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3a rrocnenHHe necHTb neT B TeopeTHqecKofi gnepHofi ~HaHKe 

Bee 6onee aaMeTeH rrepexon OT ormcaHHH cBoficTB m1ep Ha 6aae 

MaKpOCKOITHqeCKllX Monenefi (TaKHX, KaK Monenb mHUKOH KarrnH, 

o6o6meHHaH Monenb, MonenH c HcrronbaoBaHHeM cpenHero rronH 6ea 

OCTaToqHoro B3aHMoneficTBllH ll T.n.) K OITHCaHHIO gnpa KaK CllCTe

Mbl HepenHTllBllCTCKllX HyKnOHOB, UBHmeHHe KOTOpb!X orrpenengeTcg 

ypaBHeHHeM llipenHHrepa C peanHCTHqecKHMll HyKnOH-HyKnOHHb!Mll 

(N - N) rroTeHuHanaM11. XoTH name B TaKofi, caMofi o6mefi rrocTaHoB

Ke aanaqll OCTaeTCH Borrpoc O cornacoBaHHOCTll HepenHTllBllCTCKO-

. /1/ 
ro rronxona co CBOIICTBaMll HaCbJIUeHHH gnepHbIX Clln ' yme Ha-

• /2 3/ 
KorrneHHb!l-1 OITbIT rrpHMeHeHHH • aToro rronxona naeT OCHOBaHHH 

cqIITaTb, qTo Hnpa (ocTaBngg B CTOpOHe rrpo6neMy HnepHOH MaTe

pllll) MOmHO paccMaTpllBaTb KaK CIICTeMy rrpoTOHOB ll HefiTpOHOB, 

OITIICbIBaeMyro MHOroqacTHqffb!M ypaBHeHlleM llipemrnrepa. 

nanee B03HIIKaeT Borrpoc O KOHKpeTHOM BHne HnepHblX Clln. 

HaBeCTHO, qTo aKcrrepHMeHTanbHbie naHHbie O CllCTeMe nByx HYKno

HOB ( CBH3aHHOe COCTOHHlle nefiToHa ll N - N .pacceHHlle) OKa3b!Ba

lOTCH HenocTaToqHbIMII nng orrpeneneHIIH neTanbHOH ~OpMbl N - l'j 

rroTeHuHanoB. KoHKpeTHbie pacqeTbl 6onee MHoroqacTHqffbIX CIICTeM 

(Tpex H 6onee Ten) B TaKOM MllKpOCKOITHqecKOM, HyKnOHHOM rronxo

ne ITOMoryT 6onee CTporo aa~HKCIIPOBaTb ~OpMy N -N rroTeHUI!ana 

Ha OCHOBe 6onee o6nmpHofi, qeM nng nByxTenbHbIX CIICTeM, 9Kqrre-
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pnMeHT8nbH0H nHcf,OpMaunn. B 9THX CllCTeMax M0)K8T o6Hapy

:lKHTb ce6sr T8K)K8 BKnan MH0r0'l8CTH'IHblX cnn, .ecnn T8K0BbI8 cy

IUeCTByJOT. 

Jlnsr onncaHH0H Bblllie nocTaH0BKH 38)18'1ll 0CH0BH8H TpyllH0CTb 

C0CT0HT B TOM, 'ITO HY:lKH0 yMeTb pernaTb MH0r0'18CTH'IH0e ypaB

HeHne llJpennHrepa - nn~epeHunanbHoe ypaBHeHne B qacTHhlX rrpo

H3B0J1HhIX ( OT 6onbrnoro 'lncna rrepeMeHHb!X) - C C00TB8TCTBYIO

IUHMH cf,n3nKe 38)18'1ll rpaHH'IHb!Mll ycn0BllSIMll ll C N -N noTeHunana

Mn, cf,opMa K0T0pb!X )l0B0nbH0 cn0:lKHa. 

OnpeneneHHhrfi nporpecc B aTofi o6nacTn 6bm cBsr3aH c perne

/4/ HII8M TpexTenbHblX 38)18'1 C noM0lllb!O ypaBH8Hllll <t>anneeBa 0 

3aTeM K -rapMoHnK, a TaK:lKe c pacnpocTpaHeHneM MeTona K -rap-

. /2,5/ M0HUK Ha CBSI38HHbl8 C0CT0SIHHSI 6onee MHoroHyKn0HHbIX CIICTeM • 

Jlo nocnenHero BpeMeHn 3a)la'ln HenpepbIBHoro cneKTpa orpaHn'ln

Banncb TpeMSI HyKn0HaMn. 3To M0:lKH0 noHHTb, TaK K8K paccM0Tpe

Hlle npoueccoB paccesrHHSI cn0:lKHee, '18M 0~llC8HIIe CBSI38HHbIX co

CTOSIHHH. ITpn'leM 6onblliYIO TPYJlH0CTb, B nepByJO 0'lepeJlb nnsr ypaB

H8Hllll ¢anneeBa,npen?TaBnsreT onncaHne pa3Bana cncTeMb1 Ha Tpn 

CB060)1Hble '18CT!Illblo B o6nacTn HenpepbIBHoro cneKTpa UMeeTCH 

TSK:lKe ropa3Jl0 MeHbrne cTpornx TeopeM TaKoro, HarrpnMep, Tuna, 

KaK BaprraunoHHhre oueHKn Ha aHeprn10 cBsr3n, no3Bonsr10urne n3 

nprr6nrr:lKeHHhlX pac'leToB nenaTb 38Kn10'leHne o npnronHocTn N -N 

noTeHunana. 

