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YJIK 004.89
Cmocap B.U. (LlenTpanbHuii HAYyKOBO-AOCTITHUN THCTUTYT 030pO€EHHS Ta BIHCHKOBOT TEXHIKH
3C Ykpainn)
NPUMEHEHHE TOPHEBOI'O IPOU3BEJEHUA MATPUIL B 3ATAYAX
OBPABOTKHU ECTECTBEHHOI'O SA3bIKA

Paccmompenvr sapuanmer npumenenus mopyeso2o npousseoeHuss Mampuy UHYUOeHMHOCMU 015 peuleHus 3a0ay
AHAU3A MEKCMO8, 6 YACMHOCMU, OnpeoeieHUs YACHOmbl BCHpeYaeMoCmuy  mpex, uyemvlpex u 0Ooiee cio8 8
NPeoNoAHCEHUAX OMOENbHO 835MO20 KOPNYyca meKCcmd.

Variants of using the face-splitting product of incidence matrices for solving problems of text analysis, in
particular, determining the frequency of occurrence of three, four or more words in sentences of a separate text corpus
are considered.

Oo6paboTtka ectectBenHoro si3bika (Natural Language Processing, NLP) B mociennee Bpems
CTaJla OJIHAM W3 BAXHBIX HAIPABICHUH MPHUMCHCHHS TEXHOJOTUH HMCKYCCTBEHHOT'O HHTEJUICKTA.
[Tpu sTom muOTHe BapuanTel NLP 6a3upyrorcs Ha ucnonb3oBaHuu Teopuu TrpadoB. B mocneanee
BpeMsl TaKOH TOJXOJ| TMOJydWJI JajbHEHIIee pa3BUTHE HA OCHOBE MPUMEHEHUS MPEIOKCHHOTO
aBTOpOoM B 1996 roay TopueBoro npousBeneHus Matpuil [1 - 4]. TlepBoii nmyOyinkanueit Takoro poaa
npumenuteabHo K NLP cran npenpunt [5], B KOTOPOM Uit yMEHBIIIEHHST KOJTMYECTBA BHIYUCICHUI
MIPY aHAU3€e TEKCTOB ObLIA OMMCaHa 001as uaest 3aMeHbl KPOHEKEPOBCKOTO TIPOU3BEICHUSI MATPHII
Ha TopieBoe. Takoit MeTo/ MO3BOJIMII MOJYYUTh B [5] 0CTaTOYHO OOHAICKUBAOIIME PE3YIbTATHI,
XOTSI HEKOTOPBIE BaKHBIE aCTIEKThI PUMEHEHUS TOPIIEBOTO TIPOU3BEICHUSI OCTAIUCH 32 TIPeIeIaMu
yKa3zaHHOU myOsukaiuu. K Tomy e, JTOmyIieHHas aBTopoM [5] omedaTka B mpuUMepe ¢ MaTpHUIICH
COBMECTHOM BCTpedaeMocTu (CO-OCCUrrence matrix) MokeT CTaTh NPHUYUHOW 3a0yKICHHUN
yuTategeili B KOHTEKCTE MPAaBHJIBHOTO MCIOJIb30BAaHUS COOTBETCTBYIOLIETO MaTeMaTHYECKOTO
ammapara.

Llenbto paboOTHI SBISETCS U3IOKEHUE PE3YIbTATOB MPUMEHEHHs] TOPIEBOrO MPOU3BEICHUS
MaTpUI] Ul peIIeHUs 3a1a4 aHAJIN3a TEKCTOB €CTECTBEHHOTO S3bIKA.

YToObl COXpPaHUTh MPEEMCTBEHHOCTh B JIEMOHCTpPALMU COOTBETCTBYIOUIMX BO3MOXKHOCTEH
TOPIIEBOTO TPOWM3BEIACHUS MATPHUI], OTPAHUYUMCS JUIsI TpPUMEpa WCIHOIL30BAaHUEM JAaHHOM
MaTpUYHOM Olepaluy MNPUMEHUTENIBHO K PELICHUIO 33Jaud aHajin3a TEeKCTOBOro ¢parMeHra us3
TpeX NPeATIOKEHUH, pPACCMOTPEHHBIX B [5]:

1) I like math; 2) You like math; 3) I like you.

