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OE!UAH XAPAKTEPMCTMKA PAEOT~ 

AKTY8llLHOCTL T8Ubl 

B xaqecTBe OO'b6KT8 HCCJI6;!{0B8Hl!H, OO'll8;!{8ID~ero PHAOM YHHK8JII,HblX 
CBOHCTB ;!{Jlll \Pl43HKH \P830BblX nepeXO;!{OB, BCe O'OJILWYID nonynHpHOCTL llpl!
o6peTaeT oO'mHpHblit Kll8CC Cl!CTCM C 3ll8KTPOH-;l{blpoqHoit H CTpyKTlPHOtt He
ycTottqHBOCTLD. CTPYKTYPHBH aeycTottqHBOCTL MOE8T O'blTL oO'yCJIOBll8H8 
ocoO'eHHOCTHMH aneKTPOHHOro Cll8KTP8,T8KHIIH,K8K HaID1qHe KOHrpyaHTHblX 
yqaCTKOB H8 llOB8pXHOCTHX ~epMH 3ll8KTpOHOB l! AblPOK B MO;!{CIDI 3KCHTOHHO
ro l430JlllTOpa, l!llll o6pa~8HH61l B Hy~E, qacTOTbl HeKOTOpoU KPHTHqecKOtt 110-
;!{bl KoneO'aHHtt B MO,ll8ID1 aarapMOHHqecKoro KPl!CT8llll8. C npaKTHqecKott Toq
KH apeHHR, ,llllH noJiyqeaHH 3KCTpeuanLHblX KPHTHqecKHX napaueTpOB oco6eH
HO B8.,'KHO TaKJK8 T80p9Tll'I8CR09 llCM9,!l;OBaHll8 8.TllX CllCTSM B CJIY'fa9 .IUlYX 
HilOB \P830Bb1X nepeXO;!{OB - 3KCHTOHHoro (mrn CTpyKTypaoro} H CBepxnpo
BO,llH~ero. 

,B T60PHH W830BblX nepeXO;!{OB npH peanH38UHH nporpaMMbl CT8THCTHqe
CKOit uexaHHKH; cwop.uynHpOB8HHOt1 I'HO'O'cou,. OO'bltraO Bb16Hp81lT O;!{HH HS cne
AYD~HX ABYX llO;!{XO;!{OB: 

I. 3aMaaa paaJILHOH CllCTSMl,I CHJILHO H;!{88llH3HpOB8HHOH U0;!{6llLHOtt 
Cl!CT6110tt, ,llllH KOTOpott CT8THCTHqecK8H cy111,1a 2 HJIH T8pUO;!{HH8J,lllqecx11e 
IlOT8HUll8llbl BblqHCJIRDTCH TO'IIHO CTporl!UH ueTO,ll8MH • 

2. IlpHO'JIHE6HHOe BblqHcneHHe B p8MK8X nepBoaaqanLHOtt, O'onee pean11-
cT1tqecxott 110AenH CTSTHCTHqecxon cyu111,1 ~ HIDI Benwrna, cBaaaaa1,1x c 
Helt. 

BaaHUO,llOllOllHH8MOCTL H aipl)eKTHBHOCTL OO'OHX llO;!{XO,llOB o0'~8H3B8C~Ha, 
HO ;!{llR yCT8HOBlleHHR npauott CDH3H U6X'AY HHUH npHHUHnH8llLHO B8XHO OTBe
THTL Ha Cll6'AY!Ollllltt aonpoc: CYJIIOCTBYOT JIH MO;!{eJILH8R CHCTeua, ,llllH KOTO
pott HCllOJIL30BaHH6 ~aaaoro npH6JIHX6HHR npHBO,llHT K TQqHOMY pemeHHD? YT
B6p,llHT6llLHbltt OTBeT Ha Hero H3B6CT6H ~nH pa,lla Wff3ijqecKH CO;!{epxaTellLHblX 
cnyqaeB, 0,llHaKO B 60JILWHHCTB6 Ha HHX npOHCXO,llHT llO,llaBJI8HH8 \PllYKTya
~Htt, T.e. HU66T U8CTO Kll8CCHqecK08 (cpe;!{HenoneB08) KPHTH118CK08 noBe
ACHHe. qucno TOllliO pem8811b1X U0;!{6JI8tt, B KOTOPliX B03MOXeH aiW_leKTHBHblH 
yqeT KpHTHqeCKHX \PIJYKTyanatt,xpattae HeBenHKO. ~llYKTYSUHOHHble aipl)eKTbl 
HCCn6AYDTCH 061,1qao npH6llHX8HHO, ll8TO,llaUH peaopurpynnbl, KOTOpble, XOTR 
H He HBnHDTCH B ,llOCTaroqaott .uepe UaTeuaTHqecKH OO'OCHOBaHHWIH, C~Ta-

. IITCR ,llOCTaToqao Ha,ll8l1Hlillll. 
IlpH llOCTp08HH.H TeOpHH \P830Bb1X nepeXO,llOB B CHCTeuax C 3ll6KTPOH

~poqHott H CTPYKTypHott HeyCTOlttn!BOCTLD B pauKax U0;!{8llH 5KCllTOHHOro 
H30llHTOpa HCll0llL30BaJIHCL, B OCHOBHOM, npHO'llHZeHHble 116TO,llbl 11, B qacT-

Hay11no-Texuu11ecKaa 
6u6JIHOTeKa 
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HOCTH, MeTO'AU,OCHOB8HHUe Ha TeXHHK6 q>yHKUH~ rpnHa. TaK llt6 06CTOHT 'AB
no H npH H3yqeHHH CTpyKTYPHUX nepeXO'AOB B MOA6JUlX attrapMOHHqecKoro 
KPHCTanna, XOTH B 3TOtt o6naCTH HhlBDTCH BalltHH6 pe3ynbTaTH, CBH38HHH6 
C yqeTOM KpHTHqecKHX qinyKTyauntt. H3yqeHHe 3q>q>6KTOB, B TOM qncne H 

qncTO wnyKTY8UHOHHUX, B03HHKaD~HX B cnyqanx, KOr'Aa aneKTPOH-AHPOqHaH 
HnH CTPYKTYPH8H HeycToiiqHBQCTb conpoBOllt'A88TCH e~e H KynepoBCKOtt Heyc
TottqHBOCTblO,TOllte CTHMynHpOBano pa3BHTHe COOTB6TCTBY!O~HX TeopeTnqeCKHX 
IlPB'ACTaBneHHii. 

B AHCCepTaUHH HCCRB'AY!OTCH 'ABa THna MOAenbHHX CHCTeM: 
I. MHKpOCKOnHqecKHe MO'ABHbHHe CHCTBMH, 'AOllYCKalO~He TOqHoe B Tep

MO'AHH8MHqeCKOM npeAene peweHHe. 
2. MO'A6llbHHe CHCT6MH,OllHCUB86MU8 3q>q>eKTHBHHM raMHRbTOHHaHOM THna 

raMHRbTOHHaHa I'HH36ypra-~aH'A8Y C 'ABYMH B38HIIOA6HCTBY!O~HMH napaMeTpa
MH no PH'AK8 • 

AKTyanbHOCTb HCClle'AOBaHHH nepBoro THna MO'A6ll8ll o6ycnoBneHa, C O'A
HOtt CTOPOHH, CTpe11neHH8M IlOHHTb MBX8HH3M q>a30Boro nepeXO'Aa Ha MaTe11a
THqeCKH CTporoM ypOBHe, a C 'Apyrott - BOSMOlltHOCTblO BHHBHTb H npocne
'AHTb COOTB6TCTBH8 C pe3ynbTaTaMH, nonyqeHHHMH B paMKax 6onee peana
CTHqeCKHX MOA.enett, HO npH6llHllt8HHHMH MeTO,llaMH. 

BalltHOCTb HCCll6'AOBaHHH BTOporo THna IIO'ABllett 'o6ycnoBneHa,c TO~H 
apeHHH oo~ett TeopHH KPHTHqeCKHX HBneHHtt, HannqHell 11ynbTHKPHTHqeCKHX 
ToqeK, B OKpeCTHOCTH KOTOPHX pOnb qinyKTyauHOHHHX aqxlleKTOB MOllt6T OKa-
88TbCH pemaD~ett. YqeT 3THX aqxlleKTOB Il03BORH8T T8Kllte nonHee. IlOHHTb 
KOHRp6THH8 OCOOeHHOCTH CHCTBM C aneKTpOH-,llHpOqaott H CTpyKTypHott aeyc
TOH1UIBOCT:E,al. 

Ueno!O pa60TH HBllH6TCH HByqeHHe TepMO'AHHaMaqeCKHX CBOHCTB CHCTeM 
C 3ll6KTpOH-,llHpoqaott H CTpyKTypHOH HeyCTOH1UIBOCTbD HS OCHOB6 CTpOrHX 
MaTeMaTaqecKHX MBTO,llOB, pa3BHTH6 HOBHX B8pHaUHOHHHX llO,llXO,llOB K BHqHc_
neHH!O TepMO,llHH811HqecKHX IlOT6HUH8llOB, yqeT g)JlyKTYSUHOHHHX aqxlleKTOB B 
T8KHX CHCTe11ax. 

HayqaaH HOBH3Ha H npSKTHqecKaH ueHHOCTb 

Bnepnue li'A6H M6TOAa annpoKCHMHpyD~ero raMHHbTOHHaHa (MAI') nocne
,llOBaTenLHO IlPHM8H8HH .itnH HCCll6,llOB8HHH CHCTeM C qiaaOBHM nepeXO,llOM B 
SKCHTOHHOe COCTOHHHe • IIocTpoeHH qiaaOBHe ,lllr!BrpBIIIIH B nnocKOCTH 11 T8MII8- . 
paTypa - cpe,llliee qHcn:o M8KTpOHOB11 H BHHCH6HO BIDIHHHe ,ll0Il0llHHT6HbHHX 
30H, HrpaDllUIX ponb peaepByapa an:eKTPOHOB. 

IIoKaaaao, qTo Te peweHHH (K8K C npOCTP8HCTB6HH0-0,llHOPO.llHHII, TaK, 
H C npocTp8HCTB6HHO-H60,llHOpO,llHHII napa11eTpo11 nopH,llKS), KOTOpue HCilOHb
ayDTCH B TeopHH SKCHTOHHOrO H30JUlTOpa, B onpe.iteneHHOtt o6n:aCTH aaaqe
HHtt napa11eTpOB He Y.llOBH6TBOPHDT ycnOBHD Tep110,llHHa11aqecKott CTa6HnbHO-
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CTH. Ilo;n:yqeH HOBHH THil peweaan, KOTOpHe np8,llCK83HBalOT IlOHBll6HHe ,llByx
qiaaHott o6n:ac:ra a ~aonoro nepexo.ita nepBoro PO'Aa, qro npaueHaTen:bHO 
K uo.itenH11,·Hcnonbaye11HM .itnH OnHCaHHH Cr Hero cnnaBoB, cornacyeTCH 
C 8KCnepa11eHT8RbHOtt CHTY8UHett. 

Ha OCHOBe nonyqeHHOtt Ha nepBHX IlPHHUHilOB TOqHO pemaeuott MO'A6HH 
8'A,llHTHBHOro Tlill8 IlOKSSaHO, qTo aneKTpOH-'AHpOqHaH H KynepOBCKBH Heyc
TOH'lliBOCTH KOHKYPHPY!OT ,llpyr C 'ApyroM KaK B cnyqae C q>IIKCHPOB8HHHM XH
MHqecKHM IlOT6HUH8ROM, T8K H B cnyqae q>HKCHPOBaHHOtt cpe,llliett nnOTHOCTH 
an8KTPOHOB B aoae. 

