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AHoTauis.
Po3BHTOK KOMIT'IOTEepH3alLii, NMPOHUKHEHHA
OQYHCMIOBATLHOI TEXHIKH y BCi Clepn Haykm,
NPOMHMCIIOBOCTI, CYCHiNBHOTO JKHTTA NOTpedye Bin
TOXMHH AKICHOTO ONHCAHHA Ta (opManisamii,
npoOJEMH, CTBOPEHHA aNTOPHTMIB, PO3POGNEHHS
NPOrpaMH,  aHami3  PE3yNBTATiB,  PEKYPCHBHO
BHIO3MIHIOBATH TOCTAaHOBKY mnpobnemMu Ta  BCi
HACTYNHI KOMNOHEHTH. OHI€I0 3 OCHOBHMX (yHKIiH
IHTEIEKTYaNBHOI CHCTEMH € (DYHKIIA MACHCTEMH
CIILIKYBAHHS HA MPHPOAHiN MOBi. Tpamumilina cxema
AHATMI3y TAa CHHTEly TeKCTY Ha NPHPOAHiH MOBi

BKKOMA€ 10 CBOr0 CKIaAy HACTYMHI BHIH
O0pOGNeHHS: BWIINEHHSs CMB Ta (pa3 y
nepenpesaKkTopi, Mop(omorivyHui aHanmis3,
CHHTAKCHMHHH  aHAN3, CEMAaHTHYHMI  aHam3,

NCPEBE/ICHHA Y BHYTPIIIHE 300paXKEHHA, PO3YMIiHHA
Tekcty.  Ilpoueaypm  obpobnenns - indopmanii
NPHPOAHBOI MOBH YTBOPIOIOTH KOMIUIEKC, = MO
AO3BONAE AK AHAMIZYBATH, TAK | CHHTE3YBATH TEKCT i
HAHBAKOTH HOIO JIHIBICTHYHHM MPOLECOPOM.

BCTYIL

TMapanexsHo 3 ananizom pO3BHBAETECA # CTBOPEHHA
CICKTPOHHHX MOJENEH roJ0COBOrO TPAKTY, 3AATHOTO
ITYYHO TIEHEPYBAaTH roJOC JHOAMHHM, TOOTO
CTBOPIOIOTBCA CHTEMH CHHTE3Y INTY4HOI MOBH. Mbxk
IHINAM, THOICBKA MOBA — JHCKPETHA Ta 6arato3Ha4ma i
NOBHHHA  OMHCYBATHCh  3aC00AMH  JHCKDETHOI
MATEMATHKH Ta YTBOPIOBATHCH 334 JAOMNOMOIOIO
JOrIYHUX YHCICHHb BHCIOBIIOBAHR T4 YHC/ICHHD
MPEIMKATIB, SKi JAKOTH MOXUIHBICTh OMHCATH MOBY 32
JAOMOMOTOK0 anapary PiBHAHb.

1. HEOBXIJIHICTb ACII AJISA
OInucy BAI'ATO3HAYHOI
OBYHCJIIOBAJILHOI

CTPYKTYPH.
HasgricTs anreOpu CKiHYEHHHX NpeIMKaTiB
(ACIT) BigkpuBa€ MOXIMBICTD meEpexoay Bix
AITOPHTMIYHOIO ONHCY iH(pOPMALIHHKX TPOLECiB 10
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OMHMCy iX y BHIMIUA PiBRAHB. YCi 3MiHHI B DiBHAHHI
PiBHONpAaBHI, - OyAb-AKi 3 HAX MOXYTh BHCTYIIATH SK B
POJIi HE3ANCHKHHX, TAK i B PO 3ANEHKHHX. AnropurMu
Ta NMPOrpaMH ONHCYIOTh HE3BOPOTHIN mpouec poborn
CHCTEM BIiJ BXOJiB 10 BHXOIiB, a pisnamua ACIT -
3abe3neqyroTh y npoueci poSoTu cucTeM i 3BOPOTHIH
TPOLEC: BXIAHI CHTHATH MOXHA MOJATH Ha Oyab-AKi
TNO/IOCH CHCTEMH i, BIATIOBIHO, 3HATH PE3yMbTYIOMHI
CHIHAT TEX MOXHA 3 Oyab-skux momocis. [Ipu usomy
PIBHAHHA JAKOTh Ty NEPEBary Nepea alrOPHTMAMH, IO
MOXHA PO3PaxyBaTH PEAKIII0 CHCTEMH _HABITH npH
HETIOBHOMY BH3HAYEHHI BXIJHHX CHTHAIB, ¥ TOM vac
AK  HCMOBHICTIO  pO3poONeHME  anroputmM €
HempauesaatauM. [lo-apyre, 3a yMoB 3MiHH 3HaHB npo
ob'ekt cucrema piBaaae ACIL, nOKIaJeHHMX Ha
CTPYKTYpY CHCTEMH, 3aBXIH rOTOBA O BHKOPHCTAHHS,
4 QITOPHTM YacTO BHMAra€ [OKOPIHHOI 3MiHM ii
CTpyKTYpH. [3]

€IMHHEM HETONKOM OMHCY CHCTEMH 3a
Aonomoro pisHaHe ACIT € Te, mo xomm umcmo
SMIHHHX Y DIBHAHHAX BEIWKC, a B pIBHAHHAX
IHTEICKTHHX TIpOUeECiB Le 4ucno Ge3 cymmisy Gyze
BCITHKHM, TO ¥ KOMOIHATOPHO 3POCTA€ YHCIO CrIOcO6iB
po3NOAiNy BXIJHHX Ta BHXIAHHX CHTHATIB MK
MOMOCAMH CHCTEMH. 32 IMX YMOB NpPaKkTHYHO
HEMOXK/THBO CTBODMTH TOBHHH Habip anropurMis,
KOKHHH 3 AKMX 004HCMOBaB OH peakuii CHCTEMH TpH
MEBHOMY Crocobi po3mOALNI BXIZHMX Ta BHXITHHX
CHTHAITIB MK NOJEOCAMHM CHCTEMH. [5]
Omxe HeoOxinHo mo6 mnporpamMm Ta faHi He
NPOTHCTOANH OJHE OAHOMY, a YTBODIOBANH CYMICHY
HEPO3YWICHOBAHY CTPYKTYPY ONDALOBAHHA JAHHX i
AKpa3 B IHTEIPYBaHHi, €JHOCTI MpOrpaM Ta JAAHMX
CKpHTIi TOTCHUIHHI MOMIMBOCTI POCTY CHCTEM
INTYYHOIO 1HTENEKTY, AK HACHINOK, MPOAYKTHBHOCTI
uu@poBHx cucreM Ta Mepex. [Tpu msoMy nporpama sx
TAKA HE MNOBHHHA YBOJHTHCA B CHCTEMy, a cama

CHCTEMA  CIOVKHTH  MNOPOKYIOHOKI  mporpamy
cTpykrypoio. Ilpocto B koXHgi#f By3on Mepexi
BOynoBani yHiBEpCabHI (yHKIIOHATBHI

NEepeTBOPIOBaYi 3 k-3HaYHHM KOAYBAHHAM, IO MOXYTh
THYYKO NEPeHANaroKyBaTHCh HA BHKOHAHHA Oyab-

AKHX HEOOXIAHMX ()YHKIIOHATBHHX NEPETBOPEHD.
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Koxasii BY30I CEMANTH4HOI MCPEXi MNOBHHCH
3AHCHIOBATH 2HANI3 3aBJAHNA (iHTEpNpETYBaTH HOTo)
Ta 3B'WYBATH ORHH ynnepmmnui IEpeTBOpIOBaY 3
inmwM, sxme ®a BXOMI AaWi, mp wotpeSylors
ONpamoOBAaHEA - By30l Wi JaHI ONpPANBOBYE, SKIO
HiTpaBCmoE Jamsime Mepexeo. Lli xaam, nopomkeni

KEPYIOMHMH ROMAHJAMM POSIOBCIOIKYIOTHCA
AKTHBHEMM  CCPENOBHIEM 3  VHIBEPCANLHHX
NEPETBOPIOBAYIB, B3AEMOZiIOTE MK  Ccob0l0

(inrepdepyrots) 1 THM BAIOTh  MOXIHBICTD
CTBOPIOBATH HOBi AITOPETMHE. B Mepexi 3aMHINAIOThCE
chige mRX indopMamifEMX NPHIHBIB H BiAMUHBIS 1
mnasxoM. Jlami, mO OTOMYIOTh YHIBEPCANBHREI
NEPETBOPIOBAY, HAZXOJATH o HBOTO,
NEPETBOPIOIOTECA Y  BiANIOBIZHOCTI 3 3AKIAACHHMH
NCPCTBOPCHHAME H  PO3NOBCIOMKYIOTRCE  JAABINE
KOMYTAamiiBOoI0 Mepexero, 3MINICIONH 330[W0 H camy
MEpEXy i IOPOAKYIOMH [CHCHIPAILIOBAHC KCPYBAHHEA
B PE3YNLTATI KONCKTHBHOI B3aEMOMI] CIEMEHTIB.

2. KOHHENITYAJIBHA
CTPYKTYPHO -
®VYHKUIOHAJIbLHA MOJEJIb

BATATO3HAYHOI KOMIPKH.

Teopermam Ta EKCTICPHMCHTAEHI
DOCTIDKCHAN ¥ BEHAKANOMI TEA MAC CTBOPECHHA CHCTEM
Il yCKnagHCHHS CHPHAIOTE BHCYHCHHIO KOHIEMUi
anCKBATHOCTI OararojHa“Hol JIOTIKH Ta CIPYKTYp
JapgaHm0 creopeHns cmcrem Il 3 ovikyRaEHME
BIACTHBOCTAMEH T2  Momomsocrambft  mozo
MABHIDEHOTO 1axucry. B upoMy KoHTERCT, MU
POIKPHITA DINAXiB NOGYNOBH i MapaneasHO-00"€MHHX
k-3HaMHMX CTPYETYp, PO3IIMHCMO KOHHCNTYANLHY
CTPYKTYyPHO-QYHKIIOHANBHY MoJienb Gararo3gaymoi
KOMIDKH.

JosinpEa cecrema LI Ha cucTeMHOMY piBHi
XapaKTCPAIYETECA HabopoM yHKImiH, mo
PeanizyloTsca Helo Ta PYHKIOHANLHAME BYIAMHE, AKi
peamizytors mi ¢ymrmi, a Takox in(opmamiinEM
oOMiHOM mif Yac (YHKIOHANBRAX NEPETBOPEHL. Y
BiANOBIAHOCTI 3 33a734aMM, IO BHPIMYIOTECS
CTPYKTYPHO-QYHKIIIOHANBHA KOMIPKA Y3arajibReHOTO
BHAY HA piBHI CBCTEMHOIO MiZIXOJQY ACKOMIO3YETHCH
HA TpH icpapxivmmx pisHi. QyRKIioHANHHMIA
(AHATTHKO-CHHTCTHYMHEI), TAKTHYHAN (aHAM3ATOPHO
- KOOPIHHALIHHARHA) ;cTpaTeriunmi (xoopaHMHALIHHHI).

Bimnosimso Ha dyExmioEansHOMY piBHI IO
cxmaay k-3Haupoi 00 eMHO - MPOCTOPOBOI KOMipKH
BXOJATh: N-BAMIPHAI KOMYTAaTOp CHTHAMB, KOMIIFCKC
BOPOTOBHX OPECTPOiB, AEMH(PATOPH NMPOCTOPOBHX
NPOMIAHAX 03HaK Ta (opMyBayi k-3gavRAX ¢ymrxmiii.
KomyTarop CHrBAmis € XepylodHM HOpPECTPOiM BXOXY
cucremu LI, mo BEIBAMAE 3 AKHM BXITHHM CHTHANOM
APAIOE KOMIPKA: 3OBHIIIHIM YH BiJl CTPATEri4HOro
piBHA.

KoMniexc mOpOrosHX NPHACTPOIB JO03BONIE
JXIHCHIOBATH  ICPETBOPCHHA  HEMEPEPBHMX  YH
NHCKDETHHX 13 “@COM Ta 133 piBmeM Kk-3HAMHEX
CHTHAMIB (CCMANTHYHC ONPAIMOBARES BXITHOTO
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CHTHAIY CHCTEMH), 4 TaKOK (OPMYBAHHA NPOCTOPY
NpOMLKHEX O3HAK (mpoCTOpy K-3HAYHAX 33 CYTTIO
xapakrepucTEuHHX  Qymxni), AKX pe3ymbrary
CEMARTHHOTO ONPAIPOBANAL.

Mpomikmi o3makH  gcmmApyIOTRCE, ¥
HOAANLINOMY, Y KEPylodi CHTRAIH  BHEXLIHOTO
KOMILIEKCY (popuyna-m k-3maurux ¢y, mo
YNHCHIOE aEAMTHYEI (YHKIIOHANMEHI NEPETBOPEHHS.
PesyA{Tar nepersopers Ha (yHKIiOHATBEOMY PpiBHI
HAZXOAHTH H2a BHXiJ KOMIDKH, 3 TAKOK HAJXOMHTS UK
OIIHIOBAHKA, 3 TOYKH 30pY CCMAHTHYHOIO 3MICTY, Ha
CTpaTeriuHmii piBCHbD.

BHCHOBKH.

Buxoagys 3 T0r0, M0 BHEAANCHO BHIIC CTAE
OUCBHIHHM.

1. [Mobyaosa Gararo3HayHOl OGMACIHOBATBHOI
CTPyKIypH YH CHCTEMH mepeatavyac CTBOPEHHIE
6azoBoro HaGopy THNOBHX YHI(IROBAHHX KOMIIOHCHT
NpOCTOPOBOIO THIly, fKi CKIANAIOT: HaCTynHHE
KORTIOMEpAT 3aco0is MPHCTPOI 30BHIMHLOrO 06MiHy,
MO NEpPETBOPIOIOTH ABo3Haymi xogH B GaraToimauvmi,
YHIBEPCATBEL GararozHa‘mi dyuxmionanbHi
NEePETBOPIOBAYI, muy'ramim €NEMEHTH Ha JCKiNbKa
manpsMkis. B 38'mry 3 opiemaxxiao HA
mxpoenexrponne BHKOEAHHS KOMIOHEHTIB MEpex §Ci
m 3acobm Moxyrs Oyra xnacmdixosami  3rial
HACTYNHEX O3BEAK: BMJ CHTHANY, MO Hece iBGopMamiio
(inq)opumqﬁny 03HAKY), rany3b 3aCTOCYBAHHA, BRI
CXEMOTEXHIKH Ta TEXHONOris BHTOTOBICHHA.

2. AKTyaIBHICTE 3322 CTBOPCHHS OCHOB
Teopii CHETEly HANIBHAKOZIOMHX  k-3HAYHHX
CTPYKTYP Ajif MOBHHMX CHCTEM INTYYHOrO iHTEICKTY 3
BHKODHCTAHHAM MATCMATHYHEX MOJENCH YKpaiHCBKOI
MOBH, mo 6a3ylOTECS HA METONAX TEopii iBTemexTy i
6a30Biit OCHOBI - anTreOpi CKINICHHHX NPEIHKATIB.
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Abstract

Significant continuous speech understanding algorithm is
proposed. It consists in that that for current discrete time step
it is being found not only the N>>1 best initial word subse-
quences, which are permissible in the speech dialogue lan-
guage, but at the next discrete time steps it is being examined
only such words that could continue these N>>1 already ac-
cumulated permissible in the speech dialogue language initial
word subsequences. By this way it is being removed lacks and
united advantages of two earlier mentioned speech under-
standing models [1—4].

1. Beryn

B [1] 3anponomoBamo aBi Texsonorii (momem)
MANIMHH I8 YCHOTO mepeKaafy Ta/ab0 AMKTyBaHHA
~ (MVI1]I). Boun € iepapxiuno opranizosammmvu. [lepma
Mozems Gasyerscsa Ha 3BaHif reHepaTHBHil Mozen

mm&m#ﬂmmmmm-

CHTHAJY. Ilpu IBOMY CHHTE3 OBJICHHS
BHKODHCTOBYETBCA #K 3BOPOTHIH 3B'S30K B mpoueci
posmisnasamni. Tpm ocHori Gnoxm MVIIJ Taxi:
1) MOze/s 30BHINIHBOIO CBIiTY, fKA OMHCYE BCi MOMKTHBI
CMHCIH, INO TEPEJAIOTECA B MWpoOmeCi  Amianory,
2) reneparop TekcTiB a0 peueHs NPHPOAHOI MOBH i
3) resepaTop  (POHETHUHO-AKYCTHYHHX  NPOTOTHNIB
(MonembHEX CHrHANiB) ycHoi mosu. ITpoGmema MVTIJ]
copmymsoBana sx 1) mpoGnema swaxodxcewns nns
CHrHANY, IO PO3MISHAETHCHA, Halbinbw cxoxcozo Ha
HbO20 MOOENbHO20 CuZHANy 3MUMOI MOGU 3 MHOMHHH
BCIX MOXIHBHX CHTHANB NPOTOTHIIB, NOPOPKEHHX
TpeTiM GAOKOM, A4 BCIX MOXUIMBHX TEKCTIB i PEHcHb
TPHPOAHOI MOBH, IIO IEHEPYIOTHCA APYTHM GnokoM s
BCIX MOMUIMBHX CMHCNIB, M0 NEPEAAIOTHCA MEpPIIHM
Onoxom, a Takox sk 2) npoGnema awanisy (posbopy)
0CManHb020 AKX TOCHIOBHOCTI CNiB T4 KAHOHIYHOL
(GopMu CMHCNY, IO NEPERAIOTHCE MOBHHM CHIHAIIOM.
Orpamani mocminoBHOCTI CniB € rpamarEHuHO i
CEMAHTHYHO TPABHILHHMH, TOMY MOXYTh OyTH
HAJPYKOBaHi QHKTYBANbHOI MAIIKHOK a60 CHHTE30BaHi
KAHATIOM TPETHOro GMOKY A iHmOi MOBH B MAIMHHI 1S
YCHOTO ncpexnany.

Apyruii mnax creopenrs MVYIIJI — Tak 3Bama
GaratopisHesa MOZACTs 3 GAraTOIHAMHMME DimCHHAME.
TyT He BHKOPHCTOBYETHCH CHHTE3 MOBJCHHA B AKOCTi
3BOPOTHHOTO 3B'A3KY. Haromicts BBOJATHCH
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Gararosmaumi pimeHHS 32 CTUPOMEHHX YMOB HAa BCIX
piBuax iepapXii OGpOGNEHHS MOBHOTO CHIHANY.
Hanpuknan, ®a nmepmomy pismi  Bupimyerscs
y3aranpHeHa npoOieMa  pO3MI3HABAHHA  3JIHTOTO
MOBJICHHS, $Ka MNONATAE B TOMY, IO BHXONAYH 3
NPHNYIMEHHES NPO BiNbHHI MOPAJOK CNiB 3HAXOAATHCH
N1>>1 naiixpanmx mnocmigorocTedi cnmis. IToriM Ha
ApyroMy pisei ui OaraTosHauHi = MOCHAOBHOCTI
amnsymmmmmmmmmmm
cmiB, mo 306iraloTECA 3 MOPOKCHHMH T€HEPATOPOM
TeKCTiB 260 peydeHs NpHpoaHoi MOBH, TakHM YHHOM, HA
Apyromy, HaliBHmoMy piBHi OTpEMyemo N2>>1
HAMKpaIEX PE3yNbTaTiB PO3YMIHHA, 3 HHX OCTATOYHO
0OHpacTLC O/HH HAMKpATIHIA ;

Hami  nponoHyerscs  anroput™  Gatarosmaumoi
CMHCNOBOI iHTepnperanii ycHoi MoBu ans MVYIIJ]. Bin
YCYBa€ HENONIKH Ta TOENHYE NEPEBarH JBOX
BHINC3TAJAHAX MOACNCH.

Le# anropaT™ monsra€ B TOMy, IO, HANPHKNAL, Y
mopnmﬁﬁammmiMYHﬂmmpmouyplm
BHDIIIYETECA y3araibHEHA Mpo0nemMa po3mi3HABAHHA HE
33 YMOB NPHIYIICHHA NPO BiNbHMI NOPAJOK CHiB, ane B
ymoBax posrnsay N>>1 madikpammx nocmizoBHOCTEH
cnis, abo Toumime N>>1 mmmmnmm

nparMaTEli ycHoro mianory. Tomy Aana morToysHOro
Bigniky wacy Oymemo 3HaxomuTH Jmme N>>1
AOMYCTHMi B MOBi YCHOr0 Mianory, a Ha HACTYNHOMY
4acoBOMY KPOLi PO3rIANATHMEMO TiNBKH Ti COBA, SKi
MOKYTh MPOAOBKYBaTH Bike BimiGpani mixnmocminosHOCTI
CliB, AKi € JOMYCTHMHMH B MOBi yCHOTO mianory. Taxmm
YHHOM, BBOAMMO O0araTo3HayHy CMHCIOBY iHTep-
NpeTauiio YCHOMOBHOIO CHTHAIY.

B pesynsrari jocaracTeCs TaKa K  TOMHICTH
posymiEH#, #K i B JApyrii Mogem, ame 3a 3HAYHO
MEHIHX o6cAris o6umCeHs Ta nam'aTi.

Hani B meTansX ONMCYETHCA OCHOBHMI ANTOPHTM
Gammnaqmicmmoimepnpemml

2. Croeundixanii npnpolmo’i MOBH

OmucysarnmeM0  YCHYy NpHpOZHY MOBY 32
JAONOMOroK0  CeMaHTH4HOI Mepexi. Buxopucraemo
Halimpocrinmii  meron. Bci  MoxmmBi  pevenms



PO3MICTHTHMO B NMPEAMETHHX moiax. B cBOK yepry Bci
peueHHA KoxHOro mpeaMersoro moas (ITI) posmimamo
HAa Kareropii HA OCHOBI CMHCINIB, IO MEPEJAFOTHCA.
KoxHOMy mpeaMeTHoMy MONIO BiANOBiAA€ NOPIBHAHO
HEBEJHKe YHCNo Kareropiit cMuchis (KC).

