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OBil.J;A.H XAPAKTEPHCT 

AKTYaJibHOCTb TCMbl. 

llepBbiM 3apH~OB0-06MCHHbiM IIpOD;CCCm 

pacrra~, B XO~e KOJIH'ICCTBCHHOI'O H3Y'ICH 

o cyiiJ;eCTBOBaHHH ueilTpHHO II 6biJIH ccl>oJ 

HHH o CJia6oM B3aHMO~eilcTBHH. B ~aJihHE 

60BaJIO ~CTaJibHOI'O paCCMOTpCHliH IIpOD;E 

MH B H~pe. KaK OKa3aJIOCh, Ba:amyiO po. 

uo'laCTH'IHbiMH H KOJIJICKTHBHhiMH B036y 

~CJIHCT CHJIY rrepeXO~OB, KOTOpaH MO)KC~ 

OCTpO HC06XO~HMOCTb y'leTa 3TOI'O B3alii 

nepHMCHTaJibHOI'O OTKpbiTHH 3cPcPCKTa I 

(fT} nepexo~oB, o6napy)Keuuoro B peaK 

fHHX. ,II,pyrHJ\1 npHMCpOM 3apH~OBo-06M 

XBaTa OCTaHOBHBlllCfOCH OTpHD;aTCJibHOI' 

B ( N + 1, ?S- 1), umepec K KOTopoil Bhi3: 

IIOHCHTOB CJia6oro HYKJIOHHOI'O TOKa, 3a 

B uacTOHIIJ;ee nper-.IH HHTepec K 3apH,ll 

3aH HC TOJibKO C H3Y'lCHIICM CBOllCTB CJia( 

BCIIJ;CCTBa, HO II B CBH31I C TCM, 'ITO CJia6: 

llhifl /3-pacna~) JIC)KaT B OCHOBe ~CTCK1 

ne!ITpnno. B noCJie~Hee ~ecHTIIJICTJie B 

Hbie ncc.ne~osamm ~Boflnoro 6em-pacr 

t:PopMaiJ;JIH 0 tl)YH~a~!eHTaJibHbiX CBOliC 

xpaHCHIIH JICIITOHIIOfO 3apH~a. llpn 3TOI 

_y)KC UOJIY'lCHIIbiX IIJIH Q)KII~ael\IblX 3KC 

Tpy,ll,HOCTHI\!11 B TCOpCTH'lCCKOM OIIIICaHI 

liCXO~HIIJ;IlX B aTOI\IHOM 5I~pe. 

B OCHOBC TCOpeTII'lCCKOI'O H3y'leHm 

.MllKpOCKOIIWICCKilC 1\IO~CJIH H~CpHOll C~ 

B 5I,ll,pC Ha C~HHHI.\Y OTBC'laeT Il3MCHCH1 

HHI.\Y TO)KC. l103TOMY 3apH~OB0-06J\ICH 

KaK BCTBH H30BCKTOpHbiX B036y)K~eHI: 

o6u~cJ1 KapTIIHbl B036y)K~CHllll B aTOM! 

-:!f!!!.f'*'~---- ._, 
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Pa6oTa BbtnOJIHena a Jla6opaTOpHn TeopeTn'lecKol! cPH3ltKH ttM. H.H. BorOJil<>-

6oaa 06'beAltHeHHOro HHCTHTYTa HAepHblX ltCCJleAOBaHllll; 
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,IJ.OKTOp cPll3HKQ-MaTeMaTll'teCKHX HayK 

,IJ.OKTOp <Pn3HKO·MaTeMaTH'IeCKllX HayK 

.) 
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CKOBCKoA o6JiaCTll. 

C AUCCepTal.I,Hefi MO>KHO 03HaKOMilTbCH B 6H6JlHOTeKe 06'beAIIlleHHOrO HH· 

CTUTyTa HAepHblX liCCJlCAOBaHHi\. 

AaTope¢epaT pa.3ocnan "--" 2003 r. 
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OBII1;A.H XAPAKTEPHCTHKA PABOThi 

AKTYaJibHOCTb TCMhl. 

IJepBblM 3apH)l;OB0-06MCHHblM npO:l.I,CCCOM, 06Hapy>KCHHhlM B llpHpO)l;C, 6biJI /3-
pacrra,n;, B XO)l;C KOJill'ICCTBCHHOrO H3Y'ICHHH KOTOporo 6hiJia BbiCKa3aHa ,n;oni)l;Ka 

0 Cyll.l,CCTBOBaHHll HCllTpliHO li 6biJill c<l:>ClpMyJIHpOBaHhl Ha'laJihHhlC npe,D;CTaBJie

HHH o cna6oM s3an:Mo.n;eficTsn:n:. B )l;aJihHefuneM HCCJie,n;osaHn:e /3-pacrra,n;a noTpe-

6osano )l;eTa.JihHOro paccMOTpeHHH npol.l,eccos, npon:cxo,D;HillllX MC>KAY nyKJioHa

MH B a.n;pe. KaK OKa3aJIOCh, sa>Knyro pOJih n:rpae:r B3aHMo.n;eficTBHe MC>KAY o.n;

HO'laCTH'IHhiMH II KOJIJICKTHBHhlMll B036Y.)K,ll;CHHHMH B a.n;pax. 11MCHHO OHO onpe

)l;CJIHCT cn:ny rrepexo.n;os, KOTopaa MO>KeT npoaBHTbCH a /3-pacnaAe. Ell.l,e 6onee 

OCTpO HC06XO)l;HMOCTh y'leTa 3TOrO B3aHMO)l;CHCTBHH 6hiJia OC03HaHa llOCJie 3KC

rrepHMCHTaJihHOrO OTKpb!TUH 3cPcPCKTa llO)l;aBJICHUH CHJlhl raMOB-TCJIJICpOBCKUX 

(fT) rrepexo.n;os, o6uapy*ennoro B peaKl.l,nax (p, n) rrpn npoMe>KyTO'IHhiX :mep

rnax. ,li.pyrnM npnMepoM 3apa.n;oso-o6Mennoro npo:1.1,ecca CJIY)KHT peaK:l.I,HH 3a

xaaTa ocTanosns!lleroca OTpnJ!.aTeJibHoro MIOona ·a.n;poM 11-""' + A(N, Z) ~ vJ-1 + 
B ( N + 1, Z- 1), mnepec K KOTOpofi Bhi3Ban B03MO)KHOCl'hiO n:ccne.n;osanua KOM

noneuTos CJia6oro nyKJionnoro TOK,a, 3asucall.l,ux OT rrepe.n;annoro IIMII)'Jibca. 

B uacTOHiliCC spe~IH nnTepec K 3apa.n;oao-o6MeHHhiM npo:1.1,eccaM B a.n;pai: csa-

3au IIC TOJlbKO C ll3Y'ICHHCM CBOHCTB CJia6oro H)'KJIOHHOrO TOKa BHyTpH a,n;epnoro 

BClll;CCTBa, HO II B CBH3ll C TCM, 'ITO CJia6hiC npOl.I,CCChl B aTOMHhlX a.n;pax·(o6paT

HblH /3-pacrra,!l,) JIC)KaT B OCHOBC ,[I,CTCKTOpOB H3MCpHIOIIJ;UX TIOTOKH COJIHC'IHhlX 

nernpuno. B ITOCJIC,[I,Hee ,[I,CCHTIIJICTIIC BC,!l,JTCH liHTCHCHBHhiC 3KCTiepuMCHTaJih

HblC IICCJIC,[I,OBaHHH ,[I,BOliHOrO 6eTa-pacrra)1,a, HanpaBJICHHhiC Ha TIOR)''ICHHC liH

tpOpMal.I,UH o tl)YH,!l,a~ICHTaJibHhiX csc5!1cTBax nefiTpHHO n npoaepKy 3aKona co

xpanenmi nenTonnoro 3apa,!l,a. Ilpn 3TOM ocnm:inaa TPY,!l,HOCTh B unTepnpeTalJ,HH 

j')KC fiOJlj''ICHIIbiX IIJlll O>KU,[I,aCMbiX 3KCnepUMCHTaJibHblX ,[l,aHHblX o6yCJIOBJICHa 

TPYil.HOCTHMH B TeopeTu'leCKOM onncannu 3apa,!l,oBo-o6MeHHhiX npol.l,eccos, npo

l!CXO,!l,Hll.I,HX B aTm.IHOM H,[l,pC. 

B ocuose TeopeTn'lecKoro H3)''1CHHH 3apa)1,oso-o6MeHHhiX npo:1.1,eccos Jie>KaT 

},!HKpocKomPICCKHe MO,!l,CJIH H,!l,epnoficTpyKTYPhi. M3Meuenuro 'IHCJia npoTOHOB 
. - . ----- ~ -~~~~ - --~~--------~~--

B HiJ.pe Ha C,!l,IIHHtzy OTBC'laeT U3Menenne Tpei'i:.eii ·npoeKl.l,nn n3ocmma ua -e;au: 
Hl!Izy TO>KC. IJ03TOM)' 3apH,!l,OB0-06MCHHblC llpOl.I,CCCbl MOryT paCCMaTpiiBaThCH 

KaK BCTBH H30BeKTOpHbiX ao36Y*,!l,ennfi. TeM caMbiM, OJ-III cocTaBJIHIOT 'laCTb 

06II\Cii KapTll!-lbl B036)')K,[I,CHHH B aTOMJ-lbiX H,!l,pa.x. 

~_...-- ---1 • .... • ..... 
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Uenh niiccepTamm:. 

Pa60Ta 6biJia HaiTpaBJICHa Ha pa3pa60TKJ MeTO,ll;OB MIIKpOCKOITII'!eCKOrO OITII

caHII$1 3apa:,n;OB0-06MeHHhiX B036J2K,ll;eHIIil: B aTOMHhiX a:,n;pax II ITpiiMeHeHIUO IIX 

~JISI aHaJIII3a 3KCITepiiMeHTaJihHhiX ,n;aHHhiX. llpu 3TOM rJiaBHOC BHIIMaHIIe y,n;ena:

JIOCh UCCJie)J;OB<i.HIIIO OCHOBHbiX qepT paciTpe,n;eJieHIIII CIIJibi 3apa:,n;OB0-06MeHHbiX 

ITepeXO,ll;OB ITO 3Hepriiii B036y2K,n;eHIIil: ( CUJIOBbiM cpJHKIJ,II$1M), II OC06eHHOCT$1M 

IIX npoa:sneHIIa: B pa3JIII'!HhiX 3apa:,n;oso-o6MeHHbiX ITpou,eccax. Ba2KHhiM cpe,n;

CTBOM B IICCJIC)J;OBaHIIII 6hiJIO COBMCCTHOe'paCCMOTpeHIIe xapaKTepiiCTIIK pa3.7III'l

HbiX 3apa:,n;oso-o6MeHHhiX ITpou,eccos: ITpa:MbiX peaKu,IIil:, {J-paciTa,n;a II JL-3axsaTa. 

Ocuosoil: TaKoro aHaJIII3a MoryT 6biTh TOJibKO MIIKpOCKOITII'leCKIIe Mo,n;enii a:,n;ep

uoil: CTPYKTJphi. 

HavquaH HOBII3Ha II ITpaKTII'!ecKaH ueuuoCTb. 

KBa3II'laCTII'lHo-cpououuaa: MO,n;eJib a:,n;pa o6o6IIJ,eHa. ,n;n~ II3yqemm 3apH,n;oso

o6MeHHhiX pe3ouaucos B ccpepii'IeCKHX H,n;pax. BITepBbie BhiBe,n;eHbi ypasueuua, 

OITIIChiBaiOIIJ,ne B3am.w,n;eficTsne KBa3nqacTnu, c 3apa,n;oso-o6MeHHbiMH cpmwua

MH. 

I1cCJie,n;osauo BJIUHHIIe B3au:r-m,n;eil:CTBna · KBa3H'!aCTUIJ, c cpououa:r-m Ha pac

ITpe,n;eneuue CUJibi raMOB-TCJIJiepOBCKHX (fT) H CITUH-,ll;IIIIOJibHbiX 3apa,n;OB0-06-

MeHHhiX ITepexo,n;os ITO 3HeprnHl\I B036y)K.z:~euua. BbmonneHHbie pac•1eTbi no

Ka3aJIII, 'ITO BKJIIO'ICHUC ,ll;BJXcpOHOHHbiX KOMIIOHeHTOB B BOJIHOBbiC cpyHKil,HH 

B036y2K.i:J;CHHhiX COCTOHHIIfi IT03BOJIHeT ITpaBHJibHO OIIHCaTb IIIHj)IIHbl rnraHTCKIIX 

3aim,n;OB0-06MeHHbiX pe30HaHCOB. llpu 3TOM II3 06JiaCTII rnraHTCKUX fT H CmiH

,ll;IIIIOJibHbiX pe30HaHCOB B 06JiaCTb 6onee BbiCOKIIX 3Heprufi B036J2K,ll;Cfn!H C,ll;Bll

raeTC$1 JIIIIIIb ue6oJibiiiaa qacTh scefi TeopeTII'lecKofi CHJibi nepexo,z:t;os, u 3a!\leT

Haa qacTh ee CMeiiJ,aeTca: B o6nacTb MaJibiX 3neprnfi B036J2K,ll;eHnH. B 3TOl\I pe-

3J.7IhTaTbi Haiiiux pac'!eTOB ITponmopeqaT BbiBO,ll;aM, C)J;eJiaiHibi:\1 ,'l;pyrnMH as

Topa!'.m. 

)]jiH II3J'leHIIH IIHTerpaJibHbiX xapaKTCpHCTIIK paciTpe,n;eJieHHH CHJibi nepe

XO,ll;OB ITO 3Hepriiii B036J2K,ll;eHUil:, Bbi'IHCJieHHOI'O C yqeTOM ,ll;BJXcpOHOHHbiX KOl\1-

ITOHeHTOB B BOJIHOBbiX cpJHKil,UBX B036J2K,ll;CHHbiX COCTOHHIIfi, pa3BHT CTporuil: 

MeTO,ll; Bbi'liiCJieHIIB 3HepreTII'leCKU-B3BeiiieHHbiX MOMeHTOB CUJIOBOfi cpyHKil,lllf, 

OCHOBaHHbiil: Ha CITeKTpaJibHbiX xapaKTepHCTHKax COOTBeTCTBJIOIIJ,eil: 3a,n;aqu Ha 

co6cr~eHHbie 3Haqeuua. BITepsbre ,n;OKa3aHo, 'ITO 3HepreTII'leCKII-B3BeiiieHHhie • 

MOMeHThi HJJieBOrO II ITepBOrO ITOpB,ll;KOB, Bbi'!IICJieHHbie C J'leTOM ,ll;BJXcpOHOH-
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HbiX KOMITOHeHTOB BOJIHOBbiX cpJHKIJ,Uil: B036J2K)J;eHHbiX COCTOHHIIil:, ·paBHhi COOT~. 

BeTCTBJIOIIl,IIM MOMeHTaM, Bhi'liiCJieHHhiM C O,ll;HOcpOHOHHbiMII BOJIHOBhiMII cpJ.HK-, 

Il,UHMII B036J2K,ll;eHHbiX COCTOHHIIfi, a MOMeHThi BTOpOrO II TpeTbero nopa:,n;KOB 

3aBUCBT TOJihKO OT TeX MHOrOcpOHOHHhiX KOHcpiirypaU,IIil:, KOTOpbie HeiTOCpe,n;

CTBeHHO B3aiiMo,n;eil:cTBJIOT c o,n;uocpoHOHHhiMII cocToa:una:MII. BnepBhie not<a3a

uo, 'ITO yqeT B3aUMO,n;eil:CTBIIH KBa3II'laCTIIIl, C cpOHOHaMII He M02KeT rrpiiBeCTII 

K TaKOMJ C,ll;BIIry 3Ha'liiTeJibHOil: qaCTII CIIJihi fT ITepeXO,ll;OB II3 o6JiaCTII fT pe-

30HaHCa B o6JiaCTh 6onee BbiCOKIIX 3Hepriifi B036J2K,ll;eHIIH, KOTOpblll. He06XO,ll;IIM 

)J;JIH o6'bHCHeHIIH 3cpcpeKTa IIC'!e3HOBeHIIH CIIJibi rT nepeXO,ll;OB. TaK2Ke ccpopMy

JIIIpOBaH KpnTepiiil: )J;JIH OIJ,eHKII rrpaBIIJihHOCTII pe3J.7IhTaTOB rpOM03)J;KIIX pacqe-
• 

TOB, IIO He06XO,ll;IIMOCTII Bh!IIOJIHa:eMhiX Ha 8BM rrpii II3J'leHIIII cpparMeHTail,IIII 

CIIJihi rrepeXO,ll;OB. 

