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I8UAO;l1 83BeUleHH020 npaBAOnOA06HH (BnpHMepe 5.14 OHO OnTHMaJIb onpeAeJIeHHOCTb MaTpllUbI Lc+;Hi-C. TaKHe )!(e epOPMYJIbI BepHbI 

HO). B 4aCTHOCTH, TIpH %=0 H3 Hero BblTeKaeT npaBHJIO XOy, MaKCH

MH3HpYIOw.ee P (x, y): P (fOy) =max P (x, y), Ha3blBaeMoe npaBuAo,w 
x 

.J1WK-CUlvWAbH020 npa8oonooo6uJl. TaKIlM 06pa30M, J1WTOO ,IWI\CUMaAb
H020 npaBoonooo6u.'1 cooT8eTcT8yeT ,1LaK-CU,11aAbHO B03MOJICHOMY on
TU,lIL13MY % = 0. 

DpH neCCHMH3Me %= I KBa3HOnrlHlaJlbHblM 6y,a,eT npaBHJlO 

lly : P (i1y, y) = max P (x, y), Ma KCHMIl3HppOw.ee HmKHlO1O rpaHHUy 
- x 

Bep05lTHOCTH. 

. BBe,a,eM Mo,a,HepHKaUHH paccMOTpeHHblx npaBHJI, Y4HTblBalOw.He 

MewalOw.He napaMeTpbI. DycTb .;!{xy = V[JJexy, r,a,e [JJe xy npH l\a}K,a,OM 
e 

e onpe,a,eJlHeTC5I T04HblMH Bep05lTHOCTHMll Pe(x, y). Tor,a,a P (x, y) = 

=infPe(x, y), P(x, y)=supPe(x, y) II oueHKa ioy MaKCH~1l13HpyeT 
e e . 

MaKCHMaJIbHYIO rro e Bep05lTHOCTb, a X'y - :YIHHHMaJlbHYlo. 

ECJlH <:OOTBeTCTBeHHO 3aMe4aHHIO Bblwe P(x=xy) =0, H TeM 60

)lee !(x, y) ~P(x=Xy) =0, TO PI-X(X, y) CT3H03HTCH rrponopU'HO

H3J1bHOH P (x, y), rr03TOMY rrp3BHJlO MaKCIIM3J1bHOrO np3BAonOA06HH 

iOy , COOTBeTcTBylOlll,ee %=0, 6y,a,eT I\Ba3110nTIfM3.1bHbIM rrpH .TJI06bIX 

%< 1. Y.Ka33HHaH rrpO'nopUHOHaJlbHOCTb 6y,a,eT IIMeTb Mecro II ]wr,a,a 

P(X, y)=pP(x, y) .il.Jl5I HeJ\'OToporo p~1 (:np'H p=1 ;BepOHTHOCTb 

T04H351) . 

nOCTaHOBKa 3a.na4H JIHHeHHOH ~HJIbTpa~HH CHrHaJIa npH KBa.n

paTH4HblX nOTep5lx. DycTb Ha6J1i0.neHH5I 33nHCblBaIOTC5I 

Yi=Xi+~i' i=l, ... ,n, M~i=O, 

r.il.e Xi YCJlOBHO 6Y,ll.e:Vl H33blBaTbCllrH3JIOM, 3 Si - WyMOM. l1ml B 

BeKTopaX-CTOJI6U3X y=x+;, M;=O. CT3BHTCH 33A343 epllJlbTP3UHH 

X ·rrpn .I\B3J,panI4HbIX nOTep51X 

n (x, x) = II x - xW= (x - X)T (x - x), 
I 

f.J,e lizl!2 - ,hBa,ll.p3T HOpMbl Bel(TOp3. BeKTopbl x II S C41lT310TCH He

KOppeJlHpOB3HHbIMH: MX;T=O, 33,ilaHllblMll CBOl1cTB3MH BToporo rro

p51,a,1,3 B Blf.J.e COrJI3COBaHHoro Ha60pa Cpe,ll.IIIIX MxTCx, MSTCS rrpH 

BceB03MO)KHbIX M3TpHuax C. 3TO ,a,eJIaeTC5I nyTeM 3a,ll.3HHH nepBH4

HblX 3Ha lleHlfH AixTHx, HEd&', lHsTG;, GE~, C IlX rrOCJIe,ll.YIOw.HM 

rrpo,a,O.'1)I(eJ-lIleM COrJIaCOBaHHblM 06pa30M Ha BTOpH4Hble npH3HaKH 

(T. e. H3 I\B3,a,paTH4Hble epOPMbl) no q)OpMyJle 
~ 

TM x T Cx = inf { L: C( Nt x Hi x: L: C( Hi - C ;;::: O} , (5.6) 

r,ll.e HiEd&'. B (5.6) H3 CYMM Bbl6poweH cB060'.J.Hbl(r I\OaLj:JepllUHeHT, 

1160 011 nOJlY l l3eTOl p3'BHbIM 0. HepaBeHcTBo rro.il. 3H3,IWM HH

epHMyMa rrOIlHMaeTC5I K3K M3TpH4Hoe, 1". e. Kal\ HeoTpHU3TeJIbH35I 
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,LI.JIH ·s,
B KJIaCCe np3BHJI, .nonyCI(31OW.HX P33JIO)KeHH5I B pHAbl BOJIbTep

