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MO~EJII TA METOJJ:M P03Ill3HABAHH.SI MOBM 

1. IIpuxo:saHi MapKiBchKi Mone.1i 
Hai1IIIBHJJ;rna Ta e¢eKTHBHa B3aeMo;:i:hr Mi)!< JIIO)J.bMH Bi;:i:6yBaeT:&CJI 3a ,n:onoMormo ycHoi' 

MOBII. 3a JJ:OTIOMOfOIO MOBH MO)I(YT.b 6ynI nepe;:i:aHi pi3Hi IIO'iyTrn iI eMorfri, a roJIOBIIe 

KOpHCHa impopMaUiH. Heo6xi,n:nicTb CTBopenmr KOMII
1
IOTepHI1X iHTepcpeiiciB 3BYKOBOro 

BBe)J.eHH&-BHBOl(Y He BHKJIHKae cy~rniBiB, OCKiJI.bKH lX ecpeKTliBHicTb 3aCHOBaHa Ha rrpaKTH'IHO 

Heo6MeJI<CHllX MO)I(JIHBOCT51:X ¢opMymoBaHH5I y BCimrKHX 06smcn1x ;:i:i5l:JihHOCTi. 

Tiepma eneKTpOHHa Marnirna, lll,O Cl1lITe3ye aHrJiiHChKY MOBy, 6yna rrpe,IJ,cTaBJICHa B 

HbIO-MopKy Ha TOproBeJibHiM BHCTa:BUi B 1939 pou;i Ta Ha3HBaJJaC.5I voder, ane 3ByK, HKH:H BOHa 

Bi)J.TBopromrna, 6yB yKpaii He•Ii'rKHM. )I( rrpucrpili !(JI.SI p03IIi3HaBfilIH5I MOBH 6yrro 

crnopeHo y 1 poui Ta 6yB 3,IJ.aTeH pmrri3naBan1 nmpprr [3]. 
y rrpou;eci p03rri3HaBaHH5I MOBH MO)Irn:a BHL(iJIHTH HacTynni CKJial(HOCTi: l(OBiJihHHH, 

HalBHHH KOpHCTynaq; CIIOHTamrn MOBa, cyrrpOBO,IJ.)I(yBaHa arpaMan:I3MaMH H MOBHMM 

«CMiTrnM»; Ha.HBHiCTb aKyCTMqHHX rrepCI1IKOJ( i BHKp11BJICHb; Ha.HBHiCTb MOBHHX rrepeIIIKOl( [20]. 
l3 ycnoro pi3HOMaHiTrn MCTO,IJ.iB y CTaTTi MH po3fJI5IHCMO MOJIGIHBiCTb CTBopeHH5I 

crnn1cT11qHoY MO,IJ.e11i 3a ;:i:orroMororo np.HXOBaHHX MapKiBChKHX 1v10,.n:e11e.H (ITMM) [1]. 
I1pHXOBaHa MapI<iBCbKa MOJ].eJib CTanICTHG.Ha MO.Il,CJlb, ll~O iMiTy€ po6oTy npouecy' 

cxmimro Ha MapKiBCbKHM rrpou,ec 3 neBi;:i:oMHMM rrapaMeTpaMH. 3aB;:i:anHHM TIMM cTaBHT.bCH 

RM'.marreHHJI HeBiJI.OMHX rrapm.ieTpiB Ha OCHOBi CIIOCTepelI\]"Bamrx. 0TpHMaHi napaMeTpll MO:tKe 

6yTH BlIKOpHcrnno B ITO,IJ,aJibIIIOMy anarri3i, nanpHKJia,IJ,, ;:i:rrH p03rri3naBamrn o6pa3iB. TIMM 
\IOJI(e po3rmr)J.arn:c51 HK HaiirrpoCTirna EaB:ecoBa Mepe)I(a ;:i:oBipH [1]. 

TipH np.rrpO,Il.HbOl MOBH rrepIIHIM KpOKOM neo6xil(HO BH3Ha•nnn: ,Il.O 5IKOl qacnrnH 

\IOBH CTaBHTbC.$1. KO)I(He 3i CJiiB y rrporro3HUiL B att:rniHChKi:H: MOBi 3a:B)J.amrn na IJ.bOMY ernrri 

Ha3HBaCTbC5I Part-Of-Speech tagging. 5IKH~f o6paso~r MH MO)I(eMo BH3Ha'HHH 11acnrny MOBH 

OKpeMoro 'IJieHa 1Ip01103HI\ii'? Po3rJUUICMO aHrniHCbKOIO MOBOIO: «The can will rush>. 
0DKC, the apnIKJib a6o qaCTKa «TCM»; can - MO)I(C O)(HO'!aCHO 6ynI M MO,IJ;aJJbHHM 

.::i,ieCJIOBOM, i iMeHHHKOM, i ,IJ,ieCJIOBOM; will MO,n;aru.ne ,n;iecJIOBO, iMCHHHK i ,IJ,iE:CJIOBO;. rust 
i\IeHHHK a6o }J.ieCJIOBO. y CTaTHCTil'IHOMY rri;::i:xo}J.i Heo6xi;:i:HO no6y,IJ;yBaTH rn6.1HIJ,IO 

ll),IOBipHOCTeH BHKOpHCTaHH5! CJiiB y KQ)IUIOMY rpaMaUPTHOMY 3H:aqeHHi. 3aB)J.aHHH MQ)KHa 

p03B
1
5I3aTII Ha OCHOBi TCCTOBHX TCKCTiB, npoanarrbosamrx Bp)TLJ:Hy. I Bi,Il.pasy MO)!<Ha BHl(iJIIITH 

o.:J:Hy b npo6rreM: CJIOBO «cam> y 6iJILIIIOCTi mrna;:i:KiB BHKOpHCTOBYE:T.bC5I 5IK ,IJ,iecrroBa, a11e iHOl(i 

BOHO MO)I(e 6yTH H iMCHHHKOM. BpaxonyroqH HC,Il,OJiiK, 6y,1a CTBOpeua MOl(CJih, rn:o yxBa.nIOe 

