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Heijipocerhb 111 paciio3HaBaHUsI TEKCTA HA H300Pa:KeHUH U ero HHTepIpeTanus

JJIA JII0/Iell ¢ OTPAHUYeHHBIMU BO3MOKHOCTAMH
AHHOTAIUA

[{enbro paboTHI ABISIETCS CO37aHUE HEHPOCETH JIJIsl paCliO3HABAHMSI TEKCTa Ha
U300pKEHUU  JJI1  YCTPOWMCTBA, HMHTEPIPETUPYIOLIET0  TEKCT  JIOJSIM  C
OTPaHUYEHHBIMU BO3MOKHOCTSIMHU.

Coznmanue nmporpaMMbl IPOU3BEICHO B cpene paspadotku Visual Studio 2022.
Peanusanus anropuTMoB BBIITOJTHEHA Ha A3bIke CH++.

Co3nmanHasi HEMPOCETh AHAIM3UPYET TOJYYCHHOE Ha BXOJ H300paKkeHHE,
BBISIBJISISL HA HEM MI€YaTHBIN TEKCT, U TPAHCIUPYET €ro M0JIb30BATENI0, KOTOPBIM UMEET
OTpaHUYEHUsS] MO 3PEHUI0, B JOCTYNHOM Mg Hero dopmate. s KauecTBEHHOU
nepeaadn wHGOpPMAIMU ¢ HU300paKEHUS B MPOEKTE OBLIO CO3MaHO YCTPOMCTBO,
KOTOpoe OyJeT MEepeBOJAWTh pacro3HaHHBIN HelpoceTbio TekcT B Ilpudt bpaiins.
Pa3paborannass cuctema Ha JTane TECTUPOBAaHUS  MOATBEpIUIA  CBOIO
pabotocroco6HOCTh. Iy 3TOTO OBLIA CO3AaHa oOywaromias BbIOOpKa, MpPOMHUCaH
JITOPUTM OTIPEJIEJICHUSI OTJIETBHBIX OYKB, ajiee OblIO MPOU3BEAEHO YCI0KHEHHUE 10
ompeneneHus: OykB B cocTaBe clioB. [lociie ToTOBHOCTH anropuTMa Obla pa3padoTaHa
Mozenb yctpoictBa B TinkerCAD u co3maH ee JEMOHCTPAlIMOHHBIM MakeT ISt

TecTupoBaHus (QyHKIMOHaa ¢ momolbio Arduino IDE.



COJAEPKAHUE

BBEIIEHUE ... .ottt ettt et st e et e e e snteeas 4
OCHOBHAS HACTD. ..ottt et sttt 5
1 OTanbl CO3MAHUS TIPOTPAMMDBL......cceuvreeerereeeaureeeesseeeesnaeeesseeesssseesssssesssnsseesssseesens 5

2 YcrpolicTBo, o0ecneurBaroiiee BO3MOKHOCTh YTEHUSI TAKTUIILHOTO pudra 12

SAKJTHOUEHUE .....c.ooiiiiiiiieee ettt ettt ettt 16
CITMCOK UCIHOJIB3YEMbBIX NUCTOUYHUKOB........cccceiiiiiiiiieeeeeeeeee 17
TTPUITOTKEHHE A. OT3BIB....eeeeeesuriieeeeeiirieeeeiiireeeeestreeeessannreeeessasseeesssssssseeessssssseessessens 18



BBEJAEHUE

B nanHoii paboTe npeacTaBieH HHCTPYMEHT, ¢ TOMOIIbI0 KOTOPOTO HE3pAUYUE
U IJI0XO BUJSIIKE JIFOAW MOTYT MOJYy4YaTh TEKCTOBYIO MH(OPMAIIMIO C U300paKeHUS.
B pabore npencrasieHa mporpaMMa, BRITIONHAIOMAS UACHTH(PHUKAIUIO OYKB B CIIOBaX
Ha M300paEHUH, C MOMOIILI0 HEMPOCETH pacro3HaBaHUE KaXKIOM U3 3TUX OYKB U
JanbHenas coopka OyKB B €IUHBINA CBSI3HBIM TEKCT.

JlaHHBIN anropuTM OBLIT 3aJI0’KEH B OCHOBY YCTPOWCTBA, KOTOPBI COCTOUT U3
HaOopa SYE€eK C BBIABIXKHBIMU JJIEMEHTAMH, KOTOPbI€ BBIABUTAIOTCS COTJIACHO
mpudty bpaitng mnocie moidydeHUsT Ha BXOJA CHTHalda O HOBOM pPacloO3HAHHOM
HelpoceThio OyKBOU. [[pyrumu cioBamu, MPOUCXOAUT MEPEHOC TEYaTHOTO TEKCTa B
aBTOMATU3UPOBaHHbIE sueiiku bpaiina. IlnrocoM Takoro moaxona Ciy>KMT TO, YTO
JaHHOE yCTPOMCTBO pabOTAaeT KaK 3JIEKTPOHHAs KHHUTra: JOCTATOYHO 3arpy3uTh TyAa
HOBBIM OTCKaHHPOBAHHBIN WJIM HAIIEYAaTaHHBINA TEKCT, U YEJIOBEK MOKET MPUCTYIIHUTH K
YTEHUIO TAKTWJIBHOTO HIpUdTa.

