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Beeoeuue 

XoTH B MaTeMaTHqecKOHJIHTepaType 0CH0BH0e BHHMaHm! 

yJJ,eJIHeTCH rrpeHMyll.\eCTBeHH0 3aJJ,aqaM pa3JI0)KeHHH CMe -

ceii pacrrpeJJ,eJieHHii / 063op B I I//, 3aJJ,aqu pa3JI0)KeHHH pe -

rpeCCHH Ha C0CTaBHbie K0MII0HeHThl TaK)Ke HBJIHIOTCH qpe3 -

BbI'laHHO Ba)KHbIMH. 3TH 3aJJ,aqu HrpaIOT 6oJibllIYIO p0Jib B 3KC -

rrepHMeHTaJibHOH HJJ,epHOH cl>H3HI<e, rJJ,e KOCBeHHbIH xapaKTep 

H3MepeHHH IIPHB0JJ.HT K T0MY, qTo, KaK rrpaBHJI0, perHCTpH

pyIOTCH He T0JibK0 HJyqaeMhie, · HO H BCeB03M0)KHbie co

rryTCTBYIOll.\He 3cl>cl>eKThl, ·a TaK)Ke pa3JIHqHbie cnyqaiiHhie 

II0MeXH H3MepeHHH. 3aJJ,aqH aHaJIHJa JJ,aHHbIX TaKHX HJMepe

HHH cl>opMyJIHPYIOTCH B TepMHHax HeJIHHeiiHoro perpeccH0H

Horo aHaJIH3a, H )J.JIH HX pellleHHH rrpHBJieKaeTCH 06bJqHo 

TeXHHKa II0CTpoeHHH oueH0K HeJIHHeHHbIX rrapaMeTp0B pe

rpeCCHH MeTo,n,o~ uaHMeHhllIHx . KBaJJ,paToB /M.H.K.-oue

HOK//2-3~ OJJ,HaKO oqeuh qaCT0 cnyqaeTCH TaK, qyo ,D,a)Ke 

rrpH aHaJIHJe BL16opoK 6oJihllI0ro o6'heMa KaqecTB0 rronyqae -
. ~- ~ 

MhIX M.H.K. -oueH0K JJ,aJieK0 He C00TBeTCTByeT HX BbIC0K0H 

pef!Y.:r_a_~· B Ma Te Ma THqecKOH CT a THCTHKe. M Q)KH0 BKpa TUe 

• yKa3aTh Ha.rrpuqHHbl TaKoro HBJieHHH: 

1. CHCTeMaTHqecKaH HeXBaTKa arrpH0PHhIX CBeJJ,eHHH 0 

MexaHHJMe H3yqaeMbIX rrpoueccoB /oco6eHHOCTb 6oJihllIHH

CTBa 3KCIIepHMeHT0B HJJ,epHOH cl>H3HKH/, a 3T0 BeJJ,eT K T0MY, 

qTo M0JJ,eJIH K0M00HeHT perpeccHii HBJIHIOTCH rpy6hIMH, 

T. e. He . ytiHTbIBaIOT MH0rHX Ba)KHbIX oco6eHHOCTeii cl>HJH

qecKoro rrpouecca. 

2. HeyJJ,aqHaH rrapaMeTpH3aUHH K0MII0HeHT. ,ll;a)Ke eCJIH 

cyMMapHaH JIHHHH perpecCHH xopollI0 C00TBeTCTByeT Ha-

6JIIOJJ,aeMhIM 3HaqeHHHM CMeCH, pacrrpe.u.eneHHe K0MII0HeHT 

BHYTPH TaKoii perpeCCHH M0)KeT 0Ka3aTbCH IIp0H3B0JlhHblM 

H3 - 3a CHJihHhIX KoppeJIHUHii Me)K.IJ.y iiapaMe-rpaMH. 
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B pe3yJibTaTe M.H.K. -oneHKH 0Ka3LIBalOTCH CHJibH0 CMe

meHHLIMH, IlPH11eM BeJIH'IHHa CMemeHHH 3THM MeT0A0M 

He onpeAeJIHeTCH H qacT0 HHKaK He K0HTP0JIHpyeTCH. 

EcTeCTBeHHO, 'IHCT0 MaTeMaTH'leCKHM nyTeM Il0M0'lb 

3KCnepHMeHTaTopy CTp0HTb T0'IHLie M0AeJIH HeB03M0)KH0. 

TeopeTH'leCKaH $H3BKa M0)KeT 0Ka3aTb TaK)Ke JIHWb qac

Til'IHYIO Il0M0mh, H6o' B JII060M cnyqae $H3HK-TeopeTHK 

0Tpa3HT B M0AeJIH JIHWb TO, 'IT0 eMy H3BeCTH0 06 H3y11ae

M0M nponecce. 3AeCh, 0AHaKo, B03HHKaeT BAeH HCil0Jib30-

BaTb B Ka'leCTBe MOAeJie~ peaJibH0 H3MepeHHLie 4>H3H'leCKHe 

nponeccLI, K0T0pLie Ha6JIIOAaJIHCb B APYrBx 3KcnepHMeHTax 

B H30JIHp0BaHH0M BHAe. O11eBHAHO, B TaKyro M0AeJib aBTo

MaTH'leCKH BO.HAYT Bee oco6eHHOCTH AaHHoro nponecca, 

KaK H3BeCTHLie HaM, TaK H HeB3BeCTHLie, eCJIH T0JibK0 OH 

6LIJI H3MepeH A0CTaT0'IH0 T0'IH0. IlpaBAa, peaJIH3al{HH 3TOH 

BAeH cpa3y )Ke HaTaJIKHBaeTC-H Ha TPYAH0CTb: KaK YBH3aTb 

BeJIH'IHHLI, 0l{eHKH K0T0PLIX HaM HY)KHLI, C 'TaKOH M0AeJiblO. 

HHLIMH CJI0BaMH, B03HHKaeT npo6JieMa napaMeTpH3al{HH 

npH6JIH)KeHHoii: M0AeJIH. Cnoco6aM peweHHH 3Toii: npo6neMbl 

H aHaJIH3y CBH3aHHLIX C HHMH MaTeMaTH'leCKHX B0ilp0C0B 

B Il0CBHllteHLI Il0CJieAYIOlltHe pa3AeJILI AaHHOH CTaTbH. 

