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I. B B e ~ e H He 

PaanHqHue BBpHBHTH uo~exe AHKKe oOcyEAB~TCa B Hacroa~ee BpeMa 

B KaqaCTBS MO~ene~, OllHCNBBD~X B88HM0~8"CTBH8 MBTepHH C HBnyqaHHSM 

H ~830BN" nepexo~ B CB8pXH8Ryqam~ee COCTORHH8 1 CM.,H8ll)HMep/,I/. Tiep

BOHaqanhHN~ B8pH8HT MO~SRH ~KKe npe~B3Haqanca ~RR Oll~CBHHR B38HMO

~e~CTBHR KBBHTOBOrO 3R6KTpOMBrHHTHOrO HanyqeHHR C CHCT JMO~ N ~yx

ypOBHSBNX BTOMOB, noue~eHHNX B peaoHaTop Ac IR"(Z-.~) , HBCTpoeHHN~ 
HB O~Hy HRH H8CKORhKO qacTorf

2
/, oOcy~eHHe CM. B/3 •4/. TBKHM o0pa-

30M, BHaqane M0~8Rh nHKKe CRJEHRB ~RR llOHHMBHHR ~HH8MHI8CKHX npouec

COB (CB8pXH3nyqeHHe, CllHHOBOe 3XO H T.n./3- 5/), HHTepe: K ee TepMO

~HHBMHqeCKHM CBO~CTBBM BOSHHK nocne pa6orf6 •7/. B 3THX paOoTax Ouno 
Bll8pBN8 CTpOrO ~OK83BH0 1 qTo llROTHOCTh CB000~0~ 3Hepr:IH. M0~8RH nHK-

1\8 MOJKeT 0NTl> BNqHCRSHB B T8pMO~HH8MHqeCKOil npe~e11e f.i.n. " "'=: t-li.m. 
1\ ;II IR (2: 1 

TOqHO H qTO M0~8Rl> OllHCNB88T ~830BN~ nepexo~ B CBepXH!Ryqammee COC-

TORHHe, CM.TBKXe/8/. 

C ~pyro~ CTOpOH!i, KBK 0!i110 UOK838HO B pa0oTaxf9,lll/, o0o6~eHHe 
MeTo~a H.H. EoronmOoBa (n. )III/ Ha cnyqa~ B38Hllo~e~cnH~, co~epxa
IJIHX HeorpaHHqeHHue no HOpMe onepaTopN, ~aeT cTporH~ no.~o~ K Hccne

~oBaHHm 0011l>WOrO K1!8CC8 rBMHRl>TOHHBHOB THll8 rBMHRl>TOHHi IHB ~KKe. 

3TOT UO~O~ ll03B011R8T paCCMOTpeT:& ~OCTBTOqHO 00~~ C11J'18~ B38HMO,ZI;e~

CTBHR H31!yqeHHR C B8!118CTB01o1 1 BKJIDqBJl~ll B Ce0a, HBllpHM·~p, Tp8HCJIRUH

OHHN8 (~OHOHHNe) C TelleHH CB000~ B 38HilO~el!C TBJIO~X C H: 111yqeHH8ll 8 TO

MOB, CM./!2-!5/. 

E011hWHHCTBO ~pyrHX B8pH8HTOB MO,Zl6JIH ~KKe no CJII.l81:TBy CBO~TCR 

K nepeqHC118HHNM BNWe H Hloi8JOT O~Hy 00~D OC008HHOCT:&: B HHX paCCll8T

pHB88TCR RHWl> KOHeqHoe qHC110 ~OTOHH!iX (0080HH!iX) loiO~. ll~HBKO, KBK 

6Nno aaueqeHo B paOoTe/161, aTo orpaHHqeHHe woJKeT ONn 1:ymecTB8HHNM 

npH ~oKaaaTenl>CTBe cyll.leCTBOBBHHa ~aaoBoro nepexo~a B CHepxHaJiyqamll.lee 

COCTORHHe, SCRH yqeCTl> ,lli!BMBrHHTHOe BJIHRHHe A2 
-qJieHa, KOTOplilol 

oONqHo npeHeOperamT. B pa0oTaxf16 ,I? I yTBepEAanoc:&, qTI 1 ~aaoBNll nepe

xo~ B aToM cnyqae aanpe111eH npBBHJIOM cyuu Touaca-Pal!xa-l~yHB, cu. ,Ha

npHuep/18/. 

C ~pyro~ CTOpOHN, B pa0oTe/l9/ 0!i1!0 UOKB38HO, qTO TBKBR CHTya

UHR MOllteT liM 8Th MSCTO, TOJ!l>KO eCRH BO B38HMO~e~C TBHH BTl IMOB C H31!yqe

HH8lol npHcyTCTBYDT CR -qneHN. 3To 38MeqaHHe nopo~HJIO ~.IHHHYIO ~c

xyccH~ BoKpyr "npo6newu A2 
-qJieHa" B uo~eRH AHKKe c p.tanHqHNMH ap

ryueHTBMH 38 H llpOTHB Cyll.l8CTBOB8HHR llJ830BOrO nepexo~a .l CB8pXH31!yqa

m~ee COCTORHHe, CM.,HBllpHMep/,2Q-25/. 

-_J, 
-~,.·;·,:· .. r: } .. 

··_ .. ,~ .... ~.('· 



3,1.1;601> H6BOBMOlltHO ynOMRHYT:b BC6 pa6oTH B STOM HanpaBJI6~. 

He~aBHO B pa6oTe/30/ 6uno noKasaHo, qTo Te apryueBTU K npH6nK

xeHMR, KOTOpue HCnOnl>BYDTCR npH nepexo~e OT nonHero rBKHX:bTOHHaHa 
Bsaauo~e~CTBHR aanyqeHHR c Be~eCTBOY K rauHni>TOHHBHY AHKKe,npHBO~HT 
K HapymeHH~ npaBana cyuu Touaca-Pa~xa-KyHa. 

