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AaanHa H3BeCTHblX 3KcnepHMeHTa11hHbiX naHHbiX no aaaHMOlleiiCTBHIO HyK-

noHOB H 11 - Me30HOB C 8TOMHblMH Slllp8MH B o6naCTH 3Hepraii, 6011biDHX 

HeCKOIIhKHX neCHTKOB f3B1 ll0K83an, qTO BHyTpH gnpa C 6onbWOH BepORTHOCTbiO 

npOHCXOllHT MHOroqaCTHqHbie B38HMOlleHCTBHSI, KOrlla C OllHHM BHyTpHB!lepHbiM 

HyKnOHOM OllHOBpeMeHHO B38HMOlleiCTByeT HeCKOIIhKO 6biCTpbiX qacTHll / 1-3/ • 

onpenenSIIOWHM clJaKTOpOM SIBnSieTCSI DOHH8Sl 3HeprHSI B CHCTeMe lleHTpa M8CC 

cTanKHBBIOWHXCSI qacTHll. OnuaKo onpeneneHHhli HHTepec npencTaanSieT .Hay-

qeuae 38BHCHMOCTH MHOroqaCTHqHbiX B38HMOlleHCTBHH OT XapaKTeOHCTHK OT-

llellhHbiX qaCTHll, yqaCTBYIOWHX B CTOnKHOBeHHH. 

_ B pa6oTax /1-3/ 6bmo noKaaaao, ~o npH MHoroqacTHqHhlX aaa&Mone:ii-

CTBHSIX, T8K }Ke KaK H DpH BblCOK03HepreTH'IeCKHX HeynpyrHX 11-N H N-N 

B38HMOlleHCTBHSIX, o6paayeTCSI nHllHpyiOWaSI qacTHlla, YHOCSIWa9 OCHOBHylO no-

n10 nepaoHa'lanbaoii: 3HeprHH. H angqge n&napyiOmeii: 'laCTHllbi cooTBeTCTByeT 

KapTHHe nepa~pHqeCKHX B38HMOlleHCTBHH HeCKOIIhKHX CT8HKHB8IOWHXCSI qac-

TOllhi. 

KaK H3BeCTHO ( CM., HanpHMep, /4/}, npH 6011bWHX 3HeprHSIX OCHOBHOH 

BKnBll B naneKHe nepH~pHqecKHe B38HMOlleHCTBHSI 3neMeHTapHbiX qacTHll BHQ-

CSIT npoueCCbl C 06MeHOM OllHHM BHpTyallhHbiM 11 - Me30HOM. 3To· ll03BOHSI-

eT naJieSITbCSJ, qTo npH 6o11hmax 3HepraSix npa6na}Keaae OJlHOMeaoaaoro rronxona 

ll8CT KaqeCTBeHHO npaBHIIhHOe ODHCaHHe MHOrO'IaCTH'IHbiX B38HMOJleHCTBHH. 

TipoCTeHllillM THDOM MHOroqacTHqHbiX B38HMOlleHCTBHH SIBHSieTCSI cnyqaii:, 

KOrJla B HaqallhHOM COCTOSIHHH HMeiOTCSI BCero TpB '18CTHllbl. TiepH~pH'IeC-

KOMY B38HMOlleHCTBHIO Tpex qaCTBll, KOrJla llO B nocne CTonKHOBeHBSI BeT 
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CBSI38HHbiX COCTOSIHHH, MO)I{HO COITOCTaBHTb LIH8I'p8MMY ClleHHM8Ha Ha pHC. 1. 

Cneayg o5menpHHSITOH npoueaype 
151 , anSI sepoSITHOCTH nepexoaa s eaHHHUY 

BpeMeHH H B eLIHHH~HOM 05'beMe ITOllY'IHM ClleLIYIOWee BbiPa)l{eHHe <t=c•ll: 

w lkf .. 

16 ( 2rr l -II a ( U • 6. 2 l a trN ( U 3 • 6.:1 f. l I .. I trN I I X 

E 1 E f. ( fi 2 + ll 2) 2 
I 

W (U ,fi2,fi2flF,(PI ,6.1H'2(Pf,fifl w w d4fi d4fif' 
X 2 fTN k 2 I I f 1 

2 2 2 
(fi f. + ll ) 

rne 

F ( P , 6. l .. [ (P A )2 
I I I I I 

p2 6.2]~ 
I I ' 

