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BBE~EHHE 

. 8 noc11c.nHHC ro,Ubl n PH H 1 y4C IIHH M IJO)KC CTBCIIHblX npo -

ueccoB npHMCH.RCTC.R HIIKJ1103HBl!blH MCTO.U a11a11H1a 'JKcncpH

MCIITOB, KOTOpblH OCHOBUII 11a a11am11c CBOilCTB OT.UCJlbllblX 

4aCTHU. Hap.R,ny C HHKJ11<)'3HBHblM no.nxo.noM BO1MO)KCH ,Upyrott 

IlYTb, KOTOpb!H 4UCTO HCnOJ1b3YCTC.R B KOCMH4CCKHX 'JKCnCpH

MCl!TaX, H no 'JTOH npH4HIIC Mb! 6y.ncM Ha 3blBUTb cro "KOCMH

'-ICCKHM". 

8 OTJlH'-IHC OT HHKJ1Hl3HBl!Oro KOCMH'-ICCKHH MCTO.U COCTOHT 

B aHaJ1H3e OT.UCJlbHblX co6hITHH, a ne '-!aCTHU. )],11.R 'JToro 

.UOJl)KHbl 6b!Tb H3MepcHbl pa1J1H'-1Hb!C BCJlH'-IHHbl, xapaKTe

pH3YlOIUHC co6bITH.R B UCJlOM. 

8 OTJlH'-IHC OT 3KCKJ1103HBHoro no.uxo.ua KOCMH'-ICCKHH MO)K• 

HO npHMCH.RTb K co6blTH.R_M, OTHOCHTCJlbIIO KOTOpb!X HCT 

noJlHOH HHCpopMaUHH. 

AHaJ1H3 pacnpe.ne11e11H.R co6bITHH no MHO;J(CCTBCHHOCTH 

.RBJl.RCTC.R npHMepoM KOCMH'-ICCKoro MCTo.ua. JJ.pyrHMH na

paMeTpaMH, xapaKTCPH3YIOIUHMH OT.UCJlbHblC co6bITH.R, MOryT 

CJlY)KHTb K03qlqJHUHCHT neynpyroCTH, CTeneHb acHMMCTPHH 

pa111eTa 3ap.R)KCHHblX '-laCTHU B CHCTeMe UCHTpa Mace / C • 
cHCTeMe/, .nucnepcH.R yr11oaoro pacnpe.ne11eHH.R B IIIKa11e 

[g tg 0 H MHOrHe .npyrue. 

Mhl npHMCHHJlH yKa3aHHblH MCTO.Il .UJl.R aHaJ1H3a 3KCilepu

MCHTaJ1hHhIX .naHHblX no B3aHMO.UCHCTBHJO TT- ·Me3OHOB C npo

TOHaMH B nponaHOBOH ny1hlphKOBOH KaMepe npH HMilYJlhCe 

nepBH'-IHhIX IlHOHOB p = 40 r 3B/ C. 
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§1. YrnOBOE PACUPE,QEilEHHE 

Yrnoeoe pacnpe,neneHne pemITHBHCTCKnx qacTHU B 111Kane 

Pg tg El npocTo CBHJaHo c pacnpe,neneHneM no npo,nonhHOil: 

6bICTpoTe y* B C - CHCTeMe: 

E)al' 
I tg- =}'. tgEl 

2 e i 

-y* 
=e ' 

El* 
flntg-1 = fin Ye +. fin tg01 =-y*. 

2 

/1/ 

ye - nope Hu -cpaKtop C - CHCTeMbl ,nnH TT p - CTOilKHOBeHHJI' 

El; n El 1 - yrnhI BhineTa ·i - il: qacTHUhI B C - cncTeMe n na -

6opaT~HOH CHCTeMe COOTBeTCTBeHHO. B pacnpe,neneHHH no 

en tg - qacTHUhI, neTJILQHe B :CHCTeMe ueHTpa Mace Bne

pe.n, ntteIOT en tg-f' < 0, . a neTHIUHe HaJa,n • fin tg6:r->0. 
Ha pnc. 1 npe,ncTaeneHo yrnoeoe pacnpe,neneHne B 3THX 

nepeMeHJihIX qaCTHU C pa3HblM 3HaKOM 3apJI,na ,nnH co6blTHH 

C pa3HOH MHO)l(eCTBeHHOCThlO. O6pamaeT Ha ce6H BHHMaHne 

pe3Koe pa3.z:ieneHne no HanpaeneHHHM enepe,n n HaJa,n B C -
CHCTeMe OTpnuaTenhHO H nonO)l(HTenhHO 3apJI)l(eHHhIX qacTHU 

