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OHllAfl XAPAKTEPKCTHKA PAEOTH 

A~IYaJJbHOCTJ, T8W:l 

3a.n;aqa onHCaHH.11 CB.1138HHOI CHCT8Wi .IIBJiaetca 0.ltHOR H3 neHtpaJib
HHX B q>HSmte 3JI8M8HTapHHX qacTHn. TaKoe IlOJIOXeHHe 061,acnaetca TeM, 

q70 B HaCTO.lll!l88 BpeMa CTaJIO 061!lenpHH.IITl,IM npe.1tCTaBJI8HHe oO a.n;poHax 

KaK 061,extax, COCTaBJI8HHHX H3 KBapKOB H rJIDOHOB. 
BcKope nocJie C03JtaHH.II 5 l{ (.3) -MOJt8JIH H .H .EoroJIDOOBHM 6uJia cq,op

MYJIHPOBaHa 3a,1taqa OilHCaHH.11 )UIHaMHqecKHX CBORCTB a.n;poHOB Ha OCHOBe 
peJiaTHBHCTCKH-HHBapHaHTHHX ypaBH8HHll .n;JI.11 COCTaBHHX CHCTeM. B pa6otax 
H.H.EorOJIDOOBa H COTPYJtHHKOB /I-3/ 6HJIH np0,ltJIOX8Hl,I MOJt8JIH, OCHOBaH

Hl,10 Ha ypaBH8HH.IIX nHpaKa H Eete-COJIIlHTepa, XOTopwe Il03BOJIHJIH 061,ac

HHTb pa.n; CBOICTB M830HOB H 6apHOHOB •. 

KHtepec K COCTaBHHM MO)J;8JI.IIM ocoOeHHO B03poc nocJie OTKPHTH.11 
ceuelCTB "I'- H Y _qactnn. ITOCKOJIJ,Ky'·KBapKH, H3 KOTOPHX COCTaB
JI0HH 3TH M830HH, .IIBJI.IIDTCa TRX8JIHMH, .n;JIR OilHCaHHR HX CBORCTB nepBO
aaqaJibHO HCilOJIJ,30B8JIC.II qiopuaJIH3M, OCHOBaHHHR Ha ypaBH8HHH llipe,ltHHre
pa, H8COMH8HHHlt )J;OCTOHHCTBOM KOTOporo RBJIR8TC.II HaJIHqHe pa.n;a Toqa1,1x 
pememdt MR pa3JIHqHux noteHnHaJIOB. Pacqetu csoRcts cHcteM cc , Bi 
npOBOJtHBmHeCR B HepeJIBTHBHCTCKOM npH0JIHX8HHH, B neJIOlt JtaDT xopomee 
corr.acue c axcnepHMeHTOM. O.n;Haxo npH nepexo.n;e x BHcoxoso30y:s.n;eHHHM 
ypOBHalt, a TaKXe npH paCCMOTpeHHH JierKHX M830HOB,BXJiaJt peJIBTHBHCT
CKHX nonpaBOK 3aM8THO B03paCTaeT. 

Y.n;oOHHlt annapaTOM MR nocJie.n;oBaT0JlbHOro peJiaTHBHCTCXoro OilHCa
HHR COCTaBHHX XBapKOBHX CHCT8M RBJl.118TCR OJtHOBp8M8HHOI XBa3HilOT8H
nHaJibHHR IlOJtXOJt B KBaHTOBOR TeopHH noJia, npe.1tJIOX8HHHI A.A.JioryHOBHM 

·H A.H.T8.BX8JIHJt30 / 4/.] pa6otax 15 ,6/ OHJIO IlOKa3aHo, qto tpemep- . 

HHe peJI.IITHBHCTCKHe JtByxqacTHqn1,1e ypaBH8HHa XBa3HilOTeHnHaJibHOro THna 

B03HHXaDT H npH HCilOJIJ,30BaHHH raMHJlbTOHOBOR q>OPMYJIHPOBKH teopHH 
IlOJIR. YpaBH8HHR KBa3HilOTeHnHaJibHOro no.n;xo.n;a OWJIH C ycnexoM npHM8H8HH 
JtJIR onucanna nponeccoB BwcoxosHepretuqecxoro pacceasua a~P.OHOB c 
HCilOJ!l, 30BaHH8.U npe,JtCTaBJl8HHR 06 HX COCTaBHOH n~Hpo.n;e /7' Bl H M.11 
HsyqeHH.11 CBR3aHHOA CHCT8MH B 3JI8KTpo.n;HHaMHK8 / /. HeCOMH8HHO HH
tepeCHHM H npaKTHq8CKH BaXHHM npe~cTaBJIR8TCR HaxoneaHe ToqHHX 
pemeHHB XBa3HilOTeHnHaJibHHX ypaBH8HHR C peJIRTHBHCTCKHMH aHaJioraMH 
KBaHTOBOM8XaHHqecKHX IlOT~HnHaJIOB C UeJII,D HX ~aJibH8filll8ro npHMe

H8HHH,lUI.II ql8HOM8HOJIOrINeCKoro OilHCaHHR pasJIHqHl,IX COCTaBHHX CHCT8M 
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THna KBapKOHHa. 3HaBH8 pemeHHI KB83HilOT8BI(HaJI.HHX·YP8BH8HHI ,Jta8T 
B03llOll!OCTb OilHCaBHR He TOnDKO cnexTp9B Ma.CC H ynpyrHX ~op~XTOpOB 
qacTHn, HOH nponeccoB rJIYOoxoHeynpyroro nentoH-aApOHHoro pacceaHHa. 

