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1. BBEAEH~E 

Bo BpeMeHa. KorAa 3neKTpoMarHHTH~e, cna6~e H CHnbHwe B3aHMO
AeHcTBHA H3y~anHcb no oTAenbHocTH. a rpaBHTa~HA Bo06~e He pac
CMaTpHBi'lnaCb B (jJH3HKe 4acTH~. npo~aeTan MeTOA AHcnepCHOHHWX co
oTHoweHH~. KaK H3BecTHo, AHcnepCHOHHwe CooTHoweHHA AnA pAAa 
npo~eccOB 6~nH cTporo AOKa3aH~ B paMKax KBaHToBoH TeopHH no
nA 111 Ha OCHOBe TonbKO (jJYHAaMeHTanbHblx npHHIIHnoB (jJH3HKH. 3TH 
npHH~Hn~ - nopeH~-HHBapHaHTHOCTb. npH4HHHOCTb H YHHTaPHOCTb/21 
coxpaHHnHCb BO Bcex COBpeMeHH~X TeopHAX. B Te rOA~ AHcnepCHOH
Hwe CooTHoweHHA 6~nH HanHcaH~ n04TH AnA Bcex npo~eCCOB C Y4ac
THeM H3BeCTH~X TorAa 4aCTH~ /CM .• HanpHMep /3.7/ /. BCe cneACTBHA 
VI BbiBOAI>I. BceB03MOlKH~e npoBepK;H nOKa3anVi lKltl3Hecnoc06fiocTb VI no
ne3HOCTb AHcnepcHoHH~X cooTHoweHHH. AHcnepcHOHH~e cOoTHoweHHA 
AnA HeKOTop~X npo~eccoBHcnonb30BanHCb VI 6e3 cTpororo AOKa3a
TenbCTBa. OOABHnaCb TaKaA YBepeHHoCTb B -MeTOAe, 4TO B TeopHH, 
YlKe BHe paMoK KBaHToBO~ TeopHVI nonA, B03HHK TaK Ha3~BaeM~H S-Ma
TPH4HbI~ nOAxoA, oCHOBaHHblH Ha nocTynltlpOBa~1tl AItlCnCpCHoHHWX CO
oTHoweHHH H npeTeHAYIOU\HH Ha ponb IlrnaBHoH TeopHH 11 npH H3Y4eHHH 
CHnbH~X B3aVlMoAeHcTBHH /CM., HanpVlMep;'S//. 

MHcnepCHOHH~e COOTHoweHHA He onpaBAanH Bcex, CnHWKOM onTH
MItlCTH4eCKHX, HaAelKA. KOTop~e Ha HHX BoanaranltlCb, He nOTOMY, 4TO 
OHItl OKaaanHCb HenpaBHnbH~MH, a B OCHOBHOM H3-3a HenpeoAonHMWX 
MaTeMaTH4eCKHx cnOlKHOCTeH, B03HHKalOlliltlX Ha nYTH K TeopHH, B KO
TOPOH Bce AonlKHO 6~no BWTeKaTb H3 AHCnepCItlOHHWX COOTHoweHHH. 
nO-BHAHMOMY, 3anOlKeHHaA B HHX HH(jJopMa~HA 6~na cnHwKOM 06~eH. 
CeH4ac OCHOBHWM MeTOAoM (jJHaHKH 4aCTH~, KaK H B npeAweCTBY~~He 
paC4BeTY S-MaTpVl4HOH TeopHH rOAW, onATb CTana KBaHToeaA TeopHA 
nonA C npHBne4eHHeM CBelKHX HAeH KanH6pOB04HWX H 4BeTH~X CHMMeT
PHH H, B nocneAHee BpeMA, cynepcHMMeTpHH. 

HHTepec K AHcnepCHOHHWM npeACTaBneHHAM aaMeTHO ynan, OAHaKO 
MeTOA AHcnepCHOHH~X COOTHoweHHH AO CHX nop OCTaeTCA anp06HpoBaH
H~M VI O~HM nOAxOAOM H3Y4eHHA CTPYKTYP~ aMnnHTYAw pacceAHHA. 
6YAY4H MOAenbHO-He3aBHCHM~M nOAxOAOM, AHcnepCHOHHWH MeTOA "10
lIIeT OKa3aTbCA oc06eHHO nnOAOTBOPHWM B 06nacTH, rAe OKOH4aTenb
HOH TeopHH HeT, a MOAeneH cnHWKOM MHoro. TaKoBa cerOAHA cHTya
~HA B cynepcHMMeTpHH. 

PeaynbTaToB, OTHOC~HXCA K onpeAeneHHoMY npo~eccy, B cynep
cHMMeTpHH n04TH HeT. B HacToA~ee BpeMA Bee BHHMaHHe YAenAeTCA 
H3Y4eHH~ caMOH CTPYKTYPW TeopHH, KOTopaA OKa3an~b 04eHb cnOlK
HOH /CM., HanpHMep, pa60T~,B~nonHeHH~e B AyGHe 11/ / H KOTopaR 
nOKa AaneKa OT OKOH4aTenbHoro BHAa. OAHaKo YlKe ceH4ac MOlilHO no
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nY41-1Tb pe3ynbTaTbl, OTHOCR~l-1eCR K "cynepCI-1MMeTpI-14HOMY npoLleccy". 
/HMeHHO TaKO~ npoLlecc 1-1 paCCMaTpl-1BaeTCR B AaHHO~ paOOTe/. 3TI-1 
pe3ynbTaTbi 06ll\l-1e, I-1X MOlKHO nonY41-1Tb, He 3aTparl-1BaR AeTaneH AI-1
HaMI-1KI-1 B3aI-1MOAeHCTBI-1R. OHI-1 OCHOBblBa~TcR Ha 3aKOHax COXpaHeHI-1R -

KI-1HeMaTHKe CnI-1HOB~X 4aCTI-1L1 1-1 06ll\I-1X CBOHCTBax aMnnl-1TYA - Al-1cnep
CI-10HHblX COOTHOWeHI-1RX. 

CpeAI-1 rl-1nOTeTI-14eCKI-1X 4aCTI-1L1, KOTopble npeACKa3blBaeT TeOpl-1R CY
nepCI-1MMeTpl-1~, Kn~4eBOH ABnReTCR rpaBI-1TI-1HO. C 3TOH 4aCTI-1L1eH CBR
3aHbl COKpall\eHI-1R ynbTpa~1-10neTOBblX paCXOAI-1MOCTeH /CM., Hanpl-1
Mep, 112-14//. B eAI-1HOH cynepcHMMeTpl-14HOH TeOpl-1l-1, BKJ1~4aKllileH rpa

BI-1TaLlI-1~, rpaBI-1THHO RBnReTcR cynepCI-1MMeTpH4HblM napTHepOM rpaal-1TO
Ha. ~R 3Ha4eHI-1R MaCCbl rpaBHTI-1HO I-1Me~TCR ABe B03MOlKHOCTI-1. nepBaR 
S03MOlKHOCTb - Macca paBHa Hyn~ I-1nH 04eHb Mana. B TaKOM cnY4ae 
MOlKHO nonY4HTb npaSl-1nbHOe 3Ha4eHI-1e KOCMOnOrl-14eCKOH nnOTHOCTH /15 ( 

BTopaR B03MOlKHOCTb - MaCCa 60nbwaR, nopRAKa AeCRTKoa I'Inl'l coreH 
r3B. 101 TRlKenble rpaBI-1TI-1HO pacnanHCb Ha paHHeH CTaAl'I1'I pa3SI'ITI-1R 
BceneHHoH 1161 • 

B AaHHOH pa60Te paCCMaTpl-1BaeTCR KI-1HeMaTI-1Ka Cnl-1Ha AnR paHee 
He 1-13Y4eHHOH peaKLlI-1I-1. ~opManH3M TaK Ha3blBaeMbiX AI1HaMI14eCKHX aM

nnHTYA /KOTOpblH ~~nR aAPOH-aAPOHHblX npOLleCCOB 6b1n npeAnOlKeH 
B 117,181 / npHMeHRt~TCR AnR pacceRHHR oe3MaCCOBoro ~epMHOHa co cnH