2 2 2 ~ 
F2 (P,_.t..,l .. [(Pf,fifl- pffif] I 

El P H W , fl 
l l j 

( j = i , f ) - 9H9pi'HH H '19TblpeXMepHbie HMnynb-

Chi nepBOH8'18llbHbiX HyKllOHOB H BHpTyanbHbiX 1T -MeSO HOB COOTBeTCTBeH-

HO; U 2 =- P 
2 

( q = 1, 2,3) - KBBLtpaT CYMMapHOH ITOllHOH aHepi'HH BCeX 
q q 

'18CTHU, o6paayiOWHXCSI B BeplllHHe q , B3SITb!H B CHCTeMe HX UeHTpa Mace, 

W 217 N - ITOllHSSI sepOSITHOCTb B38HMOLieHCTBHSI llBYX 1T - Me30HOB C HyK-
k 

noHOM s cpeaueii sepmaue, sena'IHHhi a ( u , ll 2 l 
trN t I 

2 
H u 11 N(U 3 ,/lf) 

HMeiOT CMbiCll ITOllHblX a4KtJeKTHBHbiX Ce'leHHH, npH fl ~ H fl 2V CTpeMSI-

WHXCSI K - 1L 2 
• 

TIOllH8SI BepOSITHOCTb npouecca OITHCbiS8e~CSI llleCTbiO LIH8I'p8MM&MH, OT

llH'l810WHMHCSI nepeCTSHOBKOil: H8'18llbHbiX '18CTHU, OTHOCHTellbHblil: BKll8I.I Ko

TOpb!X pasna'leH s paanH'IHbiX o5naCTSIX cpaaosoro npocTpaHCTsa. TipeHe6pe

raSI HHTep<iJepeHUHeil: Me*llY C05oii: MaTpH'IHbiX :3lleMeHTOB 0 COOTBeTCTBYIOWHX 

aTHM naarpaMMaM, nony'laeM nnSI nonuoil: sepoSITHOCTH W = ..!... ~ W 1 k f 
3!h,k f I 

I 
rne SHaK I 0 I 

l.,k t (. 

'18llbHbiX '18CTHU. 

BepoSITHOCTb W 

TeMe UeHTpa M8CC s ,. 

max 'laCTHU, uanpHMep, 

"' =y-(p +p )2 
2 2 3 

.,. 

03H8'18eT CYMMHpOBBHHe ITO seeM nepeCT8HOBK8M H8-

SIBllSieTCSI ~YHKUHeil: ITOllHOH 9Hepi'HH B o6meil: CHC-

V -( P 
1 

+ p a + P 
3 

l H auepraH onuoii H3 uaneTaiO-

E 
2 

HllH 9KBHB8lleHTHOI'O eii HHB8pH8HTa 
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llng 8H8llH38 38BHCHMOCTH w OT ee apryMeHTOB IT~ 

s sep'mauax ue sasaCSIT OT KsanpaTa nepenauuoro H~ 

I'HH COOTBeTCTBYIOWeH seplllHHhl, a T8K)I{e 
1 
'ITO ITOllH8SI sepOSI 

neHCTBHSI llBYX 1T - Me30HOB C HYKllOHOM B cpenue:ii: sepu 

Torna BMeCTo HHTerpanhuoro ypasueHHSI nony'IHTCSI npocTo.c 

Topoe MO)I{HO Bbi'IHCllHTL. Bbt'IMCneuHe W npOH3BOllHllOCb I 

Kapno /6/ c pasHoMepuoii nnoTHOCThiO pacnpeneneHHSI nepe~ 

posaHHSI B npenenax, nonyCTHMhiX saKoHaMH coxpaueHHSI aHei 

npH 9TOM C'IHT8ll0Ch, 'ITO BHpTyanhHble 1T - Me30Hbl HMeK 

TeMe ueuTpa Mace H30Tponubte yrnoBbie pacnpeneneHHSI H 

... 
p ~ = o • llng Toro, '!T06bt npH scex sua'leHaSix auepn 

'18CTHU (HllH S ) ITllOTHOCTh Bbi6HpaeMblX TO'IeK B npOCTp 

HbiX HHTerpHpOB8HHSI 6hlll8 paBHOMepHOH, 'lii:CllO TO'IeK N 

WHX 38KOH8M COXpaHeHHSI, 6pallOCh Kp8THbiM S 

PeaynhTaThi Bbi'lHcneHHH npencTasneHbi ua PHC. 2 H 3. 
KaK BHI.IHO H3 pac. 2 , W ( S; S 2 l npH cpHt 

