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§ 1 

B coo6meHHHX 1 1, 21 naHO OilHCaHHe MynbTHnneKCHoro CUHHTHnnHUHOH

Horo c'leT'IHKa c acnonh30BaHHeM anaMapoBcKoro KOJlHpoBaHHH Ha6monaeMoro 

yrnoBoro pacnpeneneHHH '18CTHU / 1 / H MynbTHnneKCHOfi MHllleHH / 2/, M ynbTH

nneKCHblll C'leT'IHK '18CTHU npenaaaHa'leH nnH Toro, 'IT06b! { ocna6HTb 3q>q>eKT 

IIIYMQB C'leT'IHKa, coanaaaeMb!X qlOTDyMHQ)KHTeneM. EcnH noMexH Bbl3B8Hbl q>o

HDM B 3KCnepaMeHTanbHOM aane, Ha,npHMep, B Oilb!Tax Ha BTOpH'IHbIX ny'IKaX 

HH3K0ll HHTeHCHBHOCTH, TO )lnH nonaBneHHH TaKofi noMeXH rO)lHTCH MynbTH

nneKCHaH MHllleHb. 

B o6meM cnyqae B onb1Tax no aa6moneamo penKHX npoueccoB MoryT 

BCTpeTHTbCH CHTyauHH, Korna IlOMexa HMeeT )lBDfiCTBeHHYIO IlpHpony. A HMeH

HO, npacyTCTByIOT KaK q>OHOBbie co6b!THH nepBoro pona, KOTOpbie He 38BHCHT 

OT MHllleHH, BTOpH'IHOro ny'IKa H HanH'IHH CUHHTHnnHTOpa B C'leT'IHKe, TaK H 

q>OHDBbie co6b!THH BToporo pona, KOTOpb1e He 38BHCHT OT MHllleHH H BTOpH'IHOro 

ny'IKa, Ho BKnan KOTDpbIX B noMexy nponopuHoHaneH nonepe'IHbIM paaMepaM 

CUHHTHnnHTopa • .UnH )lOCTH)KeHHH 3KCTpeManbHO 6naronpHHTHbIX ycnoBHfi 

Ha6n10neHHH He06XO)lHMO ocna6HTb 0/lHOBpeMeHHO qlOHOBbie co6b!THH nepBoro 

H BTOporo pona. EcTeCTBeHHD B03HHKaeT HaMepeHHe HCTIOnb30B8Tb KOMnneKC 

H3 MynbTHnneKCHoro C'leT'IHKa H MynbTHnneKCHOfi MHllleHH. TaKoe CO'leTaHHe 

)lByx 'MyJibTHnneKCHbIX ycTpOfiCTB, pa6oTaIOlUHX 0/lHOBpeMeHHD, MO)KHO H83B8Tb 

)lB8)K)lbl MynbTHITneKCHOll CHCTeMofi. 

HH)Ke naeTCH aHanH3 HHq>OpMaUHDHHblX CBOHCTB )l'68)K)lbl MynbTHITneKCHOll 

CHCTeMbl perHCTpaUHH '18CTHU, TTpH 3TOM, K8K o6bi'IHO, HCXOJlHM H3 rrpenrrono-
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)K9HIHI o TOM, qTo ourn6Ka ll3Mepemrn ciioaa H8MHoro Bb!llle, qeM CT8TIICTII

qecKaH Olllll6Ka ll3Mepeani1:, a BKnaa qJOHOBb!X C06b!TIIH rrepBoro poaa B oum6Ky 

ll3MepeHllH cpoaa paBeH BKnaay ciiOHOBb!X co6b!Tlll1 BTOporo poaa. B 3TIIX ycno

BllHX Bblllrpb!lll OT IICl10~b30BaHIIH JlB8)KJlbl MynbTIIITneKCHOH CIICTeMbl per1IcT

paU1Ill qacTllU OK83b!B89TCH Ha1I60nblllllM, a cpeJlHIIH 110Ka3aTenb rrpe!IMyIIIecT

Ba JlB8)KJlbl MynbTHITneKCHOH CllCT9Mbl Hall Tp8JlllllllOHHOH CIICTeMOH OK83b!Ba

eTCH nporropunoaanbHb!M npOll3Be)leHHIO 110K838Teneii npellMyllleCTB MynbTII

nneKCHoro ctieTqnKa ll MynbTllnneKCHOll Mlllll9Hll, 

HanoMHIIM, qTO Olllll6Kll ll3MepeHIIH cpoaa K8K B TpaJlllUIIOHHOH, T8K H B 

MynbTHnneKCHOll CllCTeMe, 06paay10T KOPIIJlOp 110CTOHHHOI1 lllllpHHbl, H938BHCH

MOH OT anaqef!IIH caMOH ciiYHKUIIII, Koraa Tp8JlllUIIOHHflO CIICTeMy ll3MepeHllll 

3aMeHHIOT Ha OJlHOKpaTHO MynbTllnneKCHYIO CllCTeMy, TO lllllpllHa KOPIIJlOpa 

Olllll60K ll3MepeHllll Be3ae yMeHblllaeTCH B noCTOHHHOe qncno pa3, ( p!IC, 1). 
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Puc. I. CneBa - Kp11B8lI II KOp11nop ow1160K ITOCTOlIHHOH WllpllHbI, nonyqa10m11e

ClI npll npoBeneHIIII 113MepeHnfi B ycnoB.lllIX .IIHTeHC.IIBHoro ¢oaa C IlOMOIUb!O 

Tp8llllU.IIOHHOH C.IICT0Mbl perncTpau.11.11 '{8CT.IIU, CnpaBa - peaynbT8Tbl 113Mepe

