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0Iill~A5l XAPAKTEPI1CTI1KA PAEOTbL 

AKTV'UibJIOCTb TCMbl. Ha npOTlllKCHllli csoeii HCTOpHH qm3HKa TlllKCJib!X HOHOB OCTaeTCll 

)lHH3Mll'lJIO pa3Blllia!OIUCHCll uayKOH, pellla!O!UCH KaK ljlyH)laMCHTaJibHbiC, TaK H npHKJia)lHbiC 33~ 

;ta'IH. 3a 3TH ro.abi 6biJI HaKonneH 6oraT&Iii u HHTepecH&Iii 3Kcne[mMeHTaJihHhiH MaTepuan.' 0)llla-

KO riO.~HOBCCIIblll 3HaJill3 3TllX )laHHblX ll H3BJIC'lCIIllC H3 HllX M3KCHMaJibHOf0 KOJIH'leCTBa ll0JIC3-

HOH HH<!JO.pM3Ullll 0 CTpyKrype ll)lep H )lllllaMHKe l!)lepHb!X peaKUHH BCCbMa 33TPYJIHHTCJibHbl. 

npll'lllllbl 3TOf0 33KJIIO'l310TCll, C O)lHOH CrOpOHbl, B xapaKTepe 3TllX )l3HHh!X (3a'laCTYIO HIIKJII0-

3llBHbiX ll IICllOJIHblX), a, C .Qpyroii, B OTCYTCTBllll a)leKBaTHb!X TeOpeTH'ICCKHX MO)lCJICH, CllOC06-

HblX B )lCTaJillX OllHC3Tb BCe H36JIIO)l3CMbie 3aKOHOMepHOCTll. 

CTOJIKIIOBeHHe Tl!JKeJibiX HOIIOB - <ipe3Bbl'lallHO CJIOJKI!blll npouecc. IlpH 60JiblllllX 3Heprn

l!X KorruqecTBO OTKpbiTbiX KaHaJIOB peaKuuu cTaHOBHTCll o'leH& senuKo. IlonoJKeHue ycyry6JilleTCll 

HX CllJibHOH CBll3b!O. Ha )l3HHblll MOMeHT HaH60Jiee XOpOlllO pa3pa60TaHbl TeOpeTH'lCCKHe llO)lXO

)lbl K Of!HC3HIIIO npllMbiX O)lHOCTyiieH'l3TblX IIpOUCCCOB ll CT3THCTH'lCCKlle MOJieJIH. IlpHMeHH

MOCTb 3TllX llO)lXO~OB orpaHH'lCHH3, B CHJIY YMCHblllCHllll pOJill npl!Mh!X npOUCCCOB npH Hll3KHX 

3HeprHllX ll )lOJIH IIpOl\CCCOB o6pa30B3HHll COCTaBHOfO ll)lpa npH yseJIH'lCHHH 3Heprnu CTOJIKHOBe

llllll. KpoMe TOfO, llpHMCHCHHC llO)lXO)lOB, OCHOB3HHb!X Ha CT3THCTH'leCKllX MO)lCJillX ll)lpa (6onee 

npocTI>IX u Hau6orree pa3BHTI>IX Iia )laHH&Iii MOMeHT), no3BOJille~ Bhi'liiCJIIITh JIIIlllh ycpe.QneHHble 

BeJIH'lllHbl (Ha!IpHMep, MaCCOBbie HJIH 3HepreTH'leCKHe pacnpe)leJieHHJI). IlpH 3TOM H3 pacCMOTPe

IIIIll. uc~io'la!OTCll KorepeHTH&Ie ljlopMbi )lBHJKeHIIll HYKJIOHOB, u mo6I>Ie IIHTepljlepeHUHOHH&Ie llB

neHIIll, !IOCKOJibKY TeOpiill onepiipyeT Hallpl!My!Q C BepOllTHOCTllMH, a He C BOJIHOBhiMII ljlyHKUIIl!Mll 

u aMnnury.QaMu IIepexo)lOB. C neMMhiMII TPYJIHOCTllMH IIpHXO)liiTCJI CTaJIKHBaT&Cll IIpit: perneHHII 

TO'lHOH MHoroKaHaJibHOH 3a)la'lH CTOJIKHOBeHIIH TJIJKeJihiX noHOB. Eon&rnoe 'liicrro Kan~os, TPY!l

HOCTb Bbi6opa llapaMeTpOB Csii:m KaHiuJ:OB, rpOM03)lKOCTh II )lJIIITCJihHOCTh pac'leTOB npHBO)lHT 33-

'l3CTYIO K HCB03MOJKHOCTII HC!IOJih30B3HIIll TaKIIX CXeM. 

C )lpyroii CTOpOHbl, MaJIOCTh )le-fipOHJieBCKOH )lJIIIHhl BOJIHbl CTaJIKIIBa!OIUIIXCJI 'l3CTIIU A II 

Bb!COKM !IJIOTHOCTb B03fiYJK)laCMb!X ypOBHeH )leJiaeT B03MOJKHhiM IICllOJih30BaHHe npH6JilllKCHHblX 

MeTO)lOB pacqeTa, ITO KpaiiHeH Mepe, )lJiii OUCHKII BeJIII'lHHhl Ce'leiiHH H Ka'leCTBCHHOfO llOHHMaHIIJI 

MexaHII3Ma IICClly)lYCMOro npouecca. K TaKHM MeTO)laM MOJKHO OTHCCTll KJI3CCII'leCKHH llO)lXO)l K 

OIIIICaHIIIO )liiHIDfHKH CTOJIKHOBeHllll TJIJKeJibiX minos. Bo3MOJKHOCTh ncnoJih30BaHllll · KJiaccnqe~ 

CKHX ypasHeHHii )lBIIJKeHHll ipe6yeT csoero o6ocHOBaHIIll. · KpuTepiiii npuMeHHMOCTH KJiaccuqe-

CKOfO !IO)lXO)la 

I ~: l«l (l) 

XOpOlllO B!>InOJIHllCTCll )lllll TlllKCJib!X HOIIOB 60JihlllOH MaCChi H Jllllllh B orpaHH'leHHOM 'lllCJie CJIY-
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qaes J1ID1 nerKHX CHCTeM (6oJihllme :mepmH HIHJIH nepwpepHqecKHe npol(eCChi). TeM He Menee. 

.lliDKe KOf.lla ycJIOBHe (I) He BhlllOJIHeHO CTJlOfO, pe3yJihTaTbl KJiaccuqecKHX pac'ICTOB «CXBaTbiBa

IOT» OCHOBHbie OC06eHHOCTH npol(eCCa, UpOl!BlliiiO!lllleCll B 3KCnepHMeHTe. oe3yCJIOBHO, B paMKaX 

KJiaCCII'-!eCKOfO llO.llXO,lla Mhl Tepl!eM B03MO)I(HOCTh OUHCaHHll KBaHTOBhiX 3cpcpeKTOB, HanpHMep, 

HHTepcpepeHl\HOHHhiX liBJieHHil. C .11pyroll: CTOpOHhi, ToqHo pemaeMal! KJiaccHqecKal! 3a.llaqa one

pHpyeT TaKHMH UOHliTHHMll KaK TpaeKTOpHH, npHl(eJibHhlll napaMeTp, yroJI paccel!HHH II MO)I(CT 

,llaTh . 6oJiee HarJIH.IlHOe llOHHMaHHe HCCJie,llyeMbiX HBJICHHll. B paMKax KJiaCcHqeCKOll .llHHaMHKH 

HecpasHHMO nerqe pemaTh MHoroqacmqHhie 3a.llaqH, 3a.llaqH c 6oJihlliHM qHcJioM cTeneHell: cso6o-

.J 
,llhl (BpamaTeJibHhiX, KOJie6aTCJihHhiX, HYKJIOHHhlX) H, CJIC,liOBaTeJibHO, 3a.llaqH C yqeTOM 60JihlliCfO 

qHCJia Bh!XO,liHhiX KaHaJIOB peaKl(HH. Bbi6paB CTeneHH CB060,llhl, OKaJhiBaiO!llHe HaH60Jiblliee 

BJIHliiiHe lla HJyqaeMbie IIpOl\CCCbl, Mhl MO)I(eM IIOJiyqiiTh He TOJlhKO KaqeCTBCHHOe, 110 H BIIOJIHe 

Y.llOBJICTBOpHTeJihHOe KOJIHqecTBeiiiiOe OIIHCaHHe II3yqaeMOfO HBJieiiHH. IJ03TOMY IIpHMeHeHHe 

3THX MeTO.llOB He TOJibKO onpas,llaHO, 110 H BCCbMa npO.llYKTHBIIO IIpH OUHCaHHH CTOJIKHOBeHHll Tll· 

)l(eJibiX HOHOB. 