Heiipocers, cocTtaBisromas 0CHOBY MPOrpamMMBbl, KOTOpas paclo3HAET TEKCT
10 U300pakeHu1o, OblIa HamKrcaHa, 00y4eHa ¥ MpoTeCTUpOBaHa Ha si3bike C++ B cpefie
pa3paboTtku Visual Studio. C momomipto mporpamMmbl TinkerCAD Obinia BhINOJIHEHA
CcXeMa COeIMHEeHHM YCTPONCTBA, a C MOMOIIBIO cpebl pa3padoTku Arduino IDE Osina
CO3J]aHUsl M 3arpy’KeHa IOJIHas MmporpaMmma, oOecreyuBarolas paboTocnocoOHOCTb
yCcTpoiicTBa, Ha Arduino-cOBMECTUMYIO IJIATYy.

Lenbro paboThI ABISIETCS CO3JaHUE HEMPOCETHU JIJIsl pAClIO3HABAHMSI TEKCTA Ha
U300paXeHUH  JUIsl  YCTPOMCTBA, HMHTEPHPETUPYIOLIETO TEKCT JIIOAAM C
OTPaHUYECHHBIMU BO3MOKHOCTSIMMU.

JIJ1st TOCTH>KEeHMsI TOCTABJICHHOM 11eJ1d OBbLITU BBIMIOJHEHBI CIEAYIOIINE 3a/1a4u:

1. co3nanue oOy4aromiel BIOOPKH JIJIs1 HEMPOCeTH;

2. co3llaHue HelpoceTH, ee 00y4eHUE U TECTUPOBAHUE;

3. pa3paboTka anropuTMa Mo onpeeyaeH!0 OyKB B CJIOBaX JJIs lajJbHEHIIEro

UX ONPEAECIICHNS] HEUPOCETHIO U NIEPEBOIA B IIEYATHBIN TEKCT;



4. co3maHue AEeMOHCTPALMOHHON (PU3UYECKON MOJIEIH yCTPOMCTBA, B OCHOBE
KOTOpPOTO JICKHUT CO3JaHHasi MporpamMma MO MepeBogy Oyk Ha H300pakeHUU B
JOCTYIHBIN TOJIB30BATENIO BUL;

5. TECTUpPOBAHHE MOJENH,

KOPPEKTHUPOBKAa MpPOrpaMMbl M SJIEMEHTOB

YCTPOWCTBA.

OCHOBHAA YACTD
1  Dransl co3aaHusi NPOrpaMMbI
CaMbIM Ba)KHBIM U CIIOKHBIM 3TallOM JAHHOTO MPOEKTA SBJISIETCS HAIIMCAHUE
coOCTBEHHOM HEHMPOHHOM ceTH Ha s3bike C++, KoTopast OyAeT paclo3HaBaTh B TEKCTE
OTJIebHbIE OYKBBI U BHIBOJAWTH UM TEKCTOBBIIM aHAJOT JUIs ajbHeHIel nepegayn Ha
YCTPOUCTBO.
Ha pucynke 1 npezacraBiieHa cxemMa HEMPOCETH, MOJHBIN UK €€ paboThl AJis

pacro3HaBaHus OJHON OYKBBI C U300paKEHUs 10 OTYyUYEHUS pe3yibTara.
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obyyatollen
BbIGOPKK B

MonyyeHne
npeacKasaHHon 4
HelipoceTbio
6yKBbI

Mpamoe
pacnpocTpaHeHue
BXOZHbIX AAHHbIX
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[lanee NpoucxoamT NpAMoe pacnpocTpaHeHune
BXOZHbIX JaHHbIX CO C/Iy4aiiHO 3a4aHHbIMM
3HaYeHMAMM BecoBbIX KoadduumeHToB(Beca
3a4aloTcA cyYanHo 1 pas npu ctapte obyyeHus)
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MpeacKasaHHbIN HEMPOCETbIO OTBET
CpaBHMBAETCA C NPaBWU/bHbIM, U €C/IN OTBET
HeMpoceTu HeBepHbIM, TO MPOUCXOAUT
npoLecc MMHUMMU3aLMK OLIMGKK, KOTOPbIN
BK/IlOYaeT B cebs BbluMCNeHUe OLINBKM
BbIXOAHbIX HEMPOHOB, 06paTHOE
pacnpocTpaHeHue OWnbKY u
KOPPEKTUPOBKY BECOB

