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06U{aJl xapa,cmepucmwca auccepmal{UU 

AKTyaJibHOCTb TeMbl. )l1-1ccepTaUH.H TIOCB.HW.eHa aKTyaJJbHbIM npo6JJeMaM HH3-

K03HepreTH4eCKOH Tpex4aCTH4HOH ,UHHaMHKH B npHMeHeHHH K aTOMHblM H H,nepHbIM 

CHCTeMaM. 

Cyw.eCTBeHHOe 3Hal!eHHe npH OTIHCaHHH aTOMHbIX CHCTeM B npe.neJJe HH3KHX 

3HeprnH HrpaeT TOT cj>aKT, 4TO B3aHMOJJ,eHCTBHe Me)K,ny l!aCTHl.(aMH C xoporneH 1'04-

HOCTblO MO)KeT 6hITb BbI6paHO a BH,ne TIOTeHuHaJJOB HyJJeBoro pa.n1-1yca (KOHTaKTHOro 

B3aHMO,UeHCTBHH). TaKHM o6pa30M, 3HeprnH CBH3H H xapaKTepHCTHKH paccesrHHH 

Jl,JJH Tpex 4acrnu HMe!OT YHHBepcaJJbHbIH xapaKTep, TO eCTb He 3aBHCHT OT .ne

TaJJeH B3aHMO,neHCTBHH, a onpe,neJJHIOTCH CHMMeTpHeH CHCTeMbl, KHHeMaTH4eCKHMH 

napaMeTpaMH (OTHOllleHHeM Mace qacrnu) H 6e3pa3MepHbIMH napaMeTpaMH, OrlHCbI

Ba!OW.HMH B3aHMOJJ,eHCTBHH (oTHOllleHHeM Jl,JIHH pacceHHH.H). 11Hcj>opMaUHH O Tpex-

4aCTH4HblX 3HeprHHX H xapaKTepHCTHKax p~cceHHH.H HCTTOJ!b3yeTCH npH H3y4eHHH 

pa3JJH4HbIX acneKTOB ,UHHaMHKH MHOf04aCTH4HblX CHCTeM, HanpHMep, B CBH3H C aK

THBHO HCCJJe.nyeMblMH B TIOCJJe,UHHe fOJ],bl YJJbTpaxOJJO,UHbIMH KBaHTOBbIMH ra3aMH. 

5bICTpo pa3BHBa!OTCH HCCJJeJJ,OBaHHH CMeceH YJJbTpaxoJJO,UHblX ra30B, B l!aCTH0CTH, 

3KCnepHMeHTaJ!bHO H TeopeTH4eCKH paccMaTpHBa!OTC.H CMeCH pa3JIH4HblX cpepMH

OHOB H 6o30HOB C cj>epMHOHaMH, H3y4aeTCH noae,neHHe npHMeceH B KBaHT0BblX 

ra3aX. CoapeMeHHbie 3KCnepHMeHTaJ!bHb!e MeTOJJ,HKH npe.nocTaBJIHIOT YHHKaJlhHble 

B03M0)KH0CTH Jl,JI.H H3MeHeHHH B lllHpOKHX npe.neJiax CBOHCTB YJibTpaxoJIO,UHbIX ra-

30B, ljTQ TI03BOJIHeT HCCJieJJ,OBaTb npHHUHTIHaJibHble npo6JieMbl MHKpOCKOTTHl!eCKHX 

KBaHTOBbIX COCTOHHHH, B Kal!eCTBe npHMepa KOT0pbIX CJie.nyeT yKa3aTb o6pa30Ba

HHe 5o3e·3HHlllTeHHOBCKOro KOHJJ,eHCaTa H TIOHBJieHHe caepxTeKyl!eCTH B 6030HHblX 

CHCTeMax; B03HHKHOBeHHe 5KW nap H .nayxaTOMHblX 6030HHblX MOJleKyJI B cpepMH

OHHblX CHCTeMax .. 

11HTepecHOH cneuHcj>H4eCKOH B03MO)KHOCTb!O HBJIHeTC.H HCCJieJJ,OBaHHe YJibTpaxo

JIOJ],HblX ra30B B JIOBYWKax pa3JIH4HOH cpopMbl, B 4aCTHOCTH, HHTeHCHBHO HCCJJe.ny

lOTCH YJJbTpaXOJIOJ],Hble ra3bl B OTITHl!eCKHX perneTKaX, B KOT0pblX Jl,BH)KeHHe HBJIH

eTCH (KBa3H)O,nHOMepHbIM HJIH (KBa3H),nByMepHblM. 8 3TOH CBH3H MO)KHO 3aMeTHTb, 

J6ie,n1rneHH11.iC1rncTM'fY'l 
SI,[1epH1,1x, Hccne,[(OBaHMH 
I BHBDHOTEKA 



4T0 H3y4eHHe CBOHCTB Tpex 4aCTHU B KOH¢ttrypauHOHHOM npocTpaHCTBe HH3KOH 

pa3MepH0CTH HMeeT 3Ha4eHHe B CBH3H C HCCJieJJ,0BaHHeM aT0M0B, aJJ,cop6ttposaH

HblX Ha nosepxH0CTH, HJIH s HaHoCTpyKTypax. KpoMe Toro, T04Hhie aHaJIHTH4eCKHe 

peweHHH )],JIH HeCK0JibKHX 4aCTHU C K0HTaKTHblM B3aHMOJJ,eHCTBHeM, )],BH)KYlll.HX

CH B 0)],H0MepH0M KOH¢HrypaUHOHHOM npocTpaHCTBe, HCTI0J!b3YIOTCH B pHJJ,e pa6oT 

)],JIH aHaJIH3a pa3JIH4Hb!X CBOHCTB MaJI0- H MH0ro4aCTH4HbIX CHCTeM. OnttcaHHe 

HeCK0JibKHX TeJI, )],BH)KYlll.HXCH B JJ,ByMepH0M KOH¢ttrypaUHOHHOM npoCTpaHCTBe, 

HMeeT PHA cneutt¢H4eCKHX oco6eHHOCTeH, HanpHMep, TaKHX KaK HaJIH4He ABYX4a

CTH4Horo CBH3aHH0ro C0CT0HHHH C 3KCTI0HeHUHaJibH0 MaJIOH 3HeprHeH )],JIH CK0Jib 

yroJJ,H0 CJia6oro TI0TeHuHaJia C HeTI0JIQ)KHTeJibHblM cpeJJ,HHM 3Ha4eHHeM, cyw.ecrno

BaHHe xopowo o6ycJIOBJieHHOro raMHJibTOHHaHa Tpex 4aCTHU C K0HTaKTHblM B3aH

MOJJ,eHCTBHeM, JiorapH¢MH4eCKaH 3aBHCHM0CTb OT 3HeprnH B pa3JI0)KeHHH 3¢¢eK

THBH0ro paJJ,Hyca. 

