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11-7/ B npellbillYIIIMX coo5meHHHX 5brnH H3no>KeHhi TeopHH CMHTeaa H 

npMHuMn pa5oThi MynbTHnneKCHhiX cHcTeM perHcTpauHH qacTHu. Heo5xoaH

MOCTh a TaKHX CHCTeMaX ao3HHKaeT aCHKMa pa3, KOr)la TO'IHOCTb H3MepeHHft 

onpeaenHeTcH He cTaTHCTHKoa none3HhiX co5hiTHa, a noMexaMH, coaaaaae

MbiMM aHelllHMMH ycnoaHHMH OllbiTa H lllYM8MH )leTeKTOpa '18CTHU. C ilOMOIUbiO 

MynbTHllneKCHblX CHCTeM perHCTp8UHM qaCTMU )lOCTHraeTCH noabiUJeHHe KOs<fl

~HUHeHT8 none3HOrO )leHCTaHH 9KCnepHMeHT8nbHOH O)lHOK8H8nbHOH ycTaHOaKH 

H ocna6nHeTCH anMHHMe apeft~a a~eKTHaHOCTH H3MepMTenbHOH annapaTypblo 

B aaHHOM coo5meHHH noapo5Ho aHanH3HpyeTCH paaaeneHHe MynbTHnneK

CHhiX CHCTeM Ha yHHllOnHpHbie H 5HnOnHpHbie. 8 K8'l:eCTae THilH'IHOrO npHMepa 

MynbTHnneKCHOli CHCTeMbl 5bin a3HT CUHHTHnnSIUHOHHbla cqeT'IHK 1 a KOTOpOM 

ncnonhayeTCH aaaMapoacKoe KOJlHpoaaHHe Ha5nJO)laeMoro yrnoaoro pacnpe

aeneHHH qacTMU 1 11 • B yHHnonHpHOM MynhTHnneKCHOM cqeT'IHKe TpallHUHOHHhra 

CUHHTMnnHTOp 3aMeHeH H8 rpe5eHKy H3 aneMeHTapHblX CUMHTHnnSITOpOB H 

npocaeToa ( pMc. 1). CuHHTMnnHpyJOIIIeMy aneMeHTY rre5eHKH npHnMCbJaaeTCH 

MH)leKC +1, a npocaeTy rpe5eHKM )laeTCH HH)leKC 0. tinH Toro 'IT05hl HaftTH 

anropMTM qepeaoaaHHH CUMHTHnnHpyJOIIIHX aneMeHTOa H aneMeHTOa-rrpocaeToa, 

6epyT KaaapaTHyJO ( M + 1 ) • ( M + 1 ) MaTpHuy AaaMapa c aneMeHTaMH 

+ 1 H -1. 8bi6Hp810T T8KOe npe)lCTaaneHHe MaTpHUbl AaaMapa, a KOTOpOM nep

aaH CTpOK8 H nepabiH CTOn6eu M8TpMUbl CO)lep>K8T TOnbKO + 1 aneMeHTbl, .lla

nee STY MaTpHUY npeo5pa3yiOT cneJlyJOIUHM o5pa30M, 3aqepKHBaJOT nepBblH 

cTon6eu H nepay10 CTpOKy, ace aneMeHThi +1 aaMeHHJOT Ha 0, a ace aneMeH-
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Tbl -1 38MeJISIIOT JIB +1. nony'laeTCSI MaTpHua A u t CTpOKH KOTOpOft nocne 

COOTBeTCTBy~mHX nepeCTBJIOBOK CTpOK H CTOn6uoB npHo6peTa~T CBOftCTBO 

UHKnH'IeCKOft nepeCTBHOBKH, A HMeHHO, ecnH aneMeHTbl nepsoft CTpOKH MBTpH

Ubl o603H8'1HTb 'lepe3 g I (i) t TO aneMeHTbl BTopoft CTpOKH OflHCbiBB~TCSI 

¢lyHKUHeA g (i + 1) , H B o6meM cnyqae aneMeHTbi k -cTpOKH onpenenH-
2 + 

~cH ¢lyaKuHeA g (i + k) , rne HHneKc M oaaaqaeT, 'ITO cno~eHHe 
M 

seneTCH no Monyn~ M , 6ea nepeaoca, 

/ 

Clll11_,. ~ 
/ 

/1111 / 

PRe, 1. CxeMa yaRnongpaoro MynbTRnnexcaoro CURBTRnnHUROBBoro c'leT'IRKa, 
B KOTOpOM RCnOnb3yeTCH aaaMapOBCKOe KOaRpOBBBRe yrnOBoro pacnpeaeneBRSI 
'IBCTRU, CURBTRnnHTOp RM88T BRa rpe6eHKR R3 aneM8HT8pBbiX CURHTRnnHTOpOB 

R npOCB8TOB, HcnOnbayeTCSI DaRB CB8TOBoa, oaRH ~3Y R OaRH C'I8T'IRK HM
nyn&COBo nonaoe 'IRCno aneMeHTOB M- 11. 

