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A H H o T a u n H 

. B pa6oTe Bhl':mcnea BKna.ll "'6nrrnoHHoil" .llHar.paMMhi B .llHcP¢epeHunanbHE>Ie ceqe

HHH rrponecca N + N ... rr+N+N. noK838HO, 'ITO II PH SHepi"'HHX .llO 1,5 Bse BKna.ll "6nrrn

OHHOil" .llH8I"'p8MMbi B .llHcPcPepeHUH8nbHhie Ce'leHHH COCT8BnHeT MeHee 10 rrpoueHTOB 

OT BKn8.ll8 O.llHOMe30HHOil ,llH8I"'p8MMhi. C pOCTOM IIOnHOil SHepi"'HH OTHOCHTenbH8H ponh 

"'6HIIHOHHOI"'O"' 06MeHa yeenH'IHB8eTCH • 

. • 



3 6 
I 1 ,2,3/ 

a nocneDnee speMH B pHDe pa oT 6brn pac.~MOTpen sonpoc o pomr 

ODHOMesonnoil: DnarpaMMbi B npouecce pO:>KDeHrrH rr -Mesonos B NN coy DapenrrHx. 

npeDCTaBnHeT I!HTepeC OnpeDeneHrre BKnaDa B 9TOT npouecc DI!arpaMMbl C DByx

M830HHbiM rrpOM8:11<yToqHbiM COCTOHHI!eM. B HaCTOHI.Ueil: pa60Te BbiqrrcneHO ceqeHI!8 1 

o6ycnoBn8HH08 DByXM830H~biM 06MeHOM, B npeDnOnO:>K8HI!I! 0 qTQ OCHOBHYIO ponb B 9TOMi 

o6MeHe rrrpaeT "6rrnrron" - pesonancnoe cocToHnrre nsyx rr -Mesonos c T = l, J = l. 

/4/ 
3aMeHa DBYXM830HHOI"O npoMe:>KyTOqHOI"O COCTOHHI!H "6rrni!OHOM" ll03BOnHeT 1 

Bbi6paB OI"paHrrqeHHOe qrrcno KOHCT8HT 1 CBH3aTb M8:>KDY co6oil:. uenbiH pHD 9KCneprrMeH-

TOB I! 1 onpeDenrrB 9TII KOHCTBHTbl I!3 ODHI!X 9KCIIepi!M8HTOB 1 I!CllOnb30BaTb I!X DnH OIII!-

caHnH Dpyrrrx. 

B DBHHOil: pa6oTe DnH orrpeDenenHH 6rrnrronnoro BKnaDa B peaKUI!IO N+N-+rr+N+N 

Mbi rrcnonbsyeM KOHCTaHTbi 1 nonyqeHHbie rrs an.anrrsa yrrpyroro pacceHHI!H rr 

PaccMoTpenne npouecca 

P+P-+ rr++p+n 

N + N ... rr +·N + W npOBODIITCH Ha nprrMepe peaKUIII! 

.LlnH nonyqenrrH DnciJclJepenurranbHbiX ceqenrrfi' aneprrrqHbiX rrpoToHos, pacceHHHbiX 

na Manbie yrnbi, MO:>KHO 6rpanrrqrrTbCH paccMOTpenrreM DnarpaMM 1 rr 2 ( prrc. 1); 

OCTanbHbl8 6 DI!ai"p8MM 1 rronyqaJOLUII8CH I!3 1 I! 2 nepeCT8HOBKOil: HaqanbHbiX I! KOHeq

/3/ 
Hb!X HyKnOHOB 1 D8DYT ManbiH BKnaD 

06osnaqrrM qepes p 4-x rrMnynbC naneTaiOmero npoTona, p - 4-x HMrrynoc 
1 2 + 

t IIpOTOH8 MI!W8HI!, ~ , ~~, q - 4-x liMnynbCbl KOHeqHb!X npOTOHa, H8HTpOHa I! 1T -

x) 
M830Ha1 COOTB8TCTB8HHO; k = P 2- P2; M - Macca nyKnona . 