pa, T. e. Tl/TIa 

(XY)i= L:LuYj+ L.L.Ll';/YkYi+ L.LL:dVtY"YiYI+·'" 
j k i k j I 

1I3 OCHOB3HHH TeopeMbI 5.1 .nOCT3T04HbIMH 6YAyT JIHHeHllble rrp3BHJIa 

x=Ly, r,a,e L= {L ij } ~ M3TpHua p33MepHocTH nXn (T3K 1(3K TOJIb
Y 

KO ,J,JI5I HHX nOTepH M3)!\0pHpyeMbIKB3.nP3TH4HbIM epOPM3MH) . .Ll.JI5I 

JIHHeHHblx rrp3BHJI rrpH KBa.nP3TH4HbIX nOTep5lX H HeKOppeJIHpOB3H

HblX x H 's HH)!<HHH H BepxHHH pHCI<H 33rrHwyTc5I 

n (Ly) = MXY II x - Ly 112 = Mx II x - Lx W+M~ II L sW, 
XYfi (L y) = M 1\ x - Ly II~ = Mx II x - Lx W+ M; 1\ L sW 

H BbI4HCJI5IIOTC5I COrJ13CHO (5.6). PHCKH CKJIaAbIBaIOTC5I H3 ,a,ByX CJI3

r3eMblX: nepBoe onpe,a,eJI5IeT oWH6Ky epHJIbTpall,I1H 33 C4eT HHepUI10H

HOCTH epH.'1bTp3 L, KOTOpbII1 He ycrreBaeT OTCJIe)!<HBaTb H3MeHeHH5l 

CHrH3JI3 (B CI1JlYOTJIH4H5I OT eAHHH4H0I1 MaTpHUbl I), a BTopoe 

3a C4eT rrpOHHKHOBeHH51 WyM3 H3 'BbIXOA epHJIbTpa. DepBoe CJI3rae

Moe paCTeT npH YBeJIH4eHHH HHepll,HOHHOCTH epHJIbTp3, 3 BTopoe 

yMeHbWaeTC5I, H Me)!(AY IIHMH eCTb orrTHMyM. 
Bbl60p M3TpHUbI L *, onpe,a,eJI5Ilolll,eli OllTHMaJIbHblH epl-lJibTP, rrpo

113BO,LI,HTC5I HCXO,LI,H H3 MHHBMH33UHB cpe,iI.HerO pHcKa 

nx (L) = MX x T(1- L)T (1-- L) x + MX ST Lor L S' (5.7) 

T,LI,e Mx eCTb B3BeweHHoecpe,LI,Hee, p3BHoe (I-%)M +xM. 
OpB T04HbiX M3TpHll,3X KOppeJI5IllHfl Mxx T 

= K: A1;ST = B pHCK OT 

% He 6y,LI,eT 33BHCeTb: n(L) =tr(I-L) (I-LpK+tr LUB, rAe tr 

C)leA M3TpHll,bl, P3BHbIl1 cyMMe ,a,HarOH3JIbHbIX 3JIeMeHTOB. OrrHrM3JIb

HblM B 3TOM CJIy43e npB 06P3THMOfi MaTpHll,e (K+B) 6y,LI,eT epHJ1bTp 

L* = (K +B)-1 K, n (L*) = tr K (K + B)-1 B, (5.8) 

rAe BTOPblM YI<333HO Bblp3)KeHHe ,LI,JIH OWH6I<H epHJIbTP3UHH. 
<l>HJIbTpall,HSI CHrHaJla C 113BeCTHblMI1 KOppeJl5lUHOHHblMI1 cBoiIC!'

BaMI1 113 wyMa OrpaHJ1l!eHHOH MOW.HOCTH. DYCTb IWppeJl5IUHOIiHa51 

M3TpHU3 iCfrrHa.'13 x 51BJJ5ICTC5I TOlliJ-IO l!3SeCTHoH H paBHoii K, TOI")3 

K3K OTHOCHTeJIbHO W)''v13 1I3BeCTHbI CBe.'l.eHIUl .'1HWb 06 ero cpe:ll~erl 
«MOW.HOCTH» 

~ L sf/n=M \ls\\2/n=~2, MIlsW/n= 0~. 
22

TorA3 aHaJI0fl14HO (5.6) : _ M ST LL s= sup cn a = /..2. n 0 ,tnHl 

c1:(LTL 

M ST Lor L s= inf en 02 = 'A~ax no2 
,
 

rei ;" LT L
 

r,LI.e HepaBeHcTBa MaTpH4Hble H 'A2m in H 'A2max eCTb cooTBeTCTBcHHO 
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n

M'HHHMaJIbHOe II MaKCHMaJIbHOe C06CTBeHHble qHCJIa MaTpHUbI LT L..
 
B pe3YJIbTaTe 'Cpe~HHH pHCK
 

X (L) = tr (I - L) (I - L)T K+ (I - x) A~in n 0 2 + XA~ax na2 
•
 

TIpe~,cTaBHM K==FTrF, r~e F - M3TpHua C06CTBeHHbIX BeKTopOB"
 

a r - ~HarOHaJIbHa5I MaTpHua co6CTBeHHbIX qHCeJI 'Vi MaTpHUbI K. 
Tor~a OrrTHMaJIbHOe rrpaBHJIO 3arrHllIeTC5I B BH~e Ly == FA, r~e A 
~HarOHaJIbHa5I MaTpHua KopHeH KBa~paTHhIX 'Ai H3 co6CTBeHHbIX 3.ne-
MeHTOB ~2i MaTpHUbI LTL. B pe3YJIbTaTe cpe~HHH pHCK CTaHeT 