cpaBHHTellbHO cna6o 38BHCHT OT 3HeprHH OI.IHOH H3 H8'le 

(S "=[2M 
2 +2E~M 

y, 
) • Eonee cHnbHaSI aaBHCHMOC1 

OT ITOllHOH 9Hepi'HH B CHCTeMe UeHTpa M8CC CT8llKHB8IOiliH 

PHC. 3) • 

TipH s ... oo sepOSITHOCTh B38HMOI.19HCTBHSI TpeX '181 

2 
K8K (fn S ) , 'ITO SIBllS19TCSI Cll9llCTBH9M npei.IITOll0)1{9HHSI 0 I 

HOH 38BHCHMOCTH sep\liHHHhiX cpyHKUHH. 3TO CBHlleTellhCTByeT 

ITOll0)1{9HH9 0 MYllbTHITllHK8THBHOCTH 1 K8K H B cny'lae 06hl'l 

HhiX saaHMOI.IeiicTsaii 
171 , onpasnano npH ne o'leHh 6onhlllll 

TaKHM o6paaoM, nony'leHHhie anech peaynhT8Thi Ka'lec· 

naiOT cnenanuoe npH pac'leTax BHYTPHSill9PHhlX KaCKanos n 

'ITO npH MHOI'O'ISCTH'IHbiX B38HMOlt9llCTBHSIX npouecc CTOm 

llSieTCSI, B OCHOBHOM, ITOllHOH 9Hepi'H9H B CHCTeMe UeHTpa 

Ilonb3YSICb cnyqaeM, C'IHTBIO CBOHM npHSITHbiM llOlli'O 

ronapHoCTh B. C. EapameHKOBY H B. M. Manhuesy aa JJHC 

Jl9HH9 pe3y llhT8TOB. 
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SIHHH, MO)I(HO COfiOCTaBHTb JlHarpaMMY ~eHHMaHa Ha pHC. 1. 

npoueJJype / 5/, J]nSI BepOSITHOCTH rrepeXOJ]a B eJJHHHUY 

HH'IHOM OO'beMe nonY'IHM cneJJYJOIUee BbiPa)l(eHHe <t=c•ll: 

f .. f 
f 

2 ~ 
u (U ,I! )u N (U 3 ,I! ol 

17N I 1 17 <. 

( !! 2 + p. II) 2 
I 

X 

A 2 !! 2 ) t' ( p , !! ) t' 2 ( p fl , !! f ) d 4!1. d 4 !! ' 
u I, fl 1 I I - W I Wfl I f 

11 2 2 
(!! fl + p. ) 

( p , !! ) = [ (P 1'1. ) 2 
I I I I 

P2!!2)~ 
I I , 

2 2 2 ~ 
2 ( p 1'.'!! f ) - [ ( p f.!! fl) - p f !! f] ' 

wl 1'1 ( j = i , f ) - sueprHH u 'leTwpexMepHhte HMnynb-
j 

HbiX HyKnOHOB H BHPTY8nbHhlX TT - Me30HOB COOTBeTCTBeH-

2 (q=l,2,3) KBaJlpaT cyMMapuoii nonuoii saeprHH scex 

IUHXCSI B BeplllHHe q , B3SITb!H B CHCTeMe HX UeHTpa MaCe, 

H8SI BepOSITHOCTb B38HMOJleHCTBHSI JlBYX TT - Me30HOB C HYK-

H BeplllHHe, BenH'IHHbl a ( U , 1'1 2 ) 
TTN I I 

2 
H aTTN(U3 ,f'lf) 

OnHhlX s4KlleKTHBHhlX Ce'leHHH, npu f'l ~ H f'l 2p CTpeMSI-

POSITHOCTb npouecca OflHCbiBaeTCSI llleCTbJO JlHarpaMM8MH, OT

epeCTSHOBKOH HaqanbHbiX '18CTUU, OTHOCHTenbHblH BKn~n KO-

B paanu'IHbiX o6nacTSIX <jlaaosoro npocTpaHCTBa. llpeae6pe

UHeA Me)I(Jly COOOH MaTpU'IHhiX sneMeHTOB, COOTBeTCTBYJOIUHX . 

aM, nonyqaeM JJnSI nonaoil: sepOSITHOCTH W = ..!.. ~ W tk f 
3!1t,k f I 

03H8'18eT CyMMHpOB8HHe flO BCeM nepeCT8HOBK8M H8-

Tb W SIBnSieTCSI <jlyHKUHeH nonHOH 9HeprUH B OOllleH CUC-

cc s "' V -< P 
1 

+ P a+ p 
3 

) u saepruH OJlHOH H3 aaneTaJO-

pHMep, E 
2 

unu 9KBUBaneHTHOrO eii HHB8pHaHT8 
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llnSI aaanHaa 38BUCHMOCTH w OT ee apryMeHTOB npennonO)I(HM, _'ITO 

a 
TTN 

B BeplllUHaX He 38BUCSIT OT KB8Jlp8T8 nepeJ]aHHOrO HMnynbCa H SHep-

rHH COO'!'BeTCTBYJOIUeH BeplllHHhl, a T8K)I(e 
1 
'ITO nonH8SI BepOSITHOCTb B38HMQ

J]eii:CTBHSI JlBYX TT - Me30HOB C ayKnOHOM B cpeJJHeH BeplllHHe fiOCTOSIHHa. 

