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1 BBEJEHUE
1.1 HaumeHoBaHMe nporpamMmMsbI

HavmeHoBaHue tiporpammbl: «JIOKa/lbHBIM cepBep [/ TpUIOXKeHUs ['omocoBasi

KJ/IaBHUaTypa».

HaumeHoBaHMe niporpaMMbl Ha aHIIMHACKOM si3bike: «Local server for the Voice keyboard

application».
HanmeHoBaHMe riporpaMMel /17151 mob3oBaTesist: «Voice Keyboard server».
1.2  Kparkasa xapakTepHCTHKA 00/1aCTH IPpUMeHeHHs MPOrpPaMMbI
[Tporpamma siB/sieTcCsi JIOKa/lbHbIM CEpBEPOM /i/1s1 pusioykeHUs ['onocoBast KiaBuarypa.

JIoKa/IbHbIM cepBep TII03BOJIAET TIPUIIOJKEHWIO HWMHUTHPOBATH HaXaTHUA KJ/IdaBHUII Hd

KJ/laBUaType, NpoC/ylMBaTh MUKPO(OH 1 Paclio3HaBaTh Peuu Mo/b30BaTesisl.

Taxke cepBep mpefocTaB/sieT WHTepdeic [ TPUWIOKEHUs [0 B3aUMOZENCTBUIO

KOMdaHAaMU: ,Z[OG&BJ'IEHI/IG KJ/IdBUIII, I'OJIOCOBBIX KOMaH/, UX U3MEHEHHE U yOd/IEHUE.

HporpaMMa IMMOCTaBJ/IAE€TCA B BHAE HMCIIOJTHAEMBIX (I)aﬁHOB AJId OrepallMOHHBIX CHUCTEM

Windows [24], MacOS [16].

N3m. JIncr Ne fokymMeHTa [Toanuck Hara
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2 HA3HAYEHHWE PA3PABOTKHA

2.1 DyHKIMOHA/IbHOE Ha3HAUeHue

ITporpamma TmipefHa3HaueHa /st  obecrieueHWss OCHOBHOW — (DyHKI[MOHA/TBHOCTH

nipunoykeHus “I'osiocoBas KjaBUaTypa” Ha pas3/IMUHbIX ONepPaljUOHHbBIX CUCTeMaX.

HporpaMMa MMO3BOJIAET UMHUTHUPDOBATL HA>KaTHUA K/IdBUII Ha KJ/laBHAType, MPOC/TYyLIMBATh
MI/IKPO(bOH " pACIiO3HABATH peyH I0JIb30BaTe/Id; XPAHUTH I/IH(I)OpMaL[I/II-O 0 COUeTaHuAX K/IdBHII 1

r0JIOCOBBIX KOMaH/Iax U Mpe/icTaB/isieT UHTepdelic [/ B3aUMO/eHCTBYS C Hel.
2.2 JKCIUIyaTalliOHHOe Ha3HAYeHHe

[Tporpamma fo/DKHA 3KCIUTyaTHPOBATLCS B KAUeCTBe JIOKaJIbHOTO cepBepa Npu
pa3paboTke uHTepdelicHON YacTH rpuiokeHus “I'osiocoBasi KnaBuatypa”. Jpyrue BUfbl

9KCIITyaTal[uM JaHHOW MPOrpaMMbl He pacCMaTpUBAIOTCSI.

N3m. JIncr Ne fokymMeHTa [Toanuck Hara
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3 TEXHUYECKHNE XAPAKTEPUCTUKHN

3.1 ITocTaHoBKa 3aiau /i1 pa3padoTKH MPorpaMmbl

CepBep fo/pKeH 00ecrieunBaTh BO3MOKHOCTD BBITIOJTHEHHS! CIeAYIOMNX (DYHKIHH:
1. XpaHeHHe JaHHbIX NPUJI0XKEeHUs B JIOKa/IbHOM (aiiioBoli crcTeme
2. O6paboTka 3ampoca Ha fAobaB/ieHHe KOMaHZAbI M COUYeTaHHs! K/IaBHII, KOTOpOe

aKTUBUPYeTCsl JaHHOM KOMaH/OM.

3. O6paboTka 3arpoca peJaKTHPOBaHKsT KOMaH I, Ha3HAYeHHbIX COUETAHUIO KJIABHIIL

4. OOpaboTka 3ampoca peJaKTUPOBAHUS COUYETAaHWs KJIABHIN, Ha3HAYeHHOTO
KOMaHiam.

5. O6paboTka 3arpoca yjaieHnsi KOMaH/[bl ¥ HA3HAUeHHOT0 e COueTaHusl K/IaBHIIL.

6. O6paboTka 3arpoca Mo/TyyeHust BCeX COXPaHeHHBIX KOMaH/| ¥ COUeTaHHH K/TaBHIIL.

7. Pacrio3HaBaHWe TPOM3HECEHHOW II0/Ib30BaTe/leM KOMaH/bl, HAuWHAIOIIeNncs C

CreLiasbHOTO K/TF0UeBOr0 C/I0Ba, M aKTUBALIMS COUeTaHHsI K/IaBHILl, Ha3HAUeHHOT'0 3TOM KOMaH/e.
8. [TeuaTh pacrio3HaHHOIO TeKCTa Ha PYCCKOM s3bIKe TI0C/e TIPOU3HeCeHUst
crieliaIbHOM KOMaH/bI “HareuaTaii”.
9. OKCIOPT HaCTPOeK KOMaH/, U coueTaHW K/aaBuil B (aiia B popmaTte JSSON [14].
10.  Wwmrmopt cioBapsi KOMaH/, ¥ COueTaHWl KaBuil u3 Qaita popmara JSON [14],
CO3/]JaHHOTO JIaHHBIM TIPUJIO’KEHUEM.
[MepeuncneHHble TPeOOBAHUS JO/DKHBI ITO/IEP)KUBATh PabOTY C peubto Ha PYCCKOM SI3bIKe.