npn n+ = 2. 3TO, no·BHJJ:HMOMY, eCTh cne.UCTBHe coxpaHe • 

HHJI HarrpaBneHHJI JJ:BH)l(eJIHJI HaneTaIOLQero TT- ·Me3omi. Kpo

Me .Toro, B co6bITHHX c MHO)l(eCTBeHHOCThlO n + =.4,6 n 8 Ha· 

6nro,naeTCH aCHMMeTpHH B. yrnOBhlX pacnpe,ne-neHHHX: qncno 

qacTHU, neTJILQHX ·Bnepe.n., KaK n9nO)l(HTenhHhIX, TaK H OTpn

uaTenhllbIX; 6cinh111e qncna qacTnu, neTHlQHX 11a3ai(. B nocne

,nyromeM Mhl paCCMOTPHM no,npo6Ho, B qeM-MoryT 3aKnroqa-Tb • 

CH npnqnJihl nOHBneHHH TaKOH acnMMeTpHH. Ilpu 3TOM, qTo6bI 

He yqnThIBa Th aCHMMeTpnIO, ueJIHKOM o6ycJIOBneHHYIO JIBJie -

11neM coxpa11e11nH 11anpaene11nH ,nBH)l(eJIHH, .nepenqHoro TT -

Me30Ha, Mhl 6y,neM HJyqaTh TOJihKO'C06bITllH.C· n± ?;_.4. 
B KaqecTBe napaMeTpa, xapaKTepnJyromero CTerrenh 

acnMMeTpnn co6blTHH, y,no6Ho ncnonhJOBaTh sennqnHy YslYe , 
r.ne Ys - nopeHu·cliaKTOp CHMMeTpnqHoil: CHCTeMbl, onpe,neJIH· 

eMbIH 113 COOTHOilleHHJI 

Pg y = --< Pg tg El. > , 
S . I /2/ 

KOTOpoe crrpaee,nJIHBO B YCJIOBHHX Kpail:uer'o penH'I'll.BH3Ma. 

4 

Ecnn pa3JieT 3apJI)l(eHHblX qacTHU CHMMeTpll'-leH B C • 
CHCTeMe, KOTOpaH npn yJihTpapeJI~THBHCTCKHX 3HeprHHX 

Ea onpe,ne~~H cooTH0111enneM 

Ea 
y =...J.:..-, /3/ 
e . 2m P 

r.ne m P - Macca npoTona·MHilleHu, To Ys =Ye. Ilo3TOMY 

OTKJIOHeHHe Ys OT Ye . CJIY)l(lfT Mepoil: a:cHMMCTPllll OT,neJJb· 

HOro co6bITHH. KpoMe Toro, Y4HTbIBaH COOTIIOlllCHHH '/1/ 
II /2/. nerKO YBHJJ:eTb, 4TO 

2,3 el.£. = < y*>. 
Ye 

/4/ 

Ys 
TaKHM o6pa30M,' napaMCTP acHMMCTpllii y HBJIHCTCH 

BeJJH4HHOH, xapaKTepll3YIOll.lCH Ka)KJJ:0C co6hITlfc. 

Ilpu aHaJJH3e acHMMeTpllll B TTp -cTOJIKIIOBCIIHHX Cuc

noJJb30BaHHeM KBapKOBOH MOJJ:eJJH / 7/ BB0JJ:HTCH napaMcTp 

pp 
R= --. 

p TT 
3,necb ~ H P 

17 
- HMIIYJJbChI cTaJJKHBa1omttxcH 

npoTOHa H IIHOHa B CHCTCMC, r.ne pa3JICT BTOpH4HbIX 4aCTHU 

cnMMeTpn4eH. 3na4eHtte R = 1, 5 cooTncTcTnyeT cHMMeT· 

pH4HOMY pa3neTy 4aCTHU B C ·cHCTCMC CTaJJKHBa!Oll.lHXCJI 

KBapKOB. 3Ha4CHHC R B Ka)KJJ:OM OTJJ:CJlbH0M co6hITHH npu 

ycnoeuu. y
5 

, Ye >> 1 npocTo CBHJa1rn c BCJJH4HHOH' ~-

Ys -2 
R=(-). 

, Ye 

Ys 
T04HOCTh onpe,neJJeHHH BCJIH4HHbl Ye' 

Ye 

/5/' 

3aBHCHT OT .nttcnep-

CHH yrJIOBoro pacnpe,UCJICHHH a* B 111Kane Pg tgEl HMHO· 

)l(CCTBeHHOCTH 3apH)l(CHHbIX 4aCTHU n±: 

* BennqnHa a ,D,JIH penHTHBHCTClrnX ·qacTHU. JIBJIJieTCH 
nopeHUeBCKHM HHBapnaHTOM. 
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' 'I 

I 
I 

A Ys a 
u(f.g-)= ± ---. /6/ 

Ye yn± • 

)];n.11 H3OTp01rnoro pa3neTa qacTHU a = 0,39. Benn yrno

Boe pacnpe,u;eneirne aHH3OTponHo, TO a MO)KeT 6h1Tb 6onb-
m. 