OnHC8HH8 rJIYOOROHeynpyroro plCC8RHHa nenTOHOB Ha aApOH8X 
asnaeTca OAHOA H3 rutTYaJIDHHX 3a,Jtaq ~H3HXH BHCOXHX 3HeprHI. RaqecTB8H
HO 3TH nponeccu MoryT OHTD B onpexeneHHOI CTeneHH oO~aCH8HH Ha OCHO
Be napTOHHOI MOA8nH /IO/. Cy~8CTB8Hl!III nporpecc B OilHCaBHH r.110oxo
H8ynpyrHX nponecCOB OilJI CBl36H C npHM8H8BH8M pacqeTOB no TeOpHH 
B03MY~8HHA B XBaBTOBOI XpOMOAffHaMHK8 • 3TH pacqeTH Il03BOnRIIT OO~ac
BHT• uaOnD)UlD~eeca Ha OilHT8 uacmtaOHO-HHBapHaHTHOe Il0B8A8HH8 
CTPYKTypHHX ~YHKnHI H OTK40H8HHR OT aero. 0AHaKO B ItBaHTOBOH -
xpoMOAHHaMHK8 cornaCOBaHHal KapTHHa rJIYOOKOHeynpyrruc nponeccoB H 
nponeccoB pacnaxa UOZ8T B03HHKHYTD HH~ B TOM CJI.Yqae, ecnH 'ClaCTD 
Ha04DA6D~eroca OTKnOH8HHR OT CKel4HHra 0YA8T oOycnOB48Ha CT8Il8HHWMH 
nonpaBKaMH, KOTOPH8 noKa TPYAHO IlOA)UlDTCR H3yqeaHD B pal,lltaX TeopHH 
B03Uy~eamt. QqeBH)UIO TaKze, qTo CT8Il8BHW8 nonpaBKH K CK8IHHHry 
MOryT B03HHXHYTD H npH yqeTe 3!WieKTOB CBR3aHBOCTH KBapKOB B 6APOHe, 
q70 uozeT OHTD AOCTHrHyTo IlOC48AOB6T84DHYU o0pa3ou, HanpHMep, npH 
npweHeHHH penaTHBHCTCKHX KB63HilOT8HnHa4DHHX BORHOBHX ~YHKnHI. 

ijeRD n~OOTij COCTOHT B H6XOSA8HHH pemeHHI KOBapHaBTHHX AB}X~ 

qacTHqHHX OAHOBpeM8HHHX ypaBH8HHI C KB63HilOTeHnHanaMH, RB4RD~Hll.HCI 
penaTHBHCTCKHMH oOoO~eHHRUH mHpOKO HCil04D3Y8MYX B aepenaTHBHCTCKOI 
TeOpHH KBapKOHHR KB6HTOBOM8XaH~eCKHX noTeHnHanoB; pa3BHTHH ~OpMa
HH3Ma )VIS onHCaHHR B KB63HilOTeHnHaRDHOM IlOAXOA8 nponeccoB rnyOoxo
Heynpyroro pacceaHHR nenTOHOB Ha M830H6X H H3yqeHHH CKelnHHrOBoro 
H npeACK814HHrOBOro Il0B8A8HHR CTpyKTYPHHX ~yaxnHI. 

B ,JtHCcepTanHH BnepBwe noJIYqeaw Toqawe pemeHHa 3anHcaaHoro B 

HMnyllCHOM npeACTaB48HHH HHTerpan•aoro ypaBH8HHa noryHOBa-TaBX8RHA38 
C KBa3HilOT8HnHaJIOM, RBnRD~HMCR cynepn03HnHel KB83HilOT8HWfaJIOB 
OAH00030HHOro oOueaa, KOTOpHI MOZHO paccwa.TpHBaT• KaK reo»eTpH
qecxoe o0o0~8HH8 xynoHOBCXOro noTeHnHana B CMHCH~ 36M8HH 8BXHHAO
BOI reowetpHH HltIIYllCBoro npoctpaHCTBa aa reo»eTpHD noOaqeBcxoro. 

IlOJIYqea B Hl,lnyllCHOU np8ACTaBn8BHH BRA pemeHHI ypaBH8BHR noryuo~ 
Ba-TaBX84HA38 B cnyqae KB63HllOTeHnHana, RB4RD~eroca KOUOHaanael reo-· 
M8TpHqecXH oOoO~eHBOro xynOHOBCXoro noTeHnHaM H_A00aBKH, OTBeqam.el 
BB8A8HHD OTT6BXHBaHHR Ha Manwx pacCTORHHax. 