CocTaBuM Jy1st 3TOro Habopa MPeIOKEHUI TaK HAa3bIBAEMYIO Mmampuyy unyudenmuocmu. Ee
CTpPOKH OYyIyT COOTBETCTBOBATh KOHKPETHOMY MPEUIOKEHHIO, a CTOJNOLBI - OTIEIBHO B3STOMY
cioBy. [Ipu 5TOM YKCIIOBBIE IEMEHTHI B KaX/I0H CTpOKe OyAyT yKa3blBaTh Ha TO, CKOJBKO pa3 TO
WM UHOE CIIOBO BCTPEUYAETCS B IAHHOM MPEJIOKECHUU.

KomuyectBo cTONOLIOB JOMKHO COOTBETCTBOBATH MAaKCHMAaJbHOMY KOJHUYECTBY CIIOB B
OTJIETBHO B3SITOM IMPEAIOKEHUN pacCMaTpUBaeMoro Tekcra. B ykazanHoMm ¢parmente HanOoublee
KOJIMYECTBO CJIOB — YEThIpE, — MMEET BTOpOe IMpeiokeHue. [Ipexne yem HermocpeacTBEHHO
MeperT K MaTpUlle UHIIUACHTHOCTH, COCTAaBUM C YYETOM CKAa3aHHOTO JJIsl HATJISIHOCTU TabIuIly,
€l COOTBETCTBYIOILLYIO.

Tabnuua 1
Hopsiaioseiit HoMep X.=1 Xo=like Xz=math X4=you
MPEIIOKEHUS
1 1 1 1 0
2 0 1 1 1
3 1 1 0 1

Kaxk BUJHO, BCC CJIOBA B YKa3aHHOM KOPITYCE TCKCTA BCTPCHAIOTCA B NPCIAJIOKCHUAX HE Oonee
OIHOI'0 pa3a. OTCIOI[a, MOJIYYHUM MaTpully MTHOUUACHTHOCTU BU/JIA:
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KBagpartuunas GopMa Ha OCHOBE yKasaHHON Marpuubl Tura G'G HMeHyetcs mampuyer
coemecmuoll ecmpewaemocmu (Co-occurrence matrix) [5]. Jlns paccMaTpuBaeMoro mpumepa oHa

OyneT cienyromei:

. 2 211
1110[ft110
: 2 322
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1221
1101/[1101
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JlanHast MaTpuia CUMMETPUYHA OTHOCUTENILHO CBOEH Ii1aBHOW AuaroHanu. CorjiiacHo Teopun
NLP, snemMeHTsl Ha TIJIaBHOM JAMAaroHanM IOJYYEHHOW MAaTpHLbl MOKA3bIBAIOT, CKOJIBKO pa3
OTJENbHO B35TOE CIIOBO BCTpeyaeTcssi B aHainuzupyemMom Tekcre. Kcraru, mnomyuuts 3Ty
MH(POPMALIMIO MOKHO, CJIOKUB BCE CTPOKM MHIMJICHTHOM MaTpPHUIIbl, YTO SKBUBAJIEHTHO OIllE€paluu
YMHO>KEHUS €€ Ha BEKTOP-CTPOKY €IMHULL

1110
1"G6=f 1 1Je= 1 1Jo 1 1 1| =[2 3 2 2]
1101

WIN aHAJIOTUYHO, YMHOXHB TPAaHCTIOHMPOBAaHHYIO MaTpuIly G Ha BEKTOp €IMHHUII

1111 o]fa] |2

G'1"=G"|1|=|0 1 1 1 1=;’

1 |1 10 1|1
2

Takum oOpazom, s ToTydeHus] HHGOpMAITUU 00 AJIeMEHTaX TJIABHOW JUAaroHaIA MaTPHUIIGI
COBMECTHOM BCTPEYaEMOCTH MOXHO O0OUTHCH 0e3 (hopMUpOBaHHS CaMOM MaTpPHUIIbI, YTO YIPOILIAET
neno. OgHako HEOOXOAUMOCTh B (POPMHUPOBAHUU TAaKOM MaTpHIlbl OOYCIIOBICHA HAJIMYHEM B Hel
JOTIONTHUTENbHOM uHOpMari. UYTOOBI MOSCHHTH 5TO, mepeiizeM or Martpuimsl G'G K
SKBHUBAJIEHTHOW TaOJMIle, C IOMOIIBI0 KOTOPOM MOXHO HArjsgHO MNPEJCTaBUTh Ha3HAUYECHHE
MOJTyYEHHBIX MATPUYHBIX JIEMEHTOB (Ta0I. 2).

