.1~3 ""a'-'ntcu.a. ..... .aa.a...a.&_LII_.._4.,.. ""'"t''t' .............. -.- ...... .t"' ..... .--... -- .................. ----r- ----- -- - .,.......... 

,l1;HHaMH'IeCKHe a.MOJIHTy.o;bi nna a.o;poH-anpoHHbiX npoueccos paccMaTpHBa

JIHCb B pa6oTax /5-7/ • 0HH HCnOJib30BaJIHCb ,D;JIR nOJiy'leHHR ,D;HCnepcHOHHbJX 

COOTHOIIIeHHH H HH3K03HepreTH'IeCKHX TeopeM B cynepcHMMeTpHH H ,D;JIR 

npoueccos c y~~acrHeM rpasHTHHO a /8,9/ • 

1. KPOCCHHr -COOTHOlliEHH.fl 

CnupaJibHLie aMIUIHryAbi HMelOT KHHeMaTH'IecKHe oco6eHHOCTH no 

o6eHM He3aBHCHMblM HHBapHaHTHbiM nepeMeHHbiM. qT06bi HaRTH 3TH OC0-

6eHHOCTH, HY)f(HO CBR3aTb a.MnJIHTy,D;bl C a.MIUIHTy,D;a.MH, KOTOpbie He HMelOT 

KHHeMaTH'IeCKHX OC06eHHOCTeH, HaDpHMep C HHBapHaHTHbiMH aMnJIHTy

,o;aMH. CsR3b HMeeT o6II-\Yl0 <J>opMy 

N 

r;..\ AA(s,t) =I afA AA(s,t)An(s,t). 
3 4' 1 2 n= 1 .3 4' 1 2 

(3) 

KHHeMaTH'IecKHe oco6eHHoCTH f conep:>KaTcR a Ko3<J><J>HI-\HeHTHbiX <I>YHK

UHRX an ( S, t ) . 0HH H3BeCTHbl. llocrpoeHHe TaKara pa3JIO:>KeHHR Tpy,o;

HO nna OOJibiiiHX cnHHoB. Pa3Jio:>KeHHR cnHpanbHbiX a.MIUiury,o; Ha HHBapHaHT

Hbie ,D;JIR KOMnTOH-34><t>eKTa Ha nHOHe H HYKJIOHe npHBe,D;eHbl B llpHJIO:>KeHHH. 

2 

Mo)f(HO -cnupaJibHbie a.MIUIHTy.o;LI CBR3aTb c T .H. <I>YHK~HRMH 11oca1 10/ , 

KOTOpbie, KaK ,D;OKa3aHO BHJibRMCOM/ ll/ , He HMelOT KHHeMaTH'IeCKHX 

oco6eHHocreH:. <l>opMyna HMeeT BH,o; 

s s 1 s2 s3 s4 
fA A A A(s, t) = I I I .:f T .f f x 
''3 4'"1 2 At.A:2~3A4 JM1M2 Af1f2 '\At ..\2A2 ..\3A3 A4A4 

Ml M2 f1 f2 (4) 
x (J,flf2)A (J,sls2s3s4 )A A A-A YM YM af f (s, t) 

. 1 2 --::~ 4 1 2 1 2 

rne .:£ M. - KOHe'IHoMepHbie npe,o;crasneHHR pa3MepHOCTH ( 2 s + 1) rpyn

nbi ~(2,C), (J,f
1
,e

2
)MlM2- K03<J><J>HI,\HeHTbl Kne6IIIa- rop,o;oHa, 

(J,s S S s )AA A A A -Ko3<J><J>HI-\HeHTbiCBR3H,D;JIRCnHHOB Sl's 2,s 3,s4,B 
123412 34 • 

cyMMe ,D;aiOIUHe J. y£ - c<J>epH'IeCKHe <J>yHKUHH, a f 
1
e 

2 
( S, t ) -HHBapuaHTHbie 

aMDJIHryAbi Hoca. 3TH aMIUIHTY,D;bi cao6o.o;Hbi aT KHHeMaTH'IeCKHx oco6eH

HocreH: KaK no s , TaK H no t • 11 B nauHoM cnyqae KHHeMaTH'IeCKHe oco6eH

HOCTH conep:>KaTCR B K03<l><J>HI-\HeHTax aMIUIHTy,o; Hoca. TaKHM o6paaoM, 

MO)f(HQ HaRTH KHHeMaTH'IeCKHe OC06eHHOCTH H onpe,D;eJIHTb T .H. peryJIRpH30-

BaHHbie CDHpanbHbie aMIUIHTY,D;bl I 2. 3/ • 3TH aMIUIHTy,D;bl CBR3aHbl CO CDHpaJib

HblMH C noMOII-\blO cneUHaJibHbiX Ta6JIHU. PeryJIHpH30BaHHble aMOJIHry,D;bl 

HMelOT pa3Hble p113,MepHOCTH, 3aBHCHII-\He OT CnHpaJibHOCTH. 

Mo)f(HO HaRTH KHHeMaTH'IecKHe oco6eHHOCTH no o6eHM nepeMeHHbiM, 

HCXO,D;H H3 Onpe,o;eneHHH COHpaJibHbiX COCTOHHHH /14/ H aHaJIH3a ,D;Harpa.MM 

TeopHH B03MYII-\eHHR /15/. 

