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l. MEXTOCYAAPCTBEHHOE OBPA3OBATEABHOE
YYPEXAEHWME BbICLUEIO OBPA3OBAHNA
«BEAOPYCCKO-POCCUNCKMNMN YHUBEPCUTETH

1. MOBUNbHbIN PEFTUCTPATOP CBAPOYHDIX MTPOLIECCOB

OMNMUCAHUE PA3PABOTKHN

Mo6unbHbIV perncTpaTop npefHasHayeH As NOBbILEHUA KaueCTBa CBapPKN OTBETCTBEHHbIX KOHCTPYKLMIA Ny-
TeM KOHTPONA 3a cobntofeHeM TEXHOMOMMN NPU NPOU3BOACTBE CBAPOUHbIX PabOT, MOBbIWEHUA 3PEeKTUBHO-
CTW ynpaBneHnsa CBapOYHbIM MPOMU3BOLCTBOM 3a CYET ONEPATUBHOIO MPEAOCTaBNEHNA TOYHOW AOCTOBEPHON UH-
dopmaLum o pabote 060pyLOBaHUA 1 CBAPLLMNKOB.

CocTounT 13 6noKa permcTpauum n MobuIIbHOro YCTpoicTea. MporpamMmmHoe obecrneyeHune BbINONHEHO B BuAe
web-npunoxeHna ¢ 6a3oi faHHbIX.

NoeHTnduKaumsa cBapLimKka 1 CBapoyHOro o6opynoBaHus, BbIOOp 3afiaHnA Ha CBapKy, OTobpaxeHue peru-
CTPUPYeMbIX fiaHHbIX O MapaMeTPax CBAPOUHbIX MPOLIECCOB 1 Nepefaya Nx Ha CepPBEP OCYLLEeCTBAAETCA C MOMO-
Lblo MOOMIIbHOrO yCcTporcTBa (CMapTdoHa Unv nnaHLwera).

TEXHUYECKUE NMPEMMYLLECTBA
JMNCTaHUMOHHbIV KOHTPOJb CBAPOYUHbIX MPOLIECCOB C MOMOLLb0 Web-npunoxeHus.
JunHammnueckunin aHanmns AaHHbIX O CBapOYHOM Npovecce, nepeaada AaHHbIX Ha cepsep.

Bblgaya 3ByKOBOro CUrHasa npu BbiXofe NapaMeTpoB peXKrMa CBapKM 33 YCTaHOBNEHHbIE TEXHONOTMYECKOM
VHCTPYKLMeN npeaenbl.

KomnnekcHas oueHKa KauecTBa CBapKu.

CocTaBneHve nacnopTa Ha KaxKabl/i CBapHOM LLOB.

MopmupoBaHMe oTyeTa 0 paboTe CBapPLUMKOB M CBAPOYHOro 060pyfoBaHMA.
AHanoroB flaHHbIX YCTPONCTB B Pecnybnuke benapych HeT.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

MNoBbllweHne KauecTBa CBapKu, COKpalleHne 3aTpaT Ha ncnpasneHne 6paKa CBapHbIX COefVNHEHUN, CH/XKEHNE
CTOMMOCTU NpPOrpamMMHoO-annapaTHbIX CPeacTB perncTpaunn CcBapoUuHbIX NMPoLeccoB.

TEKYLLAA CTAQOUA PA3BUTUA
BbinyLeH onbITHbIN 06pa3seL,.
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ABTOMATU3ALMNA U TEXHOJIOTUN B MALLUHO- U NMPUBOPOCTPOEHUNA

CBEJEHUNA O MPABOBOW OXPAHE
MNaTeHT Ha none3Hyto mogenb N2 12887 «Permctpatop napameTpoB CBAaPOYHbIX MPOLIECCOBY.

CBUAEeTeNbCTBO O FOCYAAPCTBEHHOW permcrTpaumm KomnbloTepHoln nporpammbl Ne 1648-KIM «MobunbHoe
NpUoXeHne ynpasfiieHNA CBapOYHbIMI NPoLeccammy.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHbBIE B PASPABOTKE

MalurHOCTponTENbHbIE NPEANPUATUASA, Ha KOTOPbIX NMPOLLECC CBAPKM ABMSAETCA OCHOBHbIM; NPEANPUATHS, 3aHN-
MatoLLMecs CTPOUTENIbCTBOM TPY6OMPOBOAOB (HePTEra3oBbli KOMIEKC, TEMO3HEPreTMKa); NPeanpusaTus, op-
raHm3sauuu, nabopatopuu, yuebHble LEHTPbI, 3aHMaloLeCs NMOAFOTOBKOM 1 aTTecTaumel CBapLyNKOB.

KOHTAKTHbIE BAHHDIE
Bonotos Cepreii Bnagummnposuny, feKaH 3n1eKTPOTEXHNUECKOro GpaKynbTeTa, KaHANAAT TEXHUYECKNX HayK, AOLIEHT;

3axapyeHkoB KoHcTaHTVH BacunbeBuy, foueHT kadepapbl «[porpammHoe obecrieyeHre MHGOPMALIMOHHbBIX
TEXHOJIOT UMY, KAHANAAT TEXHUYECKUX HaYK;

Tonnbiro HMkuta AHAgpeeBny, acNnpaHT.
E-mail: s.v.bolotov@mail.ru
Ten.: (+375 29) 699 31 56

2. TEXHOJIOT WA fYroBOW CBAPKM BbICOKOMPOYHbIX CTANEN,
YYBCTBUTENbHbLIX K BOAOPOAHOMY OXPYNYUBAHUIO

OMUCAHUE PA3PABOTKU

Mo pe3ynbTaTtam NpoBefeHHbIX Uccreso-
BaHMWI TeOpeTUYeCK pa3paboTaH v aKcne-
PUMEHTasIbHO NOATBEPXKAEH NPUHLMMIMASb-
HO HOBbII MeXaHU3M MHTEHCUdUKaLUK Me-
Tannypruyeckrx npoLeccos npu gyroBom
CBapKe B 3aLLMTHbIX ra3ax, 3aKfoyatoLmmnca
B MoAndMKaL MK 3aWmUTHOM aTMocdepbl ra-
NOVAHBIMM ra3006Pa3HbIMY COEAUHEHUAMY
SF6, uTo No3BonAeT co3fatb yCNoBUA AnA
3¢bdeKTNBHOrO CBA3bIBaHMA BOLOPOa B aT-
Mocepe Ayrv B HepacTBOPUMbIE U OrpaHu-
YEHHO PacTBOPMMbIE B XAKOM MeTanse Xu-
MUYeCKre COeIHEHMA 1 CHU3UTb nocpea-
CTBOM 3TOrO YyBCTBUTESIbHOCTb HaMNaBneH-
HOro MeTanfia K BOLOPOAHON XPYMNKOCTU
npu CBapKe 1 HamnpasKe BbICOKOMPOUHbIX
cTanew 1 cnnasoB. Kpome Toro, npeanioxeH-
Hble TexHoNornyeckure pelleHns sbbeKkTrB-
Hbl 4518 CNoCcobOoB JyroBON HamnnaBky npwu
apanTnBHom cumHtese (WAAM) wmspenun
CII0XHOW reomeTpuu. Npu 3Tom co3patoTca
ycnoBua ans obecneuveHusa Tpebyemol
rny6uHbl NponnasneHna 1 KosddurumeHTa
HannaBKu MaTepuana.




TEXHUYECKUE NMPEMMYLLECTBA

PaspaboTaHa TexHONOrus, NPEMyLLECTBOM KOTOPOW ABAAETCA BO3MOXHOCTb peanu3aummn Ha NpakTnyecku
no6oM Npomn3BoAcTBe. 114 3Toro HeT HEOOXOAMMOCTH 3aKy MK/ HOBOro 060pyAOBaHNKA, epeobopyAoBaHMA Cy-
LECTBYIOLUX MOCTOB.

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

MNoBbllweHne KayecTBa CBapPHbIX COeANHEHUNN, CHUXKeHME YyBCTBUTENIbHOCTU K BOAOPOAHOMY OXPyn4ynMBaHUIO,
npogneHne Cpoka akcrjiyataynm MmetTajyinvyeckmnx KOHCprKLlI/IIZ.

TEKYLLWAA CTAAONA PA3BUTUA
PaszpaboTka rotosa K NPOMbILLIEHHOMY BHEAPEHMIO.

NOTEHUMAJIbHbIE MOTPEBUTENU U/WJITUA 3AUHTEPECOBAHHDIE B PA3PABOTKE

MaI.IJI/IHOCTpOVITeJ'IbeIe npeanpuATuA, Bbinyckatwwme n (nnw) SKCryaTrpyrowme metainyeckrne KOHCTpPYK-
LN, BbINONTHEHHbIE C NPpUMEHEHNEM p,yrosoil MexaHI/I3I/IpOBaHHOIz CBapKu.

KOHTAKTHbIE OAHHbIE

®eTtuncoa EkateprHa AHaTonbeBHa, CTapLinii NpenogasaTesb.
E-mail: fetisova9891@gmail.com

Ten.: (+375 29) 744 42 82

3. TEXHO/10T M KOHTAKTHOW PENbEQHON CBAPKU T-OBPA3HBIX CBAPHbIX
COEAUHEHMIA CNPOTPAMMHbIM YNPABJIEHUEM
MOLLHOCTbIO TENNOB/OMEHNA

OMUCAHUE PA3PABOTKHN

Pa3paboTaHa TeXHONOIVIsi KOHTAKTHOW penbedHOM CBapKM T-06pasHbIX COAVHEHNIN C MPOrPaMMHbIM yNpaBs-
NeHVeM MOLLHOCTbIO TEMIOBNOXEHNA. TeXHOSTOMA KOHTAaKTHOW penbedHOV CBApKM BHEAPEHA B MPOV3BOACTBO
MPK NOslyYeHNN CBapHbIX T-06pasHbIX COEANHEHNI, 3aMeHss bonee [oPOroCcToAWMA cnocob MexaHV3pPoBaH-
HOW OyroBOW CBapPKM B 3aLMUTHbIX ra3ax. PaspaboTaHHas TexHonorms cBapku T-06pasHbix COeAVHEHNI C NPo-
rPaMMHbIM YMPaB/IEHNEM MOLLHOCTbIO TEMIOB/IOXKEHWA OT/IMYAETCA TEM, UTO CEPUIHO BbiNycKaemoe 06opyao-
BaHVie A4S YNPaB/eHMs NpoLecCcoM 3aMeHAETCA Ha pa3paboTaHHYO CUCTEMY KOMMbIOTEPHOIO YNpPaBieHs, KO-
TOpas Mo3BOJISET 3a4aBaTh NapaMeTPbl PEXMMa € 60J1bLLEN CTEMNEHBIO TOYHOCTY 1 ObICTPOAENCTBISA, a TaKKe 06-
nagaet AOCTYMNHOW MHTErpauyer B y3sibl KOHTAKTHOW CBAapOYHOM MaLUVHbI. DKCNepUMeHTasibHas anpobauus pe-
3y/IbTaTOB UCCIEAOBAHNI MOKa3asa, YTo MPUMEHEHVE CUCTEMbI MPOrPAMMHOIO YNpaBieHrs No3BosinsIo nde-
aTb nossnieHns fgedpekTos T-06pasHbIX CBAPHbIX COEAUHEHUIA, @ TAKXKE MOBbICUTb UX MEXaHUYeCKne CBOMCTBA.

TEXHUYECKUE NMPEMMYLLECTBA

CTabrnbHOCTb MeXaHNYECKMX XapaKTePUCTUK T-06pa3HbIx COeUHEHI MPY KOHTAaKTHOW penbedHON CBapKe no-
BblLeHa ¢ 40 % cBapHbIX coegnHeHnn 8o 98 % B pe3ynbTaTe NPUMEHEHNA CUCTEMbI TPOrPaMMHOIO YrpaB/ieHUs.

Pe3ynbTaTbl MEXaHMYECKMX NCMbITaHMI 06Pa3LIOB Ha CTaTMYecKoe NpofaBnvBaHye nokasanu, 4to 98 % ceap-
HbIX coeAnHeHnI obnagatoT TpebyeMbiM YPOBHEM MPOYHOCTM, TaKM 06Pa3oM KauecTBO CBapHbIX T-06pa3HbIX
CcoefIHEHWUI NOBbICUIIOCH Ha 58 %.

TexHONOrMYHOCTb NPOoLLecca KOHTAaKTHOM penbedHO CBapKy NoBbilweHa 6narogapsa 6oee TOUHOMY 3afaHuIo
napameTpoB PeXMMa.

OTMeYEHO CHUXeHMe fedeKToB T-06pa3HbIX CBaPHbBIX COeMHEHM Ha 58 %, MPUUNHOI KOTOPbIX ABMANCA Bbl-
nnecKk pacniaBieHHOro MeTanna.
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ABTOMATU3ALMNA U TEXHOJIOTUN B MALLUHO- U NMPUBOPOCTPOEHUNA

MpoBeaeHa MofepHM3aLmUs CBapoOYHOro o00OpyLOBaHNA, KOTOPas 3aK/louyaeTcss B MPUMEHEHMN YCTPONCTB
1 y3510B, obnafatoLmx 6onee BbICOKOM TOYHOCTbIO 1 ObICTPOAENCTBEM 3a[jaHUsl MAPAMETPOB PeXnMa CBap-
KU, B3aMeH CepUinHO BbiMyCKaeMol annapaTtypbl Afis ynpaBieHUsi IPOLEeCcCOM KOHTAaKTHOW pefibepHOM CBapKM.

OXXUAAEMbIA PE3YNbTAT NPUMEHEHUA

MoBblweHne KauecTBa T-06pa3HbIX COefVMHEHNI, MONyYaeMblX KOHTAKTHON penbedHOI CBapKOW, HapAdy co
CHVIXXEHMeM cebeCToMMOCTY 1 TPYAOEMKOCTU B pe3ysibTaTe NPUMeHeHs 6onee coBepLUeHHOro 060pyfoBaHNA
[NA ynpasneHna NpoLeccoMm.
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TEKYLLAA CTAAUA PA3BUTUA

BbinosiHeHa HayuHo-MCCnefoBaTesibCcKas paboTa Ui OMbITHO-KOHCTPYKTOPCKas (TexHomornyeckas) pabora.
Pa3paboTka BHeipeHa B NPOW3BOACTBO.

Pa3pa60TaHa SKCNeprmMeHTasibHaA yCTaHOBKa.

CBEZIEHUA O MPABOBOW OXPAHE
MonyyeHbl 2 NaTeHTa Ha U3obpeTeHNe.

MNOTEHUWAJIbHbIE NOTPEBUTENIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MpennpuaTia n NPon3BoAcCTBa B 06/1aCTAX MALWMHOCTPOEHA, aBTOMOOUIECTPOEHNS, aBUACTPOEHNA, CeNlb-
CKOXO3SIICTBEHHOW TEXHUKN 1 MNP., B KOTOPbIX NPUMEHAIOTCA cBapouHble TexHonorum (OAO «MUHCKUI aBTOMO-
6unbHbIA 3aBog», OAO «Jlngcenbmaiy, OAO «Amkogop», OAO «MoruneBnmdTmall», rpynna KomnaHui «3aBog
cucTem oxnaxkaeHus» n «<PapgrnatopHbliii 3aBog», OAO «YKX “BKM”» («<benkommMyHMmalw»)).

KOHTAKTHbIE AAHHbIE

tOmaHoB [IMuTpunii Hukonaeswny, ctaplunin npenogasatens Kadenpbl «O60pynoBaHMe 1 TEXHONOMUsS CBapouy-
HOro NPOV3BOACTBA», KAHAMAAT TEXHUYECKUX HaYK.

E-mail: oitsp.dmitriy.y@gmail.com
Ten.: (+37533) 91290 00
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ABTOMATU3ALMNA U TEXHOJIOTUN B MALLUHO- U NMPUBOPOCTPOEHUNA

II. BE/\OPyCCKI/I@ HALMOHAABHbIN
TEXHUHECKWMN YHUBEPCUTET

4. UHOOPMALNOHHO-METOAUYECKOE U METPONOTUYECKOE OBECMEYEHUE
METO[10B KOJIOPUMETPUY LLUOPOBbIX N306PAMKEHUN

OMNMUCAHUE PASPABOTKI

Cdepa nprimeHeHVs pa3paboTKM — KaueCTBEHHbIE U KONu-
yecTBEHHble METOAbI UCCNIeJOBaHUI 0OGBEKTOB MO MX Lndpo-
BbIM 1U306paXKeHUAM B YCJTOBUAX GU3NYECKON 1 JOMONHEH-
HOW peanbHOCTY: 0OHaPYXXeHWe, aHaNIN3, SKCNepTr3a, N3Me-
peHue, KOHTPOb, MOHUTOPUHT.

O6nacT NpMMeHeHUs: CBETOTEXHMKA, Fe0Ae3Ns, TakoKpa-
CoyHas, papmaueBTMYecKas, NMLeBas NMPOMbILLIEHHOCTb,
OV3aiiH.

MockonbKy No6ol 06bEKT MOXKET MMETb MHOXECTBO pea-
nu3auui B Brae UndpoBbIX N306paxKeHui, a nioboe Lmdpo-
BOE 11306paKeHie MOXeT ObITb N1oObIM 06pa3omM 06paboTaHo,
B M3MepPEeHMsAX HEOOXOAUMO peLnTb Npobiemy MeTponornye-
CKOW MpocnexxmBaeMocTu. Mo3Tomy ¢ Toukm 3peHuns dyHaa-
MEHTaNIbHOW U NPUKALHOWN METPOJIOrvi BO3HUKAET NOTPeb-
HOCTb B pa3paboTke METPOJIOrMyeckoro obecneyeHmns meTo-
0B KonopumeTpun UndpoBbiX N306paxKeHuW, BKoYasa Bo-
npochbl Banvaaumuv u sepudrkaLmm MeTofoB KaueCTBeHHbIX
N KONMYECTBEHHbIX NCCNIef0BaHNIA, MO3BONALLNX MOBbICUTH
TOUYHOCTb, 4OCTOBEPHOCTb 1 3PHEKTUBHOCTb Pe3ybTaToOB U3-
MEPEHU B AUCKPETHBIX CCTEMAX C MPOU3BOJIbHBIM YNCIOM
BXOZHbIX 1 BbIXOAHbIX BEJIMUMH (Lienb pa3paboTKum).

TEXHUYECKUE NMPEMMYLLECTBA

Konopumetpua uundpoBbix K306pakeHni i no3sonseT
onpenenATb UBeT 06BbEKTOB B YCNI0BMAX Gpr3nYecKon 1 go-
MOSIHEHHOW peanbHOCTU, MPEAOCTaBIAA HOBble BO3MOXHO-
CTM MO CPaBHEHWIO CO CTaHAAPTHbIMY MeTOLaMU: Harnpumep
npv NccnefoBaHNAX rPafMEHTHbIX CybCTaHUMIA, TakMX Kak
Nyyn, Opeosibl B PasfiIuHbIX Cpefax; a TakKe TOUeYHbIX U TeK-
CTYPHbIX O6BEKTOB B CTaTUYECKOM U AUHAMUYECKOM PeXxXu-
Max BpeMeHW. M3BeCTHble MeToAbl KONIOPUMETPUM LIMPPOBbIX
n3006parkeHNI MOXKHO pa3AenuUTb Ha NATb FPYM B 3aBUCMO-
CTM OT LUKasIbl CBOWCTB U LUMPUHBI A1arna3oHa NpUMeHeHN .
MeToabl nepBOW rpynmbl MCMOJb3YIOT HOMUHAJIBHYIO LKAy
ans ngeHTudrKaumm n Knaccupukaumm o6bekToB — BU3Y-
aribHas oLeHKa LM POoBbIX M300paKeHNI, a TakxKe AeTeKTop-
Hble MeToAbl (OBHapyXeHMne, Hannume/oTCyTCTBUE NpPU3Ha-
Ka, NMpeBblLLUeHe NOPOroBOro 3Ha4YeHnsA) B AnanasoHe 3Ha-
YeHN NPNMePHO ofHOro nopaaka. Metogbl BTOpon rpymnmbl
NCMOJb3YIOT PAHrOBYIO (YCNOBHYIO) WWKaNy AnA NOCTPOeHUA
KannbpoBOUHbIX KPUBbIX MPU NCCNef0BaHNAX N30XPOMaTH-
YecKrx 0OBEKTOB TONIbKO B OfHOM LIBETOBOM KaHaJse Lndppo-




BOrO M306paxkeHus B fMana3oHax NpYMepHO OLHOr0 — [BYX MOPAAKOB 3HAYEeHWI BeiMumH. MeTofbl TpeTbei
rPYNMbl TaKXe HanpaBfieHbl HA UCCNIEA0BAHMA N30XPOMATMUECKNX 0OBEKTOB, HO UCMOMbL3YIOT AiBa 1 bornee KaHana
LiBETOBOrO MPOCTPaHCTBa A/1A MOCTPOEHUA rPafyMpPOBOYHbIX LKa, Kak NPaBuio, B aHaNUTUYECKNX N3MepeHU-
AX, B iiana3oHe 3HauYeHn NPUMePHO OAHOrO NopaAaKa. YCNoxXHeHHaa MoandrKaLma METOA0B NPUMEHSAET LKa-
Nbl HECKOMNBKMNX LIBETOBbIX MPOCTPAHCTB, KOrda OLIEHMBAIOTCA IMHENHbIE KOMOUHALMN BEKTOPOB B [IBYX LIBETO-
BbIX MPOCTPaHcTBax. MeTogbl YeTBePTON rPymMbl NO3BONAOT ONPEAENATb LIBET 0ObEKTOB B YCIIOBUAX AOMOMHEH-
HOW peanbHOCTN 1 MELOT Arana3oH NPUMeHeHNA OT OQHOTO [0 ABYX MOPAAKOB 3HaUEHWI BENNYNHBI, Hanprmep
NP1 MOHUTOPWHIE CENbCKOW CPefbl C y4ETOM BIMAHMA KOCMOCA, U ONpeAeneHny HenpepbiBHbIX Aedbopmaninii
NN NepemMeLLeHNin 06BbEKTOB. MIHTepec NpeacTaBnAlT METOAbI NATOW rpynMbl, OPUEHTUPOBaHHbIE Ha onpege-
neHue LBeTa 0OBEKTOB PasfIMUYHON NPUPOADI C LUIMPOKKM AUANa30HOM APKOCTEN (Tpex — MATU NOPALKOB 3Ha-
YeHui), BXOAALWMX B OfHY cLeHy. CTaHJapTHble Mofenu LBeTornepeaaym MeTOA0B NMATON rpynbl OPUEeHTUPOBa-
Hbl Ha 3pUTENbHble BOCMPUATMSA, MUKOBYIO APKOCTb 3TaJIOHHOIO MOHMTOPA M 3TaJSIOHHbIE YCII0BMA MPOCMOTpa CO-
rnacHo ICC.1:2022 Tunos A, B, M 1 ITU-R BT.2446-0, He peLuasi Npobiemy METPOSIOrMYeCKO NPOCNEXNBAEMOCTU.

Pa3spaboTaHHas MeToA0NOrUA BKIOYAET PEKOMEHAALUNM MO pa3paboTKe YCIOBHOM MHOTOMEPHOW KOSToprMe-
TPWYECKON WKanbl, 06eCrneyrBaloLLeN METPONOrMUECKYIO MPOCIEXMBAEMOCTb PE3yNbTaTOB U3MEPEHUI NyTem
CCBIIKM Ha CTaHAAPTHble 06pa3Lbl U pedepeHTHbIN METOA U3MEPEHUIA; MOLAXOA K OLIEHKE BO3MOXHOCTEN Me-
TOOB LdPOBOI KONOPUMETPMMN, OCHOBAHHbIN Ha UCMO/b30BaHMU B KAYECTBE OMOPHbIX MapKepoB BanuaaLm-
OHHBbIX XapaKTEPUCTUK: NPaBUIbHOCTY, MPELIM3NOHHOCTH, HEONPeLeNeHHOCTU, CETEKTUBHOCTU, NPefenoB 06Ha-
PY>EHUA 1 KONMYECTBEHHOTO onpefeneHus, MIMHENHOCTY, UyBCTBUTENbHOCTH, POGACTHOCTY 1 AranasoHa npu-
MeHeHMUs, BKIoYas TEXHONOMMM UX OLLEHKN.

OXWOAEMbI PE3YJIBTAT MPUMEHEHUA

3aknoueHne A0rosopos " cornaweHunin o coTpygHnYyecTee C oTe4eCTBEHHbIMU U 3apy6e>KHbIMVI opraHmnsauyn-
AMU, CNONb3yeMble METOAbl KOJTOPUMETPUN LlI/I(I)pOBbIX M306pa)KeHI/IVI, KOMMepunanmsauma n npoasmxeHne
pa3pa60TOK Ha OTe4eCTBEHHOM N MeXOYHAPOAHOM PbIHKaX.

TEKYLLAA CTAAUA PA3BUTUA

BbinosnHeHa HayyHo-McCnefoBaTeNIbCKan paboTa.
Pa3spaboTka BHeipeHa B NPOU3BOACTBO.

MNOTEHUWAJIbHbIE NOTPEBUTENIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

HayuHble opraHu3sauuy, 3aHMMalLWnecs NCCefOBaHNAMM U MOLENNPOBAHNEM CBONCTB OOBHEKTOB Ha OCHO-
Be VX UNPPOBbIX N300paXKeHWI.

KOHTAKTHbIE AHHbIE

CaBkoBa EBreHva HukonaeBHa, OKTOPAHT, AOLEHT Kadenpbl «DNeKTPOTEXHMKA W NEeKTPOHMKa», KaHaAuaT
TEXHUYECKMX HayK, JOLEHT.

E-mail: evgeniya-savkova@yandex.ru
Ten.: (+375 29) 683 90 06
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ABTOMATU3ALMNA U TEXHOJIOTUN B MALLUHO- U NMPUBOPOCTPOEHUNA

5. CBETOBOM NPUBOP ANA CO3AAHNA BNATONPUATHON CBETOBOW CPEADI
B ABTOMOBWIE

OMUCAHUE PASPABOTKI

CeeToBOI NpubOp NpepHasHayeH Afs Co3daHusA

651aronpuUsATHON CBETOBOV CpeAbl ANl BOQUTENA B Lie-

NSIX NMOBbILIEHMA PabOTOCNOCOOHOCTH, KOHLIEHTPALMM

BHMaHWA, penakcaunn, CHUXKeHNA CTpecCa N TPEBOXK-

HOCTU B KabuHe aBToMo6UNA. B 0CO6EHHOCTM 3TO aKTy-

anbHO And BognTenen-mexayHapoaHnkos. CBETOBOM

npubop npeacTaBnsaeT cobor KOHCTPYKLMIO, COCTOSA-

LLYI0 U3 UCTOYHUKOB CBETA B BMAE KOMOUHaLMW pa3-

MeLLeHHbIX Ha MTOCKOCTAX rpaHe|7| NPOCTPAHCTBEHHbIX

MHororpaHHnkoB RGB v (unm) gpyrmx NCTOYHMKOB M3MTyYEHNA B COBOKYMHOCTU C COOTBETCTBYOLLMMY KaXKZOMy

cBeTOAMOAY NN APYroMy UCTOUYHMKY CBETA ONMTUUYECKMMU SrIeMeHTaMu. B ocHoBe paboTbl yCTPOMCTBA fiexaT Ha-

YUYHO 060CHOBaHHbIE CBETOTEXHMYECKNME CLIEHAPUI AJ1A HEBM3YaNIbHOMO KOHTAKTa C yYeToM GOTOMNMMYECKOro, Me-

30MMNYECKOrO Y CKOTOMMUYECKOTO TUMOB 3PeHMs, pa3paboTaHHble C y4eTOM O1ONOMMUYECKOro BO3PacTa, BPEMEHM
CYTOK, B/ia AEATENbHOCTM, MOMELLEHWS 1 Ap.

