ISSN 1816-0301

HH@OPMATHHA

ATIPEJIb-UIOHDb
2014




PegaknmHOHHAS KOJJIerHH:

I asnwlii pedakmop
A.B. Ty3ukoB

3amecmumens 21a8HO20 pedaKmopa
M.51. KoBajieB

Ynenvl peoxkonne2uu

C.B. A6nameiiko, B.B. Aummesnxo, I1.H. bu6uno, M.H. bo6os,
A.H. Iynun, A.Jl. 3akpesckuit, C.51. K, B.B. Kpacnomnpomus,
C.I1. Kynnac, H.A. JInxozen, ILIL. Maryc, C.B. Mengenes, A.A. IleTpoBckui,
10.H. Corckos, }0.C. Xapun, A.®. Yepussckui, B.H. SipmMonuk
H.A. Pynas (3asedyiowas pedaxyuei)

Aopec peoakyuu:
220012, MuHCK,
yi. Cyprasosa, 6, k. 305
ten. (017) 284-26-22
e-mail: rio@newman.bas-net.by
http://uiip.bas-net.by



OBBEJVIHEHHBIM HMHCTUTYT ITPOBJIEM MHOOPMATHUKU
HAIIMOHAJIbBHOM AKAIEMWI HAVK BEJIAPYCHU

NHOOPMATUKA

EJKEKBAPTAJIbHBIN HAYYHBIHN )KYPHAI

H30aemcs c aneapa 2004 2.

Ne 2(42) * anpens-uions 2014
COJAEP)KAHUE

OBPABOTKA CUTHAJIOB, U30BPAXXEHWU U PEUU

Asapos H.C., Bamkesnu M.H., Ko3nosa C.B., IlerpoBckmii A.A. Cuctema KOppeKLUH
CITyXa Ha MOOWJIBHOM BBIYHCITATENBEHOH IWTATDOPME ...ovvvurrvirrrieresiieisesinis e e neeessssessesaasensenessenes

TemsBiu 10.C., Jla6anay B.M., ITaknanoxk J.A. QauersiuHas i anadoHHas anpanoyka
TAKCTY ¥ ciHTI3aTaphl Oenapyckara i pyckara MayieHHs Ui MaOUTBHBIX IIaTQOPMAY ......oevveeee..

MATEMATHUYECKOE MOJIEJINPOBAHUE

Iymkesnu I'.Y., Kncenesa H.H. DxpanupoBaHue 3BYKOBOrO IOJS IUIOCKMM YIPYTHM
CIIOEM U TOHKOH HE3aMKHYTOH CHEPHUECKOH ODOMOUKOM .....vvnvvriiiciiniiniiecicvesieis s

IIBex O.J. OnpeneneHue JEBUATOPHOTO CEUESHHS IIOBEPXHOCTHM TEKy4eCTH IpH
MaTeMaTHYeCKOM MOJETHPOBAaHHH YIIPYTOIUIACTHYECKOTO MOBEACHHUS MATEPHAIOB ......covververreivcnnan

IlepeBaproxa A.JO. PazHOBHIHOCTH anmepHOIMYECKOM NMHAMHKHU B COOBITHIHO-YNpaBiseMOH
OISO HE O MOt sses re v e o e e R i S i S R VS VSR R A S

Bonponockni A.M. OO630p Monened ympaBieHHUS HOXOAHOCTBIO B TOCTUHHYHOM
L Ot s s e e s

[MTPUKJIAJHBIE NHOOPMAIIMIOHHBIE TEXHOJIOI'MA

CaeunnkoB A.B., Sluxos H.H., Hazapos IL.B., Banaap P., AnanacoBuy B.B. Anam3
9KCIIPECCHY I'€HOB B pe3yJibTaTe BO3AeUcTBUs uHTepdepona IFN-y Ha KIeTKy ¢ UCIIOIb30BaHHEM
nporpaMMHoro naketa GeneEXpressionAnalyser ...

CrpuxneB A.I'., Jlenunk I'.B., IlluxoB A.A., PycakoBuu A.H. Komnencauus ommbxu
nepexoza UH(PPOBOH CleAAIIEH CUCTEMBI PH KPYTOBOM CITEKEHMH. c....vevevreeierceerisensseenesnenenesesians

25

36

49

58

66

84




Xutpukos C.B. Mo6unbHas M3MepuTebHas MHOrOKAHANBHAS CHCTEMa U NIPOBEICHHS
CTCHAOBBIX U HATYPHBIX MCTIBITAHMM ......viiviisiiciiiitiisissesie st st st e s saesbesssesaessessessessennessssessessenseneas 109

Bopornnuxnii ¥O.H., Kounn B.IL, Crpukenes [.A. [eHetudeckuil aaropur™ s
ONTHMH3ALHH CTPYKTYpPHl 6€CIIPOBOIHOM CETH C 331aHHBIM KAYE€CTBOM OOCITYKHUBAHHS. ... 117

JIOTUYECKOE ITPOEKTUPOBAHUE

Spmosuk B.H., Apmomak C.B. AnpecHsle 0C/I€0BaTeILHOCTH 1J1i MHOTOKPaTHOTO
TECTHPOBAHH O3V ...oiiiiiiiiiiiiiiicecee et b et eaer sttt s ettt s eees 124

Penakrop I'.b. I'onuapenko
Koppexrop A.A. Muxaitnosa
Kowmmzrorepras Beperka JI.C. ['aBuHOBHY

Cnano B Habop 21.04.2014. Ioamucano B neyars 26.05.2014.
@opmar 60x84 1/8. Bymara odcetnas. ['apaurypa Taiimc.
Ven. new. n. 15,8, Vu.-u3n. . 15,5, Tupax 100 3x3. 3akas 19,

Tocynapcrsennoe Hay4HOe yapesxaeHue «O6beAMHEHHBIH HHCTUTYT IPoBIEM
undopmarnky HaumoHansHOM akanemuu Hayk Benapycuy.
CBHIETENLCTBO O FOCYAAPCTBEHHOM PErMCTPAIlMM 3JATENs, H3TOTOBHTEIIS,
pacnpoCTpaHMUTENs NeYaTHLIX M3nanui Ne 1/274 or 04.04.2014.

JITT Ne 02330/444 ot 18.12.13.

V. Cypranosa, 6, 220012, Munck.

© O6benuHEHHBIH HHCTHTYT NpobiieM UHHOPMATHKH
Hanuonansnol akanemun Hayk benapycu, 2014



HHPOPMATHUKA
2014 anpe/ib-HIOHb Ne2

VIIK 004.934.5
10.C. I'em3Biy, b.M. Jlabanay, [[.A. Ilakianok

®AHETBIYHAS I AJA®OHHAS ATIIPAIIOYKA TOKCTY
¥V CIHTI3ATAPBI BEJIAPYCKATA 1 PYCKAFAUMAB"UIEHHH
IS MABLJIBHBIX ITVIAT®OPMAY

Anicearoyya memadel nepaymeapaHHa «zpagema — ganemar i «panema — anagonr o berapycxai
i pycckail MOy Ha acHoée 3Kchepmublx npasin. Ilpananyioyya anzapelmmvl NepayMEapIHHA «2pagema —
hanemay i «panema — anagom» Ons cinmazy MAynenHs na makcye ONa MabinbHbix naamgopmay.

YBou3inbl

DaHeThIYHBl TMpALCap y CKIAA3€ CICTIMBI CIHT33y MayieHHA Ma TOKCUE AKBILIIAYIRE
nepayTBapoHHe apdarpadiuHara TokeTy ¥ macnsmoyHacup anagonay. Y (aHeTBIYHBIM Mpauscapsi
3aKIai3eHsl  NpaBuiel  mepayTBap3HHA apdarpadiyHara TAIKCTy ¥ macisgoyHacus  Hamem
(nepayTBapanne «rpagemMa — GaHemMa») i NpaBilbl NepayTBap3HHA macisgoyHacui damem y
anadoHHYIO nacisoyHaclp (epayTBapaHHe «paHema — anadomn) [1].

