


1 0603Ha4HM .JI{1l - MO,ll.eJlb Ha npOCTpaHCTBe 3H34e'HHH 1, ... , K, 
B6I1palOlUYIO B ce6H 3npHopH Bce CTaTHCTH4eCKHe ,ll.aHHble ° nmOTe­

TaKHM 06pa30M, npe,lI,JlaraeMaH 3,ll.eCb MeTO,ll.HKa n03BOJIHeT npH­
3aX. DpoH3Be,ll.eHHe .;!{"y = ';/{"JI{" ,ll.3eT COBMecTHyIO MO)l:eJlb rHnOTe3 

MO npHJIOII{HTb Bee ,ll.OBepHTeJIbHble ou.eHKH napaMeTpOB, nOJIY4eHHbie Ii ,f{36J1IO,ll.eH HH , T. e. Cl1M. BeJll1411Ha Mo=M"Mllo"y e,CTb HHlliH5I51 
B rJI. 6, K npoBepKe rHIIOTe3 0 3Ha4eHHH 3TH X napaMeTpOB. BbInHCaTb 

8epoflTHOCTb npaBuAbHocO peUleHufl (01I03HaB3f{H5I), ycpe,ll.HeHHaH no
nOJIytIaIOmHeCH OTCIO,ll.a npaBHJIa npe,ll.OCTaBJI5IeTC5I HHTepecyIOmeMycH 

fIilnoTe33M. 3TO - COBOKYlIH3H x3p3KTepHcTHK3 f{a,ll.elliHocTH np3BH­
4HTaTeJIIO. 

Jla. COcTa'BHbIMH ee 4aCTHMH HBJI5IIOTCH M"O"y - HHII<HHe BepoHT­

7,6. PA3Jl H4EHHE HECKOJlbKHX rHnOTE3 

06lII.lie nOJlO)l{eHHSI. MbI Bblwe paCCM3Tj}!IB<1J11l 33,ll.3'1y I1pOBepKIi 

HYJIeBO~I (KoHcepB3nIBHoi;J) rl1IIOTe3bI npH npOTHBOCT05lmeH ei;j aJIb­

TepH3THBe. I1Y'CTb Tenepb nmOTe3, B 06meM, He JJ,Be, a K, H OHH B 

KaKO~I-TO CTeneHH P3BHOlIpaBHbI, :Ka)K,ll.a51 onpe,ll.eJI5IeTC5I cBoeii 11M 

.!It", k= I, ... , K Ha Ulj. rIo Ha6J1IO,ll.eHHIO y Hyll{HO yCTaHoBHTb, I<aKa51 

113 rH'f10Te3 HMeeT MeCTO, T. e. KaKOH 11M nO,ll.4,H'H5IeT,C5I y. 3TOT CJIy­

4aH OXBaTbIBaeT MHorHe np3KTHtIeCKHe 3a,ll.a4H KJIaCCIHpI1Kau.HH Hp3C­

IIIQ3H3BaHH5Io6pa30IB, CfO'.ll.3 IBXOlUHT f1pHeM 3HC3M6JIH 'CHr'HaJIOB, pa3­

JlH4eHHe 6yl<B PYKolIHcHoro TeKCTa, Y3H3B3HHe BH,ll.a 60JIe3HH no 

,ll.HaPH03aM H T. ,ll.. 

PeW3IOllJ,ee np3BHJIO COCT3BJI5IeT-CH K3'K COBOKYillHOCTb d y = 
= (Ol y, ... , OHy) peweHHl1, K311{,ll.Oe 'H3 KOTOpbIX O"y, k= 1, ... , K, o'npe­

,ll.eJIHeT TOT ypo'BeHb npe,ll.II04TeHHH, IWTOPbIH 'IIpl1 Ha6JIIO,ll.eHHH y OT­

,ll.3eTCH k-11 rHflOTe3e. CyMMapHoe :npe,ll.f10tITeHHe He ,ll.OJIII{'HO npeBbI­

waTb 1, 4TO Bblpa)KaeT'CH B Tpe6oB3HHH 

K
2:' oZ ~ 1, V y. (7.7) 

k=1 

3a.,ll.a,ll.HMCH BOflpOCOM, a MO)KHO JIH cyMMe npe,ll.f104TeHHH p33pemHTb 

6blTb ,MeHbwe I? 5y,ll.eM C4HTaTb, tITO, B 06meM, :ua, OCTaBJI5I5I He­
K 

3a:nOJIHeHHOH ,ll.OJIIO o? y = 1- 2: O"y npe,ll.f104TeHHH, Ha3blB3eMYIO 
k=1 

HeurpaAbHblM peUleHlleM (npHMepbI ,ll.3eT pHC. 7.2,a, 6, B, r,ll.e o? y paB­

H5IeTCH ,ll.JIHHe oTpe3Ka IIO BepTHKaJlH, 3aKJII04eHHoro Mell{,ll.y cnJIOW­

HOH H WTpHXOBOH JIHHHHMH). HeHTpaJIbHOe peweH,He He OTHOCHTCH 

HH K O,ll.'HOH H3 rl1'nOTe3, T. e. HHKaKoro peweHHH He BbIHOCHTC5I. Ero 

BBe,ll.eHHe BbI3BaHO HCKJIIOtIHTeJIhHO y,ll.06CTBOM H HHK3K He YM3JI5IeT 

06llJ,HOCTH, a CKopee Hao60pOT: no Kp3l1HeH Mepe, KaK MbI BOKope 

YBH,ll.HM, O? y BCer,ll.a MOII<HO «p33:,ll.aTb» no O"y TaK, 4T06bI ICyMMa 

npe,ll,'no4H~HHH (7.7) npH B,cex y .cTporo paBlIHJI3Cb 1, a Ka4eCTBO co­

XpaHHJIOCb TO lI{e. 

I1pe,ll.nOl lTeHHH O"y, KOr,ll.3 3TO He I (3 OCT3JlbHble - 0) HJIH He 0, 
npe,ll.CTaBJI5IIOT 'C060H peKOMeH,ll.au.HH, 'OCT,3BJIHIOmHe Bee-TaKH nOCJIe,ll.­

Hee 'CJIOBO 3a 4eJIOBeKOM (cnoc06HbIM IIpH npHHHTHH OKOiH4aTeJlbJHOrO 

pemeHHH BOCnOJlb30BaTbCH ,ll.'OnOJlJHHTeJlbHbIMH C006pa)l{eHHHMU). npH 

Heo6xo,ll.HMOCTH«MexaHH4eCKoro» BbI60pa B nOJlb3Y KOHlKpeTHOH rH­
nOTe3bI 'npe,ll.I104TeHHH 3aMeH5IIOTCH Ha npou.e,ll.ypy «cJIenoih paH,ll.O­

MH3aUHH, 'COTJIaCHO KOT'OP'OH npH Ka)I{,ll.OM y pa3blrpbIB3eTCH Hrpa c 

H'Cxo:uaMH k = 1, ... , K, H Bep05lTHOCTHMH O"y l1'eXO,ll.OB. 
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f{OCTH np3BHJIbHOrO npHHHTI1H k-x nmoTe3 (l<all{,ll.aH BbI4HCJI5IeTCH 110 

CBoeH .JJt" np0,ll.OJIII{eHHeM nepBH4HbIX .cpe,ll.Hl1x), H 06pal1Hble HM Be­

JIIi4HHbI ado) = I-M"oil y , OXB3TbIB3IOllJ,He Bce oWH6KH, ,CB5I33HHble 

C k-i'i rfil10Te30H. 
BbIAeJII1M ,ll.B3 Kp3HHI1X CJly4351. nepBbI~I, KOr,ll.3 Jf{/i=::,/k, T. e. 

anprtOplblX ,J,aIH,HblX HeT, To·r,'I,3 Oinep3TO'p M" ocymeCTiBJ15leT ,YIHHHMH­

33UHIO H nOJIy43eTcH Ma=rnin M/,o"y. Jlpyro~I CJIyl.WH, KOr,lI,a a,npHop­
~ - ,,-

Hble I3CpJ'lTIIC'CTil 3a.l3Hbi TOlmo H p31Hlbi I,,'i, ~A,,= 1, Tor,J,3 Mo= 
II ­

="Z/V/JVf"o"y. B IlOCJIe,J,He~[ cyMMe, llT06bI OH3 npH06peJIa HOBylO 'no­

" ­JIe3oHYI0 OKpaCI<Y, 110JIe3HO CH5ITb C A" «oAe)KAY» Bep05lTHOCTe~1 (I(3K 

np3DHJI8, HeIBBecT,HbIX) H ,HaJIO)IO[Tb r'py3 OTBCTCTBeHHO'CTH 33 noc­

JIe;J:Cl BH51 .HeBepHoro OTK333 OT TH110Te3, 3TO 06m'HH npllCM. 
I1p06JIeMa OnTI1MaJIbHOrOCHHTe3a COCTOHT B nOHCKe npaBHJIa, 

