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BBE,l\EH~E 

B Hej:1aBI~ei1 pa60Te f 11 OfiCYlKj:1a11aCb npOfineMa 3KBI-ISa11eHTHOCH1 

aHCaM6J1ei1 AllJ'1 l-Ij:1eanbHOrO 603e-ra3a . B Hei:1 fibllll-l BBej:1eHbl nOHJ'l Tl.1fl 
cl1afioi1 /TepM0j:1I-1HaMI-I4ecKoi1/ 1.1 CI.111bH0i1 /CTaTI.1C TI-I4ecKoi1/ 3KBI.1Ba
11eHTHOCTI.1 KaHOHI-I4eCKoro aHCaMfinJ'l /KA/ 1.1 fiOIlbworo Ka l;OHI.14eCKOro 
aHcaMfiIlA /6KA/. TaM lKe nOKa3aHO, 4TO n oclleAHAA Allfl l.1j:1eanbHOro 
603e-ra3a HapywaeTcfl 1.13-3a aHOMa11b H~X 'IlYKT y a41.1i:1 n110T HOCTI.1 41.1C 
11a 4acTI.1U /OHI-I paBH~ 'IlYKTyaUI.1I-1 nIlOTHOCTI.1 41.1CIla 4acTI.1U B OCHOB
HOM COCTOflHI.1I.1/ B 6KA Hl-IlKe T04 KI.1 'a30Boro n epeXOj:1a. KOTOP~~ CBA

3aH C nOJ'lB IleH l.1 eM 603e-KOHAeHca41.11.1, T.e. MaKpOCKOnl-l4CCKOr o 3a
nOIlHeHI.1J'1 OCHOB Horo COC TOAH I.1 R. 

,l\nJ'l I.1C Cnej:10BaH l.1fl n po5IleM~ 3KBI.1Ba11e HTHOC TI.1 8HcaM6Ilei1 B pa 
60Te ' 1 5 blIll.1 I.1CnOnb 30BaHbi j:1Ba Me TOj:1a. nepBbli:1 - 3TO o60611\e HH bl~ 
aBTopaMI.1 j:1IlA I.1 ccn eAOBa HI.1A C T aTI-IC T I.14 eCK0~ 3 KBI.1 Ba n e HTHOCT I.1 aH 
caM6Ilei:1 n Oj:1XOA H . H . 50ron~50B a/2' . K OT OP~~ B n

~
epB~e 06pa TI.1 n BHI.1. 

MaH l.1 e Ha npo 6neMY 3KBI.1BaneHTHOCTI.1 KA 1.1 5KA BTOPO~ - 3 TO MC

TOA xa paKT epl.1C TI.14eCKO~ 'YHKUI.1I.1, BnepBble I.1CnOnb 3 0Ba HH bli:1 j:1n A I.1 C
c n e AOBa HI.1A I.1Ae a nbHo r o 603e- ra3a M.KaueM. CM . 15 '. 1.1 J'lB nA~lI\ l.1 ~ C n , 
B on pej:1e n CHHOM CM~cne, 60nee 0511\1.1M, 4 e M nepB~~ MeTOj:1. 

Uenb HaCTOflll\e i:1 pa60T~ /pa60Ta COCTOI.1T 1.13 ABYX 4aCT C~/ 
n p OAeMo Hc T pl.1pOBa T b n Pl.141.1Hbi B03HI.1KHOBeHI.1fl He3KB I.1BanCHT HO CTI.1 
aHcaM6ne~ AnA 603e-CI.1CTeM, a I.1MeHHO YCTaHOBI.1Tb, ABn RCTCA nl.1 
He3KBI.1Ba11CHTHOCTb cneACTBI.1CM 'a30Boro nepexOAa /603C - KO HAeH
ca u l.1l.1 / I.1 nl.1 a HOMa11bH~x ~11YKT yaUI.1i1 n nOTHO CT I.1 41.1C na 4 8C TI.1U? .l\nR 
3 Toro M~ paC CMOTpl.1M PAA T04HO pewa eM~x MOAene ~ He l.1ACa nbHoro 
603e - r a3a, B KOTOp~X B3aI.1MOAe~CTBl.1e BKn~4ae T C A MClKAY pa3111.1 4
H~MI.1 rpyn n aM I.1 4 aC TI.1U C uenb~ B~Aene HI.1R 3~,eKTa. npl.1 BOAAlI\er O 
K HC3KBI.1BanCHTHO CTI.1 KA 1.1 6 KA . 

nepBaA 4aCTb pa60T ~ nOCBA lI\eH a I.1AeaIlb HOMY 503e-ra3Y. Ee UeIlb 
npOAeMOHCTpl.1pOBaTb , 4 TO n pofiIleMa 3KBI.1Ba11eHT HOCTI.1 aH c aM511ei1 He
Tpl.1BI.1aIlbH8 ylKe B 3TOM Cl1Y4ae . 1.1 1.13 n OlKI.1Tb TeXHI-I4CCKI.1e pe3YIlbTa
T~. Heo6xOAI.1M~e BO BTOPOi1 4aCT I.1 AnA I.1CC IleAOBaHI.1A Hel.1j:1eal1bH~X 
603e-CI-ICTeM. 

OCHOBIIOi1 pe3yl1bTaT BTopO.:1 4aCT I.1 p a60TbI CBOAI1TCH K Cllej:1YIO

lI\eMY: OTTalll<I.1SalOlI\Ce B3aI.1MOAei1cTBl.1e MelKAY 4aCTI.1~aMI1, npI1S0AA
~ee K nOAaBIleHl-l1O aHOManbH~x ,nYKTya4I.1A n110THOCTI.1, BOCCTaHaB11I1
BaeT CTaTI1CTI.14eCKY~ 3KBI.1Ba11eHTHOCT b aHcaM6Ile~. HecMOTpA Ha TO, 

.. B nORBHBUlllXCfl 4<!pe3 .leCKOITbKO ne T pa50Tax 13.4/ MeTO,Il 

H.II. Bororoo50sa GbUl npl10TKpblT 11 B 1IeKOTOpbIX nYHKTax YTOlJHeH 
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,IlHCKycCI1H 0 TPYAIIOCTHX 3TOJ'O nOAxoAa cO,IleplKKTCH B o630pe 
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~TO RBneHHe 603e-KOHAeHCa4H~ /~a30B~~ nepexOA/ B 3TO~ CHCTeMe 
COX paHReTCR. 

B 3aKn~~eH~e 3TOrO nYHKTa HanOMH~M OCHOBHOe onpeAeneH~e, 
KOTOpOe RBnRe TC R OTnpaB HO~ T04KO~ AanbHe~WerO HCCneAOBaHHR. 

OnpeAeneH~e 1 .1. 
11. 

nYCT b 
/ a / TepMOA~HaMH4eC KHe npeAen~ AnR nnOTHOCT~ cBo6oAHO~ 3Hep

r ~1-1 f({3, p) B KA H Aa BneHHR p(f3,fl)B 6KA CY14eCTBY~T ~ CBR3aHbi npe
o6pa30Ba HHe M nemaHApa: 

P({3, fl) ~ sup (Pfl .- f({3 , p», f ( f3, p) = sup ( PI! P (f3. f.1)) ; /1 .1/ 
p /1 

/6/ AnR COOTBeTCTBY~14~X 3Ha4eHH~ XHMH~eCKoro nOTeH 4 Hana fl 
H nnOTHOC TH p, KOTopble onpegenR~TcR H3 /1.1 /, T. e. p p0tl VlnH 
fl "" r(p). npeAenbHble COCTORHHR B 060HX aHcaM6nRx cOBnaga~T: 

<: - > (f3, p (fA.)) ~ <- > ( f3, f.1) , < -. :> ({3, p) = < .. > «(3, fA. (p »). 
KA 5KA K A 5KA 

/ 1 . 2/ 
Torga KA H 6KA TepMogHHa MH4ec KH /cna6o/ 3KBI-1 BaneHTH~ . ecnH B ~ 

nonHe HO ycnoB ~e /a /, ~ CTaT HCTH4eCKH /CHnbHO/3KBHBaneHTHbl,ecn~ 
B~nonHeH~ ycnoBHR / a / H /6 /. 