nx (L) == ~ (1- Ai )2 l'i + (1 - x) A~in n 0 2 + X A~ax n0-2• 

3a~aqa HaXO:IK~eHH5I OrrTHMaJIbHOrO rrpaBHJIa CBO~HTC5I K MHHH

M:H3aUHH HaH~eHHoro 'Bblpa:IKeHH5I ITO 'Ai. na~HM pe3yJIbTaT, TeN! 6oJIee, 

qTO OH TpHBHaJIeH, He rrpHBO,lI,5I YTOMHTeJIbHbIX, HO B TO :lKeBpe~M5I 

HeCJIO:IKHhIX BbIKJIa,lI,OK. TIPH x~ 1 OrrTHMaJIbHbIMH 6y,lI,YT :A*i--:- C, qTO 

OOOTBeTCT:ByeT epHJIbTpaUHH Xy == cy, :CBO;,lI,5IIUetiC5I K Inp5I'M'OMY oCJIa6

JIeHlIlO BXO,ILHbIX Ha6JIlO,lI,eHHH Ha BeJIlIqlIHY C = tr K/ (tr K+xn(2). \' 
ilpHqeM C YMeHbllIaeTC5I npH Cp~BHIITeJIbHOM YBeJIHqeHHII Cpe,lI,Hei1 

rCTaTHCTHqeCKOH .3HeprHH llIyMa na2, npHXO,lI,5IIUeHC5I Ha n OTCqeTOB,
 

ITO OTHoweHHlO K .3HeprHH CHTHaJIa tr K. B caMOM ~eJIe, eCJ1H WYM 1
 
! 

BeJIIIK, TO IQ'H ,,lI,aeT OCIHOIBHOHBKJIaJI. B iOllIlf:6Ky Ha 'BbIXiQ;,Ue Ii ero HYiI\: ~ ,. 
HO OCJIa6JI5ITb. He3HaHHe 'CTpyKTypbI llIyMa Be~eT K TOMy, qTO Ha6

JIlO,lI,eHII5I epaKTUqeCKH He epIiJIbTPYIOTC5I. 

TIYCTb Terrepb O~x<l. Pe3YJIbTaT 6Y,lI,eT BeCbMa HHTepeCHbli\T, 

nOKa3bIBaIOmHM Ha Bblp0:IK,lI,eHHble CTOpOHbI pe)KHMa onTHMH3Ma . 
.- r 

TI'pH YiCJIOBHH xna2/tr K< 1/ (I-x) na2/'V1nin OTITHMaJIbHbIMH tCHOBa 6y.. 
,lI,yT 'A*i==C ~JI5I Bcex i, KpoMe O,lI,HOrO iO: 1\o== min Vi=='\'min, 'A*iO=O, 

Ha3HaQaeMOrO IHYJleBbLM. TIPH ,CHIHTe3e epHJIbTpa H3HiBHO rrpe:,UTlo.TIa

raeTC5I, QTO 'B Han60JIee 6JIarOnp'l15ITHOM cJIyqae WYM IBeCb IBrQH\.leT 

HMe'HHO IB 3TO ·HaHMeHee «,CHrHaJIbHoe» JIarrp3BJIeHHe ,\,rnin, a MbI 

«3aXJIOiUHeM» era nyTeM rrrpHpaiBHHBaHI15I HyJIIO: 'A*iO= O. I1pe)),lcTaB I 
Te, 41'0 WY/MOM C Bep05IT1HOCTblO I-x 'ynnp 3BJI5IeT «,C'BOH» LJeJIOBeK, 

H3H6.rrarOrrpH5ITHeHlIlHM 06pa30M K HaM pacrrOJIO:IKeHHbIH, a C Be tP05ITHOCTblO x - rrpOTHBHHK. 06a OHH iI1peKpaeHO OCBeJI,OMJIeHbI 0 

HaWHX ,neticTBH5IX. HY:lKHO 3alUHTHThC5I I10-'B03:MO:IK'HOCTH OT rrpOTHB

HHK3, II OCTaBHTb «OT\'uYW!HHY ,UJI5I 6JI3rOnplI5ITHbIX» 3 iKUHH «CBoero», I
raipaHTHpOH31B ,ce6e TaKIHl\!l DOp330M MHHHMaJIblHbII1 ymep6. 

TIoCJIe,lI,Hee He MO:IKeT 'CJIY:IKHTb yTelIleHHeM, a 'CKopee 5IBJI5IeTC5I 

BblpO)K,LLeHHeM, n03TOMY 06mUH BbIBO,lI,c.rre,UYlOIUHH: fie3Hafiue CTpyK

Typbl UlyMa He n03BOAfler HUKaK ucnOAb30BaTb 3HaHue, 8aJlCe TOt{

Hoe, KoppeAfU{-UOHHblX CBOUCTB CU2HaAa. 

<l>I1JIbTpa",wSI npH HeKOppeJlHpOBaHHorvl mYMC. TIyCTb CHOBa y = 
== x +S, 
TOqHO, a 

- 2
M Si 
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KOppeJI5IUHOHHa5I MaTpHua K seKTopa CHrH3JIa x H3BeCTHa 

WYM HeKOppeJIHpOBaH IH 3a~aH rrepBHqHbIMH cpe~HHMH: 

-2 2 2 .. = ai, M Si = !!.i , M Si Si = 0, t =1= J. 

