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YK 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 KOPHYCa MeKcmd.

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 OJIHMM W3 Ba)KHBIX HANpPABICHUH NMPUMEHEHHUS TEXHOJOTHH HCKYCCTBCHHOTO WHTEIUICKTA.
[Tpu sTom muOTHE BapuanTel NLP 6a3upyrorcs Ha ucnonb3oBaHuu Teopuu rpados. 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 I yMEHBIIIEHHST KOJTMYECTBA BHIYUCIICHUI
MIPY aHaM3€e TEKCTOB ObLIa OMMCcaHa 001as ues 3aMeHbl KPOHEKEPOBCKOTO MTPOU3BEICHUS MATPHII
Ha TopieBoe. Takoit MeTo ] MO3BOJIUII MOAYYUTh B [5] J0CTaTOYHO OOHAICIKUBAKOIIME PE3YIIBTATHI,
XOTSI HEKOTOPBIE Ba)KHBIE aCIIEKThI MPUMEHEHUS TOPIIEBOTO MIPOU3BEICHUST OCTAIUCH 3a MpeAeiaMu
yKa3zaHHOU myOsukaiun. K Tomy e, JomyiieHHas aBTopoM [5] omedaTka B mpUMepe ¢ MaTpHUIICH
COBMECTHOM BCTpeyaeMocTu (CO-OCCUrrence matrix) MoKeT CTaTh NPUYUHON 3a0JIyKICHUMN
yuTaresgeili B KOHTEKCTE NPABHJIBHOTO HCIOJIb30BaHUS COOTBETCTBYIOLIETO MaTeMaTHYECKOTO
ammapara.

Llenbto paOoTHI SABISETCS W3IOKEHUE PE3YJIbTATOB NMPUMEHEHHS] TOPIEBOTO MPOU3BEICHUS
MaTpUI] Ul peIIeHUs 3a1a4 aHAJIN3a TEKCTOB €CTECTBEHHOTO S3bIKA.

YToObl COXpPaHUTh MPEEMCTBEHHOCTh B JIEMOHCTpPALMU COOTBETCTBYIOUIMX BO3MOXKHOCTEH
TOPIIEBOTO TPOWM3BEIACHUS MATPHUI], OTPAaHUYMMCS JUIsI TpUMEpa WCIHOJIb30BAaHUEM JAaHHOU
MaTpUYHOM OIepalyuy MNPUMEHUTENBHO K PELICHUIO 33Jaud aHajin3a TEeKCTOBOro (parMeHra us3
TpeX NPeATIOKEHUH, pPACCMOTPEHHBIX B [5]:

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

CocrtaBum Jyist 3TOr0 HabOpa MPETIOKEHUNM TaK Ha3bIBAEMYIO Mampuyy unyuoenmuocmu. Ee
CTPOKH OyayT COOTBETCTBOBaTh KOHKPETHOMY IMPEMJIOKEHHIO, a CTONOIBI - 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 CcTONOLOB JOMKHO COOTBETCTBOBATH MAaKCHMAaJbHOMY KOJHMYECTBY CIIOB B
OTJIETHHO B3SITOM IMPEAIOKEHUU pacCMaTpUBaeMOro Tekcra. B ykazaHHOM (parmeHTe Haubobliee
KOJIMYECTBO CJIOB — YEThIpe, — MMEET BTOpOe mpemioxkenue. [Ipexne yem HemocpeacTBEHHO
MeperTu K MaTpUlle UHIIMACHTHOCTH, COCTABUM C yYETOM CKa3aHHOIO JUIS HAIJIATHOCTU TaOIuIly,
€l COOTBETCTBYIOILLYIO.

