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AKTyanhHOCTh 

B HaCTOHIUe:ii .UHCcepTaumi: paccMaTpHnaeTCH HeCKOJibKO MaJIO'laCTH'l

HbIX CHCTeM, HCCne.uonaHHe KOTOpbIX Kpa:iiHe aKTyanbHO .UJIH pa3JIH'l

HbIX o6nacTe:ii conpeMeHHO:ii !pH3HKH. O.uHo:ii H3 TaKHX 3a_uaq HBJIHeTCH 

6e3pa.nHaUHOHHbI:ii CHHTe3 8B B COJIHe'lHO:ii nna3Me. liccne.uonaHHe 3Toro 

npouecca npe.ncTannHeT 6onbIIIO:ii HHTepec n CBH3H c npo6neMo:ii conHe'l

HbIX HeiiTpHHO, KOTOpM OCTaeTCH HepeIIIeHHOR K HaCTOHIUeMy MOMeHTy. 

AHaJIH3 3KCnepHMeHTaJibHbIX ,naHHbIX npHBO,UHT K napa,UOKCaJibHOMY pe-

3YJibTaTy: BbIXO.U He:iiTpHHO npH 3aXBaTe 3JieKTpOHOB H,npaMH 
7
Be ,UOJI)KeH 

6bITb CHJibHO no.uanneH HJIH ,Ua)Ke OTpHUaTeJieH, a BbIXO.U He:iiTpHHO n pe-

3YJibTaTe pacna.ua 8B OKa3aJICH B HeCKOJibKO pa3 MeHbIIIe TeopeTH'leCKH 

npe.ncKa3aHHOro CTaH.uapTHO:ii MO,UeJibIO ConHua. .IlnH pa3peIIIeHHH yno

MHHyToro BbIIIIe napa.uoKca Heo6xo,nHMO npoaHaJIH3HpOBaTb nee B03MO)K

Hbie KaHaJibl YHH'lTO)KeHHH H,Uep 7Be, B qacTHOCTH ceqeHHe o6pa30BaHHH 

8
B n pe3yJihTaTe 3axnaTa npoTOHOB H,npoM 7Be npH HH3KHX (~ 20 K3B) 

3HeprHHX. 8KcnepHMeHTaJibHbie .uaHHbie H3-3a 60JibIIIOro KYJIOHOBCKOro 

6apbepa Me)K.uy H.UpaMH HMeIOTCH TOJibKO ,UJIH 6onee BbICOKHX 3HeprH:ii 

( ~ 120 K3B)' H B ,naJihHe:iiIIIeM HX npHXO.UHTCH 3KCTpanonHpOBaTb B 

o6naCTb HH3KHX 3HeprH:ii, 'ITO MO)KeT npHBeCTH K 3Ha'lHTeJibHO:ii OIIIH6Ke. 

B pa6oTe npe.UJIO)KeH no.uxo.u, r.ue n OTJIH'lHe OT CTaH,napTHO:ii MO,UeJIH 

paccMaTpHBaIOTCH peaKUHH, Ha'laJibHOe COCTOHHHe KOTOpbIX MO)KeT npe.u

CTaBJIHTb co6o:ii He TOJibKO .une (6uHap'Hbte pea'K.v,uu}, HO H TPH qacTHUbI 

{mpex1J,aCmU1J,Hbte pea'K.v,uu} B HenpepbIBHOM cneKTpe. Me)K.uy 3THMH 

.UBYMH no.uxo.uaMH cymeCTBYIOT no Kpa:iiHe Mepe .una cyrn;eCTBeHHbIX OT

JIHqm:1, KOTOpbie ycnoBHO MO)KHO KJiaccmj>HUHpOBaTb KaK KHHeMaTHqecKHe 

H .UHHaMHqeCKHe. Ilepnoe npe.ucTaBJIHeT co6o:ii pa3HHUY B npaBHJiax OT-
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6opa B fornapHbIX M TpexqacTMqHbIX peaKIIM.HX, BTopoe BbITeKaeT M3 B3aM