Pucynok 1 — Cxema paboThl HEHPOHHOM ceTh

MacCUB 3HaYeHUM
nukcenemn

3arpyska
nsobpaxeHua

B Mporpammy

Kak BuaHO mo pucyHky 1 cambiM NEpBBIM IIaroM, KOTOPBIA BJIMSET Ha

3¢ (HEKTUBHOCTH OnpeieNieHust OyKBBI, IBIIIETCS ATan oOyueHus Helipocetn. OOydeHue

MMPOUCXOJUT Ha OOJIBIIOM MAaCCHUBE JaHHBIX!

5
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M300pakeHid BCeX OyKB C pa3HBIM HAUYEPTAHUEM M MHOTO MPABWIBHBIX OTBETOB K
UM n300pakeHus M. C TTOMOIIBIO 3aJI0KEHHBIX B MOJICNIb MAaTeMaTHYECKUX OCHOB
HEHWpOCeTh YUYUTCS BbIAABaTh MPABWIbHBIE OTBETHl M Ha JPYTU€ H300paKeHUs
noxoxero Buna [1, 2]. Jlns Toro, 4ToOb1 HEHPOCETH ¢ BBICOKOW TOYHOCTHIO BhIaBasa
BEpHBbIE OTBETHl HAa TECTOBbIE HM300pa)K€HUs, ObLJIO MPOU3BEICHO €€ IIIyOOKOoe
oOyuyeHue: Ha OOJBIIOM KOJIMYECTBE OOydYarOIIUX H300paKEHUN pa3HbIX OYKB B
pa3HbIX Ha4YepTaHWSIX, JUISI THOKOCTH HMHCTPYMEHTAa OTHOCUTEIHHO Pa3IUIHBIX

mpudToB (puc. 2).
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Pucynok 2 — O6yyarorniast BBIOOpKa

CrouT NOsSCHUTH, HAa OCHOBE KAaKMX MaTEMaTUYECKUX METOJOB CO3/1aHa
HEHpOHHAs ceThb B JaHHOW pabote. J[1s KOPPEKTUPOBKH BECOB UCIOIB3YETCS METO
I'PAJUEHTHOIO CIyCKa, YTOObl YMEHBUIUTh OLIMOKM HEWpOHOB. ['pagueHT — 3TO
BEKTOP, KOTOPBIH YKa3bIBAET B HAMPABICHUH HAUCKOPEHIIIEro BO3pacTaHus (QyHKIUH.
Tak xak nnst 00y4eHHsI HEHPOCETH HY>KHO YMEHbILIATh 3HAUEHHE OLIMOKH HEHPOHOB,
TO UCIIOJIb3YETCSl aHTUTPATUEHT. TakuM 00pa3om, LeNb BCEro npoLecca — MOJyYeHUe
HAaUMEHbBIIIETO 3HaYeHUs] QyHKIMU ToTeph (ommOku). YTOOBl HAWTH caMoOe HHU3KOE

3HAYE€HHE ATOI (PYHKIIMHU, UCTIOJIb3YETCs MPOU3BOIHASA (DYHKIIMHM aKTUBALMH [3].



[IpuBemeM Takke ONMUWCAHWE KOJAa MPOTPAMMBI, KIIOYEBBIX (ParMeHTOB,
KOTOpPBIE SIBJISIIOTCS pealu3alel HEMPOHHOM CETH MO Iiaram, IMPEACTABICHHBIM HA
cxeMme pucyHka 2. Ha pucyHke 3 onuchIBaeTCA CTPYKTypa HEHPOHA, KOTOpasi BKJIKOYAET

B ce0s 3Hauenue (value), ommoOKy (error) u GyHKIIUIO akTUBammH [ 1, 2].

error
value

act() {
if (value < 0) value = value * 0.01;
else if (value > 1) value = 1. + 0.01 * (value - 1.);

Pucynok 3 — CtpykTypa HelipoHa

Ha pucynke 4 mnpencraBieH kiacc IJisi pabOThl C HEUWPOCEThbIO, a TaKXKe
GyHKIMS A0 MHULUANIM3AlMM  HeWpoceTu. OJTta (QYHKIHUS BKIOYaeT B cels
WHULIMAIU3alMI0 MaTPUIbl BECOB, MAaTPULIBI HEMPOHOB, KOJIMYECTBO CJIIOEB HEWPOHOB
U KOJMYECTBO HEHPOHOB HA KaXIOM cijioe. Takke B 3TOM (PYHKIMU 3aar0TCs

CIIy4aiiHbI€ BECOBBIE KO3(PPHUIIMEHTHI.

