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PASPABOTKA UHTEJVIEKTYAJIBHOI'O I'OJIOCOBOTI'O ACCUCTEHTA
JUJISI TIPOTPAMMMUCTOB C HAPYHIEHUEM 3PEHUSA
AHHOTANUA

Pabora mnocBsiieHa CcO30aHHIO TPOTPaMMHOTO oOecreueHHst JUisi paboThI
MPOTPaAMMUCTA C OTPAaHUYCHHSIMU TI0 3pEHHIO, B cpefe pazpadboTku PyCharm.

[Tpu paGoTte 3a KOMIIBIOTEPOM YETOBEK OOJBIIYIO YaCTh HH()OPMAIIUHU MOTydaeT
BU3YyaJIbHO, TIOTEPSl WM CYIIECTBEHHOE YXYIIICHUE 3PEHUs MPOrpaMMHCTa MOMKET
MPUBECTH K MOTEPE BO3MOXKHOCTH JalbHENIIEH paOOTHI.

Llesb mpoekTa: co3aHue rojJoCOBOr0 aCCHUCTEHTA, MPEAHA3HAYEHHOTO ISl TIOMOIIH
CJIa0OBUISIIUM U CJETIBIM [P HATMCAHUU U OTIIAJKE MIPOrPaMMHOIO KOJa.
3ama4yu nmpoekra:
1. O630p UHCTPYMEHTOB M METOOB PabOThI C KOMIIBIOTEPOM IS JIIOACH C
HapyIICHUEM 3PEHHUS.
2. Pa3pabotrka TpeOOBaHUI K TOJOCOBOMY aCCUCTEHTY IS MPOTPAMMHUCTOB
C HapyIICHUEM 3pEHUsI.
3. W3ydeHne HHCTPYMEHTOB, HEOOXOAMMBIX I CO3JIaHUS TOJIOCOBOTO
aCCHUCTEHTA.
4. Pa3paboTka MpOTOTHUIIA TOJIOCOBOTO ACCHCTEHTA.
5. TectupoBaHue ¥  TPOBEACHHE  HCCIEAOBAaHUN  pa3pabOTaHHOIO
rOJIOCOBOTO ACCHCTEHTA I IPOTPaMMUCTOB C HApYLICHUEM 3PEHUSI.

[IpoBeneHo uccnenoBaHue YCTPOUCTB I B3aMMOICHCTBUS CIIA00BUISAIIUX C
KOMIIBIOTEPOM, I[OKa3aHa aKTyaJIbHOCTh CO3/aHUS TOJOCOBOTO IOMOIIHUKA IS
nporpaMMupoBanus. B mpouecce paGoThl ObUTM HM3ydeHbl BO3MOXKHOCTU MOAYJEH
a3bika mporpammupoBanusi Python: PyTorch ¢ Silero Models, Kaldi u vosk, picovoice.

Co3nmaH rojaocoBOW MOMOIIHHK JJIsl MPOTPaMMUCTOB, PEan30BaHbl (YHKIIUH
roJIOCOBOTO BBOJA KOMAaHJ: HHHUIMATIM3alUU pabouel cpenbl, Mepexona MEXIy
CTPOKaMH, 3aITyCcKa U IPEephIBAHUS POTPaAMMbl, 03ByUHBaHUE PE3YNbTaTa BBIMOIHEHHUS
IpOrpaMMbl, O3BYYMBAHUS TEKCTa MPOTrpaMMbl (LEJIUKOM M JUarna3oHaMH CTPOK).

[IpoBenena anpoOanus pa3pabOTaHHOTO MPOAYKTA.
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['ma3a — camplil BaKHBIN U3 OPTaHOB YyBCTB YEJIOBEKA, C IIOMOLIBIO 3PEHUS MBI
nonydaeM 90% wunpopManuu U3 OKpyXkaromiero Hac mMupa. OmHaKo, JIOAU WHOTAA
POXKIIAIOTCS CICTIBIMU WM TEPAIOT 3pEHHE B MPOLIECCE KHU3HH.

Ilo ganueim OOH mnoutut 3,5% mHacemenuss 3emMin  SIBISETCS ITOJTHOCTBHIO
CIIETIIMU WJIM HMEIOT HMHBAJIMAHOCTh MO 3peHuto. B Poccum xe mo maHHBIM

Bcepoccutickoro obmiectsa ciensix 3a 2016 roa jtoeit ¢ MHBAIMAHOCTHIO 10 3PEHUI0

BBenenue

0K0J10 206 THICSY YEIIOBEK.

Taxxe uMerlTCs AaHHbIE MO OKpyram oT Tudiao 1eHTpa «Beprukaniby,

npe/cTaBleHHbIe B Tabnuie 1, koTopbie roBopAT 0 9,67 % HaceneHus: BCell CTpaHbI

[1].
Tabmuna 1 — KoaudyecTBo MHBAIMAOB 1O 3pEHUI0 Ha Tepputopun Poccuu
My:K4HHBI JKeHIIUHBI
%
Teppurtopust Bcero Hoas,
MHBAJMAN3AIUA Yeia. Ye. Hoast, %o
%
Poccuiickas
11302920 9,67 4806447 42,52 6496473 57,48
Deneparust
entpanbHbrit
3304401 10,23 1332739 40,33 1971662 59,67
(dhenepanbHBIN OKPYT
CeBepo-3amnaaHblit
1250742 11,01 460604 36,83 790138 63,17
(benepanbHbI OKpYT
Ceepo-KaBkasckuit
883858 12,31 382983 43,33 500875 56,67
(benepanbHbI OKpYyT
IOxHbII
1197379 9,09 554258 46,29 643121 53,71
(benepanbHbIi OKpYyT
IIpuBomxkckuit
2222226 9,45 963249 43,35 1258977 56,65
(dhenepanbHBINA OKPYT
Ypanbsckuit
722036 7,52 329174 45,59 392862 54,41
(dhenepanbHBINA OKPYT
Cubupckuit
1372939 9,18 623831 45,44 749108 54,56
(benepanbHbI OKPYT
JlanbHeBOCTOYHBIH
349034 7,24 159457 45,69 189577 54,31
(benepanbHbI OKpYT




HNubopMaimoHHbIE TEXHOJIOTUN OYEHb IUIOTHO BOIIUIM B KU3Hb COBPEMEHHOTO
yeloBeKa W JUIsl JIIOed C MHBAJIMAHOCTBIO MO 3pPEHUI0 ObIBA€T OYEHb TPYIHO
OTKa3aTbCs OT MPUBBIYHOTO OBITA.

NMeHHO aiig TeX, KTO XOYET 3aHUMAaThCsl MPOrpaMMHUPOBAHUEM, HEOOXOIUMO
CO3/1aBaThb MHCTPYMEHTAPHil, MOTOMY YTO BCE JIFOAM JOJKHBI UMETh BO3MOXKHOCTH
oOyuarbcst ¥ paboTaTh Ha KOMIBIOTEPE B chepe MporpaMMHUpPOBAHHUSL.

MOHHUTOPOB, KOTOpbIE BBIBOAWIM Obl (YHKIHOHAJIBHYIO HH(POPMALIUIO C
nomonibio mugpa bpaiinsg He cymecTByeT, TakkKe B MUpPE MOKa HET HEOOXOAMMBIX
MHCTPYMEHTOB JJIs PELICHUS TaHHOW 3a/1a4i B MOJIHOM O0BbeEME.

