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MEXIOCYAAPCTBEHHOE OBPA3OBATEJIbHOE
YYPEXOEHUE BbiCLUEINO OBPA3SOBAHUA
«BEJIOPYCCKO-POCCUNCKNA YHUBEPCUTET»

TEXHOJIOIMA NOBbIWEHNA N3HOCOCTOUKOCTU
WHCTPYMEHTAJIbHOU U TEXHOJIOTMYECKOU OCHACTKM

ONMNCAHWE PASPABOTKN

[oBblleHne CTONKOCTU MHCTPYMEHTASIbHOM U TEXHONMOMMYECKON OCHACTKN OCYLLECTBAACTCA 3a CYET CTPYKTYPHO-
$a3oBoro MoanPMLMPOBaHKA MOBEPXHOCTHOIO C/105 U3Aenusi Ha rybuHy o 250-300 MKMm B pe3ynbtate 6ombapau-
POBKM pPaboumx NOBEPXHOCTEN 3apPs*KEHHBIMU YacTULLAMV Mo AeCTBUEM KaTOAHOIO NageHUs NoTeHUMana TiewLye-
ro paspaga B cpefie 0CTaTOYHbIX aTMOCPEPHbIX ra30B C TEYEHNEM BPEMEHM.

it

TEXHWNYECKME MPENMMYLLECTBA

MpocToTa KOHCTPYKLUM BaKyyMHOW YCTaHOBKMU, UTO MO3BOJIAET ee 06CNYXKMBaTb NepcoHany 6e3 creumanbHoOro o6-
pa3oBaHus.

HeT »ecTKnx TpeboBaHMI K KauecTBy NOArOTOBKY MOANGULIMPYEMbIX MOBEPXHOCTEN.

Bo3MoXKHOCTb 06paboTKM 13gennii CIoKHOM GopMbl, Tak KaK Telowwmin pa3pas obBonakreaet mogmuouumpyemoe
nsgenvie no BceMy oobemy.

JKOHOMUYHOCTb, OBYCIOBIEHHAA OTCYTCTBMEM AOMOJSIHUTENIbHBIX Pabounx cpes 1 YCTPONCTB AfA UX MPUroTOB-
NeHun, B pesynbTaTe Yero B KauecTBe TEKYLLUX PAaCcXOA0B BbICTYMAIOT 3aTpaTbl Ha SNEKTPOIHEPrUI0 1 aMOpTH3aLIo
YCTaHOBKM.

Manas pnmMTenbHOCTb Npouecca CTPYKTYpHO-dpa3oBoro MmoanduumpoBaHna pabourx cnoes (o 45 MuH.) BCrea-
CTBME OTCYTCTBUA NOLrOTOBUTENbHbIX ONepaunii U ONTUMaSIbHOTO COYETAHUA SHEPrETUUYECKMX XapaKTEPUCTUK Tre-
lolero paspsaga.

CoXpaHHOCTb KOHCTPYKTMBHbIX Pa3MepoB, MaKpPOreoMEeTPUUN N3AENNIA BCIEACTBUE HU3KUX CPEAHMX TeMnepaTyp,
BO3HUKaloLWUX Npr 06paboTke (Ao 150 °C), uTo JaeT BO3MOXKHOCTb 06PabOTKM OTBETCTBEHHbIX AeTaNel.

Jkonormnyeckana 6e30nacHoCTb, 0OyC/IOBIeHHasA TeM, UTo 06paboTKa OCYyLLEeCTBNAETCA B Cpefie OCTaTOYHbIX aTMO-
chepHbIX ra3oB 1 NPoLecC He NpefycMaTpMBaET HUKaKMX BbIOPOCOB B aTMocdepy.

TEKYWAA CTAOWA PASBUTINA

BbinyLeH onbITHbIN 06paseLl,.
Pa3paboTka BHeApeHa B NPOM3BOACTBO.