3.2 Onucanue 1 000CHOBaHHUe aNropuT™Ma (PyHKI{HOHHUPOBAHHSA MPOrPaMMBbI
3.2.1 Onwucanue aaropuT™Ma (pyHKIMOHUPOBAHUSA NPOrPaMMbI

ITpwu 3amycke JIOKaIbHBINA cepBep NMpUHUMaeT oAuH apryMmeHT (platform) — omepaijuoHHas
cucTeMa, Ha KOTOpOM 3amyckaeTcsi cepBep (BO3MOKHble BapHaHThl - windows WM macos).
[TporpaMMa cuMTbIBaeT KOH(UTIYPALIMOHHBIA (haily, B KOTOPOM COZEP>KaTCsi OCHOBHbBIE
rapaMeTphl TIPUWIOXKeHUs, CBs3aHHble C HACTPOMKOW 3axBara ay/uo, KoHurypaiuei mozend

PpacCrio3HaBaHMsA I'0J1I0Ca B TEKCT U ceTeBOU aapec, Ha KOTOpOM 6y,£[€T pa6OTaTb cepBep.

B mporpamme ecTb /jBa OCHOBHBIX IIOTOKAa, paboTy KOTOPBIX KOHTPOJIUPYeT OTZe/bHbIN
ksacc ThreadController. 3TOT K/1acc oCy1eCTB/IseT KOPPEKTHBIN 3aIlyCK NMOTOKOB U UX MSTKYIO

OCTAaHOBKY IIpH IOJIy4YeHHWH CUIrHa/la 3aBepIIeHHrs IIpoLecca.

B nepBoM MOTOKe MPOMCXOAWT OCHOBHOE B3aWMO/IeHiCTBUe C OIepaljuOHHOW CHUCTeMOM
MoJIb30BaTe s, Ha KOTOpPOM 3amylleHa IporpamMma. B3auMopelicTBHe OCHOBHBIX KJIaCcCOB

rporcxouT BHYTpH Knacca VoiceKeyboard. B meToge run() gaHHOro K/iacca MpoUCX0UT 3aXBaT

N3m. JIncr Ne fokymMeHTa [Toanuck Hara
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ay/IMOTOTOKA, ero pacrio3HaBaHUe B TEKCT U BLITIOJTHEHUE PACIIO3HAHHOW KOMaH/Ibl. ADXUTEKTypa

MOCTPOeHa TakK, UTO 3TU TPH JIeHCTBUS [|e/IeTUPYIOTCSl TPEM OT/lebHBIM KJ/IaCCaM.

Knacc VoskRecognizer peanusyer uHTepdeic, OMMCaHHBIA B abOCTPaKTHOM Kjacce
Recognizer. VoskRecognizer penervpyer mpociyiivBaHde MHUKPO()OHa MOJb30BaTeNs K/aaccy

MicrophoneListener.

MicrophoneListener peanu3yet uHTepdeiic abcTpakTHOro Kiacca Listener u 1mo3BosisieT
peakTWBHO Ilepe/iaBaTh ayAMONOTOK MHUKPO(OHA TO/b30BaTe/ss BHYTPU TMPUIOKEHUS TpU

nomoiiy 6udmmoreku PyAudio [19], koTopast ucnonb3yet gpatisep PortAudio [17].

VoskRecognizer uMTaeT 3TOT ayguoOMoOTOK W C romoigsio offline-mogenu s
pacrio3HaBaHusi peud B TeKCT Vosk Russian small [21] mpeobpa3syet ayzanornoTok B ctpoky Python
[21]. Ecyiu aHHasi CTPOKa COZIEP>KUT OZJHO MUK O0Jiee BXOXKZEHHE C/I0Ba- aKTHBALMK “KjiaBa”, TO
roJjiyueHHasi CTpoKa Tmepejaetcss kiaccy PynputKeyboard, koTopbliii peanusyer uHTepdeiic

abcrpakTHoro knacca Keyboard.

Korga sk3emriisip PynputKeyboard 6vin co3maH, 06BekT cumrtan aiii, B KOTOPOM
COZIeP>KUTCSI O0TOOpaKeHHe KJIaBUII KOZOB BHUPTYa/JbHOM K/IaBHMATyphl Ha Ha3BaHUs KJ/IABUIII
¢bu3nueckol KiaBuaTypsl ((aiin crierpduyeH AJ1st KaKI0H oreparjiOHHON CUCETMBI, 3a ero BEIOOp
orBeuaeT rapameTp platform, omucaHHBIN BbIle). Tak >Ke TIpU CO3ZAHUM UMTaeTCsl daitn c

COXPdaHEHHBIMH Ha ,E[élHHbIﬁ MOMEHT I'0JIOCOBBIMH KOMdH/JdMH U COUeTaHHWAMMU KJ/IaBUIII.

Korpa PynputKeyboard monyuaeT CTpOKy C pacrio3HaHHOW peubld T0/b30BaTes,
HaXOJATCH BCe KOMaH/Ibl, PACIIO/I0yKeHHbIe MoC/ie C(JI0Ba aKTUBaLUM “KiiaBa”. [lanee pouCXoAuT
COTIOCTaB/IeHHe Ka)K[OKW KOMaHJbl C CJO0BapeM M3BECTHbIX KOMaHJ W COUeTaHWM KJ/IaBUILI.
CormocToB/ieHe TMPOUCXOAUT TepebOpOM pacro3HaHHOW KOMaHZbl W KaXKA0W KOMaH[bl W3
C/0Bapsi, NpU KOTOPOM K [BYM CTPOKaM IIPUMEHSIeTCS aArOpUTM IIofcyeTa pacCTOSHUS
Jleeniureiina [28]. Eciu cxoAcTBo Mo paccTosiHuio JleBeHinTeHa [28] /it KaXka0i KOMMaH/bI
HIDKe 110pOra, orpe/ie/IeHHOr0 B KOH(PUTypaljMOHHOM (paiisie, HUKaKasi KOMaH/ja He BBITOTHSETCS.
WHaue BbIOMpaeTCs coueTaHWe KJIABHMILI KOMAaH[bl C HAMBBICIIMM CXOJCTBOM C TOYKE 3peHHs
paccrosius JleBeHieiiHa [28]. I1py paBHOM CXOZCTBe A/Ist HECKOIBKUX KOMaH/I, BLIOOp KOMaHZbI

He JeTEepMHWHUPOBAH.

BribpaHHOe coueTaHue K/aBMILI OTOOpakaeTCsi Ha KOZbI BUPTYaJbHOW K/IaBUATYPHl,
MoJIyueHHble TpY COo3JaHuM u3 (aiina. ITU KoAbl MCIob3yoTcs BHyTpu PynputKeyboard B

6ubmoteke Pynput [20] /151 akTHBaIy KIaBUII Ha YCTPOWMCTBE TO/Ib30BaTeJIsl.