M03aBMCMMOCTM pa3JIMqHbIX .HJJ:epHbIX nponeccoB. TaK HeKOTpbie 6MHap-

·'· 
Hbie .H,nepHbie peaKIIMM, 3anpemeHHbie 3aKOHaMM coxpaHeHM.H ( CITMH, ll:3O

CITMH, qeTHOCTb, M.T . .n;. ), BO3MO)KHO CMoryT npoTeKaTb rrpn HaJrnqMM 

TpeTbe:u: qacTMIIhI, TaKJKe yqacTByroine:u: B 3aKOHax coxpaHeHM.H. TaKMM 

o6pa3oM, TpexqacTnqHbIH MexaH.M3M MOJKeT CHMMaTb KMHei.rnTnqecKne 

orpaHnqeHM5.f Ha HeKOTOpbie 6nHapHbie peaKIIMM n MrpaTb cymecTBeH

HJIO pOJib B .H,nepHbIX nponeccax BHJTPM 3Be3.n;, r.n:e ITJIOTHOCTb BemeCTBa 

.n:ocTaToqHo BennKa. IlnHaMnKa TpexqacT11qHoro JJ:BMJKeHnz TOJKe MOJKeT 

npnBeCTM K MHo:rr <pli3nqecKnii KapTMHe: nponeccbl, paccMaTpMBaeMbie 

KaK He'.3aBMCMMbie B JJ:ByxqacTMqHOM no.n:xo.n:e, CTaHyT 3aBMCMMbIMM rrpn 

BKJIIOqeHMM Tpe.xqacTnqHoii .n:IiHaMMKM. HanpnMep, np01.~eccb1 e- + 7Be n 

p + 7Be B 3TOM cnyqae CTaHyT 3aBMCeTb .n:pyr OT .n:pyra, ITOCKOJibKJ OHll 

MoryT HaquHaTbC.H M3 O,n;Horo HaqaJibHOro COCTO5.fHM.H e- + p + 7Be. 

Cne.n:yromeii aKTyanhHoii 3a,n;aqeii, paccMoTpeHHou: B .n:uccepTanuu, 

5.fBJrneTC.H BbrtrncneHMe OJKe pacna.n;a MeTaCTa6ttJibHbIX COCTO.HHllH aHTll

npOTOHHOro aTOMa renn.H Hepe, KOTOpbIH npe.n;cTaBmieT co6oii 06b1q1Ib1ii 

aTOM renu.H, r.n:e OJJ:llH ll3 3JieKTpOHOB 3aMeHeH Ha aHTHilpOTOH. B no

cne.n:mrn ro.n;bI K ero u3yqeHMIO o6pau:ieHo 6onhIIIoe BHHMaHue KaK Teo

peTMKOB, ·TaK ll 3KCnepMMeHTaTopoB, ITOCKOJibKJ OH 5IBJI.HeTC5.f e.n;MHCTBeH-

HbIM npuMepoM .n:onrOJKMBJIIIeii CllCTeMbI HeCKOJibKllX Ten aTOMHoro Mac

IIITa6a, co.n:epJKameii aHfunpoToH. KpoMe Toro, aHTunpOTOHHhiii renuii, 

o6na.n:aromuii qepe3BbiqaiiHO 60JibllIMM yrJIOBbIM MOMeHTOM, )KllBeT Mll

KpoceKyH.n;hl, qTo ropa3,n;O 60.ITbIIIe 061,JqHoro BpeMeHH )Kll3HM aHTHnpo

TOHa B cpe.n;e ( OKOJIO 10-12 
C). II po.n;OJI)KHTeJibHOe BpeM.H )KM3Hll aHTMITpo

TOHHoro renuz 06'b.HCWieTC5.f cne.n:yIOIIIllMll npuquHaMH. BOJibIIIOe 3Haqe

Hlle IlOJIHOro yrnoBoro MOMeHTa ~ 30 - 40 cocpe.n;oToqeHo B OCHOBHOM B 
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yrnOBOM MOMeHTe MeJK,ny T.H)KeJibIMM qacTMIIaMu, qTO 5.fBJI.HeTC5.f npuqu

HOM neHTpo6eJKHOro 6apbepa, KOTOpbIH no.n;aBJI5.feT nponecCbI aHHMrMJI.H

IIllll. 8KpaHupoBaHHe aHTllITpOTOHa 3JieKTpOHOM no.n;aBJI.HeT B CBOIO oqe

pe,nb nponecCbl .n;eB036yJK.n;eHll5.f 3a cqeT CTOJIKHOBeHllH C OKpyJKaIOIIIllMll 

aTOMaMll 06b1qHoro reJIM.H. TaKHM o6pa30M, OCHOBHbIM KaHaJIOM pacna.n:a, 

onpe,n;eJI.HIOII!llM BpeM.H )Kll3HM ll KllH~TllKY .n:onrOJKllBJIIIMX COCTO.HHllH aH

TllITpOTOHHOro renu.H, CTaHOBllTC5.f nponecc llCITJCKaHII.H 3JieKTpOHa, T.e. 