UeJibiO pa6oTbi l!BJilleTCH: 

(I) .PaJBHTHe H HCIIOJih30BaHHe IIOJIYKJiaCCHqeCKIIX MeTO,liOB allaJIH3a CTOJIKHOBCHIIll Tll)l(e

Jlb!X IIOHOB, OCIIOBaiUibiX Ha pemeiiiiii CIICTeMhl KJiaCCIIqeCKIIX ypasHeiiHll .llBH)I(Cl!IIH H,llep C 3tP

tPCKTIIBHhiM yqeTOM BHJTpiiH,llepHbiX (KOJIJICKTIIBHhiX H O,liHOqacTIIqHhiX) CTeiieHell CB060,llbl II 

IIpHHl\IIll<;! IJayJIII .IIlli! HYKJIOHOB. IJpiiMeHeHHe 3IDX MCTO,liOB ,liJIH aHaJIII3a ynpyroro II 11eynpyroro 

paCCClll!Hll H UOJIHOrO CJIHliHIIll .llCtPOPMIIpOBaHHbiX ll.llep Upii OKOJI06apbepHhiX 3HeprHHX CTOJIK

HOBCHIIll. J1JyqeHIIe UpOl\CCCOB 06pa30BaHIIll II paCIIa.lla KBaJIIMOJICKYJIHpHbiX COCTOliHIIll .llBOllHOll 

H,llepHOll CIICTCMbl, npOHBJICHIIll XaOTIIqecKOfO II peryJIHpHoro pe)I(IIMa pacceliHIIH ,lletlJopMI1pOBaH

HbiX ll.llep, HCJIIIHellHOfO xapaKTepa .lliiHaMIIKII CTOJIKHOBCHIIH. 

(2) IJpoBe,lleHHe cpaBHIITeJibHOrO aHaJIH3a MeXaHII3MOB o6pa30BaHIIH 6biCTpbiX JICfKIIX qac

Tlll\ (rJiaBHbiM o6pa30M HYKJIOHOB), o6paJyiOJlliiXCll B H.IIPO·ll.llepHhiX CTOJIKHOBCHIIliX IIpii HII3KIIX 

II npoMe)l(yroqHhiX ::~nepmHx (E ~ 100 M::~B/HYKJIOH) B paMKax qcrhrpexTeJiblloll: KJiacciiqecKoll: 

· MO,!ICJIII. BblliCHCHIIe pOJIII .lliiCCIIUaTHBHbiX .H.llCpHhiX CIIJI, cpe,liHIIX UOJiell H HYKJIOH-HyKJIOHHhiX 

CT()JlKIIOBeHIIll B IIpOl\CCCe o6pa30BaHIIll 6hiCTpblX JiefKIIX qaCTHl\. 

(3) J1JyqeHIIe B03MO)I(l!OCTH IICUOJlh30BaHHH UOJiyKJiaCciiqeCKOll MO.llCJIII .llJIH aHaJIH3a CBll· 

3aHHbiX COCTOliHIIll MaJIOHYKJIOHHhiX CHCTeM, Il3yqeHHH CTJlYKTYPhl JierKIIX 3K30THqeCKIIX H,llep, 

lipOl\eCCOB KJiacTepH3al(IIII II CaMOOpraHII3aJ.(IIH B H.~~epHOll MaTepHH. 
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HayqHall HOBH3Ha H npaKTHqecKal! UeHHOCTb . 

.QeTaJihHO InyqeHa .lll!HaMHKa paccel!HHH TH)I(eJibiX HOIIOB C _311eprHHMll B6JIH3H KYJIOHOB

CKOfO 6apbepa B paMKaX KJiaCCHqecKOll MO,lleJIII C yqeTOM .llOUOJIHHTeJibiiOll CTeUeiiH CB060.llhl -

spameHHe .llecpopMHpOBaHHoro Mpa MHmeHH. CtlJopMynHposaHa H o6ocnonana TeopeMa o «paJ

MhiTHH» napa\lcrpa op6HTHpoBaHHH Ha «UHmep6aJI npu!JellbHblX napGMempo6 · op6umupo6anwm 

npH paccel!HHH Mep Ha .lle$opMnposaiiiiOH spamaiOmeilcH MHmenH. Cne.llCTBIIeM .llaHHoll: Teope-· 

Mbl liB.~lleTCll yseJIHqCHIIC IIapl(HaJihHOfO BK..'Ia.lla rpaeKTOpHH C UpHl(eJibHhiMH napaMCTpaMII H3 

«Wtmep!i£LW op6umupo6WIWI» B ceqeHHe ynpyroro II 11eynpyroro pacceHHHH, qTo npiiBO.lliiT K 

npHCJTCTBHIO B YrJIOBbiX pacnpe,lleJieiiHHX H30TJlOIIHOll KOMIIOHeHThl, XapaKTepHOll .tiJrn my60KO

IIeynpymx IIpOl(eCCOB. TaK)I(e IIOKaJaHO, qTO CBll3h OlliOCHTeJibHOfO .llBII)I(eiiiiH H,llep BCero C 0.11-

HOll .llOIIOJIHHTeJihHOll CTeneHbiO CB060.llbl (Bp;i!lleHHe H.llpa MHllieiiH) npHBO,liiiT K TOMy, qro .llHtP

tlJepeHI.(HaJibHbie ceqeHHll ynpyroro H Heynpyroro paccel!HHH ,lleMOIICTJlHPYJOT csoll:cTsa, npiicy

!llHe 06bJqHO ceqeHHliM CTaTHCTHqecKHX npol(eCCOB HJIH my6oKO·HeynpyriiX peaKl(IIll: H30TJlOll· 

Hall B CHCTeMe l\CHTpa Mace yrJIOBal! KOMUOHeHTa H MaKCHMYM B 311epreTIIqecKOM pacnpe,lleJieiiiiii, 

npH)I(aTbill: K KYJIOIIOBCKOMY 6apbepy. 

MccJie.llOBanbi MexaiiH3Mbi o6paJOBaHIIll npe.llpaBIIOBeCIIhiX IIYKJIOIIOB B CTOJIKHOBeHHHX 

Tli)I(CJlblX HOHOB npH IIH3KHX H IIpOMe)I(JTOqllhiX 311eprHHX. IJpe,liJIO)I(eH HOBhlll MeXaJIHJM o6pa30· 

BaHHll CBepX6biCTpbiX JierKliX qacTHl\, BbilleTaiO!llHX II3 H.llpa MHmeHl! H YCKOpHeMbiX cpe,lllll!M 110· 

JICM llaJieTaiO!llero ll.llpa CHapll,lla. IJOKaJ'aHO, qTo B CTOJIKHOBeHIIHX TH)I(eJiblX IIOHOB C 3HeprHliMII 

Ha IIYKJIOH .110 50 A M::~B BhiCOK0311epremqecKal! qacTh cneKTpOB IIYKJIOIIOB tlJopMupyeTCH B oc~ 

HOBHOM Ja cqeT IICIIYCKaHHH 6hiCTJlhiX qacTIIl\ II3 MHllieiiH. PaccqiiTallbl .llii$$epe11l(IIaJihllhie ce

qeiiiiH II MHO)I(eCTBeHHOCTII JiefKHX qacTHl\,liJIH pa3JIIIqllbiX peaKl(IIll, C,lleJiaiiO CpaBHeiiiie C 3KCIIe-

pHMCHTaJibHbiMH ,llaHHhiMH II npOBe,lleH l!X aHaJIII3. 

B. paMKax KJiaCCIIqecKOll MO,lleJIII npoBe,lleHO IICCJie,liOBaHIIe CBH3aHHhiX COCTOHHIIll MaJIO

HYKJIOHHbiX CIICTeM, TaKIIX KaK a+ N + N )J,JIH KOJIHqecTBCHHOrO, aHaJIII3a CTJlYKTYPhi 3IDX H,llep 

BBOMTCH tPYHKl\IIH UJIOTHOCTII HaqaJibllbiX COCTOHHIIH II tPYHKnHH. cpe,liHero BpeMeHH )l(ll3l!II .llOJI

ro)I(IIBYilliiX C06h!mll:, KOTOphie COUOCTaBJilllOTCH C paCciJnTaHIIOll B KBaHTOBOM llO.llXO.lle npo

CTpaHCTBCHHOll KoppeJIHl\IIOHnoll: n~oTHOCThiO HYKJIOHOB 8 H.llpe: IloKaJaHo, qro KaK n KBanmsoM, · 

TaK II KJiacciiqeci}OM cnyqae, BHYTJlCHHliH CTJlYKTYPa Mep c A = 6 ( 6 He, 6 Li II 
6 Be) IIMeeT .llBe 

KOMUOHCHTbi: «.lliiHellTpOH» H «CIIrapa>>. IJpO,!ICMOHCTpHpOBaHO KaqeCTBeHHOe CXO,liCTBO pe3yJihTa-

TOB KBal!Tosoro H KJiacciiqecKoro no,!IXO.lla. 