KOHTaKTHbie B3aHMOJJ,ettCTBHH eCTecrneHH0 B03HHKalOT B TeopeTH4eCK0M 0TIH

caHHH lllHp0K0fO Kpyra KBaHTOB0MeXaHH4eCKHX CHCTeM. MeTOJJ,bl pellleHHH 3aJJ,a-

4H Ha co6cTBeHHble 3Ha4eHHH H 3aJJ,a4H pacceHHHH )],JIH CHCTeM C K0HTaKTHblMH 

B3aHMOJJ,eHCTBHHMH npeJJ,CTaBJIHIOT 06W.HH HHTepec, TaKHM o6pa30M noJiy4eHHbie 

B )],HCcepTaUHH ycosepweHCTB0BaHHH TI0)],X0JJ,a, CBH3aHH0ro C peweHHeM rnneppa

)],HaJibHblX ypasHeHHH, npeJJ,CTaBJIHIOT co6ott 3aMeTH0e MeT0)],H4eCK0e JJ,OCTH)Keirne. 

Ba)KHQ 0TMeTHTb, 4T0 pa3pa60TaHHbie TI0)],X0)],bl npHMeHHMbl K lllHp0K0MY Kpyry 

3aJJ,a4, K0TOpbie He orpaHH4HBalOTCH CHCTeMaMH, paccM0TpeHHblMH B )],HCcepTaUHH. 

B Te4eHHH pHJJ,a JieT 3Ha4HTeJibH0e BHHMaHHe npHBJieKaeT 0TIHCaHHe HJJ,pa 12C 

B a:-KJiaCTepHOH M0JJ,eJIH. O6pa30BaHHe HJJ,pa 12C B peaKUHH C y4aCTHeM Tpex a:-

4aCTHU HrpaeT KJII04eBylO p0Jib B aCTpo¢H3H4eCKOH npo6JieMe HYKJie0CHHTe3a, no

CK0JlbKY HBJIHeTCH eJJ,HHCTBeHHOH B03M0)KH0CTblO cropaHHH reJIHH H o6pa30BaHHH 

6oJiee TH)KeJihIX 3JieMeHTOB. Cyw.ecrneHHoe 3Ha4eHHe B npouecce o6pa3oBaHHH HA

pa 12C HrpaeT npeJJ,CKa3aHHblH XottJIOM npHnoporosbIH 3a: pe30HaHC (ot -C0CTOHHHe 

12C), KOTOpblH HMeeT npHHUHTIHaJibH0e 3Ha4eHHe KaK npHMep Tpex4aCTH4H0ro pac

naJJ,a. oJiaroJJ,apH cyw.ecrnosaHHIO 3Toro pe3oHaHca, a TaK)Ke npttnoporosoro a:-a:

pe3oHaHca, )],0CTaT04H0 6bICTpoe cropaHHe reJIHH 06bHCHHeTCH ABYXCTyneH4aTblM 
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pe3oHaHCHbIM MexaHH3M0M peaKUHH 3a: -> 8Be + a: -> 12C* (Ot) -> 12C + 'Y- TipeJJ,

cKa3aHHoe pe30HaHCH0e ot-coCTOHHHe 12C 6bWO o6Hapy)KeHO B 3KCnepHMeHTaX H 

)],0 CHX nap HHTeHCHBH0 H3y4aeTCH TeopeTH4eCKH. HeCMOTpH Ha TO, 4T0 3KCnepH

MeHTaJibH0 CBOHCTBa 3TOro C0CTOHHHH xopowo H3y4eHbl, TeopeTH4eCK0e 0TIHCaHHe 

cpaBHHMOH T04H0CTH BCTpe4aeT 3aTpyAHeHHH Ha np0TH)KeHHH scero nepH0JJ,a HC

CJieJJ,OBaHHH. CJieJJ,yeT TI0JJ,4epKHYTb, 4TO. 3Ha4HTeJibHb!e 3aTpyJJ,HeHHH CBH3aHbl C 

HaJIH4HeM npHHUHTIHaJibHOH npo6JieMbl 6oJiee o6w.ero xapaKTepa, a HMeHH0, 0TIHCa

HHH peaKUHH H pacnaJJ,0B B CHCTeMe Tpex 4aCTHU C KYJI0H0BCKHM B3aHMOJJ,ettCTBH

eM. Pa3pa6oTKa MeToJJ,a pac4eTa O!-cocToHHHe 12C M0)KeT TaK)Ke paccMaTpttsaTbCH 

KaK He06XO)],HMblH 3TaTI 0TIHCaHHH HH3K03HepreTH4eCKHX peaKUHH C y4aCTHeM a:-

4aCTHU, HanpHMep, Hepe30HaHCHOH peaKUHH ropeHHH reJIHH, HAyw.eii npH MaJibIX 

3HeprnHX H 60JiblllHX TIJI0TH0CTHX. fopeHHe reJIHH B TaKHX YCJI0BHHX np0HCX0)],HT 

npH aKKpeuHH Ha 6eJibIX KapJIHKax H B HettTpOHHbIX 3Be3JJ,ax. C Apyroii CTOp0Hbl, 

pac4eT Tpex4aCTH4HblX xapaKTepHCTHK HJJ,pa •12C TI03B0JIHeT onpeJJ,eJIHTb napaMeT

pbl caMOH a-KJiaCTepHOH M0JJ,eJIH. TiocTpOeHHe 3¢¢eKTHBHbIX B3aHM0)],8HCTBHH )],JIH 

3TOH MOJJ,eJIH npeJJ,CTaBJIHeT 3Ha4HTeJibHb!H HHTepec )],JIH TeopeTH4eCK0ro 0TIHCaHHH 

CBOHCTB pa3JIH4Hb!X HJJ,ep, )],JIH K0T0pblX HaJIH4He Q'.-KJiaCTepos HBJIHeTCH xopolllHM 

npH6JIH)KeHHeM. 

ll.eJib pa60Tbl 

• l-fay4eHHe Tpex4aCTH4H0H JJ,HHaMHKH CHCTeM, C0JJ,ep)KaW.HX JIH6o TQ)K)],eCTBeH

Hbie 4aCTHUbl JIH6o 4aCTHUbl ABYX BHJJ,0B, 06JiaJJ,a10w.He pa3JIH4HOH nepeCTa

HOB04HOH CHMMeTpHett, KaK B TpexMepH0M K0HcjmrypaUHOHHOM npoCTpaHCTBe, 

TaK H B npocTpaHCTBe HH3KOH pa3MepH0CTH. PaC48T 3HeprHtt CBH3H H xapaK

TepHCTHK pacceHHHH, onpeJJ,eJieHHe aCHMTIT0TH4eCKoro TI0BeJJ,eHHH peweHHH, 

HCCJl8)],0BaHHe H30T0TIH4eCKHX 3aBHCHMOCTett H BbI4HCJieHHe YHHsepcaJibHblX 

K0HCTaHT. 