O.o;HaKo He o6R3aTeJibHO CBR3LmaTh cnHpaJibHbie aMIUIHTy.o;bi c aMIUIH-
.,..,,"QlVI'U vnrrnnJ..T,P, u,p, UM~JilT J.l'lf~Qli"UY ll"tfl.IPMs:ITUUPl''U"UY O~nfw::.J.IHOrTPt:f ...,,.........-----, -----c--- --- ------ -----

Be,o;b KHHeMaTH'IeCKHe oco6eHHOCTH nna cnHpaJibHbiX aMnJIHTy,o; B-KauaJia 

no nepeMeHHOH t Bbl,D;eJieHbl B (2), KOTOpaR onpe,o;eJIReT ,D;HCnepCHOHHbie 

aMIUIHTY,D;bl 8-KaHana. (3TH a.MnJIHTyAbl He co,o;ep:>KaT JIQ)f(HblX OC06eHHO

CTeH no nepeMeHHOH S ) • 0cTaeTCR HaRTH KHHeMaTH'IeCKHe OC06eHHOCTH 

S-KaHanbHbiX ,D;HCnepcHOHHbiX aMIUIHTy,D; no nepeMeHHOH S • ,l1;JIH 3TOrO 

,D;OCTaTO'IHO CBH3aTb HX C aMDJIHTy,D;a.MH, KOTOpble CBOOO,D;Hbl OT KHHeMa

TH'IeCKHX OC06eHHOCTeH JIHIIIb no O,D;HOH nepeMeHHOH - no nepeMeHHOH 

s. TaKOBbiMH HBJIRIOTCR .o;HcnepcHOHHbie a.MIUIHTY,D;bi a t-KaHaJie. BeAL 

B/ 4/ Mbl Onpe,o;enHJIH ,D;HcnepcHOHHbie a.MnJIHTy,D;bl ,D;JIH npoH3BOJibHbiX 6H

HapHbiX npoUecCOB - B TOM 'IHCJie ,D;JIR npoueccoB, KOTOpbie paCCMaTpHBa

lOTCR KaK npoTeKaiOIUHe B t -KaHane. A ,D;JIH npoueccoB, KOTOpbie HBJIRIOT

CH t -KaHanbHbiMH, COOmeTCTByiDIUHe ,D;HCnepCHOHHbJe a.MIUIHTY,D;bl CBOOO,D;

Hbl aT KHHeMaTH'IeCKHX oco6eHHocreH: no nepeMeHHon s • BLipa3HB .o;Hcnep

CHOHHbie aMIUIHTY,D;bl S -KaHaJia nocpe,o;CTBOM ,D;HCnepCHOHHbiX a.MnJIHTy,o; 

aHHHrHJIHUHOHHOrO KaHana, Mbl 6y,o;eM HMeTb CBR3b Me)J(,Il;y aMDJIHTy,D;a.MH, 

06Jia,D;alOIUHMH KHHeMaTH'IecKHMH OC06eHHOCTRMH no S, H a.MDJIHTy,o;aMH, 

KOTOpbie OT HHX CBOOO,D;Hbl, C onpe.o;eJieHHbiMH Ko3<J><J>HI-\HeHTHbiMH <J>yHKUH

RMH, CO,D;ep)J(8l.UHMH HCKOMbJe OC06eHHOCTH no S. 

KpoccHHr-cooTHoiiieHHR WIR cnHpanbHbiX a.MIUIHTy.o; WIR ManbiX cnu

HOB (HanpHMep, ,D;JIR 77N-pacceRHHH) MO)f(HO nOJIY'IHTh KOCBeHHbiM o6pa30M, 

pa3naraR CnHpanbHble aMIUIHTY,D;bl Ha HHBapHaHTHbie aMIUIHTy,D;bl B S- H t-

3 



Kananax, H DOCpe,IJ;CTBOM HHBapHaHTHbiX · aMDnHTyA HaHTH CB.fl3b Me)K,D;y CDH
panbHbiMHI l61. )lrr.fl 6onbWHX 3Ha'leHHH CDHHOB 3TO CITO:>KHO. 

B pa6oTe CMopOAHHCKoro I 111 (eM. TaiOKe 1 18, 191 ) 6bma HaHAena 

DpOCTa.fl reoMeTpH'IeCKa.fl HHTepnpeTiiUH.fl KpOCCHHr-COOTHOWeHHH B 06-

I..QeM cnyqae DpoH3BOITbllbiX CDHHOB. KpOCCHHr-COOTHOWeHH.fl AIT.fl CDHpanb
HbiX aMnnHTYA paccMaTpHBanHCb TaK)Ke B pa6oTax I 12, 15, 191 . 

llpH KpOCCHHr-nepeXOAe H3 OAHOrO KaHana B Apyroif B cnyqae CUHpanb

HbiX aMnnHTyA, KpoMe aHanHTH'IeCKOrO DPOAOIT)KeHH.fl H3 cPH3H'IeCKOH 

o6nacrH nepeMeHHbiX 8 H t OAUoro Kanana B cPH3H'IeCKYJO o6nacTL Apyroro, 

H006XOAHMO ei..Qe nepeHTH H3 CHCTeMbi QeHTpa Mace 8-Kanana B CHCTeMy 

QeHTpa Mace t -Kanana, nocpeACTBOM KOMnneKcuoro npeo6pa30BaHH.fl 

JlopenQa. llpH 3TOM DpOHCXOAHT "nepeKBaHTOBaHHe" CDHHOB, o6ycnoBneu

HOe 3THM npeo6pa30BaHHeM. llpH 3TOM aMDnHTyAa npeo6pa3yeTC.fl C DOMO· 
I..QLJO cPYHKQHH BHrnepa d ~ . 

KpoccHHr-cooTHowenHH Me)K,D;y 8• H t-KananLHbiMH cnHpanLHbiMH 
aMDITHTyAaMH HMelOT BHA 

s1 s2 sa 
ad,\ (x 1 )d,\ (x2 )d,\ (xa) X 

lf 1 fil-2 :f-a 
f 

8 
(8, t) = I 

,\3,\~,\1,\2 P
1
P

2
PaP

4 

·s t 

x d.\4\4 <x4) rPall-4•PtiL2(8, t ). 
(5) 

Yrnbi xi YA06Ho Bbi'IHCIT.fiTb, ecnH paCCMOTpeTb KHHeMaTH'IeCKHe AHar

paMMbl npOQecCOB B DpoCTpaHCTBe CKOpoCTeH H • HCUOITb30BaTb cPOPMyiTbl 
rPOMPTpuu fJnF.£1UPR1"1'i'0T"'0 12(), 21/ 

EcnH a peaKQHH yqacTByJOT 'laCTHQbi c uyneBbiMH MaCCaMH, To Kpoc

cHHr-cooTHowenHH ynpOI..QaJOTC.fl, TaK KaK B TaKHX cny'la.RX d-MaTpHQa 

CBOAHTC.fl ·K CHMBOITaM KponeKepa,H CyMMa C COOTBeTCTBYIOI..QHMH HHAeK
CaMH B ( 5) I OTCYTCTByeT. 

