
H-31l 

AKA)];EMIDI HAYK PECIIYJiJIII:l{II Y31iEKIICTAH. 

IIHCTIITYT MEPHOM <l>II3IIKII 

Ha npaBax pyKon11cH 

Y .L(K 539.17 

HACHPOB ABA3EEK KAPHMOBWI 

IIOJIYMIIKPOCKOIIIIqECKIIM METO.L(OIIlICAHIDI 

MHOrOHYKJIOHHblX IlEPE.L(Aq II CJIIUIHII.sI-.L(EJIEHIDI B 

PEAKIJ;II.sIX C TIDKEJibIMII IIOHAMII 

CnenttaJibHOCTb: 01.04.16 - qm3IIKa 3JleMeHTapHr,IX qacnn~ II aTOMHOro H.[(pa 

ABTOPE<l>EPAT 
Ha COHCKaHtte yqeHOli CTerreHII 

,ll;OKTopa q>II3HKO-MaTeMaTH'IeCKIIX HayK 

TaIIIKeHT 

2003 



Pa6oTa Bh!Il0llHeHa B OT,n:ene q>H3llKll T51)KellhIX ll0H0B 11HCTHzyTa .H,n:epHOH 

q>ll3HKH AKa,n:eMllll HayK Pecny6nllKll Y36eKllCTaH ll Jla6opaTOpllll 

TeopeTHtJeCKOH q>ll3HKH HM. H.H. Eoromo6ona O6oe,nnHeHHOro llHCTllzyTa 

>1,n:epm,1x nccne,n:onaHnii. 

O4>11u,11aJibllL1e 0Uil0HCHThl: 

Bet(yID,aH opramnaunH: 

JJ:OKTop qm3HKO-MaTeMaTUtJeCKHX HayK, 

npoq>eccop 11pra3nen E.<1>. 

JJ:OKTOp q>ll3llKO-M8TeMaTHtJeCKllX HayK, 

ne,n:yID,nif HaytJHhIH C0TPYJJ:HHK 

llyBllllbCKllii IO.M. 

JJ:OKTOp q>ll3HKO-MaTeMaTHtJeCKllX HayK, 

npoqieccop l!y,n:aKoB B.M. 

<1>ll3llK0-3HepnrruqecKHH 11HCTHTJT 

r.O6HHHCK, POCCHHCKa>I <l>e,n:epaun>I 

3aID,HTaJJ:llCCePT8UllH COCTOHTC>I ((~) de~~2003 ro,n:a n H!l-vo. 
qacon Ha 3ace,n:a.Hun Cneunanll3upo~aHHoro cone?~,n: 015.15.02 npn 

11HcTHzyTe >1,n:epHoif q>ll3HKH AH PY3. no a,n:pecy: 702132, r. TamKeHT, noc. 

Ynyr6eK, 115I<1> AH PY3, 6onhmoif 3M. 

C ,n:nccepTauueii M0)KHO 03HaKoMHThC.H n 6H6nuornKe 115I<1> AH PY3 n 

<l>yH.n;aMeHTMhHOH 6n6nHoTeKe AH PY3 • 

AnTOpeqiepaT pa3ocnaH <$1/». fltJ ,e-J'; Jl 2003 r. 
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YqeHhIH ceKpernpr, ,/,/' · _ [) ✓-----
Crreunanu3uponaHHoro coaeTa ~ · 

.Il:oKTOp !pll3HKO-MaTeMaTHtJeCKHX HaYK ______ HcMaTon E.11. 

OEI.IJ;NI XAPAKTEPHCTMKA PAEOThI 

AI<TyanhHOCTb TeMbI. B HaCTOHID,ee npeMH rrpe,n:npHHllMaIOTC>I 

6onr,mne ycmnrn JJ:llH CllHTe3a H0BbIX cnepXT51)KellbIX 3JleMeHTOB (CT3) ll 

nonytJeHHH HOBbIX pa,n:uoaKTHBHbIX H30TOII0B, 3Ha'IHTeJlbHO YAaneHHhIX OT 

rpaHHUhI 6eTa-CTa6HJlbHOCTH a peaKUHHX c T>J)KeJiblMH H0HaMH. Y)Ke 

perncrpupoaaHbl co6hITHSI C o6pa30BaHneM pa,UH0ll30TOIIOB CBepXTSl)!(eJlbIX 

3JleMeHTOB Z=l 10, 111, 112 (B GSI, <t>Pr ii n JUIP mum, .D:y6Ha), 114, 116, 

118 (n JUIP O1'UIH, ,n:y6Ha), 'ITO YKa3bIBaeT Ha cyID,eCTBOBaHue OCTpOBa 

CTa6l-!JlbHOCTll, npe,ucKa3aHHOro TeopeTHKaMH n K0HUe 60-x r0A0B XX BeKa. C 

ynen11tJeHHeM 3ap.H,ua CT3 mupnHa qiyHKD,llll B036Y)KAeHHH ero o6pa3onaHHSI, 

KaK OCTaTKa HcnapeHH.H, cy)I(aeTCSI, lI Ha6mo,n:aeMhle cetJeHHH o6pa30BaHHSI 

CT3 pe3KO YMeHhillaIOTCSI, .uo ·nuKo6apHa. OKa3a!IOCb 'ITO, OIITU'leCKaH MO,n:eJJb, 

M0,UeJib KplITU'leCKOH ,n:uCTaHUHll ll MO,n:eJib nonepXHOCTHoro TpeHHSI He B 

COCTOSIHHH orrucaTb ceqemrn CJJH.HHml peaKUHH Mem.n:y MaCCHBHbIMH .H.UpaMH. 

B 3THX MO,n:eJI.HX caM MeXaHH3M C!lll.HHH.H. He paccMaTpHBaeTc.H: o6bltIHO 

IIOCTynupyeTCSI, 'ITO Il0JIH0e CJIHSIHHe Mep rrpOH30H.D:eT Hell36e)I(H0 nocne Toro, 

KaK H~eTaIOID,ee SI,r\p0 3aXB8TblB8eTCSI S!}:(pOM MHilleHH. MaKp0CK0IIHtJeCKaSI 

.n:uttaMuqecKa» Mo,n:enr, no3B0JI.HeT rrpocnemunaTb 3B0JIIOUHIO cnHHHHSI MC 

KaK CJIHSIHHe AByx KaneJib rttTIOTeTlltJeCKOll SIAepH0H )I(H}:(KOCTH. ITpH 3T0M 

Ba)I(Hhle CBOHCTBa SI,n:ep TaKHe, KaK HX 060J1otietIHaH CTpyKzypa H HJKllO:IHhIH 

C0CTaB He npHHHMaIOTCSI BO BHHMaHHe. BcrreACTBHe 3Toro paCX0)K}:(eHHe 

Me)I(Jly npe}:(CKa3aHHSIMU MaKpOCKOTIH'leCKOH AHHaMutJeCKOH MO}:(eJIH AJl>I 

cetieHHSI CJIH.HHHSI SIAep ll 3KCnepnMeHTa!lbHbIMll AaHHbIMH B03paCTeT C 

ynenu'leHlleM MaCCbl CTaJIKHBaIOIT(IfXCSI >IAep HJIH C )'BellH'leHHeM MaCCOBOH 

cnMMe-rpnu. HecMOTp.H, Ha ycnexn n 3KcnepuMeHTaX ho cnHTe3y CT3, 

npe,nCTaBJieHne 0 MeXaHH3M_e cmrnHHSI AByx SIAep AO CHX nop HeOAH03HatJH0. 

KoHuerruHH ABOiiHoii »Aepsoif CJICTeMbI, BhI,!lBHHyTM npoqieccopoM B.B. 

BonKOBhIM (Jia6opa:Y.op1-1>1 ».n:epHbIX peaKUHii, OJUUf, ,n:y6Ha) npeACTaB!IHeT 

6orree TOtJHYIO KapTHHY CJIHSIHHSI. CJIHHHJie paccMaTpHBaeTCH KaK nepe,naqa -

o6orrotJKa 3a o6onoq ,.ns.. s~, BCeX HVIµIOHQ~r-KOfO 
;~~7,1 ..... ,.,,;n~ .:~':'~','' 
Qii.,. .. t;!, tZc ...... , ........ _1 

.... ..,. .... Jf ~-.... u . t,v,!:;:, l'!v ~=--n~ -
SI,!lpa TH)!(eJIOMy. 
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Teopen1,1ecKHe MO,D.enH, ocu0Bamu:,1e ua !:JTOH, Kouu:emum, ycrauoamrn 

npwmuy .D.pal\rnTHqecKoro na,l\emrn ceqettmI peaKU:HH _rrpu c11,11Te3e CT3. 3To 

- KOI1Kypeuu:m1 rronuoro cnmrnmI JJ.,D.ep c KBa3H,l\eneHHeM, KoTopoe cocranm1eT 

no,D.aBml!Oll.\YIO 'IaCTb ceqeuHJJ. 3axBaTa Jl,l\Cp. KaK I10Ka3LIBaeT. 3KcrrepHMCHT 

. o6onoqequaJJ. CTpyKTypa JJ.,D.ep 11rpaeT pernaroll..(y.lO. ponh npH 06pa3onau1111 Tex 

HJIH IIHbJX np0.D.YI?"0B peaKJ..(IIH cnIIJJ.HIIJl-,l\CneHUJl H B peaKJ..(llJJ.X KBa3U,D.eneHHJI, 

npoTeKalOll..(IIX • npH Hll3Kl1X 311eprmIx. O.[{HaKO, TeopHJJ., yqHThIBaIOmaJJ. 

o6onoqe'ffIYIO CTPYKTYPY B3aHMO,l\euCTny10m11x Jl.[{ep, noKa ue pa3pa6oTaua. 

Cne,D.0BaTen1,uo, He nocTpoetta caMocornacoaaHHaJJ. Teop:irn B3aHMO.D.CHCTBHJJ. 

TJl)I(CJihIX HOHOB, npHrG.D.HaJJ. ,D.nJJ. pacqeTa BCCX CTa,[(UH CTOJIKHOBCHHJl l1 

o6pa3oBaHuJJ. npo.D.yKToB peaKuni1. Ka)I(,D.aJJ. H3 cTa,D.Htt peaKU:HH, 3axnaT, 

CJJHJlHHe l1 o6pa30BaHne JJ..[(pa OCTaTKa, ~O)I(eT 6h!Th rrpoauaJIH3llp0BaHa B 

paMKax OT,[(eJihHblX •, MO,ll.CJICH. 3TH MO,[(CJIH Hy)KJ(alOTCJl B npC.D.IlOJIO)I(CHllJlX 0 

MexaHH3MC peaKJ..(UH H orrpe.[(CJICHHJJ.X HCilOJih3YCMhIX rrapaMeTpOB ,D.nJl Toro, 

qrn6hl OilHChIBaTb 3KcnepHMCHTaJihHb!C ,[(aHHhIC. IlpmIBJICHHe o6onoqeqHhIX 

3cpcpeKTOB B l\1aCCOB0-3HepreTuqeCKOM pacnpe,D.eJICHIIH npO.D.YKTOB peaKJ.J:IlH ll 

3aBHCHMOCTh ceqeHHJl o6pa30BaHHJl npO.D.YKTOB peaKJ..(HH . OT BXO,l\HOro Kauana 

BLIHYlI<,[(aeT pa3pa60TaTJ, TeOpeTuqecKHe MeTO,ll.hl, uenocpe.D.CTBCHH0 

BKJIIOqaIOmne B pacCt'vlOTpCHHC MIIKpOCKOIUfqecKHC CTCilCIUI CB060.D.hl 

B3allMO,[(CHCTBYIOll.\HX Jl.!\Cp. ToJihKO conepmeHHruI H CaMocornaconaHHaJJ. 

TC0pHJJ. I103BOJIJJ.CT O,D.H03Haquo ycTaHOBHTh MCXaHH3M CJIHJlHHJl MaCCllBHhIX 

Jl,D.Cp. 

UeJib pa60ThI cocTOIIT B pa3pa6oTKe nonyM11KpocKon11qecKoro MeTO.D.a 

,[(JIJl IICCJIC,D.OBaHHJl MCXaHII3Ma peaKJ..(HH C TJl)I(CJlhIMII HOHaMll l1 yqHTbJBa!Oll.\CfO 

06ono,1equy10 CTPYKTYPY B3aHMO.D.eiicTBYIOll..(HX JI,D.ep; B H3y<IeHHII nnIIJJ.HHJl 

BXO.D.HOrO KaHaJia Ha BCpOJlTHOCTH o6pa30BaHHJl IIPO.D.YKTOB . peaKJ..(llU C 

Il0MOJJ..(blO OIIIICaHml H HHTepnpeTaU:HH 3KcrrepnMCHTaJihHbIX .D.aHHbIX; B 

.D.OCTl1lICemm nporH03I1p0BaHHJl 6naronpH.HTHhIX ycJIOBHH •. .D.JIJJ. CHHTe3a 

cnepXTJJ.)I(eJihIX 3JleMeHT0B. -----~, .. . .. . . .. . . . ... • .-n, ~ \ i,:;;.;.;;..,.:.J fit"\·tlil·•-.,..J..•UQ;~ ~ 
,. •· . • - . - ~.. ~' .. ··1 I;; , ~!....,..;. .... , .... .,.,.r: ••. , .. ~.• ~ 
.~~ ':,.•-.~.-~•.~1: ~-..J;. ~ ..,,. .. .,..Al".....,,,, .... ._-, .--- 4 

HayqHaJJ. HOBI13Ha H npaKTIIqecKaJJ. ueHHOCTh. BnepBbie B pa6oTe 

pa3pa6oTaH IlOJIYMHKpOCKOilll'IeCKIIH MeTO.i( OilIICaHIIJl HYKJIOHHOro 06MeHa 

II pacnpe,D.eJieHHJl 3Hepnm B036Y)K,D.eHHJl MC)I(,D.y qiparMeHTaMH rrpo,D.yKT0B 

peaKU:Htt rny6oKoueyrrpyrnx nepe.D.aq, a TaK)I(e ce1IeHH.a 3axnara H cnmrn11J1 

Jl.D.ep B CTOJIKH0BCHHJJ.X TJl)I(CJlbIX IIOHOB Ha 0CHOBe KOHU:CIIl..(IIII .D.BOHHOH 

Jl,D.Cf>HOH CHCTCMhI. BnepBhie YCTaH0BJICHO BJIHJlHIIJl o6onoqeqHoH crpyKTypbI 

Jl,D.ep.Ha pacrrpe,aenemie 3Heprm1 B036ym,aeHHJJ. MC)I(,D.y npo,D.yKTaMII peaKU:HH II 

BhIJlBJieua 3aBHCHMOCTh TaKoro pacnpe,D.CJICHlfJl OT aTOMHOH MaCChl II30TOI10B. 

