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A software system is presented which is designed to train learners in produc-
ing the basic intonation patterns of Russian speech. The system is based
on comparing the melodic portraits of a reference sentence and a sentence
pronounced by the learner and involves active interaction of the learner with the
system. While parametric representation of intonation features of the speech
signal faces fundamental difficulties, the paper shows how they can be over-
come. The basic algorithms of analyzing and comparing intonation features,
used inthe proposed learning system, are presented. The features of the acous-
tic database composed of reference sentences and used in the learning system
are presented. The set of reference sentences represents intonation patterns
of Russian speech (IP1 to IP7) and their basic varieties. The system’s interface
is presented and the results of system operation are illustrated.
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BBegenue

VIHTOHAIMA UTPaeT BaXKHYIO POJIb IIPX BOCIPUATUH Pe4H deJ0oBeKOM. C IIoMO-
IIbI0 MHTOHALUM OIlpe/ie/iAeTcsd KOMMYHUKAaTUBHAsA HAIPaBJeHHOCTb BBICKA3bIBaA-
HUS, IOTUYECKUI CMBICJI, OCYLIeCTBJIAETCA BbIYJIEHEHE CeMaHTUYECKU CBA3aHHbIX
OTPE3KOB pPeyl U 0O0'beJHeHNe PeUeBhIX 3JIeMEHTOB BHYTPU 3THUX OTPE3KOB. 3ada-
CTYIO B 3aBUCHMOCTH OT MHTOHAITMOHHOTO 0QOPMJIEHUA JOTUYECK! HAEeHTHUIHBIE
BBICKa3bIBAHMA MOT'YT MMETD Pa3IMYHOE CEMaHTHUYeCKOe 3HaYeHHe.

VIHTOHAI[UA Tpe/cTaBiaAeT coboil BakHelIee cpeJCcTBO Iepefayu kak cob-
CTBEHHO A3BIKOBOH, TaK U COLIMOKYIbTYypHOI MHOpMAIUH. B mpakTHUKe Ipemnoja-
BaHUA CyIIeCTBYeT MHEHUe, YTO MHOA3BIYHBIN aKIIeHT 0COOEHHO APKO IPOABIALTCA
B MHTOHAIIUU, TI03TOMY IIpM OOyUeHUU M TperofaBaHUN MHOCTPAHHHIX A3BIKOB
eit ciefiyeT yZenATb ocobeHHOe BHUMaHMe. VIHTOHAIIMOHHBEIN aKIeHT 4acTo BO3-
HUKaeT BCJIE/ICTBAE KOHTAKTa PAa3JIMYHBIX A3BIKOBBIX CHCTEM, HAllpUMep, IpU Ou-
JIMHTBU3Me, KaK pe3ysbTaT A3bIKOBOI HHTepdepeHIuu. CileflyeT UMeTh B BUAY, YTO
GYHKIIMY MHTOHALIUY B PEYU CTOJIb MHOr0OOpasHBbI, YTO HapyLIeHUA B 3TOH obs1acTu
MOT'YT IIPUBECTHU K CEPbE3HBIM CMBICJIOBBIM M3MEHEHHUAM, a TAKXKe CO3JaTh HeBep-
HOe BIleYaT/IeHHe O FOBOPAIIEM YeJIOBEKe.

[TpaBUIBHOCTD BOCIIPOM3BEJ€HN A MHTOHAIMHY IIPY TOBOPEHUH U aZleKBaTHOCTh
€€ BOCIIPUATUA NPU CAYHMIAHUHU C MPYOHOM NOOOaAémcs CAMOKOHMPOIO yIalTuMC
(ocobeHHO, IpU OTCYTCTBUM MY3bIKaJbHOTO ciIyxa). CyliecTByolee TUHTadpOHHbIe
KypchI 1 060pyzZoBaHue obecrieyuBarT TONbKO CIYXOBYFO o6pamHyto c8513b KOHT-
POJIA IPABUIBHOCTH UHTOHUPOBAHUSA PeYH, YTO ABHO HeJOCMAMOUHO.

Hacrosmas paboTa mocBsieHa OIIMCaHUIO TPorpecca B CO3JaHUH KOMIIBIOTEP-
HOTO TpeHaXépa, 06eCceInBaIOIIETO AOTIOMHUTENbHYI0 BU3YAJIBHYIO obpammyio
ceA3b, a TakxKe KoauwecmeeHHyo OLJEHKY npaBUIbHOCTU MHTOHUPOBAHUA PyCCKOU
peuu B mporecce 06y4eHHA PyCCKOMY sI3bIKY Kak HHOCcTpaHHOMY (PKN).

B MUPOBOH IpaKTUKe OCBOEHMUeE A3bIKa C IOMOIIIbI0 KoMIbloTepa (Computer As-
sisted Language Learning — CALL) ABJseTCA MIMPOKO PACIPOCTPAHEHHON MeXauC-
IUITMHAPHOH 06JIacThi0, KOTOpas BKJIIOYAaeT TaK)Ke M0A06IacTh 00ydYeHUs [IPOU3-
HOIIIeHUIO Ha NHOCTPaHHBIX A3BIKaX C MCIIO/Nb30BaHWEM pedeBbIX TexHosorui [Catia
Cucchiarini, 2008]. ITossBUIOCH TaK:ke ONMCAHHE KOMIIBIOTEPHBIX CUCTEM, IIpeiHa-
3Ha4YeHHBIX /1A 00yueHUd PasJIUYHBIM acleKTaM NPOCOAVKU aHIIMICKOHN peuw,
B TOM 4MCJIie — MHTOHanuM [Sixuan Zhao, 2010].