MI1HHMH3HpyIOmero coeoKynHylO OWU6Ky u(o) = 1-Mo npH orpaHH­

lleH'i'i (7.7). MeTO,'I,OYI MHO)KHTeJleH JI3rp3H)I\3 OflTHM3.JlbHOe npaBHJIO 

nOJly1.JaeTCH MHHHMH33Ul1e~lCOCTaBHoropl1CKa a. (0) +11. max 2:o k 
ynpl1

y k 

Bbl60pe 10 corllaCHO (7.7). B 3TOM n,130He cpOpMyJIllpyeTcH H AOCTa­

TOllHOCTb. B 3TOM )Ke nJIaHe YCJIe)KyIB3CTCH BBHaH a'H3JIOrH5I C p,o­
BepH're.fJbHbIM OUC'HI1BaHHeM AHcKpeTHoro n3paMeTpa x=k (c T04­

HOCTblO ,lI,0 cnoc06a BbI60pa A). OCT3JIOCb nepe¢opMYJIHpOBaTb Teo­

peMY 6.1 (CJIe,lI,CTBl1e 1) 0 AooaT04HOCTH K rHflOTe3aM. 
Teo p e M a 7.10. j],OCTaTO'lHblU npu x= 1 KAacc npaBuA B 3ada'le 

pa3AU'leHUfl lieCKOJlbKUX cunore3 Jft/b k = 1, ..., K, onpeoeAeHHblx KaJIC­
oafl CBOUMU nepBU'lHblMU cpeoHuMu fiii"g"j (y), j = 1, ... , Jr., o6pa3ylOT 
yce'leHHble CHU3Y Hy,1eM, a caepxy - coBOKynHblM Tpe60BaHueM (7.7), 
8TOPU'IHble npu3HaKu cooTBeTcTBylOU{UX cunore3: 

0'1 = [ch - "" a+ki g . (Y)J+ ,-'k - 1 ... , K,y "" ill 
~. i 

npU'leM Te, OAf/, KoropblX OUlu6KU onpeOeAJUOTCfl KaK CyMMbl nepBU'I.­

HblX cpeoHUX: 

(X" (a) = 1- cIt + 2: at M,l. g"j'
i 

06paTHM BHHMaHHe, 4TO peweHHe O"y B nOJIb3Y k-fi rHnOTe3bl 

CTpOHTCH TOJIbKO no nepBI14HbIM npH3HaKaM, OnpeAeJIHIOllJ,HM k-IO 11M 

.Jf{" (B TeopeMe 7.1 3TO CooTBeTCTBOS3JIO HacTpoHKe Ha O,ll.Hy HJIH 
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HHMHsa.ll.aqy, rAe KalK.lI.a51H3 rHtrrOTe3 3a.ll.alHa CBOHMH KOppeJI51U , nycTb
.n.pyryIO rH!IlOTe3y), a IlIO UX nepBHqHbI'M Cpe,lI.HHM Mklgkj IHaXO~5ITC51 ~ 
OIIIH6KH ~, 3B'BHC5IIII.IIe TOJIhKO 'OT BH,lla 8k 

y • 

IlocJIe npHMeHeHH5I T1eopeMbI nonCK OIlTIIMaJIbHOrO npaBHJIa 'CQO­

,llHTC5IK HaXOJK,LL0HHIO W09epepHUHeHTOB a+kj, MHHHMH3HpyIOll(HX COBO-

KyrrHyIO own6rKy u(o) =MRUk(8), a B KOHeqHOM CqeTe, 6JIaro,napSI 

nOCJIe,lI.!Heif qaCTH TeopeMbI, MHHHM'H3HPYIOII.I.IIX JIHHeHHyIO QlOPMY OT 

a+kj npH orpalHHqeHHH (7.7). 4eM BbIllie If lIIHpe KaK epyHKUH5I y 
KaJK,llOe Oky , TeM MeHbII1e 6Y,lI.eT oIIlH6Ka ~k' n03ToMY ,COBepIIlelHHO 

5IC,HO, tITO 'OIlTHMaJIhHOe npaBHJIO 6y,n€T cTpeMHThC5I YBeJIUQll1Th CyM­

My npe,nTIOqTeHliH ~Oky 6JIHJKe K 1, ,LLeJIaH TeM caMblMKaK MO:IKHO 

'MeHbIIlIIM IHeI1T:paJIblHOe ;pewelHue a? y, 11 KOHeQHO :IKe, paIBe'HcTBO cyM­

MbI 1 6y,LLeT 065I3aTeJIbHO ,LLOCTHraTbICH B KaKliX-TO TOq,KaX y*, Ha3bI­

BaeMblX «rOp5IQ,HMH», ,B KOTOphIX 'HeHTpaJIbHOe perneHHe oTcyTcTByeT: 

iJ? y* == O. 3TH TOQKH lonp'e,neJI5IT OIllH6KlI H BH,LL npaBHJIa. 

BY,LLb OTITHMaJIbHOe inpaBHJIO iTIOCTpOeHO, Oky ,cTaHyT KaK MO)KIHO 

lIIHpOKHMH H ,LLaJIbWe paCWHpHTb lIX yJKe HeKy,LLa, TOJIbKO JIHlllb 3a 
CQeT «pa3,LLatIH» iHeHTpaJIbHOrO perneHlIH, qTO He MeH5IeT HH rop5I­

tIHX TOtIeK, HH, 'CJIe,LLOBaTeJIbHO, OlllH60K,Il03TOMy Bee 3THnpaBHJIa 

6y,nyT 3KB1JiBaJIeHTHbIMH He33BHCHMO OT cnoco6a «pa3,LLatIH». 

C H H T e 3 ,U e T e p M H H H p'0 BaH H bI X n p a B H JI. IlpaBHJIo ay , KOMnOHeH-

TbI i)k y ,KOToporo npHH:IIMaIOT TOJIbKO 3HaqeHH5I 0 H.TIH 1 (eCJIH O,lLHa - 1, TO 

OCTaJIbHbIe - 0), Ha3bIBaeTC5I ,lLeTepMHHupOBaHHbIM H 3KBHBaJIeHTHO JJ,eTepMHHHpO­

B3HHOH oueHKe Ry COCT05IHlI51 k: ak 
y =6 k (R y ) (CM. § 5.5). PlICK oueHKH npn ,UeJIhTa­

nOTep5IX Ma k (R y ) npeBpaIUaeTC5I B cOBoKynHYIO OIlIH6Ky ~ (0) npaBHJla pa3JIH­

qeHH5I fHnOTe3. ,lleTepMHHHpoBaHHble npaBHJIa He 5IBJl5IIOTC5I OTITHMa.;lbHbIMH. KpOMe' 

CJIyqa5I, Kor,Ua Bce ,;Itk, k = 1, ... , K, npe,UcTaBJI5IIOT c060i'1 IIHTepB3JIbHble pacnpe· 

,UeJIeHH5I Bep05ITHOCTefI (lJTO CJIe,n,yeT H3 HH,UHKaTopHoH CTpyKTypbI nepBHQHbIX npH3-­

Ha'KOB I1PB H TeopeMbI 7.1). 
UeTepMHHHpoBaHHoe npaBHJIO 3KBHBaJIeHTHO pa36IIeHHIO npocTpaHcTBa ulf H3 

HenepeceKaIOIILHecH qaCTH A k = {y: (jk y = I}, ~Ak=UY; npn rrona,ZJ.aHHH Ha6JIIO)J.eHHH: 

k 
Y B A k npHHHMaeTC5I k-H fHfIOTe3a. OnTHMaJIbHoe (no KparIHe}'! Mepe, B KJIaCCe 

,UeTepMHHHpoBaHHbIx) npaBHJIO cooTBeTcTByeT TaKHM A k , KOTopble MaKcHMH3HPYIOT 

lvlo=Mk Ph (A k ). .3TO MO)l(eT 6bITb MaKCI1MyM no !? CT05IIUHX cnpaBa HIDKHllX Be-­

P,OHTHOcTeti npaB'HJIbHbIX ,peweHHH, HJIH B3BeWeHHa5I HX cyMMa '22Ak Pk (A h ). B noc­
JIe)J.HeM cJIyqae oco6eHHocTb OnTHM3JIbHbIX A k, nOMOraIOlQa5I IlX HaXO/K,UeHHIO, CJIe­

.uYIOIILaH: 'AkPh (A k) ~AlPl (A k ), Vi, k, T. e. B3BerneHHa5I Bep05ITHOCTb MHO)}{eCTBa. 

AhnpH «cBoei1», k-i1 nnioTe3e ,UOJDKHa 6bITh He MeHbwe, qeM npH JI.pyrHX. 

