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WHOOPMALINOHHASA, BUONTOTMUYECKAA U 3KOJIOTMYECKAA BE3OMACHOCTD

. TOCYAAPCTBEHHOE HAYYHOE YHPEXAEHWME
(UEHTP CMCTEMHOTO AHAAM3A
N CTPATETMYECKMX MCCAEAOBAHNM
HALMOHAABHOM AKAAEMMMN HAYK BEAAPYCINy

.

1. ABTOMATU3UPOBAHHAAl CUCTEMA NHOOPMALIUOHHOIO0 OBECMEYEHUA
WHHOBALIMOHHOWN REATENbHOCTU U TPAHCOEPA TEXHOJIOT UM
B HAH BENTAPYCU

OMUCAHUE PA3PABOTKU

ABTOMaTVI3VIpOBaHHaﬂ cncrtemMa VIH(I)OpMaLlI/IOHHOFO obecrneyeHuns I/IHHOBaLI,VIOHHOIZ OeATENIbHOCTU N TPaHC-
¢depa TexHonorun (ACUO UATT) pacnonaraetcsi Ha pecypce PecnybnnkaHCKOro LieHTpa TpaHchepa TEXHONOr1i
(PUTT) https.//www.ictt.by, KOTopblii 0becneunBaeT NoAAEPKAHME:

- BUpTyanbHol BbicTaBkM HAH Benapycu ¢ dyHKLmen 3D-TypoB no nocTosiHHO AencTBytoLlel BbicTaBke HAH be-
napycu «Mccnegoanua. Pazpabotku. Mpounssoacteo» 1 akcno3uumam HAH benapycu Ha NaBribOHHBIX BbICTaBKaX;

- KaTtanora nHHOBaUMOHHbIX NpeanoxeHnii opraHmsaumnin HAH benapycu;
- KaTtanora nHHOBaLMOHHbIX NpefnoKeHnii MonoAbix yueHbix HAH benapycy;

— 6a3bl JaHHbIX TEXHONOTMMYECKMX 3aMpOCOB/MPeAnoXKeHnn, B13HeC-3anpoCoB/NPeanoXKeHnn, 3anpocoB
Ha HNOK(T)P Ha pycckoM 1 aHIMIACKOM A3blKax;

- B3aI/IMOAeIZCTBVIﬂ C BHEWHMN I/IH(I)OpMaLI,VIOHHbIMI/I pecypcammn AHaNIOrMyHoOM HanpaBneHHOCTH.
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TEXHUYECKUE MPEMMYLLECTBA
CoOTBETCTBYET JTyYLLUM 3apyOeXKHbIM aHanoram.

B anpene 2025 r. B pamkax pa3sutusa ACUO MAOTT Ha ctpanuue PUTT https://www.ictt.by 3anyuieH NA-KoHcynbTaHT
Ha 6a3e Telegram, KOTOpbI OTBEYAET Ha Bonpockl 06 ycnyrax PLUTT, npeanoxeHnax o COTpyaHMYECTBE OpraHn3a-
unin HAH Benapycn n knuentoB cet PLITT, 3akoHogaTenbcTee B cdhepe TpaHchepa, KoMMepLmanm3aLmm TexHono-
T N HTENNEKTYanlbHON COOCTBEHHOCTH, UHCTPYMEHTaX KOMMepPLManm3aLmm n ydebHbix kypcax. A-koHcynsTaHT
PUTT nprHMmaeT BONPOChI MMCbMEHHO U YCTHO Ha PYCCKOM M @HIIMACKOM A3bIKaX, yUYMUTbIBaeT KOHTEKCT Aunaso-
ra u GopmMupyeTt nepcoHann3MpoBaHHblE peKOMeHAALNN.

B okTA6pe 2025 . IN-koHcynbTaHT PUTT 3aHan | mecto B HOMUHaumm «MpogykT — nugep MW Benapycn» Ha KoH-
Kypce «Jlngepbl NCKYCCTBEHHOrO NHTennekTa benapycn — 2025».

C aHBapA 2026 r. nnaBatoLasa KHomka obicTporo goctyna K MA-koHcynbtanTy PLITT paboTaeT Ha Bcex CTpaHu-
uax nnatdopmbl https://www.ictt.by.

OWOAEMbIV PE3YJIbTAT NPUMEHEHUA

CopencTtBure TpaHchepy TexHONorni, 6usHec-Koonepawmy 1 yCTaHOBAEHUIO NMapTHEPCTB B 0611aCTh HayYHbIX
nccnenoBaHui.

TEKYLLAA CTAOUA PA3BUTUA

HaxopuTtcs B akcnnyatauum ¢ gekabpa 2021 r. B FHY «LleHTp ccTeMHOro aHanmsa 1 cTpatermyeckmx nccnemo-
BaHMI HaumoHanbHoM akagemnn Hayk benapycm».

CBEJEHUWA O MPABOBOW OXPAHE

ABTOpCKOe Mpaso.

NOTEHUWANDbHbIE NOTPEBUTENU U/ BAMHTEPECOBAHHDLIE B PASPABOTKE
tOpranyeckne nuua Bcex Gopm CO6CTBEHHOCTY.

KOHTAKTHbIE OAHHDIE

YcneHcknin AnekcaHap AnekceeBunY, KaHAMAAT TEXHUYECKMX HaYK, AOLIEHT.
Ten.: (+37529) 611 44 89
E-mail: uspenskiy@mail.ru
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Il. HAYSHO-MCCAEAOBATEABCKOE YHPEXAEHME
WMHCTUTYT AAEPHBIX MTPOBAEMy BEAOPYCCKOTO
[OCYAAPCTBEHHOT O YHMBEPCUTETA

.

2. CUCTEMA YNPABNEHWUA NABOPATOPHOW UHOOPMALIMEN ANA XPAHEHUA
IKCMNEPUMEHTANIbHBIX JAHHbIX ELAB-LIMS

OMUCAHUE PA3PABOTKHN

HasHaueHwue: cctema ynpaBneHus nabopaTtopHon nHpopmaumen (MuHn-JIMMC, LIMS — ot aHrn. Laboratory
Information Management System) C 351eMeHTaMM 371IEKTPOHHOTO JOKYMEHTOO60POTa Ha OCHOBE CBOOOHOIO NPOo-
rPamMMHOro obecrnevyeHusi Ania ynpaBneHWs NOTOKaMU dKCMEPUMEHTANbHbIX AaHHbIX B paMKax fnabopatopuu
1 obecneyeHns XpaHeHUs1 1 06PabOTKM STUX AAHHbIX.

Llenn: nonyyeHne foctoBepHOM nHdopmaLmy no pesysbsTaTtam UCMbITaHWA B MOJTHOM COOTBETCTBUM C TpeboBa-
HUAMK MeXayHapogHoro ctaHaapTa MCO/M3K 17025-2007 «O6wme TpeboBaHUA K KOMMETEHLUN UCTbITaTeb-
HbIX 1 KannbpoBOYHbIX TabopaTopuii» 1 ONTUMK3aLUK YNPaBIeHNUsA 3TON UHGOPMaLMel C Lienblo ee NCMosib30-
BaHWA ANA MPUHATUA KOPPEKTHbIX CBOEBPEMEHHbIX YNPaBIeHYECKNX PELLEHUN.

ELab-LIMS — cuctema KnneHT-cepBepHOI apxXUTeKTypbl, paboTatoLan nog ynpasneHmeM onepaLMioHHbIX CU-
ctem Windows u Linux Ha ocHoBe cBo6ofHOro nporpamMmmHoro obecneyeHus: Debian GNU/Linux, Web-server
Apache, cepBep 6a3 gaHHbIx Firebird, cepep npunoxenuin PHP. ObecneueHa ogHoBpemMeHHas paboTa nog He-
ckonbkumy CYBJ, B Tom uncne MS SQL, PostgreSQL. Peanu3oBaHa nerkaa murpauus (npu Heo6xo[mmocTn)
c CYB[ Firebird Ha ntobyto gpyryto CYB/, B Tom unce Ha PostgreSQL

OyHKuMN:

— pasnunuHble NpeaMeTHble 0651acTn (paboure mecTa) MOryT OblTb M30NMPOBaHbI B BUAE OTAENbHbIX MUHU-
npunoXxeHun (mogynen);

—Moaynum OTO6pa>KaIOTCH B €4NHOM NOJ1b30BaTEJ/IbCKOM MHTepd>e|7|ce;

- Moaynv GOpPMUPYIOTCA 13 NIEMEHTOB CTaHAAPTHOW GUONMOTEKM AfPaA CUCTEMDI, MONb3YOTCA OOLMMUN CITYX-
6amu c1CTeMbl, He BAVAIOT APYr Ha Apyra;

— MOAYNV KCMOSIb3YHOT PasfinyHble 6a3bl AaHHbIX, KOTOPbIE MOTYT HAXOAWTLCA Ha GU3NUECKM Pa3HbIX CepBepax;
- peann3oBaHa Macc-crekTpomMeTpudeckas 6asa aaHHbix (Mogynb MC-nouncka);

- peanusoBaH mogynb DICOM, obecneuvBatolwmini npefBapuTenbHyo Bulyanusauunio faHHbix MPT-, KT-
nccnenoBaHum;

— OpraHmM3oBaH NPOCMOTP M NMOUCK C MUHUMASIbHOW MOAI/ICI)I/IKaL[I/IeI;I KOH(I)I/IpraLlI/II/I XpaHunnuwa AaHHbIX.

TEXHWYECKUE NPEMMYLLEECTBA

CootetcTByeT KoHuenuun obecneyeHmns cysepeHuteTa Pecnybnukn benapycb B cpepe umnppoBoro passu-
A po 2030 r., yTBepxeHHoN noctaHoBneHmem Coseta MuHuctpos Pecny6numkm benapycb N2 1074 ot 31 pe-
Kabpa 2024 r., a UIMeHHO:

—nporpamMmmMmHoe obecneyeHne CMCTeMbI ABNAETCS OTKPbITbIM ANA MO,E[I/Iq)I/IKaLlI/II7I n ﬂOpa60TOK HenocpeacTBeH-
HbIMW NMOJN1b30BaTeNAMU;

— CUCTEMa COLEPXUT CTAaHZAPTHBIV HAO0P GOPM KYPHAIOB 1 NIETKO HACTPaAMBAETCA Nog cneyneuky 1 Tpedo-
BaHWsA 3aKa3uuKa;

- ccTema paboTaeT Ha 3aLULLIEHHOM CepBEpPe — Ha CTOPOHE KMEHTa HNYETO He YCTaHaBNMBAETCH, JOCTaTou-
HO HanNUuKA CTaHdapTHOro 6paysepa;

— cucTeMa MOXKeT paboTaTb Kak Mo JIOKanbHOWM CeTU MHTPAHET, TaK 1 B r1106anibHOM CeTU MHTEPHET;
— CUCTeMa TaK»Ke MOXKET paboTaTb Ha OLHOM JIOKaNlbHOM KOMMbIOTEPE;

— CTPYKTYpa CUCTeMbl MO3BOJISIET B paMKax O4HOIO YCTaHOBIEHHOTO 3K3eMMisipa NpoyKTa NoAAepK1BaTh Ofi-
HOBPEMEHHO JOKYMEHTOO60POT MHOTUX 1abopaTopuil U OpraHr3aLuii, Mpuyem pasHoro npoduns;
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— peann3oBaH CUCTEMHbIN I'IpOLleCCHbIVI noaxon n ceMaHTUYeCKMe aJirOPUTMbl;

— peanun3oBaHbl NOBbILIEHHbIe TpeboBaHNsA K 6e30MacHOCTY NHGOPMaLUn.

B cucteme obecneueH aBTOPM30BaHHbIN AOCTYN K AaHHbIM C aAMUHUCTPUPOBaHNEM MpaB AOCTYNa K 611oKam
OaHHbIX, pa3geneHnie NoIHOMOYNIA Nosib3oBaTeNen.

Monb3oBatensam eLab-LIMS gocTtynHbi:

- COBCTBEHHAA CUCTEMA 3NIEMEHTOB YMNPaB/ieHUs MOJIb30BaTENIbCKOrO NHTepdeNca, BKNoUan crneuvanbHble
KHOMKWY;

— HECKOJIbKO YPOBHEN COPTUPOBKU 1 GUNBTPaLUM 3anucer;

— [ieKNapaTVBHbIV A3bIK Pa3METKU 151 UMMOPTa CJIOKHbIX GOpM U1 faHHbIX 13 dainos Excel, TekcToBbIx daiinos
CO CrneumanbHbIMN METKAMU C YKa3aHUEM KOOPAVHAT ANs AUHAMUYECKMX U CTaTUYECKMX AaHHBbIX;

— cnctema d)OpMI/IpOBaHI/Iﬂ NTOroBbIX OKYMEHTOB MO YCTaHOBJ/IEHHbIM o6pa3u,aM C BO3BMOXXHOCTbIO CO31aBaTb
N BHOCUTb U3MEHEHUA B CyLllecTByoLmne LWabNoHbI;

— CTaTUCTMYECKME OTUETbI, CCTEMA OMOBELLEHUN, XKyPHan U3MEHEHUI;
— HCTPYMEHT «[lepeBo».

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

KcnyaTaLms CMcTeMbl NMO3BONUT ONTYMU3MPOBATL MPOV3BOACTBEHHbIE NPOLLECCHI TabopaTopuK, CyLLECTBEH-
HO COKpaTWTb BPEMS Ha perncTpaumio o6pasLoB 1 pe3ynsTaToB UCMbITaHWUIA, BbIMUCKY NAcNopToB, MOWCK COOT-
BETCTBYIOLLYMX 3anuceli B 1abopaTopHbIX XKypHanax, yMeHbWUTb BPEMS U NOHOCTbIO NCKMIOUUTL OLINOKKM one-
paTopOB MNPV CO3JaHUV JOKYMEHTOB, YBENNUYUTDL NPOVN3BOANTENBHOCTb TAbOPATOPUK, NOBLICUTL KaueCTBO Bbi-
NoJIHAEMbIX PaboT 1 KaUeCTBO KOHTPOJSIA 3a BbIMOSIHEHMEM PaboT.

TEKYLWAA CTAAUA PA3BUTUA
Pa3spaboTka BHegpeHa B H/W AM BrY.
Pa3paboTka rotoBa K BHefipeHuto. MoxKeT ObITb HaCTPOeHa NoA HY Kbl 3aKa3unKa, NepeBeeHa Ha Apyrie A3blKu.

CBEAEHWA O NPABOBOW OXPAHE

MonyueHo CeupeTenbcTBo N2 1882-KIM HaumoHanbHOro LeHTpa UHTeNNeKTyalbHOM co6cTBEHHOCTU Pecny6nu-
K1 benapycb 0 perncTpaunm KoMmbloTepPHOW NporpaMmmbl «CrcTema yrnpasnieHns nabopaTopHo MHbopmaLmei
[N51 XPAHEHVA SKCNepUMeHTasbHbIX AaHHbIX eLab-LIMS».

NOTEHUWANDbHbIE NOTPEBUTENU /NN 3BAMHTEPECOBAHHDbIE B PASPABOTKE
WcnbiTaTenbHble nabopaTtoprn pasnnmyHoro npoduns.

KOHTAKTHbIE JAHHbIE

Yepenuua Ceprein BauecnaBoBuny, BefyLunii HayUHbI COTPYAHUK, KaHAnAAT GU3NKO-MaTeMaTUUECKMX HayK,
JIOLIEHT.

Ten.: (+37529) 651 33 91

E-mail: siarhei.charapitsa@gmail.com

3. CNELLUANU3UPOBAHHAA UHOOPMALIMOHHAA APXUBHAS OHJIANH-CUCTEMA
YNPABNEHWA ANEPHbIMU 3SHAHUAMMW ELAB-ARXIV

OMUCAHUE PA3PABOTKI

Ha3HaueHwue: cuctema yrnpaBneHra KOHTEHTOM MHPOPMaLMOHHON apXMBHOW OHNaNH-CUCTEMbI YNPaB/ieHWs 3Ha-
HUAMW Ha OCHOBe CBOOOAHOIO NPOrPaMMHOro obecneyeHuns Ansa co3gaHna n GyHKLMOHMPOBaHWA crieLmann3m-
POBaHHOW MHPOPMALIMOHHON apXMBHOW OHNANH-CUCTEMBI YIPaBNeHWA AAEPHbIMU 3HaHKAMY Ha 6a3e nopTana
BelNET (Belarusian Nuclear Education and Training), pacnono»xeHHoro B UHTepHeTe no agpecy https://belnet.by,
KaK 31eMeHTa CUCTeMbl HayUYHO-TeXHUYeckon nHbopmauum Pecnybnukn benapycb, ons obecneyeHus goctyna
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K OpWrHanbHbIM OTEUECTBEHHbIM pecypcam B 06M1acTV AGEPHbIX 3HAHUIA Kak Ans 6enopycckux, Tak v 3a-
pybexHbIx nonb3oBaTenel, GOPMMPOBaHMS Ha 6a3e COBPEMEHHbIX OTEYECTBEHHbIX WHPOPMALMOHHO-
KOMMYHVKaLMOHHbIX TEXHOJSIOT NI €AVHOMO MPOCTPAHCTBA HayYHO-TEXHUYECKOW MHpopMaLun Pecny6nvki be-
napycb, a Takxe BoBreueHusa Pecnybnvku benapycb B MMpoBoe MHPOPMALIMOHHOE NPOCTPAHCTBO B 061acTy
ALEPHbIX 3HAHWIA.

Llenu: cosgaHune ygo6HOIo MHCTPYMEHTa st ObICTPOM 6ecnnaTHON CBO6OAHON Ny6nMKaLmy B UHTEPHETE B 3J1EK-
TPOHHOM Hay4YHOM apX1Be MaTepuasnioB (UePHOBUKOB CTaTel, MPEMNPUHTOB, HayYHbIX OTYETOB, TEXHUYECKOW WH-
dopmauun n T. 4.) B 0611acTu AAEPHbLIX 3HAHWIA, B TOM YMCIie B 06/1aCTV aTOMHOW SHEPreTuKu, AAepHbIX UCCneao-
BAHUI 1 TEXHOMNOIMIA, MOAAEPKKA U pa3BUTME AfepHOro o6pa3oBaHus.

OyHKUMN:
— onepaTUBHOE pa3MeLLeHe HayYHbIX NYy6AUKALMIA, B TOM YMCIie NPENPUHTOB, Mpeany6mKaLmii, HayYHbIX OT-
YeTOoB, TEXHNYECKOW MHGOPMALIM CO CTPOrVIM KOHTPOJIEM aBTOPCKUX MpaB;

— BO3MOXXHOCTb CO3JaHVs MOJIHOLEHHbIX MHTEPHET-CTPAHML, MO HayYHOW TemaTrKke ¢ dopmynamu, rpadrika-
MW, PUCYHKaMW, BUAEO;

- obecneyeHne CO6CTBEHHOMO MOJIHOTEKCTOBOMO NMOWCKa Mo MaTepranamM KOHTEHTa NOopTasia;

— BO3MOXHOCTb 3pHEKTUBHON PabOTbl Ha HAarPyKEHHOM cepBepe (K3LWVPOBaHUe, ONTMMU3aLMA PaboTbl), ONTU-
MM3aLMA KOHTEHTa CTPaHuL;

- obecneueHne OOCTYNMHOCTW MaTeprasioB CUMCTeMbl ANnA pO6OTOB NMOWCKOBbIX CUCTEM M CYETUMKOB NMOCELLEHWI.
O6nacT NCNosib30BaHUA: o6pa3OBaHme, rocygapcTtBeHHOE yrnpaBneHne, AnepHaa sSHepreTrka.

TEXHUYECKUE NMPEMMYLLECTBA

CootBetcTByeT KoHuenumm obecneueHnsa cyBepeHuteta Pecnybnuku benapycb B coepe uudposoro pas-
BUTMA Ao 2030 roga, yTBep)KaeHHoW noctaHosneHrem CoseTa MuHuctpoB Pecny6nuku benapycs N2 1074
oT 31 pekabps 2024 .

Wcnonb3ytotca cnepytolyme onepauioHHble CUCTEMbI, TPOrpPaMMHble MHCTPYMEHTbI 1 METO bl HA OCHOBE CBO-
604HOro NPorpaMMHOro obecneveHnsa: onepaunoHHble cuctemMbl Linux, kpoccnnatpopmenHaa CYB[ Firebird 3.0,
cepep Web-npunoxeHuin Apache Server 2.4, a3biku PHP Bepcun 8.2 n JavaScript, bubnmoteka focTyna K 6asam
ZaHHbix ADOdb gna PHP, 6ubnunoteka jQuery ana NoCTPOEHNA MHTEPAKTMBHBIX NONb30BaTeNbCKMX NHTepdeN-
coB Web-npunoxeHuii, bubnmnoteka. lNpwu Bbixoge cneayoLivx BEPCUIN yKazaHHOIO NporpaMmmHoro obecneyeHums
cucTeMa NocTeneHHo NnepeBoanTCA Ha HuX. Micnonb3yeTca Takxke 6nbnunoteka Apache Tika, KoTopas o6Hapyxu-
BAeT 1 MU3BJIEKAeT MeTaflaHHble U TEKCT U3 pasfinyHbIX Tunos ¢annos (PPT, PDF n op.).