HoBue apryueHTU npoTHB BOSMOIHOCTH ~aaoBoro neP.exo~a B cBepx
Hanyqa~~ee COCTORHHe 6UnH BH~HHyTU B pa60TBxi3I• 327.B 8fHX padOT8X 

npHBe~eHu apryueHTU o6~ero xapaKTepa, aanpe~am~e TBKO~ ~aaoBU~ nepe
xo~ ~R CHCT9YU aTOMOB B pe30HBTOpe, 9CnH TOX:bKO B38HMO~e~CTBH9 npo
HCXO,n;KT OllRT:b C KOH9qHUU qHCROM nonepeqHUX 3X9KTpoYBrHHTHUX YO~. 

STO OBHaqaeT, qTO Ba3HO~ H BKTyBnl>HOI BB~aqeA HBRH8TCR HCCne~o
BaHHe H9TpHBH8nl>HO~ YO~enH C 6eCKOHeqHuY QHCROY 60SOHHUX YO~ (B pa-
6oTel331 6una paccYoTpBHB uo~eni> AHKKe c 6ecKoHeqHuu qHcnoY uo~, 
B38HM0~9~CTBH9 B KOTOpO~ 3~~9KTHBHO CTpeYHTCR K Hynm B TBpYO~HaYH
qeCKOM npe~ene). O~eHKM, nonyqeHHNe B fa»Kax ~~R Yo~ene~ c KO
HeqHuu QHCXOY MO~ (cu. (I, rn.ll)HnHig, Ol),nOSBORHDT ~opuanl>HO CTpe

YHT:b qacno YO~ K 69CKOH9qHOCTH B T9pYO~H8YHqeCKOY npe~ene, KaK H8-
KOTOpym (ueHI>me e~HH~) cTeneHI> o6~eYa CHCTeMH, nH6o paccYoTpeTI> 
Cpasy 6eCKOHeqH09 qacno YO~, O~HBKO C KOHCT8HT8KH BSaHYO~e~CTBHR, KO

Topue ~OCTaToqHO 6HCTpO CTpeYHTCR K Hynm C HOYepOY YO,II;U: 3TOT HHTe
peCHH~ npHYep Bil8pBH8 HCcne~OBaH B pa6oTe1341, CY,TaKze/351, KaK sa-
,.,.._.,.,...., .. VnnYY ... n ... ~/7/ nm .... n'll''90'n,11'f ... n 'TTTI' ...... ..,..., ""'""" ,. l(,..,,.,.,,.,...,., ... .,, .. ,,. .... nfftT• ............. ,.. ............ 

-- ........... ··-···· - ····- ~- .. r--··-····- --·- --- ... ---··-··- ................... ---- • ··r• 

B8JiH ~ B03HHKHOB8HHD HH~paKpaCHOA npo6neKH (HanpHYep, npH KBaHTOBa
HHH B11JmtiUC6 11 C ynupa~HOX8TOBUU o6peaaHH911), KOTOpaa, ilO HX YH9HHD, 
~OnJitlla CHX:bHO 11 CMI!I"i8Tl>CH" npl'l BKRDQBHHH B paCCYOTpeHHB A2 -qneHa, 

9TH BOilpOCU nocnyXHnH YOTHBHpOBKO~ ~H HanHCaHHR HaCTOH~e~ pa6o
TH, B He~ npe~oxeHa TOqHo pemaeuaa uo~eni> AHKKB c yqeTOY A2 -qneHa 
H qHCXOII IIO~,nponopUHOHani>HUII 06~My peSOHaTopa, 

3 a Y e q a H H e I,I 
BnHRHHB A2 -qneHa Ha HH~paKpaCHHe paCXO,n;KYOCTH HCCne~OBaXOC:b B 

pa6oTel361. Buno noKasaHo, qTo aTH pacxo~ocTH nonHOCTI>m yHHqToxa
mTCH A2 -qneHoll, ecnH aToYu Be~eCTBB o6paaymT npaBHni>Hym {HanpHMep, 
Ky6HqecKym) pemeTK~. Mo~eni> AHKKe Ha pemeTKe yze paccuaTpHBanaci> pa
Hee B pa6oTaxii2-I I, cu. TaK~I3?1. 

3 a u e q a H H e I,2 

Mo~eni> AHKKe c 6eCKOHeqHHM ( B Tepuo.n;HHBuHqecKOY npe~ene) qHc-

X 06sop pa60T no 3TO~ TellS il0Tpe60BBR 6U ~OBOX:bHO IIHOrO MBCTa H 
B HaCT~H~ee Bp811H 6un 6u QqBH:b noneaeH,MH ynOIIHHBM B 3TO~ CBHSH XBID:b 
pa60Tb!L~6-29] • 

.lCXt4Ar - 116TO,II; aiiiipOKCHMKpYXJ116ro raMWIDTOHH:aJla. 
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.. 

nou uo~ H HeTpHBKani>HHY BSaHIIO~e~CTBHeu, HO 6ea A2 
-qneHa Hccne

~oBanaci> B pa6oTaxf38-4°1. BHaqane 6uno ~oKaaaHo, qTo B Tepuo~HHa
uaqecKOM npe~ene llXOTHOCT:b CB060~0~ 3HeprHH cymecTB~eT H COOTB8TCT
ByeT KBaaHcBo6o~ouy (xapTPR~KOBCKOMY) cocToRHH~I3 I, aBTopauH 6u
na BU~HHyTa rHnoTesa, qTO 3TO KBaBHCB060~0B COCTOHHHB HBXH8TCH 
TQqHUII pemeHHBII ilORHOI Ba~HaUHOHHO~ npo6neuu ~Xfl paccuaTpHBaeMO~ HIIY. 
uo~enH. rrosze, B pa6oTel3 I, 6uno ycTaHoBneHo, qTo npe~eni>HUe ra66-
coBCKRe COCTOHHI'Ifl ~Rfl 3TO~ IIOA8RH HBXHDTCH ROKaXI>HO HOpMani>HUYH. 