Hanpuxnan, nns [0BiOkOBOI ChyxOH  aepomopry
MOKHA BHIIJIHTH TaKi KATEropii CMHCIIB: NMUTAHHA PO
NMPHNIT Ta BIAMT JNTAaKiB; NHTAHHA NP0 HAABHICTH
KBHTKIiB, IHTAHHA CTOCOBHO MAapIIPYTy, IHTAHHA NpO
PO3TaNTyBAHHA CITY>k0 acponopTry TOmIO.

Koxna xareropis cmucnis (KC) cxnamaersca 3
BIIACHOI MHOXHHM THMNiB pevueHs. Tun peuenns (TP) —
¢ KOHCTPYKIidA, IO CKOHOMHO 33/1a€ MHOMKHHY PEYCHb,
AKi OTPHMYIOTBCA 3 OJHOTO DEYEHHS ULIAXOM
HE3AJIOKHUX 3aMiH T4 NEPECTABISHb AK OKPEMHX CIIB,
Tak i cnoBocmonyyeHs. bazosum enementom TP ¢
miacnoBuuk. ITiacnosuukn B TP iMEHYIOTBCA 3rimHO
CEMAHTHKH NMPEAMETHOTO MOJIA.

Koxuna KC mae nopiBHAHO HeBeqHKy Kinbkicts TP.
Bouesnap, KC moxyTe nmpH motpefi nOMOBHIOBATHCA
HOBHMH TP.

Bci TP nerko 3a7al0ThCsi CHHCOYHHMH MOBAMH,
Hanpuknaxg LISP,

Hasoaumo npuxnan TP mns meTans, MO CTOCYETHCA
Pi3HHMII  JBOX uMCEN JUIS  YKDAiHCBKOI  MOBH:

* \
(cmlrb R {aRACKI)
S s BY/IbTE NNACKABI
b
CKINbKU
ANSWER BYLTE 1OBPI
s BE KIND TO
" i t
\ \ o }
("'BYJIE IOPIBHIOBATH
WILL BE EQUAL PISHULA
LOPIBHIOBATUME THE DIFFERENCE
WILL BE EQUAL IANRLOK
JIOPIBHIOE THE RAMAINDER
1S EQUAL
e
” g
(" [NBOXMUMCEN "\ ([ BIOHATH| )
OF THE TWONUMBERS | | gin 4 [SUBTRACT| p
YUCEN FROMA (3appATH| B
OF THE NUMBERS AKE AWA
- A MIHYC B
A MINUS B
k o N, >
J

Kpyrni ayxxu () micrsrs mimcnoBmwxu, sxi Moxua

TNIEPECTABIATH, TOI AK KBaApaTHi [ | MicTaTs HeinBepcHi
i ACIOBHHKH. l'[uwnommxn MO’KHA TEPECTAB/IATH JIAILE
B Mexax “crapmmx” ayxok (). Sx npasuno, TP
napamMeTpH3yIoTeCA. B usoMy npuknani napamerpamu €
onepanau 4 i B. CamBon “~-” 03HAYa€ NOPOXKHE COBO.

HeBaxkko MEPeKOHATHCA, WO HABITH KO HE Oparu
JI0 po3risAy po3MaiTicTe onepanais 4 i B, HaBenewwii
TP 3anae 3aramom 6!.(2-(2-(3-4))-3-2-3:3) = 1 866 240
Pi3HHX JONyCTHMHX B YCHilf ykpaiHChKilf MOBi peuers
CTOCOBHO NHTAHHA NP0 pi3HMO aBoX umcen Cepen
HHX, 30KPEMA, TaKi PCUCHHS:

YOMY CKAXITb [IOPIBHIOE PISHWUA YUCEN A
MIHYC B,

YOMY NOPIBHIOBATUME PI3HWLA A MIHYC B
CKAXITb BYIbTE NACKABI,

CKINbKW BIA A BIAHATU B BYAE AOPIBHIOBATH
SAJIULLIOK 1BOX YUCER,

Bil A BIAHATU B YOMY [IOPIBHIOE 3ANULIOK
BAWTE BIANOBIfb.

Hwkye masenewo immmit mpmxnax TP mms KC
CTCOBHO Pi3HHIIi JBOX YHCEN:

o B
3MEHILYBAHE A BUY'EMHUK B 3
MINUEND A SUBTRAHEND B8
5
- C .
BY/IE IOPIBHIOBATH
YOMY WILL BE EQUAL
TO WHAT NOPIBHIOBATUME
CKINbKU WILL BE EQUAL
HOW MUCH JIOPIBHIOE
IS EQUAL
J
g N
& é ABOX YUCEN
plmm OF THE TWO NUMBERS
THE DIFFERENCE YUCEN
SAIULLIOK OF THE NUMBERS
THE RAMAINDER v
e Y, J ‘

Ana mporo TP miacnoBuuku IMEHYIOTBCA TaK: o0 —
3MCHIIYBAHE, B — BiX'€MHMK, Y — MHTaNBHE CNOBO, &
TO3HAYAE AiK0, € — onepauis i & — of'exT zii.

KC i TP suxopucTOByBaTHMYTHCE B nponeci
GararosHaunoi  CMECNOBOI iHTepnperauii THTOrO
MOBICHHA. Tyt cnmia miaxpecaurs, mo CTpyktypH TP
3py4Hi JUIS TreHepYBaHHs CiiB, MO NPOAOBAKYIOTh
AOTYCTHMI NOYATKOBI MiANOCTiIOBHOCTI CITiB.



3. VzaraabHeHa npobiiema
po3Ii3HABAHHS MOCJI0BHOCTI CJIiB
AJIf 3JIMTOr0O MOBJICHHSH

Cnepmy po3risHeMoO y3araibHEHy  npobneMy
PO3MI3HABAHHA 3JIMTOT0 MOBJIEHHA, IO CKJIANAETHCA 3i
cms BrOpanoro cnosuuka [1, 2]. IloriM meii pesynsrar

y3aranbHHMO JUIA 3HAXOMKEHHA N>>1 cmmcmiB, Imo
NIEPEAAFOTHCA 3TTHTHM MOBJICHHSM [3, 4].

3.1. ITocranoBka 3aaayi

Y3aranpHeHa mnpoOneMa PpO3Mi3HABAHHA 3JIHTOTO
MOBJICHHA IOJIATAE B TOMY, IO BHXOAAYH 3 NPHITYIICHHA
NP0 BiNBHHH TOPANOK CNiB, 3HAXOAATECA N>>1 Haii-
KPalMX Pi3HMX MNOCTIAOBHOCTEH CIiB, BMNOPSIKOBAHHX
33 CMaJaHHAM noAIOHOCTI 10 0OpOOIOBAHOrO CHTHAIY.

Hexait 3amani Taki JaHi Ta 3HAHHA

A. Cxinyenna MHOxuHA [ enementapEmx mnpo-
ToTHniB ycHoMoBHoro currany (EITYC) e(k') € E, ne
k' eK' — im's ENIYCy B andasiti imen K'.
Hanpuxnan, Maemo IK'| =|E| =2" enemermiz y E i

K'. Omxe, mmowuma K' cxnamae 1-i pisens
MOJICIBHHX CHIHAMIB (Mikpo(oHem), a mapa (K ] ,E) €
KOZOBOKO KHHTOIO.

B. Cxinvenna muoxwuHa K° — MHOXHHA (OHEM-

pudporie (OT) k* € K* (®T opmytors 2-it pisens
iepapxii MomemsHux curmamis). ®T € Gaszosow
(oHemOI0, mO pOINANAETECA B KOHTEKCTI BIUIHBY
cycimHix ¢oHeM: mnepmoi, MmO mepeaye, i APyroi,
HacTynHOI. JImd KOXHOI NMpHPOAHOI MOBH (iKCyeTHCH
Gina 2000—3000 Gasosux OT. Koxcumii ®T k° 3 K’

3AAETECA CBOEIO TPAHCKpHIIIi€io B andasiti K
cbies b L 1 1
k —(k,,kz,...,k,,...,kq(k,)),

J¢ § TO3HAYA€ NMOPAAKOBHHA HOMEP B TPAHCKpHOIi Ta
q(k*) — rpusanicrs Tpancxpumyii anx k.

C. Crosuux K cni k* € K3, xommue 3 sxux oms-
cane (oneMHOK0 Tparckpunmicio K a6o (poHeMHO-TPH-
(homroto Tpanckpurmiero K, 3aanoro B andasiri K -

k3=(k,2,k;,. " . )

ok k)
ne g(k*) — nowxwna TpancKpumLi crioBa.
D. Posnogimn P(x/ k') crocrepexysanux enemen-
tiB X auaecix k' €K', soxpema mua scix k' €K'
P(x/k")= P(x/e(k")).

Jani Ta 3HaHHA, posrsHyTi B A, B, C, D,
3HAXOJATECA B PEKHMI HABYAHHA PO3Mi3HABaHHIO [3].

Ipu usoMy (OPMYETBCA TaK 3BAHMH YCHOMOBHHH (haiin
JTHKTOpA.

CurHan, skudi Cnig pO3MI3HATH, TNO3HAYAETHCA
NOCMiAOBHICTIO X, CTIOCTEPEXKYBAHHKX ENIEMEHTIB X, :

K =Xk Ximirks
JI€ €JIEMEHTH X; CIIOCTEPIraloThCA B PiBHOBIAIANCHHX a60
Maibke piBHOBiAJANCHHX YacOBHX BiJTiKax i, a /| —
TpHBAICTh CHrHamy. CerMeHT

X, = (X, s Xz X OSH<PS]

PO3rAANAETHCA SK peani3anis curuany poneMu-Tprdona

2 B k:,k;,_..,k,',...,k;(t,) 3 iMOBipHiCTIO

(8
P(Xw/k’)q%xt[ [1P(x 7%}).

i=t,_y+1

pe ty=u, t,_ <t,t . =V . ODke, us iMOBIpHICTS

q(k*")

o0uMCIOETECA  3riAHO0 3 (POHEMHO-TPH(OHHOIO
Tpanckpumuiero k> Ta AK 3rOPTKA 33 TIPAHMLAMH
mikpodoren {7, }.

CroXacTHYHA ABTOMATHA TNOPODKYBATBHA IPAMATHKA
(rpath) mng NOpiBHAHHA cnocmpemynano? CEerMeHTa
X, 3 yciMa nmpoToTHnAaMH, mO reHepyrorsca aua OT
k*, 3obpaxena ma puc. la. it rpap mae g(k’)
cranis. KoXHOMY CTAHOBI § IPHIHCY€ETHCA MiKpooHEMa
k! a6o k'(s). Tepexomu 3AiHCHIOIOTBCA 3TiAHO
cTpisiok 3a 0 a6o 1 4acOBHX KPOKiB.

3o0paxyroun rpad donHemu-TpH()OHA NYHKTHPHHM
NpAMOKYTHHKOM i 00'canytoun rpadu dorem-TpupoHiB
B NiHif{Hy NOCTIAOBHICT 3riHO TPAHCKPHIUii CIOBa
k*, oTpuMyeMo CTOXacTHUHy aBTOMATHy TOPOJ-
KyBaJbHY TIDAMAaTHKy UIi TCHEPYBAHHA NPOTOTHINB
(MOZENBHMX CHIHAMIB) CHiB i iX NOPIBHAHHA 3
po3mi3HaBaHuM CurHanoM. I'pad cnosa 300paxeHo sk
“nemoctky” “kBiTkn” Ha pHc. 1b. I'pad-ksiTka Ha
puc. 1b  mpeacraBis€  CTOXaCTHYHY  ABTOMATHY

TOPODKYBANbHY I'PAMATHKY A CKIANAHHA MOJCIBHHX
CHrHANIB 3JMTON0 MOBJICHHA 334 YMOBH BiJIHOTO

nopaaky cniB. Kimekicte nemocTok 30ira€rsca 3
KiTBKICTIO CITiB Y CJIOBHHKY.

ImoBipHi emra X.. 3a ymosu cnosa k°
MOBIPHICTb CErm e yM

OOMMCTIOETBCA  3riAHO 3  TPAHCKPHNIIEW  ClOBa

k3:(kf,kzz,...,kf,...,k:(k,)) AK 3rOpTKa 3a
rparHAMH (poreM-TpH(OHIB {w,} X

I L
P(X,, /1 K)= %xﬁp(xwl /K2,

ne Wy =U, W\ <W,, W5 =V.

*)



a) Gponemmno-mpughonnuii 2pag;
b) nopoosicysanvhuii 2pagh Ons 8inbHo20

nopaoky chis.

Puc. 1. Iopodcysansha pamamuxa Ons JUmo20 MOGNEHHA.

Ayt

Bianosigso, HAHKpama BiANOBis PO3Mi3HABAHHA Y
BHTIAI MOCHZOBHOCTI CJiB 3a YMOBH iX BLIBHOIO
nopaaKy i HeBiAOMOI KinbkocTi ciB O y MOCHIAOBHOCTI
BH3HAYAETBCA MAKCHMI3aLi€x0 HACTYNMHOIO BHPa3y
npaexonoaibuocri (1):

P(Xo,/k,3,...,kf,...,ké)=Ifl:;(fllp(xmm/kf)

aem,=0,m_ <m,, m s =] — rpammui ciis B
ycHOMOBHOMY cursam X, .

3.2. YiaranbHeHHH AJIFOPHTM
PO3NI3HABAHHS YCHOI MOBH
IIlo6 chopMymoBaTH y3aranbHEHHH aNTOPHTM
pO3Mi3HABAHHA 1 TAKHM YMHOM 3HaiTH N>>1
HaWKpam@X MOCTIZIOBHOCTEH CNiB, BBEAEMO HACKDi3HY
HyMepamjio craHis 111 rpada 3mMToro MOBICHHA (JHB.
puc. 1b). Pospisuarememo ronosHui cram s=0 s
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may3H, a TAKOX ONMYCTHMO iHAexc 3 B 3amuci k. Omice,
miHifiku cramiB s=1:19, §=20:36 i s5=37:52
NpeACTABAAOTH CNoBa k = 1, k = 2 i k = 3 BiAmoBiAHO.

Oxpemo BumimamMo Bximsi cramm cmis S” (k) i
paxizai 87" (k). Lle s=1, 20, 37 and s =19, 36, 52
Bi/IMOBITHO.

Hexait €),(S) nO3HAaya€e MHOXHHY MOZJCTBHHX
CHTHAJIB 3JMTON0 MOBICHHA JOBXHHH [, MO
TEHEPYIOTECA rpad)oM 3JIHTOrO MOBICHHA B PE3yIbTaTi
nepexoxis 3i crany s=0 [0 CTaHy § 3a i KPOKiB 4acy.
Tlo3Haummo uepes (F:’(s), K}’(S)), r=1:N Nxy
HalKpammx iMOBipHOCTEH E'(s),r=1:N XD, mo
mocsraoTscs Ha Muoxai €2, (S) , ane ans nHO4YATKOBOTO
cermenra curmany X, = (X,,X,,...,X;), a uepes
KC'(s), 7 =1: N nosmawmmo Bizmosiamy onmaMasHy



nignocnizossicrs cxis. B N-w  (F(s)K/(s))
r=1:N s K'(s) ¢ pismmmm. Hexai napu

EE K () 5 Nui (F ) r=1:N
PO3TAIIOBAHI B IOPAJKY CrajaHua Bemuyunn [ (s) E

F'(s)2 F(s)2..2 F/(s) 2.2 E"(s).

Hexali Naa  (FI()K(E)r=1:N  sxe
O04MC/ICHA A/ BCIX CTaHiB § i 1A BCIX Biatikis wacy
v<i, KOTpi NEPEAYIOTS i.

Toni micns nosBM HACTYMHOTO €NEMCHTa X, B
MOMEHT Yacy i A4 BCIX CTaHiB § OOYMCIOETHCA HOBA
N-xa (F,.'(s),Kl,'(s)), r=1:N:

a) mo-mepme, A BCIX BHYTPINIHIX CTAHIB CIiB §
(oxpim Bximsux cramis cnis 5 (K), ue s=1, 20, 37 wa
puc. 1b, i ronoBHoOro Ccramy s=0):

cnovaTky obumcmooTscs BCi 2N MoxmiBi 106yTH
FA(s=1D)P(x, /k'(s),  F'\(s)P(x,/ k'(s)),
w,t=1:N i punucyorscs
nocnizosrocri cxis K, (s —~ l), K, (s),w,t =FN.
i romi ¢opmyerscs HoBa N-xa (E'(s), IQ'(S))
r=1:N mmsxom BuGopy N maifxpammx noGyTKiB
F'(s), mo snopsagkoByiotscs, 3 BianoBixHEMHU
piseavn K, (s) y mitk noiit N-ui;

BimnoBimwi 2N

b) no-apyre, anx Beix Bxigmux cramis cuis 5™ (k),
k €K, ue s=1, 20, 37 ua puc. 1b:

Cno4aTKy o6uHCmIoOTECA Bei 2N Moxmmsi 106yTKH
E5OP(x/k'(s),  E\(s"(k)P(x/K'(5)).
w,1=1LN i Bunucyrorsca simmosizsi 2N nocmigos-
nocri cais 1G%,(0), K, (s™(k)), w, =1V, i romi
HOBAa N-Ka (F,.’(s), K{(s)) r=1:N dopmyersca
IUXOM BHOOPY N  HaliKpammuX  BHOPAZKOBAHHX
nobyrxis F,"(s) 3 sianosimwo piswmvu K’ (s) » wii
HOBiM N-ui;

C) MO-TPETE, /1A TOJIOBHOIO CTaHy s=0;

Cnepmy BHIIHCYIOTBCA Ta  OOYMCIIOIOTECH  BCi

MOJMUTHBI (lKI+ I)N SHAYCHHA F;.”'(sﬁ "(k)),
w=LN, k=1K| n F"(0)P(x/k0),
u=1LN (s™(k) € suximmmmu cramamm cris, me
5=19,36,52 Ha puc. 1b) i dopmyiorsca (K|+1)V
HOBHX MOCHJZOBHOCTEH  CliB IC,"(Sﬁ "(k))@k,

w=ILN, k=1LK| i sumicyrorsca K, 0),

u=1N, signoBimmo (Tyr mossauxa @ o3mavae
JIOJABAHHA HOBOIO CNOBA A0 MOCTIAOBHOCTI CIiB), i Toxi

HoBa N-Ka (E'(O), K;’(O)) r=1N s3uaxomurscs
muxoM BHOOpPY N HaMkpammuxX i BHOPAAKOBAHHX
F/(0) 3 sianosimso pismuvu K (0) » Hosiit N-mi.
Y3aranpHeHa BiMOBi B PO3Mi3HABAHHA
BH3HAYACTHCA N-KOK, OOYHCICHOW JUIA TONOBHOTO
crany s = 0 B MOMEHT 4acy i = /: IC,.'(O), p=LN.

Ha moyaTky anropHTMy NOKIAJA€EMO: E,' 0)=1,
F/(0)=0 ma r=2N, Fj(s)=0 mm scix
r=LN i scix s#20, K/(s)=@ mm scix
r=LIN iscix §.

HeBakk0 mNOMIiTHTH, IN0 NOKH PO3IJIAAAXOTHCA
BHYTPIIIHL CTaHH CloBa, HOBI1 ClIoBa JHIC
“po3ropraKoThCa”, a4 HE JOJAIOTBCA N0 MiJmOCIIiAOB-
nocreit cris K (5), Tomi sx Timsku mpe mepexomi 3
BuXizHOTO Cramy cnosa s7"(k) no ronosmoro cramy
§ =0 Tpannserscs, MO HOBi CNOBA NOAAIOTECS 0 BXKE
HAKOTHYEHHX miznocmizosrocred cais AC (S)

7,

(
4. AnropuT™ 0araTo3HaYHOI

CMHCJIOBOI iHTEeprpeTamii

AnropurM 6araTo3Ha4yHOrO PO3Mi3HABAHHA 3/IHTOTO
MOBJICHHA NOJAHO B Takid ¢opmi, mo podurs
MOXX/IMBHM TOIIMPEHHA 1bOT0 ANTOPHTMY HA CMHCIOBY

IHTEPIPETALIII0 3THTOTO MOBJICHHS.

BHKXOpHCTOBYBaTHMEMO NOHATTA THIIB peyeHs (TP) i
kareropiit cmucnie (KC), BBenenmx B posaim 2.
3okpema, crpykrypa TP Jae npocrte NpaBHio
PO3Mi3HABAHHA, WH MOE SKECh CJIOBO MPOJOBXKHTH BIXKE
HAKOMAYEHY TIOC/iJOBHICTH CNiB, 200 YH € JOIYCTHMOIO
TIEBHA MOCIAOBHICTD CIiB 1s AaHoro TP.

Hexaii A(IC,’ (s)) — NiJCNIOBHHK CIB, IO MOXYyTh
NPONOBKATH MOYATKOBY NOCTIJOBHICTb CJiB IC,'(S).
Koms K (s) 3anosmena i ne moxe Gyra mponosxena,
oz A(K;' (s)) nopismioe BChOMy crosmuky K,

OCKLITBKH MOKJIHBE 3aMOYaTKyBaHHA HOBHX
NOCTIOBHOCTEH CIiB.