Cucrema aBnaetcA BE6-I'IpI/IJ'IO)KEHVIEM Ha CKPMNTOBOM A3blKe PHP, OpraHusyKLlem 6VI3HEC-J'IOI'VIKy npunoxxe-
HUA. CprKTypa CNCTEMbI COCTOUT U3 KOHTEHTA, Ppa3MeLlleHHOro B 6ase AAHHbIX CUCTEMDI, CUCTEMDI YNpaBNeHUA
KOHTEHTOM U MOAYNA NpeacTaBleHnNA KOHTEHTa B MHTEPHETE.

ELab-Arxiv npepnaraet opurrHanbHble MHCTPYMEHTbI Af1A Pa3paboTKy, pa3MeLLeHNA U XPaHeHNA KauyecTBeH-
HOro OPUIMHANILHOTO KOHTEHTA B Chepe HayUHbIX 3HaHUI.

B cucteme NOMMMO CUCTEMHOIO agMUHMCTPATOPA ONpeaeneHbl CefytoLime TUnbl Nob3oBaTeNen ¢ pasnny-
HbIMV YPOBHAMM JOCTYMa N GYHKLMAMY:

— pefakTop (OCTYN K peakTMPOBAHMIO MaTEPKANOB, J0OaBNEHHbIX aBTOPaMM CTaTbU 1 NpaBa Ha paspeLue-
HVe K Ony6/IMKOBAHMIO CTaTel 1 MaTeprasnioB aBTOPOB CTaTbi);

— aBTOp — aBTOp pecypca (NpenpuHTa) (oCTyn AnsA co3faHnA cCO6CTBEHHbIX CTaTel Ha nopTase 1 BO3MOXKHO-
CTV 3arpy3Km cBomx pabor);

— CTyoeHT (3aperI/ICTpI/IpOBaHHbII;I nosib3oBaTesib) (ﬂO6aBﬂF|eTCF| AOCTYyN K TeCTaM U 3aKpbITbIM OT CBO6OJJ,HOI'O
AocTyna yLIe6HbIM MaTepuranam, BbinoNIHEHUE na6opaToprlx pa60T 1 TECTOB K HUM);

— HE3apEerncTPUPOBaHHbIN MONb30BaTeSb (YTeHMe 00LeAOCTYNHbIX MAaTEPUANIOB, OCTYMA MO 3anucy HeT).
KoHTeHT nopTana noapasnensercs Ha NPenprHTbLI (PYKOMNMUCK) 1 CNeLranbHO CO3LaHHble ANA nopTana Hayy-

Hble, HOBOCTHbIE 1 y4ebHble MaTepuabl, BKIoYas NeKUur 1 nabopaTtopHble paboTbl C TECTaMM K HUM.
OXUAAEMbI PE3YJITAT MPUMEHEHUA

PacwmpeHmne BO3MOXKHOCTEN 0OMEHA HaYUYHBIMU 1 HAYYHO-TEXHUYECKMMN paboTamu B 0651aCTh siAepHbIX 3Ha-
HWUIA B pamKax nopTtana AafgepHbix 3HaHui BelNET, noBbiweHne ypoBHA 1 UHTEHCMBHOCTA MHPOPMALIMIOHHOrO
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obmeHa B 3101 obnacT. PopmupoBaHue noptana BelNET Kak XxpaHUnImMLLa OCHOB KNacCUKX AAEPHbIX 3HAHWUIA
¢ 6enopycckoi cneundrKon.

TEKYLLAA CTAOUA PA3BUTUA
PaspaboTka BHeapeHa B HAV AMBrY n BIY.

Paspabotka rotoBa k BHefpeHu1o. Ha ee ocHOBe MOXKeT ObITb ONepaTBHO pa3paboTaH creLann3npoBaHHbIN
CEMAHTUYECKUI NOPTaN 3HAHNN.

CBEAEHUA O NPABOBOV OXPAHE

MonyueHo CeupetenbcTBo N2 1855-KINM HaumoHanbHOro LeHTpa uHTennekTyanbHon cobctBeHHoCTn Pecnybnu-
Ku Benapycb o perncrpauum KomnbloTepHON NporpaMmmbl «Cneurann3npoBaHHas MHGOpMaLVOHHAA apXrBHas
OHNaMnH-cncTema yrnpasneHua AaePHbIMM 3HaHUAMN eLab-Arxiv».

NOTEHUWAJIbHbIE NOTPEBUTEJTIU U/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
Bbicline yuebHble 3aBefieHNA 1 Hay4HO-MUCCNeoBaTeNbCKMEe OpraHn3aLun.

KOHTAKTHbIE JAHHbIE
CbiToBa CBeTnaHa HukonaeBHa, 3aBefiyownin 1abopaTopuert aHaIUTUYECKUX NCCIeJOBaHNIA, JOKTOP
bU3MKO-MaTeMATUUECKMX HAYK, JOLEHT.
Ten.: (+375 29) 557 64 42

E-mail: sytova@inp.bsu.by
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. TOCYAAPCTBEHHOE Y4YPEXAEHME

OBPA3OBAHMA «YHMBEPCUTET TPAXKAAHCKOM

3ALLUMTEI MUHMCTEPCTBA MO YPE3BBLIYANHBLIM
CUTYALUNAM PECTTYBAMKKN BEAAPYCby

.

4. 06YYAKOLL U TPEHAXEP A1 NOATOTOBKYN CMELMANUCTOB OPTAHOB
FOCYAAPCTBEHHOIO NOXXAPHOIO HAA30PA CNMMPUMEHEHWEM TEXHOJTOTUU
BUPTYANIbHOW PEAJIbHOCTH

OMUCAHUE PA3PABOTKU

B nporpammHoii cpepe Unreal Engine Bepcuu 5, ¢ npMMeHeHreM COBPEMEHHbIX TEXHOMOMI KOMMbIOTEPHOTO
MOAENUPOBaHKA 1 BUPTYasibHOW peanbHOCTU pa3paboTaH obyyaloLuii TpeHaxep, KOTOPbI peanrn3oBaH B BrAe
TPeXMepHO MOAEeNN TOProBo-passiiekaTesibHoro LeHTpa. Obyyatolwmin TpeHaxep BKtoyaeT 55 obyyatoLmx Jio-
Kauwii No NoXKapHOM 1 MPOMbILLIEHHON 6e30MacHOCTY 1 coaepXnT nopaaka 200 (ABYXCOT) YHUKaNbHbIX rpadu-
yeckmnx obyyatoLmx 06beKTOB C BO3MOXHOCTbIO HTEPAKTUBHOMO B3aMOAENCTBIA.

OcHOBHOW 3afjauell paboTbl Ha TPeHaXKepe ABMAETCA BblABNIEHVE HAaVOObLIEro KOIMYECTBa HapyLUEHWI B OT-
HOLLEHWY OOBEKTOB MO MOXKAPHOW 1 NPOMbILLIIEHHON 6e30nacHOCTU. Pa3paboTka NO3BONSET B peaslbHOM Bpe-
MEHM OCYLLECTBNATL MOUCK 1 AEHTMOUKaLMIO Oonee YeTbipex TbiCAY HapyLUEHWA.

Pa3pa60TKa no3BONAET NPUMEHATb COBPEMEHHbDbIE NHTEPAKTUBHbIE METOLAUKN NPENO4aBaHNA N peann3yeT KOM-
MJIeKCHbIN NOAX0Z B NOArOTOBKE CNeLmnanncToB no rocyfapCcrtBeHHOMY Haj30py B obnactn obecrneyeHus noXap-
HoW 6e30nacHOCTU U rocygapCcTtsBeHHOMY Hal30py B obnactu I'IpOMbILLIJ'leHHOIh 6e30MacHOCTN.

BbipaboTaHHble B paMKax pa3paboTKmM TpeHaxepa peLeHns no3sossaioT nx MacluTabrupoBaTb 1 pacnpocTpa-
HWTb C OQHOTO 3[aHNA (TOProBO-Pa3BeKaTeNIbHOMO LEHTPA) Ha WNPOKNIA PAA 3AaHUIA Pa3IYHOTO GpYHKLMO-
HaNbHOMO Ha3HaYeHus.

Mpumepbl NOKaLWii TpeHaxepa
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TEXHUYECKUE MPEMMYLLUECTBA

PeanncTnyHocTb 06BbEKTOB 3a CUET A€TasIbHOW NPOo-
PUCOBKU rpaduyeckummn grsaiHepamu no3Bosuia
co3aaBaTb 00yvawLyne 06beKTb, KOTOPbIE NPAKTU-
YeCKy He OT/INYAIOTCA OT PeasibHbIX.

MprMeHeHHbIE NPOrPaMMHbIe arOPUTMbI MO3BO-
UK CO3LaTb AVHAMMYECKYIO OKPY»KaloLLyto Cpeay,
KOTOpas B aBTOMATUYECKOM PEXUME reHepurpyeT ans
Kakgon obyuJatoLen fIoKauuy onpeaeneHHyio Bapma-
TUBHOCTb CTPOUTESIbHBIX MAaTEPUANIOB, LIBETOBbIX pe-
LUEHUI TEXHOSTOMMYECKOro 1 CreLranbHoro o6opyao-
BaHWs, GYHKLVIOHAM HANIMYMA UN OTCYTCTBIA Crieyun-
afibHbIX 06BbEKTOB N OTAESIbHBIX UX 3/1EMEHTOB, 0bY-
yaloLLen AOKYMEHTALMN, U3MEHEHUA TEKCTOBOW OMu-
caTesibHOW HdopPMaLMK.

BrnepBble peanu3oBaHbl OOyuyatolme fokauuu
Mo HanpaBfieHNAM: OCYLLeCTBEHNE rOCYAapCTBEH-
HOro Hapgsopa 3a cobnofeHnem 3akoHoAaaTesb-
CTBa Mo obecnevyeHnto No)kapHol 6e3onacHoCTh
B OTHOLLUEHUW CUCTEM NOXKaPHOW aBTOMATUKN, FOCy-
[IapCTBEHHOrO HaA30pa 3a cobnogeHnem TpeboBa-
HUN TEXHUYECKNX PerfiameHToB TaMOXXeHHOro Co-
t03a, EBpa3niickoro sKoHOMNYECKOro cok3a B 06-
nacTv NoXapHow 6e30MacHOCTK, a TaKXKe rocyaap-
CTBEHHOIO Haf30pa 3a opraHusaumein paboT B OT-
HOLUEHMM ONaCHbIX MPON3BOACTBEHHbIX OOBEKTOB,
NMOTeHUManbHO OMacHbIX OOBEKTOB MpPUK OCYyLLecT- [JeiicTBylowwLnii 06bEKT: KoTeNbHas B I. MiHcKe 1 npumep rpaduueckoro
BNEHWN AeATENbHOCTU B 061aCTVi MPOMbILLISIEHHON 0ToOpaXeHus B pa3paboTaHHOM TPeHaxepe
6e3onacHoOCTU.

OXUAAEMbIV PE3YJIBTAT MPUMEHEHUA

Pa3paboTka obyuatoLLmx TpeHaXkepoB ¢ NpuMeHeHnem VR-TeXHONOrniA ABNAETCA OAHVIM U3 aKTYyanbHbIX U 3Ha-
YMMbIX HamnpaBieHU 1A NOBbILEHUA YPOBHA 0becrneyeHnsa NoXapHoM 6e3onacHoCcTU 1 3bdeKTUBHOCTU 06-
pa3oBaTenbHOro npotecca.

TEKYLWAA CTAAUA PA3BUTUA
Pa3paboTka BHeAPEHa B MPOU3BOACTEO.

CBEZIEHUA O MPABOBOI1 OXPAHE

Bce npaBa npuHaanexat rocyfapCcTBEHHOMY YUPEXAeHMI0 06pa3oBaHNA «YHUBEPCUTET FpaXkAaHCKOMN 3aLum-
Tbl MUHMCTEPCTBA MO Ype3BblYaliHbIM CUTYaLuaAM Pecny6nuku benapycb».

MNOTEHLUWAJIbHbBIE MOTPEBUTEJIN /WU 3BAUHTEPECOBAHHDIE B PA3BPABOTKE
YupexgeHua obpasoBaHua Pecny6nukm benapyco 1 3apy6exbs.

KOHTAKTHbIE OAHHbIE

KopotkeBuny Cepreii l[eHHafbeBUY, HauanbHKK Kadeapbl aBTOMaTUYECKNX cmcTem 6e30nacHoCTy,
KaHAWAAT TEXHNYECKNX HayK, [OLIEHT.
Ten.: (+37529) 186 21 28

E-mail: korotkevichsergei@mail.ru



WHOOPMALINOHHASA, BUONTOTMUYECKAA U 3KOJIOTMYECKAA BE3OMACHOCTD

V. Y4PEXAEHME OBPA3OBAHMS
(AKAAEMNA MUHNCTEPCTBA BHYTPEHHMX AEA
PECINYBAMKUN BEAAPYCby

.

5. MPOFPAMMHOE CPE[ICTBO AHANIU3A MPUTOXEHNI HA BA3E OMEPALIUOHHON
CUCTEMbI ANDROID B LIENAXYCTAHOBNEHWUA YNIPABNAIOLLET0 CEPBEPA
WET0 OYHKLIUOHAJIA

OMUCAHUE PA3PABOTKHN

PaspaboTka npenctaBnseT cobol NporpamMmmHoe CpefcTBO ANsl NEPBUYHOrO aHanm3a Android-npunoxeHnin
no 3arpy>keHHomy APK/APKM-darnny. NnaHupyeTca npumeHeHe B pamKax NPaBoOOXpaHUTENbHOW AeATeNIbHO-
CTW, CBSA3aHHOW C OLIEHKON LIdPOBbIX OOBEKTOB.

Ha3HaueHue pa3paboTKM 3aKN0YAETCs B aBTOMATU3MPOBAHHOM BbISIBIEHWY CBeIEHWIA B YaCTV OOHapYKeHMS
aflpeCOB OKOHEYHbBIX YCTPOMCTB, CBsA3aHHbIX IP-agpecoB, a TakkKe 3asBNEHHbIX MPUNIOXKEHVEM JOCTYMNOB K OYHK-
LMAM MOOUIIBHOTO YCTPOWCTBA.

KOHCTPYKTMBHO pa3paboTKka BKIoyaeT Beb-nHTepdenic Ans 3arpy3ky daina NpunoXKeHns n cepBepHbIi Mo-
AyNb cTaTuyeckoro aHanmsa. Nonb3oatens 3arpyxaet APK/APKM-darin, nocne yero cuctema BbIMoHAET aBTO-
MaTryecKyto 06paboTKy U popmMupyeT HarnAHbIN pe3ynbTaT: nepedyeHb 0OHapYKeHHbIX agpecos, IP-agpecos
N JOCTYNOB K GYyHKUMAM YCTPOWCTBA. [1nA noBbiweHWA yao06cTBa paboTbl MO KaXXgoMy [OCTYny oTobpaxaeTcs
KpaTKoe MosACHEHVE ero HasHaYeHus.

K OCHOBHbIM TEXHONOMMYECKMM XapaKTepUCTKaM OTHOCATCA: aBTOMATV3VPOBAHHOE U3BNeYeHne CBeAeHu i
13 danna Android-npunoxeHus, bunbTpauna HepeneBaHTHbIX TEXHNYECKUX aipecoB C NCMOMb30BaHNEM KC-
KyCCTBEHHOTO MHTENNEKTa, onpeaeneHmne IP-agpecos ana HageHHbIX AOMEHOB, BM3yasibHOE NpeacTaBeHme
pe3ynbTaToB aHaM3a ¥ MUHUMK3aLMsA HEOBXOAVMOCTY PYUYHON TEXHUUYECKOMN MPOBEPKN Ha NePBUYHOM STane.

TexHMKO-3KCnyaTaLMOHHbIE XapaKTepUCTUKK: paboTa uepes 6pay3sep, npocTas 3arpy3Kka daina, oTcyTcTeune
Heo6X04MMOCTY YCTAHOBKU AOMONTHUTENIbHOTO KJIMEHTCKOrO NMPOorpaMMHOro obecrneveHus, GopmMmpoBaHue
pe3ynbTaTta B MHTEPaKTUBHOM BUJe, BO3MOXKHOCTb UCMONb30BaHNA Nonb3oBaTenamun 6e3 yrnybneHHon Tex-
HMYECKOM NOArOTOBKMU.

TEXHUYECKUE NMPEUMYLLECTBA

Pa3paboTka oTnMyaeTca NprKnagHoN HanpPaBNEHHOCTbIO M OPUEHTNPOBAHA Ha UCMOMNb30BaHUE COTPYAHNMKA-
MW NPaBOOXPaHUTENbHbIX OPraHOB 6e3 yriy6neHHON TEXHNYECKOI MOArOTOBKN. B oTnnyre ot 60nblUNHCTBA Crie-
LManM3nPOBaHHbIX UHCTPYMEHTOB aHanu3a Android-npunoxeHuin, Tpedytowmnx paboTbl C KOMAaHAHOWN CTPOKOMN,
OEKOMMUNIATOPaMU 1 PYYHOI UHTEpIpeTaLmen TEXHUYECKUX faHHbIX, MpeasiaraeMoe peLleHre npejocTaBnaer
pe3ynbTaT B MOHATHON dopme yepes Beb-uHTepdelic.

K TexHnueckMm npenmyLlecTBam OTHOCATCA: aBTOMaTM3poBaHHaa obpaboTka APK/APKM-dainos, BbisBne-
HVe afpecoB OKOHEUHbIX YCTPOWCTB, onpeaeneHne cBasaHHbIX IP-agpecos, oTobpaxeHre 3aABIeHHbIX JOCTY-
NoB K PYHKLMAM YCTPOWCTBA, a TakKe NMOACHEHMe Ha3HaueHWA Kaxgoro goctyna. [JonofHuTenbHoO peann3oBa-
Ha GunbTpaLmA HepeneBaHTHbIX CNY>KeOHbIX U OOLIMX TEXHUYECKMX afjpeCOB, YTO CHUXKAeT 06bem pyyYHOI Npo-
BEPKM 1 NOBbILIAET NPaKTUYECKYI0 LIeHHOCTb pe3ynbTaTa.

Mo OTHOLIEHWNIO K 3apyOeXKHbIM aHasioram, OPMEHTUPOBAHHbBIM MPEVMYLLIECTBEHHO Ha CMELMANCTOB Mo UH-
bopMmaLMoHHOI 6e30MacHOCTM 1 PEBEPC-UHXKUHUPKWHTY, pa3paboTKa MeeT NPenMyLLECTBO B NPOCTOTE NprMe-
HeHUA, ajanTauuy Nnog NoBceAHEBHbIe CYXebHble 3afaun U NpeAcTaBAeHUN Pe3ynbTaToB B Gopme, yAo6HO
AJ1 NepBUYHOI oLleHKM. OTeyecTBeHHbIe peLleHns, 06afaroLLe ConocTaByMbIM Ha3HaueHeM U GYHKLMOHab-
HOCTbIO, HA MOMEHT MOATOTOBKU MaTEPUANOB HE BbISIBNIEHDI.

OXXWUAAEMbIA PE3YNIbTAT NPUMEHEHUA

Oxunpgaembim pe3ynbratom NprmeHeHnA pa3pa60TK|/| ABNAETCA COKpalleHne BpeMeHn I'IepBI/I‘-IHOIz nposep-
KW Android—npvmomeHMVl 1 noBbllWeHne HarmAaHOCTU nojiyd4aemMblX TeEXHNYECKUX cBefeHUn. Vicnonb3oBaHue



WHOOPMALIMOHHAA, BUOJTOTMYECKAA W 3KOJIOTMYECKAA BE3OMACHOCTD

peLleHUs NO3BONIUT ONEPATUBHO BbISIBNATb OOHAPYKEHHbIE B MPUNOXEHNM aipeca OKOHEUYHbIX YCTPOWCTB, CBS-
3aHHble IP-agpeca v 3asBeHHbIe JOCTYMbl K GYHKLMAM MOBUSIbHOTO YCTPOIACTBA.

Pa3paboTka MOXeT cnocobcTBOBaTh 6onee BbICTPOMY NMPUHATMIO PeLIeHWiA B LieNsX BbiNOMHEHWA 3aaad, CTo-
AWNX Nepeq NPaBoOOXPaHUTENbHbBIMI OpraHamu.

MpaKTMUeCKMin PesysbTaT BblPaXXaeTCsi B CHIKEHMN 06bema pyyHOI TEXHNYECKOW paboTbl, yMEHbLUEHNN 3a-
BMCMMOCTU MOJIb30BATENA OT CMeLman3npoBaHHbIX MHCTPYMEHTOB PEBEPC-UHXUHMPYIHTA U NPefoCTaBaeHnn
nHdopmaumnn B popme, MOHATHOW A4J/1A COTPYAHUKOB 6e3 Yriy6aEHHON TEXHNYECKOW NOATOTOBKY.