Anpo6auiiH pa6oTbi. OcHOBHhie pe3yJihTaThl .lliiCcepTai.\HII 6biJIH npe.ll_CTasJieHhi Ha 46, 47, 
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49 II 50 MelK,l1yHapO.L\HbiX COBeruaHilliX UO ll,l1epHOll CUeKTpOCKOUIIII II CTpYKiype aTOMHOI'O li.Upa 

(!996, 1997,!999 II 2000 rr.), Ha MelK,L\yHapO.L\HOM CIIMU03HyMe «Large-scale collective motion of 

atomic nuclei» (Messina, Italy, 1996), Ha 6-oifii 7-oif MelK.L\yHapO.l1HLIX rnKonax-ceMimapax no lj>H-

31IKe TlllKenLIX IIOHOB («Heavy Ion Physics», ,[{y6Ha, 1997 II 2002 rr.), Ha MelK.L(yHapO.l1IIOM ceMII

Hape «Joint Study Weekend- Halo 2000» (Brussels, 2000). Pe3ynLTaTLI pa6oTLI o6cpK.11MIICL Ha 

ceMHHapax Kalj>e.11pLI TeopemqecKoif lj>H31IKII lJ.ynarncKoro rocyHIIBepcHTcra, Jla6opaTOp1IH JI.uep

HLrx PeaKJ:IIIll OH5H1H ony6nHKOBaHLI B pa6oTax [I -7]. 

CroYKTYJJa II o6neM pa6oTLI. ,[(HccepTaumr' coCToHT H3 BBe.L(eHIIJI, 'feTLipex rnan, 3aKniO'fe

HHJI II CUIICKa [lllTHpyeMOH Jll!Teparypbl. 06neM .L\liCCepTa[IHll COCTaBnJ!eT !38 CTpaHI1[1 MallJHHO

U11CHOJ'O TeKCTa, BKniO'faJ140 p11CYHKOB, I Ta6JJIIl{y 11 CITI1COK ll11Teparypb1 113 175 Ha11MeHOBUHIIll. 

CO,[(EP)KAHHE P AEOTbi 

Bo nneneHim o6ocHOBLIBaeTcll aKiyanLHOCTL 11 3Ha'fi1MOCTL 11Ccne.11yeMLIX npo6neM. 

Clj>opMyniiponaHLI ~:~en11 pa6oTLI II KpaTKO 113llOlKeHLI c-rpyKTypa 11 MaTep11an lli1CcepTa~:~nn. 

8 nepBOll mane ,L\aeTCJI KpaTKIIll 0630p TeopeTH'feCKIIX MO.L(eneu II MCTO.UOB aHMIIJa ll.!(ep

HLIX peaKl{lfll C yqaCTHCM TJ!lKellLIX 110HOB, OCHOBaHHLIX Ha perneHI1ll KllaCCI1'feCKHX ypanHeH11ll 

.l1BI1lKCHI1JI, yqnTLIBaiOruHx peani1CTH'feCKI1e cjlopMLI li.L\pO-ll.!\epuoro noTeHQIIana B3a11Mo.neifcTBIIli, 

.neifCTBIIe .1111CC11UaTHBHLIX 11 CTOXaCTI1'feCKI1X Cl1ll ll Up11MeHJ!eMLie B IIIIlpOKOM .!(llallaJOHe MaCC ll 

:mepmif CTMKIIBaJO!UilXCll Jl.!(ep. 06cylK.!(aiOTCJI rpaHI1J:Ihl npllMeHHMOCTI1 3TilX ITO.UXO.!(OB, HeKO

TOpLIC pe3yllLTaTLI ll BLIBO.ULI, BLITeKaiOII11le 113 3TI1X MO.!(Cll~ll. C.nenaH KpaTK11ll 063op MeTO.UOB 

aHMIIJa HemmeifHLIX .!(llHaMII'feCKIIX CllCTeM ll IIX npHMCHeHIIll K aHMH3Y l!.!(epnoif .L\llHaMilK11. 

B nepBOM paJ,L\ene cpopMyll11pyiOTCJI OCHOBHLie llp11H[IIIULI UOCTpOeHilll .UBYXTellLHOH KJJaC

Cil'!eCKOll MO.!(eJIII CTOllKHOBeHilJI TJI)KellLIX 110HOB. llOKaJaHO, 'fTO npiiMeHeHile Ta~OJ'O ynpomeH

HOro ITO.UXO.Ua K aHanllJy peaK[IIIll pacceJ!HIIll TlllKeJILIX IIOHOB ylKe U03BOJilleT BOCUp0113BeCTII II 

Hamli.L\HO o6nl!CHIITL ~:~enLiif pli.L\ :.JKcrrepi!MeHTanLHO Ha6niO,L\aeMLIX l!BneH11ll, TaKIIX KaK KynonoB

CKoe II JI.nepHoe PMYlKHoe paccel!HIIe, op611TIIpOBaHIIe 11 mopllll. B paJ.Liene npiiBe,L\eHLI ocnoBHble 

cjlopMynLI pacqeTa .111IcpcpepeHUIIMLHLrx ceqen11ii ynpyroro pacceJIHIIJI na ocHone rronll Knaccii'fe

CKIIx TpaeKrOpiiH II cpyHK[IIIll yma OTI<llOHeHIIJI. 

Bo BTOpOM paJ.!(ene ,L\aeTCll 063op MCTO.L\OB KnaCCII'feCKOH MOlleKyllllpHOH .L\IIHaMIIKII II MO

neneif. Y'fiiTLma.ou~ux liBHo KonneKTnBHLie CTeneun cno6o.nbl li.L\ep - npameHne n Kone6auue 

li.L\Cpi!LIX llOBepXHOCTeif. 8 paMKax KllaCCH'feCKOH MOlleK)'lll!pHOH .!(llHaMllKll CTMKIIBa10ll1lleCJI li,L\-
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pa TpaKryiOTCll KaK CIICTeMbl. COCTOli!UIIe 113 HCCKOllLKIIX lj>parMCHTOB (HanpHMep, IIJ A HyKnO

HOB). B1allMlJ;lCllCTB)'IOIJ:IIIX .'.lpyr C .'.\pyrO~! II C lj>parMeHTaMII .Lip)'roro li.Upa. llpii :!TOM OCHOBHOC 

COCTOliHI!e li.11Cp npnroTaBlliiBaeTCll C )''fCTOM 3KCUCp11MeHTMLHbiX JHa'feHI!ll 3HCprHII CBllJII II 

UOllHOro yrnOBOro MOMCHTa ll.11pa. 8 paMKaX ,L\aHHOro UO.L\X0.11a MOlKCT fiLITL paCC~!OTpeHo 6onL

rnoe qncno BLIXO,'IHbiX KaHanon - yrrpyroe pacceliHIIe, peaKQIIII rrepe,L\a'f, paJBana, nonHoro 11 He-

rromwro c.111liHIIll. 

Opu cTonKHOBeHIIII TlllKCnLIX IIOHOB HIIJKIIX :mepmil (< 10 M3B/HyKnoH) BalKHYIO ponL 

III'pa!OT KOJineKriiBHLie MO.ULI ll,l1epHOI'O .11BIIlKCHIIJI, TaKIIe KaK BparueHIIe ll.L\Cp II KonefiaHIIC li.L\Cp

HLIX nonepxHOCTeli, a TaKlKe rrpoueccbl nyKnoHHbiX rrepe.11a'f. PaJnOll<eHIIe PMIIyca ll.11pa B pll.l1 no 

CTerreHliM HapaMeTpOB J1CC!>OpMUl{llll UOJBOllJICT JIBIIO )''fCCTL 1131\!CHCHIIC UOTCHl{IIMLHOll :mepriiH 

B3aiiMO,l1ellCTBIIJI npii BparueHI11! II ,L\IIHaMIIiiecKOll ,l1elj>OpMa[llllf li.L\Cp. C UOMOUILIO TUKIIX UO,'IXO

J10B .110BOllLHO ycneWHO OUIICLIBaJOTCll npOl{eCCLI ClliiJIHIIJI II rny6oKO-Heynpyroro paCCCJIHIIJI TJI-

lKellLIX IIOIIOB. 