CyruecTBeHHOfi npo6neMofi B MeToJle K -rapM0HIIK na:lKe nnsr 
CBSI38HH0ro C0CT0SIHHSI Tpex HyKn0H0B SIBnsreTCSI nepexon K peann

CTH'l8CKHM noTeHunanaM C cnnbHb!M 0TTanKUB8HIIeM Ha ManbIX pac

CT0SIHHSIX. 

PaccMOTpeHHblll B nnccepTaurrn Kpyr Bonpoc0B BKnJO'laeT 

B ce6sr K8K llCCn8Jl0B8HllSI 06lllefe0p8Tll'l8CKOrO nnaHa, K K0T0pb!M 
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0TH0CSITCSI TeopeMa 06 0U8HK8X Ha K -MaTpnuy nnsr peaKUllll o6rue-
/6/ 

ro Tnna ( BKnl0'18SI pa3Ban CllCT8Mbl Ha 6onee '18M )lBa cf,parMeH-

Ta) n Monncf,nKaurrsr cnoco6a onncaHnsr 38Jla'ln paccesrHnsr c noM0II!bJO 

6a3nca 1!3 L2 171
, aHanorll'IH0rO 6a3llCY nnsr CBSI38HHbIX COCTOSIHllll, 

T8K ll pac'l8Tbl K0HKpeTHb!X srnepHbIX CllCTeM, IIM8IOIUlle T8K)Ke 

ll MeT0JllI'18CK0e 3H8'18Hlle. 3To - 38)18'18 pacceSIHllSI HefiTp0Ha Ha 
/8/ 

TpllTllll K8K war B CT0p0Hy 6onee MHoroTenbHhlX CllCTBM, '18M 

CllCTeMa Tpex Ten; ncnonb30B8HllB 6a3nca, Y'lllTblB8!0lll8r0 Koppe

nsrunn Ha ManbIX paCCT0SIHllSIX, ll C paBHeHrre C o6bI'IHblM 6a31ICOM 

K -rapM0HllK B 38)18'18 06 9Heprnn CBSI3ll Tpex HyKn0H0B B CllM

M8Tpll'IH0M C0CT0SIHllll, B38llMO)lBHCTBY!OlllllX M8:lKJlY co6ou C no

M0II!b!O noTeHunanoB c cnnhHbIM, HO He 6eCKOHe'IHO 6onblli!IM OT

TanKIIB8HllBM Ha ManhIX paCCT0SIHllSIX - MSirKIIM KopoM; pac'leT 

CBSI38HHoro C0CT0SIHHSI TpllTHSI nnsr noTBHUnanoB C )K8CTKllM K0p0M 

6 " /9/ t C II0M0II!b!O b!CTpo CX0JlSIIU81iCSI annp0KCIIM8UlllI - MaTpllUbI, 

BXOJ15Illlefi B ypaBHBHllSI <t>anneeBa, no MeT0JlY M0M8HT0B. 

HcHo, 'ITO perneHne MHOro'laCTll'IHOll 38)18'1ll - HenpocTaSI 

MaTeMaTn'leCKasr npo6neMa. IToaToMy B Haqane nnccepTaunrr (rna

Ba I) cneunanbHoe MBCT0 0TBeneHo ll3no:lKeHn10 o6runx cnoco6oB 

npn6nrr:lKeHHoro perneHnsr onepaTopHbIX ypaBHeHnfi. t.JacTHhIMll cny'la

SIMll orrepaTopnoro ypaBHeHnsr srBnsr10Tcsr nncf,cf,epeHunanbHoe ypaBHe

Hne llJpennHrepa n IIHTerpanbHoe ypaBHeHrre <t>anneeBa. OcHOBHoe 

BHllM8Hlle B 9TOH rnaBe ynensreTCSI onncaHll!O npoeKUll0HHbIX MBT0-
/ 10/ ' 

Jl0B, nx Knaccrrcf,IIK8Ullll • YnoMllH8BTCSI T8K)KB 06 0JlH0M o6o6ure-
/ II/ 

Hlill 9TllX MBT0)l0B npnMBHllTBnbH0 K JllI<PcfiepeHunanbHbIM ypaB-

HBHllSIM C rpaHll'IHb!Mll ycn0BllSIMll, no3B0nSIJOIUBM 6onee CB060J1HO 

Bb16npaTb npoeKuno_HHhlll 6a3nc. B 3aKn10'1eHne n3naraeTcsr o6masr 

cxeMa BapnaunoHHoro nonxona- ll ynoMHH8BTCSI 0 TOM yT0'IHBHHH 

Ha6n10naeMOH cf,H3ll'18CKOH BenlI'IHHhI, K0T0poe M0)KH0 nony'lllTb C rro

M0lllb!O TaKoro II0J1X0)18. 
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KorAa peqb HAeT o ITpn6nn~eHHOM peweHnH, IToneaHO aHaTb, 