• TioCTpoeHHe 3¢¢eKTHBHblX TI0TeHUHaJI0B a-KJiaCTepHOH M0JJ,eJIH, 0TIHCbIBalO

lll.HX OCH0BHbie JJ,Byx- H Tpex4aCTH4Hbie xapaKTepHCTHKH. lfay4eHHe CBOHCTB 

3a-CHCTeMbl B6JIH3H Tpex4aCTH4H0ro nopora, B 4aCTH0CTH, onpeJJ,eJieHHe xa-
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paKTep11CTl1K B036y)l{tJ.eHHOfO Q+ COCTOHHl1H Ht1.pa 12C. 

• Pa3811Tl1e MeTOtJ.a rnnepccpepw:reCK11X "nosepXHOCTHhIX" cpyHKU11H: BhIBOA atta

Jil1T114eCK11X Bb1pa)l{eHl1H K03cpcp11u11eHTOB rnneppat1.11aJihHblX ypaBHeHl1H AJIH 

Cl1CTeM Tpex 4aCT11U C KOHTaKTHWM B3al1MOAeHCTBl1eM 11 pa3pa60TKa 411CJieH

HhlX npouet1.yp AJIH peweH1151 Tpex4aCTl14HhlX 3atI.a4 C KyJIOHOBCKl1M B3al1MO

AettcTB11eM. 

HayquaH HOBH3Ha H npaKTuqecKaH u.euHOCTb 

1. Onpet1.eJieH KOJie6aTeJibHO-BpamaTeJihHbIH cneKTP CHCTeM Tpex 4aCT11U ABYX 

Tl1TIOB, B KOTOpbIX B3al1MOAettCTBl1e Me)l{AY pa3Jil14Hh!Ml1 4aCTl1UaMl1 OTil1ChIBa

eTC51 noTeHu11aJiaM11 HyJieBoro pat1.11yca. I1oKa3aHO, 4TO cneKTP MO)l{eT 6h!Tb 

on11caH YHl1BepcaJibHOH cpyHKU11ett AJIH np0113BOJibHbIX 3Ha4eHl1H yrJIOBOfO MO

MeHTa, KOJil14eCTBa KOJie6aTeJihHbIX COCTOHHl1H 11 OTHOllleHl151 Mace 4aCT11U. 

,ll.JIH Cl1CTeMhl, COt1.ep)l{amei1 ti.Ba TO)l{tJ.eCTBeHHhlX cpepM110Ha B COCTOHHl111 C 

TIOJIHbIM yrJIOBblM MOMeHTOM L = l, 6hIJil1 onpet1.eJieHbl Kp11Tl14eCKl1e 3Ha4eHl1H 

OTHOllleH1151 Mace, np11 KOTOpbIX TI0HBJIHIOTCH ti.Ba H11)1{Hl1X CBH3aHHhIX COCTOH

Hl151, 1130TOTil14eCKl1e 3aBl1C11MOCTl1 3Heprntt 11 w11p11H np11nopor0Bh!X pe30HaH

COB, a TaK>Ke ce4eH11H ynpyroro 2 + 1 pacceHHl1H 11 K03cpcp11u11eHTa peKoM6irna

u1111 np11 3Heprn11 B OKpeCTHOCTl1 Tpex4aCT114HOro nopora. I1oJiy4eHHbie 1130-

TOTil14eCKl1e 3aB11Cl1MOCTl1 t1.aIOT 803MO)l{HOCTb npet1.CKa3bIBaTb CBOHCTBa 3KC

nep11MeHTaJihHO l1CCJiet1.yeMbIX ABYXKOMTIOHeHTHbIX Cl1CTeM AJIH lll11pOKOro 11H

TepsaJia 3Ha4eHl1H OTHOllleHl1H Mace pa3Jil14HhlX 4aCT11U, Hanp11Mep, 3Heprn11 

CBH3aHHhIX COCTOHHl1H TI03BOJIHIOT oueHl1Tb pOJib o6pa30BaHl151 ABYX- 11 Tpex

aTOMHbIX MOJieKyJI B MHOrD4aCTl14HOH Al1HaM11Ke, a TaK)l{e OTil1ChIBaTh cpa30Bhle 

nepeXOAhl B 3aBl1Cl1MOCTl1 OT KOHUeHTpau1111 pa3Jil14Hb!X KOMTIOHeHT B YJibTpa

XOJIOAHWX ra3ax. 8 3Kcnep11MeHTax CKOpOCTb Tpex4aCTl14HOH peKOM611ttau1111 

onpet1.eJIHeT OAl1H 113 cymecTBeHHbIX KaHaJIOB noTepb 4aCT11U 113 JIOByweK 11 

3a4acTy10 OKa3bJBaeTCH cpaKTOpOM, Jll1Ml1Tl1PYIOIU11M BpeMH yt1.ep)l{aHl1H 4aCT11U 

B JiosywKax. 
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2. Bbl411CJieHbl Tpex4aCTl14Hhle 3Heprn11 CBH311 11 AJ111Hbl 2 + 1 pacceHHl151 COCTO

HH11H pa3Jil14HOH 4eTHOCTl1 Tpex 4aCTl1U (ABYX Tl1TIOB) C KOHTaKTHhIM napHbIM 

B3al1MOAettcTBl1eM. I1ccJiet1.0BaHa 3aBl1C11MOCTb 3Tl1X xapaKTep11cTl1K OT ABYX 

6e3pa3MepHbIX napaMeTpOB - OTHOllleHl151 Mace pa3Jil14Hb!X 4aCT11U 11 OTHO

WeH11H 11HTeHC11BHOCTeH napHbIX B3al1MOtJ.eHCTBl1H. I13y4eH11e 3aBl1Cl1MOCTl1 OT 

napaMeTpOB B3a11MOAeHCTBl1H 11MeeT np11Hu11n11aJibHOe 3Ha4eH11e B CBH311 C YHl1-

KaJibHOH 803MO)l{HOCTbIO ynpaBJieHl151 ABYX4aCTl14HhlM B3al1M0Aei1cTBl1eM B 3KC

nep11MeHTe, B 4aCTHOCTl1, 11CTIOJlh3YH MarHl1THOe TIOJie AJIH TIOACTpOHKl1 3Heprn11 

pe3oHaHca B CBH3aHHOM KaHaJie (pe3oHaHc cf)ew6axa). 

3. I1ccJiet1.0BaHbl oco6eH
0

HOCTl1 on11caHl1H Tpex4aCTl14HblX Cl1CTeM B AByMepHOM 

KOHcp11rypau110HHOM npocTpaHCTBe. Bbl411CJieHbl YHl1BepcaJibHbie 3Ha4eHl1H 3Hep

fl1H CB51311 11 AJil1Hbl 2 + 1 pacceHH1151 AJIH Tpex TO)l{tJ.ecrneHHbIX 6o30HOB C 

KOHTaKTHblM B3al1MOtJ.eHCTB11eM. 

