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OBII(A.H XAPAKTEPliICTliIKA PABOTbl 

AKTyan1,Hocr1, TeMhl. 

O,n:HOH ll3 0CH0BHhlX npo6JieM HepeJIHTllBHCTCKOH KBaHTOBOH MexaHHKil 

JIBJIJICTCJI 3a,n:aqa BIJqncJieHnJI co6cTBeHHhlX 3Haqennn n co6cTBCHHhlX cpyH­

KQllil: 3a,n:a1rnoro raMHJibT0HHaHa, T.e. pemeHne ypaBHeHnJI Illpe.n:1rnrepa 

(YIII) ,n:JIJI pa3JinqHhlX II0TeHQHaJioB. O,n:HaKo ToqHhle pemeHnJI YIII H3Be­

cTHhl T0JlbK0 .Zl:JIJI oqeHI, J3Koro KJiacca II0TeHQHaJI0B, TaKnx, KaK II0TCHI(HaJI 

rapM0HnqecKoro 0CQilJIJIJIT0pa, KJJIOH0BCKHH II0TeHI(IIaJI n HCK0T0phle .n:py­

rne. AHamITnqecKIIe pememrn. YIII ,n:JIH 60JI1,mnHCTBa IIHTepecHhlX c cpn-

3nqecKoil: T0qKII 3peHilH II0TCHI(IIaJI0B HeII3BCCTHhl. Ilo3TOMY IIpll IICCJie,n:o­

BaHIIll peaJibHhlX cpn3uqecKnx cncTeM npuxo,n:nTcJI npu6eraT1, K npu6m1meH­

HhlM MeTo,n:aM BhlqllCJieHHH co6CTBeHHhlX 3HaqeHnH n co6CTBeHHhlX cpyHKI(IIil: 

3a,n:aHH0ro raMIIJibT0HHaHa. 

C pa3BIITileM KOMIIbIOTepHofi TeXHilKII 6oJiblliOe 3HaqeHIIe npno6peJin q11-

CJICHHhle MeT0.Zl:hl pemeHIIH 3a,n:aq KBaHT0B0fi MeXaHIIKII, II B 3T0M HanpaBJie­

HIIIl ,n:oCTHrHyThl 60JII,llille ycnex11. O,n:Hal{O BalliHOe MeCTO Ha npaKTHKe IIO­

npemHeMy OTBO,n:IITCJI anaJIIITnqecKHM MeTo,n:aM, IIOCK0JlbKY OHII II03B0JIHIOT 

IICCJie,n:oBaTb KaqecTBeHHhle 3aKOHOMepH0CTII, np11cymIIe ,n:aHHOfi CllCTeMe, II 

JIBJIJIIOTCJI 6a30H ,n:JIH C03.Zl:aHIIJI aJiropIITMOB q11cJieHHhlX pacqeTOB. 

BRpaTI(e 0CTaHOBIIMCJI Ha OCH0BHhlX aHaJIHTIIqecKIIX MeTo,n:ax, npIIMCHJI­

eMhlX B CJiyqae CBJI3aHHhlX COCTOJIHIIfi, y,n:eJIJIJI oco6oe BHIIMaHIIe nx ne.n:o­

CTaTKaM, no,n:pa3yMeBaR ,n:oCTOilHCTBa xopomo II3BeCTHhlMil . 

1) Teopust B03Myw,enuu P:>.;1,est-lllpeaunzepa. 8ToT no,n:xo.n: JIBJIHeTcJI 

o,n:HHM 113 HaI160Jiee Il3BeCTHhlX II lliIIpOKO IlCIIOJib3JeMbIX. B 3TOM no,n:xo.n:e 

pa3Jiomen11e no Teopn:n B03MymenHfi (TB) npoBo,n:nTcJI no KOHCTanTe cBJI3II. 

Oco6eHHOCTb COCT0IIT B IlCIIOJII,30BaHIIIl Bcero cneRTpa HeB03MymeHHOfi 3a­

,n:aq11 II Bcex MaTpIIqHI,IX 3JieMeHTOB, qTo BhlHym,n:aeT BbI611paTb B RaqecTBe 

uyJieBoro np116JIIImeH11JI Toquo pemaeMhle 3a,n:aqn, IloJiyqaeMhle pR,n:hl B 60JI1,­

m11HcTBe cJiyqaeB pacXO,n:JITCJI II .Zl:JIH IIpIIMeHeHHJI MeT0.Zl:OB cyMMHpOBaHIIJI 

neo6xo,n:IIMO BhlqncJIJITI, nonpaBKII BhlCORIIX nopJI,n:RoB, qTO 061,Iquo JIBJIHeTCJI 

BeCI,Ma Tpy,n:oeMRIIM npoI(eCCOM. 

2)Moau,fmv.upoeannast meopust 603.M.YW,CttUU. Ha1160Jiee nonyJIHpHbIM 

npe,n:cTaB11TeJieM 3Toro MeTo,n:a JIBJIHeTcJI JiorapncpMnqecRaR TB. B 3TOM 

no.n:xo.n:e, B oTJinq11e OT Teopn11 P3JieJI-Illpe,n:nnrepa, 11cnoJI1,3yeTcJI pemeiine 

ueBo3Mymennofi 3a,n:aq11 TOJibR0 ,n:JIH paccMaTpnBaeMoro cocTOJIHIIJI. O,n:naRo 

,n:aHHhlfi cpopMaJIH3M, .n:onycRM IIpOCThle peRyppeHTHhle cpopMJJihl ,n:JIJI OCH0-

BH0ro C0CT0JIHIIJI, CTaH0BilTCJI oqen1, rpoM03.Z1:RllM Il MaJio IIpIIr0,n:HhlM .Zl:JIH Bhl-
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'IJICJiemrn nonpaBoR BhlCORoro nopJi.zma· .n;~me ·B cnyqae nepBhlX B036ylli.n;en­

HhlX ypoBHeil: • 

3)Hea3u-x:.1.accu"lec-x:oe npu6.1.u:xceuue. B aTOM no.n;xo.n;e, nony'IIIBIIIeM 11a­

aBa11ne MeTO.n;a BeHTIIeJIH-KpaMepc-BpIIJIJIIOaIIa (BKB-npII6JIIIllieHIIH), rrpo­

BO.D:HTCH paanollieIIne no nocToHnnoil: IInaHRa. B o6IIJeM cnyqae rrpIIMeHII­

MOCTb aToro MeTo.n;a onpaB.n;a11a TOJibRO ,ll;JIH BhlCOROB036Jlli,ll;eHHbIX COCTOHIIIIH. 

Mccne.n;oBaHIIe HII3ROJielliaIIJHX ypoBHeil: Tpe6yeT yqfaa rronpaBOR BhlCOROro 

nopH.n;Ra no 1i II conpHllieno c 6oJiblliIIMII Tpy,n;HOCTHMII. 

4)l/N-pa3.1.0:xceuue. ,lJ;JIH H3J'IeHJIH cneRTpOCROnHII CBH3aHHhlX COCTOH­

HHH 6hlJI rrpe.n;nollieH n HHTeHCHBHO paaBIIBaJICH MeTO.n; 1/N-paanollieHIIH. C 
TO'IRII apeHIIH TeXHIIRII Bhl'IHCJieHJiil:, .n;aHHhlil: MeTo.n; HBJIHeTCH JIOrapmpM11-

qecRoil: TB no MaJioMy rrapaMeTpy 1 / N, a rroToMy He JIIImeII n npIICJIIJHX eil: 

He.n;ocTaTROB. KpoMe Toro, XOTH RBa3HRJiaCCJI'leCRaH npIIpo.n;a TaRoro no.n;­

xo.n;a II ero .n;onoJIHHTeJibHOCTb BKB-npII6JIHllieHIIIO .n;ocTaTO'IHO HCHhI, .n;o CIIX 

nop ero HBIIaH nonyRnaccnqecRaH TpaRTOBRa B BH.n;e 1i-pa3JIOllieHIIH He 6hlJia 

.n;aHa. 

5)B<f,pua11,uo11,11,1,iii, npuuv,un u ezo pa3.1.u"l1t'bte .1,waugm-x:a11,uu. Bapna­

IIHOHH0il: rro.n;xo.n; - e.n;HHCTBeHHhlil: HHCTpyMeHT ,ll;JIH pemeHHH CROJibRO-HII6y.n;h 

CJIOH{HhlX MHoroMepHhlX aa.n;aq, B 'laCTHOCTH aa.n;aq aT0MHOil: q>H3IIRH. Ocno­

BHhlM ero He.n;ocTaTROM HBJIHeTCH OTCJTCTBHe OIIeHRH TO'IHOCTH nonyqaio­

mnxcH peaynbTaToB. 