B HaCTOHmeA pa60TB paCCIIaTpHBaeTCH M0~8Xl>Q KOTOpaH HBXH8TCH He
KOTOpUM o6o6~eHHell uo~enH, npe~nomeHHO~ B/38-4 I, H KoTopaa, Kpoue 
Tore, co~ep~T A~ -qneH. AoKaaaHo, qTo oHa HBnHeTCH TOqHO pemae
uoA, npHqeU ycTaHOBX8Ha CilpBBe~nHBOCT:b BH~HHyTO~ B/3

8
1 rHilOT83U, 

2. MoAeni>HHA rauani>TOHHaH 

raYHR:bTOHHBH, OilHCUBaD~H~ B3BHIIOA8~CTBI'I8 6030HHOrO ilOXH C IIBT8-
"( >I paeA B "smtWte"/\c IR 2 ) , aueeT cne~10mH~ o6ma~ BH~: 

H"=L wkf>:l,k + ~ I_w~1 (~k+g:)(f,:+~1)+ H/L#)+ 
kEMJ\ kEM"' {2.I) 

.i.. ") n (t:.*l +f../*) 
. L- c:Jk ... k k I< k •• 

keM"' 
3~eci> { g~~k M- 6oaoHHHe onepaTopu, cooTBeTCTBymmae 11o~au co cneR

TpoM fwklke;"'" , a onepaTopu { Lr !kEM BuecTe c raiiHni>ToHaaHow 

~1\(L#) OilHCHBBilT MaTepKKl, 
11 

IT p H u e p I. rauHni>TOHHaH ~penHxa 

k 
-~ 

ITycn = Q {T.e. qHcno 110~ I M"l= 1), ~= 0, ~Q=..A~IAI z 

L =I_ Q* a 
Q.. <j.,G ~+Q,G 'j.,G 

{2.2) 

1-1"( L#) = L. ( E'i,-f) ~~G Q<j.,G • 

Cj.,G 

:#= 3~8C:b t a. .. ,co}~eB - ~8J:I(H-Oil8p8TOpH 3R8KTpOHOB, )4- -XHYHqecKH~ 
noTeHUMaJI, a cneKTp aneKTpoHOB o6na~aeT CBOACTBOII E'j.. = €~+Q. 06~-
eu "mitRKa" 1\ 111nH qacno yanoB pemeTKH, coAepzamaxcH B Hell, uu o6oa-
Haqaeu l/\1 • raMHX:bTOHHaH (2.1), (2.2) Oili'ICUBaeT aneKTpOH~OHOHHO€ 
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B3aHMO~ellCTBHe C BN~eJieHHO£l MO,l(O£l k=Q AJIH MeTaJIJia C O~HO£l 30HOA8. 
JTO B3aHMO~e"CTBHe, KaK H3BeCTHO, npHBO,l(HT K naAepJICOBCKOMi ~830BOMy 
nepexo~y weTaJIJI-H30JIHTOp ~JIH aanoJIOBHHy sanonaeaaoA SOHN/4 I, Eonee 
CJIOliHNR cnyt~aA, Kor~a rBMHJI:&TOHHaH H,..( L*) BKJJiltlBeT B ce6H TaK:&e 
tlJJeH B3aHMO.l(e~cTBHH EKlli, paccwoTpeH B pa6oTax142/. 

II p H M e p 2. Mo.l(en» waaepa AHKKe 

k 2i ~ 
ITycT» = I,2, ••• ,M { lM .... f:::M ), ~=.eftonc2.,~k=).i'\l~ 

N - + 
Lk = z ( GJ + J!k G.i-) ' 

J-=1 
N i {2.3) 

H ( L #) = E I <5i. + H (G) . 
1\ '1(1 1\ 

"' r + :x -a 
3.l(ec:& {Gj }"'=x,<J,7.-MaTpHl.\N IlaynH, GJ-=GJ ± L<OJ , a raiiHJJ:&TOHHBH H,._6t.) 
Y.llOBneTBOpHeT ycnoBHHM 

I :f,JH,p<:)] I~ Cl1 ) I~ I II [H .... (G), L: Jll A~ Q2 • (2.4) 
~L 

f...[·] -nnoTHoc T» cBo6o.l(HOA aHepNnt, a ll· II SJ" -onepaTopHaH aopwa 
B npOCTp8HCTB6 COCTORHH£t CnHHOBNX nepeMeHHNX L ~: , 

IT p H 11 e p 3. Mo.lleJJ:& ~:&eKo6coHa-GTHBeHca 
n .-,ml"'lf "'"""P'O""~ r. n .. - n .... u ,,..~,_ n -·~ '"' ..,, ,,.. .... , /4~/ 
- ---·- -··u ...... - a--- '/'"'k-- ..... ''J\'-' -- t v•e \'-•.J.Jt\'-•JJD 

Aa~HM Tenep:& TOtlHoe onpe~eneaHe MO,l(eJIH, KOTOpaR 6y,lleT paccuaT
PHBBT:&eR B aacTORl!lett pa6oTe. ITycn ~~ H ~~ - npocTpaHCTBa coc
TORHHtt, COOTBeTCTBYDl!IH6 nOJJil H IIBTepHH. TOr,l(a paCCKOTpHII raKHJJ:&TOHH-

3 a w e q a H H e 2.I 

B rBMHJI:&TOHHBHe {2,5) liN npeHe6perJJH 38BHCHUOCT:&Il KOHCTBHT B38-
HUO~eMCTBHH faek!kEIIf OT nOJIOlleHHli aTOUOB, T8KOe ynpOl!I6HHe COOTBeTCTBy
eT JIH60 npH6JJHJI6HH~ :&eCTKOM pemeTKH, JIH60 npH6JJH:&eHHD ,l(JIHHHNX BOJJH 
,l(JIH HenpepNBHO~ CHCT6MH, 
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By~ew npe~onaraT», tlTO rBMHJI»TOHMBB (2.5) y.lloBneTBopneT cneAJ
Il~K yCJIOBHHM, KOTOpYe 06NtlHO B~nOJIHHilTCH AJIH MO~eJI»HNX CHCT6K, CU. 