N3m. JIncr Ne fokymMeHTa [Toanuck Hara

RU.17701729.02.02-01 81 01-1

MuB. Ne mopyi. ITopn. u gata | B3am. MTHB. Ne MuB. No ny6i1. ITopamn. u nata




8
RU.17701729.02.02-01 81 01-1

Bo BTOpoM mnotoke 3anyckaetcsi gRPC [26] cepBep, KOTOPBIM MPOC/IyIIIMBaEeT 3alpoChl K
yKa3aHHOMY B KOH(UrypalrvoHHOM (alisie MOpTy OT MpUIOXKeHUs-K/IrMeHTa. Kax/blil 3ampoc K

cepBepy 00pabaThIBaeTCsi B OT/IE/IbHOM TTOTOKe.

CepBep wucrionb3yeT aBa cepBuca. [lepBblii mo3oBansieT A00aB/ATh, yAansITh U UATATh
KOMaH/Ibl ¥ COUeTaHWsl K/aBWIll, MMIIOPTMPOBaTh W 3KCIOPTHMPOBaTh (aiil ¢ KOMaHAaMu U

COUeTaHUsIMU K/IaBuIll. ITOT (PYHKLIMOHA NpejjocTaBreH Kiaaccom CommandsService.

Bropoii knacc cepsuca — AppControlService. OH mnpejocTaB/sieT HernocpeiCTBEHHO
yrpaBJ/ieHHe JaHHOW NPOrpamMMoN Y M03B0OJIsieT BK/IIOUATh M BBIK/IHOYATh pacrio3HaBaHUe KOMaH[

I10J/Ib30BaTe/Id IIPUI0KeHHEeM.

[TporpamMMma mipu 3amycke udTaeT ¢aiii, pacrooKeHHbIM B CrieldasbHON Manke (mamnka
CO3J@aeTCs, eC/Id ee HeT), pacrojioKeHWe KOTOPOM 3aBUCUT OT OIepaljuOHHOM CHUCTeMbl
ro/ib3oBaTesl. JJaHHbIHA (aii XxpaHUT 0ToOpaXkeHHe CIIMCKa KOMaH/] 110J1b30BaTesisi Ha COUeTaHUs

KJIaBUIII. DTO HEO6XO,E[I/IMO AJis1 COXpaHEHHUA COCTOSAHUSA TIPUJIOXKEHMS ITPU BBIXO/I€ 13 HET'O.

Jlroboii HEKOppeKTHbIM BBOJ, Tio/yueHHbI mpu Bbi3oBe gRPC [26] wmeroza
oOpabaTbIBaeTcsi Ha CTOpOHe cepBepa. B 3TOM cilyuae K/IMEHT TOJy4aeT B OTBETe OLIMOKY C
JleTa/lbHOM UH(oOpManerd 0 Hel. AHaJOrMYHO CepBep WUH(OPMHUPYET O HEBO3MOYKHOCTU

COBepILIeHUs TOW UM UHOU OTIepLvH.
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3.2.2 O0ocHoBaHHe BbIOOpPA a/IrOPUTMOB

AJITOpUTM Mepefiauu MOTOKA JaHHBIX Y yIIPaBJAeHUs] BHYTPU NPOrpaMMbl peaii30BaH C
WCro/ib30BaHMeM wufel u3 kauru “Uucras apxutektypa” [27] P. MaptunHa. Kraccel
VoskRecognizer, MicrophoneListener, PynputKeyboard peanu3ytoT vHTepdelic, on1caHHbIA B
COOTBETCTBYHIOL[MX abCTPAKTHBIX KaccaxX. OTO HY>KHO [I7Isl TOT0, UTOOBI B K/laccaxX UCTIOMb30BaTh

MIPUHLMI UHBEPCUY 3aBUCUMOCTel BHYTpU Kiacca VoiceKeyboard.

Takol anroputm rnepefauyu MOTOKa JaHHBIX U yNPaB/IeHUs YaCTU MPOrPaMMbl SIBJISIFOTCS
C/1a00CBsI3aHHBIMU U JIETKO3aMeHsIeMbIMM (K/IaCChl pacrio3HaBaHUs peud B TEKCT, BUPTya/lbHOM
K/IaBUaTypbl W TMPOC/AYLIKU ayAguo JIeTKO TOAMEHWTb Ha Jpyrve peanu3aliud B Cjlydae

He00X0IUMOCTH).

B npuno)xeHUH UCIO/B3yeTCst paclio3HaBaHKe Peur C TIOMOIIIBIO a/ITOPUTMOB OMOIMOTeKN
Vosk [22], Tak Kak OHa He TpeOyeT MOJK/IIOUEHHS] K WHTEPHETy, a TakKe MpPeAOCTaBIseT
HECKOJIbKO Mogesiel pasHOM CI0KHOCTH. [I/1s1 rpuoykeHust Obla BbiOpaHa MasieHbKasi BepCust
MO/JieJI JiIsl TOT0, UTOOBbI pacrio3HaBaHUe ObLIO KaK MOXKHO ObICTpee, a pa3Mep MpOrpaMMbl Kak

MO>XHO MeHbIlIe, UTO ITOBBIIIIdeT YAO6CTBO I10/Ib30BaHUA HpOFpaMMOfI.

Jnst ppasbl mosb30BaTesist C KOMaHAAMU U3 CJIOBapsl MCTI0/Ib30BaH aJirOPUTM BBIUKCIEHUS
CXO/ICTBA CTPOK Ha OCHOBe paccTosius JleBeHreiiHa [28]. Asroput™m BbibpaH Kak Haubosee
MOIXOASILIUM a/ITOPUTM /Il HaXOXKJeHUsI KOMaH/Ibl, Haubosiee TIOX0KeM Ha pacrio3HaHHYIO U3
peuu T0JIb30BaTe/sl, TaK KaKk BO3MOXXKHBI OIIMOOK Ha 3Tarie pacro3HaBaHUS Peud B TEKCT U
BO3MOJKHBIX OTOBOPOK B peuH mojb3oBaresisd. OmMOKH TakKoro pojia HaubOo/bLIIUM 00pa3oM Ha

OI_LII/I6KI/I, BbISABJ/IAEMBIE TTIOACUHETOM peJaKIJHOHHOI'O PACCTOAHUA MEXY CTPOKdAMMU.