OrrpeDenrrM T-MaTprruy KaK : 

/3/ 
3neMeHT T-MaTpi!Ubi, cooTseTCTBYIOI.Urril: DHa!·paMMe 1, rrMeeT BHD 

T =g3· 12~~ f 'x+l(p')(x- a Pi Gpl ) 1 c ) 
1 v M 33 1 3 I ... , Ill . X p 1 

p1 p1 
1 u(p'2J r5 u (p2J. 1-k2 

.. 



. 
4 

( 2 y, + 
3.oecb X - 2-x KOMIIOH9HTHhlfi CIIHHOp HyKnOHa, CU =·[ p' +" q ) ] - SHeprHSI Tf p 

1 
B cHcTeMe HX ueHTpa HHepuHH, x = q It I I q I J It 

f 
18 . I I,... I 

33 
= e 33 szn 8

33 
• q 1 

2 
r.oe 8

33
- cjlaaa rtN pacceSIHHSI B COCTOSIHiill C T=/=3/3, g (4rr =14,4, 

cDaKTOp 3y2 B03HHK8eT IIpll yqeTe li30TOilll'i9CKOfi CTpyKTyphl LlHarpaMMhl 1, 

/4/ 
llnSI TOrO, 'iT06hi 38IlllC8Tb BKna.o Llll8rpaMMhl 2, Mhl 1 K8K li B 1 MO:>K9M yc-

nOBHO BBeCTll "narpaH:>KHaH" B38llMOLlefiCTBHSI "6HIIllOHHOrO IIOnSI" 

HhiM: 

c- -· a t~rt l [ f m] a Ba f = l9 : 1/J y n r 1/J B: + Jll : 1/J - y , y r 1/J ~ : 
81/J a n 2 a a X~ 

Ba 
n 

C HyKnoH-

(2) 

VIa .oaHHhiX no yrrpyroMy rr N pacceSIHHIO H sneKTpoMarHHTHhiM cjlopM-cjlaKTopaM 

/4 5/ 
HyKnOHa cne.oyeT, 'iTO . 

1 

2 2 2 
r;, = 21,4, ~ = 1,s4 ,. r&+:2Mm > = 466. 

3neMeHT T-MaTpliUhi, COOTBeTCTBYIOIUllfi LlHarpaMM9 2, HMeeT BHLl: 

n 
T

2 
=· F Q ( m 2- k 2 )"1 

.n B J n . 
r.oe F - Bbipa:>KeHHe, cooTBeTCTBYIOIUee BepxHefi BepiUHHe .oHarpaMMhi 2, a Qn -

Hll:>KHefi, 

PaccMaTpHBaSI "6HrrHoH" KaK peanhHYIO BeKTOpHyiO qacTHUY c Maccofi m~ =2~,4 
n 

H B3aHMO.oei!:cTBHeM (2), BHLlHM, 'iTO F aHanorH'iHO aMrrnHTy.oe BHpTyanbHoro cjloTo-

po:>K.oeHHSI ( H30TOIIH'ieCKH BeKTOpHhifi rrepexo.o), Ponb HyKnoHHoro H30TOIIH'i9CKH-BeK-

TOpHoro aapSILla e/ 2 HrpaeT KOHCTaHTa lf, 1 a ponb ll30TOilll'i9CKH-B9KTOpHOrO Mar-

/6/ 
Vf3B9CTHO 1 'iTO B o6naCTll HllTHOrO MOMeHT8 ( IL' _,IL )/2 

P n 
- KOHCT8HT8 :lrr 

SHeprni!: CllCTeMbl Tf N 1 6nH3KliX K pe30H8HCH0ll 1 OCHOBHOll BKna.ll B cPOTOp0)KLl9Hlle 