3 aMe4aH ~e 1 . 1 . ECTecTBeHHo, ~TO npOBepKa ycnoBHR /a/ MHoro 
np014e , ~eM y c n o8 V1 R /6/. n 03 TOMY HHorAa orpaHH411Ba~TCR npOBep
KO~ TonbKO CooTHoweHH~ /1.1/ H HX B~nonHeHHe Ha3~Ba~T 3KBHBa
neHTHOCTb~ aHcaM6ne~ /6/ 

3aMe 4aHHe 1. 2 . MomeT B03HHKH YT b Bne4aTneHHe. 4TO Tpe6oBa
HVl e /C BO~CTBO/ TepMoAHHaM~4ecKo~ 3 KB VlBaneHTHOCT~ /a/ HaCTonbKO 
cna 60, 4 TO B~nonHReTCR An R Bcex cOAepmaTenbH~X. C T04KH 3pe 

/7HI-1R ¢H3 ~KI-1) MOAene~. To, 4T O 3TO He TaK. 6~no 3aMe4eHO 8 

a pa6 0 Ta / 8 nOCBR14eHa aHan~3y n p l-14 HH HapyweHHR TepMOAHHa MH4 e 
C KO~ /cna6o~/ 3KB~BaneHTHOC TH aHcaM6ne~ gnR MarHHTH~X CHC Te M. 

2. 	 I-1AEAnbHbli1 603E-rA3. 
603E- KOH AEHCAUHB 

nYCTb 11. ,' R'':' KOMnaKTHaR OAHocBR3Hafl o6nacTb ,'-MepHoro npocT
paHCTBa C KOHe4 HbiM 0 6'beMOM /Mepolit/ 111.1 c V H rnaAKo~ rpaH~L\elit 
aA/cOCYA 11./. TorAa npOC TpaHCTBO oAH04acT~4H~X COCTORH~1it 
H.\ .. L2 (.\) , a OAHo4acT~4H~~ raM~n b TOHHaH TII.(I ) RBJ1ReTCR caMO

,a ~ 
con pflmeHH~ pacw~peHHeM onepaTo pa KHHeTH4eCKOH 3HeprHH: 

1J. 2 
K A ~  -fl .2m D(K A) ~ C~ ('I\ ), !2. 1 / 

rAe m - Macea 4aCT~L\. a II - onepaTop nannaea, KOTopoe 3aAaeTCR 
rpaHI-14H~MH yenoB HAM~: 

2 

J tj; (x) + 0 (x) (x) = D, x C; aA; o (x) ::: 0, tj; f- D (T (1) ). /2.2/rJn (x ) 	 ,\ ,0 

3AeCb a/ (Jo (x) - npoH3BoAHaR BAonb BHewHe~ HopManH K nOBepxHocTH 
all. 	 , a o(x ) - rnaAKaR ~YHK 4HR Ha 3TO~ nO Be pxHocTH. ~3BecTHo,4TO 
cne KTp onepaTopa T h:)o RBnReTCR Torga ~HCTO gHcKpeTHblM H co
CTOHT H3 HeOT p HL\aT eI1 b HblX c06c TBeHH~X 3Ha ~eHH~ I(~O)( 11. ) It' 0 . 

KOTopble Mbl 6YAeM C~HTaTb ynopRgoLfeHHblMH: 0 < ( (0) (A) < { (oT (A ) <; 
N 	 - 0 - 1 

) (N ) 11
KaK 06bl~HO, 4epe3 S \ = ( ® J\ .) , Mbl 6YAe M 0603Ha 4a Tb npOCT

} j = l /( sy mm 

paHCTBO CHMMeTpH~HbIX N-4acT~~HbIX BonHOBblX ~YHK 411~, COOTBeTCT
BY~~HX COCTORHHRM N 60 30HOB B COCYAe A. r a Ml1n bTO HHaH Hgeanb
Horo 603e-ra3a B 3TOM N- ~'acT~~HoM ceKTope HMeeT BHA: 

2 1/ 2(N) N (j) 

TA - 1 (1 Ii> 1® .. . 0 T A ® ... Ii> 1) . T U) (_ i l --~)a 12 . 3/


,0 	 j = 1 , a A, o 2Bl"~ 1(}x . 
.I. a 

COOTBeTcTBy~~ee ~OKOBCKoe npOCTpaHCTBO HMeeT BHA 1(fl) ~ ~ l~) 
:\ N·oO A 

a raMHnbTOH HaH HAeanbHoro 603e-ra3a, Ae~cTBY~14H~ Ha nnoTHo~ 
o6nacTH onpeAeneHHR D(TA , o) B 3TOM npocTpaHcTBe, M~ 6ygeM 
o603Ha~aT b 4epe3 Ti\ o ' . 

HanoMH~M Tenepb, ~TO CTaT~CTH4eCKaR cyMMa AnR HgeanbHoro 
603e-ra3a np~ ~HKcHpoBaHHoM 4Hcne ~aCTHI1 N B cocyge .\ V1 TeM
nepaType (-I- 1 /T.e . B KA/ HMeeT BV1A 

(0) 	 (N)
Z. ((1. N)=Tr exp(-fiT. 2 eXP(-(3, 2,/,,)(:\)n ),

1\ . c,c N ) 1\ , a r

In!, : Inp ~ NI 1_o 


. J " J' . 0 	 /2.4/ 

rge CYMM~poBaHlle npoH3BoAHTCR no 4HcnaM 3anonH eHVl R nr = 0,1,2,. 
AnR Ka>t<Aoro H3 OAHo~aCTH~Hb'X ypoBHe~ (1\ rJ) (11. ). Coo TBeTcTBYI014al'l 
CTaTHCTH~eCKaR CYMMa B 6KA AnR TeMnepaTYp~ ~ - 1 H mHKCHpoBaH

((1 )
HOM XVlMH~eCKOM nOTeH4Hane I" <' { (AI Bbl~IKnReTCR RBHO: 

o 
_ (a) 

({-I. 	I') ~ Tr, l1 exp(-f-lT ~ /-31" N Z (a ) ( ( i , N ) 2 .5/1\ . t( J1 ,\1 ,\ . (J 1\
N ~ O 

In)- fi (( J' ( :\) -. I" ) - 1
II (1 - OJ ) 

I' ·, 0 

OTB eYJIO~He 3 THM aHcaM6nRM nnOTHOCTH TepMOAHHaMH4eCKHX nOTeH
I1H a nOB /nno TH oc Tb cBo6oAHO~ 3HeprHH H AaBneHl1e/ I1Me~T B~A 

(0) 

.( 11 1(/1l!.) 1 (11 ) (0) 1 x -{3 «( p (A)- fA. ) _ 1 
! A . V - - I II Z . ({1. N), p. (fJ, f.1 ) = --- 1 1n 11 - e I .flV !\. 1\ f3V P.- O 

/2.6/ 

nOCKonbKY HHme Hac 6YAYT ~HTepeCOBaTb CBO~CTBa 603e-CV1CTeM 
B TepMogV1HaMH~eCKOM npeAene (t-lim) , KorAa A,;fR 

~. 