Amanisysom mimmocminosmicrs cuis K (s) sa
BciMa crpyktypamu TP i KC, HeBaxkO 3HaHTH
NOCHIAOBHICTh CMHCIIB M(’C,'(s)), O NepeacThCA
CHTHAJIOM 3/HTOr0 MOBNeHHs X,

Tenep, MOCHIAIOYMCh HA PO3Aia 3, CTHCIO NOAAMO
amroputM GaraTo3Ha4yHOI CMMCNOBOI iHTEpmperamii
37THTOIO MOBJICHHS.
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‘ Hexaii (F;'(s),l(','(s),M,’ (s))r=1:N € N-xoi0
Halkpamux iMOBipHOCTEH F,f’(s), r=LN (1), xorpi
JOCATAIOTBCA HA MHOMKHHI  NPOTOTHNIB  3/IHTOIO
mosnenns €),(S) o1  noOYAaTKOBOTO  CHTHANY
A ey, x, ) ixd KshemlilN. o —
BiATOBIAHI MANOCTIAOBHOCTI CHiB, MO € pi3HMMH, i
M/ (s)=M(K/(s)). 7=ELN  —  simosimi
ONTHMANBHI pe3ynbTaTH OaraTto3HayHoi CMHCIOBOI
inTepnperanii (F (s (s),M’(s)), r=LN =
N-mii, Briopsyxosasiii 3a cnazamaam F)'(s).

Hexaii N-xu (F;’ () (s)M:, (s)), r=1:N exe
obuncneni s BCIX CTaHiB § i AnA BCIX BiAMIKIB 4acy
V<i, IO MEPEAYIOTH i.

Tomi micns NOSBH HACTYIHOIO CIIOCTEPEXKYBAHOIO
eneMEHTy X; B MOMEHT 4aCy / Ans BCIX CTaHiB s

ofuHcmoeTECE HOBa N-Ka (F:,’ (S)JCJ(S)MC(S)),
r=1:N:

a) mno-mepme, ANA BHYTPINHIX CTaHiB ChiB s
cnouatky obumcmororscs BCi moxmmsi 2N nobyrxm
FY\(s=1)P(x, /k'(s)),  F.(s)P(x,/k'(s),
w,t=1:N i sumacyiorscs Bimmosimui 2N nocmizos-
Hocti (x:l(s-l)’M:I(s-l))’ (KI‘ (s),M I(s))
w,t=1:N cnmis i cmumcumis, i Tomi mHoBa N-ka
(F}'(S)JC,'(S),M,.' (s)), r=1: N ¢opmyerscs musxom
BuGopy N malikpammx goGyrkis  F'(s), mo
BHOOPAXKOBYIOTHCS, 3 BIATIOBIAHO Pi3HAMHE lC,’(s) B Wi
HOBilt N-ui;

b) mo-apyre, ans Beix BXimEmx cramis cis s (k),
kek cnepmy OOYHCIOIOTEC BCi
momei 2N nobyrxm F,.'fl(O)P(x, / k‘(s)),
F'\(s"(K))P(x,/k'(s)). w,t=LN, i sumcy-
1oTeca Bimnosimwi 2N nocmizoewocTi cii i cMuECHiB
(e OM:,0). (e (ML (= @),
w,1=1N i roni nosa N-xa (F (s (s)M?(s)),
r =1: N gopmyersca mnsxom subopy N maiixpamux i
BIOPAZKOBAHHX J0OYTKIB F;’(s) 3 BiANOBIXHHMH
pisHAME IC{(S) B Uik HOBIi N-mi;

C) MO-TPETE, ANA TFONOBHOrO craHy s=0 cmepmry
BHIIHCYIOTBCA Ta OOMHMCHIOIOTBCA BCi  MOMUIHBI

(KON e F(o(8), Wi,
k=L|K]i F;fn(o)P(x;/k'(O)), u=1N,i dopmy-

10ThC Ta GEpyTBCA N0 yBAarW BCi MOXIMBI HOBi miamo-
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CHOBHOCTI CIIiB i pe3ynbTaTiB CMECIIOBOI iHTEpNpeTaLi
(K,"(S”" (€)@ kMG (s™ (k)@ k))w =1: N,
ke Afcr(s™®) i (M, 0) u=1N
BIMOBIAHO, 1 TOAl 3HAXOAMTRCA HOBA N-Ka
(F,’(O),K;’(O)’Mi’ (0)),f=l:N musxoM BEGOpY N
HAlKpamuX i BNOPSIKOBAHKX F;’(O) 3 BiAmOBiAHHMH
pissmva K7 (0) 5 itk nositi N-mi.

Bimnoeine GararosmEausoi CMMCNOBOI iHTepmperauii
BH3HAYAETHCA N-KOIO, OGUHCICHOIO /I TFONOBHOIO
MOMEHT yacy o

CTany s=0 B

(< @M; ) r=1:N.
Ha mouarky amropurmy 6araTo3HayHoOi CMHECIOBOL

inrepnperanii moxmamaemo: F, (0)=1, F/(0)=0

for r=2:N, F/(s)=0 mm scix r=1N i ncix

s#0, Kj(s)=@ m Mj(s)=@ am mcix

r=1N iscix 5.

S. Ilpuxinuesi moJi0keHHs

Anroprr™ 6arato3HavyHOi CMHCIOBOL umzpnpemn%"l
3MTOT0 MOBJICHHA ONEPYE JHImE 3 JONYCTHMHMH B
Aiano3i NOYATKOBHMH IANOCTIZOBHOCTAMH CNiB, i
HaBiTh Gimbme: mo6 yHukHYTH (AKTy NOKANLHOTO
pimenHs, Gararo3Haunmii po3s’s30k N>>1 BBOIHTECH B
KOXHHH MOMEHT 4acy.

OueBnaso, mo OiMbm pamioHANBHO 3MIHIOBATH
Kinekics OGararossaymx pimesEs N, NOYHHAIOMH 3
BETHKHX YHCEJ, 3MCHIIYIOYH IX B MPOUECi HAKONMHYCHHA
indopmanii npr 06po6neHH] YCHOMOBHOIO CHTHANY.

AsropaTv GaraTo3Ha4HOi CMHCIOBOI lm'epupe!aml
3IMTOr0 MOBJICHHA HE rapaHTye rao0aIbHOro poan A3KY
npoGneMH PO3yMiHHS, ane 33 NEBHOr0 BHOOPY KiMbKOCTI
CMEC/IB N B peanbHOMY KOMI'IOTEPHOMY CEpEAOBHIN
3HAXOXMTHCA NPHHHATHMI NParMaTHYHUH PE3y/LTaT.
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PobacThi aaropurmu Bepudikanii ocoOH 3a rojiocom, mo
npu3Ha4YeHi AJis po0OTH B YMOBaX CHJIbHHX 3aBaj Ta CHOTBOPEHb
MOBHHX NOBiJIOMJ/IEeHb
L L.I'opbane, A. B. Knumenxo

Incruryt npobnem MaTremMaTHYHMX MawmmH i cucreM HauionanbHoi akanemii Hayk YkpaiHu
252187, Vkpaina, Kuis, [Ip. Axanemika I'mymkosa, 42
Ten. (044) 2666174, @akc (044) 4468129, E-mail: gorban@immsp.kiev.ua, klimenko@immsp.kiev.ua

Y wi#i pomosimi mpencrasneHi HOBi pobacTi
anmropuT™MH 00pOOKH MOBHHX CHIHAMIB, CIIPAMOBAHI
HA TIABMIICHHA AKOCTI pODOTH  ANrOpHUTMIB
asToMaTHYHOi Bepu(ikamii ocoOu 3a romocom B
YMOBAX CHJIBHHX YAaCTOTHHMX CIOTBOPEHb CHTHAIY
Ta NOTYXHMX 3aBan. JlOMOBIAb CKIANAETHCA 3
YOTHPHOX PO3ALLB. Y BCTYIHIH YacTHHI HABEICHO
o0rpyHTyBaHHA  HEOOXiZHOCTI  3aCTOCYBaHHA
pobacTHHX amropuTMiB O0poOKHM CcurHAmy A
3mificHenHs edexTHBHOI BepH(pikalli B peambHHX
yMOBAaX eKCIUIyOTAllii CHCTEM  aBTOMATHYHOI
sepudikamii ocobu 3a romocom. OmmcaHnA
pobactHmux amropurmiB Bepudikauii ocobm 3a
roNOCOM HABEACHO B Apyromy posaim. Tperid
PO3[iI MPHCBAYEHO PE3Y/BTATAM TECTYBAHHA LMHX
anropurmiB. Kparki BHCHOBKH HAaBEICHO Y
YETBEPTOMY PO3ZILIL.

1. Beryn

VmoBu excrutyarauii cicreM Bepudikaigi ocobu 3a
roNIOCOM JyXKe 9acTo JaneKi Biz iaeansHux. MopHI
MOBIIOMJIEHHS, 3a AKAMH 3MIHCHIOETHCH
sepudikaiis, AK NPABHIO, CWIBHO CIIOTBOPEHI Ta
samymyieHi. BinboncTe BiIOMHX — aNrOpHTMIB
Bepu(ikamii 34aTHI NpPAIOBATH JMIIE B yMOBax
HE3HAYHMX 3aBaJl T YACTOTHHX CIIOTBOpeHs [1-4].

B npoueci po3pobku HOBOI KPHMIiHATICTHYHOL
aBTOMAaTHYHO1 CHCTEMH Bepupikari Ta
inenrudixauii ocodu 3a romocom (CASVI) [5-8]
apropamu wiei nomopimi OynM 3anmponoHoBaHl i
JOCIiDKeH] HOBI pobacTHi anropuTMH Bepupikarii,
mo 3abe3meuyroTh CTiliky pobory B yMoBax
CHIBHMX YaCTOTHMX CIOTBOPEHb CHTHAIY 7Ta
aaMTHBHMX 3aBajl.

Merta nONOBiAl — NMPEACTABHTH 1l ANTOPHTMH i
ONKCATH PE3y/IbTAaTH iX TeCTYBAaHH.

2. Onunc anropuTmis
2.1. llpaHuHNOBA cXeMa poboTH CHCTEMH
Ilpu Bepupikauii OCHOBHMMH eTanamMH 00pOOKH

CHrHAJB €. monepemHs 00poOka TOPIBHIOBAHHMX
nosigomnens ([TOI1), pospaxyHox iHpopMariiHHuX
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osHak (PO), nopiBuauHa wmux o3Hak (I10) 1
npuiissaTra pimenna (IIP). Ha eram nopiBHAHHS
iHpopMaLiMHMX O3HAK T4 TNPHUHATTA PINICHHA
BHKOPHCTOBYIOTHCA /1aHi 3 6asu nanmx (BJI) (Puc. 1)

[lepme
nosi fomnerss i [TOI1 _)I PO TaK

R
Hpyre

nosi lomneHns 5 [T10IT _)I PO

Puc. 1. Hpunyunoea cxema pobomu nidcucmemu
sepucpixayit cucmemu CASVI

2.2. llonepenus o6pobka noBigomMiIeHb
Ha eram mnonepeausoi 06poOKH MNPOBOAMTHCA
po36MTTS KOKHOrO MOBiIOMICHHA Ha (peiivu
tpuBanicio 20 wmc. ILli ¢peiimu pozgimmOTHCA
CHCTEMOIO HA CHIHAIbHI, IO IMAMraoTh
noAakmIii 06poOi, i IyMOBI, MO BUKIOYAIOTHCA.
Lls mpoeaypa BUKOHYETECH HA OCHOBI PO3PaxyHKy
OIIIHOK BEPXHBOI Ta HIDKHBOI MEXK CTIEKTPY CHrHaNa
i pobactHoi 0OpoOKHM CHEKTpIB. 3aBIAKH LM
anroputmam 3abesnevyeTses BINOIp 1AEHTHYHMX
¢peiimMiB sx MpU BIACYTHOCTI Tak i MPH HAABHOCTI
CMOTBOPEHH TA 3aBajL.

2.3. Po3paxyHok indopmauiiiHHx 03HaK
Po3paxyHox iHdopmamjiiHmux o3Hak nepeadadae
ans koxkHOro ¢pedima obumcnenss  16-Tm
KENCTPAIbHUX KOMIIOHEHT, a TAKOXK JBOX MEPIIMX
KencTpambHUX  noximuux. Jiia  BHKIDOYEHHA
3QI€XKHOCTI KeNCTpiB Bl YAaCTOTHHMX CIOTBOPEHb
CHrHATTYy BBEACHO IX LIEHTPYBaHHA HA BEKTOp, HIO
ABnge CoGOI0 KENnCTp OILUHKH ~BEPXHBOI Mexi
CrieKTpy CurHaty. [ BUKMOYEHHs po3bixkHOCTEH
B O3HAKAX, M0 3YMOBJCHI PI3HHMH IIyMOBHMH
yMOBaMH, BBEJEHO HopMyBaHHa kenctpi. CyTts
HOPDMYBAaHHA KENCTPiB MONATaE B IITYYHOMY
MiBMIIEHH] PIiBHA 3aBa] B KOXKHOMY ¢peimi 10
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BiHOmEHHA CHrHAN-3aBaza 12 1nb Ha KOXHIH
YacTOTi 3 MOAANBIIMM PO3PAXYHKOM KENCTPATBbHHX
KOMTIOHEHT.

2.4. llopiBHAHHS 03HAK TA NPHHHATTSH
pimeHHs
INopiBHAHEA 03HAK TOJIATAE B PO3PAxXyHKY BiACTaHI
MK nopiBHIOBaHMMH  noBinomneHHaMH. Ll
BiICTAaHh BH3HAYAETHCA LUIIXOM 00°eaHaHHA
BiicTaHelf M OKpeMHMM iHpOpMaIIHHHMH
O3HAKAMH.

Ba3o0 A BUMIDIOBAHHA BiACTaHeH MiK
03HaKaMH OGPAHO BiHONIEHHA NPaBAONOMIOHOCTI.
[Mpy mpOMY NPHITYCKAETHCA, MO O3HAKH MalOTh
raycosuit posnogui. [Ipu TakoMy TNpHITYMEHHI
BiZiCTaHI MOXyTb OyTH oOumcneHi 3a popMynor

_Ns|indor ,jnfor
Pa=7 Z[‘“ﬂu ”“Aw]’

ne Ay Ta Ay — BIACHI YMCHAA KOBapiamiHHMX
marpuik K Ta K; po3noity BEKTOpiB 03HaK X, Ta
Xon (n = 1,..,N) Bigmosigso mm l-ro Ta 2-ro
TOBIOMNIEHHB, Ay — BIACHI YMCNA KOBApiaL{iHOL
matpui K CyKyIHOTO pO3Tiozily BEKTOpiB Xj, Ta
Xon (n = 1,.,N), | — nopagxosuii HOMEp

KeNCTpambHOi KOMmOHeHTH, N —  KUIBKICTH
CHrHABHMX (peiiMiB, mo o6pobImOTECH.
O6 e uanns OZICPIKAHMX BificTaHeH

3AIHCHIOETBCA 38 IOTIOMOTOI0 0a3H IaHuX.

PimenHs npuiiMacTsCcd TPH  TIOPIBHAHHI
CYKYyNHOI BiACTaHI MK TOBIIOMJICHHAMH i
NOpOroM, MmO PO3PaxOBaHWi 3a JOMOMOroK Gask
JRAHHX.

3. Pe3yibTAaTH TeCTYBAHHSA
aJITOPATMIB

JUia npoBeeHHA KOMIUIEKCHOIO TECTYBaHHA
anmropuTMBiB  Bepudikaiii BHKOPHCTOBYBATHCH 4
nabopa 3amwcie ronocis 8 AMKTOPiB (YC1 AMKTOPH
4onoBi40i crari) TpuBamicTio Bix 1 mo 2,5 xs.
BukopucTOBYBaIMCH 3ammcH, 3pobneHi B pasHMM
4ac 3 NepepBaMy MiXK 3aIMCaMH BiX 2 TIDKIHIB J0 3
MiCHIIiB.

Basosa TpuBamicTh (pParMEHTIB, MO AKMX
nposopack Bepudikamia — 11,6 ¢ umcroro
CHTHAITY.

Ilepen mno4aTKOM NPOBEACHHA TECTYBAHHA
poboui 3amicu Oymu cmoTsopenHi no 35 ab, a
TAKOXK 3alIyMJICHI AQMTHBHOIO 3aBaJiol0 IO
BiZIHOIICHHA CUrHaN-3aBana 12nab.

Bcesoro Oynio nposezero 972 tectw, 3 HEUX 849
A pisEMX MEKTOpiB i 123 muma ommakosux. [Ipu
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BOMY HMOBIPHICTE TNPABHILHOTO  NPHHATTA
pilleHHA NPO CIIBMAMIHHEA NOPIBHIOBAHMX TONOCIB
pusBMiIacs pisHOW 93%, npH IBEOMY NOMMIKA
NOXKHOI TpeBorH 3adikcosaHa Ha pisHi 10%.

4. BucnoBxn
IlpoBesieHi NOCTI/KEHAS JO3BONHIHM CHOPMYBaTH
anropurmu Bepupikauii s cucremu CASVL
3aBaAKM BHKOPHCTAHHIO HOBHX mpoueayp Oyna
3abesneyeHa edexkTmBHa poboTa CHCTEMH B
CKIAJHMX YMOBax: @PH HAABHOCTI BENHKHX
CHIOTBOPEHS ¥ CHIIbHHMX 3aBajl.
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Komn'iorepni 3acobn po3nizHaBanas ycHoi MoBH

Baoum Jlannux
Miaxcnapodnuit nayxoso-nasuanvuuil yewmp ingopmayiinux mexnonoziii ma cucmem
40, npocn. Axad. I'nyuxosa, Kute 252022, Vipalna
Enexmponna nowma: vadym@technopark.kiev.ua

CHCTEMH JUISl PO3INI3HABAHHS YCHOI MOBH, KOPOTKO OIHCAHO
umm,mmmnoxmﬁasymmmeq;epumwywnu
Hnnemonopmﬂmmn XBPAKTEPHCTHKM, BKa3aHO OCHOBHI
TEHJICHITIT PO3BHTKY.

Beryn

BHKOpHCTaHHA TeXHONOTII PO3MI3HABAHHA MOBH
NOYANOCh 3 HEBENHKHX NPOrpaM, MO NpAIOBATH 3
ACCATKOM CINB TAa MOTNH KEPYBaTHCh TONOCOBHMH
koMaHaamu. PospuTok miei Texwonorii  crorommi
A03BONAE O3 HOBroi MpONEAYPH HACTPOIOBAHHA HA
ronoc aukropa, Ge3 BHKODHCTOBYBAHHS KOIIITOBHHX
MIKpo(OHiB M CnenianiloBaHOro o6nANHAHMA YCHO
KEPYBaTH NOOYTOBHMH MPHCTPOAMH, BAOCKOHAIOBATH
CHCTEMH OOMEXCHHA JNOCTYIy, POMHEPATH MONIIHBOCTI
moxel 3 (Qiswumumu Bazamu Tomo. CHeTemH 3i
CreHiani30BAHMMH CIOBHHKAMH "DO3B'A3YIOTH pyKH"
MCIHKAM, )KYDHANICTAM, IOPHCTaM, CEKpeTapaM Ta
PANOBHM KODHCTYBa4YaM Cy4aCHHX NCPCOHANBHHX
KOMI'IOTEpiB. AKTHBHO PO3pobnmoTscs Ta HaGysaroTs
NOIIHPCHHS ABTOMATHYHI JIOBiHHKOBI CHCTEMH 3
AOCTYNOM 3 TeNe(poHOro anapary.

Tax, manpuxnan, dipma Sharper Image BupoGuae
TroNocoBi HOMepoHaOMpaui mns Tenedomis, AutoLink
OnBoard sumyckae aBromoGimsei mpumamm 3
TOJIOCOBHM  KepyBaHHAM. HasBHICTE ronoCcoBOro
inrepdeiicy HAJa€ "iHTeNeKTyanLHOCTI"
asToMOGimbHAM  GOpToBEM  CHCTeMaM, moOyTOBIl

ECKTPOHIL - mm@onau mned)om
BiICOCHCTEMAM, [WTSMHM irpamkaM i  HaBiTh
BHMHKA4YaM,

IIporpamu po3misHaBanus
ycHoi moBu as ITK

HalmomynspminmaM Ha  chorogmimmili  jeHs
UPOTPAMHHM ~ NMPOAYKTOM ~ ANA  NEPCOHANLHAX
KoMn'iorepis sammmaerscs DragonDictate min Dragon
Systems. HesuGarmupuit fo amapaTsux pecypcis, uei
BHCOKOIHTErpoBaHHi nporpmmnﬁ NPOAYKT 3
HECKIA/HEM iHTepdeiicoM mATpEMYE 6 MOB, BKIIOUHO
3 pocificekoio. Sk i ana immmx noxi6EmMx mporpam,
HeoOxiHo 3aCTOCOBYBAaTH HH3BKOIIYMOBI
TOCTPOCHPAMOBaHI MIKPO(OHH Ta CTEKHTH 33 YITKOK
BEMOBOX0  cmiB. Ockimekm ama  3;ilicHeRHHs
HEMEPEPBHONO HAJMKTOBYBAHHA HEOOXiAHA HE TiIBKH
3HAYHA ANANTAUIA XO BHMOBH Ta iHTOHAWIT JHKTOpa, ane
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H ypaxyBaHHA KOHTEKCTY, AOJATKOBO BHITYCKAKOTHCH
CnewiamioBaHi MOAYM CHOBHMKIB JN4  PisHEX
3acrocysasb - s oicy Ta Gamkis, pamionoriusoi Ta
EKCTpeMANBHOL METHI[HHA, TenedoHii. Jna
PO3pOOHHKIB HANPauBOBAHO GaraTwii mporpammmii Ta
anapaTHMi iHCTPyMEHTapilfi JIi CTBOPEHHS MOBHOIO
inrepielicy AnA MpEKTAZEMX CHCTEM (HaBiramis mo
KONM'IOTepHOMY iRTepdeiicy, BBin mammmx, Tenedomni
TPaH3aKuji TOmIO).