JIA co3JaHUA OIMCHIBAEMON HMKe KOMIIBIOTEPHOH CHCTEMBI 00ydeHUd
VK pycckoii peun MOTpe6OBaIOCh pPellleHNe pAza MPUHITUITHATBHBIX IPO6IeM, K KO-
TOPBIM OTHOCATCA:

1. AdexeamHoe conocmassneHue NPOU3HOCUMO20 U IMAJOHHO20 CUZHAO08
npu ycaoeuu Haau4us 63auMHolL pemeHHOIL dehopmayuu u 3apamee
Heu38eCMmHO020 HA4Yad U KOHUA NPOU3HOCUMO20 CUZHAA.

PerreHuie aTow po6IeMbl CTAJI0 BOSMOXKHBIM Gy1aroziapsi paspaboTaHHOMY
paHee [Lobanov, 1997] MmeToAy TEKYIIero AMHAMHUYIECKOTO COMTOCTABIEHUST
(TZIC) aByx curHamoB. Ero ucroab3oBanue obecreynBaeT aBTOMaTHIECKOE
ompe/iesieHre KOHIIA ¥ HavaJjla Tpou3HeCEHHOU (pasbl B Ipoilecce

€é COMoCTaBJIeHUs C 3TAIOHHOH (pa3oii.
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2. CeemeHmauyus AHANAUIUPYEMO20 CUZHALA HA YUACMKU, OJLS1 KOMOPbIX
nonsamue YOT umeem cMbLC ¢ MOUKU 3peHUSL fOPMUPOBAHUS
UHMOHAYUOHHOZ20 KOHMYPA Gpa3vl 8 UeNOM: YUACTKU 2NACHBLX
U 60ONBLUWUHCMBA COHOPHBLX CONLACHBLX.

OTta npobseMa penraeTcs Iy TEM HeJIMHEHHOTO IlepeHoCca CErMeHTHBIX METOK
C IIpe/IBapUTebHO Pa3MedeHHOH oTalTOHHOH Gppa3sl Ha IPOU3HECEHHYIO
dpasy c ucnonb3oBaHuEM IIpeJIOKEHHON paHee TeXHONIOT U
KJIOHUPOBAHUS IPOCOANYECKUX XapaKTEPUCTUK peuu [Lobanov, 2008]

3. BblcOKOMOUYHOeE 8blUUCEHUE YaCMOMmMblL 0CHO8H020 moHa (YOT)
NPOU3HOCUMO20 U IMATOHHO20 CUZHAN08 6e3 NOOCMPOTIKU 0N MYMCCKUX
U JCeHCKUX 20J10€08 8 wupokom duanazoHe YOT — FO = {40-1000 I'u}.
3aziaya pelaeTcs IyTEM UCIOIb30BaHUA N3BECTHBIX METO/IOB BblleIeHU A
YOT peveBoro curHaja. YCIeIHOMY PeIleHUI0 JaHHOU Mpo6IeMbl
MTOCBSIIIEHO GOJBINOE YUCIO paboT (cM. Hampumep, [Shimamura, 2001]).

4. Humepnoaayus 3navenuil YOT Ha mex yuacmkax, 0151 KOMOPbLX
onpedenernue YOT sensiemcs HEKOPPEKMHBIM, M.e. HA yuacmkax
601bUUHCMBA COZNLACHBLX 38YKO8.

OTa 3aZaya peuraeTcsa IIyTEM MCIOIb30BaHUA U3BECTHBIX MaTeMaTUYeCKUX
bopMyI HHTEPIIOIALUHY, OTIPEEAONINX CI0CO6 HaX0KAEHU
IIPOMEXXYTOYHBIX 3HAYeHU II0 UMEIOIeMYCs AUCKPETHOMY Habopy
U3BECTHBIX 3HAaYeHUH.

5. BwluucnerHue mepsl N000OUSA UHMOHAUUOHHBLX XAPAKMePUCMUK
NPOU3HECEHHOIL U IMANOHHOIL HPaA3 8 YCI08UAX UX PABAUUHOTL
onumenbHOCMU U pa3audHslx duana3oxnax 9YOT.

OdTa 3aZia4a pelaeTcs Iy TEM HCIIOIb30BaHUA ITpeCTaBIeHUA
WHTOHAIIMOHHOU KPUBOH B BU/le YHUBEpCcaJIbHOTO (YHUPUIIPOBAHHOIO)
Menoauueckoro IToptpera (YMII), TogpO6GHO OMMCEIBAEMOTO HIKE

B 1-M pazzgesie. COGCTBEHHO pacyéT Mephl Too6us ABYX YMII ocyliecTBisgeTcsa
10 U3BECTHBIM GpOPMYJIaM Iy TEM BEIYHUCIEHNS BEIOOPOYHOTO K03dduIiimeHTa
KODPPEJSAINH, TUOO0 Yepe3 BEKTOPHOE PACCTOSTHYE MEXKAY KPUBBIMHU.

JlaHHas paboTa IOCBsAlIEHA ONMMCAHUIO pa3pabOTaHHONH KOMIIBIOTEPHOU CH-
CTeMBl, OPUEHTHPOBAHHOM Ha HavanbHOe obyueHue PKI B paMKax OCBOeHUA y4a-
IIMMUCA HHTOHAIIMOHHBIX KOHCTPYKIUH pyccKol pedu. [IOHATHE UHMOHAUUOHHBLX
koncmpykyuit (MK1 — HUK7), npejnoxeHo B 1960-x IT. [Bryzgunova, 1968] usddek-
THBHO UCIIOJIb3yeTCs BO MHOTMX COBPEMEHHBIX METOAMYECKUX ITOCOOUAX 110 00y de-
Huto PKU [Odintsova, 2011].