'TorAa M \\ L S\1 2 = sup { L Ci of : L Ci £[ + L ~ £i Cij £i ~ 
i~j 

~ ~ ~ ~ £i Lii Ljk £k} = sup J ~ Ci of : Ci ~ ~ L?} = ~ 2: L~. o? ,. l _ !J ll_l ,. 

II TOqHO TaK :IKe MIl Ls112== LLL2 ija2i . B pe3YJIbTaTe pHCK 

IIX (L) == tr (I - L) (I - L)T I( + tr LLT 0,0 

T,lI.e 0"2xi==(1-x)~2i+xa2i H Ox eCTb ,lI,HarOHaJIbHa5I MaTpHua H3 aZXie 

MHHIIMH3aUH5I 'plICKa no L Be~eT K 3HaqeHHIO 

L* = (I( +0x)-l K, IlX (L*) = tr I( (I< +0x)-l Ox· 

,OrrTHMaJIbiHblfr epHJIbTp, KaK 3TO BH,lI,HO H3 cp aBHeHH5I C (5.8), rrOJIy

QaeTC5I TOqHO TaKOH Me, KaK eCJIH 6bI M£2i 6bIJIH TOqHO H3BeCTHbI If 

paBH5IJIHCb a2
x i. 

060 6m e H H e. flYCTb y==x+ Hs, r,lI,e H - H3BeCTHa5I MaTpHua , 

neKTOp S - TOT :IKe, KaK H 6bIJI, a WYM Hs eCTb pe3YJIbTaT npOXO)K

,neHH5I He3aBHCHMbIX OTCqeTOB£i qepe3 H3BecTHbIH <pHJIbTP, onHCbI

BaeMbIH 'MaTpnueH H. lllY:M B Ipe3YJIbTaTe 6YJI.eT KJQlPpeJIUpOiBaHHbIH C 

HeTOqHO H3BeCTHbIMH KOppeJI5IU:H5IMH, 065I3aHHhIMH pa3JIHQHIO aZi If 

a2i. Tor~a 

IIX (L) = tr (I --L) (I - L)T K+tr H L LT HT O}P 

II B pe3YJIbTaTe MHHHMH3aUHH ITO L rrOJIyQHM 

L* = (I( + HOx HT) -1 K, TIX (L*) = tr K (K +HOx HT)-l HO;( HT . 

BbITeKaIOmaH H3 .3TIIX epOPMYJI HHCTPyKUH5I 1npH3bIBaeT 3aMeHHTb 

\He~OqtHiO H3BeCTHble KOppeJI5IIl"HH IWyMa 'Ha MarpHUY Bij == 2,;, Hik'a2xkHkj, 
k 

CQ'HTa5I ,ee npo ce65I TOqHOH MaTpHuefI KOppeJI5IUHH rnyMa, H ~aJIee 

paeqeTbI C HeH np'OII3'BO)J.HTb no (5.8). HanpHMep, eCJIH Yi == Xi + 
+~hl£i+l, T. e. lIlyM reHepHpyeTC5I CKOJIb35ImHM CyMM'HpoBaIHHeM Re

t 
3aBHCHMbIX £i, TO Bij == 22 hi-la2xlhl-j. 3~eCb MbI HCnOJIb30BaJIII rrp5IMOH 

l 

MeTo,U, KOTOpbIH CBeJI 3a,lI,aqy K TOqHbIM KOppeJI5IUHH1\L B ICJIe,lI,YlOIUeM 

pa3,UeJIe HcrrO.JIb30BaH p06aCTHbIH no,lI,xo,lI,. 

l(oppeJISlQHH aaAaHbl c norpemHocTSlMH. IlYCTb y == X +S, CHrHaJI 

x HWyM ~ HeKOppeJIHpOBaHbI Me:IK,lI,Y c06oi1 H 3a,lI,aHbI KaLK,lI,bIH CBOH

MH KOppeJI5IUHOHHbIMH CBoH'CTBaMH. TIoCJIe~HHe, KaK H3BeCTHO ('§ 4.2), 
.9KBHBaJIeHTHbI co6cTBeHHbIM ceMeHcTBaM, :COOTBeTCTBeHHO :J{) (,lI,JI51 x) 

II !lJ (~JI5I s) KOBapHaUHH, qTO in03BOJI5IeT rrplI BbIqHCJIeHHHX pHCKa 

rrOJIb30BaTbC5I ~OPMYJIOH 

nX(L)=(I-x) inf tr(I-L)(I-L)TK+x sup tr(l-L) (I-L)TK+ 
KEX KEX 

+(1- x) inf tr LLT 8 + x sup tr LLT B. 
BE$ BESS 
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PaCCMOTpHM CJIyllaH, KOr.ua :Jt' H g; 3a.uaHbI MeTpHlieCKHMH orpa
HHlIeHH5IMH BH.ua 

x = {K : II K - K o II ~ ~K}, ga = {B : II B - BoII ~ ~B}' 

r.ue HOpMa MaTpHIJ. rrOHHMaeTC5I 'KaK MaKCHMaJIbHOe rro MO:llYJIIO co6
CTBeHHOe lIHCJIO. MO)KeM .uJI5I orrpe.ueJIeHHOCTH 'ClIHTaTb, liTO Ko H Bo 
CYTb OueHKH KOppeJI5IUHOHHbIX MaTpHU, H3BeCTHble C OIIH16Ka~1H, He 
npeBblWalOI..I..lH,MH rC-oOTBeTCTJBeHHO .uorry,C'I<oB l'lK H ·~B. 