TaOmnuma 2
Xq=I Xo=like Xz=math X4=you
X=I 2 2 1 1
Xo=like 2 3 2 2
Xz=math 1 2 2 1
X4=you 1 2 1 2

HeTpynHo 3aMeTUTh, YTO 3JIEMEHTHI CTPOK U CTOJIOIIOB YKa3bIBAIOT, CKOJIBKO pa3 KOHKPETHOE
CIIOBO BCTpEYAaeTCs B TEKCTe B COUYCTAHWUH C JPYTMM OTACIBHO B3ATHIM CIOBOM (OTCHO/IA
MIPOMCXOJUT Ha3BaHHWE MaTPHIBI COBMECTHOM BcTpeuaeMocTH). Hampumep, u3 mepBoil CTpoku
ciemyer, 9to cioBo X;=| ABaXKIbI COBMECTHO MPHUCYTCTBYET B TEKCTE B OJTHOM TPEIJIOKEHUH CO
cioBoM Xp,=like u mo omHOMYy pa3y — ¢ OCTaJbHBIMH. DTO MOXHO TakXe TPAKTOBaTh Kak
KOJIMYECTBO COOTBETCTBYIOILIUX Map OB (OMrpaMM) B TEKCTE.

Yucna Ha mepeceyeHUsX OJHOMMEHHBIX CTOJOIIOB M CTPOK COOTBETCTBYIOT, KakK YiKe
OTMEYaJOCh, YaCTOTE MOSBICHHUS TOTO WJIM HMHOTO CJIOBa B aHAJIM3UPyeMOM (parmente. ITo
CBOMCTBO paccMaTpUBaEMOM MaTpPHIIBI MO3BOJSET MPUMEHSTH €€ NI paclupoBKH TEKCTOB IO
9acTOTE TMOSIBIICHUS CJIOB, COTOCTABISISl TOJYYCHHBIH PE3ylIbTaT CO CIEHUATBHBIM CJIOBAapEM
HamOoJee BCTPEUAIOUIMXCA CIIOB JAaHHOTO sI3bIKa. AHAJIOTMYHAs TMpoLEeAypa MOXET OBITh
npojiesiaHa 1 AJist OykB (CHMBOJIOB), HCIIOJIB30BAHHBIX B TEKCTE.

Cunex or kBagpaTuusoil dopmsl tr(G'G), paBHblii CyMM€ JUaroHajbHBIX DJEMEHTOB
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KBaJPaTHOW MaTpPHIIbI, COOTBETCTBYET MOJTHOMY YHCITY CJIOB B TE€KCTe (0€3 yuera uX COIepKaHus).
B nmannom ciydae 3ta BennumHa paBHa 9. UTOOBI MOJIYYMTH pacrpeleneHne OOIIero KoJauyecTna
T
CIJIOB TI0 OTAEIBHBIM IPEATIOKEHUSIM, CIEAYeT pacCUUTaTh IPYrylo KBagpaTHuHyio Gopmy - GG .
B paccmaTtpuBaeMoM npumepe oHa UMEET BH/L:
.
1110|1110 3 2 2

GG"'=|0 11 101 1 1| =2 3 2
110 1)1 1 0 1 2 2 3

TakuM 00pa3oM, 3JIEMEHTh Ha TJABHOW JMArOHATU MAaTpPUIIBI GG’ COOTBETCTBYIOT
KOJIMYECTBY CJIOB B TPEIJIOKCHHUSIX, PAaBHOMY B JTAHHOM ciydae 3. DJIEMEHTHl B CTPOKaX WIH
CTONOIAaX yKa3bIBAIOT HA KOJMYECTBO OJAMHAKOBBIX CIIOB, HCIIONB3yEMbIX B Mape COOTBETCTBYIOIINX
npeaioxkenni. Hanpumep, U3 nepBoii CTPOKH CIENYET, YTO MEPBOE MPEIIOKEHUE UMEET JIBA CIIOBA,
COBIAJIAIOIINX CO BTOPBIM MPEITIOKEHUEM (TIepEeceUeHre MEPBO CTPOKH U BTOPOTO CTONIONA) U 1Ba
clioBa — C T1peTLI/IM W3 TPEIJIOKCHU (COOTBETCTBEHHO TEPBBIM JJIEMEHT TPETHETO CTOJIOIA
Mmatpuisl GG ).

