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TTepenaqa 6onbmoro HMnynbca q HeKOTOpofi stnepHOH CHCTeMe HMe-

eT npHHUHnHanbH0e 3HaqeHHe nnH Il0HHM8HHH B38HM6nefiCTBHH HyKn0H0B Ha 

ManbIX paCCT0HHHHX. Mo)KeT Il0K838TbCH, qTo cn0)KHble CHCTeMbl HBnHI0TCH 

coBceM HenonxonHIUHM o6'heKTOM nnH usyqeHHH nono6Horo Bonpoca. OnHaKo 

cymecTBYlOT aKcnepHMeHTanbHbie qiaKThI o nepeAaqe 6onbmoro HMnynhca nefi

ToHaM, a -qacTHU8M H npyrHM "Han6apbepHblM
6 

0CK0nKaM. BepOHTHO, K 

3T0MY )1(9 Kpyry srnneHHfi 0TH0CHTCH B9CbM8 qaCTbie cnyqau nepenaqu HC

KnlOqHTenbH0 6onbmott 3HeprHH B036y)KneHHH aT0MH0MY gnpy. HH TeopHH 

HCnapeHHH, HH BHYTPHMepHblH KaCKan He MoryT o6'bHCHHTb 3THX HBneHHH. 

rro-BHnHMOMY, nnH Il0HHM8HHH TaKoro Tuna peaKUHM Heo6xonHMO 60-

nee neTanbH0e usyqeHHe B38HMonefiCTBHH qacTHU, HM9HH0 Ha ManbIX 0THO

CIITenbHbIX paCCT0HHHHX. 

Hs oqeHb-06IUIIX npHHUHil0B KB8HTOBOH M9X8HIIKH cnenyeT, qTo qiopM-

<jlaKTOp CIICT9Mbl, nonyqa10mefi HMnynbC q ' non)KeH B9CbM8 ·6bICTpo 

CTpeMHTbCSI K Hyn10 np11 q ➔ "" , ecnu q >> ii / a , rne a -pasMepbI CHC-

TeMbI. Mo)KHO CK838Tb, qTo nepenaqa HMnynbCa B 3T0M cnyqae np0HCX0nHT 

38 cqeT T8KHX KOHqJHryp-auufi qaCTHU stnpa, Korna BCSI CHCTeMa K8K 6bl 

C>KHMaeTCSI no pa3MepoB R 

1i 
R=-

q 
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Ecnn BC5I CHCTeMa B HOpManbHOM COCTOSIHHH HMeeT pa3Mep a , TO Be

pO5ITHOCTb IIOJ:l05Hofi <tinyKTyaunn w ( R) 5yaeT IIOPSIJ:!Ka 

W(R) 

3 
R .. ~ (2) 

flpn 9TOM Mb! rrpearronaraeM, 'ITO B o5naCTH ManbIX paCCTOSIHHH BOnHOBa5I 

qiyHKUH5I HyKnOHOB BeaeT ce5SI perynnpHo, TOtJ:Hee, OHa aom1rna 6b!Tb, IIO 

KpafiHefi Mepe, KBaapaTHtJ:HO HHTerpnpyeMa, tJ:TO H SIBnSieTC5I rrpSIMb!M cnen

CTBHeM OCHOBHbIX rrpHHUHIIOB KB8HTOBOfi MeXaHHKH. 

Ecnn rrono6Hble cnolKHbie tJ:aCTHUbl crroco5Hbl aefiCTBHTenbHO rrpHHH

Ma Tb 50nhIIIOH HMrrynhC, TO OHH MOryT BOCIIpHHHMaTb ero H BO3HHK85I B 

Kati:eCTBe BpeMeHHbIX o5pa3oBaHnfi B cnmKHOM nnpe, a 3aTeM rrepeaaBaTb 

6onbIIIYIO rronyti:eHHYIO HMH 9HeprnIO 5IJ:lpy, Bbl3b!B85I ero rronHb!H pa3Ban 

( "B3pb!B .srnpa,,) u:nn lKe, rrpoXO/:l5I ti:epe3 5!/:lepHoe BeIUeCTBO 6e3 CTOnKHO

BeHnfi, ncrryc;:KaTbC5I B BHJ:le Bb!COKO9HeprHtJ:HbIX OCKOnKOB. 