TaRHM o6pa3oM, MO}l{HO yTBeplli.n;aTb, 'ITO JIOCTpoenne y.n;o6noil: npoIIe­

.n;yphl HaXOlli,ll;eHHH peruennil: RBaHTOBO-MeXaHII'leCRHX ypaBHeHnil: ,ll;JIH CBJI­

aaHHhlX COCTOHHHil: no-npelliHeMy 0CTaeTCH aRTJaJibHOil: aa.n;aqeil:. 

U:enb .n;nceepTaIIHH COCTOHT B pa3BHTHH HOBoro no.n;xo.n;a R HCCJie.n;oBaHHIO 

CBH3aHHhlX COCTOHHHH B RBaHTOBO-MexaHII'leCRHX encTeMax H npnMeneHIIH 

aToro no.n;xo.n;a R onncaHHIO none.n;ennH .D:BYX H TpexTeJibHI,IX encTeM. ARIIeHT 

.n;enaeTCH Ha nayqe11nn aRCHaJibH0 CHMMeTpH'IHhlX CHCTeM, MaTeMaTH'leCROe 

nene.n;ona11ne ROTOphlx npe.n;cTaBJIHeT 11an60JiblliJIO CJIO}l{HOCTb. 

Hay'IHaH HOBH3Ha H npaRTH'leeRaH IIeHHOeTb. 

HoBhlM peayJihTaTOM HBJIHeTCH paapa6oTRa HenepTyp6aTHBHOro MeTO.n;a 

(MeTo.L( ocu;11JIJIJITopHoro npe.L(cTaBJieHl.fJI (OII)) ,n;JIH aHaJIHTII'lecRoro 

Bhl'IHCJieHHH cneRTpa H BOJIHOBhlX q>yHRIIHH CBH3aHHhlX COCT0HHIIH B MaJio­

qaeTH'IHhlX RBaHTOBO-MexaHnqecRHX cncTeMax. M.n;eH OII coeTOIIT B cne­

.n;yiomeM. B pa.n;~aJibHOM YIII .n;enaeTCH aaMeHa nepeMeHHhlX TaRHM o6pa­

aoM, 'IT06hl npeo6paaoBaHHaH BOJIHOBaH q>yHRIIHH HMeJia, Bo-nepBhlX, rayc­

COBCRJIO aeHMJITOTHRY Ha 6eCROHe'IHOeTH n, BO-BTOphlx, 6hlJia ROHeqna n 
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IIMeJia MaHeIIMYM B nyne. ,D;anee oRa3hlBaeTeH, qTo rrpeo6paaonamrne YIII 

MO}l{IIO OTO}H,l],eCTBIITb C YIII ,ll;,1H OCHOBHoro eOCTOHHIIH B HeROTOpOM q>IIRTII­

BHOM BCITOMOraTeJibHOM npocTpaneTBC HCHOTOpoil: pa3MCpHOCTII. IlpII aTOM 

op6wraJJI,HbIC IIJIII a3IIMyTaJibHbJe HBa!ITOBhlC qIIeJia rrorJIOIIJaJOTCH paaMep­

JIOCTbl0 BCIIOMoraTCJibHOro npocTpaHCTBa. 

IIoJiy'ICIIHbIH raMIIJibTOHIIan B aTOM HeJIOMaraTeJibHOM rrpocTpaHCTBC np­

e,ll,eTaBJIHCTeJI B "11op~rnJibHOil: q>opMe", T.e. HOOp,ll,IIIIaThl II IIMJIJJibChl Bhl-. 
pamaIOTCJI qepe3 onepaTOphl pmHL(CIIIIJI II ynIIqTQH{CIIIIR, II raMIIJibTOIIIIaH 

aanIIchrnaeTen B q>opMe H = ll0 + lh + co, npIIqeM H0 HBJIHeTcR raMIIJib­

To1111anoM CHo6o.n;noro OeIIIIJIJIJITOpa, a raMIIJibTOHIIaH B3aIIMO,ll,eil:eTBIIH H1 
npe,ll,CTaHJIJICTeJI B nopMaJibHOil: q>opMe OTHOeIITCJibHO orrepaTopoB poml(eHIIJI 

II YHII'ITO}Hemrn II He eo.n;epmIIT JIIIHeil:HhlX II HBa.n;paTH'IHhlX enaraeMhlX, a co 

HBJIJICTCH :rneprIIeil: OCHOBHOro eoeTOHHIIJI B nyJieBOM npII6JIIIllieHIIII. OHa3hl­

BaeTCJI, 'ITO BCJIIIqIIna co C BbICOHOil: TO'IHOeTbIO onpe,ll,eJIHeT aneprIIIO oeno­

BIIOro C0CTOJIHIIH IICXO,ll,HOH aa.n;aqII, IIonpaBHII MoryT 6hlTb BhlqIICJieHhl no 

TB c noMOIIIblO raMIIJihT0HIIana naaIIMO,ll,eil:cTBIIH. 

MnoJKCCTHO HBaHTOBhlX elICTeM ( aTOM BO BHenrneM IIOJie, .n;eq>opMIIpoaan: 

Hhle aTOMHhle H,ll,pa, MeTaJIJIII'leCI{He HJJaCTephl II T .,ll,.) OIIIIChlBaIOTeH "co­

eTaBHl,JMII" IlOTCHIIIIaJJaMII, HBJIJIIOIIIIIMIICJI CJMMOH IIOTCHIIIIaJIOB, ,ll,JIJI HOTO­

phlX aelIMITTOTIIl{H BOJIHOBhlX q>JIIHIIIIH na 6oJibllilIX paecTOJIHIIJIX pa3JIII'IHhl. 

OHa3hIBaeTCH, qTo eeJIH npoBCCTII 3aMeny nepeMCHHhlX TaHHM o6pa30M, 'IT0-

6hl pa3MCpHOCTb BCTIOMoraTeJibIIOro npoeTpaHCTBa COOTBeTeTBOBaJia npoMe­

lliJTO'IHOH aCIIMTITOTIIHe, II C11IITaTb aTy pa3MepHOCTb Bap1IaI11IOHHhlM napa­

MeTpoM, TO y.n;aeTCJI Bhl'IIIeJIIITb ypoBirn aneprIIII B pemIIMe CJia6oii, CIIJib­

HOH H, 1ITO eyn{eeTBeHIIO, npoMelliyTO'IIIOll CBH3H. TaHIIM o6pa30M, .n;am!hlil: 

MeTO,ll, Hap.n;nnaJibHO ynpomaeT Bhl'IIICJie111Ie a11epreTIIqecHoro cneHTpa B pe­

HrnMe CIIJibHOH II npoMClKJT01UIOll CBJI3H. ,lJ;eTaJibHO HeCJIC,l],OBaHhl pa3JIIIqHI,IC 

pelKHMhl no HOHCTaIITe CBJl3II ,ll,JIH O,ll,IIOMep11oro. II TpexMepnoro a11rapMOHII­

qee1rnx OCIIIIJIJIJITOpOB. 

Paapa60Ta11a HOBaH CXCMa BhlqlieJieHHJI anepreTII'ICCIWro eneHTpa 

TpexTeJib!IOll HJJIOHOBCHOH CIICTCMhl C IlOJJHhlM MOMeHTOM J. YcTal!OBJICHhl 

rpaHIII!hl CTa6IIJibHOCTII TpeXTCJibHOil: HJJIOHOBeiwil: eIICTCMhl c C,ll,IIHII'UlhlMII 

aapJI,ll,aMII B aaBIICHMOCTII OT Mace qacTIIII. B 11acTHOCTH, pacqeT noHa3aJI, · 

qTo CIICTeMa (pe+e-) JIBJIHeTCH HeCTa6IIJibHOH. BnepBhle onpe,n;eJieHO 3Ha­

qe111Ie HplITIIqeeHOll Mace~ ,l],JIJI HJJIOHOBCHHX CIIeTCM (pe-c+), (De-e+), 
(A+ A-e+) II (pB-e+) c IIOJIHhlM MOMeIITOM J = 0, l. YCTaHoBJieno, 'ITO npu 

B03pacTaIIIIH BCJIII'IHHhl IIOJIHoro op61ITaJibHOro MOMCHTa J o6JiaeTb eTa6nJib­

!IOCTH TpeXTCJJhHOil: HJJIOHOBCHOil: CHCTCMhl cymaeTCH, T.C. MO}KCT CJlllCCTBO-
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BaTb TaH0e 3Haqe1rne IIOJIHoro M0MeJITa le, npn: H0T0p0M Bee TpexTeJII,llhie 

HYJI0II0BCHife CllCTeMhl JIBJIJIIOTCJI HeCBJI3aHJihIMif. 