PaboTa mocTpoeHa cieLyoIM 06pa3oM.

B nepsom paszesie IpUBOAATCA OCHOBHBIE CBEZIEHUA 00 MCIIOIb3yeMOH MOJeN
JJ1s OMUCAHUA UHTOHAIIMOHHON CTPYKTYPBI PEYH.

Bo emopom paszese omuchiBaeTcA aKyCcTHYecKas 0a3a JaHHBIX JTaJOHHBIX
¢pas, mosoxeHHasA B OCHOBY 00y4aloIel CUCTEMBI.

B mpemsem pasjene IPUBOAUTCA CTPYKTYpHAs cxeMa pa3paboTaHHOHM KOM-
MbIOTEPHOM 06yYaroIeil CHCTEeMBI.
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B uemeépmom paszene ONHUCHIBAIOTCA OCOOEHHOCTHU IIPOrpaMMHOHN peanusa-
IWHU ¥ UHTEPENC CUCTEMBL.

B 3akstouenuu IepequcaAIoTCs IPo6IeMBl, YCIIeTHOE pellleHle KOTOPBIX JIETTIO
B OCHOBY OIIMCAHHOM CHCTEMBI, a TAKKe ITepedrCIeHbl IPUMepPbl BO3MOXKHBIX ITPaK-
TUYeCKUX ITPUJIOKEHUH.

1. HHTOHaAIMOHHAS MOJEJIb

B cooTBeTcTBUM ¢ TpeiozkeHHOH B [Lobanov, 2007] ITAE-Mo/ie/1b0, MUHUMAaJIbHOM
MIPOCOANYECKUM KOMIIOHEHTOM, U3 KOTOPOT'O COCTABJIAETCA MHTOHALNSA GPas3bl, IBJISIETCS
AknentHas Eqununa (AE). AE MOXKET COCTOATh M3 OFZHOTO WK Gosee GpOHETUIECKUX
CJIOB, TIPUYEM OZHO U3 HUX JIOJDKHO MMETh B CBOEM COCTaBe IOJHOYZAPHBIN (A1epHBII)
cor. Kaxxzas AE, B cBOIO ouepeib, COCTOUT U3 sA/pa (TIOSHOYAapHas miacHas GpoHeMa),
npeabsaapa (Bce GoOHEMBI, TIPe/NIECTBYIOIIYE TOTHOYAAPHOM IIacHOM) 1 3asapa (Bce ¢po-
HeMBI 32 IIoJIHOYZapHO I1acHoi). [TAE-Mozesnb peATionaraeT, YTo AJI olpe/ie/IeHHOTO
TUIIAa UHTOHAIIMM TOIOJIOTUYecKHe CBOMCTBA Mejofudeckoro KoHTypa AE He 3aBHCAT
OT KOJIMYeCTBEHHOT'0 U KaueCTBEeHHOTI'0 CoZiepKaHUA IIpeAbsAzipa, AApa U 3aapa.

B [Lobanov, 2014)] noka3aHo, 4yTo [TAE-Moziesib 06ecrieurBaeT HaTJIAIHOE Mpe/-
CTaBJeHVe UHTOHALIMOHHBIX KOHCTPYyKUIu pycckoit peun (1K1 — UK7) — B Buze
Habopa uX YHUBeEpCAJbHBIX (YHUPUIMPOBAHHBIX) Memogudeckux [lopTpeToB
(YMII) B HOpMUPOBaHHBIX KoopAuHaTax «Yacmoma — Bpems». Hopmanusanuus
[0 BpeMeHU OCYILIeCTBIAETCA IyTEM NPUBeJleHUA K CTaHZapTHOU JJIHHE 3j1eMeH-
ToB AE: IpebA/lepHbIX, AIEPHBIX U 3as/IePHBIX YYaCTKOB. DTOT BUJ HOpMaau3aluu
yCTpaHAeT pasandua MeJoANdecKoi KpUBO, CBA3aHHBIE C KOJIMYeCTBEHHBIM COCTa-
BOM IIpe/isi/lepHbIX U 3as/lePHBIX y4acTKOB AE.

J1s1 HopManu3alKy 110 YacTOTe ONpeJeNAoTcss MUHUManbHoe (F, ) 1 Mak-
cumanbHoe (F, ) 3Ha4eHWA 4aCTOTHI OCHOBHOTO ToHa — F, /A Bcero aHcambiis
MeJIOAUYECKUX KPUBBIX {I/IKi} B [IPOM3HECEHUHU JJaHHOro JukTopa. Hopmanusanusa
OCyIeCTBJIAETCA B COOTBeTCTBUU ¢ popmynoi: FN= (F,—F, )/(F, ~—F, 5. OTOT
BU/| HOpMaJIU3al[uy YCTPaHAeT pa3inyuus MeJoJuuecKol KPUBOU, CBA3aHHbIE C UH-

max

JAUBUYAIbHBIMU JUKTOPCKUMU Pa3iUdUAMU B BbICOTe rojioca. B To e BpeMs: Be-
mvuuHa D = [(F, /F, ) — 1], BblpakeHHas B OKTaBHOM LIKaJle, MOXET OBITh HC-
[10JIb30BaHa /I OLleHKHU fuanasoHa usMmeHeHua YOT, xapakTepusyollero JaHHY0
VK — (wupoxkuii-cpedHuti-y3xui).