H N ... "" TaK, 
~TO N/ V ... P -nnOTHOCTb ~Hcna LfaCTHI1 B CHCTeMe, TO YAo6HO BBeCTH 
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QJYHKI..\I-1IO 

n ~T)( f ) ..1 }; 1. '/2.7/
V I I' (0 >(1\ ) <. ( I p 

Ae~cT B ~TenbHo, C ee nOMO~blO AaBneH~e /2.6/ MO~HO npeACTaB~Tb 
B B~Ae 

«!) 1 (0 ) - 1'1 (f (1)0< 

p/\ ( fl , (1) " ." Ii t d 11./\ (f )ln ( l - e ), /2.8/ 

~ Bonpoe 0 cy~ec T BOBa ~~1-1 t - Iim AnR Aa BneHI-1R B nKA e BOA~TCA 

K n po6ne Me cy~e e TBoBaH~A / cna6or o/ n peAen a ' 9 ' AnA Mep 

Id 11. (~ ) t f ) ! /\ - R 1/ • 

, (a)
Te ope Ma 2.1. npeAen d11. «()Anfl Mep Idn.\ (c) I /\,- R" e y~eCTByeT , 

He 3aB ~C~T OT rpaH~4H~X ycnoB~~ /2.21 ~ ~MeeT B ~A 

l 2 11 /2 1/ .'2 - 12( _ Tl_n_ ) l dedl1Cd 12.91 
m 1' (11 /2) 

3aMe4aH ~e 2 . 1 . XOTA yTBepmAeH~A TaKo ro T~na AnA oAH04aeT~4

H~X onepaTopOB ru peA~Hrepa ~3BeCTH~ ~ B 60nee o6~~x c~Tyal..\~AX, 

CM. Hanp~Mep ,' tO- 1 ~~ np~no~eH~~ 1 AnA YA06c TB a 4l-1TaTene~ np~Be
AeHO KpaTKoe 1-13nO~eH~e OCHOBH~X MOMeHTOB AOKa 3aTenbcTBa Teope
MW 2.1 . M~ CAenanl-1 3TO e~e ~ nOTOMY, 4TO no aHanOr1-14HO~ c xeMe 
nOCTpoeH~ AOKa3aTenbCTBa HeKOTOpwX APyr~x YTBepmAeHI-1~ HaCTOA
~e~ pa60T~, B KOTOP WX ~cnonb3yeTcR Me TOA xapa KTepl-1CTI-14eCKI-1X 
~yHKI..\ I-1 ~ . 

CneACTBl-1e 2. 1. H3 /2 '1/ cneAyeT, 4TO t. " lim AnA AaBneH~A 
I-1Ae anbHoro 6 0 3e- ra3a P~ ({3 , (1 ) npl-1 11 < 0 cy~ecTByeT, He 3aBI-1 CI-1T 
OT r paHI-14HWX ycnoBI-1~ 12.2/ 1-1 I-1MeeT BI-1A 

1 "" p ( {:3. II ) - 73 J dl1 (£) lnll - e -{3(t.- (1) /2.10 /o I. 

«(I) 
C Y4 e TOM Toro, 4TO t ·. lim f 0 ( /\ )~. 0 , BblpameH~e 12 . 101 MomeT 
6blTb npOAomKe HO Ino HenpepbIBHoCT~/ AnR II .: 3 B T04 KY 11 = o. 

CneAeTB~e 2 .2. AHanOr l-14HO AnA cpeAHe~ nnOTHOCTI-1 41-1ena 4aC T~1..\ 

B 6KA p1(T'( (:3 . (1.) - <-.N / V > (f) ,I), ). KOTopaR B t< OHe4HOM cOCYAe A I-1MeeT 
" /\,(1BI-1A (0) 

(a) (0) 1 '" {:J (( e ( I'\)- /~) - 1 
fI \ ( {3, (1) = a P. ( f3 , II ) = - ~ I e - 1 I 

I /11\ Vr ,. o 
Q (el) A ' /2.1 1
,,(f P ( )-(1) - 1 

<l1p >/\ ({3 . ,d ~ I e - I I 

4 

B npeAene t - lim, n pl-1 11 < 0, nonY4aeM cneAYIO~ee B blpa~eH~e: 

- co f:3«( - I') - 1 
plf), 11) - rd n(c )Ie - I! /2. 12 

° 
TaK ~e , Kat< 1-1 Bblwe, A11R v .~ 3 3TO Bblpa)t(eHl-1e Mo~eT 6bITb npOAO Jl 

~eHO Ha Il = 0 , npI-14eM I-1HTer pan e npaeo~ 4aeT~ /2.12/ ,QOCT l-1r ae T 

e 3TO~ T04Ke CBoer o MaKCI-1MYMa: 


Po (f3) ;: p( {3. iJ " 0 ) . 12. 13 1 

C 11 eAcTs~e 2.3. AnR v > 3 ~s /2.131 ~ AB Horo B ~Aa $Y H KI..\~1-1 

p~)({3 . /1 ) 12 . 11/ c l1eAyeT~ 4 TO AJ1A (I ::' P ({3) c y~eCTB yeT noc n eAO


c
 
BaTeJ1b HOCTb 1~/\(p )I A"- R Il TaKafl, 4TO : 


(a) _ , 

/al /\ (f1 , I' 1\ ( p » p ; 


/2 . J~/ 

. " - «(/) . 1/6/ t . hn1Il ,, (p) ·, 0 ; It 1\ (p) ! ::: ( 0 ( " ) - - (1) Py~ ) 'J • I'l (V J), 

v~"" OV 
(0 ) - - (a) _y


/ e / P" (~'/1 ,,(pc») = pcun, '"'A(P ): ~ ' o (i\ ) - aV ,a U, a"' )< l. 

e 

V .... 

3TO 0 3Ha4aeT, 4TO e Bwpa~eH~~ AnA CYMM~ cpeAH ~x nJlOTHOeTe~ 41-1 C
na 4acT~1..\ Ha Ka mAOM OAHo4aCT~4 HOM YPOBH e Inpl-1 3aAaHHO~ nOJlHO~ 
nJlOTHOCT~ 4~cna YaCT~~ P • f\(t')/ : 

(0) . , 

p P" (/1 . I' " ( I' » V ~ ~ <'11 • (fl 
V " ..! 1 r ,\ . Il ,,). /2 .15/fl (( (a) ( !\ )-p./\ )e 0 _ 

nepB~~ 4neH B npaBO~ 4 aCT~ InnoTH ocT b 4~CJla 4 aC T~ 1..\ B OCH OBH OM 
C OCTO~H~~/ B t -llmOT111-14 eH OT HyJlA 1-1 pa e eH po(~) , a B T OPO~ 4Jle H, 
B c~ny eneACTB ~ A 2 . 2 , CXOAI-1TCA K pc(~)' T . e . 