4. I1oJiy4eHbl aHaJil1Tl14eCKl1e Bblpa)l{eHl1H AJIH Bcex K03cpcp11u11eHTOB rnneppat1.11-

aJibHblX ypaBHeH11H, OTil1ChIBaIOIU11X TPl1 4aCTl1Ubl C KOHTaKTHblM B3a11MOAett

CTB11eM. KaK Bb!BOA, TaK 11 CaM11 Bblpa)KeHl1H cnpaset1.Jil1Bbl AJIH pa3Jil14Hb!X 

Cl1CTeM C np011380JlbHOH nepecTaHOB04HOH Cl1MMeTp11ett 11 pa3Jil14HOH pa3Mep

HOCTl1 KOHcp11rypau110HHOro npocTpaHCTBa. I1oJiy4eHHbie aHaJil1T114eCK11e Bbl

pa)KeHl1H 3Ha411TeJibHO o6Jier4aIOT aHaJil13 ac11MTITOTl14eCKOro TIOBet1.eH11H K0-

3cpcp11u11eHTOB rnneppat1.11aJibHbIX ypaBHeHl1H 11 ero peweHl1H AJIH 60Jibllll1X 11 

MaJibIX pacCTOHH11H Me)KtJ.Y 4aCTl1UaMl1, a TaK)Ke TI03BOJIHIOT yseJil1411Tb T04-

HOCTb 411CJieHHOro pac4eTa. 

5. B a-KJiacTepHoi:i Mot1.eJI11 nocTpoeH tta6op 3cpcpeKTl1BHhIX noTeHu11aJioB, Bocnpo-

113BOAHIU11x 3KCnepmleHTaJibHble 3Ha4eH11H B 2et- 11 3et-Cl1CTeMaX. Onpet1.eJieH11e 

napaMerpoB Ct-KJiaCTepHOH MOt1.eJI11 11Meer np11HU11Til1aJibHOe 3Ha4eH11e AJIH pac-

4eTOB CBOHCTB pa3JI114HhIX Ct-KJiacrepHbIX HAep. BhI411CJieHbl xapaKrep11CTl1Kl1 

OCHOBHOro 11 B036Y*AeHHOro Q+ COCTOHH11H HtJ.pa 12C. Onpet1.eJieH11e napaMeT

pOB Of pe3oHaHca 11Meer ueJibIH PHA acrpocp113114ecK11x np11Jio)Kett11i1. 
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Anpo6aum1 pa6oThI 

OcHOBHbie pe3yJibTaTbl .!1.HCcepTaUHH 6bIJIH npe.!l.CTaBJieHbl Ha Me)K.!l.yHap0.!1.HOH 

JieTHeii rnKoJie "HapyrneHHe CP-cHMMeTpHH, 6ap11oreHe3HC 11 He11rp11Ho" (TTpepoy, 

repMaHHH, 15 - 21 CeHrn6pH 2002 fO.!l.a), Ha pa6o4eM C0Belll.aHHH no Bbl'lHCJIHTeJib

HOH q>H3HKe, nocBHill.eHHoe naMHTH CTaHHCJiasa MepKypbesa (CaHKT-TTeTep6ypr, 

PoccHH, 24-27 asryCTa 2003 ro.L1.a), Ha DST-UNISA-JINR c11Mno311yMe "Mo.L1.eJI11 

H MeT0.!l.bl B MaJI0- H MH0f04aCTH4HblX CHCTeMax" (CKyKy3a, IO)KHaH AqipHKa, 6-9 

qiespaJIH 2007 ro.L1.a), Ha Me)K.L1.yHapO.L1.HOH JieTHeH IliK0Jie HMeHH feJibMfOJlbUa "Teo

pHH H.!1.pa H acrpoq>H3H4eCKHe npHJIO)KeHHH" ()ly6Ha, PoCCHH, 7-17 asrycTa 2007 ro

Aa), Ha 20-011 Espone11CKOH KOHq>epeHUHH no MaJI04aCTH4HblM rrpo6JieMaM B q>H3HKe 

(TTH3a, vhaJIHH, 10-14 ceHrn6pH 2007 ro.L1.a), a TaK)Ke o6cy)K.!l.aJIHCb Ha ceMHHapax 

Jla6opaTOpHH TeopeTH4eCKOH q>H3HKH HM. H.H. 5oroJIIo6osa OI1SU1, Espone11cKoro 

ueHTpa Teoper114eCKHX 11ccJie.L1.0BaH1111 (TpeHTo, I1raJIHH), HosrY HM. Hp. My.!l.poro, 

YHHBepcHTeTa IO)KHOH Aq>pHKH (TTpeTOpHH). 

Uy6JIHKa~HH. OcHOBHble pe3yJibTaTbl .!l.HCCeprauHH orry6JIHKOBaHbl B pa6oTax 

[1-8]. 

CTpyKTypa H o6'heM )l.HCcepTaUHH. )l11ccepTaUHH C0CTOHT 113 BBe.!1.eHHH, Tpex 

rJiaB, 3aKJII04eHHH 11 .n.syx np11JIO)KeH1111. O6m1111 o6beM cocTaBJIHeT 134 cTpaHHUbI, 

BKJIIO'laH 22 p11cyHKa, 11 Ta6JIHU H CITHC0K JIHTepaTypbl 113 166 HaHMeHOBaHHH. 

Coaep31CaHue pa6ombt 

BBe.n.euue co.n.ep)KHT H3JI0)KeHHe npo6JieM, H3y4aeMblX B .!1.HCCepTaUHH, 0llHCa

HHe cospeMeHH0ro C0CT0HHHH HCCJ!e.!l.OBaHHH s .!l.aHHOH o6JiaCTH 11 JIHTepaTypHhlH 

o63op. ct>opMyJI11py10TCH ueJIH HCCJie.!l.0BaHHH H noCTaBJieHHbie B pa6oTe 3a.!l.a4H, 

npe.!l.CTaBJieHbl HCIT0J!b3YeMbie MeTO.!l.bl, a TaK)Ke H3JI0)KeHa CTPYKTypa .!1.HCCepTaUHH. 