)J,JI5I I1PB MHO)KeCTBa A k ,UOJI)KHbI COCT3BJI5ITbC5I H3 nepBHqHbIX C06bITHH: rH­

nOTe3 If CTPOHThC5I Ha 06beJLIfHeHHOH (no k = 1, ... , K) aJIre6pe 3THX C06bI1'HH. 

HY./KHO OTMeTHTb, qTO BbI60p OnTHMaJIbHbIX A k , B 06meM, He 5IBJI5IeTC5I O;J,H03HaQ­

HbIM (HaMeK Ha CYJlI,eCTBOBaHHe HeHTpaJIbHOI1: 06JIaCTlI, Y)Ke KaK-TO p03,UaHHOH no· 

A h ). «[op5ItIHe» TOtIKM 6y,UyT pacnOJIaraTbC5I Ha rpaHHuax 06JIaCTefI H 6y,lI,YT 

COBepweHHO Heno,UBH)KHbI: iHefITpaJIbHa5I 06JIaCTb HX He 3aXBaTb1BaeT, tITO <pJIK-­

cnpyeT Olll1I6KH. 

Pa3J1HLJCHHe flinOTe3 no 3a,ll.aHHb1M KOppeJlSl~HSlM. PaCCMOTpHM II 

KaK HJIJIlOCTpaUHIO CHHTe3a, H KaK Ba)KHbIH ,LLJI5I npaKTHIKH CJlYllaH 

TOQHbIMH: 

JU : M (y-Wk) (y-Wk)T= 8 k , k = 1, ... , K. 
k k 

3.l1. y H Wk - BeKTopbI-CTOJI6ubI .9JIeMeiflTOB Yi, wk(i), i=1, ..., n. 
eCb 

a Bk - MaTpHUbI KOppeJI51UHH pa3MepHOCTH nxn. TaKHM 06pa30M. 

KalK.lI.Oii rHnOTe3ecooTBeTCTByeT CBOH BeKTop 'C.lI.BHra Wk H Sa.ll.aHHa51 

C yqeTOM .9T01'O C.lI.BHra MaTpHuaKOppeJI5IUHH. KpHTepHeM ClJHTaeM 

MHHHMyM a(8) ==~PvkUk(a).
 
Onpe.ll.eJIHM, nOJIb3Y5lCb TeopeMoH 7.10, rro rrpH3HaKaM MO.ll.eJIea
 

<pOpMy OIITHMaJIbHbIX peIlleHHH. 4HCJIO 'TIepBUlJHbIX npH3Ha!KOB .lI.JI5I 
2 

KalK',UoH OT,LLeJIbHOH rnnOTe3bI paBHo, OlJeBH~HO, n II corJIaCHO Teo­

peMe 7.10 KalK.lI.0MY H3 rrpH3HaKoB .lI.OJIlKeH 6bITb TIpHTIHCaH 'K03<p­

<pHuneHT, 'lJTO B BeKTopHOH<popMe BbI'rJI51.ll.HT CJIe.ll.YlOW.I1M 06pa30M: 

a~=[Ck-(Y-Wk)TAk (Y-WIl)]+' k= 1, ... , K, (7.8) 
_ K 

M a~ = 1- (Xk (0) = Ck - ~ tr All Bk ,
k 

k=l 

rAe ak (0) BbIlIncaHbI ,corJIaCHO TIOCJIe.ll.HeH lJaCTIi TeopeMbI, a Ali H 

6Y.lI.YT ,cHMMeTpHqHbIMIi (TIO CHMMeTpHH BI<) MaTpHuaMH Hel13BeCTHbIX 

K0.9<pqmuneHToB AI< (i, j), BbI60p KOTOpbIX H COCTaBJI5IeT np06JIeMy 

CHHTe3a. 
DpaBHJIO Ha3bIBacrCH KOHTpacTHblJH, eCJIH inf Oliy==O, sup d"y= 1, 

.lJ y 

V k. )lmr (7.8) !{OlHpacTHocTb 3KBHBaJIeHTHa Ck = 1: TOr.ll.a KalK;~e dRy 

jJ;OCTHraeT 1 IIpH Y= WI< 11 COBOl\'yrrHaH ollJl16Ka 3arrl1WerCH: a (d) = 
= ~A.k tf AI<BI<. HeTpY.lI.HO BH.lI.eTb,lJTO Beca nmOTe3 JIerKO MorYT 6bITb 

yqTeHhI YMHO}KeHHeMHaHHx BI<, rrO.9ToMY .lI.OTIYCTl1MO (BKJIlOqHB HX B 

B ) ,ClJHTaTb .lI.aJIee "'1<= canst H MHHHMH3HpOBaTb cyMMap'HylO ollJH6­
k

Ky )2 tr AkBk • 
KOHTpacTHbIe npaBHJIa OKa3bIBalOTCH ,llOCTaTOlJHbIMH npn onpe.ne-­

JI'eHHOM ynaJleHHH rHIIlOTe3 ,LLpyr OT ,llpyra (QTo6bI OTOliTH OT TpH­


BHaJIbHOrO CJIYQa5I ak == ek). KaK cPyHKUHH Y OHH npe,llCTaBJI5110T co­
y 

6011 cOBoKynHocTb napa60JIOa,lI,OB akyc BepwHHaMH 'B TOtIKaX y=Wk 

BblCOTOH ak = 1. )lJI5I HarJI5I,Ll.HOCTH HHTeprrpeTaU11l1 Y.lI.0 6HO MbIC.1HTb 
wk 

n==2. OCHOBaHH51MH napa60JIOH,lI,OB, r,LI;e ORH nepeceKalOT Koop,J,HHaT­

HyIO IlJIOCKOCTb, 6y,LLyT 3JIJIHrrCbI (CM. pHC. 7.8) C cepe):U1HaMH B Wk.­

4eM WHpe rrapa60JIOH,LL k-i1 rurroTe3bI, TeM wHpe 6Y,lleT 9JIJIHTIC Ii 

TeM MeHbllle 6yneT 0lllH6Ka Uk (a). Ho lllHpHHa orpaHHQHBaeTC5I Tpe-­

60BaHHeM (7.7) ,cooTBeT1cTBYlOIUHM TOMy, tITO cyMMa napa60JIOH.llOB 

He AOJI)KHa HHr,rr.e npeBbIlIlaTb 1. KOHTp'OJIHpOBaTb 3TO Tpe60BaHHe 

,LLOCTaTOtIHO JIHlllb IB pacnOJIaralOIUHxcH r JJ.e-TO Me)l{'uY Wk '«ropHtIHX»' 

TOtIIKaX, o603Ha'QeHHbIX Ha p'HIC. 7.8 3Be3,ZI,OlJlKaMH. 'uJI5IOTITWMa.J1bHO­
kfa npa:BHJIa, rrOCKOJIhKY 'Bce a neJIalOTC5I K3:K MO)KHO lllHpe, «ropH­y 

QHX» TOqeK ,llOJI)KHO 6hITb MaKCHMaJIbHOe lJa:CJIO, luplilIeM OHH 6y.uyT 

paonOJIaraTbC5I ,r,Ue-TO B cepe.,llHHaX rpyrrrr B pa3'HbIX CatIeTaHH51X BeK­
k y

TOpOB Wk (rrpHlJeM 'TeMH, ,Ll.JI5I KOTOpbIX nepeCelJeHl1e OCHOBaHHH a 
lHeHyJIeBoe) • 
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PRC. 7.8. KapTRHa pacrrOJIOR<:e­ 1HHH «ropH4nx» T04eK 
a HMe'HHO, TaKa5I, qTO AA-A=A (06paTHa5I MaTpln~a B nOJI.npOCTpaH­

Zl 

KpoMe «rOp5llJHX» TOlJeK H lJ,eHTpoB WI< Be3,n:ecyMMa rrapa60.rroH­

,n:OB npe,n:ITOlJTeHHH OKa:m:eTC5I 'CTporo MeHbille 1. HaH60JIee 31'0 BbI­

pa)I{eHO B 30He Ha pUC. 7.8, JIe>Kaw.eH BHe 3JIJIHITCOB, r,n:e peilleHHe 

IT 
0 

JHIO CTb IO He fiTp a JIb't!OC : ()? y = 1.«P a 3,Il. a lJ a» HeIlTp a JIb H0 ro p e ille HH51, 

XOT5I, B 06W.CM, H ITPOH3BOJIbHa5l, HO IITOJJ:lJHH5ICTCH pa3YMHbIM HalJa­

JIaM: HanpHMep, Bce co,n:ep)f{aw.eec5I B ()? y npc,n:ITOlJTOHHC y,n:06HO 

OTJ~aTb 6JIH3JIc:m:aru.eH rrmOTe3e. npyroH IB03MO>KHblli rrYTb: BBecnl 

BO Bce M8TPHlJ,bI AI< O,n:HH rrOCT05l,HHbIH MHO)I<IfTeJIb a H ,n:.1I5I Ka:m:,n:o­

1'0 y nOl;LbICKHBaTb Tahoe ay ,ITpn IKOTOpOM CyMoMa npe,,'UJOllTCHHI1 CTa­
HeT paBHoii 1. B03MO)KHbI HHble iBapHaiHTbI. 