BepHO paBeHCTBO: sup {trH HTK : II K-Koll :::;l'lK} =tr H HT (Ko+ 
+~KI), ,rrpH4eM q l1rrpeMYM .uOCTHraeT.C5I npH K*=Ko+l'lK I, a 1 
e.uH·HH4Ha51 MaTpHua. MaTipHUa K* rrOJIY4aeTC5I H3 Ko YBeJIIHeHHeYl 
Bcex co6CTBeHHblX lIHCeJI Ha ~K' .!1cnOJIb3y51 TOT epaKT, liTO ceMell
CTBa :Jt H g; .uOJI)KHbl COCT05lTb H3 'HeO'I'pHuaTeJIbHO orrpe.ueJIeHHblX 
MaTpHU, aHaJIOmliHO rrpe.ubl.uymeMY HMeeM 

inf{tr HHTK: IIK-Koll:::;~K}=tr HHT(Ko-l'lK 1)+, 

r.ue (KO-'~KI)+ nOJIYlIaeTC5I 113 Ko-l'lKI rrpHpaBHI1BaHl1eM Hymo Bcex 
OTpHuaTeJIbHbIX co6CTBeHHbIX lIHCeJI npH coxpaHeHHH co6CTBeHHbIX 
BeKTopOB. Ha OCHOBaHHH 3THX .uBYX pa'BeHCTB BbIBO.uHYI 

IT" (L) = (1- x) tr (I - L) (I - L)T (Ko- l'lK 1)++ 

+ x tr (I - L) (I - L)1' (Ko+ ~K I) + (1 - x) tr LU (Bo- ~B 1)+ + 

+ x tr LU (Bo+ l'lB I) = tr (I - L) (I - L)T K" + tr LB" U, 

r.ue K,,= (I-x) (Ko-Lhl)++x(Ko+~KI), H aHaJIOrWIHO B". 
OIlTHMaJIbHOH, MHHHMH3HpYIOmeH pHCK, 6y.ueT MaTpHua L*= 

= (K,,+ B x )-1Kx- 3aMeTHM, liTO B rrOCJIe.uHeM Bblpa)KeHHH K" nOJIy
lIaeTC5I H3 K o rrepeClieTOM co6CTBeHHbIX lIHCeJI AOi MaTpHUbI K o B CO
OTBeTC'I'BHH C paBeHCTBOM 

"'i = (1 - x) ("'Oi - ~K)+ +X ("'Oi + ~K) = {X"'Oi +xl'lK flpH "'Oi < l'lK, 
"'0;+(2x-l) ~K' rrpH AOi>~K, 

a 'co6CTBeHHble 'BeKTopbI COXpaH5IIOTC5I HeH3MeHHbIMH. TaK )Ke rroJI)'
lIaeTC5I H B" H3 Bo. 4HCJIa "'i B03pacTalOT rro cpaBHeHHIO C AOi rrpn 
x> 1/2, a rrpH x:::( 1/2 pacTyT JIHWb Te H3 HIlX, KOTopbIe .uOCTaTOliHO 
MaJIbI, aHMeHHO, AOi<l'lKx/(l-x). Ho BCerJl.a A.i~X~I(. 3aKoHoMep· 
HOCTH rrepeclieTa MO)KHO rrpOCJIe.uHTb Ha pHC. 5.1, 0 KOTOpO:vI noH;r.eT 
pellb B .uonOJI,H€lHJ1H 2. 

Pac. 5.1. ITepepac4eT z> t/2 
9HepreTII4ecKoro cneKTpa 

/(0 (w) 

\ V /(iiI" (w)=:Z/(o (w)+ zLlJ{ 

/(iiI" (rLJ)= /(0 ((,;)+(2:e-t)L11( 

')Z~~-!K 
zL1K 

It} 

Haro epHJIbTpa no (5.8), KOTOpbIH H 6y.ueT OrrTHMaJIbHbIM .uJI5I HCXO;L
HOI) 3a.ualiH. 

.Il. 0 n 0 JI H e H If 1I. I. Pe3YJIbTaTbi O,ll,HH K O,ll,HOMY nepeHocliTCli Ha np0l.\eCCbl 

Yt=Xt+St: MaTplIl.\bI K II B 3aMeHlIIOTCli Ha lI,ll,pa K(t, 'I), BU, 'I) onepaTopoB, 

a CJIe,ll, tr H - Ha IIHTerpaJI SH(t, t)dt. 5I,ll,POM e,ll,IIHlI4Horo onepaTopa I 6y.u:eT 

,ll,eJIbTa-<jJyHKl.\lIl1, lIBJIlilOIllaliCli KOppeJIlII.\1I0HHOH <jJYHKI.\HeH «6eJIoro llIyMa» cneK

TpaJIbHOH IIHTeHCIIBHOCTII I. 
2. ITYCTb np0l.\eCCbl XI H Sl lIBJIHIOTCli He3aBHCIIMbiMII (IIJIII HeKOppeJIllpOBaH

HbIM'II) CTa1.\1I0Ha pHbIMII H onpe,neJIeHbI CBOIIMII 3HepreTII4eCKIIMII cneKTpaMII 1\ (co) 
II B (co), 3a,naHHb1MII MeTpll4ecKHMII orpaHII4eHIIlIMII 

sup IK(O))-Ko(co)1 ~tJ.K. sup IB(co)-Bo(co)/ ~tJ.B, 
W W 

r,ll,e Ko (co) H Bo(co) - HeKOTopble npe,ll,nOJIaraeMble 3Ha4eHIIH (Ol.\eHKII). ITOHCK 