*%% Ves;
SUrON** Neurons;

lays;
* neuonlay;
skolvo;

* error;

initicialization(

srand(time(0))
lays = 1 :
neuonlay =
neurons = uron | :
ves = ** [layses - 1];
for ( lay = 0; lay < layses; lay++) {

if (lay == layses - 1) {
error = [nela[lay]];
error[nelaflay]] = { 0 }

neuonlay[lay] =
neurons[lay] =
if (lay <
ves[lay] =
for ( ne = 0; ne < nelaf[lay]; ne++) {
ves[lay][ne] = [nela[lay + 1]];
for ( w=20; w<nela[lay + 1]; w++) {
ves[lay]l[ne]l[w] = ((rand() % 160)) = 0.83 / (nela[lay] + 35);

Pucynok 4 — Kinacc jyist paGoThl ¢ HEHPOCETHIO
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fact( X
if (x < 8) return x * 0.601;
else if (x > 1) return 1. + 0.601 * (x - 1.);

fder(
if (x <0 ||
return 6.01;
else
return 1;

Pucynok 5 — OyHKIMS aKTUBALIUKU

Bo ¢parmente xoxa Ha pucyHke 5 mpejacTaBieHa (DYHKIMS aKTHBAILUH, a
TaK)Ke MPOU3BOJIHASA 3TOM (QyHKIMU. B KauecTBe QyHKIIMU aKTHBAIIMHM UCTIOIb3YETCS
MoaudunpoBanHas Relu(x). Relu(x) — »To craHgapTHas (QyHKIMS aKTHUBAIUH,
KOTOpasi B 3aBUCUMOCTH OT 3Hau€HUs HelpoHa x Bo3BpaiaeT max(0, x). Ho B pamkax
HaIIen 3a1aun OblT HEOOXOAUM JUana30H 3HauUeHUl HepoHa x oT -1 70 1, mo3Tomy K
9TOU (PyHKIIMHU ObLIO J0OABIIEHO YCIOBUE, YTOOBI IEPEBECTU BCE 3HAUCHUSI B HYKHBI

nuanasoH [1, 2].

savevesa(string
Fstream vesa(path);
lay = 0; lay < lays - 1; lay++) {
ne = 0; ne < neuonlay[lay]; ne++) {
for ( w = 0; w < neuonlay[lay + 1]; w++) {

vesa << ves[layl[nel[w] << " ":

vesa << endl;

loadvesa(string
ifstream f;
£.open(path);
for ( lay = 0; lay < lays - 1; lay++) {
for ( ne = 0; ne < neuonlay[lay]; ne++) {
for ( w = 0; w < neuonlay[lay + 1]; w++) {
£ >> ves[lay]l[ne][w];

4

4

Pucynok 6 — @yHKIIMU COXpaHEHUS U 3arpy3KU BECOB HEUPOCETH

Ha pucynke 6 onucansl nBe ¢pyHkuuu. OpHa AJisi COXpaHEHUs! BECOB IMOCIE
00yueHUsI HEUPOCETH B TEKCTOBBIN (aily, Apyras s 3arpy3kd BecoB U3 (aiia B

HEHUPOCETD.



forwardfeed( * input) {

for ( lay lay < lays; lay++) {
if (lay == 1) {
= [ ne = 0; ne < neuonlay[lay - 1]; ne++) {
for ( w = 0; w < neuonlay[lay]; w++) {
neurons[lay][w].value += input[ne] * ves[lay - 1][ne][w];

-
1

}.
else {
for ( ne = 0; ne < neuonlay[lay - 1]; ne++) {
neurons[lay - 1][ne].act();

for ( w = 0; w < neuonlay[lay]; w++) {
neurons[lay][w].value += neurons[lay - 1][ne].value * ves[lay - 1][ne]([w];

1
3
for ( ne = O; ne < neuonlay[lays - 1]; ne++) {

neurons[lays - 1][ne].act();

Pucynok 7 — @yHKIUs PSAMOTO PACHPOCTPAHEHUS BXOIHBIX JAHHBIX

Ha pucynke 7 mpencraBieHa QyHKIHS NPSIMOTO PacCHpOCTPAHEHUSI BXOTHBIX
JAHHBIX 110 BCEM CJIOSIM HEWPOHHOH ceTU. 3HaYeHHE KaK0ro HellpoHa (HauuHas co 2
CJIOsI) — 3TO CyMMa aKTHBHUPOBAaHHBIX (MPOLIEAIIUX 4Yepe3 (YHKIUIO aKTHUBAIUH)
3HAUYEHWH HEMPOHOB HA MPEABIIYIIEM CJI0€, KOTOpbIE YMHOXEHBbl Ha

COOTBCTCTBYIOIIMEC UM BECA.

