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|.TOCYAAPCTBEHHOE HAYYHOE YYPEX AEHUE
«UHCTUTYT TEXHONOTWUU METANOB
HALIMOHAJIbHOW AKABEMWU HAYK BEJTAPYCH>

1. TBEPAOCIJIABHAA MPOAYKLIUA NOA BPEHAOM «bYTC»
(BEJIOPYCCKMM YNIPOYHEHHDbIN TBEPAbIN CMJIAB)

ONMUCAHUE PA3SPABOTKA

TeeppocnnaBHasa NPoAyKuMA npepHasHayeHa Ans 0bpaboTKy
MaTepuanoB pe3aHnem (pesubl, cBepna, ppesbl, pa3BepPTKY, MET-
UMKM, NNaLwKn).

TeepgocnnasHble ngenuna «bYTC» nmpou3BogAaTcAa Ha coBpe-
MeHHOM 060pyOBaHNM C UCMONb30BAHWEM TEXHOMOMMIA NPOWN3-
BO/JCTBA BbICOKO3)PEKTNBHOrO METaNINIOPEXKYLLErO MHCTPYMEHTA
13 rOTOBOIO MOPOLLKA M MOPOLLKa, Moslyyaemoro nepepaboTkom
TBEPAOCMNABHOrO IOMa, C Noc/eAyoLWMM YIPOYHEHEM N3roTaB-
NIMBAaeMOro NHCTPYMEHTA YHMKabHbIM METOAOM a3pOAnNHaMmye-
CKOrO 3BYKOBOMO pe30HaHCHOro BO3AencTauA. [lononHutenbHan
06paboTKa TBepAOCMIAaBHbIX MIACTUH a3POJUHAMUNYECKIM 3BYKO-
BbIM BO3[eNCTBUEM 0becneymBaeT NOBbILWEHNE pecypca pexyLue-
ro MHCTpyMeHTa A0 4,2 pa3a 1 yaapHon BA3KOCTU Ha 19-23 % npwn
COXpPaHeHUN BbICOKOW TBepAOCTY (Ao 3HaueHnn HRA 92), ymeHb-
LIaeTCcA KONMYecTBo nop.

TBepaocnnasHble MAacTUHbI «BYTC»

TEXHWYECKUE NPEMMYLLEECTBA

AspoanHammnyeckoe 3ByKOBOE BO3AENCTBIE ABAAETCA BbICOKO3-
HepreTNyeckUm MeTOAOM YNPOUYHEHUSA, CMOCOOHbBIM CHU3UTb MAOT-
HOCTb UCKaXKeHUNIN KPUCTANIMYECKON peLleTK KOMMOHEHTOB TBep-
foro cnnaBa Ha 15-20 % v yBeIMunTb MAacTUYHOCTb KOGaIbTOBO
CBA3KW. OTO B HECKOJIbKO Pa3 YyMeHbLLAET KONMYeCTBO NOBEPXHOCT-
HbIX MOpP CTPYKTYypbl. COOTBETCTBEHHO MOABAAETCA BO3MOMXHOCTb
MOBbILUEHWA YAapHON BA3KOCTY 1 Mpeaesia MpoYHOCTM (Ha n3rnbe)
npn OAHOBPEMEHHOM COXPaHEHNM BbICOKOW TBEPAOCTU.

OXXUAAEMbI PE3YNIbTAT NPUMEHEHUA

OpraHusauma nmnopTo3amellatolero Npor3BoacTBa TBepAo-
CNNaBHOro MHCTpymeHTa «BYTC» Cc ucnonb3oBaHneM TBepAOCnIaB-
Horo noma ana npeanpuatuii Pecnybnukm benapyco. MNepepaboTka
NloMa NO3BOJIUT CHU3UTb CE6ECTOMMOCTb NPOU3BOAVMbIX U3AeNNIA
Ha 20-30 %, a 06paboTKa MHCTPYMEHTa a3POANHAMNYECKIM 3BY-
KOBbIM BO3[1eCTBIEM — MOBbLICUTb CPOK CITYKObl ObICTPOM3Ha-
LIBaeMblX TBEPAOCMIAaBHbIX NIACTUH U X KayecTBo Ha 20-50 %.

060opynoBaHue AnA NPECCOBAHMA NAACTUH
TEKYLWAA CTAAQNA PA3BUTUA

BbinyLeH onbITHbIN 06pa3eL,.




MPOMDBIWIEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

CBEAEHUA O NPABOBOV OXPAHE

Cnocob aspoArHaMMYeCKoro 3ByKOBOTO Pe30HAHCHOIO
BO3JeNCTBMA 3aLyMileH nateHTamum benapycn n Poccum (BY
21049, RU 2 557 175).

NMOTEHUWWANbHbIE MOTPEBUTENN U/WITN 3AUHTE-
PECOBAHHDbIE B PASPABOTKE

MpennpuATUA MALIMHOCTPOEHUA 1 MeTannoobpabaTbl-
BatoLen otTpacnn. Co3gaHne Nnpon3BoACTBa TBEPAOCMNIaB-
HOro UHCTpymeHTa «BYTC» Ha 6a3e UTM HAH Benapycu
obecneynT 3HauMTENbHbIA MOTEHUMAN ANA yBENUYEHNA
[ONN MCNONb30BaHMA Ha Genopycckux NpeanpuaTrax
OTeyeCcTBEHHOW TBePAOCNIAaBHON NPOAYKLMMN. DTO MOXET
OblTb AOCTUFHYTO MyTEM 3aMelleHUss UMMOPTHbIX TBEP- 060pya0BaHME 11 CEKaHIA NACTHH
[OCMNaBHbIX NAACTUH 1 PE3L0B, NCMONb3yeMblX Npu Me-
TannoobpaboTke BedylwMmU npeanpuatTuamu benapycu, Takumm kak OAO «bM3» — ynpaBnsAtoLWwan KoMnaHus
xonguHra «kbMK», OAO «Amkogop», OAO «MrHCKUI 3aBOA WwecTepeH» 1 ap.

PYKOBOZIUTEJIb PA3SPABOTKU
Kuranos AnaTonuin Hukonaesuy, ANPEKTOP, JOKTOP TEXHUYECKNX HAYK, JOLIEHT.

KOHTAKTHbIE JAHHbIE
E-mail: info@itm.by
Ten.: (+375 222) 64 93 27




1. BENOPYCCKNW rOCYAAPCTBEHHbIN YHUBEPCUTET

2. TEPMOCTOUKUE TENNOU30NUPYIOLLUE KOMMNO3ULIMOHHBIE MATEPUANDI
HA OCHOBE ®OCOATHbIX U CWINKATHDBIX CBA3YHOLLNX

OMUCAHUE PA3PABOTKUN

Pa3paboTaHbl TepMOCTOKIE TEMNION30MPYIOLLME KOMMNO3ULIMOH-
Hble MaTepuranbl Ha OCHOBE XUAKUX 1 TBepAbIX pocdaTHbIX U CUnu-
KaTHbIX CBA3YOLLUX C paboummu Temnepatypamm fo 1100 °C. B kave-
cTBe GPYHKLMOHANbHbIX HAMONHUTENEN NCMOSIb30BaHbl BCMYYeHHble
BEPMUKYIUT 1 NEPIINT, a TaKKe nosble MUKpocdepbl (30/1bHble, CTe-
KnAHHble). OCHOBHbIE TEXHMYECKME XapaKTePUCTUKM MaTepuasnos:

- Temnepatypa oTBepxaeHua 20-200 °C;

- npegen NpoyHocTy npu cxatum 0,5-5,0 MMMa;

- nnoTtHocTb 0,3-0,8 r/cm?;

- Ko3dodumumeHT TennonposogHocTy 0,1-0,8 BT1/(m-K).

TEXHUYECKUE NMPEMMYLLECTBA

MoHwXeHHble TemMnepatypbl OTBEPXKAEHUA KOMMO3MUMOHHDbIX
MaTepuranos.

MaTepmanbl Heropymn, HETOKCNYHbI, 9KOJTOrMYeCKn YNCTbl.

MpON3BOACTBO TaKUX MaTEPUANoB MOXET ObITb OPraHM30BaHO
Ha No6OM NPeANPUATAN CTPOUTESIBHOTO KOMIJIEKCa.

OTeyecTBeHHbIe aHaNOr HEN3BECTHbI; Hay‘-IHO-TeXHI/I‘-IeCKI/IVI ypo-
BEHb pa3pa60TKV| He yCcTynaet yywmnm 3ap)/6e)KHblM aHalioram.

OXUOAEMbI PE3YJIBTAT MPUMEHEHUA

CHmKeHMe SHepro3aTpaT NPy NMPOoV3BOACTBE 1 SKCMTyaTaLum nNpo-
MbILLIEHHbIX 1 FPAXKAAHCKNX 06 bEKTOB, TEMO- 1 OrHe3aLWmTa npo-
MbILLIEHHbIX 1 FPaXAAaHCKNX OO EKTOB.

TEKYLAA CTAQRUA PA3BUTUA

TepMOCTOVIKVIe TennonsonupyrLne Mmatepuanbl

BbinonHeHa Hay4yHO-uccniegosatenibCkaA UM OMNbITHO-KOHCTPYKTOPCKaA (TexHonornyeckas) pa60Ta, BbinyLleH

OMbITHbIN 06pa3zeL.

CBEJAEHMNA O MPABOBOW OXPAHE
OTcyTcTBYIOT.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MpeanpuATUA CTPOUTENIbHON OTPAC/Y, SHEPTETUKI, MeTalTypriiu.

PYKOBOAUTEJIb PASPABOTKU

Jlanko KoHCTaHTVH HrkonaeBmny, BegyLwmin HayuHblii COTPYAHUK, KAHAUAAT XUMUYECKUX HayK, JOLEHT.

KOHTAKTHbIE J AHHbIE
E-mail: lapkokn@bsu.by
Ten.: (+375 17) 209 51 82, (+375 29) 125 05 25
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3.BbICOKOIOOEKTUBHOE YOOGPEHUE N3 HABO3A BE3 3AMAXA

OMUCAHUE PA3PABOTKI

B pabote paccmatpuBaeTca cnocob nonyyeHns 3oHeKTMBHOMO yaobpeHus 13
OpraHMyecKnx OTXOA0B XNBOTHOBOACTBA — HAaBO3a WM MOMEeTa — U TMAPOSIN3-
HOro IrHUHa. Takoe yobpeHue NpecTaBnAeT COO0M Nerkochinyynii NOPOLLIOK
6e3 3amaxa, He HAHOCKT Bpefia OKpY»KaloLLel cpefie M 06NafaeT NPOIOHIMPOBaH-
HbIM fencTBmeM. CebecToMMoCTb yaobpeHus paBHa npumepHo 150 gonn. CLLUA
3a 1 T, UTO 3HAUNTENBHO MEHbLLIE CTOMMOCT/ MUPOBBIX aHanoros. [NonyyeHHoe
yaoOpeHrie No CBOMM KayecTBaM 3HAUUTESIbHO MPEBOCXOAUT UMMOPTHbIE aHa-
noru. Mpwn ero Npor3BOACTBE NCMONb3YETCA TONIbKO H6elopycckoe Cbipbe, YTo
JaeT BO3MOHOCTb MOJTHOTO MMNOPTO3aMeLLEeHNA 1 CO34aHNA YCSTIOBUN NPOAO-
BOJIbCTBEHHOW 6€30MacHOCTU.

TEXHUYECKUE NMPEMMYLLECTBA

PaspaboTaHHOe yobpeHue yo6HO XpaHUTb 1 NepeBo3nTb. Bo Bpems ero xpa-
HeHUA OTCYTCTBYIOT MOTEPY a30Ta M MUTaTeNbHbIX BELLECTB, NPV 3TOM HaBO3Hble
CTOKM He MoMajaloT B rPYHTOBbIE BOAbI. 3a CUET NCMOJb30BaHKA COpbeHTa Aeil-
cTBUe yRobpeHus ABNSETCA NPONIOHIMPOBAHHbBIM, OHO YAEPKUBAET Y KOPHEN
pacTeHuiA Bnary u nutaTefibHble BelecTBa. IMNOpTHbIE aHanoru MMeloT pes-
KW HEMPUATHDIN 3anax, H3K1e NokasaTenu 3¢ eKTMBHOCTY (Ha TeCT-KymbTypax
Kpecc-canarte, yKpore, MCTOBOI ropUnLe), Bbi3blBalOT MOKPbITME MOYBbI MNiec-
HeBbIMU rPYGAMU 1 3HAUNTENBHO AOPOXKE Pa3paboTaHHOTO yaobpeHNs.

OXUAAEMbIA PE3YNbTAT NPUMEHEHUA

Co3zpgaHue npeanpurAaTnAa no nepepa60TKe OpraHn4yeCcKnx oTxoaoB XMBOTHO-
BOACTBaA 1 TMAPONN3HOIO INTHNHa B 3¢¢GKTI/IBHOE yp,o6peHV|e 6e3 3anaxa.

TEKYLWAA CTAANA PA3BUTUA Muakuit HaBo3
BbinyLeH onbITHbIN 0bpaseLl,.

CBEZIEH/A O NPABOBOW OXPAHE
Hoy-xay.

NMOTEHUWAJIbHbBIE MOTPEBUTEJNIN U/WTA SAUHTEPECOBAHHbBIE B PASPABOTKE
CenbCKOXO3ANCTBEHHbIE NPeAnPUATUA, CAA0BOAbI, OTOPOAHUKN, LBETOBO/bI, AAYHUKN, pepmepbl.

PYKOBOAUTEJIb PASPABOTKU

MamaeB AHgpen BnagummpoBuy, ctygeHT | Kypca;

MpvHwnaH OmuTpuin JaBnposud, pyKoBOAUTENb, 3aBefyoL i nabopaTopuen pacTBOPOB LeNST0N03bl U NpPo-
LyKTOB 1x nepepaboTtku HAM OXM BI'Y, foKTop XMUYeCKUx HayK, npodeccop.

KOHTAKTHbIE AAHHbIE

E-mail: mamaev_a06@mail.ru, grinshpan@bsu.by

Ten.: (+375 44) 564 43 06, (+375 29) 650 60 65




4. BbICOKO3OOEKTVUBHDBIN YTOJIbHbIN COPBEHT U3 ONUNOK

OMUCAHUE PA3PABOTKHN

PaccmoTpeH cnocob nonyyeHns Me3onopuCcTOro aKTMBMPOBAHHOTO YA C BbICOKOW YAeNIbHOI MOBEPXHOCTbIO.
Monyyaemblil yrofib IMEET OYEHb BbICOKYHO COPOLIMIOHHYO CMOCOOHOCTb MO METUIEHOBOMY roflyboMy, a TakKe
nposABAsAeT MOHOOOMEHHbIe CBONCTBA MO OTHOLUEHWIO K MOHAM TSXKENbIX META/IOB. Yrosb, NosiyYyaemMblii faH-
HbIM CMOCO6OM, MO CBOMM MOKa3aTessiM 3HAUNTESIbHO NMPEBOCXOAUT fyylle MUPOBbLIE aHASIOMW, MPY 3TOM €ro
ce6ecToMMOCTb B 4 pa3a HYXKe CTOMMOCTU MMMOPTHOIO akTMBUPOBAHHOTO yris. bnarogapsa Hannuuio mesonop
AKTVBUPOBAHHbIN Yrofb UMEET WWNPOKUI CEKTP NPMMeHeHUA (04nCTKa Bo3ayxa, CTouHbix Bog ASC, npepnpu-
ATUIA XMUYecKoro, papmaLeBTrYeckoro npodunen, a Takke OUMCTKa CNMPTOCOAePXKaLlnX NPOAYKTOB), a ero
NpoV3BOACTBO Ha Tepputopun benapycr Oyaet npubbITbHBIM 1 TOMOXET CHU3UTb KOMIMYECTBO 06Pa3yoLWmxcs
JpeBeCHbIX OTXOAOB.

TEXHUYECKUE NMPEMMYLLECTBA

Pa3paboTaHHbIN aKTVBNPOBAHHBIW Yrofib 3HaYUTENbHO MPEBOCXOAUT NyyLlrie MUPOBble aHanorn. CopbLmoH-
Hasi CNOCOOHOCTb MOyYEHHOIo COPOEHTA MO METUIEHOBOMY roflyboMy cocTaBasieT 595-610 Mr/r, a UMNOPTHbBIX
aHanoros — 15-300 mr/r. [TonyyYeHHbIN Yrofb MMeeT BbICOKYIO YAENbHY0 NOBEPXHOCTL (80 1400 M2/r), npu 3TOM
OH COAEPXUT MPMMEPHO PaBHOE KOMNMYECTBO MUKPO- (0 2 HM) 1 me3onop (0T 2 Ao 50 HM), UTO 3HaUMTENbHO
pacwmpaeT chepbl ero npuMmeHeHUsA. TexHoNorua NPon3BOACTBa YINA NPOCTa, NPY STOM NCNOJb3yeTCA UCKIIO-
ynTENbHO BENOPYCCKOE ChbiPbE, UTO AAET BOSMOXKHOCTb MOJIHOTO MMMOPTO3aMELLEHUS.

OXXUAAEMbI PE3YNIbTAT NPUMEHEHUA

Co3paHune npeanpurAaTnAa no nepepa60TKe ApeBeCHbIX OTXO40B B aKTVIBI/IpOBaHHbIVI yronb, BHeApeHne nosny-
YEHHOro C0p6EHTa B TeXHOJIOrnyeckme npouecchbl.

TEKYLWWAA CTAOUA PA3BUTUA
BbinyLeH onbITHbIM 06pa3eL,.

CBEJEHNA O NPABOBOW OXPAHE
Hoy-xay.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

Mpeanpuatua papmaveBTryeckoro npodunsa (PYN «benmeanpenapatbi»), cCaxapHble 3aBObl, IMKEPO-BOJOYHAsA
MPOMBILNEHHOCTb, aTOMHbIE 3IEKTPOCTaHLUW, NPefNPUATAA C NPOobIeMamy OYUCTKM CTOYHbIX BOS,.

PYKOBOAUTEJIb PASPABOTKU

Mamaes AHgpen BnagnmnpoBsuy, cTyaeHT | Kypca;

MovHwRaH AmnTpurin [aBngosud, pykoBoauTeNb, 3aBefyoLmin Tabopatopuen pacTBOPOB LeNIoN03bl U Npo-
AyKTOB 1x nepepaboTku HAW OXM BI'Y, oKTOp XMMUYECKUX HayK, npodeccop.

KOHTAKTHbIE JAHHbIE

E-mail: mamaev_a06@mail.ru, grinshpan@bsu.by

Ten.: (+375 44) 564 43 06, (+375 29) 650 60 65
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ll. YYPEXXAEHWE BENIOPYCCKOIO rOCYJAPCTBEHHOIO
YHUBEPCUTETA «<HAYYHO-UCCNEAOBATENbCKUM
UHCTUTYT OU3NKO-XUMUYECKMX NPOBJIEM»

5. HOBbIE BUAbI CbEAOBHbLIX MIEHOK, COAEPKALLNX PA3JINYHDIE MULLLEBLIE
NOBABKU

OMUCAHUE PA3PABOTKU

CbefiobHble NneHKn — 3To brogerpagupyemblin Ha
MOMeKYNIAPHOM YPOBHE NONMMEPHBbI MaTepuan, KoTo-
pbI AeMOHCTPUPYET anbTepHaTUBHbIN MUKpOOranb-
HOMY MeXaHV3My (pa3foXeHWIo B OKpY»KatoLLein cpe-
[e nop aencTemem 6akTepuin Unm rprboB) MEXaHN3M
6r1opa3znoxeHNa nop AeNcTBYEM BHYTPUKIIETOUHbIX
N HEKNETOUHbIX GepMeHTOB (3HAO- U IK303H3NMOB),
cofilepallmxca B Xenyake 1 K/LLIEeYHUKe YesloBeKa u
>KUBOTHbIX, 3aKJTIOYAOLLMNIACA B MPOTEKAHUN peaKkL i
oKucneHna nrngponmsa. CbefobHble NNeHKN — eanH-
CTBEHHbI BMA 6riopa3naraemon NoIMmMepHO yrnakos-
K1, He Tpebytownii otaenbHoro cbopa v cneuranbHbIX
YCNOBUI yTUAN3ALMN.

MonyyeHne cbefoOHbIX NIEHOK ANA YNaKOBKM Ni-

LLieBbIX MPOAYKTOB — 3T0 abBCOIOTHO HOBOE Harnpas-

neHve uccneposaHun B Pecnybnuke benapycb. Ha

PbIHKe OHW OTCYTCTBYIOT. BO3MOXHbI pasHoobpa3Hble

BapUWaHTbl NCMONb30BaHWA TaKMX MIEHOK B MULLEBOW

(benobHble NeHKN nHpycTpumn. Hanpumep, n3secTtHble GyMakHble NCTbI

CO creynAamn Ana »kapKn maca, pbibbl 1 T. M., KOTOpble

npepnaraet 1 npofaeT Ha pblHKe Pecnybnukn benapycb komnaHua Maggi, BNosHe MOXHO 3aMeHUTb Ha Cbef00-

Hble NnyieHKN. Takoe peLleHie BOMPOCa BileyeT 3a COO0I CoKpalleHne KonnyecTBa OTXOA0B B OKpYXKaloLLeli cpefe,

NMOCKOMNbKY NPON3BOACTBO OyMary — 3TO 3KOSIOrMYeCcKy Hebe30nacHbIN MPOoLLeCE, 3arPA3HAIOLLMIA OKPY»KaloLLyto

cpepy razoo6pasHbiMy OTxoAaMMn 1 6OMbWMM KONMYECTBOM CTOYHbIX Bod. Mbl paspaboTanu 1 npegnaraem K

BHePEHMIO MJIEHKM Ha OCHOBE KpaxmaJsia, cofepalyme pasnyHble nvieBble JobaBKy: cneunn, Macna, oBo-

WHble niope 1 T. M. CbefobHble MNeHKM, cofepallme Takune nuiieBble 406aBKMW, MPUTOAHDI ANA YNaKOBKK 1 NO-
cnepyloLen XapKku MAca, pbibbl, cbipa v Ap.

TEXHNYECKUE NPEMMYLLECTBA

B HacToALee BpemMA KaK OoTe4yeCTBEHHbIX, TakK A 3ap)I6e>KHbIX aHanoros pa3pa60TaHHoro NpoAYyKTa He cyLie-
CTBYeT. C'bep,06Hble MIEHKN NO3BOJIAKOT HE TOJIbKO NPOANNTb CPOK XPaHEHNA NPOAYKTOB, HO N OCYLLeCTBUTb NPO-
Lecc Xapku 6e3 U C MMHMMabHbBIM KONTIMYeCTBOM Machna, COXPaHUTb COYHOCTb MPOAYKTa, MpnaaTb €My 0CO-
6bl BKYC U COKPATUTb KONNYeCTBO OTXOO0B.

TEKYLLAA CTAOUA PA3BUTUA

BbinonHeHa HayuyHo-MccnepoBaTenbckas (TexHonornyeckas) pabota. B n1abopaTopHbIX yCIOBUAX MONyYeHbl
JKCreprMeHTasbHble 06pasLbl.




CBELEHNA O NPABOBOW OXPAHE

Patent CN 105295113. Edible membrane with biological activity and
preparation method thereof. Huo P, Yu Z., Xu X., Savitskaya T., Makare-
vich S., Hrynshpan D.; assignee: Zhejiang Shuren University; application
N2 201510828906.7 25.11.2015; published 03.02.2016.

MnaHyMpyTCA K MCNOMIb30BaHUIO NOTEHLMANbHble OOBbEKTbl NHTEN-
NeKTyanbHoOM cO6CTBEHHOCTM (NMpaBoBaA OXpaHa He NpefoCTaBieHa,
O[HaKO MMEeOTCA MPU3HAKN OOBbEKTOB UHTENNEKTYaNbHON COOCTBEH-
HOCTK, 4151 NPABOBOW OXPaHbl KOTOPbIX HEOHXOAMMO NONYUYUTb OXPaH-
Hble JOKYMEHTbI).

NOTEHUWAJIbHbIE MOTPEBUTENUN W/WIUN 3AUHTEPECOBAH-
HbIE B PASPABOTKE

MoTpebutenu MsACHOW, CbIPHOW NPOAYKLY, CTOPOHHVKM UHHOBALN
n 30K.

PYKOBOAUTEJIb PASPABOTKU

MpuHwWMaH Amutpurin JaBrnaosuy, 3aBeaytoLmin nabopaTtopurein pacTeo-
POB Lennono3bl 1 NpoayKToB 1x nepepaboTtku HAW OXI By, goktop
XUMUYECKMX HayK, npodeccop.

KOHTAKTHDbIE O AHHbIE
E-mail: grinshpan@mail.ru, grinshpan@bsu.by
Ten.: (+375 29) 650 60 65

CbefoOHbIe MNeHKN

6. bNOPA3NIATAEMBIE MAEHKW ANA YNAKOBKW MULLEBBIX MPOAYKTOB
W TPAHCMYKO3AJIbHOM OCTABKM BUOJIOTMYECKU AKTUBHBIX UHTPEAWUEHTOB

ONMUCAHUE PA3PABOTKA

MonyuyeHne cbefoBHbIX NNEHOK ANA YNaKoBKM
NYLLeBbIX NPOAYKTOB — 3TO abCOMOTHO HOBOE
HanpaBfieHne nccnegoBaHui B Pecnybnuke be-
napycb. Pa3paboTaH HOBbII CNOCO6 NonyyeHun
MPOYHbIX Cbe0OHbIX NJIEHOK Ha OCHOBE Pa3nny-
HbIX BUAOB KPaxmasnoB ANA BHYTPEHHeN ynakos-
K1 Nu1LLeBbIX NPoAyKToB. MNneHKn 06naaatoT BbiCo-
KUMW MeXaHNYeCKMMM CBONCTBaMU: MPOYHOCTbIO
40-60 MIMa npwn ygnuHeHnn 5—20 %, UMeIOT HK3-
Ky'0 KncnopogonpoHunuaemocTb (B 100 pa3 MeHb-
LUYI0, YEM Y MJIEHOK U3 MOANITUIIEHA) U NPaKTUYe-
CK/ HENPOHML@eMbl 418 Pa3fIMYHbIX apomaTumye-
CKUMX BeLecTB. [neHKn pacTBOpPMMbI B ropAaven n
XONOAHOW BOAE, HE N3MEHAIOT BKYC YMaKOBaHHO-
ro B HUX NpoaykKTa. [pnUrogHbl AnA HaHeCeHUA ne-
YyaTu cneymanbHbIMK CbeOOHbIMY YepHUNaMN.

MonyuyeHHble CbefOOHble NKLLEBbIE YMAKOBKM
0becneynBaloT yMeHbLIEHNE NOTEPb BOAbI, KOH-
TPONMpYOT Tra3oobmeH (Kucopod, ABYOKWCb

Bmopa3naraeMb|e NNEeHKN

O
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yrnepopa), COXpaHaIoT BKYC, apomart, 3CTeTUyY-
HbI BHELWHW BUA NPOAYKTOB W NpOAneBa-
0T CPOK MX XpaHeHUA. [ToHOCTbIO pacTBoOpU-
Mble B BOZE MNieHKM MOTyT ObITb MCMOMb30BaHbl
ONA NepBUYHON YNAKOBKM CYXMX CbiMy4uX Npo-
OYKTOB: CONWN, Caxapa, 4yas, Kpyn, CeMsAH, cnew-
W14, B TOM Ymncne cneuuin AN nanwm 6bicTporo
NPUroToBEeHUA, CNOPTUBHOIO NNTAHWA, @ TaK-
e menko ¢pacoBaHHOro mefa u T. .

Takve nneHKM MOryT OblTb TaKXe KCMONb-
30BaHbl 1 CO3AaHUA ObICTPOPACTBOPUMBIX
BO PTY MJIEHOK-MOM0COK (oral strips) c ocBexu-
TEeNAMU NMOOCTY PTa, IeYeOHbIX MIEHOK, cofep-
MaLMX BUTaMUHbI 1 NEKAPCTBEHHbIE Npenapa-
Tbl. CbefjobHbIe MNEeHKM, YCTONYMBbIE K Ael-
CTBMIO MOBbIWEHHbIX Temnepatyp (200 °C),
MOXHO MCMOJIb30BaTb A1 N3rOTOBNEHUA Tap-
TaneToK AS1A BbINEYKM KEKCOB U KaMKeNKoB,
a NNEeHKN, cojeprkalime cneunm, — Ans xap-
K1 MAca, pbiobl. [pefycmMoTpeHa BO3MOXKHOCTb
BBEiEHA B COCTAB YNMaKOBOYHbIX MJIEHOK pa3-
JINYHBIX IHIPeNEHTOB, AOMONHAIOLUNX NX BKY-
COM, 3aMaxoM, aHTVMUKPOOHbIMY 1 aHTUOKCW-
[aHTHbIMK cBOMCTBaMM. CPOK Cy»O6bl TaKmnx
NIEHOK PaBEeH CPOKY XpaHEHNA YNaKOBaHHbIX
B HUX MULLEBbIX NPoayKToB. CPoK XpaHeHus
NIeHOK B CKMNaACKMX MOMELLEeHMAX B YCI10BU-
AX perynmpyemon TemnepaTtypbl U BNaXKHOCTU
CcoCTaBsifeT He MeHee 5 ner.

Momumo npepocTaBneHUa noTpebutento bropasnaraemble nieHkn
HOBbIX (YHKLMOHANbHbIX BO3MOXHOCTEN,
CbefobHanA ynakoBKa NO3BOJIAET pewnTb NpobneMy COKpalleHUs Konmyectsa ObIToBbix 0Tx0a0B. Cbefo6-
Hble MAeHKN MOTYT ObITb MCMOMb30BaHbl B KaUeCTBE NOKPbLITUM Ha Bymary nnv KapToH A5A YMeHbLIEHWA UX
KMNCNOPOAO0- 1 3anaxonpoHuLaemocT. Takon bropasnaraembliii MaTeprian MOXHO NMPUMEeHATb ANA YNaKoB-
KM XUPO- 1 MaciocofepKallx NpoAyKToB B3aMeH 6ymaru, MOKpbITON 6UoHepa3naraeMbiM NoINSTUIIEHOM
VNN CUTMKOHOM.

TEXHUYECKUE NMPEMMYLLUECTBA

Mpor3BOACTBO CbefOOHbIX MEHOK AJIA MULLEBLIX NMPOAYKTOB OTCYTCTBYeT B Pecny6nvike benapyco. Llenecoo-
6pa3HOCTb MPOBEAEHUSA NCCIIEAOBAHNI B 3TOM 0OACTV MOATBEPXKAAETCA TEM, UTO B Pa3BUTbIX CTpaHax mupa CLLUA,
AnoHnn, OpaHumm, lepmaHun n Kntae yxxke 6onee 20 neT opraHrM30BaH BbIMyCK Tak1X YNMakoBOYHbIX MaTEPUANOB
N X peanu3auma HaceneHmto. 1o SToMy cermeHTy pbIHKa CerofHsa caenaHbl MPOrHO3bl 1 OXKUAAETCA, UTO K KOHLLY
2023 r. o6beM pbiHKa CbefobHOM ynakoBku coctaBuT 1,245 mnpa gonn. CLLUA no cpaBHeHuto ¢ 0,715 mnpg gonn.
CLUA B 2016 T., UTO CBUIETENBCTBYET O PACTYLLEN NOTPEOHOCTM B TaKUX MaTepuranax 1 NepcnekTMBHOCTU pas-
BUTMA UX NPOM3BOACTBA.

CrpaHbl 3anagHon EBponbl n CLUA nownu no nyTn co3faHnA TakuMx YNakoBOK B OCHOBHOM 13 MONMMEPOB,
[06bIBaEMbIX 113 MOPCKUX BOAOPOCHEN, Y MPOV3BOAHbBIX LIeNSI0M03bl, T. €. N0 BECbMa JOPOromy nyTu. YUnTbiBas
BbICOKUI NOTPeOUTENbCKMI YPOBEHb HacesIeHNa 3TUX CTPaH, Mpobnem ¢ peanvsauunen NyLLEBbIX MPOAYKTOB B
TaKUX YNaKoBKax B 3TVX CTpaHax HeT. B KnTtae nowwnuv gpyrum nytem: nonyyeHvie B 04eHb HeKOMbOPTHbIX YCIOBU-
Ax (100 % BnaxHOCTb 1 TemnepaTypa 50 °C) geleBbiX, HO HEMPOYHbIX NIEHOK M3 YNCTOro Kpaxmana ans ynakoBKy
NUNKUX KOHOET. DTV KOHPETbI MNOJIb3YIOTCA OFPOMHO MONYNAPHOCTLIO M MPOJAIOTCA Ha BCel TeppuTopum Kntas
1 3a ero npegenamu (CLLA) nog mapkon White Rabit — «benblin Kponuk».




Mbl HaWNM KOMAPOMUCCHbIV BapyaHT: NoJlydYeHue felleBblX, HO BbICOKOMPOYHbIX NAeHOK Ha ocHoBe 90 %
Kpaxmana n 10 % nonumepa U3 MOpPCKUX Bogopociel (anbriHaT HaTpus, nuweBas fobaBka E401), umetowwmx
3HaUMTENbHO 6oJee WINPOKYI 061aCTb MPUMEHEHUS, YEM TOJTBbKO AJA YNAKOBKY JINMKUX KOHET 1 LWOKOMaAHbIX
N3LEenni B NiIeHOYHble 060MI0UKM C aHTMKapPUECHBIMY, aHTUOKCUAAHTHBIMU U aHTUMUKPOOHBIMY fO06aBKaMMU.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

3amMeHa CMHTeTUYECKNX 6|/|0Hepa3naraeMb|x YMNAaKOBOYHbIX MOIMMEPHbIX MaTepnanoB Ha 6mopa3naraeMble
KOMMOo3nunnm nonmcaxapmngos, COOTBETCTBEHHO, peLlleHune OfHOW 13 HaCYLHbIX 3KONOrNYeCcKmnx I'IpO6J'I€M co-
BPeMEHHOIo Mmmpa — HaKonneHusA B Opr)KaI-OLLI,EIZ cpepe oTxoaoB CUMHTETUYECKUX MONMMEPOB, KOTOPbIE He
noaseprarTca MIHTEHCUMBHOMY (I)VI3VIKO-XI/IMI/ILIECKOMy n 6I/IOJ'IOFVILIECKOMy pPa3noxeHunto.

TEKYLLAA CTAOUA PA3BUTUA
BbinonHeHa HayuHoO-MccejoBaTeNbckas pPaboTa, onbITHbIN obpaseLl,.

CBEJEHNA O NPABOBOW OXPAHE

Patent CN 105295113. Edible membrane with biological activity and preparation method thereof. Huo P,
Yu Z, Xu X, Savitskaya T., Makarevich S., Hrynshpan D.; assignee: Zhejiang Shuren University; application
N2 201510828906.7 25.11.2015; published 03.02.2016.

Wcnonb3ytoTcsa 1mbo nnaHMpyoTca K UCMONb30BaHUIO MOTEHLMaNbHble OObeKTbl UHTENNEKTYanbHON COBCTBEH-
HOCTU (NpaBOBas OXpaHa He NPefoCTaBNeHa, OfHAKO UMEIOTCS MPU3HAKM OObEKTOB MHTENNEKTYaIbHOW COOCTBEH-
HOCTW, AN1A MPABOBOI OXPaHbl KOTOPbIX HEOOXOAMMO MONYUNTb OXPAHHbIE OKYMEHTI).

NOTEHUMAJIbHbIE MOTPEBUTENU U/ 3AUHTEPECOBAHHDIE B PASPABOTKE

MpeanprATUA NULLEBON NPOMbILLIIEHHOCTW U NPeanpUATAA MO U3rOTOBAEHUIO YNAaKOBOYHbIX MaTepurasnos s
NPOAYKTOB NMUTaHUS.

MoTpebutenbckaa LLeHHOCTb OnpeaenaeTca Tem, YTo NPoAYKT OyAeT npuBneKaTeNibHbIM ANA NOTpebuTens He
TOMbKO 3a CYET CBOMX Y/yULIEHHbIX KauyeCTB U HOBbIX CBONCTB (BKYC, JOMOMHUTENbHbIE MHTPEANEHTbI), HO 1 3a
cyeT TOro, YTto nNoTpebutenb ByAeT NOHUMATb, YTO, MOKYNas NPOAYKTbl B SKONOTMUYECK/ YNCTON HaTypanbHOMN
ynaKkoBKe, KoTopas He TpebyeT yTunusauum, oH 6yaeT BHOCUTb BKJ1aj B CKOpelillee JOCTUXeHWE Lenei ycTon-
YMBOrO Pa3BUTKA He TONbKO ANA Halleln pecny6nKu, HO 1 ANa LMBUAN3aLMA B LISIOM.

PYKOBOAUTEJIb PASPABOTKU

MpuHwWnaH Omutpuin Jasmaosuy, 3aBeayolmnin nabopatopuert pacTBOPOB LiENSIHI03bl U MPOAYKTOB UX nepe-
paboTtku HAW OXIT BI'Y, oKTOp XMMUYECKMX HayK, npodeccop.

KOHTAKTHbIE AAHHbIE

E-mail: grinshpan@mail.ru, grinshpan@bsu.by

Ten.: (+375 29) 650 60 65
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IV. YYPEXXOEHUE ObPA3OBAHNA
«BENOPYCCKUW rOCYAAPCTBEHHbIN YHUBEPCUTET
UHOOPMATWUKWU N PADUOINIEKTPOHUKK»

7. 3IACTUYHDLIE U BO3AYXOMPOHULIAEMbBIE MOTNTIOTUTENU
JNIEKTPOMATHUTHOIO N3IYYEHWUA CBY-AUANA30HA HA OCHOBE
O0/br'POBAHHBIX MATEPUANOB

OMNCAHUE PA3PABOTKU
MoryT 6bITb UICMONIb30BaHbI:

— ANIA M3roTOBNIEHMA Creuoaexabl UM NoBCeAHEBHON ofexabl, obe-
cneyvBalLLen 3alnTy YyenoBeKka OT BO3AENCTBUA SNEKTPOMArHUTHOro
nsnyyernna CBY-granasoHa;

— V3rOTOBNEHNA WMPM (MEePeropofok) Ans GYyHKUMOHANbHOTO 30HUPO-
BaHMA NMOMeLLEeHI;

— U3roTOB/IEHNA YEXIIOB /151 MOBUSIbHbBIX TeNePpOHOB 1 MNaHLIETOB.

XapaKTepu3yloTcsa CBOVMCTBAMU 11aCTUYHOCTU U BO3LYXOMPOHMLIAEMOCTH.

Macca Ha eguHuLy nnowaam — go 1,0 kr/m?,

BHewwHnit Bup,
3HaueHus KoadduLreHTa ocnabneHnsa 31eKTPOMarHMTHOro n3nyyernsa CBY-

ananasoHa — 20,0-45,0.

3HauyeHus KoadoduLMeHTa NOrNOWEHNA SNEKTPOMArHUTHOrO M3NlyYeHus
CBY-pranasoHa — po 0,9.

TEXHUYECKUE MPEMMYLLECTBA
XapaKTepur3yTca NOHMXKEHHON MacCol Ha e AUHULY nilowaaun.

OXWUAAEMbIV PE3YJIBTAT MPUMEHEHUA

BynyT pa3pabotaHbl n3genua, obecneyrBamoLye 3aWnTy YenoBeKa OT BO3LENCTBMA SNEKTPOMArHUTHOMO 13-
nyyeHusa CBY-grnanasoHa.

TEKYLWAA CTAONA PA3SBUTUA
BbinonHeHa HayuHo-nccnefoBaTeNnbcKasn UK OMNbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabota.

CBEJEHUA O NPABOBOV OXPAHE
MateHT Pecnybnuku benapycb Ha nsobpeteHne N2 23305.

NOTEHUWAJIbHBIE MOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

Oursnyeckune nnya. npe,D,I'IpI/IFlTI/lﬂ, [eATENbHOCTb pa60THI/IKOB KOTOpPbIX CBA3aHa C NCMNOJIb30OBaHNEM o60py,qo-
BaHWA, ABNAOWErocA NCTOYHNKOM 3JIEKTPOMArHUTHOrO N3nyvyeHnaA CBY-gnanasoHa.

PYKOBOOUTEJ1b PA3SPABOTKU
bonnpas Onbra BnagrmMmnpoBHa, AOLEHT Kadeapbl 3awunTbl UHPOPMaLK, AOLEHT

KOHTAKTHbIE AAHHbIE
E-mail: smu@bsuir.by
Ten.: (+37529) 57248 53




V. MEXXTOCYAAPCTBEHHOE ObPA3OBATEJIbHOE
YYPEXAEHUE BbICILETO ObPA30OBAHNA
«BENOPYCCKO-POCCUUCKUN YHUBEPCUTET»

8. TEXHONOrna COBMELLEHHOIO MATHUTHO-AUHAMUYECKOTO HAKATbIBAHUA
B AKTUBHOM TEXHOJIOTUYECKON CPEQE

ONMMUCAHUE PA3PABOTKA

MNoBblweHne pecypca TPUHOCONPAXKEHUIN Ha OCHOBe MoandUKaLMM MOBEPXHOCT-
HOrO C/10A ieTanell KOMMEKCHbIM BO3[eNCTBEM MarHUTHBIM MOJIeM, MHOTOKPaTHbIM
MUMMYNbCHO-yAAaPHbIM fiebOpPMUPOBAHNEM M aKTUBHOWN TEXHOSOMMYECKOWN Cpefo.

TEXHUYECKUE NMPEMMYLLECTBA

lopoBo aKoHOMUYeCKnI 3bdeKT OT BHeAPEHWA pa3paboTaHHOWM TEXHONOrMMU Mo-
AnduKaLum B NPOU3BOACTBO HA dTarne OMbITHO-3KCNEPMEHTaNbHON anpobauumn B
YCNOBUSIX MENKOCEPUNHOIrO NPOU3BOACTBa cocTaBnseT 6onee 30 000 gonn. CLUA.

TpaHchepT TexHonoruum, nNpopaxka nuUeH3nK, pas3paboTka TEXHONOrMYECKon 1
KOHCTPYKTOPCKOWM JOKYMEHTaLum, CONMPOBOXKAEHME BHEAPEHMA TeEXHONOrMn MoanduKaumm y 3akasuvka ans
YyNpOYHEeHNA feTanen.

npl/l BHEOQPEHNN TEXHOJIOTNWN Y 3aKa34Ka BPEMEHHO-CTOMMOCTHYIO XapaKTepuCcTnky pa3pa60TaHHoro npoeKTa
MOXHO NpeacTaBnUTb Cnefyrwmmm sTanamm:

- cornacoBaHue 3afiaHus (Bpemsa 5 %, cTonmocTb 2 %);

— pa3paboTKa TEXHOMOMMYECKOWN U KOHCTPYKTOPCKOW AOKyMeHTauun (Bpems 25 %, ctoumocTb 28 %);

— N3rOTOBJIEHNE TEXHONOMMYECKOWN OCHACTKN AN1s peannsaumm texHonorum (Bpemsa 25 %, ctommocTb 50 %);
- anpobauua n BHegpeHue TexHonornm (Bpemsa 45 %, croumoctb 20 %).

Ob6uwan annTenbHOCTb NpoekTa 10-12 mecsues.

TEKYLLAA CTAANA PA3BUTUA

BbinyLyeH onbITHbIN 06paseL, pa3paboTka BHeAPEHa B Npo-
N3BOACTBO.

CBEJEH/A O NPABOBOW OXPAHE

1. NMaTeHT 22193 BY, MIK B 24 B 39/02. Cnocob n yctpoit-
CTBO A/ OTAENOYHO-YMNPOUHsIoWeN o6paboTKM BHYTPEH-
Hell MOBEPXHOCTU oTBepCTMA B dpeppomMarHuTHoM aetanu /
B. K. LLener, A. M. Joeranes, A. A. *Kono6os, [I. M. Ceupena,
C. A. CyxouKuin // 3aaButenb 1 nateHToobnapatens benopyc.-
Poc. yH-T. — N2 a20140015; 3asiBn. 03.01.14; ony6n. 30.10.18,
bion.Ne4. — 7 c.