(I, rn. II II W] J1 !Ipllll8p!:i I -3: 

<L > 1~ 1 1 L~l~~ ~ ci ; (LL) 1 ~ 1 H L=, L~,JR ~~ ~ C2 ; 

Ot.c:> 1~ 1 li[L!,[L0,L;,JJIISj .... ~ca; 2. <2.6) 

(Lv) 1~ 1 11 [L:,[Hp~'j, L:,J]J "$(/cit > (v) 1~ 1 L ~k ~ C0 . 

~L keM" k 

3 a w e q a H 11 e 2.2 
CJJe,llyH pe6oTefi0/, H6TJlYAHO npoBepHT:&, 'ITO rBMHJJhTOHHaH (2. 5) RB

JJH6TCH noJJyOrpe.HHtl6HHYY CHH3y C8MOCOncRli6HHNM onepaTOpOM.B rHJJ»6ep
TOBOU npocTpaHCTBe ~A , CU, TBKKe/ 4/, 

3. Annpoxommpypmdl r8MHJII>TOHBB.H K noeJIMpRT9JlklPi8 ouew 

Mcnon:&ayH xaaoHHt~ecxoe yHHTapHoe npeo6paaoBBHHe 
1J = ® 1Jk :B rHJIWepTOBOM npocTp8HCTBe {l"g 

A keM 
- )\ -- 0 --* 0 "* ' .. 2 • .2. . 
~k=ukokvk=O(.k0kTfk~k ,..,...k, -'F'k' = 1 ' 

npeo6paayeu rauHJI:&TOHHBH H" K BH~Y 

!leA C!~j = 1-111 c u" t:,:uk*) = u,.. H" 11,.. * 

EorOJID6oBB. 

/'7. T\ , ......... ~ 

H c~*> = Je C'B*> =I (.QkB:B ®1 + Jk® 1 )+ 1011 H/L)+ 
A k /1 k kEM.... k (3.2) 

+ _i_ I. ~k (Bk®:r.t+ a;®.;ck) 
IJ\1 kE-M,.. 

2. )-1;-2. ~c ) Sl.k = (wk +'-13- ~ §lk = 2. 521<- wk 

Tenep:&, Hcnon:&ayH o6DtYil H,ll,eonorHil YAr (cu. [I, rn.n]), nocTpoHu an
npoKcHuHpyllmHA raMHJihTOHH3H AJIR (3.2), 
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Hawe~ aa~aqe~ HBnHeTCR ~OKBSaTenLCTBO TOrO, ~TO llpH onpe~eneHHOK Bbl-
6ope napaKeTpOB 1-ilt'Jke,M" raKHn:&TOHHaH J!,.oCz;3l) HBHRBTCR Tep
UO~HH8UHiiBCKH 3KBHB8neHTHbiU HCXO~HOKY rBKHHbTOHI48Hy Je/\(~) B TOK 
CKhiCne, liTO nnOTHOCTH CB060~Hb1X SHeprH~, onpeABnH6Ub16 STHMH rauHn~-

TOHHBHBIIH B TepKO~HaKH~BCKOK npe~ene t-t.i.m = -ii.m J COBUa-
1\ 1' IR"(:a:") 

~a~T. 

llycTb J"f~]- nnoTHocn cBo6o~HO~ aHeprHH, cooTBeTCTBV!lmaH 
rauHnbTOH~aHy J<. { f>- 1 -TeunepaTypa): 

f" [jt_] =-(~llllr 1 -ln.-Tr exp (-~d-e), 
a < · >x -Tepuo~HH8KHiiecKoe cpe~ee, onpe~enHe!loe a'l'Hll rau»nhTOHHa
HOll. Tor~a, Hcnonh3YH HepaBeHCTBO Eoro~6oBa, nony~aeu ... 
0 ~ i.n4 :/11 [Jei\0(2,1()]-/,.[:Je,.,C~)] ~ f,. [;;<(~} t<~7~c~J}kEMJ-

~> A A 
~ ~ (3.7) 

-41\ r~ ... C:t)J ~ - 1~ 1 ~ de,J<C~"-<7\>Jtc~rc~~-\,~,>~c~) + 3.c) } . 
kEM" 4 Jl"<l:) 

3~eCb HCUOnb30BBHa yHitl TBpHBH 3KBHBan8H'l'HOC'l'b rauHnb'l'OHH8HOB Je,..(~) 
H j{_A(~) , CK, (3.4): 

(3.8) 

Tor~a H3 (3,4) H (3.8) nonyqaeu 

6 

(3.9) a,.,,}" r Jt,.C~JJ = "d2•1~~ f~,C~)J , 
~k k 

HnH 6onee ~eTan~ao: 
-# -# • -It 

<'f->* - ~k <.;(" \ - 3..1!:... = ~"< ::t,. .\ - .ik 
- k>'J<.