H.IIH C ITOMOIUb!O MynbT.llnneKCHOH CIICT0Mbl, W11p.11aa KOpnnopa ow1160K yMeHb-

wnnacb B ,j M paa, rne M - qncno To'!eK aa6n10nea.11g, 
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§2 

Tenepb paCCM0TpIIM J].B8)KJ].bl MYJibTIIIIJieKCHyro CIICTeMy. KaK IIpIIMep 

B03bMeM MHorosneMeHTHyro 611nom1pnyro Mmuenb II MHorosneMeHTHhifi 611no

m1pHhIH C'leT'IIIK ( pnc. 2). Ocb, coeJJ.IIHSllOII!8SI ueHTJ?81lbHhlll aneMeHT MIIIIIeHII 

C ueHTpanbHb!M aneMeHT0M C'leT'IIIKa, o6pasyeT C 0CblO IIY'IK8 yron 0 0 

K0T0pb!it H8X0J].IITCH B cepeJJ.IIHe IIHTepBana yrnoB pacceHHIIH, II0J].Jle)Kamero 

113MepeHIIlO. 

fv1 l 

I 

Pnc. 2. llBalK,Qbl Mym,T11nneKCH8SI CIICTeMa per11cTpau1111 'IBCTIIU, COCTOSIII!BSI 
113 611nonS1pHOfi MynhTllnneKCHOfi MIIWeHII II 611nonS1pHOI"O MynhTnnneKCHOI"O 
cqeT'IIIKa. Yron 0 0 Haxo.ctIITCH a cepe.ctIIHe IIayqaeMoro IIHTepaana yrnoa. 

Ha pIIc. 3. J].8H8 npocTefilllaSI J].B8)KJ].bl MyllbTIIIIJleKCHaSI CIICTe.Ma, C0CT0H

III8H 113 Tpexs11eMeHTHOfi MYIIbTIIIIJleKCHofi MIIIIIeHII II TpexaneMeHTHoro Mynb

TIIIIJleKCH0ro C'leT'IIIKa. C II0M0II!blO TaKoit CilCTeMbl M0)KHO IIOJly'IIlTb J].8HHbie 

06 yrn0B0M pacnpeJJ.eneHilil 'l8CTilU B IISITil yrnoBb!X IlHTepBanax: -.(l I 
-2 

0 _ 1 , 0
0 

II 0 
2 

• Ha aToM npocTefiIIIeM npnMepe 6yJJ.eT o6'hSICHeH npIIH-

UIIn pa60Tb! llB8lKllbl MyllbTIIIIJleKCH0fi MII!IIeHn. HaIIOMHIIM, 'ITO mo6aH MYIIbTII-
1 
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P11c, 3, ITp11Mep npocTefiwefi .QB8lK.Qbl MynhTllnneKCHOfi CIICTeMbl, M11weHb 
IIMeeT Tpll sneMeHTa ( M = 3), Ba11ay npllB8.Q8Hbl 3H8'18HIISI sijlq>eKTIIBHbIX 
B8COB 113MepeHllfi .QmI K8)K.QOro 113 llSITII ( 2 M - 1 ) IIHT8pBanoB yrnoB, 

nneKCHaSI CHCTeMa B OTnHtJHe OT rOAOCKOITHtJeCKOll CHCTeMhl o6naaaeT CBOHCT

BOM HenoKanH30BaHHO perHCTpHpOB8Tb tJaCTHllbl, l.,MbICn 9TOro Bb!pa>KeHHSI 

COCTOHT B TOM, 'ITO B MynhTHnneKCHOll CHCTeMe nomIOCTbIO TepSieTCSI HHcpop

M8llHSI O TOM, qepe3 KaKOll 9neMeHT MynhTHIIneKCHOll CHCTeMbl npowna tJaCTH

ua. BMeCTO 9TOro coxpaHSieTCSI HHcpopMaUHSI O nonSipHOCTH 9neMeHTOB, qepe3 

OAHH 113 KOTOpb!X npowna qacTn:ua. TaKHM o6pa30M, npeaMeTOM H3MepeHn:fi 

B MynhTHnneKCHOll CHCTeMe SIBnSieTCSI nnHefiHaSI KOMOHH8UHSI H3 'IHCna qaCTHU, 

nonaBII!HX cpaay B HeCKOnbKO yrnOBbIX HHTepBanoB, ITpH nepexoae OT OAHoro 

H3MepeHHSI K apyroMy npocTpaHCTBeHHaSI KOHcpnrypauHSI nHHefiHofi KOM6n:aaunn:, 

o6pa30B8HHOll K09cp<pHUHeHTaMH +1 H -1, MeHSieTCSI TaKHM o6pa30M, 'ITO HOBaSI 

KOM6HH8UHSI nnHefiHO He3aBHCHMa OT Bcex OCTanhHbIX. 3To ycnoBne nnaefiHOll 

He3aBHCHMOCTH aBTOM8TH'I8CKH o6ecneqnBaeTCSI CBOHCTBaMn TpaacopTorouanb

HOCTH cpyHKUHH g ( i) ' KOTopaSI 38/laeT KO 9cpqmuneHTbl nnae llHOll KOM611Haunn13/, 
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Auanorll'IHS.II uenoKannayeMOCTb llMeeT MeCTO T8K:1Ke ll B llB8:1K/lbl Mynb

TlmneKCHOfi: CllCTeMe C TeM TOllbKO pa3llll'llleM, 'ITO CTpyKTypa MaccnBa K08<p

' tpllUll0HTOB, onpe/lelISI!OIUllX llllHefi:Ho H038BllCllMbJe KOH<pnrypaunn, OK83b!BaeTC.II 