OnTIIMaJIbHOrO <jJIIJIbTpa op'lIeHTHpyeTcH Ha nepec4HTaHHbl~i cneKTp (pIIC. 5.1) 
K" (0)), BbPrIlCJIHeMbIJ1 no aHaJIOfllll C "", 

5.6.3AKJIIOlJEHHE 

ITpe,nJIaraeMali 3,ll,eCb Teopllll CTaTHCTH4eCKoro CHHTe3a no cBoeMy nOCTpoeHiilo 

nO,ll,06Ha KJIaCCH4ecKoM. MO>KHO apryMeHTHpOBaHHo rOBoplITb 06 OnTIIMaJIbHOCTIl, 

eCJIH onpe,ll,eJIeHO ::ITO nOHHTlle. A ,'lJIli 3Toro ,ll,OJI>KeH 6bITb oTpa60TaH annapaT 

aHaJIlI3a, BbI,ll,BIIHYTbl KpllTepll1l cpaBHeHlIlI aJIropIlTMOB: KaKOM 113 JlI06bIX BbI6paH

HbIX JIy41l1e, Kal\ofi xY>Ke. AnnapaT 6y,neT ,ll,efICTBeHeH, eCJIIl aHaJIII3 Ka>K,noro a.1

roplITMa npHHUHnHaJIbHO B03MO>KeH II He HaCTOJIbKO 'I'py,noeMOK, 4TO r,ll,e-TO rp03HT 

OCTaHOBKOM. Tor,ll, a B03HIIKaeT MbICJIb, 4TO pa3 aJIrOpHTMbI ynOp5I,ll,04HBalOTcli B 

~npH Ko-l'lKI>O H Bo-l'lBI>O (liTO COOTBeTcTByeT rrOJIO)KHTeJIb KOJIOHHy ,ll,pyr 3a ,ll,pyroM no IIX Ka4eCTBeHHbiM nOKa3aTeJIHM, TO cpe,ll,1I HHX cy

IllecTByeT HaHJIy41l1l1fr, K KOTOpOMy MO>KHO npH6JI1I311TbClI, ,ll,BllraliCb B rOJIOBy 

KOJIOHHbl. ITpll4eM ,nJIH 3Toro ,He 06113aTeJIeH nepe60p Bcex aJIrOpHTMOB, IIMelOTCli 
HOH orrpe.ueJIeHHOCTH MaTpHU) HMeeM 

K" = K o+(2x - 1) l'll( I, B" = Bo+(2x - 1) l'lR I. ,ll,pyrlle 3<jJ<jJeKTIIBHble nplleMbl II IIX pa3pa60TKa - Hallia ueJIb. 

Tal<HM o6pa30M, HaJIHlIHe OWH6oK l'lK H ~B B l<oppeJI5IUHOHHbIX epyHK CIIHTe3 He MO>KeT 06XO,ll,IITbCH 6e3 aHaJIlI3a, a aHaJIH3 - 6e3 no,nrOTOBHTeJIb

UH~X KOMneHcHpyeTc5I rrpH6aBJIeHMeM K x H ~ .uo6aBoK B BHJI.e He HbIX pa60T CJIe,ll,YIOIllero po,na. CHalJaJIa, Y411TbIBali CJIylJaHHylO npHpo,ll,y Cpe,ll,bI, 

KOppeJIHpOBaHHblx BeKTopoB 1'] H ~: M11 2i = l'lK' M~2i =;l'l R, MY]i'lli = Hy>KHO onpe,neJIIITb xapaKTep CJIY4a~IHOC'I'H, T. e. MaTeMaTII4eCKYlO Mo,neJIb B BII.u:e 

=MSi~j=O, i=l=j, H rrepexo.uoM K Mo.ueJIH y=x'+~', B KOTOpoii x'= CI1M (CTaTIICTII4eCKali HHTepBaJIbHaH MO,ll,eJIb). IToCJIe,ll,HHlI eCTb. COBMeCTHoe onH

=x+1'], ~' =s+~ 1, C rrOCJIe.uYlOmHM ·CHHTe30M .uJI5I Hee OnTHMaJIb- caH:lle nOBe,ll,eH1I5I Ha6JIIO,ll,eHIII1, 'f. e. BXO,ll,a aJIropllTMa, II He Ha6JIIO,ll,aeMbIX, HOI 
I H'HTepeCYIOIllHX Hac BHyTpeHHHX COCTOHHHM cpe,nbI. C COCTOllHlIlIMII CBH3bIBalOTCli 

1 KY3Hel.\OB B. IT. 06 YCTOH411BOH JIHHeHHOH <jJIIJIbTpal.\lIl1 CJIY4aHHblx CllrHaJIOB// BblXO,ll,b1 aJIropHTIdOB - npHH'HMaeMbie HMH pellleHHlI. 

