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LUOPOBBIE TEXHONIOTUM U UCKYCCTBEHHbIA MHTENJIEKT

l. MEXTOCYAAPCTBEHHOE OBPA3OBATEABHOE
YYPEXAEHME BBICLLUETO OBPA3OBAHUNA
«BEAOPYCCKO-POCCUMCKMNMN YHUBEPCUTET)

.

1. MIPOTPAMMHbIA KOMMIEKC ALANTUBHON HEMPOCETEBOW OUNBTPALLMN
W KOMNEHCALIUU BOKANIbHBIX TUKOB PEAJIbHOT0 BPEMEHW GLITCHBIND

OMUCAHUE PA3PABOTKU

Pa3zpaboTka npeacTaBnseT cobo Cneunanm3npoBaHHbIN MPOrPaMMHbIA KOMIIEKC AOCTYNHOCTU (accessibility),
npeaHa3Ha4YeHHbIN AnA pacno3HaBaHWA, NOAABAEHNA U MAaCKUPOBaHWA HENPOW3BOMbHbIX BOKaJIbHbIX TUKOB (CUH-
apom TypeTTa, Konponanus) B ayAMonoToKax peasibHoro BpeMeHMU.

Cdepa nprMeHeH A: NHKNIO3UBHOE OHalH-06pa3oBaHue, yaaneHHas paboTa, TefnemeanLmHa, udposas auc-
TpubyLma n Kubepcnopr.

MprHUMN PaboTbl CUCTEMbI OCHOBAH Ha rMOPVAHOM ABYXYPOBHEBOM aHasiM3e ayfMoCMrHana, mocTynatoLero
C MUKpPOJOHa nosib3oBaTesns.

MukpodoH GlitchBind _YucTtbin 3Byk _ CobecepgHuK
| > > > —~

Brok-cxema paboTbl NPOrpaMMHOT0 KOMMEKCa

JlerkoBecHbIli anroput™ unopoBoli 06paboTKK
GLITCHBIND curHanos (DSP) aHanun3upyeT BXOAALLMNIA NOTOK C MU-
HUManbHOM 3adepXKol (go 21 mc). Ha ocHoBe BblI-
UYNCNEeHNA CpefHeKBaapPaTUYHOro 3HaveHna (RMS),
e yacToTbl NepeceyeHunn Hyna (ZCR) n cnekTpanbHo-
‘W ro LeHTponaa cuctema MrHOBEHHO naeHTUGULMpPY-
- €T MOTOPHbIE BOKasibHble TYKY (Nald, Kallesb, Wweny-
KW, CBUCT).

3 BUPTYANIbHBII KABE/b (BbIXOZA):

‘ [ID:3] [MME] MepetasHauenue 38yKoBbIX ycTp. - Output (2ch)

JlokanbHasa 6ubnMoTeKka pacrno3HaBaHUA peun
(Vosk STT) aHanu3upyeT peub Ha NnpegMeT Henpo-
N3BOJSIbHOMO BbIKPUKUBAHWA HELLEEH3YPHOW TIEKCUKN
T s B el Y WNW CNOB-TPUITEPOB C 1CMOIb30BaHNEM KOJbLIEBO-
———— ro 6ydepa 3agepxku fo 320 mc. lNpu o6HapykeHnK
He)KenaTenbHOro naTTepHa 3ByKOBOW NOTOK MIHO-
BEHHO U30/IMPYeTCA 1 3aMeLLaeTca CUHTE3UPOBaH-
HbIM MacKMpYoLLMM 3PeKToM (KOMPOPTHBIN Genblii
Wwym nnu GyTyprUCTUUYECKUI 3ByKOBOW CBUM), Mocne
UEero OUMLLEHHBIV ayANOCHUTHAN Yepes BUPTYalbHbI
3BYKOBOW Kabesib nepefaeTca B LieSIeBOE NPUnoxe-
Hue (Discord, Zoom, Teams). O6paboTka nponcxoanT
MOMIHOCTbIO NOKANbHO Ha YCTPOWCTBE MOsb3oBaTe-
NS, YTO rapaHTUpPYyeT 3alUTy NepCcoHanbHbIX U 61o-
METPUYECKUX JaHHbBIX.

M OBHOBMUTL CMIMCOK

SANYCTUTE NEPEXBAT

= COXPAHWTbL MPO®UNL

(oT0 (CKPMHLLOT) FMaBHOI CTPAHMLbI MPOTPAMMHOTO NPUNOXKEHNA



LUOPOBBIE TEXHONOTMM U NCKYCCTBEHHbIA MHTENEKT

TEXHUYECKUE NMPEMMYLLUECTBA
Mo oTHoweHUto K cyulecTByOWMUM peleHnam (Krisp, cTaHAapTHble anropuTmbl WymonoaasneHus Discord/
Microsoft Teams), pa3paboTka ob6nagaet creayowmmmn HayYHO-TEXHUUECKUMI NPENMYLLIECTBAMU:

- LleneBon cneymnanusaumven (TpaguLMoHHble LWYMOoAaBbl KnaccuULMpYIoT BOKasbHble TUKM Kak YenoBeye-
CKWI rofioc 1 6ecnpenaTcTBEHHO NPOMYCKaloT UX B 3GUpP MO0 BbI3bIBAIOT CUJIbHbIE UCKaxeHus pedn; GlitchBind
M30NpPYeT MMEHHO peyveBble fedeKTbl, COXpaHAA TeMOP OCHOBHOTO rofioca);

— abcontoTHOW KOHMAEHLUMANBHOCTBIO (B OT/IMUME OT 3anafiHbIX 06/1auHbIX aHaloroB, 06paboTKa 3ByKa pea-
nunsoBaHa nokanbHo (Edge Al) 6e3 oTnpaBky 6GMOMETPUM Ha CTOPOHHME CEPBEPDI, YTO COOTBETCTBYET CTaHAAP-
Tam GDPR 1 3akoHopgatenbctBy Pecnybnukn benapycb o nepcoHanbHbiX AaHHbIX);

- I'I/I6pI/IAHbIM nogxoaom (COBMELLleHI/Ie 6bICTp0I'O CNeKTPanbHOro aHanmsa (I)VI3VILIECKVIX NnapamMmeTpoB 3ByKa
N NHTEJJIEKTYAJIbHOIO KOHTEKCTHOIO aHann3a peLII/I);

— CHUXKEHMEM CTUrMaTh3aumm (MHTerpaumsa aganTMBHOM MacKUPOBKY BMECTO CO3faHNA NCUXONOrMYecKy He-
KOMGOPTHBIX Nay3 TULWNHBI (3ddeKTa «nponagaHna CBA3MU»), YTO MacKUPYeT 0COBEHHOCTY NOMb30BaTeNdA noj
311eMeHTbl U poBoro ctus (Knbep-adpodekToi)).

OXXUAAEMbIA PE3YNbTAT NPUMEHEHUA

ObecneumBaeT yCneLuHyo couuanbHyio aganTauuio, obyuyeHue 1 TPYLOYCTPOWCTBO WL C CUHAPOMOM TypeT-
Ta U peYeBbIMU PACCTPOMCTBAMU B BbICOKOTEXHONTOMMYHBIX OTPACNAX SKOHOMUKM (IT, KONA-LeHTpPbI, OHMaiiH-
obyueHme).

CHMKaeT ypoBeHb TPEBOXKHOCTU 1 MCYXONIOMMYECKU 6apbep y Nosib3oBaTesiei Npu rofloCOBOM OOLLEHNUN B UH-
TepHeTe, NpeaoTBpaLLaeT HEO60CHOBAHHbIE HTOKUPOBKU VX aKKayHTOB aBTOMAaTUUYECKMMU MOAepaTopamum Nrpo-
BbIX M1aTGOPM 338 HEKOHTPONMPYEMYIO OpaHb, a Tak»Ke GOPMUPYET YHVKANbHbIN JIOKAbHbIN JaTaceT BOKaNbHbIX
TUKOB A4J1A MeANLIMHCKUX UCCNIeA0BaHUN.

TEKYLWAA CTAAUA PA3BUTUA
BbinonHeHa HayyHO-MCCefoBaTeNIbCKasn MM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

CBEAEH/A O NPABOBOW OXPAHE
OTcyTCTBY!IOT.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHDIE B PASPABOTKE

B Pecny6nuke benapyco: niogu ¢ cuHapomom TypeTTa 1 JIOrOHeBPO30M; MCUXOHEBPOSIOTMYECKNe ANCTaHCe-
Pbl; HKITIO3VBHbIE LIKOSIbl Y LEHTPbI MHTErpaLu UHBANMAOB; IT-komnaHuK, HaHVMaloLLVe COTPYAHUKOB Ha yaa-
neHHyto pabory.

3a pybexxom: reiMepsbl, KUOGEPCNOPTCMEHbI U CTPUMEPDI C PeUeBbIMU 0COBEHHOCTAMM; NNATGOPMbI OHMANH-
06pa3oBaHuis; TenemMegULMHCKNE CEPBUCHI MOAAEPKKMN NaLNEHTOB.

KOHTAKTHbIE OAHHDIE

Kypawos CaBenuin BanepbeBuy, cneynannct no 3awute nHGopmauum oTaena passutma
MHPOPMaLMOHHbIX cncTem LleHTpa meHea»KMeHTa KauecTsa.

Ten.: (+37529) 528 10 19

E-mail: kurashov2015@yandex.by

2. MYNIbTUMOAANIbHAAA CUCTEMA KOMNbIOTEPHOTO 3PEHUA
ANnA ABTOMATU3WPOBAHHOI0 AHANU3A CHUMKOB B TPABMATOJIOT MK
U DEOEKTOCKONKNK

OMUCAHUE PA3PABOTKI

MpoeKT OpUeHTMPOBAH Ha co3aaHue IT-pelleHra 4NA aBTOMATU3MPOBAHHOMO aHasn3a PeHTreHorpamMm B Me-
OVUMHCKOW 1 TeXHUYecKoln chepax. KnioueBble 3agaum: pasrpy3ka MeauLuHCKOro 1 TeXHUYECKOro nepcoHa-
na, yCKOpeHue AMarHoCTUYeCcKMX Npoueayp U MUHMMM3auma owmnboK. Komnnekce 6asupyeTtca Ha anroputmax
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MaLLUVHHOTO 3PeHWs, BbIMOMHAIOLLMX CErMEHTALIMIO TKaHEN, MOUCK CKPbITbIX AePEKTOB (TPELLVH, NepenoMoB) 1 Map-
KepoB aHaToMuK. Pa3paboTka akTyanbHa B ycnosuax geduunTa KagpoBs 1 BPeMeHMU.

Cdepbl NpUMEHeHUST: KNUHNYEeCKas NPaKTUKa (PEHTFeHONOorA, TPaBMAaTONOMus), TeXHUUYecKas aepeKTocKonms.

HasHaueHue: aBTOMaTV3auUmMs aHaM3a CHUMKOB, CHUXKEHME Harpy3Ku Ha cneumanucTtos. Kniouesble ocobeH-
HOCTW: BbICOKAA CKOPOCTb 06PabOTKM, CBepXTOUHaA GriomeTpusa (yribl NO3BOHOUYHMKa 4O 0,1 rpagyca), Kpocc-
oTpac/ieBoe NpUMeHeHve, rmbKas apxUTEKTypa ANnsA 6eCLLIOBHOW MHTErpaLuy B 60IbHUYHbIE 1 NPON3BOACTBEH-
Hble CMCTeMbl.

Tepeusenco P8,
Kporoe B0,

L (war 1)‘

[o6aeuTb nauuenTa B 6asy co CHUMKOM (war 2) |

MpensaputensHas obpaboTka (war 3) [

CermeHTauusa v HaxoxaeHue aecekTos (war 4) |

Cosgatb TekeTypy (war 5)

HaiiT aHaTomuueckue opueHTUpbI (war 6) ‘

CoxpaHuTb usobpaxeHue (war 7) |

MocTasuTs AuarHos (war 8)
Bbixog

Pe3yn bTat CerMmeHTaLun

¥ Knioueesie awarommeckne opientupst - o x

3arpyauTs CHUMOK ] WcxopHoe uaoBpaxeHue W3oBpaseHue ¢ KNoHeBbIMI TOHKaMi

MpeasapuTensHas obpaboTka

BbiBop meToaa oToGpaxeHns

[MpymeHeHe apanTHBHOA

BeiBop anroputma

Harris
Shi-Tomasi

Sift

HaiiTi KnioueBble OpHeHTHPS!

TonyuyTs pekoMeHaaLMM CHCTEMbI ‘

3aKpbITh OKHO

KnioueBble aHaTOMUuecKme OPUEHTUPDI
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TEXHUYECKUE NMPEMMYLLUECTBA

CricTema npeBOCXOAWT CyLecTBYOLWMeE aHanorn (Hanpumep, peweHust Ha 6ase Al ot Aidoc, Zebra Medical,
a TaKXKe OTeYeCTBEHHbIE Pa3paboTKy) 3a cUET MyNbTMAUCLMIIMHAPHOMO nogxofa. OHa He TONbKO CEerMeHTUpY-
€T aHAaTOMUIO N BblABNAET MVIKpO,U,e(IJeKTbI, HO 1 NPOBOAUT TOYHble reoMeTpunyecKkmne 3amepbl (Hanpmmep, yrnos
NCKpuBneHnA I'IO3BOHO'~IHI/IKa)‘ [naBHble npenmyliectBa: yHMBepCanbHOCTb (npvuvleHeHme B KIMMHNKaX 1 Ha Npo-
N3BOJACTBE), YCTONUMBOCTD K LWUyMaM 1 apTedpaKkTaM Ha CHYMKax 6riarofjapa COBPeMeHHbIM apXUTeKTypam riny6o-
KOro obyueHus, a Takxe oTKpbiTast APl-apxutekTypa Ans 6eCLIOBHON CTHIKOBKU C CYLLECTBYIOLUM NPOrPaMMHbIM
obecneyeHrieM MeANLIMHCKUX U NMPOMBbILLNIEHHbIX NPeanpUATU.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

YcKopeHre peHTreHOANarHoCTUKK, pasrpy3ka Bpayen-peHTreHonoros (3koHomusA 4o 40 % paboyero Bpeme-
HW Ha aHanM3 CHUMKOB), CYLLLECTBEHHOE CHMPKEHME PUCKA AMarHOCTUYECKMX OLMOOK 1 NOBbILWEHNe 0bLero Ka-
yecTBa MeANLIMHCKOrO N TEXHNYECKOro KOHTPONA.

TEKYLWLAA CTAAQUA PA3BUTUA

Co3paaH 1 NpoTeCTMPOBaH MUHUMANbHO XM3HecnocobHbIn npoaykT (MVP). OH BKAtoyaeT 6a30Bbii NONb30Ba-
TENIbCKUIN NHTEpPOENC N HEMPOCETEBOWN ABUXKOK, CMNOCOOHbIN CErMEHTUPOBATb KOCTHbIE CTPYKTYPbl U HAXOAUTb
HapyLeHNA NX LLeNOCTHOCTU Ha PeHTreHe.

CBEAIEH/A O NPABOBOW OXPAHE
OTcyTCTBY!IOT.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHDIE B PASPABOTKE

B PECI'IY6J'II/IKe Eenapbe: MHOFOI'IpOCI)I/U'IbeIe CTalOHapbl, TPAaBMMNYHKTbI, YaCTHble ANarHOCTUYeCKNe LLEeHTPbI,
Hay4YHO-nccnenoBatebCkme NHCTUTYTbl, NPOMbILWIEHHDbIE NPeaAnpUuATUA.

3apybexHble pblHKN: MeAnLMHCKNe KNUHWKK cTpaH CHI, LleHTpanbHoli n BoctouHoli EBponbi.

KOHTAKTHbIE OAHHbIE

Muwenko Unba Uropesuy, npenogasatenb-cTaXep.
Ten.: (+37529) 761 93 42
E-mail: sombra74@vandex.ru

MwuweHko AHactacusa CepreeBHa, ctygeHTKa IV Kypca.
Ten.: (+375 44) 558 86 76
E-mail: y367152@gmail.com
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Il. TOCYAAPCTBEHHOE HAYYHOE Y4PEXAEHME
«OBbEAMHEHHBIM MHCTUTYT MPOBAEM
MHPOPMATMKMN HALUMOHAABHOWM AKAAEMINA

HAYK BEAAPYCWy

.

3. PA3PABOTKA TEXHONOTMN ABTOMATU3NPOBAHHOI'0 PACMO3HABAHUA
r0J10COBbIX CUTHANOB XXUBOTHbIX A/14 ABTOHOMHOI'O HENPEPbIBHOIO
MOHWUTOPWUHTA PEAKUX, YTPOMAEMDBIX U UHAWKATOPHbIX BU[10B

U COCTOAHUA BUOPAZHOOBPA3UA B IECHBIX IKOCUCTEMAX

OMUCAHUE PA3PABOTKHN

Llenb pa3paboTku: co3gaHme MakeTHOro o6pasLa SKCNeprMEHTaNbHOro NPOrpPaMMHOro obecneyeHns aBToma-
TV3MPOBAHHOIO PACMO3HABAHMA FOIOCOBbIX CUTHASOB, 06/1aAAI0LLEr0 BO3MOXHOCTAMM LONTOBPEMEHHOIO KpY-
TMI0CYTOUHOTO 1 KPYrI0CE30HHOTO MOHUTOPWHIA BUAOBOIO Pa3HOO6Pa3us XKUBOTHbIX B M36paHHbIX MeCTOO6M-
TaHUAX 1 SKOCMCTEMAX.

(neKkTporpamMmbl NeHIA NTuL
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ol -

PacnasnasanHe BiHiki pacnasasaHs

HoBbl akayHT Tajcranaio6 3sbivaiinbi (0-5 cex)
Saporicrpyiics, ka6 npausriys i —

Email

cristal@gmail.com

Napons (we mewu 32 6 cimeanay)

+ Hanaus y kanexusio

V Kpanighi (5-10 cex)

Mpausreaious, s sranxaeuecs 3
Nanirsicaii KandensHusianshacui

3aporicrpasauua 4 Mpauace pacnasasants. . Navaxaiiue

Y50 cus akayHT? Ysaiicul

MobunbHoe npunoxeHue

Ins TpeHMpPOoBKK Mogenu 6bin chopMmnpoBaH 06U AaTaceT, BKovalowmii 21 737 ayamo3anuncen, U3 KoTo-
pbix 4348 BblgeneHbl B TECTOBYIO BbIOOPKY.

B xofe BbInosiHeHWs paboT NpoBeAeHa nNpeasapuTesibHas 06paboTka AaHHbIX, HA OCHOBE KOTOPbIX chopmMu-
POBaH efnHbIN Gais, BKIYAOWMIA METKM Kacca, TUM CUrHana, NyT K aHHOTUPOBaHHbIM CErMEHTaM, ayauno-
daiinam 1 cnekTporpammam. UToroeblii HAGOP AaHHbIX MCMONb30BaH A1A 06yUYeHVss MOAESN Pacno3HaBaHNUA
Ha 81-M Kracce, 4To 06ecrneUnsio BO3MOXKHOCTb MaCLUTabNPYyEMOro 1 YyCTONUMBOrO 06YUYeHMs NPy COXpaHeHUn
[OCTaTOYHOro o6bemMa AaHHbIX AMA Kaxgow Kateropun. Kauectso obyueHns mogenn coctasuno 95 % obuiei
TOYHOCTM Ha TECTOBbIX BbIGOPKAX.

Ha ocHoBe 06y4eHHOM Moaenu, NCrnosb3ytoLLen 5-ceKyHHble OKOHHble dparmeHTbl (window frames), peanunso-
BaHa apxMTeKTypa pacrno3HaBaHUA rofloCcoB NTUL B ANIMHHbIX ayanodainnax. Mogensb GyHKUMOHMPYET B pexnme
nocnefgoBaTeNnbHOMo aHann3a 3ByKOBOro NnoToka 1 GopmmpyeT Ha Bbixoge NocsieloBaTesIbHOCTb METOK (aBTOMa-
TUYECKMX aHHOTaLWIA) C yKa3aH1eM BPeMEHHbIX UHTEPBanoB, COOTBETCTBYIOLMX MAEHTUOULMPOBAHHbBIM BUAAM.

B npouecce peanmsaunin npoekTa No pacno3HaBaHMIO rOJIOCOBbLIX CUTHANOB NTUL 6b11a ycnewHo pa3pa60TaHa,
npoTecTMpoBaHa N BHeEApPEHa B OMbITHbIN o6pa3eu nporpaMmmMmHoro obecneyeHns moaenb MallMHHOIro O6yLIEHI/IF|,
CO3[4aHa ynopAanoyeHHaA 6a3a AaHHbIX ay,qmo3an|/|cel7| NTWLY C X aHHOTaumammn. na ynyyuweHunA KayecTBa pac-
NO3HaBaHWA NPYMEeHEHbI METOAbI ayrMeHTaLun AaHHbIX U WyMonoAaBJieHNA, YTO NO3BOJINIIO NOBbICUTb YCTOI‘/II-
YMBOCTb MOAEJTIN K NOMEXaM B MNOJIEBbIX YCJTOBUAX. nOﬂy‘-IEHHbIe pe3ynbraTbl NOATBEPXKAAOT NEePCNEKTUBHOCTb
Mncnonb3oBaHUA rny60Koro 06y‘~IEHI/IF| AnA 3apjad 6VIOaKYCTVI‘~IECKOI'O MOHUTOPWHIa 1 CO34al0T OCHOBY ANA Aalb-
Hewnwero pacwnpeHna (I)YHKLWIOHaﬂbHOCTVI CNCTEMDI.

B utore pa3pabotaH nHGOpPMaLMOHHO-aHAIMTUYECK I LIEHTP aBTOHOMHOTO HEMPEPbIBHOTO MOHUTOPUHTa pes-
KMX, yrpoxaeMbIX U MIHANKATOPHbIX BUAOB »KMBOTHbIX, BHefipeHue koToporo ocyuectendaetca 8 MHMO «HML HAH
Benapycu no 6ruopecypcam» 1 NPOPMIbHBIM BbICLUMM yYeOHbIM 3aBeeHUAM.

TEXHUYECKUE NMPEMMYLLECTBA

OTeyecTBEHHbIX aHANTOrOB Pa3paboTKM He cyLiecTByeT. Pa3paboTaHHas Mofesb ONpeaenseT C BepOATHOCTbIO 10
95 % ToNbKO NlecHble BUABI NTUL, Pecny6nnku benapyco, B To Bpems Kak 3apy6exkHble aHanory MoryT onpeaenstb
60sbluee KONMYECTBO BULOBOIO Pa3HOO6pasus NTUL. ITo 06YC/IOBNEHO OrPaHNUYEHHBIM KONMYECTBOM aHHOTUPO-
BaHHbIX JaHHbIX. Pa3paboTKa BK/toYaeT B cebs SKCNepUMeHTabHbIN 06paseL MHGOPMaLMOHHO-aHAIUTUYECKOTO
LeHTpa B dopMaTe BEG-BEPCHMN U MOBUISIBHOTO NPUITOXKEHUS.

[ns pacno3HaBaHMWsA rofl0COBbLIX CUTHAJOB B HaLLel pa3paboTKe NCMOMb3YTCA OKHa AJIUTENBHOCTBIO 5 ¢, a B aHa-
NOTNYHBIX 3apy6eXKHbIX pa3paboTkax 6epyT OKHa ASIMTENIbHOCTBIO 3 C. B 0CcTanbHOM, aHaNorMYHo 3apy6exHbIM
pa3paboTkam, MoaeNb GYHKLIMOHMPYET B PEXMME NOC/ejoBaTeNIbHOIO aHaln3a 3ByKOBOIo MOTOKa U GopmMupy-
€T Ha BbIX0fe NocJ/iefoBaTENIbHOCTb METOK (aBTOMATNUECKMX aHHOTALMIA) C YKa3aHWEeM BPEMEHHbIX HTEPBAOB,
COOTBETCTBYOLIMX UAEHTUGULIMPOBAHHBIM BULAM.

OXXUAAEMbIA PE3YNbTAT NPUMEHEHUA
MoBbllaeTcA TOYHOCTb U aBTOMATU3aLIMA OLEHKN COCTOAHUA B1UOPa3HOO6Pa3mnA IECHbIX IKOCUCTEM.
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CHwkatoTca MaTepualibHble 3aTpaTbl Ha MOHUTOPUHI peaKuX, yrpoaemMbiX N NHONKaATOPHbIX BUAOB NNIECHbIX
KNBOTHbIX.

TEKYLWWAA CTAOQUA PA3BUTUA
BbinonHeHa HayYyHO-MCCNIefoBaTeNIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) paborta.

CBEJJEHVA O MPABOBOI1 OXPAHE
OTCyTCTBYIOT.

MNOTEHUMAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE
WccneposaTenu, HayuHble paboTHMKM, CTYAEHTbI, U3y4aloLLie OPHUTOSOTIO.

KOHTAKTHbIE AAHHbIE

Ablno Onbra BukTopoBHa, 3aBeayowWwnin OTAEIOM MHTENEKTYabHbIX CEPBUCOB.
Ten.: (+37529) 7519275
E-mail: olgadydo1@gmail.com

Xoxnos Butanuin AHgpeeBnY, UHXXeHep-NPOorpammucT.
Ten.: (+37529) 311 86 35
E-mail: vitalikhohlov@gmail.com

MakoroH AnvHa AHOQpeeBHa, HXeHep-NPOorpamMmmuCT.
Ten.: (+375 44) 550 76 34
E-mail: adelinemakogon@gmail.com

Kypasnesa EneHa AHaToNbeBHa, CTaxkep MNafLero Hay4YHOro COTPYAHMKaA.
Ten.: (+375 29) 768 00 81
E-mail: elena8gqa@gmail.com

bakyHoBuY AHapen AnekcaHapOBMY, MAAALINIA HAYYHbIA COTPYAHUK.
Ten.: (+375 29) 308 59 02
E-mail: bakunovich.andrei.work@gmail.com

4. BCEHANPABJIEHHOE MOTOP-KOJIECO HA BA3E SHEPTO3OOEKTUBHOIO
BEHTUNbLHOIO 3JIEKTPONPUBOJA C HEPOCETEBOM CUCTEMOM YNPABJIEHUS
ANA TPAHCNOPTHBLIX MOBU/IbHBIX POBOTOB

OMNMUCAHUE PA3PABOTKUN

Pa3zpaboTaHHOe BCeHanpaBneHHOEe MOTOP-KONIECO C HTErPUPOBaHHbIM BEHTUIbHBIM N1EKTPONPUBOAOM U Hel-
poceTeBOW CUCTEMOW YNpPaBNeHUA npefHa3HauyeHo AnA NoBbllWeHUA 3GHGEKTUBHOCTU TPAHCMOPTHBIX U CKnaa-
CKMX MOBOMbHBIX poHOTOB. KntoueBasa Npobriema CyLecTBYOLWUX aHaIOroB — BMOpPaLMK, BbI3BaHHbIE ANCKPET-
HbIM MepeKoYeHneM POSIKOB 1 HEOMTNMANbHOW reoMeTprei, KOTOPble CHMKAKOT TOYHOCTb Y MNAaBHOCTb [BU-
XeHua. lNpepanaraemoe pelueHne BKIOYaAET Ba B3aVIMOAOMOJTHAOLWMNX MOAXO0AA. Bo-nepBbix, oONTMMMU3aLmMaA KOH-
CTPYKLMM KoJsleca No3BONAET MMHVIMU3POBAaTb BEPTMKabHbIE 1 COKPATUTb aMIIUTYAY rOPU30OHTaNbHbIX KoJle-
6aHui B 1,5-2 pa3a, obecneyriB MUHVMANbHYIO LUIMPUHY KPUBOW KOHTaKTa POJiMKa C MOBEPXHOCTbIO. Bo-BTOPbIX,
B CTYNVLY UHTErPUPOBaH BbICOKOMOMEHTHBI HN3KOOOOPOTUCTBIN BEHTUIIbHBIV ABUraTENb MOLLHOCTbIO 0,25 KBT
C HOMMHaNbHOM YactoTor 300 06/MVH, yNpaBiieHre KOTOPbIM OCYLLECTBNAETCA Yepes3 ABA HEMPOCETEBLIX pe-
rynatopa (CKOpoCTV U MOMEHTAa) Ha OCHOBE MOAENV aBTOpPerpeccun Co CKOMb3ALWMM CPeAHNM, YTO MOo3BosiAeT
CUHXPOHK3MPOBaTb PaboTy NPMBOAA C MOMEHTaMV NEPEKOYEHNA KOHTaKTa POSIMKOB U AUHAMUYECKN KOMIEH-
cupoBaTb Bo3myLleHus. CucTeMa peanu3oBaHa Ha 6a3ze MUKpoKoHTposnepa Raspberry Pi Pico n koHTponnepa
OID-500W c nHTepdencom RS-485.

TEXHUYECKUE NMPEMMYLLECTBA

Pa3paboTaHHOe BceHanpaBieHHOe MOTOP-KOeco NPEBOCXOANT lyyLume 3apybexHble aHanory (oTeyecTBeH-
Hble aHanory oTCYTCTBYIOT), BKIOUan cepuiiHble Koneca pobota KUKA youBot, no psagy knioyeBbix NapameTpos.
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VcnbiTaTenbHblil CTEHA ANA BepUQUKALMN XapaKkTepuCTUK BCeHanpaBleHHOro MOTop-Koneca
C HelipoCeTeBOi CUCTeMOl yripaBneHua

ONTUMU3NPOBAHHASA reOMETPUA POSINKOB, NONyUYeHHass METOAOM MHOTOKPUTEPUANbHOMO reHeTUYECKOro anro-
pyTMa, NO3BOJIAET CHM3MTb BUOPaLMK B 1,5-2 pasa C y4eTOM TOro, YTo BUGpaLMm ABAAITCA HEYCTPAHUMbIM He-
[OCTaTKOM, YXYALLAIOLWMM TOYHOCTb NO3ULMOHNPOBaHUA. Bnarogapsa 3ToMy TOUHOCTb ABVXKEHNA NMOBLILIAETCA He
MeHee uem Ha 10 %, a NaBHOCTb — He MeHee YyeM B 1,5 pasa. MIHTerpMpoBaHHbIN B CTYMNILY BEHTUSbHbIN 3eK-
TPOMNPUBOA C HENPOCETEBOW CUCTEMON YNPAB/IEHNA HAa OCHOBE MOZESV aBTOPErPeccui CO CKOb3ALLMM CPEAHUM,
B OT/IMUMeE OT Knaccudeckux MUA-perynatopos aHanoros, obecneymsaet aganTMBHYHO CUHXPOHM3ALMI0 C MOMEH-
TaMK NePEKoYEHNA POSIMKOB 1 AUHAMUYECKYIO KOMMEHCALMIO BO3MYLLEHWIA, UTO MOBbILIAET SHEProspdeKTHB-
HOCTb MOGWIIbHOTO poboTa B 1,3-1,6 pa3a. HayuHo-TeXHUYECKMiA ypoBeHb pa3paboTKi COOTBETCTBYET MUPOBO-
my. B Pecny6nuke benapycb aHanormuHble NcCnefoBaHua 1 pa3paboTKy BCeHaNpaBieHHbIX MOTOP-KOSEC C UH-
TerprvpoBaHHbIM HeMPOCeTEBbIM YNPABEHNEM Ha AaHHbI MOMEHT OTCYTCTBYIOT.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

BHenpeHne pa3paboTaHHOrO BCEHamnpaBleHHOrO MOTOP-Koneca No3BOSIUT MNOBLICUTb TOYHOCTb, MAABHOCTb
1 3HeproapPeKTNBHOCTb MOOMIIbHBIX POOOTOB, COKPATUTL BPEMSA TOMMCTUYECKUX ONepaLnii 1 yBENNUUTb CPOK
cnyx6bl aBrKuTEnen. OXXnpaeTcs CHUXKeHUe BUbpaLuii, ynydlleHne no3MLNOHNPOBAHNA Y CHUXKEHMWE SKCMTya-
TaLMOHHbIX 3aTpaT. PazpaboTka obecneynT umnopTo3amelleHme BCeHanpaBieHHbIx konec B Pecnybnuke bena-
pYCb 1 CO3[jaHNe KOHKYPEHTOCMOCOOHOM NPOAYKLUN AN TPAHCMOPTHOM 1 CKNaACKoW pOBOTOTEXHUKM.

