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JACTOCYBAHHA HEﬁPOHHH_X MEPEXK ¥ MIPOMHCITOBHX CHCTEMAX JIJ1A
ONTUMIZALI BUPOBHHYHX ITPOLECIB

B.B. Kapramoea, A.L. Bpounikor

XapkiBcbKHil HALOHANLHUI YHIBEPCUTET PANIOENEKTPOHIKH

Vkpaiua, 61166, Xapkis, np. Hayku, 14

E-mail: varvara kartashova(@nure.ua, artem bronnikov(@nure.ua

Anomanin: B wiii poboTti 10CHGKYETECA 3aCTOCYBAHHA HEHPOHHUX MEPEK Y NPOMHCIOBHX CHCTEMAX
s onTuMizanii BupoOHH4MX npouecis. OUIHIOETBCH BIUIMB TEXHONOrH IITYYHOro IHTENEKTY Ha
NIABHILEHHA [POAYKTHEHOCTI, JHHMKEHHA BHTPAT Ta nojinmwedHs ymoe npauwl. IlpeacrasneHo ananis
OCHOBHUX A/IOPHTMIB HeHPOHHUX Mepes Ta IX IHTerpauis 3 IHIHMH CY4aCHHMH TeXHOIOrAMY.

Kuwouoei cioga: Inayerpia 5.0, wryyHuil IHTENeKT, NPOMHCIOB] CHCTEMH, HelipOHHI Mepesxl,
ONTUMI3ALIA BHPOOHHITES.

Ingyerpia 5.0 Bumarae BNPOBAJUKEHHA CYYaCHUX TEXHONOIIH, TAKMX #K IOTY4HMIl IHTeNekT Ta
HelipoHHl Mepexi, just jocsrHenns OUlbll npoaykruBHoro npouecy. Mera uiel poforn — ouiHuTH
nepesard Ta NEPCHeKTHBH BHKOPHCTAHHA LMX TEXHOMOrH, AOCHUIMTH X MONJIMBOCTI Ta NPHKIAIH
3ACTOCYBAHHA JUIH ONTUMIZAUIT BHpoOHHMUTEA. B npomuciosux peanisx, Bupo0HHY] npouecd noctiiino
CTalOTe OUIbLI CKAAJAHHMH, TOMY IHTErPALIA IITYYHOIO IHTENEKTY € BaAJIMBOK CKIJA0BOK Ui
zabesnedeHns CTIHKOrO PO3BUTKY Ta KOHKYPEHTOCIIPOMOXKHOCTI Ha pHHKY [1].

3acToCyBaHHA HElPOHHHX MEPEeXk ¥ NPOMHUCIOBOCTI MAE BEJIMKE IHAYCHHSH, BOHH 3[aTHI aHANilyBaTH
BEHK] 00CATH JaHHX, NPOrHO3YBATH MOAIME]L nepebol ofllaHAHHA, A TAKOXK, alanTyBATHCA 10 3IMIHHHX
YMOB BHpPOOHHUTBA, WO € OCOOMMBO BAXIMBHM Y cydacHMX ymoBax. HeilpoHni mepesi akTHBHO
BUKOPHCTOBYIOTECHA B PISHHX NPOMHCIOBHX FaNy3ax UM [ABHIEHHA eeKTHBHOCT] Ta aBTOMaTH3auii
npouecis. Hanpuknan, Tesla sacrocosye ix ana asroninora, General Electric onmumisye enepromepei, a
Shell npornodye rexuiune oOcnyroeyeanHs o0nagHaHHs. Siemens iHTerpye HellpoHHI Mepemi i
ABTOMATH3ALIT BHPOOHULTEA, TONI 1K Amazon onTuMizye podorty ceoix cknanie. Y dapmanesruiy Plizer
BHKOPHCTOBYE HelpoHHI Mepexki juisd pozpoOku nikis, a BMW ta BASF niasuuytore skicts npoaykuii
Ta eflekTHBHICTE BUPOGHULITEA 38 A0OMOMOIOK LHX TEXHOMOITI.

JlocsArHy Tl pe3yNsTATH BKIIOYAKTE CKOPOYEHHS 4HACY NPOCTOIB, IHMKEHHS BHTPAT HA TeXHI4He
o0cayrosyBaHHd Ta nigsuuieHHs axocti npoaykuii. e gae MOMUIMBICTE NIANPHEMCTBAM NPALIOBATH
Ol eeKTHBHO, 3HHKYIOMH BHTPaTH i 30UIBWIYIOMM KOHKYPEHTOCHPOMOMKHICTE HA PHHKY.
Bopopajpkenuss HefipoHHMX Mepex CHPHAE Nepexojay Mo OUlbll IHYYKOro, ABTOMATHIOBAHOID
BUpOOHULITEA, 1O Binosigae Bumoram Ingyerpii 5.0 [2].

ANrOpHTMH, WO JIEeKATE B OCHOBI HeHpPOHHMX Mepex, BINIIPaldTh KIHOHYOBY polb Y peamizauii ix
NOTeHUIAly B onTHMIZaull BupoOHWuux npouecis. Hanpuwnan, anroputmu riuOMHHOIO HABYAHHA
3a0e3nedy0Th 3JaTHICTE MEPEK BHABIATH CKIAAHI WAGIOHH B JJAHHX, WO J03BOJIAE He JMLIEe BYACHO
pearysaTM Ha NOTeHUiHHI HecnpasHocTi, ale i 3MeHlyBaTH (IMOBIPHICTE IX BHHUKHEHHS B
MaHOyTHEOMY. BHMKOPHCTAHHA TAaKMX AIOPHTMIB CHPHAE CTBOPEHHIO NPOrHOCTHYHHX MOjenei, K
3afe3neuyoTh MIABUILEHY TOYHICTD Y IUIAHYBAHHI TeXHIYHOro oOcnyrosysanus [3].

Jlogatkoso, ONTHMIZAULAHI ANrOPHTMH, HKI NPALKOKTL ¥ CHHepril 3 HellpOHHUMH MepemaMmH,
J03BONSIOTE NIANPHEMCTEAM e(eKTHBHO POINOALIATH PeCypeH, YIPABIATH JIAHLIIOIAMH NOCTAYAHHA Ta
HANAIITOBYBATH BHPOOHMYI NpoUecH BIANOBIIHO 10 AKTYAILHHX PHHKOBHX YMOB. 3aBISKH LHM
ANrOPUTMAM, KOMIAHIT MOKYTE CTBOPHOBATH JHHAMIYHI Oi3HEC-MOIeN, AKI aanTyloThCed 10 3MIH Y
MOIKHTL TA NPONO3ULITL, WO € 0COOIHBO BAXKIMBUM B YMOBAX IIBHIKO 3MIHIOBAHOIO PUHKY. Y pelyibTari,
BIIPOBA/KEHHA TAKMX AMOPHTMIB HE THLIE MIABHILYE e(DEKTHBHICTE BUPOOHULITEA, ane i BLIKpHBaE HOBI
FOPU30HTH 18 IHHOBALI 1 po3BHTKY, BiAnOB1a0ud BuMoram Tuayerpii 5.0 (puc. 1).
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PucyHok | — HeitpoHHi Mepexi Ta BHPOOHHLITBO
BHCHOBKH. JlocnijpkeHHs BKa3ylOTh Ha Te, [0 HEHPOHHI Mepekl HAJalTh NPOMUCIOBHM
CHCTEMAaM CYTTEBI KOHKYPEHTHI lepeBaru, 30KpeMa B MiJBUILEHH] NPOJAYKTHBHOCTI Ta BJOCKOHAJICHHI
npowuecis ynpasiinus skictio. [Xus 31aTHiCTs 0OpOOAATH BeMYe3HI 0OCATH JAHUX Y PEXUMI PEATLHOIO
4acy J03BOJISIE 3HMIKYBATH BUTPATH HA BUPOOHMYI mpouecH 1 00CAyroBYBaHHS, a TAKOXK 3MEHIIYBATH
HAMOBIPHICTh BHHHUKHEHHS 300iB y BHpoOHMUTBI. OCHOBHI nepeBard HefpOHHHMX Mepex BKIKYAKTh
aBTOMATH3ALLII0 PYTHHHUX OMepalliii, MOAUIMBICTL TOYHOI'O POrHO3YBAHHA MOXUIMBHX HECIIPABHOCTEI, a
TAKOXK NOJINIeHY eeKTHBHICTb KOHTPOIIO SKOCTI npoaykuii. Ile ocodinBo BakIHBO /IS CEKTOPIB, je
WIBM/KA ajanTauis 0 3MiH y NONMTI Ta MIJBHILEH] CTAHJAAPTH SKOCTI € KPHTHYHUMM, HANpHKIal, B
aBTOMOOUILHIN un  (apmaueBTHyHiii rany3i. Ilepcrnekrusu BHPOBA/UKEHHs HEHPOHHMX Mepex Yy
NPOMUCIIOBICTb O0IUAIOTE NMOJANBLINIT PO3BUTOK INTYYHOrO IHTENEKTY, WO BUIKPUE WUISX 10 Okl
IHTeJIEKTYa/IbHUX 1 aBTOHOMHHMX BHPOOHMYHX rpoueciB. BUkopucTaHHs MeTOIB IINOMHHOIO HABYAHHA 1
HABYAHHA 3 [IAKPILIEHHSAM J03BOJINTL IHTErpyBaru TexHonorii 3 Inrepuerom peueii (IoT) i
ABTOMATH30BAHUMHU CHCTEMaMH, W0 CHPHATHME CTBOPEHHIO «PO3YMHUX» BHPOOHMUTB, sKI 3JaTHI
CaMOCTIIHO ONTHMI3YBaTH CBOI onepauii 0e3 notpedu y JACbKOMY KOHTpoIi [4].

Jlireparypa:

1. Van der Meer, J. G. M, van der Laan, M. A. D., & van der Rijt, P. H. A. J. (2020). Artificial
Intelligence in Manufacturing: Opportunities and Challenges. Procedia Manufacturing, 51, 1482-1490.
https://doi.org/10.1016/j.promfg.2020.10.197.

2. LeCun, Y., Bengio, Y., & Haffner, P. (2015). Gradient-Based Learning Applied to Document
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https://doi.org/10.1016/j.eswa.2021.114861.
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Poip CKCIICPTHUX CHUCTCM Ta IOJIOCOBOI'O KECPYBAHHA B

Cy4aCHOMY BHPOOHHMIITBI

Bappapa Kapramosa, Aprem bpoHHikoB
Kaipenpa KITAP, Xapkischknii HallioHANTEHNI YHIBEPCHTET pajlioeneKTPOHIKH, VEPAIHA,
Xapkig, np. Hayku. 14., email: artem.bronnikov(@nure.ua

Anomayis: B pamiii crarri Oyno posrIAHYTO  BIUIMB
EKCIEPTHHX CHCTEM Ta TOIOCOBOTO KepyBaHHA B CY4acHOMY
BHPOOHHITEL, a came B npmiano0yaysansl. [IpoananizoeaHo ix
BIOPOBA/IKEHHA JUIA TNIIBHIICHHA e(EKTHBHOCTI, 3HIKCHHA
KUTBKOCTI JIFO/ICBKHX TIOMHITOK Ta Ge3nexkH BUPOOHHITEA.