Ha pagseHsl MOMAHT BBUTYYarOLb TPbl MeTajbl mepayTBapaHHA «rpadema — damemar» [2]:
MOIIYK Na CIOYHIKY, MEeTa/J] Ha aCHOBE SKCNEPTHBIX MPAaBij, METa]l KipyeMbIX 1a/I3eHbIX.

Buixapvicmanne croyHika mis 3amicy YciX (aHeThIUHBIX TPaHCKPBINUBIA croBadpopMay MOBbI
Jlae HaliMEHIIyI0 BBUIIYAJIBHYIO CKJIaJaHacllb, aJHAK TaKi CIOYHIK 3aliMae IIMaT KaMIl'roTapHai
namsiLi. AcabiiBa raTa KpbITbIYHA [ (QIEKTBIYHBIX MOY (2 fKix Hamexaup Oenapyckas i pyckas
MOBBI), TaMy LITO KOJIbKAcLp ciioBaGopMay y MOBE NepaBbllliae 2 MIIH.

Memad xipyemuix Oao3envix 3acHaBaHbl Ha NpaBilaX, afHaK y Na/i3eHBIM BBINAJIKY TITEIA
MpAaBijibl BEIBOA3ALIIA ATAPEITMAM Ha dTare HaByYaHHs | anThIMi3yrOlLa JUIs HACTYIHAM anpauoyki 3
Janamorait BeIpayHOYBaHHS, Op3Y, rpaday, HEHPOHABBIX CETaK, CTATBHICTHIYHBIX METaay, 4acTKOBa
skerepraM. TakiM ublHaM 34pIMaclla Harpy3ka Ha OSKCIepTa Na BbIBaj3e Mpasin i 3'aynseima
MarybIMacllb CaMaHaBy4aHHs CICTOMBI ¥ BBIHIKY ManayHeHHsA HaBydanbHara kopmyca. Jlanzensl metan
3'aynselia caMblM JAKJIAJHBIM TIPHl HasyHACI, Ma-Tepinae, 1aBojli Bslikara KOpIycy (aHeTsrdHa
pa3MeyaHbIX TOKCTAY i Ja3BOJTy Ha BHIKAPBICTAHHE aMalb HeaOMeKaBaHbIX BBUTIYAIbHBIX pacypcay i
namani Qs NpbIMSHEHHs Y CiHTI3e MayJeHHs aTpbiMaHal KonbKacui mpasin. AnHak malynosa
BsUTiKara Kopmycy, ski 6bly Obl pasmedaHel (anemami i anmadonami, 3’aynsenua HakGonbmait
CKJI/IAHACLEO VTSl BHIKAPBICTAHHS METaLy KipyeMbIX NpaBill y CIHT33€¢ MayIeHHA.

Iepaymeapsnne na npaginax 3'aynsenua KiaciyHall anrapeITMisallbial Beiay mnpa MOBY.
BhIKapeiCTaHHE 3aMaljaBaHbIX MPABUI BbIMAY/JICHHA nae A0OpBIA BBIHIKI Mpbl AOCHIUb HEBsIiKaH
KOJIbKacli MpaBil. AZHaK y IIThIM MeTaj3e MaBs/liuBaclila BbUTIMaJbHAs CKJIAJaHACLb aJHOCHA
nepiuara Metagy, 00 ¥ ropubiM BBIMAAKy JUIA YBaXOIHara cjoBa maTp30Ha NMPHIMSHILB KOXHae
npasina TepayTBapaHHs. Takcama Vckiamaenmua mMar abapA3kay Ha SKCIepTay-itKblHepay ma
pacnpaioyisl 3pasyMelbiX, af3eIeHbIX ajl alrapbiT™May, IpocTa paaaryeMeix Gpopmay 3aricy npasis,
AKist 6 Maryi BEIKAPHICTOYBALb SKCIEPThI-TiHTBICThI.

TIpakThI4Hae BBIKAPBICTAHHE SKCTIEPTHBIX IIPaBis MepayTBapIHHA «rpadeMa — paneMay armicana
V1A IOMaTIikix Moy: mitoyckaii [3], monmbckadt [4], rpaukai [S] i imm. [Ipasinel mepayTeapsHHS
«rpadema — anema — anadoH» IS pyckara MayleHHsS Ha NANepainHi Jac ¢papmanizaBadbia [6] i
poasizaBanbia 6e3 ajUI3sUIeHHs ajl nparpamHara Koy ¥ ciiTasaTapel Maynenns Multiphone [1]. Tamy
AHBI He 3py4Hbld JUIA XyTKara poJaraBaHHi i MamTabaBaHHA OKCIEPTaM-TiHIBICTaM, Kaii
3HAXoM3AILA NaMbUIKi ¥ anadanizausli cinoy. Takcama raThii NpaBilbl 3-3a2 NpPBIBA3KI Ja MOBBI
nparpamapanns C++ He MOryip ObILb anpasy K BeIKapbicTausl s Java- i PHP-nnardopmay. Tak sk
TpaBiNbl NepayTBap3HHs «rpadeMa — danema — anadon» Genapyckara ciHTI3aTapa MayieHHs Obuti
niepanpanasassl 3 TpaBin ciHTI3aTapa pyckara MayneHHs [7], To ckiajaHaclpb iX Janpauoyki Juis
Genmapyckaii MOBBI TaKcaMa MpBICYTHiYae.
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Ha w™a6iipHBIg  KaMITIOTaphl  Hakjajaronua abMexxkaBaHHI Ha IIaMep BBIKAPBICTAHHA
anepaTbiyHail i nactagHHal NamAli, a TAKCaMa Ha Ja3BOJICHYIO KOJIbKAcLb NparpCapHbIX anepausii y
am3inky yacy [8]. Tamy ¥ nansenaii mpaipl npanaHyeria MeTajl niepayTBapoHHs «rpadema — danema —
anadon», sKi 3aCHaBaHBl Ha OKCIEPTHBIX mpaBinax. Takcama aj3Hayaella MarybiMacib
BHIKAPBICTAHHS [ITara MajbiXOXy i V1A CTBApSHHA paneTHIMHAra mpaupcapa CiHT3aTapa MayneHHs
s inTapHaT-Iwiatdopmay. it dapmanizaupli opm mpaBin i camix npasin daHeTh3aLbl i
anaganizanpti Genapyckix coy BbIKaphICTOYBaIacs aaBe/Has nitaparypa [9-13].

1. Merag nepayraponusi «rpadema — paHeMa» 1Jis A3BIOX Moy

HaiiGonbln pacnaycio/ukaHbl MalbiX0 Y paMKax rarara METajy 3aiiodacuiia ¥ anparoyipl
ciMBasbHA# lAcCHAIOYHACII 37€Ba Hampasa, i Ul KOXHara ciMBaia YBaxo[Hal macisOyHacLi
rpadem yxbiBaeLia aaHo abo HeKanbKi NpaBia s reHepaupl (anemsi. BinaBouHa, mTO I3THIA
TpaBiTbl He MOTYLb IIpalaBallp i3ansBana. ¥ a/BapOTHBIM BBINAZKY, HAIPBIIAIL JUIs PyCKail MOBBI,
ciMBa /u/ Gym3e 3aycé bl IPHIBE3EHB! A (paHeMBI /1/. Tamy 3aMecT aJHaro ciMpana /u/ ananisyeuua
419D i AK MIiHIMYM JIeBBI Cyce/Hi ciMBaJl, kab MOxHa OBIIO 3reHepaBailp danemy /Y/, xani nepan /u/
crasiup /oic/ 260 /ul. Y aryTbHBIM BbITIAJKY T3This TIPABUIB! MAIOIb BBITIIAN

A—B/D/C

i a3mauarowp, wro ciMean D 6ya3e nepayTeopansl ¥ A, KaJ1i JieBbIs ciMBassl — rata B, a npasbis — C.