TEKYLWAA CTAOUA PASBUTUA
BbinyLleH onbiTHLIN 06pased.

CBEZIEHUA O MPABOBOI1 OXPAHE
MpaBoBas oxpaHa pa3paboTku ByaeT NoATBEpPKAEHa NAaTEHTOM Ha N306peTeHMe.

NOTEHUWAJIbHbIE NOTPEBUTEJNIN U/ BANHTEPECOBAHHbBIE B PASPABOTKE
Mpoun3soauTen MobunbHbIX PoboToB 1 KomnnekTyowmx (000 «JTALUT — Jlabopatopms LUndpoBbIX TEXHO-
noruty», 000 «Po3ym poboTnkcr, 000 «PoboToTexHrKa 1 0b6nayHble TEXHONIOTMU»), TIOrMCTUYECKME onepaTopbl

N NPOMbILLSIEHHbIE NPeANPUATUS, BHeApAIoLMe CMCTeMbl aBTOMATU3aLUMK TPAHCNOPTHO-CKNAACKMX onepaunil
(3A0 «JobpoHOM», OO0 «MMBBPBE»).

KOHTAKTHbIE AAHHbIE

Pagkesuu Aptem AHApeeBnY, MIafLWniA HayYHbI COTPYAHUK.
Ten.: (+37529) 27063 63
E-mail: a_radkevich@newman.bas-net.by; artyomradkevichbntu@gmail.com
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IIl. OTKPBITOE AKULMOHEPHOE OBLLUECTBO

«(MUHCKMN ABTOMOBUMABHBIM 3ABOA) —

YIMPABAAIOLLAA KOMMAHNA XOAAMHT A
(BEAABTOMA3»

.

5. AMMAPATHO-NPOrPAMMHbI MOAYJIb PACNO3HABAHMA JOPOXXHbIX 3HAKOB
HA BA3E MEPUOEPUHOIO UCKYCCTBEHHOTO UHTENNEKTA C UHTETPALIUEN
B ABTOMOBUbHYIO CAN-LLIUHY

OMUCAHUE PA3PABOTKU

AnnapaTHO-NPOrpaMMHbI MOAynb pa3paboTaH Ana nocnefylowein UHTerpauun B 60pToBble CUCTEMDI
nomouy sogutesnto (ADAS) KoMMepyeCcKoro rpy30Boro U naccakUpCcKoro aBToTpaHCcnopTa. YCTPONCTBO npea-
Ha3HayYeHo ANA aBTOMATUUYECKOrO OOHaPYKEHUA 1 Pacno3HaBaHNA AOPOXKHbIX 3HAKOB B PEXMME peanbHoro
BpeMeHMU.

AnnapaTHas YacTb MOAYyNA peann3oBaHa Ha 6a3e ManorabapMTHOro OAHOMNNATHOrO KOMMbOTEPA CO BCTPOEH-
HbIM Heponpoueccopom (NPU) u ceteBbiM uHTepdelicom. BxogHol BueonoTok nepepaetca ¢ undpoBon Ka-
mMepbl Yepe3s nHtepdenc MIPI CSI-2. ina nHterpaumm yctponctsa B 60pToByto ceTb aBTOMOOWIIA MPUMEHEH an-
napatHbii KoHTpoiep CAN-LINHBI, CONPAXKEHHBIN C BbluMCIUTENeM No nHTepdency SPI. Anroputm obHapy:xe-
HUA 1 pacno3HaBaHWA 6a3npyeTca Ha apxXUTEKTYpe HelpoceTn cemenctea YOLOVS. B Lensax ontrMmusaumm Bbl-
yncneHun n obecneyeHus Tpebyemoli NPOV3BOAUTENIBHOCTI Ha OrpaHMYEHHbIX annapaTHbIX pecypcax BbinoJi-
HEHO LieNoYmnCsIeHHOEe KBaHTOBaHVe BecoB ceTu 13 ¢popmata FP32 B INT8. MporpamMmMHo peannsoBaHa TpaHCs-
uus 0bpaboTaHHOro BUAeonoToKa no npotokony RTSP ana obecneyeHns BO3MOXKHOCTU yAareHHOro MOHUTO-
puWHra paboTbl Moayns.

MoTtpebnaemasn MOLHOCTb MOAYNA coCTaBnAeT Jo 2 BT. YcTpoiicTBo obecneumaeT 06paboTKy BXOAHbIX KaapoB
pa3peLueHmem 640x640 nNuKc ¢ yactoton ao 10 Kagpos/c. BoixogHble faHHbIe, BKOYatoLwme naeHTMeuKaTopsl
pacrno3HaHHbIX 3HAKOB, FEOMETPUYECKYI0 OLIeHKY AUCTAaHLMMW AO HUX 1 CTeNeHb AOCTOBEPHOCTM pacno3HaBaHms,
TpaHcnmpytoTca B 6opTosyto WwnHy CAN B cooTBeTCTBMM CO cTaHAapTom SAE J1939.

TEXHUYECKUE NMPEUMYLLECTBA

OcHOBHble TexHMYeCcKue npermyLlecTsa pa3paboTaHHOro MoAynsA nepep OoTeyecTBEHHbIMU U 3apy6exHbI-
MM aHanoramm (npombiwneHHbiMy ADAS-cuctemamu Ha 6a3e nnatpopm NVIDIA Jetson, Rockchip RK3588 nnu
KOMMEepPUYECKMX CMapT-KaMep) 3aK/toyaloTcsa B ONTMMU3ALMM COOTHOLLEHMSA CTOMMOCTU, SHepronoTpebneHms
1 annapaTHOW JOCTaTOYHOCTU.

Bbicokas sHeproappeKTMBHOCTD: NOTPebIAemMas MOLWHOCTb MOAYA COCTaBAAeT fo 2 BT (4to B 5-10 pas Huke
rioKasaTesiei CUCTEM TSXKENOro KJacca), UTo MOSTHOCTbIO UCKOYaeT HEOOXOANMOCTb B aKTUBHOM OX/IaXKAeHNN
N CHUXKAET TEMJIOBYI0 Harpy3Ky Ha 60pTOBbIE SNEKTPOHHbIE Y3bl.

AnnapaTHas AOCTaTOYHOCTb: 3a CYET LieSIOUNCIIEHHOTO KBaHTOBaHMA BecoB YOLOVS (u3 FP32 B INT8) obecneye-
Ha cTabusbHaA KagpoBasa YacToTa Ao 10 KagpoB/c Ha cneunann3MpoBaHHOM MUKPOMPOLIECCOpe C NPON3BOAU-
TenbHocTbio NPU 1,0 TOPS. locTUrHyTble nokKasaTtenn TOUHOCTU AeTEKLMM U KNnaccudrKaLmm Ha KnoueBbIX Knac-
cax 3HaKoB (3HaueHnAa MAP50 coctaBnAtoT 0,93-0,96) foOKa3bIBAOT M36bITOUHOCTb NPUMEHEHUA [OPOrOCTOALLMX
MHOro3agauHbIxX N1atopm ana nokanbHbIx NneprdepuinHbix 3agad ADAS.

Mpsamas 6opToBas MHTErpauus: UCMONb30BaHKE BblAeNeHHOro annapaTHoro mocta SPI-CAN (MCP2515) o6e-
CrneymBaeT TPAHCALUMIO Pe3yNbTaToB Pacro3HaBaHNA HanpAMYylo B 60PTOBYIO CETb aBTOMOOWUSIA NO CTaHAAPTY
SAE J1939, npeBpaluasa mogynb B aBTOHOMHbIA CMapT-4aTUuK.

HayuHo-TexH1uYecKuin ypoBeHb pa3paboTKy COOTBETCTBYET K/1aCCy COBPEMEHHbIX cMcTeM nepudepuitHoro nuc-
KyccTBEHHOro uHTennekta (Edge Al) n feMoHCTprpyeT NoTeHUMan Co3gaHus MMMNOPTOHE3aBUCHMbIX, SKOHOMMU-
yecku 3GpPeKTNBHBIX KOMMOHEHTOB CMCTEM MOMOLLV BOAUTENIO.
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OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

BHenpeHre mogynsa B 60pTOBble CUCTEMbI KOMMEPYECKOTO aBTOTpaHCNopTa obecrneunBaeT aBToMaTr3aLuio
KOHTPOJIA JOPOXKHOM 06cTaHOBKM (dyHKUMIA TSR 1 ISA). OxugaembiMy pesynbraTtaMu NPUMEHEHUS ABAIOTCA
CHUXKeHUe aBapUNHOCTM U3-3a YyenoBeyeckoro GpakTopa, NoBbieHne 6e30MacHOCTM rpy30MacCcaXMpCKmx ne-
PEBO30K 11 MMHMMU3ALMA PUCKOB HAPYLLUEHWIA MPABUI JOPOXKHOIO ABVXEHNA. DKOHOMUYeCKni 3ddeKT JocTu-
raeTcs 3a CYeT KPaTHOro CHIKeHUA cebectonmocTn 6rokoB ADAS ana oTeuyecTBEHHbIX aBTOMPOU3BOAMTENEN,
uTo obecneunBaeT UMMNOPTOHE3ABUCMMOCTb U UCKIIOYaeT U3BbITOUHOE YaopoXKaHUue 60PTOBON 31EKTPOHHOM
APXMTEKTYpPbl aBTOMOOWSIA.

TEKYLLAA CTAOUA PA3BUTUA

PaspaboTaH 1 ycrnewHo NpoTeCcTMPOBaH B 1abopaTopHbIX YCIIOBUAX AENCTBYIOLMNIA MAKETHbIN o6pasel (GyHK-
LMOHasbHbIN MpoTOTUM). B HacTosWee Bpems BefyTcA paboTbl Mo JopaboTKe IOrMKN NPOorpaMMHOro obecneve-
HWS, pacLUMPEHWIO AaTaceTa 1 NOArOTOBKE K XOLOBbIM UCMbITaHWAM B COCTaBe TPAHCMOPTHOrO CPeacTBa.

CBEZIEHUA O MPABOBOI1 OXPAHE
OTcyTCTBYIOT.

NOTEHUWAJIbHbIE NOTPEBUTEJNIN N/ BAUHTEPECOBAHHDIE B PA3PABOTKE
BHyTpeHHue nogpasgeneHma OAO «MA3».

CTOpoOHHMe opraHuM3auun, KoTopbiM TpaHcnopTHble cpeactBa OAO «MA3» nepepalotcsa B 3KCMyaTauuio
Unn apeHgy.

KOHTAKTHbIE BAHHbIE

CaBunu AHgpen lfeHHagbeBWY, ANpPeKTop HayuHO-TEXHNYECKOrO LieHTPa — M1aBHbI KOHCTPYKTOP.
Ten.: (+37517) 217 25 59
E-mail: savchits@maz.by

LWenank OJaHnmn ButanbeBuy, MHXeHep-NporpamMmmMmCT.
Ten.: (+37533) 353 11 44
E-mail: rnd@maz.by

6. TENEMATUYECKAAl CUCTEMA MA3 C BHEAPEHWEM NPEJUKTUBHON
AUATHOCTUKK

OMUCAHUE PA3PABOTKI

Coepa npumeHeHWA: aBTOMOOUIbHBIN TPAHCMOPT, yNpaBfieHne aBTonapkamu, NPeanKTUBHAA AUarHOCTMKa
N MOHUTOPWHI TEXHUYECKOTrO COCTOAHUA TeEXHNKN MA3.

OcyLI.I,ECTBJ'IFleTCH LeHTpan MN30BaHHbIN c6op, XpPaHeHWEe N BU3yann3auna teneMmatnyeCknx AaHHbIX B peajibHOM
BpeMeHW, a TaKXKe paHHee BblABNEHNE CKPbITbIX Hel/lCFIpaBHOCTeI;I C NUCNOJSIb30BaHNEM TEXHONOI NI NCKYCCTBEH-
HOro NMHTeNNekKTa.

Cnctema nocTpoeHa Ha 6a3e cOBpEMEHHOI MUKPOCEPBUCHON apXMTEKTYPbI. BKilouaeT cepep npuema aaH-
HbIX, cepBep 6usHec-noruku (Java Spring Boot), otaenbHble MUKPOCEPBUCHI A5l FeHepaLum OTYETOB M NpeauK-
TUBHOW AnarHocTnkm (Python), penaunoHHyto 6a3y gaHHbIx (PostgreSQL), kaw-xpaHunuie (Redis) n 6pokep co-
obuweHunn (RabbitMQ).

PeannsoBaHa cTporas cuctema posnen (8 ypoBHe focTyna) C AByx3TanHon ayteHTudmKaumen (JWT). Cuctema
noaaepkusaet npoTtokon Wialon IPS, o6pabaTbiBaeT HaBUraLMOHHbIE U TexHMYecKme napameTpbl (C CAN-LWNHBI),
obecneurBaeT OToOpaKeHVE TPAHCMOPTa Ha HTEPAKTMBHOW KapTe C BO3MOXKHOCTbIO MOCTPOEHUS MapLLPYTOB
n Bbirpy3kn PDF-oTueToB. HelpoceTb, obyuyeHHasa Ha AaHHbIX HOPManbHOWM 3KCMayaTauun, BbiABAAET AMarHo-
CTUYeCKUe OLWMnOKN.
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CxemMa B3AMMOAENCTBUS
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TEXHUYECKUE NMPEMMYLLECTBA

AHanu3 CcylecTByOWMX Ha pbiHKe Nnatdopm Mokasasn, uYTo yHMBepCasbHble pelleHnAa He afanTUpPOBaHbl
nog cneunduryeckune 1 CIOKHble OpraHN3aLMIOHHbIE CLieHapun KPYMHbIX Npon3BoguTeneit. asHoe npermyLle-
CTBO pa3paboTaHHON NNaTGOPMbI 3aKOYAETCA B CO34aHNMN NMOAHOCTBIO HE3aBUCMMOI KOPNOPaTMBHOWM 3KOCUCTe-
Mbl, UCKNIOYatoLLiel 3aBUCUMOCTb OT CTOPOHHIX NPOBaAepoB YCyr 1 TeneMaTmyeckux 651o0kos 060pyaoBaHus.

B oTnunume oT nonynspHbIX aHaIoOroB, CUCTEMa U3HAYasIbHO CMPOEKTMPOBAHA AJ1A OAHOBPEMEHHOTO 0OCIYXN-
BaHVIA MHOXECTBA Pa3/INYHbIX OpraHu3aluii. JJaHHble KaXKAo KoMNaHUK-napTHepa 06pabaTbiBaloTCA U30NPO-
BaHHO ApYr OT ApYra, a 4OCTYN K UHPOPMaL MM CTPOro KOHTPONIMPYETCA 1 pa3rpaHNUYMBAETCA C MOMOLLbIO BOCh-
MU pPa3fiMyHbIX POnein Nonb3oBaTenen.

MNMonHas He3aBUCMMOCTb pa3paboTKM rapaHTMpyeT NPeanpUATUIoO abCOMOTHBIN KOHTPOJb Hag cobrpaemon
MHdpopMaLmeit. DTo JaeT BO3MOXHOCTb MCMOJIb30BATb MOJyYeHHbIe JaHHble /1A aHaM3a COCTOAHNWSA TPaHCnop-
Ta U 00yueHus COOCTBEHHDBIX HEMPOCETEN, He NepefaBas KOHPUAEHLMANbHYIO TENEMETPUYECKYIO MHbOPMaLUio
CTOPOHHUM KOMMEPYECKMM CEPBUCAM.

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

BHe,D,F)EHVIe CNCTEMDI MO3BONUT NPeEANPUATUIO OPraHN30BaTb C06CTBEHHyIO 6a3y TenemMatTnyeCKmnx AaHHbIX.
D70 NOBbLICUT KOHTPOJIb Ha 3KCI'IJ'IyaTaL|,I/IeIZ TEXHUKWN, nepep,aHHO|7| CTOPOHHUM OpraHn3aynam.

Mcnonb3oBaHre HeMpPOCETEBbIX anrOPUTMOB NO3BONIUT MEPENTU OT YCTPaHeHKA NOSIOMOK No $aKTy K npe-
aynpeamtenbHOMY TEXHUUECKOMY 06y KnBaHMI0. CUCTEMA CMOXKET B aBTOMATUUYECKOM peXxrmMe 0bHapyXrBaTb
CKPbITbIV U3HOC Y3/T0B O BO3HMKHOBEHUA HEMCMPABHOCTEN. B pe3ynbTaTe CHU3UTCA KONMUYECTBO BHE3AMHbIX NPO-
CTOEB MALLUH ¥ MOBbICUTCA 06LLas HaeXHOCTb PaboTbl BCEro aBToMapkKa.

TEKYLWWAA CTAAQUA PA3BUTUA

Pa3paboTtka BHepeHa B NPOU3BOACTBO.

CBEAEHNA O NPABOBOW OXPAHE
OTcyTCTBYIOT.
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NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHDIE B PASPABOTKE

BHyTpeHHue nogpasgeneHna OAO «MA3» ona KOHTPONA UCMbITAaHUA M COBEPLUEHCTBOBAHNA KOHCTPYKLUN
TEXHUKN.

CTOpOHHI/le opraHmsaynn, KOTOpbiM TPAHCNOPTHbIE CpeacTBa MA3 nepepnarTcAa B SKCnyaTauuio Unn apeHay.

KOHTAKTHbIE BAHHbIE

CaBuny AHgpen lfeHHagbeBNY, ANpPeKTOp HayuyHO-TEXHNYECKOrO LeHTPa — M1aBHbI KOHCTPYKTOP.
Ten.: (+37517) 217 2559
E-mail: savchits@maz.by

WepwHeBa EneHa CepreeBHa, MHXEHEP-NPOrPaMmUCT.
Ten.: (+37517) 2172072
E-mail: tm.rnd@maz.by

ManuHoBckas Ennzaseta CepreeBHa, UHXeHep-MPorpaMMUCT.
KBaueHiok flHa IMNTprEBHa, NHXXeHep-MPOrpaMmmMnCT.
PycakoBa Banepusa OnerosHa, nHx<eHep-nporpammucr.

7. CACTEMA JOKYMEHTOOBO0POTA C YAT-50TOM U HENPOCETEBON OBPABOTKON
NIOKYMEHTOB

OMUCAHUE PA3PABOTKU

Cdepa NnpumeHeHVs: KoprnopaTUBHOE YNpaB/eHne, aBTOMATV3aLMA BHYTPEHHETO U BHELUHETO AOKYMEHTO060-
POTa KPYMHbIX MPOMbILIEHHbIX NPeANPUATAN U XONAVHIOB CO C/IOXHON NepapXnYeCcKomn CTPYKTYPOI.

Cuctema obecneymBaeT NOJHbIV LMK YNpaBneHrs JOKYMEHTaMM — OT CO3[aHNs U COrNacoBaHUA A0 YTBEPX-
[EeHVs, NepeHanpaBfeHns 1 apxXMBHOTo xpaHeHus. OHa MHTerprpoBaHa ¢ Telegram-60Tom ania onepaTMBHbIX
yBEOMIIEHUIA 1 YOaNeHHON paboThl, a TaKXKe OCHALLeHa HENPOCETEBO MOACUCTEMON ANA pacno3HaBaHUA TeK-
CTa C M300paXkeHW 1 aBTOMATMUECKOTO CO3JaHNA CTPYKTYPUPOBAHHbIX SNIEKTPOHHBIX JOKYMEHTOB: $poTorpa-
¢dvA BymaxkHOTo JOKyMeHTa NpeobpasyeTcs B CTPYKTYPUPOBAHHBIN SIEKTPOHHbIN Gaiifi C aBTOMaTUYECKUM 3a-
NoJIHEHVEM PEKBU3UTOB.

N\
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103 B i
CYNEPAAMUHUCTPATOP G f _,mmmwaf“"“x STice, cuar

/ ———— « Monublil AOCTYN K HACTPOIRKaM
AAMMHMCTI:ATOP ' mmx mymnmu, OTAENO0B, NOAPa3ACNEHNiH, OPraHN3aLUMit

* 3KcnopT nepepasoTok

* MonkbIA ROCTYN K COTPYAHHKAM, OTAENEM,
noppasaenexnam CBOEW opranuaaumm
* P p CBOEH

HAYAJIBHUK * Monuwi pocTyn K CBOErD

CBOEr0

e v il
MOAPA3AENEHUA « TPOCMOTP OpraHM3aUi
Monkbil gocTyn x cotpyaxnkam CBOErO otaena
HAYAJIbHUK + Pepaxkruposanwe CBOEIO otgena
< i W opr o ., E
7
| " '@‘




LUOPOBBIE TEXHONIOTUM U UCKYCCTBEHHbIA MHTENJIEKT

Cuctema NocTpoeHa Ha MHOTOYPOBHEBOW KITMEHT-CEPBEPHOI apXMTEKTYPE C MCMONb30BaHNEM MUKPOCEPBUC-
HOro nogxofa. BknioyaeT geckTonHoe KMeHTCcKoe npunoxeHue (PyQt6), cepeep 6usHec-noruku (FastAPI), pens-
LIMOHHY0 6a3y aaHHbIX (PostgreSQL), Telegram-60Ta (aiogram) ans ysegomneHnn 1 AByxpakTopHoOI ayTeHTUdMKa-
LK, a TaKXKe HeNPOCEeTeBOW MOAY b ONTUYECKOro pacno3HaBaHua cumeonos (OCR) gna aHanm3a n3obpaxeHuii.

Peann3oBaHa rmbkas poneBas Mofesib JOCTYrNa C aBTOMaTMYECKUM pa3rpaHMyeHrem NpaB Ha OCHOBE opra-
HU3aLWOHHON nepapxmm.

Ob6ecneyeHa LBeTOBaA UHAUKALMA AeANaiHOB (KenTblh — < 4 AHeN, KpacHbI — NPOCPOYEH) 1 aBTOMaTUYe-
CKOe NOJHATME CPOYHbIX JOKYMEHTOB BBEPX CMCKa. BefeTca nonHbIN ayanT AeiCcTBUIA Nosib3oBaTenei u yyet
nepepaboToK COTPYAHMKOB C BO3MOXHOCTbIO SKCNopTa B popmate .xIsx.

TEXHUYECKUE NMPEMMYLLECTBA

AHanu3 CyLecTBYIOLWUX Ha PbIHKE CUCTEM 3NIEKTPOHHOIO AOKYMEHTOO60pOoTa Nokasas, Yto O0SbLUNHCTBO
13 HUX NGO M36bITOUYHO CNOXKHbI M AOPOTW A1 BHeAPeHMA, MO0 HeJoCTaTOUHO MMOKM AnA aganTauumy nog cne-
uuduryeckme 6r3HeC-NPoLIECChbl KPYMHbIX MPOMBbILLIEHHbIX MPEANPUATUINA.

KnioueBble npenmMyLecTea pa3pa60TaHHO|7| CNCTEMDI: MONTHAA HE3aBUCMOCTb N KOHTPOJb — pa3pa60TKa Bbl-
NMOJIHEHa BHYTpeHHEIz KOMaHoMn pa3pa6OTHI/IKOB, yTo obecneymBaeT BbICILNI YpOB€EHb KOHd)I/I,D,eHLl,I/IaJ'IbHOCTI/I
N KOHTPONMA Ha KOpnopaTuBHbIMK AaHHBbIMW, NCKITIOYaA nepenavy vmd)opmaumm TpeTbUM Nnuam n 3aBNCNMOCTb
OT BHeLWHNX I'IﬂaTd)OpM. Wcnonb3oBaHue Telegram—60Ta Ana onepatnBHbIX yBe,D,OMJ'IeHI/IVI Nno3BOJIAET COTPYAHU-
KaM 0CTaBaTbCA B Kypce cobbITUI AaXke Npn OTCYTCTBUN A0CTYNa K AECKTOMHOMY NMPUNOXKEHUIO.

B otnnume ot knaccndeckux C3[, cucteMa aBTOMaTUYECKU pacno3HaeT TEKCT ¢ poTorpaduii JOKYMEHTOB, Npe-
BpaLlas 6yMakHble OpUT1Hasbl B 3N1EKTPOHHbIe daiinbl 6e3 pyuHOro BBoAa AaHHbIX. MOKan HacTpolika 6e3 npo-
rPaMMMPOBAHUNA JaeT BO3MOXHOCTb CO3JaBaTb HOBblE TUMbl JOKYMEHTOB 1 HacTpauBaTb Habop nosnen yepes
nHTepdeiic, 6e3 n3meHeHNa NPOrpPaMMHOro Koga. Mpaea AOCTYMNa aBTOMaTUYECKM PacCUMTbIBAIOTCA HA OCHOBE
OpraHN3aLVOHHON NepapXmK, YTO UCKITIOHYAET HEOOXOAUMOCTb PYUYHOMN HACTPOWKM ANA KaXK4Oro COTPYAHMKA.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

BHe,D,pEHI/Ie CNCTEMDBI NO3BONUT NPeAnpUATUIO NONTHOCTbIO aBTOMaTU3NPOBATb ,D,OKyMeHTOO60pOT, COKpaTunB
BpeMA Ha co3aHne, NONCK U cornacoBaHe JOKYMEHTOB B 3-5 pas. ExxeqHeBHble yBegomieHnAa Llepe3TeIegram-
60T NoBbICAT NCNONHUTENDBbCKYIO ANCUUMITNHY U CBOEBPEMEHHOCTb MCNONTHEHNA nopyquI/u?l. HeVIpOCETEBaﬂ 006-
pa60TKa |/|3o6pa>KeH|/||7| YCKOpUT BBOA NEPBUYHDbIX JOKYMEHTOB, a aBTOMaTUYeCKMI yder nepepa60TOK obecne-
YT NPO3PavYHOCTb csepxypquon pa60TbI. CHu3ATca PUCK NoTepn JOKYMEHTOB U OLWMOBOK, CBA3AHHbIX C Yeso-
BeyeCKkum d)aKTOpOM. B uenom, cuctema noBbICUT NPO3pPavYHOCTb ynpaBieHYeCKnx npoyeccos n 3¢¢EKTI/IBHOCTb
NPUHATNA peLLIeHI/IVI Ha BCEX YPOBHAX OpraHn3auunn.

TEKYLWAA CTAOUA PA3BUTUA
PaspaboTka BHegpeHa B NPON3BOACTBO.

CBEJIEH/A O MPABOBOI1 OXPAHE
OTCyTCTBYIOT.

NMOTEHUWAJIbHbIE NOTPEBUTENUN U/UNN 3BAUMHTEPECOBAHHbDIE B PA3BPABOTKE
BHyTpeHHMe nogpasgeneHus OAO «MA3» ans ynpaBneHus BHyTPEHHUM OKYMEHTOOG0POTOM.

KOHTAKTHbIE JAHHbIE

CaBuny AHgpen leHHagbeBWY, AMpPeKTOp HayUHO-TEXHNYECKOrO LieHTpa — FMaBHbIN KOHCTPYKTOP.
Ten.: (+37517) 217 25 59
E-mail: savchits@maz.by

LepwHesa EneHa CepreeBHa, MHXeHep-MPOorpammucT.
Ten.: (+37517) 2172072
E-mail: tm.rnd@maz.by

Kannwny Banepua AnekcaHApOBHa, MHXeHep-NporpaMmMuICT.
KonewnkinHa Buktopua AHaTonbeBHa, NHXXEeHEeP-NPOrPaMMUCT.



LUOPOBBIE TEXHONOTMM U NCKYCCTBEHHbIA MHTENEKT

V. OTKPbITOE AKULMOHEPHOE OBLLECTBO
«FrIIMNPOCBA3by

.

8. TJIATOOPMA LLM-MOAENEN CYHUBEPCAJIbHbIMU CEPBUCAMM

OMUCAHUE PASPABOTKI

Mnatdopma LLM-Mozeneii npeactaBisieT cobol YyHUBEpPCANbHOE peLleHne jis arperauum u npegoctasie-
HMA CEPBMCOB Ha OCHOBe GONbLUNX A3bIKOBbIX Mofenel. B HacToALlee Bpema Ha cepBepHOl NHOPaCTPYKType,
pa3meLleHHo Ha Tepputopun Pecny6nukmn benapycb, pa3sepHyTbl Tpu LLM-mogenu: Llama 4 Scout, Gemma 4
1 Qwen 3.5. MogynbHasa apxuTeKkTypa nnatGopmbl o6ecrneunBaeT BbICOKY rMOKOCTb, NO3BOMAA B 3aBUCMMOCTY
OT AOCTYMHOTO AUCKOBOIO MPOCTPAHCTBa OMNePaTVBHO 3aMeHATb Pa3BepHYTble Mogeny nnm Lo6aBnATb HOBbIE.