2. Jll1HAMJ1qECKI1E AMllJ111TY)lbl 

JlJ1.R P ACCE.RHI1.R rP ABI1Tl1HO HA lll10HE 

PaCCMOTpHM CHa'lana KHHeMaTH'IeCKH npoCTOH H cPH3H'IeCKH HHTepec

HbiH "cynepCHMMeTpH'IHbiH" npoQecC - pacCe.fiHHe rpaBHTHHO Ha MaCCHB· 
HOH MHWeHH CO CDHHOM HOITb. 

B coapeMeHHbiX TeopHHx cynepcHMMeTpHH rpaaHTHHO HBIT.fleTCH KnJO
'IeBOH qacTHQeif I 22, 2a1 . ByAy'IH cynepcHMMeTpH'IHLIM naPTnepoM qacTHQLI 

CO CDHHOM 2- rpaaHTOHa (nepeHOC'IHKa rpaBHTiiUHOHHOrO B3aHMOAeHCTBH.fl) , 

rpaBHTHHO HMeeT CDHH 3/2. )lrr.fl MaCChi paCCMaTpHBaJOTC.fl pa3Hbie B03M0)K

HOCTH, B 'laCTHOCTH, B03MO:>KHO, 'ITO rpaBHTHHO HMeeT HyneayJO Macey I 241. 

JlpyraH B03MO:>KHOCTb - Macca HecKOITbKO COTeur3BI251. KHHeMaTH'IeCKH 

npoi..Qe paccMoTpeTb 6e3Maccoaoe rpaaHTHHo. B 3TOM cnyqae 'IHcno aMnnH

TYA MeHLWe, H, 'ITO OC06eHHO Ba:>KHO, ynpoi..QaiDTC.fl KpoCCHHr-coOTHOWeHH.fl. 

B Ka'leCTBe MHWeHH 6epeM DHOH, TaK KaK uyneBOH CDHH 3TOH 'laCTHQLI 
TaK)Ke CHnbHO ynpoi..QaeT paCCMOTpeHHe. 

.4 

B cnyqae MaccHBHbiX rpaaHTHHO B03MO:>KHLie 3Ha'leHHH cDHpanLnocrH 

rpaBHTHHO 6binH 6bi ±1/2 H ±3/2 - BCero 'leTbipe COCTO.fiHH.fl, a 'IHCITO 

aMnnHTYA pacce.fiHH.fl rpaaHTHHO na MaCCHBHOH 'laCTHQe C nyneBbiM CDHHOM 

paan.Rnocb 6bi 16. EcnH Macca rpaaHTHHO paaua uyn10, TO cOHpanLnocTH 

rpaBHTHHO DpHHHMaJOT TOITbKO AHa 3Ha'leHH.fl ± 3/2, D03TOMy paCCMaTpHBae

MbiH B AaHHOH pa6oTe npoQecc pacceHHH.fl 6e3Maccoaoro rpaaHTHHO ua nHo

ue ODHCbiBaeTC.fl 4 CDHpanbHbiMH aMDITHTyAaMH. EcnH HanO)KlfTb TpeOOBa

HHe P-HHaapHaHTHOCTH, TO 'l:Hcno ue3aaHCHMbiX aMnnHTYA yMenLwaeTC.fl 

BABOe. B Ka'leCTBe CDHpanbHbiX aMDITHTYA B CHCTeMe QeHTpa Mace 8-Kanana 

Bbi6Hp:eM (:I 2 q,3'2 0 (8, t }aMDnHTYAY 6e3 H3MeHeHH.fl CUHpanbHOCTH 

H f al 20 , ·3'2 O (8,t) ·aMDnHTYAY C H3MeHeHHeM CUHpanbHOCTH. 
B 8-Kanane AHCnepcHOHHbie H CDHpanbHbie aMDITHTYAbi CB.fl3aHbl COOTHO· 

WeHH.fiMH 

rs 
a120,312 o (8,,t) 

y 8 t+(8-mkJ
2
)afs (

8
,t), 

( n 3'2 0, 3'2 0 (6) 

f s 
3'20,-3'20 (8,t) 

-J--t a-s (8 t) 
(lil) f3'2 0,-312 0 • • (7) 

llpoQecc B t-Kanane onHCbiBaeTCH TaK*e ABYMH aMnnHTyAaMH. Ca.fl3b 

CDHpanbHbiX H AHCnepCHOHHbiX aMDnHTYA AaeTC.fl cneAyJOI..QHMH cPOpMynaMH: 

r;2 3'2, oo ( 8' t ) = f ;2 3'2, oo (s • t ) • (8) 

f t 
3'2-3'2,00 (8, t) 

v' 8 t + ( s - m 
2 

) 
2 

)a f t ( s , t ) • 
( - 3'2 ·3'2, 00 

(9) 

)lHcnepcHOHHbie aMnnHTYAbi aHHHrHnHQHOHHOrO KaHana pa3naraJOTC.fl 

B PHA no nonHHOMaM no nepeMennoif s H no 3TOH nepeMenuoif cao6oAHhi 

OT KHHeMaTH'IeCKHX oco6euuocTeH. 3AeCL, KaK npH pacce.RHHH anepe~, 
TaK H ua3aA, cornacno c Tpe6oaanHHMH 3aKonoa coxpanenH.fl, a nonL AOn:>KHa 

o6pai..QaTbC.fl BTOpaH CDHpanbHa.fl aMnnHTYAa, 'ITO H o6ecne'IHBaeTC.fl COOTBeT· 

CTByJOI..QHMH cPaKTOpaMH B (9). 
KpoccHHr-cooTnowenHH AITH CDHpanLHbiX aMnnHTYA paccMaTpHaaeMo

ro DpoQecca npeAeiTbHO npoCTbl H HMelOT BHA 

rs ( t s t 
3120,3120 s,t)= af312·3/2,00 (s,t), f3/20,·312cJ 8•t)=fH,3/2 312,00(s,t). 

