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I. HaCTORIIIM pa6oTa .fIBJI.fieTC.fI npo,n,oJIJKeHl-mM HCCJie,n,oBaHlrn ycTOMtIH

BOCTH ysJIOBNX ( "B030YJK,IJ,eHHblX 11
) cipep11qec1m Cl1MMeTp11tIHblX ( S S ) COJIHTO

HOB sap.filKeHHoro CKa.JI.fipHoro IIOJI.fI. B CJiyqae IIpD113BOJihHOro CaMO,n,ellcT

B11.fI CKa.JI.fipHoro IIOJI.fI BOIIpOC 06 HX yCTOMtil1B0CTl1 OCTaeTCR, HaCKOJihKO 
113BeCTHO aBTopy; OTKpb!TblM. Ilo3TOMY, ·KaK 11 B pa6oTe/I/, Mli orpaHl1tI11M

CR KOHKpeTHOll MO,n,eJibD ypaBHeHH.fI Knei-lHa-fop,n,oHa C JIOrap11ipM11tieCKOH He

JIHHefiHOCThD ( k G L N) 

'Ptt - Vj y>-3cp - <p fn (ltfl2
) = 0; (I) 

3KBl1B8.JI8HTHOro ypaBHemm (E £ J~ = 0 ' r,n,e . , f 2 2 E., := 1td3:x > j{ = I 'ftl + lv~fl + if{1tpl), (2) 

U{<p) =-2<p2- lf2&,_ 'P~ (3) 

Q = l 1 ('fYt v/' - lf+* lf) d3x - (4) 

CoJil1TOHbl C JID6blM q11CJIOM Y3JIOB HMelOT BH,n, 
• . u/+3 iwf -,wf - --

'fs(::{t)= e- ';fs(t,W)=C e 2 J.r(?J, (5) 

r,n,e J1 ("l) IIO,Il,til1HReTC.fI- He co,n,epl!tallleMy u) 

v; 2 + 9 ln. s>2· = o,, 
ypaBH8Hl1IO 

2. d 2 2 d. 
Vi= cf"i2+Tdz 

,1 
t = \xl. 

(6) 

B 3TOll pa6oTe Mli orp8.Hl1tIHMCH HCCJie,n,oBaHHeM ycTOlltI11BOCTH nepBoro 

B030j'llt,D,eHHoro COJIHTOHHoro COCTO.fIHH.fI, COOTBeTCTBY,IOlllero JIOKaJIH30B8.HHO

My peweHl1D (~) f~.1(i) c ~,n,HHM r.~JIOM (cM/2,17). 

2 2. YpaaHeHHe (I) 1IpH!iBAJJelltHT KJiaccy MO,n,eJiell, B KOTOpblX 

(d U,,{/«p_2}y=o =2 mt = 00 , ' HHOr,n,a HX Ha3blBaJOT MO,JJ,eJI.fIMH C y,n,ep
lltattHeM (,,confini11<J,_ modds·' ). B 3THX uo,n,eJI.fIX coJIHTOHbl ycToi-1tI11Bbl 

OTHOCl1TeJibHO paCIIa,I\a"Ha BOJIHbl 6ecKOH8tIHO MaJ!Oll aMIIJIHTy,IJ,bl, T.K. KB8.H

TW C00TB8TCTBJDlll8rO ·nomi B CHJiy m 1 =00 .. He MOryT HaJCO,nHTl,Cll B CB0-

60,IJ,HOM COCTORHl1H. 

o~be:ro-1~EHH01i.1 i1Hcr~ry:· 

,➔:J.E~-HX .-1ccnr.!l08~HH''· 
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~R MO,[\eJieii, a KOTOpbDC { d
2 

[ '/d 'f 2-) 'f =0 r= (X) , a pa6oTruc 
/ 3- 5 noJiyqeHhl ycJIOBHR ycToiiqHBOCTH 3apRJKeHHWC COJIHTOHOB, npHqeM 
B npo11ecce ,[\OKa3aTeJibCTBa CYIIleCTBeHHO HCilOJlb30BaJIOCb BhlpaJKeHHe ,!\JIR 