Tabauma 1
Hopsakossiit Homep Xy=I Xo=like Xs=math X4=you
TIPELIOKEHHUS]
1 1 1 1 0
2 0 1 1 1
3 1 1 0 1

Kaxk BumgHO, Bce croBa B yKa3aHHOM KOPITyCe TEKCTa BCTPEUAIOTCS B MPENTIOKEHUSIX HE Oolee
oHOTO pasa. OTcroAa, MOJTYyYUM MaTPHILy UHIIMIEHTHOCTH BUA!
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KBagpartnanas GopMa Ha OCHOBE yKa3aHHON Martpuipl THna G'G HMeHyeTcs mampuyei
cosmecmHoll écmpeyaemocmu (Co-occurrence matrix) [5]. dnst paccmaTpuBaeMoro mpuMepa oHa
OyJIeT CleayIOmeH:
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1110|2110
G'G=|0 11 1/|0 1 1 1|=
1101|2101
1 21
JlaHHas MaTpuLa CHMMETPUYHA OTHOCUTEIBHO CBOEH IIaBHOM nuaroHanu. CoriacHO TEOPUHU
NLP, sneMeHThl Ha TJaBHOW JHAaroHAJIM TMOJYYEHHOM MATPHUIIBI TOKa3bIBaIOT, CKOJIBKO pa3
OTIENbHO B35TOE CIIOBO BCTpeyaeTcsl B aHajuu3upyeMoMm TekcTe. KceraTu, MNOMy4YuTh OTY

WH(OPMAIIUIO MOXKHO, CIIO)KHB BCE CTPOKHM MHIMICHTHOW MATPHIIBI, YTO SKBHBAJICHTHO OTICPAIlUU
YMHOEHHUSI €€ Ha BEKTOP-CTPOKY €IMHULL

N

1110
1"6=11 1= 112011 1|=[2 3 2 2]
1101
WM aHAJIOTUYHO, YMHOXKUB TPAHCIIOHUPOBAHHYIO MaTpuily G Ha BEKTOP €IMHHUI]
1111 o]r] |2
G'1"=G"|1|=|0 1 1 1 1=2
1 |11 0 1|1
2

Taxum oOpazom, 1 mosrydeHuss HHGoOpMauuu 00 3IeMeHTax IJIaBHOM JuaroHaau MaTpHUIIbI
COBMECTHOM BCTPEYAEMOCTH MOKHO 000UTHCH 0e3 (OpMHUPOBAHUS CAaMOU MATPHIIBI, YTO YIPOILIAET
neno. OqHako HEOOXOAMMOCTh B (JOPMHUPOBAHUU TaKOW MAaTpPHUIbl 0OYCIIOBIIEHA HATUYHWEM B HEH
JOTIONHUTENbHON HMHGpopManuu. YToObl MOSACHUTH 3TO, NEpelaeM OT MaTpHIbI G'G «x
HKBUBAJICHTHON TabiuIle, C TMOMOIIbI0 KOTOPOH MOMKHO HAIJISIIHO TPEACTaBUTh Ha3HAYCHHE
MOJIyYEHHBIX MAaTPUYHBIX 3JIEMEHTOB (Tal. 2).

Tabmuma 2
Xq=1 Xo=like Xs=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

HeTpyaHO 3aMeTUTh, YTO AJIEMEHTHI CTPOK M CTOJIOIIOB YKAa3bIBAIOT, CKOJIKO Pa3 KOHKPETHOE
CJIOBO BCTPEYAETCS B TEKCTE B COYETAHWU C JAPYTUM OTIECIBHO B3STHIM CJIOBOM (OTCIOJA
MPOMCXOAUT HA3BAaHWE MATPHUIIBI COBMECTHOM BCTpeyaeMocTH). Hampumep, W3 mepBOd CTPOKH
cienyet, 9to cioBo Xi=| JABaXkKaAbl COBMECTHO MPUCYTCTBYET B TEKCTE€ B OJHOM IPEIOKEHUH CO
cioBoM Xo=like um mo omHOMY pa3sy — C OCTaJbHBIMH. DTO MOXKHO TaK)Ke TPAKTOBAaTh Kak
KOJINYECTBO COOTBETCTBYIOIUX Map CJIOB (OUrpamMm) B TEKCTE.