KaK OHO OTnnqaeTeH OT ToqHoro. LlnH eBH3aHHbIX eoeTOHHHH wnpo

KO H3BeeTHbl BapnauHOHHbie rpaHHUbl Ha SHeprmo eBH3H, ITonb3yHeb 

oueHKOH SHeprHH oeHOBHOro eoeTOHHHH Eo , MO~HO H3 epaBHeHHH 

ITpH6nn~eHHbIX paeqeTOB e SKeITepHMeHTOM eAenaTb eTpornii BbIBOA 

o HeITpnroAHOeTH Bb16paHHoro AnH paeqeTa N-N ITOTeHunana, eenn 

ITpn6nn~eHHOe paeqeTHoe aHaqeHHe E 
0
N ( KaKHM 6b1 rpy6b1M oHo 

/1 2,3/ 
HH 6bmO), ne~HT HH~e SKeITe pHMeHTanbHOro E o ' • LlnH 3aAaq 

HeITpephIBHOro eITeKTpa ITonyqnTb eTporne rpaHHUhI Ha qmanqeeKHe 

BennqHHbl ropa3AO TPYAHee. ITpo6neMe OAHOeTopOHHHX oueHOK B aa

Aaqe paeeeHHHH IToeBmueHa 11 rnaBa AneeepTaUHH, Eenn AnH AnHHhI 

paeeeSIHHH, AnH KOTOpOH OAHOeTopOHHHH oueHKa H 6b1na ITonyqeHa 
, /12/ 

B ITepByIO oqepeAb 'enTyauHH Mano OTnnqaeTeH OT paeeMOTpe-

HHSI eBH3aHHblX eoeTOHHHll! AOeTaToqHO yqeeTb TOnbKO Bee eBSI3aH-

Hbie eoeTOHHHH eneTeMbl HH~e HyneBOH SHeprHH E KHHeTH-
KHH, 

qeeKoro ABH~eHHH ABYX eTanKHBa!OWHXeH <pparMeHTOB, - TO AnH 

-saAaqH paeeeHHHH e E > 0 B03HHKaeT eymeeTBeHHaH TpyAHOeTb, 
KHH, 

eBSI3aHHaH e TeM, qTO B HeITpepb!BHOM eITeKTpe y~e HMeeTeSI 6eeKO-

HeqHoe qneno eoeTOHHHH e SHeprHHMH O < E <E • 
- - KHH. I 13/ 

BHaqane OAHOeTopOHHHe oueHKH 6binll ITonyqeHbl KaTO AnH 

paeeeSIHHH B eneTeMe ABYX Ten. lllITpyxy ( Spruch ) e eoTpyA-
/ 14/ • I 15/ HHKaMH ' a TaK~e M. raunnTney AnH MHOroqaeTHqHb!X 

eneTeM B <popMannaMe _MnoroKaaanbHOll eBH3H yAanoeb ITonyqHTb 

OAHOeTOpOHHHe rpaHHUbl HaMaTpHUY peaKUHH AnH yITpyroro H HeyIT

pyroro paeeeHHHH 6ea ITepepaeITpeAeneHHH eoeTaBa qaeTnu HH~e 
/18/ 

ITopora paaBana eneTeMbI aa TpH cj,parMeHTa. B pa6oTe OAHO-

eTopoHHHe oueHKll 6hmll ITonyqeHbI AnH peaKuHH e ITepepaeITpeAeneHH-
/ 17 / • eM qaeTHU B MeToAe OITHeaHHH peaKUHH e ITOMOWb!O BbIAeneHHSI 

aeHMITTQTHK, 3TH oueHKll HaqnHaIOT AelleTBOBaTb, eenn HBHO yqeeTb 
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Bee OTKpb!Tbie KaHanbI, TOrAa yqeT B paano~eHHH BOnHOBOii <pyHK

UHH Beex oeTanbHbIX, 3 aKpb!TbIX KaHanoB H3MeHHT ITapaMeTpb! pae- : . 
/8/ eeHHHH TOnbKO B OAHY eTopoHy. HaKOHeu, B pa6oTe OAHOeTopoH-

Hhe rpaHHUbl Ha MaTpnuy peaKUHH ITonyqeHhl_ AlIH eTOlIKHOBeH,nii 

e pa3BanoM ene_TeMbl Ha TpH (n 6onee) <pparMeHTa. LloKa3aTenbeTBO 

TeopeMhl 06 OAHOCTopoHHHX oueHKax Ha MaTpHuy peaKUHH AnH 

eTOlIKHOBe_Hnfi c:aMoro o6mero THITa, ITpnBeAeHHo_e Bo II -oii rnaBe 

AHeeepTaunn, KpOMe BbIAeneHHH aenMITTOTHK, neITOnbayeT TaK~e 
- , - /14/ 

HHTepeeHhlll MaTeMaTnqeeKHH ITpHeM pa6oTbl "HeITpepbIBHOro 

BKlIIOqeHHH" HeyqTeHHb!X 3aKpb!TblX KaHanoB, 

IToene BbIAeneHHH H3_ ITOlIHOH 'l' --q,yHKUHH ee aenMITTOTHK 

oeTaBwageSI qacTb paeKn8AhlB8eTeSI ITO ITonHOMy Ha6opy <pyHKUHH 

H3 L 2 • HaITpHMep, ITO eo6eTBeHHblM <pyHKIIHHM 'Py AlIH HeKoToporo 

noTeH11Hana V 1 3aBHeHmero OT Hy~Horo qnena KOOpAHHaT. MOA, 
B STOM paano~eHHH B ITpaKTnqeeKHX paeqeTax ITO_Heo6xOAHMOeTH 

BeerAa orpaHnqnBaIOTeH KOHeqffhlM qnenoM N 6aaneHblX <pyHKIIHH, 

AenMITTOTnqecKaH qaeTb 'l' --q,yHKIIHH BMeeTe e paano~eHHeM ITO 

<pyHKUHHM ITonHoro Ha6opa OITHeb1BaeTeH nnHeiiHOH KOM6HHauneii 

I F, ¢ • e HeH3BeeTHblMH KOS<pq>HUHeHTaMH F_ • KaK IT pH a en MIT-.. 
TOTHKax, TaK H ITpH <pyHKUHHX H3 nonHoro Ha6opa ¢ • HeyqTeH-

•Y-~ N 
HaH qaeTb 'l' --q,yHKUHH paBHa I F ¢ • Llmr Haxo~AeHHH HensBeeT-.. - q>N q q_ -