Po (fll p-fi} /l ) . /2. 16/ 

3aMe 4a HI-1e 2.2 . ~BJ1eHl-1e Hat<onneHI-1A /B I-lim / MaKpOCKOnI-14e
CKoro 4~c na 4a CTI-11..\ P (/3 ) e 3Heprl-1e~ , paBHo~ Hy nlO, AnA HAeanbHo r o 
603e -r a3a n p~ ~ ~ 3,OKorAa nJlOT HOC Tb c peAHe ro 4~ena 4a CTMI..\ n pe
e~wae T HeKO TOpylO Kp~ T ~ 4e cKyn nnOT HOCTb pc(~ ) ~aBeC T HO KaK Ae
ne H~e 603e-KOHAeH C al..\~~ . OHO Xopo wo HSY4eHO B oKA /CM, HanpM
Me~/5.131 I. nOCKonbKY B 3TOM aHCaM6J1e 6011bWI-1H CTSO B ~4HCJ1eH I-1~ 
Mom HO n po,QeJ1aTb B fleHOM B~Ae y~e B KOHe 4 HOM 06beMe . An~ KA n po
SeCTI-1 aHanor~4H~e BbIKnaAK~ B KOHe YHOM 06beMe He YAa eTCfl . 3T I-1 
T PYAHOeT ~ B CBoe epeMR nopOA M~1-1 Aa~e eOMHe H ~A B TOM , 4TO no 
eeAeHl-1e ~Aeanb Horo 60se- r aaa B 3T~X ABYX a HcaM6nflX no~mu o6u 
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HQK(S O, H 4TO RB n e HHe 6 03e -KOHAeHCaUH H HM eeT MeC TO H B KA . 
nOnO*HTenbH~~ OTBeT Ha 3TOT Bonpoc 6~n BnepB~e nonY4eH B H3
BeCTH~X neKU HBX H.H . 50ron~60Ba/2 

3. np05nEMA 3KB ~ BAnEHTHOCT~ AHcAM5nE ~ 

Teo pe~la 3.'. AnR HAea n b Horo 603e - ra3a KA H 5 KA cna60 ITepMo 
AHHaM H4ec KH/ 3KBHBane HTH~. npH4eM c pe AH He 4 Hc n a 3anonHeHHR 
B 060HX a Hc a M6 n Bx. npH COOTBeTCT BY~~HX nnOTHOCTRX H XHM H4 eCKHX 
nOTeH UHa n ax B l - lim , cOBn a AatOT AnR (' 0 InH60 f.L < 0 I, a B o c
HOBHOM COC TORHHH COBnaAa ~ T cpeAHMe nnO THOCT H YH Cna 4aCTHU: 

<n ; ( {3 , p) = <n, ;. ({3, f.L (p »,
E 

13 .1/ 
lim ~ <ne o A ({3 , p) ~ t lim -.!..<nn > A (fJ, Ii (p)) Po( {3· pl.v r, ~ 0 1\ , \ 

3AeCb cxo,QR~aRcR nocnep,OBaTe~bHOCTb Iii (p) ! 1\ :: RI' o npe ,QenReTcR 
H3 ypa BH eHH R / 2. 15/, n p l-14 eM f.L ( P< P ) < 0 H /i( p ? p c) = o. 

c 

3aMe4 a HHe 3. 1. HeTo,Q AO Ka 3aTenbCTBa 3 T O~ TeopeMbl, npe Ano
*eHH~~ B J2~ 3aKn~YanCR g CB e Ae HHH B~4 HcneHHR t - lim AnR nnOTHO
CTH cB060AHO~ 3HeprH H r:) ({3 . N/v) K 04e HKe, C n OMO~blO Me TOAa 
ne pe Ba n a, aC HMnTOTH KH HHTe rpana KOWH ICM. 12.51 H /2 .6// : 

«(I ) l.• {3Vf A ((3,N/V ) 1 dz (3 Vp A({3, z) 11 ~ Ln z . e = -- ¢ e , 13.2/2 TT i z Nt- I
C 

Ha H e KoTop~e TPYAHOC TH, BOSH HKatO~He B 3 TOM nO,Qx oAe, 6~no YKa 
3a HO B I 1 4. 15 1I n~. TaK)Ke 0 630P '51 I, TaM >t<e npHBeAe Hbl He 06xOA H

M~e ,QononH HTenbH~e aprYMe H T~, ,QOKa3~Ba~~He Koppe KTHOC Tb pe
3ynbTaTOB /2~ KaK y>t<e OTMe4anOCb B~we, He 3aB HCHMO TepMoAHHaMH
4eC KaA 3 KBHBaneHT HOCTb aHcaM6ne~ 6wna ,QOKa3aHa B/3 , 4~ TaM *e 
nO,QTBep*AeH BbIBO,Q pa60TbI /2' 0 TOM, 4TO 603e-KOH,QeHca4HA npOHC
XOAHT H B KA npH Tex >t<e 3Ha4eHHRX KpHTH4eCKHX napaMeTpOB,4TO 
H B 6KA. E~e O,QHO ,QOKa3aTenbCTBO TepMO,QHHaMH4eCKO~ 3KBHBaneHT
HOCTH aHcaM6ne~. Hcnonb3YtO~ee HeKOTopble cneUHanbHble CBO~CTBa 
$YHK4HH nnOTHOCTM Kaua ,QnA H,QeanbHoro 603e-ra3a, 6b1no npe,Q
nO>t<eHO He,QaBliO B 116( B npMno*eHI-1H 2 Mbi npMBO,QHM npOCToe ,QOKa
3aTenbCTBO TeopeM~ 3.', KOTopoe OCHOBaHO Ha ,Qpyro~ H,Qee.a HMeH
HO Ha O,QHOM 06~eM YTBep*~eHI-1"" /TeopeMa MHHnoca-nOB3Hepa/ OT
HOCHTenbHO npe06pa30BaHI-1R nannaca. 

3aMe4aHHe 3.2. OTMeTHM Tenepb. 4TO MCKn~4eHHe H3 rpaHH4HblX 
ycnOBI-1~ /2 .2/ cnY4aR a (x) < a. x ~a A /I'npI1TRrHsa~He ti cTeHKH/ 
cy~ecTBeHHO. OcofieHHocTH nose~eHHH H,QeanbHoro 603e-ra3a B 3TOM 
cnY4ae paCCMaTpHBan HCb B 117.18. OHH onpe,QenRKlTcA TeM, 4TO Tenepb 

6 

B t lim B 0,QH04aCTI-1YHOM cne KTpe OCTaeTCR CBR3a HHoe COCTO RH l-1e , 
OT~ene HHoe ~enb~ OT HeOTpl-1 uaT e n b Horo HenpepblB Ho r o cneKTpa. Ta 
KaR CTPYKTypa c neK Tpa n pHBOA I-I T K TOMY, 4 TO Te pMo~ HHaMH4ecKoe 
nose,Qe Hl-1e I-I,Qeanb Horo 603e- r a3a n pH (J"(X ) < 0 oTn H4 aeTCA OT c nY4aR 
a(X) '·0 : AnA pa3MepHocTe~ l/ ~ 1 ,2 B03MOlKHa 603e-KoHAe Hc a4HR. 
a AJ;H I' ~ 3 xapaKTep 6 03c-KoHAeHCaU>1 H O TnVl 4 aeT CR a T TOI1, KO TO
paR HMeeTCR B c nY4a e "OT TanK HBa~~I-IX " CTeHOK. n03TOMY B HaCTOR
l11ei1 pa60 Te MbI orpa HH4HMCR TonbKO c n Y4aeM rpaH w-1 HblX ycnoBI1~ 
a (X):::: a,x E- rl\. a CTpeMne Hl-le A ?fRI'6YAeM nOHHMaTb B CMblcne. 
npe,Qno*eHHOM ~I1WepOM/19! HanpMMep, KaK H30 TponHoe pacwHpeHHc 
n poH3BonbHoro cOCYAa I\. :::: R'/. 3TO H36 a Bn AeT a T He 0 6xOAVlMOCTI-I o ro 
BO POK no nOBOAY Hel130TpOnHor o pa CTa 1\ , KOTopoe MOlKeT n pl1BeC TH 
K RBne Hl-1tO 0606~eHHoi1 603e-KOH.QeHC aL\H H, CM. ' 16 1-1 12 0 .2 1' 

