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I1po6JieMa 0IIHCaHHSI H)J,epHbIX B3aHMO)J,eHCTBHH MeT0)J,aMH 

KBaHTOBOH Te0pHH II0JIH, K0TopaH BeJIHKOJieriHO np0HBHJia ce6SI s 

KBaHT0BOii 3JieKTpO)J,HHaMHKe, B03HHKJia H3-3a 60JibIIIOii K0HCTaH­

TbI CB.H3H CHJibHhIX B3aHMO)J,eiiCTBHii, TaK KaK npn HCI10Jib30Ba­

HHH pa3JIO)KeHirn no Heii B pH,n; TeopmI B03MyID;eHHii HeB03MO)K­

II0 orpaHHqHTbCH HeCKOJibKHMH ~IJieHaMH pa,rr_a. I103TOMy, 'IT06bI 

HMeTb B03MO)KHOCTh HCCJie,ll;OBaTb H,n;epHbie B3aHtvIO)J,eHCTBHH, CTaJIH 

npH6eraTb K pa3JIH'IH0ro po.n.a ynpo1n;eHH.HM: Y'IHTbIBaJIHCb TOJib­

KO npe,n;n0JIO)KHTeJibHO Be,rr_y1n;He BKJia,ll;bl B OilHCbIBaeMbie npou,ec­

CbI; pacctviaTpHBaJIHCh CHCTeMhl, COCT0.HID;He H3 ne60JihIIIOro 'IHCJia 

HYKJIOHOB, H TaK )J,aJiee. I1o,rr_o6HbIMH coo6pa)KeHH.HMH np0,lJ;HKT0BaH 

Halll Bh16op peaKU,HH 3JieKTpopac1n;enJieHH.H ,n;eiiTpOHa. B 3TOM CJiy­

qae Mbl HMeeM ,n;eJio C npocTeiiIIIeii CHCTeMoii, COCTO.HID;eii scero H3 

,n;syx HYKJIOHOB, 'ITO I103BOmieT H36e)KaTb CJIO)KHOCTeii ytJeTa KOJI­

JieKTHBHbIX B3aHMo,n;eiiCTBHH. K TOMY )Ke 3HeprH.H HX CB.H3H MaJia 

no MaCIIITa6aM a,n;epHbIX CHJI. 9TH xapaKTepHCTHKH ,n;eJiaIOT .n.ett­

TpOH O)J,HHM H3 caM.bIX nonyJrnpHbIX HHCTpyMeHTOB HCCJie,n;oBaHHH 

HyKJIOH-HYKJIOHHhlX B3aHMO)J,eilcTBHii. 9JieKTpoMarHHTHOe B3aHMO­

,n;eiicTBHe Me)K,rr_y HaJieTaIOID;HM 3JieKTp0HOM H )J,eiiTpOHOM HB.MHOro 

CJia6ee CHJihHOro B3aHMO)J,eiicTBHH Me)K,rr_y HYKJIOHaMH B ,n;eiiTpOHe, 

'ITO Il03B0JIHeT paccMaT.I>HBaTb 3JieKTpopac1n;enJieHHe B O)J,HOq>O­

TOHHOM npH6JIH)KeHHH, B TaKOM CJiyqae 3JieKTpOHHhlii H a,n;epHblii 

TOKH B MaTpH'IHOM 3JieMeHTe, KOTOpbiii OilHCbIBaeT peaKIJ,HIO, cpaK­

TOpH3YIOTC.H. 9JieKTpOHHhiii TOK xopOIIIO H3BeCTeH, TaK 'ITO npH 

pac'IeTe na6JIIO)J,aeMbIX MO)KHO HCCJie)J,OBaTb CBOi1CTBa .H,n;epaoro TO­

Ka, KOTOphli1 OilHCbIBaeT B3aHMO,n;eiiCTBHe Me)K,rr_y HeiiTpOHOM H npo-

'Q61,e,n:1rneHH1Ill HHCTHTY'l'. 

51,D,epHblX :kccne,IJ;OBo.Hl1(1 
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TOHOM. Kpmv1e Toro, TaK KaK Me)K,ll,Y mu1eTaIOI11.llM 3JieKTpOHOM II 

,ll.eiiTpOHOM eCTb TOJibKO 3JieKTpo1viarHIITHOe B3aUMO,ll.eiicTBIIe, OilH­

camie CIIJibHblX B3aJIMO,ll.eiicTBIIH CBO,ll.HTCH I< onncaHIIlO B3aIIMO­

,lJ.eHCTBIIH JvJe)K,ll,Y HYI<JIOHaMII B ,ll.eiiTpoHe. lb-3a pa3,ll.eJieHIIH To­

KOB MO)KHO BbI,lJ.eJIHTb 3JieKTpOHHYlO qacn,, a OCTaBIIIaHCH a,ll.pOH­

HaH 6y,lJ.eT OillICbIBaTb npou,ecc norJIOI11.eHIIH IIJIII II3Jiyqemrn Bllp­

TYaJibHOrO <poToHa napoii HYKJIOHOB. TaKIIM 06pa30M, pa3pa60TaH­

HaH Mo,ll.eJib onucaHIIH npou,ecca 3JieKTpopa3BaJia B ,ll.aJibHeiirneM 

M0)KeT 6hITb JICil0Jib30BaHa. npII paCCM0Tpemrn pacceamrn npOTO­

HOB Ha HeiiTp0HaX C II3JiyqeHIIeM <pOTOHOB, K0T0pbie pacna,ll.alOTCH 

Ha JienTOH-aHTIIJienTOHHble II Me30H-aHTHMe30HHbie napbi. HccJie­

,ll.OBaHne TaKIIX npou,ecc0B aKTYaJibHO B HaCT0Hlll.ee BpeMH [l]-[2] B 

CBH3II C IlOIICKaMII KBapK-rJIIOOHHOH IlJia3Mbl II u3yqeHIIeM pa3JIJiq­

HbIX 3K30TIIqecKIIX peaKIJ,llii. HccJie,ll.oBaHIIe CBOiiCTB TaKo:ii ,ll.Byx­

qacTJiqH0:ii CIICTeMhI, KaK ,ll.eiiTpOH, IIHTepeCHO II C TOH ToqKII 3pe­

HIIH, qTO peaKll,IIII C ero yqacTIIeM IIMelOT !vieCTO BHYTPII 3Be3,ll., TaK 

qTQ noJiyqaeMbie pe3yJibTaTbl MO)KHO IICil0Jlb30BaTb ,ll.JIH IlOHIIMa­

HIIH npou;ecc0B B 3Be3,ll.H0M Belll.eCTBe. CIICTeMa ,ll.BYX CBH3aHHbIX 

qacTIIll, HBJIHeTCH TaK)Ke npocTe:iirne:ii npII OilIICaHIIII ee C Il031Ill,IIH 

KBapKOBOro CTpOeHIIH. 