Pa3obpaBmch ¢ OCHOBHBIMH BO3MOKHOCTSIMH KJIACCHUECKOTO MATPUYHOTO armapara,
MPUMEHSIEMOro I aHalu3a TEeKCTOB, NepeljeM nanee K Ooriee CIOXKHON 3amade aHamm3a
OoJpIliero  KoJM4yecTBa couertaHuid cnoB. Kak ykazano B [5], i1 3TOro HeoOXOAMMO
BOCTIONIb30BAThCSl  MOPYEBbIM Npou3gedeHueM mampuy. B YacTHOCTH, IUIsl aHaIu3a MapHBIX
COYETaHW CJIOB OTIPABHOM TOYKOW JOJDKHA CTaTh BTOPWUYHAS MATpUIlAa WHIUJCHTHOCTH,
c(hopMUpOBaHHAS U3 UCXOHOU MaTpHIIBI G JJIsl OTACIBEHO B3STHIX CJIOB C TIOMOIIBIO BRIPAKEHUS

12=G o G,
rJie O — CUMBOJI TOPIIEBOTO MPOU3BEIACHUS MATPHII.

[TpuMeHUTENBHO K pacCMaTPUBAEMOMY CIIYYaI0 MOTYUHM:
1110 1110

2=GpG=/0 1115|011
1101 1101
1110111011 100000
=s0000011101110111
11011101000011001
JInsi TIOSICHEHUSI CMBICTIA 3JIEMEHTOB ITOJYYEHHON MaTpHIBI CHOBAa 00paTuMcs K TaOIMYHON

¢bopme npencTaBieHUs JaHHBIX (cM. Ta0. 3).
Tabnuua 3

Ne X1 X2 X3 X4
npeanin Xl Xz X3 X4 Xl X2 X X2 X3 X4 X1 X2 X3 X4
1 1 1 1 0 1 1 0 1 1 1 0 0 0 0 0
2 0 0 0 0 0 1 1 1 1
3 1 1 0 1 1 1 1 0 0 0 0 1 1 0 1
Ctpoka TabmUIBl, 2 COOTBETCTBEHHO M MATPHUIl MHIMIEHTHOCTH, MOKa3bIBa€T B JAHHOM
CiIy4ae, CKOJIbKO pa3 Ta WJIM MHas Mapa CJIOB BCTPEUACTCS B KOHKPETHOM IpenioskeHuu. [Ipu aTom
mo nape, oOpazoBaHHOW AyOIUpOBaHHWEM OJIHOTO M Toro ke cioBa (XyXm, M= 1; 2; 3; 4), mo—
MPEKHEMY MOXHO CYIUTh O TOM, CKOJIBKO Pa3 TaKoe CJIOBO BKJIIOYEHO B Pa3HBIC MPEJIOKEHUS.
Cornacuo [5], MaTpuIia COBMECTHOM BCTPEYaCMOCTH ISl aHAIM3a MAPHBIX CIOBOCOYCTAHHI
MOXeET ObITh C(hOpMUPOBAHA HA OCHOBE MCXOIHOW MAaTpPUIIBl MHIIUIECHTHOCTH M €€ BEPCUU B BHJIC

TOPLIEBOTO IIPOU3BEICHUS:
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2211i22111110/1101
2211/232212211212
1110122112 21:0111
1101:1 21201111212

[lonmyueHHas B pe3yabpTaTe MaTpulla UMEET pa3sMEPHOCTh 16%4 1 MoKeT ObITh NpeCTaBlIeHa B
Buzie 4 GJI0KOB, KXKIBIH U3 KOTOPBIX COOTBETCTBYET OJHOMY M3 CJIOB B MAPHBIX CIOBOCOYETAHHSIX
(cMm. Tabn. 4). Ha rnaBHOHM jAMaroHamum KaXJIOro M3 OSTHUX OJIOKOB pacHOJIOKEHbl 4YHCIA,
IIOKAa3bIBAIOIIUE, CKOJIBKO pa3 BO BCEM TEKCTE B OTIEJIBHO B3SITOM NPEMJIOKEHUU BCTpEYaeTCs Ta
WIK MHas mapa cioB. Hampumep, u3 mepBoro 0i0ka BHIHO, uTo ciioBo | (X;X;) mpencraBieHo B
TeKCTe JBaxIbl. Takxke 2 pa3a BcTpeuaerca mapa cioB I like (X1X2), a mo oxHomy pasy B
OPEIOKCHUSIX TPUCYTCTBYIOT cioBocouetanuss | math (XiX3) u I you (Xy1X4). Ilpu stom
HeoOs3aTeNIbHO, YTOOBI yKa3aHHbIE CJIOBa B Iape pacnojaranuck monapsn. Kpome Toro,
MTOBTOPSIOITUECS CJIOBA B KOMOWHAIIUN 3aCUUTHIBAIOTCS KaK OJTHO CIIOBO, Hampumep X1 X X»