CBEZEHWA O MPABOBOVI OXPAHE

1. Mat. N2 6261 BY, U B 23 B 27/00. MHororpaHHasa nnactvHa u3 Teepgoro crnnasa / B. M. LLlemeHKoOB; 3aaBuTeNb
N nateHToo6napatenb [ocyaapcTBeHHOe yupexzeHue Bbicwero npodeccroHanbHoro obpasoBaHua «benopyc-
cko-Poccuncknii yHnBepcutet»., — N2 200900812, 3asBn. 10.02.2009 // AdiubliiHbl 6ton. / Hal. uUsHTp iHTaneKTyan.
ynacHacui. — 2010. — N2 3. — C. 165.
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2.Mat.N2 14716 BY, U C 21 D 1/78. Cnocob ynpoYHeHUs N34enuni n3 MeTasnsia Uiv Craea, Uin CBepXTBephoro mate-
pviana, unu rpadputcogepkauiero matepuana / B. M. LemeHkos, A. ®. KopoTkeBuY; 3asaBUTeNb 1 NaTeHTOObNagaTenb
focynapcTBEeHHOE yupexaeHre BbICILEro npodeccroHanbHoro obpasosaHus «benopyccko-Poccuiickun yHusepcu-
TeT». — N2 20091136, 3asB1. 27.07.2009 // AdiupbinHbl 6ton. / Hau. LU3HTp iHTanekTyan. ynacHacyi. — 2011, — N2 1. —
C.28.

3. Mat. N2 8733 BY, MIK C 23C 14/00. YcTaHOBKa BaKyyMHaa Ana yNpoOYHeHUA U3genusa Tnelwmm pas3pagom /
B. M. WemeHkoB, M. A. benas, A. Jl. lUlemeHKkoBa, A. ®. KopoTtkesuny, [. C. lantoxuH, H. A. TantoxkmnHa, K. A. bogako
(BY); 3aaButenb 1 nateHtoobnagatenb focygapcTBeHHOE yupexaeHue Bbicliero npodeccnoHanbHoro obpasosa-
Hua «benopyccko-Poccuncknin yHmsepcutet». — N2 u 20120383, 3aasn. 05.04.2012 // AdiubiiHbl 6ton. / Hau. usHTp
iHTaneKkTyan. ynacHacui. — 2012. — N2 6. — C. 224.

4.MaT. N2 8865 BY, MIK F 04 D 25/04. KynaukoBbin MexaHun3m / B. M. LLlemeHKkoB, M. A. benas (BY); 3asasutenb 1 nateH-
Toobnagatenb focynapcTBeHHOe yupexieHre Bbiclero npodeccroHanbHoro obpasosaHua «benopyccko-Poccumin-
CKMI yHmBepcuTeT». — N2 u 20120522, 3asa8n. 18.05.2012 // AdiubliHbl 6ton. / Hal,. U3HTP iHTaneKTyan. ynacHacui. —
2012. — N2 6. — C. 234,

5.Mat.N29478 BY, MK C 23 C 14/00. YcTaHOBKa BaKyyMHas AnA YNPOYHEHUA N3AeNNIA KOMMEKCHbIM BO3AeNCTBNEM
TrelLero pa3paga 1 NOCTOAHHOro MarHuTHoro nonsa:/ B. M. LemeHnkos, M. A. Benas, B. B. ManyTuH, A.J1. LlemeHKoBa,
A. C. batpakos (BY); 3aaButenb 1 nateHToobnagatens [locyfapcTBEHHOE yupexaeHye Bbicliero npodeccmoHanbHOro
obpasoBaHuA «benopyccko-Poccnincknin yHmsepcutet». — N2 20121152, 3aaBn. 26.12.2012 // AdiupiiHbl 6ton. / Hau,.
L3HTp iHTaNeKTyan. ynacHacyi. — 2013. — N2 4. — C. 231.

6. Mat. N2 10062. BY, MIK C 23 C 14/00. YcTaHOBKa BaKyymHas ANA YNPOYHEHUA N3AENUN TRelowmm paspagom /
B. M. llemeHkoB, M. A. benas, B. B. ManyTuH, A. J1. LLlemeHKoBa, A. C. batpakos, C. C. Tymakos, B. A. TepacumoBuy (BY);
3anABuUTENb U NaTeHToobNagaTenb focynapcTBEHHOE yUupeXkaeHve Bbicliero npodeccroHanbHoro obpasoBaHms «be-
nopyccko-Poccuincknii ynusepcutet». — N2 20130503, 3as81. 11.06.2013 // AdiupiiiHbl 6ton. / Hau. usHTp iHTanekTyan.
ynacHacui. — 2014. — N2 2. — C. 147.