Yucna Ha TepeceueHUsIX OIHOMMEHHBIX CTOJOIOB W CTPOK COOTBETCTBYIOT, KaK YKe
OTMEYaJOCh, YaCTOTE MOSABICHHS TOTO WJIM HWHOTO CIIOBA B aHAIU3UpyeMoM (parmeHte. IDTO
CBOWCTBO PaccCMaTpUBAEMOW MATPHIIBI MMO3BOJISIET MPUMEHATh €€ Ui Paciiu(GpPOBKH TEKCTOB MO
94acTOTE IMOSIBIICHUS CJIOB, COMOCTABISAS MOJYYEHHBIH pPE3ylIbTaT CO CIEHUATBHBIM CJIOBapeM
HanOoJiee BCTPEYAIONIMXCS CJIOB JAaHHOTO SI3bIKA. AHAJIOTHYHAS TPOIEIypa MOXET OBITh
npojenana u st 0ykB (CMMBOJIOB), UCTIOJIb30BAHHBIX B TEKCTE.

Cinex or kBagpaTuysoil Gopmbl tr(G'G), paBHBLi CyMMe AHATOHATBHBIX OJICMEHTOB
KBaJpaTHOW MaTpPHUILIBI, COOTBETCTBYET IMOJHOMY YHUCITY CJIOB B TeKcTe (0e3 ydeTa ux colepKaHus).
B nmanHOM citydae 3Ta BenmuumHa paBHa 9. UTOOBI MOMYYUTh paclpeesieHue O0IIero KoJMm4ecTBa
CIIOB TIO OTIENBHBIM MPEUIOKEHHSM, CIIEAYeT PACCUNTATH APYryio KBagpaTHdHyio dopmy - GG'.
B paccmaTpuBacMoM npumepe OHA UMEET BH/I:
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T

110 11101 2 2 3

Takum o00pa3oM, »JIeMEHThl Ha TJABHOW JMaroHajdl MAaTpPUIIbI GG' COOTBETCTBYIOT
KOJIMYECTBY CJIOB B NPEIJIOKECHHSIX, PAaBHOMY B JaHHOM ciiydae 3. DJEMEHThl B CTPOKax WJIU
CTOJNOIAX YKa3bIBAIOT Ha KOJUYECTBO OJIMHAKOBBIX CJIOB, UCIIOJIb3YEMBIX B Iape COOTBETCTBYIOIINUX
npeoxkenui. Hanpumep, U3 nepBoi CTPOKH CIEAYET, UTO IEPBOE MPEUI0KEHNE UMEET [1BA CIIOBA,
COBIAJIAIOIINX CO BTOPBIM MPEJIOKEHUEM (IIepecedeHre epBOi CTPOKU U BTOPOT'O CTONIONA) U JBa
cioBa — C T_I‘peTLI/IM U3 TPEIJIOKEHU (COOTBETCTBEHHO NEPBBIM 3JIEMEHT TPETHETO CTOJIONA
Mmatpuisl GG')

Pa306paBHmc1, C OCHOBHBIMH BO3MOXHOCTSIMH KJIACCHYECKOTO0 MATPUYHOIO arapara,
MPUMEHSIeMOro i aHalu3a TEeKCTOB, NepeijeM nanee K Ooree CIO0XKHON 3ajade aHaau3a
OoJpIIEr0 KOJMW4YeCcTBa codeTaHmid cinoB. Kak ykazano B [5], mmg 3Toro HEOOXOAMMO
BOCIIOJIb30BAThCSl  MOpYEesbiM npouzgedeHuem mampuy. B YacTHOCTH, [UIsl aHaiIu3a MapHBIX
COYETAaHUI CJIOB OTHPAaBHOW TOYKOM JOJDKHA CTaTh BTOPUYHAs MaTpUlla HWHUIUIACHTHOCTH,
chopMUpOBaHHAS U3 UCXOHOU MaTpHIlbl G JJIsl OTACIBHO B3ATHIX CJIOB C TIOMOIIBIO BHIPAKEHUS

12=G o G,
re O — CUMBOJ TOPLEBOTO TPOU3BEAEHUSI MATPULL.