Bba3oBbIii ciol nnaTGpopmMbl JONOSTHEH KOMMJIEKCOM YHMBEPCASIbHbIX CEPBUCOB, FOTOBbIX K OMbITHOWN 3KCMya-
Tauuy 1 obecneumnBaloLLmX peLleHmne WPOKOro CrekTpa NPUKNagHbIX 3agay:

- yaT-60T — obecneumBaeT Ananorosoe B3anmopgenctane ¢ LLM-mogensto B peXxnme pealibHOro BpemeHu, AB-
NAETCA OCHOBHbIM NMO/Ib30BaTe/IbCKUM MHTepdDEIzCOM I'IﬂaTd)OprI, noaaepXmMBaetT BO3MOXHOCTb NepekniovyeHnA
MeXy pa3BepHYyTbIMMN MOAeNAMU;

— Ananorosble CLUeHap — NO3BONAKT BU3Yya/lbHO KOHCTPYMPOBATb AepeBbA AMasiora C BETBJIEHNAMU, LLM-
Mojenb NoAKMYaeTCA ANnAa reHepaunn NnepcoHaan3npoBaHHbIX OTBETOB I UHTepNpeTaunn HeCTaHOAPTHbIX
3anpoCoB KNINeHTa;

- Be6-NONCK — pacluMpsAeT KOHTEKCT MOJENM aKTyalbHbIMU AaHHBIMW U3 MHTEPHETa Yepes nouckosble AP;
- Text-to-Speech (TTS) — npeobpasyeT TEKCT B ayANO Ha HECKOJIbKUX f3blKax;

- speech-to-Text (STT) — npeobpa3yeT ayano B TEKCT, BMecTe ¢ TTS co34aeT OCHOBY st MyNbTUMOZANbHbIX
CLieHapues;

- RAG-mopynb — nogknioyaeT BHeLwHMe 6a3bl 3HaHWI 1 BbIMONHAET NOWCK TONbKO MO HUM, NOBbILLaA AOCTO-
BEPHOCTb OTBETOB 3a cUYeT BepnbULMPOBaHHbIX JaHHbIX, 06ecneurBaeT NPUBaTHOCTb U KOHTPONMPYEMOCTb UC-
TOYHMKOB;

- n3BreyeHne HGopmaLMmn 13 caboCTPYKTYPUPOBAHHBIX [JOKYMEHTOB — W3BNEKAET CYLIHOCTU U faHHble
13 cnabocTpyKTyprpoBaHHbIX fokymeHToB (TXT, DOCX, HTML) v Bo3BpaluaeT pe3ynbrat B dopmate JSON;

— reHepauna 3D-mopenen — co3paet TpexmepHble 06beKTbl No TEKCTOBOMY ONMMCaHUIO AnA BU3yanmsayunmn
N NPOTOTUNNPOBAHUA;

- OpenAl-coBmectumblin APl — npepocTtaBnaeT nHtepdeinc Ana MHTerpaLmm BO3MOXHOCTEN MiaTdopMmbl C BHELU-
HUMU UHGOPMALIMOHHBIMU CUCTEMAMN.

Bce cepBuchl paboTatoT Ha NOKasibHbIX CepPBEPAX, YTO rapaHTUPYET NOJHbIN KOHTPOSb HaA AaHHBIMW 1 UCKITIO-
yaeT PYCKK, CBA3aHHbIE C UCMOMNb30BaHNEM 3apyOexHbIX 06MauHbIX peLleHuiA.

ﬂ,aHHaFI 2KOCnNCTEMa CeEpPBNCOB Ha 6ase LLM-mopenein co3gaet OCHOBY AJ1A peleHnA WMPOKOro Kpyra 3agay
B obnactu 06p360TKI/| eCTeCTBEHHOIO A3blKa N aHann3a AaHHbIX.

TEXHUYECKUE NMPEMMYLLUECTBA

Mnatdopma LLM-mogenen ¢ yHuBepcanbHbIMU cepBUCcamul, pa3MeLLieHHas Ha cepBepax B Pecnybnuke bena-
pycb, 06ecrneunBaeT NoHy IOKanbHOCTb 06paboTKM AaHHbIX: BCA UHGOPMaLMS, BKIHOUasA NepCcoHasibHble AaH-
Hble, CNY>KeOHYI0 JOKYMEHTALIMIO U KOMMEPYECKYIO TallHy, XpaHUTCA 1 06pabaTbiBaeTcA UCKOYNTENbHO B Npe-
[enax HaLMOoHaNbHOW IPUCANKLMN.

Mnatdpopma pa3pabaTbiBaeTcA B CTPOroM COOTBETCTBUM C 6EOPYCCKUM 3aKOHOLATENbCTBOM O 3aluuTe nep-
COHaNbHbIX JaHHbIX, FOCYAAPCTBEHHON TaltHe U MHOPMaLMOHHOI 6€30MacHOCTI, UCKII0YAA PUCKU TPaHCrpa-
HWUYHOI Nepefaun KoHGUAEHUMaNbHbIX cBeAeHWI. Pa3BepHyTble LLM-Mogenm n cepBricbl aganTupoBaHbl K 6e-
NOPYCCKOW MPaBoBOW cUCTEME, CTPYKTYPe FOCYAaPCTBEHHOIO YNPaBAeHWs U KyNIbTYPHbIM OCOBEHHOCTAM, YTO
obecneurBaeT PUANYECKYIO Y STUYECKYIO KOPPEKTHOCTb reHeprpyeMbiX OTBETOB B OTMYME OT 3apyBerkHbIX
aHasnoroB, He yUnTbIBAIOLLMX JIOKANbHbI KOHTEKCT.
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OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

Mnatdopma LLM-mogeneii ¢ yHMBepcanbHbIMY CEpBUCaMU MPELOCTABMAET rpaXXaaHaM, opPUaNYECKUM nuuam
1 rocyfapCTBEHHbIM OpraHamM AoCTyn K nepenosbiM NA-TexHONOrMAM ¢ rapaHTuelr COXPaHHOCTY AaHHbIX B Ha-
LIMOHANbHON lopucanKuun. JTokanbHoe pa3BepTbiBaHre MHGPACTPYKTYPbl obecrneunBaeT cobnogeHe 3aKoHo-
JaTenbCTBa O 3awuTe UHPopmaL . CHUXKEHNE 3aBUCUMOCTI OT BHELLHUX NMPOBaAepoB AenaeT COBPEMEHHbIE
LUudppoBble MHCTPYMEHTbI 6o5ee AOCTYMNHbBIMY AN BCEX KaTeropuid nonb3oBaTeneil. Peannsauus npoekTa BHO-
CUT BKIag B yKpenieHue LundpoBoro cyBepeHmteTa Pecnybnuku benapycbh, popmrpysa CaMoOCTOATENbHYIO U MOJ-
HOCTbIO KOHTponrpyemyto UT-nHdpacTpyKTypy HaLMOHabHOrO 3HaUeHNW .

TEKYLWAA CTARUA PA3BUTUA

BepeTtca HayuyHo-mccneoBaTeNibcKas paboTa, B pamMKax KOTOPOW NPOBOAATCSA NMUMOTHbIE MPOEKTbI MO afanTa-
L1 NpOTOTMNA NOJ OTPacNeBble HYX[bl.

CBELEHNA O NPABOBOW OXPAHE
OTcyTCTBYIOT.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

OpI'aHbI rocyapcCcTBe€HHOro ynpaesneHmna n rocyfapcrTBeHHble opraHn3aynmn, otpaciieBblie U NPOMbILIEHHDbIE
npeanpurAaTnAa, HeKoMmMmep4yeckme opraHmn3aumn n MHble 3anHTepeCcoBaHHbIE.

KOHTAKTHbIE AAHHbIE

Baposuk OmMuTpuii BaneHTMHOBUY, CTapLLNiA HayUYHbI COTPYAHMK HayYHO-UCCIEAOBATENbCKOTO OTAENa
undpoBbIX TexHONOrMI LieHTpa nepcneKTUBHBIX UCCIeA0BaHUI B chepe LMPpPOBOro pa3BmTus,
KaHAnaaT Gr3NKo-MaTeMaTUYECKMX HayK, AOLEHT.

Ten.: (+37529) 112 14 47

E-mail: barovik@giprosvjaz.by

9. CUCTEMA MOHUTOPWHTA W NHTENNEKTYAJIbHOTO AHAJIN3A
BEB-MPOCTPAHCTBA «bE30MACHOE BEB-ITPOCTPAHCTBO»

OMUCAHUE PA3PABOTKUN

B pamKkax HayuHO-MCCneoBaTeNbCKOM PaboTbl CO3aHbl METOABI M aNTOPUTMUYECKOE peLleHne (MPOTOTHM UH-
bopmaLmoHHoOI crcTembl). MporpamMmmHas peanunsaums pa3paboTaHHbIX METOLIOB 1 aNrTOPUTMOB pa3meLLieHa B OT-
KpbITOM flocTyne Ha nnatdopme GitHub ans obecneyeHms NOBTOPHOIO NCMOJIb30BaHKA Pe3yNbTaToOB UCCefoBa-
HUSA UHBIMY 3aUHTEPECOBAaHHBIMI HaYYHbIMU KOJIIEKTVBaMU. PenosnTopuin BKNouaeT B ce6s MporpamMmmMHbIi Kog,
0byueHHble MoAeNy, NprYMepbl 06e31MYEHHBIX 0OYUYaIOLLMX BbIGOPOK, @ TaKXKe MHCTPYKLUIO MO 3anyCcKy U NCMofb-
30BaHUI0 anropuUTMOB. Bce MaTepuanbl NpoeKTa pacnpoCcTpaHATCA Ha ycoBusax iuueHsmnmn MIT (Massachusetts
Institute of Technology License), uto npeanonaraeT cBO60AHOE NCMONb30BaHUE, MOAVNUKALIMIO 1 PacipoCTpa-
HeHMe Kofa C 06s3aTeNbHbIM YKa3aHMeM aBTOPCTBaA.

Pe3ynbTaTbl MOTyT ObITb BHEPEHDBI B OOpa30BaTe/ibHblE, MPABO3aLLMTHbIE U AHANIMTUYECKNE CTPYKTYPbI, 3aMHTe-
pecoBaHHbIe B cO3faHuUm 6e3onacHo uHGopmaLuroHHol cpefbl. CHOpMMPOBAHHbIE MPOrPaMMHbIE KOMMOHEHTbI
1 OTKPbITble HAbOPbI AAHHBIX MOTYT ObITb NCMOMb30BaHbI 417 Pa3pPaboTKM 1 O06YUYEHUs aNropUTMOB 06pPaboTK
€CTeCTBEHHOrO A3blKa, CO34aHUA CUCTEM MOAEPaLU U MHTEMIEKTYalbHbIX GUNBTPOB AN COLMarbHbIX Meaua.

TEXHUYECKUE NMPEUMYLLECTBA

PaspaboTaHbl 1 anpoburpoBaHbl MeTofbl cbopa AaHHbIX (MapCUHra) U3 coumanbHbIX CETEN U UHBIX MeauanaT-
dopm (Telegram 1 YouTube). Cnctema cbopa peannsoBaHa C y4eTOM PerynsapHOro 06HOBNEHWS JaHHbIX, aBTO-
MaT131POBAHHOIO JIOrMPOBAHKA U YCTONUMBOCTU K c60sIM. Kpome Toro, co3faHa cucteMa pybpukaumm u Kata-
NOrn3aLmn AaHHBIX, BKIOYAKOLWas YPOBHU UCTOYHIKA, TMa COOBLLEHMS, TOHaNbHOCTb U KNTAacC BbICKa3blBaHN.

PeanunsoBaHbl 1 MPOTECTUPOBAHbI METOAbl XPAaHEHUSI AAaHHbIX N3 PAa3HOro TUMa UCTOUYHMKOB (CouunanbHble
cetn, 6norn, popymbl, CMU 1 6a3bl faHHbIX) C NCNONb30BAHMEM TEXHOMOMMIA 06PabOTKM GONbLUKX AaHHBIX.
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Ona 6azoBoro xpaHeHua ncnonb3osaHa CYB[ SQLite, agantupoBaHHas nog cneunduky TekctoBo MHGOpMa-
LMW 1 NOAAEPKKY MHOTOTabMMUYHON CTPYKTYPbI.

Pa3pa60TaHb| aJITOPUTMbI TIMHIBUCTUYECKOIO aHan3a TEKCTOB Ha PyCCKOM 1 AHMINNCKOM A3blKaX C nprnmeHe-
HUem MOp(I)OJ'IOFI/I‘-IeCKOFO, CMHTaKCNYeCKOoro n ceMaHTn4yeCckoro aHanumsa.

B pamKax nccnefoBaHuna co3aaH KackagHbli KnaccmdrkaTop Ha OCHOBe NpeaobyyeHHon TpaHchopMepHOI Mo-
aenv RuBERT. Ins o6yueHus mogenv 6611 cGopMmpoBaH KOMOMHMPOBAHHDBIN AaTaceT 06beMoM 27 TbiC. BblCKa-
3bIBaHWIA, BKITIOUAIOLWMI KaK OPUrMHaNbHbIE COBPaHHbIe JaHHble, TaK U BEpPUGULIMPOBAHHbIE 3aMNCU 13 BHELIHUNX
NCTOYHKKOB. MprMeHeHbl MeTOAbl ayrMeHTaLMUM 11 aBTOMATUYECKOWM Pa3MEeTKY, a TaKXKe peasin3oBaHa sKcrnepT-
HaA Banugauua. NposegeHa onTMMM3aLnaA rmneprapameTpoB MOAENV, Peann3oBaH MeXaHy3M paHHel OCTaHOB-
KM, UTO MO3BOJINIO0 JOBUTLCA BbICOKON TOUHOCTU MPU KilaccudmrKaumm 3710ynoTpebieHmnin B CoLMasnbHbIX CETAX.

Haquaﬂ HOBM3Ha obecrneyeHa ydyeTom peI'I/IOHaJ'IbHOIZ CI'IELl,I/Id)VIKI/I, co3faHMemM afanTMpoOBaHHbIX allrOPUT-
MOB AJ1A PYCCKOA3bIYHOIO KOHTEHTQ, a TaKXKe C60pOM HOBOI'O pa3Me4dyeHHOro Ha6opa OaHHbIX N3 27 TbIC. TEKCTOB.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

Ha 6a3e npoTotuna (Mogenen v anroprtMoB) MOXET ObiTb CO34aHO KOHKPETHOE (Mof HY /bl 3aKa3umnKka) cre-
LMann3nMpoBaHHoe NporpamMmmMHoe obecreyeHie Ans aBTOMaTU3NPOBAHHOIO MOHUTOPUWHIA, MOAEpPaLUn 1 aHa-
NN3a TOHANbHOCTU KOHTEHTa. OXXMOAEMbIi Pe3ysNbTaT: NoBbllweHne 6e30MacHOCT UHGOPMALMOHHON Ccpeabl,
CHWXKEHME Harpy3kum Ha MOAEPATOPOB 1 MosiyyeHne OObEeKTUBHOW aHANUTUKMN. BbICOKME MeTprKM KadecTsa
(Fl-score 0.936) noaTBep*AatoT rOTOBHOCTb TEXHOSOMMI K MPAKTUYECKOMY BHEAPEHUIO 1 KOMMEPLMANM3aL .

TEKYLLAA CTAOUA PA3BUTUA
BbinonHeHa HayyHO-MCCefoBaTeNIbCKas WM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

CBEZIEHUA O MPABOBOI1 OXPAHE

Bce maTepuanbl npoeKTa pacnpocTpaHaATcA Ha ycnosuax nuueHsmmn MIT (Massachusetts Institute of Technology
License), uTo npeanonaraeT cBob60AHOE NCMOb30BaHVE, MOANGMKALWIO 1 pacnpoCcTpaHeHre Kofa C 0bA3aTenb-
HbIM YKa3aHrem aBTOpCTBa.

NOTEHUWAJIbHbIE NOTPEBUTEJNIN U/ BAUHTEPECOBAHHbBIE B PASPABOTKE

B PeCﬂy6J'IVIKe Benapbe: rocyfgapCTBE€HHbIE OpraHbl U yuypexxaeHuaA (B TOM umcne aHanUTUYeCKne LEeHTpPbI, Ta-
Kne Kak EeJ'IOpyCCKI/IIZ NHCTUTYT CTpaTernvyecknx VICCﬂenOBaHVIIZ), NpPaBOOXpPaHUTEJIbHbIE CTPYKTYpPbI, o6pa3o-
BaTeJibHbl€ N NPaBO3alWNTHblE OpPraHn3aunn, KpyrnHblie meanaxonguHrn m UT-komnaHwnn, 3aMHTEpEeCOBaHHbIE
B aBTOMaTI/I3I/IpOBaHHOIZ mMoAepaunn KOHTeEHTa N aHann3se 06LLIECTBEHHbIX HaCTpOEHVIVI.

3a py6exxom: MexayHapoaHble aHaNNTMUECK/E areHTCTBa, YacTHble YUpeXAeHUs, 3aHMMAoLLMEeCs MOHNUTO-

PUHTrOM MHGOPMaLMOHHOIM 6e30MacHOCTM U MPaB YesIoBEKA, a TakkKe pa3paboTumKky U MHTErpaTopbl CUCTEM
KOHTeHT-Mogepauun B cTpaHax CHI n ganbHero 3apy6exbs.

KOHTAKTHbIE AAHHbIE

AreeHko AHHa-Codua AnekcaHapOBHa, cneumanuct LieHTpa nepcneKkTrBHbIX MCCefoBaHui B chepe
LundpoBoro pasBuTUA.

Ten.: (+375 29) 603 85 02
E-mail: ageenko@giprosvjaz.by
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V. PECINYBAMKAHCKOE YHUTAPHOE MNMPEANPUATHE
«(MPOMNI3BOACTBEHHOE OBbEAMHEHWNE
"BEAOPYCHE®PTL"

.

10. ABTOMATU3UPOBAHHAA CUCTEMA FEHEPALIUUA NTIAHOTPAMM
«HEWPOMEPYEHAAWU3WUHI» C MPUMEHEHNEM UCKYCCTBEHHOTO UHTENIEKTA

OMUCAHUE PA3PABOTKU

PaspaboTtka npepacTaBnseT coboi nporpammHoe obecrneyeHne Ana aBTOMaTU3NPOBaHHOrO GOPMMPOBaHUA
1 aKTyanvsauum nnaHorpamMm BblKnagKy TOBapOB Ha TOProBbIX 06beKTax po3HMYHom ceTn. Cuctema npefHasHa-
UeHa AnA COKpaLleHUa Tpyao3aTpaT CrneunanmcToB, obecneyeHns eIMHOO6pPa3HOro NPUMEHEHNA NpaBul Mep-
yeHJal3vHra u onepaTUBHON aKTyanmn3aumm BbiKaK1 NPy USMEHEHUM acCOPTMEHTa, 060pyAOBaHUA U Liene-
BbIX NOKa3aTenen.

Cuctema opreHTPOBaHa Ha TOProBble 0ObEKTbI C Pa3HOPOAHbIM 060pPyAOBaHKEM 1 06ecneynBaeT:

—aBToMaTmyeckoe nonyvyeHme mn3 KWC paHHbIX O HOMeEHKNaType, LeHax, pe|71Tv|Hrax, XapaKTepucTtnkax o60py—
AOBaHMA 1 UeneBbiX A0N1AX;

- o6pa60TKy npaBwil BblkNnagku, 3afjaHHbIX NOJ1Ib30BaTe/IEM Ha PYCCKOM A3blKe B CBO60,D,HOVI d)opme;

- bopMUpOoBaHKe NIaHOrpaMM C y4eTOM MaccorabapuTHbBIX XapaKTePUCTVK TOBAPOB, NapaMeTPOB MONOK, TO-
BapHbIX KaTeropuii 1 orpaHMUYeHni no Tmnam obopynoBaHus;

— KOHTPOJIb LieneBbiX Aonei 6peHA0B 1 KaTEropuid, a TakKe BU3yasibHOWM KOrepPeHTHOCTU BbIKNagKW;

- UHTEPAKTUBHOE OTOBpaxkeHmne pesynstatoB B 2D- 1 3D-npeacTaBneHnsx ¢ BO3MOXHOCTBIO PYyUYHO KOppek-
TUPOBKMN.

TEXHUYECKUE NMPEMMYLLECTBA

PaspabaTbiBaeMas ccTeMa OCHOBaHa Ha COBMECTHOM MPUMEHEHY BOSbLIOI A3bIKOBOW MOAENM, TUMU3NPO-
BaHHOW GJIOYHON apXUTEKTYpPbI MPaBU U LETEPMUHUPOBAHHOTO MHOTOCTAZMNHOTO afiroprUTMa PasMeLLeHNs.
Oco6eHHOCTBIO peLleHNs ABNAETCA NpeobpasoBaHMe HECTPYKTYPUPOBaHHbIX TpebOBaHUI MepUyeHaan3uHra
B pOopManun3oBaHHbIE UCMOJTHAEMbIE MPaBWIa C NOC/eAYIOLLEN aNroPUTMUYECKOR MPOBEPKOMN UX MPUMEHUMOCTU.

KnioueBble TexHONOrMYeCKre NperMyLLecTBa:

- ¢opman|/|3au|/|ﬂ npaBu BblkNagKkn Ha eCTeCTBEHHOM PYCCKOM A3blke 6e3 HEO6XO£|,I/IMOCTI/I nporpamMmmmpoBa-
HNA CO CTOPOHDbI 613Hec-nonb3oBaTens;

— NCNoJib30BaHME paclumpaemoro Ha6opa TUNN3NPOBAHHbIX 6110KOB anAa (I)VIJ'IpraLl,VII/I, rpynnnpoBKn, COpPTU-
POBKMW, pa3MeLleHNA N KOHTPOJIA Jonen;

- nocnefoBaTeNibHas NpoBepKa GU3MUECKX, TOBAPHbIX 1 MEPUYEHAAN3UHTOBbIX OFPaHUYEHWI NMpU pa3mMelle-
HUW KaXa0WN e AnHMLbI HOMEHKNATYpbI;

- uHTerpaums ¢ KNG, ncknoyarowwasn py4yHor BBOA NCXOAHbBIX AaHHbIX U 0becneymBaloLasn nx akTyasibHOCTb;

- GopmMMpOBaHME NAAHOMPAaMM 3a CEKYHbI BMECTO HECKOJIbKIX YacoB PyUHOMN paboTbl C BOCMPOV3BOAVMbIM
pesynbraTom.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

CokpalueHve BpeMeHn GOPMMPOBaAHNA NNAHOMPAMM C HECKOJSIbKMX YacoB O HECKONIbKMX CEKYH[, efUHO-
obpasHoe cobnofeHve NpaBu BbIKNaAKy, LieneBbix gonei 6peHAoB 1 KaTeropuin, CHKeHWe Tpyfo3aTpar cre-
LManncToB 1 onepaTuBHan akTyanusauua BbIKNagKum npu N3MeHeHUN acCopTMeHTa unm obopygosaHua. Konwu-
yecTBeHHasA OLeHKa SKOHOMMYeCKoro 3ddeKTa BbIMOMHAETCA MO pe3ynbTaTaM NUIOTHOW SKCNayaTaumm.

TEKYLWAA CTARUA PA3BUTUA

Pa3zpaboTaH GpyHKLMOHabHbI MPOrpaMMHbIi MPOTOTMN; 3aBepLUAOTCA pa3paboTka U TeCTUPOBaHWUe, BefeT-
CSl NOArOTOBKA K MUIOTHOMY BHEAPEHMUIO.
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CBEJEHUNA O MPABOBOW OXPAHE
OTcyTCTBYIOT.

NOTEHUWAJIbHbIE NOTPEBUTEJIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

PYM «MpoussopacteeHHOEe 06befmHeHre “benopycHedTs”» 1 BXOAALME B €0 COCTaB OpraHmn3aLmnyM po3HnY-
HOW CETW; MHble PO3HUYHbIE CETU.

KOHTAKTHbIE AAHHbIE

Kypouka KoHcTaHTH CepreeBuy, MHXeHep-MPOrpaMmMUCT, KaHANAAT TEXHUUYECKUX HayK, AOLIEHT.
Ten.: (+37529) 170 59 68
E-mail: K.Kurochka@beloil.by

MNaHapuvH KoHCTaHTMH AneKcaHOpOBUY, UHXeHep-NPorpammucT LieHTpa NcKyCCTBEHHOro MHTeNNeKTa
YnpasneHua uudpoBusalmm.
Ten.: (+375 25) 79099 76
E-mail: K.Panarin@beloil.by

JTawkeBny Miropb AnekcaHapoBuy, BeayLniin MHXeHep-nNporpaMmMmcT LieHTpa NcKyCCTBEHHOrO UHTENJIEKTa
YnpasneHus undpoBusayuu.
Ten.: (+37529) 232 1576

E-mail: l.Lashkevich@beloil.by
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VI YHPEXAEHWE OBPA3OBAHMA
(BEAOPYCCKUMN TOCYAAPCTBEHHbBIN YHMBEPCUHTET
MHPOPMATMKUN N PAANOISAEKTPOHUKIAY

.

11. ONYX — ABTOHOMHAA UHTENNEKTYANIbHAA POBOTOTEXHUYECKASA
NNATOOPMA

OMUCAHUE PA3PABOTKU

ONYX — aBTOHOMHasi MOOUJIbHasA poboToTEXHNYECKas NnaThpop-
Ma, npeaHa3sHa4YyeHHaA OnA HaBuraumn, MOHUTOPUHIa OKpyXato-
Wen cpefbl, 06HapPyXeHNA onacHbIX GpakTopoB (ras, AblM, OroHb)
N AUCTaHLMOHHOTO yrnpaBneHus. Po6oT NocTpoeH Ha MOAYNbHOW
apxuTeKType 1 06bedrHAET MexaHWYecKylo nnatdopmy c Kop-
nycom m3 MNBX-nnactuka (M3rotoBAeH BPYYHYI0), CUCTEMY MOTOP-
pefykTopoB ¢ HesaBucumbim PWM-ynpasneHvem, Bbluncantenb-
HbI MoZyJb Ha 6a3e Raspberry Pi n MukpokoHTponnepa Arduino,
a TaK»Ke LMPOKMIA KOMMJIEKC CEHCOPOB: Kamepbl C HbpaKpacHoM
nopacBeTKom AnA paboTbl B TEMHOTE, YIbTPa3BYKOBbIE AaTUMKM pac-
CTOAHWNA, AAaTYNKN NTNHUN, AaTYNKWN Fa3a, AblMa, OTHA N OCBeLeHHO-
ctu. MutaHne obecneursaetca Li-Po akkymynaTopamm ¢ nnatol 3a-
wuTbl (BMS) 1 cuctemon DC-DC npeobpasosateneii. MHTerpupo-
BaHHaA Al-cuctema Q2 o6pabaTbiBaeT JaHHble C AAaTUMKOB, BeAeT
Ananor C onepaTtopom 1 NpUHMMaeT peleHnAa O nosegeHNn po-
60Ta, 06bEANHAA MEXAHWKY, SNEKTPOHUKY N UCKYCCTBEHHbIN UH-
TENNeKT B eAVHYt0 aBTOHOMHY!0 nnatdopmy. ONYX MmoxeT npume-
HATbCA B MPOMbILWNEHHOCTU, NOTNCTUKE, CUCTEMAX 6e3OI'IaCHOCTI/I,
BHewwHnit Bup, yc'rpo|7|c'r3a npun l-I[.')e3BbIHaVIHbIX CNTyaumnax, B SKONOrM4eCKoOM MOHUTOPUHre

1 B 06pa3oBaTeNbHbIX MPOEKTax Mo POOOTOTEXHMKE.,

TEXHUYECKUE NMPEMMYLLECTBA

B oTnnuve oT 6ONbLIMHCTBA 3apyOeXXHbIX aHANoroB, OPUEHTUPOBAHHBIX Ha 3aKPbITYIO apXUTEKTYpPY U Bbl-
COKYI0 CTOMMOCTb KOMMOHeHTOB, ONYX nocTpoeH Ha AOCTYMHOW MOLYNbHOWN 3NeMeHTHON 6a3e, UTo CHIKAeT
CTOUMOCTb NNaThopMbl 1 YNPOLLAET ee 06CNYKMBaHNE 1 MOAEPHM3aUmio. POBOT coueTaeT GpyHKLMKM, KOTOpble
y aHasIoroB 06bIYHO pean3oBaHbl Pa3fesibHO: aBTOHOMHYI0 HaBUraLMio, 0GHapy»KeHUe onacHbIX pakTopoB cpe-
Abl 1 AnanoroBbiil Al-nHtepdeiic. MbpuaHas BoluncnmTenbHasa apxutektypa (Raspberry Pi + Arduino) pasgens-
€T BbICOKOYPOBHEBbIE 11 HU3KOYPOBHEBbIE 3aflauu, MOBbILWasA CTabuUnbHOCTb paboTbl. IHTerpaumsa cobcTeeHHON
Al-cuctembl Q2 otnmnyaet ONYX oT TMMNOBBIX YUebHbIX poboToTEXHMYECKMX NnaTdopm, NpeBpaLlas Habop pat-
UYMKOB N MEXaHU3MOB B €[MHbI NHTENNEKTYaNbHbIN areHT.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

BHeppeHne ONYX B NPOMBbILIEHHOCTH, OTUCTHKE U cMcTeMax 6€30MacHOCTM MNO3BOAUT aBTOMATU3NPOBaTh
NaTpyNMpOBaHuNe TepPPUTOPUIA, MOHUTOPUHT 060PYAOBaHUA 1 paHHee OGHapYXeHMe onacHbIX CUTYyaLuii (yTeu-
K ra3a, 3agblMieHne, BO3ropaHue) 6e3 NoCcToAHHOIO yuacTUsA YeoBEKa, CHIXKAA PUCKK 4f1A MepCoHana n Bpe-
MS pearvpoBaHus Ha HeLTaTHbIe CUTYauun.

TEKYLWLAA CTAQUA PA3BUTUA
BbinyLeH onbITHbIN 0bpa3eL, (elcTBYOWMIA NPOTOTUN).

CBEJEHNA O NPABOBOW OXPAHE

Bepetca nogrotoBka JOKYMEHTOB ANA PerncTpaunmy BHELWHero Buaa Kopryca i KOMMNOHOBKM CEHCOPHbIX MO-
aynen ONYX B KauecTBe NpOMbILLIEHHOro 06pa3Lia B HauroHanbHOM LieHTpe NHTeNeKTyallbHOM CO6CTBEHHO-
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cTn Pecnybnukn benapycb. MporpaMmmHble 1 TeXHUYECKME peLleHs (anropuUTMbl MPUHATUA PELLEHNIA, aPXUTEK-
Typa Al-cuctembl Q2) He pasrnallaioTca 1 MoryT 6biTb B AanbHelLleM 3alMLLiEHbI B peXuMe Hoy-xay mbo na-
TEHTHOro Npasa.

NOTEHUWAJIbHbIE NOTPEBUTEJNIN U/ BAUHTEPECOBAHHbBIE B PASPABOTKE

MpoMblLneHHble NPEANPUATHUS, TOTUCTUYECKUE U CKNAACKUEe OMepaTopbl, OXPaHHblE OpraHM3aLmm, aBapuitHo-
crnacaTenbHble CITY»KObl, yupexxaeHuns o6pa3oBaHus (pobOTOTEXHUYECKUE KPYXKKN, Kadelpbl By30B) B Pecny6nu-
Ke benapycb 1 3a py6exom.