8oJ6)')I<llCHIIC 60nLWOJ'O 'lllCna BH)'TpCHHI1X CTeneneii CB060.rtLI MOlKHO 3cplj>eKTI!BHO OUH

caTL BBC,l1eHHeM B KllUCCII'fCCKIIe ypaBHeHIIJI .110UOllHIITCllLHLIX .L\IICCIIITUTIIBHLIX qneHOB. 8 TpeTL<iM 

pa3,l1ene 06CylK.L(aiOTCJI llBU MO,l1Cllhi!LIX UO.L\XO,L\a K 3TOH npo6iJeMe: MO.L\Cllh UOBCpXHOCTIIOro Tpe

HIIJI II MO,L\ellL l<O.L\HOTellLI!Oll» .zi:IICCIIITal{IIII. Y'feT .1111CCIInaTI1B~LIX npmiecCOB, BpatueHHJI llllCp H 

KOne6UHIIJI Jl,l1epHLIX llOBCpXHOCTeH U03BOlllleT JHa'lllTCllLHO pacrnnpiiTL 06naCTL rrpn~ieHIIMOCTll 

KnaccwiecKoro no.11xo.ua K auan113y peaKUIIif TlllKCllLIX IIOHOB. B 'ICTBepTOM pa1.11ene o6cylKnaeTCll 

BllllliHIIC, OKaJLIBaeMOe ua MC.L\llCI!HhiC KOlllleKTIIBHLIC MOJ1hl ,l1BIIlKCHIIJI CO CTOpOHLI fiLICTpbiX H)'" 

KllOHHLIX CTeneHeif CB060.ULI, BOJ6ylK.L(CHHLIX B XO.L(e CTOllKHOBCHIIJI. TaKOC BlliiJIHI!e Y'fiiTLIBaeTCJI 

BBC.L\CI!IICM .[\OllOlli!I!TenLHLIX lj>nyKryal{llll (cnyqaifHOH Cllllhl) II nepeXO.rtOM OT HLIOTOHOBCKIIX 

ypaBHCHIIll K ypaBHeHIIJIM JlaHlKeBeHa, 'fTO B qaCTIIOCTII, 1103BOJIJICT 6onee .11eTMLI!O OIIIICLIBUTL 

npoueccLI rny6oKo-ueynpyroro pacceliHHll, cniil!HIIll 11 ,L\eneHIIll an~MHLIX JI.L\ep. 

B nl!TOM pa3.11ene np1IB0.11J!TCJI nan6onee qacTo llcnonb3YCMble lj>eHOMeHonorwiecKIIe llnpo

ll.l1epnLie ITOTeH[IIIMLI B3aiiMO,l1eUCTBHll. 

ATOMI!Oe ll.l1p0 liBlllleTCllllpKIIM npnMepOM HellllHCHHOH.L\HHaMH'feCKOH Cl!CTeMbl, XapaKTe

pn3yeMOll HeyCTOll'fi!BOCTLIO tj>aJOBLIX TpaeKTOpHH II npOllBlleHHeM XaOTII'ICCKOJ'O pelKitMa )lBH

lKeHHll. B WeCTOM paJ.nene OOHCUHLI OCHOBHLie MeTO.L\LI aHan1!3U HelliiiiCiJIILIX .L\IIHUMII'IeCKHX CIIC~ 

TeM If COBpeMeHHOe COCTOJ!Hl!e l\Cll B 113y'feHHil xaoT!t'leCKHX KllUCCII'ICCKIIX II KBaiiTOBLIX CIICTeM 

B npnnmKel!llll K li.!\CpHO-tj>ll3H'IeCKIIM 3a,L\a'faM. 

Op11 CTOJIKHOBCHHliX cpaBHitTenLHO nerKnx JI.Uep (A :<:; 30) c :.Jncprnd! n6mnn KynononcKo-
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ro 6ap&epa B pa3JlH'lllbiX KaHarrax peaKUIIII 3KCnep11MeHTaJibHO o6Hapy)Keuo cymecTBOBaHIIe 

6oJiblllOro 'lllcna cpaBHIITe.1bHO yJKIIX pe3oHaHCOB HeCTaTIICTII'leCKoro xapaKTepa. ,[(nll o6bliCHe

l!llll TaKOrO HOBe,'leHIIll y)Ke ,'laBHO 6blJia BbiJ(BIIHYTa ri!HOTeJa 06 o6pa30BaHIIII npoMe)KyTO'IHOro 

KBa311MOileKynllp110rO ll,!\epHoro COCTOliHIIll. 80 BTopoii rnaBe B paMKax KJiaCCII'leCKOH MO,!\eilll IIC

cne.nyeTCll B!lllliHIIe ,!\OHOiliiiiTeJJbHOH CTeHCHII CB060,!\bl - BpameHIIJI ,!\C!jlOpM11pOBaHHOro ll.!lpa 

Mlllllellll - !Ia ,!\I!Ha'II!KY ll.!\pO-li.!\CpHbiX CTOilKHOBCIIIIH np11 OKOil06ap&epHbiX 3HCpr!!liX. ')!jl!jleK

TIIBIIall HOTeHUIIa'Jbllal! 311eprllll TaKOH CIICTeMbl CTaHOBIITCll CJIO)KHOH !jlyHKUIIeii .ne!jJOpMaUIIII I! 

B3aiiMHOH Opllei!TaUIIII ll,!\ep C Ha6opOM ilOKaJ!bllblX M!IIIIIMYMOB, B KOTOpblX MOfYT peaJIII30BaTbCll 

KBaJIIMOneKynllpllble COCTOliHIIll. CIIJJbllal! CBll3b CTe~elleii CB060,!\hl HpiiBO,!\IIT K nOKaJ!biiOH Heyc

TOH'IIIBOCTII !jlaJOBhiX TpaeKTOpiiH II XaOTII'leCKOMY xapaKTepy paccelii!IIJI, KOr,!\a yroJJ OTKJIOI!ellllll 

II nepe,!\ai!HbiH yrJJOBOH MOMCIIT (KaK !jlyHKUIIII npiiUCJJbi!Oro napaMeTpa coy.napellllll II yrna l!a

'laJibHOH opllei!TaUIIII MlllllCHII) co.nep)KaT o6nacTII xaOTI!'ICCKOro 11 perynllpHoro xapaKTepa (cny

qaii MllrKoro xaoca). CmxacTII'ICCKIIii xapaKTep pacceliHIIll ll.!lep B .naHHOM cnyqae o6ycnosne11 

o6pa30BaHHeM II pacna,!\OM IIMeiii!O KBaJIIMOJJeKyJJJipllbiX li,!\CpllbiX_ COCTOllllliH. f1pli IICIIYJJCBOH 

.ne!jlopMaUIIIi MlilllCIIII ll,!\pa JaXBaTbiBaiOTCJI B HOTCHUIIaJ!biiOM KapMaHe 1i npOBO,!\JIT B o6naCTI! 

B3aiiMO,!\CHCTBHll 3Ha'IIITCJJbHOC BpCMll, B ,!\CCliTKii If B COTHII pa3 HpCBhllllaiOmee XapaKTepHOC 

BpCMllli,!\CpHOro B3aiiMO,!\CHCTBIIll, «3a6biBal!» 0 BXO,!\IIOM KaHane II Ha'laJihllhiX ycnOBHliX. 

JlOKaJ!bllal! HeyCTOH'lliBOCTb TpaeKTOpllii npOliBnliCTCll B BII,!\C !jlnyKryaunii yrna OTKJIOIIC

IIllll 8(q:>o) KaK !jlyHKUllli Ha'laJibiiOH OpliCIITaUIIII MllllleHII \VQ np11 !jJIIKCHpOBaHIIOM 11p11uenbHOM 
. -

napaMeTpe b. <l>yHKUiill 8(q:>o) CTaHOBiiTCJI !jlpaKTaJIOM, T.e. 06bCKTOM, TOHOnOri!'ICCKal! pa3Mep

l 
HOCTh KOToporo JIBnlleTcll .npo611oii BeJJii'IHHoii. TaK Ha3biBaeMaH paJMepHOCTh Xayc.nop!jla D .nnll 

8(q:>o) MO)KCT 6bJTb Onpe.neJJeHa 'lliCJJCHHO MeTO,!\OM «HO,!\C'ICTa KJICTOK». IlOKa3aHO, 'ITO ,!\nll cny-

'!all perynllpuoro paccelllmll BCJJII'IIIHa D = 1, a .!\Jill cny'laH )KeCTKoro xaoca B cncTeMe D = 0. Hc

cne.noBaHa JaBHCIIMOCTb D OT npnuen&uoro napaMeTpa n c!jlopMynnpoBaHa cne.nyiOIUaH TeopeMa. 