1. Ceoiic111ea npu611uJ1CeHHblX M. H.K. - 011eHOK 

OTMeTHM npeABapHTeJibH0 HeK0T0pLie oco6eHHOCTH HC

Il0Jlb30BaHliH MeT0A0B perpeCCH0HHoro aHaJIH3a B 3KCne

PHMeHTaJibHOH 4>H3HKe. HTa.K, IlYCTb 3aAaH0 MH0)KeCTB0 

T0'leK H3MepeHHH Ix j, j =1, ... , MI /cxeMa, HJIH AH3aii:H, 3Kc-

nepHMeHTa/, B K0T0pbIX H3MepeHa BeJIH'IHHa y(x j), TaKaH, 

'IT0 

y(x)= f(x,p)+ r(x), 

r_L\e f(x, p) eCTb cynepno3Hl{HH HCTHHHhlX qiH3H'leCKHX npo

neccoB /KaK npe.L\CTaBmuomHx HHTepec, TaK H qionoBLix/, 

p -, n-MepHLIH BeI<T0p napaMeTp0B, r<x) - Il0MeXB H3Me

PCHHH, T.e. cnyqaii:Hhle BeJIB'IHHhl, He3aBHCHMble B pa3HbIX 

xj ,HMeromne HyJieBoe MaTeMaTH'leCK0e 0)KHAaHHe H .L\HCnep

CHIO D1(x), Tpa_L\Hl{HOHHO B perpeCCH0HH0M aHaJIH3e Il0):\ 

o6'beMOM BbI6opKH /T .e. ee HHl!>OpMaTHBHOCTbIO/ Il0HHMaeTCH 
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K0JIH1IeCTB0 T0'leK H3MepeHHH M • Me)KAY TeM, B npaKTHKe 

COBpeMeHHOH 3KcnepHMeHTaJibHOH 4>H3HKH npeo6JiaAaeT APY

roii: B3rJIHA Ha Il0HHTHe HHl!>opMaTHBHOCTH H3MepeHHH, a 

HMenuo: TaK KaK l!>aKTH'leCKH H3MepeHHe npeACTaBJIHeT 

co6oii: cyMMY 0AH0THilHbIX li>YHKI{HH / co6hITHii:/: 

N 
y(x)=Nf(x,p)+ I r.(x), /1.1/ 

i= 1 I 

TO H K0JIH'leCTB0 HHl!>opMaUHH /nuaqe, CTaTHCTHKa/ C'IH

TaeTCH li>YHKUHeH He K0JIH'leCTBa T0'leK H3MepeHHH, a K0-

JIH'leCTBa co6bITHH /T .e. N · /. TaKoii: B3rJIH,a; HMeeT A0CTa

T0'IH0 rny6oKHe qiH3H'leCKHe H MaTeMaTH'leCKHe 0CH0BaHHH: 

1. ,l].o6aBJieHHe A0il0JIHHTeJibHbIX T0'leK x, Jie)Kamux BHe 

0ilPCAeJieHH0ro HHTepaana 3Ha'leHHH, JIHWeH0 4>u3uqe~Koro 

CMbICJia; A06aBJieHHe )i(e TO'ICK,· Jie)Kamux BHYTPH 3TOro 

HHTepBana, HaTaJIKHBaCTCH Ha orpaHH'leHH0CTb pa3peweHHH 

perncTpupy10meii: annapaTyphI. HcnoJih30BaHHe npu6opoB co 

CBCPXBbIC0KHM pa3peweHHCM,KaK npaBHJI0,BbIHBJIHeT T0HKYIO 

CTPYKTYPY f(x, p), 'IT0 BeAeT K 3aMeHe 3TOH qiyHKUHH 

Apyroii: H, CJieA0BaTCJibH0, nepeX0AY K Apyroii: 3aAa'le. 

2. CoBpeMeHHaH MaTeMaTH'leCKaH TeopHH 3KCnepHMeHTa 

Ha MH0r0'IHCJieHHbIX npuMepax / 4, s/ IlP0AeM0HCTPHP0BaJia 

MbICJib, 'IT0 0THIOAb He Bee B03M0)KHbie T0'IKH H3MepeHHH 

BH0CHT cymecTBeHHhlll BKJiaA B Ka'leCTB0 H3MepeHHH: Ha-
~ . 

H60JibWYIO poJib urpaIOT npu 3T0M TaK Ha3bIBaeMbIC ."KpHTH-

'ICCKHC" T0'IKH, B K0T0pbIX II peK0MeHAYCTCH np0B0AHTb 

H3MepeHHH. 

3. ,l].ucnepcuu M.H.K. -oueHoK napaMeTpoB pi perpeccHH 

11 

I P, ¢. (x) 
i·,=l 1 I 

HJIH . i pi c!f(x, p) npH M ➔ Ou aCHMilT0TH'le-

1 = l Jpi M 
1 2 /6/ 

CKH nponopunoHaJibHbl BCJIH'IHHaM 1/ I ---¢ . (x. ) HJIH 
. D ( . I J 

M 1 cJ f 2 1= 1 i X j J 
1/ I ---(--) . 3To BeAeT K napaAoKcy: qiyHKUHH c un

i = l D . (x . ) Jp . 
I J I 

TerpupyeMbIM B o6nacTH H3MepeHHH KBaApaT0M /Han6onee 

npHr0AHbie AJIH npaKTH'ICCKHX ,ueneii:/ 0Ka3bIBaIOTCH HeAo

nycTHMbIMH, TaK KaK B 3T0M cnyqae 0UCHKH C00TBCTCTByro

mux napaMeTp0B HBJIHIOTCH HeCOCTOHTeJibHbIMH /nx AHCnep

CHH He CTpCMHTCH K HYJIIO npH M ➔ 00 /. 
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TaK KaK B perpeCCHOHHOM aHaJIH3e .TaKHe CBOHCTBa 

M.H.K. -oueHOK, KaK COCTOHTeJILHOCTL, HecMeIUeHHdCTL, MH

HHMaJILHOCTL AHCnepcHH H HOpMaJILHOCTL pacnpeAeJieHHH, 

H3Y'leHLI / 6, 7/ B YCJIOBHHX BO3MO)KHOCTH HeorpaHH'leH

Horo BO3pacTaHHH 'IHCJia M, TO CJieAyeT BLIHCHHTL, KaK 

CKa)KeTCH Ha HHX cl>HKCaUHH M H BO3MO)KHOCTL BapLHPOBaHHH 

Be.f.(H'IHHLI N. 3anHWeM npeABapHTeJILHO /1.1/ B 4JopMe 

y(x) , Ir-<x> 
s(x) = ~ = f(x, p) + y = f(x, p) + e(x). 

/1.2/ 

Ilo onpeAeJieHHIO, M.H.K.-oueHKa BeKTOpa p O eCTL 3Haqe

HHH p , MHHHMH3HPYIO~He BLipa)KeHHe 

M . 1 2 
.F(x, p, e (x) I= !, --1s(x. )- f(x., p >I 

j = ID (x.) J J 
J 

/1.3/ 

rAe D(xj )= D 1 <x;>IN. IlycTL BnpeAL Po - HCTHHHoe 3Ha

'leHHe BeKTopa p. EcJIH 3aBHCHMOCTL f OT X H p He

JIHHeiiHa, TO Bonpoc O cyiuecTBOBaHHH XOTH 6LI OAHOH 

. COCTOHTeJILHOH M.H.K. -oueHKH HBJIHeTCH HeTpHBHaJILHLIM. 