[Tomumo sTOrO, anroputMm mojcyera pacctosiHUs JleBeHiurteliHa [28] Mexay AByMs
CTPOKaMH{ HMeeT XOPOLLUYH) BpPEMEHHYH0 CJO0XKHOCTb W CJIO)KHOCTh M0 MamsATU. B jpaHHOU
mporpamMme Hucmonb3yercsi 6ubsmmoteka Levenshtein [15], peanu3oBanHas Ha si3bike C, 4TO
M03BOJISIET JJAHHOMY a/lrOpuTMy paboTaTh ObICTpee, He)Keslu Jpyrue BO3MOXKHbIE pean3aliiu

anropyuTMoB Ha s3bike Python [21].
3.3  Onwucanue ¥ 000CHOBaHHE MeTO/A OPraHU3aLMH BXO/JHbIX U BIXOJHBIX JAHHBIX.
3.3.1 OnucaHue opraHv3anuy BXOAHBIX U BbIXO/JHbIX JAHHBIX

Bxo/iHble JaHHbBIe [Jis TIPUIOXKEeHHsI TIPe/ICTaB/ISIOT COOOI:

1) AyavonoTok, 3axBaTbiBaeMblii MUKPO(GOHOM M0/Ib30BaTes.

2) aiinel hopmaroB JSON [14], YAML [25].
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3) CTpoKOBbIM apaMeTp, yKa3biBaeMbli MPH 3aImyCKe MPUI0’KEeHMUSI.

4) Cepuanu3oBaHHble B OMHApHBIM Gopmar mpu romoinu Mexanusma Protocol Buffers
[18] cTpyKTyprpOBaHHbBIe COOOIIeHus], TIepe/iaBaeMble B COOTBETCTBUH C KOHL|ETILIHEH

gRPC [26].
BbIxo/iHbBIE aHHBIE MTPeICTaB/ISAIOT COOO:

1) OMynaupoBaHHble C TIOMOLIbIO BUPTYaJbHOM K/IaBUATypbl Ha)kaTUsl KJaBUII

K/IaBUATyPHI.
2) ®aiinel popmara JSON [14].

3) Cepuanu3oBaHHble B OMHApHBIA (Gopmat mpu oMol MexaHu3ma Protocol Buffers
[18] cTpyKTyprpOBaHHbIe COODIIEHUS, TIepe/ilaBaeMble B COOTBETCTBUU C KOHI[ETLIHEH

gRPC [26].
3.3.2 (O6ocHoBaHHe BbIOOPA MeTO/ia OpPraHU3aMi BXO/JHBIX U BBIXOJHBIX JAHHBIX

OnucaHHble  MeTOAbI  TO3BOJISIIOT — IMpejoCcTaBUTh  3(hdeKkTHBHOe U yA0OHOe

B3aMMO/IeHiCTBHE MEX/y KJTHEHTOM U cepBepoM Omaroapsi TexHonoruu gRPC [26].

datiner popmara JSON [14] ro3BomstOT yJ00HO XPaHUTL COCTOSTHHE TIPUTIOXKEHHUS, (haiis
¢dopmata YAML [25] wucnonb3yercs B KauyeCcTBe KOH(PUIypalMOHHOTO, UTO SIB/SIETCS

IMMONnyJIipHbIM, y,[[OGHbIM N Ha[le>KHBIM pellIeHHreM.

CTpOKOBBIN TiapaMeTp TIpH 3allyCKe TIPWIOKEHHWs HeoOxoaum [ obecrieueHust

Ha/IeXKHOCTH BbIOOpA OTepal[iOHHONM CUCTEMBI, Ha KOTOPOM MCITO/Ib3YeTCs ITPOrpaMma.

3axBar dyZIMOITI0OTOKA U SMYJIALIUA Ha)KaTHUM K/IaBUII SIBJISIIOTCS YaCTHIO d)YHKL[I/IOHaJIBHbIX

TpeGoBaHUi1 K CUCTEMe.
3.4 Onucanue ¥ 000CHOBaHHE BHIOOPA TeXHHUECKHX M MPOrPAMMHBIX CPe/ACTB
3.4.1 CocraB TexXHUYeCKHX U NIPOrPaMMHBIX CPeACTB

55t paboTBI MPUIOKEHUSI HEOOXOAUMO YCTPOKCTBO C OTlepalMoHHOMN cuctemoit Windows
[24] 10 u BeI1e wiu MacOS [16] 13.0 u BbIllle, XapaKTePUCTHKHA KOTOPOTO TO3BOJISIOT paboTaTh

1 I10JIb30BAThCA BCeMU OCHOBHBIMH (byHKL[I/IHMH [AaHHOI'O MPHUJ/IOXKEHUS.

[na HamexxHOUM U OecriepeOoiiHON pabOThI TIPOrpaMMbI TPeOYeTCs CeyHOIUi COCTaB
TeXHUUECKUX CPe/ICTB:

1. OmnepartuBHas MaMsATh He MeHbiie 2 I'6.
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2. CBobosHOe MecTo Ha BCTPOEHHOH maMsTH He MeHbIe 1 I'6.
3. MukpodoH
[nsi KOppeKTHOM paboThl MPHUIOXKEHUS] Ha MePCOHAbHOM KOMITBIOTEpe TI0JIb30BaTesist

JIOJDKHO OBITH ycTaHOB/IEeHO: makeT PortAudio [17].

Takxe [JO/DKHBI OBITH YCTaHOBJIEHBI [paiiBepbl /s paboThl € MHUKPOPOHOM U

KJ/IaBUaTypOU.
3.4.2 (O06ocHOBaHHe BbIOOpPA TEXHUYECKUX U MPOrPaMMHBIX CPeACTB

BblmmieoncanHbie  yCioBUS  00yCoB/ieHbI  (DYHKLMOHA/JBHOCTBIO — MPOTPAaMMHOIO
JIOTIOJITHEHUS], TIPUMEepHbIM pa3MepoM MCIOJHSeMbIX (ailyioB, a TakKe MWHUMaJbHbIMU

CHUCTeMHBbIMH TPE6OBaHI/I$IMI/I LieJIEBBIX OTI€PALIMOHHBIX CUCTEM.