2. MateHT 2029667 PO, MKW 6 B 24 B 39/02. Cnocob oTAeNoUYHO-yNPoYHALLEe 06paboTKN U UHCTPYMEHT AnA
ero ocyulecteneHus / A. M. Josranes (PB); 3aaButensb 1 nateHToobnagatens A. M. loeranes. — N2 4400120; 3a-
aBn. 29.03.88; ony6n. 27.02.95, bron. N2 6. — 5c¢.

3. NateHT 2023578 PO, MKW 6 B 24 B 39/00. Cnocob otaenouyHo-ynpouHsaiowen obpabotkn / A. M. [osra-
nes (Pb); 3aaBuTenb 1 nateHToobnagatenb A. M. [losranes. — N2 4732049/27; 3aasn. 22.08.89; ony6n. 30.11.94,
bron.Ne22. —5c.

@ .
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4.TMateHT 2068770 PO, MKW 6 B 24 B 39/02. Cnoco6 NOBEPXHOCTHOMO MAACTUYECKOro fehOpMMPOBaHNA U UH-
CTpyMeHT ana ero ocywectsneHus / A. M. Josranes (PB); 3asBuTenb 1 nateHToo6nagatens A. M. losranes. —
Ne 4922542/27; 3asiBn. 29.03.91; ony6n. 10.11.96, bron. N2 31. — 7 c.

5.MateHT 2089373 P®, MKW 6 B 24 B 39/02. Cnocob NoBEpXHOCTHOTO MacTUYECKOro AedpopmMr1pPOBaHA 1 NH-
CTPYMEHT ana ero ocywecTsnexus / A. M. Josranes (PB); 3asaBuTens u nateHToobnagatens A. M. loBranes. —
N 4924841/02; 3asiBn. 05.04.91; ony6n. 10.09.97, bron. N2 25. — 7 c.

6.MateHT 2052331 PO, MKW 6 B 24 B 39/02. Cnoco6 noBepXHOCTHOMO NacTmyeckoro AeGpopmMmnpoBaHms noBepx-
HOCTU BPaLLEeHUA U UHCTPYMEHT s ero ocyulectsneHus / A. M. losranes (PB); 3aaBuTenb 1 nateHToobnagatenb
A. M. losranes. — N2 4854644/08; 3asBn. 27.07.90; ony6n. 20.01.96, bron. N2 2. — 6 c.

7. NateHT 17545 BY, MMNK B 24 B 39/06. IHCTPYMEHT 1 cnocob MarHNTHO-ANHAMUYECKOro YNPOYHEHUA Mo-
ckon noeepxHoctu fetanu / A. M. Josranes, C. A. Cyxoukuii; 3asBuTenb 1 nateHToobnagartens benopyc.-Poc.
YH-T. — N2 a20111278; 3aaBn. 03.10.11; ony6n. 30.06.13, Bron. N2 2. — 9 c.

8.MateHT 17976 BY, MINK B 24 B 39/02. Cnoco6 MarHMTHO-AUHAMYECKOTrO YNPOUYHEHNA BHYTPEHHEN NOBEPX-
HOCTUW KPYrioro oTBepctua B metannuyeckon getanu / A. M. losranes, [l. M. CBupena; 3aAB1TeNb 1 NaTeHTO-
obnapatenb benopyc.-Poc. yH-T. — N2 a20120052; 3aasn. 16.01.12; ony6n. 30.08.13, bron. N2 3. — 5 c.

Bcero no npoekTy nonyyeHo 60 NaTeHTOB Ha M306peTEHNE.

NOTEHUWAJIbHBIE MOTPEBUTENIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MpumeHeHMe pa3paboTKM Ha MaLLINHO-, aBTOMOBUIIE-, aBUa-, CYA0-, NPUBOPOCTPOUTENbHBIX, PEMOHTHBIX U 1PY-
rYx NpeanpuATUaX MeTannoobpabaTbiBaloLel OTpacu.

PYKOBOAUTEJ1b PASPABOTKU

[Nosranes AnekcaHgp MuxainnoBuy, fekaH bakynbreTa 4OBY30BCKOM NOATOTOBKM U NpodopueHTaLmm, KaHanu-
[aT TEXHNYECKNX HayK, JOLIEHT.

KOHTAKTHbIE IAHHbIE
E-mail: rct.bru@tut.by
Ten.: (+375 44) 345 40 56

9. ABTOMATU3UPOBAHHAAl CUCTEMA PETUCTPALIUUA CBAPOYHDIX MPOLIECCOB

OMUCAHUE PA3SPABOTKU
O6nacTb npUMeHeHnA

KOHTpOﬂb 3a CO6J’IIO,D,EHI/IEM TEXHONOIrnMnM Npn Npon3BoacTBe CBapOYHbIX pa60T Ha o6beKTaxX MOBbILWEHHOW
onacHoOCTW.

TexHnuyeckne XapaKTepuctukn
CucTtema BKIOYaEeT:

— annapaTHy YacTb: permcTpaTop NapaMeTpPoB CBAPOYHbIX MPOLECCOB C AaTUMKaMM CBAPOYHOro TOKa, Ha-
NPS>KEHWA Ha iyre, CKOPOCTU CBapKK, TeMMepaTypbl U BAaXKHOCTU OKPY>KaIOLLEro BO3yxa, TeMnepaTtypbl npes-
BAapWTENIbHOIO HarpeBa 1 TemMnepaTypbl OKOSIOLOBHON 30HbI;

- NporpammHoe obecrneyeHrie PerncTpPaTopa, CePBEPHON YacTy, KINEHTCKUX NPUIOXKEHNIA;

— 6a3y JaHHbIX: MHCTPYKLMI Ha TEXHONIOMMYECKIMIA NPOoLLecc CBapKu, COTPYAHMKOB, CBAapOYHOro 060pynoBaHms,
3afaHnIN Ha CBAPKY U NacrnopToB CBAPHbIX CTbIKOB.

TEXHUYECKUE NMPEMMYLLECTBA

NneHtndrkauma Ha PermctpaTtope, yCTaHOBNEHHOM Ha KaX[IOM CBapOYHOM arnapaTte, CBapLyunKa 1 pyKOBOAU-
TenA cBapouHbIX paboT no ygoctoBepeHuto ¢ RFID-meTKo.




Bbl60p 13 6asbl AaHHbIX PerMCTpaTopa HeO6XO,ElVIMOFO 3aaHuA MO CBapKe n Tpe6yeMb|x K YyCTaHOBKeE Ha CBa-
POYHOM annapaTe PeXXNMMOB CBapKu.

CoxpaHeHue JaHHbIX O NapameTpax pexkrnMa CBapKu B SHEProHe3aBnCMMyo NaMATb 1 nepegaya ux Ha cep-
Bep AnA xpaHeHus yepe3 GSM-cBA3b.

MpPOCMOTP B peXxrMe peasibHOro BpeMeH! Yepes KIIMEHTCKOE MPUIOKEHNE NMapamMeTPOB PEXIMA CBAPKU.

Bbigaua 3BykoBoro cMrHana Pernctpatopom u npegynpexaatoLmx coobuieHmn (SMS) pykoBoauUTesnio CBapoUHbIX
paboT npu Bbixoe NapaMeTPOB pexrMa CBapKU 3a YCTaHOBEHHbIe npejensbl.

OnpegeneHne MeCTOMOJOKEHUA CBAPOYHOTro annapata no GPS-koopanHate Perncrpatopa, 0To6paxeHue Ha
KapTe ero CoCTOAHMS.

CocTaBneHue NacnopTa Ha Kax /bl CBAPHOW CTbIK.
dopmMUpoBaHMe OTYETOB O paboTe CBAPLLNKOB, CBaPOUYHOro 060pyaoBaHUA.

OXWAAEMbIA PE3YJIBTAT MPUMEHEHUA

MoBblweHVe KauecTBa CBApPOYHbIX pa60T. ,U,OKyMeHTaJ'IbHOG noATBeEPXKAEHME KavyeCTBa CBAPKN.

TEKYLLAA CTAAUA PA3BUTUA

BbinonHeHa Hay4YHO-nccnengoBatenbCkaa in OnbITHO-KOHCTPYKTOPCKasA (TexHonornyeckas) pa60Ta, BbinyLeH
OMbITHbIN o6pa3eu,. npOXOﬂ,ﬂT npon3BoACTBEHHbIE NCMbITAaHUA.

CBEAEHUA O MPABOBOW OXPAHE

1. NaTeHT Ha none3Hyio mogenb N2 12889, 3aaska N2 u20210320, MIMK B23K 9/10. PeructpaTtop napameTpos
cBapouHbIx npotecco / C. B. bonotos, B. H. Mouyiiko, H. K. bobkoB; 3asBn. 13.12.2021; ony6n. 01.04.2022.

2. CBMAeTenbCTBO O perucrTpaumm KomnbloTepHol nporpammbl N 1475 Pecnybnuka benapycb. ABTomatusu-
poBaHHaA cucTeMa permcrpauumn ceapouHbix npoueccos / C. B. bonotos, K. B. 3axapueHkos, B. A. ®ypmaHos,
E. B. Makapos; 3anaBuTenb 1 npaBoobnagatens MexrocyfapcrBeHHOe 06pa3oBaTenibHOe YUpeXKaeH e BbiCLIero
obpazoBaHua «benopyccko-Poccnincknin yHnBepcuteTy; 3aasn. 13.12.2021; ony6n 24.01.2022. — 1 c.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE

MpeanpuATUA 1 OpraHM3aLny, OCyLLeCTBAAIOLLME CBapOUYHble paboTbl Ha 0OBbEKTax NOBbILLEHHON ONACHOCTH,
LleHTpbl aTTecTaLny CBapLUMKOB, TEXHONOMMYECKNX MPOLIECCOB CBAPKU.

PYKOBOAUTEJIb PASPABOTKU

Bbonotos Ceprel Bnagnmuposuy, fiekaH sneKkTpoTexHnyeckoro dpakynbreTta benopyccko-Poccumiickoro yHrBep-
cuTeTa, KaHAMAAT TEXHUYECKNX HayK, JOLIeHT.

KOHTAKTHbIE OAHHbIE

E-mail: s.v.bolotov@mail.ru

Ten.: (+375 29) 699 31 56

10. TEXHONOT VA AYrOBOW CBAPKU KOHCTPYKLIMOHHDBIX CTANEN
C ABYXCTPYNHON KOAKCUANbHOW NOAAYEN KOMMNOHEHTOB 3ALLUTHON
FA30BOW CPEQDI

OMNMUCAHUE PA3PABOTKHN

PazpaboTaHa NpVHLMNMANbHO HOBas TEXHOJOTMA MOBbILEHVA TEXHOMOMMYECKMX Y SKOHOMUYECKMX MOKa3a-
Teslel npoLiecca yroBol CBapKM KOHCTPYKLIMIOHHBIX CTasiel 3a cueT GpopmMrpOBaHMA 3aLlTHON Fra30BON cpeapl
nepemMeHHOro coctaBa HenoCpeaCcTBEHHO B 30He roOpeHunA Ayrv nyTeM CMeLBaHNA KOaKCMaibHO No4aBaeMblX
B Hee He3aBUCUMbIX MOTOKOB aproHa 1 yrneKkncsoro rasa.
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TEXHUYECKUE NMPEMMYLLECTBA

I'Ipep,naraemaﬂ TeXHONOrMA ABNAeTCA NPpUHUMNmManbHO HO-
BOW N 3HAYUTENBHO npeBoCxoanT nmerwmneca aHanorum no
SKOHOMNYECKUM N TEXHOJTOTMYECKMM NapamMeTpam. OcHoB-
HbIM NMpenmMyLLeCcTBOM ABNAETCA BO3MOXXHOCTb €€ peasin3a-
L Ha Y Ke VIMEeIoLLIEMCS CBapOYHOM 060pyAoBaHNM 6e3 3Ha-
YnTesIbHbIX 3aTPaT Ha ero MOAEPHU3ALIMIO.

TexHoOnorns ABNAETCA NePCneKTVBHON U NMEET HeCKOJSIb-
KO HanpaBfeHUN fanbHeNLWero pa3suTus:

— CMoco6 ynpaBieHns TEXHONOrMYeCKUMMN napameTpamu
3aLLUTHON ra30BoV aTMOCdEpPbI NyTeM HAHOCTPYKTYPHOW MO-
AndrKaumm NoToKa 3aLyTHO ra3oBOoWM CMecK Npw AyroBoii
CBapKe;

— CBapKa BbICOKOMPOYHbIX CTasNel 1 CNiaBoB C BBeeHNeM
dTOpCopepKaLLMX ra3oBbIX KOMMNOHEHTOB SF6 A8 MUHUMU-
3aUMM HacbIWeHKA MeTanna BOAOPOAOM.

OXUAAEMbIA PE3YNbTAT NPUMEHEHUA

MoBblweHne 3GpPeKTUBHOCTY NPUMEHEHUSA NpoLiecca ay-
roBOW CBapKW B cpefie 3alMTHbIX ra3oB A1 BapKu meTan-
NOKOHCTPYKLUMIA Ha Npeanpuatuax Pecnybnuku benapycb 1
ctpaH CHI.

TEKYLWWAA CTAOUA PA3BUTUA
MoaroToBnieHHOE NPOV3BOACTBO.

CBEAEHUA O NPABOBOW OXPAHE

1. YcTpoWcTBO A1A BM3yanu3aLuum rasoBoro notoka/ B. 1. Ky-
nukos, 0. A. Llymapes, A. O. Kopotees, [1. A. OnelukeBuy; 3a-
ABWTENb 1 NaTeHToO6Nagatenb MHY «MHCTUTYT NOPOLIKOBOW
MeTannyprumy». — 7645 BY, MK B 23 K9/00 — N2 u20110199;
3asBn. 2011.03.23; ony6n 2011.10.30.

2. HaxnectouHoe cBapHoe coegnHeHue nnactuH / 10. A. Llymapes, A. P. JlyueHok, A. O. KopoTees; 3aasutenb
n nateHtoobnagatenb HY «MHcTUTYT nopolukoBoi meTannyprum». — 6412 BY, MIMNK B 23 K33/00 — N2 u20091018;
3asBn. 2009.12.03; ony6n 2010.08.30.

3. KoHCTpYyKLMA CKOCa KPOMKIM Hepa3beMHOro coeamHeHuns ¢ yrnosbim weom / 10. A. Llymapes, B. A. Ionkos-
ckun, B.H. Knoukos, A. O. KopoTees; 3asaBuTesnb 1 nateHToobnagatens YBIMNO «benopyccko-Poccuicknii yHusep-
cnteT». — 6805 BY, MINK B 23 K 33/00 — N2 u20100432; 3aa8n. 2010.05.06; ony6s 2010.12.30.

4. KOHCTPYKLMA CKOCa KPOMKU Hepa3sbeMHOro coefiHeHua ¢ yrnosbim weom / 0. A. Liymapes, B. A. lNonkos-
ckun, B. H. Knoukos, A. O. KopoTees; 3asaBuTtenb 1 nateHToobnapatens 'YBINO «benopyccko-Poccuicknii yHusep-
cauteT». — 6799 BY, MINK B 23 K 33/00 — N2 u20100431; 3aasn. 2010.05.06; ony6s 2010.12.30.

5. CBapHOe coefiHeHVe nnacTuH ¢ npope3Hbimy weamu / 10. A. Llymapes, B. T. LUmypagko, A. O. KopoTees;
3asBUTeNb U NaTeHToo6naaatenb MHY «MHCTUTYT nopoLuKoBon meTannyprims. — 6869 BY, MIMK B 23 K 33/00 —
N2 u20091026; 3asBn. 2009.12.04; ony6n 2010.12.30.

6. CBapHoe coegnHeHne nnactuH / 0. A. Uymapes, H. B. KupwwuHa, A. O. KopoTees; 3aaBuTenb 1 nateHTo-
o6napatenb MHY «MHcTUTYT NnopolukoBoi meTannyprum». — 7204 BY, MIMK B 23 K 33/00 — N2 u20100813; 3asB.
2010.09.29; ony6n 2011.04.30.

7. ®opma nsa noaroToBKM KPOMOK HEPa3beMHOro COeMHEHNA C yrnoBbiMuy WwBamu / B. B. lecaTHuk, 10. A. Lly-
Mapes, B. A. Monkosckui, B. H. Knoukos, A. O. KopoTees; 3aaBuTtenb 1 nateHtoobnapatens 'YBMNO «benopyccko-
Poccuniicknin yHnBepcuteT». — 7125 BY, MIMK B 23 K 33/00 — N2 u20100430; 3as81. 2010.05.06; ony6n 2011.04.30.




8. YcTponcTteo anA Bm3yanusaumm razosoro notoka / B. 1. Kynukos, tO. A. Llymapes, A. O. Kopotees, [l. A. Onewwu-
KeBWY; 3asBUTENb 1 NateHToobnagatens MY «MHCTUTYT nopolKoBon MeTannyprumny». — 7645 BY, MK B 23 K
9/00 — N2 u20110199; 3as8n. 2011.03.23; ony6n 2011.10.30.

9. YcTponcTBO AnA 3almTbl cBapoyHoM BaHHbI / A. O. KopoTees, B. . Kynukos, tO. A. Llymapes; 3adaBuTenb 1 na-
TeHToObOnagatenb NYBMO «benopyccko-Poccniicknin yHnBepcmteT». — 10194 BY, MK B 23 K9/16 — N2 u20130946;
3anBn.2013.11.18; ony6n 2014.08.30.

10. YcTponcTBo Ansa 3awmutbl cBapoyHor BaHHbI / A. O. Koportees, B.T1. Kynukos, |0. A. LlymapeB; 3aasutenb 1 na-
TeHTOObOnagatensb NYBMO «benopyccko-Poccuiicknin yHnBepcmteT». — 10194 BY, MK B 23 K9/16 — N2 u20130946;
3anaBn.2013.11.18; ony6n 2014.08.30.

NOTEHUWAJIbHbIE MOTPEBUTENU U/ 3AUHTEPECOBAHHDIE B PASPABOTKE

CBapoyHOE NPON3BOACTBO B MALLMHOCTPOEHUN, HEDTEXUMUI, SHEPTETUKE, aBTOMOOMNECTPOEHUN, CTPOUTESb-
cTBe.

PYKOBOAUTEJIb PASPABOTKU

Kopotees ApTtyp Onerosuy, 3aBegytowuii Kadeapor «O6opyaoBaHMe 1 TEXHONOMA CBapPOYHOro Npoun3Boa-
CTBa», KAHAWAAT TEXHNUECKUX HaYK, [OLIEHT.

KOHTAKTHbIE OAHHbIE
E-mail: karatseyeu_artur@fastmail.com
Ten.: (+37529) 84549 70

11. MEXAHWYECKU NETUPOBAHHBIE KOMMO3NLIWOHHBIE MOPOLLKU
ANA TA30TEPMUYECKUX MOKPbITHIA

OMUCAHUE PA3PABOTKU

|-|0pOLUKVI ONA ra3otepmMmmyeCckoro HanbieHMA Noay4anT METOAOM peaKUMOHHOIo me-
XaHN4YeCKoro nermpoBaHus, KOTOprl7| 3aKnK4yaeTcAa B o6pa60TKe B SHEProHanpAeH-
HOM MeJIbHULE-MEeXaHOpPeaKTope CMeCN NCXOOHbIX I'IOpOLLIKOO6pa3HbIX KOMMOHEHTOB
MaTPUYHOIo MmeTasiJia U SNIEMEHTOB, B3aVIMO£|,EI2CTByIOLIJ,VIX C OCHOBOW 1NN mexay coboi
C O6pa3OBaHI/IEM ynpo4yHArWwmnx ¢a3. nOﬂyLIaEMble NMOPOLWKKM N NOKPbITUA N3 HUX OTSINYa-
toTcA 6onee BbICOKON TBEPAOCTbIO N XapONpPOYHOCTbIO. nOKprTI/Iﬂ MMEIOT NOBbILWEHHYIO
N3HOCOCTOMKOCTb.

I'Ipennaraemaﬂ TEXHONOINA NO3BONAET NOJTYYUTb MOPOLLUKN NPAKTUYECKN no6boro xu-
Mn4yeCcKoro cocCrtaBa.

Kpome MeTanNnMyeCcKkmnx nOopPoLLIKOB, TEXHOJIOTUA NO3BONAET Nosy4vyaTb MeTaslsiokepa-
Mmnyeckmne matepualbl, a TakXKe NMOPOLIKM Ha OCHOBE KepaMnkKun.

TEXHUYECKUE NMPEMMYLLECTBA

|_|0KprTI/Iﬂ n3 pa3pa6OTaHHbIX NOPOLWKOB OT/INYAlOTCA 6onee BbICOKMMMU Kaponpo4yHOCTblO, TBEPAOCTbIO U
N3HOCOCTOMKOCTbIO, MpnY 3TOM UX CTOMMOCTb HE MNMpeBbillaeT CTOUMOCTUN cep|/||7|Ho BbIlMyCKaeMbIX MaTepmnaioB.

EcTb BO3MOXHOCTb perynnpoBaTtb XUMUNYECKNN COCTaB, a TakKXe cpe,qu?l pa3smep YacTtuy nosiydyaemblixX no-
POLLKOB.

OXWAAEMDbIA PE3YJIBTAT MPUMEHEHUA

Pa3pa6OTaHHble MaTepuranbl NO3BOJIAT YBENNYUTD pa6OTOCI'IOCO6HOCTb BOCCTaHaBJ/IMBAae€MbIX N YNTPOYHEHHDbIX
JeTanemn, CHU3NTb 3aTpaTtbl Ha MaTepKarnbl, obecrnieuar MMMNOopPTO3aMeLleHne.

O



MPOMDBIWNEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

TEKYLWWAA CTAQUA PA3BUTUA
PaspaboTka BHeapeHa B NPOV3BOACTEO.

CBEEHUA O NPABOBOV OXPAHE
Pa3paboTka He 3aLyuLieHa MPaBOBbIMU JOKYMEHTaMM.

MOTEHUWUAJIbHbIE NOTPEBUTEJIN U/UIN 3BANHTEPECOBAHHDIE B PA3PABOTKE
Paspabotka ncnonb3yetcsa Ha OAO «BM3», 3A0 «Peme3sa», OAO «KyinbbiweBA30T», OAO «MOrmneBXMMBOSTIOKHO.

PYKOBOAUTEJ1b PASPABOTKUA
MepoceHko Anekceli Cepreesuy, LOLEHT Kadeapbl <TeXHONOM MY METANNIOBY, KAHANAAT TEXHUYECKUX HayK, AOLIEHT.

KOHTAKTHbIE IAHHbIE
E-mail: 5trannik@tut.by
Ten.: (+375 29) 546 96 34

12. TEXHOJIOT A NOBbILWEHUA U3HOCOCTOMKOCTV UHCTPYMEHTANIbHON
W TEXHOJTOTUYECKOW OCHACTKM

OMUCAHUE PA3PABOTKI

NoBbiLEeHEe N3HOCOCTOMKOCTN MHCTPYMEHTANIbHOW 1 TEXHONTOTMUYEeCKOM
OCHACTKIM OCYLLECTBAAETCA 3a CUET CTPYKTYPHO-da3oBoro moandrumposa-
HMA NOBEPXHOCTHOTO C/0A MU3Jenus B pe3ynbraTe 6omMbapanpoBKky pabo-
YrIX MOBEPXHOCTEN 3aPAXKEHHBIMI YACTULLIAMM MOJ AeNCTBMEM KaTOLHOMO
naleHna noteHuMana Telolero paspaga ¢ NPUKATOAHbIM MarHUTHbIM
nonem.

TEXHUYECKUE NMPEMMYLLUECTBA

MpocToTa KOHCTPYKLMU KCNOJIb3yeMoro obopyaoBaHus. HeT »kecTkux
TPebOoBaHUIN K KayecTBy MOATOTOBKU MOBEPXHOCTEN. BO3MOXHOCTb 06-
PaboTKN n3genuin cNoXxHo GopMbl. JKOHOMUYHOCTb Npouecca. Manas
ONUTENbHOCTL NpoLiecca 06paboTky (go 45 MuH). COXPaHHOCTb KOHCTPYK-
TUBHBIX PAa3MepPOB 1 MAaKpPOreoMeTpum n3genui. Jkonormyeckas 6esonac-
HocTb. O6paboTKa OCYLUEeCTBASETCA B CPefe OCTaTOYHbIX aTMOCHEPHBIX
rasoB, U MPOLECC He NPeAyCMaTPUBAET HUKaKMX BbIOPOCOB B aTMOCdepy.

OXXWOAEMbIV PE3YJIBTAT NPUMEHEHUA
YBennyeHve N3HOCOCTONKOCTU MHCTPYMEHTANIbHOW Y TEXHOSIOTMYeCKom
ocHacTkn B 1,5-2,0 pa3sa.

TEKYLWAA CTAOUA PA3BUTUA
BbinyLeH onbITHbIM obpasel,.

CBEAIEH/A O NPABOBOW OXPAHE

1. MateHT N2 6261 BY, U B 23 B 27/00 MHOrorpaHHas nnact1Ha us Teep-
poro crnnaea/ B. M. LlemeHKoB; 3asBUTesNb 1 NaTeHTOO6NagaTens flocynap-
CTBEHHOE yupexeHue Bbicliero npodeccroHanbHoro obpasoBaHua «benopyccko-Poccniicknin yHuBepcuTeT». —
N° 200900812 3as8n. 10.02.2009 // AdiubliiHbl 6ton. / Hau,. L3HTp iHTaneKTyan. ynacHacyi. — 2010. — N2 3. — C. 165.




2. MateHT N2 14716 BY, U C 21 D 1/78 CNoco6 ynpoyHeHnsa n3genuii
13 MeTanna unm Cnnaga, v CBepxTBEPAOro Mmatepuana, unu rpadutco-
Aepxalyero matepuana / B. M. LlemeHrkos, A. ©. KopoTkeBuny; 3aaBuTenb
1 naTeHToobnagatenb [ocynapcTBEHHOE yupeXAeHre BbICLIEro npo-
deccnoHanbHoro obpasoBaHusa «benopyccko-PoccMincknin yH1Bepcu-
TeT». — N2 20091136 3asBs. 27.07.2009 // AdiupbiiiHbl 6ton. / Hau. usHTp
iHTaneKkTyan. ynacHacui.— 2011. — N2 1. — C. 28.

3. MateHT N2 8733 BY, MINK C 23C 14/00. YcTaHOBKa BaKyyMHasA AnA
yNpOoYHeHnA n3genva tneowmm paspagom / B. M. LiemeHkoBs, M. A. be-
nas, A. J1. LlemeHkoBa, A. O©. Kopotkesuy, [l. C. FantoxuH, H. A. Tanio-
XunHa, K. A. bogsko (BY); 3asBuiTenb 1 nateHToobnagatens focynap-
CTBEHHOE YupeXKaeHue Bbicllero npodeccmoHanbHOro 06pa3oBaHus
«benopyccko-Poccunckmnn yHmnsepcutet». — N u20120383 3anBsn.
05.04.2012 // AdiubiinHbl 6ton. / Hau. U3HTp iHTaneKTyan. ynacHacui. —
2012. — N2 6. — C. 224,

4. MateHT N2 8865 BY, MINK F 04 D 25/04. KynaykoBblii MexaHU3m /
B. M. lLemeHkoB., M. A. benasa (BY); 3asBuTtenb 1 nateHToobnagarenb
locymapcTBeHHOE yupexaeHue BbiCLIero npodeccroHanbHoro obpaso-
BaHuA «<benopyccko-Poccnincknin yHnsepcuteT». — N2 u20120522 3ads.
18.05.2012 // AdiupbinHbl 6t0n. / Hal. L3HTp iHTaneKTyan. ynacHacui. —
2012. — N2 6. — C.234.

5. MateHT N2 9478 BY, MIK C 23 C 14/00 YcTaHOBKa BakyyMHasA AnA
YNPOUYHEHNA U3JeNNA KOMMNEKCHbIM BO3[4eNCTBMEM TNeloWero pas-
pAga 1 NOCTOAHHOro MarHutTHoro nons: / B. M. lWemeHkos, M. A. be-
nasn, B. B. ManyTuH, A. J1. LLlemeHKoBa, A. C. baTtpakos (BY); 3aasuTtenb
1 nateHToobnapatens focyfapCcTBEHHOE yupeXKaeHue BbiCLIero npo-
deccnoHanbHoro obpasoBaHua «benopyccko-Poccuiickuin yHnsepcu-
TeT».— N220121152 3aa8n. 26.12.2012 // AdiubliHbl 6t0n. / Hal,. Ld3HTP
iHTaneKTyan. ynacHacui. — 2013. — N2 4. — C. 231.

6. [MaTeHT N2 10062 BY, MINK C 23 C 14/00 YcTaHOBKa BakyymHas AnA
YyNpOoYHeHnA n3genuni tnetowmum paspagom / B. M. LiemeHkos, M. A. be-
nas, B. B. ManyTuh, A. J1. lLemenkosa, A. C. batpakos, C. C. Tymakos,
B. A. Tepacumosuu (BY); 3aaBuTenb 1 nateHToobnapatens focynap-
CTBEHHOE Yyupex[eHue BbiClero npodeccroHanbHoro obpasosa-
Huna «benopyccko-Poccuncknin yHnsepcuteT». — N2 20130503 3ansn.
11.06.2013 // AdiubirHbl 6t0n. / Hal. U3HTp iHTaneKTyan. ynacHacui. — 2014. — N2 2. — C. 147.

7. MaTteHT N2 19126 BY, MINK C 23C 14/38 C 23 C 8/00. Cnocob ynpoyHeHWsA U34enuii U3 MeTasia uiv cniaga,
Unn ceepxTeepgoro matepuana / B. M. LlemeHkoB, M. A. benas (BY); 3aaButenb 1 nateHToobnagatens focynap-
CTBEHHOE yupeXxaeHue BbICLLero npodpeccroHanbHoro obpasosaHua «<benopyccko-Poccuiicknin yHusepcmteT». —
N2 20120561 3asBn. 30.12.2013 // AdiubliiHbl 6ton. / Haw. L3HTp iHTaneKTyan. ynacHacui.— 2015. — N2 2, — C. 68.

8.MateHT N© 19886 BY, MIMNK C 23 C 14/38, C 23 C8/00 Cnocob ynpoyHeHVa U3penunii n3 MeTanna, unm cninaea, uimu
CBEpXTBEPAOro rpadutcopepallero matepuana/ B. M. lemeHkos, M. A. Benas, B. B. ManytuH, A. 1. LLlemeHKOBa,
A. C.batpakos, C. C. Tymakos, B. A. TepacumoBuu (BY); 3aaButenb 1 nateHToobnagatens [locyaapcTBEHHOE yupex-
[eHve Bbiclwero npodeccrmoHanbHoro obpasosaHusa «benopyccko-Poccnincknini yHusepcutet», — N2 a20130250
3anB/. 26.02.2013 // AdiubiiiHbl 6ton. / Hal,. U3HTp iHTaneKTyan. ynacHacui. — 2016. — N2 1. — C. 104.

9.MateHT N2 11063 BY, MINK C 23 C 14/00 YcTaHOBKa BaKyyMHas A1 yNPOUYHEHNA 134e/MIN B ra30BOM T/eoLieM
pa3psage / B. M. LLemeHkoB, M. A. Benas, A. J1. LLlemeHkoBa, . . *KykoseL (BY); 3aaBuTenb 1 nateHToO6NagaTens
B. M. LLlemeHkoB, M. A. benas, A.J1. LLiemeHkoBa, . . XKykoBer, — N2 u20150346 3anasn. 13.10.2015 // AdiubliiHbI
6ton. / Haw,. usHTp iHTaneKTyan. ynacHacui. — 2016. — N2 3. — C. 132,

10.NateHT N2 11108 BY, MIMK C 23 C 14/00 YcTaHOBKa ANIA YNPOYHEHNA UHCTPYMEHTaNbHOW 1 TEXHOIOrMYECKOM
ocHacTkm / B. M. LLemeHkos, M. A. benas, A. J1. LLiemeHkoBa, M. T. XKykoseL, (BY); 3aABuTenb n nateHToobnagartesnb

)
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B. M. LLlemeHKkoB, M. A. benas, A.J1. LLiemeHkoBa, 1. I. *KykoBel, — N2 u20150347 3aasn. 13.10.2015 // AdiubliHbI
6ton. / Hau. UsHTp iHTaneKTyan. ynacHacui. — 2016. — N2 4, — C. 191.

11.Cnoco6 ynpoyHeHWA N3aenuvs 13 MeTasnna, Uin cniasa, v CBepXTBEPAOro, Unu rpaduTcopepsKaLlero ma-
Tepmana: nat N2 21735 Pb, MINK C 23C 8/06, C 23C 14/38 / LLlemeHkoB. B. M., benaa M. A,, LLlemeHkoBsa A. J1., Xyko-
Bey MN.T. (BY) —N2a20150619; 3asnBn. 2015.12.11 // AdiubiiHbl 6GtoneTsHb / Hau. U3HTp iHTaneKTyan. ynacHacLi. —
2018.— N2 2. — C. 107.

12. Cnocob ynpoyHeHWs N3genuin N3 MeTanna, unm Cniasa, uiv CBePXTBEPAOro, nu rpadurtcogeprkallero ma-
Tepuana: MateHT N2 22048 PB, MINMK C23 C23 C8/00./ LLiemeHkos B. M., Tpyxaues ®. M., O6ugunHa O.B., benas M. A,,
LllemeHkoBa A. J1. (BY) — N2 a201602207; 3aaBn. 2016.06.06 // AdiLbiiiHbl GtoneTaHb / Hau. UsHTP iHTIneKTyan.
ynacHacui. — 2018. — N2 4. — C. 92.

13.Cnocob KOMMNIeKCHOro a30TUPOBaHMWA U3AENNUIA N3 METAINOB, UAN CMIAaBOB, U METaNNCoAe P KaLLMX MaTe-
puanos: MateHT N2 22062 PB, MMK C 23C 8/36./ LlemeHkoB B. M., benaa M. A., LLlemeHkoBa A.J1., Jlunckui A. 3., Pa-

6b1ko A. C. (BY) — N2a20160195; 3aa8n.2016.06.01 // AdiublliHbl 60neT3Hb / Haul. L3HTp iHTaNneKTyan. ynacHacui. —
2018.— N2 4. — C.92.

14. CNoco6 HaHeCceHUs 3alUTHOIO M3HOCOCTOMKOIO NOKPLITVA Ha OCHOBE MeTaslla Ha U3genue 13 MeTtasnna, unm
cnnaBa, unu rpaduTcopepKalyero matepuana: MateHt N2 22143 PB, C 23C 14/06, C 23C 14/35 / LLlemeHkoB B. M.,
Bbenaa M. A., LLemeHkoBa A. J1. (BY) — N2 a20160208; 3aasn. 2016.06.06 // AdiubliiHbl 6toneTaHb / Hau. LusHTp
iHTaneKTyan. ynacHacui. — 2018. — N2 4. — C. 93.

15. Cnocob ynpoyHeHWs N3genuii N3 MeTaIoB, UM CMIaBOB, UM CBEPXTBEPAbIX MAaTepUasnioB B TIELWEM
pa3page C MCnonb3oBaHMEM 3/1IeKTPOMarHUTHom cuctembl N2 22366 PB, MINK C23C 14/38 / LemeHkos B. M., Ma-
koBeukun V. U., 3enennH B. A, benaa M. A., LlemenkoBa A. J1., Pabbiko A. C., Ennceesa A. H. (BY) — N2a20170342;
3asBn. 18.09.2017 // AdiupbiiHbl 6101eT3Hb / Hau. UaHTp iHTanekTyan. ynacHacyi. — 2019. — Ne 1. — C. 113.

16.Cnocob ynpoyHeHus noBepxHOCT AetanuNe 23852 P5, MMK C 21D 1/09,C21D 1/04,C21D 1/38,C23C8/00,
C23C 14/38/ lemeHkos B. M., eBoiHo O.T., Pabbiko M. A., LLlemeHKoB B. B., EnceeBa A. H., Melukosa B. B. (BY) —
N2 a220200373; 3aa8n. 21.12.2020.

17.Cnocob ynpoyHeHWs n3genus n3 MeTasna, Unmv cniasa, Uin NpoBOASALLErO SNeKTPUYECKUA TOK CBEPXTBEP-
[l0ro maTepuarna B TiietoLLem paspsage B marHUTHom rnose N2 23837 Pb, MIMK C 23C 14/35/ LLlemeHkog B. M., Pabbiko
M. A., LLiemeHkoB B. B., MonTtopaukuin C. I, Ennceesa A. H., Pabbiko A. C. (BY) — N2 a20190316; 3asi811. 11.11.2019.

18. Cnocob ynpoyHeHUs NoBepXHOCTY N34enusa u3 meTanna unv cnnasa N2 23381 PB, MINK C 23C 8/00/ LUemeH-
koB B. M., Pabbiko M. A. (BY) — N2a20190143; 3aasn. 15.05.2019.

19. Cnocob KomnyieKcHoM 06paboTKy N3henuns 13 MeTasna, Uin Crniaea, unv rpadurTcoaeprKallero mateprana
Ne 23734 PB, MINK C 23C 14/00, C 21D 1/09/ LLlemeHkoB B. M., Berepa W. ., Pabbiko M. A., LLlemeHkos B. B., Enu-
ceeBa A. H. (BY) — N2a20200356; 3asBn. 14.12.2020.

20. Cnocob ynpoyHeHns NOBEPXHOCTY LUINHAPUYECKOrO OTBEPCTUA B MeTannnyeckon getanu N2 23750 PB,
MIK C 23C 14/00, C 21D 1/09/ lWemeHkoB B. M., Ceupena [. M., Pabbiko M. A,, loranes A. M., LLlemeHkoB B. B.,
Enuceea A. H., KpyunHunHa A. C. (BY) — N2 a20200366; 3aasn. 18.12.2020.

NOTEHUWAJIbHbBIE MOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE
Ncnonb3yetca Ha OAO «Morunesudtmalu», OAO «TAUMy, YHII «TexHONUT».

PYKOBOAUTEJ1b PASPABOTKU

LlemeHkoB Bnagmumump Muixannosuy, 3aBegytowmin kadegpon «Tex-
HOJIOrMA MALWMHOCTPOEHMAY;

Pabbiko MapunHa AnekcaHApoBHa, CTapLlmMii NpernofaBaTenb Ka-
benpbl «TEXHONOMMNA MALWMHOCTPOEHUSAY.

KOHTAKTHbIE AJAHHbIE

E-mail: vshemenkov@yandex.by

Ten.: (+375 44) 740 06 64




VI. YYPEXXEHWE ObPA30BAHUA
«BUTEBCKUW rOCYAAPCTBEHHbIN YHUBEPCUTET
UMEHW . M. MALLEPOBA»

13. TEXHOMIOTMYECKAS OCHACTKA 11 TAMITOHHOW NEYATH

ONMUCAHUE PA3PABOTKA

B 06yBHOM NpoK3BOACTBE METOLOM TAMINOHHOW NevyaTi Ha-
HOCAT pasfinyHble PUCYHKM KPACcKoW Ha ieTanu Bepxa v H13a
06yBu. Ha puric. T npeacTaBneHbl KOHTYpbI AeTaneli Bepxa 06-
YBW: IEBOTO U NPaBoro 6epuia 1 ¢ n306paxkeHreM puUcyHKa 2,
KOTOPbIN BbINOSIHAETCA METOLOM TaMMOHHOW NeyaTu. Puc. 1. [letanu Bepxa obysu:

3aroToBKa TEXHOSOMMYECKON OCHACTKN M300paXkeHa Ha  1— /eTanu 3aroToBKM Bepxa 06yBy;

puc. 2. 3aroToBKa TEXHONOMMYECKON OCHACTKM 1 BbIMOSIHEHA 2 — PUCYHOK, HAHECEHHDIl METO/I0M TaMMOHHO! Neyartu

13 0byBHOro KapToHa. B ee nnowagm n3rotossieHbl BOCEMb

6a3npyoLnX OTBEPCTUI 3, C MOMOLLbIO KOTOPbIX OCHACTKa

HajieBaeTcA Ha 6asmpytoLme WTNdTbI, KOTOPbIE pacnonoxe-

Hbl Ha MOABUXXHOM CTOJIMIKE MaLUVHbI 1A TAMMOHHOW neyvaTu.

TaKk»e Ha 3aroToBKe TeXHO/IOMMYECKON OCHACTKM M3roTaBsu-

BatoTcA rodpbl 2 Ana otobpaxeHusa pasmepa getanu. OgHa

rodpa COOTBETCTBYET CAMOMY ManeHbKWIA pa3Mepy Moaenu

06yBWu, feBATb rodp — camomy 6osbLIOMY. TakoW e NPUH-

LN MapKUpOBKM pa3MepoB roppamu Ncnonb3yeTcs Ha fe-

Tansx sepxa obysu. Puc. 2. 3arotoBKa TeXHONOTNYECKOI OCHACTKM:
KOHTYpbl rpagnpoBaHHbIX AeTanen n3obpaxeHbl Ha puc. 3: 1 — 3aroToBKa TeXHONOMYeCKoi OCHACTKY;

1 — KOHTYpbI AeTanen, 2 — KOHTYpbl MeCTa pacnonoxeHns 2 — rodpbl, ykasbisatoluye Ha pasmep aeTarneli,

puvicyHKa. 3 — basupytoLLme oTBEpCTUA

[MonyyeHHble KOHTYpPbI ANA pasMeLleHna aeTanen nocne
npeobpa3oBaHnA, NepeHeceHHble Ha 3aroToBKY TeXHOJO-
rMYecKon OCHaCTKM 4, NpeAcTaBfieHbl Ha puc. 4. Ha puc. 4
1306paxeHbl rpagupoBaHHble KOHTYpbl 1 npaBoro 6epua,
rpagMpoBaHHble KOHTYpPbI 3 neBoro 6epLa 1 KOHTYp 2 MecTa
pacnonoxeHna nsobpaxeHus, KOTOPbIN B pesynbTaTe npe-
obpa3oBaHui ABNAETCA OOLLMM [J1A PaBoro 1 ieBoro bepua
KaX[oro pasmepa.

BbINOMHMM BOCEMb KOMUI KOHTYPOB, M300PaXKeHHbIX Ha
puc. 4. 3aTeM B KaXXJOW KOMMW OCTaBfIAEM TOJIbKO OAMH
pa3mep 1 KOnMyecTBO ropp, COOTBETCTBYIOLUX Pa3Mepy.
KoHTypbl 1 1 3 nepecekatotca. YacTb KOHTYPOB, KOTOpble
npuHagnexart niowaasm 1 un 3, ynansem. Monyyaem o6wuin
KOHTYP, NPUYHaANexalunin YacTu KOHTYpa npaBou 1 JIeBOn
ZeTanu Bepxa o0yBu, KOTopble OyayT 6a3MpoBaTbCs B rHe3ge

no 4acT KoHTypa. Puc. 3. TpapupoBaHHble ieTanu Bepxa:

Mony4eHHbIN KOHTYP NpefcTaBneH Ha puc. 5. Ha puc. 51— koHcTpyKTopckme rpaaupoBaHHbIe KOHTYpbI AeTaneii;
0603HayeHbl: 1 — 3aroToBKa TEXHOJIOMMYECKOM OCHACT- 2 — MecTo pacnonoxeHus v|306pa)|(e|-w|;| Ha JeTanax Kaxaoro
Ku, 2 — FHe3[0 ANA YKNaAblBaHUA NPABOW 1 IEBON AeTanu,  pasmepa
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B KOTOPOM 6a3rpoBaHue OCYLLECTBAETCA MO YacTy KOHTY-
pa, 3 — rodpbl. Ha prc. 5 KonnyecTBo ropp cooTBETCTBYET
camomy 6osbLLIEMY Pa3Mepy MOLENN.

Kaxpaa nnacTrHa TEXHONOMMYEeCKOM OCHACTKM Bblpe3aeTca
Ha pexyLem naoTtTepe. Packnagka nnacTuH Npy N3rotosre-
HUK 1306paKeHa Ha puc. 6.

