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B CTOnKe ~OT03MYBLCHM, o6nyqeHHO~ Ha 60JibmG~ BHCOTe, 

6a~ aaR,D;eH cnyqa~ saxaaTa K= = MeaoHa c nocne,nyD~HM xcnycKaHH= 

HHeM rmnep~parMeHTa AHef x)o MHKponpoeKnxa Mso6paxeHa Ha 

pHCo Io 

qaC?HUa (5) BOmJia B CTOllKY K3BH8o Ilpo~,D;S B 3MYR»CKH 

27 ,3 MM, OHa o,craHOBHJiaCL H B TOttKe A o6pa30BaJia O -3Be3,D;Y 0 
• __ l 

l13MepeHHe MaCCli ttaCTHUW (5) no npo6ery H pacceRHHE ,D;aJIO 3Ha-
. U) 

tteHHe \1".') = (8231I60) me O 11:0HKSaOOJ{OHHde H3MepeHHSI npHB8JIH K 

YY) ~ 700 h7 e O IlO-=Bll,D;KMOMY' 3TO K= = u:e30H 0 

qepnH~ cie,D; ( f ) 3B83,IUit AB CBOD ottepe,D;b OKaHttHBaeTCH 

3Be3,D;0il B, O,D;HH H3 Jiy'leff KOTOpOff OKa3MCSI Ti- ... U:e30HOMo Jiy ... 

trn (I), (2) H (3) ltOMD.118.BapXHo 3T0 · CIX,lleTeJlbCTByeT B ll0JU,3Y 

Toro, ttTO 3Bes,na B o6pa30BaJlaCb npH M830HHOM pacna,ne OCTaHOBH

Bmeroca runep~paru:eaTa Ha 3 sapaxeanue qacTHUHo· 

l1suepe1urn: IIIHPHHY cJie,noB qacTHU ( F ) , (2) H (3) no1taaa

.1ui, 'QTO y Krut,D;Off H3 3THX 'QaCTHU sapSl,D; 7:.. ~ 2o 

RHHeMaTHqecKMR aHaJIHI 3Be3,D;H B npOBO,D;HJICR B npe,nnoJIOEe= 

1uu1:, ttTO qaCTHUli (2) H (3) MOrJIM HlleTb BCe B0:31,:0J;HHe npH 3THX 

sapaax snaqeHMH uacco ABMH3 noKa3an, qTo cxeMa pacna,na Hue

Jia BM));: 

H s H ti- G'",' -e ---- e +p +Ji /\ 2. c 
0 

IlpH 3TOM KH!eTHqeCKa.H 3Hepraa npo,IJ;yKTOB pacna,IJ;a 

Q ~ (34,2!0,4) MaBo 
" 
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CyuMa m.myJibCCB o6pa30BaUHXC8 qacT~u;_ f ==(I3t26) M~-B 

3Hepr~u1 CBSI3H BA= (2, 7:!:.0 7 4) M3B 9 qTo xoporno corJiacyeTc.H c 

ony6JIHKOBaHHbIW1 )J.aHHhlWfo 

Yron, o6pasyew,rw HOpMaJibl K llJIOCKOCTH pacna)J,a H HanpaBJJ6= 

HHeM BHJieta rHnep¢parMeHTa, paBeH 82 rpaio 
v 

B om1cbinae1v10M cnyqae, Tait xe r<aK H B ,1J,pyrHx onyc5JJHKOBaH= 

Hh!X cnyqa.RX ;He; MOJmo, KOHeqHo npe)J.IlOJIOlU'IT~, qTo npvi pacna= 

ie 6u~ )J.OilOJI~HTeJibHO HcnymeH HellTpOH C oqeHb MaJioR 3HeprHe~o 

3'1'0 He HapymH..'10 6u KOMnJJaHapHOCTH Jiy'ttet;f 3B83,IUil Bo B TaKOM 

cnyqae. cxeMa pacna,1J,a 61rna 6hl: · 

H 6 H 4 .-:-;--., e --- e +p-i--n+11 
. A l 2 

0)tHaKO. npo·BO,Itl1:Mblil Hltle KHHeMaTT!ltleCKT!ltt aHaJrn3 nepBT!lqHon 

3B83,ItbI A IlO3BOJHl~T YTOltHJ/IU,. M)t0H'!T!lcpl1KartHI) r11rrepcpparMeHTa ( F ) 0 