11
(;) .slk 1111 ~A(~) S2k .Q.k II\ I~~~(~) .Qk 

(3.IO) 

3 a u e ~ a H H e 3.I 

o ~oKaaaTen:&eTBe aepaBeHCTBB Eoromo6oBa cu., HanpHMep, [ I, 

rn. n, § I]. 
06oaifaliHK D. (:t)s i.n{ :f,J-;K~(l:,"l)]- :f,.[~i~>J H onpe~em~u 

A c-az> 
onepaTOPhl # * 

# < . 0:!. -ell:_ ;;(k < ;;(k '-., 
S'&k = Bk- 8k>3C,.(~) ' k - IAT- '"' /dell(~) • 

Tor~a npaBy~ qaCT~ HepaBBHCTBa (3.7) UOXHO OUBHHT~ cne~~mHU o6pa-

sou: 

rAe O<ll"<1 
~acTH (3.II). /45/. 

B KaqeCTBB nepBOrO mara BOCUOnbayeKCH HepaBBHCTBOU Xl'IHH6pa • 

3,necb BHyTp8HH88 npoH3B8,ll8HH8 (., • )'J{ (l<) 
II 

onpe~eneHo cne~llmHU o6-

paaou: 

.f> 

S 't' 'Jc (lt-) - 't' X C~) > 
( A B) = S>-~ d. t: ( e " A e " B 

} d(,.Ct) 0 Jt,_C',.,) ' 
(3.13) 

Tor.na 
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[bBk,[Je.ll(:t-),~B:]J = Q.k ' 

(ol\,n~").,. = -lA I~-~ a,..• .. 1" [Jt/IC:vJ , 
<t<-"C:t) "'"- 2-.._ 

aHanorHqHo HMeew 

<s-.z:s-;t"> ... c ~2 (r.;t",r;tk)cJec~J+ 
~. ~) " 

";. 
+ t ~ C ~;tk, ~;tk).;k .. cv < [r~k ,[ c#e/:!J, r.t:J]>a<.P) ,. 

C UOKO~DD yHHTapHOrO npeo6pa30BaHHff (3.8) nerKO npOBepKTD, 

IAI(-~-~o o *1A[d()~)J)=iAitf->- 1 o "d *j,..[dt,.(~JJ)= 
i:.._ i!:l< .:c~.. ik. 

= (s-;tlc,s-.;t.k)~ c~J- IAI (JS2~cr1 . 
1\ 

Jl e K K a 3.1 

{3.14) 

(3.15) 

qTO 

(3.16) 

ITycn BlmonHeHbl ycnoBHff ( i.. )-( v) B (2.6). Tor.na cy!llecTByeT 

T8Kaff Be~eCTBeHHaff Henpepb1BH8ff flJyHKIU!ff Q (J;t;l) , UO 

1<[ 6-:tk,[Je,.c<l-),s--.:z;JJ) I~ Q(J'll) 
Jell C<J II\ I 

(3.17) 

n 0 K a 3 a T e n D C T B 0 

~a (1.6) H (3.3) nonyqaeu 

0 ~ <ot. .<)t~ = wk+28/wk < L L *>. -
" k oe.c~> .Qk k k :Jt.i~J 

- _!_ < L 2. + L >t 
2) ~ w k c. 2 I A 12 

wkQk k k <k..,Ct> 2 Qk. 1 • 

(3.18) 

TaKHM o6pasou,B (3.I8) He B03HHKaeT HH<lJpaKpacHolt npo6newhl npM wk-. 0, 
a calla OUeHK8 COBTia.ztaeT C COOTBeTCTBYD!lle~ OUeHKOA ,llHff onepaTOpOB 

L L:jke.M . Tor,11a ocTaBmaffCff qac TD .llOKasaTenDCTBa HBnffeTCff noqTH .no

cnoBHW no''BTopeHMeK paccyll,lleHM!t 1'13 [I, rn.IT, § 2.4 °, JleMMa 2. I M 

2.2] .ztnff aHanorHqHoro cnyqaff. [) 

C n e A c T B H e 3.I 

~3 cooTHomeHMA (3.11)-(3.I7) ,llnR BenMqMHbl ~A(~) nonyqaew cne

.llYIO~Yil OUeHKy: 

8 

l 

·} 

2. 

0 ~ ,111 (~) ~ ~ l cf->;~7-1-f + A~~~)o:i:o:l* (-f,..[:Jt-1(:fJ]) + 
kE:M

11 
k ,- k k 

+ IAI-1-a ( iiC~ Q(/~1)'\ + Q.;/2 )(o. "d Cl [~ (;tJJ))'\ l (3.I9) 
Q.k/A/1-i' ~Ifill' :i" :r::'-· Til " J + 

2 ~ 
+ J.... L {'"I! ~k ( 2. Q(l:tl) )1 

IAI keM" Slk j!>Qkl/\1 + (f>~k)"t2fA(ah. 

4. 0CHOBHaR Teopewa 

0CHOBHOe yTBepll,lleHHe HaCTOR!lleA pa60Tbl OCHOB8HO H8 cne,llyll!lleK 06-

lllell npe.ztnozeHMM: 

11 p e A 11 o z e H H e 4.I 
11yCTD t~ (il-)~0} H t11\Cit-)}. - ,llBa CelleACTBa BemeCTBeHHO SHaq-

11. A " 
HbiX tPYHKUH~ KOKnneKCHiliX nepeKeHHiliX :il-=.l '::t--1 , ••• ,:ts~ E 4::s, 

Ta!me, qTO .ztnff JID6hlx 1\ (HanpHuep, 1\ c lR"(2~)) H Be ex :t E IK , 

r,lle 

IK={:t-ECCs: l2t~c:l~ K;k=~,2, ... ,s}, (4.I) 

BbiU011HffllTCff cne,llyD~e yC110BHff: 
. I 

(a) ecnH 'ik = rk e~n ( k = I ,2, ••• , s ) , TOr,lla cyll(eCT-

BYIOT KoHcTaHThl ReO, TaKHe, qTo (ycnoBHR JIHnwHua) 

1 6/\(:t~, ... ,~k>'"l~.S)-.6"('f1, ... ,:t~, ... ,<-.s)l ~ 

~ "Rk.lt-k-r~J +vrk.rk /~1c.-1~1 ; (4.2) 

(6) <PYHKUHH {j11 C:t)J" ,llBaZ,llbl .ztH!W;epeHUHpyeKbl H 

ool "doe* tA (~) .:S 0 
1<. k. 