,D;eiiCTBHTeJILHO, nyCTL, HanpHMep, f(x,po)...,exp(- ...!...), a 
Po· 

e (x) = a (x) - f(x, Po>' I'Ae a (x) C HeHyneBOH BepOHTHOCTLIO 

npHHHMaeT IlOJIO)KHTeJILHLie 3Ha'leHHH. TaK KaK BepoHTHOCTL 

perHCTpauHH, uanpHMep eAHHHU, BO BCex TO'IKaX xj He 

paBHa HYJIIO, a eAHHCTBeHHLIH MHHHMYM /1.3/ B ~TOM cny

qae 6yAeT AOCTHrHyT, O'leBHAHO, npH P= 00 ,TO npHXOAHM K 

BLIBOAY: M.H.K. - oueHKa B AaHHOH 3aAa'le He HMeeT KOHe'IHLIX 

MaTeMaTH'lecKoro O)KHAaHHH H AHCnepcHH; CJieAoBaTeJILHO, 

Aa)Ke B CTOJIL npOCTOH /H npHTOM AOBOJILHO pacnpocTpaHeH

HOH B 3KcnepHMeHTaJILHOH 4>H3HKe/ 3aAa'le He cyiuecTByeT 

COCTOHTeJILHOH M.H.K. -oueHKH. Ho Aa)Ke ecJIH MHHHMYM 

/1.3/ AOCTHraeTCH JIHWL B KOHe'IHLIX p /HanpHMep, eCJIH 

.f (x, p, e (x)) C BepOHTHOCTLIO 1 CTporo BLIITYKJIO/, 3TO 

eiue He O3Ha'laeT cyiuecTBOBaHHH COCTOHTeJILHOH M.H.K. -

oueHKH, TaK KaK TO'IKH MHHHMYMOB .F npH pa3JIH'IHLIX e(x) 

MoryT OTCTOHTL APYr OT Apyra CKOJIL yrOAHO AaJieKO. He 

rapaHTHpyeT, cyiuecTBOBaHHH COCTOHTeJILHOH M.H.K. - oueHKH 

H MaJIOCTL IlOMeXH e(x), TaK KaK H3 CXOAHMOCTH C BepoHT-

6 

... 

F' 

HOCTLIO 1 .F (x, p, e (x)) K F(x, p, 0) B o6iueM cnyqae He B1,1-

TeKaeT CXOAHMOCTL TO'leK MHHHMYMOB F (x, p,e(x)) K po. 

)];JIH yBepeHHoro HCilOJIL3OBaHHH M.H.K. -oueHOK Ha npaK

THKe Bee )Ke )KeJiaTeJILHO yKa3aTL AOCTaTO'IHLie ycnoBHH, 

rapaHTHPYIO~He cyiuecTBOBaHHe COCTOHTeJILHOH M.H.K. -

oueHKH. 

PaccMOTPHM JIHHeapH3aUHIO BLipa)KeHHH /1.3/ B TO'IKe 
p O : 

M 1 
Llx,p,e(x>l=I --. ls(x.)-f(x.,pJ - /1 4/ 

j=l D(x ) J l • 
J 

n af(x;,Po> 2 
- !. ---=--- (p . - P . o >I 

'-J ,'.l.,. I I 1- vp, 
I 

H TO'IKY Pf ee MHHHMYMa 6yAeM Ha3LIBaTL JIHHeapH3OBaH· 

uoii M.H.K. -oueHKoii. -IlycTL f(x, p > HenpepLIBHo AH<li<l>epeH

uupyeMLI no pi AO 2- ro nopHAKa BKJIIO'IHTeJILHO H JIH6o 

ar<x, po> 
$yHKUHH 

api 
o6pa3yJOT CHCTeMy qe6LIWeBa no X , 

JIH60 cy~eCTByeT AH3aHH Ix.I, Ha 
J 

KOTOpOM BeKTOpLI 

ar<x.,p
0

> 
_ _L_ 

api 

JIHHeHHO He3aBHCHMhl •. PacCMOTPHM AJIH AaH
~ 

HLIX ( > O,N yceqenHe pacnpeAeneuHH noMeXH e (x) 

e (x) = l e(x), 

d, 

ecnu !e(x) I< ~ • 

HHa'le; d~ [0, ~]. 

3Ta npoueAypa COOTBeTCTByeT TaKHM AeHCTBHHM 3KCnepH

MeHTaTopa: npe)KAe 'leM H3MepeHHe aHaJIH3HpyeTCH, B HeM 

KoppeKTHPYIOTCH, Te 3Ha'leHHH, KOTOpLie CJIHWKOM CHJILHO 

OTJIH'lalOTCH OT 3Ha'leHHH, 0)KHAaeMLIX B AaHHhIX TO'IKaX. 

BnpeAL 6yAeM HMeTL AeJIO TOJILKO c TaKHMH IlOMexaMH. 

Y ce'leHHe BeAeT K TOMY, 'ITO sup le (x)i ➔ 0 npH N ➔ oo • 

T e Ope Ma 1. IlpH n1060M £·>0 AJIH AOC Ta TO'IHO 6on1,woro 

N cyiuecTByeT BLIITYKJiaH OKpecTHOCTL p TO'IKH Po , Ta

KaH, 'ITO /1.3/ c BepoHTHOCTLIO 1 CTporo BLIITYKJIO B AaHHOH 
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OKpeCTHOCTH, H 3HatfeHH.H p' 06pa1.Qal01.QHe B noKanbHblH 
MHHHMYM /1.3/ a P,.san.HIOTC.H COCTO.HTenbHOH M.H.K.-on;eH
KOH napaMeTpa Po· EcnH npH JTOM nHHeapH30BaHHa.H M.H.K:-· 
on;eHKa HMeeT aCHMilTOTHtfeCKH /npH N ➔ 00 / HOpManbHOe 
pacnpe.D,eneHHe, TO M.H.K.-on;eHKa HenHHeiiHoii 3a.D,atfH TaK
)Ke 6y.D,eT npH N ·-> 00 HMeTh HOpManbHOe pacnpe.D,eneHHe C 
MaTpHn;eii KOBapHaD;HH nHHeapH30BaHHOH M.H.K.-on;eHKH. 
)]. 0 Ka 3 a Ten b CT BO. PaCCMOTPHM HeKOTOpyro BblilyKnyro 
OKpeCTHOCTb Q TO'IKH p O H npHMeHHM 4JopMyny JiarpaH
)Ka K /1.3/: 

F(x,p,e(x))=F(x,p ,e(x))+(F'(x,p ,e(x)),L\p) + 
0 p 0 

+ l(F" (x,p1,e(x))Llp,L\p), 
2 PP 

r.D.e Lip= p - Po , Ip 1l i;:;, Q . 
YcnoBHe MHHHMyMa 4JopManLHO ,HMeeT BH.D,: 

F' (x, p
0

, e (x)) + (F" (x, p
1

, e(x)),L\p) = 0. 
P PP 

0TCIO.D,a HMeeM 

Lip=-· (F" (x, p
1
, e(x)))-l F' (x, p

0
, e<x)). 

PP P 
IlyCTb 

M l af(x , p ) af(x , p ) 
·A = I, --- t O , t O • 
. ij t=l C(x ) ap. ap i· 

I 1 

M l ar<xt,pO) 
b. = - ~ .--(s(x )-f(x , p

0 
))----

1 1=1D(x) t I ap, 
l I 

M af ar n a 2f 
B = I. _1_1 (--1 + _.1_) :£ 2 op + 

ijt=1D(x
I

) api dpjk=ldpiJpk k 

a1 n ar a
2

r 
+(s(x)-f) 1 +I.-3-op 1 l. 

