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MPOMbILNEHHOCTb: OT UHHOBALIWK [10 NPOW3BOACTBA

. TOCYAAPCTBEHHOE HAYYHOE YHPEXAEHWE
WMHCTUTYT PUN3INKN MMEHWN B. L. CTETNTAHOBA
HALUMOHAABHOM AKAAEMMM HAYK BEAAPYCW,
LLUAHXAMCKMN YHUBEPCUTET (KHP)

1. PA3PABOTKA BbICOKOIOOEKTUBHbIX KPEMHUIA-YTNIEPOJHbIX KOMMNO3UTOB [i/19 AHOI0B
JINTUA-NOHHBIX AKKYMYNATOPOB C BbICOKOM NAIOTHOCTbIO SHEPT UM

OMUCAHUE PA3PABOTKHN

BbinosiHeHa pa3paboTKka METOAOB MOJTyUYeHUA 1 NSIa3MeHHOM MoadUKaumm (BO3AeNCTBMEM BbICOKOBOSIbTHO-
ro 3N1eKTPMUYECKOro paspsaaa 1 NazepHOro U3nyyeHns B XKULKMX Cpefax) MUKPOUYacTUL, KPEMHMS Y KPEMHUEBO-
YrnepoaHbIX KOMMO3KTOB AJ1A MOSTyYEHMA KOMMO3UTHBIX CTRYKTYP 1 GOPMUPOBAHMSA Ha X OCHOBE MaTepuanos
31eKTPOAOB A IUTUIA-VOHHBIX 6aTapeit, 061a4atoWKX NOHMKEHHBIM 06 bEMHbBIM PacLUMpPEHNEM.

MpaKTnyeckas 3HaUMMOCTb Pe3ynbTaToB, KOTOPbIE NOYyYeHbl B XOAE BbINOHEHUA MPOEKTa, 3aK/loYaeTcA B pas-
paboTke MnasmeHHbIX METOJOB CMHTE3a HAHOPA3MEPHbIX YaCTUL, KPEMHUA U KPEMHUIN-YrnepoaHbIX MaTepua-
NOB, KOTOpPble MOFYT 1CMNOMNb30BaTbCA B KauecTBe MaTepurana aHo4OB JIMTUA-UOHHbIX aKKYMYNATOPOB Clefyto-
LL|ero NoKoeHUA C HeHOJbLION CTOMMOCTbBIO Y HA3KON TOKCUUYHOCTDIO.

HayuHaa HOBM3Ha pa3paboTKM COCTOWT B UCMOMb30OBaHUM pAfa OTINYMTENbHbIX OCOOEHHOCTEN Ma3MeH-
HbIX TEXHOJNIOTUI A1 KOHTPONMPYeMOro GOpPMUPOBaHUA HAHOPA3MEPHbBIX CTPYKTYP KPEMHUA U ero KOMNo3u-
TOB C YINIepoiOM Mpu BO3AENCTBUM NHTEHCKBHBIX SHEPreTUyYeCcKnx NOTOKOB Ha TBEPAblE MaTepuasbl U LieneHa-
npaBfeHHOM CO3[aHnM ONTUMAabHbIX YCII0BUA Mogndukauumn ana GopmMmnpoBaHNa HaHOMaTepuranos, obnaga-
oKX cneundryeckumm 3neKTpodr3NYECKMMN CBONCTBAMU, NMPEACTaBAALWNMY MHTEPEC Af1A YCTPONCTB deK-
TPOZOB NUTUIA-NOHHBIX 6aTapen.

Pa3pa60TaHb| nnasmeHHble MeTOAbl CMHTE3a HAaHOYAaCTUL KPEMHUA U erMHI/II7I-yFJ'IepOAHbIX KOMMO3UTOB, OCHO-
BaHHblI€ Ha BJ'IEKTpOpa3pF|,D,HOI7I o6pa60TKe MUKPOMNOPOLUKOB KPEMHUA B 3TAHOJE, a TaKXKe NpeasioXeHbl NyTn X
MOLWId)I/IKaLI,I/II/I npu BO3[ENCTBMN J1a3€PpHOro n3jslyyeHnAa 1 nnasmbl TeOWero paspagia.

O6pasLbl, MOlyYeHHble NPU SNEKTPOpPa3pALHOV 06paboTKe CMecy MUKPOYACTUL, KPUCTaNIMYECKOro Kpem-
HUA 1 rpadurTa, MoKasanu BO3MOXHOCTb CO3AaHMA aHOLHOTO MaTepurana Aia IMTUIA-MoHHON 6aTapen ¢ Havasb-
HOW yaenbHON eMKOCTbIo ~ 960 MAU/T. YCTaHOBIEHO, UTO LMKNUYeCKas CTabubHOCTb MaTeprana 3nekTposa, co-
Jeprallero 6onee Menkue YacTuLbl KpeMHUS, Bblle. Mocne 500 LuKoB obpaseL, CoXpaHAeT yaebHY0 eMKOCTb
Ha ypoBHe 540 MAU/T cO CTabUNbHON KYNOHOBCKOM 3bdeKTUBHOCTbIO 6n13Koi K 100 %.

M3M-11306paxkeHIs BbICOKOTO pa3peLLeHs, TMCTOrpaMma pacnpesieNeHs HaHoUaCTUL KPeMHUA, NOJTyYeHHbIX
NpU 3NeKTPOpa3pALHOIi 06paboTke MIUKPOMOPOLLKOB KpeMHMS, KapTa pacnpefieNneHus KpeMHus B 00pasiie
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INeKTPOXMMUMYECKIe XapaKTePUCTUKK (M3MeHeHNe pa3pALHOI eMKOCTI U KyNOHOBCKOI 3¢ dekTnBHoCTY) Si/C-anekTpoda
13 MOAUGULMPOBAHHBIX B pa3pAe MIKPOUACTUL KpeMHIaA npu ckopocti uuknuposanua 0,1 C(a) n 0,3 C(b)

CrHTe31pOBaHHbIe MU NEKTPOpPa3pALHON 06paboTKe CyOMUKPOHHbBIX aMOPGHbIX YaCTULL KPEMHUA B STUMO-
BOM CNUPTE HAaHOYACTHLIbl UMEIOT KPUCTaNIMYeCKyto CTPYKTYpY, chepurueckyto Gopmy 1 pasmep nopaaka 2—5 HM.
B nonyyeHHOM HaHOMaTepurane, HECMOTPA Ha CHXKEHWE YAeNbHON eMKOCTY B HayasbHbIX LKknax, nocne 10 un-
K/10B yfernbHasa eMKOCTb CTabUAN3npyeTca U AepXnTca Ha ypoBHe ~ 800 MAY/T, coxpaHsas 89 % HauanbHON em-
KOCTU K 50-my LmKny.

Mpy 06paboTKe MUKPOMOPOLLKOB KPEMHUA U FpadeHa INeKTPUYECKM Pa3pPsAA0M B 3TaHONE MOJTyYeH KOMMO-
3UTHbI HAaHOMaTepuan Si/G C BbICOKMM 3HaYeHUeM yaenbHOM eMKocTU (0kono 1200 MAY/T) 1 HaYaNbHOW KYJIOHOB-
CKo 3¢ PeKTUBHOCTDLIO B 63 %. [Mpur 6onee AMTeNbHOM TECTUPOBAHUN 06pa3eL} COXPaHAET eMKOCTb ~ 440 MAU/T
nocne 200 UMKIOB.

TEXHUYECKUE NPEMMYLLECTBA

Pa3p360TaHHbIl‘/'I naasmeHHbIN meToq obecneyriBaet nony4dyeHne 3JIeKTpoAHOro maTtepmraina ana NINTUNA-NOHHbIX
6aTaDEVI C yp,eanoﬁ €MKOCTbIO Ha ypOBHE MNPOBbIX aHAJIOrOB, AONOJIHNTENIbHO o6nana|ou.|,ero MOHVXEHHbIM
06bEMHBIM pacwnpeHnem, HEBbICOKOW CTOMMOCTbIO 1 HU3KOW TOKCUYHOCTbIO.

OXUAAEMbIA PE3YNbTAT NPUMEHEHUA

Pe3yanaTb| BbIMOJIHEHMA MPOEKTa MOTYT NOCNYKUTb OCHOBOW AnA Bblpa6OTKVI (I)I/I3I/IKO-TEXHI/ILIECKI/IX npuHUn-
NOB NMNOCTPOEHNA KOHKypEHTOCHOCO6HOVI TEXHONOIMN NNasMeHHOro CMHTE3a HaHOPA3MEPHbIX CTPYKTYP KPEMHUA.

TEKYLLAA CTAOUA PA3BUTUA
BbinonHeHa HayuHo-MccnejoBaTeNbcKas UK OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

CBEZJEHUA O MPABOBOI1 OXPAHE
HeT.

MNOTEHUWAJNIbHbIE NOTPEBUTEJIU U/WNN 3BAUHTEPECOBAHHDIE B PA3PABOTKE
000 «YsHpy CuHbpky Wenkosbin MyTb PasBuTre».

KOHTAKTHbIE BAHHDIE

Hesap EneHa ApkaabeBHa, BeAyLMiA HayuYHbl COTPYAHMK, KaHANMAAT U3MKO-MaTeMATUUECKMX HaYK, AOLIEHT.
Ten.: (+37517) 27080 19
E-mail: a.nevar@ifanbel.bas-net.by
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Il. TOCYAAPCTBEHHOE HAYHHOE YHPEXAEHME
WMHCTUTYT NOPOLLUKOBOUN METAAAYPTNA
MMEHN AKAAEMUKA O. B. POMAHAY

2. COCTAB UTEXHONOTUA NONYHYEHNA KOMMNO3ULIUOHHOIO MATEPUANIA
HA OCHOBE AL — SI — SB C MOHWMEHHbIM TEPMUYECKUM KO3OOULIMEHTOM
JINHENHOTO PACLUINPEHWA METOL,0M KOKWJIbHOIO NUTbA

OMNMUCAHUE PA3PABOTKHN

CnnaBbl C HA3KUM TEPMUYECKM KO3PdULMEHTOM NUHeHoro pacwmpeHmns (TKJTP) npumeHsaioT B npubopo-
CTPOEHUN, aBUALMOHHO-KOCMMYECKOI OTPac/iv, MaMHOCTPOeHMN. Pa3paboTaH cOCTaB 1 TEXHONOMMA nonyuye-
HUA MaTepmana cMCTeMbl aMOMUHUN — KPEMHUN — CypbMa € KO3GOULMEHTOM IMHENHOTO paclUMpPeHNA MeHb-
we 10 ppm/°C. MaTepuan cnnaBa cogepxut Al 40 % — Si 30 % — Sb 30 %. Pa3paboTaH TeXHONOrMYeckuii Npo-
uecc cnutepoi «M» NCM®.01110.02612 «<KomnneKT TEXHONOrMYeCKom JOKYMeHTaL M1 N3roTOBJIEHNA CrlaBa Mo-
ANPULIMPOBAHHOTIO anioMUHNEBOTO». VI3MeHeH e COOTHOLLEHMA COCTaBAAIOLWNX KPEMHUA U CYPbMbl B alIOMUHN-
€BOM CMnJiaBe No3BOAET MOMYUYNTb MaTepuarbl C LIMPOKMM Arana3oHOM 3KCMyaTaLMOHHbIX XapaKTepUCTUK, Ta-
Kux Kak TKJIP = (9,22-12,8)-10°°K™", nnoTHoCTb 2,7-3,2 r/cm?, TennonpoBoaHocTb 140-200 Bt/m-K. CoueTaHue Ta-
KNX CBOWCTB [ieNatoT NX XOPOLUMM MaTepranom 4jA TeNI00TBOAALLMX OCHOBaHWI SN1EKTPOHHbIX MOayrel, yHK-
LIMOHVPYIOLLMX NPY BbICOKNX YPOBHAX MOLLYHOCTH.

—

a) 0)

JKcnepuMeHTanbHble 06pa3Libl Ha 0CHOBE aNOMUHIEBOTO CMaBa, NOJyYeHHbIE METO0M NIUTbA B KOKWIb:
a) 0TAMBKM, 6) nocne MexaHnueckoil 06paboTki

(TpykTypa 06pa3ua matepuana
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Pe3ynbTaThl UCCIe0BaHA K03IGGULMERTA TEPMIUECKOTO PACLLNPEHWS B Anana3oHe Temnepatyp 20—120 °C

TEXHUYECKUE NMPEMMYLLUECTBA

PaspaboTaH HOBbI KOMMO3ULMOHHbBIA MaTepran Ha OCHOBE anmtloMWUHMWA, MOSUPULNPOBAHHOTO KPEMHMEM
1 cypbmoii fo 30 % Macc. C TepMrnYecKnM KosddrLeHTOM IMHeHOro pacmpenns < 1-107° gna getanen v y3nos,
paboTatoLmx B 0611aCTV MEHAIOLLMXCA TeMNepaTyp 1 TEMOBbLIX Harpy3o0K, ieTaneil KOCMUYeCKo TeXHUKN, N1eK-
TPOHMKU. MaTepuan nmeet NpocTo HeAOPOro JOCTYMNHbIV A1 MPON3BOANTENA XUMUYECKUNA cocTaB. OCHOB-
Hble TeXHNYeCKNe XapaKTepPUCTUKN:

- KTJNIP < 10 ppm/°C B gnanasoHe Temnepatyp 20-120 °G;
- 0B ~ 200 MMa dakynbTaTBHO;
- yaenbHbIn Bec < 3,0 r/cm’.

OXUAAEMbIV PE3YJIBTAT MPUMEHEHUA

B 0651acT1 nprMeHeHNs MaTepPUanoB, NCMbITbIBAOLWMX TEMMNEepPaTypHble Harpy3ku 1 paboTaloLwmnx Npw BbICO-
KUX TemnepaTypax, rae NpovcxXo4mnT NX pacluvpeHiie; B 061acTi MALLMHOCTPOEHNA — K AETASIAM NPELM3NOHHbIX
NPMBOPOB anmnapaToB PaKETHO-KOCMMYECKON TEXHUKM (L0 YPOBHSA 6epunnusa a = 12:10° 1/rpag).

TEKYLWLAA CTAQUA PASBUTUA
BbinyLieH onbiTHLIN 0b6paseL.

CBEJEHUA O NPABOBOI OXPAHE
Hert.

NOTEHUWANbHbIE NMOTPEBUTEJIN N/UJTA 3BAUHTEPECOBAHHDIE B PA3SPABOTKE
MpeanpuATNA 3NEKTPOHHOW 1 KOCMUYECKOWN OTPac/N, MalIMHOCTPOEHNA.

KOHTAKTHbIE JAHHbIE

OBuMHHUKOB Bnagmumunp Unbuy, 3aBesytownin nabopatopuen, KaHaANAAT TEXHUYECKMX HayK.
Ten.: (+37517) 5115523
E-mail: OvchinnikovVi@yandex.ru
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. HAYSHO-METOAMHECKOE YHPEXAEHME
BEAOPYCCKOIO rOCYAAPCTBEHHOTO
YHMBEPCUTETA «PECMNYBAMKAHCKMM LIEHTP
[TPOBAEM HEAOBEKAY

3. ATIMAPATHO-NPOrPAMMHOE CPEACTBO AN1A PENAKCALINOHHDBIX
U MOBWTM3ALIMOHHDBIX BO3AENCTBUIA C UCMONb30BAHUEM METOAIA
BUPTYANIbHOW PEAJIbHOCTH

OMUCAHUE PA3PABOTKHN

M3mepstoTca 1 aHanM3MpyoTcA YacToTa cepeUHbIX COKPALLEHNI, KOXKHO-TalbBaHUYeCKas AVHaMIKa, aMmnin-
TyAa ¥ YacToTa [blXaHus, TemrepaTypa C pacyeToM AMHAMUKM NCUXMYECKON HaMpsKeHHOCTV MHAMBMAA. Pas-
paboTaHbl METOAMKY (CLEeHapWK) Pa3BUTUA YCTOMYMBbBIX HABBIKOB CAMOPETYNALUY NMCUXOIMOLIMOHANIBHOTO CO-
CTOSAIHMSA 1 BOCCTAHOBJIEHUA PabOTOCNOCOOHOCTY C MOMOLLbIO MeTofa 61oNorMyeckon o6paTHON CBA3U MO Ka-
Hanam ynpas/eHVst TeMNepaTypoii NasbLeB PyKW, aMIAUTYAON 1 YacTOTOW AbIXaHWs, AUHAMUKOW YacToTbl cep-
JeUHbIX COKpalleHuit. Peanunsauunsa cueHapues 6a3npyeTtcs Ha NPUHLMME BUPTYaNibHOW peasibHOCTu, obecneyn-
BatoLeM 3 PEKT MaKCMMaNIbHOro BOBNIEUEHUSA B AVHAMUYECKWI ay[UOBM3YasibHbIi KOHTEKCT TpeHuHra. Paspa-
60TKa anpobupoBaHa 1 NepefaHa B nabopatopuio ncrxodusmnonorndeckoro obecneueHus PYM «benopycckasn
A3C» ans NoBblLWEHUA PabOTOCNOCOOHOCTH, CTPECCOYCTONYMBOCTM 1 GYHKLIMOHANIbHOI HAAEXHOCTY OnepaTuB-
HOTro nepcoHana.

AnnapaTHo-nporpaMMHoe CpeacTso

TEXHUYECKUE NMPEUMYLLECTBA

Pa3pa60TaHb| npnHUNNbI NOJIN30HAJIbHOIO U3MepPEHUA 6a30BblX ¢M3VIOJ'IOFI/N€‘CKI/IX NnapameTpoB nHaAnBMAa onAa
annapaTtypbl BI/IpTyaHbHOIh peanbHOCTN. Peann3oBaH 3¢d)eKT MaKC/MaslbHOTO BKNIOYEHNA NHOMBWAA B ayANO-
BI/l3yaJ1beIVI KOHTEKCT TPeHWHIra C UCnoJjib30BaHNEM BI/IpTyaHbHOIZ peanbHOCTN.
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OXWAAEMbIV PE3YJIBTAT MPUMEHEHUA

Pa3paboTka MOXeT ObITb MCMONb30BaHa CreyuancTaMy NCUXONOTMYECKON CIyKObl SHepreTMyeckon, HedTe-
nepepabaTbiBaloLlen 1 APYrriX BaXXHENLLIVX OTpac/ien HapoAHOro xo3ancTea Pecny6nvky benapycb ansa nosbi-
LeHVA YPOBHA MCMXO3IMOLIMOHANbHOM YCTONUMBOCTY KBanndULMPOBAHHOIO NMepcoHana, BbiMOHAKLEro oT-
BETCTBEHHbIE BUAbl PaboT.

TEKYLLAA CTAAUA PA3BUTUA
BbinonHeHa HayuHo-MccnefoBaTenbckana pabora.

CBEAEHUA O NPABOBOV OXPAHE

B cooTtBeTCTBMU CO cTaTbel 6 3akoHa Pecny6nukm benapycb oT 16 gekabpa 2002 N2 160-3 «O naTeHTax Ha 130-
6peTeHus, MoNe3Hble MOLENN, MPOMbILLIEHHbIE 06Pa3Lbl», KOHCTPYKTVBHbBIE PELLEHNA Ha NepPBOHaYa bHOM 3Ta-
e OXpaHAIOTCA Kak Hoy-xay (cekpeTbl MPOU3BOACTBA) B PeXKMMe KOMMepPYeCcKoi TallHbl. B nepcnekTrBe nnaHu-
pyeTcs nofava 3afBOK Ha MoslyyeHne NnaTeHToB Ha 1306peTeHMA 1 Nosie3Hble MOLENN Ha KIIoUYeBbIX PbIHKax
(Pecnybnuka benapycb 1 Poccuiickas Oepepauus).

MOTEHUWMAJNbHbIE MOTPEBUTEN U/WIUN 3ANHTEPECOBAHHDIE B PASPABOTKE
PYM «benopycckaa ASC», IO «benaHepro».

KOHTAKTHbIE AAHHbIE

Caranpgak Imutpuin Minbuy, 3amectutenb AUpeKTopa no HayuHol paboTe, KaHanaaT GU3NKO-MaTeEMATUYECKUX
HayK, JOLIeHT.

Ten.: (+37517) 32001 30

E-mail: petbsu@mail.ru
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V. OTKPbITOE AKLMOHEPHOE OBLLECTBO
WMHCTUTYT BEAOPTCTAHKMHITPOMY,
OTKPBITOE AKULMOHEPHOE OBLLLECTBO
«MUHCKMM 3ABOA ABTOMATUYECKMX AMHNMA
MMEHWM 1. M. MALLIEPOBA»

4. TOKAPHbIN TOPU30HTANbHbIN CTAHOK C YNCJI0BbIM MPOTPAMMHbIM
YNPABJIEHWEM AN1A TBEPAOIO TOYEHUA

OMNMUCAHUE PA3PABOTKHN

CTaHOK npefHa3HaueH A MaKCMMalibHO NOJIHOM 06paboTKy feTanen Tina TeN BpaLLeHNs, BKITlOUas TOKapHYH0
06paboTKy, CBEPIEHNE OTBEPCTUIA U HApe3aHUe pe3bbbl, Gpe3epoBaHye Na3oB, NbICOK AJiA PaCLUIMPEHUS TEXHO-
NOTNYECKMX BO3MOXHOCTEN — BbINOJIHEHNE TBEPLOrO TOUEHNSA B3aMeH LWIMPOBaHNSA, B COOTBETCTBUM C TEXHU-
YECKMMU XapaKTepUCTUKaMM:

— KNacc TOYHOCTM CTaHKa — KBaNUTET HapY»KHbIX MOBEPXHOCTeNn — min H6, KBanuTeT BHYTPEHHUX NOBEPXHO-
ctenn — min H7;

— OMamMeTp 3aroTtoBkK, obpabaTbiBaemol Hag CyrnnopTom — max 480 mMm;

— yncno wnuHgenen — 1 wr,;

— HOMWHaNbHOE paccTosaHne mexay LeHTpamu — 1000 mm;

— npeaesbl YacToT BpalleHua wnuHaens — 0-4000 o6/MuH;

— HanbonbLUMIA [OMYCTUMBIV KPYTALMIA MOMEHT Ha wnuHaene — 1000 H;

— MaKC/MarbHbI X0 CynnopTa: NPoAosbHbIN (0Cb Z) — 1135 mm, nonepeyuHbin (ocb X) — 415 mm;

— CKOPOCTb ObICTPbIX MepemelLeHnI cynnopTa: MPoAonbHoro (ocb Z) — 25 M/MuH; nonepeyHoro (ocb X) —
25 Mm/MuH;

— TOYHOCTb JINHENHOMO NO3ULMOHNPOBAHMA NO 0cAM X/Z — He 6onee +0,005 Mmm;
- pa3peLlueHne namepeHmna ontuyeckom nnHenkn — 0,0001 mm;

— MOLYHOCTb r1laBHOro nprsoaa — 42 kBT;

—macca ctaHka — 11 000 Kr.

TEXHUYECKUE NMPEUMYLLECTBA

CTaHOK € NofobHbIMY XapakTepucTmkamm paspabatbiBaetca B Pecnybnvike benapycb Bnepsble. MpenmyLie-
CTBa CTaHKa:

— Hanunume *eCTKoW LieSIbHONUTOM BUOPOYCTONYMBOW CTaHMHbI U3 YyryHa, 3annTol 6e3ycajoyHbiMm 6eToHOM;
- Hanunune 6abKM LWUINMHAENBHOW OPUTMHANIbHON KOHCTPYKLMN:

— C pa3BUTbIM KOPYCOM;

— 6e3 3y6uaTbIX KOJIEeC;

- Nnepepaya MOMeHTa OT peflyKTopa Ha LNUHAENb MPONCXOAUT MNOMMNKIIVIHOBbIM PEMHEM;

— MOALLMMHWKN NPeLM3NOHHbIe C NPefHaTAroM;

- NepefHAA onopa oxnaxaaemas;
— Hannymne KPeCToBOro cynnopTa:

- MonepeyHble HanpaBnALLYe — CKOMbXXEHUA AS1A ralleHnA BUOpauuni;

— KOHTPOJIb MOMEPEYHOrO NepeMeLLeHs — ONTUYECKasn NINHENKA;




TokapHblii ropu3oHTanbHbIil cranok ¢ UMY ana teepgoro Touenna (PML 1000)

— NPOAOJIbHbIE HaNPaBALINE — KauyeHUsA C NpefHaTArom;
— KOHTPOJIb NPOAOSIbHOIO NepemeLLeHNA — ONTUYECKas JIMHENKa;

— HaNMuKme KeCTKOW peBOSIbBEPHON FONIOBKY;

— Hanuuue 3agHen 6abku:
- 6ecnvHoNbHas;
- NpYBOJ NepemMelLeHNA — NEeKTPOMEXaHNYecKkuni (0Cb YNCIOBOro NPorpaMmMHoro ynpasneHus (UY));
— C rMAPaBANYECKUM NOXKMMOM K HanpasBAsowmm;
— WAMHAENb Ha NPELM3UNOHHBIX MOAWNMHUKAX C MpeHaTAroM;

— Hanmume KOHTPONA (M3MepeHnA) MHCTPYMEHTA C Moc/eaytoLell aBTOMaTUYeCcKon Koppekuunen yepes YMy;

— NpMeHeHNe NPOorpecCUBHbIX BUAOB KOMMIEKTYIOLWNX |/|3,qen|/||7| N MmatepunanoB (peﬂbCOBle HanpasnAawwmnx
KayeHuA C npeaBapuUTesibHO HaTAHYTbIMW KapeTKaMy, LapunKo-BMHTOBBIX Nepenay ¢ HU3KMM KOB(I)(I)I/ILWIEHTOM
TpeHnA (AJ’IH cncTem npAmMoro anBo,qa)) C ynyylweHHbIMU TEXHNKO-2KOHOMMNYECKMW NMapamMeTpamMim No3BONUT
CHU3UTb SHEPIroeMKOCTb CTaHKa;

— AV3allH — 3ProHOMMYECKOEe peLleHne CTaHKa No3BoJIUT Hanbosee NosIHO COOTBETCTBOBATb COBPEMEHHbIM
TEHAEHLUMAM.

Mpennaraemblin CTaHOK MO MCMOJIb3yeMbIM KOHCTPYKTBHbIM PeLLeHUsAM 1 TEXHUKO-IKOHOMUYECKM Napame-
Tpam COOTBETCTBYET MUPOBOMY YPOBHIO.

OXWAAEMbI PE3YJIbTAT MPUMEHEHMNA

CoKpalleHre 3aKyrnok obopynoBaHUs MO MMMOPTY s TEXHNYECKOTO NMepPeBOOPYXEeHUs NpesnpusaTiii Ma-
LUIMHOCTPOUTENIbHOTO Komnnekca Pecnybnuku benapycb. bynet npogomkeHa paboTa No paclpeHnto TEXHO-
NIOTMYECKMX BO3MOXHOCTEW Banioobpasyowmnx npeanpuatiid. Llenbio 3ameHbl wWnnpoBaHUs TBepabiM TOUEHU-
eM ABNAETCA YMeHbLUEeHNE TPYAOEMKOCTUN N3TrOTOBJIEHNA ,u,eTane|7| 1, Kak cnefcrene, ysennyeHme SKOHOMNMYHO-
CTV npouecca o6paboTKu.

YBennyeHvne SKOHOMUYHOCTH onpeaenaeTca ciegyrownmn CI)aKTOpaMI/IZ
— CbeM MaTepurana Nnpn TBepaomM TOYEHNN B TPU pa3a MeHblle, Yem npu I.IJﬂI/Id)OBaHI/II/I;

— TBEPLOE TOUEHUE MMEET HAMHOTO GoJee BbICOKYIO IMOKOCTb — BO3MOXHa 06paboTka ClIoKHOMPOdUIbHBIX fie-
Tanen, B To BpemsA Kak Ha WindoBanbHOM CTaHKe Takaa 06paboTka TpebyeT 3aMeHbl KpYroB U NOAHaNaKM CTaHKa.

Bce BbilenepeyncnieHHoe NO3BOMAET FOBOPUTL O TOM, YTO TBEPAOE TOUeHMe NpakTuyeckn Ha 30-50 % 3Ko-
HOMUYHee WnndoBaHMA.

MnaHupyembi BbIMYCK CTaHKOB: 2025 1. — 2 wT,, 2026 1. — 2 wr,, 2027 r. — 2 WT.
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TEKYLWAA CTAAUA PA3BUTUA
BbinonHeHa Hay4yHO-KCCNeoBaTeNIbCKas UK OMbITHO-KOHCTPYKTOPCKas (TeXHoMormyeckas) pabota.

CBEJIEHUA O MPABOBOI1 OXPAHE

B cooTBeTCTBMU CO cTaTbel 6 3akoHa Pecnybnvkn Benapycb ot 16 gekabpa 2002 r. N2 160-3 «O naTeHTax Ha
n306peTeHNA, Noe3Hble MOAENY, MPOMbILLIEHHbIE 06pa3Libl», KOHCTPYKTUBHbIE peLleHNA Ha NePBOHaYaibHOM
3Tarne OXpaHATCA Kak Hoy-Xay (CeKpeTbl MPOV3BOACTBA) B PpeXXrMe KOMMepUeCKo TalHbl. B nepcnekTrBe nna-
HMpPYeTCA Nofaya 3aABOK Ha MoJlyYeHre NaTeHTOB Ha N300peTeHNA 1 NMoe3Hble MOAENN Ha KNIoYEBbIX PbIHKaX
(Pecniy6bnuika benapycb n Poccuiickan ®epepauyus).

NMOTEHUWAJIbHbIE NOTPEBUTENU /NN 3BAMHTEPECOBAHHDIE B PA3BPABOTKE
OAO «MuHckun nogwmnHukosbir 3aBogy, OAO «MuHCKUI TpakTopHbIn 3aBog», OAO «MA3».

KOHTAKTHbIE JAHHbIE
MNepec PonaHpo Megposuy, 3amectutens gupektopa OAO «MHcTuTyT BEJIOPTCTAHKHITPOM».
Ten.: (+375 29) 557 69 20

Nab6a3zos EBreHunii Mprropbesuny, BeQyLUN MHXKEHEP-KOHCTPYKTOP.
Ten.: (+375 33) 35930 06
E-mail: ko@belstanki.by

5. MHOTOLIEJIEBOW TOKAPHbI TOPU3OHTAJIbHbIA CTAHOK C YU CJI0BbIM
MPOrPAMMHbIM YNPABNEHWUEM (B TOM YUCIE CMELIMAJIBHOTO HA3HAYEHUA)
U BO3MOMXHOCTbI0 KOMNJIEKTALIUU: PEBOJIbBEPHOM F0JI0OBKOM C OCbIOY,
CEPBOMPWUBOAAMMU NEPEMELLEHWA 3ARHEN BABKW NIOHETA

OMUCAHUE PA3PABOTKHN

CTaHOK NpefHa3HayeH 419 MakCUManbHO MOJSIHOM 06paboTKm feTanel TMna Tef BpalleHus, BKIoYas TOKapHYo
06paboTKy, CBEprieHNe OTBEPCTUI U Hape3aHre pe3bbbl, B TOM YMCsie He Mo 0cu AeTanu, dpesepoBaHe nasos,
NBbICOK 1 ApYror 06paboTKu. MoXeT ObITb MCMOMb30BaH B Pa3fiMUHbIX OTPAC/IAX MALIMHOCTPOEHNA C EAUHUYHBIM,
MEeSIKOCEPUIMHBIM 1 CEPUINHBIM XapaKkTepom npon3oacTea. OCHOBHbIE XapaKTEPUCTUKM CTaHKa:

— KJ1acC TOYHOCTM cTaHka no NOCT 8-82 — I1;

— HanbOsbLUWI AAMETP 3aroTOBKU:

— yCTaHaBNMBaeMbl Hag cTaHMHOM — 700 Mm;

— 06pabaTbiBaeMO Hag CTaHNHON — 630 MM;

- obpabaTbiBaeMol Hag cynnopTom — 480 Mm;
— MaKc1MasibHoe paccToAHne mexay ueHtpamm — 1500 mm;
— MaKCMManbHbIN Xof cynnopra:

- npoponbHoe (ocb Z1) — 1685 mm;

- nonepeyHoe (ocb X) — 415 mm;

- nepneHankynapHoe (ocb Y) — £70;
- BenmurHa pabourx nogay cynnopta — 1-6000 Mm/MUH;
— CKOPOCTb BbICTPbIX MEePEMELLEHMI CYNMNopTa:

- npopornbHoe (ocb Z1) — 30 M/MuH;

- nonepeyHoe (ocb X) — 30 M/MUH;

- nepneHankynapHoe (ocb Y) — 10 M/MuH;
— MaKCMManbHbIN Xopf 3aaHen 6abkn (ocb Z2) — 1200 mm;
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MHoroweneBoii ToKapHblii ropi30HTanbHbIN cTaok ¢ UMY u ocbio Y (PML| 1500)

— MaKCUManbHbIN xof NtoHeTa (ocb Z3) — 1200 mm;
— 3aXK1M JeTanen:

— AnameTp 3aXnmMHoro natpoHa — 500 mm;

— MPUBOL NaTPOHa — FMAPaBINYECKUN;

- ycunume 3axnma — perynmpyemoe;
- yacToTa BpalleHua wnuHaena — 0-3000 o6/MUH.

TEXHUYECKUE MPEMMYLLECTBA

CTaHOK C NoAo6HbIMY XapaKTepucTUKaMm paspabatbiBaetca B Pecny6nuke benapycb Bnepsble. Mpenmyiye-
CTBa CTaHKa:

— Hanmume XeCTKom LenbHOINTON BM6POYCTOVILIVIBOI2 CTaHWHbI N3 YYyTryHa,;

— Hannune ocn Y ¢ pa3smelleHnem Ha O gHOM CynnopTe C OCblo Xc LLINPOKO pa3HeCeHHbIMU HanpaBnArWMN
CKONbXXeHunA:

- obecneumBaeT NpoBefeHne ppesepHbiX PaboT Ha COBPEMEHHBIX PEXUMAX Pe3aHNA C MONYyUYeHeM BbICO-
KOW TOUHOCTM 00PpaboTKY;

— AaeT HOBbl€ BO3MOXHOCTU O6pa60TKI/I, Hanpumep ceeplsieHne OTBepCTI/IIZ Ha JIbICKe He No oCcn aetanun, nc-
Nnonb3yA CTaHA4APTHbIE MHCTPYMEHTaJIbHble€ HaCalKu AJ1A PEBOJIbBEPHbIX TOJIOBOK C MPUBOAHBbIM MHCTPYMEHTOM;

— pacwypeHrie TeEXHOIOTMYECKX BO3MOXHOCTEN NPy Hannuum nporpaMMmpyemMoro nepemeLLeHns fioHeTa
(ocb Z1), no3BonsoLwero ConpoBoXAeHe NHCTPYMeHTa (pe3el) npu 06paboTke TOHKMX HEXeCTKUX feTanei
TNa «Bas» C NONyYeHVEM BbICOKOW TOYHOCTU 06paboTKy;

- NporpaMmmrpyemMoe nepemMelleHune 3aaHein 6abku (ocb Z2) NO3BONAET PpacuMpUTb HOMEHKNATYpy 0bpabaTbl-
BaeMbIX feTaneln C MUHUMaNbHOW NepeHanagkom;

— NpMeHeHNe NPOrpecCUBHbIX BUAOB KOMIMIEKTYIOLWNX n3genumn MaTepunanos (peﬂbCOBle HanpasnAawwmnx
KayeHnA C npeaBapuUTesibHO HaTAHYTbIMW KapeTKaMy, LWapUKO-BMHTOBbBIX nNepenay ¢ HU3KMmM KOB(I)(I)I/ILWIGHTOM
TpeHnA (FU'IH cncTem npAamoro anBo,qa)) C ynyylweHHbIMN TEXHNKO-2KOHOMMNYECKMU NMapaMeTpamMim No3BONUT
CHU3NTb SHEPIroeEMKOCTb CTaHKa;

— AV3allH — 3ProHOMMYECKOEe peLleHne CTaHKa No3BOJIUT Hanbosee NosIHO COOTBETCTBOBATb COBPEMEHHbIM
TEeHAEHLUMAM.

I'Ipe,qnaraeMan CTAaHOK MO NCNob3yeMbiM KOHCTPYKTVBHbIM peLlueHNAM N TEXHUKO-3KOHOMUYeCKM Napame-
TpamM COOTBETCTBYET MUPOBOMY YPOBHIO.
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OXUAAEMbIA PE3YJIBTAT MPUMEHEHUA

B pe3synbraTe peanusauum npoekTa NOBbICUTCA KOHKYPEHTOCMOCOOHOCTb HOBbIX BUAOB NPOAYKLIMY, BO3paAC-
TeT BO3MOXHOCTb MOCTaBKM ee Ha SKCMOoPT, yyyLlaTca YCnoBra paboTbl 06Cy»KMBatoLLero nepcoHasna y notpe-
6UTeNs, NOBbICATCA KayeCTBEHHbIe NapameTpbl o6pabaTbiBaeMbIX U3AENNI 1 CHU3ATCA N3LEPXKKM Ha BbiNycKa-
eMyto MpoayKLuuio.

MnaHnpyembil BbIMYCK CTaHKOB: 2025 . — 6 WT.

TEKYLWWAA CTAAUA PA3BUTUA
Pa3paboTka BHeApeHa B MPON3BOACTEO.

