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}!cCJ1C.llOE8HI!e 11.esoaTOMHI,TX ll M830MOJI8KYJI.HPHI,IX nponeccoB, a 

T3Riit9 .II,ll.8pHl!X peaRt.mll CV.llT938 B "XOJIO,Il,HOM." BO,ll;Opo.rr.e IIpe,ll;CTaEJLqeT 

E ll2CTOJID.i88 BpeMfI C8MOCTORT8JII,Hblll pas,neJI (jl:Z3mrn: MIOOHOB. IlOBblllleH

H:.r;; l'..HT8f-8C R ll3y'IeH::JID Taimx !I.'.)CU:8CCOE OER3llH B 0CH0BH0M C ,llByw:I 

OClCTORT8,1bCTBcl1m: l'O-IIO.PE!-2X, C H806X0.$!1\:0CTI,10 !iME)TI, 0 .fliiX CEa.ne

rurn .n,JT..fl: KOppeI:T!lOE IIOCTB:-lOEI{H SKCII8.PMM8HTOE H HHTeprrpeTawm _nag:

HblX ITO .fI.llBPHOMy 38XE3Ty MIOOHOB rrpOTOl!S:l'J! (.neHTpOHaMH) H;BO-llTOpblx, 

c BKcner,1IMeHTa.m;H1:JM OTK.PUTMerA rpyrrrroil AJII,r,apena ( L.W .Alvarez, 
H.Brander et al. Pl]Js.Rev.,1CJ5, 1127 (1957)) llHTepeciwro .fIBJI8HH.fI -

- IWT8Jfil3a M!GOH8MH R.llBPHllX .r:,eam::;nii O:UHTC38 ll30TOUOll Bo.nopo,na. 

IlOCJIS,IJ,HVili siprpeKT 6blJI paHee npe,ncKa3aH TeOpeTH'ISCKH Ha OCHOBe CBO

eodpa3H0ld KapT!c!Hbl IlOEe.nemm OT,PllUBTSJII,HO 38,P.fIJKSHHHX MIOOHOB MaJioil 

aneprn.11 B EO,D;Opo.ne. (.H.:S.3eJII,,JJ,OBR'CJ:. JIAH, 95, 493 (1954)). l.\liooHbl, 

IlOII8.lla.fI B BO.llO po.n, HOilblTHB8IOT II_CT8 .PH 8H8 prIDi rm I'IOP.Jr3anmo ll 38Xlla

TI.E8JOTC.fl Ha EH001:0B036yJK.IJ;eHHbl9 KB8HTOE!-,19 Op6HTU f_JA.,-aTOMa. E pe-

3YJII,T8T8 ,JJ;eBos6yJK.IJ;eHIDI p_µ -aToMa :,nccH 0Ras11BaeTCR Ha X -op-

6nTe 3a Bpewr, ropas.no MeHI,mee ero EpeMeHH llll3HU (,... rn-12c B llill.J].

KOM EO.llO,PO,JJ;e). MesoaTOML! f.J,l, dJiaro.naP.fI M8JII,JM pasMepaM li 8JI8KTpo

HSi1TpaJII,HOCTH,npOHHKaIOT qepes 3JISRT.POHHYJO 060~0'1'.ffiy .ll.PYI'llX aTOMOB 

ll IlPJi6JIHJKa!OTO.fI K HX .fI.JJ;paM Ha rrccTO.fIHH.fI IlOp.?'..,nK8 . M8308TOMHOH 

e.rurnnIW .llJIHHl,! qµ, = 2 ,56• IO- 1cM. 

TaKoe c6JIJI~9Hlle ocrrpcBOJK.IJ;89TCJI U:SJThlM .PJI.llOM M8308TOMHblX H M830MO

JI8KYJI.fI.PHHX nponeccoE ( s.s.Gershtein, L.I.Ponomarev.MUON PHYSICS, 
V.III,Chemistry and SoU,ds,Academic Press,N~-Y. ,1975, p.'141.): 

_a/ ynpyrm.m CTOJIKHOBBHHRWl M930aTOMOB BO.I(opo.I(a c rrpo:roHru.m ,1 
.ne}:TpoHaMn (p_µ. + p, ij,l+ d ,cfµ+ .P,cfµ+d n T.,n.); 

C/ nepexo.I(OM JJIOOHOD OT Jierirnx ll30TOIIOB BO.I(Opo.I(a K TRJB:8Jil:JM; 

B/ nepexnaTOM MIOOHOB OT ll30TOITOB BO.I(OpO.I(a R R.I(pa.M .I(pyrnx 3JI9-

M9HTOB C 38p.fI.llOM ~ ;> I; 
r/ rrepeX0.1(8.Mll MBJB:.I(y ypOBHRUII CBepxT0HK0tt CTpyKTypbl P.fa - H 

d_µ. - aTOMOB. rrp,r CTOJIKHCESHllli i1X c npoToHaMu HJill .n;eilTpoHaMH 

(rrepexo,.im. F = r-F = 0 ,lJ,JilI P.J'- -aToMoB n F = 3/2~F = I/2 
,ll,JIJI cyi.'.,-aTOMOB, F - rroJIHm'i MOMSHT Me_soaToMa); . 

JI/ oCpaaOBa.IiH8M MJOOHHIDC MOJieKyJI PP)' , Pel)' , def/" npn CTOJIK

HOESIDIRX uesoaTOMOB C .fI.llJJaMH MCJISRYJI BO,nopo.na • 

B M930MOJISKYJiaX BO.llOPO.lla B03MOiKHbl no.ndapI,8pH118 .fl.ll8,PH1,!8 pe

aKIJ;lIB OJill.fIHHJI ll30T,;IIOB BO,nopo,n,a, BXO.rr,mnllX B COCTaE MJOOHHOH. MO

JIBKYJil:J: 

~ 
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d AF ~lfejt -f-f (5,5 M.38) (I a) 

? Y'- ~LHe3 +y.TS.SM:38), <r 6) 
Az 

dd J:i..rK;He"-rn ..,.~- (2 a) 

l_fl. L f _,_ t + __µ . <2 6) 
A2 

Ta:icru~ o6pa30M, K8PTHH8 Me308TOMRHX H Me30MOlleKylUlpHHX RB7!eID!tt 
npencTaBMeT co6ott MHorocTyneHttaTYID H pasBeTB7!eHHYID uen1, npouec
coB, KOllWiecwemme ,llaHHHe O KOTOPIIX Kpailae B8lltHO HMeTL rrpH H3y
qeal'Ul (pYH,ll8MeHT81ILHHX peaKUHtt cna6oro B3aJlllO~eUCTBHH: 

/l-t-? - n -,..~, " (3) 

..J-l-+d - n+n-t--J;,. (4) 

Me308TOMHHe H Me30MQll0RYlUlplll:le npoueccu MOryT cymecTBeHHO 
ll3MeimTL BepMTHOCTL RJI.epaoro saXBaTa MIOOHa. B qacTHOCTM, ITPH 
no1IH0M nepexone p.Jl (F =I)-;. p_µ(F :::0) c1topocT1, rrpouecca (3) B03-
pacTaeT npHMepao B 4 pasa no cpaBHearu::i co cnyqaeM, Kor.na cocToR
HM F = I H F :::0 sanonaeHH CTaTHCTH"lecKH, a nepexo.n &<3/2)
~ cjµ.(I/2) npHBOJI.HT K YBellWieH:ru:> B 3 pasa CROPOC_TH npouecca (4) 
no cpaBHeH:ru:> co cnyqaeM .CTBTHCTH"leCROil aacelleHHOCTH COCTMID!tt 
CBepxTOHROtt CTpyRTYPH'3)-l-8T~Ma. KpoMe Toro, OTMeqeHHHe Me308TOM
HHe npoueccu RBllRIDTM HCTOqHmtaMH HeiTpoHHOro (p()Ha no OTHomeITT'llO 
K llCClle,ztyeMHM peaKOllJiM (3) H (4). TarotMli HCTOqlmRBMH B CJlyqae 
peaRUHR (3) RBJlReTM .,fl- -38XB8T B PI!f<- -MOJl6R,Ylle co CKOPOCTLID, 
OT11HqHott OT CROpoCTH_Jl -38XB8T8 B H3011Hp0B8HHOM JVl-8TOMe, a B 
ceyqae pe8KURH (4)-::;,U- -38XB8T npoTOHOM HllH ,ztettTpoHOM B Pc!f<.-Mo
lleR,Ylle, peaRUM R,Itepaoro CHHTesa (2 a) B dcfft,-MolleKYlle,fl -sax
BaT B CRCTeMe He){ , 06pasymettcR B peaKURll CHHTe38 (I a) • 

.ll1ll'I npaBllllI,HOtt HHTepnpeTaUHH 8KCnepl'!MeHTOB (3) H (4) aeo6xo
.1UIMO 3H8TI, CJie,zty:mtRe BeJIWmHH! I) CKOpoCTI, nepexona P_}l--l'I 
q;t. -BTOMOB Me~ COCTMHIDIMR CBepXTOHROii CTPYRTYPH, C ne1ILID on-
pe,ztellemm xapaKTepa 3ace11eHHOCTH CIIRHOBHX COCTM!mit f ft-VJ. . 
~..; BTOMOB B MOMeHT R,ztepHoro 38XB8T8; 2) CKOpoCTVJ. o6pa30BBHM 

pp_µ.-, p1µ,-, dcfµ,-MOlleR,Ylli 3) CROp0CTVJ. nepeXBaTa MJOOHa c npoTo
HB <.nettTpoHa) K R,ItpaM cc> I; 4) CROpoCTH R,Itepaoro CHHTe3a B· 
p dJ,l,-, dcfj,l-MolleR.Yll8X. 

C TeopemqecKott ToqKH spemm HHTepec K TaRHM npoueccaM 
o6yCllOB1leH TeM o6CTORTellI,CTBOM, qTo B CTOllKHOBemmx Me308TOMOB B 
qHCTOM BHJI.e pe811H3YeTCR KB8HTOBO-MexaimqecRBR 3a,naqa Tpex Tell, 
B31lll1!0~encrByill!(HX no saxoHy KynoHa. 
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CBoeo6pa3H8 H 6orarCTBO uesoaro:wwx H Me30UOll8KYllHpHHX 

nponeccoB H npo6neMH,cBH3aHHHe c 3axBarou MDOHa nporoHou (~en-. 
rpoHou), HHHUHHpOBMH 6on1,moe ltOJll'JqecTBO reoperHqeCltHX H 3KCne
pm.reHTMl,HHX pa6or. 

IIepexo,ItR K OITHcamm 8KCI1epHM8HT8JII,HHX pa60T H noJzyqemulM 
pe3yJII,T8T8M, OTMS_TIIM, qTo 60JII,IIIHHCTBO 8THX pa60T 61:lJIO Bl:lITOJIHeHO 
C im.u;Kl'IM BOJI.OpoJI.OM. 