HOM 3/2 /rpaBHTHHo/ Ha nHOHe. Mbl 3AeCb paCCMaTpl1BaeM KHHeMaTI1
4eCKH npocTeHwHH cnY4aH paCCeRHI1R rpaBI1TI-1HO B npeAnOnOlKeHI-1H, 
4TO ero Macca paBHa Hyn~, a B Ka4eCTBe MI-1WeHI-1, no TOH lKe np1-141-1
He, sbl6HpaeM MaCCHBHY~ 4aCTI-1L1Y C HyneBblM cnHHOM. Ha OCHOBe npeA

nOlKeHHOH KI-1HeMaTI-14eCKOH napaMeTpH3aLlHI-1 nonY4eHbl AHCnepCI-10HHbie 
COOTHOWeHI-1R AnR Onl-1CblBalOll\HX npoLlecc ~H3H4eCKI-1X cnHpanbHblx aMn

nI-1TYA. 
npl-1 1-13Y4eHI-1H n~60ro 61-1HapHOro npoLlecca C Y4acTHeM 4aCTI-1L1 CO 

Cnl-1HOM YA06HO I-1CnOnb30BaTb cnHpanbHble aMnnHTYAbl /19 \ 3TH aMnnl-1
TYAbI COAeplKaT KaK KI-1HeMaTI-14eCKY~, TaK 101 AHHaMI-14eCKY~ I-1H~OpMaLlH~ 

o npOLlecce. KHHeMaTI-1Ka CBR3aHa C 06ll\HMI-1 CBOHCTBaMH CHMMeTpHH 
1-1 3aKOHaMH coxpaHeHHR /B 4aCTHOCTH, C coxpaHeHHeM MOMeHTa KonH

4eCTBa ABHlKeHHR/ H co CnI-1HOM. KHHeMaTHKa cnHHa HaKnaAblBaeT on
peAeneHHble lKeCTKHe Tpe60BaHHR Ha noaeAeHl-1e cnHpanbHblX aMnnHTYA. 
B ~opManH3Me, onHcblBalOll\eM npOLlecc, none3HO pa3AenHTb KHHeMaTH
KY H AI-1HaMHKY H TaK napaMeTpH30BaTb cnHpanbHble aMnnHTYAbl, 4TO
6bl 06ecne4HTb /lKenaTenbHO aBTOMaTH4eCKH/ BblnonHeHHe KHHeMaTH

4eCKHX Tpe60BaHHH. 
CHMMeTpHR npOLlecca onpeAenReT ~H3H4eCKH BblAeneHHoe pa3nOlKe

Hl-1e aMnnHTYA Ha nonHblH Ha60p onpeAeneHHblX ~YHKLlHH. CBOHCTBO 
1-130TpOnHOCTH npOCTpaHCTBa npHBOAHT K CHMMeTpHRM OTHOCHTenbHO 
Bpa~eHI-1R, C KOTOPblMH CBR3aHbI 3aKOH coxpaHeHHR MOMeHTa KonH4eCT

Ba ABHlKeHI-1R 1-1 YA06cTBO pa3nOlKeHI-1R cnHpanbHblX aMnnHTYA Ha ~YHK
LlHH BpaUleHHR BHrHepa. Pa3nOlKeHHR cnHpanbHblX aMnnHTYA B npRMOM 
1-1 aHHHrHnRLlHoHHOM KaHanax H KpOCCHHr-COOTHoweHHR n03BonR~T 
YA06HblM 06pa30M napaMeTpl-130BaTb cnHpanbHble aMnnHTYAbl, BblAenHB 
1013 HHX Bce KHHeMaTH4eCKI-1e ocooeHHOCTH no 06eHM nepeMeHHblM. TeM 
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caMblM npOCTblM 101 06ll\HM 06pa30M peanH3yeTcR pa3AeneHHe cnHpanbHblX 
aMnnHTYA Ha KHHeMaTH4ecKY~,4acTb, CBR3aHHY~ C 3aKOHaMH coxpaHe
HHR H He 3aBHCR~~ OT BHAa B3aHMOAeHCTBHR, H AHHaMH4eCKY~ 4aCTb. 
BHA nocneAHeH 3aBHCHT OT B3aHMOAeHCTBHR, KOTopoe B CBO~ 04epeAb 
onpeAenReTCR narpaHlKHaHOM HnH MOAenbHblMH npeACTaBneHHRMH. OAHa
KO cy~ecTByeT 101 MOAenbHO-He3aBHCHMble, 06~He CBOHCTBa AHHaMHKH, 
KOTopble onpeAenR~TCR npHHLlHnaMH YHHTapHOCTH, npH4HHHOCTH 101 aHa
nHTH4HOCTI-1 H 3aAa~TCR AHcnepCHOHHblMH COOTHoweHHRMH. 

KHHeMaTH4eCKaR CTPYKTypa cnHpanbHblX aMnnHTYA 6HHapHblX npoLlec
COB npHBOAHT K HHTepeCHblM cneACTBHRM. npH 3KCTpeManbHO ManblX 
3HeprHRX "KHHeMaTHKa cnHHa" n03aonReT nonY4HTb HH3K03HepreTH
4ec KHe TeopeMbI A/1R HeKOTopblX ~OTOH-aAPOHHblX npOLleC(;OB 120-231 • 

AOKa3aT~ MOAenbHQ-He3aBHcHMble orpaHH4eHHR THna npaeHn CYMM AnR 
KOMnTOH"3~~eKTa Ha nHOHe H HYKnoHe 12S.26/. i3 pa60Tax 117,181 H3 

KI-1HeMaTH4eCKHX Tpe60BaHHH AnR nHOH-HYKnoHHoro 101 HYKnOH-HYKnOH
Horo pacceRHHR 6b1nH BBeAeHbl TaK Ha3blBaeMble AHHaMH4eCKHe aMnnH
TYAbI /MQAI-1~HLlHpOBaHHble perynRpl-130BaHHble cnHpanbHble aMnnHTYAbI 
oAHHaKoablX pa3MepHOCTeH/ H nony4eHa AnR 3THX npoLleGCOB "KHHeMa
TH4eCKaR HepapXHR 11 

- Cepl1R HepaBeHcTB AnR ~H3H4eCKIIIX BenH411H 

npH BblCOKHX 3Heprl1Rx. nepe4eHb pa50T, B KOTOPblX cy~ecTBeHHY~ 
ponb HrpaeT KHHeMaTI14eCKaR CTPYKTypa cnHpanbHblx aMnnl-1TYA, KOHe4

HO, MOlKHO npOAonlKHTb. 3HaHI1e KHHeMaTH4ecKOH CTPYKTYPbl He06XOAH
MO TaKlKe AnR nonY4eHHR AHcnepcHoHHblX CooTHoweHHH. 

2. KHHEMATH4ECKAR CTPYKTYPA CnHPAflbH~X AMnnHTYA 

CBOHCTBa HHBapHaHTHOCTH aMnnHTYA pacceRHHR 3aBHcRT OT CHM
MeTpHH ~H3H4ecKoH CHCTeMbl. KaK ynoMHHanOCb Bblwe, AnR cnHpanbHblX 
aMnnHTYA HX 06~He CBoHcTBa CHMMeTpl1H npH Bpa~eHHH npHBOART K TO
MY, 4TO ~H3H4eCKH BblAeneHHblM H BeCbMa YA06HblM RBnReTCR pa3nOlKe
HHe Ha c06CTBeHHble ~YHKLlHH onepaTopa Bpall\eHHR - Ha d-~YHKLlHH 
BHrHepa. Hawe paCCMOTpeHHe cTapTyeT OT paCCMOTpeHHR TaKoro pa3

no*eHHR B PRA. TaKOH PRA RBnReTCR 0606~eHHeM naPLlHanbHoro pa3

nOlKeHHR Ha nonHHOMbl ne*aHApa AnR cnY4aR, KorAa pacceHsalOll\He 
4aCTI1L1b1 HMe~T CnI1H. C Y4eTOM CBOHCTB d-~YHKLlI1H onpeAenR~TCR npH
BeAeHHble aMnnl1TYAbI S- 11 t-KaHanOB, KOTopble OTpalKa~T reOMeTpH
4eCKHe CBOHCTBa npOLlecca 11 CB060AHbI OT KI1HeMaTH4eCKHX oc06eH
HOCTeH no OAHOH nepeMeHHoH. KpOCCI1Hr-COOTHOWeHI1R yme AnR npl1Be

AeHHblX aMnnHTYA npHBOART K onpeAeneHH~ TaK Ha3b1BaeMblX AHHaMH
4eCKHX aMnnHTYA. TaK KaK KpOCCHHr-COOTHoweHHR oc06eHHO npOCTbI 
AnR Hawero npOLlecca, MOlKHO 04eHb KOPOTKO npOBeCTH BeCb KHHeMaTH
4eCKHH aHanH3. B HaHAeHHOH napaMeTpH3aLlHH peanH3yeTcR nonHoe 
pa3AeneHHe KHHeMaTHKH 11 AHHaMHKH, npHTOM Bce 06R3aTenbHble KHHe
MaTH4eCKHe CBOHCTBa BblnonHR~TCR aBTOMaTH4eCKH. HMeeTCR B SHAY, 

B 4aCTHOCTH, TO, 4TO AnR pacceRHHR Ha yrnbl 8 = 0 101 8 =" cnH
panbHble aMnnHTYAbI, 3anpe~eHHble 3aKOHOM coxpaHeHHR npoeKLI~ 
MOMeHTa KonH4eCTsa ASHlKeHHR, aBTOMaTH4eCKH 06pa~a~TcR B Hynb. 
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CaMH AHHaMH4eCKHe aMnnHTYA~ CB060AH~ aT KHHeMaTH4eCK~X ocooeH
HOCTeH no 06eHM nepeMeHH~M H RBnR~TCR o606~eHHeM aMnnHTYA~ 6ec
cnHHOB~X 4aCTH~ IHa KOTopble KHHeMaTHKa He HaKnaA~BaeT HHKaKHX 
ycnOBHH/. 