clear_neurons() {
for ( lay = 0; lay < lays; lay++) {
for ( ne = 0; ne < neuonlay[lay]; ne++) {
neurons[lay][ne].value = 0;

Pucynok 8 — ®yukuus 115t 0OOHyIeHHs 3HAUEHUH BCEX HEHPOHOB

Bo ¢parmenrte xona Ha pucyHke 8 mpenctaBieHa QYHKIUS Ui OOHYJICHUS

3HauYeHUN BceX HEHPOHOB. OHA MPUMEHSETCS MOCIE KaXKI0T0 MpuMepa B OOyICHHH.



back_propogation( res) {
for ( lay = lays - 1; lay > 0; lay—-) {
if (lay == lays - 1) {
for ( ne = O; ne < neuonlay[lay]; ne++) {
if (ne != (res))
neurons[lays - 1][ne].error = -neurons[lays - 1][ne].value * fder(neurons[lays - 1][ne].value)
else
neurons[lays - 1][ne].error = (1.8 - neurons[lays - 1][ne].value) * fder(neurons[lays - 1][ne].value);

1
}
else if (lay > 0) {
for ( ne = ©; ne < neuonlay[lay]; ne++) {
helpa = 0;
for ( w = 0; w < neuonlay[lay + 1]; w++) {
helpa += ves[layl[nel[w] * neurons[lay + 1][w].error;

1

neurons[lay][ne].error = helpa;

neurons[lay][ne].error *= fder(neurons[lay][ne].value);

Pucynok 9 — @yHK1us 00paTHOTO pacpOCTPaHEHUs OIINOKU

Ha pucynke 9 xon ¢pyHkumn o0patHoro pacrnpoctpanenus ommoku. CHavana
CUMTAETCS BEJIMYMHA OINMOKM BBIXOJHBIX HEHPOHOB — JTO pa3HUIA MEXIY
NpaBUWIbHBIM 3HaYeHHEM M3 oOydarolnieil BHIOOPKHM M TMOJYyYEHHBIM HEHPOCETHIO
3HaYeHHEM. 3aTeM, HCIIOb3ys OMMNOKM BBIXOJHOTO CJIOSI HEHPOHOB U MPOU3BOAHYIO

(1)YHKI_II/II/I dKTHUBallu1, CHUTAKOTCA OIINOKHU JJI BCEX OCTAJIbHBIX HCﬁpOHOB.

vesupdate( LR) {
for ( lay = 0; lay < lays; lay++) {
'd 4

for ( ne = 0; ne < neuonlay[lay]; ne++) {
for ( w = 0; w < neuonlay[lay + 1]; w++) {

ves[layl[nel[w] += neurons[lay]l[ne].value * neurons[lay + 1][w].error * LR;

Pucynox 10 — ®@ynkuus ais 0OHOBIIEHUS BECOB

Ha pucynke 10 onucana QyHKuus Asii OOHOBJIEHUS BECOB TaKUM 00pa3oM,
4TOObl YMEHBIIUTh OMIMOKM HEUpPOHOB. Takke B BBIYHCICHHUAX HCIIOJIB3YETCA
ckopocth o0yueHust (LR, learning rate), xortopas 3amaercsi ONBITHBIM IYyTEM B

mporiecce 00ydeHus: HEHPOCETH.
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while (ra / examples < 0.99) {
ra = 0;
t1 = chrono::steady_clock: :now()
for ( : i < skolvo; i++) {
net.inputneurons(inputdatalil);
net.forwardfeed(inputdatali]);
pred = net.predict()

rightanswer = rightanswers([i];

if (pred != rightanswer) {
net.back_propogation(rightanswer);
net.vesupdate(LR * exp(-epoch / 20.));

else if (pred == rightanswer) {
ra++;

net.clear_neurons();
}

t2 = chrono: :steady
time = t2 - t1;
if (ra > maxra)maxra = ra;

epoch++;

if (epoch == 80) {
net.savevesa(vesa);
net.forwardfeed(testl);
cout << net.predict() << endl;
break;

end = chrono::steady_clock::now();
time = end - begin
cout << "TIME: " << time.count() / 60. << "

Pucynok 11 — OOyuenue HeipoceTu

Bo ¢parmente koma Ha pucynke 11 omumcano oOyuenue Heiipocetu. Ha
KOKABIA mpuMep U3 oOydvaromieil BBIOOpKM mpuMeHseTcsl (QYHKIUS MPsIMOro
pacnipoctpanenust (forwardfeed), 3aTtem ¢yHKIMS 0OpaTHOrO pacHpoCTpaHEHUs
omMOKH 1 PYHKIIMSI OOHOBIIEHUS BECOB, I1OCIIE YETO 3HAUCHHSI HEHPOHOB OOHYJISIOTCSL.
OOyuenne wuger 80 wurepanuii (9M0X), Ha KaXKIOM HTepalMl BCe MPUMEPHI U3

00yuJarolieil BBIOOPKH MPOXOAT BHIIICONMCAHHbIE ACHCTBHUS.