B yBary TOM ¢aKT, n~o rricmr apnIKJI5I rri,IJ,e rrpHKMCTHHK a6o iMeHHI1:K: 
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.ne t - rnr (iMeHHHK, npHKMeTHHK i T.,n,.); w - CJIOBO B TCKCTi 
iMOBipHiCTh Toro, II~O CJIOBO w Bi,nnoBi,nae rnry t; p(tl jt2) iMOBipHiCTb TO:::'. ::.~ -

fa 3anponOHOBaHOl cpopMymI BH,[(HO, mo MH HaMaraeMOC.sI ni,.rri6_;: 
CJIOBO ni,a:xo.n1rno rnry, i Tfil' ni,a:xO,rr:HB rrorrepe,rr:HbOMY rary. Ll:aHHH MCTOJ: 

ll~O «cam> BHCTynae B poni iMCHHHKa, a He HK MO.D;aJibHOro ,a:it:CJIOBa [5]. 
IJ,H CTaTHCTWrna Mo.ri;em. MO:JKe 6yrn: OTIHCaHa .HK epro,n.aqHa I11V1\1 · 

.0016 

PHc. I. Epro.ri;nl'.!Ha MapKiBCI.Ka Mo,neJib 

adj 
.(}(11£ 

.005 

.47f> 

Pnc. 2. Epro.IU·Prna MapKiBChKa Mo,ue.Ts 

: ·.,,-t) -
: -__ ~ .-'!5l t2. 
-::.:·. mo6 

Ko)l{Ha Bepm1rna B ,naHo"i CXCMH II03Haqae OKpeMy LJacnrny >~.:: :::~:. -- 3 :E:..HC)'10TbCH 
rrapn (cJioBo; iMoBipuicTb, mo cnoBo cTaBHTbCH caMe .no uid :::::.:-:-;:..:::~' ~ · I1epexo.n11 
rroKaJyron MO)KJII-rny iiMoBipHicn. npoxo,n)KCHH.SI o,nHid qacTHHE : ~: :s;~ ::: : :rrIIIoIO. Tru<, 
HanpHKJIB,!J., iMosipHiCTb Toro, ll~O rri,n:pH,D; 6y,nyT:& inI 2 apTilKJ151, 3a :·---·'.C'3~'.. :r..:.rc 3)'CTpiHeTbC5I 
apnHCJib, 6y,rr:e piBHa 0,0016. ):(aHHH ernn p03l1i3HaBaHHH MOBH TOMY rn;o 
npaBHJibHe BH3Hal:IeHHH rpaMaT11q1rni' CTPYKTYPH npono3HUiY J,03B0.-15:€ rrL::d6paTH BipHy 

rpaManrcrny KOHCTpyKu;im .n:mi: eKcrrpecHBHOro cpap6yBamrn ni,n:TBopeHoro rrpo:ro3HUil. 

TaKo)K icHy10T1 n-rpaMni Mo,n,erri po3rri3HaBaHH5! MOBHoro . BoHH 3acH0BaHi Ha 
np1mymenHi, u~o liMonipHiCTb y)KrrnaHH5! -cieprosoro cnosa B rrporro3nuil' 3a.1eflZrm, TiJibKH ni,rr: 
n-1 crriB. C.ooro,n:Hi Hali6inhm norrymrpHi 6irpaMHi Ta TpnrpaMHi ~10,Je.1i :.~oBH. TiomyK y TaKHX 

MO,UeJUIX si.n:6yBaeThC51 no BCJ1HKiH rn6mi:ui (:rrnpnycy). He3Ba/KaI01£11 Ha IIIBHJ,KO rrpaurom'IHM 
arrropHTM, TaKi MO)J;eJii He 3,D;aTHi BJIOBHTH ceMaHTffCIHi H: CHHTaKClf'-rni 3B15!3Kll, RKrn;o 3aJie)KHi 

cnosa nepe6YBaIOTb Ha Bi,ncTaHi 5 cfriB ,n:pyr Bin: .n:pyra. B1IKopHcTaHH5I :tK n-rpa'.1.HHX MO)lerreli, 
.n:e n 6iJihIIIe LJ:OMY 5, BHMarae Bem1qe3HHX IlOTY:tKHOCTeli [24]. 
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5£K MH mKe Bi,D,3Ha'!a1H BllII(e, caMOID rronymi:pHOID MO}leJIJIID rra CbOro,nHirrmiH: }leHb € 

TPHTpaI\rna MO}lCJlb. YMOBHa i11~0Bip1iipTb CIIOCTepexceHml rrpOII03HL(i'i wl, ... wn Ha6mrnceHa µo: 

P(wl, ... ,wn) = ITP(wi I wl~ ... ,w2):::::; ITP(wi I wi-(n-1), .. ., w(-1) 

HarrpIIKrra,n, po3rII5IHeMo rrporro3IIIdID «I want to go home». lMoBipHicn, 11,id npono3tt11,iY 

MQ)I<Ha o6'UICJIHTH Bill paxyHKY 1IaCTOT.l1 n-rpal\1a (y ll,hOMY rrpnKrra,ni o6epeMO n=3): 

P(I, want, to, home):::::; P(I)*P(wantli)*P{toli, want)*P(gojwant, to)*P(home! to, go) 

BapTo Bimna<rttTH uaneKo.D.i1011y TpllrpaMHY MO}leJih, B 5IKiH: ana.ni3 Be.D.eThCJI He TirrI>KH 

rro J.J.BOM rrorrepemiiM crroBaM, a no 6yJ.J.h->IKiil rrapi crriB, II(O nepe6ymuon, rropy11. TaKa 
Tpn:rpaMHa MO).J,CJih MQ)Ke rrponycKaTII M<L'loim]JopMaTHBHi CJIOBa, THM caMHM rrorrirnrry10•rn 

rrepe}l6a'l.yBa.Hicn cnorry'IyBaHocTi B MO}leni 

2. MeTOJJ.H ;uniaMi•-uwrn nporpaMyBaHHH 
y CHCTeMax p03Tii3HaBaHH5I MOBII, m:o MiCTSITh CJIOBa, p03IIi3HaBaIIH5I BH.Marae 

rropiBH5IHH51 Mi)I< Bxi,n:HHM CJIOBOM i pi3HlIMH CJIOBaMH B CJIOBH1IKy. EcpeKTMBHIIH p03B15I30K 

rrpo6JICMH Jie)l<HTh y )JJU-IaMi'IHHX ai1ropHTMax nopinmmmr, MCTOIO .5IKOro € BBe,n:emrn: 