OITTHMa.1JbHOCTb peIllOHl-IIl onpe,n:eJl5ICTC5l <popMoii JIe:m:aw.HX B OC­

HOBaHIIHX 3JIJTHnCOB, MHHIIMH3HPYIOW.HX 'cyMMapHyIO oum6Ky. OCE 

3JIJIHnCOB H I1X illHpHHa CTaB5ITIC5I B 3aBHCIIMOCTb aT paCnOJIO>KeHH5I 

Wit II BII,n:a BI< H yrrpaBJI5lIOTC5I HCKOMblMII MaTpHlJ,aMH AI<. iDepeii,n:eM 
K HaH60JIee rrpOcToMy CJIy1l3IO K == 2. 

OnTHMaJIhHOe npalHlJIO pa3JIHlJeHlUI ,n:ByX nmOTe3. DYCTb K= 2 H 

6y.n.eM HCKaTb OIlTHMaJIbHOe npaBHJlO BH,n:a (7.8), T. e. HCKaTb MaT­

pHD,bI Al H A 2, MIIHHMH3I1PYIOw.I1e cyMMapHyIO oillH6Ky tr AIB + 
I+ tr A 2B2. Tpe6oBa'HHe ()ly + ()2 y ::::;; 1 ,lIOJI:m:HO KOHTpOJIHpOBaTbC5I B 06­

JIaCTH HeHyJIeBblx 3HalJeHHii ()\ H ()2 y , r,n:e 3aITHIlIeTC5I KaK OrpaHHlJe­

HHe CBepxy eJJ:HHHlJ,eHcYMMbI ,n:ByX rra pa60JIOH,n:OB 2- (y-WI) T X 
j

XA (y-wI)-(Y-W 2) TA2 (Y-W 2) (KBa,n:paTHlJHbIX <P0PM y). MaKcH­

MyM rro Y ,lIOCTHraeTC5I B I«rop5llJeii» TOlJKe Y*, rrOJIY lJaIOw.eiic5I perne­

HHeM ypaBHeHH5I (AI +A 2)y* = A1Wl +A 2W 2; B pe3YJIbTaTe no,n:CTanOB­
KH y* Tlpe60Ba lHHe 3anHWeT,c,JI: 

2-wJ Al WI -W~ A 2 w 2 +(AI WI +A2 W 2 )T (AI +A )- (AI WI + " 
2

+A2 w 2) ~ 1, 

HJIH )K e rr OCJIe HeKO'TOp hIX \rrp e 0 6 Pa 3 0 BaH Hfr n ep err IiIIIeTC 51 : 

(W2 -WI )T AT (AI +A2)- A 2 (W2 -WI ) > 1. (7.9) 

3,n:ecb MliHYC B illOKa3aTeJIe 03nalJaeT, lJTO MaTpHlJ,a rrceB,n:006paTHa5I 1, 

1 farHTMaXep CPo P. TeopnH MaTpnII.. - M.: H,ayKa, 1966. _ C. 34. 
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CTBe c06cTBeHHblx BeKTopoB, eCJIH OHa oco6a5I). 

CKa3aHHoe iBa}KHO ,BOT nOllelVlY. 1\!1HHHMH33UH5I tr AlB} +trA2 B2 

npII yCJIOBHII (7.9), 3aMeHeHHOM Ha paBeHcTBo, npoH3Bo,nHTC5I MeTO­

,nOM MHOLKHTe.TleI1 JIarpaHLKa 11 Be,neT K MaTp11llHbIM ypaBHeHH5IM 

l' (AI + A2 ) 81 (AI + A2) == A2 w T W A2 , W == W 2 - WI' 
Tl' (AI +A2) 8 2 (AI +A 2) == Al w W AI' 

B KOTOphIX l' lHaXOJI.11TC5I H3 (7.9). OTclo,na, 

HMeeT paRr 1, cpa3Y LKe CJIe,a,yeT iBbIBO,a" q1'O 

lKe ,a,OJI)KHbI HMeTb pa\Hr 1 If 3anUCbIBaThCH 

TaK KaK npaBaH llatCTh 

MaTpHUbI Al H A2 TaK­

B BH,lI,e: Ak=akggT, k= 
== 1, 2, ,fJI.e g - BeKTop-fCTOJI6eu. TOf,Ua o6paTHoH MaTpHUbI He cy­
mecTByeT, a JIHlllh nceB,Uoo6paTHa5I: (A l+A2)-=ggT/(al+a2). 0603­
HallaH bit = gTBhg, ,mh = gTW,i, CBO;I,HM M3TPHQ,Hble ypaBIHeHH5I B}ieCTe c 

(7.9) K CUCTeMe CKaJIHpHhIX ypaBUeHHI1: 

2 m2m a1 a2 == a1 + a2 , m == - m1 ,
 

2
l' (a1 + a2)2 bl == a~ m , 

2l' (a 1 -+- a2)2 b2 == aT m • 

Pewa5I 11X, HaXO,LI,I1M OTITHMaJIbHble al = (1 + If b2/b l)1m2, a2== 
= (1 + Y bdb2 )lm2. 

B IfTore n0JI.CTaHOBK11 IHaH,UeHiHbIX al 11 a2 npaBHJIO 3anHWeTC5I 

a~=[l-(l+ 'Ybz/b1) (gT(Y-W1))2j(gTW)2]+, 

a a2 y ieCTh JIH60 1-o1
y (KOf,Ua rHeHTpaJIh'HOe pellleHHe o,T,UaeTCH B 

nOJIh3Y BTOPOH rUIlO1'e3bI), JIH60 ,UaeTC5I aHaJIOfH4HbIM 

Bblpa)KeHHeM C IlepeMeHOI1 HH,UeKCOB 1 H 2 MeCTaMH. 

oWH6Ka InpaBHJIa 6Y'u'eTpaBHa 

~1 +a2 == (VgT 8 1g +V gT 8 2 g)2/(gT W)2. 

O'CTaJI'C5I rrOCJIe,a,HHi1 waf - HaI1TH BeKTOp JIHHei1H0I1 

(Ha KOTOphIH npoeKTHpyeTC5I y), MHHHMH3HPYlOllI,HH 

3aiTIHCaHHOMY 

CyMMapH35I 

o6pa6oTKH g 
BbIHacaH,HYlO 

cyMMapHylO 01llH6Ky. 31'0 'c,UeJIaTb HeCJIOlKHO npH O,UHHaKOBbIX KOp­

peJI5IUH5Ix: 8 1 = 8 2 = B, TOf:;La g MHHHMH3HpyeT OTHoweHHe 

gTBgj:(gTW)2 H paBeH g= B-1w, W=W2-WI. 
60JIee ,lI.BYX runOTe3. IlycTb K>2 11 Hy:tKHO HafITH npaBHJIO BH,Ua 

(7.8), MHHHMH3HpYlOmee cYMM3pnylO 01IlH6KY. Tpe60BaHHe (7.7) no,n­

CTaHOBKOH Ty,Ua (7.8) (KoHKpeTHee, cyMMHpoBaHHeM co,UepfKHMofO 

KBa,UpaTIHbIx cK060K(7.8) H B351TlIeM MaKclIMyMa no y, KOTOphIH ,UOC­

THraeTrC5I inpH ~AkY=L:AkWk) , o6pamaeTC5I B cwcTeMy HepaBeHcTB:. 

L W~AkWk-(~ AkWk)T(L.: Ak)- (L AkWk»(~ ch)-l, (7.10) 

fJI.e CYMMhI nepe6HpalOTC5I ,UJIH ,JIlO6bIX COQeTaHHI1 HH,UeKICOB B IIHCJIe 

OT ,LLIBYX (aHaJIOrH4HO (7.9)) If HTIJIOTb no K. IlpnqeM ,UJI51 IKaKHX-TO 

COqeTaHH:H: 6y,UyT PaBeHCTBa, ,cooTBeTcTByIOUl,He KafK,Uoe 'CBOeI1 «ro­
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1
p5llJeil:» TOtIKe. CaMO HepaBeHcTBoB (7.10) HMeeT 'B BH,lJ.Y, tITO He 
MeM	 B HOBbIX KOOp,lJ,llHaTaX z ==: (ZI, Z2) T IfCXO,LJ,HaH 3 a,lJ,aLJ a nepenllCbI­
. 1I.Y BceMH COqeTaHH5IMH Wk cno'C06HbI pacnOJIaraTbCH «ropH4He» 

Bae11CH:TOLJKH (TaK, eCJUI Bce Wk CT05lT Ha O,lJ.HOH np5lMOH BpH,lJ., TO paBeH­

,CTIBa 6y1I.YT JIHlllb ,LLJI5I 'CMelK'HbIX nap). z = mk -4- 6,
 

06JIerLJeHHe CHHTe3Y ,lJ.aeT 'CJIe,lJ.YIOw:ee o6w:ee yTBep)K,lJ.eHHe, HB­
.JIHIOw,eeC5I aHaJIOfOM TeopeMbI 6.5. 