6onee ClI0:1KHOfi:, 'leM B 0/lHOKpaTHO MyllbTllnneKCHOH CllCTeMe, 

Ha pile, 3 IlOK838Hbl HeKOTOpb!e ll3 B03M0:1KHblX HanpaBneHllfi /lBll)K0Hll.lI 

qaCTllU, KOTOpb!e 38XB8Tb!B8IOTC.II TaKofi npocTefi11Iefi llB8)K/lbl MYllbTllnneKCHOfi: 

CllCTeMon. BnllHO, 'ITO 8tptpeKTllBHOCTb perncTpaunn pa3llll'IH8 /lll.lI pa3Hb!X yr

lIOBb!X llHTepBanoB. HanMeHbllIYIO stptpeKTllBHOCTb llMelOT yrnOBbJe llHTepB8llbI, 

pacnono)KeHHb1e no Kpa.11M, UeHTpanbHhifi yrnoBoii llHTepBan o6na)laeT caMofi 

60llbll10H 8tptp0KTllBHOCTblO, nerKo Bll/l0Tb, 'ITO 3/l0Cb llMeeTC.II Tecua.11 auano

rn.11 C KpllBOH yrnoBoro pa3pe11IeHll.lI Tp8/lllUllOHHOH CllCT0MbI, COCTO.IIIU0H ll3 

o6b!'IHOH Mllll10Hll ll o6bI'IHOrO C'l0T'lllKa ( pnc. 4). flpn 0/lllHaKOBbIX nonepe'IHbIX 

paaMepax Mllll10Hll ll C'l0T'IHKa KpllB8.II paapellleHH.II UMeeT Bll/l TpeyrollbHOro 

llMilYllbCa. 

l13MepeHll.lI ~ /lB8)K/lbl MynbTnnneKCHOfi CllCTeMe Bb!IlOlIH.IIIOT B cne)lylOII(eM 

nop.11/lKe. Bb16npa10T onpe/leneHHYIO H8'18llbHYIO KOH<pnrypaun10 sneMeHTOB MHllleHll 

n sneMeHTOB cqeT'lllKa, 3aTeM nocne KB:1K/loro naMepeun.11 nocne/loBaTenbHO ll3Me

H.IIIOT KOH¢nrypaunn sneMeHTOB Mllll10Hll ll C'leT'lllKa, ITonuoe 'lllClIO uenoBTOP.11-.,, 
IOIUllXC.11 KOHtpnrypauntt paBHO 3x3 = 9, llllll M , r)le M - 'll!ClIO sneMeHTOB 

B Mllll10Hll ll B C'l8T'IHKe, Me)KJly T8M 'lllClIO yrnoBbIX llHTepBanoB paBHO 5 

B paccMaTpl!BaeMOM 'IBCTHOM npl!Mepe, 111111 ( 2 M - I ) - B o6meM cnyqae, 
:t 

0TCIO/l8 Bll/lHO, 'ITO MaCCHB ll3 M /lSHHb!X o6na/laeT H36bITO'IHOCTblO, 11 ero 

ueo6XO/ll!MO npeo6pa30B8Tb B MSCCl!B 113 ( 2 M - I ) /l8HHbIX, 3Jl8Cb B03M0:1K

Hbl /lBa IlO/lXO/la, IlepBb!H 113 HllX 38Klll0'188TC.II B TOM, 'IT06bI npepBaTb Oilb!T 

nocne nony'l8Hll.lI MSCCl!Ba 2 M - I ) /l8HHbIX. 8To C He11a6e:1KHOCTblO Ilpl!B0-
2 

/ll!T K Bonpocy O TOM, K8Kl18 KOH<p11rypau1111 Bb!6paTb 113 B03M0:1KHbIX M KOH-

cp11rypau11ii. BTopofi nyTb 141 - sTo anocTep11opua.11 Tpa.11cqiopMau11.11 M 
2 

Mac

c11Ba B ( 2 M - I ) MaccnB. 06bI'IHO aneMeHTbl M X M MaTpl!Ubl cyMMll

py!OT BllOllb rnaBHOH 11 /lpyr11x napannenbHbIX en /ll!arouanen. 

HaKOHeu, /lB8)K/lbl MyllbTllnneKCHYIO Cl!CTeMy, KBK npaBnno, llCilOllb3YIOT 

/lll.lI HilXO)KJl0Hll.lI Bcero TOllbKO M l!CKOMb!X /l8HHbIX, a He ( 2 M - I ) • Ta

KOii Bb16op M8HbWero 'IHCna llBHHbIX Bbl3B8H TeM, 'ITO cpeaueKBBJlpaTH'IHbl8 

Ollll16Kl! l13Mepeuntt l!M8IOT HBllM8HbWee 3H8'18Hl18 B6llll3ll ueHTpanbHbIX ane-
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MeHTOB ( 2 M - 1 ) MaccnBa. TaKHM o6paaoM, rronyqaeTcsr cne.QyIOmasr ue

IIO'IKa li3MepeHlifi H o6pa60TKH. Bcero BbIIIOnHHIOT M :.! li3MepeHHfi, peaynb

T8ThI KOTOpbIX IIO3BOnHIOT HafiTH 3H8'10HliH liCKOMOM <pyHKUlili B ( 2 M - 1 

M :.! • 
TO'IKax. 3aTeM aTli H3Mep0Hlifi TpaHccpopMHPYIOT B M8CCIIB li3 ( 2M - 1 ) 