K 1 H THI CHCTEMH, NpHIAno0yIyBaHHS,
rOJIOCOBE KepyBaHH.

P

1. Bctyn

Ingyctpia 4.0 3aificHMna Bemukuil Kpok B 3MiHI
Mofelni BHpOOHHLITBA, J¢ aBTOMaTH3allin  Bifirpae
BaK/IHMBY POJb B ONTHMI3AUil IIPOMHCIIOBHX MpOLEciB Ta
B MiIBHIICHHI 3aranbHol NpoAykTuBHocTi. Texuomorii
apTOMaTH3allii, Taki #K poboToTeXHika, MaIIMHHE
HABYaHHA, IITYYHHH IHTeNeKT abo aHaTiTHKAa BEIHKHX
JaHuX poOIATE  OiABII  MpOTpeCHBHHMH  3BHYAiiHI
BupoOHu4i  omepanii. 1[I  Texmomorii  go3BOnAIOTH
MallIHHaM Ta cHCTeMaM oOMiHIoBaTHes iHdopMalicio, Ta
HpHiMATH IHTENEKTYATEH] PIllICHHA B PEKHUMI peanbHoro
Hacy, WO MNPH3BOAATH [0 MiBHIICHHA TOYHOCTI,
IIBHKOCTI Ta peHTabensHocCTi [1].

Ha piBHi 3 uuMH 3aco0aMH aBTOMATH3AL], eKCIIEpTHI
CHCTEMH Ta TOIOCOBE KEPYBAHHA CTAKOThH  OLIBII
3HAYHHMH B CYYacHiil TPOMHCIOBOCTI, 0C0OIHBO B
P00V IYBAHHI.

Tox HHAKYe PpO3IIAHEMO, NIO TaKe eKCMEPTHI
CHCTEMH Ta TOJIOCOBE KEPYBaHHA 1 SK BOHH
33CTOCOBYIOThCSA Y BHPOOHHLTBI.

1I. OrJisi1 EKCEPTHUX CUCTEM V
BUPOEHHUIITBI

ExcrniepTHa cucTeMa, 3acHOBaHa Ha 3HAHHAX, ABISE
coDol0  KOMIT'IOTEpHY Nporpamy, fka BHKOPHCTOBYE
JocBil Ta iHQopMalil y BH3HadeHiil ramysi s
OpUilHATTA pilensb. L9 cHcTeMa MICcTHTL B cobi Oasy
JaHHX, fKka pesepBye 30ipky iHdopMauii Ta IpaBHI Ta
BiATBOPIOE yei JaHi npo npobaeMuy obnacts [2].

Exkcneprna cicTema po3podieHa /Ui 3aMiHH Jiojiefi-
CKCNEpTIB B KOHKPETHIH  Tamysi,  HanpHKIaj,
npunagodyaysansi. Konn Ha BHpoOHHLTBI He BHCTadae
(haxiBLiB I8 NPOCKTYBAHHA YH JIaTHOCTHKH, CKCIIEpTHA
CHCTEMa MOKE HaJaBaTH MOpaJH Ta MOACHEHHA, AKI BikKe
icHyloTe B Oa3i 3HaHEe B peansHomy daci. [lomaBanms
3HaHb B 0a’y JAHHX CKCIEPTHOI CHCTEMH € OCHOBHHM
npoliecoM, AKHil BH3HAYAE THYUKICTh CHCTEMH.

IcHYIOTE pi3Hi cIIOCOOH J10/1aBaHHA 3HaHb!

— J0JaBaHHA 3HAHL CKCIIEPTAMH, BHKOPHCTOBYIOUH
inTepdpefic  cucTeMHm Ta  crnemiankHOI  MOBH  JUIA
onucyBaHHA (AaKTiB i MpaBHIL, ane Heil npolec 3aiiMae
KYIY 4acy Ta 00MeKyeThesa 00cAroM 3HaHb (axiBLiB;

— ABTOMATH30BaHe BHJIYYCHHS 3HAHL CIIPOMOXKHE
NpalloBaTH 3 BEIHKHMH obcAraMH iHdopMalii Ta Mozke

mBHAKe 00pobmoBaTH dami, ane moTpedye cKIaIHHX
IHTerpauiif, TakMx #AK MallHHHC HaB4aHus abo data
mining;

— KOMOIHOBaHHWI NiOXil BHKOPHCTOBYE JEKUIBKA
METO/IIB  pa3oM, YTBOpIOIOYMH Oinblml  SKiCHY Ta
KOMIUZICKCHY CHCTEMY, ajlc BHMarae BEIHKHMX BHTpAT Ha
po3podKy.

Bnacre, ckcnepTHa cHcTeMa npefcTaBise coboio
KOMIUIGKC 3HaHE Mmpo npoblemy, Ky moTpiGHO
3aCTOCYBATH  Ta  MeXaHi3M,  fKdil  Jo3Bolse
BHKOPHCTOBYBATH Lli 3HAHHA JUI BHPIICHHS 3aBJaHHA B
BHIUIAI Habopy npaBmil.

Omua 3 MePIIHX ramysei, fAKa noyana
BHKOPHCTOBYBATH eKCIepTHI CHCTEMH Gyna
IpHIanoyIyBaHHs. Ix  mnowanu  fomamatH Y

BHpOOHHITBO Ha mouatky 80-x  pokiB s
00CITyroByBaHHS Ta AIaTHOCTHKH o0ONaJHaHHS, KOIH
CKIAJHI 3aBJaHHA pPoOMIM BHKIIOYHO KBali(hikoBaHi
CHeLialicTH | KOMIaHii TUIEKH NOYalH BIPOBAKYBaTH
KOMIT'I0TepHi CHCTEMH, 3aMicTh poboTH daxisiis [3].

Tax 1 3apa3, eKCIEPTHI CHCTEMH MPOJOBKYIOTE
BHKOPHCTOBYBAaTHCA B  JUArHOCTHIN,  YIPABIiHHI,
obcayroByBanHi Ta onTeMizalil. Bomm Bce uactime
IHTErpyIOTECA B IPOMHCIOBY JiANLHICTL MIANPHEMCTB Ta
BHKOPHCTOBYIOTCA JUIS NPOTHO3YBAHHA BiAXHICHE 4H
HecnpaBHOCTI  oONajHAHHA e 10 X BHHHKHEHHS.
AHaNI3YIOUN JaHi JaTYHKIB B PEKHUMI peaabHoro dacy, i
CHCTEMH MOXKYThb NepeabadaTi HeoOXiAHICTb TeXHIYHOTO
00CTyroByBaHHA Ta  CKOpOUYBATH dac IPOCTOIO,
ONTHMI3YBAaTH rpadiku TeXHiYHOro 0OCTYTOBYBAHHA Ta
HOpOJOBAYBATH  TepMiH  ekcmlyatamii  Kommanii
3a3HAYAIOTE 3HIDKeHHA BHUTpaT Ha 30% Ta migBHmeHHS
epekTHBHOCTI  poDOTH  3a  paXyHOK  3MCHIICHHS
HCOUiKYBaHHX BiIMOB [4].

[lepenoBi TexHomorii, Taki K INTYYHUIT iHTenekT abo
MAallMHHE  HABYaHHA,  BHKODHCTOBYIOTBCH  JUI
ONTHMi3allii BHPOOHHYHX mNpoleciB. Beemenns nux
TeXHONOTH NPH3IBEIO 10 MiJABHIICHHS NPOIyKTHBHOCTL
Ha 10-15% Ta 3HMKeHHIO KiNBKOCTI OpakoBaHHX BHpPOOIB

[5].

EkcriepTHi CHCTEMH TakoK JONOMAraloTh B KOHTPOII
SAKOCTI, aHaNi3yIoYH BHpOGHHYI MaHi Ta po3Mi3HaIOuH
Jeski aHomanmii abo BIIXHIEHHS BiI CTAHOApPTIiB.
Hanpuknan, B yMoBaX cKIaJanbHoi NiHii Ha BHPOOHHIITEL
JyKe CKIAJHO PO3MOMJIIHTH 3aBAaHHA Mix QaxiBIaMu
TakMM ~ 4HHOM, 100  30amaHcyBath  poboue
HaBaHTa#cHHA, Ocpydi Jo yBarH Taki (akTopH, fK
¢isnune HanpyikeHHs, Oelleka Ta BToMa. [akowk
noTpibHo He 3abyBaTH, IO iCHYE HEBH3HAYCHOCTI, Taki
dK, Hemepea0adyBaHHil Hac BHKOHAHHA PoOOTH 4HH
pizuuii piBenb kBamidikauii ¢axisuie. Tobro wHine
eKCIepTHOL CHCTEMH 3banaHcyBaT poboue
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HaBaHTAKECHHA, TNpH LBOMy 3abe3nmeuntH Oe3nexy
ekcnepTiB. HediTka norika Jo3Bolse cHCTeMi NpallloBaTH
3 HeOJIHO3ZHAYHHMH TAHHMH T4 MOMKE BHKOPHCTOBYBATH
NpaBHIa Ha OCHOBI CKCIEPTHHX CHCTEM, HAlpHKIAL
«Skmo Broma podiTHHKa BHCOKa i 3ajada notpeOye
BEMHKHX (I3MYHHX 3YCHIb, JOPYYHTH I¢ 3aBIAHHA
inmomy axismio». CHeTeMa MicTHTL OaraTo KpHTepiiB
Ta mob il pearisypaTH motTpibHo 3ibpat iHdopMaliio
npo poliTHHKIE ((i3n4Hi JaHi Ta HaBHYKH), 3agadi
(cxmammicTs Ta BUMOrH). ExcnepTHa ccTeMa oOpoOHTE
i JaHi 3a JIONOMOTOI0 HEYiTKOT JIOTIKH JUIS OLHKH
CHIBBIJHOIICHHA Mi’ [paliBHHKAaMH Ta poDOYHMH
3aBJaHHsAMH. Jlami, Ha OCHOBI NMPaBHJ, CHCTEMAa MOKeE
TeHEpYBATH MOPHIHATTA  pillleHb [ MiIBHLICHHA
OeanekH Ta e()eKTHBHOCTL. 3aBkKIH B  eKCIEPTHHX
CHCTEMaX € 3BOPOTHIH 3B'A30K 31 chemiamicTaMH s
MOHOBNECHHA Bike icHylodol indopmanii. Cructema Moke
ajanTyBaTHCA J0 BHPOOHHYHX 3MiH, mo poOHTE Ii
THYHKOIO B PyXJIHBHX YMoBax [6].