Y T B e p )K ,lJ. e H H e 7.1 1. IIyCTb 2unOTe3bl CUlftlfteTpU'llibl lfteiJICdy 
,co6ou 8 TO/I1- ClftblCJte, 'lTO cyU{eCT8yeT npeo6pa308aliue lia6Jll0deliuu 
V. OCTa8Jlfl/oU{ee 3ada'lY lia lfteCTe, lfteliflfl 2unOTe3bl A1eiJICdy co6ou: 

,.Jttr
y =JIt:k , k = 1, ... , /(, 2de vk ocyU{ecT8JlfleT nepeCTalio8/(y ulide/(­

(;08	 k. Tocoa MUflUMU3upYfoU{ee cyMMapflyfO oluu6Ky npa8UAO 8KBU­
~k aVk8apuaflTflo: (JVy =;: y. 

ECJIH V - Y,lJ.OBJIeTBopHIOw:ee yTBep)K,lJ.eHHIO npeo6pa30BaUHe, TO 
nOCJle,ll.OBaTeJIhHOenpllMeHeHHe Vl== V ... V 6Y1I.eT TaKMe Y1I.OBJIeTBO­

p5ITb eM)', rr03TOMY Vl o6pa3yIOT fpynny npeo6pa30Ba:HHH. CMbICJI 

.yT,Bep fK1I.eHllH 7.11 B TOM, LJTO,rrOCTpOHB KaKyIO-To O,lL'HY ll3 COCTaB­

JI5IIOmUx pewa1OI.IJ.ero rrpaBHJIa, 'CKaMeM, 01y , MbI nepeHOCHM ee Ha 

.npyrne COCTaBJI5IIOIl(ne Oky , f,lle rk==vlJ, 'TIO,lJ,iCTaBJI5IH Vly B Oi Ha 
y 

MeCTO y. ECJIllVll rrpn H3MeHeHHH I rrpo6eraeT 'Bce k==;l, ... , K, TO 

OK a 3 bIB a eTC 51 . ,noCT aTO LJ HbI M noCTpOHTb B Ce I'o 0 n.HycOCT a BJI 51 10Il(y1O 

npaBHJIa, ,TIepeHOCH ee rrpeo6pa30BaHHeM Vly Ha Bce OCTaJIbHbIe. 

.lJ.JI5I npa:BHJIa (7.8), eCJIH HMeerC5I V, IJ,HKJIH'IeCKH nepeCTaBJI5IIO­

·mee fllIlOTe3bI 1-+2, 2-+3, ... , K-+l, CKa3aHHoe cooTBeTcTByeT: A == 
== (Vk )TA1Vk . k 

flepei1,lI.eM K	 parccMorpeHH1O 'rrpHMepoB ,CHHTe3a. 

TPH opTOrOHaJIbHbIX ,CHfHaJIa. nY-CTb /(=3 H ,B BeK-

TOpHOH 3amICH y=w"+s,k=l, 2, 3; «myM» S eCTb O~[I.H'0P0JJ.'HbIH He­
KOppeJIHpOBaH/HbIH M;i£.i == (J20ij IIIp0IJ,ec.c, a «'Cnf.HaJIbI» Wk opToro­

RaJIbHbI Me)K,lJ,y 

..cHMMeTpHLJHa K 

WJ 

)KHbI rrpoeKTIfpoBaTh y Ha rrJIOC­


KOCTh (Z1, Z2), f,lJ,e II ,lJ,OCT3TOQHO fJ
 

peillaTh 3a,LJ,aLJy CHHTe3a, HarrpaBHB
 

HOB hIe OCll CO f JI a CHOpIIc. 7.9:
 

(T Wz 

:312 

C060H: WT 
ltwz==lm26kZ, m - HX «aM,IIJIHTyn.a». 3an.aLJa
 

IIepecTaHoBKe rHIlOTe3 Me)K,lJ,y 'c06oH,npHQeM rrJIOC-


KOCTh, (HaTHIHYTaH tHa BeKTophI WI, 

W2, W3	 ,B P/ln, BpamaH'Ch, 'OCTa­

/(=3 eTCH Ha MeCTe (CM. pllC. 7.9). Do 

3TOM rrplf4llHe II B CHJIy llHBapllaHT­

HOCTll CBOHCTB wyMa K TaKllM 

Bp a meHH5IM OnTllMaJIbHbIe Ak ,lJ,OJI­

ZI = yT (2 WI - w 2 - wa)/(2 m), 

Z2 == 'V3yT (wa - w 2)/(2 m). 

PHC. 7.9. Ilpeo6pa30BaHH5I KOOp,lJ,HHaT 

ill l = (m, O)T, m 2 = ( - m/2, V3"m/2)T, rn3 == ( - m/2, - -V 3" m/2)T, 

~ = (~1' ~2)T, M ~i ~j = b 6i j, b = 302/2. 

TIepecTaHoBKa rHIIOTe3 1-+2, 2-+3, 3-+1 cooTBeTcTIByeT Bpame­

HIIIO Z ,Ha 1200 
no LJaCOBOH 'CTpeJIK,e. 0603HaLJHM V - yHHTapHylO 

MaTpllUy BpameHHH. Ee 3JIeMeHTaMH 6y,lJ,yT: VII == V22 ==-1/2, V21 == 
r-	 v 

==-V I2 ==1/3/2. yhlleM M3TP'HIJ,bI Ak B rrpaBHJIe BH,lJ,a dR z = 
\.J 

==' [1- (Z-ITIk) Ak (Z-mk) ] +, MHiHHMH3HpYIOilLHe cyMMapHylO 0IllH6KY, 
u v 

P3BHYIO 2:b[A 1{(I,I) +A k (2,2)]. COI'JI3CHO yTBep:tK,lJ,eHlf1O 7.11 HMeeM: 
k 

"-..1 U	 V v 

A 2 ==VTA 1V, A 3=VA1VT (I',lJ,e HCIIOJIb30BaHO VT==V2), TaK LJTO 3a,lI.aQa 
\J \....1 

CBO,lJ,HTCH IK HaXO)K,lJ,eHH1O MaT'PlIIJ,bI Al == A, onpe,lJ,eJIHlOmeH ai z . B CHJIy 

cHMMeTpIIll nOJIO)I{eHHH n12 II m3 iITO OTtHOllleHHIO 
\...)	 v 

PIi IJ,a A	 ,lJ,0 JI)I{ H a 6 bI Tb ,lIJI a r 0 H 3 JIb H0 H : A (1,2) = 
\.) u 

alz =[t-A(l,l) (zl-n1)2-A(2,2)z22J+. 
«fOPHQHX» TOLJeK ,lJ,JIH Olz 6y.ueT Tpl!: O,lI.Ha 

KOOp,lJ,HHaTHOI1 CHCTeMbl 21 == Z2 = 0, OTHOCHreJIhlIO 

K OCHM ZI, Z2 MaT-
U 

A (2, 1) = 0, 0 TKy,lI. a 

- B HaLJaJIe BOBOll 

31"011 TOllKH COBep­

waeTCH	 BpameHlIe V Ii I10TOMy no CHlYllvleTpHH a1 ( = azo == 83 == 0 
v	 \...' 

== I-A (1,1) /n 2, OTKy),3 H3 Tpe60BaHHn 010 + 02 0 +03 0 = 3-3A (1,1) rn2 = 
'.J 

== 1 cJIe,u.yer /1(1,1) ==2/(3/n2 ) , )lpyrHe nBe «fOp5Illue» TOLIKH pacno­

.lJ:aI'aIOT'C5I Ha 'cepe,])1H3X Me)I{)J,y napa?YIH ml, m2 II ml, 1TI3 H Jl,aI-oT 
\.) u 

O,lJ,HO ypaBHeHIIe InTI (V-I)T[ (VTAV)-'1+A-l]--1(V-I)n11=== 1, li3 1\0­
'0 

TOpOI'O H3 XOJ,HTCH il (2,2) = 2/ (3tn 2 ) . 

Ta hIL\!I o6p C130:;I j H3 nJl0Cl~OCTII (21, 22) OCHOBaHII~C\lH iJl z , azz = 
== u1Vz, a:~z OY;lyI EpyfII pajUTyca c U2'HTpa\IlI Bin!,== Q1 VTz 

nl~2 11 012,. 