HalA8H BOBHI xnacc KB63HllOTeBnHanoB, )VIS XOTOPBX ypaBH8HHR 
noryaosa-TaBX84H,lt38 H RaAHmeBcxoro B HMny4bCHOM npocTpaHCTBe CBO
ARTCR X A~epeanHan•HHM ypaBH8HJISlBTOporo nopnna. 3TH ypaBH8HHB 
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pemeHY Toqao B npeAene ayneBol M8CCB CB838HHOro COCTORHHR (KHpan•-
HHI npex·en). , ' 

Ana Bcex YKa3aHHHX BHllle XB83HilOTeHnHaROB nocTp08HB BOHHOBBe 
qiyaxnHH B penaTHBHCTCXOU XO~HrypanHOHHOM np8ACTaBR8HHH, KOTOpHe 
aBnRDTCR pemeHHRMH pa3HOCTHHX KB63HilOT8BI(HaRDHHX ypaBH8HHI. 

B penaTHBHCTCXOU KO~HrypanHOHHOM npeACTaBR8HHH BHqHcneHa 
napnHMbHaa ~YHXnHa rpHHa 1 OTBeqam~aa 3a;r,aqe O CBR36HHHX COCTOHHHax, 
H IlOJIYqeao OAHOPOAHOe HHTerpallHOe ypaBHeHHe Ana BOHHOBOA 4JYHKnHH B 
3TOM Ilp8ACT8BH8HHH. 

HaAA8HB pemeHHa OAHOM8pHoro XB83HilOTeHnHaJIDHOrO ypaBH8HHR nory
HOBa-TaBX8HHA38 C RHHeAHBM H KYHOHOBCXHM B penaTHBHCTCKOM KOH~Hrypa
nHOHHOM npexctaBneHHH noTeHnHanaMH, a Taxze pemeHHa COOTB8TCTByn
~HX O~H()),(8pHBX HHTerpanoHHX YJll.BHeHmt. 

IlonyqeHH BOnHOBBe ~yHXnHH H ycnOBHe KB6HTOBaHHR )Via TpelO,lepHoro 
ypaBaeaHa noryHoBa-TasxenHA30 c KynoaoBCKHM B eBXHHAOBOM F -
npoctpaHCTBe noTeBI(HMOM. 

Ana H8CK04DKHX KB63HilOT8BI(HMOB, oOnaAaD~HX CHHrynapHBM Il0B8Ae
BH8M B HMilYRDCHOM npoctpaHCTBe H RBJlaD!IIHXCa aHanora.MH KBaHTODOMe-

/ 

xaHHqecKHX ocnHnnatopHoro H nHaeRHoro 3anHpaD~ero noTeHnHanoB, HaAAe~ 
HB 3HepreTHqecKHe cnexTpB H BOHHOBHO ~YHKnHH B HMnyn•cHOM npeACTaB
n~HHH. YcnOBHe XB8HTOBaHHJI B cnyqae ypaBHeHHR MR CilHHOBBX qacTHn 
H miHeRHoro noTeHnHana npID.!8H8HO 'ARH OilHCaHHa c_neKTPOB Mace 11' , Y 
H J -M830HOB. 

IloJIYqeHB ~OpMynw, BBpa:ran~He CTPYXTYPHB8 ~YHKnHH rnyOoKO
Heynpyroro nenTOH-M830HHOrO pi.cceaHHa qep83'0AHOBpeueHHBe ABYX
qacTHqHwe BOHHOBBe ~YHKnHH OTHOCHT8RDHOro ABHX8HHa CKanapHHX nap
TOHOB. BBAeneHH_CKeRnHHroBaa H npeACKeffnHHrOBaa qacTH CTpyKTYPHBX 
~YHKnHA. 

B cnyqae B3aHMOAeRCTBHa KBapKoB, B3RToro B BHA8 aunnHTYAB 
OAHornDOHHOro oOueHa, onpeAeneHo Il0B8A8HH8 CTpyxTypHBX ~YHKnHA M830-
BOB npH aCHMnTOTHq8CXHX 3HaqeHHax KDaApaTa nepe~aHHoro HunyRDca. 

nns 3amnxu ppxBaraptcs cnexymmne ocHoBHye pe3yn»T~TY, nony9en
uw_e n ,mqceptanHHi 

I. HaRAeHo TOqHoe pemeHHe XOBapHaHTHoro AByxqacTHqHoro ypaBHe
HHH noryHOBa-TaBxenHA38 C XB83HilO_TeHnHaJIOM, aanaD~ID.!Ca, cynepno3H
nHeR ,KBa3HllOteHnHanuB OAH00030HHOro oOMeHa, KOTOpBA MOSHO pi.ccuaT
pHllan KaX penaTHBHCTCKOe reoMeTpHqecKoe o<loO~eHHe KYROHOBCXOro .no
TeHnHana B HMnyn•cHOM npocTp8.HCTBe. IlOCTpoeHH BORHOBBe ~yHxnHH B 
HMnyn•cHOM H penaTHBHCTCKOM KO~HrypaUHOHHOM IlP8ACTaBn8HHax H HaA
A8HO penaTHBHCTCK08 ycnOBHe KB6HTOB6HHa ypoBHeA 3HeprHH. IlonyqeHH 
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pemeHHJI ypaBHeHHH nuryHOBa-TWlX8HHA38 B cJiyqae KBa3HllOT8Hl.tlf8Jia, 
aBnaD~eroca cynepn03HUHBI llOABHLHOro xynuHUBCKOro H OTTanKHBtlTenLHoro 
B3aHMOABIC~BHH Htl M~HYX paccTommmc.· 