,D;uuaMHKa 3aXBaTa Jl,D.ep rrpu CT0JlKH0BCHIIH TJl)I(CJlbIX HOHOB HCCJie,uonanacL 

rryreM COBMeCTuoro peIIIeHHJl MaKp0CK0nHqecKIIX ypanueHHH JJ,Jl.H 

OTHOCHTeJlhHoro ,D.Bll)KCHHJl JJ.JJ,ep H MHKpOCKOIIII'IeCK0ro ypaBHCHHJl 

JiynBHJIJIJl ,ll.JIJl queen 3aI10JIHeHHJl o,uuoqacTHqHblX COCTOJJ.HHH C He6om,IIIIIM 

IIIaroM no npeMeHH Llt = 2.5· 10·23 
s. KHHCTHqCCKHC K034JqJHU:HCHTbl 

MaKpOCKOilll'ICCKHX ypaBHCHHH CB.H3aHhl .c H3MCHCHIIeM BHyrpeHHero 

C0CTOJlHHH Jl,Uep H HYKJIOHHhIM o6MCHOM. MC)I(,ll.y HHMH. Ko3q>qJIIUHCHThI 

pa,D.HaJihHOro II TaureHJ..(HaJihH0ro rpeHHJl, ,D.HHaMnqecKoe H3MCHCHIIC .H,D.po­

.H.D.CpH0ro IlOTeHU:HaJia B 3aBHCHMOCTH OT OTHOCHTCJihHOro IIOJIO)KeHHJl HJJ,ep 

rrony'IeHiil ycpe.D.HCHHeM onepaTopa, CBJl3LIBaIOI11ero MaKpOCK0IIHqecKHe H 

MHKpOCKOIIII'ICCKHe CTerreHH CB060,D.hl, no O.D.HOqaCTIIqH.bIM COCTOJlHIIJlM Jl,D.Cp. 

51.D.pO-Jl.D.epHbIH , IlOTCHU:IIaJI BhlJ.!!CJlJleTCJl C TI0MOJJ..(hlO MCTO,D.a ,D.BOHHOH 

caepTKII, B KOTopoM He npe,urronaraeTCJl, qrn JJ.JJ,pa ccpepIIqecK»e. 3m 

Il03B0JIJlCT · l13Y'IaTh CTOJIKHOBeHHJl ,ueqiopMHpOBaHHhIX Jl,D.ep C pa3HOH 

B3al!MHOH OpHeHTal..(HCH oceii CHMMeTpHH, Y CTaHOBJICHO, 'ITO npH'IHHOH 

pe3KOro IIa,D.CHH.H ceqeHHH o6pa30BaHHJl Jl,upa-0CTaTKa B peaKD;HJlX X0JlO,D.H0rO 

CJIHJlHHJl JlBJI.HCTCJl KOHKYpeHJ..(HJl MC)I(,D.y IlOJIHhIM CJIHJIHHCM H KBa3H,D.eIICHHeM, 

KOTopa.a 3aBIICHT OT BHYTpCHHero 6apbepa CJIHJlHHJl H 6apbepa KBa3II,uerremrn 

rrpoMe)KyrO'IHOH .wic. BHyrpeHHHH 6ap1,ep CJIHJlHHJl onpe.D.eJIJleTCJl 

pa3HOCTblO MC>K,D.y 3Ha'IeHHJlMH ynpaBJIJlIOll.\Cro ( driving) II0TCHU:HaJia BO 

BXO,D.HOM KaHaJie II ero MaKCHMYMOM. 5naro,D.apJJ. Bhl'IHCJICHHIO yrrpaBJIJl!Oll.\CfO 

IlOTCHU:HaJia C IlOMOll.\hlO 3KcrrepHMCHTaJihHhIX 3uaqem111 3HeprHH CBJl3H Jl,[(ep, 
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060JJOliet:JHbie 34Jr:peKTbI J1BHO Yt:JHTh1_Ba10TCJ1 IlpH Bblt:JHCJJemm Bepol1TH0CTH 

IIOJJHOro CJJHJ1HWI. 51:BHhlH yt:JeT o6onot:Jet:JHOH CTJ)yKTypbl J1.[(ep 

CTaJJKHBaIOmHXCJ1 J1.[(ep B pa3pa6oTaHHOM MeTO,[(e Il03BOJJJ1eT He TOJJhKO 

HHTeprrpeT11ponaTh 3Kcrrepm.1eHTaJibHhie )J,aHHhJe, HO H peK0MeH.[(OBaTh 

OIITHMaJJhHhle 3KcrrepHMeHTaJJbHhJe YCJJOBllJ1 .nm.1 CHHTe3a Toro HJJH mroro 

cBepxnnKenoro 3JJeMeHTa. B paMKax pa3pa6oTaHHoro l\WTo.na rrpoBe.neHhI 

01.1,eHKH B03MOiKHOCTH HCIT0JJh30BaHHJ1 p.H)J.a peaKl.l,HH ,[(JJJ1 CHHTe3a 

CBepXTJ1)I(eJJh1X 3JJeMeHT0B ,[(JJJ1 3KcrrepuMeHTOB B O1UII1 (,lzy6Ha, Poccm1), 

fCJ1 (JJ:apMllITa.LJ.T, <l>Pf) Hf AHI1JI (Ka3H, <l>paH1.1,1rn). 

1lnJ1 3alljHTLI BhIJlBHraIOTCJ1 cnenyromue 0CH0BHbie pe3YJILTaTLI, 

rrpnaeneHHh1e B nuccepTaum1: 

I. ITonyMHKpocKorruqecKuii MeTo,n Ha OCH0Be K0HQerr1.1,un .n.aoiiHoii 

l1.LJ.epHOH CHCTeMhI )J.J1J1 HCCJJe,[(OBaHHJ1 CBJ13H MeiK,ny MHKpOCK0IIHt:JeCKHMH H 

MaKp0CKOITHt:JeCKHMH xapaKTepHCTHKaMH ,[(HHaMHKH JI.nep npu 

rny6oKoHeynpyroM CT0JIKH0Bemm TJ1)KeJihIX H0HOB. 

2. MexamI3M .LJ.HCCHITal.l,IIH KIIHeTHt:JeCK0H 3HeprHH OTH0CHTeJihH0ro 

,[(BHiKeHHJI J1.n.ep npII rny60KOHeynpyroM CTOJIKH0Bemm TJ1)KeJihIX HOH0B, 

yt:JHThrna10muii 06onot:Jet:JHYIO crpyKTypy 0,[(HOt:JaCTH'l'HhIX C0CTOJIHHH. B 

OCHOBe MexaHH3Ma Jie)KHT t:JaCTHt:JH0~.LJ.hlp0'IHhie B036yJK,[(eHIIJ1 B JI.[(pax, 

COCTaBJUIJOmux ,[(B0HHYIO J1,[(epHyIO CIICTeMy u HYKJI0HHhIH o6MeH Me)K,[(y 

HHMH. BrrepBhie YCTaH0BJieHa IlpHt:JHHa HepaBHOBeCH0ro pacnpe.[(eJieHHJI 

3Hepnm ao36y)K,[(emrn MeJK,[(y nepBH'IHLIMH qiparMeHTaMu rny6oKoHeyrrpyrnx 

CT0JJKHOBeHIIH H KBaJH,[(enemrn. 

3. MeTO,[( pacqern II0TeHl.l,Hana l1,[(p0-J1.LJ.epHoro B3aHM0)J,eHCTBHJ1 ,[(JIJ1 J1,[(ep 

C KBa.[(pyooJihHOH H 0KTYII0JibH0H ,[(eqiopMal.l,Heii npu npOH3B0JlhHOH 

0pHeHTal..(HII HX oceii aKCHaJibHOH CHMMerpuu. 

4. YcTaHOBJieHo, t:JT0 34J4JeKTHBHhie HYKJI0H·HYKJI0HHbie CHJihI, 3aBHCJ1IJ..(He 

OT IIJI0TH0CTH cpe,[(hI (MIIr)J,aJJOBCKHe CHJihI) npilBO,[(JlT K 0TTaJIKHBaHHIO J1,[(ep 

npH yBeJIHt:JeHim nepeKpbITHJ1 HX IlJlOTHOCTeii. 
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5. BupmKeHHJ1 ,[(JIJI pa)J.HaJibH0ro H TaHreHJ..(IfaJihH0ro K034J4JUl.(IIeHTOB 

TpeHHJI, <pOpMyJJh] ].J.JJ5l ,[(HHaMHt:JeCKHX norrpaB0K K 51.[(p0-JI)J.epH0MY 

O0TeHIJ,HaJiy H K rrpHBe,[(eHHOH Macce, CBJBaHHbIX C BHyrpeHHHM ,[(BH)KeirneM 

HYKJI0H0B B 51.[(pax H o6MeHOM HYKJI0HaMII Me)I(.[(Y HHMH, II IIX IICil0J1b30BaHHe 

,[(JJJ1 Bhlt:JIICJJeHHJI rpaeKTOpHH CT0JJKH0BeHIIJ1 51,[(ep. 

6 .. MeTO,[( BLit:JIICJieHHJI qucna nap1.1,HaJihHhIX B0JlH, ae.r1ymnx K 3axaary 

J1)J.ep .B JaBHCHM0CTH OT :meprnu oyt:JKa II opueHTal.l,HH oceii CHMMerpm1 

cTarrKnaa10muxcJ1 J1,[(ep. 

7. Mern,[( pacqera • aepoJ1rnocrn CJIHJlHHJ1 51.[(ep, yqnThrna10mnii 

K0HKypeHIJ,HIO II0JIH0ro crrmrmrn c. KBaJH,[(eJieHHeM. 

Arrpo6aunJ1 nuccepTaunII. OCHOBHhie MaTepuanu .[(HCCepTal.l,IIII 

He0,[(HOKparno ,[(0KJia,[(bIBaJIHCh Ha CeMHHapax .Jia6opaTOpHH TeopeTHt:JeCKOH 

<pH3HKII H JI,[(epHhIX peaK1.1,uii O1UII1, 11HCTHTyTa JI.[(epHOH 4JII3IIKH AH 

Pecrry6rrHKII Y36eKHCTaH, Hayt:JHO-HCCJie,[(OBarenhCK0ro HHCTHTyTa JI,[(epHOH 

<pII3IIKH MfY HM. JlOMOHOCOBa, HayqHO-~CCJie)J,OBaTeJihCKOro HHCTHTyTa 

npIIKJia.[(HOH <pH3IIKH H Ka<pe.[(phI TeopeTIIt:JeCKOH <pII3H}(II Ha1.1,HOHaJihHOfO 

YHHBepCHTeTa Y36eKIICTaH, 11HCTHTyTa TeopeTJl'IeCKOH <pII3HKII f11cceHCKOfO 

YHIIBepcHTeTa "(<l>Pf), <l>H3Ht:JeCKOro qiaeyJihTeTa TexHHt:JeCK0ro ymrnepCHTeTa 

MIOHXeHa (<l>Pf), <l>H3Ht:JecKoro qiaKynhTeTa ymrnepcHTeTa Mecc1rna 

(I1TaJIIIl1), CeKTopa CHHTe3a cBeP,~TJI)KeJihIX 3JieMeHT0B fCI1 (<l>Pf), a TaKJKe 

Ha MeiK.[(yHapO,[(HhIX IIIK0Jiax-ceMHHapax IlO <pH3HKe TJI)I(eJihIX H0H0B (,lzy6Ha, 

1993, 1996, 1999, 2002), Ha XV Me)K,[(yttapO.I:\HOH KoHqiepeHIJ,HH no Jl,[(epHoii 

<ptt3IIKe <<51,[(epHaJI .[(HHaMHKa HH3KOH 3Heprnrr» (CaHKT-IleTep6ypr, 1995), Ha 

MeJK,[(yHapO.[(HhIX KOH<pepeHIJ,IIJ1X «KonneKTUBHaJI JI.[(epHaJl .[(HHaMIIKa» (KHeB, 

1996), «KorrneKTHBHhie ,[(Bil)KeHIIJl 60JihIIIOH aMOJIHry.[(hl B aT0MHhIX 51,[(pax» 

(Eporro-MeccrrHa, 11TaJIHJ1; 1996), <<5I.r1epHaJI 4JH3IIKa Ha rpaHm1e _ 

cra6IIJihHOCTII» (JirrnapH-MeccHHa, HTarrIIJ1, 200 I), «CoapeMeHHhie rrpo6rreMhI 

J1)J.epH0li <pH3HKII» (CaMapKaH,[(, 2000, 2003, Eyxapa, 2001, TaIIIKeHT, 2002), Ha 

Me)K,[(yHapO,[(HLIX CHMil03IIYMax «HOBhie npoeKTLI ll HanpaBJieHII.J1 

IICCJie,[(OBaHHH B JI,[(epHOH <pII3HKe» (MecCIIHa, l1TaJIHJ1, 2002) II <<5!.nepHbie 
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KJJacrepb1: OT JJerKHX 3K30THl!eCKUX .n;o CBepXT.IDKeJJh!X H.n;ep» 

(Pay11!llOJJhIJXay3eH-Map6ypr, cDPr, 2002). 

ITy6nuKaum1. Ilo MarepnanaM .n;uccepraum1 ony6n11KOBaHhI 20 

Hayl!HhIX CTaTbeH B Me)I<.[(yHapo.n;Hh!X pecpepnpyeMbIX rrepuo.n;wrncirnx 

)I<ypHanax. 

061,eM pa6on,1. .[(nccepraunH cocrour H3 BBe.n;eHm1, 11erb1pex rnaB, 

3aKJJIOtJeHmI H IIpIIJJO)I(emrn. Otta co.n;ep)I<HT 185 crpam1u MaIIIIIHOIIUCHOfO 

TeKCTa, BKJUO'-JaH 7 ra6nnu, 66 pucyHKOB H 6u6nuorpacpu11eCKHll CllHCOK ll3 

198 Ha3BaHuii. 

CO,[(EP)I(AHME P AEOThl 

BoJme}leHHH .n;aeTCH KpaTKHH o63op COBpeMeHHbIX npo6neM qlll3HKU 

CTOJIKHOBeHUH nrncenbIX HOliOB, H3JIO)I(eHa IlOCTaHOBKa qlll3UtJeCKOH 3a.n;atiu, 

o60CHOBaHa aKTyaJJhHOCTb ll Ba)I(HOCTb HCCJie.n;yeMhIX BorrpocoB, KpaTKO 

rrpe.n;craBneH MaTepHan .n;uccepraIJHH. 

