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WHHOBALIUOHHBIE TEXHOJIOTUW B MPOMBILLJTEHHOCTU

. TOCYAAPCTBEHHOE HAYYHOE YHPEXAEHWME
«PUINKO-TEXHUHECKUM UHCTUTYT
HAUMOHAABHOM AKAAEMNIN HAYK BEAAPYCy,

YHPEXAEHNE OBPA3OBAHMA «BAPAHOBMYCKIMI
[OCYAAPCTBEHHBIN YHNUBEPCUTETY

.

1. TEXHONIOTUA NOHHO-NNASMEHHOI0 A30TUPOBAHUA

OMNMUCAHUE PA3PABOTKHN

MoBepPXHOCTHOE YNPOYHEHWNE AeTanell MallH, MEXaHM3MOB, LUTAMMOBOW 1 IMTEMHOWM OCHACTKY, 3yOUaTbIX KO-
nec, Banos, BTYJIOK, Mpecc-GopM 1 pexyLLero MHCTPYMEHTa M3 Pa3fIMYHbIX MapoK cTanen (KOHCTPYKLMOHHDIX,
VNHCTPYMEHTaJIbHBbIX, LUITAMMOBbIX, HepPXaBeIoLNX) U CNIaBOB.

OCHOBHbIe KOHCTPYKTVBHbIE XapaKTEPUCTUKN:

- BaKyyMHas Kamepa C CUCTEMOV BOAOOXaXAEHNA, TENIOMU30NMPYIOWMMI SKPaHaMM 1 OCHACTKOW AnA pas-
MelleHun obpabaTbiBaeMbIX AeTanew;

— aBTOMaTV3UPOBAHHbIN LWKad ynpaBneHus Ha 6a3e NPOMbILLIEHHOTO KOHTPOJIIEPa C CEHCOPHbIM UHTepdEeicoMm;

— BbICOKOBaKyYMHasi HACOCHas CMCTeMa, 610K aBTOMATUUYECKOro HamycKa 1 CMeLUnBaHUs paboumx ra3os (a3or,
BOJOPON, aproH);

— UMMYNbCHBIA NCTOYHMK NUTaHKA aHOMaNbHOrO TNELWEro pa3psaaa ¢ 6bICTPON CUCTEMOW 3aLUKTbI OT MUKPO-
ZyroobpasoBaHus.

TexHoOnornyeckue un TEXHUKO-3KCMJlyaTaUMOHHbIE XapaKTEPUCTUKIN:

— NPOLeCC XMMKO-TEPMNYECKON 06paboTKM, OCHOBAHHDIN Ha AN dY3MOHHOM HACbILLEHVV TOBEPXHOCTHOIO
CJ105 @30TOM B YCNOBUAX HU3KOTEMNEPaTYPHOW Mia3mbl aHOMasIbHOTO TAEOLEero pa3paaa;

— TeMnepaTypHbIN pexnm: oT 250 go 600 °C (HM3KoTeMNepaTypHble peXxumMbl MO3BONAT 06pabaTbiBaTh AeTa-
NN 6e3 CTPYKTYPHbIX M3MEHEeHUI 1 63 CHMXKEHWA KOPPO3MOHHON CTOMKOCTU HeprKaBeloLmx cTanei);

- rny6rHa ynpoyHeHHoro cnos: ot 0,05 go 0,80 MM (B 3aBUCMMOCTU OT MapKK CTanu 1 NPOAOCIKUTENbHOCTU
npowecca);
— TBEPAOCTb MOBEPXHOCTU: NOBbILEHNE MUKPOTBEPAOCTM NOBEPXHOCTHOrO cfoa go 1200-1500 HV.

Bbicokas paBHOMEPHOCTb C/10s Ha fleTansAX CJIOKHON reoMeTpuUyeckoin ¢opmbl (BKIloUas ryxue 1 CKBO3Hble
0TBEPCTYSA), OTCYTCTBYE AedOpMaLIMii U KOPOOIEHWS FOTOBBIX U3AENNIA, NMOJTHaA SKoNormyeckas ymctora (6e3 Bbl-
6POCOB TOKCMYHBIX Fa30B).

TEXHUYECKUE NMPEMMYLLECTBA

Pa3pa60TaHHaﬂ TEXHOJIOIMA N YCTaHOBKA NOHHO-MJ1a3MEHHOI0 a30TUPOBaHNA (MNA) COOTBETCTBYIOT Nepeno-
BOMY MNPOBOMY Hay4YHO-TEXHNYECKOMY YPOBHIO.

Mo cpaBHEHMIO C TPAAULMOHHBIM Fra30BbIM a30TVPOBAHMEM U NYYLLMMU OTEYECTBEHHBIMY / 3apyOEXKHbIMU aHa-
noramu yctaHoBka UMA obecneumBaer:

— COKpaLLeHMe NPOAOIKMNTENBHOCTM 006PaboTKM B 2-5 pas, CHMKeHMe SHepronotpebnenns B 1,5-3,0 pasa v pac-
Xopaa pabouuix rasos B 20-50 pas;

— yBefinyeHne NoBepxHOCTHON TBepaocTy B 1,5-3,0 pa3a, n3HococTonkocTn B 2—10 pas, NoBbllLeHVe npegena
BbIHOC/IMBOCTW, KOPPO3MOHHOW CTOMKOCTU N COXPaHeHMe TBEPAOCTU CloA Npu Harpese go 600-650 °C;

- NpoBefeHKe NpoLecca Npv 6onee HU3KUX TemnepaTypax (ot 250 °C) uckntovaet gedopmaLyio feTanein, no-
3BoMAeT 06pabaTbiBaTh ryXue 1 CKBO3HbIe OTBEPCTUSA C TOUHBIM YNpaBnieHreM $pa3oBbIM COCTaBOM;

—MOJIHOE OTCYTCTBUE TOKCUYHbIX Bbl6pOCOB, NpPOCTOTa 3KpaHHOIZ 3alWNTbl HEYNPOYHAEMbIX y4aCTKOB netanen.



WHHOBALIMOHHBIE TEXHOJIOT U B MPOMBILJIEHHOCTH

Mo COOTHOLIEHUIO «LieHa — KauecTBO — 3Heprod3¢pdeKTMBHOCTb» YCTAHOBKW NMPEBOCXOAAT TPAAULMOHHbIE
Meyy ra3zoBOro a3oTMPOBaHMUA U He YCTYMNaloT 4OPOrOCTOALMM MMMNOPTHBIM aHasIoram Mpy 3HaYNTENIbHO MeHb-
LWen CTOUMOCTN 060PYAOBaHMA 1 SKCNyaTaLun.

OXWUOAEMbIV PE3YJIBTAT NPUMEHEHUA
BHenpeHune TexHonorum n obopygosaHusa UMA nossonser:

— MOBbICUTb pecypcu M3HOCOCTONKOCTb ,quane|7| MallnH, MeXaHN3MOB, LITaMMNOBOW OCHACTKN 1 pexyLero nH-
cTpymeHTa B 2-10 pas;

— CHM3UTb Ce6eCTOUMOCTb XMMUKO-TEPMIUYECKOI 06paboTKM 3a CUET COKpaLLeHUA SHepronoTpebnenus (B 1,5
3,0 pasa), NPOAOMKUTENBHOCTY LMKNA U pacxofa ra3os;

— NCKNIoUNTb 6pakoBKy 1 aedopmaunio CIOXKHbIX 1 NPELN3NOHHbIX feTanen 6narogapsa HU3KOM TemnepaTty-
pe npouecca (o1 250 °C);

- obecneunTb SKOTOrM4eCKyto YNCTOTY NPOUN3BOACTBA 3a CHET OTKa3a OT TOKCUYHbIX ra30B U COJIEBbIX BaHH;
—MNOBbICUTb KOHKyDEHTOCI'IOC06HOCTb N TEXHONOIMYECKY0 HE3aBNCMMOCTb MalIMHOCTPOUTESTbHbIX npennpmmmﬁ.

TEKYLLAA CTAOUA PA3BUTUA
PaspaboTka BHejpeHa B NPOU3BOACTRO.

CBEJEHUWA O MPABOBOW OXPAHE
OTcyTCTBYIOT.

NOTEHLUWAJIbHbBIE MOTPEBUTEJIN U/WN 3BAUHTEPECOBAHHDIE B PASPABOTKE
MpeanprATMA MaLWMHOCTPOEHNS, aBTOMOOUNECTPOEHUA, TPAKTOPOCTPOEHMS, CTAHKOCTPOEHNS, NPUB0POCTPOo-

€HUA, NHCTPYMEHTA/IbHbIE 3aBOfbI, 3 TAKXKE NPON3BOAUTENN LUTAMIMOBOWM, INTENHOMN OCHACTKY, Npecc-GopM 1 ae-
Tane, paboTatoLmnx B YCTIOBUAX NMOBbILEHHONO M3HOCA U HAarpy3oK.

KOHTAKTHbIE AAHHbIE

Manesunu Anekceii BnagummpoBsuy, nHxeHep 1abopaTopun TEXHOMOMMN MaLWMHOCTPOEHMS,
Kadeapbl TEXHONOMMN 1 060PYAOBAHNA MALUMHOCTPOEHNA NHXEHEPHOTO dakynbTeTa
BapaHOBUUCKOro rocyaapCcTBEHHOIO YHBEPCUTETA.

Ten.: (+375 29) 202 20 64

E-mail: malevich-95@mail.ru

2. TEXHONOT A MATHUTHO-UMNYNbCHOW OBPABOTKW IETANEN MALUIVH

OMUCAHUE PASPABOTKU

MpenHa3HaueHa s NOBEPXHOCTHOIO U 06EMHO-MOBEPXHOCTHOTO YNPOUYHEHNS, MOBbILLEHUS YCTaNOCTHOM
MPOYHOCTU U N3HOCOCTOMKOCTU KPUTUYECKUX AeTanell MallMHOCTPOeHUs (Basnbl, ocK, 3ybuaTtble Koneca, nog-
LUMMHWKK, CBapHble KOHCTPYKLMN), @ TAKXKe TEXHONOMMYECKON OCHACTKN U MHCTPYMEHTA U3 KOHCTPYKLUOHHDIX,
LUTAMMOBBIX CTaJIel 1 LUBETHBIX CMJ1aBOB.

OCHOBHble KOHCTPYKTVBHbIE XapaKTePUCTUKM:

— reHepaTop MMIMYSIbCHbIX TOKOB: BbICOKOBOJIbTHbIV KOHAEHCATOPHbIN HAKOMUTESTb SHEPTUU C MANIOVHAYKTVB-
HOW KOMMYTaLMOHHOW CUCTEMOW;

— VIHAYKTOPHbIE CUCTEMbI: CMeLann3rpoBaHHbIE MarHUTHO-UMMYbCHbIE MHAYKTOPbI (MI0CKMe, LuAnHApuYe-
CKue AnA Hapy>KHOMN 1 BHYTPeHHen 06paboTKI) C BbICOKOW MEXaHNYECKOW 1 TEPMUYECKOWN CTOMKOCTbIO;

— 6JIOK yrpaBieHUA: MUKPOMPOLIECCOPHOE YrpaB/ieHne pexxnmamm paspaaa, opmon nMnysbca U Hanpske-
HVeM 3apAaKN.

TexHonornyeckme 1 TeXHMKO-3KCNJTyaTaLMOHHbIE XapaKTepUCTUKN:

- NPUHLMN AeNCTBUA: 6ECKOHTAKTHOE CUTOBOE BO3AENCTBME BbICOKOUHTEHCMBHOIO MMMYSIbCHOMO MarHUTHO-
ro nons (gaBneHve 31eKTPOMarHMTHOro NonA A0 HECKONbKUX coTteH MIa, ANMTeNbHOCTb MMMYNbca — OT AeCAT-
KOB [10 COTEH MUKPOCEKYHA);
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— TemnepaTypHbIN peXxnm: «<xonofHas» 06paboTka (6e3 cyLecTBEHHOro HarpeBa AeTanu), UTO UCKIoYaeT Tep-
Muyeckmne fepopmaLiin u KopobneHue;

— MeéXaH13M YyNpoYHeHNA: d)OpMI/IpOBaHVIe WHTEHCMBHOWN NacTUyeckomn MI/IKpOJJ,Ed)OpMaLl,I/II/I NOBEPXHOCTHO-
ro C10A, n3menbvyeHne Cy6CTp)IKTypr, yBennyeHue nnoTHOCTN Ancnokaunin n HaBefeHue 6ﬂaFOI'IpI/IF|THbIX CXKHn-
MalLWnX OCTaTOYHbIX Haﬂpﬂ)l(EHMVI;

- rny6uHa ynpouHeHHoro cnos: o1 0,1 Ao 2,5 MM B 3aBUCMOCTM OT SHEPTUM MMMYSbCa ¥ MaTepuana;

— NOBbILLEHVE MUKPOTBEPAOCTM: Ha 15-40 % B NOBEPXHOCTHON 30HE NP COXPAHEHUM BA3KOCTU CepALEeBU-
Hbl MaTepuana.

TEXHUYECKUE NMPEMMYLLECTBA

Pa3pa60TKa COOTBETCTBYET NepeaoBoMy MUPOBOMY YPOBHIO B obnactn O6pa6OTOK MaTepranoB BblICOKOUH-
TEHCUBHbIMN MMNYJNIbCHbIMW NMOJIAMWA.

Mo cpaBHEeHNIO C TPAAWLVNOHHBIMM METOAAMU YNPOUYHEHUA (TEPMUYECKON, XMMUKO-TEPMUYECKON 1 MeXaHNYe-
CKOI NOBEPXHOCTHO-MJIACTNYECKON 06paboTKoM):

- yBenun4yeHue npegesa BbIHOCIMBOCTM U YCTaNOCTHOW JONroBeYHOCTH AeTanen B 1,5-3,0 pasa;

— MOJIHOE OTCYTCTBUE TEPMUYECKIMX NMOBOAKOB, KOPOONEHNA 1 OKUCIIEHUA NMOBEPXHOCTY (He TpebyeTcsa noce-
Zytowas yncrosas WnndposKa);

— BbICOKas 3HePro3¢PpeKTNBHOCTb: SHEPrUsA PACXOQYETCs NTOKANbHO 3a MUKPOCEKYH[bI, SHEPronotpebreHne
HuXe B 5-10 pa3 no cpaBHEHMIO C TEPMUYECKMM YNIPOYHEHUEM;

— BbICOKaA Npon3BoANTENIbHOCTb: ANTNTENIbHOCTb OAHOIO LKMKJia 06p360TKVI 3aHUMaeT JOJIN CEKYHADbI;

— 6ECKOHTAKTHOCTb BO3[1eMCTBUSA: BO3MOXHOCTb YNPOYHEHUA TPYAHOLOCTYMHbIX 30H (Mepexofbl, ranTenu, BHy-
TPEeHHMe NonocTn);

— MOJIHaA 3KoJIornyeckad YncTtorta (663 BbI6pOCOB, OXNagnTeNbHbIX *KUAKOCTEN U XMMUNYECKNX peaFeHTOB).

OMXUOAEMbIV PE3YJIBTAT MPUMEHEHUA

BHeppeHue TexHONOrMM 1 060pyfoBaHNA MarHUTHO-UMNYNbCHON 06paboTKM NO3BONAET:

— MOBbLICUTb 3KCI'IJ1yaTaLI,VIOHHbIIZ pecypC N HageXHOCTb Harpy»XeHHbIX ,quane|7| MalWnH N NHCTPYMEHTa
B 1,5-3,0 pa3a;

— CHU3UTb TPYAOEMKOCTb 1 Ce6eCTOMMOCTb GUHULLHBIX ONepaLMii 3a cYeT UCKNoUYeHUA gedopmaLmin n Heob-
XOAMMOCTV NOBTOPHOW NPaBKu MW WANGOBKY;

— YMEHbLUNTb SHEProemMKOCTb NPON3BOACTBa YNPOYHAEMbIX VI3AEJ1VIPI;

- obecneunTb SKONOrn4yeckyto 6e30MacHOCTb U TEXHOJIOTMYECKYIO0 HE3AaBUCMMOCTb MAalUMHOCTPOUTENbHOIO
KOMMJieKca.

TEKYLWLAA CTAANA PA3BUTUA
Pa3spaboTka BHeipeHa B NPOM3BOACTBO.

CBEJEHNA O NPABOBOW OXPAHE

MaTeHTbl Ha cNOCcobbl MarHUTHO-MMMYJNIbCHOW 06PaBOTKMN 1 KOHCTPYKLMMN UHAYKTOPOB, NpuHaanexalune OTU
HAH Benapycn.

NOTEHUWAJIbHbIE MOTPEBUTENU U/ 3AUHTEPECOBAHHDIE B PASPABOTKE

MpeanpuaATUA MalMHo-, Npubopo-, aBToMobMe-, aBMaCTPOEHNSA, NMPON3BOAUTENN NHCTPYMEHTA U WUTaMMoO-
BOW OCHacTKkuM B Pecniy6nvike benapycb v 3a pybexxom.

KOHTAKTHbIE AAHHbIE

Manesuny Anekceii BnagummpoBsuy, nH>KeHep 1abopaTtopum TEXHONOMMN MaLLMHOCTPOEHMS,
Kadenpbl TeXHONOMMM 1 060PYAOBAHMA MALLMHOCTPOEHNA UHXEHEPHOTO daKynbTeTa
bapaHoBMUCKOro rocyaapcTBEHHOro yHBEpcuTETa

Ten.: (+375 29) 202 20 64

E-mail: malevich-95@mail.ru
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II. TOCYAAPCTBEHHOE HAYYHOE YHPEXAEHME
WMHCTUTYT TEXHOAOTUN METAAAOB
HAUMOHAABHOM AKAAEMNIN HAYK BEAAPYCIy

.

3. TEXHONOruA 1 0bOPYAOBAHWUE ASPOAUHAMUYECKOI0 3BYKOBOI0
YNPOYHEHUA

OMUCAHUE PASPABOTKI

O6nacTb NpYMeHeHA: NOBEPXHOCTHOE 1 06BEMHO-NOBEPXHOCTHOE YMPOUYHEHWE MEeTaNINIoPeXKYLIEro MHCTPY-
MeHTa 13 MeTaloKepaMUYeCcKnX TBEP/bIX CMIaBOB (CMEHHbIX MHOFOrPaHHbIX MNACTWH, KOHLEBbIX dpes), bbicTpo-
PEXYLUMX M UHCTPYMEHTASIbHBIX CTasNIEN, LUTaMMOBOWN OCHACTKW, AeTanein MaLlvH 1 YyryHHbIX n3genui, pabotaio-
LMX B YCNOBMAX NOBbILLEHHbIX AMHAMUYECKUX, LUKANYHBIX U YAAPHbIX Harpy3ok.

OCHOBHbIe KOHCTPYKTVBHbIE XapaKTEPUCTUKM:

- cneymann3MpoBaHHasa YNpoYyHMTeNbHasA Kamepa C a3pOoANHaMNYECKUM reHepaTopPOM 3BYKOBbIX KonebaHuii;
- ra3oUHaMMYeCcKUNn KOHTYpP C CUCTEMOW PerynMpoBaHna 1 Nojayun CKaToro BO3ayxa;

— aBTOMATM3NPOBAHHbI B/I0K yNpaBieHnsa YaCcTOTON M aMIIUTYAON aKyCTUYECKOro BO3LENCTBIS;

— OCHACTKa AJ1A TOYHOrO NMO3ULUOHVPOBAHNA U 3aKPerIeHNs YNPOUYHSAEMbIX N3O 1 MHCTPYMEHTA.
TexHonornyeckme N TeXHNKO-3KCMyaTaLMOHHbIE XapaKTepPUCTUKN:

— MeTO/[] OCHOBAH Ha BbICOKO3HEPreTM4eCKOM HU3KOTEMMNEPATYPHOM BO3[eNCTBMMN SDHEepPronoTokoBs, Co3aBa-
€MbIX P€30HaHCHbIM 3¢¢EKTOM AKYCTUYECKUX BOJTH 3BYKOBOIO inana3oHa;

— YacTOTHbIV AMana3oH akycTuyeckoro sosgencrama: 140-170 ly;

- TemnepaTypHbI peXnM: HU3KoTemnepaTypHbI npouecc (ao 150-250 °C), nckniovatowwmin pasosble NpesBpa-
LeHns, TepMuyeckre agepopmauiivi 1 U3MeHeHMe NCXOAHbIX FTeOMETPUYECKNX pa3MepoB AeTanen;

- Bpemsa 06paboTku: oT 5 10 30 MVH Ha TEXHONOTUYECKNI LIKIT;

- pusnKo-mexaHnyecknii 3pdeKT: penakcaumus 0CTaToUHbIX MUKPOHaNPAXEHWI, MOBbILLEHWE YAapHOW BA3-
KOCTU 1 TPELNHOCTONKOCTN TBEPADbIX CMIaBOB NPV COXPAHEHWN NCXOAHON TBEPAOCTH, POCT MIIOTHOCTY ANC-
NoKauun;

— DKONOrmyecKkasn YmcToTa: OTCYyTCTBME TOKCMUHBIX BbIOPOCOB, ra30BbiX peareHToB U XMMUYECKUX OTXOL0B (pa-
6ouan cpefla — CKaTblli BO3AYX).

TEXHUAYECKUE NMPEMMYLLECTBA

Pa3paboTtaHHaa TeXHONOrMA aspofMHaMUYECKOro 3BYKOBOMO YMPOYHEHWA COOTBETCTBYeT MnepefoBOMy
Hay4YHO-TEXHWYECKOMY YPOBHIO B 06nacTn Gpr3NKU aKyCTUYECKMX U ra3ofrHaMUYecknx metofos obpabot-
KU MaTepranos.

Mo cpaBHEeHWIO C TPAANLIMOHHBIMI MeToAaMU (TEPMUYECKNIA OTMYCK, YNIbTPa3BYKOBOE YNPOUYHeHNe, HaHece-
Hue PVD/CVD-nokpbiTun):

— MOBbILLEHVE CTOMKOCTU TBEPLOCTIABHOIO 1 GbICTPOPEXKYLLErO NHCTPYMeHTa B 1,5-3,5 pa3a (ocobeHHOo npu
NPEepPbIBUCTOM pe3aHumn U Gppe3epoBaHnm C yaapHbIMY Harpy3Kamm);

- HU3Kas TemrnepaTypa 06paboTKM NCKNIOYaET KOPOGIEHVE N U3MEHEHUS [OMYCKOB NPELN3NOHHOIO NHCTPY-
MEHTa;

— COKpalleHvie sHepronoTpebneHns B 3-5 pas n oTCyTCTBUE HEOBXOANMOCTU UCMNONb30BaHMA AOPOroCTosA-
LLMX 3aLYUTHBIX FA30B N BAaKyyMa;

— BblICOKaA CKOPOCTb U CKBO3HOM XapakKTtep BO3[ENCTBMA BOJIH Ha MUKPOCTPYKTYPY MaTepunana;

= AO0CTYNHOCTb O60py,D,OBaHI/IFI N HM3KaA cebecToumMoCTb O6pa6OTKVI NO CPaBHEHNIO CO CNNOXKHbIMW BaKyYMHO-
nna3smMmeHHbIMK1 YyCTaHOBKaMW.
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OXWAAEMbIV PE3YJILTAT MPUMEHEHUA
Mcnonb3oBaHne TEXHONOMMIN a3POANHAMUYECKOTO 3BYKOBOTO YNPOYHEHUS BYAET CNocobCTBOBATD:
— YBENUYEHWIO NEPUOAA CTOMKOCTY PEXYLLEro MHCTPYMEHTa U OCHACTKM B 1,5-3,5 pasa;

— CHUXKEHUIO pacXo4oB MaWNHOCTPOUTENbHbIX npep,npvaVIVl Ha 3aKynKy MMMNOPTHOIo TBepAOCM/IaBHOIO UH-
CTPYMEHTa;

— CHUXXEHUIO SHEPTOEMKOCTM GUHULLIHBIX YNPOYHSAIOLLMX Onepauuii B 3-5 pas;
- UCKNoYeHunio 6paka no aedpopmaumam 1 COXPAHEHUIO FrEOMETPUYECKON TOYHOCTU U3AENNIA;
- 06ecneyeHunio SKOTOrMUYECKN YNCTOrO NPOU3BOACTBA 6e3 BpeaHbIX BbIOPOCOB.

TEKYLWAA CTAAUA PA3BUTUA
Pa3paboTka BHeApeHa B NPOV3BOACTEO.

CBEJJEHUA O MPABOBOI1 OXPAHE

MaTeHTbl Ha M306peTeHUs / nNonesHble mofenu Pecnybnukn benapycb B 06nacTu cnoco6oB akycTU4eCKom
1 a3pofMHaMUYeCKoi 06paboTKM MaTeprasnos.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MpeanpuATUA MaWMHOCTPOEHWSA, METANI006PaboTKN, NPUOOPOCTPOEHNA, MPON3BOANTENN 1 NOTPEOUTENN
METaINIoPEXKYLLEro MHCTPYMeHTa 1 WwTamnoBom ocHacTkm (OAO «MT3», OAO «MA3», OAO «BEJTA3», MHCTpYyMeH-
TanbHble 3aBofbl Pecny6nuku benapycb n Poccuiickon Oegepauun).

KOHTAKTHbIE AAHHbIE

»Kvranos AHatonuin Hukonaesuy, AUpeKTop, LOKTOP TEXHNYECKMX HayK, AOLIEHT.
Ten.: (+375 222) 64 93 27
E-mail: info@itm.by
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. PUAMAA BEAOPYCCKOIO HALMOHAABHOTO
TEXHHMHECKOTO YHMBEPCUHTETA
«HAYYHO-MCCAEAOBATEABCKNM
NOAUTEXHUHECKMN MHCTUTY Ty

>

4.060PY[,OBAHUE W TEXHONIOT NSl HAHECEHWUA U3HOCOCTOMKNX MOKPbITUN
METOZ0M FA30TEPMUYECKOIO HANMbINEHNA

OMUCAHUE PASPABOTKI

TexHonornm nnasMeHHoro 1 ra3onslaMeHHoro HanblIeHNA
obecneynBaloT BO3MOXHOCTb CO3AaHMNA MOKPLITUA U3 WK-
POKOI HOMEHKNATYPbl MOPOLLKOBbIX MaTepranos. Bo3mox-
HO Hanbl1eHNe MeTaNIMYEeCKMX, KepaMUyecKunx, Nnaknpo-
BaHHbIX 1 KOMMO3NUNOHHbIX MaTeEPKAIOB, a TaKXe MaTepu-
anoB, obnajaoLmnx 3K30TeEPMMYECKM 3pdeKkToMm. I3HOCOo-
CTOMKOCTb fleTasiel, Kak npasuso, nosblwaetca B 3-5 pas3
MO CPABHEHMIO C CePUHBIMU. [TPUHLMN HAHECEHUA NOKPbI-
I mMeToaaMun nNnasmMmeHHOro 1 ra3ornjiaMeHHoro HanbuieHnA
OCHOBaH Ha pa3orpeBe NMopoLIKOBOro MaTepuana B reHepu-
pyemoi NnasMoTPOHOM CTpye MJia3mbl WN B NSIaMeHU ra-
30M1aMeHHO ropenkun Ao TemnepaTtypbl NAaBneHnsA C Nno-
cnepylolein Kpuctannmusaumei Ha yrnpodyHsaeMon pabouei
noBepxHOCTU feTanei. Pa3paboTaHa 1 BbiNyCcKaeTcs ycTa-
HOBKa A/1A ra30rMjlaMeHHOro Hanbl1eHNsA, KOTopasa COCTOUT
13 NynbTa ynpaBneHus, CHab»keHHoro KOHTpONMpyowmnmmn YcTaHOBKA ra3onnaMeHHOro HanblieHusa
npubopamu, BEHTUASIMU 4151 PETYNIMPOBKU pabourix rasos,
CUCTeMON aBTOMATUKI U ra3opacrpefeneHms, Tepmopachbl-
NNTENIbHOW rOPesKy NMUCTONETHOO TUMa A7A PYYHOrO 1 No-
NyaBTOMATUYECKOro HanblieHNA. [1nA HanbineHnsA BHYTPeH-
HUX N TPYAHOAOCTYMHbIX NOBEPXHOCTEN YCTaHOBKA KOM-
nneKkTyeTca cneymanbHbIM yanuHutenem. Pasmep Hanbina-
embix yactuy coctasnaeT 30-150 MKM, MakCUManbHasA npo-
N3BOAUTENbHOCTb Ha MPOMaH-6yTaHe — 6 Kr/u, Koabduu-
€HT 1CM0JIb30BaHUA MOPOLLIKOBOro matepuana — ao 95 %.
YcTaHOBKa MOXKeT [OMOMHUTENIbHO KOMIMJIEKTOBATHCA FO-
penkon gnA ra3onopoLLKOBOWN HamnaaBKu.