THMqacoBIIX MacrnTa6iB ;:i:aox cniB B orrTHMaJibHY BL1;r10Bi.n:HicTh. AnropHTMH TaKoro nmy e 

).J,llHaMiqHIIMll a.:1ropHTMat\1ll lpaHctjJopMa11,i'i 'IaCOBOl lIIKaJIH. ,naHill CTa'ITi npCJ.J.CTaBJieHO }lBa 

BapiaHTH pea:ri3au,ii' arrropHTMY npmHa'-ICHi JJ:JUI p03IIi3HaBaHH5I OKpCMHX CJiiB. 

ll;ocni}l)KCHH5I B o6rracTi p03IIi3HaBaHH5I MOBH, TaK caMO 5IK i B iHIIIIIX o6nacrnx, 

BHIIJIHBaIOTh ITO }lBOM Harrp.HMKa:M: cpyn.n:a-rvteHTrulhHi }l0C;1i;J;)I(eHH5I, MCTOI:O 5IKliX € po3po6Ka H 

TCCT)'BaHH5I HOBHX MCTO,n:iB, anropllTMiB i ICOHI~erru;iH Ha HCKOMepniliHiH OCHOBi; i npHKJTa,I(HHX 

,Ll,OCJii).J,)I(em,, MCTOIO 5IKllX € rrorrirnrreHH5I icHy10qlix :\fCTO,UiB, }].OTpMMYID'IllCb IICBHHX KpHrepi!B. 

y u.iit CTaTTi p03fJI5I,I(a€TbC5I p03rri3HaBaHH5I OKpeMHX crriB y TCH)lCHil,i'i rrpIIKJiaJJ;HH:X ).J,0CJii,2J,)KCHb. 

<DyH.n:aMCHTaJihHi J.J.OCJii,I()KCHH5I crrp5IMOBaHi Ha o.n:ep)KaHH>I cepe,n:HhOCTpOKOBo'i a6o 
.n,oBrocTpoKono1 Bl-lTO,ll,H, y Ton '-me 5IK 11p11Kna,um1i-l .n:ocni,n)I(eHH5I crrp5IMOBani Ha IIIBR,IJ,Ke 

rronimnenmI icnyro11nx MeTo,D;iB a6o pmmHpemrn 'ix BHKopncrnHH5I B o6nacrnx, ,n:e TaKi MeTO.D.H 

me rrpar<TIIl1HO He ffHKOpIICTOBYIOTbC5I. 

TiosrirrmIITH lliBH,I(KicTh p03Ili3HaBaHH.lI MOBH MO)I<Ha rrpH o6JiiKy HaCTYITHHX KpHTepilB: 

PmMip ni3HaBaHoi' JieKCHKM; 

CryrriHb CTIOHTaHHOCTi MOBH, 5IKY Heo6xi,nno po3ni3narn:; 

3aJJe)KHiCThfHC3aJIC)I{HlCTh BiJJ: ,I(HKTOpa; 

qac, neo6xi,n:He ):{JI5I IlpHBe).J,eHH5l CIICTCMH B pyx; 

lfac IIpl:ICTOCyBaHH5l CHCTeMH ):{JI5I HOBMX KOpHcTyBa<J:iB; 

qae B116opy :H p03rri3HaBanm1; 

CTyniHb po3ni3HaBalIHlf (BHpa)Iccna CJIOBOM a6o rrporr03nuiE:ro ). 

CborO)J,Hi CHCTCMM p03IIi3HaBaHH5I MOBH 6yJJ:}'IOThC5I Ha OCHOBi rrpHH.UHIIiB BH3HaHH5I cpopM 

pmrri3naBaHHH. MeTOJJ:H ii anropttTMH, HKi BHKOpHcToByBanHca ,UOTerrep, MOlKYTh 6yTH 

po3,u:irrerri Ha qonipII 6inhIIIi KJiacFr: MeTo,n:u: ,nttcKpn:vrnnaHTHOro aHarri3y, 3acH0BaHi na 

EaH:ecoBcKo1 J.J.HCKpHMiHaui'i; rrpHXOBani MOJJ:eJ1i MapKoBa; mrnaMi'Irre rrporpaivi:yBamrn: - qacoBi 

)J,HHaJYd~rni ~mropliTMH (DTW); He:HponHi Mepe)l(i [4]. 
AnropIITM .D.HHaMiqHoro lpruiccpopMyaamrn ~racy (DTW) 06-qncn10e orrTIIMaJihHY 

rrocni,noBHicTh TpaHccpopMau.iY (,necpopMani'i) 'lacy MiJI( ,n:BoMa TRMqacoBHMH p5I,naMH. A.rrropttnI 

o6l:J:MCJHOC o6oe 3HalJ:eHH5I ,u:ecpopMaI.lil Mi)I( ).J,BOMa p5i.D.aMH H Bi,n:cTaHHIO Mi){( HHMH. 