BrrepBhle rro;ryqeua 3aBncnM0CTh 311eprnn CBH3H Me3oMoJicKyJI ( I! /LN z), 
cocToJimnx H3 H30T0II0B Bo,nopo.na (H = p, d, t) n JILi.pa Nz c 3apJIJl0M 

Z = 2, 3, 4, ... n c Maccoi1 Mz = 2Zmp, OT 3apJILl,a JI,npa Z. 
AnaJIHTn:qecKn orrpe,ne;reu 3HepreTn:qecKni1 crreKTp LI.BYX3JieHTponoi1 1rna­

HTOB0H T0qKn (KT). BrrepBhle H3 cmrrJieT-Tpn:rrneTHoro n TpnrrneT-TpmrJrcT­

noro 3HepreTnqec1wro rrepexo.na orrpe,neJieu pa3Mep LI.BYX3JieHTponnou HBan­

TOBoi1 ToqHn rrpn mo6hlx 3naqe1rnJix narrpm1{en11ocTn Manrnnroro noJIJI. YcTa­

H0BJieuo, qTo pa3Mep KT, orrpe,n:e;remmit H3 cmrrJieT-TpIIIIJienroro rrepexo.na, 

rrpn ClIJihIIhIX MarIJlfTHhIX II0JIJIX B 0CH0BH0M orrpe,n:eJIJieTCJI CIIIIH0HhIM B3aII­

MO,n:eitCTBIIeM Mem.n:y 3JieKTponaMII II 0TJIIIqaeTCJI OT pe3yJihTaT0B, rro;ryqen­

HhIX C MOLl,II(pIIIIIIpOBaHHhIMII RYJIOHOBCI{llMif II0TeHI{IIaJiaMn. 

Arrpo6aIIIIH pa6oThl. MaTepIIaJihr Ll,IIccepTaIIHII neo,nnoupanIO Ll,0KJiaLl,hl­

BaJinch ua ceMnnapax Jla6opaTOpnII TeopeTnqernoit cpII3HHII OM.HM II Te­

opeTnqeciwro ome;ra MncTIITyTa MOJieHyJIRpnoii: cpn:3IIHH PHU: "I{ypqaTO­

BCRIIH micrnTyT", a TaHme B <I>MPAH, HMMR<I> MfY, MT<I> (IfaeB, Yupa­

IIna), MR<I> (AJIMa-ATa, Ka3axcTau), TfY(TanrneuT, Y36eKIICTan). MaTe­

pIIaJihI Ll,IICcepTaIIIIII 6bIJIIf rrpeLl,CTaBJieHhI n Ll,0HJiaLl,J,IBaJIIICh ua HOHcpepeu­

IIIfJIX: Sacharov Memorial Lectures in Physics, Moscow 1991. Few-Body 

Problems in Physics: Kharkov-92; AJIMa-aTa-93; Amesterdam-94; Peni­

scola-95. Progress in current Few~Body problems, Dubna 1997. Critical 

Stability of Quantum Few-Body Systems, ETC, Trento 1997. 8th Interna­

tional Conference on Symmetry Methods in Physics, Dubna 1997. 

Ha 3all{IITY BhILI.BIIraioTcJI cJieLl,yiomIIe pe3yJihTaThl. 

1. Pa3pa6oTaH uerrepTyp6aTHBHhIH MeT0LI, (MeTO~ OCQHJIJIJITOpHoro 

rrpe~CTaBJieHHJI) .l(JIJI aHaJIHTifqecHOro BhlqIIcJieHHJI crreHTpa II B0JIH0BhIX 

cpyHHIIIfM CBJI3ammx COCT0JIHifi1 B MaJioqaCTIIqHhIX I<BaHT0B0-MexaunqecHJIX 

CllCTeMax. 

MeTOLI, On II03BOJIJieT eLl,HHhIM o6pa30M OIIIICbIBaTb 0CH0BH0e If B036ym,n:eH­

Hhle cocT0HHIIH ,n:JIJI nrnpoHoro KJiacca ccpepIIqecHn II aHcnam,no CHMMe­

TpIIqnhIX IIOTeHIIIIaJIOB, Ll,0IIYCHalOII{IfX cymecTB0Banne CBJI3aHHhIX COCTOJI­

HIIM. On Ll,aeT B03MO}I{HOCTh eLl,IIH006pa3HO OIIIICbIBaTb pellillMhl CJia6oit, 

CIIJihJIOM II rrpoMemyToqHoit CBJI3If B c;ryqaJix, HOrLl,a B3allMOLl,eHCTBHe orrn­

CbIBaeTCJI cyMMOit II0TeHIIIIaJI0B pa3;rnqnoro TIIIIa (HYJIOH IIJIIOC OCIIIfJIJIJITOp 

n T .LI,.). MeTO.l( o6JiaLl,aeT BhICOHOii: TOqHQCThlO HyJieBoro rrpn6JIIIllieHIIJI ( c 
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orm-16Holl Menee 0Ll,H0ro rrpoIIeHTa .l(JIJI CIIeHTpa) n C0Ll,epmIIT peryJIJipHbIH 

aJir0pIITM BhlqncJieHHJI rrorrpaB0H I{ 3TOMY npn6JIH}I{eHIIIO. 

2. MeTOLI. IIpIIMeHeH Ll,JIJI pemeHIIJI pHLl,a aHTyaJibHhIX 3a,n:aq HBaHTOBOH 

MexaHIIHII CBJI3aHHhIX COCTOJIHlIH. 

• Ha rrpIIMepe pHLl,a M0Ll,eJihHhIX II0TeHIIIIaJIOB ( CTeIIeHHOii:, JiorapncpMH­

qecKnii:, KYJIOHOBCHIIii:, II0TeHIIliaJI IOHaBhl, MOJieHyJIJipHbie IIOTeHIIliaJihl 

II Ll,p.) rrpoLl,eM0HCTpnpoBaua YHl!BepcaJihHOCTh MeT0Ll,a II anpo6npo­

BaHa TQqH0CTh BhllJIICJieunii:. 

• .LJ:eTaJihHO nccJieLl,0BaHhl pa3JIIIlJHhle pellilIMhl no H0HCTaHTe CBJI3lI .l(JIJI 

0Ll,H0Mepuoro Il TpexMepuoro aurapM0HIIlJeCHlIX OCIIIIJIJIJITOpOB, HYJIO­

H0BCK0ro II cTerreuuoro II0TeHIInaJioB, HYJI0H0BCHOro lI IOHaBCHoro rro­

TeHIIIIaJI0B II T .LI,. 

• noL1,p06HO paCCMOTpe:iia 3aLl,alJa 06 aT0Me Bo,n:opo.n:a BO BHemunx 3JieH­

TPIItJeCK0M II MarHIITHOM IIOJIJIX. YpoBHlI 3Heprnn aTOMa lI nx mIIplIHhl 

paCClJIITaHhl .l(JIJI rrpolI3BOJihHOH HarrpJimeHHOCTlI 3JieHTpIIl!eCHOro lI_Ma­

rHIITHOro II0JIJI. 

e BhllJIICJieH 3HepreTIIlJeCHIIH crreKTP TpexTeJihHOii: HYJIOHOBCKOii: ClICTeMhl 

c II0JIHhIM MOMeHT0M J = 0, 1. YcTaHOBJieHhl rpaHIIU:hl CTa6lIJihHOCTlI 

TpexTeJibHOii: HYJIOHOBCHOii: ClICTeMhl lJaCTlIU: ·c eLl,lIHlilJHhIMII 3apJI,n:aMlI 

B 3aBlICHM0CTII OT Mace qacTHII. noHa3auo, lJT0 rrpn yBeJIIIlJeHIIII 

II0JIH0ro op6nTaJihHOrO M0MeHTa J o6JiaCTh CTa6IIJihHOCTII TpexTeJih­

HOH HYJIOHOBCHOH CIICTeMhl cymaeTCJI. PacqeT IIOKa3aJI, lJTO CIICTeMa 

(pe+e-) JIBJIJieTCJI uecTa6IIJihHOii: . .LJ:JIJI ClICTeM (pe-c+), (fle-e+), 
(A+ A-e+) n (pB- e+) c rroJIHhIM M0MeHT0M J = 0, 1 BhllJHCJieuo 3ua-

11enIIe HpIITJilJeCKOii: MaCChl. 

• BhllJIICJieH crreKTP aT0Ma B0Ll,0po.n:a c o6o6mennhIM noTenu:nanoM BaH 

L1,ep BaaJihCa .l(JIJI JII06hIX 3HalJeHilii: rrapaMeTpa neccpeplll!HOCTii O ~ 
/3 ~ 2. 