Hb!X KOs<pq>HUHeHTOB Fq MO~HO nexoAHOe ypaBHeHHe lllpeAHHrepa 

eBeeTH K eneTeMe ypaBHeHHii BHAa (e >. = J) 

<¢ .. ½ 
l(H-EJI F,¢,>+>. .<¢ l(H-EJI F,¢ ,>=O 

·s' s · ·s s q' q q 

¾ 
>. <¢1(H-E)IF,¢,>+<¢ l(T+V -E},IF,¢,> 

s · q' q q q 1-,{0A q'- q q 

+ >.<¢ I (V - V ) I F , ¢ , > 
q -MOA q' q q · 

0, 
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I'A0 K03cpcpmmeHT ,\ BBOAHTCSI HCKyCCTB0HHO TaK, 'ITO npH ,\ = 0 

aTa CHCTeMa ypaaHeH11ii AaeT npH6nmKeHHoe peweHHe 

a npa ,\ = 1 ;_ TO'IHOe peweHHe F ( ,\ = 1 ). H enpepblBHO 

F(>. = OJ, 

yaenH'IHBaSI 

,\ OT O AO 1, MO)KHO paccMaTpHBaTb, KaK anHsieT Hey'ITeHHasi qacTb 

lp - cpyHKUHH npa ManoM H3M0H0HHH ,\ ➔ ,\ + d,\ .l13 HanHcaHHbIX 

Bb!We ypaBH0HHii MO)KHO nocTpOHTb TaKyJO KOM6HH8UHIO, KOTOpasi 

AaeT npOH3BOAHYIO no ,\ OT M!lTpHUbl peaKUHH K (,\), H noKa3aTb, 

'ITO dK (A) Id,\ ;::: 0. CneAoBaTenbHOJ- K(,\ = O)aKN AaeT 

HH)KJIJOIO rpaHHUY TO'IHOii MaTpHUbl peaKUHH K = K ( ,\ = I) 

npa ycnOBHH, 'ITO npOH3BOAH8SI no ,\ B HHTepaane H3M0H0HHSI A OT 

HynSI AO 0AHHHllbl HenpepbIBHa. PeaynbT8T AOK838T0nbCTB8 COCTOHT 

a cneAy10meM. HaiiAeTcsi TaKoe N -qacno 6aaacHbIX cpyHKUHii, annpoK

CHMHpy10max TO'IHYIO 1P -cpyHKUHIO, H8'1HHaSI C KOTOporo npH6nH)KeH

H00 3H8'10HHe MaTpHUbl peaKUHH K 6yAeT npa6nH)K8TbCSI K ee TO'I-
N 

HOMY 3H8'10HHIO K TOnbKO C OAHOii CTOpOHhl:' K < K , 
N -

B rnaae Ill 6onee noApo6Ho, · 'leM B rnaae I , aanara10Tcsi 

pa3nH'IHbl0 npa6nH)K0HHble MeTOAbl npHM0HHTenbHO K 38Aa'le paccesi

HHSI, 3AeCb paCCMaTpHB8IOTCSI cxeMa <l>ew6axa, onHCb!B8IOIU8SI npo-

/17 / 
ueccb1 6ea nepepacnpeAeneHHSI 'laCTHU, H cnoco6 onacaHHSI peaK-

uaii C nepepacnpeAeneHHeM '18CTHU, HCnonb3YIOIUHii Bbl'IHTaHHe 

acaMnTOTHK paana'lljbIX KaHanoa. ITpa 3TOM Ansi peaKUHii c nepepac

npeAeneHaeM '18CTHU B ypaBH0HHH, nonyqa10meMCSI 1{3 ypaBH0HHSI 

llJpeAHHI'epa, nosiBnSieTCSI OTnH'IHaSI OT HynSI npaBaSI '18CTb - HCTO'I

HHK, KOTOpblll COOTB0TCTByeT CBSl3H BXOAHOI'O KaHana C KaHanaMH 

C nepepacnpeAeneHHeM '18CTHU, B cpeHOM0HOnOI'H'l0CKOH MOAena 
• 

SIA0pHb!X peaKUHii HapSIAy C onTH'l0CKHM noTeHuaanoM HCTO'IHHK 

/18/ 
MO)KeT AaTb eme OAHH cnoco6 y'leTa nornomeHHSI naAa10mero 

noTOKa no BXOAHOM Kamine H ero nepepacnpeAeneHHSI B Apyrae Ka

Hanh1. 
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XoTSI pa3nH'IHbl0 M0T0Abl 0AHHOii TeOpHH SIA0pHblX peaKUHH 

6nH3KH acnonb3Y0MOMY npH H3Y'l0HHH CTpyKTypbl SIAP8 npaeMy 

CM01JJHB8HHSI KOHcpHrypauaii, OHH Tpe6y10T C03AaHHSI CBOHX, cneua

!pH'10CKHX nporpaMM AnSI 8BM. B. 3THX. nporpaMM8X Henb3SI Heno

cpeACTBeHHO acnonb30B8Tb HaKonneHHblll onhlT paC'l0TOB no o6ono

'10'1HOii MOAena. C 3TOH TO'IKH apeHH~ M0)K0T OK838TbCSI none3HhlM 

· . nl 
npeAnO)K0HHblH H0A8BHO M0TOA onacaHHSI 38A8'1 pacceSIHHSI, ona-

pa!OIUHHCSI Ha paanO)K0HH0 cpyHKUHH Henpepb!BHOI'O cneKTpa B orpa

HH'leHHOH o6naCTH no 6aaacy H3 L2 H noaaonSIJOIUHii nO'ITH 6ea 

1{3M0HeHHii nonb30BaTbCSI o6hl'IHOii T0XHHKOii peweHHSI 38A8'1 Ha 

CBSI3aHHbl0 COCTOSIHHSI. C npHHUHnaanbHOii TO'IKH 3peHHSI 0AHHblll 

6a3HC TaK)K0 npeAnO'ITHTenbHee, npH 3TOM He B03HHKaeT BOnpOC 

0 nepenonHeHHOCTH 6aaaca, BKnl0'1810lU0I'O B ce6SI K8K cpyHKUHH H3 

L 2' TaK H acaMnTOTHKH. K TOMY )1{0 npa .3TOM He noSIBnSIIOTCSI 

HCKyCCTB0HHO BBOAHMbl0 o6pe38IOIUH0 M'c10)KHTenH B aCHMnTOTHKaX. 