I1p1mycnIMO, m:o B Hae e ,n:Bi qlfc.10Bi rrocrri)J.oBHOcTi (al, a2, ... , an) i (bl b2, ... , bm). 5IK 

6alJ:HMO, J.J.OmKIIHa )],BOX rrocni.n:oBHOCTet'r MO)I(e 6yTn pi3no'i. AnropttTM rro'-rnHaeTbC5I 3 
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p03paxyHKiB JIOKaJihHHX Bi.D;X.HJieHh Mi)K eJieMeHTfu\1H .:JBO:X ::-=c12.1:J:OBHOCTeM, mo 

BHKOpHCTOBYJOTb pi3Hi THTIH Bi,n:x1rneHb. Ha:llnoIImpeHiIIrn::ll crroci6 ru:: C0'-{l'.:C.1eHH5I Bi,n:xmieHb 

€ MeTO.D;, mo po3paxoBy€ a6COJIIOTHe Bi.D;XHJieHH5l MiJK 3Ha~eHHIDm .J:BGX. e.-:::e>reHTiB (EBKJii.D;OBa 

Bi.D;CTaHb ). y pe3yJibTaTi OTpHMa€MO MaTpIUJJO Bi,n:xnJieHb, IIIO >~3.[ :-, ; 51:.::U:iB i rn CTOBTI[(iB 

3araJibHHX ~JieHiB: 

d
1
., = Ja, -b

1
.j, i = 1, 11, j = Lm. 

if ' , (2 I 

MiHiMani:.Ha Bl.D;CTaHh y MaTpm1;i Ml)K nocm,n:oBHocrnMH BinHa·qat:T1C5I 3a ,n:orroMororo 

anropHTMY ,lJ;HHaMi~Horo nporpaMyBattmi: H: HaCTYIIHOro KpHTepifo OIIT~L\li3auil: 

.n:e: aij - MiHiMaJibHa Bi.D;CTaHb Mi)K IlOCJii,D;OBHOCT5IMH (al' a2, ... ' an) i (b 1, b2, .. ., bm). lllm.1x 

.n:e$opMau;i1 - :u;e MiHiMa.ribHa Bi,z:i;cTaHh y MaTpm:i,i Mi)K eneMeHTaMH a 11 i anm, nw rromi:raIOTh i3 .. . .. 
THX aIJ eJieMeHTaMH, J.CKl BHpa)KaIOTb Bl.D;CTaHb .no anm 

rno6aJibHi .n:e¢opM:aIJ,il CKJia.D;aIOTbC5l i3 .D;BOX nocnboBHOCTeli 1 Bll3Ha~aIOTbCJ.C no 

HaCTYITHiH cpopMyni: 

1 j] 

GC = -·. L"H';' 
p i=1 (4) 

.n:e: w1 - eneMeHTH, .SIKi Hfille)KanI nrn»Xy .n:e$opMauil; p - i"x KiJII>KicTb. Po3paxyHKH 

npOBO.D;HJiliCJ.C .D;JIJ.C .D;BOX KOpOTKHX rrocni,n:oBHOCTeH i 3a3Ha~eHi B rn6nm:i,i, y 5IKiH: BH,n:ineHa 

nocni,n:oBHiCTh .n:ecpopMau,il. 

-2 10 -10 15 -13 20 -5 14 2 
3 70 78 69 HO 

-13 78 105 ·104 
14 20 39 62 74 
~7 37 37 23 1·1 
9 48 38 42 29 44 

-2 48 50 46 46 40 55 

lcHye TPH YMOBH, mo HaKna,n:aIOTh Ha DTW an:ropHTM .D;JI5I 3a6e3rre~eHHJ.C IIIBH.IJ:KOl 

KOHBepremi:il: 

1. MoHOTOHHiCTh - IIIJI5IX HiKon:n He BeprneTbC.SI, T06TO: o6oe iH)J;eKcy, i i j, 5IKi 

BHKOpHCTOBYJOTbC5I B nocni,n:oBHOCTi, HiKOJIM He 3MeHUIYIOTbC5I. 

2. £e3nepepBHiCTb - rrocni,z:i;OBHiCTb rrpocyBa€TbC5I IlOCTYIIOBO: 3a O.D;HH KpOK iH,n:eKCH, ii j, 
36inbIIIYJOTbC5I He 6iJihIIIe Hi)K Ha 1.3. 

3. rpaHH~HiCTb - ITOCJii.D;OBHiCTb IIO'llHaeThC5I B niBOMY HH)KHbOMY KyTi M 3aKiH~8TbC5I B 

npaBoMy BepXHbOMy. 

flpIIKna.n: .n:e¢opMau,i1 rrocni,n:oBHOCTi 3 BMKOpHCTaHH5lM MOBH rrporpaMyBattHJ.C Java 

HaBe,n:eHIIH Hif)Kqe: 

void dtwalg (double a[],double b[], Stack<Double> _w, double _dw[] []) 
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1 J ; 

int n=a.l 
doubled[] []=new double[n] [m]; 
for(int i=O;i<n;i++) 

for(int. j=O;j<m;j++)d[i] [j]=Math.abs(a[ ]-b[j]); 
[ 0 J ( 0 l =d [ 0 l [ 0 ; 

for(int i=l;i<n;i++)_dw[i] [O]=d[ ] [O]+_dw[i-1] [OJ; 
for ( int j = 1 ; j <m; j ++ ) [ 0 ] [ j ] =d [ 0 ] [ j ] + [ 0 j [ j - 1] ; 
for(int. i=l;i<n;i++) 

for(int j ;j<n;j++) 
if dw [i-1] [j l] <= dw i-1] [ J) 

if [i-1] [j l]<= __ dw[i] [j-1]) dw iJ [j]=d[ ] [ ]+ dw[i-1] [ 

e 1 s e _ dw [ i ] [ j ] =d [ i ] [ j J + _ dw [ i ] '. j 1 ] ; 
else 

if [i-1] [j]<= dw[i] [j-1) [i] [j]=d[i] [j]+_dw[i-1] [ ]; 
else [i] [j]=d[i] [j + dw[i] j-1]; 

int i=n-1,j=m- ; 
double element= __ dw [ j [ ] ; 
_w. (new Double dw[i] :jl)); 
do 

f(i>O&&j>O) 
if dw [ i-1) [ j 1] <= dw [ i -1] [ ] ) 

if( dw[i l][j-1]<= [i][j l]){i--;j ;} else j-
else 

if dw[i-1] [j]<= dvdil [j-l])i--; else j-
else )j--; else i--; 

w.push(new Double dw[i] [j])); 

vJhile ( i ! =0 I !j ! ) ; 

ToMy IJJ;O )~Jrn BH3HaqeHH.sI OCHOBH rrocni.nomIOcTi B ,!:(HHaMi'IHOMY rrporpa'1yBaHHi 

OIITllMaJlhHHM e BMKOpl1CTaHH5.C MCTO)J, 3BOpOTHoro rrporpaMyBaHmI, Heo6xiUHO 
BnrwpucToByBaTII nemmH: .rumaM1~HHH nm crpyKrypH, 5IKHH Ha>HBaCThCH «CTeK)). ITo,n56no 

6y.nt.-5rKoMy ,n:IrnaMiIIHoMy anropHTMY nporpaMyBamrn, DWT Mae rro.rriHoMiarrr,ny CKJia,D,HiCTh. 