TEKYLWAA CTAAUA PA3BUTUA

BbinonHeHa Hay4YHO-MCCNeAoBaTeIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TeXHonornyeckas) pabora.

CBEZIEHUA O MPABOBOI1 OXPAHE
Her.

NOTEHUMAJIbHbBIE NOTPEBUTEJIN UW/WNN 3ANHTEPECOBAHHDIE B PASPABOTKE
MpaBooxpaHuTeNbHble OpraHbl, Clyx6bl 6@30nacHOCTM 6aHKOBCKOro CeKTopa.

KOHTAKTHbIE AAHHbIE
MukTa Bnagncnas Mropesuy, ctapumii npenogasatens Kapeapbl MHGOPMaLMOHHOIO NpaBa GpaKynbreTa
KPVIMMHaNbHOW MAALAN.

Ten.: (+375 25) 927 08 89

E-mail: uladzislau.pikta@gmail.com
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V. BEAOPYCCKMN TOCYAAPCTBEHHbIM
YHUBEPCUTET

.

6. MPOrPAMMHbI KOMMNEKC BbIABJIEHWA U MOHUTOPWHTA LBETEHUA
OUTONNAHKTOHA HA BOAHbIX OBBEKTAX C MIPUMEHEHUEM [AHHbIX
AUCTAHLIUOHHOIO 30HANPOBAHNA 3EMJIN

OMUCAHUE PA3PABOTKUN

Pa3paboTaHHbI MPOrpaMMHbI KOMMJIEKC BbIIBIEHUA 1 MOHUTOPWHTA LBETEHMA GUTOMMAHKTOHA Ha BOAHbIX
06beKTax C NPYMEHEHNEM IaHHbIX AUCTAHLUMOHHOIO 30HANPOoBaHuUs 3emnu ([33) npeaHasHaueH:

— NSt ONepaTUBHOTO BbIABNEHUS LBeTeHMA GUTOMMAHKTOHA Ha BOAHbIX o6bekTax MY «HaunoHanbHbIl napk
“HapouaHcKuin"» no gaHHbIM [33;

~

— MOHWTOpPWHra LiBeTeHUs GUTONNAHKTOHA Ha BOAHbIX 06bekTax MY «HauunoHanbHbIl napk “HapoyaHcknins;

— NpefocTaBneHNa reolaHHbIX ANA NOArOTOBKU U NMPOBEAEHUA NPUPOLOOXPAHHBIX 1 APYTMX MepOnpUATUIA
Ha BoAHbIX 06bekTax MY «HaunoHanbHbI napk “HapoyaHcKnins.

Mo3BonAer pewatb cnegywwme 3agavn:

- NPOBepKy MHbOPMaLUK O HaNMUKK ONepPaTUBHbIX JaHHbIX KocMuyeckoro [133 Ha Be6-cepBUcax
npeaocTaBieHNA CNYTHUKOBbBIX AaHHbIX;
— MoJlyYeHre 1 CoXPaHeHre onepaTUBHbIX JaHHbIX Kocmmnyeckoro [133;

- TemaTnyeckoe felwndpupoBaHme ONepaTUBHbLIX AaHHbIX KocMryeckux 133 ans aHanu3a uBeTeHusa ¢uto-
MIaHKTOHa B BOAHbIX OObeKTax;

— MOHUTOPWHI ANHAMUKWN LBETEHNA (bl/ITOI'IﬂaHKTOHa B BOAHbIX oObeKTax.

Pa3pa60TKa 6y,D,ET cnoco6cTBOBaTb MOBbILEHWNIO Bd)d)EKTI/IBHOCTI/I yCTOI;ILII/IBOFO MCnonb3oBaHUA NPUPOAHO-
pecypCHOro noteHynana BOAOEMOB, NOBbILWEHUIO KaveCTBa NPUPOL00XPaHHbIX MeponpvaMM, ynyJlweHuo npn-
BJ1IEKaTENIbHOCTN TeppVITOpVIVI AN1A 3KOJIOrMYyeCckoro 1 pekpeaunoHHOro Typursma. lNonb3oBaTenu BOAHbIX yro-
ann 6yﬂ,)/T MMeTb BO3MOXXHOCTb 6bICTpO n 6e3 Bbleé3[la Ha BO4OEM OUEHUTb CUTYyauluio N NONYyYUTb peasibHYto
|/|H¢opmau,vuo O UBeTeEHUN d)VITOI'IJ'IaHKTOHa n peaanoﬁ OCTpoTE I'Ip06l'leMbI UBeTeHnA ANnA KaXAoro KOHKpeT-
HOro sogoema.

TEXHUYECKUE NMPEUMYLLECTBA

be3 ncnonb3oBaHWA MPOrpaMMHOro Komriekca B benapycum HazemHble MOHUTOPUWHIOBbIE NCCNIeJOBaHNA pas-
BUTUA GUTOMIAHKTOHA OCYLLECTBAATCA TONIbKO Ha OTAESIbHbIX BOAHbIX 00beKTax C HU3KOW NepuognyHOCTbO
(06bIUHO He valle ofHOro pasa B rof). Takue faHHble He NO3BONAIT ONepPaTUBHO BbISBAATL Npobnemy 1 npe-
[OTBpaLLaTb BO3MOXHbIe HeraTMBHbIE MOCNeACTBUSA. Micnonb3oBaHWe NpPorpaMmmMHOro Kommnekca s BbiABIe-
HMA 1 MOHUTOPUHTA LBETEHNA GUTOMIAHKTOHA C NPUMeEHeHUeM AaHHbIX [133 no3BoNuUT KapAnHanbHO yiyJlunTb
MOHUTOPWHI NMOBEPXHOCTHbIX BOA AJ/151 MIAHNPOBaHNA 1 OCYLLECTBAEHUS MPUPOLAOOXPAHHbIX, PEKPeaLOHHbIX
N XO3ANCTBEHHbIX MEPONPUATUN.

CpaBHeHMe nokasaTesei pa3paboTaHHOro MPOrPaMMHOro KOMMJIEKCa BbISIBJIEHUA U MOHUTOPVIHIA LIBETEHMS
bUTONNAHKTOHA Ha BOAHbIX 06bEKTAX C MPVMeHeHNeM AaHHbIX [133 MOKasbIBaloT, YUTO OHM B MOJIHOW Mepe CooT-
BETCTBYIOT JIyULIMM MUPOBbIM 06pa3sLiam, a UMEHHO MO3BOJIAIOT OCYLLECTBIATb BbIABIEHVE U MOHUTOPVHT LBe-
TEHU GUTOMMAHKTOHA B MPECHOBOAHBIX SKOCUCTEMAX, BKIIOUYAA MafloAOCTYMNHbIE BOAHbIE 06bEKTbI; MCMOJb30-
BaTb AaHHble [33 Ans MOHUTOPUHTa LiBeTeHWs GUTOMMAHKTOHA B KIIMMATUUECKKX YCnoBuin benapycu; ocyulecT-
BSIATb NEPUOANYHOCTb HabJIIOAEHWI 1 pa3 B TPOE CYTOK Npui 6/1aronpuUATHBIX MOTOAHBIX YCIIOBUAX C MAaKCMaJlb-
HOW NEPUOANYHOCTBIO 1 pa3 B ABOE CYTOK U MAKCMaJlbHbIM MPOCTPAHCTBEHHBIM pa3peLleHnemM AaHHbix [33
MPY MOHUTOPVIHTE LBeTeHWs GUTOMNIAHKTOHA B 10 M2,

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

Pa3paboTka 1 BHepeHre TEOPEeTUUECKIMX U MPUKIIaAHbIX OCHOB ANCTAHLMOHHOTO MOHUTOPUHIa LUBETEHUI Ppu-
TOMMAHKTOHA Ha BOAHbIX OObeKTax CNoCco6CTBYET NOBbILEHNIO 3PEKTVBHOCTM YCTONYMBOIO UCMONb30BaHUA
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NPUPOAHO-PECYPCHOro NoTEHLMaNa BOROEMOB, MOBbILLEHMIO KaYecTBa NPUPOA0OXPaHHBIX MEPONPUATUIA, yNyu-
LUEHVI0 MPUBNIEKATESIbHOCTU TEPPUTOPUIA AS1A SKOSTOTMUYECKOTO U PeKpeaLoHHOro Typr3ama. COTPYAHUKN Hayu-
HbIX 1 MPYPOJOOXPAHHBIX CTPYKTYP OYAYT UMETb BO3MOXKHOCTb ObICTPO 1 63 Bble3[la Ha BOLOEM OLIEHUTb CUTY-
auyio 1 NMoyYnTb peanbHyo MHGOPMALIMIO O HAaMUUK LBETEHNSA GUTOMAHKTOHA 1 peasibHOl oCTpoTe npobre-
Mbl LIBETEHUA ANA KaXKA0ro KOHKPETHOro BOJOEMA.

Hanuuve onepatrBHOI MHGOPMaLMM NO3BOSIAET PACLLUNPUTL BO3MOXHOCTY MPOCTPAHCTBEHHOIO 1 OMNepaTBHO-
rO MOHUTOPUWHIA SKOJIOMMUYECKOro COCTOSIHMA BOAOEMOB B LIESIAX NPUHATUA PeLIEHNA 06 UHTEHCUBHOCT MOHUTO-
PUHTa KaXKAoro KOHKPETHOrO BOJOEMA, A TaKXKe NPUHATHSA Mep MO YCTPAHEHUIO MPUYMH 3arps3HEHUS BOJOEMOB.

TEKYLWWAA CTAOUA PA3BUTUA
BbinyLeH onbITHBIN 0bpasel,.
OnbITHBIN 0Opa3eL BKIOYaeT:

— NPOrPaMMHbI KOMMAEKC AJ1A NONyYeHWs U TemaTnyeckor 06paboTKM reofaHHbIX O BOAHbIX OObeKTax A4sis Bbl-
ABNEHNA U MOHUTOPWHIA LiBETEHNS GUTOMNAHKTOHA C MPYMEHEHMEM AaHHbIX;

— MOAY/b BbIABNEHUA LiBETEHMSA GUTOMNAHKTOHA B COCTaBE;

— 6a3y reofjaHHbIX;

- MoAynb Be6-BM3yanun3aLmny JaHHbIX MO LBETEHMIO.

PaspaboTka BHeapeHa B NPOV3BOACTBO.

MporpamMmmMHbI KOMMIeKC YCNeLHO NpoLuen NpuemMoYHble UCMbITaHWA 1 BBeZIEH B SKCMyaTaumio B benopyc-

~

CKOM rocyfapctBeHHoM yHuBepcutete u MY «HaumoHanbHbIN napk “HapoyaHcKuin».

CBEZIEHUA O MPABOBOI1 OXPAHE
HeT.

NOTEHUWAJIbHbIE NOTPEBUTEJNIN U/ BAUHTEPECOBAHHbBIE B PASPABOTKE

MUHMCTEPCTBO MPUPOLHBIX PECYPCOB 1 OXPaHbl OKpy»KatoLleli cpefbl Pecnyb6nuku benapycb; HayuHble oTae-
Nbl 0C060 OXPaHAEMbIX MPUPOLHbIX TEPPUTOPUIA.

KOHTAKTHbIE BAHHDbIE

Apnamoswuy bopuc Bnagucnasosuy, 3aseaytowunin HAJ rugposkonorum 6uonornyeckoro dpakynbreTa,
KaHauAaT 6MoNornyecknx Hayk, AOLEeHT.
Ten.: (+375 29) 760 50 94

E-mail: belaqualab@gmail.com
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VI. BEAOPYCCKMN HALUMOHAABHbLIN
TEXHUYECKMM YHUBEPCUTET

.

7. MHOTOOYHKLUNOHANBHAA NHTENNEKTYAJIbHAA CUCTEMA
«BUPTYAJIbHOE MOAENTUPOBAHWUE U UCCNEAOBAHWUE NAPAMETPOB
NEKTPUYECKUX LEENEW»

OMUCAHUE PA3PABOTKUN

MHorodyHKUMOHaNbHas MHTeNNeKTyalbHasA cucteMa «BrpTyanbHOe MofenvpoBaHWE U MCCiefoBaHue
napaMeTpoB MIEeKTPUYECKUX Lienen» NpegHa3HavyeHa Ansa MoaennpoBaHns, NCCNIeAoBaHNA U ONTUMM3ALNN
MPOLIECCOB, NPOTEKALUX B INEKTPUUYECKUX LIEMAX MOCTOAHHOMO 1 MEPEMEHHOIO TOKa, B TOM UNCTIE B SHEp-
reTMyecKnx cuctemax, nst 06yyeHus CTyAeHTOB 1 PaGOTHNKOB NPeanpUsaTi 1 nabopatopuii, peLIeHA HayYHO-
UCCnefoBaTeNbCKUX 3afaY, Pa3paboTKy 1 OLEHKM COOTBETCTBUS NEKTPOTEXHUYECKO NPOAYKLUN, ONTUMU-
3aL1KM ee XapaKTeEPUCTUK 1 Ap.

TexHuuyeckoe obecrneyeHne CUCTEMbI BKIIOYAET CriefyoLe Moayu:

— KOMMbloTepHyto 6a3y (cucTemHble ONOKKM, BMAEOTEPMUHanbl, YCTPOWCTBA ANA MOAKMUYEHUA K CeTu
NHTepHeT);

— MHXeHepHYIo 6a3y (Npy HEOGXOAUMOCTY) — U3MepUTENIbHbIE MPUBOPBI, YCTPONCTBA KOMMYTaLMK, CPEACTBa
noBepPKN/KannmbpoBKY, TyMGepbl, MepeksoyaTeny, CpeacTsa 6e3onacHoCcTy;

- nMporpammHoe obecneyeHne — pa3paboTaHHble KOMMbIOTEPHbIE NPOAYKTbI A peanv3aumnmn BUPTYanbHO
cpefbl 1 61M6NMOTEK LUMPPOBLIX IBOMHUKOB, @ TakKe paboTbl 1 00yueHUsn HelipoceTel;

- HPOPMaLIMOHHO-MeTOANYECKOe obecrneyeHre — TeopeTUYecknin 6ok 1 MeTogmyecKre yKasaHus no Bbi-
MOJSIHEHWNIO N3MEPEHUIA, MPUMEHEHNIO TEXHUYECKOTO 1 MPOrPamMMHOro obecrneyeHns, TexHmke 6e30nacHoCTm
N KPUTEPUAM MPUHATUA PELLEHWIA MO pe3ynbTaTam NCCIE[0BaHNI.

TEXHUYECKUE NMPEMMYLLECTBA

CyLIJ,eCTB)/IOT CNCTEMbI — BUPTYaJibHbl€ TDEHAXKePbI B obnactu SJIEKTPOTEXHUKU, NpeacTaBneHHble, Hanpumep,
Ha pOCCVIl7ICKOM PbIHKE, NpeAHa3Ha4YeHHble AN1A N3y4yeHna yqe6H017| ANCUNNNINHDI <<3ﬂeKTpOTEXHI/IKa», npeactas-
nawne coboi o6yqa|ou4|/|e CTeHAbl C BO3SMOXHOCTbIO NOAKMOYEHUA N3MEPUTESTIbHbIX I'IpI/IGOpOB N n3meputenb-
HbIX I'IpVIHa,D,J'Ie)KHOCTEIZ.

OTnnuUTENbHbIE OCOBEHHOCTY 1 npenmyuliecTea I'IpeFICTaBJ'IEHHOVI pa3pa60TKV|: cicTemMa CTPOUTCA MO YPOBHAM
N MOAyJNibHOMY NMpuHUuny, nmeet FI/I6K)/IO CTPYKTYpPY 1 6bICprIO afanTayunio, OCHOBaHa Ha NPUMEHEHUN TEXHO-
norun LlVId)pOBbIX OBOWHVKOB (TeXHMYEeCKnx yCTpOVICTB — CpeacTts |/|3mepeH|/||7|, KOMMYTaUunn, N3MmepuTesbHbIX
I'IpI/IHaFU'Ie)KHOCTeI‘;I, 2TaJIOHOB; 3J'IeKTp0¢VI3VI‘-IeCKI/IX npoueccoB — CTayMOHapHbIX, NnepexoaHblX AeTEPMUHNPO-
BAaHHbIX 1 CTOXaCTUYECKUX, N3SMEPUTEJIbHbIX CUCTEM) U NCKYCCTBEHHOIO MHTE/IEKTA C MOrpy>KeHnem B 060s10u-
Ky [OMOJTHEHHON U BI/IpTyaJ'IbHOVI P€anbHOCTK, YTO NO3BOJIAET NOJIHOCTbIO OTKA3aTbCA OT TEXHNYECKOWN peann-
3auunn CcteHaa, obecrneunBas NHTEPAKTNBHOE B3aMIMOJeNCTBME B BI/IpTyaJ'IbHOVI cpepne.

OXXWUOAEMbIV PE3YJIBTAT MPUMEHEHUA
dopmrpoBaHme abcontoTHO 6e30MacHON, UHTEPAKTUBHOM 1 JOCTYNHON 24/7 06pa3oBaTebHO cpebl.

CHUXeHVe 3aTpaT 06pa30oBaTeNbHbIX YUPEXAEHWN 1 NPeAnpUATUIA Ha 3aKynKy, OOHOBEHE N OBCITYKMBaHMe
annapaTHbIX NeKTPOTEXHUYECKIMX NabopaTtopuii o 100 %.

lMoBbllEHWE KaueCcTBa NMOATOTOBKM NHXEHEPHbIX KafpOB 3a CYET BO3MOXHOCTI 6e30MacHON OTpaboTKM aBa-
PUNHBIX PEXMMOB (Meperpysku, KOPOTKME 3aMblKaHNA).

TEKYLWWAA CTAOQUA PA3BUTUA
BbinyLLeH onbiTHbIN 0b6paseLl.
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CBEAIEHUA O NPABOBOW OXPAHE

Pa3paboTka He OXpaHAEeTCs B peXKMMe KOMMEPYECKOW TalHbl (HOY-Xay), OAHAKO MIaHMpPYeTCA roCyfapCTBEH-
Hasl perncTpaursa KOMMbIOTEPHOW Nporpammbl B HaLuMOHaNbHOM LIEHTPe UHTENNEKTyalbHOM COOCTBEHHOCTU
Pecny6nuku benapycsb.

NOTEHUWAJIbHbIE NOTPEBUTEJNIN N/ SAUHTEPECOBAHHbBIE B PASPABOTKE

Bbiclume u cpefHue cneuranbHble yuyebHble 3aBefieHNsA TEXHUYECKOro Npoduis, KopropaTrBHble yyebHble
LeHTpbl NpefnpuAaTuii sHepreTnyeckoro cektopa (MO «benaHepro») n npombiwneHHOCT (MUHUCTEPCTBO NPO-
MbILLUAEHHOCTK), OPraHM3aL 11 JOMONHUTENbHOIO NpodeccnoHanbHOro obpasosaHua B Pecnybnuke benapych
1 3a py6exxom (cTpaHbl CHI).

KOHTAKTHbIE AAHHbIE
CaBkoBa EBreHuns HukonaeBHa, foueHT Kadeapbl «INeKTPOTEXHMKA 1 STEKTPOHMUKAY,
KaHAnAAT TEXHUYECKMX HayK.
Ten.: (+375 29) 683 90 06
E-mail: savkova@bntu.by
KykoBckad TaTbAHa EBreHbeBHa, 3aBeaytowada kadpeapon «INeKTPoTEXHMKA U SNEKTPOHMKa».
Ten.: (+375 29) 850 90 48
E-mail: eie@bntu.by
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VII. YHPEXAEHNE OBPA3OBAHNA
«TPOAHEHCKMN TOCYAAPCTBEHHBIN YHUBEPCUTET
MMEHW AHK KYTTIAADBI»

.