TEXHUYECKUE MPEMMYLLUECTBA

MN3BecTHbl ycTporicTBa — RGB-CBETUMNBHUKM pasnuyHbiX Mopuduka-
Ui (HanonbHble, TOPLUEPHbIE, SKCTEPbEPHbIE U T. A.), NPefcTaBasaoLme
coboli Tpragbl KPacHOro, 3eJIEHOTO U CUHErO aBTOHOMHbIX CBETOBbIX MPU-
60pOoB, NpedycMaTpPrBaloLLME BM3YasibHbI KOHTAKT 1 NpeAHa3HauyeHHble
ONA KOMMEPYECKOro NPUMEHEHNA B Lensax Au3aliHa NpoCcTpaHcTBa. Tak-
e 13BeCTHbI yCTpOoKnCTBa — YHMBepcanbHble RGBIC-namnbl, npefctasnsato-
LMe KOMOMHaLUM CBETOAMOAHbDIX 3IEMEHTOB, BCTPOEHHbIX B 4WHBIA KOpP-
nyc, UCnonb3yemble Kak ArHaMmuyeckas nogcsetka anda MK n TB-moxnTopos
(onAa cTpMMOB 1 Ip), a TakKe B pexxrme 3KkBanarnsepa. OCHOBHbIM HeloCTaT-
KOM MepeyncrieHHbIX CBETOTEXHUYECKUX YCTPONCTB ABMAETCA OTCYTCTBME
Hay4HO 060CHOBAHHbIX CBETOTEXHMNYECKMX CLIEHAPUEB — LINKIINUYECKIX U3-
MEHEHUIN CNEKTPANIbHOrO COCTaBa, APKOCTU U SKCMO3ULIUN.

3apaveit N306peTeHNA ABNAETCA yNyUlleHne COCTOAHUA BOAUTENEN,
OCYLLeCTBAALNX TPYAOBYIO fEATENIbHOCTb B AHEBHOE, CyMepeyHoe U1
HOYHOE BpeMs CYTOK, CBA3aHHYIO C MOBbILLEHHOW KOHLeHTpaLmen BHA-
MaHWs, B YCNOBUAX KOMOMHMpoBaHHoOro (doBeanbHoro v nepudepuii-
HOrO) 3peHuA, B TOM YMCie Ha OCTaHOBKaXx Npu paboTe C AOKYMeHTamu
Ha GYMa>KHbIX 11 SNIEKTPOHHbIX HocuTensx. [locTaBneHHas 3aaada 4ocTu-
raetcsa Tem, YTo CBETOBOW NPU60pP, CKOHGUIYPUPOBaHHbI B COOTBET-
CTBMM C MPOrPaMMOW, MOAENMPYIOLLEN N3MeHeHWA AHEBHOIO CBETa BO
BPEeMEHU 1 NPOCTPAHCTBE, MEHAET CMEKTPAbHbIN COCTaB U APKOCTb,
KOPPEKTMPYA CYyTOUYHble BMOPUTMbI YenoBeKa, ¢ yyeToM $akTopoB
GNVPKHEro 1 JanbHEro oKpy»KeHus, GopMUPYIOLLMX BM3YalbHYHO Cpe-
DY, BpemeHM rofia, reorpadprueckoro NonoXeHna 1 NpeanoyTeHnn -
[el, a Takke TpeboBaHWI 1 peKoMeHAAL M HOPMATVBHbBIX JOKYMEHTOB.

OXWUAAEMbIV PE3YJIBTAT MPUMEHEHUA

OXunfaembIM pe3ynbTaToM NPOeKTa ABNAETCA Nofaya 3asBOK U NOJTyUYeHe NaTeHTOB Ha ypoBHe Pecny6nuku
Benapycb, 3aKitoUeHMEe JOFOBOPOB O COTPYAHNYECTBE C MPOMBILLIEHHBIMU U HayYHbIMU NPeAnpUaTUaAMM Pecny-
6nukn benapycb 1 KHP, nogaya 3asBKU Ha NoslyyeHre COBMECTHOTO NaTeHTa, pPa3paboTka TEXHUUECKUX YCIOBUIA
Ha M3roToBNEHNE MOAMUKALMIA faHHOTO NPKGopPa 1 BbINyCK AaHHOI NPoAyKLuy B obpalleHune B Pecny6nvke
Benapycb 1 3a py6exom.
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JaHHan obnacTb UccnefoBaHW NpeCTaBIAeT MHTEPEeC Ha MeXAYHapOAHOM YPOBHE, UTO MOATBEPXKAAETCA 3a-
ABNeHNAMM Ha odurLManbHbIX CaTax BcemynpHO opraHr3sauunm 3apaBooxpaHeHs, MexayHapoaHOom KoMUccum
o ocBeLeHNo, MeXXayHapoAHOW opraHm3aLmy no ctaHaapT1saumm n ap. B Pecnybnuke benapych BepyTca co-
otseTcTBytowme MHW 1 THTM, HanpaBneHHble Ha NprBReYeHne HBeCTULMI B Pecny6nnky benapycb nyTtem co-
BMECTHOrO MAaTEHTOBAHUA C 3aMHTEPECOBAHHbIMU 3apyOeXKHbIMM MapTHEPaMM 1 Peann3aumnmn HayKoeMKIMX Tex-
HOJOMNM, a TaKXe UX METOANYECKOro, TEXHUYECKOrO 1 METPOSIOrMYeCcKoro ConpoBOXKAEHNA.

TEKYLWAA CTAANA PA3BUTUA
Pa3paboTka BHeipeHa B NPOM3BOACTBO.
M3roToBneH HaTypHbIn ob6paseLl.

BbinonHAloTCA HayyHo-UCCnefoBaTenbckre pabotbl coBmectHo ¢ LICOT HAH benapycn n MiHcTutyTom dpursno-
norun HAH Benapycu, BKMoUas 3KCNepuUMeHTasibHble NCCeloBaHNA U 1abopaTopHble TEXHONOMMM peanu3a-
LN CBETOTEXHNYECKUX CLieHapUeB.

CBEJJEHUA O MPABOBOI1 OXPAHE
I'Iop,aHa 3aABKaA Ha NaTeHT.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

CBeTOTEXHUNYECKME npeanpuATnA — N3rotoBuUTeNn, yNnoTHOMOYEHHbIE N3roTOBUTENAMU NUa; HAMBUAYyalb-
Hbl€ nNpeanpuHMMaTesnin, NoCTaBLWKN 1 npoaaBLbl CBETOTEXHUYECKON npoaykuunn, Nnosib3oBaTtesi NCKYCCTBEH-
HOro OCBELWEeHNA, 0Cco6eHHO ocyuecTsiAawwme neATesibHOCTb B Od)I/ICHOM nnn goOMallHeEM NMPOCTPaHCTBE 3a KOM-
NbOTEPOM U C LOKYMEHTaMU, Tpe6y|ou.|,y|o BbICOKOM KOHUEHTpaUunm BHUMaHUA, BOOUTENN.

KOHTAKTHbIE AAHHbIE

CaBkoBa EBreHus HiikonaeBHa, IOKTOPAHT, AOLIEHT Kadeapbl «DNEKTPOTEXHNKA W SNIEKTPOHMKA», KaHamaaT
TEXHUYECKNX HayK, AOLEHT — PYKOBOAMUTESb Pa3paboTKu;

YsxaH OHb, acnupaHT Kadenpbl «HPopMaLMOHHO-3MepUTENbHAA TEXHVKA U TEXHONTOMMUY;
Huueukn Jlykac, cTyneHT Kadeapbl «IneKTpudeckme CTaHLum».

E-mail: evgeniya-savkova@yandex.ru, zhang_yun1991@foxmail.com, nitsetskilu@gmail.com
Ten.: (+375 29) 683 90 06, 250 51 65, (+375 33) 318 53 44
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ABTOMATU3ALMA U TEXHOJIOTU B MALLUHO- U NMPUBOPOCTPOEHUNA

. PUANAA BHTY .
(HAYHHO-MCCAEAOBATEABCKNMA
NOAUTEXHUHECKMIN MHCTUTY Ty

6. UHHOBALINOHHbIE TEPMOAUOOY3UOHHBIE CJIOU HA PECYPCHBIX AETANAX
MALWIWHOCTPOEHUA

OMNMUCAHUE PASPABOTKI

Pa3paboTka OTHOCKUTCA K 00facT MeTasulyprim, a MMEHHO K XUMKKO-
TepMrYeckon 06paboTke, 1 MOXKET ObITb UCMOIb30BaHa Af1A U3roTOBAEHNA
anddY3MOHHO-YMPOYHEHHbIX AeTanen, MMeLWNX NOBbILEHHYO OAroBey-
HOCTb NpPW 3KCMlyaTauumn B YCIOBUAX BbICOKUX TEMMNEPATYP U KOPPO3UOH-
HOrO M3HalUMBaHMA.

Ha3HaueHue: Tepmoanddy3noHHble CIOV Ha PeCypPCHbIX AeTansX MallUHO-
CTPOEHNA C MOBbILEHHBIMM MEXaHNYECKUMMW 1 SKCMTYyaTaLMOHHbIMU XapaK-
TEPUCTVKAMK, B YaCTHOCTU U3AENNA U3 MeU Y MeJIHbIX CMJIAaBOB, YNPOYHEH-

Hbl€ MO KOMM/IEKCHOM TEXHONOMMN. MukpocTpykTypa Tepmoady3uoHHoro

. . cnos Ha mean M1
N dy3noHHbIN cnoii, Kak NpaBusio, BKIKOYAET TPU 30HbI: 61MKe K NoBepX- A

HOCTU TBepPZAbl/i PACTBOP TONLYUHOW OKONO 5—10 MKM, ry6xKe — KoMrekc

ANOMUHMAHBIX $pa3 (3To TBepAble PACTBOPbI HA OCHOBE COeAUHEHWI Cu3AI 7 CugAI4 oblLen TonwuHom 35-40 MKm),
a Takxe nepexofHas 30Ha (8o 8 % Al macc.), npencrasnsatowasn cobon a-dasy TonwmHon 10-20 mkm. MNocne no-
CrlefytoLero HacbIWeHNA npoLecca OKUCTIEHNA Ha NOBEPXHOCTU PEHTIEHOCTPYKTYPHbBIM aHaNIM30M Tak»Ke 00-
HapyxuBaetca ¢pasa AL O, Kak pe3ynbTaT B3aMMOAENCTBUA C KUCTIOPOAOM BO3ayXa ke chopmMnpoBaBLIerocs
andody3rnoHHoro cnos.

KCnyaTaUMoHHble CBOMCTBA MOSyUYEHHbIX 3aLMTHbIX CIOEB Ha MeAu, B YaCTHOCTU X apPOCTONKOCTb, PE3KO
NOBbILIAKTCA. YCTaHOB/EHO, UTO ANGGY3VOHHDI CON TONWMHOM 50 MKM OCTaeTcA paboToCnocobHbIM A0 TeM-
nepatyp 800 °C, NPOMCXOAUT yBeSIMUeHve CTOMKOCTY NPAKTUYECKM B 8 pa3 B CpaBHEHMN C Mefblo 6e3 3alnTHO-
ro cnos. Mgea KOMMNIeKCHOro ynpoYHeHVs C Liesbio MOBbIWEHWUA XapOCTONKOCTU N KOPPO3MOHHON CTOMKOCTU
Men 1 MefHbIX CMJIaBOB PeasniM3oBaHa Ha MpuMepe XoNoANIbHUKOB CTEKOSIbHOTO NMPOU3BOACTBA, rae pa3pabo-
TaHHaA KOMMJIEKCHasn TeXHOJOrSA, BKoUaLWwas TepmoanddysnoHHyo 06paboTky 13 creumanbHO CUHTe3UPO-
BaHHbIX aNIOMUHWIA- 1 GOpCoAEe P KaLLVX HACbILLAIOLLNX CMEeCei, NO3BoNMa 06ecrnedunTb pecypc paboTbl AeTanen
[0 nosiyrofa Ha npownssoacTse E-ctekna.

TEXHUYECKUE NMPEMMYLLUECTBA

Cnoco6oB 3alnTbl MefM U MeAHbIX CMIaBOB B HACTOsALLee BpeMs JOCTaTOYHO MHOro. Bce OHM HanpaBneHbl
Ha co3aaHune 6GapbepHOro CJ10A Ha NOBEPXHOCTU n3genus. OfHAKo OHM fOCTaTOYHO AOPOIY, HaNprUMep rasbea-
Huuyeckme nokpbiTna Ni — P, Kpome oueBrHOW JOPOroBM3HbI, Ha U3LENUAX CJIOKHON reoMeTpUYeckon dopmbl
peanusytotca ¢ 6onbwmmn TpyaHocTAMU. Hanbonee paurioHanbHbIM CNOCO60M 3alMTbl OT BbICOKOTEMMEPATY -
HOIO OKMCJIEHNA 1 KOPPO3UK Meu ABAsETCA TepMoandPy3nMOHHOE HacbILeHe SnieMeHTamu, 06pasyoLumy npm
OKMCNIEHNY MIIOTHbIE, YCTONYYMBbIE OKCUAHDBIE cfiou. [To3ToMy B NpefcTaBieHHON pa3paboTke yNpoyHeH e pea-
NM30BaHO Yepes KOMMNEKCHOE HacbileHne N3 CMecu cneLmanbHOro CoCcTaBa, NPenmMyLeCTBEHHO aNloMUHUEM.

Pa3paboTaHHble KOMMIEKCHbIe TEXHONOMMM U HacblLatoLme cpeabl 418 NOPOLLKOBOIrO HACbILEHWSA 13 antoMu-
HUIN- 1 Bopcofep KaLLMX CMeCel He NMEeIOT B CBOEM COCTaBe AePUUNTHBIX 1 SKONIOrMUYECKN HeGE30MacHbIX KOM-
NMOHEHTOB, CMeCU XapaKTepun3yTcA HU3Kom ctonmocTbio (5-8 gonn. CLLUA 3a 1 Kr), uto B 2-3 pasa gelesne 3a-
py6exHbix aHanoros. [pouecc ynpoyHeHWA peann3yeTca Ha CTaHAapPTHOM TepMUYECKOM 060pYyoBaHNM (LLaxT-
Hble neun), NpU HanNMuUM Takoro popa obopyaoBaHNA Ha MPOU3BOACTBE KanuTabHble 3aTpaTbl MUHUMASTbHbI.
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OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

BHeapeHve B Npon3BOACTBEHHbIV LMK YNPOYHAOLLEN TEXHONOTMW ANA NOMYYEeHNA XapOCTONKNX 1 KOPPO3U-
OHHOCTOWKMX KOMMIeKCHbIX TepMoanddy3rMOHHbIX C/I0EB NMO3BOIUT 06pabaThiBaThb LUIMPOKYIO HOMEHKNATYPY 13-
LENUin N3 Men M MeHbIX CMJIaBOB HAa MaLLUMHOCTPOUTESNIbHBIX MPOU3BOACTBax benapycu, Poccuu, ctpaHax 6nmx-
Hero 1 fanbHero 3apybexbs. PakTryeckn ofvH NPOV3BOACTBEHHbIN YYACTOK byAeT cnocobeH NpoBOAUTb YNpoY-
HeHuie 6onee 10 T/rog M3Aenni PasMyHoro GyHKLMOHANbHOrO HazHaYeHNA TepMOoANPDY3VIOHHBIM YTPOYHEHVIEM.

lNoBbllEeHHas JONTOBEYHOCTb Y HAEXHOCTb M3enui o6LLero MalMHOCTPOEHNA U MeTaypriu.

TEKYLAA CTAQRUA PA3BUTUA

MpomblLneHHble 06pa3Libl, MPOLUEALINE VUCTIbITaHUS B PeasibHbIX YCIIOBMAX SKCMyaTauuy, AeTanm ¢ TepMo-
AnddYy3MOHHBIMYM CNOAMMU.

MenkocepuiiHoe NPON3BOACTBO YNPOUYHEHHbIX N3OEeNNA.

CBELEHNA O NPABOBOW OXPAHE

MaTeHTbl Ha n306peTeHue BY 21805 o1 30.08.2017 «Cmech Anst 60poanuTMpoBaHUs CTalbHbIX AeTaneli»; BY 21806
0T 30.08.2017 «Cmecb an1a 60p0anuTMpOBaHUs CTalIbHbIX AeTanein.

TexHonornyeckaa nHCTpyKuma T 530.0023.025 «KomnnekcHoe ynpoyHeHne Meau 1 MefHbiX Cr1aBoB TePMO-
Anddy3rMoHHOM 06PabOTKOM B MOPOLLKOBBIX CMECAX».

MOTEHUWAJIbHbIE NOTPEBUTENN U/ SBAUHTEPECOBAHHbBIE B PA3PABOTKE
MawwnHocTponTenbHble NPeanpUATUS.

KOHTAKTHbIE JAHHDbIE

Jawkesuny Bnagummp feoprrieBny, KaHAMAAT TEXHUYECKUX HAYK, AOLIEHT.
E-mail: ontim@bntu.by

Ten.: (+37517) 29274 12

7.TEXHONOrUA N 0bOPYAOBAHUE NONTYYEHNA OYHKLINOHANIbHBIX
FPARUEHTHDIX MOKPbLITUA NNA3MEHHO-IA3EPHBIMW METOAAMU

OMNMUCAHUE PA3PABOTKHN

O60opynoBaHue 1 TEXHONOTUY NpefHa3HauYeHbl 4715 NOJTyYeHUs1 U3HOCOCTOMKMX MOKPbLITUI Paboumx noBepx-
HOCTel ieTanel MallviH 1 060pyA0BaHNs, PaboTaloLWMX B CJIOXKHbIX YCIIOBUAX IKCMNyaTaLym (BbICOKME yaembHble
Harpy3sKu npu BbICOKOI TEMMEPaType, BbICOKME YAembHble Harpy3Ky B YCIOBUAX OrPaHUUEHHON CMa3Kn U T. A.).

TexHonorus npegHasHayeHa A4siA NosyyYeHns 3alUTHbIX M3HOCOCTOMKUX MOKPLITWI 4715 Y3/10B TPEHUSA, UCTbl-
TbIBAKOLUX KOMOVIHUPOBAHHBIN HarpysKu.

Kak npaBuno, ana pelleHuns yKkasaHHbIX 3afiay NCNonb3yloTcA KepammnyecKime NoKpbITHA, U3 KOTOPbIX WPOKoe
NpYIMeHeHre HaXOAT NMOKPbITUA Ha OCHOBE OKCMAA alItOMUHMA 1 NMOKPbITUA 13 CaMOdioCyOLUXCA CNaBOB Ha
OCHOBe HUKens 6narogaps BbICOKOMY KOMMIEKCY GU3NKO-MEXaHUYECKIMX U SKCMITyaTaLMIOHHbIX XapakTepucTuk
yKa3aHHbIX MaTepuranos. OfHako Lenbiin pag ¢akTopoB cAepKMBaeT NprMeHeHre yKa3aHHbIX MOKPbITUN 1 Ha-
KnafblBaeT CyLleCTBeHHble OrpaHNYeHrsA Ha NPUMEHUMOCTb TakNX MaTepuasos.

HoBu3Ha pa3paboTKm 3aKYaeTcs B TOM, YTO NPU MOMOLLM NIa3MeHHO-1a3epHbIX METOA0B CO3AatoTcA GyHK-
LMOHanbHble rpavieHTHble MOKPbITUA 13 Pa3HOPOAHbIX MaTepUanoB C YepefoBaHMUEM 30H camodniocytoLero-
CA CNnaBa Ha OCHOBE HUKENA U 30H APYrUX MaTepuanos, Hanpumep 6poH3bl. PeannsoBaHo fBa cnocoba nony-
YeHMA TaKNX MOKPbITAN.

B nepBoMm cnyyae yKa3zaHHble rpagMeHTHble MOKPbLITUA CTPOATCA METOLOM Sla3ePHON HanaBKy NyTem Yyepepo-
BaHMA BaSIMKOB GPOH3bI 1 CaMOdIOCYIOLLEroca CrlaBa Ha OCHOBE HUKENA.
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[Jletanu ¢ MyNbTUMOAANbHbIMU MOKPbITUAMM

Bo BTOPOM C/ly4ae Npon3BoanTCA apMmnpoBaHme nnasmeHHOro nokpbiTnAa n3 6p0H3bI BannkKamun n3 camod)mo-
CylLleroca crjiaBa Ha OCHOBe HUKenNA.

I'Ipou,ecc HaHeCeHUA MyNbTUMOaNbHbIX FTPaANEeHTHbIX l'IOKprTI/IVI peannsyetca nméo nyTem HaHeCeHNA MeTo40M
na3epH0|7| HaniaBku Yepeayrowrxca BaIMkoB 13 CaMO(I)ﬂIOC)/IOLLlerOCFI cnnaBa Ha OCHOBE HMKeNA U, Hanpumep, 6pOH-
3bl, MO0 HaMMaBKOWN BasIMKOB 13 camod)mocylomerocn CnflaBa Ha OCHOBE HUKeNA C 3apaHee 3ajlaHHbIMK Npome-
KYTKaMn mexgy HUMm n nocneayowmm 3anoHeHNeM NpoMeXXyTKOB MeTO40M MJ1ia3sMeHHOIo HarnblU1eHUA 6pOH3bI.

B nonepevyHoOM cevYeHnn mynbtTmoaasibHbIX l'IOKprTVIVI Ha6monaeTc;| nepnognyeckoe n3smeHeHmne MMKpoTeep-
A[OCT B HanpaBneHnn napannesbHO OCHOBE, KOTOPOE 3aBUCUT OT Lara HarnjaBKu BaJIMKOB.

Takoe CTpoeHVe 1 CBONCTBA MPaAMEHTHbIX NEPUOANYECKNX MOKPLITUI 0BeCcneunBatoT yBeudeHe N3HoCo-
cTolikocTn B 1,3-1,7 pasa no CpaBHEHUIO C HAMNJaBIEHHBIMU J1a3ePOM MOKPBITUAMY U3 YNCTOrO caModiocyioLLe-
rocs CrijiaBa Ha OCHOBE HUKeNs, MPU 3TOM Ce6eCTOMMOCTb HaHECEHNWS MOKPBITUS YMEHbLUAETCs MoYTU B 2 pasa.

TEXHUYECKUE NPEMMYLLEECTBA
MpeumyLecTsa pa3paboTKK, MO CPaBHEHUIO C M3BECTHLIMM, 3aK/I0UAIOTCA B ClefytoLem:

1. Mpwv npaBuIbHOM BblIGOPe COCTaBa M reOMETPUY FPaANEHTHBIX CTPYKTYP AOCTUraeTCA CyLecTBEHHOe Mo-
BblLLEHVE HecyLlel cnocobHOCTM NoKpbITvl (0T 1,5 Ao 8,0 pa3), 0CO6EHHO B YCIIOBUAX KOMOVMHUPOBAHHOTO BO3-
[eNCTBUA BHELIHEeN cpefbl.

2. TexHONOrM NO3BONAOT NPELBAPUTENBHO NPOEKTMPOBaTb KOHGUIYpaLMo PacMNoNoXeHNs PasHOPOLAHbIX
30H B MOKPbLITUU U MPOU3BOANTb HAHECEHNE MOKPBITUI M3 PAa3HOPOAHbIX METaNNINYECKNX MaTePMAioB C BO3-
MOXHOCTbI0 YNPABNEHNA CBONCTBaMY NMOKPLITWI B 3aBUCMMOCTM OT YCITOBUIA UX SKCMTyaTaLuUn, YTO NO3BONSET
3HAUUTESIbHO PacIMPUTL 06M1aCTb NPUMEHEHWS YKa3aHHOWN rpynmnbl TEXHONOMUIA.

[lna peanvsaumy TEXHONOMMN HaHeCceHNA GYHKLMOHabHbIX FPaAeHTHbIX MOKPbITUA ObInn pa3paboTaHbl nnas-
MOTPOH U FONOBKa ANA la3epHON HannaBKy, obecneyrBaloLie HeobxoMble NapaMeTpbl NpoLecca HaHece-
HWA NOKPbITUI.

OXUAAEMbIV PE3YJIBTAT MPUMEHEHUA

BHenpeHve TexHONOrMM NpeanosnaraeT Co3aHne HOBbIX Pabounx MeCcT B HayKOeMKOM MPOU3BOACTBE, UTO MO-
BbILLIAET YPOBEHb VHTENNEKTYaNlbHOCTY TpyZa. YnyJllaloTca noTpebutenbckme CBOMCTBa FOTOBON NPoAyKuum
npeanpuATUR, YTO, B CBOKD OUepefb, CMOCOOCTBYET MOBbILIEHWNIO KAYeCTBa »KN3HY Yepes yNyUlleHUs HajexHo-
CTV TEXHUKU, KOTOPOW NIoAM MOJb3YTCA B paboyee Bpems.

TEKYLWWLAA CTAOUA PA3BUTUA

Pa3paboTaHbl TeXHONOrMYecKre NpoLecchl ¢ nutepoit «O». Peann3aLus TEXHONOMMY OCYLLECTBAAETCA HA NPO-
M3BOACTBEHHOM yyacTke OTpacieBOI HayYHO-UCCIeA0BaTENbCKON 1abopaToOpUn a3epHbIX U MIa3MEHHbIX TEX-
HONOrMI B BUAE M3rOTOBNEHNA ANA NPeanpUATAA OMbITHbIX NAPTUA AeTanen.

CBEZJIEHUA O MPABOBOI1 OXPAHE

1. PeweHue o Bblgaue nateHTa ot 10.10.2019 no 3anaBKe Ha n306peTeHne «Cnocob NOBEPXHOCTHOMO YNPOUHe-
HnA antommHmA» N2 a20180354 ot 19.07.2018 / O.T. leBonHo, M. A. Kapganonosa, E. B. lNorygo, O. B. ibAueHko,
0. B. Cepskosa.
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2. NateHT Pecny6nuku benapycb N2 21914 «[na3maTpoH AsiA HaHeceHUs NMOKpbITUsA» // OkoBuTbIN B. A., [eBoii-
Ho O.T.,, OkosuTbI B. B, ActawumHcknin B. M. — MIMKHO5H 1/00. 3aaska N2 20160217 ot 09.06.2016, 3aper. 07.02.2018.

3. MateHT Pecny6nukn benapycb N2 22197 «Cnocob noBepXHOCTHOIO YNPOUYHEHNA METaNIMYECKNX N3LeNunin
nepemelLaLLMMca nasepHbim nydyom» // XKapckun B. B., OesoriHo O. I, JlapueHko 0. B. — MIK B 23K 26/62,
C21D 1/09. 3aaBka N2 20121143 o1 27.07.2012, 3aper. 10.07.2018.

4.3anBKa Ha nateHT Pecny6nuku benapycb «Cnocob dopmmnpoBaHma MynbTUMOAANIbHOTO M3HOCOCTOMKONO Mo-
KpbiTna» N2 a20200118 ot 16.04.2020 / O.T. eBoiHo, H. W. Jlyuko, A. C. JTankosckui, B. B. MewkoBa.

OueHka HemMaTepuranbHbIX akTUBOB He NMpoBoannachb.

MNOTEHUWAJIbHbIE NOTPEBUTEJIN U/ 3BAUHTEPECOBAHHbBIE B PA3PABOTKE
MawwrHocTpounTenbHble NPeanpuATUs.

KOHTAKTHbIE JAHHbIE

[HesonHo Oner leoprreBny, LOKTOP TEXHNYECKUX HaYK, Mpodeccop.
E-mail: ontim@bntu.by

Ten.: (+37517)29274 12

8. TEXHONOT A NOMYYEHWUA KOMNO3ULIMOHHBIX U3HOCOCTOMKUX
MOKPbITUA COBMELLLEEHHOW NA3EPHOWU U UHAYKLMOHHON HAMJTABKOK
HA XENE30COAEPKALLMX CMTABAX

OMUCAHUE PA3PABOTKHN

TexHonoruaA npegHasHayeHa and NonyyYeHna 3anTHbIX N3HOCO-
CTONKMX NOKPBITAN 715 Y3710B TPEHMSA, UCTbITbIBAKOLLMX KOMOUHMPO-
BaHHble Harpys3ku. lNpegnaraemas TeXHONOrA NO3BONAET CO34aTb
rammy pasnunyHbIX TUMOB KOMMO3MLMOHHbIX MOKPbITUI Ha »Kene3o-
copepaLymx criaBax 4s1a pasnyHbIX CKOPOCTEN TPEHUA U cTene-
Hel Harpy3Ku nyTeM BapbMpOBaHNA YaCTOTON apMUPYIOLLEn CETKI
1 MapKO NOPOLLKOB 3aMnofIHUTeNEeN.