TEXHUYECKUE MPEMMYLLUECTBA

Pa3paboTaHHasA KOHCTPYKLMA OCHACTKM obecrneynBaet
pa3meLLeHNe feTanel Bepxa 06yBY /1A TOUHOTO HAHECEHWS
PUCYHKa Ha MallviHe 4/s TaMnoneyaT, UCKlYaeT MHOTo-
KpaTHYI0 PYUHYI0 NePeHacTPOKy MalUUHbI NPU Nepexoae
Ha HOBbIV pa3mep Mmoaenu. icnonb3oBaHue OCHACTKM yyy-
LIAEeT YCNIOBYA TPYAA, MOBbILLAET CKOPOCTb TEXHONOMMYECKO-
ro npouecca. loCTOMHCTBaMM OCHACTKM ABMAIOTCA TaKxXe
YHVBEPCaNIbHOCTb, MPOCTOTa KOHCTPYKLMM 1 U3TOTOBNEHNS,
BO3MOXHOCTb MHOrOPa30BOro NCMoJb30BaHMS.

OXWUAAEMbI PE3Y/IBTAT MPUMEHEHUA
PocT npounssogutensHocTn Tpyaa B cpegHem Ha 20 %.

TEKYLWAA CTAQOUA PASBUTUA
Pa3spa6oTka BHeipeHa B NPON3BOACTRO.

CBEZIEH/A O NPABOBOW OXPAHE

MpoAyKT 3alyuLLeH B COOTBETCTBUM C 3aKOHOAATENIbCTBOM
Pecny6nukn benapycb 06 aBTOPCKOM npaBe.

MOTEHUWAJIbHbIE MOTPEBUTENU U/ 3AUHTE-
PECOBAHHDbIE B PASPABOTKE

O6yBHble Ppabpurky Pecnybnuku benapycb 1 3apybexkHbIx
CTpaH.

PYKOBOAUTEJIb PASPABOTKU

ByeBuu ApTyp SayappoBuy, goueHT Kabenpbl «MHxeHep-
Haa ¢um3nka» BI'Y nmenu IN. M. MawepoBa;

CmupHos leHuc Bnagnmnposny, ctygeHT BI'Y umenu N. M.
MawepoBa;

KanpaHos Bnagucnas AHgpeeBuny, cTyaeHTbl BI'Y nmenn
. M. Maweposa.

KOHTAKTHbIE IAHHbIE
E-mail: arturby@gmail.com
Ten.: (+37529) 399 10 92

Puc. 4. TpanupoBaHHble fieTanu Bepxa nocne npeobpasoBaHuii
Ha 3aroToBKe 0CHACTK:

1 — KOHCTpYKTOpCKME rPaZMpOBaHHble KOHTYpbl NpaBbiX
JeTaneii;

2 — MeCTO pacnonoeHus n3o0paxeHna Ha AeTanax kaxzao-
ro pasmepa;

3 — KOHCTPYKTOPCKIAe FpaZupOBaHHbIE KOHTYpbI NEBbIX Jie-
Taneit

Puc. 5. 3aroToBKa TexHoNOMMYeCKoii 0CHACTKN ANA feTaneii Bep-
Xa camoro 60n1bLIOr0 pa3mepa:

1 — 3aroToBKa TEXHONOTMYECKOI OCHACTKY;

2 — rHe3[0 A4 yKNaAblBaHNA NPaBoil 1 NeBoii AeTanei;

3 — ro¢pbl, yka3biBaloLLye Ha pa3mep AeTaneil

Puc. 6. Packnaaka nnacTH TeXHONOTMYECKON OCHACTKM




14. OCHACTKA 11 NA3EPHOTO KOMMNNEKCA

ONMUCAHUE PA3PABOTKHA

Pa3pa60TaHHaﬂ OCHaCTKa npumeHAeTcAa anA 6a3|/|pOBa-
HUA peTanen B pa6oqe|7| nnowann nasepHoro Komriiekca.
OcHacTka gns Jla3epHOro Komnnekca coCctouT 13 AByX nna-
CTVIH U BKJtOYAET B cebn oTBepPCTNA AnA 6a3|/|pOBava B pa6o-
yem none n opueHTnpyruie otsepcTme. [nacTnHblI OCHaCTKM
MN3roTaBnBaroTCA 13 O6YBHOFO KapTOHa Ha peXxyLiemM nioTre-
pe. Pa3pa60TaHHaﬂ caicTemMa 6a3I/lpOBaHI/IFI No3BONAET NCMNOJb-
30BaTb OCHACTKY MHOIFOKpaTHO.

B 3aBOACKOM UCMONTHEHUM PABOYNIA CTON HE MEET 1eMEH-
TOB, C MOMOLLbIO KOTOPbIX BO3MOXHO 6a3npoBaHNe KacCeTbl.
Mo3ToMy KOHCTPYKLIMA pabouero ctona 6bina gonosnHeHa 6asu-
pyoLMMY 3neMeHTaMn. KOHCTPYKLMA MOAEPHU3NPOBAHHOIO
cTona n3obpaxkeHa Ha puc. 1. B MogepHM3poBaHHOM CTose
Ha COTOBOW NnacTuHe 1 3aKpenseHbl NIACTUHKN 2, 4, 5 ¢ 6a3u-
pytoLmmy snemeHTamn 7. Ha yrnoBbix nnacTMHKax 2 1 5 ycrta-
HOBJIEHO MO ofHOMY 6a3mpytoLemMy anemeHTy 7. Ha cpenHei
NNacTUHKe 4 ycTaHOB/EHbI ABa 6a3npYIOLLNX SnemMeHTa 7.

[nsa nokpbIT!A BCero paboyero nonsa KacceTon Ana ee ns-
rOTOBJIEHMA NCMOSIb30BaHbI [iBE YHNBEPCANbHbIX NAACTUHbI C
pa3mepamum 600x600 mm. PacrionoxkeHne 6asnpyrowmx sne-
MEHTOB Ha pabouem CTose NO3BONAET KaXKayto MNacTUHY ycTa-
HOBWTb Ha TpY 6a3UpyOLMX deMeHTa. Pa3mepbl NAacTUHDI
COOTBETCTBYIOT NOJIOBMHE paboyero nonsa AaHHOro Na3epHo-
ro KomneKca. Paamepbl NNacTviH AOMXKHbI ObITb KpaTHbI pabo-
yemy nosito obopyaoBaHuA. [1nA nasepHbIX KOMMIEKCOB C pa-
60urm nonem 1200%1200 Hy»HO NCMONb30BaTb YETbIPE YHU-
BepcasibHble NIaCTUHbI.

Ha puc. 2 nsobpaxxeHa yHrBepcarnbHas nnactmHa 1 TexHo-
NOFYECKOM OCHACTKU C 6asnpyoLLMMy OTBEPCTUAMYI 2 U MET-
Ko 3, npeAHa3HaYeHHbIMM Anst 6a3npoBaHA 1 NPaBUIbHOM
OpUeHTaLMV MACTVHBI TPU MHOFOKPaTHOM MCMOJb30BaHUN
Ha pabouem CTore fla3epHOro Komrekca. YH1BepcanbHas
nnacTuHa U3roTaBMBAETCA N3 0OYBHOIO KapTOHa Ha pexy-
Lem njoTTepe.

B 3aBMCUMOCTM OT pa3mepoB 0b6pabaTbiBaeMbix AeTanen,
ob6bema Bbinycka U3fenuii, TeEXHONOrMyecKoro npotecca o6-
pPaboTKM Ha Nla3epPHOM KOMIJIEKCE MOXKET MCMOJIb30BaTbCSA B
KauecTBe TEXHOJTIOMMYEeCKO OCHAaCTKMN OAHA YHBepCanbHas
nnacTuHa, n3obparkeHHas Ha pUC. 2, UM KacceTa, CoCToALLas
13 ABYX YHMBEPCANbHbIX NACTUH, N3006parkeHHas Ha puc. 3.

Ha puc. 3 n3obpaxeHa ocHacTKa, COCTOALLaA U3 IBYX YHU-
BepcaNbHbIX NacTuH: neson 1.1 u npason 1.2. MNMnactuHbl
cKneeHbl Mexy cob0l CKOTUeM 2, KOTOPbIN NO3BOJAET CJ10-
XKWTb KacceTy nononam ans ynobctaa ee xpaHeHus.

Mocne yCTaHOBKU TEXHONOMMUYECKO OCHACTKM Ha Jla3epHOM
KOMIJIeKCe BbINOJSHAETCA pa3MeTKa KOHTYPOB fieTaslel, KoTo-
pble byayT 06pabaTbiBaTbCA; HAHOCUTCA HOMEP MOLESUN U pa3-
Mepbl feTaneit. TexHonormyeckas oCHacTKa 13roTaB/vBaeTcs

Puc. 1. MogepH31poBaHHbIil CTON A4 YKNaAbIBaHNA 3ar0TOBOK
¢ 6azupytoLMMu SNeMeHTaMu:

1 — COTOBBbIIi CTON;

2,4,5 — HaKNaaKn Ha COTOBbIN CTON;

7 — basupytoLLe SnemMeHTbl.

Puc. 2. YHuBepcanbHas nnacTuHa TeXHONOrMYeCKoil 0CHACTKM ANns
f1a3epHOro KomnneKca:

1— nnactuHa;

2 — basupytoLLne oTBEpCTUSA;

3 — opueHTUpYloLLMe OTBepCTHe.

Puc. 3. Texronornueckaa ocHacTKa A na3epHOro KOMMeKca:
1— ocHacTka B cbope;

1.1 — neBas nnacTuHa;

1.2 — npaBas nnacTuHa;

2 — coeHUTeNbHAA NEHT;

3 — opueHTUpYloLMe 0TBepCTHE




MPOMDBIWNEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

B ABYX 3K3emMmiapax anA obecneyeHus coBMeLeHnA onepa-
Lnn pasmeweHna JeTanen Ha nNiacTUHaxX KacCeTbl Y TEXHOJO-
rmyeckom onepaunn O6pa6OTKI/I Ha Nna3epHOM KOMMNeKce.

Ha puc. 4 n3obpa<eHbl fieTanu 3aroToBKU Bepxa 0byBu €
nasepHou nepdopaLmen, KoTopaa N3roToBIEHa C MOMOLLbIO
pa3paboTaHHOM OCHACTKN.

TEXHUYECKUE MPEMMYLLUECTBA

Pa3paboTaHHasA KOHCTPYKLUA OCHACTKY ABASIETCS YHUKAb-
HOW 1 OT/IMYAETCA OT aHANIOroB CleAyoLWYM: HaIMYNEM CU-
CTeMbl 6a31POBaHUA, MHOFOPa30BbIM UCMONb30BaHNEM, BO3-
MOXHOCTbIO CKNafblBaHWA AN1A XPaHEHUS.

Puc. 4. Mepdopalws feTaneii 3aroToBKin Bepxa 06yBM, U3roToB-
NeHHaA C IOMOLL{bH Pa3paboTaHHOI OCHACTKIA

OXWUAAEMbI PE3Y/IBTAT MPUMEHEHUA
PocT npounssogutensHocTn Tpyaa B cpegHem Ha 30-40 %.

TEKYLWAA CTAQOUA PASBUTUA
PaspaboTka BHejpeHa B MPON3BOACTRO.

CBEJEHU/A O MPABOBOW OXPAHE
MpopyKT 3aLyLieH B COOTBETCTBUM C 3aKOHOZaTeNnbcTBOM Pecny6nvkn benapycb 06 aBTOpCKOM npase.

MNOTEHUWAJIbHbBIE MOTPEBUTEJNIN U/ SAUHTEPECOBAHHbBIE B PA3PABOTKE
O6yBHble Ppabpurky B Pecnybnvke benapycb n 3apybexkHbIX CTpaH.

PYKOBOAUTEJ1b PA3PABOTKU

ByeBuu ApTyp dayapaoBuY, oueHT Kapeapbl «/HxeHepHas dusmkar» BI'YY nmenu IN. M. MalwuepoBa;
benaes Makcum Cepreesuy, ctygeHT BI'Y nmenu N. M. MawepoBa;

MNetpos leHnc AHpgpeeBuny, ctyneHT BI'Y umenu M. M. Maweposa.

KOHTAKTHbIE JAHHbIE
E-mail: arturby@gmail.com
Ten.: (+37529) 399 10 92

15. CACTEMA ABTOMATU3NPOBAHHOI'0 MPOEKTUPOBAHNA PA3SBEPTKU
MOBEPXHOCTU YCEYEHHOW YETbIPEXTPAHHOW MUPAMUADI

OMNMUCAHUE PASPABOTKI

Pa3zpaboTaHHasA MHTErpMpoBaHHasA CMCTEMa aBTOMATW3MPOBAHHOIO NPO-
ekTnpoBaHua (CAIP) no3BonaeT paclumprTb BO3MOXHOCTM UCMOMb3yeMbIX
Ha npeanpuaTtun CAMP.

CATIP pa3BepTKM MOBEPXHOCTY YCEYEHHOW YeTbIpexrpaHHON Npamnabl
ABNAETCA NPOrpPaMMHbIM CPeACTBOM, MO3BOMNAOLWMM B aBTOMATU3NPOBAH-
HOM pexrme MoCTPOoUTb pa3BepTKy NOBEPXHOCTW YCEYEHHOW YeTbipex-
rpaHHOW NMpamuAbl C AefieHNeM Pa3BePTKY MO 6OMNbLIOI CTOPOHE NPOK3-
BOJIbHOW ceKyLLel nnockocTblo. CAMNP no3sonseT 06ecneunts MHTErpaLmio
AaHHbIX Pa3BePTKMN NOBEPXHOCTY YCEUEHHO YeTbIPEXTPAHHON MMPaMUADBI  Pyc. 1. 3Hayok /4 3aMycka NPorpaMmbl
B AencTBytoLLyto Ha npeanpuATin CATP; NOBbICUTb MPOU3BOANTENBHOCTD CAM_by.exe




Tpyaa, yny4lmnTb YCI0BUA Tpyaa U pacluMpuTb aCCOPTUMEHT
BbIMYyCKaeMOW NPOAYKLUN.

OkHo nporpammbl «CATP pa3BepTkM nNupamupabl», 1U30-
GpakeHHoe Ha puc. 1, nogo6Ho CAIMP «Mpodunb Mactep»
PM2000. OkHo nporpammbl «CATP pa3BepTkn nupamugbl»
pa3feneHo Ha aBe obnacTu. [MNaHenb BBOAa AaHHbIX 06 yce-
YeHHON NMpamuge — npaBan YacTb OKHA 1 NaHesnb rpadu-
YyecKoro oTobpaxxeHns — fieBas YacTb OKHa. JleBas naHenb
0oTOOpAXKaeT MPOEKLNOHHbIE BUblI YyCEUYEHHON YETbIpPeXrpaH-
HOW NpPaMnAbl C 6YKBEHHbIM YKa3aHeM OCHOBHbIX NMapame-
TpoB. /I306pakeHune CTaTUUHO, YTO NMO3BOJIAET NMONb30BaTe-
JI0 YeTKO NpeacTaBATb 3HaYeHMe KaXKgoro 13 napameTpos.

B KauecTBe NepemeHHbIX NapaMeTPOB (BBOAUMbIX JaHHbIX)
MCMONb3YIOTCA CliefytoLLe napameTpbl yCeUeHHON Npamm-
Ibl: ANVHA U LUMPUHA OCHOBAHWA, AJIVHA U WPYIHA NOBEpX-
HOCTM CeYeHs, BbICOTa Npamuzpl, BENIMUYMHbI CMELLEHUSA MO-
BEPXHOCTU CEYEHUSA OT OCHOBaHUA (2 MepemMeHHbIX MapaMeTpa), MpUNyCcKy Ha CO0pKy NrpaMmuabl v NPUMYCKA AnA
NPUCOeAUHEHUA BHELIHMX U34ennii (3 nepemMeHHbIX NapameTpa). Bcero B nporpamme ncnonb3yetca 12 nepe-
MEHHBIX NMapaMeTPOB, MNOJIHOCTbIO OMMUCHIBAIOLLMX YCEYEHHYIO YeTbIpexrpaHHyto npamuay. Bce 12 napameTpos
npencTaB/ieHbl Kak Ha IeBOW, TaK 1 Ha NPaBou NaHensAx. A3blK COOOLEHWI 1 KOMMEHTapueB NPorpaMmbl — pPyc-
ckuin. Pasmep v useT wpndTa 14 nt. Takon pasmep wpudTa JomKeH H6bITb JOCTaTOUHbIM AS1A PabOTbI B YCIIOBUAX
Lexa npu cnabon 1 HepaBHOMEPHON OCBeLleHHOCTU. HageXXHoCTb paboTbl NporpaMMHOro obecrneyeHuns obe-
cneyrBaeTCA TEXHOMOMMen 3aLKTbl OT HEBEPHOIO BBOAA 3HAYEHUI 1 06PALLEHMIO K HECYLLIECTBYIOLLMM AaHHbIM,
a TaKXe HafleXKHOCTbIO PaboTbl ONepaLMoOHHON CUCTEMbI, YCTaHOBNIEHHOW Ha NPeanpusaTUn.

Puc. 2. OkHo nporpammbl «CATIP pa3BepTKu nupamugpl» C BBe-
LEHHbIMIU JaHHBIMN

TEXHUYECKUE NMPEMMYLLECTBA

CATP pa3BepTKM MOBEPXHOCTU YCEUEHHOW YETbIPEXTPAHHOW NPaMUAbI MO3BOJIAET 06eCNeunTb UHTErPaLMIo
[JaHHbIX Pa3BepTKM MOBEPXHOCTMN YCEUYEHHOW YeTblpexrpaHHoOM nupamuibl B AeMCTBYIOLLYIO Ha NpeanpuaTun
CAT1P; noBbICUTb MPOU3BOAUTENBHOCTb TPYAQ, YNYULWNTb YCNOBUA TPYAA U PACLLMPUTb aCCOPTUMEHT BbiMycKae-
MOW NPOAYKUUN.

OXUOAEMbIV PE3YJIbTAT MPUMEHEHUA

PocT npou3BoanTeNbHOCTY TPYAA NPV NPOEKTUPOBAHNY PAa3BEPTKU CUIAMIU VHXKEHEPHO-TEXHUYECKIMX paboT-
HVKoB B 10 pa3. PocT npor3BoanTeNbHOCTY TpyAa B cpeaHeM Ha 10-20 % npu cOopKe pa3BepTKM B TENO.

TEKYLWAA CTAANA PA3BUTUA
Pa3paboTka BHeipeHa B NPOW3BOACTBO.

CBEZIEHUA O MPABOBOW OXPAHE
MpopnyKT 3aLymiLeH B COOTBETCTBMM C 3aKoHOAaTeNIbcTBOM Pecnybnukn benapycb 06 aBTopckom npase.

NOTEHUMAJIbHbIE MOTPEBUTENU U/WITUA 3AUHTEPECOBAHHDIE B PASPABOTKE

Mpepnpuatus Pecnybnuku benapycb 1 3apybexHbIx CTpaH, KOTopble HYXAaloTcA B paclumpeHmmn GyHKUMOo-
HaNbHbIX BO3MOXHOCTEN, AeNCTBYyoWMX Ha npeanpuatumn CATIP.

PYKOBOAUTEJIb PASPABOTKU

byeBnu ApTyp SayapaoBuy, AoueHT Kadenpbl «/HxeHepHasa ¢usmka» BI'Y umenm 1. M. MawepoBa;
beHgukoBa KceHuna OneroBHa, ctygeHTka BI'Y nmenn N. M. MawepoBa;
CnmakoB AHppen CepreeBuy, ctyneHT BI'Y nmenn N. M. Maweposa.

KOHTAKTHbIE AAHHbIE

E-mail: arturby@gmail.com
Ten.: (+37529) 399 1092

)



MPOMDBIWNEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

VII. YYPEXX QEHWE ObPA30BAHUA
«FPOAHEHCKUN rOCYAAPCTBEHHbIN YHUBEPCUTET
UMEHU AHKW KYNANbI»

16. HAHOKOMNO3ULIMOHHDLIE SNEKTPONMPOBOAHbBIE CMA30YHbIE COCTABbI

OMUCAHUE PA3PABOTKU

Cma304YHble KOMMNO3ULMOHHbIEe MaTepuralbl B KOHCTPYKLN-
AX Yy3/710B TPEHNA MallnH, MEXaHN3MOB, TEXHONOIrnM4yeckoro
o60py.q03aH|/m BbINOJIHAIOT C])yHKLl,I/IIO 3JleKTponpoBoALle-
0O KOMIMOHEHTa B coYeTaHnn C NPOTUBOU3HOCHbIM KOMIMO-
HeHTOM, obecrneurBas d)OpMI/lpOBaHVIe Pa3gennTenbHbIX
NNeHOK mMmexay NoABUXKHbIMU 3N1eMeHTaMIn Tpl/l6OCI/ICTEMbI,
YMeHbLUaoWNX BEPOATHOCTb B3aVIMOLENCTBMA MUKPOHepPOoB-
HOCTeln U o6pa3OBava YacTuny U3HallnBaHMA BCencTeme
afresMoHHbIX, Aed)OpMaLl,I/IOHHbIX NYCTaJIOCTHbIX MPOLEeCCoB.

CyWHOCTb TEXHUYECKOTO peLleHus 3asaBIeHHOro NPOeKTa
3aK/oYaeTca B MoyYeHn HaHOPa3MEPHbIX METASIINUECKIMX
YacTUL HEMOCPEACTBEHHO B Cpe/ie CMa30UHO KOMMNO3ULMM
nyTém peanusaumnn sdpdpexTa aacopObLMOHHOIO B3aMoaeii-
CTBVSI KOMMOHEHTOB HEMoCpeACTBEHHO B MOMEHT 06pa3oBa-
HVA U3 MeTaiIcofepKalliero coeauHeHus (in statu nascendi).
TexHoNorvA NonyyeHVs HAHOKOMIMO3MLIMOHHbIX 3/IEKTPOMNPO-
BOAHbIX CMa304HbIX COCTAaBOB MO3BOJIAET NOJyyYaTb KOMMO- [pakTUYecKoe npuMeHeHIe
31K, CopepKaLLme MeTanIMyeckme, MeTanionoiMMepHble
1 MeTannyrnepofHble HaHOYaCTHLbl, KOTopble 0becrneyrBaloT HEOOXOAVMBI MexaHU3M GOPMUPOBAHMA Pa3-
LEeNnTENIbHOrO CJ10A B Y3/1e TPEHWSA C 3aaHHbIM YPOBHEM TOKOMPOXOXKAEHUS.

Mpu NpYMeHeHUK HAHOYACTML, BbICOKOMPOBOZHbIX METAINIOB CO ChepryecKnM rabrntycom obecrneUnBaeTcs He
TOJIbKO NMPOBOAVMOCTb KOHTAKTa, 61M3Kas K METa/lIMYECKON, HO 1 BbICOKas U3HOCOCTOMKOCTb TPMBOCOMpPsKeHUA
BCNeACTBYE GOPMUPOBaHWA Pa3feNUTeNbHOIO NIErKOMOABVXXHOIO 1051 C BbICOKOI YCTONUYMBOCTBIO K MHOTOLW-
KnoBoMy nepefnedpopmrpoBaHmMio 6e3 pas3pyLleHUs 1 3HaKONepeMeHHOMY NnepeHocy. Takne pasgenuTtenbHble
cyiov obecneUrBaloT CUHEPrMYecKre COYETaHUA NapaMeTPOB TPUOOTEXHUYECKUX U SNIEKTPODU3NYECKIX XapaK-
TEPUCTUK.

TEXHUYECKUE NPEMMYLLECTBA

BakHO 0CO6eHHOCTbI0 3P EKTMBHOCTY CMA30UHbIX COCTABOB ABMAETCA BbICOKasA 3NEKTPOMNPOBOAMMOCTb
B COYeTaHuM C GOPMUPOBAHMEM Pa3AENUTENBHBIX CJIOEB CO CMOCOBHOCTBIO K MHOFOKpaTHOMY nepefedopmu-
poBaHuto 6e3 pa3pyLueHns 1 3HaKoNepeMeHHOMY NepeHOCyY B NpoLecce sKCnyaTauumn Tpubocnctembl 6e3 no-
Tepy TPUOOTEXHNUECKNX XaPAKTEPUCTHK, B TOM YNCIE NPY SKCTPEMASTbHBIX Harpy3Kax, CKOPOCTSX CKOMbXKeHNS,
3HaKOMepeMeHHOM XapaKTepe ABUXKeHUA (BO3BPaTHO-MOCTYNaTENIbHOM), B PEXIMME MYCKa U OCTaHOBKM (PEXMM
«CTAPT — CTOM»).

Mpy NCNONb30BaHNN METANNOMNONMMEPHbIX HAHOUACTHL, B KaueCTBe GYHKLIMOHAIbHOTO MoAVrIKaTopa peanmsy-
eTca 3G deKT NPOTUBOV3HOCHOTO JENCTBYA B YCJIOBUAX KOPPO3MOHHO-MEXaHNUECKOTO M3HaLIVBaHWSA BCIeACTBYE
peanusauum o6paTMmoro $pas3oBoro nepexona «<MeTasl — MeTajicofepallee coefiMHeHne. [laHHbIN Nepexon
MOBbILIAET NU3HOCOCTONKOCTb TAXKENOHATPYXXEHHOTO Y3/1a TPEHNA He MeHee YeM B 3—5 pa3 Mo CPaBHEHWIO C Y3/10M,
CMa3aHHbIM 3G deKTUBHON NACTUYHON CMa3Kol Tuna «Juton», «Llnatum», <Mtmon» n gp.




OXWAAEMbIV PE3YJIbTAT
NMPUMEHEHUA

B xome peanusauum npoekrta OyayTt
CO3[aHbl Hay4Hble MPUHLMMbI NoJyYe-
HUS1 HAHOKOMIMO3MLIMOHHbIX CMAa30YHbIX
MaTEPVANOB [/15 TAXENOHArPy>KEHHbIX
Y3/10B TPEHUs, B TOM YunC/ie SKCrlya-
TUPYEMBIX MPU HANOXEHUN SNEeKTpU-
yeckux nonen npu oOHOBPEMEHHOM
N PeBEPCUBHOM XapaKTepe ABUKEHUSA
3/1EMEHTOB TPUOOCUCTEMDBI.

npaKTWJECKOE NPUMeEHEHNKE

TEKYLLAA CTAAUA PA3BUTUA
BbinonHeHa Hay4Ho-MccnefoBaTeNibCckas UM ONbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabota.

CBEAEHUA O MPABOBOW OXPAHE

CocTaBbl HAHOKOMMO3MLIMOHHbIX SJIEKTPOMPOBOAHbIX CMa30YHbIX MaTepPUanoB cogepxat Hoy-xay h MOryT ObITb
3anaTeHTOBaHbl 3aKa34MKOM OnA obecrneyeHns cBoero npropuTeTa 1 3alinTbl PbiIHKa peann3aunin.

MNOTEHUWAJIbHbIE NOTPEBUTENIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

Pa3pa6OTaHHbIe COCTaBbl HAHOKOMMNO3UNLMOHHbIX MIaCTUYHbIX CMa30K LI,EJ'IECOO6pa3HO ncnonb3oBaTb B Ma-
LLUMHOCTPOEHNN, SNEKTPOTPAHCNOPTE, SHEPreTUKE U XUMUYECKON NPOMbBILTEHHOCTU AN1A NOBbIWEHNA pecypca
Y3J10B TPE€HWUA, SKCNyaTUnpyeMbIX B SKCTPEMaJIbHbIX yCNOBUAX.

Ocob6oi 06nacTbio NPUMeHEHNA HAHOCMA30K ABJTAIOTCA CKOJIb3ALWME SINEKTPUYECKMNE KOHTAKTbl, NPUMEHAEMbIE
B INEKTPUNYECKNX MallHaX, TOPOACKOM U XKeNe3HOAOPOXXHOM NEKTPUYECKOM TPAHCMOPTE U NPpW SKCn1yaTaunn
CKONb3AWKNX Pa3beMOB B INTIEKTPOTEXHNYECKOM O60pyﬂOBaHI/IVI Pa3NMYHOro KOHCTPYKTUBHOIO NCNOJIHEHNA.

PYKOBOAUTEJIb PA3PABOTKU
CTpyk Bacunuin AnekcaHapoOBMY, [OKTOP TEXHUYECKIMX HayK, podeccop;
AHTOHOB AnekcaHap CepreeBuny, KaHANAAT TEXHNYECKMX HAYK, [OLIEHT.

KOHTAKTHDbIE O AHHbIE
E-mail: antonov.science@gmail.com
Ten.: (+375 29) 265 99 36
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VIil. YYPEXX AEHUE OBPA30BAHUA
«TOMENbCKWIA TOCYAAPCTBEHHbIN YHUBEPCUTET
WUMEHU OPAHLUCKA CKOPUHbBI»

17. TEXHONOT 1A BbICOKOTEMMEPATYPHOM CKNEAKU KPEMHUEBBIX MJIACTUH
ANA NPUMEHEHUA B MUKPOINTEKTPOHUKE

OMUCAHUE PA3PABOTKU

Pa3paboTaHa TexHOMOrA BbICOKOTEMMNEPATYPHOW CKIen-
K (1200 °C) nNnacTMH MOHOKPUCTA/NINYECKOTO KPEeMHUA.
Cknelika ocyLlecTBasAnachb C MCMNob30BaHMEM COCTaBa Ha
OCHOBE ANOKCUAA KPEMHUS, KOTOPbI HAHOCWCS Ha coean-
HAEMble NMOBEPXHOCTU METOAOM MySibBepPU3aLnn.

TEXHUYECKUE NMPEMMYLLECTBA

OcCHOBY pAfia MUKPO3NEKTPOMEXaHNYECKNX CUCTEM CO-
CTaBNAET ABYXC/IOVHbIN NaKeT NIacTUH KPEeMHUI — CTeKNo,
MoJlyYeHHbIVi MEeTOAOM aHoAHOW cBapku (anodic bonding).
Hanbonee pacnpocTpaHeH BapuaHT CBApKM MO BCeW no-
BEPXHOCTM NMAACTUH TonwmHom 0,3-3,0 MM, AnaMeTpoM OT
30 go 150 mm. B o6bemax npuBapeHHbIX KPeMHUEBOW ©
CTEKNIAHHOM NNAacTVH B npegenax eAuHUYHbIX 3/IEMEHTOB
3aflaHHON GpOPMbI 1 Pa3MepPOB (HECKOJSIbKO MUIIUMETPOB)
bopMUMpyOTCA COOTBETCTBYIOLME CTPYKTYpPbI. B fanbHei-
LemM NPOV3BOANTCA pa3fennTenbHasa pe3ka Ha oTaeNibHble
anemeHTbl. CyLIHOCTb NpoLecca aHOQHOW CBapKM 3aK/oya-
eTCA B CKaTUM NACTUH N3 KPEMHUA U CTEKNA, X Harpes o
Temnepatypbl 200-550 °C 1 NprnoXeHnaA 31eKTpruyeckoro HanpsaxkeHna 200-2000 B nocTtoaHHOro Toka (Tak
Ha3blBaemMoe aHO[HOe HanpsXeHune).

(knelika nnactux MOHOKPUCTANNNYECKOro KpemMHUA

Mpw HarpeBe MPOUCXOAMT pPaclienieHne OKCMAOB HAaTPWA B CTeK/e, Nog BO3AENCTBMEM SNIEKTPUYECKOro
MosiA, NONOXNTENIbHO 3aPSPKEHHbIE NOHDbI LEIOYHbBIX METASIIOB NMepPeMeLLatoTCs OT FPaHLbl CONMPUKOCHOBEHMS
C MAACTUHOM KPEMHUA, TEM CaMbiM OCTaBSIAA Ha FrPaHuLEe CJI0I, 060raLLeHHbIN KCIOPOLOM, KOTOPbIN BCTYMNa-
eT B peakumio C KpeMHUEM, OKUCAAA ero 1 GopmMupyo HepasbéMHbI cnoi. OCHOBHO HEAOCTAaTOK aHOAHOM
CBApKN — 3TO HEOBXOAMMOCTb AOPOrOoCTOALEr0 TEXHOMOrMYeCckoro o60pyaoBaHna Mpu NCNoib30BaHUN,
AOMOSHUTENIbHOrO 060PYAOBAHUA ANA NiaacTUH ¢ Al MeTanimsauymen n B Ciydyae NHTerpaumm pasHopPOAHbIX
MaTepuanoB, a Take BbicoUalwe TPeGOBaHMA K reOMETPUM CKIIeMBAEMbIX MIACTWH.

AnAa co3faHua cTabunbHOro coeivHeHNsA NNACcTUH Pa3NMYHbIX MaTePUASIOB HaM NPeasiaraeTcsa UCNonb3o-
BaTb JIETKOM/IABKYIO CTEKI006Ppa3Hy0 KOMMNO3ULMI0, pOpMUPYEMYIO 30/b-refib-MeToLOM. [1py 3TOM MUHUMK-
31PYeTCA BAMSHMNE Pa3HULbl B TeMNepaTypPHbIX KO3GdULMEHTaX IMHENHOTO PaCLUMPEHNS COeANHAEMbIX MaTe-
PUanoB v NPOMEXYyTOUHOro c/os. /I3BECTHO, UTO 3Ta pasHuMLa He AoKHa NpeBbIwaTh 1x107°°C™". MHaue nHay-
LVPOBaHHbIEe HarpPeBOM/OXTAXKAEHNEM MEXaHUYECKME HaNPAXKeHNA NPYBOAAT K PacTPeCKBaHWIO COefJMHeH-
HbIX MAACTVIH, HAPYLIEHVIO FePMETUYHOCTM TAKOrO COEAUHEHMS 1 €r0 1IeKTPUUECKNX CBOVCTB.

CTOMMOCTb OJIHOTO NINTPA BOLHOW CyCneH3un guokcmaa kpemHusa — 20 gonn. CLUA (ans coefviHeHUs napbl
NAacTUH Ucnonb3yeTcs 20 M FOTOBOW CYCNeH3MK), YTO 3HAUUTESIbHO AeLleBsie aHAIOroB.




OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

[llaHHas TEXHONOMNs MOXET ObITb MCMOMb30BaHa AJis nonyvyeHus ctpykTyp KHU (kpemHwnii Ha nsonatope) n tex-
HOMOMK NPON3BOACTBA MHTErPanbHbIX MUKPOCXEM.

TEKYLWAA CTAQRUA PA3BUTUA

BbinonHeHa Hay4yHO-nccnenoBatenbCKan pa60Ta.

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

B npe3eHTyemom TeXHONOrMM 3anHTEPeCcoBaHbl MPeANPUATUA SNEKTPOHHON NpombineHHocTr: AO «pynna
Kpemuuia 31» (r. BpaHck, Poccna), AO «Pycan Kpemuuin Ypan» (CBepanosckaa obnactb), AO «Conap KpemHue-
Bble TexHonorum» (r. NMogonbck).

PYKOBOJWTEJIb PASPABOTKU

laiwyH Bnagumunp EBreHbeBuy, 3aBefytolynii Kabeapon onTuKY, KaHAMAAT GU3NKO-MaTEMATUUYECKUX HayK,
[OLEHT.

KOHTAKTHDbIE J AHHbIE

E-mail: vgaishun@gsu.by

Ten.: (+375 232) 5038 22
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IX. YYPEXXAEHUE ObPA3OBAHMA
«TOMENbCKWIA TOCYAAPCTBEHHDBIN TEXHUYECKUM
YHUBEPCUTET UMEHU 1. 0. CYXOT0»

18. MPOrPECCUBHBIE CMNOCOBbI 0OBPABOTKK
MATEPUANOB N METANINOPEXYILUE UHCTPYMEHTDI

ONMUCAHUE PA3SPABOTKA

Mpegnaratotca cnocobbl 06paboTKM CIOXKHbBIX MOBEPXHOCTEN Ha OCHOBE
pa3paboTaHHbIX cxeM GOPMOO6Pa3OBaHUA 1 Cpe3aHmns Npunycka. Paspa-
60TaHbl KOHCTPYKLMM COOPHOrO NPOrPEeCCYBHOMO METANLTIOPEXKYLLENO MH-
CTPYMEHTa, B TOM YMC/le MeXaHN3UPOBaHHOTO. Pa3paboTaHbl GPUKLMOHHbIE

MeTannopexyuuue UHCTPYMeHTb| aemnoupytoLvie KOMNO3MLVOHHbIE MaTepUasbl U MOKPbITUA Ha MOIMMEp-
HOW 1 METaAMIIMYECKOIN OCHOBAaX C abpa3nBOCOAEPKALLVMUN HAMONHUTENAMN,
KOTOpble NCMOJIb30BAJINCh B KAUECTBE TOHKUX AeMMbUPYIOLMX MOKPbITHN
Ha 6a30Bble NOBEPXHOCTY COOPHbIX PEXYLLMX MHCTPYMEHTOB 1 obecneyn-
BasIvi NOBbILIEHVE N3HOCOCTOMKOCTY U MPOYHOCTH.

TEXHUYECKUE NPEMMYLLEECTBA

KomnoHeHTbI MaTepranos AeleBble N He Tp66y}OT nepepa60TKV|. MoB.blI-
LwakoT BVI6p0yCTOl7|‘-II/IBOCTb C60pH bIX MEXAHNYECKNX COEANHEHWI N HAfEX-
HOCTb Pa3beMHbIX N HepPa3beMHbIX coegnHeHun s 1,4 Pa3a. I'IpennaraeMble
KOHCTPYKLNN MHCTPYMEHTOB obecneunBatoT NOBbILLEHNE nponsBognTenb-
HOCTWU CNOXHbIX I'IOBerHOCTeIZ [0 NATU pa3 N Ha4eXXHOCTb A0 ABYX pa3.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

lMoBblLLEeHME NPOU3BOANTENBHOCTV 06PAbOTKM, MPOYHOCTY, BUOGPOYCTON-
UMBOCTY 1 HAZEXKHOCTU UHCTPYMEHTOB.

TEKYLWAA CTARUA PA3BUTUA

MonyyeHbl U KCMbITaHbl COOPHbIE MEXaHU3MPOBAHHbIE MHCTPYMEHTbI, CO-
(OpuKLMOHHbIE AeMAGUpYIOLMe KOMMO3NLK-  CTaBbl GPUKLMOHHBIX AEMNGUPYIOLMX KOMMO3ULMOHHbBIX MaTeprasios 1
OHHble MaTepuanbl NOKPbITUN C BHEAPEHMEM B NPOM3BOACTBO.

CBEJEHUNA O MPABOBOW OXPAHE

MonyuyeHbl NaTeHTbl Ha N306peTeHMs: N2 12660 «KoMNO3MLMOHHDBIV MaTepuan s MOKPbITAA KOHTAKTHbIX MO-
BEPXHOCTEN COOPHOro pexyLlero MHCTpymeHTax, N2 7400 «MonumepHas GpuKLMoHHaa Komnosnumsay, N2 19834
«KoMno3unLoHHbI MmaTepuan ans nankm», Ne 20039 «C6opHoe cBepiio», N2 16537 «CbopHas TopuoBas dpesan.

NOTEHUWAJIbHbIE NMOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PA3PABOTKE

MawmHocTpounTenbHble Npeanpuatus Pecnybnuku benapycb n Poccninckon ®Gepepaumn.

PYKOBOAOUTEJIb PASPABOTKU

Mwuixannos Muxann ViBaHoBMY, 3aBefytownin Kapenpoi «<PoboToTEXHMUECKIME CUCTEMDI», LOKTOP TEXHUYECKNX
HayK, npodeccop.

KOHTAKTHbIE JAHHbDIE

E-mail: mihailov@gstu.by
Ten.: (+375 232) 2901 04




X. YYPEXXAEHUE ObPA30OBAHUA
«BENOPYCCKNW rOCYAAPCTBEHHbIN YHUBEPCUTET
TPAHCNOPTA»

19. TMAPOOOBHbIA COCTAB ANA NPOOUIAKTUYECKON OBPABOTKM
ACOANBLTOBETOHHbIX MOKPbITUI ABTOMOBUNbHBIX OPOT

ONMUCAHUE PA3PABOTKHA

Ha cocTtosnHne aBTOMOOUIIbHBIX OPOT OKa3blBalOT BAVAHME:
— TPaHCNOPTHbIE Harpy3Ku;
— NorogHo-KNMMaTtnyeckme GakTopsl.

Hanb6onee HE6J'IaI'OI'IpVIﬂTHOE BO3JencTame npon3BOaNT YMEPEHHO KOHTUHEHTaNbHbIN KNMMAT C aTnaHTuye-
CKUMW LIKNIOHaMK (BNaHas 31Ma, YacTble nepenagbl TeMI'IepaTypr). I'IpV| 3TOM MOBbIWEHME BJlarocoaepKaHnA
aC¢aﬂbTO6ETOHa N 3Ha4YnTEJSIbHOE KOTNMYECTBO NepexoaoB TemMnepaTtypbl yepes 0°C NPUBOAUT K YBETNYEHUIO
pa3spywatoLiero BO3[EeNCTBMA Ha NOKpbITNE

MouyeMy NPOUCXOAUT paspyLLEHNE JOPOXKHbBIX MOKPbITUN?

CTapeHue GUTYMHBIX BAXKYLLMX, @ TaKXKe BO3AeNCTBME BOAbl, MPOHMKaOLWWel B MOPbl MaTeprana, B TOM Yncie
1 B MYCTOTbl MOJIEKYNIAPHOW PELIETKN OMTYMA, NPUBOAUT K OTC/IAVBAHWIO BSXKYLLETO OT MOBEPXHOCTY LWebHs. Mpu
3TOM NPOUCXOANT FrMApPaTaLnsa 06beMHOIo 6TyMa 1 paspyLLEHE NOMSPHBIX CBA3EN B CTPYKTYpe achanbtobe-
TOHa. TaKre 1eCTPYKTVBHbIE MPOLIECCH, @ TaKXKe BO3AeNCTBUE KONEC TPAHCMOPTHbIX CPeAcTB, 06ycnaBnvBaoT
TPEeLWmnHOOOpPa3oBaHNe U BbIHOC 3 NMOBEPXHOCTHOMO CI0S1 MEJIKMX YacTul mMatepuana. B nocnepctsum 310
NPUBOAUT K MHTeHCUMKaLMKM NpoLecca pa3pyLLeHrs 1 MOABIEHMIO AMOYHOCTM Ha MOKPbITUN.

[ToBbilWweHMe KauecTBa U AONTOBEYHOCTU AOPOXKHbIX I'IOKprTVIVI MOXeT ObITb OOCTUTHYTO

Mpw pacnpegeneHnn rugpodpobHoro coctaBa Ana npodunakTnyeckom o6paboTky achanbTo6ETOHHbIX MOKPbI-
T aBTOMOOWIIBHBIX AOPOT, MO3BOAIOLLETO:

- €O3[aTb Ha NOBEPXHOCTU, a TaKXKe B TPeLrHax 1 nopax acdansToOETOHHbIX MOKPbITUN 3alUTHOrO BOJOOT-
TaNKMBAIOLLErO CNOS;

— CHM3WTb BOLOHAChILLEHME MaTepuana NoKPbITHS;

— NOBBICUTb MOPO30CTONKOCTb MaTepuana NoKpbITUS;

— NOBbICUTb KO3POULMEHT CLENNEHMS C KOTECAMU TPAHCMOPTHbIX CPEACTB;

- pacwmputb 06M1acTb MPUMEHEHNSA OTXOA0B HEPTAHON MPOMBILLIEHHOCTH, a TakXKe 06pasyoLmnxcs B chepe
NPOW3BOACTBa 1 NoTpebneHus.

[na [oCTMXKeHMA NocTaBNeHHbIX Lenel rngpodobHbI cocTaB Ana npodunakTnieckom obpaboTkm achansTo-
6ETOHHbIX MNOKPbLITUI aBTOMOOUIbHBIX OPOT BKIIlOUaeT B cebs:

- HedTewnam (oTxofbl NnepepaboTkn HedTH), copepKanii Kayyyk — 50-80 %;

— OopraHmnyeckui pactsoputenb — 5-7 %;

— MUHepasbHbI HanonHuTenb — 8-16 %;

- rupgpodpobusatop — 7-27 %.

PacnpepeneHune coctaBa no NOKPbITUIO aBTOMOGUIIbHON JOPOr NPON3BOAUTCA aBTOMYAPOHAaTOPOM.