Saaqemrn: BeJIHlIHHH App;xcxopocTJ4 o6pasoBaHHR p_pµ, - uolleKynu, 
no~eHHl18 C lmJI.KlIM BOJI.OpOJI.OM ((I,9 ± 0,2).I06c-l - E.Bleser, 

E .w .Anderson et, al.Phys .Rev., 1J2 1 2679(1963); (2 ,55+0 118) .1060-1 -
G.Contorto, c.Rubbia .. et al.Nuovo Cim., JJ, 1001 -(1964)) 

n c rasoo6pasaw BOJI.opo~oM {(1,5 ± 0,6)•106c-1 - B.II.luteJienoB, 
II.~.EpMOJIOB n ~p. T.PYJI.H .XIl Mellt.n,yHapoJI.HOH KOHlf,,epeHIUm no cI,nsHRe 
BHCOKHX aaepr:eii, .!!Y6Ha, T.I, 878, 1964, M., ATOMHSJI.8T, 1966.);' 
((2,74 ± 0,25)•I06c-l - D.r.By,ItSIIIIOB, Il.~.E,PMOJIOB H JI.P• Ilpenp!iHT 
Olli!H, PI5-3964, .lly6aa (1968)), pas.imqamTCJI Mel!t,ltY 00601 B npe~eJiax 
'AO W3YX CTBTHCTnqecruoc OmH60R. Bo-nepBHX, T8Ka.lI CHTyaD;WI He ll03BO
M8T CJI.8JI8TI, OJI.HOSHaqHJ:iA BllllOJI. 0 H8JIHq:HH HJm OTCyTCTBHH saBRCH
MOCTR CKOpoCTH o6pa30B8HH.fl P.lijL -MOJI8RYJI OT T8Mll8paTyp11 cpe,nl,t, 
qTo Bec1,ua BallHO JJ.JIR npoBel)lG'I ·pacqerHHx saaqeHliA Af'P.f'--. Bo
BTopmc, Toqaoe 3H8HH8 STOA B8Jm'l11Hl1 Brase nosBOJmT YJ(8HI,JIUITI, H80-
npe~eJI8HHOCTb np:e 8H8JIH88 'A8HHHX OnHTOB no onpe'AeJiefUW CKOpoCTeii 
88XB8T8 MllOH8 npOTOHOM WIH 'A8ATpOHOM (peaKUHR (3) K (4)). 

llTO K8C88TCJI o6pa80B8HH.fl pc/_}l -MOJieKyJill, TO Il.PJ™IDC HSMepe
Hd Af~-cRopocTR sToro npouecca Brase BHnoJIHeHo ae 61:lJIO, a 
pesyJII,T8Tl1 SKCne~eHTOB, npOB8~8HHHX C U,D;KHM BOJI.Op0JI.OM 
({5,8 ± 0,3)•106c-l -E.Bleser,E.W.Anderson et al. Phys.Rev., 

132, 2679 (1963) ; (6,82 ± 0,25) •I06c-1 - G.Conforto, C.Rubbia 
et al. Nuovo c1m.,33,1001(1964) ),pasJIHttaDTCJI Megp,y co6oit 6oJiee 
qeM Ha T,PH CT8TRCTR'i8CKRX OIIIK6RR H H8 corJiaCYJlTCJI C pacqeTHHMR 
saaqeHRHMR {1,3•1060-i - H.B.SeJII,~OBlfll, c.c.repmT6BH. Y~H. 71, 
581 (I960); 3,0•106c- - S.Cohen,D.L.Judd et al.,Phys.Rev.,119 1 

397 (1960) .J. B TO :Ee BpeMSI SH8Hl18 8TOit B8Jm'll!HH (KBR R B CJiy
qae p~·:-MOJI8RyJill) Rpaitae H806XO.JU™O J1.JIR 8H8Jlll88 8KCII8pm,18HTaJII,
HHX JI.BHHHX onuTa ( 4) :e: ,n.nJI ycTaHoBJieJUUI sa:BHcoocn Apd_µ. OT 

8Hepnm Clj,l -aTOMB. KpoMe TOI'O, cyMMBPH8B: CKOpocu j)88KD;WI 
CRH~838 }.FB/X1Jl~~OJI8RYJI8 H8it'A8H3 JIH111I, B OJI.HOA pa6oTe 

' ' 
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CCD,305 ± o,01)•106 0-1 

m. 2679 c1963)) 
-E.Bleser,E.W.Anderson et al. Phys.Rev., 
C liCllOJI1,30B81IB6M ll.IJH o6pa60TK8 8KCll8pliM8H-

TaJil,HOrO MaTOP.lffiJIB I'RllOT83H O CTaTllCTJ!tleCKOM xapaKTepe 38C8JIBH

HOCTll CimHOBHX COCTOJIIDiil c(;u,-cncTeMH B MOMeH'l' o6pa30BaHll.lI pd_fl
-MOJleKyJIH. 

CKopocTb 06pasoBaHH.1I dc(µ-MoJieKyJIH ( Ad£Yl), H3M8peHHa.lI c 

llOMOUU,D nysHpbKOBHX K8M8p ((0,076 ± 0,015)•I06c-l - J.G.Fetkovich 
et al. Phys.Rev.Lett., 1, 570 (1960) ; (0,103 ± 0,004)•I06c-1-
- J .H.Doede~ Phys.Rev., 132, 1782 (1963) j T;::; 35°K), 

noqTH Ha llOP.II,Il;OK M8Hbme COOTB8TCTBYDmeii B8JIH'llfHH, llO,!zylleHHOii C 

l1CllOJIJ,30BaHll8M .IUI'PW3llOHHOi1 K8M9pH ((0,75 ;f; 0,'il)•IQ6c-l -

B.Il.,llJJte.11enoB, rr.~.EpMOJIOB H ,np. i3T~. 50, 1235 (1966); T.:::::. 240°K). 

Ta:Koe pasJIHtJlle E 3Hati:e!IB.IIX A cldfl. MOllteT CBH,neT8JIJ,CTBOBBTb o aaBR

CRMOCTll CKOpOCTH o6pa30B8Hli.lI dcyt.-MoJI.eKyJIH 0'1' T8Mll8paTypH cpe,wI. 

.lIJm o6~.IICH8HH.II CTOJII, pesKoro pa3JllitJli.lI B 3KCll8.l)HM8HT8Jil,HHX 3H8tJ8HH

.IIX Add_µ, B pa6oTe (3.A.BecMaH. Ilpen.IJHHT OIDIH, P-3256, ,lly6aa 

(1967)) 6HJIO BHCK838HO npe~OJIOE8HH8 0 cymeCTBOBaHIDI pe30H8HCHoro 

no sneprnn c!J,l -aToMa .MexaHRaMa 06pasoBaHn.1I dcf,tt-MoJieeyJIH. 
0.IUiaKO H860JI1,filOH aa6op 8KCll8P~8HT8Jil,HHX ~HHHX He ll03BOJI.II8T 

0AH03Haqao OTB8THTI, Ha Bonpoc O cnpaB8,lJ,JlllBOC'l'li 3TOi1 M0.!(8Jlli. B 
CB8T8 3TOro U8Jl8C006pa3HH HOEH8 3KCll8.l)HM8HTH no onpe,neJI8HliD 

Add._µ, npn paaJIHtJHHX TeMneparypHHX ycJioBIDIX H c HCllOJIJ,30BaHneM 

M8TO,IUIKH, o6ecrre'll!:BaDmefi 0.IUIOBpeM8HHOe ll3Mepeane K8K BHXO~. T8K 

H BH~ B.IJ8M9HHOro pacnpe,neJieHli.lI H8fiTpOHOB OT peaK~H CHHT938 

(2 a), tJTO noaBOJIHT HaiiTH He TOJlbKO Add_Jl, HO H CKopocu CRHTe-

sa B d<y,i.-MOJieKyJie. · 

AH8Jlll3HPY.II Bonpoc O xapaKTepe 38C8JleHHOCTH CimHOBHX COCTO.II

Hllii cy.,t-aTOMB B MOMeHT R.D;9 pHoro 38XBaTa MIOOHa ieiiTpOHOM, 38Me

THM, tJTO .no llOCJie.IUiero BpeMeHH ITp.lIMHe H3MepeJIB.1I .Ad-CKOPOCTH 

nepexo~ ctµ. (3/2)➔ c!,µ (l/2) He .6HJIH BHITOJIHeHH, a llM9JillC!, TOJil,KO 

.!(Ea pacti:eTHHX sHaqemrn cKopocTH rrpouecca d_JJ.- (3/2) +d,cy.t.CI/2)+ 
+ d , KOTopae oasJIHtJBIDTC.II Me~.n,y co6oii Ha nop,I~OK. PesyJIJ,TaTH · 

3KCil9pHM9HTOB ( E.Bleser,E.W .Anderson et al. Phys.Rev. ,jE, 2679 
{1963) ; I.-T.Wang et al.Peys.Rev. ,139, 1528 {1965); A.Placci 

et al. Phys.Rev.Lett. ,25,475(1970); Phys.Rev., BD,11,3774 {1973)) 

H80AH03HaqaH H CBHA8T8XbCTBYDT O CY1118CTB8HHO pa3XHtJHOM 

xapa.Ktepe 3aC8X8HHOCTH CillfHOBHX COCTOHHHi <!fl- -aTOMa B 

MOM9HT .fl, -38XB8T8 • .lIJm BH.IICH9HH.II 8TOrO BOrrpoca H906XO,l~UMO npo

E9,ll;9HH9 .!(0!10Jllll1T8JlbHHX 8KCil9plIMOHTOB ITO H3M8p0HIDO Ad B 

rasooelpa3HOM BOAOPOAe· C rrp:111,!8CI,D Aeilrepna. 
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UeJlbD HCCJl9.I(OB8H.llli, o6o6meHHHX B ,IUICC9PT8UHR, .llllJl.lIJIOCb: 

a) onpe,neJieillle ITP.fIMHM M9TO.I(OM H C 60JI89 BHCOKOii TOtJHOCT!,ID 

H9KOTOPHX yllte paaee H3M9p,!BllllIXCH OCHOBHHX M830MOJieKyJI.IIpHHX 

KOHCTaH~, TaKrix KaK }\f/'.f'-, AtdJ'-• .Add.fl- npn HOPMaJibHoii TeMnepa-
Type (T = 300°K); • 

6) H3M8peHil:e p,I~ H9ll3FeCTHHX, TaKllC9 Ea'itHl:iX. xapaKrepncrnx 

M8308TOMHHX H M830MOJieKyJI.II,PHHX npo~eCCOB: CKOp0CT9li peaJCUHit 

CHHTesa B pd.JL-n dfi:µ-MoJieeyJiax, saceJieHHOCTH CllHHOEHX cocTo

mrnfi dp -aTOMOB B MOMeHT Jl.I(epaoro saXEaTa MIOoHa ,neilTpOHOM u ,np. 