J3 rrepBOH rnaBe ll3JiaraIOTCH OCHOBHbie IIOJIO)I(eHHH pa3BHBaeMOfO 

IIO.[(XO.n;a, OCHOBaHHOro Ha KOHIJ;ellIJHI-1 ,lVIC H HepemITHBHCTCKOM KBaHTOBOM 

MexaHUKe. B pa3.n;ene 1.2 o6cy)I(.n;aercJI raMHJihTOHUaH .n;nH OIIHCaHUJI 

CTOJIKHOBeHHJI JiBYX MaCCHBHhlX H.n;ep: OTHOCHTeJihHOe ,D;BH)I(eHue npe.n;cTaBJieHO 

KHHeTHl!eCKOM H IIOTeHIJHaJJbHOM 3HeprnHMH. IToTeHUHaJJbHaH :meprHH 

onpe.n;emieTCH JiBOHHOM csepTKOM CTaIJHOHapHoii ITJIOTHOCTH HYKJJOHOB C 

3cpcpeKTHBHbIM HYKIIOH-HYKJIOHHblM B3am,IO.n;eiicTBHeM,' 3aBIICH!UHM OT 

IIJIOTHOCTH H.n;epHOH cpe.n;1,1; BHyTpeHHee .[(BH)I(eHHe - COCTOHHHe HYKIIOHOB BO 

B3aHMO.n;di:cTBYIOIUHX H.n;pax OIIHChIBaeTCJI B q>OpMaJJH3Me BTOpHtJHOfO 

KBaHTOBaHHH; CBH3h Me)I<.[(Y OTHOCHTeJihHbIM ,[IBH)I(eHHeM- H COCTOHHHeM 

HYKJJOHOB npe.r1cTaBJieHa tJJieHOM, rrponopIJHOHaJJhHbIM qmyKTYaQHH 

IIJIOTHOCTH HYKJIOHOB. 3ra cjmyr<ryaQHH CBH3aHa C nmrnnemieM 11aCTHl!HO-

Jib!pOl!HhIX B036y)I<,n;eHHH B Ka)I(,ll;OM H3 JI,n;ep H C HYKJIOHHblM ofo,leHOM Me)I<.n;y 

HHMH. H3MeHeHHe :rneprHH, Bbl3BaHHOe T.IaCTHl!HO-.[(blpOtJHblMH 

B036y)I(.n;eHHHMH Bhll!HCJIJieTCH rryTeM ycpe.n;HeHHJI cpe.n;Hero nom1 o.n;Horo H.n;pa 
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C IIOMO!UblO o.n;HoqaCTHtJHLIX BOJJHOBh!X <PYHKUHH .n;pyroro H.n;pa. I13MeHeH11e 

3Hepnm, CBH3aHHOe C HYKJJOHHhIM o6MeHOM onpe,nem1eTCJI MaipH'lHh!M 

3JieMeHTOM OT cpe.n;Hero llOJIH ,[(5IC Ha BOJJHOBh!X q>yHKU:HHX tJaCTHIJ, 

npHHa.n;ne)KaIUHX H.n;paM .n;ottopa II aKuemopa. B pa3.n;ene 1.3 Bhrne.n;eu 

orrepaTop 3BOJilO[(lU:I .[(JIH OllHCaHHH .[(HHaMHKH c6JJH)I(eHHH H.n;ep H l:I3MeHeHHH 

B pacrrp'e.n;eneHHHX HYKJJOHOB IIpH B3aHMO.n;eiiCTBlUI. 3TO I103BOJJHeT IJOJIY'lHTb 

BLipa)I(em1e .n;m:1 BpeMeHHOH 3'llBI:ICl:IMOCTH qneHa CBH3l:I Me)I(.n;y 

KOJIJieKTHBHbIMH H BHyrpeHHHMl:I CTeneJUIMH CB060.[(bl. B pa3.n;ene 1.4, 

IJOKa3aHo, tJTO ycpe.n;HeHHe 3TOro Bbipa)I(eHHH no 0.[(HOtJaCTHtJHbIM 

COCTOHHHHM B036y)I(.[(eHHbIX H.n;ep .n;aer .[(HCCHIJaIJI:IIO (norep10 3HepmH) 

OTHOCI!TeJII,HOro .l(Bl:I)I(eHlrn, nonpaBKY K H.n;po-H.n;epHOMY IlOTeHunany H 

H3MeHeHHlO KUHeTutJeCKOH '3HeprnH 3a C'leT nepeHOpMHpOBKH npuae.n;eHHOH 

MaCCh!. B pa3.n;ene I.5, B paMKax Teopuu JIUHeiiHoro OTKJIHKa c llOMO!UhlO 

TOro )I(e raMHJihTOHUaHa Haii.n;eHbl Bh!pa)I(eHHH JiJIH KHHeTUlleCKUX 

K03cpqmuueHTOB B ypaBHeHUHX OTHOCUTeJihHOfO JiBH)I(eHHJI. IloKa3aHO, tJTO 

OHM TO'lHO COBna.n;aIOT c TeMH, KOTOphle nonyqeHh! B pa3.n;ene 1.4. Pa3.n;en I.6 

IJOCBHIUeH attanu3y cpnyKTyaIJHOHHO-.[(HCCHITaTHBHOH TeopeMhI ,[\ITH 

pa.n;HaJJbHOfO JiBH)I(eHHJI. Ilo.rry11eHhI q>OPMYJibI .n;nJI nepso.ro H BTOporo 

MOMeHTOB HMnyn1,ca OTHOCHTellbHOfO .[(BH)I(eHuJI, a TaK)I(e onpe.n;eneHbI 

K03cpq>HIJHeHTbI .L\Hq>q>Y3IIH H '.1J!eHHH. B pa3.n;ene I.7, o6cy)I<.n;aeTCJI yqer 

BJIHHHHJI OCTaTO'lHhIX CHIT C llOMO!UblO HX JIHHeapH3a[(lfll, HCIIOJ1b3YH TaK 

Ha3bIBaeMoe L - rrptt6nH)I(eHne. Pe3yJJhTaTbI l!HCJieHHhIX pac'leTOB .[(JI}( 

ipaeKTOpHH CTOllKHOBemrn TJI)I(eflbIX HOHOB 
64Ni C H.n;paMH 208Pb II HX 

o6cy*.n;eHHe npHBe.n;eHhI B pa3.n;ene I.8. .[(1rnaMHl!ec1<aa nonpaar<a K H.L1po­

H.L1epH0My ITOTeHUHany, BbI3BaHHaH ttyKJIOHHbIM o6MeHOM lI tJaCTHtJHO­

.L(hipo•IHbIMH B036y)I(JieHHHMII, OipHIJaTenhHOfO 3HaKa H .n;oxo.n;HT .n;o 3 M3B 

rrpH MaKCHMaJJI,HOM nepeKpbITHH llllOTHOCTeii .n;Byx H,[lep, l!TO ycHJIHBaeT 

rrpHT$!)I<eHHe H,Llep. PacqeTI,I IIOKa3aJIH, l!TO ,[\HCCHITaUHH KHHeTHl!eCKOH 

3Hepnm npHBO.L(UT K 3axBaTy H.n;ep, rrpH KOTOpOM 06pa3yeTCJI ,lVIC. B pa3.n;ene 

I.9, pa3pa60TaHHhIH MeTO.n; npnMeHeH .[(JIH Hccne.n;oBaHHH OTKllOHemrn OT 
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COOTI-IOWeHJrn 3HH!llTeihia, CBll3bIBalOrn:ero K03cprJn11.1IIeHTbl rpemrn H 

JJ,II(pqiy3HH npu ITOJIHOM TennOBOM paBHOBec1rn. YlJer BpeMerrnou 3aBHCIIMOCTH 

'IIICeJI 3anonHeHIIll 0)1,HOlJaCTW!HblX COCTOll!IHH npIIBO)J,HT K cyrn.ecTBeH!-JOMY 

OTKJIOHeHIIl-0 OT COOTHOWemrn 

CTOJIKHOBeHIIll (Lit = 3-10·22 s) 

3i1nwTeuaa Ha HatJ"arroHOH CTa/:lHH 

B peaKunn 
40 

Ar+
108 

Ag npn 3Hepnrn 

Hanern10w.ero HOHa _Ena6 =240 M3B. 3TO o6cTOR.TeJibCTBO CBR.3aHO C TeM, 'ITO 

ycTaHOBJieHIIe TepMOJJ,HHaMWieCKOfO paBHOBeCIIR He npo11cxo,nIIT MfHOBeHHO. 

fnaBa II ITOCBllll\eHa BbllJIICJieHHlO K03(p(pIIUHeHTOB pa,nHaJibHOro 11 

TaHreHUHaJibHOfO TpeHHR B peaKUIIllX rny6oKOHeynpyrnx nepei:w-1. B 

pa3,nene II. l nony'IeHa cpopMyna JJ,Jill KHHeTHlJeCKHX K034J4JHUHeHTOB C ytJeTOM 

BpeMe1rn perraKcau11u qaCTHlJHO-)J,blpOlJHblX B036y,K)J,eHHli. Ypanaeane 

)J,BfDKeHHR )J,Jill HepaBHOBeCHI,JX tJ"Hcen 3arrom1eamr J:(ononHeno 

perraKCaUI!OHHbIM tJ"JieHOM, COOTBeTCTBYIOlll.HM ycTaHOBneamo TepMo-

J:(IlHaMHtJ"eCKOro paBHOBeCIIJI. TaKOli TIOJ:(XOJ:( Il3BeCTeH TIO.[( Ha3BaHHeM -r • 

npn6nmKeHilll. 11crronh30BaHHe perneHmI KllHeTillJeCKOro ypaBHeHIIR B -r -

npII6JimI<emm rrpn BbllJHCJieHHH K034JqJilUHeHTa TPeH'HR TI03BOJIIlJIO nonytJ"IlTb 

pa3yMHbie tJ"HCJieHHbie 3HalJeHHll, rrpHroJ:(Hhie JJ,JIR pactJ"eTa J:(IIHaMH'IeCKilX 

TpaercropHH CTOJIKHOBeHHll Tll)KeJiblX IIOHOB. Pa3):len Il.2 COJJ,ep}l(IlT Bb!BO):lbl, 

BbITeKaIOrulle Il3 cpaBHeHHR rronyqeHHbIX B pa60Te pe3yJibTaTOB C 

KnaccnqecKOH Teopnei1 fpocca H KanHHOBCI<Il Il C J:(ByxUeHTpOBOli MOJ:(eJihIO; 

npe.[(nonara10rn.eti HeMe):lneHHOe . ycTaHOBneane TepMOJ:lHHaMntJ"ecKoro 

paBHOBeCIIll. CpaBHeHHe pe3yJihTaTOB, nonyqeHHbIX )J,JIR peaKUIIH 
64

Zn+
196

Pt 

rrpH Enao = 440 MJB TIOKaJarro, lJTO npII yMeHbIIIeHilll paccToamrn Me}l()J,y 

ueHTpaMII RJ:(ep pa3HH[(a Me}KLIY K034JcpIIUIIeHTaMil TPeHlrn, norry•IeHHb!Mll B 

pa3HbIX IlOJJ,XOJ:(ax JJ,paMaTillJHO B03pacrneT: KOJcj)qrn:utteHT TpeHHll fpocca H 

KaJIHHOBCKH CTaHOBHTCll Ha HeCKOJibKO nopRJJ.KOB 60JibIIIe, tJ"eM 

K03cp4JllUileHTbl TpeHml 06cy}l()J,aeMOH MO)J,eJIH Il ,nByxueHTpOBOH MO):leJIIl. 

On,1eqeao, lJTO K034J(pllUHeHT TpeHHR pacTeT C pOCTOM :rnepnm 

B036y}K,neHilll. 3TO BH)J,HO H3 cpaBHemrn 3HalJeHilll K03qJ4JllUIIeHTOB Tpemrn, 

BhI'IIICJieHHhIX no TPaeKTOpHRM c6JJH,KeHHR n y.naneam1 Ilpll 
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:I 

rny6oKOHeynpyroM CTOJIKIIOBelrnll TR:>I(eJiblX IlOHOB 
64

Zn(440 M3B)+196Pt Il 

56
Fe(480 M3B) + 

208
Pb. ,D;uccnnauIIa KIIHeTHlJeCKOH 3Heprnn npoucxo.[(HT 

ITOCTeneHHO H )J,0 TOlJKII IlOBOpoTa c6pac1,rnaerca OKOJIO 40% 

nepBOHaqaJihHOH 3Heprml, T.e. IIMeeT MeCTO pemHM He CllJihHOfO 3aryxaHI1a. 
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P»c.1. CpaBHeH11e 

PaJJ.HaJlhHOro K03q><fm­

UHeHTa TpeHH», Bhl­

'IHCJJeHHOro B paMKax 

HaCTO!IIUeii MOl{eJIH 

l{Jl» Ha'laJJhHOH 

CTal{HH peaKUHH 
64Zn (440 M3B)+ 

196Pt, 
B 3aBHCHMOCTH OT 

paCCTOHHH)I MelK)ly 

ueHTpaMH Hl{ep R 
(CITJJOUIHM J<pHBM), C 

pelynhTaTaMH Knacc­

CH'IecKoli MOl{eJIH 

rpocca H KanHHOBCKH 

(Kpnsa» c 3Be3J:{O'I· 

~ 10 -l 
\ • ""-----.._ 'leCKOH MOl{eJJH ~ \" j •~•) H "'"'"''°""• 

~ 

r--
10 -2 I I I 1 1 I 1 11 I II II I I \ j 1 1 ::;: $1~~; ~e~f~~ 

8 10 12 14 16 18 20 M3B(KpHBM Cl{JJIIH· 

R ( fm) HhlMH lllTpl!XaMH); 

0 =1.0 M3B (urrpHXO­

BaH KpHBllll); 0 = 0.5 
M3B (TO'Ie'IHa» KPH· 

Ba»). 

B rnaBe III paccMOTPeHo pacnpe.nenettne 3Heprnn B036Y)l(Aemrn Me)K.ny 

cpparMeHTaMU 6ttHapHhIX peaKU:UH. IlonHall KHHeTil'-IeCKaa 3Hepnrn B 

pe3yJihTaTe J:(IlCCilna[(HI:I pacnpe.n;enReTCR B OCHOBHOM Me}K,ny O)J,HOlJaCTillJHhIMil 

C'renem!Mll CB060J:(T:,I B3aIIMOJ:(eHCTBYIOlll.IlX SIJ:(ep. IloTepa, BbI3BaHHaR 

B036Y)KJ:leHHeM KOJIJieKTHBHhIX CTeneHeH CB060J:(I,J (AeqiopMa[(HR II 

ITOBepXHOCTHhJe KOJie6aHHR) He paccMaTPHBaJiacb. Ilpe.n;CTaBJieHa npon:e.nypa 

pacqera :mepnm B036Y}KJ:leHHR B npoTOHHhIX II HeHTJ)OHHhIX IlO)J,CHCTeMax, 

'ITO IT03B0JlllJIO cne):lllTh 3a H3MeHeHUeM OTHOIIIemrn 3HeprHH B036y}K):leHIIa 

rpparMeHTOB ,lVIC, B 3aBHCHMOCTII OT nonHou 3HeprnH B036y}l()J,eHHR Il OT 

BX<;)JJ,HOfO KaHana. 3TH 3aBHCHMOCTU MOIKHO U3BJietJh II3 3KCnepnMeHTOB B 

peaK[(IlRX rny6oKOHeynpyrnx nepe):la'-J. Pe3yJihTaTbl IlOKa3bIBalOT, 'ITO nernoe 
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.H.n,po uonyirneT :meprnII B036y)l<.n.emrn 6om,me, qeM T.H)KeJioe. 3To cornacyeTCH 

C pe3yJibTaTaMH HallIHX pacqeTQB (CM. PIIc. 2). Cne)].yeT OTMCTIITb, qTQ :na 

3aKOHOMepHOCTb OKa3aJiaCb o6meii. .n.mr 

0,8 111 I I I II I I 11 I I I I I I I I I iJ I I I Ii I I ii, I J II i Ii ii 11 ii 

0.6 
~ 

0.4 

X 

ct 
.c 0.4 
Q. 

et: 

0.2 O 

!!
6Fe + 165Ho 0 

A 
-. 