KOHTAKTHbIE OBAHHDIE

Knenaukui Erop Sgyapgosuny, ctyaeHT Il kypca.
Ten.: (+37529) 709 53 08
E-mail: egorklepackij31@gmail.com

12. CUCTEMA PACNPEENEHHOIO C6OPA U LLEEHTPAJIN30BAHHOM OBPABOTKM
BUBPALIUOHHbIX CHTHANOB ANA PEWWEHNA 3AAAY ABTOMATUKW NPUHATUA
PELLEHWUIA U AUATHOCTUKK

OMUCAHUE PA3PABOTKI

Cnctema npencTaBnsAeT cobol MHOXECTBO PEermcTpaTopoB AJIMHHBIX Peann3aunini BUOpaLOHHbIX CUTHAsOB,
KaXblll N3 KOTOPbIX YNpaBAeT Npeobpa3oBaHMeM aHaNOroBbiX BUOPALMOHHbIX CUTHANIOB B NOCief0BaTeNb-
HOCTb LiMbPOBbIX KOAOB, COXPAHSAET NMoyYeHHbIN LdpoBOoN curHan Ha SD-KapTy nnm nepefaeT ux Ha Mobunb-
HYIO UJIM HACTONbHYIO ONEPaLMOHHYI0 CUCTEMY MU B 06/1aKO AJ1A LIEHTPANM30BaHHON 06paboTKM 1 BbINOSTHEHWSA
bYHKUMIA BUOPALIMOHHOMO KOHTPOJIA, MOHUTOPUHTA, OLIEHKM TEXHNYECKOTO COCTOSHUA KOHTPONMpPYEeMbIX OObeK-
TOB C NocnefyLen aBTomaTr3aLmen NPUHATAA peLLeHNn.

TEXHUYECKUE NMPEMMYLLUECTBA

COOTBETCTBYET YPOBHIO JTyULLIX 3apyOexHbIX pa3paboTokK. [o3BoNseT aBTOMaTU3MPOBaTh NPOLIECCh OLEHKN
TEXHUYECKOTO COCTOAHMS MEXaHM3MOB U arperaToB C BpaLlaTe/lbHbIM ABVXKEHUEM MO BUOPALIMOHHBIM Napame-
TPaM v MPUHATUA PELLEHNIA MO BO3MOXKHOCTM AaJibHENLEN SKCMTyaTaluuy, NpefoTBPALLEHNY aBapUIAHbBIX CUTY-
auuiA Y NAAHMPOBaHMIO PEMOHTHbIX PaboT.

YcTaHOBKa AaTuNKoB



LUOPOBBIE TEXHONIOTUM U UCKYCCTBEHHbIA MHTENJIEKT

BbleneHue TpeH108 napameTpoB BUGpaLIN

KOHTAKTHbIE AHHbIE

Ten.: (4375 29) 355 51 21
E-mail: branc@bsuir.edu.by

MarncTp TEXHUUECKKX HayK.
Ten.: (+375 29) 876 07 00
E-mail: branc@bsuir.edu.by

MpoToTun c6opLLMKA-PErucTPaTopa HenpepbIBHbIX BUOPALIMOHHBIX CUTHANOB

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

OCHOBHas CYLHOCTb Pe3ynbTaToB 3aK/IYaeTCs B BO3-
MOHOCTW CO3AaHUA CUCTEM pacnpeaeneHHoro cbopa
BMOPOMETPUYECKMX AaHHbIX Y UX LEHTPaNN30BaHHOM
06paboTKN, HanpaB/IeHHOW Ha aBTOMAaTM3aLMI0 NMPUHS-
TUS PeLLeHN O TEXHNYECKOM COCTOAHUN HabsioaaeMbixX
06beKTOB.

TEKYLWLAA CTAOUA PA3BUTUA

Co3zaH NpoTOTVN HAKONWTENS BUOPOCKTHaNoB 605b-
WOV ANINTENTbHOCTW.

CBEZIEHUA O MPABOBOI1 OXPAHE

MonyueHbl CBUAETENBCTBA O PETUCTPaLIN paHee pas-
paboTaHHbIX MPOrPaMMHbIX CPefcTB AnA 06paboTKu
IJIVHHBIX peann3aunii UMepoBbIX BUOPALIMOHHBIX CUT-
Hanos.

NOTEHUMAJIbHbIE MOTPEBUTENU U/WJITUA 3AUHTEPECOBAHHDIE B PASPABOTKE

MpeanpuATUA SHEPreTUKKN, HehTEXMMIUK, Fra30TPaHCMOPTHON CUCTEMBI, APYTUe NPeANPUATIA, SKCMNyaTupyio-
Wwme guratenu, mexaHmambl u arperatbl, OAO «MA3».

BpaHuesuy MeTp KOnbaHoBKY, Npodeccop Kapeapbl NMOUT BIr'YUP, noKTOp TEXHUYECKMX HAYK, JOLEHT.

ba3sbines EBreHuin Hukonaesuny, ctaplumnii npenogasatenb Kapeapbl NMOUT BI'YWP,



LUOPOBBIE TEXHONOTMM U NCKYCCTBEHHbIA MHTENEKT

VII. YHPEXAEHME OBPA3OBAHNA
«MMOAOUKMN TOCYAAPCTBEHHBIN YHMBEPCUTET
MMEHWN EBPPOCHHNI NTOAOLKOW»

.

13.CMOCOb OBHAPYXXEHNA XKUBbIX ObBEKTOB B MACCUBAX
CENbCKOXO3AUCTBEHHDBIX KYNbTYP U YCTPOWCTBO ANA Er0 OCYLECTBNEHUA

OMNMUCAHUE PASPABOTKI

OTHOCKTCA K TEXHUYECKM CPefCTBaM AA 06HapyXeHUA 1 ngeHTnduKa-
LMW >KMBbIX 06 bEKTOB B MaCCMBaX CENbCKOXO3ANCTBEHHbIX KynbTyp. HoBu3-
Ha pa3paboTKM: KOMMIEKCHOE OfJHOBPEMeHHOe NPUMEHeHVe PaanosioKa-
LIMOHHOTO U OMTUYECKOro CUTHAaNIOB B KOHTPOJIMPYeMOoll obnacTu Ha onpe-
[eNEeHHbIX PeXrMaXx NMpw NCrosib30BaHUM CUCTEM KOMIbIOTEPHOMO 3pEHNA.

TEXHUYECKUE NMPEMMYLLECTBA

OCHOBHOE NPENMYLLECTBO: NOBbILLEHWE AaNbHOCTU OBHAPYKEHUS XKN-
BbIX 06EKTOB. Pa3paboTka BbiNOSIHEHA Ha YPOBHE 3apybOeXHbIX aHano-
ro., B Pecny6nvike benapycb aHanoros Her.

OXXUAAEMbIA PE3YNbTAT NPUMEHEHUA

Be3sonacHoe npoBeaeHne YOOPOUHBIX CEJTIbCKOXO3ANCTBEHHbIX PaboT, e 4" : :
COKpallleHWe TpaBMaTV3Ma NoAen 1 06beKTOB XKNBOTHOTO MUpa. 061wt B yCTpoiicTaa

TEKYLWAA CTAAUA PA3BUTUA
M3roToeneH nabopatopHblii obpaseL,.

CBEAEHUA O NPABOBOW OXPAHE

OdopmneHa 3asiBKa Ha n30b6peTeHne Ha NosyyeHme nateHTa «Cnocob obHapyKeHNA }KMBbIX OOBbEKTOB B Mac-
CUBAX CENbCKOXO3ANCTBEHHBIX KY/bTYP 1 YCTPOWCTBO ANA €ro OCyLeCTBNEHUA».

NOTEHUWAJIbHbIE NOTPEBUTENUN U/WNIA BANHTEPECOBAHHDIE B PA3PABOTKE
MNpown3soanTenn cenbCKoXo3ANCTBEHHON TEXHUKN.

KOHTAKTHbIE AAHHbIE

AHywkeBnY Buktop MpaHueBny, aoLeHT Kadenpbl SHEPreTMKM U SNEeKTPOHUKN, KaHANAAT TEXHUYECKMX HayK.
Ten.: (+37529) 514 20 30

E-mail: v.yanushkevich@psu.by

Cynbko Unba Bayecnasosuny, BOEHHOCAYKaLLMIA.

E-mail: ilasudko5164@gmail.com

JTazepko AHTOH CepreeBuny, NHXeHEP-KOHCTPYKTOP.

E-mail: Lazerkobk@bk.ru

Poroscknin Ceprein iBaHOBUY, BeOYLLNIN NHXEHEP-INEKTPOHUK.
E-mail: sergejrogovskij496@gmail.com
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VIIl. HAYHHO-MCCAEAOBATEABCKOE YHPEXAEHME
WMHCTUTYT NPUKAAAHBIX PUSNHECKUNX NTPOBAEM
MMEHWN A. H. CEBHEHKO» BEAOPYCCKOTO
[OCYAAPCTBEHHOIO YHMBEPCUTETA

.

14. AHOOPMALIUOHHO-AHAJINTUYMECKAA CUCTEMA KOHTPOJIA N AHANTU3A
AEATENbHOCTU B BOAOOXPAHHbBIX 30HAX — WAC «BOJOOXPAHHbBIE 30HbI»

OMUCAHUE PA3PABOTKU

MHpopmaLmoHHo-aHannTyecKasn cucTemMa KOHTPOSA U aHanm3a AeATeNbHOCTY B BOAOOXPaHHbIX 30Hax — VAC
«BopooxpaHHble 30HbI» pa3paboTaHa B Brae eanHol N’MC-cuctembl. MNpefHa3HayeHa ana nosbiweHnA 3GdeKTmB-
HOCTV NPUHATWA YNPaBAEHYECKNX PELIEHNI MO YAYULIEHNIO SKOTOMMYECKOro COCTOAHMA B BOLOOXPaHHbIX 30-
Hax 1 NprbpeXHbIX NosIocax 3a cYeT NPefoCTaBleHNA WMPOKOMY KPyry Nonb3oBaTesiell KOMMIEKCHOWM KapTu-
Hbl MO OCHOBHbIM (I)yHKLI,I/IOHaJ'IbeIM XapakKTepuCTnkam AeATeNIbHOCTN B BOAOOXPaHHbIX 30HaX I'Ipl/l6pe)KHbIX
rosiocax, BK/oYasa KOHTPOJIb X03ANCTBEHHON AeATENIbHOCTM B BOJOOXPaHHbIX 30HaX U NPUOPEXHbIX Nonocax,
C UCNOMb30BaHMEM aHHbIX MCTAaHLMOHHOMO 30HAMPOBaHUA 3emMnu.

TEXHUYECKUE NMPEMMYLLECTBA

Pa3pa60TaHbI Hay4Hble€ N MPOEKTHbIE peLleHNA, TEXHOJTOTUN Ha OCHOBE COBPEMEHHDbIX Mc-, Be6- 1 06MauHbIX
TEXHONIOTUN, CUCTEM NCKYCCTBEHHOIO MHTEJJIEKTA A1 nepexoia Ha Ka4eCTBEHHO HOBbIN YpPOBEHb OpraHn3aynmn
M aBTOMaTU3aLnn NpoLecCcoB aHan3a N KOHTPOJ1A AeATENbHOCT B BOAOOXPAHHbIX 30HaX 1 npm6pe>KH bIX nonocax.

B HacToAwWee BpemMA OTCYTCTBYIOT aHanoru KOMMMJIEKCHOW CUCTEMDbI KOHTPOJ1A 1 aHaNnn3a AeATeNIbHOCTU B BOAO-
OXPaHHbIX 30HaxX ” I'Ipl/l6pe)KHbIX nonocax no npenocCTtaBNeHNIO AaHHbIX, onpenesieHNo HOBbIX 006bEeKTOB 3arpas-
HEeHWNA, BKJTI0YaA NCMOJIb3OBaHNE METOAOB NCKYCCTBEHHOIO UHTEJIJIEKTA N CMYTHUKOBbDIX AaHHbIX.

OXWOAEMDbIA PE3YJIBTAT MPUMEHEHUA

BHeapeHWe NHPOPMaLMOHHO-aHANNTNYECKOI CUCTEMbI KOHTPOJIS U aHaNIM3a AeATe/IbHOCTU B BOBOOXPAHHbIX
30Hax — WAC «BogooxpaHHble 30Hbl» B MUHMCTEPCTBE NPUPOLHBIX PECYPCOB U OXPaHbl OKpY»KaloLLeit cpegpl
Pecny6nukun benapycb n ero TepputopuanbHbiX OpraHax, MCNonb3yoLmUX JaHHbIE MO BOAHBIM 06beKTam 1 BO-
JAOOXPaHHbIM 30HaM, NOBBICUT 3GPEKTUBHOCTD NPUHATUA YNPaBIeHUYECKUX PeLIeHWNiA, HaNpPaBAeHHbIX Ha Yyu-
LeHMe 3KONOrMYeCcKoro COCTOSIHMSA BOAOOXPaHHbIX 30H 1 NPUOPEXHbIX MOJOoC.

TEKYLLUAA CTAONA PA3BUTUA
BbinonHeHa Hay4Ho-nccnefoBaTeNibCcKas UM OMNbITHO-KOHCTPYKTOPCKaA (TexHonornyeckas) pabota.

CBEJEHNA O NPABOBOW OXPAHE
OTcyTCTBYIOT.

NOTEHUWAJIbHbIE MOTPEBUTENU U/WITUA 3AUHTEPECOBAHHDIE B PASPABOTKE

MUHUCTEPCTBO NPUPOAHBIX PECYPCOB M OXPaHbl OKpYKatoLlein cpefbl Pecny6nuku benapyco v ero Tepputo-
puanbHble OpraHbl.

KOHTAKTHbIE AAHHbIE

CemeHeHKo JleoHua BnagummpoBuny, 3aBegytowniin nabopatopuein MHGOPMaLVIOHHBIX TEXHOSOTI,
KaHOnaaT TeEXHNYeCKnx Hayk, CTapLIJI/IVI Hayl-IHbIVI COTPYAHUK.

Ten.: (+37517) 272 00 33, (+375 29) 678 04 15

E-mail: lv_semenenko@mail.ru
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15. AHOOPMALIUOHHO-AHAJINTUYECKAA CUCTEMA
«[IPUPOAHBIE PECYPCbI BEJIAPYCH 2»

OMUCAHUE PASPABOTKI

NHbopmaumoHHo-aHanuThyeckaa cuctema «MpupogHole pecypcbl benapycn 2» npegHasHaueHa ans no-
BblLIEHUA AOCTOBEPHOCTYU U aKTyaNlbHOCTY JaHHbIX NPU KOHTPONE U aHanunse AeATenbHOCTY No Aobbiye no-
Ne3HbIX NCKOMaeMmbiX B chepe 3eMeyCcTpoCTBa, OXPaHbl 3eMeflb Y MPUPOLHbIX PECYPCOB, ONTUMK3aL MK
3aTpaT Mo akTyanusauyuv nHGopmauuv 1 NpeaynpexaeHnio KOHGANKTHbIX CUTYaUNUid NPU KOHTPOe 3eM-
nenonb30BaHUA.

Peann3oBaHbl canepywowimne 3agayn:

— YCOBEPLUEHCTBOBaHbI M aBTOMATU3MPOBaHbl MPOLIECChl MEXBEAOMCTBEHHOTO BEAEHNA AaHHbIX, KOHTPOSIA
1 aHanu3a [o6blun NonesHbIX UCKONaeMbIX BO BHYTPUXO3ANCTBEHHbIX Kapbepax C CO3fjaHneM NHPPaCTPyK-
Typbl MHGOPMaLMOHHOro obMeHa AaHHbIMK MO A06bIYe NONE3HbIX MCKOMaembIx C [eonopTanomM 3emesibHO-
nHdopMaLMoHHON cuctembl Pecnybnnkn benapyco;

—aBTOMaT3NPOBaH KOHTPOJ1b HecaHKLWIOHVIpOBaHHOIZ ,El,06bll-ll/l none3HbIX NCKoNaeMbIX Ha OCHOBE CNYTHU-
KOBbIX AJAaHHbIX HeI;IpOHHbIX ceTen I'J'Iy6OKOFO O6y‘—IeHI/IF|.

TEXHUYECKUE NMPEMMYLLECTBA

NHbopmaLmoHHo-aHannTnyeckan cuctema «MpupogHble pecypcbl benapycn 2» COOTBETCTBYET IyULLNM MU-
poBbIM 06pa3Lam. OHa obecrneumBaeT peanmsaLmio KOMNIEKCHOrO NMOoAXoa Mo NOBbIWEHWIO AOCTOBEPHOCTU
N aKTyanbHOCTY JaHHbIX B chepe 3eM1eyCTPONCTBA, OXPaHbl 3eMeflb U NMPUPOAHbIX PECYPCOB, ONTUMMU3ALMK
3aTpaT Mo akTyanusauum uHdopmauun, NpesynpexneHnto KOHGANKTHbIX CUTYaLMin Ha OCHOBE COBPEMEH-
HbIX TNC- 1 Be6-TeXHONOMMIA, aBTOMATU3NPOBAHHOMY OOHaPYKeHWI0 HECAHKLMOHWPOBAHHON A06bIYM Noses-
HbIX MCKOMaeMblX Ha OCHOBE 06PabOTKMN CMYTHMKOBbIX AAHHbIX C UCMOMb30BAaHNEM HEMPOHHbBIX ceTei ry6o-
KOro obyuyeHus.

OXUAAEMbI PE3YJIbTAT MPUMEHEHUA

NHbopmMaLmoHHo-aHanuThyeckan cructema «MpupogHble pecypcbl benapycn 2» noebicuT 3$PeKTMBHOCTL
aeATeNibHoCcT MHMCTEPCTBA NPUPOAHBIX PECYPCOB U OXpPaHbl OKpY»KatoLwen cpeabl Pecny6nvkn benapycb
1 ero TEpPUTOPMAsIbHbIX OPraHOB Mo BeAeHMI0 AaHHbIX, KOHTPOJO U aHanM3y A06bIUMN NONE3HbIX UCKOMAeMbIX.

TEKYLLAA CTAOUA PA3BUTUA

BbinonHeHa HayyHO-MCCIefoOBaTENIbCKAsA WM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

CBEZIEHUA O MPABOBOI1 OXPAHE
OTcyTCTBYIOT.

NOTEHUWAJIbHbIE NOTPEBUTEJNIN N/ BAUHTEPECOBAHHbBIE B PASPABOTKE

MUHMCTEPCTBO NPUPOAHBIX PECYPCOB 1 OXpaHbl OKpY»atoLlel cpefbl Pecnybnuku benapycb u ero tepputo-
puanbHble opraHbl.

KOHTAKTHbIE AAHHbIE

CemeHeHKo JleoHna BnagnmupoBsuy, 3aBegytownii nabopatopureii MHPOPMaLMOHHbIX TEXHONOTUIA,
KaHAMAAT TEXHUUECKMX HaYK, CTapLUMIA HAYUHbI COTPYAHUK.
Ten.: (+37517) 272 00 33, (+375 29) 678 04 15

E-mail: Iv_semenenko@mail.ru
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16. UHOOPMALIUOHHO-AHAJIUTUYMECKAA CUCTEMA «LINOPOBAA MIATOOPMA
TOYHOI0 3EMNEAENWSA» (NEPBAA OYEPE[D)

OMUCAHUE PA3PABOTKHN

Llenbio co3gaHna nHGOPMaLMOHHO-aHaNUTUYeckon cuctemsl «Llndposasn nnatdopma TOUHOrO 3emnegenusy»
(nepBas ouepenb) ABNANOCH co3aaHMe 6a30B0M 0cHOBbI LindpoBoii nnatpopmbl TOUHOrO 3emnesenus, obecne-
yMBaloLLe No3TanHoe 3BOMOLMOHHOE Pa3BUTME MPOLIECCOB Nepexofa K TEXHOOMMAM TOYHOrO 3emieaenms
1 peanu3aumio CepBICOB, 0becneymBaloLLyX aBTOMaTU3aLMIO U NMOAAEPXKKY MPUHATUA peLleHuii Afis cneyuani-
CTOB CefbX03MpeanpuATAi No 6a30BbIM MpoLieccam NepBo ouepear BHeAPEHUA TOYHOO 3eMefenms.

PeannsoBaHbl cnegyoume 3agaym:

- co3paHa 6a3oBan ocHoBa Lindpposoii niatdpopmbl TOUHOTO 3eMIeAesNsA, CUCTEMHO MHTErPUPYIOLLAA NOACK-
CTEMbI Ha OCHOBE eAMHbIX MPUHLMMNOB ONCaHMA NPOCTPAHCTBEHHBIX U aTPUBYTVBHbIX AaHHbIX C Pa3MeLLeHeM
Ha pecny6smKaHcKom nnatdopme 061auHbIX TEXHOSOTWI;

- peanv3oBaHa TexHoNnorvs MHGOPMaLMOHHOTO 0O6MEHa C BHELUHUMN HGOPMALIMOHHBIMU CUCTEMAMU 1 pa3-
paboTaHo NporpammMmHoe obecrneyeHne NOACUCTEMbI BEAEHUA MPOCTPaHCTBEHHBbIX AaHHbIX Lindposoii nnatdop-
Mbl TOYHOTO 3emnegenus, obecrneyrBaoLee CNeumanncToB Cenbxo3npeanpuaTuii HeO6XoANMbBIMK AaHHbBIMU
AN1A NPOBefeHNA aHaIM3a U NPUHATUA pPeLIeHniA;

- pa3pa60TaHbl aJIrTOPUTMbI N NpOrpamMmmMmHoe obecneyeHune MOHUTOPWUHIa XapakTepuctnk nonen Ha OCHoBe
CNYTHUKOBDIX AJdaHHbIX 1 MPOBEAEHNA aHal3a BEr€TalyMMOHHOIO pa3BnTnA paCTEHVIIZ;

- pa3paboTaHo NpuKnaHoe NporpaMmmHoe obecneueHve Ana CreLmanncToB CellbCKOXO3ANCTBEHHbIX Npef-
npuATAiA No peanu3auumn GyHKLMOHana nepsoii ouepean Lindposoit nnatdopmbl TOYHOFO 3emnegenns;

- pa3paboTaHo NporpaMmHoe obecrneyeHrie MOOUIbHOTO NPUIOXKEHWS AN1A MPOBEAEHNSA arPOCKAYTHHTa.

TEXHUYECKUE NMPEMMYLLECTBA

Co3paHue 6a30Bol 0CHOBbI LindpoBoi nnathpopmbl TOYHOTO 3eMiiefenina 00ecrneyrBaeT nostarnHoe 3Boso-
LIMOHHOE pa3BUTME NPOLIECCOB Nepexoda K TEXHONOTMAM TOUHOro 3emniegenus. Peanusauuns nepeoii ouepeau
HanpaBsfieHa Ha aBTOMaTM3aLMIO U MOAAEPXKKY MPUHATUA PeLleHnn ANA CneymanmcToB Cenbxo3npeanpuaTum
no 6a30BbIM NpoLeccam.

OXWAAEMbIA PE3YJIBTAT NPUMEHEHUA

OyHKUMOHaN MHPOPMALMOHHO-aHANMTUYECKOI cucTeMbl «LndpoBas nnatdopma TouHoro semneaenus» (nep-
Bas ouepeab) BHEAPEH B CENbCKOX03ANCTBEHHBIX OpraHu3aLmax pecnybnmku.

TEKYLWAA CTAANA PA3BUTUA
Pa3paboTka BHeipeHa B NPOM3BOACTBO.

CBELEHWA O MPABOBOW OXPAHE
CBMAEeTENbCTBO O AOOPOBONBHON PerncTpaunn 1 4ENOHNPOBaHKM 06beKTa aBTOpCKoro npasa N2 2003-KI.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
CenbcKoXo3sNCTBEHHbIE NpeanpusaTya B Pecnybnuke benapych 1 3a py6exom.

KOHTAKTHbIE AAHHbIE

CemeHeHKo JleoHua BnagumrpoBuny, 3aBegyowniin nabopatopuein MHGOPMaLVIOHHBIX TEXHOSOTI,
KaHAMAAT TEXHNYECKNX HayK, CTapLUMA HayUYHbI COTPYAHUK.

Ten.: (+37517) 272 00 33, (+375 29) 678 04 15

E-mail: lv_semenenko@mail.ru
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IX. TOCYAAPCTBEHHOE YHPEXAEHME
OBPA3OBAHNA «AMACKNN PAMOHHbBIN LLEHTP
TBOPHECTBA AETEM M1 MOAOAEXW)

.

17. POBOTOTEXHUYECKUN KOMMNEKC ®OPMUPOBAHUA AKKYMYNATOPHBIX

BATAPEN

OMNMUCAHUE PASPABOTKI

PaspaboTaH poO6GOTOTEXHUYECKMI KOMMAEKC Ans
aBTOMaTU3MPOBAHHOIO GOPMUPOBAHUA NUTUIA-UOH-
HbIX aKKYMYJIATOPHbIX 6aTapei (cxema 4x3, anemeH-
Tbl TUNa 18650). Cuctema npefHa3HayeHa A4sid 3ameHbl
pyyHOro TpyAa Ha MNPOW3BOACTBAX SMEKTPOTPaH-
CNopTa, LPOHOB U CUCTEM HaKoMNneHUs sHeprun. Obe-
CMeymBaeT BbICOKYIO 6€30MacHOCTb paboTbl C B3PbIBO-
OonacHbIMN KOMMNOHEHTaMW.

KoHcTpyKkTnBHo komnnekc Bkntovaetr SCARA-maHu-
nynatop SZGH-5800-B-4 ¢ nHeBMaTNYeCKUM BaKyyMm-
Hblm 3axBaToM SMC SHR16-S, Mogynb rpaBmTaLMlOHHO-
NMHeBMaTMYeCKOW NoJaun SN1eMeHTOB Ha 6a3e LInH-
apoBIAC 16X160-S, NneHTOUHbI KOHBenep C CUCTEMON
KannopoBKU. YnpasneHne pacnpefeneHo Mmexay KOoH-
Tponnepom Siemens LOGO! (MHeBMaTMKa 1 KOHBeep)
N CMCTEMOW ynpaBieHUA MaHUNYyATopa.

TexHONOrMYeCcKNin NPoLecc NOIHOCTbIO aBTOMaTU-
31pOBaH: Nofaya KoOpPoboK, OpUEHTALNA aKKYMYATO-
POB 13 rOPM30OHTAIbHOrO B BEPTUKANIbHOE NOJIoXKe-
HWe, TOYHasA YKnagKka MaHWUMynaATOPOM U TPAHCNOPTK-
pOBKa rotoBOro Moy . TexHMKO-3KCrlyaTaLMOHHbIe
XapaKTepPUCTUKN: BPEMA LMK/ 3anofHEHUA OfHOMN
KOpOo6KM (12 anemeHTOB) cocTaBnseT 12-15 ¢; noBTO-
pAeMocTb No3nunoHnpoBaHua — = 0,03 mm; Harpys-
Ka Ha 3axBaT — fo 1 kr. Komnnekc paboTaeT B Henpe-
PbIBHOM peXume, Tpebysa NpucyTCTBUA TOSTIbKO OfHO-
ro ornepartopa A/1a KOHTPONA 1 3arpy3km coipba. VH-
Terpawma KOMMNOHEHTOB BbIMOSIHEHA MO NPOMbILLJIEH-
HbiM cTaHgapTam (Ethernet, Modbus), uto obecneun-
BaeT HAfleXXHOCTb 1 NMPOCTOTY 06CNYKMBaHMA.

TEXHUYECKUE NMPEMMYLLECTBA

PazpaboTka npeBoCXoanUT oTeUeCTBEHHbIE aHaNor
YPOBHEM MHTErpaumm pasHoOpOOHbIX cUcTeM (MHEB-
MaTuKa, poboToTexHKa, PLC) B eAWHbIN KOMMAKTHbBI
KoMMneKc. B otnnumne ot 3apy6exHbIX MPOMBbILLIIEH-
HbIX nuHUn (ABB FlexPicker, Fanuc M-1iA, KUKA KR
SCARA), CTOMMOCTb KOTOPbIX NCUMNCIAETCA AecATKa-
MM TbICSIU 1O/I1aPOB, NPeAsIoKEHHOE peLLeHNe OTN-
YaeTcsi BbICOKOWM 3KOHOMUYECKON 3$PEKTUBHOCTBIO
Npwv COXPaHEeHUN NPOMbILLISIEHHOTO KayecTBa.

MHTeraLlVIFI NMHEBMOCUCTEMbI

Cumynauua B RoboDK
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06Lwmii BuA

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

TEKYLWAA CTAQNA PA3BUTUA
BbinyLueH onbITHBIN 06pa3eL,.

CBEAEHUNA O MPABOBOW OXPAHE
OTCyTCTBYIOT.

KOHTAKTHbIE AAHHbIE

Mpokonosuny Mnba PomaHoBuy, yyawmincs.
Ten.: (+375 29) 57088 40
E-mail: ilyaprokopovich972@gmail.com

KnioueBble npenmyLlecTsa:

— CTOMMOCTb — WUCMOJIb30BaHMe ONTUMN3NPOBAH-
HbIX KOMMOHeHTOB (SZGH, LOGO!, IAC) cHu»KaeT Kanu-
TanbHble 3aTpaTbl B 5-10 pa3 no cpaBHeHMIo C aHano-
ramu ot ABB unu Epson, genaa asTomaTtusauuio go-
CTYMHOW ANIA MaJIoro 1 cpefHero 6usHeca;

—TMBKOCTb U MaCLUTa6I/lpyeMOCTb — MoAynbHadA ap-
XUTEKTYPa NO3BONMAET JIErKO NepeHacTpanBaTb CUCTeE-
MY Mo pa3Hble CXeMbl YKNaAK1 1 TUMbl 31EMEHTOB 6e3
NOJSIHOWM 3aMeHbl INHUK;

—TOYHOCTb 1 CKOPOCTb — MOBTOPAEMOCTb + 0,03 MM
1 uuKn 12-15 ¢ conocTaBUMbI C JOPOTrMMU 3apyberx-
HbIMK aHanoramm (Epson T3: £ 0,02 mm; 0,45 ¢ Ha ane-
MEHT), HO peanun3oBaHbl Ha 6bonee BloAKETHOM anna-
paTHow 6ase;

— 6e30MacHOCTb — MOJHOE VCKITIYEHNE KOHTAKTa
nepcoHana c Li-ion anemeHTaMn MUHUMU3NPYET pu-
CKMN TPaBMaTM3Ma U KOPOTKUX 3aMblKaHWI, YTO Kpu-
TUYHO ANA faHHoN cdepbl.

BHeppeHne KomneKca No3BOMIUT COKPATUTD LUTAT COTPYAHUKOB Ha yyacTke c6opKu ¢ 3-5 yenosek o 1 one-
paTopa, cHu3mB GoHA onnaTbl TPYAa U NCKNIOUMB OWMOKM YenoBeyeckoro daktopa (6pak < 1 %). Mpomnssoau-
TEeNIbHOCTb YYacTKa CTabunmsnpyeTcs Ha ypoBHe 240-300 cobpaHHbIX Mogysnel B Yac. [oBbICMTCA NPOMBbILEH-
Has 6e30MacHOCTb 3a CYET YCTPaHEHNA MPSAMOro KOHTaKTa paboumnx C NoXXapoonacHbIMY 3eMeHTamu. PelleHre
obecneunT BbICTPYI0 OKYNaeMOCTb 3a CYET HU3KOW CTOMMOCTY 060PYAOBaHMSA 1 MOBbILIEHNA KayecTBa NPoayK-
Luu, CnocobCTByA UMMOPTO3aMeLleHnto B chepe NPOor3BOACTBEHHOW POOOTOTEXHUKN.