B CBfl3M C 3THM Ha CllHXPOUIIB.1IOTpOH8 JIHil 0lliU1 C I97I ro.n;a ITO 1976 

ro.n OHJl BHITOJIHeH UHKJI HCCJie,noEaHHii B rasoo6pa3HOM EO.I(Opo,ne, CTa

EllBJmrn CE08f. neJIJ,IO: 

a) n,P.fIM08 ll3M8.peH:re CKOpOcTeii o6pa30E8HHH p~- ll pc!,µ, -Mo-

JIBKYJI n cKopocTn CHHTesa E. MesoMoJieKy.rie pd_fl, ; · · 
6) OITP9.!(9Jl8HH8 xapaKTepa saceJieHHOCTll ClllUIOEblX COCTOJll!Mii 

pdfa -MoJieKyJIH n nsMepemrn Ad-cKopocTn nepexo,na c!J,t,-aToMa ns 

cocTOffilllH c cyMMapmiM crmaoM F = 3/2 B · HmKHee cocTomrne F =l/2; 

B) nsMepemm A dt!µ-cKopocTK o6pasoBaHHfl ddj.t.-MoJieKyJIH ITpr.r 

T = 300°K c IlOMOUU,D 3Jl9KTp0HHOfi M8TO,IUIKH )J)Iff npOEBPKH cyu1eCTBO

BaHHH saEMCHMOCTll A-dd_µ,. OT TeMnepaTypu cpe,nH. HanOMHHM, tJ'TO. 

IlpelltH!!e MHHH9 6!lJill IlOJIYtJeHH Ha OCHOBaHRH Il3M'3peHHllX EHXO~OB 

peaK~ii (2 a, 2 6) n npe,IUIOJIOllteHHH.Aj>>Ao ( A 0 -cKopocn pac

naia CB060.IUIOrO MKJOHa); 

r) IlOJIY'i8HH8 H8ITOCpe,ncTB8HHOii lIH(!,OpMaI~lf O CKOPCCTll pem<UHU 

CHHTesa A1 B MesoMoJiel'.yJie ddj-l nyTeM HsMepeHHfl EHXO~ H rn.n;a 

BpeMeHHOro pacnpe.n;eJieHIDI H9iaTpOHOB OT peaKUHH (2 a). IloJiytJeFHL:e 

3KCIT9.IJHM8HT8Jil,HUe . .!(8HHH9 Il03EOJillJIH npOB9CTll ,ll;OCTaTOtJHO lliHpOKOe 

cpaBH8HU9 C ,IM9IO!IIHMHCJl TeOpeTHtJ8CKHMI! pacqeTaMH. 

, P93yJI1,T8TH HOCJI9.I(OB8Hllii ll HX 8.HMH3 ll3JiaraIOTC.II B AllCCepTa

rurn, COCTO/lll!8H. 113 Il/lTl! rna.B. 

B IT8 pBOH rJiaEe OilliCHEaeTC.II C03MHHaJI HBMH 8KCil9 PllMOHTaJlbHaH 

anITaparyti:a, KOTOpa.il HCilOJIT,30EaJiaC!, ITfili ITPOE8,ll;9HHH SKCIICpllMBHTOB • 

Oaa EKJID'iaeor B ce6JI: .a) ycTaHOBKY ·.!(JI.II IlOJIY'i9H?ffEepxti:ncToro 

rasoo6pasaoro Eo.n;opo_n,a IT!lli ,naEJieirnII .no 50 aTM ; 6) cucTeMy 

BaKyyMHpOBBHHfl ll 3aIIOJIH9!,Jl ~mme1m (c BHYTf,9JIH.U,,m: ~T.\UIITUJIJUI7~par 

Ks CS~ (Tf )) Eo.n.opo,noM 21; B) pern:crp;rpyroiey10 annaparypy 3 ,4 • 
Ilpn HOCJI8Il,OE81illl1 MesoaTOMHh!X ll f.WJieKy.'l.lIPHUX ITp0T'._ecco:r. B ro

.nopo,ne npe,n~.llllJI.IIDTCH OtJBHI, EHCOKUe Tpe6oEaHHII !{ ql{CTOTG EOJJOPO.!ID 
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(KOH~em:pal.ll1SI np111i:eceii C .i: > I He 6oJiee rn-7 06'h9MHHX ,Il,OJie:ll: Ilpli 

nsy~emrn: MesoMoJieKyJllipHmc nponeccoB :II He 6oJiee ro-8 o6MMHHX ,no

Jietl npn M3y'leH;rn .J-L -38Xll8T8 npOTOHOM (.neilTpOHOM) >. • JIJlll IlOJIY'I9HMH 

BO,Il,Opo,Il,a (Il30TOilOB BO,Il,Opo,na) yKa3rr/Oll 'IllCTOT~ H8MH 6HJia C03,n8-

Ha ycTaHOBKa ,ll;Hffl3IlOHHO:ll: O'IllCTKl1 I (n8.JIJla,I(l1eBHil qiruu,Tp), pa-

6oTa KOTOpofi OCHOBaHa Ha 60.m,moil npOH,lll89MOCTII naJIJia,nirn II ero 

CITJiaEOE no OTHOrneHHIO K EO,Il,Opo,ny. • 
)IOCTOHHCTEOM ycT8HOEKII ,nmJ;q,y3IIOHHO:ll: O'IHCTRII HBJIH9TCH ee 

ROMITaKTHOCTI,, llpOCTOTa B 9KCIIJJyaTanirn II B03MOlKHOCTI, ITOJIY'I9!Uffi 

CBepX'lHCTOro BO,Il,Opo,na IlO,Il, ,n8BJI9HII9M ,Il,O 50 aTM 693 HCilOJII,30B8Hli.fI 

KOMnPHM11PYlllIIHX ycTpoilcTB. Cpe,naIIe :eeJiH'illHH npoll3EO,IJ;HTe.m,HocTII 

ycTal!OBKII B IIHTepBaJie ,n8BJI6HID1 0 - 50 aTM, IT.PH T6MilepaTypaX Ha 

naJIJia,IJ;H9BOM (li.11J11,TP9 2so0c n 120°c, COCTaBJIHJll1 0,72 JI•aTM/MMH n 
0,148 JI•aTM/Mim. Attam1su BO,nopo,na nocJie O'IHCTKH noKasaJIH, 'ITO 

cyMMapnoe CO~ep~aHH6,IlpliM9C9ll C~~l B BO,IJ,OpO,Il,6 IlOpH.IJ;Ka 10-B 
o Ci'I> eMHwc .14on en. · · 

Bc,nopo,n C BHXO,Il,8 ycTaHOBKH ,JJ;l!q4'YsIIOHHOll O'IRC~ qepes cnc-

T9MY BaKyyMlfpOBaHHH Il 38IlOJIH9HllH Mmll91ill BO,Il,OpO,Il,OM 2 IlOCTynaJI B 

ras01,y10 MlIIll6HI,, KOTOpaH npe,IJ,CTaBJIHJia co6oil cocy.n l18 H9.PJC8B6Jlll16it 

· cTaJIH c pacnoJiolEeHHHMn BHYT.PH cnnHTRJIJIHTopar.m cs.i'(Tl ) : o,IJ;HH :s 
BH,Il,0 CTaKaHa ,nm!HOll 205 MM li ,nl!8M9TpOM 130 MM (C'I8T'Illl( 5). m
rofi B BH,Il,8 TOHKOro ,D;HCKa TOJllllll:HOit 250 MKM (C'I6T'IRK 4) li ,IJ;HaMeT-

poM 120 MM. • 

Ha pHC. 1 CX9MaTR'I9CKH.ll806palE9Ha OCHOEHaSI '180Tb 8KCn8pHM9H

TaJII,HOll ycTaHOBKR - MmIIeHD H ,neTeKTopu. ,IlJISI yM8!il,fil9HHH ~oaa. yc

TaHOBKa 6HJia pasMemeHa B cnenna.m,HO 003,nBHHOit Jia60paTOplm H OKpy

lE9Ha BO,ll,IIHOH samnTo:ll:, Bee 8RCil8pliM8HTH npoBO,IJ;HJIRCb Ha MJJOHHOM 

ny'!Ke c mmy.m,coM P = 130. MaB/o H HHTaHCHBHOCTDJ> I = 2•I04 I/c. 

B saBHCRMOCTR OT neJIR OITHTa BOKpyr .MR1I18HR pacnoJiaraJIRCb JIR6o .ne

BHTI, 9 - ,Il,8T8RTOPOB C Rp.!CT8JIJiaMR CTHJII,66H8 (CI4 HI2) ,1:J;HSM8TpoM 

70 MM H TOJllllll:HO:ll: 30 MM ,nJIH pel'HCTpannR H6i1TpoHOB H 8JI8KTp0HOB OT 

pacna,na MIOOHOB (aKcnepHMeHT no RsMapeHlil> Ad<!J,t- H ),..f B Me8oMo

JieKyJI8 dd_p-) 1 Jlli60 'll:8'1'llpe 8-,IJ,8T8R'1'0.P{l l! ,n:ea r-,IJ,8T8RTOpa C RpliC

TaJIJiaMR.Aft:f (T( ) pa3M8paMR I50:x:IOO ~ ,nJIH .P9I'HC'!'!)annR M880peHTre

HOBCROro li8JIY'll:8HHJJ Xe_µ..-aTOMOB H 8JI8RTp0HOB OT pacna,Ita Ml>OHOB 

( aKcnepHMeHTH no H8MepeHHD App_µ., Af"'.fl-• Ad • ;l. F ) • 
B rJiaB6 II Olll!CHB88TCH nporpaMMa I C08'Al3HHSH ,nJIH B1l'll:HCJieHHH 

a@leRTHBHOCT8:ll: peI'l!CTpannH H8:ll:TpOHOB ( Cn,) OT peimud (2 a) 1 (3) K 

aJieKTPOHOB ( Ce ) OT pacna.na MJ>OHOB Hamett axcnepHMeHTSJIDHoll ycTa-

6 

!'{• 

! <f\i 

HOBKOli / 5/ (perncTpanirn H8iiTpOHOB II 3JI9KTpOHOB ocymeCTBJIHJI8CI, 

C IlOMOmI>IO ,Il,9BHTll e-~eTeKTOPOB). 