4 

nRHeltBO H838BRCRMh18 KOHijiRrypaURR 8JI8M8HT8J 

npocBeToB ana cnyqaa II • 8 nony'laiOTCH Ra MaTpR 

1 1 1 

-1 1 -1 . 
H ··= 

4 . 
1 1 -1 -1 

-1 -1 1 

R o6paayiOT yaanonapay10 MaTpHuy 8 x 8: 

A ( 
1 0 1) 
0 1 1 

1 1 0 
u 

EcnH COBOKynHOCTb RCKOMhiX aaHBhiX npeaCTaBHTb B 

f ( 'J . f 2 • 
f ) , a peayn&TaTbl Tpex aeaaBH 

3 

BHae MaTpRUhi-cTon6ua r ( r 
1 

, r 2 , r 3 ) , To 

'• - f, + I, } 
r = ( + f HnH r = 
2 2 3 

r = ( + f 
3 J 2 -J 

06paTH8H MaTpHUB Au t onpeaenHIOJUBH BOCCTBI 

f = _!_ (-r + r + r ) ) J 2 J 2 3 

1 
( = -(r + r - r } 

2 2 J 2 3 
. 1 f = - (r - r + r ) 
3 2 J 2 3 

HnH 

HM88T BRa 

-J 
A 

u ~
-1 1 1) 
1 1 -1 • 

1 -1 1 

EcnH qepea ~ o6oaaa'IRT& owRtky H3MepeHHH Bel 

KOTOpaH no ycnoBRIO onpeaenaeTCSI TOn&KO OWR6K8MI 

'ITO 
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SlfSIIOT }18 + 1. nonyqaeTCSI M8TpHua A u 0 CTpOKH KOTOpOft nocne 

ByJOmHX nepeCTSlfOBOK CTpOK H CTOn6UOB npH06peT810T CBOftCTBO 

fi nepeCTSHOBKH, A HMSHH0 0 ecnH sneMSHTbl nepBOfi CTpOKH M8TpH-

'iHTb qepea 

g (i + 1) 
2 

uuea g (i 

g 1 (i) 0 TO sneMeHTbl BTOpofi CTpOKH OflHCbiBSIOTCSI 

, H B o6meM cnyqae sneMeHTbi 
+ 

k-cTpOKH onpeaenB-

+ 
M 

k) , rae HHaeKc M oa!faqaeT, 'ITO cno~eHHe 

MoaynJO M , 6ea nepeHoca. 

/ 
{/ 

I j 

I' 
/ 

.1/ 
I /II 

:II,- / 

CxeMa YHHDOnHpHoro MynbTHnneKCHoro CUHHTHnnHUHOHHOrO C'ieT'IHK8
0 

OM ucnonbayeTcH aaaMapoBcKoe KoaupoBaHHe yrnosoro pacnpeaeneHHH 

CUHHTHnnHTOp HMeeT BHa rpe6eHKH H3 aneMeHTSpHhlX CUHHTHnnHTOpOB 

eTOB, J1cnonbayeTcH oaHH CBeTOBoa, oaHH <1>3Y H oaHH C'ieT'IHK HM-

• flonHoe 'iHCno aneMeHToB M • 11. 

4 

nuaeltHO He38BHCHMble KOHcjlHrypSUHH aneMeHTSpHbiX CUHHTHnnHTOpOB R 

npocBeToB anH cn)"laB II • 8 nony'ISIOTCH H3 MaTpHUhl AaaMapa 4 x 4, 

1 1 

-1 1 -1 
8 4'= I I (I) 

1 1 -I -1 

-1 -1 1 

H o6pa3y!OT yRRDOnHpHyiO M8TpHUY 8 X 8: 

( 
1 0 1) 
0 1 1 

1 1 0 

(2) A 
u 

EcnH COBOKynHOCTb HCKOMbiX aaHHhlX npe.aCTSBHTb B BH.!le M8TpHilhl-QTOn6ua 

f ( { o { o { ) o 8 peaynbT8Tbl Tpex He3SBHCHMhlX H3MepeHHit - B 
J 2 3 

BH.ae M8TPRUbi-QTOn6ua r ( r 
1 

, r 
2 

o r 
3 

) 0 TO 

'1 = ~ + f3 

r = f + f 
2 2 3 

r = f + f 
3 J 2 

}_, HnH r = Au. f . ( 8) 

06paTH8H M8TpHU8 Au o onpe.aenHIOlUSH BOCCT8H8BnRB810mRe onep811HR 

f = .!_ (-r + r + r ) ) 1 2 1 2 3 

1 f = -(r + r - r ) 
2 2 1 2 3 

I f = - (r - r + r ) 
3 2 1 2 3 

HnH 

HMeeT BH.!l 

_, 
A 

u ~
-1 1 I) 
1 1 -I • 

1 -1 1 

-I 

f = Au r ' (4) 

(5) 

EcnH qepe3 u o603H8'iHTb OWH.y H3MepeHHH BenH'iHH r ( r 0 r 0 r ) 0 I I 2 .J 

KOTOpaH DO ycnoBHIO onpe.aenHeTCH TOnbKO OWH6KSMH H3M9p9HHH cjlOH8 0 T8K 

'ITO 
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i 
,I 

rae 'io 

r r ±. a 
iO 

(i = 1,2,3) ' 

pe3yllbT8Tbl H3MepeHHSI B OTCyTCTBHe cPOH8 1 TO OlliH6Ka 

HCKOMbiX .ll8JflfbiX 

paBHSieTCSI 

2 

( !l f ) 
j 

fi fi 0± !lfi 

122122122 
(-} a +(-} a + (-} a 

2 i 2 j 2 i 

3 
-a 
4 i 

2 

( 6) 

ll I; 

( 7) 

( 8) 

TioCKOllbKy llOCTOpOHHHA cPOH no ycnOBH~ HBllSieTCSI llOCTOSIHHOA BellH'IHHOA, 

TO OlliB6Ky H3MepeHHH cPOH8 MO)KHO xapaKTepH30B8Tb cpe.llHeKB8.1lp8TH'IHblMH 

3H8'1eHBSIMH fl { H a 

TaKHM o6paaoM, KOpH.IlOP OlliH6oK cPYHKUHH f HMeeT nocTOHHHY~ lliH-

pHHY H938BHCHMO OT 3H8'19HHA CSMOft cPYHKUHH { , TionHaH .llHCnepCHH H3Me-

peauA IPYHKUHH 

2 
BM9CTO 3 'a 

B ,llaHHOM npHMepe paBHa 

2 2 
a

1 
= 3·(llf} 

9 2 

-;ra ( 9) 

