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l13yqem1e pacnpe,neJleHIIH CO6h1TRH no MHOJKeCTBeHHOCTli BTOPH'l.HhlX 

qacTHU npe,ncTaBJl.lleT 6om,mofi RHTepec .ll.Jlll npoBepKR TeopeTHtJecKax MO

,neJ1efi R ycTaHOBJlemisr HOBh1X '3MilRp0:'leCKRX 3aKOHOMepHOCTei1. B IlOCJle.n

HRe re.nu IillipOKO r13yqaeTCSI T.H. CI<ellJlRHr no MHOlKeCTBeH!IOCTli, KOTOp11i1 

61m IlOJly'leH B pa6oT/I/ B npe,nno~Ol!teHM cymecTBOBaHliSI q:enm.mHOBCKO

ro cKe:llJlRHra .IJ.Jlll Bcex RHKJll03liBHh1X npoueccoB. B aToM c.nyqae v.MeeT 

M€CTO (!)OpMyJla: 

6rt- -,JJ ( !-t. ) < h> 6.t,., = l <(l'!..')' 
(I) 

r.ne 6'11. - ceqeHRe o6paaoBaHasr~n -'iacTau .naHHoro T,ma, 6>~- noJ1Hoe 

Heynpyroe cetJeHae· BaaaMo.neilcTBM nepBH'lHh!X qacTHU a Y ( <\~> ) -
(!IYHKUHR, SIBHO · He aaBHcsu11a11 oT ;rnepnrn. 3Kcnepm.ieHTanhHh1e .na1rnue no 

pp -B3aliMO.IJ.eilcTB0:SIM .IJ.Jlll BTOPR'lHUX TI--Me30HOB B HHTepBtiJle :JHeprv.ll 

50-300 raB llO.IJ.TBep.IJ.RJlR cymecTBOBaHRe saBHCl™OCTH (I), XOTSI CKefiMHr 

.naJKe .IJ.Jlll O.IJ.HO'laCTR'lHUX RHKJll03RBHh1X npoueccoB B 3TO:ll O6.nacTH 3Heprv.n 

He HMeeT MecTa. B CB.fI3ll C aTliM, (!IOµ.lyJlhl TRna (I} paccMaTpliBaIDTC.fI 

RaK aMnRpll'leCKV.e 3aKOHOMepHOCTR/2/. ViayqeHv.e cReLIMHra no MHOlKeCT

BeHHOCTH .ll.Jlll paaHoro copTa BTOpli<iHhlX qacTV.U B UJHPOROM ,ll,aanaaoHe 

aneprnfi npe.ncTaBMeT· ClOJU,UJO:ll 11:HTepec c TO'lKli ~pemur .n.0:HaM0:Ra MHo

JKeCTBeHHoro POl!t.IJ.eHRII qacTHU,. B HaCTO.fI!llee BpeMII HN,€IDTCII )laHHhle no 

3TOMy Bonpocy .U:rui '.BTOPH'lHblX aapSilKCHl!illt llliOHOB, !/IX 3Ha'lRTeJll,HO Melil>

.llM cTpaHHhIX qacTlil(. B 

3TO:ll pa6oTe Mhl paccMOTPliM COOTHOUJeHHSI MeJK.ll.Y qiyHKI.{HSIM!/1 ·y .llJlII aap.H

JKeHHbIX H He~TpaJlhHHX llHOHOB, np!IIBe.neM aKcnepaMeHTaJlhHHe peayJU>TaTH 

TI ± ITO "o J,\0 ,< n-no , , JI !II j, -'laCTliuaM, Oupa3OBaHHhIM B p -coy.napeHRSIX 

npH p = 40 raB/c, H cpaBHliM ax c peayJU,TaTaMR .npyrRX aRcnepliMeHTOB, 
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§ I. C1rniimmr no MHOlKeCTBeHHOCTH .IIJl.!I HeiiTpaJII,

HWC li sapmteHHIIX nli0H0B 

JlJUI HeiiTpaJII,HUX Illi0HOB saBHCl1M0CTI, THlla (I) HMeeT Bli/3/: 

<IL> 
<no> 6l1. ... ( TI") = <p ( <~=> ) 

t'.)W"-

r,ne <ho) - cpe,nrum MH0llteCTBeHH0CTI, TI 0 -MesoHoB, 

6r1 (IT")= 1: ho 6 ( J-L,J1.o) = <ho) 611,_ 
• ·- 11..o ft_ 

(2) 