3Hamrn BeJIH'IRHH Cn. Heo6xo~Mo ~ onpe,IJ,eJieHHH a6coJnOTHoro 

BHxo,na HeilTpOHOB B Hamnx OITHTax 6 • 7 , a Ce - .IVLR on_rie.n,eJieHHH 

'IHCJia ocTaHOEOK MIOOHOB B MHID9HH, sanoJIHeHHOD BO.n,opO,Il,OM Jll!60 

CM9CI,IO li80TOilOB BO,Il,Opo,na. 3a,1.1aqa 06 onpe,IJ,eJieHllll sqqeKTliEI!OCTeil 

perncTpanim HeiiTpOHOB B ycJIOBliHX llJIOXOii reoMeTpHH ycTaHOBKII 

(npOTH1K9HHll8 pasMepH MliilleHM) pemaJiaCI, IT'JTeM 'll:llCJI911HOro MO.JJ,e.lillpCEa

HIIH C IlOMOmI>!l M9TOM MOHTe-KapJIO • PaC'I9Tll npOH3BO,Il,:l1JIHCI, Hll 3EU 
ESCM-6. IlOCJI9,TI,OBaT9JII,HOCTI, paC'l8TOB COCTOHJia ll3 CJI9,JJ,y!lmHX ST8TIOB: 

1) MO,Il,eJilipoBaHRe TO'IKli OCT8HOBKll MIOOHa B MliID9Hll li yrJia BUJieTa 

H9HTPOH8 (8JI8KTpOHa); 2) MO,IJ,eJIHpoEaHIIe B3aliMO,Il,9HCTEIIH Hei1TpO'Ha 

(3JI9KTPOHa) C E91!\9CTEOM 'BHyTpeH!!llX CnHHTHJI.7JjJTOpOB ll CT9HOK MHnte

HHi 3) MO,Il,9JllipOB8Hl18 B3aHMO,Il,9HCTBHil H9llTpOHa (sJieKTPOHa) B CTHJII,-

6eae H IlOCTpOeHHe 8MllJIHTy,nHHX pacnpe,neJieHHll C06HTHil. 3aperacTp11pc

B8HHUX e-.neTeKTOpaMli. OKCH'laTeJII,HHe 3H8'I9HHH 8Q4J9KTIIBHOCT9li pe-

e 

.L.-

PHc. 1 

rncTpanim HeilTfOHOB ll 

0JI9KTPOHOB 3KCnepnMeHTar;I,

HOH ycTaHOBKOil COCT8D!l.)!1{: 

e,,,= 0,0462 z 0,0009 cpe-

aKnnH (3)); · 

ell,= 0,0679 .:t 0,0017 cpe

a~sr (2 a)); 
ee = 0,1782 .:t 0,0033 • 

CxeMa 8ICCil8 pHMeHTaJII,HOil YCT8HOl3KH 
(rasoBSH Mmll8HD H .n,eTeKTOpH). 

fJISBS III nOCBHm9H8 ormcaHHD 8KCnepRM9HTa / 6/ no ll3Mepemm 

AddjJ- -):RopocTH o6pasOBaHRH defµ -MOJIBKYJ!ll II Aj-cKopocTII CHH

Tesa B H8fi B rasooCSpa8HOM ,IJ,8fiT8plil! npli T = 300°!{..,; MeTO,Il, onpe,IJ,eJie

Hl!JI BeJIFm.HJ\.d4P-H Af 6WI ocHoBaH Ha H8Meperum Bmco,na H BpeMeHHo-

ro pacnpe,neJieHHSI HefiTpOHOB OT peaKIUU! (2 a) l! ITOCJI8,DyJ>meM aHaJili-

se ero nyTeM annpORCHMannH B!lpall9Hli9M, HBJIJmlllHMCJI <fu,HKnnen yKa

J:18HHHX B8JIH'll:HH. Pa60T8 B!lilOJIHHJiaCI, Ha ITy-qK8 MIOOHOD C .l'rCilOJII,30Ba

HH8M rasoBoll Millll9HH, sanoJIHeHHOff CB8pX'm:CTllM ,nettTepHeM 

(C~ < !0-B 06'h9MH!lX ,Il,OJI8tl) ,I(O ,n8BJI8Hl!H 4I aTM. MllOHH TIOCJI8 npo

XOz.®Hl!H C'I8T'llll<OB I,2 1 3 (CM. ·pnc. !) TO.l)M03HJiliCI, qiHJII,TpoM 6 H 
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nona.n,aJm B 06'beM. rasOEOH Mllill8Hi1. MeTO,IU,1 B11.11.8JI8H.llH OCT8HOEOK MJO

OH03 C IlOMOlll,I,JO CUHHTlIJIJIHTOPOB ll3 Cs J (Tl ) , H'xo.n.mn,,rxc.a: BHyTplI 

MUill0H!1 (ctJeTtilIKH 4,5), pacc:.10TpeH11 B pa6oTe / 4 • Ha _puc. 2 npe.11.

CTaBieHa 6JIOK-CXeMa 9JI8KT.POHHOH annapaTyp11. 11MnyJJ.I,C OCT8HOBlill MJO

ona (2345) sanycKaJI "Bopo:ra II .ll.Jll1T8JII,HOCTI,D 4 MKC, B T8'!8Hl18 KOTO

pblX aHaJilI3HpOB8JfilCI, co611T:rn, saperncTpapoBaHHHe e-.11.eTSKTOpaMli. 

:1lnor:m,'.HI£lJIJ,H&.fi CllCTeMa perncTpaIUf.il H811TIJCHOB onacaHa B pa6oTel31. 
EJIOK EIJ.IJ.8JI8H:UI KOMilOHSHT OCYlJ.lSCTB.'lHJI pas.11.eJISHlle H0i1TpOHOB .i 

r -KB8HTOB IlO IJ_;OpM0 C~!HT,Ia1Jl.ffil,l10HHOPO l!MTiyJJ.I,Ca B CTUJIJ,68118 • E 
pesyJII,TaTe pas)J.eJiamm na n11xo.11.e EEI{ noHBJIHJI1:1c1, .II.BB IIMIIyJIJ,ca: 

8MilJlliTY.ll.a 0.11.noro nponopUHOHaJIJ,H8 IlJIOII;8.ll.H "61lcTpo.il" KOMilOH0HT11 

("EK"), a 8MIIJill.Ty.n,a .n.pyroro - IlOJIHOM IlJIOII;a.11.H CE0TOBOro liMTiyJIJ,Ca 

("E"). l3JIOK cy.MMaTopa H HOMepa ,IJ,eTeKTOpa BHpa6aTblB8JI T8KJKe ,IJ,Ea 

llMilY JIJ,08: 0.l!,UH JIOfil.tJe CIUiii ( 0) , .n.pyroii - anaJIOPOB11ii • Jlornqecrutii 

carnaJI (e) CBH,IJ,8T8JIJ,CTBOE8JI O TOM, 'ITO B O,Il,HOM ll3 e-.n.eTeKTOpoB 

db 
,71111~ 

,23 ~ 
______,K__ 

?He. 2 

saperHCTpll.pOB8HO C06UTH8, 

8 8MilJmTy.n.a aHaJioroBoro 

liMTiyJIJ,08 COOTBSTCTBOBaJia 

HOM8py )l,8HHOro ,Il,8T8KTOpa 

("J") • BpeMH IlOHBJISHHH 

CHrHaJia C e-.n.eTSKTOpa 

("T'') OTHOCUTSJIT,HO MOMS,HTa 

OCTaHOBKH MKlOHa li3M8p.a:JIOCI, 

C IlOMOlll,I,JO BpeMH-8MilJIHTy,IJ,HO

ro npeo6pasoBaTeJIH T:..,..A. 

3JieKTPOHHa.a: JIOrHKa Ilp0li3-

EO.IJ.HJIB OT6op C0611Tlili, sa

perHCTpll.pOBaHH11X e-.n.eTeK-

TOpaMll, corJIBCHO Kpll.TepH.a:M. 

AH8JIOPOBbl8 CIIrHaJThl ("EK", "En, "T"), COOTB8TCTByilllll!8 OT06paHHOMY 

C06hlTHIO, ~OCTyilaJIII Ha BXO,ll, 6JIOKa MHOPOMe pHoro 8HaJIIIsa . (EMAA) , B11-

IlOJIH8HHOrO Ha OCHOB8 aHaJmsaTOpa AU -4096. IlOCJI8 38IlOJIH8HIIH 4096 

meeK Il8MHTH aHaJIII38TOpa tJIICJIOBOii M8CCIIB rrepe,IJ,8B8JICH Ha 3BM, 

"MHHCK-22" C sailllCI,IO Ha MarHHTHYJO JISHTy II qacTIItJHOH ero o6pa60TKOH. 

l!HCJIO OCTaH9BOK MJOQHOB B ,ll,8HTepull 0Ilpe,ll,8JIHJIOCI, nyTeM ll3M8peHHH 

BblXO,IJ,a aJieKTpOHOB OT paCil8.IJ.8 MIOOHOB B T8'18H.ll8 BpeMeHHblX "BO.POT" 

li llCITOJ!.I,30BaHHH paHee Ha.il.11.eHHOro H8Mli paC<!STHOro 3H8tJ8HHH ail¢eK

TllBHOCTli perliCTpaIUfll 9JI8KTPOHOB. ioH CJIYtJ8HH11X COBil8,ll,8Hllii 6blJI H3-

MepeH B OilblTe C BaKyyMHpOBaHHOH MliIIJSHI,JO Hero BKJia,ll, 0Ka3aJICH 

paDHLl!J 15%, 

8 

.... 

,,i.1 
\ 

3KCil8PHM8HTaJJ.I,H08 BpeM0HH08 pacnpe,IJ,eJieH.lle neilTpOHOB Ilpll.Be

,ll,8HO Ha pll.C. 3. Ilpli aHaJIII38 BpeMeHHOro pacnpe,IJ,eJie!m.a: HeiiTpOHOB 

ll.CITOJII,30BaJlll.CI,: <Ilic.no MJOOHIU.X OCTaHOBOK ~=(3,12 ± 0,IO) •IU6 ; 

tJHCJIO HeiiTpOHH11X C06blTHH, saperHCTplipOB8HH11X e-,IJ,8T8KTOpaMH 

./vn, = II48 ± 34; 3~KTIIBHOCTI, perHCTpaUH.11 HSHTPOHOB C1v = 

(1,430 ± 0,088)•10- ; BpeM8HH08 pachpe,IJ,8JI8H.lle qiOHa c;ryqaiJHblX COE

na,IJ,eHHii, H3MepeHHOe B 0Il11T8 C BaKyyMIIpoBaHHOH MHill8HI,JO. 

)VIR onpe,IteJieH11.S1 BSJill.'lll.H Add_li ;..1 e:ro pacnpe,I1,eJien11e 

qiHTHpoBaJIOCI, C IlOMOIIU,il Bbl_p8llt8H.llH: . 