( 1) f1pn MaJ!biX CTaTII'ICCKiiX .ne!jlopMaUiiliX ll,!\pa .!\Jill n1060r0 b li3 HCKOTOporo IIHTCpBarra llpli

UC!IbllbJX napaMeTpOB f'o.borb MO)KHO HaiiTii Ha'!arr&HhiH yron opneHTannn MlilllCHii ifto, TaKoii 'ITO 

yron pacceliHIIll 8(b, ip0 ) ~ --oo, npn 3TOM pa3MepHoCTh D(b e f'o.borb) < 1. (2) f1pn 6on&llliiX .ne

!jlopMaUiiliX ll.npa yron ip0 cymeCTByeT .!\Jill JJI06oro be [O,bgr] (r.ne bgr - napaMeTp KacaTeJJ&Horo 

CTOJJKHOBel!llll), a !jlJHKUiiJI D(b) npn bE f'o.borb liMeeT MIIHHMyM • .L\pyrHMII C!lo"BaMI!, llpll HCHy

JICBOH .ne!jlopMaUiill Ml!lllCHII npOiiCXO,!\IIT pa3Mb!TI!C napaMCTpa opfiliTIIpOBaHIIJI barb Ha HCKOTO-

pbiH «Wimeprw:l opfiumupOGUIIUJl» f'o.borb• CMCIUCIIHbiH B o6naCTb HCCKOJJbKO 60nblllliX b, r.ne 3!jl

!jleKTI;BHOe llOrHOIUCHHe BO ynpyroM KaHaJIC CTaHOBiiTCll MCIIblllC, ~0 llpiiBO,!\I!T K 60JJblllCMY 
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BKJI:UY TpaeKTopHii c TaKHMH npHuen&HhiMH napaMeTpaMH B ce'!eHne ynpyroro I! ueynpyroro 

pacceliHIIll. 

fJpoBe,!\eHbl paC'!eThl OCHOBHb!X XapaKTepHCTI!K pacceJIHI!JI II BhiHOJJHCHO CpaBHeHHC C 

HMeiOmHMHCll JKcnepnMeHTarr&HhiMH .nauubiMH ,!\nll cnyqaH B3aHMo.neiiCTBHJI ll,!\ep 
12C n 

28 Si c 

;le!jlopMupoBauubiM li.!IPOM MnllleHH 
24Mg. Pacc'!nTauu&Ie qncneHuo .nu~!jlepeuunim&HhH! ceqe

HHll" ueynpyroro pacceliHHJI n03BOJJliiOT c.nenaTb CJJC.!\J!OIUHii Ba)KIIb!H BhiBO.!\. Y'leT. scero JJII~h. . . ' - / 

0,!\HOH JIOHOnHI!TenbHOH HCJJI!HeHHOH CTeneHI! CB060Jibl (llOMllMO OTHOCHTeJJbHOrO ,!\Bll)KeHI!JI) 

npHBOJII!T K TOMy, ~0 CI!CTeMa Ha'IHHaeT .neMOHCTpiipOBaTb CTOXaCTII'leCKIIe CBOHCTBa, Hp!!HI!Cbl

BaeMbie o6bt'IHO cTaTI!CTH'!ecKHM npoueccaM (o6paJOBaHHe n pacna.n cocrasuoro ll.!lpa) mm rny-

6oKo-HeynpyrnM peaKUIIliM, npoTeKaiOIUHM c yqacTneM 6on&llloro qncna cTeneueii cso60Jihi, a .. 
!!MelillO: (a) HMll'llle B CI!CTeMe UCHTpa Mace ll30Tp0llHOH KOMllOHCHThl B yrJJOBhiX pacnpeJIC!ICHI!-

liX,(fi) HMI!'lliC ueynpyroii KOMllOHCHThl B :mepreTll'leCKIIX CllCKTpax llpOJIYKTOB peaKUHII, <<np!!

)KaTOii» K KYJJOHOBCKOMY 6aphepy BhiXO,!\Horo KaHana. 

,[(OHOJJHHTeilbHO 6&m npOBCJICH aHMii3 npOL\CCCOB Cni!JIHHJI ll,nep B paMKax KJiaCCll'ICCKOH 

MOJ~enH, Y'lliTbiBaiOIUCH liBHO CBll3b OTHOCHTenbHOrO ,ll;Bll)KeHHJI C BHyTpeHHIIMll CTeneHliMI! CB0-

60,ZJ;bl (Bpameulie n .nnuaM!f'!ecKaH J~e!jlopMannll ll,npa MHllleun) n .nncclinaTI!BHbie ll,!\epu&re ClinhL 

f1poJ~eMOHCTp11pOBaHO Ka'!eCTBeHHOe OHHCaHHe JIBneHiill ll y,noBJJeTBOpiiTeJJbHOe KOJJH'leCTBeHHOe 

cornaclie c 3KcnepliMCHTMhHhiMii J~aHH!>IMII. II XOTll B paMKax KJiaccnqecKoro no.nxo.na ueso3-

MO)KHO HOnHOCTbiO OllliCaTh 3KCllepnMeH1'MhHbie ,!\aHHhie 110 CJJI!JIHIIIO ll,!\ep B o6naCTII UO,ZJ;6apb

epHblX 3Heprnii B cuny KBaHTOBoii nplipo,n&I :noro npouecca, KJiaccii'!eCKal! Mo.nen& IIMeeT onpe

.neneuuyiO_ npe.ncKa3aTenhHYIO cuny, 'ITO, BMecTe c npocToToii, B&Iro.nuo OTJIII'!aeT ee oT 6onee 

CnO)KllbiX KBaHTOBbiX IIO,ZJ;XO,ZJ;OB (B '!aCTHOCTII, OT MeTO,ZJ;a CBll3aHHb!X KaHaJIOB). 

B rpeT&eii rrrase B paMKax '!eT&IpexqacTII'!Hoii KJiaccnqecKoii Mo.nerrn ll.!\pO-ll,!\epHhiX 

CTOnKHOBeHIIH (6!!1i3KOH no .nyxy MO,ZJ;eJ!liMf'MarrO'!aCTII'IHOH MOJieKyJ!llpHOH ,!\liHaMIIKii) IICCJieJIO-
• . 

Balla pO!!b cpe,nHHX ll,!\epHbiX UOJieH II HyKJIOH-HyKJIOHHbiX CTOJ!KiiOBeHIIH B npOL\eCCe !jlopMIIpO-• . . . . 

BaHiill npe,npaBHOBeCHbiX JJerKI!X '!aCTIIL\ llpll CTOJ!KiiOBeHIIII TJI)KeJihiX IIOHOB cpe,nHIIX II npOMe-

~O'IHb!X 3Heprnii. 

B .nauuoii Mo.nerrii Mpa cHapMa ( P) n MIIIJJeHn ( T) npe.ncTaBJ!liiOTCJI B sn.ne ,!\Byx'laCTII'l

HhiX UOJICHCTeM: P=A+a II T=B+b, r.ne cnMBOJJaMII A If B o6o3Ha'leHhi Tli)KeJI&Ie KOpbi, a 

CIIMBOilaMII a II b - nerKIIe !jlparMeHThi (uanpn111ep, n,p,d,t,a ). BJrui!llo.neiiCTBIIe !jlparMeHTOB 
. . . ' - ~ 

oniiChiBaiOT IJJeCTb napu&IX noTenuiiarros c napaMeTp<L'dii, B&I6paHHhiMII Iia ocHoBe cooTBeTCT-

BJ!OIUIIX 3KCnepnMeHTMbHhiX ,!\aHHhiX. B ypasueHIIJI ,ZJ;BII)KeHIIJI BBe,!\eHbl ru)Ke !jleHO!IIeHOilOrii-
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qecKIIe )l;IICCIIrraTIIBHbie ~.'lepHbie CIIIIbi, )l;eiicTBYJOIIIIIC MelK;zy ·T~lKeiibiMII KOpaMII A 11 B . .Urrll 

6orree KOppeKTHOH OIICHKII a6COJIIOTHbiX Beiiii'IIIH KaHaJibHbiX Ce'ICHIIH IIpll OIIIICaHIIII OTHOCII· 

TCIIbHOro )l;BIIlKCHII~ qacnirr a + B 11 b +A )"'IITbiBaerc~ sepo~THOCTb rrorrromeHII~ rrerKoro 

cpparMCHTa T~lKCJibiM (y XO)l; 113 yrrpyroro KaHarra). Bepo~THOCTb IIOriiOII]CHII~ onpe)l;CJI~CTC~ B KBa-

311KJiaCCII'ICCKOM IIO)l;XO)(C C IICIIOJib30BaHIICM cpe)l;HCH )J;JIIIHbl CB060)l;HOrO I1p06era, KOTOpal! 113· 

seCTHbiM o6pa30M CB~3aHa C MHIIMOH 'laCTbiO OIITII'IeCKOrO IIOTeHrrllaJia. B npe)J;JIOlKCHHOH MO)l;eJJII 

paccMaTpiiBaiOTC~ BOCeMb B03MOlKHbiX KaHaJIOB peaKrriiii, )l;aiOII]IIX BKJia)J; B IIOJIHOe CC'IeHIIe Bbi

XO)l;a npe)l;paBHOBeCHbiX rrerKIIX qacTIIrr: KaHarrbi pa3sarra, nepe)l;aq 11 Henorruoro crrlll!HIIll . 