HccJie,lJ.oBaHIIH peaKll,IIII 3JieKTpopaclll.enJieHIIH ,ll.eiiTpoHa npo­

B0,ll,HTCH y)Ke 6oJiee 50 JieT. HecMOTpH Ha np0CT0TY caMOH CIICTe­

Mbl (Bcero )J,Ba CBH3aHHblX HYKJIOHa), ,ll.O CIIX nop He y,lJ.aJIOCb OillI­

caTb ee TOqHo. CyI11.eCTByeT MHO)KeCTBO MO,ll.eJie:ii 0ilIICaHIIH peaK­

ll,IIII 3JieKTpopacI11.enJieH1IH. IlepBble Il0,lJ.XO)J,bl 6hIJIII HepeJIHTIIBIICT­

CKIIMII [3] II 0CHOBbIBaJIIICb Ha perneHIIII ypaBHeHIIH JIIITIIlMaHa-
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lliBIIHrepa" ,ll.JIH pacceHHHbIX COCTOHHHH (nJIH lllpe,ll.HHrepa - ,l].JIH 

CBH3a:1fHbIX COCTOHHHii) ,ll.ByxqacTnqHoii CHCTeMbl. IT03)Ke, C yBe­

m1qem1eM TOqH0CTII 3KCnepnMeHTOB, CTaJia oqeBII,ll.Ha Hen0JIHOTa 

HepeJIHTIIBIICTCKOro onncamrn, Il03TOMY K HepeJIHTHBIICTCKIIM pe­

rneHHHM CTaJIII ,ll.06aBJIHTb peJIHTIIBIICTCKHe ,ll.06aBKH [4]-[6]. B no­

,ll.06HhlX M0,ll.eJIHX B3aHM0,ll.eiicTBHe Me)K,ll.y HYKJIOHaMII npe,ll.CTaB­

JIHeTCH o6MeHOM pa3JIHqHbIMII Me30HaMII II OilIICbIBaeTCH TaK Ha-

3hrnaeMbIM peaJIHCTIIqeCKIIM IlOTeHU,IIaJIOM, KOTOpbIH CTpOHTCH B 

paMKaX Me30H-HYKJIOHHOH TeopHH H,lJ.epHbIX B3aHMO,l].eiicTBIIH. O,ll.­

HaKO C B03pacTaHHeM 3HeprIIit yqac;TBYIOlll.lIX B peaKll,IIII qacTIIll, 

CTaJia oqeBH,l].Ha Heo6XO,l].HMOCTb C03,l].aHIIH peJIHTIIBIICTCKOH MO,l].e­

JIII paCCMaTpIIBaeMoro npou,ecca. I1o3TOMY CTaJIII IlOHBJIHTbCH MO,ll.e­

JIII, OCH0BaHHhie Ha peJIHTIIBIICTCKIIX npHHU,HilaX. O,ll.HHM II3 nep­

BbIX Il0,l].X0,l].0B TaKoro po,ll.a 6hIJia Il0ilblTKa npIIMeHHTb ,l].JIH OTIII-

" camrn HYKJIOH-HYKJIOHHbIX B3aHMO,l].eitcTBIIH ,ll.IICilepcnoHHbie C0OT­

H0IIIeHHH [7]. BoJibIIIaH qacTb TaKHX MO,ll.eJieii IlOHBHJiaCb BO Bpe­

MH, KOr,l].a ,lJ.HCilepcnoHHble CO0THOIIIeHIIH 6bIJIH oqeHb nonyJIHpHbl 

[8]. OcHOBOH MeT0,l].a HBJIHeTCH pa3JI0)KeHne MaTpHll,bl pacceHHHH 

no JiopeHll,- n KaJIH6poaoqHo-1IHBap1IaHTHblM cpyHKll,HHM, KOTOpbie 

onpe,11.eJIHIOTCH C IlOMOlll.blO ,l].IICilepcnoHHbIX C00THOIIIeHIIii. ,1],aH­

HbIH MeT0,11. He Il0JiyqIIJI IIIIIpOKOro pacnpocTpatteHIIH H3-3a 3HaqII­

TeJibHbIX MaTeMaTHqecKHX Tpy,ll,H0CTeii. B TaK0M Il0,11.XO)J,e OKa3a­

JIOCb B03M0)KHbIM C,l].eJiaTb TOJibKO HeCK0JlbKO 06I11.1IX BbIBO)J,0B 0T­

H0CIITeJihH0 pa3JIIIqHbIX Ha6JIIO,U.aeMbIX, OilllCbIBaIOlll.HX peaKU,IIIO. 

K T0MY )Ke ,11.JIH nonyqeHIIH qIIcJieHHbIX pe3yJibTaTOB npHX0,11.IIJIOCb 

orpaHHqIIBaTbCH paCCM0TpettneM He60JibIIIOro KOJrnqeCTBa (n KJiac-
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ca) ,n;uarpaMM. OTMeTUM' TaK)Ke MeTO,ll;, OCHOBaHHbIH Ha pa3JIO)Ke­

HUU MaTpUIJ,bl pacceBHIUI IIO IIHBapnaHTHbIM <PYHKIJ,UBM [91, KOTO­

pbie KOHCTpyupyIOTCB 'Iepe3 KOMIIOHeHTbl CTaH,n;apTHOii BOJIHOBOH 

<PYHKIJ,UII ,n;eiiTpoHa u 3aTeM CBB3bIBaIOTCB C pa3JIII'IHbIMU Ha6JIIO­

,n;aeMbIMII. 

IlocJie,n;oBaTeJibHOe peJIBTIIBIICTCKoe onucam1e ,n;eiiTpoHa pa3BII­

BaeTCB B no,n;xo,n;e, ocHoBaHHOM Ha ypaBHemrn BeTe-CoJIIIIITepa [l0j. 

I103)Ke 6bIJIO IIOKa3aHO, 'ITO ero MO)KHO IIOJIY'IIITb nyTeM o6o6Iu,e­

HIIB ypaBHeHIIB .JlIIIIIIMaHa-llIBIIHrepa C 3aMeHoii BOJIHOBbIX <PYH­

KIJ,Hii onepaTOpaMn noJieii [11j. KpoMe Toro, 6hIJI npe,n;JIO)KeH pe­

JIBTIIBIICTCKnii BblBO,ll; ,n;aHHoro ypaBHeHirn Ha OCHOBe MeTo,n;a pe­

)];YKIJ,IIOHHbIX cpopMyJI [12j. YpaBHeHIIe OTJIII'IaeTCB OT IIOJiy'IeHHbIX 

B npe)];bl)];YIIJ,IIX no,n;xo,n;ax TeM, 'ITO IIpIIHIJ,IIIIbl peJIBTIIBIICTCKOro 

OIIIICaHIIB (Bee 'IaCTHIJ,bl OIIHCbIBaIOTCB IIOJIBMH, KOBapnaHTHOCTh) 

3aJIO)KeHbl B Hero KaK HCXO,ll;Hhle IIOCbIJIKH. ,.[I;JIB pemeHHB ,n;aHHOro 

ypaBHeHHB Heo6xo,n;nMo 3HaTh Bxo,n;a:IIJ,ee B Hero B,n;po, npe,n;cTaB­

JIBIOIIJ,ee co6oii cyMMY Bcex HenpnBO,ll;HMbIX · ,n;narpaMM (l)eiiHMaHa, 

OIIHCbIBaIOIIJ,HX npou,ecc B3aHMO,ll;eiiCTBHB. O,n;HaKO HaiiTH ero He 

npoIIJ,e, 'IeM pemHTb JII06oe KBaHTOBO-IIOJieBOe ypaBHeHIIe B CJiyqae 

CHJihHhIX B3aHMO,n;eiiCTBHii. IloJiy'IIITh peIIIeHne y,n;aeTCB B paMKax 

npn6JIH)KeHHB, OCHOBaHHoro Ha pa3JIO)KeHHH B pB,n; Teopnn B03My­

m;eHnii IIO KOHCTaHTe CBB3H. IlOCKOJihKY npHXO,ll;HTC51 HMeTh ,n;eJIO C 

CHJihHhIMH B3aHMO,n;eiiCTBHBMH, IIOJiy'IeHHbiii pB,n; HeJih3B o6opBaTb 

B KaKOM-Hn6y,n;h IIOpB,n;Ke, a Ha,n;o IIpOBO,ll;HTh cyMMHpoBaHne Bcex 

'IJieHOB pB,n;a. cho y,n;aeTCB BbIIIOJIHHTh TOJihKO B JieCTHH'IHOM IIpH-

6JIH)KeHHH. O,n;HaKO B pa6oTe [13j 6h1Jia IIOKa3aHa 60JihlliaB pOJih 
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nepeKpeCTHbIX ,n;narpaMM, yqecTb KOTOpbie QKa3aJIOCb B03MO)KHbIM 