IIonyqeHH OU8HKH ,llllH WHPHHH KPHTHqecxott o6naCTH B OKpeCTHOCTH 
paanHqHHX IIYllbTHKPHTHqecKHX ToqeK ,llllH CHCTBM C aneKTpOH-,llHPO'lliHM H 
KynepOBCKHM_cnapHBaHHeM H IlOK83aHo, qTO ,llJUl IlOnHOro OilHC8HHH KpHTaqe
CKOro IlOB6,ll8HHH 3THX CHCT611 H606XO,llHIIO npHBneqeHH8 MBTO,lla peHOpMrpyn
IlH (PI'). 

liOBHM BKna.itOM HBJUl6TCH npHJ.16H6HH8 MBTO'Aa f, -paanoxte_HHH_ H noone~c
B8T8llbH08 HCCll6,llOB~HHe qinyKTY8UHOHHHX CBoncTB CHCT8M C .llBYIIH B38HMO
.itettcTBYID~HMH napaMeTpaMH IlOPHAKa B npHCYTCTBHH wnyKTyHpy10~ero sneKT
poMarHHTHOro IlORH, BHqlWJI8HH6 KpHTHqecKHX HH)leKCO-B, aHSnHS q>aaOBWC 
,l{Harpauu H ~OKaaaTenbCTBO B03MOlltHOCTH peaJIHaauHH B TaKHX ~HCTeuax 3q>
q>eKT8 ranbnepHH8-~ID68HCKOrO H Ma. 

HOBHM BKR8,llOU HBJIHBTCH paaBHTHe MAr 'AlIH nccne'AOBaHHH UO,llenH, yqn
THBa10~eH BaaHMO.itettCTBHH qinyKTY8UHH 6ecKOH61lliOro pa'AHYC8 H OllHCHBalO~ett 
CTpyKTypHHtt waaOBHtt nepexo~ q>eppO,llHCTOpCHOHHoro THilB. BnepBHe ,ll8HO 
,llOK888T6JibCTBO cy~eCTBOBaHHH 'ARH 3TOtt MO~enH ToqHoro peweHHH B Kll8C
CHqecKOM, npoMelltyToqaoM H KBaHTOBOM peu11ax. IlonyqeHO IlO'ATBBPllt'ABHHe 
Ha 6ase BToro peweHHH rHnoTeau cKettnHHra H npaBnna paauepHoro 11Kpoc-
c0Bepa11. · 

'AnH aamHTH BHABHrSIDTCH CHeAYID!llRB OCHOBHHe pe3ylloTaTH 1 non.yqeHH~e 
B AHCC8pT8UHH: 

I. Pemetta 38'Aaqa O q>830BOII nepeXO'Ae B P8'AYUHPOB8HHOtt MOA8llll 
KenAHma-KonaeBa npH SaASHHOtt p83HOCTH KOHQeHTpaunH aneKTpOHOB H.'AHPOK 
H B MO'ABJIH MaTTHCa-~aHrepa npH 88,llaHHOtt CPB'AHett IlllOTHOCTH aneKTpOHOB 
B SOHe. PeweHHe nonyqeHO C nouo~o!O ROHCTPYKTHBHOro HCilOllb30BaHHH MAr 
H 0606~6HHOro npeo6p830B8HHH RelWH.ztpa. )lOKaaatto, qTo pememrn .!LBJIH6TCH 
TOqHHK B T8p1lO,llHHa11nqecKOM npe,llene. 

2. 3THII ae 118TO,llO11 HayqeHO TBPIIO,llHHauHqecKoe IlOB6,ll6HHe ynoUHHYTHX 
BHWe MO.itenoHHX CHCTell B 6on:ea peanHCTHqeCKOU c;n:yqae 11KOHT8KT8 11 c pe
aepByapoM aneKTPOHOB. IlonyqeHO H HCCll8,llOB8HO BHpaxeHHe ,llJUl aaeprHH 
OCHOBHOro COCTOHHHH K8K q>yHKUHH napaweTpa, onpe,lleJUllO~ero MO~HOCTb pe
aepByapa. Hatt.iteHH orpSHHqeHHH Ha 06JI8CTb npHMBHHIIOCTH paanHqHHX npH-
6nHJt8HHWC cxe11, HCilORo30B8HHHX paHee B Teopirn. 
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3. IlpeAJIO~eH B8pH8UHOHHHtt llOAXOA AJIH HCCJI6AOB8HHH ~830B!lX nepexo
AOB B MO,ll6JIH SKCHTOHHOro H30JIHTOpa C npocTpaHCTB6HHO-H60AHOPOAHHM na
paMeTpOM llOPHAKa, HCllOJlo3yeuux B 30HHOil TeopHH uarHeTH3M8. B STOM 
llOAXOAe yCT8HOBJieHa H yqTeHa HenepecTaHOBoqHOCTh ABYX CJI6AYID~Htt one
pauHil: 

a) HaXO~AeHHe WiHHMyMa BapHaUHOHHOro TepMOAHHaMHqecKoro llOT6HUHa
Jia; 

6) ll6.(J6XOA OT nepeMeHHHX 11 XHMHqeCKHil llOT8HUHaJI, Te1.mepaTypa 11 K 
nepeueHHHM 11 paaHOCTo KOHU6HTpauHH SJI6KTPOHOB H AHPOK, TeMnepaTypa". 

4. 'AJIH STOH MO,lleJIH, B OKpeCTHOCTH TpOilHOH TOqKH, nocTpoeaa ~aao
BaH ,llHarpauua. 'AJIH peaJIHCTHqecKHX 3HaqeHHil napaMeTpOB MO,ll6JIH nonyqeH 
~aaoBHli nepeXO,ll nepBoro pO,lla H3 napauarHHTHOro B H8COH3148PHM08 aHTH
~eppo.uarHHTHOe COCTOHHH8. Hai,1,lleHO TeimepaTypHOe nOB6,ll6HH6 BOJIHO:eoro 
B6KTopa HeCOH3M6pHMOil CTPYKTYPH B aa:eHCHMOCTH OT ~PMH no:eepXHOCTett 
~epMH H MO~HOCTH peaepByapa. 

5. Ha nep:eux npHHUflllOB BHB6,ll6H KJiacc MO,lleJieli a,ll,llHTHBHOro THna, 
OllHCHBBD~HX B3aHMHOe BJIHHHHe SJI6KTPOH-AHPOqfiOro H Kynepo:ecKoro cnapu
B8HHH. 

6. Hatt,ll6HO TOqH06 peweHlrn 38,llaqu O ~830BHX nepexo,llax B STHX MO,lle
JIHX H noKaaaao, qTo 3KCHTOHHHll H c:eepxnpOBOAH~li nepaXO,llH Il0A8BJIHDT 
,llpyr ,llpyra KaK B cnyqae ~KCHpo:eaHHOro XHMHqecKoro noTeHuHaJia _j'l, 
TaK H B cnyqaa ~HKCHpo:eaHHOil cpe,llHeil IlJIOTHOCTH 8Jl6KTPOHOB B 30HB Y\. • 

7. IlonyqeH KPHTepHil npHM6HHMOCTH npH6JIHX6HHH cpe,llHero llOJIH ,llJIH 
MO,ll8JIH SKCHTOHHOro H30JIHTOpa B aaBHCl1l40CTH OT :eeJIHqHHH XHMHqecKoro 
noTeHUHaJia B o6JiaCTH, BKJivqaro~en TPHKPHTHqecKyD TO~y ]H~wuua. BOK
peCTHOCTH 6HKPHTHqecKoli H TeTpaKpHTHqeCKOli TOqeK nonyqeH KpHT9pllli • 
npHM6HHMOCTH KB8,llpaTHqHoro npH6Jill~eHHH no ~JIYKTY8UHHM AJIH KOppeJIHUHOH
HHX ~YHKUHtt B CHCT8Max C ABYMH B3aHMOABttCT:eyro~HMH napaMeTp8MH nopH,llKa 
H :euqHcJieH ~JIYKTyauHOHHHH CABHr JIHHHli ~830BHX nepeXO,llOB. 

8. C IlOMO~oro 146TO,ll8 t -paano~eHHH BHJihCOH8 HCCJI6,llOB8HH KPHTHqe
CKHe CBOHCTBa MO,ll6JIH C .llBYMH B38HMOA6ttCTBYD~HMH napaMeTpaM.H nopMK8 
(Hanpuwep, co c:eepxnpo:eOAH~HM H 3KCHTOHHHM) npH H8JIHqHH ~JIYKTyHpyro~e
ro 8Jl6KTpouarHHTHOro llOJIH. IloKaaaHo, qTO H3-38 ~JIYKTyauHH IlOJIH H8 ~a-
30BOli AH8rpa1111a AJIH T8KHX CHCTBM OTCYTCTBYDT 6HKPHTHqeCKHe H T8TpaKpH
THqacKH8 TQqKH. TeM CaMHM noKaaaHo, qTo 8TH CHCT8MH HBJIHDTCH HOBIDl 
(H,C 8KCnepHM8HT8JlhHOli ToqKH apeHHH 6onee AOCTYllHHM) npHMepow CHCTeM, 
B KOTOPHX peaJIHayeTCH TaK H83HB8BMHtt ~aao:eun nepeXOA 11cna60 nepBoro" 
(weakly first) p0,ll8. 

9. B TepMO,llHHaMHqacKOM npe,lleJie TOqfiO pemeHa 11.HKpOCKOilHqecKBH cl. 
uepH8H MO~eJID C ,llBJlcHO,llettCTBYD~HM aHrapMOHHqecKHM B3aHMO,lleilcT:eHeM, 
OllHCHB8D~8H CTPYKTYPHHli ~aao:eun nepeXO,ll ~appO,llHCTOpCHOHHoro THna. 
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IO. IlonyqeHH~e TOqHue BHpaxeHHH ,llJIH TepMO,llHHauHqecKllX noTeHuHano:e 
HCCJI8,llO:BaHH B KJiaCCHqecKOM, npOM8XYTOqHOM H KBaHTOBOM paxuuax. liccne
,llOBaH.u ~aao:eue nepeXO,llfl no TeMnepaType H napaMeTpy KBaHTOBOCTH H BH
qucneHH COOTB6TCTBYID~He KPHTHqeCKHe HH,ll8KCH H ~YHKUHH ll0,ll06HH. 

II. B paMK8X 8TOH TOqffO pewaeuon MO,ll6JIH nO,llT:Bep~eHa runoTeaa no
,llOClHH H .l{OKaaaHo npa:eHno paauepaoro "Kpocco:eepa", cornacHo· KOTopouy 
KpHTHqeCKOB nOB8,ll6HH6 KBaHTOBOi,1 d_ -uepHOH CHCT6MH npH 8Kp= 0 H KJiaC
CHqeCKOtt (d.+1)-uepHOH CHCT6MH SKBHBaJieHTHH. 

