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TEXHOJOTUU BYAYLUErO: POBOTU3ALINA, UCKYCCTBEHHBIA MHTENNEKT

. TOCYAAPCTBEHHOE HAYYHOE YHPEXAEHWE
«OBbEAMHEHHbBIM MHCTUTYT MPOBAEM
MHPOPMATUKN HAUMOHAABHOW AKAAEMINIA
HAYK BEAAPYCWy

1. TEXHONOTrUA ABTOMATU3NPOBAHHOIO PACO3HABAHUA T0N0COBDIX
CUTHANOB XXUBOTHbIX A1 OCYLLECTB/IEHUA ABTOHOMHOIO HENPEPbIBHOTO
MOHWTOPWHTA PEAKUX, NCYE3AIOLLUX N NHAUKATOPHbLIX BU10B

U COCTOAHNA BUOPA3SHOOBPA3UA NECHBIX 3KOCUCTEM

(B YACTU TEXHUYECKOW PEANTU3ALLMN)

ONMUCAHUE PA3SPABOTKA

PaspaboTaH MaKkeTHbI obpa3seL; SKCnepuMeHTanbHOro NPOrpamMMHOro obecneyeHnA aBTOMaT3MPOBaHHOIO
pacrno3HaBaHWA roIOCOBbIX CUIHAMIOB, KOTOPbIN AAeT BO3MOXHOCTb MPOBOAUTL [OSITOBPEMEHHDbIV KPYriocy-
TOUHbIN 1 KPYrNI0CE30HHbI MOHUTOPVHT BAOBOrO pa3HOoo6pasmna NTWL, B BbIOPaHHbIX MeCTax 1X NpoXmBaHUA
N 3KOCKCTEMAX.

TEXHUYECKUE NMPEMMYLLECTBA

OTeuecTBEHHbIX aHaNOroB pa3paboTku HeT. Mo cpaBHeHWUIO ¢ 3apybexHbimM aHanorom BirdNet, paspaboTka
MOKeT 0b6pabatbiBaTh ayamodainbl 6onblioro pasmepa u gnutenbHocty (go 14, go 1 16). JataceT ana obyue-
HVA MoZenu co3paBasncs u3 GpainoB, aHHOTUPOBAHHBIX CNeLVaNNCTaMM-OPHUTONIOraMu, YTO AeNlaeT pesysbTa-
Tbl NpeacKasaHuii 6onee TOUHbIMU.

OXUAAEMbIV PE3YJIbTAT MPUMEHEHUA
lMoBbiLEHWE TOYHOCTU OLIEHKIM COCTOAHMSA B1OPa3HO06Pa3Ms NIECHBIX SKOCUCTEM He MeHee YeM Ha 50 %.
CoKpalleHre MaTepuranbHbIX 3aTPAT Ha MOHUTOPVHT PEeAKUX, NCUe3aIoWMX 1 MHANKATOPHbIX BUAOB NTUL.

TEKYLWWAA CTAOUA PA3BUTUA
BbinyLeH onbITHbIN 06pa3eL,.

CBEJJEHUA O MPABOBOI1 OXPAHE
HerT.

MNOTEHUWANDbHDbIE MOTPEBUTEJIN /TN SAUHTEPECOBAHHDIE B PA3BPABOTKE
'HMO «HMNL HAH Benapycu no 6uopecypcamy, CTyAeHTbl NPOQUIbHBIX BY30B, TIOOUTENN-OPHUTONOMN.

KOHTAKTHbIE JAHHbIE

KacaHuH Cepreli Hukonaesmy, 3amecTutesNib reHepanbHOro AMpeKTopa no HayyHon paboTe, KaHanaaT
TEXHUYECKMX HayK, AOLIEHT.

Ten.: (+37517) 270 20 63

E-mail: s.kasanin@newman.bas-net.by
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2. MPOTPAMMHbIV KOMMAEKC CKPMHUHTA 3ABOJIEBAHNI CEPLLIA
W CEPALEYHO-COCYAUCTON CUCTEMbI HA OCHOBE PEHTTEHOBCKMX
W30BPAMXKEHUIN C UCMONb30BAHUEM METO[I0B MCKYCCTBEHHOTO UHTENIEKTA

OMUCAHUE PASPABOTKI

Co3paH NPOrpaMMHbIV KOMIIEKC [1/151 CKPUHIMIHTa 3ab01eBaHNii cepLa v cepeUHO-COCYANCTON CUCTEMBI, OCHO-
BAHHbIN HA aHann3e UMPPOBbIX PEHTTEHOBCKMX N300paXKeHU rPyAHON KNETKN C MPUMEHEHNEM COBPEMEHHbIX
METOAO0B UCKYCCTBEHHOTO NHTesNeKTa. Komnnekc BKoYaeT B cebs1 anroprTMbl KNnaccupukaLmm n cermeHTauum
MeAVLMHCKMNX N306parkeHNIA, pean3oBaHHble Ha OCHOBE CBEPTOUHbIX HelpoHHbIx ceTeln EfficientNet n U-Net.
PazpaboTaH Beb6-nHTepdenc Ans yaaneHHoro 4ocTyna K cucteme.

MporpamMmMHbI KOMMNIEKC MO3BONAET aBTOMATUYECKM BbIABNATb MPU3HAKM NAaTONOMMIN CepaeyYHO-COCyANCTON
CUCTeMbl, TaKMe KaK pacCluMpeHHoe cepiue, pacluMpeHHas TeHb cepaua, pa3BepHyTas aopTa, CKIepos 1 aTepo-
CKnepos ayru aopTbl. TOYHOCTb pacro3HaBaHMA NPU3HAKOB NATONIOTMIA Ha M300PaXXeHNAX rPYOAHON KIeTKM Co-
ctaBnsaet ot 89 0o 98 %. Komnnekc npefgHa3HauveH Ana NOAAEPKKN NPUHATUA ANAarHOCTUYECKUX peLleHniA Npn
OCYLLEeCTBIEHNM CKPUHMHIA 3a00NeBaHNI CEPALIA, CHYMXEHUA HAarpy3Ky Ha Bpayeli-peHTreHoNoros 1 obecneuve-
HWA PaHHEN ANArHOCTUKW NAaTONOM M.

TEXHUYECKUE NMPEMMYLLUECTBA

Pa3paboTaHHbI KOMMIEKC OT/IMYAETCA BbICOKOW TOYHOCTbBIO PAaCno3HABaHA NaTONOMMIA U NCMOJb30OBaHMEM CO-
BPEMEHHBIX aPXUTEKTYP HENPOHHBIX CETEN, ONTUMU3NPOBAHHbIX 151 MEAVLIMHCKNX M306pakeHuni. MporpammHoe
pelleHre peanr30oBaHo C NCMOb30BaHNEM MUKPOCEPBUCHOW apXUTEKTYPbI, YTO obecrneunBaeT MacluTabrpye-
MOCTb N NErkoCTb NHTErpaunmn C CywecTesyrowmmm megnuynHCKNnmMmn cnctemami. B otnnume ot 3apy6e>KHb|x aHa-
NOrOB, KOMMEKC aAanTUPOBaH K 0COBEHHOCTAM PEHTIEHOBCKMX CHUMKOB, MOJTyYeHHbIX Ha 060py[oBaHNK, pac-
npocTpaHeHHOM B Pecny6nvike benapycb 1 ctpaHax CHI. Pa3paboTaHHble anropyTMbl CErMEHTALMK cepaLa npe-
BOCXOAAT CyLIeCTBYOLME OTKPbITbIe peleHnsa no ToyHoctn (Dice-meTpuka B gruanasoHe 0,80-0,95). Komnnekc
noaAepKrBaeT paboTy B pexrme peanibHOro BpeMeHV Ha CTaHAAPTHOM MeMLMHCKOM 0060py[0BaHNN U MOXKET
ObITb JIETKO afanTUPOBaH AN1A peLleHra CMEXHbIX 3afiay aHanr3a MeauLUHCKUX N300paKeHWi.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

BHe,qpeHVle KOMIMJIEKCA MNO3BOJINT MOBbLICUTb KayeCTBO N CKOPOCTb CKPWUHWHIa 3aboneBaHuii cepaoeyHo-
COCWJ,VICTOVI CNCTEMDI, CHU3NTb HArpy3Ky Ha Bpa‘JEVI-pEHTFEHOﬂOFOB, obecneunTb PaHHIKOK ANAarHOCTUKY NaTo-
norun y 60/IbLIOro KONMYecTBa naumeHToB. OTO npuBeaeT K CHUXKEeHUK0 CMePTHOCTU OT cepaeyYHO-COCYyANCTbIX
3aboneBaHuii ynyyweHnto KavecTBa OKa3aHuA MeaNLMHCKOW MOMOLLN HaceneHuo.

TEKYLWAA CTAANA PA3BUTUA
BbinonHeHa HayuHo-MccnefoBaTeNnbcKasn UK OMNbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabota.

CBEZJEHUA O MPABOBOI1 OXPAHE

OO6beKTbI MHTENNIEKTYanIbHOM COOCTBEHHOCTI YaCTUYHO 3aLyuLleHbl cBuaeTenbctBom N2 1619-KIM ot 14.07.2023.
Ha TekyLnin MOMeHT BefieTcs paboTa no NoAroToBKe 3asBOK Ha PerncTpaLuto pa3paboTaHHbIX anropruTMOoB 1 Npo-
rpaMMHOro obecrneyeHus.

NMOTEHUWAJIbHbIE NOTPEBUTENU U/WNIA BANHTEPECOBAHHDIE B PA3PABOTKE

MepunumrHckue yupexgeHusa Pecnybnukm benapycb, ctpad CHI 1 fanbHero 3apy6exbsa, cneyuanvsupyoLyme-
CA Ha VArHOCTMKE CepeyHO-COCYAUCTbIX 3aboneBaHuni.

KOHTAKTHbIE AAHHbIE

KoBanés Bacunuii Anekceesuy, BefyLmnii HayUYHbI COTPYAHMK NabopaToprm aHanmsa bmomeguumnMHCKNX
N3006paxKeHN, KaHAMAAT TEXHUYECKUX HayK.

Ten.: (+37529) 19997 70

E-mail: vassili.kovalev@gmail.com
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PapxaboB AxmeaxaH NagkrumammaAeBmY, MIaALLNIA HayYHbIN COTPYAHMK NabopaTopum aHanm3a
61IOMeULIMHCKNX N306paKeHNIA.

Ten.: (+375 33) 38523 20

E-mail: axmegxah@outlook.com

3.PROJECT ARCANA: TYMAHONbI BYAYLLETO

OMNMUCAHUE PA3PABOTKUN

Project ARCANA — mogynbHas nnatdopma rymaHomaHbIx poboTOB CpefHero Knacca ans obpasoBaTesibHbIX,
nccnenoBaTeNbCKUX Y AEMOHCTPALMIOHHbIX 3aAaay. CucTema COCTOUT U3 MOAYNbHOW MeXaHWKM (CyCTaBbl C CEPBO-
ApariBamu), pacnpefeneHHon anekTpoHrky 1 CAN-LINHBI yNpaBreHns, IMbKoro nporpaMmmHoro cteka ¢ GUI gns
HaCTPOWKM N MOHUTOPWHTA, a Tak»Ke Habopa ceHcopoB (cunosble AaTtumkK, IMU, Kamepbl — OMUMOHHO).

KOHCTpyupoBaHvie OpreHTUPOBAHO Ha JIOKasbHYlo COOPKY 1 cepuiiHoe MacluTabupoBaHye: OTKpbITas anna-
paTHasA apXMTEKTYpPa, CTaHAAPTM30BaHHble HTepdENChl NPUBOAA Vi MUTaHNSA, BO3MOXHOCTI anrperiaa Moaysei.

OCHOBHbIe XapaKTePUCTUKN:

- MopynbHaa cbopKa cycTaBa;

— MHOroKaHasnbHoe ynpasneHue no CAN;

- 3aieprKKa YNpaBieHUs B peXKMMe peasibHOro BpemeHu: < 20 MKC (Ha YpOBHe KOHTPONEPOB);
— OPUEHTMPOBOYHAA CE6ECTOUMOCTb MoAysl poboTa (monHasa cbopka): 13,5-18,0 Tbic. py6.

LieneBble chepbl npUMeHEHUA: yHUBEPCUTETCKME NabopaTopurm, LEeHTPbI MPYKNALHbIX MCCNeAoBaHWU, BbiCTaB-
KW 1 IEMO30HbI, yuYeBHble Kypcbl MO POGOTOTEXHMKE U T. M.

TEXHUYECKUE NMPEMMYLLECTBA

Project ARCANA couyeTaeT MOAYNbHOCTb U SIOKasbHYIO AOCTYMHOCTb CO CTOMMOCTbBIO 3HAUMTENIbHO HUKE 3a-
py6eXHbIX peLueHnin. ApXUTEKTYpa C pacnpepeneHHbiMy KoHTponnepamm no CAN no3sonset MacluTabupoBaTtb
4ynCno NPMBOLOB 1 YNPOLLAET MHTErpaLmio HOBbIX Mogynen. OTKpbiTbii hardware/open-source nogxopn ycko-
pAEeT BHeApeHUe, CHXKaeT bapbep BXxoda A1 06pa3oBaTeNibHbIX YUPEXKAEHWN 1 IOKANIbHbIX MPOW3BOAUTENEN.
Mo cpaBHEHNIO C 3apyOEXXHbIMM aHaloraMu, NPOAYKT JiIerye afanTupyeTcs Nof oKasibHble KOMMOHEHTbI, TPeOY-
€T MeHbLUVX 3aTpaT Ha CEPBUIC 1 UMEET r’MOKMe onumn KacToMmn3aLuuny nog y4ebHble 1 HayyHble 3adaqn.

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

lNoBbllWeHMe KauecTBa NPaKkT1YecKoro o6pa3oBaHmnsA U NcCiefoBaTeIbCKo MHPPACTPYKTYpPbl: LOCTYMHble AnA
006yuYeHVA 1 UCCNefoBaHUN rymaHovaHble nnaTdhopmbl, COKpaLLeHre BpeMeH pa3paboTKy NPUKIagHbIX NPOTo-
TUMOB, YCKOPEHUE NIOKaNIbHOW 3KOCMCTEMbI MPOV3BOANTENEN POOOTOTEXHUKM.

TEKYLLAA CTAQUA PA3BUTUA

BbINonHeHa Hay4yHO-MCCNIefoBaTeNIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TeXHonmornyeckas) paborta.

CBEJEHUA O MPABOBOW OXPAHE

My6nrKaLma NCXogHbIX HapaboToK BblNoHeHa YacTnyHo (GitHub). MnaHmpyeTca pernctpaums naTeHTHOM 3a-
ABKM HAa YHVKalbHble NPUBOJbI/MeXaHNYecKre peLieHra n opopmineHmne ToBapHOro 3Haka B 2026 T.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE

YHUBEPCUTETbI 1 UCCIIeN0BATENbCKIE LIEHTPbI, TEXHUYECKNE KOMNEOXKU, LIeHTPbl PpOBOTOTEXHVKM, KOMMaHWM
B cdpepe R&D 1 4eMonoKa3oB, MHTErPaTopbl BbICTABOYHbIX PELLEHWIA, YaCTHbIe abopaTopu 1 CTapTarnbl, NPo-
N3BOACTBA, KOMMAHUN.

KOHTAKTHbIE AAHHbIE

JNonaTko EBreHmin IMMTpureBmny, pykoBoanTenb npoekta R&D, TeXHNYeCKNIA cneumanmnct no poboToTeXHNKE.
Ten.: (+375 44) 540 02 12
E-mail: lopatkoe12@gmail.com
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Il. PECNYBAMKAHCKOE YHUTAPHOE MPEAMNPUATUE
«HAYYHO-MPOM3BOACTBEHHbIM LLEHTP
MHOTOPYHKLMOHAABHbBIX BECTTMAOTHbIX
KOMMAEKCOB» HALUMOHAABHOM AKAAEMUMA
HAYK BEAAPYCU

4. MHOTOOYHKLMOHAJIbHBIN BECMUNOTHbIA ABUALLMOHHbBIA KOMIJTEKC
OBCNEAOBAHUA TEPPUTOPU B LEENAX BbIABNEHWUA MECT MPOU3PACTAHMA
WHBA3UBHbIX PACTEHUI, NYTEN U CPEACTB UX MEPEBO3KM

OMUCAHUE PASPABOTKI

MHorodyHKLMOHaNbHbIN 6€CNUNOTHDBIN aBUALMOHHDBIN KOMMIEKC 06CNe0BaHNA TePPUTOPUIA B LIENAX BbIAB-
NEeHUA MeCT Npom3pacTaHnA MHBA3VBHbIX PacTeHWi, NyTen 1 cpeacTs rx nepeso3km (MBAK VP) paszpaboTaH ana
obcnefoBaHUA TepPPUTOPUI AN OOHaAPYXEHNA MeCT MPomn3pacTaHNA MHBA3VBHbIX PACTEHUN, NyTel 1 CPeacTB
NX NMepeBO3KM.

Ha3HaueHue:
- Ans obecneyeHns OpraHoB YNpaBieHVA NPaBOOXPAHUTESNIbHbIX CTPYKTYP ornepaTBHOM nHbopMaLmen;

— ANA peleHns 3a4a4 ONTKO-3/1eKTPOHHOMO HabJTIOAEH VS U PErMCTPaLMM AaHHbIX B XOAE BO34YLWHOro MOHM-
TOPWHTa NPUPOLHbIX TEPPUTOPUIA, TAKNX KaK 06HapYKeHne MeCT NPou3pacTaHnA MHBA3UBHbIX PACTEHNIA, Onpe-
JeneHne KOOPANHATHBIX 1 MIOLWAAHbIX XapaKTePUCTVIK MeCT MPOor3PpacTaHia MHBAa3UBHbIX PAacTEHWIA, COMPOBO-
XOeHVie Ha3eMHOro 06BEKTA, [ABMXKYLLErOCA CO CKOPOCTbIo A0 100 Km/u.

B coctaB MBAK NP BxopAT:

- 6ecnunoTHble NieTaTenbHble annapatbl (BJ1A) Tuna «bycen M50»;

— Ha3eMHbIV NYHKT ynpaBfieHns;

- uenesble Harpysku (LH);

- CpepcTBa HazeMHoro obecrneyeHns NoneTos;

-31N-0 — 1 k-T;

— 3KCNNyaTaLOHHaA [OKYMEHTaUus;

— KOMMJIEKT Tapbl A1 TPAHCNOPTUPOBKK U XpaHeHUA anemeHToB MBAK P;

- cneuyanbHoe NporpaMmMHoe obecrneyeHrie 06paboTKM JaHHbIX rMNepcnekTpasbHON CbeMKN.
OcCHOBHble TexHnYecKue xapaktepuctunkm bJ1A:

- pabouniit arianasoH BblcoT noseta — 100-600 m;

- pabouni AnanasoH ckopocTel noneta — 65-100 Km/y;

— MAKCUManbHbIN B3N1IE€THbIN BeC — A0 15 Kr;

- paguyc fencTBMA KaHaNoB CBA3N B YCIOBUAX MPAMON pagnoBUaNMocCT — 8o 50 Kv;
— NPOAOCIIXKNTENbHOCTb NosieTa — He MeHee 90 MuH;

- B3neT bJIA — c KaTanynbTbl;

- nocagka bJTIA — Ha napawtoTe ¢ NocagoyHOM NOAYLIKON 1 OTLIENOM CTPOr;

— KONMYeCTBO LIMKIOB «B3J1eT — nocagka» — Ao 150;

— YCNOBUA MOCAAKM — Ha OTKPbITYIO N HEMOLAIOTOB/IEHHYIO MJIOWaAKy pa3mepom He meHee 100x100 m npu
CKOPOCTU BeTpa Y 3emMnu He 6onee 8 m/c.




CoctaB MBAK WP:

1— MBAK I1P: a — B pexxume noneta, 6 — B cbope B KOHTeiiHepe
2 — Ha3eMHblli NyHKT ynpaBneHus

3 — Karanynbra

4 — (ncrema npuema-nepesaum AaHHbIX

Annapatypa LiH 1-ro Tuna o6ecneunBaeTt aBTOMaTUYECKOE COMPOBOXKAEHMNE MOABVXKHbBIX Y HEMOABUMHbIX KOH-
TPaCTHbIX Ha3eMHbIXx 06beKTOoB. B cocTas LIHT BXOANT ONTUKO-3NEKTPOHHAA cUCTeMa BULeOKaMep TeneBn3nOoH-
HOro 1 MHdpPaKpaCcHOro N306paxxeHus, YTo NO3BONAET BECTV BUAEOHAGNIOAEHNE 3eMHOW NMOBEPXHOCTY B BUAN-
MOM U MHpPaKpaCHOM AManasoHax AJIvH CBETOBbIX BOJH. LIH 2-ro Tvna coctomT 13 runepcnekTpanbHoro v Te-
NEeBW3VIOHHOIO MOy Nel, KOTOpble 06eCcneyrBaoT CbeMKy MECTHOCTU 1 COOP rMNepcrneKkTpasbHbIX JaHHbIX B BU-
AMMOM 1 6NXKHEM MHPPAKPaCHOM Anana3oHax CBETOBbIX BOJH.

TEXHWYECKUE NPEUMYLLEECTBA
Ananoros MBAK WP Ha TeppuTopun Pecny6nmku benapycb HeT.

Mo OTHOLLEHNIO K NyYLLM MUPOBbLIM 06pa3LjamM TexH1YecKue nokasatenu MBAK VP HaxoasaTcs Ha ypoBHe 3apy-
6eXXHOro aHanora — Supercam S35F (rpynna komnaHui «becnunoTHble cuctemMbly, 000 «DuHKo», PO) — dnar-
MaHa cpefy 6eCcnmnoTHbIX aBUALMOHHBIX CUCTEM, TPeAHA3HaUYeHHbIX A1 BbINOSHEHUA PaboT No a3podoToCcheM-
Ke 1 BUOEOMOHUTOPUHTY.

OXUAAEMbI PE3YJIbTAT NPUMEHEHMA
MmnopTosamelleHue.
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Pa3spaboTka no3BonsAeT pewnTb Npobrnemy obecneyeHns MuHNcTepcTBa BHYTPeHHUX aen Pecny6nukn bena-
PYyCb 1 APYrvX 3aUHTEPEeCOBAHHbIX OPraHM3aLMin 6eCnNIOTHBIM aBMaLMOHHbBIM KOMMIEKCOM 1A obecneyeHuns
nX onepaTBHON NHbOPMaLMen, Ans peLleHns 3a8ay ONTUKO-3/IEKTPOHHOIO HabnloaeHNA 1 perncTpaLmmn gaH-
HbIX B XOf€ BO34YLIHOrO MOHUTOPUHIA NPUPOLHbIX TEPPUTOPUIA, CONMPOBOXAEHUA ABVKYLLUXCA U HEMOLABUX-
HbIX OOBEKTOB, BeAEHUA BUAEOHAONOAEHNA 3eMHOI NMOBEPXHOCTU B BUAVIMOM U UHbPaKpPaCHOM frana3oHax
L/IVIH CBETOBbIX BOJIH.

TEKYLWAA CTAOUA PA3BUTUA
Pa3spa6oTka BHeipeHa B NPON3BOACTRO.

CBEZJEHUA O MPABOBOI1 OXPAHE
Hert.

NOTEHLUWAJIbHbBIE MOTPEBUTEJIN U/WIN 3BAUHTEPECOBAHHDIE B PASBPABOTKE
MuHWCTEPCTBO BHYTPEHHMX Aen Pecny6nvkn benapycb, SKCnopr.

KOHTAKTHbIE AAHHbIE

AHucbKkoB Mropb MeTpoBuy, BefyLwMit HayUHbI COTPYAHWUK, KaHANAAT SKOHOMUYECKMX HayK, AOLIEHT.
Ten.: (+375 44) 508 48 18
E-mail: anisavia@gmail.com

5. MHOTOOYHKLUWOHANbHAA MANOTABAPUTHAA TMPOCTABUNTU3NPOBAHHAA
BUAEOCNCTEMA

OMMNCAHUE PA3SPABOTKU
MHorodyHKUMOHabHas ManorabaprTHas rmpocTabunmsrpoBaHHas Bugeocuctema (MMIB) npegHasHaueHa:

- [NA BeieHNA B BUAVIMOM 1 UHPPAKpaCcHOM rana3oHax A/IMH BOJIH BO3AYLLIHOWN pa3BeKy 1 1opa3BeKm nio-
LLAZHBIX Y TOYEYHbIX 0OBEKTOB B AManasoHe BbicoT 150-3000 v;

— nony4vyeHunA pa3Benb|BaTean017| VIHC])OpMaLlI/II/I B MacluTabe BpemeHu, 6/IM3KOM K peanbHOMY;

— aBTOMATMYeCKOro CONPOBOXAeHNA BblleNEeHHOrO HA3eMHOTO NOABMXXHOTO (HENOABMXXHOMO) 06'beKTa C onpe-
[leneHneM ero KOOPAUHAT 1 NapaMeTPOB ABUKEHUSA B peXrMe, ONIM3KOro K pexrmMy peasibHoro BpemeHu, B ToMm
yrcne dopmmMpoBaHNA cCUrHanoB ana ynpaeneHna MGMIB 1 6ecnunoTHbix feTaTenbHbix annapaTos (BJ1A) B pe-
XVMe aBTOMaTMYeCKOro CONpoBOXKAEHUS HA3EMHOTO OObeKTa.