CBEAEHNA O NPABOBOW OXPAHE

B cooTBeTCTBMM CO CTaTbel 6 3akoHa Pecnybnukn benapycb ot 16 gekabpa 2002 N 160-3 «O naTteHTax Ha 130-
6peTeHus, None3Hble MOAENU, MPOMbILLIIEHHbIE 06Pa3Lbl», KOHCTPYKTVBHbIE PELLEHNA Ha NepPBOHaYalbHOM 3Ta-
e OXPaHATCA Kak HOy-Xay (CeKpeTbl MPON3BOACTBA) B PEXKMMe KOMMEPYECKO TaliHbl. B nepcnekTrBe nnaHu-
pyeTca nopava 3adBOK Ha MosiyyeHne NaTeHTOB Ha M306peTeHNA 1 Nose3Hble MOAENM Ha KoUYeBbIX PbIHKaX
(Pecnybnuka benapycb 1 Poccuiickas Oepepauusn).

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
OAO «MT3», OAO «OpLuaarponpommatu», OAO «MA3», npeanpuatua Poccuiickon Oepepaumn.

KOHTAKTHbIE JAHHbIE

MNepec PonaHpo Megposuy, 3amectutens gupektopa OAO «MHcTuTyT BEJIOPTCTAHKHITPOM».
Ten.: (+375 29) 557 69 20

Mukynbunk MeTp Bnaammmposmy, HauanbHUK 610po crneLmanbHbIX TOKAPHbIX CTAHKOB 11 aBTOMATUYECKMX
NNHNIA.

Ten.: (+375 33) 359 30 06

E-mail: ko@belstanki.by
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V. OTKPbITOE AKULMOHEPHOE OBLLECTBO
(BEASAEKTPOMOHTAXHAAAAKAN

6. YCTPONCTBO OCHOBHOM 3ALLMTbI ABTOTPAHCOOPMATOPA 330 KB
(PENE MUKPOMPOLIECCOPHOE MP801 3ALLMTbI U ABTOMATUKW

3HEPTO0B0PY10BAHKA)

OMNMUCAHUE PASPABOTKI

YCTPOWCTBO OCHOBHOW 3aluTbl aBTOTPaHcopmaTopa
330 kB npepHa3HaueHo:

— Ins 3aWmTbl aBTOTpaHcPopmaTopos 220, 330 KB;

- 3aWWTbl ABYX-, TPEX-, YETHIPEXOOMOTOUHBIX TPaHCHOpP-
MaTOpOB;

— 3aLlUNTbl PEaKTOPOB;

— 3aLlWNTbl CUHXPOHHbIX ABuratenen 6-10 KB;

— 3aLUTbl ACUHXPOHHbIX ABUraTenen 6-10 KB;

— aBTOMATVKU 1 yNpaBneHns Bbiknovatenamm 6-220 KB;

— aBToMaTnKu ABP.

OcHoBHble GpYHKLMM 3aLUT, BbINONHAEMbIE YCTPONCTBOM
OCHOBHOW 3aWuTbl aBToTpaHchopmaTopa 330 KB, cnepy-
owue:

- anddepeHLmanbHan TOKOBadA 3aluTa C TOPMOXKEHVEM
(ANSI-87T);

- anddepeHLmanbHas TOKOBasA OTCEUKa;

— MaKCMMasibHasA TOKOBas 3alluTa C NPUBA3KON K 060N
CTOPOHe aBTOTpaHchopmMaTopa C MYCKOM MO HaMP>KEHUIO
1 6/TOKMPOBKOW OT BHELLHEro CUrHana, He MeHee 14 cTyne-
Hel, NCMoNb3yeMblIX B KaueCTBe TOKOBbIX 3aLuUT CTOPOH BH,
CH n HH, 3awwpnTbl OT CMMMETPUYHON NeperpysKmn Bcex cTo-
POH aBTOTpaHchopmaTopa 1 obuiert 06MOTKM, CUTHaANM3a-
LM OT 3aMblKaHWI Ha 3emsito B 06moTke HH, nycka aBToma-
TUKW OXxNlaxkaeHns aBToTpaHchopmaTopa no Toky (ANSI-46,
-50,-51,-51U, -51N, -67, -67N);

&

TepmuHan 3aumTb!

YCTpoitCTBO 0CHOBHOIA 3aLuTbl aBTOTPaHcpopmatopa 330 KB

— CTyneHb NyckKa Mo TOKy AnA Ayrosoi 3awmTbl A4eek HH (ANSI-51);

- 3aWuTa oT neperpy3sku no Ternosor mogenu (ANSI-49RMS);

- 3aWMTa MaKCUMaNbHOIO U MUHMMAbHOTO Hanpsi>keHust oomoTku HH (ANSI-27, -59);

— KOHTPONb McrnpaBHOCTY Uenen Hanps»keHua (ANSI-60);

- NpViemM CUrHaNoB OT ra30BoW 3alLMTbl aBTOTPaHCcPopmaTopa u PMH;

- npnemmun o6pa60TKa CrHaNoB TeEXHONMOIrnM4yeCcKmnx 3ajT aBTOTpchd)opmaTopa;

- d)OpMVIpOBaHVIe ” Bblga4a aBapVIl;IHbIX nnpegynpennTesibHbIX CUTHANOB;

— pervucTpaTop aBapuiiHbIX COObITUI;
- cBOGOAHO MporpammMmupyemas ornKka;
-4 rpynnbl yCTaHOBOK.
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TEXHUYECKUE NPEUMYLLECTBA

PazpaboTka obpasua ycTporicTBa OCHOBHOW 3aluTbl aBToTpaHcpopmaTopa 330 KB BbiCTynaeT aHanorom nm-
NMOPTHOro 000PYAOBAHMA PENENHO 3aLUTbl U aBTOMATUKM AN ceTe 330 KB (eBponeicknx, pOCCUNCKIUX, KATal-
CKMX), MPYIMEHAEMBbIX Ha TaKX MOACTaHUMAX. YCTPOWCTBO NISPKET B OCHOBY AalibHENLLVIX pa3paboToK B Hanpas-
neHnmn 6onee CNIOXKHOro 060PYAOBaHNA PENENHON 3aLWKTbl U ABTOMATUKN Ans ceTel knacca 330 KB.

OMUOAEMbIV PE3YJIbTAT MPUMEHEHUA

loTOBYIO MPOAYKLMIO MCMOMb3YIOT NPY CTPOUTENBCTBE HOBbIX M PEKOHCTPYKLMMN [ENCTBYIOLNX OO EKTOB SN1eK-
TPOCHAGXeHMS.

TEKYLLAA CTAQUA PA3BUTUA

Pa3paboTka BHepeHa B MPOU3BOACTBO.

CBEJEHUA O MPABOBOW OXPAHE
Hert.

NOTEHUWAJIbHbIE MOTPEBUTEJIN /TN SAUHTEPECOBAHHbDIE B PA3BPABOTKE
SHepreTrnyecKkue 06beKTbl Pecnybnnkm benapyco.

KOHTAKTHbIE AAHHbIE

Koponég Cepreii [eTpoBunY, HayanbHYIK yNpaBiieHNs NepCcneKkTUBHOro pasBmTHA.
Ten.: (+37517) 272 81 92
E-mail: skorolev@bemn.by

JlomaH Muixaun CTenaHoBWY, BeQYLUIA MHXXEHeP Mo HanafdKe v UCTbITaHWUAM, KAaHAUAAT TEXHUYECKMX HayK.
Ten.: (+37517) 348 88 57
E-mail: mloman@bemn.by
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VI. OTKPBITOE AKUMOHEPHOE OBLLECTBO
(BPECTMALLY

7. CANUKOHOBDBIE MATPYBKK

OMNMUCAHUE PASPABOTKI

CunrKoHoBble I'Iany6KI/I COCTOAT U3 TepMOCTOVIKOFO MOKPbITUA, CUHTETUYECKOWM TKAHU U KNCIOTOCTOMKOrO
oA, 4YTo obecneumBaeT ux HaAEeXHOCTb 1 OJITOBEYHOCTb.

brnarogaps apMMpPOBaHUIO TKAHbIO 3T N3Aenusa 0651afaloT BbICOKONM NMPOYHOCTBIO Ha Pa3pbiB U ASIUTENbHbBIM
CpoKOM Cy»0bl. OHM COXPAHAT CBOU SKCMITyaTaLMIOHHbIE XapaKTePUCTUKU KaK MPY HU3KMX, TaK U MPU BbICO-
KUX TemnepaTtypax. TexHnyeckre CBOMCTBa MO3BOJIAT UM paboTaTb B Anana3oHe Temnepatyp o1 -60 go +300 °C.
MaTpy6KM OTANYAIOTCA JONrOBEUYHOCTbIO: TBePAOCTb aocTuraeT 80 Lop A, a npouHocTs — 80 Kr/cm?. OHM 06-
NafaloT BbICOKOW 3M1aCTUYHOCTBIO U CTOMKOCTBIO K LENOYHbIM cpefam. Kpome Toro, 6narogapsa CBOMM aHTUMU-
KPOOHbIM CBOMICTBAM, OHU He CMOCOOCTBYIOT PA3BUTUIO GaKTepuin u rpnbKoB.

TEXHUYECKUE NMPEMMYLLECTBA

HaquO-TeXHMHECKMVI YPOBEHb NMPOK3BOACTBA: NCMNOJIb30BaHNE aBTOMATU3NPOBAHHbIX J'II/IHVII7I, COBpPeMeHHbIX
METOLOB BYJIKaHM3aUUN 1N KOHTPONA KayecTBa; NCNOJIb30BaHME METOLOB yCMNEeHNA MPOYHOCTU CUITMKOHOBDbIX
naTpy6KoB.

OnacTUYHOCTb U CTOMKOCTb K p,ed)opmau,MﬂM MO3BOJIAIT COXPAHATb repMeTUYHOCTb COeANHEHWNI, YTO BaXKHO
AnAa npefnoTeBpalleHnsa ytedek n obecrneyeHns 6e3onacHom SKCmyaTaunmn O60py,D,OBaHVIF|.

TepMOCTOVIKOCTb MO3BOJIAET NCNOJIb30BaTb I'Ian)/6KI/I B yCNOBUAX 3KCTPeMaJlbHbIX TeMnepaTtyp.

CUMMKOHOBbIE
NATPYBKU

A ¢BPECTMALI
xongunr ¢BENABTOMAS®




[lonroBeYHOCTb 1 YCTOMUMBOCTb K U3HOCY CHVKAKOT YaCTOTY PEMOHTOB U 3aMeH, UTO BELET K CHUPKEHUIO SKCTITya-
TaLMOHHbIX PACXOMO0B.

YCTONUMBOCTD K XMMUYECKMM BellecTBam obecrneunBaeT HagexKHyo paboTy B arpeccrBHbIX Cpefax.

5naronapﬂ BbICOKOW N3HOCOCTOMKOCTU U YCTOIZLII/IBOCTI/I KMeXaHNYeCKM Harpy3kam, CUJINKOHOBbIe I'Iany6KVl
obecrneumBaioT ONUTENbHbIN CpOK CJ'Iy)K6bI 6e3 H606XOAI/IMOCTVI YacToro O6Cﬂy>KI/IBaHI/IFI nn 3amMeHbl.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

CrnrKoHOBbIE NATPYOKM HAXOAAT LIMPOKOE MPUMEHEHME B Pa3fIUHbIX OTPAC/AX MPOMbBILLIEHHOCTU, TAKKX Kak
MALLNHOCTPOEHIE, CTPOUTESNIbCTBO, MIEKTPOHIKA, MenLMHa, 060pPOHa, KabesibHasA MPOMbILLIEHHOCTb, NMLLEBas
N XMMWYECKasa NHAYCTPYSA, a TaKXKe B NPOV3BOACTBE TOBAPOB HAPOAHOIO NOTpebneHms.

TEKYLWAA CTAAUA PA3BUTUA
Pa3paboTka BHeApeHa B NPON3BOACTEO.

CBEJIEHUA O MPABOBOI1 OXPAHE
Her.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

OAO «MA3», OAO «BEJT1A3», OAO «M3KT», OAO «MT3», OAO «TOMCEJIbMALL», OAO «<AMKOOP». OcHOBHble
MalLMHoCTpouTenbHble Npeanpuatna Poccunckon Oepepaunm: ABToBA3, KAMA3, rpynna «A3», «bpaHckcenb-
MalLwy», «<Poctcenbmaluy, OO0 «TponuKnia TpakTopHbIN 3aBofy, AO «Komnosut MNpynny, 000 «YenabuHCcKni Tpak-
TOPHBbI 3aBOA», ABTOMOOWIbHBIV 3aBOf «Ypan», NeTepOyprckuiin TpakTopHbI 3aBof,.

KOHTAKTHbIE AHHbIE

bpaxyk Anekcein AHaTONIbeBUY, reHepasnbHbIN AUPEKTOP.

Ten.: (+375 33) 38236 90

E-mail: mir@bmz.by

bynarosckun AnekcaHgp BacunbeBuny, nepBbiit 3amecTUTeNb ANPEKTOPA, MABHbIN NHXEHep.
Ten.: (+375 29) 608 57 62

*Konynes Cepreii BaneHTHOBUY, 3aMeCTUTESTb IMPEKTOPa N0 KOMMePUYECKUM BOMpPOocam.
Ten.: (+375 44) 563 19 92
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VII. OTKPIBITOE AKUNOHEPHOE OBLLLECTBO
«BUTEBCKMIN 3ABOA SAEKTPOMNIMEPUTEABHbBIX
[MPNBOPOBY

8. LEHTPANIbHbIN KOMMYTALIMOHHDBIN BNOK LIKB-3

OMNMUCAHUE PASPABOTKI

LleHTpanbHbIi KOMMyTaLMOHHbIV 610K LIKB-3 npeaHa3HaueH Ans onTuMm3saumny KOHTPONA 1 ynpaBieHna cu-
cTemMamu aBTomo6una. HasHaueHue: npriem 1 o6paboTtka nHpopmaumu no CAN-nHTepdeincam 1 aHanoroBbIM
(nornyeckmnm) Uensam, ynpaseHve NUTaHNeM BHELHUX NOTPe6UTenell C MOMOLLbIO MHTENNEeKTYalbHbIX SNekK-
TPOHHBIX KJTI0Uel C 3alKTON OT KOPOTKOTO 3aMblKaHUA, NPOBeeHMe ANAarHOCTUKY 060pyLoBaHUA, MOAKITIOYEH-
Horo K LJKB-3, c BO3MOXHOCTbIO NonyyeHna gruarHoctmyecknx gaHHbix o CAN-uHTepdericy, KommyTaumsa Lenemn
1 3alL1Ta OT TOKOBbIX NEPErpy30K 1 KOPOTKOro 3amblKaHuA. B coctas LIKB-3 BxoaaT: 610K LLeHTpanbHblii KOMMY-
TayuoHHbI LIKB-3-BK 1 6nok npegoxpanutenein LIKB-3-bIM. LIKB-3-bK obecneunBaeT: npu nocTynneHny ynpas-
NALWUX CUTHANOB BKItoUeHMe/oTKodeHne no CAN-uHTepdelicy Lenei ynpaBneHus 31eKTpoobopyfoBaHeM
aBTOMOOUIA; KOHTPOJIb COCTOAHNMA Lienelt ynpaBneHna (06pbliB Uy KOPOTKOE 3aMblKaHWe) 1 nepefayy nHdpop-
mMauwmm no CAN-uHTepdeiicy; ynpasneHune no CAN-rHTepdency Lenblo CTEKNOOUNCTATENS; Nprem 1 06paboT-
Ky MHpOpMaLmu Nno aHanorosbiM Lensam. LIKB-3-bINM obecneumBaeT KOMMyTaLMio LIENen 1 3alnTy UX OT TOKOBBIX
neperpy3ok. Pabounin aranasoH Temnepatyp — oT —40 go +60 °C. Bug Knumatuyeckoro ncnosiHeHmsa — Y212
B cootBeTcTBUM ¢ TOCT 15150. Macca L|KB-3-BK — He 6onee 0,7 kr, macca LIKB-3-bIT — He 6onee 0,5 kr. Jony-
CKaeTcA pa3fesibHan NocTaBKa.
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LIKB-3: 610K LeHTpanbHblil KOMMyTaLuoHHbIi LIKD-3-bK
1 6nok npegoxpaxuteneii LIKb-3-bI
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TEXHUYECKUE NMPEMMYLLECTBA
O6MmeH nHbopmaLmen ¢ SNeKTPOHHbIM 610KkoM yrpasneHua geuratenem no CAN-wwHe (SCR).
O6meH nHbopmaumen ¢ 31eKTPOHHbIM 6510KkoM yrnpasneHus asuratenem no CAN-wmHe (SAE).

O6meH uHdopmavumert c 6rnokamm 1 arperatamu no wrHe CAN-MA3; 06meH nHpopmaLmein No MynbTUNIeKc-
HOW WKHe 3neKkTpoobopyaoBaHna KabuHbl (CMK); obmeH nHdopmaLmern No MynbTUMIEKCHON LUWHE 3M1eKTPo-
ob6opypoBaHus waccu (CMK).

OcobeHHOCTU: YCTPOWCTBO ABNAETCA YHBEPCAbHbIM, MOXET ObiTb McNonb3oBaHo kak CAN-w03 Ana nepe-
HanpaBneHus 1 peTpaHcAunn coobweHnin B8 CAN-WIHE, UMeeTCA BO3MOXXHOCTb MPOrpaMMHO NepeHacTpoi-
Ku GYHKUMIA HENOCPELCTBEHHO Y NoTpebuTeneil.

OXWAAEMDbIA PE3YJIbTAT MPUMEHEHUA

B pe3ynbrate BHeAPEHNA LEHTPAIbHONO KOMMYTaLUMOHHOIO 610Ka LlKB-?) anAa aBTOMaTI/I3I/IpOBaHHOI7I CNCTEMDI
ynpasneHuA 3J'IEKTpOO60pyp,OBaHI/IFI aBTOMOOUNA CHUXKAeTCA MaTePaNoOeMKOCTb 3JIEKTPONPOBOAKN (pacxon
mMegHoro nposona), YMeHbLUaeTCA KONNMYeCTBO Pa3beMHbIX coejHEHNIA, yBennynBaeTca BO3MOXHOCTb 6onee
KauyeCcTBEHHON 1 rny60|<0|7| ANarHOCTUKN I'Ipl/l60pOB, 6510KOB U1 y3nos aBTOMOOUNA, ynyduwaeTca y,D,06CTBO B 3KC-
nnyataummm 06CJ1y)KI/I BaHWW, NOBbIWAETCA HAaAEXHOCTb KakK 3HEKTpOO60py,E|,OBaHI/IFI, TaK 1 aBTOMOOMNSA B Lenom.

TEKYLAA CTAQUA PA3BUTUA

Pa3paboTka BHeapeHa B Npov3BOACTBO.

CBEAEHNA O NPABOBOW OXPAHE
MonyueH nateHT Ha none3Hyto Mogenb N 11853 «LleHTpanbHbI KOMMYTaLMOHHBbI 6510K».

NMOTEHLUWAJIbHbIE NOTPEBUTENUN U/UNN BAUMHTEPECOBAHHbBIE B PA3BPABOTKE
OAO «MA3».

KOHTAKTHbIE JAHHbIE

CemeHuykoB AHApen AnekcaHApPOBUY, 3aMeCTUTeNb ANPeKTOpa — MaBHbIN UHXKEHEeP.
Ten.: (+375 21) 266 08 17
E-mail: semenchukov.a@vzep.by
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VIIl. OBLLEECTBO C OrPAHNYEHHOM
OTBETCTBEHHOCTbLIO
«(A3OOHNCTKA MHXNHMPUHY

9. 0YUCTKA MPOMbILLNEHHBIX TA30B B ABCOPBLIUOHHO-BUOXUMUYECKUX
YCTAHOBKAX 000 «TA3004NCTKA UHXKWHUPWHI»

OMNMUCAHUE PASPABOTKI

anIHLWII'II/IaJ'IbHO HOBbIV CNOCO6 OUNCTKI BEHTUJTALMOHHOIO BO3yXa OT BPeAHbIX OpraHn4eCckmnx sewecTs C UC-
NnoJib30BaHNEM B1ONOrNYECKNX MeTo0B.

O6nacTb NPUMEHEHUS: MPOMBbILLSIEHHbIE MPEANPUATAA C BEHTUIIALMOHHBIMU BbIOPOCaMM BpefiHbIX OpraHuye-
CKUX BELLECTB (MMTeHOE NPOU3BOACTBO, AEPEBOOOPAOOTKA, MPON3BOACTBO MUHEPASIBHON BaTbl, MPOV3BOACTBO
CTPOVTENbHbIX MAaTEPUANIOB U T. A.).

Ha3HaueHue: abcopbLOHHO-6OXMMUYECKIME YCTaHOBKM NpefHa3HauveHbl A MOKPO OUNCTKN BEHTUNALW-

OHHOro BO3yXa OT BpeAHbIX OpraHNYeCcKnx BeLllecTs (d)eHona, d)opmanbp,erm,qa, TPpUaTUIaMWHa N T. a.). Ycta-
HOBKW TaKe 3¢¢eKTI/IBHO ynasnmBaklT CMONNCTbIE, B3BELUEHHDbIE BeLLeCTBa N HE MMEKOT CTOKa B KaHa3auuto.
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TEXHWYECKUE NMPEMMYLLEECTBA
DKOHOMUYHOCTb: HM3KME SKCTlyaTaLMOHHbIe 3aTpaThbl.

(DYHKLU/IOHaHbHOCTbZ 3¢¢eKTI/IBHaF| OYNCTKa BEHTUNTAUNOH-
HOro BO34yxa OT BpeHbIX OpraHn4YeCcKmnx BeLecTs.

TexHONOrMyHOCTb: NPOCTOTa N HaAEeXHOCTb B SKCMJlyaTauunn.

DKONOIrMYHOCTD: OTCYTCTBYIOT TEXHONOIrMYyeckme CToOK1 B Ka-
Hanmsauuno n Bbl6p0CbI BpeaHbIX BewecTB B OKPYXaloLyto

cpepy.
MNoapoB3pbIBOO6E30MACHOCT: NPUMEHEHUE B KauecTae ab-
copbeHTa pacTBopa Ha OCHOBE TEXHUYECKOW BOAPbI.

OXWAAEMbI PE3YJILTAT MPUMEHEHUA

YMeHbLIeHMe BbIGPOCOB BPeAHbIX BELLECTB B OKPYKAIOLLYI0
cpegy.

TEKYLWAA CTAANA PA3BUTUA

Pa3paboTka BHeipeHa B NPOW3BOACTBO.

CBEJEH/A O NPABOBOW OXPAHE

EBpa3sninckumin nateHT N2 036807 ot 23.12.2020. lMaTeHTO-
o6napatenb: OO0 «[a300UMCTKA UHXKUHUPUHT.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MpombiluneHHblE NPEANPUATUA C BEHTUAALMOHHBIMU BbIOPOCaMMN BPefHbIX OpraHn4eckux BeLWecTs B aTMO-
cdepy (nTeliHoe NPOn3BOACTBO, epPeBo0OPabOTKA, MPON3BOLCTBO MUHEPASIbHOW BaTbl, MPOV3BOACTBO CTPOU-
TeNbHbIX MaTepranoB U T. 4.).

KOHTAKTHbIE AAHHbIE

BuT Hukonanm Hukonaeswny, anpexTop.
Ten.: (+37517)378 1212
E-mail: info@abhu.ru
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IX. YIIPABAEHME UNPPOBUNIALNN
PECTYBAMKAHCKOIO YHUTAPHOT O MPEAITPUATNA
«MPON3BOACTBEHHOE OBbEAMHEHUE
"BEAOPYCHE®TE™»

10. UHTENNEKTYANIbHAAl CUCTEMA AHANTU3A AAHHBIX BUAEOHABNIIOAEHNA
B LIENAX BbIABJIEHUA HAPYLEHUN TPEBOBAHUIN OXPAHBI TPYJIA U TEXHUKN
BE3OMACHOCTH

OMUCAHUE PA3PABOTKU

PaspaboTka npefcTaBnaeT cob6oi NporpamMMHoe obecrneyeHve 4nsA aBTOMaTMYECKOro aHann3a BugeonoTo-
Ka C Kamep HabntoaeHVa Ha OYpOBbIX YCTaHOBKaX B PEXUME peasibHOro BPeMEHU C MPUMEHEHNEM Nepeo-
BbIX aJITOPUTMOB KOMMbIOTEPHOIO 3PEHMA 1 MALUVIHHOTO 00YyYeHUs B LieNAX BbiABMEHWA HapyLeHni Tpebo-
BaHWI OXpPaHbl TPyAa 1 TEXHUKN 6€30MacHOCTM.

CricTema npefHasHayeHa anst HedpTerasoBow OTPAC/IN 1 OPUEHTMPOBAHA Ha MOBbILLIEHVE MPOMBbILLIEHHON 6e3-
OMaCHOCTY MPY BbINMOJTHEHUUN KPUTUYECKU BAaXKHbIX OMepaLnii: CMyCKONoAbeMHbIX paboT 1 npouecca bypeHus.

KntoueBble GyHKLMOHaNbHblE BO3MOXXHOCTU BKJTHOUALOT:

— JeTeKTUPOBaHMe 1 aHann3 NPUMeHeHNA CPeaCcTB NHAMBUAYANIbHOW 3alUTbl (Hannume Kacku, 3alnTHbIX OY-
KOB, MepyaTokK);

— MOHWUTOPUHI HAaXOXAEHUA NepCcoHana B AMHaMMYECKMX OMAcHbIX 30HaxX (30Ha paboTbl Kntova ZQ-203/100,
30Ha iecTBUA NepemellalloLxca Yacten 06opynoBaHua);

— aHaNn3 KOPPEKTHOCTN BbIMONHEHNA TEXHONOMMYECKNX Onepaunin B COOTBETCTBUN C periameHTaMun 1 BbiAiB-
NeHne HepernaMmeHTHOro NCMONb30BaHNA 060PYAOBaHNA.

TEXHUYECKUE MPEMMYLLUECTBA

Pa3pa6aTb|Baema;| CNCTEMa OCHOBaHa Ha nepefoBblX aifTOPUTMax KOMMbOTEPHOIO 3peHNA, BKJTIOYaA CO-
BpeMeHHbIE€ apXUTEKTYpPbI AeTEKUNN 06DbEKTOB 1 onpepeneHMa No3 yesioBeka. OcobeHHOCTbIO peweHna AB-
NAETCA NCnonb3oBaHMe cneynanm3npoBaHHbIX A4aTaCeTOB, C06paHHbIX HenocpenCTBeHHO Ha NPOn3BOACTBEH-
HbIX 06beKTax He¢Tera30|3017| oTpacnn, 4To obecneunBaet BbICOKYIO TOYHOCTb paCnoO3HaBaHUA B peajibHbIX
ycnosuax.

KntoueBble TexHOnornyeckme npenmyLiecTsea:

—onTnMmn3lauuna MOAQJ‘IEVI anAa pa6OTbI B CNNOXKHbIX MPOMBbILWIEHHbIX YCITOBUAX;

— peanns3ayna mexaHn3moB O6pa6OTKI/I BNOEO B peXnme pealibHOro BpemeHu;

— BbICOKaA TOYHOCTb pacno3HaBaHA CﬂELl,VId)I/ILIHbIX npPpon3BOACTBEHHbIX CLLEHApPUEB.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

BHep,peHme CNCTEeMbl MO3BOJIUT 3HAUYUTEJIbHO CHU3UTb I'IpOI/I3BO,E|,CTBeHHbII7I TpaBMaTU3M N KONNYeCTBO He-
CYaCTHbIX CJZly4YaeB Ha 6yp03bIX YCTaHOBKaX 3a CHET ONnepaTnBHOIO BblIABJIEHUA HapyLuean7| n CI)OpMMpOBaHI/IFl
KynbTypbl 6e30MnacHOCTHU. ,U,OI'IOJ'IHI/ITEHbeIIZ 3¢¢EKT — aBTomMaTm3auna PyTUHHOIO KOHTPONA BbICBO60)KJJ,e-
H/Ee BpeMeHU cneumanmncToB Mo OXpaHe Tpyaa, a Takxe d)OpMI/IpOBaHI/Ie 0O6BbEKTUBHOW aHAIUTUUYECKOW OTUET-
HOCTW NO HapyweHnAM anAa NpuHATUA ynpaBneHYeCKnx pELI.IeHI/IIh.

TEKYLLAA CTAOUA PA3BUTUA
BbinonHeHa HayyHO-MCCIefoBaTeNIbCKas WM OMbITHO-KOHCTPYKTOPCKas (TeXHomornyeckas) pabora.
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CBEJJEH/A O NMPABOBOI1 OXPAHE
HeT.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3AUHTEPECOBAHHDIE B PASPABOTKE
PYM MO «benopycHedTb», NpoMbILAEHHbIE NPefnPUATUAA.

KOHTAKTHbIE JAHHbIE

Kypouka KoHcTaHTUH CepreeBuny, MHXeHep-NporpaMMmCT, KaHANAAT TEXHUYECKX HaYK, fOLEHT.
Ten.: (+37529) 170 59 68

E-mail: K.Kurochka@beloil.by

MNaHapuH KoHCTaHTMH AneKkcaHOpOBUY, HXeHep-NPOorpaMMuICT.

Ten.: (+375 25) 79099 76

E-mail: K.Panarin@beloil.by

MKunTko AnnHa CepreeBHa, NHXeHepP-NPOrpamMmmunCT.

Ten.: (+37529) 83012 23

E-mail: A.Zhitko@beloil.by
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X. BEAOPYCCKMN HALLMOHAABHbLIM
TEXHUYECKMN YHUBEPCUTET

11. UHTEJINEKTYAJIbHAA CUCTEMA OBHAPYXEHUA AEQEKTOB HA INHUAX
JJIEKTPONEPEAAYN

OMNMUCAHUE PASPABOTKI

WMHTennekTyanbHas cuctema obHapyeHus fedeKToB IMHNIA dNeKTponepeaaym OCHOBaHa Ha MHTENEKTY-
anbHOM BU3yanbHOM pacno3HaBaHUU. OHa obbefuHAET pa3paboTKy Knaccudurkaumm gedekTos, co3gaHune
616NIMOTEKN 06BEKTOB, pa3paboTKy HeMpoceTH, ee rybokoe obyyeHne 1 06paboTKy n3o06paxeHUn gedek-
TOB. B 0OCHOBE TEXHOMOMY NEXNUT CNOCO6 BOCMPUATIA AAHHbIX 3 HECKONbKMX MCTOYHNKOB AJA JOCTUXKEHUS
3¢bPeKTVBHOIO 1 aBTOMATUUYECKOro pacno3HaBaHUs NMOBEPXHOCTHbIX AepeKTOB Ha IMHUAX dneKTponepeaa-
uun. CncTeMa NoaaepKnBaeT MHOFOCTYNeHYaToe OGHaPYKeHVE Ha KOPOTKNX, CPEAHUX 1 AaNbHUX pacCTos-
HUAX, OXBATbIBas K/loUeBble KOMMOHEHTbI, TaKMe KakK MPoBoAa, U30MATOPbl U MeTaninyeckrie onopsl, 1 0b-
napjaet CrnocobHOCTbIO BbIABAATb pa3fvyHble TUMbl AedEKTOB, Taknme Kak MOCTOPOHHUE NpeAMETbl, TPeLym-
Hbl, CAMOB3pbIBbI U KOPPO3us. bnarogaps co3paHuio 6asbl M306paXKeHNI N MHTENNEKTYaNIbHOW 6a3bl 3HAHUI
cUCTeMa MOXeT 06ecneynTb BbICOKOTOUYHOE pacno3HaBaHMWe 1 lokanu3aunio 4edeKToB B CIOXHbIX YCIO0BU-
X, 3HaUMTENbHO NOBbIWasn 3GPEeKTUBHOCTb U 6€30MACHOCTb KOHTPOJSA, CHUXKAsA TPYA03aTpaThl U PUCKN He-
NpPaBUbHONM OLIEHKMN.

TEXHUYECKUE MPEMMYLLUECTBA

Mo CpaBHEHWIO C TPAANLUNOHHBIM PYYHbIM KOHTPOJIEM U METOAAMUN PAaCNO3HaBaHUA OTAETbHbIX V|3o6pa-
XKEeHUM, cnctema o6nap,aeT 3HaYUTENIbHbIMU NpeMmyLlecTBaMn B TOYHOCTU pacno3HaBaHWA, CKOPOCTU 06Ha-
PY>XeHUA N afanTUBHOCTU. OHa NCNonb3yeT aJiropntm YOLOV5 n TexHOnoruo MyJNbTIMO4a/IbHOIO 061>ep,|/|He-
HWA OaHHbIX ONA obecneveHusn O6Hapy)KeHVIFI B pexunme peanbHOro BpemMmeHm n BbICOKOTOYHOTO pacrno3HaBa-
HUA, YTO NOAXOAUNT ANnA CNOXHbIX NPUPOAHbIX yCJ'IOBI/IVI N MHOXeCTBa TNOB Aeq)EKTOB. Mo CPpaBHEHUIO C OCHOB-
HbIMU MeXAYHapOAHbIMU CMCTEMaMIN O6Hapy)KEHI/Iﬂ, 3TO peweHne o6nanaeT npenmywiectBaMmm B CTOMMOCTHU
O60py}J,OBaHVIF|, rMOKOCTM CUCTEMBI 1 afanTaunn K MeCTHbIM yCNnOBUAM, YTO 0CO6eHHO noaxoanT onAa KpynHo-
MacluTabHoro KOHTpONA 3J'IeKTpOCGTel7| N NHTEJUIEKTYAIbHOTIO ynpaBneHnAa N TeXHn4eCckoro OﬁCJ’Iy)KVIBaHVIH.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

NHTennekTyanbHaa cuctema MOXET ObiTb WMPOKO NPUMEHEHa B TaKMX CLLEeHapusAX, Kak rocyfapCTBEHHble
CeTW, KOMMAHWM MO 3KCMlyaTalmn 1 TEXHUYECKOMY 0OCIYXMBaHMIO SHEPrOCUCTEM, CIY»KObl KOHTponA bec-
MUNOTHbBIX NeTaTeNbHbIX anMapaToB U T. 4., AN1A 0b6ecneyeHns aBTOMaTU3UPOBAHHON MAEHTUMKALMN N PaH-
Hero npepynpexaeHus o gedektax IMHWI 3eKTponepefaun, NoBbileHVA 6€30NacHOCTN U CTabUNBbHOCTHY
paboTbl SHEProCcKUCTEM, a TaKXKe COAENCTBUS LUPPOBOMY NPeobpa3oBaHUIO MHTENIEKTYaNbHbIX CUCTEM 3J1eK-
TPOCHabXeHuA.

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

CBEZEHUA O NPABOBOW OXPAHE

Ha ocHoBHylo TexHOMOMMIO CUCTeMbl MOAAHbI 3aABKM Ha aBTOPCKOE MPaBo Ha MporpamMmMHoe obecneyeHue,
a Ha CBsi3aHHbIe C Hel airopUTMbl U MOLENM — 3asiBKU Ha MaTeHTbl Ha U306peTeHA. ba3a AaHHbIX n306pake-
HUI 1 6333 3HAHUI ABNATCSA HE3ABUCVMBIMU AOCTUXEHUAMU B 06IACTU UHTENIEKTYaIbHOW COOGCTBEHHOCTN.

NOTEHUWAJIbHbIE NOTPEBUTEJIN /N SAUHTEPECOBAHHbBIE B PASPABOTKE

rOC)/,ElapCTBEHHaH ceTeBad KopnopauuaA Kutasa, mecTHble SHepreTnyeckme KoMmnaHum, npeanprAaTrnA no sKcniy-
ataynn n TeXHN4YeCKomy O6Cﬂy)KI/IBaHVIIO SHepreTnyeckoro 06opy,qosaH|/|ﬂ, NOCTaBWKMKKM yCnyr noO NHCNnekKyunmn
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6eCnnoTHbIX NeTaTeNbHbIX anmnapaToB, MHTErPaToOPbl TEXHONOTNI MHTENNEKTYaNbHbIX CETEN U T. A. (TPUMEHNMO
K Benapycu v 3apy6exHbIM pbiHKam).

KOHTAKTHbIE JAHHbIE

CaBkoBa EBreHus HukonaeHa, goueHT Kadeapbl «DNeKTPOTEXHMKA U SNEKTPOHVIKa», KaHAUAAT TEXHUYECKIMX
HayK, AOLIEHT.