11I. I'OJTOCOBE KEPYBAHHS ¥ BUPOBHHYHX
TTPOLIECAX

Texuonoris po3nizHAaBaHHA MOBH €  BaKIHBOIO
YACTHHOIO MiZK B3aEMOJICI0 JIIOAHHH Ta KOMII'I0Tepa,
3abe3nedyroun Geanepebiiinmii 3B’ 30K MiK
KOPHCTYBAaYeM Ta MNpHIAJaMH 33 JIONOMOTOI YCHHX
KOMaHJ 1 3amMTiB. 3a OCTAHHI Kilkka [eCATHIITE
BigGypea 3HauHMil Nporpec B o6pobui Ta pozyMminmi
NPUPOIHEOI MOBH, AKHH NEPETBOPHB PO3Mi3HABAHHA
rorocy 3 BHHATKOBOi TeXHomorii [0 IIHPOKOTO
BUKOPHCTAHHSA Y MOBCAKICHHOMY KHTTI [7].

CucTeMM  po3Nmi3HaBaHHA — TONOCY  JI03BOIAIOTH
CIOKHBAYaM  B3AEMOMIATH 3 TEXHONOTIAMH, IIpOCTO
POIMOBIAKYH 3 HEIO, YMOMJIHBIIOIOYH 3alHTH IO
TY4HOMY 3B'3KY, HaraJyBaHHA Ta iHIUI POCTI 3aBJaHHA.
PosmiznaBannsa Tromocy Modke iAeHTH(QIKYBaTH Ta
pPO3PI3HATH  TONOCH  3a  JIONOMOTOI  Iporpam
aBTOMAaTHYHOTO pOBMIZHABAHHA MOBHM, Taki sk ASR
(Automatic Speech Recognition), Microsoft Azure
Speech Service, Kaldi, Google Cloud Speech-to-Text Ta
1HIIL.

CucTeMa  poO3MIi3HABAHHA —TOJNOCY  BHKOPHCTOBYE
TEXHOJIOTiI0 JUIS OLIHKH OlOMETPHYHHX XapaKTepHCTHK
pamoro ronocy. lle Brmrowae B cefe wacToTy i moTik
BallIOTo rojlocy, a Takox Bam akieHT. Koxkne cnoBo, Ake
BH BUMOBJI€TE, PO30HBAETLCA Ha CCTMEHTH 3 JICKUTBKOX
Tonis. IToTimM 1e oumdpoByeThes i NepeknagaeTLes, mob
CTBOPHTH Balll BIACHHIT YHIKaILHIIH roIocoBHil adnoH.

B npunano0yayBaHHi, Tol0coBe KepyBaHHS 3MIHHIO
CTIIKYBAHHS ONEPATOPiB Ta (HKCHEPIB 3 MallHHAMH Ta
CHCTeMaMH, BoHO 3abesnedye pobory Ges 3acTocyBaHHS
PYK, OiIBHIOye eeKTHBHICTE Ta Oe3leKy B YMOBax
nizeumeHol HebGeanekn. Ha  xiMivmuX 3aBojax uM
raTyssx BaKKOTO MallHHOOYAYBaHHSA, ¢ POOITHHKH
MOKYTh MaTH OOMEHCHY PYXIHBICTE UM BHIHMICTD
(HanpHKNaj, NOpH HOCIHHI  3aXHCHHX  KOCTIOMIB),
po3mizHaBaHHA MOBH miABHIIYe Oesmexy. axiBui
MOXKYTEL HaJaBaTH KOMAHIH JUIS KePyBaHHS MalIHHAMH
Ta aBapiiiHi KOMaHIH (HANpHKIA] 3YIMHHATH MAalIHHY,
IHIIIIOBATH ~ MNPOTOKOIH  BHMKHEHHA), 3MEHIIYIOUH
HeoOXiHICTE  (I3UYHOTO  KOHTAKTY 3 NaHeIaMH
YIpaBIiHHA, 10 0co0IHBO KOPHCHO B HebesmedHux abo
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CTCPHIBHHX cepelloBHIAX. Takok ILe KOpHCHO B
JHcheTdepchkuX  abo  Ha  CTAHMIAX  BigJaleHoro
MOHITOPHHTA Ta MOKpAllye [IBHIKICTE pearyBaHHA.
Cucremi 3 HMI (Human-Machine Interface) 3
BHKOPHCTAHHSAM TOJIOCY MOMKYTh AKTHBYBATH CHIHAIH
TPHBOTH, 3allyCKAaTH MpPOLECH Ta 3YIHHATH ONepalii,
KOJIH CHTYallisl noTpebye HeraifHux aiii [7].

B poboToTexHnui rolocoBi KOMaHIH MOMXKYTh
BHKOPHCTOBYBaTHCA JUIS YIIpaBniHHA poBoramu afo Ha
CKIAJANBHHX  JHIAX, 10 J03BOJIAE  NPHCKOPHTH
NepeHaNaro/GKeHHs Ta  3MEHIIHTH  9Yac  MpPOCTORO.
PosnisnaBannd MOBH, iHTerpoBaHe B BepcTaTH 3
YMCIIOBHM  MPOTPAMHHM  YHPaBMIiHHAM  J103BOJSE
olepaTopaM HaJaBaTH KOMAH/H JUIS BHKOHAHHSA TOUHHX
NPOMHCTIOBHX 3aBJaHb.

Imaenep, #Aki  BHKOHYIOTH  JIarHOCTHKY  Ta
npodinaktHuie o0CIYTOBYBAHHA, MOKYThH HaJaBaTH
TONOCOBI KOMaHmH g 30opy iHdopMaii, ynpaeminus
JIATHOCTHYHMMH  IHCTPYMEHTAMH Ta  pery/IioBaHHs
HaNAlITYyBaHL NpHIaNiB. Takok, CHCTEMH TOIIOCOBOIO
KEPYBaHHA MOXKYThL 3aDe3MeUHTH 3BOPOTHIH 3B’430K Ta
CMOBIICHHA B pealbHOMY uaci, fKi, B CBOIO 4epry,
NOBiIOM/IAIOTE (DAXIiBIIB O NPOIYKTHBHOCTI MAIIMH Ta
CHCTEM, JIOTIOMATAlOUH BYACHO YCYHYTH HECTIPABHOCTI.

3aBosy, fKI OCHAIICHI JaTYHKaMH IPOMHCIIOBOTO
Intepuery peueii (loT), MoxkyTs KepyBaTHCH 3a
JOMOMOTOI0  po3MisHaBaHHA —MoBneHHA. Hanpuknan,
OMEpPaTOPH MOKYThL KOHTPOJIOBATH TeMIEpPaTypy, THCK
Ta IHINI JaHi JaTYHKIB 33  JONOMOTOK TOJOCOBHX
KOMaHJ, Mo J03BoifAe epeKTHBHO KOHTPOIIOBATH
Jekilbka mapameTpiB Oe3 ¢iznumoi ywacti. CHeTeMmn
BHKOPHCTOBYIOTE TOOCOBI KOMAaHIHM JUlf YIIPAaBIiHHA
0e3IpoTOBHMH JaTYHKaMH, 3abe3neuyioun
LEHTpATi30BaHe KePYBaHHA Ta 3BOPOTHHH 3B'A30K Yy
pealbHOMY 4aci 3 pisHHX JUISHOK NiANpHEMCTRA.

Sl i GaraTo mepepar, Tak i HEJONIKH MAlOTh CHCTEMH
TOJIOCOBOTO KEPYBAHHS:

— NPOMHCIIOBI MiANPHEMCTBA ABIAIOTE CODOIO IIyMHI
cepelloBHIla 1 e IIyM Mojke 3HHM3HTH TOYHICTE
TOJTOCOBHX KOMAaHJ;

— CHCTCMH pO3MI3HABAHHA MOBICHHS MOXKYTh
BIJYYBATH CKIAJHICTL 3 PI3HHMH aKLCHTAMH Ta BaJaMH
MOBH, TOMY MOTpiOHO BHKOPHCTOBYBAaTH IPOCYHYTI
CHCTEMHM, fIKi HaB4YeHI Ha 0AaraTOMOBHHMX Ta AKIEHTHHMX
Habopax JaHHX;

— TrolocoBe  KepyBaHHA  moTpefye  HaaiiHHX
MEXaHi3MiB Oe3nekH, 100 YHHKHYTH HeCaH KL OHOBAHOTO
BTPYYaHHA B CHCTEMY YH IIiIMiHH ToI0CY.

lonocose KepyBaHHA Ma€ YCIIIIHE BIIPOBA/KCHHA Y
BHpoOHuNTBO. Hanpuknaz, 3ason Siemens iHTerpyBaB
rogocoBe  YOpaBMHHA B CBOi  [POMHCIIOBI
pobOTOTEXHIUHI CHCTEMH, B BHPOGHHYHX KOHTpOIEpax
Simatic ~ poDITHHKM MOKYTh HaJaBaTH  TOJIOCOBI
IHCTpYKIIi 114 ynpaBlniHHA poOOTHI0BAHHMH pyKaMH Ta
{HIDHMH MALIHHAMH Ha CKIafalkbHuX minigx. Jng usoro
(axiBui BHKOPHCTOBYIOTH CIICLlialbHI TapHITYpH s
nojaHHAa KoMaHji, THny «Basmm  nmpeamer»  abo
«llepemicTHTH B cTaHOBHIIE», Kepyloun poboTamH Oe3
py4Horo BBejicHHA [8].

Bosch inTerpysana ronocobe poanisHaBaHHSA 70 CBOIX
CHCTEM KOHTpOMIO AKOCTI Ha 3aBoJax 3 BHpoOHMLTBA
ABTOMODINEHHX CKIaI0BHX. IncnekTopn
BHKOPHCTOBYIOTh TONOCOBI  KOMaHIH [UIA  3alycKy
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Bi3yaJLHHX MEPEBipoOK, AOCTYNY 10 AaHHX Ta peecTparlil
pe3yNLTaTiB, He MepepHBalodl cBiif pofoumii mporec.
Incniextop Bosch moike ckazatn: «36inesnmTH Jetans 5»
abo «3apeecTpyBaTH JedekT B eneMeHTi 12» mix dac
MepeBipkH AKOCTi, L0 J03BOJISAE KEPYBATH CHCTEMOIO
nepesipkH 6e3 gonomorn pyk. Tak rolocose KepyBaHH:
CKOPOYYE Yac NepeBipkH, MiBHIIYE TOUHICTL BHSBICHHA
ne)eKTiB Ta ONTHMI3YE Mpoliec KOHTpONIO fkocTi [9].
Ford Motor Company BhOpoBaguia Tol0COBE
KepyBaHHA Uil 30ipKH Ta JiarHOCTHKH TPaHCMOPTHHX
sacobiB.  CremiamicTH  BHKOpHcTOBYIoTE  Microsoft
Hololens i3 BOymOBaHHM TOIOCOBHM KEpYBaHHAM JUIs
HOCTYIY 10 JAHHX Y pealbHOMY 4aci MiJi 4ac CKIaJaHHA
TPAHCTIOPTHHX 3acobiB  abo NpoBeleHHA TEPEBIpOK
KOHTpOMIO sKocTi. PobiTHHK Ha BHpoOHWUil TiHIT MoKe
BHKOPHCTOBYBATH TOJIOCOBi KOMaH[IM JUIS aKTHBALli
iHcTpyMeHTiB, nepernany 3D-cxem aGo meperipku cTany
meTaneii, i Bee I¢ He 3aHINAIOYH CBOTo pododoro Micld.
[Tepeparamu 1LoTO MiAX0AY € Oe3KOHTAKTHHI JoCTyn 10
indopMalii, MiABHIICHA TOYHICTh 30MpaHHA CKIATHHX
KOMITOHCHTIB Ta MiJIBHIICHA MPOAYKTHEHICTSL npaui [10].