HCXOJ:lHhIX .QaHHhIX. Ilo 9TliM SKCIIepHMeHTanbHhIM .QaHHhIM C IlOMombIO MaTpli

Uhl o6paTHoro rrpeo6pa30B8HliH HBXOJ:(HT 3H8'18HliH liCKOMOfi cpyHKUlili B (2M-1) 

TO'IKax. Ilpn STOM TO'IKH, pacrronO)K0HHhl0 no KpasrM ( 2 M - 1 ) MaCCHBa 

If liM0IOmHe 0'10Hb Bb!COKH0 oum6KH, KaK rrpaBnno, OT6p8Cb!B8IOT. B rrpeaene 

ncrronbayeTCH TOnbKO M TO'l0K. HecMOTpH Ha cymecTB0HHYIO rrepeorrpeae-
~ 

neHHOCTb HCXOJ:(HbIX J:l8HHhIX, M BMeCTO ( 2M - 1 ) ' If yce'l0Hli8 rrony-

'10HHhl:,r HCKOMhIX J:l8HHhIX, M BM0CTO ( 2 M - J ) 1 rrpenMymecTBa J:(B8)KJ:lhl 

Mynb"HIIneKCHOM CHCT0Mbl rrepeJ:l TpaJ:lliUHOHHOtt CliCTeMOfi OK83h!B80TCH eme 

ar~T8TO'IHO BhICOKHMli. 

//// 
"'1/ VGGGGGGC<GGG4f 

~~ i/. Bo 
~'O • 

o/ 
.1· .. 

I ffl~.,..,..,.,.,,.-c~ 

e.-~e e. e.i-.o1e e 

P11c. 4. Baepxy: cxeMa DIIb1Ta no 11aMepea111D yrnoaoro pacnpeaeneam1 qacT1111 

C IIOMOmhlD MIIIIIeHII M II C'!8T'!IIK8 Cq, Ba11ay: KpllBaH yrnoBoro paape-

WeHllll CIICT8Mhl, KOTOpal! IIpll D.QIIH8KOBhIX paaMepax MIIWeHII II C'!eT'!IIKa IIMe

eT BII.Q TpeyronhHDI'D IIMIIynhCa, 
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§ 3 

AHamrn nmpopMaunoHHbIX CBOiiCTB nBa)KnhI MynhTllimeKCHOfi CllCTeMbl Ha'I

HeM c paccMoTpeHnll cnyqag M = 8 ( pnc. 8). Ha pnc. 5 rrpencTaBneHbI Bee 

B03MO)KHbie M ~ = 9 KOH!pHI"ypaunn B3allMHOI"O pacrrono)KeHnll KapTllHbl Kona 

Mll!IIeHn II KapTllHbl Kona C'leT'lllKa. BbmncaHhl Ha5monaeMbie nnHeHHbie KOM-

5nHaunn 3Ha'leHnii llCKDMOH 'PYHKUllH /(i J / i = -2, -1, o, 1, 2/. 3neMeHTbl 

rrony'leHHOH MaTpllUbl nneHTll!pllpyIOTCll nHneKCOM a 1,. , 1 ( k, l = 1, 2,3). 

"" 1+1+1-1 ++-
c(,z 1+1+1 I 

+-+ ~.J 1+1+1-1 -++ 
-f-z •3fa -f2 • f.2 •2/., -f. •fz f-z- 2f-1 -f. +2/1 • fz 

c(z, e G<zz 1+1 1+1 ~J1+1 1+1 +-+ -++ -
f.1 -f. +2f,-[z f.,·2f.1 +3f. -2f,•i2 -f.z •21.1 -f. •fz 

C:.C3, 

~ 
oC32 

~ c(Jll 1+1+1 -++ - + 
f.1•2f., ·f. ·2f, •fz f., ·f. +2f, -f, -f., + 3J. -f2 

Pnc. 5. Komjmrypaunn KapTnH Kena Mnwean n Kona c11eT'lnKa nBa)KAbI Myn&
TnrrneKcaol! ,CHCTeMb! C M = 3. BblilllC8Hbl aa6monaeMb!e 1111,!!&l!Hb!e K0M6naa
UIIH 113 ( 2 M - 1 ) = 5 3HS'leHnl! llCK0M0ll q>yHKUnn. 3neMeHTbl aToll MaTpllUbI 
06oaaa11eHbI a 1 1 

PaccMOTpllM HeCKOnbKO nporpaMM ll3MepeHnii ll HeCKOnbKO anropllTMOB 

o5pa5oTKll naHHbIX. 

TiepBall rrporpaMMa cocTonT B npoBeneHnn ( 2 M - 1 ) naMepeHnii. TaK 

)Ke, KaK n B TpannunoHHoii cxeMe, rronHoe BpeMSI paa5nBaeTcll Ha ( 2M - 1 ) 

paBHbIX 9KCII03llUllit. MaTpnua Al I OIIllCbIBaromag nepayro rrporpaMMy, rrpn
-1 

aeneHa Ha pnc. Ba. 05paTH8ll MaTpnua,, A , aa.uaromaSI anropnTM 06pa-
1 

6DTKH rrpoMe>KyTO'IHb!X .naHHbIX, npencTaBneaa Ha pnc. 66. nng TOI"O 'IT06bi 

( i =-2,-1,0, 1,2), HaiiTH cpe.UH0KBanpaTll'IHYIO OWH6Ky ll3Mepeanii ~J(i} 

aaiineM cyMMy KBanpaToB aneMeHTOB MaTpHUbl 

own6oK paBHhI 

9 
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A - J no CTpoKaM. 3Ha'leHHSI 
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11/(-2) = 11{(2) = O, 707 u·; 11/(-1) = 11{(1) = 0, Su·; 
'II 

"11{(0) = 0,612a·. 

r 
l 

-2 -1 2 : 1 1 : 
i_i 2 -1 0 1 I 

A1= 1-1 0 3 o -1 I (a) 

[: 0 -1 2 -1 

2 -1 -2 

r 
1 -1 1 1 2 

-1 i O 1 1 1 t j CS) 
A1 = 7f ( 1 o 2 o 1 

l1 1 1 1 0 
2 1 1 -1 1 

~-4llu ~o{12: ___ 13,_, 

(8) ,\cl2l · r·- ---/ 
32'oe'J3 i 

•• .L. .•• _. 