TEXHUYECKUE MPEMMYLLECTBA

Mpeanaraemble TEXHONOrMU U 0B6OPYAOBaHNE COOTBET- '
CTBYIOT YPOBHIO Pa3paboTOK NepefoBbiX MPOMBbILLIEHHO PonuKin e BONOYEHINA MPOBOTIOKM, YIIPOYHEHHbIE
pa3BUTLIX CTPaH U NO3BONAIOT B 2-3 pa3a YBeNNYMTb MeX- ra30nnamMeHHbIM HarbineHuem
PEMOHTHbIE CPOKM LUMPOKOIM HOMEHKNATYpbI Y3/10B U AeTa-
nen 1 3HaUNTENBbHO COKPATUTb 3aTPaTbl HA PEMOHT.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

O60pyaoBaHmMe NO3BONAET MPUMEHNUTb HOBbIV NOAXOL K MPOU3BOACTBY U PEMOHTY feTanei 1 060pyaoBaHmus,
COCTOALMI B MCMONb30BAHMM 3aLUMUTHBIX MU3HOCOCTOMKMX MOKPBITUI Ha AeTasAX 3 AeLIeBbIX KOHCTPYKLMOHHbIX
MaTepurasioB, YTo MO3BOJIAET SKOHOMMUTbL JOPOroCTOALME MaTepPHasbl U COKPATUTb 3aTpaTbl HA PEMOHT Ha Mnpega-
NPUATUAX MeTannoobpabaTbiBaloWen, MaMHOCTPOUTENbHOW, HEPTAHON, HEPTEXMMUYECKOW NPOMbILIIEHHO-
CTU U B APYTUX OTPACHAX.




TEKYLAA CTARUA PA3BUTUA
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YcTaHOBKa ra3oniaMeHHOro HamblieHus pa3paboTtaHa v Bbinyckaetcss OHWJ1 nnasmeHHbIX U Na3zepHbIX Tex-
HONOMM Ha [OrOBOPHOM OCHOBE Y MepefaeTca 3akazunkaM COBMECTHO C TEXHONOTMEN YNPOYHEHNA KOHKPET-
HbIX feTanen. TeXHONOrvs NiIasMeHHOro HamnbUIeHNA peann3yeTcsa ¢ UCMOMIb30BaHNEM CEPUIHOIO 060pPyaOoBa-
HUA N TaKXe nepefaeTca 3aka3umkam COBMECTHO C TEXHOJIOTMEN YNPOUYHEHMA KOHKPETHbIX AeTanen.

CBEJIEH/A O MPABOBOI1 OXPAHE

Cnocob HaHeceH s ra30TePMUYECKOro NOKPbITYA : NaTeHT 16498 Pecn. benapycb / OkoBuThIn B. A., MaHTene-
eHko O. U, lesoiHo O.T., OkoBuTbIN B. B. — 3aaBka N2 20101176 ot 02.08.2002 ; 3aper. 07.02.2012.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PASPABOTKE

PO «benarpocepsucy; benopycckas xenesHasa gopora; OAO «poaHo A3o1»; OAO «CBeTNIOropCKXNMBOIOKHOY;
OAO «MorunesxmmaonokHo»; COAO «fomenbkabenby; OAO «benapyckabenb»; OAO «benopycckuin meTannypru-
YecKuin 3aBof»; 3aBOAbI MO NPOV3BOACTBY CTPOIMaTepmanos.

KOHTAKTHbIE AHHbIE

[HeoiHo Oner leopruesny, 3aBefyoLWnii OTPaCc/IeBON Hay4yHO-UCCefoBaTeNbCKo nabopaTtopueit
NnasmeHHbIX 1 Nla3ePHbIX TEXHONOMMI, AOKTOP TEXHUYECKNX HayK, Npodeccop.

Ten.: (+375 29) 654 54 48
E-mail: plazteh@bntu.by

5. TEXHONOTUA NASEPHOIO TEPMOYNPOYHEHNA CNCNO/Ib30BAHUEM

CKAHUPYIOLLLMX YCTPONCTB

YcTaHoBKa nla3epHoro TepMoynpouHeHna ManorabaputHbix
netaneii 0AO «bENA3»

OMUCAHUE PA3PABOTKI

Mpennaraemble TeEXHONOrMM U 060pPyAOBaHKE NO3BOJISA-
0T CO3ZjaBaTb Ha pabounx NOBEPXHOCTAX AeTanemn ynpou-
HEeHHble, B TOM YMCJie IerMPOBaHHbIe, ciiou rinybuHoi 0,3—
1,0 MM c TBepaocTbio o 1000-1200 HV, cnocobHble NOBbI-
CUTb 3HOCOCTOMKOCTb B 2-3 pa3a. TexHosiornm BocTpebo-
BaHbl B Pa3/INUYHbIX OTPAC/IAX MPOMBbILLIEHHOCTY, rae Tpeby-
€TCA NosyyeHue BbICOKMX GU3NKO-MEXaHNYECKNX CBONCTB
NOBEPXHOCTU B COYETAHNN C HEBbICOKOW CTOMMOCTbIO Ma-
Tepuanos.

TEXHUYECKUE NMPEMMYLUECTBA

TexHonorvis nasepHo 3akasiku OCHOBaHa Ha nepemelle-
HUM C onpeaeneHHON CKOPOCTbio CHOKYCUPOBAHHOIO Na-
3epHOro ayya nNo ynpoyHAeMon noBepxHocTu. bnarogaps
GONbLLIOIN CKOPOCTY HarpeBa-oxaxaeHns obecneunBaeT-
€Al 3aKasnka NoBepxXHOCTY 6e3 06bEMHOr0 pa3orpeBa AeTa-
nei, YTo NO3BONAET NCMONb30BaTb TAKOW BUJ YNIPOYHEHMA
NS feTanei CIoXKHOM GopMbl, KpYNMHOrabapuTHBIX U APY-
rnx, ynpoyHeHme KOTopbIX TpagNLNOHHBbIMUA METO4aMUN He-
BO3MO»HO. JTazepHoe TepMoynpoyHeHune 3pHeKkTMBHO AnA
yrepoancTbIX, TerMpoBaHHbIX UHCTPYMEHTaNbHbIX CTanewn,
UyryHoB v TBepfblx CriaBoB. JlazepHoe nermpoBsaHue npe-
AyCMaTpUBaET HaHeCeHWe nepeg 06paboTKoM na3epom Jie-
rMPYIOLNX KOMMOHEHTOB Ha YNPOUYHAEMYIO MOBEPXHOCTb.
Tak Kak 06paboTKa lazepom BefIeTCA B PEXIMME NporiaBlie-
HVIsi MOBEPXHOCTY, Ta3epHOE NlerMpoBaHue No3BoNAeT Npo-
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N3BOAWTb YNPOYHEHME MaTepranoB, He NoABePratoLNXCA
3aKasike (ManoyrnepoamcTbix CTanein ayCTeHUTHOrO Knacca,
LiBETHBIX CM1aBOB). Boibop nervipytowlen o6masKkm 1 pexku-
MOB fla3epHoi 06paboTkn obecneunsaeT popmMUpoBaHme
CJI0eB C TpebyeMbIM KOMMNEKCOM GU3MKO-MEXaHNYECKIX
cBoncTB. Hebonblume pa3mepbl 1a3ePHOTO Jiyya Ha Hanmnas-
nAemMol MOBEPXHOCTY NMO3BOJIAT BOCCTaHaBMBaTb C 60s1b-
LLIOW TOYHOCTbIO AETASIN CO CIIOXKHOWN POPMOII M3HOLLEHHOW
NOBEPXHOCTU.

TexHonorva npefycMaTprBaeT MCMONb30BaHUeE cnewuu-
anbHOW alanTUBHOWM OMTUYECKOW CMCTEMbI, obecrneurBa-
loLLe BO3MOXHOCTb YNpaBieHus pacnpenesieHem niot-
HOCTM MOLLHOCTY MO M/OWaAW NsATHa JlazepHon obpaboT-
KW, UTO MO3BOJIAET 06ecneunTb BbICOKOE KauecTBO fla3ep-
HOW 3aKankKu.

Mpepnaraemble 06opynoBaHe U TEXHONOMMN COOTBET-
CTBYIOT Hay4HO-TexHnuyeckomy ypoBHio CLUA, TepmaHuu,
BenukobputaHuu, AnoHnn.

OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

MeTopabl nasepHOW 3aKkanku 1 Jla3epHOro nernpoBaHma
MO3BONIAT AOCTUrATb MYOUHBI YNPOYHEHHOTO cnos Ao 0,3—
1,0 mm 1 TBepgocTy 1000-1200 HV. M3HococTOMKOCTb Mo-
BEPXHOCTM NOBbILWAeTCA B 2-3 pasa.

TEKYLWAA CTAAUA PA3BUTUA
PaspaboTka BHeApPEeHa B MPOU3BOACTBO.

CBEAEHNA O NPABOBOW OXPAHE

Cnoco6 NoBEPXHOCTHOTO YNPOYHEHUA METaNTNYeCKux
M3gennin nepemeLLaloWwMca Na3epHbIM NyyoMm : naTeHT
22197 Pecn. benapycb : MINK B 23K 26/62, C 21D 1/09 /
Mapcknin B. B., leBonHo O. I, JlapueHko 0. B. — 3anABKka
N2 20121143 o1 27.07.2012 ; 3aper. 10.07.2018;

Cnocob NoOBEPXHOCTHOIO YNPOUYHEHUS METAINYECKUX
n3genuin nepemeLLaiowMca fa3epHbIM JTy4YOM : eBpasuin-
ckui nateHT 023676 / [leBonHo O. I, )Kapcknia B. B., Jlap-
yeHko 0. B. — 3asaBka N2 201301033 ot 17.07.2013; 3aper.
30.06.2016.

NOTEHUWAJIbHbIE NOTPEBUTEJIN
N/ 3BAMHTEPECOBAHHDIE B PASPABOTKE

OAO «MuHckuin 3aBof KonecHbix Tarayen»; OAO «lom-
cenbmaw»; OAO «MUHCKUI aBTOMOOGWMbHBLIN  33aBOAY;
OAO «MuHcknin moTopHbIn 3aBoay, OAO «fpogHo A30T»,
OAO «MorunesnndTmaLw»,

KOHTAKTHbIE OBAHHDIE

[esonHo Oner [eopruesny, 3aBegyoLmin oTpacieBom
HayuyHO-nccnefoBaTeNnbCcKko nabopatopuen
Na3MeHHbIX U Nla3epHbIX TEXHONOMNI, AOKTOP
TEXHUYECKMI HayK, npodeccop.

Ten.: (+375 29) 654 54 48

E-mail: plazteh@bntu.by

] -

YnpouHenHble aetann 0AO «bENTA3»

| .

YcTaHoBKa Na3epHOro TepMOYNPOYHEHNA KpyMHOrabapuTHbIX
netaneit 0AQ «BENA3»

OueHka kauecTBa ynpouHeHus aetann OAO «bENIA3»
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6. 060PYOBAHME N TEXHONOMUA OYUCTKU METAJINOB METOZ0M JIA3EPHOI
OYUCTKK

o ——
”

MpoLecc 1a3epHoii OYMCTKN MOBEPXHOCTI TPYObI OT PXKABUMHBI

AR it

At

ﬂpouecc na3epH0|7| OYNCTKI CBAPHOTO LLBa

TEKYLWWAA CTAOUA PA3BUTUA
BbinyLueH onbITHbIN 06pa3eL,.

CBEAEHUNA O MPABOBOW OXPAHE
OTCyTCTBYIOT.

OMUCAHUE PA3PABOTKI

TexHONOrvA nasepHON OYNCTKM METANJIOB OT 3arps3He-
HUM 1 OKCULOB METANIOB MO3BOJIAET YCKOPUTbL MpoLecc
OUNCTKM HEOOXOAVMbIX MOBEPXHOCTEN C HAMMEHBLIVM KO-
NMYeCcTBOM TPYZO3aTpaT, a Takxe 6e3 yuwepba Ana oKpyxa-
loLle cpefbl, Tak Kak JaHHAs TEXHOJOMMA He HyXJAaeTcs
B MUCMOJIb30BaHNM PA3SIMYHbIX XUMUYECKNX KOMMOHEHTOB.
Pa3paboTka BbIrpbIBaeT B KAUECTBE MOJTyYaEMOW OUMLLEH-
HOW NOBEPXHOCTU MO CPABHEHUIO C TPAANLIMOHHbBIMY MeXa-
HUYECKUMU Cnocobamm ouncTKi. [na QoCTKeHNs Heob-
XOAMMOro pe3yribTata MCMosib3yeTcA YCTaHOBKA, KOTopas
BKJ/TIOYAET B Ce6A CTOUYHWK MMIMYNIbCHOTO S1a3€PHOrO M3My-
YeHWA, ONTUYECKYIO JINH3Y, PEKY AN NepemMeLLeHs JIVH-
3bl U YNPABAAOLMIA KOMMbIOTEP CO CMELMANN3MPOBAHHBIM
NpPorpaMmmMHbIM obecrneyeHmem.

TEXHUYECKUE NMPEMMYLLUECTBA

Mpepnaraemble TeXHONOrMU 1 0H60PyAOBaHNE COOTBET-
CTBYIOT YPOBHIO pa3paboToK nepenoBbiX MPOMbILLIEHHO
Pa3BUTbIX CTPaH 1 MO3BOJIAT JOOUTHCSA KauyeCTBEHHOrO
OUULLEHNA NOBEPXHOCTEN.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

OGOpy}J,OBaHVIe MO3BOJINT NMPUMEHUTb HOBbIN MoAxo4
K O4YNCTKE MEeTannoB OT pPa3/IN4HOro pofa 3arp$|3HeHvu7|,
NOBbICUTb NPON3BOAUTENDBHOCTb OYUCTKWU, a TaKKe CO3-
AaCT BO3MOXHOCTb O6pa6OTKVI HeOOMbLUNX U CTOXKHO Bo-
CTYNHbIX 0OBEKTOB.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PASPABOTKE

OAO «benwuHa», OAO «MM3», OAO «BEJIA3».
KOHTAKTHbIE JAHHbIE

[HesowHo Oner leopruesny, 3aBefyoLWwnii OTPAC/IEBON Hay4YHO-UCCNefoBaTebcKo nabopaTtopuei
NnasmeHHbIX 1 Ta3ePHbIX TEXHONOMMI, AOKTOP TEXHUYECKNX HayK, npodeccop.

Ten.: (+375 29) 654 54 48
E-mail: plazteh@bntu.by
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V. YHPEXXAEHME OBPA3OBAHNA
«TPOAHEHCKMN TOCYAAPCTBEHHbLIN YHUBEPCUTET
MMEHW AHK KYTTIAAbBI»

.

7. TEXHONOrUA NONYYEHNA U COCTABbI KOMMO3NLIUOHHBIX NOTUMEPHbBIX
MATEPWANOB, MOAUOULINPOBAHHDBIX KPEMHWUIA-YTNEPOLHBIMU
COEAUHEHUAMU NPUPOAHOIO MPOUCXOMAEHUA

ONMUCAHUE PASPABOTKI

B HacToALLee BpeMA BHUMaHWe UcCnefoBaTenieil COCpefoTOUeHO Ha NONyYeHN HaHOPa3MePHbIX YacTuL, Kap-
6uga kpemHus (SiC), KOTopbIl Griarofapsa CBOUM YHUKaNbHbIM CBONCTBAM (BbICOKOW TBEPLAOCTU, TYrOMnIaBKoCTL)
LUIMPOKO MCMONb3YeTCA B NEKTPOTEXHNYECKON, NMONYNPOBOAHUKOBOW, PaANOTEXHNYECKOW, NHCTPYMEHTaNIbHOM
1 Apyrux 06nacTax npombiwneHHocT. Ocoboe CTPOoeHUe TakUx YacTrL, NOMYYEHHbIX KPYOTeHHbIM N3MeSbYeHM-
€M, IETOHALMOHHBIM CMHTE30M, CMHTE30M 13 aKTVBHOW a3bl 1 APYrMMy COBPEMEHHBIMM criocobamu, obecneun-
BAET JOCTUXKEHME HOBbIX CBOMNCTB KOMMO3ULIMOHHBIX MOIMMEPHbBIX MAaTePUANoB — TPUOOTEXHUYECKUX, GU3NKO-
MeXaHNUeCKIX, aare3noHHbIX 1 Ap. CyLlecTyioLe NPOMbILIEHHbIE MeTOAbI Npon3BoacTBa SiC Ha OCHOBE MIHe-
panbHOro CbipbA ABAATCA OUYEHb SHEPTrOEMKUMM 1 JOPOrOCTOALLIMMY, @ MONyYaeMblil IPOAYKT He Bceraa obnaga-
€T HY>KHbIMM KauecTBaMu. HeTpaamuroHHble meTogpbl nomyyerms SiC 13 razosoii ¢asbl BbipallyiBaHNEM KpUCTa-
NOB U3 PacniaBoB, BaKyyMHOI nepecybnmmavmein no3BonsioT noyumtb SiC NoBbILLEHHOW YMCTOTbI, HO XapaKTe-
PY3y0TCA BbICOKOW TEXHUYECKON CIIOKHOCTbIO, LOPOrOBU3HOM U IMMUTUPYIOTCA OTCY TCTBMEM CbIPbA, OTBEYaloLLe-
ro Tpe6oBaHUAM STVX MPOMN3BOACTB. PeleHnem AaHHON NPOGIEMbI MOXKET NOCNYKMTb UCMONb30BaHNE B KauecTse
CbIpbA BO30OHOBNAEMOrO NCTOYHMKA PACTUTENbHOMO MPOUCXOXAEHUA. BaXkHbIM CBONCTBOM HAHOKOMMNO3WTOB AB-
nsAeTca foctkeHne 3¢ deKTa Npv CpaBHUTENIbHO Manol gonv mogudrkatopa — 0,01-2,00 mac. %, 4to no3sonsaet
COXPaHUTb TPAANLIMOHHYIO TEXHONOTMIO 1 060pyAOBaHMNE NPV CO34aHMKN 1 NepepaboTke MaTepUanos B N3genus.

3aBUCMMOCTb U3MEHEHIA LiBETa 30/1bl OT TeMnepaTypbl 00paboTKM pacTUTENbHOTO MaTepuana:
A — uncxopHbiii obpasel; b — 310 °C; B — 600 °C; T — 760 °C
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Mcnonb3oBaHue Tepmonm3sa Kak HeTpyaoeMKoro cnocoba nonyyeHya HAaHOYACTUL, MO3BOJAET, U3MEHAA TEXHO-
nornyeckre pexrnmbl, Noayyatb YyacTmubl SiC ¢ pasnnyHbIMU GU3NKO-XUMUYECKMMU XapaKTepucTrkamu. MNpea-
ronaraeTcs, YTo BBefeHune YacTuy SiC B cMecu NonMMepoB He TONbKO 06YC/IOBUT NOBbILLEHHYIO YCTOMYMBOCTb
K AedpopMUPOBAHMIO 1 U3HALLMBAHMIO, HO 1 MPUBEAET K Ae3aKT1BaLMM BIUAHUA HeONaronpuATHbIX SKCnyaTta-
LIMOHHbIX paKTOPOB — 030Ha, yNbTpaduoneTa, TepMOOKMCNeHsA. B pesynbtaTe yero 6yayT co3gaHbl npeanoch-
K1 ANnA CO3AaHUA ManoHanoNHEeHHbIX HAHOKOMMO3MTOB Ha OCHOBE GYHKLIMOHANM3UPOBAHHbIX CTPYKTYP, BbiMy-
CKaeMblx OTeYeCTBEHHO MPOMBbILLIIEHHOCTbIO, C MOBbILLEHHbIM KOMIMIEKCOM CNY»eBHbIX XapaKTepUCTUK 1 pac-
LUIMPEHNEM X MAPOYHOIO aCCOPTUMEHTA.

TEXHUYECKUE NMPEMMYLLECTBA

K npenmyLiecTtBam HAHOKOMMO3MLIMOHHbIX MOSIMMEPHbIX MaTePUANOB MOXHO OTHECTU BO3MOXXHOCTb NMOJSIHOTrO
OCBOEHUA NPON3BOACTBA KOMMOHEHTOB 1 U3AENUIN U3 KOMNO3ULIMOHHbIX MaTepranos B benapycn B pamkax nm-
nopTo3ameLleHuns, NO3TOMY MOXKHO BHEAPUTb KOMMO3MLMOHHble MaTepuanbl Ha OAO «benTAIMA3» npn npous-
BOACTBE TOKapHbIx NaTpoHoB; Ha OAO «benkapa» npv NPON3BOACTBE HarpyXeHHbIX Y3/10B TPEHUA arperaTos aB-
TOTPAHCMOPTHbIX CPEACTB, B TOM UMC/IE KapAaHHbIX BasloB, aBTOMOOMIbHbIX aMOPTX3aTOPOB, TOPMO3HbIX Kamep.

OyHKUMOHanbHble HaHoYacTMLbI SiC Kak MoAMGUKATOPbI NOIUMEPHBIX KOMMNO3ULMOHHbIX MaTEPUANOB MOTYT
NPVMEHATLCA B KaUeCTBe HaMoSIHUTENEN NONIMMEPHbIX MaTEPUAIOB Ha NPeANPUATUAX MALLMHOCTPOEHNA, XUMU-
YeCKOW NPOMBILLNEHHOCTN U CTPOUTESTILHOWN UHAYCTPUN.

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

Komno3unyunoHHble MaTepuralibl Ha OCHOBE BbICOKOMOJIEKYNAPHbBIX MaTpuL, MOHVIq)I/ILI,VIpOBaHHbIe HaHOpa3smep-
HbIMK YacTuuamm SiC, C NOBbILEHHbIMM TpVI6OTEXHVNECKVIMVI XapaKTepUCTukKamu.

TEKYLLAA CTAAUA PA3BUTUA
BbinonHeHa HayuHo-MccnefoBaTeNibCcKan UM ONbITHO-KOHCTPYKTOPCKaa (TexHonornyeckas) pabota.

CBEJEH/A O NPABOBOW OXPAHE
OTCyTCTBYIOT.

NMOTEHUWAJIbHbIE NOTPEBUTENUN U/UNN 3BAMHTEPECOBAHHDIE B PA3BPABOTKE
OAO «benkapa», OAO «benTAIMA3», OO0 «PYMMA NONUMJTACTUK», OO0 «B3Cl», AO «ben3AH».

KOHTAKTHbIE AAHHbIE

KpaBuyk TatbAHa OnerosHa, acnnpaHT.
Ten.: (+37517) 868 71 10
E-mail: tatyanapovshok@mail.ru

8. HAHOKOMMO3NLINOHHBIE SNEKTPOUCKPOBDIE MOKPbITUA

OMNMUCAHUE PA3PABOTKHN

HaHOKOMMNO3MLMOHHbIE SNeKTPONCKPOBbIE MOKPbITUA — UHHOBALMOHHAA TEXHOOI A NMOBEPXHOCTHOIO YNpoy-
HEHWA antoMVHUA Y ero CrniaBoB, NpefHa3HaYeHHas Afa CYLeCTBEHHOTO NOBbILEHNA N3HOCOCTONKOCTH, TBEp-
LOCTU, NPOYHOCTU 1 TPMOOTEXHUUYECKON 3DDEKTUBHOCTI feTanein 6e3 n3MeHeHUs nx 06 bemMHbIX CBONCTB. Tex-
HOJNOrNA OPUEHTNPOBAHA Ha MPVUMEHEHME B MALWMHOCTPOEHMWM, TPAHCMOPTHOM 1 aBUALMOHHOM NPOV3BOACTBE,
npubopPOCTPOEHNM, SHEPreTKe U APYrMX OTPACsAX, FAe UCMONb3YIOTCA Nerkme antoMnHUEBbIE KOHCTPYKLNN,
paboTaioLme B yCNOBUAX MHTEHCMBHOIO KOHTAKTHOIO Y MeXaHN4YeCckoro Bo3gencTaus. IHHOBaLMOHHOCTb pas-
pPaboTKM 3aKNoYaeTCA B COUETaHUN 3NEKTPOUCKPOBOro NiernpoBaHus (A1) ¢ HaHomoaMdULMPOBaHHBIM yrne-
POAHBIM KOMMNOHEHTOM — ManocioHbIM rpadpeHom. B otnmume ot TpagmumoHHoro SUJ1, dopmmpyembliii no-
BEPXHOCTHbIV cNoi obnafaeT HAHOKOMMO3UTHOWN CTPYKTYPON C KapOuaHbiMy dpasamum 1 yrnepoaHbIMy HaHo-
YyacTuuamu, 4to obecrneunBaeT OLHOBPEMEHHO YNPOUYHEHNE MOBEPXHOCTU U CHUXKEHME TPpeHUA 3a cueT 3ddek-
Ta TBEPAOW YrNnepofHoMN cmMa3Kkuy. KnoueBbiM KOHKYPEHTHBIM NMPenMyLLeCTBOM ABNAETCA BO3MOXKHOCTb NTOKaslb-
Horo popmMmpoBaHma GYHKLNOHANBHOIO NMOKPbITUA HEMOCPEACTBEHHO Ha FOTOBbIX AeTaNAX C UCMONIb30BaHMEM
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OTHOCUTENIbHO NMPOCTON TEXHONOTMYECKOM OCHACTKN. PerynmpoBaHue sHeprum asnekTpu4eckoro paspsga no3so-
NAET yNpaBnaTb CTPYKTYPOM, TONMHOMN, MOphONOorueil U SKCnnyaTaLloOHHbIMU XapaKTepUCTKaMy MOBEPXHOCT-
Horo cnos. Pa3paboTka cOBMeCTUMa C CyLIeCTBYIOLWMM obopyaoBaHueM anst SUJ1 n MoxeT 6bITb afanTupoBaHa
K cepuiiHoMy npoun3BoAcTBy. [pakTnyeckuii 3bpeKT pa3paboTKy 3aKoUaeTCs B yBEIMUEHNN PeCYpCa U HafexX-
HOCTU anioMUHMEBBIX JEeTaNIEN, CHUXKEHUN NOTEPb OT M3HOCA U BO3MOXHOCTM BOCCTAHOBJIEHUA U YNPOUYHEHUSA
JOPOroCToALMX KOMMOHEHTOB 6€3 X 3amMeHbl. TexHonorvsA obnafjaeT BbICOK/M MOTEHLMANOM MacLUTabupoBa-
HYS 1 AanbHelLlero BHeAPEHUs B MPOMBILLIEHHOE NPOU3BOLCTBO.

TEXHUYECKUE MPEMMYLLECTBA

Pa3pa60TKa COOTBETCTBYET COBPEMEHHOMY YPOBHIO TEeXHOOormMn d)yH KUMOHAJIbHOIo NOBEPXHOCTHOIO ynpoy-
HEHNA N 06nanaeT KOMMJIEKCOM NpenmyLecTs nepea TpaanuyMOHHbIMU SNEKTPOUCKPOBbIMN MOKPbLITUAMN U PA-
AOM NpMeHAeMbIX TEXHONOMNI HaHECEHWA N3HOCOCTOMKNX 3aLUTHBIX C/TIOEB.