PaCCMaTpHBaeMb!ll nOAXOA H3naraeTCSI B rnaae IV. OcHoBaH OH Ha 

TO~, 'ITO AnSI nony'leHHSI cpH3H'l0CKOii aenH'IHHbI, TaKoii K8K aMnna

TyAa peaKUHH B K8Hane a 

r - r ¢* v w d r • 
a a a 

Tpe6yeTCSI TOnbKO ucepeAKa' nonHOll BOnHOBOll cpyHKUHH CHCT0Mbl 

1P, 3aKnl0'10HHaSI B orpaHH'l0HHOll o6naCTH KOH!pHI'ypaUHOHHOI'O 

npocTpaHCTBa. 3AeCb ¢a - CB060AHaSI no OTHOCHTenbHOMY ABH)K0HHIO 

cpparMeHTOB aonHa B KaHane a: ( H - E )¢ = 0 , Va - aaaaMOAell-o a a 

CTBHe, He Y'IT0HH00 B Hoa = H - Va, B KOHcpHrypaUHOHHOM npo-

CTpaHCTB0. nepeKpb!THe cpyHKUIIH ¢ a II Va Ha 6onbWIIX pacCTO

SIHIISIX .CTpeMIITCSI K Hyn10: TaM, I'A0 ¢ a OTllll'IHO OT Hynsi, 3aTyxaeT 

B3allMOA0HCTBll0 Va, I II Hao6opoT. OTCIOAa BIIAHO, 'ITO AnSI nony

'10HIISI fa HY)KHa lIIIWb qacfb 1l' -WHKllllll B orpaHH'leHHOll o6na-
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CTH, r.ne Va «I>a ,/, 0, a ee MO,KHO pa3nO,KHTb no qiyHKUH51M H3 

L 2 C mo6oH CTeneHb!O TO'IHOCTH. Ho TyT B03HHKaeT Tpy.nHo'C:Tb, 

COCT051ma51 B TOM, 'ITO ypaBHeHHe illpei:tHHI'epa B 'laCTHbIX npOH3-

BOAHbIX, ecnu He qJHKCHpoBaTb onpe'.neneHHbie aCHMnTOTH'leCKHe 

ycnOBH511 HMeeT 6eCKOHe'IHOe •mcno nmreHHO-He3aBHCHMb!X perne

HHH. 3AeCb Bbipy'laeT TO 06CT051TenbCTB01 'ITO B Knacce HepacTy

mHX qiyHKUHH ypaBHeHHe illpeAHHI'epa HMeeT nHIIIb CTOnbKO nuHeHHO~ 

He3aBHCHMbIX perneHHH, CKOnbKO OTKpbITO KaHanoB npH AaHHOH Be

nH'IHHe nonHOH :rnepruu. B 6onbIIIHHCTBe cny'laea MO,KHO orpaHH

'IHTbC51 ~OH8'1Hb!M 'IHCnOM OTKpb!TbIX KaHanoB ( HanpHMep, Y'IHTbI

Ba51 TOnbKO HH3IIIHe op6HTanbHbie MOMeHTbi) 1 TOI'i:ta Heo6XOAHMOe 

'IHCiio nHHefiHO-He3aBHCHMbIX perneimH MO~HO nony'IBTb B BHi:te 

q, = X L2 +: «I>' , nepe6upa51 na.na10,mue' aonHhI «I>a Bo acex 
a a ,a 

OTKpb!TbIX KaHanax. TTomioe perneHHe q, 6yAeT nuHeHHOH KOMOHHa'-

UHeH q, a, ~03qJqJHUHeHThI KOTopoH 'onpeAen51IOTC51 saAaHHeM aMnnHTYA 

npH riaAaIOmHX BOiIHaX BO BCeX OTKphITbIX Kaffanax. B OKOH'laTenb- ' 

HOH CHCTeMe ypaBHeHHH 3TO npoMe,KyTO'IHOe 3BeHO Haxom.neHHe 

q, a - MO,KHO onycTHTb H HanucaTb :cucTeMy ypaBHeHHH np51MO Ha 

K03qJqJHUHeHTbl npH 6a3HCHbIX qiyHKUH51X H3 L 2 • 

' , /17 / 
3TOT noi:tXOA, TaK ,K8 KaK H MeTOA BbIAeneHH51 aCHMnTo-

, · ,' - /19/ .. . , 
THK MO,KHO onucaTb B qiopManH3Me KBa3H'laCTHU - • TaKOe onnca-

HHe peaKunil: o6mero THri~ a npeACTa~neHHH BTOpli'IHOI'O KBaHTOBa

H1151 AaeTc:'51 B KOHUe rnaBbl l'V •· 

06bI'IHO npn npHM~HeH~H KaKOI'O-~m6o TIOAXOi:ta K perneH!IIO OAHOH 

ManoHyKnOHHOH 3ai:ta'IH, Hanp11Mep, 38Aa'IH Tpex Ten, B03HHKaeT· Bonpoc 

o npaKTH~eCKOH B03MO,KHOCTH ero ii:cnonb30BaHHsi B
0

38/:tS'le C 66m,nrttM 

(no ~paHHeH ~epe, ~a eAHHHUy)' 'IHCTIOM HyKnOHOB. Hanp!iMep, ypaBHe-
•• - - • 0 •; L ,• • " • ' ~ ~ 