KomI MH MaCMO cnpaBy 3 6i.TJbIIIHMJJ IIOCJii)lOBHOCT&~rn, BHHMKaIOTb JIBi He3pyIIHOCTi: 

3aIIaM
1
5ITOByBaHH5I 6iJlbIIIHX 'IHCJIOBHX MaTpHll,b; BHKOHaHH5I BeJIHKOl KiJihKOCTi po3paxyHKiB 

Bl)J,XHJieHb. 

ICHyc rrorrirrmeHa nepci5.C anropHTMy, Fastdwt, 5IKa BHpimye .nni BmueBKa3aHi rrpo6neMIL 

P03B1H30K no;rnrae B p03fornu.i MaTpIUJ,i CTaHiB Ha 2, 4, 8, 16 i T.JJ,. MCHIIIMX no p03Mipy MaTpHUb, 

3a JJ,OIIOMOrOIO IIOBTOpIOBaHOI'O rrponecy p036HBKH rrocrriJJ,OBHOCTi BBe/~CHH.SI Ha ,u,l3i 'qatTIIHH. 

TaKHM 'IHHOM, p03paxyHKH Bi)lXHJieHH5I rrpoB0,!:(5ITbC5I TiJibKH Ha L{lIX HeBeJIHKHX MaTpHll,~X, i 

IIIJI5.CXa:x ue¢opMaui'i, p03paxoBaHHX ,UJI5I HCBCJIHKHX MaTpHIJ;h. 

Po32llflH€)vtO 6iJlbtU OOKllaOHo euKopucmamm DWT aJ120pumJli1y e posnisuaemmi MOeu. 
3eyK npoxoiJumb 1.Jepes cepeooeuu1e, flK nosOoB:JfCllR xeUllfl si weuOKicrmo, u10 sa;zeJtCumb eio 
1lfiltb11ocmi cepedoeuuw Haunpocmiumu cnoci6 eucmmm seyKie cuuycoi'Oa.llbHUii 2pa<jJiK. 
I'pa<}Jit.tHa eucmaea ei6paifiii noeimp;z nio mucKolvt nponm20JH OeRKOZO t.tacy. 

<DopMa 3BYKOBoY xBmri 3aJIC)KHTb ni,n TphOX qmKTopiB: aMrrniTy11,H, qacTOTH li <lJa3H. 

AMrmhyJJ.a - rrepeMiIJJ;eHHH CHHYCOl)laJibHIIX rpa<Jlis BHIJJ;e H: HmKt:re THMt:racosoY oci (B 

= 0), IJJ;O Bi,UrrOBi).l;ae eHepri! 3aBaiffa)I<:CHOl 3BYKOBOI XBHJii. BHMip atVmJiiTyJJ,H MO)Ke 6yrn: 

3po6JieHe B O)lHHIUJ:HX TMCKY (.ne11;i:r6eJiax DB), HKi BRMipIDIDTh aMm:riTy.ny 3BHLJa:tiHoro 3BYKY 3a 

.10n0Moro10 norapH<iJMiqm1x tPYHKili.H. BRMip aMrrniTyLt.H BHKopHCTOBYIOIIH .neu,H6enH ,u;y)Ke 
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Ba/IOUIBO Ha nparn:aui, TOMY m:o l(>l np.SIMa BHCTaBa npo Te. ,_. 
JIIO,[(bMH. qaCTOTa - qHCJIO IllIKJiiB c1rnycoI,nM 3a o,n;Hy ceK)x=:· ' ' -

]VJ!], 2012 

crrpnliMa€'.TbC5l 

cepe,n;HbOIO JiiHieIO, IIOTiM ,n;oc>Irae MaKCHMYMY H MiHhvry:.1y, 2. -··- _::: -T2.C::T:CC5l: ,n;o cepe,n;HbOl 
niHil. qaCTOTa UHKJIY BllMipH€TbC5I 3a 0,I(H)' ceKyH,n;y a6o B 3 e.1:i:rtnrna 3BOpOTHa 
'tfaCTOTi Ha3IIBa€TbC5I nepio,n;oM - qac Heo6xi,n;HliH 3BYKOBHll XE~L- -_:; ~ llllKJiy. 

OcrnHHiH c):iaKTop - ¢a3a. BoHa BHMipme rrono:iKeHHH B~.:: = ~:::: c1rnyco1,naiTtiHo1 
Kplrnili. <l>a3a He MO)f(e 6yn1 rroqyTa JIIO,!(liHOIO, 0,!(HaK fi :\fO~K22. ~' - .. ::.·.::::::T;_'. m:o.uo IIOJIOJKeHIDI 
MiJK ,Zl;BOMa CHI'Hfu'UlMM. TipoTe, cnyxom1li arrapaT crrpHH:.J:2.C: ~. - : ~:~:::::-::;:: 3BYKY Ha pi3HHX 
cpa3aX. 