Taxum 06pa3oM, HOpMHPOBaHHOE IIPOCTPAHCTBO AJiA oToOpaskeHusa YMII UK,
MOXXeT OBbITh MpEeJCTaBJEHO B BUJZE MPSAMOYTOJIbHUKA C KOOPAUHATHBIMU OCAMU
(T, F "), kax aTo npezicTaBleHO Ha cCXeMaTH4YeCKOM pucyHKe 1. IIpu 5TOM HHTep-
BajiaM Ha ocu abciucc cooTBeTcTBYIOT: [0-1/3] — npeabsazapo, [1/3-2/3] — azapo,
[2/3-1] —3asazpo. VilHTepBanam Ha

oCH OpINHAT COOTBETCTBYIOT: [0—1/3] — HU3KUM ypoBeHb TOHa, [1/3-2/3] —
cpeauHuii, [2/3-1] — BrIcOKUii. Takoe IpescTaBIeHNEe 0OecIIeYBaeT OCHOBHOE BHU-
MaHHe K ocobeHHOCTsIM popMmbl kpuBoi YOT Ha sAzApe MpU MeHbIIEM BHUMAaHUU
Ha KoJIM4YecTBeHHbIe 1 KaueCTBEHHbIE COCTaB Ipe- U 3a-a7pa. B pamkax YMII npe-
JIOCTaBJIAETCA BO3MOKHBIM JJOCTaTOYHO CTPOT'O OIUCHIBATh MeJIOAUIECKYI0 KPUBYIO,
MIOJIB3YACh HTMPOKO PACIpOCTPAaHEHHBIMY TEPMUHAMU:
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*  «HUBKUII-CpeOHUTI-8blCOKULL» AJIs1 yPOBHS TOHA U

*  «B0CX00AWUTI-POBHBLII-HUCX00AWUl» I HATIPABJIEHUS JBU)KEHUS Ha KaXKJOM
u3 yyacTtkos YMII,

* «uupokuii-cpedHull-ysxuil» nnsa auana3ona usMmeHeHus YOT Ha Bcex y4yacTKax
B II€JIOM.
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Puc. 1. Oowmn sua YMI MK

B [Lobanov, 2015)] omucaH MOJOXUTEIbHBINA OIBIT CO3JaHUSI MEIOAUIECKUX
MIOPTPETOB CJIOXKHBIX IMOBECTBOBATEIbHBIX MPE/JIOKEHUH PYCCKOH PEYH C UCIIOJb-
3oBanueM [TAE-mozenu u YMII, a B [Lobanov, 2016)] moka3aHo, YTO Ipe/icTaBIEHHE
WHTOHAUWU B Buzie YMII 03BOJISAET BBIABUTh XapaKTePHbIE PAa3IU4Us IIPU CpaBHE-
HUU MeJIOAUYECKUX IIOPTPETOB AaHIVIMHUCKUX U PYCCKUX Pppas JUaIoroBON Peyn.

2. Axycruyeckas 6a3a JaHHBIX

B kavecTBe aKycTHU4YeCKOW 0asbl AaHHBIX 3TaJoHHBIX VK HcmonbsyoTcs 06-
pasusl ¢pas, MIPOU3HOCHMBIX MYKCKHUM H JXEHCKUM T0JIOCAMH, COJep KaIlNXCs
B MysbTuMeAuitHOM yuyeb6Huke PKU [Odintsova, 2011]. B ucnosnbs3yemotii B/l mpucyt-
CTBYIOT I10 4—5 3TaJIOHHBIX 00Pa3II0B /I K)KZ0HU N3 MHTOHAIIMOHHBIX KOHCTPYKLIUH
(MK1 — VIK7), a Tak)Xe HECKOJIbKO 00pa3IioB JUAJOrOBOM PEYU M OTPBIBOK MTPO3bI
B AUKTOPCKOM IIpo4YTeHNU. KpoMe TOro, B ZIOIIONHEeHHUE K HanboJjiee yIIOoTpeOUTeb-
HBIM o6pasnaM B cocTaB B/l BKIIOUeHBl IPUMePHI pa3JInyHOro BUja yroTpebieHui
xaxzoi u3 VK, HauuTaHHblEe TPOdeCCHOHAIBHBIM PYCCKOA3BIYHBIM JUKTOPOM. B Ka-
YyecTBe IIpuMepa B Tabaunax 1-3 npruBesieHbI TEKCTH $ppas, B KOTOPHIX Pealu3yoTcs
pasnuuHble criocobsl ynotpebinenus VK1, K2, MIK3. BeibpaHHbie Gppasbl — OLHO-
aKIjeHTHbIe. 3HaKoM (+) o603HaueHHI AZlepHble ITacHble ¢ppas.
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Tabnuua 1. MNpumepsl ynotpebnexns VK 1