B cnyqae, ecnH 6bi HCllOllb30BallCH Tpa.llHUHOHHbii CUHHTHll-

llHUHOHHblft C'I9T'IHK C O.llHHM CUHHTHllllHTOpOM, 

!12 

B 6unonHpHoM MynbTBnneKCHOM PUBHTBnnHUBOHHOM c~eT'!BKe ucnonbay

~T ,llBe rpe6eHKH, aneMeHTbl KOTOpbiX B3aBMHO .llOllOllHH~T .llpyr .11pyra, o6pa-

3YH reTeporeHHbiA C~HHTHllllHTOp ( pBC, 2), 3neMeHTapHbiM CUHHTHllllHTOpaM, 

CBeTOBbi9 BCllbllliKH H3 KOTOpbiX nona.11a~ B HH)KHHA CBeTOBO.Il, npBllHCbiBaeT

CSI HH,IleKC + 1. 3neM9HT8pHble CUHHTHllllHTOpbl 0 CB9TOBbl9 BCllbllliKH H3 KOTO

pbiX nona.11a~T B BepXHHA CBeTOBO.Il1 uv,e~T HH.IleKC -1, nm1 TOrO 'IT06bi 

HSftTH anropBTM qepe,llOB8HHH HanpaaneHBSI BbiXO.Il8 CBeTa1 6epyT KBa,llpaT-

HY~ ( M + 1 ) • ( M + 1 ) MaTpuuy AaaMapa c aneMeHTaMH + 1 B -1 B 

TaKOM npe,llCTaBneHHH, 'ITO nepBaH CTpOKa H nepBhlA CTOn6eu CO.Il9p)K8T TOllbKO 

aneMeHTbi + 1. 3aTeM aTy MaTpBuy npeo6paay~T cneay~IUHM o6paaoM. 3aqep-

6 

,,, 
i! 

I I,,,, 
:\~\:·:. 

l 

.~ 

l 

., 

KHBS~T nepBbiA CTOn6eu H nepBy~ CTpOKy, 0CT8Bll1Bec~ 

nepeCT8BllSI~ TSK, 'ITO CTpOKH nonyqeHHOA M8TpHUbl np 

HOe Bbllll9 CBOACTBO UHKllH'I9CKOA nepecTaHOBKHo nuaeAH 

cPHrypSUHH qepe.llOBSHHH H8llp8Bll9HBA BbiXO.Ila BCllbillleK C 

CBeTOBO.IlOB .llllH CllY~8SI M - 3 o6pa3y~T 6HllOllHpH 

Cu. 

A = I -1 
B 

-1 

-1 

PHc. 2. CxeMa 6HnonHpaoro MynbTHnneKcHoro CUHHTHnnH 
B KOTOpOM HCnOnbayeTCH 8.118M8pOBCKOe KO~HpOB8HH8 yrn 
HHH '18CTHU, CuHHTHnnHTOp COCTOHT H3 ABYX rpynn aneMI 
nHTopoB, cBeToHaonHpoBaHHbiX .11pyr OT Apyra. CuHHTHnn~ 
Mem.lly BH8WHHMH rpaHHMH ABYX CB8TOBOA0Bo HcnonbayeT 
rHCTPHPYIOtnHlt 6nOK0 H8 BbiXOAe KOTOporo noAKniO'I8H 6H~ 
aneKTpH'I8CKHX HMnynbCOB, 

Tpu ueaaBHCHMbiX H3MepeHHH r r l • r 2 ' r J ) Cu.ll 

Tpex nHH8itHblX KOM6HH8UHHX 

} 
r = f - f + r, 

J l 2 

r =- f + f + f 
2 l 2 3 

r = f + f - f 
J l 2 J 

HnH r = A 

HanoMHHM aAecb, 'ITO perHcTpHpyiOmHA 6noK 6HnonHpHor 

CUHHTHnnHUHOHHOrO C'18T'IHK8 COAep~HT 6HnOnHpHbllt C'I8T 

7 



r ~o ± a; (i = 1,2,3) ' 

aynbT8Tbl H3MepeHHSI B OTCyTCTBHe <J>oHa, TO OIIIH6Ka 

b!X 

{I fi 0.± !if; 

122122122 
(-} a +(-} a + (-} a 

2 i 2 i 2 I 

3 
-a 
4 i 

2 

( 6) 

11 II 

( 7) 

( 8) 

TOpOHHH~ <J>oH no ycnoBH~ HBnHeTCSI fiOCTOHHHO~ BenH'IHH0~1 
epeHHSI <J>oaa MO*HO X8p8KTepH30B8Tb CpeaHeKBaApaTH'IHhlMH 

f H a 

pa30M 1 KOpHAOp OIIIH60K <J>yHKUHH { HMeeT fiOCTOSIHHy~ IIIH-

0 OT 3Ha'leHH~ CBMO~ <J>yHKUHH { • DonHaH AHCnepCHSI H3Me-

/ B ABHHOM npHMepe paBHa 

2 2 
a

1 
= 3·(11{) 

9 2 

-;ra ( 9) 

B cnyqae, ecnH 6b! HCfiOnb30BanCH Tp8AHUHOHHbii CUHHTHn

T'IHK C OAHHM CUHHTHnnHTOpOM. 

§2 

pHOM MynbTHnneKCHOM CUHHTHnnHUHOHHOM cqeT'IHKe HC~Onbay

H, aneMeHTbi KOTOpbiX B38HMHO nononHH~T npyr npyra, o6pa

bl~ C~HHTHnnHTOp (pHC. 2). 3neMeHT8pHbiM CUHHTHnnHTOp8M1 

IIIKH H3 KOTOpb!X nonana~T B HH*HH~ CBeTOBOA, npHfiHCbiBaeT-

3neMeHTapHhie CUHHTHnnHTOpbl 0 CBeTOBbie BCfibiiiiKH H3 KOTO

B BepXHH~ CBeTOBOA 1 H¥e~T HHAeKC -1 • .Qnsl TOI"'O 'IT06b! 