(10) 
a H {3 - DOCTO.fiHHbie C MOAyneM 1 (OHH AIT.fl HaC pOITH He HrpaiDT). llpoCTO· 

Ta KpoCCHHr·COOTHOWeHHH D03BOn.fleT nerKO BbiAeiTHTb KHHeMaTH'leCKHe 

OC06eHHOCTH S-KaHanbHbiX CUHpanbHbiX aMDITHTYA DO nepeMeHHOH S. 

Y'IHTbiBaH ct>opMynbl (6)- (10), nonyqaeM KpoccHHr-cooTnoweuH.fl AIT.fl AHC

nepcHOHHbiX aMDnHTYA cneAyJOI..Qero BHAa: 
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- s - t Y-t 3 - s - t 
r312 0,312 o<8' t) = at 312,312, o o ( 8 ' t)' ( Iil) f3/2 o,-312~8 • t) = fH3/2 31MO(s, t ). 

(11) 

LJ:HcnepcHOHHbie aMIVIHTY,!J;bl 8-KaHana CBOfiO,[J;Hbl OT KHHeMaTHtleCKHX 

OC06eHHOCTeH no t . B npHHUHne OHH MOryT HMeTb KHHeMaTHtleCKHe OCO· 

fieHHOCTH no nepeMeHHOH 8. "ft CBOfiO,[J;Hbl OT KHHeMaTHtlecKHX OCOfieHHO· 

CTeH no 8. l13 (11) BH,!J;HO, 'ITo ,!J;nR paccMaTpHBaeMoro HaMH npouecca o6e 

,!J;HCnepCHOHHbie aMnnHTY,!J;bl CB060,[J;Hbl OT KHHeMaTHtleCKHX OCOOOHHOCTeH 

H no nepeMeHHOH 8. TaKHM o6pa3oM, Mbi HarnnH ,lJ;HHaMHtlecKHe aMnnHTy· 

,[J;bl, KOTOpbie CBOfiO,[J;Hbl OT KHHeMaTH'IeCKHX OCofiellJIOCTeH no OfieHM He3a· 

BHCHMbiM HHBapHaHTHbiM nepeMeHHbiM. LJ:HHaMH'IeCKHe aMnnHTy,!J;bl ,lJ;nR 

paCCMaTpHBaeMOH peaKQHH COBna,!J;aiDT C npHBe,lJ;eHHbiMH H CBJI3aHbl CO CnH· 

panbHbiMH aMIVIHTy,!J;aMH Cne,!J;yiOmHM o6pa30M: 

y'8t+(8-m 2 ) 2 3 s 
f:J2o, 312 0 ( 8, t) = ( m 2 ) f3120,3120 <8• t). (12) 

f s 
312 0, - 3/2 0 ( 8, t ) ( ~t )3 T ;;20,·312 o(8,t ). (13) 

C nOMOmLIO KpOCCHHr·COOTHOilleHHH Me)I(Jly, ,!J;HCnepcHOHHbiMH aMnnH

Ty,lJ;aMH MO>KHO onpe,!J;enHTb H ,lJ;HHaMH'IeCKHe aMIVIHTVllbl B aHHHrHnRUHOH· 

HOM KaHane. CxeMa _paccy)I(JleHHH Ta :lKe: (t He HMeeT KHHe~aTHtleCKHX 
oco6eHHocreif no 8 , f s - no t . KHHeMaTHtleCKHe oco6eHHOCTH f t no t co

,!1;ep:lKaT KHHeMaTHtleCKHe MHO:lKHTMH B ( 11) . 3TO npHBO,lJ;HT K onpenene

HHIO ,lJ;HHaMH'IeCKHX aMIVIHTy,lJ; MR aHHHrHnRUHOHHOro KaHana (H MR COOT

BeTCTBYIQmeif peaKUHH). CnHpanLHhre H ,lJ;HHaMH'IecKHe aMIVIHTy,!J;bi a t -Ka

Hane CB.fl3aHbl COOTHOilleHHRMH 

t v'-t 3 Ci' t 
r3/2312.oo ( 8 ,t)= (m) 1 312312.oo< 8 ·t), (14) 

rt 
3/2 - 312. 0 0 ( 8 • t ) 

2)2 
y8t + (8 -m )3ft (8, t). 

( ~ 3/2 ~312,00 (15) 

KpoccHHr-coornorneHHR Me)I(Jly ,lJ;HHaMH'IeCKHMH aMIVIHTY,lJ;aMH ,!J;nR 

pacce.RHHR 6e3MaCCOBOrO rpaBHTHHO Ha nHOHe TaKHe :lKe, KaK MR COH-

panbHbiX aMIVIHTY,!J;: 

Ci"S ( _ Ci' t 17'S _Q({'t ( (16) 
.L3120,3/20 8 ,t)- a·.L3/2·312,00 ( 8 ,t), ·.L31:?.0, ·3120(8,t)-tJ.L3/23/2,00 8,t). 
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I 

l 

0TMeTHM, 'ITO MO>KHO CnHpanLHble aMIVIHTY,[J;bl napaMeTpH30BaTb H no

Cpe,[J;CTBOM HHBapHaHTHbiX aMIVIHTy,[J;. 3,!J;ecb MOryT, nOMHMO npo11ero, B03· 

HHKHYTb TPY,!J;HOCTH npH yqeTe KanH6poBO'IHOH HHaapHaHTHOCTH, TaK KaK 

a npouecce yqacTayeT 6e3Maccoaa~~ qacrHua • .D:nR paccMaTpHaaeMoro a ,!J;aH

HOM pa3nene npouecca npe,!1;<:TaaneHHe cnHpanLHbiX aMnnHTy,!J; nocpe,!J;CTBoM 

HHBapHaHTHbiX He nonyqeHO. 