8. UMOPOBbIE 3D-MOAE/N O6PA3LI0B BOOPYXKEHUA B [JONOJIHEHHON
PEAJIbHOCTU

OMUCAHUE PA3PABOTKHN

MNHHOBaLMOHHanA pa3paboTKka npeacTaBaseT cO6ON KOMMNEKC NHTEPAKTUBHBIX UuppoBbix 3D-moaenen
06pa3LoB BOOPYXEHMA, peann3oBaHHbIX B Cpefe AOMOSHEHHON peanbHocTu (AR), cneuunanbHoO npegHa-
3HAUYEHHbIX N1 UCMONb30BaHMA B 6e3onacHo obpa3zoBaTenbHOl cpefe. Micnonb3ys MobubHble YCTPOW-
ctBa nnn AR-ouku, obyyvalolreca MOryT BU3yann3npoBaTb NOHOPAa3MepPHble BUPTYasibHble MOAENY BO-
OpY>KeHWA, HaknagbiBaemble Ha peasibHbl MUP, N3yYaTb X BHELUHIO CTPYKTYPY, @ TakXKe NpUHUMNbI pa-
60Tbl 6e3 B3aMMOAENCTBUSA C peasibHbIMY 06pa3LiamMu BOOPYKeHUA 1 boenprnacamu. Tako NOAXoA Cylye-
CTBEHHO CHUXKAET PUCKU Npu 0ByyeHUmn n cnocobctByeT GOpMNpPOBaHUI0 6€30MacHOro yYebHOro oKpy»Ke-
HMA ONA KYPCAHTOB U CTYAEHTOB. Peann3oBaHbl BO3MOXHOCTU AeTann3nMpoBaHHON B13yann3aumm coctaBa,
Y3710B U arperaToB, aHNMUPOBaHHble onepaymnn pa3bopku 1 cOopKU, LeMOHCTpaL s NpaBui 6e30nacHoOCTY
1 TUNOBbIX PEXMMOB 3KCNyaTauumn. Mogenu co3gaHbl C UCNonb3oBaHnem ¢potopeannctuyHom 3D-rpadumku
1 ONTUMM3UPOBaHbI Afist PabOTbl B PEXMME PeasibHOro BPEMEHM Ha MOOUIIbHBIX NMiaTdopmax, YTo obecne-
YMBAET BbICOKYIO MPOU3BOANTENIbBHOCTb 1 IOCTYMHOCTb YYebHbIX 3aHATMI. C TEXHONOTMYECKOW TOUKN 3pe-
HUs pa3paboTka 6a3mpyeTca Ha coBpeMeHHbIX AR-ppeliMBopKax u urposbix aeukkax Unity n Unrial, obe-
CcneynBaloLWmnX YCTONUYMBOE OTC/EKMBaHE MapKePHbIX 1 HEMapKepHbIX Lienen, peanucTuyHoe ocBelleHne
1 TOYHOE COBMELLEHVE BUPTYasibHbIX 06EKTOB C ¢pur3nyeckon cpegoi. Npeanaraemoe nporpaMMHoe pe-
LWeHe MOXeT pa3BepTbiBaTbCA B ayAUTOPHbIX YCIOBUAX NPU N3YUYEHUN TaKTUUYECKUX QUCLUMINH, 4YTO ge-
NAeT ero rmbKnM 1 macluTabupyembiM MHCTPYMEHTOM MOBBILEHUS KayecTBa 1 6e30nacHOCTU npodeccuo-
HaJIbHOrO BOEHHOIo 06pa3oBaHuA.

TEXHUYECKUE NMPEMMYLLECTBA

VHHOBaUMOHHbIN KOMMNNEKC LundppoBbix 3D-Mofenein o6pa3LoB BOOPYKeHWs B JOMOSHEHHOW peanbHOCTY
OEMOHCTPUPYET BbICOKUIA HAYYHO-TEXHUYECKUIA YPOBEHD MO CPABHEHNIO C BEAYLLMMI OTeYECTBEHHbIMY 1 3a-
py6exXHbIMM yuebHbIMUK peleHnaMU. OH coueTaeT poTopeanucTnyHoe 3D-MogenpoBaHue C COBPEMEHHbI-
Mu AR-TexHonorusamu, obecneumsas 6esonacHble, UIMMePCUBHbIE 1 MHOTOKPATHO BOCMPOW3BOAMMbIE yUueb-
Hble cCLieHapuy 6e3 NCMOoNb30BaHKsA pPeasibHOro BOOPYKeHMs, 60enprnacos 1 CreLmanm3rpoBaHHbIX NONFO-
HOB, UTO CYLLECTBEHHO CHUXKAET PUCKU U SKCMITyaTalMOHHbIe 3aTpaTbl.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

MprimeHeHvie Komnnekca urdposbix 3D-Mogenen 06pa3sLoB BOOPYKEHWS B LOMOSHEHHOW PeanbHOCTV No-
3BOJINT MOBBICUTb YPOBEHb MPOPECCMOHANbHON MOArOTOBKM 3a cUeT 6onee rny6oKoro yCBOEHUA KOHCTPYK-
UMK, NPUHLMMNOB AENCTBUA 1 MpaBus 6e30MacHOCTY NpK paboTe ¢ BoopyKeHriem. OXnagaeTcs pocT MOTMBALU
11 BOBJIEUEHHOCTM 0BYUaIOLLNXCS, COKPALLEHVE BPeMEHMN OCBOEHA Y4ebHOro MaTeprana u CHUXKeHne Konude-
CTBa OWMOBOK NPU BbINOSIHEHMMN NpaKTMUecknx onepauymnin. CozaaHvie 6e30MacHoi, BOCMPOV3BOAMMON 1 KOH-
Tponvpyemoi y4ebHON cpefbl TaKKe NPUBEAET K YMEHbLUEHNIO PUCKOB TPaBMaTN3Ma U COKPALLEHUIO 3aTpaT
Ha MCNOJb30BaHMe peasnbHbIX 06Pa3LOB BOOPYKEHWS 1 MOSIMTOHHOW MHPPACTPYKTYPbI.

TEKYLAA CTARUA PA3BUTUA

OnbITHble 06pa3Lbl BHeApeHbl B yuyebHbI npolecc BoeHHoro dakynbteta [plY um. AHkn Kynanbl ana
obyuyeHVa CTy[eHTOB Mo creumnanbHoCcTAM «boeBoe NpuMeHeHre Ha3eMHbIX Nogpa3sfenieHnii BONCKOBOW
pasBegku», «KomaHaMp oTaeneHmsa (TaKTUYEeCKOW pasBefKu)» Mpu M3yyeHUM AUCUUTMIINH TaKTUYEeCKOWN
NnoAroToBKMU.
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cTapwmii cTpenok (crpenok)

rpanaTomeTmK

SCRL OTHEBbIE CPEACTBA CTApLLMX
SporeTpanCnopTepa) npu Hanuun Bpome!

CBEZIEH/A O NPABOBOW OXPAHE

YpoctoBepeHue paunoHanusatopa N2 015/2023 «MHTepakTrBHaa 3D-mogenb fanbHoOMepa KOMaHANPCKNX pas-
BeblBaTe/IbHbIX MaLUVH».

YnocTtoBepeHue paunoHanmsaTopa N2 006/2025 «/HTepakTMBHas moaesib npubopa cTaHLMM Ha3eMHOW pas-
Beaku (MCHP-5K)».

NOTEHLUWAJIbHbIE MOTPEBUTEJIN U/WJN 3BAUHTEPECOBAHHDLIE B PASPABOTKE
BoeHHble dakynbTeTbl/Kadenpbl yupexxaeHuin obpasosaHusa Pecnyonmkm benapych n Poccuinckon Oepepaumn.

KOHTAKTHbIE AAHHbIE

CemeHuyk Hatanba BnagnmunpoBHa, foueHT Kadenpbl GyHOAaMeHTaNnbHOW U NPUKIAAHON MaTeMaTUKM
dakynbTeTa MaTeEMaTUKM 1 UHPOPMATUKK, KaHANAAT GU3NKO-MATEMATUYECKNX HaYK.

Ten.: (+375 29) 786 69 44

E-mail: senatal55@gmail.com
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VIII. YSPEXAEHME OBPA3OBAHNA
«BUTEBECKNMN TOCYAAPCTBEHHbBIV YHUBEPCUTET
MMEHU 1. M. MALLIEPOBAY

.

9. METOAUKA AUCTAHLINOHHOTO BbIABNNEHUA YHYACTKOB BEPOATHOIO
PA3BUTUA YCbIXAHUA ENOBbIX HACAXAEHUN

OMUCAHUE PA3PABOTKHN

PazpaboTka npeactaBisieT coboli METOANKY NPOBEAEHA PAHHEN ANArHOCTUKM YCbIXaHWUs €JI0BbIX HacaXKkae-
HMIA Ha OCHOBE CMYTHUKOBOTO AVNCTAHLMOHHOTO 30HAMPOBAHMA 3eMIIN.

Cdepa npumeHeHUs: NeCHOEe X03ANCTBO, SKONMOTMUYECKNN MOHUTOPUHT, PaLYoHanibHOE NPUPOAONOSIb30BaHME.

Llenb: a3pdeKTMBHOE MCMNONb30BaHME NIECHBIX PECYPCOB, MOBbIWEHWE KavecTBa NMpoBeAeHUA Neco3alnTHbIX
MeponpuATHIA 1 ONepaTNBHOE NPUPOACOXPAHHOE MNaHNPOBaHME.

Ha3HaueHwue: BbiABNEHNE CKPbITbIX ¢M3VIOJ'IOFI/I‘-IECKI/IX CcTpeccos (BOAHBIN p,ed)mum, HayasnbHOE 3acefieHune
KOpOGAOM-TI/II’IOFpad)OM) 3a 1-3 Hegenn 0o NoABNeHUA BU3YyaJibHbIX MPUN3HAKOB YCbIXaHNA KPOH.

TexHonornueckas ocHoBa 6asnpyeTca Ha 06paboTKe OTKPbITbIX MyNIbTUCMEKTPaNbHbIX AaHHbIX Sentinel-2 (pa3-
pelweHne 10-20 m, NnepruoanyYHOCTb 5 AHel) B obnauHol nnatdopme Google Earth Engine. MeToguka Bkntoyaet
pacyeT KoMneKkca BeretalMoHHbIx MHaekcos (NDVI, NDMI, PRI, Clrededge) n nx MmHoronepuoaHbIii CpaBHUTENb-
HbIl aHanm3. BoiABneHa TpexdpasHasa AUHaMUKa Aerpagaunn: naTeHTHaA (XPOHUYECKU rMapoCTpecc Npu BU3y-
anbHO 340POBOV KpoHe), da3a akTMBaLum (pe3Koe NafeHne NMHAEKCA BNAXKHOCTM B Nepuop neTta Bpeautenei)
1 dpaza BM3yanmsauuu.

TexHVKO-3KCMyaTaLMOHHbIE XapaKTePUCTUKIN: aBTOMATU3UPOBAHHBbIN CKPUMNT 06paboTKM CHAMKOB, anropuTm
MacK1poBaHUa 0611a4HOCTU, GOPMMPOBAHME MEAMAHHBIX KOMMO3WTOB, KaSlbKyNALMA Pa3HOCTHbIX MHAEKCOB U re-
Hepaumsa onepaTuBHbIX KapT puckos B MNNC QGIS. HactoAwaa metoarka obecneunBaeTt CrowWwHoe NpocTpaH-
CTBEHHOE NOKPbITUE, OO6BEKTUBHYIO KOTMYECTBEHHYIO OLIEHKY 1 MUHMMM3aLMI0 BPEMEHHDbIX 3aTpart. [loporosble
3HaueHuA KanubposaHbl nog ycnosusa Pecnybnnkm benapycb.

[306parxeHine yuacTka enoBbIX Hacax AeHMuil:
a — Npy Ha3eMHOM 0CMOTpe (BM3yanbHasA HopMa), 6 — Mo AaHHbIM CMYTHUKOBOTO aHaNN3a (KPUTUYECKHiA BOAHDIA AeduunT)
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TEXHUYECKUE NMPEMMYLLECTBA

B oTnunumre oT TpagMLMOHHBIX Ha3eMHBIX JIECONATONIOrMyecknx o6celoBaHNiA, HAacToALas MeToAMKa obecne-
yrBaeT NpoBefieHVe ANCTAHLMOHHOIO, aBTOMAT3UPOBAHHOTO 11 BbICOKOYACTOTHOIO MOHUTOPVIHIA OONbLUVX Tep-
puUTOPUIN C 06 BEKTUBHOWN KONMYECTBEHHOW OLIEHKO. KntoueBoe NpernMyLLecTBO — NPOrHOCTMYECKNI XapaKTep:
nHgekc BnaxkHocty NDMI dukcnpyeT cHuKeHre Typropa 1 ¢pusmonormyeckniin ctpecc 3a 30-60 gHen fo BUam-
MOro nobypeHus xsou (KoaddurumneHT getepmmuHaumm R? > 0,85). 3To N03BONIAET NEPENTU OT PeakTUBHbIX CaHN-
TapHbIX PYOOK K MPEBEHTVBHOMY yrpaBfieHno. HayuyHo-TexHYeCcKnin ypoBeHb Pa3paboTKy COOTBETCTBYET MU-
POBbIM CTaHAAPTaM NPVIMEHEHMA AaHHbIX Sentinel-2 B 3KONOrMyeckomM MOHUTOPUHTE, MPY STOM OHa afanTupo-
BaHa nopj KAnmaTnyecKkme 1 NnoYBeHHO-rnmaponormyeckmne ycnosus tepputopumn benapycu. Micnonb3osaHume ot-
KpbiToro MO 1 6ecnnaTHbIX CMYTHUKOBBIX JAHHbIX AeAeT peLleHne SKOHOMNYeCKN 3GPeKTUBHbBIM 1 MacLITabu-
pyeMmbIM, MPEBOCXOAs aHanory, TpebyoLme KOMMePUYECKX CHUMKOB. MeTofuKa ycTpaHsaeT CyObeKTUBHOCTb BU-
3yasibHOM OLEHKN 1 BPEMEHHOM flar Ha3eMHbIX MeTOA0B.

OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

BHeApeHme CNCTEMDI ONepaTnBHOIro KapTorpacI)mpOBava 30H pUCKa yCbIXaHNA €JIbHMKOB, KOTOPAaA MO3BO-
JINT NECOX03ANCTBEHHbBIM npeanpuATUAM NJIaHNPOBATb NMPEBEHTUBHbIE CAHUTAPHbIE N 3aLlLMTHbIE MEPONPUATUA.

CHVKEHVe SKOHOMMYECKUX MOTePb OT MAacCOBOIO Pa3MHOXeHUs Kopoeda-Tunorpada, coxpaHeHve 6buopas-
HOOGpPa3us 1 Nepexo OT PEAKTUBHOMN K HAyYHO 0HOCHOBAHHOW NPEBEHTUBHOW MOZENN YNPaBAeHWs IECHBIMA
pecypcamu B yCNOBMAX KNMMATUYECKON HECTabUIIbHOCTN.

TEKYLWAA CTAAQUA PA3BUTUA

MeToavka anpobupoBaHa Ha TECTOBOM MONroHe (61oniormyecknii 3akasHuk «MpuasuHbe», 2025-2026 rr.),
anropuTMbl BEpGULMPOBaHbI HA3eMHbIMM AaHHbBIMY, Pa3paboTKa roToBa K OMbITHO-MPOMbILLIEHHOMY BHEAPE-
HVIO U MaclTabrpoBaHuto B necxo3ax Pecnybnukm benapycob.

CBEJEHMA O NPABOBOW OXPAHE
MpoayKT 3aLymiLeH B COOTBETCTBMM C 3aKoHoAaTeNnbcTBOM Pecny6nukn benapych 06 aBTopckom npase.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHDIE B PASPABOTKE

MpUPOAOOXPaHHbIE, IECOXO3ANCTBEHHbIE 1 JIECO3aroTOBUTE/IbHBIE OpraHu3aummn benapycu, Teppritoprasb-
Hble OpraHbl roCyrnpaBeHus.

KOHTAKTHbIE BAHHbIE

Topb6eHko AHapel BopucoBuy, pyKoBOAUTEND LIEHTPA ANCTAaHUMOHHbBIX METOAO0B UCCNIEA0BAHMN
1 NHTENNEKTYyanbHOro aHanms3a faHHbIX.
Ten.: (+37533) 696 14 71

E-mail: torbenko_a@mail.ru

Oununnosa AprHa AnekceeBHa, CTyEHTKa.
Ten.: (+375 25) 504 58 65
E-mail: phlipplyandia@gmail.com
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IX. TOCYAAPCTBEHHOE Y4PEXAEHWME
OBPA3OBAHUNA «CPEAHAA LLUKOAA Ne 5
MMEHU T1. 3. KAAMHUHA T. TPOAHOM

.

10. NEPCOHAJIbHAAl CUCTEMA 3KCTPEHHOTO OMOBELLEHUA
«KHOMKA BE3OMACHOCTU»

OMUCAHUE PA3PABOTKHN

PaspaboTKa npeacTaBnsieT coboi MoPTaTUBHOE aBTOHOMHOE YCTPOWCTBO SKCTPEHHOIO OMOBELLEHMS, Npes-
Ha3HauYeHHOoe A5 NOBbILWEHNA TMYHON 6e30MacHOCTY AeTEN, NOXUbIX IIOAEN, }KEHLVH U COTPYAHUKOB onac-
HbIX 30H.

Cdepa nprimeHeHs: GbITOBOE U COLManbHOE UCMONIb30BAHWE, UHTErPaLus B CUCTEMbI SKCTPEHHbIX Cy»6 (102,
112) 1 WKoNbHbIE MPOrpaMmbl 6€30MACHOCTL.

HasHaueHune: MrHoBeHHas oTnpaBKa SMS-coobLeHA «HA B 0NacHOCTU» C TOUHbIMK KoopanHaTamu (GPS nnu LBS)
npv AAUTENIbHOM HaXKaTUW eUHCTBEHHOWN KHOMKK. YCTPOMCTBO paboTaeT He3aBMCUMO OT cMapThOoHa, PyHKLMO-
HupyeT B ceTax GSM (nokpbiTre 99 % TeppuTtopumn Pecnybnukn benapycb) n coxpaHseT paboTocnoco6HOCTb
[0 6 MecsiLeB 6e3 noa3apaaKku.

KoHCTpyKTUBHbIE 0cO6eHHOCTU: peanun3oBaHo Ha mogyne A9G (Ai-Thinker) c nuTterpnpoBaHHbiMr GSM/GPRS-
mozemoM, GPS-NpremMHNKOM 1 MUKPOKOHTponnepom. Kopnyc — KoMnakTHbI 6penok nnm 6pacnet (pasmep
¢ 6aHKOBCKyt0 KapTy). Bkntouaer Li-lon akkymynatop (1000-3000 mA-u), mopynb 3apagku TP4056, TakTUNbHYO
KHOMKY 1 CBETOAUOLHYIO MHANKALMIO.

TexHVKO-3KCMnyaTaLMOHHble XapaKTepuCTMKIM: fBYXypoBHeBas reonokauma (GPS + LBS), HacTpavnBaemas 3a-
JepxKa cpabaTbiBaHusA (3—10 ), sHepronoTpebneHue B pexxmme cHa ~ 20 MKA, SMS-ynpasneHne napameTpa-
MW, 3aLMTa OT ClyYalHbIX HaXaTuii, paboTa Npu OTCYTCTBMM COTOBOIO CUMrHana y nonb3oBaTend. YCTponcTBO
obecneunBaeT «30M10TON Yac» pearmpoBaHNA, COKpallana BpeMa rnepefaynm TOYHOWM reono3numm B SKCTPEH-
Hble Cry>K0bl, U COOTBETCTBYET 3afiayam MHOOPMaLMOHHON 1 nuYHou 6e3onacHocTn B Pecnybnuke benapychb.

KHonka 6e3onacHoctu A9 G

1" vone so 2 swstask) 5 Jnepcane o

sms_Main() b Init: UART, SMS, GPIO SYSTEM_READY — btnPressedFlag = true R SendUtf8WithLocation()
Co3gaHue 3agaum Lukn oxxugaHus NETWORK_REGISTERED Taiimep 5 cekyHa XKaem po 60 cek.
SMSTask cobbITHiA

v/ ®ukc: MoToeo!
55°37.12345°N
037°36.78900°E

L 7 Ornpaeka SMS 7 Otnpaeka SMS % TalimayT:

SMS_SendMessage() SMS_SendMessage() Bo3Bpar B UMK 0XuAaHUA Jlokauus He onpepenera
— SMS_SET/ SMS_ERROR —> SMS_SENT / SMS_ERROR

TEXHUYECKUE NMPEMMYLLECTBA

Pa3pa60TaHHoe yCTpOIZCTBO «KHOMKa 6e3onacHoCTU» OEMOHCTPUPYET 3HAUYNTEJIbHOE NPEBOCXOACTBO HaA Cy-
wecTsyrowMmm ote4eCTBEHHbIMA U 33py6e)KHbIMVI aHaJioramm no pAdy KJio4veBbiX MapaMeTpoB:

— DHepros$pPpeKTNBHOCTL. B pexrme rnybokoro cHa moaynb A9G notpebnseT Bcero 20 MKA — 3T0 Ha no-
PALOK HUXe, UeM y NONYAsPHbIX pelleHnin Ha 6a3e SIMB08 (3 mA) n ESP32 B cBsizke ¢ GSM-mopemom (oKoso
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10 mA 6e3 yuyeTa Mogema). bnarogapsa 3Tomy pacyeTHasi aBTOHOMHOCTb YCTPONCTBA AOCTUrAeT 6 MecALEeB
OT OQHOrO 3apAfa akkymynatopa emkocTbio 3000 MA-U, UTO KPUTUYECKN Ba)KHO A1 HOCUMbIX YCTPOWCTB
6e30MacHOCTN.

- [MonHas aBTOHOMHOCTb 1 rnobanbHbI 0xBaT. B otnnumre ot Bluetooth-Tpekepos (Apple AirTag, Samsung
SmartTag, KATacKkre aHanoru), KoTopble TPeOyT NOCTOAHHOTO COMPAXKEHUA CO CMapTPOHOM 1 MeIT pa-
anyc penctema He 6onee 100 m, «<KHOMKa 6e3onacHOCTU» GYHKLMOHMPYET He3aBUCKMO OT TenledpoHa B Nitobon
30He NokpbITna GSM (99 % TeppuTtopun Pecnybnukm benapychb).