Ha nanHblii MOMEHT MHOTHE MPUIOKEHUS T00ABISIIOT 3KPAHHOTO JAUKTOPA, HO
ATOTO HEJOCTaTOYHO i JACSITeNbHOCTH B cdepe pa3paboTKu H  OTIAAKH
IPOrpaMMHOro oOecredeHusi. DKpaHHbIA JUKTOP HE TMO3BOJISIET OBICTPO M YHOOHO
MOJIb30BaThCSI OCHOBHBIM (D)YHKIIMOHAJIOM MTPOTPaMMBI, TAKKE B OOJIBITNHCTBE CIIy4YaeB
OHM HE pearupyroT Ha AEHCTBUS MOJb30BaTeNsl (Pe3yabTaT BHIIOJIHEHUS IPOrPaMMBI,
HANMCAHHOM MOJB30BaTENIEM, IOUYTH HUKOT/Ia HE O3BYYUBAETCA).

[ToaTromy pabora mocBslieHa pa3pabOTKE HHTEIUIEKTYaJbHOTO TOJIOCOBOTO
ACCUCTEHTA JJI1 MPOTPAMMHUCTOB C HapyUIEHUEM 3pPEHUs, KOTOPOE MO3BOJIUT pelaTh
0a30BbIe 337]a4M MPU CO3JAHUU MPOTPAMMHBIX MPOTYKTOB.

Heab npoexkra
Cozanue TOJOCOBOTO  aCCUCTEHTA, MPEIHA3HAYEHHOTO Il  MOMOLIU
CJIa0OBUSIIUM U CJIEIBIM MTPU HAITMCAHUU U OTIAJKE MPOTPAMMHOTIO KOJIa.
3aja4yu npoekra

6. O030p UHCTPYMEHTOB U METOJIOB padOThl C KOMIIBLIOTEPOM JIJIsl JIFOACH ¢
HapyLIEHUEM 3PEHUS.

7. PazpaboTka TpebOBaHMI K TOJIOCOBOMY aCCUCTEHTY AJI MPOIPaMMHCTOB
C HapyLIEHUEM 3pEHUS.

8. M3ydeHne HMHCTPYMEHTOB, HEOOXOAMMBIX JMJI CO3JaHUS TOJIOCOBOTO
ACCUCTEHTA.

9. Pa3paboTka mpoTOTHIIA TOJIOCOBOTO ACCUCTEHTA.



10.TectupoBaHue M NPOBEACHHUE anpoOanuy pa3pabOTaHHOIO TOJOCOBOIO
aCCHCTEHTA JJI1 IPOIPaMMUCTOB C HApyIIEHUEM 3PEHUS.
OcHaienue u 000py10BaHNe, HCIOJIb30BAHHOE NP CO3IAHUU PadOTHI

[lepconanbHplii KOMIIBIOTED ¢ ycTaHOBIEHHBIM 110 Python u PyCharm.



I'maBa 1 UccienoBanue B3auMoAeiiCTBUSA MPOrPaMMUCTA U

KOMIIbIOTEpa

1.1 Onucanuve B3aUMOJAEHCTBUS MPOrPAMMUCTA U KOMIILIOTEPA

[IporpaMMuCT B3aUMOJIEUCTBYET C KOMIIBIOTEPOM B OCHOBHOM MOCPEICTBOM
3pEHUs, OCSI3aHUs U YaCTUYHO ciiyxa. B cBOO ouepenp nporecc mporpaMMUpOBaHMs,
0e3 yyeTa HEMOCPEACTBEHHO WHTEJUICKTYaJbHON JEATEIbHOCTH, 3aKIIOYaeTCsl B
COBEPIICHUHU CIETYIOMNX 0a30BbIX OMepalnii:

- 3aIyCK CPeJbl pa3pabOTKH U €€ HaCTPOIKa;

- Ha)KaTusl KHOIIOK Ha KJIABUATYPE U MBIIIIKE;

- YTEHUE KOJA LEIUKOM U OTAEJIBbHBIMU CTPOKAMU;
- 3aIyCK Y MPEPhIBAaHUE BBHIMOIHEHUS TPOTPAMMBIL;
- YTE€HUE PE3ybTara BBIIIOJIHEHUS IPOTPAMMBbI;

- IEPEXO0]I K OIPENEIIEHHOMN CTPOKE.

[Ipn HapyuieHHH 3pEHHs BBINIOJHEHHWE NPAKTUYECKA BCEX MEPEUUCIICHHBIX
(GYHKIMI CTAHOBUTCSI HEBO3MOXKHBIM: MIPOrPAMMUCT HE BUAUT TEKCT HA MOHUTOPE U
HE MOXKET CUMTHhIBaTh MH(POPMAIMIO, a TAKXKE B3aUMOJIEWCTBOBATh C 3JIEMEHTaMU
ynpaBlieHus Tpaduueckux uHTepdeiicoB MHOKecTBa niporpamm. [loatomy Tpelyercs
CO3/1aHMs aJbTEPHATHUBHOTO KaHaja B3aMMOJEHCTBUA C KOMIBIOTEPOM. Takum
KaHaJIOM MOKET BBICTYNATh CIIyX, @ UMEHHO IOJI0OCOBOE YIIPABICHUE KOMIIBIOTEPOM U
BOCIIPOU3BEJIEHUE TEKCTA TPOTPaMM M PE3YJIbTaTa UX BBIIIOJIHEHHUS.

B Hacrosiiee Bpemsl CyUIECTBYIOT CJEAYyIOIIME CIOCOObI B3aMMOAEWUCTBUS
IPOrpaMMUCTA C HapyILIEHUEM 3PEHUS U KOMIIBIOTEPA: SKPAHHBIE JUKTOPHI, TOJIOCOBBIE
MTOMOILHUKH, CHEeUaIN3UPOBAHHOE IPOrpaMMHOE oOecrieueHue 17}
MOJIM(DUIIMPOBAHHBIE OpaliJIeBCKHE TUCIIIEH.

1.2 O030p cucTeM B3aUMOAEHCTBHA MPOrPAMMUCTA ¢ HAPYLIEHUEM 3PeHHs U
KOMIIbIOTEpa

B naHHBII MOMEHT Ha pPBIHKE MPEACTABICHO MHOXKECTBO CHUCTEM 3aMEHBI

3pUTEIHLHOTO KaHajla B KOMIUIEKCE 4YesloBeK-kommbiotep. Cpear HMX B OCHOBHOM

MpEeCTaBICHbI SKPaHHbIE NTUKTOPHI. Hanbomnee nomyaspHbIMU SBISIFOTCS] IPOTPAMMBI:
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NVDA, COBRA u JAWS [2]. OtaenbHO cTouT otMeTuTh niporpammy Grid Editor [3],
KoTOpasi Obla pa3zpaboTaHa COBMECTHO CO CJHA0OBHUIAIIMMU M TIO3BOJIIET WM
PEMaKTUPOBATh YK€ HAMMCAHHBIA KOJ, a TaKXe OpalIeBCKHM NUCIUICH, KOTOPBIN
BBIBOJIUT TOJBKO TEKCTOBYIO MH(DOPMAIMIO U U3HAYAJILHO MPEIHA3HAYEH JIJISl YTCHUS
ANEKTPOHHBIX KHUT. Kaxapli M3 TOpPEACTaBICHHBIX MPOAYKTOB HMEET psij
MPEUMYIIECTB U HEAOCTATKOB, PACCMOTPUM KaXKIbIi O0s1ee moaApOoOHO:

COBRA u JAWS — 3T0 0HOTUITHBIE SKPAHHbBIEC JUKTOPBI, KOTOphIE pabOTarOT
tonpko Ha Windows 7 W moaxomsaT s paboThl B OQUCHBIX MporpamMmax H
0OBIBaTEJIbCKOTO B3aUMOACUCTBUS. Takke Kak10e OOHOBJICHHE ATUX IPOrPAMM UMEET
OTIEIbHYI0 CTOUMOCTb.