[IpuMeHnnTeabHO K pacCMaTpUBAEMOMY CIIy4arO MOIY4UM:
1110 1110

2=GoG=/0 111 5|01
11

1
1101 01

1110111011100000
=0 00001110111 0111
1101110100001 1001

JI7isl TIOSICHEHUSI CMBICIIA 3JICMEHTOB IOJIyYSHHONH MaTpPHUIIBI CHOBA OOpAaTHUMCS K TaOJIMYHOMN
(dbopMe TipecTaBICHHS JaHHBIX (CM. Ta0II. 3).

Tabmuna 3
Ne Xl X2 X3 X4
mnpean Xl Xz X3 X4 X1 X2 X3 X4 X1 Xz X3 X4 X]_ Xz 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 1 1 0 1 1 1 0 1 0 0 0 0 1 1 0 1

CTpOKa Ta6J'II/IIII>I, a COOTBCTCTBCHHO HN ManI/IHBI HUHIIMJACHTHOCTH, IIOKAa3bIBACT B JAHHOM
clIydae, CKOJBKO pa3 Ta WU WHAs mapa CIIOB BCTPEYaeTcs B KOHKPETHOM mnpeanoxkenuu. [Ipu stom
o mape, o0pa3oBaHHOU AyOIMPOBAHMEM OJHOTO M TOro e cioBa (XnXy, M= 1; 2; 3; 4), mo—
MIPEKHEMY MOYKHO CYJUTh O TOM, CKOJIBKO Pa3 TaKOE CIIOBO BKJIFOUEHO B PA3HBIE MPEATIOKEHUSI.

CormacHo [5], MaTpuIla COBMECTHOM BCTPEUYaeMOCTH JIJIsl aHAJN3a TAPHBIX CIIOBOCOYETAHHMA
MOXET 6I>ITI> Cq)OpMHpOBaHa Ha OCHOBC HCXOHHOﬁ ManI/I]_[bI HHIIUACHTHOCTU U €€ Bepcnn B BHU/C

TOPIIEBOT'O IPOU3BEACHUS:

11 1110111011100000

C=G"(GnG) =011 00000111011 10111|=

10 1101110100001101
2211221111101 101
2211232212211 21?2
/11101 22112210111
1101i1 21201111212

158



[TonmyueHHas B pe3yapTaTe MaTpuila UMEET pa3MEPHOCTh 16%4 1 MOKeT ObITh NpeCTaBlIeHa B
Buzie 4 OGJIOKOB, KXKIBIN U3 KOTOPHIX COOTBETCTBYET OJHOMY M3 CJIOB B MApHBIX CIOBOCOYETAHHAX
(cm. Tabn. 4). Ha rmaBHOW JuMaroHaiM KaXIOro W3 OTUX OJOKOB PACIOJOXKECHBI YHCIIA,
MOKa3bIBAIOIIME, CKOJIBKO pa3 BO BCEM TEKCTE B OT/AEIBHO B3SITOM NPEAJIOKEHHM BCTpeyaeTcs Ta
WM MHas mapa cioB. Hampumep, u3 mepBoro 0i10ka BHIHO, uTo ciioBo | (X;X;) mpenctaBieHo B
TeKCTe JBaxIbl. Takke 2 pa3a Bcrpeuaercs mapa cioB I like (X1X2), a mo oxHomy pasy B
MIPEeJIOKEHUSIX MNpUCYTCTBYIOT cioBocoueTanuss I math (X1X3) u I you (X1X4). Ilpu stom
HeoOs3aTeNIbHO, YTOOBI yKa3aHHbIE CJIOBa B Iape pacnoiarajuch noapsan. Kpome Toro,
MTOBTOPSIOIITUECS CJI0BA B KOMOMHAIIUY 3aCUMTHIBAIOTCS KaK OJTHO CIIOBO, HampumMep X1 XX»