- [IByxypoBHeBas reoniokauua. YCTponcTBo coyetaeT GPS-nprMemMHUK 1 pe3epBHbIi MeTO4 onpeneneHmsa me-
CTOMOJIOXKEHMA NO BblWKaM coToBOM cBA3M (LBS). 9To no3sonaeT nonyuntb KOOPAMHATLI faXe BHYTPU 34aHWUIA,
roe unctole GPS-Tpekepbl (BkNtoyas pelweHna Ha SIM808) uacTto TepAtoT curHan.

- OnTumanbHaA CTOMMOCTb 1 MHTerpauna. bnarogapa apxutekType «Tpu-B-OAHOM» (MUKPOKOHTponnep,
GSM-mopem, GPS-npueMHUK B OfHOM uumne) ce6eCTOMMOCTb peLleHUs HUXKe, YeM Y AUCKPETHbIX aHanoros
(ESP32 + otpenbHbIi GSM-mofem), Npy coxpaHeHUM NosIHOM GYHKLMOHaNbHOCTU. HayYHO-TEXHUYECKNI ypo-
BEHb COOTBETCTBYET NyYLIM MUPOBbIM MPaKTNKaM B CErMeHTe JOCTYMHbIX aBTOHOMHbIX CUCTEM SKCTPEHHO-
ro onoseLyeHus.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

BHenpeHue «KHoMKm 6e30nacHOCT» NO3BOJIUT COKPATUTb BPeMs pearvpoBaHnsa SKCTPEHHDBIX CNYKO Ha Kpu-
TUYECKYI CUTYaLUIO C HECKONbKUX MUHYT fo 30-60 C 3a cueT aBTOMaTUYeCKON nepefayn TOUHbIX KOOPAMHAT.
YcTponcTtBo obecneunT 3aluTy yA3BUMbIX FPYNM HaceneHus (4eTr, NoXKuible NOAW, XKEHLWHbI) OT HacuMnua
1 6ynnrHra, CHU3UB PUCK G13NYECKOro 1 NCUXonornyeckoro Bpeaa. Oxungaerca yMmeHblleHne Yncsia npouc-
WecTBUM Gnarogaps onepaTMBHOMY OMOBELLEHNIO, @ TaKXKe MOBbILLEHME YyBCTBA 6€30MacHOCTU y Nosib3oBaTe-
nen n nx cemen. BoamoxHa nHrerpauma B cncremy «besonacHbii ropogy.

TEKYLWAA CTAAUA PA3BUTUA
JlabopaTopHbI 3K3emnnsp.

CBEZJIEHUA O MPABOBOI1 OXPAHE
Her.

MNOTEHUMANBbHbIE NOTPEBUTEIUN N/WNIN 3BAUHTEPECOBAHHDIE B PASPABOTKE
LWkona, cemby, NeHCNOHePbI.

KOHTAKTHbIE OAHHbIE

MNMocTHMK NHHa BanepbeBHa, yuntenb mateMaTuKku.
Ten.: (+37529) 2890061
E-mail: innagrd1983@gmail.com

11. YMHAA WWKOJIA HA MUKPOKOHTPOJNINIEPE ESP32 CBO3MOKHOCTbI0
YMPABJIEHNA YAANIEHHO

ONMUCAHUE PASPABOTKI

Crictema «YMHas WKona» NpefiHa3HaveHa A1 aBTOMaT/3aL m U NMOBbILEHUs 6€30MAaCHOCTM YUpeXKaeHUn 06-
pa3oBaHUs (LWKOJ, KOMedXel, yuebHbIX LIEHTPOB), @ TakKe MOXET ObITb afanTMPOBaHA As AAMUHNCTPATUB-
HbIX 34aHUN.

Ha3HaueHue: obecneyeHne yganeHHOro KOHTPONA U aBTOMATUYECKOTO YNPaBieHUs KITUYEBbIMU UHXeEHep-
HbIMM CUCTEMAMM LUKOJIbl — 3BOHKAaMU, OCBELLEeHVEM, SIEKTPO3aMKOM 3aMacHOro BbIX0Aa, TePMOCTaToM. Pelue-
HMe HaMpPaB/IEHO Ha CHMKEHME SKCMIyaTaLMOHHBIX PAcXO0B, SKOHOMUIO 3N1eKTpo3Heprm (o 30 %) n co3pa-
Hue 6e3onacHol obpasoBaTeNibHON cpefbl.
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YCTpoWiCTBO BbINOIHEHO Ha 6a3e M1KpoKoHTposnnepa ESP32 c nog-
faeprkkon Wi-Fi n Bluetooth. KOHCTpYKTBHO BKtOYaeT cnegytouyme
6noKu:

— 6nok ynpasneHus (ESP32, kHornka cbpoca, cBeTogMoAHaA UH-
avKauusa);

— 6510K nuTaHma (220 B — 5 B — 3,3 B ¢ 3awmTon oT nepeHanps-
KeHuin);

— yacbl peanbHoro BpemeHn DS3231 (aBToHOMHBIN xo4, 12C);

— 610K NpeobpazoBaHuA curHana Tepmonap MAX6675 (nsmepe-
Hue Temnepatypbl fo 800 °C);

— 610K yNpaBfieHns BHELHUMIW YCTPOMCTBaMU (5 HE3aBUCMMbIX
KaHasoB, onTonapHas ranbBaHnyeckas pa3saska MOC3063, ynpas-
neHwue Harpyskom 220 B).

TexHonornyeckme ocCobeHHOCTU:

— MoAy/ibHasA apXnTeKTypa (BO3MOKHOCTb MNO3TANHOro BHeAPEeHNsA);
— COOCTBEHHOE MOBWIIbHOE NPUTOXKEHME 1 0BaYHbIN CEPBUC;

- nogaepKa CLeHapueB aBToOMaTM3aL My MO pacnucaHuio;

— yAaneHHbI MOHUTOPUHT 1 yNpaBieHre Yepes NHTEPHET.
TexHMKO-3KCnyaTaLMOHHbIE XapaKTePUCTUKN:

— Hanps»xeHne nutaHuna: 220 B (ocHoBHoe), 3,3 B/ 5 B (noruka);

— KONIMYEeCTBO ynpaBfaeMblX KaHanoB: Ao 5 (paclwmpaeTca);

- nHTepdodelicbl: Wi-Fi, Bluetooth, 12C, SPI;

— AnanasoH n3mepeHus Temnepatypbl: 0-800 °C (Tepmonapa K-tuna);
— TOYHOCTb X043 BpeMeHu: = 4 ppm (go 2100 1.);

— pabouan TemnepaTypa KoOHTponnepa: ot —40 go +85 °C;

— OKynaemocTtb: 12-18 mecaues.

TEXHUYECKUE NMPEUMYLLECTBA

PaspaboTaHHasA cncteMa «YMHas WKoma» Ha 6a3e MUKpoKoHTponnepa ESP32 obnagaeT pagom 3HaUMTeNbHbIX
NpeuMyLLecTB nepes CyLLecTBYOLMMN OTEYECTBEHHbIMY 1 3apy6eXXHbIMM aHanoramv (HanprumMep, peLleHnaMu
Ha 6a3e Arduino, npombiwneHHbIMU BMS-cnctemamm Honeywell, Siemens, a Takxke nokanbHbIMK pa3paboTka-
MU OTAENbHbIX yYyeOHbIX 3aBefeHuI).

OCHOBHble TeXHMYecKne npenmMyLiecrea:

- Hn3kasa ctonmocTb npu BbICOKOW GYHKLMOHaNbHOCTM. [TpOMBbILLNEHHbIE CUCTEMbI aBTOMATM3aLMK LWKOM CTO-
AT B 2-3 pasa JOopoKe Npu conocTaBnMom Habope dyHKLmin. ESP32 obecneursaeT BcTpoeHHbIn Wi-Fi/Bluetooth
6e3 JONOMHUTENBbHbIX MOZYEe.

- MoppepxkKa loT «13 KOPOOKM». B OTANUME OT MHOTMX OTEYECTBEHHbIX aHAIOrOB, CUCTEMA Cpa3y roToBa K yaa-
NEHHOMY MOHUTOPWHTY 1 YNPABJIEHNIO Yepe3 06/1auHbIi CEpPBUC 6€3 CTOXKHBIX LLJTH030B.

— MopaynbHOCTb U MacLITabUPyemMoCTb. 3apybeXkHble aHaNorM YacTo TPeOYIOT 3aMeHbl KOHTPOIepa Npuy pac-
wrpeHnn yHKUMOHana. Hawa cucrema gonyckaeT NO3TanHoOe HapalyuBaHUe KaHasoB yrpaBneHus 6e3 n3me-
HEeHUA AaPXMTEKTYPbI.

- lanbBaHMYeCcKas pa3Bs3Ka cuioBbix Lenen (ontonapbl MOC3063). O6ecrneunBaeT HageXHOCTb 1 6e3onac-
HOCTb, CPAaBHVIMYIO C OPOTMMY MPOMBILLIEHHBIMU KOHTPOJISIepamu, HO NPy MUHUMAJIbHOW LieHe KOMMOHEHTOB.

— ABTOHOMHDbI 6/10K YacoB peanbHoro BpemeHn DS3231. Bbicokasa TOUHOCTb xofa (£ 4 ppm) 1 paboTa ot 6a-
TaperKku Npu OTKIIIYEHNM NMUTAHUA — YPOBEHb, HeJOCTYMHbIV A1A GONbLUMHCTBA OIOAMXETHbIX PeLIeHNI.

PaspaboTka cooTBeTCTBYET MUPOBOMY TpeHay VHTepHeT Belleln (IoT) B o6pa3oBaTtenibHOM NHGPaCTPYKType
N He yCcTynaeT 3apy6exXHbiM aHasioram no OCHOBHbIM MapameTpaM, NPEBOCX0AA UX MO COOTHOLLEHMIO LieHa —
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OGYHKUMOHANbHOCTb». TeXHMUEeCKMe pelleHrs (oNTonapHoe yrpaBieHne, TEpMONapHbIii BBOA, 061ayHas aHanu-
TVKa) HAXOLATCS Ha YPOBHE, XapaKTePHOM AJ1si KOMMEPUYECKMX CUCTEM CPEAHETO LIEHOBOTO CErMeHTa.

OXXWUOAEMbIV PE3YJIBTAT MPUMEHEHUA

BHeppeHue cncTembl «YMHasA LWKOMa» NO3BOJIUT:

— COKpPaTUTb Pacxop dNIEKTPOIHEPTUM Ha OCBELLEeHME N KNMMAaT-KOHTPOsb 0 25-30 %;

— NOJTHOCTbIO aBTOMaTM3MPOBaTh LUKOJIbHbIE 3BOHKM MO pacnucaHuio;

— obecneunTb yaneHHbI KOHTPOJIb JOCTYNa (3/1EKTPO3aMOK 3aMacHOro BbIXOAa);

— NOBbICUTb 6€30MaCHOCTb YYaLLMXCA Y NepCoHana;

— CHU3WTb 3KCMyaTaLoHHble pacxofbl Ha 15-20 %;

— co3paTb KOMPOPTHbIE YCOBUSA 151 00yUEHMSA 33 CUET aBTOMATMYECKOro NoAAepKaHUs TemMnepaTypbl.
OkynaemocTb KommniekTa — 12-18 mecsieB. PelweHrie MacluTabrpyeTcs Ha ioboe yupexkaeHue obpasoBaHus.

TEKYLLAA CTAOUA PA3BUTUA
JlabopaTopHbI 3K3emnsAp.

CBEJEHMA O MPABOBOI OXPAHE
Hert.

NOTEHUWMANbHbBIE NOTPEBUTENIN U/ 3BANHTEPECOBAHHDIE B PA3BPABOTKE
B Pecny6nuke benapyco:
— rOCYAapCTBEHHbIE yUpexaeHua obLiero cpeaHero o6pasoBaHmaA (LUKOJbl, TMMHa3UK, ULEN);

= yypexneHuma I'IpO(I)ECCVIOHaﬂbHO-TeXHI/ILIECKOI'O n cpeaHero cneynanbHoOro 06pa3OBaHVIFI (KOJ‘IJ‘Ie,D,)KI/I, y4un-
nmwa);

- pal?IOHHbIe, ropoackme n obnactHble ynpaBneHnsA (OT,EleJ'IbI) o6pa3OBava KaK 3aKa34ynku ona Tmpaxnposa-
H/A peLlleHnA;

— 3aCTPONLLMKM M SKCMyaTaHTbl HOBbIX 00pa30oBaTeNibHbIX KOMMIEKCOB.
3a pybexom:

— WKonbl 1 yuyebHble LeHTpbl B cTpaHax CHI (Poccua, KasaxctaH, ¥Y36eKkncTaH), rae BocTpeboBaHbl Hegoporuve
loT-peleHna gna aBTomaTusauny;

— pa3BuBaoLineca pbiHKN A3um n Ad)pVIKI/I, roe Tp66yeTCFI 6FO,EPK€TH3F| aBTOMaTu3auma WKoN C yaaJeHHbIM
ynpasneHunem;

- 3apy6e>KHb|e o6pasoBaTer|be|e yypexaneHua, 3anHTepecoBaHHbIE B :—)Heproc6epe>KeH|/||/| 1 NoBbILIeHUN 6e3-
onacHoCTH.

KOHTAKTHbIE OBAHHDIE

MNMocTHMK VIHHa BanepbeBHa, yunTenb MaTeMaTUKN.
Ten.: (+375 29) 28900 61
E-mail: innagrd1983@gmail.com

12. JHEPTOCBEPETAIOLLWUIA KOHTPOJUTIEP BEHTUNALIUU CABANTUBHBIM
YMPABJIEHUEM

OMUCAHUE PA3PABOTKI

Pa3paboTka npeacTaBnseT coboi HTENNEKTYalbHOE pesie BPpeMeHH /15 aBTOMaTU3aLmnmn paboTbl BbITSXKHOW
BEHTUIALMW B CaHy3MaX, BYLIEBbIX 1 APYTMX BAXKHbIX MOMELLEHUAX. YCTPONCTBO obecrneumnBaeTt sHeprocbepexe-
Hue (CHUXKeHre noTpebneHns Ha 15-25 %), NpoaneBaeT CPOK Cy>KObl BEHTUAATOPOB U CHUXKAET YPOBEHD LUYMa.



WHOOPMALINOHHASA, BUONTOTMUYECKAA U 3KOJIOTMYECKAA BE3OMACHOCTD

C<|>epa NPUMEHEHNA: XKJTble JOMa, KBAaPTUPbI, OTENN, (I)I/ITHeC-KJ'Iy6bI, TOproBble UeHTPbI, O(l)I/ICHbIe 30aHNA.

Ha3HaueHue: aBToMaTnyeckoe ynpasiieHne BEHTUNATOPOM B 3aBUCMOCTU OT BpeEMeEHN NPUCYyTCTBUA YenoBe-
Ka B nomeLlleHnn.

Anroputm paboTbi:

— BK/IIOYEHWNE BEHTUNALNN NPONCXOQUT Yepe3 1 MUH Nocne BKAYEHNA cBeTa (MCKoYaeT NIoXKHble cpa6aTb|-
BaHUA NPU KpaTKOBPEMEHHOM noceweHnn);

— npn gANTENbHOM I'Ip66bIBaHI/II/I (6onee 15 MUH) BEHTUNAUMA NPOAOSTXKaET pa60Ty nocne BbIKJIDYEHNA CBE-
Ta, yoanaa BNIA>KHbIN BO34YyX;

- MaKcMmanbHoe BpeMs paboTbl OrpaHYeHO NOPOroBbiM 3HaUEeHVEM (MCKITIoUYaeT 6eCKOHEUHYI0 paboTy npu
3abbITOM cBeTe).

KOHCTPYKTMBHbIE OCOOEHHOCTU: ABA HE3ABUCKMbIX KaHasna, BCTPOEHHbIA MMMYIbCHBIA UCTOYHUK MUTAHWSA
(220 B — 5 B), ranbBaHmyeckan pa3Baska Ha ontonapax PC817, ynpaBneHue Harpy3Kkon yepes pene C Hopmalsb-
HO OTKPbITbIMU KOHTAKTaMM.

TexHnueckre xapakTepuCTUKN:

— HanpskeHne nutaHua: 230 B, 50 My,

— KONINYeCTBO KaHanos: 2;

— Anana3oH HaCcTPoNKM 3agepek: 0-6553,5 ¢ (war 0,1 ¢);

— BO3MOXHOCTb NapameTprpoBaHusa 6e3 nepenpownsku (uepes EEPROM).
MepcneKkTBHaA MofepHM3auus: HacTpoKa Yepes NFC 1 MoOunbHOE NpUoXeHue.

YctpoiictBo cnpoektpoBaHo B Altium Designer, neyaTHasA nnaTta M3roToBJieHa, OMNbITHbIN 06pa3eL, ycnewHo
NPOTECTUPOBAH B peasibHbIX YCIIOBUAX.

TEXHUYECKUE NMPEUMYLLECTBA

Pa3paboTaHHOe ycTponcTBo obnajaeT pALOM TEXHNYECKMX MPEVNMYLLECTB MO CPAaBHEHWIO C CYLLECTBYIOLLMMY
aHanoramu, BKntoyas ymHble pene Xiaomi v Shelly, a Takxe TpagnLMOHHbIE SNeKTpoMexaHYecKkue pene BpeMeHu.

[MaBHbIM NPEUMYLLECTBOM ABAAETCA YHUKANbHbIN afanTBHbIA anropuTM, NPU KOTOPOM BpeMs paboTbl BEH-
TUNALMMW NOCIIE BbIK/OYEHNA CBETa 3aBUCUT OT BpeMeHU GaKTUyecKkoro npebbiBaHnA YeioBeKa B MOMeLLEHMN.
AHanoru npegnaratoT N1llb GUKCUPOBAHHYIO 3afiePKKY 0e3 yueTa MHTEHCUBHOCTU UCMOMb30BaHNA.

KntoueBoe KOHKYpeHTHOe NperMyLLecTBO — LieHa. YCTPOMCTBO CTOUT okoso 70 py6., uto B 3—7 pas geluesne
MUMMOPTHbIX YMHbIX pefnie, NPy 3TOM He yCTynaeT UM B PYHKLMOHaNbHOCTU. H13Kaa CTOMMOCTb JOCTUIHYTa 3a cyeT
ONTMManbHOro Bbibopa aneMeHTHON 6a3bl 1 OTCYTCTBUA N36bITOUHbIX Mogyneln (Wi-Fi, Bluetooth).

B oTnnume ot 60MbIIMHCTBA aHANOrOB, YCTPONCTBO MOSIHOCTLIO aBTOHOMHO U He TpebyeT NOAKIOUYEHNSA K H-
TepHeTy, obslauHbIM cepBrcam Unu cMapToHy AnA 6a3oBoi paboTbl. YcTaHOBKA NpefeibHO NpocTa: npamoe
nopksoyeHe 6e3 perncTpauum n HaCTPONKU NMPUIIOKEHWIA.

JononHuTenbHble NpenMyLLecTBa: HanMyme raibBaH1YeCcKol pa3BaA3kM Ha onTonapax PC817 (noBblilwaeT 6e3-
OMaCcHOCTb), H3KOE SHepronoTpebrieHne B AeXXypHOM pexirme (MeHee 0,5 BT), IBa HE3aBMCHMBbIX KaHasla U BO3-
MOXXHOCTb MapaMeTPUPOBaHNsA 6e3 NepenpoLLNBKY MUKPOKOHTPOIIEpa.

HayuHo-TexHUUYEeCK1I ypoBEHb Pa3paboTKM COOTBETCTBYET NyYLUUM 3apybexkHbIM 06pa3sLam no GpyHKLMOHab-
HOCTM 1 MPEBOCXOAMNT UX MO COOTHOLLEHMIO LieHa — KAauyeCTBO, SHeProd3hPpeKTMBHOCTY U NPOCTOTE UCMOSb30BAHMS.

OMWUOAEMbIV PE3YJIbTAT MPUMEHEHUA
MpuMeHeHNe pa3paboTKKM NMO3BONUT:

— CHU3WTb SHEpronoTpebneHre BEHTUNALNN Ha 15-25 % 3a CUET NCKITIUEHUS NIOXKHbIX CpabaTbiBaHWIA 1 Orpa-
HUYEHNS MAaKCUMaJIbHOTO BPeMEH pPaboTbl;

— YBENNYNTb CPOK CNTY»Obl BEHTUAATOPOB (CHUXKEHME N3HOCA NPY KPAaTKOBPEMEHHbIX BKIIOUYEHUSAX);

— MNOBbICUTb KOMd)OpT — BEHTUNALMA HEe WYMNT NO HOYaM npu 6bICTpOM noceweHnn caHysna, HO 3¢¢eKTVIB-
HO yAandeT Bnary nocsie gyia;

= NoJIy4ynTb SKOHOMMYECKUN 3¢¢EKT — OKynaemMocCTb yCTpOIZCTBa cocTasnaeTt 6-12 mecALeB 3a CYET SKOHO-
MWW SNEKTPOSHEPTINN;

— TUPAXXMPOBaTb PELUEHNE B KUJIOM 1 KOMMEPYECKOM ceKTope (oTenu, duTHec-Kny6bl, odurcol).
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TEKYLWAA CTAOUA PA3BUTUA
JlTabopaTopHbIl 3K3emnnsAp.