CneayeT OTMeTHTb, tJ:TO B KatJ:eCTBe IIOJ:l06Hofi cnOlKHOH tJ:aCTHUbl MO

lK0T 6bITb He TOnbKO CHCTeMa HyKnOHOB, HO H CIICTeMa apyrnx tJ:aCTHU, 

pa3Mepbl KOTOpofi rrpn CTOnKHOBeHHH C HaneTaIOIUefi tJ:aCTIIUefi yaoaneTBO

p5IIOT ycnoBHIO ( 1). 

Ha OCHOBaHHII 9THX rrpe/:lCTaBneHHH KalKeTCSI BeCbMa BalKHbIM H3YtJ:HTb 

rrepeaati:y 5onbIUOro HMIIynbca OT rrpOTOHOB nnn TT -Me3OHOB Bb!COKOH 

9Heprnn nerKHM SIJ:lpaM, T.e. li3YtJ:HTb yrrpyrne CTOnKHOBeHHSI TIIIIa 

p+A ➔ p+A 

TT+A ➔ ,r+A 

rrpn A .. 2-6 n 6onbIIIOM q 

Ecnn aaHHbie TaKHX 9KCIIepnMeHTOB npeBbIC5IT oueHKH, npeacKa3bl

BaeMbie H3 o5mnx npnHUilIIOB KB8HTOBOfi MeXaHHKH, 6a3npyIOIUHXCSI Ha rrpea

CTaBneHHil O 5IJ:lpe KaK O CHCTeMe B3aHMOJ:leHCTBYIOIUHX HYKllOHOB, TO 9TO 

4 

J 
} ,, 

l 

i 
,): 

f 

5yneT CnylKHTb yKa3aHHeM Ha TOT cpyHnaMeHTanbHbIH cl>aKT, tJ:TO aTOMHOe 

nnpo B "coCTOSIHliH cpnyKTyaunn" (R << a) He 5IBn5IeTC5I CnOlKHOH CHCTeMofi, 
. ' 

a rrpencTaBn.sreT co6ofi O/:lHY tJ:aCTHUY C Maccofi A ' KOTOpa.sr, O/:lHaKO, 6b!CT-

rrpoTOHOB H A - Z HefiTpOHOB, po pacrranaeTC5I Ha Z 
/1 / 

B pa6oTe 6bmII aaHbl Heo5xonHMbie oueHKH BellHtJ:HHbl W ( R) ann 

D 3 • /2/ 
H He . CorrocTaBneHne c pe3ynhTaTaMn pa5oTbI ( BTO-

pa.sr CTpOKa Ta5nHUhl 1) IIOKa3bIBaeT, tJ:TO YTOtJ:HeHne B orrpeaeneHlili Bennti:11-

Hbl W(R) rrpHBO/:lliT K HeKOTOpOMY IIOBbIIIIeHHIO BepO5ITHOCTH HaXOlKJ:leHH5I CliCTe-

2ii' -14 
Mb! HyKnOHOB B c4>epe CHnbHoro B38HMOJ:leHCTBH5I, Be3ne R= M7 =4,2-10 CM 

( M -Macca HyKnoHa, c -cKopocTb caeTa), a 3Hati:eHne W ( R) orrpeaen.sr-

eTc.sr H3 KBaHTOBOMexaHHtJ:eCKoro ycnoBH5I an.sr aepoSITHOCTH MeCTOHaXOlKJ:le

HH5I tJ:8CTIIU: 

W(R) f I 'PI 2 
d V, 

(3) 