Ec.1m l1bl qacTm.{a (8) (Sh!Jia 6bl npOTOHOM UJIJA - ol =l.laCTVII.'(eti,. TO 

ee 3Hepr~R: COOTB8TCTB8HHO paBHSJiach 6hl I,I9 M3B HJIH 4,6 MaB, 

qro 3Ha.t.1wte.U,I!O BKEe KYJIOHOBCKoro IlOTeHu;It'IaJil,HOro Oapbepa B 

TRl'!t8Jl!.X .a.u;p~x ~MYJil>CHHo Il03TOMY npe.u;rroJiaraJIOCb!> qTo H,11;po, 3a= 

xBaT11:i~ee K ... = Me3oH · 6blJio C 
12

, JI/'~ ·11nH 016 
0 

)ln_R. Bcex B_03MOXHh1X (cornacHo · Tac5JioI) saat1em1tl Mace ll 

38.pst,n;OB qacTH~ ( 4), .< 6), (7) 11 ( 8) H )J;JISI .ltBYX THilOB rHnepcppar= 
. · 5 6 

ueHTOB ( He u He~ ) OhlJIH pacCM0TpeHhl DCC BapktaHThl pe= 
/\ 2 A i:;. 

12 ·14 0 ,6 -
aKUKU Ha C IV LJ O , EaJiaHC HMTIY Jl:bCOB J,1 :rneprlirn IlOKa=-

l 

aa11, T,lTO 38.ROBaM coxpaHeHvUl y,n;oi3JieTBOpSieT TOJIJ,KO peaKUHR 

K-+ c'2-=-=--He.5 + p +Ti-+ p +He~+ n 
6 A 2 2 
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H MOXeT OHTh peaKIJ;HSI 
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- 12. H s ~- 3 k +C -- e +p+11 +p+He +2n 6 A 2 2 
(2) 

(I) H (2) pa3~HqaDTCH K0nMqecTB0M HCnymeHHlilX He~TpOHOB H 

TMilOM qacTHUH (8)0 

5' 
B o6oHx cJiy'laSix qacTin~a ( p ) oKa:31:rnaeTCSI · 

11 
H e2 o 

IlonyqeHHoe H3 peaxquH (I) 3HatteHHe :Maces R- - wesoHa 

paBHo rn l(.;; (494,3 ! 6,8) M3B, .t1To ,xopomo cor.11acyeTc11 c 

.I(aHHJ:UAH )l;pyrHx pa6oT (n'"\/ ==(It 93J 6.6 ± 0
1
36) M 3b [1J) x) 0 

Ji13 pearnurn: t2) :U0:11:HO Chuo Il0JIY'UtTb HHJ:HH~ npe,ne.11 SHatte

HMSI Mace K- :uesoHao OH OKa~aJICSI paBHHM (506,7 ! 6,6) M3Bo. 

HMXHM'.~ npe,IJ.eJI paCCtU'ITaH B MaJI0,Bep0SlTH0:14 npe,nno.1101:eHHl-t, qTo 

o6a Het1Tp0Ha 6bVIH 1rnnymeHbl C 0)l;HHa.K0BlilMH no BeJilflUtHe 11'. Ha

npaBneHHD HMllY.11bC8l4Ho B np0THBH0M CJiyqae Blil'llHC~eHHaa Be~HqH= 

Ba rn/,( - eme 60.nee yBeJUitlHBaeTCSlo Ilo 3T0t1 npH'llHHe peaKUHSl 

(2) H3 ,D;aJl~Henmero aHMH3a HCKJIDttaeTCH KaK MaJIOBepOSITHaHo 

. ;ii:;. 

He BXO,ltH B npOTHBOpeitlYJ:e C cymecT!Yi)m11:u:H teopeTH'ie'CJiUfMlI 

npe.n;cTaB.11emrnMNY 9 :11oxuo npe_ttnOJIOJ:HTb, 'tlTo. 1mor;n.a o6pasoBaHM:e 

runepcppar:ueaTa M0JtteT nponcxo,D;Ht:& c yqacTHeM . E: =tlaCTHIUJxx) .. 

[ ~qaCTHU,a, o6pa30BaBmaRca BHYTPM s;n.pa, MOZeT !li~eTeTb B 

, coctaBe ·r1«nepcpparue1nao 1Iepea 011eH1> He60.111imoi1 npo:Me:z:yToK 

0 

x) Macca K= = M630HOB H3BeCTHa C 
EcTeCTBeHH0, O,D;HaKO, cqn?aT:&, 

YeH~me~ TOqHQCTbDo 
\IT0 m K- == rnwr .o. 