NVDA - OecmiaTHbIii SKpaHHBIA JUKTOP C OTKPBITHIM HMCXOIHBIM KOJOM.
[TonnepxxuBaeT paboTy C OOJIBIIMHCTBOM COBPEMEHHBIX MPOTPaMM U MOJIJIEKUT
Monudukauu.

Grid Editor — cnenuann3upoBaHHOE ITPOTpaMMHOE 00€CTICUeHHE, KOTOPOE ObLIO
CO3/1aHO TPYNION YYEHBIX COBMECTHO CO CIA0OBUASIIMMHU MporpaMmmucTamu. JlaHHoe
NPWIOKEHHE TO3BOJSIET TOJBKO PENaKTHPOBATH YK€ CYLIECTBYIOIIUN KOA TOJIBKO
CJ1a00BUIAIIIUM.

bpaiineBckuil nucnied — CHEUUANIM3UPOBAHHOE YCTPOMCTBO, IMO3BOJISIOLIEE
BBIBOJUTH TEKCT C momoulpio mmdpa bpaitna. M3nauansHo ObL1 pa3zpaboTaH 1uis
YTEHUS IEKTPOHHBIX KHUT, HO MOCIe MOIU(UKAIIUN CTTIOCOOEH BBIBOJUTH TEKCT U U3
CTOPOHHUX penakTopoB. C ero MNOMOIIBI0O MOXHO TOJNBKO YHTAaTh TEKCTOBYIO
uH(opMaIMIo U HUYEro OOoJIbIIIE.

Pe3ynbrarhl cpaBHEHMSI BBIILIEONUCAHHBIX MTPOIYKTOB MPUBEICHBI B TAOIUIE 2.

Croutr ormetuth, yT0 NVDA yMmeeT 03ByuuBaThb KHOIKM Ha S3KpaHe, 4TO
MO3BOJISIET YEJIOBEKY OIMPENEIATh MOJIOKEHUS Kypcopa Ha SKpaHe U 3alycKaTh KoJl, HO
3TO HE SABJSETCS OTAENbHON PyHKunen nannoro nmpoaykra. COBRA u JAWS Bosce He
NOJICPKUBAIOT pabOTy B cpeAax pa3pabOTKU U MpeAHAa3HAYECHBI JJI CTaHIAPTHBIX

(oObIBaTEIBCKUX ) 3a/1a4.



Tabmuia 2 — Pe3ynbrarbl CpaBHEHMsI CHUCTEM B3aMMOJCHCTBUS MPOrPaMMUCTA C

HapyUIEHUEM 3PEHUSI U KOMIIbIOTEpa

Nunnuann-
YrteHue YreHue IlepeBon kypcopa 3anyck u
Yrenue kona 3anus
YerpoiicTBo KoAa pe3yJbTara Ha omnpe/ieJIeHHYI0 npepbIBaHHe
NMOCTPOYHO padoueii
IEeJTMTKOM BBINOJIHEHU ST CTPOKY TPOrpaMMBbI
cpensbl
BpaiineBcku
H nucrei
na HET na HET HET HET
(Moaudunu
POBAHHBII)
Grid Editor HET HET HET na HET HET
NVDA na HET na HET HET HET
COBRAn
HET HET HET HET HET HET
JAWS
Tonocosoit
na aa aa na Aa Aa
ACCHCTEHT

B pesynbrare u3ydeHus IOCTYNHBIX MNPUIIOKEHUM OBLI CAENAH BBIBOX, YTO
aHaJIOrOB I0JOCOBOIO aCCUCTEHTa JJIsl MPOTrPAMMMCTOB C HAPYLIEHUSMU 3pEHUS Ha
JaHHBIH MOMEHT HE CylecTByeT. TakuMm oOpa3oM, JOMHUHUPYIOIIME Ha pPbIHKE
SKpaHHbIE JUKTOPHI HE B IOJIHOM 00BEME pEelIatoT MOCTaBICHHYO 3anady. [loaTomy
paboTa Obla TOCBSIIEHAa 334a4€ CO3JAaHUS HHTEIUIEKTYyaJbHOIO TOJOCOBOIO
aCCHCTEHTa JJIsl IPOrPaMMUCTOB C HapyuieHUsIMU 3peHus. [lpu pazpaboTke koTOporo
ObUIM OBl YYTEHBl BCE HEAOCTATKU 3KPAHHBIX JUKTOPOB M YCOBEPIIEHCTBOBAHBI
MEXaHU3Mbl B3aUMOACHCTBUS TPOrPaMMUCTA C HAPYLIEHUEM 3PEHUS U KOMITBIOTEPA.

1.3 Pa3zpa0oTka TpeGoBaHUIl K r0JI0OCOBOMY ACCHCTEHTY
Jlia xoMpopTHOI padoThl MporpaMMHucTa C HapyLICHUSMHU 3pEHUS T'OJOCOBOM
ACCHCTEHT JOJKEH 00J1aaTh CAeyOIMMH QyHKIUAMU:
- (QyHKUMS UHUIUANH3AIMS Cpeabl pa3paboTku U €€ HacTpoilka s
JajbHEUIIe padoThl;
- (QYHKIMS 4YT€HHWE KOJa LIEJMKOM, OTACIBHBIMH CTPOKaMH, AHAara3oHaMu
CTpPOK;

- (yHKIIMS 3aIlyCKa U IPepbIBaHUS BBITTOJIHEHUS IPOTPAMMBI;
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- (hyHKIMS TIepexo/ia K 3aIaHHON CTPOKE;
- YTCHHUE PEe3y/IbTaTa BBIMIOJHECHUS MPOTPAMMBI.

Taxke OBITH peam30BaHa BO3MOXKHOCTb HACTPOMKH CKOPOCTH YTCHHUS TEKCTa
HPOTrPaMMBbI M pe3yJibTata ¢€ BBIMOJHEHHS.

HemanmoBaxHbIM SIBISIETCS M aBTOHOMHasi paboTa TOJIOCOBOTO acCHCTeHTa 0e3
MOJKJTIIOYCHUS K ceTH MHTEepHET, MOTOMY YTO BpeMs OTBETA CHCTEMBI JIOJKHA OBITH
MHUHHMMAaJIbHA U HE 3aBUCETh OT ckopocTu VHTepHeTa.

B kauectBe cpembl pa3pabOTKH, KOTOPOH OyleT yHpaBisATh TOJIOCOBOM aCCUCTEHT
obu1 BeIOpaH PyCharm [4], moToMy 4TO JnaHHAs cpela sBISCTCS OJHHM U3 CaMbIX

IMOMYJIAPHBIX N KAYCCTBCHHBIX HpO(i)ﬁCCI/IOHaJIBHBIX HHCTPYMCHTOB.
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I'maBa 2 Pa3patoTka HHTE/UIEKTYAJbHOI'0 T0JI0COBOT0 ACCHUCTEHTA ISl

JIKOJIeH ¢ HAPYUICHUSAMHU 3PEeHUA

2.1 U3yuyeHne TEXHOJIOT Uil CO3IaHUS I0JI0COBOI0 ACCUCTEHTA
['0110CcOBOM MOMOIIHKK — 3TO MPOrPaMMHOE 00ECIEUYeHHE, C MOMOIIBI0O KOTOPOTO
MOJIb30BATENb MOXKET B3aUMOJICICTBOBATh C YCTPONCTBAMM C MOMOIIBIO TOJIOCOBBIX
KOMaH]I.
['omocoBbIe aCCUCTEHTHI UMEIOT IBE OCHOBHBIE (DYHKITUU:
- pacno3HaBaHHE KOMaHJ;
- CUHTE3 PeyH.