Mpouecc nonyyeHna KOMMO3MLMOHHbBIX M3HOCOCTOMKNX NMOKPbI-
TUN COBMELLIEHHOW N1a3epHOM N NHAYKUMOHHOM HamniaBKoW Ha »e-
nesocofepalyunx crnaBax peannsyetca nyTem nasepHon Hannas-
K1 BalMKOB B BMAE CETKM 13 XeNle30HNKeNeBoro Crnasa, Hanpu-
mep MF12HO1, uto obecneumBaeT 6onee NPOUYHOE UX coeANHEHNEe
C yNpouHsAeMoUi MOBEPXHOCTbIO OCHOBbI Ha 6a3e CNIaBoB CUCTEMbI
xeneso — yrnepof. Hannaeky nposoaAT c nomoubto CO, nnvi Teep-
[JOTeNbHOro sla3epa HenpepbIBHOro AeNCTBUSA, LWar BaslMKOB M3Me-
HAIOT B UHTepBane 5-20 MM ncxoaa 13 ycnosBusa obecrneyeHmns Bo3-
MOHOTMO U3HOCA N3JeNUA 1 MPUNYCKa Ha MexaHnuecKyto 06paboTKy.

(ranbHoli 0bpa3eL, C HaHeCeHHOI CETKO

Ha BTOpOM 3Tane NpoBOAAT OUMCTKY HarnsaBneHHoro obpasua
B pacTBOpe MHIMBUTOPOB C NocnieaytoLLelt ero o6paboTkol cneyu-
anbHO pa3paboTaHHbIMU GtoCamu 1 NOCTefytoLel KpaTKOBPeMEH-
HOW BbIAEPXKKOV B TEPMUYECKON Neun Ans ynyyleHus cMadnsa-
€MOCTV CTanbHOWN MOBEPXHOCTY MefHbIM pacnnasom. [anee npo-
BOAMTCA MHAYKLMOHHAA HamMMaBKa ¢ NpYMeHeHnemM MHBEPTOPHON
YCTaHOBKW U BblAEPXKKOW NPV TeMNepaType Harpesa B pacniaBieH- 06pasew; Moce UHAYKUMOHHOI HaNNaBKy nepen
HOM COCTOAHUV B TeHYeHMEe ONpeaesieHHOro BpeMeHY B rpadtoBom MexaHuyeckoii 06paboTKoii
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Turne (KOoTopbli obecneymsan paBHOMepHoe NoajepKaHve TemnepaTyp-
HOro MonA Mo Bcel NoLaan 3aroToBKM). BbigepKka NOKPbITUA MPU WUH-
AYKUMOHHOM HarpeBe 6blnia Heo6xoMMa f1A NOSIHOrO NPOTEeKaHUA NpPo-
uecca AMPPY3MOHHOTO CoeIMHEHNA MAaTPUYHOrO CrlaBa C MaTepranom
BaJIMKa U OCHOBbI M3AeNuA.

B pe3ynbrate nonyyaeTca NOKpbITE C KOMMNO3ULMOHHOW CTPYKTYPOW TOST-
LW1HOM 0Kono 0,5-1,5 MM. INeKTPOHHO-MUKPOCKOMNMYECKIME NCCNIef0BaHNA
BbIABUIN XOPOLLYIO aAre3unto Matepuana maTpuLbl, NOay4YeHHON METOAOM
I/IHAyKLI,VIOHHOIZ HamjlaBKW, a TakXe NMoBbILLUEHHY0 MOPUCTOCTb B 30HE KOH-
TaKTa apMUPYIOLLLEN CETKM U3 XeSIe30HMKeNeBoro Cniasa, Nosly4eHHON mMe-
TOAOM Jla3epHOW HannaBKy 1 MaTepurana NoAnoXKY, NPy 3STOM 30Ha KOH-
TaKTa ¢ GPOH30BOV MaTpULIEN MPAKTUYECKM NTULLEHA MOPUCTOCTW U OTNIN-

y (TanbHas BTY/KA C BHYTPEHHeil
YaeTCsA BbICOKOW CM/IOLHOCTbIO.

KOMMO3MLMOHHOI NOBEPXHOCTbI0 NoCne

MexaH1Yeckoi 06paboTku
TEXHUYECKUE NMPEMMYLLUECTBA

HoBu3Ha pa3paboTKy 3aKsoyaeTcs B pa3paboTKe HOBbIX MEPCNEKTUBHbBIX TEXHOOMI A NONYyYeHUs NpuH-
UMNKaNbHO HOBbIX KOMMO3ULMOHHbBIX MaTepUanos, 0651afatoLimx CIOUCTON CTPYKTYPOI Ha aHTUGPUKLIMOHHbIX
CriaBax Ha OCHOBE Me[V U YEPHbIX METAJIIOB AN YyULIEHUSA CYLLECTBYIOLLUX TPMOOTEXHUYECKMX MaTePUaoB
3a CYET NPUMEHEHNA KOHLEHTPUPOBAHHbIX UCTOUHNKOB SHEPTUN.

OXXUAAEMbIA PE3YNITAT NPUMEHEHUA

Bbicokas NpPOon3BOANTENIbHOCTb NMpouecca NoyvyeHNA KOMMNO3NLMOHHDbIX M3HOCOCTOMKMX I'IOKprTVIVI n I.IJI/IpOKVIVI
Anana3oH NoJlydyaemblix CBOWCTB 06ecrneyrBaeT KOH KypeHTOCI'IOCO6HOCTb Ha PbIHKe TpI/I6OTEXHI/ILIECKVIX n3genuin.

NoBbiLEeHNe CTOMKOCTU YMPOUYHEHHbIX AeTane MOXeT coCTaBUTb OT 3 o 20 pa3 (Hanpumep, Npu UCNosb30-
BaHMW B BAarOHETKAX aBTOK/IAaBOB U BbIABKHbIX MOAOB MUHUK-TILL).

TEKYLLAA CTAOUA PA3BUTUA

Pa3paboTaH TexHONOrMYeckuin npouecc ¢ nutepont «O». Peann3aumsa TEXHOOMMN OCYLLECTBNAETCA Ha NPon3-
BOLCTBEHHOM yyacTke HayuyHo-uccnenoBaTenbCKo MHHOBALMOHHOW nabopaTopu NpoMmblLLieHHOW Tennodu-
3uku punmana BHTY «HayuHo-uccnegoBaTenbCKuin NONUTEXHNYECK UHCTUTYT» B BUAE U3TOTOBJIEHVSA OMbITHBIX
napTun getanen Ana npeanpuaTui.

CBEJEHUA O MPABOBOI OXPAHE

KanvHuueHko B. A., KanunnyeHko M. J1. Cnocob nonyyeHusi K3HOCOCTONKOrO KOMMO3MLMOHHOIO MOKPbITUSA
Ha mMeTannnyeckon nopnoxke. MNateHt Pecnybnvkn benapycb, N°23257. 30.12.2020 // AdiubliiHbl 610neT3Hb //
Hau. usHTp iHTaneKTyan. ynacHacui. — 2020. — N2 6.

NOTEHUMAJIbHBIE NOTPEBUTEJIN U/ 3ANHTEPECOBAHHDIE B PASPABOTKE
MawmHocTpouTtesibHble NpeanpuUATHS.

KOHTAKTHbIE OAHHbIE

KannHnuenko BnagmcnaB AnekcaHZpOBMY, BefyLMA HAyYHbI COTPYAHWK Hay4HO-UCCefoBaTeNbCKOM
WHHOBALIMOHHOW NTabopaTopum INTENHBIX TEXHONOI I, KaHAMAAT TEXHUYECKNX HayK, JOLeHT.

E-mail: ontim@bntu.by
Ten.: (+37517) 29274 12
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9. MAJIOTABAPUTHbBIV UMMYIbCHBIN NA3EPHBIN U3JTYUYATESTb C TPOA0JIbHON
HAKAYKOM

OMUCAHUE PA3PABOTKU

PazpaboTka ucnosb3yeTcs 4jis Co34aHNA CTabWIbHbIX HELOPOTUX SHEPro3hPeKTUBHbBIX TBEPAOTENbHbIX fla3e-
poB VK- 1 Bugrmoro arana3oHoB. PazpaboTtka ncnosb3yeTca npy CO34aHNM AallbHOMEPHBIX Y HABUTaLMOHHbIX
CUCTEM MOBBILIEHHON HAAEXKHOCTL.

ManorabapuTHble UMMYSbCHbIE NIAa3ePHbIE N3yYaTenn C MPOAOIbHOW HakauKom ABAAIOTCA pa3paboTKkaMm C Bbl-
COKOW TEXHNYECKOW 3HAYMMOCTbIO, YTO OOYC/TIOBIEHO BO3MOXHOCTbIO MX NMPUMEHEHNA B Pa3fnyHbIX chepax npu-
60pOCTPOEHUS, MeVLMHbI, TPOMbILLIEHHOCTU.

JlazepHbIi K3nyyaTtesb C NPOAOSIbHON HaKauKow BKTIOUYAET OMNTUYECKM CBA3aHHbIE OMTUUYECKMIA MOAY b HaKau-
KIi, COAEPKaLLuii Mo MeHbLUE Mepe OfMH Nla3epHbIN A0 HaKauKK, 06beKTUB 1 pa3meLLeHHbIe B 0bLLem Kopry-
Ce 3afjHee 3epKano pe3oHaTopa, akTVBHDbIV 3/IEMEHT B BUAE MNIOCKONAPaIesibHON MAACTUHKI, MOAYNATOP LO-
6GPOTHOCTM 11 BbIXOAHOE 3€PKasio Pe30HATOPA, NPV STOM aKTUBHbIN 3/1IEMEHT YCTAHOB/EH TaK, YTO HOPMaslb K ero
pabouriMm NOBEPXHOCTAM COCTaBAAET yros bpioctepa ¢ ocblo pe3oHaTopa, 3agHee 1 BbIXOAHOE 3epKaria pe3oHa-
TOpa YCTaHOB/EHbI C BO3MOXHOCTbHIO MOBOPOTA BOKPYT OCEN, NeprneHANKYIAPHbIX OCY PE30HATOPa, a 0OCb MOBO-
pOTa 3aHero 3epKasa nepreHanKynsapHa ocu NOBOPOTa BbIXOAHOTO 3epKara.

AKTUBHBI 31IEMEHT MOXET OblTb BbIMOSIHEH 13 CTEKNA, IEMMPOBAHHOIO TPEXBANIEHTHBIMI MOHaMIK 3p6Ua Unu
nTTEPOUA N 3p6UA.

MOAyﬂﬂTOp AO6pOTHOCTI/I MOET ObITb BbIMOJIHEH B BMnae nacCMBHOro 3aTBOpa B BUAE nnocmnapanneanoﬁl
NNacTUHKN.

MaccrBHbIV 3aTBOP MOXET ObITb YCTaHOBJIEH TaK, YTO HOPMaJb K ero pabounm NOBEPXHOCTAM COCTABIIAET Yros
Bploctepa c ocbio pe3oHaTopa.

MaccuBHbIV 3aTBOP MOXKET ObITb BbIMOSIHEH U3 KPUCTasna MarHU-anioMUHEBON WNVHENW, NerMpoBaHHOMN
MOHaMK [iBYXBaJIEHTHOIO KobanbTa.

MOAyﬂﬂTOp ﬂO6pOTHOCTI/I MO>KET ObITb BbIMNOJIHEH B BULE SNEKTPOONTNYECKOIO 3aTBOPA, YCTAHOBJIEHHOIO MeXX-
AY aKTUBHbIM 3/IEMEHTOM M BbIXOA4HbIM 3€pKa/loM pe30HaTopa.

Kopnyc moxeT 6bITb BbIMOSIHEH 13 MaTepuana ¢ KoadPpnLUMEHTOM TeMNepaTypHOro paclupeHus, 6ansKum
K KOG PUUMEHTY TEMMEPaTYPHOro pacluMpeHns CTeKna.

Memp,y onTnyeCcknm moaynem Hakadykm 1 3agHUM 3€pPKaZiOM Pe30HATOpPa MOXET ObITb PacnonoXxeH CBETO-
(I)VIJ'Ipr C MaKCMaJ1bHbIM KOB(I)d)I/IL[I/IeHTOM nponyckaHnA Ha AnnHe BOJIHbl HAKaYKN U MaKCUMalibHbIM K03(I)d)l/l-
LUMNEHTOM OTPa*KeHA Ha A/1MHe BOJIHbI reHepaunn.

OnTnyeckmn MOAYNb HaKauykn MOXET Coaep»KaTb BOJIOKOHHbIN CBETOBO[ AJ14 3aBOAa 13NTy4YeHUA HaKaukn B 0OBEKTYB.

3aaHee 1 BbIXOLHOE 3epKasia pe3oHaTopa MoryT 6biTb
3aKpensieHbl B ONpaBax, yCTaHOBEHHbIX Ha ABYX B3aVIMHO
OPTOrOHasbHbIX MIOCKMX MOBEPXHOCTAX KOPMyca.

OnpaBbl 33AHErO U BbIXOLHOIO 3epKasl pe3oHaTopa Mo-
ryT GbITb BbIMOIHEHDI 13 MaTEpPUana ¢ ko3hpprureHTom
TeMMepaTypHOro paclunpeHns, Gn3Kum K KospduumeH-
Ty TEeMNepaTypHOro paclmpeHmns cTekna.

TEXHUYECKUE NMPEMMYLLECTBA

OCHOBHbIM NMPENMYLLECTBOM, MO CPaBHEHNIO C aHasno-
ramu, ABASETCA HM3KasA CTOUMOCTb, AOATUIA CPOK CITYXObl
Na3epHOro uJyyaresis, CoxpaHeHve paboTocnocobHoCTH
B YCJIOBUAX PE3KOr0 M3MEHEHUs TeMNepaTypbl OKpYXa-
owern cpefbl 1 BO3AENCTBMA MEeXaHNUYECKMX Harpysok.
B pa3paboTke UCMONb3yTCA NPUHLMMMANBHO HOBble
MaTepurarnbl akTUBHOW Cpefbl 1 KOMMOHOBOYHAsA CXeMa.

INeMeHT Nla3epHoii Z1aNlbHOMETPUYECKOii CUCTEMbI
(n3nyvatenn)
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OXWUAAEMbIV PE3YJIBTAT MPUMEHEHUA

Mpeanaraemoe TexHMYeCKoe pelleHre No3BonAeT obecneuntb:

- noJslyyYeHne reHepaLumn B cnekTpanbHom obnacty okono 1,5 MKM, KoTopas ABnAeTCA yCI0BHO 6e3onacHoii
AN1A OPraHoB 3PEHNA, HAXOAMTCA B OKHe» NPO3PaYyHOCTM aTMOCdepbl U COBMaAaeT Co CNeKTpasbHbIM Auanaso-
HOM PaboTbl BbICOKOUYBCTBUTENbHbBIX GOTONPUEMHUKOB 3a CYET BbINOSIHEHUA aKTMBHOIO S/1eMeHTa U3 CTeKNa,
NermpoBaHHOro TPeXBaNeHTHbIMU MOHaMK 3p6UA NN UTTepbua 1 3pbus;

— MoJslyyYeHne pexnma MoayMpoBaHHON JOBPOTHOCTM 3a CYeT MCMOb30BaHNA NacCMBHOrO 3aTBOPA B BUAE
nnockonapannesnbHol NIacTUHKK TG0 3NeKTPOONTNYECKOro 3aTBOPa, YCTAHOBNEHHOrO MeX Ay akT/BHbIM dJ1e-
MEHTOM 1 BbIXOZHbIM 3€PKanom pe3oHaTopa;

— YMeHbLUeHMe SNeKTPOMarHUTHbIX HAaBOAOK 3a CYET ONTMYECKOrO MOAYNA HaKauKy, COAep»KaLlero rno MeHb-
el Mepe OfiMH Na3epHbIi ANOA HaKauKu, 1 Moaynatopa JOOPOTHOCTH, BbIMOIHEHHOIO B BUAE NacCMBHOIO 3a-
TBOpA B BUAe NiocKonapaniesbHom NAacTUHKMU.

TEKYLLAA CTAOUA PA3BUTUA

MpombiLLneHHble 06pas3Libl, NpoLUeLne UCMbITAHWA B PeasibHbIX YCIOBUSX.

HanakeHo cepuriiHOe NPOK3BOACTBO B COCTaBE NPULIENIOB st ocHaweHua nsgenva 184-1MC (wndp «fABop»)
Ha OAO «[leneHr».

CBEAIEHUA O NPABOBOW OXPAHE

MateHT N2 12517 0T 01.12.2020 «J1a3epHbIi n3nyyaTesib C NPOAObHOM HaKaukom» C Hannynem Heonybnmnko-
BaHHOIO HOY-xay.

NOTEHUMAJIbHbBIE NOTPEBUTEJIN UW/WNN 3ANHTEPECOBAHHDIE B PA3SPABOTKE
MawmHocTpouTtesibHble NpeanpuUATHs.

KOHTAKTHbIE OAHHbIE

Kncenb BukTop DaBapnoBud, SOKTOP GU3MKO-MaTeMaTUUECKKX HayK, Mpodeccop.
E-mail: ontim@bntu.by

Ten.: (+37517) 2927412

10. NPOrPAMMHbI MPOAYKT ANA CO3AAHNA NPOTPAMMHOI0 OBECNEYEHMA
ABTOMATWU3WMPOBAHHOW CUCTEMbI YNPABNEHWUA TEXHOJTOTUYECKUMM
NPOLIECCAMU PABOTbI BOJOTPENHON KOTEJIbHON C KOTIAMU BOJIbLLON
MOLLHOCTH

OMUCAHUE PA3PABOTKI

Pa3pa6OTaHHbIVI I'IpOFpaMMHbII7| NPOAYKT NO3BOJIAET CO3[4aBaTb CMCTEMbI yrnpaBiieHnA onA 00DbEKTOB JHepre-
TUKW, B YaCTHOCTW AnA BOJJ,OFpeIZHbIX KOTOB 60/bLION 11 ManoWn MOLWHOCTW, AnA BCnomMoraTtesibHOro 060py,qo-
BaHNA OOBbEKTOB TEMJIOBbIX CETEN.

Pa3paboTaHHbI NporpaMMHbIl NPOAYKT NO3BOMIAET CO3[aBaTb CUCTEMbI YNPaBeHNs, MPUMEHEHNE KOTOPbIX
NPUBOANT K NOBbILLEHWIO HALEXHOCTY 1 KauecTBa OMNepaTUBHOIO yrpaBieHna pexrnmamm GyHKLNOHMPOBaHNWA
OTAEeJIbHbIX 71IEMEHTOB U BCE BOLOTPEHON KOTENbHON C peanu3auuein cnegyowmx GyHKLMA:

- obecneveHune ynpaeneHnA KoTioarperatamm Bo BCex pexnmax paﬁOTbI anA Bblpa6OTKl/I TennoBomn SHeprmun
Tpe6yeM0ro KOJInyecTBa N Ka4yecCTBa;

- obecreveHmne NepcoHasa ncyepnbiBaioLLei, HOCTOBEPHOWN U CBOEBPEMEHHOW UHPOPMALIMEN O XOAE TEXHO-

NOrMyecKrx NPoLIeCcCoB U COCTOAHNM 060PYAOBaHMA ANA BefleH!A onepaTMBHOrO ynpaBneHys, BKIoYas aBa-
PUIAHYI0 1 MpeaynpeauTeNnbHYIO0 CUrHanM3aLmnm;
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— UHTErpauua B aBTOMaTU3NPOBAHHYIO CUCTEMY YMpaBAeHNA TEXHONOMMYECKMMM NpoLeccaMn BCeX JIoKasb-
HbIX MHPOPMALIMOHHBIX CCTEM U JIOKaJTbHbIX CUCTEM aBTOMATU3MPOBAHHOIO YNpaBneHus;

— obecneyeHne GyHKLMNIA TEXHONMOTMYECKINI 3aLLMTbl KOTIOarperaTos NyTeM U3MEHEHNA pexxuma paboTbl unu
ocTaHoBa 060py[i0BaHMA NPY Yrpo3e aBapuy UK Npm yrpose 340p0BbIo NepcoHana;

- obecneyeHne onTMaNbHOWN aBTOMaTM3aLMM OCHOBHbIX TEXHOMOMMYECKMX NPOLEeCCOB BO BCEX KCMyaTa-
LIMOHHbIX PeXKumax;

— MOBbllUeHNe KayecTBa KOHTPONA M aHanm3a MnpoLeccoB 3a CYeT BO3MOXHOCTEW, MpefocTaBisaemMblX
nporpammHo-annapaTHbIM KOMMIeKcoM;

— ynyulleHre YCIOBUI TPyAa SKCNyaTaLMOHHOIO NepcoHana, CHKeHNe BEPOATHOCTY OLUNOOK AeXXyPHOro
nepcoHana;

— MOBbIWEHNE SHepreTuyeckon 3ddeKTUBHOCTA GYHKLVOHNPOBAHUA 3NIEMEHTOB U CUCTEMbI TEMTOCHAbXe-
HUA B LIESIOM.

Pa3zpaboTaHHbI NporpamMmMHbIf NpoayKT obecneumnsaeT npaMoe LdppoBoe yrnpasreHve o6opyaoBaHnem o6b-
eKTa yrnpaBneHus (BoforpenHbIM1 KoTnamu 60bLuoin MOLHOCTK). NporpaMmHasn peanmsalmsa OCHOBaHa Ha Uc-
Nonb30BaHUW TPeX TUMOB UCNONHAeMbIX mogynen (LY, cepBep 1 KNneHT) AnA BCex pa3HOBMAHOCTEN CUCTEM
yrnpaBfieHus.

B npuknagHom nporpammMHOM obecneyeHnn peannm3oBaHbl CeaytoLne TeXHONormyeckme npoLecchl: BOAo-
rPENHbIN KOTeN N CUcTemMa 6e30mnacHOCTM KoTa.

TexHonornyecknii npouecc «<BogorpenHbiit KoTten» obecrneyrBaeT aBToMaTnyecKoe ynpasneHve scemu dasa-
MW paboTbl KOT/Na: MOAFOTOBKA, PO3XKMT, Pa3orpes, paboTta 1 0CTaHOB.

TexHonornyeckni npouecc «Cnctema 6e30MacHOCTU» KoTna obecrneunBaeT 6e3OI'IaCHyIO SKCmyaTayuto KoT-
Jla BO BCEX peXXMMax pa6OTbI.

TEXHUYECKUE NMPEUMYLLECTBA

BHe.qpeHme CpencTB aBTOMaT4e€CKOro ynpasneHna B CUCTemMax TEnNoCHabXXeHNA NO3BONSAET 3HAUNTENIbHO NO-
BbICTb HAAEXHOCTb M SGKOHOMUYHOCTb X pa6OTbI, NPV 3TOM MOXHO BbiAENNTb cnefyrlmne NCTOYHNKN SKOHO-
MUn SHepreTnyeckmnx pecypcos:

1. Ha nctouHukax rennotbi:
— 3KOHOMMA TOMIMBA 3a CYET ONTUMM3ALMM NpoLeccoB ropeHusa (2,0-5,0 %);

24



ABTOMATU3ALMA U TEXHOJIOTU B MALLUHO- U NMPUBOPOCTPOEHUNA

— 5KOHOMMA TOMJIMBA 33 CYET ONTUMIM3ALMMN NepepacnpeaesieHrs Harpy3Ku mexay Kotnoarperatamu (2,0-5,0 %);
— DKOHOMMS TOMJIMBA 3a CHET CHUPKEHWS BHYTPUKOTESTbHBIX NoTepb (8o 3,0 %).
2.Y notpebutens:

— 3KOHOMWUA TEMOTbl Ha OTOMJIEHNE 34aHWI 3a CYET YCTPaHEHWA Neperpesa NnoMeLLeHni B OCEHHe-BeCEHHN
nepuop oTonuUTeNIbHOro ce30Ha (Ao 5,0 % oT obLero pacxofa TeNoThI);

— DKOHOMUSA TEMNOTbI HA OTOMJIEHNE 3[aHUI 33 CUYEeT CTabunm3aLmm pacxoaa TENIOHOCUTENSA B KBAPTaSlbHbIX
ceTsiX, NofkoueHHbIx K LTI (go 8,0 % oT obuiero pacxoga TennoThbl).

3. B TennoBbix ceTax:

— CH/XeHMe pacxofa 3MeKTPO3HeEPrv Ha NPUBOJ CETEBbIX HACOCOB 3a CYET YMEeHbLUEHMA pacxofia ceTeBom
BO/bI B pacnpefenuTesibHbIX TEMIOBbIX CETAX B CBA3Y C SKOHOMMUEN TEMOTbl Ha OTOMNJIEHE 1 ropsiuee BOLOCHA0-

KeHne, a TakKXKe 3a CHET MPUMEHEHNA perynnpyemoro sanekTponpmeona (,ElO 30,0 % skoHOMUY OT o6u4ero pacxo-
Aa NTIEKTPO3HEPTN Ha TPAaHCNOPT TensoHocuTens);

— 3KOHOMWA TEMJOTbI 1 SNEKTPUYECKON SHEPTUN 3a CUYET MPOrHO3UPOBAHUS U OMNEepPaTUBHOIO NOAAEPKAHUA
3a/laHHbIX ONTYMAsIbHbIX TEMOBbIX PEXMMOB PabOTbl KOT/I0ArPEraToB 1 CETEBbIX YCTAHOBOK, TPebyeMoro pac-
npeneneHns TeNJIOHOCUTENS NO NOTPeBbUTENAM, He NPEeBbILEeHVE TeMNepaTypbl 06PaTHO BOAbI BblLLEe AONYCTU-
Mo (go 5,0 % oT obuiero noTpebneHns);

— BHEApEHME ONTVMANbHbIX (AUHAMMYECKNX) TeMnepaTypHbix rpadurkos (8o 1,5 % ot obuero notpebneHus).

OXWUAAEMbIV PE3YJIBTAT MPUMEHEHUA

M3 npaKTunKm aKcnnyaTaLmm aBTOMaTM31POBaHHbIX CUCTEM YNPaBIeHUA TEXHOIOMMYECKMM NpoLieccaMm TenJo-
CHabXXeHWA B LIeNTOM 3KOHOMMSA MOXeT gocturatb 4o 3-10 % Tonnuea, 7-15 % TennoBow sHeprum n o 15-40 %
SNEKTPO3HEPr K.

TEKYLLAA CTAAUA PA3BUTUA

Pa3pa6OTaHHbIVI I'IpOI'paMMHbIVI NPOAYKT, VICI'IOJ'Ib3yeMbII7I ANnA Cco34aHnA NporpaMmmMHOro obecneyeHnsa aBToma-
TU3NPOBAHHbIX CUCTEM YT PaBJIEHNA TEXHONOTNYeCKnMun npoueccamum pa6OTbI 006beKTOB SHEPreTnkun, HaxoanT-
cAB I'IpOMbII.IJJ'IeHHOVI SKCrutyaTtaunmn Ha 6osee yem 20 ob6beKTax.
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CBELEHNA O NPABOBOW OXPAHE

B aBTOMaTVI3I/IpOBaHHOIh caicTeme ynpasJieHNA TEXHOJTIOrMYeCKnmMmmn npoueccamm NCcnonb3yoTcA OpUrmHalbHble
nporpamMmmMHble pelleHnaA, npeacrtasnawwne coboim HOYy-Xay.

MNOTEHUWANbHbBIE NOTPEBUTEJTA U/ 3AUHTEPECOBAHHDIE B PA3SPABOTKE
MawmHocTpounTenbHble NPeanpUATUA.

KOHTAKTHbIE AAHHbIE

CepHuH Anekceii BnagrmmnpoBuy, KaHANAaT TEXHUUECKNX HayK, JOLEHT.

E-mail: ontim@bntu.by
Ten.: (+37517) 29274 12

11. HAYYHO-UCCNEAOBATEIbCKUE NASEPHBIE KOMMIEKCbI

TEKYLAA CTARUA PA3BUTUA

OMUCAHUE PASPABOTKI

HayuHo-yuebHble flabopaTopHble flazepHble KOMMIEKCI NpeaHasHaye-
Hbl Ans 06yUeHVsA Pa3paboTUMKOB Na3epPHbIX CUCTEM 1 NMPOBEAEHS Hay Y-
HbIX NCCIefoBaHMM B 061aCTM IA3€PHbBIX U ONTUYECKMX TEXHONOMI C UC-
MoJib30BaHNEM TBEPAOTEbHbIX TEST HaKauKu.

Co3paBaemble Hay4HO-yuebHble 1aboPATOPHbIE KOMMIEKCHI ABJIAKOTCA
YHVIKasSIbHbIMU 1 NMO3BOSIAIOT UCCNe0BaTh CBEPXObICTPbIE MPOLIECCHI, Orpe-
AeNATb TeMNepaTypHO-00YC/IOBSIEHHBIE 3MEHEHWS NMOKa3aTens npenom-
neHusa dn/dT, aHanu3rpoBaTb GOTOYNPYrme NCKaXeHNA TBEPLOTESIbHbIX
Na3epHbIX SIEMEHTOB 1 Ap.