BnepBbie rroKa3aHo, 'ITO II3 caMoro cyiiJ,eCTBOBaHIIa: acpcpeKTa "no,n;asneunH" 

(TO'!Hee rosopa:, nepeMeiiJ,enuH) CIIJibi fT nepexo,n;os c ueii36e2KHOCThiO CJie,ll;J

eT BbiBO,ll; 0 TOM, 'ITO OCTaTO'lHOe CIIIIH-II30CIIIIHOBOe B3aiiMO,n;eil:CTBIIe CO)J;ep-

2KIIT KOMIIOHeHTbi, KOTOpbie rrepeMeiiinBaiOT '!aCTII'lHO-,ll;blpO'IHbie B036J2K,ll;e

HIIH, npiiHa,n;Jre2KaiiJ,IIe pa3HbiM rnaBHhiM o6oJIO'!KaM, T •. e. B036y2K,n;euiia: c b.N = 

0 n c b.N ~ 2. YKa3aH npiiMep T.aKoro ocTaTO'lHOro B3aiiMO,ll;eil:CTBIIa: II c ero 

IIOl\IOIIJ,biO npe,ll;JI02KeHO HOBOe o6'bHCHenue 3cpcpeKTa "rro,n;asJieHII$1
11 

CIIJibi fT rre

peXO,LIOB. 

llOKa3aH0
1 

'ITO KOHCTaHTa aKCIIaJibHO-BeKTOpHOrO CJia6oro B3aiiMO)J;eil:CTBIIB 

JICIITOHOB C HJKJIOHaMII, II3BJieKaeMaH II3 CJMMapHbiX CKOpOCTeil: fT fJ+ -pacrra)J;a 

npOTOHOU36biTO'!HbiX H)J;ep C He3aMKHJTbiMII o60JIO'!KaMII, BBJIHeTC$1 MO)J;eJibHO 

3amiCUl\10ll
1 

IIOCKOJibKJ TCOpCTU'lCCKIIC 3Ha'ICHIIH IIpUBC,ll;CHHOfi BCpOHTHOCTU fT 

nepCXO,ll;OB, B(GT), CIIJibHO 3aBIICBT OT BCJIH'liiHbl 3cpcpeKTUBHOil: KOHCTaHTbl 

OCTaTO'IHOrO B3aUMO,ll;CllCTBHH, ,n;eil:CTBJ!OIIJ,ero ·s KaHaJIC qaCTIIIJ,a-qaCTIIIJ,a. llpii 

3TOl\l qaCTII'lHO-'!aCTH'lHOC B3al!MO,ll;CllCTBIIC rrpiiBO,ll;HT K TOMJ, 'ITO TCOpCTII'lC

CKIIC CKOJ>OCTII {J- -pacrra)J;a H,ll;Cp C 60JiblllliM U36biTKOM HCfiTpOHOB 3Ha'!HTCJibHO 

IIpenocxo)J;HT 3KCnepnMeHTaJibHbie 3Ha'leHnH. Cne,n;osaTeJibHO, ucrrOJib3Ja: o,n;IIH 

11a6op napaMeTpOB raMHJibTOHIIaHa H)J;CpHOfi MO)J;CJIH, HC y)J;aeTCB O,ll;HOBpCMCH-

110 OfiiiCaTb CKOpOCTll fT 6eTa-rrepeXO,ll;OB B ITpOTOHO- H HCfiTpOHO-II36biTO'!HbiX 

}!;J.ep ,z:t;a2Ke B npe,n;enax O,ll;HOro ,n;narra3oHa MaccOBhiX 'liiCeJI. 

lloKa3aHO, 'ITO 3aXBaT l\I!OOHOB aTOMHhll\UI B)J;pa!V!ll B OCHOBHOM rrpOIICXO,ll;UT 

6Jiai'O,ll;apH CIIHH-MJJibTIIIIOJibHbiM B,ll;CpHbiM rrepexo,n;aM. ilOJIHhie CKOJ>OCTH 3a

XBaTa l\IIOOHOB, Bhi'lHCJICHHbiC CO CB060,ll;HbiMII 3Ha'!CHIIHMII KOHCTaHT aKCHaJibHO-
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neKTopnoro Ii: nceB~OCKa.Jmpnoro CJia6oro B3aiiMO~ei1:CTBIUI nenionon c HYKJIO

naMII, XOpOlliO COrJiaCyiOTC5I C COOTBeTCTBYIOUJ;IIMII 3KCnepiiMeHTaJihHhiMII 3Ha

qeHII5IMII ~JIH cpe~HIIX H~ep (II30TOllhi Ni, Zr, II30TOllhi Sn II Kr) II 3HaqiiTeJih

HO npeBhilliaiOT IIX· ~JIH 6onee TH:>KeJihiX H~ep ( Ce II Pb). ,LVIH TH:>KeJihiX H~ep 

3TO npeBhillieHIIe 3aBIICIIT OT IICllOJih3yeMhiX OCTaTOqHhiX B3aiiMO~ei1:CTBIIll, II 

ll03TOMY KOHCTaHTa 9A, Onpe~eJIReMaH cpaBHeHIIeM TeOpeTIIqeCKIIX II 3KCnepii

MeHTaJihHhiX llOJIHhiX CKOpOCTeiJ: 3aXBaTa MIOOHOB T5I:>KeJihiMII 5I~paMH, OKa3hi

BaeTC5I Mo~eJihH0-3aBHCHMOi1:. PacqeTaMH~po~eMOHCTpnponano, qTo 3anncHrn;ne 

OT CKOpOCTH MaTpnqHhie 3JieMeHThi 3cPcPeKTHBHOrO raMHJihTOHHaHa JL-3aXBaTa 

BHOC5IT He3HaqHTeJihHhlll BKJia~ B llOJIHhie CKOpOCTH norJIOUJ;eHII5I MIOOHOB CJIO:>K

HhiMH aTOMHhiMH H~paMn. BnepBhie BhlllOJIHeHhi MHKpocKonnqecKne pacqeThi 

UOJIHhiX CKOpOCTefi 06hJqHOrO 3axBaTa MIOOHOB CJIO:>KHhiMH R~paMH C He3aMKHy-

ThiMH 060JioqKaMH. ft 

llpe~JIO:>KeH HOBhlll CllOC06 yqeTa 3KCnepnMeHTaJihHOll IIHcPOpMaQHII 0 CHJIO

BhiX cPYHKQIIRX fT- II II30BeKTOpHhiX Ml-nepexo~oB B pacqeTax rrapn;IIaJihHhiX 

CKOpOCTefi 3axBaTa MIOOHOB R~paMII IIpii IIOMOIIJ;II OpTOrOHaJihHOrO rrpeo6pa-

30BaHIIR B IIO~IIpOCTpaHCTBe BOJIHOBhiX cPYHKQHll B036y:>K~eHHhiX COCTORHUll . 

II yKa3aH cnoco6 nocTpoeHIIR MaTpiiQhi rrpeo6pa3onaHII5I. PacqeThi c rrpeo6-

pa3oBaHHhiMII BOJIHOBhiMII cPYHKQURMII xoporno orrnchmaiDT 3KcnepnMeHTaJih

Hhie CKOpOCTII napQHaJihHOrO 3axBaTa MIOOHOB R~pOM 28Si. BrrepBbie rrpone~e!IO 

CpailHeHIIe TeOpeTIIqecKIIX II 3KCIIeplllvleHTaJihHhiX 3HaqeHIIll Cl!Jlhl CaMhiX HHTe,!J

CIIBHhiX II30BeKTOpHhiX rrepeXO~OB C D,.J7r = 1 +, KOTOpbie Ha6JIIO~aJil!Ch B CJia-

6biX, 3JieKTpOMarHIITH.hiX n CHJihHhiX rrpon;eccax. Pauee TaKoe cpanueHHe rrpo

BO~HJIOCh TOJihKO ~JIR CpaBHl!TeJihHO Me~JieHHh!X rrepexo~OB, Ha6JIIO~aBllil!XCR 

B fi-pacna~e, B KOTOpOM IIpORBJIReTCR He3HaqnTeJihHaR ~OJIR BCefi CIIJihl fT rre

pexo~OB.:Ha npnMepe II30BeKTOpHhiX nepexo~oB c nepenopoToM cnnua B R~pax 

C A= 28 ITOKa3aHO, qTO ~a:>Ke ~JIR CaMh!X IIHTeHCIIBHh!X fT-rrepexo~OB npon;e

~pa II3BJieqennR B(GT) II3 ceqeuiiii peaKQHII (p,n) ue CTOJih o~H03Haqua, KaK 

3TO rrpe~nonaraJIOCh ~o cux rrop. 

llOJIHh!e CKOpOCTII 06bJqHOrO 3aXBaTa MIOOHOB Ha R~pax C He3aiiOJIHeHHh!Mll 

060JIOqKaMH, BhJquCJieHHh!e B ~liCCepTaQIIII, 6h!Jlll l!CIIOJih30BaHbl. rrpu IIHTep

npeTaQIIII 3KCrrepiiMeHTa.1hHb!X ~aHHhiX, llOJiyqeHHb!X B 0115111. lloKa3aHO, 'ITO 

yqeT KOJIJieKTIIBHOll IIpllpO~bl R~epHOrO OTKJIIIKa ll03BOJIReT npaBl!JibHO BOC11pO

li3BeCTn IIOJIHhie CKOpOCTII 03M, II3MepeHHhie ~JI5I MHOrl!X c¢epnqeCKl!X R~ep. 

HeKOTOpbie Il3 pacqeTOB rrapQilaJibHhiX CKOpOCTeii 3aXBaTa MIOOIIOB R~pal\!ll 
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sd-o6onoqKn, npune~eHHhiX B ~IIccepmn;nn, . 6hiJIII ncnoJih30BaHhi npii no~ro

TOBKe n auaJIII3e 3KcnepiiMeHTOB na Me30HHOii ¢a6pnKe TRIUMF (Kau~a), 

Ha 3alllHTY BhillBHraiDTCR CJienyiDIIliie pe3yJihTaThi. 

1. Ha ocuone KBa3IIqacTnquo-¢ouounoii MO~eJIII R~pa pa3BHT ¢opMaJIII3M MR 

n3yqeHIIR 3apR~ono-o6MeHHhiX pe3ouancon B c¢epiiqecKIIX R~pax. BnepBbie 

ITOJiyqeHhi ypaBHeHIIR ~JI5I yqeTa B3am\m~efiCTBIIR KBa3IIqaCTIIQ. C 3ap5I~OB0-

o6MeHHhiMII cPOHOHaMII. 

2. 11cCJie~OBaHO BJIIIRHHe B3aiiMO~efiCTBIIR KBa3HqaCTIIQ C cPOHOHaMH Ha pacnpe

~eJieHIIe CHJihi raMOB-TeJIJiepOBCKIIX (fT) II ClliiH-~IIITOJihHbiX 3apR~OBo-06MeHHhiX 
rrepeXO~OB ITO 3HeprnRM B036y:>K~eHII5I. -llOKa3aHO, qTO B3aiiMO~efiCTBIIe KBa-

3IIqaCTIIQ C cPOHOHaMII onpe~eJIReT lliiipiiHY 3apR~OB0-06MeHHhiX pe30HaHCOB. 

llpll 3TOM II3 06JiaCTII rnraHTCKOrO pe30HaHCa B 06JiaCTh 6onee BhiCOKIIX 3Hep

riifi n036y:>K~eHIIR c~niiraeTCR nnrnh ue6onhrnaR qaCTh nceii CIIJihi nepexo~on, il: 

3aMeTHaR qaCTh ee CMern;aeTCR B 06JiaCTh MaJihiX 3Hepriii1: B036y:>K~eHIIR. 

3. BrrepBbie ~OKa3auo, qTo 3HepreTIIqecKII-B3Berne:Hubie MOMeHThi uynenoro II 

rrepBOrO IIOpR~KOB, BblqiiCJieHHbie B 3a~aqe {pparMeHTaQIIII, paBHhi COOTBeT

CTBYIOIIJ;IIM MOMeHTaM, IIOJiyqeHHb!M 6e3 yqeTa "CJIO:>KHhiX" KOHcPIIrypaQIIll, a. 

MOMeHThl BTOpOrO II TpeThero IIOpR~KOB orrpe~eJIRIOTCR TOJibKO TeMII "CJIO:>KHbl-.. 
Mil" KOHcPUrypaQIIRMII, KOTOpbie Henocpe~CTBeHHO n3aiiMO~efiCTBYIOT C "npO-

CTb!MII". CoxpaHeHIIe 3HepreTII<lecKII-B3BerneHHhiX MOMeHTOB uynenoro II nep.: 

BOrO IIOpR~KOB rrpHBO~IIT K TOMy, 'ITO rrepeHOC CIIJibl fT-rrepeXO~OB B 06JiaCTb 

Bb!COKIIX 3Hepriifi B036y:>K~eHHR ~OJI:>KeH rrpOIICXO~IITb II3-3a B3aiiMO~efiCTBIIR 

!\1e:>K~ 'JaCTIIqHO-~blpOqHbiMII B036y:>K~eHHRMH, a He 6Jiaro~apR HX B3aiiMO

~efiCTBIIIO C 6onee CJIO:>KHb!Mll KOHcPIIrypaQHRMII. ,, 
4. BnepBb!e IIOKa3aHO, 'ITO OCHOBH!'IO pOJib B rrepeHOCe CIIJibl at--rrepeXO~OB II3 

o6JiaCTll mraHTCKOrO fT pe30HaHCa B o6JiaCTH 6onee Bh!COKHX 3Hepriiii B036y-
.l 

:>K~eHnR ~OJI)KHhi HrpaTh o~uoqacTIIqHbie rrepexo~hi 1 + c D.N ;::: 2, II ua 3Toii 

OCHOBe rrpe~JIO)KeHO HOBOC o6'b5iCHeHHe 3cPcPeKTa "IIC'IC3HOBeHIIR" Cl!Jlbl fT ne-

peXO.Il,OB. 

5. BrrepBbie rrpo~e~IOHCTpHponaHo, qTo cuna at+-rrepexo~a ua cocTORH~Ie It 

II IIOJIHaR CIIJia at+- rrepeXO.Il,OB, Bb!'ll!CJieHHbie B llpii6JIII:>KeHIIII CJiyqafiHb!X 

¢33, OKa3biBaiOTCR oqeHh 'IYBCTBl!TeJib!Ib!MH K KOHCTaHTe OCTaTOqHOrO B3a

IIMO.IJ,efiCTBIIR B KaHaJie 'IaCTIIQa-qaCTIIQa, l1 II03TOMY KOHCTaHTa aKCHaJibHO

BeKTOpHOrO CJia6oro B3alii\IO~efiCTBli5I 9A, li3BJie'leHHaR H3 3KCIIepnMeHTaJibHb!X 
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cyMMapHbiX CKOpOCTeii fT (3+ -pacrra,n;a IIpOTOHOII36hiTO"lHbiX H,n;ep, OKa3biBa

eTCH MO)J;e.TibH0-3aBIICIIMOii. IloKa3ano, 'ITO paC"leThi, Y"liiThiBaiOm;IIe qacTII"lHO

qaCTII"lHOe II qaCTll"lHO-)J;blpO"'HOe OCTaTO"!Hbie B3aiiMO)J;ellCTBHH, XOpOIIIO BOC

rrpOII3BO)J;HT CyMMapHyiO CIIJIY at+ -rrepeXO)J;OB, ll3BJieKaeMY,IO II3. C~"leHIIll peaK-

IJ;IIll ( n, p) na cpe.n;nnx H,n;pax. 

6. IJOKa3aHO, 'ITO 3axBaT MIOOHOB aTOMHbiMII H,n;paMII B OCHOBHOM rrpOHCXO)J;liT 

6naro,n;apH CIIHH-MYJibTIIIIOJibHbiM H,n;epHbiM rrepeXO)J;aM. IJOJIHbie CKOpOCTll 3a

XBaTa MIOOHOB, ~bi"lHCJieHHbie co cso6o,n;~h~~n 3Ha"lenmn,m KOHCTaHT aKCHaJibHO

seKTOpnoro li rrceB)J;OCKaJIHpHoro CJia6oro B3aiiMO,n;eiiCTBIIH neriTOHOB c HYKJIQ

naM~, xoporn~ cornacyiOTCH c 3_KcrrepiiMeHTaJihHbiMII 3Ha'leHIIHMII )J;JIH cpe,n;HIIX 

H,n;ep n 3Ha"liiTeJI~Ho rrpeBhiiiiaiOT IIX )J;JIH 6onee TmKeJihiX' H,n;ep. B TH.tKeJihiX 
. - . . . . 