CpaBHUTENbHbIN aHaNN3 SKCIJTyaTaLMIOHHbIX XapaKTepucTuk acpanbrob6eTtoHa

Noka3arenb YucTbin achpanbTo6eToH 06pa6oTtaHHbIii acpanbTo6eTOH
Bogonornowenne, % 0,02 0,008-0,012
Koad¢. mopozoctoiikocTn 0,84 0,94-0,96
Koadd. cuennexna 0,52 0,54-0,56




MPOMDBIWNEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

CTomMmocTb MaTepuanoB ANnsA 06paboTKM AOPOXKHOIO NOKPLITUA

NoBepxHocTHasA 06pa6oTKa NOKPbITUA 06pa6oTka npopunakTUYeCKUM COCTaBOM
HaumeHoBaHue
Motpe6HocTb Croumoctb Motpe6HocTb CroumocTb

LL|e6enb dpakumm 10-15 mm 11,5 kr/m? 10,0 gonn. CLLUA/T - -
IMynbcuA BUTYMHaA KaTOHHasA 0,85 n/m? 325,0 gonn. CLLUA/T - -
O7xopbl nepepaboTku HedTy - - 0,52 n/m? 10,0 ponn. CLLA/T
OpraHuyeckuii pacTBoputenb - - 0,05 n/m? 660,0 gonn. CLIA/T
MuHepanbHblii HanonHUTENb - - 0,15 kr/m? 20,0 gonn. CLUA/T
Tuppodobusatop - - 0,03 n/m? 3300,0 gonn. CLA/T
061L11e 3aTpaTbl Ha MaTepuanbl 0,39 ponn. CLLIA/m? 0,14 ponn. CLLIA/m?

TEXHUYECKUE NMPEMMYLLUECTBA

CerogHa B Pecnybnvike benapycb BbINMOMHATCA ClefytoLme 3alUTHbIe NOKPbITUA: MOBEPXHOCTHaA 06paboTKa,
npepcTaBnaowasn cobon pacnpeaeneHye BAXYLLEro 1 WebHs no noBepXHOCTY aBTOMOOMSIbHON JOPOr COFacHO
P[10219.1.07-2002, yknazika Xo/1I0AHON NUTo achanbTobeToHHOM cmec cornacHo CTB 2036, ycTpoicTBO TOHKOC-
NOWNHOTO achanbTo6eTOHHOTO NMOKPBITUA MO TEXHOorMn «<HoBaumny» B cootBeTcTBUM € P[] 0219.1.09-99. Hanbonee
pacrnpocTpaHeHHO ABNAETCA NOBEPXHOCTHaA 06paboTKa, Crnosb3ytolwasn Ky6oBUaHbIN LWebeHb dpakuum 5-10
1 10-15 MM 1 GUTYMHYI0 SMYNTbCUIO B KAUECTBE BAXKYLLIEro, KOTOPas BbINOMHAETCA B 06beMax 0kono 1500 KM B Kax-
fo obnactu ctpaHbl. OCHOBHbIMU HEJOCTaTKaMy AaHHbIX TEXHOOT NI ABNATCA YyBCTBUTENbHOCTb K BHELLHVM
bakTopam (B YaCTHOCTV HEBO3MOXXHOCTb MPOM3BOACTBA PAabOT Npuv Temnepatype HuKe +5 °C), ANUTENbHbIN CPOK
OrpaHVyYeHns OBMKEHUA MO CBEXEYNOXEHHOMY C/10K0, BbICOKaA CTOMMOCTb PaboT.

B Tabnuuax npefcTaBneHo CpaBHeEHME CTOMMOCTU NMPUMEHSEMbIX MAaTepPUaNioB 1 KaueCTBEHHOEe CPaBHEHME
TEXHONOMMYECKMX MPOLECCOB NpeasaraeMon NpodunakTnieckomn obpaboTkm n Hanbonee pacnpoCcTpaHeHHON
NMOBEepPXHOCTHOW 06paboTKM, BbiNoAHAEeMON cornacHo P 0219.1.07-2002.

CpaBHUTeNbHas CTOMMOCTb MaTepuasnoB AJisl YCTPOICTBA NOBEPXHOCTHON
06paboTKN AOPOKHOIr0 NOKPbITUA

MoBepxHocTHasA 06pa6oTKa NOKPbITUA Mpo¢unakTnyeckas o6paboTka npegnaraembim
HanmeHoBanue no P[10219.1.07-2002 cnoco6om
Motpe6HocTb CroumocTb Motpe6HocTb CroumocTb
LLe6eHb dpakumm 10-15 mm 11,5kr/m? 15,97 py6./1
(cornacHo LeHam - -
PYIN «IpaHuT»)
Imynbeua GuTymHan katonHas IbK-b-65 0,85 n/m? 519,25 py6./1
(cornacHo Lexam - -
0AO «Mo3bipckuit HIM3»)
0Txofibl HedTenepepaboTku - - 0,67 n/m? -
OpraHuyeckuii pacTBopuTenb (Kepocun) 1125,98 py6./1
- - 0,15 n/m? (cornacHo LieHam
0AO «Mo3bipckuii HIT3»)
Tunpodobu3atop (NOBEPXHOCTHO aKTUBHAA B B 0,03 1/ 5000 py6i./1
fobaska)
061wye 3aTpaTbl Ha MaTepyanbl 0,63 py6/m? 0,32 py6/m*

CpaBHUTeNbHaA XapaKTepUCTMKa TeXHOIOrMYeCKNX NPoLeccoB, OCyLeCTBAAeMbIX
npu pacnpeaeneHnn npodunakTUUECcKoro coctTaBa Ha NOBePXHOCTb aBTOMOGUIbHOI Aoporn

HaneHOBAHHE TERHONOTHY ECRK IPOUECEOB MNoBepxHocTHasA 06pa6oTka NOKPbITUA Mpo¢unakTnueckan obpaborka
no P[10219.1.07-2002 npegnaraembim cnoco6om
QuncTKa peMOHTUPYeMOii MOBEPXHOCTI OT MbIK 1 FPA3Y + +
PacnpepeneHue BaxyLero + +
PacnpepeneHue webHs + -
YnnoTHeHMe ynoxeHHoro cnos + -
Y6opka He3aKpenuBLUerocs LebHs + -




TakvM 06pa3om, CTOMMOCTb MaTepurasoB Ans NpodunakTnyeckon obpaboTku npeanaraembim ruapopo6HbIM
COCTaBOM HUXe, UeM y TpaZMUMOHHOro crnocoba B iBa pasa.

OXXWUAAEMbIA PE3YNIbTAT NPUMEHEHUA

Peanu3sauna npoekTta cnocobcTByeT pelleHunio npobnem pecypcocbepexeHuns 1 oXpaHbl OKpYyKatoLLen cpe-
Ibl, MOCKOJIbKY NpOoAyKLUA, NaHnpyemasa K ocBoeHuto (coctaB rugpodobHbi npodunakTnyecknii), npoms-
BOAMUTCA NOCPeACcTBOM nepepaboTKmM NPon3BOACTBEHHbIX OTXOA0B, B YaCTHOCTM OTX0A0B HedTenepepaboT-
Kun. Kpome Toro, npodunaktuyeckaa obpabotka achanbTto6€TOHHOrO NOKPbITMA pa3paboTaHHbIM COCTaBOM
no3BonAeT NpoanuTb B 1,5 pasa ero cpok Cnyx6bl, a Takxe NosbicMTb Ha 10 % Ko3ddrLMEHT cLuenneHmns C Ko-
necamu TPaHCMOPTHbIX cpeAcTB. [040BON 3KOHOMUYeCKUI 3GdeKT npn obpaboTke T KM aBTOMOOGUNbHON A0-
poru IV TexHnYyecKom KaTteropum coctaensaet 6,52 Toic. gonn. CLUA. Mpu o6paboTtke 100 KM — 652,4 Toic. CLUA,
YTO COOTBETCTBYET CPOKY OKYNaemMoCT! 060pyAoBaHUA Ana nonydyeHus npodunaktnyeckoro coctasa 0,7 roga,
U OfVH CTPOUTENbHBbIN CE30H.

TEKYLLUAA CTAAONA PA3BUTUA
BHeppeHwme B [OPOXHO-CTPOUTENbHbIX OPraHn3aLmaXx.

CBEAEHUNA O MPABOBOW OXPAHE
PaspaboTka 3alymileHa YeTbipbMs NaTeHTamu Pecnybnuku benapychb:

1. TnapodobHbIN cocTaB Ans NpodunakTmyeckon o6paboTkn achanbToOOETOHHbBIX MOKPbITUI aBTOMOOUIIbHbBIX
pgopor: 3aaBka N2 a20180114: MINK7 E 01C 14/24 / . N. boukapes, B. B. MeTpyceBny — N2 a20180114; 3asa8n.
23.03.2018.

2. YHMBepCanbHasA MaluvHa AN AMOYHOrO peMOHTa achasibToOeTOHHOrO MOKPbITNA aBTOMOOWBbHbIX JOPOT: Na-
TeHT 7817 Pecn. benapycb, MINK7 E01C 23/09/ 1. V1. Boukapes; 3aasutens [1. V. boukapes — N2 a20020802; 3aaB.
09.10.2002; ony6n. 28.02.2006 // AdiubliiHbl 6ton. / Hau. usHTp iHTaneKTyan. ynacHacui. — 2006. — N2 1. — C. 110.

3. YHuBepcanbHoe YCTPOWCTBO ANA TPAHCMNOPTUPOBAHNA, MPUrOTOBAEHMA U pacnpeaeneHns MHOFOKOMMOHEHT-
HbIX >KNAKMX [OPOXKHO-CTPOUTENbHbIX MaTepuanos: [ateHT 1355 Pecn. benapycb, MITKEOQ1C 19/00/ 1. U. oukapes;
3asBuTenb [. V. boukapeB — N2 u20030391; 3as8/. 11.09.2003; ony6:. 30.06.2004 // AdiubliiHbl 6101, / Hau. usHTp
iHTOneKTyan. ynacHacui. — 2004. — N2 2, — C. 281-282.

4. YHuBepcanbHbI pacnpefenutenb MMHepanbHbiX MaTepuanos: [MaTteHT 1524 Pecn. benapycb, MITKEO1C 19/00/
[. V. boukapes; 3aasutens [1. V. boukapes — N2 u20030445; 3as81. 21.10.2003; ony6:. 30.09.2004 // AdivbiiiHbl
6ton. / Haw. UsHTp iHTaneKTyan. ynacHacyi. — 2004, — Ne 3. — C. 238-239.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PASPABOTKE

OpraHuvzauum n NnpeanpuATAs, 06CNy>K1BatoLMe CETb MECTHbIX (06/1aCTHbIX) aBTOMOOUIbHBIX opor: KMPCYT
«MuHckobngopctpoii», KIMPCYM «fomenbobnaopctpoin», KNPCYI «bpectobnagopctpoii», KNPCYMN «MpoaHoo6-
gopctpoii», KMPCYM «Butebckobngopctpoii», KNPCYI «MornneBobngopcTpoii»; opraHnsaumi MyuHucTepcTea
TpaHCcnopTa U KOMMYHMKaLWIA, 06CnyXnBatoLme ceTb pecnybnmnKaHCK1X aBTOMOOMbHbIX AOPOT; OpraH13aLmm
1 NpeanpUATAA KOMMYHaJIbHOTO X03ANCTBa, 00CyK1BatOLLME ropofCKMe JOPOXKHbIE CETU (YnunLbl).

PYKOBOAUTEJIb PASPABOTKU

Boukapés Amutpuin ropesuny, gekaH ctponTtenbHoro dbakynbreta, KaHAUAAT TEXHUYECKMX HayK, JOLEHT.

KOHTAKTHbIE JAHHbIE
E-mail: bochk_dmitr@mail.ru
Ten.: (+375 44) 789 50 28

Q
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20. OPTAHU3ALIUA NPON3BOACTBA AKTUBUPOBAHHOIO LLEBHA U3 TPAHUTHDBIX
noPoOA AN AOPOXKHO-CTPOUTENbHbIX MATEPUANOB C MOBBILIEHHON
AONTOBEYHOCTbIO

OMNMUCAHUE PASPABOTKI

MpakTVKa NPUMeHeHNs B JOPOXHOM CTpOoUTeNbCTBe acdanbToOeTOHOB, LLEMEHTOOETOHOB 1 SMYIbCUOHHO-
MUHepasibHbIX CMecei, NOYYeHHbIX Ha TPaAULIMOHHbIX MaTepuanax, moKa3blBaeT NX HEBbICOKYIO AOITOBEYHOCTb,
rMaBHbIM 06Pa30oM BCNIEACTBME HU3KON KOPPO3VMOHHOW YCTOMUYMBOCTU. ITO 06 BACHAETCA Hanuumem AeeKToB B
CTPYKTYpe 3TUX MaTepuanoB, KOHLEHTPUPYIOLWNXCA B 30HE KOHTaKTa MUHeEpPasibHbIX MaTepranoB C BAXKYLLMMUN
BeLlecTBaMu. MoaudrLmpoBaHme NOBEPXHOCTY LLeOHS 1 MecKa 13 OTCEBOB APOOIEHVA aKTUBMPYIOLLMIMU COCTa-
BaMW MO3BONAET YCTPAHUTb 3TOT HEAOCTATOK U CYLLECTBEHHO MOBbICUTb KauyeCTBEHHble NOoKa3aTeNn YKa3aHHbIX
[OPOXKHO-CTPOUTENbHbBIX MAaTEPUANOB.

B HacToAwee Bpema pa3paboTaH Cnocob XMmmnyeckoro MoandrLMpoBaHMa NOBEPXHOCTY FPAHUTHBIX MaTe-
puanos, NpyMeHseMblX 4J1A MPOM3BOACTBA LLeMEHTOOETOHA, CONIAMY MONMBANIEHTHBIX METASIIOB, UTO NO3BONAET
HanaguTb BbiMyCK akTMBMPOBAHHOTO LWebHs. MNpy moanduumpoBaHUm rpaHiTa IOHaMM NMOMBANIEHTHBIX METASISIOB,
TaKNX Kak AI+3, Cr,, Fe , Ti_, nMeoWMM NOHHDIV paamnyc, paBHbii 0,77 A° ana AI+3 10,64 A°anaCr  n obnapato-
LMW SHEPrren B3aMMOLeNCTBMA C KBapueMm, paBHon 0,715 1 0,392 3B cOOTBETCTBEHHO, MOXHO 3aapMUPOBaTb
30HY KOHTaKTa C LLEMEHTHbIM Kneem Ha rnyouHy 1-2 Hm. [Mpur 3ToM NpeoTBpaLLaeTca packinHMBaoLLee AencTBue
BOAbI, 06/1afatoLLen 6oee HU3KOWM SHepPruel B3aMmoaencTBusa ¢ MOgUdULMPOBaHHOM NoBepXHOCTbIO (0,094 u
0,108 3B cooTtBeTCTBEHHO). [TPOUYHOCTb GETOHA NPY STOM MOXHO YBENUUMTb B CpefHem Ha 40-50 %, a Mopo3o0-
CTONKOCTb — Ha 30-35 %.

SbdeKTMBHOE YCHneHre aare3MoHHOro B3aMMOAENCTBUA B CUCTEME «MUHEPasIbHbI MaTepuan — opraHuyeckoe
BAXKYLLEe» SMYNIbCMOHHO-MUHEPaIbHbIX CMeCeli BO3MOXXHO NOoCpeCTBOM 06paboTKM LebHA BOAHbIMY pacTBOpamu
aHNOHHbIX [AB, oencTBUe KOTOPbIX NPUBOAUT K BOSHUKHOBEHMIO Ha aKTVBMPOBAHHOW MOBEPXHOCTM NIEKTPOHOA0-
HOPHbIX LIEHTPOB, CMNOCOOCTBYOLMX MOABNEHUNIO OTPULLATENbHBIX 3aPAA0B, B3aUMOAENCTBYOLNX C NONOXKUTENb-
HbIMM 3apAJaMU MOJIEKY KaTOHHOW BUTYMHOW 3MynbCu C 06pa3oBaHNEM MPOYHbIX afire3VIOHHbIX CBA3EN 1, KaK
CnefcTBure, ynydlleHno Gr3nKo-MexaHNYeCKnX XapakTepuUcTUK KOMMNO3ULMOHHON SMYNbCYOHHO-MUHEPasbHOW
cmecu, Npefden NPOYHOCTY NPU CKaTuK KoTopon ysennumsaetca B 1,4-1,5, Mmoaynb octaTouHowm (mnactmyeckonm)
nedopmaumm npu paspyweHnn — B 1,15-1,2 pasa, a BogoHacblwweHme cHmkaeTcs B 1,3-1,4 pasa.

AKTUBMPOBaHHaA NOBEPXHOCTb IPaHUTa CNocobHa agcopbrpoBaTb coenHeHUsa GUTYMa, BKOYalowme ru-
npokcunbHble (-OH), kapboHunbHble (=C=0), kapbokcrnbHble (-COOH) n cnoxHoadupHblie (-COOR) rpynnbl, a
TaKXKe apomMaTmyeckne NoNNUMKINYecKre CTPYKTYPbl, UMetoLLe a30T 1 cepy C HenoAeNeHHbIMU 31EKTPOHHbIMY
napamu, KoTopble MOTyT ABAATbLCA JOHOPaMU 3/1EKTPOHOB. AChanbTo6eTOH Ha OCHOBE M1HEPabHbIX MaTepManos
C aKTVBUPOBAHHOW MOBEPXHOCTLIO MeeT Ha 30—40 % H6onee BbICOKNIA KOIGDULIMEHT ANNTENBHON BOAOCTOMKOCTY
B |pacTBOpPE NPOTUBOroM0NIeAHbIX MaTEPUANIOB B CPABHEHUN C TPAZULMOHHBIM. CHUXEeHUe NPoYHOCTU acdanb-
To6eTOHa NpY NepemMeHHOM 3aMOpPaXKUBAHUN-OTTauBaHUN 3amepnseTcs B 1,4 pasa.

Llenb npoekKTa 3aKnoyaeTcs B OpraHun3aLv nponsBoACTBa akTMBMPOBAHHOTO LWEGHSA 113 rpaHuTHbIX MOpPOoA AJis
[IOPOXXHO-CTPOUTENbHbBIX MaTePUaNoB C NMOBbILEHHON AONTOBEYHOCTbIO, Peann3aLmns KOTOPOro BO3MOXHa npu
aKTMBaLMV BHOBb 06pa30BaHHON MOBEPXHOCTY MPaHUTHOrO MUHEPabHOMO MaTepuiasna HenoCpeACTBEHHO B MPo-
Liecce ero ApobneHn B LEHTPOBEXHO-YAaPHOW APobusike (OAHOBPEMEHHO C 3TVM TaKKe BO3MOXHO CHUXEHMe
3anblfIeHHOCTN BO3AYLWHOW Cpefbl B 30He paboTbl APO6USIKM), @ TaKKe NPY MOMKe Le6Hs.

TEXHUYECKUE NPEMMYLLEECTBA

MpriMeHeHre akTVBNPOBAHHOIO rPaHUTHOTO LeOHA NO3BOSIAET YBEIMYNTb NMPOYHOCTb JOPOXKHOIO 6eToHa Ha
40-50 %, a mopo3ocTonkocTb — Ha 30-35 %. lMpeaen NPoOYHOCTM NPM CXKATUN SMYSIbCUOHHO-MUHEPaNbHON CMec
yBenuumBaetca B 1,4-1,5, moaynb octaTtouHom (Mnactnyeckon) fepopmauum npu paspywenn — B 1,15-1,2 pasa,
a BoAoHacblLeHne cHKaeTcAa B 1,3-1,4 pa3a. AcpanbTtobeTOH Ha OCHOBE MUHEpPasbHbIX MaTePUasoB C akTUBU-
[POBaHHOW NOBEPXHOCTLIO UMeeT Ha 30-40 % 6osee BbICOKMI KO3GOULIMEHT AINTENBHON BOJOCTOMKOCTU B pac-
TBOPE NPOTMBOro/I0fIeAHbIX MaTepPUanoB B CPaBHEHNUN C TPAANLNOHHbBIM. CHUXKeHME MPOYHOCTM achanbTobeTo-
Ha NpY NepeMeHHOM 3aMOpakMBaHUK-OTTaMBaHUM 3ameansaeTca B 1,4 pasa.




OXUAAEMbI PE3YJIBTAT MPUMEHEHUA

KanuTtanbHbIi peEMOHT MOKPbLITYSA, NPU NPOU3BOACTBE KOTOPOrO UCMOJb30BaHa acpanbTOOETOHHAst CMeCh C
AKTUBMPOBAHHBIMU MHEPAIbHBbIMU MAaTepuaniaMm, HEO6X0ANMO BbIMOJIHUTb Yepes 7,6 NIET, YTO NPU CYLLECTBYH0-
LLLeM MEXPEMOHTHOM CPOKe 5 NIeT MO3BOJISIET NPOrHO3MPOBATH NOBbILLIEHME AOSTOBEYHOCTU MNOKPbLITUSA B 1,5 pasa.
PacueT no aHanornyHom MeToguke as SMysibCIOHHO-MUHEPasIbHON CMECU C aKTVBUPOBAHHBIMU MUHEPASTbHBIMA
MaTepuanamMm NokKasblBaeT, YTO MPOrHO3HOE MOBbILLIEHVE JOMTOBEYHOCTY MOKPbITUA coCcTaBnseT 1,66 pasa.

TEKYLWAA CTAQUA PA3BUTUA

BbinonHeHa Hay4yHO-ncaienoBatesibCkada Min ONbITHO-KOHCTPYKTOPCKaA (TexHONOrMYeckas) pa60Ta; BbinyLleHa
OnbITHaA NapTUA.

CBEAEHNA O NPABOBOW OXPAHE

Pa3paboTka 3almiieHa nATbo NnateHTamu Pecny6nukn benapyce:

1. MogunounumpoBaHHasa ropayasn achanbtobeToHHaA cmech: MaTteHT 12694 Pecn. benapycb MIMNK7 C04B 26/26 /
B. M. Wanosanos, 1. N. boukapes, A. B. y6posckuii, A. 1. Heuntanno, I. A. 3umennxuH, A. A. ToMosKo; 3aaBuUTeNb
MMMC HAH Benapycy — N2 a20050420; 3asaB11. 26.04.2005; ony6. 30.12.2006 // AdiubliiHbl 6101, / Hau. LusHTp
iHTneKTyan. ynacHacui. — 2006. — N2 6. — C. 14.

2.Cnocob peMoHTa JOPOXKHOTO acdhanbTOOETOHHOTO MOKPbITUA U YCTPOWMCTBO AJ1A ero OCyLecTBneHns: MaTeHT
12995 Pecn. benapycb, MINK7 E01C 23/00/ . N. Boukapes, . H. KoBanes, A. 0. VirowwukinHa; 3aasutenb ben. roc. yH-T
TpaHcnopTa — N2 a20061165; 3asB1. 23.11.2006; ony6n. 30.06.2008 // AdiubiiHbl 6ton. / Hau. U3HTp iHTaneKTyan.
ynacHacui. — 2008. — N2 3. — C. 226-227.

3. MogudnumpoBaHHasa ropayasn achanbrobetoHHas cmech: MateHT15802 Pecn. benapycb, MIMK7 C04B 26/26;
E01C7/00/ .. boukapes, B. M. LlanoBanos, E. M. JTanwwHa; 3aasutens UMMC HAH Benapycn — N2 a20091899;
3anB1.30.12.2009, ony6n. 30.08.2011 // AdiubliHbl 6t0n. / Haw,. L3HTp iHTaneKTyan. ynacHacui. — 2011, — N2 3. —
C.27.

4. Cnocob nonyyeHnsa sMyibCOHHO-MUHepanbHo cmeck: MateHT 14869 Pecn. Benapycb, MIMK7 EO1C 7/10; CO4L
95/00; / . N. boukapes, B. M. LLlanosanos, E. M. JlanwwuHa; 3aasutens MMMC HAH Benapycn — N2 a20091358;
3anB/. 21.09.2009, ony6n. 30.04.2011 // AdiubliHbl 6ton. / Haw. L3HTp iHTaneKTyan. ynacHacui. — 2011, — N2 2. —
C.36.

5. LleHTpobexHo-ynapHas apobuska: MNateHT 17495 Pecn. benapycb MIMK7 B02C 13/00/ 1. V. Boukapes, B. M. LLa-
nosanos; 3aasutenb UMMC HAH Benapycn — N2 a20101347; 3aaBn. 17.09.2010, ony6:. 30.04.2012 // AdiubliiHbI
6ton. / Hau. UsHTp iHTaneKTyan. ynacHacui. — 2012. — N2 2. — C. 83.

MOTEHUWAJIbHbIE NOTPEBUTENN U/ 3SAUHTEPECOBAHHbBIE B PASPABOTKE

OpraHuzauuy 1 NpeanpuaTrs, 06CnyXrBatoLLe CeTb MeCTHbIX (0611aCTHbIX) aBTOMOOUIbHbIX fopor: KMPCYT
«MuHckobngopctpoii», KIMPCYM «fomenbobnaopctpoiny, KMPCYT «bpectobnpgopcTpoi», KNPCYMN «MpoaHoo6n-
nopctpoi», KMPCYI «Butebckobngopctpoii», KMPCYI «MorunesobngopcTpoit»; opraHusauun MuHuctepcrsa
TpaHCNopTa ¥ KOMMYHMKaLNiA, 06CyKMBatoLme CeTb Pecnyb/IMKaHCKX aBTOMOOUITbHBIX JOPOT; OpraHu3aumm
N NPegnpuAaTUS KOMMYHANbHOTO X035CTBA, OOC/YKMBAOLLME FOPOACKIE JOPOXKHbIE CETH (YNnLibl).

PYKOBOAUTEJIb PASPABOTKU
Bboukapés Omutpuin iropesuy, gekaH cTpontenbHOro GakynbTeTa, KaHAUAAT TEXHNYECKUX HaYK, OLIEHT.

KOHTAKTHbIE AAHHbIE
E-mail: bochk_dmitr@mail.ru
Ten.: (+375 44) 789 50 28

%)



MPOMDBIWNEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

21. MHOTOOYHKLINOHAJIbHBIE TPAHCIOPTHBIE CPE[CTBA
HA KOMBUHWPOBAHHOM X0A4Y

OMUCAHUE PASPABOTKI

Co3paHa MHOrodyHKLMOHaIbHAsA TEXHMKA A/1s MOe34HbIX M MAHEBPOBBIX PA0OT, KPYrOroANYHOIo coiepKaHus
LOPOT, BbINOJIHEHMSA NMOrPY304YHO-PA3rPY30UHbIX PA0OT, 611aroyCcTponcTea TeppuUTopuiA, 06CyK1BaHNA MOCTOBbIX
N TOHHENbHbIX COOPYXEHMI Ha aBTOMOOUITbHBIX U »KefIe3HOAOPOXKHbIX KOMMYHUKALWAX, a TakXKe NUKBAALUN
MoCneacTBUI Ype3BblUaliHbIX CUTyaLMii Pa3fIYHOrO XapakTepa nocpeicTBOM YCTaHOBKM KOMOVHMPOBAHHOMO
PENbCOKONECHOTO XOA4a Ha SHEPrOHACbILLEHHbIE aBTOMOOMIIbHBIE 1 CreLMaibHble LWAcCU.

MpoBeaeHHbIe NCMbITaHKA NOKa3anu BbICOKMIA TAFOBbIN NOTeHUMan Tokomobuner Ha waccm MA3-6312, MT3-82,
MT3-1221, MT3-1523 n LULMPOKME TEXHONOTMYECKME BO3MOXXHOCTU YHBEPCaNlbHOW MyTEeBbIX MaLUMH Ha waccu YA3,
TOYQOTA, IVECO, LLI-446 «benapyc» npu COOTBETCTBMM TPeOOBaHNAM LEACTBYIOLMX HOPMATUBHbIX JOKYMEHTOB B
obnactv 6e30NMacHOCTY ABUMXEHNA 1 NPOU3BOACTBA PabOT, a TakKe KOHKYPEHTOCMOCOOHOM LieHE 1 BO3MOXXHOCTH
ObICTPOro OCBOEHUA MPOU3BOACTBA.

TEXHUYECKUE NMPEMMYLLECTBA

B peanbHom cekTope 3koHOMUKM Pecnyonvkn Benapycb 1 ctpaH CHI cBbiwe 75 % npeanpuAaTUin pasinyHbIX
oTpacnein NPOMbILIIIEHHOCTA 1 arpONpPOMbILLIEHHOTO KOMIJIEKCA MMEKT 00beM MePeBO30K, OFPaHNYEHHbI
BAaroHOMOTOKOM B HECKOJIbKO BarOHOB B CYTKW. [IpMeHAeMble B 3TUX YCNIOBUAX TPAaANLNOHHbIE TPAHCMOPTHbIE
TEXHOMOIUW C UCMOMb30BaHNEM MaHEBPOBbIX TenioBo30B cepun TIK, TTM, TOM, UMD u T. 4. MOLHOCTbIO [0
1500 n. ¢. n cuenHom maccon o 130 T NPUBOAAT K BECbMa BbICOKMM 3aTpaTaM B COCTaBe KOTOPbIX Mpeobnagatot
(oo 70 %) 3aTpatbl Ha 3Hepropecypcbl. OCHOBHOW MPUYMHON AAHHOTO NONIOXKeHUA ABNAETCA HeabdeKTMBHOE
MCNonNb30BaHKe TEMSIOBO30B MO MoLHOCTU (8o 20-25 %) 1 no BpemeHnu (8o 20 %). CHUKeHWe 3aTpaT B AaHHOM
0611aCcTV BO3MOXHO NOCPeACTBOM 3aMeHbl MaHEBPOBbIX JIOKOMOTVMBOB MHOTOGYHKLMOHAIbHBIMU TPAHCMOPTHBIMY
CpencTBaMu Ha KOMOVIHMPOBAHHOM PENbCO-MHEBMOKOJIECHOM XOAY, KOTOPbIE MOTYT OCYLUEeCTB/SATb MOE3AHbIE U
MaHeBpPOBble paboTbl ¢ cocTaBamy Maccol o 1000 T, He Tpebys HanMuMs CneLman3nPOBAHHON MHGPACTPYKTYPbI
LNA dKCnnyaTauum (geno) n umesa 3HauYNTeIbHO MEHbLLYI0 CTOMMOCTb.

OpHOBPEMEHHO C 3TUM B psiie OpraHmn3aLnii U CTPYKTYP, K KOTOPbIM OTHOCATCA TPAHCMOPTHbIe BolicKa Boopy-
XeHHbIX cun Pecny6nukn benapycb, MMHUCTEPCTBO MO Ype3BblYaiHbIM CUTYaLKAM, METPOMOITEH, TPAaMBaliHOe
XO35IMCTBO U T. A, CYLLECTBYET HEOOXOANMOCTb B HANNUMM MHOTOQYHKLMOHANBbHON CNeLmann3npoBaHHON TEXHWKN
ON1A KPYIIOro4MYHOTO COAEPXKaHUA LOPOT, BbIMOJIHEHNUA MOrPy304HO-Pa3rpy30UHbIX PaboT, 6naroycTponcTea
TePPUTOPUIA, OBCNY>KUBAHNA MOCTOBbIX I TOHHENbHbIX COOPYXKEHWI, KaK Ha aBTOMOOMIIbHbIX, TaK 1 »KeJle3HOA0-
POXXHbIX KOMMYHVKaLisX. PeleHne faHHoN 3a1aum TakxKe BO3MOXKHO MOCPEACTBOM OCHALLEHUS THEBMOKOIECHOM
SHEpProHaCbILLEeHHON TEXHVKM MeXaHV3MaMN KOMOVHUPOBAHHOTO PEbCO-MHEBMOKOIECHOTO X04a 1 YCTAaHOBKM
LUIMPOKOIO CreKTpa CMeHHOro paboyero obopynoBaHus.

MNMpoBeneHHble ncnbiTa-
HWA MOKa3anu, YTo JIOKOMO-
6unn Ha waccn MA3-6312
CNocobHbl paboTaTb C Mak-
CManbHOM Maccon rnoe3pa
no 1000 T (Konwuuectse Ba-
roHoB — go 12). HomuHanb-
HOe KONMYyecTBO BaroHOB
Nnpu CKOPOCTU ABUMKEHUA [0
40 Km/4 cocTaBnAeT 4-5 egu-
HWL, NPY 3TOM pacxog Tonnu-
Ba cocTaBnset 20 n/mau.-y
npotue 180 n/maLl.-4y —y no-
KomMmoTuBa Tuna TOM, a ctou-
mocTtb 150 Tbic. gonn. CLUA

YHUBEpCaNbHaA MyTeBas MalliHa npotus 1,5 max gonn. CLA.




MawwmHa-aHanor — Unimog (Mercedes-Benz) — ctout oT 500 Tbic. eBpo. MalunHa-aHanor npov3BoACTBa
YpanA3a (r. Muacc, Poccuinckaa Qegepanma) ctout 200 Toic. gonn. CLUA.

YcTtaHoBKa aBTOCLENKW, AONOIHUTENIbHOW MHEBMOCUCTEMbI MUTAHNA CKaTbIM BO34YXOM TOPMO30B NOABUXKHOIO
COCTaBa, KOMMJIEKCHOTO JIOKOMOTVBHOTO YCTpolicTBa 6e3onacHoctu (KJTYB-YI) n cpencTs noe3gHom paanocsasm
Ha waccu MA3-6312, ocHalLeHHOe KOMOUHNPOBaHHBIM XO4OM, MO3BOJIAET OCYLLECTB/SATb BCE BULbI MAHEBPOBBIX
paboT B COOTBETCTBUM C TpeboBaHUsMY [paBrn TeXHMYECKoN 3KcniyaTauuy benopycckoi xenesHowm goporu.

YcTaHOBKA AOMONHUTENIbHOTO 060pyA0BaHNA (KpaHOBAsA YCTaHOBKA, MMAPOMAHMMNYIATOP, OCHALLAeMblii rpeii-
bepom, 3axBaToM AN 3aMEHbI LWNaJI, LWETKOW; CHeroouncTUTeNb; Ky30B-QYProH v T. 4.) No3BonseT obecneunTb
KpYrnorofuuHoe cofiepkaHune JOpor, BbINOSHEHWE NOrPy304HO-Pa3rpy304HbIX paboT, 61aroycTpoincTBo Teppu-
TOPUIA, 06CNYXKMBaHNE MOCTOBbIX U TOHHENbHbIX COOPYKEHWI, KaK Ha aBTOMOBWIIbHbIX, TaK 1 »KeJIe3HOA0POMHbIX
KOMMYHMKaLUAX, @ TaKXKe IMKBUAALMIO MOC/IEACTBIIA Upe3BbIUAHbIX CUTYaLMIA Pa3IMYHOIo XapakTepa.

MNpoBeaeHHble NCNblTaHWA NOKa3anu, YTo paspaboTaHHan yHMBepCanbHaa NyTeBasA MallmHa Ha Wwaccy L-446
MwuHCKoro TpakTopHOro 3aBofa cnocobHa Npon3BOANTL MaHeBPOBble PaboTbl € 2-3 eAVHMLAMUN MOABUXKHOTO
COCTaBa UM BbIMOMHATb B LIMKINYECKOM pexnme paboTbl No cofiepaHuto 1 peMoHTy nyTu. CpaBHeHVe Malum-
Hbl C Hanbonee pacnNpPoOCTPaHEHHOW MaLIMHON ANA NoAbeMKMN U puxToBKM Nyt BIMP-1200 (BMP-02) noka3biBaer,
4YTO NPU NPOU3BOANTENBHOCTU MeHbLUeN B 5,2 pa3a (125 m/u npoTrs 650 M/u), yHMBepcanbHasa nyTeBaa MallnHa
pacxopyeT B 4 pa3a MeHblue Tornnmea (10,5 n/maw.-u npotus 40 n/MaLl.-y) N UMeeT CTOMMOCTb 0Kkono 100 TbiC.
ponn. CLUA npotume 1,0 maH gonn. CLLA.

YcTaHOBKa aBTOCLIENKM, CHErOOYNCTUTENSA, JOMNOTHUTENbHOW MHEBMOCUCTEMbI MUTAHMA CXKaTbiM BO3OYXOM
TOPMO30B MOABUKHOIO COCTaBa, CPeACTB 6e30MacHOCTU ABMKEHMA 1 NOE3LHON PaANOCBA3N TakXKe No3BonAeT
OCYLLEeCTBNATb BCE BMAbI MaHEBPOBbIX PaboT B COOTBETCTBMM C TpeboBaHUAMM [paBmn TEXHNYECKON SKCrya-
Taumm benopycckon xenesHon goporu.

OXUAAEMbIV PE3YNIbTAT MPUMEHEHUA

PbIHOK TPaHCMOPTHBIX CPeACTB Ha KOMOUHMPOBAHHOM XOAY BKItOUaeT B ce6a NoTpebHOCTM BoopyKeHHbIX cun
Pecny6nukmn benapycb, MrHncTepcTBa No YpesBblualiHbiM CUTyaLmsam, benopycckoli »kenesHol fopory, MeTpo-
MonnTeHa, TPaMBaHOIrO X03ANCTBA, a TakKe NpeanpUATU, UMELNX NOAbe3AHbIE MYTU U OCYLLECTBAIOLLMX
npriemM 1 OTrpy3Ky Mo Xene3HoW fopore, CTPOUTENIbCTBO M SKCUTyaTaLMIo Kele3HOLOPOXKHbIX NyTei. B HacToswee
BPEeMs 4715 BbINOJIHEHUA MaHEBPOBbIX 1 TEXHONOMMUYECKUX PaboT Ha Xene3HOA0POXKHbIX MYTAX Ha PbiHKe nNpeaa-
raloTCA MaLlUMHBI TAXENIOro TUNa, MetoLLMe y3Koe GYHKLMOHaNbHOe Ha3HaueHre, UTo onpefenseT X HEBbICOKUI
K03 dMLMEHT NCNONb30BaHUA NPU SKCNyaTauuy. Bbicokaa CTOMMOCTb laHHOW TEXHUKIM U 3aBUCUMOCTb ee JKC-
nayaTtaumm oT Hannuma MHGPaCTPYKTypbl (Aeno) onpenenset HA3KUA 06beM NPoaax (HECKONbKO eiMHNLL NyTeBON
TeXHUKMN B rof). lNoasneHne Ha pbIHKe MHOTOGYHKLIMOHaNbHbIX MaLLMH Ha 6a3e aBTOMOOMNEN, UMEIOLMX HU3KYIO
CTOMMOCTb MO CPABHEHUIO C NMYTEBOW TEXHUKOW, MPOCTOTY SKCMyaTaLMm U BbICOKUIN KO3dULIMEHT CMONb30BaHMsA
MOXeT U3MEHWTb PbIHOUHYIO CUTYaLIMIO B MOJb3Y NOBbILLEHUsA cnpoca. [JaHHbIA NPOrHO3 NOATBEPXKAAETCA CUTYa-
unei B Poccninckon QGefepaumm, roe HabnogaeTcs NpPon3BoACTBO aHANIOMMUYHOM TEXHUKM Ha pAge Npeanpusituia
(YpanBaroHsasog, YpanA3), a Tak»ke 4o HeflJaBHero BpeMeHU 3aKyrnka MMMNOPTHOWN TEXHUKM O6LLUM KONMYECTBOM
okono 100 eauHuML B rofl. 3apy6exHbIli ONbIT NOATBEPXKAAET AaHHYO TEHAEHLMIO: Ha »KeJle3HbIX Joporax CTpaH
EC n CLLA BbInonHeHWe NyTeBbIX 1 MaHEBPOBbIX PabOT HEO6ONbLUNX 06 HEMOB BbINOSTHAETCA NOJOOHON TEXHUKOMN.

TEKYLLAA CTAQWA PA3BUTUA

BbinonHeHa HayuHO-MCCNeAoBaTeNbCKas UM OMNbITHO-KOHCTPYKTOPCKAA (TEXHOMOrMyeckas) paboTa, BbinyLeH
OMbITHBIV 06pa3seL, pa3paboTka BHeAPEHA B MPOV3BOACTBO.

CBEAEHUNA O MPABOBOW OXPAHE

Pa3paboTka 3aLmuieHa nateHTamu Pecny6nvku benapyce:

1. CHeroouunctutens: nat. 4807 Pecn. benapycb, MIMK7 EOTH 5/00/ B. A. lorano, 1. V. Boukapes, B. A. Tawu6aes;
3asBuTenb ben. roc. yH-T TpaHcnopta. — N2 u20070940; 3asBn. 29.12.2007; ony6s. 04.08.2008 // AdiubliiHbl 6ton. /
Hau. usHTp iHTanneKkTyan. ynacHacui. — 2008. — N2 3. — C. 198.

2. TpaHCNopTHOEe CPeACTBO Ha KOMOVHMPOBaAHHOM xofy: nat. 6397 Pecn. benapycb, MINK7 BOTF 1/00/ 3. N. Bouka-

peB, B. A. losrano; 3aasutenb ben. roc. yH-T TpaHcnopta. — N2 u20091073; 3aasn. 18.12.2009; ony6n. 15.04.2010 //
AdiupbInHbl 6ton. / Hal. L3HTp iHTannekTyan. ynacHacyi. — 2010. — N2 2. — C. 166.
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3. TpaHCMOPTHOE CPeACTBO Ha KOMOMHMPOBAHHOM xoAy: Nat. 6769 Pecn. benapycb, MIMNK7 BO1F 1/00/B. A. Jo-
Brano, [. V. boukapes, B. A. Taw6aes; 3aaButesb ben. roc. yH-T TpaHcnopTa. — N2 u20100203; 3as8n. 04.03.2010;
ony6s. 04.08.2010 // AdiupliHbl 6t0n1. / Hau. LaHTp iHTannekTyan. ynacHacyi. — 2010. — N2 3. — C. 172.

4. TpaHCnopTHOE CPefCcTBO Ha KOMOUHMPOBAHHOM xofy: NaT. 9517 Pecn. benapycb: MMNK7 B60F 1/04 / . V. Bou-
kapes, M. A. Kpbinos. — N2 u20130047; 3asien. 15.01.2013; ony6n. 03.06.2013 // AdiubiiiHbl 6ton. / Hau. LsHTp
iHTannekTyan. ynacHacui. — 2013. — N2 2. — C. 118.

5. TpaHcrnopTHOe CpeACTBO Ha KOMOUHPOBAHHOM XoAy: NaT. 17275 Pecn. benapycb: MIMNK7 B60F 1/04 / . U. Bou-
kapes, B. A. loerano. — N2 a20101618; 3asasn. 12.11.2010; ony6n. 27.03.2013 // AdiupbiiHbl 6ton. / Haw. usHTp
iHTannekTyan. ynacHacui. — 2013. — N2 1. — C. 167.

MOTEHUWAJIbHbIE MOTPEBUTENA U/WTN 3AUHTEPECOBAHHDIE B PA3BPABOTKE

Boopy»eHHble Cunbl Pecny6nvku benapycb, MMHMCTEPCTBO MO Ype3BblYaHbIM CUTYyaLMAM, benopycckas xe-
ne3Hana gopora, MeTponoanTeH, TpaMBaHoOe XO3ANCTBO, a TakXKe NpeanpuaATua, MeL e Nogbe3aHble NyTn
1 OCYLLeCTBAALMX NPUEM 1 OTrPY3KY MO »Kene3Hon 4opore, CTPOUTENbCTBO M SKCMNyaTaLmio Xee3HO4opOoX-
HbIX MyTen.

PYKOBOAWUTEJ1b PASPABOTKU

Bboukapés Omutpuin Uropesuuy, oekaH cTponTenbHOro GakynbTeTa, KaHaMAAT TEXHUYECKNX HayK, JOLIEHT.