Anpo6au1rn paCioTu 

0CHOBH.!l6 peayJibTaTH ,ll.11CC6pT8UHH ,llOKJI8,llHBaJIHCb Ha CeMHHapax Ra60-
PBTOPHH TeopeT.11qeCKOtt qlH3HKH 06:ii6,llHH8HHOrO HHCTHTyTa H,llepHHX HCCJI6]tO
BaHHtt, HHCTHTYT8 ~8HKH TB6p,lloro Tena HM. r.H8]tEaKOBa EonrapCKOtt aKa
,llBMHH HayK, 0T,llena CT8THCTHqecKott M8X8HHKH MaTeMBTHqecKoro HHCTHTyTa 
HM. B.A.CTeKno:ea AH CCCP, 0Titena TeopeTHqecKoil ~HSHKH ~HaHqecKoro HH
CTHTyTa HM. Il.H.Rec5e,lle:ea AH CCCP,Me~apo,lll!oro ~eHTpa no TeopeTHqe
CKott qlH8HKe B TpH6CTe,HT8JIHH 1 a TaKEe aa·ill 06~ei,1 KOH~epeHUHH E:eponei,1-
CKOro ipll3HqecKoro o6~eCTB8 no ~3HKe KOH,ll6HCHpOBBHHOro COCTOHHHH (Ro
sruma,IIIBe~prur,1983), XXI Mex,llyHapO,llHOtt KOHqiepeHI.IHH CTpaH-qJieHOB 
Cl:lB no qi18HK6 H T6XHHK6 HH3KHX Teunepa-ryp (BapHa, HPE, 1983), HS ill 
Mex,llyHapO,llHOM CHMnoanyue no H36paHHflM npo6neuau CTaTHCTHqecKo'1 Mexa
HHKH (~y6Ha, 1984), 23 BceCOD3HOM COBe~aHHH no ~H3HKe HH3KHX Teunepa
TYP (TaJIJIHH, 1985), II CoBeTCKO-HTaJioHHCKOM CHMnoauyue no M8T6MaTHqe
CKHU npo6neuau CT8THCTHqecKott ~H3HKH (RoBOB, 1985). 

Ily6JIHKaUHH 

Ilo M8Tepnanau ,llHCC6pTaUHH onyc5JIHKOBaHH 18 CT8Tett, I o6aop HI 140-
Horpa~HH. 

06li6M pa60T.!l 

'AHCC8pTaUHH COCTOHT ua BB8,ll6HHH, weCTH rHa:e· OCHOBHOro 00,llepxaHHH, 
BKJIDqav~HX 21 naparpaqi, H aaKnroqeHHH. OHa CO]tepEHT 255 CTp8HHU 11a111H

HOnHCHOro T6KCT8, 25 PHCYHKOB, 4 Tac5JIHUH H 6H6HHOrpaqiHqecKHtt cnHCOK 
.11a 212 HaaBamm. 

CO'AEP!AHHE PAEOTH 

Bo BB8A6HHH ,llaHo 060CHOB8HHe BKTy8HbHOCTH H BaEHOCTH paCCM8TpHB8-
euux B ,llHCC6PTBI.IHH npo6HeM H C~OPMYJIHPOB8HH OCHOBHHe peaynbT8TH. 

B nep:eott rnaBe Toqao pemae11ue_110,lleJicH.ue cucTeMu c anaKTpoH-,llHpoq
HOtt H CTpyKTYPHOi HBYCTottqHBOCTcID HCCJI6.llYDTCH C nOMO~oID MAI' B 60JihWOM 
K8HOHHqec~OM .11 KaHOHHqecKOM 8HCBM6JIHX. 8,ll6Co HCCJI6,llYDTCH ,llB8 THna 
TpexuepHHX MOA6HcHflX CHCTeM: 
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a) MO,ll;SJI:b ABYX3OHHoro (30Hbl 11 811 H 11B11
) nonyMeTa1u1a, MO,l{6llb SKCH

TOHHOro H3OllHTOpa Ken,l{blillB-KonaeBa, KOr,l{a aneKTPOHHbl8 cneKTPbl YAOBne
TBOplU0T ycnoB.1rn-Eo.(p)= Et,(P + q,) , rAe q, onpe.l{ellfleT paccTo
HHHe B HMllYllLCHOM npOCTpBHCTB8 M6XAY SKCTpeMyMaMH O66HX 3OH (Ken,l{l,lm
KonaeB, 1964). 

6) MO,ll;ElJib O,l{HOSOHHOro M8T811118 B npH611Hllt6HHH CHllbHOtt CBHSH, KOr,l{a 
aneKTpOHHUll Cll6KTP YAOB116 TBOpHeT YCJIOBHIO E: ( p)=-E ( f) + Q) ,l{llfl 
H6KOTOporo B8KTOpa Q (MaTTHC-JlaH_rep, 1970). 

rnaBa cocToHT HS qeTupex naparpaqioB. · 
B § l.o6cyx,l{8IOTCH BOnpocu, CBH38HHU6 C onpe,l{6118HH8M raMHnLTOHHa

HOB MO,l{8 l'I8tt H npHM8H6HH6M MAr. B CJIY'!ae "a" paccMaTpimaeTCJ! raMilJ.[bTO
HH8H B38HMO.l{8ttCTBHH,P6AYUHPOB8HHbltt H8 llOAUpOCTpaHCTBe aneKTPOH
.l{UpoqHblx nap, T.e. 

1f. =-v2 (l .AcrvCl)n+ 6,. )(J. J\vif)b: akcr) (1) 
1!,?I -k G".V -,o- l\ll .f{ [\I ,..y , 

-fl> I I ' I I 

r,l{e fPYHKUHH .i\,.11(/{) paBH8 OTllHllHOll OT HYl'Ill KOHCT8HT8 TOllLKO B o6nac
TH IE .(k)I .!:, W H Y1lilTUBBeT JIH6o CHHrneTHoe,nuao TpHnneTHoe a,o 
cnapHB8HH8 8118KTPOHOB H A!:lPOK. 

B CJIY'!ae 11 611 raMHlILTOHHSH B38HllO.l{ettCTBHH nonyqeH H3 rBMHllbTOHH8H8 
~peJIHXS, B KOTOpOM OCT8Bll8HO B88HMO.l{6ttCTBH6 TOllbKO C tpOHOHHOtt MO,l{Ott 
C HllllYJILCOM Q , T. e • . 

3-~r.+ . ) Jo= - ~ \ Qk-tr.. ~ Qkcr Cr."\+ ~- C. • (2) Jtt,~ Yv k,G" ;: I "( 

B (1) H (2) Q!cr H bf<cr - onepaTopu poX.l{eHHH H yHHqroi,;eHHH 
8118KTPOHOB H .l{!:lpOK COOTB8TCTB8HHO 1 8 C~ - qJOHOHOB. 

raMHllbTOHH8Hli C B38HHOA8ttCTBH6M (1) H (2) HBl'IHIOTCH npocTellmHMH 
r8MHJILTOHH8H8MH, OllHCUB81llllHMH qias OBliR nepeXOA B 8KCHTOHH08 COCTOHHHe • 
~nH HHX C llOMO~LIO MAr MO:KHO BliqHCJIHTL 8CHMllTOTHqecKH TOllHO 6O111,mott 
T8pMO,l{HH81,lHqecKHtt llOT8HUH8l'I 

.Q.(e,jU)=mln lim nv (e,f; D.), (3) 
D. V➔ v.J 

r.l{e _(2V(8,p.t; b.) - B8pH8UHOHHlill {annpOKCHMHPYllll!Hll} T8pllO,l{HH8MHqe
CKHtt llOT6HUH8l'I1 ,llllH KOToporo B § l nonyqeao HBHOe Blip8llt8HH8. 

B §§ 2 H 3 HCC118,l{OB8HO T8pMO,l{HH8MHqecKO8 llOB8,l{8HH8 HCC118,l{y8MWC 
CHCT8M B K8HOHHqecKOM 8HC8M6ne. HcnonL3OB8HH8 K8HOHHqecKoro 8HC8M61IH 
8CT8CTB8HH01 KOr,l{a 38,l{SHHlill nap8M8TpOM 38,l{BqH HBl'IH8TCH Cp6,llH86 qHcno 
aneKTPOHOB B SOHe HllH p83HOCTL KOHU8HTP8UHH aneKTpOHOB H AUPOK. Ta
KSH CHTYSUHH HM86T M8CTO B nerHpOB8HHUX CHCT6M8X • 
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llpH HCC118,l{OB8HHH !p83OBUX nepeXO,l{OB B CHCT8M8X C aneKTPOH-AliPOqHott 
H CTpyKTypHOtt HeycTotttmBOCTLIO B 8TOM cnyqae O6utn1O llOCTYllBIOT cne.l{yIO
~HM o6p83OM (Pattc,1970, MaTTHC H JlaHrep, 1970 H ,l{p.). 

YpaBH8HHe ca1,1ocornacoBaHHH AllH napaueTpa nopH.l{KB f::.., KOTopoe B 
paCCM8TpHB88MOM cnyqae MOllHO 38llHC8Tb B BH,l{e 

~ _o_(AI ( e, p,t ; ~) = o, 
o!J. (4) 

H ypaBH8HHe, tpHKCHPYIO~ee cpe,l{HIOIO llllOTHOCTL aneKTpOHOB {HlIH pasHOCTL 
KOHU8HTP8UHH aneKTPOHOB H ,l{l,lpOK), T8K H83liB86MOe ypaBH8HH8 8lI6KTpo
H81lTpanLHOCTH: 

n =- .Q._ ..D.(/.) (e,y.t ;b.), 
Of-\ 

(5) 

pemaIOTCH COBM8CTHO KBK CHCT8M8 yp8BH8HHll ,l{llH H8H8B8CTHblX f::.. H XIIIMH
qecxoro llOT6HUH8Jl8 f . Cp8,l{lll BC8X pemeHHll CHCT8Mbl (4) H (5) Bbl6Hpa
lOT Te p8W8HHH Li ( '>'l, e), j\A('Yl., 9) 1 KOTOpble .p881IH3YIOT MHHHMyM lllIOT
HOCTH T8pMO,l{HH8Ml/lqecKoro llOT8HUH8118 CB06O,l{HOll SHeprHH: 

{(e,n)=l2(0,J-IC'.Yl.0);;t::..(n.e)) + n f ('Yl,9). (6) 

Kasanoc1, 61-i, STOT CTSH,l{8pTHbltt nyTL pemeHHH 38,l{SqH T8Koro Tlllll8 ,l{OlilltSH 
·llpHB8CTH K npaBHlILHOMY pesynLTSTy. 0,llH8KO npHM8HI/IMOCTL CI/ICTSMbl (5) H 
{6) orp8.!!,HqeH8 TeM, qTo B Ollp8.l{81l8HHOlt OCilI8CTH HS llnOCKOCTH (0, 11) 
fPYHKUHH f (0,11) T8pfl8T CBOttCTBO BblllYKlIOCTH non , T.e. BO3HHK88T 
aCiCOlIIOTHBH H6CT86HlILHOCTL CHCT8Mbl. 8.l{eCL BPKPliTli npHqffHbl H8llpHMeHHMO
CTH npeo6paaOB8HHH Jle~aH~pa (6) B T8OpHH SKCHTOHHoro H3O1IHTOpa.OcHOB
HOH npuqeolt oKaauBaeTcH Han111qHe HS ipasoBott· ,lllllarpaMwe (BJ]") TpH
KpHT111~ecKoH TOqKH H lIHHHH !p830Boro nepeXO,l{8 nepBoro po,l{a. IlOK838HO1 
qTo B STOil cnyqae BMeCTO (6) H8O6XO,l{IIIMO HCllOHL3OB8Tb o6o6~~HJ!.O8 npe
o6paaoB8HH8 Jlezaa.l{pa 

f(e;n)= sup{.O.ce,r-4) + _f'Yl}. C7) 
J' . 

TepMO,l{HH81,lHqecxoe llOBe,l{eHHe HCCH8AY8MOll CHCT8Mbl llOlIHOCTLD onp6,l{81IH8T-
CH Bblp8K8HHHMH (3) H (7). BblllOlIHBHHe COOTBSTCTBYIO~HX BuqucneHHH B ffB
HOM BH,l{8 ,l{8Z8 AlIH paCCM8TPHB88MUX ynpo~eHHblX MO,l{81ILHblX CHCT8M BO3MOJl
HO TOlILKO llpH 8= 0 { § 2) HlIH llplll f}~ Skp H8 OCHOBe nonyqeHHOrO 
B § 3 paanozeHHH JlBHABY ,l{BH B8pH8UHOHHOro T8pMO,l{HH8MHqecKoro llOT6HUH
ana. B O6OHX cnyqaHx llOK838HO, qTo KoppeKTH8H lllIOTHOCTL CBO6O,l{HOlt 
8H8prHH J(8, 'Yl) HBlIHSTCH BlillYKBOll oCionoqxolt ~YHKUHH r (9, 11), onpe
,l{8l'lll8MOlt P8B6HCTBOM (6). ~830B8H ,l{H8rp8MM8 B llnOCKOCTH (9,l1), onpe-
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;zteneHHB.fl llplll ll01401ltlll f(0,n), Hlol8eT Hj'ZH!ie CBOLlCTB8 1 T.e. Hl4e6TC.fl 
TPHKPHTHqeCKBH TO'UC8 H o6naCTL cocyuteCTBOBBHH.11 ~aa. 