AnaparHi pimienss 1s
PO3MiZHABAHHS MOBH

Voice Control Systems (VCS) pospo6una Bnachmii
MeTOA (POHEMHOTO PO3MI3HAHHA, HAX AKHM TPAINIOE BIKE
nosan 17 poxis. Bim € mocrateso HamilimmM ans
KEPYBAaHHA aBTOMOOLILHEM OONamHAHHAM 4H POGOTH 3
Tenedornom "Ge3 pyx". Basosi DSP — TI-C3X'ra C4X.

Jlns  mOpiBHAMHA, OCTAaHHE BEpCiS  METOAY
HEMEPEPBHONO PO3MI3HABAHHA YCHOI MOBH MpAampoe Ha
122 33MI'm TMS320C31. Peani3oBano merox s
COTOBOrO Ta Ge3NpOoBiAHOrO 3B'S3Ky, BKIOYEHO
po3ni3EaBanHA yHceN HAa 15 moBax. Merox Gasyersca
Ha Momu(ixosaroMy anropurMi Mapkosa, 3a Gasosy
MOBHY ONHMHHIGO mnpuiiEaTo (Qoremy. IIporpama
peamizauii meTony xomrye Bia $500 B posupi6 mo $5
OnTOoM.

Pospobnero Takox (OHETHYHHE CIOBHHKOBHIi
po3ni3zHaBady, z¢ 3a 6a30By MOBHY OJHHHMINO NPHHHATO
3BYKOBi MpoToTHNH (oHeM KOXHOI MoBH. Hanpaxnan,
A AMEPHKAHCHKOTO NIANEKTY aHTHChKOI MOBH e 43
omurnmi. CNOBHMK IS PO3M3HABAHHA CKIAJAETHCH 3
mozene#t ciB, NoOyJOBAHAX 3 MHX OJXHHMIK, TOMY BiH
moxe 6yrH nerxo posmmpenmii. HaGip domem moxe
OyTH TAKOX BHKOPHCTAHHI /I BH3HAYEHHA MEX CIIB.
Iporpamue  3abesmevenns mnpamoe ®a DSP
TMS320C30, ma wacrori 55MI'ny MOXe OXHOYACHO
MPAIOBATH ABA PO3Mi3HABAYI.

JiiAa npHKNAgHAX 33034 3 BHCOKHMH BHMOTAMH
HagiiHoCTI (aBTOMOGinbHe oOnagmamms, TenedoHHmMH
38'M30K) pPO3pOONECHO METOA PO3MI3HABAHHA OKPEMO
BHMOBMIOBAHHX CNB Yy  JHKTOPOHE3ANEKHOMY,
AUKTOPO3ANCKHOMY Ta AaJANTHBHOMY Bapiamtax. €
roToBi CHOBHHKH JiA Gimbm sx 45 MOB, MOXKIHBE
CTBOpEHHS pO3pOOHHKAMH BIACHHX CnoBHHKIB. ILla
TEXHONOTiA  3aCTOCOBYETHCA PO3MMPIOBAYAX
KIABIaTYp Ta iHTEPAKTHBHIH MyIsTHMEXil, B TenedoHii
- s aproMaTH3amii omepaTtopHHX QyHkmii Ta
ronocosoro Habopy, B koMn'ioTeprii Tenedomii - s
NOJIOCOBOTO TEPMIHANBHOTO AOCTYMY A0 NMEPCOHANBHHX
KOMM'IoTepis, B noOyTOBiff eNeKTpoHini - ronocose
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Tab. l.ﬂopianmﬂmpantpmamparmmmorpammpoanimmmmmmmmmuom.

Po3mip TMixrpumxa] Bararo- Toumicrs | Amanis | [lpanesnarmicts | BHpOGHHK, pecypCH, BapTiCTh
CNIOBHHKA | 3MTHOTO | AHKTOPHICTH po3mi3- rpama- | B DIyMHOMY
MOBJICHHS HABAHHA | THKH CepeaoBHII

Inmezpoeani cxemu ma nopmamusgni npucmpol

40 Hi Tax Tax Summa Group, HM2007, $16

25 Hi 97% Tak OKI VRP6679, $20

50 Tax Tax Tak VCS, I'onocosi HoMepoHaGHpat3i
2060 ma TMS320C5X

14-25 Tak Tax 96%-99% Tak Sensory Inc., RCS-164, no $10

300-10000 | Tax Hi Hi Verbex Voice Systems, Speech
Commander - noprarusH#ii
npucTpiit ana [TK

Ilpozpamui npodykmu

62000 ... | Tax, 160 | Anamruere | 95%-98% | Tax Hi Dragon Systems, Dragon

230000 CHiB/XB NaturallySpeaking, $60

20-100000 | Hi Tak 95%-99% | Hi Hi IBM VoiceType, $100

20000- Tak, 140 | Tax 95% Tax Hi L&H VoiceXpress, $200

60000 ciiB/XB

500-20000 | Tax Tax Tax Hi Cognitive Technologies

KEpYBaHHA  JUIA npamox, BileoMaruiTooHis, TPOBCICHHS CKCIICPHMEHTIB  Ta  JOCHDKCHHA

Tenesisopis. Lleii Mmeron peamaonano AN OIHPOKOTO
CTIEKTPY MiKDONPONCCOPiB Ta MIiKDOKOHTPONCPIB —
Intel-X86, TI-C5X, C3X, C4X ta C2X, OKI 6679,
NEC-V20 ra V30. [na nopiemauns, Ha 486DX-33
MOXE OJHOYACHO mpamoBaTH 8  po3mi3HaBayis.
BapricTs - Bix $500 y po3api6 mo $1 semmkaM ommom.

lonocoemii HOMepomabmpauy 2060 Bix VCS -
ABTOHOMHE OOIAJHAHHA s JHKTOPOHE3AEAHOTO
MO(OHEMHOTO  POIMI3HABAHHA OKPEMHX = CHiB  Ta
xomnpecii curmamie mo CELP =ma 6asi DSP
TMS320C5X. Mogene 2060 posmizmae 50 iMeH Ta
Habupae Bianosinumii Tenedonnmii Homep. InTepdeiic
posmizHae komanmu "call", "program”, "list" Ta Mmae
rOJIOCOBHI 3BOPOTHIH 3B'M30K.

®ipma Sensory Inc mpomonye pimerns Ha Gasi
RISC-mikpokorTponepis Ge3 muxopucranns DSP.
3acmcynam anapary neﬁpom MEpeXK, HA BUIMiHY
Bil CTATHCTHYHHX METOMIB, JO3BOJIAE ed)exmnmme
BHDIIIMTH MNpoOneMy O0araTOAMKTOPHOCTI, MiaNCKTiB
MOBH, aKICHTY YH HABIiTh CTAHY JHKTOPA - NOJATKOBHM
CTEHJOBHM TPCHYBAHHAM CHCTEMH, a HE 30LIBIICHHAM
00YHCMIOBANBHUX PECYPCiB, AOJATKOBOK) AJANTALIED
JI0 IONOCY MHKTOPA YH MOMH(IKALIEIO ANTOPHTMIB.

Bmmmx y3araJibHCHHX HCHPOHHX MEPEX UIL
posmammuonnmcmmmuywmim-no
80%, anc  3aCTOCYBaHHA  MEPCHKH cuemamnol
apXiTEKTYPH J03BONAC MiJHATH TOHHICTS J0 95% i
HaBiTh 10 99% U1 CrenialbHAX 3aCTOCYBaHb.

lonoBHA mepeBara METOAY HEHPOHMX MepexK -
MiHIMATEHI BHMOTH J0 OOMMCIIOBANBHHX PECYPCIB Ta
HH3BKA BAPTICTH aNAPATHHX peanisamiii.

IncrpymenTapiii Ans po3pobunkis
KopucTyBauaM CHCTEM PO3Mi3HABAHHA MOBH BXKE He

meﬁa BHHAXOZMTH Benocunen”, ulmepnennocrynm
BUTBHO PO3NOBCIO/KYBAHI mNporpaMHi 3acobm s
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pisHomamiTHux  amropurmi.  [Jloctynmmi  6asosi
ANTOPHTMH PO3MI3HABAHHA 3a Mozewmo Mapkosa,
PEKYPEHTHHMH Ta HEDECKYPDCHTHHMH HECHDOHHHMH
MEpPEKaMH, MPOTPaMH VIR JOCTIDKCHHSA cne:rporpan,
cniB Ta MoOYA0BH CIOBHMKIB (JOHEM TOWIO.

Jna edexTuBHOI iHTerpamii MOBHHX TEXHONOriH B
pi3Hi onepauiiini cHCTeMH po3po0neHi Ta aKTHBHO
NOLIMPIOIOTBCS  CEpeA  PO3POOHHMKIB  BiAMOBIIHI
inTepeiicn:

e ASAPI: Advanced Speech API (AT&T),

e SAPI: Microsoft Windows Speech APL,

e SRAPI: Speech Recognition API,

e TAPI: Microsoft Windows Telephony APIL

Mincymox

3aranoM, pO3Mi3HABAHHA MOBH JOCATIO 3HAYHMX
ycmixie y NEBHHX 3aCTOCYBaHHAX, mpore OGimsmicTs
BOKIMBHX 3aCTOCYBaHb HE MOXe OyTH peanmizoBaHO Ha
6azi crorogmimmHiX TexHonoriik. PospobmmoTsca
HANDAMKH HOTYBAHHA AiaNOriB, CHHXPOHHOIO YCHOIO
mepeknazy, POpMyBaHHA BHMOBH JUIS THX, XTO BHBYAE
inosemui MoBn. Ha xams, nepesaxkna OGimsmricTs
Po3po0OK CTOCYETHCH Y MEpIIy Yepry aHrmiichkoi MOBH
Ta BHMAra€ 3HayHOi azanTamii abo QymnamenTanbHOl
nepepobKH A1 iHIHMX MOB.

BaxxmmBuM (axropoM s ycmimHOI peamisamii
MOBHHX  NpPOCKTIB  3AMHIIAIOTECA  MPOBEACHHA
(yHDaMeHTANBHHX JOCHIDKCHh MOBHMX CHIHANB Ta
CTBOPCHHA BEJIHKOTO CTPYKTYPOBaHONO Ta (DOHETHIHO
PO3MIYEHOT0 TECTOBOTO0 T4 HABYANBHOTO MOBHOTO
Marepiany. IcHyro4i pimeHss 1 cnos' MOB IIE
He 3abesmeuyioTh TOuHICTh Oimbme HiK 95%, mob
OTPHMATH INMPOKE PONOBCIO/KCHEA. BincyTmicTs
CYTTEBHX NOCATHCHb 34 OCTAHHI POKH BKa3ye Ha
HeoOXimMicTe JONAaTKOROI mimTpumxu 3 Goxy dymma-
MCHTAIBHHX HAayK, MO JOCHDKYIOTH JEOACHKY MOBY.



MOJAEJIIOBAHHA IIEPEKJIALY YCHOMOBHHUX CJIIB

Hununenuxo Banepiu

Mixecnapoowuii naykoso-HasyaneHui yenmp inghopmayiiinux mexnonoziit ma cucmem
40, npocn. Axademixa I'nywkosa, Kuig 252022
Enexmponna nowma: pilipenk@uasoiro.freenet.kiev.ua

AbcTpakT

OnucyeTbCs TNpOrpaMHHUl  KOMILIEKC, B  AKHId
BXOAATL [POTpamMM pO3Mi3HABaHHSA YCHOI MOBH,
nepekaany il Ha iHIWY Ta O3BYYyBaHHsS BiAMNOBii.
Komnnekc po3Bonse KOpHCTYBadyy BMMOBJSATH B
MiKpO()IOH CIIOBO PiHOO MOBOIO, MOGAYUTH MepeKIa
ClIOBa B TEKCTOBOMY peAaKkTopi i mouyTu ioro. Takox
€ cepBicHi (yHKIUIl, 1O N03BOJNAIOTH BBECTH HOBY
MOBY ISl TEPEKJaay, CIOBHMK 1 HACTpOITHCA Ha
ronoc aukrtopa. OKpiM LBOro, € MOMKJIHMBICTB
KOHTPOJTIOBATH MPOLIEC BBEJIEHHS 3BYKOBOTO CHIHAIY.

Peanizanis nporpamu mepex.iagaga

[lporpama, wo Mozenioe nepeknajg yCHOMOBHMX
C/liB, peanizoBaHa y BHIJIAAI TEKCTOBOIO peNakTopa,
AKMA 103BOJISIE KOPHCTYBA4Y€EBi CTBOPIOBATH TEKCT HE
JIHIIE LWISAXOM BBEJEHHS CHMBOJIIB 3a JOMNOMOIOO
KJaBiaTypH, ane i MpOMOBJIAIOYH CJIOBA B MiKpO(OH.
BukopucToByeThCS CTaHAapTHHH TEKCTOBUH
penaktop, BOynoBaHMii B onepailiiiHy CHCTEMy
Windows 95.

: ,‘ﬁ MNepesonyuk
b e e
aun OcraHoBurs

e ————

-1024

Puc. 1. 3aranbhuii BArnag mporpamMu nepekiafaya YCHOMOBHHMX CJliB. IlaHenb TEKCTOBOro peaakrTopa
noAiieHa Ha MBI YaCTHHI — BXiXHMM TekcT i nepeknan. JNs KOHTPOMO T'yYHOCTi BHMOBNSAHHA BHBEICHMIl
iHAKuKaTOp ry4HocTi. Ipu HEOOXiZHOCTI MOXHA KOHTPO/IOBATH PiBeHbL ry4HOCTI (cepenHe BikHO). Takox MOXHa
PO3TIIAHYTH BBEICHUH CHIHaJ 3@ JONIOMOTOK HIKHBOTO BiKHa.
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BikHO pejakTopa MOJiieHe HA /Bi YaCTHHA — B
niBili BioOpaXkacTbCs TeKCT (pasu Ti€K MOBOIO,
AKOIO HOro BUMOBMB KOPHMCTYBad, B Npasiif 4acTuHi
JlacThcA mepekian Ha moTpibHy Moy (puc.l). B
Pe3yNbTaTi, 3aBKAH MOXHA BOJHOYAC GauuTH TEKCT
Ha BXi[IHilf MOBi Ta epeKIafiecH|iH TEKCT.

PesynbTar nepekiiaay 03BYYy€EThCA 32 JOIOMOTO0
3a3janerigs 3anmMcaHux cniB abo cHHTE3aTOpa YCHOI
MOBH.

HacrpooBaHHA HA MOBY, C/IOBHHK i
rojioc KOpucTyBa4a

Jlns BBENEHHS B CHCTEMY HOBOi MOBH i HOBOIO
CNIOBHMKA JOCTaTHEO HabpatH B  JIOBUIBHOMY
TEKCTOBOMY PENAKTOpi CJIOBHHK MOTPIGHOIO MOBOIO i
36epertd HOro B TEKCTOBOMY PeXHMi NiJ iMEHEM, AKe
Oyse BimoOpaxatd MOBY 1| CHOBHHK 3riJHO
NOTO/KEHb, IPUMHATHX y CHCTEMI.

[IporpamMa HacTPOIOETHCS Ha MOBH PO3Mi3HABAHHS
i mepeknagy, Ha poboumii CNOBHHK i Ha roioc
auktopa. [licns  BuOGopy  MOBH,  CIIOBHHKA,
KOpPHCTYBaya i KiNBKOCTI CHiB  IPOMOHYETHCH
BUMOBHTH KO)KHe BHOpaHe CIIOBO JUIS HaCTPOIOBAHHSN
Ha ronioc gukropa. O6pasu cniB 3anam’STOBYIOTECSA B
iHAMBIAyaNbHOMY YCHOMOBHOMY ~(aiinmi mukTopa i
BUKOPHCTOBYIOTBCA NPH PO3Mi3HABAHHI MOBH.

Ilicns Toro, sk NPOBEJCHE HACTPOIOBAHHS Ha
rojoc JMKTOpa, € MOXJIMBICTH BHKOPHCTATH 0asy
JaHMX Woro rojocy s BiAmoBifed B mpomeci
po3ni3HaBaHHA-NEPeKJIay.

Moaysab po3nizHABAHHSA

[porpama peanizoBara mopoo C/C++ B ome-
pauiiniit cucremi Windows 95.

Bxinuuii curHan, BBeJieHHit 3a gomomoroo Sound
Blaster, nepetsopioeTscs B iubpouii purnsz (16 6iT,
22 xI'n) i piBHOMipHO p036MBacTbCA Ha iHTEpBAIH
aHanisy tpuBanictio 15 mc. J[ns koXHOro iHTEpBaNy
aHanizy OOYMCIIOIOTBCS BEKTOP AaBTOKOpeNAlii Ta
MipH CXOXOCTi 3 €TAJIOHHMMM €JIEMEHTaMH 3 KOJ0BOI
kHArY. [Ticns uporo o6YMCIIOETECA HalKpalle CI0BO
3riHO AMTOPUTMY JMHAMIYHOrO mporpaMyBanss [1].

IpoBoaMNKCA €KCNepUMMEHTH Ha pi3HOMAaHITHHX
Bubipkax, Ans SKMX MporpaMa Mokasana HacTyIHi
niapaMeTpH:

1. O6c¢ar cnoBHUKa — A0 4 THCAY CIiB.

2. Yac posnisHaBaHHs 0.25c nins clOBHHKa B
omHy tucady ciiB s IBM PC Pentium-200 Pro.

3. CepenHs HafilfHiCTL PO3Mi3HABAHHA HE MEHILE
90% [1st CTIOBHHKA B OJIHY THCAYY CIIiB.
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ApXiTeKTypa KOMILIEKCY

MozemoBaHHA npouecy po3Mni3HaBaHHA,
nepexnagy 3 OAHiEI MOBM Ha iHOIy Ta BHAadYi
BIMOBIZi MPOBOAUTHECA 3a AONOMOIOK KOMILIEKCY,
IO CKIANAETHCA 3 TAKHX MPOrpaMHUX 6JIOKiB:

1. BBeneHHA-BHBEJEHHS MOBHONO  CHIHAIY,
BH3HAYeHHA MOMEHTIB MOYaTKy Ta KiHLA MOBHOIO
carHany, 3abesnmedeHHs OOpoGNEHHSs  MOBHOIO
CHTHAIYy B pealbHOMy daci Ha (oHi BBeACHHs-
BHBEJIEHHS MOBHOI'O CHTHAJY.

2. @opmyBaHHs iHAMBIAYaIbHOM0 YCHOMOBHOIO
daiiry mMKTOpa 33 HaBYATLHUMH BHOipKaMH.

3. @opmyBanHs 6a3y JaHMX JUIA BiANOBiAEH.

4. ApTOMaTHyHe PpO3Mi3HABAHHA YCHOMOBHOIO
CHUTHAIY.

5. BigoGpaxkeHHA BiANOBiAlI pO3Ni3HaBaHHA B
niBOMY BiKHI TEKCTOBOrO peJakTopa Ta 4acOBOIO
CHIHally B OKpEMHX BiKHaX.

6. Ilepeknax 3 BXigHOi MOBH Ha TNOTPiOHY i
BinoOpaxkeHHs Tmepeknaly B MpaBoMy  BiKHI
TEKCTOBOTO PEaKTOpa.

7. Bingrsopenns abo cuHTe3 mepekIany Y
BUIJIA/Ii 3BYKOBOI'O CHTHAITY. <!

Broysa  CTpyKTYpa  KOMIUIEKCY  ZI03BOJISi€
He3aleXHO po3pobasTd Horo pi3Hi vacTHHM i
of'ennyBatn iX y BimnosimHocTi 3 dikcoBaHuM
inTepdeiicoM B3aemonii MOAYNiB JUIA MEPEBIpKH
pobOoTH KOMIUIEKCY B LLIOMY.

[IpuxinneBi no/ioxKeHHs

ITporpamuuii KOMIUIEKC JUIS NEpeKiany A03BOJISE
BiANpAaLBOBYBATH Pi3HOMAHITHI MOZYIi y B3aeMoii 3
METOI0 3'aCyBaHHs BY3bKHX Micipb i
BiANpalbOBYBAHHA HOBHX aJTOPHTMIB PO3Mi3HABAHHA
MOBH, MepeKiafy 3 OHi€l MOBH Ha iHIIY, a TaKOX
CHHTE3y YCHOI MOBH.

[Ticns BiAmpaimroBaHHA BCiX MiJICHCTEM MOXIIHBA

peanizallis =~ KOMIUIEKCY  Iis  NPOMHMCIIOBOTO
BHKODHCTaHHS.

Jlirepatypa
1. TK. Busmiok.  AHanu3,  pacrno3HaBaHHE H

HMHTEpIpeTallisd peyeBbIX CHrHanoB. — Kues:
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YACOBA TPAHC®OPMAIIISI MOBHUX CUTHAJIIB
HA OCHOBI HEMPOHHUX MEPEK

FOpiu Pawxeeuu, Poman Txauenxo, 3opecarasa Ilnax

Hep:xapruii yHiBepcuteT "JIbBiBCcbKa moJiTexHika"
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HaBeseHo  pe3y/ibTaTH  BUKOPHMCTAHHS
IITYYHUX HEHPOHHMX MepeX [Js 3a/a4 TepeTBo-
PEHHS 4acoBoro MacumTaly MOBHHUX CHTHAJIB.
Omucana cCTpykTypa Mepexi Ta [peAcTaBJeHi
pe3yJIbTaTH eKCIIEpDHMMEHTIB IIPOTHO3YBaHHS 3MiHH
TPHBAJOCTI MOBHUX OJMHMIb I[PHU CIOBiJIbHEHHI
TEMITy BiITBOpeHHs MOBHOI indopmaii.

i. BCTYIL.