Ta0muna 4

X=1 Xo=like Xz=math X4=you
Xe | Xo [ Xg [ Xy | Xy | Xo [ Xg [ Xg | Xy [ Xg | Xg [ Xy [ Xy [ Xp | X3 | Xy
X1 | 2 2 1 2 2 1 1 1 1 1 0 1 1 0 1
X, | 2 2 1 2 8 2 2 1 2 2 1 1 2
Xz | 1 1 1 2 2 1 1 2 2 1 0 1 1 1
Xq | 1 1 0 1 2 1 2 0 1 1 1 1 2 1 2

CylI1ecTBEHHO, YTO AJIEMEHTHI 4-TO KBapTeTa CTOJIOIOB Tabil. 4 U COOTBETCTBYIOMIEH OJIOYHOM
MaTPHIIbI OTIINYACTCS OT MPUBEACHHOTO B [5] BRIpaXKeHUsI, COJCPIKAIIIETO OMEYaTKH.

Hudper BHe rnaBHOW guaroHasn wMatpuilbl C  XapakTepU3YIOT YaCTOTY TOSIBICHUS
KOHKPETHBIX TPOEK CJIOB B HCCIIEyeMOM TeKcTe 0e3 ydera MX MOpsAKa B MOCIET0BATENbHOCTH.
Hampumep, w3 mepBoro Oyioka Matpuibl ciemyer, uro Habop cioB | like math (X;3X3Xs)
BcTpeyaeTcss ogHaxkael, paBHO Kak u | like you (X1X;X4). Kpome Toro, moBTopstomnfecs cjioBa B
KOMOWHAIIMKM 3aCYMTHIBAIOTCS KaK OJIHO CIIOBO, Hampumep, Habop X;XpX; SKBUBAJICHTEH
coueTaHuio X1 Xo, @ XinXmXm= Xm 11 1r000ro m.

Crnen, B3ATBIA I KaXIOTO W3 OJIOKOB KaK CymMMa 3JIEMEHTOB Ha WX TJIABHOW JIMAaroHAlH,
MOKA3bIBAET, CKOJIBKO MAPHBIX COUYETaHUN 00pa3yeT CIOBO B JAHHOM TEKCTE C APYTMMHU CIIOBaMU U
¢ camuM coboii. K mpumepy, coriiacHo mepBomy OJIOKY, CJIe KOTOPOTO paBeH 6, cioBo | odbpasyer 6
MapHBIX COYETAaHWH, U3 KOTOPBIX JABE Maphl COOTBETCTBYIOT HEMOCPEICTBEHHO STOMY CIOBY B
MIEPBOM U TPETHEM TPEIOKCHHSIX.

ANbTepHATHUBOM (QOPMHUPOBAHUIO MATPHUIIBI COBMECTHOW BCTPEYaeMOCTH TIpU aHaJH3e
TApHBIX CIIOBOCOYCTAHHIT ABIACTCA PACUET KBagpaTHaHoi Gopmbr 12712:

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

TJIc m — CHMBOJI TPOU3BeIeHUsT XaTpu-Pao.