IV. B3AeMO/IIS EKCITEPTHUX CUCTEM 1

ToOJ1I0COBOI'O KEPYBAHH:A

ExcriepTHi CHCTEMH Ta TOIOCOBE VIIPABIIHHA MOKYTh
e()eKTHBHO  NpamIOBaTH  paszoM,  3abesmedylodn
onepaTopaM JOCTYyN [0 BakiuBoi iHdopMmaiii Ta
A03BONAOYH M BHKOHYBATH 3aBJaHHsA IIBHAKO Ta
3pyuno. ExcrnepTHi cHeTemu 30HpaloTe Ta aHamizyloTh
maHi  Big  objajgHaHHA,  BKIIOYAOMH  BHPOOHHYI
MOKa3HHKH, CTaH MAUHH Ta BHPOOHMYI  LMKIH.
OmepaTopH  MOXYTb  BHKOPHCTOBYBAaTH  TOJIOCOBI

KOMaH[H, o0 sanuTyBaTH iH(QOpPMalilo, HalpHKIAI,
npo NoTouHHil cTan oOnagHanHs abo pexoMeHmanii
mofo obcayropyeanns. Ha ocnoBi amamizy nanmx
eKCNepTHa CHCTeMa HaJlae MOpajH WIOA0 ONTHMI3auil
npolleciB, YCYHEHHs HecnpaBHocTeil abo BHKOHAHHS
omnepariil, Mo A03BOJAE WIBHAKO PCaryBaTH Ha 3MiHH Y
BHPOOHHYIOMY CepelOBHIIL.

IlepeBaru uux iHTErpanii:

— WBHAKAHA JocTyn o iHdopManii J03Boise
omepaTtopam MpHHMATH PIIICHHS HA OCHOBI aKTYAILHHX
JaHHX, IO CKOPOYYE Hac MpocTolo;

— aBTOMAaTHYHe HAJaHHA  peKkoMeHjauiii  Ta
MOMIIMBICTE  TONOCOBOT  B3a€MOAll  3MCHIIYIOTh
fIMOBIpHICTE  MIOACHKHX TOMHIOK, TOB'W3aHHX 13

BBEJCHHAM JaHUX;
— CHCTEMH MOXKYTh aJanTyBaTHCA [0 3MiH Y
BHPODHHYHX IPOLEcax, JO3BONLIOUH ONEepaTopaM JIErko

MepeMHKaTHCS MUK  3aBJaHHAMH Ta  OTPHMYBATH
OHOBIICHHSA Y pealkHOMY Yaci;
—  HOBl  cHiBpoOITHHKH — MOKYTh  HIBHIIIE

aJanTyBaTHCA, OCKIILKH FONOCOBI KOMAHIH Ta eKCIepTHi
pekoMeHalil poOIATE YIpaBIiHHA 3pO3YMLUTIIITHM.

Hemoniki  BIpOBaKCHHS CKCHOEPTHHX CHCTEM |
FOJIOCOBOIO KepyBaHHA:

— MOJIOKCHHS HAa TONOCOBI KOMaHIH Ta eKCICpPTHI
CHCTEMH MOKe CHPHUHHHTH npobiemMH y pasi 30010
obnagnaHHA abo MPOrpaMHOro 3abe3neueHHs;

— ONepaTopH MOBHHHI GYTH HABYEHI K B3a€MOIIATH 3
CHCTEMOIO, TaK i po3yMiTH ii pekoMeHIauil, IO Moxke
3alfHATH 9ac Ta pecypcH;
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— iHTerpanis TakHX CHCTEM MOKE BHMAraTH 3HaUHHX
iHBeCTHIIIil Y TeXHOIOTi{ Ta HABYAHHA [ICPCOHAIY;

— Xoua eKCHEpPTHi CHCTEeMH MOXYTh HAJaBaTH
peKkoMeH/Ialli, BOHH MOXKYTh HE 3aBX/IM BPaxXOByBaTH
KOHTEKCT ab0 YMOBH, 1O 3MIHIOIOThCA, Ta li¢ BHMarae
MOACBKOTO BTPYYAHHA I8 NPHIHATTA OCTATOYHHX
pillieHE.

BrnpoBamkenns — romocoBux  iHTepdeiicie  Ta
CKCICPTHHX CHCTEM Ha BHPOOHMLTBI CTANO BAMKITHBHM
KpOKOM [0 MiJABHIICHHS e)eKTHBHOCTI Ta THYYKOCTL
npouecie. Y PpisHHX KoMmmaHigx, Takux sk ABB,
Mitsubishi Electric, Rockwell Automation, KUKA T1a
Honeywell, mi Texnomorii inTerpoBani y pisHi acnekTH
BHPOOHHITBA Ta yNpaBliHHA. PoOITHHKM MOXYTh
BHKOPHCTOBYBATH TOJIOCOBI KOMAHIM JUIf OTPHMAHHSA
indopmanii npo cran  obnagHaHHA,  YIpPaBTiHHA
poBOTH30BAHHMH ~ CHCTEMAaMH,  MOHITOPHHTY — Ta
MIATHOCTUKH, @ TaKOXK JUIA YIPABIiHHA CKIAJCEKHMH
npouecamM. EkcrmepTHi cHeTeMH y LHX JojaTKax
aHami3yloTh  JaHi, HajaloTh  peKOMEHJamii  Ta
MOTIOMAraloTh LIBHJIKO pearyBaTH Ha 3MiHH.

Ili i#HoBauii nNpH3BOAATE A0 30iNbINEHHS
IPOJYKTHBHOCTI, CKOPOMEHHS 4acy Ha NpPHIAHATTA
pilllcHb, MiIBHIICHHA O€3MeKH Ta TouHOCTi poboTH, a
TAaKoXK MOKPAIIYIOTh B3a€MOJIII0 MK ONepaTopaMd Ta
MAIHHAMH.

Hanpuknan, Mitsubishi Electric 3acTocoBye ronocosi
KOMAHJIH 18 KepyBaHHA poOOTH30BAHHMH CHCTEMaMH
Ha  CKIajalbHHX  JdiHigsx.  EkcnepTi  cHeTemn
3a0e3nedyloTh aHal3 JaHHX [po HPOJYKTHBHICTL, i
NpaliBHHKH MOXKYTh BrOJOC CTaBUTH 3anuTanus abo
BHOCHTH 3MIHH 10 Hapamerpie pobotn. Lle nigsumye
THYYKiCTh BHpPOOHHITBA Ta MOKpAlIye B3AacMOMIi Mik
olepaTopaMH Ta MammHamH [11].

Rockwell Automation iHTerpye ronocosi TeXHOIOTi
Y CHCTEMH YIPaBIiHHSA I MOHITOPHHTY Ta JAIarHOCTHKH
obnagnanng.  OnepaTopH MOKYTh BHKOPHCTOBYBATH
FONOCOBI KOMAHIH A JOCTYIY A0 indopMarii mpo ctan
MAIlHH Ta OTPHMYBAaTH peKOMEHJAUIi BiJ eKcHepTHol
CHCTEMH JUIf YeyHeHHS HecrnpasHocTeil. Lle npusBomuTs
[0 CKOPOYEHHS 4acy Ha [iarHOCTHKY Ta MOKPAIICHHS
Oeaneku Ha BUPOOHHIITEL.

KUKA  BHKOpHCTOBYE  TOIOCOBE  KepyBaHHA
B3acMofii 3 poboTaMH Yy BHpPOOHHYHX Ipolecax.
Excrneptai cHcTeMH aHaNi3yIOTh 3aBJAHHA Ta MOKYTh
3AMpPONOHYBATH HafieeKTHBHINI IINAXH BHKOHAHHS
omepaliii, a omepaTopH KepyloTh pofoTamH  3a
IOMOMOTOI0  TONMOCOBHX — KoMaHi. B pesynerari
30LIBIIYETECA TOUHICTE PoDOTH Ta CKOPOYYEThCA Hacy
HaBYaHHA HOBHX CIIBPoOiTHHKIB [12].

V. BUCHOBKH

luTerpanis ekcmepTHHUX CHCTEM Ta  TOIOCOBOTO
YIpaBIiHHA Ha BHPOOHHIITBI Mporonye Oe3nid mepeear,
BEIIIOYAIOMH  30IMBIMICHHA ¢(EKTHBHOCTI, MOKpallcHHA
Deamekn Ta 3HWACHHA nomuaok. Ofmak  cnif
BpPaxoBYBAaTH i MOTCHIIHNI HEJIOMIKH, TaKi AK 3a1eKHICTh
BiJl TEXHONOTII Ta CKJIATHOCTI HABYAaHHA. 3 MpPaBUILHHM
MiIXOJ0M Ta BIPOBAKCHHAM I CHCTEMH MOXKYTh
3HAYHO MOKPALMTH BHPOOHHYI NpollecH Ta poboue
cepesiopuiie.  Iutepdedicn  romocoBoro  KepyBaHHA
MO3BOJAIOTE ONEPATOPAM BIACMOJIATH 3 CHCTEMAaMH 3a
MOTIOMOTOI0 KOMaH]l MPHpoIHLOI0 MoBoto. Lle nonermrye
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poboTy Ges [omOMOTH pPyK, IO OCOOIHBO KOPHCHO B
cepelloBHINAX, Je pYyYHe BBEJCHHA  YCKIaJHEHe.
ExcnepTai cHCcTeMH MOKYTh aHami3yBaTH —JaHi 3
obnajgHaHHs y pealbHOMY 4aci Ta IPONOHYBaTH
KOHKpeTHI Jii (HampHKIajg, perylioBaHHA, eTanH
obcayroBysanns).  OmepaTopH — MOAYTE — MHTTEBO
BHKOHYBATH 11i PEeKOMEHJALlIl 3a JI0NOMOT00 TOIOCOBHX
KOMaHJl, 1[0 3MEHIIYE 3aTPHMKH, NMOB'A3aHI 3 PYYHHM
BBE/ICHHSAM.

CuHeprisi  eKCIEpTHHX CHCTEM Ta  ONOCOBOTO
KepyBaHHSA NpU3BOJUTE  JI0  TOMIMIICHHA
poJYKTHBHOCTI, FHYYKOCTI Ta HaJiiiHOCTI BHpOOHHYHX
poLLECiB, JO3BOIAIOUN MiANPHEMCTBAM aJaNTyBaTHCA 10
YMOB PHHKY, II0 IIBHIKO 3MIHIOIOTECA, 1 BHMOTraM
KITIEHTIB.