A E1ob=505 MeV 

A 
t. AA 

At, AAAIJ.AAA 

A 

.... A,,/(ty,+ArL ___________ ,, ..... . 

... b ... ... - .... _ - -"'- -- -

--------------------------

50 100 150 200 
Eioss (MeV) 

Pttc. 2. a) 0-rnowetttte JHeprntt 

B036ylK,neH!fil CHapl!,!lOCTO.U06HOrO 

<j>parMeHTa E*p 11 o6meli 

JHepnrn Bo36y)KJleH!fll .!Viii 

peaKI.UUI 
56

Fe ( 505 MJB) + ' 65Ho 

KaK <j>yHKI.Urn o6weli Jaepnm 

B036y)K)J.emrn E,0,,= E*p + E*r­

Tpeyrom,HHKaMH o603Ha'leHbl 

JKcnepttMeHTanbHble ,naHHb!C. 

CnnoUIHM KpHBail nonr1etta no 

ttame11 Mo.nen». Totie'!Hai! JJHHHil 

COOTBCTCTByeT cnytiaIO 

Tennosoro pa011oeectti1 

E*r/E,oss=Ap/(Ap + Ar). 
b) Bbl'IHCneHHble 3Ha'leHHil 

OTHOWeHIIH R,,=E* e..CP)/( E* ex(P) 
+ E* e,(E))-3Heprn!! BO36y;ic.ne­

Hl!il, CBi!3aHHbie C o6MeHOM 

HyKnoHaM11 (.!VJHHHhle WTpl!Xll) H 

'laCTWIHO· J{hlpO'IHb!MH B036y>K• 

.neHHRMH Rph"" E* ph(P)/( E* ph (P)+ 

E* ph(E)) (UITplfXOBail flHHHll) ,!(flll 

peaK1.11111 56Fe(SO5 MJB) + 165Ho 

KaK qiyHKQHil o6weli JHeprHH 

B036yxc.neH!fll E,oss• 

Bcex peaK~HH uptt 3HeprH.HX OKOJIO KyJIOHOBCKOro 6apbepa. 3TOT 3~~eKT 

061,JICH.HCTCJI C o6onoqeqHOH crpyKTypoii B3aHMO.L(CHCTBYIOlllHX .H.L(ep, KOTOpaJI 

upeII.HTCTBYCT 6hICTPOMY yCTaHOBJlCHHIO TepMO,!l;HHaMJ!<ICCKOfO paBHOBCCH.H. 

PaccTO.HHHC MC}I(.D.Y ypoBH.HMH B JICfKOM .H,n;pe. 60Jibllle, qeM B T.H)KCJIOM, TaK 

KaK, IIpH npHMepHO 0.L(HHaKOBOH rny6irne IIOTCHUHaJia, B nerKOM .H.n,pe qucno 

HYKJIOHOB MCHbUie, a paCCT05!HHC Me)KJ(y ypOBH.HMH 60JibUIC. B pe3ynhTaTe, 

3Hepnrn, npHXO,!l;lllllaHC.H Ha Ka)KJ(blll nepexo.n. MC}K,!l;y ypOBHJIMH 6y.n,eT 60JibUie 

B JlCfKOM JI,n;pe, qeM B TJI}KCJIOM. C IIOMOlllblO npe.n.nO)l(CHHOro MCTO.D;a 

BblqHcneHbl OTHOI.IICHHC 3Hepruii B036y)KJ(eHH.H npoTOHHOH M HCHTPOHHOH 
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IIO.L(Cl!CTCM, a TaK)l(C OTHOUICHl!C MC)l(,D;Y BKna.n.aMl! B 3Heprmo B036y}K.L(CHH.H, 

COOTBCTCTBYJOlllHMH qaCTHqHo-,n;blpOqHblM B036y)l(,!l;CHH.HM H HYKJIOHHOMY 

o6Meny. Cne.n.yeT OTMCTJ!Th, qTo BKJ18.L( o6MeHa HCHTPOH8MH B ,!l;IICCUII8UHIO 

KlIHCTIIqecKOH 3Hepruu .HBJ1.HeTC5! onpe.n;en.HIOLUIIM. PacqeTbI IIOK838JIII, qTo B 

40
•
44

Ca (285 M3B) + 248
Cm peaKUH.HX JapJI,n;oBa.H acuMMeTpHJI pacTeT c pocTOM 

BpCMCHll. 3TO COOTBCTCTByeT 3KCnepHMCHTaJibHO Ha6mo.n;aeMOMY pocTy 

Bhlxo.n.a npo.n;yKTOB peaKUllll C Mli.CC8MH, 6onhllll!MH, qeM Macca JI,n;pa-

MIII.IICHU. B pe8KUHH C 
48

Ca 38p.H,!l;OB8ll 8CHMMCTpH5! YMCHbUiaeTCJI, qTo T8KlKC 

H8XO,!l;HTC.H B cornacuu ·c 3KcnepHMCHT8JlbHO Ha6mo.n;aeMb!M yBeJmqeHUCM 

Bb!XO.L(a, npo,n;yKTOB peaKUHH C M8CCOH, MCHbUICH M8CCbI .H,n;pa•MHUICHU. 

Ifccne.n;oBaJIOCb BJIHJIHHC NIZ - OTHOIIICHH.H 60M6ap.n.upy10mero ll.n;pa Ha 

pacnpe,[(CJICHHC 3HeprHH B036J)K.D;CHHJI. IToK838HO, qTo OTHOUICHUC 3HepruH 

Bo36y}K.n.eHna- nernoro ll TJI}Kenoro cpparMeHTOB Rwr B 
44

•
54

Ca (285 M3B) + 
24

~Cm peaKUH51X 60JibIIIC, qeM B 
40

•
48

Ca (285 M:)8) + 248
Cm peaKQH51X. Bo BCCX 

3THX peaKUH51X RP/I' YMCHblllaCTCll C YBCJIH_qeHHCM HaqanbHOro op6HT8JlhHOf0 

yrnoBoro MOMCHTa. BKna.n. npOTOHHOro o6MeHa B 06my10 3Heprmo 

B036y)l(,[(CHlrn B03pacraeT C yBenuqeHHeM NIZ . OTHOUICHHll B H8JleT8!0lllCM 

a.n.pe n CTaHOBHTC.H cpaBHHMbIM c BKJia,n;oM OT HettrpOHHoro o6MeHa. 3TO 

CB5138HO C TCM, qTo C YBCJIJ!qeHHCM NIZ - OTHOllICHIDI pacTCT 3HeprHll 

OTpbIB8 npOTOHa, IIOBepxHrn~Tb cI>epMH ,!l;Jl.$1 npoTOHOB B CH8p.H,n;e 

CTaHOBHTCll 6onee rny6oKOll. B pe3yJibT8Te, cpe.n,H.HJI 3HeprHJI B036y}K,n;CHHJI Ha 

nepe.n,aqy npoTOH8 Me)l(.Il.Y T51}KCJibIM H30TOIIOM HaJICTafOLUero 51.D,pa II 51,!l;pOM· 

MHlllCHll, B03pacTaeT. IfcnonbJOBaHHe TJI}KeJioro H30Torra KaK cuapll,n; 

YBCJillql!BaeT pa3JIHque MC)KJ(y nocne.n;HHM 38IIOJIHCHHbIM npoTOHHbIM ypoBHeM 

cnapa.n.a H nepBbIM B8K8HTHbIM ypoBHCM ll.n;pa MHllICHH. DOJlbUIOe pa3JillqJ!e 

MC}!(,[(y IIOBepXHOCT.HMH cI>epMH B38l!MO,!l;CHCTBYJ01UJ!X cj:JparMeHTOB MOlKeT 

yBen11q11Tb KOJiuqeCTBO nepe.n;aHHblX npOTOHOB OT MHIIICHH K CHapll,1:\y. 

Hccne,n;oBaHO BJlllllHHC TIJIOTHOCTH o.n.noqacTJ!qHblX ypOBHCll B6JIH3ll 

TIOBepxHOCTH cI>epMH B CHap51,1:\0TIO,D;06HbIX ~parMCHTaX Ha OTHOIIICHHe 

3Heprutt B036y}!(.n;eHuii: nernoro u TJI)l(eJioro ~parMeHTOB B rny6oKOHeynpyrux 
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CTOJlKHOBemrnx. IlOK3331-IO, 'ITO .l\BYXKpaTHOe yaeJIH'lemre ITJIOTHOCTH 

yponueri CH3pll,l\ODO,l\06Hl,IX cpparMeHTOB ( CIIeKTJ) ypOB!IeH B Tll:lI<eJIOM 

cpparMeHTe OCT3eTCll HeH3MeHHhIM) yMeHJ,rnaeT OTIIOilleirne 3Hepnm 

B036y)K,lleHHH RPIT npH6JU!311TeJihHO B 1.5 pa3a. TeM C3MhIM Il0,l\TBep)l<,!l3eTCll, 

'ITO H3-33 MeHhillCH IlJIOTHOCTH YPOBHCH B JICrKOM (jJparMCHTC cro 3HCpnrn 

B036y)l()lCHlill 60.f;hllIC, 'ICM B Tl!)KeJIOM. TaKHM o6p330M, 3KCIICpHMCHT8JlhHO 

ycTaHOBJICHHoc OTKJIOHCHHC OTHOillCHHll 3Hcprn11 ao36y:lI<.l\CH11ii KIT B 

rrcpBH'lllhlX rrpo,llyKTax pcaKQHli OT 

MO)KeT 601Tb CB513aHO C pa3HOCTh!O B 

TCpMO,l\HH3MH'lCCKOro paBHOBeCHll, 

ITJIOTHOCTllX ypOBHCH B nerKOM H 

T$l)KCJIOM ll,llpax. ,L(Jill 113y'leHllll MCX3HH3Ma ,l\HCCHIT3QHII 3HCprHH 

npoaHaJIH3HpOB3Hhl pe3yJihTaThI 3KCDCpHMCHTOB, B KOTOphIX liCCJIC,l\OBaJJOCh 

BJIHllHHC 06ono<iC1IHoii CTPYJ<TYPhl Ha o6cy)K,llacMyIO Koppcnl!QHIO MC)K.llY 

,l\HCIIcpc11ett 33pll.l\OBOro 'lHCJia npo)lyKTOB az 2 
II noTcpcii nom10ii 

KHHCTH'ICCKOH 3HCprmt. KpyTH3Htl KpHBOll 33BUCHMOCTI! a,2 OT noTepH 

ITOJIHOH KHHCTH'lCCKOli 3HCprHH ,l\Jlll pcaKQHli 
238U (7.4 M3B/A) +238U 6oJihlllC 

no cpaBHCHHIO c pcaKQHllMH 
208Pb (7.5 M3B/A) + 238U 11 

208Pb (7.6 M3B/A) + 
208Pb. H3BCCTHO, 'ITO IlJIOTHOCTh O,l\HO'l3CTH'lHhIX ypOBHCll OKOJ1O IlOBCpXHOCTI! 

<l>cpMH B 
238U 60J1hllIC, 'ICM B 

208Pb. Ilpu YBCJIH'leHHH IlJIOTHOCTll ypoBHCH 

o6ner'laCTCll rrepCXO,l\ HYKJIOHOB MC)l<JlY ypoBHllMH, TaK KaK yMeHhlll3CTCll 

311epnrn Bo36y)!(.l\CHHll Ha rrcpcxo.ll, 'ITO 6hmo npH'IHHoii yMcHhllICHllll KIT. 

PaC'le-Ihl rIOK33aJJlI, 'ITO B rny6oKOHcynpyrux CTOJIKHOBCHllllX Tl!)KCJ!h!X HOHOB 

KPYTH3H3 KpIIBOH 33BIICUMOCTII a,2 OT noTepII IlOJIHOH KllHeTH'lCCKOH 3Heprnu 

rrpu YBCJIH'leHIIH B 2 p33a IlJIOTHOCTU ypOBHeii OKOJIO IlOBepXHOCTH <l>cpMH B 

51,llpe-CHapl!,lle CTanomITCll 6oJJhllie no _cpaBHCHll!O C KpYTll3HOH KpHBOll, 

Bhl'lHCJieHHOH npH HCH3MCHCHHOH IlJIOTHOCTH ypoBneii ,l\JIJI BCCX 

paCCMOTpCHHhIX pcaKQHH. 

B rnaac_]'l HCCJie,l\OBaHa poJih BXO,l\Horo KaHana Ha aepOl!THOCTh 

rrpoQecce CJIHl!Hlill M3CCHBHh!X l!,llep B paMKax KOHQeITQHH ,lVIC. MexaHH3M 

o6pa30B3HHll .impa-ocTaTKa paccMOTpeH K3K rpex CTa,l\HHHhlll npoQeCC. 
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IlepBal! CT3,l\Hll - 33XBaT HaJieTa!Oll.\Cro HOHa JI,llpOM MHilleHH H o6p330B3HHe 

,lVIC, rroBe,lleHHe KOTopoi1 33BHCHT OT ua<JaJihHOii :meprnu 11 op611Tanhttoro 

MOMCHTa CTOJIKHOBCHHll. Heo6XO,l\HMblM ycnOBlleM ,l\JIJI 33XBaTa JIBJ!l!CTCJI 

H3J111'1He ITOTCHUHaJihHOH llMhI 11 rrorra,llaH11e CHCTeMhl B 3TOT KapMaH nocne 

,l\HCCHITaQUH OTHOCHTCJlhHOH KHHCTH'leCKOH 3Hepnm. Ecn:n CHCTeMa He 

nona,l(aeT B ITOTCHQHaJihHYIO llMY, ua6JIIO,l\aIOTCll peaKUHH KBa3Hynpyrnx HJIH 

rny60KOHeynpyr11x CTOJIKHOBem1i1: a) B KB33HynpyroM CTOJIKHOBeHHH 

CllCTeMa He nona,l(aeT B IlOTeHQHaJihttylO llMY H3-3a Toro, <JTO 3Heprnl! ny'lKa 

Mana Ii CliCTeMa ue MO)KeT npeo,l(oneBaTb KYJIOHOBCKHH 6apbep Bo BXO.l\HOM 

KaHane; 6) 'B rny6oKOHeynpyrux CTOJIKHOBeHH5!X H3'13J1hHal! 3Heprull rry'lKa 

,l(OCTaTO'lHO BhICOKO OT KYJIOHOBCKOro 6apbepa H CHJ!hI TpeHHll He HaCTOJlbKO 

HHTeHCHBHhl, 'IT06hl nocne ITOTepH 60Jihlliett 'laCTH Ha'laJihHOH KHHeTH'leCKOH 

3Heprm-1 CHCTeMa He CMOrJia npeO,l(OJleBaTh KYJIOHOBCKHli 6apbep H3 

BHyTpCHHeiI CTOpOHhI B o6paTHOM IlYTH- • Cny'latt 6) 3HaJIOru'leH 

CTOJIKHOBeHHIO HOHOB, KOr,l(a OTCYTCTByeT JIMa_ B JI,llpO-JI,llepHOM IIOTCHQHane. B 

3THX peaKQHJIX o6pa3yeTC5! KOpOTKO)I(HBYll.\al! ,lVIC . .L(mI 3KCnepuMeHTaTOpOB 

npaJ<Tu<JeCKHH HHTepec npe,llCT3BJilleT 3HepreTH<JeCKOe OKHO - umepaan ,l\Jlll 

3HeprHu ny<J:Ka, EMHH. < Eu.M. < EMaKc, B KOTopoM ce'!eHuJI 3axaaTa II CJJHllHHll 

' 
npHHHM3lOT CBOH MaKCHMaJihHhie 3Ha'leHHJ!. MHHHMaJihHOe 3Ha<JeHue EM>IH. 

onpe,lleJIJieTCJI 6apoepoM BXO,l(HOr~ K3Hana, a M3KCUMaJJhHOe 3Ha'leHHe EMaKC 

3aBHCHT OT ,l(HH3MHKH CTOJII<HOBeHUll. 