B Hacrosiee BpeMs c031aHO MHOKECTBO PA3IMYHBIX CEPBUCOB, OMOIMOTEK U
MoOJIeNIell ISl pacrno3HaBaHUsl TOJIOCOBBIX KoMmaHi. Cpeau HUX AOCTYMHBIMH IS
UCIIONIB30BaHMS ABIAIOTCA: pocketsphinx, vosk, SpeechRecognition, Julius, Kaldi.

B rtabmuue 3 mnpuBeneHO cpaBHEHHE MOAYJIEH pAacloO3HAaBaHUS pPEYd IO
napameTpam: MOJAJIEPKKAa PYCCKOTO S3bIKa, BO3MOKHOCTh ABTOHOMHOM paboThl U

CY6’I)6KTI/IBHa$I OICHKAa Ka4CCTBa PaCIIO3HABAHWA PYCCKOT'O S3bIKA.

Tabnuia 3 — CpaBHEeHUs MOAyJIel pacio3HaBaHUs peun

Moy IHonnepxka ABTOHOMHasI KagecTEo
PYCCKOT0 sI3bIKA pabora

pocketsphinx Yactuuno Ha Cpennee

Vosk Jla Jla Bricokoe

SpeechRecognition Ha Her Cpennee

Julius Her Ha Cpennee

Kaldi Ja Ha Bricokoe

B xoze ananuza Mojyiei paciio3HaBaHUs PEUH, yCTAaHOBJIEHO, YTO HE BCE U3 HUX
MOJIJIEP’KUBAIOT PACIIO3HABAHUE PEUU HA PYCCKOM SI3bIKE, & TAKKE JOCTATOUHO TOUHBI
JUTSl peleHUs TOCTaBJIeHHOM 3a1auu [S]. VI3ydeHue qoKyMeHTaIMu Ha ePeUrClIeHHbIC

OMONMMOTEKU TO3BOJWIN BBHIOPATh JBa HauOoJee yIOOHBIX U KaYeCTBEHHBIX MOIYIIA:
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Kaldi u Vosk. JlanHble MOAyaM HMEIOT MNPOCTON UHTEpDEC MNMOIKIIOUCHHUS,
NOJJEP>KUBAIOT PACIO3HABAHUE PYCCKOTO A3bIKA, TOJACP>KUBAIOT aBTOHOMHYO paboTy
6e3 moxkmroueHus Kk cetu WMuteprer, Ho Kaldi — 310 mccnemoBarenbckuii HaOOp
MHCTPYMEHTOB JUJII pACIO3HABaHUSI pPEYU, KOTOPBIM peanu3yer MHOXECTBO
COBPEMEHHBIX alTOpPUTMOB. Vosk — 3To mpakTudHas OMOIMOTEKa pacro3HABAHUS
pedn, KoTopasi MOCTABJIAETCS ¢ HA0OPOM TOYHBIX MOJIEJICH, CIICHAPUEB U TIPAKTHK, U
o0ecreynBaeT TOTOBOE K HCIOJb30BAHUIO PACIIO3HABAHME PEUM ISl PA3IHUHBIX
mw1aTopM ¢ JTydiled Ipou3BOAUTENbHOCTHIO [6]. [ToaTOMy /U1 CO3MaHMS TOT0COBOTO
accHUCTeHTa OB BBIOpaH MOIyib Vosk.

Jlanee Oblia BbIOpaHa MoJedb JJIsl CMHTE3a peuu. PaccMoTpeHsl cieayroiiye
monmenu cuHTe3a peun: gTTS, momemm Silero, pyttsx3, speechkit, B Tabmuie 4
NpUBEJICHA U3 CpaBHUTENbHAs oleHka. OnHol u3 Haubosjee KauyeCTBEHHBIX,
OecrutaTHBIX W pabOTaIOMUX aBTOHOMHO MOAENeH oOka3ailachk Mmomenb otT Silero,

KOTOpas ObljIa YCHEIIHO UCIIONIb30BaHa ¢ moMoIbio moayist PyTorch.

Tabmuua 4 — CpaBHeHHsI MOAYJIEH CHHTE3a peun

Hoanep:xka ABTOHOMHasI
Monpyanb Tun auueH3un KauecTBO
PYCCKOI0 A3BbIKA padora
gTTS MIT License YactuuHo [Tmoxoe Her
_ CC BY-NC-SA
Silero 40 Ja (6 ronocoB) Bricokoe Jla
pyttsx3 MPL 2.0 Ha (2 romnoca) Cpennee Ha
Speechkit Yandex License | [la (15 romocon) Bricokoe Her
Mexanuzm Wake Word Engine — 53T0 MamooObEMHBIN alrOpPUTM, KOTOPBIit

OoOHapy)XKMBaeT MPOU3HECEHUE 3aJaHHOW (pas3bl MPOOYXKIEHUS B ayAHOIOTOKE.
OOyueHue roroBoi K ucnonb3oBanuto Moaenn Wake Word tpeOyeT 3HaUHUTENbHBIX
yCHIINHI 10 00pabOTKE JaHHBIX U OMBITA JIJIsI MOJEIMPOBAHUS PEATIBHBIX CPET BO BPEMSI
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oOyuenus. [loaTomy Ayt ONTUMU3ALMK TTPOLIECCOB aHAM3a BXOMASIIETO TOTOKA peUH
OBLI MCIOJIb30BaH TOTOBBIM MOaysb Picovoice. OH HEOOXOmAUM JjIsi TOTO, YTOOBI HE
TPaTUTh PECYPCHl CUCTEMbI Ha TTOCTOSTHHOE TIPOCITYIIMBAHUE U PACTIO3HABAHUE BCETO
ayauo, KOTOpO€ IMOCTymaeT B cucTeMmy. Picovoice MNO3BONSIET TPAaTUTh MEHBIIE
PECYpPCOB CHUCTEMBI W HAXOMUTh ¢pa3y MpoOyKIAeHUs (CIOBO WM CIOBOCOYETAHUE,
KOTOPBIM BBI3bIBAETCSl ACCUCTEHT) B cpeAaHeM Bcero 3a 30 MuiumceKkyH, BMecTo 550
MUJUTUCEKYH/T TTpU cTaHaapTHoM aHaiu3e rnotoka (Intel Core 17-10870H, 16 I'6 O3Y).
[Tocne ero oOHapykeHHE 3aIyCKaeTCsl MOJHOICHHBIN MUK PACIO3HABAHHS BCETO
MOTOKA PeyHu.
2.2 Pa3pab6oTKa rojiocOBOro acCUCTEHTA
2.2.1 Cxema nporpaMmMHOTO 00€CTIeYeHHs TOJI0COBOTO aCCUCTEHTA
B mporiecce IPOCKTUPOBAHUS MpeIoKeHa CTPYKTYPHO-
byHKITMOHATBHAS CX€Ma TOJIOCOBOTO ACCUCTEHTA IS MPOTPAMMHUCTA, KOTOpas
BKJIIOYAET BBIOpaHHBbIE MOAYJIM JJIsi pAcClO3HABaHMS W CHUHTE3a peuH,
pa3paOOTaHHBI TPOTPAMMHBIA  MOIYJIh TOJOCOBOTO AaCCHCTEHTA IS
yOpaBJIeHUs] Cpeloil pa3paboTKHU, a TakKe JOMOIHUTENbHbIE MOAYIH s
B3aUMOJICHCTBUSI C amlmapaTHbIM U MPOTPaMMHBIM OO€CliedUeHMEM KOMIIbIOTepa

nporpammucta. Cxema npeacTaBieHa Ha pucyHke 1.
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Moaynb cuHTE3a peun

Translitirate

PyTorch

!