N¢ | YnmoTpebieHme IpumepsbI
1 | Korer npocroro Ha z2opusonme nosigunocs o+6.1axo.
IIpe/JIOKeHUA HaxoHey npuwtén cmo+poo.
2 | HeliTpalabHBIA OTBET — IIpuedy 3asmpa y+mpom.
— A neus yace npomo+nJieHa.
3 | YacTb npessoxxeHuA ITomom 3awna caHuma+pka, umobwt
nozpe+mucsa
OHu omse-+xanu, u cmpenvbba npexkpamu+iacs
4 | HazBaHue — o6bsaBaeHuEe | Pabpuka Homep de+csame.
Kynuito nepcudckuii kogé+p.
5 | XKemaHue — coBeT Xomenocb 6bL 102080pU+Mb € BAMLU.
Cosemyt Bam He 3ade+picusambcsl.
Tabnuua 2. [pumepsbl ynotpebnenns MK 2
N¢ | YmoTpebieHne I[Ipumepsl
1 | CBOIIpOCUTENBHBIM O xo+m mulL naauews?
CJIOBOM Kozda+ omnpasnsemcs?
2 | AnpTepHaTUBHBIYN Boipoc | Mearnos unu Iloma+nog?
3ansmus 6ydym unu He 6y+dym?
3 | Bonpoc-yTouHeHuUe Tot cmo+aucewts npuomu?
B na+muuuyy npudéuis?
4 | Bonmpoc-yzauBieHne Heyacenu npa+eda?
Ymo 3a uLy-+m makoii?
5 | BrigeneHue cioBa Mawu+na suepa cromanacs!
Mawuna suepa+ caomanacs!
6 | Obpamenue Zopoeoil Hean ITempo-+euu!
T'ocnoda+ npucsiycHble!
7 | IlpuBeTCTBHE — 30pa+scmyiime mosapuuju!
mpolaHue IIpowa+ii Odecca!
8 | BelpaxeHMe BeXXTUBOCTU | [Tojca+nyticma He cepoumecs!
Ilpocmu+me mensa!
9 | TpeboBaHUe — IIpoxodu+me! He 3ade+pacusatimecs!
mobyKaeHue Moaua+ms! wazom ma+put!
10 | [TosokuUTeNbHAs OIleHKa Bmo 300+poso!
3ameua+menvHas udes!
11 | Cyactuneii BOT Bo+m sam 3a amo!
Bo+m sawu kHuzu!
12 | C ycunuTe bHBIMUA Jaxce Ba+Hsa npuweén!
JacTULlAMU Xomb 6vL 8e+mep cmux!
13 | C MeCTOMMEHHBIMU Taxkoii ge+uep!
cJI0BaMu Beds amo 300+poso!
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Tabnuua 3. Nprmeps ynoTpebneqns K 3

N¢ | YnorpebsieHue IpumepsbI
1 | O6mwuii Borpoc — Bwl 8uepa 6bi+1u 8 2opode?
— Bul 8uepa bbLiu 8 20+pode?
2 | OZHOCIOBHBIH — Kyda+? Ha npa-+xmuxy?
IIepecIpoc — Omky+0a? U3 uHcmumy+ma?
3 | IloBTOpeHue — [0e s 2yna+na? B napke.
BoOIIpoca — Ilpuexan au Ca+uwa? He 3Hato.

4 | llpocvba-Bompoc | asa+il s mebe nomozy?
Mo+xcHo 51 notidy 8 KUHO?

5 | AnpTepHaTUBHHIN | Heano+8 unu ITomanos?

BOIIPOC 3auamus 6y+0ym uau He 6yoym?
6 | Bonpoc-yauBnenue | — Heyuce+au Hamawa?

— Passe amo Hama+wa?

7 | Bonpoc-yTounenue | Tul npuedeius no+e3adom?

T'onosa+ 3abonena?

8 | BoneusnsaBieHue- | — 3akpo+iime 0gepsb!
nmpockba — IIpouty He ona+30bi8ams!
9 | BeipaxxeHue OHa makas y+mHuuya!
OLIeHKU Kaxk 30ecw kpacu+8o!
10 | He3aBepiueHHOCTH | Ha nosy niexcana cy+mka, 3abbimas kem-mo.
1-ro BUga Omo 6bLa CyXHca-+HKA, cMasulds X03sUKotl.
11 | He3aBepiueHHOCTH | Tpewsum 020+Hb, CMYK NOCy+0blL U YHCUH 20MO8.
2-ro BUZA Bce scma-+au, nomoaua+au u npucmynuau K mpanese.

B COOTBETCTBUU C peKOMEH/ALUAMU, IPUBeIeHHBIMU B yuebHuKe PKU [Od-
intsova, 2011], aHaJIOTMYHBIE TAaOIUIIBI COCTABIEHBI /11 OCcTaAbHBIX IK4 — UMK7.

AKyCcTHUYecKHe CUTHAJIBI, Peaju3ylue KaKAy0 U3 3TaJIOHHBIX ¢ppas, pa3me-
YeHBl IyTEéM yKasaHUA PaHUI] KaXXZoN U3 BXOAAIMUX B He€ IVIACHBIX U COHOPHBIX
c yKkasaHueM ux QyHKIIMOHAJbHOI0 3Ha4eHus Bo ¢ppase: npedsadpa, A0pa, 3asdpda.
Ha puc. 2 npuBe/ieH IpuMep TaKOTO Po/ia pa3MEeTKU JJId ABYX Pa3JIMYHBIX Gppa3s. 3Ha-
KOM (+) OTMeueHbI A/lepHble IJIacHBIe.

Puc. 2. lpumep pasmeTku curHana dpasel «O1ky+aa?»
(BBEPXY) 1 Ppaskl «E1eHa 3a+BTpa yexaeTr?» (BHU3Y)
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3. CrTpyKTypHas cxeMa KOMIbIOTEPHOH 00y4aroleii CuCTEMBI

Ha pucyHke 3 npuBejeHa CTPYKTypHas cXeMa KOMIIBIOTEPHOU obOydaromeit
cucreMbl. HasHaueHUe cUCTeMBl — IIPEJOCTaBUTh ydalleMycs BO3MOXXHOCTb KOM-
MIaKTHOTO M HaIAZHOIO OTOOpa)KeHHs pe3yJbTaTOB aHaIN3a MeJOAMYECKOTO
U DHEPreTUYeCKOTro KOHTYPOB 3TAJOHHBIX ¢ppa3 ¢ pasnruyHbIMU VK, a Takke IOIy-
YUTb YUCIEHHYIO OL[eHKY KadecTBa 00yyeH! A NHTOHALIUY PeY! IIyTEM COIIOCTaBJIe-
HUSA KOHTYPa IPOM3HOCKUMOM $paskl ¢ 9TaJIOHHBIM KOHTYPOM.

