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A H H o T a u M H 

/1/ 
npoae.neH aHanH3 SKcnepHMeHTanbHbiX .ll8HHbiX paOOTbi no peaKUHK 

4 
T + T -+He + 2n npK SHeprHH cTanKHBaiOLUHXCH H.nep TpHTKH, paBHOA 1,9 Msa, 

B na6opaTOpHOJ1 CHCTeMe. AHanH3 OCHOBaH Ha Bhl.lleneHHH KaHanOB, B KOTOphlX cy

mecTBeHHO B38HMO,lleJ1CTBHe HeJ1TpOHOB B KOHe'IHOM COCTOHHHH. noKa38HO, 'ITO 

OCHOBHOA BKna.n B peaKUHIO npH M8KCHManbHOA SHeprHM 

P -aonHa cTanKHBaiOLUHXCH srnep TpHTHH. 

a -qaCTHU BHOCHT 



B aacToSiw e e sp e MSI ony6nHKOBaH pSia pa6oT, B KOTOphiX HccneayeTcH peaK-

4 /1-3/ /1/ 
UHSI T + T-+ Tie + 2n /eM. HanpHMep /. B pa6oTe npHseaeHhi peay.TihTaThi 

H3MepeHHH ce4eHHSI p e aKUHH B HHTepsane 9HeprHH Siaep TpHTHH OT 1 ao 2 M 9B 

/2 3/ 
/s na6opaTOpHOH CHCTeMe/ t a B pa6oTaX ' - B HHTepBa.Tie 0,5-1,0 M 9B. npH 

6 
I 1-3 I 

8H8JIH3e 9KCITepHMeHT8JlbHOf'O MaTepHa.Tia 8BTOphl pa OT HCXOaHJIH H3 npeano-

JIOllieHHSI 0 TOM, '!TO 38M eTHhlH BK.Tiaa B peaKUH!O aaeT JIHlllb COCTOSIHHe Siaep TpH-

THSI C OTHOCHTe.TibHh!M Op6HT8JlbHh!M MOMeHTOM e = 0 • B aaHHOH 3aMeTKe 38KOH-

HOCTb yqe Ta JIHlllb s -sonHhi noaseprHyTa coMHeHHIO H noKa3aHo, '!TO cy-

wecTBYIOT 9KCnepHMeHT8JlbHh!e aaHHbie, H8XOaSIWHeCSI B pe3KOM HeCOOTBeTCTBHH 

c yKa3aHHhiM npeanonomeHHeM. 

nonb!TKH OUeHHTb BK.Tiaa Bh!ClllHX MOMeHTOB B Ce'!eHHe paCCM8TpHBaeMOH 

peaKUHH, OCHOBb!B8HCb H8 9KCf!e):II'MeHT8JlbHh!X aaHHb!X flO ITOJIHhiM Ce'!eHHSIM peaK

!IHH, CT8JIKHB8!0TCSI C TpyaHOCTblO, Bhi3B8HHOH 06HJIHeM napaMeTpOB, noanelli8WHX 

onpeaeneHHIO • .Q eiicTBHTe.TibHO, yme npH 0;1 B03MOlliHhl cneayiOWHe COCTOSI-

HHSI CHCTeMbl llBYX Haep TpHTHSI 0 COBMeCTHMb!e C npHHUHITOM nay.TIH: 

e 

J 
17 

Ta6nHua1 

0 

0 

+ 1 

0, 1, 2 

- 1 

B npHseaeHHOH Ta6nHue 

BOJIHOBOH ¢YHKUHH. 

J -nOJIHb!t!: MOMeHT CHCTeMhi, 17 -qeTHOCTb 

TpH pa3neTaiOwH e cSI '!acTHUhi MoryT pomaaTbCSI B oaaoM H3 coc·ToSIHHA, 

onpeaenSieM biX, H8ITpHMep, COBOKYilHOCTb!O KB8HTOBh!X '!HCeJI e nn 8 nn 

Inn CMhiC.TI 9THX KBaHTOBhiX '!Hcen cTaHOBHTCSI SICH biM npH pac-

CMOTpeHHH pHC• 1, ITOSICHSIIOWef'O npHHSITyiO 3aeCb KJI8CCH¢HK8UH!O. Ha6op aonyCTH-

M h!X 3Ha'!eHHH 9THX KB8HT0Bh!X '!HCeJI Or'p8HH'ieH JIHlllb 38KOH 8MH COXpaHeHHSI 

.. .. .. 
e a 2n + J nn = J . 

H npHHUHilOM 3anpeTa, C0f'JI8CHO KOTOpOMY 

e 
'"'( -1) 



4 

~n+ snn 
(-1) =1. 