TOJihKO B 'IaCTHbIX CJiy'IaBx ofo.1ena HeKOTOpbIMII l\!Ie30HaMII; 9To 

orpaHII'IIIBaeT npnMeHIIMOCTh ,n;11arpaMMHoro no,n;xo,n;a. B pa6oTe 

[14j )];JIB peIIIemrn IIHTerpaJibHOrO ypaBHeHIIB BC IICnOJib3yeTCB 

pa3JIO)KeHne aMnJIIITy,n; no r11neprapMOHIIKa.M nocJie nOBOpOTa B11-

Ka no HyJieBoii KOMnOHeHTe OTHOCIITeJihHOro IIMnyJibCa IIHTerp11po­

BaHIIB ipo ---+ p4. O,n;Ha.Ko 3TO He noMoraeT ynpOCTIITh 3a,n;aqy B 

u,enoM, noToMy 'ITO cyIIJ,eCTBYIOIIJ,yIO npou,e,n;ypy o6paTHoro nepe­

xo,n;a K HyJieBoii KOMIIOHeHTe 4-IIMIIYJihCa [151, KOTopy10 TeopeTII'Ie­

CKII MO)KHO 6bIJIO 6bI npIIMeHIITh K IIOJiy'IaIOIIJ,IIMCB B pe3yJihTaTe 

BOJIHOBblM <PYHKIJ,IIBM ,n;eiiTpOHa., noKa y,n;aJIOCb pa3pa.6oTaTb TOJib­

KO B HeKOTOpbIX npOCTbIX CJiy'IaBX CKaJIBpHbIX KBaHTOBbIX noJieii. 

YpaBHeHne BeTe-CoJIIIIITepa B npocTpaHCTBe MnnKOBCKoro MO)KHO 

peIIIIITh )];JIB 6030HOB [161, Y'IIITbIBaB npII on11caHIIH CIICTeMhl JieCT­

HH'IHbie H nepeKpecTHhie ,n;narpaMMhl II IICIIOJih3YB npeo6pa30BaHIIe 

HaKaHHIIIII [15]. CyIIJ,eCTByeT IJ,eJibiii KJiacc no,n;xo,n;oB, Ha3bIBaeMbIX 

KBa31IIIOTeHU,1IaJihHbIMH, a KOTOpbIX KaKIIM-JIH6o cnoco6oM cpnK­

CIIPYIOT HyJieByIO KOMIIOHeHTY OTHOCIITeJihHOro 4-HMnyJihCa, TeM 

caMbIM H36eraB HHTerpnpoaaHnB no Heii. OcHoaoii TaKnx no,n;xo­

,n;oa BBJIBeTCB KBa3HnOTeHIJ,IIaJihHM pe,n;yKIJ,HB ypaBHeHHB BeTe­

CoJIIIHTepa [17, 18j, Kor,n;a 3aBHCHMOCTh B,n;pa B3aHMO,n;eiicTBHB OT 

HyJieBoii KOMIIOHeHThI <PHKCHpyIOT, HCXO)];a: H3 pa3JIH'IHhIX <PH3H­

'IeCKIIX npe,n;IIOJIO)KeHHii, a nponaraTOpbl HYKJIOH0B BbIBO,ll;BTCB Ha 

MaccoayIO IIOBepxH0CTh IIpH Y'IeTe TOJihK0 JieCTHH'IHbIX ,n;HarpaMM. 

,.Qpyrott cnoco6 <PHKCHpOBaHHB HyJieBoii KOMIIOHeHTbl npe,n;JIO)KeH a 

063ope [19j, B K0T0pOM pa3BHBaeTCB TaK Ha3bIBaeMoe IIpH6JIH)KeHHe 
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paBHblX BpeMeH, KOr,n.a OT HyJieBoii KOMIIOHeHTbl IIl'vIIlYJibCa H36aB­

Jl5IIOTC51 p0 = 0, npnpaBHHBaB ,n.pyr K ,n.pyry BpeMeHa HYKJIOHOB. B 

pa6oTe 113] 6hIJio noKa3atto, qTo yqeT npocTeiinrnx nepeKpecTHbIX 

;!],HarpaMM nepBoro nopH,n.Ka BKyne C JieCTHHqHblMlI npHBO,ll.HT K 

JieCTHIIqHoMy npn6JIII)KeHHIO, Kor,n.a O,ll.HH H3 HYKJIOHOB BblXO,ll.HT Ha 

Macc0By10 noBepxHOCTb, a ,n.pyroii ocTaeTrn BHPTYaJibHbIM. O,n.Ha­

KO yqeTa nepeKpecTHbIX ,n.uarpaMM nepBoro nopB,n.Ka He,n.ocTaToqtto 

,ll.JIB IIOJIHoro onncamrn HYKJIOH-HYKJIOHHblX B3aIIl'vIO,ll.eiicTBIIii. I1o­

,n.po6Hblii ofoop 60JibIIIIIHCTBa cyrn.ecTBYIOill.lIX KBa3JIIIOTeHI.I,IIaJib­

HblX IIO,ll.XO,ll.OB II cpaBHeHIIe IIOJiyqaeMblX B HX paMKax pe3yJibTaTOB 

npe,n.cTaBJieH B pa6oTe [20). Cyrn.ecTByeT TaK)Ke oT,n.eJihHaBrpynna 

IIO,ll.XO,ll.OB, Ha3bIBaeMblX peJIHTIIBIICTCKIIMII KBaHTOBblMII MexaHJIKa­

MH [21]-123]. OHII OCHOBbIBaIOTCH Ha raMIIJibTOHOBOM q>OpMaJIII3Me, 

B KOTOpOM yqIITbIBaIOTCH Tpe6oBaHIIH cneu,IIaJibHOii TeOpIIII OTHO­

CIITeJibHOCTII. ,Il;IIHaMIIKa CIICTeMbl OIIIICbIBaeTCB Ha6opOM onepaTO­

pOB, ,ll.JIH KOTOpblX CTpOIITCH aJire6pa, a <pOKOBCKIIe BeKTOpbl COCTO­

HHIIH CIICTeMbl paccMaTpIIBaIOTCH Ha onpe,n.eJieHHOii IIOBepXHOCTII 

B 4-MepHOM npocTpaHCTBe-BpeMeHII. I1oCJie,n.Hee II03BOJIHeT 3aq>JIK­

cupoBaTb HyJieByIO KOMIIOHeHTY IIMIIYJihCa II ynpOCTIITb pacqeTbI, 

KaK II B CJiyqae KBa3IIIIOTeHIJ,IIaJibHbIX IIO,ll.XO,ll.OB. O,n.Hoii II3 HaII60-

Jiee . pa3pa60TaHHbIX MO,ll.eJieii TaKoro po,n.a HBJIHeTCH ,lJ.IIHaMIIKa Ha 

CBeTOBOM <ppOHTe [24, 25]. · 

B Hallleii pa6oTe pa3BIIBaeTCH no,n.xo,n., OCHOBaHHbiii Ha IICIIOJlb-

30BaHIIII ypaBHeHIIH BeTe-CoJIIIIITepa (BC), Kor,n.a BXO,ll.Hlll.ee B Hero 

H,n.po B3aIIMO,n.eiiCTBIIH npe,n.cTaBJIHeTCH B cenapa6eJibHOM BII,n.e. 9TO 

II03BOJIHeT npeo6pa30BaTb paccMaTpIIBaeMyIO CIICTeMy IIHTerpaJib-
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HbIX ypaBHetrnii B CHCTeMy mrneiiHblX ypaBHemiii, KOTopaH JierKO 