B cnY4ae MaCCHBH~X rpaBHTHHo S03MomH~e 3Ha4eHHR cnHpanbHocTH 
rpaBHTHHo 6~nH 6~ ±1/2 H ±3/2 - Bcero 4eT~pe COCTORHHR, a 4Hcno 
aMnnHTYA pacceRHHR rpasHTHHo Ha MaccHBHoH 4acTHlIe C HynesblM cnH
HOM paSHRnOCb 6bl 16. EcnH Macca rpaBHTHHO paBHa Hyn~, TO cnH
panbHocTH rpaBHTHHO npHHHMa~T TonbKO ABa 3Ha4eHHR: ±3/2, n03TO
MY paCCMaTpHsaeMbli:i S AaHHOH pa60Te npOllecc pacceRHHR 6e3MaCCOBO
ro rpaBHTHHO Ha nHOHe onHC~BaeTCR 4 cnHpanbH~MH aMnnHTYAaMH. 
EcnH HanomHTb Tpe60BaHHe P-HHBaPHaHTHOCTH*, TO 4Hcno He3aBHCI'IMbiX 
aMnnlo1TYA YMeHbWHTCR BABoe. B Ka4eCTBe He3aBHCHMbiX cnHpanbHblX aM
nnHTYA B CHCTeMe lIeHTpa Macc s- KaHana B~~HPaeM QV2 0,8/20(8, t) 
aMnilllITYAY 6e3 H3MeHeHIo1R cnHpanbHOCTH H f3/2 O. -3/2 0 (5, t) - aMrmH
TYAY C H3MeHeHHeM cnHpanbHocTH. 3TH aMnnHTYA~ pa3J1ara~TCR no 
¢YHKlIHRM Bpa~eHHR BHrHepa - d~(cos6)/27/. TaKoe pa3nomeHHe, 
Y4HT~BaR CBR3b ¢YHKlIHH BHrHepa C nonHHOMaMH ~Ko6H BToporo pOAa 
P~ (cosO), MomHO npeACTaBHTb B 06~eM cnY4ae B BHAe 

8 08 IA -tt1 (}Il lA-ill J,s . J /'II
fA A .\ A (s,t) = (sin-) (cos-) l:(2J+Ut: A \ A (s)p\.,(C08(}),

3 4' 1 2 2 2 J ~3 4>"1 2 "f-' 

Al- cnHpanbHOCTH COOTBeTCTBYIOIl.IHX 4aCTHlI, A=A1-A2.Il=A 3 -'\4· 
AnR paccMaTpHBaeMoro HaMH cnY4aR cos6s lOs - yron pacceRHHR 
B CHCTeMe lIeHTpa Macc 5 -KaHana/, npH ¢HKCHpOBaHHOM 5, nHHei:iHo 
3aBHCHT OT t. TaKHM 06pa30M, npHxoAHM K onpeAeneHH~ npHBeAeHHblX 
aMnnHTYA pacceRHHR rpaBHTHHO Ha m10He, ;:...\ A A (5, t), KOTopble 
CBR3aH~ co cnHpanbH~MH aMnnHTYAaMH TaK: 8 4' 1 2 

s Os 3 "'8 
f8/2 O. 312 o(s,t) = (COST) fS/2 o. 3/20(s, t), /21 

f 8 (8 t)
a/20.-8/20' 

() 3 
- (sin _S_) 
- 2 

'" 
f" (t)
8/20.-3/20 

s 
,. 

/31 

3AeCb 

° sin_8 

2 

v-st 
S _ m2 ' 
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rAe m - Macca MHweHH. 
npHBeAeHH~e aMnnHTYAbl pa3nara~TCR Ha nonHHOM~ no t H n03ToMY 

13To H eCTb OAHO H3 B03MomH~X onpeAeneHHH IIKHHeMaTH4ecKHx OCO-
6eHHocTei:i", npaBAa, no OAHOH nepeMeHHoHI no 3Toi:i nepeMeHHoi:i 

*npeArrorro~eHHe 0 P-HHBapHaHTHOCTH He HsrrHeTCH c~eCTBeHHb~ 
H ero MO~HO CHHTb. B 3TOM crryqae TaKHM ~e 06pa30M HaAO paCCMaT

plUlaTb sce qeTblpe aMITJ1HTYAbl. 

" 


He cOAepmaT KHHeMaTH4eCKHX oc06eHHOCTeH - nocneAHHe B 121 H 131 
BblAeneHbl B MHomHTenRX nepeA npHBeAeHHblMH aMnnHTYAaMH. 3TH me 
MHomHTenH aBTOMaTH4eCKH petynHpY~T 4Hcno cTeneHei:i CBo6oA~ 14Hc
no aMnnHTYA/, onHC~BaIOll.lHX npOllecc, TaK KaK AnR pacceRHHR BnepeA 
H Ha3aA AonmHO OCTaTbCR no OAHOH HeHyneBoH aMnnHTYAe, a APyraR 
3anpe~aeTCR 3aKOHOM coxpaHeHHR npoeK~HH MOMeHTa. 

PaCCMOT~M aMnnHTYAY 6e3 H3MeHeHHR cnHpanbHOCTH. ~nR pacceR
HHR BnepeA, 0s=O. npoeK~HR MOMeHTa KonH4eCTBa ABHmeHHR Ha4anb
Horo COCTORHHR Ha HanpaBneHHe ABHlKeHHR nepBOH 4aCTH~~ lOCH z I 
paBHa 3/2 H He H3MeHReTCR nocne pacceRHHR B cornaCHH B COOTBeTCT
BYIOIl.IHM 3aKOHOM coxpaHeHHR. OAHaKO 3Ta me aMnnHTYAa AnR pacceRHHR 
Ha3aA, Os = 1T, 113anpell\eHall - OHa AonmHa 06pall\aTbCR B Hynb, TaK 
KaK B 3TOM cnY4ae HMnynbc nepBOH 4acTHlI~ nocne pacceRHHR HanpaB
neH npOTHB QCH z. a npoeKlIHR MOMeHTa nocne pacceRHHR Ha TY me 
OCb paBHa - 3/2. YcnOBHe coxpaHeHHR npoeK~HH MOMeHTa AnR 3TOH 
aMnnHTYAbl npH Os = 0 He B~nonHReTCR, OHa AonlKHa 06p.31:\aTbCR 
B Hynb.3TO AOCTHraeTCR aBTOMaTH4eCKH BseAeHHeM KHHeMaTH4eCKoro 

8s 1,\-III
MHOlKHTeml (sin r ) B 12/.l\PyraR aMnnHTYAa C H3MeHeHHeM cnH

panbHOCTH AonmHa 06pa~aTbcR B Hynb AnR pacceRHHR BnepeA,H 3TO 

06ecne4H BaeTCR MHOlKHTeneM (cos 8; ) 1'\+III B 13/. 

AHanorH4HO S-KaHany paCCMaTpHBaeTCR npOllecc B aHHHrHnR~HOH
HOM KaHane. 3AeCb, KOHe4Ho, TaKlKe HMeeM ABe He3aBHCHM~e aMnnH
TYA~. CBR3b MemAY t-KaHanbH~MH cnHpanbH~MH H npHBeAeHH~MH aM
nnHTYAaMH AaeTCR OopMynaMH: 

t ... t /5/f8/23/2,00 (5, t) ,.. f 3/23/2,00(8, t). 

t . () t 8t 3'" t 
r3/2 -8/2,00 (s, t) "" (sm 2 C05T) f 3/2 -8/2,00 (8. t) , 16/ 

8 t - yron pacceRHHR B CHCTeMe lIeHTpa Macc t -KaHana, 

j (S _ m2 )2 + st 
sin (1 t = 2 --""'2--- /71 

4m - t 

npHBeAeHH~e aMnnHTYA~ aHHHrHnRlIHOHHoro KaHana pa3nara~TCR B PRA 
no nepeMeHHOH s H no 3TOH nepeMeHHoi:i CBo6oAH~ OT KHHeMaTH4eCKHX 
oco6eHHOCTeH. 3Aecb. KaK AnR pacce~HHR BnepeA. TaK H AnR pac
ceRHIo1R Ha3aA, B Hynb 06pa~aeTCR BTopaR cnHpanbHaR aMnnHTYAa, 
4TO 06ecne4HBaeTcR COOTBeTCTBYIOIl.IHM ¢aKTopOM B 16/. 