M 'lepeaoBSHHSI HanpaBneHHSI BhlXOAa CBeTa1 6epyT KBBApaT

) • ( M + 1 ) MaTpKuy AnaMapa c aneMeHTBMH + 1 H -1 B 

neHHH, 'ITO nepBaSI CTpOKa H nepBhl~ CTOn6eu conep~T TOnbKO 

3aTeM aTy MaTpKuy npeo6paay~T cnenyiDIIIHM o6paaoM.3aqep-

6 

~-i·:.:·,; 
\,·~ ~ 

·, ~;·.!. 

~· 

, 

~ 

,, 

KHBB~T nepBb!ll: CTOn6eu H nepBy~ CTpOKYo 0CT8BIIIHeCSI CTpOKH H CTOn6Ubl 

nepecTaBnHIOT T8K 1 'ITO CTpOKH nonyqeHHOII: MaTpHUbl npH06peTa~T OTMe'leH

HOe Bhliiie CBOII:CTBO UHKnH'IeCKOII: nepecTSHOBKH. nHHei!:HO He38BHCHMbie KOH

<J>urypBUHH 'lepeAOBBHHSI HanpaBneHHI!: BbiXOAB BCfibiiiieK CBeTa B OAHH H3 ABYX 

CBeTOBOAOB AnH cnyqag M • 3 o6paayiOT 6HnonHpHyiO M8TpHUy 3 X 3 

cu 

A = I -1 
B 

-1 
( 10) 

-1 

PHc. 2. CxeMa 6HnonHpHoro MynbTHnneKcHoro cuHHTHnnHUHOHHoro c'l:eT'IHKa, 

B KOTOpOM HCnOnb3yeTCSI 8A8M8pOBCKOe KO~HpOB8HHe yrnOBOI"'O pacnpenene
HHSI '18CTHU. CUHHTHnnHTOp COCTOHT H3 AByX rpynn aneMeHT8pHhlX CUHHTHn
nHTOpOB0 caeToHaonupoBaHHhlX npyr OT npyra. CuHHTHnnHTop pacnono~ea 
Me~AY BH9WHHMH rpaHSIMH ABYX CBeTOBOAOB. J-fcnonbayeTCH AB8 <1>3Y H pe
I"'HCTPHPYIDIIIHit 6noK, HB Bb!XOA9 KOTOporo flOAKn10'19H 6HnOnHpHblil C'19T'IHK 

aneKTpH'IeCKHX HMnynbCOB. 

Tpu aeaaBHCHMbiX uaMepeHHH r r 1 , r 2 , r 3 ) CvJlepJKaT JlBHHbie o 

nHH:ItH:IX f K~M6;H:UH~X } 

J l 2 3 

r=-f+f+f 
2 l 2 3 

r=f+f-f 
3 l 2 3 

Tpex 

HnH A 
B 

f • 
( 11) 

r = 

HanoMHHM anecb, 'ITO perucTpHpyiOIIIHit 6noK 6Hnongpaoro MynbTHnneKcaoro 

CUHHTHnnHUHOHHOI"'O C'I9T'IHK8 COJlep~HT 6HnonHpHhlll C'I9T'IHK aneKTpH'IeCKHX 
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I 

HMnynbcoa, SToT c~eT~HK perHcTpHpyeT paaaocTb MemAy ~HcnoM ~acTRU, 

DODBBWHX S aneM9HT8pHble CUHHTHnnHTOpbl C IIHJl9KCOM + 1, II ~HCnOM ~BCTHU, 

nonBBWHX B aneM9HT8pHbl9 CUHHTHnnSITOpbl C HHJl9KCOM -1, 

06paTH8SI M8TpHU8 
A -1 

, 38Jl81011{8SI BOCCT8H8Bni!B810WH9 onepSUHII 
B 

1,-l 1•,• 1-' ~ 
f = i (r + r ) 

2 1 2 

1 f = -(r + r ) 
3 2 1 3 

BMeeT Bllll 

-1 

A 
B 

• 
-1 

11n11 f = A r ' B 

[

0 1 1 1 
~ 1 1 0 

1 0 1 

CpellHeKBBJlpBTH~HBSI owH6Ka H3MepeaHll: paaaa a aTOM cny~ae: 

212212212 
(!1.{) =(2} u +(2} u = 2 u 

nonRaSI JlHCnepCHSI H3MepeHHll: paBHB 

2 
u K 

t 

2 3 2 
3(!1.{) = yu 

§3 

( 12) 

( 13) 

( 14) 

( 15) 

Ha cpaBHeHHR (9) H (15) BH~Ho, qTo nonaaR aHcnepcHR HaMepeaHlt 

B OHfiOnRpHOlt CHCTeMe OK83biBaeTCR M9HbWe, qeM B yHHTIOnRpHOlt CHCTeMe, 

Bonee Toro, npeHMymecTBa 6HnonRpaolt cHcTeMbi B aeltcTBHTenbHOCTH eme 

6onbwe, qeM aTo cneayeT H3 ( 9) H ( 15). A HMeaao, cTallHIO aexoaHposaHHR, 

OfiHCbiBaeMyiO oopaTHOlt MaTpHuelt ( 13), KaK OK83b!B89TCR, MO)!{HO ocymeCT

BHTb C fiOMOIIlblO npRMOlt MaTpHUbl ( 10), B peaynbTaTe qero CpeaHeKBall-
1 

paTHqHbie oWHOKH H3MepeHHlt H nonaaR' llHCnepcHR yMeHbWaiOTCR aononHHTenh-

Ho. npaB)la, npH TSKOM anropHTMe ll9KOilHpOB8HHR nonHOCTbiO TepReTCR HHcpop

MSUHR o6·a6coniOTHOM 3HaqeHHH cfJyHKUHH I 
3 /2 f ( f 1 ), HO 38TO 

ynyqwaeTCR npopHCOBK8 KOHTypa cpyHKUHH f • EcnH aTo ycnoBHe coBMeCTH-

MD C aaaaqaMH Ofib!T8 H axcnepHMeHTSTOpy llOCTaToqHo yBHileTb MSKCHMyMbl 

11 MHHHMyMhi Ha cfJoae qacToKona, o6paaosaaaoro noMexoll:, TO B aToM 

o6paTHYIO MaTpHUY 
A -J 

B 
( 13) MO)!{HO npeacTaBHTb B BHile CyMMbl 

8 

cnyqae 

i 

1. 