KOHTAKTHbIE AAHHbIE
E-mail: bochk_dmitr@mail.ru
Ten.: (+375 44) 789 50 28




XI. OUNUAN BHTY <HAYYHO-UCCEAOBATENbCKUH
NONUTEXHUYECKUWA MHCTUTYT»

22, KOMMO3WLIUOHHDLIE NOALUMHNKA CKONbXXEHWUA A4 PABOTbI
B TAMKEJIOHATPYXXEHHBIX Y3/TAX TPEHNA, B TOM YAC/IE B KAYECTBE
noaANATHUKOB APOBUNOK WU CETMEHTHBIX MOALIWMHUKOB

OMUCAHUE PA3PABOTKHN

B HAWN NT® BHTY pa3paboTtaHbl MeTaninyeckme KOMno3nLMOHHbIe Ma-
Tepuanbl C MaKpOreTeporeHHoM CTPYKTYPOK Ha OCHOBE MaTpuLibl 13 Crifa-
BOB Mef1, apMUPOBAaHHbIE »eNe30yrnepoancTbiMu rpaHynamn. JaHHbin
TN MaTepPUanoB NPUMEHAETCA OS1A TAXKEOHarpyKeHHbIX nap TpeHus, Npu-
MEHSEMbIX B Pa3/INYHbIX 06/1aCTAX NPOMbILLIEHHOCTU. OQHVM 113 OCHOBHbIX
npenmyLLecTs JaHHOMO Matepuana ABAAETCA BO3MOXHOCTb NMPOAOMIKN-
TesIbHOV PaboTbl B YC/IOBUSAX 3arMblIEHHOCTU, MOBbILIEHHON BIAXKHOCTA 1
Temnepatyp. bnarogapsa BbICOKMM 3KcnyaTaLMOHHbIM CBOVMCTBAM OfHUM
13 OCHOBHbIX HALLVX 3aKa34MKOB CTano MMHNCTEPCTBO SHEPreTUKKy B e
OAO «ben3HeproPemHanagka» gns OTBETCTBEHHbIX AeTanel Typboarpe-
raToB pasfIM4YHOro Tmna.

CBolicTBa MaTepurana MoryT BapbipOBaTbCA NCXOAA U3 TpeboBaHUI 3a-
Ka3umKa C MOMOLLbIo No60pa ONTUMAaNbHOIO MaTPUYHOTO cocTaBa. Kpome
TOrO, NCMONb30BaHUe rPaHys YyryHa B KauecTse apmupyoLein dasbl no-
3BONIAET NpU NocsieayoLel TepMoobpaboTKe NONYUYUTL LUNPOKUIA CNEKTP
UX MUKPOCTPYKTYpP. Pa3nnyHaa MMKpOCTPYKTypa apmupytoLein Gpasbl obe-
crneyviBana WPOKMIA Arana3oH Gr3nKo-MexaHNUYeCKNX CBONCTB U N3HOCO-
CTOMKOCTU. AHanN13 NpoBeAeHHbIX UCMbITaHUI NOKa3aJ, YTo Npu yaenbHOM
fasneHum 2,9 MlMa obpa3oBaHue Hagpes3a 1 CXBaTbiBaHUA MeXIy MaTe-
puranom obpasLia 1 KOHTPTENOM He HabsAanocb BO BCEM UCCIIEAyEMOM
Arana3oHe 3HauveHun pV (go 78 MIa-m/c). MNpun ygenbHoM gasneHun 7,6
MMa npu goctukeHun 3HaveHms pV = 50 MIMa-m/c Habnoganocb obpa3oBaHMe LapannH Ha MOBEPXHOCTM Tpe-
HMA 1 ocakaeHue obpa3suos. Mpu yBenmyeHnn yaenbHoro aasneHus go 10,7 MlMa Habnoganocb cxBaTbiBaHMeE
NMoBEepPXHOCTEN TPeHNs 1 06pa3oBaHMe HaAPe30B NpK 3HaueHUsAX pV Bbiwwe 43 MlMa-m/c.

TemnepaTypa akcnnyaTtauun — o 450 °C.

CnocobHocTb paboTaTh B YCNOBMUAX 3aMbllIEHHOCTY Y NMOBbILIEHHOW BIaXHOCTU.
06K 3HOC Napbl TpeHUs — He 6onee 0,1 Mm.

KoadduumeHT TpeHus co cmaskoir — 0,04-0,06.

TEXHUYECKUE NMPEUMYLLECTBA

MpenmyLlecTBOM NpeasaraemMbix MaTepranoB ABAAETCA BO3MOXKHOCTb U3rOTOBNEHUA U3AENNA MPAKTUYECKN
no6ol reomeTpuyeckoin Gopmbl 1 pasmepa, BKouaa bumetannmnyeckue. Hanprumep, MoryT 6biTb M3rOTOBJIEHDI
HanpaBAAloLMe Pa3IMYHOTO Ha3HAYeHNA, YePBAYHbIE KONECa, BTYSIKM, MOALUNMHUKU CKONbXeHNUA 1 T. 4. Heob-
XOAMMO OTMETUTb, YTO AaHHBIN TUM MaTePUaNoB MOXET SKCMyaTMpPOBaTbCA B PAAE arpeCcCUBHbIX cped, Takux
KaK BblCOKas 3arbl/IeHHOCTb, BbICOKME TeMnepaTypbl UM BIaXHOCTb U Ap., FA€ UCMO/b30BaHNe aHaTOrMYHbIX
MaTepu1anoB He MPeACTaBiAeTCA BO3MOXHbIM. TemnepaTypa SKCryaTaum nsgennii u3 paspaboTtaHHbIX MaTe-
puanos — go 450 °C.
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OXWUAAEMbI PE3YJIBTAT MPUMEHEHUA

YBenunyeHne CPOKOB MEXPEMOHTHbBIX UHTEPBASIOB, CHIKE-
Hue ce6ecToMMOCTU 06CTY>KMBAEMBIX Y3/10B TPEHUS.

TEKYLWAA CTAOUA PASBUTUA
BbinyLueH onbITHbIN 06pasel.

CBEJEHUA O NPABOBOW OXPAHE

MateHT Pecny6nukn benapycb N2 23257 «Cnoco6 n3rotos-
NeHNA KOMMO3MLMOHHOIO MaTeprana C Makporetepore-
HoW CcTpyKTypon». KannHnuyeHko B. A., KanuHnyenko M. J1.
30.06.20 // AdiubliHbl GtoneTsHb // Hau. L3HTp iHTaneKTyan.
ynacHacui. — 2020. — N2 6.

NMOTEHUWAJIbHBIE MOTPEBUTENN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

I'Ipe,qnpvlml/m, ncnonb3sywwme n nponssogAauimne peMmoHT o6opy,u,osaH|/|$|, MMeloLLero B CBoen KOHCTPYKLUMN
NOALWNNMHNKN CKONMbXEHUA, pa60Ta|ou.u/|e npwn BbICOKOM AaBneHunn.

PYKOBOAUTEJIN PASPABOTKU

KanvHuuyeHko Bnagucnas AnekcaHapoBuY, BelyLinid HayYHbI COTPYAHUK HAyYHO-UCCNe[0BaTeNbCKON NHHO-
BaLMIOHHOW nabopatopuen «JIUTeNHbIX TEXHONMOMMIA», KAHANAAT TEXHUYECKUX HayK, AOLIEHT.

KOHTAKTHbIE JAHHbIE
E-mail: kvlad@bntu.by
Ten.: (+375 29) 760 39 45

23. PA3PABOTKA METOAMKW UCMbITAHWUIA NYCTOTENBIX 3AMKHYTbIX
COEQVHEHUN, NONYYEHHbIX TEXHONIOTUEN CKNTEMBAHUNA, NANKOW UNN
POACTBEHHbIMU CMOCOBAMM, U NPUCMOCOBNEHUA ANA NPOBEAEHNA
BbILIEYMOMAHYTbIX UCMbITAHWN

OMNMUCAHUE PASPABOTKI

HoBu3Ha paboTbl COCTOMT B UCCNIEAOBAHUN 1 pa3paboTKe NpUHLNNNANIBHO
HOBOTO NOAX0Aa AJ1A MPOBEAEHVIA Pa3pPYLUAIOLLErO KOHTPOISA MYyCTOTESbIX 3aM-
KHYTbIX CKJIEEHHbIX COeHEHNI C UCMOJIb30BaHNEM CTaHAAPTHOro obopyao-
BAHUs, yCOBEPLUEHCTBOBAHHOIO AOMOJIHUTENIbHO NPEeAJSIOKEHHbBIMY MPUCMOCO-
6neHnaAMN.

MpennoxeHHan METOAMKA MOXET OblTb UCMOJIb30BaHa Ass OLIEHKM MPOYHOCT-
HbIX CBONCTB MYCTOTESbIX 3aMKHYTbIX COeAVHEHWNI, MONYYEHHbIX TEXHONOM-
el CKNnevBaHusA, Nankow Nan pogCTBEHHbIMY CMNOCO6aMU NPaKTUYECKN tobon
¢bopmbl (MNOCKOCTHbIE M 06bEMHBIE), CMONb3yeMble BO BCEX OTPAC/IAX MaLlUU-
HOCTPOEHMUS, a TaKXKe MOXeT ObITb 1CMOoNIb30BaHa B yuebHOM npouecce npu
NoAroToBKe CneLmanncToB MalMHOCTPOUTENBHOIO U UCNbITaTeNIbHOrO NPOo-
¢dunsa, B Tom uncne obyyaroLmxca no crneLunanbHOCTV CBapKM Y POLCTBEHHbIX
TEXHONOMNN.
Mogenb ana npoBeseHus rmapo-,

[na peanvsauum gaHHOro MeToAa M3roTaB/IMBAOTCA 3aMKHYTble Mopenu 5
1 (VAK) MHEBMATUYECKNX UCTIbITAHNI

(B TOM uncne cKkneeHHble) B Lenax oueHK BOCNpunAThA rmapaBinydyecknx Ha-




Puc.1,a,6

LEeCTBUN Ha HUX Pa3pPbIBHOTO Harpy»KeHMs.

rPY30K Ha YCIOBHbIN CABUT M OTPbIB C BO3MOXXHOCTbIO peann3aymm
AVIHAMUYECKUX U CTaTUYECKUX NCMbITaHUI. BbicoTa mopenu ana pa-
60Tbl B pa3pbIBHbIX AedhopmaLusax no otHoweHuto hxd (puc. 1, g, 6),
[OJTXHa COCTaBNATb COOTHOLIEHME Kak MUHUMYM 1X2, a AnA cABUro-
BbIX HXd Kak 2x1. BO3MOXHbl 1 gpyrme cooTHoweHua cun. Hanpu-
Mep, Ans BblpaBHMBaHUSA cui Hxd gomkHo cocTaBnsaTb 1x1 (6e3 yue-
Ta MOrpeLHOCTM Ha BBOJ LUTYLIEpa BbICOKOTO AaB/eHUs).

Mo pe3ynbTaTam UCMbITAHWI U MOATBEPXKAAKOLLErO pacyeTa Obifo
[OKa3aHO, COOTBETCTBUE MOJTyUYEHHbIX SKCMEPVMEHTANIbHbIX AAHHbIX,
npeasioXkeHHoMy G13NKO-MaTeMaTYeCKoMy 060CHOBAHMIO, KOTO-
pOe NO3BOJIAET OLIEHMBATb YCUIIVA Ha YCIIOBHDBIV OTPbIB U YCIIOBHbIN
CABUT B 3aMKHYTbIX 00bEMHbIX COeUHeHUAX. [TpropuTeT NpuMeHe-
HUSA JAHHOTO METOa, MOXET ObITb OTHECEH K KJIeeBbIM COeAVHEHN-
AM paboTaloLWMX B YCIIOBUAX Pa3pyLLAKLUX HArPY30K MPUIOXKeH-
HbIX PaBHOMEPHbIM /UK CKauKoobpasHbIM BO3AeCTBEM AaBrie-
HUA BHYTPU 3aMKHYTOro obbema.

TEXHUYECKUE MPEMMYLLUECTBA

MeToanka no3BoNAT pacWMpPUTb U3BECTHbIE MPOYHOCTHbIE NCMbI-
TaHWA KNeeBbIX COeAMHEHUI, @ UMEHHO: YNYULLTb OLIeHKY BO34ei-
CTBMA JaB/ieHMA Ha nepefayvy cABUroBbIX Aedopmaumii n gedop-
MaLUIN Ha pacTAXKeHMe B KOMMIEKCHbIX NCCNedoBaHNAX Modenen.

MeTop noKasbIBaeT, YTo B 3aMKHYTOM OObeMHOM COeANHEHMY, MO-
JTYYEHHOM TEXHOJSIOTNEN CKNenBaHuA, Nankon nam poacTBeHHbIMU
Ccnoco6amu, Ha LIOB BO3AENCTBYIOT Kak OTPbIBHbIE, TaK 1 CABUrOBble
yCUnng, a Takxke nx npoussogHble. MeTog no3BonaeT Npon3Bectu
MX OLIEHKY C MOMOLLbIO MPeasIoXKeHHbIX MOAenen meTogamm anHa-
MWYECKNX aKBa- U MHEBMOWCMbITAHNN.

[aHHas pa3paboTka NO3BONUT PacLUMPUTb METOAbI TEXHOMOMYe-
CKUX UCMbITAaHWI KNIEEBbIX COAVHEHWNI, B OCOOEHHOCTY AN 3aMKHY-
TbIX 06bEMOB, paboTaloLMX NOA AaBIEHVEM XUAKOCTEN UV Fa3oB,
NMo3BOJIAET NPOMN3BOANTL MAaTEMATUYECKYIO OLIEHKY 3aMKHYTbIX Kie-
€BbIX COeVHEHNI NP BO3-

OXUOAEMbI PE3YJILTAT MPUMEHEHUA
MeToguKka ncnbITaHNin NYCTOTENbIX 3aMKHYTbIX COAMHEHWUI, NOyYeH-

HbIX TEXHONIOTMEN CKNEeNBaHWUSA, MaNKoW UM POACTBEHHBIMU Crocobamu,
NO3BOJIAET OLEHUTb KpeneXHble CoeQUHEHNA, UCMbITbIBAOLLMX pa3pyLua-
IOLLYI0 HAarpy3Ky B HECKOJIbKUX NIOCKOCTAX. [Tpepnaraemas mogenb ABnaeT-
CA MHOTOMEPHOW, YTO MO3BOJIAET OL|EHNBATb BO3AENCTBME CUJ1, MPUSTOMKEH-
HbIX B Pa3IMYHbIX HanpaBaeHUAX 1 TOUKax nccsiefyeMoro obpasua. Paspa-
60TaHHas MeToAMKa NO3BOISIET CO3A4aTb A5 UCMbITyemMoro obpasua, ycno-
BV MAaKCYMabHO NPUOGIKEHHbIE K YCTTOBMAM 3KCMTyaTaLluu.

C ncnonb3oBaHMEM [aHHOW METOAMKM BO3MOXKHO MPOBeAeHMe Kaye-
CTBEHHOW OLIeHKM MPAKTUYECKM JIOObIX CKIIEEHHbIX MYCTOTENbIX CoeanHe-
HUIA.

BHeppeHve TexHONOrMM NpegnosaraeT co3faHne HoBbIX paboumnx mect
B HayKOEMKOM NPOU3BOACTBE, UTO MOBbILIAET YPOBEHb UHTENNEKTYaNIbHO-
CTV TpyZa. Ynyulaotca noTpeburTenbcKime CBOMCTBA FOTOBOW NPOAYKLUN
3a CYeT NPOrHO3MPOBaHKA KauecTBa 1 HAAeXKHOCTY NOJyYaeMbIX N3LenNnii.
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TEKYLLAA CTAOUA PA3BUTUA

BbinonHeHa HayuHO-MCCNefoBaTENbCKAsA UMY OMbITHO-KOHCTPYKTOPCKas (TeEXHoMormyeckas) pabota, BbinyLyeH
OMbITHBIN 06pa3eL.

CBEAEHUA O NPABOBOW OXPAHE

MaTteHT Pecnybnuku benapycb N2 23630 «Mopesnb Ana NpoBeAeHUst FTAPaBINYECKOro UM MHEBMATUYECKOrO
UCMbITaHMA KPeneXHOoro LWBea Ha caABUr unu paspbis» // M. J1. KannHnueHko, B. A. KanuHunueHko, 0. K. Kpmsoluees,
A.E.3enesein ot 30.11.2021.

NOTEHUWANbHDbIE NMOTPEBUTEJIN N/UJTA 3BAUHTEPECOBAHHDIE B PA3SPABOTKE
MpeacraBuTENM MalIMHOCTPOUTENTLHOTO KOMMEKCa.

PYKOBOAUTEJ1b PASPABOTKU
KannHnueHko Mapua JIbBoBHa, HayuHbIn coTpyaHUK HAWJTJTnTenHble TeXHONOrmm, MarncTp TEXHUUYECKUX HayK.

KOHTAKTHbIE IAHHbIE
E-mail: m.kalinichenko@bntu.by
Ten.: (+375 29) 276 31 56

24. COCTABbI M TEXHONOT A HAHECEHWA ALLUTHBIX MOKPbITUH
HA OUNBTPYIOLUWNE SNEMEHTbI HA OCHOBE CTEKNTOCETKW ANA OYNCTKK
BbICOKOTEMMEPATYPHbIX METANNTNYECKNX PACIIABOB

OMUCAHUE PA3PABOTKI

Hanbonee pacnpocTpaHeHHbIMM MaTepuranamm, UCMosb3yLWUMICA B KaueCTBe apMUPYIOLLMX MOKPbITUN Gprb-
TPOB Ha OCHOBE CTEKTOCETOK /A MEeTa/INYeCKUX PacriaBoB, ABMATCA OpraHMyeckre KOMMOHEHTbI, TaKne Kak
nurHocynbdoHat, bakenut, pe3osibHble CMOJbI U Ap. BCIeACTBME UX TEXHONOMMYHOCTY U SKOHOMUYECKON Liene-
coobpaszHocT. OCHOBHOE Ha3HauyeHne NPonNUTKM GUIBTPYIOLUX S1EMEHTOB B JaHHOM CJlyyae — npuaaHne um
BPEMEHHOI TEXHOJIOMMYECKOW XEeCTKOCTY, @ B HEKOTOPbIX CJTyYasiX, py NPOU3BOACTBE GacOHHbIX GUNLTPOB, —
ycTonumBoi obbemHol (MpodunbHoi) opmbl. Icnonb3oBaHve Taknx MaTepuanos COMPAXEHO C PALOM Hefo-
CTaTKOB: BbICOKOW ra30TBOPHOCTbIO, TMAPOCKOMNYHOCTbIO, He[OCTaTOUHOM TepMocTorKocTbio (o 1000 °C). B Ka-
yecTBe anbTepHaTVBbI NPeAJIaraeTcs PAg TEXHONOMI C UCMOMNb30BaHEM B KaueCTBe apMUPYIOLLErO U OfHOBPE-
MEHHO 3aLMTHOIO MOKPbITUA HEOPraHNYECKUX CBA3YIOLWUX, MPY 3TOM MO0 YacTUYHO, MO0 NOSTHOCTBIO 3ame-
HSAIOLMX OpraHnyeckue.

JOCTYNHBbIMY 11 OTHOCUTESTIHO TEXHOIOMMYHBIMU CUUTAOTCA MeTannopocdaTHbIe 1 KNAKOCTEKOSIbHbIE PAacTBO-
pbl. OaHAKO B 3TOM CJlyyae 13-3a Kncioi cpegpl (pH < 7), xapakTepHo Ansa CBA3YoWmMX 4aHHOTO Klacca, Nponu-
TbiBaeMble BOJIOKHa, COCTOALE B OCHOBHOM 13 SiO,, IMEIOT HU3KYI0 YCTOMUNBOCTb 1 B OTAENbHbIX CllyYasx pas-
PYLLAIOTCA Ha CTaAMM NPOMUTKN U HA3KOTEMMEPATYPHOW CYLUKN.

B HWJT nuTenHbix TexHonorni BHTY pa3zpaboTtaHa TexHonorus, obecneumnsatoLlas ofHOBpeMeHHOe apMupyio-
LLiee 1 OrHeYNopHOe NOKPbITUE HEOPraHNYECKUMIY COeANHEHNAMY 6e3 pa3pyLUeHWA NPONMTbIBaeMOI OCHOBbI. YKa-
3aHHbIN 3 deKT obecneurBaeTca XMMNYECKM B3aMOLENCTBMEM KOMMOHEHTOB 13 COCTaBa UCXOAHbIX peareHToB.

B KauecTBe OCHOBHbIX KOMMOHEHTOB MpPY MNONYYeHUN 3aLMTHOrO MOKPbLITUA B NpeasiaraeMoM BapraHTe nc-
nosb3yeTca KpemHe3o/b (cnannt-20) n stuncunukart (3TC-40). MNonyyeHre MaKCMManbHOM MPOYHOCTY N TEPMO-
CTOWMKOCTK, @ TaKkXKe afire3nn 3alyUTHOro MOKPbITUA 06ecneunBaeTca rmaposiM3omM STUICUANKATA B LLENOYHON
Cpefie, CO34aBaEMO CUANIMTOM. B pesynbrate XMMMUeCKOro npespalleHna obpasyetca amopOHbI ONOKCUA
KpemHus. [OCKONbKY ceTyaTble CTEK/TOBOSIOKHUCTbIE MaTepUasibl B KauecTBe 6a30BOro KOMMOHEHTa cojepKaT
LOMNOKCUA KPeMHUA, TO NPoLecc rMAPoniM3a ¢ BblAeneHnem YacTuL, ¢ aHaiormyHon mopdonornein 6naronpuaTHO




CKa3blBaeTCA Ha afire3ViOHHOM B3aIMOAENCTBUM CUCTEMDI. OTBep)K,EleHVIe erMHe3OJ’IeIh NPONCXoAUNT 3a CHET UC-
napeHna Bnarv n Koarynaunm 4actmy AnoKcnaa KpemHuaA.

npe,EI.HO}KEHbI HEeCKOJIbKO BapraHTOB NPOMUTKN CeTyaTom OCHOBbI:

— opraHn4yeCKknmn CeAsyLWKNMN;

— OpraHn4yecknmmn CeAsyowmnmm YaCTUYHOW NX 3aMEHOIN KOMMO3UTHBIMIN HeopraHn4yeCKMM KOMMNOHEHTaMu;
— NMOKpbITNE TKaHeW OCHOBbI HeopraHnyeCKknmm CBA3yrwmnmn.

TEXHWYECKUE NPEMMYLLEECTBA

I'Ipennaraemaﬂ pa3pa60TKa NO3BOJIAET YaCTUYHO U NOJTHOCTbIO 3aMEeHUTb OpraHnvyeckne CBAsytLlmne, UMetro-
e pag OFpaHI/ILIEHI/IVI N HeLOCTAaTKOB Mpwn 3KcrulyaTaunm d)l/lﬂprOB, Ha 6onee TepMOCTOVIKI/Ie, 2KONOrn4Hble,
OTHOCUTENIbHO HeAOopOorme HeopraHndyeckme ceAasyrLimne. I'Ipvl 3ToM obecneyrBaeTcs npoTeKaHne ooHOBpeMeH-
HO ABYX NPOLEeCCOoB: O6pa3OBaHI/IFI ANCnepCcHbIX HAHOPa3MePHbIX OrHEYNMOPHbIX COeNHEHN 1 aire3UOHHOro
cBAsyoulero.

OXUOAEMbIV PE3YJIbTAT MPUMEHEHUA

YacTryHbIN IGO0 NOJTHbBIN OTKAa3 OT OpPraHNYeCKUX CBA3YIOLLMX MPY NPOYMX PaBHbIX 0OecrneyrBaeT NoBbILeHre
TEPMOCTOMKOCTU CeTYaTbIX GUNIBTPOB, UTO NO3BONAET PEKOMEHA0BATb VX ANA padUHUPOBaHUSA BbICOKOTEMIE-
paTypHbIX CNIaBOB (BbICOKOMPOUHbIX YYTrYHOB, TEMMPOBAHHbIX Y HEPKaBeKLWMX CTanem). 3To AaeT BO3MOXHOCTb
CHU3WTb YPOBEHb BPefHbIX BbIGPOCOB B aTMOChEPY 1 MOBLICUTL KaYeCTBO NINTbIX AeTanel ¢ TOUKM 3peHns To-
BapHOro BMaa.

TEKYLLAA CTAQUA PA3BUTUA

BbINonHeHa HayyHO-MCCIefoBaTeNIbcKas PaboTa, pa3paboTaHbl COCTaBbl, TEXHONMOMMSI HAHECEHWA 1 METOAMKA
NCMbITaHMA 3aLNTHBIX MOKPbITUAN.

CBEJEHUA O MPABOBOW OXPAHE

PaccmaTtpuBaloTcs 3a8BKU Ha NaTeHTbI (COCTaB OrHEYMOPHOrO MOKPBITUSA U CNOCO6 HaHECEHUS MOKPBITHSA).

MNOTEHUWAJNbHbIE NOTPEBUTEJTA U/WITN 3AUHTEPECOBAHHDIE B PA3SPABOTKE
JlntenHble 3aBoAbl, IMTENHbIE YYACTKM MALIMHOCTPOUTENbHbIX M YaCTHbIX NPeANPUATANA.

PYKOBOOUTEJIb PA3BPABOTKU
Jonrun NleoHunpg MNetposny, 3asepytowun HANI «JlutenHblie TeXHONOrnm».

KOHTAKTHDbIE JAHHbIE
E-mail: metspl@tut.by
Ten.: (+375 17) 296 66 56, (+375 29) 563 49 71
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XII. YYEBHO-HAYYHO-MPOWU3BOACTBEHHOE
PECYBJINKAHCKOE YHUTAPHOE NPEANPUATUE
«YHUTEXMPOM bI'y»

25. MALLLEBBIE KOMNO3WL UK ANA CO3AAHNA NPOAYKLIUW CEPUUN «<E[JA YMHOTO
FOPOJA»

OMUCAHUE PA3PABOTKU

Komnosnuwmm cepum «Efa ymHOro ropofa» npefHasHaueHbl 418 U3roTOBEHNA X1e600yNOUHbIX U3genuin agpec-
HOW HanpaBeHHOCTU: AJ1s MATAHUA XITeSel COBPEMEHHbIX FOPOAOB, UCMbITbIBAIOLMX GOMbLUYIO HAarpy3Ky Ha HepPB-
HYI0 CMCTEMY 13-3a BbICOKIMX NMCUXO3MOLIMOHANIbHBIX Harpy3okK.

1. Cepuisi «AHTUCTPECC»: CMEChb NPAHO-apoMaTUYeCKas BUTaMUHK3MPOBaHHas «Dperaty, dUutokommnnekc oboraTtu-
TenbHbIN «Mask».

PazpaboTaHHble KOMMO3ULMK MOTYT MPUMEHATLCA A1 CO3AAHUA OUONOTMYECKM aKTUBHDBIX J00ABOK, a TakKe nu-
LLieBbIX O6ABOK C HEPOMPOTEKTOPHBIMY CBOMCTBaMU. Ha UX OCHOBE MOTyT BbiTb pa3paboTaHbl GyHKLMOHabHbIE
NpPOoAyKTbl NTaHUA NPOPUNAKTNYECKOTO AeNCTBUA 418 ONTUMU3aLK GYHKLIMN HEPBHOWM CUCTEMbI B YCTTOBUAX SMO-
LI'OHaNbHOMO HaMPSXXEHNSA, a TakXe [J19 BOCCTaHOBNEHMA OpraH1u3ma B MOCTCTPECCOPHbIN Neprog.

2. C IMMYHOMOZYNNPYIOLLMM JeNCTBUEM:

— CMeCb NPAHO-apoMaTUYeckasn «AcTeppa» obafaeT aHTUCTPECCOPHbIM 3dPEKTOM Ha GOHe BO3LENCTBIA XPOHU-
YecKoro CTpecca, a TakxKe MMMYHOMOAYIMPYOLLMMUN CBOMCTBAMM, KOTOPbIE MPOABAIOTCA CHUMEHWEM BOCMaNNTESb-
HbIX NPOLECCOB, NHAYLIMPYEMbIX XPOHNYECKAM CTPECCOM.

- CMecb NpsAHo-apoMaTuyeckas «BpemeHa roga» — «Cy3opbe». CMeCb MOXeT NPUMEHATLCA AJ1A ONTUMM3aLIMN Mo-
KasaTenen IMMYHHOW CUCTEMbI TPU CTPECCOPHbIX CUTYaLMAX y YeNoBeKa, a Takke npu ce3oHHbIX OP3 n OPBI. Bos-
MOXHa MArkas KoppeKLa pe3nCTEHTHOCTU OpraHm13ma Yy L, NOXXMIOro BO3pacTa Nnocsie nepeHeceHHbIX MHeKLu-
OHHbIX U JpYrix 3a605eBaHu.

3. Jlerkoro NpuroToBneH1A: CMeCb KOMNO3nTHasA «Bepav.

Mcnonb3oBaHme cvec KOMMO3UTHON «Bepa» NO3BONAET M3roTOBUTb BbICOKOKAYeCTBEHHbIE PXKaHO-TILIEHNYHbIE
Xne60o6yNoYHbIE U3LENVWA MO YCKOPEHHOI TEXHONOIMUI: B OGHY CTaauto ¢ AobaBneHrem BoAbl (U BOLb! U MyKU/ NPpK
1CMoNb30BaHUM [OOABKM NILLEBOI KOMMIEKCHON «Bepa nioc») B JOMALLHKX YCIOBUAX, MEKAPHAX CYNepMapKeToB
1 Ha xnebo3aBogax.

TEXHUYECKUE NMPEMMYLLECTBA
CoOoTBETCTBYIOT MeXyHapOAHbIM TpeboBaHNAM, peabABIAeMbIM K GyHKLMOHaNbHbLIM NPOAYKTaM NUTaHWA.

OWAAEMbIA PE3YNILTAT NPUMEHEHUA
MoBbileH e KauecTBa XM3HW 3a CHET co3AaHNA GYHKLMOHabHbIX MPOAYKTOB NTaHUA, MO3BOMAIOLLMX NOAAEPKM-
BaTb 1 COXPAHATb 340PO0BbE PA3INYHbIX FPYNM HaceneHNA COBPEMEHHbIX FOPO/OB.

TEKYLWLAA CTAQUA PASBUTUA
PaspaboTka BHefipeHa B NPOU3BOACTRO.

CBEJEHMA O NPABOBOW OXPAHE
MimeeTca nakeT HOPMaTMBHO-TEXHONOMMYECKON JOKYMeHTaumu. [logaHbl ABe 3aABKM Ha NaTeHT.

MOTEHUWANbHbIE NTOTPEBUTENN U/ BAUMHTEPECOBAHHDIE B PABPABOTKE
Mpeanpuatna xne6obyNnouHON, KOHAUTEPCKON, MACHOI OTPAC/Iel, a TakXKe 0340POBUTESIbHbIE LIEHTPbI.

PYKOBOAUTEJ1b PASPABOTKU
Mapsuesckas TaTbAHa ApaHacbeBHa, HauanbHUK HayuHO-NPON3BOACTBEHHOTO LIEHTPa MULLEBbIX TEXHONOT U,
KaHANLaT XMMUYECKNX HayK.

KOHTAKTHbIE JAHHbIE
E-mail: matafa@mail.ru
Ten.: (+37517) 209 58 41

)



XIIl. PECMYBJINKAHCKOE YHUTAPHOE MNPEANPUATUE
«BENOPYCCKUW rOCYAAPCTBEHHbIN MHCTUTYT
METPOJIOTUN»

26. HALLMOHAJIbHbIN 3TAJIOH ELUHULIbI OBBEMHOI0 PACXOZIA
TA3A (BO3[YXA)

ONMUCAHUE PA3PABOTKHA

HaumoHanbHbI  3TanoH  eauHULbI
06bemMHOro pacxopa rasa (Bo3gyxa) cy-
YKUT ANsi XpaHeHUs1, BOCNPOW3BeaeHNA 1
nepenaun pasmepa eanHuLbl 06beMHO-
ro pacxofia BO3ayxa pabouvm sTanioHam,
NpoBeAeHNsi METPONOMMUYECKON OLEHKI
CpeacTB N3MepeHNin 06bEMHOTIO pacxo-
[la ra30BO3/yLUHbIX Cpef, B NepByto ove-
pefb NpupoaHoro rasa, obecneyeHus
eVHCTBA M3MepPeHU 06BbEMHOrO pac-
X0[a ra30BO3AYLUHbIX Cpef Ha TepPUTO-
pun Pecny6nuku benapycsb.

B npouecce BbINONHeHMA 3afaHUsA
6bIV cCnefoBaHbl U yCTaHOBNEHbI Me-
TPOMOrNYECKME XapaKTePUCTUKIN HaLu-
OHaNbHOrO 3TafIoHa eAUHULIbI OO bEMHO-
ro pacxopa rasa (so3agyxa).

O6nacTb NpumeHeHWsA: HedTerasopas
MPOMBILNIEHHOCTb, SHepreTunKa, arpo-
MPOMbILLMIEHHbIA  KOMIMIEKC, XKML~
HO-KOMMYHanbHOe X03ANCTBO, MPOW3- JTanoHHaA pacxofoMepHas yctaHosKa ITF100-1-A
BOACTBO CTpO/MaTepuasos, NuLieBas
MPOMbILLSIEHHOCTb, METa/Typruyeckas MPOMbILLIEHHOCTb, HayYHble NCCIiefoBaHUA 1 Ap.

TEXHWYECKUE NPEMMYLLEECTBA

XapaKTepVICTI/IKI/I 3TaJIOHa COMOCTaBMMbIl C XapaKTepucTnkamm eBpOI'IeI;ICKI/IX 3TaJIOHOB aHaNOIrM4YHOro Ha3Ha-
YeHUA.

OXXWUAAEMbI PE3YNIbTAT NPUMEHEHUA

HauunoHanbHbIN 3TanoH eAUHMLIbI 06beMHOr0 pacxofa rasa (Bo3fyxa) ClyXuT LiefiiM MeTPONOrMYeCcKon oLieH-
KW CpeacTB M3MepeHuii ana obecrneyeHns MeTposiormyeckorn Npoc/ieXKMBaemMoCcTu Npu nepegaye eAUHNLbI Benu-
UVHbI CpefiCTBaM U3MEePEHUIA Fa30BO3AYLLHbIX CPeq, B NepByto ouepeib NPUPOAHOro ra3a, Npy pacyeTHbIX one-
paumax Mexzay ra3ocHabXKatLWmmmy opraHn3aLmaMm 1 noTpebuTenamu.

TEKYLAA CTARUA PA3BUTUA

BbinonHeHa Hay4yHO-nccnegoBatesibCkaa UWin ONbITHO-KOHCTPYKTOPCKanA (TexHONOrnyeckas) pa60Ta.

CBEEHUA O MPABOBOW OXPAHE

Her.

@ .




MPOMDBIWNEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

KonokonbHas yctaHoBka BP-100

NMOTEHUWANbHbIE MOTPEBUTENN U/WTN 3BAUMHTEPECOBAHHDIE B PASPABOTKE

OAO «la3npom TpaHcras benapycb», PYI «benrasrexHukar, [TIO bentonras, gpyrne npombllLieHHble Npea-
npuatna Pecnybnukn benapycsb.

PYKOBOAUTEJ1b PASPABOTKU

bappoHoB AnekcaHap VIBaHOBWY, HauanbHMK NPON3BOACTBEHHO-MCC/IE[0BATENbCKOTO OTAENA 3MepPeHI iaB-
neHua u pacxoga benlMMM.

KOHTAKTHbIE BAHHbIE

E-mail: bardonov@belgim.by

Ten.: (+37517) 221 03 92




XIV. PECTYB/INKAHCKOE YHUTAPHOE NMPEANPUATUE
«HAYYHO-NPAKTUYECKNIA LLEHTP TUTUEHDBI»

27. METOAUKA KOHTPONA YPOBHA 3ATPA3HEHUA BO3AYXA
NPOM3BOACTBEHHOW CPEAbI BEKOBbIM ASPO30JIEM CYXUX TPOAYKTOB
NEPEPABOTKW MOJTOKA

OMUCAHUE PASPABOTKA

Cdepa nprmeHeH A: MeToAMKa NPUMEHUMA Ha NPeAnpPUATUAX MONIOYHON 1 MULLEBOW NPOMbILLIIEHHOCTH, U3-
roTaB/MBaloLLKX N06ble Cyxre NPOAYKTbI, cofieprKallie MOJIOYHbIE MPOTEVHbI.

Ha3HaueHwue: npegHa3HayeHa ona onpefeneHnsa B BO3gyxe Npou3BoACTBEHHOW Cpefbl MaCCOBOW KOHLIEHTpPa-
Lmm 6enka aspo3onel Cyxrx NPoayKToB nepepaboTky KopoBbero Mosnoka (CMNIMM) Ha cooTBeTCTBIE HOBbIM -
r’MEeHNYeCKMM HopmaTiBaMm (Ha ypoBHe 0,1 Mr/m> no 6enky).

OcHOBHble XxapaKTepunCTUKNU: OCHOBaHa Ha oTbope npo6 nbinu CMNIMM Ha dunbTpbl ADA-BIMN-10 npoTaxKom ve-
pe3 Hux 500 oM Bo3ayxa NPor3BOACTBEHHON Cpefibl, SKCTPaKL MK H6enka 13 npobbl nbinu Ha dunbtpax 0,9 % du-
3MOIOMMYECKM PAaCTBOPOM, KOHLIEHTPUPOBaHN 1 OCaxkeHnm 6enika B npobe ¢ nomolublo cynbdata meam (pe-
aKTMB A), ero KoIn4eCTBEHHOM M3MEPEHUM Nocsie fobaBneHns peHonbHoro peakTnea PonnHa — Yokanbte do-
ToMeTpuyeckum metogom Jloypwm B mogndukaumm LLlaktepne — Monnak npwv agnviHe BonHbl 750 HM 1 onpepene-
HUW COfep»KaHNUA No rpagynpoBOYHOMY rpadurKy C pacTBOpamu Gblubero CbiIBOPOTOYHOMO anbbyMuHa.

TEXHUWYECKUE NPEMMYLLECTBA

MNHHOBauUMoOHHasA aTTecToBaHHasA MeTtoguka nameperHma AMW.MH 0051-2022 «Crctema obecrneyeHmns eguH-
CTBa U3MepeHuii. MaccoBasi KOHLIEHTpaLus 6esika a3po30Jieil Cyxmx NpoayKTOB NepepaboTKN KOPOBbETO MOSO-
Ka B Bo3ayxe paboueii 30Hbl. MeTofMKa n3MepeHnin GoToMeTpuuecknm MeTogom» (CBUAEeTeNbCTBO 06 aTTecTa-
umn N© 027/2022 ot 25.04.2022) obnagaeT BbICOKOW BaMAHOCTbIO U OCTaTOUYHOWN YyBCTBUTESIbHOCTbLIO (HE Me-
Hee %2 MN[K B Bo3ayxe pabouel 30HbI), He IMEeT aHaNoroB.

OXUOAEMbIV PE3YJIbTAT MPUMEHEHUA

Mcnonb3oBaHme aTTecToBaHHbIMU nabopatopuaMm NpesnpuATAA MOIOYHON 1 MULLEBOW MHAYCTPUN pa3pa-
60TaHHOW MeToauKKN n3MepeHunin obecrneunBaeT 06 beKTUBHDIN AVHAMUYECKUI KOHTPOMb YPOBHSA 3arpA3HeHua
BO3/lyXa NPOU3BOACTBEHHON CpeAbl anneproonacHbiM aspo3onem CINIMM no 6enky Ha COOTBETCTBYE HOBOMY M-
rMEeHNYECKOMY HOPMATUBY, COONIOAEHNE KOTOPOTO ABAseTCA 3PpPeKTUBHON Mepoi NPodUnakTukmu npodeccmo-
HasbHbIX aNepPrmyeckrix 1 NPon3BOLACTBEHHO 06YCIOBNIEHHbBIX MIMMYHO3aB/CMMbIX 3a00/1€BaHNI Y PabOTHMKOB.

TEKYLLAA CTAOUA PA3BUTUA
BbinonHeHa HayuyHO-MCCneoBaTeNIbCKas UM OMbITHO-KOHCTPYKTOPCKan (TexHomnornyeckas) pabota, paspa-
60TKa BHepeHa B MPOUN3BO/CTBO.

NOTEHUWANbHDBIE NOTPEBUTEJIN U/WN SBAUHTEPECOBAHHDIE B PA3PABOTKE
MpeanpuATUA MOIOYHON 1 MULLEBOW MHAYCTPUM, MPOU3BOAALLME UM UCTONb3YoLLMe Ntobble Cyxue NPoayK-
Tbl, COAEPKaLLMe MOJIOYHbIE MPOTEUHDI.

PYKOBOAUTEJIb PA3PABOTKU

bapaHos Ceprei AnekcaHApOBUY, MAAALWMIA HAYUYHbIA COTPYAHMK NabopaTopun NPOMbILLIIEHHO TOKCMKONO-
rvn HIMU, rurmnens;

Ky3oBkoBa AHHa AlaMOBHa, 3aBefyoLLas labopaTopuelt CnekTpoMeTpuuecknx nccnegosanuii HML rurve-
Hbl, KAHAUAAT GUONOTNYECKMX HAYK;

Mackanesuu Hagexxaa BUKTOpPOBHA, XMMUK flabopaTopurm CEKTPOMETpUYecKmx uccnegosanuii HIL rurveHs;

LlleBnsikoB Butanuii BacunbeBuy, rnaBHbIl HAYUYHbI COTPYAHMK TabOpaTOpUM NPOMbILLIIEHHO TOKCUKONOM AN
HIML rurveHsl, LOKTOP MEAVLMHCKIMX HaYK, Npodeccop.

KOHTAKTHbIE JAHHbIE
E-mail: mfantastikas1992@mail.ru
Ten.: (+37517) 379 13 96, (+375 25) 763 91 81

)



MPOMDBIWNEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

28. METOZ, MONYYEHWA B TIABOPATOPHBIX YCNIOBUAX U3 OTOBPAHHbIX
0B5PA3LI0B MPOMBILUIEHHOW OPTAHWUYECKOM NbUTN TECT-ANNEPTEHOB
ANA AUATHOCTUKU MPOOECCUOHAJIBHON ANNEPTOMATONION MU Y PABOTHUKOB

OMUCAHUE PA3PABOTKU

Cohepa npumeHeHUA: MeTo NPYMEHVIM B TOKCUKONTIOTMYECKMX Y1 UMMYHO-alleprofornyeckmx naboparopumax
yupeKaeHui 30paBoOXPaHEHNA.

Ha3HaueHue: npegHa3HayeH Ans nonyyeHna B 1abOpPaTOPHbIX YCIOBUAX U3 OTOOPaHHBIX Ha NPOM3BOACTBAX
06pa3LioB benokcoaepKallelt opraHuyeckon nbinu (Of) aKcTpaKkTa, NPUrofgHOro A5 UCNOMb30BaTbCA B Kaye-
CTBe TeCT-ajiNlepreHa B AUarHoCcTuke npodeccroHanbHOro reHesa annepronaTosiorim nbiieBow STMONOTNN Y pa-
6OTHMKOB.

OCHOBHbIe XapaKTepPUCTMKIM: OCHOBaHa Ha 3Tanax noArotoBku otobpaHHoro obpasua Ol (n3menbyeHve 1 cTe-
punmnsaums), SKCTparmpoBaHma 6eNKoBO-aHTUIEHHOTO KOMIIeKca Nbliv B HACbILLEHHbI BOJHO-CONEBOW PacTBOP
Coca (akcTparnpoBaHue B TedeHue 1 cyTok npm 37 °C n 3 cyTok — npu 6-8 °C), KOHLEHTPUPOBAHUSA LLeHTpUdy-
rMpoBaHUEM 1 OCaXKAeHUs 6eNKOBOro NpeLmnuTaTa CoNsHON KUCIOTON, pacTBOPeHUs 6eNKoBOro npeLmnuTa-
Ta PacTBOPOM IMMAPOOKCUAA HaTpWA, CTaHAAPTM3aLUMmM MNONTyYeHHOrO SKCTPaKTa no 6enky (onpeaensemoro ¢o-
TOMeTpUYeCcKM MeTofoMm Jloypu npu AnviHe BOMHbl 750 HM).