YV cicroMe CiHTI3y MayieHHs Takis 3allichl a/UliOCTPOYBAIOLL 3aMallaBaHbLl npaBiJibl
BBIMayyieHHs Yy MoBe. 3ayBaxbiM, WITO Tapajgak NPEIMAHCHHA npasin 3’gynseria BaXKHBIM.
Hanpsitan, /me/ maiHHa Geill nepayTBopana ¥ /T’/, y Toit wac sk /mvca/ § /C,C,A/. AnnaBenna
Jpyroe NpaBi/ia NaBiHHA BHIKOHBAIA PaHEH 3a repiiae. Takoe napa/ikaBaHHe NPaBiJl yCkiafaewa Ha
JKCIepTa-JIiHrBicTa.

Benapyckas i pyckas MOBbI HaJexaub /a yexomHecnapsHcKai rpynsl Moy. IlickMo i ubiTaHHe
BsBena 3MeBa Hanpasa. Jiia ix, sk i AmA yeix caBsHCKIX MOY, XapakropHa HasyHaclp ABYX
sdpexray aciMiIALBI NATAPIHAA 3br9HAH danemsl: na rIyXacni-3BoHKacK, na nBEpAACcHi-MAKKACI.
Ipeiubiv HeabXoJHa 3ayBaXbILb, LITO ahekT aciMinAlBli Ma IIyXaclli-3BOHKACIl MOXa (131113
VHYTPHICJOYHBIM i MDKCIOYHBIM. TIpBI ToTBIM ix pacmaycioKkBaHHe Ha CYCeHis rpadeMsl in3e 3
mpoliijieryara YsITaHHIO GOKy, raTa 3HAubILpG CIpaBa Hajlepa. Tak sk nasHauaHbld >(PEKTHl HE
JIUIBIBAIOLG AJ3iH HA aJ[HAr0, TO MOXHA pasMexaBallb MeTal nepayTBap3HHA «rpadema — panemar
Ha 4aThIPbl MACIANOYHBIX OTaIlbL:

1) npasepka rpademMbl Ha ajraBeqHACLb mpapinaM, AKis YIiuBalOIb KaHAHIYHBIA 3MEHBI, a
Takcama TpaBepka Ha A(EKTH ACIMIIALBIL 3BIMHBIX danemM ma rTyXacii-3BOHKACL, i 3aMeHa ¥
BBINA/KY CYNa3eHHA Ha ajiaBeHylo danemy abo rpymy baneMm;

2) 3ameHa JiiTapbl Ha (haHEMY Ta «CTaHIAPTHBIX) npaBinax;

3) npaBepka MsKKacui NMANAPINHAHA rpademsl (HeabxonHasi, aje HeJAcTaTKoBas yMoBa i
MSAKKACII1);

4) npasepka rpadempl Ha aJinaBeHAcLb npaBiiaM 3MAKYOHHA i JajiaBaHHe MSAKKacIi Ja
najg3eHai paHeMbl ¥ BbINAKY CYMaJ3eHHS.

TakiM YBIHAM, MPHIBEI3EHB] METAl MOXKHA IPBIMSHILb JULA anpauoyki A3BIOX MOY 3 JAanamorai
a/aBe/IHbIX [OYHAR MOBE SKCIEPTHBIX MpaBil. [HAKII KaKy'bl, EH 3’gynsena MOBaHe3aIeXKHbIM, 60
JUIS ANPALOYKi MoyHa# MOBBI HeabXOTHa 3MAHILE TOJBKI YBAXOMHBIA PACYPCHI (TIKCT i hapmasizaBaHbIA
TIpaBiJibI 1iepayTBapoHHA «rpadema — banemay).

CrpyKTypa SKCIIEPTHBIX NPaBi/ CKJIaZaeIia 3 4aTbipox 6noKkay:

1. «CraHaapTHBIA» TaBiiel 3aMeHbl rpadeMbl Ha Qanemy, T. 3H. HaWOOJBLI YaCTOTHBIA
samensL. Hanpeikian, rpadema «A» y Genapyckaii MOBE 3a4acTyI0 3aMAHACIIIA Ha tbaneMy «A».

2. BHIKUTIOUHHI 3 «CTAHAAPTHBIX» MpPaBil 3aMEHBl ¥ BBINVIAN3E POryJAPHBIX BEIpazay.
TyT pasMsAII¥aioLia MpaBLTel, SKis CynsApdvalkb 3BpYaiiHall 3ameHe. [3ra Moxa Obnms dexr
aciMiispl, KaHiyHas 3amena i r. 1. Hanpeixiaz, y pyckai Mose rpadema «H» nepaxomiup y danemy
«bly, kani niepaj & craip rpadema Ky, «1» i «I».

3. 3MAKYATBHBIA rpad)eMbl, I'. 3H. ThiA rpademsl, iepaj SKiMi MOXKa 3’ a¥mriua 3¢eKT 3MAKIIHHA.
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4. TIpaBiibl 3MAKYHHS y BBITJIS/A3€ PITY/IApHBIX Bhipasay. TyT amicBaelyia HeabxoqHas yMoBa,
HpHI AKO# Naj3eHas rpadeMa nepaiizize y MAakkyio danemy.

Ipbiknagsl  (apmara QapMatizaBaHbIX @paBil nepayTapsHHA «rpademMa — daHema»
npaJcraynensl ¥ Tabum. 1.

Ta6nina 1
MparMeHTHI IPaBis nepayTBapoHKs «rpadema — Ganemay 1 pyckai i 6enapyckait MOy

Pyckas MmoBa Benapyckas MoBa
#0O6uue npaBuia Oykea-poHema #ArynbHbis TIpaBisisl rpadeMa-paHema
A-A A-A
b-B b-B
B-V B-V
b-0 3-E
3-E 10-U
10-U A-A
A-A -0
#HUcKnoyeHus 3 00LIMX MpaBul #BBIKJIIOYDHHI 3 aryJIbHBIX IIpaBijiay
O)N+=]-0 [TKX][_VI(MD[ V]-1
PKIILY(W)-Y [AEEIOYBISIOA][ V(D[ V]-T'
(JD[H][11]-0 [C]ZDIT]-0
#Cwmsargarorye rpadembl #3MsKyaTbHBIA rpadeMbl
E E
b b
#O061ye npaBuiIa CMAYCHUA #AryJIpHBIS IPABLUIBI 3MIAKYIHHA
([XMHJIPBIIBOIT3CIK])[EEIOSIHB] | ( [XMHJIBITIB®3CIKI))[EEIOSIb]
([TKDIIKX] ©1]

2. AurapbiT™ nepayTBap3nns «rpagema — panema»

AnrapeIT™ TiepayTBapoHHA «rpadema — daHema» 3amAHse Yce JiTaphl CiHTarMbl Ha iX
SaHeTHIYHBIA aHAJIAT] i CKUIaJIaellia 3 CAMI JTanay:

1) magpeIxToyki nag3eHsix (kpoki 1-4);

2) anpauoyki ciryGoBbIX ciMBanay (kpoxi 3, 8);

3) anemHara rnepayTBApIHH A BBHIKIIOUIHHAM 3 MPaBil (kpok 6);

4) hanemHara repayTBapIHHA Ia «CTAHIAPTHBIMY NpaBiiam (kpox 7);

5) npaBepKi MAKKacLi nansapsHsi rpademsl (kpok 9);

6) anpanoyki 3MAKISHHS (haHEeMBI 11a paBinam 3MAKIHHS (kpok 10);

7) anpauoyi BeiHikay anrapsit™a (kpoxi 11, 12).