,ZJ,JI.sI Toro m:o6 po3i6panr 3ByKOBi XBimi Ha CHHycc:::::c...-:.:-:..:· .- CKOpliCTa€MOCH 
TeopeMoIO <Dyp1e, BoHa roBopMTh, m:o 6y,n;1>-.srKa KOMrrrreKcHe. _ -~'.'~:2.2: XBILTII MO:ll<e 6yTH 
p03i6paHa 3a ,Zl;OIIOMOroIO c1rnycoi):i;arrhHOI KpHBOl 3 pbm1:.1;: :..:,;:_. - 20.\'.H, aMnniTy,n:aMH ii 
<J>a3a'1'.H. LJ;e.H rrpouec Ha3MBaeT1>c.sr aHarri3 <Dyp1e, i H:oro pe3y:-rsr:.r:.:>'. c a'vmJiiTy;:i:, tjla3 i 
qacTOT )J,mI KOJKHOI'O cn:eycoi')J.aff&HOI'O KOMIIOHeHTa XBHJii. :..:::;~ --- c1rnycoi:,n;arr1>Hi Kp1rni 
pa30M, o,n:epJKyeMo opHriHaJibHY 3BYKOBY XBHJIIO. KpanKa r.rac'c,-r;: ::. y3.srrn pa3oM 3 
aMrrnhyJJ.oro, Ha3n:BaE:ThC.H cneKTpoM. EyJJ.h-.srKHH nepio.z:i;H'{HE~ c:~::::-:-:::.__ :ccKa3ye, peKypcHBHY 
MO,n:eJih qacy, jlKa Bi,n:noBi.IJ;a€'. rrepmiii qaCTOTi KOJIHBaHb CH.lrLo. ~:: ~~'. C::D~rnaE:TbC}l OCHOBHOIO 
qacTOTOIO. BoHa MOJKe 6yrn o6MiproaaHa 3 MOBHOro -'. .. 3::'.. .:::c:>::-:'.O'.fOfOIO rrepeBipKH 
rrepio,n;y KomrnaHb 6Jrn:3hKO 0 oci. CneKTP rroKa3ye qacroTy _ :::::c.:i10BHOcri :rnyKiR, i 
SIKm:o Mn: nparHeMo rrpoaHarrbynaTn: Ti po3BHTOK npornroM ci:ac;·. :.;;c _ 3Hai1TM crroci5, IIIO 
,ll.03BOJI.sre rrpo)J.eMoHCTpyBarn: ue. Ue Mo:ama noKa3anr Ha CrreKrporpa11trn - u_e 
,n:iarpar..m y ,L(BOX BHMipax: qacTOTa H '<lac, y .sIKiil: Korrip Kpam~:n: - CHJI.bHHH, CBiTJIHH 
- cna6Irn.H) amnaqae aMmriTy,n;y iHTeHCHBHocTi. MeTo.J 3a:iKrrn:By pon1> y 
po3rri3HaBaHHi MOBII, i rrpo¢ecioHaJI MOJKe p03Kpn:ni: 6araTO .~:nrn.15l'IliCb TiJI.bKli Ha 
3ByKOBY cneKTporpaMy. 

CyqacHi MeTo;:i;n: BH5IBJieHH5l MOJKJTb Toe.mo BH3HaT.J:HTH 
BliMOBJierroro crrona y 3BYKOBO:MY IIOTOLl_i, Ha OCHOBi o6po6KH 
qacy. f-I:aHi Mern,n:n: ordHI-OIOTh eHepriro H: cepe)J.HIO BenHT.J:MHY B 
TaKO)f( 06qrrcnroroT1> cepe,n:Hill pisenL rrepenrnaHHH Hysrn. 

· H KiHuesy KpanKy 
~1iH.1liBliX IIpOT.sifOM 

. Bi,[\pi3Ky rmcy, a 

CTBopemrn rroqaTKOBoI ii KiHii;eBoY KparrKn: - rrpocTe 3aB.::raHb. n:Km:o ay.n:io-3aIIMC 
3po6neHO B i.n:earrbHHX YMOBax. y ULOMY nn:rra)J.KY Bi,D;HOilleHH.H ClffHa.i:-rrr;:.r Be:IHKHH, TOMY rn;o 
BH3Ha11HTli .n:ilicmdi CHTmUI y IIOTOIJ.i IllJrnXOM aHarrby o6pa3iB He npe.JCTaBJrne npaui. y 
pea..'IbHliX YMOBax yci He TaK npocTo: ¢oHOBliH myM Mae BeJIH1.le3HY iHTeHCHBHiCTb i MOJKe 
nopyurn:Tn: rrpon;ec BiMiJieHHH cnin y ITOTOid MOBI:I 

Kpam:HH: a..'ITopI:ITM ni,rmineHH& c.rriB anropHTM Pa6I:IHeJ1-J1a\Ie.1b. 5IKmo p03nrn,nan1 
crpo6-iMnyn1>ciB {sl, s2, ... , sn}, .n:e n - qn:CJIO o6pa3iB cTpo6-iMrryrrhciB, a si, , n - ~rncerroHe 
BHpaJKeHH.sI 3pa3KiB, 3ararr:&Ha eHepriH C'rp06-iMIIYJlbCiB o6LJ:HCJJI0€TbCH: 

- I 

l n 
E(n). · -... L,s1

2
. 

n . l 'f= (5) 
Cepe,n:Hili piBeHh nepeTHHaHHH Hyn1>0Boro piBm1: 
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n-1 

ZCR(n) = 
:i=l (6) 

~( 

if J I Si 0 
) ~ .. lo I if 0 Si 

'· 
MeTO,lJ; BHKOpHcToBye Tpn 'IHCJIOBi piBni: ,l::\Ba L\Il5I enepri1 (BepxniH, mn:imiil:) i OL\MH L(JUI 

cepeL(Hhoro rrepeTHHaHHH uynhoBoro piBH5I. KpanKa, no'-nrnaIOl'.fH 3 .aKo1 enepriH rrepeKpHBae 

BepxHiii piBeHb i piBeHb II03HTHBHHX i neraTHBHHX 3Hal'.feHh, He CKacoBye BCTaHOBneHHH piBeHb, 