rne, t.JeM 0,39 /pacnpe,u;enemt;e THna am 0 / nnn MeHb-

rne 3TOH BeJIHt.JHHbl /pacnpe,u;e.neHHH THna sin me /. II pH 

3HeprHH 40 r3B opneHTHPOBOt.JHaH TOt.JHOCTb H3MepeHHH Be-

JIHt.JHHbl fg !.§_ nonyqaeTCH paBHOH 0,20. 
Ye 

Ys 
Ha pnc. 2 noKa3aHo pacnpe,u;eneHne fg -

Ye 
AHann-

3HPOBaJIOCb 840 B3aHMO,IJ;eHCTBHH C n+ ?_-4 ' OTo6paHHblX 

no I<PHTepHHM, onncaHHbIM paHee /1 •21 .- B 199 cnyt.JaHX 6brn 

H,IJ;eHTH!pHUHPOBaH npoTOH, I<OTOpbIH HCI<moqanc.11 npH onpe,u;e -

neHHH y5 , 

· Ha6mo,u;aeMoe pacnpe,u;eneHne HBJIHeTcn pe31<O acHMMeT

pHt.JHbIM, npHt.JeM npeo6na,u;aJOT co6hITHH c noJIO)KHTeJibHOH 

aCHMMeTpneii:, B KOTOpbIX BTOpHt.JHbie t.JaCTHUbl BhIJieTaJOT 

npenMyruecTBeHHo anepe,u; B C -cncTeMe·. Cpe.u;Hee 3Hat.JeHne 

BeJIHt.JHHbl fg ~ COCTaBJIHeT 0,16±0,01, a cpe.u;He-
Ye 

I<Ba.u;paTHt.JHOe OTKJIOHeHHe ee a e,e 0,2 9. liOJiblllaH lllHPHHa 

pacnpe,u;eneHHH no cpaBHeHHJO c O)KH,u;aeMoii y1<a3bIBaeT Ha 

cyruecTBOBaHHe co6hITHH C pa3JIHt.JHbIMH cpe,u;HHMH 3Hat.JeHHH -

MH Y. • 
:Pa3JIHt.JHe y S H ye O3Hat.JaeT, '-ITO CHCTeMa, B KOTOpoii: 

pa3neT t.JaCTHU CHMMeTpHt.JeH, ,IJ;BH)KeTCH OTHOCHTeJibHO CHC -

. TeMbl ueHTpa Mace. JiopeHu-cpaI<TOp 3Toro ~BH)KeHHH y He

Tpy.u;Ho nonyt.JHTb H3 cpopMyJibl CJIO)KeHHH nopeHu-cpaI<TOpOB 

..: 1 Ys Ye 
y =Y, "'2 ( -• I- - ) ; U-

SC f Ys y 
0,14. /7/ 

Pacrrpe,u;enc11ue co61,1Tnii no Be11n 1mHe Y rrpe.u;cTaBneno 

Ha pHC. 3. 113 pllC}'HKa B11,IJ;HO pe3KOe H3MeHeHlle xapaKTCpa 

.6 

.. 

pacnpe,u;eneHHH npH y:: 1,15. IlpH 3Hat.JeHHHX y '6JIH3 -

I<HX I< 1, Ha6nro,u;aeTCH 1<pyToe na,u;eHne pacnpe,u;eneHHH, KO -

TOpoe npH y > 1,15 CTaHOBHTCH 6onee nonorHM. 

Ha30BeM C06bITHH·C y < 1,15 CHMMeTpHt.JHbIMH B cuc-

TeMe ueHTpa Mace /co6hITHH c_ HH,IJ;eKCOM S I, a co6bITHH 

c y :? 1,15 -. acnMMeTpHt.JHbIMH (AS). Cpe,u;Hee 3Ha'leHHC 

Ys ,IJ;JIH CHMMeTpHt.JHbIX co6bITHH paBHO: <y -~ =1,03 ± 0,03. 
Cpe.u;HeKBa.u;paTH'IHOe OTKJIOHeHHe a_ = 0,14, '-ITO COOTBCT

CTByeT O)KH,u;aeMoMy cTaTHCTHt.JecKbMy -pa36pocy 311aqc11uii 

y. 3TO O3Ha1.faeT' 'ITO qacTHUbl B s -co6bITHHX ucnycKa

JOTCH H3 Heno,u;BH)KHOro B C -cncTeMC u,eHTpa., 
- y 

BenH'IHHa y = 1,15 COOTBCTCTBYCT ~ = 1,7 
Ye 

IlO'lTOMY B ,u;anhHeHlllCM Mbl C'IHTaCM CHMMCTpH'lllbIMH co61,1-

THH B o6nacTH -0,2 < ff Ys < 0,2. 
. Ye 

B acHMMeTpH'IHblX co61,1THH X A~ BCJIH'IHlla y AS HMC-

eT cpe,u;nee 3Ha'ICHHC, paBHOC 1,48±0,02, co cpc,u;HCKBa.u;pa

TH'IHbIM OTKJIOHCHHCM a = 0,44 , 'ITO MHOro 6oJibllle O)KH

,u;aeMoro cTaTHCTH'ICcKoro pa36poca 3Ha'ICHHH Y• Cne,u;o

BaTenhno, B AS -nJaHMO,IJ;CHCTBHHX IJ,CIITP 'lMHCCHH 'laCTHIJ, 

B pa3HblX co6bITHHX ,IJ;BH)KeTCH OTHOCHTCJll,IIO~CHCTeMbl IJ,CHT

pa Mace C cyruecTBellHO pa3JIH'lllb!MH CKOpocnlMH. 