pa3pelllnMa. TaKIIM o6pa3oM, ,ll.JIH OIIIICamrn CIICTeMbl HeiiTpOH­

IIpOTOH B TaKoM no,n.xo,n.e Heo6x_o,n.mv10 3HaTb napaMeTpbI <pyHK­

u,nii, COCTaBJIHIOill.IIX HCII0Jlb3yerv10e cenapa6eJibHOe H,n.po. I1apaMeT­

pbI HaXO,lJ.HTCH II3 aHaJIU3a 3KCnepIIl'vieHTaJibHblX ,n.aHHbIX no <pa3aM, 

HH3K03HepreTII'IeCKHM xapaKTepncnIKaM (,n.JIIIHa pacceHHIIH, 3<p­

<peKTHBHblii pa,n.uyc II T.)],.) ynpyroro pacceHHHH IIpOTOHOB Ha Heii­

TPOHax U ,n.eiiTpOHa ( 3_Hepnrn CBH3II, aCHMTOTIIqecKoe OTHOII1em1e 

PD/S II T.,n..). I1pw1eM, TaK KaK B 3TOM CJiyqae HJJieBa.H KOMIIOHeH­

Ta 4-HMIIYJibCa HYKJIOHOB He IICKJIIO<Ja~TCH II3 paCCMOTpeHHH, y,n.a­

eTCH coxpaHJITb KOBapuaHTHOCTb OIIIICaHJI.H CIICTeMbl CBH3aHHbIX 

HYKJIOHOB, 'ITO Ba)KHO ,ll.JI.H MO,ll.eJieii, npeTeH,lJ.YIOill.IIX Ha IIOCJie,n.o­

BaTeJibHOe peJI.HTIIBIICTCKOe 0IIHCaHIIe. KpoMe Toro, H,lJ.pO B3aIIMO­

,n.eiiCTBIIH HeJIOKaJibHO. KaK 6bIJIO IIOKa3aHo B [26, 27}, 3TO CBOii­

CTBO Ba)KHO ,ll.JIH OIIIICaHmJ pa3JIJI<JHbIX Ha6JIIO,ll.aeMblX KaK B CJIJ­

qae pacce.HHHbIX, TaK II B CJIJ<Jae CB.H3aHHOrO COCTO.HHII.H CIICTeMbI 

HeiiTpOH-IIpOTOH. B paMKaX no,n.xo,n.a BC c cenapa6eJibHbIM .H,U:pOM 

y,n.aJIOCb onucaTb npou,eccbr ynpyroro II rJiy6oKo Heynpyroro pacce­

.HHII.H 3JieKTpoHa Ha ,ri:eiiTpoHe [27), a TaK)Ke <poTOpacru;enJieHue ,ri:eii­

TpoHa [28]. PeaKn;II.H 3JieKTpopacru;enJieHH.H IIOTpe6oBaJia OT,lJ.eJibHO­

ro paCCMOTpeHH.H, II0CKOJibKy HaJIH<JHe HyJieBOii K0MIIOHeHTbl HM­

IIYJibCa, B HHTerpaJibHOM ypaBHeHHII BC, KOTopaa B o6ru;eM cJiyqae 

He <pHKCHpyeTC.H KHHeMaTHKOii, IIplIBO,lJ.IIT K npo6JieMaM B BbJqHc­

JieHH.HX. HanpttMep, 3TO CHJibHQ OCJIQ)KH.HeT yqeT B3aHMO,U:eiiCTBH.H 

B KoHe<JHOM cocTO.HHHH (BKC) Me)K,n.y BbIJieTaIOru;HMII HJKJIOHaMH. 

BKC B 60JibIIIIIHCTBe CJiy<JaeB 0Ka3bIBaeT CHJibHOe BJIH.HHIIe Ha Ha-
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6mo,II,aeMhie, II II0T0MY HM HeJih35I npeHe6peraTh. O,II,HaKO C cenapa-

6eJihHbIMH 51,II,paMII cTaH,II,apTHoro BII,II,a [29, 30J no,II,o6Hoe Bh1qncJie­

m1e HeB03M0)KH0 B npIIHIJ,HIIe, TaK KaK 0HH npHB0,1J,5IT K HeHHTerpn­

pyeMhlM CHHfYJI5IpH0CT5IM, l.fro6hI o6oiiTH 3TY Tpy,II,HOCTh, Mbl nc­

II0Jlb30BaJIH cenapa6eJibHbie cpyHKIJ,HH H0B0f0 Bn,II,a [31], KOTOpble 

He C0,II,ep)KaT.II0JIIOC0B Ha ,II,eiicTBUTeJihHOii OCH [32] B KOMIIJieKCHOii 

IIJI0CK0CTH HyJieBOii K0MII0HeHThl IIMIIYJibCa n, KaK CJie,II,CTBHe, H.e 

npnB0,II,5IT K CHHfYJI5IpH0CT5IM. 

TaKIIM o6pa30M, B npe,II,CTaBJieHHOii ,lJ,HCCepTaIJ,HOHHOii pa6oTe 

npe,II,JiaraeTc5I ttoBoe cenapa6eJihHoe 51,II,po, He npnB0,1I,5IIII,ee K He1m­

TerpupyeMhIM Bbipa)KeHII5IM, ,II,J15I onucaHII.51 pa3JIHqHbIX napII,HaJib­

HhlX COCT05IHHii CHCTeMbl HeiiTp0H-IIp0T0H ( np) C II0JIHhlM MOMeH­

T0M J = 0, 1. B paMKax no,II,X0,II,a BC c cenapa6eJihHhIM 51,II,pOM B3an­

MO,II,eiicTBII.51 paccrvmTpnBaeTC5I peaKII,H5I 3JieKTpopacIII,enJieHH5I ,II,eii­

Tpotta. PacqeThl npoB0,l].5ITC5I B HMIIYJibCH0M npn6JIII)KeHHH IIJIOCKHX 
I 

B0JIH (I1IIIIB). I1ccJie)].YIOTC5I attannTnqecKne oco6eHHOCTn, npncy-

III,ne peaKII,H5IM C yqacTneM 3JieKTp0Ha B O,II,HO(pOTOHHOM npn6JIII)Ke­

HHH, a nMeHH0: cpaKTOpn3aII,H5I 3JieKTp0HH0r0 H a,11.pOHHOrO TOKOB B 

MaTpnqH0M :meMeHTe, 0TIHCbIBaIOIII,eM peaKIJ,HIO. IlpoBO,l].HTC5I cpaB­

HeHne pe3yJibTaT0B peJiaTHBHCTCK0r0 H HepeJI.51THBIICTCKOrO BbJqnc­

JieHnii, a TaK)Ke.npnB0,l].HTC.51 npe,II,eJihHhlii nepexo,11. OT peJI.51TIIBHCT­

CK0r0 Bbipa)KeHH.51 ,l].Jl.51 a,11.p0HH0r0 T0Ka K HepeJI.51TIIBIICTCKOMy. ~Jl.51 

II0JIH0ThI H3JI0)KeHna npnBe,11.etthI cpopMyJihI ,rr..rrn pacqeTa BKC, xo­

T.51 caM0 BbJqnCJieHIIe B paMKaX ,II,aHHOii pa60Thl He npOBO,l].lITC.51. 