2. HtilABH HOBYI Knacc KBa3HilOTeHnHanoB, CHHrynapHYX B penaTH
BHCTCKOM KOH~HryiannoHHOM IlpBACTaBneHHH, ~na KOTOPYX KBa3HilOT8HUHanL-

HY8 ypaBHBHHH B HWIYHLCHOM npoctpaHCTBB CBOAHTCR K AH~epettnnanLHW. 
YpaBHBHHa norJHOBa-TaBX8HHA38 H KaAUmBBCKOro C 3THMH KBa3HilOT8HUHa
nauH pemeHY B KHpanLHOM npeAene ToqHo. 

- 3 • IlpeAnoxeH H HCilOnL 30BaH .Jt}IH IlOCTp08HHH pemeHHI pa3HOCTHHX 
KBa3HilOT8HUHanbHYX ypaBHBHHI MBTOA, npnrOAHYI B cnyqae, ecnn H3B8CT
Ha BOHHOBaa ~YHKUHR OCHOBHOro COCTORHHJI~ B penaTHBHCTCKOM KOH~Hry
pannoHHOM np8ACTaBH8HHH Ana 3aAaqH O CBR3aHHYX COCTORHHRX BliqHcneHa 
napnnanLHaa ( e:. 0 ) WHKUHR rpHHa ypaBH8HHH noryHOBa-TaBxenHA38 -
H BYBBABHY OAHOPOAHH8 HHTerpanLHHe ypaBH8HHB .Jt}IR BOnHOBOR ~YHKUHH. 

4. IIOJiyqeHY pemeHHR OAHOM8pHoro ypaBHBHHR llOrJHOBa-TaBxenHA38 
C nHHBIHYM H xynOHOBCXHM IlOTBHUHanaMH, 3aAaHHlilMH B penaTHBHCTCKOM 
KO~HrypannoHHOM npBACTaBneHHH. HalABH!i BOnHOB!i8 ~YHKUHH H ycnOBHe 
KBaHTOBaHHR ypoBHBI aaeprHH .Jt}IR Tpexuepaoro·ypaBHBHHB noryaoBa-TaB--xen~se C xynOHOBCKHll B 8BKnHAOBOM r -npoctpaHCTBe KBa3H-
IlOT8HI{Hanou. 

5. HalA8Hli cneKTp!i 3HeprHR H BOnHOB!i8 ~YHXUHH B HMnynLCHOM 
np~ACTaBnBHHH .Jt}IR KBa3HilOT8HUHMLHliX ypaBHBHHll C CHHrynapHWH B 

HMnynLCHOM npoctpaHCTBe KBa3HilOT8HUHanaMH, KOTOp!i8 aBnRDTCB penatn
BHOICKHMH aHanorau1r1 ~eaoueaonor1NeoxHx sanHpaD~x-notean1r1anoB:n1r1-
HeRHoro H ocnnnnatopaoro. YcnoBHe KBaHTOBaHHa B cJiyqae ypaBHBHHa A/IH 
qacTHU 00 CllHHOM 1/2 0 aaanorou nHHBIHoro llOTBHUHana npHM8H8HO Ana 

om1caHHB cneKTpoB Mace 'If' , Y H f - ueaoHoB. IloJiyqeHo xopomee 
oornacHe TBOpHH O 3Kcnepm.teHTOM. 

6. BHB8A8Hli ~opuynli .lt/IB cipyKIYPHliX ~YHKUHR r.n:y60KOH8ynpyroro 
pacceaHHB nentOHOB Ha M830Hax qepe3 OAHOBp8M8HH!i8 ABYXqaOTHqHH8 
BOnHOBH8 ~YHKUHH OTHOCHT8nLHOro ABHX8HHa 6eoonHHOBHX XBapKOB. Onpe
A8n8H BHA oxelnHHrOBOI H npeACKelnHHrOBOI qactel ctpyxtypHHX ,YHXUHI. 
JJ.na M830HOB, ooCTaBneaHHX H3 CllHHOp!lliX XBap!tOB B cnyqae B3aHMOAelOT
IXB uex,zy HHMH, B!i6paaHoro B B~e aull11HIYAH OAHOrnDOHHoro o6ueaa, 
onpeAeneao aom,.nTOTIN8CX08 llOB8A8HH8 OTPYXTYPHHX ,YHKUHI. 

Anpo6anga pcgeptanHH 

0CHOBH!i8 MaT8pHanH)tHCCeprenHH HBOAHO!tpaIHO AOKna,10,IBanHCL Ha 
C8WJ:Hapax lla6opatopHH TeopeTHll8C!tOI ~H3HltH 06~eAHH8HHOro HHCTHTyTa 
BABPHHX HCCn8AOBaHHI, C8CCHBX OH~ AH CCCP (1980, 1982), Ha ceUHHapax 
H ltO~epeannax roMenLOKOro rocyAapCTBBHHOrO YHHB8pOHT8Ta. 
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IlYQnHKallHH 

Ile pesynLTaTaM JJ,HCCeptanHH ony6nHXOBaHO 8 OTateR. 