NOTEHUWANbHBIE MOTPEBUTEJIN /TN SAUHTEPECOBAHHbDIE B PA3PABOTKE
MpomblwneHHble NpegnpuAaTia B Pecnybnuke benapycb 1 3a py6exxom.
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X. TOCYAAPCTBEHHOE YHYPEXAEHNE OBPA3OBAHMA
(TUMHA3NA Ne 14 T. TOMEASD

.

18. BUPTYANIbHbIW TPEHAMEP «KUBEP-CTPATEW: BUTBA 3A AAHHbIE»
ANA ObYYEHMA CNELIMATUCTOB B OBNACTU UHOOPMALIUOHHON
bE3OMACHOCTH

OMUCAHUE PASPABOTKI

BupTyanbHbIi TpeHaxep «Knbep-ctpatern: butea 3a AaHHble» — obyuatoLlas KomMnbloTepHasa urpa ana eop-
MUPOBAHMA MPaKTUYECKNX HAaBbIKOB BbIABMEHNA U NPOTVBOAENCTBUA KnbepaTakam y cneumannuctos B obna-
CTM nHdopMaLmMoHHol B6e3onacHocTU. TpeHaxep peann3oBaH B BuAe cumynatopa pabouero ctona cneuvanu-
CTa no nHpopmMaLMoHHoI 6e30nacHOCTU, 06beANHAIOLLErO B OAHOM UHTepdelice KOPNOPaTUBHYIO NMOYTY, aHTVY-
BMpYC, SIEM-cuctemy, gucnetyep 3afiay u ceTeBoi MOHUTOP. Mirpa oXxBaTbIBaeT CEMb TUMOB KnbepaTak (GpuLLmHr,
KOMMNpOMETaLuA YUYeTHbIX 3anuceli, BHegpeHue B npouecchl, DNS C2, DoS-aTtaku, ucnonb3oBaHue Meterpreter,
SSH-6pyTdhopc), Karkaas 13 KOTOPbIX MPMBA3aHA K KOHKPETHOW TexHKKe MaTpuubl MITRE ATT&CK. ObyyeHue no-
CTPOEHO NOo NprHUMNy «04NH YPOBEHb — OAWH TUM YrPO3bl» C CHOXKETHbIMU KaTCLleHaMN N BUKTOPUHaMI ON1A 3a-
KpenneHusi TeopeTnyeckmx 3HaHui. MNprnoxeHne pa3paboTtaHo Ha A3bike Python 3.14 c ncnonb3oBaHuem ¢ppeiim-
BopKa Pygame 2.5 n paboTaet B odpnaiiH-pexrme, 4To NO3BOAET NPUMEHATb €r0 B M30/IMPOBAHHbIX ceTAX 0bpa-
30BaTesIbHbIX 1 KOPMOPATUBHBIX OpraHu3auuin. TpeHaxep npefHasHayeH AnsA 06yuyeHUs WKObHUKOB, CTYAEH-
TOB N HaYMHaKOLWKNX CNeynanncTtoB NpakTnyeCcknm HaBblkam o6Hapy>Keva 1 paccnengoBaHnAa MHUMOEHTOB UH-
¢dbopmaLmnoHHON 6e30MacHOCTL.

KubepsalmTHmk

CriokoiiHoe yTpo

9:00 YTPA...

Hauano pabouero aHsa

)

Kubepcrpaterusi: Bursa 3a naHHble

Buibepute yposens

Bbi6op ypoBHSA COXHOCTH
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TEXHUYECKUE NMPEMMYLLECTBA

lNo pe3ynbTraTamM CpaBHUTENBHOTO aHanr3a C 3apy6eXxHbIMU 1 oTeyecTBeHHbIMY aHanoramu (SPOOFY, Kaspersky
Interactive Protection Simulation, Cyber Detective ot ManageEngine) TpeHaxkep obnagaet ciegyoLmmm npeu-
MyLLlecTBaMu: efivHas cpefa obyyeHus B BUae cumynatopa paboyero ctona cneymanmcta no nHGopmauroHHoN
6e30MacHOCTY; OXBaT CEMU TUMOB KnbepaTak B paMKax OfHOWN CIOMETHON IMHWN, UTO CYLLECTBEHHO LIMpPE, Yem
Y PacCMOTPEHHbIX aHaNOoroB; NPMBA3Ka KaXK[Ooro CLieHapyA K KOHKpeTHOM TexHuke matpuubl MITRE ATT&CK ¢ 3a-
KpenneHnem 3HaHWUiA Yepes BUKTOPUHDI; odraiiH-pexxnm paboTbl (AecKTonHoe npunoxeHne Ha Python/Pygame)
6e3 HeoOXOANMOCTM MOCTOAHHONO NMOAKIIIYEHUA K UHTEPHETY, B 0TIMUYMe oT 6pay3epHoro Cyber Detective; nonHo-
CTblO PYCCKOA3bIYHbIN KOHTEHT (MHTEPdENC, CIOXKET, MMCbMa, anepTbl, BONPOChI), Torga Kak Cyber Detective He ume-
eT PYCCKOW NTOKanu13aLmm; OpueHTaLma Ha TeXHMYecKoe paccnefjoBaHne MHLMAEHTOB, @ He TONbKO Ha yrpaBJeH-
yeckue pelueHus, Kak B KIPS.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

Anpobauua TpeHaxepa Ha Bbibopke 13 180 yyawmxca (HauroHanbHbI AeTCKUIA TEXHONapK, cnet «[podeccuro-
HaJlbHbIN CTapT») NOKa3ana pPocT cpefHero 6anna TecTMpoBaHNA No Temam MHGOPMaLMOHHON He3onacHoCTH
c4,4 po 8,7 6anna n3 10 nocsie NpoxoxaeHus TpeHaxepa. OXngaeTca NoBblleHEe OCBEAOMIIEHHOCTY U NMPAKTK-
YECKMX HaBbIKOB 06YYaloLMXCA U COTPYAHMKOB OpraHmn3aLmii B BbIABIEHUN 1 MPOTUBOAENCTBUM KnbepaTakam,
CHVXEeHMe Yncna UHLMAEHTOB, CBA3AHHDBIX C YesioBeyecknM GakTopom, a Takxe BHeipeHWe TpeHaxepa B yueb-
HbI NpoLecc 06pa3oBaTeNibHbIX yUpeXKAeHNI 1 B MPOrpamMmmMbl KOPNopaTBHOIro obyyeHnsa no nHGopmaLMoH-
Holi 6e3onacHoOCTL.

TEKYLAA CTAQUA PA3BUTUA

Pa3paboTaH 1 npoTecTMpoOBaH AeNCTBYIOLMI NPOTOTUN (AeCKTONMHOe NpunoxeHue Ha Python/Pygame). Mpose-
JeHa anpobauua Ha Bbibopke 13 180 pecnoHAeHTOB, noaTBepAnBLIas 3GdeKTUBHOCTL 06YYatoLLEero BO3AeNCTBUA.

CBEAEHNA O NPABOBOW OXPAHE
OTCyTCTBYIOT.

NMOTEHUWMAJNbHbIE MOTPEBUTENUN U/UNN SBAUHTEPECOBAHHDIE B PABPABOTKE

Ob6pa3soBaTesibHble yupexaeHua Pecnybnukn benapycb (QeTckue TEXHOMAPKM, WKOMbI, KOMEAXK, BY3bl),
peanusytowmne NoAroToBKy no UHGOPMALMOHHOK 6e30NacHOCTU 1 MHXEHEPHbIM NPOGUNSAM; KOPNOPaTUBHbIE
3aKa3uuKkuy Ans obyyeHns cOTPYAHMKOB. 3a pyOexoMm: pyCccKon3bluHble 06pa3oBaTesibHblE OpraH13aunmn 1 opra-
HM3aUWK, 3aMHTEPECOBaHHbIe B 0dnanH-TpeHaxepax A4/ U30ANPOBaHHbIX CETeN.

KOHTAKTHbIE JAHHbIE
Benoycosa EneHa CepreeBHa, pykoBoauTenb NPoeKTa, AoLEHT Kadenpbl 3awuTbl nHopmaumn GakynbteTa
nHdopmavmoHHon 6esonacHocTy BI'YWUP, KaHauaaT TEXHUYECKMX HayK.

HonronanteBa NpuHa IOpbeBHa, yuntenb nHdopmatukm N'YO «fmmHasuna N2 14 r. fTomensy.
Ten.: (4375 44) 722 68 62

E-mail: asya.ananeva@mail.ru

MarkaeBa Codusa JmutpureBHa, aBTOp MNPOEKTa, yyallanca.

Ten.: (4375 29) 941 14 58

E-mail: sd.mazhaeva2009@gmail.com
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Xl. OBLLIECTBO C OrPAHMYEHHOM
OTBETCTBEHHOCTbIO «2HKOP CTYAMNOp,
PESMAEHT BPECTCKOTIO
HAYHYHO-TEXHOAOTMHECKOTI O MNAPKA

.

19. UHTENNEKTYANbHBIN MOAYNb «<MHCNEKTKOM NYNbC»

B COCTABE MPOrPAMMHO-ATNMAPATHOTO KOMIMIEKCA <UHCMEKTKOM» —
MEXBEAOMCTBEHHON NNATOOPMbI NPOOUNAKTUKU HEBE3OMACHBIX
YCNOBUI NPOMUBAHUA TPAXKAH

OMNMUCAHUE PASPABOTKI

«MHcnekTKoM Mynbc» — MoAynb UCKYCCTBEHHOTO UHTENNEKTa AeNCTBYIOLLEN MEXBEIOMCTBEHHON MaThop-
Mbl «<MIHCNeKTKoM», MpefHa3HauYeHHOM AnA NpeayrnpexaeHns, BbISBIEHUA N YCTpaHeHUs HebGe30MmacHbIX YCIo-
BUIA MPOXKMBaHWA rpaxaaH (MpodunakTuka rubenm nogein ot BHEWHUX MPUUYUH B XXKUIULHOM GOHZE: NoXKapbl,
OTpaBNeHUs yrapHbiM ra3oM, 6bITOBas 3anyLeHHOCTb).

Cdepa npumeHeHUs: rocyaapCcTBEHHAA MEXBEAOMCTBEHHas NpodunakTuyeckas pabota. Mnatpopma obbeaun-
HAET fecATb TUNOB CybbeKToB NpodunakTnky (ucnonkombl, MYC, opraHbl BHyTpeHHUx aen, MKKX, coynanbHas
3awuTa (TLICOH), razocHabKatoLye opraHm3aumm, 3paBooXpaHeHe, 06pa3oBaHve 1 Ap.) B eAUHOM L poBOM
npoctpaHcTae. Mo coctoaHmio Ha 01.01.2026 B cucTeme HakonneHo 6onee 3,5 MiH o6cneaoBaHMin fOMOBRaae-
HuiA, paboTatoT cBbiwwe 10 000 cnewLnanncToB, pa3BepHyYTbI NMOJHble 06MacTHbIe KOHTYpbI (BpecTckan u lpogHeH-
CKas obnacTin), BeaeTca nogknioueHne MmnHckon, Butebckoin, Mornnesckoi obnacteii u r. MMHcKa.

Ha3HaueHue mopynsa: nepesof Npodunaktmyeckomn paboTbl OT pearmpoBaHus Ha cobbITUSA K UX Npegynpexie-
Huto. Pean3oBaHbl U NPOXOAAT NPOBEPKY Ha peasibHbIX faHHbIX TpY 6a30Bble GpyHKLMM: Npodunb pucka o6bek-
Ta (OLleHKa Ka>KAoro AOMOBIAAEHUs MO NCTOPUKM 06CNeA0BaHNA, COCTOSHMIO XIUJbSA U COLMANbHOMY KOHTEKCTY);
peKoOMeHAALMUN MHCMEKTOPY (NMPUOpUTETHI Bble3[0B C 060CHOBaHKEM); paHHee OOHapyXeHre MHOrOdaKTOPHbIX
CUTYaLMIN PUCKA, HE3aMEeTHbIX NPU pa3fesibHOM aHanu3e AaHHbIX.

TexHonormnyeckas oCHOBa — COGCTBEHHbIV BbIYNCAUTENbHBIN KOMMNeKC «BonaT»: 10 rpaduuecknx yckopu-
Tenew, cyMMapHasa Npou3BoauTenbHOCTb cabiwe 1700 Tepadnonc, 160 I'b BugeonamaTy (nponyckHasa cnoco6-
HocTb — 8960 I'b/c); aHann3 pokymeHTOB 06beMom 1o 200 CTpaHUL, 3a OfMH 3anpoc; 06paboTKa A0 2 MAH CTpa-
HUL JOKYMEHTaLUMW B CYTKW; OfHOBpPeMeHHasa pabota 5000-8000 coTpyaHmKoB. Komnnekc obecneunBaeT no-
KanbHoe pa3BepTbiBaHMe 60MbLUIOW A3bIKOBOWN Mofenu 6e3 3apybexHbIx 061auHbIX CePBLCOB.

ba3oBsble NPpUHUMNbI: «CNCTEMA NMOACKa3blBaeT — 4YeJ/IOBEK pellaeT»; PUCK OUueHNBaeTCA NO AOMOBMaAEHMIO,
a HE NO rpa*XAaHnHy; aHHble HE NOKNAAoT 3aLULLEHHbIN KOHTYP Ha Tepputopuin PeCI'Iy6J'II/IKI/I Benapbe.

TEXHUYECKUE MPEMMYLLECTBA

MpsAMbIX OTEYECTBEHHbIX aHASIOTOB MEXBEAOMCTBEHHON MAATGOPMbl NPOGUIAKTUKIM C MHTErPUPOBaHHbIM V-
KOHTYPOM 1 COBCTBEHHON BbIUNCUTENBHOM MHPPACTPYKTYPOI He BbiiBAEHO. [0 OTHOLLEHNIO K 3apyOeXxHbIM pe-
LWEHNAM NPeANKTMBHON aHaNNTVKK 411 FOCYAAPCTBEHHOIO CEKTOPA KITIOUEBbIMU NPEVMYLLECTBaMM ABAAIOTCA:

- pa60Ta Ha YHNKa/lbHOM peaJibHOM MacCcuBe AaHHbIX (6onee 3,5 MnH O6CJ1€£|,OBaHI/IIh, HaKoMMeHHbIX NO ean-
HOW MeToZONornn 3a rogpl I'IpOMbILLIJ'IEHHOIZ 3KCI'IJ'IyaTaL|,I/II/I);

— NOMHbIN UMbPOBOI CyBEPEeHUTET: IoKaibHasA 60/bLUas A3bIKOBasA MOAENb Ha COOCTBEHHOM BbIUCINTENIBHOM
Komnnekce «Bonat», 6e3 3apy6exHbix 06/1aYHbIX CEPBUCOB U NMOANUCOK; AaHHbIE B 3aLUMLLEHHOM KOHTYpe, aTTe-
cToBaHHOM OnepaTuBHO-aHaNUTUYeCKMM LeHTpom npu Mpe3uaeHTe Pecnybnukn benapyco;

— BCTPOEHHOCTb B AeNCTBYOLLME NPOLIECChl AeCATN TUMOB CyObekToB NpodunakTmkm (BHegpeHre He TpebyeT
CMEHbI NPUBbIYHbIX UHCTPYMEHTOB);

- 3TUYeCKas apXUTEKTYPa, COOTBETCTBYIOLLAA MEXAYHAPOAHbIM NPMHLMNaM OTBETCTBEHHOIO NpumeHeHna A
(pekomeHgauum O3CP n FOHECKO): oueHKa prcka no o6beKkTy (OMOBNAAEeHMIO), @ He NPOGUIMPOBaHME rPax-
[laH; OKOHuYaTesIbHOe peLleHye 3a CneLnanmucTom;
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— aBTOMaTMYeCKas MeXBEOMCTBEHHAsA MapLLPyTU3aLKs: BbIABIEHHOE HapyLleHWe nepefaeTcss KOMMeTeHT-
HOW CNy>K6e B pexrme peanbHOro BpeMeHu;

— HM3KUI nopor Bxopa: paboTa B 6pay3epe Ha NloOOM YCTPONCTBE; NMOAKMIOYEHUE PErOHa C ObyyeHnem
3a 10-25 paboumx gHei.

Mnatdpopma oTMeueHa 3HaKom «Jlngep undpoBoit SKOHOMUKU — 2025».

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

Mepexon npodunakTnyeckon paboTbl OT pearnpoBaHNA Ha MHLMAEHTBI K UX NPeaynpeXXaeHuio: Ciyobl Bu-
LAT agpeca NoBbILEHHOTO prcKa Ao npoucwiectsus. Oxungaembie 3GHEKTbI: CHUXKEHMWE rnbenn niogeli OT BHeLL-
HUX NMPUYMH B XXUINLLHOM GOHJE; afpeCcHOe CNob30BaHNE PECYPCOB MHCMEKTOPOB BMECTO CMIOLLHbIX 06X0-
[l0B; COKpalleHue dopmasibHbIX U yOnupyoLmx Bble310B; 06 beKTVBHAA KapTa PYCKOB TEPPUTOPUM ANiA PYKO-
BOAUTESIEN palloHOB 1 obnacTel; eirHasA CONOCTaBMas METOLOJIONMA OLIEHKN PrCKa B pecnybimkaHCKoM Mac-
wrabe. K 2030 r. — 3pesblil NPeAUKTUBHbBIN KOHTYP NPOQUNIAKTUKN KaK NOCTOAHHBIA UHCTPYMEHT yrnpaBfieHns
Npv COXPaHeHUN NPUHLMNA «peLleHne NPUHNMAET YeloBeK».

TEKYLWAA CTARUA PA3BUTUA

Mnatdopma «MHcnekTKom» B MpombiluieHHOM aKkcrnyataumm ¢ 2021 r.; mogynb «MHcnekTKom MNynbc» npoxo-
AVUT NapannenbHoe TeCTUPOBaHUE Ha peabHbIX AaHHbIX ABYX 06facTel; BbIYMCAUTENbHbIN KoMMneKc «Bonat»
YCTaHOBJEH U BBOAUTCA B dKCMyaTaumio (2026 r.).

CBEAEHUA O NPABOBOW OXPAHE

MporpammHoe obecnedeHvie NnaThbopMbl ABAETCA 06BEKTOM aBTOPCKOIO NpaBa; UCKUUTENbHbIE UMYLLe-
CTBEHHbIE NpaBa Ha pa3paboTKy 3aLiyLLeHbl, UCNofb3oBaHMe MNaTGOPMbl OCYLLECTBIAETCA Ha OCHOBAHUM Jin-
LieH31oHHOro foroBopa (nuueHsmat — 3A0 «BHTIM»). CepBepHas MHbPACTPYKTYpa U faHHble pa3meLlleHbl B 3a-
LMLLEHHOM KOHTYpPE, aTTeCcToBaHHOM OnepaTuBHO-aHaUTUUECKM LeHTpoMm npu MNpe3ugeHTe Pecny6nuviku be-
Napycb; HECAHKLMOHMPOBAHHbIM AOCTYN pa3paboTumKa K NepcoHanbHbIM AaHHbIM rpaXkaaH UCKIIOYEH (3To 3a-
KPEenieHo apXMTEKTYPHO).

MOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

B Pecnybnuke benapycb: 06nacTHble 1 palioHHble UCMONHUTENbHbIE KOMUTETbI; CYyOBEKTbI NpodrnakTuKy Npa-
BOHapyLwweHun — nogpasgeneHna MYC, opraHoB BHYTPeHHUX Aen, opraHnsaumu XKKX, TepputopranbHble LieH-
TPpbl coLManbHOro 06cny>KMBaHUA HaceneHns, ra3ocHabXatoLme opraH13aLmm, yupexKaeHUs 3apaBooxpaHeHns
1 06pa3oBaHuA; pecnybsMKaHCKMe opraHbl FOCYAapCTBEHHOIO yrpaBieHus.

3a pybexom: rocyfapCcTBEHHbIE OpraHbl U MyHULMMaNbHbIE CTPYKTYpPbI FocyaapcTs — yyacTHkos CHI n EASC,
3aMHTepeCcoBaHHbIe B LndpoBusaLmm NpoprnakTMYecKkon 1 couranbHON paboTbl U B CyBepeHHbIx -pelueHnax
[NA rocyfapCcTBEHHOrO cekTopa.

KOHTAKTHbIE JAHHbIE

HakoHeuHunk EBreHun Cepreesuny, gupektop OO0 «3HKOpP CTYAMO».
Ten.: (+37533) 3451999
E-mail: info@encore.by
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XIl. YHPEXAEHNE OBPA3OBAHMA
«BUTEBCKMN TOCYAAPCTBEHHbBIM YHUBEPCUTET
MMEHW T1. M. MALLIEPOBAY

.

20. CACTEMA AHAJIN3A PE3Y/IbTATOB TEKYLLEW YCNEBAEMOCTM CTYJIEHTOB
HA OCHOBE UEPAPXUYECKOH KJTACTEPU3ALIUH

OMNMUCAHUE PASPABOTKI

Cuctema npepcTaBnsaeT coboi NpUoXKeHne, NO3BONAOLLEE BECTU YUET pe3y/bTaToB TeKyLLeln ycneBaemocTm
CTYZIEHTOB BbICLIMX Y4e6HbIX 3aBEAEHNI B paMKax MOZYJIbHO-PEATMHIOBOW CUCTEMbI OLIEHKU PE3YNbTAaTOB yueb-
HOW AeATeNbHOCTY, @ TAKXKe MPOBOAMNTL NEPAPXNYECKMIA KNACTEPHbI aHann3 ycreBaeMoCTy CTYAEHTOB C MOCTPO-
€HVeM BU13yasibHbIX AeHAporpamm. PazpaboTtka no3BonseT 6onee AeTanbHO OLEHMBaTb U andpdepeHLMpoBaTb
pe3ynbTaTbl yue6HOIN AeATENbHOCTY, BbIABAATL UHANBUAYaNbHblIE OCOGEHHOCTN CTYAEHTOB, YTO MOXET Crocob-
CTBOBaTb 605ee 3pPEKTMBHOMY NMOCTPOEHUNIO MHANBUAYANbHbIX 0Opa30BaTebHbIX TPAEKTOPUIA.

TexHUYeCKy NpunoXeHne NpeacTaBnaeT cobol Be6-NpunoxeHue, pa3paboTaHHOE C NCMONb30BaHMEM CTe-
Ka Java-texHonoruin n CYB[l PostgreSQL. ApxutekTypa npunoxeHus pa3paboTaHa B COOTBETCTBUM C KOHLEN-
umen REST.
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CrygeHt 1 8 7 8 7 7 5 6 7 8 6 6.9
CryaeHT 2 4 4 2 3 5 4 4 5 4 4 3.9
CTygeHT 3 6 5 6 5 8 7 8 7 8 7 6.7
CrypeHt 4 6 4 5 5 4 4 4 5 4 2 4.3
CTyaeHT 5 10 10 9 8 10 10 10 10 9 8 9.4
CTyaeHT 6 9 9 8 8 10 9 10 9 8 7 8.7
CryaeHt 7 4 4 4 2 6 5 4 5 4 4 4.2
CTyaeHT 8 10 9 9 9 9 8 8 8 8 7 8.5
CryaeHT 9 8 8 7 7 7 6 5 8 6 7 6.9
CrygeHT 10 4 4 4 3 4 4 2 5 4 4 3.8
CrypeHt 11 8 7 7 6 8 7 6 8 7 7 7.1
CrygeHT 12 5 5 5 4 4 4 4 6 4 4 4.5
CrypeHT 13 7 8 5 10 7 10 6 4 7 2 6.6
CrypeHT 14 6 6 5 5 8 8 7 7 7 8 6.7
CrypeHT 15 5 4 4 4 4 4 2 5 4 6 4.2

"pl/lMGp 06e311YeHHbIX BXOJHbIX AaHHbIX 06 OL€HKaX CTYAEHTOB M0 pa3nyHbIM NpeamMeTam

TEXHUYECKUE MPEMMYLLECTBA

Knaccuueckun aHanms ycneBaeMoCTn CTyAeHTOB npencTaBiaeT coboi CpaBHeHMe CTyAEeHTOB NO UX cpeaHe-
my 6anny, BbICHNTbIBa€MOMY MO pe3ynbTaTaM CAayl BCEX 3K3aMeHOB B CECCUIO, TO €CTb aHANTN3NPYIOTCA Pe3YIib-
TaTbl TOJIbKO I'IpOME)KyTO‘-IHOI7I aTTecTaynn, a He TEKyLI.I,EVI (B TeueHne CEMECTpa), Kpome TOoro, cpefHee apmd)me—
TN4yecKoe BCeX OLEHOK HE MNO3BONAET y4eCTb CI'IELl,I/Id)I/IKy oTAENbHbIX ANCUUNNNNH. KnaCTepr||7| aHann3 no3eonaA-
€T y4yeCTb BCe TeKyLlimne oueHKN CTyAeHTOB U ,D,I/Id)d)epEHLl,l/IPOBaTb CTyAeHTOB No TEKyLLI,EIh ycneBaemocCTH, yﬂ,06-
HO BM3yanun3npya pesynbtaT aHaln3a B BUae AeHaporpamMmmbl.
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CTyaeHT

CtygenT 1@ —

Ctygent 15

CTtyaenT 2 1

Ctygent 7

CrypenT 4 1

CtygenT 12

CtyaenT 8

I
CTyaenT 5 1 J_
J

CTyaenT 6

CtygenT 3 —

- 1
CtyaenT 14
Ctygent 1 I J

CryaenT 9 — _I

CtygenT 11

BusyanbHoe npe/cTaBeHue pesysbTatos MepapxMyeckoil Knactepuaim

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

MNoBblweHne VIH(I)OpMaTVIBHOCTI/I aHannsa ycneBaemMoCcTn CTyaeHTOB. MNoBblweHne 3¢¢eKTVIBHOCTVI nocTpoe-
HUA nHanemnayanbHbIX 06pa3OBaTEJ'IbeIX TpaEKTOpVIVI.

TEKYLLAA CTAQUA PA3BUTUA
Cuctema aHanusa anpobrpoBaHa B 06pa3oBaTenbHOM npouecce BI'Y nmenn M. M. Maweposa.

CBEJJEHUA O NMPABOBOW OXPAHE
MpopyKT 3aLymiLeH B COOTBETCTBUM C 3aKoHOAaTeNbcTBOM Pecnybnmkn benapycb 06 aBTopckom npase.

NMOTEHUWMANDbHbIE MOTPEBUTENUN U/UNN SBAUHTEPECOBAHHDIE B PABPABOTKE
YupexaeHusi obpasoBaHus.

KOHTAKTHbIE AAHHbIE

EpmoueHko Ceprein AnekcaHApOBWY, 3aBefyoWnin Kadeapor NpUKNagHoro n CUCTEMHOTO
NPorpamMmMrMpoBaHuA, KaHANAAT GU3MKO-MaTEMaTUYECKMX HAYK, [OLEHT.

Ten.: (+375 33) 376 39 09

E-mail: yermochenkosa@vsu.by
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XIll. YSPEXAEHME BEAOPYCCKOIO
[OCYAAPCTBEHHOTIO YHMBEPCUTETA
«HAYYHO-UCCAEAOBATEABCKMN MHCTUTYT
[MPUKAAAHDBIX TTIPOBAEM MATEMATHKA
N MHPOPMATHKNY

.

21. MPOrPAMMHbBIN KOMMIEKC <3HTPONMUMHBIN AHAJIN3 [UCKPETHDIX
NOCNEAOBATE/IbHOCTEMN>

OMUCAHUE PASPABOTKI

MpegHa3HaueH ANA CTaTUCTUYECKOro aHanu3a BbIXOAHbIX NOCNeA0BaTeNIbHOCTEN NCTOYHUKOB CITy4alHOCTH
Ha oCcHoBe ¢yHKLIMOHaNoB 3HTponuu LLleHHoHa, PeHbu 1 Tcannmca B Lenax oLeHKN 6n130CT K paBHOMEpPHO pac-
npefeneHHoON NocsiefoBaTelbHOCTU. [I1A TeCTOB Ha OCHOBE OLIeHOK SHTponuK Tcanimca MeeTca BO3MOXHOCTb
NPOBEPKMN CTOXHON HYNeBOW rmnoTesbl.

M JHTPONMUAHBIV aHaNN3 AUCKDETHBIX MOCNEA0BATENLHOCTE - ] X

Onuyun -]

aiin

B

@ Mpsawmoi nopaaok 6aiT (Big Endian)

(O ObpartHbiit nopAaok (Little Endian)

SHTponuAa

D LLleHHoH
D Tcannuc

D Tcannuc - CnoxHas runotesa

D PeHbu

[lnanasoH s-rpammbl
oT 1 = no 25 E
PekomeHnayetca

oT ") no (64)

He cuutaetca

@ 0% Mpotwuno: MpoLuno Bcero:

[naBHOe OKHO Nporpammbl

Onuun  Kowconb

TEXHUYECKUE NPEMMYLLECTBA

B oTnnumne oT M3BECTHbIX 6aTape|7| TECTOB, OCHOBaHHbIX Ha KlaCCUYeCKOW aCMMMTOTMKE, npu KOTOpOVI OTHO-
weHune annHbl nocnenoBaTe/IbHOCTU N YCa MNapaMeTPOB CTPEMUTCA K 6ECKOHELIHOCTI/I, CTaTUCTnyeCcKkmne TecCTbl
B NporpamMmme OCHOBaHbIl Ha creyunanbHOM acMMNTOTUKeE, npun KOTOpOVI YKa3aHHO€e OTHOWeHne CTPEMUTCA K KO-
HEeYHOMY 4uncany, 4to 6onee afleKBaTHO ONUCbIBAET NpPMepPbl, BO3HNKaloWKMe Ha NPakKTUKe. Take nmeeTca BO3-
MOXHOCTb MPOBEPKN CITOXHOW HyJ'IEBOVI rMnoTesbl, NO3BONAKLLEN y4nTbiBaTb HE3HAYNTEJIbHbIE OTK/IOHEHUA pacC-
npepeneHna BepOﬂTHOCTEVI TECTVIpyEMOI‘/‘I nocnenoBaTtenibHOCTU OT s-mepH0|7| PaBHOMEPHOCTHK, C NOMOLLbIO oUe-
HOK 3HTpOMNMnn Tcannuca.
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PesyanaT TeCTUPOBaHMUA nocneaoBaTeNnbHOCTN

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

3ak/oYeHne 0 COOTBETCTBUM aHANU3NPYEeMOI NOCNe[0BaTENBHOCTA MOAENN PAaBHOMEPHO pacnpeneneHHom
CryyaiHOW nocneaoBaTebHOCTH.

TEKYLLAA CTAAUA PA3BUTUA
BbinonHeHa HayYHO-MCCNefoBaTeNIbCKanA UM OMbITHO-KOHCTPYKTOPCKanA (TeXHonornyeckas) pabota.

CBEAEHNA O NPABOBOW OXPAHE

OTCyTCTBYIOT.