H,n;pax Be.TIII"liiHa rrpeBbiiiieHIIH 3aBIICIIT OT IICIIOJib3yeMbiX OCTaTO"lHbiX ·B3aiiMO-

,n;eiiCTBIIll, ~ KOHCTaHTa 9A, OIIpe,n;eJIHeMaH cpa:BHeHIIel\: Te9peTII~eCKIIX II 3KCIIe

piiMeHTaJibHbiXIIOJIHbiX CKOpOCTeii 3aXBaTa MIOOHOB TH.tKeJibiMII H)J;paMII, OKa3bi-
• , - - ' . -:- • f 

BaeTCH MO)J;e.TibH0~3a!'mcnMoii. PacqeTaMII rrpo,n;eMoncTpiiposalio, 'ITO 3aBIICHIIJ;IIe 

OT CKOpOCTII M~TpH'IH?Ie 3Jie~eHTbi 3¢¢eKTIIBHOrO raMIIJibTOHIIaHa J.L-3aXBaTa 

BHOCHTHe3Ha'liiTeJibHbill BKJia)J; B IIOJIHbie CKOpOCTII rrorJIOID;eHIIH MIOOHOB aTOM

HbiMII H,n;paMII. 

7. IJpe)J;JIO.tKeH HO!Jblll MeTO)J; yqeTa 3KCrrepriMeHTaJibHOll IIH¢0pMaiiiiii 0 CIIJIO• 

BhiX ¢ynKII~Hx fT- II II30BeKTopnhiX M1-rrepexo.n;ax s pacqeTax hapiinaJihHhiX 

CKOpOCTeil 3axBaTa MIOOHOB H,n;paMII . .Il.JIH 3TOrO B ITO)J;ITpOCTpaHCTBe BOJIHOBbiX 

<PY.HKIIIIll B036y.tK,n;eHHbiX COCTOHHIIH rrpOBO)J;IITCH OpTOrOHaJibHOe rrpeo6pa30Ba

HIIe, rrapaMeTpbi KOTOpOrO orrpe,n;eJIHIOTCH pa3HIIIIaJi1II Me.tK)J;y TeopeTH'leCKHMII 

II 3KcrrepnMeHTa[I~HbiMII CHJIOBbiMH ¢ynKIIIIHMH TT- n M1-rrepexo.n;os. Pac<Ie

Thi C rrpeo6pa30BaHHbiMII BOJIHOBbiMII ¢yHKIIHHMH XOpOlliO OITIICbiBaiOT 3KCIIepH

MeHTaJibHbJe cKop.ocTII rrapiiiiaJibnoro 3axsam MIOOHOB H,n;poM 
28Si. Te~1 caMhiM, 

BnepBbie COnOCTaBJieHbi TeopeTII'leCKIIe II 3KCneplll\teHTaJibHbie 3Ha'leHIIH CfiJibl 

ca~thiX _IIHTeHCIIBHhiX nepexo,n;oB c .6. ( J1r, T) = ( 1 +, 1), KOTOpbie na6JIIO,n;anncb B 

CJia6biX, 3JieKTpOMarHIITHhiX II CliJibHbiX npoiieccax B aTOMHhiX H,n;pax. BhmOJI

nennhiii aHaJIII3 IIOKa3aJI, 'ITO )J;a.tKe )J;JIH caMbiX HIITeHCliBHbiX fT-nepeXO)J;OB 

. npoiJ,e.n;ypa II31lJie'lei_IIIH B ( GT) ll3 ceqenllil peaKn;IIII (p, n) ne CTOJib o,n;H03Ha'l

na, KaK 3TO npe.n;nonaranocb .n;o ciix rrop. ., 

Anpo6auiiH pa6oThi. 

OcnoBHbie pe3yJibTaThi ,n;IIccepTaiiiiii neo.n;noKpaTHO ,n;oKJia)J;hiBaJIIICb Ha ceMima-
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pax B Jla6opaTopiiH TeopeTII"leCKOil ¢II3IIKII OI15II1, 3ace.rr.annHX IlporpaMMHO

KoncyJihTaTIIBnoro KOMHTeTa no H,n;epnoii ¢II3IIKe OI15II1, 6hiJIII rrpe.n;cmsne

Hhi na Bcecoi03HhiX II Me.tK.n;ynapo,n;HhiX cosem;aniiHX no H,n;epnoii crreKTpocKo

niiH II cTpyKType H,n;pa (Jleniinrpa.n; 1985, MocKBa 1998, ,ll,y6na 1999, CanKT

IIcrep6ypr 2000, MocKBa 2002), na Me.tK.n;ynapo,n;ilhiX cosem;anMHX no cTpykTy

pe H,n;pa II CBH3aHHhiX c neil sorrpocaM (,ll,y6na 1997, ,ll,y6na 2000), na Me.tK.n;Yna

po,n;HbiX IIIKOJiax no H.n;epnoii ¢n3IIKe {MIIKOJiaiiKH 1987 n Xonhu;xay 1992), na 

KOJIJIOKBIIyMe B UIIKJIOTponnoii na6opaTopiiii TexaccKoro ynnsepciiTeTa ceJih

cKoro xo3HHCTBa II MexaniiKII (KOJine,n;.tK CTaTIIOH, Texac, CiliA), na ceMnnape 

B I1ncTnTyTe IIM. IIayJIH Illeppepa {BIIJIJIIIren, Illseiiu;apiiH). 

II v6nnKaUIIII. 

ITo pe3yJihTaTaM ,n;IIccepTaiiiiii ony6niiKosana 21 pa6om. 

CTpVKTypa nnccepTaUIIII. 

.ILnccepTaiiiiH COCTOIIT II3 BBe)J;eHIIH, ceMII rJiaB TeKCTa, 3aKJIIO'leHIIH II Tpex npii-

JJQ)KeHIIH, 3aHIIMaiOm;nx sMecTe 223 :cTpaHIIIIhi MaiiiiiHOniicnoro TeKCTa. B .n;nc

cepTaiiiiH co.n;ep.tKaTCH 37 Ta6JIHII u 24 pncynKa. CniiCO~ miTepaTypbi cocTOIIT 

H3 199 Ha3BaHHU. 

CO,IT,EP)KAHHE PABOTbl 

Bo sse,::~,emm paccMoTpena aKTYaJihHOCTb sorrpocos, o6cy.tK.n;aeMhiX B .n;nccepTa

I~Im, o6pHCOBaHa COBpeMeHHaH CIITyaiiHH B II3y'leHHI1 3apH)J;OB0-06MeHHbiX IIpO

IIeCCOB I1 c¢opMyJIIIpOBaHbi OCHOBHbie IIeJIII pa60Tbl. ,lJ,aHO KpaTKOe II3JIO.tKeHIIe 

co,n;ep.tKaHIIH )J;IICCepTaiiiiii. !' 

fnasa 1 nOCBHID;eHa o6o6m;eHiiiO KBa3II'laCTII"lH0-¢0HOHHOii MO)J;e.TIII H)J;pa 

(K<I>M5I) )J;JIH paccMoTpeHIIH 3apH,n;oso-o6MeHHbiX npou;eccos. B nepsoM rrapa

rpa¢e onncan raMIIJibTOHIIaH K<I>M5I, B KOTOpbiii BXO)J;HT noTenu;naJihi cpe.n;nero 

IIOJIH (ne3aBIICIIMbie )J;JIH HeiiTpOHOB II npOTOHOB), MOHOIIOJibHOrO cnapiiBaHIIH, 

Bbi3biBaiOID;ero napHbie KOppeJIHIIIIII CBepxnpOBO)J;HIIJ,ero TIIna, II 3¢¢eKTIIBHblX 

OCTaTO'!HbiX B3anr-.!O)J;eiicTBIIii Me.fK)J;y HYKJIOHaMII, )J.BII.fKYIIJ;IIMIICH B Cpe,n;HeM 

none. IIocKOJihKY 3apH,n;oso-o6MeHHbie so36y.tK,n;en~H paccMaTpiiBaiOTCH B ,n;IIc

cepTaiiiiii KaK o.n;na II3 seTBeil II30BeKTOpHbiX nepexo.n;os, TO npe.n;nonaraeTCH 

li30TOnii'!eCKaH IIHBapnaHTHOCTb OCTaTO"!HbiX B3aiiMO)J;eiiCTBIIii,. II )J;JIH OniiCa

HIIH HOBOrO Kpyra HBJieHHll - 3apH)J.OB0-06MeHHbiX B036y.tK,n;eHIIii - B K<l>M£ 
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He noHa,n;o6unucb · ,n;onOJIHHTeJibHbie napaMeTpbi. Bo BTOPOM · naparpacpe onu

caHhi OCHOBHbie 3Tallbl IIOCTpOeHHH npH6JIH)KeHHbiX C06CTBeHHbiX cpyHK~Hll ra

MHJibTOHHaHa MO,D;eJIH H Bbi'lHCJieHHH C06CTBeHHbiX 3Ha'!eHHfi ffiMHJibTOHHaHa 

MO,D;eJIH, OTBe'laiOlli.HX 3apH,D;OBD-06MeHHbiM B036y)K,D;eHHHM. llOCTpOeHHe C06-

CTBeHHbiX cpyHKIJ;Hii Ha'lHHaeTCH co cne~uanbHOro npeo6pa30BaHue Boronro6osa 

(,n;JIH HefiTpOHOB H npOTOHOB 3TH npeo6pil30BaHHH BblllOJIHHIOTCH He3aBHCHMO). 

3aTeM Y'lHTbiBaeTCH ocTaTO'lHOe B3aiiMo,n;eiicTBIIe Me)K,n;y nyKJIOHaMII. Ocnos

nyro pOJib IIrpaeT ero qacrb, cMemn'sarolli.aH ,n;syxKBa3H'laCTH'lHbie ( qacTII'lHo

,D;bipO'IHbie) COCrOHHIIH H. npiiBO,D;HrtiaH K B03HHKHOBeHIIIO cpOHOHOB - KOJIJieK

TIIBHbiX qacTH'ln0-,n;hipO'IHhiX so36y)K,n;enuil:: Bso,n;HTCH onepaTopbi po)K,n;eniiH 

H yiiH'lTO)KeHHH cpOHOHOB II ocyiiJ,eCTBJIHeTCH nepexo,n; K ·npii6JIH)KeHIIIO CJiyqafi

HbiX cpa3 (llCilJ), B KOTOpOM co6CTBCHHbie 3na'!eHIIH ll C06CTBeHHbiC cpyHK~IIII 

ffiMIIJibTOHIIaHa MO,zi;eJIH HaxO,D;HTCH ,D;HarOHanH3a~uefi KBa,n;paTII'lHOfi cpOpMbl, 
- f' 

cocmsnennoil: H3 6o30HHbiX onepaTopos. Ha CJie,n;yroiiJ,eM amne Y'liiThiBaeTCH 

CMeiiiiiBaHIIC O,D;HO- H ,D;ByX-cpOHOHHhiX KOMITOHeHTOB BOJIHOBbiX cpyHK~IIil: B036y

)K,D;eHHhiX COCTOHHIIfi, Bhi3BaHHOe B3aiiMO,D;efiCTBIIeM KBa3II'laCTII~ C cpOHOHaMII. 

llpii 3TOM BOJIHOBhie cpyHK~IIII B036y)K,D;eHHbiX COCTOHHIIfi H,n;pa CTpOHTCH B BH,D;e 

Jl!fH~iiHhiX KOM6IIna~IIii II~ o,n;no- II ,n;syx- cponoHHhiX KOMITOHeHTOB. 9neprrrH n 

CTpyKTypa (K03cpcpii~IIeHThi pa3JIO)KeHUH) B036y)K,n;e~HhiX COCTOHHHii Bhi'HIC.HH-

. IOT~H ITp·~ IIOMOIIJ,H Bapiia~HOHHOrO ITpiiH~UITa. llOCKOJihKY B Ka'leCTBe ITpH6JIU

)KeHHOil: BOJIHOBOfi cpyHK~IIH OCHOBHOrO · COCTOHHUH CHCTeMbl Bbi6HpaeTCH cpo

HOHHbiil: BaKyyM, TO MaTpii'IHbiil: 3JieMeHT O,LIHO'laCTH'lHOrO OITepaTOpa ITepexo

,n;a Me)K,n;y OCHOBHbiM H B036y)K,D;eHHhiM COCTOHHHeM 3aBUCHT TOJlbKO OT K03cp

cpU~HeHTOB B O~HOcpOHOHHOil: '!aCTII BOJIHOBOH cpyHK~IIH. 06'beM Bhl'IHCJieHIIH 
' 

He06XO,D;HMbiX ,[IJIH OITpe,n;eJieHUH 3Heprun B036y)K,D;eHHhiX COCTOHHHt'i H npn~e-

,n;eHHhiX BepOHTHOCTeii ITepeXO,LIOB B HIIX, ]3±(J, v), 3Ha'lUTeJihHO yMeHhUiaeTCH, 

. eenu ·paccMaTpiiBaTb ycpe,n;neHHbie CIIJIOBhie cpyHK~IIII, OITpe,LieJIHeMhie ypaBHe

HIIeM b±(J, TJ) = Ev PL!!.(TJ- 1Jv) B±(J, v), B KOTOpOM cyMMHposaniie n,n;eT ITO 
. ! . . ' 

BCeMy CITeKTpy. 

'B rnase 2 na ocnose pe3JJihTaToB rnaBhi 1 paccr.mTpnsaroTcH ·pa~ITpe,n:ene
HUH CIIJibl ffitf~B-TeJIJiepOBCKUX (fT) 11 CIIHH-,D;HITOJibHbl~ 3apH,LIOB0-06Meiu'IhiX 

nepexo,n;oB ITO anepruHM_ B036y)K,n;enHii. 11nTepec K 3To_n 3a,n;a'le o6yCJiosnen, 

ITpe)K,n;e BCero, 3cpcpCKTOM ITO,[IaBJieHHH Cl!Jlbl fT ITepeXO,D;OB, o6napy)KeHHhiM B 

peaK~HHX (p, n) .ITpH ITpOMe)KyTO'!HhiX 3HeprHHX. 

B ITaparpacpe 1 rnaBhi 2 II3JIO)KeHhi pe3yJihTaThi pac'!CTOB cnnosol! cpynK~Im 
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fT ITepeXO,D;OB, BbiiiOJIHeHHhiX ,D;JIH BbiHCHeHIIH BOITpoca 0 TOM, B KaKOll Mepe il3a

IIMO,n;eil:CTBHe KBa3II'laCTH~ C cpOHOHaMH MO)KeT 6biTb OTBeTCTBeHHO 3a nepeHOC 

CIIJibi fT nepexo,n;oB H3 o6nacTII ruranTCKoro pe3oHanca B o6naCTh 66JihiiiiiX 

anepriiii B036y)K,n;eHHH. Pac'leThi BbiiTOJIHHJIHCb B ,n;Byx npii6JIII)KCHHHX: B riCIP 

H C yqeTOM ,D;ByXcpOHOHHbiX llpHMeCeii B BOJIHOBhiX cpyHKIJ;IIHX B036y)K,D;eHHhiX 

COCTOHHIIfi, llpii'leM HCIIOJib30BaniiCb TOJibKO IJ;CHTpanbHhie OCTaTO'!HhiC B3aii

MO,D;eiiCTBIIH. B ,n;ByxcpoHOHHhiX qacTHX y'liiTbiBaniiCb 3apH,n;oBo-o6MeHHbie n 

06bi'lHbie (,n;eii:CTBYIOIIJ,HC B 3apH,D;OBD-HeiiTpanbHOM KaHane) <j>OHOHbi CO CIIIIHa

MII II 'leTHOCTHMH J7r = 1 ±, 2±, ... , 7±, g-. J130CKanHpHbiC ~ II30BeKTOpHbie 3<}>

cpeKTilBHbie KOHCTaHTbi MYJihTIIIIOJibHbiX II CIIUH-MYJibTIIIIOJibHbiX OCTaTO'lHbiX 

B3aHMO,D;eiiCTBHH, Kg l II K~'f+l, cpHKCUpOBaniiCb ITO CBOHCTBaM B036y)K,D;eHUll 
' ' 

B neiiTpanhHOM Kanane. CIIJIOBbie <j>ynK~IIII at- -nepexo,n;oB 6hiJIH Bhi'lnCJieHhi 

,[IJIH HeCKOJibKHX ccpepii'leCKHX H,n;ep C 3aMKHYTbiMU II He3allOJIHeHHhiMII 060-

JIO'!KaMII: 90zr, 120•124Sn, 124Te, 14°Ce u 208Pb. llpoBe,n;eno cpanHenne namux 

pe3yJibTaTOB C pe3yJihTaTaMII ,n;pyrnx aBTOpOB, KOTOpOe IIOKa3anO, 'ITO ITpaK

TH'leCKII BCe pac'!eThi, BblllOJIHeHHhie B TICIP, npaBHJibHO BOCITpOII3BO,D;HT no

JIO)Kenne mraHTCKOrO fT pe3l)HaHCa (ffTP), U 'ITO 'I_IpaKTH'leCKH BCH CnJia 

ar -nepexo,n;oB ITpHXO,D;IlTCH Ha caM pe30HaHC II Ha COCTOHHUH,·pacnoJIO)KeHHbie 
. . ' 

HH)Ke nero. Tio,n;aBJIHIOIIJ,aH 'JaCTh CIIJihi ITepexo,n;on cocpe,n;oToqena nenocpe,n;-

CTBenno B rrTP. B Ka'leCTBe npnMepa na puc. 1 ,n;aHbi pacnpe,n;eneHUH CIIJibl 

fT nepeXO,LIOB no ::mepriiHM B036y)K,n;eHUH B 
124

Te, Bbi<iHCJieHIIbie B KBa3U'la

CTH'lHOM TICIP (sepTUKanhHbie 0Tpe3KII, OTC'leT no npanofi OCH op,n;unaT) II c 

yqeTOM ,n;syx<j>oHOHHbiX KOMITOHeHTOB B BOJIHOBhiX <j>yHKIJ;IIHX B036y)K,D;eHHbiX 

COCTOHHHli (cnJIOUIHaH KpHBaH, OTC'leT no JieBOll OCH Op,D;UHaT). PaC'leTbi no

Ka3biBaiOT, 'ITO B3aHMO,n;efi:CTBUe KBa3H'laCTIIri C <j>OHOHaMU npHBO,D;HT K 3Ha'lii

TCJibHOMY nepepacnpe,n;eJieHHIO CUJihi nepeXO,LIOB no 3HepniHM B036y)K,n;enuii, B . ' 

'!aCTHOCTll, K <j>opr.tnposanmo UIHpUHhl rrTP, KOTOpaH COCTaBJIHeT 3 - 4 MaB. 