Hanmnuue gpaiiBepoB 11 paboThl ¢ MUKPOGOHOM U K/IaBUAaTypol HEOOXOAMMO [ist
obecrieyeHMst 3axBaTa ayJHMONOTOKA C TMOMOILBI0 MHUKPO(OHA IMOIb30BaTe/si U SMY/IMPOBaHUs

Ha>XaTHs K/1dBUII K/IaBUATYypPbl COOTBETCTBEHHO.
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4 OXHNIAAEMBIE TEXHUKO-3KOHOMMNYECKUE ITOKA3ATEJIN
4.1 TIlpepamosiaraemMasi HOTPeOHOCTh

[MporpamMma mpejHa3HaueHa /sl 9KCITyaTalldd B KauecTBe JIOKaJbHOTO cepBepa Ipu

pa3paboTke uHTepdelicHON YacTH NpuioKeHus “I"oiocoBasi KiiaBuatypa”.

Hpe;[HOHaFBEMLIﬁ KOHEUHBIM I10/Ib30BaTe/lb — pa3pa60TqHK1/1 MpU/I0XKeHUA  OJid

HaCTO/IbHOTO KoMTibioTepa “T"osocoBast KjiaBuatypa”.
4.2  OpueHTHPOBOYHAasi YKOHOMHUYecKast 3PPeKTUBHOCTH

B pamMkax JaHHOro NMporpaMMHOIO MPOeKTa pacueT 3KOHOMUYeCKOi 3¢ (eKTUBHOCTH He

TIpelyCMOTPEH.
4.3 TexHHUYeCcKHe MPeHMYIIeCTBA [0 CPABHEHHIO C AaHA/IOTaMH

[TporpamMma 1mpefHa3HaueHa WCK/IIOUWATEBHO /I HWCIIOJIb30BaHUS B  IPWIOXKEHUU
“T'onocoBast knaBuarypa”. VHbIX 00pa3l{oB WM aHA/IOTOB C HEOOXOAWMBIM /s JAaHHOTO

TIPUIOXKeHUsT GYHKI[MOHA/IOM BBISIBJIEHO He OBbLIIO.
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IMTPU/TOXXEHUME 1 TEPMUHOJIOI'A

[Mepconanbubiii  komnbtoTep ([IK) — opHomosb30Batenbckasi OBM, umetoljas
9KCIUTyaTal[MOHHbIE XapaKTePUCTUKU OBITOBOTO TIpUOOpa M yHUBepCasbHble (DYHKIIMOHA/TbHBIE
BO3MO>XHOCTH.

CoueTaHue K/IaBUIIl — Pa3HOBUJHOCTb UHTepdetica B3auMO/IeHCTBUS C BBIUMC/IATETbHBIM
yCTPOMCTBOM, TIpe/CTaB/isoiias coboi Ha)kaThe KHOIIKW/K/IABUILM Ha K/aBUAType, KOTOPOMY
Ha3HaueHO HeKOoe /IeliCTBHe - KOMaH/bl, UCTIO/THsIeEMble JAHHOM CUCTEMOM.

Vimnopt — no6aBreHue aHHbBIX, BCTaBKA JaHHbIX M3 BHEIIHUX UCTOYHHKOB B TEKYIIUN
(aitn/nokymeHT/6a3y JaHHBIX.

OKCMOpPT — COoXpaHeHHe JOKyMeHTa MPorpaMMbl He B POJJHOM Ji/Ist IPOrpaMMbl hopmare
¢aiina, a B popmare Apyroi NporpaMMal.

Msrkast oCTaHOBKa — OCTaHOBKa, ITIpU KOTOpOﬁ 3aBepIleHne pa6OTbI MPpOUCXOOUT TOJIBKO
rnocjie TOro, Kak BCe OXUAdRoIIWe TIIpoLeCChl 3dBepIIeHbI (HOBbIe rnponeccel He OOJIXHBI
3dllyCKaTbCd KW HOBbLIE€ 3alIpOChbl He [OOJ/DKHBI HpI/IHI/IMaTLCH) N BCe OXHZaroiue I1poLecChbl
3aBepIIeHbI. Tak ke Bce OTKPLIThIE TTOAK/IFOUEHUS JOJDKHBI OBITh 3dKPBITHI.

Mogenb pacrio3HaBaHHsl peud (rosoca) B TEKCT — aJrOPUTM Ha OCHOBE MAallIMHHOIO
o0yueHwsI, CIOCOOHBIN U3 ay/AIMOTOTOKA PEUH I0J/TyuaTh TEKCT TOTO, YTO B HEM TOBOPHUTCHL.
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ITPU/IOXXEHMUE 2 OIIMCAHUE 1 ®YHKIIMOHAJ/IbHOE HASHAYEHUE K/TACCOB

B JAdHHOM TIpHU/IO>KE€HHH OIMMCaHbl TOJIBKO Te€ K/IdCChl U CI)YHKLII/II/I, KOTOPpbI€ He ABJIAIOTCA
peamu3alisiMr CTOPOHHHX OUO/IMOTEK U He SBJIAIOTCA CreHepyupoOBaHHBIMHM CTODPOHHHMMU

OUOIMOTeKaMMU.

Tabauya 1. OnucaHue u pyHKYUOHA/NbHOe Ha3HAUYeHuUe KAaccos U omoe/abHbIX PyHKYULI.

Ha3Banue Tun Ha3nauenue

ThreadController Knacc 3anycKk U Msirkasi OCTaHOBKa
JBYX OCHOBHBIX IIOTOKOB
TIPU/IOXKEHHUST 3@ BBITIOJTHEHHE
(GYHKLMOHATBHBIX

TpebOBaHUK TI0 SMYJISINH
aKTUBaLUi coueTaHui
KJIaBUILI o r0JIOCOBOU

KOMaHzie

VoiceKeyboard Knacc OcHoBHOM KJ1acc
TIPUJIO’KEHUsI,  OTBEYArOIIUi
3a

Recognizer AGCTpakTHBIN Kacc OrnuceiBaeT uHTepdelic aas

pacrio3HaBaHUsi  peud U
00paboTKu KOMaH[

VoskRecognizer Knacc Peanusyer nHTepdeiic
Recognizer. Vcnionb3yer s
pacrio3HaBaHUsl ay/JUOTIOTOKA
B TeKCT Oubimoreky Vosk

[22]

Listener AOGCTpakKTHBIHN Kacc OrnuceiBaeT uHTepdelic as
3axBara BHEIITHEer o
ayIMOT0TOKa