P11c. 6 .:a. MaTp11ua A 1 nepaolt npo:rpaMMbI 11aMepeHlll'I ( 2 M - 1 ) Macc11aa 
11.ll°i-M' ·'--;· 3. -6. 06paTaa11 MaTp11ua A-1 , omtcb1Ba10maH an:rop11TM BoccTa
aoanea11H IICKOMbIX 11.aHHb1x. a. M aTpm]a KOH<p:11:rypau111t al 

1 
• Kpy:mKoM 'o6ae

/J.8Hbl KOH<p:11rypa1m:11, peanH30BSH.llb18 B 8TBX Ollb1T8X ( CM. puc. 5). 

ITonHaSI a:ncrrepc:nSI paBHa ai ( 5) == 1,37 a· BMeCTo y 5 • a anSI TpaanunoHHoi'i. 

cxeMbI naMepeanil:. MaTpnuy o6paTaoro rrpeo6paaoBaHnSI A -i Mirnrno paa-
1 

6HTb Ha cyMMy llBYX MaTpnu (pnc. 7)' OllHa ll3 KOTOpbIX coaep:IKHT TOnbKO 

,, 1" aneMeHThI. 3To 03Ha'IaeT, 'ITO B llBB)Kllbl MynbTHIIneKCHOil: CllCTeMe, TaK 

)1{8, KaK ll B OllHOKpaTHO MynbTnrrneKCHOil: CllCTeMe /5/, MO)KHO llOIIOnHHTenb

HO yny'IllillTb rrpopncoBKy KOHTypa llCKOMOil: ¢yHKunn, ecnn llCKaTb llCKOMYIO 
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cpya:Kunro, cMemea:a:yro Ha nocTosia:a:oe aHa'IeHHe I 
0 • TT01::tC'IHT8HHbie 1::tml nep-

BOfi MaTplIUbl pnc. I 3H8"18HlISI cpeaaexeaapaTH"IHbIX OWH60K paBHbI 

11 f (- 2) = 11 f ( 2) = 0, 5586 ; 11/(-1) = 11/( I)= O, 256; 11{(0) = 0,433a, 

a nonHaSI ancnepcHSI a· t (5) = 0,97 a· (pnc. 8). 

ro , \1 1 17 -2 0 0 J j 1 l I 

-1 0 0 0 o! ! 1 1 j 1 1 i 
-1 i I 1. I 

A=- 0 -1 t -1 o\ + 4 11 1 i 1 1 4 
0 0 0 0 I t 1 i f 

1 0 0 
-!J 

-~ 0 ! 1 
L 

1 t : j 
-1 

Pnc, 7, MaTpnua A l • npe1::tcTaBneHH8ll B BHlle cyMMbl LtByx MSTPHU, Hcnonb-

30B8HHe TOnbKO nepBoli MSTPHUbl npHBOLtHT K BOCCTSHOBnenmo CMemeHHblX 
LlSHHblX, BenH'IHHa CMemeHHll paBHS ~ o 

4/---------------, 
1r 

(0 1/) 

M=3 

o.s 

2M-1 

O,t o,, 

o~--_ .... 2 __ ..... ,-..... 0-.... .,-..... 2--....,..o 

fo= 1-f fi + t-,;I, -f 

i Puc, 8, 3Ha'IeHHll cpei:tHeKBai:tpaTH'I

HblX owu6ox II nona:oli a11cnepc11u 
H3Mepen11li, BblllOnHeHHblX C no -

MO!Ub!O LlBSlKLlbl MynbTHnneKCHoli 
CHCTeMbl no nepBOli nporpaMMe. 
ITpHBeneHbl OWH6KI! necMemeHHblX 

3Ha'!eH11li HCKOMOli q>yHKUHH ( M = 3). 
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3Ha'Iemrn rrony'IeHH'.bIX oum6oK ll3MepeHHfi aaBllCSIT OT CTpyKTYPbl MaTpH

Ubl A • TaK, HanpnMep1 Ma!puua A 
2 

, npuBeJleHHasi Ha puc. 9a, JlaeT 6onee 

BbICOKHe onm6KH, '19M MaTpHua A 1 • Ha puc. 96 JlaHa MaTpHua o6paTHOI'O 
t 

rrpeo6pa30BaHHSI. Ha puc. 10 sTa MaTpHua paa6HTa Ha cyMMy JlBYX MaTpHU, 

O)lHa ll3 KOTOpblX COJl8P:lKMT TOnbKO ,, l" sneMeHTble Ha puc. 11 IIplIB8Jl8Hbl 

3H8'18HlIH cpeJlH8KBaJlpaTH'IHblX OllllI60K lI3Mepeantt JI nonHbie JlllCIIepc1rn:. BHJl