~1"=Af(Adc{µ,Aj,t)+c, r4e f(Adc1:_P,A;,tJ=t·1\dc(p .;lf 
e-(Ao+Add_µ.)t e-(Ao+).,)t (1+ Add_µ, Aft: ) 

Xt - AddJL • A f - Add.fl ) 
r,IJ,e A = Nft en, 1 C - ypoBe!lI, qioaa CJIYtJaiUrnx COBil8,ll,0HHil • 

B peayJJ.I,T8T0 o6pa60TKJ1 no::r.1eHH,CJI6.JIYIOll\H0 3HatJ0HHH B0JIII'IHH: 

Addj',,= (0,73 :t 0,07)•I0
6
c- ;.1\£>I,8•I06c-1 (Ha ypoBHe 90% ,IJ,OcTo-

BepaocTH). Cf]) = 4,22•ra22cM-3 ). , 

CpaBH0H.ll0 ITOJiytJSHHblX .11.BHHUX C 

200 

150 

''l 
\l no = 8 

§ 50 
:,-

BpeMg (MKC) 

Pllc. 3 

peayJIJ,TaTaMH pa6oT (J.G.Fetko
vich et al. Phys.Rev.Lett., 4, 
5?0(1960); J.H.Doede, Phys. 
Rev., 132, 1782 (1963)) 
IlO,ll,TB8plK,IJ,aeT HaJfiltJH0 3aBHCHMOC

Tll cKopocTH o6paaoBaH.ll.a: dc[ft,
-MoJieKyJI11 OT TeMilepaTyphl Cpe,ll,bl. 

B TO llt8 BpeMH BT.II pesyJJ.I,T8T11 

npH paCCMOTpeHHH B COBOKYITHOCTn 

C ,IJ,aHHblMli pa60T11 (B.Il.,lll!'i0JI8IlOB, 

Il.~.EPMOJIOB ll ,IJ,p. i3T~, 50, 1235 

(1966)) He IlpOTHBOpetJaT rrpe,ll,Ilo-

BpeMeHH08 pacnpe,IteJieHHe H8HTPO- JIOll6HHil cymecTBOBaH.IIH peaoHaH-
HOB,' HSMepeHHoe B BKCilOS:imwtX C , dr' 
,IJ,elrepHeM. no ocn a6cnacc OTJIO- cHoro MexaHaaua o61)8aoBaHIIH ~ 
X8HO B!)6MR.OTHOCHT8JIJ,HO MOM8HT8 -MOJI8KyJm. Hafl,IJ,8HH08 HHllHee rpa-
OCTSHOB:!tJCYllOHa, no OCH op,u;aHaT HHtJH08 3H8tJ8HH8 BeJllftJlUW l 
- tmCJIO co6HTU B liHT8pBaJ16. 0,5 /lf 
MKC. JlHHIIH COOTB8TCTByeT 38BHCH.- .nOK83HBSeT, tJTO CKOpoCTI, M8P-
MOCTH (5) c aaA.1teHHHM aHatJeHH8M Hol peaKUHH B dd,J-MOJieKyJie cy-
Adcf:µ... . , :r-

mecTBSHHO npeBOCXO,D;ilT CKOpoCTI, paCIIa.11.8 MJOOHa H CBll,ll,0T8JIJ,CTByeT B, 

IlOJII,3y cnpaBe;vm:BOCTH T80peTHtJ8CKHX OU8HOK, .ll.810ll\HX ,ll,JIH A.1 6oJIJ,
moe aaatJeime;:::: ro11

c-
1

{3.A.BecMaa. Ilpen.PHHT OilliH, P-3256,Jly6aa 

(1967)). 

9 



B rJIBEe IY OIIHC!lEa8TC.H 3KCil8pliM8HT /B/, USJ!I,JD KOTOporo RE

JIR.JIOCL np.HM08 H3MepeHHe CKOpOCT8li o6pa30E8Hl1.H PI!,ll- 11 Pcyt.-MOJie

KYJI B rasoo6pa3HOM EO,ll,Opo.n.e •. B npouecce 3KCil8pliM8HT8 6UJIO IlO.nytie

HO T8Kllle OTII011Jea11e CKOPOCTeii nepexBaTa MIDOH8 C npOTOHa 11 .n.e:ilTpo

Ha 118 KCBHOH. B pa6oTe 6wr npHMeHeH MSTO,ll, 113M8p0HU.H, E OCHOB8 KO

TOporo JiellraT HCilOJ!I,30EaHH8 CMSCH BO,ll,Opo,ll,8 C M8JIOfl np~MeCLID rasa 

z:: 7 I (E 11ameM c~qae 6HJI BS.HT Kce110H c aToMapHoil KOHUSHTpaUIIeii 

~ 10-5
). BpeMeHHH8 pacnpe,ll,9JI8Hll.H f-KE8HTOB M930p0HTr9HOBCKOrO 

,13~qe11n.H Z_µ . ."-aTOMOB (E03HHKIIJero E pe3yJII,T8T9 ner,exEaTa MIDOI18 C 

npOTO!la (.n.eiiTpOHa) K H,ll,paM KCeHOHa) H 3JI9KT~Ol!OB OT pacna.n.a MJOO

l!OB Mor..no sanucan e.nmn,11.1 o6pa30!A ,ll,JIH cMecn I½ + Xe (on11T no on

pe.n.e;remuo )...f'f'.P- ) n Hz + ~ + Xe (onHT no onpe.n.eJieHHIO Apel_µ,): g'!;;- ) -Ast: 
t -/\xee • (6) 

drte _ }.~ A.xe AoA;c -Ast J..o,,\,x ->-ut 
dt =(Ao As-A'o-AI';p J\J-J...Je +J\

5
-A

0
e .·<7) 

3.uecL .n.JIR CMS CH H2 + Xe /\s= A,,+ lf' )..f!'.P-(1-C:p) + 'PCxe A.xe +fr;)..fd.; 
J\,x==App_µ., Axe== ,A,ie , a ,ll,JIH CMS CH Hz + Xe + ~ 

. d. 
As= Ao+ 'f (1- CJJ) Apd_p. -t-fC:pAddJJ. +fCxe Axe, Ax= Apctu,, .. \(e= Axt-· 
/1. p , },. d d -CKOpOCTL nepexEaTa MJOOH8 C Il[,OTOH8 <.neiiTpona) K H,ll,- J 

p/J Xe, p ./\pd-C!WpOCTb nepeXEaTa MJOOHa C npOTOH8 Ha ,lJ,P,MTpDHj 

Cxe, C,u - 8TOM8pH!19 KOHI':OHTpau1m KCBHOHa H ,ll,8MT9PIUI COOTB9TCTB9HHO; 

'f'_ :-- OTHOIIlSH;rn IlJIOTHOCTH ra3a K IlJIOTHOCTII lf.lI,ll,KOro EO,ll,Opo.n.a j 
ca~ / A;a,- CKopocTL saXBaTa MJOOHa MPOM KCOHOHa; A.

0
-cKopocTL pacna.n.a 

r,\.lOOHa Ha op611Te Xe_µ- 8TOMa. 

AHaJI!~3 3KCnepliM9HT8JII,Hl1X Bp0M9HHUX pacnpe.ueJieHiiii C IlOMOlll,I,IO 

BHpl]:KSl!llll Tllil8 (6) H (7) C ueJII,IO orrpe.n.e;remrn napaMeTpOB yKa38HHHX 

aKcnoneHT ,naeT E03MOlKHOCTL HailTH HCKOM!le BeJinqHHH Ax , A.xe• 
IlyqoR MJOOHOB, ra30E8.H Mlilll9HL, Cl1CT9M8 oqncTKll EO.IJ.Opo.n.a 11 

MSTO,ll,11 EH,D;8JI9Hll.H OCT8HOEOK MJOOHOB B o6~eMe Mlllll8Hll 611JIH TeMH ~e, 

qTO H B OIIHT8X no H3Mepenl41D CKOpOCTll o6pa30B8HHH dq/(-MOJI8KYJIH1G/. 

PernCTpa!J;l:Ul p-KE8HTOB M830p9HTr8HOBCKOro 113.nytISHUH XEJ_f{-8TOMOB 

li 3JI8KTpOHOB OT pacna.n.a MIOOHOB ocymecTBJIRJI8CL .D.BYMJI .IJ.9T8KTOpaMH 

{ (,, , {z ) II qeTHPLMH cqeTtfilR8MH, (er ~ 84). . . . · 

Ilpeo6pa30B8HH8H E Ulll!JPOEOil KO,ll, 8MilJIHTY,ll,HO-BpeMeHH8.H HHq,O~Ullfl 0 

C06HTHH, 38p9r11CTpHpOB8HHOM r-llJIH 8-,ll,8T8KTOpoM, EM8CT8 C CO,ll,8p

~HMl1M perrAcTpa ;rornqecKHX np11sHaKoB nepe.n.aBaJIEICL B 3BM HP-2II6. 

Ha nyqKe MIOOHOB 6HJIO npoBe.n.eHO qeTllpe 3KCil03HUII11. YCJIOBllfl. 

OllHTOD rrpnDe~eHll B TadnII~e I. 
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.t 
l,J 

~ ,. 
I 

Bo ECBX 'l.eTHpeX Olll1T8X npOEO,ll,liJIOCL H3M6p0Hil9 Ep9M911HliX 

cneKTPOE co6HTl1l1, aaperHCTpllpOE8,HHHX p- n: e-.n.eTeKTOpaMH L COEna

.n.emrnx H 8HTliCOBna.n.emmx C ClirHaJIOM OT ,ll,9TBKTOpa 5 (cneKTPH e+5. 

e-5,f+5,f-5). l{pOMB Toro, H3MepmracL T8KlKe aMIIJiliTY,IUihle pacnpe

,ll,8JI0Hl1Si m,rnyJII,COB OT .n.eTeKTOpOE.,MtJ(Tt ) • XapaKTB],Hl:lB EpeMSIIHIJe 

pacnpe,n.e;remrn C0611THii, 3aperncTpUpOE8HHhlX B OilHT9 H~ + Xe, npu-
., ;.._ P 

Be.n.eHll Ha pIIc. 4. ,IlJm Haxo~eHl!R Eemmm A f'f'fl, }./'cfµ, B= A cf: 
6HJil1 rrpoaH8Jll13HPOE8Hl1 no M8TO,ll,y H8ID/l9HLIIIUX KBa,ll,paTOE EpeM9Il!Ul6 

pacnpe.n.eJieHHH C06!1THii, 38perl!CTpHpoEaHHl1X f li B-,ll,9T9KTOpaM11 E 

3KCil03liUURX "I", "II", "III". 