B § 4 noKaaaHo, qTo ;zto6aBneaHe TpeTLel aoH!i, BlinonHHDlltel ponL pe
aepByapa aneKTPOHOB, 140:EeT aMJeKTHBHO yBeJIHq}!TL o6naCTL npHl48HHl40CTH 
ypaBH8HlllLl (4) H (5). OHH OilHC!iBBllT Tepl40;ltlllH81414qecKoe IlOBe7:teHH8 Cl4CTe-
14!i T01ILKO BHe ABYX~83HOLt o6naCTl4, W14pHH8 KOTOpol 38Bl4Cl4T OT 140llt
HOCTl4 peaepByapa. BHe ABYX~83HOI o6naCTH Tepl40;ltl4H81414qecK14Lt llOTeHnl4an 
rce,11) nonyqaeTC.fl C Ilp8Bl41ILHOLl BliilyKnOCTLJO H COBil8;!t88T C J(6,'Yl) • 

Bo BTOpoLt rnaBe pa3BHB88M!il nO;ztXOA IlpH)l8H.fleTC.fl ;ztnH HCC118;ltOB8Hl4.fl 
waaoBoro nepexo;zta B H80;ztHOPOAHOe COCTO.IIHl48. Hccne;ztyeTC.11 MO;lt81IL 8KCl4-
TOHHoro 148011.flTOpa, CO;ztepxautBH KBK npe;zt81ILH!i8 cnyqa14 MO;lt81IL c~ep 
(Pattc, 1970) 14 140;lt81IL OKT88APOB {illH68T8HH H ;itp., 1969), KOTOpue WHpo
KO 14Cil01IL8yllTCH npl4 0Ill4C8HHl4 ~880BliX nepexo;ztOB B xpoMe 14 ero cnnaBax. 

rnaBa cocTOl4T 143 qeT!ipex naparpa~oB. 
B § l onpe;zteneHa MO;lt81ILH8.fl Cl4CT8148 H C~OP14YJI14POB8H B8pHanl40HH!il 

llO;ztXO;zt,c IlOMOlltLll KOTOporo 14CCne;ztyeTC.fl TepMO;ztlllH81414qecK08 IlOB8;lt8Hl48 
STOLl CHCT8M!i. . 

MO;zt81ILH8H Cl4CT8M8 O;ztH03Haqao onpe;zt811.fl8TC.fl: 
a) 38KOH8Ml4 ;!tHCll8pCl4H 8118KTPOHOB B 068HX B38HMO;ztelCTBYlllllHX 148:E;zty 

co6ott aoHax "a" 14 "B"; 

6) MOlllHOCTLll peaepB~apa p , T.e. OTHOW8Hl4814 ll1IOTHOCTH COCTO.IIHl41 
H8B38HMO;ztelCTBYllllteLl Tp8TL8Ll 30Hli K nnoTHOCTH COCTO.flHl41 ;ztByx B881414O
;ztelcTBYlllllHX aoH; 

B) B!i6p8HH!il4 BHAOM npOCTp8HCTB8HHOI 38BHCHMOCTH napaweTpa nopa;zt~ 
KB 

LlCr),;; .6.{expCLQr)cos(i T)+eXp(-iQrJsLncto~, (8) 
➔ - ,1 ... 

r;zte 6.)q,\= j Q-2 ~ I H_ r .flBll.flllTCH peanLH!iMH B8pH8UHOHHIDUI na-
pa11.eTp8MH; Q - B01IHOBO.I! B8KTOP, onpe;it811.fllllltHLl npOCTp8HCTB6HHYll uo
;llj':L'Ul~ii .D.(r), (i - B8KTOP o6pBTHOLt pemeTKH; Q - HHTepno21Hpyll
lltHLl napaueTp ueQy npocTelwHMH THnall.H peweaatt - renHKoH;ztanLH!ill. H CH
Hyco11;ztanLHliM. 

Ilpe;ztnarae11.1il
0

8;lt8CL B8plll8UHOHH!il1 IlO,ltXOA COCTOHT HS Tpex nyHKTOB: 
I) Bliq.HC118HB8 B 601ILWOII. K8HOHHqeCKOII. 8HC811.6ne BSPHBUHOHHOro Tep

ll.0,ltHH814HqecKoro llOTeHUH8JI8 _Q_ (e,j\.l j 6., (l, 1 COS o); 
2) JUlHHII.H38nHH STOrO noTeHUl48118 npH ~KCHPOB8HH!iX xxwaqecKOM no

TeHnl4ane _.l" H UMll8pBType 9 ; 
3) Bli'll!CJI8HK8 CB060..ztHOl1 aaeprHH renLIII'01ILU8, npx ~KCKPOB8HHOH 

nomol IlllOTHOCTH axeKTpOHOB (T.e. ;zt11.fl BSSHMO.ztelcrByDIIUIX aoa a npa 
KOHeqao.l! MOlllHOCTH peaepByapa), qepea 0606D18HH08 npeo6p880B8HH8 le
Jt8HAP8, nonyqeaaoro B n. I 6onLmoro repMOAHHawaqecKoro noreHI.UIBH. 
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-
~11.fl paccuaTpHBaewott uo;ztena n. I aTott nporpa~ y;ztaeTc.11 pea1114ao

BBTL B 8H8lil4THqecxoM BH;zte B OKpeCTHOCTlll TPlllKP14THqecxol TOqKH ~H~muua, 
r;zte noeyqeHO B!ip8:E8Hlll8 All.fl _Q_(B1 fjli,~ ,cosr) B BH;zte p.fiAB no CT8-
Il8H.flll. napaueTpOB fl H 'I, • 

OT qopM!i IlOB8pXHOCT8ff ~epua 38BHCHT T01ILKO K08MJH.L!H8HT d_ nepe;zt 
qneHOM . q;'' 6.2. B paano:a:eHHH TepMO;ztHHSMHqecKoro IlOT8H.L!H8118 ( STO Bnep
B!i8 6!ino oTMeqeuo Eaxepou, 1982). 

• B § 2 npOB8;lt8H8 nocne;ztOB8T81ILH8.fl MHHHMlll88Ulll.fl B8plll8Ul40HHOrO TepMO
AHH81,114qecxoro noTeHl.lHana no napaueTpau 0, <\, lll 6. (n. 2 npe,llllOEeHHO
ro B8pHBUHOHHOro IlO;ltXO;zta). IlocTpoeHa ~830B8H ;ztl48rpaMMa B nnoCKOCTH 
( 9 1 JU) H IlOK838HO I qTo POA waaoBoro nepexo;zta HS napauarHHTHOro B 

H8COH8148p141406 (C14HYCOH;lt81ILHOro THna) COCTO.IIHH8 onpe,l{e11.fleTCH T01ILKO 
aHaqeHHeu KOSMJHnue HTa d. • l{11.fl d ~ d If- {r;zte d. * - HBKOTopoe KP14TH
qecxoe aaaqeH148) ueer uecro ~aaOB!il1 nepexo;zt BToporo po;zta, a ;zt11.fl 
cl)' d Ii' - waaoB!il nepexo;zt nepBoro po;zta. HaMeHaH ol , 11oimo HHTepnonH
poBBTL 1(8:EAY ABYK.fl 8KCTpeM81ILHliW! cnyqaHMH: c~ep14qeCKHX IlOB8pXHOCT8l1 
~8pMl4 (cl 0~) H IlOB8pXHOCT81 ~epMH, HM81lUUU ~OpMy OKT88;ztp8 (d_OKT)• 

C IlOHHllC8HH8M TeunepaTypu HM88T M8CTO BTOpott ~880B!il1 nepaxo;zt HS 
H8COl48M8pHMoro B COH3M8pHMO~ COCTOHHl4e,· KOTOputt ;zt11.fl 0~614X MO;ztenel .flB-
1IH8TCH nepexo;ztou ll8pBOrO po;zta, B8CLM8 aeqyBCTBlllT81ILHliM K (J)opM6 noBepx
HOCTeta ~epMH. 

Ilepexo;zt aa napaMarHHTHOro B COl43M8pHM08 8HTl4~eppOM8rHHTH08 COCTO
HH~e He 38BHCHT OT d._ H BC8rA8 HB11.fl8TCH ~830B!iM nepexo;ztOM BTOporo 
po;zta. 

B § 3 B!ill01IH8H n. 3 H31IOE6HHOH Blime cxew. B § 4 nonyqeHHHe pe
aynLT8Tli 06Cj'Z'A81lTCH B CBHSH C TeopHata xpoMa 14 ero Cll118BOB. 

0CHOBH!i6 peaynLT8TH, nonyqaHHHe B 3THX naparpaIDax, CBO,l!HTCH K 
C 118AYllllt8MY • 

Bo Bcex npa;ltli;ztylltHX pa6oTax, nocBH~eHH!iX Teopl4H xpo11a Hero cnna
BOB, 1IH60 paCCM8TpHB81ICH cnyqal ~KCHpOB8HHOro_f-l (peaepByap 6ecxo
H8qHol1 MO~HOCTH), 1IH60 WBKTHqecKH nepaCT8B11.fl1ICH IlOPAAOK onepaitHH B 
n. 2 an. 3. Ilpl4 HB11HqHH waaoBoro nepexoAa nepBoro po;zta no Jl KoHe~
mm peaynLTBT 38BHCHT OT llOP.flAK8 COBepmeHl4li 8Tl4X onepauHtt H npaBl41Ia
HliM .IIB11.i18TC.fl TOT peaynaT8T, KOTOp!il nonyqaaTC.fl npH co6nll;zt8HHH npe;ztno
E8HHOro Blime IlOP.ilAKB. 

C~epHqecxa.11 Mo;ztena Paaca ;ztaer HBHO BupaxeHHHI ~aaoB!iU nepexo;zt 
nepBoro po;zta, qTo npOTHBOP8llHT 8KCil8P14M8HTy, B TO BpeM.11, KBK MO;zten» 
OKTaa;ztpoB ;ztaeT waaoBul nepexo;zt BToporo po;zta. Cna;ztoBaTenLHO, T01ILKO 
npo11e:a:yroqaoe. (uex;zty d. cw. H cl oKT) 3HaqeHl48 d. MozeT o6ecneqHn 
aa6nll;ztaell.liff B :mcne!)RMeHTe waaoB!iit nepexo;zt nepBoro po;zta, "6nHaxal" 
KO BTopo11y. Taxoe aHaqeaHe d. cooTBBTCTByer qop11e noBepXHocTH ~8PMH, 
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llpOM8llYTOqHoi M8XJU' cwepol H OKT8S.ztpOM 1 ~O K8Jl8TCH WH3Hq8CKH BllOJIH8 
8 CT8CTB8HHUM. 