TaKHM o6pa30M, B~AeneHH~e 1013 cnHpanbH~X aMnnHTYA 6e3pa3Mep
H~e MHomHTenH B ¢oPMynax 12/, 131 H /5/, 16/, C y4eToM CBoi:iCTB 
C~MMeTpHH aMnnHTYA 06ecne4HBa~T aBTOMaTH4eCKoe B~nonHeHHe Tpe
60BaHHH coxpaHeHHR npoeK~HH MOMeHTa KonH4eCTsa ABHmeHHR AnR 
pacceRHHR BnepeA H Ha3aA B CHCTeMax ~eHTpa Macc COOTBeTCTBY~
~HX KaHanOB H OAHOBpeMeHHO oCB06olKAa~T aMnnHTYA~ OT KHHeMa~H4e~
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K~X OC06eHHOCTeH, OAHaKO TonbKO no OAHOH npeeMeHHOH: no t An~ 
S-KaHanbH~X cn~panbH~X aMnnHTYA ~ no S- An~ t-KaHanbH~X aMnn~

TYA· 
MaTp~~a pacce~HH~ ~Bn~eTC~ eAHHOH aHan~T~4eCKOH cpYHK~~eH CSO

~X nepeMeHH~X, on~c~sa~eH paan~4H~e KaHan~ B paanH4H~X 06nacT~x 
~aMeHeH~~ nepeMeHH~x,n03TOMY cn~panbH~e aMnn~TYA~ S- ~ t-KaHanos 
cs~aaH~ MemAY c060H KpOCCHHr-COOTHoweHHRMH. Tpe6oBaHH~ cornaco
BaHHOCT~ noseAeHHR cnHpanbHWX aMnn~TYM B npRMOM H aHHHr~nR~HOH
HOM KaHanax npHBOART K onpeAeneHHD AHHaMH4eCKHX aMnnHTYA, KOTO
p~e HMeDT OAHHaKOB~e paaMepHOCTH, aSTOMaTH4eCKH Y4HT~sa~T Tpe
fiOBaHH~, B~TeKa~He Ha aaKOHa coxpaHeHHR npoeK~HH MOMeHTa, 
H cso60AHbl OT K~HeMaT~4eCKj.1X oco6eHHOCTeH no 06eHM nepeMeHH~M. 

CnHpanbH~e aMnnHTYA~ s-KaHana B 06~eM cnY4ae nOcpeACTsOM 
KpOCCHHr-COOTHoweHHH MO~HO B~paa~Tb 4epea t-KaHanbH~e aMnnHTYA~ 
C ~aBeCTH~MH K03cpCPH~~eHTaMH. KpOCC~Hr-COOTHoweHHR An~ 6HHapHblX 
npo~eCCOB HMeDT BHA 128,291 :. /8/ 

II s 1 112 s S 84 t 
fl._A AA (s,t) = :I dl./l ()(t dA/l()(2}dA /l()(s}dAU ()(4)fU."U,t1l.\(s.t). 
''3 4' 1 2 /l1/l2l-is U4 '1. 1 2 2 ..s S 4 4 '., 4 1 :.l 

KpoccHHr-yrn~ )(1 YAo6HO B~4HcnHTb, ecnH paCCMOTpeTb KHHeMaTH4ec
KHe AHarpaMMbI B npoCTpaHCTBe CKopOCTeH ~ ~cnonbaoBaTb cpopMynbl 
Tp~rOHOMeTpH~ n06a4eBCKoro /SO/ • KorAa KaKaR-HH6YAb 4aCT~~a ~Me
eT HyneBYD Maccy /HMeHHO TaKoH cnY4aH - oeaMaccosoe rpaSHT~HO -
paCCMaTp~BaeTC~ B AaHHOH pa60Te/, KpOCCHHr-cooTHoweHH~ ynp~a
DTC~. TaK KaK cooTBeTCTBY~He d-cpYHK~HH B /8/ aaMeHRDTC~ 8-CPYHK
~HRMH KpoHeKepa 1311. ~ CYMMa no COOTBeTCTBYIOII.\HM ~HAeKcaM HC4e
aaeT. M~ B AaHHoH pa60Te B Ka4eCTBe MHweH~ Ba~n~ 4aCTH~Y C HY
neBblM cnHHOM. TorAa H COOTBeTCTBYIOU4He CPYHK~HH s /8/, y~e no 
APyroH np~4HHe. " Ha - a a cnHHa", TaKlt<e CBoARTCR K CPYHK~HRM KpOHe
Kepa. Bce 3TO AnR paCCMaTpHsaeMoro ~nY4aR MaKCHManbHO ynp~aeT 
KpOCCHHr-COOTHoweHH~ - Ka~AaR S-KaHanbHa~ aMnnHTYAa CB~aaHa 

C OAHOH t-KaHanbHOH aMnnHTYAoH: /9/ 
B t 8 t 

f ,3/2 0(8, t) = afS/2 0,-8/20(5,t), f S/20 ,-{l/20(s,t) '" fHS/l! S/2,00(s,t).
8/20 

a H (3 - nOCTORHHble C MOAYneM 1, OHH An~ Hac ponH He HrpaDT. 
IlpocToTa KpOCCHHr-COOTHoweH~H n03BonReT nerKO BbiAenHTb KHHeMa
T~4eCKHe oco6eHHOCTH S-KaHanbH~X cn~panbH~X aMnnHTYA no nepe
MeHHOH s. Y4HTblBaR cpopMynbl /2/, /3/ ~ /5/, a TaKlt<e CBRab npH
BeAeHH~X B~we TpHrOHOMeTpH4eCK~X CPYHK~~H C s,t nepeMeHHblM~ 

r Mo~eT ~MeTb KHHeMaTH4eCKHe oco6eHHOCTH TonbKO no nepeMeHHO~ 

/4/, /7/, ~a /9/ nonY4aeM COOTHoweHH~ TaKOro T~na: 

.... s 
fAA A A 

S"4' 1 2 
(B,t) 

II m2 A m B t 0 v't 4m 2 D ... t 
(---) (~ (-) (- ) f). A A A 
m2";6 J. m ""3- l' 4 2 

(B, t). /10/ 

;;'s - ~ 

II, H TaK KaK it CBo6oAHbI OT K~HeMaTH4eCK~X oco6eHHOCTeH no 6, 

B~pa~eHH~ nepeA npHBeAeHH~MH aMnnHTYAaM~ aHH~rHnR~~OHHoro KaHa

na cOAepmaT KHHeMaTH4eCKHe oC06eHHocT~ no B cn~panbHblX aMnnHTYA 
S-KaHana. CTano 6blTb, ':'IbI HX HawnH. TaKHM 06paaOM. MomHO on
peAenHTb AHHaMH4eCKHe aMnmHYAbi T,As-'4,AIA2(S' t) AnR paCCMaTpH
BaeMOH peaK~HH, KOTop~e CB~aaH~ co cnHpanbHblMH cneAY~HM 06pa
aOM: 

8 6 _m2 3 8 8 S 
f S/20 ,S/20(II,t)=( ) (0011 2 ) G;S/20,S/20(S,t), /11/m2 

B 8 _ m2 S m S Os S 
fS/20 ,_S/20(S,t) =("Qi2") \rsJ (smy) ilS/20 ,-S/2J.II,t) /12/• 

3. AHHAMH4ECKHE AMnnHTY~ 

Cy~ecTByeT HeCKOnbKO cnoc06oB paaAeneHH~ KHHeMaTHKH H AHHa
MHKH An~ 6HHapH~x npo~eCCOB 4aCTH~ co cnHHOM. npo~eAypa COCTOHT 
B sbiAeneHHH Ha cpH$H4eCKHX aMnnHTYA, KQTOp~e HenocpeACTBeHHO 
onHC~BaDT npo~ecc /4a~e scer-o H YAo6Hee HcnonbaosaTb s Ka4eCTBe 
TaKOBbiX cnHpanbHble aMnnHTYAbi/, CPYHK~HH, ofiecne4HBa~Hx B~nonHe
HHe KHHeMaTH4eCKHX Tpe6oBaHHH. TaKHe CPYHK~HH, KaK npaSHno, co
AepmaT oc06eHHocTH /cHHrynRpHocTH - non~ca, T04KH seTsneHH~ 
H HynH/, KOTopble He npHCY~H S-MaTpH~e, a ~BnR~TC~ HeHa6emH~M 
cneACTBHeM KOHKpeTHOH napaMeTpHaa~HH MaTpH~bI pacceRHHR C no
MO~bD cnHpanbH~X aMnnHTYA. n03TOMY TaKHe CPYHK~HH Ha3b1SaDT KHHe
MaTH4eCKHMH oco6eHHOCT~MH, 6b1no fibl YAo6HO npOCT~M 06paaoM sblAe
nHTb TaKHe oco6eHHOCTH H napaMeTpH30saTb cnHpanbHble aMnnHTYAbi 
CPYHK~H~MH, KOTopble He cOAepmaT KHHeMaTH4eCKHX oco6eHHOCTeH. 