Ta6JIHUa I. 

l:JKCnO- HanoJI!lemre ,UaEJIBHfle KOHUS HT pa- r..OHU~HTpaUIIR 
3lil~Si 1.mmem-1 CMBCli ra- Ullfl KCeHO- ,D;9}JT9f11H 

30B B MH- 11a (Cxe> (C,u 
mfrnll n~ 

=20 C 
"I" . 112 40 8TM - < 10-b 
"II" Hz+ Xe 40 8TM z3•IlT

5 < nr6 

"III" l½+Xe+~ 43 8TM ~ 3• I0-5 z U,U7 

"IY" li8KVVM 10-5 8TM - -
4'0HOB.116 pacnpe.n.e;remm, no~'l.BHHHe E OllUTe "IY" H npnEe.n.eHHlle K 

yCJIOBllHM -COOTEB TCTEYID14B:i-i 3KCil03llUlll:I, EH'li1T8JIHCL nOK8H8JII,HO, fmK

CHMaJII,H.11!1 llKJI8,ll, q.oHa HS Ilp0BHIII8JI 3%. B pe:ayJII,T8TB o6pa60TRli 3KCI1e

p11MBHT8JII,HHX ,n.aHnHx Haii.n.eHu c;re.n.y10mi1e sHa'l.eHIDI ESJIR'llrn AppJ,l , 
Afd.JtH B: Af'pJL = (2,34 ± U,I7)•IU

6
c-I; 

Apdp, =,o (5,53 ± O,I6)•Iu6c-1 ; 

B = J,..;,fl = I,62 :!: 0,05 • 

Ilo~qenHoe naMH snaq~" AppJ(cKopocTH o6pa30EallliR PP.fl- -Mo

;reKyJIH xopomo corJiacyeTC.H C 3KCn~pl!M9HT3JlbHHMli ,ll,8HHHMU ( E.Bleser, 
E.W .Anderson et al. Phys. Rev., .ig, 2679 (19~) ; G.Confor-
to; C.Rubbia et al. Nuovo Cim., 33, 1001 (1964) ; 

B.ll.)!)KeJienoB, ll.q,.EpMOJIOB n .n.p. Tpy,ll,11 XIII Mew11apo,ll,HoM KOH1p3pe11-

Ullli no qM3HKB hHCORHX 3Heprl:l:ii, .Ily6na, T.I, 878, 1964, M •• ATbM

H3,ll,8T, ;1966; lU.r.Ey,Il,lIIIIOB, TI,t;11.ripMOJIOB li .n.p.IlpenpliHT Ovilfrl,P 15-3964, 

,IIy6Ha. (19G8)) li C pe3yJII,T8T8MII(H.E.3eJII,,l],0Bllq, C.C.I'epmTeiln. Yil>H, 

71,581(1960); JI.H.IloHOMapeB, iA.II.<l>aiiq,MaH. Jir3N>, 71, 1689 (1976)), 

a snaqerurn /1..pdji C0llll8,ll,88T C ]J.8HHHMll pa60T!l 

( E,Bleser, E.W,.Anderson et al. Phys. Rev., .ig, 2679 
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(1963)) ll Ehl"IIICJie HH.m,n;r (JI.H.IIOHOMapeB, lli.II.~aiicpMaH. ElT<l?, 71, 
1689 (!976)). ConocTaBJieHne ,naHHHX 

nSMepeHMil BeJIII"IllH }../'f'.J-l II Af'cy.L, 10',·------'------. 

,:,; 

~ 
~ 8 102 

6 
;i; 

10' 

H2•Xe 

2 3 4 

BPEM~ (MKC) 

Puc. 4 

EllllOJIHeHHllX.B pa3Jlll"IHl1X 3KcnepnMeH

T8JII,HHX yCJIOEllflX,Il03EOJilleT c,neJiaTI, 

38KJIIO"IeH;re, "ITO CKOpOCTll o6pa30B8HWI 

MesoMOJieKyJI PRfl n pd.fl, B MJUWM 

u rasoo6pasHoM Bo.nopo.ne He paaJilltJa

IOTC'.'!, T .e. OTCYTCTByeT 38EI1:CllMOCTI, 

CKOpOCTeH o6pa30DaJ!llH 

P~-MOJI6KyJI OJ 3Heprnn 

aTOMa. 

Po/1-- ll 

~ (C9') 

B rJiaEe Y npe,nCT8EJIO!ill pe3yJII,-

T8Tll .PJI,U8 3KCilepMM9HTOB, E~IlOJIH8H

HIJX ,nJI.fI onpe.neJieHllSI KaK xapa1,Tepa 

38CeJI8HHOCTll CilllHOEHX COCTOSIHllM i:{,,u.
-aTOM8 (B MOMeHT o6pasoBaHWI pd_µ,-
-MoJieKyJIH) B. rasoo6pasHoM Eo,nopo.ne 

C Il PliM8 CI,lO .ne ii Te PllSI no pSIJU{a He CK OJII,

KllX IlPOU8HTOB, TaK i iopOCTll CliHTe-

38 B pc(jl -MoJieKyJie 9 • XoTJt npn 

o6pasOE8HlilI cfµ. -aTOMOB o6a COCTO

JIHJISI CE8pXTOHKOii CTPYKTYPll CO CilllHOM 

Ep3:,1onHIJe cneKTpl1 C06IJTllll, 
aaperncTp:!pOE8HHl1X l(';.,ne
TeKTOpaMll B 0Il1!Te "II"11 (Hop
M!1fDEammfi qoH BIJ"ITeH) i a -
coEna,nemrn c cnrttaJioM OT JJ.e
TeKTopa 5 (l_5), b - aHTII
coEna,neHIDI c_cnrttaJIOM OT .ne
TeKTOpa 5 (,r5); CilJIOffiHHe Jlll
HIEI - pac"Ie°Tm.e F.PllEIJe. F = 3/2 ll F = 1/2 saceJIHJOTCSI 

CT8TlfCTU"IeCKH, TeM He MeHee K MOMeHTy SI.nepnoro ~-38XBaTa llJill 

06pa:10Eamrn MesoMoJieKyJI!l pd_fl xapaKTep saceJieHHOCTll MOIKST H3Me

HRTI,CJI l!3""'.3a B03MOlKHHX nepexo.noB d.}-'.(3/2 - 1/2)B coy.napemmx: 

d_µ (3/2) + d-cfp!r/2) + d, . (8) 

dfo (3/2) + p--dp.<I/2) + p. (9) 
Pe3yJII,TBTIJ 3KCnepnMeHTOB ( E.Bleser,E.W.Anderson et al.Phys. 

Rev.,,1£,2679(1963);I.-T.Wang et al.Phys.Rev.,139, 1526 
(1965)) CBU)I.O'l'OJII,CTBYJOT O CT8TliCTli"I8CKOM xapm,Tepe saceJieH-

IIOCTli CilllHOB!lX COCTOSIHllli <!ft -aTOMOB B MOMeHT _ft.-3aXBa'l'a, 

Tor.na KaK IlOJIY'IOHHa.fl B .OllllTe ( A.Placci et . al. Phys. Rev. 
Lett., 25, 475 (1970); Phys.Rev., 6D, 11, 3774 (1973)) 

EOYiJ!"Illfla CKOpOCTll 38XB8Ta cor;racyeTC.fl C TeopeTW.J:eCKHMlI pactreTaMn 

3T0!1 E8JllI"IliHbl JllimI,. npn .nonymellHll, "ITO K MOMeHTy .}l -saXBaTa EC8 

cffl-nTOMll nepexo,nnT E CCCTORHl18 F = I/2 • Ha Eh."'IllCJieHnoro 3H8'18-

!HlSI Ad cKopocTn rrpouecca (8) ( A.d = 7.ro6c-1 - c.c.repmTeiiH. 
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~ST~, 40,698 (1961); aBTOPH no.rrara10T, "ITO nepexo)!.11 3/2-,,-I/2 

E03MO:rum TOJT.I,JW B CTOJIKHO:SC!al.flX (8)) CJie,rr,yeT, "ITO !WK B ycJIOEllRX 

:mcnepHMe:r~oE ( E.Bleser,1>.W .Anderson et al. Phys.Rev., ,1£, 
2679 (1963); I.-T.Wang et al. Phys.Rev., 139, 1528 (1965)) 7 

TaK ll B yCJJOEllRX OllllTa ( A.Placci et al. Phys. Rev. Lett·.' 

25, 475 (1970); Phys. Rev.•, 6D, 11, 3774 (1973)) 

BJIURH,re 3TOro npou;ecca npeHe6peJKllMO MaJIO. ,lI.Jm 06'b.flCHeHJHI pe3yJII,

T8TOB CEoero Oll1lT8 <A.Placci et al. Phys.Rev •• Lett.,25,475(1970); 
Phys. Rev., 6D, 11, 3774 (1973)) aETopu rrpe)I.IlOJIOlKl!JIII, 

"ITO liHTeHmmuuii nepoxo,n; d_µ, (3/2 -- 1/2) o6ycJIOBJieH CTOJIRHOF.e-

mrnMH (9). CJie.nyeT OTM8TMTI,, "ITO TBKOii MexamrnM nprrEOW!JI 6H E 

ycJIOBliflX 8KCilOplIM8HTOB ( E.Bleser, E.W .Anderson et al. Phys.Rev., 

2£,2679(1963);1.-T.Wang et al. Phys.Rev., 139, 1526 (1965)) 
K IGO% rre peXOJJY &,-aTOMOB B HHlK!lee COCTOSIHMe c F = 1/2, 'ITO 

REHO npoTUEOpe'IllT pe3yJII,T8TaM ,nammx pa6oT. IlOSTOMy npe)I.IlOJIOr.te

lll18 0 cymecTBOE8Hllll JIHT8HCIIBHOro nepexo.na qµ(3/2~c!Jl(I/2) aa 

C"IeT npouecca' (9) He CHJIMa,eT pacxo~eHne M8lKJJY JJ.8HHb!MR OllhlTOB 

( A.Placci et al. Phys. Rev. Le'tt., 25, 475 (1970); 
Phys.Rev., BD, 11, 3774 (1973) ) li ( E.Bleser, E.W.Anderson 

et al. Phys.Rev., 1£, 2679 (1963); I.-T.Wang et al. Phys.Rev., 
139,1528 (1965)). ,lI.Jm O)I.H03Hll'!HOro ycTaHOBJI8Hl1fl xapaKTepa sace

jJOHHOCTll CilllHOBHX COCTOffilllll cy,t-aTOMa (npe)I.Ilo.rraraeTCSI' 'ITO nepe

X0)!.11 qJ,l (3/2)~ c!,µ (I/2) IlIJOl!CXO,nHT TOJII,KO E CTOJIKHOB81!l!fiX( 8)) 

Heo6xo.nm,m saamre BeJIH"IllHH Ad . beJill'IllRY Ad Mo;irno orrp3.neJI11TI, 

nyTeM usi,iepemrn EpeMOH'!Oro pacnpe)l.8JI8HH.fl U a6CO.'JIOT!IOro EblXO)l.a 

f-KE8HTOB OT peaKUHM (1 a)_, KOTOpblli cymecTB8HHO 38El1CHT OT pacnpe

)l.8JieHll.fl cfµ -aTCMOE no CTIHHOBHM COCTO.flllllRM E l/!OM8HT o6pa30E8HH.H 

pdfl - MOJJeKyJI!l •. 3To ciRsaHo co c:re.nyIOll\lfMH 06cToRTeJII,CTEa.M11: 

1) saceJieHHJC,TI, Il0JJYPOEH8ii OCHOBHOrO COCTO.flllli.fl pci.f!- -MCJI8KYJIJ1 

( J. = 2,1 (~a ypoBHR), O; :I - IlOJIHIJH :.iot.'.8HT pqj-l-MOJieKyJIU) 

onpe,neJIReTCR xapaKTepoM pacnpe)l.8JI8!111fl c!ft.-aTOMOB no Cffi.fi!OTIUM coc

TORHllRM F .= 3/2 ll F = I/2; 2) ·cKopOCTI, peaKUlili (I a) 38EUCUT OT 

sHa'Ie!llin1i~oMenTa f~MOJieKyJI!l (nprr 3 = 2 peam:.urn ne npoucxo_:'l,lfT, 

B OCTBJII,HHX COCTO.fll!IDIX OHa npoTeKaeT co CKOPOCTSIMll, 3H8"I811:IJI KO

TOpblX Hafi~eHH B pa60T8 (C.C.repmTeiiH. ~8T<l?, 40, 698 (!9€!)). 