TaOmumna 4

X1=1 Xo=like Xs=math X4=you
Xo [ Xo | Xg | Xg | Xy [ Xy [ Xg [ Xg [ Xg | Xo | Xg [ Xy | Xy | Xy | X3 | Xy

X1 | 2 2 1 2 2 1 1 1 1 1 0 1 1 0 1

[N
N

Xo | 2 2 1 2 3 2 2 1 2 2 1 1 2

X3 | 1 1 1 2 2 1 1 2 2 1 0 1 1 1

=1
[EEN

Xq | 1 1 0 1 2 1 2 0 1 1 1 1 2 1 2

CyIecTBeHHO, YTO 3JIEMEHTHI 4-T0 KBapTeTa CTOJIOLOB TabJl. 4 U COOTBETCTBYIOLICH OJI0UHOM
MAaTPHIIbI OTIINYACTCS OT MPUBEACHHOTO B [5] BhIpaXeHUsI, COJePIKAIIEro OMeYaTKu.

Hudpsr BHe rmaBHOW auaroHanu wmarpunbl C  XapakTepU3yIOT YacTOTy MOSBICHHSA
KOHKPETHBIX TPOEK CJIOB B HCCIIEyeMOM TeKcTe 0e3 ydera MX HOpsiKa B MOCJIET0BATEIbHOCTH.
Hampumep, u3 mnepBoro Oioka Matpuibl cieayer, uto Habop cioB | like math (XX3X3)
BcTpeyaercss ogHaxkael, paBHO Kak u | like you (X1X;X4). Kpome Toro, moBTropstomgecs cjioBa B
KOMOMHAIIMM 3aCUUTHIBAIOTCS Kak OJHO CJIOBO, Hampumep, Habop XiXoX; 5SKBHUBaJICHTECH
coueTaHuro X1 Xz, @ XinXmXm= Xm 11 1r000ro m.

Cren, B3ATBIH JUIS KaXIOTO M3 OJIOKOB KaKk CyMMa 3JIEMEHTOB Ha WX TJIABHOW JUAroHaiu,
MTOKAa3bIBAET, CKOJIBKO MAapHBIX COYETaHUN 00pasyeT CIIOBO B JAHHOM TEKCTE C JPYTMMHU CIIOBaMU U
¢ camuM coboii. K mpumepy, coriracHo mepBomy 0JIOKY, e KOTOPOTO paBeH 6, cioBo | obpasyer 6
MApHBIX COYETAaHWH, M3 KOTOPBIX JBE Mapbhl COOTBETCTBYIOT HEMOCPEJCTBEHHO 3TOMY CJIOBY B
MIEPBOM H TPETHEM IPETIOKECHHUSAX.

AnbTepHAaTHBOM (OPMHUPOBAHUIO MATPHUIIBI COBMECTHOW BCTPEYAEMOCTH NIPU aHaJIu3e
MapHBIX CJIOBOCOYETAHUM SIBIISIETCSA pacuéT KBaJpaTUYHON q;oprl 12712:

12"12=(GoG) (GuG)=(G' mG")(GoG),

I7ic m — CUMBOJI Ipou3BeieHust XaTpu-Pao.