Od~eM padOTH 

.JI.HCCeptanHa COCTOHT H3 BB8A8HHB, qetupex rnaB OCHOBHOro OOAep
xaaHa H 3aKnDqeHHa, OOABPDT 98 ctpaHHU MamHHOilHOHOro TeKota, 5 
pHOYHKOB H 6H6nnorpaqiHqecKHR cnHCOK nHtepatyp!i H3 121 Ha3BaHHB. 

CO,llEPlWHIE PAIDTl:l 

Bo BB8A8fiHH Aaetoa xpaTKHI o6sop pa3HYX noAXOAOB x noctpoeHHD 
KBapltOBYX MOAenel, HOllQJII,3YD~HX penaTHBHOtCKH8 YpaBH8HHB. B 3TOM 
nnaHe odcy:a:AaDTOB OCHOBH!ie AOCTHX8HHB H B03MOXHOCTH KBa3HllOt8HUHanL
aoro llOAXOAa B 3aAaqe O CBB3aHHYX COCTOBHHBX. 

llepBaB rnaBa_ llOCBa~eaa aaxo:a:A8HHD toqHYX pemeHHI KBa3HllOI8H
UHMLHYX ypaBHBHHI B HMnynLCHOM npoctpaHOTBe. 

B §l AaHY OOHOBH!i8 onpe.-eneHHII X_Ba3HilOI8HUHMLHOro IlO,ltXOAa H 
xpaTKHI BYBOA ltOBapHaHTHYX ABYXqact1r1qayx OAHOBp8M8HHLIX ypaBH8HHI, 
odcy~etoa yonoBH8 ABYXqactHqaol YHHTapHOCtH. 

B §2 pemaetoa ypaBaeane noryaoBa-TaBxenHA38 o xsas1r1notean1r1anou, 
ltOtOp!il aa 3HepretHqeoxol noBepxaOCIH HBJIJl8IOS npOCTOI cynepno3HUH81 

_1tBas1r1noteanHanoB OAH0603oaaoro o6ueHa: 

--· [\ ~tt,1,q-2 
V(p,K;E) = - (J>-1e.)t. 

- ltl'\1l~2. ] 
41\1 1 - (p-K)'- N(E,,Er.,E) . 

Bw6op Ana uaoimtena N , paBaoro aa aaepret1r1qecxol noBepxaoctH 
£,.-=: £1< -= E 8AHH1r1ne, npoctoro BH.Jta N -=- £1< E ·-' npHBOAHT x 
YPaBH8HHD, ~op14anLHO CO!llaAaD~8MY C ypaBH8HH8M mpeAHHrepa, llOI8HUHan 
B xotopou ae aBnaetoa noxanLHYM B 8BltnHAOBOM npoctpaHOTBe HMnynLCOB, 
a HM~et BHA V ~ (pc-) R"t.t, ue pc->fc ecn pasHocTL Bexto
poB B npootpaaoTBe Jio6aqeBoxoro. 3tot KBa3HnoteanHan u.oxao paocuat-

pHBatL xax penamBHCtcxoe reouetpJrlqeoxoe o6o6~eHHe xy~oHOBOKoro 
noteHI{aana B HMnynLOHOM npootpaHCTBe. ,Jl.na taxoro KBa3Hnoteannana 
aal,Jt8HH toqawe penSTHBHOtOKH8 B.OnHOBH8 ,YHJtUHH. BonHOBaJI ~YHXUHII 

h.. -ro OOCTOIIHHII IIBU8ICa nonHHOMOM It+ i OteneHH no OBo6o.-aol 
~YH!CnHH rpHHa ypaBaeaHa norJHOBa-TWlxe~se Go(Er .E) = ( E~ - E 1 )-.1.. 
ToqHoe penaTHBHCtOKOe ycnoBH8 XBaHtOBaHHS YPOBH81 aaeprHH HM88I BH); 

Q- i. 

=n ·n-=-:1.i 3 L,:r;En.i/tl'l'--EIL#..' J ' ' , •••• 
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B §J pacCL!aTpHB8.IlTCa ApyrHe cnocoOH BHXOAa 3a 3HepreTM8CKYJ) 
noBepXHOCT», oOcy~llTCa YCJIOBHa opTOrOHMbHOCTH lt HOpMHpOBKH BOJI
HOBHX cliYKUH!t. TaK, npH suOope MHonite'na N B CHMM.etpwrnoM BHAe 
N.., VEpEK 'E-1. ycnos11e optoaopM.HpoBaHHOCTH pemtTHBHCTCKHX BonHoBHX 
cliYHKUH!t npHHID4aeT ciiop1.1.y J_-

(.2 Ji)-3J; <1t)fb) [Et + £ t + E £ - C' J l''"'l/i:) /=> = 2 E z £ lr 11. ,., It "' r l, V z ~z' It lt1>1. . tl1 + r . 
B §4 HCCJI8AJ8TCa Knacc KBa3HilOT8HUHaJIOB, AnB KOTOPHX penaTH-