5IKHH yBa'.!KaE:ThC5I Bi,n:rrpamrnm KparrKoIO ronocoBoro 3BY'lliHH5I (ne nnni). IlomyK rreprno1 TaKOI 
KparrKH npOBOL(HTbC5I mJrnXOM cxpeui;yBaHH5I iMIIYJibCiB Bi,n: rroqaTKY H L(O KiHIVI, i ue BlBHaqHTb 
rrepmy o6naCTb i3 MOBOIO. 3BOpOTHHH rrepexiL(, 3 KiHTJ;5I B rroqaTOK, ,lJ,03BOmI€ BH3HaqHTH 

KiHU:eBy KpanKy OCTaHHbOl o6nacTi 3 MOBOIO. Btt3naqeHH5I ycepC,lJ,HHi o6nacTi MO)KC 6yni: 
3po6nene lliJHl:XOM cxpemyBaHH5I i.1,.mynbciB MbK ,lJ,BOMa UHMH KpanKaMIL IloqaTOK rnyxo'i 

o6nacTi noq1rnaeThC5I B Kpamd, y 5IKii1 errepri5I cTae Menme 3naqemrn mDKHhoro piBrrsr. 
3BepneMo yBary na pnc. 3, Ha }IKOMY .n:o H: rrocny BH.D:<UICHH}I rrryxo! o6sracTi: 

PHc. 3. 3ByKoBHH CIIrHan cnoBa <mine» 

BH3Haqenm1 cnoBa MO:tKe 3,n:Hicm0Banrc5I IIIJrn:xoM rropiBH5IHH.sr Y:HCJTOBnx tjJopM cHrHaniB 

a6o illJUIXOM rropiBmrnn.sr cneKTporpa::vnr cHTHaniB. Tipm~ec rropiBH5IHHSI B o6ox BliIIMKax 

rromrneH KOMrreHcyBani: pi:mi ,n:OB'.l:KHHH rroc1Ii.n:oBHOcTi H: HerriniHHHH xapaKTep 3ByKy. DWT 
anropHTMY Blla€ThC5I p03i6panI ui rrpofo1eMH IIIJI5IXOM 3HaXO)J,'.!KeHH5I ,uecpopMau:i1, BiIJJIOBiL(HOl 

)l,0 OIITIIManbHOl BiL(CTaHi Mi'.IK .IJ:BOMa p5I,n:aMH pbHOl .IJ:OB)KIIHH. 

lcHyIOTh µ:Bi oco6mrnocTi 3aCTocyBaHHH anropMTM:y: 

1. rip.srMe rropiBmnurn: '-IlICJIOBHX cpopM CHrnaniB. y r(hOMY BIIIIa,lJ.Ky, L(JI5I KO)KHOl 

qficJIOBOI IIOCIIiL(OBHOCTi CTBOpIO€TbC5I HOBa rrocni,n:OBHicn,, p03MipH 5IKOl 3HaqHO Memne. 

AnropHTM Mac cnpaBa i3 UHMH nocrri.rroBHOCTHMII. 1i:ac110na nocrri;:i:oBHicTh MO:>Ke MaTH KiJibKa 
THC>rlJ qHCJIOBHX 3Ha"feHh, y TOH qac 5IK rri,n:rrocni,ri;oBHiCTb MmKe MaTH KiJibKa COTCHh 3HaqeHh. 
3MemneHH5I KiJihKOCTi qIICJIOBHX 3Haqenh MO:lKC 6ynr BHKOHane lllJI5IXOM lXHbOro BH.Il,aJICHH}I 

Mi:tK KYTOBIIMH KpanKaMII. IJ,eH: rrpor(ec CKopoqeHH5I )lOB:lKIIHH qncJIOBOl nocni,JJ;OBIIOCTi He 

rroBHHCH 3MimoBaTn csoe'i BttcTaBH. Ee3cy"tYmimrn, nponec npHBO.LJ:HTb ;:i:o 3MeHmeHH5I TOLIHOcTi 

p03IIi3HaBamrn. 0,n:HaK, 6epyqH ,n:o ysanI 36inhIIICHH5I IIIBII,n:KOCTi, ToqrriCTh, no cyTi, 

rri.n:mmJ,y£ThC5I 3a paxyHOK 36iJiblIIeHH5I cniB y CJIOBHHKy. 
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2. BncrnBa carmUiiB crreKTporpa'1: i 3acTocyBaEIHJI =:.15! rroprnmrnm1 
,n;Box cneKTporpaM. MeTo,z:r: rromirae B no.n.iJ1i wnppoBoro ~":- :-. :.. . . _ Je.l!Ka KiJrbKlCTb 

iHTepBa.JiiB, HKi 6y,uyTn rrepeKpIIBaTHCJI. ,[(JUI KO:iKHOro iMrry.1:;(. :· _:,::- . ::.. -== .JillCHHX LJHCCJI 

(3BYKOBHX qacTOT), 6yµ;e po3paxoByBarn: llIBH,llJiliM nepeTBopeH:::...:: ::: . -:: .. =:· .:::e 36epiraTHCJI B 

MaTpm::d 3ByKOBOl CIICKTporpaM:n. IlapaMeTpH 6y.uyu, O)J.HaKOBE: :::.: ;; .•. - StHICJIIOBa.JibHHX 

onepau.iH:: )J;OB):!UIH hmynbcy, ,Il;OB):K!fHH nepernopeHHJI <Pyp'E:, . -: - e::,;inTTH ,[(.JIJI ,llBOX 

rmcni,n;oBHHX iMrrym,cia. IIepeTBopeHHH <Pyp'e e cnMeTpn:1i::-:c i3 ueHTpoM, a 

KOMIIJICKCHi 'lliCJIO 3 o,n;Hid CTopomI IIOB15I3aHi i3 qHCJiaMII 3 im:::; -_--· "_: 3B
15l3KY i3 UHM, 

TiJTbKH 3Ha'!eHH5I 3 nepmoY qacnrnn cnMeTpil MOlKHa 36eperrn. - . '.'., crreKTporpaMa 