HaiurnHH MOIIIHOCTL peaepByapa, Hen1,aa Ha11eau1, po.zt ~_aoBoro nepexo
.zta. Bazao, 0,1U!8KO, qro IlOJIOJ18HH8 rpaHHn c11em8HHOA 41aau,(KOTOp8H Il0HB
JIH8TCH B llJIOCKOCTH 11 Te'Jmeparypa I paaifOCTI, KOHnenpanHH SJl8KTpOHOB H 
.ztUP01' 11

, CIUll,HO 38:SHCHT OT P • IlpH IlO,llXO;ztH!ll8M BHO'ope 'P I npH llOHHll8-
HHH TeKnepaTypu MOJIHO nonyqHTl, HYJEHYD nocne.ztOB8T8Jll,HOCTl, W830Blll: ne
p8XO,llOB: H3 napa11arHHTHOro B COH3118PHK08 Io1 IlOTOII B H8COH3118pHII08 8H
THweppo11arHHTH08 COCTOHHH8 .ztnH BHCOKHX KOHneHTP8nHlt Mn B Cr H H3 
napa11arHHTHoro B aec0Hawep1111oe 8HTHweppouerHHTHoe cocToHHHe .ztni HH3-
KHX xoHnearpenHR Mn HnH .ztJIH Cr-V cnnaBciB (§ 4). . 

~Jiff WIIKCHpOB8HHOlt KOHn8HTP8nHH npuwecelt,»eH:E.me H8KOTopolt KpHTHqe~ 
CKOlt, K8K llOK838HO B § 3, 'l, ( e) B03p8CT88T npH llOHHllt8HHH T811Il8p8Ty
pu HHJl8 eKp• B TOil CJiyqae, KOr.ztB JIOIIIHOCT:E. peaepByapa P~ 25,6, T8-
K08 IlOB8,ll8HH8 9,(9) HM88T 118CTO BH8 38B~CHMOCTH OT WOPIIU IlOB8pXHOC
T8lt ~epJtH. Bee ucnon1,ayewue .ztJIH xpowa Hero cnnaBOB aHaqeHHH p aa
Be.zto110 Y.ztOBJ18TBOpHDT ST011y·aepaB8HCTBy. 

C ,llpyrolt CTOPOHU, .ztnH peaepByapa O'OJI!,mOlt JIOIIIHOCTH (T8K8H CHTya
nHH ae peanitayerca B Cr H ero cnnaBax) q, (8) yO'uBaeT c noHne
HHBM T8Wl8pBTypu H B npe.ztene p=CO STOT peayJI:E.TBT cornacyeTCH C 
peayn:E.T8TOM .ztpyrHx 8BTOPOB (HBKBHHmH H MBKH, 1972). 

Tp6Tl,H rnaBa nOCBHII18H8 HCCJl8,llOB8HHD B38HHHOro BJIHHHHH aneKTPOH
,llUpoqaoro H KynepOBCKOrO Cll8PHB8HHH. 0H8 COCTOHT H3 IlHTH naparpBWOB. 

B § l onpe.zteneHa MO,ll8Jll,H8H CHCT8M8. CBepxnpoBO,llHIIIHlt waaoBUlt nepe
XO,ll yqHTUB88TCH B pawxax TO'lllO pewaewo~ 110,ll8JIH EKW-EorOJIDO'OBa, ra
MHn:E.TOHHBH B38HMO,It8RCTBHH KOTopolt 8.ll,llHTHBHO ,ll00'8BJl8H K TOqHo pewaewo
wy raMHn:E.TOHHBHY, OilHCUB8DII18MY aneKTPOH-,llUpoqHyD H CTPYKTYPHYD Heyc
TOltqHBOCT:E,. ~OK838T8Jll,CTBO TOqHolt pemae»OCTH H HCCJl6,llOB8HH8 T8pMO,llH
H8MHqecxoro IlOB8,ll8HHH STOit CHCT8MH OCHOBBHO. HB MAr. 

B § 2 B HBHOM BH.zte nonyqeHO npeoO'paaOBBHHe, yqHTUB8DII188 O,llHOBpe
M8HH08 SKCHTOHH08 H KynepOBCKOe cnapHB8HHe H ocy111eCTBJIHDl1188 nepaxo.zt 
K HOBl,lll KB83Hq8CTHna». 3.zt8Cl, nonyqeH cneKTp STHX KBaaHqacTHn H Buquc-. 
Jl8H O'on:E.molt T8PMO,llHH811HqecK~I llOTeHnHBJI 

_ri (&J.f()= 'm~n. lim ..n.v (e ,JU-; L\,S), (9) 
(6.S) V....,C/.J 

r.zte /::,. JI S - COOTB8TCTB8HHO 3KCHTOHHUI H CBepxnpoBO.zt.RllUllt napawu-
pu nop.R,llK8. ~anee HB O'aae (9) B §§ 2-4 HCCJI8,llOB8HO T8pMO,llHH8MH-
qecxoe llOB8,ll6HH6 CKCTBMH npH paanHqaux HCXO,llHUX napaMeTpax MO,ll8JIK. B 
§ ,2 B cnyqae HBllOJIOBHHY 38llOJIH6HHOlt 30HU (}l=O) HBl;t8H8 oO'naCTl, co
CYIIl8CTBOB8HH.R SKCHTOHHOlt H CBepxnpoBO,ll.RII18lt ~ea. CYII18CTBOB8HH8 CMemaH-
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HOit waaH WHSJiqecxx oO'ycnOBJl8HO Te», QTO BenuqHHU SHeprHH (.J.t) H w, 
X8p8XT8pH3YD~HX lllll:pmIH o6JraCT8H,B KOTOpIDC npOHCXO,llHT KynepOBCKOe H 
SJl8KTpOH-,llllpO'lll06' Cll-8pHB8HH8, CWU.HO pa3JI.lltlaJJTCH. IlpH 9: Q SKCHTOH
H8H JI CBepxnpoBO.zt.RIIIBH II18nH B}lqHCJl8HH B HBHOM BH,ll8 H llOK838HO, qro 
068 ~830BHX nepexo.zta KOBKYPHPYDT .ztpyr C .ztpyrow. 

B § 3 paccwoTpeH cxyqalt BeHanonoBHHY aanonHeHHOlt aoau (J-(#0). 
8.zt8Cl, anpoO'HpyeTCH CJI8.ztYDlll8.R H,ll8.R (KonaeB,1970, MSTTHC-Iaarep,1970): 
ecnH YPOB8Hl, ~epMK nocne ,llHSJl8KTPH38nHH 3Jl6KTPOHOB H8XO,llHTCH BH8 ,llH
aneKTpHqecxol ~eJIH, TO CBepxnpoBO,llHII166 cnapHB8HH8 npoHCXO,llHT H8 qioHe 
llOBHmeHHOlt nnoTHOCTH COCTO.RHHlt, qTo MOEeT npHB6CTH npH onpeAeJIBHHHX 
YCJIOBII.RX K IlOBUlll6HHI) RPHTHqecKoll T8Mil8p8TYPil CB6p_xnpoBO,ll.Rlll6rO nepexo
,ll8 9s . 

B aT011 naparpawe nonyqeao H npoaaanHaHpoBaHo paanoM8HHe RaH.ztay 
,llJIH BapuanHOHHoro T8PIIO,llllH8MHqecKoro llOT8HnH8Jl8 B OKpeCTHOCTH Toqx11 
( 9 ,F), B KOTOpott Tewneparypa 1!HCTOro CBepxnpOBO,llHi1(6ro nepexo~a 

npH6nH3HT8Jll,HO P8BH8 T6Mil8paType qHCTOro SKCHTOHHOrO nepexo.zta. 8TO 
paanox8Hll8 llMBeT CJ18.ztYDi11Hlt BH.zt: 

il°(0,JU)= i20 ce,JU) +a.1 (e.Jt4).d + a.4(0,f!)ll4 + 
+ tz(e,y-i)Si + ~/0,JU)S't + C (~fU)/1

2 
S'-. (IO) 

B 00'111ew BH.zte, KOr.zta KOS\Wllln11eHTH SToro -.ztByxnapaMeTpl!qeCKoro p83JIOE6-
HHH .RBJIHl)TCH qJ6HOM8HOJIOrHqecKHMH napaweTp8MH,OHO llCCJl8,llOB8JIOCl, p83HH
MH 8BTOp81lHo 3.zt8Cl, HB OCHOB6 .RBHOrO Bllp8lK8Hl!H ,llJIH 3THX ROSilJqJllnHBH
TOB, nonyqeHHUX B P8MK8X MHKPOCKOnHqecxoa MO,ll8Jlll, yCT8HOBn8HO, qTO· 
BO BC8R o6JraCTH,r~e cnpaB8)l;JIHBO (IO),.llM88T M8CTO CJiy'Iaii 60Jil>IIIOrO IlOJIO
llHT6Jll,HOro B38HMO,ll6ltCTBHH M8lK.ltY Il8P8M8Tp8MH IlOPH,llK8, C. ( 9, J") )> > 2 [a.4(9,JU) fb't (9.if)Jt. 0TC¥J.zta cne;lyaT, irro npll 0.'1(0,JU)>G i 4(0.\U) ;>O cwewaauaa 0 b.S 1 

- ~aaa Bcer.zta COOTB8TCTBY8T noR8Jll,HO
wy M8KCHMYMY B8pH81U!OHHOro T6P¥0.ztHH8MHqecKoro noTeHnHana. 

KaKBH H3 ,llByx W83 ( ~ HJIH 5) COOTB8TCTByeT MllHHJlyMY, 38BHCHT 
OT 3H8K8 p83HOCU _Q_ (e.~;O.S)-_..Q.(e,,u;n.o), npHqew CM8H8 waa 
npo1cxo.ztxT nyTeM ~aaoBoro nepaxo.zta nepBoro po.zta. HaweHeHHe napaweT
poB IlOPff.llK8 6 H s (H8 nHHBH aroro nepexo.zta) npOllCXO,llHT CKaqK011; 
B8JIHqHH8 STXX cxaqKOB paBH8 

[~ 1~ (29/'1,)½['1 + (:3r/2q,)(f/eY-J (e-e)\ 
. _ 4 - ,).! i/ \/ (II) [5] ~(20/q,)"2(0-0/·J CJ,=7C(3)An ,r=31i(5'JJ1611". 

ACIMllTOTHqeCKHe \IX>PMYJIH (II) HB.11.RMCH npaKTHqeCKH TOqHliMH (c OTHOCH
renoHOlt TOqffOCT!,D l□-3) BllJIOTl, .ztO f/'e = o,s. 
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Taxm, o6paaow, ToqKa (0. F) irnrui:eTCH 6HKPHTHllecKoii ToqKol, 
T.e. ToqKott, B KOTopolt ,llBe JIHHHH qJ830BliX nepeXO,llOB BToporo po,zia 
( N-S H N-bi.) napaxo,ziaT B JIHHHIO qiaaoBoro napexo,zia napBoro po,zia 
( bi.-s ) . B OKpe CTHOCTH STOii TOqKH SKCHTOHHlil H CBepxnpOBOAHll!Hlt qiaso
Bue nepexoAU no.itaBnHIOT ,1tpyr ,1tpyra. 