BHCTCKHe ypaBH8HHa B ID.!nyn»CHOM npocTpaHCTBe CBOAHTCa K AffippepeH
UHan»HHM ypaB!! 8HHBM BTOporo nopSAKa. B penaTHBHCTCKOM KOH1frnrypaUHOH-
HOM npeACTaBneHHH 3TH KBa3HilOT8HUHaJIH ID.!81lT BHA 

V(r) == -
ae2. ~t 

Fa , V:t (r) = - r.t ± at 
YpaBH8HHH noryHOBa-TaBxenHA38 H KaAUmeBCKoro C 3THW'l KBa3HilOT8HUHa
JiaMH pemeHH TOqHo B npeAeJie ayneBoH M.aCCH CBR3aHHOR CHCTeLIH. IloKa-
3aHo, 'lTO BOJIHOBHe !IIYHKUHII B m.myn»CHOM npeACTaBnemm BHpa:mllTCa 
qepe3 qiy,HKUHH ne:raHApa. HaiA8HH08 ycnOBHe KBaHTOBaHHS B.AaHHOM 

~ 
cnyqae (KHpan»HH!t npeAeJI) OKa3!iBaetca YCJIOBH8ll Ha KOHCTaHTY ~ • 

B §5 HalA8HU B mmyJihCHOli npeACTaBJI8HHH BOJIHOBHe WYBKUHH 
ypaBH8HHa noryHoBa-TanxenHA3e c KBaaHnoTeHUHanou, aBJIHll~ID4ca cynep-. 
Il03HUH8ll "reoMeTpHqecKoro" KynoHOBCKoro H CHHrynspaoro OTTaJIKHBaTen:r.
Horo aa uamx paccToaHHBX ( V(r) = ;iel r-i ) KBa3HnoteauHanon. 

B §6 paccuatpm1aetca npoctoR KBa3HnoTeHuHan:r.auR aaanor 
OCUHJIJIHTOpHoro B3aHMOA8ICTDHR 1 HalA8HH BOnHOBHe cliYHKUHH B IDmJJlhCHOM 
npeACTaBJI8HHH H cneKTp 3HeprH2. 

Bo BTOpoll rna1.1e HCCJ18,IIYllTC! KBa3Hil.OT8HUHMI,HHe ypaBHeHHa B 
penamBHCTCKOli KOHcliHrypaUHOHHOli npeACTaBneHHH. 

B §I npHB8A8HH OCllOBHlie !IIOPHYJIH rapMOllIBl8CKOro aaanH3a Ha 
rpynne nopeaua, Hcnon:r.3yeuoro npu wopuynHponxe KBa3HnoTeHUHan:r.Hux 
ypaBH8HHll B penaTHBHCTCKOM KOeZ>HrypaUHOHHOli npeACTaBJI8HHH. 

B §2 HCCJ18,IIYllTCR pa3HOCTHH8-KBa3HilOT8HUHMhHHe ypaBH8HHR. 
Ha npm.tepe KBa3HilOT8HUHana V(r) = f'('itrr' U.(z-'Jtrt>i) , COOTB8TCT
BYlllli8ro ·paccuotpeHHouy n nepsoll rnane n HMnyn:r.caou npeACTanneHHH 
reoueTpIBleCKOMY oOo0111eHHD eynoHOBCKOro IlOT8HUl1aJia, H3JiaraeTC/I M8TO}l; 
noctpoeHHB BOJIHOBHX !IIYHKUHll B030YJCA8HHHX COCTORHHI, npHrOAHH2 B 

, cnyqae, ecnH H3B8CTHa BOJIHOBall lflYHKUlt!l OCHOBHoro COCTOHHHS. 3THH 
M8TOAO~ HalA8Hll pemeHHR ypaBH8HHR noryHona-TaBXOJIHA30 C noTeHUHa
JIOJ.1 V(r)=f(4.trr1 di(2·S.Srt11). Ero uozHo TaKJ:O Hcnon:r.3oBaT» 

AJIH HaXO:EA8HHH pemeHH2 KBa3HilOT8HUHaJI:r.Horo ypaBH8HHll, cnpaBOAJIHBoro 
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Ana CilHHOBHX qacTHU, .lVIH KOTOporo B cnyqae aaanorlNHHX IlOT8HUHanoB 
HalA8HH BOnHOBH8 cliYHKUHH OCHOBHoro· COCTOBHHR. 