BTopoii aap11a11H11 (cS2E)q , KOTopoe MOJKHO 3anHcaTb a BH,!18 

(t5 2£)Q=2 f[(v<Sy_l-w 2 (oyJ2+ J ~roy/Jd3x+ 
+ _36J2 (JV: oy, d3 x)2- {?) 

f Jfo·zd3x . . 
BhlpruKeHHe (?) He ro,!IHTCR ,!\JIR cJiyqa.R (<.f2-l;{Jffi) -~00• BMeCTO 

Hero noJiyqHM 113 cpopMyJihl (2) cooTttowettmr ,!\JIR {<5 £)a H Yc5"'EJa , a 
KOTOpbDC a~eJieHhl cJiaraeMble (JE)lJ H {J2£)t,.J , cooTBeTCTBJIO!IIHe cpop
MaJibHOMy aapbHpoaattmo cpyttK~ottaJia E (cpopMyJia: (2)) npH nocTORHHOM 
napa.MeTpe {u. flpH 3TOM HCilOJib3JeM Bhlp8.l!CeHHe ,!\JIR 3apR,I1,8: COJIHTOHa 

Qs -= 2 {,J f 'f} <.f-3.x {!::!) 

H noJiyqaIO~eeca H3 JCJIOBHR coxpatteHHR 38:p.fI,Il,a Q COOTHOWeHHe, CBR3bl

aaro~ee aapH8:LIHH Q{L)=W-W.r H oy-(x) =Lj'(V-lfs(X): 

Jr0 J 'f; d3x =-26J f ';fs <S'f d3.x .. 
IlocJie,[\OBaTeJibHO HaJCO,[\HM: 

(££)Q = (J£)6) -Lfr,_/J ';/s 81J,d3
x 7 (9) 

r,[le 

-(8E)w = j'[2vflj,sO'f -2 V 21;f!,o'J + ~,Z oj} d3x ~ 
H . f 

(IO) 

' . - . 2 

(S2[JQ = (a
2iJw -1trJf{Jyfd3

x + S6.l(J:;/S'Jd~xJ/J1/"d3:r, {II) 

r,[le 

(t?rJW = j[2t,l(<S'jf +2 (v89)7d3:x + 8 f ~f £yd
3
x. (12) 

B noCJie,[\HeM CJiaraeMOM HHTerpHpoaaHHe H BTOpoe aapbHpOBattHe HeJib-
3f! nepecTaBJIRTb MeCTB:MH. 0603Haqmi 3TOT tLJieH lffl [O'j] . BwrncJie
HHe Ha 3BM cpyttKI.IHOHaJia 82.fl [8ljJ ,[\JIR KOHKpeTHWC 6lj(IJ J,[\06Hee Bbl
IlOJIHRTb Ha OCHOBaHHH onpe,[\eJieHHR BTopon aapHa~11 

2 

\ 

~ 

l 

1, 
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o2Jl fo'jl =flf1js+D1J,I-2II l'j'sl +fl L 'fs-D!fl. (13) 

~O{UJJIY (ll)-(13) Il03B0Jlm>T MeTO,!\OM npo6HYX cpyttKLIHA (m) 11CCJI8-

,[\0B8:Tb ycToiiqHBOCTb 38:pRl!tSHHWC COJIHTOHOB B MO,[\SJI.RX C (c/2[,f{Jtf)f~Ooo, 
HJIH, roaopa TO'lliee. onpe,[\eJIRTb o6JiaCTb HeycToiiqHBOCTH. 

IlpOHJIJIJOCTpHpyeM 3TO B paccMaTpHB8:8M08 KOHKpeTHOii MO,[\eJIH. Ilepeii-
,[\SM K nepeMeHHOA JJ{X)='f(X)-e:xp[(6J2+3)/2] • MoJKHO yKB:38:Tb HS-

CKOJibKO 3KBHBaJI8HTHYX 38:IlHCSA (o2 £)Q , J,[\06HYX ,!\JI.Fl ayqHCJISHHR Ha 
3EM, nonyqmi o,!\Hy 113 tt11x. : ' 

11cnoJib3Y.fl ,!\JIR CJiaraeMoro f 2 (V01f)2d3x B (12) ero 38:IlHCb 
B BH,[\e, 8HaJIOrHqHQM (13), 11 npHMSHRR cpopMyJiy nepeX0,[\8: 