MO)KHO IlOilbJTaTbCH .u;aTb cne,u;ymruy10 ,IJ;HHaMH'leCKYJO 

HHTepnpeTaIJ,HIO :noro ,IJ;BH)KeHHH. 

113 cpopMyJibl /3/ BblTCI<aCT, 'ITO OTI<JIOHeHHe Ys u 

ye MO)KeT npoHJOHTH, ecnn Mac ca MHrnenu ne paana Macce 

npoTOHa, a HMeCT ,u;pyry10 BCJIH'IHHY mt , T.e. 

. Eo 
<y >-= v--. 

s 2m 
t 

Tor,u;a 

Ys mp 
<--> =v--, 

Ys m, 

/8/ 

/9/ 
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II 

·lfa qiopMYilhI /7 / rrpn <y > = 1,.48 ± 0,02, . Haii:;:i:eM, 'ITO 
. · AS 

y • 
s <-> .• = 2,58 ± 0,04 

Ye AS 
H m t = (0,14 ± 0,04 ) I'3e/c 2 ·. 

Ha OCHOBe 3THX OQeHOK MO)KHO rrpenrronO)KHTh, 'ITO aCHMMeT
PHH pa3neTa qacTHU B 1T p -B3aHM0;:i:eii:CTBHHX B03HHKaeT 
B pe 3ym,Ta Te CTOilKHOBeHHH rrap;aroI..Qe ro IIHOHa C"BHpTyanhHhIM 
IIHOHOM B • HyKnOHe - MHIIIeHH. AHanorH'IHhIH pe 3ym,Ta T 6brn 
rronyqeH HecKonhi<o neT Ha3a:,ii; rrpn 3Heprnn - 200 I'3e 131 

lllnpoKHii crreKTP 3HaqeHnii rrapaMeTpa acliMMeTpnn MO)K
HO o6bHCHHTi, TeM,' 'ITO BHpTyanhHbIH IIHOli, na)Ke Haxo;:i:.!lCb 
B6JTH3H MaccoBoii: rroBe·pxiiocTn, JJ:BH)KeTcH. Il63TOMY a qiop
Myne /8/ cnenyeT yqecTh ero JJ:BH)KeHne. )].n11 3Toro 
mt rrpn;:i:eTCH 3a"MeHHTh Bhipa)KeHiieM ( t -pt cos 0 t ; 

rne (t , pt , ®t - 3HeprHH, ,,H,MIIYilhC H yron JJ:BH)KeHHH 
MHIIIeHH. B 3TOM cnyqae 

Ys m ·-· =V ___ P 

·ye ,,,Et --Pt cos®t 
/10/ 

EcnJI rrpenrron0)KHTh, 'ITO p - m , 
t - 1T 

To· rrpenenhHhie 

. . y"' 
3Ha'IeHHH BenH'IHHhI --

Ye 
rrony'IHM rrpn cos 0 = ±1. 

t 

y 
(2) 

Y.e max, cos El =1 . t 

, m · m m = y---E_ = V _P_ = 1,6 ,J ---E. = 
Et -pt 0,4 m m 

1T TT-

4,, 18, . 

/11/ 

Ys mp · mp _ mp 
r-J =v----=v--= o,6s v-;;-= 1,70. 
Ye min, cos® =-1 Ct+ Pt 2,.4m17 1T 

t 
y 

3TO COOTBeTCTByeT nnarra30HY H3MeHeHHH l'g _s_ nn11 
Ye 

AS -co6hrTnii OT 0,2 no 0,6. B rrocnenyroI..QeM anann3e nm1 

ASco6hrTnii Bh16npanc11 HHTepBan 3Ha'Iennii 0,2_::. fg Y~ ::; 0,8. 
Ye 

·s.8 

lfa 840" B3aHM<>.neiiCTBHH K S - co6hITHHM 01:neceno 318, 
K A~ - co6hITHHM ~ 207. OcTanhHhie co6hITHH pacrrono)KeHhI 

y 
BHe HHTepBana -0,2 ~ Cg-5- ~ 0,8. 

Ye 
Ha pnc. 4 n 5 rrpnBe;:i:eHhl CTPYKTypHbie qiyHKUHH •f(x) .;· 

2E* da 
- _ .... , ... -.. -.-

TT-.,/S dx 
0*, - --~-a- -.. -~ 

H f(eg tg2) - dfg tg0*/ 2 
;:i:nH 

S- n A5 -rpynrr co6bITHH oT.nenhH0. 
Ilpli arrnpoKCHMaUHH CTPYKI'ypnoii qiyHKUHH :f ( X) 3KC-

u . , -b sl x I , . . . 6 u 

IIOHeHTOH Bu.na e . . .nnH CHMMeTpH'IHhIX co hITHH no-
nyqeHhl 3H_atieHHH b s =1,85 ± 0,08 H b s =1,89 ± 0,10 nn11 
0 ~ x ~ 0,70 n -0,55::;. x. < 0 COOTBeTCTBeHHO. )].nH 
acHMMeTPH'IHhlX co6wtnii ffrj MO)KHOOIIHCaThqJYHKQHeii 