TEXHUYECKUE NMPEMMYLLECTBA

B oTnMume oT aHanoros B COCTaBe KOMMIEKCOB pa3paboTaHbl lazepHble
n3flyyaTenu, KoTopble NO3BOJIAIT JOCTUYL OOSbLUEN SHEPTN BIXOAHbIX
UMNYNbCOB NPU NPOLOSIbHOW ANOAHON HaKauKe B peXMMe NacCBHOM MO-
ByNAuUN JOO6POTHOCTH, YTO NO3BONAET NOBbLICUTb 3GHEKTUBHOCTL reHe-
pauuu, ynyywmnTb NPOCTPAHCTBEHHbIE XapaKTePUCTUKMN fla3epHOro nyuy-
Ka 1 B UTOre CyLeCTBEHHO CHM3UTb SHEpronoTpebneHmne, obecneyunTsb pa-
60Ty M3nyyaTenen B pasfMyHbIX YaCTOTHBIX PEXUMaX (B TOM yncne dem-
TOCEKYHJHbIX) NPV COXPAHEHW CPABHUTENIbHOW NMPOCTOTbl KOHCTPYKLMM
1 obecneyeHnn HageXHo PaboTbl B CIOXKHbIX YCIOBUAX SKCMTyaTaLuu.

OXWAAEMbIV PE3YJIBTAT MPUMEHEHUA

Co3zgaHue Jla3epHOro m3ny4yartesAa No3BONAeT B nocneayrowem paspa-
60TaTb I'IpI/l60pr HOBOI'O KJlacca, o6nana+ou.|,we ynyyweHHbIMW 3KCnya-
TaUMOHHbIMW XapaKTepPUCTUKaMn 1 MeHbLUel CTOMMOCTbIO AJ1s npnmeHe-
HWI B Pa3nnyHbIX OTpacnAx, CrnocobHble npeBoCXoanTb NO CBOUM XapakK-
TepPUCTNKam o6pa3ub| BeayLmnx MMPOBbIX KOMMaHUMN.

M3rotoBneHo 5 komnnekcos, KOTopble BHeapeHbl B bI'YY n BHTY.

CBEJIEHVA O MPABOBOI1 OXPAHE

MateHT Pecnybnukn benapycb N2 12517 ot 01.12.2020 «JlazepHbiii U3nyyaTenib C NPOAOSbHON HaKauKom»
C HanMumem Heony6/IMKOBAHHOIO HOY-Xay.
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MateHT Poccniickon Oepepauun N2 2543667 ot 02.02.2015 «OcBeTuTeNbHasA cucteMan.
MaTteHT Pecnybnuku benapycb N2 19694 ot 27.08.2015 «OcBeTUTENbHAA CUCTEMAY.

NOTEHUMAJNIbHbIE NOTPEBUTEJIN U/ 3BAUHTEPECOBAHHDIE B PA3SPABOTKE
HayuHblii 1 MHXeHepHbI NepcoHan npu pas3paboTke 1 ccneoBaHNAX HOBbIX OMTUYECKMX CUCTEM U Nla3epoB.

KOHTAKTHbIE AAHHbIE

Kncenb BukTop DaBapnosuy, SOKTOP GU3MKO-MaTeMaTUUECKKX HayK, Mpodeccop.
E-mail: ontim@bntu.by

Ten.: (+37517) 2927412

12. IA3EPHBIE KPUCTAJUIbI ANA AKTUBHBIX CPEQ N NACCUBHBIX 3ATBOPOB
(TEXHOJIOTUM BbIPALLMBAHUA ONTUYECKNX KPUCTANINOB:
MATHUA-ANIIOMUHUEBON WNUHENU, ANEKCAHAPUTOB)

OMUCAHUE PA3PABOTKU

Pa3zpaboTka ncnonb3yeTca AnA coO3aaHnA CTabUNbHbIX HE[OPOTMX SHEP-
roa¢ppeKTMBHbIX TBEPAOTENbHbIX UMMYbCHbIX Na3epoB MK-granasoHa B Ka-
yecTBe NacCMBHbIX MOAYNATOPOB JOOPOTHOCTH.

KprcTtannbl MCNonb3yroTcA B Ka4ecTBe NAacCUBHBIX MOZYNATOPOB f0OPOT-
HOCTW ANnA co3faHnA Manora6ap|/|THb|x MMMNYJIbCHbBIX Ma3epHbIX n3nyyare-
Nen Kak C 1aMnoBOW, Tak U C ANOAHOWN HaKauykou, KOTopble, B CBOIO OYe-
peab, ABNAITCA pa3paboTKaMy C BbICOKOW TEXHUYECKON 3HAUMMOCTbIO,
YTO OBYCNIOBNIEHO BO3MOXXHOCTbIO UX MPUMEHEHNA B PA3fINYHbIX chepax
OMTUKO-3NTEKTPOHHOIO I'Ipl/l60p0CTpO€HVIF|, MeanuHbl, NPOMbILWNEHHOCTI.

TEXHUYECKUE NPEMMYLLECTBA
Kpuctannbl o6nagatot yHMKanbHbIMU ONTUYECKMMI CBOMCTBAMU.

OMWAAEMbIA PE3YNILTAT NPUMEHEHUA
MprMeHeHVe KpUCTanIoB NO3BONAET CO3AaBaTb CTabMIIbHbIE Na3epHble

CMCTeMbl Mo 6onee HU3KOWM CTOMMOCTU, YEM aHANOI .

TEKYLLAA CTAOUA PA3BUTUA
MenkocepuinHoe Npon3BoACTBO.

CBEAEHUA O NPABOBOV OXPAHE

CocTaBbl Cpeq AN pocTa KPUCTaIoB 1 CNOcobbl BbIPALLMBAHUA ABNS-
I0TCA HEOMNYONNKOBAHHbBIMI HOY-Xay.

MNOTEHUWAJIbHBIE MOTPEBUTEJIN /W 3AUHTEPECOBAHHbIE

B PASPABOTKE
MpubopocTponTesbHble NPeanpPUATU.

KOHTAKTHbIE AAHHbIE

Kncenb BukTop DaBapnosud, JOKTOP GU3MKO-MaTeMaTMUECKKX HayK, Mpodeccop.
E-mail: ontim@bntu.by

Ten.: (+37517) 2927412




13. JHEPTOCBEPETAIOLIAA TEXHONOTUA PEBEPCUBHO-CTPYHHOU O4YUCTKM
CTAJIbHbIX MOBEPXHOCTEH OT KOPPO3UU

OMUCAHUE PA3PABOTKU

TexHonorus aHeprocbeperaLLel, BbICOKONPON3BOANTENBHOW PEBEPCUBHO-CTPYNHOM ouncTKy (PCO) v 3awm-
Tbl OT KOPPO3UU CTaIbHbIX MOBEPXHOCTEN, NPeAHa3HauYeHHbIX MOA JIa3ePHYI0 Pe3Ky, NCMosb3yeT paboune Xug-
KOCTW Ha OCHOBe BOofbl C OOaBKaMK PeYHOro necka 1 6EHTOHUTOBOW FMHbI Ha HaYanbHOM U 3aBepLUaoLLeM
3Tanax o6paboTKN COOTBETCTBEHHO.

Pa3paboTaHHas TEXHOIOrMs OCHOBaHa Ha MPUHLIMINE PEBEPCVBHO-CTPYMHOMO TeUeHUs paboyei XUaKocT npu
06paboTKe CTaNbHON MOBEPXHOCTY, 33 CYET Yero AaBJieHNe OT BO3LENCTBUA Ha OUMLLAEMYI0 NOBEPXHOCTb BO3-
pactaet B 1,3-1,5 pa3a C COOTBETCTBYIOLLMM MOBbILLEHEM NPOV3BOAUTENBHOCTY NPOLECca NO CPaBHEHMIO C TPa-
OVLMIOHHOW CTPYMHOWM OYMCTKOW, MPY KOTOPOW CTPYA pacTeKaeTcA Mo nperpage nocne yaapHoro BO3AencTama
Ha Hee, NPV 3TOM 06paboTKa NOBEPXHOCTU CONMPOBOXAaeTcAa GopMUpoBaHMeM Ha Hell B npouecce PCO aHTMKOp-
PO3VIOHHOTO MIEHOYHOTO MOKPbITUA C HA3KOWM OTpaxKaTeslbHOW CMOCOOHOCTbIO, KOTOpOoe obecrneunBaeT B Aasb-
HelleM NOoBbILeHNe CKOPOCTM nasepHou peskn Ha 15-20 %.

KoHcTpyKkuma ycTpoiicTa ANA peann3avui npoLecca peBepcuBHO-CTPYIAHON 0UMCTKIA CTalbHbIX NOBEPXHOCTEl

KoHCTpyKLKMA yCTPONCTBa coaepumT Kopnyc 1, cBa-
3aHHbIV CO CIMBHbBIM KaHasioMm 2. B kopnyce 1 3akpen-
neH oTpakaTesib 3 C HAaKITOHHOW MI0CKON NMOBEPXHO-
CTblo 4. B oTBepCTMM OTpaxKaTena 3 C BO3MOXKHOCTbIO
NPOAOSIbHOrO NepemMeLleHNsA YCTaHOBMIEH COMOBbIN
610K 5, npeiHa3HayeHHbIN Ana GopMUPOBaHUA MHO-
FTOKOMMOHEHTHOW KaBUTUPYIoLLen CTpyn pabouer
XKNIKOCTY, KOTOPbIA GUKCUPYETCA C MOMOLLbIO BUH-
Ta 6 B OTBepCcTUMN oTpaxkatensa 3. B nepegHen vactn
Kopnyca 1 ycTaHOBJIeH Ha pe3bbe KOHUYEeCKMI nepe-
XOLHVIK 7, OCHaLLEHHbI 311acTUYHON HacagKkom 8, npu-
nerawollen No KOHTYpy K obpabaTtbiBaemol NoBepx-
HOCTW 9, NP 3TOM BHYTPEHHAA NOBEPXHOCTb KOpny-
ca 1, noBepxHOCTb 4 oTpaxaTena 3 1 Hapy»KHasa no- Yetporicto ans peanusauuu npouecca PCO
BEPXHOCTb COMIIOBOro 6510Ka 5 06pasytoT CIMBHYIO MO-
NOCTb, CBA3AHHYIO CO C/IMBHbIM KaHaNom 2.

ConnoBblii 610K 5 BKJloUaeT wryuep 10, Ha KOTOPOM Ha pe3bbe ycTaHoBNeHa rnb3a 11 ¢ NOABOAALIMM Na-
Tpy6KOM 12, B KOTOPOI Ha pe3bbe YCTaHOBJIEH CMEHHbI KOHdY30p. Kpome Toro, B WwTyuepe 10 BbIMOMHEH Ka-
Han 14 gnsa noAeofa noAaBaemMoii Nof AaBneHem XuUaKocTy. B nepefHein yactn wryuepa 10 Ha pe3bbe ycTa-
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HOBMEH CTaKaH 15 ana ¢ukcaumm KannbpytoLen BTynKn 16, orpaHnumBaloLLei nonepeyHoe ceyeHmne 17 ctpyu
NoAaBaeMON XXNOKOCTU.

TEXHUYECKUE NPEMMYLLECTBA

PaspaboTaHHasa TexHonorua PCO cTanbHbIX MOBEPXHOCTEN, B OTIMUME OT APOOECTPYNHON OUNCTKM, KOTopas
No3BONAET TONbKO CHATb NPOAYKTbl KOPPO3UKW C OUMLLAEMON MOBEPXHOCTH, PeLLaeT OAHOBPEMEHHO TPY NPUH-
LMnranbHbIX 3apaym:

— OUMLLAET NOBEPXHOCTUN OT MPOAYKTOB KOPPO3unK;

- 3awWuLaeT AeTanb OT MOBTOPHOWM KOPPO3MU 3a CHET MOKPLITHA OUMLLEHHON MOBEPXHOCTY 3aLLUTHOW MNJIeH-
KOW TONLLMHOW 5-7 MKM;

— obecneunBaeT NoNHOe NOrJOLLeHVie CBETOBOW SHEPruK N1a3epHOro Jlyya, NafaloLlero Ha 3alMTHOE MieHou-
HOe MOKpPbITME, U 33 CYET 3TOr0 NPaKTUYECKN BCIO MOLLHOCTb NTa3€PHOr0 U3NTyYeHNA NCMOoJb3yeT Ha NONe3Hyio
paboTy Mo pe3Ke NNCTOBbLIX CTasIbHbIX MaTEPUASIOB.

OXXUAAEMbIA PE3YNbTAT NPUMEHEHUA
MonyueHne 6onee KaueCTBEHHbIX M KOPPO3NOHHO-CTONKIX AeTasiel NPy la3epHOI pe3Kke NIMCTOBOro MeTasa.

TEKYLLAA CTAOUA PA3BUTUA

Pa3paboTaHa KOHCTPYKLMA YCTPONCTBa AN peanusauum npouecca PCO, NpoMmblLNEHHbIe UCMbITaHNA KOTOPO-
ro 6111 NpoBeaeHbl Ha 6aze COOO0 «Inuzep» 1 000 «AMKogop-Moxan.

CBEJIEH/A O NPABOBOW OXPAHE

1. Cnocob onpeaeneHna npegena NPoYHoOCTN MeTanna: nat. BY 11520/ W. B. KauaHos, J1. A. caeBuy, B. H. Ko-
Baneckmi, B. H. Wapwn, A. H. *Kyk. — Ony6n. 28.02.2009.

2. YCTpONCTBO ANa 0TO0opa OCBET/IEHHOW rMAPOCMeCck Ha 3eMcHapsae: nat. BY 14172 / W. B. KauaHos, I'. B. Mec-
uos, A. H. YepHo6bineu, A. H. XKyk. — Ony6n. 30.04.2011.

3. YCTPONCTBO AN1A OYNCTKM OT KOPPO3MM NJIOCKOWN CTasibHOWM MoBepxHOCTK: nat. BY 16526 / . B. KauaHos,
A. H. Xyk, B. H. Wapwiz, C. O. Mageneu. — Ony6n. 30.10.2012.

4. YCTpOWCTBO ANA OYUCTKM OT KOPPO3UW MSIOCKOW CTanbHOM noBepxHocTu: nat. BY 19543 / . B. KauaHos,
A. H. Xyk, . M. WaTanos, B. H. Wapwii, C. U. Ywes, A. A. Py6ueHsa. — Ony6n. 30.10.2015.

5. CocTaB pabouyert »KMAKOCTY ANA TAPOAVHAMUYECKO OUYMNCTKM METAINIMYECKNX MOBEPXHOCTEN OT KOPPO3UK ne-
pen nasepHon peskoii: nat. BY 21455 / W. B. KauaHos, A. H. »Kyk, B. H. firnos, A. B. Qununuunk. — Ony6n. 30.10.2017.

6. Cnocob ouncTKM MeTannnyeckrx noBepxHocTel: nat. BY 21512 / W. B. KauaHos, A. H. Xyk, A. B. Qununuuk,
A. C. VicaeHko. — Ony6n. 30.12.2017.

MNOTEHLUWAJIbHbBIE MOTPEBUTEJIN U/WN 3BAUHTEPECOBAHHDIE B PASBPABOTKE
MpombiluneHHble NPeanpPUATUSA, NPeanpuaTMA BOLHOIO TpaHcnopTa Pecny6nvkn benapyco.

KOHTAKTHbIE AAHHbDIE

KauaHoB Viropb BnagnmmpoBuy, BOKTOP TEXHUYECKMX HayK, Npodeccop.
E-mail: ontim@bntu.by

Ten.: (+37517) 29274 12

14. 3HOCOCTOMKNE NOKPbITUA HA OCHOBE 3AKANEHHDIX
CAMOOTIOCYIOLNXCA HUKEJEBBIX CMINABOB

OMUCAHUE PA3PABOTKI

TexHonorusa npeaHasHayvyeHa anAa nonyvyeHnA 3alinTHbIX M3HOCOCTOMKNX I'IOKprTI/IIZ ANA y3Nn0B TPEHWUA, NCMbl-
TbiBalOWMX KOM6I/IHI/IpOBaHHbIe Harpysku.
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Kak npaBwuno, ans peleHns ykasaHHbIX 3afjay UCMosb3yoTcA NOKPbITUA
13 CNIaBOB C BbICOKMM COflepKaHreM JoporocTosLlero Kapbuga sonbdpa-
Ma 6narofiaps BbICOKOMY KOMMIEKCY GU3MKO-MeXaHUYECKMX U SKCMya-
TALUMOHHbIX XapaKTEPUCTUK TaKKX MaTepuanos. OgHako obnacTb nprme-
HEHUA NMOKPbITUI 13 BoNbdpamocoepKallyxX CMaBoB CAEPKMBAETCA UX
BECbMa BbICOKOW CTOMMOCTbI0. 3TOT paKTOp HaKNafbiBaeT CyLIeCTBEHHbIE
orpaHuyeHusa Ha MPUMEHUMOCTb YKa3aHHbIX MaTepuanos.

BHauane Ha NOBEPXHOCTb AeTaJIM HAHOCAT ra3oTepmMmnyeckoe NoKpbiTne
n3 CaMO(I)J'IIOCYIOIJJ,eFOCﬂ CrnJiaBa Ha OCHOBE HMKenNA. 3aTeMm, Ha BTOPOM 3Tane,
npon3BoaunTCA onJiaBieHMe NOKPbITUA TOKaMIn BbICOKOW YaCTOTbl C OAHO-
BpeMeHHbIM NapanyiesibHbIM 6bICprIM oxnaxpeHvem onjiaBieHHOoro cnoA
BOJOW, TO eCTb NPONCXoANT 3aKaslka Noy4YeHHOIo NOKPbITUA.

TEXHUYECKUE NMPEMMYLLECTBA

HoBw3Ha pa3paboTKm 3aKoUaeTcs B TOM, UTO NMOKPbITVSA CO3Aa0TCA KOM-
6UHMPOBaHHBIM CMIOCOOOM.

B pe3ynbraTe Tako 06paboTKM B OMJIaBNEHHOM CJiIoe 00pa3yeTcs HepaB-
HOBECHasA CTPYKTYpa C BbICOKOWN TBEPAOCTbIO 1 M3HOCOCTOMKOCTbIO, MO-
JO6Has CTPYKType, MoslyyaemMon nNpw la3epHOM OMMIABIEHUN MOKPbLITUI.
B To e Bpems npeanaraemas TEXHONOMA UMEET HEOCMOPVIMblE MPenMy-
LeCTBa Nepeq nasepHor 06paboTKol, 3aKoJatoLmecs B ropasgo bonee
BbICOKOW npon3BoanTENbHOCTA 1N B HECOMOCTaBMMO MEHbLLEN CTOUMOCTU
NprYMeHAeMoro o0opyaoBaHNA.

[leTanu C M3HOCOCTOMKNMY NOKPbITUAMU,
NoNnyyYeHHbIe Mo npennaraeMoﬁ
TexHonoruun

OXWAAEMbIA PE3YJIBTAT MPUMEHEHUA

MNoBblleHne CTOMKOCTY YMPOYHEHHbIX AeTaneln MOXKeT COCTaBUTb OT 3
00 10 pa3 (KpoHLWTelHbl ABEPEl NeYHOro obopyaoBaHMA — B 3 pasa, po-
JINKK N3r6a BONOUYUSIbHBIX CTAHOB M3FOTOBNIEHMA CTPOUTENIbHOWN apMaTy-
pol —B8pa3uT.a.).

TEKYLLAA CTAAUNA PA3BUTUA

Pa3pa60TaH TEXHONIOMNYECKNIA npouecc c J'II/ITepOl7| «O». Peannsaums texHonormum OCyLLeCTBIAETCA Ha NpPOoun3-
BOACTBEHHOM y4acTKe OTpaCHEBOVI Haquo-MccnenosaTeanKon na6opaTop|/||/| Jla3€pPHbIX N MJIa3MEHHbIX TEXHO-
NOTVI B BUAE N3rOTOBMIEHUA OMbITHbIX napTvu7| jetanen gna I'Ipe,EI,I'IpI/IFITVIVI.

CBEJEHNA O NPABOBOW OXPAHE

1. MaTeHT Pecny6nukn benapycb N2 21914. Mna3maTtpoH Ans HaHeceHWA NoKpbiTus // OkosuTbIn B. A., [leBoit-
Ho O.T., OkoBuTbIn B. B., ActawmHckun B. M. MIMK HO5H 1/00. 3asBka N2 20160217 o1 09.06.2016, 3aper. 07.02.2018.

2.MNaTteHT N2 23656 Pecny6nukm benapycb, MIMK B 23K 26/00 (2014.01). Cnoco6 ¢opMUpoBaHUa MybTUMOLasb-
HOro MOKPbITUA Ha MOBEPXHOCTY MeTannmueckon getanum: N2 a20200118: 3asa8n. 16.04.2020: ony6n. 28.02.2022/
O.T. fleBonHo, H. N. Nyuko, A. C. Jlankoeckun, B. B. MewwkoBa; 3aasutens BHTY.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE

MalumnHocTponTenbHble NPeanpUATUA.

KOHTAKTHbIE JAHHbIE

DNeBoiiHo Oner leoprreBmny, JOKTOP TEXHMYECKNX HayK, Npodeccop.
E-mail: ontim@bntu.by

Ten.: (+37517)29274 12
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ABTOMATU3ALMA U TEXHOJIOTU B MALLUHO- U NMPUBOPOCTPOEHUNA

15. NPOrPAMMHbI MPOAYKT (TPEHAMEP) 119 ONEPATUBHOTO MEPCOHANA
NEKTPUYECKOrO LEEXA MO MEPEKNIOYEHNAM U INKBUAALIUU ABAPUNHBIX
CUTYALIUN

OMNMUCAHUE PASPABOTKI

MporpamMmmHoe obecrneyeHre npegHasHauyeHo Ans obydyeHus u
CaMOoMOoAroTOBKM ONepaTVBHOIO NepCoHasa 3eKTPUYECKOro Liexa
CTaHUWMW NOpAAKY npoBedeHUA KOMMyTaL[I/IIZ B HOpMaJIbHOM 1 aBa-
PUNHOM peXxunme.

B KauecTBe nonb3oBaTeNbCKOro UHTEpdeNca TpeHaxepa Wc-
MOb30BaH 3NEKTPOHHBIN MaKeT, NpeAcTaBnsowumii cobor sKpaH-
Hble GOPMbI C OAHONIMHENHON CXeMOW CTaHUMW, AOMOJTHEHHbIE NH-
TEPAKTUBHbIMU U306PAKEHNAMM LLMTOB YNPaBNEHWS, NaHenen pe-
NEVHbIX 3aLMT Y aBTOMATMKM, @ TaKKe aHUMUPOBaHHbIMI N306paske-
HUAMMU peanibHOro 0CHoBHoro obopynosaHus OPY, aueek KPY (cue-
Hbl), UMUTaLMen 3KpaHHbIX dopm APM, TM 1 TepMrHanoB M1UKpo-
NPOLIECCOPHbIX 3aLLNT.

Pabota TpeHa)kepa opraHn3oBaHa Ha yeTblpex M3BM (HC3, 3H3L,
03M, kKabuHeT oxpaHbl Tpyaa). Bce M3BM, nucnonbsyemble ana tpe-
HUPOBKW, paboTaloT Noj ynpasfieHVeM onepaurioHHOW CMCTEMbI
Microsoft Windows He Hue Bepcum 7.0 ¢ yctaHoBnieHHbIM NETF-ramework 4.0 v BKntoueHbl B ogHy nHbopma-
umoHHyto ceTb TOL, 5 (npoTtokon TCP/IP, Microsoft SMB Protocol). /ix nonb3oBaTenu MmeoT AOCTYM K YTEHUIO U 3a-
MUCK KaTasiora, CoaepKallLero nporpaMMHoe obecneveHre TpeHaxepa (Ha cepepe CTaHLuK).

B pexxume TpeHMPOBKM paboyee MecTo TPEHUPYEMOTO OTobpaXKaeT MHGOPMALIMIO O TEKYLLEM COCTOAHUN MO-
[NV 3NEKTPUUECKON CETU B BUE ONEPATUBHbBIX CXEM C MOKA30M TEKYLLUX (B MOLENV SEKTPUYECKON CeTU) No-
NOXEHUI KOMMYTALMOHHBIX annapaToB 1 PAacYETHbIX MapaMeTPOB peXKrma.

Kax bl KOMMYTaLMOHHbI annapaT v TpaHCPOPMaTOP Ha ONEPATBHOWN CXeME ABMIAETCA aKTUBHbIM.

Mpwy nepeknioYeHUN pasbeaVHUTENEN, 3a3eMIAIOLLMX HOXKeN UX BUA Ha poTorpadurv 060pyfoBaHNSA N3MEHS-
€TCs1 B COOTBETCTBUM C UX HOBbIM MOJIOXKEHNEM.

TEXHUYECKUE NMPEMMYLLUECTBA

MpoayKuusi He IMEET aHaNIOroB NN MPEBOCXOAUT 3apyOeXXHbIe N OTeYeCTBEHHbIE aHanoru. [o3BonseT npu-
HUMATb PEeLLIEeHNA MO NePeKToYEeHUSM B YCIIOBUSX HOPMasibHOM PaboTbl U NPU BO3SHVKHOBEHW aBapUNHBIX pe-
XUMOB 1 NMMKBUZALMM aBapui Ha cTaHuuu. lNpegHa3HaveHa ana co3gaHna KOMMYTaLNOHHOM U PEXUMHON MO-
[enel aNeKTpoTexHNnYeckoro obopyaosaHus ¢unvana «T3L-5» PY «MuHCKIHepro.
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OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

MoBblLEHWEe HAEXKHOCTN PabOTbl TEMOINEKTPOCTAHLMI 3a CUET MOBbILLEHUS YPOBHA 0OCTY>KIBALOLLETO Nep-
COHarna.

TEKYLWWAA CTAANA PA3SBUTUA

MporpaMMHbI MPOAYKT UCMONb3yeTCA ANIA NOATOTOBKM OMepaT1BHOrO NepcoHasa anekTpruyeckoro Lexa B dpu-
nunane «T3L-5» PYIT «MuHCK3Hepro».

CBEAEHNA O NPABOBOW OXPAHE

MporpamMmHbI NPOAYKT 3apernctprpoBaH B Pecny6nuke benapych (cBugetenbctso N2 007 o1 24.02.2017).

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE
3ﬂeKTp0CTaHLI,I/II/I.

KOHTAKTHDbIE JAHHbIE

KaneHTnoHok EBreHmin BacunbeBuy, KaHANAAT TEXHUYECKUX HaYK.
E-mail: ontim@bntu.by

Ten.: (+37517) 29274 12




ABTOMATU3ALMA U TEXHOJIOTU B MALLUHO- U NMPUBOPOCTPOEHUNA

V. YHPEXXAEHWME OBPA3OBAHNA .
«(BbPECTCKMUN TOCYAAPCTBEHHbIN TEXHMHECKNMA
YHVBEPCUTETY

16. BECITWIOTHAA TPY30BAf TEJIEXKA

OMNMUCAHUE PASPABOTKI

BecnnnoTHas Tenexka (AGV — Automatic guided vechicle) — TpaHcnopTep ¢ aneKTponprBoAOM, NpefHa3Ha-
UEHHBbIN AN1A NepemeLleHra rpy30B. Tenexxka aBToMaThyecKas, a 3TO 3HaUUT, YTO AnA ee 06CNYKUBAHNA He Hy-
XEeH OTAeNbHbIN OnepaTop — TENeXKN ABUFAOTCA MO 3aAaHHON TpaeKTopuy B aBTOHOMHOM pexume 6e3 yya-
CTVA YyenoBeka.

BecnnnoTtHas Tenexka cHabxeHa BCeMy HEOBXOAVMbIMU CUCTEMAMM N dfieMeHTaMn 6e30MacHOCTY, MOXKET
SKCMNYaTUPOBATLCA Ha BPeAHbIX MV OMACHbIX NMPOW3BOACTBAX, B MECTAX CKOMMEHUA NIIOAEN 1N APYruX ABUrato-
LMXCA TENEXEK.

B 3aBMcMMOCTM OT TrNa, 6ecnnioTHas Tenexka paboTaer:

- BYKCUPOM, NepeBo3a Apyrue TENeXKu;

— NepeBO3YMKOM, NOAHMMAsA 1 NepeBo3s Ha cebe rpy3bl (CTENNAXK, NanneTbl U T. 4.).