NMOTEHUWAJIbHbIE NOTPEBUTENUN U/UNN 3BAMHTEPECOBAHHDIE B PA3BPABOTKE
OpraHu3auuu, NCnonb3yioLmne reHepaTopbl C/TyYarHbIX Y NCEBAOCTYYaNHbIX NOC/Ie0BaTENIbHOCTEN.

KOHTAKTHbIE AAHHbIE

Manyxa Bnagnmup IOpbeBuy, 3aBey0LWUN HayYHO-NCCNIEL0BATENIbCKON NabopaTopren mateMaTyecKux
METOAOB 3aluUTbl MHbOPMaLMK, KaHANAAT GU3MKO-MAaTEMATUYECKMX HaYK, [OLIEHT.
Ten.: (+37533) 63253 84

E-mail: palukha@bsu.by

Coxpanire
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XIV. YSPEXAEHUE ((BEAOPVCECKI/II;I HAYYHO-
MCCAEAOBATEABCKMN MHCTUTYT
AOKYMEHTOBEAEHNA N APXUBHOTO AEAAY

.

22. NEPCNEKTUBHbIE HANPABJIEHMA NCNONb30BAHUA TEXHOJIOTUM
WCKYCCTBEHHOIO UHTENNEKTA B APXUBHOM AENE

OMNMUCAHUE PASPABOTKI

PaspaboTaHHble «PekoMeHZauMM NO UCMONb30BaAHMIO TEXHONOIMIA UCKYCCTBEHHOIO MHTENIeKTa B apXuB-
HOM giene» (Danee — PekomeHZaumn) NpeacTaBaAoT COO0N METOANYECKNA [OKYMEHT, KOTOPbIM 3aK/afblBa-
I0TCA OCHOBbI B3aUMOJENCTBUA apX1MBOB OPraHU3aLunii U rocyAapCTBEHHbIX aPXUBHbBIX YUYPEXAeHUA C opra-
HU3auMaMn — paspaboTumKamy NPOrpamMmmMHoOro obecrneyeHus, NCNOJb3yOLEro TEXHONOMUN NCKYCCTBEHHO-
ro UHTeNNeKTa.

Coepa nprmeHeHnA PekomeHaaLuin oxBaTblBaeT KitoueBble NpoLecchbl MHOPMaTU3aL MM apXMBHON aed-
TeNIbHOCTU: FeHepaLunio TEKCTOBOTO 1 BM3YallbHOrO KOHTEHTa, Pacro3HaBaHWe MaLLMHOMMCHOTO U PYKOMUCHO-
ro TeKCTa N5l OpraHy3aumm CeMaHTNYeCcKoro Noucka 1 pa3BuTUs HayyHo-CNpPaBOYHOro annapara, UCnonb3o-
BaHMWe 4aT-60TOB B OOCNYXKMBaHWM NONb30BaTeNel U COTPYAHUKOB apXMBOB, a TakXe cneunduky UHTenneK-
Tyanu3npoBaHHOW paboTbl C ayAnO0BK3YyaSibHbIMU UCTOYHMKAMM.

Ha3HaueHwue pa3paboTKM COCTOUT B CO3HaHNMN METOLMYECKO/ OCHOBbBI A MPAaBOMEPHOTrO U TEXHOMOrnYe-
CKM 060CHOBaHHOIO BHeAPEHUs MHTENNEeKTYaNbHbIX CUCTEM B apPXUBHYIO fleATENbHOCTb. PekomeHaaLmm BKito-
YaIOT XapPAKTEPUCTMKY HOPMATMBHbBIX YCJIOBUI, TEXHONIOTMYECKON CnelndrKy peLleHniA, OpraHM3aLOHHble
N KajpoBble YCNOBMA, a TaKKe Kputepun oueHKn 3GHGeKTMBHOCTU NPUMEHEHNA TEXHONOTMIA NCKYCCTBEHHO-
ro VHTeNeKTa.

MpaKTuyeckuin pesynbraT NpMMeHeHUsi PEKOMeHZaunin BO B3aMMOAENCTBUM C pa3paboTunKaMmu OTpasnTcs
B ONTMMU3aLUN BHYTPMAPXUBHbIX NPOLECCOB, NOBbIWeHUN 3G eKTUBHOCTM B3aMMOAENCTBUA C NONb3oBaTe-
NAMY, PaclUMPEHUN JOCTYNHOCTM PETPOCNEKTUBHOWN MHGOPMaLIY ANA NMONb30BaTeNIeN, @ TAKXKE YCUAEHMM MO-
TeHUMana Hay4yHo-nccnefoBaTenbCKon U NPOCBETUTENIbCKOM AeATENbHOCTU apX1BOB.

TEXHUYECKUE NMPEMMYLLECTBA

PekoMeHZauMmn HOCAT KOMMIEKCHbIN, MEXANCLUMINHAPHDBIN XapaKTep 1 NpeAcTaBnsAioT coboi MeToanuecKyo
OCHOBY, OTCYTCTBYIOLLYIO B TEKYLLEN MPAKTVKe rocyfapCTBEHHbIX 1 OTPAC/IEBbIX APXUBOB, A TaKXKe apX1MBOB Op-
raHusauuii Pecny6nmku benapycob. OHW MHTErpUpPYIOT NPaBOBbIE, OPraHU3aLMOHHble, GUHAHCOBbIE U TEXHOMO-
rMyeckme acrnekTbl NPYMEHEHNA TEXHOMOMI MCKYCCTBEHHOTO UHTESEKTa B 4UNHYIO CUCTEMY.

Ha HayuyHo-TexH1YecKoM ypoBHe pa3paboTka 6a3npyeTcs Ha COBPEMEHHbBIX OTEUECTBEHHbIX 1 MEXAYHapos-
HbIX CTaHAapPTaX W YyUUTbIBAET NnepeaoBblie 3apybexHble NPakTMKM (Hanpumep, NCNoNb3oBaHNE TEXHOMOMUIA
WCKYCCTBEHHOIO MHTEIEKTA AJ/1A Pacno3HaBaHNA PYKOMMUCHOIO TEKCTa, CEMAaHTUUECKOrO NMoucKa Ans HayYHo-
cnpaBoyHoro annapara). ObecneuriBaeT aganTauuio TEXHONOMMIN MCKYCCTBEHHOMO MHTENNEKTA K HaLMOHab-
HbIM NPaBOBbLIM 1 OPraHN3aLNOHHbBIM YCIIOBUAM aPXUBHOI AeATENbHOCTN.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

MpumeHeHne pa3paboTaHHbIX aNrOPUTMOB MO PAJY HanNpaB/IeHN apPXUBHOTO fieNla B feATeNIbHOCTN apXu-
BOB MO3BOJINT ONTUMU3POBaTb BHYTPUAPXUBHYIO 1€ATE/IbHOCTb, B3aNMOAENCTBIE C NMOJIb30BATENSAMM PETPO-
CNeKTMBHOW MHGOPMALMM 1 NOTPEOUTENAMU aPXUBHBIX YCNyT. OXnaaeTcs nosbllweHne 3GdeKTUBHOCTM MOUCKA
1 06paboTKM OKYMEHTHOW UHPOPMaLUK, pacluMpeHre AOCTYMHOCTU apXMBHbIX MaTePXANoB AsA NoJib30Ba-
Tesnen, a TakXKe yCueHmne HayYHO-UCCiejoBaTe/IbCKOro U MPOCBETUTEIbCKOro NOTeHLMasa apXx1BoB.

TEKYLLAA CTAAUA PA3BUTUA
BbinonHeHa Hay4HO-MCCNefoBaTeNIbCKaA UM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabota.
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CBEJEHNA O NPABOBOW OXPAHE
OTCyTCTBYIOT.

NOTEHUMAJIbHbIE MOTPEBUTENU U/WITUA 3AUHTEPECOBAHHDIE B PA3PABOTKE

locynapCTBEHHbIE apPXMBHbIE YUPEXAEHUSA, aPXMBbI rOCYAAPCTBEHHbIX OPraHOB 1 UHbIX OPraHM3aLuii, OpraHu-
3auuu, ocyLLecTBAAOLWME AEATENBHOCTb B Chepe pa3paboTKy U BHELPEHUA peLleHNin Ha OCHOBE NCKYCCTBEH-
HOFO MHTEJINIEKTa B apXMBHOM Jere.

KOHTAKTHbIE AAHHbIE

AHTOHOBWY 3nHanaa BacunbeBHa, CTapLInii HayUHbIN COTPYAHUK OTAENa apXUBOBEAEHNA,
KaHOnaatT NCTOpNYeCKUX HayK, JOLEHT.

Ten.: (+375 25) 975 83 95

E-mail: zinantonowicz@gmail.com
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XV. HAYHHO-MCCAEAOBATEABCKOE YHPEXAEHME
WMHCTUTYT AAEPHBIX TTIPOBAEM) BEAOPYCCKOTO
[OCYAAPCTBEHHOTIO YHMBEPCUTETA

.

23. CUCTEMA JIEKTPOHHOIO JOKYMEHTOOB50POTA AKKPEUTOBAHHON
WCNBITATENbHOWU NABOPATOPUY ELAB

OMNMUCAHUE PASPABOTKI

Crctema npepcTaBnsieT cobow nnatpopmy (GperMBOPK) C OTKPbITbIM UCXOAHBIM KOJOM Ha OCHOBE CBOOO-
HOro NPorpamMmMHOro obecneyeHus, NPeAHa3HAUYEHHYI0 /1A aBTOMaTM3aLuUmM JOKYMEHTOO60pOTa U yrpaBfieHUs
XM3HEHHbIM LIMKIIOM 3KCMEPUMEHTANbHbIX JAaHHbIX 1 JOKYMEHTaUM1 B nabopaTtopusax noboro npoduns, BKIo-
yasl aKKpeamUTOBaHHbIE NCMbITaTeNIbHbIE LIEHTPbI. PelleHre obecneumBaeT KOMMNEKCHYIO0 06paboTKy U HafleXXHoe
XPaHeHMe 3KCNePUMEHTaNbHbIX aHHbIX, TAOOPATOPHON 1 AOKYMEHTMPOBaHHON NHbOPMALMN.

Bac npuBetcTByeT eLab-DMS - PaGouyee mecTo acnepra

[insi BXOA B CHCTeNy HaMMTE HeoBXoauMbiii pasaen
<-'B /IBOM HABHTALMOHH

om Gnoke

11111

Cuctema eLab-DMS. Konua skpaHa peakTopa 3anucu
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Konus skpaHa npeanpocmoTpa npucoeanHerHoro daitna pdf 8 pesaktope 3anucu

Ob6ecneunBaeT BbICOKYIO TOUHOCTb M JOCTOBEPHOCTb PE3Y/IbTaTOB UCMbITaHNIA B CTPOrOM COOTBETCTBUM C Tpe-
60BaHUAMUN MexayHapogHoro ctaHaapTa ICO/M3K 17025-2007 «O6Lwme TpeboBaHMA K KOMMNETEHLUN UCTbITA-
TeNbHbIX U KaMBPOBOUHbIX TabopaTopuii». BHegpeHne cuctemMbl HamnpaBaeHo Ha ONTUMM3aLMIO PaboTbl C AaH-
HBIMU 11 AOKYMEHTaLMen, YTo NO3BONIAET PYKOBOACTBY NPVHUMaTb 06OCHOBAHHbIE 1 ONepaTMBHbIE YMpPaBeH-
yecKue pelleHus.

QOpeiimBopk eLab — crcTema KnneHT-cepBepHON apxXUTEKTYpbl, paboTatoLlan nof ynpasneHreM ornepauyioH-
Hbix cnctem Windows u Linux Ha ocHoBe cBo6oaHOr0 nporpamMmmMHoro obecnedenus: Debian GNU/Linux, Web-server
Apache, cepBep 6a3 gaHHbIx Firebird, cepsep npunoxeHun PHP. O6ecneueHa ogHoBpeMeHHan paboTta nop He-
ckonbkumm CYB[], B Tom uncne MS SQL, PostgreSQL. PeanvsosaHa nerkas murpauus (npu Heobxogumoctun) c CYBJ
Firebird Ha nobyto gpyryto CYB[, B Tom umcne Ha PostgreSQL.

KnioueBble BO3MOXHOCTN CUCTEMDI:

- rMbKas MoaybHasA apXUTEKTypa: He3aBUCKMble GYHKLIMOHaSIbHbIe 6/IOKM NO3BONAIOT cOBUPaTh UHAUBMAY-
anbHYI0 KOHOUIrypaLumio cMcTeMbl NOA NioOble 3a1aum KIUEHTa;

- enHoe pabouyee NPOCTPAHCTBO, MHTErPaLMA BCEX MOZYIIEN B pPaMKax OfHOIO MoJIb30BaTeNbCKOro HTePdEica;
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- YHUOUKALMA U HE3aBUCUMOCTb, UCMOJIb30BaHe obLell 6MONNOTEKN KOMMOHEHTOB U CUCTEMHBIX CJY»K6 Npu
COXpaHeHUM NOSTHOM N30AALMW MOAYNern Apyr OT Apyra;

— pacnpenenieHHOe XpaHeHue AaHHbIX, NoAAePKKa PaboTbl C pa3MyHbIMK 6a3amuy JaHHbIX, B TOM YniCie pac-
MOMOXEHHBIMI Ha Pa3HbIX PU3NUECKKX CepBeEPaXx;

- rnbKkas paboTa C AaHHbIMU, MHOrOYPOBHEBas GpUIbTPaLMA 1 COPTMPOBKA 3anmncer;
— VIHCTPYMeHT «[lepeBo» ANif CTPYKTYPUPOBAHHOTO OTOOPAXKEHNA JaHHbIX;

- UMMNOPT AaHHbIX, AeKNapaTVBHbI A3bIK Pa3METKU AN 3arpy3Ku CIOKHbIX Gopm 13 Excel 1 TekcToBbIx daii-
OB C NOAAEPXKKOW NO3ULMOHUPOBAHNSA CTaTUUECKUX U AVHAMUYECKUX AaHHDbIX;

— reHepaTtop OTYETHOCTW, Co34aHNE N pedaKTpOBaHKMe LWabrIOHOB UTOrOBbIX OOKYMEHTOB MNoJib3oBaTtenem;
— aHaInTUKa N KOHTPOJIb, CTaTUCTUYEeCKNEe OTYETbl, cnucTema yBe,D,OMJ'IeHI/IVI N KypHan N3MeHEHWI;

- rMMOKOCTb [O0CTYyna, BO3MOXHOCTb NMONCKa 1 MPOCMOTPa AaHHbIX 6e3 HeO6XOAVIMOCTI/I CNOXHOWN nepeHaCTpon-
KW XpaHunuilia.

TEXHUYECKUE NPEMMYLLECTBA

CootBetcTByeT KoHuenuumn obecneveHus cyBepeHuteta Pecnybnuku benapycb B cdepe uudpposoro passu-
A go 2030 roga, yTeepxaeHHon MoctaHoBneHnem Coseta MuHuctpos Pecny6nukm Benapyck ot 31 fekabpn
2024 r. N2 1074.

DOyHKUMOHaN cMcTeMbl COOTBETCTBYET NepeoBbIM MUPOBBLIM 11 OTeYeCTBEHHbIM CTaHAapTaM KauecTsa.

TexHuyeckne npemmyLLecTBa:

— MMOKOCTb U OTKPBITOCTb — UCXOAHBIN KO [OCTYNEH Ans AOPaboTKM C1unaMu Nosib30BaTens;

— afanTUBHOCTb — BCTPOEHHbIE WabnoHbI XKYPHaJI0B JIETKO HaCTpanmBatloTCA Noja nobble 6I/I3HeC-I'IpOL|,ECCbI
3aKa34yukKa;

- obnayHas apxuteKTypa — paboTa yepes 6paysep 6e3 HeobxoaumocTn yctaHoBKM MO Ha paboune mecTa;

- YHVBEPCaNIbHOCTb Pa3BepTbiBaHUA — MoAAepPKKa PaboTbl B JIOKAJIbHOWM CETU, Yepe3 MHTEPHET WU Ha OT-
nenbHom [K;

— MYJIbTUTEHAHTHOCTb — BO3MOXHOCTb Bel€HNA 6|/13Hec—npou,ecca AnA pa3HbIX na6opaTopv||71 n opraHm3au,v1|?1
B paMKax OLHOW MHCTanALMN CUCTEMbI;

— WHTENJIEKTYANIbHOCTb — KCMOJIb30BaHVE NPOLECCHOro NoAX0Aa U CEMAHTUYECKUX TEXHONMOTMIA paboTol
C JaHHbIMU;

— BbICOKUI YpPOB€Hb 3allnNTbl — obecrneyeHne NOBbILEHHbIX CTaHOapTOB I/lHd)OpMaLI,I/IOHHOVI 6e30MacHoOCTY;

- yrpaBneHne AOCTYNOM — aBTOPM30BAHHbIN JOCTYM K AAHHbIM C aAMUHCTPUPOBAHKEM NpaB AoCTyna K 6510-
KaMm AaHHbIX, pa3fefieHne NoaHOMOUYUI Nofib3oBaTtenen;

— pelweHne 6a3I/IpYETCFI Ha npnHUnne KOHCTPyKTopa — d)yHKLI,I/IOHaJ'IbeIe Moaynn n otaesibHble MUHCTPYMEH-
Tbl MOAK/MOYAKOTCA N HAaCTPaMBAOTCA MHONBNAYAJIbHO MO NPOEKT.

CneyunanunsmpoBaHHbIE NHCTPYMEHTbI:

— MOZyJb BXOAALLEN NoYTbl C pa3bopom coobLLeHU, 06paboTKo aTPUOYTOB 1 BNOXKEHWIA;

- BCTpOeHHas 6a3a AaHHbIX Ans paboTbl C MAaCC-CNEKTPOMETPUYECKUMI AaHHbIMU MC-nounck;
- MoAynb AnA npeaBapuTenbHOro npocmotpa pesynsratos MPT n KT DICOM-BbioBep.

OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

O¢bdeKTUBHOE NprIMEHEHKe CUCTEMbI 0becneynBaeT ONTMMU3aLIMI0 MPOU3BOACTBEHHBIX NPOLeccoB nabopa-
TOpWIA B CaMbIX Pa3HOOOPa3HbIX 0611aCTAX, BKIOUYAs XUMUYECKYHO U HEDTEXMMUYECKYIO, MULLEBYIO MPOMbILLIEH-
HOCTb, OMOTEXHONIOTY, MELMLIVHY, SHEPTETUKY, a TaKKe AAEPHYI0 1 pagnauroHHyo 6e3onacHOCTb. OHa 3Ha-
UnTeNIbHO YCKopAeT 06paboTKy AaHHbIX, OT pernctTpauuu o6pasuUos 40 BblAauu NacnopToB U NOMCKa 3anuvcen,
a TaKXXe MOJTHOCTbIO YCTPAHAET OLMOKHM, CBA3AHHbIE C YENOBEYECKUM GaKTOPOM NPU CO3AaHUN JOKYMEHTaLNN.
OTO NPUBOANT K CYLLECTBEHHOMY POCTY NPOU3BOAUTENBHOCTU 1ab0PATOPMM 1 3HAUNTENBHOMY YITYULIEHUIO Ka-
yecTBa Kak MPOBOAMMbIX MCCIIeJOBaHUI, TaK Y KOHTPOA 33 HAMM.

TEKYLLAA CTAAOUA PA3BUTUA

PaspaboTka BHegpeHa B HAW AN BI'Y, MuHnctepctBe obpasoBaHusa Pecny6nvkn benapycb, XMMKO-TOKCH-
Konoruyeckon nabopatoprv MMHCKOro ropoACcKOro HapKonornyeckoro agncnaHcepa, 202 XMmMoTonormyeckom
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LieHTpe roptoyero BoopyxeHHbix Cun Pecny6nvkm benapychb, [lenaptameHTe no agepHoi 1 paguaunuoHHon 6es-
onacHoct MYC Pecny6nnkm benapych (fTocatomHagsop).

PaspaboTtka rotoBa K BHeApeHMto. MoXXeT ObITb HACTPOEHA Mo HY Kbl 3aKa3umKa, NepeBeeHa Ha apyrve A3blKu.

CBEJJEH/A O MPABOBOI1 OXPAHE

B 2025 r. nonyyeHbl cBUAeTeNbCTBA HaunMoHanbHOro LeHTpa HTenneKTyanbHoM cobcTBEHHOCTU Pecny6nvku
Benapycb 0 perncrtpaunym KOMNbIOTEPHOW NPOrpaMmbl:

— N2 1882-KIM ot 23.06.2025 «Cnctema ynpasneHus nabopatopHoi nHbopmaumen ansa xpaHeHust nabopatop-
HbIX AaHHbIX eLab-LIMS»;

—N2 1905-KMN ot 19.08.2025 «MHdOpMaLMOHHas cMcTeMa yuyeTa UICTOUYHUKOB MOHU3UPYIOLLEro N3NTyYeHns, afep-
HOro MaTepuana 1 paguoaKkTUBHbIX OTXOA0B ANA NPeanpuATUiA 1 opraHu3auuin Pecnybnukm benapyck eLab-IRS»;

— N2 1855-KI ot 06.03.2025 «CneuranusnpoBaHHaa MHGOPMaLIMOHHasA apX1BHasA OHNANH-CUCTEeMa yrpaBe-
HUA AAePHbIMK 3HaHUAMK eLab-Arxiv».

Bcero Ha pa3nunuHble mogudukaumy cuctembl eLab 8 2008-2025 rr. nonyueHo 9 cengeTtenbcTs HaunoHanbHoro
LieHTpa MHTENNEeKTyanbHoW cobcTBEHHOCTY Pecnybnukn benapycb o perncrpauum KOMnboTEPHON NPOrpamMmmbl.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

WcnbiTatenbHble na6opaTova Pa3nnyHoro I'IpO(bI/U'IFI, BbiClLUne yLIE6HbIe 3aBeAeHuA NHay4YHO-uccneaoBaTebCckme
opraHun3saunn.

KOHTAKTHbIE JAHHbIE

CbiToBa CBeTnaHa HukonaesHa, 3aBefyowmii nabopatopuen aHannTUIeCKX NCcceioBaHnig,

LOKTOP Pr3nKO-MaTEMATUUYECKUX HaYK, [OLEHT.

Ten.: (+37517) 242 47 39, (+375 29) 557 64 42

E-mail: sytova@inp.bsu.by

Yepenuua Cepreii BauecnaBosuy, BelyLinin HayUYHbIA COTPYAHUK, KaHANAAT GU3MKO-MaTeMaTUYeCKmX Hayk,
JNOLIEHT.
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|. INTERSTATE EDUCATIONAL INSTITUTION OF HIGHER
EDUCATION “BELARUSIAN-RUSSIAN UNIVERSITY™

.

1. REAL-TIME ADAPTIVE NEURAL NETWORK FILTERING AND VOCALTIC
COMPENSATION SOFTWARE COMPLEX “GLITCHBIND”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is a specialized accessibility software complex designed to recognize, suppress, and mask
involuntary vocal tics (Tourette syndrome, coprolalia) in real-time audio streams.

Scope of application: Inclusive online education, remote work, telemedicine, digital content distribution, and
esports.

The system's operating principle is based on a hybrid two-level analysis of the audio signal received from the
user’'s microphone:

1. A lightweight Digital Signal Processing (DSP) algorithm analyzes the incoming stream with minimal latency
(up to 21 ms). Based on the calculation of the Root Mean Square (RMS), Zero-Crossing Rate (ZCR), and spectral
centroid, the system instantly identifies motor-driven vocal tics (barking, coughing, clicking, whistling).

2. A local Speech-to-Text (STT) recognition library (Vosk) analyzes speech for the involuntary shouting of pro-
fanity or trigger words using a ring delay buffer of up to 320 ms.

Upon detection of an unwanted pattern, the audio stream is instantly isolated and replaced with a synthesized
masking effect (comfortable white noise or a futuristic audio sweep). The cleaned audio signal is then transmitted
to the target application (Discord, Zoom, Teams) via a virtual audio cable. Processing occurs entirely locally on
the user’s device (Edge Al), guaranteeing the absolute protection of personal and biometric data.

TECHNICAL ADVANTAGES

GLITCHBIND Compared to existing solutions (e. g., Krisp, stan-
dard noise cancellation algorithms in Discord/Micro-
soft Teams), the development offers the following
scientific and technical advantages:

#* TBOV MVKPO®OH (BXO/1):

1. Targeted Specialization: traditional noise sup-
- pressors classify vocal tics as human speech, either
PRI I SR — — letting them pass through unhindered or causing
B e severe speech distortion. “GlitchBind” specifically
W osHoBMTS cricoK isolates speech defects while preserving the natural

timbre of the primary voice.

‘ [ID:0] [MME] MlepenasHasieme 38yKoBbIX ycTp. - Input (2ch)

2. Absolute Confidentiality: unlike Western cloud-
‘ based analogues, audio processing is implemented
SANYCTHIE MEPEXEAT J locally without sending biometric data to third-party
servers, ensuring full compliance with GDPR stan-
dards and the personal data legislation of the Re-
public of Belarus.

Pexum "Hurgsn” (Mpocto Tuwmka)

3. Hybrid Approach: combines fast spectral analysis
of physical sound parameters with intelligent contex-
tual speech analysis.

= COXPAHWTbL MPO®UNL @ 3ATPY3UThL MPO®UINL

4. Reduction of Stigmatization: integrates adap-
tive audio masking instead of creating psychologi-
cally uncomfortable silent pauses (the “dropped con-
nection” effect). This masks the user’s neurological
characteristics as intentional elements of digital style
(cyber-effects).
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EXPECTED RESULT OF APPLICATION

Ensuring successful social adaptation, education, and employment of individuals with Tourette syndrome and
speech disorders in high-tech economic sectors (IT, call centers, online education).

Reducing anxiety levels and psychological barriers for users during online voice communication.

Preventing unjustified account bans by automatic moderators on gaming platforms due to uncontrollable
profanity.

Creating a unique local dataset of vocal tics for medical research.

CURRENT STAGE OF DEVELOPMENT
Research or experimental design (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
Not applicable.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

1.In the Republic of Belarus: individuals with Tourette syndrome and logoneurosis (stuttering); psychoneuro-
logical dispensaries; inclusive schools and disability integration centers; IT companies hiring remote employees.

2. Abroad: gamers, esports athletes, and streamers with speech peculiarities (CIS, EU, USA); online education
platforms; telemedicine patient support services.

CONTACT INFORMATION

Saveliy Kurashov, Information Security Specialist, Information Systems Development Department, CMIC.
Phone number: (+375 25) 528 10 19
E-mail: kurashov2015@yandex.by

2. MULTIMODAL COMPUTER VISION SYSTEM FOR AUTOMATED IMAGE ANALYSIS
IN TRAUMATOLOGY AND FLAW DETECTION

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The project focuses on creating an IT solution for the automated analysis of X-ray images in both medical
and industrial fields. Key objectives include reducing the workload on medical and technical staff, accelerating
diagnostic procedures, and minimizing errors. The software complex is based on machine vision algorithms that
perform tissue segmentation, search for hidden defects (cracks, fractures), and identify anatomical landmarks.

[lo6asuTh MHcbopMaLmio o naLenTe (war 1) ‘

[lo6asuTh naLyexTa B 6asy CO CHUMKOM (Wuar 2) |

MpeasapuTensHas oGpaboTka (war 3)

CermenTaLy 1 Haxoxaewe aecberros (war 4) |

Cospatb TekcTypy (war 5)

HaifTn aHaToMMyeckue opueHTUpbI (war 6) [

CoxpaniTs usoBpaxeHie (war 7)
MocTasuTs AuarHos (war 8)
Beixoa

The result of segmentation
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Viexopwoe aoBpaxenite Vi30Bpakenie ¢ KnioNeBbiMit TONKaMMA

et |

3arpyaums chuMOK
Mpensapienshan obpasoTka

Buibop meToaa oToGpaxeHns

[Mpumenerue anamvaHoii 3

Beibop amropima

Harris
Shi-Tomasi
s

HaiiTy KnioueBeIe OpHeHTHPE!
TonyuHTs PeKOMEHALMM CHCTEMBI
3aKpbiTs OKHO

Key anatomical landmarks

The development is highly relevant in conditions of staff and time shortages. Fields of application: clinical practice
(radiology, traumatology), industrial flaw detection. Purpose: automation of image analysis, reduction of specia-
list workload. Key features: high processing speed, ultra-precise biometrics (spine angles down to 0.1 degree),
cross-industry application, flexible architecture for seamless integration into hospital and industrial systems.

TECHNICAL ADVANTAGES

The system outperforms existing analogs (such as Al-based solutions from Aidoc, Zebra Medical, and domes-
tic developments) and local analogs due to its multidisciplinary approach. It not only segments anatomy and
detects micro-defects but also performs precise geometric measurements (e. g., spinal curvature angles). Main
advantages: universality (application in clinics and manufacturing), robustness to noise and artifacts in images
thanks to modern deep learning architectures, and an open APl architecture for seamless integration with exist-
ing software at medical and industrial enterprises.

EXPECTED RESULT OF APPLICATION

Acceleration of X-ray diagnostics, unloading of radiologists (saving up to 40 % of working time on image
analysis), significant reduction in the risk of diagnostic errors, and improvement of the overall quality of medical
and technical control.

CURRENT STAGE OF DEVELOPMENT

A minimum viable product (MVP) has been created and tested. It includes a basic user interface and a neural
network engine capable of segmenting bone structures and detecting their integrity violations on X-rays.

INFORMATION ON THE LEGAL PROTECTION
Patent and legal protection is not filed (absent).

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Republic of Belarus: multidisciplinary hospitals, trauma centers, private diagnostic centers, research institutes,
industrial enterprises. Foreign markets: medical clinics of the CIS countries, Central and Eastern Europe.

CONTACT INFORMATION

llya Mishchenko, Teacher Trainee.
Phone number: (+375 29) 976 19 34
E-mail: sombra74@yandex.ru
Anastasia Mishchenko, Student.
Phone number: (+375 44) 558 86 76
E-mail: y367152@gmail.com
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Il. THE UNITED INSTITUTE OF INFORMATICS PROBLEMS
OF THE NATIONAL ACADEMY OF SCIENCES OF BELARUS
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3. DEVELOPMENT OF AUTOMATED ANIMAL VOCAL RECOGNITION TECHNOLOGY
FOR AUTONOMOUS CONTINUOUS MONITORING OF RARE, ENDANGERED,
AND INDICATOR SPECIES AND BIODIVERSITY STATUS IN FOREST ECOSYSTEMS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The goal of the development is to create a prototype of experimental software for automated voice signal
recognition capable of long-term, 24/7, year-round monitoring of animal species diversity in selected habitats
and ecosystems.

To train the model, a common dataset was created, comprising 21,737 audio recordings, of which 4,348 were
selected as a test set.

During the course of the work, pre-processing of the data was performed. The accuracy and robustness of the
results directly depend on the quality of the source data, so special attention was paid to cleaning and structur-
ing the dataset. Key pre-processing procedures were performed: removing missing values, normalizing data,
identifying and correcting outliers, encoding categorical features, and eliminating multicollinearity.