HHSi. ct>ai:tAeeaa.:.SlKy6oBCI{OI'0 Jinsl '18Tblpex Ten' Bhirn51A51T cnHIIIKOM 

cnO,KHO, 'ITOObl MO,KHO 6hmo npucTynHTb K HX perneHHIO, B TO apeM51 
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KaK An51 CHCTeMbl Tpex HyKnOHOB HMeeTC51 M!IOI'O np11Mepoa:' HX 

perneHHH. 
/17 / 

KoHKpeTHOe npuno,KeHHe H3nO,K8HHOI'O B pa6oTe MeToi:ta 

K '18ThlpexTenbHOH 3aAa'le paCC851HH51 HeHTpOHa Ha TpHTHH/S/ onn-
. _ /20/ • 

CbIBaeTC51 B V -OH rnaae. KaK H B pa6oTe O pacce51HHH HeHT-

poHa Ha i:teHToHe,, ucnonbsoaanncb ueHTpanbHbie np51MoyronhHbie 

N -N noTeHUHanbI 6e3 KOpa KaK eAHHCTBeHHbie noTeHUHanhI, 6e3 

OTTanKHBaHH51 Ha ManhIX paCCT051HH51X, 0/:tHOBpeMeHHO OilHCbIBaIOmHe 

TaK,Ke 3HepI'HH CB513H TpHTH51 H a -'laCTHllbI. Pasno,KeHHe TO'IHOH 

q, -qiyHKUHn·npOBOi:tHnOCb no 6asucy K -rapMOHHK, npH'leM OCTaB-
, /20/ 

nHnOCb TOnbKO K min • -B oTnH'IHe OT I ucnonb30BaHHe aap_HaUH-

OHHOI'O nOAXOi:ta nosaonuno nony'IHTb yTO'IHeHHbie 3!1a'leHHH qia3 

pacceHHHH. 0Ka3anocb, 'ITO B ABYX pa3nH'IHbIX aapHaUHOHHb!X noA-. , 

XOAaX 3TH 3HaqeHHH nony'laIOTCH 6nH3KHMH. CpaBHeHHe C 3KCnepH-

MeHTanhHb!MH, AaHHbIMH noKa3bIBaeT, 'ITO AnH onucaHHH p -qia3bl 

Hy,KHbl HeUeHTpanbHbI'e cunbl. S - 'qia3'b! coanaAalOT C 3KCnepHMeH

TanbHbIMH ABHHhIMH B npeAenax ornu6oK nocneAHHX _(cM. puc.). Ho 

AnH onucaHHH AeTanbHOI'O noBeAeHH51 'S -qias, HanpHMep, HX 3aBHCHM0CTH 

o:r CilHHa, MOI'yT OKa3aTbCH cymeCTBeHHbIMH noTeHUHanbI C KOpOM. 

CneAyeT saMeTHTb, 'ITO i:tn51 .nayx'laCTH'IHhIX cun B 'leTb1peXTEWbHOH 

sai:ta'le 6bm AOCTHI'HYT npeAen caMofi cymecTBeHHOH BbI'IHCnHTenb-
, . -· -· . ~ .. ; 

HOH TPYAHOCTH - C'leTa MHOI'OKpaTHblX HHTerpanoB. TTpH nepexo.ne 

. K 6onbIIIeMy 'IHCny HyKnOHOB HX KpaTHOCTb He 6yAeT B03pacfaTb. 

, OnbIT 'leTbipexTenbHOH 3ai:ta'IH, a TaK,Ke 3aAa'IH pacce51HH'sr HeHTP0-

4 122/ . , 
Ha Ha He noK83bIBaeT, 'ITO npH HanH'IHH K -rapMOHH'leCKO-

I'O 6asuca 3aAa'IH pacceHHHH Ha MHOI'OHyKnOHHbIX CHCTeMaX anonHe 
', ~·. C ,,, ,. " 

nOAAaIOTCH pac'leTy. 

3aKnIO'IHTenbHbie rnaBbl AHCCepTaUHH nocBHmeHbl saJiaqe 

C peanHCTH'leCKHMH noTeHUHanaMH, .y'IHTbIBaIOmHMH OTTanKHBaHHe 
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3aBHCHMOCTb q,aa n T pacceRHHR 8 LS c;>T aHeprHH naAa10mero 