OJKe nepexo.n;. 

UenhIO pa_6oThI zBnzeTc~: 

- Bbl5.fCHeHue ponu TpOHHbIX CTOJIKHOBeHIIH B COJIHeqHOH ITJia3Me npu 

npott3BOJJ:CTBe z.n:pa 8B; 

- KOJIHqeCTBeHHOe onpe.n:eneHue pOJIM OJKe pacna.n:a B 3BOJIIOI!llll 

MeTaCTa6HJibHbIX COCT05.fHllH aHTllITPOTOHHOro renu.H; 

- uccne.n;oBaHUe BO3MOJKHOCTll cymecTBOBaHll5.f TpexaTOMHOH MIOOHHOH 

MOJieKJJibl BO.n;opo.n:a. 

HayqHM HOBH3IIa H npaKTHqecKM u;eHHOCTh, 

- BnepBbie uccne.n;oBaHo BJIH5.fHHe 3JieKTpoHa HenpephlBHoro cneKTpa 

Ha CKOpOCTb peaKIIllll 3axBaTa npOTOHa z.n:poM 7Be, ll BnepBbie BbI

qucneHa CKOpOCTb 6e3pa.n:uanuoHHOro 3aXBaTa B npucyTCTBllM 3JieK

TpOHa B HenpepbIBHOM cneKTpe. 

- y CTaHOBJieHbl KOMITOHeHTbI BOJIHOBOH <pJHKI!llll aHTllilpOTOHHOro re

JIM.H, onpe.n:enzromue aMnnuTy.n;y OJKe nepexo.n:a M peantt3OBaH MeTo,n; 

pacqeTa TaKMX KOMITOHeHT; onpe.n;eneHbl CKOpOCTM pacna.n:a p.H,n;a co

CTO.HHllH aHTllITpOTOHHOrO reJill.H. 
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- BrrepBbie lICCJie,n;oBaHa B03MO)KHOCTb cymecTBOBaHlI51 TpexaTOMHOlI 

MIOOHHOlI MOJieeyJibI lI Hall,ll;eHbI ee OCHOBHbie CBOlICTBa. B q,acTHO

CTlI, ,n;aHbI ou;eHKlI 3HeprlilI OCHOBHOrO COCT051HlI51, pa3MepOB ClICTeMbI 

lI cKopocTlI O)Ke pacrra,n;a. IloKa3aHo, '-ITO HaJilI'-llie oKonorroporoBoro 

51,n;epHoro pe30HaHca 6Li* MO)KeT rrplIBeCTlI K 3Ha'-llITeJibHOMY yBeJilI

qeHlIIO Bep05ITHOCTlI 51,n;epHoro ClIHTe3a Tpex ,n;elITOHOB. 

Ha 3~J!TY BbI,IJ;Bl'Ir~!OTC.H cne,n;yIOI.I.!_lrn pe3y_.l!hTaThI_: 

- ou;eHKa pOJilI TpOlIHbIX CTOJIKHOBeHlilI B rrpOlI3BO,ll;CTBe SB Ha COJIHu;e; 

pac'-leT cKopocTH peaKIJ;lilI p + e- + 7Be -+ sB+e-; 

- Bbl51BJieHlie KOMIIOHeHT BOJIHOBOlI cpyHKIJ;lilI aHTlIIIpOTOHHoro reJilI51, 

orrpe,n;en51rom:Hx aMIIJIHTy,n;y O)Ke rrepexo,n;a, peaJIH3aUH51 MeTo,n;a 

pac'-leTa TaKlIX KOMIIOHeHT lI ero rrplIMeHeHlie ,ll;JI51 BbI'-llICJieHlI51 CKOpo

CTlI O)Ke rrepexo,n;a p51,n;a ,n;onrO)KHBym;Hx cocT051HlIH attnrnpoTOHHoro 

reJilI5Ij 

- rrpe,n;cKa3aHlie cymeCTBOBaHlI51 TpexaTOMHOlI MIOOHHOlI MOJieKy~bI 

D3µ, ou;eHKlI ,ll;JI51 ee OCHOBHbIX CBOlICTB: 3HeprlilI OCHOBHOro COCT0-

51HlI51, pa3MepoB ClICTeMbI lI CKOpOCTlI O)Ke pacrra,n;a; lICCJie,n;oBaHlie 

BJilI51HlI51 OKOJIOIIOporoBoro 51,n;epHoro pe30HaHca 6Li* Ha Bepo5ITHOCTb 

51,n;epHoro ClIHTe3a Tpex ,n;elITOHOB. 