. J 
CpaBHIITeJJbHbiX anarr111 BKrra)l;OB pa3!1II'IIIb!X MexaHII3MOB B :mepreTII'IeCKHli cneKTp npek 

paBHOBeCHbiX rrerKIIX 'laCTIIII, o6pa30BaHHbiX B ~)(pO-~)l;epHbiX CTOJIKHOBeHI!~X IIpii rrpOMelKYTO'I

HbiX 3HCprii~X - 50 MJB/HyKIIOH, IIOKa3aJI, 'ITO Han6orree 6biCTpbie JJerKIIe qacTIIIIbl BbiJieTaiOT 113 

~)l;pa MIIll!eHII, a He 113 ~)l;pa CHap~.'la, KaK 3TO rrpe)l;IIOJiaraJIOCb )1;0 CIIX IIOp. MolKHO Bbl)J;eJIIITb Tpii 

OCHOBHbiX MeXaHII3Ma BbiJieTa 6biCTpOH JJerKOH 'laCTIIIIbl HeHTpOHa . .urr~ IlpOCTOTbl 6y)l;eM fOBO

pi!Tb 3)\eCb 06 IICIIYCKaHIIII HeHTpOHa, rrpeHe6pelKeM HCKalKCHIICM !}JaeKTOpHH T~lKCJlbiX cpparMeH

TOB H 6y)l;eM C'II!TaTb, 'ITO HX MaCChi MIIOfO 60Jibll!e Mace .IICIIYCKaeMbiX JJerKHX 'laCTIIrr. ( J) BbiJleT 

neliTpOHa qepe3 OTKpbiBaiOII]eec~ IIOTeHrrllaJibHOe OKHO H3 ~)l;pa CHap~)l;a rrpu ero CTOJIKHOBeHHH C 

MHll!eHbiO (MexaHH3M «Bb!IIJieCKI-IBaHHll»). B JTOM crryqae cKopocTb cpepMHeBCKOro )l;BHJKeHIIll 

neliTpoHa BHYTPII CHap~)l;a V F CKJla)(biBaeTCll CO CKOpOCTbiO )l;BHlKeHH~ IICHTpa Mace CHap~)l;a Vo . 

Dpu JTOM, ecrru rrpeHe6pe'lb JHepmeli CBli3H HeiiTpoHa Eo>> E;ep u C'IHTaTb, 'ITO v 0 "'v F, Tor)l;a 

MaKCHMaJibllal! 3HeprH~, KOTOpyiO MOlKeT rrpuo6peCTH HCHTpOH, pasHa 

. 2 m( 2 ) mv0 Emax "'2 vo+2vovF =3-
2
-=3E0 , 

r)l;e Eo - JHepru~ rryqKa, paccquTaHHal! na O)l;HH HyKrroH: ·(2) BoiJieT HeliTpoHa B pe3yJJoTaTe ny

KIIOH-HYKJJOHHoro CTOJIKIIOBeHH~. B 3TOM crryqae HeHTpOH (KaK CHap~)l;a, TaK H MHll!eHII) Ilpii06pe

TeT MaKCHMaJibH)'IO CKOpOCTb, eCIIII B pe3yJJbTaTe ynpyroro CTOJIKHOBeHII~ HYKJJOH OT)l;a'III 6y)l;eT 

IIMeTb HyJJeByiO CKOpOCTb. 3Heprii~ BbiJieTeBIIICfO HeHTpOHa (rrpii £ 0 » E:ep II Vo "'V F) B 3TOM 

crryqae pasua 

m 2 mvfi 
Emax "'-(vo+vp) =4--=4Eo. 

2 2 

flpii :meprii~X CTOJIKHOBeHII~ Ha HYKIIOH MCHbll!IIX 3HeprHII <l>epMII &p, Ha BeponHOCTb HYKIIOH· 

HYKIIOHHOfO CTOJIKHOBCHHll BHYTPII ~)l;ep 60Jibll!OC BIIII~HIIC OKa3biBaeT rrpiiHUIIII 3arrpeTa flayiiii II 

)l;aHHbiH MeXaHH3M BbiJieTa 6biCTpblX JJerKHX qacTHU npaKTH'IeCKII He )l;aeT BKJia)J;a B IIX IIOJIHOe Ce-

8 

'lellHC Bb!XO:!a. (3) MexaHII"lM BbineTa 6biCTpblX JJefKHX 'laCTIIU H3 MIIll!eHII OCHOBaH Ha IIX YCKO· 

pCHIIII CpC;UIII~I ll0.1C~I Ha.lCTaiOII]CfO ~npa CHapl!;ta. ,Un~ IIHHIOCTpaUIIII :lTOfO JcjlcpeKTa paCCMOT· 

p11M CJly'laii ynpyroro CT0.1KHOBeHIIll· Hei!TpO!Ia C 6eCKOHe'IHO T~lKeJIOH ;{BIIfaiOII]eHC~ CTCHKOit. 

flyCTb IICi!TpOII .'lBIIraeTCll CO CKOpOCTbiO V11 HaBCTpe'IY OTTaJIKIIBaiOII]eit CTeHKe. KOTOpal! B CBOIO 

0'1epe;{b miCeT 11pOTIIBOIIO.~OlKIIO HaHpasrreHII)'IO CKOpOCTb v 0 . B CIICTeMe UCHTpa Mace CKOpOCTb 

IICi!TpOIIa paBIIa V 1111 = -(Vo + V11 }. a IIOC:Ie ynpyroro CTO,lKHOBeHIIll v;
11

, = -V
1111 

=(Yo+ V
11

}. 'ITO 

B na6opaTOpHoii ciicTeMe KoopnnnaT . .uaeT v;, = v;111 + v0 = (2v0 + v11 ). Ecrru Tenepb Eo» E:~P. 

Vo ;:, V11 II V11 "'V F, TOr.Ua MaKCIIMaJibllal! 3Heprii~ BbiJleTaiOII]ero HeliTpOHa MOlKeT .UOCTHraTb 

m 2 mvfi · 
Emax "'2{4vo *4vovp )=8-z=8Eo. 

'ITO 6onee '!eM B )l;Ila pa·la npeilbill!aeT COOTilCTCTBYIOII]HH rrpe)l;eJJ )J;Jill HeiiTpClHOB CHap~na. Ynpy

roe CTOJlKIIOBeHHe C OlTaJlKHBaTCJibHOit CTCHKOii KIIIIC~IaTII'IeCKH 3KBHBaJlCHTHO paCCCl!IIIIIO Hell-

Tpoua na B,,_\1 = -180 (T.e. op6nTnposamuo) B npHTllriiBaJOII]CM cpe!lHC~I 110:1C. npn 60Jibll!IIX 

OTHOCHTeJJbllbiX CKOpOCTl!X IICHTpOHa H CHap~na B03MOlKIIO OTKJlOHenne IICiiTpOHa Hlllllb !Ia IICKO· 

TOpbiH npe.ucJJbHblH OTPHil<ITCHhHbtii ymrr BR > -180'". HaJhiBacMhlii ymm1 panyllmoro paccellllllll. 

flOJToMy MaKCIIMaJibHa~ JlleprH~ IICHTpOHOB, BhiJleTaiOII]IIX H3 Mllll!CIIll. Cll!lhi!O 3aBllCllT OT "JHep

rHH CTOJIKHOBCHI!ll, llOTCHI!IIa.rJa B3aHMOJieilcTBIIll HYKHOHa MHIJleHII II ll.'!pa Cl!apll,'la, :meprnn CBll· 

311 HYKIIOHa B MHll!eHII II )l;IICCHIIaTIIBHbiX ~)l;epHbiX CHJI, BJllllliOII]HX Ha CKOpOCTb HaJlCTa!Oil!CfO 

li.1:Ipa-CHap~)l;a B MOMCHT ero nepeKpbiTHll C ~.'lpOM MIIll!eHll. 

00Ka3aHO, 'ITO MCXaHH3M o6pa.10Ballll~ 6biCTpblX IIYKJJOHOB 113 Ml!lllelll! .1:!0Mif1111p)'eT 11p11 

CTOJJKIIOBCHIIII Tll)KC!IbiX HOHOB C ::mepriillMH Eo/ A 5 Cp, H IIOJIIIOCThiO cjJOpMI!pyeT lKCCTK)"IO 
-' .l' 

'laCTb cneKTpa HerKHX 'IaCTIIU. flpH 60Hbll!IIX 3Hepnmx OCHOBIIOii llKIIa,'\ B ll<eCTK)'IO 'laCTb ClleK

Tpa nerKIIX 'IaCTHU Ha'IIIHmoT .nasaTb HYKJJOH-HYKIIOHHhie CTOJlKHOBelmll. B paMKax npe:tmm:eH

Holi M0.1:ICIIII paCC'IIITaHbl )(llcjJ!pepeHUHMbHble ce'ICHIIll .II MliOlKeCTBt:IIHOCTII BbiXO;.(a npOTOIIOB If 

HeiiTpOHOB )(II~ HecKOJJbKHX peaKUIIli. C.uenaHo cpaBHenHe c JKcncp11MCnTa.%HhiMII cc'ICIIllllMI! n 

npoBe)l;eH IIX aHaJlii3. DoKaJaHo, 'ITO cneKTpbi nerKHX qacTI!U qyscTBUTeJJ!.Hbl K se.11f'llllle c~eHo

MeHoJJorll'lecKIIX )l;HCCHIIaTHBHbiX CIIJJ. TaKIIM o6pa30M, CliCTeMaTII'ICCKOC IICCJlC.1:!0Bai!IIe TaKI!X 

CIIeKTpOB MOlKCT II03BOIIIITb 6orrce TO'IHO onpe)l;CJIIITb 3Ha'leHHJI rrapaMCTpOB ::JTIIX Cll!l. 