Silero

PyAutoGUI

MporpammHbIit MOAYNb
['onocoBoro AcuccTeHTa

Mogaynb noucka
pasbl NpodyKAEHNA

Picovoice

Mogynb pacno3HaBaHua
peuu

Vosk

Moaynb oGpaboTku
KOMaHA

Fuzzywuzzy

Pucynok 1 — CTpyKkTypHas cxema rolocoBOro acCCUCTEHTa

['onocoBoii accucTeHT ObLT pa3paboTaH sl B3aUMOACHCTBUS POrpaMMUCTa C
HapylIeHHeM 3peHusi co cpenoil paspaborku PyCharm. beun cnpoekTupoBaHbI
OCHOBHBIE MOJIYJIM U OTIMCAHBI B3aUMOJCHCTBUS MEXKTY HUMH.

Mogayne mnoucka ¢pas3sl OpoOy>KACHHsS MOMy4aeT Ha BXOJ HH(GOPMALUIO C
ayJMOBXOJla CUCTEMBl M TpU MoMolu Moayis Picovoice mbiTaeTcsi OOHApYXKHUTH B
MOTOKE CJIOBO «KOMIMBIOTEp». Ecian oHO OBLIO MPOU3HECEHO MOMYIbh BO3BPAIIACT
UCTHUHY.

Monynb pacro3HaBaHUs pPeYd BKJIIOUAETCSl TOCJTE BO3BPAIICHUS MOIYJIEM
noucka (pasbl npoOyxaeHns UCTHHBI. OH TakXe MoJlydyaeT Ha BXOA MH(POPMAIHUIO C
ayMOBXOJ]a CHUCTEMBbI M C IMOMOINBIO VOsk BO3BpallaeT TEKCTOBYIO PacUIM(PpPOBKY
MMOCTYTAIOIIEH PEUM.

PacrioznanHasi peub cpa3y MOCTyNMaeT Ha BXOA MOIYIIO OOpaOOTKH KOMaH]I.
[Tocnennuit youpaer u3 Hee BCe JIMIIHKUE CIIOBA U TBITAETCS U3BJIEYb U3 HEE TOJIBKO
KITIOUEBBIE CJIOBA U C MOMOIIBI0 MOoAyns Fuzzywuzzy ompenenseT Kakyl0 KOMaHIy

HY’KHO BBIIIOJIHUTb, MMCHHO €C UM OH U BO3BPAMIACT.
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Monaynab CHHTE3a pedH MPEACTaBISAET U3 ceOs MOMYJIb-UCIIONHHUTEIb, KOTOPBIN
MOJTy4aeT Ha BXOJ TEKCTOBYIO HWH(GOPMAIMIO OT TJIABHOTO MOIYJIS TOJOCOBOTO
accuctenTta (wim depe3 transliterate). C momompio PyTorch m momemu Silero on
CHUHTE3HUPYET PeUb M 00CCIICUNBACT B3aUMOICHCTBHUE C IMOJIH30BATCIICM.

[IporpaMMHBIII MOAYJIb TOJOCOBOTO AaCCHUCTEHTa — MPEACTaBISIET COOOMU
OCHOBHOM MOIYyJb, pa3pabOTaHHOTO MporpaMMHOTO obecmeueHusi. OH CBS3BIBACT
MEX Iy CO00M Bce ocTanbHbIe MOAYH. [Tomydas nabopMaIuio OT Jpyrux MOIY/ICH, OH

3aIlyCKacT HGO6XOI[I/IMBIG KOMaHAbI U IMTPOUICCCHI.

2.2.2 Pa3zpaboTka Mofynei noucka (gppasbl NpoOy>KICHHs U PaclO3HABAHUS PEUU

Mogayinb Picovoice nucnosnp3yercst 11 ONTUMHU3ALNUN TPOLECCOB PACIO3HABAHUS
Y YMEHbILIEHUS 33JIEP>KKH OTBETAa TOJIOCOBOTO acCUCTeHTa. B pabote ncnonb3oBaiach
OecmiaTHast 4acTh MOAYJIS, IOATOMY B KadecTBe (hpa3bl IpoOyKIECHUS UCIIOIB30BAHO
CJIOBO «KOMITIBIOTEPY.

Pa6ora c mogynem Vosk BbInonHs1ach HA OCHOBE OPHUIIMATIBHOM JOKYMEHTAIIH
[6]. K xomy Obula moakiroYeHa OJHA W3 BCTPOCHHBIM Mopeneid Vosk, a ©UMEHHO
JIETKOBECHAsl MOZEJIb /ISl pacliO3HABAaHUSI PYCCKOTO fA3bIKA, IOTOMY UYTO IPH 3aITyCKE
rOJIOCOBOTO ACCHUCTEHTa OHa ObICTpee MOATPYXACTCS M B YCJIOBHSIX MOCTAaBICHHOM
3aJ1aud HE OTJIMYAETCs 110 KaYECTBY Paclo3HaBaHUS.

Bce xomaHIpI UMEIOT 3apaHee OIpeeICHHOE MHOXECTBO CJIOB aKTHBATOPOB
(xpansiTcs B yaml daitnie), mpu paco3HaBaHUN KOTOPBIX BBITIOTHIETCS ONPECICHHBIC
AeicTBus. BaXHO OTMETUTDH, YTO HUCIIOJIB3YETCSl QITOPUTM HETOUYHOIO CPABHEHHUS, A
MMEHHO MeToj paccrosinusa JleBeHireitHa (Momynb Fuzzywuzzy), 4To mO3BOJSIOT
HOBBICUTH MPOLIEHT, BEPHO, PACIIO3HAHHBIX KOMaH/ U CIIQAUTh HETOYHOCTU MOJEIH,
KOTOpasi paclo3HaeT peub. TakuM o0pa3oM, ObLI CO3[aH «JIBUXKOK» AJI FOJIOCOBOTO
MOMOIIIHHUKA, KOTOPBII yMeeT 00pabarhiBaTh CIIMCOK KOMaH[ U3 yaml daitna u, mpu
aKTUBAallMM KOMaHJbl TOJIOCOM, BBI3BIBAET HeOoOXonuMyro ¢GyHkuuio. Crnucok

peann30BaHHBIX KOMaH]I MPEACTABICH B TAOIHUIIE S.
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Tabmuna 5 — Criucok KoMaH r'oJI0COBOI0 ITOMOIIIHHUKA

CioBa akTHBaTOPHI

Komanpga (ciy:xe0Hoe nMs)

Kparkoe onucanue

-HOBBIH
- co3mau
- HOBBIU IIPOEKT

- CO3/1ali HOBBIN IIPOEKT

init new_project

Co3gaeT HOBBIM  MPOEKT,
HacTpauBas IDE u
KOH(QUTYpUpYsI MapaMeTpbl

3aIycKa

- OTKpOi1 open_project OTKpBIBaET CyIIECTBYIOIIMI
MPOEKT IO HHJCKCY

- TeCT run_project main_file 3amyckaeT main.py (aiin B

- BIIepen TEKYIIEM MPOEKTE

- 3aIyCK

- cTol stop_project main_file OcranaBiuBaer main.py

- KWJLI ¢aiin B TeKyIIeM NPOEKTE

- YHUYTOXHTh

- KOHCOJTh read console O3ByunBaer pe3ynbTar

- 41O B JIOTax
- Kakas omuodka

- KaKOU BBIBOJT

BBIITOJIHCHUS MIPOrpaMMbl

- BCE

- (paiin

- o0m1ast mpoBepKa
- HEITUKOM

- BeCh (haiin

tell_all file

O3ByunBaer BCE

COZIEP’)KUMOE main.py

- CTPOKH C I10

- IWana3oH ¢ 1o

tell string range

O3ByuMBaeT auana3oH CTPOK
C <4HUCJIO> MO <YMCIO~> H3

main.py

- CTpOKa
- CTpOKa HOMEp

- CKaXU CTPOKY

tell string

O3ByuMBaeT CTPOKY HOMEp

<YHCI0> U3 main.py

- IeperIu K CTPOKe

go to

[lepeBogur  Kypcop  Ha
CTPOKYy HOMEp <4HCIO> B

main.py
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2.2.3 Pa3paboTka MOJyJIsl CHHTE3a PeuH