ITounnatoun i3 kiHus 80-x pokiB, 1WTYy4YHI
Heifponni mepexi (IIIHM) 3maxomats mmpoke
3aCTOCYBaHHSI /IS PO3B’S3yBaHHSA 6araTbOX THIIB
3azay 06po6JIeHHST MOBHMX CHTHAJIB, BKJIOYAIOYH
3afayi posmisHaBaHHA cJaiB Ta ¢pa3s, Bepudikauii
AUKTOpiB, BH/iJEHHs KJ/IIOYOBHX CJiB  TOMIO.
Oco6miBo mepcrnekTHBHUM € 3acTtocyBanns ITTHM
nast o6po6JieHHsI CHTHAJNB i3 3MiHHEMH B 4aci
[apaMeTpaMH, OCKiJIbBKH  3aBISKH  0co6JHBiii
nporHocTuyHiit  3matHocti IIHM  wyacto 3
[MBOBHXKHOIO TO4YHiCTIO nepea6avaioTb 3HAYEHHS
CHTHAJXy, 4M Horo mapamerpis.

Hyxe BaJuBOIO [ 3a/a4 peryJIIOBaHHS
Temny MoBH, € BJiactuBicTh IIIHM akymymosatu
Ta  BHKODHMCTOBYBaTH B  Ipoueci  po6oTH
indopMaLilo Npo KOpessUiiHi 3aJeXKHOCTI MiX
CyCifiHiMHU cerMeHTaMu CUTHAJY, T06TO
BifIC/TiAKOBYBaTU B3a€MOBILIUB TpHUBaJOCTEl
CYCiZHIX CerMeHTiB, 10 Heo6XifHO A 36epeXKeHHs
36anaHCOBAaHOI TeMIOPAJIbHOI CTPYKTYpH CJIOBA B
uiloMy He TiAbkM Ha BXxoai Mogeni (mo €
BJACTUBMM JUIsl perpeciinux mozeneit), aae i Ha
BUXO/Ii.

2. MOZEJIb EKCIIEPUMEHTY.

Metoi0 moCHiKEHHS €  BCTAHOBJIEHHS
sparrocti IITHM BincniaxoByBaTH 3aKOHOMipHOCTI
y 3MiHi TpHBasocTedl 3BYKiB pi3HMX KJaciB NpH
CIIOBiJIbHEHHI TEMITy MOBHM 3 ypaXyBaHHSIM KOpeJls-
UilfHOro BIJIMBY SIK TPHBAJIOCTi MOMEPEAHBOIO 3BY-
Ky, Tak i 3ByYKy HacTynmHoro. Taka ITOCTaHOBKa
3a/a¥i y BMNIAJKy NMPHCKOPeHHS po3rjsiHyTa B [1],
Jle HaBeJleHi pe3yJ/IbTaTH IIPOTHO3YBAHHSI TPHBAJOC-
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Teil CTaliOHADHWX JiJISHOK MOBHOTO CHTHATY 5-
maposoio IIIHM, B saxiit ¢yHkuii nepersopenns
BXO/JiB y BMXOJHM BiJPi3HSIOTBCA Bifi CUTMOIAHHUX i
306paxyioThes crutaiinom Epmita. Mopuuit curaan
NO/IaBaBCs Y BMIJISII TpHBaJocTelt Gixkydoi i aBox
cycimmix (momepeanboi i HacTymHoi) cramioHapHUX
ninsgaok. Hespaxaroun Ha Te, mo cepeans moxu6ka
Aewo nepesunrysana 20 %, OTpHMaHi pesyabTaTH
TiZITBEPAUIH MOX/IUBICTh i MEpPCIEeKTHBHICTh BHUKO-
pucranns IITHM B Takoro tumy 3anagax.

B mammx excmepuMeHTax CHrHaJ Ha BXOJi
IIIHM nopgaBaBcst y BHUrASAAI  MOCHIZIOBHOCTI
BEKTOpiB:

7,

*
i-vki-ylkili v, kiv1),”

ne cuMBojioM [ mo3HaveHi TpHBajocTi G6ixydoro,
TIOTIepe/IHHOrO Ta HACTYMHOIO 3BYKiB, a CHMBOJIOM R
- BiAnoBiZHi o3Haku Kiacuikauii. Ha ocnoBi mmx
aAanux [IHM npornosyBazsa TpHBamicTh 6ixydoro
3BYKY B CIIOBiJIbHEHOMY TEMII.

MoBHuit cUTHaJI CErMEHTYBaBCs Ha OKpeMi
KJacH 3BYKiB 3rigHo i3 3anpomnoHoBanuMm B [2]
AJro-puTMOM  CerMeHTallili Ta  MapKipyBaHHSA.
Buginammcs S kiaciB 3BYKiB - HATOJIONIEH] roJIOCHi,
HEHAroJIo-1eHi roJIOCHi, BOKaJi30BaHi IPUTOJIOCHI,
HEBOKaJIi-30BaHi INPHTrolocHi, BHOYXOBi 3ByKH, a
TaKOXX MIXCJIiBHI Nay3H.

B eKCIIepUMEHTax BHKOpPUCTaHa
rereporenia IIIHM 3 npoekTHBHO-JaTepaJbHEMH
CHHANTHYHUMH 3B’'A3KAMH, S$SIKA BiHOCUTHCS M0
KJacy Mepexx npsiMoro nomupenHs Feed Forward.
Mepeska 3afesnedye  BiATBOpPEHHS  CKJAJHHUX
[OBEPXOHb Ha HABYaJbHI MHOXHHI [aHMX SK
3aBrolH0 TOYHO, OJHAK ONTHMAJbHI NPOrHOCTHYHi
BJIACTHBOCTI Mozeni BCTAHOBJIIOKIOTHCS
BiAnoBiguuM Bu6opoM mnapamerpiB IIIHM Ha
OCHOBi 30BHIIIHBOTO KpHTEpil0 SIKOCTi. JaraioM
nporec BHOOPY MO CyTi  Bi[NOBiAae KOHIIEMIIii
METOJy  TIpYNOBOrO  BpaxXyBaHHS  apryMeHTiB
O.I.IBaxHeHKa Ta 3JiMCHIOETBCS B ABTOMATHYHOMY
pexxumi. [IIpomec Hapuawms grakoi IIIHM e
HeiTepalliHHUM, B3HiHCHIOETBCA 3a dac, 00 He
NepeBHINye AeKiJbKOX CeKyHJ, a NpHHIMI 6anaHcy
TOYHOCTi  BiATBOpeHHs1 3abe3medye  ajeKBaTHE
BiZlo6pa)keHHsI 3aKOHOMIPHOCTeH 3 OJHOYACHHM
BHJIyY€HHSIM YHCTO BHIAJKOBUX (paKTOPiB.
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3.PE3YJIbTATH EKCIIEPUMEHTIB.

BunpoGoByBaHHSI POBOAMJIMCS HA MOBHHX
TEKCTaX, BHCJIOBJEHMX OJHUM JAHKTOPOM Yy Pi3HHUX
TeMIaX: HIBH/IKOMY PO3MOBHOMY Ta CHOBiJIbHEHOMY
BUpasHoMy. 3araabHuil koedillieHT 3MiHH TeMmy
MoBJeHHA ckaazaB 2,1. O6uzgsa 3ammcu 6yso
NMPOCErMEHTOBAHO Ha JiJAHKH, IO BiAnmoBigaau
3ByKaM MOBM Ta mnay3aM. [l KOXHOI JiJSTHKH
BCTAHOBJIIOBABCA 11 KJac y BiANOBIAHOCTI i3 THIOM
3BYKY.

[Iposeneno aBi  cepii  ekcnepumenTis:
MIPOrHO3YBaHHA 3MiHM TpHBajocTeil 3BYKiB 6e3
BKa3yBaHHsA 1X THIIB Ta mepefbaveHHS 3
yYpaxyBaHHSIM KJaciB 3BYKiB.

YV nepuiif cepii nmpm HaByauHi Mepexi Ha
Bxix IITHM nmnopaBanmce Tpiiiku 3HaveHb, dAKi
3a/laBaJIi TPHBAJIOCTI TPHOX IMOCJIZIOBHHX 3BYKiB y
IMIBHAKOMY TEMIli, a Ha BHXiA - BIJANMOBiAHI IM
TPHBAJOCTI 3BYKiB IIpM  INOBiJbHIH  BHMOBI.
Hasuanpna muOXMHA ckiaganace i3 100 ma6opis.
BeraroBsieHo onTHManbHi [ 3aja4i TaKOro KJiacy
napamerpu IITHM: 4mcrno acouiaTmBHHX HelpoHiB -
5, koedpinienT HemiHiiHOCTI rineprnosepxHi nporecy
- 0,38. Pesynbratn nepeabauenns ans 25 Ha6opis
3HAYeHb TPHBAJIOCTEH 3BYKiB HACTYmHOTO 3a
HaBYaJbHUM (DparMeHTy MOBHOIO TEKCTY HaBeJeHi
Ha puc. 1. Temni croB6unkn Bizo6paxkalTh
€TAIOHHI 3HAYEHHS, S SICHI - 3HA4YEHHS ITPOrHO3Y.
Cepenne 3nayeHHs! BiAXWJIEHHS NpH NepeabavyeHHi
TPUBAJIOCTEH 3BYKIB y BHNAJKy HeBpaxyBaHHS iX
THOIB ckaagano 31 mc, mo Bignosimae 19,1% Bix
yCEepeHeHOi TPHMBAJOCTi 3BYKIB y MOBiJIbHOMY
Temni. Ilpote, ockinbku Jns  pisHUX  3BYKiB
IIPOrHO30BaHi 3HAYEeHHS Bi/[Pi3HAIUCH Bix
€TAJIOHHUX SIK Yy CTOpoHy 36i/JbLIeHHs, Tak i B
CTOPOHY 3MEHIUEHHS, TO 3arajbHe BiXHJIEHHS Yy
ilepea6ayenni wizioro ¢parmenty ckaano 7,2%.

123456769101 121314151617 18190 RDBND

Puc.1. [IporonosyBanus TpuBasiocTell 3ByKOBHX
eJieMenTiB Ge3 ypaxyBaHHs 03HaK KJaacHdikauii

Ha puc. 2 306paxeno ricrorpamy
pe3ysbTatiB  nepepbavyeHHs A THX  CAMHX
HaBYaJIbHUX Ta €KCIlepHMEHTaJbHUX Habopis, aje 3
BKa3aHHAM KJjaciB 3BykiB (Ha BXomi 3amaBasmcs
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TPUBATMICTD i KJAac KOXHOrO i3 TPiliKH 3ByKiB).
AHaJli3 pe3yJbTaTiB MiATBEPAHB, IO BBEACHHS
KJaciB  3BYKiB 3a6e3Ne€vHn0 BHIIY TOYHICTD y
nepea6aveHHi TpHBaJocTeil SK OKpeMuX 3BYKiB
(cepenne Binxmnenns ckaagano 21 mc a6o 12,9%
Bi/l cepe/HbOi TpPHBAJNOCTi 3BYKy B €TaJIOHHOMY
TekcTi), Tak i Jum  mimoro  pparmenty,
BHKODHCTAHOTO B eKCIIEPHMEHTi (cymapna
NpOTHO30BaHa  TPHBAMICTb  BiJpi3Hsiaca  Bijg
eTajoHHOi Tinbku Ha 2,4%). Tobto, 3 BHCOKOIO
TouHicTIO 6yB BHTpUMaHMif 3ara/jpHuil KoedimieHT
CIOBLIbHEHHS TEMILY.

I
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|

Puc.2. Tlpornosysaius TpHBaJzoCTell 3BYKOBHX
€JIEMEHTIB 3 ypaXyBaHHAM KJIAciB 3BYKiB

[Ipu 3menmenni HaB4anbHOI BuGipKH 10 50
nmabopiB  pe3yibTaTH NPOTHO3YBaHHA  pi3Ko
TNOTIPIINIINCh - CEePe/IHE BiIXHJIEHHS Y TPHBAJIOCTSX
3BYKiB  ckaagano 23%, a gas  uwijgoro
ecriepuMenTasbHoro ¢parmenty - 11,4%.

4. BUCHOBKMU.

Ortpumani  pe3yjpTaTH  cBigyaTh, WO
BBE/ICHHSI JIO/IATKOBOi O3HAKM - KJacy 3BYKy
J03BOJISIE  CYTTE€BO  MiBUIIHTH  IPOTHOCTHYHI
BJIACTHBOCTI  HelipoHHOi  Mepexi. Ilogaipiue
NOKpalleHHs! pe3y/bTaTiB MoXe GYTH JOCATHYTe
nuIsxoM BBesileHH B cTpyKTypy LIIHM Heniniitrux
cHHanTHYHUX 3B's3KiB. [lepen6avaetbcss Takox

BHKOPHCTaHHS MOXCTHBOCTEH ITHM pidy i
npoBeAeHHs Kiaacudikamii 3ByKiB.
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KOMII'HOTEPHI 3ACOBM JUISI EKCIEPUMEHTAJIbHUX TOCJIKEHD
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Program complex, presented in this paper, is a set of tools re-
quired for speech recognition, understanding, synthesis meth-
ods modelling and system architecture tests. All cycle of ap-
plied tasks is supported. Among them are speech signal
recording, collecting, segmentation and natural languages
knowledge accumulation. Implemented features allow setting
experiments for speech signal transformations, pre-processing,
recognition, understanding, and synthesis. The ways to make
developed software open for custom research features are dis-
cussed as well as its compatibility with popular tools for scien-
tific research.

1 Beryn

Komm'totepse MonemoBaHHS — HeoOXigHuH eran y
po3pobneHHi METOMIB Ta TECTYBAaHHI apXiTEKTYp CHCTEM
pO3Mi3HABaHHA, PO3YMIHHA Ta CHHTE3y YCHOi MOBH.
BHCHOBKM 100 MpPHAATHOCTI, a TaKOX ILIAXH
BIOCKOHAQIEHHA TOro 4 iHmoro Meromy a6o
apXiTEeKTYpH CHCTEMH BHWIUIMBAIOThb 3 pe3yNbTaTiB ix
HaTypHOro MOJeoBaHHA [1].

Tomy po3pobneHHs 3acobiB eKCliepHMEHTAIBHHX
JOCTIDKEHb € JKHTTEBO HEOOXiMHWUM [UIS PO3BHTKY
YCHOMOBHHMX  TexHonorii. Ha macts, cydacHi
KOMITIOTEPHI  TeXHONOrii skpa3 1 /J03BOJSIOTH
CTBODIOBATH CKJAMHI, iHTeJeKTyalli30BaHi JOCHiAHI
cranuji. OTxe, 3'ABIAETBCA MOXKIHBICTH 3poOMTH Wi
CTaHllii JOCTAaTHbO YHIBEPCANIBHHUMH, NPHAATHHMH HeE
NMIe Wis 3aj4a4 TOI YK TOi NOCHIAHMIBOI IpymH, ane i
wis Oyap-AKOTO JOCTiIHMKA B NUIAHLI YCHOMOBHHX
TEXHOJIOTiH.

IIporpamHumii KOMIUIEKC CKJIQJacThCd 3  JBOX
OCHOBHMX  MiJKOMIUIEKCiB:  CTydid  JOCHiJHMKA
ycHoMoBHoro currany (JIVMC) Tta ctymis nocninHuka
npuponHix moB (JITIM).

Crynia IYMC — inTerpoBane poGoye Micue mis
ONpalOBaHHA MOBHOIO CHMIHAly, JiHIBiCTHYHO-(OHE-
THYHHX 3HaHb Ta IHAMBiAyambHy iH(pOpMaLil0 mOKO
mikTopa. 3 iHmoro 6oKy, 3a IOMOMOrOK UBOr0 MOMYJA
NPOBOAATECA EKCIEPMMEHTH 3 TonepeaHsoro o6pob-
JIEHHSA, PO3Mi3HABAHHSA Ta CHHTE3y MOBHOTO CHTHATY.

Crynis JITIM 3a6e3nevye BBeIeHHSA, HAKONUYEHHA Ta
00pobneHHA 3HaHb NP0 NPHPOAHI MOBH, a TaKOXK
NPOBENEHHA  eKCNIePUMEHTIB 3  aBTOMaTHYHOTrO
PO3yMiHHA MOBHM Ta Mepekiaay 3 OAHIE€l MOBH Ha iHIy.
OnmHa 3 KOMIOHEHT wiei cTymii Bignosimae 3a
GopMyBanHa Gasu 3HaHb NPO KOHKPETHY MPHUPOAHY
MOBY, IHIIA KOMNOHEHTa 3afac MEBHY MPEIMETHY
o61acTh, MO € YaCTHHOK MOZEN 30BHILIHBOTO CBiTY,
AKa BBOAUTBCA JUIA PO3YMiHHA IPHPOAHOT MOBH [2].
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2 Cryais pocHifHHKA YCHOMOBHOI'0
CHIHAJTY

Crynia IVYMC 3anymaHa sk yHiBepcansbHe poboue
Miclle A HayKOBUA-JOCHTIAHHKA  YCHOMOBHHIO
curHany. CrTynis J03BONAE ONEPYBaTH SAK CaMHM
aKyCTHYHMM CHTHAJIOM, TaK i WOro JiHrBiCTHYHO-
¢doHeTHIHEMH aTpHOyTaMH, BpaXOBYBATH iH/IMBILyaNbHi
0COOJIMBOCTI AUKTOpA.

3amHC ~ MOBHOIO  CHTHAIy  NPOBOAMTECA B
IIa7OrOBOMY PeXHMi, YaCTHHAMH. SIKILO AKICTh MEBHOTO
Gi0Ky CHrHaTy He 3aJI0BOJILHAE eKCTiepTa, abo X Mpo ue
CHTHaNli3yIOTh 3aKJafieHi B CTYHil0 aNrOPHTMH, TakHi
670K MO3Ha4aeThCA AK "moraHuii" 3 THM, mobu ioro
Tniepe3anucaTH.

HacTynHHM BaX/IMBMM KPOKOM € anr?mamsonaﬂa
CEerMeHTallid CHI'HAly Ha CHHTarMH, PHTMOIPYIIH, C/IOBa,
cknamu, (oHemu, Mikpoponemn Tomo. Ekcrept
npuiiMae, mianpaBnse abo BiaMiHAE  pe3ynbTaTH
aBTOMaTHYHOIO CerMeHTyBaHHA. Jlis mnigBUIIEHHS
edexruBHOCTI poGoTH  ekcrmepta  3abe3nevyeTscs
CMNpOLIEHHI NOCTYN N0 CErMEeHTIiB, Hampknuaj, (oHem
(muB. puc. 1). Orxe, ekcnepT MoOKe JErKO BHILTATH,
OpPOINAfaTH Ta TpPOCTYXOBYBAaTH KOXHY HUIAHKY
CHrHaIy, 10 BiJTOBinae neBHil doxemi.

PesynbTaTi cermeHTalii, KOpoTka iH(opmauis po
IMKTOpa 30epiraloThCs B CTaHIApPTHOMY 3BYKOBOMY
(wave) ¢aiimi sk oxpemmii Gmok daitmy (chunk), ue
TIOIIKODKYIOYH, TAKHM YHHOM caM (aiin, 3anumarouu
HOro JOCTyNHHM ANs iHIIMX Tporpam. Binkm noknamaHa
inauBinyanekHa iHgopmania Moxe 30epiraTucs B
OKpeMoMy (aiini, npUYOMYy TOCHIAHHS Ha HLOTO
36epiraeThcs B 3BYKOBOMY (aiiri.

IllofiHO YCHOMOBHHI{ CHIHal BiJCErMEHTOBAHO,
eKCTIEPT HAKOMHYYe CEerMEHTH (JOHEeM i Oomepye 3 HEMH
AK 3 OKPEMHMMH JIiHBiCTHHO-aKyCTHYHHMH OIMHHIIAMHY,
IO E€KOHOMHO 3aJal0ThCi MOJENBHHMH EJIeMEHTaMH,
SKMMH €, HaNpUK/al, oJHO-KBa3inepioaHi cermentu [3].
B 6i6mioTewi cermeHTiB poHEM MICTATHCA MOCHIAHHS Ha
aKyCTHYHI JaHi, mo 306epiraloTbca B 3ByKOBOMY (haiimi.
Takox nependaueHa MOMUIMBICTE 3amMCy 3BYKOBHX
nanux Ge3nocepenHpo B 6i6mioTEKY CerMeHTIB oHEM.

O6cnyroByBaHHA Beiel HeoOXiaHOT NiHrBiCTHIHO-(O-
HeTn4HOT iH(opMmauii BinOyBaeThcAPHACTYIHHM YHHOM:
KOXXHOMY CErMeHTy (pOHeMH NMpUNHCYEThCS iM’S (oHe-
MH, i oHEMHE OTOYEHHSA, IO ABTOMATHYHO OOYHCIIO-
I0ThCA 3a pe3yibTaToM cermentauii. Kpim Toro, 3ama-
M'ATOBYIOTBCA (pa3a, no3uiis ¢ponemH y dpasi, HaitGnu-
K4l TPaHHLi CHHTArM, ileHTH(IKaTOp JUKTOpa TOWIO.
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Puc. 1. Pesynsrar cermenTanii ykpaiscskoro cnosa sic. Koxuuit cermeHt donemu-tpudona (PT) moxe GyTH BHAiNeHui ik 3a
JOTIOMOTOIO MO/IBIHHOIO KJIAlaHHs MUIIKOK Ha BiANOBIAHIM AiNAHLI CHTHANY, Tak i musxoM BuGopy (oHeMH Y BikHI penarysaHHs (B
naHoMy BUnanky c). [ToTiM ekcnepT npocnyxoBye BHALICHE, KOpUrye rpanHuli oHem, nonosxioe Gibniorexy cermenris @T.

ExcriepT Moe BUIBHO NepeMiliaTH 3BYKOBi (aiinu
10 Oymb-KOro iHIIOTO AMPEKTOPIKD, OCKINBKM CTYHis
OYMC 3a nonoMorox aBTOMAaTH30BaHOI NpOLENYpH
TIOHOBJTIOE 3B'A3KH 31 3ByKOBUMH (aitnamu.