.8 § 4 npOB6,lt6H 8H8JIH3 nOB6,ll6HHH CHCTEUIU B nnOCKOCTH ( 8, 'Yl) • IIO
K838HO, qTo H8 nHHHH qJ830BOrO nepexo,zia nepBoro po,zia nnOTHOCTL KOHUeH
Tp8UHH sneKTpOHOB H3MeHli6TCH CKaqKoM, paBHml no a6conIOTHOlt BenHIIHHe 

[n]=2(}i/e)[~+Cr-/q,)(f/eiJ<e-e)/w. ,12> 

W - napaMeTp o6pesaHHli MO.itenH. Ha STOit nHHHH l!HCT8H 5 - qiaaa H 
qHCT8li /);. -qiasa H8XO,ltHTCH B COCTOHHHH T8pMO,ltHH8MHqecKoro p8BHOB8CHH 
H ,Jtnli nI06ott' 38,lt8HHOtt K~UeHTP8UHH sneKTpOHOB \'J B HHT6PB8Jl8 'n4 ~ 

~ yt ~ Yl.., npH 0 < 9 B CHCTeMe paanasyeTCli CMeCL A+S qHCTOil 
SKCHTOHHOlt H qHCTOlt CBepxnpOBO,ltH11!8lt qias. 8TOT paaynLT8T HBnHeTCH npH
llliM cne.ztCTBae11 HanHq1rn qiasoBoro napexo.zta nepBoro po;11a no JU • lllHpHHa 
,llByxqJ83HOt\ o6naCTH rrpoIIO!)UHQHaJII,Ha [n] (12) H y:BenHllHBBeTCH C l308-
pacT8HHeM jij/ f) • 

H l3 STOil cnyqaa CBepxnpoBO;!IHll!Hlt H SKCHTOHHlil qJ830Blie nepeXOAU 
KOHKYPHPYIOT ,zipyr C ,zipyrou, qTO npHBO,llHT K noHHE6HHIO KpHTHqeCKOlt T8M
nepaTypli 0;11noro nepexo;11a HJIH Hero no1IHOMY no,zia:BnaHHIO na qione ;11pyro
ro. 

IIOK838HO, qxo H .zina paccM8TPHB8eMolt B STOit rnaBe CHCT61lli o6cyJK,IJ;aB~ 
mrurCH YE8 H6KOMllYT8THBHOCTL onepauHlt H8XOEAeHHH MHHHMYMOB no B8pHa
UHOHHlill napaMeTp8M H nepexo.zi OT 6onLmoro K8HOHHqecKoro K K8HOHHll8CK0-
1,1y 8HC8M6nIO CYll!6CTBeHH8. BcKpliT8 npHqaaa STOit HeKOMMYT8THBHOCTH -
H8nHqae H8 qJ830BOlt ,JtHarpauiAe B nnOCKOCTH ( 0~,r-t) 6HKPHTHqeCKOlt TOqKH, 
qTo noaBOJlHeT T8KE6 onpe.ztenHTL 06JI8CTL npHM8HHMOCTH pasnuqnux npH6JIH
E6HHliX cxeM HCCJ18,llOB8HHH. 

B nOCJ16,ltH8M § 5 YCT8HO:BJieHa BS8HMOCBfi3L ll8E.zlY K~,ll8JIHMH 8;11;!\H'l'HBHO
ro H H68;!1AHTHBHOrO THna. Hccne;!IOB8HH8 nocne;110ll8T6JILHOrO lllil30,lt8 ra
MliJII,TOIDialia EKlll-Eoro.mo6oBa npn: , H8JIHllllH CTPYKTYPHOlt neyCTOlllllBOC
TH yK83lil38eT H8 llOHBJ16HHe HBHOlt 38BHCHMOC'l'H "KOHCT8H'l'li" CBepxnpoBoia-
11!6rO B38HMO,lt6ltCTl3HH OT napa11eTpa HCK8~8HHH pemeTKH H H8 HSK8H8HH6 ero 
onepaTOPHOI CTpyKTypu. Tell He M8Hee I npH BHnOJIH8HHH ycnOBHH (J.J) >> fl 
( c..,.D - aneprHH o6pesaHHH KynepOBCKOro cnapHB8HHH) ,llOCT8TOqHo xopomHK 
npH6JIHE8HH6K HBJIH8'l'CH r8MHnLTOHH8H 8,lt.JtHTHBHOro THna, KOTOplil CYKW!py
eT a\W)eKTli KynepOBCKOro cnapHB8HHH, B88HMO,lt6IC'l'BH6 C Bli,lt6Jl6HHOlt qJOHOH
HOI KO.itOlt H M6Z30HH06 cnapHB8HH6. 

B qeTB6pTOlt rnaBa HCCJ16.zlY8TCH o6naCTL npHM6HHKOC'l'H npH6nwceHHI 
'l'Hn8 cpa,ziHaro llOJIH B OKP8C'l'HOC'l'H pa3JIHllliliX MYJILTHKPHTHlleCKKX TOll6K. 
8Ta rJiaBa COCTOllT lI3 ]1}3yx naparpag)oB. 
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B § l .llOJiyll6H8 QU8HK8 mHpHHli qinyKTYBUHOHHOlt 06JIBCTH B 0Kp8CTHOCTH 
TPHKPHTHqeCKOlt TOqKH !HqimHua. ii OKpeCTHOCTH o6uqHolt TpHKPHTHqeCKOlt 
TOqKH '1'60PHH !BHABY npHM6HHM8 BnnOTL AO KPHTHll6CKOlt TeKnapaTypu. Hao-
6opoT, HBJIHqHe HB qJ830BOlt ,ltH8rp81U16 MYJILTHKPHTHq6CKOlt TOqKH !HqimHUB 
3qlql6KTHBHO ymHpHeT qinyKTYBUHOHHYIO o6nBCTL. Mo.itenL SKCHTOHHOro HSOJIH
TOpa HBJIH8TCH npHMepo1,1 CHCT8MU, B KO'l'Opolt peaJIIISYJl)TCH o6a THna. llYJIL
THKpHTHqeCKoro IlOB6,lt8HHH, npHqe1,1 HMeeT MeCTO CBoeo6pa3H8H KOHKypeH-
UHH, T8K KBK TPHKPHTHqeCK8H TOllK8 H TOqKa !HqJWHU8 COBnBASIOT H8 qia-
30BOlt ,ltHBrpalOle. 

,1lna mHpHHH qinyKTyauHOHHOii 06Jl8CTH cz;' =: \ ( e- ek'p)/ ekp \ B TpH
KpI4THll8CKOlt TOl!Ke !HqJWHU8 ( 0\ f*) IlOJiyll6H8 OUeHK8 1:-v (:11'0,.p/Ep)\ 
BM6CTO ?:~ (J7 01ep/f:p) ~ KOTopaa, cnpaBe,llnHB8' Kor,zia l!HCJIO aneKTpo
HOB paBHO l!HCJIY ,ltUpOK. IlonyqeHH8H OU8HK8 ,lt1IH "t° noKB3UB88T, qTO no 
CBOHM qinyKTY8UHOHHUK CBOiiCTB81l SKCHTOHHHlt qJ880BUlt nepexo.zi 88HHM86T 
npouexyToqH06 K6CTO uei,Jty uarHHTHHMH H CBepxnpOBO,llHll!HMH ~830BUMH 'ne
pexo,JtaMH. IIOK838HO, llTO B8PXHHH KpHTHqeCK8H paaMepHOCTL d.c = 6, B . 
OTnHqHe OT o6ul!HOlt de =4 .itnH TeopHH THna lf 4. TaKHM 06paso11, B oKpecT
HOCTH TpHKPHTHqeCKOlt TOqKH !HqiWHUB qinyKTY8UHOHHli6 3qlq)BKTli CT8HOBHTCH 
Cyll!eCTBeHHHMH. 

B § 2 HCCJ16.ltYIOTCH qinyKTY8UHOHHU6 8qiqi6KTU l3 CHCT6M8X C .zlBYMH B88H
MO,lleltCTBYIOll!HMH napaM8TP8MH nopa,ziKa. 

BOSKOXHOCTL ymHp6HHH KpHTHlleCKOlt o6naCTH cna6o qinyKTYHPYIOll!8rO no
JIH 88 cqeT B38HMO.zteltcTBHH C CHnLHO wnyKTYHPYIO~HY noneu ,llJIH qaCTHoro 
cnyqaa rpexMepHoro qieppoMarHHTHoro CBepxnpoBOAHHKa BnepBue 6una OTMe
qeHa XopHpatt,xo11 H illyCTepOM (1979). 

B ,namJOM 'rraparpaipe llOCJ16,ltOB8T6JILHO nonyqeHa' OU6HK8 ,ltrui mHpHHli 
KpHTHlleCKOlt o6naCTH B p8KK8X MO,ll6JIH C sqiqieKTHBHUM r8MHJILTOHH8HOM:. 

Jf{¢ •. ¢,."\ =-½Sc!if a~(R
2
+ c1<v¢.)'+2u.1¢: + a.~¢:t+ 

. + Cz (V(p
2 
)2"-i-2 U2. cp2 + 4 W <P: Q)~], (13) 

r.ite ll8p8M6TPU nopH,JtKS Q)4'=,<P,(X) II ¢ 2:::¢2.(X) HBJIHIOTCH 'Y\1- H 'Ylc 
KOMilOH6HTHliMH peanLHliKH IlOJlHMH. K08qiqJHIUICHTli U~=<X(9-Qc0

) 0~0
~l'IO . , • I • ~, O'Ca J 

Ct , Ut H W C11HT81l'l'CR, KaK o6ul1Ho, aHaJIHTHqecKHKH qiyHKilHHllll 
T6pKO,llHR8MHll8CKHX nspaMeTpOB CHC'l'8Kli. 

8TB ,llByxllOJ18BSR KO,lt8:JlL IIIHPOKO IICllOJII>3Y6TCH B T80PHH qi830BUX nepe
XO,llOB. OHS OIIIIICUB86T KSK.6HKPH'l'HqecK08, T8K H T6'l'p8KpHTH116CK06 llOB6-
,lt8HH6. 

BH'mCJI8Hli o6paTHG8 KOpp~omme qi~ Wifi nOJielt: Cf>L C 'l'Oll
H OCnIO .llO. nepnoro nopH,JtKS no ll8l)8M8TP8K { -u •• 'vtz. H W ~ II IIOJIY'I8Hlil 
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OU8HKH .ztnH WHPHHH KPHTHqecKoll o6nacTH CHCT8UH B Heynopl!,1toqeHHOll wase 
K8K B 6rucpHTHqecKOll H T8TP8KPHTHqecKoll TOqKax,TaK H B HX OKpeCTHOC
THX. 

HanpHuep, pasuep KPHTHqecKoll o6nacTH B cauon uynLTHKpHTHqecKoll 
TOqKe eC Oilpe.ztenH8TCH BlipaE8HH8M 

(4-d)/2 { 1 . I 0-9cl ~max {12:td . 2<d. < 4 (14) 

r.zte 

I 'Yl-1+2 . [ 'Yl2. cl.;w( V01 )d] 
t-ii= _,2 Va u., 1 + 'l'l -r2. ~ u J:02 , {15) 

°'-• ~ 2 1 . 1 ., Of 

a WYHKUHH { 24 nonyqaeTCH saueHol'I (1~ 2) B fu . . B (15) 'fot=(c-../ci.J 
- KOppenHUHOHHJ,18 .ztnHHH o6eHx Il0,ltCHCT811 ( ¢L, i,:::.-1,'2) npu OTCYTCTBHH 
BS8HUO.zt6llCTBHH, T.e. W=O. EcnH wnyKTY81.lHOHH8fi o6naCTL O,ltHOro waso
~oro nepexo.zta sHaqurenLHO mHpe .ztpyroro, HanpH11ep V01 >> ~o2., TO HS 
(14) H (15) BH.ztHo,qro mupHHa WllYKTYBl.lHOHHOtl o6nacTH nonH c:p1 saBH
CHT OT KOppenHl.lHOHHOJ.l .ztnHHH ~02. (B118CTO 101 ! ) ' qro B c1rny HepaBeH
CTll8 ~O\» ~02. npH.BO,ltHT K ee ymHpeHHIO. . 