MicrophoneListener Knacc Peanusyer uHTepdeiic

Recognizer. Vcnionb3yet ns
MpPOC/yIIMBaHUsI MUKPO(OHa
roJsib3oBarenss  OUOIMOTEKY
PyAudio [19]

Keyboard AGCTpakTHBIH K/1acc OnuceiBaeT uHTepdelic A
SMYJISLIAN Ha)KaTHusi
coueTaHusi  KJaBUII  Ha
K/IaBUaType U
B3aUMOJIENCTBUIO C (haisioM
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COXpaHeHHbIX  KOMaHJ, |
COUeTaHUU KJIaBUIII

PynputKeyboard

Knacc

Peanusyer nHTepodeiic
Keyboard. Wcnosnb3yer gjis
IMYJISIMMA Ha)XKaTHUsS K/IaBHUIII
BUDPTYa/JlbHOW  K/IaBUATyPOM
6ubmoTeky Pynput

AudioConfig

Kiacc

CTpykTypa [ji1 XpaHeHUs
KoHbuUrypaiuu Jjis Kracca
MicrophoneListener

Server

AGcTpakTHBIN K/acc

OnuckiBaeT uHTepdeiic
cepsepa

GrpcServer

Kinacc

Peanu3syet untep@eiic Server.
B  kauectBe  MPOTOKOJIA
B3aMMOJIEMCTBUSI CepBepa U
K/MeHTa ucrnoJsib3yercss gRPC
[26].

AppControlService

Knacc

Peamuzyet gRPC [26] cepBuc
JUIST yTpaB/eHus
TIPU/IOXKEHHUEM

CommandsService

Kiacc

Peanusyer gRPC [26] cepBuc
B3aMMO/IEMCTBUSL K/IMEHTa C
COXpaHeHHbIMHM KOMaHaMHt U
COUeTaHUSIMU KJIaBUILI

InvalidCommandError

Knacc

Oumbka TIpU  TIOTyYeHUU
HEKOPPeKTHOM KOMaH/|bl

InvalidHotkeyError

Kinacc

Owunbka TIpU  TOTyUYeHUH
HEKOPPEKTHOTO  COYeTaHUs
KJIaBHIILI
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TMMPWIOXXEHUE 3
OIIMCAHUE U ®YHKIIMOHAJIbHOE HABHAUEHME ITOJIEM, METO/IOB 1
CBOJVICTB

B paHHOM MpHIOKeHUU OMMCaHbI TOJILKO Te KIacChl M (PYHKLMH, KOTOPbIe He SIBJISIIOTCS
peanu3alUssMd CTOPOHHUX OWO/MMOTEK U He SBJSIOTCS CreHepUPOBAaHHBIMHU CTOPOHHUMU

Oub/IMOoTeKaMU.

Tabauya 2. OnucaHue u ¢yHKYuOHA/bHOe HA3HAUeHUe nosjell, Memooo8 U ceolicme Kiaccd

ThreadController.

HaumenoBaHue Tun Ha3znauenune

__app ITone OK3eMIuIsp Kaacca, 0OTBETCTBEHHOTO 3a
BBIMO/IHEHUE (DYHKIJMOHA/ILHBIX TPeOOBaHU TI0
BBITNO/THeHUIO HaXKaTUI coueTaHMH K/IaBHIII 110
r0JIOCOBOM KOMaH/Ie

__server ITone OK3eMIUISp KJlacca, Y 0BIeTBOPSIOLLero
uHTepdeiicy abcTpakTHOTrO Kacca Server

__active_threads ITosne CIIMCOK aKTUBHBIX ITOTOKOB

_ mu ITone MBIOTeKC J/151 UCK/TFOUeHHsI COCTOSTHUSI TOHKU TIPU
3arycKe ¥ OCTaHOBKH MTOTOKOB

__stop_poll_time ITone YacToTa poBepKU, CTOUT JIA OCTaHAB/IMBATh
TIPU/IO)KeHHe

__exit Tlone CoObITHE 0CTaHOBKH MPHUIOXKEHHS

stop_all Meton OcTaHaB/IMBaeT aKTUBHbIE [TIOTOKU

bind_stop_signals Meton [TpuBsI3bIBaeT METO/I, UCIIO/THSIEMbIN TTpH
T0JyYeHWY CUTHAaJsa 3aBeplleHus IPUI0KeHUsT

wait_everything_for_finish Merto Peanu3yeT MsIrkoe 3aBeplilieHHe aKTUBHBIX
II0OTOKOB

Tabnuya 3. Onucavue u ¢yHKYUOHA/NbHOE HA3HAYeHue nojell, Memooo8 U C8OUCME Kaacca

Recognizer.
HaumenoBaHue Tun Ha3nauenue
recognize Mertog, Pacnio3Haet peus 13 ayUONIOTOKA U
BO3BpalllaeT pacro3HaHHbIN TEKCT
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Tabauya 4. OnucaHue u ¢pyHKYUuOHAAbHOE HA3HAYeHue nosjeli, Memooog U ceolicme Kaacca

VoskRecognizer.

HaumeHoBaHue Tun Ha3nauenue

recognize Mertop, Pacnio3Haet peub 13 ayiMONIOTOKA U
BO3BpalllaeT PaClo3HaHHbIA TEKCT

__audio_cfg Meton | KoHbwurypauus i/t HACTPOUKKU OUOTHOTEKH
Vosk [23]

__recognizer MeToz Oxk3emruisip Kinacca Recognizer 6ubmioTeku
Vosk [23]

Tabauya 5. Onucavue u ¢yHKYUOHA/NbHOE HA3HAYeHue nojell, Memooo8 U C8OUCME Kiacca

Listener.
HaumeHoBaHue Tun Ha3znauenmue
listen Metop, Hauwnnaet 3axBaT ayiMONIOTOKa
stop Mertof, OcraHaB/MBaeT 3axBaT ayAUOIOTOKA
read MeTon [TpemocTaB/isieT TOTOK A1 UTeHUs OalT u3
ayZMonoToKa

Tabauya 6. OnucaHue u ¢yHKYuOHA/bHOe HA3HAUYeHUe nosjell, Memooo8 U ceolicme Kaacca

MicrophoneListener.