0Tl\leTHM, 'ITO npn Bbl'lHCJieHHll CIIJIOBhiX q)yHK~Hll UCIIOJib30BanaCb <j>yHKIJ;UH 

p:::,.(r7) c ITapaMeTpOM ycpe,n;nenuH ~ = 0.5 MaB. TaKHM o6pa3oM, B3anMo,n;eii

CTBne KBa3H'laCTH~ c <j>mwnaMu HBmieTcH ociionnoH: npii'IHHOii B03HIIKHOBeHHH 

III1Ip11Hbl y rT pe3oHanca. Pac'leTbl ITOKa3ann; 'ITO 3aMeTHOro CMeiiJ,eHHH CUJibl 

fT ITepeXO,[IOB B 06JJaCTb Bh!COKHX 3Heprufi· B036y)K,D;eHUH HeT. 

B 3TOM nyHKTe naiiiH pe3yJihTaThi naxo,n;HTCH B HBHOM npoTIIBopequn c pe-
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Te. 

3VJihTaTaMII paC'!eTOB l II 2 , COrJJaCHO KOTOphiM B3aUMO)J,eHCTBIIe 1\IeJK~y 1p-1h 
' . ' 

II 2p-2h COCTOHHIIHMII npHBO)J,IIT K C)J,BIIry 3Ha'HITeJ1hHOll 'laCTII Cl!Jlhl fT nepe-

XO)J,OB n3 o6nacTII pe3onanca na cocTOHHmi c r.moro 66nhiUeii ::mepmefl B036y-

JK)J,eHIIH. 
1

: , 

B ,paparpacpe 2 pacCMOTpena cpparr.renTa~nH cmm-~unOJJhHhiX 3apH,Il,OBO-
• . • I 

'o6MeHHhiX COCTOHHIIll, TaK)!{e na6,1IO)J,ae~Ih!X B peaK~HHX (p, n). euJJOBbie cpyHK-

~IIU. )J,JlH nepeXO)J,OB H3 OCHOBHOrO COCTOHHHH '!eTHO-'!eTHOrO H)J,pa TIO~ )J,efi

CTBHeM onepaTopoB r[Yr(8,¢)0a]Jr, c J7r = o-, 1-n2- 6hiJ11! Bbl'lliC:.JieHbl 

B KBa3H'laCTII'!HO!\I new II C: y'!eTOM ;:J;ByXcpOHOHHhiX npu:vJecefl B BOJIHOBhiX 

cpyHKi1IIHX B036yJK)J,eHHhiX COCTOHHHil. KaK H B CJly'!ae rT nepexo.n.os, Y'ICT 

B3aiiMO)J,eii:CTBIIH KBa3H'!aCTII~ C cpOHOHaMII npiiBeJ1 K o6pa30BaHIIIO Iliiipl!Hhl 

· 3apH.LI.OB0-06MeHHhiX CIIIIH-~HnOJ1hHhiX pe30HaHCOB II 3aMCTHOMY nepepacnpe

,;:J;eJJeHIIIO CIIJlhl nepeXO.LI.OB no ::meprHII B036yJK)J,eHHH, HO He Bhi3Ba.JI C.LI.BHra 3a

!\IeTHOfi '!aCTII CII.Jihl B 06J1aCTh BhiCOKHX 3Hepn:II! B036YJK.LI.CHI!H. 

. nocne ny6niiKa~nn pe3yJihTaToB HaiUIIX pac'!eTOB B mnepaType noHBIIJiliCL 

l! paC'!eTbl .n.pyriiX aB~OpOB 2 Ii 3 , KOTOpb!e nOKa3aJIH, 'ITO B3am.IO)J,eiicTBH(' 1 p-1 h 
1Bertsch G., Hamamoto 1., 1982, Phys. Rev. C, v. 26, p. 1323; 
2Drozdz S., Klempt V., Speth J., and Wambach J., 1986, Phys. Lett. B, v. 166, p. 18 
3 Drozd:l S., Osterfeld F., Speth J., and Wambach J., 1987, Phys. Lett. B, v. 1889, p. 271 
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l! 2p-2h COCTOHHIIii: npiiBO)J,l!T K Bh!HOCY 3Ha'!IITMhHOii: '!aCTII CIIJlhl fT II CniiH

)J,l!nOJ1hHhiX nepexo)J,OB B o6naCTh BhiCOKIIX 3Heprnii: B036yJK.n.ennH. npu'!eM,_ B 

2 nony'!eHO, 'ITO OCHOBHOH BKJ1a)J, B C.LI.BIIr fT-CIIJlhl BHOCIITCH u;enTpMhHhiMII 

B3aiiMO)J,eii:cTBIIHMH, a ne TeH30pHhiMn, KaK 3TO yTBepJK,Il,MOCh B 
1

• npii 3TOM 

cornacno 3 B H)J,pe 90 Zr ~enTpOH)J,hi 3Hepriiii nepexo)J,OB c J7r = 1 +, o-, 1-, II2-, 

Bhi'!HCJleHHhie BO "BTOpoM" new, OKa3a.JliiCh npnMepHO na 6 M3B BhiiUe 3Heprnii: 

~eHTpOH)J,OB, Bhl'!HCJleHHhlX B new. B naumx pac'!eTaX y'!eT B3al!MO)J,eii:CTBIIH 

KBa3II'!aCTII~ C cpOHOHaMII npiiBO)J,l!Jl K He3Ha'!IITeJ1bHOMY yMeHbilleHIIIO cpe.LI.Hl!X 

3Heprnii:. 

TaKIIM o6pa3oM, pe3yJJbTaThi '!IICJleHJ!hiX pac'!eTOB, BhiiiOJJHeHHhiX pa3HhiMII 

rpynnaMn, HBHO npoTnBope'IIIJ1H .n.pyr .n.pyry. BhiHBJJeHIIe npn'IIIH, Bhi3BaBmnx 

3TH paCXOJK)J,eHIIH, 6h!J10 3aTpy.n.neHO TeM, 'ITO B pa3Hb!X pa6oTax 6biJ1l! C)J,eJJaHbl 

cpopMMbHO pa3J1H'!Hbie, XOTH II CXO)J,Hhle no cpn3H'!eCKOMY CMhiCJly, npn6JJUJKe

HI:IH I:1 HCnOJ1b30BaJil!Ch pa3Hh!C OCTaTO'!Hhie B3aiiMO)J,eii:CTBHH •. 

Heo6XO)J,l!MOCTh B TeOpeTH'!eCKOM OCMhiCJleHHII CJlOJKIIBIUeHCH CIITya~III:I II B 

cpamieiUIIl pe3yJ1bTaTOB paC'!eTOB pa3Hh!X aBTOpOB nOBJ1eKJ1a 3a C060ii: HCCJle)J,O

BaHHe llHTCI'paJJhHLIX xapaKTepHCTl!K Cl!J10Bb!X cpyHK~Hfi, KOTOpOMY nOCBHIIJ;eHa 

masa 3 .n.nccepTat~mt. B Het'r ,11,an auann3 3HepreTn'!eCKII-B3BeiUeHHhiX MOMeHTOB 

CIIJIOBbiX cl:>YHK~nl!, onpe;J,eJJeHHLIX COOTHOIUeHHHMII sk = L E~ Bn, r)J,e k = 
n 

0, 1, 2, ... 3.n.ech Bn CCTb Cl!Jia nepeXO)J,a H3 OCHOBHOrO COCTOHHU5r B B036yJK)J,eH-

HOe COCTOHf!He n C 3Heprne!J E11 , Bbl'IliCJleHHbie B TOM l!Jll! HHOM H3 paCCMaTpH

Bae:-.ILIX npn6J1HJKCHHlL 

B naparpac}:>e 1 l'JlaBhi 3 pacCl\IOTpeHa KBaHTOBO-MexaHwiecKaH '3a)J,a'la o 

cl>panreHTm~mr CHJihi nepexo}~on no :'lHepnm, Bhi3BaHHOII pacumpeHneM npo

CTpancTim, B KOTOpmi CTpOH'ITH .BoA~OBLie cpyHK~llH B036yJK)J,eHHblX COCTO

H!IIIil, Bbi'IIIC.1eHbi 3IIepreTwiecKH-B3BeiUeHHbie MOMeHThi cnnoBhiX cpynK~nii. 

npn 3TO!\I BOJ1HOBaH <l)YHKWIH OCHOBHOrO COCTOHHIIH CIICTeMhl, npe)J,nOJJaraeTCH 

11Cll3l\ICHH0ll npu pacnmpemm IIpO~TpaHCTBa B036yJK)J,CHHblX COCTOHHIIfi, n03TO

~IY paCCI\IaTpnBael\IaH 3a.LI.a'!a CBO)J,IITCH K 3a)J,a'!e na C06CTBCHHbie 3Ha'!eHUH 3p

!\lliTOBOll MaTpl:l~hi. Ha ocnose cneKTpMhHoro pa3JJOJKCHI:IH 3pMI:ITOBOii: M'aTpn

~bi YKa3aH cnoco6 Bbl'IIICJleHIIH 3HepreTn'!eCKI:I-B3BCIUeHHhlX MOMeHTOB CIIJ10BOH 

cpynK~mr n nony•IeHhi nx 3al\IKHYThie BbipaJKeHnH. npoBe)J,ennl.rii ananii3 noKa-

3an, 'ITO Bhi'!nerreiiHLifi a 3a)J,a'le cpparMenTa~nn 3Heprern'!eCKn-B3BeiUeHHhiii 

MoMeHT nyneBoro nopH,Il,Ka, S0 , paBeH cyMMapnoii cnne nepexo)J,OB na ncxo)J,Hbie, 
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''npOCTbie", COCTOSIHHSI. MoMeHT nepBOrO nopSI)l;Ka, S1, COBna,n;aeT C MOMeHTOM 

nepBoro nopH.n;Ka, BbPIHCJieHHbiM TOJibKO npn J'leTe "npoCThrx" cocroSIHH:ii. B3a

n~o.n;e:iiCTBIIe Me:lK)l;J "npOCTbiMH" ll "CJIQ)KHbiMH" COCTOSIHHSIMH Ha'IIIHaeT CKa3bi

saTbCSI TOJibKO Ha 3HepreTH'leCKH-B3BeiiieHHbiX MOMeHTaX, Ha'IIIHa51 CO BTOpOrO 

nOpSI,n;Ka. llpH 3TOM MOMeHTbi BTOporo ll TpeTbero nopSI)l;KOB 3aBIICSIT TOJibKO 

OT B3aiiMO)l;ellcTBIISI ''npOCTbiX" II "CJIO:lKHbiX" KOHcpHrypaQH:ii, a He OT B3aiiMO

.n;e:iiCTBIIll Me:lK.n;y "CJIO:lKHbiMH" COCTOSIHHSIMH. I103TOMJ )l;06aBJieHHe "CJIQ)KHbiX" 

COCT05IHH:ii, KOTOpbie He B3aHMO;IJ;e:iiCTBJIOT H(mocpe)l;CTBeHHO C "npOCTbiMII", He 

MeHSieT MOMeHThi BToporo n TpeThero nopSI)l;KOB. TaKHM o6pa3oM, B 3a.n;aqax 

¢parMeHTaQIIH fT ll CniiH-)l;HnOJibHbiX rrepeXO)l;OB, paCCMOTpeHHbiX B rJiaBe 2, 

COBna,n;eHIIe OCHOBHOrO COCTOSIHHSI SI)l;pa C COCTOSIHHeM cpOHOHHOrO BaKyyMa npii

BO)l;HT K TOMJ, 'ITO 

a) 3HepreTII'leCKH-B3BeiiieHHbie MOMeHTbl HyJieBOrO ll nepBOrO nOp5I)l;Ka, Bbl'IIIC-
. - ~ 

JieHHbie B 3a)l;a'le cpparMeHTaQHH, B TO'IHOCTH paBHbl COOTBeTCTBYIOIQIIM MOMeH-

( ) ITem sfragm. SQRPA Sfragm. TaM, noJiy'leHHbiM B KBa3H'laCTH'IHOM '*'• O = O , I = 

s~RPA. Mnaqe rOBOpSI, y'leT .n;ByXcpOHOHHbiX KOHcpnrypaQH:ii He MeH5IeT lUI IIOJI

HO:ii CHJibi nepexo.n;oB, HH cpe.n;ne:ii 3Hepriin B036y:lK.n;eHII51, a JIIIIIIb yBeJiwmBaeT 

MOMeHTbl BbiCIIIIIX nOp5I)l;KOB, T.e. IIpiiBO)l;HT K pOCTY IIIIIpHHbi pacnpe,n;eJieHH51 

CIIJibi nepexo.n;os no 3HepriiSIM B036y:lK.n;enn:ii; 

6) MOMeHTbi BTOpOrO ll TpeTbero II0p5I)l;KOB 3aBIICSIT TOJibKO OT TeX "cJIO:lKHhiX" 

KOHcpiirypaQII:ii, KOTOpbie Henocpe)l;CTBeHHO B3aHMO)l;ellCTBJ!OT C "npOCThiMH", 

T.e. Y'leT nepeXO)l;OB TOJibKO Me:lK)l;Y OCHOBHhiM II O)l;HOcpOHOHHhll\IH COCT05IHII51-

Mll npHBO)l;IIT K TO My, 'ITO . BKJIIO'leHIIe B BOJIHOBYIO cpyHKQIIIO B036y:lK)l;eHHhiX 

COCT05IHIIll TpexcpOHOHHblX II 6oJiee CJIO:lKHbiX KOMIIOHeHTOB HHKaK He CKa3hiBa

eTCSI Ha 3Ha'leHH5IX So, Sr, s2 II s3. 
3Ha'lemle 3THX BhiBO)l;OB )l;JISI TeopeTII'lecKoro aHaJIH3a npo6JICMhi nepenoca 

CHJibi fT nepeXO)l;OB Bb!SIBJI5IeTCSI CJie.n;yroiQHMH C006pa:lKeHHSIMII. 