OcHOBHOii a;eJibIO ,11.aHHOii. ,11.nccepTau,nn aBJiaeTca nccJie,11.oBa­

Hne HYKJI0H-HYKJI0HHhIX B3anMo,11.eiicTBnii B no,11.xo,11.e BeTe-CoJinn-
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Tepa C cenapa6eJihHbl!'1 51,l].p0M. PaccMaTpHBaIOTC5I pacce5IHHhie II 

CB.H3aHHhle C0CT05IHH.H np-cncTeMhl B urnp0K0ii o6JiaCTH 3Heprnii. 

,11,JI.H 3T0r0 npe,11.JiataeTC5I H0Ba5I napaMeTpn3aIJ,U5I )].JI.SI BX0,l].5IIIl,HX 

B .H,l].p0 B38JIMO,l].eiiCTBH5I ypaBHeHlrn BC cenapa6eJihHhiX cpyHkII,IIii. 

ITpn 3T01Vi He I303HHKaeT Heo6xo)].HMOCTH iICKJIIOqaTh H3 paCCM0T­

peHII5I HyJieByIO . K0MII0HeHTY HMIIYJibCa IiHTerpnpoBaHII5I, qT06bI 

Bblpa)Kei:IH5I He CTaH0BHJilICb HeHHTerpnpyeMblMII. TaKIIM o6pa30M, 

B paiMKax npe,Li.JiaraeMoro no,11.xo,11.a coxpaH5IeTc5I cBoiicTBo K0Bapn­

aHTH0cTn, K0T0pbe 5IBJI.HeTC5I HeOT'bervIJiervihIM Tpe6oBaHHeM npn II0-

CTpoettirn pemITIIBIICTCKoro omicaHII5I. Jlo,11.xo,IJ, no3BO.Ji5IeT BhiiiTII 

3a paMKH npHHII,HITIIaJibHbIX orpaHnqeHnii, C K0T0pbIMII CTaJIKH­

BaIOTC.H ,11.pyrne Mo,11.enn oirncattn.H HYKJIOlI-HYKJIOHHhrX B3anM0,II,eii­

CTBnii. Pa3pa6oTaHHhie cpyHKIJ,HH M0)KH0 HCilOJib30BaTh ,II,JI5I oirn­

caHII.H npou,ecca T0pM03Horo II3JiyqeHn5I B np-pacce5I1IHn, a TaK)Ke 

,l].Jl.51 onncaHH.51 pa3JIHqHhIX npou,eccoB C ytiaCTHeM ,11.eiiTpOHa, TaKHX 

Kak: ynpyroe eD.:.pacce.HHne rtpII 6oJihllinx nepe,11.aHHhIX ltMITYJibcax, 

rny6oKotteynpyroe pacceamie 3.JieKTpOHOB Ha ,11.eiiTpoHe, cpoTOpac­

m;enJteHne ,11.eiiTpoaa II TaK ,l].aJiee. CB.513aHHa.H CIICTeMa HeiiTp0H­

np0T0H (,11.eihpoiI) IiccJte,eyeTC.51 Ha npHMepe paCCM0Tpemrn 3kC­

KJito3HliHoro n HiIK.1iI03IiBH0ro npou,eccos 3JieK1'popac:iu,enJieHHa B 

pa.Mkax I1IIITB. ITpmi3so,11.n1'ca pacqe1' ce':!:eHirn B HepeJiaTIIBHCT­

cKoM 1I pemi1'HBIIC1'CKOM TI0,l].X0,II,ax C pa3Jin:qitbIMH M0,Il,eJI.51MH a,11.ep 

B3aHMO,II,eiicTBnii ypaBHeHH.51 BC. ~.Jia cpaBHeHHa npHso,11.ai'c.H pe-

3J.IIhTil.Thl; Il0Jiyqeitltbie B ,11.pyrHX TI0,II,X0)].ax, qTo Il03B0JI.51eT lICCJie­

,l].0BaTh BJill.HHne peJI.51THBnCTCKHX 3cpcpeKTOB II HCTIOJib3YeM0H M0-

,11.eJin 1IykJI0it-iiyKJI01IHhIX B3aHMO,l].eiicTBnii. O6cy)K,II,aeTC.51 BJIH.H1Ine 
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Ha Ha6mo)I.aeMbie BbI6opa M0)I.eJBI 3JieKTporvmrHHTHblX cpoprvHpaK­

T0p0B HYKJI0H0B. 

Hay-qHa.H HOBH3Ha H npaKTffqecKaH n;eHHOCTb. B pa6oTe 

npe)I.Jiara10Tca H0Bhie cenapa6eJibHhie a,ll,pa )I.Jia onncaHna napu,n­

aJihHhIX COCT05IHIIH np-CIICTeMhl C IlOJIHbIM M0MeHTOM J = 0, 1. TTo­

CTpoeHHbie 51,[1,pa Il03BOJl5IIOT OillICbIBaTh 3KcnepnMeHTaJibHbie )I.aH­

Hbie O)I.IIHaKOBO xoporno KaK B o6JiaCTll HII3KIIX, TaK II B o6JiaCT11 

BbICOKHX 3Heprnii e)I.IIHbIM cenapa6eJibHblM a)I.pOM. TTocTpOeHH~Ie 

51,[1,pa He npHBO)I.51T B Bbl'IHCJieHH5IX K HeIIHTerpnpyeMbIM CHHryJiap­

HOCTHM )I.a)Ke npH ycJIOBHH yqeTa HyJieBOH KOMilOHeHTbl IIMilYJibCa 

HHTerpHp0BaHHa, B OTJIH'IHe OT CBOHX npe)I.rnecTBeHHHK0B (nma 

pem1THBHCTCKoro a,[l,pa Graz II [331), 'ITO no3BOJiaeT npoBO)I.HTh KO­

BapttaHTH0e OIIHCaHHe npou,eccOB C yqacTneM )I.eiiTpOHa 6e3 KaKHX­

JIU6o npHHII,HilllaJibHblX orpaHH'JeHHii. 

TTpe)I.CTaBJieHO HCCJie)I.0BaHHe CB513aHHOro (,lI,eiiTpoH) H pacceaH­

HOrO COCTOaHHii np-CHCTeMbl B paMKaX IlO)I.XO)I.a BeTe-COJIIlHTepa C 

cenapa6eJihHbIM 51,[l,pOM B3aHMO)I.eiiCTBHa. ,D;eiiTpOH HCCJie,nyeTca B 

peaKII,HH 3JieKTpopacm;enJieHH51 B paMKax O)I.HOq>OTOHHOro npH6JIH­

)KeHna. 8 3TOM CJiyqae B II0JiyqaeMhlX Bbipa)KeHnax MO)KH0 pa3-

)I.eJIHTb :meKTpOHHblH ( OIIHCbIBaIOIII,Hii pacceaHHe 3JieKTpOHa) H a,[1,-, , 

pOHHhlii ( OilHCbIBaIOIII,Hii B3aHMO)I.eHCTBHe HYKJIOHOB B )I.eiiTpOHe) 

TOKH, a B HMTIYJibCHOM npn6JIH)KeHHH IlJI0CKHX BOJIH npn yCJIOBHH, 

'ITO HeiiTpOH aBJiaeTca cneKTaTopoM, - H KBa)I.paTbl MO,JzyJieii MaT­

pH'IHblX 3JieMeHTOB npou,ecca )J.Jrn pa3JIH'IHblX napII,HaJibHbIX COCT0-

5IHHH )I.eiiTp0Ha ( CBOiiCTBO cpaKTOpH3aII,HH). II poBe)I.eHHbie B TI0,[1,­

X0)I.e BC penaTHBHCTCKHe H .HepeJiaTHBHCTCKHe pacqeTbl ce'IeHna B 
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pa3JIH'IHbIX KHHeMaTU'IeCKIIX ycJIOBirnX H cpaBHeHne HX ,[1,pyr C ,[1,py­

roM H C 3KcnepnMeHTaJibHhIMH ,lI,aHHblMH IlOKa3aJIH Heo6XO)I.HMOCTb 

yJiyqrneHna npe)I.JIO)KeHHhIX paHee a)I.ep B3aHMO)I.eiicTBHii. TTpe)I.Jia­

raerv10e B pa6oTe HOBoe a)I.po npnro)I.HO )I.Jia onHcamrn npou,eccoB 

npn 60JibIIIHX 3Hepnrnx paccrvmTpHBaeMblX HYKJIOHOB. 