Ui'j-) = exp (-6J2-3) 92.(1 + 6J
2

- En. 92) ~ 

nonyq11M noCJie 061>e,!IHHeH11st qJietto a, nponop:rm:oHaJU,HHX ( 6p )~ 
(8~£)Q= J [2(iSfft- (V(fs+/Jy)f-2 (Vr5)

2
+(v(9s-6J>f

-(9s-+6f)fn(9s+Df)f+2 y;fn. ~; -
-{Js-l>9)2fneps-8ff]J3.x+ 8w2( Jr.r8_pd3.x/ I-: 

r,[le 

(14) 

(15) 

I= J y:d3x. 
IlO,!lt18pKHeM' qTo 3)\eCb O 9 {'l) 

TaKHe, qTo S'j-o np11, t- OQ, 

(16) 
-,npoH3B0JlbHY8 MaJIYe B03MY1!18HH.fl, 

3. B ,l\attttoA pa6oTe 6YJI nplO!eHeH H ,[lpyroA aap11aHT MeTO,!la rn, a 
KoTopoM fl~ tpp(x,f) aY6Hpa.xrrcsr T8.K, qTo6y 38:pR,!1 Op onHcYaaeMhlX mi11 
CI'JCTKOB IlOJIR COBlla,[\aJI C Qs .. IlocJie 3TOro 8:HaJil13HpyeTC.fl pa3HOCTb 

~ £ = £ [(fpl - £ lffsl K8.K lf>JHKl\ktll o,[\Horo napru.teTpa, xa-
p8.KTep11aYJllllero MB:JIYe OTKJIOHeH11a d«p= <pp- lf s • B ,!laHHOA pa6oTe 
HCilOJibSOBB:HH o6a cnoco6a BN6opa fifl, onHcBHHYe / 6 ,71: I) o6o6~eH
Hoe MacmTa6Hoe npeo6pasoaa:ttHe 11 2) aapbHpoaattHe no qacTOTe. 

I> IlycTb lfp = e.:x:p (-i w't) aa-12.P., (ax) exp(- 6J£ 3) 

Hs ycJIOBHH Op= Qs 
r . 3-ile 

nonyqaeM W = 6)0 , a pe3yJibTaTe 

3 



.t:.£,=C2{Tlfsl•[tu2 (a3 -ae+aa--:3-.2,) +aae~3"(1-;x:ln.a) -i J -1-

+ (a 2-1) a ~-3J(vrs.) 2d3.x j. (l?) 

PaccMaTpuBa.R OI. =a-I, .10<l <<-1, u ucnoJJh3Y.R paBeHcTBO 

Jvrsi'-c/3.;c = l I [f's], CJJe)IJIOil!ee ,13 ypaBHeHUR d (L:,.£)/da == 0, nocJJe 

HeCJJO*HblX Bbl'lr!CJJeHUn npr!XOAl1M K pesy~bTaTy: 

d2
(AE) C. 27 [ ,\2 2 / ) , 7 .. ---~= 1[0] (3-:P.J (<J -- + <RJ da 2 

Js 2 · US> 

PacccMaTpHBaR pa3JJHqHble 'a,' ITOJJytlaeM, qTO Heo6XOA11M08 yCJJOBr!e He

ycTotlqHBOCTH eCTb (A) >> f/(2:. 

2) flycTb !fr= exp {-lw"t) ljs {x,,, iJ') .. . TorAa 

(()
11 

= (Jj exp ( u)l - W 2
), H rrpeACTaBJJRJI w r:= u) + V ' IlOJlytlHM 

11 E ,, F">2cxp(-w2)([1-2wv+ Y 2{2wz__J)] x 

xL2+ 6cv}) +3 y 2
1- 6J 2 (1+ 8y2)J -{2<J 2+J)j_ 

0TCIDAa H8TPYAHO HanTH, qTo 

-d2
{A£) > O 

cfy2 , . npu w ~ Yfi: 

(19) 

TaKUM o6pasoM, HesaBHClfMO OT q,icJJa yaJJos COJJHTOHa, o6a crroco6a A8.IOT 

OAlfHaKOBblti pesyJibTaT, COBITB,Il.8.IOil!Htl C,Tei, KOTOpb!tt CJJeAJeT lf3 M3BeCT-
Horo ttepaBeHCTBa -~ d Q y O /3-5 • 
. Q d6J .____ . 