/0~~4"Ca!)j ~ Qk; k=1,2, ... ,s, (4.3) 

r,lle t l( k}k~ 1 - HeOTpHU8Te11DHble KOHC TaHTbl; 

(B) AHR HeKOTOpOrO :X:E(0;1) H npOH3BOHDHOrO ~E/K HKeeT 

loleCTO HepaBeHCTBO 

s s ~ 

o ~ ~ c*).::; 2:: a. ck>[-'d:i --a,_lf -t,.C'l)} + L_ ~ (k) [-1_ro:..*i11 C~J{ + 6 o (4.4) 
" k=1 1\ k...;k.T h1 1\ k'k 'j II ' 

s s 
r,lle t e<,.(l.~)}k=i' ~~A (k)}k=i - ,llBa cewe~CTB8 H60TpHUa TeUHbiX tPYHKUHA, TaKHX, 
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(4.5) 

,D.JIR :acex 

~ E IK" = t i E:<Cs: 1~/c.l ~ K--f/k), k=>~,2r-,sJclk; ( 4 •6 ) 

{ (k) = (a,.Ck)Qk\''-'2 
A 'Rk J • 

3 a v e q a H M e 4.I 
llpe,IJ.JIOE8HM6 4.I RBJIR8TCR o6o6meHM8M O,IJ.HOrO peayJibT8T8 A.H.KOJI

woropOB8, CM,/46/ MJIH (47, rJI. I, § 3], KOTOpH~ mMpOKO MCnOJib3J8TCR 

B MAf, cw. [II,48] M [I, rJI. I, § 6). 

JlOK838T8JlbCTB0 

B KHMre (I, r~.I, § 2,4°, ~eMMa 2,2) CO,D.epXHTCR ~O,D.p06H08 ,IJ.O-_ 
KaaaTeJIDCTBO ,IJ.JIR G"=O, B Tow qMcne M ,IJ.JIR cnyqaR i-fi.m. C,.CIJ/a,._ck)-
= oo , .li.O.Ka38TeJil.CTBO ~ CJIY'Wl ~j.. ;j:. 0 TIJ86yeT 

--·-- __ ----"- .. ~-----··-~-- ...., .... ,.. .... ,.,. ..... K "',.""""TtfofU' 
JU1Wb tst:::UUJlbWilA U'iC . .tU'lAnDlA •J.~•~~;.on'·",.,., .... u,t.~v ........ ~"¥~ ........ u - ................... --·----·----

CJiyqaew E); = 0 . 0 
MN BOCnOJib3J8MCR Irp8All0llt8HK8M 4.I ,IJ.JIR /1\(1:) =f..._[~ .. (~)] H 

t,.(~)=~n.fJ"[d{~C~.'l'[)]-f11 [~~~)], npuqew S=./M"I. 3aweTHM Te-
ntpb, q~ft 6~ oqeBM,IJ.HNM o6paaow onpe.D.eJIR8TCR ua (3.19), a c nowombll 
(3,9), (3.I0) BW8CT8 C onpe,D.8JI8HM8M !:J.I\(il:) MO:m!O y6e,D.MTbCR B TOll, 

10 

KOHCT8HTH Al' A2 BOCCT8H8BJIMB8~TCR C nowombll WOPYYJIN (4,5) M 
oueHoK (4.7). • 

0CHOBHO~ peayJihTBT pa60TN RBJIR8TCR CJI8,1J.CTBM8Y OU8HOK (4,5), 
(4,8) M WOpMyJIHpyeTCR CJISnyllmMM 06p830II: 

T e o p e w a 4,I 

llycTh rawMJibTOHMSH (2.5) y.D.oBneT:aOpReT ycnoBHRM (2.6). Tor.D.a 
OH TepuO,D.MH8YHqeCKH 3KBMB8JleHT8H annpOKCHYHpy~mewy raYHJlbTOHMSHy 

(4.9) 

B TOY CMNC Jl8 , q TO 

(4.IO) 

(4.II) 

3 a w e q a H H e 4.2 

Ycno:aHe ( v ) :a (2.6) KOHTponupyeT B oueHKe (3.I9) MHWPBKpac
HYil M ynupawuoneTo:a~ npo6newN, 3aweTMw, no ,IJ.JIR cnyqaR ~ > 0 
MHWpaKpacHaR npoonewa oTCyTCTByeT. 

3 a w e q a H H e 4,3 

B pa6oTe/9/ ,IJ.JIR wo,D.eJIH AHKKe (2.I) c KoHeqHNY qucnow wo.D. IMA/: 
= M , ~k = )k IAI--it2., ~ = 0 (cw. pas,D;M 2, npHMep 2) 6Nna nony-
qeHa oueHKa 

(4.12) 

TaKHM o6paaow, pesynbTaT TeopeM!i 4. I He:aoawo:mo ua:aneqb Hence pe,!!cT
:aeHHO M3 (4,I2), Hanpuwep, C llOMO!IIbiO llO,IJ.CTaHOBKH: ~k-.aekll\r"12 