KntoyeBbIM HayYHO-TEXHNYECKUM NPEVMYLLECTBOM ABNAETCA GOPMUPOBAHME Ha aNtiOMVHMM 1 €0 CrJlaBax Ha-
HOKOMMO3MLMOHHOFO NMOBEPXHOCTHOIO C/104, COAEPKALLEro MaIoCONHbIN rpadeH 1 kKapbraHble dasbl, 4To no-
3BOJIAET OAHOBPEMEHHO Peasim30BaTb MeEXaHNYECKOe YNPOYHEHME N TPUOONOrMYECKYHO 3aLMTy NMOBEPXHOCTH.
B onTrMasnbHbIX pexnmMax 06paboTKy OCTUIAETCA NOBbILEHNE MPOYHOCTY NoBepxHOCTH B 1,3-3,0 pa3a, MMKpo-
TBepgocTM — B 1,4-2,0 pa3a, BbicoKadA agreanoHHaa npoyHocTb (HF1 no DIN 4856), cHuxeHmne KoadduumeHTa
TPeHWA 1 NOBbILIEHME N3HOCOCTONKOCTH. [0 cpaBHeHMIo ¢ TpaguunoHHbiM DUJT ncnonb3oBaHue rpadeHOBOro
HaHomoandrKaTopa NO3BOJIAET AOMONHUTENBHO PETYANPOBATb CTPYKTYPY 1 MOPQOSIOro NOKPBITUA, CH/XKaTb
LLIepPOXOBATOCTb 1 GOPMMPOBATb Ha MOBEPXHOCTM 3aLLUTHYIO YINIEPOLHYIO MNEHKY, BbINMOMHALLYI0 GYHKLMIO TBEP-
O CMa3Kn. BaXKHbIM KOHKYPEHTHbIM MPenMyLLECTBOM MO CPaBHEHMIO C BaKyyMHbiMU PVD/CVD-TexHONOrnamm
ABNAETCA OTCYTCTBUE HEOOXOAMMOCTM B CJIOXKHBIX BaKyYMHbIX YCTaHOBKaX M BO3MOXXHOCTb JIOKafIbHOIO Ynpouy-
HeHWA roToBbIX AeTaneln HenocpeACTBEHHO B 30He SKCMyaTalMmn NN pemMoHTa. TexHonorna coBMecTnma c cy-
wecTayloWmUm obopynosaHuem 1, fonycKaeT ynpasneHne CBONCTBaMM NOKPBITAA M3MEHEHEM TEXHONOTYe-
CKUX PEXMMOB U UMEET NoTEHLMaN MacLUTabUPOBaHUs 4O MPOMBbILLIEHHOIO NpUMeHeHWsA. Takum 0bpa3om, pas-
paboTka obecneunBaeT coyeTaHVe HAHOCTPYKTYPUPOBaHHOIO YNPOYHEHNS, U3HOCOCTOMKOCTM, aHTUDPUKLMOH-
HbIX CBOWCTB, TEXHOJIOFMYHOCTW M SKOHOMUYHOCTU, YTO OMpPeAenseT ee BbICOKMA HayYHO-TEXHUYECKUI 1 Npu-
KnagHoW noTeHuvan.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

an/IMeHEHI/Ie HAaHOKOMMO3NLUNOHHDbIX 2NEKTPONCKPOBbIX I'IOKprTVIﬁ NO3BOJINT NOBbLICUTb 3KCMJ1yaTalOHHYIO
HafeXXHOCTb U pecypc JeTanen u3 afloMUHUA 1 ero CMaBoB 3a cyeT yBenn4yeHuA I'IOBerHOCTHOI‘/II NPOYHOCTN,
TBEPOOCTN N M3HOCOCTONKOCTU npn oAgHOBPEMEHHOM CHUMEHWUN TPEHUA. Oxngaetca YBENMNYEHNE MEXKPEMOHT-
HOro pecypca 1 Cpoka CJ'Iy>K6bI Jetanen, CHUXeHue 3aTpaT Ha X 3aMeHY 11 BOCCTaHOBNIEHME, a TaKXe paclnpe-
H/e NpUMeHEHUA NErknx antoMMHNEBDBIX CrJ1aBOB B YCTOBMAX MOBbILWWEHHbIX KOHTAKTHbIX HAarpy3ok. TexHonorusa
NO3BOJIUT OCYLLECTBNIATDL JIOKAJ/IbHOE YNPOYHEHUNE N BOCCTAHOBNEHNE OTBETCTBEHHDbIX I'IOBerHOCTeVI Henocpen-
CTBEHHO Ha rOTOBbIX AeTaNAX, BKJ/IDYaA PEMOHTHbIE onepaunn. Oxngaembin pe3ynbrat — noJjiyyeHne TeXHOJ10-
rmyeckn oCcTynHoro n MaCLIJTa6VIp)/EMOI'O cnocoba NoBbIWeHNA SKCMJ1yaTayMOHHbIX XapaKTePUCTUK METaNNN-
YyecKnx n3genumn 6e3 n3MeHeHNs X 06 bEMHbIX CBONCTB.

TEKYLWAA CTAOUA PASBUTUA
BbinonHeHa HayuHo-MccnefoBaTenbcKas UK OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

CBE[JEHUA O NPABOBOW OXPAHE
MoprotossieHa 3asABKa Ha NaTeHT.

MNOTEHUWAJNIbHbIE NOTPEBUTEJIU U/WNN 3BAUHTEPECOBAHHDIE B PA3PABOTKE
OAO «IpogHeHckun cteknosasony, OAO «PagnoBonHay, YI «Kaptbepr.

KOHTAKTHbIE AAHHbIE

OBumHHMKOB Anekcen EBreHbeBuY, CTygeHT 4-ro Kypca.
Ten.: (+375 25) 504 32 63
E-mail: ovchin@grsu.by
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V. YYPEXAEHME OBPA3OBAHMS )
«(TOMEAbCKMM TOCYAAPCTBEHHbIA TEXHUYECKMI
YHMBEPCHUTET UMEHM M. O. CYXOTOy

.

9. MPOrPECCMBHDIE CNOCOBbI 06PABOTKN MATEPWAJIOB N METAJUTOPEXYLLIUE
WHCTPYMEHTDI

OMUCAHUE PA3PABOTKHN

MpepnaraoTcs cnocobbl 06PaboTKU CNOMXHBIX MOBEPXHOCTEN Ha OCHOBE pa3paboTaHHbIX cxem popmoobpa-
30BaHUA 1 Cpe3aHus Npunycka. PaspaboTaHbl KOHCTPYKLMU COOPHOTO NPOrPeCCMBHOIO METASINIOPEXKYLLETO UH-
CTPYMEHTa, B TOM UMCIe MEXaHM3MPOBAHHOTO. PazpaboTaHbl pPrKLMOHHbIE AeMMNUPYIOLLME KOMMO3ULNOHHbIE
MaTepuasnbl U MOKPLITUSA Ha MOSIMMEPHON 1 METaJIMYECKO OCHOBE C abpa3rBoCOAePKaLLMMU HAMOTHUTENAMM,
KOTOpble UCMOMb30BaNNCh B KaUeCTBe TOHKMX AeMNdUPYIOLLMX NOKPbITUIA Ha 6a30Bble MOBEPXHOCTU COOPHBIX
peXyLUMX UHCTPYMEHTOB 1 06ecneUrBany NOBbILWEHNE U3HOCOCTOMKOCTM U NPOYHOCTU B 1,4 pasa.

TEXHUYECKUE NMPEMMYLLECTBA

KoMnoHeHTbl MaTepranoB AelleBble U He TpPebytoT nepepaboTku. MoBbIWaOT BUOPOYCTONUMBOCTD COOPHBIX
MeXaHNYeCKMX CoeNHEHN N HAaeXKHOCTb pa3beMHbIX U Hepa3beMHbIx coegnHeHui B 1,4 pasa. lpegnarae-
Mble KOHCTPYKLUM MHCTPYMEHTOB 0bGeCcrneymBaloT NOBbILLEHE MPON3BOANTENBHOCTY CIIOXKHbIX MOBEPXHOCTEN
00 5 pa3 1 HageXXHoCTb — [0 2 pas.

OXUAAEMbI PE3YJIbTAT NPUMEHEHMA
MoBbiLeHVe NPON3BOANTENBHOCTY 06PabOTKM, MPOUYHOCTY, BUOPOYCTONUUBOCTY 1 HAEXKHOCT MHCTPYMEHTOB.

TEKYLAA CTARUA PA3BUTUA

I'Ionyqub| N NCNbITaHbl c60pr|e MeXaHN3NPOBaHHbIE NHCTPYMEHTbI, COCTaBbl d)pI/IKLI,I/IOHHbIX ,EI,EMI'I(I)I/IpyIOLU,I/IX
KOMMO3ULUMNOHHbIX MaTepranos 1 I'IOKprTI/IIh C BHeagpeHnem B Npon3BoACTBO.

CBELEHNA O NPABOBOW OXPAHE

MonyyeHbl NaTeHTbI Ha N306peTeHUs N2 12660 «KOMNO3MLMOHHBIN MaTepran AfiA NOKPbLITMA KOHTAKTHbIX MO-
BEPXHOCTEN COOPHOro pexyLlero MHCTpymeHTax; N2 7400 «onumepHas GpurKLMOoHHan komno3uuumsay; N2 19834
«KoMno3unumoHHbI MaTepuan gns nankum; N2 20039 «CoopHoe cBeprnox; N2 16537 «CoopHan TopLioBas ppesan.

NOTEHUWAJIbHbIE NOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
MawwnHocTpounTenbHble Npeanpuatus Pecnybnuku benapycb n Poccninckon ®epepavmn.

KOHTAKTHbIE AAHHbIE

Mwuxannos Muxaun ViBaHoBUY, 3aBeaytolmin Kadenpon «TexHoNorMa MalmnHOCTPOeHWA, aBTOMaTn3aL s
1 poBOTOTEXHMKa», JOKTOP TEXHUYECKUX HayK, Mpodeccop.

Ten.: (+375232) 2901 04

E-mail: mihailov@gstu.by



WHHOBALIMOHHBIE TEXHOJIOT U B MPOMBILJIEHHOCTHU

VI. MEXTOCYAAPCTBEHHOE OBPA3OBATEABHOE
YHYPEXAEHME BbICLLUETO OBPA3OBAHNA
«BEAOPYCCKO-POCCHUMCKMM YHUBEPCUTET)

.

10. ANMAPATHbBIE U MPOTPAMMHDBIE CPEACTBA CUCTEMbI ABANTUBHOIO
PEFYJINPOBAHWA MOLLHOCTU PENILEOHON CBAPKI

OMUCAHUE PA3PABOTKU

JKCneprMeHTabHasA YCTaHOBKA C afanTVBHbIM yrpaB/ieHneM Ha 6a3e MallMHbl KOHTAKTHOW cBapku MT-320,
COCTOALLAA 13 CNeayloLWrX Y3/10B: NiaTbl YNpaBneHnsa 3NeKTPornHeBMOKIanaHaMmy, CBapoyHoro TpaHchopma-
Topa, nnatbl cbopa aaHHbIX NI USB, TprcTopHOro perynatopa MowHocty TPM-1M u neganu «lyck cBapKm».

TEXHUYECKUE MPEMMYLLECTBA

Hannune obpaTtHoW cBA3M NO BbIXOAHBIM MapameTpamM, YTo obecneynBaeT HbiCTpoeNCTBUE CUCTEMBI U Kave-
CTBEHHOE NpoTeKaHne npoLecca CBapKu.

OXWAAEMbI PE3YJIBTAT MPUMEHEHMNA

YMeHbLUeHne TPYJ0eMKOCTM MPK BbIMOMHEHNN CBapOYHbIX onepaLui.

TEKYLWLAA CTAAUA PASBUTUA
BbinonHeHa HayuHo-MccneoBaTeNnbcKas 1 OMNbITHO-KOHCTPYKTOPCKasA paboTa.

CBEZJIEHUA O MPABOBOI1 OXPAHE
OTcyTCTBYIOT.

NMOTEHUWAJIbHbIE NMOTPEBUTENUN U/WNTN BANHTEPECOBAHHDIE B PABPABOTKE
MpeanpuaATUA MaLLMHOCTPOEHNS, MPUMEHSAIOLLME CMOCOObI KOHTAaKTHOM pefibepHON CBapKM.

KOHTAKTHbIE AHHbIE

Ceprennunk AHTOH Onerosuy, npenogaBaTenb-CTaXep.
Ten.: (+375 44) 788 60 55
E-mail: sergeidix@gmail.com

11. NPOTPAMMHASA CUCTEMA ONTUMU3ALINN 3ATPY3KU OBOPYI0BAHMA
W AHANU3A <Y3KUX MECT» MHOTOHOMEHKNATYPHOIO NPOU3BOACTBA
HA OCHOBE OTHOCUTEJIbHO ObOCOBJIEHHBIX KOMMIEKCOB «0A3NC»

OMUCAHUE PA3SPABOTKIU

Cdepa nprimeHeHUA: MHOFOHOMEHKATYpHOe CepUiiHoe MalMHOCTPoeHMe (CO0POYHO-CBapPOYHOE, MEXaHO-
obpabaTbiBatolLee, 3aroToBUTENIBHOE NMPOU3BOACTBA).

Ha3sHaueHue: aBTOMaTU3NPOBaHHOE MPOEKTUPOBaHVE OPraH13aLMmn NPOV3BOACTBA, ONTUMM3ALIMS 3arpy3Ku
0bopynoBaHKA 1 aHanU3 NPOU3BOLACTBEHHOWN MOLLHOCTY.

OCHOBHbIe KOHCTPYKTMBHbIE 1 TEXHONOTMYECKUE XapaKTEPUCTUKN: CUCTEMA peann3oBaHa B KIIMEeHT-CePBEPHO
apxuTeKType Ha si3bike C# C MICNONb30BaHVEM OTKPbITbIX GUOANOTEK NIMHENHOIO NPOrpamMmMrpoBaHus. B ocHose
NEeXUT OPUrnMHaNbHasa METOAOSIONA AeKOMMNO3ULUN NPON3BOACTBA HAa OTHOCUTENTbHO 000CO6IEHHbIE KOMIIEK-
cbl (OOK) — nornyeckue rpynnbl 060pyaoBaHUs, 06beMHEHHbIE OBLMMU TEXHONOTMYECKUMI ONepaLnamu,
6e3 dpur3nyecKon neperpynnmpoBKY CTaHKOB. [ina kaxaoro OOK peluaeTcs NokanbHas 3ajava LesIounciieHHo-
ro IMHENHOro NPOrpPaMMUPOBAHNA (YYEeT LIeIoro KoIMyecTBa AeTanei u onepayui), 4to No3BonfeT pagmKasib-
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HO CHU3WUTb Ppa3MepPHOCTb MO CPpaBHEHUIO C KNnaCcCMYeCKMMKU noaxoaamu. PeannsoBaH MHOrowaroBbin aaropmtm
ABTOMATUNYeCKOIro NoncKka «y3Knx mect» C Bepl/l(l)l/lKaLWIEVI KaHOnOaToB, yLIVITbIBaIOLI.I,VIﬁ anbTepPHATNBHOE 06opy-
AoBaHMe (KOFﬂa OfHa onepauna MOXeT BbINONMTHATbCA Ha pPa3HbIX CTaHKax).

OCHOBHble TEXHNKO-3KCMyaTaLMOHHbIE XapaKTePUCTUKN:

— nopfepxKa cnoxHol 6a3bl JaHHbIX O KOHCTPYKLMK n3genui (cneundukanmm), TEXHONOrMYeCcKnxX mapLupy-
Tax 1 060pyAOBaHUN C UHAMBUAYANbHBIMU UHBEHTAPHBIMU HOMEpamu;

— pacyeT NponyckHom cnocobHocTn Kaxgoro OOK ¢ Bu3yanusauuei 3arpy3ku B TabnnyHom 1 rpaduyeckon
dopme;

— MHOTOBapPWaHTHbIN aHann3 C BO3MOXXHOCTbIO CPaBHEHUA aflbTEPHATUBHbIX PELIEHNI;

— BpeMs BbIMOSIHEHUA MOJIHOTO UMKIa pacyeTos ana npegnpuatna ¢ 500 ctaHkamm n 10 000 onepauynin — me-
Hee 1 MUH.

TEXHUYECKUE NMPEMMYLLECTBA

PaspaboTaHHas nporpaMmHas cucTema peanusyeTt ONTMMU3aLmio 3arpy3kn 060pyaoBaHus, aBToMaTuyeckoe
BblgeneHue OOK, pacyeT NponycKHOWM CMOCOBHOCTM 1 MHOTOLIAroBbIN MOUCK «Y3KMX MECT» C YYETOM aNbTepPHa-
TUBHOIO 060PYAOBAHNA Y LLENOYNCIEHHOCTU.

B oTnnume ot 3apy6exHbix APS-pelleHnin, TpebyoLwmx JOPOrux MMLEeH3NN 1 ANIMTENbHON HAaCcTPOWKKY, cucTe-
Ma 1CMOoNb3yeT OTKPbITYI0 apXMTEKTYPY M He 3aBUCUT OT MPONpPUETapHbIX peLlateneit. B otnmumne ot poccniickmnx
aHanoroB («<CMAPT-pecypc», «<OnTUMYC»), OpMeHTUPOBAHHbIX Ha Y3K/e 3aflaun, cucteMa obecneunBaeT CKBO3-
HYI0 MHTErpaLuio onTMmM3aumm pacnpegeneHna onepaumin n ugeHTUdGrKaLumm nepapxmy orpaHNYeHnin Ha OCHO-
Be OOK. B omnnume oT MMUTALMOHHbIX NAaKeTOB, BbIMOMHAIOLMX aHann3 6e3 BCTPOEHHON onTUMM3aunuy, cucTte-
Ma COAepPKUT MOAYNIN aBTOMATNUYECKOro NOUCKA «Y3KMX MeCT» C TOUHbIM YYETOM Lie/TOUNCIIEHHOCTM 1 afbTepHa-
TUBHbIX MapLIPYTOB.

HayuHo-TexHMUEeCKIn YpOBEHb: CUCTEMA HE MEET MPAMbIX aHanoros, 06beAUHAET aBTOMATUUYECKYI0 AEKOM-
nosuumio Ha OOK 6e3 $pusnyeckon neperpynnmpoBKHy, NoKarbHble ONTYMU3aLMOHHbIE 3aA4a4K Masioin pasmep-
HOCTU 11 MHOFOLLAroBbIfi afifOPUTM BbISBJIEHWA MePapXnK orpaHnYeHmnin. Anpobauna Ha peanbHOM npegnpus-
TUW NOATBEPAUIIA €€ BbICOKYI0 3GPEeKTUBHOCTL U YROOCTBO B NCNOJIb30BaHMM. PazpaboTka COOTBETCTBYET MU-
POBOMY YPOBHIO 1 TPEBOCXOAUT JyULLMe OTEYECTBEHHbIE Pa3paboTKK Mo NOSIHOTE OXBaTa 3afay aHanm3sa MoLl-
HOCTel 1 afanTUBHOCTY K U3MEHEHMSAM.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

BHeZpeHve NporpammHOI CUCTEMbI MO3BOSIUT MOBbLICUTL 3GGEKTUBHOCTL UCMONb30BaHUA 06OPYAOBaHMSA
3a CYeT ONTMMANIbHOrO pacnpefeneHns 3arpy3Km 1 BbIABNEHNA <Y3KNX MECT» C YY4ETOM aJibTePHATUBHbIX MapLL-
pyToB. OXngaetca yBennyeHne GakTMYeCcKoro Bbinycka Ha 5-6 %, COKpalleHne finTeNIbHOCTY LUMKIIA U YMEHb-
LWeHre He3aBepLleHHOro npoussofcTea. Cuctema obecneynt 06OCHOBaHHOE MaHWPOBaHUE MOAEPHU3aLUN
(ouepenHOCTb 1 BbIGOP OMepauuii), a Takxke ObICTPYIO0 aganTaLmio K K3SMEHEHUAM HOMEHKNATYpPbl. DKOHOMMUYe-
cKui 3bdekT — fo 5 % rogoBor NpMbbIIM, OKYNaemMoCTb 3aTpaT B TeueHre 6-12 mecaues.

TEKYLWAA CTAOUA PA3BUTUA
Pa3paboTka BHeapeHa B NPoOu3BOACTBO.

CBEJAEHUNA O MPABOBOW OXPAHE
NmeeTcA cBUAETENbCTBO O JOOPOBOJIbHON PerncTpauun u AenoHpoBaHY aBTOPCKoro npaea N2 1988-KI1.

NOTEHUMAJIbHbIE MOTPEBUTENU U/WJITUA 3AUHTEPECOBAHHDIE B PA3PABOTKE

MaluvHOCTpouTENbHbIE NPEANPUATUA CEPUNHOTO U METKOCEPUINHOMO TUMA, 3aUHTEPECOBaHHbIE B MOBbILUEHNN
3G PEKTMBHOCTM UCMOSb30BaHMA 060PYA0BaHNSA, ONTUMMN3ALMMN 3arPy3KIN U BbIABIEHNN <Y3KKX MECT».

B Pecny6nuke benapycb: KpynHble 1 cpeaHve 3aBofbl aBTOMOGUIbHOMO, TPAKTOPHOTO, CENbCKOX03ANCTBEH-
HOTrO, CTAHKOCTPOUTENBHOTO 1 MPUBOPOCTPONTENILHOrO NPOGUIIA, a TaKXKe NPOV3BOANTENN KOMIMIEKTYIOLMX
N LOPOXKHO-CTPOUTESNbHOM TEXHUKN.

3a py6exxom: NpeanpuaTys aHanoruyHoro npoduns B Poccnu, ctpaHax CHI, a Takxke 3apy6eXkHble KoMNnaHuu, pa-
6oTatoLme B 0651aCTAX CENIbCKOX03ANCTBEHHOrO MALLMHOCTPOEHNS, CTPOUTENIbHOM U TOPHOLO6bIBAIOLLEN TEXHUKM.

KOHTAKTHbIE AAHHbIE

LWrpoueHko BukTop AnekcaHapoBuny, AOLEHT, KAHANAAT TEXHUYECKMX HaYK.
Ten.: (+375 29) 608 80 86
E-mail: shirvical@gmail.com
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VII. YSPEXXAEHME OBPA3OBAHUA «BAPAHOBMYCKINM
FOCYAAPCTBEHHbBIV YHUBEPCUTETY,

MEXTOCYAAPCTBEHHOE OBPA3OBATEABHOE
YHYPEXAEHME BBICLLUETO OBPA3OBAHNA
«BEAOPYCCKO-POCCUMCKMM YHUBEPCUTETH

.

12. UEMHOW TEXHOJTOTMYECKUI ATPETAT ANA NEPEPABOTKN HEOLHOPOJHbIX
MATEPWUAJIOB

OMNMUCAHUE PASPABOTKIA

LlenHon TexHonornyeckum arperat npegHa3sHayeH ana pasgeneHna no pasmepy n nsmesibyeHna HeogHopona-
HbIX MaTeprasioB: OTCEBa TBePAbIX KOMMYHaJlbHbIX OTXO40B (TKO), mena AnA npon3BoacTBa CTpOVITe.l'IbHOVI n3-
BeECTU N LI.lE6eHOLIHOI'O 6annacta KeNe3HOAOPOXKHbIX I'IyTEVI.

KoHCTpyKLMA BKIIIOYAET B cebA KPMBOLINMHO-KOPOMbIC/IOBbIV MPUBOAHOM MEXaHM3M U pabouyio Kamepy.
MpocenBaloLlasi NTOBEPXHOCTb OOPa30BaHa KPYri03BEHHbIMU LienAMU. MOKMe CTEHKM 1 LienHble NoNIoTHa Co-
BEpLUAlOT KayaTesibHOe ABMKeHue. MNogBMKHOCTb 3BEHbEB 00eCNeUYMBAET U3MEHEHME PA3MEPOB AYEEK, Ca-
MOOUNLLEHNE MOBEPXHOCTM U aganTauuio NpoLecca K CBOMCTBAM MaTepurana (BAaXXHOCTW, JIMMKOCTU, Heod-
HOPOAHOCTUN COCTaBa).

B ocHoBe npouecca NeXxnT KOMMNIEKCHOE COYeTaHre pa3HOOOpPa3HbIX BapUAHTOB BO3AENCTBUA MeXay pabo-
UMMM OpraHaMm 1 MaTepuanamu, 0becrneyrBaloLLVMN €ro MaKCMManbHYO afanTaluio K CBOMCTBaM MaTepUasioB.

TEXHAYECKUE NMPEMMYLLECTBA

Mo cpaBHeHMIO C BUGPALMOHHbIMY, 6apabaHHbIMIK, BaSIKOBBIMU 1 KauyaloLMMNCA rPpoXoTaMu pa3paboTka obe-
CreymBaeT afanTUBHOE BO3AEMCTBUE 3a CYET MOAAT/IMIBOW LIEMHOM NOBEPXHOCTU. 3BeHbs MOBOPAYMNBALOTCA U CMe-
LIAKTCA OTHOCUTENBbHO APYT APYra, AYEiKN N3MEHSIOT pa3Mep, MOBEPXHOCTb CAMOOUMLLIAETCS. DTO YCTPaHAET TH-
MMYHYIO A8 aHanoroB NpobniemMy 3abvBaHNA CUT NpY paboTe ¢ BNAaXKHBIMU ¥ VMKMW MaTepuanamm.

HayuHo-TexHnYecKkuin ypoBeHb onpegenseTcsa NCnosib30BaHMEM NPOCENBAIOLLEN MOBEPXHOCTU, KOTOpas 06-
pa3oBaHa Kpyrno3BeHHbIMY LiensmMu. 3To npeacTaBiseT coboi ANCKPETHYIO MeXaHUYECKYHO CUCTeMY € 60MbLINM
yrCnIoM cTeneHer cBoboabl. HoBU3Ha KOHCTPYKUMY NOATBEPXKAEHA eBpa3ninckum nateHTom EA 038851.

OcCHOBHble NperMyLLecTBa:

— CaMOOYULLEHME LIEMHBIX MOJIOTEH 6€3 JOMONHUTENbHBIX YCTPONCTB U NMPOMbIBKY;

— CcoyeTaHue rpPoXoYeHNns, yaapa v U3MenbYeHUs B OAHOM arperaTe;

— paboToCnOoCOBGHOCTL MPK BICOKOM BNaxXHOCTM (0TceB TKO — 45 % u 6onee; otceB mena — o 22-23 %);
— perynupoBaHue pexxMmoB paboTbl B LIMPOKOM AMaMa3oHe;

- yaenbHoe s3HepronotpebneHne — 0,3-0,5 KBT-u/T.

OXUOAEMbIA PE3YJIBTAT MPUMEHEHUA
BHenpeHue arperarta no3sonser:

— NoBbICUTb 3PPEeKTUBHOCTb COPTUPOBKU oTceBa TKO 1 3aMeHUTb CyllecTByOLLME MaLlKHbI (MMNOpTO3ame-
LeHwe);

— NOAroToBUTb MeN K OG)KI/II'y CyXm Ccnocobom u1 CHU3UTL SHEeProeMKoCTb Npon3BoACTBa N3BECTHU;

—WNCNOJIb30BaTb arperart Kak npe,qBaleTeanbM FPOXOT NpU OYNCTKE LLle6EHO‘4HOI'O 6annaCTa, CHWXadA Harpys-
Ky Ha OCHOBHOW FPOXOT N YMeHblLlaA 3abMBaHUe ero awuT;

— YMEHBLUUTb NPOCTOM 1 3aTpaTbl Ha O6CYKMBaHKE 3a CYET CAMOOUMCTKN Paboumx OpraHoOB arperara.
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TEKYLAA CTARUA PA3BUTUA

BbinosiHeHa HayYHO-MCCNeAoBaTeNbCKasA M OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabota, M3rotoene-
Hbl OMbITHblE 06Pa3Lbl LIENHOro arperaTa.

CBEAEHUA O NPABOBOW OXPAHE

EBpasuickun nateHT EA 038851, MIMK B02C 19/16 (2006.01) «ArperaT /A nepepaboTK HEOLHOPOAHBIX U CIOX-
HbIX MO COCTaBY 1 CBOMCTBAM MaTePUAsIOB».

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

I'Ipe,qn PUATNA XKUITNLWLHO-KOMMYHaJ/IbHOIO XO03ANCTBA U OOBEKTDI COPTUPOBKKN TKO, nponsBoanTesin CTpounTenb-
HOW N3BecTy, OpraHusauunm nyTesoro X03ANCTBA KeNe3HOAOPOXKHOIo TpaHCNOopPTa.