• BhltJHCJieHhl 3ueprnn ocnoBHhIX cocTOJIHnii: Me3oMoJieHyJI ( H µN z), co­

CTOHlllIIX H3 II30TOIIOB Bo)lopoLl,a (H = p, d, t) n H,n:pa Nz c 3apR,n:oM 

Z = 2,3,4, ... n c Maccoii: Mz = 2Zmp. nonyqena 3aBncnMocTh 

3Heprnn CBJI3lI Me30MOJieHyJI OT 3ap1IL1,a JILl,pa z. 
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• PaccMoTpena ,n;Byx.9neKTpoHHa.JI KBaHT0Ba.JI To<rna (KT) B .n;Byx- H Tpex­

MepnoM npocTpaHCTBe B MarHHTH0M none npoH3BOnhHOH HanpmKeHII0-

CTH. BhPrncneHhr cneKTp H HaMarHH'IennocTh I{T. Onpe,n;eneu pa3Mep 

I{T H3 CHHrJieT-TpnnneTnoro H TpnnneT-TpHnneTH0ro nepexo,n;0B. 

ny6nnKan:nn. no MaTepnanaM ,n;nccepTaO:HH ony6nuKoBaHo 18 pa6oT. 

CTpyKTypa H ofrbeM ,n;nccepTan:nn . .L(nccepTaO:HR C0CT0HT H3 BBe,n;emrn, 

5 rnaB, 3aKnIO'IeHHR H cnncKa nHTepaTyphl. Ona co,n;ep.lRHT 210 CTpaHHll 

MaIIIHH0ilHCH0ro TeKcTa, 30 Ta6nun: n 10 pucyHK0B. CnHCOK nHTepaTyphl 

BKnIO'IJaeT 226 HaHMeHOBamdi:. 

CO,l(EP.lliAHME PABOTbI 
Bo BBe,n;eHHH CTaBHTCR 3a,n;atJa nccne,n;oBaHHR KBaHT0B0-MeXaHH'IJecmrx 

CHCTeM B 0CH0BH0M H B036y.lR,n;eHHhIX COCTORHHRX B paMKax ananHTH'IJeCKHX 

MeT0,ll;0B n o6ocHOBhIBaeTCR ee aKTyaJibH0CTb. O6pHCOBhIBaeTCR C0BpeMeH­

Ha.JI CHTyan:nR B ,n;aHHOH o6naCTH n qiopMynnpyIOTCR K0HKpeTHhle npo6neMbl. 

I{paTKO H3naraeTCR co,n;ep.lRanne ,n;nccepTan:nn. 

nepBa.JI rnaBa nocBRIO:eHa H3n0.lReHHIO OCHOBHOH H,n;eH On H TeXHHKll 

Bhl'IJHcneHHR .9HepreTH'IJeCK0ro cneKTpa KBaHT0B0-MeXaHH'IJeCKHX CllCTeM. 

B §1.1 npe,D;CTaBneHa 0CH0BHa.JI H,D;eR On. 8TOT no,D;X0,ll; 0CHOBaH Ha Me­

T0,D;aX KBaHTOBOH TeopHH CKaJIRpnoro noJIR. O,n;no H3 cym;ecTBeHHhIX oTnH'IHH 

KBaHToBo:ii Teopnn noJIR (KTn) OT KBaHT0B0:ii Mexammn cocT0HT B TOM, 'ITO 

B KTn KBanToBannoe none, npe,n;cTaBnRrom;ee na6op 6ecKo¥etJnoro tJHcna 

ocn:nnJIRT0poB, coxpanReT npn B3aHMo,n;e:iiCTBHH CB0IO OClIHnJIRTOPHYIO npn­

po,n;y, B TO BpeMR KaK B KBaHTOB0H MexannKe IlOBe,n;enne co6cTBeHHhIX <pyH­

KO:HH ,D;JIR 6onbillllHCTBa Il0Teno:nanoB cnnr,no OTnHtJaeTCR OT rayccoBCKoro 

Il0Be,n;eHHR ocn:nnJIRTOpHOH BOnHOBOH <pYHKO:llll. nepBhIH mar C0CT0HT B 

TOM, 'ITO neo6xo,n;HMO B HCX0,ll;H0M ypaBHeHHll lllpe,n;nnrepa npoBeCTH 3a­

MeHy nepeMeHHhIX TaKIIM o6pa30M, 'IJT06hl npeo6pa30BaHHOe ypaBHenne 06-

na,n;ano pemeHHRMH, HMelOIIJ;llMH rayccOBCKYIO acnMnT0THKy . .L(anee MO}KH0 

Bocnonb30BaTJ,CR npe,n;cTaBneHHRMH KBaHTOBOH Teop1rn Il0JIR ( onepaTophl po­

.lR,D;eHHR ll YHH'IJT0.lReHHR, ynopR,ll;0'IeHHe H T.,n;. ). B KBaHT0BOH Teopnll CKa­

JIRpnoro noJIR B qiopMHpoBaHHe 0CH0BH0ro COCTORHHR OCHOBHOH BKna,n; ,n;aIOT 

TaK Ha3hIBaeMhle ,n;narpaMMhl "KaKTycnoro" ·Tnna. 8TH ,n;narpaMMhl co,n;ep­

.lRaT 0CH0BHYIO pacxo,n;HM0CTJ, H HX M0.lRH0 ytJeCTJ, nepeuopMHpOBKOH MaCChl 

cKaJIRpno:ii tJaCTHO:hl H .9Heprnn BaKyyMa. B qiopMaJIH3Me I{Tn .9Ta 3a,n;atJa 

pemaeTCR nyTeM BBe,n;eHHR noHRTHR H0pManhH0ro np0H3Be,n;eHHR, ecJIH l!C-

6 

" 

li 

y 

Il0Jih30BaTb npc,n;cTaBnenne Il0JICBblX onepaTop0B 'Iepe3 onepaTOphl pom,n;e­

mrn ll JIIl!'ITOlKCJIHH. Orc1<ma CJICII.YCT, '!TO Tpe60Ba1me, 'IT06hI raMHJihTO­

JIHall B3aHMOll,CHCTBHH, no-ncpHhIX, co,n;cpman II0JICBhlC oneparophl B CTenenn 

BJ,IIIIC BTOpoti H, BO-BT0phIX, 6hIJI 3am1can B qiopMe H0pMaJihHOro rrpol!3Bell,e­

IIIIR, 3cf>tj>CI<THBIIO rrpHBOll,llT K Y'ICTY BKJiall,a ll,HarpaMM <Peiim,raua "HaI{Ty­

cuoro" nma B cpopMnpoBa1me 0CJI0BJIOrO COCTORHHH CHCTeMhI, IIJIU BaHyyMa. 

3Ta II.ll,eH rrpHMCIIHeTCR H peIIIeIIHIP MOl!II<pIIO:Hp0BaIIHOrO ypaBHel!IIR 

Illpe.n:n11rcpa. Ilpem,n;e Bcero 11eo6xoJUIMO Bhlpa3HTh raMIIJibTOimau cn:cTeMhI 

'!epc3 orrcpaTOphI pom,n;eIIHH a+ n: ynn'ITO}I{eHHH a ocunnJIHTopnoro 6a3l!Ca. 

Bo3IIII:HaeT nonpoc, HaH nan:JIJ'IIIIHM o6pa3oM onpe.n:enHTh '!aCTOTY 3Toro 

OC!IIIJIJIHTOpa? Ha H3hIHe raMHJihTOII0Ha cpopManII3Ma 1rnaHTOBOll MeXaHIIHH 

na 3all,a'!a qiopMynn:pyeTCR cne,TlJIOllIIIM o6pa30M. IlycTh raMIInhTOimaH 

CHCTCMhI 3a,naJI. lib raMHnhTOHHaHa CHCTCMhI BhI,TlCJIHM 'IIICTO OC!IHnnHTOp­

HYIO '!aCTh C HCHOTopoii, IIOJ{a HeII3BCCTHOii, '!aCTOTOii W 11 rrpe.n:craBHM .9TOT 

raMIIJihT0l!HaH B cpopMe Ho = wa+ a, a 0CTaBIIIYJOCH '!aCTb, T.e. raMHJihT0-

1ma11 B3aHMO,TlCHCTBIIH, rrpe,TlcTaBIIM B cpopMC nopManhHOrO rrpOII3Be,TlCIIIIJI IIO 

(a+, a) H norpe6yeM, 'IT06hI .9TOT raMHJ!hTOiman B3allMO,TlCHCTBHH ne CO,Tlep­

}I{an cnaraeMhIC, J!HHCHHhIC If 1rna,11,paTH'!Ilh!C 110 HaH0HH'leCHHM nepeMel!HhIM. 

8To ycnoBn:e onpe,n;eJIHCT '!aCTOTY 0Cl(HJIJIHT0pa w 11 Ha3hIBaeTCH YC.!lOBUC.At 

OC11,U.!l.!l5lmOp1to20 npeacmaB.!lC1lU5l. 