Ten.: (+375 29) 683 90 06

E-mail: savkova@bntu.by

Yy FOHMao, MarncTpaHT Kapeapbl «DNEKTPOCHAOKEHMEY
Ten.: (+375 25) 762 92 81
E-mail: 448304285@qqg.com

KcaopasunHb K3to, acnvpaHT kadeppbl «<CTponTenbHas 3N1eKTPOTEXHMKA U MHTENNEKTYaNbHanA HXeHepnsa»
LlaHbayHckoro VIHCTUTYTa TEXHONOMUI

Ten.: +8618678555357

E-mail: 2625613463@qg.com

Kpusonan Oner CepreeBuy, cTyaeHT Kadefpbl «IneKTpuyeckme ceTu u CUCTeMbl»
Ten.: (+375 29) 304 34 95
E-mail: olegka9900@gmail.com

MwuxHeBuy Hukonain AnekcaHapoBuy, CTyaeHT Kadeapbl «DNeKTpuYeckme CeTu U CUCTEMbI»
Ten.: (+375 29) 123 02 07
E-mail: mixmevich22@gmail.com

12. HEAPOCETEBASA TEXHONOT A YNPABNEHUA BOJIbILIUMU AAHHBIMU
B JHEPTETUYECKWUX CUCTEMAX

OMUCAHUE PA3PABOTKHN

MHHOBauroHHas pa3paboTka npeactaBnsaeT cobom KoOHLUeNUMo ynpasneHmsa 60nbWNMK JaHHbIMN SHepre-
TUYECKOWN CUCTEMbI Ha OCHOBE MPUMEHEHMA HepoceTu. B HacToALlee BpemaA B Mype cyliecTByeT npobnema
ynpasneHuA 6oNbLIMMK OAaHHbIMU MPaKTUYeCKN BO BCEX CEKTOPAX SKOHOMUKN. bonbwnmn AAaHHbIMU CYUTaA-
toT (cornacHo FTOCT P ICO/M3K 20546-2021) MaccuBbl AaHHbIX, OTANYaIOLWMECA raBHbIM 06pa3oM TaKMU Xa-
pakTepucTmkamm, Kak obbem, pasHoobpasme, BbiICOKasA CKOPOCTb 06paboTKN UM BapraTUBHOCTb, KOTOpble
TPeOyIOT NCNOJIb30BaHUA TEXHONOIY MacluTabrpoBaHus ansa 3GdeKTUBHOro xpaHeHus, o6paboTku, ynpas-
neHuna n aHanusa. CyWwHOCTb pa3paboTKmM COCTOUT B cO3AaHNy 61bMoTekn 06beKToB — 6asbl JaHHbIX U Fy-
60KOM 00yUYeHUN HepoCeTV ANA peLleHna 3a4ay co3aHuna, CMCTeMaT3al K, XpaHeHNsa, COPTUPOBKN, KOp-
PEKTUMPOBKM, a TakXKe Banugauuy u BeprudurKaumm HelmpoceTu.

TEXHUYECKUE NMPEMMYLLECTBA

YunTbiBad 10, UTO HeﬁpOCGTb pa6OT36T c bubnunoTtekamm O6'bEKTOB, afanTnpyAcCcb K OTAE/IbHO B3ATON SHepre-
TUYECKOWN cucTeme, NMPMHMMaA BO BHUMaHUE, YTO 3HepFETI/Il-IeCKI/IVI CEeKTOP SKOHOMUKHK, KaK npaBujio, OTHOCUT-
cA K obnactn CJ'Iy)KE6HOVI I/IHd)OpMaLl,VIVI N CEKPETOB, CBe€AEHMA B OTKPbITOM [OCTYyMNe 006 OTeYeCTBEHHbIX U 3apy-
6GeXHbIX aHanorax OorpaHnYyeHbI. B 3TOI CcBA3M BO3HUKaeT HeO6XO,D,VIMOCTb COOCTBEHHOM pa3pa60TK|/| AanAa pewe-
HUA KOHKPETHbIX 3afa4 npeanpuAaTtnA. an/IMeHEHI/Ie TEXHONOMMIN GONbLINX [AHHbIX N NCKYCCTBEHHOIO MHTEN-
NeKTa CI'IOCO6CTByeT pacwnpeHnto q)yHKLl,VIOHaJ'IbeIX BO3MOXHOCTEN nporpamMmmMmHOro obecrneyeHus AnA ynpas-
JIEHNA SHEProcncTeMamMim B pe€ajibHOM BpeEMEHNU, YCTPaHAA HEO6XOAVIMOCTb npmBeaeHnA peasibHbIX NapameTpoB
B COOTBETCTBME C CYyLLEeCTBYOLWNMUN TEOPETUYECKNMN MOAENTAMN. K npenmmyuiecteam [aHHOW TeEXHONOrnn aeny-
€T OTHECTN BO3MOXKHOCTb NMPOrHO31MpoBaTb KOMMYECTBO U Ka4eCTBO NPOAYKLUUN, TLaTe/IbHEE KOHTPOIMPOBATb
OVNHAMUKY I'IOTpe6J'IEHI/IF| SJNIEKTPO3HEPTNN, TOYEYHO OTCJIEXNBATb Ae6VITOpCKyIO 3a40/1XKEHHOCTb, a TaKXe Ka4ye-
CTBEHHEE YynpaBiATb CTOMMOCTbIO KOHTPAKTOB U MPOrHO3MpPOBaTh yBeNnM4yeHme Ccrnpoca cpean I'IOTp66VITeJ'IeIZ.
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OXWAAEMbIV PE3YJIBTAT MPUMEHEHUA

ApanTtauusa 1 BHeJpeHVe MHHOBALMOHHOW pa3paboTKy B AeATeIbHOCTb OpraHn3aL My No3BoUT NOBbICUTb
3 eKTUBHOCTb ynpaBneHns 60/bWNMI NOTOKaMU AaHHbIX 3@ CUET CHUXKEHUS 3aTpaT BPEMEHHbIX, YenoBe-
yeckunx, PUHAHCOBBIX U MAaTePUAJIbHBIX PECYPCOB NyTem obecrneyeHns cucteMaT3auny, onTMr3aLmm, npo-
CNIeXKMBAEMOCTM, COXPAHHOCTM, 6e30NacHOCTY, NEPUOANYECKOrO aHann3a, NepecmoTpa, akTyanmsaumm 1 Ha-
KOMJIeHUs! CTaTUCTUKM MO UHTEPECYIOLWUM NOoACMCTEMaM OpraHn3aunn.

TEKYLLAA CTAAQUA PA3BUTUA

BbinonHeHa Hay4YHO-nccnenoBateibCkaa UWin ONbITHO-KOHCTPYKTOPCKanA (TexHonornyeckasn) pa60Ta.

CBEJEHMA O MPABOBOW OXPAHE
Bo3smorkHa nopava 3aaBKM Ha NaTeHT.

MOTEHUWANDbHbIE NTOTPEBUTENN U/ BAMHTEPECOBAHHDIE B PABPABOTKE
locypapCTBEHHbIE U YaCTHbIE NMPEeANPUATUA SHepreTudeckorn cdepbl Pecnybnvikiu benapycb 1 Apyrvix rocyaapcTs.

KOHTAKTHbIE JAHHbIE

CaBkoBa EBreHust HukonaeBHa, IoLeHT Kadeapbl «DNEKTPOTEXHUKA 1 NEKTPOHMKAY, KaHAUAAT TEXHUYECKMX
HayK, JOLIeHT.

Ten.: (+375 29) 683 90 06

E-mail: savkova@bntu.by

[oHr MuH, MarncTpaHT Kadeapbl «INeKTPOoCHabKeHne»

E-mail: 834509160@qq.com

MeTpakoBa EkatepuHa CepreeBHa, cTyaeHT Kadepbl «dneKTpuyeckme cTaHunm»

Ten.: (+375 44) 494 91 29

E-mail: petrakovakate14@gmail.com

lakyH AHHa CepreeBHa, CTyAeHT Kadeapbl «IneKTpruyeckmne CTaHLum»
Ten.: (+375 29) 252 21 88
E-mail: shakun.anna@bk.ru
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Xl. PUAMAA BEAOPYCCKOIO HAULMOHAABHOTO
TEXHMHECKOTO YHMBEPCUTETA
«HAYHYHO-MCCAEAOBATEALCKMM
NOAUTEXHUHECKMIN MHCTUTY Ty

13.CNOCOB NONAYYEHNA KOMMNO3NLIUOHHOTO MATEPUANA HA OCHOBE
BCMEHEHHDBIX, MOPUCTDIX, BbICOKOMOPUCTBIX WU AYENCTbIX MATEPUANIOB
CNOBEPXHOCTHbIM MOMUMEPHBIM YNPOYHEHUEM

OMNMUCAHUE PA3PABOTKHN

Llenb I/I306p6TEHI/IFI — nonyyeHmne KOMno3snuymoHHOro matepuana Ha OCHOBe BCMEHEHHbIX, NMOPUCTbIX, BbICO-
KOMOPUCTbIX NN AYENCTbIX MaTeEPUANoB noboro T1na, o6na,qalou4ero rnagkom m I'IquHOIZ NMOBEPXHOCTbIO, NOA-
XxoOAwWen ana n3rotoBneHns KOHCTPYKUMOHHDIX n3genum npn COXpaHeHnn HM3KOW NNOTHOCTY, npvlcyu.leﬁl BCEM
BbICOKOMOPUCTbIM MaTepranam.

Cnocob nonyyeHUs TaKoro KOMMO3MLVMOHHOIO MaTeprasa BKOYAET pa3MeLLeHrie MOPUCTOro MaTeprasna B pop-
Me, 3aJIMBKY ero nofiMMepPHbIM COCTaBOM 1 MOC/eayioLiee OTBepKaeHne. Bo nsbexxaHvie u3aMeHeHni KOHEYHbIX
CBOWCTB MOJy4aeMOoro u3genus rnoBepxXHOCTb MOPUCTOrO MaTeprana repMeTUYHO MOKPbIBAIOT TOHKM U30Mu-
pyloLWMM pa3gennTesibHbIM METaNSIMYECKM UM HEMETASTMYECKUM MMOKMM NMOKPbLITMEM TONWUHONW He 6onee
200 MKM, He 0651aZaloLL MM XPYNKOCTbIO 11 CMOCOOHBIM Ierko AedpopmMrpoBaThCs.

06wyt BUA 00pa3LoB (C M30nALMEIs NOP C NOMOLLbIO MPOMbILLIEHHOI CTPeiu-NIeHKIA) B pa3pe3e Nocsie 3aN1BKI KOMMAYHAOM

Ha nepBoHa4ya/ibHOM 3Tane M3 BCNEHEHHOIO, MOPUCTOro, BbICOKOMOPUCTOIo i A4enCcToro matepurana BoC-
npon3BoaATCA OPUEHTNPOBOYHbIE KOHTYPbDI n3roTtaBavBaemMon geTtanu. MaTepman MOXeET ObITb NI0OOro XMmMu-
YeCKoro cocCrtaBa. nOBerHOCTb NOPUCTOro Mmatepwmana npo6nemaTV|qu O6pa6aTbIBaTb, a TaKXe npon3sognTb
coefHeHWe apyr C Apyrom Uin NHbIMM MaTepuanammn. B aToMm criocobe Bce HEPOBHOCTU Aasiee KOMMEHCUPYIOT-
CA NpaBuibHbIMUA (I)OpMaMVI BHeLHero cnos. [1na gaHHbIX uenen NMPUMEHAIOT BHELUHWIA CNOM (Manl/lLly mnm no-
KprTI/Ie), BHYTPU KOTOpOVI pacnonaratT I'IOpVICTbIVI MaTepuran. Ponb MaTpuubl B HalleM Ccinydae nrpaet noan-
mep. Bo n3bexxaHune 3anonHeHus NOPUCTOro HaNOJIHNTENA COCTaBOM, NCNOJIb3yeMbIM ONA CO30aHNA BHELIHE-
ro csos, HEO6XOAI/IMO Mcnonb3oBaTb I/I30)'IVIpyIOLIJ,VII7I I'IpOMEN(YTOLIHbIVI CoW U3 TMOKIMX MaTepranos, Hanpnmep
aANtOMNHNEBYIO (I)OJ'IbI'y VAW NAACTUYHbIE NAEHKN TONLWNHON He 6onee 200 MKM, BO n3bexaHvie BNMAHMA Ha KO-
HeyHble CBONCTBA noJjiydaemoro npoaykra. BcneHeHHbIN, I'IOpVICTbIVI, BbICOKOI'IOpVICTbIVI VAN AYENCTbIN maTtepun-
ajn NoKpbiBaeTCA I/I3OJ'II/Ip)/IOLIJ,EVI NAEHKOW XMMNYECKOro COCTaBa, TONWWHOW WK MHbIX CBOWCTB, HEO6X0}J,VIMbIX
ANA NoNyYyeHNA KOHKPETHbIX KOHEYHbIX CBOWCTB rotoBOro msgenus. lNnexHka moxet O6J'Ia,£l,aTb CNoCOBHOCTbIO
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3aBUCUMOCTb ZledopMaLIMOHHbIX 3MEHeHNiA 0T HanpsXeHua Npu Okatun: 1 — obpaseL 13 KomnayHaa; 2 — 0bpase, apMUPOBAHHbIN
BCMEHeHHbIM MaTepuanom; 3 — o6pa3eL| BCeHeHHOro MaTepuana ¢ MoKpbITUeM TONLLMHOI 5 MM; 4 — obpa3el} BCNeHeHHOro MaTepuana;
5 — obpazeL BCeHeHHOro MaTepyana ¢ NOKpbITUeM TOALLMHON 1 MM

NPUKNenBaHKA K NOBEPXHOCTU, OblTb CAMOKNEALLENCA UM HAaKNaAbIBaTbCA MeXaHYeCKr, 0bopadrBaHneM, 06-
BOJTAaKMBaHNEM WU C MOMOLLbIO TEPMOYCaA0UHbIX MPOLIECCOB, YTO 3HAUNTENbHO 06JIErYaeT NOArOTOBUTENbHbIE
paboTbl.

[Jlanee n30MpoBaHHbIN NOPUCTbLIN MaTepran MOMELLAETCA, HanpuMep, B OA4HOPA30BYIO I MHOTOPA30BYI0
bopMmy, UmetoLLyo ouepTaHUs roToBoro nsgenus. MNocne oTBepPXKAeHNA rOTOBOE M3AeNne N3BNEKAETCA, MPW He-
06X0AMMOCTY MONMMEP MOXHO SIerko 06paboTaTh Ajis NPUAAHKA KOHEUHbIX GOpPM 13genus.

TEXHUYECKUE NPEMMYLLEECTBA

O6LIJ,I/IM HeAQOCTAaTKOM CXOXINX CNoCco6OB SIBNAETCA »KecTKast NPUBA3Ka K NCMNOJib3yeMoOMy maTtepuany, ¢opme
NN TeXHoNnorn4yeckomy npoueccy. Kak npaBuJio, N3BECTHbIE Cnoco6bl BKJTIOYALOT B cebs npouecc BCneHnBaHnA
C O4HOBPEMEHHbIM d)OpMVIpOBaHI/IeM CBOWNCTB NOBEPXHOCTU C NCNOJIb3OBaHNEM creyunanbHON OCHACTKU U pac-
CUMTaHHbIV Ha MaccoBoOe npon3soacTBo KOHKPETHOVI petTann.

[Jpyras rpynna TexHONOrMyecKrx NpoLLeccoB NpeacTaBaAeT Cob0 TEXHOOMMI0 COeiMHEHA C MOMOLLbIO CKie-
WBAHWS, NalKK, CBapKU 1 T. N. IMCTOBOro MaTepuana, Yto NPUBOAUT K OrPaHUYEHMAM Mo GopmMe MOBEPXHOCTH,
KoTopas JOJKHa ObITb NMIOCKON C OTCYTCTBUEM BMAaUH UK BbINYKNOCTeN. K ToMy e, B OTAIMYMe OT 3aABNEHHO-
ro 306peTeHus, y paHee pacCMOTPEHHbIX CNOCOBOB UMEITCA OFPaHMYEHsA NO Paguycam 3akpyrieHns BNioTb
[10 NPAKTNYECKN HEBO3MOXHOCTU YNPOYHEHUA NOBEPXHOCTUN Ha LIAPO06pa3HbIX Tenax.

3anABNEHHDBIV CMOCOO MOXKET KCMOMNb30BaTbCS /1A YNPOUYHEHWS MOBEPXHOCTY BCMEHEHHBIX, MOPUCTBIX, BbICOKO-
NMOPUCTLIX U AYEUCTbIX MaTePMANoB NoOOro Trna: MeTanna, MIAcTMKa, LesTono3bl 1 T. 4., U OH HUKAK He Npu-
BS3aH HY K TEXHOOrMYeCKOMY MpoLeccy, H K GopMe 1 pasmepy BCNeHEHHOTO (MOPUCTOro, BbICOKOMOPUCTOrO
UNW SYENCTOro) MaTepurana, H1 K ero Tuny 1 CocTasy.

OXWAAEMbIA PE3Y/IbTAT NPUMEHEHUA
B0O3MOXHOCTb NprMeHeHVA OTXOA0B IMTENHOIO NPOV3BOACTBA AJIIOMUHNEBBIX CM1AaBOB.

PaCCMOTpeHbI BapWaHTbl 3aMeHbl LeJIbHbIX 3N1€MEHTOB Ha OCHOBE 4YyryHa Win aJlloMHUA Ha npennaraeMbu?l
MmaTepuan. Mpu 3arotoBke o6bemom 1000 cm® Macca YyryHHO mogenu coctaBnsieT 7850 I, a KOMOMHVPOBAHHasA
MoZeslb Ha OCHOBE BCMEHEHHOro MaTepurana ¢ NMoKpbITUEM TaKoro e oobeMa — 534 1. CHUKeHME Macchbl CO-
ctaBnaet 93 %.
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Mpw 3arotoBke o6bemom 1000 cm® Macca antoMUHNEBON Moaenu cocTaBnsaeT 2710 1, a MofeNb Ha OCHOBE BCre-
HEHHOTO MaTepuasa C MOKPbITUEM TaKOro e o6bema — 534 1. CH/XKeHre maccbl cocTaBnset 80 %.

3ameHa yyryHa v anloM1HUA Ha npeanaraemMbiii MaTepran NPUBOAUT K 3HAUYNTENIbHOMY CHUKEHMIO MacCbl MO-
[enn 1 ero MeTanIoeMKOCTU.

TEKYLWAA CTAQUA PA3BUTUA

BbinyLeH onbITHbIN 0b6paseL.

CBEJEHUA O MPABOBOW OXPAHE
MNMopaHa 3aABKa Ha NaTeHT Pecny6nukm benapycb N2 220250091 ot 02.05.2025.

MNOTEHUWANbHbBIE NOTPEBUTEJTA U/ 3AUHTEPECOBAHHDIE B PA3SPABOTKE
MpennpunaATMA MaLIMHOCTPOUTENBHOIO KOMIIEKCa.

KOHTAKTHbIE JAHHbIE

KannHunyeHko Mapusa JTbBOBHa, CTapLinii HayUHbl COTPYAHUK HUWIT nuTeiHbix TeXHonorni, marnctp
TEXHMYECKMX HayK.

Ten.: (+375 29) 276 31 56

E-mail: m.kalinichenko@bntu.by

KanuHunueHko Bnagncnae AnekcaHapoBuY, 4OLEHT Kadeapbl «MaLivHbl U TEXHOSIOMUA INTENHOIO
NPOM3BOACTBAY, KAHAMAAT TEXHUUYECKNX HayK, [OLEHT.

Ten.: (+375 29) 760 39 45

E-mail: kvlad@bntu.by
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Xll. HAYHHO-MCCAEAOBATEABCKOE YHYPEXAEHUE
WMHCTUTYT NPUKAAAHBIX PUSNHECKNX TIPOBAEM
MMEHWN A. H. CEBHEHKO» BEAOPYCCKOTO
[OCYAAPCTBEHHOTIO YHMBEPCUTETA

14. KOMNNEKC ANA ONPEAENEHNA CNEKTPANIbHO-MONAPU3ALIUOHHDIX
MAPAMETPOB ANMMAPATYPbl AUCTAHLIWOHHOTO 30HAUPOBAHUA 3EMNTU
B UK-AUANA3OHE

OMUCAHUE PA3PABOTKI

B pe3ynbrate paboTbl cO3aH KOMMIEKC A1A onpeaeneHnsa cnekTpanbHO-NoAAPM3aLMOHHbIX MapaMeTpoB ar-
napaTtypbl ANCTaHLMOHHOrO 30HAMpPoBaHuA 3emnu ([33) B IK-grana3oHe. HoBm3Ha paboTbl 3aKntoyaeTca B UC-
nonb30BaHUM 6110Ka NoONAPU3aLIMM N3NyYeHUs 4R NPOBEAEHMA CMEKTPANbHO-NONAPU3aLNOHHBIX N3MEPEHWIA.

Peanu3soBaHa KOHCTPYKLVSA C KPYTrOBbIM PAcnosioKeHneM 6/10KOB BOKPYT CUCTEMbI PErMCTPaLK, PACTONOKEH-
HOW Ha MOBOPOTHO MaTdopme. B LieHTpe Kpyra pacnonoxeHa cuctema permcTpaLm n3yyeHmns Ha NoBOPOTHOM
nnatpopme C BbICOKON TOUHOCTbIO HaBeaeH s (1'). Bokpyr pacnonoxeHbl 610K Andpy3HOro usnyvatens, BKoua-
oW poToMeTpryecKyto chepy 1 Moaesb abcotoTHO YepHoro Tena (AYT), 1 610K MOHOXPOMATUYECKOTo 13ny-
yaTens C CUCTEMOI OCBeLLeHNs. Ha onTruueckoi ocn Mmexxay GoToMeTpryeckon chepori n cMcTeMon pernctpaumm
M3Ny4eHUs PacronoXeH 610K NOAAPU3aLMK, KOTOPbIN MOXET U3MEHATb CTeneHb nonspusauun anddysHoro ns-
nyyeHus ot cdepbl.

PaboTa Ha fJlaHHOM KOMMeKce NO3BONUT NMPOBOAMTb UCCNEA0BAHUA XapakTepncTuk MK-annapatypbl (Kak vc-
TOYHUKOB, TaK U NPUEMHUKOB M3JTyUeHUs B CNEKTPasbHOM Arana3oHe 1-10 MKM) B 061aCT HayKOEMKO aspo-
KOCMUNYECKOW OTPac/v HapoZ4HOro Xxo3s1ncTBa Pecnybnuku benapycb 1 Oyaet cnoco6cTBOBaTb AaNibHENLLEMY Pa3-
BUTWIO HayYHO-MIHHOBALMOHHOM AeATENIbHOCTY B OTeYECTBEHHbIX HayYHO-MCCNIeJOBaTENbCKUX LIeHTpax.

TEXHUYECKUE NPEMMYLLECTBA
CpaBHeHMe napameTpoB NpoBeAeHHON pa3paboTKM C NyULIMMM 3apyOexHbIMM aHanoramy NokasblBaeT:

- ﬂOKprBaEMbIVI CI'IEKTpaJ'IbeIIZ Anana3oH KoMnJiekCa 4OCTaTOYHO WNPOK (I'IpaKTI/ILIeCKVI coBnapaeT C aHasora-
Mu), No3BonsaeT Kaﬂl/|6pOBaTb annapartypy D,33 1 pelaTb BCe CToALlMe nepen KOMIMJIEKCOM 3agayu;

— pa3paboTaHHbIi KOMMIEKC MMEET BO3MOXKHOCTb CO3[aBaTb Nonsipu3oBaHHoe B MK-o6nactn usnydeHue
(y aHanoroB Takow BO3MOXXHOCTU HET);

— pa3paboTaHHbI KOMIJIEKC, B OT/IMYME OT aHANIOrOB, UMeeT Kak AU PY3HbIN, TaK U MOHOXPOMATUUYECKUIA 1C-
TOYHUK M3NyYeHs;

— Anana3oH BOCNpon3BoanMbIX AYT TeMmnepartyp 3Ha4YnUTeNbHO NPEBbIWAET AMana3oH aHaloros.

s —
~[::|
©

1 - §orosserpareecan odepa; 2 - Goox notspecatar, 3- DosopoTEat
nurdopaay; 4 ~coeTposomatansk Jetextop, § = AT, 6 ~ somonpossarop; 7
= COCTEMA OCBATDANINN MOMOXPOMETOP
Pucymox 2 - Cxesia seTp K.

Kacens

06wwuit Bua komnnekca «MK-Kames»




MPOMbILNEHHOCTb: OT UHHOBALIWK 10 NPON3BOACTBA

OXUAAEMbIA PE3YJIBTAT MPUMEHEHUA

MoABUTCA BO3MOXHOCTb UHTEPNPETUPOBATL AaHHble faTymKkoB [133 B VIK-grnana3oHe 1 NoBbICUTb HAAEXKHOCTb
1 [OCTOBEPHOCTb MOyYyaeMbIX AaHHbIX ONTUYECKOro AUCTaHLMOHHOMO 30HAMPOBAaHNA C AaTYMKOB a3POKOCMU-
Yyeckmx HocuTenen. PesynbTaTbl U3MepeHUiA, MoyYaeMble C MOMOLLbIO Pa3paboTaHHOro KoMMneKca, no3BonaT
60nee NoIHO 1 MHPOPMATUBHO KCMOMNb30BaTb JaHHbIE MOHUTOPWHIA OKPY»KatoLe Cpeabl C a3POKOCMUYECKUX
HOCWTenew, yunTbiBaTb NOCNEACTBMA aHTPOMOreHHOro BO3AeNCTBMA Ha NPUPOAHbIE 00bEKTbI, SKONOrNYeCcKyHo
6e30MacHOCTb, yUnTbIBaTb NOCNEACTBUA YPe3BblUalHbIX CUTYaLMIA U T. 4.

TEKYLLAA CTAQOUA PA3BUTUA
BbInonHeHa HayYyHO-MCCNIefoBaTeNIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) paborta.

CBEJJEHUA O MPABOBOI1 OXPAHE
Her.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
MYC, npeanpuATnA a3poKOCMNYECKO OTpacn.

KOHTAKTHbIE AAHHbIE

benses IOpun Bnagummnposuy, 3aBeyoLmnin HayYHO-UCCIefoBaTeNIbcKol nabopaTtopuren onTUKo-
dur3nyecKmx n3mepeHunin, KaHANAAT TEXHUYECKUX HayK, AOLIEHT.

Ten.: (+375 17) 368 32 46

E-mail: belyv@tut.by

JIntBrHOBMY MMeb CBATOCNIABOBUY, CTapLUMNIA HAayYHbIN COTPYAHMK, KaHAUAAT PU3NKO-MAaTEMATUYECKUX HayK.

Ten.: (+375 17) 368 32 46

E-mail: litvinovichgs@yandex.by

15. AHAJTU3 N ATMOCOEPHAA KOPPEKLINA MYNbTUCNEKTPANBHDIX
KOCMUYECKUX M306PAXKEHUI C UCMOJIb30BAHUEM MOAYNA FLAASH
MPOrPAMMHOI0 KOMNMEKCA ENVI U PASPABOTAHHOIO METOZ1A CAT

OMUCAHUE PA3PABOTKHN

ATmochepHan KoppeKuus sBNAETCA BaXXHbIM 3Tarom npefsapuTtesibHol 06paboTky, HEOOXOAMMBIM AA KO-
JINYECTBEHHOMO aHaNN3a JaHHbIX ANCTAHLMOHHOIO 30HAUPOBaHUS. [paBUIbHOE UCMOMb30BaHKE airoPUTMOB
1 NporpaMmHoro obecneyeHns aTMoCPepHOI KOpPeKLNM MMEET BaXKHOE 3HaueHne Ania nonydyeHna Hanbonee
TOUHbIX CMYTHUKOBbIX faHHbIX ANCTaHLMOHHOTO 30HAMPOBaHWSA MO OTPaXKaTeSIbHOWM CMOCOOHOCTMN 1 OCHOBAHHbIX
Ha Hell nocnegyoLmx NpoayKTax (napameTpax o6beKkToB).

B paboTe BbINOSHEHbI CPaBHUTEIbHbIE Pe3yibTaTbl aTMOChEpPHON KoppeKummn Tpemsa meTogamu: FLAASH (npo-
rpammHbiii komnnekc ENVI), CAT (Correction of ATmospere) (HAUM®I nmeHn A. H. CeBueHko Bry) n MAK (Un-
cTuTyT dusmkm nmerm b. N. CrenaHosa HAH benapycu). 3T pe3ynbTaTbl MOryT MOMOYb B BbIGOpE NOAXOAALLMX
MeTOA0B aTMOChEPHO KoppeKLMM.

MepBbiit 3Tan 06paboTKM CMYTHUKOBbIX faHHbIX (M306paXxeHnin) — pagromMeTpulyeckas KoppekLusa, 3aKnoya-
foLanca B mepecyeTe «CbipbIX» 3HAYEHUIN NUKCeNe B 3HaYeHMA CNeKTpanbHOW MIOTHOCTY SHepreTUyecKom Ap-
koctu (CM21) Ha BepXxHel rpaHuLe atMochepbl. 3HaueHUs napameTpoB ans pacyeta CMIA B3aTbl U3 meTadam-
NOB COOTBETCTBYIOLLMX MAKETOB NOCTaBKM. [locne paguomeTpuyeckor KoppeKLmMmn JaHHble roTOBbI K NpoBefe-
HUIO aTMOChepHON KoppeKuun. 1A CpaBHEHUs 3a ONOPHbIE 3HAUYEHWA NPUHATbI M3006pakeHs, MOoyYeHHbIe
Sen2Cor — meTofioM 06paboTKM AaHHbIX Sentinel-2. [lononHuTenbHble pe3ynbTaTbl 3TOr0 MeTOAa, UCMOMb30-
BaHHble B paboTe, — KapTbl ONTUYECKON TONLMHBI a3P0301A U BOAAHOIO napa.

FLAASH — meTop aTMochepHOmn KoppeKLmm n300paxKeHni B KaHanax BUAUMOrO Arana3oHa yepes OnvmKHNA
NHdpaKpacHbI AnanasoH A0 3 MKM, MOSTyUYEeHHbIX Kak B BEPTUKaSIbHOW (HaauUp), Tak U B HAKIIOHHOW reoMeTpun.
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Mownck BogaHoro napa " as3po030Jid BO3MOXEH TOJIbKO B TOM CJly4ae, eCJin I/I306pa)KEHVIe COAEPXNT KaHallbl B CO-
OTBETCTBYOLWMX Aana3oHax AJinH BOJIH.

Metop CAT pa3paboTaH A1 MySbTUCMEKTPANbHbBIX CMYTHUKOBBIX faHHbIX C HEGONbLIVIM KONTMYEeCTBOM OTHO-
CUTENbHO LIMPOKMX CMeKTPabHbIX KaHaJI0B, OCHOBAH Ha aHanMTMYecKnx Gopmysax, OnmncbiBaloLWmX C JOCTaTou-
HO BbICOKOW TOUHOCTbIO CMEKTP YXOAALLEro N3NyYeHrsa Ha BEpXHel rpaHuLe 6e3obnayHon atmochepbl. MeTon
CAT BKkntoyaeT mogenb atmochepbl U ee oNTUKO-GU3NYeCcKMe NapameTpbl, KOTOpble CYLIeCTBEHHbI C TOUKM 3pe-
HUA NepeHoca n3nyyeHns, atmocdepa cumTaeTcsa oLHOPOAHON B Npefenax n3obpaxeHus. [Ina peweHuns cucre-
Mbl ypaBHEHWI, COAepKalLMX M3MepPeHHbIe 3HaUeHWUA APKOCTEN YXOAALLEro N3ny4yeHns B KaHanax CnyTHUKOBO-
ro CEHCOPa, YNCIO KOTOPbIX MEHbLLE YMCI1a HEN3BECTHbIX MOAEIEeN, NPeAsiIoKeHO UCMOIb30BaTb PasfivyHble JOo-
NOJSIHUTENIbHbIE COOTHOLLUEHMSA, B TOM YACJIE PEFPECCMOHHbBIE COOTHOLLEHMA MeXY ONTUYECKMMM NapameTpamm
aTMocdepbl. [1na oTAeNbHOro BbIOpaHHOMO CreLmanbHbiM 06Pa3oM NUKCENA M306paKeHNA HAXOAATCA HEN3BECT-
Hble MapameTpbl aTMochepbl, KOTOpble 3aTeM UCMONb3YTCA ANA pacyeTa anbbefo AnA Bcex OCTanbHbIX NUKCe-
nen. B pabote metog CAT UCnonb3oBascsa TONbKO AN1A 4 KaHanoB ¢ pa3pelleHrem 10 m.

TEXHUYECKUE NMPEMMYLLUECTBA

Mpwv aHanu3e pe3ynbTaToB aTMOCPEPHO KOPPEKLMM CPAaBHMBANMUC anbbeflo, NoslyYeHHble TpeMsa MeTofamMu:
FLAASH, CAT n anbbefio, nonyyeHHble No mogysnto atmocoepHon koppekunn (MAK), paspabotaHHbiM NHCTUTY-
Tom ¢usmkn HAH Benapycu. laHHble MeTOAbl CPaBHUBANUCL OTHOCUTENIbHO «onopHoro» Sen2Corr (metog no-
CTaBLYMKa JaHHbIX Sentinel-2) no KoadbduLmeHTam NMHENHON Koppenaunmn Buaa y =k X x + b, rae y — anbbepno
no Sen2Corr; x — anbbefo no cpaBHBaeMoMy meTofy. lMockonbKy Ko3bdULMeHT b 6IM30K K HYM0, UM MOXHO
npeHebpeyb. Mo cpefHEMY 3HaUeHMIO KO3PPULIMEHTA MMHENHO KOpPEeNALMY k MOXHO 3aK/ounTb criefytollee:

- MeTofbl BOCCTaHaBMMBAlOT focToBepHble anbbefo: FLAASH B kaHanax B1, B2, B3, B4, B5, B7, B8, B10, B11,
MAK — B KaHanax B1, B2, B3, B4;

- meTog CAT BOCCTaHAB/IMIBAET OTHOCUTENIbHO G/1M3KUe 3HaYeHWs anbbefo AN MOBEPXHOCTY C HEBbICOKOM OT-
parkaTesibHON CMOCOBHOCTbIO U HYXXaeTCsA B fOPaboTKe NpU KOPPEKLMN KaHanoB B BUAVMOM AMana3oHe CrekK-
Tpa, 0CO6EHHO B KaHane B2.

Haunbonee Bbicokasn koppensauua y anbbeno, paccumtaHHasa no MAK 1 CAT ansa sMynMpoBaHHbIX M300paKeHW I
C a3po30nbHON onTuyeckom TonwmHomn 0,1 1 0,3.

Haunbonee BbicoKas koppenauus 3HaueHnn nHgekcos NDVI, nonyyeHHbix no metogam Sen2Corr (onopHbii)
n MAK.

OXUAAEMbIA PE3YNbTAT NPUMEHEHUA

MeTton FLAASH 1 MAK MOXHO NPUMEHSATb A1 pacyeTa 3HaUeHUn BOCCTAHAB/IMBAEMbIX anbbefo NoBepXHO-
cTein. PaccumtaHHble KOppeKTUpyoLme MHOXUTENN k HeO6XOAMMO NPUMEHATb 41 BOCCTaHOBNIEHHbIX anbbepo:
nnametona FLAASH — B kaHanax 733-748 Hm (B6), 855-875 Hm (B8a), 935-955 Hm (B9), ana metoga MAK — B Ka-
Hanax 773-793 um (B7), 785-900 Hm (B8), 855-875 HMm (B8a). B ocTanbHbIX KaHanax anbbefo BocCTaHaBNBAKOT-
CA B Npepenax norpeLwHoCcT MeToA0B.

Mpw nccnefoBaHKAX BereTaumoHHbIX MHAekcoB NDVI anbbefio, BoccTaHOBMEHHble No meTtofy MAK, He HyXaa-
I0TCA B JONONIHNTENIbHbIX KOPPEKTUPOBKAX.

TEKYLLAA CTAANA PA3BUTUA
BbinonHeHa HayuHO-MCCNefoBaTeNIbCKasA MU OMbITHO-KOHCTPYKTOPCKas (TeXHonornyeckas) pabora.

CBELEHUA O MPABOBOIN OXPAHE
Hert.

MNOTEHUMANbHbIE NOTPEBUTEIN N/WNIN 3BAUHTEPECOBAHHDIE B PASPABOTKE
B Pecny6nuke benapycb — HKY «Kocmoc» OAO «[eneHr».

KOHTAKTHbIE AAHHbIE

KatkoBckuii JleoHng Bnagmmuposuy, 3aBegyoLLmin HayYHO-MCCIeloBaTeIbCKoM nabopaTopuen
OVCTaHLMOHHO GOTOMETPUY, LOKTOP PU3MKO-MaTEMATUYECKIMX HayK, Tpodeccop.

Ten.: (+375 17) 396 44 09

E-mail: katkovskyl@bsu.by
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XIll. YYPEXXAEHUE OBPA3OBAHMNS ]
(BEAOPYCCKMM FOCYAAPCTBEHHbI ATPAPHbIN
TEXHUYECKMM YHUBEPCHUTET

16. CMECb AN ONTUMU3ALUN SNEKTPOOU3UYECKUX MAPAMETPOB
3A3EMNAIOLLUX YCTPONCTB

OMNMUCAHUE PA3PABOTKHN

PaspaboTtaHa KOMMNO3MLMOHHAA MHepasibHas CMeCb Ha OCHOBe raporens u rpaduta ana o6paboTKM rpyHTa
B OKOJOSMIEKTPOAHOM MPOCTPAHCTBE 3a3emnsiowyx ycTponcTs (3Y). Cmecb npeaHasHadeHa ana ctabunusaymm
BJTaXKHOCTU U CHUXKEHWA YOENIbHOIO 3N1EKTPNYECKOIo CONPOTUBIEHNA FPYHTa. KntoueBble XapaKTePUCTUKN: CHXKa-
eT conpoTtuseHue 3Y oo 3 pas, KoadpouumeHT ce3oHHOCTM — Ao 1,8 pasa, obecrneunBaeT cTabWIbHOCTb Napame-
TPOB B LUIMPOKOM TEMMEPATYPHOM AnanasoHe (BKtoYas oTpuuaTenibHble TemnepaTypbl). [priMeHAeTcA Npu MOH-
TaXe U PEKOHCTPYKLMK 3Y B SHEPreTUKE, TENEKOMMYHUKALUAX, MOMTHME3aLUMTE KaK C TPAAULMOHHBIMY, TaK 1 C FTy-
OVIHHbIMY 3a3eMNTENAMU. DKONOTMUYECKM 6e30MacHa, He aKTUBUPYET KOPPO3UI0 METANIINMYECKIMX SNEKTPOAOB.