~ ~s Ix ·-0,1 I . . 
e . _ , rne . b As = 1,55 ± 0,10 n b As=2,83± O, 11 
.nnH 0,'10 ~ x,:s·o,70 u :....0,45~ x .-: 0,10 · COOTBeTCTBeHHO. 
rpynna AS - co6hITHH, pe3KO aCHMMeTpH'IHhIX B CHCTeMe 
uenTpa Mace, e ocHoBH0M o6ycnoBnuaaeT acnMMeTpuro non
HOH CTPYKTypHOH qiyHKUHH f (x) 141 • s :.: .co6hITHH HMeIOT 

CHMMeTpH'IHYIO CTPYKTYPHYIO qiynKUHIO. 
. 0* 

CTpyKTypHaH qiyHKUHH no rrepeMeHHOH fg tg·-- HMeeT 
"nnaT006pa3uyro" qacTh nm1 S -co6h1Tnii. ,Li.n11 

2 
AS -co6h1-

THii pacnpe.neneHne cnaunyTo errepen no nanpaeneunro nana10-
1..QeH qacTHUhI. B uenoM me ·nu pacrrpenenennH rrono6nhI nn11 

o6enx rpynn co6hITHii. 

§2. MACCA CHCTEMbl llACTHI.( 

IlonHaH 3HeprHH, unn cyMMapHaH Macca qacTHU B CHM-
; • I • 

. If; 
MeTpH'IHOH CHCTeMe, paBHa M = ---, rne £. - 3HeprHH 

y. ' s 
'IaCTHUhI B na6opaTOpHOH CHCTeMe. 
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EcnH MHIIIeHh ,IJ;BH)KeTC.ll, TO ,IJ;OJl)KHa ua6mo,IJ;aThC.ll KHHe

Ma TH,'leC_Ka.H 3aBHCHMOCTb cy~MapHoii MaCCbl qacTHU' B. cm.i-

MeTpH'IHOH CHCTeMe OT CTerreHH aCHMMeTpHH !~. IlpH 
Ye . 

BCTpe'IHOM CTOJJKHOBeH;HH. uaneTammero .IlHOHa H MHIIIeHH 

Ys 
6y,IJ;eT HMeTh MHHHMaJJbHOe 3Ha'leHHe, a Macca 

. Ye . 

M H MHO)KeCTBeHHOCTb 6y,IJ;yT MaKCHMaJlbHbl. C H3MeHeirneM 

napaMeTpa acHMMeTpnn Macca M ·oy,deT H3MeHHThCH. 06-
. ' ' - . 

paTHO ~ponopp:HOHaJJbHO_ B_eJJH'IHHe ? . 
y e 

3aHa 3aBHCHMOCTb <M > OT fg 2-_ 
Ye 

H_a pHC. 6 IIOKa -

,IJ;n.H B3aHMo:rieiicT-

BHH C n ± ~4. ,n:n.H aCHMMeTpH'IHblX co6bITHH Ha6JJIO,IJ;aeTC.ll 

. y -1 
3aBHCHMOCTb BH,D;a <M> - ( ..§_), Tor.na.KaK ,D;Jl.ll CHM-

' AS y · • 
. ,e. Y s· 

MeTpH'IHblX MHIIIeHb HeIIO,D;BH)KHa H KOpp~JJ.HUHH <M> H -
. . Ye 

OTCYTCTBYIOT. 

IlonHa.H 3HeprHH, 3aKJIIO'leHHa.H B 11 -Me3ouax, cymecT

neHuo rrpeBbIIIIaeT IIOJJHYIO 3HeprHIO, YHOCHMYIO 77+ -Me3o

HaMH. lfa rrpHBe,n;eHHblX Ha PHC. ,7 pacrrpe,n;eneHHH CYMMapHblX 

Mace 77+ ".'" H 77 - -Me30HOB ,D;Jl.ll s~, H' AS ~ co6bITHH BH,D;HO, 

'ITO ,xapaKrep .3THX, pacrrpe,IJ;eneHHii pa3_JJH'leH, Ecnn B co-

6bITHHX rpynnhI AS pacrrpe,n;eneHHH11+-ll 11--Me30HOB_B 

uenOM 6nH3KH, TO cpe,n;H s -co6hITHH BCTpe'laIOTC.ll TaKne, 

y KOTOpbIX cyMMapHa.H Macca 77 - -Me30HOB 3Ha'IHTeJ1bHO 
+ 

npeBbIIIIaeT cyMMapHyIO Macey 77 -Me30HOB. 