1 o ap. ap . k = 1 ap k ap . a P . 
I J ],: I l 

3.D,eCb Mbl npHMeHHilH 4JopMyny JiarpaH)Ka K f(x, p 1) 

a f(x,p 1) · 
~;fe=«xt,pe).Tor.D,a HMeeM 

8 

H 

,., 

.t., 

;>' 

-1 
Lip . = <A .. + B .. ) b . , 

I lj I] ] 

B cHny ycaneHHoro 3aKoHa 6onLWHX qacen .D.n.H nocne

Y (x) 
.Il,OBaTenLHOCTH s (x) = -

N 
npH N ➔ 00 s(x) CXO.Il,HTC.H C 

Bepo.HTHOCTblO 1 K f(x' p O) • 
-1 

PaccMoTpHM npoH3Be.D,eHHe U ij =Aij B ij . TaK KaK D(x)= 
= D1 (x)/N, TO Mbl MO)KeM COKpaTHTb JneMeHTbl MaTpliu 
A-.:1 H B .. Ha N, H Tor.D,a 3neMeHTLI MaTpHULI A-.! He 

l] I] I] 
6y.D,yT 3aBHCeTb OT N .liy.D,eM Tenepb yMeHbWaTb .D,HaMeTp 
OKpeCTHOCTH Q H yaenHtfHBaTb N. TaK KaK rnrxloPi.1 6y
.D.YT yMeHbWaTbC.H, TO c Bepo.HTHOCTblO 1 6y.D,yT yMeHhWaTb
C.H H JneMeHTbl MaTpHD;bl B ij ,a TaK)Ke JneMeHTbl u ij . 
Bo3bMeM Tenepb .D,OCTaTOtfHO Manyro OKpeCTHOCTb Q H 

.D.OCTaTOtfHo 6onhwoe N, TaKHe, tfTO llU ij II <.·t. rr'ocne.D,Hee 
B03MO)KHO B CHny ycetfeHHOCTH noMeXH e (x). Mbi HMeeM: 

-1 -1 -1 -1 -1 
(A + B ) = (A (I + A B )) =U + U ) A = 

i j i j ij ij ij i j i j ij ' ' ij 
00 

n n -1 
=n:o (-1) Uii A ij 

•oo I n n -1 -1 00 n n -1 
0TCIO.D,a Llp=i(-1) U .. A .. b""A .. b+ I. (-1) U ... A .. b. 

n=O l] IJ 11 n=l IJ IJ 

EcnH 3neMeHTbl MaTpHD;bl Bij .D,OCTaTOtfHO ManbI no cpaa
HeHHIO c JneMeHTaMH A ij , TO MaTpHua. (A ij +Bij ) 6y.D,eT 
IlOilO)KHTenbHO-onpe.D,eneHHOH H, cne.D,OBaTenhHO, 3HatfeHH.H 
Lip cooTBeTCTBYIOT noKanhHOMY MHHHMYMY /1.3/. C ae
po.sTHOCThlO 1 

lliiPil< I I i: (-1) 
0
U -~ II ·I IA~~ I l·llbll ,.,_ 

1 
IIA ~~11·1 lbl i ➔ 0 

- n=O 11 11 1 + !IU.11 11 
l] 

npH N ➔ oo. 

0TCIO.D,a ua OCHOBaHHH TeopeMbl Jle6era O Ma)KopaHTe Ma
TeMa THtfecKoe O)KH.IJ.aHHe L\p cTpeMHTCH K 11yn10 npH N ➔ oo , 

a 3TO 03HatfaeT aCHMilTOTHtfeCKYIO HeCMeI.QeHHOCTb M.H.K. -

on;eHKH p O. )].anee, TaK KaK C aepo.HTHOCTblO 1 (Lip i} 2 ➔ 0 npH 
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N _,,,o. TO aHaJiorH'IHO nony'laeM' 'ITO .IJ.HCnepCHJi ~p TO:>Ke 

CTpeMHTCJi K Hymo, T .e. HeJIHHeiiHaJi M.H.K. -oueHKa Po co

CTOJiTeJILHa. C BepoHTHOCThIO 1 

00 
n n -I 

00 
n n -I 

III <-1> u .. A--bll<II I<-1> U--11-!IA-- ll·llhll 
n=l IJ IJ - n=l IJ IJ 

lllJ..11 -I 
--

11
- IIA .. ll·llbll ➔ 0 npu N ➔ 00 • 

l+lllJijll IJ 

IlpHMeHHM TeopeMy CTaTHCTHKH /a/: 
ecJIH · tn = W n + Zn, npH 3TOM W n CXO.D.HTCJi no BepOJiTHOCTH 

K w' a Zn - K HYJIIO H pacnpe.u.eJieHHe w HenpephIBHO, TO 

pacnpe.IJ.eJieHHe t 0 CX0.D.HTCJi K pacnpe.n.eJieHHIO W. OTCIO.IJ.a 

Mhl BH.D.HM, 'ITO t\p 6y.u.eT HMeTh. npH N ➔ ""· HOpMaJihHOe 

pacnpe.u.eneHHe. TaK KaK npe.D.eJI t\p c BepoHTHOCThIO 1 
coBna.u.aeT c JIHHeapH3oBaHHoii M.H.K. - oueHKoii, To A-__I 6y

)J.eT B acHMnTOTHKe MaTpHueii KOBapHa:QHH BeJIH'IHH IJ Ap .. 
I 

TeopeMa .u.oKa3aHa. 

IlepeiI.neM Teneph K npH6JIH:>KeHHhIM MO)J.eJIJiM. MLI 6y)J.eM 

paccMaTpHBaTh TOJihKO JIHHeHHhie CMecu·, T.e.: 

n 
f(x,p) = I mk(x,qk), 

l= I 

r)J,e m i(x, <\) B o6meM cny'lae HeJIHHeiiHo 3aBHCHT OT napa

MeTpOB q, /pa3MepHOCThIO n. / H .D.Ba:>K.D.hl HenpephIBHO 
I I . 

)J.HcpcpepeH:QHpyeMa no q .• 
I • 

.HTaK, cpH3H'leCKYIO MO)J.eJih ¢ (x,q i) Mhl MO:>KeM, O'leBH.D. -

HO, paccMaTpHBaTh KaK pe3yJILTaT HeKOToporo H3MepeHHJi, 

.u.aBmero 

¢. (x,q) =m.<x,q_) +8.(x), 
I l l I · I 

/1.5/ 

r.u.e CJiy'laHHhle BeJIH'IHHhl 8i (x) He3aBHCHMhl Me:>K.D.Y co6oii 

H He 3aBHCHMhl B pa3HhlX TQ'IKax X, HMeIOT HyJieBoe Ma Te -

MaTH'leCKoe O:>KH.IJ.aHHe, CTaTHCTHKH Ni H )J.HCnepCHH di(x). 
KaK u BhIWe, Mhl 6y)J.eM npe)J.nonara Th 8 i(x) yce'leHHhlMH. 