~~ 

1

0111' 
A = 2

1 1 1 0 =i 
1 0 1 

1 1 1 11 -1 +1 1 

1 -1 1 1 

0 2 2 -1 

2 2 0 
4 

2 0 2 

nepsoe cnaraeMoe B ( 18) onpenenHeT KOHTYPhi cfJyHKUII 

raeMOe 38)l89T BenHqi!Hy CMemeHHR, KOTOp8R OK83b!B 

scex ToqeK. 3nech axcnepHMeHTaTop cpaKTHqecKII Hcno 

cpopMSUIIIO, KOTOp8R 38KnJOqaeTCSI B TOM, qTo cpoH no ~ 

TORHHOfi BenllqiiHOll:o Hall:aeM CpenaeKB81lp8THqHyiO OWi 

HOlt QJyHKUIIII f CMem.: 

2 122122122 
(6. f ) = (-} a +(-) a + (-) a 

cMew. 4 4 4 

nonHSR )li!CnepCIIR CMeWeHHOll: cpyHKUIIII paBH8 

2 
a 

t cMem. 

3 2 
3. -a 

16 

9 2 
=-a 

16 

3 -, 
16 

TaKHM o6paaoM, llllcnepQHR H3MepeaHA, ocymec 

MynbTHnneKCHOlt CIICT9Mbl 0 onpeaenReTCR He TOnbKO 8J 

IIHTerpanbHoro o6paaa - yHIInonRpHhiM 11n11 611nonRpHhiM 

MOM oopaoOTKH - HeCMemeHHbiM HnH CMetUeHHbiM. Pea 

qag M = 3 npi!BeaeHhi B Ta6n. 1. 

§4 

Hall:)leM Tenepb COOTHOW9HHe M9)!{1lY llHCnepCIIRMf 

nRpHbiX MynbTIIfineKCHbiX CHCTeM peri!CTpaUIIH qaCTHU, 

cMoTpHM eme OllHH npi!Mep, anR M = 7. Ha pH c. 3 r 

M8TpHU8 A u anR M 7. KonHqecTBO aneMeHTO 

HB e~HHHUY OOnbrne, qeM KOnHqeCTBO aneMeHTOB '0 

A - 1 anR cnyqag M = 7 npHBeaeaa aa pHc. 4. DanE 
u 

nonRpHaR MaTpHua A 8 o 06paTH8R MaTpHU8 

9 

-J 
A B 



• 3TOT cqeT'IHK perHCTpHpyeT p83HOCTb Me~y 'IHCnOM qaCTHU, 

S aneMeHT8pHbie CUHHTHnnliTOpbl C HHAeKCOM + 1, H 'IHCnOM '18CTHU 0 

B aneMeHT8pHble CUHHTHnnliTOpbl C HHAeKCOM -1. 

TH8ll M8TpHU8 
A-1 

8 0 38A810W8ll BOCCT8H8BnHB810WHe onepaUHH 

.l. (r + r) t 2 2 3 

2
1 (r + r ) 

1 2 

1 
-(r + r ) 
2 1 3 

-1 

A 
8 

HnH f 

[ 

0 1 1 1 
2 1 1 0 

I 0 1 

-1 
A 

8 
r ' 

Ap8TH'IH8ll OWH6K8 H3MepeHHfi paBHS B aTOM cnyqae: 

2 22 122 I 
=(..:....} 0 +(-) 0 = - 0 

2 2 2 

cnepCHll H3MepeHHft p8BH8 

2 3 2 
= 3(tl.{) =yo 

§3 

( 12) 

( 13) 

( 14) 

( 15) 

HeHHll (9) H (15) BHaH0 1 ~TO nonHall .llHCnepCHll H3MepeHHft 

CHCTeMe OK83biB8eTCll MeHbWe 1 ~eM B YHHnOnllpHoft CHCTeMe. 

npeHMyWeCTB8 6HnOnllpHOi!: CHCTeMbl B aeftCTBHTenbHOCTH eme 

aTo cneayeT H3 ( 9) H ( 15). A HMeaao, cTaaHIO aexoaHposaHHH, 

o6paTHOft M8TpHueft ( 13), Ka.K OK83biB8eTCSI 0 MOlKHO ocywecT

IllbiO npliMOft MaTpHUbl ( 10) 1 B pe3ynbTaTe ~ero cpe~HeKB8ll-

6KH H3MepeHHft H nonH8ll .llHCnepCHll yMeHbW810TCll aononHHTenb

pH T8KOM anropHTMe aeKO.llHpOB8HHll nonHOCTbiO TeplleTCll HH~Op-

OniOTHOM aHa'leHHH ~yHKUHH f ( f , I , I • ) , ao aaTo 
l 2 " 

popHcosxa KOHTypa ~YHKUHH f • EcnH aTo ycnosue cosMecTH-

H OnbiTB H 3KCnepHMeHT8TOpy ll0CT8TO'IHO yBH,lleTb M8KCHMYMb1 

H8 ~OHe '18CTOKOna, o6pa30B8HHOrO noMexoA, TO B aTOM 

puuy 
A -1 

B 
( 13) MOlKHO npe,llCT8BHTb B BH.lle CyMMbl 

8 

cnyqae 

l 
i 

I 

I 

I 

~i 

1 
A =y 1 l ' l 0 2 21 [1 1 1 l [1 0 =i 2 2 0 =~ 1 1 -1 +1 1 

0 1 2 0 2 1 -1 1 1 

0 1 

1 1 ( 16) 