YBaxoJHbIfA A3/13eHbIN AJIrapbITMY:

T5KCT 3 IpacTayIeHbIMi Na3iupiaMi HallicKay i iHTaHALBIHHBIMI METKaMI S.

Pacypcbl anarapbiTMmy:

1. MuoctBa ranocHeix (anem Vow={Vow,...,VoWyyow}, 13¢ NVow — KONbKaclp rajJoCHBIX
@asmem; MHOCTBA aGasHauwsHHAY pasmaibHikay D={D:,...,Dyp} (3ayBaxbIM, WTO D, 3'synsenua
giwBanaM ravatky abo Kamma cidtarmsi), g3 ND — KonmbKaclp aba3sHausHHAY pas/3suLUIbHIKaY;
 ssocTBa abasHauwdHHAY Hauickay Ssor={Sstry,...,Sstrysar}, 13 NSstr — xonmbkacup a0azHaYPHHAY
~ samickay; cyxG0BBI CiMBaN 3MAKuSHHS Soft=/"/.

2. Tlpasinei «rpadema — danema» HV={<H\,V{>,....<Hypy,Vxny>}, m3e NHV — Koubkacib
- ssemanay MoBbl H={H,,....Hyyv} 1 annaBequbix danem y mose V={V,....Vvuv}; BBIKJIFOYHHI 3 TIPaBiI
'icptbeua — Qaneman RF={<RF>,...,<Rypp,Fyr7>}, n3e NRF — xonbKacup mTap TIpaBil
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BHIKJIFOUSHHAY y BBIVIAJA3€ DAryNspHBIX Bblpasay R={R,,...,Rygs} 1 annaBeanbis iM (aHeMbl
F={F\,....Fyrr}; cuic 3smakyanbHbIX banem M={M,,....Myy}, 13e NM — KoibKacipb 3MAKYAIbHBIX
(anem; 11paBiibl 3MAKYSHHS ¥ BHINISA/A3E POryJsapHBIX Bhipasay E={E\,....Exz}, n3e NE — konbkacup
TpaBil BMAKYSHHA CyCe/HsAH haHeMBl.

BrixaaHsis gaa3eHbId:

1. TacmagoyHacus aHeThidHBIX — cintarmMay  Sph= Uflph Sph,, Sph = Uj’:’Phj "
i=1,..., NSph.

B ’ ¥ = it NSph
2. TacnanoyHacup KoMbKaci cKiaaoy y KoxHai anersaHaii cinrarme NSyl = U

i=1

Nsyl, .

CroensisiibHbISA QYHKIbII:
Regex(t, ) — dyHKkupis, AKasg aXbIUUAYyisge IOIMYK paryjspHara BeIpasy 7 Y TOKCTaBBIM

pajKy .

0, kaui # He aJIaBsIae paryIspHaMy BbIpasy r;

Regex(t,r) = R
1, xaui ¢ He aaaBsaaae paryJsipHaMy BeIpasy .

AnrapeiTm:

VBaxon:

. NS ’ 5
Kpox 1. Jliaem, mrro S = U‘_ S, , 13e NS — ko/IbKaclb CIHTarMay yBaxoJHara T3KCTy.

=] 42
Kpox 2. Jins koxHaii cintarmet Sy, i = 1, ..., NS BeikoHBaeM kpoki 3—12. Jlasei kpox 13.
Kpox 3. JliubIM iHpIKaTap MAKKACIi POYHBIM HYJIIO, I9Ta 3Haubilb Flag:=0.
Kpox 4. JIna xoxuaii nacnsaoynacui cimsanay X; o, X1, Xj, X1, Xjua, j = NX, ..., 1 3 ciaTarmel

NX s ~ . - .
Si (S, = U,-—1 X, , NX — xonbKacLp CiMBajiay y CiHTarme) BEIKOHBAeM Kpoki 5—1 1. IperybiM NaBiHHA

BBIKOHBAI[l[a CicTOMa YMOY':

X, ,=NULL,j-2<1;

J
X, = NULL,j-1<];
X, =NULL,j+1> NX;
X,,,=NULL,j+2> NX.

Kaui cimBasisl ¥ Jia[3eHaii cintarme S; CKOHUbLIICS, IEPaxo/3iM J1a Kpoky 2.

Kpox 5. Kani cimMBan X; 3’synsenua pasa3suisuibHbiM Ii a0asHausHHEM HAICKy, I. 3H.
X, € (DU Sstr) , 1o niusim TEMP:=X; i niepaxoasim xa kpoxy 11.

Kpox 6. Jlns «oxHara porynspHara Beipasy R, k = {1, .., NRF} BbuUIi4bILb
Regex(X, ,V X, ,UX, UX UX, ,,R). Kauti Ui HekaTopara k yMoOBa
Regex(X, ,U X, ,UX, VX, UX, ,,R)#0 suxonsaeuua, 1o niubim TEMP:=F), i nanei
Kpok 8.

Kpox 7. Jlns xoxuara H,, m = 1, ..., NHV npasspaem, 1ii cynay ciMsaji MOBbI H,; 3 HasyHbIM
cimBanam X;. Kaui [y1a Hekatopara m ymosa H,, = X; ObUla BbIKaHaHa, TO 3HAaXO/I3iM aJnaBeqHyIO i
tdhaunemy 3 mapbl <H,,V,> i niusim TEMP:=V,,.

Kpox 8. Kani 6aryyas danema Gyase poyHas mycromy muoctsy TEMP=NULL, To nepaiicui 1a
KpoKy 4.

Kpox 9. Kani cimBan X} 3MskqanbhbL, 1. 36. X, € M abo Flag:=1, To nepaiicuii 1a xpoxy I0.
Inaxu nivbiM Flag = 0 i nepaxonsiM fa kpoky 11.

Kpox 10. ]Jlna xoxuara mpaBiia 3mskuwsHs E,, n = 1, .., NE, BbuiiuBaeM

Regex(X,U X ,,,,E,) . Kani nns nexaropara n ymosa Regex(X, U X ,;,E,)# (0 BeikoHBaewua,
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TO JajaeM ciMBai 3MAKYIHHA nda daHemsl TEMP, r. 3H. niueiv TEMP =TEMP U Soft , Takcama
MsiHsIeM iHabIkaTap Msakkacui Flag:=1.

Kpox 11. NanaBanne TEMP na BbIHiKOBa# macisjnoyHacui daHeM CiHTarMbel Sph; 3HOMI3eHaM
danembr TEMP, a menasita Sph: = TEMP O Sph,. Kani TEMP € Vow, 1o Nsyl, .= Nsyl, + 1, nze
Nsyl; — konbkacp Ckanoy y cinrarme Sph;.

Kpox 12. TanaBanHe (aHeThIuHAlM ciHTarMbel Sph; Na BeIxagHora (aHeThIYHAra TIKCTY Sph,
r.38. Sph:=SphU Sph,. 3axaBanne konpkacLi ckiamoy y cinrarme Sph; y macnspoysacui Nsyl,

r.30. Nsyl:= Nsyl U Nsyl,, wro aGa3Hayae KOJMbKaclp CKJIAfOy aanaBeJHa KOXHaW paHel

anpanaBaHaif ciHTarme.
Kpox 13. Kanen anrapbitMy.