4 e T bI P e 11 0 II (l P H 0 0 P Tor 0 II a oil h H bI X II pOT H Bon 0­
J1 0 }I( H hI X C II l' H a Jl 3. 11YCTb K == 4, Y== 1Vh _i_ S, 111 sh £z== (J20;~!, /(, l = 

== 1, ... , 4, a «CHfH3.HbI» IlonapHO TIp HHHyI 3IOT npoTIlBOrrOJIO)KHbIe 3Ha­

LJeHH5I \V3 = '--Wi, \V 4 = -W2 II 0PTOfOH3.J1bHbI B ;LBYX lI3 npaB.,1eHlI5IX: 

WTIW2=-=O, !l\V111=n11, il\V211==/n2, HMe10T B HIIX pa3HbIe, B 06meM, 

«aMIlJIHTY,lJ,hI»ml H m2. UeI1cTByeT TOJIbKO O,UHH CllPH3JI Wk, Hy)KHO 

Y3HaTb KaKOH, Ha6JIIO:,lJ,a5I y. OLJeBH,lJ,HO, ,lJ,OCT3TOLJHOH 5IB.TI5IeTCH IIpoeK­

U.HH 3an.aLJIf Ha HJIOCKOCTh ZI == yTWl/m, 22 ==yTW2/m If 'Ha 3TOl1 IlJIOC­

KOCTH 3a,LJ,aQa BbIfJIH,LJ,HT TaK: z=mk+~, mI==-m3= (ml, O)T, 
m2==-m4== (0, m2)T, M~~T==a2I. I1meM, KaK 11 B rrpe,lI.bI,lI.ymeif 3a,Zla­

\.,..' 

LJe, MaTpnUhI A k , !k= 1, ... , 4, KOTophIe B CHJIy cHMMeTpHl1 3a.uaLJH 'K 

nepeMeHe 3HaKa ±ZI, ±Z2 6yJ(YT nonapHo O,lI.HHaKOBbIMH H )(IeIaro­
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,HaJIbHbIMH; 0603H3QHM IfX ,lJ.IfarOH3JIb',HbIe 3JIelVleHTbI COOTBerCTBeHHO 
V \J ' __' IJ 

HHaqe OTITHMaJIbHbIM ,neJI3eTC5I TpHBHaJIbHOe npalBHJIO an=:::. 1/2K cA1(j, j)~A3(j, j)~al(j), A2(j, j)~A4(j, j)==a2(j), j=l, 2. 5YLLeM ~ (in === (2K-1) 12K.HX IICKaTb HCXO,lJ.5I 113 MHHHMYMa CYMMbI OlUH6oK 202i [al (1) +al (2) + 
-t- a2(1) +a2(2)] npH Tpe60B3HHH (7.10), KOTopoe BOTIJIOTIITC5I B TpH 
HepaBeHcTB3: 

2 Q1 (I)a 2 (1) + 2 Q1 (2)Q 2 (2) '- 11) m1 m2 ::::3 ,
 
Q1 (1) + Q 2 (1) G1 (2) + a2 (2)
 

2) 2mi G1 (1) > 1, 3) 2m~a2 (2) > 1. 

rIYCTb LLJI5IoTIpe,lJ.eJIeHHOCTII m22~,m2l. TOfLL3 K3PTIIHY pa:cnoJIo­

}KeHH5I «rOp5IqIIX» TOqeK ,lJ.3eT pnc. 7.8, a B 1) II 2) 6YLLYT paBeH­

CTBa. rIo ,cHMIMeTpHH p 3 1BeHCTIB If II3 2) H3XO,LIJITCH: al (1) == a2 (1) ~ 
== 1/(2,m2l), H ,lJ.3JIee nO,lJ.CT3HOBKOH B 1): al (2) ==a2(2) ==3/ (2Im22). 
TIOJIYQ3eM CJIe,UyIOI.U.ee OTITHMaJIbHOe npaBHJIo: 

a~ == [1- (Z1 - m1)2/(2 mi) - 3 Z~/(2 m~)]+ ,
 

8i = [1 - zi/(2 mi) - 3 (Z2 - m2)2/(2 m~)]+ ,
 

a a31 OTJIHQ3eTC5I OT a1z K3'K H a4z OT a2 
z nepeMeHoH 3\HaKa Y ,mj. 

<OIlIH6KII 6YLLYT O,UHH3KOBbI: ak ~Ia == (J2/ (2!m2l) + 31(J2j (2m22). 

3aMeqaHHH: 1. Pa3Hble 3HaqeHHH ,LI.HcnepcHM M~2j=M(sTwj)2=a2j, j=l, 2, 
{)CTaBJIHIOT TOT Me BH,LI. OIlTHMaJIbHOro npaBHJIa, eCJIH m22/a22 ~ m2t1:(J2 1 (BMeCTO 

m22~m2d, IlpH 3TOM a=(J2t1(2Ifn2d +3(J22/(2 m22). 
2. 3a,LI.aqa: y=±Wj+6, MSST'=B, wjB-1wl ={)jlm2j/a2j, j, 1=1, 2, r,LI.e mYM 

.KoppeJIHpOBaH, a W j COBIla,LI.aIOT C HaIlpaBJIeHHHMH c06cTBeHHblx BeKTopoB Ii H 

,0"2 j - c0'6CTBeHHble qUCJIa, 3IK'BIHBaJIeHTHa Ilpe,LI.bI,lI.ymeM. 

3. DPH paBHbIx aMIlJIHTY,ll.ax CHrHaJIOB m1=m2=m H (J21=(J2 2 =a2 OIlTHMaJIb­

lIbIMH 6y,ll.yr 3HaqeHHH al (j) = l/m2. OCHoBaHHHMH OnTJIMaJIbHhIX iJk cTaHyT KpyrHz
 
(Ha ,no,ll.06He OJIHMIlHHOKOH 3M6JIeMhI) If ak=2a2 /m 2 .
 

4. COBeprneHHo rrpocT nepexo,LI. K HenpephIBHoMy BpeMeHH: BeKTopHhIe npoH3­

Be,ll.eHHH 3aMeHHIOTCH Ha HHTerpaJIhI. 

C HC T e Mao p Tor 0 H 3 JI b H O-II pOT H B 0 ,II 0 JI 0 lK H bI X C II r ­

1I a JI 0 B P a B H '0 HaM 'II JI H T Y ,U bI. 0606I.U.HM npe,UbI,lJ.YI.U.ee npaBH­

JIO H3 CJIyqaH JII060ro QeTHOrO QUCJIa ICHr,HaJI'OB, pa36HBaIOI.U.Hx:C5I Ha 

napbI CHfH3JIOB, BlHYTPH K3lK,UOH InaphI ,npOTHBOnOJIOlKHbIX, 3 Me.iKLLY 

napaMH - opTOrOH3JIbHbIX, Bce O,UHH3KOBOI1 aMTIJIHTy,UbI: 

Y==Wk+S, k= 1, ... , 2/(; wK+i == -Wj,
 

Wj W l == m2 8jl, j = 1, ... , K; M SST== 0 2 1.
 

no aH3JIOfHH IC 33MeQ3HHeM 3 OnTHM3JIbHbIM 'IIp3BHJIOM 6Y,lJ.er 

a;=[I-(zk- m)2/rn2- L z7Im2J+; Zj=yTw
J

; 

i~k 

aK+i = ai · - - K 2/ 2. . k - 1 Kz -z, ak - 0 m , J, -:- ,"., . 

Ha!nH(~arHHOe OCMbICJIenO JIHllib B TOM CJIyqae, eCJIH ak~ (2K~l)j2K, 
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HeTOIlHO H3BeCTHbie KOppeJiSlIJ.HH. rIYCTb KOppeJI5IUHOHHbIe MaTpu­

UbI Bn, onpe,UeJI51IOI.U.He Jf{k, HerOQHO H3BeCTHbI, T. ,e. 33,U31HbI TIpH6JIH­

)KeaHO B 'BH,J,e ouelHO,qHbIX rp 31HHU!!k (i. j), Bk (i, j) (3TO Mo:ryT 6bITb 

II ,UQlBepllTeJIbHble rp3HHU bI , nOJIYQeHHble no o6yQ3IOmeMy 3K:cnepH­

MeHTY). 'uJI5I K3KHX-TO l, j 3THX ,lJ.3HHbIX 0 rpaHHU3x, nnpOQeM, MO­

)J<.er H He 6bITb iCOBceM, QTO JIHlllb cnoc06Ho ynpocTHTb 33,lJ.aQy, TaK 

K3K Ino TeopeMe 7.10 '0 ,rr,OCTaTnqHOCTH ,UJIH 3THX i, j CJIe,nyeT nOJIO­

IKHTh Ak (i, j) = O. 
n p H M C P 7.7. I1ycTb K= 2 H 3a,ll.aHbI JIHUlb ,lI.HarOHaJIbHbIe 3JIeMeHTbI MaTpHU 

KOppeJIHILHrl B 1 (i, i), B 2 (i, i), i = 1, ... , n, a OTHOCHTeJIbHO B3aHMHbIX KoppeJIHUHll 

cBe,ll,eHHil HeT. 101';1,3 Ah(i, j)=O, i=l=j, a MaTpHUhI AlL CT3HyT ,UHarOHJJIbHbIMH. 