KOHTAKTHbIE JAHHbIE

CnBaueHKo JleoHng Anekcanaposud, npodeccop benopyccko-Poccuiickoro yHnBepcuteTa, 4OKTOP
TEXHUYECKMX HayK, Npodeccop.

Ten.: (+375 44) 792 86 83

E-mail: 22801 1@mail.ru

MNMoTtanos Bnagumnp AnekcaHapoBuy, CTapLunii npenogasatenb bapaHoBMUCKOro rocyfapCcTBEHHOro
yHMBepcuTeTa.

Ten.: (+375 29) 225 76 26

E-mail: vladimir-potapov-1990@mail.ru
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VIIl. YHPEXXAEHME OBPA3OBAHUA
«MOTUAEBCKNN TOCY AAPCTBEHHbBIM
NOAUTEXHUHECKMIN KOAAEAXY

.

13. MOAEPHU3UPOBAHHAA FOPENKA ANA PABOTbI HA TA3AX — 3AMEHUTENAX
AUETUNEHA

ONMUCAHUE PA3PABOTKA

B Kamepe noaorpesa ycTaHOB/IEH HABOP CeTyaTbIX Nepero-
pOnOK 1 MeaHble KonbLa. Mpu paboTe roptoyan cMech NPoxo-
AUT Yepes Habopbl Neperopofok, Kamepbl NoAorpesa, Tpyo-
Ky 1 MyHALWTYK, CropaeT, 06pa3sys cBapoyHoe nnams. YacTb
roptoyeii CMecu OTBOAUTCA TPYOKOI K COMTY, BbIXOAA U3 KO-

Q\ TOPOrO CropaeT, HarpeBas CTEHKW Kamepbl U, CllefoBaTeslb-
f_.:{}f HO, CeTUaTble NeperopofKkn Habopa. Hanuure Habopa ceT-
Y uaTbIx Neperopofok obecrneurBaeT ralleHne niameHu oo6-

paTHOro yfapa 1 co3faeT ycoBms 4na 6e3onacHoin pabo-
Tbl ropenku. Mo GyHKUMOHaNbHOMY HasHaueHWio 3TOT Ha-
60p BbIMOMHAET POJIb CyXOro NPefoXpaHNUTENbHOIO 3aTBOPA,
uTO 06ECMNEeUVBaET YCTOMUMBYIO PabOTY ropenku.

TEXHUYECKUE NMPEMMYLLECTBA

lopenka npefHa3HayeHa Ana cBapKu, Naikn 1 HannaBKm CTanu, dy-
ryHa, LIBETHbIX METaINIOB 1 CMaBoB. [peanoxeHo yCTporNcTBO npes-
BapuTeNbHOro nojorpesa rasoBoi cmec Ha 300 °C, uto nossonseT
CNONb30BaTb rasbl — 3aMEHUTENN aLleTUNeHa, KOTopble 6onee fe- / =

LeBble, 6e30nacHble B o6pau4eHv|v| N OOCTynHble.

OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

CHWXKeHue 3aTpaT Ha CBapOYHble paboTbl 3a CHET MCMOJIb30BaHKA bonee AeLleBblX FAa30B — 3aMeHuUTenNel ale-
TUneHa 6e3 NoTepun KayecTBa CBapKM 1 Naiku. icknioueHne prcka B3pbIBOB 1 06paTHbLIX yAAaPOB NiaMeHn 6na-
rogaps cetyaTbiM NeperopofKam, BbiNOHALWYMM POfb CYXOro npefoXpaHuTeNbHOro 3aTBopa. Bo3MoXHOCTL
KaueCcTBeHHOW CBapKWU, NaiKy 1 HamnmaBKy CTanw, YyryHa, LBETHbIX METANIOB U CMJIAaBOB C UCMONb30BaHMEM AO-
CTYNHBbIX 1 6€30MacHbIX FOPIOUKX Fa30B.

TEKYLWAA CTAAUA PA3BUTUA
BbinonHeHa HayuyHo-McCnejoBaTeNbCKas UK OMbITHO-KOHCTPYKTOPCKas (TeEXHoNornyeckas) pabora.

CBEZJIEHUA O MPABOBOI1 OXPAHE
OTcyTcTBY!IOT.

NOTEHUMAJIbHbBIE NOTPEBUTEJIN UW/WNN 3ANHTEPECOBAHHDIE B PASPABOTKE
MalurHocTponTenbHble 1 MeTainoobpabaTbiBaloLLVie 3aBOAbI, CTPOUTESIbHbIE U leMOHTaKHbIe OpraHu3aLum,

a TaKXe cepBUCHbIE LLEHTPbI MO PEMOHTY O60py,D,OBaHVIFI N CAQHTEXHUKWN, KOTOPblE 3anHTEPECOBaHbl B CHUXEHUN
3aTpat 3a CYET 3aMeHbl AOPOroro aueTuneHa.

KOHTAKTHbIE AHHbIE

Koueynoa HaTtanba AnekcaHapoBHa, 3aMeCcTUTenb ANPEKTOPa MO NPOU3BOACTBEHHOMY 0OyUYeHHI0,
npenoaasaTesib BbiCLIEN KBaNUPUKALMOHHOW KaTeropum.

Ten.: (+375 29) 742 63 32

E-mail: ko4na04@gmail.com
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IX. PECTTYBAVKAHCKOE YHUTAPHOE MNPEANPUATHE
(LEHTP UNPPOBOTIO PA3BATSAN

.

14. UNOPOBAA MNIATOOPMA PA3PABOTKU U CONMPOBOXAEHNA
FTOCYAAPCTBEHHbBIX LUOPOBBIX MIATOOPM U UHOOPMALIMOHHDBIX CUCTEM

OMUCAHUE PA3PABOTKHN

Lundposas nnatdpopma pa3paboTKu 1 CONPOBOXKAEHUA FOCYAAPCTBEHHBIX LUPPOBbIX Miatdopm n nHpopma-
LmoHHbIX crctem (LN PuC) npegHasHaveHa Ans CNonb30BaHUA FOCYAapCTBEHHBIMM pa3paboTymKamm nporpam-
MHoro obecnedeHus (MO) v 3aKa3umKamm Npu peanralum NPOEKTOB Mo pa3paboTKe rocyfapCcTBEHHbIX LMdpo-
BbIX N1aTGOPM M MHPOPMALIMIOHHBIX CUCTEM.

LN PuC npegocTtaBnseT Nosib3oBaTeNsiM CEPBMUChI MO aBTOMATU3aLMM NPOLIeCCOB CHOPKNM, TECTUPOBAHNA, pas-
BepTbiBaHUsA 1 noggepku MO. LIN PnC cnyXnt eAUHBIM XpaHUMLLEM UCXOOQHOTO KoAa 1 bubnuotek ana cbop-
KW 1 pa3BepTbiBaHUA rOCyAapPCTBEHHbIX L PoBbIX MnaTdhopM 1 UHPOPMALMOHHBIX CUCTEM.

OCHOBHble d)yH KUMOHaNlbHbl€ BO3MOXHOCTWN:

- ynpaBneHme npoeKTaMu. LI,I'I PnC no3sonseT co3gaBatb, Ha3HauyaTb U OTCNEXKMBATb 3afauu, ynpaenATb pe-
CypcamMmun n pacnpenensaTtb paGOTbI mMexay y4aCTHMKaMm KomaHAabl pa3p360TLIVIKOB MO, obecneunBaTb BO3MOX-
HOCTb CO3aHMNA AOCKU 3a[aY, MaHNPOBaHWA 3a4ay, ynpasneHusa OLIJI/I6KaMI/I, a TaKXe MOHUTOPWHIa nporpec-
Ca N OTYETHOCTW.

- YHpaBneHme Bepcnamn. e ob6ecneyrBaeT BO3MOXHOCTb CO30aHUA N XPaHEHNA PENO3NTOPUA KOAa, Ha-
CTpOVIKVI LenoYykn gencTeun, KOTOpad 6y,EI,ET BbIMONTHATbCA NMPU U3SMEHEHUN KOOa B peNO3nUTOpnn. MmeeT BO3-
MOXHOCTb MHTErpauunn C BHEWWHNMU CUCTEMaMK YNpaBiEHNA BEPCMAMU KOAa.

- YnpaBneHue OKpyXeHUAMW st pa3BepTbiBaHWA NpUioXKeHUn. CucteMa npefycmMaTprBaeT BO3MOXHOCTb
aBTOMaTU3aLUM NPOLECCOB Pa3BePTbIBAHUA NPUNOXKEHWIA B TECTOBbIX Cpeaax.

— MoHUTOpWHT c6opKm 1 pa3BepTbiBaHus. LM PuC npegoctaBnseT MHCTPYMEHTbI 4151 OTC/IEXMBAHUA Bpeme-
HU COOPKM, KauecTBa KoAa, YCNewHoCT! CO0pKK, BpEMEHY pa3BepTbiBaHWA NMPUIIOKEHNS, YCNELHOCTY pa3Bep-
TbIBaHWA.

— NokymeHTrpoBaHue. LM PuC BkniovaeT B ceba pyHKLMOHaN no paboTe C LOKYMEHTaMU: XpaHeHUe JOKYMeH-
TOB MO NPOEKTY, peflakT1pOBaHve AOKyMeHTOB B dopmaTe markdown, obecneueHre BepCOHHOCTY JOKYMEHTOB,
BbIrpy3Ka lokymeHTauuu B dopmate PDF, popmupoBaHue Bbirpykaembix JOKYyMeHTOB B cooTBeTcTBUM € FOCT 34.

- EguHoe XpaHunuuie 6ubnmotek. Cuctema npenocTaBnAeT BO3MOXHOCTb JIOKa/IbHO XPaHUTb BCE 3aBUCAMO-
cTin, H606XO,L'|,I/IMbIe AanA C60pKl/I Nnown npenocTaBnATb X ANA NCNOJIb30OBaHUA pa3pa60le|KaMV|.

TEXHUYECKUE NMPEMMYLLECTBA

B MVpOBOIN NpaKTMKe CyLLeCcTBYeT MHOXECTBO NPYMepPOB peann3aLmm eauHon cpefbl pa3paboTku, passep-
TbiBaHUA 1 conpoBoxaeHusa 0.

KpynHble UT-komnaHuu, Takue Kak Microsoft, IBM, Oracle, Google u ap., pa3pabotany co6CTBEHHbIE MHCTPY-
MEHTbI, KOTOPble COOTBETCTBYIOT X NOTPEOHOCTAM B 06nacTu paspaboTku MO.

Hanpumep, Microsoft paspabotanu cobctBeHHyto nnatdpopmy ans asTomatmsaumm npoueccos CI/CD (Continuous
Integration / Continuous Delivery) HenpepbiBHOW nHTerpauun n goctasku Azure DevOps, koTopas BK/ouaeTt
B cebA MHCTPYMEHTbI ANA ynpaBieHna MCXOAHbIM KOAOM, aBTOMaT/3aLmMm c6opKy 1 pa3BepTbiBaHWSA, TECTUPOBa-
HUA 1 OTCNeXMBaHWA n3MeHeHui. IBM Takxe npepanaraet pag NpoayKTOB U UHCTPYMEHTOB AN1A aBTOMaTr3auum
npoueccos Cl/CD, Takux kak IBM UrbanCode Deploy, IBM Rational Team Concert un IBM DevOps Insights. Kom-
naHus Google ncnonb3yeT CBOIO BHYTPEHHIOW CCTEMY pa3paboTky nog Ha3BaHuem Google Build Tool (Bazel).

LM PnC He nmeeT aHanoros B Pecnybnuke benapycb 1 rotoBa npeaoctaBaaTb MHGPaCcTPyKTypy U MHCTPYMEH-
Tbl «<oprcam undpoBmM3aLmmn» Ana obecrneyeHna KaueCcTBEHHOro CONpoBoXaeHUA 1 pa3pabotkm MNO. Ha paH-
HbI MOMEHT pa3paboTumKm rocyfAapCcTBeHHbIX LMPPOBbIX NaTthopm 1 MHGOPMaLIMOHHBIX CUCTEM UCMONb3YIOT
COBCTBEHHbIE HCTPYMEHTBI Afisl pa3paboTku 1 TectupoBaHms MO, HO BeCb HEO6XOAMMDBI HABOP UHCTPYMEH-
TOB BHegpeH He y Bcex. LIM PuC no3gonut yckoputb pa3paboTky MO 3a cueT MCNosb30BaHNsA UMEIOLMXCA B HEN
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CepBUCOB 6€3 HEOOXOAUMOCTY YBENNUMNBATD LUTAT NPEANPUATASA, @ TakKe obecneynT ynydlleHne npouecca coop-
Ku 1 pa3BeptbiBaHuA M0.
OXXWOAEMbIV PE3YJIbTAT NPUMEHEHUA

MoBblweHne 3¢PeKTUBHOCTU Pa3paboTKM 1 CONPOBOXKAEHNA roCcyaapCTBEHHbIX LMdpPoBbIX nnatdopm (1H-
bOPMaLMOHHBIX CUCTEM) MOCPEACTBOM MCMOMb30BaHUA MHPPACTPYKTYpHON nnatdopmbl, CNOCO6HON npepo-
CTaBUTb Nosib3oBaTenam LM PuC cepBurcbl Mo aBTOMATU3aLMM NPOLECCOB COOPKM, TECTUPOBaHNSA, pa3BepTbiBa-
HUA 1 nogaepxkm MO.

TEKYLAA CTAOUA PA3BUTUA

BbinonHeHa Hay4YHO-nccnenoBartebCkaa UWin OnbiITHO-KOHCTPYKTOPCKanA (TexHONoOrnyeckasn) pa60Ta.

CBEZIEH/A O NMPABOBOW OXPAHE
OTcyTCTBYIOT.

MNOTEHUWAJNIbHbIE NOTPEBUTEJTIU U/WNN 3BAUHTEPECOBAHHDIE B PA3PABOTKE

PaspaboTumkm MO, 3aKa3umky NPOEKTOB MO pa3paboTke rocynapcTBeHHbIX UndPoBbIX nnatdopm n nHbop-
MaLMOHHbIX CUCTEM.

KOHTAKTHbIE OAHHDIE

MNoctapHakoB EBreHnin BnagnmmnpoBsuy, pykosoguTesb NpoekKTa.
Ten.: (+37517) 310 07 66
E-mail: info@ddc.by
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X. OTKPBITOE AKUMOHEPHOE OBLLEECTBO
«(MUHCKMN HAN PAANOMATEPUAAOBY

.

15. METEOBJIOK M1

OMUCAHUE PASPABOTKI

MeTteo6510k M1 — KOMMNaKTHbIi KOMIMIEKCHbI MeTeo-
posiormyecknii nprbop, NpefHa3HauYeHHbIN 4j1s OQHOBpe-
MEHHOIo N3MepPeHNA NATU OCHOBHbIX MapaMeTpPoB aTMO-
cepbl: CKOPOCTU 1 HaNpaBieHUs BETPA, TeMMepaTypbl, OT-
HOCWTENbHOWN BNIAXXHOCTW 1 aTMOCdepHOro faBneHuns. VH-
HOBaLIMOHHOCTb Pa3paboTKU 3aK/oYaeTcsl B 0OObeguHeHN
BCEX M3MepPUTESIbHbIX KaHaJIOB B eAVHOM Kopryce 1 npu-
MEHEHMM YNbTPa3ByKOBOIO MeTofa u3MmepeHus Betpa. OT-
CYTCTBUE MNOABUKHBIX MEXaHUYECKMX 3/IEMEHTOB MOBbILLIA-
€T HafleXXHOCTb Nprbopa, CHYXKAeT NOTPEBHOCTb B TEXHU-
YyeckoM 0OCIYXKMBaHMM 1 obecneunBaeT yCTONUYUBYIO pa-
60TY B C/IOXHbIX KNMMATUYECKMX YCIoBUsIX. Jrana3oH pa-
6oumnx Temnepatyp coctaBnsaet oT —40 go +60 °C. [1ns 3Kc-
niyatauum npuv oTprLUaTesibHbIX TeMrnepaTypax npegycmo-
TPEH aBTOMATUYECKIIA MOJOTPEB.

TEXHUYECKUE NMPEMMYLLECTBA

Mo ¢yHKUMOHaNbHbIM BO3MOXHOCTAM MeTeo6m1ok M1 conocTaBuMm ¢ 3apy6eXKHbIMU KOMMIEKCHBIMU NPr60-
pamu Vaisala. Ero npermyluectsa 3aknioyaloTca B LOCTYNHOCT TEXHNYECKOTO COMPOBOXAEHNA U CHXEHNN 3a-
BMCMMOCTU OT MMMOPTHbIX MOCTAaBOK, 3TO OTeUecTBeHHas pa3paboTka. MeTponornyecknii ypoBeHb NOATBEPX-
aeH ceptndukaumen benfMM un BHeceHnem npubopa B loCynapCTBEHHBIN peecTp CpeacTs usmepeHuin Pecny-
6nu1kun benapyco.

OXUAAEMbI PE3YJITAT MPUMEHEHUA
BHeppeHne MeTteob6noka M1 B meTeocTaHLmMK.

TEKYLWAA CTAQNA PA3BUTUA
BbinyLueH onbITHBIN 06pa3eL,.

CBEJAEHUNA O MPABOBOW OXPAHE
OTCyTCTBYIOT.

NOTEHUWAJIbHbIE NOTPEBUTENU W/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
benrngpomet, BoopyxeHHble Cunbl Pecny6nviku benapyce.

KOHTAKTHbIE AHHbIE
MakapeHKko BukTop Muxannosuy, BegyLLmnin MHXXeHep-KOHCTPYKTOP,

lepT EneHa EBreHbeBHa, BeOyLW M UHXXEHEP-KOHCTPYKTOP.
Ten.: (+37533) 333 95 39
E-mail: sgq@mniirm.by
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16. ONTUYECKUM 3TAJIOH TOYEK 1 LIAPANMH

OMUCAHUE PA3PABOTKI

OnTNYeCKUI 3TaNOH TOYEK U LlapanuH npegHa3HaveH ansa oob-
€KTUBHOW OLEeHKN fedeKTOB pa3fINyHbIX MOBEPXHOCTEN, MX KNac-
cnduUKaLm N COPTUPOBKM. YCTPOMCTBO NO3BONAET 3aMEHUTb CYOb-
€KTUBHbIN BU3YanbHbIl aHann3 Ha TOYHoe 0OBbEKTVMBHOE CpaBHe-
H1e obHapyXeHHbIX fedpeKToB C 3TafloHaMun U GUNLTPOBaTh ero
B 3aBUCMMOCTM OT NMPUMEHSIEMbIX KPUTEPUEB YMCTOTbI pabourx
NOBEpPXHOCTEN n3genus.

OcHoBHas obnacTb NPUMeHeHNA — 3TO NPOKN3BOACTBO ONTUKWN,
a MIMEHHO KOHTPOJIb Ka4yeCTBa ONTUYECKNX 2N1EMEHTOB, COAEePXa-
LWKMX TONONOrnto, NMH3, NPU3M, OKOH, 3€pKaJl, MJIEHOK, d)l/U'IprOB.

OnNTWYECKMIN 3TaNIOH TOYEK W LiapanivH No3BONAET NPOBOAUTD:

— KOHTPO/b KayecTBa: NPOBEPKY Ha COOTBETCTBME MOCTaBsAe-
MbIX 1 MPOU3BOANMbIX ONTUYECKUX U3LENNIA;

- KnaccuduKkaumio n GunbTpaLmio: CiMueHne HageHHbIX ae-
bEKTOB € 3TaNnoHHbIMM U306paXkeHMAMU fedeKToB, aHanu3 u co-
PTMPOBKY MO Fpynnam «4onyCcTUMbI / HeLONyCTUMBINA fedeKTbl».

MpuHLMN paboTbl 3aKIOYAETCA B HANIOXKEHWM 3TAslOHa TOYeK
1 uapanvH paboueli rpaHbio Ha rPaHb aHaNM3KpPyemMoro onTuye-
CKOrO 3/1eMeHTa C MMHMMasIbHbIM 3a30PpOM, B HabntofeH aHanu-
31PYEMOrO OMTUYECKOTO 3IeMeHTa, MPU HaxoXAeHUn aedekTa Ha
NMOBEPXHOCTU, B CPaBHEHUN OOHApPYKeHHOTOo fedeKTa Ha NoBepx-
HOCTW OMNTUYECKOW AETaNN C STANIOHHbIMU U306 paXKeHNAMU aedek-
TOB 11 NMOCAEeAYIOLWMM NPVHATUEM PELIEHNA O FOQHOCTU aHann3u-
pyemoro usgenus.

JedekT knaccnduumpyeTcs He BU3yanbHO, a NyTem onpegene-
HVISi €70 OIHOTO UJIN HECKOMBbKIX SKBUBANIEHTHBIX Pa3MepOoB NyTem
CPaBHEHUA C 3TaNIOHOM. DTO Be/IMUMHA, KOTOPas MOKa3blBaeT, Ka-
Kyto Nniowaab nepekpbiBaeT AedeKT, 1 BbIPaKaeTca B MUKPOHaX,
B pe3ynibTaTe Yero UMEKTCA YeTKre napameTpbl gedekTa.

Knaccudumkauma nedpekToB No ABYM KaTeropusiM: TOUKU/BbIKO-
K1 1 UapanuHbl. ns kKaxkgoro tuna aedpekToB eCTb CBOW pa3mep-
HbIi pAf ANA CPaBHEHUA 1 KnaccudurKaumu ¢ ganbHenwen dbunb-
Tpaumen. PasmepHbI pAf MOXeT COOTBETCTBOBaTb CTaHAAPTY
ISO 10110-7 unu mMmoXeT 6bITb 3aaH 3aKa3uMKOM UCXoda U3 Mo-
TpebHoCTel 1 cneunduKm ero NPor3BoOACTBa.

TEXHUYECKUE NMPEMMYLLECTBA

TexHMYeCKnM MpPenMyLecTBOM OTEYeCTBEHHOrO 3TajioHa To-
yeKk M LapanuH ABnseTca ero rmbkas nprumeHaemocTb. Mpouecc
N3roToBNEHNA NO3BONAET HAHECTM Ha ero pabouyo MOBEPXHOCTb
Tononoruo, cootsetcTBytoLyto ISO 10110-7 nnbo Ton KoHbUry-
pauuu, KoTopasa akTyasbHa 3aKa3uuKy, 4To fenaeT ero yaobHbIm
ANA NPUMEHEHUA He TONbKO B MPOM3BOACTBE ONTUYECKUX n3fe-
NINIA, HO 1 B UHbIX Chepax.

MpAMbIX OTeUeCTBEHHbIX aHaIOrOB ONTUYECKMX STaJIOHOB Liapa-
MH 1 ToYeK 0BHapy»KeHO He 6bino. Cpeau 3apyOeXxHbIX peLleHni
npeacTaBneHbl CepTUGMLMPOBAHHbIE NAaHENN aMePUKAHCKOWN KOM-
naHuum Thorlabs n mactep-TecTbl, NpocneKmBaemble Mo cTaHAap-
Tam NIST (CLLA). BAn3Kummn no TeXHONOrM4yecKomy nopaaky Mox-
HO CUMTaTb NINLLb MUKPO3/IEKTPOHHbIE TECTOBbIE CTPYKTYpPbI NPO-
n3sogctea OAO «MuHcknn HAN pagrnomatepuanosy.
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OXUAAEMbIA PE3YJIBTAT MPUMEHEHUA

B pe3synbraTe BbixoAa Ha pbIHOK OTeYEeCTBEHHOIO ONTUYECKOro 3TafloHa TOYEK M LilapaniuH, KOTOPbIV He yCTyna-
€T B KayecTBe MHOCTPAHHbIM aHanoram, OXXnaaeTca COCTaBUTb KOHKYPEHLMIO Ha BHyTpeHHeM pbiHke EASC, cos-
ZaTb 6osiee BbIrOgHOE NPefnoXeHNe Kak B LIEHOBOM, TaK 1 BDEMEHHOM KauyecTBe, YKPenuTb TEXHONOMMYECKIA
cyBepeHuTteT Pecnybnuviku benapyce.

[laHHOe n3genve JomKHO 6blTb BOCTPEOOBAHO B NEPBYIO oUepeab B oNTUUecKol chepe Npon3BOACTBa, 3Ha-
YynTENbHO yNpoLas NpoLecc KOHTponsa aAedekToB u ux Knaccudrkauun. Momumo ontTudeckol coepsl, sgenve
MOXET ObITb MPUMEHVMO B MHbIX cdhepax, TPEOYIOLWMX BU3YasIbHOTO KOHTPOSIA MOBPEXAEHUA U UX COPTUPOBKU
no rabaputam.

TEKYLLAA CTAOUA PA3BUTUA
BbinyLeH onbITHBIN 06pa3seL,.

CBEJIEHUA O MPABOBOI1 OXPAHE
OTCyTCTBYIOT.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3AUHTEPECOBAHHDIE B PASPABOTKE

B Pecnybnuke benapycb: UHcTtutyT Ppusnkn HAH benapycn, OAO «3aBog “Ontuk”», OAO «PorayeBcKuii 3aBop
“NuanpoekTop”», OO0 «MHTepHaHoTexHONOrMM», ONTyecknii 3aBog «Cdepar, OAO «eneHr».

B Poccuiickon ®epgepaumm: NMAO «POM3», AO «30M3», NMAO «KM3», OO0 «OnToCeHC.

KOHTAKTHbIE AAHHbIE

CemeHurK Unba Hukonaesmy, HauanbHUK OTpacsieBo nabopatopun NPOeKTNPOBaHNA 1 Pa3paboTKy
¢doTOWabnoHOB, MarmcTp.

Ten.: (+375 29) 235 30 66

E-mail: ykypnik16@mail.ru

17. CACTEMbl MOHUTOPUHTA KOHLIEHTPALIUK €O, CO,, CH,

ONMUCAHUE PA3SPABOTKA
PaspaboTka BkntouaeT B ceba [1Be B3aMMOOMNOJHAIOLLE CMCTEMbl MOHUTOPUHTA rasoB A aBToTpaHcnopTa.

Cncrema moHnTopuHra CO, CO, npefcTaBnAeT cob0i HTENIEKTYasbHbIA KOMMIEKC HA OCHOBE TEH30Pe3UCTB-
HbIX AaTurKoB fedpopmMaLmm ¢ Z-o06pa3HbiM UyBCTBUTENbHBIM 3IeMeHTOM. [laTurKy MOHTUPYIOTCA Ha MOCTax aB-
TOMO6UNA, NpeobpasytoT AedopmaLmio B SNEKTPUYECKMI CUrHaN, MPONOPLMOHANbHbIN Harpy3Ke, 1 nepeaatot
JaHHble B undpoBom BuAae Ha 650K ynpasneHuna. CucteMa BbIYMCAAET HAarpy3Ky Ha Kaxayto ocb 1 obLuyto Mac-
Cy rpy3a, otobpaxas nHpopmauumio Ha 6optTosom KomnbioTepe no wuHe CAN nnm Ha cmapTtdoHe uepes Wi-Fi.

Cuctema moHuTOopUHra CH, (MeTaHa) — 3TO MUKPOMPOLIECCOPHDIN MOAYNbHbIN TeNeMeTpulieckini npuéop,
COCTOAWMMN 13 6/10Ka MOHMUTOPUHIA U NATU ONTUYECKUX AaTunKoB MeTaHa MIPEX-02-1-1I-1.1. Cuctema KOHTpO-
nnpyet KoHueHTpaumio CH, B KpUTUYECKMX TOYKaX TPAHCMOPTHOrO CPeACTBa (MOTOPHbIN OTCEK, MeCTa YCTaHOB-
K1 rasoBbix 6aniioHoB, y pefyKTopoB 1 nogorpesatenei). MNpu npesbiweHny NOporoBbix 3HaveHun (10 n 20 %
HKIP) dopmumpytoTca cnrHanbl AnsA 3ByKOBOW UHAMKALMN U BNOKNPOBKU cTapTepHOro pene. [laHHble nepepa-
totca no uHtepodericy CAN 2.0B.