IlO.IJ.CTaBHM Teneph cpyHKUHH ¢ i B /1.3/ BMeCTO mi. )J.JIJi 

npocTOThl H KpaTKOCTH H3JIO:>KeHHJi orpaHH'IHMCJi CJiy'laeM 

10 

' I, 

! 
fl 

,4'\\ 

V 

JIHHeiiHOH 3aBHCHMOCTH m. (x, q) OT q nocKOJihKY Mhl BH.IJ.e -
3 l ' 

JIH, 'ITO .D.JIJi .IJ.OCTaTO'IHO 6oJihWHX N u .IJ.OCTaTO'IHO MaJioii 

OKpecTHOCTH PO CBOHCTBa HeJIHHeHHOH M.H.K. -oueHKH npu-

6JIH)KaIOTCJi K CBOHCTBaM JIHHeapH30BaHHOii. 11.TaK, 

n 
s(x) = I p. ¢. (x) + e(x). 

i=l I I 

<I>opMaJihHOe BhlpO:>K.IJ.eHHe M.H.K. - oueHKH p. HMeeT BH.IJ.: 
I 

M 1 M 1 
t. =( 2 --¢ .(x,)¢. (x,_»-\ I --s<x,.>¢. (x ,.». /1.6/ 

1 k=ID(x ) 1 "- J "- k=I -D(x ) "- J "' 
k k 

IlO)J.CTaBHM /1.5/ B /1.f)/ H BBe.neM o6o3Ha'leHm1: 

M 1 
A .. = I --m. (x)m .(x); 

11 k=iD(xk) 1 
• 

M 1 
b. = I --- s (x ,)m. (x ) ; 

1 le= l D (x ) "- J le 
k 

M 1 . 
g = I ----s(x )8 (x ); 

j k= l D ( x ) l j k 
k 

M 1 
B = I ---( m ( x )8 ( x ) + m ( x )8 ( x ) + D ( x )8 ( x ) ) . 

ij k= i•D(x ) i le j k j le i k i le j le 
it 

11.MeeM t. =(A .. + B .. )-I (b.+g. ). 
I lJ IJ J J 

Teo p e Ma 2. IlycTh Ni - 'IHCJIO co6LITHii B Bhl60pKe 

(m.(x)+8.(x)I. EcJIH m_inN. ➔ 00 
, oueHKH t 1 cxo.n11Tc11 c 

I l J I 
BepOJiTHOCThlO 1 K o6hl'IHhlM M.H.K. -oueHKaM pi . 
)J.oKa3aTeJihCTBO. TaK KaK max supl8.(x>l ➔ O, TO .D.JIJi 

• I 
l X 

.nocTaTO'IHO 6oJihWOro min N
1
• BeKTOPhI l m. (x .) + 8. (x .) I 

. l J I J 
l . 

JIHHeiiHO He3aBH.CHMhl H 

Ka3aTeJihCTBY TeopeMhl 

III; ijll= 11 A-:.1B .. 11< 1. AHanorH'IHO .uo-
l: lJ lJ . • 

-I 00 n n -I -I 
t. = A .. b . + I (-U U .. A .. (b. + g .) + A .. g .. 

I IJ J ""' I lJ IJ J J IJ J 
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BTopoii: qneH CXO.IJ.HTCH c Bepo.HTHOCThlO 1 K Hymo. TaK KaK 

c BepoHTHOCThIO 1 s (xk} orpaHH'ieHa, a ·sup lo i (x} I .n.,irn 
X 

mo6oro i CTpeMHTCH K Hymo, TO ·a- ii 'ineH TO)Ke CXO.IJ.HTCH 
K Hynro. TeopeMa .D.OKaJaHa. 

2. IIapaMenpu3aijU.R KOMnoHeHm CMeceii 

Bo HJ6e)KaHHe cy6'beKTHBH3Ma npH napaMeTpHJaJ.J;HH cne

.n;yeT B Ka'ieCTBe napaMeTpOB yKa3blBaTb HeKOTOphle $yH

.n;aMeHtanhHhle xapaKTepHCTHKH 4>YHKJ.J;HH perpeCCHH, no B03 7 

MO)KHOCTH O.D.HHaKOBble .D.nH BCeH CMeceii:.' PeanbHOe HJ -

MepeHHe .n.aeT HaM MO)J.enh B BH.IJ.e ¢, i (x), T .e. Mhl He 3HaeM, 

KaK B Hee BXO.IJ.HT napaMeTpbl qi . TaK KaK 3TH napaMeTpbI 

BBO.IJ.HTCH nHWh C uenhlO H.D.eHTmpHKaJ.J;HH KOMnOHeHT B CMe -

CH, TO Mhl MO)KeM paccMaTpHBaTb npo6neMy napaMeTpHJaJ.J;HH 

KOMnoHeHT KaK npo6neMy onpe.n.eneHHH MHHHManhHOro 'iHCna 

reoMeTpH'ieCKHX xapaKTepHCTHK 4>YHKJ.J;HH, KOTOPhie O.IJ.HO-

' 3Ha'iHO onpe.n.en.HIOT HX y.n;enbHbIH Bee B CMeCH. Mbl 6y.n;eM 

C'iHTaTh, 'iTO napaMeTpbI qi 4>YHKJ.J;HH ¢ i(x, qi) .n;n.H MO)J.enH 

HMeJ0T HeKOTOphle CTaH.n;apTHhie 3Ha'ieHHH, a .D.nH peanbHblX 

o6pa30B 3TOH MO)J.enH B CMeCH - KaKHe -To .n.pyrHe 3Ha'ieHHH. 

Tor.n.a 6y.n;eM C'iHTaTb, 'iTO MO)J.enb ¢ (x) H ee 06pa3 s (x) 
CB.H3aHbl HeKOTOPhIM npeo6pa30BaHHeM T: 

'S (x} = T ¢ (x}. 

liy.n;eM CTPOHTh Knacc onepaTopoB !Tl, PYKOBO.D.CTBYHCh 

nHWb 06IJ.J;enorH'ieCKHMH paccy)K)J.eHHHMH O COOTH0WeHHHX 

Mo.n;eneii: H HX o6pa30B Me)K.IJ.Y co6oii:. Mo.n.enh H 06pa3 
06na.n.a10T CBOHCTBaMH / 9/: 

1. pecl>neKCHBHOCTH /n106a.H MO)J.enh (06pa3) eCTh MO
.n.enh ( 06pa3} caMoe ( caMoro) ce6H/; 

2. CHMMeTpH'iHOCTH /Mo.n;enb H o6pa3 MO)KH0 noMeH.HTh 
MeCTaMH/; 

3. TpaHJHTHBHOCTH /Mo.n;enb MO)J.enH eCTh Mo.n;enb HC

XO.D.HOH MO)J.enH; o6pa3 06pa3a eCTh 06pa3 HCX0.IJ.Horo 06-
pa3a/. 

3TH CBOHCTBa 0JHa'iaIOT, 'iTO ceMeii:cTBo ITI .IJ.On)KH0 
o6na.n;aTb . rpynn0BhIM CBOHCTBOM. Cne.n;y.H pa6oTe /IO/ 

12 

MO)KH0 noKaJaTh, 'iT0 !Tl ecTh 11enpepwB11an rpynna IlH 

npeo6pa3oBaHHH nnocKOCTH (x,y) 11a caMoe ce6.H. TaKHe 

rpynnhI xopowo H3y'ieHhl, H Mbl MO)KeM B0CnonbJ0BaTbCH 

HMH. B .n;aHHOH pa6on'!. MhI orpaHH'iHMCH nH11eii:11oii: H npo

eKTHBHOH rpynnaMH. YHHMO)J.ynHpHa.H rpynna HBnHeTCH 

cnHWKOH Y3KOH, a HMilPHMHTHBHhie rpynnhI Be)J.yT K rp0M0J.IJ.