HefiTpoHa ' £ n AnR L = "· TTyHKTHpHb!8 KpHBhie - pe3ynbTaThl 

paC"leTa, cnno111Hbl8 KPHBhie - <pa30Bb!H aHanua/21 / SKCIIepHMeH

TanbHbIX AaHHhIX, 

HyKnOHOB Ha ManbIX paCCTORHHRX, TTpRMOe npHM8H8HH8 npO8KUHOH

Hb!X M8TOAOB AnR TaKHX noTeHUHanoB C 6eCKOH8"1HO 60nbllIHM OT

TanKuBaHH8M (:lKeCTKHM KOpOM) He I'OAHTCR, TaK KaK 06pama10TCR 

B 6ecKOH8"1HOCTb MaTpH"IHbl8 aneMeHTbl OT noTeHunana no 6a3HC

Hb!M q,yHKllHRM, OTnH"IHbIM OT HynR B o6naCTH KOpOB. ilnR 60nbllIOI'O, 

XOTR H He 6ecKOH8"1HOI'O OTTanKHBaHHR (MRI'KOI'O K~pa) OCTaTO"I

Hbie RBneHHR STOH TPYAHOCTH npoRBnRIOTCR B TOM, "ITO AnR CKOJ!bKO

HH6YAb npHI'OAHOI'O perneHHR 3aAa"IH Tpe6yeTCR 6onb111oe "IHCno 

qJyHKUHfi paano:lKeHHR, 

12 

Yl3BeCTHO, "ITO npH 11cnonh3OBaHHH o6hl"IHOI'O 6aa11ca K -rap

MOHHK AnR TaKHX noTeHUHanOB HY:lKHO 6paTh 6onh1110e "IHCno 6a~ 

3HCHb!X q,yHKUHH, ilnR K -rapMOHHK STO MO:lKHO o6'bRCHHTb TeM 

npOTHBOpe"IHeM, ino, C OAHOfi CTOpOHhI, MHOI'OMepHb!e yrnoBh18 

<pyHKUHH AOn:lKHbl on11caTb pe3KO BbJAeneHHYIO no yrnaM BHyTpeHHIOIO 

o6naCTb nepece"leHHR KOpOB, AnR "lero Tpe6yIOTCR q,yHKUHH c 6onb

IlIHM K , C Apyrofi CTOpOHhI, BO BHellIHefi o6naCTH B6nH3H IlOBepx

HOCTH Mpa q,yHKUHH c 6onh11IHM K noAaBneHhl 6onhllIHM ueHTpo6e:lK

HbIM 6apbepoM ( 11n11 TeM, "ITO B nonHOH 'I' -q,yHKUHH He AOn:lKHbl 

npucyTCTBOBaTh KOMnOHeHTb! C 6onh11IHM op611TanhHbIM MOMeHTOM 

nap bl HyKnOHOB APYI' OTHOCHTenhHO Apyra), TO eCTh Tpe6yeTCR 

eme 60nbllle q,yHKUHH C TeM, "IT06hI BO BH8111Hefi o5naCTH q,yHKUHH 

c 6onhllIHM K CKOMneHcnpoBan11 Apyr Apyra, B rnaBe VI pac

CMaTpHBaeTCR MOAH<pHKaUHR cnoco6a BbJ6opa 6aanca MHOI'OMepHbIX 

yrnOBbIX q,yHKUHfi C y"leTOM KOppenRUHfi Ha ManbIX paCCTORHHRX 

AnR noTeHu11anoB C KOpOM. B nonHofi 'I' -q,yHKUHH B RBHOM BHAe 

BbIAenReTCR KOppenRUHOHHhlfi <paKTOp THna .SkTpOBa 

'I' = n f (r .. ) if, ' 
;.<; '1 

a OCTanhHaR, 6onee rnaAKaR "laCTb if, pacKnaAbIBaeTCR B PRA 

no MHOI'OMepHbIM yrnOBbIM, HO He o6R3aTenhHO OpTOI'OHanhHbIM, 

TO 8CTh He o6R3aTenhHO rapMOHH"leCKHM <pyHKUHRM, 3TH 6a3HCHbl8 

<pyHKUHH COOTBeTCTByIOT OAHOpOAHhIM nonHHOMaM CTeneHH K 

II HafiTH !IX MO:lKHO ropa3AO npome, 'ISM rapMOHH"leCKHe, CBOHCTBO 

opTOI'OHanbHOCTH He AaeT npe11My1UeCTBa rapMOHH"leCKHM q,yHKUHRM, 

TaK KaK np11 y"leTe KOppenRUHOHHOI'O <paKTOpa npHXOAHTCR Bee 

paBHO npOBOAHTk,nppueAypy ·opTOI'OHan11aau1111 6a3HCHbIX q,yHKUHfi 

c BeCOM 'Il f (r i .) •. TaKOH noAXOA onpo6oBaH ~a npHMepe SHeprHH 

;.<; 1 . 

CBR':311 C_HC_TeMbl_ Tpex HyKnOHOB C y"leTOM TOnbKO CHMMeTpll"IHOI'O 
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COCTOHHHSI ( KB83H6030HHasr GaJ:ta'ia) • .llnsr paanH'iHb!X cnoco6oB 

Bb16opa 
KoppenmmoHHbIX ifiYHKUHfi f (r .. ) IlOKaaaao, KaK ynyq

r 1 

maeTcsr cxo1:tHMocTb B KoppenupoaaHHoM 6aauce no cpaaaeauro 

C 06bi'iHb!M 6a3HCOM, B oco6eHHOCTH 1:tnsr CaMOl'O nepBOl'O npu-

6nH:lK0HHsr. ,BhmH B3HTbl J:tBa BHJ:ta noTeHmranoB C MHl'KHM KOpo·M 
. /23/ 

1000 .MsB HG_ pa6oTbl • 

CpaBH0HHe peaynbTaTOB pacqeTOB C KoppenupyromHM ifiaKT0-
/24/ /25/ 

poM H 6ea He!'o IIOKaaaao B Ta6nune. 