O6e c1MCTeMbl IMEIOT OTKPbITYIO apXUTEKTYPY U MOTYT afanTUpOBaTbCA AfiA NpumeHeHus B KX, WwaxTax v gpy-
TUX OTpacnsXx.

TEXHUYECKUE NMPEMMYLLECTBA

Cnctema moHutopuHra CO, CO, npeBocxoanT aHanorn 61aroaaps 3anaTeHToBaHHOMY AaTuKY € Z-06pa3HbIM
anemeHTOM, obecneunBatoLemy YyBCTBUTENIbHOCTb 0,5 MKM/M nNpu rabapurtax 554038 MM 1 cTeneHun 3awm-
Tbl IP67. BcTpoeHHbIn 24-pa3pagHbiin AL, 32-pa3pAagHblil MMKPOKOHTPOMIEP 1 TeMnepaTypHasa KoMneHcaumsa
rapaHTMpyloT 4OCTOBEPHOCTb AaHHbIX B Anana3oHe oT —40 go +70 °C. NMogaepxka CAN 2.0, Wi-Fi n tenematn-
YecKMX NPOTOKONOB NMHTErprpyeT CUCTEMY B SKOCUCTEMY YMHOrO TpaHcrnopTa 1 loT. MoaynbHasa apxutekTypa
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(0o 20 [aTUMKOB) U GYHKLMA KOHTPOSA CMELeHUn rpysa
He UMeIOT NPSAMbIX MVPOBbIX aHANOrOB.

Cncrema moHutopuHra CH, npesocxogut 6nvkanwui
aHanor (dupma TEQ SA, LBenuapna) no pagy napame-
TpoB. OHa paboTaeT B YHUKaNbHOM TeMnepaTypHOM Au-
ana3oHe ot —50 go +95 °C (c ncnonb3oBaHMEM CUCTEMDBI
oxnaxaeHna/noporpesa oNTUYECKOro CEHCopPa), Toraa Kak
KOHKYPEHT OrpaHnyeH CTaHgapTHbIMK ycnoBuamu. Cncte-
Ma obecneyvBaeT ABa nopora cpabatbiBaHusa (10 n 20 %
HKIP) ¢ norpeluHocTbio He 6onee 20 %, nmeeT aBa CAN-
nHTEpdeiica anA rmbKON MHTErpaLn 1 CPOK CyxObl 10 neT.
OTKpblITad apxmTeKTypa No3BONAET Ierko afanTupoBaTtb ee
nog pasnuyHble NPUMEHEHUSA, UTO MOATBEPXKIAET ee KOH-
KY[PEHTOCMOCOBGHOCTb Ha BHYTPEHHEM U BHELLIHEM PbIHKaX. (ucrema monuTopuHra koHuenTpauii €0, €O,

(ncrema monmTopurra CH,

OXWAAEMbI PE3YJIbTAT MPUMEHEHMNA

BHenpeHve cuctem monutoputra CO, CO, n CH, B KOMMneKTaumio aBTOTPaHCNOPTa, PaboTalowero Ha rasomo-
TOPHOM TOoMJInBE, NO3BOJINT NOBbLICUTb 6e30mnacHoCTb SKCrlyaTaynm 3a cHeT paHHero 06Hapy>Keva yTeyek me-
TaHa; CHU3UTb Bbl6p0CbI BpeaHbIX ra3os.

TEKYLWAA CTAOUA PA3BUTUA

BbinyLleH onbiTHLIN 06pased.

CBEJJEHUA O MPABOBOI1 OXPAHE
OTcyTcTBY!IOT.

MNOTEHUMANBbHbIE NOTPEBUTENA
/N SAMHTEPECOBAHHDIE B PASPABOTKE

OAO «MA3», OAO «BEJTA3», MAO «<KAMA3», AO «<ABTOMOOUNbHbIN 3aBoA “YPAJT ».

KOHTAKTHbIE AHHbIE

MocnaHoB Anekceli Hukonaesmy, HayanbHUK CEKTOpa pa3paboTKy CUCTEM — FNaBHbI KOHCTPYKTOP.
Ten.: (+375 17) 270 96 03
E-mail: sgq@mniirm.by
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XI. OTKPBITOE AKLMOHEPHOE OBLLECTBO «8 MAPTAY

.

18. UHTENNEKTYAJIbHAA CUCTEMA ABTOMATUYECKOTO KOHTPOJIA1 KAYECTBA
TKAHEN HA KOHBEWEPE (FABRIC INSPECTOR Al)

OMNMUCAHUE PA3PABOTKUN

Fabric Inspector Al — 3T0 nporpaMmMHO-annapaTHbIi KOMMAIEKC Ha 6a3e TEXHOMNOMMIN KOMMNbIOTEPHOMO 3peHMsA
1 NCKYCCTBEHHOTO MHTENNEKTa, NpeHa3HauYeHHbIN /11 aBTOMATUUYECKOro KOHTPOJIA KauecTBa TKaHel B peasibHOM
BpeMeHU Ha AiBrxyLlemcs KoHseliepe. Chepa NpMMeHEHMs: TEKCTUIbHAA U Nlerkas NPOMBbILIEHHOCTb — TKaLl-
Kue $pabpuKu, TPUKOTaXKHbIE 1 LIBENHbIE MPOU3BOACTBA, GabPUKUN HETKAHbIX MaTepMasos.

Ha3HaueHue: 3ameHa py4YHOro BM3yanbHOro KOHTPOA ONepaTopoB Ha NOSTHOCTbIO aBTOMAaTU3UPOBaHHBIN MO-
HUTOPWHT C BbifiBNIeHVeM AedeKTOB (Ablpbl, MATHA, Pa3pbiBbl), PUKcaLMel pe3ynbTaToB 1 ONnepaTMBHON OCTaHOB-
KOW KOHBelepa npu obHapyxeHnn bpaka.

MpuHUMN paboTbl: ccTemMa KanubpyeTcs Ha 3TafloOHHOM yJyacTKe TKaHu 3a 1-2 MuH (30 KagpoB), mocne yero
B pexunme peanbHoro BpemeHu (15+ FPS) cpaBHUBaEeT Kaxkabli Kagp C AVHaMUYeCKy OOHOBISIEMbIM STalOHOM.
AHOManNUM BbIABAAIOTCA C MOMOLLbIO Z-CTaTUCTUKK MO APKOCTY U LBeTy (HSV), a o6Hapy»xeHHble 06nacTu Knac-
cndurumpytotca rmépuaHbIM METOLOM: SBPUCTUUECKUNIA aHanM3 GOPMbl 1 APKOCTY NMITtoC HepoceTb MobileNetV/2.
Mpwn noaTBepXAeHHOM fedeKTe NOAAeTCA 3BYKOBOW CUMHas, coxpaHsaeTca GoTo B ranepeto, 06HOBNAETCA CTaTh-
CTVKa, a uepe3 npoTtokon Modbus TCP oTnpasnaeTca KoMaHAa Ha OCTaHOBKY KOHBelepa.

TexHMYecKMe XapaKTepucTrKK: paspelleHre Kamepbl 960x540, TOUHOCTb OOHapy»KeHWUA JocTuraet 6onee
92 % Ha TecToBbIX BblbOpKax, Beb-nHTepdeiic Ha Flask ¢ BuaeoTpaHcnaumen, 4awbopaom 1 SKCNOPTOM OTYETOB
(CSV/JSON/TXT). Bce paHHble xpaHATCA NokanbHO. TexHonornyecknii ctek: Python, OpenCV, TensorFlow/Keras,
Flask, SQLite — nonHasa He3aBUCUMOCTb OT 3apyOeXKHbIX BEH0POB.

TEXHUYECKUE NMPEMMYLLECTBA
Mo cpaBHeHMIO C NyUwInMK 3apybexkHbiMK aHanoramu (Uster Fabriscan, Lsenuapus; Elbit iQTEX, M3paunb, cTo-
MMocTb oT 50 TbiC. eBpo) cuctema Fabric Inspector Al obnagaeT cnegyowmnmm npenmyLLecTBamm:

- LleHa BHeApeHWA B pa3bl HUXe — UCMOSb3yeTcA CTaHAapTHOe 060pyaoBaHue (MpoMblwneHHan Kamepa, MK)
6e3 goporocTosulero cneuvannspoBaHHoro hardware.

- bbicTpan kannbpoBka — 1-2 MVH cunamm onepaTopa 6e3 0CTaHOBKYM MPOU3BOACTBA M BbI30Ba CreLmanncTa.

- OTKpbITas apxuTekTypa — Beb-nHTepdeic n REST APl no3BonsioT BCTpanBaTb CUCTEMY B N06YI0 NPOU3BOA-
CTBEHHYI0 MHPPACTPYKTYPY; 3aMagHble aHaNory UMEIOT 3aKPbITYIO NPOMNPUETAPHYIO apXUTEKTYPY.

— TMbpYAHBbIN anropuT™M AeTekunn — KOMOUHAUMA Z-CTaTUCTVKK 1 HelpoceTn MobileNetV2 obecneumnBaet
TOUHOCTb 60nee 92 % NpY HNU3KUX BbIYNCIIUTESIbHbBIX 3aTpaTax, YTo NO3BoNAET paboTaTb Ha cTaHAapTHOM MK 6e3
GPU-cepsepos.

- ApanTMBHOe OOGHOBINEHME STaloHa — METOA KCMOHEHLMANbHOIO CKOMb3SALLEro CPeHero A KoMreHca-
unn gpenda oceelleHmns.

- JlokanbHoe XxpaHeHne AaHHbIX — BCE AaHHbIE COXPAHAIOTCA Ha NPEANPUATUN, YTO COOTBETCTBYET TpeboBa-
HUAM MHPOPMALIMOHHON 6e30MacHOCTH.

- MNonHas nokanusauma — nHTepdeic n NoaaepkKa Ha PyCCKOM A3biKe, aganTauya nof 6enopycckme CTaHgapTbl.
- ImnopTo3amelleHre — HE3aBUCMMOCTb OT MUHOCTPAHHbIX BEHAOPOB U CAHKLMOHHbIX PUCKOB.

HayuHo-TexHMUEeCKnn ypoBeHb COOTBETCTBYET MUPOBbLIM aHaNIoram Mnpuv 3HAUUTESIbHO MEHbLUIEN CTOMMOCTH
1 6onblLuen rMbKoCTU.

OXUAAEMbIV PE3YJIbTAT MPUMEHEHUA

BHepapeHue cnctembl NO3BONAET:

— CHM3UTb 6pak Ha 20-30 % 3a cYeT HEMpPEepPbIBHOTO MOHUTOPUHra 24/7 6e3 yTOMNAEMOCTM onepaTopa;
— COKPaTUTb 3aTpaTbl Ha PYYHOW KOHTPOJb (3KkoHOMUA Ao 80-90 % BpemeHu onepaTopa);

— CHM3UTb 3aTpaTbl HA MepecopTULy 1 BO3BPaTbl brarofapsa paHHeMy BbisiBeHUIO feeKTOoB;

— MOBbICUTb NPOV3BOANTENIbHOCTb KOHTPOSA KauecTBa;

- NoAyuYnTb OOBEKTUBHYIO aHANUTUKY MO 6paKy B peanbHOM BPeMeHU.
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FABRIC INSPECTOR Al ABTOMATU3UPOBAHHbIA KOHTPOJIb KAYECTBA TKAHU
MOHWUTOPUHTI, AHAJTTUTUKA U YTINPABJIEHUE B PEAJIbHOM BPEMEHU
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TEKYLWAA CTAANA PA3BUTUA

Co3paH 1 oTnaxeH NonHoGYHKLUMOHaNbHbIN MPOTOTUM CUCTEMbI, TPOTECTMPOBAaHHbIM Ha CTaTUYeCKUx 06pasLax
1 UMUTaLK ABUXKEHMA MONOTHA NATU TUMOB TKaHe. [NnnoTHoe BHeapeHre HayaTo B aBrycte 2026 r. 1 HaxoauTcA
B CTaauy akTBHOM peanu3auum Ha OAO «8 MapTa» (r. fomenb). TouHOCTb 0OHapy»keHus fedekToB — Gonee 92 %.

CBEJEEHMA O MPABOBOI OXPAHE

B pamkax npoekTa co3fiaH MCXOAHbIN Kog nnatdopmbl (Beb-npunoxkeHne, Moaynb KOMMbIOTEPHOTO 3peHUsA Ha
OpenCV, ML-moaynb Ha MobileNetV2, mogynb unterpaumm ¢ NMJIK yepe3 Modbus TCP). OxpaHseTca B cuny dak-
Ta CO3[laHnA B COOTBETCTBUM C 3aKOHOZATeNbCcTBOM Pecny6nvkn benapycb 06 aBTopckom npase. MNnaHupyetcs
pervucTpaumsa nporpammbl anst 9BM B HaumoHanbHOM LieHTpe NHTeNNeKTyallbHOM COOCTBEHHOCTU.

MoTeHumanbHble 06beKTbI VIC, NaHMpyeMble K MPaBOBOI OXpaHe:

- MeTop frMHaMnyeckor aganTtalmm 3TasioHa (komneHcauma gpenda ocselyeHna).

- MbprAHBIA anropnT™ Knaccudukauum gedpekToB (3BPUCTMKA + HENPOCETD).

- Cuctema gepgynnvkaumm nedbekTos.

MnaHypyeTcsa 3almTa anropuTMOB B KaueCTBe CEKPETOB NPOK3BOACTBA (HOy-xay). Bce npaBa Ha pa3paboTky
npuHagnexaT aBTopy NpoeKTa.

MNOTEHUWMAJIbHbIE NOTPEBUTEJIU U/WNIN 3BAUHTEPECOBAHHDIE B PA3PABOTKE

B Pecny6nuke benapycb: npeanpuaTuA Nerkon npoMblWAEHHOCTM, BXOAALWME B CTPYKTYPY KoHLUepHa «ben-
nernpom» (OAO «8 MapTa» (r. Tomenb) — nepBbIl NMNOTHbLIN 3aka3umK, OAO «MoroTekc» (r. Morunes),
OAO «OplLuaHcKmin nbHOKoMOUHaT» (r. Opua), OAO «bapaHoBUUCKoe xionyaTtobymaxkHoe obbeuHeHe» (r. ba-
paHoBuuu), OAO «CnoHnMcKasa KamosnbHaa dabpuka» (r. CnoHmm)). Bcero 6onee 50 KpynHbIx npovi3soguTenei
TKaAHEN 1 U34ennn N3 HUX.

3a py6exom: npeanpuatma ctpaH EASC (Poccus, KasaxcTaH), 3anHTepecoBaHHble B MOZEPHM3aLUN KOHTPO-
N KauecTBa Y UMMOpPTO3aMeLLeHUN.

KOHTAKTHbIE AAHHbIE

CblueB EBreHuin AHaTONbEBMWY, HaYaNIbHUK CYXObl MTHGOPMATUKM 1 KOMMbIOTEPHBIX TEXHONOMMIA.
Ten.: (+375 33) 305 34 22
E-mail: 375298357706@yandex.ru
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Xll. OTKPBITOE AKUMOHEPHOE OBLWECTBO
«BME-AV3EADbY

.

19. UNOPOBAAl NHOPACTPYKTYPA NPON3BOACTBEHHOIO MPEANPUATUA:
1C:ERP, COBCTBEHHDIE MPWJIOMEHNA N UCKYCCTBEHHBIN MHTENUIEKT

OMUCAHUE PA3PABOTKHN

Komnnekc pelueHun gns aBToMmaTr3aLum O1M3Hec-npoLieccoB Npou3BoacTBeHHoro npeanpuatus. 1C:ERP 06b-
efVHAET 3aKyrKuY, CKNafCKoW yyeT, Npoaaku, NPon3BOACTBO, pacyeT ce6ecTomMmocTyt 1 GrHaHCbI B eANHOM UH-
¢dbopmaumnoHHOM KoHType. Bitrix CRM nogaepkmBaet paboTy ¢ KnveHTamu. Cneurann3npoBaHHbIe MPUIIOXKEHNA
ZononHsioT Tunosyto ERP B npoueccax, rae TpebytoTcs oTaebHble ONepaTUBHbIE UHCTPYMEHTbI: TPMOpUTM3aLms
NPOW3BOACTBEHHBIX MPOEKTOB, KOOPAMHALMA NOAPa3AeNeHNIi, KOHTPOsb AeprLUTOB 1 o4epeaHOCTM paboT, Be-
[eHne KaTanora rotoBbIX pelleHuni, NnaHpoBaHme NepeBo3oK N XpaHeHUe OTrpy30YHbIX AOKYMeHTOB. [puno-
XeHus pa3pabaTbiBaloTCA C Mcnonb3oBaHmem GitHub 1 MHCTPYMEHTOB MCKYCCTBEHHOTO MHTENNEKTa, paboTatoT
ABTOHOMHO Ha cepBepe NpeanpuATUA 1 JOCTYMHbI BO BHYTPEeHHeN ceTh. PewleHre npegHa3HayeHo ana Komna-
HUI C MPOEKTHBIM MPOU3BOACTBOM, LUIMPOKOW HOMEHKIIATYPOW 11 HEOOXOAMMOCTbIO KOOPAUHUPOBATL 3aKYMKY,
KOHCTPYKTOPCKYIO MOATOTOBKY, MPON3BOACTBO, TIOMMCTUKY 1 UHAHCBI.

TEXHWYECKUE NPEMMYLLECTBA

OcHOBHOE NpenMyLLIecTBO pelleHua — couyeTaHue Tunoson metogonorun 1CERP 1 cneumannsmpoBaHHbIX
NPWNOXEHUN, pa3paboTaHHbIX Nof npouecchbl npeanpuaTusa. ERP octaeTca egrHbIM onepaLyuoHHbIM KOHTYPOM,
a OTAeNbHble NPUNoXKeHNA obecneymBatoT 6onee yaobHyo paboTy C NpropuUTeTamMn NPOEKTOB, 00LLel KapTou-
KOW NpoeKTa, MOBTOPHbIM MCMOJIb30BaHMEM FOTOBbIX KOHCTPYKTOPCKNX PeLUeHWIA 1 NOFUCTUKON. [punoxeHns
paboTaloT Ha cepBepe KOMMaHWK, UCMOMb3YIOT BHYTPEHHIOK CETb U MOTYT Pa3BMBaTbCA HE3ABUCKUMO, HE 3aMe-
Hs1A ERP. MIHCTpYMeHTbI MCKYCCTBEHHOTO MHTENIeKTa COKPALLAloT NyTb OT ONMCaHUA GU3Hec-3agaur Ao NpoToTuU-
na v AenCTBYIOLLEro NPUKNAAHOro peLleHns.

OXUJAEMbIV PE3YJIbTAT MPUMEHEHUA

PeleHne NoBblILWaeT NPO3PaYHOCTb AaHHbIX M KOHTPOMb MaTepUanos, MPOEKTOB 1 CPoKoB. OHO NogaepKusaet
COrNacoBaHHyo PaboTy 3aKyMOK, KOHCTPYKTOPCKOro 610po, AUCNETYEPOB, NPOV3BOACTBA, NOMNCTUKM U GUHAH-
COB, COKpaLLaeT pyyHoit 06MeH MHbopMaLmen, TOMOraeT NOBTOPHO UCMOSb30BaTb MPOBEPEHHbIE KOHCTPYKTOP-
CKue peweHns 1 3dPpeKTrBHEE NIAaHNPOBATb NepPeBO3KN.

TEKYLLAA CTAAUA PA3BUTUA
PaspaboTka BHeipeHa B AeATeNIbHOCTb NPeAnpUATAA Y NCMONb3YeTCA COTPYAHMKaMU.

CBEAEHUNA O MPABOBOW OXPAHE
OTCyTCTBYIOT.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PASPABOTKE

Mpon3BOACTBEHHbIE NMPEANPUATAA C NPOEKTHLIM MW NO3aKa3HbiM MPOU3BOACTBOM, LUMPOKON HOMEHKIATY-
PO, CNOXHBIM MaTepUanbHbIM obecrneyeHneM 1 HEOBXOAMMOCTbIO KOOPAVHUPOBATb 3aKYMKK, KOHCTPYKTOP-
CKy'0 NMOArOTOBKY, MPOU3BOACTBO, TOMUCTUKY 1 GUHAHCDI.

KOHTAKTHbIE AAHHbIE

*KaBpuva AHTOH BnagnmmpoBmy, NOMOLLHKK FeHepanbHOro AMpeKTopa.
Ten.: (+37529) 371 85 88
E-mail: zav@bme-diesel.by
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XIll. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE OBPA3OBATEABHOE YHPEXAEHME
«CUBMPCKNIN TOCYAAPCTBEHHbIM
MHAY CTPUAAbHBIN YHUBEPCUTET)

N

20. KOMNAKTHbI HACTONbHbIA OPE3EPHBIN LLEEHTP C YUCNOBbIM
NPOrPAMMHbIM YNPABJIEHUEM, OCHALLEHHBIA MOAY/IbHON CUCTEMON
3AMEHbI PABOYUX NHCTPYMEHTOB

OMUCAHUE PASPABOTKI

Llenbto npoeKTa siBNseTcs pa3paboTka 1 co3faHre OnbITHOro 06pasLia KOMNAKTHOrO HAaCTONIbHOFO MHOTOGYHK-
LMOHaNbHOTO GpPe3epHOro LieHTPa C YACSIOBbIM MPOrPaMMHbIM yrnpaBieHuem (YMY), opreHTUpoBaHHOTO Ha 06-
paboTKy MArKMX MeTanoB (aMlOMUHUA 1 NaTyHW), NAAcTMKOB, daHepbl 1 NPOYMX NINCTOBbIX MaTepuanos. O6o-
pyAoBaHMe OCHALLEHO MOZYNIbHOI CUCTEMO 3aMeHbl Paboumnx MHCTPYMEHTOB (dpe3epoBKa / Na3epHas peska)
1 afanTMpOBaHO MOJ UCMOMb30BaHWE B YCNIOBUSAX OFPaHNUYEHHOTo NPOCTPaHCTBa. MPoeKT HanpaBieH Ha UM-
rnopTo3amelleHre U obecrneyeHrne AOCTYNMHOCTA OTEUECTBEHHOIO MeTanoobpabaTbiBatolLlero obopyaoBaHusA
AN obpa3oBaTeNbHbIX YUPEXAEHNI, MasibiX MPOU3BOACTB, JOMALUHMX MAaCTEPCKIX, @ TaKKe 3aMKHYTbIX SKOCU-
CTem 1 TPYAHOLOCTYMNHbIX TEPPUTOPUNA.

KoHeuHbIM NpoayKTOM NPOoeKTa ABASETCA HACTOMbHbIA Pppe3epHbIi LeHTp ¢ UMY, ocHaLeHHbIN MOgYNbHON Cu-
CTEMOW CMEHbI IHCTPYMEHTA, UTO MO3BOSISET BbIMONHATL [iBE OCHOBHbIE TEXHOIOMMYECKMe onepauum — dpesep-
HY0 06PabOTKY 1 NasepHYIo Pe3Ky MaTepranos (NnacTuk, GaHepa, TEKCTOSNNT, MArKMe MeTasbl, KOMMO3MUTbI 1 A4p.).

CTaHOK BbINOJIHEH B KOMMAKTHOM HAaCTONIbHOM d)opM-d)aKTope, YTO NO3BOJIAET NCNONb30BaTb €ro B yC10BUAX
OrpaHN4YeHHOro NPoOCTpPaHCTBa. yCTpOI7ICTBO 6y,D,ET NOCTaBJIATbCA B CO6paHHOM Bunae.

Ha3sHaueHue npofyKTa — yHMBepcasibHas undpoBas nnatdpopma 4fif HadasbHOW U CpefHeli TOYHOCTU obpa-
60TKW, HanpaBneHHas:

— Ha obyueHune ocHoam UMY, MeTannoobpaboTKu, MEXAaTPOHVKM 1 LdPOBOro NPOU3BOACTBA;
- NPOTOTUMNMPOBAHWE U3AENNIA B YCIIOBUAX TabopaTopurii 1 ManbiX NPOU3BOACTB;
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— BbIMOJIHEHNE MGHKOCGpI/IIZHbIX 3aKa30B Wi PEMOHTHbIX pa60T;

— BHepeHUe B M30/IMPOBAHHbIE SKOCUCTEMBI, F1€ HEBO3MOXKHO MCMOJIb30BAHME NOJIHOPa3MepHoro obopyno-
BaHVA (CYyfOCTPOEHME, NepeaBIKHbIE TEXHOMAPKY, yaaNeHHble 6a3bl 1 ap.).

I'Ipo,quT MOXeT NCNoJib30BaTbCA:

- Kak caMocTonTeNIbHOe yHMBepCabHOoe 060pyAoBaHe 1A NPON3BOACTBA U3AENNI U3 Pa3INYHbIX MaTepu-
anos;

- KaK YacTb Komnekca yuyebHoro obopyaosaHus B pamkax CMO v BO;

— KakK Moaynb cneyunann3npoBaHHbIX pELIJEHI/IVI B COCTaBe MOOWITIbHBIX UIN CTayMOHapHbIX Npon3BoACTBEH-
HbIX AYeeK.

TEXHUYECKUE NMPEMMYLLECTBA

Pa3paboTaH 1 N3roTOBJIEH OMbITHbIV 06paseL; KOMMNAKTHOrO HACTONIbHOFO MHOFOGYHKLIMOHaNbHOro ¢ppesepHo-
ro ueHTpa ¢ Yy, otnnyatowminca MoaynbHON apXUTEKTYPOI 1 BO3MOXKHOCTbIO ObICTPOI 3ameHbl pabouero moay-
ns. basoBas koHdUrypauua npegHasHayeHa ana dpesepHoit 06paboTKN NNacTUKOB, APEeBECUHDI, aKpua, KOM-
NMO3UTOB ¥ MATKMX METAJIIOB; JOMOIHUTENbHbIN Ia3ePHbI MOLYNb 06ecneunBaeT BO3MOXXHOCTb la3epHO pes-
KU 1 rpaBrpoBKIY. Pabovas 0651acTb cTaHKa cocTaBnseT 240x210x100 mm, rabaputbl — 560x560x500 Mm, NuTa-
Hne — 220 B. MpeaycMoTpeHb! WNMHAENb MOLWHOCTLIO0 500 BT ¢ yactoTon BpaleHus go 12 000 06/MuH, crcTe-
Ma KpenneHna nHcTpymenTa ER11, nuHenHble penbcosble Hanpasnsatowme u LLBIT.

Mo cpaBHEHUIO C 3apy6EXHBIMY HACTOMNBHBIMY CTaHKaMU aHaNOrMUYHOTO Kacca NPOeKT codeTaeT GyHKUMU
¢dpe3epoBaHnA 1 NlazepHO 06PaboTKN B OAHOM KOMMaKTHOM. 10 CpaBHEHWIO C POCCUIACKMMU aHanoraMm Kio-
YeBbIMU MPENMYLLECTBAMM ABAIOTCA KOMMAKTHbIA HAaCTOMbHBIN GOPMAT, 3aKPbITOE UCMOMHEHWNE, MOAYIbBHOCTb
1 OpUeHTaL A Ha 06pa3oBaTeNbHOE, MPOTOTUMHOE U MESTIKOCEPUHOE MPOK3BOACTBO.

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

B pamkax npoekTta co3faH 1 cobpaH paboTocnoco6HbIN OMNbITHbIM 06pa3eL; KOMAAKTHOrO HaCTONbHOro dpe-
3epHoro ueHTpa ¢ UMY 1 moaynbHo cuctemor cMeHbl paboyero MHCTpyMeHTa. OnbITHbIM 06pa3eL NoaTBEPAN
NPVHUMMNANbHYI0 BO3MOXHOCTb CO3[jaHNA KOMMaKTHOro 060pyaoBaHus, coBmeLLatoLlero pyHKUMm GpesepHoi
06paboTKN 1 NasepHOI 06PabOTKN pa3NIMYHbIX MaTepUasoB.