CBEZIEHUA O MPABOBOI1 OXPAHE
Her.

NOTEHUMANbHbIE NOTPEBUTEIN U/WNIN 3BAUHTEPECOBAHHDIE B PASPABOTKE

Ousnyeckne nnya, CTpouTesibHble KOMMAHUN N Opl’aHI/l3aLWIVI-3aCTpOVIIJJ,VIKI/I, npeanpuATnUA rOCTUHNYHOIO CeK-
TOPa, OpraHn3aunn Cd)epbl yanyr ¢ MHTEHCUBHbIM NCNONb30BaHUEM AYyLIEBbIX, ynpaBiAaloLwme n O6Cﬂy)KVIBaIO-
e opraHmsaynn.

KOHTAKTHbIE AAHHbIE

MocTHMK NHHa BanepbeBHa, yunTenb MaTeMaTUKN.
Ten.: (+375 29) 289 00 61
E-mail: innagrd1983@gmail.com
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X. OBLLECTBO C OTPAHMYEHHOM
OTBETCTBEHHOCTbIO «bBNOPAEKCH
(PESMAEHT HAYHYHO-TEXHOAOTHUHECKOT O MNMAPKA

WYHUTEXTIPOM» BI'Y)

.

13. NEPEPABOTKA WJI0BOr0 OCTATKA MPYA0B-HAKOMUTENEN CTOYHbIX BOA
NPEANPUATUN BOOGOKAHANU3ALMOHHOIO X03AMCTBA

OMUCAHUE PA3PABOTKHN

I'Iepepa60TKa MNOBOTO OCTAaTKa Nnpyaa-HakonutenAa a€T BO3MOXHOCTb MOJly4aTb MMPOIM3HOE MacCso, KOTOpPOoe
B nocnenCcTBmn NCNonb3yeTca AJ1A Npon3BoaCcTBa TOMMBHbIX cmecen u rmapon3onAUMOHHDbIX MaTepuranoB (6l/l-
TyMHbIIZ d)ﬂeKC). OuHanbHas YacTb npoeKTa — MHTEHCBHAaA 6uronoruyeckasa oumcTKa C nomMoLlbto cneunannmisn-
POBaHHbIX 6V|onpenapaTOB NO3BONAET MNOTHOCTbIO OUYUCTUTD pe3epByap (I'Ipyp,-HaKOI'IVITeJ'Ib) OT WJIOBOI0 OCTaTKa.
TexHonorua nossonsaer (I)I/IKCI/IpOBaTb B npoaykuunmn <<6I/ITyMHbIVI dDHEKC» 60/bLLOE KONMYECTBO TAXKENbIX MeTarl-
JI0B, coAepKallXxcAa B NWJIOBOM OCTAaTKe, NnepeBoAA X B MHEPTHbIE (I)OprI, 6e3onacHble anAa Opr)KaIOLIJ,EIZ cpeabl.

TEXHUYECKUE NMPEMMYLLECTBA

K aHanoram oTHocuTCA CTPOUTENBCTBO AOPOroCTOALUNX CJTOMKHbBIX OYNCTHDBIX CUCTEM N KOMIMJIEKCOB, YTO BCE
[PaBHO HE NPUBOAUT K peLlueHno I'IpO6J'IEMbI O6pa3OBaHI/IF| 1 XpaHeHNA NNOBOIro oCTaTKa.

I'IpemmymeCTBa: B npe,qnaraemoﬁl TEXHOSIOMNW MNOBbIN OCTATOK (Kak 3aCTapenb||7|, TaK 1 BHOBb O6pa3OBaHHbIIZ)
ABNAETCA CbipbeM A4J1A NonyvYeHUA NpoayKumn, KOTopaa HaxoauT NCnoJib30BaHME.

OXWAAEMbIA PE3YJIBTAT MPUMEHEHUA

MepepaboTka 3,0 MAH T UNoBoro octatka B MuHckon obnactu (g. CuHuno) gact okono 100,0 Tbic. T 6GUTYM-
Horo ¢nekca. 910 100,0 TbiC. T IMAPOU30MALMOHHbBIX MaTepuanos unu 1,6 MaH T acdanbTa (ecny Ucnonb3oBaTb
dnekc ana nsrotosneHns achanbTOOGETOHHON CMeCH ANA JOPOXKHOro NOKPbITUA). Kpome Toro, obpasyeTca oKo-
no 70,0 Toic. T neyHoro Tonauea. Cpok peanmsaumm Takoro npoekta — 5 net.

WNOBbIN NPYA, -
OTCTONHUK

MUPO/IU3HAA KAMEPA
t:-700C

nupoausHoe
macno ‘

MNOBbI OCTaTOK
obBogHé

KoHAeHcaTop
naporasoBoi
cmecu

cenapatop 1
MM [R——"—

napa

BO3Bpar Ha fOXUr

‘ pasorpes ’

naporasosas
cmech - 30%

i

Kamepa HU3KOro

AaBneHus TOM/IMBHAS OPAKLINA - 20%

=

®/IEKC BUTYMHBIN - 40%

H

0, OKCUTEHALMUSA i

Teépable oTxoabl (NEK) 10%

7 B ApoBunky

TexHonornyeckan cxema nepepa60TKv|
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OTxoabl paboTbl ycTaHOBKN — TBEPAbIN yrnepoaHblii octatok (Mek)

TEKYLLAA CTAOUA PA3BUTUA

BbinyLeH onbITHbIN 0bpaseL,.

CBEJEHUNA O MNPABOBOW OXPAHE
YaocToBepeHUe 0 AENOHMPOBaHNN 06 beKTa MHTeNeKTyanbHom cobctBeHHOCTU VII-KH N2 202-001 o1 29.09.2025.

NOTEHUWANDbHbLIE NOTPEBUTENU U/ BAUHTEPECOBAHHDIE B PASPABOTKE
YN «MuHCKBOAOKaHas».

KOHTAKTHbIE BAHHDIE

Cangpuranno Omutpuii Bnagummnposud, 61onor-6Moxmmmk.
Ten.: (+375 29) 396 88 88
E-mail: 3968888@mail.ru
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Xl. OBLLIECTBO C OITPAHUYEHHOM
OTBETCTBEHHOCTBIO «[MTPOMBbILLUAEHHBIE POBOTbI»

.

14. NPOMBILINEHHBIA POBOT-MAHUNYNATOP C KOMNbIOTEPHBIM 3PEHUEM

OMUCAHUE PASPABOTKI

Po6oT-manunynstop OOO «[pombilneHHble Po6o-
Tbl» — YHVBEpPCabHasA NPOMbILWIEHHAA fYelika pobo-
TU3MPOBaHHON ManeTM3auumn Ha 6ase 6-0CceBOro Ma-
HunynaTopa (rpy3onoabeMHocTb 150 Kr) ¢ cuctemon
TeXHUYecKoro 3peHusi. ObnacTb NPUMEHeHUs: nuue-
BafA, CTpOUTESNIbHAsA, XMMNYECKasa 1 Apyras npombiLl-
neHHoCTb. CcTemMa aBTOMATUMYECKU UAEHTUOULNPY-
€T 1 COpPTUPYET OOBEKTbI (MeLKM, KOPOOKY, ALIMKN)
no ¢popme, pasmepy 1 opueHTaumu, GopmrpyeT nan-
neTbl MO 33jaHHbIM CXEMAM YKNAA KW, YNpPaBsieT KOH-
BeePHbIMU INHUAMY U 00E€PTOUYHBIM 060PYAO0BAHMEM.

TEXHUYECKUE NMPEUMYLLECTBA

B otnnume ot mnopTHbix aHanoros (FANUC, KUKA, ABB): nonHas nokanmsaums pa3paboTKiu 1 CepBUCHOIo 06-
cnyxusaHus B Pecnybnuke benapycb; co6cTBeHHas crcTema KoMrbloTepHoro 3peHus ¢ OpenCV/YOLOVS 6e3 3a-
BVICUMOCTH OT 3apy6exkHoro 0. BO3MOXHOCTb CyLeCTBEHHO YNPOCTUTb HACTPOIKY poboTa 1 yHubuLnpoBaTtb
paboTy € pa3nmMyHbIMM 06 bEKTaMM 3a CUET aBTOMATMYECKOrO Pacno3HaBaHNA OOBbEKTOB 1 YMHOI KOPPEKTMPOB-
KW ABVXKeHWA poboTa.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

CHPKeHVe Tpy#o3aTpaT Ha 3Tane NaneTM3aunm; pocT NPOV3BOAMTENIbHOCTU YUaCTKa; UCKIIOUEHVE NPOU3BOA-
CTBEHHOTO TPaBMaTMU3Ma Npuv NOLbEME TAKECTEN.

CpoK oKynaemocTy Ans npeanpusaTua-3akasunka — 1-2 roga.

TEKYLLAA CTAAUA PA3BUTUA
Ha cTaguu pa3paboTku cepuiiHoro obpasua.

CBEJJEHUA O MPABOBOI1 OXPAHE

O6beKTbl MHTENNEKTYaNbHON COOCTBEHHOCTY OXPaHAIOTCA B paMKaXx pexriMa KOMMepUeCKo TaliHbl. Mporpam-
MHbI KOMNneKc ynpasneHusa (ROS2) n anropntmbl KOMMbIOTEPHOTO 3peHWA ABMAIOTCA OPUTMHANbHBIMY pa3pa-
601Kamm OO0 «[MpomblLLieHHble Ppo60Tbl». PaccmaTpriBaeTca odopmneHne NnaTeHTa Ha KOHCTPYKTVBHOE peLle-
Hue poboTa 1 apxutekTypy MNO.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
MpeanpuATUA NULLEBON, XMMUYECKON, CTPOUTENIbHON U TAXEeNOoN npombiwneHHocT Pecnybnuku benapycs;
arponpomblILLIEHHbIE KOMMIEKCbI; NOMMCTUYECKIME LIeHTPbI; MPOMBbILLIEHHbIE NpeanpuATua rocygapcts CHI.

KOHTAKTHbIE AAHHbIE

BonkyHoBuny Huknta CepreeBuny, gUpeKTop.
Ten.: (+375 25) 509 22 06
E-mail: progprogect@gmail.com
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XIl. OBLLLECTBO C OrPAHUYEHHOM
OTBETCTBEHHOCTbLKO «CUTUBA Y

(PESMAEHT HAYHYHO-TEXHOAOTMHECKOT O
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OMUCAHUE PA3PABOTKHN

Secondstroy — 3To cneuvan3npoBaHHas LudpoBas ayTieT-nnatdopma,
npenaHasHauYeHHas Asia NOKYMKM U MPOAaXku CTPOUTESTbHBIX OCTaTKOB, HENMNK-
BVAOB 11 MAaTePUasioB CO CKUAKaMM.

Mnatdopma peluaeT NpobneMy HaKOMIEHUs CTPOUTENBbHbBIX OTXOA0B U CHU-
YKaeT IKONOrMYeCKyto HarpysKy 3a cYeT MOBTOPHOIO MUCMOJIb30BaHUA MaTe-
pvanos.

CucTtema BKIOYaEeT:

- CprKTypI/IpOBaHHbIVI KaTanor CTponTesibHbIX OCTAaTKOB C I'IpO(I)ECCI/IOHaﬂb-
HbIMIW NMapaMeTpamMi;

— Npo3payHble LieHbl, NPYBA3aHHbIE K peasibHbIM OCTaTKaM Ha CKNagax;
— MapKeTnenc-Mmoaysb A OPUANYECKNX UL
- b6ecnnaTHas OHMalH-AOCKa 00bABNEHWI ANA GUINYECKUX NTNLL;

- MobOUNIbHOE MpPUIoXKeHe N web-Bepcuio ¢ aganTauuen nog nobble
YCTPOWNCTBA;

— 6bICTpbIN Npouecc ny6nukaunm (1-2 MUH);
— VUHCTPYMEHTbI aHaIMTUKW 1 YNPaBNeHWsA HeNIMKBUAAMU.

TexHMUYecKas apxmuTeKTypa: MUKpocepBrcHasa cTpyKTypa, CI/CD, aBToMaTUUYeCKNIA MOHUTOPVIHT, pe3epBHOE KO-
nuMpoBaHue, ctek Laravel + Vue.js (Nuxt.js) + React Native.

Cdepa npuMeHeHUst: CTPOUTENbHbIE KOMMAHWUK, CKNaabl, MOCTaBLMNKK, MPOU3BOACTBEHHbIE 11 TOProBble KOM-
naHuK, YacTHble OMOBaAeNbLbl, opraHmn3auum KKX, sKkonpoekTbl.

DKOoMornyecKknin 3¢¢eKTZ CHUXKeHNe obbemMa CTPOUTENIbHbLIX OTXOA0B, NpoaneHne XN3HeHHOro LnKra matepu-
aJioB, yMeHblleHe Harpy3kun Ha NONMroHbl 1 noBbllLleEHNE pecprH0|7| 3¢¢EKTI/IBHOCTI/I OoTpacnn.

TEXHUYECKUE NPEMMYLLECTBA
CneunanusrpoBaHHasa uudposas cmcTema ans 060poTa CTPOUTENbHbIX OCTAaTKOB.

MuKpocepBriCHaA apxXuTeKTypa, roToBas K MacLUTabupOBaHuIo.

MHTEFpaLI,I/II/I CO CKnagamu N NorncTnyecKknmm cepemcammn.

ABTOMaTI/I3I/IpOBaHHa$| aHaINTUKa Cnpoca 1 OCTaTKOB.

Bbicokas ckopocCTb Ny6vKaumm 1 06paboTKU AaHHbIX.

SKosnornyeckas HanpaB/1eHHOCTb: MOBTOPHOE NCMOJIb3OBaHME MaTepuanoB BMeCTO yTUNM3aunn.

MpeBocxoamnT 3apybexHble aHanoru (ReStore, Reuse Marketplace) 3a cuet agantauum nop nokasibHble CTaH-
HapTbl 1 NpodeccroHanbHble NapameTpbl CTPoMaTepUanos.

OXUOAEMbIA PE3YJIBTAT MPUMEHEHUA

CHmXeHre o6bema CTPOUTENbHbBIX OTX0A0B Ha 15-30 %.

YBenuueHve gosv noBTOPHOIO MCMOb30BaHMA MAaTepranos.




WHOOPMALINOHHASA, BUONTOTMUYECKAA U 3KOJIOTMYECKAA BE3OMACHOCTD

DKOHOMMSA CPeACTB Ans GU3HECa U YAaCTHbIX NOsb30BaTeNeN.
MoBblLWEHWE NPO3PAYHOCTY yUETa OCTATKOB.
DopmrpoBaHmMe YCTONUMBOI SKOCUCTEMbI OBPALLEHNA CTPOUTESIbHBIX PECYPCOB.

TEKYLLAA CTAONA PA3BUTUA
BbinyweHa Be6-Bepcua 1 MOOUIIbHOE NPUNOXKeHNe.

CBEJEHUA O MPABOBOW OXPAHE

MporpammMHbIi KO — OXpaHseMblil 06beKT aBTOPCKOrO Npaga.

ba3a faHHbIX — OXpaHAemas CTPYKTypa 1 HamnoJIHEHNeE.

Toprosas mapka Secondstroy 1 norotTun — B npoLiecce permcrpauumm.

NOTEHUWAJIbHbIE MOTPEBUTENU U/ 3BAUHTEPECOBAHHDIE B PASPABOTKE

CTpouTenbHble KOMMAaHWW; CKNafbl Y MOCTaBLUMKM MaTepuranoB; Toprosble cetu DIY; yacTHble foMoBRagenbLbl;
3KO-MPOEKTbI M OpraHM3aLmm no obpaLLeHmio ¢ oTxodamu; pbiHKK cTpaH CHI n LLIOC.

KOHTAKTHbIE AAHHbIE

OnpeHko Anekcelr AHaTonbeBMY, OCHOBaTesNb Secondstroy, npeanpuyHUMaTENb.
Ten.: (+37529) 363 3561
E-mail: aleks.didenko.a@gmail.com



INFORMATION,
BIOLOGICAL

AND ENVIRONMENTAL
SECURITY



INFORMATION, BIOLOGICAL AND ENVIRONMENTAL SECURITY

|. STATE SCIENTIFIC INSTITUTION

YCENTRE FOR SYSTEMS ANALYSIS AND STRATEGIC
RESEARCH" OF THE NATIONAL ACADEMY

OF SCIENCES OF BELARUS

.

1. AUTOMATED INFORMATION SUPPORT SYSTEM OF INNOVATION AND TECHNOLOGY
TRANSFER IN THE NAS OF BELARUS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The Automated Information Support System of Innovation and Technology Transfer in the NAS of Belarus
(AISSITT) is hosted by the Republican Center for Technology Transfer (RCTT) at https://www.ictt.by, that maintain:

—avirtual exhibition of the National Academy of Sciences of Belarus and virtual tours of the permanent exhibi-
tion of the NAS of Belarus “Research. Developments. Production” and external expositions;

- a Catalogue of Innovation Offers by Organizations of the NAS of Belarus;
- a Catalogue of Innovation Offers by Young Scientists of the NAS of Belarus;

- a database of technology requests/proposals, business requests/proposals, and requests for R&D in Russian
and English;

- interaction with external information resources of similar focus.

TECHNICAL ADVANTAGES
Similar to foreign counterparts.

In April 2025, in continuous development of the AISSITT, a Telegram-based Al consultant was launched
on the main page of the website of Republican Center for Technology Transfer (RCTT). The Al consultant answers
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about RCTT and its services, cooperation proposals between organizations of the NAS of Belarus and RCTT clients,
legislation in the field of technology transfer and commercialization of technologies/intellectual property (IP),
commercialization tools, and training courses. The RCTT Al consultant accepts written and verbal questions
in Russian and English, takes into account the context of the dialogue, and generates personalized recommen-
dations.

In October 2025 the RCTT Al consultant won the nomination “Product — Leader of Al in Belarus” of the “Leaders
of Artificial Intelligence of Belarus — 2025" contest.

Since January 2026, a floating button for quick access to the RCTT Al consultant has been available on all pages
of the platform https:.//www.ictt.by.

EXPECTED RESULT OF APPLICATION

Promoting technology transfer, business cooperation and the establishment of partnerships in the field
of scientific research.

CURRENT STAGE OF DEVELOPMENT

It has been in operation since December 2021 at the State Scientific Institution “Centre for Systems Analysis
and Strategic Research of the National Academy of Sciences of Belarus”

INFORMATION ON THE LEGAL PROTECTION

Copyright.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Legal entities of any type.

CONTACT INFORMATION

Alexandr Uspenskiy, PhD, Associate Professor.
Phone number: (+375 29) 611 44 89
E-mail: uspenskiy@mail.ru
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II. RESEARCH INSTITUTION “INSTITUTE FOR NUCLEAR
PROBLEMS” OF THE BELARUSIAN STATE UNIVERSITY

.

2. ELAB-LIMS — A LABORATORY INFORMATION MANAGEMENT SYSTEM FOR
STORING EXPERIMENTAL DATA

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A laboratory information management system (mini-LIMS, LIMS — short for Laboratory Information Manage-
ment System) with electronic document management elements based on open source software for managing
experimental data flows within the laboratory and ensuring the storage and processing of this data.

Goals: obtaining reliable information on test results in full compliance with the requirements of the international
standard ISO/IEC 17025-2007 “General requirements for the competence of testing and calibration laboratories” and
optimizing the management of this information for its use in making correct and timely management decisions.

elLab-LIMS is a client-server system running on Windows and Linux operating systems using open source soft-
ware: Debian GNU/Linux, Apache web server, Firebird database server, and PHP application server. Simultaneous
operation with multiple DBMSs is supported, including MS SQL and PostgreSQL. Easy migration (if necessary)
from the Firebird DBMS to any other DBMS, including PostgreSQL, has been implemented.

Features:

1) different subject areas (workstations) can be isolated as separate mini-applications (modules);

2) modules are displayed in a single user interface;

3) modules are formed from elements of the standard system core library, utilize common system services,
and do not interfere with each other;

4) modules use different databases, which can be located on physically different servers;

5) a mass spectrometric database (MS Search Module) has been implemented;

6) a DICOM module has been implemented, providing preliminary visualization of MRl and CT data;

7) browsing and searching are supported with minimal modification to the data warehouse configuration.

TECHNICAL ADVANTAGES

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

—The system software is open to modification and enhancement direct by users.

—The system contains a standard set of journal forms and is easily customized to meet customer needs.

—The system runs on a secure server; nothing is installed on the client side; a standard browser is sufficient.

—The system can operate both on a local intranet and on the global internet.

—The system can also operate on a single local computer.