3. LJ:HHAMHqECKHE AMllllHTY LJ:bl 

,n:nH llHOH-HYKllOHHOro PACCEHHHH 

PaccMoTpHM ynpyroe pacceJJHHe MaCCHBHbiX 'laCTHU. 3,!J;ecb KpoccHHr

cooTHOilleHHe y:lKe He RBnReTCR TaKHM npOCTbiM, KaK ,lJ;nR pacceRHHR 6e3-

MaCCOBOrO rpaBHTHHO Ha nHOHe. 

LJ:nR npOCTOTbl CHa'lana paCCMOTpHM pacceRHHe 6e3MaCCOBOH 'laCTHUbl 

Ha 'laCTHQe C MHHHManbHblM CnHHOM - nHOH-HyKnOHHOe pacceJJHHe. B 8-

KaHane, c y11eToM P- H T-HHaapHaHTHOCTH, npouecc onHCbiBaeTcR ,!J;BYMR 

He3aBHCHMbiMH aMIVIHTy,!J;aMH, B Ka'leCTae KOTOpblX MO>KHO Bbi6paTb 
s ·s 

f 1 ( 8, t ) = f y2 O, 112 O ( 8 ,t }aMIVIHTYllY 6e3 H3MeHeHHR CnHpanbHOCTH 

H f2_(8, t) = q120,.
1
/
2

0 (8, t)-aMIVIHTy,!J;y C H3MeHeHHeM CnHpanbHO-
CTH. CBJJ3b Me)I(Jly cnHpanbHbiMH H ,[J;HCnepCHOHHblMH aMIVIHTy,lJ;aMH B 8-

KaHane HMeeT BHll 

/8t+'i.
2

-
f 8 (It:! t \ I' 8 ~,.. .. '\ ~ 8/_ ... ' 
-~,-·-/ 2 .. 1, .... , ... ), ... 2".:3'"' 

(m + ll) 

-J-t -- . "· m+/l 12 ~:;, LJ, (17) 

r,!J;e 

'f.2 = [ s - ( m + ll ) 2][ 8 - ( m - !l ) ~ • (18) 

B cHCTeMe UeHTpa Mace t -KaHana HMeeM aMIVIHTY,!J;bi 

c: (s,t) = r:/21/2,00(8, t) = r:/21/2,00(8, t ), (19) 

r ~ c s , t ) = r ~2 _ 112. 0 0 c 8 • t ) v'st+'i.
2 

f't(8,t). 
. - 2 (20) 

KpoccHHr-coornorneHHR Me)I(Jly ,!J;HHaMH'IeCKHMH aMIVIHTYllaMH ,!J;aiDT

CR <PopMYnOH 

f~o>.. 0 (s,t)=i l dA112 
(x·>ctf2 <x+TT)ft 

00
(8,t), 

a • 1 113 11 4 ·-:3/la 1ll4 llall4 • 

i sin X 
2m y'i. 

2 
+ st 

v' t- 4m2 ~ 

(21) 

(22) 
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icos x (s+m2-p.2)yLt 

yt -4m 2 £ 
(23) 

YtJHTbiBaH 3TH ¢lopMyJILI, MO:JKHO HanncaTL KpoccHHr-cooTHoweHHH AJIH 
,ll;HCnepcHOHHbiX aMnJIHTYA 

rs 
1 

fS 
2 

2 2 2 ---
(m+p) l 2m q- ~m-p. )y-t 

£ yt-4m 2 v't-4m2(m+p.) 2 
(24) 

-t r2 I, 

( )2 2 2 m+p. l s +m -p. 

£ (m +p.•h/t- 4m2 
(25) 

-ft 2m(£2 +st) f-t 1 1 + 2 • 
yt(4m 2 -t) (m +p.} 3 

.[{ucnepCHOHHble aMnJIHTy,ll;bl B S-KaHaJie - f1~ 2 He co,u;ep:>Ka.T KHHe
MaTH'IeCKHX OC06eHHOCTeH no t, a OC06eHHOCTH no S CO,ll;ep:>Ka.TCH B K03¢J
lPHUHeHTax KpoccHHr-cooTHoweHHii:, H OHH ¢laKTOPH3YIOTCH. BLiproKeHHH 
B !flurypHbiX CK06Kax B (24), (25) He CO,u;ep:>Ka.T KHHeMaTH'IeCKHX OC06eH
HOCTeH no s. YtJHThmaH 3TO, MO)f(HO onpe,u;e.JlHTL ,u;JIH "N -pacceHHHH .u;HHaMH
qecKHe aMnJIHTY,!J;bl: 

f~ (s, t ) = 

s 
f

2
(s,t) 

yst + £2 

(m + p.)2 
(m + ll )

2 :r (s,t ), 
1 

y-t 2 
(m + p.) g: 2 (s,t). 

m+p. £ 

(26) 

(27) 