1 

Oepsoe cnaraeMoe B ( 16) onpeaengeT KOHTypbi ~YHKUHH f , a BTopoe cna

raeMoe 38.ll8eT BenH'IHHy CMeWeHHll 0 KOTOp8ll OK83biB8eTCll OllHH8KOBOft Jlnll 

scex TO'IeK. 3aecb axcnepHMeHTaTop ~aKTH~eCKH Hcnonb3yeT anpuopHyiO HH

~opMaUHIO, KOTOpaH 3aKniO'I8eTCll B TOM, 'ITO ~OH no ycnOBHIO liBnlleTCll noc

TOHHHOH senH'IHHOft. Hai!:aeM CpeaHeKB8.llp8TH'IHYIO OWH6Ky KOHTypa CMeweff-

HOft ¢yHKUHH f CMem.: 

2 122122122 
(6.{ ) =(-)a+(-) a+(-) a 

cMem. 4 4 4 

OonHall .llHCnepCHll CMemeHHOfi ~YHKUHH paBH8 

2 3 2 9 2 
3 ·-a =-a 

16 16 
a 

t CMem. 

3 2 

16a ( 17) 

( 18) 

TaKHM o6pa3oM, aHcnepQHll H3MepeHHA, ocymecTBnlleMbiX c noMOWbiO 

MynbTHnneKCHOfi CHCTeMbl1 onpeaenHeTCll He TOnbKO anropHTMOM C'IHTbiB8HHll 

HHTerpanbHOrO o6paaa - yHHnOnllpHbiM HnH 6HnOnllpHbiMo HO T8Kll<e H anropHT

MOM o6pa60TKH - aecMemeHHbiM HnH CMemeHHbiM. PeaynbT8Tbl 8H8nH38 cny

'18!1 M = 3 npuseaeHbi B Ta6n. 1. 

§4 

HafiaeM Tenepb COOTHOWeHHe MeJKay .llHCnepCHSIMH yHHnOnllpHbiX H 6HnO

nllpHbiX MynbTHnneKCHbiX CHCTeM perHCTpaUHH '18CTHU. C 3TOft uenb!O p8C -

cMoTpHM eme oaHH npHMep, anH M = 7. Ha pHc. 3 npHBeaeaa yaHnonllpHall 

MaTpHua A u ang M 7. KonH'IeCTBO aneMeHTOB '1' B n106ofi cTpoxe 

H8 eaHHHUY 6onbwe, 'leM KOnH~eCTBO aneMeHTOB '0" • 06paTH8ll M8TpHU8 

-l A anH cnyqag M = 7 npHseaeaa aa pHc. 4. nanee aa pHc. 5 aaaa 6H-

u -l 
nonllpHall MaTpHua A 8 • 06paTHaH MaTpHua A 8 npHBeaeaa aa pHc.6. 

9 



Ta6nuua 1 

CpeLIH9KB8Lip8TH'IHbl9 OWH6KH pa3nH'IHbiX CHCT9M H8flniOLI9HHSi 

anst cny'last M = 3 

CpeaaeKsaapa

TH'IHast owa6Ka 

aaMepeaull: 

nonH8Si 

LiHCnepCHSi 

TpaaH!lHOHHhi II: YaunonstpHbiii: 

C'I9T'IHK Myn&TRnneK-

A= u 

2 
11 

2 
3u 

1 

1 

1 

I 0 
1 

0 

0 

CHb!ll: C'I9T'IHK 

3 2 

411 

9 2 

411 

1 1 0 

1 0 1 

0 1 0 

1\ 0 0 

0 0 1 

0 1 1 

1 1 1 

1 

0 

0 

1 

1 

1 

0 

BunonstpHb!ll: Myn&THnneK

CHbiii: C'I9T'IHK 

HecMewea

Hble Ll8HHb19 

1 2 

211 

3 2 
-u 
2 

0 0 

0 1 

1 1 

1 1 

1 0 

0 1 

1 0 

CMeweHHble 

Li8HHb!9 

3 2 

1611 

9 2 
-11 
16 

Pac. 3. YaanonstpHast MaTpaua Au anst M • 7. 

10 

J, 

-1 
no aaanoruu c (16) o6paTay~ MaTpuuy A Mo 

B 

Hy~ MaTpHUY H M8TpHUy, BCe aneMeHTb! KOTOpO!i ] 

TpyLIHO ITOK838Tb1 'ITO Cp9LIH9KB8Lip8TH'IH8Si OWH6Ka 

npOH3BOnbHOrO M 1 BXOLIHIUero BO Mli0)1(9CTBO M;)i 

peL!ensteTCSi COOTHOW9HHHMH, KOTOpb!9 CBOLIHTCSi B 'I 

Ta6nHua 2 

TpaAHUHOHH8H CHCTeMa 

YaHnonstpHaH MynhTH-

nneKCHSH CHCT9M8 

EHnonstpHaH MynhTH-

nneKCHSH CHCTeMa 

HecMemeHHbie ASHHbie 

EHnonstpHaH MynhTH-

nneKCHSH CHCTeMa 

CMellleHHbl9 ASHHbie 

CpeAHeKsaapaTH'IHaH 

OWH6Ka 

npoH3BOnbHOe M» 1 
M 

2 2 u u 

4M 2 4 2 
--- u 
(M+ 1 )2 

-a 
M 

2 2 2 2 
--a -a 
M+1 M 

M 2 1 2 
--a 
(M+1)2 Ma 

• 
Ha puc. 8 npuseneHbi aaa"!eHHH l'l f I u B : 