IlpeBbIIIIenne CYMMapHOH MaCCbl OTPHIJ,aTeJJbHblX Me3o-
. . 0' .• . ' ' . ' 2 

HOB;' paBHOe f..M 77- = 1,23 ± o, 15 I'3e/c , MO)KeT 6bITb 

06ycJ10BJ1eno H36bITKOM 'IHCJJa OTPHUaTeJJbHblX Me30HOB, 

KOr,n;a BCe Me30Hbl B cpe,n;neM HMeIOT O,D;HHaKOBbie 3Heprnn, 

HJJH uann:'l,HeM JlH,D;Hpyromero coxpaHHBIIIeroc.H 77- -Me30Ha, 

HMeromero 3HeprHIO, pe3KO OTJJH'IHYIO OT cpe,n;ueii 3HeprHH 

OCTaJJbHblX Me30HOB. MLI HaIIIJJH, 'ITO cpe,n;H.H.ll MHO)KeCTBen

HOCTb n.n;eHTmlmn:nponaHHhIX rrpoTOH<?B panua nP = 0,12 n 

10 

0,24 B s- H AS -co6bITH.HX COOTBeTCTBeHHO. '.:lTH npo-

TOHbl 6brnH HCKnIO'leHbl H3 paCCMOTpeHH.ll H Il03TOMY onpe

,IJ;emnoT H36bITOK OTPHUaTeJJhHOro' 3ap.H,IJ;a Me30HOB. Iihlna 

Bbl'IHCJJeHa H cpe,Il;H.ll.ll 3HeprH.ll Me30HOB B CHMMeTpH'IHOH 

cncTeMe /Ta6n. I/ rrpn HCKJJIO'leHHH 77' - -Me3oHa B co6bi

THHX, r,IJ;e OH .HBJJ.HeTC.ll caMOH 3HeprH'IHOH qacnn.1,eii. 3Hep

rH.H 3Toro caMoro 3HeprH'IHoro 11--Me3oHa panHa: 

(. 77-
1 

=(AM 77-
+<c >) ( 1-n ) + A M _ n ~ 

77 p 77 p 

=(1,23+ 0,62)(1-0,12)+1,23 ,0,12 =1,8 ± 0,1 F3a. 

/12/ 

Ilonyqeuua.H BeJJH'IHHa coena,n;aeT C Bbl'IHCJ1CllllblM HMTIYJlbCOM 

caMOH 3HeprH'IHOH _qacTHIJ,bl OTPHIJ,aTeJJbHOro 3HaKa, npH

BC,lJ;CHHblM e Ta6n. 2, npH'ICM cymecTBCHHO, 'ITO HMTIYJlhC 

caMoii 311eprH'IHOH qacTHUhL 0Tpn1.1,aTenhnoro' 3HaKa 6onbIIIe, 

'ICM qacTHIJ,bl TIOJ10)KHTCJ1bHOrO 3HaKa. TaKHM o6pa30M, B s -
co6bITH.HX npncyTCTBYCT TT - -MC30H, '.JHeprH.H KOToporo B 3 

+ 
pa3a npeBbIIIIaeT cpe.n;iHOIO 3HeprHIO OCTaJJhHblX TT- -Me3o-

HOB, npH6J1H3HTCJ1bHO·o.n;HH8.KOBYIO,D;J1.H TT+- H 77- -MC30HOB. 

3TO 03Ha'laeT, 'ITO CHMMCTPH'IHblM co6bITH.HM B cpe,n;ileM 

MO)KHO COilOCTaBHTb ,D;HarpaMMY Ha J)HC. 8a, C ·o,n;HHM BhI,n;e-- ,. 

JlCHHblM no· 3HeprHH 77 -Me30HOM. 

B aCHMMeTpH'IHblX co6b!TH.HX H36bITOK MaCCbl OTpiiua·

TCJlbHblX Me 30HOB cocTannneT t\M - = 0,52 ± 0,07 / I'3a/c 2 
/, + TT - . - -· 

cpe,li,H.ll.ll 3HCprH.H BCCX TT - -Me30HO~paena <,;>=0,54±(J01I'3a, 
a .,cpe,D;H.ll.ll MHO)KCCTBCHHOCTb npoTOHOB n .,. 0,24 • Tor,n;a 

no qiopMyne /12/ 3Heprn.H caMor·o 3Heprnq~ciro 111-- -Me3o-

Ha oKa3bIBaeTc.H pannoii · 0,9 ± 0, 1· I I'3a/. · 
3TO 3Ha'leHHe TaK)KC COBila,n;aeT C IlpHBC,D;CHHblM B Taon.2 

- HMilYJJbCOM ,D;Jl.ll caMOH 3HeprH'IHOH tfaCTHUbl OTpHtiaTCJlbHOro 
. ' ' 

3HaKa, HO B .n;aHHOM cnyqae ero BeJJH'IHHa He CHJlbHO OTJJH-

qaeTCJI OT HMnynhca caMoii 3HeprH'IHoii i.iacTHUbI nonO)KH

Ten1,Horo :JHaKa. ,n:pyrHMH cnoBaMH, 77+- H. 77 - -Me30Hbl 

B acHMMeTpH'IHbir co6bITH.HX. panuonpaBHhl iI o6yc.riOBJ1CHbl, 

no-BH,Il;HMOMY, O,D;HHM H TCM )KC MCXaHH3MOM pO)K,D;eHH.ll. Ta

KHM co6bITH.HM MOil<CT' OTBC 1ia,Tb .rina.rpaMMa, H306pa)KCHHa.H 

Ha pnc; 86; 

·11 



I 
I 

I 

CyIIJ.eCTBOBaHne -Koopem1u.nii Mem.u;y M H 
Ys 

)b 
npn-

BOJlHT TaKme H K 3aBHCHMOCTH MHomecTBeHHOCTH- OT Ys 
Ye Y. 