[Ipu sTOM moNy4aeM KBaApPATHYIO MAaTPHUILY JasMEpHOCTBIO 16x16, smeMeHTB KOTOPOM
npezcraBieHbl B Ta0i. 5. Cien gannoi matpuiibl tr(12°12)=27 cooTBETCTBYET MOTHOMY KOJTHYECTBY
nap BO BCEX MPEAJIOKEHUSIX C YIeTOM B3aMMHON 00paTUMOCTH MOPSAKA CIEIOBAaHUs CJIOB B Mape U
coueTaHusi cjoBa C caMuM coOoi. OcOOEHHOCTbIO JTOW OJOYHOM MaTpULbl SBISETCS
pacmoioKeHUe Ha ee TJIABHOM JAuaroHaiu OJIOKOB paccMOTpeHHOU Bbite Matpuilsl C. Kpome Toro,
OJIOKH, PAaCITOJIOKCHHBIC CHMMETPHUYHO 1O 00€ CTOPOHBI OTHOCHTEIHHO TJIABHOW JIUArOHaJIH,
COBMAJIAlOT. JTU OJIOKM BHE IIABHOW JHMAroHAJH MO3BOJISIOT MOJYYUTh HH(DOPMAIINIO O KBApTETaX
CJIOB, YTO SIBISETCS Ba)XKHEUIIMM MPEUMYILECTBOM AaHHOW KBaapaTU4yHOW (opmbl. [Ipu stom
JJIEMEHTHI TJIABHOW JMAaroHaiW OJIOKa, PaCIOJOKEHHOTO Ha TJIaBHOW JHAroHa W OJIOYHOMN
MaTpHUIIbI, XapaKTePU3YIOT YaCTOTY IMOSBICHUS OJHOTO CJIOBA U WX Mapbl, OCTAIbHBIE 3JIEMEHTHI
3TUX OOKOB XapaKTEpH3yIOT pACHPOCTPAHCHHOCTh B TEKCTE Map W TPOCK CJOB. bIiokw,
pacrmojyio’)keHHbIe BHE TJABHOW JguaroHaiud OJIOYHOM MaTpHIlbl, Ha CBOEHM TIJIaBHOM JWaroHajiu
COJIepIKAaT AJIEMEHTBI, OTIMCHIBAIONINE KOJIMISCTBO TEX HIIU MHBIX TPOCK CJIOB B TEKCTE, a OCTAIbHBIE
AJIEMEHTHI 3TUX OJIOKOB OXBaThIBAIOT KBapTETHbIE KOMOMHALIMU CIOB. Hampumep, kak cienyer u3
Tabn. 5, nyOnmupyrome B yZOOHOM BHAE COACPKUMOE MaTPHIIBI 1212, B paccMaTpuBacMOM
¢bparmenTe TekcTa OTCYTCTBYIOT KoMOMHammu XiXoXzXs, XiX3XaXn (3M€MEHThI MaTpUIlbL,
HaXOJSIHeCS Ha TIEPECEYCHUH COOTBETCTBYIONINX CTPOK, CTOJOIOB, OJIOK-CTPOK U OJIOK-CTOJIOIOB
paBubl Hymto). Cnex oT Onoka, pacmoNOXKEHHOTO BHE TJIABHOM [MAaroHaldM MAaTpPHIIBI, TaKxke
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yKa3bIBaeT Ha 00Ilee KOJIWYECTBO COOTBETCTBYIOIIMX KOMOWHAIMH CHMBOJIOB C YYETOM HX
IIOBTOPSIEMOCTH.

TaOmuma 5

Xq=I Xo=like Xz=math X4=you
X [ Xo [ X [Xa [ X1 X [ X3 [Xa [ X0 [ X0 [ X3 [Xa [ X0 X0 [ X5 [ X4
¢l 22212 l12]2]2]221l212]12]12]ol12]l21]0]1
X, ol 22212 lrl22]2l21l212]1]12]ol12l21]0]1
s 1| 2]2]lo]1]|12]2]lo]l212]12][12]ololo]o0]oO
Xsl 2202|2202 ]o]lololo[1]1]o0]1
¢l 2212 l1]2]2]2l212l212]2]12]ol212]l212]0]1
X, ol 221212 l1l23]2l2 122112l 2]1]2
sl 12212 lolr]2]2l212l21]l2]2]12]l0]l21]1]1
Xsl 2 2lol2]l1s]2]2l2lol1][1]2l2]l2]1]2
X¢l1l212l2lolz2]12]2]olalal2lolof]o]o]o
X, ol 121 lolr]2]2l1l21]l2]2]12]lo0]l1]1]1
Xsl 1| 2]212]lof1]2]21l21]2]2]212]l0]l21]1]1
s/ o0lololojolz12l2lr]oflzs2l2l2]o]1]1]1
X;l1]l212lofl1]z2]2]lolr2]olololol1]1]0]1
g, [ Xe L1 o1 [1]2]1[2]0]1[1[1]1][2[1]2
I %lolofofolol1r]1][212]ol1]2]21]0]1]|1]1
Xsl 2| 2lol2]1s]2]2l2lolr][12]2l2]l2]1]2

Jpyras xBagpaTuyHasi popMa UMeeT BU:

9 4 4

1212'=(GuG)(GuG)'=(GuG)(G'wGH=GG"°GG"=|4 9 4

4 4 9

Ee cnen coBmamaet co cineaoM npeasiIyme KBaapaTHaHon (OpMBIL, T. €.

tr[(GoG) (Gu G)']=tr[(G o G)(G' m G")]=tr[(G" m G") (G u G)]=27.