1. · He3aBIICHMOCTb So ·n S1 , Bbi'IHCJieHHhiX B 3a.n;aqe cpparMeHTaQHH, OT B3a

nMo.n;e:iicTBHSI KBa3H'laCTHQ C cpOHOHaMII 03Ha'IaeT, 'ITO JII06o:ii Bh!HOC CHJihl B 

06JiaCTH 60JibiiiHX 3Heprnii B036y:lK)l;eHH51, Bhl3BaHHbiH B3aHMO)l;eiiCTBHeM "npo

CTbiX" II "CJIO:lKHhiX" COCT05IHH:ii, 06SI3aTeJibHO )l;OJI:lKeH COIIpOBO:lK)l;aTbCH C)l;BHrOM 

COOTBeTCTBYIOIQefi: 'laCTI-1 CHJihl B 06JiaCTb MaJibiX 3Heprnii B036y:lK)l;eHUH. 8TOT 

BhiBO)l; QC.liHKOM onpe.n;eJIHeTCH c.n;e.naHHhiMII npe.n;noJio:lKeHHHMll o CTPYKType 

OCHOBHOrO II B036y:lK)l;eHHhiX COCTOHHII:ii H He 3aBIICHT OT KOHKpeTHOrO Bll)l;a 

B3aiiMO)l;eiiCrBIIH Me:lK.n;y "npOCTbiMll" H "CJIO:lKHb!Mll" COCTOHHHHMI1. 
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2. CJie.n;oBaTMbHO, yc.no:lKHenne BOJIHOBhiX cpyHKQH:ii B036y:lK.n;eHHbiX cocTOHHH:ii 

no cpasHennro c (KBa3H'laCTH'IHhiM) IICci> JIH6o He .n;oJI:lKHO npHBO)l;HTb K BbiHocy 

BBepx 3Ha'li1TeJibHO:ii 'laCTH nOJIHO:ii CHJibl fT nepeXO)l;OB, JIH60 06SI3aHO COnpO

BO:lK)l;aTbCH 3Ha'll!TeJibHbiMI1 li3MeHeHIISIMH B pacnpe,n;eJieHHH Cl!Jlbl nepeXO)l;OB 

B o6JiaCTll MaJibiX 3HeprH:ii B036y:lK)l;eHH:ii, B 'laCTHOCTH, C)l;BllrOM 3aMeTHOll 'Ia

CTII Cl!Jibl BHH3. ,IVrH 06'hHCHeHHH 3cpcpeKTa IIC'le3HOBeHHH CHJibl fT nepeXO)l;OB 

He06XO)l;HMO, 'IT06bi 3aMeTHaSI 'laCTb CHJibi CHJibl nepeXO)l;OB npHXO)l;HJiaCb Ha CO

CTOHHIIH C Bb!COKHMH 3HeprHHMH B036y:lK)l;eHHSI B pe3JJibTaTe B3aliMO)l;e:iiCTBHH 

Me:lK.n;y )l;BYXKBa3H'laCTH'IHbiMI1 COCTOHHHHMH, T.e. BOCnpOH3BO)l;HJiaCb B pac'l:e

TaX B (KBa3H'laCTH'IHOM) IICci>. 

3. Coxpaneniie So n Sr npn nepexo.n;e OT (KBa3H'laCTH'IHoro) IICci> K 3a.n;aqe 

cpparMeHTaQHH .n;aeT IIpOCTO:ii ll 3cpcpeKTHBHblll KOHTpOJib npaBHJibHOCTH rpo

M03)l;KHX 'IHCJieHHbiX pac'leTOB, Heo6xo.n;IIMbiX B pac'leTaX cpparMeHTaQIIII. Ha

pyrneHHe paBeHCTBa )l;JIH O)l;HOrO ll3 MOMeHTOB npH COBna.n;eHHH BOJIHOBbiX cpyHK

QHll OCHOBHOrO COCTOHHHH H,n;pa IIJIH rOBOp11T 06 O::UII6KaX B nporpaMMax )l;JIH 

8BM, 11JIII IIOKa3hiBaeT, 'ITO BHeiiiHe 6e306II)l;Hble ynporn;eHHH HJIH BCTaBKH B 

nponaraTopbi no.n;MeHHIOT o.n;Hy 3a.n;aqy .n;pyro:ii n, no-cy~QeCTBy, npe.n;onpe.n;e.nSI

IOT OTBeT. 

IIpose,D;eHHhiii aHaJII13 o6'bHCHIIJI pe3yJihTaTbi, noJiy'leHHhie HaMH npii pac

CMOTpennn cpparMeHTaQHII rT II CIIHH-)l;IIIIOJihHhiX pe30HaHCOB. B pa6oTax 2 

11 3 pac'IeThi 6biJIH BhiiiOJIHeHhi na ocnoBe "sToporo" IICci>, B KOTopoM ocnoB

HOe cocTOHHHe MO:lKeT OTJIH'-IaThCH OT cpoHOHHoro saKyyMa IICci>. IIoaTOMY 6biJI 

He06XO)l;IIM )l;OIIOJIHHTeJibHbi:ii aHaJIII3, KOTOpbiH CTaJI npe,n;MeTOM naparpacpa 3 

rJiaBhi 3. 

B naparpacpe 2 maBhi 3 Bhi'IIICJie'Hhi anepreTII'IeCKH-B3BerneHHhie MOMeH-. . 

Thi CHJiosoii cpynKQIIII, noJiy'IenHoii B (KBa3II'laCTII'IHOM) IICci>. IIpii noMOIQH 

CIIeKTpaJibHOrO pa3JIO:lKeHHSI 3pMHTOBhlX MaTpiiQ IIOJiy'leHhl Bbipa:lKeHHH KaK 

)l;JIH Cal\IIIX MOl\IeHTOB, TaK II )l;JIH OIIpe,n;eJieHHhiX JIIIHeHHbiX KOM6IIHaQH:ii, CQ

CTaBJieHHhiX 113 l\IOMeHTOB Cl!JIOBbiX cpyHKQHll, onepaTOpbl nepexo.n;a B KOTOpbiX 

3pMHTOBO-COIIpH:lKeHbl .n;pyr .n;pyry. CyMMhl sk + (-l)k+lst co.n;ep:lKaT TOJihKO 

MaTpHQhi 3a.n;a'm na co6cTsennhre 3Ha'leHIIH IICci>, II noaTOMY IIX Bhi'IHCJieHIIe 

OKa3hiBaeTCH oco6enno npoCThiM. 

B naparpacpe 3 rJiaBhi 3 noJiy'IeHbi Bhrpa:lKeHIISI )l;JISI cyMM Sk:t (-l)k+Is! 
MOMenTos crrJIOBhrx cpynKQnii, Bhi'Inc.nennhrx B IICci> n Bo "BTopoM" ·rrcci>. Bhr

Bo.n; 3Tl!X ypaBHeHll:ii OCHOBaH TOJihKO Ha CIIeKTpaJibHbiX CBOiiCTBax aJire6paii-
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-qeCKIIX ypaBHeHIIH, KOTOpbiMII onpe)l;eJI.HIOTC.H ::mepriiii II aMnJIIITy,ri;hi cPOHOHOB 

B o60IIX npii6JIII:lKeHII.HX, II n03TOMY He 3aBIICIIT OT J,COHKpeTHOrO Bbr6opa na

paMeTpOB cpe.n;Hero nOJI.H II OCTaTO'IHOrO B3aiiMO)l;eHCTBII.H. IlOKa3aHO, 'ITO KOM-

6IIHaiJ,IIII So - s~ II Sr + st, Bhl'IIICJieHHbie BO "BTOpOM" IIC<I> paBHhl cyMMaM 

So- s~ II Sr + st, noJiy'leHHhiM B IIC<D. 

IlpiiHIJ,IIn Ilaymr npiiBO)l;IIT K TOMy, 'ITO B .H)l;pax C 60JihlliiiM II36hiTKOM Hei'l

TpOHOB CIIJia fT nepeXO)l;OB at-, MHOrOKpaTHO npeBOCXO)l;IIT CIIJIY COnp5DKeH

HhlX at+ -nepeXO)l;OB, COOTBeTCTBYIOIIJ,IIX peai{IJ,IIII (n,p). Il03TOMy, npeHe6peraR 

S;j no cpaBHeHIIIO C So II St no cpaBHeHIIIO C 8~, llOJiy'laeM npii6JIII:lKeHHhie 

paseHCTBa so-I ~ so-I II S11 ~ S11 ' . O.n;HOBpeMeHHOe co-
RPA SRPA RPA SRPA 

xpaHeHIIe noimoil. CIIJihl nepexo)l;OB II cpe.n;Heil. 3Hepruii B036y:lK.n;eHIIil., S1 I so-, 
npii nepexo.n;e OT IIC<I> KO "sTopoMy" IIC<I> IIJIII K 3a.n;aqe ¢parMeHTaU:IIu HMe

eT Ba:lKHOe CJie)l;CTBIIe )l;JI.H npo6JieMbl IIC'le3HOBeHII.H CHJibl rT rrepeXO)l;OB. ECJIH 
. ~ 

nO)l; BJIH.HHHeM 'B3aHMO)l;eil.CTBH.H Me)K)l;y "npOCThiMII" II "CJIO:lKHbiMII" KOHcPHry-

paU,H.HMH '-!aCTh CIIJihi, npHXO)l;.HIIJ,eil.C.H Ha "npOCTbie" KOHcPHrypaiJ,HII, C)l;BIIHeTC.H 

B 06JiaCTh 60JihlliiiX 3Heprufi B036y)K)l;eHH5I, TO Heii36e~HO 3aMeTHa.H 'IaCTb Cli

Jlhl )l;OJI:lKHa C)l;BIIHYThC.H B o6naCTh MaJibiX 3Heprnil. B036y)K.n;eHHR. B pe3yJihTa

Te, pacnpe.n;eJieHne CHJihi rrepexo.n;oB B o6JiaCTH ruraHTCKoro pe3oHanca II HH)Ke 

Hero, Bbl'-IIICJieHHOe IIpll yqeTe TOJibKO "rrpOCTbiX" KOHcPHrypau,nfi, nOJIHOCTbiO 

II3MeHIITC.H. 

ABTOpbl pa6oThl 2 Bbi'-IHCJieHII5Ir-m CHJIOBblX cPYHKIJ,HH rT rrepexop;OB B ccpe

pn'leCKIIX .H)l;pax B paMKax IIC<I> n so "sTopor-1" IIC<I> noKa3aJIH, 'ITO B3aii

Mo.n;et'rcTBIIe Me:lK)l;y 1p-1h II 2p-2h KOH¢nrypaiJ,H.HMH C)l;BHraeT 3Ha'll!TeJibHYIO 

'laCTh scefi cnJihr aC, o6Hapy:lKeHHofi pac'-!eTal\>m B IIC<I>, B o6naCTh O'JeHb Bhi

coKnx 3Heprm1 B036y)K.n;ennR. CooTBeTCTsenno, cnna nepexo.n;os, naxo;r,5IIIJ,aRCR 

B o6JiaCTH rnraHTCKOro rT pe30HaHca yMeHblllaeTC5I. Ho 3HCpnUI Ca:IIO!'O rT 

pe30HaHCa npaKTH'-IeCKH He MeH.HeTC.H, a B 208Pb ,LJ;a)Ke yBeJIH'-IHBaCTC.H, Ha 'ITO 

ainOpbl YKa3aHHOH pa60Thl cneiJ,HaJibHO o6paiiJ,aiOT BHHManne. Il03TOMY B pac

'leTaX 
2 

npu nepexo.n;e OT pac'-!eTOB B IIC<I> K pac'-!eTaM BO "BTOpOM" IIC<I> so- co

xpaH.HeTC.H, a S1 yBeJin'-lnBaeTc.H, '-ITO rrpoTnsope<inT )l;OKa3aHHhiM Bhillle yTsep

:lK)l;eHn.HM. B noCJie.n;ymiiJ,eil. pa6oTe 3 yTsep:lK.n;aeTc.H .n;a:lKe, 'ITO B 90 Zr cpe.n;

HneaHeprnii: )l;JI.H nepeXO)l;OB IIO)l; .n;eil.CTBlleM orrepaTOpOB aC, r(Yi(i') 0 a)Jt- C 

J = 0, 1, 2 n r
2[Y2(f} 0a)JC c J = 1, 2, 3, rrony'renHhie BO "BTopoM" IIC<I>, rrpu

MepHo Ha 6 MaB 60Jibllle COOTBeTCTBYIOIIJ,llX cpe)l;HHX 3Heprnil., Bhi'-IHCJieHHhiX B 

IIC<I>. Y'IHThiBa.H TO, 'ITO .n;oKa3aTeJibCTBa, 1!3JIO:lKeHHhie B rJiaBe 3, ocHosaHbi 
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Ha o6IIJ,nx CBOil.CTBax cncTeM ypasHeHIIil. IIC<I> n "BToporo" IIC<I>, npiixo.n;nM K 

BbiBO)l;y, 'ITO C)l;Bllr 3Ha'-!HT€JlhHOH 'laCTII CllJihl CnllH-ll30CnllHOBhiX nepeXO)l;O~ B 

o6JiaCTh BhiCOKllX 3Heprnil. B036y:lK)l;eHH.H, IIOJiy'leHHhiH B ynOM.HHYThiX pa6oTaX, 

He MOr 6b!Th )l;OCTllfHYT 3a C'leT B3allMO)l;eHCTBll.H 1p-1h II 2p-2h KOH¢nrypau,nil., 

II B 3TOH 'laCTll pa60Thl 2 ll 3 .HBJI.HIOTC.H 011III60'IHhiMH. 

B rJiaBe 4 paCCMOTpeHO BJill.HHlle )l;BYXKBa3ll'-!aCTII'IHhiX COCTO.HHHH, B KOTO

pb!X KBa3H'-!aCTllll,bl 3aHIIMaiOT COCTO.HHH.H C O)l;HHaKOBhiMII Op6nTaJihHhiMH MQ

MeHTaMH n c pa3HhiM 'IHCJIOM y3JIOB B pa.n;naJihHhiX '-laCT.HX BOJIHOBhiX cPYHKIJ,nil., 

T.e. npnHa)l;Jie)KaT pa3Hh!M rJiaBHhiM 060JIO'IKaM, Ha pacnpe.n;eJieHne CllJihl fT ne

peXO)l;OB B c¢epn'IeCKnx aTOMHhiX .H.n;pa~. TaKne .n;syxKBa3n'laCTH'lHhre cocTo.H

Hll.H MOryT IIO.HBHThC.H, B 'laCTHOCTH, 6Jiaro.n;ap.H HeJim(aJibHhiM OCTaTO'IHhiM B3a

HMO)l;et'ICTBH.HM. Cenapa6eJihHhifi sapiiaHT TaKoro B3anMo.n;eil.CTBH.H npe.n;cTaBJieH 

IIpOH3Be)l;eHHeM O)l;HO'-!aCTll'lHbiX OIIepaTOpOB, pa)l;IIaJihHhlll cPOPMcPaKTOp KOTO

pbiX 6biCTpO MeH.HeTC.H C pa.n;nycOM II HMeeT .HpKO-Bbipa:lKeHHhlll nosepXHOCTHblt'I 

xapaKTep, HarrpnMep, rrporropu,noHaJieH rrpou3BO)l;HOil. no pa.n;nycy OT u,enTpaJih

Hot'l qacTn o6oJIO'Ie'-!Horo rroTeHu,nana, ( ~r U ( r)). Ha pnc. 2 npe.n;cTaBJieHhi pe-

3YJibTaThi paC'-IeTOB CllJIOBOt'I cPYHKIJ,llll at- -nepeXO)l;OB Ha 90 Zr, BhlllOJIHeHHhlX 

C TaKHM OCTaTO'-IHbiM B3aH!\>!O)l;et'lcTBlleM. Ilo OCH Op,ll;HHaT OTJIO:lKeHbl 6eryiiJ,ne 

cyMMbl s-(E) = L Bj;(GT). Jlm1aHbie JIHHHH, OTMe'-!eHHbie 6yKBaMn a), 

k:Ek'S_E 

b) II c), IIOKa3hiBaJOT TeopeTH'IeCKlle CYMMhl s-(E), Bhl'-IHCJieHHbie CO 3Ha'-leHII-

5Il\IH 3cp¢eKTHBHOll KOHCTaHTbl OCTaTO'-IHhiX B3allMO)l;eHCTBHH, K~l = -0.23IA, 

-0.33 I A n -0.43 I A, cooTBCTCTBenHo. Cnnonmoil. cepoil. JinHneil. npe.n;cTaBJieHhi 

CrJia:lKeHHbl€ 3KCIIepnMeHTaJibHbie )l;aHHbie, B3.HTbie H3 pa60Thi
4

, B KOTOpOfi 6biJIO 

06Hapy:lKeiiO (93 ± 5}% l\IIIHIIMaJihH0-~03MO:lKHOrO 3Ha'-leHH.H CYMMapHOll CIIJihl 

fT rrepeXO)l;OB. 