M$MTIB aBnaeTca HeobxoarMon LeneBol Harpy3skon ana bJ1A Bo3aylwHoM pa3BefKkmn 1 Jopa3BeaKu niowaz-
HbIX V1 TOYEUYHbIX OObEKTOB B iMana3oHe BbicoT 150-3000 m; nonyuyeHms pa3BeablBaTesibHON nHbopMaLny B Mac-
wrabe BpemeHU, 65IM3KOM K peasibHOMy, aBTOMATMUYECKOrO CONMPOBOXAEHUS BblAENEHHOTO HA3EMHOMO MOABMXK-
HOro (HeMOABMKHOIO) 0OBEKTA C ONpefeNeHNeM ero TEXHUYECKMX MAapaMeTPOB.

MMIB B BUAMMOM 1 MHOPAKPACHOM Anana3oHe AnH BOMH ¢ GYHKLIMER aBTOMATIYECKOTO CIeXeHINs 33 Ha3eMHbIM 06beKTOM
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B coctaB MMIB BxoauT:

— TeneBM3NOHHbI MOAYSb C 30-KpaTHbIM ONTUYECKNM yBeNMYeHnem;
- VMIK-mopay”nb € y3KnM nonem 3peHus;

- VMIK-mopay”nb € LUINPOKUM NosieM 3peHuns;

— MOZyJb la3epHOro AaNibHOMEpPa;

— JlazepHasn yKaskKa;

— IMMPOCTabUNN3NPOBAHHDIN EKTPONPUBOL;

— MoZyNb 06paboTKM BUAeON306paXKeHUs 1 yrnpaBrneHus.

HoBu3Ha 3akntouaeTca B pa3paboTke OPUrMHANbHBIX KOHCTPYKTUBHBIX PELIeHWI ManorabapuTHOW ONTUKO-
3MeKTPOHHOW CUCTEMBI HA TMPOCTabunmn3npoBaHHoN NiaThopme, B pa3paboTke (agantaumm, oNnTUMM3aLnm) KOM-
NblOTEPHBIX aJIFOPUTMOB COMPOBOXAEHA Ha3eMHbIX 00BbEKTOB AJ1s obecneuyeHust paboTbl MGpMIB B cocTaBe bec-
NMUTOTHbBIX aBMALIMIOHHbBIX KOMMNEKCOB. Pa3paboTaHbl anropuTmbl U UCXOAHDBIV KOZ CreluasibHOro NporpaMmmHo-
ro obecneyeHnsa Ana BbINONHEHWA 3afaHHbIX GyHKUMA MPMIB. Hannurne mopyna aBTomaTtnueckoro conposo-
XAeHna obbeKTa obecneyrBaeT GOpMMPOBaHME YNPABAALNX CUTHANIOB B NMUIOTaXXHO-HABUMALMIOHHBIN KOM-
nnekc bJTIA n 8 MGMIB gns ynpaBneHus NONOXKeHEM ee ONTUYECKOW OCU 1 U3MeHeHWA TpaekTopum BJ1A npu
ABTOMATUYECKOM COMPOBOXKAEHUN HA3EMHOTO 06EKTA, BbII€/IEHHOIO ONnepaTopoM 6ecnuIOTHOrO aBMaLMOH-
HOro KoMIJieKca.

TEXHUYECKUE NPEMMYLLEECTBA

MapameTpbl, yKa3zaHHble Bblle, 06ecneunBatoT bosee BbICOKME TEXHUYECKIME XapakTepucTukn MGMIB no cpas-
HEHUIO C OTeYEeCTBEHHbIMY BreocucteMamu BJTA manoi ganbHocT 1 6nvxHero aeincteus («bycen-My», «bep-
KyT-2», «<bepKyT-239»), B KOTOPbIX UCMOJIb3YeTCA KOMMIEKT CMEHHbIX LieIEBbIX Harpy3okK: nbo poTtokamepa, nnbo
MOZynb pa3BefKu B HpakpacHOM AranasoHe, inbo Moaynb TENEBM3VOHHON pa3BeKky, Tmbo Mmoaysb Heyrnpas-
naemol 0630pHoI Breokamepsbl. Hannune B coctae MOMIB gByx MIK-mogynen (LuMpoKoro 1 y3koro nons spe-
HuA), TB-moayna, na3epHoOro aanbHoMepa, MoLyNA aBTOMaTUYECKOro CONPOBOXAEHUA 06beKTa obecneurBaet 6o-
nee BbICOKMe TeXHUYeCKre xapakTepnctnkn MdMIB no cpaBHEHNIO C OTeUeCTBEHHBIMU OMTUKO-3N1EKTPOHHbIMM
cmcTeMamm, NCnonb3yeMbiMm B cocTaBe KpynHbix BJ1A (Bugeocnctema OGD-30 (OO0 «Kb becnunoTHble BepTo-
netbi») 1 FTO3C (HTL, «JISMT» BenOMO)).

Mo TEXHUYECKUM 1 SKCMyaTaLMOHHbIM XxapakTepuctrkam MMIB HaxoguTca Ha ypoBHe 3apy6eXKHbIx aHano-
roB: Buaeocmctema OTUS U200 (LLseuyus) n Epsilon-175 (Octopus, JlatBusa — N3paunb).

OXWAAEMbIA PE3YJIBTAT NPUMEHEHUA
MmnopTo3amelyeHue.

TEKYLWWAA CTAAQUA PA3BUTUA
Pa3paboTka BHeipeHa B NPOW3BOACTBO.

CBEJEH/A O MPABOBOI1 OXPAHE
Her.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUMHTEPECOBAHHDIE B PASPABOTKE

MuHucTepcTBO BHYTPEHHUX Aen Pecnybnuku benapych, cunosble CTpYKTYpbl Pecnybnvku benapycb, skcnopr,
3apybexKHble 3aKa3umnKu.

KOHTAKTHbIE AAHHbIE

LllaBneB AnekcaHap AnekceeBuny, 3aMecTUTeNb AMPEKTOPA MO HayYyHOW paboTe, KaHAMAAT TEXHUYECKMX HaYK.
Ten.: (+37517) 397 00 91
E-mail: s-alexandr2007@yandex.by
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ll. PECNYBAMKAHCKMM HAYYHO-MNPAKTUYECKNM
LLEHTP «<KAPANOAQOT NS
MWHNCTEPCTBA 3APABOOXPAHEHNY
PECITYBAUKM BEAAPYCb

6. UHOOPMALIMOHHDBIE CUCTEMbBI ANA AUATHOCTUKU
W NPOrHO3UPOBAHUA KU3HEHHO ONMACHDBIX HAPYLLEHUI
CEPAEYHOI0 PUTMA

OMNMUCAHUE PASPABOTKI

NHbopmaLmoHHble crcTeMbl cepun «MHTeKapa» NpeacTaBasaioT HOBOE, YETBEPTOE, MOKONEHUNE SNeKTPoKap-
avorpadum, obbeanHAA NpeunsnoHHoe namepeHmne IKI, KOMMbIOTEPHYIO NHTEPMNPETALMIO AaHHbIX, aBTOMaTW-
YecKyto AVArHOCTVKY, Nepefady AaHHbIX MO TeNIeKOMMYHMKALMOHHbBIM KaHanam 1 MPOrHO3MPOBAHME OMacHbIX
cepaeyHo-COCYyAUCTbIX COOBbITHI.

Bnaropaps opurrHanbHoMy nporpammHomy obecneyeHmnio — «HTeKkapa 3», «<MHTeKkapg 7.4», «/HTekapg 8.2» —
peann3oBaH NHTENEKTYaNbHbI aHaNN3 1 MPOrHO3 XKU3HEYrpPOXaloLWMX TaXnapuTMnUN 1 pUCKa BHe3anHom cep-
[eYHOW CMepPTU, YTO OTKPbIBAET HOBbIE BO3MOMHOCTU 411 PaHHeN NPodunakT1Ky U NepCcoHan3npoBaHHOM Me-
ONLUMHDI.

Cdepbl NnpUMeHeHUs: Kapauonorus, HeBPOJOrA, MyJIbMOHOMOMMA, CMOPTUBHAA MeAULUMHA, TeneMenLmHa
W Hay4YHble UCCeoBaHUs.

TEXHUYECKUE NMPEMMYLLUECTBA

Pa3paboTaH KNUHMYECKM AOCTYMHbIA MHCTPYMEHT SKI-KOHTPONA apUTMOreHHOro cTaTyca NaLuueHToB, OCHO-
BaHHbIV Ha TEXHONIOMMAX UHTENNIEKTYaNIbHOM 06paboTKM CUFHANOoB.

MaTtemaTtnueckas mogens | (oguHamuueckoe HabnogeHe 3a 1025 naumeHTamm C uemMnyeckom 6onesHblo cepa-
ua (MBC) n apTepuranbHoi runepteHsven (Al) B TeueHme 5,2 neT) obecneunBaeT NePCoOHaNN3NPOBAHHDBIN NPO-
FHO3 >KM3HEeYrpoXKatoLmnx TaXMapuTMnNA 1 BHE3aNHOWN cepeyHor CMepTh C TOUHOCTbIO 77 %.

MaTtemaTtnueckas mogens Il (HabntopeHwe 3a 230 naumeHTamu ¢ MIBC n Al B TeueHue 3,3 neT) NO3BOASET NPO-
rHo3mpoBaTb GUbpUNNALMIO Npeacepania M MO3roBoM MHCYNbLT C TOYHOCTbIO 85 %.

AHasnorv pa3paboTaHHON MHGOPMALIMOHHON TEXHONOMM OLIEHKM 31EKTPUYECKON HECTaBUIbHOCTU MOKapAaa
B BocTouHo EBpone 1 A3un He BbISiBNIEHbI, YTO NMOATBEPKAAET YHUKANIBHOCTb Y HAayUHYI0 HOBU3HY.

OXWAAEMbI PE3YJIbTAT MPUMEHEHUA
VHTennekTyanbHble peleHns B Kapauonoruu:
— MUHYC 7 % npexaeBpeMeHHbIX CMepTeil OT cepeYHO-COCYANCTO NaToNorny;

- MUHYC 12 % TSXKenbIX MHBANUAHOCTEN BCeACTBME MO3rOBOr0 MHCYIbTA.
NH$OopMaLMOHHbIe TEXHOMOI K, KOTOPbIe peasibHO CMacatoT KN3Hb.

TEKYLWAA CTAAUA PA3BUTUA
Pa3paboTka BHeZipeHa B MPOU3BOACTBO.

CBEJEEHUA O MPABOBOI OXPAHE
Hert.
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NMOTEHUWAJIbHbIE MOTPEBUTENU U/ 3AUHTEPECOBAHHDIE B PA3PABOTKE

YupexzaeHus 34paBooxpaHeHus (rocyfapCcTBeHHbIE U YaCTHbIE), OKa3biBaKLMe JleuebHO-ANArHOCTUYECKYHO
NMoMoLLb B 0611aCTN KapAroNor1n, HEBPONOTU 1 CNOPTUBHOWN MeANLUHbI.

KOHTAKTHbIE AAHHbIE

®ponos AnekcaHgp Bnagnmmposuny, 3aBeaytowuii nabopatopueil, LOKTOP 61ONOrMYecKnx Hayk,
npodeccop.

Ten.: (+37529) 777 18 12

E-mail: frolov.minsk@gmail.com

KpynenwuH Bnagumup Masnosuy, gupektop Y «Kapgnax».
Ten.: (+37517) 37440 25
E-mail: info@cardian.by
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V. HAYHHO-MCCAEAOBATEABCKOE Y4PEXAEHUE
WMHCTUTYT NPUKAAAHBIX PUSNHECKNX TIPOBAEM
MMEHW A. H. CEBHEHKO» BEAOPYCCKOIO
[OCYAAPCTBEHHOTIO YHMBEPCUTETA

7. PEHTTEHOBCKWUI MUKPOTOMOT PA®

OMNMUCAHUE PASPABOTKI

PeHTreHOBCKMI MUKpOTOMOrpad npefHa3HaueH 4if NpoBeAeHVs UCCIEA0BAHNUI MO ONpeAeneHo BHYTPEH-
Heli CTPYKTYpbl OOGbEKTOB METOAAMVM Hepa3pyLLaloLLero KOHTPOSIA C UCMOb30BaHNEM PEHTTEHOBCKUX NyYeil.
B kauecTBe 0OBLEKTOB MCCNeOBaHSA BbICTYMAIOT G10NOrMYeckne 06bEKTbI, 3AeNUA MUKPOINEKTPOHUKN, MI-
KPOMEXaHUKN.

MuKkpoToMorpad COCTOUT U3 UCTOYHUKA PEHTTEHOBCKUX NyUel, LdpOBOI PEHTTeHOBCKOM 2D-Kamepbl, KOM-
MbIOTEPU30BAHHOW CUCTEMbI YIPABIEHMA MOBOPOTOM 06pasLia C yaasieHHbIM JOCTYMNOM MO UHTEPHETY, d11eMeH-
TOB PEHTFEHOBCKOW ONTUKY /151 GOPMUPOBAHUS PEHTTEHOBCKOIO MyyKa.

TexHUYecKre XxapakTepUCTUKN MUKpoToMorpada:

— MPOCTPaHCTBEHHOE pa3pelueHne Tomorpada 20 MKM;

- none 3peHna Tomorpada 18x12 Mm%

- NporpammMmHoe obecneyeHme ana NOCTPOEHNA TOMOrPadUUecKrx N306paxKeHNI;

— MHOTO3/1eMeHTHas NpenoMAALLan PEHTIEHOBCKAA JIMH3a ¢ GOKYCHbIM paccToaHreM 50-100 Mm ans Goky-
CMPOBKU PEHTIeHOBCKUX MYYKOB C 3Hepruen 8-20 K3B.

UcTouHKK

PenTreHoBCKMil MUKpoTOMOTpad

TEXHUYECKUE MPEMMYLLECTBA

B TPaguuUMOHHbIX NPOEKLMOHHBIX PEHTIEHOBCKMX MUKPOCKOMax M Tomorpadax MCnosb3yoTca Mukpodo-
KyCHble PEHTIeHOBCKIME TPYOKM C GOKYCHBIM MATHOM OKOJIO 5 MKM Wi MeHblue, YTobbl chOoKycmpoBaThb deK-
TPOHHbI Jly4 B PEHTFEHOBCKOW TPY6Ke B MATHO pa3mepoMm, Hanpumep, 5 MKM, HEOBXOANMO MoLaBaTb HA PEHT-
reHOBCKYI0 TPYOKY BbICOKOE HarnpsikeHvie BenunyrHoi okosno 100 KB, npu 3Tom B crekTpe nsnyyeHus Tpy6Ku
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NMOMVIMO XapaKTEPUCTUUYECKON COCTaBNAIOLLEN OYAET MPUCYTCTBOBaTb TOPMO3HOW GOH BbICOKOIHEPTETUYECKOTO
n3nydyeHus. 1na KOPpPeKTHON 06paboTKMN pe3ynbTaToB NPOCBEUMBaHNA 06 bEKTOB NPEANoYTUTENIbHEE UCMOSb-
30BaTb MOHOXPOMATNYECKOE U3TyYEHWE, YTO NMPAKTUYECKN HEBO3MOXHO NPY BbICOKOM HaMPAXEHNN Ha peHTre-
HOBCKOWV Tpy6Ke. B Tomorpade ansa nonyyeHns n3obpakeHnii 06 beKTOB UCMOJb3YETCA KOHTAaKTHbI MeTOf, Koraa
00BbEKT pacroniaraeTcs 6/IM3KO K PEHTTEHOBCKOW KaMepe C BbICOKVM NMPOCTPAHCTBEHHbBIM pa3peLleHrieM. B Kaue-
CTBE NCTOUYHVIKOB PEHTIEHOBCKOIO U3/TyYeHNs UCMOSb3YTCS PEHTIEHOBCKUE TPYOKM C GOKYCHBIM MATHOM OKO-
no 500 MKM 1 paboTatoLire Npu OTHOCUTENbHO HU3KKX 3HaueHusAxX HanpskeHust (10-30 KB). MprmeHeHMe Takrx
MNCTOYHMKOB M3/1yYeHNsA NO3BONAET MCMONb30BaTb KBa3UMOHOXPOMATUYECKE PEHTIEHOBCKME NMYUKM, YTO AaeT
BO3MOXHOCTb KOPPEKTHO MPOBOAUTb PacyeTbl MPOMYCKaHWA OOBbEKTOB.

OMXWUOAEMbIV PE3YJIBTAT MPUMEHEHUA

Bnepsble B Pecnybnvike benapycb pa3paboTaH pPeHTreHOBCKMI MUKPOTOMOrpad, KOTopbil ByaeT Mcnosb3o-
BaTbCA AJ19 BOCCTAHOBMIEHUA KaPTUHbI BHYTPEHHEW CTPYKTYpbl 0ObeKTa 1 Ana obyueHnsa CTyLeHTOB Nprbopo-
CTPOUTENBHbBIX U PAANOGU3NYECKUX CrieLnaibHOCTEN.

TEKYLWWAA CTAANA PA3BUTUA

BbinosiHeHa HayYHO-MCCefoBaTeNIbCKan UK OMbITHO-KOHCTPYKTOPCKasA (TexHosormyeckas) paboTa.

CBEAEHUNA O MPABOBOW OXPAHE

MaTteHT N2 8602 Ha nonesHy Mofenb «YCTPOMCTBO AfA NOMyYeHUA MOHOXPOMATMUYECKOro PeHTreHOBCKOro
MUKponyuyka» oT 16.12.2011.

NMOTEHUWAJNbHBIE MOTPEBUTEJIN U/WJTN SAUHTEPECOBAHHbDIE B PA3PABOTKE

YuebHble 3aBefieHVA Paguodr3nYecKkoro 1 NprubopPoOCTPOUTENBHOIO MPOGUIA, B YHaCTHOCTM GaKyNbTET paano-
bU3MKM 1 KOMNBIOTEPHDBIX TEXHOMOT NI 1 pr3nvecknii dakynstet BIY, a TakxKe opraHmnsaumy HauroHanbHow aka-
aemum Hayk benapycn, OAO «MHTETPAT».

KOHTAKTHbIE AAHHbIE

Oynuvik tOpuit iBaHOBUY, 3amMecTUTeNb AUPEKTOPa, KaHAUAAT GU3MKO-MaTEMATUUYECKMX HayK.
Ten.: (+37517) 260 37 76
E-mail: Dudchik@bsu.by
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V. Y4PEXAEHMNE OBPA3OBAHMS
(AKAAEMNA MUHNCTEPCTBA BHYTPEHHMX AEA
PECINYBAMKUN BEAAPYCby

8. ACCUCTEHT OPNCTA HA OCHOBE TEXHONIOTUU UCKYCCTBEHHOIO NHTEJIIEKTA

OMNMUCAHUE PASPABOTKI

ACCUCTEHT lopurCTa NpefcTaBnsaeT cobon nnatdop-
My ANA aHanM3a HOPMATMBHbIX MPaBOBbIX aKTOB,
pa3peLleHmnsa BONPOCOB NPaBOBOW HanpaBieHHOCTU
1 NpeaBapuTenibHON KBanpukauum coobitus. Cucre-
Ma npeaycMaTpuBaeT MHOTO3TamnHyo 06paboTKy fo-
KYMEHTOB, C NocsieayoLWwmm NCNoib30BaHNEM UX CO-
[EepPXKNMOro B KauecTBe KOHTEKCTHOW 6a3bl AN B3a-
MMOLENCTBUS C 6ONbLLION A3bIKOBOW MOJESbIo U UC-
KyCCTBEHHbIM MHTennekTom (MN).

3arpyska TeKCTa HOPMaTMBHOIO MPaBOBOrO aKTa
OCyLLecTBAAETCA agMMHUCTPATOPOM. Kaxgomy 3a-
rpy>kaeMoMy TeKCTOBOMY KOHTEHTY npucCBavBaeT-
CA JOKYMeHTaNlbHOe MM#A, Ha3HavyaeMoe Monb30Ba-
Tenem (Hanpumep, YronoBHbIN Kogekc Pecny6nuku
Benapycb). ima anseTtca ngeHTMNKaTOPOM, KOTO-
pbii CUCTEMA aBTOMATUYECKM UCMONb3yeT B KauecTBe
NnepBUYHOro oNMncaHna fokymeHTa. OnncaHme nHaekK-
cmpyeTca 1 ncnonbsyetca mogenbio VM ana oueHkn
peneBaHTHOCTM JOKYMEHTa 3anpocy Nosib3oBaTens.

[lokymeHT coxpaHsieTca B GpaiinoBoi cucteme cep-
Bepa B dopmate «*.txt». ¢ yHukanbHbiM UUID B Ka-
yecTBe MMeHW. MeTaflaHHble (JOKYMeHTanbHoe NMsA
[IOKYMEHTa, OnrcaHne) BHepATCA B Havano daiina
C UCMOJb30BaHMeM crieLanbHbiX NpeduKkcos 1 cysd-
¢dukcos, uto nossonseTt mogenu N KoppekTHO mx
N3BJIeKaTb.

Mpw noAroToBKe OTBETa COEPKMNMOE fOKYMEHTOB
N3BNIEKAeTCA 13 XpaHUNKLLA 1 arpermpyeTcsa B eau-
HbIi KOHTEKCTHbIN 610K. B 3aBUCMMOCTY OT 06bema,
cucTeMa NpUMEHsEeT OfiHY 13 CTpaTernin:

1. Ecnv o6wmin o6bem TeKCTa He NPeBbILIAET NMMU-
Tbl AN15 BbI6PaHHO MOZENN, BECb KOHTEKCTHbIN 610K
HanpamMyio nepefaeTcs e ansa o6paboTKu.

2. Ecnu o6wnin 06bem NpeBbILLAET IMMUAT — UCXOS-
HbIli KOHTEHT eKOMMO3UPYETCA Ha NocnefoBaTeslb-
Hble CerMmeHTbl (YaHKM) GUKCMPOBAHHOIO pa3mepa.

Kaxpabil YaHK nocnefoBaTefibHO OTMNpaBAsAeTcA
B Mogenb . pomnT Ana KaXkgoro YaHka BKovaeTt
CMCTEMHbIE 1 MOMNb30BaTeNbCKME NHCTPYKLNN, NCXoa-
HbI1 BOMPOC NOJIb30BaTeNA U CaM YaHK C YKa3aHnem

Borodinbaa

Nuyo e sBospacte 15 set yuacTeoeano B pazboiHOM HanageHwm,
GYAET AW OHO NOANENETL MPHENEYEHMIO K YTOROBHOW
OTBETCTBEHHOCTH?

121 /15000

NPOAONXWUTD

3anpoc nosib3oBatena

D) - COBLKA HA MCTOMHWK

Mla, muo B Bo3pacTe 15 NET NOANENHT NPHABUEHMIO K YTOAOBHOR
OTBETCTBEHHOCTH 33 YHACTWE B Pa3BOHHOM HanaaeHHH.

OcHoBaHuA npuoneyeHHA K OTBETCTBEHHOCTH

Mo obuesy NpaBwy, YTONOBHOW OTBETCTBEHHOCTH NOAMENHT
AMUO, ADCTHTILEE KO BPEMEHH COBEDILEHNA NMPECTYTUAEHHA

i temien et sl Slose
WeCTHAAUATHAETHED BO3PacTa ( yacTe 1 crateh 27 Yronossoro

OpHaKo 3aKOHOATENLCTEOM YCTAHOBAEH NEPEYEHE MPECTYTUAEHHN,

OTBETCTBEHHOCTS 33 KOTOPLIE HACTYNAET C HETHIPHAALUATH neT. B

3TOT NepeveHs BxoaMT pasbod (crates 207 YK PB), koTopuii

OMPEAENRETCR K3k NMPUMEHEHHE HICUIWA, ONSCHOTD ANA KHIHW AW

3A0pOBLA NOTEpPREBIEro, IGO0 YTPO3a NPMMEHEHH:A TAKOID

HACMAMA € LIEABID HENOCPEACTEEHHOND 33BAANEHWA MMYLLECTEOM
10 yacTk 2 cratem 27 ¥ronosHoro koaekca

b ). Takum 06pazom, 15-neTHee AMUD RBARETCA CyBhexToM
AAHHOID NPECTYTLASHHA.

[TpenoctaBnenHblii 0TBET
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ero nopsaaKoBoro Homepa. Mogenu VIV faeTcs 3agava n3Bneub U3 YaHKa MHGOPMaLMIO, PeneBaHTHYO NCXOAHO-
My BOMPOCY, ¥ NPefOCTaBUTb KPaTKMii OTBET.