Poaputok ManmuHoro Hap4danus Ta LI nokpammuTs
TOYHICTE  peKOMEHJANil  CKCMEPTHHX — CHCTEM,
I03BONAKOYM M ananTyBaTHes 0 chelHQiku
BHpOOHHYHX MpolleciB Ta mepeBar onepatopis. 'onocosi
inTepielich  CTaBATHUMYTL  Bee  IHTYITHBHINIMME,
BKIIIOYAIOYH MiATPHMKY KiNbKOX MOB Ta aKLCHTIB, 10
CIPOCTHTE B3a€MOJi0 UT1 DaraToHallioOHAILHHX KOMAHL.
Y  MailOyTHROMY MH MOXEMO OYIKYBAaTH IIHPIIOL
aBTOMaTH3allli BHpPoOHHYMX TpolleciB, ¢ TIOIOCOBI
KoMaHJH OyJyTh BHKOPHCTOBYBATHCA JUIA YIPAaBIiHHA
aBTOHOMHHMH CHCTEMaMH, IO MiIBHIMTE e(eKTHBHICTL
Ta 3MEHIMTL NoTpedy B JHOACKKOMY BIpYHaHHi.
InTerpanis ronocoBHX TEXHONOTIH y HABYAHHA HOBHX

CIBpoOITHHKIB ~ CTaHe  CTAHJApTOM,  JO3BOIAIOMH
NPHCKOPHTH — Mpollec  afanTaiii Ta  ITiABHIIEHHS
kBamidikanii. Y pesynsTaTi KomOiHallif eKCHEpPTHHX
CHCTEM Ta TOJNOCOBOTO  YIPAaRMHHA  [PONOBAKHTEL
TpancopMyBaTH  BHpOOHHYI NpOIECH, CTBOPIOIOYH

6inpim edekTHBHI, Oe3meuHi Ta afaNTHBHI BHPOOHHUI
cepeIOBHIIA.
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JTOJATOK B

Koa nporpamu

import random

import speech_recognition as sr

import pyttsx3

from transformers import pipeline

from sentence_transformers import SentenceTransformer, util
from nltk.corpus import wordnet as wn

import re

def get_synonyms(synonyms):

OyHKLiA ANA OTPUMAHHA CUMHOHiMiB.
synonyms_cache = set()
for word in synonyms:
if word not in synonyms_cache:
synonyms_cache.add(word)
return list(synonyms cache)

def get recommendations_from_knowledge base(question):
"""llyka€ peneBaHTHi pekoMeHAauii B 6a3i 3HaHb AAA 3anuUTy, BUKOPUCTOBYHYM TOYHE

cniBnagiHHA chniB.
relevant_recommendations = []

question_words = set(re.findall(r +\b", question.lower()))
for keyword, data in keywords.items():

all keywords = set([keyword] + data["synonyms"])

if question_words & all_keywords:
relevant_recommendations.extend(data["recommendations”])
return relevant_recommendations
synonyms_cache = set()
def get_synonyms(synonyms):
"""OyHKUiA ANA OTPUMaHHA CUMHOHiMiB. lepekOHy€eMOCA, WO AO0JANTbCA Tinbku pagkum. """
for word in synonyms:
if isinstance(word, str):

synonyms_cache.add(word.lower())
return list(set([word.lower() for word in synonyms if isinstance(word, str)]))

engine = pyttsx3.init()

sentence_model = SentenceTransformer('paraphrase-MinilM-L6-v2")




engine = pyttsx3.init()

voices = engine.getProperty('voices")

selected_voice_id =

engine.setProperty('voice', voices[selected voice_id].id)

sr.Recognizer()

keywords = {
"does not detect": {
"synonyms": get_synonyms(["detect", "misses", "unable to identify"]),
"recomandations” : [

"Check that the sensors on the job are configured and working
properly. Make sure the sensors are not damaged or dirty. Clean them of any dirt or dust if
necessary",

"Make sure the sensors are calibrated correctly. Some robots have
the ability to calibrate sensors to achieve optimal sensitivity and accuracy. Review the
robot's documentation for the calibration procedure and follow it",

"Check the environment for causes that could affect the robot. For
example, make sure that there is no excessive light or glare that could interfere with the
robot's ability to detect objects. Also, eliminate the possibility of obstacles that could
block the sensors",

"Check the robot's software for object and obstacle detection
settings. Make sure they are set to the correct sensitivity level and parameters. If
necessary, update the robot software to the latest version",

"Refer to the robot manufacturer's documentation or contact their
support team for more help and advice. They may be able to provide specific advice for your
robot model or offer service",

"Make sure the robot is on a level and stable surface. Uneven or
unstable floors can affect the accuracy of the robot's object detection. Try placing the
robot on a flat surface and see if object detection improves",

"Check the robot's power supply. Insufficient or unstable power
can affect the robot's object detection. Make sure the robot's battery is fully charged or
that the robot is connected to a power source with a stable cable",

"Check that the robot's sensors are not being blinded. Some robots
may have light-sensitive sensors that can be blinded by bright lights or glare. Try
repositioning the robot or reducing the lighting in the space",

"Make sure the robot is set to the correct object detection mode.
Some robots have different robot modes that can affect object detection. Review your
robot's settings to make sure you are using the correct mode for object detection",

"Conduct an additional check for physical obstacles to the robot.
Make sure that there are no physical obstacles that could interfere with object detection.
Remove any obstacles that may interfere with the operation.”

]

¥

"incorrect measurements”: {

"synonyms": get_synonyms(["measurment", "inaccurate readings", "faulty data"]),

"recomandations” : [
"Check that all sensors are properly connected to the robot.
Make sure that all cables are connected to the correct ports and are securely fastened",




"Make sure the robot's software is up to date with the
latest version. Sometimes manufacturers release software updates that address measurement
accuracy issues. Check the robot manufacturer's website for updates and install them if
necessary",

"Perform a debugging check of the measurement system. Refer
to the robot or manufacturer's documentation for instructions on how to verify sensor
setup. You may need to adjust some parameters or perform calibration to achieve more
accurate measurements",

"Make sure that there is no electromagnetic interference
that could affect the sensors' signals. In the vicinity of the robot, avoid strong sources
of electromagnetic radiation, such as wireless routers, microwaves, or other electronic
devices that can distort sensor signals",

"Check the status and conditions of the detectors. Ensure
that the sensors are free of damage, moisture, or other issues that could affect their
performance. If necessary, replace or repair any damaged sensors",

"Check the measurement system settings. Check the settings
that affect measurement accuracy, such as sensor sensitivity, noise filtering, or other
settings that may be available in the robot software",

"Contact a technical support specialist. If you are still
experiencing problems with incorrect measurements, your best option may be to contact the
robot manufacturer's technical support specialist. They will be able to provide you with
specific advice and help you solve the problem",

"Make sure the robot's sensors are clean and free of dirt.
Dirt or dust on the sensors can lead to incorrect measurements. Remove the sensors and
clean them with a soft cloth or a special electronics cleaner",

"Check the settings of the robot's sensors. Some robots have
settings that affect measurement accuracy. Make sure that the sensor settings are set to
the correct values",

"Make sure that the sensors are located in the correct
places. Check the robot's or manufacturer's documentation for information on optimal sensor
placement. Make sure that the sensors are positioned at the correct heights and angles."

]

}J

"damaged sensor": {
"synonyms": get_synonyms(["sensor","broken tool","malfunctioning unit"]),
"recomandations™ : [

"Check the physical condition of the detector: Inspect the sensor to
make sure it has no visible damage, such as cracks, broken contacts, or other signs of
mechanical damage. If you notice any physical damage, contact the manufacturer for
information about replacing the sensor or repairing it",

"Check the connection of the detector: Make sure the sensor is
properly connected to the robot or system. Check the cables and connectors to ensure they
are secure and free of any tangles or loose connections",

"Recalibrate the sensor: Some systems allow you to recalibrate
sensors to improve their accuracy. Refer to the manufacturer's documentation or
instructions on how to recalibrate the sensor. This may require special software or
adjustments"”,

"Replace the sensor: If the sensor is faulty and cannot be repaired,
replacement may be necessary. Contact the manufacturer or supplier to obtain a new sensor

that is compatible with your system. Make sure the new sensor is properly connected and

configured",




"Contact a technical support specialist: If you are unable to
resolve the problem yourself, contact the technical support specialist for the robot or
system manufacturer. They will be able to provide you with specific advice and help you
resolve the problem with the damaged sensor",

"Check the detector settings: Verify that the detector settings are
correct. Check parameters such as sensitivity, detection range, or other settings that may
affect its performance. Refer to the manufacturer's documentation or instructions for the
appropriate settings"”,

"Check the power supply: Ensure that the detector is receiving
adequate power. Check the cables, connectors, and power supply to ensure that there are no
electrical connection issues or insufficient power. If necessary, check the battery or
power supply, if applicable.",

"Apply maintenance tools: Manufacturers often provide tools to help
maintain and diagnose sensors. These may include self-diagnostic features or tools to
identify problems and debug the transducer. Check the manufacturer's documentation for such
tools and use them to solve the problem",

"Check the operating environment: Ensure that the environment in
which the sensor is operating meets its requirements. Some sensors may be sensitive to
lighting, temperature, or other factors. Ensure that the environment is optimal for the
detector's operation by considering these factors",

"Perform testing and verification: Perform testing on the sensor to
identify the problem. Use tools, sensors, or devices to verify the operation of the
transducer. Verify that other sensors are functioning correctly to determine if the problem
is related to a specific sensor or the system as a whole."

]
}s

"low battery": {

"synonyms": get_synonyms(["no power", "battery", "lack of energy"]),

"recomandations" : [

"Check the connection: Make sure the battery is properly connected to
the device or system. Check that all battery contacts and connections are tight and
securely connected. Make sure that the connection is not lost or pulled out",

"Check the ort the charger: Make sure the charger, if used, is working
properly. Check that the charging cable is connected to an electrical outlet or power
source. Make sure the charger is compatible with the battery and has the correct
specifications”,

"Check the condition of the battery: Check that the battery is not
damaged or worn out. Sometimes the battery can lose its capacity after prolonged use or due
to physical damage. If the battery shows visible signs of damage, replace it with a new
one",

"Charge the battery: Connect the battery to the charger and let it
charge for a sufficient amount of time. Keep an eye on the charge indicator on the charger
or on the battery itself. Make sure the battery is fully charged before using it",

"Optimize your energy use: Consider optimizing your device or system's
power usage. Lowering the display brightness, disabling unnecessary features, or turning
off power-hungry apps can help extend battery life",

"Replace the battery: If the dead battery problem recurs and you cannot
restore functionality, consider replacing the battery with a new one. Contact the
manufacturer or service center for more information about replacing the battery",

"Check for updates: Make sure you are using the latest software for
your device or system. Sometimes manufacturers release updates that improve energy




efficiency and battery life. Update your software to the latest version if updates are
available",

"Reduced display brightness: A bright display can consume a lot of
power. Reducing the display brightness to a comfortable level can help extend battery life.
You can usually do this in the device or system settings",

"Turn off wireless connections Tip: If you are not using wireless
connections such as Wi-Fi or Bluetooth, turn them off. This can help reduce power
consumption and extend battery life",

"Saving deactivated devices: If you have external devices connected to
your device, such as USB devices, vinyl drives, or external hard drives, but you are not
using them, disconnect them. Connected devices can consume power even when they are not in
use."