TEXHUYECKUE NMPEUMYLLECTBA

MpeumyLlecTBa Nepeq aHanoramv (06paboTKa CONAMY, SNEKTPONUTAYECKUE 3a3eMITUTENN): OTCYTCTBUE KOPPO-
3MOHHOW arpeCcCUBHOCTU, ANUTENbHBIN CPOK CTabuM3auumn NapameTpoB (6narofapsa rugporento), CHUKeHue ce-
30HHOCTY, 0bpaTHas TeMMepaTypHasa 3aBUCMMOCTb COMPOTUBIIEHUSA, UCKIIOYAIOLLIAA CKauKM NapaMeTpoB Npu 3a-
Mep3aHnK, NPUMEHNMOCTb C UMEILNMICA 3a3eMnuTenamin. DGdeKTMBHOCTb MOATBEPKAEHA SKCMEePUMEHTASTb-
HbIMK UccnegoBaHuAMK B Pecnybnvke benapycb 1 3a pybexom. HayuHO-TEXHUYECKUIA YPOBEHb MOATBEPXKAEH
MaTeHTHbIMUW NCCeOBAHUAMY, ONTUMaNbHbIN Ans Pecnybnunky benapycb CoOCTaB 3alMLLeH NaTEHTOM.

OXUAAEMDbIA PE3YJIBTAT MPUMEHEHUA

CHWXXeHMe KannTanbHbIX 3aTpaT Ha COOpYyXKeHne 3Y3acuer YMeHbLUeHNA KoJInYeCTBa 3J1IEKTPOA4O0B U n1oLWwaan
KOHTYpa. MNoBbllweHne 3ﬂeKTpO6e3OI'IaCHOCTI/I N HaJEeXHOCTU SNEeKTPOYCTaHOBOK 3a cHeT CTa6I/IJ'II/I3aLI,I/II/I conpo-
TUBNEHWUA 3a3eMJIEHNA B TEYEHKME BCErO CPOKa 3KCrlyaTaumin. PacumpeHme NpUMeHeHNA B 3aCyLTIBbIX perno-
Hax 1 30HaX CO 3HAYNTENIbHbIMM CE30HHBIMU KONlebaHUAMM yOeNbHOIro CONpPoOTUB/IEHNA TPYHTa.

TEKYLWAA CTAQUA PA3BUTUA
BbinyLeH onbITHbIM 06pa3eL,.

CBEJEHNA O NPABOBOW OXPAHE

MonyyeH NaTeHT Ha N306peTeHME Ha ONTUMU3UPOBAHHDIN cocTaB cMecy. [loaaHa 3asBKa Ha CNocob BHece-
HUA CMecn.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

PYI «bensHepro», SneKTPOMOHTaXHble OpraHu3aLu, onepaTopbl CBA3W, NpeanpusTna HedpTerasoBoro KOM-
nnekca, o6bekTbl BU3, ctpaHbl LieHTpanbHom A3um (Y36ekuctaH, KasaxctaH), bnvxHero BocToka ¢ 3acyLunvBbim
KNMaTOM.

KOHTAKTHbIE JAHHbIE

bapanwyk Cepren Muxainosuy, 3asegytoLmnin kadbenpor NPakTUYeCKo NOAroTOBKY CTYAEHTOB,
KaHOuZaT PU3MKO-MaTeEMATUYECKMX HayK, OLIEHT.

Ten.: (+37529) 77576 37

E-mail: bear_s@rambler.ru

Maenosuny ViBaH AnekcaHApOBUY, CTapLwnii NpenofaBaTenb.
Ten.: (+37525) 754 24 10
E-mail: mrchesel20@gmail.com
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XIV. YYPEXAEHWE OBPA3OBAHMNS )
«(TOMEABCKMM TOCYAAPCTBEHHbIA TEXHUYECKMI
YHMBEPCUTET MUMEHM M. O. CYXOTO»

17. MPOrPECCUBHBIE CNOCOBbI OBPABOTKN MATEPUANIOB
W METAJUTOPEXYLUWUE NHCTPYMEHTDI

OMUCAHUE PA3PABOTKHN

MpepnaratoTca cnocobbl 06PabOTKM COXKHbIX MOBEPXHOCTEN
Ha oCHoBe pa3paboTaHHbIX cxem Gopmoobpa3oBaHMs 1 cpe-
3aHMA npunycka. Pa3paboTaHbl KOHCTPYKLUMM COOPHOro Npo-
rPeCccMBHOrO MeTa/TIoOPEXYLLEro MHCTPYMEHTa, B TOM UnC/e Me-
XaHV3UPOBaHHOro. PazpaboTaHbl GprKLMOHHbIE AeEMNPUPYIO-
e KOMNO3MLMOHHbIe MaTeprarnbl U MOKPLITUA Ha NonMmep-
HOW 1 MeTannMyeckor OCHOBe ¢ abpa3nBocofepKalymuy Ha-
NONMHUTENAMMU, KOTOPbIE NCMONb30BaINCh B KayecTBe TOHKMX
aemndupyoLwmnx NOKPbITMIA Ha 6a3oBble MOBEPXHOCTM CO6Op-
HbIX PEXYLUMX MHCTPYMEHTOB 1 06ecrneunsany NoBbILLEHNE W3-
HOCOCTOMKOCTU 1 NpoYHOCTU B 1,4 pasa.

(DpVIKLlVIOHHbIE Matepuanbl

TEXHUWYECKUE NPEMMYLLUECTBA

KomMnoHeHTbl MaTepranos felleBble 1 He TpebyloT nepepaboTku. MoBbIWaloT BETPOYCTONUMBOCTL COOPHBbIX
MeXaHNYeCKNX COefMHEHNI N HageXHOCTb Pa3beMHbIX 1 Hepa3beMHbIX coeguHeHun B 1,4 pasa. lNpegnarae-
Mble KOHCTPYKLMW MHCTPYMEHTOB 06eCcrneunBaioT NoBbILLEeHVE NPOU3BOANTENBHOCTI CTOXHbIX MOBEPXHOCTEN
00 5 pa3 v HafleXXHOCTb [0 2 pas.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

MoBbiLeHMe MPOV3BOANTENBHOCTY 06PabOTKN, MPOYHOCTM, BUOGPOYCTONUMBOCTMI 1 HAAEXKHOCT MHCTPYMEHTOB.

TEKYLWLAA CTAOUA PA3BUTUA

HOHyLIeHbI M NCnblTaHbl c6opr|e MeXaHN3NPOBaHHbIE NHCTPYMEHTbI, COCTaBbl d)pI/IKLI,I/IOHHbIX AeMI'Id)I/Ip)/IOLLI,I/IX
KOMMO3MUMOHHbIX MaTepuanos 1 I'IOKprTI/IVI C BHepeHnemM B Npon3BoacTBoO.

CBEZIEH/A O NPABOBOW OXPAHE

MonyuyeHbl NaTeHTbl Ha N306peTeHmnsa: N2 12660 «KoMNo3nLMOHHbBIV MaTepuan Ais NOKPbITAA KOHTaKTHbIX MO-
BEPXHOCTEN COOPHOro pexyLlero MHCTpymeHTax, N2 7400 «MonumepHas GpuKLMOHHAA Komnosuumsay, N2 19834
«KoMno3unLMoHHbIM maTepuran ans nankms, Ne 20039 «C6opHoe ceeprio», N2 16537 «CbopHana TopuoBas dpesan.

NOTEHUWAJIbHbIE NOTPEBUTENIN U/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
MawmHocTpounTenbHble Npeanpuatus Pecnybnuku benapycb u Poccuinckon Gepepaumn.

KOHTAKTHbIE AAHHbIE

Mwuxainos Muxaun iBaHoBWY, 3aBegytowwmnin Kadpeapon «Po6OTOTEXHUYECKUE CUCTEMDI», LOKTOP
TEXHUYECKMX HayK, Npodeccop.

Ten.: (+375232) 2901 04

E-mail: mihailov@gstu.by
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XV. YHPEXXAEHWME OBPA3OBAHNA
(TPOAHEHCKNMN TOCYAAPCTBEHHbBIN YHUBEPCUTET
MMEHW AHK KYTTAADBI»

18. COCTABbI U TEXHOJTIOTUA KOMMO3ULINOHHBIX MATEPWAJI0B HA OCHOBE
MPOMbBILLNTEHHBIX TEPMOMIACTOB, COREPMXALLNX HAHOPASMEPHbIE
KOMMOHEHTbI, PEAJIN3YIOLLUE NPUHLINN MHOTOYPOBHEBOTI0
MOAUOULIUPOBAHUA

OMUCAHUE PA3PABOTKHN

CocTaBbl ¥ TEXHONOT A HAHOKOMMO3MLIMOHHbBIX MaTepranoB Ha OCHOBE anndaTUyYeCcKUX Nonmammaos 1 ¢Topo-
nnacta-4 (MTO3) gna obecneyeHna SKCMNyaTaLYOHHbIX MAPaMETPOB KOHCTPYKLIMIA C MOBbILIEHHBIMW HAarpy304HO-
CKOPOCTHbIMUM XapakTepucTrkamu. PaspaboTaHa TeXHONOMA U3roTOBNIEHNA U3AENUIA 13 GTOPKOMMO3NTOB, CO-
AepXaLlmx AucnepcHble YacTULbl LeSiIioNo30CoaepaLlmx NpoayKToB 1 MOANAMULHYIO CMOSTY.

TEXHUYECKUE NMPEMMYLLECTBA

Pa3pa6OTaHHbIe COCTaBbl HAHOKOMMNO3ULUMOHHbIX MaTepPnasioB MO3BONAKOT NO CPaBHEHUIO C OTeYECTBEHHDbIMU
n 3apy6e>|<Hb|M|/| aHaoramMmm NnoBbICUTb:

- napameTpbl AedOPMALMOHHO-NPOYHOCTHBIX XapakTepucTnk — B 1,2-1,5 pasa;
- napameTpbl TPUHBOTEXHNYECKUX XapaKTepucTuk — B 1,5-2,0 pasa.
Kpome Toro, paspaboTaHHble coCTaBbl MO3BOIAT LOCTUYb baKTepuLUMAHOro 3ddeKTa Npu NCNONb30BaHUN.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

Pa3pa60TKa OTeveCTBEHHbIX MMMOPTO3amMellaloWwnX COCTaBOB HAHOKOMIMO3NLIMOHHbIX MaTepunasioB Ha OCHOBe
TepMomiacTtoB C NOBbILWEHHbIMU NapaMeTpaMn SKCnNyaTalMOHHbIX XapaKTePUCTUK ONA yOOBNETBOPEHNA NPOo-
MblILLEHHbIX I'IpG,qI'IpVIﬂTVIVI MaLlWNHOCTPOUTENIbHOIO KoMMNJieKkca u CTpOVII/IHAyCTpI/II/I.

CocTaBbl U TEXHONOMMN KOMMO3ULNOHHbIX maTepunanos MmoryTt 6bITb MCMOJSIb30BaHbI ANnA N3rotoeBnieHnA ane-
MEeHTOB MeTaJIToNoNTIMMePHbIX KOHCprKLl,I/IIZ pa3nnyHoro Cl)yHKLI,I/IOHaJ'IbHOFO Ha3HavyeHnA (MeTaJ’IHOI'IOJ'II/IMeprIX

Pucynok 1 - PaspadoranHas KOHCTPYKUMA MHIONPOTE3A CPEAHCTO VXA

Pucynok 2 - PaspaGoTannas KOHCTPYKIHMA OHOPATOBOI CHEMHOM HACAAKH JUIS anmnapara
THAPOBAKYYMACTHPALIH JAKYH HeOHBIX MUHIAINH
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POJIMKOB JIEHTOYHbIX KOHBENEPOB, KapAaHHbIX BaJIOB, TOPMO3HbIX KaMep, aMOPTM3aTOPOB, KPEMEXHbIX 3/1eMEH-
TOB), ANA GOPMMPOBAHUA N3AENNI (3arOTOBOK), MPUMEHSIEMbIX B MALUVHOCTPOEHUMN U HEDTErA30XNMUYECKOM
Komnnekce. PazpaboTaHHble COCTaBbl KOMMO3ULMIOHHbBIX MaTEPUANoB Ha OCHOBE anndaTUUeCKrX Noanammngos,
cofepKalyux AucnepcHble YacTurLbl LeNoN030Co4epKaLlMX NPOAYKTOB, PEKOMEHAOBaHbI 4151 UCMONIb30BaHNA
B KaueCTBe MaTEPUAOB AJ1A U3roTOBIEHUA U3LENNIA CMELMANbHOMO Ha3HauYeHVA — OAHOPA30BbIX CbeMHbIX Ha-
CafloK AnA rmapoBakyymacnupaumm nakyH He6HbIX MUHAANMH Y MHBEKTOPOB AJ/1A BBEAEHNA aHTUAOTOB B IKC-
TPEMabHbIX YCIIOBUSAX.

TEKYLWAA CTAOWUA PA3BUTUA
BbinyLeH onbiTHbIN 0bpased.

CBEJEHUWA O MPABOBOW OXPAHE
3 nateHTa Pecny6nuku benapycb Ha n3obpeteHue, 1 nateHT Pecny6nukin benapycb Ha nonesHyio Mogenb.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHDIE B PASPABOTKE

MpeonpuATUs 1 OpraHn3aLny, OCyLeCTBAAILWMNE KOHCTPYPOBaHVE N3LeNMi 13 NONIMMEPHbIX MaTePUAnos,
a TakXXe NMoAroToBKY NPOU3BOACTBA U34ENUN HAa OCHOBE TEPMOMIACTUYHbIX MONIMMEPOB.

KOHTAKTHbIE AAHHbIE

CkackeBuny AnekcaHap AnekcaHApOBUY, 3aBeayoLni Kadeapor, KaHANAAT TEXHUYECKMX HAYK, OLEHT.
Ten.: (+375 15) 268 41 09
E-mail: askas@grsu.by

AHTOHOB AnekcaHgp CepreeBuy, BOLEHT Kadbeapbl, KaHAMAAT TEXHUYECKUX HAYK, [OLEHT;
Crpyk Bacunuin Anekcangpouy, npodeccop Kadpenpbl, LOKTOP TEXHUUYECKKX HayK, Npodeccop.

19. COCTABbI U TEXHOJIOTUA KOMMO3ULINOHHBIX MATEPWAJIOB HA OCHOBE
PETEHEPUPOBAHHbIX TEPMOMN/IACTOB

OMNMUCAHUE PASPABOTKI

Pa3paboTaHbl COCTaBbl 1 TEXHOMOTVS HAHOKOMMO3MLVMOHHBIX MAaTEPUANIOB Ha OCHOBE PEreHepUPOBaHHOIO Mo-
nunponuneHa oteyecteeHHoro npownssoacTtsa (OAO «benBTopnonMmep»), CopepKaluyx AUCrepcHble YacTuLbl
yNbTPaAnCnepcHoro nonuTeTpadTopaTUIEHa, TepMo3nacToniacta n ¢pocdorunca, n CocTaBbl Ha OCHOBE CMecei
pereHeprpoBaHHbIX NononedUHOB ¢ AO6ABIEHVEM YIIbTPAANCIEPCHOrO rpaduTa.

KomnosuumorHble Matepuanbl Ana U3rotoByieHnA obeyaek MeTannonoiMMepHbIX ponnKkoB FOpHO)J,OﬁbIBa}OLLleFO 060p)IAOBaHVIﬂ
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TEXHUYECKUE NMPEMMYLLECTBA

PaszpaboTaHHble cOCTaBbl HAHOKOMMO3ULIMOHHbIX MaTepranos NO3BOMAIOT MO CPABHEHUIO C OTeYeCTBEHHbIMU
1 3apy6exHbIMM aHaIoraMu NOBBICKUTbL NMapameTpbl AedopPMaLMOHHO-MPOYHOCTHBIX XapakTepncTuk B 1,2-1,5 pasa.

OXUAAEMbIA PE3YJIBTAT MPUMEHEHUA

Pa3pa60TKa oTevyeCTBEHHbIX MMNOPTO3amMellatlownx COCTaBOB HAHOKOMMNO3NLNOHHDbIX MaTeEpPKanoB Ha OCHO-
Be pereHepnpoOBaHHbIX TEPMOMIACTOB C MOBbIWLWEHHbIMW MapaMeTpaMn SKCr1yaTaulMOHHbIX XapaKTePUCTUK ANA
YOOBNETBOPEHNA NMPOMbILLNEHHbIX I'IpeAI'IpI/IFlTVIIZ MaWNHOCTPOUTENbHOIO KOMIJIEKCA U CTpOVII/IHﬂyCTpI/II/I.

CocTaBbl Y TEXHONIOTUN KOMMO3NUMOHHbIX MaTeprasioB MOryT ObITb UCMOJb30BaHbI AnA N3rotoBnieHNA anemeH-
TOB MEeTa/INIONONMMEPHbIX PONIMKOB JIEHTOYHbIX KOHBENEPOB, ONO3HaBaTEe/bHbIX 3/1IeMEHTOB (CUrHaNbHbIX CTOM-
OGUKOB), CTPOUTENIbHBIX /IEMEHTOB (PpUKCaTopa apMaTypbl, Ato6enb-reo3aen).

TEKYLAA CTAQRUA PA3BUTUA
BbinyLeH onbITHbIN 06paseL.

CBEAEHUA O NPABOBOW OXPAHE
2 nateHTa Pecny6nukun benapycb Ha n3obpeTeHue.

NOTEHUMAJIbHbIE MOTPEBUTENU U/WITUA 3AUHTEPECOBAHHDIE B PA3PABOTKE

I'Ipep,npvaMﬂ M opraHun3saunn, ocylecTeiAaowme KOHCTpynpoBaHme n3genvn 3 NOJINMEPHbIX MaTepnanos,
a TaKXe NnoAroToBky Npon3BoAcTBa n3[enunin Ha OCHoBe TepmMonacTUYHbIX NOJINMEPOB.

KOHTAKTHbIE AAHHbIE

CkackeBunY AnekcaHap AnekcaHapoBumy, 3aBeayiolnin Kapeapon, KaHANAAT TEXHUYECKMX HaYK, JOLEHT.
Ten.: (+375 15) 268 41 09
E-mail: askas@grsu.by

AnToHOB Anekcangp Cepreesud, AoLeHT Kadeapbl, KAHAUAAT TEXHUUYECKMX HaYK, AOLIEHT;
Crpyk Bacunuin AnekcaHgposuy, npodeccop Kadeapbl, LOKTOP TEXHUYECKUX HayK, Tpodeccop.

20. COCTABbI N TEXHOJIOTUA KOMNO3ULINOHHbIX MATEPUANIOB HA OCHOBE
ANMAOATUYECKNX MONIMAMUA0B N MONTNONEONHOB

OMUCAHUE PA3PABOTKUN

PaspaboTaHbl COCTaBbl U TEXHOJIOTMSI HAHOKOMIMO3ULMOHHbBIX MAaTEPKANIOB Ha OCHOBE OTEUYECTBEHHbIX TEPMO-
nnacTos (MA6, M3HA, MNM) ana n3rotoBneHns GyHKLMOHANbHBIX U34EMUIA C MOBbLILLEHHBIMU MApaMeTPamMm SKC-
MJyaTaLUOHHbIX XapaKTePUCTUK, B TOM YMCIIe /15 MONyYeHNs NiIEHOYHbIX NonypabpriKaToB, NpegHa3HauYeHHbIX
[ANA yNakoBKM NPOJYKTOB Pa3fIMYHOro Ha3HayeHs, B TOM UMCIIe MULLEBbIX.

TEXHUYECKUE NMPEMMYLLECTBA

Pa3pa6OTaHHble COCTaBbl HAHOKOMMNO3ULUMOHHbIX MaTePMaJIOB MO3BONAKOT NO CPAaBHEHUIO C OTEeYECTBEHHDbIMU
n Sapyﬁe)KHblMl/l aHaJioramm NOBbICATb:

- napameTpbl AepOopPMaLIMIOHHO-MPOYHOCTHBIX XapakTepuctuk — B 1,4-1,9 pasa;
— NapameTpbl Macno- 1 6eH30CToNKoCTY — Ha 40 %;
— MapameTpbl CTOMKOCTY K ropeHnto — Ha 40 %.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

Pa3pa6OTKa oTeyeCTBEHHbIX MMNOPTO3amMellaloWnX COCTaBOB HAHOKOMMO3NUMOHHbIX MaTepnasioB Ha OCHO-
Be TepmMomnnactoB C NOBbIWEHHbIMX MapaMeTpaMn TEXHONOTMYHOCTH, ,D,Ed)OpMaLI,I/IOH HO-MPOYHOCTHbIX
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o, or Bpemcnn 1epymoobpaGoren npn 423 K

3aBUCUMOCTb OT MPOYHOCTU NPY Pa3pyLLeHNN

1 rnapPodOOHBIX XapaKTePUCTUK ANA YAOBNETBOPEHNA MPOMbILLIEHHbIX NPEANPUATANA CeNIbCKOX03ANCTBEH-
HOro KoMMnnekKca.

Pa3paboTka ynakoBOYHbIX MaTepuasioB — OAHOCIOWMHBIX Y MHOTOC/OMHBIX MAEHOYHbIX NnonydabprkaTos,
MCMOJb3yeMbIX B PA3MYHbIX 061aCTsAX CEIbCKOX03ANCTBEHHOMO MPOM3BOACTBA (NMLLEBON 1 NepepabaTbiBato-
Lell NPOMBILLNIEHHOCTK, PV MPOU3BOACTBE KOPMOB, YA0OpeHNi, GYyHKLIMIOHaNbHbIX KOHLIEHTPATOB U T. 4.).

PaspaboTaHHble cOCTaBbl 1 TEXHOOTVA MNONYYeHVA HAHOKOMMO3MLMOHHbIX MaTepuranos obecrneyrBaloT CHU-
KeHue MaTepunaioeMKOCT/ MIEHOUHbIX NoNypabprkaTos He MeHee YeM Ha 20 %.

TEKYLWLAA CTAAUA PA3BUTUA

BbinyweH onbITHbIN 06paseL,.

CBEJEHUA O MPABOBOI OXPAHE
1 naTteHT Pecny6nuvikn benapycb Ha n3obpeteHume.

NMOTEHUWAJNbHbIE MOTPEBUTEN U/WTN 3AUMHTEPECOBAHHDIE B PASPABOTKE

I'IpennpvaMﬂ N OpraHu3auyunmn, ocyuwecTsnarowme npom3BoacTeo naeHOYHOM npoaykymn Ha OCHOBE TEPMO-
NNacTUYHbIX MOTIMMEPOB.

KOHTAKTHbIE JAHHbIE

CkackeBuy AnekcaHap AnekcaHapoBuY, 3aBefyoLnii Kadbeapow, KaHAMAAT TEXHUYECKMX HaYK, AOLIEHT.
Ten.: (+375 15) 268 41 09
E-mail: askas@grsu.by

AHToHOB AnekcaHfp CepreeBuy, JoUeHT Kadbeapbl, KAHANMOAT TEXHUYECKMX HAYK, AOLIEHT;

Crpyk Bacunuin AnekcaHapoBud, npodeccop Kadenpbl, LOKTOP TEXHUYECKMX HAYK, Npodeccop.
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XVI. YHPEXAEHWNE OBPA3OBAHMA
(BUTEBCKMN TOCYAAPCTBEHHbBIN YHMBEPCUTET
MMEHWM 1. M. MALLEPOBA»

21. METOAVKA ONPEAENEHNA MACCOBOW [LOMU CbIPON KNETYATKU CYYETOM
HEOMPEAENEHHOCTU U3MEPEHUI

OMNMUCAHUE PA3PABOTKHN

PaspaboTtaHHOe NporpaMmHoe obecrnedeHmne NpeacTaBnseT CO60M MHHOBALMOHHBIV MPOrPaMMHbI KOMIMIEKC
AJ1st onpeaeneHns MacCoBOV 0NV CbIPOi KNETUATKM B KOPMOBBIX M MULLEBbLIX MPOAYKTaX C KONMMUYECTBEHHON OLIeH-
Kol HeonpegeneHHocTn n3mepeHuin. Chepa NprMeHEHUA OXBaTbIBAeT arpoxumMmnyeckine nabopatopuu, npes-
NPUATAA MULEBON 11 KOMOUKOPMOBOW NMPOMbILINEHHOCTM, HAYYHO-UCCNEA0BATEIbCKME YUPEXKAEHNSA, 3aHUMA-
IoLLMeCs KOHTPOJIEM KauecTBa Cbipbs 1 MPOAYKLUN.

Ha3HaueHune KomnneKkca 3ak/oyaeTca B aBToOMaT13alUmm npouecca pacyeta MacCoBOW JONMN CbIPON KneTyat-
K1 no FOCT 13496.2-91 ¢ MHTErpUPOBaHHOW OLIEHKOW HEONPeAENEHHOCTU N3MEPEHIIA B COOTBETCTBUN C Tpebo-
BaHuAMY GUM u ISO/IEC 17025. OCHOBHOW MHHOBaLMOHHOWM OCOBEHHOCTbIO ABMIAETCA MPUMEHEHVE TPEYrob-
HOro pacnpefeneHna BMeCTo TPaguLMOHHOIO PaBHOMEPHOTO AJ1A OLLeHKM HeonpeaeneHHOCTY B3BELUNBAHNA,
YTO NOBbILIAET KOPPEKTHOCTb METPOJIOrMYECKON OLIeHKM AnA BecoB |l Knacca TOYHOCTN U CHUXKAET pesynbTupy-
IOLLYIO HeornpeaeneHHOCTb Ha 29,3 %.

KOHCTPYKTMBHO NporpaMMHbIl KOMMIeKC peann3oBaH Ha a3blke Object Pascal (Delphi) n umeet mogynbHyto
APXMTEKTYPY, BKITIOUaOLLY: MOZY/b BBOAA AaHHbIX C CUCTEMOW Banvaauum, MOAYyNb MaTeMaTUUeCKmX BblUUC-
neHun, moaynb GopMmnpoBaHUA blogKeTa HeonpeaeneHHOCTW, MOAY/b BanvaaLmnn pesynsratoB v Moayib dop-
MUPOBaHMUA oTYeTHOCTU. Mpadurueckun nHTepdenc obecneumsaeT yaoOHbIN BBOA NCXOAHbIX AaHHbIX U Harnaa-
HOe NpefCcTaBneHne pe3ynbTaToB, BKOYas BU3yanun3aLmio boaxera HeonpeaeneHHOCTU.

Onpepgenexue coipoit knetyatku no NOCT 13496.2-91
n.4.1. WcnbiTauus No OCHOBHOMY BapuaHTy

Herounuks HCOMNPEACICHHOCTH! Bechi ¢ TNOrPEIHOCTHIO = 0.001
IMEpEHH NeZ Heonpeaeiennocts Bxaaa s

BIBCIHBAHKA HEONpEIEICHHOCTS B %
u M= 000040825| dum= 0697 |
u M1 = 000040825 duml= 14771 |
u_Xcp = 0.02472278| du_Xcp= 84.532 |

Jlomyckaemoe pacxoAIeHHe ABYX nap HBIX Onp

B pasuux yerosusx. npu P=0.95. Diabe)= | 0.0494  |<=| 1632
Pesynsrar + pacluHpeHHas HeonpejaeaeHnocTs (k=2) TTocmotpers
x=| 4743 |z 0.050196 | orier
TTocmoTpers
CTaTHCTHKY
CysapHas cTanzap peeremocts mveperms = 0025098 |

PacIHpeHHAS HEOTIPEACICHHOCTS ¢ BEPOATHOCTHIO OXBata 0,95 = » 0.050196 ‘

PacIHpPEHHAR HEONPEICTCHHOCTH ¢ BEPOATHOCTHIO OxBata 0,99 = 0075295 I

WHTepdeiic nporpaMmMHOro KoMMeKca Ans BBOAA MCXOAHbIX JaHHBIX NP1 OnpeaeneHni MaccoBoii 40 CbIPOil KNETYATKIA.
KpacHoii nuHueit 06BeieHbI NoNA, B KOTOPbIX AOMYCKAETCA BBOJ 3HAUEHN]
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TexHONOrMYyeckme 0COGEHHOCTM BKIIOYAIOT peanv3auuio anroputMa pacnpocTpaHeHa HeonpeaeneHHoCTH
Ha ocHoBe AnddepeHLManbHOro ypaBHeHa YyBCTBUTENbHOCTM, METO KOPPEKLMM CUCTEMaTUYECKMX NorpeLL-
HOCTel C MCNoNb30BaHNeM cepTUOULIMPOBaAHHBIX CTaHAAPTHbIX 06Pa3LOB, a TaKXKe aBTOMaTNYECKYI0 MPOBEPKY
COOTBeTCTBUA pe3ynbratoB TpebosaHmam FOCT 13496.2-91.

TexHMKO-3KCMNyaTaLMOHHbIe XapakTepuctuku: nnatdpopma Windows, TOUHOCTb onpefeneHmns (CpefHsAA OTHO-
cuTenbHas norpewHocTb 0,08 %), pacwmnpeHHaa HeonpegeneHHocTb 0,02 % npu ypoBHe fosepud 95,00 %, co-
oTBeTCcTBME TpeboaHusaM ISO/IEC 17025, nopgaeprkka ABYyX NapasseNibHbIX M3MepeHUi, aBToMaTyeckoe ¢op-
MUPOBaHMe OTYETOB B TEKCTOBOM dopmaTe. MporpammMHbIit KOMMneKkc obecrneymBaeT NOBbILLEHVE JOCTOBEPHO-
CTW pe3ynbTaToB aHasn3a, CHUXKEHMe BANAHWA YerioBeyeckoro dakTopa 1 cTaHAapTM3aLmio NpoLeccoB MeTpo-
normnyeckoro obecrneyeHns B arpoXMMNYeCKOM aHanuse.

TEXHUYECKUE MPEMMYLLUECTBA

Pa3paboTaHHbIN NPOrpaMMHbIA KOMMIEKC JEMOHCTPUPYET BbICOKUIA HAYYHO-TEXHUYECKNIA YPOBEHb, MPEBOC-
XOfA CyLIecTBYlOLME OTeueCTBEeHHble aHanorn 1 3apybexHole pewenus (Mettler Toledo LabX, Thermo Fisher
Scientific QMS) B yacTu meTponornyeckoro obecneuyeHus. KnioueBoe TeXHUYECKOE NPEUMYLLECTBO 3aKJTHOYAET-
CA B MPYIMEHEHN TPEYroIbHOrO pacrnpeaenieHnsa ANa OLeHKN HeonpeaeneHHoCTU Thna B, uto nosbiwaeT Kop-
PEKTHOCTb METPONIOrMYecKom oLeHKM Ha 29,3 % Nno cpaBHEHMIO C TPaANLIMIOHHBIM PaBHOMEPHbBIM pacnpegene-
HMeMm, NCMoNb3yeMbIM B aHasliorax. B oteuecTBeHHbIX MPOrpaMMHbIX MPOAYKTaX, Kak MpaBuio, OTCYTCTBYET KOJ-
yecTBeHHas OLeHKa HeonpeaeneHHOCTU U3MEPEHIIA, Torfa Kak 3apybexHble aHanorv orpaHn4mnBaoTcAa 6a3oBoi
peanu3aumveit GUM 6e3 yueTa cneuyudrKkin MCnonb3yembix METOAOB aHanm3a Cblpoli KNneTyaTKu.

HayuHo-TexHnYecKunin ypoBeHb pa3paboTKM XapaKTepr3yeTcsl OPUTMHANIbHbIM anropuTMomMm GopMUPOBAHUS
6toKeTa HeonpeaeneHHOCTH C B3yanu3auunen BKNagoB OTAeNbHbIX MICTOYHUKOB MOTrPeLIHOCTM, METOLOM KOop-
pexkunmn cncteMaTnyeCcknx I'IOFpELIJHOCTeVI, AOKa3aHHbIM MeTOoAOM Banuvaauunmn BbIYNCNEHNN U aBTOMaTU3NPO-
BAaHHOW NPOBEPKOI COOTBETCTBUS CTaHAAPTY. B oTnnume oT aHanoros, Komniekc obecneunBaeT AUHAMUYECKUIA
nepecyer HeonpeaeneHHoOCT Npu N3MeHeHN BXOAHbIX NMapaMeTpoB 1 ONTUMM3aLNI0 aHaIUTUYECKOro npo-
Lilecca Ha OCHOBe aHasM3a YyBCTBUTENbHOCTN. TOUHOCTHbIE XapaKTepPUCTMKIM NPEBOCXOAAT aHanorn Ha 15-25 %,
YTO noaTeepKaaeTcAa na6opaTopr|M|/| CPaBHUTEJIbHbIMU NCMbITAHNAMN. ﬂaHHbIe pe3ynbraTtbl CBUAETENDBCTBYIOT
O NNAVPYIOLLNX NO3MLMAX Pa3paboTKM B 061aCTV METPONOrMYECKOro obecneyeHnsa arpoXnMmyeckoro aHanmsa.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

BHepapeHMe pa3paboTaHHOrO MPOrpPaMMHOIO KOMMieKca 0becneunT NoBblLLEHNE METPONIOMMYECKON OCTOBEp-
HOCTW OnpeAeneHna MacCoBOMN A0 CbIPON KNETUYATKM 3a CHET KOPPEKTHOWN OLIEHKN HeonpeaeneHHoCTH n3me-
peHun. OxxmnpaeTca CHKeHe cpegHelt OTHOCUTENbHOM norpelwHocTy Ao 0,08 % 1 paclumpeHHon Heonpeaenex-
HocTn o 0,02 % npwu yposHe fosepua 95,00 %, UTO COOTBETCTBYET NepefoBbIM MeXKAYHAaPOAHbIM CTaHAApPTaM.
MporpammHoe peLleHrie MUHUMU3UPYET BANAHNE CYObeKTUBHOMO GpakTopa, 06ecneyunT aBToMaTM3npoBaHHoe
bopmMMpoBaHVe OTYETHOCTM B COOTBETCTBMU C TPEOOBAHMAMN CTaHAAPTOB U COKPATUT Bpemsa 06paboTKy AaH-
HbIX Ha 50-60 %. 3TO co3AacT NPeANOChINKN AS1A MNOBbILEHWA KaYeCTBa KOHTPOMA CbiPbA U FOTOBOW NPOAYKLUN
B arpoOXMMMUecKO OTpac/v, yNpoCcTUT akkpeanTaumio nabopatopmiin 1 obecneymt cConocTaBnMoCTb pesysbTa-
TOB MeXAYHapOLHbIX MeXTabopPaTOPHbIX CPAaBHUTENbHbIX NCMbITAHMIA.

TEKYLWWAA CTAOUA PASBUTUA
PaspaboTka BHefipeHa B NPOU3BOACTRO.

CBEALEHUA O MPABOBOI1 OXPAHE
Hert.

NOTEHUWAJIbHbIE NOTPEBUTEJIN N/ BAUHTEPECOBAHHDIE B PASPABOTKE

MoTeHUManbHbIMU NOTPebUTENAMM Pa3paboTaHHOro NPOrPaMMHOro Komnekca B Pecnybnuke benapyco aB-
nATCA:

— aKKpefmMTOBaHHble nabopaTtopuun, cootseTcTByloLMe TpeboBaHuam CTB ISO/IEC 17025;

— CeNbCKOXO03ANCTBEHHbIE opraHn3saunm c COBCTBEHHbBIMU J'Ia60paT0pI/IFIMI/I, KpynHble arpoXosiguHIn, XXNBOT-
HOBOAYECKME KOMMNEKCbI N T. A.;
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— Hay4yHo-obpa3oBaTenbHble yupexaeHusa: YO «benopycckas rocyfapcTBeHHas CefbCKOX03ANCTBEHHAA aKa-
aemuay, YO «benopycckuin rocyfapCTBEHHDbIN arpapHbl TEXHUYECKNIA YHUBEPCUTET», Kadeapbl aHaNUTUYeCKOM
XVIMUU CENbCKOXO3ANCTBEHHDBIX BY30B.

MemnyHaponHaﬂ LeneBana ayanTtopunA BKIIKOYaeT:

— cTpaHbl EBpa3niickoro 3KOHOMUYECKOTO COt03a: POCCUMICKUE NabopaTopuu, akkpeanuToBaHHble no MOCT P
NCO/M3K 17025-2009 (PI'BY «Poccenbxo3ueHTp», nabopatopun Poccenbxo3Hagsopa), HauMoHasbHbIe LLEeHTPbI
CTaHAapTM3auum n meTponorum, Hanpumep B KasaxctaHe, ApmeHuu u Kbiprbi3ctaHe;

— cTpaHbl EBponenckoro coto3a: nabopatopunu, y4acTyioLivie B MEXAYHAPOAHbIX CPAaBHUTENbHbBIX UCMbITAHMAX
(Eurachem), nccnepoBatenbckme LeHTPbI B 06nacTu arpoxummn (Wageningen University & Research, Netherlands),
npesnpuATAA NULLEBOIN MPOMbILLIEHHOCTU, SKCMOPTUPYHOLLMe NpoayKuuto B EC n TpebyioLyme cooTBETCTBUA Tpe-
6oBaHuam ISO/IEC 17025;

- rno6asnbHble PbIHKK: HaLMOHaNbHblE METPONIOrMYecKmne MHCTUTYTbl cTpaH ATIC (KuTaii, KOxHas Kopes, BbeT-
HaMm); CenbCKOX03ANCTBEHHbIE NCCefoBaTENbCKME opraHmn3aLmmn ctpaH AQprkn 1 JlaTuHcKon AMepuKn, nony-
Yarolme Noaaep KKy MexayHapoaHbix opraHusaumin (DAO, BO3).