Tor11a BMeCTO HHTerpanbaoro ypasaeHHSI nony'IHTCSI npocTo.cooTHOllleHHe, Ko

Topoe MO)I(HO Bhi'IHCnHTh. Bhi'IHCneaHe W npouasonunocb MeTOJlOM MoaTe-

Kapno 16/ c paBHOMepaoii nnoTHOCTbJO pacnpeneneauSI nepeMeHHhiX UHTerpu

posaauSI B npenenax, nonycTUMhiX aaKoHaMu coxpaHeHUSI saepruu u UMITynhca; 

npu STOM C'IUTanOCb 1 'ITO BUpTyanbHhle rr - MeaoHhi uMeJOT B o5meii cue-

TeMe ueHTpa Mace uaoTponHhie yrnoBhie pacnpeJJeneHHSI H '-ITO PI II p2 H 
-+ 
p • = 0 • llnSI Toro, '-!T05bi npu scex aaa'-leHuSIX saepruu Ha'lanhHbiX 

'laCTHU (unu S ) nnoTHOCTb Bbi6upaeMh!X TO"!eK B npOCTpaHCTBe nepeMeH-

Hb!X UHTerpupOBaHUSI 6hin8 paBHOMepHOH, 'IHCnO TO'IeK N 

IUUX 38KOH8M COXpaHeHHSI, 5panOCb KpaTHbiM S 

1 YllOBneTBOpSIJO-

PeaynbTaThi Bhi'-!ucneauii npencTaBneHhJ Ha puc. 2 u 3. 
KaK BHllHO ua puc. 2 , W ( S; S 2 l rrpu <lmKcupoBaHHOM 

s 

CpaBHHTenhHO cnaoo aaBUCHT OT SHeprHU OllHOH H3 Ha'lanhHhiX '-laCTHU 

[ 2 ' ] Y. ( S , = 2M + 2 E., M ) • Eonee cnnhHaSI aaBHCHMOCTh na6nronaeTCSI 

OT nona oil: SHepPUH B CUCTeMe UeHTpa MaCe CTanKUB810lliUXCSI '-!8CTUU ( CMo 

puc. 3). 

llpu s -+"" BepOSITHOCTb B3aUMOlleHCTBUSI Tpex '-!aCTUU paCXOJlHTCSI 

2 
KSK (fn S ) 

1 
'-ITO SIBnSieTCSI cne}:lCTBUeM rrpenrronO)I(eHHSI 0 MynbTUnnUKSTUB-

HOH 38BUCHMOCTU BeplllUHHhiX <iJyHKUUH. 3TO CBUlleTenbCTByeT 0 TOM, '-ITO rrpell-
' 

rrono)l(eaue o MynbTurrnuKaTUBHOCTu, KaK u B cnyqae oohi'-!HhiX nByxqacTu'I-

HhiX B38UMOJleHCTBUH / 7 /, OIIP8BJl8HO IIPU He O'leHh oonblllUX SHePPUSIX. 

TaKUM o6paaoM, nony'-leHHhie anecb peaynbTaThi Ka"!eCTBeHHO nonTBep)l{

naiOT cnenaHHOe IIpU pac'-!eTaX BHyTpUSIJlepHbiX K8CK8Jl0B JlOIIymeHHe 0 TOM, 

'ITO rrpH MHOPO'IaCTU'IHblX B38UMOJ]eHCTBHSIX IIpOUeCC CTOnKHOBeHUSI onpene

nSieTCSI, B OCHOBHOM, rronHOH 9HeprHeii B CUCTeMe UeHTpa MaCe. 

IlOnb3YSICb cnyqaeM, C'IHT8JO CBOHM rrpUSITHbiM nonroM Bblp83HTb ona

ronapHOCTb B. C. EapallleHKOBY u B. M. ManhUeBy aa JlHCKyccHH u o6cy)l(

neHHe peaynbTaTOB. 
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