1 

lMI\1-+ c(.lJ\1,«>0 ,KOTOpaR COOTB8TCTBY8T nepexo,!!y OT YO,IJ.8JIH (2,I) K 
Hame£1 wo.D.eJIH )2,5) c 3= 0 , Eonee TO'lHOe paccwoTpeHHe oueHKH (4,I2) 
noKaaN:aae~34 , qTo MOKHO paccwoTpeTb cnyqa~ IM"I= co npB ,D.o-
nonHMTeJibHow JCJIOBHH Ha y6HBaHH8 KOHCTaHT B3aHMO,D.e~CTBHR {.)k~;:'1 , 

CV, pa3,ll;M 5, 38M8~8 5,2, 

II 



5. T e p M o A H H a M H K a 
• 

B KaqecTBe HJIJIDCTp8WJH Mill paccwoTpmt s.nec:& npocTeRmU BapHaHT 
wo.neJIH ,llHKKe c 6ecKoHeqHw liHCJIOM MOA B A2 -qnesow, Kor.na CR -
qJieHbl BO B3aHMOAeRcTBHH oreyTc TByllT: .JAk= 0 , cw. (2. 3). OlJIII "'/- w, 

~= 0 H Xlc"" <If. STa MO,lt6Xl> BIT8pBb18 paCCMaTpHBaJiaCl> B /38-40 . 
B 8TOM CJIY"'8.9 (OM. pa8,D;9JI 2 , IIpBM9p 2) BM98M 

IAI 11\1 

H (t')::::: E ~ G: L: =? c;,J+ • (5.1) 
A ~~ r~ 

YcJIOB.II!I ( ~ )-( Lv ) B (2.6) ,!(Jill aTHX onepaoropoB BbiiT01IH6Hbl. lloaTowy 
c ITOMO~l>ll T90p9MH 4.1 ,ll11!1 ITJIOTHOCTil CB060,l(HOR aHeprH.II B T8pMO,llHHSMH
qecKOil npe.nene nonyqaew 

-l:.- .f.i.m./ [H J = t-.£i.m (Ltt1 t11 [:Je,...(:t•O, 12) + 2_ ~k-1®11])= 11 " Cl[) hM,. 
2 

= i-Lm.i-f>-1 lrt2chif.>E. ('f*'>+j_ L(~" l'f,.l~ p1JJ (5.2) 
2 II A 11\1 k .. k ' b··" 

E"<7l:) = [ €
2
+ Li{,~l L ~( «cN)Re az~ct+ 4{,~,r ~:(clk+f->k)Im ?Z~cf]~ 

h:M,_ k hM" • 

EC1IH BB8CTH nepeweHHble !;k:(clk-f-'kY
1
Re7lk, l;k= (oCk+ f-'kf"' Im.~k, 

:i;:.:::;:::::~ =~::::-;:::::::.::::;: ~::.:. ~:!.:!) :: ~ !.~!)) :::.::::.: ~:=~ 

(5.3) 

Cne.noBeTeJibHo, .113 ycJIOBH!I (v) B (2.6) BbiTeKaeT He3aBHCHMOCTb peme
HHR yp8BH8HH!t (5.3) OT HH,lleKca k T.e. B T6pllO,llHHSMHqecKOM ITpe
,lleJie -t.--Lm.~k"'~ , -t--!:tn.~""'~. 

~3 yp8BH6H.IIlt (5.3) CJieAJeT, qTo pemeHHR woryT 6b1Tb Jl.llllib ,llBJX 
TWIOB: f ~-#- 0 , ~ = 0 ~ MJIH t ~ = 0 , ~ =* 0}. JlerKO_ npOB8pHTD, qTQ 

i..t..,f. ; ( ~ •] peaJIM3J8TCR Ha pemeHHM l ~ = 0 1 ~ #= 0} , 8CJIH ~> 0. 
('tl "tl\ " 

Tor.na ycnoBHe cymeCTBOB8HHR HeTpMB¥a1IbHoro pemeHHR (napaweTpa nopR.ll-
Ka '1[ ) npMHMilaeT B i-fi.m. CJI8,llJJleyll ilJopwy: 
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i 
I 
"' 

-1 1 K~ r =i-t;...._ IE I lA I L w '> 1 
hM,_ k 

.f-> > 1!-.. = ~ a. ... c H.. r 
r~ lEI 

~~1 
- KpHTHqecKaR TewrrepaTypa. 

(5.4) 

EcJIH ~= 0 , Tor.ne Q.k= Cilk H ypa:eHeHHe .llJIR napaweTpa nopR.ll-
Ka 'll MWeeT BH,l( 

de2. 

I7LI = i-ti.m. E-~ .i. ~ -" 1-azt ift. i. f>E 
II lA I hM" wk 2. A 

CJie,lloBaTeJI:&Ho, ,l(JIH KpHTHqecKolt TewrrepaTypbl fb~ 1 nonyqaeTCR TaKoe 
lite BhlpalleHHe, qoro H cnyqae 'a-> 0 • 

3 a M e q a H H e 5.1 

3TOT p98JJibTaT eCTb H9 qTO HHOe, KaK ITO,llTBep~eHMe XOpOlliO H3-
BeCTHOrO T63HCa AXHnMOpa-Boy,lleHa/19/, KOTOphllt OHH CilJOpMyJIHpo:eaJIH 
.llJIR wo.nenH AHKKe c o.nHo~ 6o30HHolt MO.llo~: HSMeHeHHe KpHTHqecKHx napa
MeTpo:e .llJIH ilJa3o:eoro rrepexo~a :e wo~eJIH AHKKe c A~ -qneHOM rrpoHcxo
.llHT TOJibKO npH yqere CR -qJieHOB 'Jvfl 0) BO B3aHMO,lleltCTBHH /49/, 

3 a w e q a H M e 5.2 

B pa6oTe/34/ B116p:Bble 6biJia npe,l(JIOlKeHa H HCCJie,llOBaHa W0~9Jib (2.1) 
" n _'\. IAI-'1;2. 1"\ n l( .... ,..~~"'n'"'•••••n• --------· , •• I 