T T ————n s — 1
{ Boioop obyuarowen | | IIpousnecenue gpasot |
L _31“’1"1”El”_” Ppazer | 1“2‘%”1"2’_ __l
b1 sTanoHHbIX Bydep nponsnocumbIx
pa3MeueHHbIX ppa3 CUTHAJIOB pe4H

A 4 A 4

CnekrtpanbHblii ananu3, TJ[-conocTaBnenue
U TIPOCOANYECKasl pa3MeTKa MPOU3HOCUMBIX (pa3

A 4

Pacuét npocoanueckux napamerpoB (pas, HUHTEPIIOIALINSA,
MeJMaHHOE CTIaKUBAHUE U HOPMUPOBKA

A 4

Pacuér, oToOpakeHue u cpaBHEHUE MEIIOTMYECKUX
¥ DHEPIeTUYECKUX MOPTPETOB (hpa3z

| DKpannoe omoépaycenue pesynomamos ananusa |
| Busyanwvnas, cnyxoean u yucnennas |
L oueHKa Kauecmea ooyueHus I

Puc. 3. CTpykTypHas cxema KOMMbIOTEPHOV CUCTEMBI OBYHEHUA UHTOHALIN PEYN

B B/l aTasioHOB XpaHATCA 06pasiibl ppas pa3TudHbIXx VK 1 IpuMephl UX yIIOTpe-
6eHusA. 1 KaXKI0H U3 3TaJOHHBIX (ppa3 MpOBOAUTCSA IpeABAPUTETbHAS TPOCOAU-
YyecKas pa3MeTKa, BKJIovYamolas ykazaHue ¢ppa3oBbIX (CMHTarMaTHYeCKUX) TPAHUIIL,
a TaKJKe MOJIOKEeHUE AePHBIX, TPeAbsIEPHBIX U 3a5/1€PHBIX [VIACHBIX BO ¢ppase. Yya-
IIUICS, B COOTBETCTBUHU C Npe/jlaraeMoil METOANKON 0OyYeHUs HHTOHAIMOHHBIM
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HaBBIKaM, BEIOMpAeT HYXKHble Gppaskbl, IPOCAYIINBAET UX U 3aTeM IPON3HOCUT UX.
[Ipu 5TOM OCyIIecTBAETCA 3aIlMCh PEUYeBOro cUrHaaa B 6ydep, a 3aTeM IPOK3BO-
JUTCS ONKCBIBaeMas HUKe 06paboTKa 3TAIOHHOT'O U IPOU3HECEHHOI'0 CUTHAJIOB.

DTaJIOHHBIN U IPOMU3HECEHHBIM CUTHAJBI II0/BEpralTcsa CleKTpaJbHOMY aHa-
JIU3Y, 3aTeM C UCII0Ib30BaHUEM MOAUPUIIPOBAHHOTO MeTO/A JUHAMUYECKOTO IIPO-
rpaMMHUPOBaHUA OCYILECTBIACTCA UX CONIOCTaBIeHNE, IEPEHOC ITPOCOAUYECKUX Me-
TOK U pa3MeTKa IPOM3HOCUMBIX ¢pa3s. /lajnee IpoU3BOAUTCSA PACIET IIPOCOANYECKUX
napameTpoB ¢ppas — JacTOThl OCHOBHOTO ToHa F 1 sHepruu curHania A . Hazg stumu
rapamMeTpaMU OCylLIeCTBJAETCA ollepalluyi NHTEPIOIAIIMY Ha He I'0JIOCOBBIX y4YacT-
Kax, MeJJMaHHOE CIVIa)KMBaHUe U UX HOPMUPOBKA.

Ha pucynke 4 npezcraBieHa WIIIOCTPAlUA IPOM3HECEHHON 2-X aKLeHTHOMU
BOIIPOCUTENBbHON pasbl: «A Ca+wa Kywan ka+uty?»: eé oCcIuIIorpaMma, CIIeKTp
U puMep 06paboTKM YaCTOTH OCHOBHOTO ToHa — F, B pesy/ibTaTe KOTOpPO# mouy-
JaeTcs MCKOMas HellpephiBHAsA MeJouyecKas kpusas ¢ppassl F  (t). AHajmoruyHas
06paboTKa OCyIIeCcTBAACTCSA A MONyIeH!A SHePreTUuIeckoi kpusoii A (t). TTomy-
4yeHHBble KpuBble F (1) u A () ABIAIOTCA OCHOBOM /ISl MOCTPOEHUS METOAUYIECKOTO
Y SHEePreTU4eCcKOro MopTpeToB Gpasel.

Puc. 4. VinniocTpaumsa 06paboTku CUrHAN0B peynt:
1 — ocumnnnorpamma, 2 — cnektp, 3 — F; (00 06paboTkn),
4 — F, (nocne nHTepnonaunm 1 MEANaHHOMO CraaxuBaHus), 5 — cpaBHeHne
MEenoAMHecKmnx KpyBbIx F (t) 3TanoHHON 1 NPOM3HECEHHOM dpasb
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4. IIporpamMMHasd peanusanusa u uHtepdeiic
MPOTOTUIA CUCTEMBI