Becb 9KcnepHMeHT8JibHhlH MaTepHan no yrnOBhlM pacrrpea e neHHHM npoayKTos Hc

cneayeMOH pe8KUHH, KOTOpbiH MO)KHO S H8CTOHlllHH MOMeHT HCDOJib30S8Tb DJIH cpa· 

30SOT'O 8H8JIH3a, COCT8BJIHIOT 4 KpHSbi9, D810 LU H9 DHcpcpepeHUH8JlbH09 Ce'leHKe Sbi-

xoaa a -'{aCTHUhl C cpHKCHpOS8HHhlM HMDY JlbCOM, npOHHTerpHpOS8HHOe ITO SC B M 

da (), ¢ / d n = sin () d() d¢ H9HTp0HHbiM napaM e TpaM Yt:llbi, 
dE dO 

onpe a enHIO lllHe HanpasneHHe HMnynbca a -qacnJUbl OTHOCHTeJibHO IIMDyJibC8 Tp!ITHH 1 

E - a HeprHH a -qacTHUb i i . 3TH KpHSbie , OTHOCHLuaecsr K a HeprHH TPHTHH 1,9 Mas s na6o

/l/ 
p8TOpHO f1 CIICT9Me, Mbl BOCITp01I3SODIIM II3 pa60Tbl H8 p!IC, 2. 

Vl3 cpOpMbl Kp!ISbiX S HD HO, '{TO H8 npaSOM Kp810 CD9KTpa a -qacTHU pe3-

KO ITpOHSnHeTCH 9cpcpeKT S38HMOD.eHCTSHH DSYX H9HTpOHOS S KOHe'IHOM COCTOHHHH . 

3TO 03H8'18BT, 'ITO 3Ll9Cb HT'p810T pOJib npeHMYlll 9 CTS eHHO T e K8H8Jibl pe a KUHH, S 

KOTOpblX f nn = Snn = fnn = () / eM. HH )Ke / , JlerKO SHLleTb, 'ITO npH aTOM HMe!OT 

MeCTO paseHCTSa 

r = J P a 2n 

noaTOMY II3 8H8JIH38 yrJIOSOT'O pacnpeaeneHHH a -qacTHU M8KCHM8JibHOH aHep-

rHH cneayiOT Herrocpea cTseHHbie SbiBOLl hi o SKJiaae pa3JIH'IHbiX S peaKUHIO. 

TaKoA aHa.11H3 nposea eH HaMH MeToaoM HBHMeHblllHX KsaapaTos. 0 Ka3anocb, 'ITO 

npH E = 4,0 4 Mas s cHcTeMe ueHTpa Mace xopoll.lee cosnaaeHHe c aKcnep~r 

MeHTOM aaeT DpOCT8H HHTepiTOllHUHOHHhle cpOpMyna 

do 
dE df! 

rae B 0.133 

2 
B + b sin (} 

b= 1.30 . 

IM 6 /cTep. Mas/
1 

Ill 

J..13-38 T0 )K LleCTB9HHOCTH HLlep TpHTHSI. ce'leHHe LlOll )K HO 3 8 SHCeTb TOJlbKO OT 'leT-

HhlX CTerreHeH s~ () • Y'leT qneHoB c 6onee BbiCOKOH cTeneHbiO sin 2 () cna6o 

M9HH9T 3H8'19HHH KOacpcpHUHeHTOS B H b 
4 

1 KOacpcpHUHeHT rrpH sin () rronyqa-

eTCH paBHbiM C = 0,014. 0TCIOLl8 cneayeT, 'ITO H8 rrpaBOM KpaiO CD eKTpa 
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a -~aCTHU OCHOBHOH BKnan B pe8KUH~ naeT COCTOHHHe C e = 1. 3TOT Bbi-

BO D ITODTBep >Kn aeTC H Bbl~HcneHHHMH yrnOBOH 38BHCHMOCTH ce~eHHH, HCrrOnb3Y~lllW 

MH anrrapaT TeOpHH cno>~<eHHH MOMeHTOB. L(nH e = 1 T8KHe pac~eTbl rrpHBODHT K 

da 

7£~ 

KOTopaH xopowo cornacyeTcl!i' c Bbipa !J< e HH eM I I I 

reTH~eCKOrO crr e KTpa a -~acTHUbi H 6e3 npoBen e HJIH norronHHTenhHbi~ Hccneno-

B8HHH He MOf'yT 6b!Tb 0606JUeHbl H8 npyrHe Y48CTKH CIT e KTpa H, TeM 6onee, H8 

xi 
D pyrHe K 8 H 8nbl p ea KUHH • 0TM eTHM , ODH8KO , ~TO Me H ee pe3K8H yrnOB8H 38BH-

CHMOCTb B cpen H etl 48C TH crreKTpa H e rrpOTHBOpe~HT HanH~H~ 6onbWOf'O BKnana 

p -BonHhi. YrnoBaH 3aBHCHMOCTb non >K Ha oTcyTcTBoBaTb rrpH I = 0 ; rr = - l 

H MO>I<eT 6b!Tb 3H8~HTenbHO Ocna6neH a rrpH ] = 1 H 2 · 
I 

HDeT B OCHOBHOM ~epe3 o6p830B8HHe llpOM e>J< yTO'lHOf' O H D pa 

TT = -1, ecnH peaKUHH 

He 5 ( 312-). 