HaumeHoBaHue Tun Hasznauenue

listen Mertof HauwnHaet 3axBaT ayAMONOTOKA

stop Metop OcraHaB/vBaeT 3axBaT ayUOINOTOKA

read Metop, [TpenocTaBsisieT BHEITHUM MTOTPeOUTE/ISIM MIOTOK OalT
W3 ayJMOMNOTOKA [I/Is1 YTEeHUsI U3 Hero

__audio ITone OOmBeKT 3axBara ayJuornoToka 6nbmmoteku PyAudio
[19]

__audio_cfg Kondwuryparus ans HacTpoiiku 6ubnvoreku PyAudio
[19]

___stream Ilone [ToTok 6aliT U3 ayAMOIIOTOKA
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Tabauya 7. OnucaHue u ¢yHKYUuOHAAbHOE HA3HAYeHue nosjeli, Memooog u ceolicme Kaacca

Keyboard.
HaumeHoBaHMe Tun Ha3nauenue
handle_commands Metop BrbInosiHsIeT SMyISLMI0 Ha)KaTHsl KIaBUIL KJ1aBUATYPhI
update Metoz O6HoBsIeT MH(MOPMaLI0 00 0TOOpa’KeHNM KOMaH/| Ha

coueTaHus K/aBuill U3 (aiina

Tabauya 8. Onucanue u ¢yHKYUOHANBHOE HA3HAYeHue nojell, Memooo8 U C8OUCME Kaacca

PynputKeyboard.

HaumenoBaHnue Tun Ha3nauenue

handle_commands Metoy, | BbinosiHsieT SMy/ISILIUI0 Ha)KaTUs
COUeTaHWM KJ/IaBUIIl K/IaBUATYPbl

update Metog | O6HOB/sIeT UHGOPMaIHIO 00
oTtobpa’keHUM KOMaH/| Ha COYeTaHusI
KJIaBMII U3 ¢aiina

__keyboard [Mone OK3eMIISIp KOHTPOJIIepa BUPTYaabHOM
KJ/IaBUATyPhI

__commands [Tone OTtobpa)keHre KOMaH/i Ha COUeTaHUs
KJIaBUILI

__similarity_threshold [Tone [Topor cxoacTBa CTPOK NpU KOTOPOM
KOMaH/la He UTHOPUPYeTCs

__commands_path [Tone [TyTh K ailny c oToOpakeHHEM
KOMaH/] Ha COUeTaHHs K/TaBUII

__mu [Tone MpbIOoTeKC A1 u30eraHusi COCTOSTHUS
TOHKM TIPU B3aUMO/IeHiCTBUH C
oToOpa’keHreM KOMaH/| Ha COUeTaHusI
KJIaBUIIT

vk _codes ITomne OTtobparkeHre Ha3BaHHsI K/IaBUIIIHM Ha ee
KOJl B BUPTya/IbHOM K/IaBUaType

save_commands_file Meton | CoxpaHsieT Tekyiliee 0TOOpaykeHHe
KOMaH/| Ha COueTaHus K/IaBUIIl B (haiis

__read_commands_file Meton | O6GHOBIIsIET TeKylljee 0TOOpa)keHHe
KOMaH/| Ha COUeTaHHsI K/IaBUIII B
COOTBETCTBHUH C JaHHBIMU U3 (aiina

__handle_command MeTto/, | BbInosiHsIeT SMY/ISLMIO HAXKaTHs
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COYeTaHUs! KJIaBUII KJIaBUATYPbI

__is_type_command Metop, [IpoBepsieT, gB/sI€TCS JIU KOMaHa
“HareuyaTaii"

__handle_type_command MeTtof, BoinosiHsieT KoMaHy “Hareyartai”

__compare_commands_by_levenshtein | Metos | CpaBHMBaeT CTPOKH C HCII0/Ib30BaHHEM
paccrosinusi JlepeHilTeiiHa [28]

__check_keys MeTtof, [TpoBepsieT Mo/ ep>KUBAOTCS /T
KJ/IaBUIIM BUPTYa/IbHOM K1aBUAaTypOi

Tabauya 9. Onucanue u ¢yHKYUOHANBHOE HA3HAYeHue nojell, Memooo8 U C8OUCME Kaacca

AudioConfig.
HaumenoBaHnue Tun Ha3nauenue
chunk_size [Mone Pa3mep (B 6aliTax) uacTy ayMOIIOTOKA, OTIIPAB/IIEMOM
B MeTo/le read 3a o/iuH pa3
sample_format [Tone dopmar ayauorioToka s PyAudio [19]
channels [Mone KonuuecTBo KaHa/loB B 3aXBaTbiIBa€MOM ayZAHUOIOTOKe
frequency [Tone YacroTa JUCKpeTU3al[uK ayANOIIOTOKa

Tabauya 10. OnucaHue u (yHKYUOHA/NbHOE HA3HAueHue nosjell, Memodo8 U ceolicme Kaacca

Server.
HaunmMeHoBaHue Tun Ha3nauenue
serve Metop, Haunnaet paboTy cepBepa
stop Mertog OcraHaBnuBaeT paboTy cepBepa

Tabauya 11. OnucaHue u (yHKYUOHA/NIbHOE HA3HAueHue nosjell, Memodo8 U ceolicme Kaacca

MicrophonelListener.

HaumeHnoBaHue Tun Ha3nauenue

serve Merto HauuHaet paboty cepBepa

stop Metop, OcraHaBnvBaeT paboTy cepBepa

__address Merto Appec, Ha KoTOpoM paboTaeT cepBep
N3m. Jluct Ne fokymMeHTa [Toanuck Hara
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__server Meton

Ik3emruisip gRPC [26] cepBepa

server

CBOIICTBO

Bo3ss

paitiaet 3k3emMruisip gRPC [26] cepBepa

Tabnuya 12. OnucaHue u ¢yHKYUOHAIbHOE HA3HA4eHue nojeli, Memodos U ceolicme Kiaacca

AppControlService.
HaumeHoBaHue Tun Ha3nauenue
ChangeMicrophoneStatus Merto YmipaBnsieT jiaroM, akTUBHO JId celiuac
pacrio3HaBaHue ayJMOI0TOKa Y BITIOJIHEHHe
SMYJISLUU Ha)KaTUsl K/1aBUIL
__recognizer ITone OK3eMILIAp K/acca, Y0BIeTBOPSOLero
uHTepdeticy abcTpakTHOTO Kiacca Recognizer

Tabnuya 13. OnucaHue u ¢yHKYUOHAbHOE HA3HAYeHUe nojeli, Memodos U ceolicme Kiaacca

CommandsService.