Epeue1rHoe pacnpe.ne.1enne f -KEaHTOE OT peam~:.m ( I o) MO'i\:HO 

npe.ncTaBHTb CJISJJ.YIOIUMM c6pasoM: 

. ~=Ac,rP; P:::f(ai' 6i' di, Apqµ, AF 7 Ad), (ID) 
r,n;e t = I, 2, 3 - llH,!(eKc, COOTB8TCTDYDU111H onpe,!(eJieHHOMY 
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cocrosunrn pd}' - MOJieKyJIII (J = o, I ( ,!{Ba cocro.11mrn ) ) ; 

A - K03\fu'llu,rnHT, rrporropu,IOH8JII,HIIH 'll!CJJY 0CT8HOBOK MIOOHOB B Ml1me

Hli; Cf - 3CfJql8KTMBHOCTL perMCTpa.I{MM p -KB8HTOB OT pe8KIUilI (I 8); 

Gi,8i-CT8Tl1CTl1'18CKMe Beca rro.u,ypOBHeii p~ -MOJieKyJTh!, rrp11Be,nemrne 

B _pa6oTe (c.c.repmTeHH. 13Tw, 40,698 (I96I)), o6pa30E8HHOH II3 

&,-aroMoB, Haxo.IJ,HmHxcR B cocTO.llHIIM co CIIIIHOM F = 3/2 n F = I/2 

COOTECTCTB8HIIO; di - OTHOIIJ8Hlle CKO,POOTH peaKIUill CHHTesa (I a) 

,ll;JIR orrpe,neJieHHOro COCTORHY.R pr{µ. -MOJieKyJill C MOM8HTOMJ' K 3Ha'!emm 

c,rnpocTH Cl-!HT838 D P¥. -MOJieKyJie C ,'J = o. 
llcROMhle 01rnIJocTH Ac1., AF 61IJIH orrpe.I{eJieHII rryTeM arrnpoKcIIMaIUiU 

::rncrrepHMCHT8Jll,HIIX BpeMeHHHX pacrrpe,n8JI8Hllii "r -KB8HTOB Bllpal!t8HH8M 

(IO) npll l-!CIIOJ11,30E8Hllli Hail,nSHHOro H8Mll paHee 3H8'18HHR 

Arc{p., = (5,53 i O,I6)•I06c-1, H Be.~I'll!HH er , ll3MepeHHOii B 

,ll;OllOJIHflT8Jll,HHX 3KCnepMM8HTax. 

IlpM npOB8,ll;8Hl1ll ,ll;8HHOro 3KCll8PMM8HTa MCIIOJII,30B8JI8C1, Ta me 
3KCrrepMM8HT8JII,H8R anrrapaTypa, 'ITO MB OII11Ta no H3Mepemm CKOpoc

Teil o6pasoEaHHR Pw,t,-H Pcy.L -MOJISKyJI (rJiaBa lY). 

b ::rncne pmt.eHT8 61:lJIH npoBe,neHII ,ll;B9 3KCII03HIU1ll: "A" - co 

CM801,JO f½ + ~ ll "B" - OIIIIT C reJIHeM (qiOHOBim) • YCJIOBHR llpOBB,ll;e

HHR 3KCII8PHM8HT8 ll OCHOBHIIe ,ll;8HHl1e, xapaKT8PM3YKllllM8 OIIIITII, IIPM

E8,ll;8HII B T86JIHU8 2. JI;m K8lK,ll;Oii 3KCil03liIU1H Ilpoll3BO,ll;HJIOC1, IIOCTpoe

HHe 8MllJilITY,ll;HIIX Cll8ltTpOE p -KB8HTOB, 38peI'llCTPMpDD8HHIIX p-,ne
T8KTOpaMll B aHTiiCOBIIa,ll;efiliRX C CHrHaJIOM OT C'l8T'lliK8 5. 

: C 1(8JII,JO onpe,neJieIUIR aqqlCKTHBHOCTli perHCTP91UiH p -KB8HTOB, 

o6pasyJOIUHXCR B peaKIUiU (l a), 61IJI· npoBe,neH 8Kcnepm.1eHT c MRIII8Hbl) 

H3 Ta, ltOTOpaR pacnoJiaraJiaC!, B pa3HIIX TO'!Kax BHYTJm CT8K8H8 

CIUiHTMJIJIRTopa .nere1tTopa 5 (Cs :J (Tl )) • 
E116op T8HT8JIOEOH Mlllll8HH 61IJI o6yCJIOBJI8H TBM, 'ITO 8HeprHR rre

pexo,na 2p.:_Isn T~ -aTOM8 (E(K~) = 5,35 MaB) 6JIH3K8 no B8JIHtmH8 

K 3HeprHH p -KESHTOB (5,5 MaB) OT pearunrn: (I a). 06pa60TKa 8M

IIJIHTy,ll;HHX cneKTPOB, IIOJJY'l8HHIIX B ,ll;8HHOM OIIIITe, npoBO,ll;HJiaC!, B o6-
JI8CTH, COOTB8TCTByK>meil 3H8PI'HM f -KBSHTOB OT 4,1 MaB ,no 6,1 MaB. 

B116op STHX rpaHHu nosnoJIHJI IIOJIHOCTI,JD HCKJIJD'WTI, BRJia,n L , M H 

,npyrnx cepHil U -KE8HTOB. IlRJia,n 60JI88 lEBCTKHX JIHruill K-ce,Imff 

COCTaBJI.llJI~2% H 6HJI y'IT8H IlJm o6pa60TK8. Hail,neHHl18 3H8'18HHR * 
qi8ItTHBHCCTlI peI'HCTpaUHH f -KB8HTOB ,ll;JIR o6on: ,ll;8T8KTOpoB IIOM8ll!8-

HII B T86JilID;8 2 • 
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tJnu:r ~CJIO 
OCT8HOBOB 
MJOOHOB B 

rase 

"A" 2,9•!0° 

"B" 1,57•!06 

Ta6Jillua 2. 

3KCII8 pHM8HT8JII,Hhl8 ,ll;8HHll8 

HanoJIHeHlle TfiICJIO O -KB8HTOB, sa- 3qiqi8KTMBHOCT1, 
MHmeHll M peI'llCTPMPOB8HHIIX ,ne- peI'llc:rpaurm 

,ll;8BJI8~8 B TBKTOpaMll npH 8H8pre- p-KE8HTOB 
(aTM . TM'l8CKOM nopore E00p=4,l MsB 

Enoo=4,l MaE 

,ll;8T8KTOp ,neTeKTOp ,ll;8T8K- ,neTeR-

01 02 TOP ft TOPpz 

¾ti)~ 1550 2020 0 022¢ 0,029T-' 
0:0025· 0,0036 

He (47.) 280* 350* 

MaTlI 3H8'18HWl HOpMHpoBaHH HS 'lliCJIO OCT8HODOR MJOOHOB B 8KCll03HIUilI 

"A"• 
BpeM8HHl18 pacnpe,neJieHUSl r-KE8HTOB (~5), llOJIYll8HHHe B Olll1-

T8 "B" H HbpMHpoB8HHl18 K ycJIOBliSIM 3KCll03HIUill "A", BII'!MT8JIHC1, no 

K8H8JI8M R3 COOTBBTCTByJDlllMX BpeMBHHIIX pacn~,n8JI8HHil, H3M8peHHIIX B 

onaTe "A". liH:rerpaJII,Hllil BRJia,n q;oHa IIPM aHepreTH'!eCKOM no pore pe

l'llCTPIIPYJDmen annapa'cypll 4,I MaB ae npeB!,!JiI8JI 18%. 

PesyJII,TRIJYDID,He npeMeHHUe· pacnpe,neJieHUJI (o5), no.nyqeHHHe c no

MOllll,JD 060IIX ,neTeKTOPOB, o6pa68TIIB8JIIIC1, no M8TO.JJY H8HM9H1,mHX KB8,ll;

paTOB ny:reM annpoKCHMa~ lIX BllpalE81lli8M (IO) C 1(8JII,I) onpe,neJISHlIR 

cxopocTH nepexo,na AdH CRopocTH CIIHTesa AF B MesoMoJieKyJie Pcy.t 

(pHC. 5) • 
IlO.nytl'.8HH CJI8.JJYDID,H8 3H8'!8HWI B8JIH'WH: 

AF= (0,287 ~ 0,022)•I06c-1; Ad< l5•I06c-1 Ha yponHe 90% ,noc

'l'OB8PHOCTH. 

3Ha'!eHUe AF HaXO.ltR'l'CSI B xopomeM corJiaCHH c pesyJIHaTaMII aKcne,PlI

·•eHT8JI1,HOil pa60TH ( E.Bleser, E.W.And:[s~ et al. Pb,ys.Rev., 
132,2679(1963)) H BH'IHCJI8RHH (0,263•!0 c- - B.Gallone et al • 
lluovo·· c1a., 6, 168(1958) i 0,294• I0

6
c-l - B.P.Carter. Pb,ys. 