3aMe 4 a HHe 3. 3 . EcnH 1\ ABN 1eTCR napannene n HneA OM, TO HapRAY 
C rpa HH4 HWMH y c noBHA MI1 12.21 MO>t< HO paCC Ma TpH Ba Tb n epl-10AH4 eCKI1e 
r pa HH4 Kbie ycnOBI-1 R. B 3TOM cnY4ae p C3 yn bTaTbi Te o pe Mbl 2. 1 H cneA
CTBHi1 2.1 -2 . 3 He H3Me HAKl TC A / 17/ n 03 TOMY HH >t<e MW 6YAeM o n YCKaTb 
>1H AeKC, YKa3WB atO~l-1 i1 Ha B~6op rpaHH4H~X ycnOB H ~. ecnH 3Toro He 
6YAe T Tpe60 BaTb XOA paCCYlKAeHHi1. 


~ 3 onpeAeneHH~ KA H 5KA cneAyeT, 4T O CpCAHHe B 3THX aH caM6 
nRX CBR3aH~ COOTHoweHHeM 


(1\ ) , ( :\ ) (1\ ) N 
<: - ; A ([1 , f.L) -. 'i p~ I N / V ) <: - '/\ «(1 . N / V). F''1 (x) - ~ p(J ( -V' 

" ,' , 11 "'~ .r 
N - O O: N/V/ x 

3 Q ( . \)( ) v v

AeCb r ~ . - $YHKUHR pacnpeAeneHHR cnyyaHHOH
f' ,/1 IB f)KA I Benw 

4HH~ - nnOTHOCTH YHCna 4aCTHU B KOHe4HOM coc YAe 1\ 
/" 11 N

( tl) (1\ ) N e Z A(!i. N ) F' (X) PI' (-.' X)  'i -- - ----(1. I' /1.1' V 13 .41 
O::: N /V ' '' x =,·Si. I,) 

TaKHM 06pa30M, sonpoc 0 cl1nbHoi1 3KBI-1BaneHT HOC TH KA H 6KA CBO
AHTCR K TOMY, Ka Koi1 BHA ~lMee T BepOATHOC THoe pac npe Ac n e HI-1C 13 . 41 
B Te pMOAHH aMH4 eC KOM npe Aene. 

I 1 ' I (/\ )
Teope Ma 3. 2 . . ,) PacnpeAeneHI1R l ~~r-l, 1.\ , R " CXOARTCR I s cna60M 

cM~cnel K n peAen bH OMY pacnpCAe neHl1tO ~~ j . nnoTHocT b KOToporo 
HMeeT BI1A ,/ 

d F {i (X )
'L . Ii (x - I~ ( (1 .. I' » .. /' - 1. 2. 13.Sale1x 

r 0 (x - ("j Cf; . I' »' 11 ::: 0 ({) ( f3, /1) :::.. p.. )
elF"1. (x)
_-1.~_ 

I' '"- 3 . elx 13 . 5611 (J (x - PC> x - (J (: 

l ---- exp l - --_- -!, f.L o ((J • pc) 


P-Pc p Pc 
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~OKa3a Tenb CTBO. ~3 BeCTHO, 4TO An~ AOKa3aTenbCTBa cna60~ c xo 4e c KO~ C!lYHKl\ ~~1 ¢ ,,(l), COOlB e TC TBYt014I-1X T04 Ke II = 0 , nonY4 I>1T CA . 
A~MOCTH KOHe4HOMepH~X pacn pe gen e HH A AOCT a T04HO yCTaHOB~Tb CXO ecn H B / 3.1 0/ Bocnon b30BaT bCR aCI>1MnTOTI>1Ka~-H1 AJl~ I" U~. p)! Ar R' 

g~MOCTb C OOTBe T C T BYIOU~11 X XapaKTep ~CTH 4e CK"'X <!lYHKl\~~ 19 / , KOTopble CM. / 2 . 14 /. Tor Aa AnA ne psor o COMHO~I>1TenA B /3. 10/ nonY4 a eM 
B AaH HoM cnY4ae ~Me~T B~A 

it 
it N IV it - {-l (c o(A) -(1\({3, p)- {Jv ) - t 


II (I) ~ < e '1'1 ( (3 , (1) = exp I (3 V {p Alf3, (1 ~ V ) - P '\ (~ , 11 » I. / 3 . 6 

- lim _Q.~---..------ ---- --- -) 

I 

/3. 11 /


- fi (t o {/\ ) -;;1\. {(3, P))) - 1 . it ( p- pc ) 
(1 '. e

/a/ . KaK cneAyeT "'s TeopeM~ 2 AnA v= 1 , 2 MHo~eC TBO Aon YCTHM~X 
3Ha 4 eH ~~ (1 /06nacTb H3MeHeHHA XHMH4eCKoro nOTeHl\Hana , ~nA KOTO 3a Me THM Tenep b , 4TO 1>13 Teo peMbl 2.1 AnA nepB blX gByX YPOBHeC1 OA
po~ AaBneH ~e /2 . 10/ H nnOTHOCTb /2.1 2/ KOHe4H~/ - 3TO (1 ~ o. H04aCTH4 Ho ro cneKT pa nonY4aeM cne AYtOUlYIO aC~MnTOT~KY np~ V .~. 
n03TOMY B pa 3no*eHHH c (1\) . all v - 2.'J·n03TOMY AnA Y ~ 3 nonY4ael'op .. 0 . 1 ,- 0.1 

1 it 2 2 itlL ) p (f3 II) _, JL a p ( (3 II)" . 1 :X 2 - "' - '" {3(C-c d A )) 2
PA( (3· (1 - (iV - (-) a p ,(f3 , I< -0- ) , 

A ' {3 V (1 A 'r 2 (3 V (1 I - (3V t- lIm"2 ~ <ni' > ({3" l \- e -J.L) = limL I d}[\(d l e ·· 1! = 0 . 
V p" 1 A ' {3V v- OG V ( (I\) I 

1e1 < 1, 1 /3.12/
• /3.71 a KpOMe Toro 

npeAen 
1 x _ 1:;': (~ -' fI it )2 - "" (3 (3 1

t - lim- 2, <ne '..- «(3. I' ) = P ({3), t ·- Im- "- < no > f',(1 + -- ~ O.t -'. lim a(1 pA ( (3, (1 + e ~~ ) ~ (3 { cl Jl (f) [ (e «( .. (1) - 1) - 2 ;. (e «( - (1 )- 1) . 1 J '/ P ~ l - A c V 2 e, 1 l A {3V 
/3.13/