UepBruI rJiaBa JI.HCcepTaUHH noCBHilJ.eHa pac'leTy npH HH3KHX 3HeprnHX CBOHCTB 

Tpex 'laCTHU C KOp0TKO.!l.eHCTBYIOill.HM B3aHMO.!l.eHCTBHeM. 8 HH3K03Heprern4eCK0M 
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npe.!l.eJie JI.BYX4aCTH4Hbie xapaKTepHCTHKH He 3aBHCHT OT qiopMbl KOpOTK0.!1.eHCTByIO

Ill.HX noTeHuHaJI0B H .!l.0nycKalOT YHHBepcaJibH0e 0llHCaHHe. TaKHM o6pa30M, eCTe

CTBeHH0 HCIT0Jib30BaTb .!l.BYX4aCTH4Hbie noTeHUHaJibl, 3a.L1.aHHbie B BH.!l.e 0.!l.H0napa

MeTpH4HblX ll0TeHUHaJI0B HyJieBoro pa.L1.Hyca, HanpHMep, HMe!Olll.HX BH.!l. rpaHH4HblX 

ycJI0BHH npH HyJieB0M paCCT0HHHH Me)K.!l.Y C00TBeTCTBYIOilJ.HMH 'laCTHUaMH. O6cy)K

.L1.aeTCH HCn0Jib30BaHHe noTeHuHaJI0B HyJieBoro pa.!l.Hyca B Tpex4aCTH4HbIX ypaBHe

HHHX, xapaKTepHbie oco6eHHOCTH rpex4aCTH4HblX CHCTeM, paCCM0TpeHHbie B 3TOH 

rJiaBe, a TaK)Ke npHB0JI.HTCH o63op orry6JIHKOBaHHblX pe3yJibTaT0B no .!l.aHHOH _TeMa

THKe. 

B nepBOM pa3JI.eJie paccMa_TpHBaeTCH CHCTeMa Tpex 'laCTHU (.n.syx THnoB) C K0H

TaKTHblM B3aHMO.!l.eHCTBHeM Me)K.!l.Y He0.!1.HHaK0BblMH 4aCTHUaMH [4,5,8]. Bbl'lHCJieH 

KOJie6aTeJibHO-BpamaTeJibHblH Tpex4aCTH4HblH cneKTp JI.JIH npoH3B0JlbHblX 3Ha4e

HHH OTHOilieHHH Mace m/m1, )lJIH HaH6oJiee HHTepeCHoro cJiy'laH C .!l.BYMH TQ)K

.!l.eCTBeHHblMH 6o30HaMH rrpH 'leTH0M n0JIH0M yrJI0B0M M0MeHTe L JIH6o C .!l.BYMH 

T0)KJI.eCTBeHHblMH qiepMH0HaMH npH He'leTH0M L HaH.!l.eHO aCHMnT0TH'leCK0e nose

.n.eHHe npH 60JiblliHX m/m1 KpHTH'leCKHX 3Ha4eHHH Lc(m/m1) ~ 0.401Jm/m1 H 

Lb(m/m1) ~ 0.563Jm/m1, TaKHX 4TO .!1.JIH L > Lb(m/m1) 0TcyTCTBy10T csioaH

HbJe C0CT0HHHH, .!l.JIH Lc(m/m1) '.S £ '.S Lb(m/m1) 4HCJI0 CBH3aHHblX COCTOHHHH N 

K0He4H0 H He rrpeBbllliaeT Nmax ~ uJL(L + 1) + 1/2, a npH L < Lc(m/m1) 4HC

JI0 CBH3aHHblX COCTOHHHH 6eCKOHe4HO. B HHTepsaJie 3Ha4eHHH yrJioBoro M0MeHTa 

Lc(m/m1) :SL :S Lb(m/m1) 3Heprn11 CBH3H onHCbJBaIOTCH yHHBepcaJibHOH ¢YHKUH

ei1 £(~, 11), 3aBHCHilJ.eH OT JI.BYX MacrnTa611posaHHbIX nepeMeHHblX ( = N -
1!2 

H 
JL(L + 1) 

1J = ✓ m1L~ + 1). 5oJiee .!l.eTaJibH0 paccM0TpeH HaH60Jiee Ba)KHblH JI.JIH onHCaHHH 

HH3K03HepreTH4eCKHX rrpoueccoB npHMep Tpex 'laCTHU C JI.BYMH T0)KJI.eCTBeHHblMH 

qiepMHOHaMH B C0CT0HHHH £ = 1. l13y4eHbl H30T0nH4eCKHe 3aBHCHM0CTH Tpexqa

CTH4H0ro cneKTpa, ce'leHHH ynpyroro 2+ 1 pacceHHHH H K03q>q>HUHeHTa peKOM6HHa

UHH. OcHOBHOe H B036y)K.!l.eHHOe C0CTOHHHH n0HBJIHIOTCH rrpH m/m1 = >-1 ~ 8.17260 

H m/m1 = >-2 ~ 12.91743. 8bl4HCJieHbl n0JI0)KeHHH H IliHpHHbl pe30HaHC0B, B K0-

TOpb!e nepeX0JI.HT CBH3aHHble C0CT0HHHH npH m/m1, npH6JIH)Ka!Olll.HXCH K >-1 H >-2. 
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O6cym.n,eHa CBH3b Mem.n,y B03HHKH0Bem1eM TpextJaCTHlJHblX CBH3aHHblX C0CTOHHHH 

c yseJII-JlJeHHeM m/m1 H 0CUHJIJIHPYJOUJ.HM nose.n,eHtteM cetJeHttl'i ynpyroro 2 + 1 

pacceHHHH H TpextJaCTHlJHOH peKOM6HHaUHH. B lJaCTH0CTH, cyw.ecrnyeT CBH3b .n,Byx 

HHTep<jlepeHUHOHHh!X MaKCHMYM0B aMnJIHTy.n, pacceHHHH C B03HHKH0BeHHeM ,11,Byx 

CBH3aHHbIX COCTOHHHH B 3aBHCHM0CTH OT m/m1. AHaJIOrHlJHO, ,11,JIH L > l 0CUHJIJIH

PYIOUJ.aH 3aBHCHM0CTb aMnJIHTY,11, pacC~HHHH OT m/m1 CBH3aHa C pom.n,eHHeM Nmax 

CBH3aHHhlX COCTOHHHH. 