HaumenoBaHue Tun Ha3nauenue

__commands_path [Mone [TyTs mo daiisa c oToOpaykeHHeM KOMaH/], Ha
COueTaHUs! KJIaBUIII

__keyboard [Tone OK3eMIIsIp K/acca, y/10BIeTBOPSIOIIEro
uHTepdeiicy abcrpakTHoro kinacca Keyboard

__supported_vk_keys [Tone MHO0XXeCTBO MOJep>KUBaeMbIX K/IaBUIL
BUPTYaIbHOU K/IaBUATYPhI

__allowed_command_symbols IToste MHO0XXeCTBO MO/ /iep>KUBaeMbIX CHMBOJIOB, U3
KOTODBIX MOJKET COCTOSITb KOMaH/ja

___write_commands_file MeTto[, 3arniceiBaeT (aiisi ¢ oToOpaykeHneM KOMaH/|
Ha COYeTaHUs KJIaBUIII

__check_command_and_hotkey MeTon [TpoBepsiT KOMaH/ly U COUeTaHue KIaBHIl Ha
KOPPEeKTHOCTb

__check_type_command Metop [TpoBepsieT moxo>ka Jiu KOMaH/ja Ha KOMaHJy
“Harieyarait”

__check_command _is_correct MeTon [TpoBepsieT KOMaH/ly Ha KODPEKTHOCTb

__check_keys_supported Metop, [TpoBepsT UTO Ha3BaHMs K/IaBUIL KOPPEKTHbI

AddCommand Meto [obaBsisieT KOMaH/ly U COUeTaHUe K/IaBUIII B
oToOpa)keHHe KOMaH/l Ha COUeTaHWS K/TaBHIII
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DeleteCommand MeTto Ypanser KoMaH/ly U coueTaHre K/IaBHII K3
oToOpakeHUst KOMaH/| Ha COUeTaHHs K/TaBUIIT

GetCommands Metop Bo3BparijaetT oTrobpaxeHre KOMaH/, Ha
COYeTaHUs KJIaBUIL

ImportCommands Metop, [TosyyaeT ¥ MpUMeHsIeT OTOOpakeHHe
KOMaH/I Ha coueTaHusl KiaBuIll u3 (aiiia

ExportCommands Mertof, CoxpaHsieT oToOpakeHe KOMaH/I, Ha
COueTaHUs K/IaBULL B (aii

Tabauya 14. OnucaHue u ¢pyHKYUOHAAbHOE HA3HA4yeHue nosjeli, Memoodo8 U cgolicme Kiacca

InvalidCommandError.

HaunmMmeHnoBanue

Tun

Ha3nauenue

message

Ilone

CoobiieHue 06 omibke KoMaH/bI

Tabauya 15. Onucavue u ¢pyHKYuOHAaAbHOE HA3HA4YeHue nojeli, Memodo8 U cgolicme Kiacca

InvalidHotkeyError.
HaumeHoBaHue Tun Ha3nauenue
message [Tose Coo01jeHne 06 ommbke coueTaHUs! KJIaBUIIT

Tabauya 16. OnucaHue u yHKYUOHA/NIbHOE HA3HAueHue nosjell, Memodo8 U ceolicme Kaaccd

VoiceKeyboard.

HaumeHoBaHue Tun Ha3nauenue

run Mertop, HauuHaet pacriozHaBaHue ayHUOIOTOKA U
BBITOJIHEHUE SMYJISLUNA Ha)KaTUs K/1aBUILI

stop Mertoz OcraHaB/iMBaeT pacrio3HaBaHUe
ayZIMOTI0TOKA Y BbITOJIHEHUE SMYJISILUA
Ha)KaTUsl KJ1aBUIL

mute Mertop, [IprocTaHaBIMBaeT BBIIO/JIHEHYE SMYJIALIMU
Ha)KaTus KJ/IaBUIL

unmute Mertop, B0300HOB/ISIET BLITIOTHEHUE IMYJISIIUM
Ha)KaTUsl KJ1aBULL

__recognizer ITone OK3eMIUISp KJlacca, Y0B/IeTBOPSOLLero
uHTepdeicy abcTpakTHOTO Kacca
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Recognizer

__listener

TTone

OK3eMIUIp K/1acca, yA0B/IeTBOPSIOLIero
uHTep(eticy abcrpakTHOro Kinacca Listener

__keyboard

Tlomne

OK3eMIUISIp K/acca, y/I0BIeTBOPSIOIIero
uHTepdeiicy abcrpaktHoro kKimacca Keyboard

__in_work

TTone

®gar, paboTaeT /iu ceiiuac pacrio3HaBaHUe
ay/JJMOTIOTOKA U BBITTOJIHEHUE SMYJISILIUN
Ha)KaTHsl K/TaBUII

Tlomne

MbIOTeKC, YTOObI HCK/TFOUNUTL COCTOSTHUE
TOHKM TIPU 3aIyCKe U OCTAaHOBKe
pacrio3HaBaHUs ayAUOINOTOKA U BIOJTHEHHUS
IMYJISILIUM Ha)KaTHUsl KIaBUII

__trigger

ITomne

CnoBo, sIBJISIOIIIEeCS] TPUTTEPOM ISt
aKTHBalMY (HauasioM KOMaH/IbI
T0/Ib30BaTe/sl)

__is_microphone_on

TTome

djiar, akTUBHO JIM Ceiuac pacro3HaBaHKe
ayZMOTIOTOKA U BBITIOJTHEHHE SMYJISILNN
Ha)KaTHsl K/TaBUIII

3m.

Jlucr

Ne fokymMeHTa [Toanuck Hara
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JINCT PETUCTPAIIUY U3SMEHEHUI

Homepa n1cToB (CTpaHMLL) Bcero No Bxopsi I1 Ha
3M. JIUCTOB  |IOKyMeHTa nii Ne OZINUCH Ta
U3M 3a HO aHH
(cTpanuiy) B CONPOBOJUTE/Ib
€HEHHbIX |MEeHeHHbl| BbIX |y/JIMPOBaHH
JIOKyMeHTe HOTO0
X bIX
JIOKyMeHTa 1
Jara
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