(3) 

( ho) h-- cpe,nHee '10.CJl0 TIO -MesoH0B B C0C>h!THHX C 11.- 0TPliWlTem,-

HhlMli 'laCTliWlMli. 
14( 

IIpH Bh!C0RliX aueprnsrx <It ... ) ~ .C. 11-o) 

penHcaTl> B Bll,ll;e: 

, noaT0My (2) M0lKHO ne-

6j.. ,f, ( J-1._ ) 
(ho)t.. 6· ... = 'f <'..h ... > , 

• •- ~11, 

C ,npyroii CT0POHhl, B nOCJ18,ll;Hee BP8MJI o6aapyllteHo, 'ITO 

/h" = cin ... + p., /3,5/ 
' o/yi,_ r ' 

(4) 

(5) 

r,ne cf.. ➔ l npH $ ➔ 00 • Hcnom,syJI 8TO CO0TH0!ll8Hlie, IlOJlY'lllM 

( d.rL + f3) 6
.f1.- = <p ( h-- ) 

6i,"' <n-> . 
IIpH MaJlblx saeprnsrx nepB0.t1Hh!X qacTHIJ; (I0-20 raB) sHatJeHliJI 

H S-J ~ < ho>n1 ... noaToMy Jl8Bh!e qacTH ypaBHemtil: (6) H (I) 

JOT, T.e. q> z 1' ,ll;llil BCex MHOlK8CTB8HHOCTeii. IlpH s ..... oo 

ct,...,,. i li f-, MolKHo npeueelpeq1,. JlJUI h ... .,.> ~ no.ny'lPJM 

Or1.,_ IT\ CJ::!:.::_) 
h ... ~ = -r <n-> . 

\,i'\, 

4 

(6) 

cl~O 
coBna,na

sHatieime 

(7) 

0TCJO,D;a Mbl 0lKH,naeM, 'ITO npli C)QJII,IlllIX aHeprHSIX <P ,;::::"f npH :--~_= <:1..-->, 
cp7"!' npH !'L><n-> li q> < 1:1 npli J'L < < f':.-> • 

§ 2. PacnpeneJleime no MHOlKeCTB8HHOCTli Il:-MesoHOB 

C IJ;81I1,JO 0nHCaimJI pacnpe,neJleHmt rr 0-Mes0H0B no MHOlKeCTBeHHOCTli, 

oelpasoBaHHwc B rr-P-BsauMo,neiicTBIDIX npH 40 raB/c, no woJJMyJ1e (2) 

8RcnepllMeHTaJII,Hl,l8 ,ll;aHHble annpoRCHMliP0BaJIHCI, ipyHRIJ;0.eii: 

r,ne 

<f>(z)= A exp (I: a.-~ 'Z~) 
i.~i , 

PL 
z = <It-> 

B pesym,TaTe 6h!Jl0 Il0JlY'l8HO: 

(8) 

<P< Z) = (0,043±0,008) exp ~9,79±0,72)Z -(8,"so±o,97) Z 2 + 

+ (2, 73±0,51) Z 3 - (0,34±0,09) Z 4 ] 
2. 

c X= 2,87 ,nM 9 aRcnepHMeHTalII>Hwc TotJeR (pHc.I). 

Ha pHc.2 np0.Be,neHH aaaJ1orn~HHe pacnpe,neJ1eHHJI ,D;M rr0-MesoHoB, 

oelpasoBaHHh!X B pp-Bsa0.Mo,neiicT:immc (15 raB/c) H B pp-coy,napeHIDDC 

(69, 205, 303 raB/c). 
4 

PesyJII,TaT ~TliPOBaimJI STHX pacnpe,neJleHlitl@'HRIJ;0.et1 Bli,ll;a (8) 

,naeTcR B pa60T/3/. RoaqxpliIJ;0.8HThl Q ·: ,nM oelonx pacnpe,neJ1eH0.ii 

ClJlHSRH Mew co6oii. 