[Ipu >TOM mnonydaeM KBaJApaTHYH MaTpHUIly pa3MEpHOCTbIO 16%x16, 31eMeHTBl KOTOPOM
npeacTasieHsl B Tabr. 5. Ciex nanuoit Matpuis tr(12'12)=27 coOTBETCTBYET ITOTHOMY KOIHYECTBY
nap BO BCeX MPEUIOKEHUSIX ¢ y4ETOM B3aUMHON 00paTUMOCTH HOPsIJIKA CIEJOBAHUS CJIOB B Iape U
CoueTaHWsi cjoBa C caMuM co0ol. OCOOEHHOCTbIO JTOW OJOYHOM MaTpULBl SBISETCS
pacroyio)keHUe Ha ee IVIaBHOW JuaroHaiau 0J0KOB paccMOTpeHHOM Bbile MaTpulsl C. Kpome Toro,
OJIOKH, PACIOJIOKEHHBIE CHMMETPHYHO MO 00€ CTOPOHBI OTHOCHUTEIHHO TJAaBHOW JHaroHalu,
COBIAJAIOT. DTH OJOKM BHE INIABHOM JMaroHalu MO3BOJIAIOT MOJIYYUTh HHPOPMALIMIO O KBapTeTax
CJIOB, YTO SIBJISIETCS Ba)XKHEWIIMM MPEHMYILECTBOM JaHHOW KBaapaTuuyHoi ¢(opmbl. Ilpu stom
9JIEMEHTHl TJIABHOW JMaroHaau OJIoKa, PpacHoJOXKEHHOT0 Ha TJIABHOW JMaroHaiau OJOYHOMN
MaTpHIBl, XapaKTEPU3YIOT YacTOTY TOSBJICHUS OJIHOTO CJIOBAa M WX Mapbl, OCTAIBHBIE JJIEMEHTHI
3TUX OOKOB XapaKTepU3yIOT pAaCIHpOCTPAHEHHOCTh B TEKCTe Map M TPoeK cJoB. bioku,
pacIoioKEHHbIE BHE TJIABHOW JWAroHaid OJIOYHOW MaTpHIbl, HA CBOEH TJIABHOW JHAroHan
CoJZIepKaT JIEMEHTHI, OMHMCHIBAIOIINE KOJMUYECTBO TEX MIIM MHBIX TPOEK CJIOB B TEKCTE, & OCTAJIbHBIE
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AJIEMEHTHI 3TUX OJIOKOB OXBATHIBAIOT KBApTETHBIC KOMOWHAIIMU CJIOB. Hampumep, Kak ciieayeT u3
Tabn. 5, mybnupyiomeil B ymoGHOM Buie comepxkmmoe Matpuisl 12712, B paccmarpuBaeMom
(dbparmeHnTe TeKCTa OTCYTCTBYIOT KoMOMHammm XiXpX3Xs, XiXszXgXm (27I€MEHTBI MaTPHILHI,
HAXOJSIIHECS Ha IEPECEYCHUH COOTBETCTBYIOIINX CTPOK, CTOJOIOB, OJIOK-CTPOK U OJIOK-CTOIOIIOB
paBHbl Hym0). Cien oT OJIOKa, pPacmojiOKEHHOTO BHE TJIABHOW JWArOHAIW MATPHIIBI, TaKXKe
yKa3bIBaeT Ha 0O0Iee KOJIWYECTBO COOTBETCTBYIOIIMX KOMOWHAIIMI CHMBOJIOB C YYE€TOM HX
MTOBTOPSIEMOCTH.

Tabauma 5

X
[

Xo=like Xsz=math X4=you
X3 XZ X3 X2 X3

X
&
X
X
IS

2
Pe
X
X
IS

o
e

[N
[EEN
o

X

X1
X2
X3
Xq

Xa

2<
OlR R ORI IRIFRIRINNRFRIEFEINN
OlR R ORI IRIRIRLRINNRFRIFEINN
o|looorR R IROR IR R ORIR K
olr|rlo|loo|or|lor ik olrk
OlR R ORI IRIRIRLRINNRFRIFEINN
PR OoORINN RPN ROk

NI N PN PN P PN PN PN NI R S T PSR Y R

N RN R R RO RN R (R ok~
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[EEN
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o
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[EEN
[N

Jpyras kBaapaTuyHas popMa UMeeT BU:

1212'=(GoG)(GuG) ' =(GuG)G mG)=GG" ° GG =

~ b ©
~ © b~
© b~ b

Ee cien coBnamaer co ciueioM nmpeaslayliei KBaapaTHuHONW (GOpMBl, T. €.
trl(Go G) (Gu G)']=tr[(Gu G)(G' m GN]=tr[(G" m G) (G o G)]=27.