Brnpaa CTa,l(Hll - TpaHccpopMaQHJI ,I:(5IC B Harperoe COCTaBHOe ll,[(pO 

KOMTiaKTHOH cpopMbl nyTeM nepe,l(a'lll Bcex HYKJIOHOB nernoro cpparMeHTa B 

Tl!)KeJihlli (jJparMeHT (IIOJIHOe CJIUllHHe ). XapaKTepHoii 'lepTOH TaKoro 

MexaHH3Ma CJ!lll!Hllll JIBJllleTCll MaJJOCTh o6JiaCTH nepeKphITllll ITJIOTHOCTeH 

ll.l(ep u coxpaHeHHe o6onoqequoi1 CTpyKryphI o6oux cpparMeHTOB. ,ll;aoi1Haa 

ll,l(epnaJI CUCTeMa MO)KeT pacna,[(aTbCa Ha ITYTli K CJIHllHHIO HJIH MO)I(eT 

3BOJIIOQHHHpOBaTh B CTOpOHY MaCCOBOH CHMMCTpUH II pacna.l(aThCll. 3TH ,l\Ba 

KaHana BC.l(YT K KB33H,l(eJieHHIO - npoueccy, npu KOTOpOM COCTaBHOe ll,llpo He 

06pa3yeTcl!, HO npo.l(yKThl pacna,l\a MC HMeIOT nO'lTH TaKHe )Ke 
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xapa1aep11cT11Im, KaK 11 npo.n.yKThI .n.enemrn. KBa3H.D,eneu11e CIIJILHO 

KOHKyp11pyeT C nonHhlM cmumueM. 

TpeTh51 cm.n:1151 BhDKl1Baime nurpeToro cocrnanoro 51.D.pa no 

OTHOlllemno K .n.enemno C HcnycKUHHeM HeiITpOHOB, npoTOHOB, um,cpa-'lUCTHU 

mm rUMMU-KBaHTOB. 

MeTO,!J, Bhl'J!f CJieHJ151 ceqemrn o6pu:maamrn 51.D,pa-oCTUTKa nocrpoen 

cornacHO 3TOMY Tpex CTU,!1,HHHOMY MeXUHH3My. Ceqem1e Bhl'lHCJ15leTC51 KUK 

cyMMU nap[iHaJlbHhlX BKJ1U,!l,OB, COOTBeTCTBYIOll.iJIX lpHKCllpoaaHHOMY 

op6J1TaJ1bHOMY MOMeHTY OTHOCJITeJ1bHOrO ,l(BmKemrn. IIap[iJIMhHOe ceqeHHe 

3aXBUTa BhI'lHCJ15leTC51 B paMKUX ,l(HHUMH'leCKOro IlO,l(X0,!1,U. lfacno nap[iHMhHhlX 

BOJ1H, npHB0,l(5lll.iJIX K 3UXBUTY C o6pa30Bam1eM ,Ll.5IC, onpe.n.en5IeTC51 

pelllem,eM ypUBHeHHH .D,BmKeHJl51 )J.JI51 OTHOCHTeJihHOro paccTORHIUI Me)K.n:y 

[ieHTpUMH R,D.ep H op6HTanhHOro yrnoBoro MOMeHfa. 3TH ypUBHeHH51 

Bb!Be.D,eHbl Jl3 IlOJIHOro ruMHJibTOHllaHa, OIIl!CaIIHOrD B rrraBe 1. 

Ko3cplpHQlleHTLI Tpemrn lI IlOTeHI."(liaJI H,l(p0-51,l(epnoro B3aHMO)].ettCTBl151 

BLl'lllCJil!IOTC51 cornaCHO MeTO,l(HKe, npHBe,ll.eHHOH B rnaBe 2. Ka)l(.D,Oe 

nap[iHanLHOe ceqeHHe 5IBJ151eTC}l npOH3Be,l(eHHeM TpeX aenH'llIH, COOTBeTCT­

BYIOll.ilIX TpeM CTa)].lI51M: ceqeHH51 3axBaTa, cpaKTopa PcN , yqHTLIBaIOll.iero 

KOHKypeHQHIO nonHoro CJIH51Hlill C KBa3H)].eJieHlfeM H cpaKTopa BbJ)l{lIBUHH51 

w.,,,. 
CpaBHem1e pe3ynLTaToa pacqern ,nn.sI peaKI.iHtt 

48
Ca + 

244
Pu ~ 74

•
76

Ge + 
208Pb ' KOTOpbie MOrJT 6hlTh HCil0Jlh30BaHhl )].JI51 CIIHTe3a CBepxTmKenoro 

3JieMeHTa Z=l 14, IlOKa3bIBaeT, 'lTO MUKCHMYM lI lllHpHHa cpyHKQHH 

B036y)K,neHH51 3axBaTa )].J151 
48Ca + 244

Pu peaKIJ;HH, Bblllle H llll!pe qeM B 

peaKI.iHH 74•76Ge + 208Pb. 3TO CBJI3aHO C TeM, 'ITO noTeHQl!aJ1hHM 51Ma B H,!1,pO­

}l)J.epHOM B3aHMO)J.eHCTBHH )].J151 
48

Ca + 244
Pu peUKQJIH }IBJ1ReTC51 6onee 

rny6oKOH lI urnpOKOH. Ba)l<HOCTL umpJIHbl cpyHKQHll B036y)K,nemrn )].J151 

3axBaTa npoRBJI.sieTC.sI na crn,n1111 cmrnmrn. Heo6xo.n11MhIM ycnoa11eM ,nmr 

cnHHHH51 RBnJieTC.sI npeo.n.oneHHe ,Ll.5IC BHyTpeHnero 6apbepu cnmIHHR s•1us(l; 

Z1,A1). 3TOT 6apbep onpe.n.enReTCR pa3HOCThlO Me)K.ny MaKCIIMJMOM 
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ynpaarn110mero TIOTeH[ittanu B o6naCTll 60JihlllOH 3Ha'leHJIH MaCCOBOH 

acnMMeTpHU H 3Ha'leHueM, COOTBeTCTBYIOll.illM 3Up51)].0BOH aCHMMeTpHH 

BXO)].HOro KaHana. CJil151HHe CTaHOBHTCR HeB03M0)l<HblM np11 YCJIOBHH E'DNS < 
Bi,,s )J.Jl}l ,Ll.5IC, o6pa30BaHHOH npH 3aXBaTe, II OHa yii:,neT B KUHan 

KBa3H.[(~JieHwr ecnu E•nNs > Bq1, r,ne E*DNS Ec.m. - Vmin (/; Z1,A 1), :mepnrn 

B036y)K,nemrn ,Ll.5IC; Vmin - 3Ha'leHHe MIIHHMyMa R)].p0-51)].epHoro noTeHQHaJia 

B3aH~o.n:ettCTBH51 )].Jl}l BXO)].HOro KaHana; .Bq1- 6apbep KBa3H,neneHH51. Ilpu E.DNS 

< Bq1 MmKeT Ha6JIIO)].aTbC51 R,nepHUJI CHCTeMU B CHJILHO .necpopMnpoaaHHOM 

COCT051HHH. B peaK!.ill51X C MUCCHBHhlMH R)].paMH B•Jus MmKeT 6h1Tb 60Jihllle, 

tJeM MaKCHMaJihHoe 3Hal'.JeHHe 3Heprnu . B036y)K)J.eHHH ,Ll.5IC. Pacl'.JeTLI 

IIOKa3aJ1H, 'lTO )].JllI 
48

Cu + 244
Pu peaKQHH, 3Hal'.Jemre E*DNS H3MeHReTC}l OT 

19 M3B .no 41 M3B, JI 3TU 3uepmR ,nocrnTOl'.JHa ,nnH npeo,nonemrn 6apbepa 

cmrnHHR Bius =7 M3B. B cny<rne 
74

'
76

Ge + 208
Pb peaKQHH, E*DNS Jie)l(HT B 

HHTepBane OT 6 M3B .no. 16 M3B, Tor,n:a KUK 6apbep cmrnmrn Bi,is =31 M3B, 

1'.JTO HCKJIIOl'.JUeT B03MO)KHOCTh CJIHJIHWI. CornacHO npe,nJIO)KeHHOMY MeTo.ny, 

peaKI.illlI 
48

Ca + 244
Pu HMeeT lIBHOe npettMyll.ieCTBO )].J151 CHHTe3a HOBOro 

3neMeHrn Z=l 14, 'ITO JI peanH30BUHO B Jia6opurnpHH H,nepHLix peaKUHH Ol:UIM 
B 1999 ro,ny. Pucl'.JeT 6bIJI BhIIIOJJHeH B 1998 ro,ny [13]. 

rnuaa V IlOCBRllleHU HCcne.aoBaHHIO ponH BXO,LtJIOro KaHaJia npH 

!pOpMHpOBUHHH COCTUBHOro 51,n:pa H OCTaTKOB JICIIapeHmI, Bbl)KJIBll!JIX B 

KOHKypeH[iHH C ,neJieHHeM. IIpe,nJIOX(eH MeTO,Lt pUCl'.JeTa IIOJIHoro CJIHRHHH, 

KOTOpLIH YtJJIThlBUeT KOHKypeHQHIO Me)K.ny CJJI!jfHHeM H KBa3H,n:eJieHHeM. 

MeTO,n: pacqern ycoBepll!eHcTBoauH 6nuro,nupR ytJe-ry noaepxHOCTHhlX 

Kone6UHHH, 1'.JTO JI03BOJ1HJJO TIO)].HRTh aepXHHH rrpe.nen 3HeprttH rrytJKa )J.JIH 

3aXBaTa R,nep. ,[(HHUMJIKa 3UXBUTa R,n:ep OITHChlBaeTC}l KJIUCCJfqeCKHMH 

ypaBHeHHRMH )].JllI pucCTOJIHHH Me)K,rty ueHTpaMJI R,nep, R, J1 op6HTaJihHOrO 

yrnoaoro MOMeHTU, rro.no6HhIM TeM, KOTOpbie OITHCUHhl B rnuBe IV. IlOKa3aHa 

BU)KHOCTh Y'IeTU cpnyKTyUI."(HH <popMhl ccpepttl'.JeCKHX }l.l(ep, CB513UHHhIX C 

noaepXHOCTHh!MH 2+ - J1 3" - KOJie6UHHRMH. 06oeM rrepeKpbITI!}l IIJIOTHOCTeH 

H3MeHReTC51 He CHJJhHO H3-3U 6on1,rnoro 3HU1'.JeHHR rrupuMeTpU HHepum1 
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OTHOCl:!TeJibHO ,gecpopMaUHl:! • .D:rrl:!HHhJH rryn, ,D.5IC K cmummo orrpe.[lem1eTCH 

rrosepxHOCThJO rr0Tem~nanbl-10i1 ::mepnm U(A. Z; R,l), rrpe,gcrasneHHoi1 KaK 

qJYHKUl:!ll OT R n A1 (I:!JJI:! 17). TionHaJI rroTeHL(HaJihHaH ::meprnH BhltiucnJieTcH 

KaK cyMMa peanucrntiecKux 3Heprni1 csmn H.[lep, 06pa3y10mux .D:5IC, H 

IIOTelll(J,IaJia B3al:!MO.[leHCTBl:!JI Me)K.[ly HHMH. KOHKypeHL(Hll Me)!(.[ly CJIHHHHeM H 

KBa3H.[leJieHHeM ?UeHeHa no CTaTHCTHqecKOH MO,[leJIH. TipaBOMepHOCTb 

HCIIOJib30BaHJIJI CTaTHCTJitieCKoro MeTO,[la IIO.[lTBep)!<,[laeTCll TeM, 'ITO TepMO­

mrnaMHtieCKOe pasttosecue B ,D.5IC ycraHaBJJHBaeTcJI 6b!crpee (rrep.,~ 10-21 ceK), 

tieM npOHCXO.[lHT KBa3H.[leJieHHe (-r~B"3.)len.~5· l 0·21 
CeK). <l>aKTOp PcN(Ec.m.,l; Z1,A1), 

yqHThJBaJOmui1 KOHKypeHL(HIO Me)KJ:lY CJIHJIHHeM II KBa3H,neJJeHHeM, 

onpe,neJUieTCll no CTaTHCU!tieCKOll MO.[lem1 KaK OTHOll!eHue IIJIOTHOCTei1 

ypOBHett Ha,n 6apr,epOM s rryrn CJJHJIHHJI K cyMMe IIJJOTHOCTei1 ypOBHei1 

Ha.[l Bi,,s H 6apbepoM KBa3H,[leJieHHll Bqf. PcN(Ec.m., l; Z1,A1) = p(E'DNs-Bius) J 

(p(E'DNS - Bius)+ p(E'DNS- Bq1). TaKHM o6pa30M, KOHKypeHL(Hll Me)!(J:lY 

CJJHllHHeM H KBa3H.[leJJeHtteM orrpe.[leJil!eTC.ll COOTHOllleHlieM Me)f(_gy 6apr,epaMH 