ilnSI D 3 H li 
3 He 

' /3/ 
BbI6npanncb cl>YHKUHH XIOnbTeHa, <l>eIII6axa n 

E 
/4/ 

eTe 

iln.sr cpaaHeHH.sr npeanaraeMoro cl>nyKTyaunoHHoro MexaHH3Ma nepeaati:n 

5onbIIIOro HMµynhca CHCTeMe tJ:8CTHU C 9KCIIepnMeHTOM paCCMOTpHM rrpo

uecc ynpyroro pacce.srHn.sr npoToHa Ha3an Ha nerKnx .srapax, 

➔ 

flpeanonara.sr B c.u.n, npoToH-.srnpo HMnynhc npoToHa paBHbIM p O , 

HMeeM HMrrynhC KalKaoro H3 HyKnOHOB 5!/:lpa paBHbIM - -1a._ ( A -Mac
A 

coaoe ti:ncno)' ecnn He YtJ:HTb!BaTb 4>epMHeBCKHH HMIIynhC 5!/:lepHbIX HyKno-

HOB, CncTeMy KOopnnHaT, B KOTOpofi HMIIynhCbl CTanKHB8IOIUHXC5I HyKnOHOB 

p O H p O / A , o603H8tJ:IlM ~ -CHCTeMofi. EcnH ApN ( ~o , 0 ~ ) -

aMnnnTyaa yrrpyroro paccenHn.sr p N ( N -HyKnoH .srnpa) B ~ -cncTe~ 
, A p 

Me, TO nonHa5I aMnnnTyJ:la ann BCeX A HyKnOHOB eCTb ~ A ( ~. 1-1-), 
N=I pN A ~ 

n an4>4>epeH_unanhHOe ceti:eHne yrrpyroro pacce.srHn.sr Ha nape B uenoM 5yaeT 
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Ta6nHua 1 

W ( R) W 3H (R) w 3. (R) W 
4

' {R) 
D He He 

1.10-3 2.10.,.4 - 2.10-5 

. -3 
3,24.10 8,39.10 -3 

Ta6mrua II 

y(A)=A y(A)=A 2 

2.10-2 1.10-2 

W ( R) 
D. 4.10-2 2.10-2 

8.10-6 2.10-6 

W (R) 
4 He -5 4.10-6 

1,6.10 

TipHM0'1aHHe . K Ta6nm1e II 

Bo BTOpbIX CTpOtiKax Ta6nHUbl npHHSITO, 'ITO C0'10HH0 ynpyroro pac

C0SIHHSI npOTOHa HyKnOHaMH smpa B 2 paaa M0HbW0 C0'10HHSI pacceSIHHSI 

/8/ 
npoTOHa CB060JlHblMH .HyKnOHaMH 

6 

do-pA(Po•':,_)=W(R)I ~ 
dO N=l 

p 
A ( __ o • e ·) I 2 

pN A I 
(4) 

nplI R ~ i'i / 2 p O sin 0/ 2 

pa, nonytJIIM 

• l1n1I, ycpeJlH.II.II no .BC0M HyKnOHaM .II)l-

do- (p ,0) 
pA 0 

d P. 

do- ( Po 

r<A> pNA'e 

d P. 
W(R), 

(5) 

I"Jle 

HnlI 

d r,· N ( po / A , 0 I ) 
p • -

dO 

pn -pacce.lIHH.II B I -c1IcTeMe, 

pp -- JlmpqiepemmanhHoe cetJeHHe ynpyroro 

dr, A(po,0) 
P Q -JlliqJqJepeHUIIanbHOe 

cetJeHIIe ynpyroro p A -pacce.lIHII.II B c.u.lI. npOTOH-.IIJlPO, 
d 2 

a A~y(A)~A, 

B · 3aBHCHMOCTII OT CTeneHII KorepeHTHOCTH pacce.lIHH.II HaneTa10weii: tJaCTIIUbl 

Ha HyKnouax .IIJlpa. 

TiepeXO)l.lI B npaaoii: tJaCTII ( 5) OT I -CIICT0Mbl K c.u.lI.. p N • no-

nytJaeM B03MOlKHOCTb 3KCneplIMeHTan&HOH OU0HKH aenlitJIIHbl W ( R) : 

do- (p , S) 
pA 

dO 
W(R)= 

1 -- ------------ . 
y (A) do- (p',0') 

N 

dO 

(6) 

Peayn&TaTbl Bbl'IIICneHIIH )ln.lI ynpyroro pacce.lIHH.II Ha3a)l npOTOHOB C 

auepr1Ieii 660 II 665 Maa Ha yrnb1 150° II 169° Ha D II ·. 4 He (a pa6oTax15•61 , 

COOTBeTCTBeHHO, 

Ll0Hbl B Ta6nHUY 

np1rne)leHbl JlHqJq,epeHulian&Hbie CetJeHII.II 3TIIX peaKUIIH) cae
d o- (p',0') 

fi . 3HatJeHIIH N B3HTbl II3 pa6o-
d Q 
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----

/7/ 
TbI • ConocTaBneaue Taonuu H ll noxaabiBaeT, 'ITO· B npe.r:1enax oue-

HOK TeopeTH'l8CKH8 H axcnepuMeHTanbHbie 3H8'18HHSI BenH'IHHbl W ( R ) cor-

nacyIOTCSI. 

B aaKnIO'leaue aBTopb1 6naro.napSIT O.B.CaB'leHxo aa .nucxyccn10. 
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