Tp8JlHUHOHHDfi CHCT9Mbl 1 yaunonHpHoil: MynbTHITneKCf 

nonstpaoil: MynbTHnneKcHoli cucTeMbi. Ha puc. 9 no 

nonHbie nucnepcuu a Ia 
t 

Jlnst 3Ha"'eHuli M 

11 



TaonHua 

jAHeKB8Ap8TH'IHbl9 OWHOKH paanH'IHbiX CHCTSM H80niOA9HHSI 

AnSI cny'laSI M = 3 

TpaJJ.HilHOHHhiA YHHIIDnSipHbiA 

C'I9T'IHK Myn&THIIneK-

CHhll C'I9T'IHK 

pa- 2 3 2 

oxa 
a 4a 

2 9 2 
3a -a 

4 

1 1 1 0 

1 1 0 1 

1 0 1 0 

A= J 0 1 0 0 
u 

1 0 0 1 

0 0 1 1 

0 1 1 1 

1 

0 

0 

1 

1 

1 

0 

BHnonHpHhlA Myn&THnneK

CHhlA C'I9T'IHK 

HecMemeH

Hhle A8HHhl9 

1 2 

2a 

3 2 

2a 

0 0 

0 1 

1 1 

1 1 

1 0 

0 1 

1 0 

CMemeHHhle 

JJ.8HHbl9 

3 2 

T6a 

9 2 
-a 
16 

PHc. 3. YHHnonSipHaSI MaTpHua Au AnSI M • 7, 

10 

\ 

Do BHBT!OrHH C (16) o6paTHy~ MaTpHUY 
-1 

A MO*HO pa36HTb Ha 6HIIOnS1p
B 

HY~ MaTpHUY H MaTpHUY, BCe aneM9HTbl KOTopoli paBHbl "1" ( pHC, 7), He-

TpyJJ.HO nOK838Tb 0 'ITO Cp9JJ.H9KB8JJ.p8TH'IH8SI OWH6Ka H nonHaSI JJ.HCnepCHSI JJ.T!SI 

npoHaBon&aoro M , BXOJJ.SIIUero so MHO*eCTBo Myn&THnneKCHhiX 'IHcen, on

pe.o.enHeTCSI COOTHOW9HHSIMH, KOT0pb!9 CBOJJ.SITCSI B Ta6n, 2, 

TpaJJ.HUHOHHaSI CHCTeMa 

YHHnonHpHaSI Myn&TH

nneKCHSH CHCT9MS 

BHnonHpHaH Myn&TH

nneKcHaH CHCTeMa 

HecMeweHHbie naHHhie 

BHnonHpHaH MynhTH

nneKcHaH CHCT9MS 

CMemeHHbie JJ.aHHhie 

Ta6nHua 2 

CpeAHeKsaapaTH'IHSSI 

OWHOKa 

npoH3BOnbH09 M» 1 
M 

2 
a 

4M 
-- 2 
(M+1)2a 

2 2 
--a 
M+1 

M 

(M+1)2 
a 

2 

2 
a 

4 2 
-a 
M 

2 
-a 
M 

1 2 
-a 
M 

Ha pHc. 8 rrpHBe.o.eHbi aaaqeHHSI Ll f I a 

nonHaSI JJ.HCnepCHSI 

npoH3BOnbH09 M» 1 

• 

M 

Ma 2 

M 
4(--}2 2 

M+1 a 

M 2 
2--a 

M+1 

M 
(---) 2 2 
M+1 a 

• 

Ma 2 

4a 
2 

2 
2a 

2 
a 

B 38BHCHMOCTH OT M JlT!Sl 

TpBJJ.HUHOHHOH CHCT9Mbl 0 yHHnOT!SipHOH MyT!bTHnT!eKCHOII: H JJ.ByX BapHaHTOB 6H

IIOT!SipHOli MyT!bTHnT!9KCHOJi CHCT9Mbl, Ha pHC, 9 nOK838Hbl COOTB9TCTByJOIUHe 

IIOT!Hbl9 JJ.HCI19pCHH a Ia 
t 

JJ.T!H 3H8'19HHH: M. = 3; 7; 11 H 19. 

11 



1 1 1 -1 1 -1 -1 

1 1 -' 1 -1 -1 1 I 1 1 1 0 1 0 '• 

' 

-1 1 
1 -1 1 -1 -1 1 ' 1 7 0 1 0 0 

A=- -1 1 -1 -1 1 1 , I J 1 0 1 0 0 1 u 4 A1_J... 1 -1 -1 1 1 1 -1 0 1 0 0 1 1 
-1 -1 1 1 1 -1 1 I I 

8 4 
7 0 0 1 1 1 • 

-1 1 1 1 -1 1 -1 0 0 1 1 1 0 
-I 

' 
,o 1 1 1 0 1 Puc, 4. 06paTHBH MaTpuua A .ctnst M • 7, . ' 

u 

-I 
Puc, 6. 06paTHBH MaTpuua A .QnSl 

B 

1 1 1 -1 1 -1 -1 
• I • 1 1 -1 1 -1 -1 1 

1 - 1 1 -1 -1 1 1 1 ' 1 -1 1 -1 -1 1 1 

1 1 -1 1 -1 -1 1 ' ' 1 -1 1 -1 -1 1 J 1 1 A== 1-1 1 -1 -1 1 1 1 
-1 1 

' 1 +-' 1 1 A=- -1 1 -1 -1 1 
8 BCM 8 

1 -1 -1 1 1 1 -1 ' 1 

8 
1 -1 -1 1 1 1 -1 

-1 -1 1 1 1 -1 1 -1 -1 1 1 1 -1 1 

-1 1 1 1 -1 1 -1 ' - ,-1 1 1 1 -1 1 -1 

Puc. 5, BunonstpHast MaTpuua A 8 .ctnst M = 7, Puc, 7, CxeMa pa36UeHUH MaTpUUbl 
-I 

A Ha .QE 
B 

12 
13 



1 1 1 -1 1 -1 -1 

1 1 -1 1 -1 -1 1 I 1 1 1 0 1 0 0 

1 -1 1 -1 -1 1 1 t 1 0 1 0 0 1 
-1 1 A=- -1 1 -1 -1 1 

1 1 I I 1 0 1 0 0 1 1 u 4 A' j_ -1 -1 1 1 1 -1 0 1 0 0 1 1 7 
-1 -1 1 1 1 -1 1 I I 

8 4 
1 0 0 7 1 7 0 • 

-1 1 1 1 -1 1 -1 0 0 7 7 7 0 1 

-1 
Puc. 4, 06paTH8H MaTpuua A u nnH M • 7, I 10 7 7 1 0 1 0 

-1 
Puc. 6. 06paTHBH MaTpuua A nnll M • 7. 