xx) 3Heprz.H 'Ji - Ml~30Ha, o6paso:eaHnoro · :e er,< =3Be3)l;e, 
,Ir,OBOJII,HO Ma.Jia (5:3 M3B)o 3T0 np0TMB,0pe:ttHT npe_ttnOJIO
Jil:eHM:K>, 'tJTO npH saxBaTe K=:u:esoHa· nep:eoHattaJn,no 06-
pasoBaJiac:o f_; = 'QaCTJ.U~ao 
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0 
:speMtHM o:a:a nepexo;o;mt JB .I\. = qac:nuzy 9 :e pesy~i&xe:rre ~ero l'itxo.n;= 

xNi rHn~p~parKtBT patna,n;aeTcH Ha 6oJtee n~rKH~ rMnep~parYeHr, 

to.n;ep>tantHff· 1\.
0 

= qae-nrn:y ► H 0,D;JIIH i[J'Ull H!!CEOJ!J&,K.O HYKJ1IOHOBXX.J') 0 

Etin, on•cu~aeHoH cJiyqae o6paso»aune rmnep~parMeuta npo= 

m3011.10, 1:ve11nrn Tal:HM nyxe11, To cJie,n; r1tnep~parMel!Ta . /\ H eJ m 

@,n;BB u~• 1ecxo~.~o Jltyqel 3Bt3JUal A o6paso»aHH qaotRnallH 9 mcny= 

ineHHY.:UX np11 pa~na.D;e mepl!n1~u1roro occ1.01J11ta c I: = 'tatTHU~tto h= 
• 

mtflt~C 3THX tlatetxn _,ltOJlt:!tl!l 6NTL paBeH HMilYJiiity OCKOJtKa C '[: 

~atTxn;et ~o pacna.n;ao Ilo ony~~ty otKORKa uo~Ho onpe,n;e~mTb ero 

3lrll~prlll1Bo Ifo.urn.sr 3!epr1u1 ncxoJuwro OJtJtOJPiRa .n;o.1:inra npn 3tGJM paB= 

HSITJllC! no.m10M .3lltlprMH 11tatTHD;9 JltlriynteJBllBWX ripH ero pacna,n;e O 3To 

n~~llOJLfit'? onpe,nt.lKTJD Br= 3JtfJprMll . t~S!SH . . r: = qa1~?HU.li 0 

· Ta:ttMM>Ci!'JIOCOCSo:w <hun1 Mtnpo6oBalltli Bte B03MOXJi!ie ItOH61:l!llanHH 

X3 2°:x, 3cX, 4=X :I 5=TH 1ttac•n1n nep!U{\!llH))~ 31te~JlHo Ilo1ttrH ,lI;JU:I 

iee:x i:01161tKau.11d1 BE. npH1nu,ana MM otpHnatenrciEHe, ~uJim ol!.ll:eH~ :BH= 

(HlKHe JlOJU)JEPITeJU»~se ::nl!atJelnut' M TOJU,,1(0 ,]VU! .n;:eyx KOM6MHao;iwm 

6uJ111 no.ty'lleHa npPieMJiewe SHatJe1uu1 (nop.a,ItKa arecxoJ!r~1tmx M,is) o 
'.' . 5'. ' 

I=.1 :s:0MdMHaru11 Ii H e2 1 
._n · u 2. p 0 6pa301laJI1tllCi 

npM paena.n;e o tl:Ol!K~ "~ Be~ o 

0 
Bi= (5,9.;t2,0) M3B 9 ec.1n1 1 coc-raie ocxo.11ta tuia E =t1acTH= 

u.ao 

xxx) Paccu:atpH!HteMM B,03MOXH~<OT1' MOXeT :oeTJ, CMJiiCJI TOJU»= 
. KO B TOK ciyt1ae, ec,.iu1 sa Bpe:ua nepexo,Ita. E ='Q:aCTm:O.W 

· · B .1t0 =1118.CTHey runepq,parMeHt. ycnieBaex :sw1efr~T1> 3a 
npteJ;tJUil BCXIQJ.ti;!UU"O .1.x,Ptlo B DpKln111e, CXeliOit re.lJI= 
Ma.Eaa, 370 me MtK~mqaeTCHo . 
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Bz:. "'' (5,5 '!: 2,0) Ivhrn 9 ecJIIA B cocTaB ocKOJIKa :aomna [: + 

qaCTIAt\ao 
5 4 

2~R KOMC:h1HaHHR 
II 
H P,2 ) pi n ~ u He'- o6pa.3oBaJJHC.h npH 

~1 
pacna,11;e ocKomca ?: B5. 

u ;::;:. ( 1 3 .t ? 0) f'-,--1 ': :· . 
L) > l c., I . J 0 

'--
' eCJIH B COCT8.B OCKOJ1Ka BOillJla 

.,,a 
l., =nae TMnao 

BL~ (0,2 ! 2,0) hlaB, ecnJA B COCTBB OCKO~Ka· BOillJia 
+ 

l: -qacn1:na .. 