:ae,-:.'·:141.~863 (1966)). Hai!,neHH8R B8PXHRR rpaHHD;a CKOpoCTlI nepe-

XO)t8 (8) xopomo cor,JIBcyeTCR C 'A8HHIIMH 8KCll8plIM8HTOB CE.Bleser, 

E.W.Anderson et al.. Pb,ys. RH'., d.,8,2679(1963)1 I.-T.Wang et al.• 
Pb,ys. RH'., 139, 1.528 (1965) ) H C paC'l8THHM 

.H8'!8RH8M - 7•I□6c-1 (C~C.I'epmTeAH. Jlram, 40,698 (1961)). Hs no

~8HHOA HaMH otieHRK Ad cJie.uyeT, 'ITO nJm~He60JI1,111HX KOHD;8HTpaIU1RX 

.iel'1'8.PJ,U! (no,PJJ.ItK8 HSCKOJJI,RHX npoueHTOB) B c.uec.ax.~ .+ J!e %apaKT8p 
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3ace.r.e11HOC'rH CIDIHOBUX COCTOHHirli c{µ,-aTOMOB B MOMeHT .!I,D,ep11oro 
amrnaTa .MIOOHa )J,8MTPOHOM 6JllI30K K CT8THCT:atieCKOMy • 3TO 38KJJJO"l8HHe 

Bl"Ol!I IMKC 

400 
1 2 J 4 

;:u I 
I/ 

l 
160 

s 6 1 a 

<t'>-15 
x••~J 

800 

paCXO)J,HTC.ll C EUBO,ml!,IH 8ETCpOB pa-

60Tll ( A.Placci et al. Phys.Rev. 
Lett., 25, 4?5 (19?0); Phys. 
Rev., BD, 11, 3?74 (19?3)), 
npH"leM. paCXOlK)J,8HH0 coxpaH.ll0T CH
;ry H838BHCMMO OT xapaKTepa npe.n.
Il0Jl0~8HH.ll o· po~ nponecca (9) B 
nepexo)J.8x dp(3/2 )--..d_µ (I/2). 

.ll 
u ~ 

8HCTEllTe.r..r,no I ec~ He npe-
ue6peraTI, EKm,n.OM n_ponecca (9), 
TO nam pe3yJII,T8T MOlKHO npe.n.cTa
EHTI, B Bn.n.e : 
A.d+A-C'T) X < I5•I06c-I H CD J> 

Puc. 5 ]J)!.ll Xd -cKO_p{)CTll npouecca (9) -
l'feMeHHOe pacnpe,n.eJ1emrec-rrna11- CM.n.yeT Ad<I I•I06c-I (C -aTo-
TOE OT _peaKW[H CHHT03a M830- 1 ~ 
MOJl.Ji{:,Jle pdji,(HOp!.!HpoE8H!lliil uapHaH KOHneHTpaW.JI .n.oi1Teprur). 
fuOH El-l'!TOH), fIO OCH Op)J,HHaT - 1rw;. u • , 

0 
( 

'IHC.IIO CO()fJT.itli Ha HHTOpEaJl µ,,JJ1 YCJ!OBHH 3J-:CnepmAvlIT8 A.Placci 
0,378 ww. Cruom11a.11 ~HRfl,- : et al. Phys. Rev. Lett., 25, 4?5 
paC'lOTHaJI I{plIEa_H. - ( 19?0) ;Phys.Re~- ,an, 11,3?74( 1973)) 

na ocro:m:imm no;ryqonHUx HaMH aHaTieffilil Ad H .Ad ELJTeKaeT orpaHHTie-
RJt1e: 

)\ : (3/2 - I/2) <. 0,2•IU5c-I, "ITO pe::rno OT~'!aeTcJI OT one11-

IM 8ETopo:c _pa60TLI ( A.Placci et al. Phys. Rev. Lett.' 

25, 475(1970); Phys.Rev., 
Topo.iii\(3/2 - I/2) > 5•IO 

an, 
-I 

C • 

11,3?74 (19?3)),cOrJiaCHO KO-

OcnoEHlle pe3yJ1I,TaTH, H3JlClKOlllme B .uaccepTaqnn, CBOAJITCH K 
CJie_lf.YRJU,e:.,y: 

I , ;:;o3)J,8Ha ycTaHOFKa _nJifl Il:JJPJ'l8HHSI CEapX'lHCTaro raaoo6paa-
HOro Eo.uapo.na HIJ!t )J.8BJ1c11u;1 5u aTMccc1ep (Pc:L -cfu.1nTp) H cHcTsMa 
r.m::,·y~JJI _:::rnanzJI H :ianCJTHeH!m Mll!l!B im ( C EllYT !,'}HH,•!l,HI CU;1HTHJI.,'I.qTo pawl 
Cs :J (T()) rnaoo6pa3HI,:,\ EO)~Of-0.l);O:.\ _i\O )J,8:R.iremrn4J 8T!,IOClf,ep. IC.II 
C'.!CT3iia E ~S.l!OM ITC;JF.OJIReT no.,;yqaTI, .:1 COX_p8H.P.TI, EO,nopc_n;.:a j~!Il!JeHII 

B TC'l8Hi!8 I00-!50 -qaCO.EL:X 3KCfi03U!!J,!n na nyqKO MIOOHOE' o6ecne'IHE8JI 
aeo6xo.!l.lr;:.ue Tpe6or,amrn no qnc-roTe (cy:.1Map;-:oa co_r;,e p:;mH,;e n_pm/lecev. 

N2 , J.,2n ,1;p. B Ec_ri,opo,a.e nopH;J.Ka lu-d 061.crmuz ;;:o,_,relJ. 

2 • Coa_n,aaa yHHEepcn.JII,Ha.R npcrpa:.-u·w1 ,II;JTJ1 f,c1cqcTa a<WJeKTIIBHOCTen 
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_perl:lCTpanHH H8i1TpOHOE H 3Jl0KTPOHOB M0TO,ll.OM MOHTe-KapJIO B 3Kcnep,r
M8HTaX C MRJOHaMll:, ITo.nyqelill aaepreTH"leCKH0 H aMHJillTY,ll.Hlle cneKTPJl 
aetTpOHOB H 3Jl8KTPOHOB, aa_perl:lCTPHPOEaHHllX ,n.eTeKTOpaMH C K.Pl:lCTaJl
Jla.Ml:l cTHJ1I,6e11a cc14Hr2 ) • 

3. EunoJIHeH aKcnepHMeHT no HaMepemno Ad<!µ- c1topoCT11 0C!pa:10Ba
HHJI dcfµ-MoJieKyJlll B ra3006pa3noM )J,eiiTepMH np11 T = 300°K 11 onpe)J.e
JieHo HIIJKHee rpam1'laoe 3Ha<rnmrn A1- c1wpocTH c1mTeaa Bdct,u-MoJieKt 
.ne. _ EeJill'lllHll Add.fLH AJ oKaaamrcI> paBauMH:fi.d':fr(O, 73ZU ,LJ7) .ru6c-
(f.1> = 4,22·rn22 I/cM ) ; Af. ;,- I;8•I06o-I (Ha ypoBae 90% .n.ocT0Eep-
11ocTH). Hai1,ueaaoe ana"leUHe Ad~IIO.UTBeplK,Il,aeT cymecTEOEaaue aamrcn
MOCTH CKOpOCTH o6pa30B8HUH dqµ_-MOJleKyJl OT TeMnepaTypu Cpe,ll.Il, a 
rro.nyqea11oe aHaTieIDie ~ A j 11e npOTHEOpe'lllT npe,n.cKa3aH:IBM Teopm1 
0 ()QJ!I,IDOH B0Jill'lHH0 CKOPOCTH peaKUHH CHHTeaa Bd&-MoJleKyJle. 

4.H3M8p0HJ1 IlpiIM!lM M8TO,ll.OM CKOpOCTH o6pa30EaHHII pp_µ,-H P&-Mo
JleKyJl B raaoo6pa3HOM BO,n.opo.n.e. B xo.n.e pa60TJ1 6UJ10 Il0Jly'l8HO T8Kllte 
OTHOmemie B CKOpOCTell nepeXEaTa MIDOf!8 C npOTOHa U .n.ei:lTpOHa K H,ll.
paM KCeHOHa, Ha_ i1,n.elill CJ18J.f.YIOUU18 3Ha'leHl:l.fI CKOpOCT8H o6pa30Ea!ll'l.ll 

' 6 T 
PP.fl-, pd.fl -MOJ18KYJ1 H E8Jill'llllill B: Afpfl = (2,34±0,I7)•rn c--; 
A.pt{µ= (5,53i°O,I6)•I06c-I; B = I,62±0,05, 

CpaBHeHl:le aaaqeHHi1)1.pp.flHAf<y-{• HOJIY"l8HH!i1X HaM11 B ra3006paanoM 
BO,n.opo.n.e C COOTE8TCTBYIOID,l1Mli B8~'ll1H8.Ml:l, Haii)J,eHHll.Ml:l B 3KCil8.PHMeH-. 
Tax C llUI,ll,KUM BO,ll.OpO)J,OM,n03BOJ!H8T C)J,8JlaTI, 3aKJIIO"l8HUe 1 "ITO CKOpOCTll 
o6pa30B8HHJI M830MOJ10KYJ1 Pl!fl- l:l pc!,µ, B rasoo6pa3HOM H lKH.D,KOM EO
.n.opo.n.e He paamTiaJOTCJI, 

5 , B OilllT0 C ra30BOH Mltm0HI,RJ, 3aHOJIH8HHOil CM8CI,JO ¾+7% ,¾ 
no.n. ,n.aBJieUHeM-42 aTM, 11aMepeaa cKopocTI> peaKIJ;I-rn CHHTeaa AF B 
M030MOJ18KYJ18 Pcyl l1 H8li,ll.0HO Bepxaee rpaHII"IH00 3Ha'leHHe. CKO_pOCTH 
nepexo)J,8 Ad MeM,D,y ypoBHHMR cBepxToHKoil CTpyKTypu $-aToMoE B 
COy)J,8peIDUIX d_µ(3/2) +d ~ qp, (I/2) + d . !IOJ!y'l8Hll CJle~r 
IDmHe a11aqen.asi Ee~'IBH: AF = (0,287±0,022)•I06c-I;.Ad<I5•I06c- • 
lfa Hail.n.ea11oi1 ouemm Be~TI.IIBU Aa cJie.n.yeT, TITO npll ae60J1I,IDHX 1ton
ue11TpaUWIX ,uei1,TepH.ll (IlOp.ff,D,Ka H8CKOJ!I,KRX nponeHTOB) E CM0CJIX tf:2+.ll,-,2 
xapaKTep 3ace_~8HHOCT.II CilHHOEllX COCTO.IIIIH11 cy,t. -aTOMOB B MOM8HT 
H,ll.epaoro aaXBaTa· MIOOUa .n.ei1TpOHOM 6~30K K CT8THCTH'l8CKOMy. 

Marep:aM,ll3JIOl!C8HHllil B )U!CCepT~HH,OCHOBaH Ha paelorru/I, 2 , 5 ,6 ,8 , 9{ 
ony6JlllliOEaaaux B lK3T<:P, IIT8, npenp,rHTax O.HHl:1,.11 .n.oKJia,ll.IlEa.iicn Ha III 
MelK;.r.yHapO,ll.HOM CHMll03HyMe no q;M31IB0 EHCOKHX 3Hepr.11n H 3JI8M8HTapaux 
qacTHU (r,CnaaR, CPP,I973r.) n Ha YI MelKJ.CYHapo,ll.How KoHwepeHu1111 
no W113HKe BllCOKHX ::meprnil 11 CTpyitType iI,ll.pa (CanTa-ilia, CILA, 1975). 
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