~1x paHf .!lOJ1MeH 6bITL paReH 1 (aH3JlorH4Ho BbIWeJ13.TIO:tKeHHoMY npH K =2), tITO 

MO*CT 6bITb, JIHIllb KOJ')La Bce JLHarOHaJIbHbie 3.TIeMeHTbJ M3TpHU A h HyJIeBbIe, KPO­

Me O,UHoro. CK33aHHoe 3KBHB3JIeHTHO TOMy, lITO H3 Ha6.TIIO,lI.eHH}I yt, ... , !In BbI6H­

paCTCH BCerO O/l,HH 3.neMeHT y j, TOT C3MbII':'f, ,IlJl51 J{OTOpOrO MHHHM3.;lbHOM 6YJl,eT 

cyMMapHa5I t()w,H6Ka ITIOCTpOeHHoro no HeMy npaBHJ1a, p3BH35I (KaK 3TO 6bI.J10 IIOIKa·, 

3aHO npH paCCM()'rpE'HH'H,lI.BYX rHI10T(3) BE'J1UQHHe: a; +a;,= (l/B 1 (j, j) + 11 H2,(f, 1)1 
/ (W2 (j) -Wi (f) ) 2, Bee OCTa.TlbHble Ha6.TlIO)I,eHH5I MO)KHO «3a6bITb». 0pHQHH3 B TOM, 

lITO HeH3BeCTHOCTb B3aHMHbIX KOppeJIHUHI1 BbIHY)l{j1,aeT He HCKJII01J3Tb (B necCH­

MHCTHQeCKOM: pe)KHMe X= 1) clryqarJ, KOr)la Bee 3J1CMeHTbi Yi rrOBTOp5IlOT JJ.pyr 
.upyra, TOr,ll.3 ocra.J1bHble Yi HHqerO HOBoro no cpaBHeHl1lO C O;.I,HHM JHaqeHHCM He 
HCCyT . 

Jlpyrofi nYTb CHHTe33 npaBIIJl npH iHeTOliHLIX KOppeJI51Ul1HX 6 (J:rl1­
pyCTC5I H3 '1'0;\1, tITO He,Uoonpe)l,eJ1eHHe KOppeJl5IUHl~i, KaK H 3a/1.aHl1e 

HX ppaHHU3:vlII, epopMHpyeT 'co6CTBeHHble ,ceMeticTB3 ~h KOppeJIHUHOH-

HhlX epYHl\il,HJ:i (M3TPHU.). OWH6KH, 04eBH;lHo, 6y,rr,YT paBHbi Uk =--= 
-== sup ir A/~ Bh H nOHCK OI1TIIMa.TIbHOrO npaByL13 CBOnHTCH K MHI-Hl-

BhE~h 

MH:ianHH CYM\1bI OlUH60H., T. e. 'K :vHIHHMaf\.CHot~ 33LLClLJe nplf orp;:d1i:'j ­

QeHH51X. 

7.7. 3A Ku1 tOll EH 11 E 

P;H'CMaTplIB;n01C51 :lnc n1110Te3hI. Hy,nCBa}l H a.:I!)TC:ilHaTHBlIa5I~ (n:IB4.:~~Onl}ICI~51 

/1,<- HbI;\1H CTaTlI',-~Tn'lC(:J\:rnni onllC(HllHI~vIH lIa6~TIlO;l,CI-HlL E BJ1;~e lIHTepB3.1bt~IlI:: fvf(j,:l.C­

JH.;~; '~'pe;I..HJL\ 3a nHI0Tl'J3MH CTCiH r J<O}ihi-jc':'Hbl( n;~ai(TIlI-IeCl~Le 0c.;,'I;:ltU; 'r ;ffi~; 

CClb CHI'H3Jl HJl11 H~:T ern npIi 06rL:ipYi-l~e:{jnL .'llif)() nIHJBc[)J(J HtHcnpaBHocl Yl~TP(;"­

CTha, COOTBCL.TBIUI E'IO T(:\HJ14eCKIIM T1Jeocn::tlIiI5ilVr If T, n, Fia:;HClL[eHHC P(:Ui':li~)Il,(;rO 

n;)(iPHJIa B TO\;1, llTGOhl no pC3yJlbTaT:J'v1 Ha6.:IlD;J,eHHi': C;1e~TJJTb BbIOOP h :,{JJ11i.-;y 

(J,:uroit 113 fHrrOTeJ. 1/1 He 005I3aTe.:leH KOHI<peTHbli'I RLIOU;), 3 BOOJIHC AonycK3CTC5! 

p3Cll.lIbIBQaTbIJ\ npH KOTOpO)"1 peU1CHH51 nO~laIOTCH BC(L1H():;H~P-IHbL\lIl B epoprvH. nr~C)J,­

HncrreJUii'I (pea.;11L>YCMhIX paH;10MJ13JllHell), 

XapaKTepJf3yIOTC5I npaBlfJI3 npOBepKI1 rnOOTe3 BepCHITHOCT5IMH OIlIH60lI1:o;'(i nVJI­
!IHTHH U;J,HOlL i-\()r;~a BepHa ~'LpYi'a5I. OuarOK.H ,J,BC: ncpBuro pOll,a, CO.'] 05IiD;}5] B 

nenpaBHJIbHOM OTKJIOHeHHH HyJICBOl1 runOTe3bI, H BToporo. Bep05lTHOCTH OLU116oK 
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JHlXO)lJITC5I npO,nOJDKeHHeM nepBHQHhIX cpe,lJ,HHX 11M Ha pernalOIUHe npaBHJIa (pac­

ICMaTpHBaeMhle KaK npH3H3KH). I1ToroM 6y,nyT HHTepBaJIbHble :3HaQeHH5I Ka)K,lJ,oH 

Bep05ITHOCTH: HH)KH5I5I ee rpaHHua, ,lJ,aIOIUaH caMble OIlTHMHCTHqHble nporH03bI Ha 

,olllu6KY, H BepXHHH - neCCHMHCTUqHble. rIo HHM BblBO,lI.HTCH IlpOMe)KYTOqHble 3Ha­

7QeHHH, 3aBHCHIUHe OT CTeIleHH neCCIIMII3Ma. 

OrrTHMaJIbHblM ,l.I.JI5I npOBepKH HyJIeBOH rHnOTe3bl Ha3blB3eTC5I np3BHJIO, MHHH­

MlI3HpYIOIUee BeJIHqHHY oW1I6KH BToporo p0,l.I.a npH 3a,naHHoH nepBoro (ypoBHe 

npaBHJIa). XOTH no onpeneJICHHID rrpHopHTeT OT,lI.3eTCH B nOJIb3Y HyJIeBOH rHnOTe3~, 

CHHTe3 3KBlIBaJIeHTeH pellleHHID CMe)KHOii 33.n.3qH MHHHMH33UJIH B3BellleHHOH CYMMbI 

'oWH60K C nOCJIe,lJ,YIOmHM nO,lJ,60pOM BeCOB (33MeHHIOlll..HX 3rrp',HopHble BepOHTHOCTH 

rHnoTe3). B 3TOM nJIdHe onpe,lJ,eJIHeTCH ,l.I.OCT3TOqHOCTb. 

UeHTpa.J1bHLIl'I pe3YJIbTaT epopMy,rHIpyeTcH TeopeMo[r 7.1 H COCTOHT B TOM, qTO 

,lI.OCT3TOlJHble IlpH neCCHMH3Me KJI3CCbl np3BHJI, 3 c.n:ejlOB3TeJIbHO, CTpyKTyp3 onTH­

M3JIbHOro np3BHJIa onpeLLeJIHIOTCH HCKJIIOqHTeJIbHO .TIHHeHHblMH KOM6HHaUIHHMH nep­

BHlJHblX IlpH3H3KOB rHnOTe3. OCTaeTCH OTbICK3Tb K03epepHuneHTbI, KOTOpblX 6y.ueT 

Te~ MeHbwe, qeM npome fHTIOTe33 B CMbICJIe HX npH3lH3KOBoro COCTaBa. ITP:H 3TOM 

BH,lI. npaBHJIa MO)KeT HaueJIHBaTbC51 TOJlbKO Ha O;:LHy H3 rHI10Te3, JUI60 HyJIeBYI-O, 

JIHOO 3JIbTepH3TIIBHYIO, npHqeM nepBbI}'! c.nyqal'I npe,lUIOqTHTeJIbHee H3-33 npOCTOTbI 

epHKcaUHH ypOBH5I. CHMMeTpHH II O,UHOP0,lI.HOCTb rHnOTe3 ,l.I.OnOJIHHTeJIbHO ynpOlll..aeT 

3 a,l.I.aqy. 