B §J B KOHcliHrypaUHOHHOM np8ACTaBJI8HHH c!IIOJJMYJIHpOBaHH OAHOPOA
HHe HHTerpan:r.aue ypaBHeHHR MR BOJIHOBHX ~YHKUHR CBH3aHHHX COCTORHHR. 
BuqHcJieHa napUHMbHaR ( {-:.0) ~YHKUHB rp1ma. RHTerpan»HH8 ypaBH8HHlI 
B ltOH!IIHrypauHOHHOM npoctpaHCTB8 OKa3HBallTCB ypaBH8HHRMH THna (E :t>,s,,izj) 

1. j clt.[ im(r-r')] 
r-1-(r) = - -- ------ V(r') r' 1-'(r') dr 1 

eosx ~112x cft.[.r.lll(r-r')] 

H Taxze MoryT OHTh HCilOnh30BaHH HapaAJ C pa3HOCTHHMH ypaBH8HHRUH HJIH 
ypaBH8HHBllH B HLlnyJI:r.CHOU npocTpaHCTBe MR HaXOlEA8HHB BOJIHOBHX !IIYHKUHI. 
IloKaSaHO B npocTelmHX CJ_Iyqaax, qTo BOHHOBH8 tYHKUHH, HalA8HH!i8 KaK 
pemeHHS pa3HOCTHHX ypaBHeHHI, YAOBneTBOpBllT Taxze COOTB8TCTBYll~HM 
HHterpan:r.HHM ypaBH8HHIDl B KOHtHrypaUHOHHOM npocTpaHCTB8. 

B TpeI:r.el r,mBe HCCJ18AJllTCB K~a3HilOTeHUHaJI:r.HH8 ypaBH8HHR B 
cnyqae B3am.tOA81CTBUI, RBJIBll!O{XCR peJIRTHBHCTCKHY.H aHanoraMH 
KBaHTOBOMexaHnqecKHX KYJIOHOBCKoro H JlHHelHoro IlOT8HUHaHOB. ~na peme
HHR 3THX ypaBH8HHI npm.t8HB8TCH K8TOA npeoOpa30BaHHB ~yphe. 

B §I paCCMOTp8HO OAHOY.8pH08 HHTerpan:r.Hoe ypaBH8HH8 noryHOBa
TaBX8JlHA38 H COOTB8TCTBYJlll88 8MY pa3HOCTH08 ypaBH8HH8 C JIHHeRHHU B 
KOHcliHI'JpaUHOHHOM npocTpaHCTB8 IIOT8HUHaHOM. HalAeHH Toqaue pemeHHR 
oOOHX 3THX ypaBHeHHI. IlOKa3aHO, qTo BOJIHOBH8 tYHKUHH B f" -npe,D;cTaB
H8HHH BHpaimllTCB qepe3 cliYHKUHH MaKAOHaJI»Aa• C ncnon:r.30BaHH8M 3TOro 
peayn:r.TaTa HalAeHO ycnOBHe KBaHTOBaHHH ypoBHeR 3HepruH MB TpeXMep
Horo ypaBHeHHR noryaosa-TaBX8JlHA38 C 3annpall!IIHM noTeHUHaJIOY. 
V(r} a- }, r- B BH.Jte ( £,.= h1 cR.x,. ) 

Ki >i·'c1,u,. (}, _,) = o . 
YCTaHOBneHa CBR3I, HalAeHHHX paHee IIpHOJIHzeHHHX BKE-pemeHHI pa3HOCT-
HOro ypaBH8HHS C TO'lHHMH. 

B §2 nonyqeHH pemeaHa 
C KBa3HriOT8HUHaJIOY. 1 HM81l~HLI 
ctaBneHHH BH,ll; KY JIOHOB CKoro: 

OAHOL18pHoro ypa.BHeHHH noryHOBa-TaBX8JIH,D;38 
B penaTUBHCTCKOM KOH~HrypaUHOHHOM npeA
v ( r) : - d. / r- • HalAeHHue pemeHHH 

OT~Hqal)TCR OT H3B8CTHHX paHee 
e' -qiyHKUHJ> ": 

Ha 2. i -nepHOAHqecKyJ) "oOoO~eHHYll 

0r1~) _ 1. 

f - e-$/"Mf' 
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HaJIJillH8 KOTopol oOecneqHBaeT O!ictpoe y0LtBaHH8 BOJIHOBOI ~YHXD;IIH B 
o0.11aCTH OTpJmaT8JILHLIX t" H cnpaB8,l!,IIHBOCTb HHTerpa.llLHOro ypaBB8HHB. 

B §3 pemeao TpeXKepH08 ypaBHeH~e HoryHoBa-TaBX8.llH~38 C XBa3H
llOT81lilHa.110M, mteD~HM B HMny.llbCHOM npoctpaHCTB8 TaKOI lE8 BHA 

V(.,...._ ) ~ (.,... """)-z , f>,k:;E = /' -k ' xax H Hepe.llB?HBHCTCXldt ItYJIOHOBCXHl 
llOT8HWJaJI. B ltOOPAHHaTHOM npeACTaBJI8HHH 3TO ypaBH8HH8 ,l!,IIH 1{8HTpa.11L
HO-CHWl8TpHqHOro c.11yqaa CBO,JU!TCB It ypaBH8HHD 

i t. ~ d i 
( 

d !I. ) 2 

- dr'" + m -E ¢(r-) -=:. y:- yw,.a - d1/o/rt I 
<p(r-) 

pemeHHB XOToporo Hal~8HLI C HCllOJII,30BaHH8M OAUOMepaoro npeoOpa30BaHHB 

JypLe. 
B §4 HCCJ18~8TCR ypaBH8HH8 HoryHoBa-TaBX8.llHA38 C XBa3HllOT8HWJa-

v ..... (/- -)-t 
110.14 = /Jlf-K , ltOTOpLIR C yqeTOM Hcnom,3yewol B aepeBRTHBICT-
cxol TeopHH ltBapXOHHR pery.11apH3al{HH OTBeqaeT JlHHelHO pacTy~eMy 
B F' - npe~cTaBJI8HHH llOT8H~a.11y • Toqawe BOJIHOBLl8 ~YHXl{HH B HMizyJII,C