C II0MOIII,bIO a,[1,ep HOBoro nma CTaHOBHTC}I B03MO)KHblM BhIHTU 

3a paMKH npH6JBI)KeHirn IlJIOCKHX BOJIH B Bbl'IIICJiemrnx 3JieKTpo­

pacm;enJieHH}I )I.eiiTpOHa 6e3 Heo6XO)I.HMOCTH nepexo)I.a K 0)I.HOMY 

lI3 KBa3HIIOTeHI~HaJibHbIX npH6JIII)KeHIIH. HanpuMep, 3TO )I.aeT B03-

M0)KHOCTb ytiUTblBaTb II HCCJie)I.OBaTb BJIHaHne 3q><peKTOB B3aIIM0-

)I.eilcTiHia B K0He'JHOM COCT05IHHH Ha llbl'IlICJiaeMbie Ha6JIIO)I.aeMbie. 

ThKoe $1,[1,p0 MO)KeT 6bITb BOCTpe6oimHO )I.Jia pacqeTa npou,eccoB B 

a)I.epHOH Minepnn (:il 3Be3)I.H0M BeIII,eCTBe), r)I.e HCil0Jlb30BaHIIe ce­

napa6eJihHbIX a,[1,ep B3aIIMO)I.eHCTBIIH o6ycJIOBJieHO TeM, 'ITO C HIIMII 

JierK0 npOBO)I.IITb BblqIJcJieHiiH, B TO BpeM.H Kai< peaJIIICTII'IeCKIIe 

IIOTeHII,HaJibl CJIIIIIIKOM rpOM03)I.KII )I.JIB 3TOii u,eJIH. 

IIpe)I.JIO)KeHHblH IlO)I.XO)I. - peJIHTHBHCTCKaH KOBapHaHTHaH MO­

)I.eJib HYKJIOH-HyKJIOHHhlX B3aHMO)I.eiiCTBliii, Il03BOJIHIOIII,aH OIIHCbl­

BaTb npou,eccbI C yqacTneM )I.eiiTp0Ha B IIIHpOKOii o6JiaCTH 3Heprnii. 

Anpo6an;HH pa6oTbI. Pe3yJihTaThI, npe)I.CTaBJieHHhie B )I.aH­

Hoii )I.HCcepTau,nn, )I.OKJia)I.bIBaJIHCb n o6cy)K)I.aJIHCb Ha Hay'IHbIX 

CeMHHapax Jia6opaTopnn TeopeTH'IeCKOii q>H3HKH HM. H. H. Bo­

roJII06oBa O6'he)I.HHeHHOrO HHCTHTy'i'a H)I.epHbIX HCCJie)I.0BaHHii (r. 

,ll;y6Ha). A TaK)Ke Ha Me)K,nyHapO)I.HOH BaJI)I.HHCKOii KOHq>epeHII,HH 

(ISHEPP-2004, ISHEPP-2006, ISHEPP-2008) (,ll;y6Ha), Ha XIV Ha­

yqHoii KOHq>epeHu,nn "OMYC 2010" (,ll;y6Ha), Ha Me)K,nyHap0,lJ,HhIX 
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KOH<pepemr,irnx: "Symmetries and Spin" (ITpara, l-Jexirn, 2004); In­

ternational ·workshop "Relativistic Nuclear Physics: from Hundreds 

of MeV to TeV" (Mo,rr,pa-fapMomrn, CJI0BaK1rn, 2006; CTapa .Tleetta, 

CJioBaKna, 2009); The Fourth International Symposium on Sym­

metries in Subatomic Physics (Taii6eii, TaiiBaHb, 2009); "Relativis­

tic Description of Two- and Three-body Systems in Nuclear Physics" 

(TpettTo, 11TaJina, 2009). 

Ily6m1Ka:a;m1. ITo 1viaTepnaJiaM ,rr,nccepTau,nn ony6JinKoBaHo 

pa6oT: 5 - B )KypttaJiax H3 cnJicKa BAK, 4 - B Tpy,rr,ax KOH<pepettu,nii, 

1 - B BH,rr,e 3JieKTpOHHOro npenpJIHTa. 

O6'beM II CTPYKTypa ,z:i;11ccepTa:a;1111. ,Il;nccepTau,1rn COCTOJIT 

JI3 Tpex rJiaB, BBe,rr,eHH5.I, 3aKJIIoqeHJI5.I JI BOCbMJI npHJIO)KeHJiii, 06-

IIl,HM ofrbeMOM 165 CTpaHHU,, BKmoqa5.1 14 Ta6JIHU., 51 pncyHOK n 

CilJICOK U,JITHpoBaHHOii JIJITepaTypbI H3 133 HanMeHOBaHHii. -

Bo Bae,z:i;ea1111 06cy)K,rr,a10Tca npnqnHhI, no KOTOpbIM JICCJie,rr,o­

BaHne HYKJIOH-HYKJIOHHbIX (NN) B3aHMo,rr,eiicTBHii 5.IBJiaeTca JIHTe­

pecuoii n aKTYaJihH0ii 3a,rr,aqeii. ,I(eJiaeTca o63op cyrn;ecTByIOrn;Jix 

Mo,rr,eJieii NN B3anMo,rr,eiicTBHii, a TaK)Ke 06cy)K,rr,a10Tca npeuMyrn;e­

CTBa HCilOJib30BaHII5.1 npe,rr,JiaraeMoro HaMII no,rr,xo,rr,a, OCHOBaHHOro 

Ha pemeuuu ypaBHeuna BeTe-CoJinnTepa c cenapa6eJibHhIM a,rr,poM 

B3aJIMO,rr,eiiCTBII5.I. IlpnBe,rr,eHhl npnMepbl IICilOJib30BaHII5.I ,rr,aHHOro 

no,rr.xo,rr,a ,rr,Jia onucauua pil.3JinqHhIX peaKIJ;Jifi c yqacTneM ,rr,eii:Tpoua. 