B pe3KO acHMMeTpH11HhIX 3Be3.u;ax C .§_ > 1 -
MH0mecT· 

Ye 
BeHHOCTh MeHbWe, '1eM n CHMMeTpH'1HhIX /pnc. 9/. :::ha 

KOppeJIBUHH Tome HMeeT KHHeMaTH'IeCKOe IIpOHCXO)KJJ;eHHe. 

Heo6xo.u;HMO HMeTb n BHJlY, 'ITO KoppeJIHU.HH Ha caMOM .u;ene 
CHJihHee, 11eM IIOKa3aHa Ha pHC. 9, IIOCKOJihKY H3 paCCMOT· 

peHHH HCKJIIO'IeHhl cny11an C n ± =o H 2 .. 

Koppenxu.nn n 'n Ys · -6LrnH ·cfGHapymeilhl · B pa6o-

Tax 13 ,5,6 / npH 3Hep/ifxx nepBH'1HbIX· IIHOHOB B HHTepnaJie 

OT 16 JlO 200 .I'36. 

§3. OC0.6EHHOCTH PACilPEJ:{EnEHHSI HMDYnhCOB 

MbI IIPOBCJIH aHaJIH3 HMIIyJihCHhlX cn_eKTPOB 'lT ·Me.30HOB 

B C -cHCTeMe B 3aBHCHMOCTH OT IIOPHJlKOrO HOMepa i, npn

CBOCHHOro 11aCTHU.aM B npou.ecce. BbICTpaHBaHHH HX IIO ne

JIH'IHHe IIOJIHOro HMIIYJihCa B C - CHCTCMC OT .u;eJihHO JlJIH 

nepe.u;Heii: H 3a.u;Heii: nonycqiepbl JlJIH co6bITHH C MHO)KCCT

BCHHOCThIO C n + _2: 4. 
Ha pnc. 10 /a,6/ npHBe.u;eHhl CIICKTpbl rr + - n 'lT-

MC30HOB ).l;JIH pa3HhlX 3Ha11CHHH IIOPHJlKOBOro HOMepa i. 
B Ta6n. 3 npe.u;cTaBJieHbl cpe.u;HHC 3Ha'1CHHH 'HMIIYJibCOB 

qacTHU., pacnOJIO)KCHHhIX a IIOPHJlKC y6bIBaHHH n C -:CHCTe

MC < p. * >. B nepe.u;Heii IIOJiycqiepe cpe.u;HHC HMIIYJibCbl no-

' JI0)KHTCJihHbIX H. OTpHIJ.aTCJihHblX· qacTHIJ. OJlHHaKOBhl, KpoMe 

nepBOH. IlepeaH _OTPHU.aTCJibHaH 11aCTHU.a HMCCT HMilYJibC 

6oJibWHH, 'ICM COOTBCTCTBYIOIIJ.aH IIOJIO)KHTCJibHaH, 'ITO CBH -

3aHO C coxpaHCHHCM HaJieTaIOIIJ.eii 11aCTHU.hl. B 3a.u;Heii: IIOJiy

cqJepe HMIIYJibCbl IIOJIO)KHTeJihHhIX H OTpHu.aTCJihHbIX qacTHIJ. 

OJlHHaKOBbl IIPH COOTBCTCTBYIOIIJ.HX 3Ha'1CHHHX HHJlCKCa no

pHJJ;KOBOq) HOMepa, 

B nepe.u;Heii nonycqiepe n.6Sll/o·co6h1THH nepeoii no Benn-

'1HHe HMIIYJihca qacTHU.eii HBJIHeTCH 'lT - - Me 30H H B 3511/o· -

12 

rr + . B 3a.u;Heii . nonycqiepe B 6O11/o co6b1Tnii nepnoii no 

· BeJIH'IHHe HMIIYJihCa qacTHU.eii HBJIHeTCH IIOJIO)KHTeJtbHO 3apH • 

)KeHHaH qacTHU.a /n.u;eHTHqlHU.HPOBaHHbie IIPOTOHbl HCKnI04e • 

HhI/. 3aBHCHMOCTh cpe.u;uero HMilyJihCa OT HOMepa i no Ka -

3aHa Ha pHC. 11. 
MynhTHnepnqiepn11ecKaH Mo.u;enb npe.u;cKa3hmaeT 6once 

HJIH MCHee paBHOMepH0C- pacnpc.u;eJICHHe OTIIOUJCHHH HMilYJih· 

cqB 11aCTHU. B MYJihTHnepmpepH4eCKOH U.Cil04KC 

* 
I!,. = !.w_ 

f p* 
f 

/13/ 

J13 3aKOHa coxpa11e11HH 1ncpnrn • HMITYJihCa CJICJlYCT, 

4TO npH 60JihllJOH MJI0)KCCTBCIIII0CTH /ii 2:0·,5.• 3KCOCpHMCH· 

TaJihHhle 3Ha'1eHHH <ti,> npHBCJlCllhl B Ta6m1uc 4. 
PaccMaTpHBUJIHCh TaK)KC paCCT0HIIIIH MC)f(JlY C0CCJlllHMH 