}s

"charging problems": {
"synonyms": get_synonyms(["charge", "charging failure", "recharging difficulties"]),
"recomandations" : [

"Check the connection: Make sure the charger is properly
connected to the robot and power source. Check that all connectors are in place and that
there is no damage to the cable or connectors",

"Check the power supply: Make sure the power source to which the
charger is connected is working properly. Try connecting another electrical device to the
same power supply to make sure the problem is not with the power supply",

"Check the charging cable: Check the charger cable for damage or
fraying. If the cable shows signs of damage, try replacing it with a new one",

"Restart the robot: Sometimes restarting your robot can help
resolve a charging issue. Turn off the robot, disconnect the charging cable, wait a few
minutes, and then reconnect the charging cable and turn on the robot",

"Check the charging connectors: Check the charging connectors for
dirt, dust, or corrosion. If the connectors are dirty, you can use compressed air or a soft
brush to clean them",

"Replace the battery: If the problem is due to an old or faulty
battery, consider replacing it with a new one. An old battery may have lost its capacity
and may not be able to charge properly",

"Check the charger: Make sure the charger is working properly.
Try connecting it to another charging device and see if it works. If the charger does not
work, replace it with a new one",

"Check the contacts: Make sure the contacts on the robot and
charger are clean and not dirty. Use compressed air or a soft brush to clean the contacts",

"Check the temperature: Some robots may have limitations on
charging at low or high temperatures. Make sure the robot and charger are in optimal
temperature conditions for charging",

"Restart the software: Sometimes the charging problem can be due
to software errors. Try restarting the robot's software or updating it to the latest

version.."

}s

"reduced operating time": {

"synonyms": get_synonyms(["downtime", "shortened runtime", "limited working period"]),

"recomandations” : [




"Charge the battery fully: Make sure that the robot's
battery is fully charged before you start working. If the battery is not fully charged, it
may result in a shorter operating time",

"Check the battery condition: Make sure the battery is in
good condition. If the battery is old or damaged, its capacity may be reduced, affecting
the operating time. Consider replacing the battery with a new one",

"Check the robot's settings: Some robots have settings that
affect their runtime. Make sure that the robot's operating mode meets your needs and does
not use unnecessary energy",

"Optimize the robot: Pay attention to the way you use the
robot. If you are working in an empty space or performing unnecessary tasks, this can lead
to unnecessary energy consumption. Optimize your robot by reducing unnecessary movement and
using it in an efficient way",

"Check the condition of accessories: Some accessories, such
as brushes or filters, may be dirty or worn out, which can affect the robot's performance.
Check the condition of the accessories and clean or replace them as needed",

"Check the power saving settings: Some robots have power
saving settings that can be adjusted to conserve energy. Make sure they meet your needs and
don't limit the runtime",

"Use a robot program: Many robots have the ability to
customize work schedules. You can set your robot to work during certain hours when it is
most efficient and to be on standby at other times to save energy",

"Optimize the surface for the robot: Make sure the surface
on which the robot is operating is optimal for its movement. Remove any obstacles that
could change the robot's path or interfere with its operation. Provide adequate lighting
and ventilation for the robot to work efficiently",

"Replace the battery: If the battery is old or damaged, its
capacity may be reduced, resulting in reduced operating time. Consider replacing the
battery with a new one if allowed by the robot's manufacturer",

"Update the software: Make sure you are using the latest
version of software for your robot. Manufacturers may release updates that improve
performance and efficiency."

}s

"no connection": {
"synonyms": get_synonyms(["diconnected"”, "unlinked", "signal loss"]),
"recomandations" : [

"Check the physical connection: Make sure that all cables and wires
used to connect the robot to other devices or systems are properly connected and not
damaged. Check that all connectors and disconnects are properly secured",

"Check the firewall settings: If you are using a firewall or other
security features, make sure that the settings do not block connections between the robot
and other devices or systems. Check the firewall rules and allow the necessary ports or
protocols"”,

"Check the Wi-Fi signal: Check the Wi-Fi signal strength in the area

where the robot is located. If the signal is weak, try repositioning the router or using a

Wi-Fi booster to improve coverage",

"Eliminate obstacles: Make sure that there are no physical obstacles
between the robot and other devices, such as walls, metal objects, or electronic devices
that could affect the Wi-Fi signal. Try repositioning the robot to get a better
connection",




"Check your network security settings: Make sure that your network
security settings (e.g., Wi-Fi encryption, MAC address filtering) are not blocking your
robot's connection. Try temporarily disabling network security to see if the robot can
connect",

"Use a wired connection: As an alternative to a wireless connection,
try connecting your robot to other devices or systems using an Ethernet wire. This can
provide a more stable connection and avoid problems associated with a weak Wi-Fi signal",

"Check your device settings: Make sure all devices you're trying to
connect to have the proper network settings. Check the IP addresses, subnets, DNS servers,
and other network settings to make sure they are correct and compatible with the robot",

"Software updates: Check to see if there are any software updates
available for the robot and other devices or systems it is connected to. Performing an
update can fix bugs, improve compatibility, and improve connections”,

"Restart the devices: Perform a full restart of your robot, router,
and other devices. This can sometimes resolve temporary connection issues",

"Contact technical support: If none of these solutions resolve your
connection issue, contact technical support for the manufacturer of your robot or other
devices you're trying to connect with. They can provide additional tips or recommendations
specific to your particular situation.”

]

¥

"software error": {
"synonyms": get_synonyms(["error", "bug", "application glitch"]),
"recomandations" : [
"Restart the software: Try restarting the robot's software. This can
resolve temporary issues and errors that occur while it is running",
"Update the software: Make sure you are using the latest version of
the robot software. Manufacturers usually release updates that fix bugs and improve

functionality. Check the manufacturer's website or documentation for updates”,

"Check the settings: Ensure that all robot software settings are
correct and meet the requirements. Review the software documentation and settings to ensure
you have configured it correctly",

"Check logs or error messages: Review logs or error messages that
may be stored in the robot's software. This can give you information about specific
problems or errors that are occurring and help you find solutions",

"Contact technical support: If the software problem continues,
contact the robot manufacturer's technical support. They can provide additional help,
advice, or guidance to resolve the issue",

"Check the runtime environment: Make sure that the environment in
which you are running the robot software is appropriate. Make sure that there are no
conflicts with other programs or devices that could affect the operation of the program",

"Check your hardware: Make sure the hardware on which the robot
software is running is working properly. Check the connections, make sure the devices are
not damaged, and perform tests to identify possible problems",

"Check the uploaded data: Make sure the data used by the robot
software is correct and in the expected format. Sometimes the problem can be caused by
incorrect or corrupted data. Check the data used by the program and make the necessary
corrections or repairs",

"Run a security check: Some errors or incorrect operation of the
robot software may be due to security issues. Check whether reliable security methods are
being used and whether there are any security weaknesses. Update the software to the latest
versions that contain security patches",




"Check your system requirements: Make sure your hardware and
operating system meet the system requirements of the robot software. Incorrect hardware
settings or incompatibility with the operating system can affect the program's performance.
Check the software documentation for detailed hardware and operating system requirements."

1

¥

"program freeze": {
"synonyms": get_synonyms(["freeze", "system lockup", "crash"]),
"recomandations” : [

"Restart the software: Try restarting the robot's software. Close
the program and reopen it. This may resolve a temporary issue related to the program's
incorrect state",

"Check for resource conflicts: Make sure that the robot software
does not conflict with other programs or processes running on your computer. Close
unnecessary programs and processes that may interfere with the normal operation of the
robot program",

"Update your software: Make sure you are using the latest version of
the robot's software. Manufacturers often release updates that contain bug fixes and
feature enhancements. Update the program to the latest version available to avoid possible
problems",

"Check the system requirements: Make sure your computer meets the
system requirements of the robot software. Check that you have enough RAM, free hard disk
space, and the right version of the operating system. If the system does not meet the
requirements, it may cause problems with the program",

"Disable antivirus programs: Some antivirus programs can cause
conflicts with the robot's software and block its operation. Try disabling the antivirus
program temporarily and see if this affects the robot's app. Be careful to turn the
antivirus program back on after checking",

"Check the error logs: Some programs have error logs or log files
that contain information about problems and errors that occur while the program is running.
Check to see if there are any such logs or log files for the robot software and review them

to find any errors noted or information that may help you determine why the program is

unresponsive or freezing. If necessary, you can refer to the program's documentation or
support for more help understanding the error logs",

"Restart your device: Sometimes unresponsive software issues can
occur because the robot's hardware components are not working properly. Try performing a
full reboot of the robot by turning it off completely, waiting a few seconds, and then
turning it back on. This may help to restore normal software operation",

"Reset to factory settings: If all other attempts have failed, it
may be worth considering a factory reset. This can fix problems related to saving incorrect
settings or corrupted files. Please note that a factory reset will erase all data,
settings, and programs from the robot. Make sure that you back up all necessary data before
performing this operation"

]
}s

"incorrect movement": {
"synonyms": get_synonyms(["wrong move", "erroneous motion", "misaligned action"]),
"recomandations™ : [
"Check the motor connections: Make sure the connections between
the motors and the controller or robot electronics are correct and stable. Make sure that




all cables are properly tightened and not loose. Check that all motors are connected to the
appropriate ports and pins on the robot controller",

"Make sure the motor system is properly configured: Check the
settings of the robot's motor system, such as speed, acceleration, and steering parameters.
Ensure that the settings are appropriate for the robot's requirements and take into account
its physical limitations. Ensure that the motion control is based on the correct inputs,
such as signals from sensors or commands from the controller",

"Calibrate the motion system: Calibrating the motion system can
help correct incorrect robot movement. This includes a procedure for adjusting motion
parameters such as speed limits, positioning accuracy, and using feedback to correct
motion. The robot's documentation or user manual may contain instructions on how to
calibrate the motion system",

"Check the condition of mechanical components: Make sure that
all mechanical components of the robot, such as wheels, gears, rails, mechanisms, are not
damaged or worn. Check that there are no obstacles or difficulties in the free movement of
the robot's moving parts. Repair or replace any damaged or worn components",

"Check the control software: Ensure that the robot's control
software is properly programmed and meets the requirements of the motor system. Check for
errors or incorrect parameters that could affect the robot's motion. Monitor sensor or
feedback data to identify possible causes of incorrect movement",

"Check the electronic components: Ensure that all electronic
components of the robot, such as sensors, controllers, boards, are working properly. Check
for damage, broken connections, poor contacts, or other electrical problems. Check the
power supply and the stability of the voltage supplied to the robot's electronics"”,

"Make sure that the motion algorithms are properly programmed:
Check the motion algorithms used in the robot's software. Ensure that the motion commands
are correctly interpreted and executed. Consider the physical limitations of the robot,
such as speed limits, rotational radius, and other mechanical limitations",

"Calibrate the sensors: If the robot uses sensors to determine
its status or environment, calibrate those sensors. This may include adjusting sensor
limits, compensating for errors, or correcting signals. Ensure that the sensors are
properly calibrated for the robot's requirements and the environment in which it operates."