4. 3aMeTUM' qTo HCilOJlb30 BaHHble B IT. 3 1l03M.YU18Hr!R 'HMeIDT B npeAeJie 
Q ~ j ( HJ!rl )/ 7 0 ) TY JKe qiopMy, qTO rl COJ!r!TOH, !IlopMyJJbl, llOJiytleHHble 

B rr.2, I103BOJI.R~T HCCJJeAOBaTb 803M.YllleHUR npor!3BOJJbHOtl qJOpMbl, B pea_yJJb

TaTe qero o6nacTb napaMeTpa, B KoTopon o6ttap.Y)Ketta HeycTonquBOCTb, 
• • , ! " ,,, ;_ _,;_,.,· i. : ' ·,,. '.';" .. ' 

MOJKeT. pacwlfpHTbC.R~ Ilpu Hail,iq,1,1 HeycToAqHBOCT,! CJJe,IzyeT, Oll[HAa'l'h_, qTo 

tta ttaqaJibHOM s-rarre' 6y,eyT ttapacTaTb B03M.YU1ett'i1.R, liM8IDlljlfe · KOJrOKOJrooopaa

uyro cf,opMy. Il?3TOMY paecMoTpHM 6~sy3JJOBble sapua~uif, 89, B~a .· 

69('l:; a) = c exp[-(at/(2.J. (20) 

,I' lfCITOJJb3YR qiopMyJiy ( 15)' Bb(q,ICJJUM Ha HUX 3Hatrnuue !py'HKl(r!OHaJJa (cS'i;i 
npu paaJI,!qHhlX BeJir1q,11-1ax .napaMeTpa Cl (s,qecb E.«1 , B pacqeTax npH-
HHTO E = Q 005) • . . . 

~ 

flepenmneM (15) s BHAe 
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: 

◊ 

( §.2£) = t:/ £ + 8w2 s 21-.1 
Q , 

S= (Js,Of)= f 9sB9d:X:, 
(21) 

rAe A2 £ o6oattaqaeT nepaun HHTerpan B (15). 

PacqeTbl Ha 3BM AJIR COJ!HTOHa C OAHHM Y3JIOM Il03B0Jlr!Jl,! HaltTU BUA 

qiyHKl(Utt / 1,/-£ (a) (cM.puc.I) u S(a) (cM.puc.2). BuAHO, qTo 

S ( a) = 0 npu Q 0 ==O, 7113; B cuny TaKolt opTo~oHaJibHOCTM qJyHKl(rltt 

J'.V't) u 89(t,a0 } HMeeM npu nro6olt.qacTOTe {tJ:(l/f')Q=llE<O. 
TaKHM o6pa30M, B AaHHOlt MOA8JJ,! COJIHTOH C O~Hr!M Y3JJOM noJieBOtt qiyHKl(r!H 
<;'r1 (Z) .RBJIH8TC.R HeycTolNr!BblM npH Bcex (,J . He Bb13bIBaeT COMH8Hrlil, 

qTo 3TO YTB8p*A8HHe cnpaBeAJIHBO H AJJH COJIHTOHOB C 60JibWr!M qHCJJOM ys
JJOB. B CBeTe I10Jlytl8HHb1X'pesyJJbTaTOB AaHHble q,icJJeHHblX 3KCITepr!M8HTOB 

pa60Tbl/I/ MO*HO 060.RCHHTb JJH6o C.Ylll8CTBOBaHlfeM -HeJJHHettHOti CTa6;!JIH3a
l(lfH HeycTotiqHBOCTrl rrpu AOCTaT04HO MaJiblX B03MY'JleHUHX, JIU60 MaJJOCTbID 
r!HKpeMeHTa HeycToltqHBOCTH. 

AsTop oJJaroAapeH rrpocpeccopaME.fl~iillfAKOBY, B.r.MaxattbKoBy u 

C.H.CepAIDKOBOtt sa rroJJe3HO~ o6cY*AeHue pesyJibTaTOB pa60Tbl, 

tl£ 

£0 2.0 01 \ , 'a 

Fife. I. 3aBUCMMOCTb 1l£ OT a. . . 
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