KHM BbIKna.n;KaM. PacCMOTPHM onpe.n;eJIHIOIJ.J;He CHCTeMbl ypaa

HeHHH rpynnhI B Ko11eq11oii: /anre6paH'ieCKoii/ 4>opMe I 101. 
,[l,nH nHHeii:Hoii rpynnhI MhI HMeeM 

Y 2= a 11Y l+ a 12x 1 + a l; x 2 = 8 21Y 1 + 8 22x 1 + a 2' 

r.n.e xl' y 1- CTaphie, x 2' Y2 - H0Bbie K0OP.IJ.HHaTbl TO'iKH 
nnocK0CTH. IlocKonhKY B 11aweM cnyqae Mo.n;enh H o6pa3 

Bcer.n.a HBHbie O.IJ.H03Ha'iHbie 4>YHKUHH
0 

on11oii: nepeMeHHOH, 

. Mbl MO)KeM npeHe6pe'ib no.n.rpynnoii: BpaIJ.J;eHHH, 0TKy.D.a 

a 12= a 21 = 0. IlOCTOHHHbIM C.D.BHrOM no OCH Y Mhl TaK)Ke 
MO)KeM npeHe6pe'ib, 'iT0 .n.aeT a 1 = 0. llTaK, 

y 2 = a 11Y l; x 2 = a 22 X 1 + a 2 • /2.1/ 

HnH 
· 8 2 1 

T¢(x)=all¢(a 2r +a 2 ). O6oJHa'iHB -c;c -P.--= W, 
a 22 a 22 

a = A 
nony'iHM 

,, 11 ' 

x-P 
Tcb(x} =A¢(--). ' w /2.2/ 

Onpe.n.enHM napaMeTpbI, C00TBeTCTBYIOIJ.J;He JIHHeHHOH rpyn

ne, a HMeHH0 nono)KeHHe P , aMnnHTY.D.Y .A H WHPHHY W , 
H 6y.n;eM JanHCbIBaTb KaK M0)J.enH, TaK H o6pa3bl B cl>opMe 

Ay(x, P, W). Onpe.n.enHIOIJ.J;aH CHCTeMa ypaaHeHHH .n;nH npo

eKTHBHOH rpynnhI HMeeT BH.D.: . 

8 n YI + a I2x l + a 13 
y = 

2 . blly I + bl r 1 + l. 

a21Y 1+a22x l+ a23 
x2 =. 

h21Y 1 + h22X1 + b 23 

Paccy)K,I:(a.H aHanorH'iH0 BbIWenpHBe)J.eHH0MY, Mhl nony'iHM 

aHanor /2.1/: 
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y 2 = ally! X = 
2 

a 22X1 + a23 

b22x1+ b23 

a22x fa 23 a23 b 23 
HJIH T¢(x) = au¢< - ). O603Ha'IHB -:---~P, --= w, 
b h22x+h23 a22 a22 

22 
--=k, nony'IHM: 
a22 

T ¢ (x) = A¢ ( x - p ) • 
kx + w 

/2.3/ 

3anHCh /2.3/ .HBmieTcH 6onee o6ll.\HM cny11aeM JanHCH /2.2/, 
H JJ,anee Mhl 6yJJ,eM HMeTh JJ,eno TOJlhKO C Heii. BaeJJ,eM 3a

nH<;:h Ay (x,P, \\i, k).. TorJJ,a cMech MhI 6yJJ.eM onpeJJ,eJI.HTh 

n 
KaK s(x) = I A. y. (x, P. , W., k. )H noJJ, paJJIO)l(eHHeM cMeCH 

i= 1 I I I I , I 

6yJJ,eM noHHMaTh onpeJJ,eneHHe _aenH'IHH Ai , Pi, W i, k i. 
HopMaJIHJyeM npH6JIH)l(eHHYIOMOJJ,eJlh ¢(x)onepaTopoM 

} X - X 
Tl¢ (x) = --¢( o ) , 

1¢("o)I x 2-xl 
/2.4/ 

rJJ,e xo • TO'IKa MaKCHMyMa, X 1 H X 2 - 6JIH)l(aHWHe cneaa 

H cnpaaa K x o TO'IKH, B KOTOphIX ¢(x 1>=¢<x2> = 1/2 ¢<xo) 
IIpeo6pa3oBaHHe /2.4/ npHHaJJ,ne)l(HT K ceMeiicTBY IT I , 
cneJJ,oBaTeJlhHO, T1¢<~ eCTh MOJJ,eJlh )J.JI.H o6paJOB MOJJ,eJIH 
efi(x).O11eBHJJ.Ho, T 1¢(x)=l •y(x,0,l,0>.Ha ocHoBe cooTHoweHHH 
/2.2/ H /2.3/ MO)l(HO nerKo Bhl'IHCJIHTh npOH3BOJJ,Hhle npH-
6JIH)l(eHHhlX · MOJJ,eneii y(x) no napaMeTpaM, Heo6XOJJ,HMhle 
JJ,JI.H nony'leHH.H M .H.K. - Ol(eHOK. )],eiiCTBHTeJlhHO, 

~ = ¢ (z); .EL= - A ¢ · (z); 
aA ap kx + w X 

/2.5/ 

k=- Az ¢'(z)· ~ =- Azx ¢'(z), 
aw kx + w X ' ak kx + w X 

rJJ,e z=(x-P)/(kx+W). 

. 14 

CoOTHOWeHH.H /2.5/ noJBOJI.HIOT Bhl,'IHCJI.HTh npOH3BO)J.Hhle 
no napaMeTpaM qepe3 JHa'leHH.H HOpMHpOBaHHOH MOJJ,eJIH H 

. ee npOH3BO)J.HOH H JHa'leHH.11 caMHX napaMeTpO,B. AHano

rH'IHO Bhl'IHCJI.HIOTC.H npOH3BOJJ,Hhle cTapWHX nop.HJJ.KOB. 

3. lIOHJIIIIUJI '-IYBC1fl6U1!leAbHOCIIIU u pa3peweHUJI 

U ux BAUJIHUe Ha KoppeKIIIHOClflb 3aOa'-IU 

pa3AOJICeHUJI CMeCeU 

HeManoBa)l(HOH npo6neMoii: .HBJI.HeTC.H TaK)l(e npo6neMa 

eJJ,HHCTBeHHOCTH paJJIO)KeHH.H H ero ycTOH'IHBOCTH K no
MexaM. QqeBHJJ,HO, JJ,onycTHMhle CMeCH o6pa3YIOT TOJlhKO 
JIHHeii:Ho He JaBHCHMhle cacTeMhl 4iYHKUHH IAy ( x,P, W, k >I H 
HX npOH3BOJJ.HhIX no napaMeTpaM. 113 /2.5/ BHJJ,HO, 'ITO 
Heo6XOJJ,HMLIM YCJIOBHeM )J.JI.H :noro .HBJI.HeTC.H JIHHeii:Ha.H 

HeJaBHCHMOCTh 4iYHK~HH ¢(x) ,¢;<x>, x¢:<x)' x2¢: (x). Pac
CMOTpHM JJ.HcW,epeHl(HaJlhHOe ypaBHeHae; 

C
1 
¢(x) + (C 

2
+C

3
x + •C

4
x 2)c,{>:<x) = 0. /3.1/ 

Ilepe6apa.H pa3JIH'IHhle aapaaHTLI HeHyneBhIX C i ' Mhl 

MO)l(eM cpaJy. yKaJaTh HeJJ,onycTHMLle KJlaCChl 4iYHKl(HH )J.JI.H 

' 
aHanaJa cMeceii: 