AHaJlOI'H'lHble pacnpe,neJ18HliJI ,ll;Jl.fI sapRlKeHHh!X nHOHOB, o6pa80BaHHhOC 

B rr-P-B8aHMO,ll;8HCTBMHX npH 6,8161, 1ol7/, 13/8/, 15/9/, 2ol101, 
25/11l,4c/121, 5c/13/ H 205/14/ raB/c, npHBe,neHhl aa pHc.3. Hs cpaB

aemm STHX ,ll;aHHh!X MOlltHO 8aI<Jl!O'lHTI,, 'ITO 8Ha'l8HliJI ipyHRIJ;l:!li g> li "f' 
COBila,D;aJOT npli "2 = 1, B IlllipOKOM HHT8PBB.Jl8 aHeprHii (6.8 - 303 raB)J 

H88aB0.C0.MO OT THila nepBli'lHWC qacTHIJ; (CM. TaRlKe /15/) • 
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PHc.1. 

r·,.--«••n• ... i.0r.a1. 

.Ql I f j Jt 1 l, i ..1L 
. (I'\) 

3aBJICliMOCTI, [<fl-> 5'.1'1,(n°)/ < f½o> oi.h,] 
OT Z=~ .ItJIJI rr O

-Me3OHOB B rr-P-B3am.io.n;eiicTBIDDC. 
<11-) , 

(~•P~•I'\• .. . 
.,-.p-r•f\• .. . 

2. 

•Gr.I~ JI' 
•~r.&Jc:r; 
V HT.6/c pp 
.. ID51ilc pP 
• ~r.&<cpp 

.Dl • c J J, 1 J • ~ J 

Pile .2, 3aBaC.0MOCTL [ < h, > 6Jv(TI 0
)/ < l-1.no) O""i.l'\.. J 

OT Z= ..h:_ ,Il;JI!I rrO
-Me3OHOB B rr-p, pp H PP-B3aRMO,IJ;eiicTBH.RX, <.I1-) 
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.l 
'I 

I 

! 

..-.: 
<> 

t, 

t. 
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•11111 k t ts l ls s. 1 
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1h 
t:•fi{.r 

PHc.3a. 3aBacmocTL [C<.ri-'>-i) 61'1-] OT r,=- ~-i i o'lol'\- ,I-t>-
,ll;JIJI n± -M83OHOB B rr-p-Bsam.10.n;eilcTBH.fDC. 

:i~, 
I 

~ 
L 
-1 
3 
► 

.DI 

!:.t. ,.,...,, 
• 11r.&,1c 

:;~ ....... 

I•~ 

PRc.36. Ta llt8 CaMaH saBHCm.lOCTL, qTO Ha pHc.3a, ,IJ;M 

.n;pyroro HHTepBa.na :meprmi:. 
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i. 
I 

ITo.nyTieHHHe pe3ym,TaTbl .IVIJI .rr.am,Heiimero oCicyl!t'AeHHJI JiyTIIlle npe~-
<I1ort""> ..1 _ <ni+ > 

cTamITI> B BH,11,e 3HaTieHHi1 1waqxllm:~eHTOB C~=<ftc><flf u C-t.i~,- <rt.>q. ... J. , 

9, = 1,2,3, ••• Pe3ym,TaTbl pacTieTOB npn:Be.rr.eHbl B Taeim1ue I. 

YHUBepcaJU,HOCTI, qJOµ.iyJll1 (I) paBHOCHJlI,Ha YTBePJ!t'A€H.IIJO, TITO 3Ha

TI€HH.fl MOMeHTOB Cq.. u d.1, d He aamrcm OT aHeprlili u Tuna cTammB8JO

IJlliXCJI TiacTm/16/. 

113 TaOJJHUll l BH,11,HO, TITO COOTBeTCTBYK>ll!He 3HaTieH.lrn BeJJHTiliH C't, 

u d~-t! He MeHmoTc.fI B npe.rr.eJiaX aKcnepHMeHTam,mix omu6oK .rtM BTOPHTI

HHX IlHOHOB (II± u IT0) B HHTepBaJle :meprm1 (40-303) raB, .11.Jlff q ~4. 