3. Meran nepajrap3Hns «paneMa — anaQon» Ajs A3BIOX MOY

JlanzeHae nepayTBapIHHE XbILUAYIAe 3aMeHy (GaHeMbl Ha kalblikaBaHYIO NMa3HaKy anadoHa.
AnadoH — HATYpPAIBHBI TYK, AKi a0yMOYJIEHBI M3YHBIM (DaHETHIMHBIM acAPOI3eM. Y aJipO3HEHHE af
banempl anadoH 3'synsenna He aOCTPAKTHBIM MAHALLEM, a IBYHBIM MaylneH4YbIM TyKaM.
V akycThI4HBIM Mpalpcapsl KaapidikaBaHas masHaka anadona Oyase ykaspaip Ha aanasenHs! anadoH
3 akycThIYHaM 6a3sl, ki Oya3e MaabidikaBala i CKIeHBalLa 3 iHIBIMI anadoHaMi ¥ ai3id atadOHHbI
pagok — Mayneddel cirHan. Jiis crpolyaHara amicaHHsS MNpaldcay yYTBapIHHA TyKy ¥ apThKylne
OyaseM YCIOIBI BBIKAPHICTOYBaUp MaHsLle anadoH 3aMecT BhIpasy Kaowviikasanas nasHaxa
anagoua.

V skacui poajizampli aryJipHara anrapbiTMy mepayTBapsHHs «daHeMa — anadoH» mIs
MalinbHBIX MpbICTacaBaHHAY ObLla 3aj3eifHi4aHa CHpolIYaHas SKCIIEPTHAsA CicTaMa: MpaBiIbl
3amicaHsl ¥ BBINJIAA3e Kiaciikalpl Ipyn LHTpajbHAara 3IeMeHTa, JieBara i mpaBara KaHTIKCTY, a
TAKCaMa BBIXaJIHOra 3HAYSHHS UPHTPATBHBIX IPYT paHeM U1 YCiX MardbIMbIX BapbUsLblid KaHTAKCTAY.
JUna JacsrHeHHs anTBIMAIBHBIX CYaJHOCIH NMpaJyKUBIHHACII i CHaKBIBAHHA pacypcay SKCIEPTHbIA
NpaBiibl MepayTBaparola CicTOMall y MAalIBIHHBIA XOII-KOJbl Majuyac iHilBLATI3aupl CiHTI3Y
maynenHs. Takas cxema masBanse nasberHyub pa3bopy i 3aXOyBaHHA 3HAYDHHAY JUIA KOXKHara
37€MeHTa Mpbl YCIX MAardeIMBIX BaphIALbISX KAHTIKCTAY Mpbl HEBSUTIKIM MaBeNiusHHI BbUTiYaTbHaH
CKJIaJIaHacLli aarapbiTMy, T. 3H. [aMSHIIPHHE BBIKApbICTAHHA amepatblyHai mamsani Ha 70 % npsr
maBeniusHHI Ha 5—10 [amaTKOBBIX iTOpalpblii anrapbiTMa MNOLIYKY ajIlaBefHara KaHTIKCTy s
anadona.

[Tpasinel nepayTBaponHs «baHema — anaGoH» yaynssons caboil BBIHIK 3KCIEphIMEHTAIbHAra
JacielaBaHHS pO3HBIX (DaHeTHIYHBIX TIPyNn ma ix ¢aHeTeluHbIM acapopusi. Ilacna  awWanisy
TPapaThIYHBIX BbIKIamak [1, 3] i mpakTeiyHal paanizaupli jitapadanemaanadonHara npaupcapa
cicToMbl CiHTI3y MaynaeHHs Multiphone GBIy pacrnpanaBaHsl 3pydHel (apmaT 3amicy mpasin
nepayTeapaHHAY «banema — anadon». XapakTapHa, IITO Taki apMaT npaBin fa3pajife aqHayacosa
3amicBallb i BBHIKAPBLICTOYBAllb MPABiNbl MepayTBapsHHA SK Wis Oenapyckai, Tak i s pyckai
MOBHI (Tabi. 2).

CTpyKTypa 5KCIIEpTHBIX NPABLI CKIafaella 3 HaCTYIHBIX GIoKay:

1) andasiry ciMBanay, skis Moryus yrBapaup amadoHrl. Yikmouae ¥ csabe daHembl MOBBI i
CiMBaJI IIAYaTKY i KaHLIa CIHTAarMEI;

2) IPHTPaIbHBIX Ipyn ¢aneM ((haHeTBIMHBIX IPYM, XapaKTIPHBIX WIS [3YHaH LGHTpaIbHAN
tdanemsl);

3) rpyn (aneM JieBara KaHTIKCTY, SIKii MOTYIb YILTbIBALb HAa (aHETBIYHAE acSApO/UI3e MIYHaM
LPHTpaJIbHal (aHeMBbl 371€Ba;

4) rpyn ¢ameM mpaBara KaHT3KCTy, SKif MOTYIb YIUIbIBALb Ha (paHETEIYHAE acApO3e MIYHaM
LPHTpaJIbHAH daHeMBl 311paBa;

5) npaBinay mepayTBapsHHsA IS KOXKHAM LPHTpaibHalt rpymsl daHeM, fiKis CyaaHOCALD A
LPHTpasIbHAH IPyIsl aHeM NDYHbIS 3HAYSHHI JieBara i mpapara KaHTaKcTay anadonay.
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Ta6nina 2
[Ipagins1 nepayTeapsHus «paHema — anadoH» Ak A3BIOX MOY (pparmMeHTsI)
Hazssa rpynst 3uaysHHi (CkapoyaHa)
A0,A1,A2,A3,E0,E1,E2,E3,10,11,12,13,00,01,02,03,Y0,Y1,Y2,Y3,U0,
Andagit ciMBaiay U1,U2,U3,B,B'.D,D',G,G',Z,Z',ZH,L, L M M' NN PP, T,T' K,K',C,CH',

F,F',S,S H,H'SH,SH'V,V.J'.R,R,C'\CH,SCH,GH,DZ',DZH,GH',W #,
C0:,A0,A1,A2,A3,E0,E1,E2,E3,10,11,12,13,Y0,Y1,Y2,Y3,
LIpHTpansHeIs IpyIsl C1:,U0,U1,U2,U3,00,01,02,03,

¢daneMm

C6:,R,R,

LO:#,

L1:PB,F,VM,U0,U1,U2,U3,00,01,02,03,W,
L2:,SH,ZH,R,T,C,S,D,Z,N,1.,A0,A1,A2,A3,E0,E1,E2,E3,Y0,Y1,Y2,Y3,
CH,SCH,DZH,

Ipynst paneM nepara
KaHTIKCTY

L11:B,B',D,D',GG'Z,2',ZH,L,.L' MM ,N,N,P.P. T.T" . K,K',C,CH',F,F\S,
S'SH,SH'H,H',V,V'J' R R',C',CH,SCH,GH,DZ',DZH,GH',W,#,

RO:.#,

R1:PB,F,VM,L,W,00,01,02,03,U0,U1,U2,U3,

I'pyrsl panem npasara

R R14.A0,A1,A2,A3,E0.E1,E2,E3,Y0,Y1,Y2,Y3,10,11,12,13,00,01,02,
03,U0,U1,U2,U3,
Co
LOR0-00
L5R0-10

b L6R0-20

[IpaBinel

nepayTBapIHHs A

KOXKHAM I[PHTpaIbHal

rpynsl GaHeM Cl
LORO0-00
L1RO-10
L2R0-20

4. AsrapsiT™ nepayrBapinus «panema — anagomn»

AnrapsIT™ nepayTBapaHHs «(paHeMa — anadoH» CrIafaelua 3 cAMi sTanay:

1) manpeixroyki fan3ensix (kpoki 1-4);

2) BBI3HAYHHSA Mepiuara inadkca anadoHna (kpoki 5—11);

3) amparoyki ciryx60BbIX ciMBaay (kpok 12);

4) BBI3HAYSHHA MHOCTBA (haHEMHBIX Py JUIs LPHTPAIbHAM, paBaH i nesail panem (kpox 13);

5) mouryka Takora BapbisSHTa CAPOJ MPaBil Wid BhI3HaYaHail (haHeMHaH rpyIsl LGHTPAIbHAK
(aHeMBI, TIPbI SKiM iCHye ID¥Hae 3HAYDHHE JieBara i nmpasara KaHTIKCTay anadona — Japyri i Tpami
iHKCeH anadoHa (kpoki 14-16);

6) 3HaXo[pKaHHA NMOYHara 3HaYsHHA ajadoHa (kpok 17);

7) anpauoyki BeIHIKaY anrapsitMa (kpoxi 18, 19).