OcHoBHble HarnpaBneHnsa paboTbi:

— OBWXXEHWE Mo NpeABapUTesibHO onpefeneHHON TPAaeKTopun pasfinyHon Gopmbl, BKIOUAA Pa3BUIIKY;

- NoAAepKaHme NOCTOAHHON CKOPOCTM B CJTyUae COMPOBOXAEHMUA KOHBENEpa Un ApYyrix 06beKkToB;

— OCTAHOBKM Vi NPOJOSIKEHME ABVXXEHWS KaK B 3apaHee onpeaesieHHbIX No3uLmsax, Tak 1 no TpeboBaHuio one-
paTtopa;

- 3arpysKa v pasrpyska nepeBo3mmbIX KOMNOHEHTOB;

- 6ecnpoBogHas CBA3b C APYrMMU TENEXKAMU UIN LEHTPASIbHbIM TEPMIUHANIOM ANS CO34aHUA CETU TeNIeXeK,
OBVXKyLLMXCA 6e3 yuacTua nogen;

- KapTorpad)mpOBaHme HenoaBUXHbIX I'IpEI'IﬂTCTBVII7I AnAa npoe3snaa Ha MMHMaNnbHOM PAaCCTOAHNN;

- pacno3sHaBaHue nepemeLLaLLNXCA NPENATCTBUN, OKUOAHNE UX UCUE3HOBEHUA U NPOAOIKEHVE paboTbl.

Cnegys no mapwpyTy, 6eCnnioTHasA TeNeXKa MOXeT:

— OCTaHaBNBATLCA N CHOBA HAUMHATb ABUXKEHWE;

— COMPOBOXAaTb KOHBEEP Ha MOCTOAHHOW CKOPOCTY;

— BbINOJHATb ApYrue 3anporpammmnpoBaHHble feNCTBUA.
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B cTPyKTYypy aBTOMaTUYECKM YNpaBAAeMOi TENEXKN BXOAAT:

1) 6noK NprBoOAa C ABYMA HE3ABUCUMbIMU 371EKTPOMOTOPaMI, 06eCcneunBaloLnii TAry 1 MOBOPOT Ha MapLUpY-
Te CNefjoBaHus;

2) 6nokK 3HeproobecneyeHus, cofeprKallmin HAbop repmMeTNYHbIX HEOOCTYXKBaeMbIX aKKyMyATOPOB (pa3pe-
LUEeHbI 4718 NTPUMEHEHMSA B MOMELLEHUSAX, e HAXOAATCA NOAN, He TPebyIoT CneuranbHON KOMHaTbI AfA 3apAaKu);

3) 6710K ynpaBfeHna C NPOrpamMmMUpPyemMbIM KOHTPOJIIEPOM, OTBEUAIOLLMIA 3a NMPOLIECC ABUKEHNS;

4) cicTema 6e30MacHOCTY U OMOBELLEHNS, BKITIOUalOLLasA B ce65 CBETO3BYKOBYHO CUrHaNM3aLMI0 MPU ABUXEHNN
1 CepTUGULINPOBaHHBI YNbTPa3BYKOBOW fanibHOME;

5) cuctema HaBuraumm, NO3BONAOLIAA peann3oBaTb ABMKEHME NO 3a4aHHON TpaekTopuy;
6) NynbT ynpaBfieHns.

Wcnonb3oBaHme 3T1X cucTeM No3BonAeT 6ecnnnoTHOM TenexKe cleaoBaTb Mo 3agaHHOMY MapLUpyTY, BKO-
Yyan pasBUIIKM 1 MOBOPOTbI, KOHTPOIMPOBATL NPENATCTBUA Ha NYTW CIEA0BAHMUSA, OCTAHABNNBATLCA NPY UX Ha-
NNYMN 1 MPOJOKATb ABUXKEHUE MNP MEPBON BO3MOXHOCTM.

Bec mobunbHoro pob6ota — 80 Kr.
lpy3onogbemHocTb — 150 Kr.

TEXHUYECKUE NMPEUMYLLECTBA

Cncrema ynpasneHuaA 6eCcnmIOTHON TenexKom NOCTPOEHa Ha 6aze O6U.|,e,D,OCTyI'IHbIX MPOMbILLUNEHHbBIX KOM-
NNEeKTYLWMNX, YTO 3HAYNTENIbHO YyNpoLlaeT N3rotoBieHne Takoro po60Ta. Po6ot ncnonb3syet pa3pa60TaHHb||7|
1 3aMaTEHTOBaHHbIN HAMW METO HaBUTaLMK Mo MO3anKe NINTOYHOro nona. B kauectse LEHTPaNbHOro npouec-
COpa ncnosib3yeTcA I'IpOMbILLIJ'IEHHbII7I NIOrnNYecKni KOHTpOJIJIEP, YTO NO3BOJIAET HaNnaguTb B3anmopencTaune po-
6oTa c NPOMbILLUNEHHBIMW MPOTrpaMMHO-annapaTHbIMM KOMIMJIEKCaMin MPon3BoACTBa.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

TeopeTunueckue pesynbTtatbl OyayT COCTOATb B MOSTyYEHMN METOAA OPUEHTaLMN MOBUIbHOIro poboTa No Mo3a-
1Ke nona npov3BOACTBEHHOrO NOMELLEHNA A1A BbIMOMHEHUA Pa3INYHbBIX TEXHOOTMYECKUX onepaLuii.

MpaKkTryeckne pe3ynbTaTbl 3aKIIOYAKOTCA B CO34aHMMN U pa3paboTKe crcTeMbl yripaBieHNA, U3rOTOBIEHWM pa-
604yero o6pasLia 1 UCMONIb30BaHUN €ro B Pa3fiMUHbIX MPOV3BOACTBEHHbIX CK/lafaX, TOProse.

TEKYLWWAA CTAQNA PA3BUTUA

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

BbinyLueH onbITHbIM 06pa3eL,.

CBEAEHUNA O MPABOBOW OXPAHE

Mone3Has mogenb BY12995 «YcTponcTBO OpreHTaLnm 1 HaBUraLmm Tefiexkkn MobunbHoro pobota npu ero ne-
pemelLLeHNM NO rOPU3OHTaNIbHOWM MOBEPXHOCTY B 3afaHHOM noMelyeHuny / B. H. WyTb, H. Y. awyk, U. B. Kona-
any, E. B. Bacuniok, A. O. 3apeunbinn, A. O. 3apeuHsbin, H. C. MoHTuK, A. B. borko, W. C. Hukonanuuk.

NOTEHUWAJNbHBIE MOTPEBUTEJIN U/WJTN SAUHTEPECOBAHHbDIE B PA3PABOTKE

Jlornctnueckme cknagbl, NPOMbILWIEHHbIE NPeanpuATUA.

KOHTAKTHbIE JAHHbIE

Bacuniok EBreHunn BuktopoBmy, acnvpaHT.
E-mail: wasiluk.ewgen@gmail.com

Ten.: (+375 29) 896 24 97

34




ABTOMATU3ALMA U TEXHOJIOTU B MALLUHO- U NMPUBOPOCTPOEHUNA

V. YYPEXAEHVE OBPA3OBAHMS ]
«(TOMEABCKMM TOCYAAPCTBEHHBIA TEXHUYECKMI
YHMBEPCUTET UMEHM M. O. CYXOTO»

17. HOBbIE KOMIIEKCHO-NETUPOBAHHBIE OEPPOMATHUTHBIE MATEPUATBI
HA OCHOBE METAJUTUYECKUX OTXOA0B 419 OUHWULIHON MATHUTHO-
ABPA3VIBHON O6PABOTKU TPYAHOOBPABATbIBAEMbIX MATEPUANOB

OMNMUCAHUE PASPABOTKI

Mpennaraembiin MarHATHO-abpa3unBHbI MOPOLIKOBbIV MaTepuran NpefcTaBnseT CO60M KOMMIEKCHO-NErMPOBaH-
Hble MENIKOAMCNEPCHbIE YAaCTULIbl HA OCHOBE JUCMEPCHBIX METANINIMYECKUX OTXOAOB, IMEIoLLE Ha MOBEPXHOCTU
TBepable ¢pasbl: HUTPUADI, Kaporabl 1 6oprabl. Takas CTPYKTypa YacT1L abpasnBHOro MaTepuana obecneymsaet
BbICOKVE PEXYLLME CBOMCTBA MPY COXPaHEHUN VX MAarHUTHBIX CBOMCTB. TO NOBbILIAET NPOV3BOANTENIbHOCTb NPO-
Llecca MarHMTHo-abpasnsHom 06paboTkm (MAO) n obecneunsaeT Tpebyemoe KauecTBo noBepxHocTr. O6opyao-
BaHVie NpeCTaBnAeT co60M TPEXKOOPANHATHBIN CTaHOK C YUMCIIOBbIM YpaB/ieHeM, obecrneymBaiolnii ABUXe-
HVi€ MarHMTHO-abpa3nBHOIO NHCTPYMEHTA MO CIIOXKHOW TPaeKTopun Npu 06paboTke pacoHHbIX MOBEPXHOCTEN.

O6nacTb NpUMeHeHVss — GUHMLLHAA 0bpaboTKa feTanel ¢ KPUBOMHENHBIM NPOodUnemM, B TOM YMC/e U3ro-
TOBJ/IEHHBIX 13 TPYAHOOOpabaTbiBaeMbIX MaTepraoB: HEPXKaBeIoLLe CTanu, XKaponpoYHON CTanu, Aopantomm-
HWISl, CNleYeHHbIX MaTePUanNoB Ha OCHOBE HUKENS.

MOpd)OﬂOZUH (mpykmypa 4acmuy,

BOPVIPOBaHHbIVI MOPOLLOK U3 ANCNePCHbIX MeTaInyeCkix 0TX040B

TEXHUYECKUE NMPEMMYLLUECTBA

AHanoru — cneyeHHble GeppoMarHUTHble
MOPOLLKOBble MaTepuarnbl Ha OCHOBE »enesa,
cofepallye Ha MOBEPXHOCTM KaXKAoM YacTu-
Libl TBEPAbIE SNIEMEHTbI: CUHTETMYECKME anma-
3bl, OKCVAbI U Kapbrabl MeTansos.

B npepnaraemoli pa3paboTke BbICOKME pe-
XYyLLe CBOWCTBA NPV COXPAHEHVMN MAarHUTHbIX
CBOWICTB HE CHMKAIOTCS 3@ CYET CYLLEeCTBEHHO-
ro MOBbILUEHNA NIOWAAN PEXYLLeN yacTh Ya-
CTUY (B OTAMUME OT aHANOroB, PeXyLLel Ya-

CTblO ABNAETCA BCA NMOBEPXHOCTb llaCTI/ILI,I:nl).
ﬂpOMSBOJJ,I/ITEJ'IbHOCTb MAO c ncnonb3oBaHnem Pa3nYHbIX MOPOLLIKOB
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370 NOBbILWAET NPOU3BOANTENBHOCTb NPOLIEC-
ca MAO Ha 50-200 % no cpaBHEHMIO CO CneYeH-
HbIMW GEPPOMArHrUTHLIMM abPa3UBHBIMMN Ma-
Tepuanamu 1 obecneyrBaet Tpebyemoe Kaue-
CTBO NOBePXHOCTU. TexHonorna anddy3MoHHo-
ro NernpoBaHns MOBEPXHOCTW YacTuL, NO3BO-
NAET yNpaBAATb TEXHONOMMUYECKMI CBOVCTBA-
MW MOPOLLKOBbIX MaTepuanos, N3roTaBnBas
UX C pa3IMYHbIM $pa30BbIM COCTaBOM U TPeby-
eMoli TBEPAOCTbIO MOBEPXHOCTY B 3aBUCMMO-
CTV OT obpabaTbiBaemMoro matepuana: Ha no-
BEPXHOCTY MOTYT BbITb 60punAbI XKenesa, Xpo-
Ma, TUTaHa, Kapbuabl TYyronaaBKUX 3N1eMEHTOB,
HUTPWADI, OKCKABI altoMUHKA 1 gp. CebecTon-
MOCTb M3rOTOBJIEHMSI TaKNX MaTePUasnos npu
STOM HIXKe Ce6eCTOVMOCTY U3roTOBIEHUS Cre-
YeHHbIX GepPOMArHUTHbIX abpPasmnBHbIX MaTe-
pvanos. [oCTUXMMas LIepoXoBaTOCTb 06pabo- W3meHetue wepoxosatocti B npouecce MAQ
TaHHOW A1 Y3MOHHO-NErMPOBaHHBIMI 6OpU- C MCNONb30BaHNEM Pa3NNYHBIX NOPOLLKOB
POBaHHbIMU MOPOLUKOBLIMU MaTEpPMaaMm Nno-
BepxHocT — Ra 0,08 mkm.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

MNosblweHne CpOKa Cﬂy>K6bI 6bICTp0I/I3HaLLIVIBaIOI.LWIXCFI SN1eMEHTOB U1 AeTanen O60pyAOBaHVI’i-I, CHMXeHne we-
POXOBATOCTV MOBEPXHOCTU V3LeNni, UMEeILWMNX CIOMHbIN I'IpOd)I/Iﬂb.

TEKYLAA CTARUA PA3BUTUA

MpomblLwneHHbIN o6paseLl. [opoLlKoBble MaTepurasbl CEpUIHO U3rOTaBNMBAOTCA B TabopaTopun YHUBEPCH-
TeTa. TexHonorna MAO (nonvpoBaHMsA) CNeYeHHbIX MaTepranos (ra3oniameHHbIX U3HOCOCTOMKNX MOKPLITUN) C
MCMONb30BaHNEM HOBbIX 60PMPOBaHHbIX MOPOLLKOBbIX MaTepUanoB NCMONb3yeTcA NPW U3roTOBIEHUN ieTanel
«MnyHxep» no npambim fgorosopam ¢ PYI MO «benopycHedTb».

Yuactok nnyHxepa, noasepryTblit MAO

CBEJEHUNA O MPABOBOW OXPAHE
DeppomarHuTHbI abpa3unsHbI MaTepuan: nat. N2 16981 Pecn. benapycb, MIMK8, C9K 3/14, B 24D 3/34,C23C 8/68.

MOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MawwnHocTpounTenbHble, NpubopocTpounTenbHble, HedTeaoObIBaOLME NPeANPUATAA, @ TaKKe NpesnpuaTAA
cenbxo3mallnHocTpoeHus Pecnybnukn benapycb n Poccuiickon Oegepauuun.

KOHTAKTHbIE AAHHbIE

MeTpuwwnH MNpuropwuii BaneHTHOBWY, fieKaH MALLMHOCTPOUTENbHOIO GaKysbTeTa, KaHANAAT TEXHUYECKUX HayK,
[OLEeHT.

E-mail: petrishin@gstu.by
Ten.: (+375 232) 50 96 89
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VI YHPEXAEHWME OBPA3OBAHMA
«(TPOAHEHCKNN TOCYAAPCITBEHHBIN YHUBEPCUTET
MMEHRHW AHK KYTTIAAbBI»

18. CUCTEMbI ABTOMATM3ALIUU U3MEPEHWUI B SKCMEPUMEHTE

OMNMUCAHUE PASPABOTKI

YHUBepCasibHble MUKPOKOHTPOJIIEPHbBIE CUCTEMbI 3MEPEHMS
bGUBNUECKUX N XUMUYECKUX BEIMUYNH HA OCHOBE COBPEMEHHbIX
BbICOKOMPOW3BOANTENIbHBIX MUKPOKOHTPOJIEPOB MO3BOMAT
aBTOMATM3MPOBATb NPOBEAEHVE HAYYHOTO IKCMEPUMEHT], Ha-
npvmMep B 0651aCTV TEXHUKN ONTUYECKOWN CMEKTPOCKOMWM 1 Ap.

Pa3paboTaHHble CCTeMbl ONTUMM3MPOBAHbI 1S MCMOJb30Ba-
HUA C WMPOKMM [Mana3oHOM AaTYMKOB OMTMYECKOro M3fyyve-
HUA (GOTOINEKTPOHHbIE YMHOXWTENM, B TOM YMcsie paboTatolyme
B peXkume cyeta GOTOHOB, TaBUHHbIE doToanOabI, POTOANOAbI
1 GOTOPE3UCTOPDI PA3IUYHBIX TUMOB), a TaKXKe AAaTYMKOB Temre-
paTypbl (TepmMonapbl, TEPMOPE3UCTOPbI, UHTErpasibHble AaTuu-
K1 TeMMNepaTypbl), 4AaTUYVMKOB MOJIOXKEHNSA, @ TaKXKe NeINCTOPOB
1 SNEKTPOXVMNYECKUX CEHCOPOB. CCTEMbI IMEIOT BO3MOXKHOCTb
YMpaBneHVsA UCMONTHUTENbHBIMU YCTPONCTBAMU U SNIEKTPONPU-
BOAAMM Ha OCHOBE CEPBO- 1 LUArOBbIX ABUraTeNnen.

TEXHUYECKUE MPEMMYLUECTBA

COBPEMEHHBH 3N1eMeHTHadA 6a3a n opwurnHanbHoOe NporpaMmmHoe obecrneyeHne No3BoNsAT CO3aaBaTb aBTO-
MaTU3NPOBAHHbIE N3MEPUTENIbHbIE CCTEMDbI COITaCHO CI'IELWIq)I/IKaLl,VIFlM 3aKa34yunKa C onTManbHbIM COOTHOLUE-
HVemM «CTOMMOCTb — ¢yHKL|,I/IOHaJ'IbeIe BO3MOXHOCTWU».

OXXUAAEMbIA PE3YNbTAT NPUMEHEHUA

Bo3moXkHOCTb co3gaHuA dBTOMATU3NPOBAHHDbIX VIH¢OpMaLI,VIOHHO-I/I3MepVITeJ'IbeIX cncTem gnAa aBTomMatusa-
LMW HAay4YHOI O 3KCNepnumeHTa.

TEKYLWAA CTAOUA PA3BUTUA
BbinosHeHa HayuHo-MCCnefoBaTeNbCKasn UM OMbITHO-KOHCTPYKTOPCKas (TeExHomornyeckas) pabora.
PaspaboTka BHeflpeHa B NPOU3BOACTRBO.

Ha ocHoBe pa3paboTaHHbIX MOAXOAOB pa3paboTaHbl U NOCTaB/eHbl Ha 3KCMopT (B Pecny6nuky KasaxcTaH)
5 aBTOMaTV3VPOBaHHbIX CUCTEM YMNPABEHWs HayYHbIM 060PYyAOBaHMEM.

MNOTEHLUWAJIbHbBIE MOTPEBUTEJIN U/WITN 3BAUHTEPECOBAHHDIE B PA3BPABOTKE
YupexgeHusa o6pa3oBaHUA 1 HAyKu, nabopaTopuu NpeanpuaTil n opraHn3aLuii.

KOHTAKTHbIE OBAHHDbIE

lepmaH AHppeln EBreHbeBuy, 3aBeaytowmii Kaheapor NeKTPOTEXHUKIN 1 SNEKTPOHUKY, KaHanaaTt dusmko-
MaTeMaTUYeCKMX HayK, JOLIEHT.

E-mail: german@grsu.by
Ten.: (+37529) 780 47 39
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19. MHOTOOYHKLIUOHAJIbHBIE JOBABKWU HA BA3E TPAOEHOMOAO0BHbIX
CTPYKTYP N OTOPCOLEPXKALL X COEAUHEHUN AN1A MACEN U MNACTUYHBIX
CMA30K 1N CO3AAHMA UMMNOPTO3AMELLAIOLLEN MPOAYKLIUK

OMUCAHUE PA3PABOTKU

BBeaeHue B HepTsAHYI0 OCHOBY Pa3HOOOPa3HbIX MPYCAAOK B CTPOFO A03UPOBaHHbIX M COanaHCMPOBAHHbIX KOH-
LieHTpaLusIX NO3BOISET 3HAUNTENIbHO U3MEHWTb CBOMCTBA UCXOAHOIO Macsia. BbiGop T1Mna 1 KOHUEeHTpaLum npu-
CafKW 3aBMCUT OT Ha3HaUYeHUs Macsla. Bcsikoe Macno B NpriHLMINE JOMKHO coflepKaTb Kak MOXXHO MeHbLLE Hau-
MEHOBAHWI NPUCAZOK, TaK KaK OCJIOXKHEHME peLlenTypbl 3aTPyAHAET nosiyyeHue cbanaHCMpPOBaHHbIX CBOWCTB
Macs1a, NoBblLIaeT TPe6OBaAHUSA K YCIIOBUAM €ro 3KCMyaTaLun 1 MOXET BbI3BaTb HeXKenaTesibHble No60oUHble 3¢-
¢beKTbI B BUE KOPPO31M 1 0CAAKOB. TeM He MeHee HEKOTOpble COBPEMEHHbIE Macia A Hanbosiee OTBETCTBEH-
HbIX OOBEKTOB CMa3KW, HAaNpPYIMEpP TEPMUYECKM HAMPSXXEHHbIX ABUraTeNieil BHyTPEHHErO CropaHus, cofepat
4-5 HavMeHOBaHWI NpPUCcaZoK. [1na pelleHus 3Tol Npo6sieMbl B HACTOsLLEE BPEMSA NCMOJIb3YHOT MHOTOQYHKLMO-
HasnbHbIE NPUCAZKY, TO €CTb MPUCAKY, CMOCOOHDBIE BbINOHATb OAHOBPEMEHHO HECKOIbKO Pa3INUHbIX QYHKLNIA,
YTO CBA3aHO C 06Pa30BaHNEM VMU FPAHNYHbIX MAIEHOK, CMOCOOHBIX 3aLLMLLIATh Kak OT M3HOCA, TaK, Hanpumep, 1 ot
KOPPO3UM: OHU MOTYT y/yylliaTb TAaKXKe 1 Apyrrie CBONCTBA Macel. B HacTosLiee Bpemsi BCe 60sbLee NpYIMEHEHMWE
B KauecTBe MoAUKATOPOB NONyyYatoT rpadeHonofobHble CTPYKTYPbI. [JaHHbIN KAacc HanonHuTens obnagaer
AKTUBHOW MOBEPXHOCTbIO, B Pe3ysibTaTe Yero MOryT CYLLECTBEHHO N3MEHSTbCA GU3NKO-XUMUYECKUE 1 CMa30Y-
Hble cBoMcTBa Maces. CyLHOCTbIO MPOEeKTa SIBMSETCA pa3paboTka MHOrodyHKLMOHaNbHOM 06aBKM Ha 6a3e rpa-
$eHONoJO6HBIX CTPYKTYP U GTOPCOAEPKALLMX ONIMTOMEPOB ANA MACEeN M MAACTUYHBIX CMa30UYHbIX MaTepuasosB.

WccnepoBaHus B 06nactu pa3paboTky U NMprMeHeHNs MHOTOOYHKLMOHabHbIX MPYCAA0K A CMa30UHbIX Ma-
cen nposopasTca B [pl'Y B TeueHne 2020-2010 rr. MiccnegoBaHbl CMa3ouHble CBOMCTBA Macers, MoaAnduLMpPOBaH-
HbIX rpadeHONofO6HBIMY CTPYKTYpamu, B TOM YMCTIE NPY BO3AENCTBMMN BbICOKMX Harpy3oK 1 Temnepatyp. Pas-
paboTaH coCTaB 1 TEXHOMOMMA U3rOTOBIEHNS MHOFOOYHKLMOHabHbIX MPUCAA0K, Coaep)KaLmx rpadeHononob-
Hble CTPYKTYpbl. [IpoBefeHbl CTEHAOBbIE UCMbITAHUSA CMA304YHbIX MOANGULNPOBaHHbBIX Maces, NosyYeHbl Noso-
XuTenbHble pe3ynbTathl. MiccnefoBaHmA UMeOT NPUKNALHON XapaKTep 1 COCTABAIT KOMMeEPYECKYIo TalHy.

TEXHUYECKUE NMPEMMYLLECTBA

OCHOBHbIM PbIHKOM CObITa NPOAYKLMY ABNATCA NPEANPUATIA aBTOMOOUIIbBHOTO KomnieKkca Pecny6nviku be-
napycb, ctpaH CHI v EBponbl. YunTbiBasi, YTo 60MbLIMHCTBO NPEANPUATI CTpaH — ObIBLINX yyacTHUL CoBeTa
3KOHOMMYeCKoW B3armonomoluym (bonrapus, Monbla, PymbiHua, Yexnsa, CnoBaknsa v ap.) SKCayaTupyoT 060-
pyZ&oBaHue, paHee Bbinyckaemoe CCCP, pbIHOK cObITa 0651aaeT 4OCTaTOYHOW YCTOMUYUBOCTBIO Y padmepamu. Yto
KacaeTcA KOHKPETHOro NOTEHLMana pbiHKa CobiTa MpoAyKLUUn, TO B HacTosLee Bpems B Pecnybnuke benapycb
3KCNnyaTmpyeTcsa 6onee 350 NpeanpuAaTUi, UCNONb3YoLLKX 000PYA0BaHME, B KOTOPOM HEOOXOAUMO NPUMEHATb
Macs10 C MOBbIWEHHbIMU XapaKTepUCTMKaMMU.

Cnaboi CTOPOHOW KOHKYpeHTa ABNSETCA OPUEHTMPOBAHHOCTb Ha OAHOGYHKLMOHANbHbIE Npucagku. Kpyn-
HeMwWnMn NPON3BOANTENAMM U KOHKYpeHTamu agnatoTca dupmbl Shell n Mobil, koTopbie nmetoT csom dpunuansl
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B pAAe cTpaH, B Tom uncne B tanuun v LWeeliyapun. B benapycn akTMBHOM feATENbHOCTU faHHbIX GPM He OTMme-
yaetca. CpegHAA CTOUMOCTb MHOrodyHKLUMoHanbHom npucaaku Shell coctasnaet ot 20 go 65 gonn. CLUIA 3a 1 kr
B 3aBUCMOCTY OT 63a30BbIX KOMMOHEHTOB.

OXXUAAEMbIA PE3YNLTAT NPUMEHEHUA

B pe3ynbrate NPUMEHEHNA NPOEKTa 6yp,eT CO34aHO NHHOBALUMOHHOE NPON3BOACTBO MO BbIMYCKY KOMNO3nUn-
OHHbIX CMa30Y4HbIX MaTepnanos 1 Npncagok Ha 6ase CnHeprmyecknx cmecen OpraHN4eCcKoro nponcxoxaeHna
K CMa304HbIM MaTepuasiam, npnMmeHAeMbIiM B aBTOMO6I/I)'IbHOI7I, XUMMNYECKON U APYrnxX oTpacsiax NPOMbIWIEHHO-
cTu. BoamorkeH Tpchd)epT TEXHOJIOTNN, a TaKXKe npodaa JIMLEH3NN.

TEKYLWAA CTAOUA PA3BUTUA
BbinyLeH onbITHbIM 0bpa3sel,.

CBEJIEHUA O NPABOBOW OXPAHE

MateHT Pecny6nuku benapycb N2 8470 ot 30.10.2006, nateHT Pecnybnukn benapycb Ne 7832 ot 28.02.2006, na-
TeHT Poccunckon Qegepaumn 2003111232 o1 20.10.2004, nateHT Poccuickon Oepepauyun 2248389 ot 20.03.2005,
22022189, a2022190.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ SAUHTEPECOBAHHbBIE B PASPABOTKE

OAO «benkapga», OAO «benTAlA3» 1 gpyrve npeanpuUATAA MalUMHOCTPOUTENBHOIO KoMmnekca Poccuiickon
®epepauunu, benapycu, Y3bekuncraHa.

KOHTAKTHbIE AAHHbIE

OBUMHHMKOB EBreHuin ButanbeBuny, JOKTOP TEXHUYECKUX HAyK, Npodeccop Kadeapbl MalIMHOBEAEHMS 1 TeX-
HUYEeCKOW 3KCMTyaTaLmmy aBTOMOGUE, JOLEHT.

E-mail: ovchin@grsu.by
Ten.: (+375 25) 504 32 63
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VII. OTKPBITOE AKULMOHEPHOE OBLLLEECTBO «M3OPy

20. CTAHOK-NONYABTOMAT BEPTUKAJIbHbIA TOKAPHbIN
WECTULWINUHAENbHBIN C UMY MC1M26304

OMNMUCAHUE PA3PABOTKHN

CTaHOK NpefHa3HayeH Ans 06paboTku fetanein guametpom go 300 Mm 1 BbicOToM o 360 MM NyTem nocnefo-
BaTeNIbHOro NepemMeLLeHnsa Ux N3 No3nuum B NO3nLMio NPy NOMOLLM NOBOPOTHOIO CToNa.