]
}s

"noise": {
"synonyms": get_synonyms(["loud", "interference", "disturbance"]),
"recomandations" : [

"Check mechanical components: Make sure that all mechanical components of the
robot, such as wheels, motors, and connectors, are properly assembled and tightened.
Consider the possibility of small objects that may be lodged or cause friction. Check for
damage or wear to mechanical parts that could cause noise",

"Check the electrical components: Make sure all electrical components of the
robot, including motors and electronics, are working properly. Check the connections,
contacts, and wiring for any loose or misconnected parts that could cause noise vibrations.
Ensure that all components are properly powered and receiving consistent voltage",

"Lubricate and grease: Some parts of the robot may cause noise due to

insufficient lubrication or abrasion. Apply appropriate grease or lubricants to moving

parts that may cause noise vibrations. Remember to use the lubricants recommended by the
robot manufacturer",

"Check for damage or wear and tear: Pay attention to parts of the robot that
may be damaged or worn as a result of prolonged use. This could include worn wheels,




connecting parts, small components, or improperly tightened screws. Replace or repair
damaged or worn parts that may be causing noise",

"Contact the manufacturer: If the noise continues after attempting to solve
the problem yourself, it is recommended that you contact the robot's manufacturer or
service center for further assistance. The manufacturer can provide specialized technical
support or recommend qualified technicians to diagnose and resolve the noise problem",

"Clean the robot from dirt and dust: Make sure that the robot and its
components, including wheels, sensors, and mechanical parts, are free of dirt or dust. Dirt
or dust can cause mechanisms to malfunction and generate additional noise. Clean the robot
regularly with a soft cloth or vacuum cleaner",

"Check the condition of the wheels: Make sure that the robot's wheels have
proper traction and are not damaged. Check for moisture, dust, or objects that could stick
to the wheels. Remove any obstructions and clean the wheels if necessary. If necessary,
install new wheels if they are worn or damaged",

"Reduce the load: Check that the robot is not overloaded or overloaded while
in motion. Too much load can lead to malfunctions in the mechanisms, which can cause noise.
Reduce the weight carried by the robot or divide the load into several stages, if
possible",

"Check for vibrations: Vibrations can be a source of noise or additional
sounds when the robot is moving. Check that all components of the robot, including
mechanisms and electronics, are properly secured and free of loose parts or moving parts.
Tighten the screws and make sure that all components are positioned correctly and do not
cause unexpected vibrations",

"Contact a qualified technician: If the sound or noise problem continues, we
recommend that you contact the robot manufacturer or an authorized service center.
Qualified technicians will be able to perform a more detailed diagnosis, identify the cause
of the problem, and provide specific advice on how to resolve it."]

}s

"stuck": {
"synonyms": get_synonyms(["blocked", "jammed", "trapped"]),
"recomandations™ : [

"Check for obstacles: Make sure that there are no obstacles around the robot
that could impede its movement. Remove any obstacles such as furniture, cables, or other
objects that may interfere with the robot's free movement",

"Clean the mechanisms: Make sure that the robot's mechanisms, including
wheels, sensors, and moving parts, are not dirty or stuck. Remove any dirt, dust, or
threads that may be obstructing the mechanisms. You should also check that there is no
damage to the mechanisms and that all moving parts are working properly",

"Check the battery: Make sure the robot's battery is sufficiently charged.
Low battery power can cause the robot to limit its movement or stop altogether. Charge the
battery to the proper level or replace it if it is already worn out",

"Check the software: Make sure the robot's software is working properly.
Update the software to the latest version if possible. If the problem is due to software
errors, try restarting the robot or resetting it to factory settings",

"Contact a specialist: If none of the above tips help to solve the problem,
it is recommended to contact the robot manufacturer or an authorized service center. They

will be able to perform a more detailed diagnosis, identify the cause of the jam, and

provide specific advice on how to resolve the problem",

"Check the robot's configuration: Ensure that the robot is set to the correct
configuration, especially in terms of driving modes, speed limits, and set parameters.
Ensure that the robot's configuration meets the requirements of the task you are giving
it",




"Check mechanical delays: Make sure that the robot's motion mechanisms are
not caught in any parts, wires, or other objects in its environment. Ensure that nothing is
obstructing the robot's free movement and correct any mechanical delays if necessary",

"Make sure the base is stable: Ensure that the base on which the robot is
standing is stable and level. Uneven or unstable floors can cause problems with robot
movement. Level or change the base, if possible, to ensure stable movement of the robot",

"Check the sensors: Make sure the robot's sensors, such as distance or touch
sensors, are working properly. Clean them of dirt or dust, check for damage, and make sure
they are responding to their surroundings correctly",

"Use diagnostic tools: Some robots have built-in diagnostic features or tools
to identify mechanical problems. Use these tools, if available, to get more detailed
information about the robot's condition and possible causes of stuckness."]

}

keyword_embeddings = {
keyword: sentence_model.encode(keyword, convert_to_ tensor=True) for keyword in keywords

generator = pipeline("text-generation”, model="gpt2", tokenizer="gpt2", device=-1)

dialogue history = []

def speak(text):

03By4Yy€e TeKCT 3a gonomorow pyttsx3.
engine.say(text)
engine.runAndWait ()

get _random_recommendations(question, num_recommendations=3):

llykae peneBaHTHi pekoMeHZauil Ta MoBepTaEe BUMALKOBI.
relevant_recommendations = []
for keyword, data in keywords.items():
all _keywords = [keyword] + data["synonyms"]
if any(word in question.lower() for word in all_keywords):
relevant_recommendations.extend(data["recomandations"])
return random.sample(relevant_recommendations, min(len(relevant_recommendations),
_recommendations))

get_recommendations_from_knowledge base(question):

question_embedding = sentence_model.encode(question, convert_to_tensor=True)
best_match = None

best_similarity = ©

for keyword, embedding in keyword_embeddings.items():
similarity = util.pytorch_cos_sim(question_embedding, embedding).item()
if similarity > best similarity:




best_similarity = similarity
best _match = keyword

if best_similarity > 0.7:
return keywords[best_match]["recommendations"]
return []

filter redundant_recommendations(existing recommendations, generated_recommendation):

existing_embeddings = [sentence_model.encode(rec) for rec in existing_recommendations]

generated _embedding = sentence_model.encode(generated recommendation)

similarities = [util.cos_sim(generated_embedding, existing) for existing in
existing_embeddings]

if max(similarities) < 0.8:

return generated_recommendation
return None

def generate_additional_ recommendation(context):
"""TeHepye pomaTKoBi pekomeHgauil 3a pgonomorow GPT-2 Ha OCHOB1 KOHTEKCTY.

prompt = (
"Based on the following recommendations, provide a new and unique suggestion.

"Avoid repeating the same suggestions: + context

)
generated = generator(
prompt, max_new_tokens=80, num_return_sequences=1, temperature=0.5,
no_repeat_ngram_size=2, truncation=True

)

result = generated[@][ 'generated_text'].strip()
return result[len(context):].strip()

def process_speech():

"""Po3ni3Hae MoBY, 06pobnAe 11 Ta 03By4Yye pekomeHgauii."""
with sr.Microphone() as source:

print("Speak...")

speak("Speak...")

try:
audio = r.listen(source)
text = r.recognize_google(audio, language="en-US")
print(f"You said: {text}")

recommendations = get random_recommendations (text)
if recommendations:

speak("Here are some random recommendations from the knowledge base:")

for recommendation in recommendations:
print(f"Random recommendation: {recommendation}™)
speak(recommendation)

combined_recommendations = ". ".join(recommendations)
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generated_recommendation =
generate_additional recommendation(combined recommendations)

filtered additional recommendations =
recommendation.strip()
for recommendation in generated recommendation.split('.")
if recommendation.strip() recommendation.strip()
recommendations

if filtered_additional recommendations:
speak("Here are additional suggestions:")
for additional recommendation in filtered additional recommendations:
print(f"Additional suggestion: {additional recommendation}")
speak(additional_recommendation)
else:
speak("Sorry, I couldn't find relevant recommendations.")
except sr.UnknownValueError:
print("Unable to recognize speech.")
speak("Unable to recognize speech.™)
except sr.RequestError as e:
print(f"Speech recognition service error: {e}")
speak("Speech recognition service error.")

while

process_speech()
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MeTa poboTtun

HOI poBOTM € PO3POBKA eKCNepTHOI CUCTEMM TEXHIYHOI MIATPMMKM
PoBOTN30BAHOMO BUPOOHULTBA, 3 BUKOPUCTAHHAM HEMPDOHHUX MEepex
BOrO KEPYBAHHS.
B'EKTOM AOCAIAXEHHS € rmpouec GOPMAAI3aLi 30AQY B IHTEASKTYOAbHMX
CTEMAX.
AAS BUKOHOHHS L€l poBoTK NOTRIOHO BURILLMTA HACTYMNHI 3ABAQHHS:
— BU3HQYUTU OCHOBHI MPOLIECK TA TEXHOAOTIT MPUAGACDYAYBAHHS;
— NPOAHAAIZYBATU BUKOPWCTOHHA €KCNEPTHWX CUCTEM TA HEMPOHHUX MEPEX Y
poboTH3ALI;
— PO3POBUTU CTRYKTYPHY CXEMY EKCNEPTHOI CUCTEMM;
- BMOPATM MOBY NPOrPAMYBAHHS, OIOAIOTEKM TOAOCOBOTO KEepPyBAHHS TA
HEWPOHHY Mepexy:
— PO3POBUTU PO3PAXYHOK HOAIMHOCTI T €(hEeKTUBHOCTI CUCTEMM;
- PO3POBUTU BACK-CXEMY QATOPUTMY POBOTU NPOTPAMHOrO 306€3NeUYeHHs;
- PO3POBUTU MNPOrPAMHE 3a6e3MNeYEHH AN CUCTEMM;
— PO3rASIHYTU MTAHHSA OXOPOHK NPALL.

ryn

OMUCAOBI NMIAMPUEMCTBA HO CLOTOAHILLHIN ASHb
IOTbCA TA OOPIOTECA 3 YNCAEHHOIO KIABKICTIO
KiB ANS TOro, o6 30AULLATACS

YPEHTOCTPOMOXHMMN B AOBrOCTPOKOBI

JCHEeKTUBI. | TOMy AyXe BOXAUBO 3HAUTM HOBI
IEHHA T e(deKTMBHO pearyBati, OCOBAMBO HA
DAKTOPU AK 3POCTAIOYI BUTPATU, ONTUMI3YBAHHS