§ 3. PacnpeneJieHHe no MHOmeCTB€HHOC~H K0-Me30HOB 

u_ A0 -runeI!.,OJi_Q_B 

Pacnpe.rr.eJieHRJI no MHomecTBeHHocTu·K0-Me3oHoB H A0 -runepoaoB 

aHaJJH3upona;mc1, no. qioµ.1y Jle Tillla (2) : 

<n> 6'11, (vo) = 1 ('.l) 
<.lt-,i> OL1-<- ' 

(9) 

r,ne <i'Lvo)- cpe~ee TIHCJlO yo (A0 HJW K0)-TiacTHU aa o.rr.ao B3aHMo

.rr.eiilcTBHe, oh ( V 0
) = <Jt.vo>l'\, 0,11. • Ha puc.4 H 5 npn:Be.rteHH 3KCne

pUMeHTaJlI,H!le peaym,TaTu .rtJIJI IT-p-BaaHMo.rtei-icTBHi1 npH 40 raB/c .rtJIJI A0 

l1 K0-TiacTHU, 

nJIJI cpaBHeHHJI (pHc.6 u 7) npHBe.rteHbl .rtaHHble B pp-cTOJlKHOBemmx 

npu 69, I02, 205 u 303 raB/c .rtM Tex me BTOPHTIH!lX TiacTur/17/. 

namme annpOKCllMHpOBaJIBCI, 4JYHKUH€ii 

:f== exp ct Q~zi. )_ 
L=O 

(IO) 

Peaym,TaTbl annpoKcHMaUHH npHBe.rteHbl B Ta6miue IT. KaK Bli.ItHO H3 pHcyH

KOB 6 li 7 H TaOJlliUll IT, 3HaTieH.11.fl K03qxpHUH€HTOB Q.i, .11.JIJI IT-p- H Pr 

B3aHMO.It€HCTBHM B npe.rr.enax OlID'!OOK COBila.rtaroT .11.JlJI K0-Me30HOB H ~-rH

nepoHOB no OT.rteJlI,HOCTH B HHTepBaJle 3HeprHi1 (40-303) raB. 

8 

~-

' 

\ 

t, 

I 
1' 
\ 

) 

Tun 
B3aHMO,IteiicT-

:mm: 

IT-p 

pp 

pp 

pp 

Pna6 
(raB/c) 

40 

102 

205 ,, 

303 

Ta6;mua I 

q.. <lt.q.t-i> 
q,. C - <niro n- > <½,+i = < 11.->q.+i i- <nw><ft.>1\-

I I,04±0,05 I,23±0,03 

2 I,36±0,09 I,78±0,15 

3 2,05±0,20 2,93±0,16 

4 3,43±0,46 5,33±0,19 

I l,19±0,08 

2 l,72±0,I5 

3 2,78±0,32 

4 4,95±0, 75 

I I,I3±0,I7 I,25±0,08 

2 _I,47±0,25 I,84±0,16 

3 2,I0±0,40 3,05±0,33 

4 3,23±0,68 5,52±0,74 

I I,II±0,16 I,20±0,07 

2 I,47±0,33 I,72±0,14 

3 2,17±0,38 2,79±0,46 

4 3,44±0,68 5,02±0,'66 
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'· 

~ 5 .It 
IJ~ 

~? 
.I 

.Olt 

t:·p-/1.' • I\• ... 4D r.&Jc 

0l I k l I I I I . 1.5 2. 2.5 3. & 

PVIC .4, 3aBl'lCl'lMOCT1> [<I1-) 0}1.. (K') / < rt,A° ') 0~ J . 
OT Z= ~ ,nJIJI A0 -rmiepoHoB B rr-p-B3am,,o.n;eticTBIDIX, 

.(t1,) 

!f"p-K' •I\• ... 4D r,l/c 

2. 

~~ -~ ~ ~ 

i.; 

!~ .2 
.:.l 
" .I . 

. 00 . 

.0.\I 

.02 

.Cl I I f 
t I It: i, 2.5 3. & • 

F.!c.5. Ta ~e Ca.MM 3aBl'lCl'lMOCTb, qTQ Ha pnc.4, ,ll;JIJI K
0-Me30HOB, 

10 

· l' 
·-J 

' 

j 
t 
I, 

'1-.. 