HO, 'ITO lICIIOnb3OBaHHe MaTplIUbl A 2 IIplIBOJllIT K cymecTB8HHO 6onee Bbl

COKlIM Olllll6KaM, '18M MaTpHua A 1 

7 
t -2 -1 2 1 I 

-1 2 -1 0 1 i 
I 

A2 = I 1 -2 3 -2 1 j 
j O -1 2 -1 j 
1 2 -1 -2 1 

0 0 i 
.2 i 

-1 1 ,-t 
A2=if -1 

0 

1 

2 2 

2 1 

2 1 

o(., ol,i 

oti, l1lzz 
<Qf c4a 

: ;jl 
2 -1 

2 -1 

0 0 

cl,:$ 

"· .(,, 

(a.) 

c&) 

ce) 

Pnc. 9.a. MaTpnua A2 BT0pott nporpaMMb! H3Mepeanl1 ( 2M - 1 ) MaCCHBa. 
-J 

6. O6paTH8H M8Tpnua A 2 • 0IIHCblB8IOW8SI anropHTM B0CCT8H0BneHHSI HCK0-

Mb!X A8HHblX. B. MaTpHua Komf>Hrypauntt a 11 .. Kpy:lKKOM o6BeAeHbl KOHljJH

rypaunn, peanH30B8HHble B aTHX 0IIbiT8X (c.M. pHC. 5 H pHC. 8). 
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-1 -1 0 

-2 1 0 
-i 1 

A2 ... 'if -2 i t 

1 (j 

1 -1 

1 -2 

1 -2 -1 1 0 

o O -1 -1 

r~ 
i i, t + y 

( 1 

l1 

1 l 

1 1 

1 1 
1 1. 
1 1 

1 1 1 
1 1 ! 
1 "1 . 

1 t 
1 J 

Puc, 10, MaTpHua A-: , npencTaBneaaa>1 B Bline cyMMbl nayx MaTpuu, Be
nH'IHHa cMememrn paaaa l 0 

~1 ~-----------, 
0 

1P (0 

o.s q5 

M=3 2M-1 

iffl qt q, 

0 0 -2 -1 0 2 

L=-tr1-z+1zJ-f 

Puc, 11, 3Ha'l9HHH cpenneKBanpaTH'IHblX OlllH6oK H nonaoi! llHCnepcHH H3Me
peam' BblITOITH9HHb!X no BTOpoi! nporpaMMe (cM, pHC, 8 ). ' M = 3). 
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2 
TpeTbH nporpaMMa 3aKJIIO'!aeTCH B npoBe)leHim M H3MepeHHH. 3.aecb 

nonaoe BpeMH, OTBe.lleHHo.e llJlH OllbITa, pa35HBaeTCH Ha M 2 
paBHblX 9KCno-

3l!UllH, a He Ha ( 2 M - 1 ) , KaK B npe.llblllYIUHX nayx nporpaMMax HJIH B Tpa

llHUHOHHOH Cl!CTeMe. Ha-sa COKpameHHH JlJIHTeJibHOCTH Kam.aoil: 9KCll03HUHH 

oum5Ka H3MepeHHH, Bbl'IHCJieHHaH no sneMeHTaM o5paTHOH MaTpHUbI, nom1ma 

6b1Tb yaennqeHa B K pas, rne 

7 
k=\}--

2M-l 

9 vs 

1 -2 -1 2 
. 7 

-2 4 -2 0 2 

A3=!-1 -2 9 -2 -1 I 
2 0 -2 I/ -2 j 
1 2 -1 -2 1 

r , 
) 2 -1 1 2 ~ \ 
: I 

_1 ;-t 2 1 2 2 I 
A i' I -=-!J12"11; 

3 12 I I 
j 2 2 1 2 -t \ 
I ' Ls 2 1 -1 2 J 

' ' ' 

( I) 

(Q) 

(8) 

c6, 

2 
Pnc. 12. a. MaTpnua A, TpeTbett nporpaMMbl H3M8peanlt M MSCCHBa, 6.O6-

paTHSSI MaTpHua' A ; 1 anropHTMa B0CCT8H0BJ18HHSI HCK0MblX Jl8HHblX. B, MaT
pmia KOHq>Hrypauntt a ~ z , Kpy)KKOM o6BeJl8Hbl KOH,PHrypaunn, peanH30B8HHbl8 

2 ~ 

B om,ITe, Bcero Bb!Il0nHeHo M .. 9 H3Mepeantt, peaynhTSTbl K0T0pblX cyMMH-

poBaHbl no cTpenxaM, 
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Ha pHc. 12a aaHa MaTpnua A 1 TpeTbeii: rrporpaMMhI. OHa rronyti:eHa H3 Mac

cnBa M ~ aaHHblX rryTeM cyMMHpoBaHHSI peaynhTaToB ll3MepeHHll BJlOnh rnaBHOll 

n rrapannenhHhIX eii: anaroHaneii: MaTpllUhI a 11 • Ha puc. 125 aatta MaTpuua 

anropHTMa BOCCTaHOBneHHSI. Ha puc. 13 MaTpHua A- 1 rrpeacTaBneHa B BH)le 
3 

cyMMhl JlByx MaTpHU, 3aati:eHHSI cpeaHeKBa)lpaTH'IHhIX OWH50K TpeTheii: rrporpaM-

Mhl rrpHB9)l9Hhl Ha pnc, 14. 

r 1 -2 0 1 L/ 1 1 1 1 1 
-j /-2 1 0 1 '1 j 1 1 1 1 A i, 1 

3= 12 /: 
0 l 0 0 + t l 1 { 1 

12 
0 1 -2 1 1 1 1 1 

~4 1 0 -2 1 J j i 1 1 1 

PHc, 13, MaTpnua A -1 
, npencTaaneHHa.11 a anne cyMMhI nayx MaTpnu, 

3 

113 puc. 8, 11 H 14 BH)lHO, 'ITO own5KH H3MepeHnii:, BhmonHeHHh!X C 

IIOMOIUb!O )lBa)K)lbl MynhTHIIneKCHOfi CllCTeMhI, OKa3bIBaIOTCSI paannti:HhIMH B paa