Ha cnepytoliem sTane nnaHnpyeTcs opaboTKa KOHCTPYKLMM MO pe3yribTaTam SKCyaTaluy OnbITHOro obpas-
Lja, ONTUMM3aLMA TEXHOSOTMN N3rOTOBMIEHMS 1 MOAFOTOBKA MNPOAYKTa K CEPUINHOMY NPOV3BOACTBY W MPOLaXe.
[OTOBBIN MPOAYKT MO3BONUT 06Pa30BaTENbHBIM yUPEXAEHUAM, MaslbiM MPOV3BOACTBEHHbBIM 1 CEPBUCHBIM Npes-
NPUATUAM, LLEHTPaM NPOTOTUNMPOBAHUA 1 YaCTHBIM MAaCTEPCKUM BbINOHATL 06paboTKy MNACTUKOB, ApeBecH-
Hbl, KOMMO3UTOB U MATKNX METAJIIOB, @ TAKXE NIa3ePHYI0 Pe3KY 1 rpaBUPOBKY. KOMMNaKTHble pa3mepbl obecnevat
BO3MOXHOCTb 3KCIUTyaTaLmmn 060pyfoBaHUs B YCJIOBUAX OrPaHMUYEHHOTO NPOW3BOACTBEHHOIO MPOCTPAHCTBA.

TEKYLWWAA CTAOUA PA3BUTUA
BbinyLeH onbiTHbLIN 0b6paseL.

CBEAEHNA O NPABOBOW OXPAHE
MnaHypyeTca npaBoBas OxpaHa pe3yNbTaToB MHTENEKTYalbHON AeATENbHOCTH, CO3AaHHbIX B XOAe pa3paboTKu.

MNOTEHUMAJIbHbIE NOTPEBUTENIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE
YupexaeHuna cpefiHero crnewmnanbHOro v Bbicliero o6pasoBaHns, yuebHble 1 HKeHepHble LieHTPbI, TexHonap-

KW, UEHTPbI MONOAEXHOIO NHHOBALIMOHHOIO TBOpYeCTBa, MaJible U MUKponpeanpuAaTnAa, cepBrUCHble N PEMOHT-
Hble MaCTepcCKkue, nHaonBKuayanbHblie NnpeanpuHMmMmaTenn N YaCTtHble MacTepCcKue.

KOHTAKTHbIE AAHHbIE

MaxkapnH AnekcaHgp Bnagummnposuy, aupektop LieHTpa KOnneKkTUBHOro Nofb30BaHNA
«[TpoTOTMNNPOBaHME N AJ[UTUBHbDIE TEXHONIOTUMY

Ten.: (+7 3843) 777979

E-mail: rector@sibsiu.ru
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21. ON3UKO-UHOOPMNPOBAHHAA FTEHEPATUBHAA MOJEND
GENESISCORE 4191 ObPATHOI'O MPOEKTUPOBAHUA N ONTUMMU3ALIUU
MHOTOMAPAMETPUYECKUX TEXHONOTUYECKWUX NPOLIECCOB

OMUCAHUE PA3PABOTKI

MporpammHbIn Komnneke GenesisCore NnpefHa3HAaYeH 41 pelleHus 3agay 06paTHOro MPOeKTUPOBAHUA 1 ONTH-
MM13aL 1 MHOrONapameTpUYECKNX TEXHONMOTMYECKMX MPOLLECCOB B METaNINYPrim, XMMUYECKON TEXHONIOTN, Ma-
TepuanoBefeHNn N CMeXHbIX oTpacnax. Komnnekc peanvsyeTt CKBO3HON LKA paboT: OT MHTeNNeKTyanbHOM 3a-
rPY3KM 1 OUNCTKU JaHHbIX (Moaynb GenesisCore_Production) n o6yueHusa ¢pursnko-nHGopmmnpoBaHHbIX Cyppo-
ratHbix mogenen (LSVC_Model_Trainer) fo peleHuns 3afay o6paTHOro MPoeKTUPOBaHUA C y4ETOM TEXHONOrnYe-
CKUnx orpaHunyeHui (InverseDesigner) n KnactepusaLmm C nacnoptusaumen ONTMManbHbIX TEXHONOMMYECKUX 30H
(ZoneOptimizer). B oTnnune ot KNnaccnyecknx reHepaTBHbIX Mogenei, GenesisCore He NPOCTO reHepupyeT Ba-
pUWaHTbl, @ MPOBEPSIET X HA COOTBETCTBUE 3aKOHAM GU3UKU, TEPMOAMHAMUKU N TEXHONIOTUYECKOMY PerflaMeH-
Ty. Cctema obecneyrBaeT reHepaLmIo M BanngaLumio peanmsyemMbiX MPOEKTHbIX PELLEHNIA, CYLLECTBEHHO COKpa-
Las Bpema 1 3aTpaTbl Ha pa3paboTky. Tun 3BM: nepcoHanbHbIn IBM-coBmecTuMbli komnbioTep; OC: Windows.
A3bIk NnporpammunpoBaHus: Python 3.8+.

TEXHUAYECKUE NMPEMMYLLECTBA

KnioueBoe npeumyLyectso GenesisCore — nHTerpauma pranyeckmx 3akoHOB HEMOCPeACTBEHHO B MPoLiecc re-
Hepauuu peweHunin. O6bluHble reHepaTUBHbIE Mogenn (Hanpumep, Ha ocHoBe GAN unmn VAE) co3gatoT npaBaono-
1o6Hble, Ho dr3nyeckn Hepeanmsyemble BapraHTbl. GenesisCore ncnonb3yeT Gr3nKo-MHGOPMMPOBAHHDIN NOA-
XOA, UTO rapaHTMpyeT TEXHONOMMUYECKYI0 peann3yemMoCTb KaXaoro npeaioxeHHoro peweHus. Mo cpaBHeHWMIo
C Knaccnyeckumm ymcneHHoimm mogenamu (MK3, CFD), Tpebytowwmmm YacoB pacyeTos, npefobyyeHHas Mogesb
paboTaeT Kak «OHJIaliH-CEHCOP», BbllaBas MTHOBEHHbIE MPOrHo3bl. TexHonorus Transfer Learning no3sonseT co-
KpaTuTb BpeMsA 00yuYeHA MOAeNV AN HOBbIX 3afay Ha ~90 %. Tak, TOUHOCTb NPOrHO3a BAVAHWSA CUJIbl TOKA U Ha-
NpsXeHns Ha rybrHy NponnaBieHns HanaaBKU CBAPHOTO LIBa Nof pa3paboTaHHbIM yueHbiMy CMOITNY wnakom
copeprkana cpefHioio owmnobky 2,73 %.

OXWUOAEMbIV PE3YJIBTAT NPUMEHEHUA

BHenpeHune GenesisCore No3BonseT nepenTyt OT NCCIefOBaHNA METOAOM NPo6 1 OWMOOK K rapaHTMPOBaH-
HOMY MPOEKTMPOBAHMIO ONTUMaNbHOrO pe3ysnbraTta. Oxnpgaemble 3PPeKTbl: CHUXKeHNe pacxofa peppocnnaBos
Ha 5-10 %, CHUXXeHre SHepronoTpebneHuns Jo 2 %, yCKopeHue pa3paboTKy HOBbIX CNnaBoB B 350 pas, cokpalye-
Hue BpeMeHV Ha TONOoNormyeckyto ontummsauuio Ha 70-90 %, cHukeHme Bbibpocos CO2 1 BpegHbIX BeLLECTB Ha
5-15 %, pocT 3¢ dEeKTUBHOCTN UCMOSIb30BaHNA Cbipbs Ha 3—7 %. Ha Bbixofe dopmupyetcs «[acnopT TexHonoru-
YeCcKmx 30H» — GOpPManM30BaHHbIN JOKYMEHT C ONTUMAabHbIMU peXXumamu paboTbl arperata.

TEKYLWAA CTAANA PA3BUTUA

BbinyLeH onbITHbIN 06pa3seL (MporpaMmHbI KOMMIEKC 3aperncTpupoBaH B PocnaTteHTe, npowen anpob6auuio
Ha pAAe NPOMbILSIEHHbIX KENCOB).

CBEAIEHA O NPABOBOW OXPAHE

CBuAeTeNbCTBO O roCyAapCTBEHHOM pernctTpaumm nporpammsl ana 9BM N2 2026617072 ot 12.03.2026. [Mpaso-
obnagatenb: ®IBOY BO «CnbUPCKMI rocyaapCTBEHHbIN MHOYCTPUASIbHDIN YHUBEPCUTET». ABTOPbI: KyLieHKO AH-
apen ViBaHoswny, KyueHko AHgpein AHgpeesuny. 3aaska N2 2025696600 ot 17.12.2025.

NOTEHUWAJIbHbIE NOTPEBUTEJIN /N BAUHTEPECOBAHHDIE B PASPABOTKE

MeTannyprmquKme KOMOWHATbI Y IUTENHblE 3aBOAbl, MalLMHOCTpPOUTENbHblE N aBaCTpouTesibHble npeanpu-
ATUNA, XUMNYecKkne n q)apmaueBqueCKme Nnpoun3BoACTBa, Hay4YHO-NccnegoBatTenbCkme LeHTPbI U YHUBEPCUTETDI.

3a pybexxom: npeanpuaTa meTannypruu, HedTerasa v 3HepreTky B KasaxctaHe, Y36ekncTtaHe, Kutae.

KOHTAKTHbIE BAHHbIE

KyueHko AHgpeit MiBaHOBWY, FaBHbI CNeLyanmncT No peannsauum cTpaTerniyeckoro NpoeKTa,
KaHgMAAT TEXHUYECKNX HayK, AOLIEHT.
Ten.: (+7 906) 979 32 37

E-mail: aik_mail@mail.ru




WHHOBALIUOHHBIE TEXHOJIOTUW B MPOMBILLJTEHHOCTU

XIV. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE OBPA3OBATEABHOE YHPEXAEHME
BbICLLUEIO OBPA3OBAHMA
«KY3BACCKMN TOCYAAPCTBEHHbIN TEXHUHECK MM
YHUBEPCUTET MMEHWN T. . TOPBAYEBAY

.

22. TEXHOJIOTUYECKAA MIATOOPMA NMOJIHOTO LINK/IA NEPEPABOTKU YN A
U NONYYEHUA NPOAYKTOB C BbICOKOW JOBABNEHHON CTOUMOCTbIHO

OMUCAHUE PA3PABOTKHN

LleHTp nHXeHepHbIX pa3paboTok «MeXpermoHasnbHbI LIEHTP ry6oKo NepepaboTKu yria B NpoayKTbl opra-
HMYeckoro cuHTe3a» (r. KemepoBo) pa3pabaTbiBaeT KOMMAEKCHYIO TEXHONOMMYECKYHO NnatdopmMy nepepaboTku
YIS «YTroJib — XUMUSA — MaTepurasbl — SHEPrus» — CUCTEMHOE peLleHue, 0ObeuHsAIoLLEe B3aIMOCBA3aHHbIe
TEXHONOMUW B €AUHYIO LIeMOYKY MOJTHOTO LiMKIa.

Ha3HauyeHue: MakcMManbHO NOSTHOE NCNONb30BaHMe YronbHOrIO CblpbA C NONy4YeHNeM XMMNYeCKnx npoayk-
TOB, yrnepoAHbIX MaTepnanos 1 aHeprun npn MMHNMMN3aLnn OTXOO0B.

Cd)epa NPUMEHEHUA: YroJjibHaA, KOKCOXMMUYyeckana N XxmnMmmnyeckaa npomMbILLIEHHOCTb, MPON3BOACTBO yrnepoa-
HbIX MaTepunasioB, SHepreThka, SKOJ10rnA.

Mnatdopma BKOYAET LWECTb B3aMMOCBA3aHHbIX G/TOKOB: MCCIeA0BaHNEe CbipbeBO 6a3bl; TEPMOXMMUYECKYIO
nepepaboTKy (MMponus, rasudukaums, rMaporeHN3aLmna); XMMMUeCKyto nepepaboTKy NpoayKTOB B apOMaTuKY,
beHonbl, MoNMMepbI; MoNyYeHVe YriepoaHbIX MaTepurasoB (COPOGEHTbI, BOSIOKHA, SEKTPOAHbIe U HaHOMAaTepU-
arnbl); SHEpreTUYeCKoe NCMoNb30oBaHVe (CMHTe3-Ta3, BOAOPOL, TEMJIO 1 SNEKTPOIHEPTA); SIKONOrMUYecKunii 6110k
C yTUAM3aLmMen OTXOA0B U OUMCTKON BbIGPOCcoB. OTXoAbl OLHOrO dTana Cyy»aT Cbipbem Ans APYroro, Yto obe-
CNeYrBaEeT 3aMKHYTbIN LMK

MogynbHas cTpyKTypa no3BonseT cobmpaTtb TEXHONOTMUECKYIO IMHUIO MOJ, KOHKPETHYI0 MapKy Yriis 1 3ajaun
npeanpuaTua. KOMNaeKcHbli NOAXo4 NOBbILWAET Fy6uHY NepepaboTKy 1 BbIXOZ, LIEHHBIX MPOAYKTOB, CHUXAET
3KOJOrMYeCKYH0 HarpysKky 1 06bem 0TX0[0B, obecneumBaeT rmbKoCTb NPOM3BOACTBA U MMMNOPTO3aMeLLEHME XU-
MUYECKOW 1 YrIepogHON NpoayKLUum.

TEXHUYECKUE NMPEMMYLLECTBA

HoBu3Ha nogxoaa. B otnnumve ot 60/bLIMHCTBA OTEYECTBEHHDIX 1 3apYOEXHbIX LIEHTPOB, Pa3BUBAKOLLUX OTAEb-
Hble TEXHONOrMU NepepaboTKN yrnaA (rasandurkaums, OXnXeHNe, NonyyeHne CopbeHToB), Npeanaraemas nnatdop-
Ma peanmsyeT CUCTEMHYIO MHTErpaLuio BCeX NepeaesioB B eAVHbIN 3aMKHYTbI LMK <Yroflb —> XMMUA —> MaTe-
puanbl — HepPrus».

Mo oCHaLLEHHOCTU aHANUTNYECKO 6a3bl 1 CMEKTPY peLuaemblx 3agad LIeHTp nHKeHepHbIX pa3paboTok «Mex-
pernoHanbHbIN LEHTP ryboKoi nepepaboTKy yris B NPOAYKTbl OPraHUYeCcKoro cMHTesa (r. KemepoBso) cono-
CTaBUM C BEAYLYMMM NPOPUNbHBIMK UHCTUTYTamu Kutas (TaiitoaHb, NpoBrHUMA LaHbcn) — mMupoBoro nupe-
pa B MpOMbILLAIEHHON yriexyMuun. Pa3BrBaemMble HanpasneHus (yrnepogHble BONIOKHA, KAMEHHOYTOMbHbBIE NEKY,
pefKo3eMesibHble 3/1IEMEHTbI U3 OTXO0B 060ralleHUs) BXOAAT B UMCIO MPUOPUTETHBIX U ANt KUTANCKUX, U Ans
repMaHCKUX NCCnefoBaTeNibCKUX LIEHTPOB.

KntoueBble npenmMmyliecTea nepen aHaaoramm: KOMNJIEKCHOCTb BMeCTO «TOYEYHbIX» TEXHOJIOTUI: OXBAT BCEN
Leno4ykn OT aHann3a CblpbA A0 NOTOBbIX MaTepPManos.

Be3oTXogHOCTb: OTXOAbl OQHOIO Mepeaena Ciy»aT CbipbeM s APYroro, YTo CHUXKAET Harpysky Ha cpegy.
MogynbHoCTb: afanTaLma No4 KOHKPETHbIe MapKU Yrien.

npaKTVILIECKaﬂ HanpaBle€HHOCTb: LlEHTp CO3aH KaK njiolwagka kommepuumanmsaunmn, OopueHTMpoBaHHaA Ha ne-
penavy npoOMbILIEHHOCTU HE MeHee 20 KOHKyPEHTOCI'IOCO6HbIX TEXHONIOTUN.



WHHOBALIMOHHBIE TEXHOJIOT U B MPOMBILJIEHHOCTHU

YpoBeHb rOTOBHOCTY: MWJIOTHBIE 1 OMbITHBIE YCTAHOBKM, CMOCOOHbIE 3aMKHYTb LMK «mfes — nabopatopus —
BHEAPEHNMEY.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

BHenpeHme I'IJ'IaTd)OprI o6ecneynT NoBbILEHNE I'J'Iy6VIHbI nepepa60TKV| yrnAa v BbiIXxoAa UEHHbIX MPOAYKTOB
C BbICOKOW AO6aBJ’IeHHOl7| CTOMMOCTbIO — XUMUNYECKUX, YrNepoaHbIX MaTeEPMANOB U SHEPTUN. CHM3ATCA 06beMm
OTXOAO0B M 3KONOornvyeckasa Harpyska 3a CH4eT 3aMKHYTOro yukna. MNoAATCA HOBble MMnopTo3amMellaloume npo-
AYKTbI: C0p6EHTbI, yrnepogHble BOJIOKHA, SN1EKTPOAHbIE MaTepualibl, CMHTE3-ra3, BOOOPOA. BO3paCTeT SKOHOMMU-
yeckas 3¢¢EKTVIBHOCTb yI'OJ'IbHOVI oTpadn n ykpenmtca TEXHONOMMYEeCKNN CyBE€pPEHUNTET CTPAHbI. Oxngaetca
CO34aHuE NMUJIOTHbLIX N OMbITHO-NPOMbILIJIEHHbBIX MPON3BOACTB C NodJieAy WM TUPpaXMpoOBaHUEM TEXHONormm
Ha NnpeanpuATnAxX oTpacin.

TEKYLWAA CTAANA PA3BUTUA
BbinonHeHa HayuHo-MccnefoBaTenbcKas UK OMNbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) paborta.

CBEZIEH/A O NMPABOBOW OXPAHE

OTpenbHble TEXHMYECKNE N TEXHONOTUYecKne peweHnA, BxogAalne B COCTaB KOMIMAEKCHOMN I'IJ'IaTd)OprI nepe-
pa60TKI/I yrnAa, 3alinueHbl B KavecTBe 06beKToB NHTENNEKTYyan bHOI CO6CTBEHHOCTMN. npaBOBaﬂ OXpPaHa pacnpo-
CTpaHAETCA Ha KNntoYyeBble 3Tanbl TEXHOSIOTMYECKOW LLeNOYKM — OT NOATOTOBKM 1 aHanM3a CblpbA A0 nonyvyeHnaA
XUMNYECKNX MPOAYKTOB 1 YyrnepoaHbIX maTepraos.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHbDIE B PASPABOTKE

Pecny6nuka benapycb: npeanpuaTUs XMMUYeCKom 1 HehTEXMUYECKOI NMPOMBILLIAIEHHOCTU (YrepoaHble cop-
6eHTbI, CynbdOyrosib Ans BOAOMNOAFOTOBKM), CENIbCKOE X03ANCTBO (ryMUHOBbBIE YA06peHus n3 6yporo yrna), me-
Tannyprus n TUTeNHoe NPOn3BOACTBO (CUHTETUYECKME MEKU, MONYKOKC).

Kntan, NHgus, AnoHuns, I0xHas Kopes — KpynHeilme umnopTepsl Yrisa U yrnepoaHou NPoayKLmMKW; CTpaHbl
lOro-BoctouHoi A3nm (BbeTHam, DununnuHel, Manansma) C pacTyLiMmM CNPOCOM Ha SHepreTuyeckue yrnu; Kasax-
cTaH u gpyrue ctpaHbl CHI — notpebutenn 6ypoyronbHOro Bocka 1 yriepogHblx MaTepranos.

KOHTAKTHbIE OAHHbIE

YwakoB AHgpein [eHHagbeBuy, pykoBoauTenb LieHTpa nHxeHepHbIX pa3paboTok «MeXpernoHasnbHbIi LeHTP
rny6oKon nepepaboTKy yris B NPOAYKTbl OPraHNYECKOro CUHTE3ay, KaHAUAAT TEXHUYECKMX HAYK, IOLEHT.
Ten.: (+7 923) 618 04 41

E-mail: uag.httt@kuzstu.ru
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1.10N-PLASMA NITRIDING TECHNOLOGY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Surface hardening of machine parts, mechanisms, die and casting tooling, gears, shafts, bushings, molds,
and cutting tools made of various grades of steel (structural, tool, die, stainless steels) and alloys.

Basic design characteristics:

—Vacuum chamber with a water-cooling system, heat-insulating screens, and tooling for positioning processed
parts.

- Automated control cabinet based on an industrial controller with a touch interface.

- High-vacuum pumping system, automatic inlet and mixing unit for working gases (nitrogen, hydrogen,
argon).

— Pulsed power supply of an abnormal glow discharge with a fast protection system against micro-arcing.
Technological, technical, and operational characteristics:

- Thermochemical treatment process based on diffusion saturation of the surface layer with nitrogen in low-
temperature plasma of an abnormal glow discharge.

— Temperature range: from 250 to 600 °C (low-temperature modes allow processing parts without structural
changes and without reducing the corrosion resistance of stainless steels).

- Hardened layer depth: from 0.05 to 0.80 mm (depending on the steel grade and process duration).
- Surface hardness: increase in microhardness of the surface layer up to 1200-1500 HV.

- High layer uniformity on complex geometric parts (including blind and through holes), absence
of deformation and warping of finished products, complete environmental friendliness (no toxic gas
emissions).

TECHNICAL ADVANTAGES

The ion-plasma nitriding (IPN) technology and equipment developed by the Physical-Technical Institute
of the National Academy of Sciences of Belarus correspond to the advanced world scientific and technical
level.

Compared to traditional gas nitriding and best domestic/foreign counterparts, the IPN unit provides:

- Reduction of processing duration by 2-5 times, reduction of energy consumption by 1.5-3 times, and work-
ing gas consumption by 20-50 times.

—Increase in surface hardness by 1.5-3 times, wear resistance by 2-10 times, increase in fatigue limit, corrosion
resistance, and retention of layer hardness when heated up to 600-650 °C.

— Carrying out the process at lower temperatures (from 250 °C) eliminates deformation of parts, allows process-
ing blind and through holes with precise control of phase composition.

— Complete absence of toxic emissions, simplicity of screen protection of unhardened areas of parts.

In terms of “price — quality — energy efficiency” ratio, the units of PTI NAS of Belarus surpass traditional gas
nitriding furnaces and are not inferior to expensive imported counterparts at a significantly lower cost of equip-
ment and operation.
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EXPECTED RESULT OF APPLICATION
Implementation of ion-plasma nitriding technology and equipment allows:

- Increasing the operational life and wear resistance of machine parts, mechanisms, die tooling, and cutting
tools by 2-10 times.

- Reducing the cost of thermochemical treatment by reducing energy consumption (by 1.5-3 times), cycle
duration, and gas consumption.

- Eliminating rejection and deformation of complex and precision parts due to the low process temperature
(from 250 °Q).

- Ensuring environmental cleanliness of production by abandoning toxic gases and salt baths.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises in mechanical engineering, automotive, tractor, machine tool, and instrumentation industries, tool
manufacturing plants, as well as manufacturers of die, casting tooling, molds, and machine components operat-
ing under high wear and dynamic loads.

CONTACT INFORMATION

Alexey Malevich, Engineer at the Mechanical Engineering Technology Laboratory, Department of Mechanical
Engineering Technology and Equipment, Faculty of Engineering, Educational Establishment “Baranavichy
State University”.

Phone number: (+375 29) 202 20 64

E-mail: malevich-95@mail.ru

2. MAGNETIC-PULSE PROCESSING TECHNOLOGY OF MACHINE PARTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Designed for surface and volumetric-surface hardening, increasing fatigue strength and wear resistance of criti-
cal engineering parts (shafts, axles, gears, bearings, welded structures), as well as tooling and tools made of struc-
tural, die steels, and non-ferrous alloys.

Basic design characteristics:

— Pulsed Current Generator (PCG): high-voltage capacitor energy storage with a low-inductance switching
system.

—Inductor systems: specialized magnetic-pulse inductors (flat, cylindrical for external and internal processing)
with high mechanical and thermal resistance.

- Control unit: microprocessor control of discharge modes, pulse shape, and charging voltage.
Technological, technical, and operational characteristics:

- Operating principle: non-contact force impact of a high-intensity pulsed magnetic field (electromagnetic field
pressure up to several hundred MPa, pulse duration from tens to hundreds of microseconds).

- Temperature mode: “cold” processing (without significant heating of the part), which eliminates thermal
deformations and warping.

- Hardening mechanism: formation of intense plastic microdeformation of the surface layer, refinement of sub-
structure, increase in dislocation density, and induction of favorable compressive residual stresses.

- Hardened layer depth: from 0.1 to 2.5 mm depending on pulse energy and material.
- Microhardness increase: by 15-40 % in the surface zone while maintaining core toughness.
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TECHNICAL ADVANTAGES

The development of PTI NAS of Belarus matches the advanced world level in the field of material processing
with high-intensity pulsed fields.

Compared to traditional hardening methods (thermal, thermochemical, and mechanical surface plastic de-
formation):

- Increase in fatigue limit and fatigue life of parts by 1.5-3 times.

— Complete absence of thermal distortion, warping, and surface oxidation (no subsequent finish grinding
required).

- High energy efficiency: energy is consumed locally within microseconds, energy consumption is 5-10 times
lower compared to thermal hardening.

- High productivity: single processing cycle duration takes fractions of a second.
- Non-contact action: capability to harden hard-to-reach zones (transitions, fillets, internal cavities).
- Complete environmental friendliness (no emissions, cooling fluids, or chemical reagents).

EXPECTED RESULT OF APPLICATION
Implementation of magnetic-pulse processing technology and equipment allows:
- Increasing the operating life and reliability of loaded machine parts and tools by 1.5-3 times.

- Reducing labor intensity and cost of finishing operations by eliminating deformations and the need for re-
straightening or grinding.

- Decreasing energy intensity of hardened product manufacturing.
- Ensuring environmental safety and technological independence of the engineering complex.

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

INFORMATION ON THE LEGAL PROTECTION

Patents of the Republic of Belarus and the Russian Federation for methods of magnetic-pulse processing and
inductor designs owned by PTI NAS of Belarus.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises in mechanical engineering, instrumentation, automotive industry, aerospace industry, manufactu-
rers of tools and die tooling in the Republic of Belarus and abroad.

CONTACT INFORMATION

Alexey Malevich, Engineer at the Mechanical Engineering Technology Laboratory, Department of Mechanical
Engineering Technology and Equipment, Faculty of Engineering, Educational Establishment “Baranavichy
State University”

Phone number: (+375 29) 202 20 64

E-mail: malevich-95@mail.ru



INNOVATIVE TECHNOLOGIES IN INDUSTRY

Il. STATE SCIENTIFIC INSTITUTION
“INSTITUTE OF METAL TECHNOLOGY OF THE NATIONAL
ACADEMY OF SCIENCES OF BELARUS”

.

3. AERODYNAMICSONICHARDENING TECHNOLOGY AND EQUIPMENT

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Scope of application: surface and volumetric-surface hardening of metal-cutting tools made of cermet hard
alloys (indexable inserts, end mills), high-speed and tool steels, die tooling, machine parts, and cast iron products
operating under high dynamic, cyclic, and impact loads.

Basic design characteristics:

- Specialized hardening chamber with an aerodynamic acoustic wave generator.
- Gas-dynamic circuit with a compressed air supply and regulation system.

- Automated control unit for acoustic frequency and amplitude.

—Tooling for precise positioning and fixing of hardened products and tools.
Technological, technical, and operational characteristics:

- The method is based on high-energy low-temperature action of energy fluxes generated by the resonance
effect of acoustic waves in the sound frequency range.

- Acoustic impact frequency range: 140-170 Hz.

- Temperature mode: low-temperature process (up to 150-250 °C), excluding phase transformations, thermal
deformations, and changes in the initial geometric dimensions of parts.

- Processing time: 5 to 30 minutes per process cycle.

- Physical and mechanical effect: relaxation of residual microstresses, increase in impact strength and fracture
toughness of hard alloys while maintaining initial hardness, increase in dislocation density.

- Environmental friendliness: absence of toxic emissions, gas reagents, and chemical waste (working medium —
compressed air).

TECHNICAL ADVANTAGES

The developed aerodynamic sonic hardening technology corresponds to the advanced scientific and technical
level in the field of physics of acoustic and gas-dynamic material processing methods. Compared to traditional
methods (thermal tempering, ultrasonic hardening, PVYD/CVD coating deposition):

- Increase in the durability of carbide and high-speed steel tools by 1.5-3.5 times (especially during interrupted
cutting and milling under impact loads).