9TO CBoe o6pa SH08 11 pas.ztyB8HHe II WIJYKTY8UHOHHOit o6naCTH B OKpe CTHOC
TH uynLTHKpHTHqeCKHX ToqeK MO~eT SHaqHTenLHO o6nerquTL aKcnepHUeH
T8HLH08 H86nJOA6HHe aitx»eKTOB, CBHS8HHHX co CBepxnpOBO,ltfi~HMH WJIYKTY8UH
HMH. nnH aroro H806XOAHMO illl8TL Be~eCTBa, B KOTOpux Teuneparypu 060HX 
~asoBux nepexo.zto.B (cBepxnpoBO.ztH~ero H uarHHTHoro, cBepxnpoBO.ztH~ero H 
CTPYKTYPHOro, CBepxnpoBO,lt~ero H 8KCHTOHHOrO H T • .zt.) 6nHSKH_~ 

IlHT8H rn8B8 CO.ztepEHT HCCH8,ltOB8HH8 WllYKTY8UHOHHHX CBOitCTB CHCT8M C 
.ztBYUH B88HU0,1tet!CTBYIO~HMH napaMeTp8MH IlOPff,ltK8 M8TO,lt0M t:-pasno~eHHH 
BHnLCOH8. rnaBa COCTOHT HS .ztBYX naparp8WOB. 

B § 1 06CyE,lt8IOTCfi KPHTHqecKH6 CBOJ.lCTB8 ABYXnoneBotl UOA6HH (13). • 9TB UOA8HL HsyqanacL UHOrHMH 8BTOP8MH,H B nepByJO oqepeAL, KocTepnH-
ueu, HenLCOHOII H ~Hmepou (KH~) (1976). 3.zteCL YK8S8H cnoco6 qHcneHHOro 
BYqHcneHHfi KpHTHqecKHX HHA6KCOB AHH 6HKOHHqecKoA H reJ.taeH6eprOBCKOtl 
HenoABHEHHX ToqeK. qHcneHHlie sHaqeHHH AnH KPHTHqecKoro HHAeKca O H 
HH,lt6KC8 KPOCCOBepa g,(n,,'1i) npHB8,lt6HH B T86nl!l.\8X .ztnH 3Haqemitl 
qffcna KOIIIlOH8HT (CHIIU8TpHl'IHHX HH,lt6KCOB) nonetl 'Yl1 =l+IO, 'Yl2. =l+IO, 
KOTOpYe npe.ztCT8BllHIOT HHTepec C roqKH speHHH 4>nYKTY8UHOHHOrO cocy~ecT
BOB8HHH .ztBYX W83• 

B § 2 npOAOnE6HO HCCne.ztO.B8HH6 KpHTHll6CKOPO nOB6,lt8HHH 8TOtl MOA6?!H 
B npHCYTCTBHH wnyKTYHPYJO~ero uarHHTHOro nonH. MeTOAOM C -pasnOE8HHH 
HCCn6Aj8TCH cneAjJO~Htl a~eKTHBHHl'I rauHnLTOHH8H! 
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J\-{4', 4),.A1=- jd. x{Q\ 4'(x)\\ 'tvl(carad.-LioA(x))~(xJl2 + 

+ e"'\4'cx)\\-~ frotJhx)]2°+ .r. ~~x) + ~[cyad. lf1cx-JJ2.+ z 8:rr 2 2 (16) 

+ ~" <p"cx) + ~ (() 2<x)\YJ<x)I'}. 
PA8 4'(x)-('l'l,/2)- KOMnOH6HTH08 ~M~Jl6KCH08 none (OC50C5~eHHe CBepx
npOBOAH~ero napaMeTpa nopHAK8), .A.( x) - BeKTOPHHil noTeHu11an MBPHHT
Horo nonH H \f'(X) - trl. -KOMilOH6HTH08 peanLH08 none (o6o6~eHH8 8KCII
TOHHOPO HJIH CTPYKTypHoro napaueTpa nopHAKa). KaK 061,1qtto, Cl= 
::a'[(S-841)/911-1 , r= r'[(0-8q,)/0q,]) q,o= 2e - YABOeHHHl1 
sapH,ll S1I6KTPOH8 (none lJ.I cqHT86TCH 11S8pHlKeHHhlM11 ), napaMeTpli fl,<V, fl,cp 
c,r'f, Olf - 8H81IHTl!qe~KHe ipyHKUIIH TeMnepaTypu H d..i1'"J\(X)=O, , 

3aMeTHM, qTo ranLnepHHHM, ~DC5CHCKHM H ~a (r~M) (1974) 6una BhlHB
neHa B8XHOCTL yqeTa BHHHHHH \l)nyKTyau11n uarHHTHOrO Il01Ifi Ha CT8TIICTHqe
CKH6 CBOJ.iCTB8 C:BepxnpOBOAH~ero W8SOBOrO nepexo.zta B T0~6 (< 1-1) = 
= 0 , 0Kp ) , r.zte < H) - cpe;nHee aHa:,amrn EpH:rHqemrnro nonH. 

YqeT 8THX 4>JIYKTyau11n npHBOAHT K HHTepeCHOMY 8qql6KTY - nOHB1I8HHID T8K 
HBShlBaeMoro wasoBo_ro nape xoAa 11 cna60 nepBoro" po.n;a BuecTo o6uqHoro 
wasoBoro nepexo.zta BToporo poAa. 

IloCKOnLKY MOAe_nLH8H CHCTeMB (16) HBRHeTCH 6onee OC51l!6l'I, nonyqeH
HHe B nepBOM ITOPHAK6 no ~ peKyppeHTHHe COOTHOW6HHH co.ziepxaT B ce6e 
K8K qaCTHlie cnyqaH peKyppeHTH~e COOTHOWeHHH AHH ABYX BS811MOAetlcTBYIO
lllHX none« (npH q,o= 0 ) H A1IH 11 CBepxnpOBOAH~ero nonH11 npH H8llffqffH 
\l)nyKTYHPYD~ero uarHHTHoro nona. 

IlpoBe.zteHHYl'I 8H8llHS noaBonHn KnacCHWHUHPOB8TL p83JlllqHYe THilli Heno
ABHllHHX ToqeK H ycTaHOBIITL COOTBeTCTBYID~He o6naCTH CT8011nLHOCTH H8 
IlllOCKOCTH (Yl, Yn) • B qaCTHOCTH, yCT8HOB1IeHo, qro He cy~eCTByeT CBH-
88HHOtl OAHOBp6M6HHO C noneu ~ H C noneu ~ HenOABHXHOit TO~H Allfl 
Tex SHaqeHHl'I CHKMeTpHllli~X HH,lt6KCOB 'Yl. H 'W\ , KOTopue COOT.BeTCTBYIDT 
CBepxnpOBOAHlllllll H CTPYKTYPHYM (HnH 8KCHTOHHHM) napaueTpau nopH,ltK8. 

CneAOBBTenLHO, B TOM cnyqae, KOr.zta OAHH HS napaueTpOB noptmKa(tf) 
HM66T a\l)(fieKTHBHHtl sap!i.zt (Jo 'F O , KPHTHqecKoe noBeAeHl!e CHCT8Mhl Heyc
TOtlqHBO K B03UYlll6HHHM,CBHS8HHHK C IlO!iBH6HH6M uarHHTHOro nonH. 0TCIO,lt8 
BHT6K8IOT cneAyD~He pesynLT8Thl: a) B CHCTeue H6T TeTp8KPHTHqecKoro no
BeA8HHH, T.e. H8 WSSOBOit nnOCKOCTH OTCYTCTBYDT TQqKH nepeceqeHHfi ABYX 
nHHHJ.i wasoBoro nepeXOA8 BTOporo POA8, 6) OTCYTCTBHe HenOABHZHOtl TOqKH 
6HKpHTHqecKoro THna npHBOAHT K TOMY, qTo H8 waaoBotl AH8rpauue OTCYT
CTBY6T H TO'IKa, B KOTOpotl 1IHHHfi wasoBoro nepeXOA8 nepBoro POAB pasBeT-
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B11HeTCH HB 'AB6 11llHllll g)830BOro nepeXO'AB BTOporo PO'AB. TaKHM o6paaou, 
8CJlli B ,I{aHHOH CHCT8M8 B03MOliUIO COCYJ!l8CTBOBaHH8 o6eruc \l?a3 4' ! ll \f , 
Tq 0611aCTb COCY!lleCTBOBBHHH He l40llt6T 6UTb orpaHuqeHa T011bKO 1IHHHHMR 
g)830BOrO nepeXO'A8 BTOporo PO'AB· 9TO noBe'A6HHe HB11H6TCH C118'ACTBH614 To
ro g)8KT8, qTo B6KTOPHNil nOT8HI.\H811 H3146HHeT 11HHllD (})830BOrO nepeXO'AB 
BTOporo PO'AB ( CBJI3rumyIO C noneM 4' ) HB 11HHHD tlJ830BOro nepeXO'AB "cna-

11 
60 nepBoro po'Aa· ( a~~eKT rJIM). 

nnH CHCT6ll C 'ABYllH napaMeTp8MH Il0pfi'AK8 lll488T MBCTO·YWHp8HH6 ~nyK
TY8UROHHOtt 06118CTH CBepxnpOBO'AHlllBro g)830BOro nepeXO'A8 B OKpeCTHOCTH 
TOqKH e'\' ~ el{'• MOlltHO Il01!8r8Tb 1 qTO ~g)BKT I'JIM, KOTOpUtt B CBepx
npOBO'AHlllHX CllCT6M8X 3KCnepHM6HT8llbHO noKa ell(e·He H8611D'A811CH H3-3a IDC 
qpeaBuqattHO yaKOil KPHTHqeCKOtt o6nacTH, B CllCTeMBX c 'ABYllH napaueTp81.tH 
IlOPH'AK8 B OKpeCTHOCTll TOqKH 0'¥"-' el{' L!Ollt8T 6UTI> 06Hapyllt6H npO!ll8o 

B W6CTOil rnaBe HCCll6'AY6TCH l40'A6llb CTPYKTypttoro ~830BOro nepeXO'A8, 
o6ycnoBneHHOro o6p811(6Hll8ll B HYllb qaCTOTU KPHTHqeCKOtt MO'Alio 0H8 6una 
ripe'A110llt6H8 (lliH6H'A6P, illT011 H Bex, 1975) B CBH3H C T8M, qTo 'A11H Hee 
npa6nHE6HH8 cauocornacoB8HHUX ~OHOHOB A88T ToqHoe peweHH8. illH8H'A8P H 
'AP· paccuoTpenH KJiaCCHqecKHtt B8pll8HT MO'ABllll. MO'A811b coqeTaeT B ce6e 
OTHOCHT611bHYll npoCTOTY C B03l40lKHOCTHl4ll TOqfiOro OnHC8HHll 6011bWHHCTB8 
CBOttCTB aayqaeuux B TeOpllll g)830BblX nepexO'AOB: 38BHCHMOCTb KpHTHqecKO
ro nOB6'A6Hllll OT paauepHOCTll npoCTpaHCTBB, H811llqHe TeMnepaTypHOil o6-
118CTH C p83BHTNMH CT8THCTHqecKHllll ll KB8HTOBUMH g)11YKTY8UHHMH H T.'A. 
3aueqaT611bHNU ee CBOHCTBOM HB11ll8TCH TO, qTo, no-BH'AHMOMY, OH8 llBnllBT
CH B'AllHCTBBHHOtt KBBHTOBOtt UO'A811bD B CT8TllCTHqecKott M6X8HHKB, KOTOp8H 
TOqfiO pewaeTCll 'A11H BC6X paauepHOCTeil npoCTp8HCTB8 d, H B npHCyTCT
BHll BHBWHero nonll. rnaBa COCTOHT H3 qeTupex naparpa~OB. 