Pa,nlloTexHIIKa II 3JIeKTpOHIIKa, - 1975. - N2 1. - C. 2405-2408. 8-13 

J 
2~5 

224 



B,HLT, MHO)KeCTBa perneHiHI1 coct3BJHler JIHUO 3alI,aqn. ECJIH HMeIOrC5I B'Cero 

,lJ.Ba peweHIUI, TO 3T'O 6y,ner rrpOBepKa ft.BYX rHTIOTe3. HeCKOJIbKHM pelIl€HH5IM COOT

BercTByer MHOfOaJIbTepHa'THBHaR 3a,naqa. ECJIH Hy)KHO oueHHTb rrapaMeTp, TO MHO

.lKeCTBOM perneHHI1 6y,nYT TOqKH qHCJIOBOI1 OCH. HaKOHeu, B 3a,naqaX ¢HJIbTpaUHH 

perneHHRMH 6YJI.yr peaJIH3aUHH 06pa60TaHHoro corJIaCHO aJIrOpHTMy CHrHa.na. 

Ka)KLT,bII1 aJIrOpHTM eCTb rrpaBHJIO ,neI1CTBH5I, HHCTpyKUHR, rrp e,ll.rrHCblBa IOIUa51 , 

KaKOH BbIXO,n Ha3HaqHTb Ka)K,nOMY Ha6JIIO,neHHIO, T. e. BXO,ny. I13IOMHHa HarnefO 

rro,nxo,na ,B TOM, qTO 3TO He 06R3aHa 6bITb COBceM CTpOra51 HHCTpyKUH5I (,neTepMH

HHpOBaHHoe rrpaBHJIO), a MO:tKer 6bITb Ha60p peKOM€H,naUHII B BHLT,e CIlHCKa cpaB. 

HHTeJIbHbIX rrpe,nrrOqTeHHI1, -KOTOpbIMH Ha,neJIRIOTCR pa3Hble perneHH5I. AJIrOpHTMbI

Heo,nyrneBJIeHHble 06'beKTbI, a OKOHqaTeJIbHOe perneHHe rrYCTb OCTaHeTC5I 33 qe.TIO

BeKOM. CKa3aHHoe rrO,lI.BOLT,HT Hac iK rrOH5ITHIO HeqerlKHX peweHHH II pacrr.TIbIBqaTbIX 

aJIfopllTMOB. 

TIpaKTuKa rrpHMeH€HHH H pOLT, MaTeMaTHqeCKoro arrnapaTa CHHTe3a MoryT no

Tpe60BaTb aJIfOpHTMOB 3aKperrJIeHHOH CTpyKTypbI (CKa)KeM, .TIllHeHHbIX). Torj.(a c 

caMoro HalJaJIa BBOj.(HTCR OnpaHHqeHlle rrpaBHJI :B BHLT,e KJIaCCa j.(onYCTllMbIX aJIro

pHTMOB, BHyTpH KOToporo H 6y,neT rrp01l3BOJUITbC5I 3aTeM BbI60p HaHJIyqWero. 

I10j.(fOTOBHTeJIbHble pa60TbI eIUe He 3aKOHqeHbI. Hy)KHO yMeTb CQrrocT3BHTb 

HCTHHHble 3HalJeHIUI COCTORHHH 'C rrpHHRTblMH p€WeHH5IMH. KOHeqHO .IKe, rrO..TJHOe 

COBrr3,neHHe - 3TO OqeHb xoporno; HO He 6bIJIO 6bI CTaTHCTUqeOKOH 3a,naqH, eCJIH 

6bI aJIrOpHTM He HMeJI «rrpaB3 Ha ornu6Ky». Hy)KHO Ha3Hal UITb rrJI3TY 3a oWH6KH 

B BH,lI.e ,q)yUKUHH nOTepb. 

TOJIbKO Tenepb rrOCJIe BBe,neHH5I Bcex arpH6yToB CTaTHCTHtIeCKOH 3a,lI.aQH MO)K

HO npHcTyrrHTb K CHHTe3Y, T. e. HaXO)K,lI.eHHIO OnTHMaJIbHOrO npaBHJIa npHH5ITHH 

pelIleHIHH. KpHTepueM cpaBHeHH5I H BbI60pa ~TIYQlIlerO 6Y,lI.eT pUCK, paBHbIH Cpe,lJ,HHM 

nOTepRM. 3,lJ.ecb B03HUKaIOT ,lJ.Be oco6eHHocTH. O,lI.Ha -KoHcTpyKTHBHa5l, COCTOHT 

B BbIqHCJIeHUH pucKa npO,lJ.OJIMeHUeM rrepBUQHbIX cpeLT,HHx C11.M. Ha. ¢YHKIJJ1IO no· 

repb (lJaCTHbIM ·CJIyqaeM TaKoro rrp0JI.OJI)KeHU5I 6Y,lI.eT HHTerpHpoBaHHe no Bep05lT· 

HOCTHOMy pacnpe,l:leJIeHHIO). 

,Upyra51 - HH~epBaJIbHOCTb pHcKa KaK Cpe,lI.HerO O,lI.HOro H3 rrpH3HaKoB C!1M, 
npUlJeM HHiKHUfI pUCK eCTb HaHMeHbwee, HaH60JIee OIlTUMHCTHqHOe ero ,3HaQeHHe, 

3 BepXHHH - neCCHMHCTHlJHoe. l1,ne51 6paTb HeKoTopyIO npoMeMyTOQHyIO BeJIHlJHHY 

Be,lJ.eT K K03<P¢UU:HeHTY neCCIIMH3Ma, B3BeWHBalOIIJ.eMY pHCKH. XorHM HMeTh Ha· 

,lI.eMHbIH rapaHTHpOBaHHbIH pe3yJIbTaT, 6epeM K03<P<PIIUHeHT rreCCHMlI3Ma paBHbIM 1, 
opHeHTHpy5lcb rrOJIHOCTbIO Ha Hauxy,lI.W.HH BepxHHiI pHCK. BepeM HOJIh - paCCqUTbI