- Low processing temperature eliminates warping and changes in precision tool tolerances.

- Reduction of energy consumption by 3-5 times and no need to use expensive protective gases or vacuum.
- High speed and through-penetrating nature of wave impact on the material microstructure.

- Availability of equipment and low processing cost compared to complex vacuum-plasma units.

EXPECTED RESULT OF APPLICATION

Implementation of ion-plasma nitriding technology and equipment allows:

- Increase in the tool life of cutting tools and equipment by 1.5-3.5 times.

- Reduction of costs of machine-building enterprises for the purchase of imported carbide tools.

- Reduction of energy intensity of finishing hardening operations by 3-5 times.

- Elimination of defects caused by deformations and preservation of geometric precision of products.
- Provision of environmentally friendly production without harmful emissions.
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CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION

Patents for inventions / utility models of the Republic of Belarus in the field of methods for acoustic and aero-
dynamic processing of materials.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises in mechanical engineering, metalworking, instrumentation, manufacturers and consumers of metal-
cutting tools and die tooling (MTZ JSC, MAZ JSC, BELAZ JSC, tool plants of the Republic of Belarus and the Russian
Federation).

CONTACT INFORMATION

Anatoly Zhigalov, Director, Doctor of Technical Sciences, Associate Professor.
Phone number: (+375 222) 64 93 27
E-mail: info@itm.by
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4. EQUIPMENT AND TECHNOLOGY FOR APPLYING WEAR-RESISTANT COATINGS
BY THERMAL SPRAYING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Plasma and flame spraying technologies make it possible
to create coatings from a wide range of powder materials.
It is possible to spray metal, ceramic, clad and composite
materials, as well as materials with an exothermic effect.
The wear resistance of parts, as a rule, increases 3-5 times
compared to serial ones. The principle of applying coatings
using plasma and gas-flame spraying methods is based
on heating the powder material in a plasma jet generated
by a plasmatron or in the flame of a gas-flame torch to the
melting temperature, followed by crystallization on the
hardened working surface of the parts. An installation for
gas-flame spraying has been developed and produced,
which consists of a control panel equipped with control
devices, valves for regulating working gases, an automa-
tion and gas distribution system, a pistol-type thermal spray
burner for manual and semi-automatic spraying. For spray-
ing internal and hard-to-reach surfaces, the unitis equipped
with a special extension. The size of the sprayed particles
is 30-150 microns, the maximum productivity for propane-
butane is 6 kg/h, the utilization rate of the powder material
is up to 95 %. The unit can be additionally equipped with
a gas-powder surfacing torch.

TECHNICAL ADVANTAGES

The proposed technologies and equipment correspond
to the level of development of advanced industrialized coun-
tries and allow 2-3 times to increase the turnaround time
for a wide range of units and parts and significantly reduce
repair costs.

Wire drawing rollers, hardened by gas flame spraying

EXPECTED RESULT OF APPLICATION

The equipment allows you to apply a new approach to the production and repair of parts and equipment,
consisting in the use of protective wear-resistant coatings on parts made of cheap structural materials, which
allows you to save expensive materials and reduce repair costs at metalworking, machine-building industries,
oil, petrochemical industries and others.

CURRENT STAGE OF DEVELOPMENT

The flame spraying unit has been developed and manufactured by the ONIL of plasma and laser technologies
on a contractual basis and is handed over to customers together with the technology of hardening of specific
parts. Plasma spraying technology is implemented using serial equipment and is also transferred to customers
in conjunction with the technology of hardening of specific parts.
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Patent RB No. 16498 Method of applying thermal spray coating. Application No. 20101176 dated 02.08.02,
registered. 07.02.2012 / Okovityy V. A., Panteleenko F. I., Devoino O. G., Okovityy V. V.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises of Belagroservice RO, Belarusian Railway, Grodno Azot OJSC, Svetlogorskkhimvolokno OJSC, Mo-
gilevkhimvolokno OJSC, Gomelkabel OJSC, Belaruskabel OJSC, Belarusian Metallurgical Plant OJSC, factories

for the production of building materials.

CONTACT INFORMATION

Oleg Devoino, Head of the ONIL of Plasma and Laser Technologies, Doctor of Technical Sciences, Professor.

Phone number: (+375 29) 654 54 48
E-mail: plazteh@bntu.by

5.LASER THERMAL HARDENING TECHNOLOGY USING SCANNING DEVICES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The proposed technologies and equipment make it possible to create on the working surfaces of parts hard-
ened, including alloyed, layers with a depth of 0.3-1.0 mm with a hardness of up to 1,000-1,200 HV, which makes
it possible to increase the wear resistance by 2-3 times. The technologies are in demand in various industries
where it is required to obtain high physical and mechanical properties of the surface in combination with a low

cost of materials.

Installation of laser thermal hardening of small-sized parts
of BELAZ 0JSC

TECHNICAL ADVANTAGES

The laser hardening technology is based on the move-
ment of a focused laser beam at a certain speed over
the surface to be hardened. Due to the high heating-
cooling rate, surface hardening is provided without
volumetric heating of the parts, which makes it pos-
sible to use this type of hardening for parts of complex
shape, large-sized and others, the hardening of which is
impossible by traditional methods. Laser heat hardening
is effective for carbon, alloyed tool steels, cast irons and
hard alloys. Laser alloying involves the application of al-
loying components to the surface to be hardened before
laser treatment. Since laser processing is carried out in
the mode of surface penetration, laser alloying, laser al-
loying makes it possible to harden materials that are not
hardened (low-carbon austenitic steels, non-ferrous al-
loys). The choice of alloying coating and laser processing
modes ensures the formation of layers with the required
complex of physical and mechanical properties. The small
size of the laser beam on the surface to be welded makes
it possible to restore parts with a complex shape of a worn
surface with high accuracy.

The technology provides for the use of a special adap-
tive optical system, which provides the ability to control
the power density distribution over the area of the laser
treatment spot, which, in turn, ensures high quality laser
hardening.
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Reinforced parts of BELAZ 0JSC

The offered equipment and technologies correspond
to the scientific and technical level of such countries
as the USA, Germany, Great Britain, Japan.

EXPECTED RESULT OF APPLICATION
The methods of laser hardening and laser alloying e
make it possible to achieve a hardened layer depth of up Installation of laser thermal hardening of large-sized parts
to 0.3-1.0 mm and a hardness of 1,000-1,200 HV. The wear of BELAZ 0JSC
resistance of the surface is increased by 2-3 times.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION

Patent RB No. 22197. Method of surface harden-
ing of metal products by a moving laser beam / Zhar-
skiy V. V., Devoino O. G., Larchenko Yu. V. / IPCV 23K 26/62,
C 21D 1/09. Application No. 20121143 dated 07/27/2012,
registered by 10.07.2018.

Eurasian patent No. 023676 “Method of surface hardening
of metal products with a moving laser beam”. Application

No. 201301033 dated 17.07.2013. Reg. 06/30/2016 / De- Assessment of the quality of hardening of a part of BELAZ 0JSC
voino O. G., Zharskiy V. V., Larchenko Yu. V.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Minsk Wheel Tractor Plant OJSC, Gomselmash OJSC, Minsk Automobile Plant OJSC, Minsk Motor Plant OJSC,
Grodno Azot 0JSC, MogilevLiftmash.

CONTACT INFORMATION

Oleg Devoino, Head of the ONIL of Plasma and Laser Technologies, Doctor of Technical Sciences, Professor.
Phone number: (+375 29) 654 54 48
E-mail: plazteh@bntu.by




INNOVATIVE TECHNOLOGIES IN INDUSTRY

6. EQUIPMENT AND TECHNOLOGY FOR APPLYING WEAR-RESISTANT COATINGS
BY THERMAL SPRAYING

g —— I
"

The process of laser cleaning of the pipe surface from rust

WA

Ak

Laser cleaning process of the weld

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
No.

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The technology of laser cleaning of metals from contami-
nants and metal oxides allows you to speed up the process
of cleaning the required surfaces with the least amount of
labor, as well as without harming the environment, since
this technology does not require the use of various chemical
components. The advantage of this technology can be at-
tributed to the fact that it wins in the quality of the resulting
cleaned surface in comparison with traditional mechanical
cleaning methods. To achieve the desired result, an instal-
lation is used that includes: a source of pulsed laser radia-
tion, an optical lens, rails for moving the lens and a control
computer with specialized software.

TECHNICAL ADVANTAGES

The offered technologies and equipment correspond
to the level of development of advanced industrialized
countries and allow to achieve high-quality cleaning of sur-
faces.

EXPECTED RESULT OF APPLICATION

The equipment allows you to apply a new approach
to cleaning metals from various types of contaminants. In-
crease cleaning performance, as well as the ability to process
small and difficult to access objects

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Belshina OJSC, MMZ OJSC, BELAZ OJSC.
CONTACT INFORMATION

Oleg Devoino, Head of the ONIL of Plasma and Laser Technologies, Doctor of Technical Sciences, Professor.

Phone number: (+375 29) 654 54 48
E-mail: plazteh@bntu.by
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V. YANKA KUPALA GRODNO STATE UNIVERSITY

.

7.THE TECHNOLOGY FOR PRODUCING AND THE COMPOSITIONS OF COMPOSITE
POLYMER MATERIALS MODIFIED WITH SILICON-CARBON COMPOUNDS OF NATURAL
ORIGIN

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Alot of research attention is now focused on the production of nanoscale particles of silicon carbide (SiC), which,
due to its unique properties (high hardness, refractory), is widely used in electrical engineering, semiconductor,
radio engineering, instrumentation, and other industries. The special structure of such particles obtained by cryo-
genic crushing, detonation synthesis, synthesis from the active phase, etc. Using modern methods, it ensures the
achievement of new properties of composite polymer materials — tribotechnical, physico-mechanical, adhesive,
etc. The existing industrial methods for producing SiC based on mineral raw materials are very energy-intensive
and costly, and the resulting product does not always possess the required qualities. Unconventional methods for
producing SiC from the gas phase, by growing crystals from melts, and by vacuum sublimation make it possible
to obtain SiC of high purity, but they are characterized by high technical complexity, high cost, and are limited by
the lack of raw materials that meet the requirements of these production processes. A solution to this problem
could be the use of a renewable source of plant origin as raw material. An important aspect of nanocomposites
is achieving the effect with a relatively small amount of modifier — 0.01-2.00 wt. %, which allows preserving
traditional technology and equipment when creating and processing materials into products. Using a low-labor
method for producing nanoparticles — thermolysis — and by adjusting its technological parameters, it is possible

Ash color change as a function of plant material processing temperature:
a) original sample; b) 310 °C; ¢) 600 °C; d) 760 °C
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to obtain SiC particles with various technological characteristics. It is assumed that incorporating SiC particles
into the polymer mixture will not only increase resistance to deformation and wear but will also lead to the
deactivation of the effects of adverse operational factors — ozone, ultraviolet radiation, and thermal oxidation.
As a result, the prerequisites will be created for the development of low-filled nanocomposites based on func-
tionalized structures produced by the domestic industry, with an enhanced set of performance characteristics
and an expanded range of grades.

TECHNICAL ADVANTAGES

Among the advantages of nanocomposite polymer materials is the possibility of fully mastering the production
of components and products made from composite materials in Belarus as part of import substitution. Therefore,
composite materials can be introduced at BelTAPAZ JSC in the production of lathe chucks; at Belcard JSC in the
production of loaded friction units of vehicle components, including driveshafts, automotive shock absorbers,
and brake chambers.

Functional SiC nanoparticles, as modifiers of polymer composite materials, can be used as fillers for polymer
materials at enterprises in the mechanical engineering, chemical industry, and construction industries.

EXPECTED RESULT OF APPLICATION

Composite materials based on high-molecular-weight matrices, modified with nanoscale SiC particles, exhibit-
ing enhanced tribological characteristics.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Belcard JSC, BelTAPAZ JSC, Gruppa Polyplastic LLC (Russia), WZSP LLC (Russia), Belzan JSC (Russia).

CONTACT INFORMATION

Tatyana Kravchuk, Postgraduate Student.
Phone number: (+37529) 868 71 10
E-mail: tatyanapovshok@mail.ru

8. NANOCOMPOSITE ELECTRO-SPARK COATINGS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

“Nanocomposite Electro-Spark Coatings”are an innovative surface hardening technology for aluminum and its
alloys, designed to significantly improve the wear resistance, hardness, strength, and tribological performance
of components without altering their bulk properties. The technology is intended for applications in mechanical
engineering, transportation and aerospace manufacturing, instrument engineering, power engineering, and other
industries where lightweight aluminum structures operate under intensive contact and mechanical loads. The in-
novation of the technology lies in the combination of electro-spark alloying (ESA) with a nanomodified carbon
component — few-layer graphene. Unlike conventional ESA, the resulting surface layer possesses a nanocomposite
structure containing carbide phases and carbon nanoparticles, providing simultaneous surface strengthening
and friction reduction due to the solid-lubrication effect of carbon. A key competitive advantage is the ability
to locally form a functional coating directly on finished components using relatively simple technological equip-
ment. Control of the electrical discharge energy makes it possible to tailor the structure, thickness, morphology,
and functional performance of the surface layer. The technology is compatible with existing electro-spark alloying
equipment and can be adapted for serial production.

Experimental studies have confirmed a 1.3-3-fold increase in surface strength, a 1.4-2-fold increase in micro-
hardness, high coating adhesion strength (HF1 according to DIN 4856), as well as a reduction in the coefficient
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of friction and an increase in wear resistance. The practical effect of the technology consists in extending the ser-
vice life and improving the reliability of aluminum components, reducing wear-related losses, and enabling the
restoration and strengthening of high-value components without replacing them. The technology has high
potential for scaling up and further industrial implementation.

TECHNICAL ADVANTAGES

The“Nanocomposite Electro-Spark Coatings” technology is consistent with the current state of the art in func-
tional surface hardening and offers a combination of advantages over conventional electro-spark coatings and sev-
eral currently used technologies for depositing wear-resistant protective layers. The key scientific and technical
advantage is the formation of a nanocomposite surface layer on aluminum and its alloys containing few-layer
graphene and carbide phases, enabling simultaneous mechanical strengthening and tribological protection
of the surface. Under optimized treatment conditions, the technology provides a 1.3-3-fold increase in surface
strength, a 1.4-2-fold increase in microhardness, high coating adhesion strength (HF1 according to DIN 4856),
areduction in the coefficient of friction, and enhanced wear resistance. Compared with conventional electro-spark
alloying (ESA), the use of a graphene nanomodifier provides additional control over the structure and morphology
of the coating, reduces surface roughness, and promotes the formation of a protective carbon film on the surface
that acts as a solid lubricant. An important competitive advantage over vacuum-based PVD/CVD technologies is
that the proposed approach does not require complex vacuum equipment and enables local hardening of fin-
ished components directly in service or repair areas. The technology is compatible with existing ESA equipment,
allows coating properties to be controlled by varying the processing parameters, and has significant potential
for scaling up to industrial applications. Thus, the technology combines nanostructured surface strengthening,
wear resistance, antifriction properties, technological simplicity, and cost-effectiveness, which determines its
high scientific, technical, and practical potential.

EXPECTED RESULT OF APPLICATION

The application of nanocomposite electro-spark coatings will improve the operational reliability and service life
of components made of aluminum and its alloys by increasing surface strength, hardness, and wear resistance
while simultaneously reducing friction. An increase in the maintenance interval and overall service life of com-
ponents is expected, along with a reduction in the costs associated with their replacement and refurbishment
and an expansion of the use of lightweight aluminum alloys under elevated contact loads. The technology will
enable localized strengthening and restoration of critical surfaces directly on finished components, including
during repair operations. The expected outcome is a technologically accessible and scalable method for improv-
ing the operational performance of metal components without altering their bulk properties.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Grodno Glassworks OJSC, Radiovolna OJSC, Kartberg UP.

CONTACT INFORMATION

Alexey Auchynnikau, 4th Year Student the Faculty of Engineering.
Phone number: (+375 25) 614 06 79
E-mail: hugaralex@gmail.com
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V. EDUCATIONAL INSTITUTION
“SUKHOI STATE TECHNICAL UNIVERSITY OF GOMEL”

.

9. PROGRESSIVE MATERIAL PROCESSING METHODS AND METAL-CUTTING TOOLS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Methods for processing complex surfaces are proposed based on the developed schemes of allowance shap-
ing and cutting. Constructions of built-up progressive metal-cutting tools are developed, including mechanized
ones. Friction damping composite materials and polymer- and metal-based coatings with abrasive-containing
fillers are developed, which have been used as thin damping coatings on the base surfaces of built-up cutting
tools and have provided increase in wear resistance and strength by 1.4 times. Material components are cheap
and do not require processing. They increase the vibration resistance of built-up mechanical joints and the reli-
ability of detachable and non-detachable joints by 1.4 times.

TECHNICAL ADVANTAGES

Material components are cheap and do not require processing. They increase the vibration resistance of built-
up mechanical joints and the reliability of detachable and non-detachable joints by 1.4 times. The proposed
tool designs provide the increase of comples surfaces performance up to five times and reliability increase up
to two times.

EXPECTED RESULT OF APPLICATION
The increase of processing efficiency, durability, vibration resistance and tools' reliability.

CURRENT STAGE OF DEVELOPMENT

The patents are obtained for the proposed compositions of materials and coatings, the technological docu-
mentation is developed, prototype models are manufactured and tested at Gomselmash Branch of Gomel Plant
of Special Instrument and Technological Equipment, tooling constructions with coatings for leadscrew cutting
are implemented into Gomel Machine Tools and Assemblies Plant OJSC production.

INFORMATION ON THE LEGAL PROTECTION

Patents for the following inventions are obtained: No. 12660 “Composite material for coating the contact sur-
faces of a prefabricated cutting Tool”; No. 7400 “Polymeric friction composition”; No. 19834 “Composite soldering
material”.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Machine-building enterprises.

CONTACT INFORMATION

Mikhail Mikhailov, Head of Mechanical Engineering Technology, Automation and Robotics Department,
Doctor of Engineering Sciences, Professor.

Phone number: (+375 232) 29 01 04

E-mail: mihailov@gstu.by
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VI. INTERSTATE EDUCATIONAL INSTITUTION OF HIGHER
EDUCATION “BELARUSIAN-RUSSIAN UNIVERSITY™

.

10. HARDWARE AND SOFTWARE TOOLS FOR A SYSTEM OF ADAPTIVE POWER
CONTROL FOR RELIEF WELDING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

An experimental setup with adaptive control based on the MT-3201 contact welding machine, consisting
of the following components: control boards for electro-pneumatic valves; a welding transformer; a NI USB data
acquisition board; a TRM-1M thyristor power regulator; and a “Welding Start” pedal.

TECHNICAL ADVANTAGES

The presence of feedback on output parameters ensures the system’s responsiveness and the high-quality
execution of the welding process.

EXPECTED RESULT OF APPLICATION
Reduction of labor intensity during welding operations.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Machine building enterprises that use contact relief welding methods.

CONTACT INFORMATION

Anton Sergeichik, Trainee Teacher.
Phone number: (+375 44) 788 60 55
E-mail: sergeidix@gmail.com

11.ASOFTWARE SYSTEM FOR OPTIMIZING EQUIPMENT LOADING AND ANALYZING
BOTTLENECKS IN MULTI-PRODUCT PRODUCTION BASED ON RELATIVELY ISOLATED
COMPLEXES “0ASIS”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Application: multi-product serial mechanical engineering (assembly and welding, machining, and blank pro-
duction).

Purpose: automated design of production organization, equipment utilization optimization, and production
capacity analysis.

The system is implemented in a client-server architecture in C# using open-source linear programming li-
braries. It is based on an original methodology for decomposing production into relatively isolated complexes
(RICs) — logical groups of equipment united by common process operations, without physically regrouping the
machines. For each RIC, a local integer linear programming problem is solved (accounting for an integer number
of parts and operations), allowing for a radical reduction in dimensionality compared to classical approaches.
A multi-step algorithm for automatically identifying bottlenecks with candidate verification is implemented, taking
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into account alternative equipment (when the same operation can be performed on different machines). Key
technical and operational characteristics:

- Support for a complex database of product design (specifications), process routes, and equipment with
individual inventory numbers.

— Calculation of the throughput of each production center with visualization of the workload in tabular and
graphical form.

— Multivariate analysis with the ability to compare alternative solutions.
- Complete calculation cycle time for a company with 500 machines and 10,000 operations: less than 1 minute.

TECHNICAL ADVANTAGES

The developed software system implements equipment load optimization, automatic OOC allocation, through-
put calculation, and multi-step bottleneck detection, taking into account alternative equipment and integers.

Unlike foreign APS solutions, which require expensive licenses and lengthy setup, the system uses an open
architecture and is independent of proprietary solvers. Unlike Russian analogs (SMART-Resource, OptimIMUS),
which are focused on narrow tasks, the system provides end-to-end integration of operation distribution optimi-
zation and constraint hierarchy identification based on OOCs. Unlike simulation packages that perform analysis
without built-in optimization, the system includes modules for automatic bottleneck detection with precise
consideration of integers and alternative routes.

Scientific and technical level. The system has no direct analogues, combining automatic decomposition into
OO0Cs without physical regrouping, local optimization problems of small dimensions, and a multi-step algorithm
for identifying constraint hierarchies. Testing at a real enterprise confirmed its high efficiency and ease of use. The
development meets global standards and surpasses the best domestic solutions in terms of comprehensiveness
of capacity analysis tasks and adaptability to change.

EXPECTED RESULT OF APPLICATION

The implementation of the software system will improve equipment efficiency through optimal load distribution
and identification of bottlenecks, taking into account alternative routes. Actual output is expected to increase by
5-6 %, cycle time will be reduced, and work-in-process inventory will be reduced. The system will ensure informed
modernization planning (sequencing and selection of operations) and rapid adaptation to product mix changes.
The economic impact is up to 5 % annual profit, with a payback period of 6-12 months.

CURRENT STAGE OF DEVELOPMENT
The development has been implemented into production.

INFORMATION ON THE LEGAL PROTECTION
There is a certificate of voluntary registration and deposit of copyright No. 1988-KP.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Potential users of the developed software system are large-scale and small-scale machine-building enterprises
interested in improving equipment efficiency, optimizing workloads, and identifying bottlenecks.

In the Republic of Belarus, these are large and medium-sized automobile, tractor, agricultural, machine tool,
and instrument-making plants, as well as component and road construction equipment manufacturers.

Abroad, these are similar enterprises in Russia and the CIS countries, as well as foreign companies operating
in agricultural machinery, construction, and mining equipment.

CONTACT INFORMATION

Viktor Shirochenko, Associate Professor, Candidate of Technical Sciences.
Phone number: (+ 375 29) 608 80 86

E-mail: shirvical@gmail.com
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VII. EDUCATIONAL INSTITUTION
“BARANAVICHY STATE UNIVERSITY",

INTERSTATE EDUCATIONAL INSTITUTION OF HIGHER
EDUCATION “BELARUSIAN-RUSSIAN UNIVERSITY™

.

12. CHAIN-TYPE TECHNOLOGICAL UNIT FOR PROCESSING HETEROGENEOUS
MATERIALS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The chain process unit is designed for sorting by particle size and grinding heterogeneous materials, includ-
ing municipal solid waste (MSW) screenings, chalk for construction lime production, and crushed stone ballast
from railway tracks.

The design includes a crank-and-rocker drive mechanism and a working chamber. The screening surface
is formed by round-link chains. The flexible walls and chain webs perform a swinging motion. The mobility
of the links ensures a change in the size of the cells, self-cleaning of the surface, and adaptation of the process
to the properties of the material (moisture, stickiness, heterogeneity of composition).

The process is based on a complex combination of various interactions between the working elements
and the materials, ensuring maximum adaptation to the properties of the materials.

TECHNICAL ADVANTAGES

Compared to vibrating, drum, roller, and oscillating screens, this design provides an adaptive effect due to the
flexible chain surface. The links rotate and shift relative to each other, the cells change size, and the surface
is self-cleaning. This eliminates the problem of screen clogging that is typical for similar devices when working
with wet and sticky materials.

The scientific and technical level is determined by the use of a screening surface formed by round-link chains.
This represents a discrete mechanical system with a large number of degrees of freedom. The novelty of the de-
sign is confirmed by the Eurasian patent EA 038851.

Main advantages:

- self-cleaning of chain belts without additional devices and washing;

- combination of screening, impact, and grinding in a single unit;

- operability at high humidity (TKKO screenings — 45 % or more; chalk — up to 22-23 %);
- regulation of operating modes over a wide range;

- specific energy consumption — 0.3-0.5 kWh/t.

EXPECTED RESULT OF APPLICATION

The implementation of the unit allows for:

- increasing the efficiency of MSW screening and replacing existing machines (import substitution);
- preparing chalk for dry firing and reducing the energy intensity of lime production;

- using the unit as a pre-screen for cleaning crushed stone ballast, reducing the load on the main screen
and reducing clogging of its screens;

- reducing downtime and maintenance costs due to the self-cleaning of the working parts.

CURRENT STAGE OF DEVELOPMENT

Research and development (technological) work has been carried out; pilot samples of the chain unit have
been manufactured.
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INFORMATION ON THE LEGAL PROTECTION

Eurasian patent No. EA 038851, IPC B02C 19/16 (2006.01). Unit for processing heterogeneous materials that are
complex in terms of composition and properties.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Housing and communal services enterprises and facilities for sorting solid municipal waste, manufacturers
of construction lime, and organizations responsible for railway track management.

CONTACT INFORMATION

Vladimir Potapov, Senior Lecturer at the Department of Technical Support for Agricultural Production
and Agronomy, Faculty of Engineering, El “Baranavichy State University”.

Phone number: (+375 29) 225 76 26

E-mail: vladimir-potapov-1990@mail.ru

Leonid Sivachenko, Professor, Doctor of Technical Sciences, Professor Interstate El of Higher Education
“Belarusian-Russian University”.

Phone number: (+375 44) 792 86 83

E-mail: 22801 1@mail.ru




INNOVATIVE TECHNOLOGIES IN INDUSTRY

VIII. EDUCATIONAL INSTITUTION
*MOGILEV STATE POLYTECHNIC COLLEGE"

.

13. UPGRADED TORCH FOR OPERATION ON ACETYLENE-SUBSTITUTE GASES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A set of mesh baffles and copper rings is installed within
the preheating chamber.

During operation, the combustible mixture passes
through the preheating chamber’s mesh baffles, the tube,
and the nozzle tip, where it burns to form the welding
flame. A portion of the combustible mixture is diverted
through a tube to a nozzle; upon exiting, it burns and
heats the chamber walls — and consequently, the mesh
baffles. The presence of the mesh baffle assembly quenches
flashback flames and ensures safe torch operation. Functio-
nally, this assembly acts as a dry flashback arrestor, ensuring
stable torch performance.

TECHNICAL ADVANTAGES

The torch is designed for welding, brazing, and surfacing of steel, cast iron, non-ferrous metals, and alloys.
A device for preheating the gas mixture to 300 °C is proposed, enabling the use of acetylene substitutes that are
cheaper, safer to handle, and more readily available.

EXPECTED RESULT OF APPLICATION

Reduction of welding costs through the use of cheaper acetylene
substitutes, without compromising weld or braze quality. Elimination
of explosion and flashback risks thanks to mesh barriers that act as
dry flashback arrestors. Capability for high-quality welding, brazing,
and surfacing of steel, cast iron, non-ferrous metals, and alloys using
accessible and safe fuel gases.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Machine-building and metalworking plants, construction and demolition organizations, as well as service
centers for equipment and plumbing repairs, are interested in reducing costs by replacing expensive acetylene.

CONTACT INFORMATION

Natallia Kachaulava, Deputy Director for Industrial Training, Teacher of the Highest Qualification Category.
Phone number: (+375 29) 742 63 32
E-mail: ko4naO4@gmail.com
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IX. REPUBLICAN UNITARY ENTERPRISE
"DIGITAL DEVELOPMENT CENTER"

.