.[{HHaMH'IeCKHe aMnJIHTY,!J;bl CB060,!J;bl OT KHHeMaTH'IeCKHX oco6eHHO
CTeif no o6eHM He3aBHCHMbiM HHBapHaHTHbiM nepeMeHHbiM. 0HH HMeiOT 
O,ll;HHaKOBbie pa3MepHOCTH, 'leM BbirO,ll;HO OTJIH'IaiOTCH OT HHBa
pHaHTHbiX aMnJIHTy,u;, KOTOpbie HMeiOT pa3Hble H HeKOHTpoJIHpyeMbie 
pa3MepHOCTH, H OT peryJIHpH30BaHHbiX CnHpaJILHbiX aMnJIHTy,u;lt2, 13/, 

pa3MepHOCTH KOTOpbiX CJIO:JKHbiM o6pa30M onpe,u;eJIHIOTCH KOHKpeTHbiMH 
3Ha'leHHHMH cnHpaJILHOCTeii: aMrmHTy.u;. Pa3MepHOCTH AHHaMH'IeCKHX aMnnH
TYA coana.u;aroT c pa3MepHOCTLIO cnHpaJILHbiX aMnJIHTy,u;, H 3TO coxpaHHeTCH 
,ll;JIH npOH3BOJibHbiX 6HHapHbiX npOUecCOB. 

4 . .[{l1HAMJ1qECKI1E AMIIJII1TY.[{bl 
,IJ;JIH YIIPYrl1X IIPOUECCOB 

.[{JIH ynpyrHX npouecCOB KpOCCHHr-COOTHOWeHHH ,ll;HCnepCHOHHbiX 

aMnJIHTYA HMeiOT BH,ll; ( A'= P.t - p. 2, p. ' = P.g- p. 4 ) 

8 

- s ..;::t ·IA·p.l yst+£2 ·IA+p.l J s 
fA A A,\ (s,t)=(--) ( 2 ) I dA <x )d,\ <x )x 

3 .4' t 2 m + p. (m + p.) lltll
2

P.g!l
4 

tilt t 2P.2 2 

J s t y. I.\ + ll 'I t y~ K-p., I - t 
xd\ ("+X )d,\ ("+X )(A) (B) f (s,t), 

'13Jlg t 4p.4 2 J.Lg/l4•P.tll2 

o2 2 2 
3,u;ecL .t. = [s-(m+p.) ][s -(m -p.·)], 

At = y(t-4m 2)(t- 4p.2 )-2S-t+ 2(m 2+ p. 2 ) 

(m+p. )2 

st y(t-4m 2)(t-4p. 2 ) +2S+t-2(m 2 +p.2 ) 

( m + ll .) 2 

KpoccHHr-yrnLI .u;aroTCH ¢lopMyJiaMH 

cos X =- (s + p.2- m2) t 

t £rll 

cosx2 = (s+m2-p.2)t 
fr 

m 

¢ ( s , t , u ) = stu - t (m 2 - p. 2) , 

sin xt = 

sin x2 

2p.y~ 

~ 

2my¢ 

~ 

T/l = yt(t- 4f.L2), 1m = yt(t- 4m2), 

~KUHH BHrHepa MO:JKHo npe,u;cTaBHTL B BH.u;e 1 261 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

d~/l(cos()) = yCJ+M)!(J-M)! 
(J+N)!(J-N)! 

( 

0 () )1.\-p.l ( ())I A+ f.! I PIA-f.LI, IA+f.LI ( ()) sm--
2 

cos-
2 

cos 
J-M - ., 

(34) 

r.u;e lfn(cos()}-nOJIHHOMLIHKo6u, M=max(IAI,If.LI), N=min(l.\1, If.! I) 
B KpHTH'IeCKHX TO'IKax, B KOTOpbiX B03MO:JKHbl KHHeMaTH'IeCKHe OC06eH
HOCTH S = (m ±/l )2 H S = 0; COS () = ± 1, nOJIHHOM B (34) npeBpama
eTCH B KOHCTaHTy, H Bee KHHeMaTH'IeCKHe OC06eHHOCTH lPYHKUHH BHrHepa 
co.u;ep)f(aTCH B <l>yHKUHHX nepe.u; noJIHHOMaMH HKo6u. 

KaK 6hiJIO nOKa3aHO ,ll;JIH KHHeMaTH'IecKH npOCTbiX npouecCOB 3/2 0-+ 
-+ 3/2 0 H 1/2 0 -+ 1/ 2 0 , C nOMOIUl>IO KpOCCHHr-cOOTHOWeHHH ,ll;JIH ,ll;HC
nepCHOHHbiX aMnJIHTy,u; MO:JKHO H3 HHX Bbl,lJ;eJIHTb KHHeMaTH'IeCKHe OC06eH
HOCTH no s H onpe.u;eJIHTh .u;HHaMmecKHe aMnJIHTy,ll;bi. YtJHTbiBaH KpoccHHr
cooTHoweHHH ,lJ;JIH .u;HcnepcHOHHbiX aMrmHTy,u; ynpyrHx npoueccoa (28), 
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H COOTHOWeHHe (34), MO)f(HO onpe,D;eJIHTb ,D;HHaMHlJeCKHe aMDJIHTY,D;bl ,IJ;JI.fl 
ynpyrux npm~eccoa: 

rs (s,t)=(v-t !A-Jll (yst+ 2 2 
)IA+Jll( f ·2(s+J) s 

A3A4' A1 A 2 m + Jl (m + Jl) 2 (m + Jl )J iA
3
A4'A

1 
A 

2
(s,t). 

(35) 
.[ln.fl KOMDTOH·3<P<PeKTa Ha MHWeHH C DpOH3BOJibHbiM CnHHOM J H 

MaccoH: m HMeeM cne,11;yromyro cB.fl3b Me:>K,D;y cnupanbHbiMH H ,D;HHaMH'IecKH· 
MH aMnnHTy,D;aMH: 

fs (s, t)=( s-m\2J(Y:!_)IA·Jli(Yst +(S _ m2)2 )IA+Jll:~s (s t) 
A3A4, A 1A2 m2 m m 2 A A A A • • 

3 4' 1 2 . 
(36) 

MHo)I(HTeJIL ( v- tIm ) I A- Ill o6ecnequaaeT BbinOJIHeHHe 3aKoHa coxpaHeHH.A: 
npoeKQHH MoMeHTa KOJIH'Iecrna ,D;BH:>KeHH.A: ,D;JI.fl pacce.A:HH.fl anepe,11; • .D;pyroH: 
MHO)I(HTeJib ((yst + ( s- m2 )2)fm2) I A+Jll BbinOJIH.A:eT Ty :>Ke ponb 
,IJ;JI.fl pacce.A:HH.fl Ha3a,D;. MHO)I(HTeJib ( ( s- m 2)/ m 2 r 2J onpe,D;eJI.fleTC.fl t. 