[Ipu peanuzauuu MOAYNsI CHHTE3a PeYU ObLIN MPEAJIOKEHBI U pEeaTi30BaHbI
CIEYIOIINE PEIICHUS:

1. becnarHas mMoaenb CHHTE3a peud paboTajia OJHOBPEMEHHO JIMIIb C
OJTHUM SI3BIKOM W JUISI TOTO, YTOOBI TOJIOCOBOM MOMOITHUK TOBOPHJI HA PYCCKOM
SI3BIKE W O3BYYMBAJ KON MPHIILJIOCH TPAHCIUTEPUPOBATh BECh KO C TTOMOIIBIO
Moysei transliterate 1 num2words;

2. Bce cnernuanbHbie CUMBOJIBI U TIPOOEIBI MPUIIIOCH 3aMEHSATh Ha CJIOBa
«BPYUHYIO», JUISl 4ETO OB CO3/1aH CJIOBaph C YCIOBHBIMU 0003HAYEHU MY,

3. Jliua 4uTeHus pe3ylibTara BBIMOJIHEHUS KoAa ObUIO HEOOXOAMMO
nyonupoBath ero B (Qaitn. B odummansHoM pykoBoactBe PyCharm wmmerorcs
HACTPOMKHU, OTBEYAIOIIME 3a 3TO, U OHM OBbUIM BHECEHBbl HAa aBTOMATHYECKOE
BBITIOJIHEHHUE JIJIs1 KOMaH1bl HHUIIHANU3aIuu [4];

4. Jlns Toro, 4yroObl 03ByuMBajach BCErJa akTyajdbHas Bepcus ¢aiina
OPUILIOCH HW3MEHHUTh Bpemsi Oe3aeiicTBusi 10 coxpaHeHusa. [lpu sTom
MOCJIEZIOBATENbHOCTD  IEMCTBUN JUIsl COOTBETCTBYIOLIEH HACTpPOWKH ObLIa
aBTOMAaTU3MPOBaHa U 100aBJI€HA B LIMKJ MHUIIMATU3AUY.

JIyist TOro, 9YTOOBI MIOMOIITHUK O3BYYHMBAJ KaK OTNEILHBIC CTPOKH, TaK U UX
TpyNIbl OBIT CO3MIaH AJTOPUTM IOTYYEHHUS! YHCENl U3 PEYU: C IMOMOIIBI0 MOMYJIIS
words2numrus Bce HalJIeHHbIE YUCIa B KOMaH 1€ IEPEBOAMINCH B LIETTOYMCICHHBIN
THUII ¥ CTAHOBWJIMCH apryMeHTaMu (yHKITUH.

2.2.4 Pa3paboTka MOy B3aUMOICHCTBHSI CO Cpefor pa3paboTKu
B nanHoM mopyne peann3oBaH IUKI-00paOOTYHMK, B KOTOPOM IMPU HAXOXKJIEHUU

CJIOBA-OTKJIMKA 3aITyCKAETCs IIUKJI paCO3HABAHUS PEUYH U MOCIEAYIOMUNA 00paboTUuK

pacimndpoBaHHbIX koMaH[. CxeMa paboThl MPUBEICHA HA PUCYHKE 2.
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OGHapyxeHa
®pasa npodyKAEH!A

Pacno3HaBHaune peyu u
npeobpa3soBaHue ee B TEKCT ANA aHanu3a

ECTb nu B peuu
CNnoBa akTUBaTopbI?

BbINONHUTL KOMaHAY
COOTBETCBYHLLYH CIOBY aKTUBATOPY

HeT
Mpowwno 10 cekyHa?

Mepexoa B PEXAM
noucka
pasbl NpobyKAEHUA

Pucynok 2 — Cxema paboTbl OCHOBHOTO LIMKJa MPOrPaMMBbl

OnHoli W3 BaXXHBIX (YHKIUN SBISETCS TEPEBOJ Kypcopa Ha 3aJaHHYIO
cTpoky. [Tomydenne u3 pedn MeI0uncIeHHOTO apTyMEHTa OCYIIECTBIISIOCHh TAKKE,
KaK U B CIIy4ae ¢ HOMEPOM CTPOKH IS O3ByUaHUSI.

Jlanee ObUTH PACCMOTPEHBI IBA BO3MOYKHBIX PEIICHHMS 3aa4u:

1. Ucnonk3oBanue ropsiunx kinaBum PyCharm BMecte ¢ momynem
pyautogui, KOTOPBI MOXET IO KapTHHKE-ITAIOHY HaXaTh Ha
HE0OX0MMMbIEe KHOTIKM Ha 3KpaHe (ctrl + g nanee BBeCTH HOMEDP CTPOKU U
Ha)kKaTh KHOMKY 0K), HO OH ObUI MOYTH Cpazy OTOPOIIEH IO MPUYHHE
CBOEH HECTAOMIBHOCTH.

2. C momomipio MOIYNIS pyautogui HCIIONIb30BaTh ropsiure KiaBuiu ctrl +
home s mepexoma Ha MEPBYIO CTPOKY (Qailia M Janee MepexoauTh K
HEOOXOMMMON CTPOKE MOCPEICTBOM aBTOMATHYECKOTO HAXATHSI CTPEIIKU

BHMS3.
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B pesynbrare ananmm3a ObL1 BEIOpaH BTOPOW METOJ, KaK 0oyiee CTAaOMJIBHBIN U
YHUBEPCAIbHBIN METO/I.

@DyHKIMU 3allyCKa M OCTAHOBKM KO/Ja OBbUIM PpEaIM30BAHBI 4YEpE3 TOpSUYHUE
KJIABUILIK U MOIYJIb pyautogui.

[Tocrne oTnaaku Bcex BBIMICNIEPEUUCIICHHBIX (DyHKIUI Hauajgach peanu3anus
GYHKIMM MHULIMATU3aluy HOBBIX (haiioB. OCHOBHOM mpoOieMoi cTana YacTUYHAS
HecoBMecTuMOCcTh PyCharm ¢ pabotoii mM3 komaHaHOW cTpoku. Ilpu mombITkax
3armycka PyCharm dyepe3 kxoncons IDE Tepsima cBSi3b ¢ MHTEpPHpPETATOPOM W/WIIH
BbIIaBasia OIMOKY npu 3arpy3ke. [loatomy ObuT puayMaH HOBBIM ClIOCOO HACTPOUTD
IDE nns xoppekTHoi paboThl accucTeHTa. Tak ¢ ucnonab3oBanueM pyautogui PyCharm
3aIyCKAaeTCs U3 HAYaJIbHOTO SKPaHa U Jajliee ¢ MOMOIIBIO ropssuunx knasuil camou IDE
Y aBTOMAaTHYECKOMY HaXaTHIO BCEX HEOOXOMMBIX KHOIIOK HACTPAUBAETCSl OKPYKEHUE
U 0cOOBbI€ MyHKTHI HACTPOEK, HAIPUMED, BpeMsi Oe31eHCTBUS 10 COXpaHEHHUS.