TEXHUYECKUE NMPEMMYLLECTBA

YcTaHOBrEHVE 1 MOATBEPXKAEHVE NPOdeCcCrOHaNIbHOrO reHe3a annepruyeckoro 3aboneBaHns y paboTHUKOB
He NOo3BONAET OTCYTCTBME KOMMEPYECKNX ANAarHOCTUYECKMX NpenapaToB 1 CMCTEM Ha OCHOBE crielndrnyecKkmnx
TecT-anfiepreHoB Ha MPOMbILLSIEHHbIE BeLleCcTBa-anneprexbl. VI3f10XeHHbIN B MHCTPYKLMKY NO npumeHeHnto N2 007-
1121 yHudumumpoBaHHbI MeTof NO3BOSIAET B 1abOPaTOPHbIX YCIOBUAX NOSTYUYNTb U3 OTOOPaHHbIX Ha NPOM3BOA-
cTBax 06pa3LoB Ol 3KCTpaKTbl C copepkaHmemM fo 6 mr/cm3 6eska, uto obecrneunBaeT Ux NPUMEHEHME B Kaye-
CTBe TeCT-aniepreHoB Ans cneyndryeckor ANarHoCcTrkm NpodeccroHanbHOM aniepronaTonorum y paboTaroLmx.

OXXUAAEMbIA PE3YNbTAT NPUMEHEHUA

MoatBepxpaeHne NpodeccoHanbHOro reHesa anneprnyeckrx 3abonesaHnin y paboTaloLwmx B yCJ10BUAX BO3-
[eiCTBMA aieproonacHon NPOMbILLIIEHHOV OPraHNYeCckol Nbiiu, 4To obecneyrBaeT HEO6XOANMOE KayecTBO
neyeHnA N peabunutaLym, CoLManbHYI0 3aluUTy NaLMeHTOB.

TEKYLWAA CTAQUA PA3BUTUA
BbinosnHeHa HayyHo-MCCefoBaTeNIbCKan UK OMbITHO-KOHCTPYKTOPCKasA (TexHonormueckan) pabora, paspa-
60TKa BHeApeHa B NPON3BOACTBO.

CBEJEHUA O NPABOBOI OXPAHE

Cnocob 3KCTparnpoBaHns 13 06pPa3LOB NMPOMbILLIIEHHON OPraHNYeCKon MNbliv 6ENKOBO-aHTUIEHHOIO KOM-
nieKkca: ygoCcToBepeHue Ha pauroHanunsaTopckoe npeanoxeHne N2 2313 / B. B. Wesnsakos, I. N. Spm, C. A. bapa-
HoB. — BbigaH HIML, rurnensl 13.10.2021.

NOTEHUWAJIbHbBIE MOTPEBUTEJNIN U/ SAUHTEPECOBAHHbBIE B PASPABOTKE

MpodnaTtonornyeckme n anneprosiornyeckmne LLeHTPpbl, TOKCMKONOrMYecKre 1 MMMyHONornyeckme nabopato-
puUy opraH13aLuii 3apaBooxpaHeHN .

PYKOBOAUTEJ1b PA3SPABOTKU

Spm lanuHa iBaHOBHa, BelyLUMiA HayUHbI COTPYAHWK nabopatopu NpomblLLieHHON Tokcukonorum HIL, ru-
rMeHbl, KaHAMAAT OMONOrMYEeCKNX HaykK;

LeBnAkoB Butanuii BacunbeBuy, rmaBHbIN HayYHbI COTPYAHVK Ta6OPaTOpPUN NPOMbILLIEHHOW TOKCMKONOMAY
HIL rurneHbl, OKTOP MeAMLNHCKKX HayK, Npodeccop;

BapaHos Ceprein AnekcaHApPOBUY, MNAALLWIA HAaYYHbIV COTPYAHWK NabopaTtopui MPOMbILLIIEHHO TOKCMKOSO-
ruv HIML rurneHsol.

KOHTAKTHbIE JAHHbIE
E-mail: erm-galina@mail.ru
Ten.: (+37517) 37913 96, (+37529) 690 11 70
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XV. HAYYHO-NPON3BOACTBEHHOE YHUTAPHOE
NPEANPUATUE «<HAYYHO-TEXHUYECKWUW LIEHTP “NIMT”
bEJIOMO»

29. MOHOKYNIAP TENJIOBU3NOHHBIN C LAJIBHOMEPOM TV/M 75 R

ONMMUCAHUE PA3PABOTKA

YCTpoWcTBO NpefHa3HayeHo Ans HabnoaeHns 3a MecT-
HOCTbIO B NII060€ Bpems CYTOK 1 3aMepa JaSIbHOCTM [0 VH-
TepecyLwmnx o6 bEeKTOB.

TEXHUYECKUE NPEUMYLLECTBA
TexHUuYecKme XxapakTeprUCTUK/ COOTBETCTBYIOT 3apy0ex-
HbIM aHasioram.

OXWAAEMbI PE3YJIBTAT MPUMEHEHUA

MNMomoxeT 3¢pPeKTUBHO NpousBoauTb HabnogeHue 3a
MECTHOCTbIO 1 OCYLLECTBNIEHATb KOHTPOJIb OOCTAHOBKN B
noboe Bpemsi CyTOK B Anana3oHe Temnepatyp ot —20 o MoHoKynAp TennoBU3NOHHbIi
+55°C. C [aNbHOMEPOM

TEKYLLAA CTAAUNA PA3BUTUA

M3rotoBneHo 20 WTYK B pamMKax KOHTPaKTa Ha nocTaBky B MnH1CTepcTBO 060poHbI Pecny6nmkn benapyco. 3a-
K/toYeHbl HOBble KOHTPaKTbl Ha 50 WTyK.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3BAUHTEPECOBAHHDIE B PA3PABOTKE
MuHucTepcTBo o6opoHbl Pecnybnukn benapyco.

PYKOBOAUTEJIb PASPABOTKU

CeuboBuy Nnbs BauecnaBoBuY, HauaNbHVIK CEKTOPA TEMIOBU3MOHHbBIX M KOMOMHUPOBAHHbIX NPUGOPOB 1 Aasb-
HOMEPOB.

KOHTAKTHbIE JAHHbIE

E-mail: ilya.svibovich2020@gmail.com

Ten.: (4375 25) 540 81 15

[lanbHomep nasepHblit TennoBw3noHHasA Hacaaka Ha npubopb
HOYHOT0 BUAEHNA




MPOMDBIWNEHHOCTb: OT UHHOBALUW A0 NPOU3BOACTBA

XVI. OTKPbITOE AKUWOHEPHOE OBLLECTBO
«MUHCKWA SNEKTPOTEXHUYECKNI 3ABOJ,
UMEHW B. U. KO3JIOBA»

30. TPEXOA3HDbI TPAHCOOPMATOP, TPEAHA3HAYEHHDIN 419 PABOTbI B CETAX
6110 KB bE3 UI3SMEHEHWUA CXEMbI COEAWHEHUA

OMUCAHUE PA3PABOTKU

TpexdasHbili TpaHCPopMaToOp, NPUMEHAEMbIN B pacrnpefenm-
TeNbHbIX SNEKTPUYECKUX CETAX N1 NPeobpa30BaHNsA HAMPSPKEHNS.
ConepuT TpexdasHblii MarHNTONPOBOL, 0OMOTKY MEPBUYHOTO Ha-
NPXXEHWA, pa3MeLLIEHHbIE Ha BCEX CTEPXKHSIX, C COEIUHEHNEM «Tpe-
YrOSIbHUK», N0 MEHbLLEN MePe OfHO NepeKoYaloLLee yCTPOCTBO,
OTNINYAIOLLMIACA TEM, YTO OOMOTKA NEPBUYHOIO HAMPSXKEHWS Bbl-
MoJIHEeHa B BMAE KaTyLUEK, PAaCCUMTaHHbIX Ha Pa3HOe HanpsKeHue,
KOTOpble C MOMOLLbIO MEPEKIIIOYAIOLLETO YCTPONCTBA COEAMHEHDI
mMex gy coboli nocsiefoBaTenbHO W/Unun napannenbHo. TpaHchop-
MaTOp COXPAHAET CXeMy COeAMHEHWs CTOPOHbI BH «TpeyronbHuK»
Kak npu nogkoueHnm K cet 6 unu 10 KB, uto nossonseTt coxpa-
HUTb CTabWIIbHYIO PaboTy B 060UX CITyyasiX.

TEXHUYECKUE NPEMMYLLECTBA

Mo CpaBHeHMIO C aHaNloramu, [aHHOE V3Aesne No3BOJIAET COXPAHUTb CXe-
My coeuHeHUs 06MOTOK BH «TpeyronbHvK» Npyvi NOAKNIOUYEHUN K CETAM 6
unu 10 KB, obecneuriBas AOMKHOE KaueCTBO NIEKTPOIHeprmn 1 Tpebdye-
Mbl€ 3/IEKTPOMarHUTHbIe CBOMCTBa 63 U3NMLLIHKX 3aTpaT MaTepranos npu
N3rOTOBJIEHNMW.

OXXUAAEMbIA PE3YNLTAT NPUMEHEHUNA

dneKTpuuyecKkre Cetn npu HeobXxoarMoCTM MOTyT npuobpeTaTb OAWH
YHVBepCasbHblii TpaHcPopmaTop, obecneunBatoLwmin CTabunbHOe Kave-
CTBO NEKTPO3HEPTM, BMECTO JBYX.

TEKYLWAA CTAOUA PA3BUTUA
Pa3spaboTka BHejpeHa B MPON3BOACTRBO.

CBEAEHUA O NPABOBOW OXPAHE
PeecTp nonesHbix mogenein Pecnybnnku benapycb nog N2 13297.

MOTEHUWANDbHbIE NOTPEBUTENN U/ BAUHTEPECOBAHHDIE B PABPABOTKE
MO «bensHeprox, MAO «PocceTu», nobble ApYriie SMeKTPOCETEBbIE KOMMAHKM 1 NPOMbILLIEHHbIE NOTPebuTeny.

PYKOBOAUTEJ1b PASPABOTKU

LeBuyk AHgpen Viropesuny, nHxeHep-KOHCTPYKTOPp Il Kateropuu;
KoueTtkoB AHppen AnekcaHapoBNY;

KpvBuoB leHHagunn AnekcaHgpoBuy;

JTankmH Bnagncnas Uropesuny;

NeoHoBa EneHa HukonaesHa;

Jleyc lOpuin Bacunbesnu.

KOHTAKTHbIE BAHHbIE

E-mail: j71452359@gmail.com
Ten.: (+375 25) 606 13 06




XVII. 3AKPbITOE AKLIWOHEPHOE OBLLECTBO «CTPYHHDbIE
TEXHOJIOTUI»

31. MOAKOPMKA MWUAKAAl OPTAHNYECKAA KOMMNNEKCHAA UTERRA

ONMNUCAHUE PA3SPABOTKHA

Moakopmka xungKkas uTerra npefcraBnseT cobom opra-
HUYeckoe ynobpeHme, M3roTaBnMBaeMoe 13 paccbinyaTo-
ro 6uorymyca, pefIMKToBOro MCKOMaemoro cbipbs (Oypbii
yronb, Topd), Meaa, MMHepanbHbIX 1 OPraHUYecKnx sne-
MEHTOB MUTaHUA PacTEHNN.

uTerra NpoOV3BOANTCA Ha OCHOBE SKCTPAKTa N'YMUHOBbIX
Kucnot n3 6yporo yrna, topda, buorymyca, conepaliero
cBbiwe 3000 BUAOB MOSIE3HbIX MUKPOOPraHNU3MOB, 1 Ap.

MNopKkopMKa NpuMeHAeTCA ANA BblICOKOIGPEKTMBHOrO
3Konornyeckn 6e3onacHoOro BO3AeNbIBaHNA CEeNbCKOXO-
3ACTBEHHDBIX, LIBETOYHbIX KYbTYP, leKapCTBEHHbIX pac-
TEHWIA, CO3[aHNA, BOCCTAHOBMIEHUA 1 MOAAEPKaHUA no-
YBEHHOrO MIOAOPOANA, HAPYLUEHHOTO eCTeCTBEHHbIMM
npoueccamm Unm Xo3AnCTBEHHON AeATENbHOCTbIO Yeno-
BeKa, UTO NOATBEPKAAET 3HAUMMOCTb /1A HaLMOHaIbHOM

WTERRA SKOHOMUKM (B YaCTHOCTY, iNA CENbCKOXO3ANCTBEHHON OT-
pacin 1 CBA3aHHbIX C Hel).

KomnneKkcHbIn cocTaB NOAKOPMKN uTerra obecrneumBaeT ynydyuweHne KavyecTtBa paCTVITeJ'IbHOVI npoaykuyuu,
CTUMYINTNPOBaHME PoCTa U pa3BnTUA paCTeHMVI, nnogOHOWEHUA, ynydlleHne EKOPATUBHDBIX Ka4eCTB paCTEHVIIZ.

[lnA NoBbILWEHVA YCTONYMBOCTU PACTEHUI K HEONAronpurATHBIM YCIIOBUSIM OKPY»KaloLLel cpefbl 1 3a60n1eBaHUAM
B COCTaBe MCMOMb3yTCA /IMCUTOPDI, NMOTyYeHHble 13 rpuboB.

TEXHUYECKUE NMPEMMYLLECTBA

I'Iop,KopMKa uTerra ABNAETCA KOMIMIEKCHbIM 3KOIOTMYECKN YMCTbIM NPOAYKTOM C BbICOKMM COAepPKaHNEM Be-
LecTB, HeO6XOp,I/IMbIX AnA pocta v pa3BnTnAa paCTEHI/IIZ, N CTPYKTYPUPYOLWNX no4yBy KOMMOHEHTOB.

MopkopMKa uTerra pa3paboTaHa Ans Be4EHUSA OPraHNyecKoro CenbCKoro X03sncTea, 06ecneyrBaeT BbICOKOe
COfEepKaHUA B MOYBE arPOHOMMNYECKM LIEHHbIX a3POBHbBIX 1 aHa3POOHBIX MUKPOOPTraH3MOB.

I'IponyKT npon3BoanTCA C NCNOJIb30BaHMEM BbICOKOTEXHOJIOTMYHOIO O60py,D,OBaHI/IF|.
KOHTpOﬂb KayecTBa rotoBOro npoAaykKta npon3BognTCA Ha BCEX 3Tanax *KN3HEHHOro LnKna.

MpoayKT 3KOHOMMYEH B NCMONb30BaHMUN (CooTHoweHMe 1:500-1:1000 npn NOCTOAHHOM NONNBE), MOKA3blBaeT
BbICOKYI0 3$PEKTVBHOCTb NPV COBMECTHOM MPUMEHEHWM C OPraHNYeCK MM MaTepranamuy Ha necyaHbixX NoyBax.

npeVIMyLLl,eCTBOM TaKXe ABNAETCA KOHKYPEHTHAaA CTOMMOCTb NPOAYKTa NO CPaBHEHWIO C aHanoramu.

OXXWUAAEMbI PE3YNITAT NPUMEHEHUA
b deKT OT NpUMeHeHMA NOAKOPMKY uTerra:

— MOBbILWEHNE YPOXKaNHOCTM N KayecTBa CeIbCKOXO3ANCTBEHHOM npoaykummn o 50 %, yckopeHune pocta 1
Pa3BUTUS pacTEHUI 3a cYeT bonee 3GPEKTUBHOTO CHAGKEHWA T'YMUHOBBIMI KUCTTOTaMU, HEOOXOAMMbIMU NUTa-
TeNbHbIMY BELeCTBaMM 1 HaTypanbHbIMU GUTOrOPMOHaMU;

— BOCCTaHOB/EHME 1 NOAAEepPKaHMe NOYBEHHOMO NMIOAOPOAMA, HAPYLLEHHOMO eCTeCTBEHHbIMI NpoLeccaMmu
WIN XO3NCTBEHHON AeATENbHOCTbIO YeNI0BEKa;
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- perynnpoBaHue n Hopmanusauusa pH noussi;

— CTUMYNNPOBaHME Pa3BUTNA B NOYBE CEJIbXO-
3yrogmi accoumanmnm TbiCAY BUOOB MOJIe3HbIX NO-
YBEHHbIX MUKPOOPraHM3mMoB BO BCeM UX Npupoa-
HOM MHOroobpasuu;

— CHUXeHWne coepXaHnAa HUTPATOB, TAXKeJbIX
METaIJIOB N PaAVNOHYKTNAOB B paCTEHMAX 3a CHET
X CBA3blIBaHUA B No4Be.

TEKYLLAA CTAOUA PA3BUTUA

BbinonHeHa Hay4yHO-UCCnegoBaTeNnbCckasa WK
OMbITHO-KOHCTPYKTOPCKas (TexHONornyeckasn)
paboTa, pa3paboTKa BHeAPEHa B NMPOM3BOACTBO.

CBEAEHUA O NPABOBOW OXPAHE

1. CekpeT npomn3BoacTBa (Hoy-xay) 3A0 «CTpyH-
Hble TeXHoNorum» «TeXHOMOrMs MPOM3BOACTBA
NOAKOPMKU >KMAKOW OpraHMyeckon Ans pacre-
HUM “MNoyBeHHbIN 3nnKcup uTerra”» ot 28.09.2022.

[Tpon3sogcTBo UTERRA

2. TexHnueckue ycnosua TY BY 192425076.017-2023 «[TogKopMKM XnpKme opraHnyeckmne KomnieKkcHble ans
pacteHun uTerra, uTerra oasis (rocygapcTBeHHasa peructpaums ot 27.03.2023 N2 067638).

NMOTEHUWANbHbIE MOTPEBUTENU U/WTN 3ANHTEPECOBAHHDIE B PASPABOTKE

Mpoun3BoanTenn CenbCKOX03ANCTBEHHOW NPOAYKLMM (TENNYHbIE KOMOVHAaTbI, KPeCTbAHCKO-GepmMepcKme Xo-
3AI1CTBA, CENbCKOXO3ANCTBEHHbIE MPOM3BOACTBEHHbIE KOOMePaTHBbI, YaCTHbIe NMLa/NnoABopbA), nabopatopuu u
3KCMEepPMMEHTasbHbIE MIOLWAAKM HayYHO-00pa30BaTeNbHbIX YUPEXAEHUN, MUTOMHUKI.

PYKOBOJAUTEJIb PA3SPABOTKU

AnaTonun Sayapaosuy KOHNLKNIA, FeHepanbHbIN KOHCTPYKTOP.

KOHTAKTHbIE JAHHbIE
E-mail: info@unitsky.com
Ten.: (+375 17) 388 20 20




XVill. OEAEPANIBHOE TOCYAAPCTBEHHOE bIOXKETHOE
YYPEXAEHUE HAYKW «MHCTUTYT TENIOOU3UKK

UM. C. C. KYTATENAA3E» CWUBUPCKOT0 OTAENEHUA
POCCUACKOWN AKALLEMWU HAYK

32.CO3JAHUE NPOMDILLNEHHOIO MPOTOTUMA YCTAHOBKW ANA PASAENEHUA
30/10LLNAKOBbIX 0TX0A0B C UCMOJIb30BAHMEM TEXHONOT UK CYXOT0
30/10Y¥AANEHNA

OMUCAHUE PA3PABOTKM

MpombllneHHasn ycTaHOBKa:

— ANA BblAENEHNA 13 3010LWIaKOBbIX OTXOA0B MUKpocdep;

~ NCNONb30BaHNN/30/0LWaKOBbIX OTXOMI0B B MPOU3BOACTBE MOJIE3HbIX MPOAYKTOB B Pa3/INYHbIX OTPACNAX.

TEXHUYECKUE NPEMMYLLECTBA

PaspabotaHHas TexHonorua 6yaet obecneunsatb Cyxoe BblaeNieHne MUKpochep 1 NPOn3BOACTBO MONE3HbIX
NPOAYyKTOB (CTPOUTENbHbIX MaTeprasioB) U3 30/10LLIAKOBbIX OTXOA0B.

OXUAAEMbIA PE3YJIbTAT NPUMEHEHMA

MpomblLneHHble YyCTaHOBKM OyayT pa3mMelatbcs Ha 3onooTeanax T n TP3C. V3 3010WWnakoBbiX OTX0L0B
6ynyT BbLuenATbca Mukpocdepbl (8o 8 % obbema) AnA fanbHeLero NCNonb30BaHWA B Pa3fiMyHbIX 06nacTax.

OcTaBLwanca yactb 6WZ|,ET noaBeprHyTa cenapaumnm C BbiaesieHUeM noJie3HbliX NpoayKToOB.

TEKYLLUAA CTAONA PA3BUTUA
OnpepgeneHbl Lienesble 061aCTV NPUMEHEHNA TEXHONOMN 1 ee KPUTUYECKNE SNeMEHTbI.

CBEEH/A O MPABOBOI1 OXPAHE
Pernctpauus nateHTa Nno UToram 3aBeplueHmns pas3paboTku.

NOTEHUWAJIbHbIE MOTPEBUTENU WU/ 3AUHTEPECOBAHHDIE B PASPABOTKE
Bce TOU n IP3C.

PYKOBOAUTEJIb PASPABOTKU

CmoBxx IMutpuin Bnagumrposuy, 3aBeaytowwnii nabopatoprieli CUHTe3a HOBbIX MaTepranos, JOKTOp Gpr3nKo-
MaTeMaTUYeCKmX HaykK;

lopwkoB EBreHnin BanepbeBuy, pykoBoguTenb npoekTHoro oduca LITT UT CO PAH.

KOHTAKTHbIE A AHHbIE
E-mail: gorshkov@itp.nsc.ru
Ten.: (+7 913) 722 48 89

Q
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XIX. OQEAEPAJIDHOE TOCYAAPCTBEHHOE bIOIXKETHOE
ObPA30BATE/IbHOE YYPEXAEHUE BbICLLETO
O5PA30BAHMA «KY3BACCKUN TOCYAAPCTBEHHbIN
TEXHUYECKAW YHUBEPCUTET UMEHM T. ©. TOPBAYEBA»

33. MATHWUTHBI COPBEHT ANA NUKBUAALNKA ABAPUIHDIX PA3JINBOB HEOTH
WHEOTENPOAYKTOB

OMUCAHUE PA3PABOTKU

MarHuTHbI COpbEHT NpefCTaBNsET COOON YrNepOACOaePKaLLY0
CTPYKTYPY, NOSyUYEHHYO NPV aHa3Po6HOM COPAXKMBaHVIN GIOMacCChI,
rPaHyNPOBAHUY BTOPUYHOTO CbIPbA Vi OKATbIBAHWM €€ Ha MarHeTu-
TOBbIX A PaXx C nocnegytoLen yriedpvikaumen 4o nosayyYeHuns yrnepo-
[AMNCTOro TBEPAOro ocTaTKa (KapboHusata). OcHOBY copbeHTa npes-
CTaBfIAET MarHETUTOBOE AAPO (LeHTP rpaHynoo6pa3oBaHma) C Ha-
KaTaHHOW Ha Hero copbupytoLLei CMecbto (HamnosTHNUTENb + CBA3YHO-
Lee). HanonHutenb — yrnepoacoaepKaluye oTXoabl yrosbHOWM Ui
aepeBoobpabaTbiBatoLLel MPOMbILWIEHHOCTH, @ CBA3YloLlee — OT-
XO[1bl XKMBOTHOBOUECKIX MPEANPUATUAI UK BUONOrMYECKNX OUNCT-
HbIX COOPYEHWI CTOYHbIX BOA. [laHHbI COPBEHT JOMKEH XPaHUTb-
CA B CYXUX 3aKPbITbIX CKNAACKNX NMOMELLEHVISX M MOXKET TPAHCMOPTU-
poBaTbcA Bcemu Buaamm TpaHcnopTa. CopbeHT He 6oMTCA CnexiBa-
HUA NPV ANIMTENIbHOM XPaHeH — BbICOTa WTabenpoBaHua, Npwu
obecneyeHnmn yCTOMUNBOCTM N 6E30MAaCHOCTY MOXKET AOXOAUTb [0 MarHuTHblit copbeHT
4 M, BOT/INUME OT COPOEHTOB HAa OCHOBE MPOYKIX BELLECTB, KOTOPbIE
VMEIOT XKECTKME OrpaHnyeHUs Mo BbICOTE WTAabenpoBaHmns 1 NOC/e CIEXMBAHMA NOSHOCTLIO YyTPAUNBAIOT CBOU
OCHOBHble abcopOLIMOHHbIE CBOMCTBA. He TepsieT cBon abcopbLMOHHbIe CBOVCTBA B TeUEHME BCEro CPoKa Xpa-
HEHUA, KOTOPbI He orpaHuyeH. HaHeceHne n cbop copbeHTa B OCHOBHOM OCYLLECTBIAETCA NPU MOMOLLY dfeK-
TpomarHuTa. Mocsie Ncnonb3oBaHVA COPOEHT MOXKET BbiTb YTUAN3UPOBAH HECKOMIbKMMY cnocobamu, BKoUas
CKMraHvie B KayecTse TOM/MBA AJ1s NOJyUYeHVs TEMNSIOBOW SHEPrN U PereHepaumio.

TEXHUYECKUE NMPEMMYLLECTBA

MpeumyLiecTBOM pa3paboTKy ABNAETCA SKONOrnyeckas 6€30nacHOCTb, BOSMOXKHOCTb YaneHUs 3arpsa3HeHni
npakTUyeckn 1o nobon Heo6XOAUMON OCTaTOYHOWN KOHLEHTPaUMK HedTu B BoAe, YNPaBIAeMOCTb NPOLEeCcCcoM
33 CYeT MarHUTHbIX CBOMCTB, KOTOpble obecneunBaeT, MHepan marHetut (FeO-Fe,0,) c conepxaHunem xenesa
110 72 %, NCnonb30BaHMe AOPOroCTOSsILLEr0 KOMMOHEHTa MarHeTUTa NOBTOPHO, MPUMEHEHVE TaKOTro pofa Cop-
6eHTa B SKCTPEeMarbHbIX YCI0BUSIX.

OXXUAAEMbIA PE3YNIbTAT NPUMEHEHUA

OCHOBHOW Liesibio MPVIMEHEHMWA MAarHUTHOTO HepTecopbeHTa ABNAETCS OnepaTBHAsA OYMCTKA BOAHbIX OObeK-
TOB OT Pa3nMBOB HedpTU 1 HepTenpoayKToB. CBOEBPEMEHHOE KCMOJIb30BAHME MAarHUTHOIO COpbeHTa NO3BOAUT
ObICTPO TOKANMN30BATh U IMKBUAVPOBATL Pa3siMB He TOJIbKO Ha MOBEPXHOCTU BOZbl, HO U MOAO JIbJOM TEM CaMbIM
MUHUMM3UPOBATb Harpy3Ky Ha 3KOMOrnyeckyto 06CTaHOBKY, dniopy 1 dpayHy. MarHUTHbIE COPOEHT MOXET ObiTb
NPUMEHEH 1 peann3oBaH Kak B 1l0OOM pernoHe, rae NoTeHLManbHO MOXKET BO3HUKHYTb Pa3/ivB, Tak U B TAKOM
UyBCTBUTENTIbHOM M 3KCTPEManbHOM, Kak ApKTrnyeckasa 30Ha 1 panoHbl KpanHero Cesepa.




TEKYLLAA CTAQOUA PA3BUTUA
BbinyLeH onbITHbIN 06pa3seL,.

CBEJEHUNA O MPABOBOW OXPAHE

MaTeHT 2 665 440 PO, B01J20/30(2006.01), B01J20/24(2006.01) Cnocob nosy4YeHnss MarHUTHOro copbeHTa /
E. C. Ywakosa, A.T. Ywakos, E. A. KsaweBsas (Poccus).

MNOTEHUWAJIbHbIE NOTPEBUTENN U/ 3BAUHTEPECOBAHHbBIE B PA3PABOTKE

HedTenepepabatbiBatoime NpeanpuATUs, LEHTPbI TMKBUAALMM aBapuliHbIX pa3nueoB HedTu (JTIAPH), npea-
NPUATUA, Ha KOTOPbIX eXefIHEBHO NPoncxoauT obpa3oBaHme yrnepoaCcoAepKaLlx OTXOA0B.

PYKOBOAUTEJ1Ib PA3PABOTKU

YwakoBa EneHa CepreeBHa, AOLIEHT, KaHAMAAT TEXHUYECKMX HaYK.

KOHTAKTHbIE JAHHbIE
E-mail: brels@list.ru
Ten.: (+7 923) 616 16 36
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|. THE STATE SCIENTIFIC INSTITUTION
“INSTITUTE OF TECHNOLOGY OF METALS OF THE NATIONAL
ACADEMY OF SCIENCES OF BELARUS”

1. CARBIDE PRODUCTS UNDER THE BRAND “BYTS”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Carbide products are intended for processing materials by
cutting (cutters, drills, milling cutters, reamers, taps, dies).“BYTS”
carbide products are manufactured on modern equipment us-
ing technologies for the production of highly efficient metal-
cutting tools from finished powder and powder obtained by
processing carbide scrap, followed by hardening of the manu-
factured tool by a unique method of aerodynamic sound reso-
nance impact. Additional processing of carbide plates by aero-
dynamic sound effects provides an increase in the life of the
cutting tool up to 4.2 times and impact strength by 19-23 9%,
while maintaining high hardness (up to HRA 92 values), the
number of pores decreases.

Carbide inserts “BYTS”

TECHNICAL ADVANTAGES

Aerodynamic sound resonance impact is a high-energy hard-
ening method capable of reducing the crystal lattice distortion
density of hard alloy components by 15-20 % and increasing
the ductility of the cobalt binder. This several times reduces
the number of surface pores of the structure. Accordingly, it
becomes possible to increase the impact strength and tensile
strength (in bending) while maintaining high hardness.

EXPECTED RESULT OF APPLICATION

Organization of import-substituting production of carbide
tools “BYTS” for enterprises of the Republic of Belarus using car-
bide scrap. Scrap recycling will reduce the cost of manufactured
products by 20-30 %, and processing tools with aerodynamic
sound effects will increase the service life of wear-resistant car-
bide plates and their quality by 20-50 %.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

The method of aerodynamic sound resonance effect is protect-

X Plate pressing equipment
ed by patents of Belarus and Russia (BY 21049, RU 2 557 175).

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises of mechanical engineering and metalworking industry. The creation of the production “BYTS”
carbide tool on the basis of the ITM of the National Academy of Sciences of Belarus will provide a significant
potential for increasing the share of domestic carbide products used at Belarusian enterprises. This can be

@ .




INDUSTRY: FROM INNOVATION TO MANUFACTURING

achieved by replacing imported carbide plates and cut-
ters used in metalworking by the leading enterprises of
Belarus, such as JSC “BMZ"” — the management compa-
ny of the holding “BMK’, JSC “Amkodor”, JSC “Minsk Gear
Plant”, etc.

DEVELOPMENT MANAGER
Anatolij Zhigalov, Director, Grand PhD (Engineering).

CONTACT INFORMATION
E-mail: info@itm.by
Phone: (+375 222) 64 93 27

Wafer sintering equipment




Il. BELARUSIAN STATE UNIVERSITY

2. THERMOSTABLE AND HEAT-INSULATING COMPOSITE MATERIALS BASED

ON PHOSPHATE AND SILICATE BINDERS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Thermostable heat-insulating composite materials based on
liquid and solid phosphate and silicate binders with operating
temperatures up to 1,100 °C have been developed. Expanded ver-
miculite and perlite, as well as hollow microspheres (ash and glass),
were used as functional fillers. Main technical characteristics of ma-
terials are:

- curing temperature 20-200 °C;

— compressive strength 0.5-5.0 MPa;

- density 0.3-0.8 g/cm?;

- thermal conductivity coefficient 0.1-0.8 W/(m-K).

TECHNICAL ADVANTAGES

Main technical characteristics of developed materials are as fol-
lows:

1) reduced curing temperatures of composite materials;

2) materials are non-flammable, non-toxic, environmentally
friendly;

3) the production of the materials can be organized at any enter-
prise of building industry.

Domestic analogues are unknown. The scientific and technical
level of development is not inferior to the best foreign analogues.

EXPECTED RESULT OF APPLICATION

Thermostable and heat-insulating composite materials

Reducing energy costs in the production and operation of industrial and civil facilities, heat and fire protection

of industrial and civil facilities.

CURRENT STAGE OF DEVELOPMENT

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

INFORMATION ON THE LEGAL PROTECTION
None.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises of the construction (building) industry, energy, metallurgy.

DEVELOPMENT MANAGER

Konstantin N. Lapko, Leading Researcher, PhD (Chemistry), Associate Professor.

CONTACT INFORMATION
E-mail: apkokn@bsu.by
Phone: (+375 17) 209 51 82, (+375 29) 125 05 25
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3. EFFECTIVE FERTILIZER FROM MANURE WITHOUT SMELL

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The work discusses a method for producing effective fertilizer from organic
animal waste (manure or droppings) and hydrolytic lignin. This fertilizer is a
free-flowing, odorless powder, does not harm the environment and has a pro-
longed effect. The cost of fertilizer is approximately $ 150 per ton, which is sig-
nificantly less than the cost of world analogues. The resulting fertilizer is signifi-
cantly superior in quality to imported analogues. Only Belarusian raw materials
are used in the production of fertilizer, which makes it possible to completely
replace imports and create conditions for food security.

TECHNICAL ADVANTAGES

The developed fertilizer is an odorless, free-flowing powder that is conve-
nient to store and transport. During its storage, there is no loss of nitrogen
and nutrients, and manure runoff does not enter groundwater. Due to the
use of sorbent, the effect of the fertilizer is prolonged; it retains moisture and
nutrients at the roots of plants. Imported analogues have a strong unpleasant
odor, low efficiency indicators (on test crops watercress, dill, mustard greens),
cause mold to cover the soil and are much more expensive than the devel-
oped fertilizer.

EXPECTED RESULT OF APPLICATION

Creation of an enterprise for processing organic animal waste and hydrolytic
lignin into an effective, odorless fertilizer.

CURRENT STAGE OF DEVELOPMENT

A prototype was released.
Lisier
INFORMATION ON THE LEGAL PROTECTION

Know-how.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Agricultural enterprises, gardeners, market gardeners, flower growers, summer residents, farmers.

DEVELOPMENT MANAGER
Andrei Mamaeyv, Student of 1st Course;
Dmitry Grinshpan, Scientific Advisor, Head of the Laboratory, Doctor of Chemical Sciences, Professor.

CONTACT INFORMATION
E-mail: mamaev_a06@mail.ru, grinshpan@bsu.by
Phone: (+375 44) 564 43 06, (+375 29) 650 60 65

4. EFFECTIVE CARBON SORBENT FROM SAWDUST

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A method for producing of mesoporous activated carbon with a high specific surface area equal to 1,289 m%/g
is considered. The resulting coal has a very high sorption capacity for methylene blue, equal to 610 mg/g, and
exhibits ion-exchange properties with respect to heavy metal ions. Coal obtained by this method, in terms of
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its performance, significantly exceeds the best world analogues, but its cost is 4 times lower than the cost of im-
ported activated carbon. Due to the presence of mesopores, activated carbon has a wide range of applications,
including atomic power stations, and its production in Belarus will be profitable and help reduce the amount of
wood waste generated.

TECHNICAL ADVANTAGES

The developed activated carbon is significantly superior to the world’s best analogues. The sorption capacity
of the resulting sorbent for methylene blue is 595-610 mg/g, and that of imported analogues is 15-300 mg/g.
The resulting carbon has a high specific surface area (up to 1,400 m?/g), while it contains approximately equal
amounts of micro- (up to 2 nm) and mesopores (from 2 to 50 nm), which significantly expands the scope of its
application. The technology for producing coal is simple, and it uses exclusively Belarusian raw materials, which
makes it possible to completely replace imports. The cost of developed coal is approximately 4 times lower than
the cost of imported analogues.

EXPECTED RESULT OF APPLICATION

Creation of an enterprise for processing wood waste into activated carbon, introduction of the resulting sor-
bent into technological processes.

CURRENT STAGE OF DEVELOPMENT

A prototype was released.

INFORMATION ON THE LEGAL PROTECTION
Know-how.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Pharmaceutical enterprises (RUE “Belmedpreparaty”), sugar factories, distillery industry, nuclear power sta-
tions, enterprises with wastewater treatment problems.

DEVELOPMENT MANAGER
Andrei Mamaev, Student of 1st Course;
Dmitry Grinshpan, Scientific Advisor, Head of the Laboratory, Doctor of Chemical Sciences, Professor.

CONTACT INFORMATION
E-mail: mamaev_a06@mail.ru, grinshpan@bsu.by
Phone: (+375 44) 564 43 06, (+375 29) 650 60 65
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[1I. INSTITUTION OF THE BELARUSIAN STATE UNIVERSITY
“RESEARCH INSTITUTE OF PHYSICAL AND CHEMICAL
PROBLEMS”

5.NEW TYPES OF EDIBLE FILMS CONTAINING VARIOUS FOOD ADDITIVES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOP-
MENT

Edible films are a polymer material biodegrad-
able at the molecular level, which demonstrates an
alternative to the microbial mechanism (decompo-
sition in the environment under the action of bac-
teria or fungi), the mechanism of biodegradation
under the action of intracellular and non-cellular
enzymes (endo- and exoenzymes) contained in the
stomach and intestines of humans and animals, con-
sisting in the course of oxidation and hydrolysis reac-
tions. Edible films are the only type of biodegradable
polymer packaging that does not require separate
collection and special disposal conditions.

Obtaining edible films for food packaging is an
absolutely new direction of research in the Republic
of Belarus. They are not available on the market. At
the same time, various options for using such films
in the food industry are possible. For example, there
are known paper sheets with spices for frying meat,
fish, etc.,, which are offered and sold on the market of
the Republic of Belarus by the company “Maggi”. They can be replaced with edible films. Such a solution to the
issue entails a reduction in the amount of waste in the environment, since paper production is an environmen-
tally unsafe process that pollutes the environment with gaseous waste and a large amount of wastewater. We
have developed and are offering to introduce starch-based films containing various food additives: spices, oils,
vegetable purees, etc. Edible films containing such food additives are suitable for packaging and subsequent
frying of meat, fish, cheese, etc.

Edible films

TECHNICAL ADVANTAGES

Currently, both domestic and foreign analogues of the developed product do not exist. Storage and prepa-
ration of products in such films allows not only to extend the shelf life, but also to carry out the frying process
without or with a minimum amount of oil, preserve the juiciness of the product, give it a special taste and reduce
the amount of waste.

CURRENT STAGE OF DEVELOPMENT
Research work has been completed. Experimental samples were obtained under laboratory conditions.

INFORMATION ON THE LEGAL PROTECTION

There is a patent: Patent CN 105295113. Edible membrane with biological activity and preparation method
therefor. Huo P, Yu Z,, Xu X,, Savitskaya T., Makarevich S., Hrynshpan D.; assignee: Zhejiang Shure University;
application No. 201510828906.7 25.11.2015; published 03.02.2016. Potential intellectual property objects are
planned to be used (legal protection has not been provided, but there are signs of intellectual property objects,
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for the legal protection of which it is necessary to obtain security docu-
ments).

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Consumers of meat and cheese products, supporters of innovation
and healthy lifestyle.

DEVELOPMENT MANAGER

Dmitry Grinshpan, Head of the Laboratory of Cellulose Solutions and
Products of Their Processing, Research Institute of Physics and Chemical
Processing, BSU, Doctor of Chemical Science, Professor.

CONTACT INFORMATION
E-mail: grinshpan@mail.ru, grinshpan@bsu.by
Phone: (+375 29) 650 60 65

Edible films

6. BIODEGRADABLE FILMS FOR FOOD PACKAGING AND TRANSMUCOSAL DELIVERY
OF BIOLOGICALLY ACTIVE INGREDIENTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Obtaining edible films for food packaging is a completely new area of research in the Republic of Belarus.
A new method has been developed for producing durable edible films based on various types of starches for
internal packaging of food products. The films have high mechanical properties: strength 40-60 MPa with an
elongation of 5-20 %, have low oxygen permeability (100 times less than that of polyethylene films) and are
practically impermeable to various aromatic substances. The films are soluble in hot and cold water and do not
change the taste of the product packaged in them. Suitable for printing with special edible inks.

The resulting edible food packaging reduces water loss, controls gas exchange (oxygen, carbon dioxide), pre-
serves the taste, aroma, and aesthetic appearance of products and extends their shelf life. Completely water-sol-
uble films can be used for primary packaging of
dry bulk products: salt, sugar, tea, cereals, seeds,
spices, including spices forinstant noodles, sports
nutrition, as well as finely packaged honey, etc.

Such films can also be used to create oral strips
that quickly dissolve in the mouth with mouth
fresheners, medicinal films containing vitamins
and medications. Edible films that are resistant
to elevated temperatures (200 °C) can be used to
make tartlets for baking muffins and cupcakes,
and films containing spices can be used for fry-
ing meat and fish. It is possible to introduce vari-
ous ingredients into the composition of packag-
ing films, complementing them with taste, smell,
antimicrobial and antioxidant properties. The
service life of such films is equal to the shelf life
of the food products packaged in them. The
shelf life of films in warehouses under controlled
temperature and humidity conditions is at least

5 years. Biodegradable film

)
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In addition to providing consumers with
new functionality, edible packaging helps
solve the problem of reducing household
waste. Edible films can be used as coatings
on paper or cardboard to reduce their oxygen
and odor permeability. This biodegradable
material can be used for packaging fat and oil-
containing products instead of paper coated
with biodegradable polyethylene or silicone.

TECHNICAL ADVANTAGES

There is no production of edible films for
food products in the Republic of Belarus. The
feasibility of conducting research in this area
is confirmed by the fact that in the developed
countries of the world, the USA, Japan, France,
Germany and China, the production of such
packaging materials and their sale to the pop-
ulation has been organized for more than 20
years. Forecasts have been made for this mar-
ket segment today and it is expected that by
the end of 2023 the edible packaging market
volume will be $ 1.245 billion, compared to
$0.715 billion in 2016, which indicates a grow-
ing need for such materials and the prospects
for the development of their production.

The countries of Western Europe and the
USA have taken the path of creating such
packaging mainly from polymers extracted
from seaweed and cellulose derivatives, i.e.
along a very expensive route. Considering
the high consumer level of the population of
these countries, there are no problems with the sale of food products in such packaging in these countries.
In China, they took a different route: producing cheap but fragile films from pure starch for packaging sticky
candies under very uncomfortable conditions (100 % humidity and temperature 50 °C). These candies are very
popular and are sold throughout China and abroad (USA) under the brand name “White Rabit”".

We found a compromise option: producing cheap but high-strength films based on 90 % starch and 10 %
polymer from seaweed (sodium alginate, food additive E401), which have a much wider range of applications
than just for packaging sticky candies and chocolate products in film shells with anti-caries, antioxidant and
antimicrobial additives.

Biodegradable film

EXPECTED RESULT OF APPLICATION

Replacing synthetic biodegradable packaging polymer materials with biodegradable polysaccharide compo-
sitions is, accordingly, a solution to one of the pressing environmental problems of the modern world — the ac-
cumulation in the environment of waste synthetic polymers that are not subject to intensive physical, chemical
and biological decomposition.

CURRENT STAGE OF DEVELOPMENT

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

INFORMATION ON THE LEGAL PROTECTION

Potential objects of intellectual property are being used or are planned to be used (legal protection has not
been provided, but there are signs of objects of intellectual property, for the legal protection of which it is nec-

Q@



essary to obtain protection documents). Information: Patent CN 105295113. Edible membrane with biological
activity and preparation method thereof. Huo P, Yu Z., Xu X., Savitskaya T., Makarevich S., Hrynshpan D.; assignee:
Zhejiang Shuren University; application No. 201510828906.7 25.11.2015; published 03.02.2016.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Food industry enterprises and enterprises producing packaging materials for food products.

Consumer value is determined by the fact that the product will be attractive to the consumer not only due to
its improved qualities and new properties (taste, additional ingredients), but also due to the fact that the con-
sumer will understand that by purchasing products in environmentally friendly natural packaging, which does
not require disposal, it will contribute to the speedy achievement of sustainable development goals not only for
our republic, but also for civilization as a whole.

DEVELOPMENT MANAGER

Dmitry Grinshpan, Head of the Laboratory of Cellulose Solutions and Products of Their Processing, Research
Institute of Physics and Chemical Processing, BSU, Doctor of Chemical Science, Professor.

CONTACT INFORMATION

E-mail: grinshpan@mail.ru, grinshpan@bsu.by

Phone: (+375 29) 650 60 65
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IV. EDUCATIONAL INSTITUTION
“BELARUSIAN STATE UNIVERSITY OF INFORMATICS
AND RADIOELECTRONICS”

7. ELASTICAND BREATHABLE MICROWAVE ABSORBERS BASED ON FOIL MATERIALS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Can be used for:

- manufacture of overalls or casual clothing that provides human pro-
tection against the effects of electromagnetic radiation in the microwave
range;

- production of shields (partitions) for functional zoning of premises;

- manufacture of covers for mobile phones and tablets.