B 

1 1 1 -1 1 -1 -1 

• 1 1 -1 1 -1 -1 1 

1 - 1 1 -1 -1 1 1 1 1 1 -1 1 -1 -1 1 1 1 1 1 1 1 

1 1 -1 1 -1 -1 1 1 1 1 1 1 1 1 A= 1-1 1 -1 -1 1 1 1 
A1=_1 

1 -1 1 -1 -1 1 1 1 1 1 1 1 1 1 

-1 1 -1 -1 1 1 1 +-1 1 1 1 1 1 1 1 8 
1 1 -1 Be"' 8 8 1 -1 -1 1 

1 -1 -1 1 1 1 -1 1 1 1 1 1 1 1 
-1 -1 1 1 1 -1 1 I I -1 -1 1 1 1 -1 1 1 1 1 1 1 1 1 

-1 1 1 1 -1 1 -1 I • ,-1 1 1 1 -1 1 -1 1 1 1 1 1 1 1 

Puc, 5, BurronHpHaH MaTpuua A 8 nnH M = 7. Puc, 7. CxeMa paa6ueHUll MBTpUUbi 
-1 

A HB nsa cnaraeMblX nnH M •1. 
B 

12 

13 



Puc. 8, 3aaqeaus cpeaaexsaapa
TuqHbiX OWU60K /!if /u B 38-

BUCUMOCTU OT M anH Tpaauuu
OHHOit CUCTeMbi0 llnH YHUfiOnHp
HOit MynbTUnneKCHOit CUCTeMbl 

U , ans 6unonspaoit MynbTU
nnexcaoit cucTeMbi B c ae
CMemeHHbiMU aaHHblMH U anH 
6unonHpHOit MynbTUnneKCHOit 

CUCTeMbl B CMem. CO CMeweH
Hb!MU aSHHbiMU, 

6 

+ 

62/(5.2 t 0 

1 TPA/],. 

p 
I 
I 
I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

0,5 

~f/e1o 

-------------1~~~-

u 
8 

BCHE~. 

o.~~--~----L-------~~-
0 3 7 11 19M 

I 
I 
I 

--u 

I 
I 

o" 
0 

? 

3 7 

-o <>a 

11 

BCMEU4. 

19 M 
14 

Puc. 9. 

3aaqeaus nonHbiX aucnepcul! 

at I a ans Tpaauu11oaaoit 

U Tpex BllaOB MynbTHnneKCHblX 
CUCTeM npu M = 3; 7; 11 II 19, 

JlUTepaTy 

1, JI.M, Copoxo, Coo6meaue OHHH, P13 

2, /I,M, Copoxo. Coo6meaue OHHH, P13 

3, JI,M, Copoxo, Coo6mea11e OHHH, P13. 

4, JI.M. Copoxo. Coo6mea11e OHHH, P13. 

5. JI.M. Copoxo. Coo6meaue OHHH, P13· 

6, JI.M. Copoxo, Coo6weaue OHHH, P13. 

7, JI,M, Copoxo. Coo6meaue OHHH, P13-

PyKOfii!Cb fiOCT) 
13 a 

15 



3aaqeHHH cpeAHeKB8Ap8-
owH60K I'J.f /a B 38-
TH oT M AnH TpaAHUH
HcTeMbi, AnH yHHfiOnHp
bTHnneKCHOi! CHCTeMbl 

,ng 6HnOnHpHOi! MynbTH-
8 c ae-

HbiMH A8HHbiMH H AnH 
HOi! MynbTHnneKCHOi! 

'1 B cMem. co cMemea
aHllbiMH. 

2 
0 

1 TPAtl 

? 
I 
I 
I
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

0,5 

Aj/<1o 
TPAQ.. ------------------

8 

BcME~. 

06 I I I I ., 

o 3 7 11 19 M 

~u 

~--......,.,-·...;= ---o 8 

3 7 11 

PHC. 9. 

3aaqeHHH nonHbiX AHcnepcHi! 

8 CM£114. a 
1 

I a AnH TpaAHUHOlll!Oi! 

19 M 
14 

H Tpex BHAOB MynbTHnneKCHbiX 

cHcTeM npH M = 3; 7; 11 H 19. 

JlHTepaTypa . 
1. JI.M. CopoKo. Coo6meaHe 011.HI1, P13-5696, Lly6aa, 1971. 

2. JI.M. CopoKo. Coo6meaHe 011.HI1, P13-5699, Lly6aa, 1971. 

3. JI.M. CopoKo. Coo6meaHe 011.HI1, P 13-5722, Lly6aa, 1971. 

4. JI.M. CopoKo. Coo6meaHe 011.HI1, P 13-5896, Lly6aa, 1971. 

5. JI.M. CopoKo. Coo6meaHe 011.HI1, P13-6019, Lly6aa, 1971. 

6, JI,M. CopoKo. Coo6meaHe 011.HI1, P13-6032, Lly6aa, 1971. 

7. JI.M. CopoKo. Coo6meaHe 011.HI1, P13-6078, Lly6aa, 1971. 

PyKOfiHCb nocTynHna B H3A8TenbCKHi! OTAen 
13 anpeng 1972 roAa. 
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