.oaeT M8rHHTHhlfi LlUIIOnbHhii!: rrepexo.o,· npll STOM BpeMeHHaSI ll IIp0LlOnbH8SI KOMIIOH9HThl 

n 
F Manhi. nosTOMY Bhi6HpaeM F B Bll.lle 

; =v2 _!!!___ 1 v4E"._<~!_-t~lM .L ;~ (p' >l2[qlt] +iu(qt)-i(ctlt)-q 1 x 1CP
1 

>, (
3

> 
M 33 2 f q2 1 

2 + 
f =0,08, q - llMIIynbC TT -Me30H8 B C.U,M, rr+p 
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B aTOM BhipaLKeHuu ytiTeHa usoTonuqecKaH cTpyKTypa · auarpaMMhi 2, rionHOCTbiO 

COBIT8.ll810Ul8H C If30TOITU'IeCKOit CTpyKTypoit ,llUarpaMMhl 1. 

LKif8Ha" (2) 38ITifCbiB8eTCH B BU.lle: 

Q n c noMOlllbiO "narpaH-

Qn=~iT(p~)l& yn+~ ¥2[yn,yk] I u(p2). 

Vlcnonb3YH ypaaHeHue .LlupaKa, npuBO.llUM aTo BbipaLKeHue. K auay: 

n - I c- n Q = u (p2 ) ( l9 +2M~ ) y - ~ (p;n + pn ) I u (p ). 
2 . 2 

(4) 

BTopoe cnaraeMoe B aToM Bhipa)KeHuu aaeT BKna.n· B 2-3 pasa MeHbllluit, tieM 

BKnaa nepaoro cnaraeMoro. noaToMy B nepay10 oqepe.llb Mhi yqTeM nepaoe cnarae

Moe, BeKTOpHyiO 'I8CTb KOTOpOrO npeo6pasyeM K Bif.lly: 

...... , 
+ (! p 2 

P ''?+:M 
2 

CetieHue BbipaLKaeTCH qepes T-MaTpuuy cneayiOllllfM o6pasoM: 

(6) 

\4 lf- CyMMUpOB8Hif9 ITO KOH9'IHbiM If ycpeaHeHife ITO HaqanbllhiM CITifiiOBhiM COCTOH

HifHM HyKnOHOB. B HallleM cnyqae BKnaa ·O.llHOMesoHHoii auarpaMMhi 1 paaeH 
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EHnHOHHa.R .Z:lHarpaMMa 2 .naeT BKna.n 

. 4 
. 1 <G; +2Mm J 

da2•{2t;J4 4f2M 3 p1L 

... 
• 2 I k I 2 {4 1 

stn2 8 ((AJ/q) (--) (5-3x I 2 2 
2 33 q (m - k ) 

8 (g) 

2 ' 2 . . d .. , d .. ' d .. 
(k /2-2M :+-2p0 p"'')8(p + p- p'- p' -q)~ ___::..&__ _!!.!1_ 

2 2 1 2 t 2 p'o p'o qo 
1 2 

J.1aTepcpepeHUH.R Me~.ny llHI'U'pllMMilMH 1 H 2. IlElH 'CYMMHpOB/lHHH no KOHe'IHhlM H 

ycpe.naeaJCt;) no Hll'lllllbHhlM CnHHOBhlM COCTO.R.HH.RM 06pllutlleTC.R B 0 

sr r 1 n·m • .n fmn) (Spy =0, ... , Y, 'Y r •'Y 'Y 'Y ' 

B . . · 
6 

3 x) 
hlilOlJH.R.R HHTerpHpOBilHHe npH TeX ~e npe.nnono~eHH.RX1 'ITO H B pa OTe 

nonyqaeM: 

da1 (pj° COB 0) 

dp' 0 a· n 
. P' 
1 1 

da2 (Pj.0 cos 0) = 
dp' 0 a n P' 

1 1 

E+ 

=.K 
(2tr )~' 

. 