[Ipu 3TOM OTHENBHO B3ATBHIM 3JEMEHT IJIABHOM AMArOHAIM COOTBETCTBYET KOJUYECTBY
BCEBO3MOXHBIX IMapHBIX COYETAHUN CIJIOB, KOTOPbIE MOTYT OBITh OOpa3oBaHbl BHYTPU JIaHHOI'O
IIPEIJIOKEHUS] C YYETOM B3aMMHOM IEPECTAaHOBKHM IOpsAJKA CIOB M COYETAaHUs CJIOBA C CaMUM
co0oil. B nanHoM citydae »Ta BenmuunHa ctaHOBUT 9. Ludpsl BHE riaBHON AUMaroHaau yKa3bIBarOT
ofI11ee KOJIMYECTBO TAaKUX CJOBOMAp JAJS JIBYX CpaBHUBAeMbIX IpeljioxkeHui (paBHO 4). UToOb
MOJIYYHUTH JIUIOb 3HAYCHUA 3JICMCHTOB TJIaBHOM AvaroHajlin MaTpHulbI COBMECTHOM BCTPEYACMOCTH,
JIOCTaTOYHO YMHOKUTH CJIEBA MAaTPUIly MHIIMIEHTHOCTU Ha BEKTOP CTPOKY €MHULI;

1110 1110
G2=[1 1 1e2=f1 1 1JGuG)=0L 1 1[0 1 1 1| 5|0 1 1 1
1101 1101
1110111011100000
-p 12770000011 101110111}|=
1101110100001101
=2 211/2 32212211212
AHanorn4yHo ¢ MMOMOIIBIO TOPLCBOI'O IMPOU3BCACHUSA MOXKHO BEINTH Ha IIOACUYCT KOJIHUYCCTBA

COBMAJICHUH Cpa3y TpeX, YeThIpeX U Ooiiee cIoB B (hpazax.
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JanbHelimee pacmupeHue (QyHKIMOHAJIBHBIX BO3MOXKHOCTEH 00pabOTKM TeKcTa B
paccMaTpuBaéMOM KOHTEKCTE 3a/Jau I103BOJISIET IOJYYUTh IEPEXO] K TPOMHOMY TOPLIEBOMY
IIPOU3BEACHUIO MaTPUL] UHIUIEHTHOCTH

13=Go GogG,
r7ie O — CUMBOJI TOPLIEBOTO MPOU3BEACHUSI MATPHII.

Jns ananuzupyemoro (parmMeHTa TeKcTa Takoe IMPOU3BEICHHE MPHUBOAUT K 16-0;104HOM
MaTpHlie, COCTOSIIEH U3 4 4eTBEPOK OJIOKOB:

1110 1

I3=GoGpoG=|0 111|501 115|011 1|=

[EEN

110 1 1

1110111011100000
=0 0 00 0 000000
1101110100001101
’1711011101110000 0]
00000111011 1011 1]
11 0111010000110 1:
'1711011101110000 0]
'0000011101110111;
‘0 0 00O 0O0OO0DO0DO0OOOOOTO OO
!0 000000O00O0O0DO0DO0OO0DO
000001110111011°1
'1 101110100001 0

3HaueHusi JJIEMEHTOB Marpulbl |3 COOTBETCTBYIOT KOJMYECTBY TpPOEK CHMBOJIOB,
MPUCYTCTBYIOIIMX B KOHKPETHOM IpeasioskeHnu. Hampumep, HyneBas nepBasi CTpoka B MOCJeIHEN
YyeTBEepKe OJIOKOB 0OYCIIOBIIEHA OTCYTCTBHEM B IEPBOM U3 MPEATIOKEHHN CIIOBa YOU. AHAJIOTHYHO
HyJieBas TPEThsl CpPOKa B TPEThEM KBAPTETHOM OJIOKE, PACIOJIOKEHHOM BBIIIE MPEIbIIYILEro,
COOTBETCTBYET OTCYTCTBHIO ciioBa Math B Tperbem u3 mnpemnoxeHuit. CylIeCTBEHHO, YTO B
MOJIYYEHHOM CTPYKType OJIOUHOM MaTpHIlbl MPU MHIEKCAIUU CTOJOLIOB BHEIIHEE ClieBa YHUCIO B
HIDKHEM MHJIEKCE MEHSIETCS] HauboJiee MeICHHO:

XXX oo XXXy oo XXXy o XXXy o XXXy o XXXy .

X2X1X1 X2X1X4 X2X2X1 X2X2X4 X2X4X1 X2X4X4 .. AT.O.