BaeM Ha HIIMHHH pHCK, cBepxonTUMHCTHqHO ,neJIa51 cTaBKy Ha nOJIHyIO y,lI.aqy (KaK 

B MeTO,lJ.e MaKCIIMaJIbHOro npaB,lI.orro,lJ.06H5I § 5.5). OrrTHMaJIbHbIC rrpaBHJIa npH H3· 

JIlilIlHeM on'PHMU3Me JIHXOpa,lI.OlJHbI no 'CBoHCTBaM. 4YTb JIYQIlle OHH ,lJ.e.TIaIOTC5I npM 

nOJIyonTIIMH3Me, Kor,lJ.a HII:lKHHi'I H BepxHlIlI pHCKH CyMMHpylOTC5I C O):(HHaKOBbIMH 

BecaMH. Pe}J{UM nOJIyorrTHMH3Ma OCJIa6JIReT Tpe6oBaHH5I K Ha,lI.e:IKHOCTH MOlI,eJIH 

(onpe,lI.eJIHIOIII.eiI «3,lI.0pOBbe» aJIrOpHTMa) H oLT,06p5leT HapOlJHbIH rrepexo,lI. K H)J.eaJIb· 

HbIM «norO,lI.HbIM YCJIOBH5IM» B BH,lI.€ TOQHbIX Mo,neJIeH, onpaB,nbIBa51 TeM caMblM 

npHMeHHMOCTb pacnpe,lI.eJ1eHHi'I Bep05lTHOcTeH. I1OJIHbIII HMMyHHTeT K «rroro,lI.e» npH

oopeTalOT OnTHMaJIbHble npaBHJIa, cIIHTe3lIpOBaHHble B pe)KIIMe rreCCHMH3Ma M CBepx

neCCHMH3Ma. ITo CBOHCTBaM OHM ,neJIaIOTC5I YCTOi'IQUBbIMH, po6aCTHbIMU. 

AJlrOpHTMbI CYTb H3JJ:eJIII5I HaYQHbIX JIa60paTopliH. Y,lI.06HO HX «rrpOH3BO,lI.CTBO» 

C,lI.eJIaTb JI.BYX3TarrHbIM: CHalJaJIa - rrpe,lI.BapHTeJIbHa51 3arOTOBKa, a 33TeM -- OKOH

qaTeJIbHa51 onTUMH3aUU5I. ITepBbIH 3Tan COCTaBJI5IeT CMbICJI ,lI.OCTaTOlJHOH peJJ.yKuHH. 

UeJIb ero - CY3HTb KJIaCC pelIlalOIUUX :npaBHJI, yKa3aB, Ha KaKOM MaTeplIaJIe oH 
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)J.OJDKeH OCHOBbIBaTbCH,T. e. K3KHe npe,lI.BapHTeJIbHbIe cOKparueHH5I Ha6JIlOJJ.eHHi'I He 

npHBe,lI.yT K nOTepe CBOHCTB. I1HTepecHO H Ba:IKHO (TeopeMa 5.3), QTO 3Ta peJJ.yK

UH5I BC€ueJIO onpeneJI5IeTC5I CTpyKTypOll nepBHlJHbIX npH3HaKOB, HCXO,lI.HO 33n31OIII.HX 

CHM. LJeM rrporue nepBHQHbII1 Ha6op, TeM rJIy6:IKe B03MOiKHa pe,lI.YKUH5I. 

nOCTaTOlJHOCTb - npeporaTHB3 HC:KJIIOlfHTeJIbHO pe:IKHMa rreCCHMH3M3. B Ha

meM H3JIOMeHHH CB5I3bIBaeTC5I C KJIaCCHQeCKHM rrOH5ITHeM TeopeMotI 5.4 0 <P3KTO

pH3aUHH (paclllHpeHHOi:f npHMeHHTeJIbHO K HHTepBaJIbHbIM Mo,neJ15lM, a 3HalJiHT, Ii K 

ceMellcTBaM pacnpe,lJ.eJIeHMll Bep05lTHOcTei'I). 

I1HBapHaHTHocTb HHTepBaJIbHbIX MOneJIeH H HX CHMMeTpH5I K rrpe06pa30BaHH5IM 

npocTpaHcTBa Ha6JIIO,lI.eHHH nopOMnaeT TaKHe Me OC06eH'HOCTH OnTHMaJIbHbIX rrpa· 

BUJI, a CJIenOBaTeJIbHO, npenonpe,lI.eJI5IeT B KaKOlf-TO Mepe BH,lI. ,lJ.OCTaTOQHbIX npeo6· 

pa30BaHHll (§ 5.4). 
TIoCJIe,lI.HHll rraparpa<p § 5.5 rJIaBbI OT,lI.aeTC5I HJIJIlOCTpHpOBaHHoMy rrpHMeHe· 

HHIO OCHOBHbIX yTBep.IK,lI.eHHlf TeopHH K 3a,lI.aQaM ,lJ.eTepMHHHpOBaHHoro (TOtIelJHOro) 

oueUHBaHH5I H <pHJIbTpaUHH. BbI5ICH5IeTC5I BJIH5IHHe K03<P<PHuHeHTa neCCHMH3Ma Ha 

BH)J. aJIrOpHTMOB OnTUMaJIhHOH <pHJIbTpaUHH. 