HpI/I 3TOM OTACJIBHO B3ATBII DJIEMEHT TJIaBHOU AuaroHajinu COOTBETCTBYET KOJIHNYCCTBY
BCEBO3MOXKHBIX TMapHBIX COYETAHUN CIIOB, KOTOPbIE MOTYT OBITh OOpa3oBaHbl BHYTPU JaHHOTO
MPEJJIOKEHUST ¢ y4ETOM B3aMMHOW TEPECTAHOBKHU IOPSJIKA CJIOB W COYECTAHHS CJIOBA C CAMUM
coboii. B nanHOM ciydae 3Ta BenmuunHa cTaHOBUT 9. [{udpsl BHE r1aBHOW AMArOHANN YKa3bIBAIOT
o01ee KOJMYECTBO TaKWUX CJIOBOIAp JUIsl IBYX CPaBHUBAEMBIX MpemioxeHuit (paBHO 4). UToOwI
MOJIYYUTD JIMIIb 3HAUCHUSA 3JICMCHTOB rJIaBHOH AuaroHajii MaTpHIbl COBMECTHOU BCTpPCHYACMOCTH,
JIOCTaTOYHO YMHOXHUTH CJIeBa MAaTPUIly MHIIUJEHTHOCTH Ha BEKTOP CTPOKY €UHHUII;

1110 17110
1"G2=[1 1 1J62=f1 1 1J(GoG)=[L 1 1]||0 1 1 1| 5|0 1 1 1]
1101 1101
1110111011100000
=P 11l0000011101110111|=
1101110100001 101
=2 211232 21221121 2]

AHaNOTHYHO € MOMOIIBIO TOPLEBOIO MPOU3BEACHUS MOKHO BBIMNTH Ha MOJCYET KOJINYECTBA
COBMAJIEHUH Cpa3y TpeX, YeThIpeX U Ooiiee ciIoB B (hpazax.

JanpHeiee pacmupeHre (YHKIUMOHAIBHBIX BO3MOXKHOCTEH 00pabOTKM TeKcTa B
paccMaTpUBaeMOM KOHTEKCTE 3a/ad MO3BOJSIET IOJYYUTh NEpPEeX0J] K TPOWHOMY TOPIIEBOMY
MIPOU3BEACHUIO MAaTPHUI] UHIIUIEHTHOCTH:

13=Go GogG,
r7ie O — CUMBOJI TOPLIEBOTO MPOU3BECHHS MaTPHII.
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Jns ananuzupyemoro (parmMeHTa TeKcTa Takoe IMPOU3BEICHHE MPHUBOAUT K 16-01104HOM
MaTpHuIle, COCTOAMIEH 13 4 4eTBEPOK OJIOKOB:

1110 11 0 0
I3=GoGoG=|011 1 5/01 14 11 1=
110 1 1 1 1 10 1
1110111011100000
=|l0 0 0 0.0 0 00 0
1101110100001101
11101110111 00000
000001110111011]1
1101110100001101
'1711011101110000°0
ioooo§0111§0111§0111
‘0 00 00OOOO0ODODOOODOOTO OO
'00000000D0DO0O00O0O0O0O0O
000001110111011°1
1101 110100001101