[Tocne HamucaHMs KOJA M €r0 OTIAJKH B XO/€ KOMIUIEKCHOTO TECTUPOBAHUS
roJIOCOBOTO TOMOIIHMKA Oblla HAcTpOEHa May3a MEXIy MPOU3HOCUMBIMU WM

cinoBaMu. Pe3ynbrarsl uccieoBaHus NpUBEAeHa B pasaene 3.2.
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Iy1aBa 3 Anpo0anus HHTEJJIEKTYAJbHOI0 I'0JIOCOBOT0 ACCUCTEHTA ISl

MPOrPAMMHUCTOB ¢ HAPpYIICHUEM 3PEeHM S

3.1 UcciienoBanue BpeMeHN MOUCKA CHHTAKCHYECKOM U JIOTHYECKOM OIIN00K
MPH OTJIAJKE KOAA

Jlnst TecTUpoBaHUS Pa3padOTaHHOTO TOJIOCOBOTO ACCHUCTEHTA MPEIOKEHO
MPOBECTU MCCIICIOBAHUE BPEMEHU TMOMCKA WU HCHPABICHUS CHUHTAKCUYECKON W
JIOTUYECKOM OIIHMOOK B KOJIE.

B tectupoBanuu mpuHsiM ydactue 3 H0OPOBOMIBIA, KOTOPHIC UMEIH OMBIT B
nporpaMMHupoBaHusi Ha si3bike Python. MM Obl1o TIpemyiokeHO OTIAgUTh YXKe
HaIMCAHHBIN KOJ B CMOJICIMPOBAHHOM CUTYAIMU IPH MOMOIIY acCucTeHTa. [{is atoro
SPKOCTh DKpaHa KOMITbIOTE€pa ObLTa CHWIKEHA JI0 MHUHUMYyMa, a caM MOHUTOpP ObLI
3aKpBIT JIUCTOM Oymarv, KOTOPBIA IMOYTH HE MPOMYyCKaJl CBET, TEM CaMbIM OBLIU
CMOJICTTUPOBAHBI YCIIOBUS OJIM3KKE K YPOBHIO BUIMMOCTHU CIA00BUISIINX.

B kaudectBe 3amaun Obuta Wcnosib3oBaHa 3amada «FizzBuzzy» [7], B pemenuun
KOTOPOI HaMEpEeHO OBLIM COBEPIICHBI OMIMOKU: ObLT HAPYIIEH CUHTAKCUC YCIOBHOTO
orieparopa v MoMeHs HbI MecTaMu CTpoku «Fizzy» u «Buzzy». Pesynbrarsl TeCTUpOBaHMS
IpeACTaBIeHbI B TA0IHIIE 6.

Tabmuua 6 — Bpemst nmpoxoxxaeHus Tecra

Bpemst IpOXOKICHHS TECTa, C
HUcnbiTyemsrii 1 1575
Ucnbityemprii 2 1357
HcnbITyemblii 3 1487
Cpennee i BCEX UCTIBITYEMBIX 1473

Cpennee BpeMsl, 3aTpay€HHOE Ha YCIIEIIHOE MMPOXO0XKACHUE TeCTa, COCTABHIIO 24
MUHYTBl 33 CEKyH[bl, YTO B YCJOBHSX OTCYTCTBHS OIbITa pabOThl BCIEMYHO Y
TECTUPYEMbIX, MOXHO CYUTATh XOPOIIUM pe3yabTaTOM, YYHUTBHIBas, 4YTO BpeMs
pelieHuss Takoil 3amaud  0e3 TOJIOCOBOTO AaCCUCTEHTa [JIsi IPOTrPaMMUCTOB C

HapymcHHUEM 3pCHUS CTPEMHUTCA K OCCKOHEYHOCTH.
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3.2 UccaenoBanme JNINTEIbLHOCTH MAy3bl MEKIY CI0BAMHU

B pa3paboraHHOM NpPOrpaMMHOM OOECHEUEHUHU peaIn30BaHa BO3MOXKHOCTb
HACTPOMKU CKOPOCTH BOCTIPOM3BEICHUS TEKCTA. BBIMOIHEHO HUCCeI0BaHUE BIUSIHHUE
JUINTEIbHOCTH Tay3bl MEXKAY CJIOBaMHU IMpPU CHUHTE3€ PEUYM HA pPE3yJbTar OTIAaJKU
MIPOrPaMMBI C OIIHOKOM.

B TectupoBaHuu MpUHSAIM y4acTUE CEMb JOOPOBOJIBLIEB - MPOTPAMMHUCTOB C
pa3HbIM ONBITOM B pa3paboTKe Ha s3blke NporpammupoBanust Python. Mm Obuio
NpeIIOKeHO OTBETHTh Ha IMATh BOMPOCOB, MPEACTABIAIOMIMX W3 Ce0S KOPOTKHE
OpOrpaMMbl ¢ CHUHTAaKCMYECKUMHM OMIMOKaMM H(WIKM) HECOONIIOAEHHEM CTaHIapTOB
PEPS.

Kaxapiii BapuaHT ObUT MPOIIEH KaXKIbIM YYACTHHUKOM Ha YETBHIPEX Pa3IUYHbIX
CKOpPOCTAX BOCIIPOM3BEACHHUS, & MUMEHHO: 0€3 May3bl MEX]y CJIOBaMHU (CILIOLIHOM
MOTOK peun), ¢ nay3amu 0,25; 0,5 u 0,75 ¢
3areM ObLI MPOBEJIEH aHAJH3 MOJYYCHHBIX PE3yJbTaTOB TECTUPOBAHUS HECKOIBKIUMHU
croco0amu.

Jlna ananu3a OblT BBEACH KOYPPHUIIMEHT IPOXOKACHUS, KOTOPBINA MPEICTaBISIEeT
co0OIl OTHOILIEHUE OLIEHKU IMPOXOXkIEHUs TecTa B Oamiax or 0 10 8 u BpemeHw,
3aTpadyeHHOro Ha €ro MPOXOXkACHUEe, YMHOKEHHOE Ha Koddduuuent k=100.

B mnepBom ciydae OblTM mocuuTaHbl BCE€ KOAMGUIUEHTHl IS KaXKJIOTO
IPOXOXKACHUSA, a TaKK€ IMOJCUYUTaHbl CpEeAHMM Oaul U BpeMs INPOXOKIACHUS s
KaXXJ0T0 3HAYeHMsI Tay3bl, UCIONb3Ysl UX OBLI MOJCUYUTAH COOTBETCTBYIOIIMHU May3e
cpenauii  kodpdunueHT. Mbl  CTpeMHUMCS  MaKCUMH3UPOBaTh  KOA(PHUIIMEHT
IPOXOXKACHHUS, IOTOMY YTO COOTBETCTBYIOILLAs €My Iay3a OyAeT ONTUMAaIbHON U IpU
HEel nmporpaMMHCT OyZeT COBEpIaTh Majoe KOJIMYECTBO OMMOOK MPH MUHUMAIbHBIX
3aTparax BpeMEHHM. MakcuMaibHbIl KO3(QQUIMEHT INpU TakoM MOAXOoAe Oyder
cooTBeTCcTBOBaTh nayse B 0,5 c. Pe3ynbrarel ananmsa npencrapiensl Tabmumax 7 — 10,

a OCHOBBIBASICh HA HUX OBLIT IPOCTPOEH IpauK 3aBUCUMOCTH (CM. PUCYHOK 3).
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Tabnuia 7 — Pe3yabsrar TecTUpOBaHUS IPU OTCYTCTBUU Tay3

ITaysa 0,00 ¢
HcnbiTtyembiit Ne | basaa | Bpems | Koadgduument
1 2 81,21 2,46
2 1 114,63 0,87
3 0 145,27 0,00
4 3 93,25 3,22
5 1 98,41 1,02
6 0 93,96 0,00
7 3 87,47 3,43
Cpennuii | 102,03 0,98