MOMUAOK, MMOB'A3AHUX i3

HOMY KOMMQOHIi 3 PI3HOMATHITHUX FAAY3€M NMOYAAU
IErPYBATA  eKCNepTHi  CUCTEMM 3 LUTYHYHUM
EAEKTOM Ta poboTiB, sKi  3AAQTHI  MNIABILLMTA
EKTUBHICTb MPUMHATTA  PIleHb Y  BUPOBHUYMX
MpPoLecax.
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Buknmkun, 3 aKkmmMmm
CTUKAaI0TbCA NpauiBHUKU Ha
BUpOBHMUTBI

®l3nyHa LLIKiAAMBI YMOBM TEXHOAOTIYHI HecTtabinbHWM McuxonorivHmin
Hebeaneka npaLj BUKAVIKM pexmnm poboTtn TUCK

EKCI'IEDTHE cmcrTeMma

EKCI‘IEpTHa cmcTtema, 3acHoBaHa Ha

DaEEE SHENG SHaHHAX, aBnsae coboio KoMn'loTepHY

Excneptu bakTm | nporpaMy, fAKa BUKOPUCTOBYE AOCBi4 Ta

iHpopMauilo Yy BusHadeHin ranysi Aana

MPUMAHATTA piweHb. UA cnctema Mictute B cobi

MawwuHa \ 6azy naHux, Axka pesepBye 36ipky iHdopMauil

BUBEAEBHHA | Ta nMnpaBun Ta BIATBOPIOE Yci AadH npo

| ' npobnemHy obnacTb.

; / - ExkcnepTtHa cucTtema pospobneHa ans

Kopuctysau | | IHTepgehc 3aMiHM  nioaer-ekcrnepTiB B KOHKPEeTHIM
KopucTysaua |

ranysi. Konn Ha BupobHUMUTBI HEe BuUcTadae
daxiBuiB ANA NPOEeKTYBaHHA YW AjarHOCTUKMK,
EC moxe HagaBaTu nopaiu Ta NosACHEHHA, AKI
BXe icHyoTe B 6asi 3HaHb B TenepiwHboMy
uaci. [lopaBaHHA B3HaHb B Bazy aAaHux
eKCrnepTHOl CUCTEMU € OCHOBHUM MPOLIECOM,
AKNIA BUBHaYaE MHY4YKiCTb CUCTEMU.




HepoHHi Mmepexi y
TEeXHIUHIM niaTpUMUi

HelpoHHi Mepexi (Hanpuknaa, LSTM)

icTopumuHi gaHi obnagHaHHsA, Wob nepeabaunT MOXNUBI

aHanisyioTb

360i Ta noTpeby B TEXHIUHOMY oBcnyroByBaHHi;
aHanisysaTtu
noBiaOMMNEHb, BU3Hauyalw4y piBeHb 3aaoBoneHocTi abo

W spatHWN iHTOHauilo Ta  3MicT
po3YapyBaHHsa KOpUCTYBadis;

HelipoHHI Mepexi BUKOpUCTOBUIOTL ICTOPilD 3anuTiB
KnienTta, wob sanmponoHyBaTy nepcoHanizoBaHi abo
CTaHAapTHI pillEHHA ANA NMOBTOpBaHMX Npobnem;
HepoHHi Mepexi (TpaHcdopmepu)
nepeknas 3anuTiB Y peanbHOMYy 4aci, Wo 3py4Ho Ans
MiXXHapOAHUX KOpUCTYBaJIB, Hanpuknaa, y rotensx;

HelpoHHi

3abesneuyoTs

mMepexi pobnate TexHiuHYy NIATPUMKY

WBKAKOIO, TOYHOIO Ta 3PYYHOI0 AN WMPOKOT ayamTopi.

(onocose
KepyBaHHA Y

BUpOBHMUTBI

3aBoa Siemens: [oAnocoBe  YNPOBAIHHSA
pPoBOTAMM HA BUPOBHUYMX KOHTPOAEPAX
Simatic yepes rapHitypu (KoMaHAM: «B3dATA
npeamMe™, «[lepeMiCTutn»).

KomnaHia Bosch: [onocoBe kepyBAHHSA B
CUCTEMAX KOHTPOAID SIKOCTi 3 BUPOBHMLTBA
QABTOMODIABHMX AeTanen, 3anyck
nepesipok i peecTpaLis AedekTiB
FOAOCOM.

Ford Motor Company: BUKOPUCTAHHSA
Microsoft Hololens i3 rOAOCOBUM
YMPOBAIHHAM  AAS  CKAQAQHHST QBTO  TA
KOHTPOAID $KOCTI, O TAKOX AAS QKTMBALLji
iHCTPYMeHTiB, neperasay 3D-cxem abo
MNepeBipKn CTAHY AETAOAEN
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CTpykTypHa cxema
poBoTm Nporpamm

Mouarok 03MNI3HaABAHH!
FonosHwiA Mogens O6pobka
po6otu ronocosux ba3a 3HaHb CuHTe3 MoBK
MOAYNb transformers NOMWUNOK
nporpamu KOMaHA

leHepye
roToey
BignoBiAL B
ronocose

36epirae
KNO4O0BI Cnosa
Ta

Wykae
NOMUNKN

MNpuiimae
ronocosunin
3anurt

Etan 06po6kun
AaHNX

Dopmye i
nepegae
noBigoMNeHHA
npo NOMUAKY,

MNpuitmae
TeKCToBUIA
3anuT Ta
wykae B 6a3i
3HaHb

leHepye
TeKCToBi
signosiai

MNepeTtsopioe
ronocosunin
CUrHan Ha
TeKCT

BukoHye
noLyK
KNKOHOBOro
cnosa

OcHOBHI eneMeHTH
nporpamMmm

MoBa HanuvcaHHA - Python;

OcHoeHi 6i6Bniotekn - Speech recognition,
pyttsx3, transformers (gpt-2), random, re, ntlk.




3aranbHa KinbKicTb cnpob

M HaaimHoCTi cmctemMmm

(TA) 120 3aranbHa KinbKictb cnpob
Po3nizHaHi cnpobu (RR) |75% (90/120) |TouHicTb po3ni3HaBaHHA ronocy
BiacoTok cnpob, aki cuctema
BiaxuneHi cnpobu (RA)  |19% (23/120) [sigkuHyna
HenpasunbHi cnpobu (I1A) |5% (7/120)  |BiacoTok HenpasuibHKUX cnpob
TOYHICTb NPY HU3bKIN TOYHICTb NPY HU3BKOMY PiBHi
ry4HocTi (AViow) 64% (32/50) |ry4HocTi
TOYHICTb Npu cepeaHi Tou4HicTb Npy cepegHbOMY piBHi
ry4HocTi (AVmid) 74% (37/50) |ryqHocTi
TOYHICTb NpU BUCOKiIN ToYHICTb NPU BUCOKOMY PiBHi
ry4HocTi (AVhigh) 80% (40/50) |ryuHocTi
ToYHICTb NpY BUCOKOMY TOYHICTb NPU BUCOKOMY PiBHi
pisHi wymy (NA) 70% (35/50) |wymy
CepepHilt NOKa3HWK TOYHOCTI
CepeaHs TOYHICTb (AA) 72,5% cucTemu
KoediujeHT Bapiauji (CV) (2,81% CrabinbHiCTb TOYHOCTI CUCTEMM

Pnok cxema
anropuTMy

poboTtun
nporpamm

Iniyjanizauin pecypcis
(3aBaHTaXeHHA MOAeNEH,
PYLSX3, 63311 3Hakb)

While 1!ue>

OuikyBaHHA ron0oCoBOro
seaeHHs

PO3Ni3HABaHHA MOBY

Po3NI3HABAHHA yCiLHE?

Tax
i i
)

Awani3 3anuTy (nowyx
pexomeHaaLii & 6a3i
3Hanb)

TosigomnenHs Npo nommnky
(HeBgane poaniaHasaHHs)

‘eHepaLlin A0AATKOBIX)
pexomeraauiin (GPT-2)

PexoMeHaaUji 3HalAeH?

Hi

e e TOBIAOMAEHHA NPO NOMINKY
PO ESOMR AN (pexomengauii BiacyTHi)

[ I
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PesynbtaTtm poboTtum
nporpamu

Speak...

Unable to recognize speech.

Speak...

You said: it doesn't detect a mistake

Random recommendation: Check that the robot's sensors are not being blinded. Some robots may have
light-sensitive sensors that can be blinded by bright lights or glare. Try repositioning the rob

ot or reducing the lighting in the space

Random recommendation: Check the robot's software for object and obstacle detection settings. Mak

e sure they are set to the correct sensitivity level and parameters. If necessary, update the rob

ot software to the latest version

Random recommendation: Conduct an additional check for physical obstacles to the robot. Make sure
that there are no physical obstacles that could interfere with object detection. Remove any obst

acles that may interfere with the operation.

Setting “pad_token_id" to "eos_token_id" :None for open-end generation.

Pesynstatn poboTtu

nporpamm

Additional suggestion: Also, eliminate the possibility of obstacles that could block the sensors
from working

Additional suggestion: Check the robots' software and hardware for any problems that may occur
Additional suggestion: You can also check for the presence of any bugs or other problems
Additional suggestion: In addition, you can check the status of all the robotic components and ma
terials

Additional suggestion: The robot should be able to pass certain tests and perform tasks that are
required for it to function
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AAKyIO 30 yBary!
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[lo3nauenus HaitvenyBanus JlomaTkoBi BIHOMOCTI
TeKCcTOBI IOKYMEHTH
I'FOMK. 502810.008 13  |ITosicHIOBaJIbHA 3aIIMCKa A4, 79 c.
JlogaTkoB1 MaTepiajin
Ampo0arrist pe3ysbTaTiB A4, 14 c.
KBamidikaiiitHoi poboTu
Konx nporpamu A4,12c.
JleMoHCTpamiitHuil MaTepiai A4, 8c.
I'FOMK.502810.008 B/1
3miH.  |Apk. Homep nokym.  |ITigmmc| Jlara
P()3p06. B.B. Kapramona Po3po0IieHHs eKCIIepTHOT JIT Apkyrn | Apkym
CUCTEMH TEXHITHOX
HepeBip. Al BpOHHiKOB MiATPUMKH MIPAIiBHUKIB H 1 1
poOOTH30BAHOTO
BUPOOHUIITBA 3
H. KOHTPOJIb M.I".CtapoayOrieB BUKOPHCTaHHSAM T'OJIOCOTO Kadenpa KITAM
KEpYBaHHS Ta HEMPOHHUX
33TBepI[ LIII. HepmonoB Mepex XHYPE

BimomicTh OakanaBpchKoi
pobotu