They are characterized by the properties of elasticity and breathability.

Mass per unit area is up to 1.0 kg/m2

Values of the attenuation coefficient of microwave radiation is from
-20.0 to -45.0 dB.

Values of the absorption coefficient of microwave radiation is up to 0.9.

Appearance
TECHNICAL ADVANTAGES

They are characterized by reduced mass per unit area.

EXPECTED RESULT OF APPLICATION

The products for protection of people from exposure to electromagnetic radiation in the microwave range
will be developed.

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

INFORMATION ON THE LEGAL PROTECTION
Patent of the Republic of Belarus for the invention No. 23305.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Individuals. Enterprises, the activities of whose employees are connected with the use of equipment that is a
source of electromagnetic radiation in the microwave range.

DEVELOPMENT MANAGER
Olga Boiprav, Associate Professor of the Information Protection Department, PhD, Associate Professor.

CONTACT INFORMATION
E-mail: smu@bsuir.by
Phone: (+375 29) 572 48 53




V. INTER-STATE EDUCATIONAL INSTITUTION
OF HIGHER EDUCATION “BELARUSIAN-RUSSIAN
UNIVERSITY”

8. TECHNOLOGY OF COMBINED MAGNETODYNAMICROLLING IN ACTIVE
PROCESSING MEDIU

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Increasing tribo-coupling life due to surface layer modification by combined treat-
ment with a magnetic field and repeated deformation by pulsed impact performed
in an active processing medium.

TECHNICAL ADVANTAGES

The annual economic effect of introduction of the surface modification technol-
ogy in low volumes in the testing phase is more than $ 30,000.

Technology transfer, license sale, preparation of technical and design documentation, technology implemen-
tation support at customers’ premises.

When implementing the technology at customers’ premises, the time-cost characteristics of the developed
project can be presented as follows:

- approval of technical specifications (time 5 %, cost 2 %);

— preparation of technical and design documentation (time 25 %, cost 28 %);

— manufacturing the tools necessary for the technology implementation (time 25 %, cost 50 %);

- the technology testing and implementation (45 % time, 20 % cost).

The total duration of the project is 10-12 month:s.

CURRENT STAGE OF DEVELOPMENT

A prototype has been released, the innovative product has
been put into production.

INFORMATION ON THE LEGAL PROTECTION

1. Patent 22193 BY, IPC B 24 B 39/02. Method and device for
finishing and strengthening treatment of the inner surface of
the hole in a ferromagnetic part / V. K. Sheleg, A. M. Dovgalev,
A. A. Zholobov, D. M. Svirepa, S. A. Sukhotsky // applicant and
patent holder Belarusian-Russian University. — No. a20140015;
applied on 03.01.14; published on 30.10.18, Bulletin No. 4. — 7 p.

2. Patent 2029667 RF, IPC 6 B 24 B 39/02. Method of finishing and strengthening treatment and the tool for
its implementation / A. M. Dovgalev (RB); the applicant and the patent holder A. M. Dovgalev. — No. 4400120;
applied on 29.03.88; published on 27.02.95, Bulletin No. 6. — 5 p.

3. Patent 2023578 RF, IPC 6 B 24 B 39/00. Method of finishing and strengthening treatment / A. M. Dovga-
lev (RB); applicant and patent holder A. M. Dovgalev. — No. 4732049/27; applied on 22.08.89; published on
30.11.94, Bulletin No. 22. — 5 p.

4. Patent 2068770 RF, IPC 6 B 24 B 39/02. Method of surface plastic deformation and the tool for its imple-
mentation / A. M. Dovgalev (RB); applicant and patent holder A. M. Dovgalev. — No. 4922542/27; applied on
29.03.91; published on 10.11.96, Bulletin No.31. — 7 p.
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5. Patent 2089373 RF, IPC 6 B 24 B 39/02. Method of surface plastic deformation and the tool for its imple-
mentation / A. M. Dovgalev (RB); applicant and patent holder A. M. Dovgalev. — No. 4924841/02; applied on
05.04.91; published on 10.09.97, Bulletin No. 25. — 7 p.

6. Patent 2052331 RF, IPC 6 B 24 B 39/02. Method of surface plastic deformation of rotational surface and the
tool for its implementation / A. M. Dovgalev (RB); applicant and patent holder A. M. Dovgalev. — No. 4854644/08;
applied on 27.07.90; published on 20.01.96, Bulletin No. 2. — 6 p.

7. Patent 17545 BY, IPC B 24 B 39/06. Tool and method of magnetodynamic strengthening of a flat surface of a
component / A. M. Dovgaley, S. A. Sukhotsky; applicant and patent holder Belarusian-Russian University. — No.
a20111278; applied on 03.10.11; published on 30.06.13, Bulletin No. 2. — 9 p.

8. Patent 17976 BY, IPC B 24 B 39/02. Method of magnetodynamic strengthening of the inner surface of a
round hole in a metal part / A. M. Dovgalev, D. M. Svirepa; applicant and patent holder Belarusian-Russian Uni-
versity. — No. a20120052; applied on 16.01.12; published on 30.08.13, Bulletin No.3. — 5 p.

In total, 60 patents for the invention have been received under the project.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

This technology cane be used in machine-building, automotive manufacturing, aircraft manufacturing, ship-
building, instrument-making, repair enterprises and other metalworking companies.

DEVELOPMENT MANAGER

Aleksandr Dovgalev, Dean of the Faculty of Pre-University Training and Career Guidance, Candidate of Techni-
cal Sciences, Associate Professor.

CONTACT INFORMATION
E-mail: rct.bru@tut.by
Phone: (+375 44) 345 40 56

9. AUTOMATED WELDING PROCESS REGISTRATION SYSTEM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Scope of application Control over compliance with the technology during welding operations at high-risk
facilities.

Technical specifications the system includes:

— hardware part: a recorder of welding process parameters with sensors of welding current, arc voltage, weld-
ing speed, ambient temperature and humidity, preheating temperature and near-heat zone temperature;

- registrar software, server part, client applications;

- database: instructions for the welding process, employees, welding equipment, welding tasks and passports
of welded joints.

TECHNICAL ADVANTAGES

Identification on the Registrar installed on each welding machine of the welder and the head of welding works
on the certificate with the RFID tag.

Selection of the required welding task from the Registrar's database and the welding modes required for
installation on the welding machine.

Storing data on welding mode parameters in non-volatile memory and transferring them to the server for
storage via GSM communication.

Real-time viewing of welding mode parameters via the client application.
Issuance of a sound signal by the Registrar and warning messages (SMS) to the head of welding operations




when the parameters of the welding mode go beyond the set limits.

Determining the location of the welding machine by the GPS coordinate of the Recorder, displaying its status
on the map.

Drawing up a passport for each welded joint.
Formation of reports on the work of welders, welding equipment.

EXPECTED RESULT OF APPLICATION
Improving the quality of welding work. Documentary confirmation of welding quality.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed, a prototype was released. Passes produc-
tion tests.

INFORMATION ON THE LEGAL PROTECTION

1. Utility model patent No. 12889, application No. u20210320, IPC B23K 9/10. Registrar of welding process
parameters / S. V. Bolotov, V. N. Pochuiko, N. K. Bobkov; application 13.12.2021; publ. 01.04.2022.

2. Certificate of registration of computer program No. 1475 Republic of Belarus. Automated system of registra-
tion of welding processes / S. V. Bolotov, K. V. Zakharchenkov, V. A. Furmanov, E. V. Makarov; applicant and copy-
right holder Interstate Educational Institution of Higher Education “Belarusian-Russian University”; application
13.12.2021; publ. 24.01.2022. — 1 p.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises and organizations that carry out welding work at high-risk facilities, certification centers for weld-
ers, welding processes.

DEVELOPMENT MANAGER

Sergey Bolotov, Dean of the Electrotechnical Faculty of the Belarusian-Russian University, Candidate of Techni-
cal Sciences, Associate Professor.

CONTACT INFORMATION
E-mail: s.v.bolotov@mail.ru
Phone: (+375 29) 699 31 56

10. ARCWELDING OF STRUCTURAL STEELS WITH DOUBLE JET COAXIAL SUPPLY
OF SHIELDING GAS COMPONENTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The technology is aimed to improve the technological and economic parameters of arc welding of structural
steels by forming a shielding gas mixture of variable composition directly in the arc burning zone by mixing
independent jets of argon and carbon dioxide coaxially fed into the arc.

TECHNICAL ADVANTAGES

This fundamentally new technology is substantially superior to the existing analogues in terms of economic
and process parameters. Its main advantage is the option of using the existing welding equipment, and the
equipment upgrading does not involve significant costs.

The directions for further development:

— control of welding parameters by nanostructural modification of the flow of shielding gas mixture during
arc welding;
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- welding of high-strength steels and alloys with adding
SF6 fluorinated gas components to reduce hydrogen satu-
ration of metals.

EXPECTED RESULT OF APPLICATION

Improving the efficiency of the gas shielded arc welding
in for welding metal structures at enterprises of the Repub-
lic of Belarus and the CIS countries.

CURRENT STAGE OF DEVELOPMENT
Ready to be used in production.

INFORMATION ON THE LEGAL PROTECTION

1. Device for gas flow visualization V. P. Kulikov,
Yu. A. Tsumareyv, A. O. Koroteev, D. A. Oleshkevich; applicant
and patent holder State Scientific Institution“Institute of Pow-
der Metallurgy”. — 7645 BY, IPC B 23 K9/00 — No.u20110199;
applied on 2011.03.23; published on 2011.10.30;

2. Overlapping welded joint of plates Yu. A. Tsumarey,
A.R. Luchenok, A. O. Koroteev; applicant and patent holder
State Scientific Institution “Institute of Powder Metallur-
gy" — 6412 BY, IPC B 23 K33/00 — No. u20091018; applied
on 2009.12.03; published on 2010.08.30.

3. Design of edge bevel of fixed joints with a fillet seam
Yu. A. Tsumarey, V. A. Popkovsky, V. N. Klochkov, A. O. Koro-
teev; applicant and patent holder State Institution of Higher
Professional Education “Belarusian-Russian University”. —
6805 BY, IPC B 23 K 33/00 — No. u20100432; applied on
2010.05.06; published on 2010.12.30.

4. Design of edge bevel of fixed joints with a fillet
Yu. A. Tsumarey, V. A. Popkovsky, V. N. Klochkov, A. O. Koro-
teev; applicant and patent holder State Institution of Higher
Professional Education “Belarusian-Russian University”. —
6799 BY, IPC B 23 K 33/00 — No. u20100431; applied on
2010.05.06; published on 2010.12.30.

5. Slot welding of plates Yu. A. Tsumarey, V. T. Shmuradko, A. O. Koroteev; applicant and patent holder State
Scientific Institution “Institute of Powder Metallurgy” — 6869 BY, IPC B 23 K 33/00 — No. u20091026; applied on
2009.12.04; published on 2010.12.30.

6. Plate welding Yu. A. Tsumarey, N. V. Kirshina, A. O. Koroteev; applicant and patent holder State Scientific In-
stitution “Institute of Powder Metallurgy”. — 7204 BY, IPC B 23 K33/00 — No. u20100813; applied on 2010.09.29;
published on 2011.04.30.

7. Form for preparation of edges of a fixed joint with fillet seams V. V. Desiatnik, Yu. A. Tsumarev, V. A. Pop-
kovsky, V. N. Klochkov, A. O. Koroteev; applicant and patent holder State Institution of Higher Professional Edu-
cation “Belarusian-Russian University”. — 7125 BY, IPC B 23 K 33/00 — No. u20100430; applied on 2010.05.06;
published on 2011.04.30.

8. Device for gas flow visualization V. P. Kulikov, Yu. A. Tsumarey, A. O. Koroteev, D. A. Oleshkevich; applicant
and patent holder State Scientific Institution “Institute of Powder Metallurgy”. — 7645 BY, IPC B 23 K 9/00 —
No. u20110199; applied on 2011.03.23; published on 2011.10.30.

9. Device for welding bath protection A. O. Koroteev, V. P. Kulikov, Yu. A. Tsumarev; applicant and patent holder
State Institution of Higher Professional Education “Belarusian-Russian University”. — 10194 BY, IPCB 23 K9/16 —
No. u20130946; applied on 2013.11.18; published on 2014.08.30.




10. Device for welding bath protection A. O. Koroteev, V. P. Kulikov, Yu. A. Tsumarev; applicant and patent
holder State Institution of Higher Professional Education “Belarusian-Russian University”. — 10194 BY, IPC B 23 K
9/16 — No. u20130946; applied on 2013.11.18; published on 2014.08.30.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Welding in mechanical engineering, petrochemistry, power engineering, automotive industry and con-
struction.

DEVELOPMENT MANAGER

Artur Koroteev, Head of the Department of Welding Equipment and Technology, Candidate of Technical Sci-
ences, Associate Professor.

CONTACT INFORMATION

E-mail: karatseyeu_artur@fastmail.com

Phone: (+375 29) 845 49 70

11. MECHANICALLY ALLOYED COMPOSITE POWDERS FOR GAS THERMAL COATINGS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Powders for gas-thermal spraying are obtained by the method of reactive mechanical
alloying, which consists in processing in an energetically stressed mill-mechanoreactor
a mixture of the initial powdered components of the matrix metal and elements inter-
acting with the base or with each other to form hardening phases. The resulting pow-
ders and coatings from them are characterized by higher hardness and heat resistance.
The coatings have increased wear resistance.

The proposed technology makes it possible to obtain powders of almost any chemi-
cal composition.

In addition to metal powders, the technology makes it possible to obtain metal-ce-
ramic materials, as well as ceramic-based powders.
TECHNICAL ADVANTAGES

Coatings from the developed powders are characterized by higher heat resistance, hardness and wear resis-
tance, while their cost does not exceed the cost of mass-produced materials. It is possible to adjust the chemical
composition, as well as the average particle size of the resulting powders.

EXPECTED RESULT OF APPLICATION

The developed materials will increase the efficiency of the restored and hardened parts, reduce the cost of
materials, and ensure import substitution.

CURRENT STAGE OF DEVELOPMENT
The innovative product has been put into production.

INFORMATION ON THE LEGAL PROTECTION
The development is not protected by legal documents.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
The development is used at JSC“BMZ", CJSC“Remeza’, JSC “KuibyshevAzot’, JSC “Mogilevkhimvolokno”.
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DEVELOPMENT MANAGER

Alexey Fedosenko, Associate Professor of the Department of “Technologies of Metals”, Candidate of Technical
Sciences, Associate Professor.

CONTACT INFORMATION
E-mail: 5trannik@tut.by
Phone: (+375 29) 546 96 34

12. TECHNOLOGY FOR INCREASING THE WEAR RESISTANCE OF TOOLING
AND TECHNOLOGICAL EQUIPMENT

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Increasing the wear resistance of tooling and technological equipment
is carried out due to the structural-phase modification of the surface lay-
er of the product as a result of bombardment of working surfaces with
charged particles under the influence of the cathode drop in the potential
of a glow discharge with a near-cathode magnetic field.

TECHNICAL ADVANTAGES

Simplicity of the design of the equipment used. There are no strict re-
quirements for the quality of surface preparation. Possibility of process-
ing products of complex shapes. Economical process. Short processing
time (up to 45 minutes). Preservation of structural dimensions and mac-
rogeometry of products. Environmental Safety. The processing is carried
out in an environment of residual atmospheric gases, and the process
does not involve any emissions into the atmosphere.

EXPECTED RESULT OF APPLICATION

Increasing the wear resistance of tooling and technological equipment
by 1.5-2.0 times.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

1. Pat. No. 6261 BY, U B 23 B 27/00 Polyhedral plate made of hard alloy /
V. M. Shemenkov; applicant and patent holder State institution of higher
professional education “Belarusian-Russian University”. — No. 200900812
application. 02/10/2009 // Official Bulletin / National Intellectual Property Center. — 2010. — No. 3. — P. 165.

2. Pat. No. 14716 BY, U C 21 D 1/78 Method of strengthening products made of metal or alloy, or super-hard
material, or graphite-containing material / V. M. Shemenkov, A. F. Korotkevich; applicant and patent holder
State institution of higher professional education “Belarusian-Russian University”. — No. 20091136 application.
07/27/2009 // Official Bulletin / National Intellectual Property Center. — 2011. — No. 1. — P. 28.

3. Pat. No. 8733 BY, IPC C 23C 14/00. Vacuum installation for hardening a product with a glow discharge / V.
M. Shemenkov, M. A. Belaya, A. L. Shemenkova, A. F. Korotkevich, D. S. Galyuzhin, N. A. Galyuzhina, K. A. Bodya-
ko (BY); applicant and patent holder State institution of higher professional education “Belarusian-Russian Uni-
versity”. — No. u20120383 application. 04/05/2012 // Official Bulletin / National Intellectual Property Center. —
2012.— No.6.— P. 224,




4. Pat. No. 8865 BY, IPC F 04 D 25/04. Cam mechanism / V. M. Shem-
enkov, M. A. White (BY); applicant and patent holder State institution
of higher professional education “Belarusian-Russian University”. —
No. u20120522 application. 05/18/2012 // Official Bulletin / National
Intellectual Property Center. — 2012. — No. 6. — P. 234.

5. Pat. No. 9478 BY, MPK C 23 C 14/00 Vacuum installation for hard-
ening products under the complex influence of a glow discharge and
a constant magnetic field: / V. M. Shemenkov, M. A. Belaya, V. V. Malu-
tin, A. L. Shemenkova, A. S. Batrakov (BY); applicant and patent holder
State institution of higher professional education “Belarusian-Russian
University”. — No. 20121152 application. 12/26/2012 // Official Bulle-
tin / National Intellectual Property Center. — 2013. — No. 4. — P. 231.

6. Pat. No. 10062 BY, MPK C 23 C 14/00 Vacuum installation for
strengthening products with a glow discharge / V. M. Shemenkoy,
M. A. Belaya, V. V. Malutin, A. L. Shemenkova, A. S. Batrakov , S. S. Tu-
makov, V. A. Gerasimovich (BY); applicant and patent holder State
institution of higher professional education “Belarusian-Russian Uni-
versity”. — No. 20130503 application. 06/11/2013 // Official Bulletin /
National Intellectual Property Center. — 2014. — No. 2. — P. 147.

7. Pat. No. 19126 BY, IPC C 23C 14/38 C 23 C 8/00. Method of
strengthening products made of metal or alloy, or superhard mate-
rial / V. M. Shemenkov, M.A. White (BY); applicant and patent holder
State institution of higher professional education “Belarusian-Russian
University”. — No. 20120561 application. 12/30/2013 // Official Bulle-
tin / National Intellectual Property Center. — 2015. — No. 2. — P. 68.

8. Pat. No. 19886 BY, MPK C 23 C 14/38, C 23 C 8/00 Method of
strengthening products made of metal, or alloy, or superhard graph-
ite-containing material / V. M. Shemenkov, M. A. Belaya, V. V. Malutin,
A.L.Shemenkova, A.S. Batrakov, S. S. Tumakov, V. A. Gerasimovich (BY);
applicant and patent holder State institution of higher professional
education “Belarusian-Russian University”. — No. a20130250 applica-
tion. 02.26.2013 // Official Bulletin / National Intellectual Property Cen-
ter.—2016.— No.1.—P. 104.

9. Pat. No. 11063 BY, MPK C 23 C 14/00 Vacuum installation for

strengthening products in a gas glow discharge / V. M. Shemenkov,

M. A. Belaya, A. L. Shemenkova, P. G. Zhukovets (BY); applicant and patent holder V. M. Shemenkov, M. A. Belaya,

A. L. Shemenkova, P. G. Zhukovets — application No. u20150346 10.13.2015 // Official Bulletin / National Intel-
lectual Property Center. — 2016. — No. 3. — P. 132.

10. Pat. No. 11108 BY, MPK C 23 C 14/00 Installation for strengthening tool and technological equipment /
V. M. Shemenkov, M. A. Belaya, A. L. Shemenkova, P. G. Zhukovets (BY); applicant and patent holder V. M. Shem-
enkov, M. A. Belaya, A. L. Shemenkova, P. G. Zhukovets — application No. u20150347 10.13.2015 // Official Bul-
letin / National Intellectual Property Center. — 2016. — No. 4. — P. 191.

11. Method of strengthening a product made of metal, or alloy, or superhard, or graphite-containing material:
Patent No. 21735 RB, MPK C 23C 8/06, C 23C 14/38 / Shemenkov V. M., Belaya M. A., Shemenkova A. L., Zhuk-
ovets P.G. (BY) — No. a20150619; appl. 2015.12.11 // Official Bulletin / National Intellectual Property Center. —
2018.— No.2.—P. 107.

12. Method of strengthening products made of metal, or alloy, or superhard, or graphite-containing material:
Pat. No. 22048 RB, MPK C23 C23 C 8/00 / Shemenkov V. M., Trukhachev F. M., Obidina O. V., Belaya M. A., Shemen-
kova A. L. (BY) — No. a201602207; appl. 2016.06.06 // Official Bulletin / National Intellectual Property Center. —
2018.— No.4.— P.92.
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13. Method of complex nitriding of products made of metals, or alloys, or metal-containing materials: Pat.
No. 22062 RB, PMK C 23C 8/36./ Shemenkov V.M., Belaya M.A., Shemenkova A.L. Lipsky A.E., Rabyko A.S. (BY) —
No. a 20160195; appl. 2016.06.01 // Official Bulletin / National Intellectual Property Center. — 2018. — No. 4. —
P. 92.14. Method of applying a protective wear-resistant metal-based coating to a product made of metal, or
alloy, or graphite-containing material: Pat. No. 22143 RB, C 23C 14/06, C 23C 14/35 / Shemenkov V. M., Belaya
M. A, Shemenkova A. L. (BY) — No. a 20160208; appl. 2016.06.06 // Official Bulletin / National Intellectual Prop-
erty Center.— 2018. — No. 4. — P. 93.

15. Method of strengthening products made of metals, or alloys, or superhard materials in a glow discharge
using an electromagnetic system No. 22366 RB, MPK S23S 14/38 / Shemenkov V.M., Makovetsky L.I., Zelenin V. A,,
Belaya M. A., Shemenkova A.L., Rabyko A.S., Eliseeva A.N. (BY) — No.a20170342; appl. 09.18.2017 // Official Bul-
letin / National Intellectual Property Center. — 2019. — No. 1. —P. 113.

16. Method of hardening the surface of a part No. 23852 RB, MPK C 21D 1/09, C 21D 1/04, C 21D 1/38,
C23C8/00, C 23C 14/38/ Shemenkov V.M., Devoino O. G., Rabyko M.A., Shemenkov V.V., Eliseeva A.N. Meshkova
V.V. (BY) — No.a220200373; appl. 12/21/2020.

17. Method of strengthening a product made of metal, or alloy, or superhard material conducting electric
current in a glow discharge in a magnetic field No. 23837 RB, MPK C 23C 14/35/ Shemenkov V. M., Rabyko M. A,,
Shemenkov V.V, Poltoratsky S. G., Eliseeva A. N., Rabyko A.S. (BY) — No. a20190316; appl. 11/11/2019.

18. Method of hardening the surface of a metal or alloy product No. 23381 RB, MPK C 23C 8/00/ Shemenkov
V.M., Rabyko M.A. (BY) — No. a 20190143; appl. 05/15/2019.

19. Method for complex processing of a product made of metal, or alloy, or graphite-containing material
No. 23734 RB, IPC C 23C 14/00, C 21D 1/09/ Shemenkov V. M., Vegera l. I, Rabyko M. A., Shemenkov V. V., Eliseeva
A.N. (BY) — No. a20200356; appl. 12/14/2020.

20. Method of hardening the surface of a cylindrical hole in a metal part No. 23750 RB, MPC C 23C 14/00, C
21D 1/09/ Shemenkov V.M., Svirepa D.M., Rabyko M. A., Dovgalev A. M., Shemenkov V. V., Eliseeva A. N., Kruchini-
na A.S. (BY) — No. a20200366; appl. 12/18/2020.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Used at OJSC “Mogileviftmash’, OJSC “TAiM’, Private Research
and Production Enterprise “Technolit”.

DEVELOPMENT MANAGER

Vladimir Shemenkov, Head of the Department of Mechanical En-
gineering Technology;

Marina Rabyko, Senior Lecturer of the Department of Mechanical
Engineering Technology.

CONTACT INFORMATION

E-mail: vshemenkov@yandex.by

Phone: (+375 44) 740 06 64




VI. VITEBSK STATE UNIVERSITY
NAMED AFTER P. MASHEROV

13. TECHNOLOGICAL TOOLING FOR PAD PRINTING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

In footwear production, various ink patterns are applied
to the upper and lower parts of footwear using the pad
printing method. Figure 1 shows the contours of the parts
of the shoe upper: left and right tibs 1 with the image of the
pattern 2, which is carried out by tampon printing.

The technological tooling blank is shown in Figure 2. The
technological tooling blank 1 is made of shoe cardboard.
In its area eight base holes 3 are made, with the help of
which the tooling is put on the base pins, which are lo-
cated on the movable table of the machine for pad print-
ing. In addition, corrugations 2 are made on the blank of
the technological tooling to show the size of the part. One
corrugation corresponds to the smallest size of the shoe
model, nine corrugations — to the largest. The same prin-
ciple of marking the sizes with corrugations is used on the
shoe upper parts.

The contours of the graded patterns are shown in figure
3. In the Figure 3 are marked 1 — contours of the patterns,
2 — contours of the pattern location.

The obtained contours for the pattern location after
transformation, transferred to the workpiece of the tech-
nological tooling 4, are shown in Figure 4. Figure 4 shows
the graded contours 1 of the right tibia, graded contours
3 of the left tibia and contour 2 of the pattern location,
which is common for the right and left tibia of each size as
a result of the transformations.

Let us make eight copies of the contours shown in Figure
4.Then in each copy we leave only one size and the num-
ber of corrugations corresponding to the size. Contours 1
and 3 overlap. We delete part of the contours that belong
to areas 1 and 3. We obtain a common contour belonging
to the contour part of the right and left shoe upper, which
will be based in the nest on the contour part.

The obtained contour is shown in the Figure 5. Figure 5
shows 1 — the workpiece of the technological tooling,
2 — the nest for placing the right and left parts, in which
the basing is carried out according to the part of the con-
tour, 3 — the corrugations. In Figure 5, the number of cor-
rugations corresponds to the largest size of the model.

Each plate of the technological tooling is cut on a cutting
plotter. Layout of plates during manufacturing is shown in
Figure 6.

Figure 1. Footwear upper details:
1— details of the shoe upper blank;
2 — pad printing pattern

Figure 2. Details of a shoe upper and blank technological tooling:
1— blank of the technological equipment;

2 — corrugations indicating the size of the parts;

3 — basing holes

Figure 3. Graded details of the upper:
1— design graded contours of the patterns;
2 — location of the image on the patterns of each size

%)
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TECHNICAL ADVANTAGES
The developed design of the tooling provides placement
of shoe upper parts for accurate patterning on the tampo
printing machine, eliminates multiple manual readjustment
of the machine when switching to a new model size. The
use of the tooling improves labour conditions and increases
the speed of the technological process. The advantages of
the tooling are also its versatility, simplicity of design and
manufacture, reusability. Figure 4. Graded upper parts after transformations on the tool-

EXPECTED RESULT OF APPLICATION ing blank: .
) o 1— design graded contours of the right patterns;
Increase in labour productivity by 20 % on average. 2 — location of the image on the parts of each size;

CURRENT STAGE OF DEVELOPMENT 3 — design graded contours of the left patterns

Development is implemented into production.

INFORMATION ON THE LEGAL PROTECTION

The product is protected in accordance with the copy-
right laws of the Republic of Belarus.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Shoe factories of the Republic of Belarus and foreign
countries. Figure 5. Blank tooling for the largest size of the top parts:

1— blank of the technological tooling;
DEVELOPMENT MANAGER 2 — nest for stacking the right and left patterns;

Artur Buyevich, Associate Professor of the Chair of Engi- 3 — corrugations indicating the size of the patterns
neering Physics, Candidate of Technical Sciences;

Denis Smirnov, Student of the VSU named after P. Mashe-
rov;

Vladislav Kapranov, Student of the VSU named after
P. Masherov.

CONTACT INFORMATION

E-mail: arturby@gmail.com

Phone: (+375 29) 399 10 92

Figure 6. Layout of the plates of the technological tooling




14.TOOLING FOR LASER COMPLEX

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed tooling is used for basing parts in the
working area of the laser complex.

The tooling for the laser complex consists of two plates
and includes holes for basing in the working area and ori-
entation holes. The plates are made of shoe cardboard on
a cutting plotter. The developed basing system allows the
tooling to be used repeatedly.

In the factory version, the work table does not have any
elements with the help of which it is possible to base the
cassette. Therefore, the design of the work table was sup-
plemented with basing elements. The design of the mod-
ernized table is shown in Figure 1. In the modernized table,
plates 2, 4, 5 with basing elements 7 are fixed on the hon-
eycomb plate 1. On the corner plates 2 and 5 there is one
basing element 7 each. On the middle plate 4 there are two
basing elements 7.

Two universal plates with dimensions 600*600 mm are
used to cover the entire working field of the cassette. The ar-
rangement of the baseplates on the work table allows each
plate to be mounted on three baseplates. The plate dimen-
sions correspond to half of the working field of this laser
complex. The plate sizes should be multiples of the work-
ing field of the equipment. For laser systems with a working
field of 1,200%1,200 four universal plates should be used.

Figure 2 shows the universal plate 1 of the technological
equipment with the basing holes 2 and mark 3, designed
for basing and correct orientation of the plate at repeated
use on the working table of the laser complex. The universal
plate is made of shoe cardboard on a cutting plotter.

Depending on the size of the processed parts, the volume
of production, the technological process of processing on
the laser complex can be used as a technological tooling
one universal plate, shown in Figure 2, or a cassette consist-
ing of two universal plates, shown in Figure 3.

Figure 3 shows a tooling consisting of two universal
plates: left 1.1 and right 1.2. The plates are glued together
with a tape 2, which allows folding the cassette in half for
easy storage.

After the technological tooling is installed on the laser
complex, the contours of the parts to be machined are
marked; the model number and the dimensions of the parts
are applied. The technological tooling is made in two copies
to ensure the overlapping of the operation of placing the
parts on the plates of the cassette and the technological op-
eration of processing on the laser complex.

Figure 4 shows the details of the shoe upper blank with la-
ser perforation, which is manufactured using the developed
tooling.

Figure 1. Modernized workpiece stacking table with base elements:
1— Cellular desk;

2,4,5— covers on the Cellular table;

7 — positioning holes

Figure 2. Universal plate of technological tooling for laser complex:
1— plate;

2 — positioning holes;

3 — orientation holes

Figure 3. Technological tooling for laser complex:
1—tooling as a complete;

1.1— left plate;

1.2 —right plate;

2 — connecting strip;

3 — orientation holes

)
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TECHNICAL ADVANTAGES

The developed design of the tooling is unique and differs
from the analogues as follows: the presence of the base sys-
tem, multiple use, the possibility of folding for storage.

EXPECTED RESULT OF APPLICATION
Increase in labour productivity by 30-40 % on average.

CURRENT STAGE OF DEVELOPMENT
Development is implemented into production.

Figure 4. Perforation of shoe upper blank parts manufactured with

INFORMATION ON THE LEGAL PROTECTION the developed tooling

The product is protected in accordance with the copy-
right laws of the Republic of Belarus.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Shoe factories of the Republic of Belarus and foreign countries.

DEVELOPMENT MANAGER

Artur Buyevich, Associate Professor of the Chair of Engineering Physics, Candidate of Technical Sciences;

Maksim Belyaev, Student of the VSU named after P. Masherov;
Denis Petrov, Student of the VSU named after P. Masherov.

CONTACT INFORMATION
E-mail: arturby@gmail.com
Phone: (+37529) 399 10 92

15. CAD OF THE SURFACE SWEEP OF TRUNCATED FOUR-SIDED PYRAMID

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed integrated CAD allows to expand the capabilities of CAD systems used at the enterprise.

CAD of the surface sweep of a truncated tetrahedral pyramid is a software tool that allows to build in an
automated mode the surface sweep of a truncated tetrahedral pyramid with division of the sweep along the
large side by an arbitrary secant plane. CAD allows to provide integration of the data of the surface sweep of the
truncated tetrahedral pyramid into the CAD system operating at the enterprise; to increase labour productivity,

to improve working conditions and to expand the range of products.

The window of the programme “CAD of pyramid sweep”shown in Figure
is similar to CAD “Profile Master” PM2000. The window of the programme
“Pyramid sweep CAD” is divided into two areas. The truncated pyramid
data input panel is the right part of the window and the graphical dis-
play panel s the left part of the window. The left panel displays projection
views of the truncated tetrahedral pyramid with letter indication of the
main parameters. The image is static, allowing the user to clearly visualise
the value of each parameter.

The following parameters of the truncated pyramid are used as variable
parameters (input data): length and width of the base, length and width
of the section surface, height of the pyramid, displacement values of the
section surface from the base (2 variable parameters), allowances for as-

CAM_by.exe programme icon
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sembly of the pyramid and allowances for joining external
products (3 variable parameters). In total, 12 variables are
used in the programme to fully describe the truncated tet-
rahedral pyramid. All 12 parameters are presented both on
the left and on the right panels. The language of messages
and comments of the programme is Russian. Font size and
colour — 14 pt. Such font size should be sufficient for work
in the workshop conditions with weak and uneven illumina-
tion. Reliability of the software operation is ensured by the
technology of protection against incorrect input of values
and access to non-existent data, as well as by the reliability
of the operating system installed at the enterprise.

TECHNICAL ADVANTAGES

CAD of surface sweep of truncated tetrahedral pyramid  Window of the program “CAD of pyramid sweep” with entered data
surface allows to provide integration of data of surface
sweep of truncated tetrahedral pyramid into CAD operating at the enterprise; to increase labour productivity, to
improve working conditions and to expand assortment of output products.

EXPECTED RESULT OF APPLICATION

Increase in labour productivity in the design of the reamer by ITR by 10 times. Increase in labour productivity
by 10-20 % on average when assembling the reamer into a body.

CURRENT STAGE OF DEVELOPMENT
Development is implemented into production.

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

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Electronic presentation. Video presentation of the programme operation.

DEVELOPMENT MANAGER

Artur Buyevich, Associate Professor of the Department of Engineering Physics, Candidate of Technical Sci-
ences;

Ksenia Bendikova, Student of the VSU named after P. Masherov;
Andrey Simakov, Student of the VSU named after P. Masherov.

CONTACT INFORMATION
E-mail: arturby@gmail.com
Phone: (+375 29) 399 10 92
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VII. EDUCATIONAL INSTITUTION
“YANKA KUPALA STATE UNIVERSITY
OF GRODNO”

16. NANOCOMPOSITE ELECTRICALLY CONDUCTIVE LUBRICANTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Lubricating composite materials in the designs of friction
units of machines, mechanisms, and technological equip-
ment perform the function of an electrically conductive
component in combination with an anti-wear component,
ensuring the formation of separating films between the mov-
ing elements of the tribological system, reducing the likeli-
hood of interaction of microroughnesses and the formation
of wear particles due to adhesion, deformation and fatigue
processes.

The essence of the technical solution of the declared proj-
ect is to obtain nanosized metal particles directly in the envi-
ronment of the lubricant composition by implementing the
effect of adsorption interaction of the components immedi-
ately at the moment of formation from a metal-containing
compound (in statu nascendi). The technology for producing
nanocomposite electrically conductive lubricant composi-
tions makes it possible to obtain compositions containing metal, metal-polymer and metal-carbon nanoparticles,
which provide the necessary mechanism for the formation of a separating layer in a friction unit with a given level
of current flow.

Practical use

When using nanoparticles of high-conductivity metals with a spherical habit, not only contact conductivity
is ensured, close to that of metal, but also high wear resistance of the tribological interface due to the forma-
tion of a separating, easily mobile layer with high resistance to multi-cycle deformation without destruction
and alternating transfer. Such separating layers provide synergistic combinations of tribological and electrical
characteristics.

TECHNICAL ADVANTAGES

An important feature of the effectiveness of lubricating compositions is high electrical conductivity in com-
bination with the formation of separating layers with the ability to undergo repeated deformation without de-
struction and alternating transfer during the operation of the tribological system without loss of tribological
characteristics, including under extreme loads, sliding speeds, alternating nature of motion (reciprocating ), in
start and stop mode (start-stop mode).

When using metal-polymer nanoparticles as a functional modifier, an anti-wear effect is realized under condi-
tions of corrosion-mechanical wear due to the implementation of a reversible phase transition “metal — metal-
containing compound”. This transition increases the wear resistance of a heavily loaded friction unit by at least
3-5 times compared to a unit lubricated with effective grease such as “LITOL’, “CIATIM", “ITMOL’, etc.

EXPECTED RESULT OF APPLICATION

During the implementation of the project, scientific principles will be created for the production of nanocom-
posite lubricants for heavily loaded friction units, including those operated when electric fields are applied with

the simultaneous and reverse nature of the movement of tribosystem elements.



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

INFORMATION ON THE LEGAL PROTECTION

The nanocomposite electrically conductive lubricants contain know-how and can be patented by the cus-
tomer to ensure their priority and protect the sales market.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

It is advisable to use the developed nanocomposite lubricants in mechanical engineering, electric transport,
energy and the chemical industry to increase the service life of friction units operated in extreme conditions.

A special area of application for nanolubricants are sliding electrical contacts used in electrical machines, ur-
ban and railway electric transport, and in the operation of sliding connectors in electrical equipment of various
designs.

DEVELOPMENT MANAGER

Struk Vasily Aleksandrovich, Professor of the Department of Materials Science and Resource-Saving Technolo-
gies of Yanka Kupala State University of Grodno, Doctor of Technical Sciences, Professor;

Antonov Alexander Sergeevich, Associate Professor of the Department of Materials Science and Resource-
Saving Technologies of Yanka Kupala State University of Grodno, PhD, Associate Professor.

CONTACT INFORMATION

E-mail: antonov.science@gmail.com

Phone: (+375 29) 265 99 36

Practical use




INDUSTRY: FROM INNOVATION TO MANUFACTURING

VIli. EDUCATIONAL INSTITUTION
FRANCISK SKORINA GOMEL STATE
UNIVERSITY

17. TECHNOLOGY OF HIGH-TEMPERATURE BONDING OF SILICON WAFERS FOR
MICROELECTRONICS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Technology has been developed for high-temperature
bonding (1200 °C) of monocrystalline silicon wafers. Glu-
ing was carried out using the composition based on silicon
dioxide, which was applied to the surfaces to be joined by

spraying.

TECHNICAL ADVANTAGES

The basis of a number of microelectromechanical systems
is a two-layer stack of silicon-glass wafers obtained by an-
odic bonding. The most common option is welding over the
entire surface of plates with a thickness of 0.3-3.0 mm and a
diameter of 30 to 150 mm. Within the volumes of welded sil-
icon and glass wafers, corresponding structures are formed
within single elements of a given shape and size (several
mm). Subsequently, separation cutting is carried out into
individual elements. The essence of the anodic welding pro-
cess is to compress silicon and glass plates, heat them to a
temperature of 200-550 °C and apply an electrical voltage
of 200-2,000 V DC (anodic bonding).

When heated, sodium oxides in the glass split, under the influence of an electric field, positively charged alkali
metal ions move from the boundary of contact with the silicon wafer, thereby leaving at the boundary a layer
enriched with oxygen, which reacts with silicon, oxidizing it and forming a permanent layer. The main disadvan-
tage of anodic welding is the need for expensive technological equipment during use, additional equipment for
plates with Al metallization and in the case of integration of dissimilar materials, as well as the highest require-
ments for the geometry of the bonded plates.

Bonding of monocrystalline silicon wafers

To create a stable connection between plates of various materials, we propose to use a low-melting glassy
composition formed by the sol-gel method. This minimizes the influence of the difference in temperature coef-
ficients of linear expansion (TCLE) of the materials being joined and the intermediate layer. It is known that this
difference should not exceed 1x10° °C™". Otherwise, mechanical stresses induced by heating/cooling lead to
cracking of the connected plates, disruption of the tightness of such a connection and its electrical properties.

The cost of one liter of aqueous suspension of silicon dioxide is $ 20 (20 ml of ready-made suspension is used
to connect a pair of plates), which is much cheaper than its analogues.

EXPECTED RESULT OF APPLICATION

This technology can be used to obtain SOI (silicon on insulator) structures and integrated circuit production
technology.

Electronics industry enterprises are interested in the presented technology: JSC“Kremniy EL Group” (Bryansk,

Russia), “Solar Silicon Technologies” (Podolsk).



CURRENT STAGE OF DEVELOPMENT
Research work has been completed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Electronics industry enterprises are interested in the presented technology: JSC “Kremniy EL Group” (Bry-
ansk, Russia), JSC “Rusal Silicon Ural” (Sverdlovsk region), JSC “Solar Silicon Technologies” (Podolsk), JSC “Inte-
gral” (Minsk).

DEVELOPMENT MANAGER

Vladimir Gaishun, Head of the Department of Optics, PhD (Physics), Associate Professor.

CONTACT INFORMATION
E-mail: vgaishun@gsu.by
Tel.: (+375 232) 50 38 22
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IX. EDUCATIONAL INSTITUTION SUKHOI STATE
TECHNICAL UNIVERSITY OF GOMEL

Metal cutting tools

Friction damping composite materials

18. PROGRESSIVE MATERIAL PROCESSING METHODS
AND METAL-CUTTING TOOLS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

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

TECHNICAL ADVANTAGES

Material components are cheap and do not require processing. They
increase the vibration resistance of built-up mechanical joints and the
reliability of detachable and non-detachable joints by 1.4 times. The pro-
posed 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 documentation 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 OJSC “Gomel Machine Tool Units Plant” production.

CURRENT STAGE OF DEVELOPMENT

Patents for the following inventions are obtained:

- No. 12660 “Composite material for coating the contact surfaces of a prefabricated cutting Tool”;
- No. 7400 “Polymeric friction composition”;

— No. 19834 “Composite soldering material”

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Machine-building enterprises.

DEVELOPMENT MANAGER

Mikhail Mikhailov, Doctor of Engineering Sciences, Professor, Head of Robotic Systems Department.

CONTACT INFORMATION
E-mail: mihailov@gstu.by
Tel.: (+375 232) 29 01 04
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X. EDUCATIONAL INSTITUTION
“BELARUSIAN STATE UNIVERSITY
OF TRANSPORT”

19. HYDROPHOBIC COMPOSITION FOR PREVENTIVE TREATMENT OF ASPHALT
CONCRETE ROAD SURFACES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT
On a condition of highways affect:

- transport loads;

- weather and climatic factors.

The most adverse effect makes moderately continental climate with the Atlantic cyclones (the damp winter,
frequent temperature drops). At the same time, increase in moisture content of asphalt concrete and the signifi-
cant amount of transitions of temperature through 0 °C leads to increase in the destroying impact on surface.

Why there is a destruction of road surface?

Seasoning bituminous cement also influence of the water getting into material pores including to the empti-
ness of bitumen molecular lattice, leads to a spalling of the crushed stone cementing from the surface. At the
same time, there is a hydration of volume bitumen and destruction of polar linkages in structure of asphalt
concrete. Such destructive processes also influence of vehicles’ wheels, cause cracking and removal from the
surface layer the shallow particles of material. In a consequence, it leads to intensification of destruction process
and emergence of holes on the surface.

Quality improving of road surfaces can be reached at distribution of the hydrophobic structure for preventive
processing of asphalt concrete coverings of highways allowing:

- to create on surface also in cracks and pores of asphalt concrete coverings an armor water-repellent layer;
- to reduce covering material water saturation;

—to increase frost resistance of surface material;

—to raise an adhesion coefficient with wheels of vehicles;

- to expand a range of oil industry waste application also formed in the sphere of production and consump-
tion.

For achievement of goals, the hydrophobic structure for preventive processing of asphalt concrete coverings
of highways includes:

- the oil slime (oil processing waste) containing rubber — 50-80 %;

- organic solvent — 5-7 %;

- mineral filler — 8-16 %;

- water repellent — 7-27 %.