B 'leTBepToii rnase B paMKax KrraccnqecKoii MorreKyHHpuoii )l;HH~IHKII npose)l;eH al!aJJHJ 

CBll3aHHbiX COCTOl!HHii MaJlOIIYKJJOIIIIbiX CHCTCM Ha rrpi!Mt:pe Tpt:XKJ!aCTt:pllbiX ll!!t:pllb!X CIICTCM C 

A= 6 ( 
6 
He', 

6 
Li, 

6 
Be'). TeopeTII'ICCKile 11 JKcncpnMclnnnLHhlC nccJJC21011alm~ c-rpyKT)'libl ::JTIIX 
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.lCfKIIX li.:ICp !IOK<na:lll. 'ITO IIX OCIIOBIIOC II 11113K0"1ClK3.Llli!C B030Y)I(_'lCIIHbiC COCTO}Illllll IIMCIOT }lpKO 

BbipalKCIIIIYIO TpCX'JaCTII'IIIYIO np11po.ay ll n03TOMY MOryT ObiTb npe!I,CTaBJICIIbl B Bll.ilC TpeXK.la

CTCpiiOH CllCTC~lbl a+ N + N. f,1C CHMBOJI N COOTBCTCTBYCT npOTOHY ILl II IICHTpolly. 411CJICIIIIOC 

pemeiiHC rpex'-laCTil'IIIOro ypasuellllll Wpe;murepa noKaJb!BaeT, 'ITO BOJIIIOBal! 4>YHKU!lll TaKoil 

CllCTCMbl IIMCCT .lBC llpKO Bblp3.lKCI!IIbiC KOMnOIICIITbl: «!I.IIIIYKJIOIIIIYIO>>, Kor_na ,1B3. Ba.liCIITIIbiX IIY

KnOIIa .UBIIfaiOTCll KOppen11pOB3.11110 no O.UIIY CTOpOIIY OT a -'-laCTIIUbl, II «CIIrapoo6pa.311YIO», KOI".Ua 

JIBI!lKCIIIIC IIYK.lOIIOB no pa311bie cTopoHbi OT a -Kopa no'-ITH ue3aBHCHMO. 

vhy'-ICIIIIC CBll'33.11llbiX COCTOliiii!H CIICTCMbl IICCKOJibKIIX TCJI B paMKaX KJiaCCII'-ICCKOH MCXa-
.< 

IIIIKII COllplllKCIIO C IICKOTOpblMII Tpy.UIIOCTliMII. 8 '-laCTIIOCTII, KnaCCII'-ICCKal! CIICTCMa Tpex II OOnee 

CI!JibiiO B3ai!MO.UCHCTBYIOilliiX Ten _nalKe np11 OTpHUaTe,lbiiOH nOJIHOH 311Cpf1111 lleCTaOHJiblla OTIIO

CI!TeJibiiO IICnycKaHIIll '-laCTIIU 3a C'-ICT o6pa30B3.1111ll «nepeCBll3allllbiX» COCTO}IIIIIH OTl\CllbllbiX 

cpparMeHTOB, uecymecrsyiOil.liiX s peanbHOM KBaHTOBOM cny'-lae. TaKoe nonelle1111e KnaccH'-IecKoil 

CI!CTCMbl, K3.'3an0Cb Obi, nOJIIIOCTbiO HCKJII0'-13.CT B03MOJKIIOCTb 113Y'-ICIII!ll l\l!llaMHKH CBl!3aHHbiX CO

CTOlliii!H aTOMIIbiX l!l\ep B paMKaX KJI3.CCI!'-IeCKOH MCX3.11HKH. 0lllla~O CpCl\11 BCero 113.QOpa pa.3llll'-l

llbiX 113.'-laJJbllblX KOIIqmrypaUHH nOliOOIIbiX CHCTeM cymeCTBYJOT COCTOllllllll, BpCMll ll(ll311ll KOTO

pb!X 3113.'-II!TeJibiiO npeBbiiiJaCT XapaKTepiiOe BpCMll Ol\IIOfO OOpall{CHllll ee cpparMeHTOB BOKpyr 00-

Il{efO Ue11Tpa Mace. MOlKIIO npel\nOJIOlKI!Tb, 'ITO IIMCHHO 3TH Hal!oOJiee l\OllfOlKHBYil.liiC KOHci>Hry

paUHII .UOJilKIIbl peanii30B3.TbCll C H3.H00Jibllleil BepOliTHOCTbJO II COOTBeTCTBOBi!Tb peanUCTI!'-IeCKIIM 

CBll33.llllbiM COCTOlllllll!M IICCJICl\YCMOH CI!CTeMbl. IlpHfOTaBJIUBal! cny'-laHHbiM o6pa30M 113.'-laJJbiiYIO 

KOIIci>urypaUIIJO CIICTCMbl (cny'-la.HIIb!H BbiOOp KOOpl\HHaT II CKOpOCTCH '-13.CTIIU np11 $HKCHpOB3H

IIbiX 3113.'-leHmiX nOJIIIOH :mepruu II yrnOBOfO MOMeHTa, COOTBCTCTBYJOIUIIX OCIIOBIIOMY COCTOl!IIIIJO 

l\aHIIOfO lll\pa), Mbl. MOlKCM IICCJICl\OBaTb crpyKTypy II l\I!HaMIIKY Hai!OOJiee l\OllfOlKHBYilliiX CO

CTOl!IIHH, npel\nOJI3.fal!, 'ITO IIMCHHO Ollll l!BJil!IOTCll H3.HOOJiee BepOl!THbiMII II peanlf3YIOil.liiMHCll B 

l\CHCTBI!TeJibHOCTH. 

Bbi'-II!CneHHM l\llll cucTeMbi a+ n + n ::Jci>ci>eKTHBHal! noTeHuHanbHal! 3Hepmll V,q,q, (r, R) 

Ka.K ci>YHKUI!ll KOOpl\11H3.T r "'rnn (paCCTOlllll!e MelK_ny BaneHTHb!MII HYKnOH3.M11) ll R "'Ra(nn) (pac-

, CTOl!HHe MClK.nY a -KOpOM If lf.M. l\BYX HYKnOHOB) OOJI3l\3.eT CJieliYJOJUIIMif CBOHCTBaM!f. Ilpll 

HyneBOM OpollTanbHOM MOMCHTe BaneHTHb!X HYKnOHOB / 1,2 =0 ci>YHKUifll V3q,q,(r,R) lfMeeT Ol\IIH 

MIIHHMYM npll r = R = 0. Ilpll / 1,2 = 1 ci>YHKUifll V,q,q,(r,R) pa.JneneHa ::J$ci>eKTIIBHbiM 6apbepoM 

B.UOJib JIHH!fll r = 1 R If HMeeT l\Ba MlfHIIMYMa, noKanlf30BaHHbie B!lOJJb npll ManOM r If 6onbWOM R 

(«.il.llnei!Tpou») If np11 6oJibliiOM 3Ha'leHiflf r If ManoM R («clfrapa»). 

8 pa6oTe BBe)leHbi ci>YHKU!flf JIJIOTHOCTII Ha'lanbHbiX COCTOl!Hifll p(r,R) If cpenHero Bpe-
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MCIHI lKII31Ill r(r, R). KOTOpb!e cpaBHIIBaJOTCll C KBaiiTOBOH npocTpaHCTBCI!HOH KOppelll!UifOHIIOH 

nJJOTHOCTLIO pacupe;]e,Temlll naneHTIILIX HYKJIOHOB P(r, R), pacc'llfTaHHoil B KBaHTOBOM no.nxo!le. 

IlOK3.33.110. 'ITO np11 llaJJII'IIIll y BaJJCI!THbiX HYKnOI!OB I!CHyneBOfO OpollTaJJbi!OfO MOMeHTa, K3.K B 

KB3.HTOBOM. T3.K H B KnaCCH'ICCKOM CJiyqae B CTpyKrype lfCCJie_nyeMLIX CHCTeM IIOl!BJJlleTCll l\BC llpKo"· 

nL!palKCIIHbie Kowjmrypaunu: «.UHIIYKnOIIHal!» u «CHrapoo6pa.3Hal!». OniOCHTeJibllbie seca u no-

JIOlKCIIIIC "JTIIX KO~ll1011CIIT onpe:Je"lliiOTCll nOTCIIUHana~lll napllbiX B3aii~IO.'lCHCTBHll K.laCTepOB. 

hllii30CTb KnaCCU'-ICCKOlt ll KBaiiTOBOH Koppelll!UilOIIHbiX· nnOTIIOCTeii TpCXTCJibllbiX ll!lCp

llbiX CIICTCM 1103BOJiliCT HC!IOJib30BaTb nOCTpOCIIIIYJO MO!leJib T3.KlKe Mll 3.11aJJII3a CTOJIKIIOBCHUH 

T3.KUX }ll\Cp 
6 

He ll 
6 
Li C pa3Jili'IHbiMH MHWeHl!Mil, llCIIOJib3Yll B K3.'-ICCTBe 113.'-lli.JibHbiX KOHci>Hrypa

UIIII npHroTOBJICHI!biC 3apauee /101lfOlKIIBYil.liiC COCTOllllllll 3TIIX ll_nep. ,np)TIIM HanpaB"lCIIHCM pa3~ 

BIITI!ll l\3l!I!OH MOl\CJIH liBJiliCTCll nepeXO!l K ll:l"y'-ICHHJO MYJibTIIKJiaCTepHbiX CIICTCM C N > 3, ana-

JIH3 KOTOpblX B paMK3X TO'-IHbiX KBaHTOBbiX nO!lXO.[JOB 33TPY!lHHTCJICII. 