§1.2 rrornnmen H3Y'IeHHIO ocuu;mnTopa B d-MepnoM npocrpancTBe. B 

no,n;pa3ll,CJIC 1.2.1 onpe,11,eneu d-MCplll,IH 0C1Il!nnHT0p I! cro J{aIIOHl!'ICCHl!C 

nepeMCI!Hhie BhlpaH{CHbl '1Cpe3 oncparophl p0.lR,ll;CHl!H ll YIIH'JTO}l{Cl!HH. B 
1.2.2 pa3Jil!'IHhJC II0TeHIIl!anhl npe)(CTaBneilhJ B nopManhHOl'1 cpopMe. B 1.2.3 
nony'!eno nopMam,110 ynopRJ(0'leIIHoe npe,TlCTaBne1rne raMHJihTann:ana H H3-

no}HCHJ,I ,11,eTaJIH Bh!B0,11,a ypaBHCHl!R ,11,JIH '!aCT0Thl OC!Il!JinHTOpa, l!CX0,11,H 1!3 

ycnoBHH 0Cl(HJinHT0pHoro npc,11,cTaBJICHl!R. B no,11,pa3,11,ene 1.2.4 npHBe,11,eH 

peuenT Bhl'll!CJICHl!R nonpaBOH H CilC!{Tpy H BOJIHOBOH cpyIIHllllll, CBR3alll!h!X 

C raMl!JihTOIIHaH0M B3al!MO,ll,CHCTBHH. B 1.2.5 MCTO,'l OIl ccpopMYJIHpOBaH 

,11,JIH npo1!3BOJil,Ilh!X Il0TCHl~HanoB, ,11,onycHalOII(l!X cymecTBOBa1me CBJJ3aIIHOro 

COCTOHHl!H. 
B §1.3 011 IlpHMCHCH H Bhl'IHCnCIIII:10 .9HCpreTll'ICCHOI'O CilCHTpa H BOJI-

HOBOH cpynm~HH pa,11,1ranr,noro YIII B TpexMepnoM npoCTpancrne. B no;(pa3-

,11,eJ1e 1.3.1 paccMorpeno YIII co ccpepl!'ICCHI! CHMMCTPH'IHhlM nore11un:anoM. 

Ono 3aIUICbIBaeTCH CTaH,n;apTHhIM o6pa30M: 

[ 
1 (d)2 l(l+l) ] - 2r dr r + 2r2 + V(r) 1Pn1(r) = En11Pn1(r) (1) 
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IlycTh rroTemrnaJI V ( r) )lorryc1<aeT cyruecTB0Ba1rne CBR3amroro cocTORIIHR 1t 

aCllMIITOTIIqec1we IlOBe)leime BOJIHOBOi1 cpyHI{JJJIH OCHOBHOro COCTOJIIIHJI Ha 

6oJihll.lllX paCCTORIIIIRX llMeeT BII)l 

1Pn1(r)-+ e-r<> , 

r)le a - HeHOTOpaJI HOCTaHTa. B 1.3.2 rrpoBe)leHa 3aMeHa nepeMCHl!hIX TaHHM 

o6pa3oM, qTo6br rrpeo6pa3oBamran BOJIHOBaJI cpy1mrurn Ha 6oJihll.lIIX paccnm- ' 

HIIJIX llMeJia rayccOBCHOe aCIIMITTOTllqec1we IIOBC,ll,e!me. TaHaJI 3aMCJia IIMCCT 

Bll)l 

r = q2p 
' 

1 
p=-;;. (2) 

B 1.3.3 c,ll,eJiano ,ll,pyroe rrpeo6pa30Ba1rne ,ll,JIH yCTpaneHHR rnnryJIHp11ocrn: B 

HyJie: 

r · W(r) ⇒ W(q) = q2Plif>(q2) (3) 

B 1.3.4 ccpopMyJillpOBaHa 3a)laqa naXO}R,ll,eHirn CITCHTpa CJie)lyIOIUIIM o6pa-

30M. IlocJie 3aMeHhr (2) ll (3) ,ll,JIJI MO.ll.ll<pIIU:llpoBaH11oro Ylll llMeeM II3 ( 1) 

Hif>(q2) = [tp2 + W(q2,E)] if>(q2) = c(E)<I>(q2), (4) 

r,ll,e qi E Rd, d = 2 + 2p -r 4 · pf, II BBe)leHo 060311aqenIIe 

W(q2, E) = 4p2q2
(
2
p-l) [V(q2) - E] , 

e(E) = O . (5) 

Ta1rnM o6pa3oM, 3a,ll,a'Ia BhlqIIcJieHllJI crreHTpa ypaBHeHIIJI ( 1) CBeJiaCh H BhI­

qI{cJieHII!O ,meprllll OCHOBHOro COCTOJIHIIJI raMllJihTOHllana H B rrpocTpaHCTBe 

Rd. ,llJIJI 3Toro BhI)leJillM 'IllCTO OCI(IIJIJIJITOpnyro qacTh 

1 [ w
2 

] H = 2(p2 + w2q2) +. W(q2) - 2q2 (6) 

r)le W RBJIJICTCJI IlOHa rrpoll3BOJihlihIM rrapaMCTpOM. KaHOHllqecHIIC rrepeMCH­

Hhie OCI(llJIJIJITOpa (p, q) Bhlpama!OTCJI qepe3 orrepaTOphI pom)leHIIJI at II YHII­

'lTO}l{C!lllJI a j B CJie)lyrorueM BII,ll,e: 

+ aj + aj 

qj = ffw ' P
---IW·waj-a+ 

J - - - J 
2 2i 

[a;, at] = 8;,i . (7) 

8 

\ 
J 

\ 
/ 

Ilo)lCTaBllM (7) B (6) II, npoBe,ll,JI HOpMaJihHOe ynopJI,ll,O'IeHire onepaTOpOB at 
II aj, IIOJiyqIIM: 

I d d 
2(p2 +w2

q
2

) = w 'I>Jai + 2w = w(a+a) + 2w, (8) 

' 
w

2 J ( dk) d- ( k
2 

) . w
2 

( d ) W(q) - -q2 = - Wd(k2
) exp - - : e•(kq): -- : q2 : +-

2 21r . 4w 2 2w 

IloTpe6yeM, qTo6hI raMIIJihTOHllaH B3allMO)leil:CTBHJI, npe,ll,CTaBJieHHhlil: B 

nopMaJihHo yrropH,ll,O'Ie11noii cpopMe, ne co,ll,epmaJI cJiaraeMhIX, HBa)lpaTH'IHhIX 

no HanonIIqecHllM rrepeMeHHhIM (yc.11,oaue oc'U,u.11,.11,Rmopuozo npeacmaa.11,e-
11.uR), IIOCHOJihHY npe,ll,IIOJiaraeTCJI, 'ITO HBa,ll,paTH'IHhle 'IJieHhI onpe,ll,eJIJI!OT 

OCI.l,llJIJIJITOpHhlii xapaHTep_ B3allMO)leiicTBllJI ll IlOJIHOCTh!O BHJIIO'IeHhI B CB0-

60,ll,Hhlii raMIIJihTOHllaH w( a+ a). 8To Tpe6oBaHHe II03BOJIJieT IIOJIY'IIITh ypa­

nnenIIe Ha 'IaCTOTY OCJJ,llJIJIJITOpa w: 

J (dk)d- ( k2) k2 

w
2

: 271" Wd(k
2
)exp - 4w d = 0. 

McrrOJih3YJI 3Tll COOTHOII.leHHJI, nepeIIHII.leM raMHJihTOHllaH ( 6) B Bll)le: 

r,ll,e 

Ho 

H1 

co = 

H = Ho+ H1 + co , 

w(a+a), 

J (dk)d- ( k2) 
2

71" Wd(k
2

) exp - 4w 
. ei(kq) • 
• 2 • 

dw J ( dk) d- 2 ( k
2 

) 4 + 21r Wd( k ) exp - 4w . 

(9) 

(10) 

(11) 

3)leCh e~ = ez - 1 - z '-- z 2 /2 ll : * : - CllMBOJI HOpMaJihHOro ynopH,ll,O'Ie­

HllJI. Ta~yro 3a1rnc~ IIOJIHoro raMHJihTOHHana 6y)leM Ha3hIBTh "npaBHJihHOii 

cpopMoii raMHJihTOHHana". If3 (9) Bll,ll,HO, 'ITO "ypannenHe ,ll,JIJI w, noJiyqen­

noe II3 ycJIOBllJI OCI(llJIJIJITOpnoro npe,ll,CTaBJieHHJI, COBIIa,n;aeT C ypaBHeHHeM, 

onpe,n;eJIJIIOll.l,llM MIIHHMYM 3Heprllll co ( 11) TIO w' T .e. 