Ha ocHoBe OTBETOB MO KaXAOMY YaHKY MPOUCXOAUT GprHaNbHAA CUHTE3UpYIoLan 06paboTka, 06beanHAA uUx
B HOBbII, 60s1ee KOMNAKTHBbIN, HO UHGOPMALIMOHHO HACbILLEHHbI KOHTEKCT. DTOT arpernpoBaHHbIN KOHTEKCT BMe-
CTe C CUCTEMHbBIMI 1 NONb30BaTENbCKUMU NHCTPYKLMAMU, NCXO4HbIM BOMPOCOM NOJib30OBaTeNA OTNpPaBAAeTCcA
B A13bIKOBYIO MO€eSb ANl reHepaLmnmn ¢puHanbHOro, 06001 eHHOro OTBETa.

fl3bikoBasA Mofenb 06pabaTbiBaeT NOYUYEHHbIN MPOMMT U FrEHEPUPYET UTOMOBbIN OTBET.

Takum o6pa30M, npouecc 06pa60TKI/I ABNIAETCA KOMMNIEKCHbIM 1 MHOTO3TanHbIM, COYETaA CTPYKTYpUpOBaHHOE
XpaHeHMe OaHHbIX, CemMaHTUYeCKnin aHann3 Ha ocHose VI, aganTnBHble cTpaTternn B3aUMOLJENCTBUA C 60nbLIN-
MW A3bIKOBbIM MOAENAMU NN ME€XaHU3Mbl obecrneyeHus OTKa30yCTOVI‘-II/IBOCTI/I.

TEXHUYECKUE NMPEUMYLLECTBA

flBnsieTcA BnepBble pa3paboTaHHbIM aCCUCTEHTOM HOPUCTA, QYHKLMOHUPYIOLW MM Ha ocHoBe mogenu NN, Ha Tep-
putopun Pecnybnukn benapycb (cpefum obLen3BecTHbIX U CBOOOAHO pacnpocTpaHaeMbix mogenen). CooTeeT-
CTBYeT 3apy6exXHbIM aHanoram.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

M03BONUT CHM3UTb BPEMEHHbIE 11 SKOHOMUYECKIE 3aTpaTbl NPV pa3peLleHnn 3a8ay pUaNYECKON Hanpas-
NEHHOCTMN NyTeM NpPeACTaBNEHUA IOPUCTY A4J1A aHann3a OTBETA CO CCbITKaMy Ha HOPMATUBHbIE MPABOBbIE aKTbl.

TEKYLLAA CTAAUA PA3BUTUA
BbinonHeHa Hay4HO-MCCNeoBaTeNIbCKanA UM OMbITHO-KOHCTPYKTOPCKanA (TeXHonornyeckas) pabota.

CBEJEHUA O MPABOBOW OXPAHE
Hert.

MNOTEHUWANbHbBIE NOTPEBUTEJTA /WU 3AUHTEPECOBAHHDIE B PA3SPABOTKE
OpraHbl rocyaapcTBEHHOrO YNPaB/IeHUA, IPUANYECKME KOHCYNbTaLuN.

KOHTAKTHbIE AAHHbIE

BbanuTknH Anekcanap Banepbesuy, goueHT Kadegpbl MHGOPMaLMOHHOMO Npaea akynbTeTa KPUMNHANBHOWN
MUALNN, KAHAWUAAT IOPUONYECKNX HaYK.

Ten.: (+37517) 28921 39

E-mail: info@amia.by
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VI. BEAOPYCCKWMN HALUMOHAABHbIN
TEXHUYECKMN YHUBEPCUTET

9. 06PA30BATE/IbHAAl UHTENNEKTYANbHASA TEXHONOTUA UCCNELOBAHUI
MAPAMETPOB NEKTPUYECKMX LEENEN

OMNMUCAHUE PASPABOTKI

O6pa3oBatefibHasA VHTENNIEKTyallbHasA TEXHOSIOMUS NCCIeL0BAHUNI MapaMeTPOB NIEKTPUYECKUX Lienel npefHa-
3HaueHa /151 UHTErPUPOBAHKA CKYCCTBEHHOIO MHTENIEKTa B 0Opa3oBaTesibHbIV MPOLLECC BbICLIErO yYeOHOro 3a-
BeZEHVA MO yYebHbIM ANCLMIIIVIHAM «DNIeKTPOTEXHVIKa» 1 «TeopeTnyYeCcKne OCHOBbI 3/IEKTPOTEXHUKUY, A B faflb-
Hellwem — B NPOV3BOACTBEHHYIO AEATENIbBHOCTb CUCTEM 3NIEKTPOIHEPreTUKIM, 06ecrneunBas NoBblleHME b dek-
TUBHOCTU NPUHATUA PELLUEHNI O COCTOAHMM cucTeM. OGpa3oBaTenbHas VHTENEKTyaNlbHAA TEXHONOMNS BKJTIO-
yaeT yeTblpe moayns: 1) «/iccnenoBaHme Lener NepemMeHHOro CMHYCOMAANbHOro Tokay; 2) «MccnefoBaHue pe-
30HAHCHbIX PEXMMOB 31eKTPMYECKON Lenwuy; 3) «/iccnenoBaHne KOMMEHcaUnmy peakTMBHOM MOLLHOCTU Harpys-
Kux; 4) «MlccnepoBaHue Lieneli TpexpaszHoro Toka». Kaxkaplii Mogyrnb NnpeacTaBisieT coboln nabopaTopHyio pabo-
Ty, BbIMOMHAEMYIO B 1Ba 3Tana. [NepBbiii 3Tan — «[naHnpoBaHve 3KCNeprMeHTa» — OCYLLECTBAETCA B KOMIbIO-
TEPHOM KJ1acce C NCMoJIb30BaHVEM COOTBETCTBYIOLLETO TEXHNUYECKOTO 1 MPOrpaMMHOro obecneyeHus,, BKoYa-
toLero cnewuuvanbHble NnathopMbl A1 OCBOEHUA HENMPOCETEBBIX TEXHONOMMIA MO YCNTOXKHEHWIO: FeHEPUPOBAHNA,
CUMYNIMPOBAHUS YNCEN; MOLENNPOBaHUS MPOLIECCOB, MPOTEKAOLMX B IIEKTPUYECKUX LiEMNsiX, KOMOUHATOPUKY,
pacyeToB KOBapuaLuuu, aHanmsa CTaTUCTUKK, NMPOrHO3UPOBaHUs, 06/1aYHOTO XPaHEeHWA faHHbIX, ONTUMK3aLUN
BXO[HbIX 1 BbIXOAHbIX MapaMeTPOB, 0byUeHusi HelpoceTu. Bropoii atan — «[poBefeHre 3KCneprMeHTa» — pe-
anmn3yeTcA B y4eOHO 3N1EKTPOTEXHNYECKON TabopaTopui C UCMOSIb30BAHMEM CPEACTB U3MEPUTENTbHON TEXHUKN
Ha TexHnJeckol 6aze Kapeapbl «<DNEKTPOTEXHUKA 1 SNIEKTPOHKA» C y4eTOM 06paTHOW CBA3N.

TEXHUYECKUE MPEMMYLLUECTBA

VIHHOBaUVOHHasA pa3paboTKa ABNAETCA YHMKabHOM, OHA HaMnpaB/eHa Ha NpefoCcTaBeHre 06yUaloWwmMmcs one-
pexatoLLmnx 3HaHUI B 06/1aCTU S1EKTPOIHEPTETUKM 1 COBPEMEHHbIX KOMMbIOTEPHbBIX TEXHONOT WA, [penmyLlecTBa:
1) BO3MOXXHOCTb peLleHUs NPAMbIX 1 06PaTHbIX 3aAay Mo pacyeTy NapaMeTPOB NEKTPUYECKUX Lenei; 2) rnb-
KOe HOPMUPOBaHKE TOYHOCTY; 3) HAKOMEHWE CTaTUCTVKU U PEryNapHOe OGHOBIIEHNE JaHHbIX; 4) MPOrHO3MPO-
BaHVie U MOAENNPOBaHVE MPOLIECCOB, MPOTEKAIOLWMX B SNEKTPUYECKIMX LieNAX B LMKIe yepe3 0bpaTHYIo CBA3b;
5) 6bICTPOTa BbINOSIHEHVISA BbIYNCSIEHNTA.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA
MoproToBKa, onybnnKoBaHye 1 rocyAapcTBEHHaA perncTpauma 1abopaTopHOro NpakTMkyma.

OcBoeHMe NabopaTopHbIX PaboT B pamMKax 00yUeHs B BbiCLIEM y4eOHOM 3aBeAeHMMN UV NMOBbILWEHVS KBaSIW-
dvikauuun. PaspabaTbiBaeman MIN-mopenb nHTerprpyeTcs B 06pa3oBaTesibHbIN NPOLecC Kak «BUPTYasnbHbI na-
60paHT». BMeCTo MpoCToii CBepKM KOHEYHOTO OTBETA, CUCTEMA B PEaSIbHOM BPEMEHU aHANM3UPYET XOf peLleHus
CTyfleHTa Npu pacyeTe nabopaTopHol paboTbl. Mofesnb BbiABIAET METOLOIOMMYECKUe OLWNGKK (Hanprmep, He-
BEPHO COCTaBNIEHHOE YpaBHeHMe Mo Knpxrody nnm ownoKy B KOMMIEKCHbBIX YCIAX), NPeAOCTaBAAET KOHTEKCT-
Hble MOACKA3K 1 BU3Yyann3npyeT pe3ynbTaTbl (Hanpumep, BEKTOPHbIe AnarpaMmbl).

BHepeHMe NonyyeHHbIX HaBbIKOB 1 3HaHWI B MPOW3BOACTBEHHbIV Npouecc. MpuHLMUN pacyeTa napaMeTpos
Lenu, oTpaboTaHHbIN Ha yUebHbIX 3afadax, NPUMeHseTcs K «LdpOBbIM ABOVHNKAaM» SHEPrOOOBEKTOB. DHep-
rocrcTeMa — 3TO CJIOXKHAA ANeKTpryeckas Lenb. -mopenb, 0byueHHas Ha 3TalloHHbIX NapamMeTpax (ToKu, Ha-
npseHus, Ga3oBble CABWIM), UCNONb3yeTcs Afis:

— MPeANKTUBHON ANArHOCTUKI: MOHUTOPUHE OTKITOHEHWI peasibHbIX MapaMeTPOB OT PAaCcUeTHbIX, YTO CUTHASN-
3UpyeT 0 Aerpagaunv obopyaoBaHus (Hanprmep, 3MeHeHMe CONPOTUBIEHA N30ALMM) [0 aBapuu;

— ONTUMM3ALMN PEXKUMOB: SKCMPECC-PAcUeT PEXMMOB 419 MUHUMM3ALMM MOTEPb MOLHOCTY B CETU B pealb-
HOM BpeMeHW.
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TEKYLWAA CTARUA PA3BUTUA

BbinonHeHa Hay4yHO-KCCNeoBaTeNIbCKas UK OMbITHO-KOHCTPYKTOPCKas (TeXHoMormyeckas) pabota.

CBEAEHNA O NPABOBOW OXPAHE

I'Ipe,u,nonaraeTCH nofava 3aABKU Ha noJiyvyeHne nateHTa, perncTtpayuio KOMI'IblOTepHOIZ nporpammbl.

NOTEHUWANbHbBIE NOTPEBUTEJTA U/WITN 3AUHTEPECOBAHHDIE B PA3SPABOTKE
Bbiclume yuebHble 3aBefjeHNA, OCyLLeCTBAAOLIME NOATOTOBKY CTYAEHTOB MO SHEPreTUYeCcKUM CrneLnanbHOCTAM;
OpraHu13aLnmn CeKTopa SHePreTUKM; MHCTUTYTbl MOBbILIEHNA KBaNUPMKaLM 1 NePenoaroToBKN.

KOHTAKTHbIE JAHHbIE

CaBkoBa EBreHus HukonaeBHa, foUeHT Kadbeapbl SNEKTPOTEXHUKN U SNEKTPOHUKM, KaHANAAT TEXHUYECKUX
HayK, AOLIEHT, pyKOBOAMTESb OTAENA Pa3paboTKu.

Ten.: (+375 29) 683 90 06

E-mail: evgeniya-savkova@yandex.ru

PuHroeckui ViBaH AnekcaHgpoBuY, MarncTpaHT Kadeapbl «DeKTpocHabXeHne», accucTeHT Kadeapbl
«INEKTPOTEXHUKA U INEKTPOHMKA.

Ten.: (+37533) 6024875

E-mail: rihgov@tut.by
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VII. YHPEXAEHME OBPA3OBAHNA
«(TPOAHEHCKNN TOCYAAPCITBEHHBIN YHUBEPCUTET
MMEHW AHK KYTTIAAbBI»

10. TEXHOJIOTUA AUTOMATIC DATA MINING BASED ON CLUSTER STRUCTURES
A1 ABTOMATUYECKOTO OBHAPYXEHUA CKPbITbIX 3AKOHOMEPHOCTEN
HA OCHOBE KJIACTEPHbIX CTPYKTYP

OMNMUCAHUE PASPABOTKI

Pa3paboTaHa 1 NpoTecTUpoBaHa Ha peanbHbIX AaHHbIX TexHonorna Automatic Data Mining Based on Cluster
Structures, KOTOopas KapAVHaIbHO OTINMYAETCA OT TPAANLMOHHO NCMOSb3yeMbIX, OCHOBaHHbIX Ha MeToaax Machine
Learning. TexHonorus 6a3npyeTcsa Ha OPUrMHaNbHOWM MaTeMaTUYECKON MOLENN U CreuranbHO pa3paboTaHHbIX
anroputmax. HanvcaHo 1 anpobrpoBaHo Ha peanbHbIx Habopax AaHHbIX MPOrpamMMHOe NpunoxeHuve. Ecnv B Ha-
cToALLee Bpems MaLllHHOE 00yYeHMe BbIMOSHAETCA B aBTOMATU3MPOBAHHOM pexrMe C 06A3aTeNIbHbIM yuyacTmem
cneumanucTa B obnactu Machine Learning (oH BbibripaeT Mogfenb, napameTpbl U popmupyeT training dataset u test
dataset), To npeanaraemas TeXHONOrMA NpefyCcMaTprBaeT NpoBefeHrie 06yYeHUA B aBTOMaTUUYECKOM peXnMe.

TEXHUYECKUE NMPEMMYLLUECTBA

TexHonorua 6a3V|pyeTc;=| Ha OPUTMHAJIbHOM MeTOAE UHTEJINEKTYallbHOro aHanms3a AaHHbIX. MeTon ocHoBaH
Ha HOBOM noaxone K npo6neme dHa/lM3a faHHbIX N npefyCcMmaTpuBaeT 06Hapy>KEHVIe B JaHHbIX paHEe HEN3BECT-
HbIX, MPAKTNYe€CKN NONE3HbIX N AOCTYMHbIX I/IHTepI'IpeTaLlI/IVI B paMKaXx npenmeTHon obnactu 3aKOHOMepHOCTEIZ.
B oTnnume ot MmeTogoB MaluMHHOIO 06y‘-IEHVIF| o6pa60TKa AaHHbIX 06yqa}ou.|,el7| BbI60pKI/I npoxoanT B aBTOMaTun-
4YeCKOM, a HE aBTOMAaTU3NPOBAHHOM PeXKME, N BbiABIAEMbIE€ 3aKOHOMEPHOCTUN MOTYT 6bITb NPoONHTEPNPETNPO-
BaHbl B TEpPMUNHaX I'Ipe,ElMeTHOIZ obnacTu.

OXWAAEMbIV PE3YJIBTAT MPUMEHEHUA

SaaS-npunoxeHue, KoTopoe byaeT NpPefoCTaBATb BO3MOXKHOCTb MOSIb30BaTEN0-NPeAMETHUKY CAMOCTOATENb-
HO (6e3 yuacTua cneymanuctoB B o6nactm Machine Learning) npoBoavTb MHTENNEKTYasIbHbI aHau3 AaHHbIX,
TO €CTb BbIAABNATb U UHTEPMPETUPOBATb CKPbITbiE 3aKOHOMEPHOCTY B IaHHbIX.

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

CBEZJEHUA O MPABOBOI1 OXPAHE
HeT.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ SAUHTEPECOBAHHbBIE B PASPABOTKE

NT-komnaHum MNapka Bbicoknx TexHonoruii, PHINLU v gpyrue HayuHble yupexaeHuns, MpoMblLLIeHHble npeanpu-
ATUA, TENEKOMMYHUKALNOHHbIe NPeanpuATUA, TOProBble CeTU 1 ap.

KOHTAKTHbIE OBAHHDIE

PopueHko Bagum Mpuropbesuy, foLeHT Kadeapbl COBPEMEHHBIX TEXHONIOMMI NPOrPaMMPOBaHWSA, KaHAMAAT
TEXHUYECKMX HayK, AOLIEHT.

Ten.: (+375 29) 786 98 48

E-mail: rovar@grsu.by
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VIIl. YSPEXXAEHME OBPA3OBAHNA
(BUTEBCKMN TOCYAAPCTBEHHbBIN YHMUBEPCUTET
MMEHWM 1. M. MALLEPOBAY

11. UUOPOBAA MOAEJb PENILEGA BUTEBCKON OBJIACTH

OMNMUCAHUE PA3PABOTKHN

Lindposas mogenb penbeda Butebckoin 061acT — 3T0 MHHOBALMOHHAA reonpoCTPaHCTBEHHaA pa3paboTKa,
CO3[aHHaA B paMKax HayYHO-1CC/IeA0BaTeNbCKON feATeIbHOCTY yueHblx YO «BuTe6CKmin rocyfapCcTBEHHDBIN YHU-
BepcuteT nmeHn M. M. MaluepoBa» (cBUAeTeNbCTBO O rocygapcTBeHHOM peructpauum N2 182 OAT ot 07.04.2025).

PaspaboTka npencTaBnseT coboi BbICOKOAETaNM3NPOBaHHYIo LUndpoByo Moaesnb penbeda (LIMP), noctpo-
€HHYIO Ha OCHOBE COBPEMEHHbIX METOA0B ANCTAaHUMOHHOIO 30HANPOBaHMA, FeOVIH(I)OpMaLlVIOHHbIX TeXHOoornm
1 anroputMoB 06paboTKM MPOCTPAHCTBEHHbIX AiaHHbIX. Mofenb obecneunBaeT TOUHOE OToOpaxeHue penbeda
TeppuTopun Butebckoi 0611acTvi C BO3MOXHOCTbIO MHTErpaLv B CUCTEMbI ICKYCCTBEHHOTO UHTENIIEKTA U aBTO-
MaTV3UPOBAHHOTO aHanr3a naHgwaodTa.

a

Buayanuzauma undposoit mosenn penbeda Butebckoit 06nactin B nporpamme ArcGlS

SEIEMITUDF, H-44 AANOE A OPAZ @,

Kaprorpaduueckas mogenb YeTBePTUYHbIX OTI0KEHNIA, HaNOXeHHaA Ha LndpoBylo Mogens penbeda Butebekoii obnactu Ha nnatpopme MC QGIS
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Cdepa nprMmeHeHNS: IPaAOCTPOUTENBCTBO, IKONOMMYECKMI MOHUTOPWIHT, CENIbCKOE U IECHOE XO3ACTBO, YpaB-
NeHve Ype3BblYaliHbIMU CUTYaLMAMY, MPOEKTUPOBaHNE NHGPACTPYKTYPbI, @ TaKXKe HayuHble 1 0bpa3oBaTesib-
Hble Lenin. Mogenb MOXeT 6bITb MCMOJIb30BaHa B COCTABE MHTEIEKTYANIbHBIX CUCTEM NOALEPKKM NMPUHATAA pe-
LEeHWI 1 pOBOTM3MPOBAHHbBIX KOMMIEKCOB [/11 aBTOHOMHOW HaBUraLuy Ha MECTHOCTU.

OcCHOBHbIe XapaKTepUCTUKN:
— NPOCTPaHCTBEHHOE pa3pelleHune 1o 10 m;
- noppepxka popmatos GIS n coBmecTmocTsb ¢ Begywumu nnatdopmamu (ArcGIS, QGIS n ap.);

— BO3MOXHOCTb TpexmepH0|7| BU3yannsauymn n MOAENNPOBAHUA TMAPONTOTNYECKUX, SPO3NOHHDBIX N UHbIX MPK-
POAHbIX NPOLEeCCOB;

- TexHonornyeckas rmbkoctb — Mofenb AoNyCKaeT perynapHoe OoGHOBNEHVE 1 paclWwnpeHne 3a CHET NHTEe-
rpaunin oaHHbIX 6eCnuIOTHbIX NleTaTeNbHbIX annapatoB N CNYTHNKOBbIX CUCTEM.

Lndposas mopenb penbeda Butebckoin obnact — 370 roToBoe pelleHvie anda uudpoBoi TpaHchopmaLlmm
TePPUTOPUANIBHOTO YNPaB/IeHNA Y MHTENNEKTYaNnbHbIX FeOMHPOPMALIMOHHBIX CUCTEM.

TEXHUYECKUE MPEMMYLLUECTBA

Lindpoas mogenb penbeda Butebckon ob6nact 0651aaeT BbICOKMM HayYHO-TEXHNYECKM YPOBHEM: MPOCTPaH-
CTBEHHOE pa3peLueHue ao 10 M, NosiHaA COBMeCTUMOCTb ¢ Beaywmumn M’MC-nnatdopmamm (ArcGlS, QGIS), nogaepi«-
ka 3D-Bu3yanusaumm 1 NPOCTPAHCTBEHHOIO aHanm3a (rmgponorus, 3po3una, nHconauus). Mogenb NHTerpupyeTca
C CUCTEMAMU UCKYCCTBEHHOMO UHTEINIEKTA M POOGOTU3VPOBAHHBIMU KOMIMIEKCAMM AJ11 aBTOHOMHOW HaBUraLuu.

Mo cpaBHeHWIO C aHanoramu, BKovas 6enopycckue mogenu Ha ocHoBe SRTM (pa3peweHrie 30-90 m) 1 3a-
pyb6exHble npogykTbl Tuna ASTER GDEM n Copernicus DEM (12-30 m), pa3paboTka obecneumBaeT 6osnee BbICO-
KYI TOYHOCTb 1 AeTann3alnio 3a CHET NCMOJIb30OBaHNA AaHHbIX 6ecnuIOTHbIX NIeTaTesNbHbIX annapaTtoB N Ha3em-
HbIX CbEMOK, aKTyanmn3nmpoBaHHbIX ANA TeppuTtopun Butebckon 06nacTn. YHUKanbHOCTb NOATBEPKAEHA rOCY-
[AapCTBEHHOW pernctpaumelt aBTOpCcKoro npaea. Mogesib COOTBETCTBYET COBPEMEHHbBIM TPeboBaHUAM Undpo-
BOW Tpch¢opmauv|v| n npesocxognT 60/IbLINHCTBO OTKPbITbIX aHa/IoroB No TOYHOCTU, adanTaunn K MeCTHbIM
YyCOBUAM U BO3MOXHOCTAM UHTErpaunn B UHTEJIEKTYalJIbHbl€ CUCTEMDI.

OXWUAAEMbIV PE3YJIBTAT MPUMEHEHUA

MoBbllWEeHNEe TOYHOCTY U 3DHEKTUBHOCTM MPOCTPAHCTBEHHOTO aHanv3a penbeda Brtebckoin obnacTtu npu pe-
anvsauuv 1 NoafepKKe peLleHunin B rpafoCTPOUTENbCTBE, SKONOrMUYECKOM MOHUTOPUHIE, CENIbCKOM U IECHOM
X03ACTBE, @ TaKXKe MHTErpaLms C CUCTEMAaMM NCKYCCTBEHHOMO MHTESINIEKTa 1 PO6OTM3MPOBaHHbIMM MaTdopma-
MW 715 aBTOHOMHOW HaBUraLun 1 yrnpasieHnsa TeppuUtopranbHbIM PasBUTUEM.

TEKYLAA CTAOUA PA3BUTUA
BbinyLeH onbITHbIN obpased.

CBELEHUA O MPABOBOI OXPAHE
CeupetenbctBo 182-OAl1 o1 07.04.2025.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHDIE B PASPABOTKE

PernoHanbHble nogpasgeneHna MUHUCTEPCTBA NPUPOLHbIX PECYPCOB U OXPaHbl OKpY»KatoLlei cpefbl Pecny6-
nukun benapycb (819 3KONOrMYECKOro MOHUTOPVIHTA, YNpaBieHUa NPUpPOAO0NoNb30BaHNEM, OLIEHK/ PUCKOB NOA-
TONMIEHNA 1 3p031n), MUHNCTEPCTBA apXUTEKTYPbI U cTpouTenbcTBa Pecny6numku benapycob (npv rpagoctpou-
TeSIbHOM MIAHNPOBAHU U MPOEKTUPOBAHNN NHPPACTPYKTYpPbI), MMHMUCTEPCTBA CENbCKOrO X03AMCTBA 1 MPOJO-
BONIbCTBMA Pecny6nmku benapych (Ana arpo3KoNornyeckoro 30HMPOBAHUA, MIAaHMPOBaHNA MeIMOPATUBHbIX Me-
ponpuaTun), MMHNCTEPCTBa MO Ype3BblYaliHbIM CUTYaLMAM (MPY MOAENMPOBAHUN 1 MPOTrHO3UPOBaHUN NoCes-
CTBUI NPUPOAHDIX U TEXHOFEHHbIX KaTacTpod, Hanpumep NaBogKoB 1 Ap.), focyaapcTBEHHOIO KOMUTETA MO NMY-
wecTBy Pecnybnuku benapycb (ona KagacTpoBbIX 1 3emsieycTpouTenibHbIx paboT), PYIM «HaunoHanbHoe Kaga-
CTPOBOeE areHTCTBO» (MpPW BeAeHNN roCyAapCTBEHHOrO KafjacTpa HeABVKMMOCTU 1 3eMJ1IeyCTPONCTBE).