YBaxoaHbIsi JaX3eHbIA AJIrapbiTMa:

1. TacasoyHacip (aHeTHIMHBIX TPAHCKPHINIIBIH CiHTarMay yBaxoxHara TaKety Sph.

2. TMacnsagoyHacup KOJILKACUAY CKIaf0y y KoHait ciHtarme Nsyl.

Pacypcnl aarapsirma:

1. MuoctBa ranocusix (anem Vow={Vow,,...,VoWny.w}, N3¢ NVow — KONbKacub raJlOCHBIX
danem; MHocTBa 3bm4HBIX (aneM Con={Cony,...,Conyce}, 13¢ NCon — KoibKacip 3bIMHBIX (haHEM;
MHOCTBa pasmasuiuibHikay D={D,,...,Dyp} (3ayBaxsiM, wro D; 3'aynseliia 3HakaM ma4darky a6o
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KaHna cidtarmer), aze ND — KONbKaclb pa3[3siibHiKay; MHOCTBA aba3Ha4sHHAY HalicKay

Sstr = {Sstry, ..., Sstrysa}, n3e NSstr — xonbkacup aba3sHausHHAY Hauickay, Ssfry — ciMBan noyHara
HaLliCKy, Ssfr; — CIMBaJI YaCTKOBAra HaiicKy.
2. QaneMHbIs Tpynbl Jia WRHTpanbHeX haneM C = {<NameC,, Cy>, ..., <NameCyc, Cyc>},

=], .., NC,'age C.= {PhCm,, e{Voquon}|r=1,...,NCm}, Cn» — MHoOCTBa (aHeM rpyiibl,

NameC,, — ynixanenas Ha3pa rpynsl. 3ayBaxeiM, mro danemst PAC,, BoikapsicToyBaomua ¥ C He
6oL afHAro pasy.

®aHeMHEBIS IPYMBI 11 NeBbIX QaneM L = {<NameL,, L;>, ..., <NamelL,, Ly;>},n =1, ..., NL,
me L, = {Pth,s e{VowuConu D}|s = l,...,NLn}, L, — mHocTBa (anem rpynsl, NameL, —

YHiKaJIbHas Ha3Ba rPyIbI.
@aneMHbIA IPynsl 11 NpaBbiX (aHeM R={<NameR,R;>,...,<NameRyg,Ryz>}, p=1,...,NR, n3e
R, = {Pth’, e {VowuConu D} |t = 1,...,NRP}, R, — wMmuoctBa ¢QaneM rpymsi, NameR, —

VHiKaJIbHas Ha3Ba TPYIIbL.

3ayBaxpIM, IOTO KOXKHas Ipyra QaHeM Mae YHiKaJbHYI0 HasBy, Hanpbiknam «C2», «Ll1»,
«R13». Ilepmpbl 371eMEHT Ha3Bbl a/UTIOCTPOYBAe NpPBHIHAIEKHACHH [a MECLA Pa3MSINYIHHA (aHEMbI
(C — rpymsl 11 LpHTpabHBIX (aHeM, L — rpynbl s jieBbIX ¢aHeM, R — rpynst mis npasbix danem),
ApYTi BeI3Ha4ae cKJIaj] (aHeM, SKis YBaXOA3aLpb Y a/I3eHYIO TPyILy.

3. Jlns xoxHaii danemHait rpynsl C,,, m = 1, ..., NC, BbI3Ha4YaHbl NpaBiIbl IepayTBAPIHHA
«panema — anadon» R4, = {<LRy, Index\>, ..., <LRnpam= Indexypsn>}, NRAm — xonbkacue map
anemenTay npasiit LR = {LR, ..., LRypan} 1 Index = {Index,, ..., Indexypm}.

BoixagHbis [a/{3€HbIs:

1. ITacisnoyHacp anadoHHBIX TPAHCKPBINIBIH ciHTarmay Sal.

Oyunkupit F(LR;,, NameL;, NameR;) npapgpae, Li pOYHbl IepIIbl 3IEMEHT IPaBiI
nepayTeapoHHa «panema — anagon» LR; a6'sgHaHHO Ha3Bay rpyn i JiesbiX Namel; i mpaBbIx
NameR; dpanem:

0, LR, # NameL; U NameR,,

F(LR,, NameL, NameR, ) =
(LR, NameL,, NameR, ) {LLRizNameLjuNameRk.

AJrapbiTm:
Kpox 1. Jliueim, wro Sph = U:Slph Sph,, Nsyl = Uitslph Nsyl, , NSph — xonbkacup ciHtarmay 3

pacmicaHbIMi (paHEeTHIYHBIMI TPAHCKPHIIBIIMI.
Kpox 2. JIna xoxHail cinTarMel ¥ haHeMHbIM BbIDIsi3e Sphy, i = 1, ..., NSph (3ayBaxksIM, mITO

Sph, = Uj:hPh ., NPh — xonbkacupb (aneM y ciHTarme) BeIKOHBaeM kpoki 3—19. Jlanei kpok 20.

Kpoxk 3. JliubiM HasyHYIO KOJMbKaclpb CKJIAA0Y y cintarme Sph; poyHaii NsylT:=0;,
Kpox 4. Ins xoxHaii nacnspoysacui danem Phy.,, Ph;, Phy., ciHTarMel Sph; BRIKOHBaeM KPOKi
5-18, npsrusiv j = NPh, ..., 1. IIpbl r3ThIM NaBiHHA BHIKOHBAIIIIA CicTOMA YMOY:

Ph_ =D,j-1<l
Ph,,,:=D,,j+1> NPh.

Kani anems! ¥ jaq3eHaii ciHTarMe CKOHYBLIICS, Tepaxof3iM a Kpoky 2.
Kpox 5. Kani panema Ph; € Vow , To nepaxo/i3im Ja kpoxy 6. Inakui nepaxoxsim aa kpoky 10.

Kpox 6. IaBsaniuBaem KOJBKACIp CKIa0Y y ciHTarme Sph; Ha an3iaky NsylT:=NsylTI+1.

Kpox 7. Kani Ph;., = Sstry (Sstry = /+/), To nan3eHas paHeMa Mae MOYHBI HALliCK, TaJ(bl NEPIIbI
iHmeke anadona IndexA npeimae 3HausHHe 0, a MeHaBiTa /ndexA:=0. Tanel 3a hanemy Phy.; npsiMaeM
danemy 3 inmpkcam j+2 3 macnamoyHacui danem Sph;, a ¥ macnsmoyHacui danem Sph; BeImanseM
daneMy 3 iHmdKcaMm j+1, arynpHyro KOJbKacllk (haHeM NaMsHIIaeM Ha aJ3iHKy ¥ IacasmoyHacwi
danem Sph; NPh:=NPh-1. 3anamiHaeM, IITO HasyHas rajocHas Ph; — HauickHas npa3s FlagSVi=1, i
nepaxoz3iM j1a kpoky 13.
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Kpox 8. Kani Phy, = Sstr, (Sstr, = /=/), To nag3eHas ¢daHeMa Mae YacTKOBBI HAIlCK, Tajpl
nepuisl iHgAKC anadona IndexA npsimae 3HausHHe 1, a MeHaBita IndexA:=1. Tanpl 3a danemy Ph;,
npbiMaeM (aHeMy 3 iHadKcam j+2 3 macnspoyHacui daneM Sph;, a § macnspoyHacui daneM Sph;
BelassieM GaHeMy 3 iHgdkcaMm j+1, arynpHyr0 Koibkacup (aHeM INamMsHIIaeM Ha aJ3iHKy ¥
nacysnoyHacui danem Sph; NPh:=NPh—1. 3anaminaem, 1To HasyHas rajiocHas Ph; — HallicKHas mpa3
FlagSV:= 1, i nepaxonsim Jia kpoxy 13.