{ ( )

d } . dw dk - 2 k2 
co = min - + J - Wd(k ) exp(--) 

w 4 21r 4w 
(12) 
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B Toql{e MnHnMyMa ITO w (mrn, nHaqe roBopH, Ha pernemrnx ypaBnemrn (9)) 
co ,n:aeT HyJieBoe ITpn6JimKeHne ,n:JIH ,meprnn ocHOBHoro cocToHnnn. noITpa­

BRil MoryT 6hlTb BhlqncJieHhl C ITOMOII.(bIO raMHJibTOHilaHa B3anMo,n:eilCTBIIH. 

no.n:pa3,n:eJI 1.3.5 ITOCBJIII.(eH BhlqncJieHilIO :meprnn OCHOBHOro COCTOHHIIH B 

nyJieBoM n BTopoM ITopn,n:Re TB ITO raMnJihTOHnaHy B3anMo,n:eilcTBnH. B 1.3.6 
pa,n:naJibHhle B036ylli,n:eHnH OITpe,n:eJieHhl Ral{ BhlCillne OCIIIlJIJIHTOpHhle COCTOJI­

HilJI n rrpnBe,n:eHhl OCHOBHhle cpopMJJihl ,UJIJI crreRTpa pa,n:naJibHhlX B036ylli,n:e­

Hilli. B 1.3. 7 ,n:oRa3ano, qTo 3HeprnH OCHOBHoro COCTOHHIIH Ea B nyJieBOM 

ITpn6Jinlliennn HBJIHeTCH OIIeHROit CBepxy. B 1.3.8 IIOI<a3aHo, qTo B o6meM 

cJiyqae ITapaMeTp d MollieT ITpnnnMaTb JII06hle ITOJIOllinTeJIHhre 3naqennn. 

B §1.4 paCCMOTpeHhl cncTeMhl, OIIIlChlBaeMhle aRcnaJibHO CilMMeTpIIq­

HhlMil noTeHIInaJiaMII. B 1.4.1 ccpopMym1poBana 3a,n:aqa BbrqncJieHnH anep­

reTnqecRoro cneRTpa raMHJibTOHnana C aRcnaJibHO CilMMCTpnqnhlM IIOTeHIIIl­

aJIOM. B 1.4.2 n3yqeno npe,n:cTaBJienne raMnJII>TOHnana c aRcnaJibHO cnMMe­

TpnqnhlM IIOTeHIIIlaJIOM B npaBilJlbHOli cpopMe n IIOJiyqeHhl anaJinTnqecRne 

BhlpallieHnH ,n:JIH CIIeRTpa. 

§ 1.5 IIOCBHII.(eH Il3JIO}KeHnIO ,n:eTaJieit BhlqncJiennn MaTpnqnhlX 3JICMeHTOB 

Il CIICRTpa B On. B 1.5.1 IlOJiyqenhl OCHOBHhlC COOTHOilleIIIIJI ,UJIJI onepaTOpOB 

polli,n:eHnH n ynnqTollieHnH. B 1.5.2 npo,n:eMoncTpnpoBaHhl ,n:eTaJin BhlqncJie­

nnn Ha npnMepe onpe,n:eJICHilH HOpMIIpOBoqnbIX l{03<pq>IlIICHTOB BOJIHOBhlX 

cpyHRIIIlli pa,n:naJibHhlX B036ylli,n:ennit. B 1.5.3 cxeMaTn3npoBaHhl ,n:eTaJin Bhl­

qncJiennn rronpaBOR, CBH3aHHhlX C raMilJlbTOHnaHOM B3anMo,n:eilcTBilH, ,UJIJI 

op6nTamnoro n pa.n:namnoro B036ym.n:ennit. 8Tn cpopMJJihl IllIIpoRo nc­

IIOJih3JIOTCH B ,n:aJibHeilrneM ,UJIJI l{OHI<peTHhlX cJiyqaeB. HaHOHeII, B 1.5.4 
rrepeqncJieHhl OCHOBHhle BhlBO,Uhl rJiaBhl. 

Bo BTopoit rJiaBe npe,n:cTaBJICHO o6o6menne on na cJiyqait 60JibillilX B03-

MymeHnil ,n:JIH "cocTaBHhlX" IIOTeHIIIlaJIOB. B §2.1 Il3JIO}KeIIa OCHOBHaH n,n:eH 

yqeTa 60JibillilX B03MJII.(CHilli B On. AcnMIITOTilqecHOC IIOBe,n:enne BOJIHOBOli 

<pJHHIIIlil na 6oJibillilX paccTOJIHilHX OTpalliaCT xapaHTep CilCTeMbI. noaTOMY 

npn nepexo,n:e OT o,n:noro pellinMa BaanMo,n:eilcTBnn H ,n:pyroMy neo6xo,n:nMo 

Il3MCHilTb acnMIITOTIIqecHOC IIOBe,n:enIIe BOJIHOBOli cpyHHIIIIII COOTBeTCTBCHHO 

Il3MenennIO HOHCTaHThl B3anMo,n:eitCTBirn. Mcxo,n:H Il3 3Toro, BBe,n:en HOBbiil na­

paMeTp, HOTOphlil o6~cneqnBaeT nepeHJIIOqenne OT o,n:noro pellinMa B3anMo­

,n:eilcTBnn R ,n:pyroMy. B 2.1.1 cpaBHnBaIOTCH pa3Jinqnhle no,n:xo,n:11 H nccJie,n:o­

BannIO anrapMonnqecRoro noTeHIInaJia. B 2.1.1.1 paccMoTpen o,n:1roMepn11it 

anrapMOHIIqecHnil ITOTCHIInaJI. BhlqncJieH 3HepreTil'lCCHIIil CITCI{Tp OCHO­

BHOro COCTOJIHilH B HJJieBOM Il ITepBOM HeHC'lC3aIOII.(eM ITpn6JIIl}KeHIIII On. 

PeayJihTaTI,r ITpnBe,n:enhl B Ta6JinIIe l. B 2.1.1.2 paccMoTpen TpexMep111Iit 
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a11rap1!01Ill'ICCJ{lIH OCIIIIJWJITOp. B 2.1.2 paccl\WTpen IIOTCHIIIlaJI BOpOHHII 

V ( r) = - ~ + g · r" . A11a1rnntt1ec1rn onpe,n:eJieH auepreTiflICcI<nil cne1np 
r 

OC!IOBIIOI'O lI B036J}K,UCHIIOro C0CTOHIU1li B IIJJICBOM IIpn6JIIlllieHillI On. 

A a 
.02 2.02 
.1 2.07 
.2 2.12 
.5 2.18 
1. 2.23 
1.5 2.25 
2. 2.27 
5. 2.31 
10. 2.32 
20. 2.34 
100. 2.36 

ElU) 

1.015 
1.065 
1.119 
1.243 
1.394 
1.511 
1.610 
2.022 
2.454 
3.016 
5.009 

E 
EV•I 

1.015 
1.065 
1.118 
1.242 
1.393 
1.510 
1.609 
2.020 
2.452 
3.014 
5.008 

Eex. 

1.118 

1.608 

3.010 

Ta6JIHD;a 1. 8uep2u.<1. ocuoa­

uo20 cocmmmu.<1. oauo.11tep11020 

au2ap.11to1tu1J.ecico20 ocu,u.;1.;1,.<1.mopa 

icaic <J>yuicu,u.<1. napa.11tempa A. 
£(0) u £(2) - :mep2uu a 11y.;1eao.11t 

u amopo.M nop.<1.aicax, 

a Eex. - mo1J.1toe 31ta1J.e1tue. 

1 e-cr 

B 2.1.3 Il3J'ICH noTCIIIIIlaJI V(r) = --+ B · --. npn pa3JilI'IHhIX 3Ha-
r r 

'lCIIIlJIX napaMeTpOB B Il C BhPIIICJICIIhl 3HepreTil'ICCHile cneI<TpbI OCHOBHoro 
n B036ylli,n:euuoro COCTOJIHilit. 

§2.2 IIOCBJIII.(eH Bhl'lilCJieHIIIO 3HepreTil'leCI<Oro CIICinpa Mo,n:eJibHbIX IIO­

TCHIIIlaJIOB. CTenennoit noTeuu;naJI paccMoTpen B no,n:paa,n:eJie 2.2.1, Jiora­

pncpnMntJernnit - B 2.2.2, MOJICHJJIHpllhlli - B 2.2.3 n, HaHOHCII, HBapHOBhlit 

IIOTenu;naJI - B 2.2.4. Pe3JJihTaTbI npnne,n:eirn B Ta6JIIIIIe 2. B 2.2.5 o6cy­

lli,n:aeTcn TOlJHOCTb MeTo,n:a. YcTaHOBJICHO, 'ITO BTOphle nonpaBHil .Zl:JIH CJIJIJaeB 

anrapMOHillJCCHoro n CTCIICHIIOro II0TCHl(IlaJIOB COCTaBJIJIIOT Mcnee o,n:uoro 

IIpOIICIITa · OT!IOCilTCJibHO HJJICBoro nptt6JIII}KCHIIH. IloJiytJeHIIhlC peayJibTaThl 
CJMMHpOBailhl B 2.2.6. 