3ByKkOBi CHrHaNM MOXHA pejaryBaTH, a caMme:
NEePecTaBJIATH, BATYYaTH, PO3TATYBAaTH B 4aci TOLLO.

Jins o6uucneHHs TrpaHMLb OJHO-KBa3ilepioJHHX
cerMeHTiB (MikpodoHEeM) BHKOPHCTOBYETHCS CTiHKuUit
aroput™, 3amponoHoBanuii B [3]. CermenTamia x Ha
OiNSHKH, IO BilBiNalOTh OKpeMHM (OHeMaM IPOBO-
IUTHCA 33 aHali30oM ONHO-KBa3iNepiogHMX CErMEHTIB,
nMpU LBOMY BpaxoBYETbCs iH(poOpMalilo mpo nepio-
JMYHICTB, TPUBATICTb, CIIOCIO i Micle TBOpPEHHA (POHEMHU.

Poms ¢oneMu-TpudoHa MOKE BHKOHYBATH HE JIMLIE
onHa (hoHeMa B KOHTEKCTI 3 OTOYEHHAM, a i MOCNiIOBHO-
cTi onem: cknaay, npedikcy, cydikcu Towo.

BBeseHa MOMUIMBICTH OJIHOYACHOTO Bi3yaldbHOro
CIIOCTEPEKEHHS [BOX Map pi3HHX AUIAHOK 3BYKOBOTO
cUrHamy, KOMOiHylouH TmpH UBOMY Horo pi3Hi
NpeaCcTaBIeHHA. JlonaTtkoBo 3abe3neuyeTbes
(ineTpyBaHHS CUTHAY, IOPIBHAHHSA AUTTHOK CHTHAMY 32
pi3HEMH MipaMH CXOXOCTi, (hOpMaHTHHIA aHami3,
"3amymiaeHHa" CUrHany ToIuo,

3 Cryais 10CcaiTHAKA IPHPOAHHUX MOB

Crynis JIIM 3abe3nedye BBEIEHHS, HAKOMMYEHHA Ta
obpobneHHs 3HaHp m0po mpupoxHi MoBu. Crynis
IO3BOJIAE TaKOX CTABHTH EKCNEPUMEHTH B NiNAHLI
aBTOMATHYHOTO PO3YMIHHA MOBH Ta NEpeKiaxy 3 OAHi€l
MoBd Ha iHmy. OnHa 3 KOMIOHEHT i€l cTymil
BiAmoBizae 3a opMyBaHHa 0a3u 3HaHb MPO KOHKPETHY
NPUPOAHY MOBY, L0 (PaKTHYHO € CIIOBHHKOM 3 OIMHCOM
BCiX c/10BO)OpM, BIKMBAHHSA CJIOBA B KOHTECTi 3 iHITHMH
TOIIO.

KoxHiit miaTpumyBaHii crymiero JITIM MoBi Bifnosi-
nae nuHamiuHa GiGmioteka, mo 3aGesnedye QyHKuidiHi
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inTepdelicu rpaMaTHKH Ta CIOBHHKa, pobOTy 3 TeKcTa-
MH — BCi omepaii, 6e3nocepeIHp0 3aNeXHi BiZl KOHKpeT-
HOI MOBH, @ TAKOX B3a€EMO3B'A30K 3 MOIEJUTIO 30BHILlIHBO-
ro ceity (M3C). Ha nanuii MOMEHT JMIIe 11 YKpaiH-
CcbKOT MOBH iCHYe Bepcis Takoi AMHaMiuHOT 6i6nioTekn. '

3a pomomororo crymii HIIM excmept QopMmye
CIOBHHK TNPHUPOJAHOI MOBM, 3iCTaBISIOYM CJIOBa 3i
ckmanoBumu  M3C. Po3spobneHo aBTOMarH30BaHY
npouenypy MU 3HAXOIKEHHs B 3aJaHOMYy TEKCTi
HEBIIOMHMX CIJIB Ta JOJiaBaHHA IX [0 CJOBHHKAa B
JialloroBOMy peXHMi 3 KOPHCTYBaueM.

M3C mnopomkye BCi MOMUIMBI KaHOHIuHI (opMH
3afiaHoi mpeaMeTHOI o6nacTi, 32 AKHMH IeHepYIOThCA
TEKCTH BKe JUIA KOHKpeTHOI npupoaHoi MoBH [1, 2].

4 Ilincymox

ApXiTekTypa CTBOPEHOro HporpaMHoro 3abe3nedyeHHs
J03BOJIAE HOro MHPOKEe BUKOPUCTAHHSA B JOCHIIKEHHSIX,
TecTax. Po3po0NAETbCs MOKINBICTE HOJABATH KOPHCTY-
BaUbKi (yHKUi, mo n03BoNMTE Oyab-fAKidf HaykoBoO-
JOCTITHMLBKIA TPy MPOBOAMTH MAOCHIMKEHHA Ta
TECTYBaTH CBOi AITOPHTMH, METO/IH.
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Article is denoted development and realization of
strategy to identifications the dictaphones for the sound
expert operations. For identifications is offered to use
temporary parameters of operating a system to
activation’s by the voice. Principles of feature extraction
are described In the article for the recognition, for what
is offered single-purpose device on the base developed
by authors numerical frequency meter. Article is kept test
and experimental material.

BCTYII

Ilin yac npoBeeHHA (POHOCKOMIYHHMX €KCIIEPTH3
nepel eKcHepTaMH JOCHTh 4YacTO IIOCTa€ 3aBHAHHA
inenTudikanii TexHiYHMX 3aco0iB, 3aBOAKH AkuM Oyna
BUTOTOBJIEHA MOJIaHa A NOCIiKeHHA GoHorpama. ITpu
UbOMY HalGinbII CKIaJHHIM acreKTOM mpobaemu € BHOIp
ineHTH}IKYIOUHX 03HAK, TOOTO KOMIOHEHTIB GOHOrpaM i
MatepiaiB, WO KOCHIKYIOTbCH, AKi HeCYTh iHpopMariio
NP0 KOHCTPYKTHBHI Ta iHWI 0OCOOJHBOCTI TEXHIYHHX
3acobiB 3anmcy. JlocuTh 4acTo B posli MOXIOHMX O3HAK
MOCTAlOTh XapaKTePHCTHKH HOCiA 3anucy, oO0yMOBJEHi
reoMeTPHYHHMH NapaMeTpaMH 3aMHCyI040ro NPHCTPOIO,
Hanpuiian, (opmol i po3TallyBaHHAM 3aMMCYHOYOl
MarHiTHOI FOJIIBKHM, BiICTRHHIO MiXK CTHPAIOYOIO Ta 3allH-
CYI040I0 rojiiBKaMu i Take iHwe. HactynmHuM, He MeHII
BaXUIMBMM IKepeiioM iHpopMmauii nmpo 3aci6 3amucy, €
caM curHan. llBuakicte pyxy crTpiukd, koedilieHT
HETOHAIii, BJacHi HIYMH MEXaHiYHHMX Ta eJIEKTPOHHHX
MiICUCTEM, XapaKTepPHi BMKPHBIEHHSA CHTHANy Ta iHINI
napameTpu 3aco0iB 3amucy 3HaxXo[iThb CBO€ BixoOpa-
JKEHHS B CTPYKTYPi 3alHMCaHHOTO CHIHATY i MOXyThb OyTH
BMKOPHCTaHi NpH BUPpIlleHHI 3aBJaHb ifeHTHOiKaii.
Tpeba Bin3HauuTH, MO iCHyHOYa TeXHoNoriyHa O6asa
[O3BOJNIAE TPOBOAMTH BHMIDIOBAHHA Ta aHali3 O3HaK
Ipyroi rpynH 3HauyHO AeTanbHime, Hix nepioi. Came
TOMY 3YCHJUIS aBTOpiB OYyJIM CKOHIIEHTPOBaHi, B OCHOB-
HOMY, HaBKOJO mpoOJieM, MOB’A3aHMX 3 BHILUIEHHAM
imeHTH(iKYIO4HX O3HaK Ge3nmocepenHbo 3 CHrHamy, IO
nocnimkyerscs. [logana poGora posrnagae mpobiemy
inenTU¢ikaLii 3ByKO3aMUCYIOYOro MPHCTPOIO, 3aCTOCO-
ByKu4H il 1o ¢oHOrpaM, BHUIOTOBJIEHMX 3a JONOMOIOIO
ManorabapHTHUX JHKTO(OHIB.

IMEHTH®IKALIS] JMKTO®OHIB
V ¢oHOocKoMiuHiIN NpaKTHL JOCHTH YacTO B POl
o6’exta gocnikeHs (irypyioTh (oHOTpaMH, BHKOHAHI
Ha MiKpoKaceTax 3 BHKOPHUCTaHHAM nukTodoHiB. IIpu
HbOMY HEOOXinHO MiATBepAWTH ab0 3arepeuynTH MpHITy-
UIeHHA npo Te, mo ¢QoHorpama Oyna BHrOTOBNEHa 3a
JOMOMOroI0 TOJAHOro ekcrmepraM IukTodoHy. Bime-
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WICTh Cy4aCHHX JMKTO(OHIB 3 METOIO EKOHOMil MarHir-
HOI CTpiukh OONagHAHi CHCTEMOIO aKTHBALil 3amucy 3a
BXifHUM curHanoM. [IpuHmMn poGoTu miei cucTeMH
NPOCTHIA: AKIIO MiJ Yac 3amucy MPOTATOM MEBHOTO Yacy
piBeHb BXiHOTO CHTHATY HE MEPEBHILY€E NEBHOTO MOpo-
rOBOTO 3HA4YEHHA, NBHTYH NMKTO(QOHY BHMHKAETBCH K
[0 TOSBH BXiJHOTO CHTHAIY NOCTAaTHBOTO piBHA, micis
YOro MBHTYH 3HOBY BMHKA€ThCH, i 3amuc (hoHOrpamH
NOHOBMOETHCA. [IpoBesieH] JOCHiIKEHHA MOKa3auy, MO
YacoBi mMapamMeTpH pO3rOHY CTPIYKH TIPH CHpalbo-
BYBaHHI CHCTEMH MalOTh JOCHTH CTabiIbHMH XapakTep,
NPaKTHYHO MOBHICTIO BU3HAYAIOTHCA XapaKTEPHCTHKAMHU
camoi CHCTeMH i JOcHTh clabko 3anexaTh Bill HOCiA
3aMKCy, 10 BUKOPHCTOBYEThCA. TakuM YHHOM, iCHYIOTH
nepeqyMOBH IIOAO BHKOpPHCTaHHA iHQopmanii npo
YacoBi XapaKTepHCTHKH CNPAlLOBYBAHHA CHCTEMH
aKTHBALl B poJi ieHTHDIKYI04901 03HAKM:

OnuuieMo AeTalbHIilE, SKAM YHHOM Crpa-
UBOBYBaHHS CHCTEMHM T[IO3HA4Ya€ThCA Ha CTPYKTYpI
CUTrHAY, AKHMA 3amucyeThes. Po3rnsHeMo ineanizoBaHy
MOZENb CTPIUKONMPOTATYIOYOro MeXaHi3My, fIKka CKia-
JAETHCA 3 HEpPYXOMOi ToJiBKM uuTaHHs/3amucy H i

HOCiA 3amMcy - cTpiuka 1, sKa mnepeMillyeTses

BiIHOCHO roniBkH. Bynemo # pani BBaxkaTH mpolec
3aMuCy/BiATBOPIOBAHHA JIiHIHUM, TOOTO CTBEPIKYBaTH,
IO CHrHAJ, AKHH NPOYMTAHO 3 YACTHHH HOCifA 3amucy, €
NpONOPUiHMM 3aNMCAHHOMY Ha LIl YaCTHHI CHrHaiy,
npu4oMy KoedilliEHT MpONOPLIiHHOCTI He 3aleXHTh Bil
XapakTepy MepeMillieHHA CTPiYKH BiJIHOCHO roiiBki. lle
[OCHTh HE TOYHE MpHIYIIEHHs, BHIPAaBIaHe, BiIBEPTO
KaXy4H, TUIBKM IS CHCTEM 3 MarHiTOYyTJIMBHMH
roniskamu. OIHaK, Ha JaHHOMY eTami BOHO Moxe OyTH
3actocoBaHo. OTXKe, B IOYAaTKOBHI MOMEHT Yacy CTpiuka
HEpyXOMa, rojliBKa pO3TalioBaHa Haj il MOYaTKOM, i

CHCTEMA aKTHBYEThCA FAPMOHIHHMM CHIHAIOM S(I) 3

TIOCTIHHOIO YacToTol @, , TOOTO

S(t) = ACos(wyt + @,) .

[Tlicna cnpausOBYBaHHS CHCTEMH  aKTHBALi
CTpiuKa [OYMHAE PYXaTHCA, NPHYOMY BilCTaHb Mixk
NOTOYHOK [IO3MILEK 3aMMCYIO4O0i TroMiBKM Ta il
NOYAaTKOBOK TMO3HLIEID HAa CTpiYlli 3MiHIOETBCA 32
sakoom [(f). Komkpernmit surnan dynxuii /(¢)
BH3HAYAETHCA NAapaMeTPaMH TPHCTPOIO, anpiopi Npo Hel

MOXHA CKa3aTH HACTYIIHE: g
1. 1(0)=0.
2. I(f) wmomoronHo 3poctac Ha Beilt  obmacti

BH3HA4YCHHA.
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3. I(t) acumnroTMuHO HaGNKAETbCA MO JIiHiHHOI

dymxuii y(t)= Yo +§t 3i 36inbmennam f, npe 9 -
YCTAaHOBJIEHAa IMIBHAKICTb PyXy CTPiYKH IiJ 4ac 3amucy,
Yo — Iesika KOHCTaHTa.

4. lcaye 3sopotsa mo I(f) dyskuis, mosHaumm i
gx)=1"(x).

HexTyrouu Koe([)il..[iCH:I'OM JeroHauii, Oynemo
BB@XAaTH, IO B TpONECI BIATBOPEHHA roONiBKa, IO
3YMTYE, PYXAEThCA 3 NOCTiHHOKW wBiAkicio &, mpu
uoMy Bigcrans [, (7)mix nosumiero romiekm i
TOYATKOM CTPiuKH 3MiHIOEThCA 3a 3akonoM [, (7) = 97,
ne 7 — 4Yac, AKMH MMHYB BiJl [OYAaTKy BiNTBOpEHHA
sanucy. bepyun 10 yBarH MNpHNYIIEHHA CTOCOBHO

JHIKHOCTI 3amMCy/BiATBOPEHHA, MOXHA 3alHCaTH, IO
BiTBOPEHMH CHIHaJI AOPIBHIOE

S(z)= kACos(w,g(97)+ 9, )-
IloBHa ¢a3a Takoro CHrHaJly J[OpiBHIOE
o(7)= w,g(97)+ @, a tioro murresa uactora

o(e)=22) - o, (50)3.

3acTOCOBYIOYH TEOpeMy MpO MOXiAHY 3BOPOTHOL
byHkuii, Mmaemo

olr)=
1(g(97)) (Sr))

Takum 4MHOM, MOXiAHWH CHTHAJ, 3aMMCAHMM Mmig
4ac BCTAHOBJIEHHS UIBHIKOCTI PyXy CIpiuk# mpH
cnpamosamn CHCTEMH AaKTHBalii, MiANATa€ 4YacTOTHiH
MOAynAuii 3rifHO 3 HaBeJEHHM BHPa3OM. 3HAMEHHMK
HaBENIEHOTO BHMpa3y MOBHICTIO BH3HAYAE€THCHA AHHAMIY-
HHMH XapaKTepHCTHKAMH CTPiUKH, IO PO3TOHAETHCA, SKi
3a€XaTh Bill KOHCTPYKIIT CHCTEMH aKTHBAllil, TOMY, TIPH
BiIOMilf BHAKOCTI 3YHTYBaHHA CHMTHaTYy, B poOJi
NHHAMIYHOI XapaKTePHCTHKH CHCTEMH aKTHBallii MOXe
TI0CTaBAaTH HACTyNHa PyHKIiA

13 .
)=, e

Meronuka il eKCrepUMMEeHTANbHOr0 BH3HAYEHHS,
3riJIHO 3 BHILEHABEIEHHM, TTOCTAE Y HACTYITHOMY:
1. JluxtodoH, yBiMKHyTHH B pexumi 3amucy i
3yNMHEHWH CHMCTEMOIO0 aKTuBauii mNpH BiACYTHOCTI
BXiJIHOTO CHTHaNly, aKTHBYEThCA 3BYKOBHM CHIHAJIOM
NoBHOI YacToTH (Hanpukian, 1 Kl'm).
2. 3anMCyeThCs 4acTHHA CHIHATY NEBHOI TPHBANOCTI
(2 -3 cex.).
3. Crpiuka mepeMOTyeTbCS Hazal, i OTpMMaHa
(oHOrpaMa BiATBOPIOETBCA 3 TNOCTIHHOK WIBHAKICTIO.
Buxinamii curean auxropoHy ouubpoByeThcs A
MOAANBLIOTO JOCTIDKEHHS.
4. BwW3Ha4aeThCcAd MHTTEBA 4acTOTa  BBENEHHOIO
CHrHaTy, i PMY€TbCA IHHAMIYHA XapaKTEPHCTHKA
CHCTEMH Q(:SO

5. ko HeoOXiaHO, EKCIEPUMEHT MOXKHA TIOBTOPHTH.
Halibinbi CcKknajHuM €TanoM eKCNEpHMEHTY €

eTan BU3HAYeHHA MHUTTEBOI YacToT curnany. Tyt Tpe6a

BII3HAYMTH, IO B pealbHUX CHCTEMAaX CHIHA MiLIArac
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pi3HAM HeNiHiHHHM BHUKPHBJICHHAM, SK Ha €Tami 3aImcy,
TaK i Ha eTamni BiATBOPEHHA, IO NPU3BOANTH 10 MONABH Yy
CMEKTPi CHrHaly BHINHX TapMOHIK 3aMMCaHOI YacTOTH.
Tunosuit MpHKJIA) CNEKTPOrpaMH MOAIOHOro CcurHamy
HaBeJieHO Ha puc.l. Ha HbOMY BHpDa3HO BHIHO 30HY
CrpanbOBYBaHHA CHCTEMH aKTHBALii Ta 30HYy YCTAIEHOTO
pyXy cTpiukd. Y THX BHNAajgKaX, KOJH piBeHb BHIIHX
rapMOHIK JOCHTb HEBENHKHH, 1N BH3HAYEHHS NMHa-
MIYHOI XapaKTePHCTHKH CHCTEMH 3 YCIIIXOM MoOXe OyTH
BHKOpUCTaHHMI po3pobneHnii aBTopamu muQpoBHIA
4aCTOTHHI JETEKTOp, AeTanbHO onucaHuii B [1].
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Puc.] Cnextporpama CHrHajiy, 3alHCaHOro IIij
9ac CrpaiboBYBaHHA CHCTEMH aKTHBAIlii.

V THX BHNajKax, KOJH PiBeHb BHIIMX T'apMOHIK
Ta/abo myMiB 3aHANTO BHCOKHH, HaMGLILW AOLLNEEO
3aCTOCOBYBaTH METONMKY BH3HA4Y€HHSA JMHAMIYHOI
XapaKTepHCTHKH CHCTeMH, sika GasyeTbes Ha oGumceHHi
MHTTEBHEX CHEKTpiB curHany. Hmkue HasemeHo
CIpPOIIEHHA ONHC METOMKH:

1.V 30Hi ycranenoro pyxy crpiuku Gepersca Biapizok
TPHBANICTIO Oi COTHX YaCTOK CEKYHIH.

2. Ha ofpaHomy Bigpisui 0GYHCIIOETECS MHTTEBHMN
criekTp curHany. J[na 3MeHmeHnHs HebaxaHux eQekTis,
NOB’A3aHHX 3 MaJol0 TPHBANICTIO BiApi3Ky, mpH
00YHCIIOBaHHI CNEKTPY JOUINTEHO BHKOPHCTOBYBATH 3Ba-
KYBaHHA Bipi3KY MIAXOAAMM LHQPPOBHM BiKHOM,
Hanpukiaz, BikHoM ¢ox Xanua abo Brexmena.

3. BusHavaeThCA MICLE3HAXOMKEHHA Ha OCi 9acToT
JIOKIbHUX MAaKCHMYMIB CIIEKTpPY TOTY)KHOCTi, Bijrmo-
BiIHHX JI0 rapMOHik 6a30BOi 4aCTOTH.

4. Jlani obpobGka BimOyBaerbCa y LMKII, HAa KOXHil
irepauii skoro po6ouuii BiApi30K 3COBYETHCH 3 NMEBHHUM
KpokoM (61151 KiTbKOX MiNiCEKYHI) IO MOYATKy CHIHATY.
[luxn 3aBepuryeTsCs, KOMH CepefHili piBeHb CHTHANY B
poGovomy Bifpi3Ky CTa€ HIDKYE 3a MOPOroBE 3HAYCHHS,
T06TO poboumMit Bifpi30OK BHXOAMTH 3a Mem 30HH
CNpalbOBYBAHHS CHCTEMM aKTHBALLIL.

5. Inakme 3HOBY OOYMCIIOETBCA MHTTEBHN CIEKTP
NOTYXHOCTI po60YOro Bilpi3Ky CHTHANY i BH3HAYAETHCH
MiCLIE3HAXODKEHHA JIOKATBHHX MakcuMyMmiB. BinGy-
BaEThCA noOymoBa TpaekTopit rapMoHik Ga3oBoi
YacTOTH, NpH SAKifi NpPONOBXEHHAM TPAEKTOPil mUiA
KOXHOI rapMOHIKH BBa)KA€ThCA MO3MIIA HA OCi 4acToT
JIOKAIBLHOTO ~ MakCHMyMy, Haii0mmkdoro o = Bxke
no6y10BaHOrO Ha nonepeaHii iTepauii wakTy #

6. ILluxy noBTOpIOETCS.

7. Tlicna 3akiHYEeHHA LWMKTY A KOXHOI Tpaektopii
ofbunCIoETECS CIiBBi IHOLIEHHSA y BHIIIAI



w,(n _

Q, (n)= —-1-(—) , D¢ n-— iHgekc irepauii, @, (n)—
@;g

TpaekTopia [ -i rapMOHIKH, OTPHMaHa Ha M -H itepauii,

@, —3HAYEHHs TPAEKTOPii, 0GYMCIeHe Ha Kpoui 3.