ECTb paaHble 3KSHBaneHTH~e cnoc06b1 onpeAeneHH~ caMoro nOH~THR 
"KHHeMaTH4eCKHe oco6eHHOCTH" H, COOTBeTCTBeHHO, paanH4Hble cno
c06b1 napaMeTpH3a~HH cnHpanbHblX aMnnHTYA. OAHH Ha HHX - napaMeT
pHaa~H~ ~HsapHaHTHblMH aMnnHTYAaMH. 

HHBapHaHT~e aMnnHTYAbI, TaK ~e KaK AHHaMH4eCKHe aMnnHTYAbI, 
cBo6oAHbI OT KHHeMaTH4eCKHX oco6eHHocTeH. OAHaKo paaAeneHHe KH
HeMaTHKH H AHHaMHKH npH TaKOH napaMeTpHaa~HH He Rsn~eTCR npOCTblM 
- KamAaR cnHpanbHaR aMnnHTYAa CB~aaHa C CYMMOH HHBapHaHTHbiX 
aMnnHTYA C K03CPCPH~HeHTaMH, aasHCR~HMH OT s H t, KOTop~e H COAep
IKaT Bce KHHeMaTH4eCKHe oc06eHHocTH cnHpanbHblX aMnnH~YA. 4Hcno 
cnarae~x s YKaaaHHOH CYMMe paBHO 4Hcny aMnnHTYA, KOTopble onHC~-
BaDT npo~ecc N 2 (2Bl + 1) (282 + 1) (2s 3 + 1) (2B 4 + 1) AnR Mac-
CHSHbiX 4aCTH~; sn - cnHH cooTBeTcTsy~eH 4acTH~bI./B cnY4ae 6ea
MaCCOSOH 4aCTH~~ cooTseTcTBY~HH MHOlt<HTenb aaMeHReTCR Ha ABOH
KY/. C POCTOM cnHHa 4Hcno N 6~CTPO BoapaCTaeT, COOTseTCTBeHHO 
ycnomHR~ napaMeTpHaa~HD cnHpanbH~X aMnnHTYA, KOTopble 06naAaDT 
nHWHHMH KHHeMaTH4eCKHMH ocofieHHocTRMH, C nOMO~bD aMnnHTYA, 
B AaHHOM cnY4ae HHBapHaHTH~X, KOTopble KHHeMaTH4eCKHX oc06eHHoc
T-eill He HMe~T. 

6 
7 

http:K~HeMaT~4eCKj.1X


B npeAnOmeHHOH CXeMe C AHHaMH4eCKHMH aMnnHTYAaMH B ~opMynax 
111 I H 1121, CBfl3blBaKlLLlHX cnHpanb Hble H AHHaMH4eCKHe aMnnHT YAbl, 
CYMMa Bo06~e OTCYTcTByeT. H TaK 0YAeT, ecnH paCCMaTpHBaTb pac
ceflHHe rpaBHTHHO Ha MHweHH C npOH3BonbHblM cnHHOM - T.e. C POCTOM 
cnHHa KHHeMaTHKa He ycnomHfleTCfI! npH TaKOH napaMeTpH3a~HH Kam
Aafl cnHpanbHafi aMnnHTYAa CBfl3aHa C OAHOH, "CBoeH" AHHaMH4eCKOH 
aMnnHTYAoH. 3TO H npOCTO, oco6eHHO Anfl 60nbwHX cnHHOB, H n03BO
nfieT npHAaTb flCHblH ~H3H4eCKHH CMblcn AHHaMH4eCKHM aMnnHTYAafol 
IKaKOBbiM HHBapHaHTHble aMnnHTYAbi He otinaAalOT/. 

B03Bpa~aflCb K HHBapHaHTHblM aMnnHTYAaM, OTMeTHM, 4TO OHH HMe
lOT pa3Hble pa3MepHOCTH, 4TO TaKme HeYAOOHO. npH nOCTpoeHHH 6aSH
ca ,qnfl HaxomAeHHfI HHBapHaHTHoro pa3IlomeHHfI B03HHKalOT TPYAHOCTH, 
B03paCTa~l-1e C YBenH4eHHeM cnHHa, B 4aCTHOCTH, CBfl3aHHbie C H€.~OI~

H03Ha4HOCTbIO napaMeTpH3a~HH H C Y4erOM C-, P-, T- H KanH6pOBo4
HOH HHBapHaHTHOCTH. KpoMe Toro, TaKafi npo~eAypa Tpe6yeT 3HaH~fI 
B flElHOM BHAe ypaBHeHHH A,nfl CBo6oAHO~ 4aCTH~bI co cnHHOM, 4TO I~nfl 

60m"wHX cnHHOB HeTpHBHanbHO, TaK KaK caMH ypaBHeHHfI MomHO CTPO
HTb no-pa3HOMY, a HX peweHHfI 06b14HO cOAepmaT nHWHHe KOMnOHeHTbl, 
OT KOTOPblX HenerKO H36aBHTbCfI. rleMaIloBamHO H TO, 4TO ~H3H4eCKH 
Ha6JllOAaeMbie BenH4HHbI - AH~epeH~Ham;.Hble ce4eHHfI, nonflpH3a~HH, 

aCHMMeTpHH H T.A. ropa3Ao npo~e BblP~malOTCfI 4epe3 AHHaMH4eCKHe 
aMnnHTYAbl. 

AHHaMH4eCKHe aMnnHTYAbi 6nH3KH K TaK Ha3b1BaeMbiM perynflpH30BaH
HbiM aMnnHTYAaM. Co6CTBeHHO, OHH flBnfllOTCfI MOAH~H~HpOBaHHblMH pery
nflpH30BaHHblMH cnHpanbHblMH aMnnHTYAaMH C OAHHaKOBOH pa3MepHOCTblO. 
PerynflpH30BaHHble cnHpanbHble aMnnHTYAbi B 60nbWOH CTeneHH 6b1nH 
npHBfl3aHbi K peAmHCTHKe. KHHeMaTI-1Ka cnHHa 4aCTO paCCMaTpHBanaCb 
KaK 4aCTb peAmeBCKOH MOAenH 132-34/. 3Ta MOAenb TaK H He CTana 

nHAHpy~eH Teop~eH CHnbHblX B3aHMOAeHCTBHH, H HHTepec K HeH, 
a 3aOAHO H K 4aCTO npHMeHfleMbiM B MOAenH perynflpH30BaHHblM cnHpanb
HbiM aMnnHTYAaM, 3aMeTHO YMeHbWHnCfI. rnaBHoe OTnH4He AHHaMH4ec
KHX H perynflpH30BaHHblX aMnnHTYA COCTOHT B TOM, 4TO AHHaMH4eCKHe 
HMelOT OAHHaKOBbie pa3MepHOCTH, COBnaAaKlLLlHe C pa3MepHOCTbIO cnH
panbHblX aMnnHTYA. Bonpoc 0 pa3MepHOCTFIX B peAmeBCKHX MOAenfiX 
He B03HHKan. Pa3Hble pa3MepHOCTH HHsapHaHTHblX HnH perynflpH30BaH
HbiX cnHpanbHblX aMnnHTYA 6ecnOKOHCTBa He Bbl3b1BanH, TaK KaK pa3Mep
Hble ~YHK~HH - ~YHK~HH Bbl4HTaHHfI-Bce paBHO ~HTHpoBanHCb. A ~HTH
pOBaTb C OAHHaKOBblM ycnexoM MomHO H ~YHK~HH C pa3HblMH pa3MepHOC
TflMH. 