4aCTHU.aMH B lllKaJIC y*nJIH to6LITllii pa'lllOH MII0)KCCTBCIIHO· 

CTH. Cpcn,mc 3Ha4CHHH <liy""i > = < y~: - y :l: +· 1 '> np11nc-
. I I 

JlCHhl B Ta6JIHUe 5 H ua PHC. 12. OTMCTIIM. 4T0 pacCT0HIIHC 

MC)KJlY KpaHHHMH · 4aCTHUaMH CJia6o 'JHBHCHT OT MIIO)l(CCT· 

BCHHOCTH H 3Ha4HTCJihH0 MCIILWC KHIICMal ll4CCKH pa'3pc • 

UJCHHOro npH 40 I'3a y = fn s = 6,4.·' 
m 2+<q_;J 

3AKfllOqEHHE 

Ha OCHOBa.HHH IlOJIY'-ICHHhlX naHHhIX M0)l(H0 cncnaTh Bbl" 

BOJl, 'ITO B rr -p ·CT_OJIKH0BCHHHX cymccTBYCT no KpaHHCH 

Mepe nee rpyllllhl co6hlTHH, pa3JIH4al01UHXCH CTCITCHhJOaCttM· 

MeTpHH yrnoeorci pacnpeneneHHH 3apH)KCHHWX BT0PH4HWX 

11acTHU. B cttc:reMe uenTpa Mace, cpe.n:nett 1ueprneii 4acT~U. 

B CHMMeTpH4HOH CHCTCMe H BeJIH4HHOH :rncprHH 311epreTH
0 

4eCKH BhlJleJieHHOH 4aCTHUhl. 

AcHMMeTpH4HhJe B3auMonettCTBH.ff MO)KHO HHTepnpeTHpo· 

eaTh KaK pe3yJihTaT CT0JIKHOBeHH.ff HaJieTaJOmeii qaCTHU.bl 

c BHpTyaJihHhlM ITHOH0M MHUJ_CHH. B. 'JTOH rpynne co6hlTHH 

Ha6JIJOJJ;aIOTCH KHHCMaTH4eCKHe KOppl'c1HUHH MC)l{Jl}'.MJIO)l(~CT· 

BCJIH0CThlO 3ap.H)KCHHhlX 4aCTHU H neJ1114HIIOH .• napaMl'Tpa 

acHMMCTPHH. 

AHaJIH3 rr-p ·01aHMOnerrcTn1111c·104Kll 1pc111rn MYJihTH

ncpnqiepH4CCKOii Mo.zicm-1 noKa3aJI, 4111 cnoitcrna BTopH4HhJX 

, 13 



qacTHU cna6o 3aBHCHT OT HX rrpeArronaraeMoro rrono»ceHHH 

B MynhTHrrepmiJepHqecKOH uerroqKe - HMrrynhCHble crreKTPhl 

qacTHU ITOA06Hhl H rrepeKpbIBaIOTCH B WHPOKOH o6naCTH 3Ha

qeHHH, cpeAHHe 3HaqeHHH HMrrynhCOB pa3nHqaJOTCH MeHee 

qeM B ABa pa3a. lfcKnJOqeHHe COCTaBflHIOT qacTHUbl Ha KOH

uax uerroqKH. 

)];nH acex MHO»ceCTBeHHOCTeii qacTHUbl pacrrpeAeneHbl no 

OCH y * paBHOMepHO. 

IlepaaH H rrocneAHHH qaCTHUbl OTCTOHT Aanbwe OT COCeA

HHX, qeM 3TO HMeeT MeCTO AflH OCTanbHbIX qacTHU. 3Ta 

oco6eHHOCTh B uenoM o6ycnoaneHa rrepH¢epHqecKHM xapaK

TepoM B3aHMOAeHCTBHH CTanKHBaIOII.IHXCH qacTHU. 

Bo3MO)KHOCTb pa36HeHHH C06bITHH Ha rpyrrnhl C pa3HblMH 

CBOHCTBaMH BTOpHqHblX qacTHU yKa3bIBaeT Ha CYl.lleCTBOBaHHe 

pa3nHqHblX MeXaHH3MOB B3aHMOAeHCTBHH, IlO3TOMY B Aanb

HeiiweM rrpeACTaBnHeTCH HHTepeCHblM aHanH3 pa3nHqHblX 

rpyrrrr co6bITHH KaK C TOqKH 3peHHH MYflbTHrrepH¢epH3Ma, TaK 

H APYrHx MOAeflbHhIX rrpeACTaaneHHH. 

B 3aKnIOqeHHe aBTOpbI Bbipa»caIOT 6naroAaPHOCTb rpyrrrre 

na6opaHTOB, KOTOpbie IlPHHHManH yqaCTHe B o6pa60TKe 3KC

rrepHMeHTanhHOro MaTepHana. 
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