Hh!X TOti:Kax OTC'IeTa, Eonee Toro, OWH5KII H3M9HSIIOTCSI rrpn rre pexoae OT Oil

HOH rrporpaMMhl II3MepeHHll K Jlpyroii:. HaHM9HhWYIO JlHCIIepCIIIO IIMeeT TpeTbSI 

rrporpaMMa: a· 
I 

= 1, 15 a 

aaeT BTopaSI rrporpaMMa: a· 
I 

a, CNleIU, 

1, 7 a· 

0,86 a , Han5onhwy10 JlHCrrepcuIO 

a I CMeIU. 1,39 a 3.[leCh 

C Heo5XOJlHMOCTh!O B03HHKaeT rrpo5neMa OIITHMII38UHH KaK rrporpaMMbl H3Me

peHHSI, TaK II anropHTMa BOCCT8HOBneHHSI, 

§ 4 

M O)KHO IIOK838Th, 'ITO anropHTMhl BOCCT8HOBneHHSI, OIIHCbIBaeMhie MaT

pHU8MH na pHC, 7, 10 H 13, OK83h!B8IOTCSI BeCbMa 5nH3KHMH K OIITHManhHbIM, 

ilnSI sToro naii:)leM rronHYIO )lHCIIepCHIO B 38BHCHMOCTH OT o5mero rrapaMeTpa 

cMeIUeHIISI a I .[l05aBnSieMoro KO BCeM aneMeHTa~ o5paTHbIX MaTpnu. 
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4/ 
1r 

"' 
tO~ 

~':2,2, 

• 1~ 
M=3 

6t=(f5 

q5 0,5 

,.,,2 

q1t A3 
- -~jq, 

0 ' -2 -1 0 t 2 l o 

r.= 1-z+fa ~ /'-, .. 1, ~ .I!.. 
12 6 4 

Puc, 14, 3aaqeHHH cpenaeKBanpaTnqHblX own6oK n nonaon nncnepcnn H3Me
p_eanA, BbJnOIIlleHHblX no Tp8TbeA nporpaMMe ( CM, pnc. 8 ii pnc. 11). ( M =3). 

-l 
ITonHaH nHcrrepCHH MaTpHUbl A • paBHBH 

2 
a (a) , 

1 2 V ( 30 + 40 a + 25 a ) , 

2 

( 2) 

IlpHHHMaeT MHHHManLHoe 3H8'10HHe a· (min) 
t 

= 0,875 IIpH a O = -0,8. <l>aKTl!-

'l0CKH HCITOnhayeMoe aHa'leHHe a O paBHO -1. ITonaag nncrrepCHH MaTpHUbl 

A-1 

2 1 2 
a· ( a) = -( 106 + 72 a + 25 a ) 

1 144 ( 3) 

2 
IlpHHHMaeT 3Ha'leHHe 

ayeMoe aaa'leHHe a 0 

a· (min) = 0,375 rrpH a = -1,44, <l>aKTH'leCKH HCIIOnh-
1 0 

paBHO -1. Ha pnc. 15 IIpHBeneHbl KpHBbie nonHol1: 
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of{oc} 

3.0-

2.0 

1.0 

f-.1=3 

00----'---=---.1.--..1._...__-0---~--'--J..--.J---
-2, -1 0 2 ci 

• 2 
Pnc, 15, KpHBh1e saBHCHMOcTel! nonHol! .ttncnepcnn a, ( a) nsMepeHnl! 

B 38BHCHMOCTH OT napaMeTpa CMOll.leHHS! a , CTpenKH YK83h!B8IOT nono)Ke

HHS! MHHHMyMa nonHol! .tlHCnepcnn .ttnsi paccMoTpeHHblX Tpex nporpaMM H3MO
peHHl!: ( M = 3), 

.t1ncnepc1m B saBHCHMOCTH oT napaMeTpa a nng Tpex nporpaMM H3Mepe1mit: 

A 
3 • Xopowo BH.tlHbl npenMyllleCTBa TpOTheit nporpaMMb!, Bo-

nepBblX, nncnepCHH H3MepeHHH 0K83blB80TC51 H8HMOHbIIlei1, Bo-BTOpbIX, 38BHCH-

MOCTh nonHOH nncnepcHH OT napaMeTpa CMOillOHHH a OK83b!B80TC51 6onee 

nnaBHoit, a cnenoBaTenbHo, 6onee ycToitqrrBoit, qeM nnH ocTanbHbIX nByx npo-

rpaMM, TaK, HanprrMep, sHaqeHHe a -2 B TpeTbeit nporpaMMe naeT nprr-

MepHo Ty )Ke nonHy10 nncnepcn10, qTo H a = -1, 11s pnc, 15 T8K)Ke MO)KHO 

38KnIOqHTh, qTo BbIHI'pblIII nBa)K.tlbl MynhTHnneKCHOii: CHCTOMbi no OTHOIUOHHIO 
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K Tpa.QHUHOHHOH CHCTeMe paBeH ,J 5 I 0,375 
5 

0,375 
nn•urne onrn6KH naMepellllil:, nnn 

= 3,65, ecnn ero OTHOCHTb K Be

= 13,33, ecnn ero OTHOCHTb KO 

BpeMeirn naMepeHHil:, KOTOpoe Heo6xo.nHMO aaTpaTHTb, 'IT06bI nony'IHTb aa

.naHHYIO own6Ky. 