Bi,,s H B'q1. Tiocne.[lHllJI, rpeTbJI CTa.[lHll npouecca - sr,rnmBaHne 

o6pa30BaHHOro Harperoro ll.[lpa OTHOCHTeJJbHO ,[leJieHHJI. BbJqlfcJieHne 

BepOJITHOCUI BbDKHBaHHJI B paMKaX cospeMeHHOH CTaTHCTHqecKOll MO.[leJIH 

II03BOJil!eT ytiHTbIBaTh .[lHHaMH'IeCKllH acrreKT KOHKypeHQHH npoueccoB 

ncnapeHHJI-.[leneHHll B CJIO)f(HOH JI.[lepHOH 3BOJI!Ol(HH B.[lOJih KaCKa,[la 

oxna,I<,[leHHll. B MO,[lemI, rrpH Bhl'IHCJieHHII 6apr,epa ' .[leJieHHll, 3MHCCHH 

Hei1rpOHOB, npOTOHOB, anr,cpa-tiaCTHUbl II raMMa-KaCKa,na B KOHKypeHUIIH C 

,[lenenHeM, yqHTb!BaJOTCll 3aBHCHMOCTH OT yrJIOBOro MOMe,rra II 'IeTHOCTH. B 

pacqerax ytiTeHhI 3aBHCHMOCTH o6onoqeqHoi1 nonpaBKH K 6apr,epy .[lenemrn OT 

Tel\mepaTypr,1, 3a.[lep)f(Ka .[leJieHHJI tt3-3a .[lHcc1mau1rn npu cnycI<e OT ce.[lJIOBOH 

TO'IKH. TIJIOTHOCTH ypoBHeH Bhl'IllCJieHbl s Heamrn6aTHqecKOM MeTO.[le, 

yqllThIBaIOmeM pOTal(llOHHOe u BH6paQHOHHOe ycHJieHHll. Eapoep .[leJJeHHJI 

sr,rqucnJieTCll B paMKax Mo,nenu BpamarorueiicH Kanm1 c napaMerpH3auaeH 

CnepKa. 
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Pono BXO.[lHOro Ka11ana B Mexa1miMe o6pa30BaHllll npo,nyKTOB peaKL(HH 

CJIHl!Hllll-.[lCJieHHll HCCJIC.[lOBaHa B aHaJIH3e 3KCnepaMeHTaJibHh!X ,[laHHbIX, 

rronyqeHH&IX B fCH (.D:apMlliTam, <I>Pf) u JUIP HM. <!>neposa 01UI11 

(,[(y6Ha, Poccm1) .[lJJll peaKunil:, Be.llyruttx K O.[lHOMY n TOMY )!(e 

B036~,[leHHOMY COCTaBHOMY .llLlPY 
216

Tb (
40 Ar + 176Hf, 86Kr + 130

Xe, 
124Sn + 

92Zr) ii 222
Tb (

86K.r + 136
Xe a 

48
Ca + 17'Yb). ,no cttx nop He 6r,m ofaJicHeH 

<paKT O TOM, qTo MaKCHMaJibHOe •3Haqem1e ceqeHH.ll o6pa30BaHH.ll ll.[lpa­

OCTaTKa B peaKL(HH 
124Sn + 92Zr B 'IeTbipe pa3a 60JJhllle, qeM B peaKL(HH 

86Kr + 
130 • 

Xe npH TOM )Ke 3HaqeHHH 3Hepnm B036y)!(.[leHHll E . TiepBal! peaKL(HH 

l!BJilleTCl! 6onee CHMMerpHqnoi1 (1'7Al=IA 1-A21/(A1+A2)=O.148), tieM srnpal! 

peaKQIIH Cl'lAl=O.2O4). 3m'r 3KcnepHMeHTaJihHhIH 3<p<peKT HHTepnperHponaH 

C IIOMOil(hlO ananl13a . .[lBH)f(yruero IIOTCHL(Hana .[lJill B036y)!(.[leHHOrO 

cocTaBHoro ll.llpa 
216Tb', 06pa3yeMoro B 

86Kr + '.30
Xe u 

124Sn + 92Zr peaKUHHX. 

Ecnn 3Heprnn CBll3H COCTaBHOro .ll.[lpa I} 51,[lep, cocrasnJI10mnx MC, 

onpe.[leJJJIIOTCll peaJIHCTllqeCKHMH 3HaqeHll51Ml1 l13 Ta6mu~, TO 3HaqeHHe 

BHyrpeHHero 6apr,epa CJIHl!HHH Bi,,s .[lJUI 
124Sn + 92Zr peaKQHH MeHhll!e Ha 3.5 

M3B, qeM 6apbep .[lJill 
86Kr + 13

°xe peaKUHll. 3TO CBl!3aHO C o6onotietiHblMH 

3<p<peKTaMH, BKJIIOqeHHhIMH B .[lBll)!(YlUHH IIOTeHUHaJI. TeopeTHqeCKHe 

3HaqeHHJI ceqeHHH CJIHJIHHll .[lJIH 
124Sn + 92Zr peaKQHH npHMepHO Ha ITOPllLlOK 

6oJibille, qeM COOTBeTCTByIOil(He 3Haqemrn ceqenHH ,[(Jlll 
86Kr + 130

Xe peaKL(HIL 

TipH BI,JqHcJJeHHH 3HeprnH CBll3ll ll.[lep no MO.[leJIII )Kll.[lKOH KanJIH HeJib3ll 

061,l!CHHTb pa3HHQY Me)f(.[ly 3KCnepHMeHTaJihHbIMH .[laHHhlMH 06 o6pa30BaHHll 

216Th* B 
86Kr + 130

Xe II 
124Sn + 92Zr peaKUHHX c n0Mom1,ro oco6eHHOCTei1 

ynpaBJil!IOil(ero IlOTCHQHana II BHyrpeHHero 6apoepa CJIHl!HHll. Ponr, BXO.[lHOfO 

KaHana npn CHHTe3e MaCCHBHOro 3JieMeHTa B peaKQH.llX C Tl!)f(eJiblMH HOHaMll 

cyrueCTBeHHa H npol!BJil!eTCll, B OCHOBHOM, qepe3 oco6eHHOCTH o6orroqeqHOH 

CTpyKTypr,1 CTaJIKHBaIOil(HXCH l!.[lep. ,lJ;nH H3yqeHHll BJilll!Hlill pa3JillqliJI B 

Maccosr,1x qttcnax HaneTaromero noHa Ha o6pa3oBaHae ocTaTKOB ncnapemrn 

B036y)f{.[leHHOro .ll.[lpa TOpHll paccMaTpllBaJIHCh .[lBe peaKUHH CTOJIKHOBeHHll 

nytiKa 86K.r C MHllieHJIMll H3 .[lBYX ll30TOIIOB KCCHOHa, IJO,Xe If 
136

Xe. 
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CpaBHemre 3KCrrepHMCHTaJihHhlX pe3yJihTaTOB rroKa3aJIO, 4TO ce•1e1me 

o6pa3oBamrn ocTaTKOB 11crrapemrn B peaKu,1m 
86.Kr + 136

Xe B 500 pa3 

npeBbllllaeT 3Ha'leHHe, rroJiy'leHIIOe B peaKU,lIH 
86.Kr + 130

Xe. 3TO o6bllCHlleTCll, 

B OCHOBHOM, CHJihHhIM yBenuqemieM BhDi<HBaeMOCTH no 0THOllleHHJO K 

.nenettmo COCTaBH0rO ll)].pa, o6pa3oBaIIHOro B peaKU,HH 
86.Kr + 136

Xe. Pa3HI!U,a 

B ceqeHH.!!X cmrnHHll, Bhl4HCJieHHh!X B paMKaX npe.nnoJKeHttoro B 

J:(HCCepTaUIIH MeTo.na, 6&IJia He CT0Jih CHJihHa. XoT.H TeopeTH4eCI<He 3Ha4eHH.!! 

ceqeHHll CJIHJIHH.!! .!(Jill peaKl(HH 
86.Kr + 136

Xe 60Jibllle, qeM aHaJI0fH4Ha.H 

BeJIII4HHa .[\JI.!! peaKQHH 
86.Kr + 130

Xe. 

B rnaBJ;___yJ, ananu3upyeTcll npo6neMa CHHTe3a CBepXTSl)KeJihlX 

3JieMeHTOB B paMKaX Mo.nem1, pa3pa6oTaHHOH Ha 6a3e KOHQeITUHH JJ:5IC. 

OcHOBHOe BHHMaHHe y.neneno H3ytJ:eHm0 KOHKypeHUHH Me)K,ny 

KBa3HJ:(eJieHHeM H IT0JIHhlM cnmrnHeM. I1ccne,noBaHa p0Jih BXO.[\HOfO KaHana H 

BJIHllHI!.H oco6ennoCTei:i o6onoqeqnoii crpyKTypLI J1,nep Ha ce'letttte 

o6pa30BaHH.!! .H)].ep 0T)].a4H. Bocnpomae,neHLI 3KCnepHMeHTaJILHbie ,naHHLie 

.!(JI.!! CHHTe3a 3JieMeHT0B Z=104, 108, 110, 111 H 112 B peaKQH.!!X X0JIO)].HOfO 

CJIH}!HH.!! C HaJieTaJOIUHMll HOHaMll 
52

Ti, 
58

Fe, 
64

Ni H 
70Zn H MH!lleH.HMH 

208
Pb H 

209B i. TiapaMeTpbl ITJI0TH0CTH pacnpe.neneHml HYKJI0H0B 6LIJIH 

4JHKCHpOBaHbI npH onucaHHH 3KCIIepHMeHTaJihHLIX .naHHLIX, IIOJiyqeHHhIX B 

peaKl(HH 50Ti +208Pb. Pe3yJILTaThl BLr<mcnettnii )].JI}! ou,eHKH <pyHKUHH 

B036yJK,neHH.!! C o6pa30BaHHeM 0CTaTK0B ucnapeHH}l B 0CTaJILHhlX peaKU,H.!!X 

Hax0J:(SITC.!! B xoporneM corrraCHH C 3KCilepHMeHTaJILHLIMH .naHHLIMH. Ha.no 

no,nqepKHYTL, 'ITO pe3yJ10TaT BToporo 3KCnepnMeHTa )].JI.!! Bep0.!!THOCTH CHHTe3a 

3ne1v1ettrn 278 112 B peaiuuu 
70Zn +208

Pb npu 3Hepnm ny'lKa 3 M3B Bhlllle, 

'leM B nepBOM 3KCnepHMeHTe, C0BilaJI C TeOpeTHtJ:eCKHM npe,nCKa3aHHeM: 

ITpe.ncrnaneHLI rrpe.ncKaJaHH.H .nn.H cuHTe3a CT3 
279

113 u 
284

114 B peaKu1rnx 

70zn +209Bi II 
76

Ge +208
Pb, C0OTBeTCTBeHHO. JJ:n.H attanu3a MexaHH3Ma 

o6pa30BaHH.!! OCTaTKOB ucnapeHIIJI npttBe)].eHbl <i>YHKUIIII 3axBaTa H cmrnHHJI 

.l(JI.H Bcex peaKu,nii. CeqeHHe 3axBaTa onpe,nenJ1eTC.H rny6HHOH II rnupHHOH 

IlOTeHQHaJihHOH JIMhI 51.!(p0-ll.l(epHoro B3aHMO,neHCTBirn, KOT0pbie 3aBHCHT OT 
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qiopMLI u op11e1nauuu J1,nep, 3Ha'leHHeM op61uarrhHOro yrnoBoro MOMeHTa u 

Bemf':IHHOH CHJihl TpeHll}l, Ceqemre CJIHJIHH.!! J:(OCTaTO'lHO MaJIO no cpaBHeHHIO 

C ceqem1e1v1 3aXBaTa B CB}l3H C .l(OMHHHpyIOIUHM BKJia.[\OM KBaJH,neneHHll, npH 

KOTOpOM JJ:5IC pacna.naeTCJI eme .l(O o6pa30BaHHll COCTaBHOro }!.[\pa, T.C. 

paBHOBeCH0C COCTaBHOe .!!.l(pO He ycneeT o6pa30BaThCll. C poCTOM 3apll.l(a 

HaiJ:eTaIOIUero HOHa KYJIOHOBCKOe OTTaJIKIJBam1e paCTeT, npH 3TOM 51.l(epHoe 

npn:rn)Icemre Mano MCHJleTCll, TaK ICaK OHO. onpe,neJilleTC.!! o6beMOM 

KOHTalcrHOH o6naCTH. B pe3yJILTaTC 6apLep KBa3H)].eJICHHll, y.ncp)l(HBaJOIUHII 

CHCTeMy OT pa3Bana, · YMCHLlllaeTCll. B TO )ICC BpCMJI, YBCJIH4HBaCTC.!! 

BHYTpeHHHH 6apLep CJIHJIHHJI Bi,,, , KOTOphIH npe1rnTCTBYCT o6pa3oBaliHIO 

COCTaBHOro 51,npa. ITocne.nHee ~6CTO.!!TCJihCTBO CBH3aHO C yrny6neHHeM 

Il0BepXHOCTH IlOTeHU:HaJILHOH 3HepruH C yMeHLIIIeHHeM MaCCOBOH 

aCHMMeTpHH .!(JI.!! 6onec MaCClIBHhIX 51)].ep. Cnc.l(yeT OTMCTHTL, 'ITO . pcnLeqi 

IIOBepXHOCTH IIOTeHUHaJihHOH 3Heprmr OTpa)I(aeT oco6eHHOCTH o6onoqe'tJHOH 

CTpYKTYPLI MC, KOTOpa.H M0)I<CT CHJILHO MeHllTLC.H B 3aBHCHMOCTH OT rnro, 

KaKHe H.l(pa ee COCTaBJI.HIOT. AHaJIH3 IIOKa3aJI, "ITO 3Ha"ICHHe OTHOIIIeHH.!! s·qf1 

Bius ' BLI'lHCJieHHOe JJ:JI}l peaKUHH 
50

Ti +208
Pb paBH0 0.53, TOr,na KaK OHO 

paam:i 0.07 .l(JI.H peaKu;HH 
86.Kr +208

Pb. TipH 3TOM qJaKTop PcN, ytJHTLIBaJOIUHH 

KOHKypeHl(HJO MClK.l(Y CJIHllHHeM II KBa3H.l(eJieHHeM, yMeHLIIIHTLCll OT 0.03 .l(O 

10·1• 3TO 03Ha'laeT, 'ITO aepO.!!THOCTL o6pa30BaHirn caMoro COCTaBHOro H.[\pa 

HH"ITOlKHa Mana. 