/3.8/ 
C061-1pa~ BMeCTe npeAen~ /3.11/-/3.13/, nonY4aeM /3.56/ An~ ~ = 0 

KOHe4eH An~ Bcex AonYCTHM~X 3Ha4eHH~ XHMH4eCKoro nOTeHl\Hana. 3TO t-1p "' P ((3). HaKOHel\, 1-13 cneACTBl-1fl 2.3 BblTeKaeT, 4TO cnY4a~ (1= 0 
03Ha4aeT, 4TO H P~p:(fJJ COOTBeTcTByeT AnAI1A(pc ) aCI-1MnTOT~Ke /2.14//8/. I-1cnonb
t - lim ¢ (t.) _ it P«(3 (1 ) i tx 3YA ee B /3.11/-13.13/, nonY4aeM /3.56/ An~ (1 = 0 1-1 p ~ p c( f3). 0A - -- e ' ~ ( d F(3 (x ) e 

- ,(1 13.9/ 
o 

CneACTBl-1e 3.1. KA t-1 5KA AnA t-1AeanbHoro 603e-ra3a /v ~ 3/ He 
OTKYAa cneAyeT /3.5a/. ABn~IOTC~ Cl-1nbHO /CTaTt-1CTI-14eCKI-1/ 3KBt-1BaneHTH~Mt-1: B T04Ke (1 = 0 

/6/. ~n~ (1 < 0 /T.e. ji«(3,(1) < Pe l AOKa3aTenbCTBO /3.66/ OCHOBaHO HMeeTCA 6eCKOHe4Hoe MHo~eCTBO npeAenbH~X COCTOAHH~ 5KA, KOTop~e 

Ha aprYMeHTax, KOTop~e npHBeAeH~ B~we. Oc06eHHOCTH BOSHHKa~T AOnOnHI-1TenbHO VoHAeKCl-1pYIOTCA nJ10THOCTblO p ~ Pc' npH4eM AnA p > Pc 
TonbKO AnA (1 = 0, KOTopoe, B cHny cneAcTBH~ 2. 1-2.3.npHHaAne~HT 

< - > ( f3, I' -, 0 i p ) f. < - . ) (f3 , p).06nacTH AonYCTHMblX 3Ha4eHH~ XHMH4eCKoro nOTeHl\Hana An~ v ~ 3 /3.14/ 

/T04Ka 603e-KoHAeHCal\HH/. BblAenHM B /2.22/ BKnaA, COOTBeTCTBY~-


UlH~ ( 0(;\)' Tor Aa _ 

4. 3AKn~4~TEnbH~E 3AME4AHHR-fl «( (11. )-(1- -~) -- 1 

(1 _ e 0 f3V )

¢ A (t ) '= --.---------------  expl- _ <n ,· \/-', (1 + ECJ1~ y cnOBI-1R, He06xOAt-1M~e AnA nepexoAa OT KA K 5KA, xopowo 


• I it. , . • ( Q ) 

-f3 «( ( 11.) --(1) , ·1 f3V e ~ l e A 1-13BeCTH~ /CM.! 1 9 ~, TO npI-1Mep~, paCCMOTpeHH~e B pa60Tax / 7. 8 ~ 
(1- eO ) 

nOKa3~BaIOT, 4TO cy~eCTBYDT MOAenH, AnA KOTOP~X13 .10/ 

..l.. (~_)2;: [ ,. nr } (f3,(1Te~)+ <u p> (f3,(1 + e-~t...)]l, 11] 1< 1. p(f3, (1 ) -, SUp ((lll - rcf3. p». / ~ . 1a/ 
2 ~V p" 1 1\ f:lV 1\ f3V (i 

HO B TO BpeMA:
1-13 cneAcTBHA 2.3 H3BeCTHO, 4TO COCTO~HHe < - > (fl,(1) BT04Ke (1 = 0 

~e 

B~po~AeHO: pa 3nH4H~e npeAen~ COOTBeTCTBYDT pa3H~M aCHMnTOTHKaM f( (3 , p ) 1" sup ( P11 - p(~, /' ») : f( {3, p l. /4.16/
nocneAo BaTenbHoc Te i1I F«(3.p)1 A ~ Ri ·. KOTop~e onpeAen~IOTC ~ YCJlOBI1AMH I' 
KOHe4 HOC T~ AaBneH~A H nnOTHO CTI1 nonHo r o 41>1Cna 4aCTHl\ P /CM. n03TOMY AO Ka3aTeJ1bCTBO cna60H / T epMoA~HaMI>14e C KoH / 3KB~BaneHT -
/2.14/ H /2.15//. n03 TOMY MHo~eCTBO npeAenOB An A xa paKTepI1CT~-

8 9 
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HOC TM KA M 6KA Tpe6yeT cne~Manb H~X a prYMeHTo8*. An~ cnyLla~ MAe
a nb Horo 60 3e -ra3a OHM C80A~T C R, HanpMMep, K paCC Y*AeH MRM, np M
seAe HHblM B n pMn ome HMM 2. 3aMe H 1M , LI TO 3aOAHO AOKa3 blB aeTCfl ,III cy
~eCTBOBaHMe TepMOAM HaMMLleCKo r o n pe Ae na s KA - 06~4HO / CM. 19j 

cy~ecT8oBaHMe TepM OA MHaMM4e CKoro npeAena B 6KA M3Bne Kae TCfl M3 
ero cy~ecTBoBaHMR B KA, AnR MAeanbHo r o B03e-raaa CT paTe r MA 06
paTHaR. 

3aMeLlaH Me 0 B03MO*HOC TM pa3nMLlHoA CT e neHM 3KBMBaneHT HOCT M 
aHcaM6nei1 o6 cY*AaeTCA B npM nome HMM /aSTopbl - P . n . A06pYWMH, 
P,A . MMHnoc , ~ .M ,CYXOB I K KHM r e'19~ TaM me YKa3aHO Ha CBR3b 3TOA 
npo6neMbi c ~eHT panbHblMM npeAenbHblMM TeopeMaMM An~ 4Mcna llacTM ~ 

1 222°/ _
B 6KA . v.3AeC b Mbl OT Me TMM TonbKO, LITO HapyweH Me Cl1n bHOM ICTa-
TM CTMLl eC KoAI 3KBI1SaneH TH OCTM a HcaM5neA AnR HAean bHoro 603e
ra3a (1, :·3) CBfl 3a HO C oc06e HHoc TRMM cpnYKTya ~ M~1 nnO THOCTM Ll Mc na 
LlaC T M~ ~ KA M 6KA IC M. Teo peMY 3 . 2 MI l 

r 
A no 0, /1 < 0, P <: pc I~' , ( _ ) I 

. (1\) ( N ) . t - li m ~ 11 V I~ .- . ~ t- 11m 13./1 V . 
(,2, /1 - o. P!. Pc 1 0 /4 .2/

~( .'\ ) ~Q, ) . O. 
lim 'j 't! () ( V 

,1I\) , ( ,\ 
3Ae c b ~ tl.1 (. ) M ~ I" (.) - AMcnep CMM. COOTBeTC TBe HHO. B 6KA M KA . . , ', I) 