B nepaoii rJiaBe H3JiaraeTca o6rn;uii cpopMaJIII3M onncauna np­

B3auMo,rr,eiicTBIIii. Ou OCHOBhIBaeTC5.I Ha pemeHHII IIHTerpaJibHOro 
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ypaBHemrn Beie-CoJimITepa ,rr.Jia cocToattnii pacceauJia 

T(p',p; P) = 

V(p',p;P)+ 
4
: 31 d4kV(p',k;P)S2 (k;P)T(k,p;P) (1) 

,rr,Jia T-MaTpnu,h1, r,rr.e V - a,rr,po B3auMo,rr.eiicTBirn (y ttac - HYKJIOHOB 

B ,rr,eiiTpotte), S2 - ,rr.Byxqacn1quaa cpyttKu,na fp1ma, n ypaBHemrn 

,l1,Jl5.1 CB5.13aHHbIX COCT05.IHHfi: 

q,JM(p;P) = (
2
:)

4
S2(p;P) J d4kV(p,k;P)<I>JM(k;P); (2) 

r,rr,e <I> - aMnJinTy,rr,a BeTe-CoJinnTepa, onnchrna10rn;aa cncTeMy ,rr,Byx 

CB5.13aHHbIX HYKJIOHOB. 3,rr.eCb p (p') - HMIIYJibC uaqaJibHblX (KOHeq­

HbIX) HYKJIOHOB, p - IIOJIHbIH JIMIIYJibC CllCTeMbl, J, M - IIOJIHhlii 

yrJIOBOii MOMeHT CIICTeMbl JI ero npoeKU,H5.I. OcHOBOii IIO,l1,XO,l1,a 5.IB­

JI5.leTC5.I npe,rr,cTaBJieHne a,rr,pa B3anMo,rr.eiicTBJI5.I V B cenapa6eJihHOM 

BH,[I,e: 

V(p',p) = G(p')AG(p), (3) 

r,rr,e <pyHKU,IIII G Ha3bIBaIOTC5.I <pOpM<paKTOpaMII, A - MaTpnu.a napa­

MeTpOB. B 3TOM CJiyqae Ka)K,rr,Oe II3 IIHTerpaJibHbIX ypaBHeHnii (1), 

(2) MO)KHO CBeCTH K CHCTeMe JIIIHeiiHbIX ypaBHeHIIfi, KOTopaa JierKO 

pemaeTca. 

Bo BTOpoii rJiaae npe,rr,JiaraeTca napaMeTpn3au,na cpopM<paK­

TOpOB cenapa6eJibHOro a,rr,pa (3) cpyHKil,II5.IMH BH,rr,a: 

1 
g(po,P) ~ ((p5 _ p2 _ /J2)2 + a 4 )n' (4) 
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r,LI,e o, ,3 - napaMeTpbr, KOTOphre onpe,LI,eJI.HIOTC.H l:13 aHaJin3a 3Kcne­

pmv1eHTaJihHhIX ,LI,aHHhix B ynpyroM np-pacce.HHHH, n - n106oe IIenoe 

qucno. 5I,LI,p0 B3aHJ.VIO,LI,eiiCTBl:I.H C TaKIIMII <pyHKIIII.HMU He CO,LI,ep)l(UT 

noJIIOCOB Ha ,LI,eiiCTBHTeJibHOM OCH B nJIOCKOCTH KOl\mJieKCHOii HyJie­

BOii KOMnOHeHTbI OTHOCIITeJibHOro HMilYJihCa Po- '.:ho, B CBOIO oqe­

pe,LI,h, Il03BOJI.HeT penrnTh npo6JieMy, CB.H3aHHYIO C npHHlIHilliaJib­

HOM HeB03M0)1(HOCTbIO npOBe,LI,eHn.H BbiqncJieHHll Ha6JIIO,LI,aeMbIX C 

peJI.HTHBIICTCKIIM cenapa6eJibHbIM .H,LI,pOM Graz II j33] npn 6oJibllllIX 

3Heprn.Hx, B KOTOpOM noJIIOCbI no Po npHBO,Ll,.HT K HeHHTerpnpyeMbIM 

CHHryJI.HpHOCT.HM npn HHTerpnpoBaHtrn no 3-MepHOMy IIMTTYJibCY p. 

8 paMKax npe,LI,CTaBJieHHOH MO,LI,em1 BbIBO,Ll,.HTC.H q>OpMy.JibI )J,JI.H Ha-

6JIIO,LI,aeMbIX, c nOMOIIIbIO KOTOpbIX BbrqucJI.HIOTC.H napaMeTpbI .H,l].­

pa B3aIIMO,LI,eiicTBH.H. IlonyqeHHhie qncJieHHhie 3HaqeHH.H ,Ll,JI.H <pa3 

np-pacce.HHII.H n HH3K03Hepren1qecKIIX napaMeTpoB (,LI,JIHHa pacce­

.HHII.H, 3<p<peKTIIBHblll pa,LI,nyc II T.)J,.), a TaK)l(e xapaKTepHCTIIK ,LI,eii­

TpOHa cpaBHIIBaIOTC.H C 3KCnepnMeHTaJibHbIMII ,LI,aHHbIMII II pe3yJih­

TaTaMII, IIOJiyqeHHblMII B ,LI,pyrIIX MO,l].eJI.HX. 

B TpeTheii rJiaBe 3JieKTpopacIIIennettIIe ,LI,eiiTpoHa ,LI,eTaJihHO 

paccMaTpIIBaeTC.H B 0,1].HO<pOTOHHOM IIpII6JIII)l(eHHII. Ilpe,1].CTaBJieH 

BbIBO,ll. ,ll.H<p<pepem_\HaJihHoro ceqeHn.H d3 u / dE' dD.' dEP ,l].JI.H 3KCKJII0-

3HBHoro npol.\ecca d(e, e'p)n, KOTopoe 3aTeM BhrqncJI.HeTc.H B pen.H­

THBHCTCKOM II HepeJI.HTHBHCTCKOM IIO,l].XO,l].ax. IloJiyqeHHbie pe3yJib­

TaTbl cpaBHHBaiqTC.H C 3KCIIepuMeHTOM B pa3JIUqHbIX KHHeMaTuqe­

CKHX YCJIOBH.HX npII He60JibIIIHX rrepe,1].aHHbIX HMIIYJibCax. IlpHB0-

,1].HTC.H npe,1].eJibHhIH rrepeXO,l]. OT peJI.HTIIBUCTCKOro onucaHU.H K Hepe­

Jl.HTHBHCTCKOMy. O6cy)l(,l].aeTC.H CBOHCTBO <paKTopu3aIIHH a,LI,pOHHOii 
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qacn1 B ceqemrn, KOr,l].a BbIJieTaIOIIIIIe HYKJIOHbl cquTaIOTC.H CB0-

60,1].HbIMH (npH6JII:I)KeHIIe IIJIOCKHX BOJIH) II He yqnTbIBaeTC.H B3a­

IIMO,l].eiicTBUe HaJieTaIOIIIero 3JieKTpOHa C Hel'iTpOHOM B ,l].eiiTp0He 

( HeiiTp0H - cneKTaTop). TaK)i(e Bbr'BO,l].l:ITC.H HHKJ1I03UBH0e ceqem1e 

d2u/dQ2dlPnl ,l].JI.H 3JieKTpopacIIIennemrn ,l].eiiTpoHa d(e, e'n)p. Pac­

qeT TaKoro ceqemrn npOBO,l].IITC.H npII 6oJihIIIIIX nepe,1].aHHbIX IIM­

IIYJibCax Q2 
II noTOMy II03BOJI.HCT npoBepHTb pa3JIHqHbie M0,1J.em1 

3JICKTp0MarHHTHhIX q>OpM<paKTOpOB HYKJI0HOB. KpoMe Toro, cpaB­

HeHne pe3yJihTaT0B, IIOJIY'IeHHbIX B paMKax pa3JIUqHbIX MO,lJ,eJiefi 

NN B3am,10,n;eiicTBnii, no3B0JI.HeT 1ICCJie,1J.0BaTh BJIII.HHIIe IICn0Jih3Y­

eMoii MO,l].eJin II peJI.HTHBHCTCKHX 3<p<peKTOB. 