ITony'ieHHbie peaynbT8Tb! noaaonsrroT Ha1:teSITbcsr, 'iTO TaKofi 

crroco6 pemeHHSI 38/:t8'iH Tpex HyKnOHOB-MO:lKeT OKaGaTbCSI /:tOCTa

TO'iHO YA06Hb!M H IIPH Y'ieTe ifiYHKUHH CMemaHHofi CHMMeTpHH 

H HeneHTpanbHbIX cun. ITpu nepexo1:te K 6onhmeMy 'iucny HyKrioaoa 

OCHOBHasr TpyJ:tHOCTb ne:IKUT B Bbl'iHCnemrn MHOl'OKpaTHbIX HHTel'- . -

panoa OT KOppensrnHOHHbIX ifiYHKUHfi. Ho C noMOllibro paano:lKeHHSI 

11ocne1:tHHX no. l'ayccuaHaM HHTel'pHpOBaHHe MO:IKHO CBeCTH K OJ:tHO

KP8THOMy, 'iTO 6y1:teT oco6eHHO rroneaao npu paCCMOTpeHHH GaJ:ta'i 

c 'iucnoM HyKnOHOB, 6onbmHM Tpex • 

3a1:ta'ia Tpex HyKnOHOB, B38HMOJ:teficTBYIDlliHX C IIOMOllibro no

Teanuanoa C 6ecKOH0'iHbIM KOpOM If npHTHl'HBaromefi 'iaCTbro B BHJ:tE! 

3KCI10H0HTbI, paCCMaTpHBa.riacb C noMOllibID HHTel'panbHbIX 'ypaB

HeHHfi «Pa1:t1:teeaa (I'naaa V/1 ). B o6nacTH OTpunaTenbHbIX aaaqe

HHfi nonaofi 3Hepl'HH CHCT0Mbl OCHOBHasr npo6neMa IlpH pemeHHH 
• 

T8KHX ypaBHeHHfi 011pe1:tensreTCsr BO3MO:IKHOCTHMH coapeMeHHb!X 3BM: 

'i0M MeHblliHM 'iHCnOM 'ineHoB paano:1KeHHH BHJ:ta 

l; ¢. (p, z) X. (q, z) a1111poKCHMHpyeTCSI BXOJ:tsrmasr B ypaBH0HHH «Pa1:t-; r r · _ 

t(p,q,z) = 

1:teeaa llBYXTenbHasr t -MaTpHna, TeM Bbil'OJ:tHee Hcnonb30B8Tb 1:tail:-

u /9/ ,I,~ . , , Hb!H cnoco6 .lfiaKTOpHaanuu. B pa6oTe . HCIIOnbGOBanacb 'f'C'KTOpH- · 

3811HH t -MaTpHUbl no MeTOJ:tY MOMeHTOB. BbmH rronyqeffbi IIpOCTble 

peKyppeHTHbie COOTHOlli0HHH 1:tnH T8KOl'O MeTOJ:ta 4iaKTOpH3811HH. 
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Oco6eHHOCTb 3TOI'O MeTOJl8 OKasanacb B TOM, '!TO cp8KTOpH30B8HH8H 

t -MaTpnua O'ieHb 6bICTpo CXOJlHTCH K TO'iHOll Ha MaCCOBOH If nony

MaCCOBOil llOBepXHOCTH If 6onee MeaneHHO - BHe MaCCOBOll IlOBepx

HOCTH. B T8KOM llOllXOlle 6hma nony'ieHa 3HepI'HH CBH3H TpllTHH 

ang ueHTpanbHbIX llOTeHUHanoB C y'ieTOM TOnbKO napuHanbHOH BOn

libl OTHOCHTenbHOI'O llBHlKeHHH HyKnOHOB c l =0 · BnHHHHe BHeMac

COBOH o6naCTH t -MaTpllUbl (ang l = 0 ) Ha 3Heprmo CBH3ll OKa

sanocb ManhIM ( < 1 % ) • CpaBHeHHe C BapH8UHOHHblM pac'!eTOM 

ang ypaBHeHHH illpellHHI'epa, I'lle Y'iHTbIB8IOTCg BCe napunanbHbie 

BOnHhI, llOK83bIB8eT, '!TO BKna)l Bonn C l. > 0 MOlKeT COCTaBnHTb 

6onee 0,5 Mas npH aenH'iHHe auepI'HH CBH3H ~ 8 Maa. Ha npH

Mepe MoaenbHOH saaa'!H paccMaTpHaanacb TO'iHOCTb hard - shell 

npH6nHlKeHHH )lng t -MaTpHUbl Kopa. KaK noKasan pac'!eT, B 3TOM 

npn6nHlKeHHll 3HepI'llH CBH3H onpeaenHeTCH C TO'iHOCTblO llO aoneii 

npoueHTa. 

. 6 /6-9, 0CHOBHbie pesynbTaTbl JlHCCepTaUHll ll3110lKeHbl B pa OTax 
16 18 24/ 

' ' If aonolKeHbl Ha BC0COI03Hb!X COBelllaHHHX. 

B 3aKl1IO'!eHHe 8BTOp C'iHTaeT CBOHM npHHTHbIM llOllI'OM no-

6naroaapHTb E.H. 3axapbeBa,. Ha npOTHlK0Hllll HeCKOllbKHX neT 

pyKOBOllHBllleI'o uay'!Hoii pa6oTojj: anccepTaHTa, B.H. EcjmMoaa, non 

PYKOBOllCTBOM KOToporo 6bma npoaeaeHa pa6oTa c ypaBHeHHHMll 

4>aiu:ieeaa, B.n. 3cppoca:, B.B. flycToaanoaa, B.fl. flepMHKOBa, 

O. Jlxaray, B.Jl. lIJMOHHHa, B. Pb16apcKy, C.A. HHH3I'ynoaa, 3.f. TKa

'ieHKo, B coapylKeCTBe C KOTOpb!Mll 6bma caenaua 6onblllaH 'iaCTb 

H3110lKeHHhIX pa6oT, a TaKlKe apyrnx Konner ns J1T4>, J1H4> H JlBT A 

011.fil1, 11A3 ll 11T34>, KOHTaKTbl C KOTOpb!MH CTHMYllllpOBallH 06-

CYlKlleHHe ll 3aBepllleHHe 3Tl!X pa6oT. 
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