H3 I .21 cneAyeT / Hepa Be Hc TBo 4e6b1we Ba / , LITO B 6KA AnR r 0 
MP ' Pc Hapywae TcR 3aKOH 60n bwMX Ll Mc e n KaK Anfl nonHO~ nnOTH OCTM 
4Mcn~ LlaCTM~, Ta K M Anfl nnOTHOC T~ 603C- KOHAeHcara. KaK BnepBble 
OTM e TMnM 6epe3MH. CMHaA '2~ 1 M AO()PywMH '2f,.' 3TO HapyweHMe Mom eT 
cny~MTb KpMTepMeM AnA npOBe pKM cy~ec TBoBa HMA B CMCTeMe ¢a 30BO
ro ne pexoAa nepBoro pOAa I nnOC KM~ Y4acTOK Ha p- v A~a rpaMM e/ , 
CM. TaKme 12Gi n0 3TOM Y 603e- KOHAeHca~Mfl B MAeanbHO~' ra3e Kna c
C~~~4MpyeTcR KaK CPa30B~~ nepexoA ne pB o ro pOAa ' ~.27 ' . xo rR He KO
TOPble aBTopbl, OCHOB biBaACb Ha Te Mnepa TypHoM nOBc Ae HMM YAenbHo~ 

Te nnoeM Ko c TM, OTHOCflT ee K ¢a30BoMY ne pexoAY Tpe Tbe ro pOAa, 
CM. HanpMMep l 28 , ~9' 

* 3aMeTHM , HanpHMe p , "ITO B TaKOM H31t eCTHON K y pce CTaT I1CT1l4e

cKoi1 MexaHHKH, KaK 127 ~ npH HC Cl JeAOB3HHH I1A eaJ1b HOrO 6 0 3e -r a3a 

B KA nOApa 3Y1'1 e BaCTCR, "ITO cna6afl 3 KB I1B <lnC W, HOcTb a H ca ~16S1ci1 
/ 271 131.1 2 , AOKa3a Ha / CM . §4/ . 
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nPH nOlKE lI l-1E 1 

AOKa3aTen bCT BO TeopeMbi 2 .1 

<n(O)An A Me pbI d Jl A (r ) c y~ec 7 ByeT npeo5pa30B aHMe nannaca: 

_ tT( I) 

(fT ) (17) -{ I 1 . (n) .
.l.. T l' e A,oF (l ) f d:l1, (oe = - rdx Q (I. (t, x. x). / n 1 . 1/

.\ V V (I.o 
t I J 

flAPO onepa To pa exp (-lT ) YAoBneTBopfleT cneAYIOUjMM Hepa BeHcTBaM: A
(oo ) (a) ( 0 ) 

Os"Q" ( t;x, y)sQ" ( t; x, y) ,:: Q " (t ;x,y) , Inl.21 

KOTo pble R 8 nA~T C A n pAM biM c neACTBMeM cpopMynbl f pM Ha. 3AeC b MHAeKCbI 
(_ ) MlO) cooTBeTCTB YIOT r pa H MLl H~M yc n08 MAM AMPMXne M Hei1MaHa. 
KaK nOK a 3a HO B pa60Te / 30 ~ AnA n lO6blX CP MK CMpOBaHH blX t > 0 M X. Y ( . . \ 

MMe eM 

_r2 _1_11_ 

(oo ) 'e," , 2 ( 2Hlt2 ), ,/ 2 e y ? t, 2..... ___ _0
I Q(I. ( t ; x,y )- Q( t ;x,y) 1 

01 

r2 1, Y2 , ,~ ~ /nl . 3/ 
A..llL l 2 -c x y 

(~ m (to 11 12 ---v- m 
1Q " (t x,y )- Q(t;x , Y)1 < ce fil) e 2L 

rAe YlI , y ~ dist (x,y ; aA ).a Q(t;X.Y) RAPO onepa Topa eXp (_ tT(I),KOTOPoe 
MMe e T BMA 

exp l- Ix- yl 2 
2Lt" m 

Q ( t ; x, y) = ------~--- /nl .4/ 
,2 I) 10 

(277 t n 1m ) 

1-13 HepaseHCTB / n l .2/, o~eHOK /n1.3/ M $opMyn~ /nl .4/ cneAyeT, 
4TO t -lim npeo6pa30BaHMR nanJ1aca In!. 1/ CYUjeCTByeT, He 3a8V1CMT 
OT rpaHMLlH~X ycnosVl~ M pa8eH 

_ l im F A(0) (t) = (2 H til 2 )-1 ,/2 /nl .5/ 
OJ 

AOKa3aTenbCT80 /2.9/ CTPOMTCR Tenepb C nOMOUjb~ /nl.5/ no nJ1aHY 
M3secTHoi1 B TeopMVI BepoRTHocTe~ TeopeM~ 0 cna6o~ CXOAVIMOCTI1 
pacnpeAeneHVI~, CM., HanpVlMep, / 9/. HeCYUjecTBeHHoe OTnM4V1e 3aKn~
llaeTCR nVlWb B TOM, 4TO nOCKOJ1bKY aepORTHOCTHafl Mepa 

(II ) IF (fT)d It A ( ,\ ) 
,-I e- LA d:l1~ ) (>') /nl .6/ 

1\, ' " 
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I 
~Mee T HOC~Tenb Ha R+ . TO BMeCTO n pe06pa30BaH~~ ~YPbe M~ MO~eM 

~CnOnb30BaT b An~ nOCTpOeHH~ XapaKT ep~CT ~~eCKO~ ~YH KUKK npe06
pa30BaH~e nannaca: 

F «(1) (t. • ~ )
(a) 	 '. , - ( a ) . - I; A 1\ . 

¢ It) ct II \ ( ,\ ) e I n! .7/ 
\ t ' 0 I . l (IJ ) 

, F 1\ i t ) 

TorAa ~3 Inl . 5/ cneAyeT, 4TO ¢Y HK I.\MA Inl.7/ CXOAV1TCA K xa paKTe
Pl1C T~4ecKoi1 ¢YHKI.\ V1"1 He KoTopo r o pacnpeAe ne H"1A dlL I (A) = I F (I) 1- 1e- l llrt(A). 
CneAoB aT enbHQ , B cMny /n1 .6/, npeAen /2. 9/ CYLUecTByeT M He 3a
BV1C~T OT r paHM4 HblX ycnoBMi-1. KpOMe Taro, H3 /nl.5/ cneAyeT, 4TO 
npaBaR 4ac Tb 3Toro sblpa~eH"1A RBnRe TC R npe06pa30Ba H~eM nannaca 
HeKo To po£1 MepbI d 51 (, ) ~ ~YHKI.\V1R HenpepblB Ha. n03TOMY t-limn(~~ (,) = 

= )l(d '1( , ) , OT KYAa M nonY4aeTcA flB Hbl~ BMA AnA npeAe nbHoi1 Me
bl 	 d j( (, ) . :J 

np lll nO)!{!: H ~E 2 

~OKa 3aT enbC TBO TcopeM bI 3.1 

Ha4 HeM c AOKa3a r en bCTBa CYLUe CT BOBaH"1A t- lim fl\(~,r N / V) B KA, 
OC HOBblBaACb Ha TOM, 4TO 6KA TepMOAV1H aM~4eCKV1 ~ npe Aen AnA Aa Bne
H ~ A cYLUecTByeT ~ ~Mee T B"1A /2 .1 0/ /CM . cneACTBV1e 2.1/ . ,£lnA 3TO
ro 3aMeT~M, 4TO PA(/i. ,i ) "1 lA(!"l. p) CBA3a Hbi COOTHOWeH "1eM / 2 .5 / 

/3vp l\ ({3. ,J ) ~V (IJ...!:!. - r,,!j·J. li. j ) 
, v v 

e _ e 	 / n2 . 1/ 
N 0 

Te opeMa n2 . 1 /TeopeMa M HHnoca -nOB3Hepa /3 l ~ . Ecn~ <PYHKL\~~ 
It ,,( /3. p)\ " He B03pa c raKlT AnA p '- R ,I . TO B pe ry.n RpHblX r04 Kax no 
nnOTHOCT~ p ~MeeM 

t -	 lim IA /i , p) = r u~ . p) = SUP ( P II- p(/i. Idl. In2 . 2/ 
fl. 