— The system’s structure allows for the simultaneous support of document flow for multiple laboratories and
organizations, even those with different profiles, within a single installed instance.

- A system process approach and semantic algorithms are implemented.

- Enhanced information security requirements are implemented.

The system provides authorized access to data with administration of access rights to data blocks and separa-
tion of user responsibilities.

elLab-LIMS users have access to:

1) a proprietary system of user interface controls, including dedicated buttons;

2) multiple levels of record sorting and filtering;

3) a declarative markup language for importing complex forms and data from Excel files and text files with
special labels indicating coordinates for dynamic and static data;

4) a system for generating final documents based on established templates, with the ability for the user
to create and modify existing templates;
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5) statistical reports, an alert system, and a change log;
6) a“Tree” tool.

EXPECTED RESULT OF APPLICATION

The system’s use will optimize laboratory production processes, significantly reduce the time required to register
samples and test results, issue passports, and search for relevant entries in laboratory journals, reduce the time
and completely eliminate operator errors when creating documents, increase laboratory productivity, improve
the quality of work performed, and enhance the quality of work control.

CURRENT STAGE OF DEVELOPMENT
The development has been implemented at INP BSU.

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

INFORMATION ON THE LEGAL PROTECTION

Certificate No. 1882-KP of the National Center of Intellectual Property of the Republic of Belarus on registration
of the computer program “Laboratory Information Management System for Storing Experimental Data eLab-
LIMS” was received.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Research Laboratories of different profiles.

CONTACT INFORMATION

Sergey Charapitsa, Leading Researcher, PhD in Physics and Mathematics, Associate Professor
Phone number: (+375 29) 651 33 91
E-mail: siarhei.charapitsa@gmail.com

3. ELAB-ARXIV, A SPECIALIZED ONLINE INFORMATION ARCHIVAL SYSTEM
FOR NUCLEAR KNOWLEDGE MANAGEMENT

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A content management system for an online information archival knowledge management system based
on open source software for the creation and operation of a specialized online information archival nuclear
knowledge management system based on the portal BeINET (Belarusian Nuclear Education and Training), located
online at https.//belnet.by), as an element of the Scientific and Technical Information System (STI) of the Republic of
Belarus. This system provides access to original nuclear knowledge resources for both Belarusian and international
users, forms a unified STl space for the Republic of Belarus based on modern original information and communica-
tion technologies, and integrates the Republic of Belarus into the global nuclear knowledge information space.

Goals: create a user-friendly tool for rapid, free, and open online publication in an electronic scientific archive
of materials (draft articles, preprints, scientific reports, technical information, etc.) in the field of nuclear knowl-
edge, including in the field of nuclear energy, nuclear research and technology, and supports and develops
nuclear education.

Functions:

1) prompt posting of scientific publications, including preprints, pre-publications, scientific reports, and techni-
cal information with strict copyright control;

2) creation of full-fledged scientific web pages with formulas, graphs, figures, and videos;

3) providing native full-text search of portal content;

4) efficient operation on a busy server (caching, performance optimization), page content optimization;
5) ensuring accessibility of system materials for search engine robots and visitor counters.
Areas of use: education, public administration, nuclear energy.
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TECHNICAL ADVANTAGES

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

The following operating systems, software tools, and open-source methods are used: Linux operating systems,
the Firebird 3.0 cross-platform DBMS, the Apache Server 2.4 web application server, PHP 8.2 and JavaScript, the
ADOdb database access library for PHP, the jQuery library for building interactive user interfaces for web ap-
plications, and the library. The system will be gradually migrated to these new versions as future versions of the
aforementioned software are released. The Apache Tika library, which detects and extracts metadata and text
from various file types (PPT, PDF, etc.), is also used.

The system is a web application written in the PHP scripting language, which organizes the application’s business
logic. The system structure consists of content hosted in the system database, a content management system,
and an online content presentation module.

eLab-Arxiv offers unique tools for developing, hosting, and storing high-quality original content in scientific
knowledge.

In addition to the system administrator, the system defines the following user types with varying access levels
and functions:

— Editor (access to editing materials added by article authors and the right to publish articles and materials by
article authors);

- Author — the author of the resource (preprint) (access to create their own articles on the portal and the abil-
ity to upload their work);

— Student (registered user) (adds access to tests and closed educational materials, as well as lab assignments
and quizzes);

- Unregistered user (reading publicly available materials; no recording access).

The portal’s content is divided into preprints (manuscripts) and scientific, news, and educational materials
specifically created for the portal, including lectures, lab assignments, and quizzes.

EXPECTED RESULT OF APPLICATION

Expanding opportunities for the exchange of scientific and technical work in the field of nuclear knowledge
within the BeINET nuclear knowledge portal, increasing the level and intensity of information exchange in this
area. Establishing the portal BeINET as a repository of the fundamentals of classic nuclear knowledge with Be-
larusian specifics.

CURRENT STAGE OF DEVELOPMENT
The development has been implemented at INP BSU.

The development is ready forimplementation. It can be used as a basis for the rapid development of a special-
ized semantic knowledge portal.

INFORMATION ON THE LEGAL PROTECTION

Certificate No. 1855-KP of the National Center of Intellectual Property of the Republic of Belarus on registration
of the computer program “Specialized information archival online system for nuclear knowledge management
elLab-Arxiv” was received.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Educational and Scientific and Research Organizations.

CONTACT INFORMATION

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

Phone number: (+375 29) 557 64 42

E-mail: sytova@inp.bsu.by
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Ill. STATE EDUCATIONAL ESTABLISHMENT
“YUNIVERSITY OF CIVIL PROTECTION
OF THE MINISTRY FOR EMERGENCY SITUATIONS
OF THE REPUBLIC OF BELARUS™

.

4. ATRAINING SIMULATOR FOR PREPARING SPECIALISTS OF STATE FIRE
SUPERVISION BODIES WITH THE USE OF VIRTUAL REALITY TECHNOLOGY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A training simulator, implemented as a 3D model of a shopping and entertainment center, was developed us-
ing Unreal Engine version 5 software, modern computer modeling and virtual reality technologies. The simulator
includes 55 training locations on fire and industrial safety and contains approximately 200 (two hundred) unique
graphical training objects with interactive capabilities.

The main objective of the simulator is to identify the largest number of fire and industrial safety violations at
facilities. The development enables real-time search and identification of approximately 4,000 fire and industrial
safety violations.

The development utilizes modern interactive teaching methods and implements a comprehensive approach
to training specialists in state supervision of fire safety and state supervision of industrial safety.

The solutions developed during the development of the simulator allow them to be scaled and distributed from
one building (shopping and entertainment center) to a wide range of buildings with different functional purposes.

TECHNICAL ADVANTAGES
The realistic nature of the objects, thanks to detailed renderings by graphic designers, allowed for the creation
of training objects that are virtually indistinguishable from real ones.

The software algorithms used created a dynamic environment that, both automatically and in administrator
mode, generates for each training location a variety of building materials, colour schemes for technological and
specialized equipment, functionality for the presence or absence of special objects and individual elements,
training documentation, and changes to descriptive text.

Examples of simulator locations
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A boiler house in Minsk and an example of graphic display in the developed simulator

For the first time, training locations were implemented in the following areas: state supervision of compliance
with fire safety legislation in relation to fire automation systems, state supervision of compliance with the require-
ments of technical regulations of the Customs Union and the Eurasian Economic Union in the field of fire safety,
as well as state supervision of the organization of work in relation to hazardous industrial facilities and potentially
hazardous facilities when carrying out activities in the field of industrial safety.

EXPECTED RESULT OF APPLICATION

The development of training simulators using VR technology is a relevant and significant area for improving
fire safety and the effectiveness of the educational process.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

All rights reserved by the State Educational Establishment “University of Civil Protection of the Ministry for
Emergency Situations of the Republic of Belarus”

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Educational institutions of the Republic of Belarus and abroad.

CONTACT INFORMATION

Sergey Korotkevich, Chair of Automatic Safety Systems, PhD in Technical Sciences, Associate Professor.
Phone number: (+375 29) 186 21 28
E-mail: korotkevichsergei@mail.ru
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V. EDUCATIONAL INSTITUTION
YACADEMY OF THE MINISTRY OF INTERNAL AFFAIRS
OF THE REPUBLIC OF BELARUS™

.

5.ASOFTWARE APPLICATION ANALYSIS TOOL BASED ON THE ANDROID OPERATING
SYSTEM, IN ORDER TO ESTABLISH A MANAGEMENT SERVER
AND ITS FUNCTIONALITY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is a software tool for the primary analysis of Android applications based on the downloaded
APK/APKM file. It is planned to be used in the framework of law enforcement activities related to the assessment
of digital objects.

The purpose of the development is to automate the identification of information, in terms of detecting the ad-
dresses of end devices, associated IP addresses, as well as accesses to the functions of the mobile device claimed
by the application.

Structurally, the development includes a web interface for downloading the application file and a server-side
static analysis module. The user downloads an APK/APKM file, after which the system performs automatic pro-
cessing and generates a visual result: a list of detected addresses, IP addresses and access to device functions.
To make each access easier to use, a brief explanation of its purpose is displayed.

The main technological characteristics include: automated extraction of information from the Android ap-
plication file, filtering of irrelevant technical addresses using artificial intelligence, determining IP addresses
for found domains, visual representation of analysis results and minimizing the need for manual technical veri-
fication at the initial stage.

Technical and operational characteristics: browser operation, easy file download, no need to install additional
client software, interactive result generation, the ability for users to use without in-depth technical training.

TECHNICAL ADVANTAGES

The development is characterized by an applied focus and is intended for use by law enforcement officers with-
out in-depth technical training. Unlike most specialized Android application analysis tools that require working
with the command line, decompilers, and manual interpretation of technical data, the proposed solution provides
the result in an understandable form via a web interface.

Technical advantages include automated processing of APK/APKM files, identification of terminal device
addresses, identification of associated IP addresses, display of claimed access to device functions, as well as
explanation of the purpose of each access. Additionally, filtering of irrelevant office and general technical ad-
dresses is implemented, which reduces the amount of manual verification and increases the practical value
of the result.

Compared to its foreign counterparts, which are mainly focused on information security and reverse engineer-
ing specialists, the development has the advantage of ease of use, adaptation to everyday business tasks, and
presentation of results in a form convenient for initial evaluation. Domestic solutions with comparable purpose
and functionality have not been identified at the time of preparation of the materials.

EXPECTED RESULT OF APPLICATION

The expected result of using the development is to reduce the time for initial verification of Android applica-
tions and increase the visibility of the technical information obtained. Using the solution will allow you to quickly
identify the addresses of end devices found in the application, the associated IP addresses and the claimed access
to the functions of the mobile device.

Development can facilitate faster decision-making in order to address the challenges facing law enforcement
agencies.
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The practical result is a reduction in the amount of manual technical work, a reduction in the user’s dependence
on specialized reverse engineering tools, and the provision of information in a form understandable to employees
without in-depth technical training.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Law enforcement agencies, banking sector security services

CONTACT INFORMATION

Vladislav Pikta, Senior Lecturer at the Department of Information Law, Faculty of Criminal Police.
Phone number: (+375 25) 927 08 89
E-mail: uladzislau.pikta@gmail.com
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V. BELARUSIAN STATE UNIVERSITY

.

6. SOFTWARE COMPLEX FOR IDENTIFICATION AND MONITORING
OF PHYTOPLANKTON BLOOMS AT WATER BODIES USING EARTH REMOTE
SENSING DATA

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed software complex for detection and monitoring of phytoplankton blooms on water bodies
using Earth remote sensing data is intended for:

- prompt detection of phytoplankton blooms on water bodies of NP Narochansky based on Earth remote
sensing data;

- monitoring of phytoplankton flowering at water bodies of NP Narochansky;

- provision of geodata for preparation and performance of environmental and other measures at water bodies
of NP Narochansky.

Allows you to solve the following tasks:

- verification of information on the availability of operational data of space remote sensing on the web service
for providing satellite data;

- acquisition and storage of operational data of space remote sensing;

- thematic decoding of operational data of space remote sensing for analysis of phytoplankton blooms
in water bodies;

- monitoring of phytoplankton flowering dynamics in water bodies.

The development will contribute to increasing the efficiency of sustainable use of the natural resource po-
tential of water bodies, improving the quality of environmental measures, improving the attractiveness of ter-
ritories for ecological and recreational tourism. Users of water lands will be able to quickly and without going to
the reservoir to assess the situation and get real information about the presence of “flowering” of phytoplankton
and the real severity of the problem of “flowering” for each specific reservoir.

TECHNICAL ADVANTAGES

Without the use of the software complex in Belarus, ground-based monitoring studies of phytoplankton de-
velopment are carried out only on individual water bodies with a low frequency (usually no more than once
a year). Such data do not allow to quickly identify the problem and prevent possible negative consequences.
The use of a software complex to identify and monitor phytoplankton blooms using Earth remote sensing data
will radically improve surface water monitoring for planning and implementation of environmental, recreational
and economic measures.

A comparison of the indicators of the developed software complex for identifying and monitoring phyto-
plankton “blooms” on water bodies using Earth remote sensing data shows that they fully correspond to the
best world samples, namely, they allow identifying and monitoring phytoplankton “blooms” in freshwater eco-
systems, including inaccessible water bodies; use remote sensing data to monitor phytoplankton blooms in the
climatic conditions of Belarus; Monitor the frequency of observations 1 once every three days under favorable
weather conditions with a maximum frequency of 1 once every two days and a maximum spatial resolution of
remote sensing data when monitoring the “flowering” of phytoplankton in 10 m2.

EXPECTED RESULT OF APPLICATION

The development and implementation of theoretical and applied foundations for remote monitoring of phyto-
plankton blooms on water bodies contributes to increasing the efficiency of sustainable use of the natural resource
potential of water bodies, improving the quality of environmental measures, and improving the attractiveness
of territories for ecological and recreational tourism. Employees of scientificand environmental structures will be
able to quickly and without going to the reservoir to assess the situation and get real information about the pres-
ence of “flowering” of phytoplankton and the real severity of the problem of “flowering”for each specific reservoir.
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The availability of operational information allows expanding the possibilities of spatial and operational monitor-
ing of the ecological state of water bodies in order to make decisions on the intensity of monitoring each specific
water body, as well as taking measures to eliminate the causes of pollution of water bodies.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.
The prototype includes:

- software complex for obtaining and thematic processing of geodata about water bodies for detection and
monitoring of phytoplankton blooms using the data;

- modaule of phytoplankton flowering detection in the composition;
- geodatabase;

- flowering web visualization module.

Development is introduced into production.

The software complex has successfully passed acceptance tests and was put into operation at the Belarusian
State University and the Narochansky National Park.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministry of Nature and Scientific Departments of National parks.

CONTACT INFORMATION

Boris Adamovich, Head of the Research Laboratory of Hydroecology of the Biological Faculty of BSU,
PhD, Associate Professor.

Phone number: (+375 29) 760 50 94

E-mail: belaqualab@gmail.com
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VI. BELARUSIAN NATIONAL
TECHNICAL UNIVERSITY

.

7. MULTIFUNCTIONAL INTELLIGENT SYSTEM
“VIRTUAL MODELING AND INVESTIGATION OF ELECTRICAL
CIRCUIT PARAMETERS”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The Multifunctional Intelligent System “Virtual Modeling and Research of Electrical Circuit Parameters” is de-
signed for modeling, research, and optimization of processes occurring in DC and AC electrical circuits, includ-
ing energy systems, for the purposes of teaching students and employees of enterprises and laboratories, solv-
ing research problems, developing and evaluating the compliance of electrical products, and optimizing their
characteristics, etc.

Main characteristics: technical support of the system includes modules:
1) computer base (system units, video terminals, devices for connection to the Internet);

2) engineering base (if necessary) — measuring devices, switching devices, verification/calibration means,
toggle switches, switches, safety means;

3) software — developed computer products for the implementation of a virtual environment and libraries
of digital twins, as well as the operation and training of neural networks;

4) information and methodological support — a theoretical block and methodological instructions for per-
forming measurements, applying technical and software, safety and decision-making criteria for research
results.

TECHNICAL ADVANTAGES

There are “virtual training systems” in the field of electrical engineering, such as those available on the Rus-
sian market, which are designed to teach the subject of electrical engineering. These systems are technically
advanced training stations that allow for the connection of measuring devices and accessories.

The distinctive features and advantages of the presented development are as follows: the system is built
on a level-by-level and modular basis, which allows for flexible structure and rapid adaptation. It is based
on the use of digital twin technologies (technical devices such as measuring instruments, switching devices,
measuring accessories, and standards; as well as electrophysical processes such as stationary, transient, de-
terministic, and stochastic measurement systems) and artificial intelligence, which allows for the complete
elimination of the technical implementation of the stand and provides interactive interaction in a virtual
environment.

EXPECTED RESULT OF APPLICATION

Creation of a completely safe, interactive and 24/7 accessible educational environment. Reduction of the costs
of educational institutions and enterprises for the purchase, renewal and maintenance of hardware electrical
laboratories to 100 %. Improvement of the quality of training of engineering personnel due to the possibility
of safe practice of emergency modes (overloads, short circuits).

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

The development is not protected by the regime of commercial secret (know-how), but the state regis-
tration of the computer program in the National Center for Intellectual Property of the Republic of Belarus
is planned.
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POTENTIAL CONSUMERS AND INTERESTED PARTIES

Higher and secondary specialized educational institutions of a technical profile, corporate training centers
of enterprises in the energy sector (Belenergo State Enterprise) and industry (Ministry of Industry), and orga-
nizations of additional professional education in the Republic of Belarus and abroad (CIS countries).

CONTACT INFORMATION

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

Phone number: (+375 29) 683 90 06

E-mail: savkova@bntu.by

Tatiana Zhukovskaya, Head of the Department of Electrical Engineering and Electronics.
Phone number: (+375 29) 850 90 48
E-mail: eie@bntu.by
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VII. ESTABLISHMENT EDUCATION “GRODNO STATE
UNIVERSITY NAMED AFTER YANKA KUPALA”™

.

8. DIGITAL 3D MODELS OF WEAPON SAMPLES IN AUGMENTED REALITY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The innovative development is a complex of interactive digital 3D models of weapon samples implemented
in an augmented reality (AR) environment, specifically designed for use in a safe educational setting. Using
mobile devices or AR glasses, trainees can visualize full scale virtual weapon models superimposed on the real
world, examine their external structure and study operating principles without interacting with real weapons and
ammunition. This approach significantly reduces training risks and contributes to the creation of a safe learning
environment for cadets and students. The system provides detailed visualization of components, assemblies
and units, animated disassembly and assembly procedures, as well as demonstrations of safety rules and typical
operating modes. The models are created using photorealistic 3D graphics and optimized for real time operation
on mobile platforms, which ensures high performance and accessibility of training sessions. From a technologi-
cal perspective, the development is based on modern AR frameworks and the Unity and Unreal game engines,
which provide robust tracking of marker based and markerless targets, realistic lighting and precise alignment
of virtual objects with the physical environment. The proposed software solution can be deployed in classroom
conditions for teaching tactical disciplines, which makes it a flexible and scalable tool for improving the quality
and safety of professional military education.

TECHNICAL ADVANTAGES

The innovative complex of digital 3D models of weapon samples in augmented reality demonstrates a high
scientific and technical level compared with leading domestic and foreign training solutions. It combines pho-
torealistic 3D modelling with modern AR technologies, providing safe, immersive and repeatedly reproducible
training scenarios without the use of real weapons, ammunition or specialized ranges, which significantly reduces
risks and operating costs.

EXPECTED RESULT OF APPLICATION

The use of the complex of digital 3D models of weapon samples in augmented reality will make it possible
to improve the level of professional training by deepening the understanding of weapon design, operating
principles and safety procedures when working with weapons. An increase in learners’ motivation and engage-
ment is expected, along with a reduction in the time needed to master the training material and a decrease
in the number of errors during practical operations. The creation of a safe, reproducible and controllable learn-
ing environment will also reduce the risk of injuries and lower the costs associated with the use of real weapon
samples and range infrastructure.
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CURRENT STAGE OF DEVELOPMENT

The pilot models have been implemented in the educational process of the Military Faculty of Yanka Kupala
State University of Grodno for training students in the specialties “Combat Employment of Ground Reconnaissance
Units” and “Squad Leader (Tactical Reconnaissance)” when studying tactical training disciplines.

INFORMATION ON THE LEGAL PROTECTION

Rationalizer Certificate No.015/2023 “Interactive 3D Model of the Rangefinder of Commander Reconnaissance
Vehicles”.

Rationalizer Certificate No. 006/2025 “Interactive Model of the Ground Reconnaissance Radar (PSNR 5K)".

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Military faculties of educational institutions of the Republic of Belarus and the Russian Federation.

CONTACT INFORMATION

Nataliya Semenchuk, Candidate of Physical and Mathematical Sciences, Associate Professor

of the Department of Fundamental and Applied Mathematics, Faculty of Mathematics and Informatics.
Phone number: (+375 29) 786 69 44

E-mail: senatal55@gmail.com
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VIII. ESTABLISHMENT EDUCATION "VITEBSK STATE
UNIVERSITY NAMED AFTER P. M. MASHEROV™

.