KaHaJibHbiMH <l>aKTopaMH, 06ecnelJHBaiOLUHMH BbinOJIHeHHe 3aKOHOB COXpa· 
HeHH.fl B aHHHrHJI.fiQHOHHOM KaHane. 

ci>OpMyJibl ( 35) H ( 36) ODpe,D;eJI.fiiOT CB.fi3H Me:>K,D;y CDHpaJibHbiMH aMDJIH· 
Ty,D;aMH•C O,IJ;HOH CTOpOHbi, H aMnJIHTy,D;aMH, CB060,D;HbiMH OT KHHeMaTHlJe
CKHX OC06eHHOCTeH DO BCeM HHBapHaHTHbiM nepeMeHHbiM,- C ,D;pyrOH. 
AJibTepHaTHBHa.fl napaMeTpH3aQH.fl DOCpe,D;CTBOM HHBapHaHTHbiX aMnJIHTy,IJ; 
,IJ;JI.fl KOMnTOHOBCKOrO pacce.A:HH.fl Ha MHWeHH c· HH3WHMH CnHHaMH 0 H 
1 J'l ...,. ........ ...,.,. ........ ,. ............ n_ ..................................... . 
.. , - .... 1;' ............ ,... ............. - ...... J-' ....... _, .. , .............. . 

KaK OTMe'lanocL Bbiwe, cnupanLHLie aMnnHTy,D;LI HMeiOT .A:CHLIH <l>H3H· 
lJeCKHH CMbiCJI, H <l>H3HlJeCKH Ha6JIIO,D;aeMble BeJIH'IHHbl (ce'leHH.fl DOJI.A:pH3a· 
QHH, aCHMMeTpHH H T .,11..) DpoCTbiM o6pa30M Bblpa:>KaiOTC.fl lJepe3 HHX (CM., 
uanpuMep, I f!7 • 29/ ) . TaK KaK ca.fl3b Me:>K,D;y cnupanLHLIMH aMnJIHTy,D;aMH -
"O,D;HH K O,IJ;HOMY ", ,D;JI.fl ynpyrux npoueccoB Ka:>K.IJ.M CIDfPaJibHa.fl aMnJIHTY· 
,D;a Bbipa:>KaeTC.fl nocpe,D;CTBOM O,IJ;HOH ,IJ;HHaMH'IecKOH aMnJIHTY,D;bl. 0rCJO,D;a 
cne,o;yeT, 'ITO npHBneKaTenLHbie qepTbi cnupanLHLix aMnJIHTy,D; - RCHLIH <Pu-
3HlJecKHH CMbiCJI H npoCTOTa CB.fi3H C HaMIO,D;aeMbiMH BeJIH'IHHaMH H O,D;HHa· 
KOBble pa3MepHOCTH, nepeHOC.fiTC.fl Ha ,IJ;HHaMHlJeCKHe aMnJIHTy,D;bl. cl>opMaJIH3M 
,D;HHaMHtieCKHX llMnJIHTY,D; O'leHb npoCT ,IJ;JI.fl MaJibiX CnHHOB H OCTaeTC.fl TaKHM 
:>Ke C pOCTOM CoHHa. 

AaTop BLipa:>~<aeT rny6oKyro 6naro,11;apHOCTb A.H.TaaxeJIH,D;3e 3a BHH· 
MaHHe H no,~J;,~J;ep:>~<Ky, B.r.Ka,D;LiweacKoMy, B.A.MaTaeeay H .H.A.CMopo
,D;HHCKOMY 3a DOJie3Hbie o6cy:>K,D;eHH.fl. 

llpUIIoJKeHue 
Ynpyroe pacce.A:HHe <PoToHa ua nuoue MO)f(HO napaMeTpH30BaTL ,D;BYMR 

He3aBHCHMbiMH HHBapHaHTHbiMH aMDJIHTy,IJ;aMH. 06bllJHO HX ODpe,D;eJI.fiiOT 
cne,o;yroi.UHM o6pa3oM /30. 311 
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f.\'o, .\o (s,t)=c ;(p 1) T JlVc ~ '(p3) = cJlA(p 1)1[(KP )g JlV_ KIIKv ] A 1 (s, t ) + 

+ [(PK)(p#l p v) + (KP) 2gl1v- (KP )(Kil pv + PJl"W)] A 2 ( s, t). 

EcJIH C,D;eJiaTb CJie,D;yiOLUHH war - nepeii:TH OT MHWeHH CO CnHHOM HOJib 
K MHWeHH CO CDHHOM DOJIOBHHa, TO napaMeTpH3aQH.fl TJlV DO pa6oTei,3V 
BbirJI.fi,IJ;HT CJie,D;YIOI.UHM o6pa30M: 

TJlV = (PpPv )A1(s,t )+ (Llv)A 2(s, t) + (P;I.v-~Pv' )y 5A 3(s,t) + 

+ (P~P~)(yK) Ats, t) + (LJll.v)(y K )A5(s, t) + [(P ~ Lv+ Ll~) y 5(yK)1Aa(s, t). 