B IlpHJIO)KeHHSIX np1IBe,n;eHbI HOplVrnpoBKu, ncnoJih3yeMhie 

,l].JI.H CIIIIH0p0B HYKJIOHOB II 3JieKTp0HOB. IloKa3aHO, KaK MO)l(H0 yn­

pOCTIITb BhrqncJieHne MaTpnqHbIX 3JieMeHTOB a,1].pOHHoro TOKa ,l].eii­

Tpotta, COKpaIIIa.H qncJI0 BX0,l]..HIIIIIX B HIIX MaTpIII.\ ,II_npaKa II ycTa­

HaBJIIIBa.H CB.H3b ,l].JI.H 0,1].HoqacTuqHbIX TOK0B B3aIIMO,l].eiicTBH.H BIIp­

TyaJihHOrO q>OTOHa C np0TOHOM II C HeiiTpOHOM B ,l].eiiTp0He C IIO­

MOIIIbIO rrpIIHIIurra Ilaynn. IloKa3atto, KaK rrpeo6pa3yeTC.H <pa30Bhiii 

o6'beM, BXO,ll..HIIIIIii B 06cy*,1J.aeMhre ceqeun.H, rrpII rrepexo,l].e H3 cu­

cTeMbI IIOKO.H np-rrapbl B CUCTeMy IIOKO.H ,l].eiiTpoua. IlpHBO,l].HTC.H 

crroco6 yrrpoIIIettu.H HHTerpaJIOB rrpu. pacqeTe MaTpuqnhIX 3JieMeH­

TOB TOKa ,l].eiiTpOHa C yqeT0M B3aUMO,l].eiicTBH.H B KOHeqHOM COCTO.H­

HUH KaK B uepeJI.HTHBUCTCKOM, TaK H B peJI.HTHBHCTCKOM orrucaHU.HX. 

TaK)l(e rrpuBe,l].eHhI HeKOTOpble KHHeMaTuqecKue COOTH0IIIeHU.H ,l].JI.H 

BXO,l]..HIIIHX B BbrqucJI.HeMbie ceqeHU.H 3JieKTpopacIIIerrJieHH.H BeJiuquH 

H H3J10)1<ell BbIBO,l]. o6IIIero ,l].JI.H IIp0I.\eCCOB C yqacTHeM 3JieKTpOHa 
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CB0HCTBa cpaKTOpH3aU,inI a,n;poHHOH <taCTII B cetieHHII. 

Ha 3a~HTY Bhl,li;BHraroTCSI ci:re;zyro~ne pe3y.ri:b'i'aTbl: . 

1. B paMKax no)],xo,n;a BeTe-CoJinIITepa npe,n;Jio)KeHo cenapa6eJib­

iioe 51,rl.pO HYKJIOH-HyKJIOHHbIX B3aHM0~etiCTlHill Ha OCHOBe HO­

BOro KJiacca cpyHKU,IIH, KOTOpb1e He co,n;ep:a<aT IlOJIIOCOB no 

HyJieBOH KOMilOHeHTe OTHOCHTeJibH0r0 IIMilYJihCa Ha ,n;etiCTBII­

TeJihHOH OCH II B pacqeTax He I1pIIBO,ll;5IT K HeIIHTerpIIpyeMhIM 

c1rnrym1pH0CT5Il\L· Pa3pa6oTaH MeTO,ll; Bhl'IIICJieHII.H Ha6JIIO,ll;a­

eMbIX s pa3JIII'IHhIX peaKD;II.HX c no,n;o6HhlMII cpyHKD;II.HMH. 

2. ITapaMeTpbI .H,n;pa Hati,n;eHhl II3 aHaJIII3a 3KCnepmv1eHTaJibHhIX 

,n;aHHbIX no yiipyroMy np-paccemi:IIIO: HlI3K03HepreTII'leCKIIX 

xapaKTepIICTHK (,n;JIIIHa pacce.HHIIH, 3cpcpeKTlIBHhIH pa,n;nyc) 

ynpyroro np-pacce.HHII.H n ,n;etiTpOHa (3Heprna CB.H3II, acnMrr­

TOTII'IecKoe OTHOIIIeHne II T.,lJ;.) II cpa3 pacceJtHII.H B rrapu;HaJih­

HhlX Katta.n:ax c noJIHhIM yrJioBhtM MOMeHTOM J = 0, 1. Oco-

6eHHOCThIO rroJiyqeHHOro .H,ll;pa .HBJIJleTC.H IIIIIpOKa.H o6JiaCTb 

rrpHMetniM0CTII no 3HeprH.HM B3aii&m,n;eticTByIOIIJ,IIX HYKJIOH0B. 

3. B npe,n;JI0ikeHii0M I10,ll;XO)],e HCCJie,n;oaaHa peaK~H.H 3KCKJll03IIB­

H0r0 3JieKTpopaciu;errJieHmt ,n,eii:Tpomi. IToJiyqetio ceqetme ,n;mi 

HerroJIHpll30BaHHhIX qaCTHU, B HMilJJihCHOM npn6.J:tH)KeliIIH 6e3 

y'leTa B3aIIMO,ll;eiicTBHH BbIJieTaIOIIJ,IIX HYKJI0HOB B paMt<ax He­

peJI.HTIIBIICTCK0ro II peJI.HTIIBIICTCK0rO II0,ll;XO,ll;OB. Pe3yJihTaTbl 

rrpoae,n;eHHhIX 'IIICJietnihiX pacqeT0B HaXO,ll;.HTC.H B xopomeM co­

rJiaCIIll C 3KcnepllMeHT0M B o6oHx CJlytiaHX npII MaJihIX IlM­

rryJibcax oT,n;atiH BhIJieTaroiu;ero tteii:TpoHa. I1oKa3atto B03pac-
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Tamie pOJJII peJI.HTIIBIICTCKIIX 3cpcpeKTOB C ysem1qem1e1v1 IIM­

nyJihCa. 

4. ITpo,n;eMOHCTpnposaHo xapaKTepHoe ,ll;JI.H npou;eccos pa3BaJia 

,n;etiTpona CBOHCTBO cpaKTOpn3aD;HII a)],pOHHOro TOKa B ,n;ncp­

cpepenu,IIaJihHOM ceqemrn s paMKax IIMilYJlhCHOrO npn6JIII)Ke­

Hirn IlJlOCKIIX BOJIH, KOr,n;a HetiTpOH paccMaTpirnaeTC.H B Ka'Ie­

CTBe cneKTaTopa. 

5. ITpoBe,n;enHhIH C IlOMOIIJ,hlO HOBOro a,n;pa pacqeT IIHKJII03IIBHO­

ro ceqenII.H 3JieKTpopaciu;enJieHirn npn 6oJihIIIIIX nepe,n;annhIX 

IIMnyJihcax (Jlab experiment E-94-019) noKa3hrnaeT CIIJihHYIO 

3aBIICIIMOCTh OT aCIIMilTOTII'IeCKOro IlOBe,n;enII.H IIMilYJihCHOrO 

pacnpe,n;eJieHII.H IICil0Jlh3yeMOH l\'10,ll;eJIII nyKJIOH-HYKJIOHHhlX 

B3aIIMO,ll;eiicTBIIH, a TaK)Ke OT BhI6opa rv10,n;eJIII cpopMcpaKTOpOB 

nyKJIOHOB. B IIMilYJihCHOM rrpII6JIII)KeHIIII 6e3 yqeTa B3aIIMO­

,n;eii:cTBII.H B KOHe'IHOM COCTO.HHIIII y,n;aeTC.H IlOJIY'IIITh xopomee 

corJiacne C 3KcnepIIMeHTOM npII ne6oJibIIIIIX IIMIIYJibCax OT,n;a­

'III tteii:Tpona. 
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