Bo BTOpOM pa3.u.eJie paccMaTpttsaeTCH CHCTeMa Tpex lJaCTHU (.n,syx THITOB) C 

K0HTaKTHblMH B3aHMO.n,eikTBHHMH B 0,11,H0MepH0M KOH<jlttrypaUHOHHOM npoCTpaH

CTBe (7]. B HaH60Jiee HHTepecH0M cJiytJae, K0r.n,a B3aHMO.n,el'icTBHe Mem.n,y pa3Hb!MH 

lJaCTHUaMH npHTHrHBaJOw.ee, H3ylJeHbl 3aBHCHM0CTH TpextJaCTHlJHblX 3Heprnl'i CBH3H 

H ,11,JIHH 2 + 1 pacceHHHH ,11,JIH COCTOHHHH npOH3B0JlbHOH lJeTH0CTH OT ,11,BYX 6e3-

pa3MepHblX rrapaMeTpos: 0TH0WeHHe Mace lJaCTHU H 0TH0WeHHe HHTeHCHBHOCTel'i 

napHbIX B3aHM0,11,el'icTBHH. J(JIH TpextJaCTHlJHOH CHCTeMbl C ,11,BYMH TQ)K,11,eCTBeHHbl

MH 6o30HaMH B cJiylJaHx 6eCKOHelJHOro H HyJieBoro 0TTaJIKHBaHHH Me)K.n,y 6o30Ha

MH BbllJHCJieHhl KpHTHlJeCKHe 3HalJeHHH 0TH0WeHHH Mace, npH K0T0pb!X p0)K,11,alOTCH 

CBH3aHHhie C0CT0HHHH H ,11,JIHHa pacceHHHH CTaH0BHTCH HyJieBOH. Heo6xo,ll,HMO 0T

MeTHTb, lJT0 cyw.eCTsyeT B3aHMH0 0,ll,H03HalJH0e C00TBeTCTBHe peweHHH ,11,JIH ,11,syx 

TpextJaCTHlJHblX CHCTeM: nepsol'i, B KOTopol'i ,11,Ba TQ)K,11,eCTBeHHblX 6030Ha C 6ecKo

HelJHb!M 0TTaJIKHBaHHeM Me)K.n,y HHMH, H BTOpol'i, B KOTopol'i ,11,Ba T0)K,11,eCTBeHHblX 

<jlepMHOHa He B3aHM0.n,el'icTBylOT. Tio3TOMy see noJiylJeHHhie pe3yJibTaTbl ,11,JIH 6030H

Hb!X CHCTeM onHCbJBalOT H <jlepMHOHHhlH CJiytJal'i. 

Cyw.ecrnyJOT aHaJIHTHlJeCKHe peweHHH ypaBHeHHH illpe.n,ttHrepa ,11,JIH CHCTeMbl, 

COCTOHUJ.el'i H3 0,11,HOH TH)KeJIOH tJaCTHUbl MaCCbl m1 H .n,Byx JierKHX lJaCTHU MaCCbl m 

(B npe.n,eJie m/m1 --> 0), KaK ,11,JIH HyJiesoro, TaK H ,11,JIH 6eCKOHelJHOro 0TTaJIKHBaHHH 

JierKHX lJaCTHU, a TaK)Ke noJiytJeHbl peweHHH ,11,JIH Tpex lJaCTHU 0,11,HHaKOBOH Mac

Chi m = m1 C 6eCKOHelJHblM 0TTaJIKHBaHHeM TQ)K,11,ecrneHHblX lJaCTHU. TioJiytJeHo 

CTporoe ,ll,0Ka3aTeJibCTB0, lJT0 m/m1 = 1 - T0lJHaH rpaHHUa, cnpasa OT KOTopol'i 

cyw.ecrnyeT 110 Kpal'iHel'i Mepe 0,11,H0 CBH3aHH0e C0CTOHHHe; Kp0Me T0ro, B CHCTeMe 

Tpex lJaCTHU 0,11,HHaK0Bb!X Mace cyw.ecTsyeT TOJlbKO 0,11,H0 CBH3aHH0e C0CT0HHHe BHe 
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3aBHCHM0CTH OT HHTeHCHBH0CTH B3aHMO,ll,eHCTBHH Mem.n,y T0)K,11,eCTBeHHblMH lJaCTH

uaMH. BbllJHCJieHhl acttMnT0THlJeCKHe 3aBHCHM0CTH lJHCJia CBH3aHHblX COCTOHHHH H 

,11,JIHHbl pacceHHHH B npe.n,eJie m/m1 --> 00, a TaKme 3Heprntt CBH3H H ,11,JIHHbl 2 + 1 

pacceHHHH npH CHJlbH0M npHTH)KeHHH T0)K,11,eCTBeHHblX 6030HOB. TioCTpOeHa cxeMa

THlJeCKaH "<jla3oBaH".n,ttarpaMMa, Ha KOTOpOH 3a,11,aH0 lJHCJI0 CBH3aHHbJX COCTOHHHH 

H 3HaK ,11,JIHHbl 2 + 1 pacceHHHH B ITJI0CK0CTH .n,Byx rrapaMeTpos: 0TH0WeHHe Mace 

lJaCTHU H 0TH0WeHHe HHTeHCHBHOCTeH B3aHMO,ll,eHCTBHH. 

B TpeTbeM pa3.n,eJie paccMaTpHBalOTCH TPH TQ)K,11,eCTBeHHblX 6o30Ha C K0HTaKT

HbIM B3aHMO.n,el'iCTBHeM B .n,ByMepH0M KOH<jJHrypaUH0HH0M rrpoCTpattcTBe (3]. Tio

JiytJeHbl yHHBepcaJihHble 3HalJeHHH 3Heprnl'i CBH3H 0CH0BH0fO H B036y)K,ll,eHH0ro co

CTOHHHH tt ,11,JIHHa 2 + 1 pacceHHHH c Bb!COKOH TOlJH0CTblO. I1ccJie.n,oBaHO acHMnTO

THlJeCK0e rrose.n,eHHe K03<jl<jJHUHeHTOB CHCTeMbl rnneppa.n,HaJihHblX ypaBHeHHH H HX 

peweHHH B npe.n,eJie 60JibWHX H MaJiblX pacCTOHHHH Me)K.n,y lJaCTHUaMH, lJT0 no3-

B0JIHJI0 n0JIYlJHTb JiorapH<jJMHlJeCKKYIO aCHMnT0THKY nOJIHOH BOJIHOBOH qiyHKUHH 

B6JIH3H T0lJKH TpextJaCTHlJH0ro CT0JIKH0BeHHH. 

BTopaH rJiaBa co.n,ep)KHT Bb!B0,11, aHaJIHTHlJeCKHX Bbipa)KeHHH ,11,JIH K03qJ<jJHUHeH

T0B rnneppa.n,HaJihHbIX ypasHeHHH (3,4]. AHaJIHTHlJeCKHe Bb!pa)KeHHH 0,11,HHaKOBOH 

qiopMbl 6hIJIH noJiytJeHhl ,11,JIH Tpex lJaCTHU (.n,syx THnos) npOH3B0JlbHOH CHMMeT

pHH B TpexMepH0M H 0,11,H0MepH0M KOH<jlttrypaUHOHHblX npoCTpaHCTBax, H ,11,JIH Tpex 

T0)K,11,eCTBeHHbIX 6030HOB B ,11,ByxMepH0M KOHqJHrypaUHOHHOM npoCTpaHCTBe. KaK 

caM Bb!B0,11,, TaK H noJiylJeHHhJe BbipameHHH HMelOT 3HalJHTeJibH0 6oJiee WHp0KYIO 

o6JiaCTb rrpHMeHHM0CTH, B tJaCTH0CTH, aHaJI0rHlJHble BbipameHHH MoryT 6b!Tb ll0Jiy

lJeHbl ,11,JIH Tpex tJaCTHU npOH3B0JlbHOH nepecTaHOBOlJHOH CHMMeTpHH, C pa3JIHlJHbJMH 