BbI60p AaHHbIX NOTpebrTeneit 060CHOBaH HEOOXOANMOCTBIO COOTBETCTBUA MEXAYHAPOAHbBIM METpOsiornye-
CKUM CTaHJapTam 1 PacTyLUMM CNPOCOM Ha JOCTOBEPHbIe METObl KOMMUYECTBEHHOIO aHasr3a B 0bnacTu arpo-
XVIMUW, YTO MOATBEPXKAAETCA faHHbIMM rMo6anbHOro pPbIHKA aHANUTUYECKOro NPOrpPaMMHOro obecrneueHus, fe-
MOHCTPUPYIOLLEro eXKerofHbI pocT Ha 7,3 %.

KOHTAKTHbIE AAHHbIE

byeBuu TaTbsiHa BnagmmunpoBHa, 3aBegyowmnin Kadenpor NHXeHepHOM GU3NKKU, KaHANAAT TEXHNYECKIMX
HayK, fOLEHT.

Ten.: (+37529) 399 10 93

E-mail: buevih.tv@gmail.com

ByeBuu ApTyp Sayapaosuy, JOUEHT Kadeapbl MHXEHePHON GU3NKN, KAHAMAAT TEXHUYECKKX HAYK, AOLEHT.
Ten.: (+37529) 399 10 92
E-mail: arturby@gmail.com

LenectiokoBuy EkatepriHa lfeHHagbeBHa, MarucTpaHT Il Kypca dakynbreTa MaTeMaTuKy 1 MIHGOPMaLMOHHbIX
TEXHONIOMUN.
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XVII. TOCYAAPCTBEHHOE YHPEXAEHWE
OBPA3OBAHUNYA «CPEAHAA LLUKOAA Ne 20 I'. BPECTA
MMEHWM TEPOA COBETCKOIO COKO3A
A. M. KAPBBILLUEBAY, YHUTAPHOE MPEAMNPUNATUE
(BPECTOBATI A3

22. 6bITOBOV TBEPAOTONNUBHbBIN KOTEN C fONOJTHUTENbHON
BO3MOXHOCTbI0 NONYYEHNA SNEKTPUYECTBA

OMNMUCAHUE PASPABOTKI

BbITOBOW KOTES C LOMONTHUTENBHOW BO3MOXHOCTbBIO MOJTyYEHUS 3IEKTPUUYECTBA MOXKET ObITb MCMOJIb30BAH KakK
WCTOYHWUK TEMa, 3IEKTPO3HEPrUn 1A arpoycaaed, XyTOPCKOM CUCTEMbI paccenieHs, aUHbIX TOBAPULLECTB, NP
NPOBEAEHUN TYPUCTUYECKUX CJIETOB, NMOXOA0B BbIXOAHOIO [1HSA, PblO0OIOBOB, OXOTHUKOB. Koprnyc KoTna Bbinos-
HeH LieNlbHOCBapHbIM U3 cTanu. Ha kopnyce KOTna 3akpernsieHbl TEpMUYECKMEe 3M1eKTPOoreHepaTopbl C 3fieMeHTa-
MU MenbTbe 1 ¢ ABYMSA KyNiepamMu oxnaxzaeHuns BHyTpu. Harpes cTeHOK KOTna nepepaeTtca Ha anemeHTbl [NenbTbe,
B pe3y/ibTaTe pa3HOCTM TeMMepaTyp NPOTVBOMOMIOXKHbIX CTOPOH 3/IEMEHTOB CO3[AETCA INEKTPUUECKUI TOK, KO-
TOPbIN NCNONb3YeTCA AN PaboTbl KyNIEPOB NP OXAaXKAEHUUN 311eMEHTOB [efibTbe U PaboTbl BEHTUATOPA KOT-
113, a TaKXKe A1 OCBELLEHVA NMOMELLEHNS.

[loCTOMHCTBA KOT/A: KOMMAKTHOCTb, HEOOJbLLON BEC, KOTOPbIV NMO3BONAET MEPEHOCUTL UIN NEPEBO3UTb Ha pac-
CTOSAIHVAA, CbEMHbIN TEMIOreHepaTop MOLWHOCTbIO 30 BT, BO3MOXXHOCTb 3apsiKaTb Nay3pbaHK, MOOWbHBIN Tene-
¢bOoH, 0becneynTb OCBELLEHVEe NaNaTKK, HalMyre CYLUWITKA s ofexabl 1 06yBu, GbICTpas PEMOHTONPUIOAHOCTb,
HeBbICOKasA CTOUMOCTb.

TEXHUYECKUE MPEMMYLLUECTBA

B pecnybnuke benapycb Takre KoTibl He npousBoaaTcs. B Poccuiickon Oepepauun ectb aHanor. M3gectHa
TakxKe anekTporeHepupytowasa neuyb TMF Tepmodop «MHaurnpka». HegoctaTKom JaHHOWM neyun ABNAETCA He-

Koten




MPOMbILNEHHOCTb: OT UHHOBALIWK 10 NPON3BOACTBA

NMONTHOe CropaHvie MPOAYKTOB rOPeHUs B KOTE, a TakkKe OTMeYaeTca BbiCOKaA CTOMMOCTb KOT/OB (Ha camnTe
https://tomas.by/p/22162416-portativnaya-otopitelnaya-pech-termofor-indigirka-2/ o603HaueHa ctoumocTb
3715 py6.). O6pa3el 66ITOBOro KOT/A C AOMOMHUTENBHON BO3MOXHOCTbIO MOMYUYEHNA SNIeKTPUYECTBa CTOUT OKO-
no 2500 py6. OCHOBHbIE XapaKTepUCTUKN TBEPAOTOMIMBHOIO KOT/a:

- BO BpeMs paboTbl Neun ofjMH BCTPOEHHbIN TepMmoaneKkTporeHepatop (T3l HarpeBaeTcaA 1 BbipabaTbiBaeT Nno-
CTOAHHbIN TOK Hanpsa»KeHrem 12 B 1 obLell HOMMHanbHOM MoLHOCTbI0 30 BT;

— B KOMIMJIEKT NMOCTaBKM BXOAMT ABA NPUCOESNHUTENIbHBIX Kabens Ansa NOAKMOYEHUs Pa3fNYHbIX MOPTAaTUBHbIX
YCTPOWCTB, OfIVH C Pa3bemMamMu «aBTOMOOUIIbHbBIN NprKypurBaTenb» 1 USB (Ha 5 B), BTOPO — 3aXKMMbl «<KPOKOAWY;

— 32 CYeT TeXHNYECKNX YyCOBEPLUEHCTBOBAHNI N NCNONb30BaHMA Tola HOBOro NOKONeHWA BeC neun yMmeHb-
wmnca Ha 13 Kr;

- Neyb U3roTOBJIEHA 113 KaPOCTONKOI BbICOKONErMPOBAHHOM CTanu C TeMrepaTypoil Havasla OKannHoo6paso-
BaHuA 750 °C, uTo 3HAUUTENBbHO YBENMUMBAET PECYPC Neun;

— HeborbLUVe pa3Mepbl 1 BEC MeYn NO3BONAT NEPEBO3UTb 1 YCTaHaBAMBATb ee B II060M JOCTYNHOM Nome-
LieHny;

— HanMyume BepXHeW ropn3oHTasIbHOM NMOBEPXHOCTY NMO3BOJIAET Pa3orpeBaTb U rOTOBUTb MKLLY;
- Hebonbluas TBEPAOTONIMBHAA MeYb paccynTaHa Ha 06beM OTarIMBaeMoro nomelyeHns o 15 m3,

TEKYLWAA CTAANA PA3BUTUA
BbinyLeH onbiTHbLIN 0b6paseL.

CBEAEHUA O MPABOBOW OXPAHE

AsTOpbl: AnpekTop YO «CpepHssa wkona N2 20 r. Bpecta nmeHu leposa CoeTtckoro Coto3a [l. M. Kap6biweBa»
A. M. AreeBeul 1 reHepanbHbIi aupekTop Y «bpectobnras» E. A. Kasumnpuuk. MateHToBnagenbubl: YO «Cpeg-
HsA wKona Ne20 r. bpecTa nmenun lrepos CoseTtckoro Coto3za [1. M. Kap6biwesa» 1 Y «bpectobnras».

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

OpraH|/|3aul/|m pECI'IY6J'II/IKI/I, ocyulecTsnAawwme TypuctTniyeckmne cneTbl, I'IpOd)COIO3HbIe opraHmsauyunn, nobutenn
NnoxXo[0B BbIXOAHOIO AHA, y4YpeXxaeHnaA o6uJ,ero cpegHero O6pa3OBaHI/IFI, BbICLUEN LUKOJSIbI, pr60ﬂOBbH1IO6I/ITEJ'|I/I,
OXOTHUNKW, necxosbl.

KOHTAKTHbIE AAHHbIE

AreeBel AnekcaHgp Muxannosud, gupektop YO «CpegHas wkona N2 20 r. bpecta nmenun lepos CoBeTckoro
Coto3a [l. M. Kap6bliweBan.

Ten.: (+375 29) 805 77 22

E-mail: alex_ageevets@mail.ru

Kasumunpuumk EBreHunin AnekcaHapoBuy, reHepanbHblii gupektop Y «<bpectobnras».
Ten.: (+375 16) 227 40 00
E-mail: box@brest.gas.by
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XVIIl. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE HAYHHOE YHPEXAEHWME
WHCTUTYT PU3NKO-OPFTAHMHECKOM XMMMM
N YTAEXMMUN MMEHU A. M. AMTBUHEHKO»

23. MOJIYYEHUE N COPBLLUOHHBIE CBONCTBA A30TUPOBAHHOTO MOYEBWUHON
W EE CONAMU AKTUBUPOBAHHOIO AHTPALIUTA

OMUCAHUE PASPABOTKU
PaspaboTaHHble MaTepuranbl MO3BOMNAIT OUMLLATH LUAXTHbIE U CTOYHbIE BOAbl OT OPraHN4eCcKnX 3arpAsHeHun.

TEXHUYECKUE NPEMMYLLECTBA
A30TupoBaHVe akTMBUPOBAHHOTO aHTPaLUTa MOYEBMHOW 1 €€ CONAMU MO3BOAET:

- MonyunTb COp6EHTbI C yNyyLeHHbIMY cBoncTBamu. COpOLMOHHAA aKTUBHOCTb MO METUSIEHOBOMY ro/ly6oMy
Y BaHHbIX COPOEHTOB MPAKTNYECKN B 2 pa3a Bbllle, YeM Y UCXOAHOTO aKTVBMPOBAHHOIO aHTpaLUuTa 1 Npu 3ToM
BbILLE, YEM Y MPOMbILLNIEHHbBIX afcopbeHTOB. MaTepuarnbl NepCneKTBHbI As yAaneHre OpraHnyecknx npume-
CeW N3 LWAXTHbIX Y CTOYHbIX BOA.

— CHM3MTb TemMnepaTypy CNeKaHus Npu NoayyeHun copbLmoHHoro matepuna. NokasaHo, Uto copbLMoHHasn
aKTUBHOCTb MO METUNEHOBOMY FOﬂy6OMy NPAKTUYECKN HE N3MEHAETCA C NOBbILLEHNEM TeMNePaTypPbl o6pa60T-
KU1 MCXOAHBIX cMecen. OBbIUHO NPaKTUKYeTCs noslyyeHne copbeHToB npu Temnepatypax ot 800 °C u Bbilue, NoO3-
TOMY NMPOV3BOACTBO COPOEHTOB PAaCcCMaTPUBAEMbIM CMOCOOOM SIBASETCA SHeprocbeperaroLmm.

- Bbl6paTb 6onee I'IepCI'IeKTI/IBHbIﬁ a30T|/|py|ou.|,v||7| areHT — OKcaslaT MOYeBUHbI.

- 06x0AMTbCA MpaKTUUecky 6e3 Bofbl Ha CTaaumn CUHTe3a agcopbeHTos. Mpon3soacTso 6e3 c6pocos, cieno-
BaTeJIbHO, 3KONOTMYECKM YNCTOE.

- Wcnonb3oBatb [OCTyMNHblE (prI'IHOTOHHa)KHO npon3soanmMble, Hanpnumep MOYEBWHa), HearpecCcnBHble N HE-
AQOBUTbIE NCXOOHbIE peareHTbl.

AKTHBIPOBAHHEIIT BricymenHbiii
yroas AKTHBHPOBAHHBIII YTOIb
I

3-1 mpomsreka H:0 [ t=105C. 244 1
AKTHBIPOBAHHBI @ :
yroas T
MomdnumpoBaHHbIiT
| Cymka AKTIBIIPOBAHHBIIT YTOTh l
AKTHBIPOBAHHBIIT | OusTpams | B 11e9h YCTAHOBKII
yrois 1 B.u. 1 t =400, 600 11 800°C, 2 1

i
MonguunpoBaHHbIi
AKTIBHPOBAHHKIIT YTOTh

!

+
X ‘u!
/ S \ 100 M7 10% comsmoit
KICAOTH Ha 30 MIHYT
t=50°C, 249 1

| Toroesii mpoxykr | «— | Cymxampmt=105°C | « [ 3-x kparsas

P

A30T1pOBaHMe aKTUBUPOBAHHOIO YT
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B B B

/13meHeH e MHTEHCUBHOCTI PaCTBOPOB METUIEHOBOTO ro1y6oro noce KOHTaKTa
€ a30TVPOBAHHBIM aKTUBMPOBAHHBIM aHTPALUTOM:
1 — UCXOAHDIN PacTBOp; 2 — PacTBOP Yepe3 3 MUHyTbI; 3 — pacTBOp Yepe3 7 MIHYT;
4 — pactBop yepe3 10 MuHyT; 5 — pacTBop yepes 15 MUHyT

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

Pe3yJ'IbTaTOM NpMMeHeHUA pa3pa60TKV| ABNAETCA MaTepuan, I'IOJ'IyQEHHbIl\;I no MaJ'IOBHepFO3anaTHOI7I 1 3KONO-
r'MYHO HEOMaCHOW TEXHONOMNM 13 OOCTYMHbIX, HEAAOBUTbLIX N HEArpeCCUBHbIX PE€AreHTOB. Pa3pa60TKa nocBALEHa
HETONTMBHOMY NMPUMEHEHUIO aHTPaUNUTa, YTO obecneunt YroJjibHbl€e WaxXTbl ob6beMamu ,q06bl‘-IVI. OTpa6OTaHHbII7I
a,qcop6eHT MOXHO pereHepnpoBaTtb UM NCNOJIb30BaTb KaK TOMNJIMBO UM NCTOYHUK ONA BblAENTIEHNA METaJ10B.

TEKYLLAA CTAAUA PA3BUTUA

npOEKT Ha CTagnmn HayuHo-mccnenosaTeanKoﬁl pa6OTbII nony4yeHbl 06pa3ub| Ha OCHOBE& 3KBMMaCCOBbIX CMe-
cen AKTBUPOBAHHOIO aHTpPaunTa, MOYEBUHDbI 1 €€ conenm. npOBe,D,EHO ncanenoBaHme npoueccos, conpoBoXaa-
rownx TepM006pa60TKy MeTogaMn TepMnYeCKoOro aHanmsa un MK—CI‘IEKTpOCKOI'II/II/I. OcyLIJ,ECTBJ'IEH KOHTPOJb c0p6—
LIMOHHOW aKTUBHOCTM MO MeTUIeEHOBOMY FOﬂy60My M nornoweHnto napos 6eH3ona.

CBEJEHUA O NMPABOBOW OXPAHE
Haxogutca Ha ctagumn odopmneHnsa naTeHTa.

MOTEHUWAJIbHbIE MOTPEBUTENN U/ SAUMHTEPECOBAHHbDIE B PA3BPABOTKE
YN «MonumepKoHCTpyKUuax», Pecnybnuka benapyco; Carbon Calgon Corp., CLLA.

KOHTAKTHbIE AAHHbIE

No3snHckun Hukonai CtenaHoBMY, CTapLIniA HayYHbI COTPYAHUK, KaHAMAAT TEXHUYECKUX HayK.
Ten.: (+7 949) 416 80 93
E-mail: lozinsky58@mail.ru

Jlo3nHckun EBreHmnin Hukonaesuu, HXeHep-nccnegoBaTtenb.
Ten.: (+7 949) 493 92 11
E-mail: plozav@mail.ru
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XIX. OBLLECTBO C OTPAHMYEHHOM
OTBETCTBEHHOCTBIO «MT-AMAEP)

24. AR-TOUP

OMNMUCAHUE PASPABOTKI

AR-TOMP — 3TO nporpammHbIi KOMMIEKC C TEXHONOMNeE JONOTHEHHOW peanbHOCTN N NCKYCCTBEHHOMO UH-
TennekTa, pa3paboTaHHbIN ANA YNPOLWEHNA Y YCKOPEHUA PEMOHTHbBIX PaboT NPOMBbILWAEHHOrO 060pyA0BaHUA
N TeXHUKN. [poAyKT COCTOUT 13 MOAYIen: pa3MeTKa AaHHbIX, TPEHMPOBKa HelpoceTu, co3gaHne AR-MHCTPYKLUIA

N YeK-JINCTOB.

[o6Gasutb war (*

Jatnonmposars masomes (4 wonensans, Haswanne Conre
« "o nowoun guecatops .

ey (M
e v duearens Jarmmmrens * Onucases: Currs sepamoo
Sounry <y TP 10r0ena.
nmerousn 730, scporce s
yarmrens

4 Orcase: s w0

CHSITb BEPXHIOK 3aLUMTHYIO KPbILUKY
Onucanune PM, ronoska cmeHHan T30,
BOPOTOK U yAMHUTEND

Megua +

3Dmogens  +

Tun HeitpoceTtb v

HeitpoceTsb VAZ Project #2 _... ~

O6bekT BHELHWIA BEPXHUA... -

COXpaHUTB pe3ynbTaThl

(o3maHne AR nHCTpyKUMil Ha nnathopme

B cmapT-oukax nepes rnasamu paboyero 3aaya
€ NoApo6HOIT MHCTPYKLMeil

MCKyC(TBEHHbIVI WNHTENNEKT paCno3HaeT AeTab 1 yKa3blBaeT
MeCTO0 €€ YyCTaHOBKU
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TEXHUYECKUE NMPEMMYLLECTBA

AR-TOWP — poccuiickas pa3paboTtka ¢ AR 1 Al, nogaepxrBaeTcs Ha Bcex AR-ycTponcTBax, Terko MHTerpupy-
€TCA C MPOrpaMMHbIM obecneyeHnem NpeanpuATUN, UMeeT aHaNMTUYECKyIo NnatGopMy AN WMPOKOro Kpyra
3agay. HTY no popmyne — 6,53.

OXWAAEMbI PE3YJILTAT MPUMEHEHUA
Pa3spaboTka skoHOMUT 40 % BpemeH Ha 00CyKMBaHMe 1 PeMOHT, 0O6HapyxurBaeT 90 % JOMNYLEHHbIX OLWMOOK.

TEKYLWAA CTAQNA PA3BUTUA
BbinyLeH onbiTHbIN 0bpaseL.

CBEZIEHUA O MPABOBOW OXPAHE
CBunpaeTenbcTBO 06 NHTENNEKTYaNbHON COBCTBEHHOCTU.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE
MpownssoacTBeHHble NPeAnpUATUA B cPepe MPOMbILLIEHHOCTM, MaLMHOCTPOEHUA U SHEPTeTUKN.

KOHTAKTHbIE AAHHbIE

YpknH OEnop BUKTOPOBIMY, FeHepasnbHbI AUPEKTOP.

Ten.: (+7 903) 94592 78

E-mail: fedor101079@gmail.com

EbpemoB EBreHunn, TeXHNYECKUN QUPEKTOP.

Ten.: (+7 906) 982 99 01

E-mail: evgeniy.efremov@pluscards.ru

CayTKkunH EBreHuin, paspaboTumk, cneymanmuct no HempoceTsam.
Ten.: (+7 999) 43110 70

E-mail: e.sautkin@ar-toir.ru

MwuTiokoB PomaH, pa3paboTumk MOOUIIbHBIX MPUAOXKEHNA.
Ten.: (+7 913) 416 97 69
E-mail: roman.mityukov@pluscards.ru
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XX. OBLLECTBO C OTPAHMYEHHOM
OTBETCTBEHHOCTBIO «HAYHHO-
NPOUN3BOACTBEHHbLIN LLEHTP MOAEHX My

25. AHTUOPWKLINOHHDLIE TBEPOCMA30YHbIE MOKPLITUA MODENGY

OMNMUCAHUE PASPABOTKI

AHTUPPUKLMOHHbIE TBEPAOCMa3ouHble NoKpbiTnA (ATCIM) MODENGY — 3TO KOMMO3ULMOHHbIE MaTepuanbl,
cocToALLME U3 BbICOKOAMUCMEPCHbIX YacTUL, TBEPAbIX CMA30UHbIX BELLEeCTB, PaBHOMEPHO pacrnpefeneHHbIX B No-
NIMMEPHON NN HEOPraHWYeCKo MaTpuLe, pacTBopuTeneil, 0becneymBaroLLmx TEXHONOMMYHOCTb HAaHECEHUS,
a Takxke GyHKUMOHanbHbIX Jo6aBOK. [locne HaHeceHMsA Ha NpefBapUTENbHO NOATOTOBIEHHYIO MOBEPXHOCTb Je-
Tanu 1 NOC/IeAYOLWEro OTBEPXKAEHNA (TEPMNYECKOTO UM XONOAHOI0) GopMUpPyeTCA TOHKUI (20 MKM), MPOYHO
CLeMIeHHBbI C OCHOBOW CoW, 06NaaatoLmiA YHKabHbIM KOMMEKCOM TPMOOTEXHNYECKIMX 1 3aLLYMTHbIX CBOVCTB.

MpuHumn penctema ATCI 0CHOBaH Ha CMOCOBHOCTM TBEPAbIX CMAa30UYHbIX KOMMOHEHTOB (TaKUX Kak AUCYb-
dunp monmbaeHa (MoS,), nonutetpadropatuneH (PTFE), rpadut, aucynbdug sonbdpama (WS,), Hutpug 6opa (BN)
1 Ap.) 06pa3oBbIBaTb Ha TPYLLMXCA MOBEPXHOCTAX JIErKOCABUIAEMbIE MIEHKM C HU3KUM KO3PULIMEHTOM TPEHUS.
Cessylolee BelecTBO (MogMOULMPOBaHHbIE SMOKCMAHbIE, MONMaMUaNMUAHbIE, deHondopManbaernaHble, no-
NMypeTaHOBbIE CMOJIbl) 0OeCrneUYnBaeT afare3unto MOKPbITUSA K NMOAJIOKKE, er0 KOre3MOHHYI0 NMPOYHOCTb, XMnYe-
CKYIO0 CTOMKOCTb 1 @aHTMKOPPO3VOHHble CBONCTBA. KOMOVHALMA pa3fiMyHbIX TBEPAbIX CMA3OK 1 CBA3YIOLLMX BE-
LLeCTB NO3BOJIAET CO3[aBaTb MOKPLITVA C 3aAaHHbIMY CBOVCTBaMM, aAanTUPOBaHHbIE MO KOHKPETHbIE YC/IOBUA
3KCJyaTaumm y3na TpeHus.

PaspaboTaHo 6onee 40 BMOOB MAaTepPMAoB A8 CHUXKEHWA TPEHUS, 3aLMTbl OT KOPPO3UKN 1 XUMUYECKM arpec-
CUBHbIX Cpep, a Tak»Ke 45l NPUAAHMA aHTUCTAaTUYeCKNX, aHTrnobpacTaoLwmx, rmapodo6HbIX, aHTUOONeAeHUTENb-
HbIX, PaAnaLNOHHO-3aLLUTHBIX CBOMCTB NMOBEPXHOCTAM AeTanell 060pyfoBaHMs.

[lo HaHecenna MODENGY [ocne HaHeceHnsa MODENGY

TEXHUYECKUE NMPEMMYLLECTBA

ATCIN MODENGY ob6nagatoT pafaom npermMyLecTs o CPaBHEHMIO C MAACTUYHBIMU CMa3Kamu Y MaciamMu:

— CTabUnbHbIN KOIOOULNEHT TPeHUS;

— WWMPOKNIA firana3oH pabounx TemnepaTyp: oT KpuoreHHbix (—210 °C) o 3KCTpemasnbHO BblCOKMX (+730 °C);

- pa6OTOCI'IOCO6HOCTb B CI'IeLI,I/I(I)I/I‘-IECKI/IX YyCNOBMAX: B BaKyyMe, yCJIOBMAX pagnaunn, 3anblleHHON cpepne, roe
TPaaNUNOHHbIE CMa3KKn nméo Hepa6OTOCI'IOCO6HbI, nméo 6bICTpO 3arpA3HAKTCA, TePAA CBOU CBOWCTBA;
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— OTCYTCTBUE UCMAPEHNSA Y OKUCTIEHUS, COXPAHSIOT CBOIO 3GHEKTUBHOCTD Aaxe MoC/e ANUTENbHbIX MPOCTOEB
obopynoBaHua, He Tpebys 06HOBEHNS;

— BbICOKaA HecyLasa CNoCOOHOCTb 1 MPOTNBO3afMpPHble cBolcTBa: o 3000 Mna;

— QHTMKOPPO3MOHHbIE CBOMNCTBA: 06eCneyrBaloT MPEeBOCXOAHYIO 3aLLUTY MeTa/INIMYECKMX MOBEPXHOCTE OT aT-
MOChEPHON 1 XMMUYECKOI KOPPO3UM, YaCTo NMPEBOCXOAA N0 CTONKOCTV XPOMUPOBAHUE 1 LIMHKOBAHUE;

— paboTtocnocobHocTb NokpbITU MODENGY B 3KCTpemanbHbIX YCIOBUAX (KPUOTEHHbIE U CBEPXBbICOKME TeM-
nepaTypbl, BbICOK/E AaBeHnA, pajmaLuus, BakyyM, XMMUYECKN arpeccuBHble cpefibl);

— 3KONMOMMYHOCTb: OTCYTCTBYET 3arpA3HeHne OKpy»<aloLlen cpeabl;
— YPOBeHb NoKanm3sauyuu npounssonctaa 90 %;

— obecneunBaeTca CHUKEHNE TPEHUA, UBHOCOCTOMKOCTb M 3aLMTa OT KOPPO3UW AaKe NMPY MHOTOKPATHbIX Lin-
Knax paboTbl MOABUMHbBIN Y3710B TPEHWS;

— pa3paboTka «HIL MogeH:xu» 3ameLaet nHocTpaHHble komnaHum: Xylan ot WHITFORD Corporation (CLLA),
Molykot (CLLA); OKS (fepmaHuis), npu 3TOM B NMHelKe MaTepuranos «MofeHXn» yxe eCTb YHUKalbHble BbICOKO-
TEXHOJNOMMYHblE MaTepuarsbl, Pa3paboTKM KOTOPbIX 3a PYyOEKOM HAXOAATCA ellle TOJIbKO Ha HayanbHOW CTaguu;

— B oTInyme ot TpaﬂVILWIOHHOIﬁ CMa3KW, NCKITYAETCA MHOrO3TaMHbIN npouecc HaHECEHVIFI/y,anEHI/IFI/OGHOB-
JIEHNA TPaHCMOPTUPOBOYHbIX, KOHCEPBALMOHHbIX, MOHTaXXHbIX CMa30K; coeNHEHNA C NOKPbITUEM «MopeHxu»
C 3aBOJa Cpa3y rotoBbl K MOHTaXy, obecneumnBas NnpoCTOTY B o6pau4eH|/|v| N CHUXXeHWne 3aTparT,

— NpoAneHne cpoka cny>kbbl 060pyLoBaHUS;

— MOBbIWeHne MoLWHOCTK, yBenuveHue Kz,

— COKpaLleHme 3aTpaT SHepruv Npv NOTepax Ha TPEHKE;

— Cco3aHMe HeoOCYKMBaeMbIX Y3/10B TPeHUsA — obecrneyeHrie CMa3biBaHWUA Ha BECb CPOK Cy»KObl y3na;

— CHUXKEHWe 3KCMnyaTauMOHHbIX PaCXOA0B;

— NOBbILIEHNE HAAEXHOCTN 060PYA0BAHUS;

— COKpaLleHve BpemMmeH NPOoCTOEeB;

— UMMOPTOHE3aBUMOCTb, TOKaNM3aLma Npon3BoacCTBa;

— pa3paboTka HOBbIX MaTEPMANIOB MO TEXHNYECKOMY 3a[laHII0 3aKa3UMKOB 1 Ha 3aMeHY MMMOPTHbLIM MaTepuranam.

OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

ATCIM MODENGY pna cHVUXeHWa TpeHrs, U3HOCa U 3aluUTbl OT KOPPO3uUW eTanen 1 MexaHn3moB obopyno-
BaHVA HedTerazoBow OTpacin, 060POHHO-MPOMbILLIIEHHOrO KOMMJEKCa, aTOMHOW 3HepreTuKm, Tpybonposos-
HOW apMaTypbl, POOOTOTEXHMKM, aBUALMOHHON 1 XKeNe3HOLOPOXKHOW TEXHUKU, aBTOKOMIMOHEHTOB, AiBUraTenein.

TEKYLWAA CTAAUA PA3BUTUA
Pa3paboTka BHeApeHa B MPON3BOACTEO.

CBEAEHNA O NPABOBOW OXPAHE

3aperncTprpoBaHo B roCyAapCcTBEHHOM peecTpe TOBapHbIX 3HAKOB 1 3HaKOB 06cny»KnBaHusa Poccriickoin Qe-
Jepauun: cengetenbctBo «PocnateHT» N2 1110040, cBngetenbctBo «PocnateHT» N2 688082.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
MawwnHocTpounTenbHble Npeanpuatua benapycn, Poccun, KasaxctaHa, AsepbaingkaHa, MpaHa.

KOHTAKTHbIE AAHHbIE

MpyaHrkos Makcym MiBaHOBUY, reHepasbHbIN AUPEKTOP, KaHAMAAT TEXHUYECKMX HayK.
Ten.: (+7 962) 145 99 66
E-mail: m.prudnikov@modengy.ru
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XXI. UHCTUTYT ATPOBMOTEXHOAOT U
MMEHU A. B. XYPABCKOTIO PEAEPAABHOTO
[OCYAAPCTBEHHOTIO BIOAXETHOTO YHPEXAEHNA
HAYKN «PEAEPAABHBIN MCCAEAOBATEABCKMM
LEHTP “KOMW HAYYHbIN LLEHTP YPAABCKOTO
OTAEAEHNA POCCUNCKOM AKAAEMMM HAYK ™)

26. BHE[IPEHWE PE3YJIbTATOB HAYYHO-NUCCIIEROBATE/IbCKON PABOTDI
M0 COBEPLUEHCTBOBAHWUIO METOAO0NOT WU YNPABNEHWUA U MEXAHU3MA
OBECMEYEHWA NPOU3BOACTBA CENbCKOX03ANCTBEHHON NPOAYKLIUK
B MPOMbILLNEHHOE MPOU3BOACTBO: OMbIT PECNYB/TUKN KOMU

OMUCAHUE PA3PABOTKU

MNHHOBaLMOHHbIe NPOEKTbI MPeACTaB/ieHbl B paMKax COBEPLUEHCTBOBaHMA METOAO0IOMM YNPaBAeHA 1 MeXa-
HM3Ma obecrneyeHns NPON3BOLACTBA CENbCKOXO3ANCTBEHHOW NPOAYKLMU, NPOrPaMMbl COXPaHeHNA, COBEPLLEH-
CTBOBaHUA N NCMOJIb30BaHWA reHOGOHAa MECTHbIX MOMNYNALMNIA CeTbCKOXO3ANCTBEHHbIX »KUBOTHbIX, UCMOMNb30-
BaHMA reHeTNYeCcKUX PecypcoB pacTeHni 1 UCNONb30BaHUE NX B CENIeKLMOHHOM npoLecce C NPUMEHEHEM
3KOJIOro-reHeTMYeCcKx METOA0B NPY CO3aHNUN HOBbIX COPTOB U TMOPUA0B, aAanTUPOBaHHbIX K CEBEPHbIM YCI0-
BuAM cTpaH CHI.

TEXHUYECKUE NMPEMMYLLUECTBA

npen,CTaBHEHHbIe NHHOBALUMOHHbIE MPOEKTbl MMEKT CyLleCTBEHHbIE TEXHNYECKE npenmyliecTBa 1 Hay4yHO-
TEXHUYECKNI YPOBEHb MO OTHOLWEHUIO K Ny4YLUM OTe4YeCTBEHHbBIM U 3apy6e)KHbIM aHaJioram.

OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

MHHOBaLOHHblE MPOEKTbl HanpaBneHbl Ha obecneyeHre NPOLOBONbCTBEHHON 6€30MacHOCTM 1 He3aBUCK-
MOCTU pernoHoB Poccuinckon ®epepaLmm n nprapKTnyecknx Tepputopuin Poccniickon Oepepauun, ctpad CHI
nyTeM BHEAPEHMA B CUCTEMY PErMOHaNbHbIX OCOOEHHOCTEN PAa3BUTUA 1 YCTONYMBOCTY arpoCucTeM, cenekumnm
CeNbCKOX03ANCTBEHHDBIX KYJbTYP, Pa3paboTKN METOLOB 1 arpOTEXHOJIOT A, HanpaBeHHbIX Ha MOBbILLIEHKE YPO-
XaHocTH, 3G HEKTVBHOCTN U PeHTAabEeNbHOCTY KaueCTBEHHOW CeNbCKOXO3ANCTBEHHOW MPOAYKLUN.

TEKYLWAA CTAOUA PA3BUTUA
PaspaboTka BHeapeHa B NPOV3BOACTEO.

CBEAEHUA O NPABOBOV OXPAHE

MopaTBep>KAaeTcs NonyyYeHHbIMU pe3yribTaTaMi UHTENNEKTYalbHOWN [eATeNIbHOCTU B BMAE NATEHTOB Ha M30-
OGpeTeHNs, NATEHTOB Ha NOJe3Hy Mofesb, 6a3 AaHHbIX.

NOTEHUMANbHbIE NOTPEBUTEIN U/WNIN 3BAUHTEPECOBAHHDIE B PASPABOTKE

CenbCKoX03aMCTBEHHbIE OpraHu3aummn Pecnybnvkn benapycb, HayuHble 1 HayuyHO-06Pa30BaTENIbHbIE YUPEXK-
eHunsi cpegHero NpodeccnoHanbHOro 1 BbiCLEro o6pa3oBaHus.

KOHTAKTHbIE AAHHbIE

IOauH AHapen AnekceeBuY, ANPEKTOP, KaHANAAT SKOHOMUYECKMX HayK.
Ten.: (+7 904) 860 28 98
E-mail: audin@rambler.ru




MPOMbILNEHHOCTb: OT UHHOBALIWK 10 NPON3BOACTBA

XXIl. MHCTUTYT TEOAOT N
MMEHN AKAAEMUKA H. I1. FOLLKMHA
PEAEPAABHOIO TOCYAAPCTBEHHOI O
BIOAXETHOTO YHPEXAEHNA HAYKM
«PEAEPAAbHBIM MCCAEAOBATEALCKNIA LLEHTP
“*KOMM HAYYHbIN LEHTP YPAABCKOIO OTAEAEHMS
POCCUMCKOM AKAAEMUIN HAYK"»

27. CMAS-KEPAMWUKA HA OCHOBE KAOJINHA U AONIOMUTA ANA NPOU3BOACTBA
OYHKLWOHANTbHBIX MATEPUAJIOB

OMUCAHUE PA3PABOTKHN

[Noka3aHa BO3MOXKHOCTb MCNOJIb30BaHMA JIOKANIbHOMO CbipbA — KaonnHa BOpbIKBUHCKOM rpynnbl MECTOPOX-
aerun (CpegHun TumaH) — ana nonyyeHunsa CMAS-KepaMrKn aHOPTUT-KOPANEPUTOBOro cocTaBa. KaonuH agna-
€TCA MOHOMVHEPAJIbHbIM CbipbeM [N KOMMO3UTHbIX MaTepranos, MOAUPULIMPOBaHKE KOTOPOro OCyLLeCTBIA-
NOCb 3a CYET TEPMOAKTUBALMM 1 apMUpYLoLWnX 106aBoK. /13 cmecn kKaonun/gonomut (12, 24 n 36 %, mac.) nony-
YeHbl KepaMmyecKkime KOMMo3uTbl, NpefcTaBieHHble aHOPTUTOM 1 KOPANEPUTONOA06HON $ha3oi, COOTHOLEHKE
KoTopbix BapbupyeT ot 1,3:1 8o 2,8:1. [pn NnpoeKkTnpoBaHN antoMOCUANKATHOW MaTpULbl C 3aJ4aHHbIMU SKCM1Y-
aTaLNOHHBIMW XapaKTePUCTUKAMM YUNTbIBANOCh N3MEHEHNE KPeEMHEBOIO MOAYNA UCXOAHbIX CbipbeBbIX KOMMO-
HEHTOB B MpoLecce TEPMUYECKON akT1BaLmMK. KepaMmmnyeckas MaTpuLa nepeMeHHOro cocTaBa apmmpyeTca obpa-
3yIOLWUMNCA KpUCTaNIamm MyInTa 1 xapakTepursyeTca MOPUCTOCTbIO B 3aBUCUMOCTM OT COAEPKaHWA JONIOMUTa,

KaonuH Honomut

100/0 88/12 76/24
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onpepenasa TexHUYeckre CBONCTBA: MIOTHOCTb, TEMONPOBOAHOCTb, MPOYHOCTb. Kepamrka aHOpTUT-Kopane-
pPUTOBOrO COCTaBa COOTBETCTBYET MHAYCTPUANIbHbIM MeXXAyHapoaHbiM cTaHAapTam (IEC 60 672, rpynna marte-
puanos C520, TOCT 20419-83, rpynna 400 — maTepwuasibl Ha OCHOBE aJIlOMOCUIIMKATOB MarH1A UIn KanbLuus),
a Mo NPOYHOCTN Ha CKaThe MPEeBOCXOAUT TpeboBaHWA Ast TENIOU30MALNOHHBIX U XUMUYECKU CTONKUX MaTe-

pranos.