ButebcKmii 061aCTHOM UCMONTHUTESIbHBIN KOMUTET U PaioHHbIe UCMONKOMbI NPV TepPUTOPUanibHOM MaHMPO-
BaHMK, pa3suTun XKKX, LOPOXKHOW CETU 1 SHEPreTUYECKON MHOPACTPYKTYPbI.
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HayuHble 1 o6pa3oBaTesibHble yupexxaeHus: YO «ButebcKmin rocynapCTBEHHDbIN yHBepCUTeT nmeHm M. M. Ma-
wepoBa», benopyccknii rocygapcTeeHHbIn yHuBepcuTeT, YO «benopycckunin rocygapCTBEHHbIN TEXHONOTMYECKUN
YHUBEPCUTET» U AP. ANA UCCNefoBaHUiA 1 y4ebHOro npouecca.

MpOEeKTHbIe U HXXVUHVPVHIOBble opraHu3aumm: PYT «ButebckrpaxaaHnpoekTs, OAO «benrmnpoBoaxo3» 1 aHa-

JIOTNYHbIE€ CTPYKTYpPbI.

KOHTAKTHbIE AAHHbIE

FankvH AnekcaHgp Hrukonaesuy, npodpeccop kadenpbl SKonoruv 1 reorpadum, 4OKTOp reonoro-

MMHepaNornyeckux Hayk, npodeccop.
Ten.: (+375 29) 268 03 90
E-mail: galkin-alexandr@yandex.ru

TopbeHko AHapel bopucoBuy, cTapnii npenofaBatesib Kadbenpbl 3KOA0rUn 1 reorpadun.

Ten.: (+37533) 696 14 71
E-mail: torbenko_a@mail.ru

12. CTYAUA TPEXMEPHOIO CKAHUPOBAHUA ObBEKTOB B CTATUKE CPEACTBAMU
OOTOrPAMMETPUU

Tononorus, noJjiyyaemas nocsie aBTOMATNYECKON 06p360TKM
BU3YyaNbHbIX AdHHbIX C d)OTOKaMprI

[ToBeaeHue Hopmaneli NOBEPXHOCTU 00bEKTa, NONYUYEHHON
npu aBTOMaTiNuecKoi 0bpaboTke

OMUCAHUE PA3PABOTKU

Wcnonb3oBaHue 3D-umdposmrsaumm ans pukcaumm xygo-
YKEeCTBEHHO-KY/BTYPHOTO HaceAns No3BONAET CO34aTb TOU-
HYI0 BUPTYaJIbHYIO TPEXMEPHYIO KOMWIO MaTeprasibHOro 00b-
eKTa 1 MpeacTaBuTb ee B BUAE MepecbislaeMoro Koma, uto
pacwmpseT BO3MOXKHOCTM AOCTyna 6e3 prcka yTpaTbl uam
noBpexaeHns MaTepuranbHoro aptedakra. [poeKT Hanpas-
neH Ha GopMMpPOBaHME apXmBa U NpefoCTaBeHe [OCTyNa
[Ns opraHn3aumni pasfinyHbiX Gopm cO6CTBEHHOCTM U NpPO-
buns gesTenbHOCTL.

(DOTOFpaMMETpVIﬂ — 3TO YHMBEPCa/lbHOE, 3KOHOMWY-
HOEe 1" 3¢¢eKTI/IBHO€ peweHne onAa co3faHmAa [ocCToBep-
HbIX 3D-Mopenein C ecTeCTBEHHbIMM TeKCTypamu, 0Co6eHHO
anAa 06beKToB cpefHero n KpynHoro pasmepa.

[laHHbI BUA CKaHMPOBAHWA NMPUW HU3KON CTOMMOCTU paboT
no3sosiseT co3gaatb 3D-mMofeny Kak MeNKnx 06beKToB, Tak
1 MacLUTabHbIX (3aaHni, NaHAWAGTOB), UTO 3aTPYAHUTENBHO
AnA 6onbwmnHcTBa 3D-cKaHepoB.

Mpouecc CbeMKn He TpeBYyeT CIOKHOrO 060pyaOBaHMS,
UTO UAEaNbHO ANA PaboTbl B TPYAHOAOCTYMHbIX MeCTax.

Pe3ynbTat 0651agaeT GOTOPEANMCTUYHOCTBIO, TaK Kak Tek-
CTypbl CO34al0TCA HENOCPEACTBEHHO U3 CHMMKOB, a He Ha3Ha-
YaloTCA BPYYHY!IO.

CoBpemeHHOe nporpammHoe obecrneyeHne aBTomMaTu3u-
pyeT npouecc 06paboTKy, He Tpebya rMyOOKNX TEXHNYECKIUX
3HAHWI B OT/IYME OT HACTPOMKM MHOTMX 3D-CKaHepoB.

TEXHUYECKUE NMPEUMYLLECTBA

beckoHTakTHOE CKaHunpoBaHune 0ObeKTOB MaTepuranb-
HOro HacdneguAa, npepoctaBneHne oOCTyna K apTe(baKTaM



060n0uKa 06beKTa, nonyyeHHas BmpTyaanaﬂ MoAenb matepiianbHoro I'Ipmmep BI/IpTyaJ'IbHOVI MoAenn C CoxpaHeHnem
npu npocyeTe Bu3yanbHbIX JaHHbIX obbekTa TEKCTYp maTtepuanbHOro o6pa3ua

1 NPOV3BELEHMAM UCKYCCTBA HAa KOMMEPYECKON 60 6€3B0O3Me34HOM OCHOBE NPEACTABUTENAM PA3/INYHBIX CO-
LManbHbIX FPYMM 1 OpraHv3aunii pasnnyHbix ¢opm coOCTBEHHOCTU, POPMIMPOBAHIKE NEPBOrO HA TeppPUTOPUN
Pecny6nuku benapycb apxuBa € TpeXMEPHbIMY MOAENAMY, NPe3eHTaLMA 06 bEKTOB B BUPTYalbHOM NPOCTPaH-
CTBe Yepes yaaneHHbI JOCTyr.

OXWAAEMbI PE3YJIbTAT MPUMEHEHMNA

Co3paHuie apxrBa LUMdPOBbIX MOAENel BbICOKOTrO KayecTsa.

MakcrmanbHasa onTrMM3aUum NpoLecca Afa CHYKeHUA GakTUYeCKMX 3aTpaT Ha NPOU3BOACTBO NPOAYKLNN.

3aKpbITME HULWKW MO LdPOBbIM MOZENAM CTaTUYeCKrX 06bekToB B Pecnybnmke benapyco.

Pa3BuTre HAYyKOEMKOTO MHTENNEKTYaIbHOIO NPOAYKTa.

Pa3zButne coTpygHn4yecTBa C opraHM3aumamMmy nponsBoaCcTBEHHOrO, o6pa303aTeanoro 1 HAay4YHOro CeKTopa
SKOHOMUKMN.

TEKYLAA CTAOUA PA3BUTUA
BbinyLeH onbITHbIM 0bpasel,.

CBELEHUA O MPABOBOI1 OXPAHE
HerT.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHbDIE B PA3PABOTKE

Cd)epa O6pa3OBaHVIFI, Hay4YHO-nccnegoBatesibCkme MHCTUTYTbl, My3eWn, KWHOCTYAUN N KOMMNaHWUW MO CO34aHUI0
KOMMbIOTEPHbIX UrP.

KOHTAKTHbIE AAHHbIE

CepreeB AnekcaHap leopruesuny, foueHT Kadeapbl An3aliHa.
Ten.: (+37529) 711 36 98
E-mail: kdznak@gmail.com
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IX. YHPEXAEHNE OBPA3OBAHUA
«MOTUAEBCKNN TOCY AAPCTBEHHBIN
NOAUTEXHHUHECKMIN KOAAEAXY

13. CUCTEMA IOCTYMA DUAL ACCESS

OMNMUCAHUE PA3PABOTKHN

CricTema focTyna peann3oBaHa Ha NpUMepe roToBoro ycTporictBa — celida Dual Access. MpeaHa3HaueHa gis
MHOrO3TanHON 3aLlyTbl MaTeprasbHbIX LeHHOCTeN. MoXeT ObITb yCTaHOBMIEHA KaK B OTAENbHbIX YCTPOWCTBAX Cel-
¢$oBOro TVNa, Tak 1 B MOMELLEHUSIX MPOMBILLIEHHOTO U ObITOBOTO Ha3HAYEHUS.

Cend BbINOSHEH C YYETOM NOCTEAHUX TEHAEHLMIA MONYNAPU3aLUN PA3SIMYHbBIX CUCTEM KOHTPOJS JOCTYyNa.
Ina 3Toro ncnonb3oBaHbl: Nnata Arduino Nano, maTpuyHas membpaHHana KnaBuaTypa, LCD-gucnnen 16x2
¢ 12C-unTepdeiicom, penenHoiii moaynb, RFID-Moaynb ¢ KapTOM-KOYOM, Nbe303N1eKTPUYECKUI U3TyYaTeNlb
(6y33ep).

CrcTema KOHTpONA JOCTyna noagepXuBaeT ABa OCHOBHbIX peXXrMa: pabounii n pexum agMUHUCTPaTo-
pa. MocnenHunn cnyxnt gna perncTpaluy HOBbIX KapT U CMeHbl Naposell. B pabouem pexrme nonb3osa-
Teno npeanaraeTca NPUNoXuTb K TepmuHany RFID-KapTy nnm BBeCTV Naposib Ha MaTPUUYHON KnasuaTtype
(7654321). O6 3ToM coobLlaeT COOTBETCTBYIOLAA HAANUCL Ha Aucnnee. BBoa napons ocyuectBnaeTca Ha-
XaTrem Lndp Ha MaTPUUHON KnaBmaType ¢ NocneayolwmMm NoaTBEPKAeHUEM v OTMeHON. [Ina noaTBepx-
[eHus BBOAA UCNonb3yeTca Knasuwa [#], a ona oTMeHbl — KnaBuwa [*]. Ecnm K TepMuHany npunoxeHa 3a-
perncTpupoBaHHas B CMCTeMe KapTa Uiy BBeLEeH NpaBusibHbI Naposb, yCTPONCTBO OTKpbIBaeTcs. Ha guc-
nnee BbiBOAUTCA MHGOPMaLMA 06 ycrnelwHoOM JoCTyrne K 06beKTy 1 BpeMs, B TeueHne KoToporo celid byget
OTKpbIT. B cnyvae, Korga naposnb BBeAeH HeBepHO unu onpeaeneH RFID-Kntoy, KOTopbii OTCYTCTBYET B 6a3e
JaHHbIX, yCTPOWMCTBO BbIBOAUT MUratoLLyto nHGopMaLmio 06 ownbke goctyna. Pexxum agMmHucTpaTopa npea-
Ha3HaueH Ans yaaneHus nnm gobasneHnsa HoBbix RFID-KapT B sHeproHesasucumyto namatb Arduino, cme-
Hbl MapoJiel N HAaCTPOMKN HEKOTOPBIX pabounx napaMeTpoB. YTobbl BOMTY B MEHIO agMUHUCTPATOpPa, He-
o6xoaumo BBeCT/ B pabouem pexrme cneumanbHblii Naponb Ha MAaTPUUYHON Knasuatype (1234567) u Ha-
XKaTb Knasuwy [#]. HaBurauma no nyHKTam MeHo BBEPX 1 BHU3 OCYLLeCcTBAAETCA HaxaTuem knasuw [A] v [B].
Bxog B BbIGpaHHOE NOAMEHI0 MPOUNCXOAMUT NPUY HaxkaTuu [#], a BbIXOL Ha BEPXHUI YPOBEHb — HaxkaTuem [*].
B MeH10 afMUHUCTpaTOpa eCTb BO3MOXKHOCTb BHeCTU B 6a3y A0 30 yHUKaNbHbIX KOLOB Killouen (Ha 3KpaHe
npv 3ToM oTo6pa)kaeTcA NOPAAKOBbIN HOMep AYENKM, CBA3AHHbIN C SHEProHe3aBMCMMON NamATbio Arduino.
HanpoTtus nopagkoBoro Homepa AYenkn yKkasaH Ko NprBA3aHHON KapTbl; eCi AYeika nycTas, To BMeCTo
KOAa BbIBOAMTCA HaAMUCh «empty») 1 T. 4.

TEXHUYECKUE NMPEUMYLLECTBA

Peanusauus anemeHTa ymMHOro goma. Heckonbko cnoco6oB 3aLwuTbl MO3BOSAET NOBLICUTL 6Ge3onacHoCTb. Cu-
cTeMa nepenporpammrpyema v nepeHacTpansaema s WMPOKOro Kpyra nosb3oBaTenei: MOXeT ObiTb MCMOoSib-
30BaHa B 06pa3oBaTesibHbIX LieNAx, B Buae cenda-noaapka, Kak peasibHas crictema oxpaHbl LLeHHOCTeln. Boamox-
Ha TaK»Ke MOJePHN3aLMA C BOSMOMXKHOCTbIO OTKPbIBAHMA NOCPEACTBOM KOHKPETHON GaHKOBCKOW KapTbl.

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

BHGHPEHVIG B CNCTEMY OXPaHbl. an/IMEHeHI/Ie B O6pa3OBaTEJ1beIX uenax. BHe,D,pEHVIe B Mpon3BoACTBO. ﬂpen-
JlaraeTcAa nonyyeHme nateHTa, Npofdaxa naen npoekTa (aBTOpCKI/IVI Kof, CXeMOoTeXHn4YecKkoe pELIJeHVIE) nnbo 3a-
nycKk B cele|7|Hoe npon3BoOACTBO B CJly4ae nHTepeca CO CTOPOHbI OpFaHVI3aLlI/IIZ.

TEKYLWAA CTAQNA PA3BUTUA
BbinyLueH onbITHbIM 06pa3eL,.
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CBEJEHUA O MPABOBOI OXPAHE
CeugetenbctBo N2 182-OATl1 ot 07.04.2025.

NOTEHUWAJIbHbIE NOTPEBUTEJIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MHAI/IBVIAyaJ'IbeIe noKynatenn, NPpOMbILNEHHbIE OPpraHn3aunn, ydypexxgeHna 06pa3OBaHI/IF| N T. N.— BCE, KTO
3a60TKTCA 0 6e30MacCHOCTA U CTPEMUTCA COXPaHUTb MaTepuasibHble LEHHOCTI.

KOHTAKTHbIE OBAHHDbIE

LLlamb6anoBa AnekcaHapa JleoHnaoBHa, npenofasaTtesb crneynanbHbIX NpeameToB | KBanupukaumoHHOM
KaTeropuu.

Ten.: (+375 29) 24092 75

E-mail: alexhorna@mail.ru

Bonkos [Meb Anekceeswny, yyalminca 4-ro Kypca, yuebHas rpynna TO-477.
Ten.: (+37529) 128 09 23
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X. TOCYAAPCTBEHHOE YHPEXAEHNE OBPA3OBAHNA
(UMHA3NA Ne 13 T. MUHCKAY

14. UHTEJUTEKTYANIbHBIA TYMAHOWAHDBIA POBOT (BOMNOLLEHHbIN
WCKYCCTBEHHDBIN MHTENIEKT — UHAYCTPUA 5.0)

OMNCAHUE PA3PABOTKU

lymaHoVaHbIN pobOT 00LLero Ha3HaueHNA C UHTENNeKTyaslbHOW
nnatdopmoi ynpasneHus 1 NPUIOKeHUNAMU No chepam npume-
HeHuA obnafaeT WNPOKUM CNeKTPoM GYHKLMOHANIbHbIX BO3MOX-
HOCTEW 1 BbIMOJSHAET 3341 B YETbIPEX OCHOBHbIX Chepax obLye-
CTBEHHOW KN3HW:

1. lyxoBHOW — ceKTop 06pa3oBaHUA (MHCTPYMEHT AnsA n3yue-
HWA 1 NMPUMEHEHNA OCHOB POBOTOTEXHWKU, MPOrPaMMIPOBaHNS
1 NCKYCCTBEHHOTO VHTENNEKTA, @ TaKXKe NPUOOPETEHNA OMbITa Py-
KOBOZCTBA W YNpaBfieHWs COOCTBEHHbBIM NMPOEKTOM).

2. CoupranbHOM — CeKTOP 34 PaBOOXPAHEHMSA (Pa3fiMyHble TUMb
yxofa v nomoLyu, peabunutayms, yHKUUM cobecefHnKa, Npego-
CTaBneHne NHGOPMaLMK, aHANM3 Y AVArHOCTUKA MaLUeHTa Y MHOE).

3. DKOHOMUYECKOW — CEKTOP MPOMbILLIIEHHOCTY (MPOM3BOACTBA
N NOTUCTUKM), CEKTOP yCnyr (pa3HOOOpa3Hble BUAbI AeATENbHOCTU
B cdepe ycnyr).

4.TlonnTNYeCKon — rocyapCTBEHHbIV CEKTOP 1 COMYTCTBYOLne
ycnyru (B ToM uncne GyHKLUN afMUHUCTPATOPA, KOHCYbTaHTa No
ob6palleHnsM rpaxkaH, 06paboTKa AaHHbIX, aHanu3 n gp.).

MHTennexTyanbHbiii rymarouaHbii poGor MepBbii 100 % (GyHKLMOHaNbHbIA FyMaHOUAHBIN PO6OT, pa3pa-

60TaHHbI B Pecnybnuke benapychb.

TEXHUYECKUE NMPEMMYLLEECTBA
OTeyecTBEHHbIX aHANIOTOB HET.

JaHHbIN rymaHouaHbIi poOOoT 00LLero HazHauyeHna pa3paboTaH A4JiA NPUMEHEHNs B Pa3fIMUHbIX chepax Kums-
HefesATeNnbHOCTY YesioBeKa. Ero Knouesble npenmMyLLecTBa — BbICOKAsA MOABMKHOCTb (CO CTeneHbio cBOOObI
[0 39) 1 nHTenneKkTyanbHaa nnatGopmMa ynpasieHUs co Cneurannu3rpoBaHHbIMU NPUIOKEHNAMN A KaXKI0M
coepbl. 3apybexkHble aHanory, B 0T/iMYre OT 3TOro poboTa, Kak MPaBuUio, CO3AAK0TCA 1 NCMOSb3YIOTCA s peLle-
HMA Y3KOCMELMAnn3MpOoOBaHHbIX 3aay B KOHKPETHbIX 06M1acTAX.

HayuHo-TexHnYecKunin ypoBeHb:

1. PoboT cnocobeH 3aMeHUTb 11060ro 13 N3BECTHbBIX CNeLann3npPoBaHHbIX POOOTOB, Tak Kak MOXeT ObiTb Npu-
MeHeH BO Bcex cpepax 1 ceKTopax 06LLeCTBEHHOM XKU3HU.

2. Kak yHuBepcasnbHasa cmctema, ryMaHOUAHbI poboT obLyero HasHauyeHUA 3aHUMaeT BbICLLYIO CTYMEHb B Ue-
PapX1m TEXHONOTMYECKOro Pa3BUTUA POGOTOTEXHUKN.

3. OH coyeTaeT B cebe BCe KIIoUeBble XapakTePUCTUKN U GYHKLMKW, KOTOPbIE MO OTAENbHOCTM NMPUCYTCTBYIOT
y APYruX CyLLecTBYOLWMX POOOTOB.

OXWOAEMbIA PE3YJIBTAT MPUMEHEHUA

BHeapeHMe ryMaHOUAHbIX POGOTOB NMO3BOMMT MACLUTabUPOBaTb aBTOMATU3aLMIO NPOLLECCOB, CO3aB UHTEN-
nekTyasibHoe Npon3BoacTBo. OHW peluaTt Npobnemy aedrunTa KagpoB, CTaB CBA3YIOLWVM 3BEHOM MEXAY UH-
bpacTpyKTypamn «4enoBek — paboTa» 1 «poboT — paboTar. ITO U3MEHUT NapagurMy yrnpasneHua: BMeCTo
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TEXHONOTUU BYAYLLErO: POBOTU3ALINA, UCKYCCTBEHHDII WHTENNEKT

BOCMPUATWSA 0L KaK pecypca opraHvsauuy nepenayT K MOAENU, rae TEXHOMOT I Cy»aT YesloBeKY, BbICBO-
60xaas ero AniA 6onee CIOXKHbLIX 3afay. PesynbTaToMm cTaHeT BHeIpeHMEe HOBbIX TEXHOJOMMIA KaK CPefCTB Mpow3-
BOACTBa U GOpMMPOBaHUE MPUHLUMMANIBHO HOBOTO MOAXOAA K YIPaBIEHUIO U MPeAOCTaBIEHUNIO YCAYT.

TEKYLAA CTAOUA PA3BUTUA
BbinyLeH onbITHbIN 0bpased.

CBEJEHMA O NPABOBOW OXPAHE
MoarotoBKa AOKYMEHTOB K Nojaye NaTeHTHON 3afaBKN.

NOTEHUWAJIbHbIE NOTPEBUTEJIN /N BAUHTEPECOBAHHDIE B PASPABOTKE

PbiHkn cObiTa: Pecnybnuka benapych, Poccuinckan Qepepaunn, EBponenckuii cots, cTpaHbl A3MaTcKo-
TuxooKeaHCKNIn pernoHa.

CratTncTuKa npoja< no noTeHumanbHbIM NoTpebuTensam:
- chepa obpaszoBaHua — 43 %;

- chepa nponsBoacTBa M NOTUCTUKN — 19 %;

— Hay4Ho-uccnepoBaTenbckaa chepa — 12 %;

- cdepa yenyr — 26 %.

KOHTAKTHbIE AAHHbIE

Tynakos Apocnas Uropesuny, yuawminca 9 «b» knacca.
Ten.: (+37529) 576 3410
E-mail: 2024robotics@gmail.com
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XI. PECTTYBAMKAHCKOE MNMPON3BOACTBEHHOE
YHUTAPHOE TMPEANPUATUE
«3ABOA TOHHOWM SAEKTPOMEXAHUKIY

15. CNABOCBA3AHHASl KOMBWHUPOBAHHAA HABUTALIUOHHAA CUCTEMA

OMNMUCAHUE PA3PABOTKHN

HaBuraunoHHasa cncteMa npefHasHayeHa Ansa NPUMEHEHUs B BbICOKOMAaHEBPEHHbIX 6eCnOTHbIX leTaTeslb-
HbIX annapaTtax co CKOpoCTAMYU nosieTa He 6onee 2000 m/c, BbicoTol noneta Ao 50 KM, yckopeHusamu go 50 g
1 yrnoBbiMK ckopoctamu ao 300 °/c. Coctout ns Tpex 61oKoB: 6510Ka YyBCTBUTENbHbIX 35IEMEHTOB, MOMEX03a-
LMLLEHHOTO CMYTHMKOBOTO NMPUEMHUKa 1 6/10Ka Bblumcnutens. HaBrraumoHHas crcteMa obecneymBaeT Bbigavy
HaBWraLMOHHOrO peLleHns (KoopanHaTbl, NPOEKLUN CKOPOCTEN, YINIOBOE NMOJIOXKEHMWE, MPOEKLUN YTTOBbIX CKO-
pocTen 1 NpoeKLnn YCKopeHUi) ¢ yactotor go 200 'y no npoTtokony RS422. Mpwu Hanmumm CnyTHUKOBOTO pelue-
HUA TOYHOCTb onpegeneHua koopauHat (CKO) coctaBndaet £1 Om, onpeaenenus ckopocteit (CKO) — +0,5 m/c.

TEXHWYECKUE NPEMMYLLEECTBA

B HaBuraunoHHom cucteme peann3oBaHbl MaTeMaTUYECKNE aJTTOPUTMbI OoTeyeCcTBEHHOM pa3pa60TK|/|, He yCTy-
nawowue no Ka4vyecrtsy 3apY6e)KHbIM aHanoram, eCtb BO3MOXHOCTb UX ,D,Opa6OTKVI no Tpe6OBaHVIFIM 3aKa3yun-
Ka. [Nomexo3almiyeHHbIN NMPUEMHUK MO3BONAET obecneyrBaTtb CNYyTHMKOBOE pelleHne B yaioBUAX BO3Jen-
cTBMA CpeacTs paﬂI/IOZBJ'IEKTpOHHOIZ 60pb6bl, a ncnonb3oBaHve 6510Ka YyBCTBUTEJIbHbIX 3JIEMEHTOB Ha OCHOBE
BOJIOKOHHO-ONTUYECKNX TMPOCKOMOB NMNO3BOJIAET COXPAaHATb KOPPEKTHOE HaBUIraMOHHOE peLlleHne nocne note-
PV CNYTHUKOB, a Tak»e NMpoBOANTb aHaIN3 CMYTHUKOBOIO pelleHnA Ha AOCTOBEPHOCTb C LieJbio 60pb6bl CyBO-
[AWNMN MToOMeEXaMn.