Kpox 9. Kaini FlagSV = 0 i nanzeHas ¢anema Ph; ne 3Haxo3iuua ¥ kpaiHiM 1eBeiM NsylT # 1 i
kpaitHiM npaBeiM NsyIT # Nsyl; cknanse, 1o namzeHas daHema Ph; 3'ayiseliia HeHaLliCKHOM ranocHai
Opy20ii CTyIeH] payKipli, Tajsl nepibl iHadKe anadona Indexd aGasHavaem niubait 3, a MeHaBiTa
IndexA:=3. Kani inakui, sHa 3'ayiselia HEHAL[iCKHON TaJOCHAH nepwaii CTYNEHi PAMYKIbI, Tazbl
nepiusl iHdke anadona IndexA abasHadaeM niubaii 2, a menasita IndexA:=2. Ilepaxom3iM na kpoxy 13.

Kpox 10. Kani panzenas ¢aHema 3bIYHasi, T. 3H. Phj. € Con, 10 mepaxoms3iM aa xpoky 11.

Inaxw nepaxonzim na kpoxky 12.

Kpox 11. Kani ¢panema Ph; poyHas nepmai sieBaii daneme Phy_; ajHocHa se (Ph; = Phyy), T0
siHa JIYBIILA [1a/(BOCHAM, I. 3H. IndexA:=1. Tanel 3a paneMy Ph;_; npeiMaeM ¢aHeMy 3 iHIPKcCaM j—2 3
nacnagoyHaci danem Sph;, a ¥ macnspoyHacui daHem Sph; BeimanseM QaneMy 3 iHmdKcam j—1,
arylpHyI0 HyMapalplio HasyHail ¢daHeMbl nmamsHuaeM Ha 1, r.a3H. ji=j—1, 60 aryneHas KOJbKacllb
¢baHeM nameHnIbUIACS HA aI3iHKy ¥ nacnsgoyHacui dpanem Sph; NPh:=NPh-1.

Kaui inaku, ragsenyio danemy JiiubiM ansiHapHail IndexA:=0.

I[Mepaxonsim na kpoky 13.

Kpox 12. Kani Ph; 3'synsenua pasasansibHeiv snementam Ph, € D, To 3anamiHaem Aro ¥

qacosaii sMeHHail TEMP:=Ph; i niepaxo)3iM 1a kpoky 18.
Kpox 13. Bei3HauaeM MHOCTBA (paHEMHBIX IPYI, Y sKis YBaXOA3ilb LPHTPAJILHEI 3J1eMEeHT Ph;:

Cx = {< NameC,,,C,, >| PhC,, , € C,,C,, € Cym =1,..,NC,r =1,...,NC,,,xaxi PhC,, , = Ph,}|.

VYiuBaroubl (hapMaT mpaBin mepayTBapdHHA «rpadema — danema», MHocTBa Cx cKiIajaema 3
a{Haro dJIeMeHTa. 3anaMiHaeM iHI3KC m, TIpbI AKiM ObLIa BhikaHaHa ymoBa PhC,, ,= Phj, 1. 3H. iCx:=m.
ITa inmaKkce iCx 3HAXO3IM aIIaBETHBISA FITaMy MHOCTBY TIPaBiJIbI IepayTBAp3HHA RA c.

Br13HauaeM MHOCTBa (haHEMHBIX TPy, y AKis YBaXOM3illb JIeBHI S7IeMeHT Phy; :

Lx = {< NameL,,L, > PhL, € L,,L, € L,n=1,..,NL,s =1,...,NL,,npsi ymose PhL, . = Ph, }
BrI3HauaeM MHOCTBa (paHeMHBIX TPy, y AKisl YBaXOA3illb MPaBbl S71eMEeHT Pl

Rx=1{< NameR,,R, > PhR,, € R ,R, € R,p =1,..,NR,t =1,...,NR,,ipsi §mose PhR,,, = Ph, |.

J

Kpox 14. Jlns koxHara MHOCTBa (aHeM 3HOWI3eHara JieBara KaHTIKCTy  Lxy,

Lx={Lx, ..., Lxyi.}, kI = 1, ..., NLx, n3e NLx — KoJbKacup rpym Ui JieBara KaHTIKCTy Ph; g,
BBIKOHBaeM kpoki 15-16.
Kpox 15. Jlns xoxsara MHocTBa (paHeM mpaBara KaHTIKCTY Rxy, Rx = {Rxy, ..., Ryp},

k2 =1, ..., NRx, n3e NRx — KOJIbKacLb Pyl JUIA TIpaBara KaHT3KCTy Phy,;, BRIKOHBaeM Kpok 16.

Kpox 16. ina nepmara snementa LR, xoxnara npaBina Rdicx, ¢ = 1, ..., NRAc; mpaBapaem
sHawHHe Qynkupli F(LR,NameLy,NameRy;). Kani F(LR,NameL ,NameRy;) = 1, To iHIPKC ¢
BBI3HA4ae a/iNaBe/IHbI IPYTi dJIeMEHT npasina Rd,c, — Index,. I'>tel aneMeHT Index, 3'synsenua npyrim
i Tpauim ingdKcaM i anadona IndexB:=Index,.

Kpox 17. 3uaxonsim noyuae suausune anadona TEMP = Ph, U IndexAV IndexB.

Kpox 18. Ilapaém TEMP na anadonHali TpaHckpsimupli cintarmsl Sal, := TEMP U Sal, i

nepaxoa3iM J1a Kpoky 4.

Kpox 19. lanaéM anadoHHYIO TPaHCKpBIILBIIO CIHTarMBI Ja BBIXaJHOTa ajad)OHHAra TAKCTY
Sal = Sal U Sal, i nepaxonzim na xpoxy 2.

Kpox 20. Kanen anrapsitMy.
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5. Beimiki npans! anrapsirmay «rpadema — panema» i «panema — anagon»
aas Geiapyckaii i pyckai Moy

TIpbIBAA3EM HEKATOPBIA IPBIKIAJEI IlepayTBapoHHs «rpadema — Ganemar i «danema — anador»
ana Genapyckaii i pyckait Moy (tabm. 3, 4).

Tabnina 3
ITpeixnans! ditapapanemaanadoHHara nepayTBapIHHs 0¥ Ui Genapyckain MOBBI
! CnoBsl IepayTBap>HHE [lepayrBapsune
| «rpaema — panemar» «fpanema — anadony»
' Grons6ro+essr | B,U,L.B'U,+, L E,V,Y | B'004,U243,1'001,B'002,U043,L'004,E341,V012,Y210
| B+HI3IIb V.E,+N',DZ'LC' V001,E013,N'001,DZ'004,1243,C'000
| yA3BIOHX U,DZ' V',U,+H U203,D7'001,V'001,U042,H000
| mpBitua LV'[+CA 1'001,V'001,1042,C002,A220
| Mixrotp'e M'I,ZH,GH,0,+R,J.E | M'004,1242,ZH001,GH001,0032,R001,J'002,E240
| reampt3is GH'E,A,D.E+Z' LI, A | GH'004,E242,A222,D002,E023,2'004,1343,J'012,A240
| cynmsit S,U,DZ' . DZ',A,+ S002,U223,D7'102,A040
| DKy HHII DZH,U,+N,GH,L1 DZH002,U022,N001,GH004,L'004,1240
eypa3otHa J.E.W,R,A,Z,O,+N, A | J'002,E241,W013,R012,A222,7002,0022,N004,A220
33s+HHE 727" A+ N'E 7'102,A043,N'104,E240
KacHe+IIcs K,A,S'N'E,+,S",S A K004,A233,S'002,N'002,E043,5'102,A240