E -k 2 
L Jt(AJ; q)2 sin 83}(AJ) ( l -12) 2 

M p E. 
· tL 

1 .· _1_ 

(2tr/ MptL 

4 

<& +2Mm> 
~ M2f 2 

f ((A)/ q ) 2 sid 8 . 
E 33(m2 

8 

_1_. _ __l![k2-4M2+ 4 po p'o 
-k2)2 if2 ' 2 2 

d p'.o 
2 

d pio 
2 (tor 

( 11 ) 

3.necb cos 0 .. (~I tt. )I I ~· 11 " I - yron . pacce.RHH.R npoTOHa B CHCTeMe o6utero 
l l . 1 1 

ueaTpa Mace 

x) . . /3/ 
CM • .llc>nonaeaHe pa6oThi · 
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E+=·((W-p' 0 )(E2+M2 -l)±([(E+ M )2-1][(E-JI)2 
_, 1 

2 2 w =·(p +P.) 
1 2 - Ksa.n.paT rronHoii aHeprHH s CHCTeMe o6mero· ueHTpa Mace. 

J.1HTerpHpoaaHHe 6hmo BhiiiOnHeHo .Ha MarnHHe M-20. Op11 Bhi'lHcneHHHX saaH-

cHMOCTb cpashi 833 oT aHeprHH Bbi6Hpanacb B BH.lle 

sin2 8 (cu) 
33 

47,5 q 3 exp [ ~-] 
0,397 

.-

/7/ 

cu -N< 217 
' ' < ' 1 

,LlaHH8SI 38BifCifMOCTb XOpOWO OIIIfCbiBaeT aKCIIepHMeHTanbHbie 3H8'leHHSI cp83bl 833 

BIInOTb .llO KHHeTH'leCKOH aHeprHif rr -Me30H8 B na6opaTOpHOH ClfCTeMe, paBHOH 

525 Maa. 

3aBHCHMOCTb Ce'leHHSI Heyrrpyroro rrpouecca OT IIOnHOfi aHepi'Hif B OCHOBHOM 6y.n.eT 

orrpe.n.enSITbCH ceqeHHeM " N -pacceSIHHH ( H, cooTBeTCTBeHHo, "cpoTopo:m:.n.eHHH" ) s 

sepxHefi seprnHHe. 3aMeHHH aMrrnHTy .n.y "N pacceSIHifH 8MIInHTy.llOH pacCeSIHHSI S co-

CTOHHifH C T=3/2 If J =3/2, Mbl TeM C8MbiM orpaHH'llfS8eM CIIpase.n.nHSOCTb MO,llenH o6naCTbiO 

r.n.e aneprHH s CHcTeMe rrN 6nH3K8 K pe30H8HCH0Ho 

J.1s Ta6nHUhi 1, r .n.e rrpHse.n.eHbi HHTepsanbi H3MeHeHHH cu .n.nH pH.n.a snaqeHHii 

na6opaTopnoll: KHHeTH'IecKoii aHeprHH naneTaJOmux rrpoToHos T1L If .aneprHH KOHe'IHoro 

rrpoToHa p;0 , Slf.llH0 1 'ITO Mo.n.enb crrpase.n.nHsa s o6nacTn aneprHii T lL oT 500 Mas 

.n.o 1,5 - 2 Bas. 

PesynbT8Tbi shi'IHcnenuii, ShiiiOnHeHHhiX .n.nH o6nacTH, r.n.e crrpaae.n.nusa Mo.n.enb, 

IIpHBe,lleHbl H8 puc. 2,3. J.13 HlfX cne.n.yeT 1 'ITO OTHOCUTenbHbiH SKna.n. 6HIIIfOHa S 

,llHcpcpepeHUII8nbHhle Ce'leHHH ,llnH M8nbiX yrnos pacCeSIHifH aHepi'U'IHbiX IIpOTOHOS MOHO

TOHHO pacTeT C ysenH'IeHHeM IIOnHOfi aHeprHH 1 He IIpeSbiW8SI 1 O.llH8K0 1 S o6naCTII .llO 