C x+ a)) 
C exp (ax), (a+ bx) , C exp (b· arctg(~ , 

a+x b C(--) ,rJJ.e C,a,b,d - npoaJB0JILHhle 11acna. 
a-x 

II p Ii Me q a Hae _l. Ecna HCKJIIO'IHTL HJ 4iYHKUHH KOMII0HeHT 
napaMeTp P, aHaJIH3 CMeCeH 3KcnoHeHT CTaH0BHTC.11 BOJ• 
MO)KHhIM. POJlh p B 3TOM cnyqae 6yJJ,eT arpaTL napaMeTp 
w. B JJ,aJlhHeii:weM cnyqae: CMecee: 3KCnoHeHT TaK)l(e 6yJJ,eT 
HMeTLCJI B BHJJ.Y C yqeT0M JJ,aHH0ro 3'aMe'laHi1J1, T. e. )J.JI.H 
3KCnoHeHT y (x) = :A <p (i, W ). p aCCMOTpHM TenepL JJ.OCTa TO'{· 
HLie ycnoBH.H. JlerKo BHJJ,eTh'~ 'ITO 4'yHKl(HH. ¢, ¢ ~. x¢ ~, x 2¢: 
B o6ll.\eM He 06pa3y10T CHCTeMhl lle6L1weaa Ha X .)],ee:CTBH· 
TeJlhHO~ nycTL rp (x) HMeeT Ha X He MeHee 2 3KCTpeManeii:. 
TorJJ,a JIHHeiiHaJI 4JopMa JleBOH 'laCTH /3.1/ MO)KeT HMeTL He 
MeHee 5 Hynee: Ha X'; a cyMMa n TaKax 4'op'M - He MeHee 
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5n - Hyneii. PaccMoTpHM cne.r(yIOll.lHH qacTHLiii cnyqaii. IlycTL 

cpyHKUHH Aiy/x,Pi ,W i ,ki),i=l, ••• ,n, TaKOBLI, 'ITO OTpe3oK X 

MO:>KHO pa36HTh Ha n He11epeceKal01llHXCH 110.r(MHO:>KeCTB Xi ' 

TaKHX, 'ITO ¢i(x) OTJIH'IHa OT HYJIH JIHlllh Ha i ·oM 110.r(· 

MHO:>KeCTBe. B 3TOM CJiyqae c11paBe.r(JIHBa TeopeMa: 

Teo p e Ma 1. Cyll.leCTBye't .r(H3aiiH I xi I, Ha KOTopoM 

BeKTOphI ,1.. (x .), /4' (x. ),x• ,1..' (x .), x~/4.'(x .) JIHHeHHO He3aBHCHMhl. 
't' J 't'x J l .. 't' x J J't' x 1 

,ll; o Ka 3 a Te JI L c TB o • .t'accMoTpHM MHO>KeCTBO Ix. j .. . J 
o6'he.r(HHeHHe 3KCTpeMaJILHhIX TO'ieK <PYHKI.{HH ¢ i (x) H BX 

11poH3BO.r(HLIX. MHo>KeCTBO Ix i I HBJIHeTCH HCKOMLIM. 3a

MeTHM, 'ITO 'IHCJIO 3KCTpeMaJILHhIX TO'ieK y 11pOH3BO.r(HOH 

Ha 1 6oJILllle, 'leM y <PYHKUHU.. ,ll;anee, BeKTOphl ¢' (x .), 

xi¢:<xi>,xf¢'x(x? HMeIOT, 110 KpaiiHeii ~epe, .r(JIH T;ex
1 

j 
HeHyJieBLie KOMIIOHeHThl, HHKaKaH JIHHeHHaH KOM6HHal{HH 

KOTOphlX B HYJIL He o6pamaeTCH /TaK KaK CTeneHH X 06-

pa3y10T CBC Te My qe6LillleBa/; Be KT Op ¢ (x j) HMeeT He -

HyJieBLie KOMIIOHeHThl .r(JIH Tex j ' B KOTOPLIX ¢ :< X j},x j¢ :<xi)' 

x ~¢' (x. ) paBHhl HYJIIO, H, CJie.r(OBa TeJILHO, He MO:>KeT 6LITh 
]Xu] JI u 

JIHHeHHO Bhipa:>KeH qepe3 HHX. HHeHHaH He3aBHCHMOCTh 

CHCTeMLI TaKHX <PYHKI.{HH CJie.r(yeT H3 Toro, 'ITO X. He 
I 

11epeceKaIOTCH Me>K.r(Y co6oii. TeopeMa ;;i.oKa3aHa. 

I1 pH Me q a H He 2. Ba 11paKTHKe TeopeMa 6y.r(eT cnpaBe.r(JIH· 

Ba H B Tex CJiy'iaHx, KOr.r(a ¢ .(x) JIHlllh HecymecTBeHHO 
I 

OTJIH'IHLI OT HYJIH Ha Xi 11pu j ,J. i. 
PaCCMOTPHM Teneph Ba:>KHeHllIHe cnyqau Hee.r(HHCTBeH

HOCTH MHHHMyMa <PYHKUHOHaJia /1.3/ npH IIOCTpoeHHH 

M.H.K. - oueHOK. 

1. IlepeMeHa HH.r(eKCOB <PYHKUHH ¢ i (x). 3a.r(aqa cpu-

3H'leCKH He H3MeHHeTCH, 0.r(HaKO MaTeMaTH'ieCKH 3TO 03-

Ha'laeT npeo6pa30BaHHe KOOp.r(HHaT llpOCTpaHCTBa 3Ha'leHHH 

11apaMeTpOB R 40• CJie,r(OBaTeJILHO, Bhipa:>KeHHe / 1.3/ HMeeT 

B R40 ,110 KpaiiHeii Mepe, n ! MHHHMYMOB, Me:>K.r(Y KOTOPLIMH 

MoryT HaXO.r(HThCH JIOKaJILHLie MaKCHMYMLI, Ce,r(JIOBHHhl H 

T • .r(. 

2. Eonee Ba:>KHLiii cny'laH Hee.r(HHCTBeHHOCTH MLI nony

'IHM, eCJIH orpaHH'IHMCH qacThlM cnyqaeM, KOr,r(a <PYHKI.{HH 

<pi (x) OTJIH'iaIOTCH .r(pyr OT .r(pyra JIHlllh 3Ha'leHHHMH napa

MeTpOB. 