6yae rrpe,n;CTaBJI.SITH MaTpIIIlJO KOMIIJICKCHHX q11cerr, KiJibKiCTb .~-= :.:aTpHui € piBHiH 
IIOJIOBHHi ,UOB1KMHH nepernopeHHJI <Dyp'c, a KiJibKiCTb CTOBIIUiB . -:: . ::::oc:::_ ~!'..C5! 3a.Jie)KH0 Bi,[( 

.UOBIKIIHH 3ByKy. DTW 6y,n:e 3acTocoByBaTHca Ha MaTpHui pe'l:c::::c:::::::::::: ::~:._e:r y pe3yrrbTaTi 

crrony"IeHIDI cneKTpOrpaMH 3Ha"ICHb, TaKa MaTpHUH H<l3HBa€TbC5I :,E~::c=-;c: 

BHCHOBKH 

DTW anropIITMH e .lJ.y1Ke Kop.HCHHMH ,n;JI5I p03rri3HaBaHH5i c 
C.JIOBHHI<y. )J,.JI5I p03IIi3HaBaHH5I lliBH)J.KO"i MOBH BHKOpHCTOByIDTbCJi ~- =:~0~ :'.'; 

BHKOpHCTaHirn ,llHHa\1iqHoro rrporpaMyBarrnH 3a6e3neqye ,~ _. 

.: __ :'.'; B o6Me1KeHOMY 

MapKoBa. 

-.::-:o ::.--:: cKrra,n;Hicn. 

: :::i:.:HrrHKy. DWT 
- :::: ~ ·:;m:re 6im:.IIIHM 

an:ropHTMy: IIPO (n2v), ,n:e n - ,n:OB1K1rna rrocJii,LIOBHOCTi, a v Ki.Tb~.::.:.-:-= 
MfilOTb Ki.JI1Ka C.Jia6KIIX CTOpiH. fio .. rrepme, 0 (n2v) CK.lJa,[(HiCTE:: _ 

CJIOBHHKaM, &Ki 36im,myroT:n ycniurnicTb npou.ecy pmrri3HaBaHH5L =-:_ _ -:: ::.;;.::.:_:;o o6qHcJIHTli 

,ZlBa e.JieMeHTll y ,[(BOX phmrx rrocrri)lOBHOCT5IX, m:ru;o B3HTII )J,0 

pi3HHMH xapaKTepHcTHKaMH. IIpoTe, DTW 3a.JIHmacTbC5I npocrm1 :· - "'~ ~ 

': _ e3.1i'I KaEia.JiiB 3 

a.1ropHTMOM, 
:: 0 3 rri3HaBaHIUI Bi,n:KpHTHM ,UJI.SI nonirrIIIeHb i rri)J.xo;.urmuM rorn JJ:OJJ:aTKiB, HKliM 

crriB: Terrecpom1, aBTOM06i.JII>Hi KOMil1IOTepM, CllCTe:'>.IE T.,r(. 
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IIicKJJH C.JK., XopomKo B.O. 
JI,YIKT 

METO,[( PAH'.IKHPYBAHIDI IlOKA3HlfKIB 5IKOCTI <PYHKIJ,IOHYBAHIDI 
CHCTEMM 3AXMCTY IH<l>OPMAilJHHOro CEPE)J.OBHIUA 

Bcryn 
CHCTCJ\Hl 3aXHCTY impopMatdilnoi' ccpepH (C3IC) ,nep:»<aBII 5IBIT5UOTb co6mo CKJHl,IJ,Hi 

TexHi1rni CHCTCMH. ilpH BHpirneHHi 3a,LT,a'I ammi3y Ta CHHTe3y C3IC, rrpHHH5ITT.sI piIIICHJiJI .B 

yMoaax HeBII3HaqeHOCTi cp}'HKJJ,iOfiyBaHirn CHCTCM BHKOpHCTOBYE011H MeTO,IlJI HerrapHHX Mll:Q)KHH 

n;mr o6po6KH iHepTHoi' mrxiJJ.HOi' iHcpopMa1.1,il. EKcrrepTiie ouiHroBaHH5I 6araToBHMipmrx o6'£KTiB 

peaiTE.HOro CBiTy npe)l,CTaBJUI€ Ba:llOTIIBY Ta aKTYaJI:OHY rrpo6JieMy, oco6JIHBO 3Haqyrn;y )l,mI THX 

npaKTH'IHO Ba:>KJIHBHX mma,ZJ,KiB, KOJIH OKpeMa BJiaCTHBiCTh, rn:o BH3HaLJa£ >IKiCTb impopMardii:Hoi' 

C(pepll He ni,Il,,Il.a€TbC5I cpi3H1:IHHM BHMiproBaHH5J:M, a ouiHIO€ThC5I eKcnepTaMH 3a i'x 3Ha'l:IIMicno i 
rrpo.smy. U,eli HaIIp5IMOK € OJJ,HHM 3 rrpiopIITenrn:x y p03BHTKy iHTCJICKTY<L'IbIHIX CHCTCM B 5IKHX 

633H 3IIaH.b cpopMyrDTbC5I rnmlXOM o6po6KH impopMauii' OTpHMaHOl Bi.a eKcrrepTiB-cpaxim~iB B 

3a)l,aHiii o6rracTi rrpe,IJ;ivreTIIoi' ;:i:i5IllhHOcTi [1,2]. TaK caMo rn:e O,Il,HHM Ba)l{JIHBUM ,Il,O,IJ,aTKOM 

eKcrrepTHOro OJJ,iHIOBaHH.sI 6ara:rOBHMipHHX o6'£KTiB, HKHM e iHcpopMauiliHa ccpepa £ 

cKa.ilHpinar~icEO BeKTOpHHX KpIITepii'B y 3a,n:aqax arperynamrn i J_\e3arperyBaHH5I iHcpopMau,il B 

iHTeneKTY<L'I.DHHX CHCTCMax [3,4,5], a TaKO)l{ B 3a,[(aqax BCKTOpHOl OITTHMi3au;i'i. 