Ko3oaoi 06blkHOBEHHbIN

Spectrograms of birdsong
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Mobile application

Based on the obtained data, a single file was created, including class labels, signal type, paths to annotated
segments, audio files, and spectrograms. The final dataset was used to train the recognition model on 81 classes,
enabling scalable and robust training while maintaining sufficient data volume for each category. The model
trained using the presented data preprocessing algorithms achieved 95 % overall accuracy on test samples.

Based on the trained model, which uses 5-second window frames, an architecture for recognizing bird calls in
long audio files was implemented. The model operates in sequential audio stream analysis mode and produces
a sequence of labels (automatic annotations) indicating the time intervals corresponding to identified species.

During the bird call recognition project, a machine learning model was successfully developed, tested, and
implemented in a software prototype, creating an organized database of bird audio recordings with their
annotations. To improve recognition quality, data augmentation and noise reduction methods were applied,
increasing the model’s resilience to interference in field conditions. The obtained results confirm the potential
of using deep learning for bioacoustic monitoring tasks and provide the basis for further expansion of the
system’s functionality.

As a result, an information and analytical center for autonomous continuous monitoring of rare, endangered,
and indicator animal species (IAC) was developed, which is being implemented at the Scientific and Practical
Center for Bioresources of the National Academy of Sciences of Belarus and relevant higher education institutions.

TECHNICAL ADVANTAGES

There are no domestic equivalents to this development. Our model identifies only forest bird species native
to the Repubilic of Belarus with up to 95 % accuracy, while foreign equivalents can identify a wider range of bird
species. This is due to the limited amount of annotated data. Our development includes a pilot model of the
information and analytical center in the form of a web version and a mobile app, while the foreign development
consists only of a web and desktop version.

For voice signal recognition, our development uses 5-second windows, while similar foreign developments
use 3-second windows. Otherwise, similar to foreign developments, the model operates in sequential audio
stream analysis mode and generates a sequence of labels (automatic annotations) indicating the time intervals
corresponding to the identified species.

EXPECTED RESULT OF APPLICATION
Improving the accuracy and automation of forest ecosystem biodiversity assessments.
Reducing the cost of monitoring rare, endangered, and indicator species of forest animals.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
Absent.
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POTENTIAL CONSUMERS AND INTERESTED PARTIES
Researchers, scientists, and students studying ornithology.

CONTACT INFORMATION

Olga Dydo, Head of the Intelligent Services Department.

Phone number: (+375 29) 751 92 75
E-mail: olgadydo1@gmail.com
Vitaly Khokhlov, Software Engineer.
Phone number: (+375 29) 311 86 35
E-mail: vitalikhohlov@gmail.com

Alina Makogon, Software Engineer.
Phone number: (+375 44) 550 76 34
E-mail: adelinemakogon@gmail.com

Elena Zhuravleva, Junior Research Fellow Intern.
Phone number: (+375 29) 768 00 81
E-mail: elena8ga@gmail.com

Andrey Bakunovich, Junior Research Fellow.
Phone number: (+375 29) 308 59 02
E-mail: bakunovich.andrei.work@gmail.com

4. OMNIDIRECTIONAL MOTOR-WHEEL WITH ENERGY-EFFICIENT BRUSHLESS DRIVE

AND NEURAL NETWORK CONTROL FOR TRANSPORT MOBILE ROBOTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

/
/
/

Atest bench for verifying the characteristics of an omnidirectional motor
wheel with a neural network control system

The developed omnidirectional motor-wheel with
integrated brushless electric drive and neural network
control system is designed to improve the efficiency
of transport and warehouse mobile robots. The key
problem of existing analogues is vibrations caused
by discrete switching of rollers and non-optimal
geometry, which reduce the accuracy and smooth-
ness of motion. The proposed solution includes two
complementary approaches. Firstly, optimization
of the wheel design allows minimizing vertical vi-
brations and reducing the amplitude of horizontal
oscillations by 1.5-2 times, ensuring a minimum
width of the roller contact curve with the surface.
Secondly, a high-torque low-speed brushless motor
with a power of 0.25 kW and a rated speed of 300 rpm
is integrated into the hub, controlled by two neural
network controllers (speed and torque) based on an
autoregressive moving average model, which allows
synchronizing the drive operation with the roller con-

tact switching moments and dynamically compensating for disturbances. The system is implemented on the basis
of a Raspberry Pi Pico microcontroller and an OID-500W controller with an RS-485 interface. Prototype tests have
confirmed that the application of the development provides an increase in the energy efficiency of the mobile
robot by 1.3-1.6 times, smoothness of motion by at least 1.5 times, and accuracy by at least 10 % compared
to mass-produced analogues. The development is focused on logistics and industrial enterprises, as well as manu-

facturers of mobile platforms, and is aimed at import substitution in the Republic of Belarus.
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TECHNICAL ADVANTAGES

The developed omnidirectional motor-wheel surpasses the best foreign analogues (domestic analogues are
absent), including serial wheels of the KUKA youBot robot, in a number of key parameters. The optimized roller
geometry obtained by the multi-criteria genetic algorithm allows reducing vibrations by 1.5-2 times, consider-
ing that vibrations are an inherent drawback that degrades positioning accuracy. Due to this, motion accuracy
increases by at least 10 %, and smoothness by at least 1.5 times. The brushless electric drive integrated into
the hub with a neural network control system based on an autoregressive moving average model, in contrast
to classical PID controllers of analogues, provides adaptive synchronization with roller switching moments and
dynamic compensation of disturbances, which increases the energy efficiency of the mobile robot by 1.3-1.6 times.
The scientific and technical level of the development corresponds to the world level; in the Republic of Belarus,
there are currently no similar research and developments of omnidirectional motor-wheels with integrated neural
network control.

EXPECTED RESULT OF APPLICATION

The implementation of the developed omnidirectional motor-wheel will improve the accuracy, smoothness
and energy efficiency of mobile robots, reduce the time of logistics operations and increase the service life of
the movers. Reduction of vibrations, improvement of positioning and reduction of operating costs are expected.
The development will ensure import substitution of omnidirectional wheels in the Republic of Belarus and the
creation of competitive products for transport and warehouse robotics.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
The legal protection of the development will be confirmed by a patent for the invention.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Manufacturers of mobile robots and components (LACIT — Laboratory of Digital Technologies LLC, Rozum
Robotics LLC, Robotics and Cloud Technologies LLC), logistics operators and industrial enterprises implementing
automation systems for transport and warehouse operations (Dobronom CJSC, IMVBRB LLC).

CONTACT INFORMATION

Artsiom Radkevich, Junior Researcher.
Phone number: (+375 29) 270 63 63
E-mail: a_radkevich@newman.bas-net.by; artyomradkevichbntu@gmail.com
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Ill. MINSK AUTOMOBILE PLANT OJSC (MAZ) —
MANAGING COMPANY OF HOLDING
“BELAVIOMALZ"
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5. HARDWARE-SOFTWARE MODULE FOR ROAD SIGN RECOGNITION BASED ON EDGE
AIWITH INTEGRATION INTO THE AUTOMOTIVE CAN BUS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The hardware-software module is designed for subsequent integration into Advanced Driver Assistance Sys-
tems (ADAS) of commercial cargo and passenger vehicles. The device is intended for automatic real-time road
sign detection and recognition.

The hardware architecture of the module is based on a compact single-board computer featuring an integrated
Neural Processing Unit (NPU) and network interfaces. The input video stream is captured from a digital camera via
the MIPI CSI-2 interface. To integrate the device into the vehicle’s on-board electrical system, a hardware CAN-bus
controller interfaced with the processor via SPI isimplemented. The detection and recognition algorithm is based
on the YOLOV5 neural network architecture. To optimize computations and ensure the required performance
within constrained hardware resources, integer quantization of network weights was performed from FP32 to
INT8 format. Software-wise, streaming of the processed video via the RTSP protocol is implemented to enable
remote monitoring of the module’s operation.

The module’s power consumption is up to 2 W. The device provides processing and inference of input frames
with a resolution of 640x640 pixels at a rate of up to 10 frames/s. The output data—including identifiers of rec-
ognized signs, geometric distance estimation, and recognition confidence levels is transmitted directly into the
vehicle’s CAN bus in accordance with the SAE J1939 standard.

TECHNICAL ADVANTAGES

The key technical advantages of the developed module over domestic and foreign counterparts (such as indus-
trial ADAS systems based on NVIDIA Jetson, Rockchip RK3588, or commercial smart cameras) lie in the optimiza-
tion of cost, power efficiency, and hardware sufficiency:

High energy efficiency: the power consumption of the module is up to 2 W (which is 5 to 10 times lower than
heavy-class systems), completely eliminating the need for active cooling and reducing the thermal load on on-
board electronic components.

Hardware sufficiency: due to the integer quantization of YOLOv5 weights (from FP32 to INT8), a stable infer-
ence rate of up to 10 frames/s is achieved on a specialized microprocessor with a 1.0 TOPS NPU. The achieved
detection and classification accuracy on key classes of road signs (mAP50 values range from 0.93 to 0.96) proves
that using expensive multi-task platforms is redundant for localized Edge ADAS tasks.

Direct on-board integration: the use of a dedicated hardware SPI-to-CAN bridge (MCP2515) enables the transmis-
sion of recognition results directly into the vehicle's on-board network using the SAE J1939 standard, effectively
turning the module into an autonomous smart sensor.

The scientific and technical level of the development corresponds to the class of modern Edge Al systems and
demonstrates the potential for creating import-independent, cost-effective components for driver assistance
systems.

EXPECTED RESULT OF APPLICATION

Integrating the module into commercial vehicle on-board systems automates road environment monitoring
(specifically TSR and ISA functions). The expected outcomes include reducing accident rates caused by human
factors, improving cargo and passenger transport safety, and minimizing traffic violation risks. The economic effect
is achieved by significantly reducing the cost of ADAS units for domestic automotive manufacturers, which ensures
import independence and avoids unnecessary cost inflation of the vehicle’s on-board electronic architecture.
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CURRENT STAGE OF DEVELOPMENT

A functional mockup prototype has been developed and successfully tested in laboratory conditions. Active
software refinement, dataset expansion, and preparation for vehicle-level tests are currently underway.

INFORMATION ON THE LEGAL PROTECTION

At the current stage of development, intellectual property protection has not been registered. As part of the
project’s further development, registration of the computer program (C++ source code for peripheral interface
integration and data post-processing) with the National Center of Intellectual Property (NCIP) of the Republic
of Belarus is planned. The trained neural network model is maintained as a trade secret of the enterprise.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Internal departments of MAZ OJSC.
Third-party organizations to which MAZ vehicles are leased or transferred for operation.

CONTACT INFORMATION

Andrey Savchits, Director of the Scientific and Technical Center — Chief Designer.
Phone number: (+37517) 217 25 59
E-mail: savchits@maz.by

Daniil Shendzik, Software Engineer.
Phone number: (+375 33) 353 11 44
E-mail: rnd@maz.by

6. MAZ TELEMATICS SYSTEM WITH PREDICTIVE DIAGNOSTICS INTEGRATION

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Field of Application: road transport, fleet management, predictive diagnostics, and monitoring of the technical
condition of MAZ vehicles.

Purpose: centralized collection, storage, and visualization of real-time telematics data, as well as early detection
of hidden faults using artificial intelligence technologies.

Main Characteristics: the system is built on a modern microservices architecture. It includes a data ingestion
server, a business logic server (Java Spring Boot), separate microservices for report generation and predictive di-
agnostics (Python), a relational database (PostgreSQL), a cache storage (Redis), and a message broker (RabbitMQ).

Technological and Operational Features: a strict role-based system (8 access levels) with two-factor authen-
tication (JWT) has been implemented. The system supports the Wialon IPS protocol, processes navigation and
technical parameters (from the CAN bus), and provides real-time vehicle mapping on an interactive map with
route-building capabilities and PDF report exports. A neural network trained on normal operation data detects
diagnostic faults.

TECHNICAL ADVANTAGES

Market analysis of existing platforms shows that off-the-shelf solutions are not fully adapted to the specific
and complex organizational workflows of large manufacturers. The main advantage of the developed platform
lies in creating a completely independent corporate ecosystem, eliminating dependence on third-party service
providers and proprietary telematics hardware.

Unlike popular counterparts, the system is natively designed to serve multiple distinct organizations simultane-
ously. Each partner company'’s data is processed in isolation, and access to information is strictly controlled and
restricted using eight different user roles.

The complete independence of the solution guarantees the enterprise absolute control over the collected
information. This enables the use of gathered data for vehicle health analysis and training proprietary neural
networks without sharing sensitive diagnostic telematics data with third-party commercial services.
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The scheme of interaction of system components

EXPECTED RESULT OF APPLICATION

Implementing the system will allow the enterprise to set up its own telematics database, improving control
over the operation of vehicles leased or transferred to third-party organizations.

Using neural network algorithms will shift fleet maintenance from reactive repairs to predictive servicing.
The system will automatically detect hidden wear and tear on components before faults occur. Consequently,
sudden vehicle downtime will decrease, and the overall reliability of the entire fleet will improve.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
None.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Internal departments of MAZ OJSC for vehicle testing control and design improvement.
Third-party organizations utilizing the vehicles under operational or lease agreements.

CONTACT INFORMATION

Andrey Savchits, Director of the Scientific and Technical Center — Chief Designer.
Phone number: (+37517) 217 25 59
E-mail: savchits@maz.by

Elizaveta Malinovskaya, Software Engineer.
Yana Kvachenyuk, Software Engineer.
Elena Shershneva, Software Engineer.

Valeria Rusakova, Software Engineer.
Phone number: +375(17) 217 2072
E-mail: tm.rnd@maz.by
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7.DOCUMENT MANAGEMENT SYSTEM WITH A CHATBOT AND NEURAL
NETWORK-BASED DOCUMENT PROCESSING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Scope of application: corporate governance, automation of internal and external document management
of large industrial enterprises and holdings with a complex hierarchical structure.

Purpose: to provide a full cycle of document management — from creation and approval to endorsement,
redirection and archiving. The system is integrated with a Telegram bot for online notifications and remote work,
and is also equipped with a neural network subsystem for recognizing text from photos and automatically creat-
ing structured electronic documents.
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Main features: the system is built on a multi-layered client-server architecture using a microservice approach.
Itincludes a desktop client application (PyQt6), a business logic server (FastAPI), a relational database (PostgreSQL),
a Telegram bot (aiogram) for notifications and two-factor authentication, as well as a neural network optical
character recognition (OCR) module for image analysis.

Technological and operational features: a flexible role-based access model with automatic differentiation
of rights based on the organizational hierarchy has been implemented.

Multi-stage document approval with automatic recalculation of statuses is supported. Integrated notification
system via Telegram bot with daily distribution of statistics on urgent, expiring and expired documents. A neural
network image analysis mechanism has been implemented: a photo of a paper document is converted into
a structured electronic file with automatic filling in of the details. Color indication of deadlines is provided (yel-
low — less than 4 days, red — overdue) and automatic raising of urgent documents to the top of the list. There
is a full audit of user actions and accounting of employee overwork with the ability to export in the format.xlsx.

TECHNICAL ADVANTAGES

An analysis of existing electronic document management systems on the market has shown that most of them
are either overly complex and expensive to implement, or insufficiently flexible to adapt to the specific business
processes of large industrial enterprises.

The key advantages of the developed system are: complete independence and control — the development
is carried out by an internal development team, which ensures the highest level of confidentiality and control
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over corporate data, excluding the transfer of information to third parties and dependence on external platforms.
Integration with the messenger — using a Telegram bot for operational notifications allows employees to stay
informed of events even if they do not have access to the desktop application.

Neural network processing — unlike classical EDMS, the system automatically recognizes text from photographs
of documents, turning paper originals into electronic files without manual data entry. Flexible configuration with-
out programming — there's a possibility to create new types of documents and configure a set of fields through the
interface, without changing the program code. Multi-level role model — access rights are automatically calculated
based on the organizational hierarchy, which eliminates the need for manual configuration for each employee.

EXPECTED RESULT OF APPLICATION

The implementation of the system will allow the company to fully automate document management, reducing
the time for creating, searching and approving documents by 3-5 times. Daily notifications via the Telegram bot
will increase executive discipline and timely execution of orders. Neural network image processing will speed up
the input of primary documents, and automatic accounting of overtime will ensure transparency of overtime work.
The risks of document loss and human error will decrease. In general, the system will increase the transparency
of management processes and the effectiveness of decision-making at all levels of the organization.

CURRENT STAGE OF DEVELOPMENT
Internal divisions of MAZ JSC for internal document management.

INFORMATION ON THE LEGAL PROTECTION
None.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Internal departments of MAZ OJSC for vehicle testing control and design improvement.
Third-party organizations utilizing the vehicles under operational or lease agreements.

CONTACT INFORMATION

Andrey Savchits, Director of the Scientific and Technical Center — Chief Designer.
Phone number: (+375 17) 217 25 59

E-mail: savchits@maz.by

Valeria Kaplich, Software Engineer.

Victoria Kopeikina, Software Engineer.

Elena Shershneva, Software Engineer.

Phone number: (+37517) 217 2072
E-mail: tm.rnd@maz.by
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V. GIPROSVJAZ OPEN JOINT-STOCK COMPANY

.

8.LLM MODEL PLATFORM WITH UNIVERSAL SERVICES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The LLM model platform is a universal solution for aggregating and providing services based on large language
models. It brings together various Al services in one place. Currently, three models are running on servers located
in Belarus: Llama 4 Scout, Gemma 4, and Qwen 3.5. The platform is built in a modular way, which makes it easy
to swap out models or add new ones depending on how much storage space is available.

The platform has universal services, which are ready for use:

— Chat is the main interface, which allows users to communicate with Al and switch between different
models.

- Workflow is a tool for creating branching dialogue trees with logic; the LLM model is integrated to generate
personalized responses or interpret non-standard customer queries.

—Web Search pulls fresh information from the internet using search APIs to give the model more context.

- Text-to-Speech (TTS) converts text into audio in multiple languages.

- Speech-to-Text (STT) converts audio into text. Together with TTS, it provides the foundation for multimodal
workflows.

—RAG Module connects to external knowledge bases and searches only within them. This makes answers more
reliable by using trusted sources, while keeping data private and under control.

— Information Extraction from Documents extracts entities and data from semistructured documents (TXT,
DOCX, HTML) and returns results in JSON format.

- 3D Model Generation creates 3D objects from text descriptions for visualization and prototyping.
- Open-compatible API allows other systems to connect and use the platform’s features.

All services run on local servers, ensuring full data control and eliminating risks associated with the use of
foreign cloud solutions.

This ecosystem of services built on LLM models creates a foundation for solving a broad range of tasks in natural
language processing and data analytics,

TECHNICAL ADVANTAGES

The LLM model platform with universal services is hosted on servers in the Republic of Belarus, which means all
data processing stays completely local. All information (including personal data, internal documents, and trade
secrets) is stored and processed entirely within the country.

The platform is being developed in full compliance with Belarusian laws on personal data protection,
state secrets, and information security. This removes any risks of transferring sensitive data across borders.
The deployed LLM models and services are adapted to the Belarusian legal system, government structure, and
cultural specifics. This ensures that all generated responses are legally and ethically appropriate, unlike foreign
alternatives that don't take local context into account.

EXPECTED RESULT OF APPLICATION

The LLM platform gives people, companies, and government agencies access to modern Al tools. All data is
stored and processed locally in Belarus, so it stays safe and secure. This also means the platform fully follows lo-
cal data protection laws. Because the platform doesn’t depend on foreign companies, it makes advanced digital
tools available to more people and organizations. It also helps Belarus build its own independent and secure
[T-infrastructure.

CURRENT STAGE OF DEVELOPMENT

The project s in the research or development (technological) stage. The prototype is being carried out to tailor
the prototype to industry requirements
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INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Government agencies, state-run organizations, industry and industrial enterprises, non-profit organizations,
and other interested parties.

CONTACT INFORMATION

Barovik Dmitry, Senior Researcher of the Research and Development Department of Digital Technologies
Center of Prospective Studies in the Field of Digital Development, PhD, Associate Professor.

Phone number: (+37529) 112 14 47

E-mail: barovik@giprosvjaz.by

9.SYSTEM FOR MONITORING AND INTELLECTUAL ANALYSIS OF WEB
“SAFE WEB SPACE”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Within the framework of scientific research, methods and algorithmic solution (prototype information system)
have been created. The software implementation of developed methods and algorithms is placed in open access
on GitHub platform to ensure reuse of research results by other interested scientific teams. The repository includes
software code, trained models, examples of depersonalized learning samples, and instructions for running and
using algorithms. All project materials are distributed under the terms of the MIT (Massachusetts Institute of
Technology License), which implies free use. modification and distribution of code with a mandatory indication
of authorship.

Potential scope of the solution.

The results can be integrated into educational, human rights and analytical structures interested in creating
a safe information environment. Created software components and open datasets can be used to develop and
complete natural language processing algorithms, create moderation systems. and intelligent filters for social
media.

TECHNICAL ADVANTAGES

Developed and tested data collection (parsing) methods for social networks and media platforms (Telegram and
YouTube). The system ensures regular updates, automated logging, and fault tolerance. Additionally, a data cate-
gorization system was created, classifying information by source, message type, sentiment, and statement class.

Implemented big data storage methods for diverse sources (social networks, blogs, forums, media, databases).
An SQLite DBMS was adapted for text-specific multi-table structures for baseline storage.

Developed linguistic analysis algorithms for Russian and English texts using morphological, syntactic, and se-
mantic analysis. X cascade classifier based on the pre-trained RUBERT transformer model was created. The model
was trained on a combined dataset of 27,000 utterances, comprising original and verified external records. Data
augmentation, auto labeling, and expert validation were applied. Hyperparameter optimization and early stop-
ping mechanisms achieved high accuracy in classifying toxic content.

Scientific novelty lies in incorporating regional specifics, adapting algorithms for Russian content and creating
a novel labeled dataset of 27,000 texts.

EXPECTED RESULT OF APPLICATION

Based on the prototype (models and algorithms), the development of specialized software is planned for
automated monitoring, moderation, and sentiment analysis of content for state. analytical, and human rights
organizations. The expected outcome is enhanced information security, reduced workload for moderators, and
objective analytics. High-quality metrics (Fl-score 0.936) confirm the technology’s readiness for practical imple-
mentation and commercialization.
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CURRENT STAGE OF DEVELOPMENT
Research or experimental design (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION

All project materials are distributed under the terms of the MIT (Massachusetts Institute of Technology License),
which implies free use, modification and distribution of code with a mandatory indication of authorship.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

In the Republic of Belarus: state bodies and institutions, law enforcement agencies, educational and human
rights organizations, large media holdings, and IT companies interested in automated content moderation and
public sentiment analysis.

Abroad: international analytical agencies. NGOs (Non-Governmental Organizations) monitoring information
security and human rights, as well as developers and integrators of content moderation systems in the CIS and
other countries.

CONTACT INFORMATION

Anna-Sofia Aheyenka, Specialist at the Center for Advanced Research in Digital Development.
Phone number: (+375 29) 603 85 02
E-mail: ageenko@giprosvjaz.by
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V. DIGITALIZATION DEPARTMENT
OF PRODUCTION ASSOCIATION
BELORUSNEFT RUE

.

10. AUTOMATED PLANOGRAM GENERATION SYSTEM “NEUROMERCHANDISING”
USING ARTIFICIAL INTELLIGENCE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is a software system for automated generation and updating of product placement plano-
grams at retail facilities. The system is intended to reduce specialists’ workload, ensure consistent application of
merchandising rules, and promptly update product placement when assortment, equipment or target indicators
change.

The system is designed for retail facilities with heterogeneous equipment and provides:

- automatic retrieval from the corporate information system of data on products, prices, sales ratings, equip-
ment characteristics and target shares;

- processing of placement rules formulated by users in free-form Russian;

- generation of planograms considering product dimensions and weight, shelf parameters, product categories
and equipment-type constraints;

- control of target brand and category shares, as well as visual coherence of product placement;
- interactive presentation of results in 2D and 3D views with manual adjustment capability.

TECHNICAL ADVANTAGES

The system is based on the combined use of a large language model, a typed block architecture for rules
and a deterministic multi-stage placement algorithm. A distinctive feature of the solution is the transformation
of unstructured merchandising requirements into formal executable rules followed by algorithmic validation
of their applicability.

Key technological advantages:

- formalization of placement rules in natural Russian without programming by business users;

- use of an extensible set of typed blocks for filtering, grouping, sorting, placement and share control;

- sequential verification of physical, product-related and merchandising constraints when placing each product
item;

- integration with the corporate information system, eliminating manual input of source data and ensuring
data relevance;

- generation of planograms in seconds instead of several hours of manual work with reproducible results.

EXPECTED RESULT OF APPLICATION

Reduction of planogram generation time from several hours to several seconds, consistent compliance with
merchandising rules and target brand and category shares, lower specialist workload, and prompt planogram
updates when assortment or equipment changes. Quantitative economic effect will be assessed after pilot
operation.

CURRENT STAGE OF DEVELOPMENT

A functional software prototype has been developed; development and testing are being finalized, and prepa-
ration for pilot implementation is underway.

INFORMATION ON THE LEGAL PROTECTION
No information is available on state registration of intellectual property objects.



DIGITAL TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Production Association Belorusneft RUE and its retail network organizations; other retail chains in the Republic
of Belarus.

CONTACT INFORMATION

Konstantin Kurochka, Software Engineer, Candidate of Technical Sciences, Associate Professor.

Phone number: (+375 29) 170 59 68

E-mail: K.Kurochka@beloil.by

Konstantin Panarin, Software Engineer, Artificial Intelligence Center of the Digitalization Department.
Phone number: (+375 25) 790 99 76

E-mail: K.Panarin@beloil.by

Igor Lashkevich, Leading Software Engineer, Artificial Intelligence Center of the Digitalization Department.
Phone number: (+375 29) 232 1576

E-mail: I.Lashkevich@beloil.by
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VI. EDUCATIONAL INSTITUTION
"BELARUSIAN STATE UNIVERSITY OF INFORMATICS
AND RADIOELECTRONICS™

.

11. ONYX — AN AUTONOMOUS INTELLIGENT ROBOTICS PLATFORM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

ONYX is an autonomous mobile robotic platform designed for navigation, environmental monitoring, hazard
detection (gas, smoke, fire) and remote control. The robot is built on a modular architecture and combines a
mechanical platform with a PVC plastic housing (made by hand), a gear motor system with independent PWM
control, a computing module based on Raspberry Pi and an Arduino microcontroller, as well as a wide range of
sensors: cameras with infrared illumination for working in the dark, ultrasonic distance sensors, sensors lines, gas,
smoke, fire, and light sensors. Power is provided by Li-Po batteries with a protection board (BMS) and a system of
DC-DC converters. The integrated Q2 Al system processes sensor data, conducts a dialogue with the operator, and
makes decisions about robot behavior, combining mechanics, electronics, and artificial intelligence into a single
autonomous platform. ONYX can be used in industry, logistics, security systems, emergencies, environmental
monitoring, and educational robotics projects.

Appearance of the device

TECHNICAL ADVANTAGES

Unlike most foreign analogues focused on a closed architecture and high cost of components, ONYX is built
on an affordable modular element base, which reduces the cost of the platform and simplifies its maintenance
and modernization. The robot combines functions that are usually implemented separately in analogues: au-
tonomous navigation, detection of environmental hazards and an interactive Al interface. The hybrid computing
architecture (Raspberry Pi + Arduino) separates high-level and low-level tasks, increasing operational stability.
The integration of Q2's own Al system distinguishes ONYX from typical educational robotics platforms, turning
a set of sensors and mechanisms into a single intelligent agent.

EXPECTED RESULT OF APPLICATION

The implementation of ONYX in industry, logistics and security systems will automate the patrolling of territories,
monitoring of equipment and early detection of dangerous situations (gas leaks, smoke, fire) without constant
human involvement, reducing risks for personnel and response time to emergency situations.
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CURRENT STAGE OF DEVELOPMENT
A prototype has been released (an active prototype).

INFORMATION ON THE LEGAL PROTECTION

Documents are being prepared for registration of the exterior of the ONYX case and the layout of the sensor
modaules as an industrial design at the National Intellectual Property Center of the Republic of Belarus. Software
and technical solutions (decision-making algorithms, Q2 Al system architecture) are not disclosed and can be
further protected under know-how or patent law.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Industrial enterprises, logistics and warehouse operators, security organizations, emergency services, edu-
cational institutions (robotics clubs, university departments) — both in the Republic of Belarus and potentially
abroad.

CONTACT INFORMATION

Egor Klepatsky, 2nd Year Student.
Phone number: +375 (29) 709 53 08
E-mail: egorklepackij31@gmail.com

12. DISTRIBUTED DATA COLLECTION AND CENTRALIZED PROCESSING
SYSTEM FOR SOLVING AUTOMATED DECISION-MAKING
AND DIAGNOSTIC PROBLEMS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The system consists of multiple long-run vibration signal recorders, each of which controls the conversion
of analog vibration signals into a sequence of digital codes, stores the resulting digital signal on an SD card, or
transmits it to a mobile or desktop operating system or to the cloud for centralized processing and execution
of vibration control functions, monitoring, and assessment of the technical condition of controlled objects,
followed by automated decision-making.

Installing sensors
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Prototype of a continuous vibration signal collector and recorder

TECHNICAL ADVANTAGES

Complies with the best international developments.
It enables automated assessment of the technical
condition of rotating mechanisms and units based
on vibration parameters, and decision-making on the
feasibility of continued operation, emergency preven-
tion, and repair planning.

EXPECTED RESULT OF APPLICATION

The main essence of the results lies in the possibil-
ity of creating systems for distributed collection of
vibrome.tric data and their centralized processing,
aimed at automating decision-making on the tech-
nical condition of the observed objects.

CURRENT STAGE OF DEVELOPMENT

A prototype of a long-duration vibration signal stor-

age device has been created.
Highlighting trends in vibration parameters

INFORMATION ON THE LEGAL PROTECTION

Certificates of registration of previously developed software for processing long implementations of digital
vibration signals have been received.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Energy, petrochemical, gas transportation system enterprises, other enterprises operating engines, mechanisms
and units, Minsk Automobile Plant.

CONTACT INFORMATION

Petr Brantsevich, Department of POIT, Leading Research Fellow, Doctor of Engineering, Professor.
Phone number: (+375 29) 355 51 21
E-mail: branc@bsuir.edu.by

Yauheni Bazyleu, Senior Lecturer at the Department of POIT, Research Associate, MSc.
Phone number: (+375 29) 876 07 00
E-mail: e.bazylev@bsuir.by
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VII. EDUCATIONAL INSTITUTION "EUPHROSYNE
POLOTSKAYA STATE UNIVERSITY OF POLOTSK"

.

13. METHOD FOR DETECTING LIVING OBJECTS IN AGRICULTURAL CROP FIELDS
AND DEVICE FOR ITS IMPLEMENTATION

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Belongs to technical means for detecting and identifying living ob-
jects in agricultural crop fields. Novelty of the development: combined
simultaneous use of radar and optical signals in a controlled area under
specific modes using computer vision systems.