4/-------------, 
1r 

M'=11 

,p ~3,12 tp 

M=l 

2M-1 6t=t,st 

0,5 qs 

qt 0,1 

o._...__..__.__.___,__.__.__,__._.....___.__._..........,, 
3 5 l 9 ft f3 t 

P11c. 16. 3HatteH11.11 cpe11HeKBa11paT11'1HhIX ow1160K II nonHoll /lliCnepcnn naMepe

~11ll, BbIIIOnHeHHhlX C IlOMOl!lblO llBSlK/lbl MynbTllnneKCHOti CHCT8Mbl npn M = 7. 
Hcnonb3YIOTCSI TOnbKO M = 11 TO'IeK Ha6n1011e1m11, BMeCTO 2M-1 = 13. 
HaMepeH1111 ne11yT no llBYM nporpaMMaM: M 2 

- nporpaMMe n ( 2 M - 1 )- npo

rpaMMe. TaKlKe IlOKa3aH peaynbTaT HeOilTHMH311pOBaHHhlX naMepeHHH 'ISCTH'IHO 

CMemeHHblX JlSHHhlX ( a 
1 

= 0,97). 
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I 
. IIOJIHAH n H C II E P C R H B 6' 

M M Tpa)tl(It~ O~HOKpaTHO KynDTBIIJieKCH8.ff Juia~ JIYXDTHnneKCHaff 
CHCTe- CHCT8lla CHCT6Ka 

Ma Ymmo- EHnoJrnp- EHnOJUlp- Ymmo- :6Hnom1p- EHnon.Hp-
JUIJ)HaH Haff Haff CO mq>Haff Haff Hafl CO 

CM80(8H. CM80(8ID'l8ll 

3 8 2,25 I,5 0;562 2,56 - -
8 

5 5 - - - - 0,737 0,875 

co 7 7 3,06 I,75 0,766 2,00 - -
7 

II II - - - - I,76 I,II 
- H80IITHM. 

p 
II II 3,36 I,834 0,84 I,5I - -

II 
I7 I? - - - - - -

4M2 
~ [i1!r ~

2 

.. 
,., 2212 - -M M M (M+I)2 ,.. 

M+I . M 



§ 5 
'I 

B Ka'leCTBe BT0p0I"0 npIIMepa JlBa)KJlbI MynhTIInneKCH0i1: CIICT9Mbl 6bm 

paccMoTpeH cny'lail: M , = 7. 3Ha'leHIISI oum6oK II3Mepe1mi1: npIIBeJleHbI Ha 
~ , 

pIIc. 16 JlnSI nporpaMM M II ( 2 M - 1 ) C00TB9TCTB9HH0 C nonHhIMH JlHC-

nepcIISIMII r,· = 1,22 11 r,· = 1,81 BMeCT0 r, = 3,32 JlnSI Tpa)lIIUII0HH0il: 
t t t 

cxeMhI. TaM )1{9 npHBe)leHa KpHBaSI oum6oK JlnSI 0JlH0I"0 BapIIaHTa B0CCTaH0B-

neHIISI CMemeHHhIX 3Ha'leHIIi1: qiyHKUIIi1:. Bonpoc 06 onTIIMHsauHII nporpaMM II3-

MepeHIIi1: II anropIITMa B0CCTaHoBneHIISI 3)l9Cb He paccMaTpIIBancsi. OJlH8KO 

BHJlH0, 'IT0 anropIITM B0CCTaHoBneHHSI aeonTHManbH0 cMemeHHblX qiyHKUHi1: naeT 

nonHyIO JlIICnepCHIO B (1,25) 2 
pas M9Hbllie, '19M npH B0CCTaHoBneHHII aecMe

meHH0il: qiyHKUIIH. 

B Ta6nIIue npIIBeneHbl 3Ha'leHIISI nonHb!X JlIICnepcIIi1: JlnSI pa3HbIX CIICTeM 

Ha6nIOJl9HIISI. BIIllHO, 'IT0 JlBa)K)lbl MynbTHnneKCHbie CIICT9Mbl perIIcTpauIIH qac

TIIU 06nana10T Bb!C0KIIMH IIHqJOpMaUIIOHHhIMH II0KasaTenSIMH, K0T0pbie xapaKTe

pIISYIOTCSI Gonee ySKIIM K0pIInopoM OWH60K II3Mepemrn qioaa, '19M B TpaJlHUH0H

HOi1: H 0)lH0KpaTH0 MynhTIInneKCH0i1: CIICTeMax. ilBa)Kllbl MynbTHnneKCHbJe CIIC

TeMbl naroT H90JlHHaK0Bb!9 3Ha'l9HIISI OWII60K II3MepeHHi1:, npH'leM,. KaK npaBHII0, 

HaHMeHbWHe OWH6KII II3MepeHHi1: HMeIOT ueHTpanbHb!e y'laCTKII II3y'la9M0I'0 IIH

TepBana YI'II0B. 

HHCpopMaUIIOHHbie II0KasaTelIH nBa)Kllbl MYIIbTHIIII9KCH0i1: CIICT9Mbl BapbIIpy

IOTCSI B lliHp0KHX npenenax B saBIICIIM0CTII OT nporpaMMbl ,II3MepeHHi1: II anro

pIITMa B0CCT8H0BII9HHSI IICK0Mb!X JlaHHhIX, 8TH noKasaTelIII ll0II>KHbl 6b!Tb 0IITH

MH3IIpoBaHbl npII nnaHIIp0BaHIIH 9KcnepHM9HTa nyTeM M0ll91IHp0BaHHSI Ha 8BM. 

B aaKnro'leime asTop Bb1pa>KaeT 6naronapaocTh T,A. CTpII>K aa noMomh 
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