<jk, -·k•· ~a ..... ,.. ..... ,..,..uv-,.u~O.U\,,JJVili.JIIlV,U.•II•IJ\I~~, 
npH JCJIOBHH, qTO 

(5.5) 

:ewecTo ( v ), (2.6) ~JIR HameR Mo,llenH: ~k=~"'",-~, ~~0, IM,../:o<./11/. 
KaK 6hiJIO orwet~eHo :e/34~ npH ycno:eHH (5.5) cnyt~atl I M

11
/ = oo 

no CYJil&CTBy He OTJIHqaeTCR OT cnyqaR I M11 1 = M; aoro OTHOCHTCR 
KaR K TeXHHKe ,llOK83aTeJIDCTBa MAr, TaK H K CXO,l(CTBJ T9pKO,l(HH8MHqec
KOrO llOBe.lleHHR B 3THX .ll:Byx cnyqaf!X. 

0CHOBbiB8f!Cb Ha peSyJibTaTaX T90p8MH4.1 H rJI. !I,§ 3 HS/1/, no
Jiyqaew cne.nyD~ee yTBep~eHHe: 

T e o p e w a 5.1 

llycTb rawHJibTOHHaH HA onpe~eneH cooTHomeHHRWM (2.5) H (5.1), 
TOr.lla 
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• .;t'*' 

t-e~m l < ~~ > ... -< '"~ )Je.cif . .J = 0 ; 
""'"" .. 

t-.fi.m.(I<P-l:>:k /-a;: 11[:1 J == 0 
1\ k. 

{5.6) 

3 a w e q a H H e 5.3 

AHanorHqHo AnR ~epYO~HHaMHqecKHX cpeAHHX dose-no~cHcTeu~ rrony-
qaeu 

i- &.tn. < B: Bk >, = ( e.f!>~~<_ 1 )-~+ t- ii.m ~£ Jif,./ 2 • 
=1\ .Qk 

{5. 7) 

3 a u e q a H H e 5.4 

Ms TeopeMH 5.1, KaK H B cnyqae KOHeqHoro qwcna uo~, cne~yeT, 

qTo ~nR Kalll,lioro k E /11" HYeeu 
. < Lt> _ { 0 , .f.>$; foe, 

t- t.m.. /AT H"- "4= 0 ' f-> > fb c. 

H 3TOT rrpe~en Henocpe~CTBBHHO CBR38H C CeMe~CTBOU napaMeTpOB llOpR~

Ka t"i[k~hM", CU. {3.3), (5.6) H (5.7). 0~H8KO,B OTnwqwe OT CJJy
qaR KOHeqHoro qwcna uo~ rrpH f.>> f.> e. , He npoHcxo~HT Close-KoH~eHca
uww (cu. (3.1) w (5.7)): 

< {,:gk)H = < 'f->:f\)-y (5.8) 
" 

Cne)lOBaTeni>HO, cpasoBbl~ nepexo~ npw f> =}c. rrpoRBJJReTCR s)leCI> Toni>
KO B OTKROHeHHH OT Cl03eBCKOro 38KOH8 pacnpe,lleJJeHHR HHSe Jb; 1 

cu.(5.7) H (5.8), H llORBJISHIDi BHOMani>HhiX C peAHHX, CM. (5.6). 

3 a u e q a H H e 5.5 

KaK OTMeqeHO B paCloTax/50- 52/, OTKROHeHHe OT doaeBCKOrO pacnpe
~eJieHHR npH f' '> ~c MOlKIIO paccuaTpHBBTl> KBK 0606UieHHJil Close-KOH,lleH
CaUH~. Haw CJJyqa~ (5.7) COOTBeTCTByeT OCl06U18HHO~ Cloae-KOH,lleHCBUHH 
THITa ill cornBCHO KJJaCCH~HKBUHH padOT~/ 52/. 

6. 3aKJJIJqHTeni>H~e saueqaHHR 

0CHOBHO~ ueni>Il HBCTOH!lle~ paOOTbl RBJJRJ!OC:b )lOKaSaTeni>CTBO TOro, 
qTQ MAr MOEeT 6b1Tl> HCTIOJ!l>30B8H AnR TQqHOrO peweHHR e111e O)lHOrO BapH-
8HT8 MO)lenH ,lJ.HKKe C deCKOHeqHbiM qncnOM MO,ll, Mbi RHW:b KpaTKO KOCHJRHC:b 
B pas~eJJe l )leJJHKBTHOro BOllpOC8 cpHSHqecKO~ OClOCHOBaHHOCTH HCTIORI>SO
BBHHR Mo)leJIH .ll.HKKe c A2

- qneHoM 11 oTcblnaeu qwTaTeJIR K HHTepecHo~ 
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paCloTe/30/, r~e co,llepXHTCR donee rro~po6Hoe o6cylll,lieHHe aToro Borrpoca. 

H ClJiaro,14apeH EcTeCTBeillioHay-<moMy TeopeTHqecitaMY ~eHTpy (ETU) , 
Jle~, sa rocTenpiDlMCTBO, KOTopoe cnocoClcTBOBaJio H&TiiCaHillO 3Toii pa-
6oThl, a Ta.Klite A.YJII>MElliY n A.KoHeJIIO sa rrpHrJiarneHue B .I<::TJ;. 1i oqeni> 
npnsnaTeJieH CBOHM RoJineraM 11 ocodeHHo B.H.lli!e'llio 11 H. C. TowieBy sa 
IIOJI93Hhl9 OClCYJK,JJ;9Hllii BOIIpOCOB, 3aTpOHJT!lX B HaCTO.ffi!ISH padoTe, ll ~eH

Hhle 3UM9'lliiDUi. 
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