| i=HImakpai+Hen

JL=NSHAKRATL

J002,1142,N003,SH002,A322,K004,R022,A223,1'011,

+NLE,C 1043,N'004,E242,C000
Ta6niua 4
TIpsiksiazs! DiTapapanemaanadoHHara repayTBapIHHs CIIOY 11 PyCKaid MOBBI
CroBsl ITepayTBapaHHE IlepayTBapaHHE
«rpadema — paneMar» «(hanema — anapoH»
myxuyo+uexk | M,U,ZH,Y,CH',0,+,CH\E,K M004,U212,ZH004,Y223,CH'001,0043,CH'002,
E242,K000 ‘
kuputumna | KLLR, L+ LLLLCA K'002,1243,R'002,1043,1.'104,1342,C002,A220
00Bet3a AB,J.E+S,T A201,B001,J'001,E042,5002,T000
6e+noro B'E,+,L,A,V,A B'002,E041,1.004,A311,V012,A210
npoesxattecs | P,R,AJE,ZHA+,C,CA P002,R012,A223,1'012,E242,ZH102,A022,C102,
A220
coHiHIe S,0,+.N,C,E S001,0022,N003,C002,E220
pacumtrteiBats | R,A,SH',L+T,Y,V, AT R022,A223,SH'001,1042,T002,Y321,V012,A213,
T'000
Gesorué+ren | BLE,Z,A,CH'CH',0,+T.EN | B'004,E242,7004,A223,CH'101,0043,T'002,E242,
NO000
pasbetxka R,A,Z B'E,+SHK,A R022,A222,7001,B'002,E042,SH002,K004,A230
MIOHTBCKHH L), U+ L S, K,LJ 1203,J'011,U043,1.'003,5002,K'002,1243,J'010

TMac/is Taro K aarapbITMBl ObUTI poaTi3aBaHbl NparpaMHa ¥ MaGibHBIM CiHTI3aTaphl MayJICHHS,
2HBI GBUTI PaTACTaBaHbl Ha Kopiyce cioy (Tabn. 5). Kopryc ci0y GBIy ckia3eHbl MaBoaie BBIOApKi
CiX MArvbIMBIX ML CIMBaNbHBIX KaMGiHaupid CiMBamay y CJOBaX SMEKTPOHHBIX cioyuikay [14].
CriadaTKy roThI KOPITC GBIy anpan@BaHsl CTAIbITHAPHAN BEpCisii CIHTI3aTapa May IeHHs Multiphone,
a macns — MaGinbHail Bepcisii. 3a 3TanoH 1paBUIbHACHi ObIY MPBIHATEI BHIHIK NIPALbl CTalbIAHAPHAra
ciHTe3aTapa Mayienns. AJHocHa Aro ObUla D@ulivaHa KONBKACIb ajNaBefHa [Vid Genapyckai
i pyckaii MOY mpaBiibHa anpanaBaHbiX MaGinbHai Bepcisi cinTa3atapay cmoy — 82010 i 83990,
danem — 918440 i 888950, anadonay — 903216 i 871989.
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Tab6niua 5
BrIHiki TOcTaBaHHsA anrapsitMay s Genapyckait i pyckait Moy

IMapameTpsl Benapyckas mopa Pyckas MoBa
Konbkacup cinoy 102 169 101 958
Kouabkacub npaBijibHbIX CJI0Y 82 010 83 990
ITpaupHTHBIS aHOCIHBI KAPIKTHA NIEpayTBOPAHBIX CIOY 80,269 % 82,377 %
Konbkacup panem 934 583 897 635
KoJubkacub npaiibHbIX panem 918 440 888 950
IpaLpHTHBIA aAHOCIHBI KAPIKTHA [epayTBOPaHbIX aHeM 98,273 % 99,032 %
Konbkacup anaponay 934 583 897 635
Koabkacup npaBijibubix ajadoHay 903 216 871 989
IpaipHTHBIA aHOCIHBI KAPIKTHA IlepayTBOpaHbIX anadoHay 96,644 % 97,143 %

BoiHiki TocTaBaHHS XyTKacui aiurapeitMay ans Genapyckad i pyckalh Moy Ha amabpaHbIx
3CKIepTaM-JiHrBiCTaM Kapiycax ciioy ab’émam kams 1000 cioy npancraynens! y tabn. 6. Y xopmyce
ObLTI MpajcTayieHsl HaHOOIBII YacTa YKBIBAIBHBIA CJIOBBI JUI KOXHaH 3 MoY. Sk 6a4Ha 3 Tabuinpl,
XyTKacup anrapsirMa «rpadema — cgaHeMa» BelbMi 3aJIeXbIlb aj (aHeThlMHara CKJafa Cliosa.
AurapeiT™ «paHema — anadoHy», HaaJBapoOT, He 3aJIeXKbILb ajl CJIOBA i Ipallye BEIbMi XyTKa.

Tabnina 6
BrIHiKi T9CTaBaHHA XyTKacLi airapsirMay Jus Genapyckaii i pyckait Moy
ANTrapeIT™ XapaxrapbICThIKa benapyckas MoBa | Pyckas moBa
«['papema — panema» HatiMeHIubI 4ac, MC 15 15
Haii6 01611161 Yac, MC 80 72
CsapaaHi yac, Mc 35 33
«Danema — anadoH» HaiiMeHs! qac, Mc 1 1
Haii6onsiusl yac, MC 2 2
CspaaHi yac, MC 1 1
«I'padpema — panema — anaoHHas HalimMeHIsI yac, MC 16 16
arpanoyka Haii6onpiubl yac, Mc 81 73
Cspaasi yac, Mc 36 34

3aknysHHE

V apreikyne ObUli npanaHaBaHbl MeTazbl MepayTBapIHHAY «rpadema — paHemay i «paHeMa —
asaoHy, AKis 3aCHABaHBI HA HKCIIEPTHBIX IIPaBiJiaxX, Ui CiHT33y Oenapyckara i pyckara MayJeHHsy.
IIpbiBei3eHBIS  ANrapbITMBl [pPABEepaHbl aJHOCHA OSTAIOHHAH CTALBIAHAPHAH CICTAMBI CiHTI3Y
MaynenHs MynbteidoH. BhIHIKI T3CTay cBequamb Npa BBICOKI Y3pOBEHb JaKiaJHACII Iparbl
anrapeiTMay i Genapyckaid i pyckail MOBbI TIpbl anpanoyus! cinoy (6onsir 80 %), dpanem (6ompm
98 %), anagonay (Gonbmr 96 %). Haneituas npana Oy/j3e HakipaBaHa Ha JalpaijoyKy NpaKThIYHai
poaizalibli MPBIBEA3EHbIX aNrapbiTMay.
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Yu.S. Hetsevich, B.M. Lobanov, D.A. Pokladok

PHONETIC AND ALLOPHONIC TEXT PROCESSING IN BELARUSIAN
AND RUSSIAN SPEECH SYNTHESIZER FOR MOBILE PLATFORMS

The article describes methods of «grapheme — phoneme» and «phoneme — allophone»
conversions for Belarusian and Russian speech synthesis. For speech synthesizers on mobile
platforms, the rule-based method has been selected. The article describes text processing algorithms at
the input phase and rules for «grapheme — phoneme» and «phoneme — allophone» conversions,
providing allophone chains for an acoustic processor. The developed algorithms were evaluated with
respect to the reference-class stationary Multiphone text-to-speech synthesis system. The test data
demonstrates a high accuracy level: over 80% for word processing, over 98% for phoneme processing
and over 96% for allophone processing (for Belarusian and Russian languages). The subsequent work
will be devoted to the improvement of practical realization of the developed algorithms.