3aMe4aH~e n2. 1. MHo~eCTBO 3Ha 4e H"1 i1 ~ p(~ . ~) Ha3~B ae TCA R
T04 KaM"1, a M Ho~e~TBO pe ryn ApHbl x T04eK e~Tb BHYTpe HHee MHo~e CT
BO R-To~e K, CM. 3 1 ~ n03TOMY ~3 /2 .10 / cneAyeT , 4TO MHo~eCT BO 
perYllApHblX T04eK B / n2. 2/ COBnaAaeT C OTpe 3K OM 10. p ) "1 COOT-
Be TcT ByeT 11 < 0. C 

3TO 03 Ha4aeT, 4TO Ha OTpe3Ke 10.1' ) COOTHoweHMe / n2.2/ AO Ka 
c 

r3a HO. PaccMoTpMM Te ne pb MHOlKe CTBO I Pc' "'). 

(:JV PI\( /J, P. ) (3V{JifJ - r"(f,, pn. ~ vIJ1.P - f/\</3, p » e ~ e + 2 e /n2.3/ 
0 5, p <Pc Pe SP 
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nyCT(., Tl'IIL'Pb AnA onpcAeneHHocTVI r paHVI~Hble ycnoBVI~ (0) - nepHOA~

4e CKI1C I f\OI(i13aTCnbc TBO An~ APYrl1X r paHVlLlHblX ycnoBH i-1 12.21 npo

BOAVITCR no TOi1 ~e c xeMe/ , Tor Aa ( o(A) = 0 '" P \( (3 . Ii ~ 0) 


CM./2.6/. L! TO ~e BpeMR PA( f3.i1A) <~ ""~ t- limp"cr-~,ilA) = P(f1 . 0) (I'.:::J) 

AnR /I h ~( I~ ~IO C.fleaOeame.flt>(jOCmu l ,lA ',\ RI' " KOTopaR CXOA"'TC~ 

I< HynlO I" ".-..0) He 6blC Tpee 4eM 3KCn OH eH I.\ VlanbHO. 1113 3Toro 3aMe
4a llVlR VI n peAC Ta B ne H "'~ In 2 . 3/, C y~eToM /n2. 2/, cneAye T, 4TO 

npeAe n t - lim fl\t(-l, po'.: Pc ) d>(f:j) CYLUec TByeT '" He 3aBVl C ~T aT () ~ Pc' 

nOC KOnb KY <PYHK I.\ ~K I f .\'{3.pl ' I\ · R1· Bbln YKJ1 bl AnA P ",O . TO¢ (f3) = 

= Ji m f({3. 1') " f (fl. r~ ) VlJ1~, ~HbIMV1 cnOBaM"', 

P '{Jc- U 

n2 . 4/f(f3. P ~ pc) ~ SU P( PIl p( {3.Il » - pC{l'll - 0 ) f ( {l . p c) ' 

11:: 0 
OCTaBwaA CR ~aCTb AOK a3aTeJ1bC TBa TeopeM~ npOBOA~TCR , ~ CXOA~ 

~3 Toro, 4TO n peAen t - Jim f At fl . p) cYLUec;ByeT ~ paseH f ((1, P lB nOJ1
HO~ aHaJ10r~~ C TeM, KaK 3TO AenaeTCR B 1.2 co cC blnKoi-1 Ha neMMY 
f p~<p<p "' T c: a, CM., Hanp~Mep ,132< ,£lei-1 cTB VlTe nbHO, ~YHK UK~ f 1\«i , p) 
la cneAoeaTenbHo ~ npe,qeJ1/ ~BJ1~IOTCR BblnYKJ1bJM~ <PYHKL\~AM~ cneKTpa. 
n03TOMY C nOMoLUblO AV1¢¢epeHL\~pOBaHM~ no cneK TPY AOKa3~BaIO TcA 

COOTHowe H~A 13. 1/. 0 
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COt::::: 

np~H ~Mae TC~ nQAn"CKa Ha npenD~HT~ ~ coo5~eH ~R 06~e~H~e HHoro ~HCTHT yTa 

AAepHW X ~ccne~o aaHH~ . 

YCTa HoaneHa c n~y~aA CTOHMQCTb nOAnMCKH Ha 12 MeCR 4 e B Ha ~3AaHHR OHRh 
BK~~ 4a~ nepec~nKYt no OTQenbH~M TeMa TH~eC KH~ KaTero pHRM: 

HHJlEKC TE HATHKA UeHa I1OAn..CK" 

Ha rOil 

1. 3Kcne pHMeHTanbHaft ~H3HKa e~COKHX 3HeprH~ 10 p . 80 '<on. 

2. TeopeTH 4eCKaR ~H3MKa B~COKHX 3He pr~h p. 80 Kon . 

3. 3KcnepHMeH TanbHaH HeHT pO HHaA ~H3HKa 4 P . Bo Kon . 

4. TeopeTH 4eCKaA ~H3HKa HH3 K~X 3Hepr~~ 8 p . 80 Kon . 

5. MaT elJ4a THKa 	 p . 80 Ko n . 

6. RAepHaR cneKTpOCKonHR H pa A~O~~M~R 4 P. 80 Kon . 

7. /l)H 3MKa rA)I(el1bl.X ",",OHOB 	 2 po 85 Kon . 

8. Kp~oreHH Ka 	 2 p. 85 Mon . 

9. YCKopHTeJlH 	 7 p. Bu Kon . 

10. A8TO~TH3allt.1R 06pa6oTKH 3Kcneplo1MeHT ant> Hblx 

AaHHblX 7 p . IJO ><o n . 

11. Bbl4HCJlHTeJlbHaR Ma TeM aT",",Ka H TeXH ~'K a 

12. XH.... II 

13 . TeXHHKa /l)H3H4eCKoro 3Kcnep~MeHTa 

14. HccneAoeaHH~ TBe pA~X Ten H *HAKoC Te~ 
R~epH~MH ~eTo~a~~ 

6 p. 80 Kon. 

1 p . 

8 P. 

I p . 70 I(o ri. 

15. 3KcnepHMeHTanbHa~ $H3HKa RAepH~X pea Ku"~ 


np..., HH 3K Io1X 3HeprHRX p. 50 Kon. 


16. ~OSHMeTp"R H $H3HKa 3 a~"TW 	 1 P. 90 Kon. 

17 . TeopMR KOHA eHCHPQaaHHoro COC TOAHMA (, I>' /;I fl Kon . 

18 . Hc nonb30s aHHe pe3ynbTaToB H Me TOAO 
(J)YHAa~HTall bHWX ¢lH3Yl~ec.tc Hx H C C-n CJl08at-H1~ 1 P. 3~ "011 . 

B CMe.H~X 06nac TR K HayK~ M TeXH~KH 

19 . 6 .. oc)IH3HK a 	 I p. 20 KOn . 

nOA I'lHC Kii Mo*eT 6~Tb OOIlop...ne H<l C "",60ro ....·tllIl" H'''Y"WfU r O/1" 


I ~n n et· tot BonpocaM Q4)0 pfro\JleMH A nOllnHC Ion., r npJ1Y"l nf"Jp.tUhlt4tr fl n H3I\dTen i)C Kltou::' 
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