IloJiy4eHHh!R pesynhTaT He rosopvi:~, KOHe~Ho, 0 TOM, qTo 

npo~ecc o6pasoBaHRR r~nepcpparMeara o6H3aTeJihHO me~ npe,11;no~a~ 

raeMhlM Bllllle nyTe:M, TaK KaK MOrJio cnyqJATbCJi, tlTO 3Hat1emiu1 2>1: 

JlMlllb CJlyqaliHO OKa3aJI~Cb He6OJihl11KJ.H1., Bonpoc Mor Oh! dh!Tb pe111eH 

nocne npone,11;eHHR aHaJiorHqHoro aHaJIH3a ,npyrHx cnyqaeBo OcodeK= 

HO IlOJle3HblM d1rno 6lil paCC).tOTpeHHe· GK =3i83,1J;, .nonycKaK>utHX 

IlOJIHbl~ ItirneMaTHqecKMil aHamrn [2] 0 

He HCKJll)lleHa B03llOJlCHOCTb, tlTO nmepcpparMe1n J,Hrnr,11;a MOJ:e.--r 

odpa3OBaTbCR B DO36yE,IJ;0HHOM COCTORHMH C nocne,11;y~mHM nepexoiou 

B OCHOllllOe 

Hax)o 
C OC TOHHMe nyTeM 11CilYCKaHKR r- KBaHTa. J,JJ111 HYKJIO -

C IlOMO~LD aHaJIK3a, auanorH4HOro B.b!WeonHCaHHOMY, npH .no= 

CTaT04HO« CTaTMCTHKe, MO%HO d.b!JIO 6u non~TaTbCfi OdHapy~HTb 

Ta1rne BQ3_6yJK.neHH.ble r1imepcpparMeHThl o 

B p~CCMaTpl1B8.8MOJJl KOHKpeTHOM cJiyqae OKa3aJ19c~, qro cyme= 
' ,4. 

CTBY~T ,IJ;Be KOM611HaUM11 qacTHU, ,IJ;JlH KOTOp.b!X 3Hepr~H CBR3H 8~ 
He 

Ilp11HMMaeT\OTpKUaTeJihH.ble 3HaqeH11Ho 

x) Ho,11;06:HO TOMY, Ka.rt KOMnayH,IJ;=R,IJ;po SJ.1, ~ 
c 11cnyc1taHI1IeM npoToHa . l3J . IAJrn He; 
C KCnycKaHHeM He~TpOHa ~ e 

<t 
nepexo,11;HT B H82 

nepexo,n11T B He~ 
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5 
I=R ROM<h-rnau,MR A HE1c u p o6pa3oBaJIIIICI> npH 

pacna.n;e B036yx,neHaoro n-mepqiparueHTa /\ ;fi~6 
o 3Hepr1u1 cBR3H 

;;f- 0. ' 
BA 7 (2,2 !,_0, 7) lvlsB., 3Hepr1-rn npoTqHa B CIIICTeMe QeHTpa 

Mace C p :: (IO, 6:t, O, 2) M3B., 
5 

2-R KOM<hrnaUHHo II Hei u n o6pa3oBa.1!HCb npH pacna,ne 
~. ~6 

BOJ!6yx,neHHOrO rHnepcpparMeHTa /\ He2 0 3aeprHfl CBR31i1: 
' . . . ~ . . . 

~ BA= (=0,9!, 2,0) M3Bo 3neprHH aei1TpOHa B CIIICTeMe u,eHTpa 

Mac c E n == ( 9, 9!, I , I ) M 0 B o 

ABTOPH Ctl:KTaDT CB OHM .I(OJirOM nodJiaro,napIIITb Mo 11.o Tio,nropen= 

KOrO 3a llOMOIItb B pa6oTe, a TaKl:8 CTaplllHX Jia6opaHTOB 3olloro= 

JIODHHY, 3oBoECHHY III Jia6opaHTa HoBoKHpCaHOBY 3a npoBe,neHHe 

H3Mepem1it, 

I 

2 

, 
4 

JLH Te ~ a T l p a g 

o RoWo Birge
11 

DoHo Psrkinss, IoRo Petersonj DoHo Stol"k1 
and MoNo Whitehead, Nuovo Cimento IV, N 4il 8J4 (1950); 

. - ~ 

o Francis Co Gilbertp Charles Eo Violet~ and Ro Ste~hen 
Whit~, Ph,yso Revo lOJf N 1~ 248. (1956;;_ . 

- -
o J'o Ajzenberg and To Lanritsen, Revso Moderno Physo 

24, N 4, J21 (1952); 
-. 

o DoSo Craig$) WoGo Cr0:$5 51 and RoGo Jarvis 11 Physo Revo 
lOJ, N 5~ 1427 (1956)0 
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