14. STATE SOFTWARE DEVELOPMENT AND SUPPORT PLATFORM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development and support platform (DSP) is intended for use by government software developers and
customers implementing projects to develop state digital platforms and information systems.

The DSP provides users with services for automating the processes of building, testing, deploying, and sup-
porting software. The DSP serves as a unified repository of source code and libraries for building and deploying
state digital platforms and information systems.

The main functional capabilities of the DSP include:

1. Project management. The DSP makes it possible to create, assign, and track tasks, manage resources, and
allocate work among members of the software development team. It supports creating a task board, planning
tasks, managing bugs, and monitoring progress and reporting.

2. Version control. The DSP provides the ability to create and store a code repository and configure a pipeline
(chain of actions) to run whenever the code in the repository changes. It can be integrated with external code
version control systems.

3. Management of application deployment environments. The system supports automating the deployment
of applications in test environments.

4. Build and deployment monitoring. The DSP provides tools for tracking build time, code quality, build success
rate, application deployment time, and deployment success rate.

5. Documentation. The DSP includes functionality for working with documents: storing project documents,
editing documents in Markdown format, ensuring document versioning, exporting documentation in PDF format,
and generating exported documents in accordance with government standards (TOCT 34).

6. Unified library repository. The system makes it possible to store locally all dependencies required for building
software and to make them available to developers.

TECHNICAL ADVANTAGES

Internationally, there are many examples of a unified environment for software development, deployment,
and support.

Major IT companies such as Microsoft, IBM, Oracle, Google, and others have developed their own tools tailored
to their software development needs.

For example, Microsoft uses its own system for developing its products. It has built its own platform for automat-
ing CI/CD (Continuous Integration, Continuous Delivery) processes, called Azure DevOps, which includes tools
for source code management, build and deployment automation, testing, and change tracking.

IBM also offers a range of products and tools for automating CI/CD processes, such as IBM UrbanCode Deploy,
IBM Rational Team Concert, and IBM DevOps Insights. Google uses its own internal development system called
the Google Build Tool (Bazel).

The DSP has no analogues in the Republic of Belarus and is ready to provide infrastructure and tools to “digita-
lization offices”to ensure high-quality software development and support. At present, developers of state digital
platforms (information systems) use their own tools for software development and testing, but not all of them
have implemented the full set of necessary tools. The DSP will make it possible to speed up software develop-
ment by using its built-in services without the need to increase staff numbers, and will also improve the software
build and deployment process.

EXPECTED RESULT OF APPLICATION

Increased efficiency in the development and support of state digital platforms (information systems) through
the use of an infrastructure platform capable of providing DSP users with services for automating the processes
of software building, testing, deployment, and support.
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CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Software developers and contractors of projects involved in development of state digital platforms and infor-
mation systems.

CONTACT INFORMATION

Evgeny Postarnakov, Project Manager.
Phone number: (+375 17) 310 07 66
E-mail: info@ddc.by
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X. OPEN JOINT-STOCK COMPANY
"MINSK RESEARCH INSTITUTE OF RADIO MATERIALS”

15. METEOBLOCK M1

TECHNICAL ADVANTAGES

.

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

“Meteoblock M1”is a compact, comprehensive meteo-
rological instrument designed to simultaneously measure
five key atmospheric parameters: wind speed and direction,
temperature, relative humidity, and atmospheric pressure.
The innovation of the design lies in the combination of all
measurement channels in a single housing and the use
of an ultrasonic method for measuring wind. The absence
of moving mechanical elements increases the instrument’s
reliability, reduces the need for maintenance, and ensures
stable operation in challenging climatic conditions. The op-
erating temperature range is from —40 to +60 °C. Automatic
heating is provided for operation at sub zero temperatures.

In terms of functionality, the “Meteoblock M1”is comparable to foreign integrated devices by Vaisala. Its advan-
tages lie in domestic development, the availability of technical support, and reduced dependence on imported
supplies. The metrological level is confirmed by certification by BelGIM and the inclusion of the device in the
State Register of Measurement Instruments of the Republic of Belarus.

EXPECTED RESULT OF APPLICATION

The implementation of “Meteoblock M1”in weather stations.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Belhydromet, Armed Forces.

CONTACT INFORMATION

Nikolai Yakovchik, Head of the Design Department.

Phone number: (+375 33) 333 95 39
E-mail: sgq@mniirm.by
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16. THE OPTICAL DOT AND SCRATCH STANDARD

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The optical dot and scratch standard is designed for the objec-
tive assessment, classification, and sorting of defects on various
surfaces. The device replaces subjective visual analysis with precise,
objective comparisons of detected defects against standards, al-
lowing for filtering based on the cleanliness criteria applicable to
the product’s working surfaces.

Its primary field of application is optics manufacturing — specifi-
cally, quality control for optical elements such as lenses, prisms,
windows, mirrors, films, filters, and components featuring specific
surface topologies.

The optical dig-and-scratch standard enables:

- quality control: verifying the compliance of supplied and manu-
factured optical products;

- classification and filtering: comparing detected defects against
reference images, and analyzing and sorting them into acceptable
and unacceptable defect categories.

The operating principle involves placing a reference standard of
dots and scratches — with its working face facing the surface of
the optical element under analysis — at a minimal gap; observing
the optical element; identifying any surface defect; comparing the
detected defect with reference defect images; and subsequently
determining the acceptability of the component.

Defects are classified not by visual inspection alone, but by de-
termining one or more equivalent dimensions through comparison
with a reference standard. This value represents the area covered
by the defect and is expressed in microns, thereby establishing
precise defect parameters.

Defects are classified into two categories: spots/pits and scratch-
es. Each defect type has a specific size range used for comparison,
classification, and subsequent filtering. This size range may comply
with the ISO 10110-7 standard or be specified by the customer
based on their production needs and specific requirements.

TECHNICAL ADVANTAGES

Akey technical advantage of this domestically produced surface-
defect standard (for digs and scratches) is its versatility: the manu-
facturing process allows the working surface to be patterned with
a topology compliant with ISO 10110-7 or a custom configuration
specified by the client, making it suitable for applications beyond
optical component manufacturing.

No direct domestic equivalents were found on the market; com-
parable foreign products include optical dig-and-scratch standards
from the US company Thorlabs and NIST. The standard produced
by Minsk Research Institute of Radio Materials JSC is on par with
these international counterparts.

EXPECTED RESULT OF APPLICATION

The market launch of a domestically produced optical standard
for digs and scratches — which rivals foreign counterparts in qual-
ity — is expected to foster competition within the EAEU market,
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offer superior value in terms of both price and lead times, and strengthen the technological sovereignty of the
Republic of Belarus.

This product is expected to be in high demand, primarily within the optical manufacturing sector, as it signifi-
cantly simplifies the process of defect inspection and classification. Beyond the optical industry, the product has
potential applications in other fields requiring visual inspection of damage and sorting based on size.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

In the Republic of Belarus: Institute of Physics of the National Academy of Sciences of Belarus, Optik Plant
0JSC, Rogachev Diaprojector Plant OJSC, InterNanoTechnologies LLC, Sfera Optical Plant (part of S. I. Vavilov
MMZ 0JSC), Peleng OJSC.

In the Russian Federation: ROMZ PJSC, ZOMZ JSC, KMZ PJSC, Optosens LLC.

CONTACT INFORMATION

llya Semenchik, Head of the Industry Laboratory for Photomask Design and Development, Master’s Degree.
Phone number: (+375 29) 235 39 66
E-mail: ykypnik16@mail.ru

17. MONITORING SYSTEMS FOR €O, CO, AND CH, CONCENTRATIONS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The system consists of strain sensors mounted on the vehicle’s axles and a control and display unit. The devel-
opment comprises two complementary gas monitoring systems for vehicles.

The CO and CO, monitoring system is an intelligent unit based on strain-gauge sensors featuring a Z-shaped
sensing element. Mounted on the vehicle’s axles, the sensors convert deformation into an electrical signal
proportional to the load and transmit the data digitally to a control unit. The system calculates the load on
each axle and the total cargo weight, displaying the information on the onboard computer via the CAN bus
or on a smartphone via Wi-Fi.

The CH, (methane) monitoring system is a microprocessor-based modular telemetry unit comprising a moni-
toring module and five MIPEX-02-1-1I-1.1 optical methane sensors. The system monitors CH, concentrations
at critical points on the vehicle (engine compartment, gas cylinder mounting areas, and near pressure reducers

(0 and (0, concentration monitoring system
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(H, monitoring system

and heaters). If threshold values (10 and 20 % of the Lower Explosive Limit) are exceeded, signals are generated
to trigger an audible alarm and disable the starter relay. Data is transmitted via the CAN 2.0B interface.

Both systems feature an open architecture and can be adapted for use in the utilities sector, mining operations,
and other industries.

TECHNICAL ADVANTAGES

The CO and CO, monitoring system outperforms competing solutions thanks to a patented sensor featuring
a Z-shaped element, which delivers a sensitivity of 0.5 ppm within a compact 55x40x38 mm housing and an
IP67 protection rating. An integrated 24-bit ADC, a 32-bit microcontroller, and temperature compensation ensure
data accuracy across a temperature range of —40 to +70 °C. Support for CAN 2.0, Wi-Fi, and telematics protocols
enables seamless integration into smart transport and loT ecosystems. Its modular architecture (supporting up
to 20 sensors) and cargo shift monitoring function have no direct global equivalents.

The CH, monitoring system outperforms its closest counterpart (from TEQ SA, Switzerland) across several param-
eters. It operates within a unigue temperature range of —50 to +95 °C (utilizing an optical sensor cooling/heating
system), whereas the competing product is limited to standard operating conditions. The system features two
alarm thresholds (10 and 20 % of the Lower Explosive Limit) with a margin of error not exceeding 20 %, includes
two CAN interfaces for flexible integration, and offers a service life of 10 years. Its open architecture allows for easy
adaptation to various applications, underscoring its competitiveness in both domestic and international markets.

EXPECTED RESULT OF APPLICATION
Equipping vehicles powered by gas fuel with CO, CO,, and CH, monitoring systems will enhance operational
safety through the early detection of methane leaks and reduce harmful gas emissions.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
MAZ OJSC, BELAZ OJSC, KAMAZ PJSC, Automobile Plant “URAL" JSC.

CONTACT INFORMATION

Alexey Mospanov, Head of the System Development Sector — Chief Designer.
Phone number: (+375 44) 753 42 76
E-mail: marketing@mniirm.by
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XI. OPEN JOINT-STOCK COMPANY "8 MARTA"

.

18. AI-BASED AUTOMATED FABRIC QUALITY CONTROL SYSTEM FOR CONVEYOR
LINES (FABRIC INSPECTOR Al)

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Fabric Inspector Al is a hardware-software system based on computer vision and artificial intelligence tech-
nologies, designed for the automated, real-time quality control of fabrics on a moving conveyor. Application
areas include the textile and light industries — specifically weaving mills, knitwear and garment manufacturing
facilities, and non-woven fabric plants.

Purpose: to replace manual visual inspection by operators with fully automated monitoring that detects defects
(holes, stains, tears), logs results, and immediately stops the conveyor when a defect is found.

Operating principle: the system calibrates itself on a reference section of fabric within 1-2 minutes (30 frames),
after which it compares each frame in real-time (15+ FPS) against a dynamically updated reference. Anomalies
are identified using Z-statistics based on brightness and color (HSV), and detected areas are classified using a hy-
brid method combining heuristic analysis of shape and brightness with the MobileNetV2 neural network. Upon
defect confirmation, an audible alarm sounds, a photo is saved to the gallery, statistics are updated, and a com-
mand to stop the conveyor is sent via the Modbus TCP protocol.

Technical specifications: Camera resolution of 960x540; detection accuracy exceeding 92 % on test datasets;
a Flask-based web interface featuring a video feed, dashboard, and report export capabilities (CSV/JSON/TXT).
All data is stored locally. Technology stack: Python, OpenCV, TensorFlow/Keras, Flask, SQLite — ensuring complete
independence from foreign vendors.

TECHNICAL ADVANTAGES

Compared to the best foreign counterparts (Uster Fabriscan, Switzerland; Elbit IQ-TEX, Israel; priced from
50,000 euro), the Fabric Inspector Al system offers the following advantages:

1. Significantly lower implementation cost — utilizes standard equipment (industrial camera, PC) rather than
expensive specialized hardware.

2. Rapid calibration — takes 1-2 minutes for an operator to perform, without halting production or requiring
a specialist.

3. Open architecture — a web interface and REST API allow for integration into any production infrastructure,
whereas Western counterparts feature closed, proprietary architectures.

4. Hybrid detection algorithm — a combination of Z-statistics and the MobileNetV2 neural network ensures
> 92 % accuracy with low computational overhead, enabling operation on a standard PC without GPU servers.

5. Adaptive reference updating — employs an exponential moving average method to compensate for light-
ing drift.

6. Local data storage — all data is stored on-site, ensuring compliance with information security requirements.
7. Full localization — interface and support in Russian, with adaptation to Belarusian standards.
8. Import substitution — independence from foreign vendors and immunity to sanctions-related risks.

Its scientific and technical standard matches that of global counterparts while offering significantly lower costs
and greater flexibility.

EXPECTED RESULT OF APPLICATION

Implementing the system enables:

- 20-30 % reduction in defect rates through continuous, 24/7 monitoring unaffected by operator fatigue;
- lower costs associated with manual inspection (saving up to 80-90 % of operator time);

- reduced costs related to misclassification and product returns, thanks to early defect detection;

- increased quality control productivity;

— access to objective, real-time analytics on defects.
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CURRENT STAGE OF DEVELOPMENT

A fully functional system prototype has been developed and fine-tuned, having been tested on static samples
and simulated fabric web movement across five fabric types. Pilot implementation began in August 2026 and is cur-
rently actively underway at 8 Marta JSC (Gomel). Defect detection accuracy exceeds 92 %.

INFORMATION ON THE LEGAL PROTECTION
The following intellectual property assets have been created as part of the project:

1. Platform source code (web application, computer vision module based on OpenCV, ML module based on Mo-
bileNetV2, and PLC integration module via Modbus TCP) — protected by virtue of its creation under the copyright
laws of the Republic of Belarus. Registration of the computer program with the National Center of Intellectual
Property (NCIP) is planned.

2. Potential IP assets slated for legal protection:

- method for dynamic reference adaptation (lighting drift compensation);
- hybrid defect classification algorithm (heuristics + neural network);

- defect deduplication system.

Protection of the algorithms as trade secrets (know-how) is planned. All rights to the development belong
to the project author.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

In the Republic of Belarus: light industry enterprises within the structure of the Bellegprom concern:
- 8 Marta OJSC (Gomel) — the first pilot client;

- Mogotex OJSC (Mogilev);

- Orsha Linen Mill OJSC (Orsha);

- Baranovichi Cotton Association OJSC (Baranovichi);

- Slonim Worsted Mill OJSC (Slonim).

In total, there are over 50 major manufacturers of fabrics and textile products in Belarus. Abroad: enterprises
in EAEU countries (Russia, Kazakhstan) interested in modernizing quality control and import substitution.

CONTACT INFORMATION

Evgeny Sychev, Head of the Information Technology and Computer Technologies Service.
Phone number: (+375 33) 305 34 22
E-mail: 375298357706@yandex.ru
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XIl. BME-DIESEL LIMITED LIABILITY COMPANY

.

19. DIGITAL INFRASTRUCTURE OF A MANUFACTURING ENTERPRISE: 1C:ERP,
IN-HOUSE APPLICATIONS AND Al

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A suite of solutions for automating business processes at a manufacturing enterprise. 1C:ERP brings procure-
ment, warehouse operations, sales, production, costing and finance into a single information environment. Bitrix
CRM supports customer-facing processes. In-house applications supplement the standard ERP where dedicated
operational tools are needed: prioritizing production projects, coordinating departments, managing shortages
and work sequencing, maintaining a catalog of reusable solutions, planning transportation and storing shipping
documents. The applications are developed using GitHub and Al tools, run autonomously on the company’s server
and are available within its internal network. The solution is intended for manufacturers with project-based produc-
tion, broad product ranges and a need to coordinate procurement, engineering, production, logistics and finance.

TECHNICAL ADVANTAGES

The main advantage is the combination of the standard 1C:ERP methodology with specialized applications
tailored to the company’s processes. ERP remains the unified operational core, while separate tools provide more
convenient work with project priorities, shared project records, reusable engineering solutions and logistics.
The applications run on the company server, use the internal network and can evolve independently without
replacing ERP. Al tools shorten the path from a defined business need to a prototype and a working application.

EXPECTED RESULT OF APPLICATION

The solution improves data transparency and control over materials, projects and deadlines. It supports coordi-
nated work across procurement, engineering, dispatching, production, logistics and finance, reduces manual infor-
mation exchange, helps reuse proven engineering solutions and enables more efficient transportation planning.

CURRENT STAGE OF DEVELOPMENT
The development has been implemented in the company’s operations and is used by its employees.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Manufacturing companies with project-based or engineer-to-order production, broad product ranges, complex
material supply, and a need to coordinate procurement, engineering, production, logistics and finance.

CONTACT INFORMATION

Anton Zhauryd, Assistant Director.
Phone number: (+375 29) 371 85 88
E-mail: zav@bme-diesel.by
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XIll. FEDERAL STATE BUDGETARY EDUCATIONAL
INSTITUTION OF HIGHER EDUCATION
“SIBERIAN STATE INDUSTRIAL UNIVERSITY™

.

20. COMPACT DESKTOP CNCMILLING CENTER EQUIPPED WITH A MODULAR
WORKING TOOL CHANGE SYSTEM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The objective of the project is to develop and create a prototype of a compact desktop multifunctional com-
puter numerical control (CNC) milling center designed for machining soft metals (aluminum and brass), plastics,
plywood and other sheet materials. The equipment is equipped with a modular working tool change system (mill-
ing/laser cutting) and adapted for use in limited spaces. The project is aimed at import substitution and ensuring
the accessibility of domestically developed metalworking equipment for educational institutions, small-scale
manufacturing enterprises, home workshops, as well as enclosed ecosystems and hard-to-reach areas.

The final product is a desktop CNC milling center equipped with a modular tool change system, which enables

two main technological operations — milling and laser cutting of materials (plastics, plywood, textolite, soft
metals, composites, etc.).

The machine is designed in a compact desktop format, allowing it to be used in limited spaces. The equipment
will be supplied fully assembled.

The product is intended as a universal digital platform for low- and medium-precision machining, aimed at:

- training in the fundamentals of CNC, metalworking, mechatronics and digital manufacturing;

- prototyping products in laboratories and small-scale manufacturing facilities;

- performing small-batch and repair work;

- deployment in isolated environments where full-size industrial equipment cannot be used (shipbuilding,
mobile technoparks, remote bases, etc.).

The product can be used:

- as standalone universal equipment for manufacturing products from various materials;

- as part of educational equipment complexes for secondary vocational and higher education;

- as a specialized module within mobile or stationary production cells.
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TECHNICAL ADVANTAGES

A functional prototype of a compact desktop multifunctional CNC milling center has been developed and
manufactured. The machine features a modular architecture and enables quick replacement of the working
module. The basic configuration is designed for milling plastics, wood, acrylic, composites and soft metals, while
an additional laser module provides laser cutting and engraving capabilities. The machine has a working area
of 240x210x100 mm, dimensions of 560x560x500 mm, and a 220 V power supply. It is equipped with a 500 W
spindle with a rotational speed of up to 12,000 rpm, an ER11 tool-holding system, linear rail guides and ball screws.

Compared with foreign desktop machines of a similar class, the project combines milling and laser processing
functions in a single compact unit. Compared with Russian analogues, the key advantages are its compact desk-
top format, enclosed design, modularity, and focus on educational, prototyping and small-batch manufacturing
applications.

EXPECTED RESULT OF APPLICATION

A functional prototype of a compact desktop CNC milling center with a modular working tool change system has
been developed and assembled as part of the project. The prototype has demonstrated the feasibility of creating
compact equipment that combines milling and laser processing functions for various materials.

At the next stage, the design will be improved based on the operation of the prototype, the manufacturing tech-
nology will be optimized, and the product will be prepared for serial production and commercial sale. The finished
product will enable educational institutions, small manufacturing and service companies, prototyping centers
and private workshops to process plastics, wood, composites and soft metals, as well as perform laser cutting
and engraving. Its compact dimensions will allow the equipment to be operated in limited production spaces.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

At the time of application, no registered intellectual property objects related to the project exist. Legal protec-
tion of the intellectual property results created during the development process is planned.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Secondary specialized and higher education institutions, educational and engineering centers, technoparks,
youth innovation centers, small and micro-enterprises, service and repair workshops, individual entrepreneurs,
and private workshops.

CONTACT INFORMATION

Alexander Mazharin, Director of the Center for Collective Use “Prototyping and Additive Technologies”
Phone number: (+ 7 3843) 77 79 79
E-mail: rector@sibsiu.ru

21. PHYSICS-INFORMED GENERATIVE MODEL “GENESISCORE” FOR INVERSE DESIGN
AND OPTIMIZATION OF MULTI-PARAMETER TECHNOLOGICAL PROCESSES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The“GenesisCore” software package is designed to solve problems of inverse design and optimization of multi-
parameter technological processes in metallurgy, chemical technology, materials science and related industries.
The complex implements a full cycle of work: from intelligent data loading and cleaning (GenesisCore_Produc-
tion module) and training of physics-informed surrogate models (LSVC_Model_Trainer) to solving inverse de-
sign problems taking into account technological constraints (InverseDesigner) and clustering with certification
of optimal technological zones (ZoneOptimizer). Unlike classical generative models, “GenesisCore” does not just
generate options, but verifies them for compliance with the laws of physics, thermodynamics and technological
regulations. The system provides generation and validation of feasible design solutions, significantly reducing
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development time and costs. Computer type: personal IBM-compatible computer; OS Windows. Programming
language: Python 3.8+.

TECHNICAL ADVANTAGES

The key advantage of “GenesisCore” is the integration of physical laws directly into the solution generation
process. Conventional generative models (e. g., those based on GANs or VAEs) produce plausible but physically
infeasible options. “GenesisCore” employs a physics-informed approach, which guarantees the technological
feasibility of every proposed solution. Compared to classical numerical models (FEM, CFD) that require hours
of computation, the pre-trained model operates as an «online sensor», delivering instantaneous predictions.
Transfer Learning technology reduces model training time for new tasks by ~ 90 %. The accuracy of predicting the
effect of current and voltage on weld penetration depth for welding with a flux developed by SibSIU researchers
showed an average error of 2.73 %.

EXPECTED RESULT OF APPLICATION

The introduction of “GenesisCore” allows moving from trial-and-error research to guaranteed design of the op-
timal result. Expected effects: reduction of ferroalloy consumption by 5-10 %, reduction of energy consumption
by up to 2 %, acceleration of new alloy development by 350 times, reduction of topological optimization time
by 70-90 %, reduction of CO, and harmful substance emissions by 5-15 %, increase in raw material efficiency
by 3-7 %. The output is a “Passport of Technological Zones” — a formalized document with optimal operating
modes of the unit.

CURRENT STAGE OF DEVELOPMENT

A prototype was released (the software package is registered with Rospatent and has been tested on a number
of industrial cases).

INFORMATION ON THE LEGAL PROTECTION

Certificate of state registration of computer program No. 2026617072 dated 12.03.2026. Copyright holder:
Federal State Budgetary Educational Institution of Higher Education “Siberian State Industrial University”.
Authors: Kutsenko Andrey lvanovich, Kutsenko Andrey Andreevich. Application No. 2025696600 dated 17.12.2025.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Metallurgical combines and foundries.

Machine-building and aircraft-building enterprises.

Chemical and pharmaceutical productions.

Research centers and universities.

Abroad: metallurgy, oil and gas and energy enterprises in Russia, Kazakhstan, Uzbekistan, China.

CONTACT INFORMATION

Andrey Kutsenko, PhD in Engineering, Associate Professor, Chief Specialist for Strategic Project
Implementation.

Phone number: (+7 906) 979 32 37

E-mail: aik_mail@mail.ru
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XIV. FEDERAL STATE BUDGETARY EDUCATIONAL
INSTITUTION OF HIGHER EDUCATION
“T. F. GORBACHEV KUZBASS
STATE TECHNICAL UNIVERSITY”

.

22, FULL-CYCLE TECHNOLOGICAL PLATFORM FOR COAL PROCESSING
AND PRODUCTION OF HIGH-VALUE-ADDED PRODUCTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The Engineering Development Center “Interregional Center for Deep Processing of Coal into Organic Syn-
thesis Products” (Kemerovo) is developing an integrated technological platform for coal processing “coal —
chemicals — materials — energy” a systemic solution that combines interrelated technologies into a single full-
cycle chain.

Purpose: maximum utilization of coal raw materials to produce chemical products, carbon materials and energy
while minimizing waste.

Fields of application: coal, coke-chemical and chemical industries, production of carbon materials, power en-
gineering, ecology.

The platform comprises six interrelated blocks: raw material base research; thermochemical processing (py-
rolysis, gasification, hydrogenation); chemical processing of products into aromatics, phenols and polymers;
production of carbon materials (sorbents, fibers, electrode and nanomaterials); energy use (syngas, hydrogen,
heat and electricity); and an ecological block for waste utilization and emission treatment. Waste from one stage
serves as raw material for another, ensuring a closed cycle.

The modular structure allows a technological line to be assembled for a specific coal grade and enterprise
needs. The integrated approach increases the depth of processing and the yield of valuable products, reduces
environmental load and waste volume, and ensures production flexibility and import substitution of chemical
and carbon products.

TECHNICAL ADVANTAGES

Novelty of the approach. Unlike most Russian and foreign centers that develop individual coal processing tech-
nologies (gasification, liquefaction, sorbent production), the proposed platform implements a systemic integration
of all processing stages into a single closed cycle: “coal — chemicals — materials — energy".

Compliance with the global level. In terms of its analytical base and the range of tasks addressed, the Engi-
neering Development Center“Interregional Center for Deep Processing of Coal into Organic Synthesis Products”
(Kemerovo) is comparable to leading specialized institutes in China (Taiyuan, Shanxi Province), the world leader
in industrial coal chemistry. The areas being developed (carbon fibers, coal-tar pitches, rare earth elements from
beneficiation waste) are among the priorities for both Chinese and German research centers.

Key advantages over analogues: integration instead of “point” technologies — coverage of the entire chain
from raw material analysis to finished materials.

Zero waste: waste from one processing stage serves as raw material for another, reducing environmental impact.
Modularity: adaptation to specific grades of coal.

Practical orientation: the Center was established as a commercialization platform focused on transferring at least
20 competitive technologies to industry.

Readiness level. Pilot and experimental units capable of closing the “idea — laboratory — implementation” cycle.

EXPECTED RESULT OF APPLICATION

Implementation of the platform will increase the depth of coal processing and the yield of high-value-added
products — chemicals, carbon materials and energy. Waste volumes and environmental impact will decrease
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through the closed cycle. New import-substituting products will emerge: sorbents, carbon fibers, electrode ma-
terials, syngas, hydrogen. The economic efficiency of the coal industry will grow, and the country's technological
sovereignty will be strengthened. The creation of pilot and pre-commercial production facilities is expected,
followed by replication of the technologies at industry enterprises.

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

INFORMATION ON THE LEGAL PROTECTION

Individual technical and technological solutions that form part of the integrated coal processing platform are
protected as intellectual property. Legal protection covers the key stages of the technological chain — from raw
material preparation and analysis to the production of chemical products and carbon materials.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Republic of Belarus: chemical and petrochemical industry enterprises (carbon sorbents, sulfonated coal for
water treatment), agriculture (humic fertilizers from brown coal), metallurgy and foundry production (synthetic
pitches, semi-coke).

China, India, Japan, South Korea — the largest importers of coal and carbon products; Southeast Asian countries
(Vietnam, the Philippines, Malaysia) with growing demand for thermal coal; Kazakhstan and other CIS countries —
consumers of brown coal wax and carbon materials.

CONTACT INFORMATION

Andrey Ushakov, Candidate of Technical Sciences, Associate Professor, Engineering Development Center
“Interregional Center for Deep Processing of Coal into Organic Synthesis Products”.

Phone number: (+7 923) 618 04 41

E-mail: uag.httt@kuzstu.ru
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