8. Ha migctaBi OTpMMaHMX JaHHX OCYHCIIOETHCA
IMHAMIYHA XapaKTEepHCTHKAa CHCTEMM aKTHBalii 3a

N
dopmynoro Q) = -—11\72!2 ,.(n), ne N — kinbkicts
=1

OTPHMAHHX TPAEKTOpiH.

Hwxkdge, Ha puc. 2, MOJAHO NHHAMIYHY Xapak-
TEPUCTKY CHCTEMH akTuBauii JukTopoHy ¢ipmu SONY,
OTpUMaHy mig 4ac oOpoOkH BH3Ha4YE€HMM crocobom
CUTHaTY, ClIeKTporpamMa skoro 6yna HaBeJeHa BHIIE.

Q
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Puc. 2. JluHaMiyHa XapakTepUCTHKAa CHCTEMH
aKTHBalii TUKTO(OHY.

Takum ynHOM, MOXe 6yTH cHOpMOBaHa MHOMHH-
HICTh, 1[0 HABYa€ CHCTEMY pO3Mi3HaBaTH o0pasu, ski
MOXHa BUKOPHCTATH MiA Yac ifeHTH(ikauii AHKTOGOHIB.
HactynHum 3aBIaHHAM € BU3HAYeHHA NWHAMiYHOL
XapaKTepUCTHKH CHCTEMH aKkTHBaUili AMKTOQOHY, 3a
JOTOMOrolo skoro Oyna BAroToBieHa (oHoOrpama, MO
nocnimkyerscs. Jins 1BOro MOMXKHA CKOPHCTaTHCA
BiZoMHUM 3 Teopii MOBOyTBOpeHHA [4] ¢akToM, 3rigHO
AKOMY CNEKTPHM TrOJIOCHHMX 3BYKiB MalOTh JiiHii4ary
cTpykTypy. IlpHKnaj cCreKTporpamH rOJOCHOTO 3BYKY
"O" HaBeJIeHO Ha puC. 3.

Yac
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Puc.3. Cnextporpama 3ByKy «O»

OueBMaHO, 0I0O TPH aKTHBaWii AMKTOQOHY
FOJIOCHMM 3BYKOM, OIKMCAHOMY BHILE BHKPHBICHHIO
MiIAraloTs yei Horo crnekTpaibHi KOMIIOHEHTH; OKpiM
TOro0, 4ac CrpaubOBYBaHHA CHCTEMH aKTHBalii 3aManuit
TNOPIBHAHO 3 YacCOM iHTOHALIHHHMX 3MiH OCHOBHOIO TOHY
MoBieHHA. ToMy 1nd BH3HAYEHHA AMHAMIYHOI Xa-
paKTepUCTHKH HeBigoMoro AuMkToOHA NOCTATHBLO
3aCTOCYBAaTH ONKMCAHy BHLIE METORHKY 3 TI€I0 JHLIb
pi3HMLEI0, [0 NOCHUDKEHHIO Mmiandrae Bipi3ok

¢oHorpamMn, BHKOHaHMM nNpH akTHBauii gUKTOQOHA
rOJIOCHMM 3BYKOM a00 KODOTKHM NpMIOJIOCHHM 3
HACTYNHHM roJIocHHM. SIk mpuxnan, Ha puc. 4 momaHo
CIEKTOrpaMy CHTHaTy, OTPHMAaHOrO TMpH aKTUBawii
nuxTodoHy, akuii QpirypysaB paHilue, cioBoM "[IA", a Ha
pHC. 5 - AMHaMIYHA XapaKTEepPHCTHKA CHCTEMH aKTHBALlii,
OTpPHMaHa Ha OCHOBI L[bOTO CUTHATY.
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Puc. 4. CnextporpamMa curHamy akTuBauil

3 upOro BHAHO, IO OTPUMAHi PIi3HUMH
crniocobaMu XapaKTePHCTHKH NMPaKTHYHO CHiBNIANAOTh.
Q

Yac
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Puc. 5. JluHaMi4Ha XapaKTepHCTHKA AMKTO(OHY.

OTpuMaHi TaKMM 4YHHOM XapaKTepHUCTHKH 3
ycIixoM MOXyTb OyTH BUKOPHCTaHI Mill Yac po3B’sA3aHHA
3aBjaHHA  ineHTH(ikauii 3acobie 3anmcy. Bubip
K1acHQikaTtopa, O BHKOPHCTOBYETbCA, BH3HA4YacThCH
NOCTaHOBKOK 3aBHaHHA iNeHTHdikauii y KoXHOMY
KOHKPETHOMY BUIIAZIKY.

BUCHOBKH

V po6oTi 3anmponoHoBaHo MiAXiX A0 poO3B’A3aHHA
npobnemn inenTudikanii AMKkTOQOHIB; 0OTpYHTOBAHO i
po3risHyTO MeToA iAeHTHdikalil 3a AHHAMIYHOIO
XapaKTEPHCTHKOIO CHCTEMH aKTHBALi 3amucy; CTHCIO
ONMCAaHO BMKOPHCTaHi NPH LBOMY METOAMKH Ta
IrOpPHTMH. PO3IJIAHYTO NpUKIANH.
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OO0 NPOI'PAMH CUHTAKCUYHOI'O KOPEKTOPA

B.IO. Llenenoe, A.H. JTumaps, A.B. Illeguenxo, I'B. Caseina,
3.H. Cenuwes, B.A. I'paboeasn
[HCTHTYT NpOGNEM ITy4HOrO iHTENnEKTY
340048, Toneurk, Aprema, 118-6,
Ten.: (0622) 92-6082, Maxc: (622) 92-6082,
E-Mail:shel@iai.donetsk.ua

Computer russian speech recognition is
complicated by great number of wordforms. It is
appropriate the computer should identify close
wordforms and restore right syntax using special
program, which is not connected with recognition.The
such kind program is the subject of the report. It is
based on wordform construction libreries for more then
100 thousands words in initial forms, which were
written by authors.

BCTYII

ITpo6nemMy KoMN'IOTEPHOTO PO3Mi3HABAHHA YCHOI
MOBM HA TiH 4W iHmi# NPUPOAHIH MOBi, HanmeBHO,
HEOOXIZTHO PO3NMBIIATHCA K HAHBAKIMBINIIY 4acTHHY
Olmbmi  3aranbHOi  3aJayi HABYAHHA  KOMITKOTEpa
Bi/noBi/HiH MoBi. [Tpu 1bOMY CuTyauis 10 Aeskoi Mipu
HArafy€ HaBYaHHA JIOJAMHH iHO3eMHi# MOBi. Ane I
BHKJIANA4a OYEBHIHO, INO 3HAHHA MOBH - L€ HE TiJIbKH
3HAHHA 2060 PO3YMIiHHA CIIB, ajie # BONOJIHHI MOBHUMH
crpykrypamu. Cepen OCTaHHIX OaHE 3 HAHBAXKIMBiIIMX
MiCIb 3aHMAIOTh CHHTAKCHYHI CTPYKTYDH.

Pocilickka MoOBa, #AKOK MH 3aiiMaemocs,
BUTHOCHTBCA 10 (PICKTHBHHX MOB ¥ Biapi3HAeThCA
BEIHKOK KimbkicTio (opm cmiB. Tomy mns Hei
npoOIeMH  CHHTAKCHCY NOB'sA3aHi 3  3a4a4eio
posnizHaBamHs MoBd. Cnpasa B ToMy, moO JUIa
KOMI'KOTEpa  Ay)KE BaXKKO BIiADI3HATH OMm3bki 3a
3By4aHHAM (JOPMH CIiB, HANPHKNAZ, «CAOHT - CAIAT)
ab0 «3KCTMOHEHTa - 3JKCIOHEHTHD). ToMy G6axkaHo
BHKODHCTOBYBATH NpOIpaMH, SKi J03BONANH O
KOMII'KOTEPY OTOTOXKHHTH Taki cloBo(OpMH OgHOro i
Toro x cnosa. Toxi ycHa MoBa Oyze po3mi3HaBaTHCA y
BHINAAl NAHIFOXKKA CHiB y HalGinem spysmmx mus
po3misHaBaHHA (opMax. Ane NpPH LBOMY BHHHKAE
3a]1a4a BiXHOBJICHHA Y BBCACHHOMY TEKCTI MPABHIBHOTO
CHHTAKCHCY, fKA4 ITOBHHHA BHPINyBATHCA OKPEMOK
KOMIT'FOTEPHOI0 NIPOrPaMOi0, HE IOB’A3aHHOK 3
PO3Mi3HABAHHAM - CHHTAKCHYHHM KOpPeKTopoM. Takmii
KOpeKTOp Oyze NMPHHIMNOBO BHAPI3HATHCA BiJ IPOTpaM,
AKi BUKODPHCTOBYIOTBCA B aBTOMATHYHHMX NMEPEKIAA4aXx,
TOMy W0 TYT BiACYTHIH NEPBICHHH CHHTAKCHYHO
NPABHIBHAA TEKCT, # BiJHOBICHHA CHHTAKCHCY
HeoOXiqHO 3MiHCHIOBATH MPAKTHYHO 3 Hyxs. O4eBHIHO,
IO pilleHHA wiei 3a1a4i y MOBHiH Mipi HeMoxuHBO Ge3
BPAaXOBYBAHHA CEeMAaHTHKH i, Gimpm Toro, 6e3 ywacri
monuud. Ilg yyacTe B pAgi MOMEHTIB IOBHHHA

© Ukrobraz-98

BinbysaTHcs y pexuHMi giamory 3 KOMIT FOTEPOM.
ABTOpaMH 1OT0 NOBIJOMJICHHSA PO3po6eHa mporpama,
SKA BIJHOBIIOE TIPABHIIBHMH CHHTAKCHC  JJOCTATHBO
NPOCTOrO peYeHHs POCIHCHKOI MOBH B NAHIFOXKI CIIiB,
AKi 3HAXOZATHCA B MO4ATKOBHX (popmax. Lle Ti popmu
CIliB, AKi 3HAXOJATECA B CIOBHHKY.

1. ITPO YTBOPEHHH
CJIOBO®OPM

B OCHOBI CHHTAKCHYHOrO KOPEKTOpa, SAKHii
ONHCYETBCSA, JI€KATh HANHMCAHI ABTOPAMH NPOTPaMH
YTBOpEHHs CIOBO(OPM IJiA CIOBHHKA, SKHH MiCTHTBH
Oimsm mik 100 000 cmiB. Sk mKepeno MeKCHYHOI Ta
CHHTaKCH4HOI in()opMawii 6ys BuKoprCTaHHbi BizoMmii
«"paMaTHYHMIA CJIOBHHMK pociiicskoi MOBI
A.A3anisuska [1] Ta doro enextpomma (hopma.
CroBHMK MICTHTH PO3MITKYy CHiB Ta BKA3IBKH, 1K,
opieHTyrouuch Ha Hei, OyaysatH Bci HeoGXimmi
cnoBoopmu. BiamOBiAHI aNrOPHTMM 3BONATECA B
OCHOBHOMY N0 BiJKMIAHHA 3aKiHYECHHA, MEPETBOPEHHS
OCHOBH NpH HadBHOCTI Oirmoi romocHoi i momaBaHHS
HOBOIO 3aKiH4eHHA. [HOZI OCHOBA NOBMHHA NOBHICTIO
3aMIHIOBATHCA iHINOK (HANPHKIAZ, «HATH» - (IIEID).

Tpymmicte monsrae y Bemukilf  KinmbKoCTi
PI3HOBHIIB KOHKDETHHX peami3amiii LEX aJrOpHTMiB.
Tak, nns BiAMiHIOBAaHHA IMCHHHKIB BHKODHCTOBYFOTBCA
OnM3bKO MBOXCOT pi3HOBHAIB ANTOPHTMY YTBOPEHHS
IUATH HENPAMHX BiAMIHKIB OJHWHM ¥ IIECTH BiIMiHKiB
MHOKHHH. PO3MiTKa 3HAa4HOI YacCTHHH ClIOBHMKA Gyna
HAMH 3MIHEHA 3 MPHYHH, PO AKi CKA3aHO HIDKYE.

Meroa, AKui 3aCTOCOBYETBCA NMPH YTBOPEOBAHHI
cnoBo)opM, PO3IIAHEMO HA NPHKIANI  IMEHHHKIB.
IMeHHMKM  poCiiiCbkOI MOBH, IO MICTATECH B
TPAMAaTHYHOMY CIOBHHKOBI A A 3amizHaka, Oymu
PO3MOAINCHI HA HACTYIHI IPyIH:

e I'pynma A. IMeHHMKH, TIDH YTBOpEHHI (opm
AKHX iX OCHOBa HE 3MIHIOETHCA, 4 3MIHIOETHCA JIMIIE
3aKiHYEHHS B KiHIIi CJIOBA;

e I'pyna B. ImcHHMKM, mpH yTBOpeHHI (opm
SKHX OCHOBA 3MiHFOETHCA,

e ['pyna C. IMcHHMKH Wi€i #PyNH MO3HAYAIOTH
abo moxed 3a HAUIOHATBHOKW, reorpadidHol0 Ta
COMIATBHOK HANEKHICTIO (HANPHKNAZA, «IOKaHHE») abo
MAJAT (HANPHKIAZ, «OEIBY0HOKY)



e I'pyna D. ImMeHHMKH ui€i IpymH MaioTh
HACTAHJAPTHE 3aKiHYEHHA «-a» B HASHBHOMY BiIMIiHKY
MHOKHHH (HANDHKNAZN, «pykasa»), ab0 HeCTaHZapTHE
«HYNBOBE» 3AKIHYEHHSA B POJOBOMY BiJIMIHKY MHOMHHH
(HanpHENAn, «rpy3uH»).

Jna koxkHoi 3 BHImeO3HaYeHMX rpynm Oyma
CKIaJeHa CTPYKTypa, sKa MIiCTHTh BCi MOMIHBI
3aKiHYeHHA, SKi  BHHMKAOTH NPH  YTBOPCHHI
BiAMIHKOBHX ()OPM B OJHMHI Ta MHOKHHI i HaNMCaHA
(yHKIiA MACTAHOBKH IHX 3aKiHYCHD.

Bci iMeHHHMKH 3i cknagy croBHEka A.A. 3amis-
Gynu mepepo3Mivieni, TOMy WO PO3MiTKa aBTOpa
CNIOBHHKA HE MAXOAHIA JUIA pOOOTH 3 PAXY NMPHYHH.

Mpuknax 1. (MpHKIaa HOBOI PO3MITKH)

abaxyp mAa0_0

3 mi€i po3miTke GauuMo, mO:

e CcnoBo «AGaxyp» Mae donopiumit pia. Ha ue
BKa3ye miTepa ‘m’;

e cnoBo «AbGaxyp» - Heicrora. Lle BHaHO 3
TOrO, MmO JiTepa ‘M’ MajeHbKa. SIkOH COBO BKa3yBano
Ha iCTOTY, pO3MiTKa MOYMHANACA 6 3 BENHKOI JiTEpH,

e 3axiHueHHS JOJAETHCA B KiHemp cnosa 6e3
JHMIICHHA OCTaHHBOI Jirepu cnoea. Ha me Bkasye
HAABHICT B PO3MiTHi JiTepH ‘a’. B mnporHBHOMY
BHNAZKY B PO3MITHI 3aMiCTh JIHTEpH ‘a’ cTosna 6 miTepa
‘b’. (Hampuknaz, cnoeo «moprdens mAb2_1»);

e [lpm nmiacramoBui  3aKiHYCHb  OJHHMHH
BHKODHCTOBYETBCA CTPYKTypa 3a HoMepoMm ‘0°, npm
MiACTAHOBLY 3aKiHYEHb MHOKHHH - TAKOXK CTPYKTYpa 3a
HOMepoM ‘07;

SIx MoxHa GaYMTH 3 OMHCAHHA HOBOI PO3MITKH,
HAa Hei TNOKIAJeHe NPaKTHYHO BCe iH(opMamiiine
HABAHTAXKEHHA npo yreopeHns ¢opM cmi,  axi
BiJPI3HAKOTECA BiJ MOYATKOBHX, i, OTXKE, HOBA PO3MiTKa
Gimpm  rpoMisgka  MOPIBHAHO 3 PO3MITKOK
A A3am3mska. | xowa, kazanmocs O, CIOBHHK, AKHMH
MICTHTB CJIOBA 3 HOBOKO PO3MITKOI, MOBHHEH 3aHMATH
Ginbme MiCld Ha AMCKY, HiK BHXiIZHHIH, HOro posmip
NpHONH3HO JOPIiBHIOE PO3MIPY BHXIJHOTO CIOBHHKA,
TOMy MO 3 OCTaHHKOro Oyno BHKHHYTO Oe3miy
cayx008B0i iHQopmamii, Ha sky B Garars0X BHNAJKAX
CIHPAETHCA BHKOPHCTAHHA COBHHKA A.A.3ani3Haka.

KpiMm Toro, pofora 3 HOBOK PO3MITKOK
JO3BOJIAE OTPHMATH 3HAYHMI BHIpaml y 4aci Ha cramii
yrBopenHs cnosodopm. Lle MOkHA NMPOAEMOHCTPYBATH
HA HACTYIHOMY NIPHKJIAI].

IMpuxnaa 2. PosrnsHemMo HACTYNMHI JBa ClOBA:
cioo «IInomage» u cnoso «Memmb». B CnOBHHKY
A.A.3ani3HAKa BOHH MAKOTh OJHAKOBY PO3MITKY - «8e».
Ane fK HACMIZIOK TOro, Wm0 OCHOBa APYroro Cclosa
3aKIHYYETHCA HA LUMIULTYHI, 2 OCHOBA NMEpUIOTo - Hi, B
yTBOpeHHI (OpM «ILIOMANAM - MBINAMY, «IUIOMAMIAMHA
- MBIIAME» € Pi3HANA. TakuM YHHOM, YTBOPIOIOYH
cnosodopmu 3a po3MiTko0 A A 3ani3HaKka i 3yCTpiBIIH
onHe 3 BHme3ragaHux (ab0 aHamoOriYHMX) CHiB 3
po3miTkor0 «8e», MH 3MymeHi poGHTH nepeBipKy Ha
HAABHICTH IMIUIA40i B OCHOBI C/IOBA H B 3aJIEXKHOCTI BiX

pesyiasTaTy — MepeBipKH  NIACTABIATH  HEoOXiawe
sakinyenHa. L{i Aii HEMOXKIHBO peani3yBaTH OaHHM abo
JIeKiTbKOMA ONEPaTOpaMH ANrOPHTMIYHOro A3uka. Kpim
TOro, ONEPAaTOPH TMEPEBipKH H NOPIBHAHHA, 0COOMHBO
CTPOKOBHX KOHCTAHT, 3aiiMalOTh OJHE 3 MEPIIMX MiCIb
MO 3aXBaTy MPOLECOPHOTO 9ACY.

MH pO3rISHY/IH BHNAJOK, KONH TUIBKH JBi JCIIO
BiAMiHHI IpymH CIiB BigHECEHI 10 oxHOro kuacy. B
BHXIJHOMY C/IOBHHKY 3yCTPIi4alOThCA BHIIAZIKH, KOJH 0
ONHOTO KJacy BigHeceHi 4-5 rIpyn iMEHHHMKIB, Ki
pisHaTBCA Mi cob0k0 (muB. [1], c. 48). B 38’43Ky 3 uM
KiNBKICTh MepeBipok Ha CTalii YTBOPEHHA CIOBOQOpM
36insmyerses. HoBa po3MiTka, SK HaM 3A€ThCA, BiTbHA
Bix momibEmx aedexris.

VreopenHs croBodopM ANA iHIMHX CaMOCTIHHIX
YaCTHH MOBH 3JIHCHIOETHCA 32 AHANIOTIYHHMH ANTOPHT-
mamu. [Iporpamu yreopenHs cnosodopm odopmueHi y
BUrAAi ruHaMiyaux Oi6miorexk (DLL), sxi moskHa
MAKHOYATH B TOTOBOMY BHITIAI A0 TPOCKTYEMHX
rpaMaTHYHHX NPOrpaM i fKi NpPENCTABIAIOTH, TAKHM
YHHOM, CAMOCTIHHMI MPOrpaMHHI TPOAYKT.