CaMoe HenpHflTHoe B perynflpH30BaHHblx cnHpanbHblx aMnnHTYAax 
IpaCCMoTpeHHblx BHe paMoK onpeAeneHHoH MOAenHI TO, 4TO OHH o6na
AalOT pa3HblMH pa3MepHOCTflMH, a 3THpa3MepHOCTH 3aBHCflT, npHTOM 
HenpOCTblM o6pa30M, OT 3Ha4eHHH cnHHOB H cnHpanbHocTeH. 3TO He
eCTeCTBeHHO H HeYA06Ho. 

HanoMHHM, 4TO pa3MepHOCTH B ~~3HKe HMelOT H BamHoe 3BpHCTH4ec
Koe 3Ha4eHHe. Coo6pameHHfI, CBfl3aHHble C pa3MepHOCTflMH, a TaKme 
3HaHHe KHHeMaTH4ecKoH CTPYKTYPbl aMnnHTYA, HrpalOT BamHYIO ponb 
B ~H3HKe 3neMeHTapHblX 4aCTH~, HanpHMep, B H3Y4eHHH pacceflHHfI 

npH aCHMnTOTH4eCKHX 3HeprHflX - npH paCCMOTpeHHH npHH~Hna aBTO-' 
MOAenbHoCTH 135/, npaBHn KBapKoBoro C4eTa 136·391 H nonY4eHHfI KH
HeMaTH4eCKOH HepapxHH 117.18/.' 

] 


AHHaMH4eCKHe aMnnHTYAbi He npHBfl3aHbI K onpeAeneHHOH MOAenH. 

OHH - pe3ynbTaT o6~ero aHanH3a B 3aAa4e KHHeMaTHKH cnHHa Anfl 

6HHapHblx npo~eCCOB. napaMeTpH3a~HeH nocpeACTBOM AHHaMH4eCKHX 

aMnnHTYA peanH3yeTcfI aAeKBaTHoe pa3AeneHHe KHHeMaTHKH H AHHaMH

KH npH onHcaHHH npo~eCCOB C npOH3BonbHblMH cnHHaMH. 3Aecb BamHbI 

aBTOMaTH4eCKoe BbinonHeHHe 3aKOHOB coxpaHeHHfI, pa3MepHOCTH aMnnH

TYA, a TaKme BonpOCbI, CBfl3aHHble C KHHeMaTH4eCKHMH oco6eHHocTflMH. 

npH 3TOM npHBeAeHHafi Bblwe npo~eAypa HaxomAeHHfI napaMeTpH3a~HH, 
CBfl3aHl-iafi C reoMeTpHeH npo~ecca H ooecne4H,aalOli\afl 3aKOHbi coxpa
HeHHfI, OAHOBpeMeHHO nOMoraeT Ic npHBne4e1-iHE~M KpOCCHHr-COOTHowe
HHHI HaxomAeHHIO KHHeMaTH4eCKHX oco6eHHocTe~1 no o6eHM HHBapHaHT
HbiM nepeMeHHblM. TaKafi napaMeTpH3a~HfI MomeT cnymHTb 6a30H KaK 
Anfl paCCMOTpeHHfI 06~Hx, MOAellbHO-He3aBHCHM!,IX pe3ynbTaToB, TaK 

H Anfl MOAenbHblX npeAcTaBneHH~. 
HTaK, MomHO nocneAOBaTenbHO nOCTpOHTb HeCKonbKO napaMeTpH3a

~HH, pa3AenfllO~HX KHHeMaTHKY H AHHaMHKY. Pe;3ynbTaTbi flBnfllOTCfI 3K
BHBaneHTHblMH. TorAa Ha nepBblH nnaH BblABHralOTCfI YAOOCTElO, npOCTO
Ta H 06~HOCTb ~opManH3Ma. HaM KameTCfI, 4TO AHHaMH4eCKHe aMnnH

TYAbi B nonHoH Mepe YAoBneTBopfllOT 3THM Tpe60BaHHflM. 
HaKOHe~, OTMeTHM TaKme, 4TO HHKaKafi APyrafl, anbTepHaTHBHafi 

napaMeTpH3a~HfI Anfl paCCMaTpHBaeMOH HaMH "HOBOH" peaK~HH - pac
ceflHHfI 6e3MaccoBoH 4acTH~bI CO cnHHOM 3/2 Ha MaCCHBHOH 4aCTH~e 
C HyneBbiM cnHHOM paHee He paCCMaTpHBanac b. He oblnH HanHcaHbl 
H AHcnepcHoHHble COOTHoweHHfI Anfl 3Toro npo~ecca. 

4. AHCnEPCHOHHblE COOTHOWEHHR AnH CnHPAnbHblX AMnnHTYA 

] 


KaK H3BeCTHO, AHcnepCHOHHble COOTHoweHHfI nepBOHa4anbHO 6b1nH 

npeAnomeHbl Anfl KOMnTOH-3~~eKTa Ha HYKnOHe Anfl HyneBoro yrna pac

ceflHHfl /3/ . nepBoe CTporoe AOKa3aTenbCTBO AHcnepCHOHHblX COOTHO

weHHH 6b1no nonY4eHO H. H. DoronlOOOSblM Anfl nHOH-HYKnOHHoro paccefl 

HHfI ICM_ 11,21 I. KaK oTMe4anocb Bblwe, B Te rOAbi 6blnH HanHcaHbI 


AHcnepCHoHHble COOTHoweHHfI Anfl oonbwHHCTBa bHHapHblx npo~eccoB, 


B KOTOPblX Y4aCTBoBanH H3BeCTHbie TorAa 4acTH~bI. OTMeTHM paccMoT

peHHble, "pOACTBeHHble" HaweMY npo~eccy B KHHeMaTH4eCKOM nnaHe, 
~oToH-aAPoHHble npo~eccbI: AHcnepCHoHHble COOTHoweHHfI Anfl paccefl 
HHfI ~oToHa Ha HYKnoHe Ha npOH3BonbHblH yron 6b1nH npeAnomeHbI 6/4~ 
a Anfl ~oTopomAeHHfI nHOHa - B/6/.Ha OCHOBe AHcnepCHoHHblX COOTHO

weHHH aHanH3HpoBanHcb 3KcnepHMeHTanbHbie AaHHble. Ha 6a3e AHcnep
CHOHHblX CooTHoweHHH 6b1nH nonY4eHbI CTporHe TeopeTH4eCKHe pe3ynb
TaTbI - HH3Ko3HepreTH4eCKHe TeopeMbl H npaBHna CYMM 140-45/, orpa
HH4eHHfI Ha ce4eHHfI pacceflHHfI npH BbiCOKHX 3HeprHflx 1461 H MHorHe 

APyrHe pe3ynbTaTbi. 
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CnHpanbH~e aMnnHTYA~ nOMHMO OCOOeHHOCTe~, onpeAenReM~X ycno
BHeM yHHTapHOCTH, HMe~T AonOnHHTenbH~e, KHHeMaTH4eCKHe OCOOeH

s j(s_m 2)2+ st 3 
HOCTH. M~ y~e OTMe4anH, 4TO cy~ecTByeT HeCKOnbKO onpeAeneHHH 1131{S/20,S/20 (s,t) =( ' ) :L S/20 ,3/20(s.t).3TOrO nOHRTHR. B~we ~ HCnOnbaOBanH onpeAeneHHe, CBRaaHHOe C paa m2 


nO~eHHeM aMnnHTYA. ApyrHe onpeAeneHHR CBRaaH~ C TeOpHe~ BOaMy~e


HHR 14'7< C onpeAeneHHeM CaMHX CnHpanbH~X COCTORHHH 1481, pa3nOlKeHH

8 v-t 8 

eM Ha TaK Haa~Bae~e HHBapHaHTHble Q>YHKI.\HH Hooca 149,50/i;paanOlKe f 8 / 20 ,-8/20 (s. t) = ( ~8/20.3/20(S, t) . 11 
HHeM Ha HHBapHaHTH~e Q>YHKI.\HH /61 ,52/, CM. TaKlKe paOOT~ I 8.65/, H T .A. ,. 
3TH onpeAeneHHR 3KBHBaneHTH~. 3TO, B 4aCTHOCTH, npORBHTCR, ecnH 
B~nHcaTb B RBHOM BHAe CBR3b Me~AY pa3H~MH aMnnHTYAaMH, CBOOOA
H~MH OT KHHeMaTH4eCKHX ocooeHHOCTeH, HnH OAHOTHnH~MH aMnnHTYAa
MH, HO nonY4eHH~MH HCXOAR Ha paaH~X onpeAeneHHH KHHeMaTH4eCKHX 
ocofieHHocTeH./TaKHe COOTHoweHHR AnR Man~x COOTHoweHHH cnHHOB Aa
H~, HanpHMep, B I.\HTHpOBaHHblX B~we paOOTax 181,82//. 