TEXHUYECKUE NMPEMMYLLECTBA

CTp)/KTypHO-KOMI'IOHOBOLIHaFI CXeMa C pasgeneHnem KMHeMaTnyeCcKom CTPYKTYpPbl Ha OTAEJIbHblE CaMOCTOA-
TeJibHbl€ KNHEMaTN4YeCKMe uenn ¢ MUHMMaJIbHbIM YACITOM MeXaHUYECKNX 3JIEMEHTOB.

MpumeHeHne MexaTPOHHbIX LNGPOBbIX YCTPONCTB.
Hecywwan cnctema nonyaBToMaTa C MpYMEHEHNEM »KECTKNX KOPOOUaTbIX 1 NINTbIX 6a30BbIX AeTanei.

MHCprMEHTaHbHaﬂ cncTema € 4 peBosibBepHbIMU roNI0BKaMy C HEMOLBUXHbIM pPeXyLwnm NHCTPYMEHTOM U 1 pe-
BOJIbBEPHAA rojioBKa C NpnBOAHbIM UHCTPYMEHTOM.

TepmocmmmeTpquaﬂ KOHCTPYKLMA KONOHHbI 1 MOBOPOTHOIO CTOJ1a, HECYLWaA CynnopTbl U WNUHAENbHbIE Y3J1bl
anAa obecneyeHns CHUXKEHUS TEMOBbIX ,u,ed)opmau,vuh.

KoHTypHas cuctema UIY ¢ BO3MOXKHOCTbIO 00pabOTKIM CIIOXKHbBIX MOBEPXHOCTEN.

beccTyneHyaTbil aBTOMaT perynnpoBaHna CKOPOCTU MMaBHOMO ABVKEHMSA, @ TakXKe CKOPOCTHOWM MoAaym cyr-
nopToB.

OXXUOAEMbIV PE3YJIBTAT MPUMEHEHUA

MNpennonaraemas NoTpebHOCTb COCTaBAAET 7—8 CTaHKOB B rof,.

TEKYLLUAA CTAONA PA3BUTUA
Bepetca HayuHo-nccnefoBaTeNibCcKan UMK OMNbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabota.

NOTEHUMAJIbHbIE MOTPEBUTENU U/WJITUA 3AUHTEPECOBAHHDIE B PA3PABOTKE

B Pecny6nuke benapycb: OAO «BEJIA3», OAO «MT3», OAO «MA3» 1 iip.; B Poccniickorn Oepepauum: NMAO «KAMA3»,
000 «YenabUHCKNIA TPaKTOPHbIV 3aBoA — YpanTpak», 3aBof «PocTcenbmall» 1 ap.

KOHTAKTHbIE OAHHbIE
®epopey AnekcaHap BaneHTMHOBWY, FMaBHbIN KOHCTPYKTOP.

E-mail: agafonov@mzor.com
Ten.: (+37517) 22123 24
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VIIl. OTKPbITOE AKUMOHEPHOE OBLLLECTBO
«MMPMBOPOCTPOMUTEAbHBIM 3ABOA OMNTPOHy

21. bE3BO3AYLUHOE KOJIECO

OMNMUCAHUE PASPABOTKI

Be3BO3,E|,yLIJHOE KOneco 13 NoJINMePHbIX MaTeEPUaNoB CO cnvueBon CTPYKTY-
pOVI. KOHCprKLI,I/Iﬂ Ha OCHOBe CnunL, COCTOUT N3 LIEHTpaJ'IbHOIZ BTYJIKM, coegn-
HEHHOW C MaCCMBOM CMUL, obecneunBas NIerkocTb 1 yCTOVI‘-II/IBOCTb Kyaapam.

B pamkax npogenaHHo paboTbl MoNyyYeHbl METOAVKY pacyeTa, paspabo-
TaHbl OMbITHbIE 06PA3Lbl, TEXHOJIOMVA MPOU3BOACTBA M TEXHOOMMYecKas
OCHACTKa, METOAVKM NPOBeLEHs UCMbITAHUIA 1 CTEH0BOE 000pyfoBaHume.

TEXHUYECKUE NMPEMMYLUECTBA

MpuMeHeHVe pa3paboTKy MO3BONAET yBENNUMTD PECYPC U KUBYUECTb KO-
NEeCHOro ABUXMTENSA, a TAKXKE YBEJIMUUTD 3arac XoAa TPaHCMOPTHOTO cpej-
CTBa 3@ CYET CHUXKEHUA NOTEPb Ha TPeHNe.

OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

YBenuueHve pecypca 1 XK1MBYUYeCTM KOJIECHOTO ABVXKUTENA, a TakKe YBeNlMyeHue 3anaca Xofa TPaHCMNopTHO-
ro cpepacTaa.

TEKYLLAA CTAOUA PA3BUTUA

BbinonHeHa Hay4YHO-MCCnefoBaTeNbCKas UMY OMbITHO-KOHCTPYKTOPCKasA (TexHonormyeckas) pabora.

BbinyLeH onbITHBIA 0bpa3sel,.

CBEAJEH/A O MPABOBOI OXPAHE

MonyueH nateHT Ha nonesHyto moaenb N2 12783 ot 10.08.2021 «CreHA 4NA UCMbITaHKA KOMEC C LUIMHaMMW» 1 No-
[laHa 3asBKa Ha NaTeHT Ha n3o6peTeHne a20220163 oT 16.06.2022 «Cnocob onpefeneHmnsa }XeCcTKOCTHbIX 1 AeMn-
bupytoLx CBOMCTB LWWH U CTEHA AJ1A ero OCyLLeCTBIEHUA.

NMOTEHUUAJIbHbIE NOTPEBUTEJIN /NN 3BANHTEPECOBAHHDBIE B PA3PABOTKE

MpeanpurATNA NPOMbILLIEHHOCTH.

KOHTAKTHbIE IAHHbIE

AlHkeBnY CTenaH HuKonaeBny, 3amecTuTeNb reHepasibHOro AMpPeKTopa No MHHOBALIMOHHOW AeATENIbHOCTY.
E-mail: nio@optron.by

Ten.: (+375 29) 653 87 36

22. NEKTPUYECKUE MALUNHBI C MATHUTONPOBOAAMW HA OCHOBE
KANCYTNPOBAHHbBIX MATHUTOMATKNX NOPOLLKOB

OMNMUCAHUE PASPABOTKI

Ona MNPOEKTNPOBAHUA N N3rOTOBNEHNA MarHMTONPOBOA40B BbICOKOBd)d)eKTVIBHbIX SNEKTPUNYECKNX MaLllH BMe-
CTO TPaANLUNOHHbBIX MarHUTOMATrKNX MaTepranoB, TaKNX KaK 3N1EKTPOTEXHNYECKaA CTalb, uenecoo6pa3Ho npu-
MEHATb KOMMNO3ULMOHHbIE MaTepKalibl Ha OCHOBE MeTa/uTnYeCKNX MOPOLLKOB C HAHECEHHbIMWU N30JTNPYOWNMN
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cnosmu. PaHee co3zfiaHa pacyeTHas Mofenb MarHUTHON CUCTEMbI CTaTopa HM3KOYaCTOTHOW 06paTMON SNeKTpu-
YeCKOoM MalLVHbI C yYEeTOM NPUMEHEHUNA B €€ KOHCTPYKLIMN MarHUTOMAMKNX KanCynMpOBaHHbIX MOPOLLKOB Xese-
3a ASC100.29, noka3aBLunx cBot 3PpPeKTVBHOCTb Ha YPOBHE CTaHAAPTHbIX PELUEHNI U3 SNEeKTPOTEXHNYECKON
cTanu. [Ins BbICOKOYACTOTHbIX 0OPATUMbIX 3IEKTPUYECKMX MaLUMH (cBbilwe 3000 06/MVH), COracHO NosTlyYeHHbIM
pe3ynbTaTam, LenecoobpasHo UCMOob30BaHKe KOMMNO3ULMOHHOIO MaTepuana Ha OCHOBE »Kefle3HOro NMopoLIKa
ABC100.30 c paamepom YacTuL, MeHblLue 100 MKM. DKCreprMeHTasnbHble 06pa3Lbl KOMMOHEHTOB CTaTopa obpaTtu-
MO 3N1eKTPUYECKOI MaLUVHbI Oblnv MOTyYeHbl METOAOM NPECCOBaHNA C NOC/EAYIOLLEN TEPMUYECKO 06PabOTKOI.

3KCI'IEpI/IM€HTaJ'IbeI€ o6pa3u|>| KOMMOHEHTOB (TaTOPa 06paTVIMOI7I BJ'IEKTpI/ILIECKOI7I MalLlliHbI

TEXHUWYECKUE NPEMMYLLEECTBA

YKa3zaHHOe pelweHre No3BonAeT yBeJIM4nTb Kna BﬂeKTpI/ILIECKOVI MallWHbl 3@ CHET CHMXKEHNA TOKOB (DyKO, CHUN-
»KaA npum 3TOM CTOMMOCTb B 2 Pa3a 3a cyet 6onee HN3KOM LeHbl maTeprana n 6onee JeLeBon TEXHONOMM N3ro-
TOBNEHUA.

OXUAAEMbIV PE3YJITAT MPUMEHEHUA
YBenunueHHbin KM anekTpnyeckon malnHbl, CHUPKEHHAA CTOUMOCTb CaMOW MaLUHbI.

TEKYLWWAA CTAOUA PA3BUTUA
BbinonHeHa HayyHO-MCCNIefoBaTeNIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) paborta.
BbinyLeH onbITHbIN 06pa3eL,.

MOTEHUWAJIbHbIE NOTPEBUTENIN U/ SBAUHTEPECOBAHHbBIE B PA3PABOTKE
MpomblLLneHHble NpesnpUATHA.

KOHTAKTHbIE JAHHDbIE

AnkeBny CTenaH HUKonaeBnyY, 3aMeCTUTENb FEHEPaNbHOro AUPEKTOPa MO MHHOBALMOHHON AEATENIbHOCTU.
E-mail: nio@optron.by

Ten.: (+375 29) 653 87 36
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IX. OBLLLECTBO C OTPAHMYEHHOM
OTBETCTBEHHOCTBIO «CTMNELUTENAOBEAN

23. UHHOBALIUOHHDLIE TEN/IOOBMEHHbIE ANMAPATbI U CUCTEMbDI
OXNAMAEHUA ABUTATENEN BHYTPEHHEFO CTOPAHUA N AU3ENb-
FTEHEPATOPHbIX YCTAHOBOK

OMUCAHUE PASPABOTKI

VIHHOBAUUOHHAA cucmema oxniaxx0eHus 0suzamerneli BHympeHHe2o czoparus (CO JBC). Mexkpy pybalukamm oxsia-
ZeHnA 6roKa LMMHAPOB Y FOSIOBOK 6/10Ka LIMIMHAPOB 1 PaanaTopoM JOMONHUTENBHO YCTaHOBNEH KOXKYXOTPYO6-
HblIiA TEMIO0OMEHHVIK, 00Pa3yHOLLMIA 3aMKHY TbIV TPAKT LUPKYALMM OXaXAatoLLen >KUAKOCTI, BKJTIoYaloLWnii pagu-
aTop 1 06bEM MEXTPYOHOIO MPOCTPAHCTBA KOXKYXOTPYOHOro TENIOOOMEHHIIKA 1 3aMKHYTbI TPAKT LIMPKYNALMN
OXNaXAaloLLEN XMNAKOCTY, BKOYaOLWMIA pybaLLKy oxnaxaeHus 6roKka UMIMHAPOB, pyballKy oxnaXaeHns rono-
BOK 6J10Ka LIMAIMHAPOB 11 CYyMMapHbI 06bem BHYTPUTPYOHOIO NPOCTPaHCTBA KOXKYXOTPYOHOMO TEMNOOOMEHHNKA.

[IHHOBaWMOHHAA cucTeMa oxnaxaeHna ABurateneil BHyTpeHHero cropanua (CO 1BC)

VHHOBAYUOHHbIU paduamop cucmemsl oxnaxoeHus [JBC. Bo3oyLLHO-KNAKOCTHbIN TEMNIO0OMEHHVIK BbIMOSTHEH
B BUJe nocsieoBaTesIbHO NMOMapHO YCTAaHOBIEHHbIX C 3a30POM B3aMMHO NepneHANKYNAPHbIX TeNI006MeHHbIX
Tpy6 c 06pa3oBaHMeM BUXPEBbIX KaHaIOB Ha BCIO rMYyOMHY MaTpuLbl pagmaTopa, KoTopas BUPTYanbHO HaXOAUT-
CA B «XONOAUIbHUKE» C GUKCUPYEMbIM MUHMMaNbHbIM Nepenagom TEXHONOrMYecKnx TemnepaTyp C AOMNONMHN-

VIHHOBaLMOHHbIIT pagmaTop cuctembl oxnaxaeHuns [1BC
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TE€JIbHbIM OXNaXAeHNEM YyXe OXNaXAeHHOro TeNJIOHOCUTENA. OCpenHEHHbIVI no nnowaan Tennonepep,alou.teﬁl
MOBEPXHOCTN K03(|)¢VIL|,VIEHT TeNnooTAaun 6onee yem B 1,5 Pa3a Bbille NO CPAaBHEHUIO C U3BECTHbIMKU CXeMaMW.

AHanoe paduamopa CO /JBC. TennoobmeHHVK (yTAn3aTop Tensa AbIMOBbIX Fra30B) BECOM 6 T C peanusaumen
TexHmyeckoro pelleHna cnpoektuposaH (KO) OO0 «CIMEUTEM/IOBES», n3rotoBneH B NOAHOM COOTBETCTBUM C T3
Ha OAO «bepe3acTporimaTepuanbi» (Pecnybnuka benapyco).

Fabaputbl TennoobmeHHMKa (1,5x1,5%1,5 M) coctaBunm okono 20 % OT NpefsioKeHN 3apyOeXkKHbIX OpraHu3aLuii,
B ToM uncne dprpmbl SACMI — OCHOBHOIO NOCTaBLLYMKa KOMIIEKCa TexHosormyeckoro obopygoaHus OAO «bepe-
3acTporiMmaTepuanbi». «<Bbixog» no pabouen Temnepatype coctaBmn 85-90 %. MonesHas mowHocTb — 0,429 Mkan/u.

Ananor paauatopa (0 IBC

VIHHOBAUUOHHBIU KOXYXOMpPY6HbIU mennoobMeHHUK. BHYTpeHHMe neperopofKu-BKnagblLwm C TennooObMeHHbI-
MU TPyOKaMm yCTaHOBMEHbI SKBUANCTAHTHO KOJIIIEKTOPY C Masamm MeXy neperopoakamm-sKiagblliamu, npuyem
CYMMapHOe ceyeHrie Na3oB COCTaBAAET HE MeHee NNoLaAn NPOXOAHOI0 CEYEHUA MeXKAY KOPMYCOM KOXYXOTPY6-
HOro TennIooOMeHHMKa 1 neperopofkaMu-sKknagbiwamu. TexHonornyeckas cxema npu STom obecrneunsaeT «OMbi-
BaHMe» TenioHocMTenemM TenIoobMeHHbIX TPy OAHOMOMEHTHO MO BCEW NX ASIMHE: aHaNor v peLLeHNs OTCYTCTBY-
t0T B MMPOBOW MPaKTUKe KOHCTPYMPOBaHMA TeNN006MeHHbIX annapatoB. [pakTnyeckas peanusaumsa — gu3enb-
Hble MoTOpbl KomneTeHunn MM3 (Pecnybnuka benapycb) ansa Y peuHoro peructpa (Poccuiickas ®epepayms).

VIHHOBALMOHHbIN KOXYXOTPY6HbIA TENN00OMEHHMK
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TEXHUYECKUE NMPEMMYLLECTBA

MHHOBaLMOHHaA cncTemMa oxnaxxaeHus obecrneyrBaeT noBbllleHre moTopecypca [1BC npexpe Bcero kapbep-
Hbix camocBanoB (OAO «BEJ1A3») npu yBenuueHmmn Tennosoi 3PpekTMBHOCTA KOMMOHeHTOB CO ¢ MUHMManb-
HbIM rMApPaBINYECKM CONPOTUBIEHNEM AJA NOBbILLEHNA HAAEXHOCTY Y3J10B U arperaTos, 4To obycnaBnvBaeT
COKpaLLeHMe 3KCMTyaTaLMOHHbIX 3aTPaT MOOUIbHOW TEXHUKM.

CeropgHsa OAO «BEJ1A3» coTpynHuyaeT 6onee yem ¢ 600 noTpebuTtenamu ns Poccuu, cpefm KOTOpbIX YrosbHble
npepnpuatus Kysbacca, Akytnn, KpacHospckoro Kpas, »kenesopyaHble npeanpuatusa CeBepo-3anafHoro peru-
OHa, KypcKoli MarHMTHOM aHOManuu, MeTanlypruyeckue, a Takxe 30510To- 1 anmMasogobbiBatoLive npeanpus-
1A Ypana, Cnbupu n JanbHero BocTtoka. B pa3nnuHbix perrioHax Poccum skcnnyatupyetca okono 11 Tbic. egu-
Huy TexHnKn OAO «BEJTA3» (NpenmyLLecTBEHHO caMoCBarbl rpy3onogbemHocTbio 90, 110-130 1 220-240 7).

OXWUAAEMbIV PE3YJIBTAT MPUMEHEHUA

MoBblweHne motopecypca IBC MOBUIbHOWM TEXHMKM U CHXKEHWe 3aTpaT Ha obcnyxmBaHue. Co3aaHne Ho-
BbIX PabouViX MeCT 1 MPOV3BOACTB. DKCMOPTHbIN NOTEHLMaN. BbINoNHeHVE NPOrpamMmMbl UMMNOPTO3aMeLLEHNS.

TEKYLWWAA CTAOUA PASBUTUA

BbinonHeHa HayuYHO-MCCNefoBaTeNIbCKasA MU OMbITHO-KOHCTPYKTOPCKas (TeXHonornyeckas) pabota.
BbinyLieH onbiTHLIN obpaseL.

Pa3zpaboTka BHeipeHa B MPOU3BOACTBO.

MoAroToBKa K CEPUIAHOMY BbiMYyCKY MHHOBALMOHHOW NPOAYKLMN.

CBEZIEH/A O NPABOBOW OXPAHE
Pe3ynbTaTbl UHTENNEKTYaNbHOW feATenbHOCTU. Hoy-xay.

MNOTEHUWAJIbHbIE NOTPEBUTEJIU U/WNN 3BAUHTEPECOBAHHDIE B PA3PABOTKE
B Pecnybnuke benapycb: OAO «BEJ1A3», OAO «fomcenbmatuy, OAO «MT3», OAO <KAMKOLOP», OAO «YKX“MM3"» n gp.

3a py6exom: NpeanpusaTrs — NPOU3BOAUTESNIN KapbepPHbIX CAMOCBAJIOB, ABUraTesNieli BHYTPEHHEro CropaHuis,
[M3€eNb-reHePaTOPHbIX YCTAHOBOK, CEJIbCKOXO3ANCTBEHHON TEXHUKN.

KOHTAKTHbIE AAHHDbIE

Kop3yH Onbra AnekcaHApOBHa, AUPEKTOP;

Kykosckui MiBaH ViBaHOBUY, rMaBHbIM KOHCTPYKTOP, KAHANAAT TEXHUYECKNX HayK.
Ten.: (+37529) 681 13 32,612 66 66.

E-mail: info@spetsteplobel.com
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|. INTER-STATE EDUCATIONAL INSTITUTION OF HIGHER
EDUCATION “BELARUSIAN-RUSSIAN UNIVERSITY™

1. MOBILE WELDING PROCESS RECORDER

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The mobile recorder is designed to improve the quality of welding of critical structures by monitoring compli-
ance with technology during welding operations, improving the efficiency of welding production management
by promptly providing accurate reliable information about the operation of equipment and welders. It consists
of a registration unit and a mobile device. The software is designed as a web application with a database. Iden-
tification of the welder and welding equipment, selection of welding tasks, display of recorded data on welding
process parameters and transfer them to the server is carried out using a mobile device (smartphone or tablet).

TECHNICAL ADVANTAGES
Remote control of welding processes using a web application.
Dynamic analysis of welding process data, data transfer to the server.

Output of an audible signal when the welding mode parameters exceed the limits set by the technological
instruction.

Comprehensive assessment of welding quality.

Preparation of a passport for each weld.

Formation of a report on the work of welders and welding equipment.
There are no analogues of these devices in the Republic of Belarus.

EXPECTED RESULT OF APPLICATION

Improving the quality of welding, reducing the cost of correcting defective welded joints, reducing the cost of
software and hardware for registering welding processes.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

Patent for utility model No. 12887 “Recoder of welding process parameters” was obtained. The certificate of
state registration of the computer program No. 1648-KP “Mobile application for welding process management”
was received.
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POTENTIAL CONSUMERS AND INTERESTED PARTIES

Machine-building enterprises where the welding process is the main one; enterprises engaged in the con-
struction of pipelines (oil and gas complex, thermal power engineering); enterprises, organizations, laboratories,
training centers engaged in the training and certification of welders.

CONTACT INFORMATION

Sergey Bolotov, Dean of the Faculty of Electrical Engineering, Candidate of Technical Sciences, Associate Pro-
fessor;

Konstantin Zakharchenkov, Associate Professor of the Department of Information Technology Software, Can-
didate of Technical Sciences;

Nikita Tolpygo, Postgraduate Student.
E-mail: s.v.bolotov@mail.ru
Phone No.: (+375 29) 699 31 56

2. ARCWELDING TECHNOLOGY FOR HIGH-STRENGTH STEELS
SENSITIVETO HYDROGEN EMBRITTLEMENT

BRIEF DESCRIPTION OF INNOVATIVE
DEVELOPMENT

Based on the results of the conducted
research, a fundamentally new mechanism
for the intensification of metallurgical pro-
cesses during arc welding in protective
gases has been theoretically developed
and experimentally confirmed, consisting
in modifying the protective atmosphere
with halide gaseous compounds SF6,
which allows creating conditions for the
effective binding of hydrogen in the arc
atmosphere into insoluble and limited
soluble chemical compounds in liquid
metal and reducing the sensitivity of the
deposited metal through this to hydrogen
brittleness during welding and welding of
high-strength steels and alloys. In addition,
the proposed technological solutions are
effective for arc welding methods in the
additive synthesis (WAAM) of products of
complex geometry. At the same time, con-
ditions are created to ensure the required
penetration depth and the surfacing coef-
ficient of the material.

TECHNICAL ADVANTAGES

A technology has been developed, the advantage of which is the possibility of implementation in almost any
production. To do this, there is no need to purchase new equipment for the conversion of existing posts.




EXPECTED RESULT OF APPLICATION

Improving the quality of welded joints, reducing sensitivity to hydrogen embrittlement, extending the service
life of metal structures.

CURRENT STAGE OF DEVELOPMENT
The development is ready for industrial implementation.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Machine-building enterprises producing and (or) operating metal structures made with the use of mecha-
nized arc welding.

CONTACT INFORMATION

Fiatsisava Katsiaryna, Senior Lecturer of the “Welding Production Equipment and Technology” Department.
E-mail: fetisova9891@gmail.com

Phone No.: (+375 29) 744 42 82

3.PROJECTION WELDING TECHNOLOGY OF T-JOINTS WITH PROGRAMMED CONTROL
OF HEAT INPUT POWER

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Projection welding technology of T-joints with program control of heat input power has been developed. Pro-
jection welding technology has been introduced into production in the production of welded T-joints, replacing
the more expensive method of mechanized arc welding in shielded gases. The developed technology for weld-
ing of T-joints with program control of heat input power is characterized in that the mass-produced equipment
for process control is replaced by a developed computer control system that allows you to set mode parameters
with a higher degree of accuracy and speed, and has affordable integration into the components of a contact-
welding machine. Experimental testing of the research results showed that the use of a program control system
made it possible to avoid the appearance of defects in welded T-joints, as well as to improve their mechanical
properties.
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TECHNICAL ADVANTAGES

The stability of the mechanical characteristics of T-joints during projection welding has been increased from
40 % of welded joints to 98 % as a result of the use of a program control system.

The results of mechanical tests of samples for static punching method showed that 98 % of welded joints have
the required level of strength, thus the quality of welded T-joints increased by 58 %.

The manufacturability of projection welding process is increased due to a more accurate adjustment of the
mode parameters.

A 58 % decrease in defects in welded T-joints was observed, caused by a splash of molten metal.

The modernization of welding equipment has been carried out, which consists in the use of devices and as-
semblies with higher accuracy and speed of setting welding mode parameters, instead of mass-produced de-
vices for controlling the process of projection welding.
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EXPECTED RESULT OF APPLICATION

Improving the quality of T-joints produced by projection welding, while also reducing costs and laboriousness
by utilizing more advanced process control equipment.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

A prototype was released.

Development is introduced into production.

Experimental rig was developed.

INFORMATION ON THE LEGAL PROTECTION
Two patents on the invention have been obtained.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Companies and productions in the fields of machine building, automotive, aircraft, agricultural machinery,
etc., in which welding technologies are used (Minsk Automobile Factory JSC, Lidselmash JSC, Amkodor JSC,
Mogilevliftmash JSC, Group of companies “Cooling Systems Factory”and “Radiator’s Factory”, UKH“BKM Holding”
Belkomunmash JSC).

CONTACT INFORMATION

Dmitriy Yumanov, Senior Lecturer of the “Equipment and Technology of Welding Manufacture” Department,
Candidate of Technical Sciences.

E-mail: oitsp.dmitriy.y@gmail.com
Phone No.: (+375 33) 91 29 000
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I. BELARUSIAN NATIONAL TECHNICAL UNIVERSITY

4. INFORMATION, METHODOLOGICAL AND METROLOGICAL SUPPORT OF DIGITAL
IMAGE COLORIMETRY METHODS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The scope of the development is qualitative and quantitative meth-
ods of research of objects based on their digital images in the con-
ditions of physical and augmented reality: detection, analysis, exa-
mination, measurement, control, monitoring. Fields of application
is lighting engineering, geodesy, paint and varnish, pharmaceutical,
food industry, design. Since any object can have many implementa-
tions in the form of digital images and any digital image can be pro-
cessed in any way it is necessary to solve the problem of metrologi-
cal traceability in measurements. Therefore, from the point of view
of fundamental and applied metrology, there is a need to develop
metrological support for digital image colorimetry methods, includ-
ing validation and verification of qualitative and quantitative re-
search methods that improve the accuracy, reliability and efficiency
of measurement results in discrete systems with an arbitrary number
of input and output quantities (the purpose of the development).

TECHNICAL ADVANTAGES

Digital image colorimetry allows to determine the color of objects
in physical and augmented reality conditions providing new oppor-
tunities compared to standard methods, for example when studying
gradient substances such as rays, halos in various environments; as
well as point and texture objects in static and dynamic time modes.
The known methods of colorimetry of digital images can be divided
into five groups depending on the scale of properties and the width
of the application range. The methods of the first group use a nomi-
nal scale for the identification and classification of objects — visual
assessment of digital images, as well as detection methods (detec-
tion, presence/absence of a feature, exceeding a threshold value)
in a range of values of approximately the same order. The methods
of the second group use a rank (conditional) scale to construct cali-
bration curves for studies of isochromatic objects in only one color
channel of a digital image in ranges of approximately one to two or-
ders of magnitude. The methods of the third group are also aimed at
studying isochromatic objects but use two or more channels of color
space to construct calibration scales, as a rule, in analytical measure-
ments in a range of values of approximately the same order. A com-
plicated modification of the methods applies scales of several color
spaces when linear combinations of vectors in two color spaces
are evaluated. The methods of the fourth group make it possible
to determine the color of objects in augmented reality and have a range of applications from one to two orders
of magnitude for example when monitoring the rural environment taking into account the influence of space
or determining continuous deformations or displacements of objects. The methods of the fifth group focused
on determining the color of objects of different nature with a wide range of brightness (three to five orders of mag-
nitude) included in one scene are of interest. The standard color rendering models of the fifth group of methods
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are focused on visual perception, peak brightness of the reference monitor and reference viewing conditions. Ac-
cording to ICC.1:2022 types A, B, M and ITU-R BT.2446-0, without solving the problem of metrological traceability.