B rrocnenHeM cny~ae MHHHM8nbHOe 3H8'l e HH e op6HT8nbHOf'O MOMeHT8 KOnH~eCTBa 
5 

D Bif>l<eHHH He paBHO Hyn~ H, cnenoBaT e.TibH O , H30TporrHaH ~acTb ce~eHHH non>K-

Ha 6biTb 6onbwoli. 

da 
0CH OBb!B8HC b H 8 ¢opM e KpH BbiX dE- do_- , M b l orp8HH'l:HnHCb pa CCM OTpe-

H~feM TOnbKO T eX K 8 H8.T10B p e aKUI1H , B KOTOpblX rrpOHBnH e TCH B3 8HMODeHCTBH 9 HeH

/4/ 
TpOHOB B KOH e 'lHOM CO CTOHHI1H. 06bi'lH b Je B bi~HcneH!1H ITO clJO p MynaM BaTCOH8 

rrp11BOD HT K cneny~IlleR 38Bl1CI1MOC T I1 ce~~HI1H OT SHepr HH a -~aCTHUbl: 

da 
dE dfl /2/ 

rne ~ V: 
q ~ ( mn ) [ E - E ( 1 + ma ) ] -,;r IT Oil ---:::--- I 

2m n 

OS (q) -cl:Ja38 CHHf'll9THOf'O pacceHHH H H efiTpOHOB C BOnHOBb!M ~HC.I'IOM OTHOCH-

TenbHO!'O DBH /K 9Hl1H q 

- Mace b l H9HTpOH8 H 

E - nonHaH aHepr11H peaKUHH, mn H 
non 

-~aCTHUhl , COOTBe TCTBeHHO. 

m a 

xi no MH9HH~ 8BTOpOB 1 D nH rp830B0f'O 8 H8nif38 p8CCM8TpHB89MOH peaKUHH 

rrpep CT 8BnH~T HH T epec · 'aKCrrepH M e HTbl ITO yr .rJOBbiM pacnpeneneHHSlM peaKUHH 

He " T -+a + n + p lie 3 + He~ a +2p 1I"De a H anorH'l:H bie paccy >KneHHH MoryT 6biTb 

rrp0BB~HHhl DnH rrpaBOf'O Kp8H CIT9KTp8 ripOTOHOB p e aKUHH. 
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3aBHCHMOCTb ceqeHHH oT aHeprHH a -qacTHUhi E , cneJlyiOlllaH H3 

cJ>opMyn / 2/ ]liTH JliTHHbl pacceHHHH H 9J1: TpvHa Ha HeJ1:TpOHe, paBHO H - 22,10-
13

cM, 

IIOK83aHa CIIITOWHOJ1: ITHHHeif Ha pHCo 2 , YJ3 COIIOCT a BneHHH 3TOif KpHBOif C 3KCrre

pHM9HT8ITbHblMH Jl8HHhiMH BHJlHO, qTo npH E, 6nH3KHX K MaKcHManbHOMy, Me }K-

JlY HHMH HMeeTCSI Kaq e CTB9HH09 CXOJlCTBO, HO BITHHHH9 KBa3HCTaUHOHapHOrO ypoe··· 

5 
HH fie H a XOJl ceqeHHH BeCbMa BenHKO. E llie pa3 IIOJl'i9pKHBaeM ponb a¢¢eK-

Ta S3aHMOJleifcTSHH B KOHeqHOM COCTOHHHH JliTSI ~a3QBOrO aHaiTH3a p e aKUHif C pac

II8JlOM Ha 3 H 6onee qacTHUhl. Yl'HTeprrpeTauHH BbipaEKeHHH /1 I 6e3 yqeTa aT oro 

acJ>cJ>eKTa He 6hina 6hl 0JlH03HaqHoA. 

B 3aKn£OqeHHe asTophi Sbipa }K aEOT 6naroJlapHOCTb B.H. E¢HMOBy H I.M .Oce··· 

THHCKOM y 3a HHTepec K pa6oTe. 
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n 

e oe., ~n 

p H C. }. 

f nn -op5HT81lbHbiH MOMeHT OTHOCHTellbHOT'O llBH>KeHHSI, Snn- IIOllHbitf CIIHH 

H [n,n -rrOIIHb!H MOMeHT nsyx Hei:iTpOHOB; ea, 2n -op6HT81lbHbiA MOMeHT OT-

H OC!1TellbHOT'O llBH>KeHHSI a -qacTHUbi H CHCTeMbi llBYX Het!:TpOHOB. 
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p H C, 2. 

UHct:>paMH yKa3aHbi yrJibi B na5opaTOpHOH CI1CTeMe KO o p n HH a T. C nnow HaH K p HBaH 

npenCT8BJlsteT 9Hepr9TH'i9CKYIO 3aBHCHM OCTb Ce'ieHHH, CJl 9LlY IOill YIO 113 cPOpM yn /2/. 