Arrpo6aul'IH pa60ThI. Pe3yJihTaTbI ,n;HccepTau;1m ,n;oKna,n;hrnanHCh Ha 

XV International Conference on Few-Body Problems in Physics, Grcmin

gen, Netherlands, July 22-26, 1997; 

XVI European Conference on Few-Body Problems in Physics, Autrans, 

France, June 1-6, 1998; 

Exotic Atoms, Molecules and µCF, Ascona, Switzerland July 19-24 1998 

lI Ha ceMlIHapax Jia6opaTOplilI TeopeTlI'-leCKOlI (plI3lIKlI 0115111, .Ily6Ha. 
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]1y6Jil'IKalll'Il'I. OcHOBHble pe3yJibTaTbI ,ll;lICCepTaIJ;lilI orry6JilIKOBaHbI B 

pa6ornx [1]-[6]. 

06'beM l'I CTPYKTypa ,IJ;l'ICCepTa!ll'Il'I . .IlHccepTaIJ;lI51 COCTOlIT lI3 BBe

,n;eHlI51 lI Tpex rJiaB. O6m;lilI o6'beM ,ll;lICCepTaIJ;lilI 90 CTpaHlIU MaIIIlIHOIIlIC

HOrO TeKCTa, BKJIIO'-IM 11 plICYHKOB,. 9 Ta6JilIU lI CIIlICOK JilITepaTypbI lI3 

66 ttaHMeHOBaHHH. 

Co,n;ep)KaHHe pa6oThI 

Bo BBe,n;eHl'Il'I IIOKa3aHa aKTyaJibHOCTb TeMbI lI KpaTKO lI3JIO)KeHbI 

OCHOBHbie pe3yJihTaTbI pa6oTbI. 

B rrepaon rnaae pa~cMOTpeHhr tteKOTpbie H3 peaKUlIH c 51,n;poM 7Be, 

KOTOpbre He BXO,ll;5IT B CTaH,n;apTHbllI PP--UlIKJI. IlpoBe,n;eH aHaJilI3 BJilI51HlI51 

TaKHX peaKUlIH Ha 3BOJIIOUlIIO 51,n;pa 7Be B contte'-IHOH rrna3Me lI o6cy)K,n;eHa 

lIX pOJib B lIHTeprrpeTaIJ;lilI 3KCrreplIMeHTaJibHbIX ,n;aHHbIX no COJIHe'-IHbIM 

HelITplIHO. B Ka'-leCTBe IIplIMepa B a,n;Ha6aTlI'-leCKOM IIplI6JilI)KeHlilI pac-. 

CMOTpeH rrpouecc 6e3pa,n;Hau;HOHHOro rrpOH3Bo,n;CTBa 51,n;ep SB B TpOHHOH 

peaKUlilI p + e- + 7Be -+ sB+e-. .Iln51 BHYTPlICOJIHe'-IHhIX ycnoBHH 

CKOpOCTb TaKOlI peaKIJ;lilI COCTaBJI5IeT 10-4 OT aHaJIOrlI'-IHOrO 6lIHapHoro 

rrpouecca p + 7Be-+ SB+ 'Y· 

B pa3,n;ene 1.1 KaqecTBeHHO nccne,n;oBaHa ponh peaKu;lIH TpOHHoro THrra, 

B pa3,n;ene 1.2 ,n;aHo OIIlICaHlie lICIIOJib30BaHHOro cpopMaJilI3Ma. Pa3,n;eJibI 1.3 

lI 1.4 co,n;ep)KaT BbIBO,ll; BCIIOMoraTeJibHbIX BeJilI'-llIH ,ll;JI51 BbI'-llICJieHlI51 CKO

pOCTlI peaKIJ;lilI. Pe3yJibTaTbI lI lIX 06Cy)K,ll;eHlie OTHeCeHbI K pa3,n;eJiy 1.5. 