OcnoBHbie noJimKeHHll n pewnbTaTbi. BbiHOCHMbie Ha 33Il.lHTV. 

1. .neTanLIIOC HCCJie!lOBaiii!C npOUCCCa OKOJIOOapLCpHbiX lll\pO-ll.[!CpllbiX CTOJIKHOBCIII!lt B 

paMKaX KJiaCCII'ICCKOH MOl\CJIH C Y'ICTOM .[JO!IOJIHIITCJILIIOH.CTeneml CB000.1bl - BpaLIICifll}l ;]ecpop

MIIpOBai!!IOfO lll\pa MI!Ll!CIIH. 8bJBO).(bl 0 !lllllaMHKC 3TOfO CTOJIKHOBCIIIIll. B03MOlKIIOCTII o6pa30Ba

Hllll II pac!lalla KBa3HMOJICKYllllp110fO COCTOl!HIIll. XaOTH'ICCKOM XapaKTepe ,.'IBIIlKCHIIll li.[!Cp. 4J.qyK

TYai..\IIll HaoJIIOl\aCMbiX BCJIII'-IIIII B 3aBI!CIIMOCTII OT Ha'-laJJbHblX YCJIOBIIHII napaMCTpOB CIICTCMbl. 

2. CcpopMynHpOBa!Ia II OoOCIIOBa!Ia TeopeMa 0 TOM, 'ITO np11 MaJJbiX CT3.TII'-ICCKIIX l\CcpOpMa

UHliX MIILliCIIII npOHCXOl\IIT C<pa.3MbiTIIC» npHUeJibiiOfO napaMeTpa opoi!TIIpOBa!IUll horb Ha HCKO-

TOpblH «wtmepc!WI op6umupoawtwm 11horb TaKoil, 'ITO Mll mo6oro bE 11horb cymecTsyeT )TOil 

Ha'laJJb!IOH OpHCIITaUHII MI!LlleHI! fPO, ).(Jill KOTOporo 0(b,ip0 ) ~ -oo; Ilpn 60JihllJIIX liCC~OpMa.IUI}IX 

yron ip0 cymecTsycT ).(Jill n106oro b, MeHbmero napa.MeTpa Kaca.TeJibiioro CTOJIKIIOBCHI!ll. 
~,' 

3. 8 paMKaX KJiaCCH'ICCKOH MO).(eDH CTOJIKHOBe!IHll ).(ect>op~mpoBa!IIJbiX BpaUiaJOLIUIXCll ll.'ICp 

pacC'-IHTaHbi !llfcl>cl>epenuHanbHbie ce'leHHll ynpyroro If Heynpyroro paccel!llltll l\llll pea.Kunii 

12C(£1~., =25M3 B)+ 
24 Mg u 

28 Si(£,1., = 30M38) + 
24Mg. IloKa.Jano, 'ITO B cHcTeMe. c TpeMll 

CTeneHliMif CBOOO).(bl (liBe ).(Jill OTIIOCIITCJibHOf,O ,!IBillKCIIllll. + nJIOCKOe Bpall{CIIIIe Jleci>OpM11pOBaH

IIOfO lll\pa) HaoJIIO).(aJOTCll l!BJieHI!ll, KOTOpbie Oobl'-IIIO npllnHCbiBaiOTCll rnyoOKO~HeynpyfiiM npo

UCCCaM 1!/IIJIII npoueccaM o6pa.30Ba!IHll If paCll<l.lla COCTaB!IOfO ll!lpa, a IIMCIIHO, (a) llaJJII'-IIIC 1130-. 

TpOIIIIOH (B CllCTCMC UeHTpa Mace) KOMnOHCIITbl B yrnOBbiX pacnpe!lCJICIII!liX II (fi) lla!III'-IIIC IIeyn

pyroii KOMnOIICIITbl, «npHlK3.TOH» K KYJIOIIOBCKOMY 6apbepy BblXO.UIIOfO Kalla!Ja, B 311CpreTII'ICCKIIX 
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cneKTpax npO.llYKTOB peaKIUHI. TaKoe IIOBC.llCHIIC CC'ICIII!H o6yc!IOBJICHO pacnanoM .llO!li"OiKIIBYllliiX 

ll.llCpHblX KBa3HM0.1CKY!lllpHblX COCTOliHIIH, o6pa3yiO!l\HXCll B CTO!lKHOBeHIIliX C b'E f'lborb . 

. 4. 8 pa~tKaX TO'IHO pewae~IOH '!eTb!peX'!aCTI!'IHOH IIOJIYK!laCCII'ICCKOH MO.lle.111 CTOJIKIIOBe

HIIll TlliKe!lblX IIOIIOB IICC!le;{OBaHbl MexaHII3Mbl 06paJOBaHHll npenpaBHOBeCHblX nerKIIX '!aCTIIU B 

TlliKe.10·IIOHHhlX CT0,1KHOBCHIIliX IIpll HII3KIIX II npoMeiKyrO'IHbiX 3HeprllliX: CpbiB CO CHapll.lla, Bhl

!leT 113 MIIWeHH II BbL'IeT B pe3y!lhTaTe HYK!lOH·HYKJIOIIHOrO CTOJIKHOBellllll. noKa3aHO. 'ITO np11 

3HCprHliX IIY'!Ka MeHbllii!X A· C F HaH60Jiee 6bJCTpble ;lerKHe '!aCTI!Uhl Bhl!lt!Ta!OT 113 ll.llpa MHWe

HII, a He ll3 ll.llpa cHapll.lla KaK 3TO npe.nnonaranocbyaHee. Hail.neHo'Kocoeuuoe 3KcnepHMeHTa!lh

HOe IIO.llTBepiK.lleHIIe 3TOMY BblBO.lly. npu 3Heprl!liX 60!lhlllliX A·cF OCHOBIIYIO pO!lb B npouecct:; 

o6paJooauull 6biCTphiX nerKIIX '!aCTHU urpa!OT HYK!lOH-HYK!IOHHhie CTO!lKHOBCHIIll. B paMKax Mo

.nenH paCC'IIITaHhl .ll.ll<jl<jlepeHUIIa!lbHblC CC'!CIIIIll BblXO.lla !lCrKIIX '!aCTHU ll npOBC.llCIIO HX cpaoue

IIHC. c 3Kcnep11MCHTa!lbHbiMII .nauubiMII. Hccne.nooaua ponb ll.llpO-ll.ll.epuoro B3aMMO.lleilcTBllll 11 

ll.llCpllbiX Cll!l TpCHIIll B .lli!HaMIIKC 06paJOBaHHll 6biCTph!X !lCrKIIX '!aCTliU. 

5. Tpex'!aCTII'IHal! K!laCCH'ICCKal! Mo.nenb IICIIO!lh30Baua .ll.!lll auan113a cTpyKTYPbi 11 .lliiHaMII

KH ouyrpllll.llepuoro .llBHiKeHHll ManouyK!lOHHhlX cHcTeM a+ N + N Ha npiiMepe TpunneTa ll.ll.ep c 

A = 6: 
6 
He, 

6 
Li II 

6 Be. noKa3aHo, 'ITO .llOJII"OiKIIBY!l\IIC COCTOllllllll K!laCCH'ICCKOH Tpex'!aCTH'I

HOH CIICTCMhl .COOTBCTCTBYIOT pea!II!CTII'IeCKI!M CBll3aHHblM COCTOJIHHJIM IICC!le.llyeMb!X ll.llep. }J,a110 

Har!lll.lli!Oe. K!laCCII'!eCKOe 06bl!CHCHIIe IIOliB!leiii!IO y K!laCCI!'ICCKOH Tpex'!aCTI!'IHOH CI!CTeMbl 

.llBYXKOMIIOHeHTHOH CTpyKTypbl («.ll.IIHeilTpOH» II «CI!rapa» ).Ha OCHOBe Ka'!eCTBeHHOrO CXO.ll.CTBa 

pe3y!lbTaTOB K!laCCII'IeCKOrO II KBaHTOBOro paC'!eTOB C.lle!laH Bh!BO.ll 0 B03MOiKHOCTII B .lla!lbHeilweM 

IICIIOJ!h30BaHI!ll pa3BIITOH MO.lleJIH .lUIJI aHa!l1!3a IIpOUCCCOB CTOJIKHOBeHllll JierKIIX li.ll.ep II .lUll! 113y

'!eHI!ll MYJibTI!KnacTepHhiX CIICTeM c N > 3. 
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