TEXHUYECKUE NPEMMYLLEECTBA

nOﬂyHEHHbIe 06pa3u,b| TEXHUYECKOMN KepPaMMnKn COOTBETCTBYIOT MHAOYCTPWAIbHbIM MeXAYHAPOAHbIM CTaHAap-
TaM 419 OrHeynopoB 1 3N1IEKTPOU3O0JTALMOHHDBIX MaTepUanoB.

OUAAEMbIA PE3YNIbTAT NPUMEHEHUA
Mcnonb3oBaHune B KauecTBe CblPbsA SIOKabHbIX KAONNHA 1 JOSIOMUTa 3HAUMTESIbHO CHMXAeT NPOn3BOACTBEH-
Hble 3aTpaTbl.

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

CBEZIEHUA O MPABOBOI1 OXPAHE
HeT.

NMOTEHUWWAJNIbHbIE MOTPEBUTEN U/ 3AUMHTEPECOBAHHDIE B PASPABOTKE

I'IpenanﬂTMﬂ BJ'IEKTpOHHOI‘/'I MPOMbILLUNEHHOCTHN, MPON3BOACTBO TEMMOU3ONALUNOHHDBIX N XUMUYECKN CTONKNX
MaTepranos.

KOHTAKTHbIE JAHHbIE

KoTtosa Onbra bopuncoBHa, rMaBHbIl HayYHbI COTPYAHWK, JOKTOP reosIoro-MUHepanornyecknx Hayk.
Ten.: (+8 8212) 24 51 60

E-mail: kotova@geo.komisc.ru

MNMoHapapnos Anekceln BUKTOpPOBUY, MagLLIMIA HAyYHbIA COTPYAHUK, aCVPaHT.

Ten.: (+7 963) 022 19 82

E-mail: alex401@rambler.ru
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XXIll. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE OBPA3OBATEABHOE YHPEXAEHME
BLICLLEFO OBPA3OBAHNG «KY3BACCKN
FOCYAAPCTBEHHbLIM TEXHMYECKMN YHUBEPCUTET
MMEHW T. . TOPBAYEBAY

28. PA3PABOTKA UHTENNEKTYANIbHOWU CUCTEMbI MOHWUTOPUHTA IECHDBIX
MACCUBOB CUCMONb30BAHWEM BECIIMNOTHLIX TIETATE/IbHBIX AIINAPATOB
W TEXHONOTUA MALLUHHOIO 3PEHUA

OMNMUCAHUE PA3PABOTKHN

PaspaboTtka npencTaBnaeT cO60M MHTENNEKTYaNIbHYIO CUCTEMY MOHUTOPUHIA IECHbIX MacCUBOB «[na3 Hebax,
OCHOBaHHYIO Ha MCMOJIb30BaHUM GECMUNOTHBIX JIeTaTeNIbHbIX anmnapaToB (APOHOB) U TEXHONOMMI MALIMHHOIO
3peHus.

Cédepa npumeHeHus:

— NecHoe X03ANCTBO (onepaTBHOE BbISBNEHNE U NPeLOTBPALLEHUNE JIECHBIX MOXAPOB, JIECOYUET, KOHTPOJb
BbIPY6OK);

— MPUPOJOOXPaHHbIE 30HbI (3aMOBEAHNKN, HaLMOHabHbIE NapKK);
— CNy»6bl 3KCTPeHHOTO pearnpoBaHua (MYC, pervioHanbHble YNpaBaeHWs 1IeCHOTO X03ANCTBa).

Cucrema npegHasHavyeHa AnAa paHHero 06Hapy>Keva OYyaroB NMo»apos, MOAENNPOBAHUNA UX JanbHeunwero
pacnpocCTpaHeHnA C y4eToM NorogHbix 1 peﬂbe(I)HbIX d)aKTOpOB, a TakXe a9 KOMNaeKCHOro MOHUTOPKHra co-
CTOAHWMA JIeCHbIX MaCCBOB.

OcCHOBHble KOHCTPYKTUBHbDbIE N TEXHONTOTNYECKNE XapPaKTePUCTUKN:
—WNCNoJib30BaHMe aBTOHOMHDbIX POHOB, OCHalLeHHbIX RGB-KamepaMM mnnpn HeO6XO,E|,I/IMOCTI/I TennoBmsopamwu;
— nepenavya BMAeONOTOKa 1 TeneMeTpun B obnayHbIn cepBuC vepes 3awniieHHble KaHalbl CBA3U;

— BCTpoeHHbIn A-mogynb aHanv3a, 0CHOBaHHbIV Ha CBEPTOUHbIX HEMPOHHBbIX ceTax (CNN), BbinonHAeT geTek-
LMo AblMa U NSIAMEHU B PEXUME peanibHOro BpeMeHu;

- Npu pUKcaLmy BO3ropaHusi CMCTEMA aBTOMATMYECKN onpefeniaeT KOOPAUHATLI U BpeMsi CObbITUS;

- MoZy/b MPOrHO3UPOBAHMS NMOXapa CTPOUT KapTy PacnpoCcTpaHeHns GpPoHTa orHA Ha roprsoHTe 30-60 MUH
C YYETOM AlaHHbIX O BETPE, BNAXKHOCTMN 1 penbede;

- NoNb30BaTeNbCKUIN NHTEPdENC peann3oBaH B BUAE Beb-gallbopaa: MHTEPAKTMBHAsA KapTa C MapKepamum ova-
OB, XVBOW BUEOMOTOK, MCTOPUA COOBITUN, a Tak»Ke cucTema yBefomeHuni (sms, e-mail, push);

— BO3MOXHOCTb MHTerpaumm ¢ cywectaytowumn NC-pelueHnamm 1ecxo3os 1 CUTyaLuMOHHbIMU LeHTpamy MYC
yepe3 REST API.

JKcnnyaTaLMOHHbIe XapaKTePUCTUKK:
— Bpems pearnpoBaHus: OT MOMEHTA MNOsBJIEHNS AblMa 4O OMOBELLeHUs onepaTtopa — He 6onee 10-15 MuH;
— TOYHOCTb reonokaunm — + 30 m;

- MaCLUTa6I/IpYEMOCTb — OT OAHOro ApoHa anAa HebOoNbLLOro necHMyecTBa Ao pacnpeneneHHon CeTN aBTO-
HOMHbIX CTaHLUI;

— CHUKEHME CTOVMMOCTY MOHUTOPMHIA MO CPABHEHWIO C aBUALMOHHBIMM NaTPYNAMU (3KoHOMMSA 10 90 %, Tak Kak
1 yac aBunayuy ctout = 150 TbiC. py6., B TO BpEMA KaK 1CMONb30BaHNe ApOoHA — nopagKa 4 TbiC. py6./u).
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B oTnnume oT TpaAMUVOHHbBIX METOLOB (BbILKM BUAEOHAOIOAEHWS, CNYTHUKOBbIA MOHUTOPWHT, aBUaLOH-
Hble naTpynu), «Mna3 Heba» coueTtaeT B cebe onepaTvBHOCTb OOHAPYKEHUSA, MOAENPOBaHME Pa3BUTUSA NoXKapa
1 aBTOMaTU3UPOBaAHHYIO aHANIUTIKY, UTO CO3AAET NPVHLMNMANbHO HOBbI YPOBEHb pearvpoBaHus Ha Yrpo3bl.

TEXHUYECKUE NPEMMYLLEECTBA

WNHHoBauunoHHaA cnctema «fmas Heba» oﬁna,u,aeT PAOOM KJTloYeBbIX NpenMyLLeCcTB Mo CPaBHEHWUIO C OTeYeCTBEH-
HbIMU N 3apy6e>KHbIMVI aHanoramu:

- MNporHo3mpoBaHKe pacnpocTpaHeHnsa noxapa. B otnnumne ot 60bLWMHCTBA CYLIECTBYOWNX PeLLeHN (Ha-
npumep, DJI Terra, Pix4D, DroneDeploy), opreHTMpoBaHHbIX Ha a3podoToCbeMKY U KapTorpaduposaHme, «na3
Heb6a» BKJItOUaeT BCTPOEHHbIN MOAYJIb MOAENMPOBAHUA GPOHTA OrHA Ha ropmn3oHTe 30-60 MVH C Bblaven pe-
KOMeHAaLumii no fIoKanmsaumm noxapa.

— BblcoKas TOYHOCTb 1 onepaTuBHOCTb. BpeMﬂ peakunm cnucTemMmbl OT NOABNEHUA OblIMa [O OnoBeLlleHNA one-
paTopa cocTaBnseT He 6onee 10-15 MVH, NPV 3TOM AOCTUTAETCA reoNIOKALMOHHas ToYHOCTb + 30 M. [ins cpas-
HEeHWS: CNYTHUKOBbBIA MOHUTOPUWHT UMEET 3aiePrKKY 0 HECKOJIbKUX YaCOB 1 HE NO3BONAET PUKCMPOBATH 3apOXK-
JaloLmecs ovaru.

— DKOHOMMYHOCTb. CTOMMOCTb 3KCryaTaynn gpoHa B AeCATKN pa3 HMXKe aBUalMOHHOIo NaTpynA, YTo No3BO-
NAeT CyWeCTBEHHO pacClMpUTb OXBAaT MOHUTOPWUHTA.

- COBMeCT!MOCTb 1 MacTabupyemocTb. CUcTeMa NOAAEPKMBAET UHTErPALMIO C NOObIMY LPOHAMY Y CyLLe-
cTytowmmm T’MC-peweHnamm necxo3os 1 MYC, uTo BbIrOAHO OTIMYAET €€ OT MPOMNPUETaPHbIX 3apyOeXHbIX NnaT-
$OpM C orpaHNUEHHON COBMECTMOCTbIO.

Takum o6pa30M, «Inma3 Heba» coueTaeT B cebe nepenosbie MeETOAbl MALLUMHHOIO 3peHUA, NPOrHO3HY0 aHaNNTn-
KY " MOAYJIbHYIO apPXUTEKTYPY, obecneumsas YpPOBEHb HayLIHO-TEXHVILIeCKOVI HOBW3HbI, HeJOCTVXKUMbIA ANA cy-
LecTByoWnX oTeyeCTBEHHbIX U 3apy6€)KHbIX pELIJEHI/II‘/II.

OXWAAEMbIV PE3YJIBTAT MPUMEHEHUA

BHenpeHue cuctembl «[ma3 He6a» NO3BOANT 3HAUMTENIbHO NOBBICUTb 3GPEKTUBHOCTb OXPaHbI JIECOB U CHU3UTb
ylep6 ot noxapos. CBoeBpeMeHHOe 0BHapY»KeHVe o4aroB (Ha paHHel cTaguy 3agpiMieHuns) obecneumnt Gbl-
CTpOe pearvipoBaHune, YTo COKPATUT MNJIOLWAAb BbIFOPaHWs Ha AeCATKM NPoLUeHTOoB. [IporHo3rpoBaHme pacnpo-
CTPaHeHUA OrHA JacT fecxo3am n MYC MHCTPYMEHTbI 418 60siee TOYHOTO NIAaHMPOBAHUA TYLWEHUA U pacnpeae-
NEeHVs PecypCcoB. SKOHOMMUECKNI SGGEKT BbIPAXKAETCA B CHXKEHWM 3aTPpaT HA aBUALMOHHDbIV NATPY/b U NNK-
BMAALMIO KPYMHbIX NM0XapOB, 3KONOTNYeCKNii — B COXpaHeHun 61mopa3Hoo6pasns, CHuxeHun Bbibpocos CO,
1 3aLyiTe NecHoro GoHLa PErMoHOB.

TEKYLWAA CTAAUA PA3BUTUA
BbinonHeHa Hay4uHO-MCCNeAoBaTeIbCKas UM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

CBEZIEHUA O MPABOBOI1 OXPAHE
Her.

NOTEHUWANDbHbIE NOTPEBUTENU U/ 3BAMHTEPECOBAHHDIE B PASPABOTKE
Jlecxo3bl Poccunckon ®egepaumm, MUC, 3anosegHuKm, ctpanbl CHI.

KOHTAKTHbIE OAHHbIE

MumoHoB AnekcaHgp Npuropbesuy, 3aBeaytoLnin Kapenpor nprknagHbix HGOPMaLMOHHbIX TEXHONOMUA,
[IOKTOP TeXHUYECKMX HayK, npodeccop.
E-mail: pag_vt@kuzstu.ru

MmypoBcKuin KoHCTaHTUH BacunbeBuny, acnmpaHT.
Ten.: (+7 961) 70503 11
E-mail: zhmuruk1@mail.ru
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29. CUCTEMA KOMNbIOTEPHOT0 3PEHUA ANA BECMUIOTHOIO0 KAPBEPHOIO
CAMOCBANA

OMUCAHUE PA3PABOTKU

CuncTema KOMMbIOTEPHOTO 3peHNs MpeAHa3HaueHa /1A KapbepHbIX CAMOCBANIOB U MOXET CITY>KUTb Kak CrCTe-
Ma MoMOLLY BOAWTENIO, TaK U cucTeMa cbopa AaHHbIX AN 6eCnUNOTHOrO TPaHCMOPTHOro cpeactea. Cuctema
npeacTaBnseT coboi MHOXECTBO Kamep Y IMGAPOB C BbIYUCIIMTENIbHBIM MOAY/EM C annapaTHOW TOUKMN 3peHUs
1 HelpoceTeBble MOAENM KnaccuduKaumm 1 o6HapyeHUs 06beKTOB — C NporpamMmHoi. COBOKYNMHOCTb JaH-
HbIX O BHELLHeN cpefe, CObMpaeMbIX C MOMOLLbIO KaMep 1 IMAAPOB, MO3BOJISET NOy4YaTh UHGOPMaLMio 06 06b-
€KTax, OKpY>KaloLLMX KapbepHblil CAaMOCBas B PexrMe peasibHOro BPeMeHU, 1 nepeaaBath ee NMbo BOAUTENIO,
nmbo cnucteme 6ecrnmnnIoTHOrO OBVXeHNA ONA NPUHATUA pemeHvuh npwv ynpasneHMm TPaHCNOPTHbIM CPeACTBOM.

AHTEHHE AHTEHHB
HIBUrALUMM M CBR3N HABATAUMK M CARIN
(npaswi Gopr) (neswin HopT)

Npobnecxosnie
NpoGneckoswe

MaRKH

Wkady asromomnoro
ynpasnenns

20 nuaap
Gakonoro chsopa

Pagapel n ¥3-aat4mkn
CXANUPOBANNS OKPYKEHNS

MNeperoaopHoe ycTpoRcTao
Knonxa asapuitnoro octanona

30 NMABP CRAMNPOBAHUA DKDYXEHNA
BageoKaMepl ANCTaHU, NPUCYTCTBUA

BapuaHT pasmelweHnsa 60pToBoro 060pynoBaHIA Ha KapbepHOM aBTocamocBane «benA3»
cepun 7513 TK «Lndppa»

TEXHUYECKUE NMPEUMYLLECTBA

Pa3paboTka He ycTynaeT No CBOeMy Hay4HO-TEXHUYECKOMY YPOBHIO MMPOBbIM CUCTEMaM AnA 6ecnmnnoTHOro
TpaHcnopTa u obnagaeT pAAOM NPenMyLLeCTB, 3aKIIYaloLWMXCA B Crielyanmn3anmnm cuctembl Ansa paboTbl B ycno-
BMAX CUOMPCKMX [OOBIBAOWMX NPEfNPUATUAIA, OTNINYAIOLIKXCA CNOXKHOCTBIO METEOPONIOTMYECKNX U NPOMN3BOS-
CTBEHHbIX YCJIOBU.
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OXWAAEMbIV PE3YJIBTAT MPUMEHEHUA

MoBbllweHWe 6e30MacHOCTY fO6bIBaOLWMX MPeANnpUATAI bnarogapsa ynyylleHrno MHGOPMUPOBAHHOCTY BOAU-
TenA KapbepHOro camocBasia 06 OKpy»KatoLLei 06CTaHOBKE 1 aBTOMATM3aLMM HEKOTOPbIX MapLUPYTOB ABVXKe-
HWA, YTO MO3BOMT BbIBECTY JIIOAEN 3a MPefesibl 30Hbl MOBbILEHHON OMACHOCTH.

TEKYLWLAA CTAQUA PASBUTUA

BbinonHeHa Hay4YHO-nccenoBatesibCkasa 1 ONbITHO-KOHCTPYKTOPCKasA pa60Ta, CO3[aH MaKeTHbIN o6pa3eu.

CBEAEHUA O NPABOBOV OXPAHE

OdopmneHbl cBMAETENBCTBA O perncTpauunm nporpamm ana 3BM B Poccuiickon Oepepaumn.

NOTEHUWAJIbHBIE MOTPEBUTENIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

JNlecxo3bl Poccuinckon Qepepaunn, MUC, 3anoBefHuKK, ctpaHbl CHIL MawwnHocTpouTenbHble NpeanpuaTus
1 NpeanpuATUA o6bIBatOLLEN NPOMbILINEHHOCTU.

KOHTAKTHbIE BAHHbIE

CblpkrH Unbs CepreeBuy, 3amectutens pykoBogutens HayuHoro LeHTpa «LindpoBbie TexHonorumy,
KaHAMAaT TEXHNYECKKX HayK, JOLIEHT.

Ten.: (+7 903) 909 24 91

E-mail: syrkin@kuzstu.ru

MopoxuH 0punit MakcumoBmy, TexHUK HayuHoro ueHTpa «Ludposble TexHonormms.
Ten.: (+7 995) 44312 25
E-mail: porohinjum@kuzstu.ru

Benokpbinos Kupunn BUKTopoBmY, MAaaLWLnin Hay4YHbln coTpyaHuK HayuHoro ueHTpa «Lindposbie
TEXHONIOT M.

Ten.: (+7 384) 239 63 52
E-mail: belokrylov1@kuzstu.ru
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XXIV. PEAEPAABHOE TOCYAAPCTBEHHOE
BIOAXETHOE OBPA3OBATEABHOE YHPEXAEHME
BLICLLEFO OBPA3OBAHNSA «CUBMPCKUMN
FOCYAAPCTBEHHbLIM MHAY CTPUAABHBIM
YHVBEPCUTET

30. HOBBIE HAMNIABOYHbIE MATEPUANDI N ABTOMATU3UPOBAHHOM
HANNABKW CNNOEB CMOBbILUEHHBIMW SKCMNYATALUOHHBIMW NMOKA3ATENAMMU

OMNMUCAHUE PA3PABOTKHN

HannaBouHbIl GpntoC 1 NOPOLLKOBbIE MPOBOSIOKN A1 aBTOMATU3NPOBAHHON HamniaBKy CI0€B C MOBbILLEHHbI-
MM SKCMJTyaTaUMOHHbIMK MoKa3aTtenamu. PazpaboTaHbl HOBble HamlaBOYHbIe MaTepPUasbl, MOSyYeHHblE MyTeM
HarnaBKu NOPOLLKOBOI NPOBOJSIOKM AnamMeTpoM 4,2 MM ¢ 06o104Kol 13 neHTbl 08MMC ¢ pa3nnyHbIMU COCTaBaMu
LUMXTOBbIX MaTepuanos (0T 95 % WKXTbl NOPOLLKOBOW NPOBONOKM MapKky 35BOX3CD n 5 % yrnedpropconepxa-
wei fobaBky Ao 99 % LINXTbI MOPOLLIKOBOV NMPOBOJIOKM MapKu 35BOX3CO 1 1 % dTopcomepxallenn fobaBKy).
B npepncTaBneHHON pa3paboTke (MOPOLLIKOBON NPOBOJIOKE) B KauecTBe 3aMEHUTENS aMOPHOro yrnepoga uc-
nosb3oBanu yrnepoadTopcoaepamii Matepuan (Mblib ra300unNCTKY antoMVHMEBOTO MNPOM3BOACTBA) B COCTABE:
AI203 = 21-46 macc. %; F = 18-27 macc. %; Na,O = 8-15 macc. %; K,0 = 0,4-6,0 macc. %; CaO = 0,7-2,3 macc. %;
SiO, = 0,5-2,5 macc. %; Fe,0, = 2,1-3,3 macc. %; Cobuw,. = 12,5-30,2 macc. %; MnO = 0,07-0,90 macc. %;
MgO = 0,06-0,90 macc. %; S = 0,09-0,19 macc. %; P = 0,10-0,18 macc. %. B yuenax nonyyeHna KayeCTBEHHOrO MNo-
KpbITVA NpoBefieHa HanlaBKa pa3paboTaHHbIX MOPOLLIKOBbIX MPOBOJIOK Ha Pa3fInYHbIX pexnmax. MicxofHble pe-
MMbl COOTBETCTBOBaNM pekomeHaauusam FOCT 26101-84. B xope npoBefeHnaA ncciiefoBaHnii Obinv onpoboBa-
Hbl Pa3fINYHbIE PEXKMMbI HaM1aBKM, KOTOPble BapbMPOBaNMCh B CliefytoleM ananasoHe: cuna Toka— 390-470 A,
HanpsbkeHne — 30-34 B, ckopocTb HannaBky — 10-20 cM/MUH. B pe3ynbTaTe BbiOpaH ONTUMANbHbBIN PEXUM
(Tok 420 A, HanpsixkeHue 38 B, ckopocTb 18 cm/MUH), obecneyrBaioLmii xopoluee GopMUpPOBaHVE BainKa 1 OT-
CYTCTBUE NOP, TPELLMH U PaKOBUH (OLIeHKa NPOW3BOAUIACL METOAOM BU3YyasibHO-M3MEPUTENIbHOTO KOHTPOA).
MpoBeneHHbIN MUKPOPEHTIEHOCMNEKTPabHbIV aHaNN3 MOATBEPAU YCBOEHME NErMPYOLUX 3/1IEMEHTOB, HaXoaA-
LMXCA B COCTABE MOPOLUKOBOW MPOBOJIOKM. B CTPYKTYpe HaniaBeHHOro NOKpPbITMA 06pa3ytoTcs BKIOUEHNS, CO-
cToAwme 13 BobopamMa, yrnepoda, Xpoma, BaHaauaA 1 MapraHua, npuyem KoanyecTBo yrnepoga B COCTaBe Ha-
MNSIaBIEHHOIO MOKPbLITVA 3aBUCUT OT CofilepKaHUsi JOOaBKM U3 MblIV NEKTPOPUILTPOB aflOMUHEBOTO NPOU3-
BOJCTBA B LUMXTE NMOPOLIKOBOV NPOBONOKMW. 1N NoATBEP>KAEHMA NONYUYEHNA BbICOKOTBEPAOTO 1 M3HOCOCTOW-
KOro NOKpbITUA NPOBeAEHbI NCCNEAO0BAHUA MUKPO- M HAHOTBEPLAOCTY, @ TaKXKe UCMbITaHNA Ha MU3HOCOCTONKOCTb
nccnegyembix 06pasLoB.

TEXHWYECKUE NPEMMYLLEECTBA

[aHHble TMNbl NPOBONOK ABMATCA UMMOPTO3aMeLlaloLWMmM pa3paboTkaMy MOPOLLKOBbIX MPOBONOK GMPMbl
ESAB (WBeuwna) mapkm OK Tubrodur 15.52.5, koTopble WMPOKO MCMONb3YIOTCA AS1IA PEMOHTHbIX PaboT ropHO-
LIAXTHOTO Y MeTaNnypruyeckoro obopynoBaHuA. TeXHUYECKMMU NpenumyLLecTBaMu nepes aHanoramm npu mc-
Nonb30BaHN 3aABAAEMOro COCTaBa LUNXTbl MOPOLLKOBOW ABNIAETCA NOBbILEHHAA TBEPAOCTb Y MUSHOCOCTOMKOCTb
HannaBfIEHHOrO MEeTasIa 3a CYET BBEAEHWA B COCTaB WXTbl yrnepoadptopcogepalyein nobasku. Mpw Hannas-
Ke 3aABJIEHHOW MNOPOLLKOBOW MPOBONOKON COKpaLLaeTcs 06pa3oBaHve Nop 3a CYET UCMONb30BAHMSA MblIN ra3o-
OUNCTKM aNtoMUHEBOTO NPOW3BOACTBA, YAAETCA CHU3MTb KOHLIEHTPaLMio BOLOPOa B HamniaBieHHOM MeTanne
1 AOCTUYb XOPOLLMX YKPbIBHbBIX CBOMCTB MOSTy4aeMO LLNAaKOBOW KOPKMU.

OXXUOAEMbI PE3YJIBTAT MPUMEHEHUA

MoBbiweHne ypoBHA MuKpoTBeppoctn go 730 HV, HaHoTtBepgoctn Ao 5,43 [Tla, M3HOCOCTOMKOCTU
0o 1,17x107° A/n (r/06) HannaBnAemoro csos meTasnna.
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TEKYLWAA CTAAUA PA3BUTUA
Pa3paboTka BHeApPEHa B MPOM3BOACTBO.

CBEJEHNA O MPABOBOW OXPAHE

MateHTbl Poccuiickon Mepepaummn: N2 2779557 «opolukoBas npoBosioKa», N2 2772824 «Dntoc gna mexaHu-
31MPOBaHHON CBapPKM 1 HamnfaBKuy cTanem», N2 2772822 «Ontoc Ana mexaHn3rMpoBaHHOM CBapKM 1 HamnaBKy CTa-
nen», N°2762690 «[opolukoBas NPOBOIOKa».

MOTEHUWANDbHDBIE NOTPEBUTENN U/ BAUMHTEPECOBAHHDIE B PA3PABOTKE

MpennpuATAA, SKCMYaTUPYIOLLME TOPHO-LLIAXTHOE U MeTannypriuyeckoe obopygosaHue (OAO «benopycckuii
MeTannypruyecknin 3aBog — yrnpasnsioLian KoMnaHua xonavHra ‘benopycckas metannyprimyeckas KomnaHua",
ESAB, Hyundai Welding, Weldtech-Group, komnaHus «EBPA3»).

KOHTAKTHbIE JAHHbIE

MaHueHKo VipnHa AnekceeBHa, 3aBeytoLimii HayuHol nabopatopuen SMnOW, KaHgMAaT TEXHUYECKNX HayK.
Ten.: (+8 923) 626 86 66

E-mail: i.ri.ss@yandex.ru

MwxHo Anekcen PomaHoBuy, anpektop HIML «CBapoyHble npouecchl 1 TEXHONOT».

Ten.: (+8 962) 800 61 31

E-mail: mihno_ar@sibsiu.ru

KoHoBanos Ceprein Banepbesuy, NpopeKkTop MO Hay4YHOW 1 UHHOBALIMOHHOW AeATENIbHOCTU.

Ten.: (+7 3843) 3289 32

E-mail: konovalov@sibsiu.ru
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. B. I. STEPANOV INSTITUTE OF PHYSICS
OF THE NATIONAL ACADEMY OF SCIENCES
OF BELARUS, SHANGHAI UNIVERSITY (CHINA)

1. DEVELOPMENT OF HIGH-PERFORMANCE SILICON CARBON COMPOSITES
FOR HIGH-ENERGY DENSITY LITHIUM-ION BATTERY ANODES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

As a result of the project implementation, plasma methods for the synthesis of silicon nanoparticles and silicon-
carbon composites based on the electrical discharge treatment of silicon micropowders in ethanol were developed.
The possibility of modifying the formed nanostructures in result of additional action on the colloidal solutions
of laser radiation and glow discharge plasma was demonstrated.

The samples obtained by processing a mixture of crystalline silicon and graphite microparticles have shown the
possibility of creating an anode material for lithium-anode battery with an initial specific capacity of ~ 960 mAh/g.
It was found that the cyclic stability of the electrode material containing smaller silicon particles is higher. After
500 cycles, the sample retains a specific capacity of 540 mAh/g with a stable Coulombic efficiency close to 100 %.

The nanoparticles synthesized by electric discharge treatment of submicron amorphous silicon particles in etha-
nol have a crystalline structure, a spherical shape and a size of about 2-5 nm. In the obtained nanomaterial, despite
the decrease in specific capacity in the initial cycles, after 10 cycles the specific capacity stabilizes and remains
at a level of ~ 800 mAh/g, maintaining 89 % of the initial capacity by the 50th cycle.

Electrical discharge treatment of silicon and graphene micropowders in ethanol result in a composite Si/G
nanomaterial formation with a high specific capacity (about 1,200 mAh/g) and an initial Coulombic efficiency
of 63 %. At long-time testing, the sample retains a capacity of ~ 440 mAh/g after 200 cycles.

TECHNICAL ADVANTAGES

The developed plasma method ensures the production of electrode material for lithium-ion batteries with
a specific capacity at the level of world analogues, additionally possessing reduced volume expansion, low cost
and low toxicity.

i

HRTEM images, histogram of the size distribution of silicon nanoparticles obtained by electric discharge treatment of silicon micropowders, element
distribution map of silicon in the sample
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Electrochemical characteristics (discharge capacity and Coulomb efficiency) of a Si/C electrode made of electrical discharge modified silicon
microparticles at a cycling rate of 0.1 C (a) and 0.3 C (b)

EXPECTED RESULT OF APPLICATION

The results of the project can serve as a basis for developing physical and technical principles for building
a competitive plasma synthesis technology for nanoscale silicon structures.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Chengdu Xinzhu Silk Road Development Co., Ltd.

CONTACT INFORMATION

Alena Nevar, Leading Researcher, PhD, Associate Professor.
E-mail: a.nevar@ifanbel.bas-net.by
Phone number: (+375 17) 27080 19
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II. STATE SCIENTIFIC INSTITUTION
“INSTITUTE OF POWDER METALLURGY
NAMED AFTER ACADEMICIAN O. V. ROMAN"

2. COMPOSITION AND TECHNOLOGY FOR OBTAINING COMPOSITE MATERIAL BASED
ON AL — SI— SB WITH REDUCED THERMAL COEFFICIENT OF LINEAR EXPANSION
BY DIE CASTING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Alloys with low TCLR are used in instrument engineering, aerospace industry, and mechanical engineering.
The composition and technology for obtaining materials of the aluminum — silicon-antimony system with a linear
expansion coefficient of less than 10 ppm/°C are developed. The alloy material contains Al 40 % — Si 30 % —
Sb 30 %. A technological process with the letter “P” UCM®.01110.02612 “Set of technological documentation
for manufacturing modified aluminum alloy”. Changing the ratio of silicon and antimony components in an
aluminum alloy makes it possible to obtain materials with a wide range of performance characteristics, such as
TKNP is (9.22-12.80)-10°K™", density is 2.7-3.2 g/cm?, thermal conductivity is 140-200 W/m:-K. The combination
of these properties makes them a good material for heat-dissipating bases of electronic modules operating
at high power levels.

—

a) b)

Experimental samples based on aluminum alloy obtained by die casting:
a) castings; b) after machining

%200
Structure of a sample of material
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Results of the study of the coefficient of thermal expansion in the temperature range 20120 °C

TECHNICAL ADVANTAGES

A new composite material based on aluminum modified with silicon and antimony up to 30 % by weight has
been developed. with thermal coefficient of linear expansion < 1-10° for parts and assemblies operating in the
field of changing temperatures and thermal loads, space technology parts, electronics. The material has a simple,
inexpensive chemical composition available to the manufacturer. Main technical characteristics:

- KTLR of 10 ppm/°C in the temperature range of 20-120 °C;
- oV ~ 200 MPa — optional;

- specific gravity < 3.0 g/cm?®.

EXPECTED RESULT OF APPLICATION

In the field of materials that are subject to temperature loads and work at high temperatures, where their
expansion occurs; in the field of mechanical engineering — to details of precision instruments of rocket-space
vehicles (to beryllium level a = 12-10-° 1/ degree).

CURRENT STAGE OF DEVELOPMENT
A prototype has been released.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Enterprises of the electronic and space industries, mechanical engineering.

CONTACT INFORMATION

Vladimir Ovchinnikov, Head of the Laboratory, Candidate of Technical Sciences.
E-mail: OvchinnikovVi@yandex.ru
Phone number: (+375 17) 511 55 23
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ll. SCIENTIFIC AND METHODOLOGICAL INSTITUTION
OF THE BELARUSIAN STATE UNIVERSITY
"REPUBLICAN CENTER OF HUMAN PROBLEMS”

3. HARDWARE AND SOFTWARE FOR RELAXATION AND MOBILIZATION EFFECTS
USING THE VIRTUAL REALITY METHOD

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Heart rate, galvanic skin dynamics, respiratory amplitude and frequency, temperature are measured and ana-
lyzed with calculation of the dynamics of individual mental stress. Methods (scenarios) for developing sustainable
skills of self-regulation of the psycho-emotional state and restoring performance using the method of biological
feedback through the channels for controlling the temperature of the fingers, the amplitude and frequency of
breathing, and the dynamics of the heart rate are developed. The implementation of scenarios is based on the
principle of virtual reality, which ensures the effect of maximum involvement in the dynamic audiovisual context
of the training. The development has been tested and transferred to the laboratory of psychophysiological sup-
port of the Belarusian NPP RUE to improve the performance, stress resistance, and functional reliability of the
operating personnel.

TECHNICAL ADVANTAGES

The principles of polyzonal measurement of basic physiological parameters of an individual for virtual reality
equipment have been developed. The effect of maximum inclusion of an individual in the audiovisual context
of training using virtual reality has been realized.

Hardware

EXPECTED RESULT OF APPLICATION

The development can be used by specialists of the psychological service of the energy, oil refining and other
important sectors of the national economy of the Republic of Belarus to increase the level of psycho-emotional
stability of qualified personnel performing responsible types of work.
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CURRENT STAGE OF DEVELOPMENT
Research work has been completed.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Belarusian NPP RUE, Belenergo SPA.

CONTACT INFORMATION

Dmitry Sagajdak, Deputy Director for Research, Candidate of Physical and Mathematical Sciences,
Associate Professor.

E-mail: petbsu@mail.ru
Phone number: (+375 17) 320 01 30




INDUSTRY: FROM INNOVATION TO PRODUCTION

IV. INSTITUTE BELORGSTANKINPROM OPEN JOINT
STOCK COMPANY, MINSK PLANT OF AUTOMATIC
LINES NAMED AFTER P. M. MASHEROV
OPEN JOINT STOCK COMPANY

4. HORIZONTAL CNCTURNING MACHINE FOR SOLID TURNING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The machine is designed for the most complete processing of parts such as bodies of rotation, including turn-
ing, drilling holes and threading, milling grooves, and for expanding technological capabilities — performing
solid turning instead of grinding, in accordance with the technical characteristics:

1. The accuracy class of the machine is the quality of the outer surfaces, min — H6, the quality of the inner
surfaces, min — H7.

2. The diameter of the workpiece processed above the caliper, max — 480 mm.

3.The number of spindles is 1 pc.

4, The nominal distance between the centers is 1,000 mm.

5.The spindle speed limits are 0-4,000 rpm.

6. The maximum allowable torque on the spindle is 1,000 N.

7.The maximum stroke of the caliper is longitudinal (Z axis) — 1,135 mm, transverse (X axis) — 415 mm.

8.The speed of rapid movement of the caliper is longitudinal (Z axis) — 25 m/min; transverse (X axis) — 25 m/min.

9.The accuracy of linear positioning along the X/Z axes is not more than + 0.005 mm.

10. The measurement resolution of the optical ruler is 0.0001 mm.

11.The power of the main drive is 42 kW.

12. Machine weight is 11,000 kg.

TECHNICAL ADVANTAGES

A machine with similar characteristics is being developed for the first time in the Republic of Belarus.
The machine has the following innovations and advantages:
1. The presence of a rigid solid-cast vibration-resistant cast iron bed filled with non-shrinkable concrete.

2.The presence of a spindle headstock of the original design:
— with a developed body;

- without gears;

- the torque is transferred from the gearbox to the spindle by a V-belt;
- precision bearings with preload;

- the front support is cooled.

3. The presence of a cross support:

- transverse slide guides for vibration damping;

- lateral movement control is optical ruler;

- longitudinal guides is rolling bearings with preload;

- control of longitudinal movement is optical ruler.

4.The presence of a rigid revolver head.

5.The presence of a tailstock:

- pinless;

- displacement drive is electromechanical (CNC axis);

- with hydraulic preload to the guides;

- spindle on precision bearings with preload.




(NC Horizontal turning machine for hard grinding (PML| 1000)

6. The presence of tool control (measurement), followed by automatic correction via CNC.

7.The use of advanced types of components and materials (rolling rails with prestretched carriages, ball screw
gears with a low coefficient of friction (direct drive systems) with improved technical and economic parameters
will reduce the energy consumption of the machine.

8.The design and ergonomic solution of the machine will make it possible to closely match modern trends.
9.The proposed machine is world-class in terms of its design solutions and technical and economic parameters.

EXPECTED RESULT OF APPLICATION

Completing the task will reduce the purchase of imported equipment for the technical re-equipment of enter-
prises of the machine-building complex of the Republic of Belarus. Work will continue to expand the technological
capabilities of the shaft-forming enterprises. The purpose of replacing grinding with hard turning is to reduce the
complexity of manufacturing parts and, as a result, increase the efficiency of the machining process. The increase
in efficiency is determined by the following factors:

- the material consumption during solid turning is three times less than during grinding;

- solid turning has a much higher flexibility is machining of complex parts is possible, while on a grinding
machine such machining requires the replacement of wheels and the adjustment of the machine.