OXUAAEMbI PE3YJIbTAT NPUMEHEHMA
Vicnonb3oBaHue B cocTaBe 60pPTOBON annapaTypbl NeTaTeNIbHbIX annapaTos (B TOM Unicsie 6eCnunoTHbIX).

TEKYLLAA CTAQUA PA3BUTUA
BbinonHeHa HayyHO-MCCNIefoBaTeNIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

CBEJJEH/A O NMPABOBOI1 OXPAHE
HerT.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3AUHTEPECOBAHHDIE B PASPABOTKE

Mpennpuatua focyaapcTBEHHOrO BOEHHO-NMPOMbILLIEHHOTO KoMUTeTa Pecny6nmku benapycb, MHOCTpaHHbIe
npeanpuaTus.

KOHTAKTHbIE JAHHbIE

CaHbko AHppeln AHaTonbeBMY, BeAyLMI HayuHbI coTpyAaHK HNO HTLL, KaHanaaT TexHMYeCcKnx Hayk, AOLIEHT.
E-mail: a.sanko@ztem.by
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Xll. PEAEPAABHOE TOCYAAPCTBEHHOE BIOAXETHOE
OBPA3OBATEABHOE YHPEXAEHWME BBICLLUEIO
OBPA3OBAHMS «KY3BACCKMM TOCY AAPCTBEHHbIN
ATPAPHbIN YHMBEPCUTET MMEHM B. H. MOAELIKOBAY

16. NPOrPAMMHOE OBECMEYEHUE A1 0O6PABOTKU CHUMKOB PACTEHUIA
CUCNO/Nb30BAHUEM NCKYCCTBEHHOTO MHTEJNEKTA

OMNMUCAHUE PASPABOTKI

Komnnekc nporpammHoro obecneyeHnsa ansa o6paboTKy CHUMKOB C 6eCnmOTHBIX fieTaTeNbHbIX anmnapaTos
(BINJTA) cocTomnT 13 Nporpammbl A aBTOMAaTUYECKOrO pacro3HaBaHWA Y MOACYETa PacTEHUI HA CHUMKAX 1 MPo-
rpammbl NOAyYEeHMA KapT BereTaumoHHbIX MHAEKCOB C ncrnonb3oBaHnem RGB-cHmKoB.

Mpumep paboTbl NPorpamMMbl Mo Pacno3HaBaHuio pacTeHuii

Mporpamma aBTOMaTU4YeCKOro NofcyeTa pac-
TeHU paboTaeT Ha 6a3e HelipoceTu. Vi3Hauvanb-
HO Mogenb Obinia 0byyeHa Ha PpOCTKax ropoxa,
HO MpY HEOOXOAVMOCTN MOXKHO O0YyUUTb MO-
Jenb Ha NMoObIX pacTeHMsX. Y MporpaMmbl eCTb
BO3MOXXHOCTb MAKETHOW 06PaboTKN CHUMKOB
B aBTOMATUYECKOM pexxrme. Ha Bxoge oHa no-
NyyaeT n306paxkeHns, Ha KOTOPbIX C MOMOLLbIO
HeNpoCeTV BbIAENATCS PACTEHUS, MPON3BO-
OUTCS UX MOACYET M pacyeT niowaan NucTo-
BOW 4acTh Ha Kagpe. Ha BbIxofe coxpaHAoT-
€A U306parkeHUs1 C MOMEeYEHHbIMU 061acTAMY
pacTeHuiA, a TakXKe OTyeT, coaepaLuii nHdop-
MaLIo O KOJTMYECTBE PAaCNO3HAHHBIX PacTeHUI
1 njowagn NUCToBOW YacTu. YKa3aHHaA WH-
dopmauusa BbIJAETCA Kak MO KaXKgoOMY CHUMKY
B OTAENbHOCTH, TaK 1 MO BCEMY MaKeTy n306pa-
Mpumep paboTbl NporpamMmbl BereTaLnoHHbIX NHAEKCOB XeHu. TOYHOCTb 06yUeHHO MOAEeN COCTaB-
naet okono 95 %.
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Mporpamma ans npeobpaszoBaHusa RGB-CHUMKOB B KapTbl BEreTaLOHHbIX MHAEKCOB NOyYaeT Ha BXOA M30-
6parkeHvie 1 Mo 3alaHHOMY anropUTMY CTPOUT KapTy BereTauyiOHHOIo MHAEKCA B BbIGPaHHOM LIBETOBOI CXeMe.
Mo ymonyaHuio B nporpammy BcTpoeHbl Tpu nHaekca — VARI, Vigreen, Gli, HO meeTca Tak»ke BO3MOXHOCTb BBe-
CTV NPOV3BOJIbHYIO GOPMYNy pacyeTa MHAEKCA.

TEXHUWYECKUE NPEMMYLLEECTBA

B HacTosALlee BpemMA cylecTByeT pAA NporpaMm, HanpasfieHHbIX Ha pacrno3HaBaHWe pacTeHUI, HanprumMep
PlantNet, iNaturalist, PictureThis, «3kolua», Flora Incognita. CywecTByI0T TakKe pa3paboTku, BblisBnsowme 60-
Ne3Hu pacTeHuid, Hanpumep «Arpro». OfHako NoAaBnsAioLiee X 60NbLUMHCTBO paboTaeT C N300paXKeHVAMYN pac-
TEHWI Ha BNIN3KOM PACCTOAHNM 1 HEe CMOCOBHO OCyLecTBAATL 06PabOoTKY WPOKOGOPMATHBIX N306PaXKeHNI
¢ BMNA, npoBoauTb NakeTHyto 06pPaboTKy M MHTErprMpOBaTbCA B APYr1e CUCTEMbI, KaK 3TO MOXeT AenaTtb AaH-
HaA nporpaMma.

YT0 KacaeTcA nporpamm no ob6paboTke n3obpaxeHuii ¢ BIJIA ona NocTpoeHUs KapT BereTaluMOHHbIX MHAEK-
COB, TO GOJIBLUMHCTBO U3 HUX UMEIOT LUMPOKMIA GYHKLIMOHAN 1 UMEIOT CBOE OCHOBHOW HanpaBneHHOCTbIO CO3-
JaHve opTodOTONNIaHOB U LGPOBbIX Mofenei MecTHOCTH. Mpun 3TOM NoYTK BCE OHU XapaKTepU3yTCsA BbICO-
KOW CTOMMOCTbIO 1 CJTOKHOCTbIO OCBOEHNS.

Kommepupranmsauusa pa3paboTaHHOro NpoayKTa BO3MOXHA 3@ CYET NMPOAAXM NPOrpaMMHOro obecneyeHus
1 aganTaummn ee nof KOHKpPeTHble TpeboBaHUA X03ACTBa, MPU 3TOM BO3MOXHO 0ByUeHrie Mogeny HempoceTu
Ha NtoObIX BUAAX PACTEHWNI B 3aBUCUMOCTU OT NOCTaBNIeHHOW Lienv. CToMMOoCTb afanTauumn NporpaMmbl 1 06yde-
HVA MOLAENN HEeMPOCETM PACCUUTBIBAETCS MHAVBUAYANbHO NOA KaXKAbli MPOEKT.

OXWAAEMbIA PE3YJIBTAT MPUMEHEHUA

Mporpamma no pacro3HaBaHWIO PacTeHWI NO3BONNT 60siee TOYHO MPOrHO3MPOBATb YPOXKANHOCT, BbIABAATD
npobnemHble MecTa Ha NOAAX U MPUHUMATb HEOOXOAUMbIE MePbI A1 3aLKTbl pacTeHUiA. [Iporpamma nonyyeHus
KapT BereTaLIOHHbIX MHAEKCOB MOXET UCMO/b30BaTbCA ANIA MOHUTOPUHIa COCTOAHMA NOCEBOB 1 NJIaHNPOBaHUA
CenbCKOX03ANCTBEHHbIX OnepaLmi, AnA NOCTpoeHua KapT 3agaHuii BINJ1A, cuctembl guddepeHLmMpoBaHHOTO BHe-
ceHuA ynobpeHuin 1 T. . Takaa TEXHONOIMA MeET NPerMyLLecTBa nepes MysbTUCNEKTPaNbHON CbeMKoI B na-
He MeHbLUMX SKOHOMMUYECKHX 3aTpaT, Tak KaK /1A Hee MOryT UCMOoJMb30BaTbCA CHUMKM € 06blYHbIX RGB-Kamep.

TEKYLLWAA CTAONA PA3BUTUA
BbinonHeHa Hay4HO-MCCNeoBaTeNIbCKaA UM OMbITHO-KOHCTPYKTOPCKasA (TeXHonornyeckas) pabota.

CBEJEHNA O NPABOBOW OXPAHE

1. CBMAETENbCTBO O perncTpaumm nporpammbl ana 3BM RU 2024664505 AIR TRACKER / ®egopos [. E. na-
TeHToOOnagatenb MefepanbHoe rocygapcTBeHHOe OoXeTHOoe obpa3oBaTeNbHOE yupexieHre BbiCLLero 06-
pa3oBaHus «Ky36accKuin rocyapCTBEHHbIN arpapHbil yHuBepcuteT um. B. H. Moneukosax. JaTta pernctpauuu:
07.06.2024. lata ny6nukavumu: 20.06.2024.

2. CBMAeTeNbCTBO O permcTpaumnm nporpammel gns 9BM RU 2024664045 VIC / ®epopos M. E. nateHTOO6Naaa-
Tenb OeflepanbHoe rocyaapcTBeHHOE BlogXeTHOE 06pa3oBaTENbHOE YUpeXAeHME BbiCLLIEro 06pa3oBaHuA «Ky3-
6accknii rocyaapcTBeHHbIN arpapHbIi yH1BepcuteT um. B. H. Moneukosa». [lata pernctpauun: 07.06.2024. [lata
nyénukauun: 17.06.2024.

MNOTEHLUWAJIbHbIE NOTPEBUTENIN U/ 3BAUHTEPECOBAHHbBIE B PA3PABOTKE

MoTeHUManbHbIMK NOTPEBUTENAMUN ABAATCA MPOU3BOAUTENN CENbCKOXO3ANCTBEHHON NPOAYKLNN.

KOHTAKTHbIE AHHbIE

®epopos Amutpuiin EBreHbeBmY, AOLEHT Kadeapbl arpOUHXKeHepUK, KaHAMAAT TEXHUYECKUX HayK.
Ten.: (+7 904) 969 52 00
E-mail: fedorov_de@inbox.ru
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XIll. MEXTOCYAAPCTBEHHOE OBPA3OBATEABHOE
YHYPEXAEHME BBICLLUETO OBPA3OBAHNA
«BEAOPYCCKO-POCCHMCKNIN YHUBEPCUTET

17.DOORSIGHT

OMUCAHUE PA3PABOTKI

DoorSight — 3To MHHOBaLUVOHHOE NPOrPaMMHOE peLleHre Ha OCHOBE UCKYCCTBEHHOIO UHTENIEKTa, NpeaHa-
3HaUYeHHOE AJ1A MOMOLLM CNAaboBMAALMM N HE3PAUMM NIIOAAM B HAaBUraLyy BHYTPU HE3HAKOMbIX MOMELLEHW.
OcHoBHaA 3afaya pa3paboTky — MOBbILLEHNE YPOBHA 6€30MacHOCTY 1 aBTOHOMHOCTU MOfb30BaTeNs.

Cc])epa NMPUMEHEHUNA: couManibHaA afgantauna N aCCUCTUBHbDbIE TEXHOJTOTW ANnA vy C HapylweHnAMN 3peHnA.

MpuHLMN paboTbl: UCMONb3yA Kamepy CTaHAAPTHOrO CMapTPOHa UM HOYTOYKA, BEG-MPUNOXKEHNE B PEXMME
peanbHOro BpeMeH aHaM3npyeT BUAEONOTOK. ANTOPUTMbI KOMIbIOTEPHOTO 3PEHNA AETEKTUPYIOT ABEPY U KITIO-
ueBble NPenATCTBIA.

KnioueBas TeXHONOrMyecKas XapakTepucTuka: B OT/IMUMe OT CyLLeCTBYIoLWMX aHanoros, DoorSight He npocTo
HaxoAuT ABEPb, HO 1 KNaccudUUMpPYeT ee COCTOAHME — OTKPbITa OHA WK 3aKpbiTa. DTa YHMKaNbHas GyHKUNA
MO3BOJIAET MOJIb30BATENIO MPUHMMATD 6e30MacHble peLeHns NPy NepeaBiKeHnN.

TexHMKO-3KCnnyaTaLMOHHbIE XapaKTePUCTUKM: cMCTeMa NpefocTaBAeT nonb3oBaTeso nHopmaLuio B Buge
YEeTKMX 3BYKOBbIX OMoBeLLeHW . TeKyLMin IPOTOTUM peanv3oBaH Kak Be6-NpunoxKeHre, YTo obecrneyrBaeT Kpocc-
NnaTPopPMEHHOCTb 1 He TpebyeT ycTaHOBKU. MnaHnpyeTcsa pa3paboTka HaTUBHOFO MOGUIBLHOFO NPUNOXKEHWSA
c opnariH-GyHKLNOHaNbHOCTbIO.

TEXHUYECKUE MPEMMYLLECTBA

Mo cpaBHeHMIO C BeyLMM 3apybexHbiMu aHanoramm (Google Lookout, Microsoft Seeing Al), koTopbie ¢o-
KycrpyloTcs Ha obLyem pacrno3HaBaHMM 0O6BbEKTOB U TekcTa, DoorSight npegnaraet y3kocneunannsmpoBaHHyio
N KPUTUYECKN BaXkHYHO OYHKLMIO: OnpefeneHne CoCTOAHUA ABepU (OTKPbITa/3aKpbiTa), KOTOpas Y KOHKYPEHTOB
OTCYTCTBYET. B 0TNMuUME OT JOPOrocToALMX annapaTHbIX peLeHunit (Hanpumep, OrCam), TpebyioLnx NOKynKu cre-
LiManm3npoBaHHbIX yCTPOWMCTB CTOMMOCTbIO B ThicAUM fonnapos, DoorSight aBnaeTca nporpaMMHbIM MPOAYKTOM.
OH flocTyneH Ha N1toboMm CoBpeMeHHOM CMapTdOHe, UTO ienaeT TEXHONOT M0 SKOHOMUYECKN AOCTYMHOW AN1A LWAPO-
KOro Kpyra nosib3oBaTeneli U coLmanbHbIX yupexaeHui. Taknum obpasom, npeumyuiectso DoorSight 3akntouaet-
CA B YHVKanbHOM GyHKLIMOHasE, HYJIEBOM NMOpore BXoa AJ1A NoNb30BaTess (He Hy>KHbl JOMOHUTE NbHbIE YCTPOA-
cTBa) 1 becnnatHol Mofenu pacnpoctpaHeHus (MVP), uto fenaeTt ero nepefoBbIM peLlleHeM B CBOEN HULLE.

OXWAAEMbI PE3YJITAT MPUMEHEHUNA

BHeppeHue DoorSight No3BonWT 3HAUNTENBHO NMOBLICUTb KAYeCTBO KM3HU 1 YPOBEHb COLMANbHON NHTErpa-
LMK NIoAen ¢ HapyLweHraMM 3peHns. OXMAAETCA CHXKEHME prcKa BbITOBOrO TpaBMaTU3Ma, MOBbILLEHVE CamMo-
CTOATENIbHOCTM 1 YBEPEHHOCTU MPU NepeaBUKeHNM B HE3HaKOMOW cpege. [na peabunnTauoHHbIX LLeHTPOB
NPOoAYyKT CTaHeT 3ddeKTUBHBIM UHCTPYMEHTOM 06yUeHrA 1 aganTauuny NauueHToB.

TEKYLWAA CTAAUA PA3BUTUA

BbinyLeH onbITHbIN 0bpasel,.

CBEZIEHUA O MPABOBOI1 OXPAHE

Ha gaHHbI MOMEHT 06bEeKTbI I/IHTenJ'IEKTyaJ'IbHOIz COBCTBEHHOCTU He 3aperncTpmpoBaHbl. PaCCManI/IBaeTCFI
BO3MOHOCTb NMaTeHTOBaHWA TEXHONOMNN B AallbHENLLIEM.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHDIE B PASPABOTKE

B Pecny6nvike benapycb: cnabosuasiyme n Hespsiume noau, opraHusaumm (OO «benopycckoe TOBapuLLECTBO
WHBaNUZOB MO 3PEHMIO»), peabunnTaLoHHbIe LLeHTPbI, Creurann3npoBaHHble yuyebHble 3aBefeHUs, coumanb-
Hble CNy>K0bl.
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3a py6exxom: aHanornyHble NpodusibHble OpraHn3auun n oobeanHeHus B cTpaHax CHI 1 EBponbl, mexayHa-
pofHble GOHAbI NOAAEPXN MOAEN C MHBANTMAHOCTbIO.

KOHTAKTHbIE JAHHbIE

Kypalwos CaBenuin BanepbeBny, CTyaeHT.
Ten.: +375(25) 528 10 19
E-mail: kurashov2015@yandex.by

18. CUCTEMA NOALEPXKKN NPUHATUA BPAYEBHbIX PELUEHWIA HA OCHOBE
KOMMbIOTEPHOI0 3PEHUA

OMUCAHUE PA3PABOTKHN

MpoeKT HanpaBneH Ha pPa3paboTKy cUCTeMbl MOAAEPKKU MPUHATUA BpaueOHbIX pelleHnin ans 06paboTku me-
OVILVHCKMX Y TEXHUYECKNX PEHTTEHOBCKMNX CHUMKOB. LlenamMm npoeKkTa ABNAIOTCA aBTOMaTU3aLMa AUAarHOCTUKY,
CHVIXXEHME Harpy3Kmn Ha CreLnanmcToB 1 MoBbIlEHNe TOYHOCTM aHanm3a. Cuctema BKIIIOYaeT anropuTMbl cer-
MeHTaLuu, BbifiBNeHNA fedeKToB (MepesiomMoB, TPELLMH) 1 BbIAENEHNA aHaTOMMYECKNX OpUeHTUPOB. Pa3paboT-
Ka peluaeTt npobrieMy HexBaTKUN BPeMeHN 1 pecypcoB B MeaULIMHe 1 TexHrKe. O6nacTb NpMMeHeHrA: MeguurHa
(AnarHocTrKa, TPaBMaToIOrUA, PEHTIEHOOrA), MPOMbILNEeHHasA AedpeKkTockonua. HasHaueHne: aBTomatusaums
aHanmM3a PeHTreHOBCKMX CHMMKOB, CHVXKEHMEe Harpy3Kmn Ha Bpayei, NoBbIlEeHWEe TOYHOCTM AMarHoctukm. Otnm-
ymTeNbHble 0CO6EHHOCTM 1 NMPerMyLLeCTBa: BbICOKasa CKOPOCTb 06paboTKM CHUMKOB, TOYHOCTb aHanu3a (BNaoTb
[0 fecATbiX Jonen rpagyca AfiA NO3BOHOUHMKA), YHMBEPCASIbHOCTb (MPYMEHMMOCTb B MEAULIMHE U MPOMbILLIEH-
HOCTK), MacLWTabUpPyemMoCTb 1 BO3MOXXHOCTb UHTErpaLMmn B MEANLIMHCKIME YUPEXAEHNA.
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Mpumepbl paboTbl CUCTEMbI MOAAEPKKI NPUHATUSA BPayeOHbIX PeLLeHuit

TEXHUYECKUE NMPEMMYLLECTBA

CricTeMa NpeBOCXOANT CYLLECTBYIOLLME aHANoM (Hanprmep, pelleHus Ha 6a3e Al ot Aidoc, Zebra Medical, a Tak-
e oTeyecTBEHHble pa3paboTKy) 3a CUET KOMMNEKCHOro Noaxoaa, 06beAUHALLEro BbICOKOTOYHYIO CerMeHTa-
LIMI0 @aHaTOMUYECKMX CTPYKTYP, AETEKLMIO MAKPOMOBPEXAEHN (TPELLMH, CKOMOB) U KONMYECTBEHHYIO OLEHKY
naTonorun (BKmoyas yrnoBble N3MepeHnsa B MO3BOHOUYHUKE C TOYHOCTbIO 10 AeCATbIX AoNen rpagyca). B otnu-
yvme oT 6OMbLIMHCTBA 3apYOEXKHbIX aHANIOrOB, OPUEHTVPOBAHHBIX TOJIBKO Ha MEAULIMHY, CUCTEMA YHUBEPCAbHA:
OHa NpUMeHVIMa TaKXe B MPOMbILWIeHHON fedeKTockonuu. icnonb3oBaHme ryboKux HelipOHHbIX ceTell HOBO-
ro nokoseHua obecrneyrBaet 6osee BbICOKYIO YyBCTBUTENIBHOCTb U cneuudruyHOCTb Npr 06paboTKke HU3KOKa-
YeCTBeHHbIX CHUMKOB. ApXUTEKTYpa CUCTeMbl MaclwiTabupyema 1 NoaaepKrMBaeT UHTErpaLmio B CyLLeCTByoLWme
nporpammMHble obecrneyeHns MeaULMHCKNX YyUYPeXAeHUA 1 MPOMbILLAEHHbIX NPeAnpUATUA.

OXWUOAEMbIV PE3YJIbTAT NPUMEHEHUA

NoBblWeHre TOUHOCTM U CKOPOCTU ANArHOCTUKM, COKPALLEeHMe BPeMEHN aHann3a CHUMKOB Bpayom Ha 25-40 %,
CHUXKEHUE BEPOSITHOCTY OLLIMOOK.

TEKYLLAA CTAOQUA PA3BUTUA

Pa3paboTaHa MUHMMaNbHO XM3HeCNnocobHas Bepcua cuctemol (MVP), BKntovaioLas sapo Ha OCHOBE Helpo-
ceTeBbIX MOAeNen AnA CerMmeHTaL M KOCTHbIX CTPYKTYP, OOHapy»KeHWA NepesioMOB 1 TPELLMH Ha PEHTTeHOBCKUX
CHUMKaX, a Takxe 6a30BblIli MONb30BaTeNbCKUA UHTEPDENIC.

CBEAEHNA O NPABOBOW OXPAHE

Hert.
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NMOTEHUWAJIbHbIE MOTPEBUTENU U/ 3AUHTEPECOBAHHDIE B PA3PABOTKE

B Pecny6nuke benapycb: pecnybnukaHckne n obnacTHble 60fbHULbI, AUArHOCTUYECKME LIEHTPbI, HAYUYHO-
ncanenoBateibCkMe MHCTUTYTbl, NMPOMbILLIEHHDbIE NMPeanpuAaATUA.

3a pybexxom: knuHuku ctpaH CHI, LleHTpanbHoli 1 BoctouHon EBponbl.

KOHTAKTHbIE AAHHbIE

MwuweHnko Unba Viropesuny, npenogasatenb-cTaxep.
Ten.: (+37529) 761 93 42
E-mail: sombra74@yandex.ru

19. MOBU/IbHbIA PETUCTPATOP CBAPOYHDIX MPOLIECCOB

OMUCAHUE PA3PABOTKHN

MpennoxeHbl oTaenbHble GYHKLMM perncTpaTopa, Takue Kak naeHtndukauma nonb3osatens, BBOA 1 oTobpa-
YKeHVe AaHHbIX, CUrHaNM3auMsa 0 HapyLIEHMI MAapaMETPOB PEXIMMA CBAPKM, KOTOPbIe MOXKHO peann3oBaTtb B MO-
6UnNbHOM ycTpoicTee (cMapTdoHe, NnaHweTe). Takoe peLueHne No3BOJAET 3HAUNTENIbHO YNPOCTUTL annapar-
HYI0 YaCTb PErncTPaToOpa, yMeHbLWNTb rabapuTbl U CTOMMOCTb, MOBBICUTL €F0 MOBUIBHOCTb U YHMBEPCANbHOCTb
3a CUeT onepaTMBHOIrO O6HOBNEHUSA MPOrPaMMHOro obecrneyeHns MOOGUIIBHOTO MpUIIoXeHUA. 3agaden peru-
CTpaTopa ABMAETCA MHANKALUA PEXMMOB paboTbl, COOp 1 OLMPPOBKA CUTHANOB C AAaTYMKOB, U Nepeaaya AaH-
HbIX Ha MOBUMNIbBHOE YCTPOMNCTBO (CMapTHOH, NNaHLLeT).