< img.rows; y++) {
; X < img.cols; x++) {
= img.at<V y, x)[e];
= img.at y, xJ[1];
= img.at >(y, x)[2];
if(b>>0 && D 250) {
test.push_back(1)
cout << 1 << " "

1
3

else if (b == 255) {
test.push_back(®);
cout << @ << " ";

}

else {
test.push_back(0);
cout << @ << " ",

}

cout << endl;

1
* testl = [784];
for ( i=0; i< test.size(); i++) {
testl[i] = test[i];
1

Pucynok 12 — IIpeoOpa3oBanue n3o0paxkeHusi ¢ OykBoil B MacCcHB
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Ha pucynke 12 moka3zaHo, Kak u300pakeHHe ¢ OyKBOW mpeoOpasyercs B
MacCHUB CO 3HaYeHHSAMH TuKcenei. [locae yero 3ToT MaccuB mogaetcs B (DYHKIIUIO
NpPSIMOTO pactpocTpaHeHus. bykBoit OyneT ABISAThCS HOMEp HEHpPOHA ¢ HAUOOJIBIITUM

3HayeHueM (A — 1, b — 2 u Tak nanee).

2 ¥YcrpoiicTBo, 00ecniedunBamoiee BO3MOKHOCTh YTEHUS TAKTHIBLHOIO

mpudra

B npoekTe Takke pa3pabOTaHO YCTPOWCTBO, B OCHOBY KOTOPOTO BXOJIMT
CO3/aHHas M OMHUCaHHas paHee HEWpoHHas ceTh. PaboTa mporpaMMbl B COCTaBe

yCcTpoiicTBa OyIeT UMETh CTPYKTYPHYIO CXeMy, H300pakKeHHYIO Ha pUCyHKe 13.

Bbisog 6yke B AUeMKu
YCTPOMCTBa 418 UTEHUA
TaKTUNbHOrO WpudTa

1 l | l

MpumeHeHue Mopaua
3arpyzka HelpoceTu gna pacnosHaHHOro BratoyeHue
Py Ouudposka byke P AN
nzobpaskenun pacnozHaHua c/oBa Ha naary cepBONpuBOA0E
byks Arduino

Pucynok 13 — CtpykTypHas cxema nporpaMmbl

[TpuBeaem cxeMy MOJKIIOUEHUS JIJIsl CO3IaHHOM MOJEH yCTpoucTBa (puc. 14).

Pucynok 14 — Cxema ycTpoiicTBa
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Cxewma BrimoaHeHa B mporpamme TinkerCAD, koTopas siBisieTcst smynsstopom Arduino

" IMMO3BOJICT MOJACIIMPOBATD SJICKTPUICCKUC LICTIH. Hepe‘-II/ICJ'II/IM OCHOBHBIC JJICMCHTHI,

COCTaBISIIONIUE peabHYI0 paboTaronlyto COOPKY MOJENH YCTPOWCTBA COTJIACHO

cxeme: mpeoOpa3oBaTesb HaMpspKeHUsd, iara Arduino nano, CEpBOMPHUBOJ C YIIOM

noBopota 180° (6 mTYK), COeAMHUTEIBHBIE MPOBOJIA, MaKeTHasl T1aTa. BHyTpeHHIO0

CTPYKTYpY COOPKH U3 BCEX MEPEUUCIECHHBIX HHCTPYMEHTOB IMOKAXKEM Ha PUCYHKE 15

Pucynok 15 — COopka 1eMOHCTPAllMOHHON MOJIETTU

OnumeM npunuun padotel yctpoictBa. Ha Arduino uepes COM-nmopT nopaercs

pacrio3HaHHOE HEMpOCeThI0 CJIO0BO, 3aT€M B 3aBUCUMOCTH OT OYyKB cpabaTbIBaeT

HY)KHBIﬁ KIIFOY M IIOBOPAYMBAIOTCSA HYKHBIC CCPBOIIPUBOJALI IJI BBIABHKCHUSA

neTajeiu.

var = Serial.read();
switch(var){
case 'A'{
servol.write(90);
¥
case'B"'{
servol.write(9e);
servo2.write(9e);
1

Pucynok 16 — KomaH b1, TpUBOASIINE B IBUKEHUE HYKHBIE CEPBOIPHUBO/IbI

13



Ha pucynke 16 npencrasnen ¢pparment koaa B Arduino IDE, koTopslii obecrieunBaer
BBIIBIDKEHHWE  TOJBIKHBIX ~ DJIIEMEHTOB ~ C  TIOMOIIBIO  CEpPBOIPHUBOJIOB,

COOTBETCTBYIOIIMX pa3HbIM OykBam (puc. 17).