TpeTbJI rJiaBa IlOCBJIII.(eHa Il3J'ICHilIO aT0Ma Bo,n:opo,tia BO BIIeillHlIX IIOJIJIX. 

B §3.1 paccMoTpen aToM Bo,n:opo,n:a 6e3 Buernunx noJieit. B 3.1.1 IIaytJeno YIII 
,UJIH 3JIC!npoua B IIOJie H,n:pa C 3apn,n:oM Z Il IlOJIJlJCHa CTau,n:apTHaH <J)OpMyJia 

BaJihMepa ,n:Jin anepreTntJec1<0ro cneHTpa. B 3.1.2 paccMoTpeua pa,n:IIaJib­

uan BOJIHOBM q>JHRIIIIH .Zl:lICI<peTHOro cneHTpa, a B 3.1.3 IIOJIJ'ICHa cpopMyJia 

,n:JIH cpe,n:nero anatJennJI JII06oit· cTenenII pa,n:IIyca ra. B 3.1.4 noJiytJeno ana­

JIHTn'lecHoe BhlpallieIme MaTpII'!H0ro 3JICMCHTa .Zl:lIII0JlbH0l'O nepexo.n:a ll3 1S 
COCTOJIHIIJI B B036J}K.Zl:CHIIOC C0CTOJIIIIIC C IIp03B0JlbHhlMII n II f ,UJIH JII06oro 
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nma noTemurnna. 

Ta6.11u'll,a 2. 9uep2emu'-lec1,;;ue cne~mpi,t a.rn paJ.1U'-l11blX 

nome1t'll,ua.11oa a 1ty.11eao.M npu6.11uJ1Ce11uu. l/uc.ieH'H.bte peJy.11,mamu 

- a c~o6~ax. 

V(r) = -21.7 /r0
·
2

; _ 2.s /ro.s; 23.sr; lnr; 

2m = 1 2m = 1 2m = 1 m = 1 

n=O l = 0 -2.686 -1.2186 9.353 1.045 

(-2.686) (-1.218) (9.35243) (1.0443) 

l = 1 -2.345 -0.5004 13.445 1.641 

(-2.345) (-0.500) ( 1.643) 

l = 2 -2.156 -0.2947 16.993 2.014 

(-2.156) (-0.295) (2.015) 

n=l l = O -2.253 -0.462 16.355 1.848 

(-2.253) (-0.462) (16.3518) (1.8474) 

l = 1 -2.101 -0.281 19.540 2.151 

(-2.101) (-0.281) (2.151) 

l = 2 -1.990 -0.195 22.521 2.388 

(-1.990) (-0.195) (2.388) 

n=2 l = 0 -2.044 -0.265 22.084 2.290 

(-.2.044) (-0.265) (22.08224) (2.290) 

l = 1 -1.951 -0.187 24.833 2.491 

(-1.951) (-0.187) (2.491) 

I= 2 -1.875 -0.142 27.478 2.663 

(-1.875) (-0.142) (2.663) 

B 3.1.5 1rnyqeHO KYJIOHOBCKOe B3alIMO.Zlei1CTBlie C yqeTOM 3KpaHn:poBKlI 

3apH.ua n: onpe.ueneH 3HepreTn:qecKn:i1 cneKTp KaK cpyHKIJ;lIH napaMeTpa 3H­

paHn:poBHlI. B 3.1.6 orrpe.uenena Hp1nn:qec1mH .unn:na 3Hpann:poBHlI .UJIH co­

cTOHHttil C pa3JiliqHI,JMlI op6n:TaJI1HhlMlI B036yH{.ZleHlIHMlI. 

B §3.2 paccMOTpen aTOM Bo.uopo.ua BO BHenmeM 3JieHTpn:qecKOM IIOJie. 

B11qn:cnenn:e rrp0B0.un:noc1 B rrapa6onn:qernoil cn:cTeMe Hoop.un:naT. B 3.2.1 
1rnyqenno YIII .UJIJI aToMa Bo.nopo.ua BO BHenmeM 3JieHTpn:qecHoM none n: 

Hpanw o6cym.uena npo6neMa cyMMIIpOBaHn:H pH.Ila TB no narrpHmennocTn: 

IIOJIH. B 3.2.2 paCCMOTpen cnyqail CJia6oro 3JieKTpn:qecKoro IIOJIH, lI BI,Iqn:­

CJiel! 3nepreTn:qec1rnil crreHTp c ytieToM rrorrpaBirn 

12 

0.90 

-'+-4 ->i 

0.70 

0.50 
0.00 

__ m=0 
- _ m=1 
__ m=2 

- - _ m=3 
---- m=4 

,, ,, ,, 
,,,,, ,,.,,.." 

.,,., _,,,,,. 
,,' .,,. .,, .,,. . ---,, ,, , 

.,' ,, ., .,,,,.. ., 
,. ,,. - -,,. ,,, -

,11 J/""\,,.,,,,,, -
:1 ,.,,"" ,,, -
vr;t t:", 

0.10 0.20 0.30 
f 

P:rrc.1 3aaucu.Mocmb 

'-lacmombt oc'll,u.11.11simopa 

D.(J) = canst Y(J) 
om napa.Mempa f, npo­

nop'll,UO'H.a.11buo20 Hanpsi­

J/Ce'H.uocmu .,,w2Humuo20 

n0.1151. 3aecb m 

0, 1, 2, ... - aJu.Myma.11b­

Hoe ~aaumoaoe '-luc.110. 

BToporo rropH.UKa. B 3.2.3 paCCMOTpeH 3<p<peKT lliTapKa B ClIJibHhlX Il0JIHX lI 

rronyqeHo Bhlpamenn:e JI.JIH ypoBnei1 3Heprn:n:. B 3.2.4 anann:Tn:qecKH Bhlqn:­

cneHhl Kpn:Tn:qecKn:e 3Haqenn:H BHemnero rroJIH H ypoBHH 3Heprn:H Ha KJiaccn:­

qecKOM rropore lI0HH3au;n:n:. 3aBHClIMOCTH qacT0T 0CIJ;HJIJIHTopa OT BHemnero 

IIOJIH npeJI,CTaBJieHhl. Ha Pn:c. l, 0TKyJI,a BlIJI,H0, qTo npH npor0B0M 3HaqeHHH 

BHemnero 3JieKTpn:q~cKoro IlOJIH xapaKTep 3aBHClIM0CTH pe3KO H3MeHHeTCH. 

B 3.2.5 onpeJI,eJieHhl mn:plIHhl ypoBHei1 JI.JIH cna61Ix BHemHn:x nonei1. B 3.2.6 
Bhlqn:cJieH rrepexoJI,Hhlil: MaTpn:qHhlH 3JieMeHT B rrapa6onn:qecKoil: ClICTeMe KO­

opJI,HHaT. B 3.2. 7 o6cymJI,aIOTCH nonyqeHnhle pe3yn1TaT1I. 

§3.3 IlOCBHIIJ;eH paCCM0TpeHlIIO aTOMa BOJI.OPOJI.a BO BHemHeM MarHHTH0M 

none. B 3.3.1 n: 3.3.2 ocu;n:JIJIHTopnoe npeJI.CTaBJieHn:e npn:MeHeHo K Bhlqn:cne­

HlIIO 3HepreTn:qernoro cneKTpa 3<pcpeKTa 3eeMaHa. B 3.3.3 n:3yqeH KBaJI,pa­

Tn:qHhlil: 3cp<peKT 3eeMana n: BhlqHcJieH cneKTp H cJI,Bn:r ypBnei1. OnpeJI,enen 

MaTpn:qHhli1 3JieMeHT nepexoJI,a 1S -+ nf. B 3.3.4 Bhlqn:cneH cneKTp aToMa 

B0JI.OPOJI.a JI,JIH 0CH0BHoro H B036ymJI,eHHoro COCTOHHHH npn: JII06hlx 3HaqeHHHX 

nanpHmeHH0CTlI MarHHTHOro IlOJIH. 