HeKOTpbre ,n;eTaJilI OTHOClITeJibHO BbIBO,n;a CKOpOCTlI peaKIJ;lllI ,n;aHbI B IIplI

JIO)KeHlilI A. 

BTopM rnaaa co,n;ep)KHT BhI'-IlICJieHHe cKopocTlI O)Ke pacrra,n;a ,n;n51 

,n;onrO)KIIBym;Hx cocT051HlIH aHTlirrpoTOHHoro aTOMa reJilI51 3•4Hepe. BbIJilI 

orrpe,n;eJieHbI KOMIIOHeHTbI BOJIHOBOlI cpyHKUlilI, KOTOpbre BHOC5IT HalI60Jib-
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IIIIIII BKrra.n: B MaTpUT-rnhIII ::meMeHT rrepexo,n:a. B BII.D:Y MaJIOCTII IIx Bhl'III

crreHIIe B paMKax napIIaU:IIOHHOro rro.n:xo,n:a 3aTpy,n:HIITeJibHO. llrni: orrpe

.n:erreHIIH BOJIHOBOII <pyHKU:IIII, co.n:ep2Karu:eII TaKIIe KOMIIOHeHTbI, 6bIJI IIC

IIOJib30BaH MeTO.D:, 5IBJI5IIOIUIIIIC5I KOM6IIHau;IIeII BapIIaU:IIOHHOro rro,n:xo.n:a II 

MeTo,n:a CB5!3aHHblX KaHaJIOB. BorrHOBM <pyHKU:IIH .D:IICKpeTHOrO crreKTpa 

aHTIIIIpOTOHHOrO reJIII5I IICKaJiaCb B BII,n:e 

wiM = C[wtM + L fn1>.(p)<Pn1(r)Y8..M (r, p)] , (1) 
nl>. . 

r.n:e wfM - BOJIHOBa5I <pyHKU:II5I rrorryqeHHM napIIaU:IIOHHblM MeTO.D:OM, 

<Pn1 ( r) - BOJIHOBM cpyHKU:IIH no.n:opo.n:orro.n:o6Horo IIOHa Hep, Yl;.M ( r, p) - for-

ccpepII'IeCKM rapMOHIIKa, C - KOHCTaHTa HOpMIIpOBKII. llrrH Haxo)K,n:eHIIH 

HeII3BeCTHhlX <pyHKU:IIII j nl>. (p) peIIIarracb CIICTeMa HeO,n:Hopo,n:HbIX ,n:II<p<pe

peHu;IIaJibHhlX ypaBHeHIIII. HcrrOJib30BaHIIe TaKoro rro,n:xo,n:a II03BOJIIIJIO IIO

JIY'IIITb 6orree TO'IHOe OIIIICaHIIe MaJibIX KOMIIOHeHT BOJIHOBOII <pyHKU:IIII, 

IIrpa10ru:IIx peIIIa10my10 porro B orrpe,n:erreHIIII CKopocTII O)Ke rrepexo,n:a. 

IIorryqeHHM TaKIIM MeTO,ll;OM BOJIHOBaH <pyHKU:II5I 6oma IICIIOJib30BaHa ,n:JIH 

pacqeTa CKOpOCTII O2Ke pacrra.n:a pH,n:a COCT05IHIIII aHTIIIIpOTOHHOro reJIII5I, 

IloKa3aHo, 'ITO HeKOTOpbie MeTaCTa6IIJibHbie COCT05IHII5I o6rra,n:aIOT 

::rneprIIeII 6JIII3KOII K 3HeprIIII crreu:II<pII'I_ecKIIX KOpOTKO)KIIBYIUIIX COCT0-

5IHIIII, 06rra,n:a10ru:IIx oco6eHHbIM CTpOeHIIeM BOJIHOBOII <pyHKU:IIII. B KO

pOTKO)KIIBYIUIIX COCT05IHII5IX 3JieKTPOH HaXO.D:IITC5I rrraBHbIM o6pa30M B 

p, d, ... - BOJIHe, B To npeMH KaK B .n:orrrmKIIBYIUIIX cocToHHIIHX OH IIO'IT~ 

IIOJIHOCTbIO s - BOJIHOBOII. BoI'IIICJieHIIe CKOpOCTeII pacna,n:a .D:JI5I TaKIIX 

MeTaCTa6IIJibHbIX COCT05IHIIII Tpe6yeT yqeTa rrpIIMeCII BOJIHOBOII cpyHKU:IIII 

KOp0TKO)KIIBymero COCT05IHII5I, 'ITO 6bIJIO c.n:erraHO B paMKax .n:nyxypoBHe

B0II Mo,n:errII. 