MaKCHMaJIL.Ha.H BCJIH'lHHa B03MO)l(HOH 3HeprHH B036y)l(,neHHll £• max 

• £max 
onpe.ne;rneTC.H ttaH60JILllIHM 3uaqcnHeM 3Hepnm nyqKa E max = c.[I. - V,.,. , 

rrpH K0TOp0M cme npOHCXO.[\HT 3axBaT .H.l(ep If o6pa3yeTCll' ,n:5IC. EcJIH 

3HeprH.H ny"IKa npcBLIIIIaeT EmaxC.[I. , CHJILI TPeHHll OKalKYTC.!l HC.l(OCTaToqHhIMH 

u pa3Mep IIOTCHU:HaJILHOH .!!MLI MaJihIM, tJ:T06hI CHCTeMa nocne TOqKH 

Il0BOpOTa, IlOTepllB 'tJaCTL OTHOCIITCJILHOH KHHeTHqecKOH 3Hepnm, 0Ka3aJiaCh B 

IIOTeHl(HanhHOH .!IMC, Tor.na npOHCX0.l(HT rny6oKOHcynpyroe CTOJIKH0BeHHe 

HaJICTa1omcro lIOHa C H.l(pOM MHilleHH. 
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Pac'!eTbl IlOKa3an11, 'ITO n cnyqae peaKLU111 
86Kr +208Pb, MaKC!1ManbH3l1 

3Hepnrn ,[(5IC, E•m,x, 11 nHyTpeHHI1H 6apbep CJ1!1lIHHl1; Bi,,s , np116n11311TenbHO 

paBHbI. flp11 ,[{aJibHei1meM ynem1qe1rnu 3Heprnu nyqKa ,[{nlI ynepeuuoro 

rrpeO,[{OJieHUlI Cl1CTeMOH BHyTpeHHero 6apbepa Bius 3aXB3T CT3HOBI1TbCl1 

HeB03MO)KHb!M 113-33 MaJI0CTli «KapMaHa» B lI,[{p0-lI,[{epH0M Il0TeHJ..(l1ane. 

ITo3TOMY MO)KH0 npe.[{Il0JI0)KliTh, 'ITO Il0MliM0 KOJI0CCaJibHOI'0 BKJ!a,[{a 

KB33!1,[{enemrn B ceqenue peaK[(l11f, J:ll1H3MHKa BXO,[{HOI'0 KaHana 6hIJia 

npH'IHHOH HeraTHBHOI'O pe3yJibTaTa 3KCnepHMeHT0B rrpoBe,[{eHHb!X B 

Jla6oparnp1111· JioypeHca B EepKnH (ClllA), fCI1 (,[(apMlllTa,[{T, <t>Pf), f AHHJie 

(Ka::iH, <f>paH[(HlI) 11 PI1KEHe (ToK1:10, 5InoHHl1). B TaKHX cnyqaJix, '!To6h1 

Il0JIY'll:ITb TOT )Ke CBepXTlI)KeJiblH 3neMeHT, ueo6XO,[{l:IMO no.no6paTb 6onee 

aCHM!VIeTpll'lHYIO rrapy 51,[{ep cnap51,[{-Milll1eHb, C03,n:a10my10 6narorrpH51T~b!e 

ycJI0Bil51 BO BXO,[{HOM KaHane. Ifa Hall!HX rrpe.nBaprrTeJibHbIX o[(eH0K cne.nye-r, 

'ITO ,n:mI CHHTe3a 3JieMeHTa Z=ll4 IlCKJIIO'!HTeJibHO 6narorrpH51THb!M 6hmo 

IlC!l0Ilb30B3Hile nyqKa HeHTpOHHO-li36b!TO'lHOro H30TOna KaJib[(Ill1 
48

Ca B 

peaK[(Hli Ha MHUleH51X 113 
242

•
244

Pu. B 3Kcnep11MeHTax,. rrpoBe,[{eHHblX B JI5IP HM. 

<t>nepona (,[(y6Ha, Pocc1rn), nnepnh1e B MHpe 61,m11 Ha6n10.neHhI co6hITHl1 

ncnycKaHIIlI [(eno'!KII anupa-'!aCTH[( II rrpo.nyKTon rrocne.nyIOmero .neneHIIl1, 

rro,nTBep)K.[{aIOmIIe CIIHTe3 cnepxrn>Kenoro 3JieMeHTa Z=l 14. 

B 38KJHO•iemrn cyMMIIp0B3Hhl OCH0BHbie pe3YJibTaTbl ,[{IIccepT3[(IIII. 

1. Pa3pa60TaH3 Il0JIYMIIKp0CK0ilII'!eCKaJI M0,[{eJib 51,[{p0-l1,[{epHbIX 

CTOJIKHOBeHIIH rrpII 3HeprIIl1X OKOJI0 KYJI0I-lOBCKOro 6apbepa. Mo,n:eJib 

0CH0BaHa Ha KOH[(en[(IIII MC, Y'!HTbIBaIOmeri coxpaHem1e o6onoqeqHori 

CTpyKTypbl B33HMO,[{eHCTBYIOll{IIX 51,n:ep B npo[(ecce 51,[{epHbIX rrpenparn.eHIIH. 

,[(oCTOHHCTBOM MeTO,[{a SIBIIl1eTCl1 yqeT CBl131i Me)K.[{y MaKpOCK0ilH'leCKJIMH Ii 

MHKpOCKO!lII'!eCKIIMH CTeneHlIMH 

CT0JIKH0BeHHH T5l)KeJiblX H0HOB. 

CB060,[{hl, 3aTpanmaeMbIX npH 

2. PacqeTbI IlOKa3bIB3IOT, 'ITO nepepacnpe,n:eneHIIe 3Hepruli B036y)K,[{eHHl1 

rrpoHCX0,[{IIT B Te'leHHe [(enoro BpeMeHli B33IIMO,[{eHCTBlil1, He T0J!bKO Ha 

H3'!aJ!bH0M :narre. HyKJIOHHbIH o6MeH, B oco6eHHOCTH, o6MeH HeHTpOH3MH 
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Me>KJ:lY CT3JIKIIB3!0Ill,HMli .H,[{p3MH, .HBJil!eTC.H 0CHOBHb!M Mexaml3M0M 

,[{IICCH!la[(HH KIIl!eTII'!eCK0ii 3HeprHH 0TH0CHTeJibHOro .[{BII>KeHHll B Ha'!anbHOll 

CTa,[{Jm CT0JIKH0BeHHl!. ,[(Jill TSDKeJibIX l1.[{epHbIX CliCTeM qacTH'IH0-,[{b!p0'IHOe 

B036y>K,n:eHIIe B 51,n:pax CTaH0BIITCl1 TaKIIM )Ke B3iKHblM K3K o6MeH HYKJI0H3MH. 

3. BnHlIHHe o6orroqequoi1 CTpyKTyphI B3aHMo.neiicTBy10rn.ux l1,nep Ha 

npo[(ecc rrepe,naqn HYKJIOHOB II pacrrpe,nene1me 3HeprnH B036y>I<,[{eHIIl1 

Ha6JIIOJ(aeTCl1 B MeHee B036y)K,n:eHH0CTl:I M3CCIIBHbIX cpparMeHTOB no 

cpaBHeHIIIO nerKHMII cpparMeHTaMII B 6IIHapHbIX peaK[(II51X. 3THM nrrepBb!e 

o6bl!cHeHa rrpH'IHHa Hepamwnecuoro pacrrpe,n:erremrn ::iuepruH no36y>K,neH1Il1 

Me>I<.[{y cpparMeHTaMII peaK[(IIII. Ho C pOCTOM 3HeprnII B036y)K,[{eHIIl1 pciJib 

o6onoqeqHoi1 CTpyKTyphI yMeHbIIIaeTcl1, II pacnpe.neneuIIe 3Hepnm crpeMHTClI 

K paBH0BeCH0My. 

4. 3apl1,n:onoe pacrrpe,neneune npo,nyKT0B peaKQHH xoporno cornacyIOTCH 

C 3KcrrepHMeHT3JibHbIMII ,naHHhIMH ,[{JilI pH,B.a peaK[(IIH. O,nH03Ha'lHO 

ycTaH0BJieH0, 'ITO xapaKTepHCTHKH rrpo.nyKTOB fomapHbIX peaK[(lill C 

TlI>l(eJiblMH II0H3MII 3aBHCHT OT OTH0IIIeHirn 'lIICJia HeHTpOH0B 11 rrpoTOHOB II 

o6onoqeqHOH CTpyKrypbl, a HMeHHO, 3Heprrru OTpbIBa HJKJIOH0B H 

IlJI0TH0CTH ypoBHeii B6JIII31i IlOBepXHOCTII <t>epMII. 

5,. Pa3pa60TaH ,[{HHaMH'leCKHH MeTO,n Bbl'lHCJieHH51 rny6oKoHeynpymx 

CTOJIKHOBeHHH H ceqemrn 33XB3Ta H,[(ep, Be,nymero K o6pa30BaHIIlO )];5IC. 

I1pem,1yrn.ecraoM MeT0,na l!BJIHeTcH nocne.nonaTeJihHoe paccMoTpeuue 

OTHOCHTeJibH0ro ,[(Blfi!<eHHH 51,nep ll HX BHyTpeHHero B036y>l(,[{eHII.H. 

Ko3cpqim1ueHTbI pa,nuanbHOI'O H TaHreH[(HaJibHOro TpeHH.H, a T3K)KC 

H3MeHeuue rrpnae,neHHOH MaCCbl H lIJ.J:p0-51.[(epnoro IlOTCH[(HaJia 

onpe,neJIHlOTCH BHJTpeHHifM C0CTOHHIIeM H,[(ep Il opneHTa[(HeH oceil: 

UKCHanbHOH CIIMMeTpIIII 51,[{ep. ITpo,neM0HCTpHp0B3H0, 'ITO ,[{HCCHII3UH.H 

KHHernqecK0H 3HeprHII B rny6oKO ueynpyrux CTOJIKH0BeHHHX TH)KeJibIX HOHOB 

HBJil!eTCH nocTeneHHhIM rrpoueccoM. B pe3JJihTaTe 3Toro SI.[(pa He Moryr 

o6pa30BaTb ,[(5IC npn 3HeprnHX, 3H3'lHTeJibHO rrpeBhilliaIOll{HX KYJIOHOBCKIIH 

6apbep npu MaJibIX op6HTaJibHhIX yrnoBbIX M0MeHTaX CTOJIKHOBeHIIH. 
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6. ITpe.a:no,KeH Te0peTHqecKHH MeTOA )!JUI OilHCaHHH qJYHKUHH 

B036y}K.a:emrn 3axBaTa 11 cmrnHlIH ».a:ep npH CT0JlKHOBeHHHX TmKeJlbIX H0HOB. 

TIOKa3aHo, qTo B cnyqae CJllIHHHH MaCCHBHbIX ».a:ep mm ».a:ep CHMMeTpH•IH0H 

- ~ 
npoMe)l(yroqnon MaCCbl cymecTByeT CHJlhHaH. K0HKypeHIJHH Me)KJIY Il0JlHblM 

CJlHHHHeM ».a:ep ll KBa3H,neneHHeM. OnpeAenenu H0Bbie co6blTllH 

KBa3HJieJleHHH, aH~Jlornqm,re paHee ycTaH0BJleHHOMY 6bICTpOMY JieneHH!O, HO 

npm!CX0.!IHIIIHe npn He60JlbllillX op6HTaJlbHblX .MOMeHTaX CT0J1KHOBeHH5I. 

BBe.1IeHhl onpe.1IeJ1eHH.SI BrIYTPeHHero 6apbepa CJ1H5IHHH 11 6apbepa 

KBa3n.1Ienemrn, qTo no3son»eT nerno KsannqmunpoBaTh 6h1CTpoTeKy1IIHe 

npoueccbl, npeJimecrny101IIHe 

peaK1Illll. 

o6pa30BaHHIO attanorHqllb!X np0JIYKTOB 

7. AHaJlll3 3KCIIepHMeHTaJibHbIX AaHHbIX O peaK1IHHX C pa3Hb!MH 

MaccoBhIMH aCHMMeTpll5IMH, BeJIYIIIHX K O.!IHOMY 11 ToMy )Ke cocTaBHOMY 51.IIPY 

B paMKaX pa3pa6oTaHnoro MeTO.lla Il0Ka3aJI, ~o ceqeHne CJ1ll5IHH5I ll 

o6pa30BaHH5I OCTaTKOB l!cnapemrn CHJlbH0 CB5I3aHO C MaCCOBOH 

aCHMMe-rpHeii (MaKpOCKOITHqecI<HH 3qJqJeKT) H o6onoqeqnou CTPYI<Typou 

51.llep (MHKpOCKOill!qecI<HH 3qJqJeKT). TeM caMbIM BnepBble 061,»cneHa 

npHqHHa neo61,1qHoro pe3yJihTaTa: H3MepeHHM MaKCl!MaJihHM sennqnna 

ceqeHHH ocTaTKa ucnapentt» B peaKIIHII 124Sn + 92Zr 6hma qe-rb!pe pa3a 

60J1bllle qeM B cnyqae peaKUHll 86Kr + 130Xe npH 0.!IHOH H TOH }Ke 3Hep~l! 

B036y}K.lleHII5I. 

8. <l>yHKlIHll B036y)K.1IeHHH CJlllHHHH, paccqnTaHHble no pa3pa60TaHHOMy 

MeTOJIY, 6bIJIH lICIIOJlb30BaHbl KaK BXOJIHbie JiaHHb!e . npu Bb1qucneHHl! 

qiyHKIIHH B036}?I<)leHHH JlJlH o6pa30BaHHH OCTaTKOB ucnapeHmI B paMKax 

ynyqmeHHOH CTaTHCTHqeCKOH M0JieJJH. TionyqeHHble pe3ynhTaThl JIM 

KaCKaJia Jie-B036y}KJieHHH C 11_cnycKaH11eM HeIITPOHOB HaXOJIHTCJI B xopomeM 

cornac1rn C JiaHHblMH 3KCIIepHMeHTOB B GSI ()J,apMUITaJIT, fepMaHHH) no 

CHHTe3y CBepxrn)KeJlbIX 3JleMeHTOB Z=I04, 106, 108, 110, 111, 112. EbIJIO 

ycTaHOBJleHO, qTo pe3KOe yMeHbllleHHe rvtaKCHMaJlbHOrO 3HaqeHHJI 

ll3MepeHHblX qiyHKIIHH B036yw:,nemrn 061,HCHJieTCJI ysenuqeHHeM ponn 
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KBa3HJieneHHJI. TionyqeHbl 0IJeHoqm,Ie ceqemrn JlJlH CHHTe3a Z=l 12 B peaKlllllf 
70

Zn +
209

Bi. HeyJiaqa B CHHTe3e 2=118 B 86Kr + 208Pb peaKIIHH (EepKJ111, 

CllIA) npeJ:1CKa3aHa u 061,Hc1-1e1-1a. 