2. ITPO ITPOT'PAMY KOPEKTOPA

V Hac BOHH BHKOPHCTOBYKOTBCA B nporpami
«CHHTaKCHYHHI KOpeKTOp», poboTa Akoi OGasyersca Ha
BHKODHCTAHHI ~ amapaty  JepeB  CHHTAKCHYHOID
mianopaaxkysanss (aus. [2]). [Ticas Toro, Sk JTaHIFOKOK
noyaTkoBHX (OpM BBEACHO Y BIKHO peaakTopa,
KOMIT'IOTep 4epe3 AianoroBe BiKHO MHTA€ mpo cmocib i
4ac, B AKi HeoOXiAHO MOCTABHMTH JI€ECIOBO, AKE BHPAXKAE
npucyaok. Te x came BiH poOHTB BIJHOCHO YHCHA, B AKE
HeoOXigHO  mOCTaBHTH  miaMer  (Bimosimi -
HATHCKYBAHHA BiJNOBITHMX KHOMOK 3a JONOMOIOK
mummi). TTicns mporo KOMIT’'K0TEp ABTOMATHYHO Y3rO/UKY€E
miMeT i MpHCYAOK. Y BHMAJKY HASBHOCTI JONATKY BiH
CTaBHTh IMEHHHK Y BiAMIHKy, AKHH BH3HAYA€THCHA
npuiimennnkoM. Hapemrri, BiH  y3ropkye HasBHI
NPHKMETHHKH # YHCHIBHMKH 3 THMH IMCHHHKAMM, [0
AKHX BOHH BiJHOCATBCH, # CTaBHTH y MOTPiOHIH (opmi
3aiMCHHHKH.
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MEUICHHO NpOoOHpaThCA  CKBO3b BBICOKHI Tpasa’,
NEPETBOPHBINH ii B PEYCHHA: «YCTA/IbIC KOHH MEICHHO
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Abstract: The aim of this paper is to describe a speech recognition algorithm. We describe the structure of a speaker-
dependent system for sounds recognition. The implementation of this algorithm with a DSP allow to design and
construct a vehicle that can be fully controlled from human generated sounds. More exactly we can command to our car

to go forward, to left or right and to stop.
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1. INTRODUCTION

Most application of today involve the use of
discrete time technological of processing continuous-
time signals. One important class of signal processing
problems is signal interpretation. The objective of the
processing is not to obtain an output signals but to
obtain a characterization of the input signal.

In a speech recognition system, the objective is
interpret the input signal or extract information from it.
Typically, such a system will apply preprocessing
(filtering, parameter to estimation, Fourier transform
etc.) followed by a pattern recognition system.

Speech recognition research and development
has several goals. Simplifying the interface between
users and machine is one major goal. Just as many users
consider the mouse an improvement to the user interface
on a personal computer, machine speech recognition
and understanding has the potential to gre atly simplify
the way people works with machines. Examples of this
emerging technology include dialing telephones and
controlling consumer electronic through voice-
activation. As voice input and output become further
integrated into the everyday machines, many advances
will be possible.

Speech recognition systems fall into two
categories:

- Speaker dependent systems that are used (and
often trained) by one person (our car);

- Speaker independent systems that can be used
by anyone.

© Ukrobraz-98

2. VOICE PRODUCTION &
MODELING *

You can separate human speech production
into two distinct sections: sound production and sound
shaping. Sound production is caused by air passing
across the vocal chords (as in "a", "e " or "o") or from a
constriction in the vocal tract (as in "sss", "p" or "sh").
Sound production using the vocal chords is called
voiced speech; unvoiced speech is produced by the
tongue, lips, teeth, and mouth. In signal processing
terminology, sound production is called excitation.

Sound shaping is a combination of the vocal
tract, the placement of the tongue, lips, teeth, and the
nasal passage. For each fundamental sound, or
phoneme, the shape of the vocal tract is somewhat
different, leading to a different sound. In signal
processing terminology, sound shaping is called
filtering.

3. ALGORITHM DESCRIPTION

The theory behind speech recognition is
relatively simple. First, the DSP acquires an input sound
(word) and compares it to a library of stored sounds.
Then the DSP selects the library sofind that most closely
matches the unknown input sound. The selected sound
is the recognition result. Systems that follow this model
have two distinct phases: training phase and recognition
phase.




3.1 Training phase

When you train a system to recognize sounds,
you first create a library of stored sounds. Each sound to
be recognized is stored in a library. Once the library is
built, the system training is complete, and the task of
recognition can begin.

3.2 Recognition phase

Figure 1 show a block diagram of the
recognition algorithm:

START

Another 256 samples data frame

The frame has the appropriate energy ?

No

Yes

FFT routine providing the characteristic
vector.

The unknown characteristic vector match
close enough with an library characteristic
vector ?

No

Yes

.
Execution of the associated command

Figure 1 Speech Recognition Algorithm Diagram.

For the instant we resume to recognize
fundamentals sounds such are the voices. We must
mention that the same voice, but pronounced in two
different words can be in her tour different. So, for the
beginning we can recognize words by founding different
voices.

The analogue input signal provided by a
microphone is converted into a digital one as a result of
hold and sampling process at 8 kHz frequency.

The processor receive this signal, split him in
frames of 256 data (32 ms) and process this frames.

Because the microphone provide signals
continuously and this signals are not all the time human
sounds (like the noise, the smashes, etc), it will be

inefficient to process each frame. That’s the reason why
we make a test of this frames, more exactly we check if
the energy of frame is high enough. If she is we go
further, if not we take another frame.

Almost all speech recognition process use a
parametric representation of speech rather than the
waveform itself as the basis for pattern recognition.
These parameters usually carry the information about
the short time spectrum of the signal. <A

Among the most popular repréSentation,
produced by various forms of signal analysis, are
spectral coefficients (DFTC), cepstral coefficients
(CEPC), and linear predictive coding coefficients
(LPC):



- Fourier analysis (DFT) yields discrete
frequencies over time:

Ns-1 w2 f

S()=Y sme (M
»=0

where f; is the sampling frequency and N is the length
of the analysis sequence;

- linear predictive coding (LPC) yields
coefficients of a linear equation that approximate the
recent history of the raw speech values;

- cepstral analysis [1] calculates the inverse
Fourier transform of the logarithm of the power
spectrum of the signal:
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A signal observed for a finite interval of time
(window) may have distorted spectral information in the
Fourier transform. To avoid or minimize distortion, a
signal is multiplied by a window-weighting function
before the DFT is performed. Window choice is crucial
for separation of spectral components. Our application
use a 32 ms Hamming window to weight samples
toward the center of the window.

"3 "
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Hamming window,

The coefficients for the Hamming window [3]
are obtained from the formula:

_ " B
wn)=a+(l-a) cos(Zfr NJ (5)

commonly, a = 0.54.

N = number of coefficients
Range: n-—--—:;—{ to n=%—l (6)

The DFT of Hamming Window Function is:

W(6) =aD(6)+
@)
1 n r
where,
k

4= 27:; 8

and
) “"(N g) :
D{6) = exp| £ 5 ©
sin(E)

Log-magnitude (Hamming).:

Figure 2 Characteristic of the Hamming Window.

Then we perform a 256 points FFT routine
(Fast Fourier Transform). This routine provide a 128
points data vector containing information about the
frequencies of the frame (in fact it contains the
coefficients of the FFT). We do some operations with

this vector in order to remove unnecessary information.
We will name it the characteristic veétor.

We compare this vector with the library created
in the training phase. The distance between vectors can
be determinate in many ways: the absolute distance, the
euclidian distance, etc. I used the absolute distance.
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Then the DSP selects the library vector that most closely
matches the unknown vector and perform the associated
command.

Characteristic vector of sound “a"“ from word UP

Characteristic vector of sound “¢” from word LEFT

In figure 3 you can see the characteristic
vectors of the voices that we use in our application.

Characteristic vector of sound “o” from word STOP

Figure 3 DFT caracteristic of some sounds.

Further we will present the generally problems
which appears to an algorithm used for word
recognition. First we must use a set of characteristic
vectors for each word. This means that the word is split
in frames, each of them providing a characteristic
vector. It is indicated that the frames to be overlapped.
So only a fraction of the signal data changes allowing
for reducing the amount of noise.

Another problem is that the same word can
have different durations. Using Dynamic Time Warping
(DTW) technique we can time-align perceptually
equivalent words spoken at different rates. The DTW
algorithms aligns the time axis of the library word with
the time axis of the unknown word.

4. CONCLUSIONS

The presented speech recognition algorithm a
was implemented on an fully controlled by human
sounds vehicle realized in the Digital Signal Processing
Laboratory of Electrical Engineering Department from

Suceava. The results was good and give us the
possibility of trving more complicated algorithms.
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1. INTRODUCTION

The results obtain in the speech recognition
had leading to application in drive system. Because the
speech recognition domain is very interesting we have
decided to make a project with this theme. Our
application consist in fully controlled by human sounds.

The most suitable for this application is DSP. The
vehicle can receive commands to go forward, to left or
right and to stop. ¥

Limited by the memory size and the power of
computing we decided to use the simple sound speech
recognition algorithm (see block diagram in figure 1).

A/D Windowing Frame
Pre-processing
Microphone ’
8 kHz sampling 256 samples/frame

Distance —I,_ Analysis

Motors
Command Measure
v
Template
Library ¥
ey

Figure 1 Block diagram of speech recognition algorithm.
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2. VEHICLE HARDWARE

Overview: The vehicle will comprise of a pair geared
dc motors to provide propulsion and steering, a

microphone to monitor any sound, a EZ-KIT Lite board
to process and analyse these sounds and a motor card to
provide adequate power for the motors. Six 1.5 volt AA
batteries will provide the power source. The hardware
architecture is show in figure 3.

PC RS 232 g
compatible VR Adapter &= | Serial
IBM Port 1
Serial
Port 0

ADSP2181 WR
D15+D8 IOMS

AD 1847
analogue
input

8 bits

Buffer |

Human sounds

Power amplifier

[)v Amplifier

N

Motor 1 Motor 2

Figure 2 Hardware architecture of the car.

3. ARCHITECTURE HARDWARE

The EZ-KIT Lite consist of a small ADSP-
2181 based development board with full 16-bit stereo
audio I/O capabilities. The board's features include:

- ADSP-2181 33MIPS DSP;

- AD-1847 Stereo Sound Port;

- RS-232 Interface;

- User Push buttons;

- Expansion Connector.

The ADSP-2181 is a  single-chip
microcomputer optimised for digital signal processing
and other high speed numeric processing applications. It
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integrates 80K byte of on-chip memory configured as
16K words (24-bit) of program RAM, and 16 K words
(16-bit) of data RAM.

Fabricated in a high speed, double metal, low
power, CMOS process, the ADSP 2181 operates with a
30 ns instruction cycle time. Every instruction can
execute in a single processor cycle.

The ADSP 2181's flexible architecture and
comprehensive instruction set allow the processor to
perform multiple operations in parallel. In one frocessor
cycle the ADSP 2181 can:

- generate the next program address;

- fetch the next instruction;

- perform one or two data moves;




- update one or two data address pointers;
- perform a computational operation.

The ADI1847 integrates key audio data
conversion and control function into a single integrated
circuit. Dynamic range exceeds 70 dB over the 20 kHz
audio band. Sample rates from 5.5 to 48 kHz are
supported from external crystal. The sample rates in our

program is 8 kHz. We need to build two others board:
microphone adapter board and motor drive board. This
two boards are used to interface the microphone and the
motors with EZ-KIT Lite board.

Microphone board its a simply amplifies the
input from the microphone to a suitable level for the
codec input of the EZ-KIT Lite board. The schematic of
this board is show in figure 4.

I C3 1 c4
g
t 0. 1uF 100uF
cl6
| l I T = = 9 13
lL——-—-l -P\\ § § nY ;
i §r e i
L 470F
l J X CON2
- MIC Ll L s

|”

Figure 3 Schematic of microphone ampifier.

The motor drive card is a custom made board for the vehicle project and provides the following facilities:

B four high current outputs (6V @ 500mA) to control the two drive motors;

B a regulated supply for the microphone board (5V);

B a regulated supply for the ADSP EZ-KIT Lite card (9V).

This board is I/O mapped as an eight bit output port (see Tab 1). Connection between motor drive card and EZ-

KIT Lite card is realised via 50 way bus connector.

Bits D11-D8 provide four independent outputs to control the two drive motors. The direction of each motor is

dependent on how the motors are connected (see Tab2).

Bit Num | D15 D14 D13 D12 D11 D10 D9 D8
Function | notused | notused | notused | notused | MOT2 | MOT2a | MOTI1b | MOTla
b
Tabl Port layout.

MOT2b MOT2a MOT1b MOTla Motor2 Motorl

0 0 0 0 OFF OFF

0 1 0 1 Forward Forward

1 0 1 0 Reverse Reverse

0 1 1 0 Forward Forward

1 0 0 1 Reverse Forward

0 0 0 1 OFF Forwag!

0 1 0 0 Forward OFF

1 1 1 1 Brake Brake

Tab.2 Pins used for direction of motors.
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The command of the motors was implemented
. with operational amplifier which able to support 1A on

+5¥
Fal

Lo}
e

Motorl
Cl4a
| > <]
|17
co

[

its output (L272, SGS Thomson), like in figure 5.

w

:—cm

+HV
10K
L8281
U.lIIF
l ‘lﬁl(

Figure 4 Schematic of motor amplifier power.

B

Figure 5 Photography of the car.

The software application was written in
assembler language. A very useful feature was the
possibility to communicated with a PC through serial
port. Also we take advance of the simulator tools
provided the EZ-KIT Lite. The object code program is
realised with PC and then loaded in the DSP program
memory through serial port. The photography of the car
is show in figure 6.

4. CONCLUSIONS

The presented speech recognition algorithm
and hardware a was implemented on an fully controlled
by human sounds vehicle realised in the Digital Signal
Processing Laboratory of Electrical Engineering
Department from Suceava. The results was good and
give us the possibility of trying more complicated
algorithms.
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Abstract

In this work is presented a kernel system for vocal
signal analysis/synthesis algorithms implementation
around of the LSI OKI Semiconductor’s MSMé6518

- circuit, This circuit incorporates a synthesis and

analyses stage structure which is based on the Adaptive
Differential Pulse Code Modulation (ADPCM) method
of data compression. Thanks to the specific structure of
the circuit the users are enables 1o develop their own

speech analysis and synthesis systems.

1. INTRODUCTION

In the pattern recognition and/or synthesis
speech signals domain these are numerous hardware and
software techniques to resolving specific questions. In a
lot of cases are necessary very complex electronic
equipments  and/or  sophisticated  programme
environments. This work become to suggest a more
simple method of testing and to put in point for varied
algorithms of implementation with a low price.

2. SCHEME DESCRIPTION

In figure 1 is presented the principle scheme of
the development kernel system for some specific
applications. The structure contain an ADPCM speech
analysis/synthesis IC, an AD converter structure with
serial data output and a logic control structure to ensure
the communication protocol between the MSM5218 IC
and other devices. To understand the manner working of
the system is necessary to describe the exchange signals
on the board.

The Vy is refereed like a signal whose frequency is
equal to the sampling frequency selected by S; and S,
inputs.

The Do up to the D; are four data bits through is
exchanged the ADPCM cod between a local processing
subsystem and the memory system. When data is rather
ADPCM coded through three bits the D, is not used.

The ANAASYN signal is analysis/synthesis function
selector. It controls data flow direction into the I/O

© Ukrobraz-98

port . When high, data I/O are outputs and
simultaneous analysis and synthesis occur. When low,
data I/O are inputs and no analysis occurs.

The 4B/\3B signal specifies whether 3-bit or 4-bit
ADPCM data is to be used.

The RESET is an active high input which initialises
the MSM5218RS internal circuit. To be effective, must
‘oe held true for at least one V4 time.

The §,,8; inputs select the sampling frequency.

The SICK is a clock input for clocking in serial
PCM data from an external ADC into the integlal 12-bit
shift register.

The ADSI signal is serial PCM data.

The \SCON output signals the start of conversion.

The SOCK is a MSM5218RS output which provides
a 192 kHz signal which is synchronised with the output
of the serial PCM data through the MSBASO pin. For
all those is necessary to serial PCM data output be
selected (DAS=H). Each bit of the 12-bit PCM data will
be valid before the positive edge of this 192 kHz signal.

The DAS signal selected for analog signal output
(DAS=L), or serial PCM data output (DAS=H).

The DAOUT is an analog output from the
MSM5218RS circuit.

The MSBASO is the MSB of the data in the internal
10-bit DAC which will appear if analog signal output
mode (DAS=L) is selected, or can be the serial PCM

data clocked out when serial PCM data output mode is
selected (DA=H).

In the next rows we’ll refer to the internal structure
of the MSM5218RS circuit with its functional features.
Thus, this have a 12-bit shift register for the ADSI
signal input processing, an internal oscillator coupled
with a timing circuit, an ADPCM analysis stage block
and an ADPCM synthesis stage block coupled with a
10-bit DAC and a 12-bit shift register in output. The
ADPCM analysis stage and ADPCM synthesis stage
blocks dispatches and receives the ADPCM data through
a 4-bit bus. »

The control logic block can be see in the figure 1. It
is achieved with two flip-flop type D circuit and some
logic gatess NAND and NOT. It is present an
asynchronous binary seven bits counter too.
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3. THE SYSTEM FUNCTION

Just after RESET signal applied on the HALT
RUN input, a same internal RESET signal become
active into the MSM5218RS circuit. The reset signal is
latched within the LSI by the reset latch timing.
Analysis is commenced by switching the external reset
signal from H to L before a timing. The state of the reset
input signal is strobed into the internal reset latch by the
reset latch timing pulse. Analysis begins on the H to L
transition of internal reset.

The analog speech signal is applied on the V;,
pin of the MSMS5204ARS circuit. This is an
analog/digital converter with serial input/parallel output.
The time of the acquisition is marked by the \SCON
(Start CONversion) signal. When the ADC loaded a
properly speech signal piece is generated an output
signal named \INTR. This signal pass through those two
flip-flop type D circuit (4013) and applies a positive
pulse to the P/S input of the shift register with
parallel/serial input serial output (4014). In this mode is
made a parallel 8-bit load. Since that moment the data
serial signal is await by the ADSI MSMS218RS input.
To ensure a properly transfer of data signal between the
4014 register and the 5218 circuit will be necessary to
synchronise the transfer on an appropriate clock signal.
This clock signal is applied both SICK (on the
MSM5218RS) and CLK (on the 4014) inputs. This
clock signal is achieved like as burst of 12 pulses with
500 kHz rate by during high V4 pulse. Therefore, up to
12 bits of PCM data may be strobed into the 5218 device
by SICK. If more than 12 SICK pulses occur in a given
Vi cycle, only the last 12 are regarded valid. The cycle
of SICK pulses must be completed before the next
\SCON pulse.

For created that 12-bit burst is present in the
structure the 4024 binary counter. After RESET signal
the 4024 counts up to the OCH code and dispatches one
pulse. Thanks to this pulse the output NAND gate from
the logical control subsystem is validated and supplies
the SICK signal.

After all these steps, the 5218 dispatch a new \SCON
signal for a new conversion command.

We can observe that first D flip-flop switches on the
positive edge of the clock and thus supplies the \RD
signal which command the 5204 converter to output
data. The second D flip-flop switches on the next
negative edge of the clock and supplies the P/S signal
for the 4014 register (one positive level, therefore the
active signal is P).

4. POSSIBLE ANALYSIS/SYNTHESIS
SPEECH SIGNAL ALGORITHMS

After conversion of analog data signal to
ADPCM code, this information can be stored into local
system memory or in the PC memory through an
acquisition on the parallel or serial port. In that moment
can be made a properly processing after that the system
can says if the speech signal is or not is recognised. Can
be imagined varied appropriated algorithms. Thus, if in
one memory array is stored the witness code (this code is
stored at one previous moment) and in other memory
array is stored the command code, the decision if this
last code is or not is the correct code is done after some
comparisons between the contents of those two memory
arrays. Because those two codes not have often same
phase and same “weight centre” will be necessary to
launch more comparison session and will Keep those
results which exceed a defined level. The problem to
establish this level is not simple but it can be resolved,
in the first approximation by empirical mode. An other
algorithm which will manage to resolve the decision of
affiliation the command code to the witness class can
analyses and compares the bit packets. For that the
algorithm must does a properly choice of the bit packets
following varied procedures. In this case can be involve
some statistics methods for choice of the bit groups and
for analyse those.

In the synthesis of the speech signal is ofien
necessary to be used the filter rebuilding signal through
the Fourier transform method. But on other hand, in
used of the time analog windows methods can be utilise
the Hilbert transform. This fact put the problem of use
the digital filtering in rebuilding of the speech signal.

Models
dictionary
Speech
mman Decisions
i - Extracting of Similarity with Decision g
parameters the models rules

Figure 2
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In the analysis domain can be involved numerous
processes in understanding and recognition speech
signal such as :

- the acoustic analysis, through are extracted acoustic
parameters;

- the phonetic analysis, through are extracted speech
sounds features;

- the prosodic analyse, through which to append the
intonation information, the rhythm and accent, for
purpose of the great linguistic units identification;

- the syntactic analysis, through which is testing the
syntactic consistence for one hypothetically speech word
comparative with the previous speech words;

- the semantic analysis, through which is check up of
the understanding hypothetically sequence;

-the pragmatic analysis, through which are predicted
most probable future words.

A simple structure for a determinist system of
recognition can be that from the figure 2.

5. CONCLUSION

The kernel board just here presented have the
advantage that has a very low cost and gives the
possibility to develop a lot of software applications
oriented to the pattern recognition. This system although
is go like a distinct and independent structure however it
can be interfacing with the PC computer and in this case
it can be have all specific features. The required memory
system is not so large because the achieved dates are
converted on three or four bits through an ADPCM
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algorithm compression. On other hand this system has

a very simple structure, though a high reliability.
Because the work system frequency is high sufficiently
we have the possibility to use it even for the vocal signal
recognition, but we can use it same into the many other
application such as the signs and finger print
recognition (or other same). We can remark that for
some applications have wrote the specific programs in C
programming language with achieved and processing
signal vocal purposes. Evidently, in these cases has used
a PC interface structure type which running the program
into the computer memory. Is possible in other cases to
make a hardware link between this kernel board and an
other microcontroller data processing system. In this last
case the ensemble obtains a real autonomy.

REFERENCES
1. The OKI Semiconductor Data Book - 1994/1995.

2. D. E Kmuth - Tratat de programare a
calculatoarelor. Algoritmi seminumerici.
Editura Tehnica, Bucuresti, 1983.

7,

f
3. Data Book - Microelectronica S.A. - 1991-1992.

4. Viorica Mirai, Gheorghe Mirii - Comanda vocali a
sistemelor tehnice

Editura militar3, Bucuresti, 1991.