[Toapo6HO 3TO MOsSICHEHO B Tab1. 6.

UYToOBbI MOIIYy4UTh COOCTBEHHO MAaTPHUIy COBMECTHON BCTPEYaEMOCTH, CIEAYeT chopMHUpOBaATH
MaTpruHoe mpomsBeieHne G'I3 pasmepHocTbio 64x4. Ero pesyibTar IO3BOISET OXBATHTH He
TOJILKO TPONKH, HO U YETBEPKH CJIOB (CIMBOJIOB).

Baxublif BBIBOJ, KOTOPBIA CIEAYyeT CAENaTh W3 MPEJCTABICHHBIX PE3yIbTaTOB, COCTOUT B
BO3MO)KHOCTH TOHMXEHMSI pa3MEPHOCTH aHaJu3upyeMoro HaOopa JaHHBIX 3a CUET NPHUMEHEHUs
CBOMCTB TOPLIEBOTO MPOU3BEACHUS:

diag[(G" m G") (G o G)]= 1" (G o G); bdiag[(G" m G") (G o G)]=G'(G u G);

diag[(G' m G'w G") (Gu Gu G)]= 1" (GoGo ),
bdiag[(G"' m G'm G") (G o Go G)]= G'(G o Gu G),

rae diag(A) — BeKTOp-CTpOKa M3 JUArOHAIBHBIX AJIEMEHTOB MaTPHIIBI A,

bdiag(A) — Onounas BekTOp-CTpoka, chopMupoBaHHass W3 OJOKOB TIJIABHOW JMArOHAIN
MaTpHUIlbl A.

Tabmuua 6
\ No \ X1=1 (cnoBocoueranust X1 XnXm) ‘
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pens Xq=I Xo=like Xz=math X4=you
Xe [ Xo [ Xg [ Xy [ Xy [ Xo [ Xg [ Xg | Xy [ Xy | Xz [ Xa | Xy [ X | X3 | Xy
1 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 1 1 0 1 1 1 0 1 0 0 0 0 1 1 0 1
[Iponomkenne TabIUIBI 5
No Xo=like (cmoBocoueranust XoXnXm)
pet X.=1 Xo=like Xz=math X4=you
Xe [ Xo [ Xg [ Xy [ Xy [ Xo [ Xg [ Xg | Xy [ Xy | Xz [ Xs | Xy [ Xy | X3 | Xy
1 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0
2 0 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1
3 1 1 0 1 1 1 0 1 0 0 0 0 1 1 0 1
Ne Xsz=math (coBocoueranus X3XnX)
peII Xi= Xo=like Xz=math X4=you
Xe [ Xo [ Xg [ Xg [ Xy [ Xo [ Xg [ Xg | Xy [ Xy | Xz [ Xa | X [ X | X3 | X4
1 1 1 1 0 1 1 1 0 1 1 1 0 0 0 0 0
2 0 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
No X4=you (cnoBocouetarust X4XpXm)
peI Xqi= Xo=like Xs=math X4=Yyou
Xe [ Xo [ Xg [ Xy [ Xy [ Xo [ Xg [ Xg | Xy [ Xy | Xz [ Xs | Xy [ X | X3 | Xy
1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 1 1 1 0 1 1 1 0 1 1 1
3 1 1 0 1 1 1 0 1 0 0 0 0 1 1 0 1

BBIBOJIbI
B memoMm MOXHO 3aKJIIOYHTB, YTO MaKCHUMaJbHOE KoJM4decTBO ciaoB N, mocTymHoe ist
aHaIN3a C TOMOIIBI0 KBagpaTHIHbIX popm Trma 12712, 13713 u T.1. paBHO YABOCHHON BeNMUMHE
KPaTHOCTH TOPIIEBOTO IPOM3BEICHHS, HCIOJIB30BAaHHOTO Uil  (OPMHUPOBAHUS  MAaTPHIIBI
WHIMJEHTHOCTH, TO €CTh!
N=2K,
rie K - KOIMYeCTBO COMHOXHTEIEH B TOPIEBOM IPOM3BEICHUM MEPBUYHBIX MATPHII

WHIUWOCHTHOCTH.
,21)15[ COBMCCTHOI'0 aHalinda HCECKOJBKHX KOPITYCOB TCKCTa MOXKCET OBITE MCITOJIE30BAHO

0JI09HOE TOpLIEBOE MTpou3BeicHuE [2 - 4].
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