B IlDHJIO:lKCIIIIJIX. npime,n:eHbl MeT0.llbl Bbl'-lllCJleHHlI . BpeMeHH }Klf3Hlf 

B036y)l(JieHHl,IX o,n:HoqacTnqHb!X COCTOHHHH, IlOTeHI1Hana >1,n:po->1,nepttoro 

B3aHMOJieHCTBirn, K03qJ(1lllUlfeHTa TPeHmI OTHOCHTeJlbHOro JlBH}KeHlrn HAep. 
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Permjakov V.P. «Competition between complet fusion and quasifission in 
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PE3IOME 

iJ:ncceprnu,11:1 HacnpOBa Amn6eKa KapnMoBttqa na TeMy 

~~TTonyMHKQOCKormqecKHH MeTO)l )lJl.sl orrncaHH.sl peaKI.lHH MHOrOHYKJlOHHbIX 

nepe)la'! H CJlH.slHH.sJ-)leJlel!ljRJL CTOJ1KHOBeHJ1.sllCL.sl1Kem,1x ~ HOH OB» 

Ha COHCKaHHe YtieHOH CTeneHH ,!(OKTopa q>l:13l:IKO-MaTeMaTINeCKHX nayK 

no cneunanbHOCTH '01.04.16- q>l:13HKa :meMeHTapHb!X '!aCTHU H aTOMHOrO .si.npa 

KJJIO'ICBble CJI0Ba: CTOJlKHOBemrn T.sJ)KeJibIX HOHOB; .nnccmiaum1 3Heprtttt; 

peaKUJ:IH MHOro-HyI<JIOHHbIX nepe,na'!; 3aXBaT H cmrnHne .si.nep; KBa:rn.neneHHe 

.L\BOHHOH .si.nepHon: cncTeMu; K03q>cpnuneHT -rpenn.si; op6HTMhHbli1 yrnoBou 

MOMeHT; CHHTe3 CBepXT.sJ)KeJII,JX 3JleMeHTOB; '!HCJia 3aTIOJ1HeHH.sl 

O,[\HOqacTH'!HblX COCTO.s!Hllll. 

O61,e1cr HCCJJe,noaamrn: J:lHCClmaumr 3Hepnrn CTOJlKHOBeHH.sl ll 

pacnpe.neneHH.sJ 3HepmH B036y)K,[(CHl!.sl MC)K.[ly npo,nyKTaMH peaKUllll npH 

CTOJIKHOBemrn T.sJ)KeJlh!X HOHOB; MexaHl:13M CJlH.slHH.sl .si.nep H npo6neMI,J 

CHHTe3a CBepXT.sJ)KeJlhIX HOHOB. 

U:eJJh HCCJie,noBaHUSI: pa3pa60TKa MHKpOCKOTIH'!eCKOro ll MaKpOCKOilH'!eCKoro 

MeTO,!(OB pac'leTa xapaKTepHCTHK_ npo.nyKTOB .sJ,L\epHI,IX peaKI.(Hll 

MHOroHYI<JIOHHI,JX nepe.na'l, cmrnHH.sl ll KBa3ll,[\eJieHH.sJ; aHMH3, HHTepnpeTaI~H.sl 

H npe,L\CKa3aHHe pe3yJihTaTOB 3KCIIepHMCHTOB CHHTe3a CBepXT.sI)KeJlhIX 

3JICMCHTOB. 

MeTOJ:l HCCJIC,!(0B8HHSI: KBaHTOBO-Mexam:1'!eCKHC MeTO,!(I,I ,!(Jl.sl H3Y'!CHH.sl 

MHOro'!aCTH'!HOR CHCTeMhI; pemeHHe KHHCTH'!eCKHX ypaBHem:lii .[lJl.sl ee 

MHKpOCKOilll'!eCKHX CTerreHei1 CB060,[(hl H Bhl'!HCJleHHe KHHeTH'!eCKHX 

K03cpcjrnuneHTOB .[lJI.sl ypaBHeHHll ee MaKpOCKOIIH'!eCKl!X nepeMeHHhIX. 

1Ionyqeuu1,ie pe3yJibT8Tbl JI HX H0BHJHa: BrrepBh!e pa3pa6oTaH 

MHKpOCKOIIH'leCKHH MeTO.n OIIHCaHml HYKJIOHHoro o6MeHa n pacnpe.neneHml 

3HepmH B036y)K,neHH.sJ Me)K.ny rrpo,L\yKTaMH peaKQHH MHOroHYI<JIOHHI,JX 

rrepe.natI,a TaK)l(e Ha OCHOBe KOHQCIIQHH ,!(BOHHOH .si.nepHOR Cl!CTeMbI BnepBhie 

pa3pa60TaH IIOJIYMHKpOCKOIIH'leCKHH MeTO,!( pacqern ceqeHH.sl 3axBaTa H 

CJlll.sIHH.sl .si.nep B CTOJlKHOBeHH.slX T.sJ)l(CJlI,IX HOHOB. MeTO,[\I,J ycrremno 

IlpHMeH.sJIOTC.sl .[{Jl.sl anan113a 3KCrrepHMeHTOB. 

Ilpall:TH'ICCK3SI 3Ha'1JIM0CTh: orrpe.neneHHe OilTHMaJlhHhIX 

3KCrrepHMeHTaJII,HhIX ycnOBl!H .[{Jl.sl Cl!HTe3a HOBhIX CBepXT.sJ)l(eJlhIX 3JleMeHTOB 

HJlH ll30TOIIOB C orrpe.neneHHhIMll CBOHCTBaMH Ha H,UepHO-<pll3H'1eCKHX 
ycTaHOBKax. 
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CTCDCHh nne.npemrn JI 3K0H0I\IH'1CCKaSI 3$!fie1crnBHOCTb: MCTO.[l 

rrpttMem1eTC.sl KonneraMH COl!CKaTeJl.sJ B Or.nene q>H311KH nDKCJlhIX l!OHOB npll 

I1HCTHTyTe .si,nepHoii cpmHKH AH PY3, B Mecc11HCKOM )'HHBepcHTeTe (Hwmrn) 11 

B EproccenhCKOM YHHBepcHTeTe (Een1,nrn) ,!(Jl.sl ouenKH -B03MO)I<HOCTll 

HCIIOJlh30BaHH.sl p.si,[(a peaKQllll npH CHHTC3e CBepXT.sJ)l(eJibIX 3JleMeHTOB B 

CJlO)I(HhIX 3KCI1CpHMCHTaX B Jla6opaTOpllll .si.nepHhIX peaKQHll HM. <l>nepoaa 

011.fil1 ()zy6Ha, Pocc11.s1) H B 06~ecTBe T.sJ)l(eJIO-HOHHhIX HCCJIC,[\OBaHHR 

(,D;apMII1T0J:lT, <l>Pr). 

O6naCTh npHMCHCHHSI! npHKJia,!(Ha.sJ .si.nepHa.sJ q>H3HKa H CHHTe3 CBepXT.sl)KeJII,JX 

3J1CMCHTOB. 
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->0---------cc._,c-.-,------------------- 7------------------------------------------.. 
©H3HKa - MaTeMaTHKa cpaHAapH AOKT0pH I HAMllH Aapcl)Kacnra 

TaAa6rop 

HacnpoB ABa36eK KapHMOBll'I 01.04.16 - 3AeMeHrnp 3appaAap Ba 

aT0M .HAP0CII q>lI3HKaCH llXTHC0CAllrll 6yn:11qa 

«OFllp lI0HAap -ryISHaruyBHAarH Kyn Hy-KA0HAll ymllIAap Ba 

JSYIIIIIAHIII - 6yAHHHIU peaKn;n.si:AaplIHH TaAJSlfH ISHAHIIIHHHr .si:pHM-

, MHKp0CK0IIlIK ycyAH» 

MaB3YCHAarn AHCCepTaIJ;lI.HCllHHHr 

l\I1CI~N-IA MA3MYHI1 

KaAHTAH cy3Aap: omp H0HAap TYJSHaIIIyBH; 3Hep;m.si: C0'lllAllIUH; 

Kyrr Hy-KA0HAll y3aTHIUAap; HAP0AapHHHr yrIIAaHHIIIH Ba ISyIUHAlllllH; 

ISyniaAOK 5IAP0 CllCTeMaCHHHHr 6yAHHHIIIH; HIIIISaAaHlllll 

K03q>q>HIJ;HeHTH; op6HTaA 6yp'laK M0MeHTH; jTa ornp 

3AeMeHTAapHHHr 0AHHII11rn; 6up 3appaBIIH ~oAaTAapHIIHr TYJIAIIPHill 

C0HAapH. 

T¾ISHISOT 06'.beKTAapn: oFup 110HAap TYISHarnyBHAa 3HeprmI 

C0'lHJUIIIIH Ba ISY3FaJUIIII 3Hepru.si:cHHHHr peaKD;HH M~cyAoTAapu 

opaCHAa TaJSClIMAdHHIIIlI; HAP0AapHHHr ISYllillAlllll MeXaHH3MlI Ba jTa 

0Flip 3AeMeHTAapHH 0AHIII MyaMM0AapH. 

I11IIHIIHr MaISC¾H: omp H0HAap 6HAaH 6yAaAHraH Kyrr Hyi<A0HAII 

y3aTIII1IAap, .HAP0Aap ISynIHAHIII Ba ISyniaAOIS .HAP0 ClICTeMaCHHHHr 

6yJUIHHIII JKapaeHAapHHH TaAISHH ISHAlllll yqyH MHKp0CK0IIHK Ba 

MaKp0CK0IIHK ycyA .si:paTIIIII; yTa 0FHp 3.1\.eMeHTJ\.apHH 0~IIIAaru 

3KCIIepHMeHT HaTH)KaAapHHH ypraHHIII, T~J\. ISHAHIII Ba 0J\.AHHAaH 

aHTH6 6epHIII. 

T¾ISHISOT MeT0AH: Kyrr 3appaJUI c11cTeMaAapHH ypraHHIII YlJ:YH 

ISYMaHHA~raH KBaHT MeXaHHKacH MeT0AJ\.apH; cncTeMa 

MHKp0CK0IIHK X0CCMapH 6HAaH 60FAllJS y3rapYBtIHAap Y'IYH KHHeTIIK 

TeHrAaMaAapHH e'llllll Ba YHHHr MaKp0CK0IIHK xoccaAapHHH ypraHHIII 

Y'IYH 3apyp 6yAraH KHHeTHK ·Ko3cpq>Hn;HeHTAapHH ~uco6AaIII. 

OAHHraH HaTHJKaAap Ba yAapHHHr .HHrIIAHru: 6HpHHtIII MapTa omp 

H0HAap TYISHaruyBHAa 3HeprH5IHHHr C0'lHAHIIIH Ba tj3FaAHm 

3He]JrlI.HCIIHHHr peaKn;HH M~CYA0TAapH opaCHAa Tal)ClIMAaHHHIIIHHII 

aHaAII3 lSHAlllll Y'IYH MHKp0CK0IIHK ycyA .si:paTHAAH; 6HplIHlJ:H MapTa 

Ba3MHH HApoAap ISYIIIHAHIII Ba ISYIIIMOK 5JAP0 cucTeMacuHHHr 

6yAHHHill JKapaeHAaplIHH TaAISHH ISHAHIII YlJ:YH JSyniaA0K .HAp0Aap 

ClICTeMacu F0.HCH ac0CHAa .s!pHM MlIKp0CK0TIUK ~HC06AaIII ycyAH 
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HpaTHJ\.AlI Ba 3KCIIepuMeHT HaTH)KaAapHHU aHaAU3 ISHAHIIIAa 
ISYAAaHHAMoISAa, 

AMMHH a~aMII.sITH: .sIAP0BH:u ISYPIIAMaAapAa jTa 0FHp 3AeMeHTAapHII 

·eKn Maxcyc X0CCaAU lI30T0TIAapHII 0AIIIII 3KCIIepHMeHTAapHHHHr 

MYBaq>cpaJSUHTAH y-THIIIHHH Ta'hMlIHA0BTJ:lI IIIap0lITHlI 6~oAaIII Ba 

TaBClIH JSHAHIII. 3KcnepHMeHT HaTJI)KaAapHHlI ypraHHIII, T~ 

ISHAHIII Ba 0J\.AHHAaH a:uTH6 6epHIII. 

TaA6HJS 3TUIII Adpa.>KacH Ba .lIJSTlICOAHH caMapaA0PAllrH: .HpaTHAraH 

ycyMap TaAa6ropmrnr .5IAPO q>H3IIKacII HHCTIITYTH, MeccuHa 

yttIIBepcIITeTII (I1TaAIUI) Ba Bp10cce.hh yttIIBepcIITeTUAarn 

~aMKaca6aAapH T0M0HHAaH yTa ornp 3AeMeHTAapHII 0AIIIIIAa <DAepoB 

HOMAH .5IApOBIIH .JKapaeHAap Aa6opaTOpII.HCII (Ay6Ha, Poccm1) Ba 

Omp IIOHAapm1 T¾ISHIS0T JSIIAIIIII )KaMoacHAa (AapMIIIT¾T, ©Pf) 

6a.JKapHAaeTraH 3KCIIepIIMeHTAap HaTHJKMapHHlI T~J\. JSHAIIIIIAa 
tjMaHIIAMOISAa, 

l\yMaHHIII co~acn: dMaAIIH HAP0 (plI3lIKaCH Ba y-Ta 0Fllp 
31\.eMeHTAapHlI 0AIIIII T¾ISHIS0TAapn. 
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RESUME 

Thesis of Avazbek Nasirov 

on the academic degree competition of the doctor of physical-mathematical 
sciences, speciality 01.04.16 - physics of the elementary particles and atomic 

nucleus subject: 

"Semi-microscopic method for multi-nucleon transfer and fusion-fission 
' reactions in heavy ion collisions " 

Key words: heavy ion collisions; energy dissipation; multi-nucleon transfer 
reactions; capture and fusion of nuclei; quasifission of dinuclear system; friction 
coefficient; orbital angular momentum; synthesis of superheavy elements; 
occupation numbers of single-particle states; 
Subjects of the inquiry: dissipation of collision energy and share of excitation 
energy between reaction products at heavy ion collisions; the mechanism of the 
fusion reactions and problems of the syntheses ofsuperheavy eleme11ts. 
Aim of the inquiry: development of the microscopic and macroscopic 
methods to study the characteristic of products heavy ion: analysis of 
fusion and quasifission reactions; description, interpretation and prediction of 
experimental data on the synthesis of superheavy elements. 
Method of the inquiry: quantum-mechanical methods to study heavy ion 
collisions; the solution of the kinetic equations for the microscopic degrees of 
freedom and calculation of kinetic coefficients of equations for macroscopic 
variables. 
The results achieved and their novelty: for the first time on base of the 
concepts of the double nucleus system microscopic method has been designed 
for the description of nucleon exchange and share of the excitation energy 
between the products of the multinucleon transfer reactions, as well as for the 
first time the semimicroscopic method of calculation of capture an5i fusion 
cross sections in heavy ion collisions has been created. Methods are used 
successfully to analyse data. 
Practical value: determination of the optimum experimental conditions for 
synthesis of new superheavy elements or isotopes with determined 
characteristic on nucleus-physical installation. 
Degree of embed and economical effectivity: method is used by colleague of 
the competitor in Department of heavy ion physics at the Institute of nucleus 
physics of Academy of science of Uzbekistan, in the Messina university ( Italy) 
and in the Brussels university (Belgium) for estimation of the possibility of the 
tise the given reactions at synthesis of superheavy elements in arduous 
experiments in the Flerov Laboratory of nuclear reaction of JINR (Dubna, 
Russia) and in the Society of heavy-ion studies (Darmstadt, FRG). 
Sphere of usage: applied nuclear physics and experiments for synthesis of 
superheavy elements. 

1#?4 / f/ae-u1ot' /I. K) 
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