T:im 
B3am.lO,ll;eticT

DIDI 

U-p 

pp 

Pna6 
f3B/c 

40 

69¼303 

" 

,, 

KosqqiH
wi:eHThl 

ao 
al 
ct2. 

a.,. 

ao 
a..1 
a2. 
a3 

II 

Ta6Jmua n 

Ko 

-2,32±0,48 

6,34±1,29 

-4,44±1,15 

0,70±,0,30 

.,,2 
Iv_= 6,29 
npH 9 Toq
Kax 

. -2,38±0,57 

7,08±1,67 

-4,95±1,47 

0,85±0,39 

Ao 

-I,99±0,72 

6,69±2,13 

-5,57±1, 74 

1,15±0,42 

x_;!. = 6 ,33 
npH 7 roq-
1mx 

-I ,I3±9, 75 

4,59±2,62 

-3,39±2,67 

0,45±0,82 



,:·p-1'. I'\ •••• 
pp-/\"•I'\• ... 

~~ . 11 
.01 

.DI 

• ~o r.&1e • ur.11. 
• a,r.&1• 
• aosr.a,. 

" «u 

Plic.6. 3aBMCl!MOCTh [<11,) 6't,,(X)/ <ft.Ao> o~ .... ] OT 

Z-:::: .L~') )\JUI ~ -rrurepoHOB B Irp- li PP-Baam.10.n;eilcTBM.ax. 

l 

I. 
.8 

j?f •• s 
;-:~ -~ 
"/~ ~s .2 

... 
.oai 

rp-1<"•"-•··· 
l'l'-K"•I'\• ... • ~r,1/e 

• 69T.&le 
• t00r.11o 
• tO!ro&/e 
• mr.i,. 

"' J t I, 1 t 11 
" m 

PMc.7. Ta JKe 3aBliCl!MOCTh, qTo Ha·pac.6, .ll:JIJ'I K0-MesoHOB. 

12 

C 
<rtv 0 h,q,.> 

B Ta6IDIIJ,e ill np,rne.n;eHU 3Haqemm K03qxpm.i11eHTOB ~ ==<It-?o)<ft>'l, , 

OTCID.n;a TaKJKe Bli.n;HO, qTQ ,ll;Jill n-p- li pp-cTOJJRHOBeH!fil B IllliPOKOM MH

TepBaJie 3Heprlili (40~03) r3B 3HaqeHM.fI C'l, B npe.n;eJia.X Olllli60K COB

na.n;aIDT, 3TO TaKJKe no.n;TBeplK,l],aeT c.n;e.na.HHllll BU!lle BUBO.D: o ueaaBllCl!MO

CTli Ci li cl~t! OT :rneprMH ll T1ma cTaJJRHBaIDII!MXC.fI tiacTMIJ,. 

CymecTBeHHUM BOllPOCOM ,ll;Jill .nHH8MMKH MHOJKeCTBeHHOro polK,11,eHH.fI 

.fIBJUl:IDTC.fI ROppeJlHIJ,lili no MHOJKeCTB6HHOCTli pasuoro Tlma qacTHIJ,. OHH 

dum1 oduapyJKeHu, nanpl!Mep, .n;M rr- M rr 0-MesonoB. B cBH3M c 3Tl!M 
'· . 

MOJKHO 6uJio c.n;enaTr, .n;onommTem,Hue npe.ncKasanM o cReilJI11Hre no MHO-

JK6CTBeHHOCTH (§ I). Il03TOMy MU M3yqaJlll saBMCillt.OCT!, cpe.n;nero tIHCJia 

K0-MeaonoB H A0 -rHilepoHOB OT MHOJKecTBeHHOCTH BTop:11qHHx qacTMIJ, B 

rr-p-BsaHMo.n;eilcTBWJX npH l!Mny JII,ce 40 r3B/c. 

Ha p:110.8 npe.n;cTaBJieHU 3KCnepl!MeHT8Jll,HUe pesym,TaTu. 3aBllCll

MOCT!, -<l'lvo/=JC:n.-) 6una annpoKcMMHpoBaHa BHpaJKeHMMH: 

{11. ~0)1t,_ = a 1 + {i lt - (II) 

< l1.~o1t._ = G..2 + t2 l1- - . (I2) 

3HatieHH.fI R03qxplill,lleHTOB E. npHBe.n;enu Ha pac.8. 