Jib puc:ynKa 2 II paC'IeTOB, Bhi,IIOJIHeHHbiX )l;JI.H .Hp;ep 
54

Fe, 
12?•124Sn, 14

°Ce II 

208Pb, CJiep;yeT, '-ITO 

1} Ha'-II!Ha.H C neKOTOpbiX 3Ha'-!eHllll KOHCTaHTbl 3cPcPeKTHBHOf0 B3aHMO)l;efiCTBH.H 

¢opr-mpyeTC.H KOJIJieKTHBHOe fT COCTO.HHHe, pacnOJIO:lKeHHOe Bhlllle 06hi'IHOrO 

fT pe3oHanca; 8TO COCTO.HHHe IIOCTpOeHO Ha OCHOBe ,LJ;BYXKBa3H'laCTll'IHhiX CO

CTO.HHIIfi, B KOTOpbiX HefiTpOHHa.H li npOTOHHa.H KBa3H'-!aCTllll,hl 3aHnMaiOT ypOB

IIH C pa3HbiMI! pa)l;HaJihHblMII KBaHTOBbiMII 'll!CJiar-m, T.e. npl!Ha)l;Jie:lKaiiJ,ne pa3-

HblM rJiaBHbll\1 o60JIO'IKaM. Jv!aTpll'IHblt'I 3JieMeHT OIIepaTOpa at- Me:lK)l;y TaKl!Ml! 

4T. \Vakasa, et al., 1997, Phys. Rev. C, v. 55, p. 2909 
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O,ll,HO'IaCTII'lHbiMH BOJIHOBblMH ¢YHKUJI51~III OT[III'ICH OT HYJI.H TOJihKO II3-3a napy

IllCHH51 OpTOrOHaJihHOCTH MC:/K,D,Y HCl!TpOHHbiMII II IIpOTOHHhl~lll O,ll,HO'IaCTI!'IHbl

MU COCT051HH51MII C pa3Hbllllll pa,D,HaJihHbll\lli KBaHTOBbll\IH 'IIICJialllll, Bbl3BaHHOrO 

pa3JIH'III51MH B O,ll,HO'IaCTH'IHblX TIOTCHIJ;HaJiaX ,ll,Jl51 HefiTpOHOB ll IIpOTOHOB; 

2) C · pOCTOM MOD,YJI.H 3¢¢eKTliBHOll KOHCTaHTbl OCTaTO'IHOrO B3aHl\IO,ll,CliCTBll51 

3TO KOJIJICKTHBHOC COCTO.HHHe B6HpaeT B ce651 BCC 66JiblllYIO 'IaCTh fT CIIJibl. 8TO 

npoiiCXO,D,HT 6Jiaro,n;ap.H ycHJIIIBaiOIIJ;C!\IYC.H B3am.IOD,efiCTBlll0 :\!C:/KD,Y qaCTII'IHO

,ll,blpO'IHbiMII 1 + -rrepexo):J,al\m c !:::.N = 0 II t::.N ~ 2. Pac•IeThi rroKa3hiBaiOT, 'ITO 

HOBbie KOJIJICKTIIBHbiC COCT051Hll51 paCIIOJIO)KCHbl B o6JiaCTH 3HeprHfi B036y:/KD,C

HII51 BhUUe 40 ~hB; 

3) COOTBCTCTBCHHO, riiraHTCKIIll fT pe30!IaHC Tep.HeT qaCTb CIIJlbl nepeXOD,OB, 

II ero 3Heprii51 B036y:/KD,eHII.H He3Ha'IIITe.1bHO yBeJIII'IHBaeTCH. TaKaH "ycTofi•m

BOCTh" rHffiHTCKOrO pe30HaHCa o6'b51CH51CTC51 IIO.HBJICHIICM B CeKyJIHpHOM ypaB

HCHIIH ,ll,OIIOJIHIITCJihHbiX ,D,BYXKBa3H'IaCTII'IHhiX IIOJI!OCOB, paCIIOJIO:/KCHHbiX npH 

66JibllliiX 3Heprii51X · 'ICM UOJIIOCa, ¢opMI1pJ!01UIIC 3TOT pe30HaHC; 

.. - . 4) ·nplr3TOM IIOJIHa.H CIIJia nepeXO,ll,OB at- 1\IeHHeTC.H He3Ha'IIITeJibHO H orpanu-

'IeHa cnu3y BeJIII'IIIHOfi 3(N- Z). -. 
TaKuM o6pa30M, ,n;ocTaTO'IHO CIIJihHOe ocTaTO'Inoe B3aiiMOD,eiicTBIIe, cMernu-

BaiOillee 'I(lCTII'IHO-,ll,blpO'IHbie 3apH,D,OB0-06MeHHbie 1 + -B036y:/K,D,emm C f:::.N = 0 

Hi 

H f:::.N ~ 2, MO:/KeT Bbi3BaTb nepeHOC CIIJibi fT nepeXO,ll,OB II3 06JiaCTII ffTP B 

06JiaCTb 66JibilliiX 3Hepriiii B036J:/K,D,eHII51. 

Pe3yJihTaThi, II3JIO:/KeHHhie B rJiaBax 3 H 4, no3BOJI.HIOT c,n;eJiaTh CJie,n;yiOrn;IIii: 

Bb!BO,ll, 06 OC06eHHOCT51X OCTaTO'IJ;IOrO HJKJIOH-HJKJIOHHOrO B3aiiMO,D,eHCTBII51, UO 

Kpaii:Heii: Mepe, B cniiH-II30CIIIIHOBOM KaHane. CaMo cyrn;ecrBoBaHIIe 3¢¢eKTii. · 

"IIC'Ie3HOBeHII51" CIIJibl fT nepeXO,ll,OB, '03HaqaeT, 'ITO B CIIIIH-II30CTIIIHOBOM KaHa

Jie Heii36e:/KHO IIpiiCJTCTBJeT IIHTeHCIIBHOe B3aiiMO,D,eHCTBIIe Me:/K,D,y 'IaCTH'IHD

,ll,bipO'IHbiMII B036y:/K,D,eHH51MII C f:::.N = 0 ll C f:::.N ~ 2. 

B rJiaBe 5 paCCMOTpeH pa3perneHHhlH rT /3-pacna,n; npOTOHO- II Heii:TpOHD

H36hiTO'IHbiX .H,D,ep. lb 3KCIIepiiMeHTa1!hHhiX 3Ha'IeHHH nepiiO,D,a TIOJiypacna,n;a II 

3Hepmu, Bhi,ll,eJIIIBrneii:c.H B /3-pacrra,n;e, II3BJieKaiOT npoii3Be,n;eniie IYAI2 B( GT). 

Il03TOMJ, OCHOBHa.H Tpy,D,HOCTb, B03HIIKai01Ua.H npii OTIIICaHIIH CKOpOCTeii: 6em

pacna,n;a aTOMHbiX .H,D,ep HjiiJIH Tipii Bbi,D,eJieHIIII II3 HIIX BeJIII'IIIHbl 9A, COCTOIIT B 

onpe,n;eJieHIIII CIIJibl fT nepeXO,ll,OB, KOTOpa51UpHXO,ll,IITC51 Ha COCT051HII51, HaCeJI.H

eMbie B 6eTa-pacnaD,e. B naparpa¢e 1 noJiy'IeHhi ypaBHeHII.H KBa3II'IaCTII'IHOro 

IIC(J) c yqeTOM ocTaTO'IHoro B3auMo,n;eiicTBH.H B Kanane 'IaCTIIu;a-'IaCnfu;a. B 

naparpa¢e 2 paCCMO;r'peH fT f3+2.pacna,n; npOTOHO-II36biTO'IHbiX c¢epii'IeCKIIX 

HD,ep II TIOKa3aHO, 'ITO yqeT npiiT~riiBaiOrn;ero OCTaTO'IHOrO B3aiiMO,D,eHCTBII51 B 

KaHaJie qaCTHIJ;a-•IaCTl!IJ;a IIpHBO,ll,HT K 3Ha'IIITeJibHOMJ yMeHbilleHII!O CIIJibi at+

nepeXO,ll,OB. 8TO 06'b51CII51eTC51 TeM, 'ITO aMUJIHTJ,D,a f]+ -pacna,n;a, Bbl'IIICJieHHa.H 

B KBa3H'IaCTH'IHOM IIC(J), nponopu;IIoHaJihHa 

L Un llat+lljp} ( ViP Ujn '1/J}pin + UiP Vin </>}pin) · 
jp,in 

0TC!O,D,a BH,ll,HO, 'ITO H36biTOK Heii.TpOHOB (MaJibie Uin) IIO,D,aBJI.HeT BKJia,D, Up.H-

1\IOH ¢oHOHHOH aMIIJIIITJ,ll,bl '1/J) i~ B MaTpH'IHhiii 3JieMeHT f]+ -pacna,n;a, II Hao6o-
P .. 

pOT, 60JihillHe Vin JCIIJII!Ba!OT ,n;eiiCTBIIe o6paTHbiX ¢oHOHHhiX aMUJIIITJ,ll, </>}pin. 

IlpuT.HruBaiOillee qacTII'IHO-qacTII'IHOe ocmTO'IHOe B3aiiMOD,eii.CTBIIe yBeJIII'IIIBa

eT 3Ha•JeHH51 o6paTHbiX ¢oHOHHbiX aMUJIUTJ,ll, </>}pin ,D,JI51 HII:/KallilliiX COCTO.HHIIH 

1 +' li TaK KaK 3HaKH aMUJIUTY,D, '1/J)Pin u </>}Pin npOTIIBOTIOJIO)KHhi, TO c YCIIJieHIIeM 

qacTH'IHO-'IaCTII'IHOrO OCTaTO'IHOrO B3aHMO,D,eHCTBII51 IIpOIICXO,ll,IIT IIO,D,aBJieHUe 

1\IaTpll'IHOro 3JieMenm 13+ -pacna,n;a. 

B rraparpa¢e 3 cpaBneHhi TeopeTII'IeCKue n 3KcrrepnMeHTaJihHhie CKopocTu 

fT f]+ -pacna,n;a li TIOKa3aHo, 'ITO MO:/KHO IIOJIJ'IUTh 3KCnepiiMeHTaJibHbie 3Ha

'Ie!IH51 CKOpOCTeii. f]+ -pacna,n;a IIpH cpaBHHTeJihHO He60JihillOll nepeHOpMUpOBKe 
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aKCIIaJihHO-BeKTopnoro B3aiiMo.n,eil:cTBIIH, I9AI;:::; gvo llpii BKJIIO'IeHIIII p-p B3aii

MO.n,eil:cTBIIH c G~1 = 702/ A MaB y.n,aeTCH rroJiy'IIITh xopornee corJiaciie c aKcrre

piiMeHTaJihHhiMII .n,aHHhiMII rrpii 9A = -gv 0 B CJiyqae H.n,ep 106•108Sn corJiaciie c 

9KCIIepiiMeHTOM )J,OCTIIraeTCH 'IaCTII'IHO 3a C'IeT yMeHbllieHIIH )J,OJIII s+, KOTOpaH 

rrpOHBJIHeTCH B {3-pacrra.n,e: 3Ha'IIITeJibHaH 'IaCTb CIIJibl rrepeXO)J,OB rrepeHOCIIT

CH OCTaTO'IHbiM B3aiiMO)J,eil:CTBIIeM Ha COCTOHHIIH, He 3aCeJIHeMhie B {3-pacrra.n,eo 

YseJIII'IeHIIe KOHCTaHThi p-p B3aiiMo.n,eil:CTBIIH .n,o G~1 = 705/AMaB rro3BOJIH

eT OIIIICaTh 9KCIIepiiMeHTaJibHbie log(/tE):.:~eJIII'IIIHbl IIpii IIYCTOTHOM 3Ha'IeHIIII 

aKCIIaJihHO-BeKTOpHOll KOHCTaHTbl CJia6oro B3aiiMO)J,eil:CTBIIH, 9A = -1.263gv o 

YseJIII'IeHIIe G~1 Ha 5% rrpiiBO)J,IIT K yMeHbllieHIIIO s+ Ha 3%0 llpii 9TOM B( GT) 

)J,JIH rrepexo.n,a na rrepsoe cocTOHHIIe 1 + 3aMeTHO yMeHbrnaeTCHo TaKIIM o6pa3DM, 

ne60Jib1110e II3MeHeHIIe KOHCTaHTbl p-p B3aiiMO)J,eil:CTBIIH II03BOJIHeT OIIIICaTb CKO

pOCTII fT j3+-pacrra.n,a KaK C rrepeHOpMIIpOBaHHbiMII 3~a'IeHIIHMII g A ;:::; - 9V, TaK 
0 ~ 

II co cso6o.n,HhiMII 9A ;:::; -1.26 gv 0 IToaToMy, ocnoBhiBaHCh na aKcrrepiiMeHTaJih-

HhiX .n,aiiHhiX o CKOpOCTHX 13+ -pacrra.n,os rrpoTOHOII36biTO'IHhiX H.n,ep c A = 96 II 

146-152, HeJib3H .n,eJiaTb BbiBO)J, 0 3Ha'IIITeJibHOll rrepeHOpMIIpOBKe 9A B H)J,paxo 

O.n,naK:o, CJIIIIIIKOM CIIJihHOe rrpiiTHriinaroiii;ee "'IaCTII'IHO-'IaCTII'IHoe B3aiiMo.n,eil:

CTBIIe IIpiiBO)J,IIT K "IIOTepe IIOJIO)KIITeJibHOll OIIpe.n,eJieHHOCTII MaTpim;, BXO)J,HIII;IIX 

B ypasneniie KBa3II'IaCTII'IHoro ITC<I>, II"TeM caMbiM K napyiiieHIIIO yCJioBIIil: rrpii

MeHIIMOCTII ITC<l>o K CO)KaJieHIIIO, qm3II'IeCKII-3Ha'IHMhie pe3yJihTaThi rronyqa

IOTCH B6JIII3H TaKIIX "KpliTII'IeCKIIX" 3Ha'IeFIIIll KOHCTaHTbl 'IaCTII'IHO-'IaCTII'IHOI'O 

OCTaTO'IHoro B3amviO.n,eil:cTBIIH G~1 , To eo Ha caMoil: rpannu.e rrpiiMeHII!\IOCTII KBa-

3H'IaCTII'IHOro ITC<I>o "lfTo6hi c.n,eJiaTh ysepeHHhiil: BhiBO,LI o 3Ha'IeHIIn KOHCTaHThi 

aKCIIaJlhHO-BeKTOpHOrO Cona6oro B3aiiMO)J,eHCTBH51 B H,Lipax, He06XO)J,IIMO HaHTH 

He3aBIICIIMbie OT 6em-pacrra,[la .n,aHHhie 0 pacrrpe.n,eJieHIIII CHJibl fT rrepeXO,LIOB B 

'o6JiaCTII MMhiX ~mepriiil: so36y)K.n,ennHo TaKyro B03MO)KHOCTh rrpe.n,ocTaBJIHIOT 

9KCIIepiiMeHTaJibHhie llCCJie)J,OBaHIIH peaKIJ.Hll ( n, p) IIpH IIpOMe)KyTO'IHbiX 9Hep

.rHHX; B rraparpa¢e 4 rJiaBbi 5 rroKa3ano, 'ITO pac'!eTbi B KBa3II'IaCTH'IHO!\t ITC<I> 

C 'IaCTII'IHO-'IaCTli'IHbiM "OCTaTO'IHbiM B3aiiMO)J,eHCTBHeM XOpOIIIO BOCIIpOI13BO,[IHT 

IIOJIHYIO cimy fT at+ rrepeXO)J,OB, U3BJieKaeMyiO H3 ceqenuil: (n,p)-peaKIJ.Hll Ha 

Cpe.n,HIIX H.n,paxo 

J13y'IeHIIe /3- -pacrra.n,a Heil:TpOHOI136hiTO'IHbiX H)J,ep, y.n,aJiei!HbiX OT JIHHIIH 

CTa6HJibHOCTII, TaK)Ke Il03BOJIHeT IICCJie)J,OBaTb pacrrpe,LieJieiiiie CIIJibl fT rrepe

XO)J,OB B 06JI<tCTII MaJibiX 9Hepmil: B036y)K)J,eHI!Ho B rraparpa¢e 5 COIIOCTaBJieHbl 

pe3yJihThTbl; pacqeTOB CKOpOCTeil: at- 6em-rrepeXO,[IOB, BbiiTOJIHeHHbiX B KBa
/ 
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3II'IaCTII'IHOM ITC<I> c ¢HKCHpOBaHHhiMH panee rrapaMeTpaMII MO)J,eJIII, c aKc

rrepiiMeHTaJihHhiMII .n,aHHbiMII II IIOKa3aHO, y.'IeT TOJibKO 'IaCTII'IHO-)J,blpO'IHbiX 

OCTaTO'IHbiX B3aiiMO)J,eHCTBHH II03BOJIHeT )J,OCTaTO'IHO TO'IHO ·OIJ.eHIITb CyMMap-_ 

HyiO CHJIY fT rrepexo)J,OB, KOTOpaH IIpOHBJIHeTCH B {3- -pacrra.n,eo -BKJIIO'IeHIIe )Ke, 