Hymepaumsa cepBonpHBOIOB A30yka Bpaiina

o
O
[~]
O

A B

Pucynok 17 — CooTBeTCTBHE CEpBONPUBOIOB 1eMeHTaM a30yku bpaiins

A3Oyka bpaiins npencrapiseT co00i TaOIUIly YHUKATBHBIX STYEEK TS KaKI01
OykBbl andaButa. B Kaxmoil syeilke MPHUCYTCTBYET IIECTh peIbepHBIX TOUEK,
OTpe/ieNIeHHbI HA0Op M3 KOTOPBIX MMEET BBIMYKIYIO CTPYKTYPY AJI TOTO, YTOOBI
HE3pAYUN YEJOBEK MOT TaKTWIbHO WIeHTU(dulMpoBaTh OykBy. Hampumep, eciu B
cioBe BCTpeTutcs OykBa «by», To mpuayT B ABMKEHHUE CEPBOIPUBOIBI TOA HOMEPOM 1
U 2, BBIIBUHYTCS COOTBETCTBYIOIIME UM JETalM, YTO COOTBETCTBYIOT OykBe «b» B
az0yke bpaiinsi.

3aBepInM onucaHue pa3padoTaHHON CUCTEMBI 0 MHTEPIIPETALUN IEYaTHOTO
TEKCTa CO CHHUMKOB B YyAOOHBIM He3psuum moasMm ¢opmar. Ha pucynke 18
mpencTaBieHa (DYHKIIMOHAbHAS CXE€Ma MOJENIM CO BCEMH IaramMu oOpabOTKH
U300paxKeHUsl, Paclio3HaBaHUs OTACNIbHBIX OYKB B CIIOBaX, IOOUYEPEAHOE BBIIBUKECHHE

INOABHIXXHBIX DJICMCHTOB YCTPOﬁCTBa moa COOTBETCTBYIOIINEC 6YKBBI.
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Havano

3arpyska daitna
CO 3HAYEHUAMU v

BECOB <
¥
BbiagneHune 3arpyska % . 6
KoHTypos 6yks [t n3obpaxeHua 0ByueHne (0] y4yaroLlan
\ I ~ i
v HeiipoceTy BblOOpKa
MacwrabuposaHue | 3anonHenue maccuea co S~
6yks 3HAUEHWUAMM NUKceneit 3 A
/ CoxpaHeHune
Oundposka [ -a| OBpaboTka maccusal , Becos B daiin
Ka)goi ByKsbl HelpoceTbio é
b 4
MonyueHue
pacnosHaHHoro
cnosa

v

Mopava cnoea Ha
Arduinouepes
COM-nopt

I
v

3anycK HY»HbIX
CepsonpuBoA0B B
33aBMCMMOCTH OT
pacnosHaHHoro
cnosa

Pucynok 18 — @yHKkuMOHaNbHAsA CXeEMa MOJIEIN
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3AKJTIOYEHHUE

B nannoM npoekre Obuta co3aana coOCTBEHHAs HEMPOHHASI CETh, JIJIsl KOTOPOi
OBLJIO BBIMIOJIHEHO 00yueHHUe Ha OoybIIOM HaOope OYKB B pa3jUYHBIX OYEPTAHUSX.
Heiipocets ciocoOHa pacmno3HaBaTh TEKCT C M300pa)KE€HUs, JEIUTh €ro Ha OYKBBI,
onpenenss 1t KaXa0i OYKBbI COOTBETCTBYIOIIUMN TEKCTOBBIN aHAJIOT.

Kpome Toro, Obul pa3paboTaH MakeT YCTpPOWCTBa, Ha BXOJ KOTOPOIO
NOCTYyMaeT CUTHAJI B BHJIE PACIIO3HAHHOM HEWPOCEThI0 OYKBBI, U YCTPOICTBO
IPUBOJUT B JBUKEHUE COOTBETCTBYIOUIUE 3TOM OYyKBE 3JIEMEHTHI COTJIACHO a30yKe
bpaitrs.