B3aHMO,ll,eHCTBHHMH Mem.n,y HHMH, a TaKme B pa3JIHlJHbIX pa3MepH0CTHX KOHqJHry

paUH0HHoro npoCTpaHCTBa. Mern.n, Bb!B0,11,a 0CH0BaH Ha HaJIHlJHH K0HTaKTH0fO B3a

HM0,11,el'icTBHH Me)K.n,y tJaCTHUaMH, HBHOH 3aBHCHM0CTH 3a.n,alJH Ha co6cTBeHHble 3Ha

lJeHHH Ha rttnepc<jlepe OT rttneppa.n,ttyca H Ha HCn0Jib30BaHHH C00TH0WeHHH THrra 

XeJIJIMaHa-cI>el'iHMaHa. AttaJIHTHlJeCKHe BbipameHHH n03B0JIHIOT nposeCTH aHaJIH3 

aCHMnTOTHlJeCKoro rrose.n,eHHH K03qJ<jJHUHeHTOB CHCTeMbl rnneppa.n,HaJihHblX ypaB

HeHHH H era peweHHH KaK rrptt 60JibWHX, TaK H rrpH MaJihlX pacCTOHHHHX Mem.n,y 
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11acT11u:aM11. KpoMe TOfO, aHaJJl1T11'1eCKHe Bbipa)l{eHl1H y.n.o6Hbl ,ll.JIH npose.n.eHHH '111C

JJeHHb!X pac11eTOB 11 yJJy11weHl1H I-IX T0'1HOCTl1. 

TpeThH rnaBa nocBHlll.eHa 113y11eH1110 csoi-lcrn o+ cocToHHl1H H.n.pa 12C,•[ I ,2,6] B 

a-KJJaCTepHOH MO,ll.eJJl1. TToCTpOeH Ha6op 3cpcpeKTHBHbIX .n.syx- 11 Tpex11acT11'1HblX no

TeHU:HaJJOB a - KJJacTepHOH MO,ll.eJJH, OTTl1CbIBa!Olll.HX 3KCnep11MeHTaJJbHbie 3Ha'1eHl1H 

TTOJJO)l{eHHH 11 W11p11Hbl S-BOJJHOBOfO a - a pe30HaHCa, s-, d- 11 g-BOJJHOBbie cpa3bl a -

a pacceHHl1H, 3Heprn11 OCHOBHOfO 11 B036y)l{,ll.eHHOro Q+ COCTOHHl1H H,!1.pa 
12C 11 cpe,!1.

HeKBa,!1.parnqHblH pa.n.11yc OCHOBHOro COCTOHH11H. TToJJyYeHHbie pe3yJJbTaTbl pac11ern 

noKa3bIBalOT cnoco6HOCTb a-KJJaCTepHOH MO,ll.eJJH OTTHCb!BaTb TaK11e TOHKl1e xapaKTe

p11CTHK11, KaK 11pe3Bbl'1aHHO MaJJaH no H,!1.epHb!M MaCWTa6aM w11p11Ha ot COCTOHHHH 

11 3Kcnep11MeHTaJJhHO 113MepHeMbIH CTPYKTYPHbIH napaMeTp - MaTp1111HbIH 3JJeMeHT 

MOHOTTOJJhHOfO nepexo.n.a ot -> ot. A HMeHHO, ,ll.a)l{e ,!1.JIH JJOKaJJbHb!X .n.syx11aCTl1'1-

Hb!X TTOTeHU:11aJJOB pacc1111TaHHble BeJJH'111Hbl HaXO,ll.HTCH B pa3yMHOM cornac1111 C 

3KCnep11MeHTaJJbHb!MH .n.aHHb!Ml1 ( OTJIH'1a!Olll.11eCH MH0)1{11TeJJeM nopH,!1.Ka 2) 11, KpO

Me TOro, CJJa6o 3aBHCHT OT BbI6opa .n.syx11aCTl1'1Hb!X 11 np11eMJJeMb!X Tpex11acTl1'1HblX 

noTeHu:11aJJ0B. Ifay11eH11e TepMOB rnneppa.n.11aJJbHbIX ypaBHeH11tt 11 cTpyKTYPbI BOJJ

HOBOH cpyHKU:1111 y6e.n.11TeJJhHO ,ll.OKa3bJBaeT .n.syxcTyneH11aTb!H MeXaHl13M pacna.n.a ot 
COCTOHHl1H, '1TO cornacyeTCH C o6menpHHHTOH T0'1KOH 3peH11H. 

Heo6xo.n.11MaH T0'1HOCTb Bbl'111CJJeHHH xapaKTep11CTl1K 12C 6bIJJa ,ll.OCTl1rttyTa C 

TTOMOllJ.blO peweHl1H ypaBHeHHH Ha rnnepccpepe Bap11au:110HHblM MeTO,ll.OM C rn6Kl1M 

6a3HCOM npo6Hb!X cpyHKU:11H. C 3TOH u:eJJblO B 6a311C 6b!JJH BKJJIOYeHbl TTOJIHOCTblO 

CHMMeTp1130BaHHhie rnneprapMOHHKl1, TT03BOJIH!Olll.11e on11caTb BOJJHOBYIO cpyHKU:11!0 

B o6JJacrn MaJJb!X pacCTOHHl1H Me)l{.n.y 11acrnu:aM11, 11 cpyHKU:1111, OTTl1Cb!Ba!Olll.11e KJJa

CTepHylO KOHcp11rypau:1110 a+ 8Be. 

B 3aKJIIOtJeHHH cyMMl1PYIOTCH pe3yJJbTaTbl, Bbl,ll.BHraeMbie Ha 3alll.11Ty. 

B npHJIO.lKeHHH A 113JJO)l{eH MeTO,ll. rnnepccpep1111ecKl1X "nosepXHOCTHb!X" cpyHK

u:11i-l: BBe,ll.eHbl rnneppa.n.11aJJbHbie KO0p,!1.HHaTbl, 3an11caHO ypaBHeH11e Ha rnnepccpe

pe, a TaK)l{e onpe.n.eJJeHbl K03cpcp11u:11eHTbl rnneppa.n.11aJJhHbIX ypaBHeHl1H. C11cTeMa 

rnneppa.n.11aJJbHbIX ypaBHeH11tt 3an11caHa B .n.syx 3KBl1BaJJeHTHbIX cpopMax. O6cy)l{

.n.aeTCH acl1MTTTOTl1Ka 3cpcpeKTl1BHb!X noTeHU:HaJJOB, a TaK)l{e oco6eHHOCTl1 pac11eTa 

IO 

B .n.syMepHOM cJJy11ae. KpoMe TOfO, np11MeHeH11e MeTO.n.a npo11JJJJIOCTp11poBaHO Ha 

T0'1HO pewaeMOH 3a.n.a11e Tpex TO)l{,ll.eCTBeHHhlX 6030HOB C KOHTaKTHblMH B3al1MO

.n.ettCTBHHMl1 B O,ll.HOMepHOM KOHcp11rypau:110HHOM npocTpaHCTBe. 