AnR onpeAeneHHR H nOCTpoeHHR AHHaMH4eCKHX aMnn~TYA ~ Hcnonb
aOBanH onpeAeneHHe noHRTHR KHHeMaTH4eCKHX ocooeHHOCTeH, CBR3aH
Hoe C paano~eHHeM Ha nonHHO~. AnR HcnonbaOBaHHR AHHaMH4eCKHX 
aMnnHTYA npH HaY4eHHH aHanHTH4eCKHX CBOHCTB cnHpanbHblX aMnnHTYA 
H HaXO~AeHHR AnR HHX AHcne~CHOHHblX COOTHoweHHH YAOOHO APyroe, 
31<;BHBaneHTHoe onpeAeneHHe ICM., Hanp., 166, 6711. EcnH paCCMaTpH
BaTb npOl.\eCC pacceRHHR oeccnHHOBblx 4aCTHI.\: 

0+0 ... 0+0. 

TO OH onHC~BaeTCR OAHOH aMnnHTYAOH, KOTopaR He HMeeT KHHeMaTH
4eCKHX ocofieHHOCTeH, CBRaaHH~X CO cnHHOM. 3Ta aMnnHTYAa HMeeT 
TonbKO AHHaMH4eCKHe ocofieHHOCTH, ee aHanHTH4eCKHe CBOHCTBa on
peAenR~TCR ycnoBHeM YHHTapHOCTH H OHa YAOBneTBopReT AHcnepCHOH
H~M COOTHoweHHRM. B cnY4ae pacceRHHR 4aCTHI.\ CO cnHHOM 81: 

8 1 + 82 ... 8 S + 8 4 ' 

cnHpanbH~e aMnnHTYA~ KpOMe AHHaMH4eCK~X ocooeHHOCTeH, KOTop~e 

onpeAenR~TCR ycnoBHeM YHHTapHOCTH, HMe~T AononHHTenbHble oco
6eHHOCTH - non~ca, HynH H T04KH BeTBneHHR, KOTopble H RBnR~TCR 
KHHeMaTH4eCKHMH ocoOeHHOCTRMH. HTaK, OAHO H3 BoaMOlKH~X 3KBHBa
neHTH~X onpeAeneHHH KHHeMaTH4eCKHX ocooeHHocTeH: ocooeHHocTH, 
KOTop~e CBRaaH~ C ycnoBHeM YHHTapHocTH H onpeAenR~T BHA AHcnep
CHOHH~X CooTHoweHHH - AHHaMH4ecKHe ocooeHHocTH, OCTanbH~e oco
oeHHocTH - KHHeMaTH4eCKHe. npH TaKOM onpeAeneHHH RCHO, 4TO noc
ne B~AeneHHR KHHeMaTH4eCKHX oc06eHHocTeH Ha cnHpanbH~x aMnnHTYA, 
OCTaBwaRCR 4acTb, a 3TO H eCTb B HaweM cnY4ae AHHaMH4ecKHe aMn
nHTYA~, YAoBneTBopReT AHcnepcHoHHblM COOTHoweHHRM. 

CTPYKTypa KHHeMaTH4eCKHX ocooeHHocTeH cnHpanbH~x aMnnHTYA 
pacceRHHR oeaMaccoBoro rpaBHTHHo Ha nHOHe paccMaTpHBanacb B~we. 
AnR RBHoro H aBTOMaTH4eCKoro ~nonHeHHR TpeooBaHHH aaKOHOB CO
xpaHeHHR npoeKI.\HH MOMeHTa YAOOHa napaMeTpH3al.\HR 111/, 112/, 

6 6 
rAe RBHO npHcYTcTBY~T Q>YHKU.HH 8m+ H COS + . OAHaKo AnR pac

cMoTpeHHR AHcnepcHoHHblX CooTHoweHHH ~ nepeHAeM K HHBapHaHTHbiM 
nepeMeHH~M. TorAa, Y4HTbiBaR 14/, oYAeM HMeTb BMeCTO 111/,/12/: 
10 

3TH COOTHoweHHR RBnR~TCR Kn~4eBbIMH AnR nonY4eHHR AHcnepCHOH
HbiX COOTHoweHHH AnR $H3H4eCKHx cnHpanbHblx aMnnHTYA. KHHeMaTH4ec
KHe ocofieHHOCTH BblAeneHbl, a aHanHTH4eCKHe CBOHCTBa AHHaMH4eCKHX 
aMnnHTYA AnR KOMnneKCHblX SHa4eHHH nepeMetiHblX aaAa~TCR ocofieHHOC
TRMH, KOTopble onpeAenR~TCR ycnoBHeM YHHT.PHOCTH. npH 3TOM OAHO
4acTH4Hble npOMelKYT04rlble COCTORHHR B ycnoeHH YHHTapHOCTH onpeAe
nR~T nomcca, a MHor04aCTH4Hble npoMelKYT04Hbie COCTORHHR onpeAenR~T 
CKa4KH aMnnHTYA Ha pa3pesax. Ha4ana pa3p~30B onpeAenR~TCR nopo
rOBblMH 3Ha4eHHRMH ABYX4aCTH4HblX npoMelKYT94HblX COCTORHHH. 

PaCCMOTpHM AHHaMH4eCKHe aMnnHTYAbi npH Q>HKCHpOBaHHOM SHa4eHHH 
S, AHcnepCHOHH~e COOTHoweHHR AnR AHHaMH4eCKHX aMnnHTYA HMe~T 

BHA 

B 1 ... dt'er:n(s, t')] 
t 

1 oc du'[~h(s.U')]u 
(s, t) = (s, t) + - r-- +- f ---- 1151rr ,

rr t t' - t U U - U o o 

3AeCb [~h(8,t')]t ~ [G;h(8,U')]U - CKa4K~ iYHKI.\HH ~hB t- H U-Ka
Hanax COOT BeT CT BeHHO, 11 A3 A4' A1 A2 ' ~ h (s. t) - BOSMO~Hble Oop
HOBCKHe non~CHbie 4neHbI, 

AnR npou..eCCOB C Y4aCT~eM $OTOHa 15.6.20.21.421 npOMelKYT04Hble 
COCTORHHR B ycnoBH~ YH~TapHOCTH 10npeAenR~He CKa4KH AHHaMH4ec
KHX aMnnHTYA/, KOTopble COAeplKaT $OTOHbl, He Y4HTblBanHCb BcneACT
BHe ManOCTH KOHCTaHTbI 3neKTpOMarHHTHbiX B3aHMOAeHCTBHH. nonY4eH
Hble pe3ynbTaTbi ObinH T04Hbi no CHnbHblM B3aHMoAe.:icTBHRM IAnR KOTO
PblX TeopHR BosMy~eHHR He pafioTana/, a no 3neKTpOMarH~THbiM Bsa~
MOAeHcTBHRM OHH ObinH cnpaBeAnHBbl nHWb B e2-npHonHlKeHHH. AHano
rH4Hoe npeAnonOlKeHHe 00 OTCYTCTB~H B npOMelKYT04HblX COCTORH~RX 

". fie3MaCCOBbiX 4acTHu. Aenanoc b npH paCCMOTpeHHH pacceRHHR rpaB~TO
Ha 120.58.59/, Mbl fiYAeM C4HTaTb, 4TO KOHCTaHTa B3aHMOAeHCTBHR fies
MaccoBoro rpaBHTHHO C MaCCHBHblMH 4acTHu.aMH Mana, a OTHOCHTenbHO 
BKnaAOB B ycnoBHe yH~TapHOCTH CAenaeM Donee cnafioe npeAnonolKe... H~e, 4eM Aenanocb AnR $oToHa H rpaBHTOHa: Mbl fiYAeM npeHefiperaTb 
BKnaAaM~ YH~TapH~X AHarpaMM, KOTopble COAeplKaT TonbKO fieSMacco
Bble 4aCTHI.\bI, B TaKOM cnY4ae HH3WHMH AByx4acTH4HblMH npoMelKYTo4H~

M~ COCTORHHRM~ B ycnoBHH YHHTapHOCTH B COOTBeTCTBY~HX KaHanax 
2fiYAyT ABa n~OHa H nHOH H rpaB~n1Ho, noaToMY to = 4m2 , Uo = m , 