IMporoTun cucremsl (IntonTrainer) peajn3oBaH B BUZE OT/ETBbHOTO IIPUIOXKE-
wusa nog OC Windows (XP, 7, 8, 10) u Linux (Debian, Ubuntu). B peanusaiuu uc-
nosb3yeTcs bubnnoTreka Qt AA peanu3anuy OTIaZ0YHOrO [10Jb30BaTENIbCKOTO HH-
Tepdeiica u sapa npuiokeHus, u 6ubnoreka MathGL a1 BeiBoga rpadukos. s
peanu3anyuy OCHOBHOTO IIOJb30BaTEIbCKOT0 HHTepdelica UCIIONb3yeTCs IIPUIoXKe-
Hue, HanrcaHHoe Ha HTML/JS (ucnosnb3yercs ReactJS ¢ppeliMBOPK). AJITOPUTMEI
pacuéra 1 06paboTKHU JaHHBIX HAallKCAHBI Ha A3bIKe C ¢ UCII0/Ib30BaHNeM OGHOINOTeK
GNU Scientific Library, Speech Signal Processing Toolkit (SPTK) u OpenAL. Takas
CTPYKTYpa NIPUJIOKEHUA IT03BOJIAET PEIINUTD CIeAYIoNe 3a1adu:

* OBICTPYIO U JIETKYIO aJallTallNI0 U CTUIN3AIIUIO IIPUJIOXKEHNU S 107, HOBBIH A3BIK,
3a cuéTt uameHenus quirb HTML/JS cocTaBisionieii;
* BO3MOXXKHOCTb HHTerpalUM fAfpa NpUTIOXKeHUA (IrOPUTMOB) B CTODOHHUE

IIPOAYKTHI 32 CYET OTCYTCTBUA BHEIIHUX 3aBUCUMOCTeH U Hcnoab30Banu C;

* 3aIycK IIPUJIOXKEHUS 1107, Pa3IUYHBIMU CUCTEMaMU U OKPYKEHUAMU 32 CUET

HCIOIb30BaHUA Kpocc-IIaTGOPMEeHHBIX pelleHUu N

B npuioxxeHUH BBIAE/IEHBI CeAyIONe C1a00CBA3aHHbIE MOAYIH:

* Azpo npuaoxeHus (peanusanud Ha C)

* B3auMoZelcTBUe ¢ ayAuo ycTpoiictBaMu (peanusanuusa Ha C u OpenAlL)

* OCHOBHOU IOJIb30BaTeNbCKUH nHTepOeiic (peanusanusa na HTML/JS 3amycka-
emoe B V4 Javascript Engine)

* OTIaZOYHBIN HHTepdelic u pexxuM obydeHus (peanusaius Ha C++/Qt)

HauanbHOe OKHO IIPUJIOXKEHHU IIPe/ICTaBIeHO Ha PUC. 5.

ITo Ha)xaTUIO KHOMKY «HavyaTh» MBI TI0I1a/laeM Ha CTPYKTYPUPOBAHHBIN Ilepe-
YeHb 06yvJaronux 3ajanuii (puc. 6)

[Tocsie Ha)KaTHA Ha BHIOPAHHYIO 3TAJOHHYIO $pasy 6yZeT OTKPBHITO OKHO Tpe-
HUPOBKM IpousHolleHus (puc. 7). [Tonb3oBaTenb MOXET IPOCIyIATh 3TATOHHYIO
¢dpasy u mpocMoTpeTh KpuBble u3MeHeHuA FO, AO a1 BBIOpaHHO# $passl.

B pexxuMe TpeHUPOBKHU NOJIb30BaTesb, HAXKMMasA Ha KJIABUILY BBOZA, IIPOMU3-
HocUT $pasy U BUAUT pe3y/ibTaT CpaBHEHUs STAJIOHHON U IpoH3HecéHHOH ¢pas.
Ha pucyHke 8 npezcTaBieHbl UCXOAHBIe KpUBble n3MeHeHNs YOT BopocuTe bHON
¢dpa3sl «Esie+Ha 3asmpa ye3xcaem?» g 3TajoHa (CBeTsias KpuBasi) U IIPOU3HECEHUA
(TéMHadA KpuBas).

Janee npu HaxxaTuu kjaaBuiu «Show UMP» (cM. puc. 9) BeicBeduBaeTcs pe-
3yJAbTHpYIOlIee OKHO, B KOTOPOM IIoKa3aHbl cpaBHUTeAbHEIHN Buz YMII dpas u fua-
na3oHs! uaMeHeHus YOT, npezcTaBIeHHbIe CTOJIOMKaMU B OKTABHOM IITKaJIe.
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Punc. 5. HauansHoe OKHO NpunoXeHus

Puc. 6. lNepeyeHb 0byyatoLyx 3agaHui
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Puc. 7. OkHO TpeHnpoBsku. [MNpocnyLunBanne
aTaNoHHOW dpasbl 1 npocmoTp FO, AO

Puc. 8. VcxogHbii pesynbtar cpaBHeHnsa FO nporsHeCEHHON
dpasbl (TEMHaA NMHWA) C 3TAJIOHHOM (CBETNAad NIMHNAA)

B BepxHell YacTH OKHa IIpe/ICTaBIeHbl YUCIEHHBIE OIeHKHU (B %) 6J1M30CTH 3Ta-
JIOHHOU 1 TpousHecéHHOU popm YMP — Ps u guanazonoB YOT — Pr, paccuuTaHHBIX
0 CJIeAYIOMUM GOopMyIaM:

Ps = |r|*100%,

rje r — BI60POYHBIHN KO3)PUITUEHT KOppeasauuu Mexay KpubiMu YOT,
BBIYHMCJISIEMBIH 110 CTAHAAPTHOM pOpMYyJIe CTaTUCTUKY;

Pr = {(FOmax / FOmin)np * 100%} / {(FOmax / FOmin)amy},

3zech (/) — 3HaK JleJleHus.
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Puc. 9. PaccumTaHHbili pesynbtar cpasHeHns YMIT FO npon3HecEHHOM Gpasbl
(TEMHas NMHKA) C 3TANOHHOW (CBETNARA NNHNA) U AMANa30HOB UX U3MEHEHNS

Jlns cpaBHeHUs 3$GEKTUBHOCTY OITMCAHHOMN Mpolleyphl Ha pucyHkax 10 u 11
npeacTaBiaeHbl KpuBble n3aMeHeHus YOT aTasoHHON ¢paswl «Ene+Ha 3asmpa yes-
Jcaem?» ¥ HEMPAaBUJIBHO NIPOU3HECEHHON TOH ke Pppasbl CO CMEMEHHBIM IIEHTPOM:
«Enena 3a+empa yesncaem?»