The asphalt distributor realizes distribution on the surface of the highway.

Comparative analysis of operating characteristics of asphalt concrete

Index Pure asphalt concrete Processed asphalt concrete
Water absorption, % 0.02 0.008-0.012
Frost resistance index 0.84 0.94-0.96
Adhesice capacity 0.52 0.54-0.56
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The cost of materials for processing of roads

Name The surface processing of covering Processing by preventive structure
Demand Cost Demand Cost

Crushed stone of fraction 1015 mm 11.5 kg/m? 10.0 $/t - -
Bituminous cationic emulsion 0.85 1/m? 325.0 %/t - -
0il processing waste - - 0.521/m? 10.0 $/t
Organic solvent - - 0.05I/m? 660.0 5/t
Mineral filler - - 0.15 kg/m? 20.05/t
Water repellent - - 0.03 |/m? 3,300.0 $/t
Total costs of materials 0.39 $/m? 0.14 §/m?

TECHNICAL ADVANTAGES

To date, the following protective coatings are carried out in the Republic of Belarus: surface treatment, which
is the distribution of binder and crushed stone on the surface of the highway according to RD 0219.1.07-2002,
laying of cold cast asphalt concrete mixture according to STB 2036, the device of a thin-layer asphalt concrete
coating according to Novachip technology in accordance with RD 0219.1.09-99. The most common is surface
treatment using cuboid crushed stone fractions of 5-10 and 10-15 mm and bitumen emulsion as a binder,
which is carried out in volumes of about 1,500 km in each region of the country. The main disadvantages of
these technologies are sensitivity to external factors (in particular, the inability to perform work at temperatures
below +5 °C), a long period of restriction of movement on the freshly laid layer, high cost of work. The cost of
materials for preventive treatment with the proposed hydrophobic composition is two times lower than that of
the traditional method.

EXPECTED RESULT OF APPLICATION

Preventive processing of asphalt concrete covering by the developed composition allows prolonging its en-
durance by 1.5 times also to increase by 10 % an adhesion coefficient with wheels of vehicles. Annual economic
effect at processing 1 km of the highway of the 4th technical category is $ 6.52 thousand.

At processing of 100 km — $ 652.4 thousand, that corresponds to payback period of equipment for obtaining
preventive mixture 0.7 years or one season.

CURRENT STAGE OF DEVELOPMENT
Implementation in road construction organizations.

INFORMATION ON THE LEGAL PROTECTION
The development is protected by four patents of the Republic of Belarus.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Organizations and enterprises that serve the network of local (regional) highways; organizations of the Minis-
try of Transport and Communications that serve the network of republican highways; organizations and utilities
that serve urban road networks (streets).

DEVELOPMENT MANAGER

Dmitry I. Bochkaryov, Dean of the Construction Faculty, PhD, Associate Professor.

CONTACT INFORMATION
E-mail: bochk_dmitr@mail.ru
Phone: (+375 44) 789 50 28




20. ORGANIZATION OF PRODUCTION OF ACTIVATED CRUSHED STONE FROM
GRANITE ROCKS FOR ROAD-BUILDING MATERIALS WITH INCREASED DURABILITY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The practice of applying of black concrete, bituminous concrete and emulsive-mineral blends obtained from
traditional materials in road building demonstrates their low durability due to low corrosion resistance. It can be
explained by the defects in the structure of these materials, which are concentrated in the mineral materials and
adhesive substances zone of contact. The modification of crushed stone surface and sand be activated mixtures
allows to get rid of this defect and significantly increase the quality of road building materials.

At present the method of chemical modification of granite material surface used for the production of black
concrete by means of polyvalent metal acids has been developed. This method allows to produce activated
crushed stone. The granite modification biions of polyvalent metals such as AI+3, Cr,Fe T, having theion ra-
dius 0.71 A0 for Al_, and 0.64A0 for Cr+3and having the interactive energy with silica0.715 and 0.392 eV respec-
tively allows to reinforce the contact zone with the concrete glue to the depth of 1-2 nm. This method prevents
water wedges which has lower interaction energy with modificated surface (0.094 and 0.108 eV respectively).
The strength of concrete can be increased on an average by 40-50 % and freezing resistance by 30-35 %.

The efficient strengthening of adhesive interaction in the “mineral material-organic adhesion” system of the
emulsive-mineral mixtures can be obtained by means of crushed stone processing by aqueous solutions of an-
ion surface-active agents. Their activity leads to election-donor centers on the activated surface, causing the mi-
nus charges which interact with plus charges molecules of basic ion bituminous emulsion with strong adhesive
connections and as a result leads to of the emulsive-mineral blend. The blend’s compressive strength increases
1.4-1.5-fold the module of permanent set in case of collapse — 1.15-1.20-fold while water saturation decreases
1.3-1.4-fold.

The granite activated surface is able to absorb bituminous compounds including hydroxyl (-OH), carbon-
yl (=C=0), carboxyl (-COOH), ester ether (-COOR) groups and aromatic polycyclic structures having nitrogen
and sulphur with undivided electron pairs which can be the donors of electrons. Bituminous concrete on the
basis of mineral materials with activated surface has 30 % higher ratio of long water resistance in the solution of
anti-icing materials in comparison with conventional one. The decrease of bituminous concrete strength under
the conditions of constant freezing-thawing slows down 1.4-fold.

The goal of the project is the organization of activated granite crushed stone for road building materials with
higher durability. The goal can be achieved by activating the new surface of granite mineral material in the
process of its crushing in the centrifugal-percussion crusher (simultaneously it is possible to reduce the dust
content of the air near the crusher) and while road-metal washing.

TECHNICAL ADVANTAGES

The applying of activated granite crushed stone allows to increase the strength of concrete by 40-50 %, freez-
ing resistance by 30-35 %. The compressive strength of the emulsive-mineral mixture increases 1.4-1.5-fold.
Bituminous concrete on the basis of mineral materials with activated surface has 30 percent higher ratio of long
water resistance in the solution of anti-icing materials in comparison to conventional one. The decrease of bitu-
minous concrete strength under the conditions of constant freezing-thawing slows down 1.4-fold.

The big repair of pavement with use of bituminous concrete with activated mineral materials is to be carried
out every 7.6 year. Taking into account that the present interrepair time is 5 years, it is expected to increase the
pavement durability 1.5-fold. The same calculation for emulsive-mineral mixture with activated mineral materi-
als shows the increase of the pavement durability 1.66-fold.

EXPECTED RESULT OF APPLICATION

Preventive processing of asphalt concrete covering by the developed composition allows prolonging its. The
applying of activated granite crushed stone allows to increase the strength of concrete by 40-50 %, freezing
resistance by 30-35 %. The compressive strength of the emulsive-mineral mixture increases 1.4-1.5-fold. Bitumi-
nous concrete on the basis of mineral materials with activated surface has 30 percent higher ratio of long water
resistance in the solution of anti-icing materials in comparison to conventional one. The decrease of bituminous
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concrete strength under the conditions of constant freezing-thawing slows down 1.4-fold.

The big repair of pavement with use of bituminous concrete with activated mineral materials is to be carried
out every 7.6 year. Taking into account that the present interrepair time is 5 years, it is expected to increase the
pavement durability 1.5-fold. The same calculation for emulsive-mineral mixture with activated mineral materi-
als shows the increase of the pavement durability 1.66-fold.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been carried out; an experimental batch has been released.

INFORMATION ON THE LEGAL PROTECTION
The development is protected by five patents of the Republic of Belarus.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Organizations and enterprises that serve the network of local (regional) highways; organizations of the Minis-
try of Transport and Communications that serve the network of republican highways; organizations and utilities
that serve urban road networks (streets).

DEVELOPMENT MANAGER
Dmitry I. Bochkaryov, Dean of the Construction Faculty, PhD, Associate Professor.

CONTACT INFORMATION
E-mail: bochk_dmitr@mail.ru
Phone: (+375 44) 789 50 28

21. MULTIFUNCTIONAL RAIL-ROAD VEHICLES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Multifunctional equipment has been created for train and shunting operations, year-round maintenance of
roads, loading and unloading operations, landscaping, maintenance of bridge and tunnel structures on auto-
mobile and railway communications, as well as elimination of the consequences of emergency situations of
various types by installing a combined rail-wheeled course on energy-saturated automobile and special chassis.

The tests carried out showed the high traction potential of locomobiles on the chassis of MAZ-6312, MTZ-82,
MTZ-1221, MTZ-1523 and the wide technological capabilities of universal track vehicles on the chassis of “"UAZ",
“TOYOTA",“IVECO’, Sh-446 “Belarus” in compliance with the requirements of current regulatory documents in the
field of traffic safety and work, and also competitive price and the possibility of rapid development of produc-
tion.

TECHNICAL ADVANTAGES

In the real sector of the economy of the Republic of Belarus and the CIS countries, over 75 % of enterprises
in various industries and agro-industrial complex have a volume of traffic limited to a few wagons per day. The
traditional transport technologies used in these conditions using shunting locomotives of the TGC, TGM, TEM,
CHME series, etc., with a capacity of up to 1,500 hp and a coupling weight of up to 130 tons lead to very high
costs, which are dominated (up to 70 %) by energy costs. The main reason for this situation is the inefficient use
of diesel locomotives in terms of power (up to 20-25 %) and time (up to 20 %). Cost reduction in this area is
possible by replacing shunting locomotives with multifunctional vehicles on a combined rail-pneumatic wheel,
which can carry out train and shunting operations with trains weighing up to 1,000 tons, without requiring spe-
cialized infrastructure for operation (depot) and having a significantly lower cost.

At the same time, in a number of organizations and structures, which include the transport troops of the
Armed Forces of the Republic of Belarus, the Ministry of Emergency Situations, metro, tram facilities, etc., there
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is a need for the availability of multifunctional specialized equipment for year-round maintenance of roads,
loading and unloading operations, landscaping, maintenance of bridge and tunnel structures, as in road and
railway communications. The solution of this problem is also possible by equipping pneumatic-wheeled ener-
gy-saturated equipment with combined rail-pneumatic-wheeled mechanisms and installing a wide range of
replaceable working equipment.

The tests have shown that locomobiles on the MAZ-6312 chassis are capable of operating with a maximum
train weight of up to 1,000 tons (the number of cars is up to 12). The nominal number of wagons at speeds up to
40 km/h is 4-5 units. At the same time, the fuel consumption is 20 liters / mach.-an hour against 180 for a TEM-
type locomotive, and the cost of $ 150 thousand against 1.5 million. An analog car — Unimog (Mercedes-Benz)
has a cost of 500 thousand euros. The machine is an analog of the production of UralAZ (Miass, Russian Federa-
tion) has a cost of $ 200 thousand.

The installation of an automatic coupling, an additional compressed air supply system for rolling stock brakes,
an integrated locomotive safety device (CLUB-UP) and train radio communication equipment on the MAZ-6312
chassis equipped with a combined stroke allows all types of shunting operations in accordance with the require-
ments of the Rules of Technical Operation of the Belarusian Railway.

Installation of additional equipment (crane installation, hydraulic manipulator, equipped with a grab, a grab
for replacing sleepers, a brush; snowplow; van body, etc.) allows for year-round maintenance of roads, loading
and unloading operations, landscaping, maintenance of bridge and tunnel structures, both on automobile and
railway communications, as well as the elimination of consequences of emergency situations of various nature.

The tests carried out showed that the developed universal track machine on the chassis of the Sh-446 Minsk
Tractor Plant is capable of performing shunting operations with 2-3 units of rolling stock or performing mainte-
nance and repair work in a cyclic mode. A comparison of the machine with the most common machine for lifting
and straightening the track VPR-1200 (VPR-02) shows that with a lower productivity of 5.2 times (125 m/h versus
650 m/h), the universal track machine consumes 4 times less fuel (10.5 I/mach-h versus 40 I/mach-h) and it has
a cost of about $ 100 thousand versus $1.0 million.

The installation of an automatic coupling, a snowplow, an additional compressed air supply system for rolling
stock brakes, traffic safety equipment and train radio communication also allows for all types of shunting opera-
tions in accordance with the requirements of the Rules of Technical Operation of the Belarusian Railway.

EXPECTED RESULT OF APPLICATION

The market of vehicles on a combined course includes the needs of the Armed Forces of the Republic of Be-
larus, the Ministry of Emergency Situations, the Belarusian Railway, metro, tram economy, as well as enterprises
with access roads and carrying out reception and shipment by rail, construction and operation of railway tracks.
Currently, heavy-duty vehicles with a narrow functional purpose are offered on the market to perform shunt-
ing and technological work
on railway tracks, which de-
termines their low utilization
rate during operation. The
high cost of this equipment
and the dependence of its
operation on the availability
of infrastructure (depot) de-
termines the low volume of
sales (several units of track
equipment per year). The
appearance on the market
of multifunctional vehicles
based on cars that have a
low cost compared to track
equipment, ease of opera-
tion and high utilization rate

Universal track machine can change the market situ-
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ation in favor of increasing demand. This forecast is confirmed by the situation in the Russian Federation, where
there is production of similar equipment at a number of enterprises (Uralvagonzavod, UralAZ), as well as, until
recently, the purchase of imported equipment totaling about 100 units per year. Foreign experience confirms
this trend: on the railways of the EU and the USA, the performance of track and shunting work of small volumes
is carried out with similar equipment.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed, a prototype was released, development
is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
The development is protected by six patents of the Republic of Belarus.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

The Armed Forces of the Republic of Belarus, the Ministry of Emergency Situations, the Belarusian Railway, the
subway, the tram economy, as well as enterprises that have access roads and carry out receiving and shipping
by rail, construction and operation of railway tracks.

DEVELOPMENT MANAGER

Dmitry I. Bochkaryov, Dean of the Construction Faculty, PhD, Associate Professor.

CONTACT INFORMATION
E-mail: bochk_dmitr@mail.ru
Phone: (+375 44) 789 50 28




XI. BNTU BRANCH “RESEARCH POLYTECHNIC INSTITUTE®

22. COMPOSITE PLAIN BEARINGS, FOR USE IN HEAVY-LOADED FRICTION UNITS,
INCLUDING AS CRUSHERS, OR SEGMENT BEARINGS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

NIIL PTF, BNTU, developed metal composite materials with a macro-
heterogenic structure based on a matrix of copper alloys, reinforced
with iron-carbon granules. This type of material is used for heavy-duty
friction pairs used in various industries. One of the main advantages of
this material is the ability to work for a long time in conditions of dust,
high humidity and temperatures. Due to its high operational properties,
the Ministry of Energy, represented by JSC “BelEnergoRemNaladka’; has
become one of our main customers for critical parts of various types of
turbine units.

The properties of the material can vary based on the customer's re-
quirements by selecting the optimal matrix composition. In addition,
the use of cast iron granules as a reinforcing phase allows for subse-
quent heat treatment to obtain a wide range of their microstructures.
The different microstructure of the reinforcing phase provided a wide
range of physical and mechanical properties and wear resistance. The
analysis of the conducted tests showed that at a specific pressure of 2.9
MPa, the formation of a cut and setting between the sample material
and the counterbody was not observed in the entire studied range of
pV values (up to 78 MPa-m/s). At a specific pressure of 7.6 MPa, when the
value of pV = 50 MPa-m/s was reached, the formation of scratches on the
friction surface and the deposition of samples were observed. With an
increase in the specific pressure to 10.7 MPa, the friction surfaces were
set and incised at pV values above 43 MPa-m/s.

Operating temperature is up to 450 °C.

Ability to work in conditions of dust and high humidity.
Total wear of the friction pair is no more than 0.1 mm.
The coefficient of friction with the lubricant is 0.04-0.06.

TECHNICAL ADVANTAGES

The advantage of the offered materials is the possibility of manufacturing products of almost any geometric
shape and size, including bimetallic ones. For example, guides for various purposes, worm wheels, bushings,
sliding bearings, etc. can be manufactured. It should be noted that this type of materials can be used in a num-
ber of aggressive environments, such as high dust, high temperatures or humidity, etc., where the use of similar
materials is not possible. The operating temperature of products made of the developed materials is up to 450°C.

EXPECTED RESULT OF APPLICATION

Increasing the time between repair intervals, reducing the cost of serviced friction units.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.
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INFORMATION ON THE LEGAL PROTECTION

Patent of the Republic of Belarus, No. 23257 “Method of
manufacturing a composite material with a macrohetero-
genic structure” / Kalinichenko U. A., Kalinichenko M. L.
30.06.20 // Official bulletin / / National Center of Intellectual
Property. — 2020. — No. 6.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises that use and repair equipment that has high-
pressure sliding bearings in its design.

DEVELOPMENT MANAGER

Kalinichenko Uladzislau, Leading Researcher, Research and Innovation Laboratory of “Foundry technologies’,
PhD, Associate Professor.

CONTACT INFORMATION
E-mail: kvlad@bntu.by
Phone: (+375 29) 760 39 45

23. DEVELOPMENT OF ATEST PROCEDURE FOR CLOSED JOINTS OBTAINED
BY GLUING, SOLDERING OR RELATED METHODS AND DEVICES FOR CARRYING
OUTTHE ABOVE TESTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The novelty of the work lies in the research and development of a funda-
mentally new approach for conducting destructive testing of hollow closed
glued joints using standard equipment improved by additionally proposed
devices. The proposed method can be used to assess the strength properties
of closed joints obtained by gluing, soldering or related methods of almost
any shape (planar and volumetric), used in all branches of engineering, and
can also be used in the educational process in the training of engineering
and testing specialists , as well as students majoring in welding and related
technologies. To implement this method, closed models are made (including
glued ones) in order to assess the perception of hydraulic loads for conditional
shear and separation with the possibility of implementing dynamic and static
tests. In this case, the height of the model for work in discontinuous deforma-
tions with respect to h xd (Fig. 1, g, b) should be at least 1x2, and for shear Hxd
as 2x1. Other force ratios are possible. For example, to equalize the forces,
Hxd should be 1x1 (excluding the error for entering the high pressure nozzle).

Based on the results of tests and confirming calculations, it was proved that
the obtained experimental data corresponded to the proposed physical and
mathematical justification, which allows evaluating the forces for conditional
separation and conditional shear in closed bulk joints. The priority of applying
this method can be attributed to adhesive joints operating under conditions
of destructive loads applied by a uniform and / or abrupt pressure effect inside
a closed volume.

- %)

Model for hydro and (or) pneumatic
testing




Fig.1,a, b

TECHNICAL ADVANTAGES

The technique will expand the known strength tests of adhesive
joints, namely: to improve the assessment of the impact of pres-
sure on the transmission of shear and tensile strains in complex
model studies. The method shows that in a closed bulk joint ob-
tained by gluing, soldering or related methods, the seam is affect-
ed by both tear and shear forces, as well as their derivatives. The
method makes it possible to evaluate them using the proposed
models by the methods of dynamic water or pneumatic tests. This
development will expand the methods of technological testing
of adhesive joints, especially for closed volumes operating under
the pressure of liquids or gases, and allows mathematical evalu-
ation of closed adhesive joints when exposed to tensile loading.

EXPECTED RESULT OF APPLICATION

The test procedure for hollow closed joints obtained by glu-
ing, soldering or related methods makes it possible to evaluate
fasteners that experience a breaking load in several planes. The
proposed model is multidimensional, which makes it possible to
evaluate the effect of forces applied in different directions and
points of the sample under study. The developed technique
makes it possible to create conditions for the test sample as close
as possible to the operating conditions. Using this technique,
it is possible to conduct a qualitative assessment of almost any
glued hollow joints. The introduction of technology involves the
creation of new jobs in science-intensive production, which in-
creases the level of intellectual labor. The consumer properties of
finished products are improved by predicting the quality and reli-
ability of the products obtained.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been com-
pleted, a prototype was released.

INFORMATION ON THE LEGAL PROTECTION

Patent of the Republic of Belarus No. 23630, Model for hydraulic
or pneumatic testing of a fastening seam for shear or rupture // M.
L. Kalinichenko, U. A. Kalinichenko, Yu. K. Krivosheev, A. E. Zelezey
dated 11/30/2021.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Representatives of construction and machine-building com-
plexes.

DEVELOPMENT MANAGER

Kalinichenko Maria, Researcher in the Research and Innovation
Laboratory of “Cast technologies”, MSc.

CONTACT INFORMATION

E-mail: m.kalinichenko@bntu.by

Phone: (+375 29) 276 31 56
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24, COMPOSITIONS AND TECHNOLOGY FOR APPLYING PROTECTIVE COATINGS
TO FILTER ELEMENTS BASED ON FIBERGLASS MESH FOR CLEANING HIGH-
TEMPERATURE METAL MELTS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The most common materials used as reinforcing coatings for filters based on glass mesh for metal melts are or-
ganic components, such as lignosulfonate, bakelite, resol resins, etc. due to their manufacturability and economic
feasibility. The main purpose of impregnation of filter elements in this case is to give them temporary technologi-
cal rigidity, and in some cases, in the production of shaped filters, a stable volumetric (profile) shape. The use of
such materials is associated with a number of disadvantages: high gas content, hydroscopicity, insufficient heat
resistance (up to 1000 °C). As an alternative, a number of technologies are proposed using inorganic binders as a
reinforcing and at the same time protective coating, either partially or completely replacing organic ones.

Metal-phosphate and liquid-glass solutions are considered affordable and relatively technologically advanced.
However, in this case, due to the acidic environment (pH X 7), characteristic of binders of this class, the impregnated
fibers, consisting mainly of SiO,, have low stability and in some cases are destroyed at the stage of impregnation and
low-temperature drying.

At the scientific research laboratory “Foundry technologies” (BNTU) has developed a technology that provides
simultaneous reinforcing and refractory coating with inorganic compounds without destroying the impregnated
base. This effect is ensured by the chemical interaction of the components from the initial reagents. The main compo-
nents in obtaining a protective coating in the proposed embodiment are silica sol (sialite-20) and ethyl silicate (ETS-
40). Obtaining maximum strength and heat resistance, as well as adhesion of the protective coating, is ensured by
the hydrolysis of ethyl silicate in an alkaline environment created by sialit. Because of chemical transformation, amor-
phous silicon dioxide is formed. Since mesh glass fiber materials contain silicon dioxide as a base component, the
hydrolysis process with the release of particles with a similar morphology has a beneficial effect on the adhesive in-
teraction of the system. Hardening of silica sols occurs due to the evaporation of moisture and coagulation of silicon
dioxide particles. Several options for impregnating the mesh base are proposed: organic binders; organic binders
with their partial replacement with composite inorganic components; coating of base fabrics with inorganic binders.

TECHNICAL ADVANTAGES

The proposed development makes it possible to partially or completely replace organic binders, which have
a number of limitations and disadvantages in the operation of filters, with more heat-resistant, environmentally
friendly, relatively inexpensive inorganic binders. This ensures that two processes occur simultaneously — the
formation of dispersed nanosized refractory compounds and an adhesive binder.

EXPECTED RESULT OF APPLICATION

Partial or complete elimination of organic binders ensures increased heat resistance of mesh filters. The tech-
nology allows us to recommend filters for refining high-temperature alloys (high-strength cast iron, alloy and
stainless steels). This allows you to reduce the level of harmful emissions into the atmosphere and improve the
quality of cast parts in terms of presentation.

CURRENT STAGE OF DEVELOPMENT
It was carried out research part on principal compositions, application technology and testing methods for
protective coatings have been developed.

INFORMATION ON THE LEGAL PROTECTION
Patent applications have been filed (fire-resistant coating composition and coating application method).

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Foundries, foundry sites of machine-building and private enterprises.

DEVELOPMENT MANAGER
Leanid Doubhi, the Head of Scientific Research Laboratory “Foundry Technologies’, PhD.

CONTACT INFORMATION
E-mail: metspl@tut.by
Phone: (+375 17) 296 66 56, (+375 29) 563 49 71
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XII. EDUCATIONAL, SCIENTIFICAND PRODUCTION
REPUBLICAN UNITARY ENTERPRISE “UNITEKHPROM BSU”

25.FOOD COMPOSITIONS FOR CREATING PRODUCTS IN THE “SMART CITY FOOD”
SERIES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The compositions of the “Smart City Food” series are intended for the production of targeted bakery pro-
ducts — to feed residents of modern cities who experience a heavy load on the nervous system due to high
psycho-emotional stress.

“Anti-stress” series: spice-aromatic fortified mixture “Fregat’, enriching phytocomplex “Mayak”.

The developed compositions can be used to create biologically active additives, as well as food additives with
neuroprotective properties. On their basis, functional food products with preventive action can be developed
to optimize the function of the nervous system under conditions of emotional stress; as well as to restore the
body during the post-stress period.

With an immunomodulatory effect:

- The spicy-aromatic mixture “Asterra” has an anti-stress effect against the background of chronic stress, as
well as immunomodaulatory properties, which are manifested by a decrease in inflammatory processes induced
by chronic stress.

— Spicy-aromatic mixture “Seasons” — “Suzorie”. The mixture can be used to optimize the performance of the
immune system during stressful situations in humans, during seasonal acute respiratory infections and acute
respiratory viral infections. It is possible to mildly correct the body's resistance in elderly people after infectious
and other diseases.

Easy preparation: composite mixture “Vera".

The use of the composite mixture “Vera” allows you to produce high-quality rye-wheat bakery products using
accelerated technology, in one stage, with the addition of only water (or water and flour when using the com-
plex food additive “Vera Plus”) at home, supermarket bakeries and bakeries.

TECHNICAL ADVANTAGES
Meets international requirements for functional foods.

EXPECTED RESULT OF APPLICATION

Improving the quality of life through the creation of functional food products that help maintain and preserve
the health of various groups of the population of modern cities.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
There is a package of regulatory and technological documentation. Two patent applications filed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Enterprises of the bakery, confectionery, meat industries, as well as health centers.

DEVELOPMENT MANAGER

Tatyana Madzievskaya, Head of the Research and Production Center for Food Technologies, Candidate of
Chemical Sciences.

CONTACT INFORMATION

E-mail: matafa@mail.ru
Phone: (+375 17) 209 58 41
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INDUSTRY: FROM INNOVATION TO MANUFACTURING

XI1l. THE BELARUSIAN STATE INSTITUTE OF METROLOGY

26. NATIONAL MEASUREMENT STANDARD OF THE UNIT OF GAS (AIR) VOLUME

FLOW RATE

BRIEF DESCRIPTION
OF INNOVATIVE DEVELOPMENT

The scope of research was measur-
ing volume flow rate of gas (air) media,
particularly natural gas.

The national measurement stan-
dard of the unit of volume flow rate of
gas (air) is used to maintain and realise
the unit of volume flow rate of air and
disseminate it to working standards,
to perform metrological evaluation
of instruments for measuring volume
flow rate of gas (air) media, particularly
natural gas, and to ensure uniformity of
gas (air) media volume flow rate mea-
surements in the Republic of Belarus.

As a part of task activities, metrologi-
cal characteristics of the national stan-

Bell installation BP-100

Reference flow meter [TF100-1-A




dard of the unit of volume flow rate of gas (air) were investigated and determined. Areas of application: oil and
gas industry, power industry, agricultural sector, housing and utilities sector, building material industry, food
industry, metal industry, scientific research, etc.

TECHNICAL ADVANTAGES

The characteristics of the measurement standard are similar to those of the European standards used f or the
same purpose.

EXPECTED RESULT OF APPLICATION

The national standard of the unit of volume flow rate of gas (air) serves the purpose of metrological evaluation
of measuring instruments to ensure metrological traceability in dissemination of the quantity unit to the instru-
ments for measuring gas (air) media, particularly natural gas, when conducting settlement operations between
gas suppliers and gas consumers.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work completed.

INFORMATION ON THE LEGAL PROTECTION
No.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

0JSC “Gazprom Transgaz Belarus’, RUE “Belgaztekhnika”, SPA “Beltopgaz’, and other industrial enterprises in
the Republic of Belarus.

DEVELOPMENT MANAGER

Alexander Bardonov, Head of the Production and Research Department for Measurements of Pressure and
Flow, BelGIM

CONTACT INFORMATION

E-mail: bardonov@belgim.by

Phone: (+37517) 221 03 92




INDUSTRY: FROM INNOVATION TO MANUFACTURING

XIV. REPUBLICAN UNITARY ENTERPRISE
“SCIENTIFIC PRACTICAL CENTRE OF HYGIENE”

27. METHOD FOR CONTROLLING THE LEVEL OF AIR POLLUTION IN THE PRODUCTION
ENVIRONMENT WITH PROTEIN AEROSOL OF DRY PRODUCTS OF MILK PROCESSING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Scope of application: the technique is applicable at enterprises of the dairy and food industries that produce
any dry products containing milk proteins.

Purpose: is designed to determine the mass concentration of protein in the air of the production environment
of aerosols of dry products of cow's milk processing (hereinafter referred to as DPCMP) for compliance with new
hygienic standards (at the level of 0.1 mg/m? for protein).

Main characteristics: based on sampling dust DPCMP on AFA-VP-10 filters by drawing 500 dm?® of air from
the production environment through them, extracting protein from a dust sample on filters with 0.9 % saline,
concentrating and precipitating the protein in the sample using copper sulfate (reagent A) , its quantitative
measurement after the addition of the “Folin-Ciocalte” phenolic reagent by the Lowry photometric method in
the“Schacterle-Pollack” modification at a wavelength of 750 nm and determination of the content according to
the calibration curve with solutions of bovine serum albumin.

TECHNICAL ADVANTAGES

Innovative certified measurement technique AMI.MN 0051-2022 “System for ensuring the uniformity of mea-
surements. Mass concentration of protein in aerosols of dry products of cow's milk processing in the air of the
working area. Photometric measurement technique” (certificate of attestation No. 027/2022 dated April 25,
2022) has high validity and sufficient sensitivity (at least 2 MACawa), has no analogues.

EXPECTED RESULT OF APPLICATION

The use of the developed Measurement Methodology by certified laboratories of the dairy and food industry
enterprises provides an objective dynamic control of the level of air pollution of the industrial environment by
the allergenic aerosol of DPCMP in terms of protein for compliance with the new hygienic standard, compliance
with which is an effective measure for the prevention of occupational allergic and production-related immune-
dependent diseases in workers.

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

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Dairy and food industry enterprises producing or using any dry products containing milk proteins.

DEVELOPMENT MANAGER

Sergey Baranov, Junior Researcher of the Laboratory of Industrial Toxicology of the Republican Unitary Enter-
prise “Scientific and Practical Center for Hygiene” (hereinafter referred to as the Scientific and Practical Center
for Hygiene);

Anna Kuzovkova, Head of the Laboratory of Spectrometric Studies of the Research and Production Center for
Hygiene, Candidate of Biological Sciences;

Nadezhda Maskalevich, Chemist, Laboratory of Spectrometric Research, Scientific and Practical Center for Hygiene;

Vitaliy Shevlyakov, Chief Researcher of laboratory of industrial toxicology of Republican Unitary Enterprise
“Scientific and Practical Center of Hygiene” (here in after — the SPC of Hygiene), Doctor of Medical Sciences,
Professor.

CONTACT INFORMATION
E-mail: mfantastikas1992@mail.ru
Phone: (+375 17) 379 13 96, (+375 25) 763 91 81
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28. METHOD FOR OBTAINING TEST ALLERGENS IN LABORATORY CONDITIONS
FROM SELECTED SAMPLES OF INDUSTRIAL ORGANICDUST FOR THE DIAGNOSIS
OF OCCUPATIONAL ALLERGOPATHOLOGY IN WORKERS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Scope of application: the method is applicable in toxicological and immuno-allergological laboratories of
healthcare institutions.

Purpose: is intended for obtaining in laboratory conditions from samples of protein-containing organic
dust (hereinafter referred to as OD) an extract suitable for use as a test allergen in the diagnosis of occupational
allergy pathology of dust etiology in workers.

Main characteristics: is based on the stages of preparation of the selected OD sample (grinding and sterilization),
extraction of the protein-antigenic complex of dust into a saturated water-salt solution of Sosa (extraction for 1
day at 37 °C and 3 days at 6-8 °C, concentration by centrifugation and precipitation of the protein precipitate with
hydrochloric acid, dissolution of the protein precipitate with sodium hydroxide solution, standardization of the
obtained extract by protein (determined by the Lowry photometric method at a wavelength of 750 nm).

TECHNICAL ADVANTAGES

Establishing a causal relationship and confirming the occupational genesis of an allergic disease in workers
does not allow the lack of commercial diagnostic products and systems based on specific test allergens for
industrial allergen substances. The unified method outlined in the instructions for use No. 007-1121 makes it
possible to obtain, under laboratory conditions, extracts containing up to 6 mg/cm? of protein from the OD
samples selected at the production facilities, which ensures their use as test allergens for the specific diagnosis
of occupational allergopathology in workers.

EXPECTED RESULT OF APPLICATION

Confirmation of the occupational genesis of allergic diseases in workers exposed to allergenic industrial or-
ganic dust, which ensures the necessary quality of treatment and rehabilitation, and social protection of pa-
tients.

CURRENT STAGE OF DEVELOPMENT
Research or development (technological) work has been completed; development is introduced into produc-
tion.

INFORMATION ON THE LEGAL PROTECTION

Method for extracting a protein-antigenic complex from samples of industrial organic dust: certificate for ra-
tionalization proposal No. 2313 /V.V. Shevlyakov, G. I. Erm, S. A. Baranov. — Issued by the Scientific and Practical
Center for Hygiene on 10/13/2021.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Occupational pathological and allergological centers, toxicological and immunological laboratories of health-
care organizations.

DEVELOPMENT MANAGER
Galina Erm, Leading Researcher of Laboratory of Industrial Toxicology of the Republican Unitary Enterprise
“Scientific and Practical Center of Hygiene” (here in after — the SPC of Hygiene), PhD Biological Sciences;

Vitaliy Shevlyakov, Chief Researcher of Laboratory of Industrial Toxicology of the SPC of Hygiene, Doctor of
Medical Sciences, Professor;

Sergey Baranov, Junior Researcher of the Laboratory of Industrial Toxicology of the SPC of Hygiene.
CONTACT INFORMATION

E-mail: erm-galina@mail.ru

Phone: (+375 17) 379 13 96, (+375 29) 690 11 70
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INDUSTRY: FROM INNOVATION TO MANUFACTURING

XV. UNITARY ENTERPRISE “STC“LEMT”

29. THERMAL MONOCULAR WITH A RANGEFINDERTV/M 75 R

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The device is designed to monitor the area at any time
of the day and measure the distance to objects of interest.

TECHNICAL ADVANTAGES
Technical characteristics in line with foreign analogues.

EXPECTED RESULT OF APPLICATION

It will help to effectively monitor the area and control
the situation at any time of the day in the temperature
range from -20°C to +55 °C.

CURRENT STAGE OF DEVELOPMENT Thermal imaging monocular with rangefinder

20 units were manufactured under a contract for the supply to the Ministry of Defense of the Republic of Be-
larus. New contracts for another 50 units have been signed.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Ministry of Defense of the Republic of Belarus.

DEVELOPMENT MANAGER
llya Svibovich, head of the sector of thermal imaging and combined instruments and rangefinders.

CONTACT INFORMATION
E-mail: ilya.svibovich2020@gmail.com
Phone: (+3752125) 54081 15

Laser rangefinder Thermal imaging attachment
for night vision device




XVI. 0JSC“MINSK ELECTROTECHNICAL PLANT
NAMED AFTER VASILY IVANOVICH KOZLOV”

30. THREE-PHASE TRANSFORMER DESIGNED TO OPERATE IN 6 AND 10 KV ELECTRIC
GRIDS WITHOUT CHANGING THE CONNECTION SCHEME

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

A three-phase transformer used in electric distribution grids
for voltage conversion. It contains a three-phase magnetic core,
primary voltage windings placed on all rods, with a delta con-
nection, at least one switching device, characterized by the fact
that the primary voltage winding is made in the form of coils
designed for different voltages, which are connected to each
other in series and/or in parallel with the help of a switching
device. The transformer retains the connection scheme of the
HV side “delta” both when connected to the network 6 and 10
kV, which allows to maintain stable operation in both cases.

TECHNICAL ADVANTAGES

In comparison with analogs, this product allows to keep the connection
scheme of HV windings «delta» when connected to 6 or 10 kV networks,
ensuring proper power quality and required electromagnetic properties,
without excessive expenditure of materials in manufacturing.

EXPECTED RESULT OF APPLICATION
When required, electric grid companies can purchase one cross func-
tional transformer, which ensures stable power quality, instead of two.

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
Utility model register of RB under No. 13297.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

State Production Association “Belenergo’, JSSC“ROSSETI", any other elec-
tric grid companies and industrial consumers.

DEVELOPMENT MANAGER

Andrey Shevchuk, Design Engineer of the 2nd Category;
Andrey Kochetkov;

Gennady Krivtsov;

Vladislav Lapkin;

Elena Leonova;

Yuri Leus.

CONTACT INFORMATION
E-mail: j71452359@gmail.com
Phone: (+375 25) 606 13 06
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INDUSTRY: FROM INNOVATION TO MANUFACTURING

XVII. UNITSKY STRING TECHNOLOGIES, INC.

31. COMPLEX ORGANICLIQUID PLANT FOOD “UTERRA”

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

“uTerra” liquid food is an organic fertilizer made from
crumbly biohumus, relict fossil raw materials (brown
coal, peat), honey, mineral and organic elements of
plant nutrition.

“uTerra”is produced on the basis of humic acid extract
from brown coal, peat, biohumus containing more than
3,000 types of useful microorganisms, etc.

The food is used for highly efficient environmentally
safe cultivation of agricultural, flower crops, medicinal
plants, development, restoration and maintenance of
soil fertility penalized by natural processes or economic
human activity, which confirms importance thereof for
the national economy (in particular, for the agricultural
industry and related thereto).

The complex composition of “uTerra” food ensures
improving the quality of plant products, stimulating
the growth and development of plants, fruiting, and en- UTERRA
hancing the ornamental characteristics of plants.

In order to increase the resistance of plants to adverse environmental conditions and diseases, the composi-
tion includes fungal-derived elicitors.

TECHNICAL ADVANTAGES

“uTerra” food is a complex environmentally friendly product with high content of substances vital for growth
and development of plants, and of soil-structuring components.

“uTerra”food is designed for organic agriculture and provides a high content in the soil of agronomically valu-
able aerobic and anaerobic microorganisms.

The product is manufactured using high-tech equipment.
Quality control of the finished product is carried out at all stages of the life cycle.

The product is economical in application (ratio 1:500-1:1,000 with constant watering), shows high efficiency
when combined with organic materials on sandy soils.

The advantage is also the competitive cost of the product as compared to its analogs.

EXPECTED RESULT OF APPLICATION

Benefits of plant feeding with “uTerra”:
- increase of agricultural yield and quality up to 50 %, acceleration of plant growth and development due to
more efficient supply of humic acids, essential nutrients and natural phytohormones;

- restoration and maintenance of soil fertility disturbed by natural processes or human economic activities;
- regulation and normalization of soil pH;
- stimulating the development of associations of thousands of types of useful soil microorganisms in all their

- reducing content of nitrates, heavy metals and radionuclides in plants due to their binding in soil.

natural diversity in the soil of farmlands;



CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work
has been completed, development is introduced
into production.

INFORMATION ON THE LEGAL PROTECTION

1. Secret of production (know-how) by Unitsky
String Technologies, Inc. “Technology for produc-
tion of liquid organic food for plants “Soil elixir
uTerra” dated 28.09.2022.

2.Technical Specifications TY BY 192425076.017-
2023 “Complex organic liquid foods for plants

“uTerra’,"uTerra oasis” (state registration No. 067638
dated 27.03.2023).

POTENTIAL CONSUMERS AND INTERESTED
PARTIES

Producers of agricultural products (greenhouse
plants, agricultural enterprises, agricultural pro-
duction cooperatives, individuals/farmsteads),

laboratories and experimental sites of scientific and educational institutions, nursery gardens.

DEVELOPMENT MANAGER
Anatoli Unitsky, General Designer.

CONTACT INFORMATION
E-mail: info@unitsky.com
Phone: (+375 17) 388 20 20

UTERRA manufacture




INDUSTRY: FROM INNOVATION TO MANUFACTURING

XVIII. KUTATELADZE INSTITUTE OF THERMOPHYSICS
OF THE SIBERIAN BRANCH OF THE RUSSIAN ACADEMY
OF SCIENCES

32. CREATION OF AN INDUSTRIAL PROTOTYPE OF AN ASH AND SLAG WASTE
SEPARATION PLANT USING DRY ASH REMOVAL TECHNOLOGY

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Industrial installation:

- for separation of microspheres from ash and slag waste;

- the use of ash and slag waste in the production of useful products in various industries.

TECHNICAL ADVANTAGES

The developed technology will ensure the dry separation of microspheres and the production of useful prod-
ucts (building materials) from ASW.

EXPECTED RESULT OF APPLICATION

Industrial installations will be located at the ash dumps of CHP and GRES.

Microspheres (up to 8 % of the volume) will be isolated from ash and slag waste for further use in various fields.
The remaining part will be ASW will be subjected to separation with the release of useful products.

CURRENT STAGE OF DEVELOPMENT
The target areas of application of the technology and its critical elements are determined.

INFORMATION ON THE LEGAL PROTECTION
Patent registration after completion of development.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
All CHP and GRES.

DEVELOPMENT MANAGER
Dmitry Smovzh, Head of the Laboratory of Synthesis of new materials, DSc (Physics and Mathematics);
Gorshkov Eugene, Head of the Project Office of the Transfer Technology Centre of the SB RAS.

CONTACT INFORMATION
E-mail: gorshkov@itp.nsc.ru
Phone: (+7 913) 722 48 89




XIX. T. F. GORBACHEV KUZBASS STATE TECHNICAL
UNIVERSITY

33. MAGNETICSORBENT FOR THE ELIMINATION OF EMERGENCY OIL
AND PETROLEUM PRODUCT SPILLS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Magnetic sorbent is a carbon-containing structure obtained by
anaerobic fermentation of biomass, granulation of secondary raw
materials and rolling it on magnetite cores with subsequent car-
bonification to obtain a carbonaceous solid residue (carbonizate).
The sorbent is based on a magnetite core (the center of granula-
tion) with a sorbing mixture rolled onto it (filler + binder). The filler
is carbon—containing waste from the coal or woodworking indus-
try, and the binder is waste from livestock enterprises or biological
wastewater treatment plants. This sorbent should be stored in dry
closed warehouses and can be transported by all types of trans-
port. The sorbent is not afraid of tracking during long-term stor-
age — the stacking height, while ensuring stability and safety, can
reach up to 4 m, unlike sorbents based on other substances, which

. - . . ) Magnetic sorhent
have strict restrictions on stacking height and after tracking fully.

TECHNICAL ADVANTAGES

The advantage of the development is environmental safety, the ability to remove contaminants to almost any
necessary residual concentration of oil in water, controllability of the process due to the magnetic properties
provided by the mineral magnetite (FeO-Fe,0,) with an iron content of up to 72 %, the use of an expensive com-
ponent of magnetite repeatedly, the use of this kind of sorbent in extreme conditions.

EXPECTED RESULT OF APPLICATION

The main purpose of the use of magnetic oil sorbent is the prompt cleaning of water bodies from oil spills and
petroleum products. Timely use of the magnetic sorbent will allow to quickly localize and eliminate the spill not
only on the surface of the water, but also under the ice, thereby minimizing the load on the ecological situation,
flora and fauna. Magnetic sorbent can be applied and implemented in any region where a spill could potentially
occur, as well as in such sensitive and extreme as the Arctic zone and the Far North regions.

CURRENT STAGE OF DEVELOPMENT
A prototype was released.

INFORMATION ON THE LEGAL PROTECTION

Pat. 2 665 440 RF, B01J20/30 (2006.01), B01J20/24 (2006.01) Method of obtaining magnetic sorbent / E. S. Usha-
kova, A. G. Ushakov, E. A. Kvasheva (Russia).

POTENTIAL CONSUMERS AND INTERESTED PARTIES
Oil refineries, oil spill response centers, enterprises where carbon-containing waste is generated daily.

DEVELOPMENT MANAGER
Elena Ushakova, Associate Professor, Candidate of Technical Sciences.

CONTACT INFORMATION
E-mail: brels@list.ru
Phone: (+7 923) 616 16 36
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