B npHJIO.lKeHHH 6 on11caHbl HCTT0Jlb3yeMbie '1HCJJeHHb!e npou:e.n.ypb!. TTp11se.n.eHbl 

no.n.po6HOCTl1 '111CJJeHHOfO pac11eTa 11 ou:eHKa T0'1HOCTl1 Bhl'111CJJeHHb!X K03cpcp11u:11-

eHTOB rnneppa.n.11aJJbHb!X ypaBHeHHH ,ll.JIH CHCTeM Tpex 11aCTl1U: C KOHTaKTHb!M B3a

HMO,ll.eHCTBl1eM (c nOMOlll.blO aHaJJ11Tl1'1eCKl1X Bbipa)l{eHHH) 11 C KYJJOHOBCKHM B3aH

MO,ll.eHCTBHeM (nocpe.n.cTBOM Bap11au:110HHOfO Mern.n.a). CcpopMyJJ11poBaHbl rpaHl1'1Hbie 

ycJJOBHH ,!1.JIH Cl1CTeMbl rnneppa.n.11aJJbHb!X ypaBHeHHH, COOTBeTCTBYIOlll.He 3a.n.a11e Ha 

CBH3aHHbie COCTOHHl1H 11 3a.n.a11e pacceHHHH. TTp11Be,!1.eHbl no.n.po6HOCTl1 '111CJJeHHOro 

l1HTerp11poBaHl1H CHCTeMbl rnneppa.n.11aJJbHb!X ypaBHeHHH. 

Ha 3alll,HTY BblHOCHTCH CJ1et(y10111,He pe3yJibTaTbI: 

1. Onpe.n.eJJeH KOJJe6aTeJJbHO-BpamaTeJJbHbIH cneKTP Tpex 11acrnu: (.n.syx rnnos) c 

KOHTaKTHbIM B3al1MO,ll.ettcTBHeM t(JJH np0113B0JlbHb!X 3Ha'1eH11H OTHOWeHHH Mace. TTo

JJyYeHa YHl1BepcaJJbHaH cpyHKU:1151, 01111Cb!Ba!Olll.aH cneKTP 3Heprn11. ]lJJH CHCTeMbl, 

co.n.ep)l{amei-1 ,!I.Ba TO)l{,ll.eCTBeHHb!X cpepM110Ha, B COCTOHHl111 C TTOJ!Hb!M yrJJOBb!M MO

MeHTOM L = 1 onpe.n.eJJeHbl 1130T011H'1eCKl1e 3aBl1CHMOCTH Tpex11acTl1'1Hb!X 3Heprntt 

CBH311 11 ce11eH11H ynpyroro 11 Heynpyroro pacceHHl1H. 

2. I1ccJJe,ll.OBaHa Cl1CTeMa Tpex qacrnu: (.n.syx Tl1110B) C KOHTaKTHblM B3al1MO,ll.eHCTBH

eM B O,ll.HOMepHOM KOHcp11rypau:110HHOM npoCTpaHCTBe, onpe.n.eJJeHbl 3Heprn11 CBH311 

11 ,ll.JJl1Hbl 2 + 1 pacceHHHH. TToJJyYeH pH,!1. aHaJJHTH'1eCKHX 11 Ka11ecTBeHHb!X pe3yJJb

TaTOB. TToCTpoeHa cxeMarn11eCKaH "cpa30BaH".n.11arpaMMa, Ha KOTOpott 3a.n.aHO '111CJIO 

CBH3aHHb!X COCTOHHl1H 11 3HaK ,ll.JJl1Hbl 2+ 1 pacceHHl1H B 11JJOCKOCTl1 ,ll.Byx napaMeTp0B 

- OTHOWeHHH Mace 11 OTHOWeHl1H 11HTeHCl1BHOCTeH B3aHMO,ll.eHCTBl111. 

3. J13y11eHa CHCTeMa Tpex TQ)l{,ll.eCTBeHHb!X 6o30HOB C KOHTaKTHb!M B3al1MO,ll.eHCTBl1-

eM B ,ll.ByMepHOM KOHcp11rypau:110HHOM npocTpaHCTBe. TToJJyYeHbl T0'1Hble 3Ha'1eHl1H 

3Heprntt CBH311 11 ,!1.Jll1Ha 2 + 1 pacceHHHH, 11CCJJe,ll.OBaHO aCl1MI1TOTH'1eCKOe nose.n.e

HHe scex K03cpcp11u:11eHTOB CHCTeMbl rn11eppa.n.11aJJbHblX ypaBHeHHH 11 onpe.n.eJJeHo 

II 



[IOBe.nem1e ITOJIHOH BOJIHOBOH qiyHK!.UHl B6JIH3H TO'lKH TpOHHOro CT0JIKH0BeHHH. 

4. ,IlaH BblB0,!l_ aHaJIHTH4eCKHX Bb!pmKeHHH ,!l_JIH K03qJqJHUHeHTOB rnneppa,nHaJibHblX 

ypaBHeHHH, 0ITHCbJBa!OmHx CHCTeMy Tpex ciaCTHU C K0HTaKTHbIM B3aHMO,!l_eHCTBHeM. 

5. TTocTpoeH Ha6op 3qJqJeKTHBHbIX ,nsyx- H TpexciacTH'lHblX noTeHUHaJI0B 0: - KJia

CTepHOH M0,!l_eJIH, OITHCbIBa!OmHil 3KCnepHMeHTaJibHbie 3Ha'leHHH IT0JI0)KeHHH H IIJH

pHHbl S-B0JIH0B0ro 0: - o: pe30HaHCa, s-, d- H g-B0JIH0BbJe <fla3bl 0: - 0: pacceHHHH, 

3HeprnH 0CH0BH0ro H B036y)K,neHHOro a+ COCTOHHHH H,npa 12C H cpe,nHeKBa,nparnci

HbIH pa,nHyc 0CH0BH0ro C0CTOHHHH. 

6. B O:-KJiaCTepHOH M0,neJIH onpe,neJieHbl WHpHHa B036y)K,neHH0ro at C0CT0HHHH 

12C, MaTpHC!HbIH 3JieMeHT M0H0IT0JibH0ro nepexo,na (at ----> at) H cpe.nHeKBa,npaTH'l

HbIH pa,nHyc B036y)K,neHHOro C0CT0HHHH R(2
). I1ccJie,noBaH MexaHH3M pacna,na at 

C0CT0HHHH Ha TPH o:-ciaCTHUbl. 
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