B § l OilP6'A6118H8 LIO'A811bH8H CHCT6M8, raMH11bTOHHBH KOTOpoil HMCBT 

BHA PO ft ,.. 2.) ~ I ,. "' 2 e, r- ... 2)2. 
Jt =tLC-n -AQe +4 L cp(t-f)(Qe-Oe1+4N\LQe (17) ... ... t tt' e , 

r'AB Qe,_ H Pe. - onepaTopu Cl48lll6Hi,1H H HMilY11bC8 qacT~U C uaccott 'Wt 1 

H8XO'Alilll8HCH B e -M yane cl -uepHOli peweTKH H A = m ))02 > 0 • Ilapa-
KBTP B/4,N KO'ABIDlpyeT 6ecKoHeqgo cna6oe (npH qucne qacTHU N➔ OCJ ), 
HO c 6ecKoHeqHNM PB'AHycou aHrapuoHuqecKoe BaaHMO'ABilCTBHe • .JO d 

3.l{BCb IlOCTpOeH annpoKCHMHPYDlllllil rBMHllbTOHHBH ll0.1{611ll -J1. 0 ( ~) , 

38BHCHlllllH OT BBPHBI.\HOHHOrO napaueTp8 A I C noMOll(bl) KOTOporo BUqHcnll
eTCll T6pMO.l{llH8llHqecKHil nOT6Hl.lH811: 

r (e i\)= f,tmL5l.in Trexp(-!£
0 

)l=maxlimLZtnTrexp(-~l11s) 
j , N➔C/.ll N 1 D. t.J-,<,01 ~~ 

r.ite J.=ti'o/mzYo~ - napaueTp KBBHTOBOCTH U0.1{811H. 
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BBHAY Toro, qTO :lf"(A) llM88T nceB'AOrapMOHHqeCKllil Bll'A,IlP8B8H qacTb 
(18) BuqucnaeTcH B HBHOM BHAe. AoKaaaTenbCTBO paBeHCTBB (18) npoBo
'AllTCH IlOC11e'AOB8T811bHO B KllBCCllqeCKOM ( .;\ = 0, 0kp "> 0 ) ( § 2), IlpOMe
Jl(YTOqHOM (.!i>0_,9l<p) 0) (§ 3) ll KB8HTOBOM (j\>0,0Kp=O) (§ 4) 
peiimuax. Ilpll 3TOM Cyll!BCTBCHHO onpe,!{8JI9IDI9. acm,'lIITOTli'IeCKOro IIOB9,!{9HI1fl 
(npu oonbmllx N ) peweHllH l'::.N ypaBHeHHH .z1na Bapviaur10HHOro napaMeT
pa. 

B § 2 paCCMOTpeH KnaccaqecKHil peJKHM ~=O. BhlqncneH TepMO,llllH8Mll
qecKHil llOT8HI.\H8ll t (.;\= o. 0) ll ,llOK838HO' qTo nonyqeHHOe :irnpaJKeHll6 HB
mieTCH TOqflhlJJ B TCpllO'AllHBMllqecKOM npe.11ene 'AllH BCex ct • Ilo,llpo6HO llC
cne,llOBBHO TBPMO,llHHBMHqecKoe noBeAeHHe MO,ll611H U ee KPllTll'l:6CKlle CBOHCT
B8 B BBJKHUX cnyqaaxd = 3 H 4. B qacTHOCTH, Bu'l:ncnettu KpllTHqecKae HH-

_. d-2 · g:-:. d-2 p=- ._(2<d), 
.iteKcu: {~ 1(2<d<4)_ . rd+2 ,(2<.ck4), ,f 

0 - -1 • ( dq4) , . l ?> , (d::>/4), 2 
(19) 

npaqeM. npa d =4 r H O llM6IOT norapH~MllqecKH8 nonpaBKH. B HBHOII 
BH.ite nonyqeHo KPHTHqecKoe ypaBHettvie cocxoiiHHH h"'Y/.l'1'/l 8•ic;.(,,:/17t1/P) 
r.11e h - BHeWHHe nona, '>7.. - napaMeTp nopHAKB (c11eU1ettr1e), 4 f:l)=- J 

=-(Hi)" - qiyHKUllH no.z106HH (CK8Hllr!Hra) ll 1: =[(0/0.rp)-1] • TeM 
CBMUM IlOK838HO, qTQ B KnaccnqeCKOM npe.z1ene MO'A8ib (17) no CBOHM KpH
TllqeCKllM CBOHCTB8M npllH8,llll6lKHT Knaccy YHHB6pC8llbHOCTll cqiepaqeCKOil uo
,ll811H. 

B § 3 paccuoxpeH npoueJJtYTOqflUH peJKHM J. /0. B Haqane naparpaqia 
,ll0K838HB TOqHaH pe waeMOCTb MO'ACill AllH BC ex d. , Han11qr1e KBBHTOBUX 
~nyKTY8Ullil IlpllBO.l{HT K llOHHJJteHHD TBMnepaTypu ql830Boro nepexo,lla. Bonee 
Toro, CYll!8CTByeT KpHTHqecKOe 3gaqeHH6 ,ll11H napaMeTpa KBBHTOBOCTll _il 1 

BUW8 KOToporo nepexo,ll nonHOCTblO llOABBneH. Ha npaMepe BUqHcneHHH CT8-
TH'l:6CKOli BOCnpHHMq1rnocTH A. ( 6)) HCC118,llOB8BO T8pMOAHH814llqecKoe noBe,lle
HHe CHCT8MU K8K B KPHTIJ:qeCKOH o6naCTH, TBK ll B'A8llll OT Hee. Hanpm.iep, 
B BBJKHOM qaCTHOM cnyqae d. =3 .itnH 'X. ( 9) HMeeu ('Pi= .. q 

{ 

( 1(3 y- 1+~en(0J>/~Kp)
2 

, 'l_' )) Gi.:, 
X Ce)= zJt z ~ c ei- eKp) 

(_b) . 1 2. , 'l.' (( ~i , 
(20) 

8lt (0 - Sic:p) 
r,lle 9.l) - T8Kn8p8Typa ,Ile6aa, &--s~eKTHBHBll KOHCT8HT8 H 0Kp= 

=(V3YJ2nY9,)[~-29-(el)tvo)2Jl- ( th - tmcno I'HH36ypra A11H MOA62IH (17~ 
0TK6THM, qTO nonyq8uHoe HBMH BUpalKeHHe .itnH BOCilPHHllqHBOCTH BHe qmyKTY-
a~HOHBOtt 061!8CTH COBilB.1{86T C TOllHOCTDD ,llO qucneHHOrO 14HOEHT6llll npH 
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gtri(e.D/Bi:p) C peayJII,T8T8MH (PeqecTep,I97I , X1.1e111'iHHQKHil, 
rnaeepcoa, 1973, H .ztp.), nonyqeH!lliUH B pa1.1Kax o6utIHoil,6onee pea11HcT11q
Hoil .MO,llenn, HO B "napHeTHOJ.1 11 np.0611HllteHHH, 9TO IlOH83HB8eT, qTO npH611H
llteHlle cauocornacoBBHHUX qx)HOHOB, KOTOpoe ,llllfl UO,ll6llll (17) .flBJlfl6TC.fl 
TOqHHU, 3HBHB8116 HTHO cyMMHPOB8HHIO "napxeTHHX11 ,llHarpaMM. 

B npOM6lltYTOqaoM pelltlil&e, npll .i\ )' 0 ll 01:p)O t H86JIIO,ll8eTCH T8K06 
lite HPHTllqecKoe noBe.zteHH6, KBK H B Hllt;JCCHqecKOM pelltl{J.le npH J1 =O , 
paccuoTpeHHou B § 2. B qacTHOCTH, KpHTHqecKHil llH,lleKc T = 2 npn cl =3 
HO =I npH d.:~ 4 c norapmt,irnqecmrnH nonpaBHBMH npH d. =4. Kpo1.1e Toro, 
8CHMnTOTHQ6CKOe llOBe,lleHne BocnpHHMqHBOCTH B TOQK6 cj;J830BOro nepexo.zta 
npH 6oniiwHx N . f'{j 

I 
d. = _,, 

XN(f.,0,9=01(p)~{(N~N)4 
, d.=4, 

Nz. , d~5, 
(21) 

He 38BHCHT OT KB8HTOBHX scpcpeKTOB. 
Teu C8MHU B pauKBX TOlJHO pewaeMoil MO,ll6JIH npO,ll6UOHCTplipOB8HO H3-

B6CTH06 YTB6pllt,ll8HHe B TeOpHH cp830BHX nepeXO,llOB, qTo KpHTHqeCKH6 
,lll!HHHOBOJIHOBH8 qlllyKTY8QHH, npH 0,_p °> Q , HOCHT Kll8CCHqeCKHil X8p8H
T6p H KB8HTOBOM6X8HHqecKHe acpcpeKTH He B8lltHH npn BliqHCll6Hl!H yHHBep
C8lll'iHliX KPHTHq6CKHX xapaKTepHCTHK CHCT6Uli. 

B nocn6AH6M § 4 3TOil rnaBH paccuoTpeH 'Il!CTO KB8HTOBliil pelKHU KPH-
TH'i6CKOro noBe,lleHHH. 'All.fl 3HaqeHHil napaMeTpa KB8HTOBOCTH _i\ 60Jiblll6 
HeKoero ,n Hp ll!6llb B cneKTpe IJO~eJIH (17) BcerAB 60lll'iU16 HYJlfl H cpaso
BHil nepexo,l.l OTCYTCTByeT .IlBJKe npH 0=0 • Ilpn 0=0 MOlltHO 113yqau 
qJ830BHil nepexo,l.l no napaweTpy _,\ , B peaJil'iHHX CHCT6M8X jl UOEHO H3-
U6HHTb, ,ll6ilCTBY.fl BH6WHHU ,ll8BJI6llH8U HJIH C no~Ollll'ilO BH6C6HHH npH.Mecen. 

'AOK838T6Jll'iCTBO TO'IHOtt pewaeuoCTH MO,ll6JIH, nonyqeaaoe B § 3, orpaHH
'I6HO ycnoBHBU 6 ::>O • IloaTouy 'IHCTO KB8HTOBHM cnyqai:j HYJIBBOil Teune
paTypH He06XO,llHMO p8CCM8TPHB8Tl'i OT,lleJil'iHO ,l!Jlfl K8llt,l!Oil H3 pasuepHOCTeil 
d =l ,2,3 Hd.l4, B cauou HHTepeCHOM qaCTHOM cnyqae d.. =3 KpHTHqec1tne 
HHA6KCH UO,l.l6JIH HUeIOT Cpe,llH6llOJieBH6 3HaqeHHH C norapncpuaqeCKHUll no
np8BK8MH. Boo6111e q>830BHil nepexo.zt no napaMeTpy j\ llO.ztqHHH6TCH npaBH-,, 
ny pasuepHoro KpoccoBepa, cornacao KOTopouy KPHTH'IBCKoe noBeAeHne 
HBBHTOBOM cl -MepHoil CHCT6MH (no j\' npn 0i:::p=O ) ll Kll8CCH'I8CKOil 
(cl+1)-wepHOH CHCT6MH (no 9, npH 61:p'>O ) 3KBHB8Jl6HTHH, 3.ztecr. 
8TO npBBHllO YCT8HOBJI6HO nyTeu npauoro BH'IHCJieHHH KPHTHqeCKHX HH,lleK
COB 0},f.>J. ,8'.). ll cfJYHHQHH 0,7.lHOpO,llHOCTll (cKeilJIHHra) G;'5(~)== 
=(f+-~ )l'" npn 0=0 • Ilp8BHJIO paaMepaoro KPOCCOBepa B TeopHH 
CTpyKTypHHX" nepeXO,l.lOB 6uno YCT8HOB116HO PI'-MeTO,ll8MH B pa60T8X p83HHX 
8BTOPOB (HanpHuep, Mopcp, illHeil,llep H illTon, 1977) • B P8MK8X MO,ll6l!H 
{17) OHO npHo6peno CT8Tyc CTpororo yTBepJK,l.l6HHH. 
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