HOM npoctpaHCTB8 HalA8HLI B BHA8 HHTerpa.llbHOro npe,1tCTaBJ18HHa. Yc110-
BH8 XBaHTOBaHHR YPOBH81 aaeprHH H.1488? BH,JJ; 

( 
t. t) ( £,,_) j $ E/'I. -m m~A = Jh. , 

r~e - f,. - HYJIH ~YH~HH 31pH. 
C~eJiaH aaa.11orHqHLtl BLIOOp ItBa3HllOT8HilHaJia B c.11yqae ypaBB8HHR, 

cnpaB8AJIHBOro AHR CllHHOBLIX qacTHU, MR XOTOporo Taxxe BLlllHCaHLI 
BOJIHOBL18 ~YHKUHH B HMllYJILCHOM npe,1tcTaBJ18HHH H nonyqea 3H8preTHqecxHI 
cnextp 

2 E ,,_ -= 2 h? ( :I. + 2 _f ,.}1 i) . 
CpaBH8HH8 3Toro cnextpa C H3B8CTHLIMH cne_xTpaMH Mace 1y , Y H f
M830HOB llOita3LtBaeT xopomee corJiacHe teopHH H 3XCll8pHM8HTa. 

B qeTB80TOI f.llaBe B paMitaX XBa3HllOT8HWJMLHOro llOAXOAa HC
CJ18~DTCR ctpyx1ypHL1e WH~HH ~yxqacTHqHwx cHcteu. 

B §1 ctpyx1ypHLtl 1eaaop Wr,,{f, 9) I'JI;y601t0Heynpyroro pacceaHHa 
Jl8llTOHOB Ha M830Hax H3yqaetca B npH0JIHX8HHH A)yxqacT"HLIX npoue
:IJTOqHLtX COCTOBHHI. MatpHqHLte 3Jl8M8HTLI onepatopa TOKa 

(k..,~ \ J"r(o) I 5?,.14 '> BYpaxeHw qepe3 xnaaHnoteHUHMLmie BOJIHOBLte 
~YHJtnHH OTHOCHT8.llLHOrO ABHX8HHB XBapXOB. B ceyqae OeccnHHOBLIX 
XBapxoB .ua teuaopa Wr.,, (P, 9) H ctpynypuux ~YHKnHI no'.11yqeau 
~op11y1IL1, BLtpaxaD~He HX qepe3 ItBa3HnOT8Hl{HaJILHL18 BOJIHOBL18 ~YHXl{HH 
una 
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( 
z ~ _.,_ r .., Q/+f)/ (v+.M) r I It I 

~ Q,v}=-=.f\l Pf wrJr,9)= 41, VJ/t+at' J 11:(k') Olk" 
/(~ 

BBeA8Ha HOBaa cxelJIHHrOBaa nepe.ueHHaa. Onpe,1t8Jl8H'BHA cxeRJIHHrOBOR 
H npeACK81JIHHrOBOI qactel CTpyKTypHLIX ®7Hltl{HI. 

B §2 BLlqHCJl8HLI CTpyKTYPHL18 4IYHKUHH M830HOB, coc:raBJltlHHLIX H3' CllH

HOpHLIX KBapKOB A.Ila c.11yqaa, KOrAa B3aHMOA8ICTBH8 M8XAY HHMH HM8tlT 
XpOMOAHHaMHqecKHI BHA. IloKa3aHo, qTo B I'JIY60KOH8ynpyrott 06.Jla.CTH 
CTPYKTypHYe ~YH~HH CTaHuBSTCS wacmtaOHO-HHBapHaHTHLIMH, a npeA
aCHMnTOTJill8CXH8 q.11eHL1 llOJIHOCTLD onp8A8JIBDTCB acHMllTOTHKOR BOJIHOBLIX 
qJyHKUHI. Ha OCHOB8 npH0JIHX8HHOro pemeHHB KBa3HllOT8Hl{Ha.llbHLIX ypaBH8HHR 
C xpoMO,JU!HaMHqecKHM H 3.118KTpOAHHaMHqecKHM B3aHMOA8HCTBHSMH HalA8HLI 
acm.tnTOTHKH BOJIHOBLIX ~YHKl{HI. BYllOJIH8H qHcneHHYI pacqeT CTPYKTypHLIX 
~YHKU!dl ABB cnyqaa xpOMO,JU!HaMHqecxoro B3aHMOA8ICTBHR .uex~ KBapxaMH. 

B 38.KJIDqeHHH xpaTXO nepeqHCJl8HLI OCHOBHL18 pe3y.llbTaTLI, nonyqeHHLte 

B AHCCepTaWJH. 
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