'IaCTII'IHO~'IaCTII'IHbiX OCTaTO'IHbiX CIIJI IIpiiBO)J,IIT K CJilllliKOM 60Jih1110ll KOJIJieK

TIIBHOCTH rrepsoro 1 + COCTOHHHH, HaCeJIHeMOI'O B {3- -pacrra.n,e, II KaK CJie)J,CTBHe 

K 3Ha'InTeJihHDMY ycKopenniO /3-pacrra.n,ao TaKnM o6pa30M, IIMeeTCH rrpOTIIBOpe

'Ine 1\Ie)K.n,y pe3yJihTaTaMII ·pac'!eTOB 13-- II f3+-rrepexo.n,oso ITo-BII)J,IIMDMy, ono 

06'hHCHHeTCH TeM, 'ITO IIpHTHI'IIBaiOIII;e~ 'IaCTII<iHO-'IaCTH'IHOe B3aiiMO)J,eil:CTBIIe 

CMeiii;aeT B DKHO /3-pacrra.n,a ne6oJihll!YID 'IaCTh CHJihi rrepexo.n,os .. H3 .,o6Jia~TII 

I'lll'aHTCKOI'O fT pe30HaHCa1 TeM CaMbiM, 3Ha'IIITeJibHO JCKOpHH -CKOpOCTb {3-

pacrra.n,ao BeTsb 3apH.n,oso-o6MeHHhiX B036y)K,LieHIIil:, OTBe'IaiOIII;aH f3+ -pacrra.n,y, 

rro,L~o6HbiX KO.TIJieK'ntBHbiX so36y)K.n,enuil: ue co.n,ep)KI!l'o · EoJiee .n,eTaJihHOe orrHca

Hne (J-- rrepexo,ws Tpe6yeT ncCJie.n,osaHHH · BJIIlHHIIH rnraHTCKOro . pe3onanca na 

Hll3KOJJe)Kall(He COCTOHHI!Ho . ;, 

llo;(B0~1,51 HH>r, ~1())1010 p(a:mTh, 'ITO OCHOBHaH IIp06JieMa B II3BJie'IeHHH 9A 

113 ;(aHI!hiX' 0 fT f'J±-pacrra,TJ,C• CB513ana C Tpy.n,HOCTHMII B· Bbi'IHCJieHHll BeJIII'iiiH 

B±(GT), npuxo;:~;HH(HXCH na 3ace_JIHC!\Ibie B 6em-pacrra.n,e cocTOHHIIHo, He6oJih

HIIW. u:niCIICHIIH ll lllnKO-:OlllepreTI!'ICCKOii 'IaCTH fT Cll.Jl()BOH· ¢YHKIJ.IIH MOryT 

llp!IBO;(I!Th K :ma'IIIT!'JlbHhl:\1 KOJie6aHIIH!\I B Cpll\lapHOll CIIJie fT rrepeXO)J,OB, 

IIOII<l,"l<liOIIlllX B OKIJO 6eTa-pacna.~~a, II, KaK CJIC,J,CTBile ..,- B BeJIH'iiiHegA, 113BJie

KClC:\10ll IrJ 3KC!Iepi!~IeiJTa:IbHhiX CKOpOCTell {3-pacrra,ti,ao 

B mane 6 paenmTpumuoTni nomihie cKopocTII 3axsam oTpiiiJ.aTCJihHhiX MIO

oHon conmKIIhll\III aTO~lllhi:>-lll H;(pa:--mo Tpy.n,HOCTh, Bhi3BanHaH-m:o6xo.n,II!\IOCThiO 

;leTClJlbiJOI'O Ol!IIC<llll!H <0llo:IOBhiX <l\VHI(Illlii 3ap51)J,OB0-06!\teHHh!X rrepeXO)J,OB: C .Ma

olhl~Ill :mep!'ll}l:\111 BO'l6ynCleHIUI: IIpom\')J,aeT npl! paCC~lOTpeHI!'H CKOpOCTCH pe

<lKltiiii o6hi'IHoro :mxmna woo HoB (03i\I) A(Z, N) +JL:- ..-t v1L +.B(Z -.1, N + 1), 

n KOTopoii In-:Ja cpanmiTPJlhiiO 6oJihlliOli ~IaCCbl MIOOHa· (m1.{;;::; 105 MaB) MoryT 

3ClCCmiThCH COCTOmnm B IIIIIpOKOl\1 )J,Ilaiia30fW 9Iiepriiil: B036J)K)J,eHIIHo .B rrapa

rpa¢e 1 .n,aHO Bhipa)KeHHC )J,JIH CJia6oro HJKJIOHHOI'O TOKa,.KOTOpblll onpe.n,eJIHeT 

rrpou.ecc 3axsma :>-IIOOHa H;~pOMo B rraparpa¢e 2 KpaTKO o6pucosaHhi ocnoBHhie 

~ll'TO)J,bl paC'IPTa HOJ!llb!X C!<OpOCTeil 03M, Hl\lCIOIII;HeCH B JIHTepaType, ll IIO,[Ip06-

IIO Jl3.10)KCHhl )J,CTa.JIJl MIIKpOCKOIIJl'ieCKUX paC'I(>TOB,. IICIIOJih3J~III;lle KBa3H'ia

CTii'IHOe n_C<l>; B He!\! )J,JIH·Kiuk.rr.oro COCT05IHHH H.n,pa B(Z -,1, N + 1) Bbi<JHCJIH

eTCH CKOpOCTh 3aXBC'l.Ta-:\IIOOHOB, a IIOJIIJaH CKOpOCTh IIOJIJ'IaeTCH _CJMMllpOBaHII-
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eM ::nux nap~HaJibHbiX CKOpOCTCll. flpHBO)l;SITCSI Bbipa:lKCHHSI )l;JIH:nap~HaJibHbiX 

CKOpOCTCll 03M SI,n;epnoro 03M H ,n;aHbi onpe,n;eJICHJISI COOTBCTCTBJIO~HX MaT

pH'IHbiX ::meMCHTOB. flapiJ;UaJibHaSI CKOpOCTb 03M 3aBUCHT OT KBa,n;paTa ::mep

rnu HCllTpHHO E,_,, IT03TOMY BKJia)l; B llOJIHJIO CKOpOCTb 03M HH3KOJieJKai.IJ;HX 

51,LI.epnhiX cocT05IHHii ( nan6oJihiiiHe E,_,) ycHJieH 3a c<JeT 6oJihiiioro ¢a3onoro npo

cTpaHCTBa. B xo,n;e JL-3axnaTa Bhi)l;CJIHeTC51 3Hepru51 6JIH3Ka51 K Macce MIOOHa, B 

CUJIY •mro OTHOCHTCJibHa51 norpeiiiHOCTb TeOpeTII'ICCKOll q<OpOCTH 3axnaTa, A fi, 

Bbi3BaHHa5i neonpe)l;eJICHHOCT5IMU B TCOpeTfi<IeCKOll CHJIOBOH <l>YHK~IIII SI)l;CpHbiX 

nepexo,n;on neneJIHKa, ~;t' ~ ~:.,k << ~~k, 3)l;CCh Ek - 3HeprHH B036yJK,n;eHH5l 

KOHe•moro COCT05IHH51 5I,n;pa B(Z- 1,N + 1), a b.Ek- OIIIH6KaB ee_Bhi'lHCJie

HUH. CJie)l;OBaTCJibHO, paC'ICThi, KOTOpbiC npaBIIJibHO BOCITpOH3BO)l;SIT OCHOBHhie 

<IepThi pacnpe,n;eJieHH51 CHJihi nepexo,n;on no 3HeprnHM B036yJK,n;emur, 6y.n..,vT ,n;o

cTaTO'lHO na,n;e:lKHO OllllCbiBaTh CKOpOCTH 03M. l:.fTo6bi c,I~JiaTh paC<JeT 6onee 

ITOJIHblM II Ha)l;eJKHbiM, Mbl J'IHTbiBaJIH BCC KOl\IITOHCHTbi.3¢¢eKTHBHOrO raMIIJib

TOHHaHa 03M, BKJIIO'laH CKOpOCTH)>IC 'IJICHbi, BKJia)l; KOTOpblX npaKTH'ICCKH BO 

ncex npe,n;LI,n;yw;nx pa6oTax TOJihKO o~eHHBaJICH. Cpannenne TeopeTwieCKHX II 

3KCnepm.teHTaJibHblX ITOJIHblX CKOpOCTCH 03l\l ,n:aeT Ol~CHKY Ha B03MOJKII,YIO ne

peHOp111HpOBKY YA' 

B naparpa¢e 3 rnanhi 6 OTMe<IeHbi oco6ennocTH ral\IHJihTOHIIaHa H;~Ppnoii 

l\!O,li;CJIH, IICllOJib30BaBIIICHCSI )l;JIH paC'leTOB CKOpOCTCll 03l\l. flo cpaBHCIIHIO C 

npe,n:LI,J,ynun.m pa6oTaMu, n KOTOpbiX TaK:lKe Hcno"lh:3ona.:Joch ITC<I>, HOBhi~I 3Jie

MeHTOl\l 6LIJIO TO, 'ITO KOHCTaHTbi OCTaTO'IHOfO H/~CpHorO B'!ali~IO;~eiiC"rBJI51 clmK

CIIpOBaJiliCh ITO ormcaHHIO CBOllCTB 3apH)l;OB0-06~IC!IIIhiX C:IIIIH-<}>.11Uifl0Bh1X ne

pexo:~oB, KOTOph!C HBJIHIOTCH aHaJIOraMU H,li;Cpllh!X Hepexo.·~o!l, 11p011CXO;l}III!HX 

npn tt-3axnaTe. Kpol'.Ie Toro, cKopocTH 0311 6hJ,lll Bhi'III(::JCHhi 11 ;1,.1H H~1ep c 

lie3al\IKHJTbll\lll o60JIO'IKaMH. 

flaparpa¢ 4 CO,J,Cp:i!<IIT pC3JJihTaTbi paC'ICTOB IIOJIHbiX CKOJ>OCTCli 03:\l Ha 

SI,n:pax 58,60,62Ni, 7s,so,s2,8..1,86Kr, 90zr, 92Mo, 116,118,1:.!0,12:.!,12-ISn, 140ce 11 :.!08pb. 

Pac<IeTbl B KBa3H<IacTH'IHmt ITC<I> nOKa3aJIII, 'ITO OCHOBHOii BKJia,n; n cKopocTL 

11pouecca. 3aXBaTa ~llOOHOB aTOMHh1MH SI)l;paMH BHOCIITC51 H,li;Cpllbll\IH llCpCXO,.J.a

l\Ill C nepenopOTOl\1 CITIIHa, ll03TOMJ fiOJIHhiC CKOpOC:TII 06h!'IIIOI'O 3axnaTa l\IIOO

HOB·5I;:J:pa~m OKa3LIBalOTC5I <JyncTBIITeJihHhiMII K Y.-1· 0611apyJKeno, <no IIOJIIIhJe 

CKOpOCTH Q3;y{ HC O'lC!Ih 'IJBCTBliTCJibHhl K BCJIII'IHIIC KOIICTaHT OCTaTO'IIIhiX 

5l,;I.CpHbiX B3alll\IO,li;CllCTBIIll.' flpH 3TOM TCOpeTII'ICCKIIC llOJIIIbie CKOpOCTH 03M 

~,n:pal\!ll C 60JihJ?llM II36hiTKOM l!CllTpOHOB CIIJihliO 3aBJICSIT OT BH,ll;a HCf!OJih30-
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nannhiX ocTaTO'IHhiX B3auMo,n;eiicTnuii. ConocTanJieHHe _ pe3yJihTaTOB pac<IeTOB 

noKa3aJIO, 'ITO ocnoBHhie pacxoJK,n;ennH B Atot, Bhi'IHCJiennhiX c pa3HbiMH ocTa.

TO'IHbiMH B3aHMO,li;CllCTBHSIMH, B03HHKaiOT H3-3a pa3JIH'IHH B CHJIOBbiX <l>YHK~H

SIX nepeXO)l;OB Q+ --+ 1+, OC06eHHO, B 06JiaCTH BbiCOKHX 3HeprHH B036yJK)l;CHHSI. 

B naparpa¢e 5 cyMMnpyiOTCH ocnoBHbie pe3yJihTaThi IIIecToii rnaBbi. TeopeTH- · 

'ICCKHe ITOJIHhie CKOpOCTH 03M cpe,n;HUMH 5I)l;paMH (58•60•62Ni, 90Zr, 
116

- 124Sn), 

Bhi'IHCJiennhie co cno6o,n;nhiMH 3Ha<IeHHHMH YAH gp, xopOIIIO cornacyiOTC51 c 3KC

nepHMeHTaJihHhiMH ,n;aHHbiMH, H IT03TOMJ B 3TOM )l;Halla30He MaCCOBhiX 'IHCeJI ne

peHOpMHpOBKa YA ne nyJKna. O,n;naKo, n 60Jiee THJKeJihiX H,n;pax (14
°Ce H 

208
Pb) 

TeopeTII'ICCKHe Atot 3aMeTHo npeBbiiii.aiOT 3KcnepHMCHTaJihHbie 3Ha<IeHHH, npH

<IeM BCJIII'IHHa npeBhiiiiCHIISI 3aBHCHT OT THlla HCllOJib3JCMbiX OCTaTO'IHbiX B3a

IIMO,li;CllCTBHll. l:.fTo6hi COrJiaCOBaTb TeopeTH'ICCKHC H 3KCITCp11MCHTaJihHbiC ITOJI

Hh!C CKOpOCTH 03M THJKCJihiMII H,n;paMH neo6xo,n;HMO yMeHhiiiHTh IYAI, no TaKaS! 

nepeHOpMIIpOBKa aKCHaJibHO-BCKTOpHOll KOHCTaHTbi CJia6orO B3aHMO)l;CllCTBH51 

6y,n;eT MO)l;eJibHOH, ITOCKOJibKJ OHa 3aBiiCHT OT HCllOJib3JCMbiX OCTaTO'IHbiX B3a

IIMO)l;CllCTBHll. 

Pac<IeThi n ITC<I> noKa3aJIH, 'ITO MaTpii<IHhie 3JieMeHThi 3aBHCHI.IJ;HX OT cKopo

CTII onepaTOpOB 3¢¢eKTHBHOrO J'?.MHJihTOHHaHa 03M BHOCSIT O'ICHh MaJICHbKHll 

BKJia)l; B CKOpOCTH 03M. 

Bonee aKKypaTHO KOHCTanTy YA MO:lKHO H3BJie<Ih H3 3KcnepuMeHTaJihHhiX 

3Ha<Ienuii napu;uanbHhiX cKopocTeii 03M, T.e. cKopocTeii peaKu;uii A(p.-, vi-')B, 

B KOTOpblX II3BCCTHO B KaKOM COCTOSIHHII o6pa3JCTCSI SI)l;p.O B. B OCHOBHOM, nap

IJ;HaJibHhiC cKopocTu 03M H3Mepenhi )l;JISI nerKHX n cpe,n;nHx H,n;ep. AnaJiu3y 

napu;IIaJihHhiX cKopocTeii 3axnaTa MIOOHOB nocmrw;ena rnana 7. B naparpa¢e 1 

rJiaBhl 7 Bbi'IUCJieHbl II npOaHaJIH3ltpOBaHbl nap~HaJibHhie CKOpOCTH 03M )l;JISI 

HCCKOJihKIIX ~,n:ep 113 p-·, psd- II sa-o60JIO'ICK. O,n;no<IaCTII'IHbie nepeXO)l;llbie ITJIOT

HOCTII, He06XO,li;IIMh!e ,n;JiSI pac•IeTbl MaTpll'lllblX. 3JICMCHTOB 3¢¢eKTHBHOfO ra

MUJibTOtlllaHa 03M, OLI.riu nony<IeHhi na ocnone Mnoro<IaCTH'IHOii MO)l;eJIH o6o

Jio<IeK . .LJ:aua KpaTKaH xapaKTepHCTnKa 3Toii Mo,n:eJiu. Pac<IeThi cKopocTeii 03M 

no~a3aJin, 'ITO Cllllll~)l;llf!OJibHhiC MaTpH'IHbiC 3JICMCHThl BHOCSIT OCHOBHOH BKJia)l; 

B CKOpOCTH riapu;llaJihHOrO 3aXBaTa MIOOHOB, COllpOBOJK)l;aeMOfO nepeXO)l;al\m TH

na o+ --+ 1-' 2-. BhiSIBJiena CBSI3h MC)K)l;y pa3peiiieHHhlMH nap~HaJibHb!MH 3a

XBaTal\IU MlOOHOB na H,n:pax c T = 0 H cuJIOBhiMII ¢ynK~H~MH fT nepexo

,n;on, JI3BJIC'ICHHhiMU II3 CC'ICHHii 3apH)l;OB0-06MeHHhiX ITpHMhiX SI)l;epHbiX peaK

~llll. flOKa3aHO, 'ITO Ka'ICCTBO TeopeTli'ICCKOrO OlliiCaHIISI fT CHJIOBOH ¢ynK~IIH 
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MO)J(HO HCIIOJih30BaTh .LJ.JI5I OU,eHKII Ka'IeCTBa OIIIICaHII5I napU,IIaJihHblX CKOpOCTefi 

' Q3M, B TOM CMhiCJie, 'ITO CJiu;eCTBJIOIU,IIe IIp06JieMhl B .LJ.eTanhHOM OIIIICaHIIII 

3KCIIepiiMeHTaJihHhiX CIIJIOBhiX cPYHKU,IIH rT nepexo.u.os B 5I.LJ.pax c T = 0 II3 

sd-o60JIO'IKII IIp05IBJ15IIDTC5I II IIpii aH<iJIII3e napU,HaJihHhiX CKOpOCTeii 3aXBaTa 

MIDOHOB. }13 cpaBHeHII5I TeopeTII'IeCKIIX II 3KCIIepiiMeHTaJihHhlX napU,IIaJihHhlX 

ci<opocTeii 3axsaTa MIDOHOB H.LJ.paMII sd-o6oJIO'IKH nony'Ieno 3¢¢eKTIIBnoe 3Ha

'IeHIIe KOHCTaHThl gA, KOTOpa5I OKa3aJiaCh paBHOH -0.91gv, eCJIH cPIIT IIpOBO.LJ.IIJI

ci no Ka)J(.LJ.OMY napu;naJihHOMY nepexo.u.y -~e3aBIICIIMO, n YA = -0.96gA, eCJIII 

· .LJ.JI5I Ka)K.LJ.OfO 5I.LJ.pa IIO.LJ.fOH5IJIHCh TOJihKO CJMMapHhle CKOpOCTH 03M. 