9. THE METHOD OF REMOTE IDENTIFICATION OF AREAS OF PROBABLE
DEVELOPMENT OF SHRINKING OF SPRUCE PLANTATIONS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
The product is a Method for early diagnosis of spruce shrinking based on satellite remote sensing of the Earth.

Scope of application: forestry, environmental monitoring, environmental management — for the purpose of
efficient use of forest resources, improving the quality of forest protection measures and operational environ-
mental planning.

Purpose: to identify hidden physiological stresses (water deficiency, initial colonization by bark beetle) 1-3 weeks
before the appearance of visual signs of crown shrinkage.

The technological framework is based on processing open multi-spectral Sentinel-2 data (resolution 10-20m,
5-day periodicity) in the cloud platform Google Earth Engine. The methodology includes the calculation of a com-
plex of vegetation indices (NDVI, NDMI, PRI, Clrededge) and their multi-period comparative analysis. The three-
phase dynamics of degradation have been identified: latent (chronic hydrostress with a visually healthy crown),
activation phase (sharp drop in humidity index during pest flight) and visualization phase.

Technical and operational characteristics: automated image processing script, cloud masking algorithm, for-
mation of median composites, calculation of difference indices and generation of operational risk maps in QGIS.
This method provides continuous spatial coverage, objective quantification and minimization of time costs. The
thresholds are calibrated to meet the conditions of the Republic of Belarus.

TECHNICAL ADVANTAGES

In contrast to traditional land-based forest health surveys, this method provides remote, automated and
high-frequency monitoring of large areas with objective quantification. Key advantage — predictive nature:
the NDMI humidity index records turgor reduction and physiological stress 30-60 days before visible cavity

Image of a section of spruce stands:
a— ground inspection (visual norm), b — according to sputnik analysis (critical water Deficit)
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(determinant coefficient R2 > 0.85). This makes it possible to move from reactive sanitary Deforestation to preven-
tive management. The scientific and technical level of the development meets the international standards for
the use of Sentinel-2 data in environmental monitoring, while it is adapted to the climatic and soil-hydrological
conditions of the territory of Belarus. The use of open source software and free satellite data makes the solution
cost-effective and scalable, surpassing analogues that require commercial imagery. The technique eliminates the
subjectivity of visual assessment and the time lag of ground-based methods.

EXPECTED RESULT OF APPLICATION

Implementation of an operational mapping system for risk zones of spruce shrinking, which will allow forestry
enterprises to plan preventive sanitary and protective measures. Reduction of economic losses from the mass
reproduction of the bark beetle, conservation of biodiversity and the transition from a reactive to a scientifically
based preventive model of forest resource management in conditions of climatic instability.

CURRENT STAGE OF DEVELOPMENT

The methodology has been tested at the test site (Pridvinye Biological Reserve, 2025-2026), the algorithms have
been verified with ground data, and the development is ready for pilot implementation and scaling to the fore-
stry enterprises of the Republic of Belarus.

INFORMATION ON THE LEGAL PROTECTION
The product is protected in accordance with the legislation of the Republic of Belarus on copyright.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Environmental protection, forestry and logging organizations of Belarus, territorial government bodies.

CONTACT INFORMATION

Andrey Torbenko, Head of the Center for Remote Research Methods and Data Mining.
Phone number: (+375 33) 696 14 71
E-mail: torbenko_a@mail.ru

Arina Filippova, a student.
Phone number: (+375 25) 504-58-65
E-mail: phlipplyandia@gmail.com
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IX. STATE EDUCATIONAL INSTITUTION
"SECONDARY SCHOOL NO. 5
NAMED AFTER P. Z. KALININ, GRODNQO”™
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10. THE PERSONAL EMERGENCY ALERT SYSTEM “SAFETY BUTTON”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is a portable autonomous emergency alert device designed to enhance the personal safety
of children, elderly people, women, and workers in hazardous areas. The scope of application includes domestic
and social use, integration with emergency services (102, 112), and school safety programs.

Purpose: Instantaneous sending of an “l am in danger” SMS message with precise coordinates (GPS or LBS)
upon a long press of a single button. The device operates independently of a smartphone, functions within GSM
networks (covering 99 % of the territory of the Republic of Belarus), and remains operational for up to 6 months
without recharging.

Design Features: Implemented on the A9G module (Ai-Thinker) with integrated GSM/GPRS modem, GPS re-
ceiver, and microcontroller. The form factor is a compact keychain or bracelet (size comparable to a bank card).
Itincludes a Li-lon battery (1,000-3,000 mAh), a TP4056 charging module, a tactile button, and LED indicators.

Technical and Operational Characteristics: Two-level geolocation (GPS + LBS), adjustable activation delay
(3-10 seconds), power consumption in sleep mode of ~ 20 pA, SMS-based parameter management, protec-
tion against false activations, and functionality even when the user has no cellular signal. The device ensures
the“golden hour” of response by reducing the time required to transmit precise geolocation to emergency services,
and it addresses the objectives of information and personal security in the Republic of Belarus.
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TECHNICAL ADVANTAGES

The developed “Safety Button” device demonstrates significant superiority over existing domestic and foreign
analogues in several key parameters.

Energy Efficiency. In deep sleep mode, the A9G module consumes only 20 yA — an order of magnitude lower
than popular solutions based on the SIM808 (3 mA) and the ESP32 paired with a GSM modem (approximately
10 mA excluding the modem). Thanks to this, the estimated battery life of the device reaches 6 months on a single
charge of 3,000 mAh battery, which is critically important for wearable safety devices.

Complete Autonomy and Global Coverage. Unlike Bluetooth trackers (Apple AirTag, Samsung SmartTag, Chinese
analogues), which require constant pairing with a smartphone and have an operating radius of no more than
100 meters, the “Safety Button” functions independently of a phone in any GSM coverage area (99 % of the ter-
ritory of the Republic of Belarus).
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Two-Level Geolocation. The device combines a GPS receiver and a backup method for determining location
via cellular towers (LBS). This allows coordinates to be obtained even inside buildings, where pure GPS track-
ers (including solutions based on the SIM808) often lose signal.

Optimal Cost and Integration. Thanks to the “three-in-one” architecture (microcontroller, GSM modem,
and GPS receiver in a single chip), the cost of the solution is lower than that of discrete analogues (ESP32 + separate
GSM modem), while maintaining full functionality. The scientific-technical level corresponds to the best global
practices in the segment of affordable autonomous emergency alert systems.

EXPECTED RESULT OF APPLICATION

The implementation of the “Safety Button” will reduce emergency services'response time to a critical situation
from several minutes to 30-60 seconds through the automatic transmission of precise coordinates. The device
will protect vulnerable populations (children, elderly people, and women) from violence and bullying, reducing
the risk of physical and psychological harm. A decrease in the number of unsolved incidents is expected due to
rapid alerting, as well as an increased sense of security among users and their families. The social effect includes
integration into the “Safe City” system.

CURRENT STAGE OF DEVELOPMENT
Laboratory Prototype.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
School, families, elderly people.

CONTACT INFORMATION

Inna Postnik, Mathematics Teacher.
Phone number: (+375 29) 289 00 61
E-mail: innagrd1983@gmail.com

11. SMART SCHOOL BASED ON ESP32 MICROCONTROLLER WITH REMOTE CONTROL
CAPABILITY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The Smart School system is designed for automation and security
enhancement of educational institutions: schools, colleges, training
centers, and can also be adapted for administrative buildings.

Purpose: providing remote control and automatic management
of key school engineering systems — bells, lighting, emergency exit
electric lock, thermostat. The solution is aimed at reducing operating
costs, saving electricity (up to 30 %), and creating a safe educational
environment.

The device is based on the ESP32 microcontroller with Wi-Fi
and Bluetooth support. Structurally, it includes the following units:

— control unit (ESP32, reset button, LED indication);

— power supply unit (220V — 5V — 3.3 V with overvoltage pro-
tection);

- real-time clock DS3231 (standalone operation, 12C);

—thermocouple signal converter MAX6675 (temperature measure-
ment up to 800 °C);
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- external device control unit (5 independent channels, optocoupler galvanic isolation MOC3063, 220 V load
control).

Technological features:

- modular architecture (possibility of phased implementation);
- proprietary mobile application and cloud service;

- support for scheduled automation scenarios;

- remote monitoring and control via the internet.

Technical and operational characteristics:

- supply voltage: 220V (main), 3.3V / 5V (logic);

- number of controllable channels: up to 5 (expandable);

— interfaces: Wi-Fi, Bluetooth, 12C, SPI;

- temperature measurement range: from 0 to 800 °C (K-Type thermocouple);
- time accuracy: = 4 ppm (until 2100);

Controller operating temperature: from -40 to +85 °C.

Payback period: 12-18 months.

TECHNICAL ADVANTAGES
In relation to the best domestic and foreign counterparts.

The developed Smart School system based on the ESP32 microcontroller has a number of significant advantages
over existing domestic and foreign counterparts (for example, solutions based on Arduino, industrial BMS systems
from Honeywell and Siemens, as well as local developments of individual educational institutions).

Low cost with high functionality.

Industrial school automation systems cost 2-3 times more with a comparable set of functions. ESP32 provides
built-in Wi-Fi/Bluetooth without additional modules.

loT support “out of the box".

Unlike many domestic counterparts, the system is immediately ready for remote monitoring and control via
a cloud service without complex gateways.

Modularity and scalability.

Foreign counterparts often require controller replacement when expanding functionality. Our system allows
phased expansion of control channels without changing the architecture.

Galvanic isolation of power circuits (MOC3063 optocouplers).
Provides reliability and safety comparable to expensive industrial controllers, but at a minimal component cost.
Stand-alone real-time clock unit DS3231.

High accuracy (+ 4 ppm) and battery operation during power outage — a level unattainable for most budget
solutions.

The development corresponds to the global trend of the Internet of Things (IoT) in educational infrastructure
and is not inferior to foreign counterparts in basic parameters, surpassing them in the “price/functionality” ratio.
The technical solutions (optocoupler control, thermocouple input, cloud analytics) are at a level characteristic
of commercial systems in the middle price segment.

EXPECTED RESULT OF APPLICATION

The implementation of the Smart School system will reduce electricity consumption by up to 25-30 %, fully
automate school bells, provide remote access control, increase safety of students and staff, reduce operating costs
by 15-20 %, and create comfortable learning conditions through automatic temperature maintenance. Payback
period: 12-18 months. The solution is scalable to any educational institution.

CURRENT STAGE OF DEVELOPMENT
Laboratory Prototype.

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

In the Republic of Belarus:

— state institutions of general secondary education (schools, gymnasiums, lyceums);

- institutions of vocational and secondary specialized education (colleges, vocational schools);

— district, city and regional education departments (divisions) as customers for replicating the solution;
- developers and operators of new educational complexes.

Abroad:

- schools and training centers in CIS countries (Russia, Kazakhstan, Uzbekistan), where affordable loT automa-
tion solutions are in demand;

- developing markets of Asia and Africa, which require budget-friendly school automation with remote control;
— foreign educational institutions interested in energy saving and increased security.

CONTACT INFORMATION

Inna Postnik, Mathematics Teacher.
Phone number: (+375 29) 289 00 61
E-mail: innagrd1983@gmail.com

12. ENERGY-SAVING VENTILATION CONTROLLER WITH ADAPTIVE CONTROL

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is an intelligent time relay for automating exhaust ventilation in restrooms, showers, and
other wet areas. The device provides energy savings (15-25 % reduction), extends fan service life, and reduces
noise levels.

Application scope: residential buildings, apartments, hotels, fitness clubs, shopping centers, office buildings.
Purpose: automatic fan control based on human presence time.

Operating algorithm:

- ventilation turns on 1 minute after light activation (prevents false starts during brief visits);

- during extended stays (over 15 minutes), ventilation continues after lights off to remove moist air;

— maximum operating time is limited by a threshold value (prevents infinite operation if light is left on).

Design features: two independent channels, built-in switched-mode power supply (220 VX5 V), galvanicisola-
tion using PC817 optocouplers, load control via relays with normally open contacts.

Technical specifications:

- power supply: 230V, 50 Hz;

— number of channels: 2;

- delay adjustment range: 0-6,553.5 seconds (0.1second step);
- parameterization without reprogramming (via EEPROM);
Future upgrade: NFC and mobile app configuration.

The device was designed in Altium Designer, the PCB has been manufactured, and a prototype has been suc-
cessfully tested under real conditions.

TECHNICAL ADVANTAGES
In relation to the best domestic and foreign counterparts

The developed Smart School system based on the ESP32 microcontroller has a number of significant advantages
over existing domestic and foreign counterparts (for example, solutions based on Arduino, industrial BMS systems
from Honeywell and Siemens, as well as local developments of individual educational institutions).

The developed device has several technical advantages compared to existing analogues, including smart relays
from Xiaomi and Shelly, as well as traditional electromechanical time relays.
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The main advantage is a unique adaptive algorithm where the ventilation runtime after lights off depends
on the actual time of human presence. Analogues offer only a fixed delay without considering usage intensity.

The key competitive advantage is price. The device costs approximately 70 rubles, which is 3-7 times cheaper
than imported smart relays, while not inferior in functionality. The low cost is achieved through optimal compo-
nent selection and the absence of redundant modules (Wi-Fi, Bluetooth).

Unlike most analogues, the device is completely autonomous and does not require internet connection, cloud
services, or a smartphone for basic operation. Installation is extremely simple: direct connection without registra-
tion or app configuration.

Additional advantages include galvanic isolation using PC817 optocouplers (enhanced safety), low standby
power consumption (less than 0.5 W), two independent channels, and the ability to configure parameters without
reprogramming the microcontroller.

The scientific and technical level of the development matches the best foreign analogues in functionality
and surpasses them in price-performance ratio, energy efficiency, and ease of use.

EXPECTED RESULT OF APPLICATION
Application of the development will provide:

Reduce energy consumption of ventilation by 15-25 % by eliminating false starts and limiting maximum
operating time.
Extend fan service life (reduced wear during short-term activations).

Increase comfort — ventilation does not make noise at night during quick restroom visits, but effectively
removes moisture after a shower.

Achieve economic effect — device payback period is 6-12 months due to energy savings.
Scale the solution in residential and commercial sectors (hotels, fitness clubs, offices).

CURRENT STAGE OF DEVELOPMENT
Laboratory Prototype.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Private consumers, construction companies and developers, hotels, fitness clubs, spa centers, bath complexes,
property management companies.

CONTACT INFORMATION

Inna Postnik, Mathematics Teacher.
Phone number: (+375 29) 289 00 61
E-mail: innagrd1983@gmail.com
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X. BIOFLEX LIMITED LIABILITY COMPANY
(RESIDENT OF THE SCIENTIFIC AND TECHNOLOGICAL
PARK “UNITECHPROM BSU")

.

13. PROCESSING OF SLUDGE RESIDUE FROM WASTEWATER STORAGE PONDS
OF WATER AND SEWERAGE ENTERPRISES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Recycling the sludge from the storage pond enables the production of pyrolysis oil, which is subsequently used
to produce fuel mixtures and waterproofing materials (bitumen flake). The final stage of the project-intensive
biological treatment using specialized biopreparations-allows for the complete removal of sludge from the res-
ervoir (storage pond). This technology allows the “bitumen flake” product to capture large quantities of heavy
metals contained in the sludge, converting them into inert forms that are safe for the environment.

TECHNICAL ADVANTAGES

Alternatives include the construction of expensive, complex treatment systems and facilities, which still fail
to address the problem of sludge generation and storage. The advantages of the proposed technology are that
sludge (both old and newly generated) is used as a raw material for the production of usable products.

EXPECTED RESULT OF APPLICATION

Processing 3 million tons of sludge residue in the Minsk region (Sinilo village) will produce approximately
100,000 tons of bitumen flake. This would equate to 100,000 tons of waterproofing materials or 1.6 million tons
of asphalt (if the flake is used to make asphalt-concrete mixture for road surfaces). It would also generate ap-
proximately 70,000 tons of heating oil. The project would take five years to complete.

Vacuum fractionation unit

CURRENT STAGE OF DEVELOPMENT
A prototype was released.
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The waste from the plant is solid carbon residue (Pitch)

INFORMATION ON THE LEGAL PROTECTION
Certificate of Deposit of Intellectual Property.
VIII-KH No. 2025-001 dated September 29, 2025.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Unitary Enterprise “Minskvodokanal”.

CONTACT INFORMATION

Dmitry Sandrigailo, Biologist-Biochemist.
Phone number: (+375 29) 396 88 88
E-mail: 3968888@mail.ru
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XI. PROMYSHLENNYE ROBOTY (INDUSTRIAL ROBQOTS)
LIMITED LIABILITY COMPANY

CURRENT STAGE OF DEVELOPMENT
Development is at the serial prototype stage.

is under consideration.

CONTACT INFORMATION

Nikita Volkunovich, Director.
Phone number: (+375 25) 509 22 06
E-mail: progprogect@gmail.com

INFORMATION ON THE LEGAL PROTECTION

Intellectual property is protected under trade secret regime. The ROS2 control software and computer vision
algorithms are original works of Industrial Robots LLC. A patent for the robot design and software architecture

.

14. DEVELOPMENT OF AN INDUSTRIAL ROBOT MANIPULATOR WITH COMPUTER
VISION FOR AUTOMATED PALLETIZING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The robotic palletizing cell by Industrial Robots LLC is based on a 6-axis manipulator (payload 150 kg) with a com-
puter vision system. Application scope: food, construction, chemical, and other industries. The system automati-
cally identifies and sorts objects (bags, boxes, crates) by shape, size, and orientation, forms pallets according to
programmed stacking patterns, and manages conveyor lines and wrapping equipment.

TECHNICAL ADVANTAGES

Compared to imported competitors (FANUC, KUKA,
ABB): full localization of development and service in the
Republic of Belarus; proprietary computer vision system
based on OpenCV/YOLOv8 with no dependency on for-
eign software. Ability to significantly simplify robot setup
and unify handling of various objects through automatic
object recognition and intelligent motion correction.

EXPECTED RESULT OF APPLICATION

Reduction of labor costs at the palletizing stage. In-
crease in site throughput. Elimination of workplace inju-
ries from manual lifting. Payback period for the customer:
1-2 years. For Industrial Robots LLC: launch of serial pro-
duction from 2026.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises of the food, chemical, construction, and heavy industry in the Republic of Belarus and Russia; agro-
industrial complexes; logistics centers. Abroad: industrial enterprises in CIS countries.
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XIl. CITYBUY LIMITED LIABILITY COMPANY
(RESIDENT OF THE SCIENTIFIC AND TECHNOLOGICAL

PARK — INKATA LLC)

.

15.“SECONDSTROY”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

“Secondstroy”is a specialized digital outlet platform designed for the buying
and selling of construction leftovers, surplus inventory, and discounted materi-
als. The platform addresses the issue of construction waste accumulation -and
reduces environmental impact through material reuse.

The system includes:

- a structured catalog of construction leftovers with professional specifica-
tions;

- transparent pricing tied to real-time warehouse stock;

- a marketplace module for legal entities (B2B);

- a free classifieds section for individuals (C2C);

—a mobile app and responsive web version adapted for any device;
- a fast-listing process (1-2 minutes);

- analytics and surplus inventory management tools.

Technical Architecture: microservice structure, CI/CD, automated monitoring,
backups, Laravel + Vue.js (Nuxt.js) + React Native stack.

Scope of Application: construction companies, warehouses, suppliers, manu-
facturing and trading companies, private homeowners, public utility organiza-
tions, eco-projects.

Environmental impact: reduction of construction waste volume; extension of product life cycles.

TECHNICAL ADVANTAGES
Technical specifications:

— the only specialized digital system for the circulation of construction leftovers in Belarus;

- microservice architecture, ready for scaling;

- integration with warehouses and logistics services;

— automated analytics for demand and inventory levels;
- high speed of data publishing and processing;

- eco-friendly focus: material reuse instead of disposal.

Outperforms foreign counterparts (ReStore, Reuse Marketplace) due to adaptation to local standards and pro-

fessional construction material specifications.

EXPECTED RESULT OF APPLICATION

Reduction of construction waste volume by 15-30 %.
Increase in the share of material reuse.

Cost savings for businesses and private users.

Enhanced transparency of the surplus materials market.

Formation of a sustainable ecosystem for construction resource management.
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CURRENT STAGE OF DEVELOPMENT
A prototype was released. Web version and mobile application have been released.

INFORMATION ON THE LEGAL PROTECTION

Source code — a protected object of copyright.

Database — protected structure and content.

“Secondstroy” trademark and logo — in the process of registration.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
- Construction companies.

- Warehouses and material suppliers.

- DIY retail chains.

- Private homeowners.

- Eco-projects and waste management organizations.
- CIS and SCO markets.

CONTACT INFORMATION

Alexey Didenko, Founder of the “Secondstroy’, Entrepreneur.
Phone number: (+375 29) 363 35 61
E-mail: aleks.didenko.a@gmail.com
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