MobunbHblil perncTpaTop (BapouHbIX NPoLLECcoB

PaspaboTaHa HpOopMaLMOHHO-aHaNUTYeCKas MoLeb, NO3BOJIAOLLAA HA OCHOBE PerncTpaLuy napameTpoB
CBapPOYHbIX MPOLIECCOB MPOV3BOANTL KOMMIEKCHY0 oLeHKy oT 0 o 10 6annoB KauecTBa BbIMOSIHEHHbIX CBAPOY-
HbIX paboT.

(DOpMI/IpyEMbIﬁ cncTemon nacnopT CBapHOro coenHeHnA CoaepXUT cnenyroLlyto I/IHd)OpMaLWIIOZ HanMmeHoOBa-
Hue I'Ipe,D,I'IpI/IFITVIFI/OpFaHI/BaLI,I/II/I, [aTa Co3aHWuA, AaTa BbIMOHEHWA, 00bEKT, y‘-IaCTOK/LI,EX, HanmeHoBaHNe (Map-
KI/IpOBKa) CBApPHOro coenHeHnA, pykoBoaunTeslb CBapPOYHbIX pa60T, CpOK nencrensa yOOCTOBEPEHNA PYKOBOAMN-
TenA CBapOYHbIX pa60T (MaCTepa), OCHOBHOM mMaTepuran, CBapoyHble 2N1eKTPOAbI, CBapO4YHadA NMpPoBOJIOKa, one-
PaunoOHHaA TeXHoNnornyeckaa KapTa, NMHCTPYKLUA Ha TEXHONIOMNYeCKni npouecc CcBapku, AONyCKM Ha Napame-
TPbl peXnMa CBapKn AnAa KaXAaoro cnioAd, matepuasbl (ocHOBHOM MaTepuran, CBapoO4YHble 371EKTPOAbI, CBapO4YHan
I'IpOBOJ'IOKa), TEXHUYECKNI HaA30p, HOMepP aKTa BXOOAHOIo KOHTpONA. ﬂﬂﬂ KaXKpoon ceccum CBapKku B nacnopre
CBapHOro wBa (cTbIKa) 0T06pa)KaETCF| alepgyowan I/IHd)OpMaLWIFII HOMEP N HanmMmeHOoBaHMe CNnoA, NCNONTHUTENb
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(cBapLyuK), Knerimo, cBapouHoe 06opyAOBaHMe, perucTpaTop (HoMep), BpeMs Havyana CBapKu, BPEMS OKOHYa-
HVA CBAapPKM, BPEMA CBAaPKM, MOKa3aHUS CBApPOUYHOro Toka (B Buae rpadurka), NoKasaHUA HaMpsKeHWs Ha ayre
(B BMAe rpaduka), MakCcManbHOE, MUHMaNbHOE cpefiHee 3HaueHne CBapOYHOro TOKa 1 Hanps>KeHWs Ha ayre,
KOMMJIeKCHas oLieHKa KauecTBa CBapKMu.

TEXHUYECKUE NPEMMYLLECTBA

npOCTOTa KOHCTPYKUMHK, MOGUIIbHOCTb, H3KasA CTOMMOCTb, BO3MOXXHOCTb UCMOIb30BaHNSA C N0ObIM CcBapoy-
HbIM O60py,D,OBaHI/IEM, rmékan afanTaynAa noj CcBapo4vyHOE Npon3BoACTBO NpeanpuAaTuAa Unn opraHnsaunn, no-
JNiydyeHne CBapLLUNKOM 3ajaHNA Ha CBaPKYy C Ha60pOM TpeﬁyEMbIX NnapameTpoB peXKrMa, 3ByKOBaA CUrHann3aunma
npwv BbIXOA4e 3a pekomMeHAyemble NnapaMeTpbl peXxnma CBapKu, (I)OpMI/IpOBaHI/Ie nacnopTa CBapHOro wea, KOM-
nNneKCcHaA oueHKa KayecCTBa CBapKu.

OXXUAAEMbI PE3YNIbTAT NPUMEHEHUA
MoBblleHNe KauecTBa CBapOUHbIX paboT, NacnopT13aLMa CBapHbIX LUBOB.

TEKYLWAA CTAOUA PA3BUATUA
Pa3paboTka BHeipeHa B 06pa3oBaTeNbHbIN MPOLECC, NOMyUYeH akT O HaMepPEeHWM 3aKymnKu.

CBEAEHUA O NPABOBOW OXPAHE

MaTteHT Ha none3Hyto mogenb N2 13502, 3aaBka N2 u20230263, MIMK B23K 9/10. MobusbHbIl pernctpaTtop caa-
pouHbix npoueccos / C. B. bonoTos, H. A. Tonnbiro, K. B. 3axapueHkoB; 3asB1. 18.12.2023; ony6n. 03.06.2024.

NOTEHUWAJIbHbIE NOTPEBUTEJIN /N SANHTEPECOBAHHbBIE B PASPABOTKE

MalurHOCTponTENbHbIE NPEANPUATUSA, Ha KOTOPbIX NPOLIECC CBAPKM ABMISETCA OCHOBHbBIM; NPeAnpUATAS, 3aHU-
MaloLMeCs CTPOUTENbCTBOM TPY6ONPOBOAOB (HepTera3oBblii KOMIEKC, TEMNO3HEPTeTUKa); NPeanpuUaTUs, op-
raHu3sauuu, nabopatopuu, yuebHble LeHTPbI, 3aHMaloLWMeCs NOArOTOBKOM 1 aTTecTal el CBapLYKOB.

KOHTAKTHbIE OBAHHDbIE

Tonnbiro HMkuta AHgpeeBunY, acNMpaHT.
Ten.: (+375 44) 704 88 08
E-mail: sector576@mail.ru

20. CUCTEMA MEXTPOTOKOJIbHOr0 OBMEHA UHOOPMALIVEN
ABTOMATU3WPOBAHHOI'0 TEXHOJIOTMYECKOI0 ObOPYJ0BAHUA

OMUCAHUE PASPABOTKI

PaspaboTka npeacTaBnsieT cobol nporpaMmmHoe obecrneuyeHune, NpeaHa3HauYeHHOEe A1l MEXMPOTOKOJIbHOM
CBA3M TEXHOJIOTMYECKOro 000PYAOBaHNA, TaKOro Kak CTaHKM ¢ UMY muny npombliwieHHble U KomabopaTrBHbIe
po60oThI, CCTeM ynpaBnieHNsa 000PYyAOBaAHNEM 11 CUCTEM aBTOMATU3MPOBAHHOIO TEXHONIOTMYECKOTO KOHTPOIA
pas3nunuHbIX GrpM-nponssoanTenei. NMprmMmeHseTcs B 0651acTy NPOMBbILLIEHHOW aBToMaTu3auun. Nogaepkmsa-
€T pa3nMyHble NPOTOKOJIbl 0OMeHa AaHHbIMU, Takue Kak modbus TCP n FOCAS, a Tak»Ke BO3MOXHOCTb UHTErpa-
Lun B cMCTEMY 060PYLOBAHMSA, HE NOAAEPXKMBAIOLLErO CTaHAAPTHbIE MPOTOKOJIbI.

TEXHUYECKUE NMPEMMYLLECTBA
OTcyTCcTBUE OrpaHnyeHnin No Grpmam — NPou3BOAMTENAM UHTEFPMPYEMOro 060pyaoBaHuA.

OXWUAAEMbI PE3YNIBTAT MPUMEHEHUA

Co3zgaHwue aBTOMaTVI3VIpOBaHHOl7| AYENKN N3roTOBNEHNA U3Zenun MalWNHOCTPOUTENBbHOIO I'IpOd)VIJ'Iﬂ, Cnoco6-
HoOM pa6OTaTb 6e3 HenocpeaCcTBeHHOro y4actma B 3TOM npouecce yenoBeka.




UTT I
1

CKpl/IHbI CUCTEMbI MEXMPOTOKOJIbHOTO 00meHa MH¢0pmaume|7| ABTOMATU3UPOBAHHOIO TEXHOJIOTYECKOr0 060py}.]OBaHVIﬂ

TEKYLAA CTARUA PA3BUTUA

Co3faH NpOTOTMN NPOrPaMMHOIO NPOAYKTa.

CBEJJEH/A O MPABOBOI1 OXPAHE
Her.

NMOTEHLUWAJIbHbIE NOTPEBUTENUN U/UNN BAUMHTEPECOBAHHbDIE B PA3BPABOTKE

MpomblLneHHbIE NPeANPUATUS MALLIMHOCTPOUTENIbHOTO NPOodUIIsA, UCMOb3yoLWwne PobOTN3UPOBaHHbIE TEX-
HOJMOrMyecKmne KOMMeKChl 1 MHble CpeacTBa aBToMaTU3aLun.

KOHTAKTHDbIE OAHHDbIE

Lnwos CraHncnas MNaBnosuny, acnMpaHT-aCCUCTEHT.
Ten.: (+375 29) 327 20 45
E-mail: Standbruh@yandex.by
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XIV. OBLLECTBO C OTPAHMYEHHOM
OTBETCTBEHHOCTbBIO
«(MPOTPAMMHBIE PELLUEHN4A TNAKOCy

21.SWS PLATFORM

OMNMUCAHUE PASPABOTKI

Mnatpopma NpeacTaBnseT coboi pacnpeneneHHyo 0TKa3oyCTONUMBYIO CUCTEMY, OCHOBaHHYIO Ha MUKPOCEPBUC-
HOW apPXUTEKTYPE, XPaHMIIMLLAX CblPbIX M 06paboTaHHbIX AaHHbIX, CPeACTBaX NOMOJSIHEHUA, OUUCTKI U TPaHCdOop-
MaLMK AaHHbIX, areHTHO-OPUEHTVPOBAaHHOM KOpropaTUBHOM Al (MCKYCCTBEHHOM UHTENNEKTE), @ TaKKe Ha Gpperim-
BOPKax COGCTBEHHON pa3paboTKm.

Cucrtema npeaHa3HavyeHa AnAa opraHun3aunm 3¢(I)eKTVIBHOFO ynpasneHnA CNOXHbIMN CMCTEMaMU 3aKa34lKa
Ha OCHOBe c6opa 1 aHann3a 6oNbLINX AAHHbIX.

Mnatdopma 6asmpyeTca Ha TaKKX TEXHONOTUAX, Kak Java, Spring Framework, MongoDB, PostgreSQL, Kafka, MinlO,
TypeScript, Angular, Python, PyTorch, scikit-learn, Keycloak, Gradle, Docker, Kubernetes. Kpome Toro, ncnonb3sy-
eTcA GpeMBOPK COOCTBEHHOW pa3paboTKy, KOTOPbIV NOCPeACTBOM crelmanbHoro low-code-KoHCTpyKTopa no-
3BOJIAIET CO3AaBaTh 1 BM3Yanun3npoBaTb CTPYKTYPbl faHHbIX, MHTErpupys nx B 6U3Hec-npoLieccbl 6e3 JononHu-
TeNIbHOro NporpammmnpoBaHnsa. OuncTKa 1 TpaHcGopPMaLMs AaHHbIX peann3oBaHa C UCNOb30BaHUEM aNropuUT-
MOB MaLLMHHOro 0byueHus. KopnopatusHbii Al peanvsoBaH Ha 6a3e Spring Al, Qrdant, LangGraph, n8n.

Llenesble SLO-nnatdpopMbl: AOCTYMHOCTb He MeHee 99,5 % exxemecAUYHO B pexunme 130onALMN OQHOTO KnacTe-
pa, AnA nprema AaHHbIX 95-/ NPOLEHTUIb CKBO3HOM 3aiePXKKI COCTaBNsAeT MeHee 10 MVH 1A eXXegHeBHbIX na-
KeTHbIX 3arpy30K, 95-/ NpOoLEeHTUb 3aiePXKKM BbiBoAa AnA oTBeTa Al cocTaBnseT meHee 3 ¢, cpeiHee Bpems BOC-
CTaHOBMIEHUA — MeHee 10 MUH, YacTOTa OTKA30B NP 3MEeHeHUN JaHHbIX — MeHee 1 %.

TEXHUYECKUE MPEMMYLLECTBA

Cuctema npegcrasnseT coboi 3pesiylo apxXUTEKTYPY ANS M30IMPOBAHHBIX FOCYAAPCTBEHHbIX Cped, coueTas
MUKPOCEPBUCHbIV MOAXOM, LEHTPAN30BaHHOE 03€P0 AaHHbIX 1 KopropaTueHbii Al ¢ ncnosnbsosaHmem RAG.
Bbi6op MongoDB-LeHTPUYHOIO 03epa AaHHbIX YMEHbLIAET SKCMyaTaLMOHHYIO CIIOXHOCTb 1 YCKOPAET noTpe-
6neHne GovTech-cneyndunuHbix gaHHbIX. CO6CTBEHHbIN ML-MainaiH ycuimBaeT KOHTPOSb Hag BbiMOSHAEMbI-
MV MPOLEeCcamu.

KntoueBble npermyLLecTBa: UCMOMb3YTCA TONIbKO TEXHONIOMMU C OTKPbITbIM UCXOAHbBIM KOAOM, FapaHTUpyeTcA
MoNHasA CaMmof0CTaTOYHOCTb NeprUMeTPa, obecneunBaeTca NPOCeXnBaeMOCTb BU3HEC-MPOLECCOB Yepes Cob-
CcTBeHHoe low-code-pelueHue 1 ObICTPYIo MHTErpaumio Yepes n8n, fenaetca akueHT Ha SLO/SLI n ynpasnsaemyto
ob6paTHyto cBA3b. [NaBHOE NpenmyLLecTBO: BrepBble Al monyyaeT BO3MOXHOCTb peasibHO YNpaBiAaTb CUCTEMO
n, bonee TOro, ONTUMU3MPOBATL UCMONHAEMbIE NPOLIECChI.

HayuHo-TexHnyeckunin ypoBeHb nnathopmbl B LiesioM oLeHmBaeTca Kak TRL 9, B uacTv BHegpeHua Al — Kak
TRL 5-6: coBpemeHHble NaTTepHbl Mo paboTe ¢ Al 3pdEKTUBHO NHTErPUPOBaHbI B pacrnpeneneHHy0 MUKPOCcep-
BUCHYIO Ccpepy, peann3oBaH psag MCP-KOHHEKTOpPOB Aj1A NpOo3payHoro ynpasneHna cuctemoin. MukpocepBsuc-
Han apxMTEKTypa COOTBETCTBYET cTaHAapTam 12-Factor App un Reactive Manifesto, obecneunsas oTKaszoycToli-
YMBOCTb NO 3asABieHHbIM SLO-meTprKam.

OXWAAEMbIV PE3YJIBTAT MPUMEHEHUA

BHeanHI/Ie I'IJ'IaTd)OprI NO3BOMNT CO34aTb €AUHbIN KOHTYpP ynpaBneHuna aHHbIMK 1 NpoLecCaMin 3aKa34dunKa.
rlpI/IHFlTI/Ie peLUEHI/IVI ABTOMATU3NPYeETCA, YTO MUHUMIK3PYET KOJINYECTBO OLLIMOOK 1 YenoBeyecKunin C])aKTOp npu
NPUHATUN pELIJeHI/IVI. Monb3oBaTenb noNny4ymT BO3MOXXHOCTb CaMOCTOATEJIbHO }J,O6aBJ'IHTb cueHapun, aBTomatun-
3npyrowime NpuHATNE PYTUHHDIX pemean?l, B UTOre BblpacTeT CKOPOCTb N Ka4eCTBO NpefocTtaBieHnA rocyaap-
CTBEHHbIX YyCNyr, CHU3ATCA KOPPYNLUNOHHbIE PUCKKU, MOBbICUTCA OonepaunoHHasA 3¢¢EKTI/IBHOCTb.
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Bpems nHTennekTyanbHol o6paboTKm AOKyMeHTOB 3a cueT aBTomaTuzaumm OCR cokpaTtutca fo 20 % oT Bpe-
MeHW pusnyeckoil 3arpysku daiina B cuctemy. VIHHoBaumA npeanonaraeT NoaHoe UCKoYeHne 3aTpaT Ha by-
Ma<Hbl JOKYyMEHTOOOOPOT.

Mnatpopma co3pacT OCHOBY AJIA HEMPEPbIBHOM ONTMMM3aLMK NPOLECCOB Yepes crcTemy ynpasnaemoin ob-
PaTHOW CBA3M U MALLUMHHOTO OOYyYeHNs, 1 B pe3yfibTaTe NoyynTcsa NPUHLMNUANbHO HOBbIM YPOBEHb onepauu-
OHHOW 3¢ PEKTMBHOCTY FOCYNpPaBieHUs.

TEKYLWAA CTAQNA PA3BUTUA
BbinyLeH onbiTHbIN ob6pasel (TRL 5-6 B yactu Al, TRL 9 B yacT octanbHom nnatGopmbl).

CBEJEHUA O MPABOBOW OXPAHE
Hert.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MwuHncTepcTBa, rocygapcTBeHHbIe yupexaeHns, KpynHble npeanpuatus, 6aHkn Pecny6nukn benapycb, CHI!
1 pernoHa MENA.

KOHTAKTHbIE AAHHbIE

Jlanyuknin AnekcaHgp ViropeBuny, CUCTEMHBbIN apXUTEKTOP.
E-mail: alaputski@sws.by
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ROBOTICS,
ARTIFICIAL INTELLIGENCE
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|. STATE SCIENTIFIC INSTITUTION “UNITED INSTITUTE
OF INFORMATICS PROBLEMS OF THE NATIONAL
ACADEMY OF SCIENCES OF BELARUS”

1. DEVELOPMENT OF TECHNOLOGY FOR AUTOMATED RECOGNITION OF ANIMAL
VOCAL SIGNALS FOR THE IMPLEMENTATION OF AUTONOMOUS CONTINUOUS
MONITORING OF RARE, THREATENED AND INDICATOR SPECIES AND THE

STATE OF BIODIVERSITY IN FOREST ECOSYSTEMS (IN TERMS OF TECHNICAL
IMPLEMENTATION)

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A prototype of experimental software for automated voice signal recognition has been developed, which en-
ables long-term, round-the-clock, year-round monitoring of bird species diversity in selected habitats and eco-
systems.

TECHNICAL ADVANTAGES

There are no domestic equivalents to this development. Compared to its foreign counterpart (“BirdNet”) our
development can process large audio files of up to 1 hour and 1 GB in length. The dataset used to train the mo-
del was created from files annotated by ornithologists, which makes predictions more accurate.

EXPECTED RESULT OF APPLICATION
Increase the accuracy of forest ecosystem biodiversity assessments by at least 50 %.
Reduce the cost of monitoring rare, endangered, and indicator bird species.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Scientific and Practical Center for Bioresources, students from specialized universities, amateur ornithologists.

CONTACT INFORMATION

Sergey Kasanin, Deputy General Director for Research, Candidate of Technical Sciences, Associate Professor.
Phone number: (+375 17) 270 20 63
E-mail: s.kasanin@newman.bas-net.by

2. ASOFTWARE PACKAGE FOR SCREENING HEART AND CARDIOVASCULAR SYSTEM
DISEASES BASED ON X-RAY IMAGES USING ARTIFICIAL INTELLIGENCE METHODS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A software complex has been developed for screening heart and cardiovascular system diseases, based on
the analysis of digital chest X-ray images using modern artificial intelligence methods. The complex includes
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classification and segmentation algorithms for medical images, implemented based on convolutional neu-
ral networks “EfficientNet” and “U-Net”. A web interface has been developed for remote access to the system.
The software complex automatically detects signs of cardiovascular pathologies such as enlarged heart, en-
larged heart shadow, unfolded aorta, sclerosis and atherosclerosis of the aortic arch. The accuracy of recogni-
zing pathology signs on chest images ranges from 89 to 98 %. The complex is designed to support diagnostic
decision-making during heart disease screening, reduce the workload on radiologists, and ensure early diagno-
sis of pathologies.

TECHNICAL ADVANTAGES

The developed complex is distinguished by high accuracy in recognizing pathologies (up to 98 %) and the use
of modern neural network architectures optimized for medical images. The software solution is implemented
using a microservice architecture, ensuring scalability and ease of integration with existing medical systems. Un-
like foreign analogs, the complex is adapted to the features of X-ray images obtained on equipment common in
the Republic of Belarus and CIS countries. The developed heart segmentation algorithms surpass existing open
solutions in accuracy (dice metric in the range of 0.80-0.95). The complex supports real-time operation on stan-
dard medical equipment and can be easily adapted to solve related tasks of medical image analysis.

EXPECTED RESULT OF APPLICATION

Implementation of the complex will improve the quality and speed of screening for cardiovascular system
diseases, reduce the workload on radiologists, and ensure early diagnosis of pathologies in a large number
of patients. This will lead to a reduction in mortality from cardiovascular diseases and improvement in the qua-
lity of medical care for the population.

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

INFORMATION ON THE LEGAL PROTECTION

Intellectual property objects are partially protected by certificate No. 1619-KP dated 14.07.2023. Work is cur-
rently underway on preparing applications for registration of the developed algorithms and software.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Medical institutions of the Republic of Belarus, CIS countries and foreign countries specializing in the diagno-
sis of cardiovascular diseases.

CONTACT INFORMATION

Vasily Kovalev, Leading Researcher of the Biomedical Image Analysis Laboratory, Candidate of Technical
Sciences.

Phone number: (+375 29) 199 97 70

E-mail: vassili.kovalev@gmail.com

Akhmedkhan Rajabov, Junior Researcher of the Biomedical Image Analysis Laboratory.
Phone number: (+375 33) 385 23 20
E-mail: axmegxah@outlook.com

3.PROJECT“ARCANA": HUMANOIDS OF THE FUTURE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Project “ARCANA" is a modular humanoid robotics platform targeting education, R&D and demo use cases.
The system includes modular joint mechanics with servodrives, distributed electronics over a CAN bus, a flex-
ible software stack with a GUI for tuning and monitoring, and optional sensor packages (force sensors, IMU,
cameras). Design goals are local manufacturability and scalable production: open hardware architecture,
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standardized drive and power interfaces, and upgradeable modules. Key specs: modular joint units; CAN
based distributed control; real time control latency at controller level < 20 ms; estimated full assembly cost
13,500-18,000 BYN. Target users: universities, research centers, demo/expo venues and robotics training pro-
grams.

TECHNICAL ADVANTAGES

Combines modularity and local accessibility with costs significantly lower than many foreign counterparts.
CAN distributed controllers simplify scaling and integration of additional joints. Open hardware and software
reduce adoption friction for educational institutions and local manufacturers. Compared to closed foreign plat-
forms, “ARCANA"is easier to adapt, repair and extend using locally available components.

EXPECTED RESULT OF APPLICATION

Improved practical education and research infrastructure through affordable humanoid platforms, reduced
prototype development time for applied research, and acceleration of the local robotics ecosystem.

CURRENT STAGE OF DEVELOPMENT

Prototype released (MVP); core subsystems tested; pilot preparations underway.

INFORMATION ON THE LEGAL PROTECTION

Partial open publication on GitHub; plans to file patent applications for selected mechanical/drive inventions
and to register a trademark in 2026.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Universities, research institutes, technical colleges, demo integrators, R&D departments, private labs, startups,
companies.

CONTACT INFORMATION

Yevgeniy Lopatko, Project Lead (R&D).
Phone number: (+375 44) 540 02 12
E-mail: lopatkoe12@gmail.com
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ll. REPUBLICAN UNITARY ENTERPRISE “SCIENTIFIC
AND PRODUCTION CENTRE OF MULTIFUNCTIONAL
UNMANNED SYSTEMS” OF THE NATIONAL ACADEMY
OF SCIENCES OF BELARUS

4. MULTIFUNCTIONAL UNMANNED AERIAL SYSTEM FOR SURVEYING TERRITORIES
WITH THE AIM OF IDENTIFYING PLACES OF GROWTH OF INVASIVE PLANTS, ROUTES
AND MEANS OF THEIR TRANSPORTATION

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The multifunctional unmanned aerial system for surveying territories with the aim of identifying places
of growth of invasive plants, routes and means of their transportation (MBAK IR) is designed to survey areas
to identify invasive plant growth sites, routes and means of transportation.

Purpose:
- to provide law enforcement agencies with operational information;

- to solve optical-electronic surveillance and data recording tasks during aerial monitoring of natural areas,
such as:

- detecting invasive plant growth sites;
- determining coordinate and area characteristics of invasive plant growth sites;
- tracking a ground object moving at a speed of up to 100 km/h.
The MBAK IR includes:
- UAV type “Busel M50”;
- ground control station (hereinafter referred to as GCS);
- payloads;
- ground support facilities;
- SPTA — 1 set;
- operational documentation;
- a set of containers for transportation and storage of the MBAK IR elements;
— special software for processing hyperspectral imaging data.
Main technical characteristics of the unmanned aerial vehicle (UAV):
- operating range of flight altitudes — 100-600 m;
- operating range of flight speeds — 65-100 km/h;
- maximum takeoff weight — up to 15 kg;
— communication channel range in conditions of direct radio visibility — up to 50 km;
- flight duration — not less than 90 min;
- UAV takeoff — from a catapult;
- UAV landing — by parachute with a landing pad and a sling release;
- number of takeoff-landing cycles — up to 150;

- landing conditions — on an open and unprepared site of at least 100x100 m in size with a wind speed at the
ground of no more than 8 m/s.