All of the above suggests that solid turning is almost 30-50 % more economical than grinding. The planned
production of machines in 2025 — 2 pcs, 2026 — 2 pcs, 2027 — 2 pcs.

CURRENT STAGE OF DEVELOPMENT

At the stage of assembly and debugging of the prototype.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Minsk Bearing Plant JSC, Minsk Tractor Plant JSC, MAZ JSC.

CONTACT INFORMATION

Rolando Perez, Deputy Director of Institute of BELORGSTANKINPROM JSC.
Phone number: (+375 29) 557 69 20

Evgeny Labazov, Leading Design Engineer of BELORGSTANKINPROM JSC.
Phone number: (+375 33) 359 30 06
E-mail: ko@belstanki.by
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5. MULTI-PURPOSE HORIZONTAL CNC TURNING MACHINE (INCLUDING FOR SPECIAL
PURPOSES) AND THE POSSIBILITY OF COMPLETING: A REVOLVER HEAD
WITH Y AXIS, SERVOS FOR MOVING THE HEADSTOCK OF THE LUNETTE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The machine is designed for the most complete processing of parts such as bodies of rotation, including turn-
ing, drilling holes and threading, including off-axis parts, milling grooves, heads and other processing. It can be
used in various branches of mechanical engineering with single, small-scale and serial production. The main
characteristics of the machine:

1. The accuracy class of the machine according to GOST 8-82 is P.
2.The largest diameter of the workpiece:

- mounted above the bed is 700 mm;

- processed above the bed is 630 mm;

- processed above the caliper is 480 mm.

3. The maximum distance between the centers is 1,500 mm.
4.The maximum stroke of the caliper:

- longitudinal (Z1 axis) is 1,685 mm;

- transverse (X axis) is 415 mm;

- perpendicular (Y axis) is £ 70 mm.

5.The value of the caliper working feeds is 1-6,000 mm/min.
6. The speed of rapid movements of the caliper:

- longitudinal (Z1 axis) is 30 m/min;

— transverse (X axis) is 30 m/min;

- perpendicular (Y axis) is 10 m/min.

7.The maximum stroke of the tailstock (Z2 axis) is 1,200 mm.
8. The maximum stroke of the lunette (Z3 axis) is 1,200 mm.
9. Clamping of parts:

- the diameter of the clamping chuck is 500 mm;

- the cartridge drive is hydraulic;

- clamping force is adjustable.

10. Spindle speed is 0-3,000 rpm.

TECHNICAL ADVANTAGES

A machine with similar characteristics is being developed for the first time in the Republic of Belarus. The ma-
chine has the following innovations and advantages:

1.The presence of a rigid solid-cast vibration-resistant cast iron bed.

2.The presence of the Y axis with placement on the same support with the X axis with widely spaced sliding
guides:

—ensures that milling operations are carried out in modern cutting modes to achieve high machining accuracy;

- provides new processing capabilities, for example, drilling holes on the edge not along the axis of the part,
using standard tool heads for revolver heads with a drive tool.

3. Expansion of technological capabilities in the presence of programmable movement of the lunette (Z1 axis),
which allows tool support (cutter) when processing thin non-rigid parts of the “shaft” type to obtain high pro-
cessing accuracy.

4. Programmable movement of the tailstock (Z2 axis) allows you to expand the range of machined parts with
minimal readjustment.
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Multi-purpose CNC horizontal lathe with Y axis (PML] 1500)

5.The use of advanced types of components and materials (rolling rails with prestretched carriages, ball screw
gears with a low coefficient of friction (direct drive systems) with improved technical and economic parameters
will reduce the energy consumption of the machine.

6.The ergonomic design solution of the machine will make it possible to closely match modern trends. The pro-
posed machine is world-class in terms of its design solutions and technical and economic parameters.
EXPECTED RESULT OF APPLICATION

As aresult of the project, the competitiveness of new types of products will increase, the possibility of exporting
them will increase, the working conditions of customer service personnel will improve, the quality parameters of
processed products will increase and the costs of manufactured products will decrease.

The planned production of machines in 2025 — 6 pcs.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION

In accordance with article 6 of the Law of the Republic of Belarus dated December 16, 2002 No. 160-3 “On
Patents for Inventions, Utility Models, and Industrial Designs’, constructive solutions are initially protected as
know-how (production secrets) under the commercial secret regime. In the future, it is planned to file applications
for patents for inventions and utility models in key markets (the Republic of Belarus and the Russian Federation).

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Minsk Tractor Plant JSC, MAZ JSC, Orshaagromash LLC, enterprises of the Russian Federation.

CONTACT INFORMATION

Rolando Perez, Deputy Director of Institute of BELORGSTANKINPROM JSC.
Phone number: (+375 29) 557 69 20

Pyotr Mikulchik, Head of the Bureau of Special Lathes and Automatic Lines of Institute
of BELORGSTANKINPROM JSC.

Phone number: (+375 33) 359 30 06

E-mail: ko@belstanki.by
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V. BELELECTROMONTAZHNALADKA OPEN JOINT
STOCK COMPANY

6. MAIN PROTECTION DEVICE FOR 330 KV AUTOTRANSFORMER (MICROPROCESSOR
RELAY MP801 FOR PROTECTION AND AUTOMATION OF POWER EQUIPMENT)

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

& The main protection device of the 330 kV autotransformer
Tepmunan 3auMTe! is designed for:

- protection of 220, 330 kV autotransformers;

— protection of two-, three-, four-winding transformers;

- protection of reactors;

— protection of 6-10 kV synchronous motors;

- protection of 6-10 kV asynchronous motors;

— automation and control of 6-220 kV switches;

- automatic transfer switch.

The main protection functions performed by the main pro-
tection of the 330 kV autotransformer are as follows:

- differential current protection with braking (ANSI-87T);
- differential current cutoff;

— maximum current protection linked to any side of the
autotransformer with voltage start and blocking from an ex-
ternal signal, at least 14 stages used as current protection
of the HV, MV and LV sides, protection against symmetrical
overload of all sides of the autotransformer and the common
winding, signaling against ground faults in the LV winding,
start of the automatic cooling of the autotransformer by cur-
rent (ANSI-46, -50, -51,-51U, -51N, -67, -67N);

— current start stage for arc protection of LV cells (ANSI-51);

Basic protection device of autotransformer 330 kV

- overload protection according to the thermal model (ANSI-49RMS);

- protection of maximum and minimum voltage of the LV winding (ANSI-27, -59);

- monitoring the serviceability of voltage circuits (ANSI-60);

- reception of signals from gas protection of the autotransformer and OLTC;

- reception and processing of signals of technological protections of the autotransformer;
- formation and issuance of emergency and warning signals;

- emergency event recorder;

- freely programmable logic;

— 4 groups of settings.

TECHNICAL ADVANTAGES

The development of a sample device for the main protection of a 330 kV autotransformer is an analogue
of imported relay protection and automation equipment for 330 kV networks (European, Russian, Chinese), used
at such substations. The device will form the basis for further developments in the direction of more complex
relay protection and automation equipment for 330 kV networks.
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EXPECTED RESULT OF APPLICATION
Finished products are used in the construction of new and reconstruction of existing power supply facilities.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Energy facilities of the Republic of Belarus.

CONTACT INFORMATION

Sergey Korolev, Head of the Department of Prospective Development.
Phone number: (+37517) 272 81 92
E-mail: skorolev@bemn.by

Mikhail Loman, Leading Engineer for Adjustment and Testing, PhD in Engineering.
Phone number: (+375 17) 348 88 57
E-mail: mloman@bemn.by
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VI. BRESTMASH OPEN JOINT STOCK COMPANY

7.SILICONE HOSES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Silicone pipes are widely used in various industries such as mechanical engineering, construction, electronics,
medicine, defense, cable industry, food and chemical industry, as well as in the production of consumer goods.
These products consist of a heat-resistant coating, synthetic fabric and an acid-resistant layer, which ensures
their reliability and durability.

Due to the fabric reinforcement, silicone nozzles have high tensile strength and long service life.

They retain their performance characteristics at both low and high temperatures. The technical properties al-
low them to operate in the temperature range from —60 to +300 °C. The pipes are durable: the hardness reaches
80 Shore A, and the strength is up to 80 kg/cm?. They have high elasticity and resistance to alkaline environments.
In addition, due to their antimicrobial properties, they do not promote the development of bacteria and fungi.

TECHNICAL ADVANTAGES

Scientific and technical level of production: the use of automated lines, modern methods of vulcanization and
quality control; the use of methods to strengthen the strength of silicone pipes.

The pipes manufactured by Brestmash JSC demonstrate a wide temperature range, good chemical resistance
and durability.
EXPECTED RESULT OF APPLICATION

Due to its high wear resistance and resistance to mechanical stress, silicone nozzles ensure a long service life
without the need for frequent maintenance or replacement.
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Elasticity and resistance to deformation make it possible to keep the joints tight, which is important to prevent
leaks and ensure safe operation of the equipment.

The heat resistance allows the pipes to be used in extreme temperature conditions.

Durability and wear resistance reduce the frequency of repairs and replacements, leading to lower operating
costs.

Chemical resistance ensures reliable operation in aggressive environments.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

MAZ JSC, BELAZ JSC, MZKT JSC, MTZ JSC, GOMSELMASH JSC, AMKODOR JSC. The main machine-building enter-
prises of the Russian Federation are AvtoVAZ, KAMAZ, GAZ Group, Bryanskselmash, Rostselmash, Troitskiy Tractor
Plant LLC, Composite Group JSC, Chelyabinsk Tractor Plant LLC, Ural Automobile Plant, St. Petersburg Tractor Plant.

CONTACT INFORMATION

Alexey Brazhuk, General Director.

Phone number: (+375 33) 382 36 90

E-mail: mir@bmz.by

Alexander Budagovsky, 1st Deputy Director, Chief Engineer.
Phone number: (+375 29) 608 57 62

Sergey Zholudev, Deputy Director for Commercial Affairs.
Phone number: (+375 44) 563 19 92
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VII. VITEBSK PLANT OF ELECTRICAL MEASURING
INSTRUMENTS OPEN JOINT STOCK COMPANY

8. CENTRAL SWITCHING UNIT LIKb-3

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The central switching unit LIKB-3 is designed to optimize the control and management of vehicle systems. It is
designed to receive and process information via CAN interfaces and analog (logical) circuits, control the power
supply of external consumers using intelligent electronic keys with short-circuit protection, perform diagnos-
tics of equipment connected to the LIKB-3, with the ability to receive diagnostic data via the CAN interface,
switch circuits and protect against current overloads and short circuits. LIKB-3 consists of central switching block
LIKB-3-BK and fuse block LIKB-3-BP. The LIKB-3-BK ensures: upon receipt of control signals, switching on/off the ve-
hicle electrical equipment control circuits via the CAN interface; monitoring the state of the control circuits (open
or short circuit) and transmitting information via the CAN interface; control of the windshield wiper circuit via
the CAN interface; reception and processing of information via analog circuits. The L|KB-3-BP ensures switch-
ing of circuits and their protection from current overloads. Operating temperature range from —40 to +60 °C.
Type of climatic version U2T2 inaccordance with GOST 15150. The weight of LIKB-3-BC is not more than 0.7 kg,
the weight of LIKB-3-BP is not more than 0.5 kg. Separate delivery is allowed.
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TECHNICAL ADVANTAGES
Information exchange with the electronic engine control unit via the CAN bus (SCR).
Information exchange with the electronic engine control unit via the CAN bus (SAE).

Information exchange with units and aggregates via the CAN-MAZ bus; information exchange via the multi-
plex bus of cab electrical equipment (QMs); information exchange via the multiplex bus of electrical equipment
chassis (QMs). Peculiarities: the device is universal, can be used as a CAN-gateway for redirecting and relaying
messages in the CAN-bus, it is possible to programmatically reconfigure functions directly from consumers.

EXPECTED RESULT OF APPLICATION

As a result of the introduction of the central switching unit LIKB-3 for the automated control system of electri-
cal equipment of the car, the material consumption of electrical wiring (copper wire consumption) decreases,
the number of detachable connections decreases, the possibility of better and deeper diagnostics of devices,
blocks and components of the car increases, the convenience in operation and maintenance improves, the reli-
ability of both electrical equipment and overall.

CURRENT STAGE OF DEVELOPMENT

Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
Patent No. 11853 for the utility model “Central switching unit” was obtained.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
MAZ OJSC.

CONTACT INFORMATION

Andrey Semenchukov, Deputy Director — Chief Engineer.
Phone number: (+375 21) 266 08 17
E-mail: semenchukov.a@vzep.by
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VIIl. GAZOOCHISTKA ENGINEERING
LIMITED LIABILITY COMPANY

9. CLEANING OF INDUSTRIAL GASES IN ABSORPTION AND BIOCHEMICAL UNITS
OF GAZOOCHISTKA ENGINEERING LLC

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A fundamentally new method of cleaning ventilation air from harmful organic substances using biological
methods.

Scope of application: industrial enterprises with ventilation emissions of harmful organic substances (foundry,
woodworking, mineral wool production, construction materials production, etc.).

Purpose: absorption-biochemical units are designed for wet cleaning of ventilation air from harmful organic
substances (phenol, formaldehyde, triethylamine, etc.). The units also effectively capture resinous, suspended
substances and do not have a drain into the sewer.

TECHNICAL ADVANTAGES
Advantages of the cleaning method:

— economical: low operating costs;
- functionality: effective cleaning of ventilation air from harmful organic substances;
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- technological: simplicity and reliability in operation;
- environmental friendliness: no process discharges into the

sewerage system and emissions of harmful substances into
the environment;

—fire and explosion safety: use of a solution based on indus-
trial water as an absorbent.

EXPECTED RESULT OF APPLICATION
Reducing emissions of harmful substances into the environ-
ment.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
Eurasian Patent No. 036807, dated 12/23/2020.
Patent Holders: Gazoochistka Engineering LLC.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Industrial enterprises with ventilation emissions of harmful
organic substances into the atmosphere (foundry production,
woodworking, mineral wool production, production of buil-
ding materials, etc.).

CONTACT INFORMATION

Nikolay Vit, Director.
Phone number: (+37517) 3781212
E-mail: info@abhu.ru

INDUSTRY: FROM INNOVATION TO PRODUCTION
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IX. DIGITALIZATION DEPARTMENT
OF THE PRODUCTION ASSOCIATION "BELORUSNEFT”
REPUBLICAN UNITARY ENTERPRISE

10. INTELLIGENT VIDEO SURVEILLANCE DATA ANALYSIS SYSTEM FOR DETECTING
VIOLATIONS OF OCCUPATIONAL SAFETY AND HEALTH MEASURES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The software is designed for the automatic real-time analysis of video streams from surveillance cameras on drill-
ing rigs, utilizing advanced computer vision and machine learning algorithms to identify violations of occupational
health and safety measures. Specifically developed for the oil and gas industry, the system significantly enhances
workplace safety during high-risk operations. Key functionalities include monitoring proper use of personal pro-
tective equipment, tracking personnel entry into dynamic hazard zones and verifying adherence to prescribed
technological procedures.

TECHNICAL ADVANTAGES

The developed system utilizes state-of-the-art computer vision algorithms, including modern architectures
for object detection and human pose estimation. A key feature is the use of specialized datasets collected directly
from oil and gas production sites, ensuring high recognition accuracy in real-world conditions. Key technological
advantages include model optimization for industrial environments, real-time video processing and high accuracy
in recognizing production-specific scenarios.

EXPECTED RESULT OF APPLICATION

System implementation will significantly reduce workplace injuries and accidents on drilling rigs. Additional
benefits include automation of routine monitoring and generation of objective analytical reports on occupational
safety and health violations on production sites.

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

INFORMATION ON THE LEGAL PROTECTION
The software can undergo state registration.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
PO “Belorusneft” RUE, industrial enterprises.

CONTACT INFORMATION

Konstantin Kurochka, Software Engineer, PhD in Computer Science, Associate Professor.
Phone number: (+375 29) 170 59 68

E-mail: K.Kurochka@beloil.by

Konstantin Panarin, Software Engineer.

Phone number: (+375 25) 790 99 76

E-mail: K.Panarin@beloil.by

Alina Zhitko, Software Engineer.
Phone number: (+375 29) 830 12 23
E-mail: A.Zhitko@beloil.by
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X. BELARUSIAN NATIONAL TECHNICAL UNIVERSITY

11. INTELLIGENT DEFECT DETECTION SYSTEM FOR POWER TRANSMISSION LINES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

This project proposes a transmission line defect detection system based on intelligent visual recognition tech-
nology, which integrates deep learning, image processing, and multi-source data perception technology to
achieve efficient and automatic recognition of surface defects on transmission lines. The system supports multi
scene detection at short, medium, and long distances, covering key components such as wires, insulators, and
iron towers, and has the ability to identify various types of defects such as foreign objects, fractures, self explo-
sions, and corrosion. By constructing an image database and intelligent knowledge base, the system can achieve
high-precision defect recognition and localization in complex environments, significantly improving inspection
efficiency and safety, reducing labor costs and misjudgment risks.

TECHNICAL ADVANTAGES

Compared to traditional manual inspection or single image recognition methods, this system has significant
advantages in recognition accuracy, detection speed, and adaptability. The system adopts “YOLOv5" algorithm
and multimodal data fusion technology to achieve real-time detection and high-precision recognition, suitable
for complex natural environments and multiple types of defects. Compared with mainstream international detec-
tion systems, this solution has advantages in hardware cost, system flexibility, and localized adaptation, especially
suitable for large-scale power grid inspection and intelligent operation and maintenance needs.

EXPECTED RESULT OF APPLICATION

This system can be widely applied in scenarios such as State Grid, power operation and maintenance compa-
nies, unmanned aerial vehicle inspection services, etc., to achieve automated identification and early warning
of transmission line defects, improve the safety and stability of power system operation, and promote the digital
transformation of smart grid construction and operation and maintenance.

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

INFORMATION ON THE LEGAL PROTECTION
The core technology of the system has applied for software copyright, and related algorithms and models are

applying for invention patents. The image database and knowledge base are independent intellectual property
achievements.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

State Grid Corporation of China, local power companies, power equipment operation and maintenance enter-
prises, unmanned aerial vehicle inspection service providers, smart grid technology integrators, etc. (applicable
to Belarus and overseas markets).

CONTACT INFORMATION

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

Phone number: (+375 29) 683 90 06

E-mail: savkova@bntu.by

Ju Junmao, Master’s Degree of the Department “Electricity Supply”.
Phone number: (+375 25) 762 92 81
E-mail: 448304285@qq.com
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Ksiojin Kzyuu, Graduate Student of the Department “Construction electrical engineering and intellectual
engineering” of the Shandong Institute of Technology.

Phone number: (+86 1867) 855 53 57

E-mail: 2625613463@qq.com

Oleg Kryvolaph, Student of the Department “Electrical networks and systems”.
Phone number: (+375 29) 304 34 95
E-mail: olegka9900@gmail.com

Nikolay Mikhnevich, Student of the Department “Electrical networks and systems”.
Phone number: (+375 29) 123 02 07
E-mail: mixmevich22@gmail.com

12. NEURAL NETWORK TECHNOLOGY FOR MANAGING BIG DATA IN ENERGY
SYSTEMS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The innovative development is a concept of managing big data of the energy system based on the applica-
tion of a neural network. Currently, there is a problem of managing big data in almost all sectors of the economy
in the world. Big data is considered (according to GOST R ISO/IEC 20546-2021) to be data arrays that differ mainly
in such characteristics as volume, diversity, high processing speed or variability, which require the use of scaling
technology for efficient storage, processing, management and analysis. The essence of the development is to cre-
ate a library of objects — a database and a deep neural network for solving the tasks of creating, systematizing,
storing, sorting, adjusting, as well as validating and verifying the neural network.

TECHNICAL ADVANTAGES

Given that the neural network works with libraries of objects, adapting to a specific energy system, and given
that the energy sector of the economy is generally classified as confidential information, open-source informa-
tion about domestic and foreign analogues is limited. In this regard, there is a need for in-house development
to solve specific enterprise tasks. The use of big data technologies and artificial intelligence helps to expand
the functionality of real-time energy system management software, eliminating the need to match real-world
parameters with existing theoretical models. The advantages of this technology include the ability to predict the
quantity and quality of products, to more accurately monitor the dynamics of electricity consumption, to track
accounts receivable more precisely and to manage the cost of contracts more effectively, as well as to predict
increased demand among consumers.

EXPECTED RESULT OF APPLICATION

The adaptation and implementation of innovative developments in the organization's activities will enhance
the efficiency of managing large data flows by reducing the consumption of time, human, financial, and material
resources through the provision of systematization, optimization, traceability, preservation, security, periodic
analysis, revision, updating, and accumulation of statistics on the organization's relevant subsystems.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION
Itis possible to file a patent application.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
State and private energy companies in the Republic of Belarus and other countries.
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CONTACT INFORMATION

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

Phone number: (+375 29) 683 90 06

E-mail: savkova@bntu.by

Dong Min, Master’s Degree of the Department “Electricity supply”.

E-mail: 834509160@qqg.com

Ekaterina Petrakova, Student of the Department “Electric Stations”.

Phone number: (+375 44) 494 91 29

E-mail: petrakovakatel4@gmail.com

Anna Shakun, Student of Department “Electric stations”.
Phone number: (+375 29) 252 21 88
E-mail: shakun.anna@bk.ru
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XI. BELARUSSIAN NATIONAL TECHNICAL UNIVERSITY
BRANCH “RESEARCH POLYTECHNIC INSTITUTE"

13. METHOD FOR PRODUCING A COMPOSITE MATERIAL BASED ON FOAMED,
POROUS, HIGHLY POROUS OR CELLULAR MATERIALS WITH SURFACE POLYMER
REINFORCEMENT

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The aim of the invention is to obtain a composite material with a smooth and durable surface suitable for
the manufacture of structural products while maintaining the low density inherent in all highly porous materials.

This is achieved by the fact that the method for obtaining a composite material based on foamed, porous, highly
porous or cellular materials of any type - metal, plastic, etc., without reference to the technological process of its
production, shape and size, type and composition, including placement in a mold of porous material, pouring it
with a polymer composition and subsequent curing, in order to avoid affecting the final properties of the result-
ing product, the surface of the porous material is hermetically covered with a thin insulating separating metallic
or non-metallic flexible coating no more than 200 um thick, non-brittle and easily deformable.

At theinitial stage, the approximate contours of the part being manufactured are reproduced from the foamed,
porous, highly porous or cellular material. Moreover, the material can be of any chemical composition. The surface
of a porous material is problematic to process due to the lack of areas with a smooth surface, and it is also prob-
lematic to connect them to each other or to other materials. In this method, all irregularities are then compensated
for by the correct shapes of the outer layer. For these purposes, an outer layer (matrix or coating) is used, inside
which a porous material is placed. In our case, the role of the matrix is played by a polymer. In order to avoid
filling the porous filler with the composition used to create the outer layer, it is necessary to use an insulating
intermediate layer made of flexible materials, such as aluminum foil, plastic films, with a thickness of no more than
200 um in order to avoid affecting the final properties of the resulting product. Foamed, porous, highly porous
or cellular material is covered with an insulating film of a chemical composition, thickness or other properties
necessary to obtain specific final properties of the finished product. The film can have the ability to stick to the
surface, be self-adhesive or be applied mechanically, by wrapping or enveloping or by heat-shrinkage processes,
which greatly facilitates the preparatory work. The isolated porous material is then placed, for example, in a dispos-
able or reusable mold that has the shape of the finished product. After curing, the finished product is removed;
if necessary, the polymer can be easily processed to give the final shape to the product.

TECHNICAL ADVANTAGES

A common problem of similar methods is a rigid binding to the material, form or technological process used.
As arule, known methods include a foaming process with the simultaneous formation of surface properties using
special equipment and designed for mass production of a specific part.

General view of samples (with pore isolation using industrial stretch film) in section after filling with compound
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Dependence of strain changes on compressive stress: 1 — compound sample; 2— sample reinforced with foamed material; 3 — sample of foamed
material with a 5 mm thick coating; 4 — sample of foamed material; 5 — sample of foamed material with a 1 mm thick coating

Another group of technological processes is a technology of joining by gluing, soldering, welding, etc. sheet
material, which leads to restrictions on the shape of the surface, which must be flat with no depressions or bulges.
In addition, unlike the claimed invention, the previously considered methods have restrictions on the radii
of rounding up to the practical impossibility of hardening the surface on spherical bodies.

The proposed method can be used to strengthen the surface of foamed, porous, highly porous or cellular materi-
als of any type - metal, plastic, cellulose, etc., and it is in no way tied to the technological process, or to the shape
and size of the foamed (porous, highly porous or cellular) material, or to its type and composition.

EXPECTED RESULT OF APPLICATION

Possibility of using waste from the foundry production of aluminum alloys. The options for replacing solid ele-
ments based on cast iron or aluminum with the proposed material are considered. With a workpiece of 1,000 cm?,
the weight of the castiron modelis 7,850 g, and the combined model based on foamed material with a coating of
the same volume is 534 g. The weight reduction was 93 %. In the case of aluminum, with a workpiece of 1000 cm?,
the weight of the aluminum model is 2,710 g, and the model based on foamed material with a coating of the same
volume is 534 g. The weight reduction was 80 %. Replacing cast iron and aluminum with the proposed material
leads to a significant reduction in the weight of the model and its metal content.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

It was procided an application for a patent of the Republic of Belarus No. 220250091, dated 02.05.2025; authors
M. L. Kalinichenko, U. A. Kalinichenko, L. P. Dolgiy.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Representatives of the machine-building complex.

CONTACT INFORMATION

Maria Kalinichenko, Senior Researcher in the Research and Innovation Laboratory of Cast Technologies, MSc.
Phone number: (+375 29) 276 31 56
E-mail: m.kalinichenko@bntu.by

Uladzialau Kalinichenko, Professor at the Department “Machines and technology of foundry”, Candidate
of Technical Sciences, Associate Professor.

Phone number: (+375 29) 760 39 45

E-mail: kvlad@bntu.by
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XlI. RESEARCH INSTITUTION “A. N. SEVCHENKO
INSTITUTE OF APPLIED PHYSICAL PROBLEMS™
OF THE BELARUSIAN STATE UNIVERSITY

14. COMPLEX FOR DETERMINING THE SPECTRAL-POLARIZATION PARAMETERS
OF REMOTE SENSING EQUIPMENT IN THE IR RANGE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A complex for determining the spectral-polarization parameters of Earth remote sensing (ERS) equipment in
the infrared (IR) range has been created. The novelty of the work lies in the use of a radiation polarization unit for
conducting spectral-polarization measurements.

A design with a circular arrangement of units around the registration system located on a rotating platform
has been implemented. In the center is the radiation registration system installed on a rotating platform with
high pointing accuracy (1'). Around it are the units of the photometric sphere, the absolutely black body and the
monochromatic emitter. On the optical axis between the photometric sphere and the registration system there
is a polarization unit, which can change the degree of radiation polarization.

The complex allows for research into the characteristics of both sources and receivers of IR equipment radiation
in the spectral range of 1-10 um, which will contribute to the further development of scientific and innovative
activities in domestic research centers in the field of high-tech aerospace industry of the national economy of
the Republic of Belarus.

TECHNICAL ADVANTAGES
Comparison of the parameters of the complex with the best foreign analogues shows that:

1) the covered spectral range of the complex allows to solve all the tasks facing the complex, including calibra-
tion and debugging of spectral equipment of remote sensing in the IR range;

2) the developed complex has the ability to create polarized radiation in the IR region (analogues do not have
this ability);

3) the developed complex, unlike analogues, has both diffuse (photometric sphere with illuminator) and mono-
chromatic radiation sources;

4) the range of temperatures reproduced by an absolutely black body significantly exceeds the range of analogs.

General view of the complex “[K-Kamey”
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EXPECTED RESULT OF APPLICATION

The reliability and accuracy of interpretation of the received optical remote sensing data from the sensors of the
remote sensing equipment in the IR range of aerospace carriers will increase. The measurement results obtained
with the help of the developed complex will allow for a more complete and informative use of environmental
monitoring data from aerospace carriers, taking into account the consequences of anthropogenic impact on
natural objects, environmental safety, taking into account the consequences of emergency situations, etc.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministry of Emergency Situations (MES), aerospace enterprises.

CONTACT INFORMATION

Yuri Belyaev, Head of the Research Laboratory of Optical and Physical Measurements, Candidate of Technical
Sciences, Associate Professor.

Phone number: (+375 17) 368 32 46

E-mail: belyv@tut.by

Gleb Litvinovich, Senior Researcher, Candidate of Physical and Mathematical Sciences.
Phone number: (+375 17)368 32 46
E-mail: litvinovichgs@yandex.by

15. ANALYSIS AND ATMOSPHERIC CORRECTION OF MULTISPECTRAL SPACE
IMAGES USING THE FLAASH MODULE OF THE ENVI SOFTWARE PACKAGE
AND THE DEVELOPED CAT METHOD

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Atmospheric correction is an important pre-processing step required for quantitative analysis of remote sensing
data. Correct use of atmospheric correction algorithms and software is essential for obtaining the most accurate
satellite remote sensing data on reflectivity and subsequent products (object parameters) based on it.

The paper presents comparative results of atmospheric correction using three methods:“FLAASH" (ENVI software
package), “CAT” (A. N. Sevchenko Research Institute of Physics and Physics of the BSU), and “MAK” (B. I. Stepanov
Institute of Physicsof the National Academy of Sciences of Belarus). These results can help in choosing appropri-
ate atmospheric correction methods.

The first stage of satellite data (images) processing is radiometric correction, which consists in recalculating
the “raw” pixel values into the values of the spectral density of energy radiance (SDR) at the upper boundary of
the atmosphere. The parameter values for calculating SDR were taken from the metafiles of the corresponding
delivery packages. After radiometric correction, the data are ready for atmospheric correction. For comparison,
the images obtained by “Sen2Cor’, a method for processing “Sentinel-2” data, were taken as reference values.
Additional results of this method used in the work are maps of the optical thickness of aerosol and water vapor.

“FLAASH" is a method for atmospheric correction of images in the visible range channels through the near
infrared range up to 3 um, obtained both in vertical (nadir) and in inclined geometry. Search for water vapor and
aerosol is possible only if the image contains channels in the corresponding wavelength ranges.

The “CAT" (Correction of ATmospere) method is developed for multispectral satellite data with a small number
of relatively wide spectral channels, based on analytical formulas that describe with sufficiently high accuracy
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the spectrum of outgoing radiation at the upper boundary of the cloudless atmosphere. The “CAT” method
includes a model of the atmosphere and its optical and physical parameters that are significant from the point
of view of radiation transfer, the atmosphere is considered homogeneous within the image. To solve the system
of equations containing measured values of the brightness of outgoing radiation in the channels of the satellite
sensor, the number of which is less than the number of unknowns of the model, it is proposed to use various
additional relations, including regression relations between the optical parameters of the atmosphere. For a
separate pixel of the image, selected in a special way, the unknown parameters of the atmosphere are found,
which are then used to calculate the albedo for all other pixels. In the work, the “CAT” method was used only for
4 channels with a resolution of 10 m.

TECHNICAL ADVANTAGES

When analyzing the results of atmospheric correction, the albedos obtained by three methods were compared:
“FLAASH"” and “CAT", as well as the albedos obtained by the atmospheric correction module (ACM) developed by
the Institute of Physics of the National Academy of Sciences of Belarus. These methods were compared relative
to the“reference”“Sen2Corr” (the method of the Sentinel-2 data provider) by the linear correlation coefficients of
the form y = k x x + b, where y is the albedo according to “Sen2Corr”; x is the albedo according to the compared
method. Since the coefficient b is close to zero, it can be neglected. Based on the average value of the linear cor-
relation coefficient k, it can be concluded that the methods restore reliable albedos: “FLAASH” in channels B1, B2,
B3, B4, B5, B7, B8, B10, B11, the "ACM” method — in channels B1, B2, B3, B4; the “SAT” method restores relatively
close albedo values for a surface with low reflectivity and needs to be improved when correcting channels in the
visible range of the spectrum, especially in the B2 channel.

The highest correlation is for albedo calculated by “MAC” and “SAT” for emulated images with an aerosol opti-
cal thickness (AOT) of 0.1 and 0.3. The highest correlation is for NDVI index values obtained by the “Sen2Corr”
(reference) and “MAC” methods.

EXPECTED RESULT OF APPLICATION

The “FLAASH” and “MAC"” methods can be used to calculate the values of reconstructed albedo of surfaces.
The calculated correction factors k should be applied to the reconstructed albedos: for the “FLAASH” method —
in the channels 733-748 nm (B6), 855-875 nm (B8a), 935-955 nm (B9), for the “MAC” method — in the channels
773-793 nm (B7), 785-900 nm (B8), 855-875 nm (B8a). In the remaining channels, the albedos are reconstructed
within the error limits of the methods. When studying NDVI vegetation indices, the albedos reconstructed by
the “MAC"” method do not require additional corrections.

CURRENT STAGE OF DEVELOPMENT
Research work has been completed.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
In the Republic of Belarus — NKU “Cosmos” of Peleng JSC.

CONTACT INFORMATION

Leonid Katkovsky, Head of the Research Laboratory of Remote Photometry, Doctor of Physical
and Mathematical Sciences, Professor.

Phone number: (+375 17) 368 32 46

E-mail: katkovskyl@bsu.by

Gleb Litvinovich, Senior Researcher, Candidate of Physical and Mathematical Sciences.
Phone number: (+375 17) 396 44 09
E-mail: itvinovichgs@yandex.by
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XIIl. EDUCATIONAL INSTITUTION
"BELARUSIAN STATE AGRARIAN TECHNICAL
UNIVERSITY"

16. MIXTURE FOR OPTIMIZING THE ELECTROPHYSICAL PARAMETERS
OF GROUNDING DEVICES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A composite mineral mixture based on hydrogel and graphite has been developed for soil treatment in the
near-electrode space of grounding devices (GD). The mixture is designed to stabilize moisture and reduce the
specific electrical resistance of the soil. Key characteristics: reduces GD resistance by up to 3 times, the seasonality
factor by up to 1.8 times, ensures parameter stability over a wide temperature range (including negative tem-
peratures). It is used in the installation and reconstruction of GD in energy, telecommunications, and lightning
protection, both with traditional and deep ground electrodes. Environmentally safe, does not activate corrosion
of metal electrodes.

TECHNICAL ADVANTAGES

Advantages over analogs (salt treatment, electrolytic grounding): absence of corrosive aggressiveness, long-term
parameter stabilization (due to hydrogel), reduction of seasonality, inverse temperature dependence of resis-
tance, eliminating parameter spikes during freezing, applicability with existing ground electrodes. Effectiveness
is confirmed by experimental research in the Republic of Belarus and abroad. The scientific and technical level is
confirmed by patent research, a patent protects the optimal composition for the Republic of Belarus.

EXPECTED RESULT OF APPLICATION

Reduction of capital costs for the construction of the grounding device by reducing the number of electrodes
and the area of the loop. Increase in electrical safety and reliability of electrical installations due to the stabiliza-
tion of grounding resistance throughout the entire service life. Increased application in arid regions and areas
with significant seasonal fluctuations in the specific resistance of the soil.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

A patent for an invention for an optimized mixture composition has been obtained. An application for a method
of introducing the mixture has been filed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Belenergo RUE, electrical installation organizations, telecom operators, oil and gas industry enterprises, re-
newable energy facilities. Central Asian countries (Uzbekistan, Kazakhstan), the Middle East, countries with arid
climates.

CONTACT INFORMATION

Sergey Baraishuk, Head of Department, PhD in Physical and Mathematical Sciences, Associate Professor.
Phone number: (+375 29) 775 76 37
E-mail: bear_s@rambler.ru

Ivan Pavlovich, Senior Lecturer.
Phone number: (+375 25) 754 24 10
E-mail: mrchesel20@gmail.com
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XIV. EDUCATIONAL INSTITUTION “SUKHOI STATE
TECHNICAL UNIVERSITY OF GOMEL”

17. PROGRESSIVE MATERIAL PROCESSING METHODS AND METAL-CUTTING TOOLS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
Methods for processing complex surfaces are proposed based

”ﬂ on the developed schemes of allowance shaping and cutting.
: // Constructions of built-up progressive metal-cutting tools are
developed, including mechanized ones. Friction damping com-

nm,.-ull\\ \\\ il posite 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 reliability of detachable
and non-detachable joints by 1.4 times.

Friction materials

TECHNICAL ADVANTAGES

A common problem of similar methods is a rigid binding to the material, form or 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 Tool Units 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 Robotic Systems Department, Doctor of Engineering Sciences, Professor.
Phone number: (+375 23) 229 01 04
E-mail: mihailov@gstu.by
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XV. EDUCATIONAL INSTITUTION
“YANKA KUPALA GRODNO STATE UNIVERSITY”

18. COMPOSITIONS AND TECHNOLOGY OF COMPOSITE MATERIALS BASED
ON INDUSTRIAL THERMOPLASTICS CONTAINING NANOSIZED COMPONENTS,
IMPLEMENTING THE PRINCIPLE OF MULTI-LEVEL MODIFICATION

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Compositions and technology of nanocomposite materials based on aliphatic polyamides and fluoroplas-
tic-4 (PTFE) to ensure operational parameters of structures with increased load-speed characteristics. A tech-
nology has been developed for manufacturing products from fluorocomposites containing dispersed particles
of cellulose-containing products and polyamide resin.

TECHNICAL ADVANTAGES

The developed compositions of nanocomposite materials allow, in comparison with domestic and foreign
analogues, to increase:

- parameters of deformation and strength characteristics by 1.2-1.5 times;
- parameters of tribotechnical characteristics by 1.5-2.0 times;
- to achieve a bactericidal effect when used.