2 Bas 10% OT sKna.n.a O.llHOMesoHHOR .n.HarpaMMhi. HHK8KHX xapaKTepHbiX oco6en-
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HOCTeA, a yrnoabie H 9HepreTH'IeCKHe pacnpe..a.eneHHSI pacceHHHbiX npOTOHOa y'leT 6u

llHOHHOI'O o6MeHa He aHOCHT (puc,. 2). npu 9HeprHHX, npeab!W8101UHX 2 Baa, MO..a.enb 

He ..a.aeT a6COI,IIOTHbiX 3 H8'1eHHA .D.HcPcPepeHUH8JlbHbiX Ce'leHHA, O.D.H8KO ll03aOnHeT nony -

'IHTb XO.ll OTHO.WeHHSI du. /•du 2 1 a 3aaucuMOCTH OT nonHoA aHepruu. 113 puc.3 

au.ci.H0 1 'ITO npH· aHeprHH 5 Baa npu M8Jlb1X yrnax 6HDHOHHOA. 06MeH COCTaanHeT OKOJlO 

15% OT o.z;tHonuoHHoro. Cne..a.yeT oTMeTHTb, 'ITO ceqeHue 6unuoHHoro o6MeHa oqeHb 

qyacTaHT.eJlbHO K 3H8'1eHHSIM KOHCT8HT lb, m I CBH38HHbiX c napaMeTpSMH ,, pe-

30HaHca u ynpyroro rr N:·> pacceHHHH, 

Ha OCHOaSHHH nonyqeHHbiX, pe3ynbT8TOa MO:mHO C'IHT8Tb1 'ITO a pea KUHH pp -+tr+pn 

a HHTepaane aHeprua BOD-2000 Maa a ..a.u¢cpepeHuuanbHbie · ceqeHHH aaeprH'IHbiX npoTo

Hoa, pacceHifHbiX Ha MSJlbie YI'Jlbl 1 6HllHOHHbie ..a.ifarpaMMbl .ll810T MSJlbiA aKJ18.ll no cpaa

H9HHIO C O.ilHOM930HHblMH .D.HarpaMMblMH, nocne..a.oaaTSJlbHOe abi'IHCJ19HH9 BKna..a.a O.D.HO

M930HHJ>lX .D.H8I'paMM H ero cpaaH9HH9 C aKcnepHMSHTOM npe.D.CTaanHeT 3H8'1HTenbHbiii 

HHTepec, 

B 38KJ110'19HH9 aJ>xpa:maeM 6naro:OapHOCTb n.M. Cop.oxo 38 none3Hbie o6c)':m..a.eHHH,' 

n.M.nanH.D.YCY 38 HHTepec K pa6oTe If KHM 3e nxeHy 38 npoae.D.9HH9 'IHCneHHb!X 

paC'I9TOS, 
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Ta61mna I 

Ytt.. t1e8 400 500 600 800 1000 1500 2000 

ft'oma.xf~a.~) ~ 2 807 6
1
986_ .7,12~- 7;¥71 ~2 ~57 8,1J 8&56 

CUmi.n. (8ea.~) 7,716 7,7 7,7oJ 7,716 7,70J 7,7 7,7 co ,.._ ..,., . 
U>ma.x (8 ea.~) 8,0J 8,20 8,42 9,127 9,572 10,9 11,7 

Pe::wnancHaSI 3Hepnui wP~a = 8, 77 
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Pnc. 2. Llucf'¢epeHLU!5.11bHhte ceqeuug d:~o d 

0 
, pH pa3HhiX KHHeTH'Iecxux aneprusrx aaneTaiOmux npoTOHOB 

TIL H KHHeTH'leCKHX 3HeprHSIX hpoTO~B OTna~IH Tz~ 1 5.1Ht3KHX K M8KCHM8.11bHbiM (e CHCTeMe 

o5mero ueaTpa Mace), CmiOU1Hhte .llHHHH - OLlHOmfDHHbiA o5MeH, nyHKTHpH&Ie - 6nnuoHH&dl o6MeH, 
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