The developed methodology includes recommendations for the development of a conditional multidimen-
sional colorimetric scale that provides metrological traceability of measurement results by referring to standard
samples or a reference measurement method. The proposed approach to assessing the capabilities of digital
colorimetry methods is based on the use of validation characteristics as reference markers: correctness, preci-
sion, uncertainty, selectivity, limits of detection and quantification, linearity, sensitivity, robustness and range
of application, including technologies for their assessment.

EXPECTED RESULT OF APPLICATION

Conclusion of contracts and cooperation agreements with domestic and foreign organizations, the methods
of colorimetry of digital images used, commercialization and promotion of developments on domestic and in-
ternational markets.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.
Development is introduced into production.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Scientific organizations engaged in research and modeling of properties of objects based on their digital images.

CONTACT INFORMATION

Evgeniya Savkova, Doctoral Student, Associate Professor of the Department of Electrical Engineering and Elec-
tronics, Candidate of Technical Sciences, Associate Professor — a Head of the Development.

E-mail: evgeniya-savkova@yandex.ru
Phone No.: (+375 29) 683 90 06

5.ALIGHT DEVICE FOR CREATING A FAVORABLE LIGHT ENVIRONMENT IN THE CAR

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The light device is designed to create a favorable
light environment for the driver in order to increase
efficiency, concentration, relaxation, reduce stress
and anxiety in the cabin of the car, especially for in-
ternational drivers. A light device is a structure con-
sisting of light sources in the form of a combination
of RGB spatial polyhedra placed on the planes of the
faces and/or other radiation sources in combination
with optical elements corresponding to each LED or
other light source. The device is based on scientifi-
cally based lighting scenarios for non-visual contact, taking into account photopic, mesopic and scotopic types
of vision, developed taking into account biological age, time of day, type of activity, premises, etc.

TECHNICAL ADVANTAGES

There are known devices — RGB lamps of various modifications (floor, floor lamp, exterior, etc.), representing
triads of red, green and blue autonomous lighting devices providing visual contact and intended for commercial
use for space design purposes. There are also known devices — universal RGBIC lamps, representing combina-
tions of LED elements embedded in a single housing, used as dynamic backlight for TV games, PC streams, as
well as in equalizer mode. The main disadvantage of these lighting devices is the lack of scientifically based
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lighting scenarios — cyclic changes in spectral composition, brightness and
exposure time.

The objective of the invention is to improve the condition of drivers en-
gaged in daytime, twilight and nighttime work associated with increased
concentration of attention in conditions of combined (foveal and peripheral)
vision, including at stops when working with documents on paper and elec-
tronic media. The task is achieved by the fact that the light device, configured
in accordance with a program that simulates changes in daylight in time and
space, changes the spectral composition and brightness, correcting the daily
biorhythms of a person, taking into account the factors of the near and far
environment that form the visual environment, the time of year, geographical
location and preferences of people, as well as the requirements and recom-
mendations of regulatory documents.

EXPECTED RESULT OF APPLICATION

The expected result of the project is the filing of applications and obtaining
patents at the level of the Republic of Belarus, the conclusion of coopera-
tion agreements with industrial and scientific enterprises of the Republic of
Belarus and the People's Republic of China, the filing of an application for a
joint patent, the development of technical specifications for the manufacture
of modifications of this device and the release of these products into circula-
tion in the Republic of Belarus and abroad. This area of research is of interest
at the international level, which is confirmed by statements on the official

websites of the World Health Organization, the International Commission on Lighting, the International Organi-
zation for Standardization, etc. The Republic of Belarus is conducting relevant State research and Development
Projects aimed at attracting investments to the Republic of Belarus through joint patenting with interested
foreign partners and the implementation of high-tech technologies, as well as their methodological, technical
and metrological support.

CURRENT STAGE OF DEVELOPMENT

A full-scale sample has been made, research works are being carried out jointly with the Central Research
Center of the National Academy of Sciences of Belarus and the Institute of Physiology of the National Academy
of Sciences of Belarus, including experimental studies and laboratory technologies for the implementation
of lighting scenarios.

INFORMATION ON THE LEGAL PROTECTION
A patent application has been filed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Lighting manufacturing companies, persons authorized by manufacturers; individual entrepreneurs, suppli-
ers and sellers of lighting products, users of artificial lighting, especially those who carry out activities in office
or home space at a computer and with documents that require high concentration of attention, drivers. Scien-
tific organizations engaged in research and modeling of properties of objects based on their digital images.

CONTACT INFORMATION

Evgeniya Savkova, Doctoral Student, Associate Professor of the Department of Electrical Engineering and Elec-
tronics, Candidate of Technical Sciences, Associate Professor — a Head of the Development;

Zhang Yun, Post-Graduate Student of the Department of Information and Measurement Engineering and Tech-
nology of the BNTU;

Lukas Nitsetski, Student of the “Electric Stations” Department of the BNTU.
E-mail: evgeniya-savkova@yandex.ru, zhang_yun1991@foxmail.com, nitsetskilu@gmail.com
Phone No.: (+375 29) 683 90 06, 250 51 65, (+375 33) 318 53 44




Ill. BNTU BRANCH
"YRESEARCH POLYTECHNIC INSTITUTE"

6. INNOVATIVE THERMAL DIFFUSION LAYERS ON RESOURCE-RICH MECHANICAL
ENGINEERING PARTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development relates to the field of metallurgy, namely to chemical-thermal treatment and can be used for
the manufacture of diffusion-strengthened parts that have increased durability when operating under condi-
tions of high temperatures and corrosive wear.

Purpose: thermal diffusion layers on resource mechanical engineering
parts with increased mechanical and performance characteristics, in particu-
lar products made of copper and copper alloys, strengthened using complex
technology.

The diffusion layer, as a rule, includes three zones: closer to the surface

a solid solution with a thickness of about 5-10 um, deeper — a complex

of aluminide phases, these are solid solutions based on Cu3AI and CugAI4

compounds with a total thickness of 35-40 um, as well as a transition zone

(up to 8 % Al wt.), which is an a-phase with a thickness of 10-20 um. After

Microstructure of the thermodiffusion the subsequent saturation of the oxidation process on the surface, X-ray dif-
fraction analysis also reveals the AIZO3 phase, as a result of interaction with

layer on copper M1
atmospheric oxygen of the already formed diffusion layer.

The performance properties of the resulting protective layers on copper, in particular their heat resistance, in-
crease sharply. In particular, it was found that a diffusion layer 50 um thick remains operational up to temperatures
of 800 °C, and the resistance increases almost 8 times compared to copper without a protective layer. The idea
of complex hardening in order to increase the heat resistance and corrosion resistance of copper and copper
alloys was implemented using the example of glass production refrigerators, where the developed complex tech-
nology, including thermal diffusion treatment from specially synthesized aluminum-boron containing saturating
mixtures, made it possible to ensure a service life of parts of up to six months in the production of E-glass.

TECHNICAL ADVANTAGES

There are currently quite a lot of methods for protecting copper and copper alloys, all of them are aimed at
creating a barrier layer on the surface of the product. However, they are quite expensive, for example, Ni — P
galvanic coatings; in addition to the characteristic, obvious high cost, they are implemented with great difficulty
on products of complex geometric shapes. The most rational way to protect against high-temperature oxidation
and corrosion of copper is thermal diffusion saturation with elements that form dense, stable oxide layers dur-
ing oxidation. Therefore, in the presented development, strengthening is realized through complex saturation
from a mixture of a special composition, mainly with aluminum.

The developed complex technologies and saturating media for powder saturation from aluminum-boron-
containing mixtures do not contain scarce and environmentally unsafe components; the mixtures are character-
ized by a low cost of 5-8 USD/kg, which is 2-3 times cheaper than foreign analogues. The hardening process is
carried out using standard thermal equipment (shaft furnaces); if this type of equipment is available in produc-
tion, capital costs are minimal.

EXPECTED RESULT OF APPLICATION

The introduction of hardening technology into the production cycle to obtain heat-resistant and corrosion-re-
sistant complex thermal diffusion layers will make it possible to process a wide range of products made of cop-
per and copper alloys in machine-building industries in Belarus, Russia, near and far abroad countries. In fact,
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one production site will be capable of hardening more than 10 tons/year of products for various functional
purposes using thermal diffusion hardening.

Increased durability and reliability of general mechanical engineering and metallurgy products.

CURRENT STAGE OF DEVELOPMENT
Industrial samples that have been tested under real operating conditions, parts with thermal diffusion layers.
Small-scale production of hardened products.

INFORMATION ON THE LEGAL PROTECTION

Patents for invention: BY 21805 dated 2017.08.30 “Mixture for boronating steel parts”; BY 21806 dated
2017.08.30 “Mixture for boronating steel parts”.

Technological instruction Tl 530.0023.025 “Complex strengthening of copper and copper alloys by thermal
diffusion treatment in powder mixtures”.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Mechanical engineering enterprises.

CONTACT INFORMATION

Vladimir Dashkevich, Associate Professor of the Department of Materials Science in Mechanical Engineering.
E-mail: ontim@bntu.by

Phone No.: (+375 17) 292 74 12

7.TECHNOLOGY AND EQUIPMENT FOR PRODUCING FUNCTIONAL GRADIENT
COATINGS USING PLASMA-LASER METHODS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Equipment and technologies are designed to produce wear-resistant coatings on the working surfaces of
machine and equipment parts operating under difficult operating conditions (high specific loads at high tem-
peratures, high specific loads in conditions of limited lubrication, etc.).

The technology is intended to produce protective wear-resistant coatings for friction units experiencing com-
bined loads.

As a rule, to solve these problems, ceramic coatings are used, of which coatings based on aluminum oxide
and coatings made from self-fluxing nickel-based alloys are widely used due to the high complex of physical,
mechanical and operational characteristics of these materials. However, a number of factors hinder the use of
these coatings and impose significant restrictions on the applicability of such materials.

Parts with multimodal coatings




The novelty of the development lies in the fact that using plasma laser methods, functional gradient coatings
are created from dissimilar materials with alternating zones of a self-fluxing nickel-based alloy and zones of other
materials, for example, bronze. Two methods of obtaining such coatings have been implemented.

In the first case, these gradient coatings are constructed using laser cladding by alternating beads of bronze
and a self-fluxing nickel-based alloy.

In the second case, the bronze plasma coating is reinforced with rollers made of a self-fluxing nickel-based alloy.

The process of applying multimodal gradient coatings is implemented either by applying alternating beads
of a self-fluxing nickel-based alloy and, for example, bronze, using laser cladding, or by surfacing beads of a
self-fluxing nickel-based alloy with predetermined gaps between them and then filling the gaps using plasma
spraying of bronze.

In the cross section of multimodal coatings, a periodic change in microhardness is observed in the direction
parallel to the base, which depends on the deposition step of the beads.

This structure and properties of gradient periodic coatings provide an increase in wear resistance by 1.3-1.7 times
compared to laser-clad coatings made of a pure self-fluxing nickel-based alloy. At the same time, the cost of apply-
ing the coating is reduced by almost 2.0 times.

TECHNICAL ADVANTAGES
The advantages of the development compared to the known ones are as follows:

1. With the correct choice of composition and geometry of gradient structures, a significant increase in the
load-bearing capacity of coatings is achieved (from 1.5 to 8.0 times), especially under conditions of combined
exposure to the external environment.

2. Technologies allow you to pre-design the configuration of the location of dissimilar zones in the coating and
apply coatings from dissimilar metal materials with the ability to control the properties of the coatings depending
on their operating conditions, which allows you to significantly expand the scope of application of this group of
technologies.

To implement the technology for applying functional gradient coatings, a plasmatron and a head for laser
cladding were developed, providing the necessary parameters for the coating process.

EXPECTED RESULT OF APPLICATION

The introduction of technology involves the creation of new jobs in knowledge-intensive production, which
increases the level of intellectual labor. The consumer properties of finished products of enterprises are improv-
ing, which, in turn, helps to improve the quality of life through improving the reliability of the equipment that
people use during working hours.

CURRENT STAGE OF DEVELOPMENT

Technological processes with the letter (O) have been developed. The implementation of the technology is
carried out at the production site of the Industry Research Laboratory of Laser and Plasma Technologies in the
form of manufacturing pilot batches of parts for enterprises.

INFORMATION ON THE LEGAL PROTECTION

1. Decision to issue a patent dated 10.10.19 on the application for the invention “Method of surface hardening
of aluminum”, No. a20180354 dated 07.19.18 / O. G. Devoino, M. A. Kardapolova, E. V. Pogudo, O. V. Dyachenko,
0.V. Seryakov.

2. Patent of the Republic of Belarus No. 21914 Plasmatron for coating / Okovity V. A, Devoino O. G., Okovity V. V.,
Astashinsky V. M. // IPC HO5H 1/00. Application No. 20160217 dated 06/09/2016, registered 02/07/2018.

3. Patent of the Republic of Belarus No. 22197 “Method of surface hardening of metal products with a moving
laser beam”/ZharskyV.V., Devoino O.G., Larchenko Yu.V.//IPCB 23K 26/62,C21D 1/09. Application No.20121143
dated July 27, 2012, registered 07/10/2018.

4., Patent application of the Republic of Belarus “Method of forming a multimodal wear-resistant coating”
No. a20200118 dated April 16,2020 / O. G. Devoino, N. I. Lutsko, A. S. Lapkovsky, V. V. Meshkova.

No valuation of intangible assets was carried out.
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POTENTIAL CONSUMERS AND INTERESTED PARTIES
Mechanical engineering enterprises.

CONTACT INFORMATION

Oleg Devoino, Doctor of Technical Sciences, Professor.
E-mail: ontim@bntu.by

Phone No.: (+375 17) 292 74 12

8. TECHNOLOGY FOR PRODUCING COMPOSITE WEAR-RESISTANT COATINGS USING
COMBINED LASER AND INDUCTION SURFACING ON IRON-CONTAINING ALLOYS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The technology is intended to produce protective wear-resistant
coatings for friction units experiencing combined loads. The pro-
posed technology makes it possible to create a range of different
types of composite coatings on iron-containing alloys for different
friction rates and degrees of load by varying the frequency of the
reinforcing mesh and the grade of filler powders.

The process of producing composite wear-resistant coatings by
combined laser and induction surfacing on iron-containing alloys
is carried out by laser surfacing of rollers in the form of a mesh,
from an iron-nickel alloy, for example PG12N01, which ensures
a more durable connection with the hardened surface of the base
based on alloys of the iron-carbon system. Surfacing is carried out
using CO, or a continuous solid-state laser, the pitch of the rollers
is changed in the range of 5-20 mm based on the condition of en-
suring possible wear of the product and allowance for machining.

Steel sample with applied mesh

At the second stage, the deposited sample is cleaned in a solu-
tion of inhibitors, followed by its treatment with specially devel-
oped fluxes and subsequent short-term exposure in a thermal fur-
nace to improve the wettability of the steel surface with molten
copper. Next, induction surfacing is carried out using an inverter
installation and holding at the heating temperature in the molten
state for a certain time in a graphite crucible (which ensured uni-
form maintenance of the temperature field over the entire area of
the workpiece). Holding the coating during induction heating was Sample after induction surfacing before machining
necessary for the complete process of diffusion joining of the ma-
trix alloy with the material of the roller and the base of the product.

The result is a coating with a composite structure with a thick-
ness of about 0.5-1.5 mm. Electron microscopic studies revealed good adhesion of the matrix material obtained
by induction surfacing, as well as increased porosity in the contact zone of the reinforcing mesh made of an
iron-nickel alloy obtained by laser surfacing and the substrate material. At the same time, the contact zone with
the bronze matrix is practically devoid of porosity and is characterized by high continuity.

TECHNICAL ADVANTAGES

The novelty of the development lies in the development of new promising technologies for the production
of fundamentally new composite materials with a layered structure based on antifriction alloys based on copper
and ferrous metals to improve existing tribological materials through the use of concentrated energy sources.
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EXPECTED RESULT OF APPLICATION

The high productivity of the process for producing composite wear-
resistant coatings and a wide range of resulting properties ensures com-
petitiveness in the tribological products market.

The increase in the durability of hardened parts can range from 3
to 20 times (for example, when using autoclaves and pull-out hearths of
mini-CHPs in trolleys).

CURRENT STAGE OF DEVELOPMENT

A technological process with the letter (O) has been developed. The

implementation of the technology is carried out at the production site

Steel sleeve with internal composite surface of the Research Innovation Laboratory of Industrial Thermophysics of the

after machining BNTU branch of the Scientific Research Polytechnic Institute in the form of
manufacturing pilot batches of parts for enterprises.

INFORMATION ON THE LEGAL PROTECTION

Patent of the Republic of Belarus, No. 23257, received. A method for producing a wear-resistant composite
coating on a metal substrate. Kalinichenko V. A., Kalinichenko M. L. 12/30/2020 / Official Bulletin // National intel-
lectual property center. — 2020. — No. 6.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Mechanical engineering enterprises.

CONTACT INFORMATION

Uladzislau Kalinichenko, Leading Researcher at the Research Innovation Laboratory of Foundry Technologies,
PhD, Associate Professor.

E-mail: ontim@bntu.by
Phone No.: (+37517) 292 7412

9. SMALL-SIZED PULSED LASER EMITTER WITH LONGITUDINAL PUMPING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is used to create stable, inexpensive, energy-efficient solid-state lasers in the IR and visible
ranges. The development is used to create rangefinder and navigation systems of increased reliability.

Small-sized pulsed laser emitters with longitudinal
pumping are developments with high technical signifi-
cance, due to the possibility of their use in various fields
of instrument making, medicine, and industry.

A laser emitter with longitudinal pumping includes an
optically coupled optical pump module containing at
least one laser pump diode, a lens and a rear resonator
mirror located in a common housing, an active element
in the form of a plane-parallel plate, a Q-switch and an
output mirror of the resonator, with the active element
installed so that the normal to its working surfaces makes
the Brewster angle with the axis of the resonator, the rear
and output mirrors of the resonator are installed with

Photo of the element of the laser rangefinder system (emitter) the possibility of rotation around axes perpendicular
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to the axis of the resonator, and the axis of rotation of the rear mirror is perpendicular to the axis of rotation of
the output mirror.

The active element can be made of glass doped with trivalent erbium or ytterbium and erbium ions.
The Q-switch can be made in the form of a passive gate in the form of a plane-parallel plate.

The passive shutter can be installed so that the normal to its working surfaces makes the Brewster angle with
the axis of the resonator.

The passive gate can be made of a magnesium crystal — aluminum spinel, doped with divalent cobalt ions.

The Q-switch can be made in the form of an electro-optical shutter installed between the active element and
the output mirror of the resonator.

The body can be made of a material with a coefficient of thermal expansion close to that of glass.

A light filter with a maximum transmittance at the pump wavelength and a maximum reflection coefficient at
the lasing wavelength can be located between the optical pump module and the rear mirror of the resonator.

The optical pump module may include a fiber light guide for sending pump radiation into the lens.

The rear and exit mirrors of the resonator can be fixed in frames mounted on two mutually orthogonal flat
surfaces of the housing.

The rear and exit mirrors of the resonator can be fixed in frames installed in two holes of the housing with
mutually perpendicular axes.

The frames of the rear and exit mirrors of the resonator can be made of a material with a coefficient of thermal
expansion close to the coefficient of thermal expansion of glass.

TECHNICAL ADVANTAGES

The main advantage compared to analogues is the low cost, long service life of the laser emitter, preserva-
tion of performance under conditions of sudden changes in ambient temperature and exposure to mechanical
loads. The development uses a fundamentally new layout and active medium materials.

EXPECTED RESULT OF APPLICATION
The proposed technical solution allows us to provide:

- obtaining generation in the spectral region of about 1.5 um, which is conditionally safe for the organs of vision,
is in the “window” of atmospheric transparency and coincides with the spectral range of highly sensitive photode-
tectors due to the active element being made of glass doped with trivalent erbium or ytterbium and erbium ions;

- obtaining a Q-switched mode by using a passive shutter in the form of a plane-parallel plate or an electro-
optical shutter installed between the active element and the output mirror of the resonator;

- reduction of electromagnetic interference due to an optical pump module containing at least one pump
laser diode and a Q-switch made in the form of a passive shutter in the form of a plane-parallel plate.

CURRENT STAGE OF DEVELOPMENT

Industrial designs that have been tested in real conditions. Serial production of sights to equip the product
184-1MS (code “Yavor”) has been established at Peleng OJSC.

INFORMATION ON THE LEGAL PROTECTION
Patent No. 12517 dated December 1, 2020 “Laser emitter with longitudinal pumping” with unpublished “know-

”

how”.
Patent of the Republic of Belarus No. 23630, Model for hydraulic or pneumatic testing of a fastening seam for
shear or rupture / M. L. Kalinichenko, U. A. Kalinichenko, Yu. K. Krivosheev, A. E. Zelezey dated 11/30/2021.
POTENTIAL CONSUMERS AND INTERESTED PARTIES
Mechanical engineering enterprises.

CONTACT INFORMATION

Viktor Kisel, Doctor of Physical and Mathematical Sciences, Professor.
E-mail: ontim@bntu.by

Phone No.: (+37517) 29274 12
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10. SOFTWARE PRODUCT FOR CREATING SOFTWARE FOR AN AUTOMATED PROCESS
CONTROL SYSTEM FOR THE OPERATION OF A HOT WATER
BOILER HOUSE WITH HIGH-POWER BOILERS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed software product allows you to create control systems for energy facilities, in particular for
high- and low-power hot water boilers, and for auxiliary equipment of heating network facilities.

The developed software product allows you to create control systems, the use of which leads to increased reli-
ability and quality of operational control of the operating modes of individual elements and the entire hot water
boiler house, with the implementation of the following functions:

— ensuring control of boiler units in all operating modes to generate thermal energy of the required quantity
and quality;

- providing personnel with comprehensive, reliable and timely information about the progress of technologi-
cal processes and the condition of equipment for operational management, including emergency and warning
alarms;

- integration into the process control system of all local information systems and local automated control
systems;

- providing technological protection functions for boiler units by changing the operating mode or stopping
equipment in the event of a threat of an accident or a threat to the health of personnel;

— ensuring optimal automation of basic technological processes in all operating modes;

— improving the quality of control and analysis of processes due to the capabilities provided by the hardware
and software complex;

—improving working conditions for operating personnel, reducing the likelihood of errors by on-duty personnel;
- increasing the energy efficiency of the functioning of elements and the heat supply system as a whole.

The developed software product provides direct digital control of the equipment of the control object (high-
power hot water boilers). Software implementation is based on the use of three types of executable mod-
ules (CPU, server and client) for all types of control systems.
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The application software implements the following technological processes:
- Hot water boiler;
- Boiler security system.

The technological process “Water heating boiler” provides automatic control of all phases of the boiler opera-
tion: preparation, ignition, warming up, operation and shutdown.

The boiler's “Safety System” technological process ensures safe operation of the boiler in all operating modes.

TECHNICAL ADVANTAGES

The introduction of automatic control systems in heat supply systems can significantly increase the reliability
and efficiency of their operation. In this case, the following sources of saving energy resources can be identified:

1. On heat sources:

- fuel savings due to optimization of combustion processes (2.0-5.0 %);

— fuel savings by optimizing load redistribution between boiler units (2.0-5.0 %);

- fuel savings by reducing intra-boiler losses (up to 3.0 %).

2. For the consumer:

- heat savings for heating buildings by eliminating overheating of premises during the autumn-spring heat-
ing season (up to 5.0 % of the total heat consumption);

- heat savings for heating buildings due to stabilization of coolant flow in neighborhood networks connected
to central heating stations (up to 8.0 % of total heat flow).

3.In heating networks:

- reduction of electricity consumption for driving network pumps due to a reduction in the consumption of
network water in distribution heating networks, due to heat savings for heating and hot water supply, as well as
through the use of an adjustable electric drive (up to 30.0 % savings from the total electricity consumption for
coolant transport);

- saving heat and electrical energy by predicting and promptly maintaining the specified optimal thermal op-
erating conditions of boiler units and network installations, the required distribution of coolant among consum-
ers, not exceeding the return water temperature above the permissible level (up to 5.0 % of total consumption);

- implementation of optimal (dynamic) temperature schedules (up to 1.5 % of total consumption).
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EXPECTED RESULT OF APPLICATION

From the practice of operating automated control systems for technological processes of heat supply, in gen-
eral, savings can reach up to 3-10 % of fuel, 7-15 % of thermal energy and up to 15-40 % of electricity.

CURRENT STAGE OF DEVELOPMENT

The developed software product, used to create software for automated control systems for technological
processes of energy facilities, is in commercial operation at more than 20 facilities.

INFORMATION ON THE LEGAL PROTECTION
The process control system uses original software solutions that represent “know-how".

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Mechanical engineering enterprises.

CONTACT INFORMATION

Alexey Sednin, PhD, Associate Professor.

E-mail: ontim@bntu.by
Phone No.: (+37517) 292 7412

11. RESEARCH LASER COMPLEXES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Scientific and educational laboratory laser complexes are designed to
train developers of laser systems and conduct scientific research in the
field of laser and optical technologies using solid-state pumping bodies.

The scientific and educational laboratory complexes being created
are unique and make it possible to study ultrafast processes, determine
temperature-related changes in the refractive index dn/dT, analyze pho-
toelastic distortions of solid-state laser elements, etc.

TECHNICAL ADVANTAGES

In contrast to analogues, laser emitters have been developed in the
complexes, which allows achieving higher energy output pulses with
longitudinal diode pumping in passive Q-switching mode, which allows
increasing the generation efficiency, improving the spatial characteristics
of the laser beam, and ultimately significantly reducing energy consump-
tion, ensuring operation emitters in various frequency modes (including
femtosecond) while maintaining comparative simplicity of design and en-
suring reliable operation in difficult operating conditions.

EXPECTED RESULT OF APPLICATION

The creation of a laser emitter makes it possible to subsequently de-
velop a new class of devices with improved performance characteristics
and lower cost for applications in various industries, capable of surpassing
in their characteristics the samples of the world's leading companies.

CURRENT STAGE OF DEVELOPMENT

Five complexes were manufactured and implemented in the leading
universities of the Republic of Belarus — BSU and BNTU.

64



AUTOMATIZATION AND TECHNOLOGIES IN MACHINE AND INSTRUMENT ENGINEERING

INFORMATION ON THE LEGAL PROTECTION

Patent of the Republic of Belarus No. 12517 dated December 1, 2020 “Laser emitter with longitudinal pump-
ing” with the presence of unpublished “know-how".

Patent of the Russian Federation No. 2543667 dated February 2, 2015 “Lighting system”.
Patent of the Republic of Belarus No. 19694 dated August 27, 2015 “Lighting system”.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Scientific and engineering personnel in the development and research of new optical systems and lasers.

CONTACT INFORMATION

Viktor Kisel, Doctor of Physical and Mathematical Sciences, Professor.
E-mail: ontim@bntu.by

Phone No.: (+37517) 29274 12

12. LASER CRYSTALS FOR ACTIVE MEDIA AND PASSIVE GATES (TECHNOLOGIES
FOR GROWING OPTICAL CRYSTALS: MAGNESIUM-ALUMINUM SPINEL,
ALEXANDRITE)

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is used to create stable, inexpensive, energy-efficient
solid-state pulsed IR lasers as passive Q-switches.

Crystals are used as passive Q-switches to create small-sized pulsed laser
emitters with both lamp, tick and diode pumping, which, in turn, are deve-
lopments with high technical significance, due to the possibility of their use
in various fields of optical-electronic instrumentation, medicine, industry.

TECHNICAL ADVANTAGES
Crystals have unique optical properties.

EXPECTED RESULT OF APPLICATION

The use of crystals makes it possible to create stable laser systems
at a lower cost than analogues.

CURRENT STAGE OF DEVELOPMENT
Small-scale production.

INFORMATION ON THE LEGAL PROTECTION

The compositions of crystal growth media and growth methods are un-
published “know-how".

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Instrument-making enterprises.

CONTACT INFORMATION

Viktor Kisel, Doctor of Physical and Mathematical Sciences, Professor.
E-mail: ontim@bntu.by

Phone No.: (+37517) 29274 12
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13. ENERGY-SAVING TECHNOLOGY OF REVERSE JET CLEANING OF STEEL SURFACES
FROM CORROSION

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Technology of energy-saving, high-performance reverse jet cleaning and corrosion protection of steel sur-
faces intended for laser cutting using water-based working fluids with the addition of river sand and bentonite
clay at the initial and final stages of processing, respectively.