B pa3,n:erre 2.1 rrpe,n:cTanrre ocHOBHOII cpopMaJIII3M, B pa3,n:erre 2.2 orrIIcaH 

BapIIaU:IIOHHblll MeTo,n:, pa3,n:err 2.3 co,n:ep)KIIT aHaJIII3 BKJia,n:oB B MaTpII'I-
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Hblll 3JieMeHT rrepexo.n:a OT pa3JIII'!HblX KOMIIOHeHT BOJIHOBOII <pyHKU:IIII, B 

pa3,n:errax 2.4 II 2.5 paCCMOTpeHbl MeTO,n: CB5!3aHHbIX KaHaJIOB II BOJIHOBM 

<pyHKU:II5I KOHe'!HOro COCT05IHII5I COOTBeTCTBeHHO. Pe3yJioTaTbl 'IUCJieH

HOro pacqeTa rrpe,n:cTanrreHbI B 2.6, pe3yrroTaTbI II IIX o6cy)K,n:eHIIe OT

HeceHbI K pa3,n:erry 2. 7. <PopMyJibl .n:nyxypOBHeBOII MO,n:eJIII BbI,n:erreHbl B 

rrpIIJIO)KeHIIe B, a cpopMyJibI ,n:rrH MaTpII'IHbIX 3JieMeHTOB B rrpIIJIO)KeHIIe C. 

B TpeTbe:H r JiaBe rrpone~eH pacqeT pa3MepoB II 3HeprIIII 'ocHOBHOro 

COCT05IHII5I Tpex-.n:eIITOHHOII MIOOHHOII' MOJieKyJibI D3µ. OKa3aJIOCb,' 'ITO 

3Ta MOJieKyrra IIMeeT ,n:Ba COCT05IHII5I paBHOBeCIIH, 0.D:HO o6rra.n:aeT xapaK

TepHbIMII pa3MepaMII no IIOp5I,n:Ky BeJIII'IIIHbl .D:JI5I MIOOHHbIX CUCTeM, .n:py

roe - o6bI'!HblX 3JieKTpOHHbIX pa3MepoB. BbIJIO IIOKa3aHo, 'ITO Bep05IT

HOCTb CJIII5IHU5I .n:eIITOHOB MO)KeT 3Ha'!IITeJibHO yneJIII'IIITbC5I II3-3a HaJIII

'III5I rroporonoro pe3oHaHca 
6Li*. C.n:erraHHbre ou:eHKII rroKa3arrII, 'ITO 3Ta ne

poHTHOCTb 3Ha'IIITeJibHO BbIIIIe, 'IeM CKOpOCTb pacrra.n:a, Bhl3BaHHoro O)Ke 

rrepexo.n:oM. 

B pa3,n:erre 3.1, IICIIOJib3YH MeTo,n: cxo,n:HbIII c MeTo,n:oM BopHa-OnrreHreII

Mepa, rrpoII3Be,n:eH pacqeT 3HeprIIII II pa3Mepon MOJieKyrroI D3µ. Ou:eHKII 

.D:JI5I CKOpOCTII H,n:epHoro rrepexo.n:a II, KOHKpeTHO, .D:JI5I cpaKTOpa ycIIJie

HII5I BCJie,z:i:cTBIIe rrpoMe)KyTO'!H0ro pe30HaHca B 6Li* rrorryqeHbl B pa3-

.n:erre 3.2. llrrH cpaBHeHIIH cKopocTII H,n:epHoII peaKU:IIII co cKopoCTbIO 0601'!

Horo aTOMHoro pacna.n:a B pa3,n:erre 3.3 ,n:aHa ou:eHKa ,n:rrH nepoHTHOCTII O)Ke 

rrepexo,n:a. O6cy)K,n:eHIIe pe3yrroTaTOB OTHeceHo K pa3,n:erry 3.4. H, HaKOHeu:, 

HeKOTOpbre ,n:eTarru, CB5!3aHHbie C Bbl'!IICJieHIIeM CKOpOCTII O2Ke rrepexo.n:a, 

IIpIIBe.n:eHbl B IIplIJIO)KeHIIII D. 
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