B naparpa¢e 2 rnaBhi 7 npose.u.eno .u.eTaJihHOe cpasnemie TeopeTII'IeCKIIX 

H 3KCIIepnMeHTaJihHhiX XapaKTepHCTHK H30BeKTOpHhiX nepeXO.LJ.OB 1 + B 5I):Ipax C 

·A = 28. llpii 3TOM paccMoTpenhi npnse.u.eHHhie sepoHTHOCTH ~mrnHTHhiX .U.II

IIOJihHhiX nepexo;ios, B(M1), H3Mep5IeMhie B peaKU,HH 
2~Si(~, e') 28Si, seJIH'IHHhi 

B(GT); II3BJieKaeMhie II3 ce'IeHIIii peaKu;nii 28 Si(p, n)28P, n cKopocTn pa3pe

lliennoro 3axsaTa MIDonos, 28 Si(t-t, vp.)28 AI. fnnoTe3a ·o coxpanennu u3ocmma 

s 5I.LJ.pax II03BOJIHeT o6'be.LJ.IIHIITh H30BeKTOpHhie 1 + -cocTOHHHR 13 
28 AI, 28Si II 

28p B ll30TOIIII'IeCKHe TpHIIJieThl, a nepeXO,[Ihl 113 OCHOBHOI'O COCT05IHH5I 51.LJ.pa 

28Si C II30CIIHHOM paBHhiM HJJIIO B COCT05IHII51 1130TOIIJI<ICCKOrO TpH11JICTa OIIHChi

BaTh 11pH IIOMOIIJ;II ll30TOIIH"ICCKIIX TeH30p1IbiX OUepaTOpOB paHI'a 1. J:cTaJJbiiOe 

cpaBHCHUe TeopeTII'IeCKHX CliJIOBbiX cPJHKU,llfl C 3KC11CpmieHTR:IbHbll\III .u.amihi

MII IIOKa3aJIO, 'ITO 060JIO'IC'IHa5I l\10):\eJib BOCIIpOH3B0,1HT OCHOllllhiC '!CpTbl pac

IIpC.LJ.CJieHII5I cnJihi fT- n M1-nepexo.u.os no 3HeprHm.I B036Y*,'IemiR Ha Ka'IC

·ciseHHOM yposne, nna'Ie rosopH, l\laJihi!\1 TeopeTwiCCKml 13CJiwnma~l B(GT) 

ll B(M1) COOTBCTCTBJIDT l\laJihiC 3KC11Cp11MCHTaJibllbiC CC'ICHII51. 0.J;HaKO Teope-

'Tli'ICCKHe paC11pC.LJ.CJICHH51 CliJihl 11epeXO.LJ.OB 110 COCTOmiiiH~I. Ha KOTOj)hiC Hp11-

XO.LJ.HTC5I 66Jihiiia5I 'IaCTh BCCH C!IJlbl 11CpCXOi10B, C)'llJ:(~CTBCIIHO OTJIII'IaiOTC5I OT 

3Kcnepn~teliTruihHhiX. B 'IacTnocTII, Bhi'IIICJiennhie 3Ha'IeHIIR B(GT) 11 B(M1) 

.ll.JI5I IIepeXO.LJ.OB B .TpeThli II30BCKTOpHbie 1 + -COCT051HII5I 3aMCTHO l\ICHbluC :~KCI1C

pUMCHTaJihHhiX seJIII'IIIH. M 3TO 11pn TOM, 'ITO TeopeTwiecKne 3Ha'IemiR 110JI

noi1 CliJihl rT- li M1-nepexo.u.os 3Ha'IIITeJibHO npeBhJll!aiOT 3KC11epnMeHT~lbHhiC 

BeJIH'IHHhl •. l.JT06h! liCIIOJih30BaTh JIMeiOIIJ;yiDC5I 3KC11CpHMCHTaJibHJID HHcPOpl\!a

U,IIID o CJIJIOBhiX cPYHKU,IIHX fT- n M1-nepexo.u.os, B pac'ICThi cKopocTeii 3a

xBaTa MIDOHOB sse.u.enhi ¢enoMCHOJiorn'IeCKne nonpaBKIJ. IIpH'IeM Ii3MenemtR 

BHCCCHhl He. B OIIepaTOphl nepeXO.LJ.OB, KaK 3TO 06hi'IHO ,[ICJiaCTC5I, a B BOJIHOBhie 

. cPJHKU,HH B036J~.LJ.CHHhiX COCT05IHIIH. )J,JIH 3TOI'O B 110i111pOCTpaHCTBC BOJIHOBbiX 
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cPJHKU,llll B036J*.U.eHHhiX COCT05IHllll C J"', T = 1 +, 1 BhiiiOJIHCHO OpTOfOHaJih

HOe npeo6pa30BaHIIe, napaMeTphl KOTOporo IIO.LJ.6npaiOTCSI TaK, 'IT06hi CliJIOBhie 

<l>YHKU,IIII fT- n M1-nepexo.u.os, Bhi'InCJieHHhie c npeo6pa3oBaHHhiMll BOJIHo

BhiMll cPJHKU,li5IMH, COBTia.LJ.aJIH IIO ¢opMe, T.e. C TO'IHOCThiD .LJ.O IIOCT05IHHOrO 

MH0)J(IITCJI5I, c 3KCIIepliMCHTaJihHhiMH rT- li M1-CHJI0Bh!Mll cPYHKU,ll5IMH. B na~ 

parpa¢e 2 !'JiaBhl 7 .LJ.eTaJihHO H3JIO)I<;CHO IIOCTpOCHliC 3TOI'O npeo6pa30BaH.li5I, 

If IIpiiBO.LJ.5ITC5I pe3JJihTaThl paC'IeTOB C IIpeo6pa30BaHHh!Mll BOJIHOBhiMH cPJHK

U,li5IMll. flo.u. .LJ.CHCTBlleM npeo6pa30BaHH5I BOJIHOBhiX cPJHKU,llll CHJia IIepeXO.LJ.OB 

TOJihKO nepepacnpe.u.eJI5ICTC5I Me)J(.u.y B036J*.U.eHHhiMH COCT05IHH5IMll. ll03TOMJ 

npo6JICMhl, CB5I3aHHhie C IIpCBhllliCHIICM TCOpeTH'IeCKHX 3Ha'ICHHH IIOJIHOH CII

Jlhl fT- n M1-nepexo.u.os na.u. 3Kcnepii:MeHTaJihHhiMH, ... ocTaiDTCH 6e3 

OTBeTa. B Ka'IeCTBe .u.onoJIHIITCJihHOii nposepKH npeo6pa3osaHHhiX BOJIHOBhiX 

cPJHKU,llll Bbi'IliCJICHhl BpeMena )J(ll3HII li K03cPcPliU,HCHThl BCTBJieHJI5I 1-pacna.u.a 

cocTOHHIIfi 1 + B 28 AI. 0Ka3aJIOCh, 'ITO y'IeT 3KcnepJIMCHTaJihHOi1 HHcPOPM~U,liH 
0 CBOllCTBaX H30BCKTOpHhiX COCT05IHIIH BIIepBhiC II03BOJIIIJI npaBJIJihHO OIIHCaTh 

K03cPcPIIU,IIeHTbi seTBJICHIIH 1-pacna.u.a cocTOHHIIH 1 + c 3neprneii 2.201 M~B .B 

2s AI. 

Bse.u.enHoe hpeo6pa3osaniie BOJIHOBhiX ¢ynKu;Hii cyru;ecTBenno II3MeHIIJI9 

pacnpe.U.eJICHIIe 11apU,HaJihHbiX CKOpOCTCU pa3peiiiCHHOf0 3aXBaTa MIDOHOB ~.LJ.pOM 
28 Si 110 KOHC'IHhiM 1 + -cocToHHIIHM H.u.pa 28 AI 110 cpasneniiiD c pe3yJihTaTaMH pac

qeTos, IICI10Jib3)'10Iu;HX IICXO.LJ.Hb!C C06CTBCHHhiC cPJHKU,llii raMHJibTOHIIaHa MHO

rO'IaCTll'!HOH l\!O.LJ.CJIH o6oJIO'IeK. CKopocTn 03M, Bhi'IHCJICHHhie c YA == -1.263, 

xopomo corJiacyiOTC:H c: 3KCI1epm.teHTaJibHhiMII .u.aHHhiMll, a .U.JIH caMoro cnJih

uoro IICr'>eXO.LJ.a 13 COCT051HIIC 1 + C 3HeprHefi 2.201l'vl3B TCOpeTII'ICCKOe 3Ha'ICHIIC 

npaKTII'ICC:Kll COBila.LJ.aCT C 3KCI1CpiiM,~HTaJihHbiM. 

B npm~ec:c:e noc:Tpocmm ~mTpiiU,hi rrpeo6pa3osannH rrpiise.u.eHHhie sepOHT

uocTII Bk(GT) n Bk(M1) 6biJ1li ¢aKTII'ICCKII rrpOH3BOJihHO nopM!IposaHhi, T.e. 

caMH nx 3Ha'IeJmR He HcnoJih30BaJIIICh. TaK)J(e ne 6hiJIO sse.u.eHo HHKaKIIX rre

peHop!>.mposoK 1\taTPH'IHhiX 3JICMeHTOB nJin 3¢¢eKTIIBHhiX 3apH.LJ.OB. llo3TOMY 

s 11aparpa¢e 3 rnaBbi 7 11pOBO.LJ.llTC5I cpasnenne 3Ha'Iennii Bk{GT) If Bk(M1), 

Bbi'IIICJICHHhiX C rrpeo6pa30BaHHhiMU BOJIHOBhiMll cPJHKU,H5IMif, II 3KC1IepiiMCH

TaJibHbiX .u.aHHhiX. Ono 110Ka3aJIO, ;'ITO TeopeTH'ICCKIIe rrpnse.u.enHhie BepOHTHO

CTH MarmtTHbiX .LJ.IIIlOJihHhiX rrepexo.u.os xopomo cornacyioTCH c 3KcnepiiMeH

TaJI!>Hhll\UI .u.aHHhiMH, a TeopeTH'ICCKlle B(GT) B 110JITopa pa3a 60Jihiiie 3Ha

'Ieim:il:, II3BJIC'ICHHhiX ll3 3KC1IepHMCHTaJihHhiX CC'ICHllll peaKU,HH 
28Si(p, n )28 P . 
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TaKoe 3Ha-.liiTe.JihHOe pacxo)K,n;eHIIe Me)K,n;y TeopeTII'IeCKIIMII II aKcnepiiMeHTaJih

HhiMII BeJmqnHaMII B(GT) OKa3hiBaeTCB TeM 6oJiee HeO)KII,ll;aHHhiM, qTO CIIIIH

II30CIIIIH0Bble qaCTII OIIepaTOpOB, OIIIIChiBaiOrn;IIX 3apB,ll;OB0-06MeHHhie peaK~IIII, 

MarHIITHOe pacceBHIIe ::meKTpOHOB II MI0-3aXBaT, npaKTIIqeCKII COBIIa,n;aroT. 0HII 

p~JIIIqaiOTCB TOJlhKO 3HaqeHIIBMII TpeTbeit IIpOeK~IIII li30CIIIIHa, II B CIIJIY fii

IIOTe3h1 06 II30TOIIJiqeCKOii IIHBapiiaHTHOCTII CIIJlbHhlX B3aiiMO,ll;eiiCTBIIH. xapaK

TepiiCTliKII nepexo,n;on ,ll;OJI)KHhi 6biTh 6JIII3KIIMII ,n;pyr ,n;pyry. TaKIIM o6pa30M, 

IICIIOJ1h3Y~ rrpeo6pa30BaHIIe BOJIHOBhlX cPJ'llK~IIii, y,n;aJIOCb COIIOCTaBIITh ,n;pyr C 

,n;pyrOM 3KCIIepiiMeHTaJlhHbie ,n;aHHble 06 CIIIIH-II30CIIIIH0Bb1X rrepexo,n;ax, ripOIIC

XO,ll;Brn;IIX B B,n;pe IIO,ll; ,n;eiiCTBIIeM pa3Hb1X BHeiiiHIIX B03,ll;eiiCTBIIH, II rrpnqeM COIIO

cnBIITh ,ll;JIB caMhlX IIHTeHCIIBHhlX g,n;epHblX nepexo,n;oB. PaHee TaKoe cpaBHeHIIe 

6hiJ10 BhliiOJIHeHO TOJlbKO ,ll;JIB cpaBHIITeJibHO CJia6hiX rrepeXO,ll;OB, Ha6JIIO,ll;aBIIIIIX

CB B 6eTa-pacna,n;e. llpone,n;euHoe cpanueuue rroKa3aJIO, qTo norrpeKn o6u~errpn-
. fl 

HBTOMY MIIeHIIIO coOTHOIIIeHIIe Me)K,n;y ceqeHIIBMII rrpBMhiX 3apB,n;ono-o6MeHHhiX 

peaK~nii II neJIIIqiiuaMII B ( GT) MO)KeT 6biTh nechMa CJIO)KHhiM ,n;a)Ke ,n;JIB ca

MhiX 6biC;pbiX fT rrepexo,n;oB, II qTO ,Lia)Ke ,ll;J151 Cal\lhiX CHJlhHhiX fT nepeXO,J;OB 

He06XO,ll;IIMO l!CCJie,LIOBaTb KaKOii BKJia,n; B ceqeune 3apB,ll;OB0-06l\teHHh1X peaK!11IH 

BHOC51T CIIIIH-KBa,n;pyiiOJibHbie orrepaTOpbl II .L\BYXCTyrreH'IaTbie npoueCCbl. 

3aKJiroqemie CO,n;ep)KJIT OCHOBHb!e pe3yJibTaTbl II BhlBO,ll;hi, IIOJIY'IeHHbie B ,U:HC

cepTalliiii. 

B npiini:})KeH~III I ,n;aH BblBO,ll; ceKyJI51pnoro ypanHeHim KBa3II<JaCTII<JHOro TIC<I> 

B 3apB~OB0-06MeHHOM KaHaJie. 

llpnJio:a<eHIIe II co,n;ep)KIIT 1\IaTpli'IHhiit a.1e:~IeHT B3anMo,n;eficTBIUI KBa3II'IaCTIIt"l 

C 3apB,ll;OB0-06MeHHhll\lll cPOHOHal\lll. 

B npiiJIO)KeHIIII III Ha ocuone CIJeKTPaJihHOro pa3JIOfKeHHH "'lPIIIIITOBhiX l\IaTpm~ 

ll3yqeHbl crreKTpaJibHhie CBOi1:CTBa ypanuemu1 n C<I> II "BTOporo" n C<I>. 
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