Kak BUZIHO U3 CpaBHEHUA Pe3yJIbTaToOB, IIPE/CTABAEHHBIX HA PUCYHKaxX 8 U 9,
a takxe 10 u 11, ucnosib3oBaHue npeanoxkeHHoro YMII-nipescraBieHus gaét 6osee
CTPOryIo U 60jiee peaTuCTUIHYIO OLIeHKY 6JIM30CTH NHTOHAIIMY STAJIOHHON U IIPO-
M3HOCUMOH dpas.

Puc. 10. VicxoaHbii pedynbTtat cpaBHeHus FO npou3HECEHHOM
dpasbl (TEMHadA NIMHKA) C 9TAIOHHOWM (CBETNast N1MHNA)
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Puc. 11. PaccuntanHbii pesynstat cpasHeHnsa YMIT FO
NPOV3HECEHHOM hpasbl (TEMHAA NNHNS) C 3TAIOHHOM
(cBETNag NMMHNS) 1 AManasoHOB X MU3MEHEHUA

3akJ4YeHue

B 3akiroueHHe yKa)keM HEKOTOpble IIePCIIeKTHUBH Pa3BUTUS U BO3MOXKHBIX
MPaKTUYECKUX ITPUIOKEHNUH pa3paboTaHHOM CUCTEMBI:

e OmnuncaHHasA PyCCKOA3BIYHASA CHCTeMa MHTOHAI[MOHHOIO TpeHuHra — «Inton-
Trainer» — CMOXeT HAaWTU IIPUMEHEHUE He TOJIbKO Ipu obyyeHuu PKU, Ho,
IIPU COOTBETCTBYIOIIEH Z0paboTKe, TaKKe B NIPAKTHUKe 00ydYeHUs HOPMaTHB-
HOM MHTOHAIIMU JUKTOPOB pazsuo u TB, onepaTopoB KOJJI-LEHTPOB U JIofei
Apyrux npodeccuil, rae TpebyeTcs njeaabHOe BlaJeHUe YCTHON peublo.

* Cucrema «IntonTrainer» MOXeT CTaTh WHHOBAIIMOHHBIM IIPOAYKTOM, IIpeJ-
HasHAaYeHHBIM JJiA YIIy6aI€HHOro 00ydeHNA NHTOHAIIMY YCTHON pedy Ha pas-
JINYHBIX IPYTHUX MHOCTPAHHBIX A3BIKaX. HacKONbKO HaM U3BECTHO, CYIEeCTBY-
IoIIMe aHAJIOI'M TAKOT'O POZia CUCTeM elli€ lasieKU OT ueanbHbIX. K HacTosameMy
BpeMEHHU CO3ZaHE! leMOo-Bepcuu cucteMsl «IntonTrainer», OpueHTUPOBAHHEIE
Ha o0yuyeHUe HHTOHALUY AaHIIUMCKOTO0, HEMEIKOTO U KUTAWCKOTO S3BIKOB.

* AHaJIM3aTOp WHTOHAIIMOHHBIX XapaKTEPUCTUK 1[e1ec006pasHO UCIIOIb30BaTh
TaK>Xe B COCTaBe CUCTeM Paclo3HAaBAHUA PeYl, IYTO TOBBICUT TOYHOCTD PACIIO3-
HaBaHUA 6Jaroiaps CHATHIO CEMaHTUYECKOM HeolpeieIEHHOCTH IIPU UHTOHA-
IIMOHHOM 4JIeHeHU! HelIpepPBIBHOM peyuu.

* AHaJIM3aTop MHTOHAIIMOHHEIX TapaMeTPOB, 6€3yCJIOBHO, Oy/eT MoJie3eH B IOJ-
cucTeMax UAeHTUPUKAIMY HHAUBUAYATbHBEIX U SMOIMOHAIBHBIX XapaKTepH-
CTUK peYr TOBOPAIIETO, B COMMOCTaBUTEIbHBIX UCCAEOBAHUAX €CTECTBEHHBIX
SI3bIKOB, a TaKJ)Ke TIPHU CO3/JaHUU aZleKBaTHBIX MHTOHAI[MOHHBIX MOJZIeJiel B CH-
cTeMax CHHTEe3a Pedyd IO TEKCTY /Jis MOBBIIIeHU WHTOHAIIMOHHOM BBIpa3u-
TeJbHOCTU CUHTE3UPOBAaHHOM! peyH.
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ABTODBI IIPUHOCAT CBOIO 6JIar0JapHOCTh AHOHUMHBIM pelleH3eHTaM JTOH pa-

60THI 32 UX LIEHHbIE 3aMeYaHUsl, KOTOPBIE MbI TOCTAPATUCH YIECTH IIPU ITOJTOTOBKE
€€ OKOHYaTeJIbHO! peZlaKIIuH.
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