Tabnuma 8 — Pesynwsrar TectupoBanus npu mays3ax B 0,25 ¢

ITay3a 0,25 ¢
HUcnbiTtyembiit Ne | baja | Bpems | Koagpduument
1 6 158,94 3,78
2 5 158,88 3,15
3 2 159,07 1,26
4 7 157,42 4,45
5 6 157 3,82
6 4 166,38 2,40
7 6 152,01 3,95
Cpennuii 5 158,53 3,15

Tabmuna 9 — Pesynbrat TecTupoBanus npu maysax B 0,50 ¢

ITay3za 0,50 ¢
HNcnbiTtyembiid Ne | baaa | Bpemsi | Koagdgunuenr
1 7 169,41 4,13
2 6 179,86 3,34
3 4 175,11 2,28
4 8 170,05 4,70
5 5 181,02 2,76
6 6 171,51 3,50
7 8 172,56 4,64
Cpennnii 6 174,22 3,44
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Tabmuna 10 — Pe3ynbsraTr TecTHpOBaHus npu nay3ax B 0,75 ¢

ITay3a 0,75 ¢
HNcnbiTtyembiid Ne | baaa | Bpems | Koagdunuenr
1 8 183,84 4,35
2 6 182,68 3,28
3 5 185,56 2,69
4 8 189,19 4,23
5 6 190,27 3,15
6 6 193,44 3,10
7 8 183,81 4,35
Cpennuii 6 186,97 3,21
CpegHue Ko3dPUUMEHTDI
4,00
3,50
3,00
£ 2,50
_g_ 2,00
b
2 1,50
1,00
0,50
0,00
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8

Maysa, c

Pucynox 3 — I'paduk 3aBucuMocTy cpenHero kKod3pGUIMeHTa OT May3bl.

Bropoii cnocob npeacrasnseT u3 ceds OLEHKY pacnpeaeneHus 6amios. [loctpous
auarpaMmy (CM. pUCYHOK 4) M JIMHUM TpeHAa (JIMHEHHBIE alpOKCUMAalUd METOIO0M
HauMEHBIINX KBaapaToB [8]), ynanoch yCTaHOBMTh, YTO HamOojee CTaOWUIbHON
oka3zanach nay3a B 0,5 ¢, moTomMy uTO rpaMueCcKu JaHHasl IpsiMasi UMEeT HauMEHbIINN

YKJIOH U ITIOYTH ITIapaJlJICJIbHAa OCH a6CHI/ICC, 9TO TOBOPHUT O HE3ABUCUMOCTH PC3YyJIbTaTa
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OT OIbITA UCIBITYEMOT0, IPU JaHHOW May3e MCIBITyeMble MPOXOJAT TeCT Haubosee

7
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Pucynok 4 — JIlnarpamma pacnpeneneHus 6aiaoB

[Tony4yeHHsle B pe3ysibTaTe MCCIEAOBaHUS JAaHHBIC MO3BOJISIIOT ONTHUMAJIBHO
HAaCTPOUTh T'OJOCOBOIO ACCUCTEHTA JJis NPOrpPAMMHMCTA C HApyLIEHUWEM 3pEHus, a
MMeHHO Tipu nay3e 0,5 ¢ mporpamMMucT OyzieT coBepliarh Majoe KOJIMYeCTBO OUITMOOK

I[P MUHUMAJIBHBIX 3aTpaTax BpCMCHHU Ha IIPOCITYIINBAHNC CUHTC3UPOBAHHOIO TCKCTA.
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Pe3y.]'leaTI)I H BBIBOAbI

B pabote uccnenoBan npoiecc B3aUMOACHUCTBUS TPOrpaMMHUCTa U KOMITbIOTEPA,
BBISIBJICHBI 0A30BbIE€ OMepaIii, KOTOPbIe HEOOXOAUMO BBITOIHATH IPOTPAMMUCTY IS
HaNMCaHWs W OTIaAKH Koja. M3yueHbl MHCTPYMEHTHI UM MPOTPAMMHBIE MPOMYKTHI,
KOTOPBIE HCHOJB3YIOTCS MPOTpaMMUCTAMH C HapylIEHHEM 3peHus mpu paboTe Ha
KOMITBIOTEPE, BBISIBICHBl MX HEJOCTaTKW U OrPAaHUYCHHUS TMPUMEHEHUS TMpH
nporpaMMmupoBanud. OOOCHOBaHa akKTyaJdbHOCTb CO3JaHUS U CHOPMYIHUPOBAHBI
TpeOOBaHUS K MHTEIUIEKTYyaJIbHOMY TOJIOCOBOMY ACCHUCTEHTY JJISl MPOrPAMMHUCTOB C
HapYILICHUSAMHU 3pEHUSI.

B paGore u3y4eHbl TEXHOJIOTMH M METOABI CO3aHUS TOJOCOBBIX ACCUCTEHTOB,
MpPOBEJIEHO CpaBHEHHE HanOosee MOIMYJSPHBIX MOAYyJeH, 000CHOBAaHO MPHUMEHEHHE
mozenu Silero u moxynst PyTorch s cuntesa peuun, Monyib Vosk amst pacno3HaBaHust
peun, uHTEerpupoBaHa TexHojorus Wake Word Engine mnocpenctBoM Momyss
Picovoice, 175 onTUMU3aLMU IPOIECCOB aHATN3a BXOAAIIETO MOTOKA PeYu

CrpoeKTHpPOBaHO u pa3paboTaHo IpOTrpaMMHOE obecrieueHne
MHTEJUIEKTYaJIbHOTO TOJOCOBOIO AaCCHUCTEHTA Uil MPOrPaMMHCTOB C HapyllIEHHEM
3pEHMUSL.

Anpobanust UHTEIJIEKTYalbHOTO TOJI0COBOT0O ACCUCTEHTA AJIsl IPOTrPAMMUCTOB C
HapyIICHUEM 3pEHUS Ha IPUMEPE C TOMCKOM JIOTHUECKON U CHHTAaKCUYECKOM OITHOKH
Opy OTIaJKe KOAa B CMOACIUPOBAHHBIX YCIOBUAX (ONMM3KHME K BHUIUMOCTH
caboBUASAINMX) TOKa3alla, YTO Ha pelleHHe NaHHOW 3aJaddl y MporpaMMHCTa B
cpenHeM yxoauT 24 MuHyThl. VccrnemoBaHusi BIUSHHUS TAy3bl MEXAY CJIOBaMHU
MO3BOJIMJIO YCTAHOBUTH, 4TO Ipu may3e 0,5 ¢ mporpaMMucCT OyAeT coBepiIaTh Majioe
KOJIMYECTBO OIIMOOK MPH MHHHMMAJbHBIX 3aTparax BpPEMEHH Ha MPOCIyIIUBaHHE
CHUHTE3UPOBAHHOTO TEKCTA.

Pa3Butue npoexra npeAmnonaraeTcs BECTH B CIEAYIONUX HapaBlIeHUIX:

1. Pa3paboraTh yCTaHOBIIMK C TIOJHBIM O3BYYMBAaHHEM IS JIIOACH C

HapyLIECHUEM 3PEHUS.
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2. Peanu3oBaTh BO3MOXKHOCTH pa6OTBI C HCCKOJIBKHUMH (1)aI>’IJIaMI/I Inapajui€JbHO
JIIs1 oOecrneueHus MMOAACPIKKHU pa6OTBI C MPHUIIOKCHUAMHU CO CIIOKHOM

Pa3BETBICHHOU CTPYKTYPOM.
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