3HayeHUs1 IJIEMEHTOB MaTpuilbl |13  COOTBETCTBYIOT KOJIMYECTBY TPOEK CHMBOJIOB,
MIPUCYTCTBYIOIIMX B KOHKPETHOM IpeasioskeHnu. Hampumep, HyneBas nepBasi CTpoka B MOCJeIHEN
4yeTBepKe OJIOKOB 00YCIIOBIIEHA OTCYTCTBHEM B IEPBOM M3 MPEJIOKEHUN clioBa YOU. AHAJIOTHYHO
HyJieBas TPEeThsl CpOKa B TPEThEM KBApTETHOM OJIOKE, PACIIOIOXKEHHOM BBIIIE MPEIbIIYIIEro,
COOTBETCTBYET OTCYTCTBHIO ciioBa Math B Tperbem u3 mnpemnoxeHuit. CylIecTBEHHO, YTO B
MOJIyYEHHOU CTPYKType OJIOUHOM MaTpHIlbl MPU MHIEKCAIUK CTOJIOLOB BHEIIHEE ClieBa YHCJIO B
HIDKHEM MHJICKCE MEHSETCs] HauboJiee MeJICHHO:

XX X1 oo Xe X Xg oo XpXoXq oo XeXoXyg oo Xg XXy oo Xe XXy .
X2X1X1 X2X1X4 X2X2X1 X2X2X4 X2X4X1 X2X4X4 ... UT.O.

[TonpoOHO 3TO MOsICHEHO B TaO1. 6.

Yr1oObl MOTYyYUTh COOCTBEHHO MaTPHIly COBMECTHON BCTPEUAEMOCTH, ClieayeT c(hOpPMUPOBAThH
MAaTPUYHOE MPOU3BEICHUE G'I3 pasmepHOCThIO 64%x4. Ero pesynbTaT MO3BOJSIET OXBATHTh HE
TOJIBKO TPOWKH, HO U YETBEPKHU CJIOB (CHMBOJIOB).

BaxHblll BBIBOJ, KOTOPBIA CIIEAYET CHENaTh W3 IPEICTaBICHHBIX pPE3ylIbTaTOB, COCTOUT B
BO3MOKHOCTH TOHMKEHHMS Pa3MEpHOCTH aHAJIU3UPYEMOro Habopa JaHHBIX 3a CUET NMPUMEHEHUS
CBOMCTB TOPLIEBOTO IPOU3BE/ICHNUS:

diag[(G'm G") (G G)]= 1" (GoG); bdiag[(G" m G") (G o G)]=G'(G o G);
diag[(G' m G'm G") (G 0 Gu G)]= 1" (G u Gu G);
bdiag[(G' m G'm G") (G o Go G)]= G'(G o Gu G),

rae diag(A) — BEKTOp-CTpOKa U3 JUATOHAIBHBIX AJIEMEHTOB MaTPHUIIBI A,
bdiag(A) — Onounas BekTOp-cTpoKa, c(HOpPMHpOBaHHAs W3 OJOKOB TJIABHOM UArOHAIN
MaTpuuel A.
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Tabauma 6

Ne X1=I (cnoBocoueTanust X1 XpnXm)
pet X1=I Xo=like Xz=math X4=you
Xy [ 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
No Xo=like (cmoBocoueranust XoXnXm)
npen Xq= Xo=like Xs=math Xs=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 X3XnXn)
peII X1=I Xo=like Xs=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)
pe Xq= Xo=like Xs=math X4=you
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
BbIBO/IbI

B menoM MOXHO 3aKIIOYUTH, YTO MAaKCUMaJIbHOE KOJIMYeCTBO cioB N, IOCTymHOE st
aHalM3a C MOMOUIbI0 KBaJAPATUYHBIX (OpM THMA I2T|2, 13713 u T.J. pPaBHO YIBOCHHOU BEIMYMHE
KpaTHOCTH TOPIIEBOTO TPOW3BEICHUS, WCIOIB30BAHHOTO I  (OPMHUPOBAHUS  MATPHIIBI
HHIIUIEHTHOCTH, TO €CTh:

N=2K,

rae K - KOIWY4ecTBO COMHOXHTENEH B TOPIEBOM MPOU3BEICHUHN TMEPBUYHBIX MATpPHII
MHIIAIEHTHOCTH.

Jliss COBMECTHOTO aHalu3a HECKOJIBKHX KOPIYCOB TEKCTa MOXET OBITh HCIOIH30BAHO
0J109HOE TOpLIEBOE Tpou3BeicHue [2 - 4].
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