'Teo p e Ma 2. ,ll;nH n106oii e (x) rHnepnoBepxHOCTL B R4n 

M 1 , n x--Pi 2 
F(x,p,e(x»=I--!s(x.)-~A.y( 1 )I 

j=lD<x.> 1 i=l 
1 

k.x.+W. 
J I ] I 
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BhlpO:>K.r(aeTCH 

B ru11epl{HJIHH.r(p, eCJIH . .r(JIH KaKOrO•JIH6o j(j ):Ai ➔ 0 H 

/HJIH/ p - ➔P • • . 
l J 

,lJ; OK a 3 a Te JI b CT Bo. IlepBoe O'ieBH.r(HO, IIOCKOJILKY IIPH 

HeorpaHH'ieHHOM yMeHLllleHHH Ai H3MeHeHHH p i,w i, k i He 

OKa3LIBaIOT BJIHHHHH Ha 3Ha'leHHH ,F. BhlpO:>K.r(eHHe CTaHo

BHTCH IIOJIHhlM Ha ru11ep11JIOCKOCTHX :Ai= 0. IlyCTh Te11eph 

n=2, a P1 H P2 6JIH3KO 110.r(XO.r(HT .r(pyr K .r(pyry. B.r(OJIL ru-

11ep11nocKOCTeii k.x+ W . =const pa3JIO:>KHM ¢(:lf--P.) B pH.r( Teii-
1 1 1 

nopa B OKpeCTHOCTH HCTH.HHhlX PiO: 

¢(x-P.>=¢<x-P.
0

) +(P. -P. )¢'(x-P. 0 >+ R .. 
. l . l l 1(1 X . l 1 

Tor.r(a .F (x, p, e (x)) HMeeT BH.r(: 

M 1 : 
. F = I --- le(x )+(A -A )c +(A -A )c +A ~p c + 

j=l D(x.) j 1 . 10 1 2 20 2 J ·:i 3 
J 

+:A ~p c + R + R J 2• 
2 2 4 1 2 

Ecnu !!R 1+Rill«D(x), TO 11pu IP2 -P 1 l ➔ O .F noKaJILHO 

11peBpall.laeTCH B IIOBepXHOCTh IIO'ITH IIOCTOHHHOro ypoBHH 

B.r(OJIL rH11ep11nocKocTeii by\ 1+ b2A 2 = const. BL1po:iK.r(eHHe cTa • 

HOBHTCH IIO'ITH IIOJIHhlM llpH p 1 = p 2 • . 

I1 pH Me q a H H•e 3. IlpaKTH'ieCKH Te ope Ma 6y.r(eT cnpaBe.r(· 

JIHBa H IIPH HeKOT~phIX pa3JIH'IHHX B BH.r(e '<PYHKI.{HH . ¢.<x> • 
l 

I1 pH Me q a Hue 4. Ecnu P 1 ➔ P 2 , 6onee. Ha.r(e>KHO oueHH· 

BaercH cyMMa A 1+ A 
2

, a He :Ai B OT.r(eJILHOCTH. TaK KaK 

F llpH 3TOM HMeeT IIO'ITH 0.r(HHaKOBOe pac11pe.r(eJieHHe .r(JIH 

JII06oii KOM6HHal{HH Ai, ,r(aIOll.leii B cyMMe HeKOTOpoe 'IHCJIO, 

TO OTJIH'IHTh xopollIHe oueHKH Ai OT IIJIOXHX MeTO,r(aMH 11po

BepKH rHIIOTe3 C IIOMOll.lhlO X 2 
~KPHTepHH npaKT.&'ieCKH HeT 

HHKaKHX lllaHCOB. 

C JI e .r( CT B He. 3a.r(a'ly MHHHMH3al{HH /1.3/ CJie.r(yeT pac

CMaTpHBaTh He Ha BCeM R40, a Ha CHMIIJieKce, 3a,r(aBaeMOM 

HepaBeHCTBaMH: Pi+l> Pi, Ai > 0 /.r(JIH 3KCIIOHeHT Wi+i>Wi /. 

PaccMOTPHM .r(JIH Bhlwey110MHHYTLIX CMeceii BOllpoc 06 

YCTOH'IHBOCTH oueHOK no OTHOWeHHIO K yce'ieHHOH IIOMexe 

e(x). lfa paccMoTpeHHH penLecpa .F (x, p, e(x)) cJie.r(yeT, 'ITO 

yrpo3a BhlXO,r(a Ha HeCOCTOHTeJih_HYIO M.H.K. -oueHKY cy

mecTByeT B .r(Byx cuTyauuHx: Ai ➔ 0 H Pi ➔ P i . 
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Te Ope Ma 3. )],nH YCTOH'IHBOCTH M.H.K. -ou.enoK B Manoii 

OKpeCTHOCTH PO Heo6XOAHMO Cyll\eCTBOBaHHe TaKHX 'IHCen 

s . > 0 H r .> 0, cornacoaaHHLIX c pacnpeAeneHHeM e (x), 11To 
I I 

C aepoHTHOCTLIO I . M.H.K. -ou.eHKH A. H p. YAOBneTBOPHIOT 
I I 

ycnOBHIO: . 

A > ·s ; P > P + r • 
i - i i+l-' i i 

/3.2/ 

)], 0 Ka 3 a Ten LC TB o. )],oKa3aTenLCTBO O'leBHAHO. 

OpHMe11aHHe 5. B cny11ae nHHeiiHoii JaAa'IH/Pi ,·Wi, ki
$ffKCffpoaaHw/ AilH yCTOH'IHBOCTH M.H.K.-riu,eHKff aMnnHTYA 

11eo6XOAffMO H AOCTaTO'IHO, 11T06LI AiO 2: s i; pi-i-1 0 ?..Prn+ri. 
'· 

PaJyMeeTCH, AilH npOff3BOnLHOH IlOMeXH e(x) TaKHX 

'lffcen / s i H r i / MO)KeT He cyll\eCTBOBaTL, H Ja~aqa aHanH · 
Ja CMeCff OKa)KeTCH B :noM cny'lae HeKoppeKTHO OOCT_aaneH

HOH. Benff'lffHbI s i ff r i ffMeIOT .npo3pa'IHbIH $ff3H11eCKHH 

CMbICn: 3TO 'IYBCTBHTenbHOCTL ff pa3perneHHe Halllero Me

TOAa /aHanorfflJHbie 'IYBCTBffTenhHOCTH H pa3perneHlilO npH-

6opoa/. To, 'ITo OHH He paBHbI Hynw; oTpa)KaeT o'leBffAHhIH 

taKT; 'ITO npff HanH'lffff OOMeX 'IYBCTBH"TenhHOCTL H pa3 -

perneHffe MeToAa /KaK H npff6opoa/ He HBnHIOTCH •HAeanb~ • 

HbIMH. HeKoppeKTHOCTL, TaKffM o6pa30M, B03HHKaeT TOrAa, 

KOrAa Mbl IlbITaeMC.H pa3~enHTL cMeCb, AilH pa3AeneHff.H 

KOTOpoii y Harnero MeTOAa He XBaTaeT 'IYBCTBffTenLHOC~H 

ff /HnH/ pa3perneHffH. 

MeTOAbl, H3IlO)KeHHbie B pa6oTe, fiLinH peanffJOBaHhl 

a nporpaMMe UPEAK, HanHcaHHOH Ha H3bIKe <l>OPTPAH:4 

H opffeHTHpOBaHHOH AnH ffCnonbJOBaHHH Ha 3BM THila 

1i3CM-6. IlporpaMMa 6Lrna ycnernHo npHMeHeHa K aHanH

JY AaHHLIX cneKTPOMeTpH'leCKHX HJMepeHffH. MoAenH KOM

noHeHT HJMePHnHCL JKcnepffMeHTanLHO c 6onLrnoii cTaTH

CTHKoii H BBOAHnHCL B nporpaMMY B BffAe rHcTorpaMM. 

B Ja~nIO'leHee aBTOP BLipa)KaeT 

npot. H.H.roaopyHy Ja noAAep)KKY a 

E.Il.)KHAK<>BY 3a noneJHLJe o6cy)KAeHHH. 
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6naroAapHOCTL 

pa6oTe H npot. 
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