Cleaning and corrosion protection of steel surfaces intended for laser cutting. The developed technology is
based on the principle of reverse jet flow of working fluid when processing a steel surface, due to which the
pressure from the impact on the surface being cleaned increases by 1.3-1.5 times with a corresponding increase
in process productivity compared to traditional jet cleaning, in which the jet spreads over the barrier after im-
pact on it. In this case, the surface treatment is accompanied by the formation on it in the process of RSO of an
anti-corrosion film coating with low reflectivity, which subsequently ensures an increase in the laser cutting
speed by 15-20 %.

The design of the device contains a housing 1 connected to a drain channel 2. A reflector 3 with an inclined
flat surface 4 is fixed in the housing 1. A nozzle block 5 is installed in the hole of the reflector 3 with the possibil-
ity of longitudinal movement, designed to form a multi-component cavitating jet working fluid, which is fixed
with a screw 6 in the hole of the reflector 3. In the front part of the housing 1, a conical adapter 7 is installed
on the thread, equipped with an elastic nozzle 8, adjacent along the contour to the surface to be processed 9,
while the inner surface of the housing 1, the surface 4 of the reflector 3 and the outer surface of the nozzle block
5 form a drain cavity connected to the drain channel 2.

Design of the device for the implementation of the process of reverse jet cleaning of steel surfaces

The nozzle block 5 includes a fitting 10, on which
a sleeve 11 with a supply pipe 12 is installed on the
thread, in which a replaceable confuser is installed on
the thread.

In addition, in the fitting 10 there is a channel 14
for supplying liquid supplied under pressure. In the
front part of the fitting 10, a glass 15 is installed on
the thread to fix the calibrating sleeve 16, which lim-
its the cross-section 17 of the flow of the supplied
liquid.

Photo of the device for the implementation of the RSO process
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TECHNICAL ADVANTAGES

The developed technology of RSO of steel surfaces, in contrast to shot blasting, which solves only one prob-
lem — removing corrosion products from the surface being cleaned, allows simultaneous solution of three
fundamental problems:

- cleaning the surface from corrosion products;

- protect the part from repeated corrosion by covering the cleaned surface with a protective film 5-7 um thick;

- ensure complete absorption of the light energy of the laser beam incident on the protective film coating
and, due to this, use almost all the power of the laser radiation for useful work in cutting sheet steel materials.

EXPECTED RESULT OF APPLICATION
Obtaining higher-quality and corrosion-resistant parts during laser cutting of sheet metal.

CURRENT STAGE OF DEVELOPMENT

A device design has been developed for implementing the RSO process, industrial tests of which were carried
out on the basis of Elizer JLLC and Amkodor-Mozha LLC.

INFORMATION ON THE LEGAL PROTECTION

Method for determining the tensile strength of a metal: Pat. BY 11520/ 1. V. Kachanov, L. A. Isaevich, V. N. Kova-
leskiy, V. N. Shariy, A. N. Zhuk. — Publ. 02/28/2009.

Device for selecting clarified slurry on a dredger: Pat. BY 14172 / I.V. Kachanov, G. V. Pestsov, A. N. Chernoby-
lets, A. N. Zhuk. — Publ. 04/30/2011.

Device for cleaning flat steel surfaces from corrosion Pat. BY 16526 / I. V. Kachanov, A. N. Zhuk, V. N. Shariy,
S. O. Myadelets. — Publ. 10/30/2012.

Device for cleaning flat steel surfaces from corrosion: Pat. BY 19543 / I. V. Kachanov, A. N. Zhuk, I. M. Shatalov,
V. N. Shariy, S. . Ushev, A. A. Rubchenya. — Publ. 10/30/2015.

Composition of the working fluid for hydrodynamic cleaning of metal surfaces from corrosion before laser
cutting: Pat. BY 21455 /1. V. Kachanov, A. N. Zhuk, V. N. Yaglov, A. V. Filipchik. — Publ. 10/30/2017.

Method for cleaning metal surfaces: Pat. BY 21512/ 1. V. Kachanov, A. N. Zhuk, A. V. Filipchik, A. S. Isaenko. —
Publ. 12/30/2017.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Industrial enterprises, water transport enterprises of the Republic of Belarus.

CONTACT INFORMATION

Igor Kachanov, Doctor of Technical Sciences, Professor.
E-mail: ontim@bntu.by
Phone No.: (+375 17) 292 74 12

14. WEAR-RESISTANT COATINGS BASED ON HARDENED SELF-FLUXING NICKEL
ALLOYS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The technology is intended to produce protective wear-resistant coatings for friction units experiencing com-
bined loads.

As arule, to solve these problems, coatings made of alloys with a high content of expensive tungsten carbide
are used due to the high complex of physical, mechanical and operational characteristics of such materials.
However, the scope of application of coatings made of tungsten-containing alloys is limited by their very high
cost. This factor imposes significant restrictions on the applicability of these materials.

| 67




First, a thermal coating of a self-fluxing nickel-based alloy is applied to
the surface of the part. Then, at the second stage, the coating is melted
using high-frequency currents with simultaneous parallel rapid cooling of
the melted layer with water, i. e. the resulting coating is hardened.

TECHNICAL ADVANTAGES

The novelty of the development lies in the fact that the coatings are cre-
ated using a combined method. First, a thermal coating of a self-fluxing
nickel-based alloy is applied to the surface of the part. Then, at the second
stage, the coating is melted using high-frequency currents with simulta-
neous parallel rapid cooling of the melted layer with water, i. e. the result-
ing coating is hardened. As a result of this treatment, a nonequilibrium
structure with high hardness and wear resistance is formed in the fused
layer, similar to the structure obtained by laser melting of coatings. At the
same time, the proposed technology has undeniable advantages over la-
ser processing, consisting in much higher productivity and incomparably
lower cost of the equipment used.

EXPECTED RESULT OF APPLICATION

The increase in the resistance of hardened parts can be from 3 to 10 times
(brackets for doors of furnace equipment — 3 times, bending rollers of
drawing mills for the production of building reinforcement — 8 times, etc.).

CURRENT STAGE OF DEVELOPMENT

A technological process with the letter (O) has been developed. The im-

Parts with wear-resistant coatings obtained
using the proposed technology

plementation of the technology is carried out at the production site of the Industry Research Laboratory of Laser
and Plasma Technologies in the form of manufacturing pilot batches of parts for enterprises.

INFORMATION ON THE LEGAL PROTECTION

1. Patent of the Republic of Belarus No. 21914 Plasmatron for coating // Okovity V. A., Devoino O. G., Okovity V.V.,
Astashinsky V. M. IPC HO5H 1/00. Application No. 20160217 dated 06/09/2016, registered. 02/07/2018.

2. Patent No. 23656 Republic of Belarus, IPC B 23K 26/00 (2014.01). Method for forming a multimodal coat-
ing on the surface of a metal part: No. a20200118: application. 04/16/2020: publ. 02/28/2022 / Devoino O. G.,

Lutsko N. I, Lapkovsky A.S., Meshkova V. V.; applicant BNTU.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Mechanical engineering enterprises.

CONTACT INFORMATION

Oleg Devoino, Doctor of Technical Sciences, Professor.
E-mail: ontim@bntu.by

Phone No.: (+37517) 29274 12

15. SOFTWARE PRODUCT (SIMULATOR) FOR OPERATIONAL PERSONNEL
OF AN ELECTRICAL SHOP FOR SWITCHING AND EMERGENCY RESPONSE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The software is intended for training and self-training of the operational personnel of the electrical shop of the
station in the procedure for carrying out switching in normal and emergency modes.
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An electronic layout is used as the user interface of the simulator, which
consists of screen forms with a single-line diagram of the station, supple-
mented by interactive images of control panels, relay protection and auto-
mation panels, as well as animated images of real main outdoor switchgear
equipment, switchgear cells (scenes), imitation of automated workplace
screen forms, TM and microprocessor protection terminals.

The work of the simulator is organized on 4 PCs (NSE, ZNETS DEM labor pro-
tection office). All PCs used for training operate under the Microsoft Windows
operating system version no lower than“Windows 7”with NETFramework 4.0
installed and are included in the same information network TPP 5 (TCP/IP
protocol, Microsoft SMB Protocol), and their users have access to read and en-
try to the directory containing the simulator software (on the station server).

In the training mode, the Trainee's workplace displays information about the current state of the electrical
network model in the form of operational diagrams showing the current (in the electrical network model) posi-
tions of switching devices and calculated mode parameters.

Each switching device and transformer in the operational circuit is active.

When switching disconnectors and grounding blades, their appearance in the photograph of the equipment
changes in accordance with their new position.

TECHNICAL ADVANTAGES

The products have no analogues or are superior to foreign and domestic analogues and allow making deci-
sions on switching under normal operating conditions and in the event of emergency conditions and eliminat-
ing accidents at the station, creating a switching and operating model of electrical equipment of the CHPP-5
branch of Minskenergo RUE.

EXPECTED RESULT OF APPLICATION

Improving the reliability of thermal power plants by increasing the level of maintenance personnel.

CURRENT STAGE OF DEVELOPMENT

The software product is used to train operating personnel of the electrical workshop at the CHPP-5 branch of
Minskenergo RUE.

INFORMATION ON THE LEGAL PROTECTION
The software product is registered in the Republic of Belarus (certificate No. 007 dated February 24, 2017).

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Power plants.

CONTACT INFORMATION

Evgeniy Kalentionok, Candidate of Technical Sciences.
E-mail: ontim@bntu.by

Phone No.: (+375 17) 29274 12




V. EDUCATIONAL INSTITUTION
“BREST STATE TECHNICAL UNIVERSITY"

16. UNMANNED CARGO CART

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

An unmanned trolley (AGV — Automatic guided vehicle) is an electrically driven conveyor designed to move
goods. The cart is automatic, which means that a separate operator is not needed to service it — the carts move
along a given path autonomously without human intervention.

The unmanned cart is equipped with all the necessary systems and safety elements and can be used in ha-
zardous or hazardous industries, crowded places and other moving carts.

Depending on the type, the unmanned cart works:

- by tug, transporting other trolleys;

- as a carrier, lifting and carrying loads (racks, pallets, etc.).

Main areas of work:

- movement along a predetermined trajectory of various shapes, including forks;

— maintaining a constant speed in case of accompanying a conveyor or other objects;

- stopping and continuing movement, both in predetermined positions and “at the request” of the operator;
- loading and unloading of transported components;

- wireless communication with other carts or a central terminal to create a network of carts moving without
human intervention;

- mapping of stationary obstacles for travel at a minimum distance;

- recognizing moving obstacles, waiting for them to disappear and continuing to work.
Following a route, an unmanned cart can:

- stop and start moving again;

- accompany the conveyor at a constant speed;

- perform other programmed actions.

The structure of an automatically controlled trolley includes:

- drive unit, with 2 independent electric motors, providing traction and turning along the route;

- power supply unit containing a set of sealed, maintenance-free batteries (approved for use in rooms where
people are located, do not require a special room for charging);

70



AUTOMATIZATION AND TECHNOLOGIES IN MACHINE AND INSTRUMENT ENGINEERING

- control unit with a programmable controller responsible for the movement process;

- security and warning system, including light and sound alarms when driving and a certified ultrasonic range
finder;

- navigation system that allows you to implement movement along a given trajectory;
- control panel.

The use of these systems allows an unmanned cart to follow a given route, including forks and turns, monitor
obstacles along the route, stop if they are present and continue moving at the first opportunity.

Mobile robot weight is 80 kg.
Load capacity is 150 kg.

TECHNICAL ADVANTAGES

The control system for the unmanned cart is built on the basis of publicly available industrial components,
which greatly simplifies the production of such a robot. The robot uses a method we developed and patented
to navigate a tile floor mosaic. An industrial logic controller is used as a central processor, which allows the robot
to work with industrial hardware and software systems.

EXPECTED RESULT OF APPLICATION

Theoretical results will consist in obtaining a method for orienting a mobile robot along the mosaic of the floor
of a production facility to perform various technological operations.

Practical results include the creation and development of a management system, the production of a working
sample and its use in various industrial warehouses and trade.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

Utility model BY12995 / Device for orientation and navigation of a mobile robot cart when it moves along
a horizontal surface in a given room / V. N. Shut, N. U. Lyashuk, I. V. Kolyadich, E. V. Vasilyuk, Ya. O. Zarechny,
A. O. Zarechny, N. S. Montik, A. V. Boyko, I. S. Nikolaichik.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Logistics warehouses, industrial enterprises.

CONTACT INFORMATION

Evgeniy Vasilyuk, Graduate Student.
E-mail: wasiluk.ewgen@gmail.com
Phone No.: (+375 29) 896 24 97
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V. EDUCATIONAL INSTITUTION
“SUKHOI STATE TECHNICAL UNIVERSITY OF GOMEL"

17. NEW COMPLEX-ALLOYED FERROMAGNETIC MATERIALS BASED
ON METAL WASTE FOR FINISHING MAGNETICABRASIVE PROCESSING

OF DIFFICULT-TO-MACHINE MATERIALS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The proposed magnetic abrasive powder material is complex — alloyed fine particles based on dispersed
metal waste, having solid phases on the surface: nitrides, carbides, borides. This structure of abrasive mate-
rial particles provides high cutting properties while maintaining their magnetic properties. This increases the
productivity of the magnetic abrasive machining (MAM) process and ensures the required surface quality. The
equipment is a three-coordinate numerically controlled machine that ensures the movement of a magnetic

abrasive tool along a complex trajectory when processing shaped surfaces.

Area of application: finishing of parts with a curved profile, including those made of difficult-to-machine ma-

terials: stainless steel, heat-resistant steel, duralumin, nickel-based sintered materials.

morphology

TECHNICAL ADVANTAGES

Counterparts are sintered ferromagnetic
powder materials based on iron, containing
hard elements on the surface of each particle:
synthetic diamonds, metal oxides and car-
bides.

The proposed development has high cut-
ting properties while maintaining magnetic
properties due to a significant increase in the
area of the cutting part of the particles — un-
like other counterparts, the cutting part is
the entire surface of the particle, and even
when the powder particles are destroyed, the
cutting ability is not reduced. This increases
the productivity of the MAM process by 50—
200 % compared to sintered ferromagnetic
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abrasives and ensures the required surface
quality. The technology of diffusion alloy-
ing of the particle surface makes it possible
to control the technological properties of
powder materials, producing them with dif-
ferent phase compositions and the required
surface hardness depending on the material
being processed: borides of iron, chromium,
titanium, carbides of refractory elements, ni-
trides, aluminum oxides, etc. can be inserted
onto the surface. The cost of manufacturing
such materials is lower than the cost of man-
ufacturing sintered ferromagnetic abrasive
materials. The achievable roughness of the
surface treated with diffusion-alloyed borat-
ed powder materials is Ra 0.08 pm.

Roughness, Ra, ym

Processing time, min
EXPECTED RESULT OF APPLICATION
The result of the application is an increase
in the service life of wearable elements and
equipment parts; reduction of surface rough-
ness of products with complex profiles.

Change in roughness during magnetic abrasive processing
using various powders

CURRENT STAGE OF DEVELOPMENT

Industrial model. Powder materials are serial-produced in the university laboratory. The technology of mag-
netic abrasive processing (polishing) of sintered materials (gas-flame wear-resistant coatings) using new
borated powder materials is used in the manufacture of details called “Plunger” under direct contracts with
PO “Belorusneft” RUE.

Section of the plunger subjected to magnetic abrasive processing

INFORMATION ON THE LEGAL PROTECTION

Patent No. 16981 Republic of Belarus. Ferromagnetic abrasive material: Patent No. 16981 Republic of Belarus,
MPK8, C 9K 3/14, B 24D 3/34, C 23C 8/68.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Machine-building, instrument-making, oil-producing enterprises and agricultural machinery industries
of the Republic of Belarus and the Russian Federation.

CONTACT INFORMATION

Grigory Petrishin, PhD in Engineering, Associate Professor, Dean of Mechanical Engineering Faculty.

E-mail: petrishin@gstu.by

Phone No.: (+375 232) 50 96 89
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VI. EDUCATIONAL INSTITUTION
“YANKA KUPALA STATE UNIVERSITY OF GRODNO™

18. SYSTEMS FOR AUTOMATION OF MEASUREMENTS IN EXPERIMENTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Universal microcontroller systems for measuring physical and chemical
quantities based on modern high-performance microcontrollers make it
possible to automate scientific experiments, for example, in the field of
optical spectroscopy technology, etc.

The developed systems are optimized for use with a wide range of opti-
cal radiation sensors (photomultipliers, including those operating in pho-
ton counting mode, avalanche photodiodes, photodiodes and photore-
sistors of various types), as well as temperature sensors (thermocouples,
thermistors, integrated temperature sensors), position sensors, as well as
pellistors and electrochemical sensors. The systems have the ability to
control actuators and electric drives based on servo and stepper motors.

TECHNICAL ADVANTAGES

Modern element base and original software make it possible to create automated measuring systems accord-
ing to customer specifications with an optimal cost-functionality ratio.

EXPECTED RESULT OF APPLICATION
Possibility of creating automated information-measuring systems to automate scientific experiments.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.
Development is introduced into production.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Educational and scientific institutions, laboratories of enterprises and organizations.

CONTACT INFORMATION

Andrey German, Head of the Electrical Engineering and Electronics Department, PhD, Associate Professor.
E-mail: german@grsu.by
Phone No.: (+375 29) 780 47 39

19. MULTIFUNCTIONAL ADDITIVES BASED ON GRAPHENE-LIKE STRUCTURES AND
FLUORINE-CONTAINING COMPOUNDS FOR OILS AND GREASES FOR THE CREATION
OF IMPORT-SUBSTITUTING PRODUCTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The introduction of various additives into the petroleum base in strictly dosed and balanced concentrations can
significantly change the properties of the original oil. The choice of additive type and concentration depends on
the purpose of the oil. Any oil, in principle, should contain as few additives as possible, since the complexity of the
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formulation makes it difficult to obtain balanced properties of the oil, increases
the requirements for its operating conditions and can cause undesirable side
effects in the form of corrosion and precipitation. However, some modern oils
for the most critical lubrication objects, for example, thermally stressed internal
combustion engines, contain 4-5 types of additives. To solve this problem, mul-
tifunctional additives are currently used, i. e. additives that can simultaneously
perform several different functions, which is associated with the formation of
boundary films that can protect both from wear and, for example, from corro-
sion: they can also improve other properties of oils. Currently, graphene-like
structures are increasingly used as modifiers. This class of filler has an active
surface, as a result of which the physicochemical and lubricating properties of
oils can significantly change. The essence of the project is the development of
a multifunctional additive based on graphene-like structures and fluorine-con-
taining oligomers for oils and greases.

Research in the field of development and application of multifunctional ad-
ditives for lubricating oils is being carried out at the GrSU during 2020-2010.
The lubricating properties of oils modified with graphene-like structures were
studied, including when exposed to high loads and temperatures. A compo-
sition and manufacturing technology for multifunctional additives contain-
ing graphene-like structures have been developed. Bench tests of modified
lubricating oils were carried out and positive results were obtained. Research
is of an applied nature and constitutes a trade secret.

TECHNICAL ADVANTAGES

The main sales market for products are enterprises of the automotive complex of the Republic of Belarus, CIS
countries and Europe. Considering that the majority of enterprises in countries that were former CMEA mem-
bers (Bulgaria, Poland, Romania, the Czech Republic, Slovakia, etc.) operate equipment previously produced
by the USSR, it follows that the sales market is sufficiently stable and large. As for the specific potential of the
product sales market, currently in the Republic of Belarus there are more than 350 enterprises using equipment
in which it is necessary to use oil with improved characteristics.

EXPECTED RESULT OF APPLICATION

As a result of the project, an innovative production facility will be created for the production of composite lu-
bricants and additives based on synergistic mixtures of organic origin for lubricants used in automotive, chemi-
cal industry, etc. Technology transfer is possible, as well as license sale.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

Patent BY 8470 dated 10/30/2006, BY patent 7832 dated 02/28/2006, Russia patent 2003111232 dated
10/20/2004, Russia patent 2 248 389 dated 03/20/2005, 22022189, a2022190.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
The consumer of the additive will be Belkard OJSC, BelITAPAZ OJSC and other enterprises of the machine-
building complex of the Russian Federation, Belarus and Uzbekistan.

CONTACT INFORMATION

Evgeniy Ovchinnikov, Doctor of Technical Sciences, Professor of the Department of MiTEA.
E-mail: ovchin@grsu.by
Phone No.: (+375 25) 504 32 63
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VII. MZOR OPEN JOINT-STOCK COMPANY

20. SEMI-AUTOMATIC MACHINE SIX-SPINDLE VERTICAL LATHE WITH CNC
MC1M26304

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The machine is designed for processing parts with a diameter of up to 300 mm and a height of up to 360 mm,
by sequentially moving them from position to position using a rotary table.

TECHNICAL ADVANTAGES

Structural layout diagram with division of the kinematic structure into separate independent kinematic chains
with a minimum number of mechanical elements.

Use of mechatronic digital devices.
Carrying system of semi-automatic machine using rigid box-shaped and cast base parts.
Tooling system with 4 turrets with a fixed cutting tool and 1 turret with a driven tool.

Thermosymmetric design of the column and rotary table, supporting supports and spindle units to ensure
a reduction in thermal deformations.

Contour CNC system with the ability to process complex surfaces.
Stepless automatic control of the speed of the main movement, as well as the high-speed feed of the calipers.

EXPECTED RESULT OF APPLICATION
7-8 machines per year.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work is being carried out.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

In the Republic of Belarus — BELAZ JSC, MTZ JSC, MAZ JSC, etc.; in the Russian Federation — KAMAZ, ChTZ,
Rostselmash, etc.

CONTACT INFORMATION

Aliaksandr Fedarets, Chief Designer.
E-mail: agafonov@mzor.com
Phone No.: (+375 17) 221 23 24
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VIII. INSTRUMENT-MAKING PLANT OPTRON
OPEN JOINT-STOCK COMPANY

27. AIRLESS WHEEL

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The airless wheel made of polymer materials with a spoke structure.
The construction based on spokes consists of a central hub connected
to an array of spokes, providing both lightweight and impact resistance.

As part of the conducted work, calculation methodologies have been
obtained, experimental samples developed, manufacturing technology
and tooling, testing methodologies, and test bench equipment have
been developed.
TECHNICAL ADVANTAGES
Implementing this development allows for increased durability and
longevity of the wheel assembly, as well as extending the vehicle's range
by reducing friction losses.
EXPECTED RESULT OF APPLICATION
Increasing the lifespan and durability of the wheel drive, as well as increasing the range of transportation.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

A patent for a utility model No. 12783 dated 10.08.2021 “Stand for testing wheels with tires” has been ob-
tained, and a patent application for invention a20220163 dated 16.06.2022 “Method for determining the stiff-
ness and damping properties of tires, and a stand for its implementation” has been filed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Industrial enterprises.

CONTACT INFORMATION

Stepan Yankevich, Deputy General Director for Innovation Activities.
E-mail: nio@optron.by
Phone No.: (+375 29) 653 87 36

22, ELECTRIC MACHINES WITH MAGNETIC CIRCUITS BASED ON ENCAPSULATED
SOFT MAGNETIC POWDERS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

For the design and manufacture of high-efficiency electric machine magnetic circuits, instead of traditional
soft magnetic materials such as electrical steel, it is advisable to use composite materials based on metallic
powders with applied insulating layers. A computational model of the magnetic system of a low-frequency
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reversible electric machine stator has been previously created, taking into account the use of encapsulated iron
soft magnetic powders ASC100.29, which have shown their efficiency at the level of standard solutions made
from electrical steel. For high-frequency reversible electric machines (over 3,000 rpm), according to the ob-
tained results, it is advisable to use a composite material based on iron powder ABC100.30 with particle sizes less
than 100 pum. Experimental samples of reversible electric machine stator components were obtained by press-
ing with subsequent heat treatment.

Experimental samples of reversible electric machine stator components

TECHNICAL ADVANTAGES

This solution allows for an increase in the efficiency of the electric machine by reducing Foucault currents
while reducing costs by 2 times due to the lower material price and cheaper manufacturing technology.

EXPECTED RESULT OF APPLICATION
Increasing the efficiency of electric machines, reducing the cost of the machine itself.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.
A prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Industrial enterprises.

CONTACT INFORMATION

Stepan Yankevich, Deputy General Director for Innovation Activities.
E-mail: nio@optron.by

Phone No.: (+375 29) 653 87 36
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IX. SPETSTEPLOBEL LIMITED LIABILITY COMPANY

23. INNOVATIVE HEAT EXCHANGERS AND COOLING SYSTEMS INTERNAL
COMBUSTION ENGINES AND DIESEL GENERATOR SETS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Innovative cooling system for internal combustion engines. A shell-and-tube heat exchanger is additionally in-
stalled between the cooling jackets of the cylinder block and cylinder heads and the radiator, forming a closed
coolant circulation path, including the radiator and the volume of the inter-tube space of the shell-and-tube heat
exchanger and a closed coolant circulation path, including the cooling jacket of the cylinder block, the cooling
jacket of the cylinder heads and the total volume of the inner tube space of the shell-and-tube heat exchanger.

Innovative cooling system for internal combustion engines

Innovative radiator of the internal combustion engine cooling system. The air-liquid heat exchanger is made in
the form of mutually perpendicular heat exchange pipes installed sequentially in pairs with a gap with the for-
mation of vortex channels to the entire depth of the radiator matrix, which is virtually located in a “refrigerator”
with a fixed minimum temperature difference with additional cooling of the already cooled coolant.

The heat transfer coefficient averaged over the area of the heat transfer surface is more than 1.5 times higher
compared to known schemes.

Innovative radiator of the internal combustion engine cooling system




An analogue of the radiator of the internal combustion engine cooling system. A heat exchanger (flue gas
heat exchanger) weighing 6 tons with the implementation of a technical solution has been designed (design
documentation) SPETSTEPLOBEL LLC, manufactured in full accordance with the technical specifications
of Berezastroymaterialy JSC (Belarus).

The dimensions of the heat exchanger: 1.5x1.5%1.5 m accounted for about 20 % of the proposals of foreign
organizations, including SACMI, the main supplier of the complex of technological equipment of Berezastroy-
materialy JSC. The “yield” at the operating temperature was 85-90 %.

Useful power: 0.429 Gcal/h.

An analogue of the radiator of the internal combustion engine cooling system

Innovative shell-and-tube heat exchanger. Internal baffle inserts with heat exchange tubes are installed equi-
distant to the collector with slots between the baffle inserts, moreover, the total cross-section of the grooves
is not less than the area of the through-section between the casing of the shell-and-tube heat exchanger and
the baffle inserts. At the same time, the technological scheme ensures that the heat transfer medium “washes”
the heat exchange pipes simultaneously along their entire length — there are no analogues of the solution in
the world practice of designing heat exchangers. Practical implementation — diesel engines of the competence
of the Minsk Motor Plant (Belarus) for diesel generator sets of the river register (Russia).

Bench testing of heat exchangers
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TECHNICAL ADVANTAGES

The innovative cooling system provides an increase in the engine life of internal combustion engines, primar-
ily mining dump trucks (BELAZ JSC), while increasing the thermal efficiency of the cooling system components
with minimal hydraulic resistance to increase the reliability of components and assemblies, which leads to a re-
duction in the operating costs of mobile equipment.

To date, BELAZ JSC cooperates with more than 600 consumers from Russia, including coal enterprises of Kuz-
bass, Yakutia, Krasnoyarsk Territory, iron ore enterprises of the Northwestern region, Kursk magnetic Anoma-
ly, metallurgical, as well as gold and diamond mining enterprises of the Urals, Siberia and the Far East. About
11 thousand BELAZ JSC vehicles are operated in various regions of Russia, mainly dump trucks with a lifting
capacity of 90, 110-130 and 220-240 tons.

EXPECTED RESULT OF APPLICATION

Increasing the engine life of internal combustion engines of mobile equipment and reducing maintenance
costs.

Creation of new jobs and industries.
Export potential.
Implementation of the import substitution program in its part.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.
A prototype was released.

Development is introduced into production.

Preparation for serial production of innovative products.

INFORMATION ON THE LEGAL PROTECTION
The results of intellectual activity. Know-how.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
In the Republic of Belarus: BELAZ JSC, Gomselmash JSC, MTZ JSC, AMKODOR JSC, UKH “MMZ" JSC and others.

Abroad: manufacturing companies: mining dump trucks, internal combustion engines, diesel generator sets,
agricultural machinery.

CONTACT INFORMATION
Olga Korzun, Director;
Ivan Zhukovsky, Chief Engineer, Candidate of Technical Sciences.

Phone No.: (+375 29) 681 13 32,868 71 10
E-mail: info@spetsteplobel.com
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