TECHNICAL ADVANTAGES

Main advantage: increased detection range of living objects. The de-
velopment is at the level of foreign analogues; there are no analogues
in the Republic of Belarus.

EXPECTED RESULT OF APPLICATION

Safe conduct of agricultural harvesting operations, reduction of injuries
to people and animals.

Device's general view

CURRENT STAGE OF DEVELOPMENT
Laboratory sample manufactured.

INFORMATION ON THE LEGAL PROTECTION

An application for invention has been filed for a patent “Method for detecting living objects in agricultural crop
fields and device for its implementation”.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Manufacturers of agricultural machinery — GOMSELMASH Holding, Lidagroprommash JSC.

CONTACT INFORMATION

Victor Yanushkevich, Associate Professor at the Department of Power Engineering and Electronics,
PhD in Engineering.

Phone number: (+375 29) 514 20 30

E-mail: v.yanushkevich@psu.by

llya Sudko, Military Serviceman.
E-mail: ilasudko5164@gmail.com

Anton Lazerko, Design Engineer.
E-mail: Lazerkobk@bk.ru

Sergey Rogovsky, Leading Electronics Engineer.
E-mail: sergejrogovskij496@gmail.com
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VIII. SCIENTIFIC RESEARCH INSTITUTION
“SEVCHENKO INSTITUTE OF APPLIED PHYSICAL
PROBLEMS"” OF THE BELARUSIAN STATE UNIVERSITY

.

14. INFORMATION AND ANALYTICAL SYSTEM FOR MONITORING AND ANALYZING
ACTIVITIES IN WATER PROTECTION ZONES OF THE I1AS “WATER PROTECTION ZONES”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The information and analytical system for monitoring and analyzing activities in water protection zones
of the |AS “Water Protection Zones” has been developed as a unified GIS system.

The information and analytical system for monitoring and analyzing activities in water protection zones
of the IAS “Water Protection Zones” is designed to increase the effectiveness of management decisions to im-
prove the environmental condition in water protection zones and coastal strips by providing a wide range of
users with a comprehensive picture of the main functional characteristics of activities in water protection zones
and coastal strips, including the control of economic activities in water protection zones and coastal strips, using
Earth remote sensing data.

TECHNICAL ADVANTAGES

Scientific and design solutions, technologies based on modern GIS, Web and cloud technologies, and artificial
intelligence systems have been developed to move to a qualitatively new level of organization and automation
of processes for analyzing and monitoring activities in water protection zones and coastal strips.

Currently, there are no analogues of an integrated system for monitoring and analyzing activities in water
protection zones and coastal strips to provide data and identify new pollution sites, including the use of artificial
intelligence and satellite data methods.

EXPECTED RESULT OF APPLICATION

The information and analytical system for monitoring and analyzing activities in water protection zones
of the IAS “Water Protection Zones” has been implemented in all district inspections and regional committees of
natural resources and environmental protection, the office of the Ministry of Natural Resources and Environment,
and organizations of the Ministry of Natural Resources and Environment that use data on water bodies and water
protection zones to improve the effectiveness of management decisions to improve the environmental condition
of water protection zones and coastal stripes.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
None.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministry of Natural Resources and Environmental Protection of the Republic of Belarus.

CONTACT INFORMATION

Leonid Semenenko, Head of the Information Technology Laboratory, Candidate of Technical Sciences,
Senior Researcher.

Phone number: (+ 375 17) 272 00 33; (+ 375 29) 678 04 15
E-mail: lv_semenenko@mail.ru
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15. INFORMATION AND ANALYTICAL SYSTEM “NATURAL RESOURCES OF BELARUS 2"

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The information and analytical system “Natural Resources of Belarus 2" is designed to increase the reliability
and relevance of data in the control and analysis of mining activities in the field of land management, land pro-
tection and natural resources, optimize the cost of updating information and preventing conflict situations in
the control of land use.

The following tasks have been implemented:

—improvement and automation of the processes of interdepartmental data management, control and analysis
of mining in on-farm quarries with the creation of an infrastructure for the information exchange of mining data
with the Geoportal of the land information system of the Republic of Belarus;

- automated control of unauthorized mining based on satellite data and deep learning neural networks.

It is being implemented by the Ministry of Natural Resources and Environmental Protection of the Republic
of Belarus.

TECHNICAL ADVANTAGES

The information and analytical system “Natural Resources of Belarus 2" corresponds to the best world standards.
It provides an integrated approach to improve the reliability and relevance of data in the field of land manage-
ment, land protection and natural resources, optimize the cost of updating information, prevent conflict situations
based on modern GIS and Web technologies, automated detection of unauthorized mining based on satellite
data processing using deep learning neural networks.

EXPECTED RESULT OF APPLICATION

The information and analytical system “Natural Resources of Belarus 2" ensures the work of employees of the
central office of the Ministry of Natural Resources and Environmental Protection of the Republic of Belarus, re-
gional committees of natural Resources and environmental protection, district inspections of natural resources
on data management, control and analysis of mining activities with the provision of data to the Geoportal of the
Land Information System of the Republic of Belarus to control land use.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
None.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministry of Natural Resources and Environmental Protection of the Republic of Belarus.

CONTACT INFORMATION

Leonid Semenenko, Head of the Information Technology Laboratory, Candidate of Technical Sciences,
Senior Researcher.

Phone number: (+ 375 17) 272 00 33; (+ 375 29) 678 04 15

E-mail: lv_semenenko@mail.ru

16. INFORMATION AND ANALYTICAL SYSTEM “DIGITAL PRECISION FARMING
PLATFORM” (FIRST STAGE)

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The purpose of creating the Digital Precision Farming Platform (first stage) information and analytical system
was to create the basic foundation of the Digital Precision Farming Platform, which ensures the gradual evolu-
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tionary development of the processes of transition to precision farming technologies and the implementation
of services that automate and support decision-making for agricultural specialists on the basic processes of the
first stage of the introduction of precision farming.

The following tasks have been implemented:

— the basic basis of the Digital Precision Farming Platform has been created, systematically integrating sub-
systems based on uniform principles of spatial and attribute data description with placement on the republican
cloud technology platform;

- information exchange technology with external information systems has been implemented and software for
the spatial data management subsystem of the Digital Precision Farming Platform has been developed, providing
agricultural specialists with the necessary data for analysis and decision-making;

- algorithms and software have been developed for monitoring field characteristics based on satellite data and
analyzing the vegetative development of plants;

- application software has been developed for specialists of agricultural enterprises to implement the func-
tionality of the first stage of the Digital Precision Farming Platform;

- the software of the mobile application for conducting agroscouting has been developed.

TECHNICAL ADVANTAGES

Creation of the basic basis of the Digital Precision Farming Platform, which ensures the gradual evolutionary
development of the processes of transition to precision farming technologies. Implementation of the functionality
of the first stage of creating a Digital precision farming platform that provides automation and decision support
for agricultural specialists on the basic processes of the first stage.

EXPECTED RESULT OF APPLICATION

The functionality of the Digital Precision Farming Platform (first stage) information and analytical system has
been implemented at the basic agricultural enterprises of the republic.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
Certificate of voluntary registration and deposit of the copyright object No. 2003-KP.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministry of Agriculture and Food of the Republic of Belarus.

CONTACT INFORMATION

Leonid Semenenko, Head of the Information Technology Laboratory, Candidate of Technical Sciences,
Senior Researcher.

Phone number: (+ 375 17) 272 00 33; (+ 375 29) 678 04 15
E-mail: Ilv_semenenko@mail.ru
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IX. LIDA REGIONAL CENTER FOR CHILDREN'S
AND YOUTH DEVELOPMENT. STATE EDUCATIONAL
INSTITUTION “LIDA SECONDARY SCHOOL NO. 17"

Simulation in RoboDK

Integration of the pneumatic system

.

17.ROBOTIC COMPLEX FOR THE FORMATION OF BATTERIES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A robotic system for the automated assembly of lithium-ion batteries (4x3 configuration, 18,650 cells) has
been developed. The system is designed to replace manual labor in the production of electric vehicles, drones,
and energy storage systems, ensuring high safety when handling explosive components.

The system consists of an SZGH-S800-B-4 SCARA
manipulator with an SMC SHR16-S pneumatic vacuum
gripper, a gravity-pneumatic cell feed module based
on IAC 16X160-S cylinders, and a belt conveyor with
a calibration system. Control is distributed between
a Siemens LOGO! controller (pneumatics and conveyor)
and the manipulator control system.

The process is fully automated: box feeding, battery
orientation from horizontal to vertical, precise stacking
by the manipulator, and transport of the finished mod-
ule.Technical and operational characteristics: the filling
cycle time for one box (12 elements) is 12-15 seconds;
positioning repeatability is + 0.03 mm; the gripper load
is up to 1 kg. The system operates continuously, re-
quiring only one operator for monitoring and loading
raw materials. Component integration is implemented
according to industrial standards (Ethernet, Modbus),
ensuring reliability and ease of maintenance.

TECHNICAL ADVANTAGES

The development surpasses domestic counterparts
in the level of integration of disparate systems (pneu-
matics, robotics, PLC) into a single compact unit. Unlike
foreign industrial lines (ABB FlexPicker, Fanuc M-TiA,
KUKA KR SCARA), which cost tens of thousands of dol-
lars, the proposed solution is highly cost-effective while
maintaining industrial quality.

Key advantages:

1. Cost: the use of optimized components (SZGH,
LOGO), IAC) reduces capital expenditures by 5-10 times
compared to similar products from ABB or Epson, mak-
ing automation accessible to small and medium busi-
nesses.

2. Flexibility and scalability: the modular architecture
allows for easy reconfiguration of the system for dif-
ferent stacking patterns and element types without
completely replacing the line.

3. Accuracy and speed: repeatability of £ 0.03 mm
and a cycle time of 12-15 seconds are comparable to
expensive foreign analogues (Epson T3: + 0.02 mm,
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0.45 seconds per cell), but implemented on a more
affordable hardware base.

4. Safety: completely eliminating personnel contact
with Li-lon cells minimizes the risk of injury and short
circuits, which is critical in this industry.

EXPECTED RESULT OF APPLICATION

The implementation of the system will reduce the
assembly line staff from 3-5 people to one operator,
lowering wages and eliminating human error (defect
rate < 1%).The line’s productivity will stabilize at 240-
300 assembled modules per hour. Industrial safety will
be improved by eliminating direct contact between
workers and fire-hazardous components. The solu-
tion will ensure a rapid return on investment due to
low equipment costs and improved product quality,
facilitating import substitution in industrial robotics.

Systemin life
CURRENT STAGE OF DEVELOPMENT

A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

The intellectual property objects are not registered in accordance with the established procedure. The develop-
ment was carried out as part of an educational research project; legal protection was not obtained.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

In the Republic of Belarus: Belkommunmash OJSC, Unison CJSC, Mogilevtransmash OJSC, Electra Company
(Minsk), Gorizont OJSC, BelTIZ Scientific and Production Enterprise, Unmanned Aircraft Systems, BSUIR, BNTU:
Robotics and Mechatronics Laboratories may purchase the system as a training and laboratory complex.

Abroad: Evolute (Moscow/Lipetsk), Liotech JSC (Novosibirsk/Dubna), PromElectro LLC (St. Petersburg), BMW
Group (Germany), ACC (Automotive Cells Company) — France/Germany/Italy, Northvolt (Sweden).

CONTACT INFORMATION

llya Prokopovich, a Secondary School Student.
Phone number: (+375 29) 570 88 40
E-mail: lyaprokopovich972@gmail.com
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X. EDUCATIONAL INSTITUTION
“NATIONAL CHILDREN'S TECHNOPARK".
STATE EDUCATIONAL INSTITUTION
"GOMEL GYMNASIUM NO. 14"

.

18. VIRTUAL TRAINER “CYBER STRATEGISTS: BATTLE FOR DATA” FOR TRAINING
INFORMATION SECURITY SPECIALISTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The virtual trainer “Cyber Strategists: Battle for Data” is an educational computer game designed to build
practical skills in detecting and countering cyberattacks for information security specialists. It is implemented
as a simulation of an information security specialist’s desktop, combining corporate email, antivirus software,
a SIEM system, a task manager and a network monitor in a single interface. The game covers seven types
of cyberattacks (phishing, account compromise, process injection, DNS command-and-control, DoS attacks,
Meterpreter usage, SSH brute-force), each mapped to a specific MITRE ATT&CK technique. Training follows a “one
level — one threat type” structure with narrative cut-scenes and quizzes reinforcing theoretical knowledge.
The application is built in Python 3.14 using the Pygame 2.5 framework and runs offline, making it suitable for
isolated networks of educational and corporate organizations. The trainer is intended for training schoolchil-
dren, students and junior specialists in the practical skills of detecting and investigating information security
incidents.
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TECHNICAL ADVANTAGES

Compared with foreign and domestic counterparts (SPOOFY, Kaspersky Interactive Protection Simulation,
ManageEngine Cyber Detective), the trainer offers: a unified learning environment simulating an information
security specialist’s desktop; coverage of seven cyberattack types within a single storyline — substantially broader
than the analogues reviewed; each scenario mapped to a specific MITRE ATT&CK technique with knowledge
reinforced through quizzes; offline operation as a desktop Python/Pygame application, unlike the browser-only
Cyber Detective; fully Russian-language content (interface, storyline, emails, alerts, quiz questions), whereas Cy-
ber Detective has no Russian localization; a focus on technical incident investigation rather than management
decisions only, as in KIPS.

EXPECTED RESULT OF APPLICATION

Piloting the trainer on a sample of 180 students (National Children’s Technopark, “Professional Start” event)
showed the average test score on information-security topics rising from 4.4 to 8.7 out of 10 after completing
the trainer. Expected outcomes include increased awareness and practical skills in detecting and countering
cyberattacks, a reduction in incidents caused by human error, and integration of the trainer into educational
curricula and corporate information-security training programs.

CURRENT STAGE OF DEVELOPMENT

A working prototype (desktop Python/Pygame application) has been developed and tested. Piloting on a sample
of 180 respondents confirmed the effectiveness of the training impact.

INFORMATION ON THE LEGAL PROTECTION
None.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Educational institutions of the Republic of Belarus (children’s technoparks, schools, colleges, universities) pro-
viding training in information security and engineering fields; corporate customers for staff training.

Abroad: Russian-speaking educational organizations and organizations interested in offline trainers for isolated
networks.

CONTACT INFORMATION
Elena Belousova, Project Supervisor, Associate Professor of the Department of Information Protection,
Faculty of Information Security.

Irina Dolgolapteva, Teacher of Informatics.
Phone number: +375 (44) 722 68 62
E-mail: asya.ananeva@mail.ru

Sofia Mazhaeva, Project Author (Student).
Phone number: +375 (29) 941 14 58
E-mail: sd.mazhaeva2009@gmail.com



DIGITAL TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE

XI. ENCORE STUDIO LIMITED LIABILITY COMPANY
(RESIDENT OF THE BREST SCIENCE
AND TECHNOLOGY PARK)

.

19. “INSPECTCOM PULSE” — AN ARTIFICIAL INTELLIGENCE MODULE
OF THE HARDWARE-SOFTWARE COMPLEX “INSPECTCOM’, AN INTERAGENCY
PLATFORM FOR PREVENTION OF UNSAFE LIVING CONDITIONS OF CITIZENS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

“InspectCom Pulse”is an Al module of the operating interagency platform “InspectCom” designed to prevent,
detect and eliminate unsafe living conditions (prevention of deaths from external causes in the housing stock:
fires, carbon monoxide poisoning, domestic neglect).

Scope of application — state interagency preventive work. The platform unites ten types of prevention entities
(executive committees, Ministry of Emergency Situations, internal affairs bodies, housing and utility services, social
protection centres, gas supply organizations, healthcare, education, etc.) in a single digital space. As of 01.01.2026,
the system contains over 3.5 million household inspections and over 10,000 active specialists; two full regional
circuits are deployed (Brest and Grodno regions), with roll-out under way in Minsk, Vitebsk and Mogilev regions
and the city of Minsk.

The module’s purpose is to shift preventive work from reacting to incidents to anticipating them. Three basic
functions have been implemented and are being verified on real data: object risk profile (assessment of each
household based on inspection history, housing condition and social context); recommendations for inspectors
(visit priorities with justification); early detection of multi-factor risk situations invisible to manual analysis.

The technological basis is the proprietary “Volat” computing complex: 10 GPUs, total performance over
1,700 teraflops, 160 GB of memory (8,960 GB/s bandwidth); analysis of documents up to 200 pages per request;
processing of up to ~ 2 million pages per day; simultaneous work of 5,000-8,000 employees. The complex enables
local deployment of a large language model without foreign cloud services.

Basic principles: “the system suggests — the human decides”; risk is assessed per household, not per citizen;
data never leaves the protected circuit within the Republic of Belarus.

TECHNICAL ADVANTAGES

No direct domestic counterparts (an interagency prevention platform with an integrated Al circuit and its own
computing infrastructure) have been identified. Key advantages over foreign predictive analytics solutions for
the public sector:

1) operation on a unique real data set — over 3.5 million inspections accumulated under a unified methodol-
ogy during years of industrial operation;

2) full digital sovereignty: a local large language model on the proprietary “Volat” computing complex, no for-
eign cloud services or subscriptions; data resides in a protected circuit certified by the Operations and Analysis
Centre under the President of the Republic of Belarus;

3) integration into the existing processes of ten types of prevention entities — deployment requires no change
of familiar tools;

4) ethical architecture consistent with international principles of responsible Al (OECD and UNESCO recom-
mendations): risk is assessed per object (household), no profiling of citizens; the final decision always rests with
the specialist;

5) automatic interagency routing: a detected violation is forwarded to the competent service in real time;

6) low entry threshold: works in a browser on any device; regional onboarding with training takes 10-25 wor-
king days.
The platform holds the “Digital Economy Leader — 2025" award.
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EXPECTED RESULT OF APPLICATION

Transition of preventive work from reacting to incidents to anticipating them: services see high-risk addresses
before an incident occurs. Expected effects: reduction of deaths from external causes in the housing stock; tar-
geted use of inspectors’ resources instead of blanket rounds; fewer formal and duplicate visits; an objective risk
map of the territory for district and regional administrations; a unified comparable risk assessment methodology
at the national scale. By 2030 a mature predictive prevention circuit as a permanent management tool, preserv-
ing the “human decides” principle.

CURRENT STAGE OF DEVELOPMENT

The “InspectCom” platform has been in industrial operation since 2021; the “InspectCom Pulse” module is un-
dergoing parallel testing on real data of two regions; the “Volat” computing complex is installed and being put
into operation (2026).

INFORMATION ON THE LEGAL PROTECTION

The platform software is an object of copyright; exclusive property rights to the development are protected,
and the platform is used under license agreements (CJSC“BSTP”). The server infrastructure and data are hosted
in a protected circuit certified by the Operations and Analysis Centre under the President of the Republic
of Belarus; unauthorized access by the developer to citizens' personal data is excluded, which is enforced
at the architecture level.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

In the Republic of Belarus: regional and district executive committees; prevention entities — units of the Ministry
of Emergency Situations, internal affairs bodies, housing and utility organizations, territorial social service centres,
gas supply organizations, healthcare and education institutions; national government bodies.

Abroad: state and municipal bodies of the CIS and EAEU countries interested in digitalization of preventive and
social work and in sovereign Al solutions for the public sector.

CONTACT INFORMATION

Evgeny Nakonechnik, Director.
Phone number: +375 (33) 345 19 99
E-mail: info@encore.by
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XII. EDUCATIONAL INSTITUTION
“VITEBSK STATE UNIVERSITY
NAMED AFTER P. M. MASHEROV”™

.

20.SYSTEM FOR ANALYSIS OF STUDENT’S CURRENT ACADEMIC PERFORMANCE
RESULTS BASED ON HIERARCHICAL CLUSTERING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

System is an application that allow to keep track of current academic performance results of higher education
institution students within modular-rating system of educational activities results assessments, and also allow
to perform hierarchical cluster analysis of student’s academic performance with drawing of visual dendrograms.
Product allows to estimate and differentiate in details results of educational activities, identify individual student’s
peculiarities, that can help to more effective building of individual educational paths.

Technically application is a web-application, developed with using of Java-technology stack and DBMS Post-
greSQL. Application architecture was developed in accordance with REST conception.
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CryaeHt 7 4 4 4 2 6 5 4 5 4 4 4.2
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CrypeHT 13 7 8 5 10 7 10 6 4 7 2 6.6
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Example depersonalized input data of student’s ratings on different disciplines

TECHNICAL ADVANTAGES

Classical analysis of student’s academic performance is a comparison of students by their average ball, which
is calculated by results of passing of all exams in session, that is only intermediate validation results are analyzed,
but not current validation (during semester), besides average ball of all ratings is not allow take into account
the specifics of individual disciplines. Cluster analysis allows to take in account all current student’s ratings and
to differentiate students by current academic performance with convenient visualization analysis result in form
of dendrogram.

EXPECTED RESULT OF APPLICATION

Improving informativity of student’s academic performance analysis. Improving efficiency of individuals edu-
cational paths building.
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Visual representation of hierarchical clustering results

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
None.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Educational establishments.

CONTACT INFORMATION

Sergey Yermochenko, Head of Department of Applied and System Programming,
PhD in Physical and Mathematical Sciences, Associate Professor.

Phone number: (+375 33) 376 39 09

E-mail: yermochenkosa@vsu.by
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XIll. RESEARCH INSTITUTE FOR APPLIED PROBLEMS
OF MATHEMATICS AND INFORMATICS
OF BELARUSIAN STATE UNIVERSITY

.

21.SOFTWARE PACKAGE “ENTROPY ANALYSIS OF DISCRETE SEQUENCES”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Designed for statistical analysis of output sequences of random sources based on Shannon, Rényi, and Tsallis
entropy functionals to assess their proximity to a uniformly distributed sequence. Tests based on Tsallis entropy
estimators can also test complex null hypotheses.
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TECHNICAL ADVANTAGES

Unlike well-known test batteries based on classical asymptotics, where the ratio of the sequence length to the
number of parameters tends to infinity, the statistical tests in the program are based on a special asymptotics,
where this ratio tends to a finite number, which more adequately describes situations encountered in practice.
It also features the ability to test a complex null hypothesis, allowing for minor deviations in the probability dis-
tribution of the tested sequence from s-dimensional uniformity, using Tsallis entropy estimators.

EXPECTED RESULT OF APPLICATION

Conclusion on the conformity of the analyzed sequence to the model of a uniformly distributed random se-
quence.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.
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Sequence testing result

INFORMATION ON THE LEGAL PROTECTION

No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Organizations using random and pseudo-random number generators.

CONTACT INFORMATION

Uladzimir Palukha, Head of the RL of MMIS, Candidate of Physical and Mathematical Sciences,

Associate Professor.

Phone number: (+375 33) 632 53 84

E-mail: palukha@bsu.by
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XIV. BELARUSIAN RESEARCH INSTITUTE OF RECORDS
MANAGEMENT AND ARCHIVAL STUDIES

.

22, EMERGING DIRECTIONS FOR Al APPLICATIONS IN ARCHIVES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed Recommendations on the Use of Artificial Intelligence Technologies in Archives (Minsk, 2026)
(the Recommendations) are a methodological document that establishes the foundations for interaction between
institutional and state archives and software development organizations implementing artificial intelligence
technologies in archival systems.

The scope of application of the Recommendations covers key processes in the informatization of archival ac-
tivity: generation of textual and visual content, recognition of typewritten and handwritten text for organizing
semantic search and enhancing the finding aids, the use of chatbots in servicing users and archival staff, as well
as the specifics of Al enhanced work with audiovisual sources.

The purpose of this development is to create a methodological basis for the lawful and technologically sound
implementation of Al-systems in archives. The Recommendations describe the regulatory framework, the tech-
nological specifics of proposed solutions, organizational and staffing conditions, as well as criteria for assessing
the effectiveness of artificial intelligence technologies in archives.

The practical impact of applying the Recommendations in cooperation with software developers will be reflected
in the optimization of internal archival processes, increased efficiency of interaction with users, greater acces-
sibility of retrospective information, and the strengthening of the research and educational potential of archives.

TECHNICAL ADVANTAGES

The Recommendations on the Use of Artificial Intelligence Technologies in Archives (Minsk, 2026) are of a compre-
hensive, interdisciplinary nature and constitute a methodological framework that is currently absent from the prac-
tice of state, sectoral and institutional archives in the Republic of Belarus. They integrate legal, organizational,
financial and technological aspects of applying artificial intelligence technologies into a single coherent system.

At the scientific and technical level, the document is based on contemporary national and international standards
and takes into account advanced foreign practices. The document ensures the adaptation of artificial intelligence
technologies to the national legal and organizational conditions of archives.

EXPECTED RESULT OF APPLICATION

The application of the developed algorithms across several key areas of archival work will enable archives
to optimize internal processes, interaction with users of retrospective information, and the provision of archival
services. Their use is expected to increase the efficiency of searching for and processing documentary informa-
tion, expand user access to archival materials, and strengthen the research and educational potential of archives.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
Absent.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

State archival institutions, archives of government bodies and other organizations, and organizations engaged
in the development and implementation of artificial intelligence-based solutions in the field of archival practice.

CONTACT INFORMATION

Zinaida Antanovich, Senior Research Fellow at the Archival Studies Department, PhD, Associate Professor.
Phone number: (+375 25) 975 84 95

E-mail: zinantonowicz@gmail.com

llya Lyutarevich, Research Fellow.

Phone number: (+375 17) 363 75 27
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XV. RESEARCH INSTITUTION “INSTITUTE FOR NUCLEAR
PROBLEMS” OF BELARUSIAN STATE UNIVERSITY

.

23. ELECTRONIC DOCUMENT MANAGEMENT SYSTEM OF THE ACCREDITED TESTING
LABORATORY ELAB

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Purpose: the system is an open-source platform (framework) based on free software, designed to automate
document flow and manage the lifecycle of experimental data and documentation in laboratories of any profile,
including accredited test centers. The solution provides comprehensive processing and secure storage of experi-
mental data, laboratory information, and documentation.

Goals: ensuring high accuracy and reliability of test results in strict compliance with the requirements of the
international standard ISO/IEC 17025-2007 “General requirements for the competence of testing and calibration
laboratories”. Implementation of the system is aimed at optimizing data and documentation management, en-
abling management to make informed and prompt management decisions.
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The framework eLab is a client-server system running on Windows and Linux operating systems based on free
software: Debian GNU/Linux, web server Apache, Firebird database server, and PHP application server. Support
for simultaneous operation with multiple DBMSs, including MS SQL and PostgreSQL, is provided. Easy migration
(if necessary) from the Firebird DBMS to any other DBMS, including PostgreSQL, is implemented.

Key system features:

1. Flexible modular architecture: independent functional blocks allow for the assembly of a customized system
configuration to suit any client’s needs.

2. Unified workspace, integration of all modules within a single user interface.

3. Unification and independence, use of a common library of components and system services while maintain-
ing complete isolation of modules from each other.

4, Distributed data storage, support for working with various databases, including those located on different
physical servers.

5. Flexible data management, multi-level filtering and sorting of records.
6.“Tree" tool for structured data display.
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7. Data import, declarative markup language for loading complex forms from Excel and text files with support
for positioning static and dynamic data.

8. Report generator, user-defined creation and editing of summary document templates.
9. Analytics and control, statistical reports, notification system, and change log.
10. Flexibility of access, the ability to search and view data without the need for complex storage reconfiguration.

TECHNICAL ADVANTAGES

Complies with the Concept for Ensuring the Sovereignty of the Republic of Belarus in the Sphere of Digital
Development until 2030, approved by Resolution No. 1074 of the Council of Ministers of the Republic of Belarus
dated December 31, 2024.

The system’s functionality meets advanced global and domestic quality standards.

Technical advantages:

1. Flexibility and openness — the source code is available for user modification.

2. Adaptability — built-in log templates are easily customized to suit any customer’s business processes.

3. Cloud architecture — browser-based operation without the need to install software on workstations.

4. Deployment versatility — support for operation on a local network, over the internet, or on a separate PC.

5. Multi-tenancy — ability to manage business process for different laboratories and organizations within
a single system installation.

6. Intelligence — use of a process-based approach and semantic data technologies.
7. High level of protection — ensuring enhanced information security standards.

8. Access management — provides authorized access to data with administration of access rights to data blocks
and separation of user responsibilities.

9. The solution is based on a modular design — functional modules and individual tools are connected and
configured individually for each project.

10. Specialized tools:

- incoming mail module with message parsing and attachment attribute processing;
— MS search: a built-in database for working with mass spectrometric data;

— DICOM viewer: a module for previewing MRl and CT scan results.

EXPECTED RESULT OF APPLICATION

Effective use of the system optimizes laboratory workflows across a wide range of fields, including chemical and
petrochemical, food, biotechnology, medicine, energy, and nuclear and radiation safety. It significantly accelerates
data processing, from sample registration to passport issuance and record retrieval, and completely eliminates
human errors in documentation. This leads to a significant increase in laboratory productivity and a significant
improvement in the quality of both research and its monitoring.

CURRENT STAGE OF DEVELOPMENT

The development has been implemented at INP BSU, the Ministry of Education of the Republic of Belarus, the
Chemical Toxicology Laboratory of the Minsk City Narcology Dispensary, the 202nd Fuel Chemmatological Center
of the Armed Forces of the Republic of Belarus, and the Department of Nuclear and Radiation Safety of the Ministry
of Emergency Situations of the Republic of Belarus (Gosatomnadzor).

The development is ready for implementation. It can be customized to meet customer needs and translated
into other languages.

INFORMATION ON THE LEGAL PROTECTION

In 2025, the following computer program registration certificates were received from the National Intellectual
Property Center of the Republic of Belarus:

1) No. 1882-KP dated June 23, 2025 “Laboratory Information Management System for Storing Laboratory Data
eLab-LIMS";

2) No. 1905-KP dated August 19, 2025 “Information System for Accounting of lonizing Radiation Sources, Nuclear
Material, and Radioactive Waste for Enterprises and Organizations of the Republic of Belarus eLab-IRS";



DIGITAL TECHNOLOGIES AND ARTIFICIAL INTELLIGENCE

3) No. 1855-KP dated March 6, 2025 “Specialized Online Information Archival System for Nuclear Knowledge
Management eLab-Arxiv".

As a whole, 9 computer program registration certificates from the National Intellectual Property Center
of the Republic of Belarus were received for various modifications of the system eLab between 2008 and 2025.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Testing laboratories of various profiles, higher education institutions, and research organizations.

CONTACT INFORMATION

Svetlana Sytova, Head of the Laboratory of Analytical Research, INP BSU, Doctor of Physical and
Mathematical Sciences, Associate Professor.

Phone number: (+375 17) 242 47 39; (+375 29) 557 64 42

E-mail: sytova@inp.bsu.by

Siarhei Charapitsa, Leading Researcher, INP BSU, PhD in Physics and Mathematics, Associate Professor.
Phone number: (+375 17) 242 47 39, (+375 29) 651 33 91

E-mail: chere@inp.bsu.by
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