JItst cnaGoBUASIIIIMX M HE3PSYUX JIFOJCH JTaHHBIA WHCTPYMEHT OYyJeT OYCHb
yI100€H B UCTIOIb30BaHUU. Y CTPOMCTBY MOKHO NIEpeiaBaTh M300pakeHHs TEKCTa, WU
TEeKCTOBbIE (ailibl ¢ HHOpMAIMe, a OHO B CBOIO OYepelb HHTEPIPETHPYET
cozepxumoe (PailioB B TaKTUIIbHBIN mIpu@T. B nepcrnextuse OyaeT co3aaHa UTOroBast
NaHeJb C OMpPEACICHHBIM KOJIMYECTBOM aBTOMATU3MPOBAHHBIX siueek bpaiins, Oyaer
HAcCTpoeHa Imepenaya (ailioB Ha YCTPOMCTBO Cpa3y HECKOJIBKHUMH CIIOCOOaMH,

HarpuMep, B IaHHBIM MOMEHT UAET J00aBlieHHE elle nepeaaun yepes Bluetooth.
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Ipuioxenue A. OT3bIB

DepepanbHOE rOCYIAPCTBEHHOS
GromKeTHoe 00pa3oBaTeIbHOe YIPEKACHHIC
BBICIIEro 00Pa30BaAHMUA
«HALHOHATGHEIH HCCIIEA0BATEIBCKHIL
yuusepenTeT «MOK» (PTBOY «MOH»)
111250, r. Mockaa,

BH.TEp.T. MyHHIHNATbHBL OKPYT Jlehoproso,
yi. KpacuokasapMensas, . 14, crp. 1
Teun.: (495) 362-75-60, daxc: (495) 362-89-38

E-mail: ersef@impei.ac.ru
[tp//Www.Inpei.ac.ru
Ne
«_» 20 1.

OT3bIB

HA MPOEKTHYI0 paboTy
(npoexmuyio / uccRed0eamensckyio)
mo teme «HelipoceTs 15 PACIIO3HABAHHSA TEKCTA HA H300paKeHHH H €70 HHTEPIpeTanus JJIs mojeit

¢ OrpasEHYeHHBIMH BO3MOKHOCTAMID)
(naumenceanue pabomoi)

yaameroca ___10 KIacca I'BOY MIkona Nell55

(xnacc) (Haumerosare 0Bpa306aMensHOH opzanu3ayuL)
Kazakos Hean Cepreesuy .
(hamunus, wis, omecmeo (npu HOIMY UL, 3AROTHACHICA HA KAHCOO20 VHACIHHUKS)

B mpoekrroit padote «HekipoceTs A pacnosHaBatus TEKCTa Ha 1300paXKeHAN U €70 HHTCPIPETAlng
JUIE TONell ¢ OTpaHMHeHHBIMH BO3MOKHOCTAMM) ABTOP TPEIIAracT HOBOS CPEICTBO YTCHHAS TEKCTOBOR
HhOpMALEY TS HE3PAMHX W INIOXO BHISIHX mozeit. B mpoekre co3fiaHa HeHpOHHAA CETh, KOTOpasd
pacIo3HAeT MEUATHBIA TEKCT ¢ 3arpyXEHHOIO miobpaxenud. Jlagee 9TOT TEKCT IIOJACTCA Ha YCTPOHCTBO,
KOTOpOe TpeJiCTaBIsieT cofol Mamens ¢ BRUIBIKHEMHE 31EMEHTAMH cornacHo mpuadty bpaiina
TAKTHIEHOTO YTECHWSA.

B pafoTe mpuBeeHO MOAPOOHOE OMHCAHHME CO3MAHHON [POTPAMMEI, HM3/OKEHBl OTAmEl COOpKH
JEMOHCTPALHOHAOT0 MAKeTa yCTpOHCTBA, TPHBENCHBl Ka4ECTBEHHBIE  CXCMBI M WUDOCTPAIuH,
MOATBEPAIAIOHE PAdOTOCHOCOGHOCTE CO3IAHHON0 NPOXYKTa. ABTOPOM TIPOAEMOHCTPHPOBAH BBICOKHH
YpPOBEHD BIIAJICHMs BBIOPAHHBIM S3BIKOM TIPOrPaMMHUPOBAHMA, YMEHHC CO3JaBATE TIPOTOTHIIB! AMEKTPOHHBIX
YCTpOMCTB, CIIOCOOHOCTE CTABHTE NEPER 060l aKTyaNbHEIE COMMANBHO-3HAYMMEIC 3a1a9 i PEmarh HX C
TIOMOLITBIO TIEPEYHCIICHHBIX HABEIKOB.

Ilenu paGOTE! ABTOPOM NOCTHTHYTHI, aKTYalIbHOCTH HPEACTABICHHLIX B paboTe HOCTIKEHHE H HX
IIpaKTHYECKas 3HAUHMOCTH  ITOATBEPAKICHEL OyHKIHOH ; mgaGOTaHHc)m ycrpolictBa  ymoOeH
HOTH30BATENIO H B HEPCIIEKTHRE MOMKET HANTH MIHPOKOE TIf)

ey -

T T
CT. IPENOJaBaTelb R / 7 . Hpyxuans AA.
(GororcHocmy) # {;tfdnucz;) 1. O. Pamunus)
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