The equipment of the payload of type 1 ensures automatic tracking of moving and stationary contrast
ground objects. The payload 1 includes an optical-electronic system of video cameras of television and infrared




The composition of the multifunctional unmanned aircraft complex MBAK IR:

1— MBACIR: a— in flight mode, b — assembled in a container
2 — Ground control center

3 — (atapult

4 — Data reception and transmission system

images (OES TV-IR), which allows for video surveillance of the earth’s surface in the visible and infrared ranges
of light waves. The payload of type 2 consists of hyperspectral and television modules, which provide terrain
survey and collection of hyperspectral data in the visible and near infrared ranges of light waves.

TECHNICAL ADVANTAGES
There are no analogues of the developed MBAK IR system in the Republic of Belarus.
In relation to the best world models:

- technical indicators of MBAK IR are at the level of a foreign analogue — “Supercam S35F” (group of com-
panies “Unmanned Systems”, Finco LLC, Russian Federation) — the flagship among unmanned aircraft systems
designed to perform aerial photography and video monitoring.

EXPECTED RESULT OF APPLICATION

Import substitution.

The development allows solving the problem of providing the Ministry of Internal Affairs of the Republic
of Belarus and other interested organizations with an unmanned aerial system to provide them with operational
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information, to solve the problems of optical-electronic surveillance and data recording during aerial monitor-
ing of natural areas, tracking moving and stationary objects, conducting video surveillance of the earth’s surface
in the visible and infrared ranges of light waves.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministry of Internal Affairs of the Republic of Belarus, export.

CONTACT INFORMATION

Igor Aniskov, Leading Researcher, Candidate of Economic Sciences, Associate Professor.
Phone number: (+375 44) 508 48 18
E-mail: anisavia@gmail.com

5. MULTIFUNCTIONAL SMALL-SIZED GYROSTABILIZED VIDEO SYSTEM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
The multifunctional small-sized gyrostabilized video system (MfMGV) is designed for:

- conducting aerial reconnaissance and additional reconnaissance of area and point objects in the visible
and infrared wavelength ranges in the altitude range of 150-3,000 m;

- obtaining reconnaissance information in a time scale close to real time.

—automatic tracking of a selected ground mobile (stationary) object with determination of its coordinates and
motion parameters in a mode close to real time, including the generation of signals for controlling the MfMGV
and UAVs in the automatic tracking mode of a ground object.

The MfMGYV is a necessary payload for UAVs for aerial reconnaissance and additional reconnaissance of area
and point objects in the altitude range of 150-3,000 m; obtaining reconnaissance information in a time scale
close to real time, automatic tracking of a selected ground mobile (stationary) object with determination of its
technical parameters.

The MfMGV consists of:

- a television module with 30x optical zoom;

- an IR module with a narrow field of view;

- an IR module with a wide field of view;

- a laser rangefinder module;

- alaser pointer;

- a gyrostabilized electric drive;

- avideo image processing and control module.

The novelty lies in the development of original design solutions for a small-sized optical-electronic system on
a gyrostabilized platform, in the development (adaptation, optimization) of computer algorithms for tracking
ground objects to ensure the operation of the MfMGV as part of unmanned aerial systems. Algorithms and the
source code of special software have been developed to ensure the execution of the specified MfMGV functions.
The presence of an automatic object tracking module ensures the generation of control signals in the UAV flight
and navigation system and in the MfMGV to control the position of its optical axis and change the UAV trajectory
during automatic tracking of a ground object selected by the UAV operator.




MfMGV in the visible and infrared wavelength range with the function of automatic tracking of a ground object

TECHNICAL ADVANTAGES

In terms of technical parameters, it surpasses domestic analogues: the mandatory inclusion in the MfMGV
of a TV module with 30x optical zoom, an IR module with a narrow field of view, an additional IR module with
a wide field of view, a laser rangefinder module, a video image processing and control module ensures higher
technical characteristics of the MfMGV compared to domestic short-range UAV video systems (“Busel-M’, “Ber-
kut-2",“Berkut-2E"), which use a set of replaceable payloads: either a photo camera, or an infrared reconnaissance
module, or a television reconnaissance module, or an uncontrolled overview video camera module. The pres-
ence of two IR modules (wide and narrow fields of view), a TV module, a laser rangefinder, and an automatic
object tracking module in the MfMGV provides higher technical characteristics of the MMGV compared to do-
mestic optical-electronic systems used in large UAVs (the “OGD-30" video system (KB Bespilotniye Vertolety LLC)
and “GOES” (STC LEMT BelOMO)). In terms of technical and operational characteristics, the MfMGV is at the level
of its foreign analogues: the “OTUS U200 video system (Sweden) and “Epsilon-175" (“Octopus’, Latvia — Israel).

EXPECTED RESULT OF APPLICATION
Import substitution.
Consumers: law enforcement agencies of the Republic of Belarus, special exporters and foreign customers.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministry of Internal Affairs of the Republic of Belarus, export.

CONTACT INFORMATION

Alexander Shchauleu, Deputy Director for Research, Candidate of Technical Sciences.
Phone number: (+375 17) 397 00 91
E-mail: s-alexandr2007 @yandex.by
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lIl. REPUBLICAN SCIENTIFIC AND PRACTICAL CENTER
“CARDIOLOGY” OF THE MINISTRY OF HEALTH
OF THE REPUBLIC OF BELARUS

6. INFORMATION SYSTEMS FOR THE DIAGNOSIS AND PREDICTION
OF LIFE-THREATENING CARDIACRHYTHM DISORDERS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The “Intecard” series of information systems represents a new, fourth generation of electrocardiography, com-
bining precision ECG measurement, automatic interpretation, data transmission via telecommunication chan-
nels, and prediction of critical cardiovascular events.

Through original software — “Intecard 3, “Intecard 7.4," and “Intecard 8.2" — the systems enable intelligent
analysis and prediction of life-threatening tachyarrhythmias and sudden cardiac death risk, opening new pos-
sibilities for early prevention and personalized medicine.

Applications: cardiology, neurology, pulmonology, sports medicine, telemedicine, and scientific research.

TECHNICAL ADVANTAGES

A clinically accessible tool for ECG-based monitoring of a patient’s arrhythmogenic status has been deve-
loped, utilizing advanced signal processing and intelligent analysis technologies.

Mathematical Model | (dynamic observation of 1,025 patients with coronary artery disease and hyperten-
sion over 5.2 years) provides a personalized prediction of life-threatening tachyarrhythmias and sudden cardiac
death with an accuracy of 77 %.

Mathematical Model Il (observation of 230 patients with coronary artery disease and hypertension over
3.3 years) enables prediction of atrial fibrillation and stroke with an accuracy of 85 %.

No analogs of this technology for assessing myocardial electrical instability have been identified in Eastern
Europe or Asia, confirming its uniqueness and scientific novelty.
EXPECTED RESULT OF APPLICATION

Intelligent Solutions in Cardiology:
-7 % fewer premature deaths from cardiovascular diseases;
- 12 % fewer severe disabilities after stroke.

Information technologies that truly save lives.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
The innovations are implemented in the form of original software.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Healthcare institutions (public and private) providing diagnostic and therapeutic services in the fields of car-
diology, neurology, and sports medicine.

CONTACT INFORMATION

Alexander Frolov, Doctor of Biological Sciences, Professor, Head of Laboratory.
Phone number: (+37529) 777 18 12
E-mail: frolov.minsk@gmail.com

Vladimir Krupenin, Director of Cardian UE.
Phone number: (+375 17) 374 40 25
E-mail: info@cardian.by
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V. SCIENTIFIC RESEARCH INSTITUTION
“SEVCHENKO INSTITUTE OF APPLIED PHYSICAL
PROBLEMS” OF THE BELARUSIAN STATE UNIVERSITY

7.X-RAY MICROTOMOGRAPH

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

X-Ray microtomograph is designed to conduct research to determine the internal structure of objects using
non-destructive testing methods with X-rays. The objects of research are biological objects, microelectronic
devices, and micromechanics.

The microtomograph consists of an X-ray source, a digital 2D X-ray camera, a computerized sample rotation
control system with remote access via the Internet, and X-ray optics elements for forming an X-ray beam.

Technical characteristics of the Microtomograph:
Spatial resolution of the tomograph 20 um.
Visual field of the tomograph 18x12 mm?2,
Software for reconstructing tomographic images.

Multi-element refractive X-ray lens with a focal length of 50-100 mm for focusing X-ray beams with an energy
of 8-20 keV.

MoBOpOTHLIW CTON

WcTouHKuK

X-Ray microtomograph

TECHNICAL ADVANTAGES

Traditional projection X-ray microscopes and tomographs use microfocus X-ray tubes with a focal spot of ap-
proximately 5 um or less. To focus the electron beam in an X-ray tube to a spot size of, for example, 5 um, it is
necessary to apply a high voltage of about 100 kV to the X-ray tube. However, the radiation spectrum of the
tube will contain not only the characteristic radiation but also a bremsstrahlung background of high-energy
radiation. For the correct processing of the object transmission results, it is preferable to use monochromatic ra-
diation, which is practically impossible at high voltages in an X-ray tube. The tomograph uses a contact method
to obtain images of objects, where the object is placed close to a high spatial resolution X-ray camera. As X-ray
sources are used X-ray tubes with a focal spot of approximately 500 um, operating at relatively low voltages




(10-30 kV). The use of such radiation sources enables the use of quasi-monochromatic X-ray beams, which al-
lows correctly carrying out calculations of the object’s transmission.

EXPECTED RESULT OF APPLICATION

For the first time in the Republic of Belarus, the X-ray microtomograph has been developed, which will be used
to reconstruct the internal structure of objects and to educate students specializing in instrument engineering
and radiophysics.

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

INFORMATION ON THE LEGAL PROTECTION

Patent No. 8602 for the utility model “Device for generating a monochromatic X-ray Microbeam” dated 16 De-
cember 2011. Applicant: Institute of Applied Physics Problems of Belarusian State University.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

The consumers of the products are educational institutions specializing in radiophysics and instrument engi-
neering, in particular the Faculty of Radiophysics and Computer Technologies and the Faculty of Physics at Be-
larusian State University, as well as organizations of the National Academy of Sciences of Belarus and JSC“INTE-
GRAL" — “INTEGRAL" Holding Managing Company.

CONTACT INFORMATION

Yuri Dudchik, Deputy Director, PhD (Physics and Mathematics).
Phone number: (+375 17) 260 37 76
E-mail: Dudchik@bsu.by
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V. EDUCATIONAL INSTITUTION
“ACADEMY OF THE MINISTRY OF INTERNAL AFFAIRS
OF THE REPUBLIC OF BELARUS”

8. AI-POWERED LEGAL ASSISTANT

Borodinbaa

Nuyo e sBospacte 15 set yuacTeoeano B pazboiHOM HanageHwm,
GYAET AW OHO NOANENETL MPHENEYEHMIO K YTOROBHOW
OTBETCTBEHHOCTH?

NPOAONXWUTD

User query

@ - coeinKa Ha HCTOMHMK

Mla, muo B Bo3pacTe 15 NET NOANENHT NPHABUEHMIO K YTOAOBHOR
OTBETCTBEHHOCTH 33 YHACTWE B Pa3BOHHOM HanaaeHHH.

OcHoBaHuA npuoneyeHHA K OTBETCTBEHHOCTH

Mo obuiesy npasany, YTONOBHOR OTBETCTBEHHOCTH NOANENHT

MU, AOCTHTILEE KO BPEMEHM COBEDIIEHNA NPECTYINEHHA
stz SEhl et

WeCTHAAUATHAETHED BO3PacTa ( yacTe 1 crateh 27 Yronossoro

OpHaKo 3aKOHOATENLCTEOM YCTAHOBAEH NEPEYEHE MPECTYTUAEHHN,

OTBETCTBEHHOCTS 33 KOTOPLIE HACTYNAET C HETHIPHAALUATH neT. B

3TOT NEpPeYEHs BXOAMT pa3bol (cTaten 207 YK PE), koTopsii

OMPEAENRETCR K3k NMPUMEHEHHE HICUIWA, ONSCHOTD ANA KHIHW AW

3A0pOBLA NOTEpPREBIEro, IGO0 YTPO3a NPMMEHEHH:A TAKOID

HACMAMA € LIEABID HENOCPEACTEEHHOND 33BAANEHWA MMYLLECTEOM
10 yacTk 2 crateu 27 ¥ronoaworo

bamspycs| |cramen 207 YiomqsHOr Ko -

Benap _D Taxum obpazom, 15-neTHee IMUO ABRRETCA CyBLexTomM

[ASHHOTD NPECTYTNEHHA.

Provided response

BRIEF DESCRIPTION OF INNOVATIVE DEVELOP-
MENT

Legal Assistant is a platform for analyzing regu-
latory legal acts, resolving legal issues, and pre-
qualifying cases. The system enables multi-stage
document processing, with subsequent use of their
content as a contextual base for interaction with
a large language model and Al.

The text of a regulatory legal act is uploaded by
the administrator. Each uploaded text is assigned
a document name assigned by the user (e. g.,“Crimi-
nal Code of the Republic of Belarus”). The name is an
identifier that the system automatically uses as the
primary document description. The description is in-
dexed and used by the Al model to assess the docu-
ment’s relevance to the user’s query.

The document is saved in the server file system
in “*txt” format with a unique UUID as the name.
Metadata (document name, description) is embed-
ded at the beginning of the file using special pre-
fixes and suffixes, allowing the Al model to correctly
extract it.

When preparing a response, the document con-
tents are retrieved from storage and aggregated into
asingle contextual block. Depending on the volume,
the system applies one of the following strategies:

1. If the total text volume does not exceed the lim-
its for the selected model, the entire context block
is directly passed to it for processing.

2. If the total volume exceeds the limit, the origi-
nal content is decomposed into sequential seg-
ments (chunks) of a fixed size.

Each chunk is sequentially sent to the Al Model.
The prompt for each chunkincludes system and user
instructions, the user’s original question, and the
chunk itself, along with its sequence number. The Al
Model is tasked with extracting information relevant
to the original question from the chunk and provid-
ing a brief answer.

Based on the responses for each chunk, final syn-
thesis occurs, combining them into a new, more




compact but information-rich context. This aggregated context, along with the system and user instructions
and the user’s original question, is sent to the language model to generate a final, generalized response.

The language model processes the received prompt and generates a final response. Thus, the processing
process is complex and multi-stage, combining structured data storage, Al-based semantic analysis, adaptive
strategies for interacting with large language models, and fault-tolerance mechanisms.

TECHNICAL ADVANTAGES

This is the first legal assistant developed in the Republic of Belarus based on an artificial intelligence model
(among well-known and freely available models). It is comparable to its international counterparts.

EXPECTED RESULT OF APPLICATION

This will reduce the time and cost of resolving legal issues by providing a response with references to regula-
tory legal acts for the lawyer to analyze.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Government bodies, legal consultations.

CONTACT INFORMATION

Alexander Balitkin, Associate Professor, Department of Information Law, Faculty of Criminal Police, PhD in Law.
Phone number: (+375 17) 289 21 39
E-mail: info@amia.by
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VI. BELARUSIAN NATIONAL TECHNICAL UNIVERSITY

9. EDUCATIONAL INTELLIGENT TECHNOLOGY FOR STUDYING ELECTRICAL CIRCUIT
PARAMETERS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The educational intelligent technology for studying electrical circuit parameters is designed to integrate ar-
tificial intelligence into the educational process of a higher educational institution in the academic disciplines
of Electrical Engineering and Theoretical Foundations of Electrical Engineering, and later into the production
activities of electric power systems, improving the efficiency of decision-making about the state of systems.
The educational intelligent technology includes four modules: 1) “Investigation of alternating sinusoidal current
circuits”; 2) “Study of resonant modes of an electric circuit”; 3) “Study of reactive load power compensation”;
4) “Study of three-phase current circuits”. Each module is a laboratory work performed in two stages. The first
stage, “Experiment planning’, is carried out in a computer classroom using appropriate hardware and software,
including special platforms for mastering neural network technologies for increasing complexity — generat-
ing and simulating numbers.; modeling of processes occurring in electrical circuits, combinatorics, covariance
calculations, statistical analysis, forecasting, cloud data storage, optimization of input and output parameters,
neural network training. The second stage — “Conducting an experiment’, is implemented in the educational
electrotechnical laboratory using measuring equipment at the technical base of the Department of Electrical
Engineering and Electronics, taking into account feedback.

TECHNICAL ADVANTAGES

The innovative development is unique, it is aimed at providing students with advanced knowledge in the field
of electric power engineering and modern computer technologies. Advantages: 1) the ability to solve direct
and inverse problems in calculating the parameters of electrical targets; 2) flexible normalization of accuracy;
3) accumulation of statistics and regular updating of data; 4) forecasting and modeling of processes occurring
in electrical circuits in a feedback loop; 5) speed of calculations.

EXPECTED RESULT OF APPLICATION
Preparation, publication and state registration of laboratory practice.

Mastering laboratory work as part of higher education or advanced training. The developed Al model is inte-
grated into the educational process as a “virtual laboratory assistant”. Instead of a simple reconciliation of the
final answer, the system analyzes the student’s decision process in real time when calculating the laboratory
work. The model identifies methodological errors (for example, an incorrectly formulated Kirchhoff equation
or an error in complex numbers), provides contextual hints and visualizes the results (for example, vector dia-
grams).

Implementation of acquired skills and knowledge in the production process. The principle of calculating cir-
cuit parameters, worked out on educational tasks, is applied to the “digital twins” of power facilities. A power
grid is a complex electrical circuit. An Al model trained on reference parameters (currents, voltages, phase shifts)
is used for:

- Predictive diagnostics: Monitoring of deviations of the actual parameters from the calculated ones, which
indicates degradation of the equipment (e.g. change in insulation resistance) before the accident.

- Mode optimization: Express calculation of modes to minimize power losses in the network in real time.

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

INFORMATION ON THE LEGAL PROTECTION
Itis supposed to file a patent application and register a computer program.
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POTENTIAL CONSUMERS AND INTERESTED PARTIES

Higher educational institutions that train students in energy specialties; organizations in the energy sector;
institutes for advanced training and retraining.

CONTACT INFORMATION

Evgeniya Savkova, Associate Professor of the Department of Electrical Engineering and Electronics,
Candidate of Technical Sciences, Associate Professor, Head of Development.

Phone number: (+375 29) 683 90 06

E-mail: evgeniya-savkova@yandex.ru

Ivan Ringovsky, Master’s Student of the Department of “Electrical Supply’, assistant of the Department
of “Electrical Engineering and Electronics”.

Phone number: (+375 33) 602 48 75

E-mail: rihgov@tut.by
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VII. EDUCATINAL INSTITUTION
“YANKA KUPALA GRODNO STATE UNIVERSITY?”

10. THE TECHNOLOGY “AUTOMATIC DATA MINING BASED ON CLUSTER STRUCTURES”
FOR AUTOMATICDETECTION OF HIDDEN PATTERNS BASED ON CLUSTER
STRUCTURES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The technology “Automatic Data Mining based on cluster structures” has been developed and tested on real
data, which is fundamentally different from the traditionally used ones based on Machine Learning methods.
The technology is based on an original mathematical model and specially developed algorithms. A software ap-
plication was written and tested on real data sets. If at present machine learning is performed in an automated
mode with the obligatory participation of a Machine Learning specialist (he SELECTS A MODEL + SELECTS PA-
RAMETERS + FORMS training dataset and test dataset), then the proposed technology provides for training in
automatic mode.

TECHNICAL ADVANTAGES

The technology is based on the original method of data mining. The method is based on a new approach
to the problem of data analysis and provides for the detection of previously unknown, practically useful and ac-
cessible patterns in the data within the subject area. In contrast to machine learning methods, it is provided,
firstly, that the training sample data is processed in an automatic, rather than automated, mode, and, secondly,
the patterns that are revealed can be interpreted in terms of the subject area.

EXPECTED RESULT OF APPLICATION

A SaaS application that will provide an opportunity for a subject user to independently (without the participa-
tion of Machine Learning specialists) conduct data mining, i.e. identify and interpret hidden patterns in data.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

IT companies of the Park of High Technologies, Republican Scientific and Practical Center of the Republic
of Belarus, scientific institutions, industrial enterprises, telecommunications enterprises, retail chains, etc.

CONTACT INFORMATION

Vadzim Rodchanka, Department of Modern Programming Technologies, PhD in Engineering Science,
Associate Professor.

Phone number: (+375 29) 786 98 48

E-mail: rovar@grsu.by
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VIIl. EDUCATINAL INSTITUTION “VITEBSK STATE
UNIVERSITY NAMED AFTER P. M. MASHEROV™

11. DIGITAL RELIEF MODEL OF THE VITEBSK REGION

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The Digital Elevation Model of the Vitebsk Region is an innovative geospatial development created as part
of the research activities of scientists in Vitebsk State University named after P. M. Masherov (State Registration
Certificate No. 182 OAP dated April 7, 2025).

This development is a highly detailed digital elevation model (DEM) constructed using modern remote sens-
ing methods, geoinformation technologies, and spatial data processing algorithms. The model provides an ac-
curate representation of the terrain of the Vitebsk Region with the ability to be integrated into artificial intel-
ligence systems and automated landscape analysis.
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(artographic model of Quaternary deposits superimposed on the DEM of the Vitebsk region on the QGIS platform
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Its applications include urban development, environmental monitoring, agriculture and forestry, emergency
management, infrastructure design, as well as scientific and educational purposes. The model can be used in in-
telligent decision support systems and robotic systems for autonomous navigation.

Key features:

- spatial resolution up to 10 m;

- support for GIS formats and compatibility with leading platforms (ArcGlIS, QGIS, etc.);

- capability for 3D visualization and modeling of hydrological, erosional, and other natural processes;

- technological flexibility — the model allows for regular updating and expansion through the integration
of UAV and satellite data.

The digital elevation model of the Vitebsk region is a ready-made solution for the digital transformation of ter-
ritorial administration and intelligent geographic information systems.

TECHNICAL ADVANTAGES

The digital elevation model of the Vitebsk region boasts a high scientific and technical level: spatial resolution
up to 10 m, full compatibility with leading GIS platforms (ArcGIS, QGIS), support for 3D visualization and spatial
analysis (hydrology, erosion, insolation). The model integrates with artificial intelligence systems and robotic
systems for autonomous navigation.

Compared to similar models — including Belarusian models based on “SRTM” (30-90 m resolution) and fo-
reign products such as “ASTER GDEM” and “Copernicus DEM” (12-30 m) — this development provides greater
accuracy and detail by using UAV data and ground surveys, updated for the Vitebsk region. Its uniqueness
is confirmed by state copyright registration. The model meets modern digital transformation requirements and
outperforms most open-source analogs in terms of accuracy, adaptability to local conditions, and integration
into intelligent systems.

EXPECTED RESULT OF APPLICATION

The expected result is increased accuracy and efficiency of spatial analysis of the Vitebsk region’s terrain when
implementing and supporting solutions in urban development, environmental monitoring, agriculture, and for-
estry, as well as integration with artificial intelligence systems and robotic platforms for autonomous navigation
and territorial development management.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
Certificate 182 OAP dated April 7, 2025.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Regional divisions of the Ministry of Natural Resources and Environmental Protection of the Republic of Be-
larus (for environmental monitoring, nature management, flooding and erosion risk assessment), the Minis-
try of Architecture and Construction of the Republic of Belarus (for urban planning and infrastructure design),
the Ministry of Agriculture and Food of the Republic of Belarus (for agro-ecological zoning, planning of land
reclamation measures), the Ministry of Emergency Situations (for modeling and forecasting the consequences
of natural and man-made disasters, e. g., floods, etc.), the State Property Committee of the Republic of Belarus
(for cadastral and land management works), the National Cadastral Agency RUE (for maintaining the state real
estate cadastre and land management),

Vitebsk Regional Executive Committee and district executive committees for territorial planning, develop-
ment of housing and communal services, road network and energy infrastructure.

Scientific and educational institutions: Vitebsk State University named after P. M. Masherov, Belarusian State
University, Belarusian State Technological University, and others — for research and educational purposes.

Design and engineering organizations: Vitebskgrazhdanproekt RUE, Belgiprovodkhoz OJSC, and similar
entities.




TECHNOLOGIES OF THE FUTURE: ROBOTICS, ARTIFICIAL INTELLIGENCE

CONTACT INFORMATION

Alexander Galkin, Doctor of Geological and Mineralogical Sciences, Professor.
Phone number: (+375 29) 268 03 90
E-mail: galkin-alexandr@yandex.ru

Andrey Torbenko, Senior Lecturer, Department of Ecology and Geography.
Phone number: (+375 33) 696 14 71
E-mail: torbenko_a@mail.ru

12.STUDIO FOR 3D SCANNING OF STATIC OBJECTS USING PHOTOGRAMMETRY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
Three-dimensional scanning of objects using photogrammetry technology.