KHHeMaTH4ecK~ pOAcTBeHHblH npou.ecc - pacceRHHe oesMaccoBoH 
4acTHu.bI co cnHHOM 1 l$oToHal Ha nHOHe,T.e. KOMnToH-3Q>Q>eKT Ha nH
oHe,oopHoBCKHH 4neH cooTBeTcTByeT non~cHoMY C oAHo4acTH4HblM nH
OHHblM COcToRHHeM.B HaweM cny4ae aHanorH4H~H fiOPHOBCKHH 4neH OT
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CYTCTeyeT H3-3a TOrO,4TO rpaBHTHHO HMeeT cnHH 3/2 H RBnReTCR 
(JlePMHOHOM,H oAH04aCTH4Hoe 6030HHoe COCTORHHe,n--Me30HHblt:1 nOJllOc. 
He cy~ecTByeT. Y4HT~BaR 3TH 3aMe4aHHR H COOTHoweHHR /13/
/15/. nony4HM 

8 I' v(s-m 2)2+ st 8 "" dt' m2 3 
f3/20 3120 (s, t) = -( 2 ) I f -,-{( -) x 

, 11' m 4m2 t - t V(s-m2)2 + st' 
/16/ 

8 , t ... du' m2 3 5 11 
xf3/20.8/20(B,t)1 + ( -,-[( ) f ,3/20 (B,U')] \,

2 	 3/20
m U 	 -U vm 4 -su' 

8 	 31 	 Y4 "" dt' m 3 s ')] t
f3/20.-8/iO (s, t) = -(-) I r --{( ) f 3/20 -3/20(S' t + rr m 2 t' _ t .1' ,

t
4m v-	 /17/ 

"" 	 d'+ r ~_[( m 3 m	 U' _ U -:;-- ) f (')] u 
2 v + '-2m2 8/20,-3120 s,u l.s	 u 

Mbi nOJlY4HnH AHcnepcHoHHble COOTHoweHHR AJlR CnHpaJlbHblX aMnnH

TYA paccMaTpHBaeMoro npo~ecca. 


BocCTaHaBJlHBaR BO MHOmHTeJlRX nepeA HHTerpaJlaMH 3aBHCHMOCTb 

OT 88 H 8, MomHO 3THM COOTHoweHHRM npHAaTb APyrot:1 BHA: 


f 8 	 1 s_m 2 a 3 8s "" dt' 2 3 
8/20 3/20 	(s, t) =-(--r-) cos -\ r ~ m ) x 

, 11' _II 2 ' m 	 . 4m2 t -t v(s-m) +St' 
/18/ 

d' 2 3 
X[f8 (st')1 t [ 

00 

u ( m ) {e s '}1ul
3/20,8/20' + 2 -,-	 3/208/20(S'U' 

m U -u vm 4 -su' • 

8 	 1 s -rrr 3 m 88 "" dt' m 3 
(8/20.-8/20(s,t) "'iT(--2-} sin 3 _1 (-(--) x 

m B 24m2 t' - t Y-t' 
/19/ 

8 du' m 8 s u 
X {fS/ 2 0 ,-3/2 0 (S, t + I --(--- .) {f3/20,-a/20 (s,u')] I 

m2 u'-u Vs+u'-2m2 

Via TaKOH aanHCH BHAHo, 4TO AJlR pacceRHHR BnepeA aMnnHTy~a 
C H3MeHeHHeM CnHpaJlbHOCTH 06pa~aeTcR B Hynb. 

5. 	3AKII04EHHE 

HTaK. B AaHHOH pa60Te nonY4eHa YA06HaR napaMeTpH3a~HR cnH
panbHblX aMnJlHTYA pacceRHHR 6e3MaccoBoro rpaBHTHHO, 4aCTH~~ co 
cnHHOM 3/2. Ha MaCCHBHOH 4aCTH~e C HyJleBbiM cnHHOM. npH TaKOH 
napaMeTpH3a~HH peanH3yeTcR pa3AeJleHHe KHHeMaTH4eCKHX H AHHaMH
4eCKHX CBOHCTB cnHpanbH~X aMnnHTYA, onHCblBa~HX 6HHapHble npo

12 

~eCCbl 4aCTH~ co cnHHOM. Ha 6a3e 3HaHHR KHHeMaTH4eCKoi:t CTPYKTY
Pbl CnHpaJlbHblX aMnm1TYA AJlR HH« 6b1JlH nOJlY4eHbI AHcnepCHOHHble COOT
HoweHHR npH ¢lHKCHpOBaHHOM s. M~ nOJly4HJlH ()6~~1e npeACTaBneHHR 
AJlR 	 aMnJlHTYA npo~ecca. KOTopble He 3aBHCRT OT MOAeJleH /B 4aCTHOC
TH. 	 OT KOHKpeTHoro BHAa JlarpaH~HaHa/. 

nOJlY4eHHble pe3yJlbTaTbi KacalOTCR "cynepcHMMeTPH4HOH peaK~HHII 

/B KOTOpOH y4acTByeT rpaBHTHHO/. 6e3 HCnOJlb30BaHHR nOKa e~e ,£10.. 	 KOH4a He BblRCHeHHoro BHAa AHHaMHKH B3aHMoAeHcTBHR. TeopHfl nOKa 
He 3aBepweHa, B HeH eCTb MHoro HeOAH03Ha4HOCTH H HepeweHHblX 
np06neM B BbiRCHeHHH OKOH4aTeJlbHOH CTPYKTyp~. HeCMOTpR Ha 3TO. 
KaK nOKa3aHO B AaHHOH pa60Te. HeKOTopble 06~He ¢lH3H4eCKHe pe3YJlb
TaTbi MO~HO nOJlY4HTb y~e cerOAHR. MomeT 6~Tb, 3TO nocny~HT H pa3
BHTHIO caMOH TeopHH. OAHaKo. eCJlH cynepcHMMeTpHR He CMomeT onpaB
AaTb CBR3aHHble C HeH HaAemAbI, HO 6e3MaCCOBaR 4aCTH~a co cnHHOM 
3/2 cy~ecTByeT, nOJlY4eHHbie 3AeCb pe3YJlbTaTbi oCTaHyTCR. 

ABTOP Bblpa~aeT r.f1y6oKYIO 6naroAapHocTb A. H. TaBXeJlHA3e 3a 110
CTORHHblH HHTepec H nO,q,qepmKY, H,C. AMarJl06eJlH. B.r.Ka,qblweBcKoMY, 
B.A.t~aTBeeBY, .R.A.CMOPO,qHHCKOMY, A.H.CHcaKRHY H A.A.XeJlaWBHnH 
3a nOJle3Hbie 06cym,qeHHR. 
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llasneHIIlswtH M.n. 
CTpyKTypa CDHpanb~ aMDJlHTYA H AHCnepcHOH~e 
COOTHOWeHHH AJIH pacceHHHH 6e3MaCCOBOrO rpaBHTHHO 
Ha fiHOHe 

P2-86-598 

AHaJtH3HpyeTCH KHHeMaTHqeCKaH CTPYKTypa CDHpaJtbHhlX aMDJlHTYA 
pacCeHHHH 6esMaCCOBOrO ~epMHOHa CO CnHHOM 3/2 /rpaBHTHHO/ Ha 
MaCCHBHOA qacTH~e C HyJleBWM CDHHOM /nHOHe/, KHHeMaTHqecKaH 
CTpyKTypa onpeAeJlHeTCH npOCTpaHCTBeHHO-BpeMeHHhlMH CHMMeTpHHMH, 
3aKOHaMH COXpaHeHHH H KpOCCHHr-COOTHomeHHHMH. BBOAHTCH TaK Ha-
3~Bae~e AHHaMHqecKHe aMDJlHTYAhlo OC06eHHOCTH KOTOP~ onpeAeJIHIDT 
CH TOJlbKO YCJlOBHeM YHHTapHOCTH, Ha OCHOBe npeAJIO~eHHOA napaMeT
PH3~HH fiOJlyqe~ AHCnepCHOHHhle COOTHomeHHH AJIH CDHPaJlb~ aMn

JlHTYA· 

Pa6oTa B~nonHeHa B lla6opaTopHH TeopeTHqecKoA ~H3HKH OHHH. 

Coo6weHHe 061.e,tumeHHOfO HHCTHTyra RJlepHbiX HCCneAOBaHHH. lly6Ha 1986 

llepeBOA aBTOpa 

Chavleishvili M.P. PZ-86-598 
Structure of Helicity Ampitudes and Dispersion 
Relations for Massless Gravitino-Pion Scattering 

The kinematic structure of the helicity scattering amplitu
des of a massless fermion with spin 3/2 (gravitino) on a massi
ve particle with zero spin (pion) is analysed. The kinematic 
structure is defined by the conservation laws and crossing-re
lations. The so-called dynamic amplitudes are introduced, which 
possess singularities defined by the unitarity conditions only. 
The dispersion relations for the helicity amplitudes are found 
on the basis of the parametrization suggested. 

The investigation has been performed at the Laboratory 
of Theoretical Physics, JINR. 
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