B "npe.n;eJiax OllllldOR g_,;:::. o. B CB.fI3H C 3TMM HHTepecHO OTMeTHTh, 
\, ·. ' 

qTO 3HaqeHM 'lf~"£", TaK KaK 6:h, (V0
) = < h,r> 6}-1. , ,llpyrl!M . 

npe.n;cTaBJieHHeM KOppeJI.fIIJ,llli THila (I) H (2) RBJI.fieTC.fI KOppeJI.fIIJ,llOHHUli 
c~t . 

napaMeTp J2. ' KOTOPHH onpe.n;eJI.fieTC.fI KaK 

uJ : ( = <. ft.a.rt.t> - < l'La.) < rtg >. (13) Jz ~~-
Ha pac.9 npHBe.n;ena saBHcHMocTr, KoppeJI.fIIJ,lloHnoro napaMeTpa J2 

Aon.- . • . 
li _ j . OT 3Heprmi: ,ll;Jill pp-roam10.n;ei1CTBHil npH 3HeprH.fIX B HHTepBa-

Jie (69 +- 303) raB H ,ll;Jill Irp-cTOJlRHOBeHHfi npH -40 raB. MaJioe 3naqe-
f~t . Ji HaJCO.n;HTC.fI B corJiaClili C yJKe OTMeqaBilll1MC.fI qiaETOM OTCYTCT-HHS 
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THil 
B3am.rn.nefi 

CTBHH 

II-p 

pp 

pp 

pp 

pp 

pna.6 

raB/c 

40 

205 

40 

205 

303 

THII 
qacTl'!Ull 

/\0 

A° 

Ko 

Ko 

Ko 

.14 

q, . 

I 

2 

3 

4 

I 

2 

3 

4 

l 

2 

3 

4 

I 

2 

3 

4 

l 

2. 

3 

4 

Ta6;mu,a m 

ci- I q, ~ = <'.rtyolt > <ftv~<J-t> 

I,07±0,17 

I,35±0,24 

I,98±0,35 

3,26±0,64 

I,16±0,33 

I,62±0,52 

2,65±1,I0 

4,81±2,37 

0,98±0,14 

I,21±0,19 

1,74±0,29 

2,84±0,54 

I,OO;t0,2I 

1,19±0,28 

1,55±0,42 

2,21±0,70 

1,07±0,19 

1,28±0,27 

1,75±0,43 

2,34±1,05 

<n •. ) I- <f\.o) •a• tr1. 
I g •·D.OAA•D.Oi00 

f"p-401il/e 

.ltO 

.30t+-r 

.20. I 
.tO J I f-i 

_l_ J I 

.15 & •·D.002h0.00'7 
<n.-> t <rt~>•11•&r1. I :Jrp-40rJtc 

.10 I I l 
!Is I I I 

_j__ 

0 I 2 3 ; 5 l 7 n. 

PHc.8. 3aBIWHMOCT.I, cpe,nHero qirnna KO~e3oHOB 11 _x>-r:r.nepouoB 

OT lt._=(r'\,-2)/2 ,nJLCI n-P-B3ru!MO,neficTBltil. 

• pp--1<
0

•n. lC ,r•p -K0 •rt 
o PP--A0

•P\ 4 1f"p---/\0 •P\ 

i:E i 
0t-If i - - - - - ~ --

K• 

--I 
~,o,__ ~•1 I 
D ~!~l -- L .. I 

:fO 

Ito- 400 J 200 
P..,. <r.&te) 

PHc.9, KoppeJI.fIUMOHHufi napaMeTp 

OT aueprl'lfi. 

15 

s:~vo 
!00 

RaR rpyHRI.UIR 



BWI aaBHCHMOCTll <11.v•> OT MHOJKeCTBeHHOCTH BTOPWIHHlC sapmteHHHJC 

qacTHD;. 

TaRHM o6pa30M, HMeIOIIUieCR 3RCnepHMeHTaJll,HHe .n;aHiiHe no MHOJKecT-

BeHHOCTH BTOPWIHHX n±, rr0
, K0-MesoHOB 11 A.0 

-rHnepoH~B n01ms1rna.10T, 

qTO cRetlJlllHr no MHOJKeCTBeHHOCTH HMeeT MeCTO B IIlllpoROM llHTepnane 

3Heprnii (6.8-300) rsB. lW'-A qlyHRUllll "fl" He sa.BHCHT OT THila nep:auq

HHX qacTllU (P, II, P). 

HaM'npnmHo no6naro.n;apHTb n.H.CnenqeHRo sa nonesHHe o6cylii,Il;e-

HUR. 
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