The use of 3D digitalization to capture artistic and cultural heritage allows for the creation of an accurate vir-
tual three-dimensional copy of a tangible object and its presentation in the form of a transferable code, which
enhances accessibility without the risk of loss or damage to the tangible artifact. The project aims to establish
an archive and provide access to organizations with various forms of ownership and activities.

The project’s advantages include non-contact scanning
of material heritage objects, providing access to artifacts
and works of art on a commercial or non-commercial ba-
sis to representatives of various social groups and orga-
nizations of various forms of ownership, creating the first
archive of three-dimensional models in the Republic of
Belarus, and presenting objects in virtual space through
remote access.

TECHNICAL ADVANTAGES

Photogrammetry is a versatile, cost-effective, and effi-
cient solution for creating accurate 3D models with natural
textures, especially for medium-sized and large objects.

Topology obtained from automated processing

of camera visual data
This type of scanning allows for the creation of 3D mo-

dels of both small objects and large-scale structures (build-
ings and landscapes) at a low cost, which is challenging for
most 3D scanners.

The scanning process does not require complex equip-
ment, making it ideal for working in hard-to-reach areas.

The resulting models are photorealistic, as the textures
are generated directly from the images rather than being
manually assigned.

Modern software automates the processing process, re-
quiring no deep technical knowledge, unlike the setup of
many 3D scanners.

EXPECTED RESULT OF APPLICATION

Creation of a high-quality digital model archive.

Maximum optimization of the process to reduce the ac-
tual costs of product production. Surface normal behavior derived from automated processing




Object shell generated from Virtual model Example of a virtual model with preserved
computational processing of visual data of a physical object textures from the physical specimen

Filling the niche of digital models of static objects in the Republic of Belarus.
Development of a high-tech intellectual product.

Development of cooperation with organizations in the manufacturing, educational, and scientific sectors
of the economy.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Education, research institutes, museums, film studios, and computer game companies.

CONTACT INFORMATION

Alexander Sergeyev, Associate Professor of the Department of Design.
Phone number: (+37529) 711 36 98
E-mail: kdznak@gmail.com
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IX. EDUCATIONAL INSTITUTION
“MOGILEV STATE POLYTECHNIC COLLEGE”

13. ACCESS SYSTEM “DUAL ACCESS”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The access system is implemented using the example of a ready-made device — the “Dual access” safe. It is
intended for multi-stage protection of material assets. It can be installed both in separate safe-type devices and
in industrial/domestic premises. The safe is made taking into account the latest trends in the popularization
of various access control systems. For this purpose, the following were used: Arduino Nano board, matrix mem-
brane keyboard, 16x2 LCD display with 12C interface, relay module, RFID module with key card, piezoelectric
emitter (buzzer).

RFID module with key card, piezoelectric emitter (buzzer).

The access control system supports two main modes: operating and administrator mode. The latter is used
to register new cards and change passwords. In operating mode, the user is asked to attach an RFID card
to the terminal or enter a password on the matrix keyboard (7654321). This is indicated by the corresponding
inscription on the display. The password is entered by pressing the numbers on the matrix keyboard, followed
by confirmation or cancellation. To confirm the entry, use the [#] key, and to cancel, use the [*] key. If a card
registered in the system is attached to the terminal or the correct password is entered, the device opens.
The display shows information about successful access to the object and the time during which the safe
will be opened. In the event that the password is entered incorrectly or an RFID key is detected that is not in
the database, the device displays flashing information about an access error. Administrator mode: designed
to remove or add new RFID cards to the Arduino non-volatile memory, change passwords and configure
some operating parameters. To enter the administrator menu, you must enter a special password on the ma-
trix keyboard (1234567) in operating mode and press the [#] key. Navigate up and down through the menu
items by pressing the [A] and [B] keys. Enter the selected submenu by pressing [#], and exit to the upper level
by pressing [*]. The administrator menu allows you to enter up to 30 unique key codes into the database
(the screen displays the serial number of the cell associated with the Arduino non-volatile memory. Opposite
the serial number of the cell is the code of the linked card; if the cell is empty, the inscription “empty” is dis-
played instead of the code), etc.

TECHNICAL ADVANTAGES

Implementation of the “smart home” element. Several protection methods allow to increase security. The sys-
tem is reprogrammable and reconfigurable for a wide range of users: it can be used for educational purposes,
as a gift safe, as a real valuables protection system. It is also possible to upgrade with the ability to open using
a specific bank card.

EXPECTED RESULT OF APPLICATION

Implementation into a security system. Use for educational purposes. Implementation into production. It is
proposed to obtain a patent, sell the project idea (author’s code, circuit design) or launch into serial production
in case of interest from organizations.

CURRENT STAGE OF DEVELOPMENT

A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
No.
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POTENTIAL CONSUMERS AND INTERESTED PARTIES

Individual buyers, industrial organizations, educational institutions, etc. — who care about safety and strive
to preserve material assets.

CONTACT INFORMATION

Alexandra Shambalova, Teacher of Special Subjects of the 1st Qualification Category.
Phone number: (+375 29) 240 92 75
E-mail: alexhorna@mail.ru

Gleb Volkov, 4th Year Student.
Phone number: (+375 29) 128 09 23
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X. STATE EDUCATIONAL INSTITUTION
"GYMNASIUM NO. 13 OF MINSK”

14. INTELLIGENT HUMANOID ROBOT (EMBODIED ARTIFICIAL INTELLIGENCE
INDUSTRY 5.0)

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A general-purpose humanoid robot with an intelligent con-
trol platform and applications by application area has been de-
veloped, designed, assembled and organized, which has a wide
range of functional capabilities and performs tasks in four main
areas of social life:

1. Spiritual — the education sector (a tool for studying and ap-
plying the basics of robotics, programming and artificial intel-
ligence, as well as gaining experience in leading and managing
your own project).

2. Social — healthcare sector (various types of care and assis-
tance, rehabilitation, interlocutor functions, provision of informa-
tion, patient analysis and diagnostics, etc.).

3. Economic — industrial sector (production and logistics), ser-
vice sector (various types of activities in the service sector).

4. Political — the public sector and related services (includ-
ing the functions of an administrator, a consultant on citizens’
requests, data processing, analysis, etc.).

The first 100 % functional humanoid robot developed in the Re-
public of Belarus. Intelligent humanoid robot

TECHNICAL ADVANTAGES
There are no domestic analogues.

The developed general-purpose humanoid robot for use in all areas of human activity, thanks to its mobi-
lity (total degrees of freedom — 39, but not less than 15) and intelligent control platform with applications
by areas of application, and foreign analogues are developed and applied depending on the tasks set for a par-
ticular area.

Scientific and technical level:

A general-purpose humanoid robot will replace any of the robots already in use, regardless of application,
and will be applicable in all areas and sectors of public life.

A general-purpose humanoid robot is a universal robot that occupies the leading (upper) stage of technologi-
cal development among all existing robots.

A general-purpose humanoid robot has all the characteristics and functions that the robots we know individu-
ally have.

EXPECTED RESULT OF APPLICATION

Implementation of humanoid robots will enable the scaling of process automation, establishing intelli-
gent production. They will address workforce shortages by serving as a link between “human — work” and
“robot — work” infrastructures. This will shift the management paradigm: instead of perceiving people as re-
sources, organizations will adopt a model where technology serves humans, freeing them for more complex
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tasks. The outcome will be the introduction of new technologies as production assets and the development
of a fundamentally new approach to management and service delivery.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
Preparing documents for filing a patent application.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Sales markets: Belarus, Russia, EU, Asia-Pacific region countries.

Sales statistics by potential consumers:
— education — 43 %;

- production and logistics — 19 %;

- research and development — 12 %;
- services — 26 %.

CONTACT INFORMATION

Yaroslav Tulyakov, 9th Grade Student.
Phone number: (+375 29) 576 34 10
E-mail: 2024robotics@gmail.com

- o0 o =




Xl. REPUBLICAN MANUFACTURING ENTERPRISE
“PRECISE ELECTROMECHANICS PLANT”

15. LOOSELY-COUPLED INTEGRATED NAVIGATIONAL SYSTEM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Navigational system intended for use in highly maneuverable unmanned aerial vehicle with maximum speed
less than 2,000 m/s, maximum altitude less than 50 km, maximum acceleration less than 50 g and maximum
angular speed less than 300 °/s. It consists of 3 modules: inertial measurement unit, jamming-resistant satellite
receiver and computational. Navigational system provides navigational solution (coordinates, speed, attitude,
angular speed and acceleration) with RS422 protocol at maximum frequency of 200 Hz. When a satellite solution
is available an accuracy of coordinate acquisition (standard deviation) is £ 10 m, speed acquisition (standard
deviation) is + 0.5 m/s.

TECHNICAL ADVANTAGES

Navigational system is built with locally developed mathematical algorithms that are on the same quality level
as international analogues. Characteristics of the system can be adjusted for specific applications. Jamming-
resistant satellite receiver allows for more stable satellite solution in presence of radio-electronic interference,
while use of inertial measurement unit with fiber-optic gyroscopes allows for provision of valid navigational
solution during satellite outages and use of on-board data for spoofing detection.

EXPECTED RESULT OF APPLICATION
Use as part of on-board equipment of aircraft (including UAVs).

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Belarusian and international military enterprises.

CONTACT INFORMATION

Andrey Sanko, Leading Researcher at the Scientific and Technical Center, Candidate of Technical Sciences,
Associate Professor.

Phone number: (+ 375 44) 582 47 22

E-mail: a.sanko@ztem.by
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XIl. FEDERAL STATE BUDGET EDUCATIONAL
INSTITUTION OF HIGHER EDUCATION “KUZBASS STATE
AGRARIAN UNIVERSITY NAMED V. N. POLECKOVA”

16. DEVELOPING SOFTWARE FOR PROCESSING PLANT IMAGES USING ARTIFICIAL
INTELLIGENCE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A software suite for processing UAV images was developed. It consists of a program for automatically recog-
nizing and counting plants in images and a program for generating vegetation index maps using RGB images.
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Example of the plant recognition software in operation

1. The automatic plant counting program
is based on a neural network. The model was
initially trained on pea seedlings, but can
be trained on any plant species if needed.
The program can automatically batch process
images. As input, it receives images in which
the neural network identifies plants, counts
them, and calculates the leaf area in the frame.
The output is saved images with marked plant
areas, along with a report containing informa-
tion on the number of recognized plants and
leaf area. This information is provided for each
individual image and for the entire batch
of images. The accuracy of the trained model
is approximately 95 %.

2. The program for converting RGB im-
ages into vegetation index maps receives an
Example of the vegetation indices software in operation image as input and, using a specified algo-
rithm, creates a vegetation index map in the
selected color scheme. Three indices are built
into the program by default: “VARI’, “Vigreen’,
and “Gli", but a custom index calculation for-
mula can also be entered.




TECHNICAL ADVANTAGES

Currently, there are a number of programs designed for plant recognition, such as “PlantNet’, “iNaturalist’,
“PictureThis", “EcoGuide’, and “Flora Incognita”. There are also developments aimed at identifying plant diseases,
such as “Agrio”. However, the vast majority of these programs work with close-range plant images and are un-
able to process large-format drone images, perform batch processing, or integrate with other systems, as this
program can.

As for drone image processing programs for generating vegetation index maps, most offer extensive functio-

nality and are primarily focused on creating orthophotomaps and digital terrain models. However, almost all of
them are characterized by high cost and difficulty in learning.

EXPECTED RESULT OF APPLICATION

Plant recognition software will enable more accurate yield forecasts, identify problem areas in fields, and take
necessary measures to protect plants. Vegetation index mapping software can be used to monitor crop condi-
tions and plan agricultural operations, create drone task maps, and develop differentiated fertilizer applica-
tion systems. This technology offers advantages over multispectral imaging in terms of lower cost, as it can use
images from standard RGB cameras.

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

INFORMATION ON THE LEGAL PROTECTION

1. Computer Program Registration Certificate RU 2024664505 AIR TRACKER / Fedorov D. E.; Patent Holder:
Federal State Budgetary Educational Institution of Higher Education “Kuzbass State Agrarian University named
after V. N. Poletskov”. Date of Registration: 07.06.2024. Date of Publication: 20.06.2024.

2. Computer Program Registration Certificate RU 2024664045 VIC / Fedorov D. E.; Patent Holder: Federal State
Budgetary Educational Institution of Higher Education “Kuzbass State Agrarian University named after V. N. Po-
letskov”. Date of Registration: 07.06.2024. Date of Publication: 17.06.2024.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Commercialization of the developed product is possible through software sales and adaptation to specific
farm requirements. The neural network model can be trained on any plant species, depending on the desired
goal. The cost of software adaptation and neural network model training is calculated individually for each pro-
ject. Potential customers are agricultural producers.

CONTACT INFORMATION

Dmitriy Fedorov, Associate Professor of Agricultural Engineering Department, Candidate of Technical Sciences.
Phone number: (+7 904) 969 52 00
E-mail: fedorov_de@inbox.ru
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XIll. INTERSTATE EDUCATIONAL INSTITUTION OF HIGHER
EDUCATION “BELARUSIAN-RUSSIAN UNIVERSITY™

17.DOORSIGHT

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

DoorSight is an innovative software solution based on artificial intelligence, designed to assist visually im-
paired and blind individuals with indoor navigation in unfamiliar environments. The primary objective of the
development is to enhance user safety and autonomy.

Scope — social adaptation and assistive technologies for persons with visual impairments.

Principle of operation — using a standard smartphone or laptop camera, the web application analyzes the
video stream in real-time. Computer vision algorithms detect doorways and key obstacles.

Key technological feature — unlike existing counterparts, DoorSight not only locates a door but also classifies
its state — “open” or “closed”. This unique function enables the user to make safe decisions while navigating.

Technical and operational characteristics — the system provides information to the user through clear audio
cues. The current prototype is implemented as a web application, ensuring cross-platform compatibility and re-
quiring no installation. The development of a native mobile application with offline functionality is planned.

TECHNICAL ADVANTAGES

Compared to leading international counterparts (e. g., Google Lookout, Microsoft Seeing Al), which focus
on general object and text recognition, DoorSight offers a highly specialized and critically important function:
determining a door’s state (open/closed), a feature that competitors lack. Unlike expensive hardware solu-
tions (e. g., OrCam), which require the purchase of specialized devices costing thousands of dollars, DoorSight
is a software-based product. It is accessible on any modern smartphone, making the technology economically
accessible to a wide range of users and social institutions. Thus, DoorSight’s advantage lies in its unique func-
tionality, zero entry barrier for the user (no additional hardware needed), and a free distribution model (for the
MVP), positioning it as a leading-edge solution in its niche.

EXPECTED RESULT OF APPLICATION

The implementation of DoorSight will significantly improve the quality of life and social integration for people
with visual impairments. It is expected to reduce the risk of domestic injuries and increase users’independence
and confidence when navigating new environments. For rehabilitation centers, the product will serve as an ef-
fective tool for patient training and adaptation.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

Now, intellectual property objects are not registered. The possibility of patenting the technology in the future
is being considered.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

In the Republic of Belarus: visually impaired and blind individuals, the Belarusian Association of the Visually
Handicapped, rehabilitation centers, specialized educational institutions, social services.

Abroad: similar specialized organizations and associations in CIS and European countries, international foun-
dations supporting people with disabilities.

CONTACT INFORMATION

Saveliy Kurashov, Student.
Phone number: (+375 25) 528 10 19
E-mail: kurashov2015@yandex.by
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18. COMPUTER VISION-BASED MEDICAL DECISION SUPPORT SYSTEM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The project aims to develop a physician decision support system for processing medical and technical
X-ray images. The project’s goals are to automate diagnostics, reduce the workload of specialists, and im-
prove analysis accuracy. The system includes algorithms for segmentation, defect detection (fractures, cracks),
and anatomical landmark identification. This development addresses the problem of time and resource con-
straints in medicine and engineering. Field: Medicine (diagnostics, traumatology, radiology), industrial flaw de-
tection. Purpose: Automation of X-ray analysis, reduction of physician workload, and improvement of diagnos-
tic accuracy. Distinguishing features and advantages: High-speed image processing. Analysis accuracy (down
to tenths of a degree for the spine). Versatility (applicability in medicine and industry). Scalability and the ability
to integrate into medical institutions.

TECHNICAL ADVANTAGES

The system outperforms existing analogs (such as Al-based solutions from “Aidoc”, “Zebra Medical’, and do-
mestic developments) thanks to its comprehensive approach, combining high-precision segmentation of an-
atomical structures, detection of microdamages (cracks, chips), and quantitative assessment of pathologies
(including angular measurements in the spine with an accuracy of tenths of a degree). Unlike most foreign
analogs, which are focused solely on medicine, the system is universal — it can also be used in industrial flaw
detection. The use of next-generation deep neural networks ensures higher sensitivity and specificity when pro-
cessing low-quality images. The system’s architecture is scalable and supports integration into existing software
at medical institutions and industrial facilities.
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EXPECTED RESULT OF APPLICATION

Increased accuracy and speed of diagnostics, reduction in the time it takes a doctor to analyze images
by 25-40 %, and a reduction in the likelihood of errors.

CURRENT STAGE OF DEVELOPMENT

A minimum viable version (MVP) of the system was developed, including a core based on neural network
models for segmentation of bone structures, detection of fractures and cracks in X-ray images, as well as a basic
user interface.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Republican and regional hospitals, diagnostic centers of the Republic of Belarus, research institutes, industrial
enterprises (in the Republic of Belarus); clinics of the CIS countries, Central and Eastern Europe (abroad).

CONTACT INFORMATION

llya Mishchenko, Teacher Trainee.
Phone number: (+375 29) 761 93 42
E-mail: sombra74@yandex.ru
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19. MOBILE WELDING PROCESS RECORDER

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

It is proposed that certain functions of the recorder, such as user identification, data entry and display, and
signaling of welding mode parameter violations, be implemented in a mobile device (smartphone, tablet). This
solution significantly simplifies the hardware part of the recorder, reduces its size and cost, and increases its
mobility and versatility due to the rapid updating of the mobile application software. The task of the recorder
is to indicate operating modes, collect and digitize signals from sensors, and transmit data to a mobile device
(smartphone, tablet).

Mobile welding process recorder

An information and analytical model has been developed that allows for a comprehensive assessment of the
quality of welding work performed on a scale of 0 to 10 points based on the registration of welding process
parameters.

The welded joint passport generated by the system contains the following information: name of the enter-
prise/organization, date of creation, date of completion, facility, site/workshop, name (marking) of the welded
joint, welding supervisor, validity period of the welding supervisor (foreman) certificate, base material, welding
electrodes, welding wire, operational process chart, welding process instructions, tolerances for welding param-
eters for each layer, materials: base material, welding electrodes, welding wire, technical supervision, incoming
inspection report number. For each welding session, the following information is displayed in the weld (joint)
passport: layer number and name, performer (welder), mark, welding equipment, recorder (number), weld-
ing start time, welding end time, welding time, welding current readings (in graph form), arc voltage readings
(in graph form), maximum, minimum, and average welding current and arc voltage values, comprehensive as-
sessment of welding quality.

TECHNICAL ADVANTAGES

Simple design, mobility, low cost, compatibility with any welding equipment, flexible adaptation to the weld-
ing production of an enterprise or organization, receipt of welding tasks by the welder with a set of required
mode parameters, audible alarm when exceeding the recommended welding mode parameters, creation
of a weld passport, comprehensive assessment of welding quality.

EXPECTED RESULT OF APPLICATION
Improving the quality of welding work, certification of welded joints.

CURRENT STAGE OF DEVELOPMENT
Development implemented in the educational process, letter of intent to purchase received.
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INFORMATION ON THE LEGAL PROTECTION

Patent for utility model No. 13502, application No. u20230263, IPC B23K 9/10. Mobile welding process recor-
der/S.V.Bolotov, N. A. Tolpygo, K. V. Zakharchenkov; application filed on 18.12.2023; published on 03.06.2024.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

The products are in demand among machine-building enterprises where welding is the main process; enter-
prises engaged in pipeline construction (oil and gas complex, thermal power engineering); enterprises, organi-
zations, laboratories, and training centers engaged in the training and certification of welders.

CONTACT INFORMATION

Nikita Tolpygo, Graduate Student.
Phone number: (+375 44) 704 88 08
E-mail: sector576@mail.ru

20. INTERPROTOCOL INFORMATION EXCHANGE SYSTEM FOR AUTOMATED
TECHNOLOGICAL EQUIPMENT

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is a software solution designed to enable cross-protocol communication between indus-
trial equipment (such as CNC machines or industrial and collaborative robots), industrial automation systems,
and automated quality control systems from various manufacturers. It is used in the field of industrial automa-
tion. The solution supports various data exchange protocols such as “Modbus TCP” and “FOCAS’, as well as pro-
vides integration capabilities for equipment that does not support standard protocols.

UL

TECHNICAL ADVANTAGES
No restrictions on the manufacturers of integrated equipment.

EXPECTED RESULT OF APPLICATION

Creation of an automated cell for the production of mechanical engineering products, capable of operating
without direct human involvement in the process.




CURRENT STAGE OF DEVELOPMENT
A prototype of the software product was created.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Manufacturing enterprises of the machine-building sector that employ robotic technological complexes
and other automation means.

CONTACT INFORMATION

Stanislav Shishov, Postgraduate Student, Assistant.
Phone number: (+375 29) 327 20 45
E-mail: Standbruh@yandex.by
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XIV. SOFTWARE SOLUTIONS PLUS
LIMITED LIABILITY COMPANY

21.SWS PLATFORM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The primary target sectors are the public sector and large enterprises in Belarus, the CIS, and the MENA region.

The system is designed to facilitate efficient management of complex client systems through the collection
and analysis of big data.

The platform is a distributed, fault-tolerant system based on a microservices architecture. It comprises raw
and processed data storage, data ingestion, cleansing, and transformation tools, an agent-oriented corporate Al,
and in-house developed frameworks.

The technology stack includes Java, Spring Framework, MongoDB, PostgreSQL, Kafka, MinlO, TypeScript,
Angular, Python, PyTorch, scikit-learn, Keycloak, Gradle, Docker, and Kubernetes. Additionally, a proprietary
in-house framework is used, which, via a specialized low-code constructor, enables the creation and visual-
ization of data structures and their integration into business processes without additional programming. Data
cleansing and transformation are implemented using machine learning algorithms. The corporate Al is built
on Spring Al, Qdrant, LangGraph, and n8n.

The platform’s target SLOs are:

— Availability: at least 99.5 % monthly in a single-cluster isolation mode.

- Data Ingestion Latency: the 95th percentile end-to-end latency for daily batch uploads is under 10 min.
— Al Response Latency: the 95th percentile output latency for Al responses is under 3 seconds.

— Mean Time to Recovery (MTTR): less than 10 min.

- Error Rate: a failure rate of less than 1 % for data modification operations.

TECHNICAL ADVANTAGES

Technically, the system represents a mature architecture for isolated government environments, combining
a microservices approach, a centralized data lake, and a corporate Al utilizing RAG (Retrieval-Augmented Gene-
ration). The choice of a MongoDB-centric data lake reduces operational complexity and accelerates the con-
sumption of GovTech-specific data. The proprietary ML pipeline enhances control over executed processes.

Key advantages:

— Utilization of open-source technologies only.

— Guaranteed full self-sufficiency of the operational perimeter.

— Ensured business process traceability through a proprietary low-code solution and rapid integration via n8n.
- A strong focus on SLOs/SLIs and managed feedback.

However, the primary advantage is that, for the first time, the Al is capable of genuinely managing the system
and, furthermore, optimizing executable processes.

The scientific and technical maturity level of the entire platform is assessed at TRL 9. Regarding the Al imple-
mentation — at TRL 5-6: modern Al patterns are effectively integrated into the distributed microservices envi-
ronment, and MCP (Model Context Protocol) connectors are implemented for transparent system management.
The implemented microservices architecture adheres to the 12-Factor App principles and the Reactive Mani-
festo, ensuring fault tolerance that meets the stated SLO metrics.

EXPECTED RESULT OF APPLICATION

The platform implementation will create a unified framework for managing the client’s data and processes.
Decision-making will be automated, minimizing errors and the human factor. Users will be able to indepen-
dently add scenarios that automate routine decisions.
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As a result, the speed and quality of public service delivery will increase, corruption risks will decrease, and
operational efficiency will improve.

The time required for the intellectual processing of documents, through automated OCR, will be reduced
to as little as 20 % of the file’s physical upload time. This innovation is expected to completely eliminate the costs
associated with paper-based document flow.

The platform will establish a foundation for the continuous optimization of processes through a system
of managed feedback and machine learning. The outcome is a fundamentally new level of operational efficiency
in public administration.

CURRENT STAGE OF DEVELOPMENT
A prototype was released (TRL 6 for Al; TRL 9 for the core platform).

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministries, government institutions, large enterprises, banks.

CONTACT INFORMATION

Alexander Laputski, System Architect.
E-mail: alaputski@sws.by
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