Oc06eHHOCTH OnTHMaJIbHbIX rrpaBHJI COCTOHT, nepBaH, B HX paCnJIblBqaTOCTli 

(paH,lJ,OMH3HPOB3HHOCTH), xap3KTep KOTOpO{I BCeueJIO orrpe,lI.e.TIHeTCH epOPMOH nep­

BHqHbIX npH3HaKOB rHI10Te3bl (JIH60 aJIbTepHaTHBbl). 11 BTopaH oc06eHOCTb, HB­

JIHIOlll..3HC5I I1060qHblM epaKTopOM npOH3BOJIbHOCTH HaCTpoi1KH Ha rHI10Te3Y, COCTOHT 

,"B HeO,ll.H03H3qHOCTH BII)1,a. 06e oc06eHHOCTlI 060CTpHIOTCH npn 6e)1,HOM HCXO,ll.HOM 

'MaTepHaJIe, COCTaBJIHlOIUeM rHI10Te3hI, H HCQC3aIOT nplI I1epexojJ..e K «60raTblM» MO­

,LLeJIHM B BH,JI,e pacnpeLI,eJIeHH{1 BepOHTHOCTe}I, f,ll.e paHLI,OMH3aUHH MO)KeT OCT3TbCH 

,JUHllb Ha rpaHHue rro H3BeCTHOH JIeMMe He{IMaH3 - ITnpcOHa. 

I10JIO)KeHHH TeopIH'! paCKphIBaIOTCH HaXO)K,lJ,eHHeM B § 7.2 OIlTHMaJIbHblX rrpa­

"BHJI rrpH CjJ..BHrax Ha6J1IOLI,eHHH H H3BeCTHblX Koppe.TIHUHOHHbIX CBoHcTBax, COIlyT­

cTByIOlll..HX rHIlOTe3aM (KaK HH cTpaHHo, TaKaH HyLKHa5I 3a,lJ,aq3 B IKJIaCCHQeCKOM 

arrrrapaTe He HMeeT pCllleHHH). TIpaBHJla nO.nyqaIOTCH paCDJIbIBliaTbIMH, xapaKTep HX, 

KaK 3TO CJIe,nyeT .H3 KBaJ1,paTHqHOH epOpMbI nepBHQHblX npH3HaKOB, 5IBJIHeTCH napa­

60JIHQeCKHM. 

TpyLI,HOCTH orrpeLI,eJ1eHHH OillH6oK npaBH.n TOJIKaIOT Ha rrOlICKH jJ..pyrnx erroco­

60BCHHTe3a, I1CrrO.llb3YIOlll..HX npOI1)J,eHHbIe nYI'll. OZUIH 1I3 Hnx (§ 7.3), rrpoTopeH­

Hbd:I nOBepHTeJ1bHbIMH OneHKaMH npcJJ,bIJJ.yUI,e1'I fJ13BbT, Tpe6yeT 3arrIICH flIrrOTe3 

Qepe3 ,UBa pa3Hblx 3HaqeHH5I OJUloro II Toro )Ee napaMeTpa~ OpaBIIJIO COCTOHT B 

OTBeJ,eHHH HyJIeBOH rHrrOTe3e Tall CTerreHH npe,ll.nOqTeHMH, KaI{Oe )l,OBepHTe.TlbHa5I 

OUCIIKa ,ll.aeT COOTBeTcTByIOlll..eMy .:no1'1 rHnOTe3e 3HaLJeHIIIO rrapaMeTpa. PaCnJIbIBLJa­

T02Tb oueHKH nOp0,lJ,IIT paCrrJIbIBqaTOCTb npaBHJIa, a Be.nHqHHa 0llIH6KH oueHKII 

lIepeXO,ZI,HT B ypoBeHb rrpaBHJIa n OTKpbIBaeT JI,opory npHKHJ,OqHOMy paCLJeTy OlliE 6­

KH BToporo pojJ..a. TaK 06pa3yeTcH cpa3Y 60JIblUOe LJHC.TIO rrpaBH,;1, MO)KeT ObITb He 

COBceM orrTHMa.rlbHbIX, HO Bce )Ke XOpOWHX no 11X «rHHeYHQeCKoib> 6JIH30CTII K 

OI~eJIKaM, eCJIH Te B2HTbI HaHJIyqU1YI~1II. 

,UpyroH rrYTb (§ 7.4) yLKe Tpa;:UIlI,HOHHbIH II COCTOHT B HHTepnpeTaUIHI MO,IJ,e­

JIeii KaK ceMei'lcTB TOQHbIX pacnpeLI,e.neHHi'I BepoHTHOCTei1:, rrOHCKa BHYTPII ce:r-.fefi­

eTB HaHMeHee 6JIarOnp:HHTHblX H cpaBHeHHH HX OTHOllleHHH C noporoM no npe,lJ,­

nHcaHHIO 1I3BecTHoH JIeMMbI HeHMaHa - ITHpcoHa. IlYTb npRBJIeKaeT MeTOjJ..bI TeopHH 
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Hrp H OXBaTblBaeTCH po6acTHblM nO,lJ,XO,lJ,OM. ABTop npHBO,lJ,HT CBOII pe3YJIbTaTbI 

no HHTepBaJIbHbIM nJIOTHOCT5IM ,lJ,JIH jJ..eMOHCTpaUHH .cpaBHIITeJIbHbIX B03MO)KHocTeli 

p06aCTHoro nO,lJ,xo,lJ,a BHYTPII 06mHX HHTepBaJIbHblX nOCTpoeHHiL 

KaqeCTBeHHO ~pyroH xapaKTep PHnOTe3bI npH06peTaIOT, KorjJ..a Hy)KHO npHHHTI. 

peweHHe B BHjJ..e COrJIaCHH C Bbl,lLBHHYTbIM (rHrrOTeTHQeCKHM) nOJIO)KeHHeM II He 

corJI3CHH. HanpHMep, HcnpaBeH npH60p HJIH HeT; KOHKpeTH3HpyeTc5I fiHnoTe3a, a 

,.aJIbTepHaTHBoH 6Y,lJ,eT Bce 10CTaJIbHOe, npaB,ll.a, He HCHO lITO. 06pa3HO rOBopH, eCJIH 

rHnOTe3a II KOHKpeTHaH aJIbTepHaTHBa COCTaBJIHIOT HanpaB~1JeHHbIH ,lJ,HllOJIb, TO TyT 

QH OKa3bIBaeTCH HeopHeHTHpOBaHHbIM, HO 33KpenJIeHHbIM CO CTOpOHbI flHIlOTe3bI. 

ITOCT3HoBKa IH MeTO,lJ,bI nOjJ..xo,lJ,a K 3TOH 3a,lLaQe c'O,lJ,ep)KaTCH B § 7.5, r,lJ,e npe,lL­

JIaraeTC5I B KaqeCTBe ,B03MO)KHbIX nyTeH HcnOJlb30BaTb HaH,ll.eHHbIe paHee npaBHJIa 

npoBepKH rHnOTe3 H jJ..oBepHTeJIbH~e oueHKH. 

3aLI,aqa pa3JIH4eHHH rHnOTe3 § 7.6 B03HHKaeT npll He06xo)J..HMOCTH pa3,l.I.eJIHTb 

MJIII pa3JIHqHTb Me)K)J..y C060H HeCKOJIbKO COCT05IHH}I 06beKTa. rHrroTe3bI epOpMyJIH­

PYIOTCH B TepMHHax I1lvl, HX nepBHQHble II1pH3HaKHonpejJ..eJIHIOT C060H CTpyKTypy 

·onTIfMaJIbHOrO npaBHJIa (TeopeMa 7.10), MHHHMH3HpYIOlll..erO cyMMapHYIO 01llH6Ky. 

Ero HeOLI,H03HaQHOCTb Y4HTbIBaeTcH BBe,lJ,eHHeM He~Tpa.TIbHOrO perneHHH. KOHKpeTHbIe 

npaBHJIa nOJIY4eHbI ,)J.JIH rHnOTe3, 3a,l.I.aHHblX iKOppeJIHUHOHHbIMH CBOHCTB3MH Ha6JIIO­

)l,eHHH. n'P06~1JeMa pa3JIHQeHHH MHorHX COCTOHHHH npH6JIH)KaeT Hac K HX oueHHBa­

HHlO H ,naLKe MOLKeT pelllaTbCH MeTO)J..aMH reopHH oueHHB3HHH, Borrpoc BeCb ynH­

paeTCH B KpHTepHH aHaJIlI3a Ka4eCTBa H cnoc06bI epOpMHpOBaHHH pHCKa. 