EXPECTED RESULT OF APPLICATION

The use of research results will facilitate the development of domestic import-substituting compositions of nano-
composite materials based on thermoplastics with improved performance parameters to satisfy industrial enter-
prises in the mechanical engineering complex and the construction industry.

The results of research in the form of compositions and technology of composite materials can be used for
the production of elements of metal-polymer structures for various functional purposes (metal-polymer rollers
for belt conveyors, cardan shafts, brake chambers, shock absorbers, fasteners) for the formation of products
(blanks) used in mechanical engineering and the oil and gas chemical complex. The developed compositions
of composite materials based on aliphatic polyamides containing dispersed particles of cellulose-containing
products are recommended for use as materials for making special-purpose products - disposable removable
nozzles for hydrovacuumaspiration of tonsils and injectors for administering antidotes in extreme conditions.

Designed middle ear endoprosthesis

Designed design of a disposable removable nozzle for the apparatus hydroacoustic
lacquering neblina almond
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CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

There are 3 patent of the Republic of Belarus for an invention and 1 patent of the Republic of Belarus for a use-
ful model.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises and organizations engaged in the design of products from polymeric materials, as well as preparing
the production of products based on thermoplastic polymers.

CONTACT INFORMATION
Alexander Skaskevich, Head of Department, Candidate of Technical Sciences, Associate Professor.

Alexander Antonov, Associate Professor of the Department, Candidate of Technical Sciences, Associate
Professor.

Vasily Struk, Professor of the Department, Doctor of Technical Sciences, Professor.
Phone number: (+375 15) 268 41 09
E-mail: askas@grsu.by

19. COMPOSITIONS AND TECHNOLOGY OF COMPOSITE MATERIALS BASED
ON REGENERATED THERMOPLASTICS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Compositions and technology of nanocomposite materials based on domestically produced regenerated poly-
propylene (Belvtorpolimer OJSC), containing dispersed particles of ultrafine polytetrafluoroethylene, thermoplastic
elastomer and phosphogypsum, and compositions based on mixtures of regenerated polyolefins with the addi-
tion of ultrafine graphite have been developed.

TECHNICAL ADVANTAGES
The developed compositions of nanocomposite materials allow, in comparison with domestic and foreign
analogues, to increase the parameters of deformation and strength characteristics by 1.2-1.5 times.

EXPECTED RESULT OF APPLICATION

The use of research results will contribute to the development of domestic import-substituting compositions
of nanocomposite materials based on regenerated thermoplastics with increased performance parameters to meet
the industrial enterprises of the machine-building complex and the construction industry.

Composite materials for the manufacture of shells of metal polymer rollers of mining equipment
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The results of research in the form of compositions and technology of composite materials can be used for
the manufacture of elements of metal-polymer rollers of belt conveyors, identification elements (signal posts),
building elements — fixture of reinforcement, dowel-nails.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
There are 2 patents of the Republic of Belarus on the invention.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises and organizations engaged in the design of products from polymeric materials, as well as preparing
the production of products based on thermoplastic polymers.

CONTACT INFORMATION
Alexander Skaskevich, Head of Department, Candidate of Technical Sciences, Associate Professor.

Alexander Antonov, Associate Professor of the Department, Candidate of Technical Sciences,
Associate Professor.

Vasily Struk, Professor of the Department, Doctor of Technical Sciences, Professor.
Phone number: (+375 15) 268 41 09
E-mail: askas@grsu.by

20. COMPOSITIONS AND TECHNOLOGY OF COMPOSITE MATERIALS BASED
ON ALIPHATICPOLYAMIDES AND POLYOLEFINS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The compositions and technology of nanocomposite materials based on domestic thermoplastics (PA6, HDPE,
PP) for the production of functional products with improved performance parameters, including for the produc-
tion of film semi-finished products intended for packaging products for various purposes, including food, have
been developed.

TECHNICAL ADVANTAGES

The developed compositions of nanocomposite materials allow, in comparison with domestic and foreign
analogues, to increase:

- parameters of deformation and strength characteristics by 1.4-1.9 times;
— parameters of oil and petrol resistance by 40 %;
— parameters of resistance to combustion by 40 %.

EXPECTED RESULT OF APPLICATION
The developed compositions and technology for the production of nanocomposite materials ensure a reduc-
tion in the material consumption of semi-finished film products by at least 20 %.

The use of research results will contribute to the development of domestic import-substituting compositions
of nanocomposite materials based on thermoplastics with increased processability, deformation, strength and hy-
drophobic characteristics to meet the needs of industrial enterprises of the agricultural complex.

The results of the research can be used to develop packaging materials (single-layer and multi-layer film semi-
finished products used in various areas of agricultural production (food and processing industry, in the production
of feed, fertilizers, functional concentrates, etc.).
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CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
There are 2 patents of the Republic of Belarus on the invention.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Enterprises and organizations producing film products based on thermoplastic polymers.

CONTACT INFORMATION
Alexander Skaskevich, Head of Department, Candidate of Technical Sciences, Associate Professor.

Alexander Antonov, Associate Professor of the Department, Candidate of Technical Sciences,
Associate Professor.

Vasily Struk, Professor of the Department, Doctor of Technical Sciences, Professor.
Phone number: (+375 15) 268 41 09
E-mail: askas@grsu.by
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XVI. EDUCATIONAL INSTITUTION
“P. M. MASHERQOV VITEBSK STATE UNIVERSITY"

21. METHOD FOR DETERMINATION OF THE MASS FRACTION OF CRUDE FIBRE
WITH CONSIDERATION OF MEASUREMENT UNCERTAINTY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed software is an innovative software complex for determining the mass fraction of crude fibre
in feed and food products with quantitative assessment of measurement uncertainty. The scope of application
covers agrochemical laboratories, food and feed industry enterprises, research institutions engaged in quality
control of raw materials and products.

The purpose of the complex is to automate the process of calculation of the mass fraction of crude fibre ac-
cording to GOST 13496.2-91 with integrated assessment of measurement uncertainty in accordance with the
requirements of GUM and ISO/IEC 17025.The main innovative feature is the application of triangular distribution
instead of traditional uniform distribution for estimation of weighing uncertainty, which increases the correctness
of metrological estimation for scales of the 2nd accuracy class and reduces the resulting uncertainty by 29.3 %.

Structurally, the software complex is implemented in Object Pascal (Delphi) language and has a modular ar-
chitecture, including: a module of data input with validation system, a module of mathematical calculations,
a module of uncertainty budget formation, a module of results validation and a module of reporting. The graphi-
cal interface provides convenient input of input data and visual presentation of results, including visualisation
of the uncertainty budget.

Technological features include implementation of the uncertainty propagation algorithm based on the differ-
ential sensitivity equation, the method of correction of systematic errors using certified standard samples, as well
as automatic verification of compliance of the results with the requirements of GOST 13496.2-91.
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Interface of the software package for input data input for determining the mass fraction of crude fibre
(the fields in which values can be entered are circled in red)
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Technical and operational characteristics: Windows platform, determination accuracy (average relative error
0.08 %), expanded uncertainty 0.02 % at 95.00 % confidence level, compliance with ISO/IEC 17025 requirements,
support of two parallel measurements, automatic generation of reports in text format. The software complex
provides increased reliability of analysis results, reduction of human factor influence and standardisation of met-
rological support processes in agrochemical analysis.

TECHNICAL ADVANTAGES

The developed software system demonstrates a high scientific and technical level, surpassing existing domestic
analogues and foreign solutions (Mettler Toledo LabX, Thermo Fisher Scientific QMS) in terms of metrological
support. The key technical advantage is the use of triangular distribution for estimation of B-type uncertainty,
which increases the correctness of metrological estimation by 29.3 % compared to the traditional uniform distri-
bution used in analogues. Domestic software products, as a rule, lack quantitative assessment of measurement
uncertainty, while foreign analogues are limited to the basic implementation of GUM without taking into account
the specifics of used methods of crude fibre analysis.

The scientific and technical level of development is characterised by an original algorithm of uncertainty budget
formation with visualisation of contributions of separate sources of error, a method of correction of systematic
errors, a proven method of validation of calculations and automated verification of compliance with the standard.
Unlike analogues, the complex provides dynamic recalculation of uncertainty when changing input parameters
and optimisation of the analytical process based on sensitivity analysis. Accuracy characteristics (average relative
error 0.08 %, expanded uncertainty 0.02 % at 95.00% confidence level) exceed analogues by 15-25 %, which
is confirmed by laboratory comparative tests. These results indicate the leading position of the development
in the field of metrological support of agrochemical analysis.

EXPECTED RESULT OF APPLICATION

Implementation of the developed software system will provide an increase in metrological reliability of crude
fibre mass fraction determination due to correct estimation of measurement uncertainty. It is expected to reduce
the average relative error to 0.08 % and the expanded uncertainty to 0.02 % at a confidence level of 95.00 %,
which corresponds to the advanced international standards. The software solution will minimise the influence
of the subjective factor, provide automated reporting in accordance with the requirements of standards and re-
duce data processing time by 50-60 %. This will create prerequisites for improving the quality of control of raw
materials and finished products in the agrochemical industry simplify laboratory accreditation and ensure com-
parability of results of international inter-laboratory comparative tests.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Potential consumers of the developed software package in the Republic of Belarus are:

- accredited laboratories that meet the requirements of STB ISO/IEC 17025;

— agricultural organisations with their own laboratories, large agricultural holdings, livestock complexes, etc.

- scientificand educational institutions: El “Belarusian State Agricultural Academy”, El“Belarusian State Agrarian
Technical University”, El “Departments of analytical chemistry of agricultural universities”

The international target audience includes: Eurasian Economic Union countries: Russian laboratories accredited
according to GOST R ISO/IEC 17025-2009 (FGBU “Rosselkhozcenter”, laboratories of Rosselkhoznadzor), national
centres of standardisation and metrology, e. g. in countries such as Kazakhstan, Armenia and Kyrgyzstan.

European Union: laboratories involved in international comparative testing (Eurachem), agrochemical research
centres (Wageningen University & Research, Netherlands), food industry companies exporting products to the EU
and requiring compliance with ISO/IEC 17025 requirements.
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Global markets: National metrology institutes of APEC countries (China, South Korea, Vietnam), agricultural
research organisations in Africa and Latin America supported by international organisations (FAO, WHO).

The choice of these customers is justified by the need to comply with international metrological standards and
the growing demand for reliable methods of quantitative analysis in the field of agrochemistry, which is confirmed
by the data of the global market of analytical software, showing an annual growth of 7.3 %.

CONTACT INFORMATION

Tatyana Buevich, Head of the Department of Engineering Physics, Candidate of Technical Sciences,
Associate Professor.

Phone number: (+375 29) 399 10 93

E-mail: buevih.tv@gmail.com

Artur Buevich, Associate Professor of Engineering Physics Department, Candidate of Technical Sciences,
Associate Professor.

Phone number: (+375 29) 399 10 92

E-mail: arturby@gmail.com
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XVII. STATE EDUCATIONAL INSTITUTION
"BREST SECONDARY SCHOOL NO. 20
NAMED AFTER THE HERO OF THE SOVIET UNION
D. M. KARBYSHEV", BRESTOBLGAS UNITARY
ENTERPRISE

22.COMBINED HEAT AND POWER SOLID-FUEL BOILER FOR DOMESTIC USE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A domestic boiler with an additional electricity generation capability can be used as a source of heat and electri-
city for agro-estates, farmstead settlement systems, dacha cooperatives, as well as during tourist rallies, weekend
hikes and by fishermen and hunters.

The boiler's body is made of welded steel. Thermoelectric generators with Peltier elements and two internal
cooling fans are mounted on the boiler body. The heat from the boiler's walls is transferred to the Peltier ele-
ments. Due to the temperature difference between the opposite sides of these elements, an electric current
is generated. This electricity is used to power the cooling fans for the Peltier elements, operate the boiler's fan
and provide room lighting.

Boiler advantages: compactness, light weight for easy portability and transport, a removable 30W thermoelec-
tric generator, the ability to charge power banks and mobile phones, provide tent lighting, includes a clothes
and shoes dryer, ease of repair and low cost.

TECHNICAL ADVANTAGES

We have examined analogues of boilers with similar designs and purposes. Such boilers are not manufactured
in the Republic of Belarus. A similar analogue was found in the Russian Federation.

The TMF-Termofor “Indigirka” electricity-generating stove is known. A disadvantage of this stove is the incom-
plete combustion of burnable products in the boiler, and the high cost of the boilers has been noted. The price
listed on the website (https://tomas.by/p/22162416-portativnaya-otopitelnaya-pech-termofor-indigirka-2)
is 3,715 rubles. Our model costs about 2,500 rubles.

Boiler
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Main characteristics of the solid-fuel boiler:

1. During stove operation, one built-in thermoelectric generator heats up and generates direct current with
a voltage of 12V and a total rated power of 30 W.

2. The delivery set includes two connection cables for various portable devices: one with sockets for a “car
cigarette lighter”and USB (5 V) and the second with “crocodile” clip connectors.

3. Due to technical improvements and the use of a new-generation TEG, the stove's weight has been reduced
by 13 kg.

4.The stove is made of heat-resistant high-alloy steel with an oxidation (scaling) onset temperature of 750 °C,
which significantly increases the stove's service life.

5.The stove's small size and weight allow it to be transported and installed in any accessible location.

6. The presence of a flat top surface allows for heating and cooking food.

7.The small solid-fuel stove is designed to heat a space of up to 15 m?.

CURRENT STAGE OF DEVELOPMENT

Authors: A. Ageyevets, Director of the SEl “Brest Secondary School No. 20 named after the Hero of the Soviet
Union A. M. Karbyshev”, and E. A. Kazimirchik, General Director of Brestoblgas UE. Patent owners: SEIl “Brest Se-
condary School No. 20 named after the Hero of the Soviet Union A. M. Karbyshev”and Brestoblgas UE.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Republic-level organizations organizing tourist rallies, trade union organizations, weekend hiking enthusiasts,

general secondary education institutions, higher education institutions, amateur fishermen, hunters and forestry
enterprises.

CONTACT INFORMATION

Alexander Ageyevets, Director of the SEl “Brest Secondary School No. 20 named after the Hero of the Soviet
Union A. M. Karbyshev”.

Phone number: (+375 29) 805 77 22

E-mail: alex_ageevets@mail.ru

Evgeny Kazimirchik, General Director of Brestoblgas UE.
Phone number: (+375 16) 227 40 00
E-mail: box@brest.gas.by
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XVIII. FEDERAL STATE BUDGET SCIENTIFIC INSTITUTION
“L. M. LITVINENKO INSTITUTE OF PHYSICAL ORGANIC
AND COAL CHEMISTRY”™

23.PRODUCTION AND SORPTION PROPERTIES OF NITROGENATED ACTIVATED
ANTHRACITE WITH UREA AND ITS SALTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed materials allow to purify mine and waste water from organic contaminants. The sorption activity
for methylene blue in these sorbents is almost 2 times higher than that of the original activated anthracite and
at the same time higher than that of industrial adsorbents.

TECHNICAL ADVANTAGES
Nitriding of activated anthracite with urea and its salts allows: to obtain sorbents with improved properties.

1.The sorption activity for methylene blue in these sorbents is almost 2 times higher than that of the original
activated anthracite and at the same time higher than that of industrial adsorbents. The materials are promising
for removing organic impurities from mine and waste water.

2.To reduce the sintering temperature when obtaining the sorption material. It has been shown that the sorp-
tion activity for methylene blue practically does not change with an increase in the processing temperature of
the original mixtures. Note that it is usually practiced to obtain sorbents at temperatures of 800 °C and higher.
Therefore, the production of sorbents by the method under consideration is energy-saving.

3.To choose a more promising nitriding agent — urea oxalate.

4. To do almost without water at the stage of synthesis of adsorbents. Production without discharges and
therefore environmentally friendly.

5. Use available (large-scale production, for example, urea), non-aggressive and non-toxic initial reagents.
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I B

Change in solution intensity of methylene blue after contactwith nitrogenous activated anthracite:
1— is the starting solution; 2 — is the solution after 3 min; 3 — is the solution after 7 min;
4 — is the solution after 10 min; 5 — is the solution after 15 min

EXPECTED RESULT OF APPLICATION

The result of the development application is a material obtained by low-energy and environmentally friendly
non-hazardous technology from available, non-toxic and non-aggressive reagents. The development is dedicated
to non-fuel use of anthracite, which will provide coal mines with production volumes. The spent adsorbent can
be regenerated or used as fuel or a source for metal extraction.

CURRENT STAGE OF DEVELOPMENT

The project is at the stage of scientific research work: samples based on equimass mixtures of activated anthra-
cite and urea, and its salts have been obtained. A study of the processes accompanying heat treatment has been
conducted using thermal analysis and IR spectroscopy methods. Sorption activity for methyl blue and absorption
of benzene vapors have been monitored.

INFORMATION ON THE LEGAL PROTECTION
Currently in the patent application stage.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Polimerkonstruktsiya UE (Republic of Belarus), Carbon Calgon Corp. (USA).

CONTACT INFORMATION

Nikolai Lozinskii, Senior Research, Candidate of Technical Sciences.
Phone number: (+7 949) 416 80 93
E-mail: lozinsky58@mail.ru

Evgen N. Lozinskii, Research Engineer.
Phone number: (+7 949) 493 92 11
E-mail: plozav@mail.ru
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XIX. IT LEADER LIMITED LIABILITY COMPANY

24, AR-TOIR

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

“AR-TOIiR"is a software complex with augmented reality and artificial intelligence technology, designed to sim-
plify and speed up the repair of industrial equipment and machinery. The product consists of modules: data
markup, neural network training, creation of AR-instructions and checklists.

TECHNICAL ADVANTAGES

“AR-TOIiR"is a Russian development with AR and Al, supported on all AR devices, easily integrates with enterprise
software, and has an analytical platform for a wide range of tasks. STL is 6.53.
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EXPECTED RESULT OF APPLICATION
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Development saves 40 % of maintenance and repair time, detects 90 % of errors made.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
Certificate of Intellectual property.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Manufacturing enterprises in the field of industry, mechanical engineering and energy.

CONTACT INFORMATION

Fyodor Urkin, General Director.
Phone number: (+7 903) 945 92 78
E-mail: fedor101079@gmail.com
Evgeny Efremov, Technical Director.
Phone number: (+7 906) 982 99 01
E-mail: evgeniy.efremov@pluscards.ru

Evgeny Sautkin, Developer, Specialist in Neural Networks.

Phone number: (+7 999) 431 10 70
E-mail: e.sautkin@ar-toir.ru

Roman Mityukov, Mobile Application Developer.
Phone number: (+7 913) 416 97 69
E-mail: roman.mityukov@pluscards.ru
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XX. MODENJI RESEARCH AND PRODUCTION CENTER
LIMITED LIABILITY COMPANY

25.“MODENGY”® ANTI-FRICTION SOLID-FILM COATINGS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

“MODENGY" anti-friction solid-film coatings (AFSFCs) to reduce friction, wear, and for corrosion protection for
the parts and mechanisms of the equipment of oil and gas industry, defense-industrial complex, nuclear power
engineering, pipeline accessories, robotics, aviation and railway machinery, automotive components, engines.

The principle of operation of the AFSFCs is based on the ability of the solid lubricating components (such as mo-
lybdenum disulfide (MoS,), polytetrafluorethylene (PTFE), graphite, tungsten disulfide (WS.), boron nitride (BN),
and others) to form easy-to-shift films with low friction coefficient on the interacting surfaces. The bonding sub-
stance (modified epoxy, polyamidimide, phenolformaldehyde, polyurethane resins) provide the coating adhesion
to the substrate, its cohesive strength, chemical resistance, and anti-corrosive properties. Combination of various
solid lubricating materials and binding substances enables to create coatings with given specified properties
adapted for certain operational conditions of a friction unit.

There have been designed more than 40 types of materials to reduce friction, to protect against corrosion and
chemically active media as well as to give the equipment parts surfaces antistatic, antifouling, hydrophobic, anti-
icing, and radiation-shielding properties.

Before applying “MODENGY” After applying “MODENGY”

TECHNICAL ADVANTAGES

“MODENGY” AFSFCs have a number of advantages over plastic lubricants and oils:

— stable coefficient of friction;

- wide range of operating temperatures: from cryogenic (=210 °C) to extremely high (+730 °C);

- working under specific conditions: in a vacuum, radiation conditions, dusty environment, where traditional
lubricants are either inoperable or quickly polluted, losing their properties;

- no evaporation and oxidation, maintain their effectiveness even after long downtimes of equipment without
requiring updating;
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- high load capacity and anti-gouging properties: up to 3,000 MPa;

- anticorrosive properties: provide excellent protection of metal surfaces against atmospheric and chemical
corrosion, often superior to chrome plating and galvanizing;

- performance of “MODENGY” coatings in extreme conditions (cryogenic and ultra-high temperatures, high
pressures, radiation, vacuum, chemically aggressive environments);

- eco-friendly: no pollution;
- 90 % production lockdown;

—friction reduction, wear resistance and corrosion protection are ensured even during multiple cycles of the mo-
bile friction components;

- the development of “NPC Modenji” replaces foreign companies: “Xylan from WHITFORD Corporation” (USA),
“Molykot” (USA; OKS (Germany), while in the range of materials “MODENJI" there are unique high-tech materials
whose development abroad is still in its initial stage;

- in contrast to traditional lubrication, the multi-stage process of application/removal/renewal of transporta-
tion, preservation, installation lubricants is excluded; connections with “MODENJI” coating from the plant are
immediately ready for installation, ensuring ease of use and reduced costs;

- extending the service life of equipment;

—increase in capacity, increase in efficiency;

- reduction of energy consumption with friction losses;

- creation of unattended friction assemblies — ensuring lubrication for the entire service life of the assembly;
- reduction of operating costs;

— increased reliability of equipment;

- reduction of downtime;

- import, localization of production;

- development of new materials for customers' specifications and replacement of imported materials.

EXPECTED RESULT OF APPLICATION

“MODENGY” AFSFCs are for reducing friction, wear and corrosion protection of equipment parts and mechanisms
in the oil and gas industry, defense and industrial complex, nuclear energy, pipeline fittings, robotics, aviation
and railway engineering, automotive components, engines.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION

It is registered in the State Register of Trademarks and Service Marks of the Russian Federation: ROSPATENT
Certificate No. 1110040, ROSPATENT Certificate No. 688082.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Machine engineering enterprises of the Republic of Belarus, Russia, Kazakhstan, Azerbaijan, Iran.

CONTACT INFORMATION

Maxim Prudnikov, General Director, Candidate of Technical Sciences.
Phone number: (+7 962) 145 99 66
E-mail: m.prudnikov@modengy.ru
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XXI. INSTITUTE OF AGRO-BIOTECHNOLOGY
NAMED AFTER A. B. ZHURAVSKY OF THE FEDERAL
STATE BUDGET INSTITUTION OF SCIENCE
“FEDERAL RESEARCH CENTER “KOMI SCIENTIFIC
CENTER OF THE URAL DEPARTMENT OF THE RUSSIAN
ACADEMY OF SCIENCES”

26. IMPLEMENTATION OF THE RESULTS OF SCIENTIFIC RESEARCH WORK
ON IMPROVEMENT OF MANAGEMENT METHODOLOGY AND MECHANISM
FOR ENSURING THE PRODUCTION OF AGRICULTURAL PRODUCTS

IN INDUSTRIAL PRODUCTION: EXPERIENCE OF THE COMI REPUBLIC

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Innovative projects are presented within the framework of improving the management methodology
and the mechanism for ensuring agricultural production, programs for the conservation, improvement and use
of the gene pool of local farm animal populations, the use of plant genetic resources and their use in the breed-
ing process using ecological and genetic methods to create new varieties and hybrids adapted to the northern
conditions of the CIS countries.

TECHNICAL ADVANTAGES

The presented innovative projects have significant technical advantages and scientific and technical level
in relation to the best domestic and foreign analogues.

EXPECTED RESULT OF APPLICATION

Innovative projects are aimed at ensuring food security and independence in the regions of the Russian Federa-
tion and the Arctic territories of the Russian Federation and the CIS countries by introducing regional development
and sustainability of agro-systems, crop breeding, and the development of methods and agro-technologies aimed
atincreasing the yield, efficiency, and profitability of high-quality agricultural products.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION

It is confirmed by the obtained results of intellectual activity in the form of patents for inventions, patents
for utility models, databases.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Agricultural organizations of the Republic of Belarus, scientific and scientific educational institutions of second-
ary vocational and higher education.

CONTACT INFORMATION

Andrey Yudin, Director, Candidate of Economic Sciences.
Phone number: (+7 904) 860 28 98
E-mail: audin@rambler.ru
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XXII. INSTITUTE OF GEOLOGY NAMED AFTER
ACADEMICIAN N. P. YUSHKIN OF THE FEDERAL STATE
BUDGET INSTITUTION OF SCIENCE
“FEDERAL RESEARCH CENTER “KOMI SCIENTIFIC
CENTER OF URAL DEPARTMENT OF RUSSIAN
ACADEMY OF SCIENCES™

27. CMAS-CERAMICS BASED ON KAOLIN AND DOLOMITE FOR THE PRODUCTION
OF ADVANCED MATERIALS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The perspective of using kaolin from the Vorykvin group of deposits (Middle Timan) to produce CMAS-ceramics
of anorthite-cordierite composition is demonstrated. Kaolin is a monomineral raw material for composite materials,
which has been modified by thermal activation and reinforcing additives. From kaolin/dolomite mixtures (12, 24
and 36 wt. %), ceramic composites were obtained, represented by anorthite and cordierite-like phase, the ratio of
which varies from 1.3:1 to 2.8:1. When designing an aluminosilicate matrix with given performance characteristics,
the change in the silicon modulus of the initial raw components in the process of thermal activation was taken into
account. Ceramic matrix of variable composition is reinforced by formed mullite crystals and is characterised by
porosity depending on dolomite content, which determines technical properties: density, thermal conductivity,
strength. Ceramics of anorthite-cordierite composition comply with international industrial standards (IEC 60 672,

KaonuH Honomut
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material group €520, GOST 20419-83, group 400 — materials based on magnesium or calcium aluminosilicates)
and the compressive strength exceeds the requirements for heat-insulating and chemically resistant materials.

TECHNICAL ADVANTAGES

The obtained samples of technical ceramics meet the industrial international standards for refractories and elec-
trical insulating materials.

EXPECTED RESULT OF APPLICATION

The use of kaolin and dolomite from local deposits makes it possible to determine the relevance of implement-
ing import substitution mechanisms.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

The main fields of application of the obtained composites are electronic industry, production of heat-insulating
and chemically resistant materials.

CONTACT INFORMATION

Olga Kotova, Chief Researcher, Doctor of Geological-Mineralogical Sciences.
Phone number: (+7 8212) 24 51 60

Alexey Ponaryadov, Research Assistant, PhD Student.
Phone number: (+7 963) 022 19 82
E-mail: alex401@rambler.ru
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XXIll. FEDERAL STATE STATE BUDGETARY
EDUCATIONAL INSTITUTION OF HIGHER EDUCATION
"KUZBASS STATE TECHNICAL UNIVERSITY
NAMED AFTER T. F. GORBACHEV"

28. DEVELOPMENT OF THE INTELLIGENT FOREST MONITORING SYSTEM USING
UNMANNED AERIAL VEHICLES AND COMPUTER VISION TECHNOLOGY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The development is an intelligent forest monitoring system “EyeSky”, based on the use of unmanned aerial
vehicles (drones) and computer vision technologies.

Application areas:

— forestry (early detection and prevention of wildfires, forest inventory, control of illegal logging);
- protected areas (nature reserves, national parks);

- emergency response services (EMERCOM, regional forestry authorities).

The system is designed for early detection of fire outbreaks, modeling their further spread taking into account
weather and terrain factors, as well as for comprehensive monitoring of forest conditions.

Main design and technological features:
- use of autonomous drones equipped with RGB cameras and, if necessary, thermal imagers;
- transmission of video streams and telemetry to a cloud service through secure communication channels;

- built-in Al analysis module based on convolutional neural networks (CNN), performing real-time smoke and
flame detection;

—when a fire is detected, the system automatically determines the coordinates and time of the event;

- fire prediction module builds a fire spread map for the next 30-60 min, taking into account wind, humidity,
and terrain;

- userinterface isimplemented as a web dashboard: interactive map with fire markers, live video stream, event
history, and notification system (SMS, e-mail, push);

- ability to integrate with existing GIS solutions of forestry enterprises and EMERCOM situation centers via REST API.
Operational characteristics:

- response time: from the first appearance of smoke to operator notification — no more than 10-15 min;

- geolocation accuracy — + 30 m;

- scalability: from a single drone for small forestry units to a distributed network of autonomous stations;

— cost reduction: monitoring costs are reduced by up to 90 % compared to aviation patrols (aircraft flight
= 150,000 rub./h, drone use = 4,000 rub./h).

Unlike traditional methods (observation towers, satellite monitoring, aviation patrols), “EyeSky” combines rapid
detection, fire spread modeling, and automated analytics, creating a fundamentally new level of response to
wildfire threats.

TECHNICAL ADVANTAGES

The innovative system “EyeSky” has several key advantages compared to the best domestic and international
analogues:

1. Fire spread prediction. Unlike most existing solutions (e. g. DJI Terra, Pix4D, DroneDeploy), which focus on
aerial mapping and photogrammetry, “EyeSky” includes a built-in fire spread modeling module, providing fore-
casts for the next 30-60 min along with recommendations for fire containment.
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2. High accuracy and responsiveness. The system’s response time from the first appearance of smoke to operator
notification is no more than 10-15 min, with geolocation accuracy of + 30 m. By comparison, satellite monitoring
has a delay of several hours and cannot detect emerging fire outbreaks.

3. Cost efficiency. Drone operations are significantly more affordable than manned aerial patrols, enabling
broader monitoring coverage at a fraction of the cost.

4. Compatibility and scalability. The system supports integration with any drones and existing GIS solutions of for-
estry enterprises and EMERCOM, which sets it apart from proprietary foreign platforms with limited compatibility.

EXPECTED RESULT OF APPLICATION

The implementation of the “EyeSky” system will significantly improve forest protection efficiency and reduce
wildfire damage. Early detection of fire outbreaks (at the initial smoke stage) will ensure rapid response, reducing
burned areas by tens of percent. Fire spread prediction will provide forestry enterprises and EMERCOM with tools
for more accurate firefighting planning and resource allocation. The economic effect is achieved by reducing costs
of aerial patrols and large-scale fire suppression, while the environmental effect includes preserving biodiversity,
reducing CO, emissions, and protecting regional forest resources.

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

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Forestry enterprises of the Russian Federation, EMERCOM of Russia, nature reserves, CIS regions.

CONTACT INFORMATION

Alexander Pimonov, Head of the Department of Applied Information Technologies, Doctor of Technical
Sciences, Professor.
E-mail: pag_vt@kuzstu.ru

Konstantin Zhmurovsky, Postgraduate Student.
Phone number: (+7 961) 70503 11
E-mail: zhmuruk1@mail.ru

29. DEVELOPMENT COMPUTER VISION SYSTEM FOR UNMANNED QUARRY TRUCKS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The scope of application of the development is the extractive industry, namely open-pit mining. The computer
vision system is designed for quarry trucks and can serve as both a driver assistance system and a data collection
system for unmanned vehicles. The system consists of multiple cameras and lidars with a computing module,
from a hardware point of view, and neural network models for object classification and detection, from a software
point of view. The combination of data about the external environment collected by cameras and lidars allows
real-time information about objects surrounding the quarry truck to be obtained and transmitted either to the
driver or to the unmanned driving system for decision-making when operating the vehicle.

TECHNICAL ADVANTAGES

The development is on par with global systems for unmanned transport in terms of its scientific and
technical level and has a number of advantages, including the system's specialization for operation in the
conditions of Siberian mining enterprises, which are characterized by complex meteorological and produc-
tion conditions.
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Option to place the on-board equipment on the BELAZ series 7513 GK “Figure” quarry truck

EXPECTED RESULT OF APPLICATION

The expected result of applying this development
is to improve safety at mining enterprises by increasing
the awareness of dump truck drivers about their sur-
roundings and automating certain routes, which will
allow people to be moved outside the high-risk zone.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has
been completed and a prototype has been created.

INFORMATION ON THE LEGAL PROTECTION

Computer software registration certificates have
been issued in the Russian Federation.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Forestry enterprises of the Russian Federation, the Ministry of Emergency Situations, nature reserves, and CIS
regions. Machine-building enterprises and mining enterprises.

CONTACT INFORMATION

llya Syrkin, Deputy Head of the Digital Technologies Research Center, Candidate of Technical Sciences,
Associate Professor.

Phone number: (+7 903) 909 24 91

E-mail: syrkin@kuzstu.ru

Yuri Porokhin, Technician at the Digital Technologies Research Center.
Phone number: (+7 995) 443 12 25,
E-mail: porohinjum@kuzstu.ru

Kirill Belokrylov, Junior Researcher at the Digital Technologies Research Center.
Phone number (+7 384) 239 63 52
E-mail: belokrylovk1@kuzstu.ru
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XXIV. FEDERAL STATE BUDGETARY EDUCATIONAL
INSTITUTION OF HIGHER EDUCATION
“SIBERIAN STATE INDUSTRIAL UNIVERSITY™

30. NEW SURFACING MATERIALS FOR AUTOMATED SURFACING OF LAYERS WITH
IMPROVED PERFORMANCE INDICATORS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Surfacing flux and flux-cored wires for automated surfacing of layers with improved performance param-
eters. New surfacing materials have been developed, obtained by surfacing 4.2 mm diameter flux-cored wire
with a 08PS tape sheath with various compositions of charge materials (from 95 % charge of 35V9Kh3SF flux-
cored wire and 5 % carbon-fluorine-containing additive; up to 99 % charge of 35V9Kh3SF flux-cored wire and
1 % fluorine-containing additive). In the presented development (flux-cored wire), a carbon-fluorine-contain-
ing material (dust from gas cleaning of aluminum production) was used as a substitute for amorphous car-
bon, composition: AI203 = 21-46 mass. %; F = 18-27 mass. %; Na,O = 8-15 mass. %; K,O = 0.4-6.0 mass. %;
Ca0 = 0.7-2.3 mass. %; SiO, = 0.5-2.5 mass. %; Fe,0, = 2.1-3.3 mass. %; C_, = 12.5-30.2 mass. %;
MnO = 0.07-0.90 mass. %; MgO = 0.06-0.90 mass. %; S = 0.09-0.19 mass. %; P = 0.10-0.18 mass. %. In order
to obtain a high-quality coating, surfacing of the developed flux-cored wires was carried out in various modes.
The initial modes complied with the recommendations of GOST 26101-84. During the research, various surfac-
ing modes were tested, which varied in the following range: current 390-470 A, voltage 30-34V, surfacing speed
10-20 cm/min. As a result, the optimum mode was selected (current 420 A, voltage 38 V, speed 18 cm/min),
ensuring good bead formation and absence of pores, cracks and cavities (assessment was made by visual and
measuring control). The conducted micro-X-ray spectral analysis confirmed the assimilation of alloying ele-
ments contained in the flux-cored wire. Inclusions consisting of tungsten, carbon, chromium, vanadium and
manganese are formed in the structure of the deposited coating, and the amount of carbon in the deposited
coating, to some extent, depends on the content of the additive from the dust of aluminum electrostatic precipi-
tators in the powder wire charge. In order to confirm the production of a highly hard and wear-resistant coating,
micro- and nanohardness studies were conducted, as well as wear resistance tests of the samples under study.

TECHNICAL ADVANTAGES

These types of wires are import-substituting developments of powder wires of the company ESAB (Sweden)
of the “OK Tubrodur 15.52.5" brand, which are widely used for repair work of mining and metallurgical equip-
ment. Technical advantages over analogues when using the declared composition of the powder charge are
increased hardness and wear resistance of the deposited metal due to the introduction of a carbon-fluorine-
containing additive into the charge. When surfacing with the declared powder wire, the formation of pores
is reduced due to the use of dust from gas cleaning of aluminum production, it is possible to reduce the con-
centration of hydrogen in the deposited metal and achieve good covering properties of the resulting slag crust.

EXPECTED RESULT OF APPLICATION

The technical results obtained by using the invention are: an increase in the level of microhardness up to
730 HV, nanohardness up to 5.43 GPa, wear resistance up to 1.17x10~> A/n (g/rev) of the deposited metal layer.
The developed materials are protected by Russian Federation patents.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.
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INFORMATION ON THE LEGAL PROTECTION

Patents of Russian Federation: No. 2779557 “Flux-cored wire’, No. 2772824 “Flux for mechanized welding and
surfacing of steels’, No. 2772822 “Flux for mechanized welding and surfacing of steels’, No. 2762690 “Flux-cored
wire”.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises operating mining and metallurgical equipment (Belarusian metallurgical plant OJSC — manage-
ment company of holding “Belarusian metallurgical company”, “ESAB’, “Hyundai Welding’, “Weldtech-Group”,
“EVRAZ").

CONTACT INFORMATION

Irina Panchenko, Head of the Scientific Laboratory, PhD.
Phone number: (+8 923) 626 86 66
E-mail: i.ri.ss@yandex.ru

Alexey Mikhno, Director of the Scientific and Production Center “Welding Processes and Technologies”.
Phone number: (+8 962) 800 61 31
E-mail: mihno_ar@sibsiu.ru

Sergey Konovalov, Vice-Rector for Scientific and Innovative Activities.
Phone number: (+7 3843) 32 89 32
E-mail: konovalov@sibsiu.ru
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