K= ~(p 1+p3),P= ~(p 2 +p4 ), Lp=icJlv>oPv'KA(PcP 3)a' P'=P- ~K. 
TaKoH: ua6op HHBapHaHTHLIX aMnJIHTy,D; 6Lm o6menpHHRTLIM ,D;JIHTeJib· 

Hoe BpeMR. CliHTaJIOCb, 'ITO 3TH aMnJIHTY,D;LI cao6o,D;Hbi oT acex KHHeMaTH· 
qecKHx orpaHH'IeHHH:. 0,11;uaKo 3aTeM 6LIJIH o6uapy:>~<eHLI cKpbiTbie KHHeMa· 
TH'IeCKHe OrpaHH'IeHH.fl, KOTOpbie CJie,D;yeT HanaraTb Ha HHX B ODpe,D;eJieH
HbiX TO'IKax. fi03TOMy ,IJ;JI.fl KOMDTOH·3<l><t>eKTa Ha HYKJIOHe npe,D;JIO:>KeHa 
,11;pyra.A: napaMeTpH3aQH.fl/a2/ : 

Tllv = (K 2 gPV- 2KILKv)A 1(s, t) + 

+I ~ K2[yll()K)yv -yv (yK) yll] - (PK)(K pyv + ypKv) + 

+(yK)(yllpll +ypKv)IA.,(s,t) + 

+lm(yK)gllv -(PK)gPV- ~K2(yllyv -yvyll) + 

+ Kll ~ (( yK)yv-yv(yK))+ ~ <f.(yK,) -(yK)yll) Kll-m(Kil yv + y Kv) + 

+ (Kil pv + pP Kv)IA3 (s, t) + 

+IK
2
(yPv+pll y)-(PK)(Kp/+/K v)-( }K)(KpPv+P~v)+(PK)gllv (yK)-

-mK 
2f" +anK~v IA4(s,t)+IK2P/lpv_(PK)(KpPv +pJlKv)- i<P2K 2)gll" ...:(PK )2gllv + 

+P2K.ILK"I~ (s,t)+ I pllpll (yK)-1<PK)(yPv + pllyv)+ t<PK)[yll(yK) yv-

-y (yK) yll]+.!.K2m(yllyv -yv yll)+.!..m(PK)gllv _.1_p2f~yK)+(KJlK v) yK + 
4 4 2 

+ tm 2(Kil y" + fK")- +n(KILP "+PILK")- ! mKIL[(yK )yv -y " ( yK )] -

-! [y 11(yK)- (yK)/]KviA6 (s, t). 

H3 3THX <l>opMyJI BH,D;HO, 'ITO C poCTOM CDHHa MHWeHH Ha O,IJ;HH "war" 
<l>opMaJIH3M HHBapHaHTHbiX aMnJIHTy,IJ; pe3KO yCJIO)f(H.fleTC.fl. 3TO CHJibHO 
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3aTpyJJ.HReT KaK nocrpoenne Ha)].Jle)l(a.Il.{ero 6a3nca n onpe)].enenne mmapnanT

HbiX aMIIJIHTYJJ., TaK H HX HCUOJJb30BanHe )].JJR 3Ha'leHHH CUHHOB OOJJbWe 

1/2. B UO)].XO)].e C HCUOJJb30BaHHeM )].HHaMH'IeCKHX aMIIJIHTy)]. Bblpa)l(eHHe 

(36) onpe)].eJIReT 3TH aMUJJHTYJJ.bi )].JJR pacce.RHHR <l>OTOHa Ha MHWeHH C npo

H3BOJJbHbiM CUHHOM. 
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'llasneAWBHJIH M.D. P2-88-378 

~pM8JIH3M CIIHHOBblX aMIIJIHTY.D; 
.D;JIJI ynpyrHX npoueccos. ,Z:bmaMH1lecKHe aMnnHTyJJ.&I 

PaccMaTpHBIUOTC.R 6HHapHble npouecchl c yqaCTHeM qaCTHU c 
OpoH3BOnLHblMH COHHaMH. C yqeTOM KpOCCHHr-COOTHOWeHH.R Me)l(,tf.y 
BBeJleHHblMH paHee .D;HCnepcHOHHblMH aMDnHTY.D;aMH BBO.D;.RTC.R TaK 
Hll3blBaeMble .D;HHaMH1lecKHe aMnnHTY.D;bl. 3TH aMnnHTY.D;bl O.D;HHaKO
BOH paaMepHOCTH H cso6o.D;Hbl oT KHHeMaTHqecKHX oco6eHHoCTeA 
DO BceM HHBapH8HTHblM nepeMeHHblM- S, t H U. ~pM8JIH3M .D;HHa
MH1lecKHX aMnnHTy.D; o6ecneqHBaeT BBTOMaTHqecKoe BbmOnHeHHe 
3aKOHOB _!!OXpaHeHH.R. ,Z:(HHaMH1lecKHe aMIInHTY.D;bl npoCTblM o6pll30M 
ODHCblBIUOT 6HHapHble npoUecCbl, HMe.R OpH 3TOM .RCHbiH 4»H3H1lecKHH 

CMblcn. 
Pa6oTa BblDOnHeHa B Jla6opaTopHH TeopeTH11ecKOH 4»H3HKH 

OHHH. 

Coo&...-- ~e101oro IIHC'1Hi)ta &Aepawlt accnuoiWIIIA. Jly6aa 1988 

Depeso.D; a&Topa 

Chavleishvili M.P. P2-88-378 
Spin Amplitude Formalism for Elastic 
Processes. Dynamic Amplitudes 

Binary processes involving particles with arbitrary spin are con
sidered. Using the crossing relations between the dispersion ampli
tudes proposed earlier, we introduce the so-called dynamic ampli
tudes. The latter are of the same dimensionality and free of the kine
matic singularities in all the invariant variables, s, t and u. The for
malism of dynamic amplitudes provides the automatic fulfilment 
of the conservation laws. The dynamic amplitudes simply describe 
the binary processes and have a clear physical meaning. 

The investigation has been performed at the Laboratory of Theo-
retical Physics, JINR. 
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