. qeTBepTaH rJiaBa Il0CBHIIJ;eHa paCCMOTpeHHIO KJJIOH0BCKOH TpexTeJibHOH 

ClICTeMhl. B §4.1 npoaHaJIH3HpoBana 3aJI,aqa Tpex TeJI C KYJI0H0BCKlIM B3a­

HMOJI,eil:cTBn:eM. B §4.2 paccMaTpHBaeTCH TpexTeJibllhlH raMHJibT0HliaH c Ky­

JI0HOBCKHM B3alIMOJI,eil:cTBn:eM H Il0JIHhlM yrJIOBhlM M0MeHTOM J. <I>opMynn:py­

eTCH 3aJI,aqa BhlqHcJieHlIH cneKTpa TpexTeJibHOH CHCTeMhl B Qil. 
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CTA = 0 
(pe-e+} 

J=O 

(ppe-) (pµe-) 

(ppe-) 

~ ((~1) 
(ppµ) 

I 

I (e+;-e-) 
J = 11 

(pe_ e_) 
an =0 

PMc.2 

ac = 0 

Tpeyw.11,'buu-x: cma6u.11,'buocmu. I'pauuv,a cma6u.11,'buocmu 
mpexme.11,'buou -x:y.11,ouoec1wu cucme.M.'bt c no.11,u'bt.M. 

.M.o.M.eumo.M. J =0, 1. 

B 4.2.1 raMIIJII,TOHIIaH TpexTeJII,HOll CIICTeMhl npe,ll,CTaBJIJieTCJI B HOpMaJibHOll 

qiopMe. §4.3 ITOCBJIIIJ:CH Bhl'IIICJieHIIIO 3Heprnn TpexTeJibHOll KYJIOHOBCKOH 

CHCTeMhl. B. rro.n.pa3,l],eJie 4.3.1 Bhl'IIICJieHa 3HeprHJI OCHOBHOro COCTOJIHHJI 

TpexTeJibHOll KYJIOHOBCKOll CHCTeMhl, a B 4.3.2 onpe.n.eJieHa 3HeprHJI CBJI3H 

,l],JIJI J = l. ,UJIJI onpe.n.eJieHHJI TO'IHOCTH HyJieBoro npn6JIHlReHirn B 4.3.3 

Bhl'llICJieHhl 3HeprHH CBJI3H xoporno H3BeCTHiilX TpexTeJII,HhlX CHCTeM. §4.4 

IIOCBJiru:eH ycTaHOBJieHIIIO rpaHIID;hl cTa6HJII,HOCTH TpexTeJibHOll KYJIOHOBCKOii: 

CIICTeMhl C e,l],HHH'IHhlMII 3apJI,ll,aMII B 3aBIICIIMOCTH OT Ma.CC 'laCTHD;. B 4.4.1 

3TO C,l],eJiaHO ,ll,JIJI TpexTennHOll CIICTeMhl B OCHOBHOM COCTOJIHHH, a B 4.4.2 -

B COCTOJIHIIH C MOMeHTOM J = l. Pe3yJinTaThl npe,ll,CTaBJieHhl Ha PIIc.2. 

B §4.5 Bhl'IHCJieHhl 3HeprIIII ocHoBHhlX cocTOJIHHii Me3oMoJieKyJI { H µNz), 
cocToJiru:IIx H3 II3OTOIIOB Bo.n.opo.n.a (p, d, t) II JI,ll,pa Nz c 3apJI,ll,OM Z = 
2, 3, 4, ••• H c Maccoii Mz = 2Zmp. B 4.5.1 Bhl'IIICJieHa aneprnJI CBJI3H Me-

3OMoJieKyJIM, a B 4.5.2 paCCMOTpeHa CTa6IIJibHOCTI, Me3OMOJieKyJI H rroJiy'leHa 

3aBIICHMOCTI, 3HeprHII CBJI3H Me3OMOJieKyJI OT 3apJI,ll,a JI,ll,pa. B 4,5.3 rrpe.n.-

CTaBJieHhl KpaTRHe BhlBO,ll,hl. 

B IIJITOii: rJiaBe paccMOTpeHa KBaHTOBaJI TO'!Ka. B §5.1 rrpoaHaJIH3H­

poBaHhl cyrrepMaJieHKHe CHCTeMhl C JIIIHeii:HhlMH pa3MepaMH rropII.n.Ka 10-
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1000/1, COCTOJ!ll{lle ll3 HCCKOJII,HllX 3JICl{TpOHOB. §5.2 IIOCBJIIUCH ll3Y'ICHHIO 

raMHJII,TOJrnana 1rnaHTOBOi1 TO'!Kll (KT), HaXOMJUCitCJI BO BHCllIHCM MarHHT­

HOM none. n §5.3 paccMOTpe11a .uayxaneKTponnaJI KT. B §5.4 Bhl'!ncnen 

3HepreTn'!ecnni1 CIICI{Tp .uayxaJieHTpommti KT. B rro.upa3.uene 5.4.1 BbI'lll­

cJ1em,1 co6cTBCHHble 3Ha'!ellHJI raMllJII,TOJ!llalla CllCTCMbl o;e,npa 111acc. B 
5.4.2 nony,1e11O Mo.unqinunpoaamme YUI .UJIJJ raMHJinTonnaua oT11ocnTen1,­

noro ,ll,BHH{CllllJI 11 ll3JIOlReHJ,I ,ll,CTaJill BbJtlll.CJICHl!JI crreHTpa. B 5.4.3 paCCl\10-

Tpena /lByxMepnaJJ KT n Bnepa1,1e rrony'!e111,1 auannTH'lecHne Bhlpa.n.ffiemrn 

.UJIJI CC CIJCHTpa B COCTOJIHHJIX C nr = 0, l: 

ll 

d 
Eom 

Ed 
lm 

{
l N2 * m tm* = fiw0 -mt+ (l + lml)x2 1 + -t 2 + g [1 - (-1) ] --
2 . 4 4 me 

+ ~ fo __:__ [l + !t2] ¼ f(l/2 + 1ml)} {l3) 
2 a* v'2 4 f{l + 1ml) 

{
1 N2 * tm* fiwo -mt+ (3 + lml)x2 1 + -t2 + g [l - {-lr]--
2 · 4 4 me 

+ 
3fo x 1 2 

4 f(l/2+lml) 1 1 
2a*y'2 [

1
+4t] f(l+lml) ( 1+2l+lml) ' 

I } 

r.n.e t = wc/wo, We - '!aCTOTa JlopMopa, w0 - '!acToTa HonqiaitnMenTa n £0 / a* 
- pa3Mep KT, a napaMeTp x paaen 

x= 
at + ✓ ( o-2 + ¥-) t2 + 21 

1J1 + ¼t 2 

Ilonyqe1111oe ~MprukeHHe {14) onpe.ueJIJICT 3aBHCHMOCTI, 3HepreTllllCCHOro cnc~­

Tpa OT BIICllIHllX MarHllTHhlX IIOJICii: ll JillHCHHOro pa3Mepa I{'};_ B 5.4.4 ll3Y­

'ICIIJ,I ancprCTll'ICCKllC rrepeXO,ll,hl MC}K,ll,y ypoBHJIMll. J,fa YCJIOBHJI ClllirJJCT­

TPllrIJICTIJOI'O rrepexo,ua MeH{,ll,y ypoBHJJMll m ll m-1 ,ll,JIJI pa3Mepa l{T l!MCCM: 

f I 4v'2 f{2 + 1ml) t [x2 ~ 1 l 
a* n=O = 3x f(l/2 + 1ml) [1 + f2/4] 1/ 4 2V l + t2 - 20" ' ( 14) 
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m* 
r,11,e ucrroJih30Bano o603Hal.!eHHe a= 1 - (-l)mg•-. ITptt CHJihllhIX Bne­

me 
IIIHHX IIOJIHX, T.e. rrpll t -t oo, B Hll3IIIeM nopH,11,He no g* HMee.M 

fol _ 8f(2+lml) [(Wo):i/z 3( )m*m*(wc)I/Z](~) - - ---- - + - -1 g - - .1::> 
a* n=O 3 f(l/2 + 1ml) We 10 me Wo 

J,fa (15) Bll,11,HO, 'ITO npH CHJlhHhIX .MarI!llTHhIX IIOJIHX OCHOBHOH BHJia,11, B Jill­
nei1HhIH pa3.Mep KT ,11,aeT crrHHOBoe B3aHMO.IJ.ei1cTBHe. B rro,11,pa3,ll,eJie 5.4.5 
pacc.MOTpena .Il.BYX3JieHTponnaH KT B Tpex.MepnoM npocTpancTBe. B 5.4.6 
cyMMHpoBaHbl OCHOBHble pe3yJI1TaTbl rJiaBbJ. 

8 3aHJIIO'!eHllll rrepel.!HCJIHIOTCH OCHOBHble pe3yJihTaThl, Bhl,ll,Bllrae.Mble ua 
3arn;HTY. 
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