7.Mat.N2 19126 BY, MINK C 23C 14/38 C 23 C 8/00. Cnocob ynpoyHeHWs N3AeNnii U3 MeTaia Uin CryiaBa, Uiy CBEepX-
TBephoro matepuana / B. M. LLlemeHkos, M. A. benas (BY); 3aaButens 1 nateHToobnapatens focygapcTBEHHOE Yu-
pexzaeHve Bbicllero npodeccroHanbHOro obpasoBaHusa «benopyccko-Poccuncknii yHneepcutet». — N2 20120561,
3anBn. 30.12.2013 // AdiupbiiHbl 6ton. / Hal,. L3HTp iHTaneKTyan. ynacHacui. — 2015. — N2 2. — C. 68.

8. Mat. N2 19886 BY, MIK C 23 C 14/38, C 23 C 8/00. Cnocob ynpoyHeHWA n3gennii U3 MeTanna, Wi cniasa, um
cBepxTBephoro rpadutcogepxatiero matepuana / B. M. lemenkos, M. A. benas, B. B. ManyTuH, A. J1. LLlemeHKoBa,
A. C. batpakos, C. C. Tymakos, B. A. lepacumoBsny (BY); 3asBuTens 1 nateHToobnagatens flocyfgapcTBEHHOe yupexie-
HUe BbicLIero npodeccroHanbHoro obpasosaHus «benopyccko-Poccuiickun yHnsepcutet». — N2 a 20130250, 3as81.
26.02.2013 // AdiubinHbl 6ton. / Hau. u3HTp iHTanekTyan. ynacHacui. — 2016. — N2 1. — C. 104.

9. Mat. N2 11063 BY, MINK C 23 C 14/00. YcTaHOBKa BaKyyMHas AnA yNpOUYHeHNA N3[eNni B ra30BOM TNeloLem pas-
psage/ B. M. lWemeHkos, M. A. benas, A.J1. LLlemeHKoBa, 1. T. )Kykosel (BY); 3aaBuTenb 1 nateHToo6nagatens B. M. Le-
MeHKoB, M. A. Benas, A. J1. LlemeHKoBa, M. I. KykoseL, — N° u 20150346, 3assn. 13.10.2015 // AdiubiiHbl 6ton. / Hau,.
LSHTP iHTaNeKTyan. ynacHacyi. — 2016. — N2 3. — C. 132.

10. Mat. N2 11108 BY, MK C 23 C 14/00. YcTaHOBKa ANA YNPOYHEHUA UHCTPYMEHTaNbHON 1 TEXHONOMMYECKON
ocHacTkm / B. M. LLemeHkoB, M. A. benas, A. J1. lLemeHkoBa, IN. I. XykoBseu, (BY); 3aaButenb n nateHToobnapatenb
B. M. WemeHkoB, M. A. benas, A. J1. lemeHkosga, M. I. »KykoBel. — N2 u 20150347, 3asaBn. 13.10.2015 // AdiubliiHbI
6ton. / Hau. UsHTp iHTaneKTyan. ynacHacyi. — 2016. — N2 4. — C. 191.

11. Cnocob ynpoyHeHNa n3genmns 13 MeTanna, v Chnasa, Uiv CBEPXTBEPAOTO, UNW rpaduTcofepKallero matepu-
ana: nat N2 21735 PB, MIMK C 23C 8/06, C 23C 14/38 / B. M. lemeHkos, M. A. benas, A. J1. LUemeHkosa, I1. I. >KykoBeL,
(BY). — N2 a 20150619, 3aaBn. 2015.12.11 // AdiupbiiiHbl OtoneTaHb / Hal,. U3HTP iHTaneKTyan. ynacHacui. — 2018. —
Ne 2. — C.107.

12. CNoco6 ynpoYHeHNUs U3[ENNA N3 METAJNIA, UM CMJaBa, U CBEPXTBEPAOTO, UK rpaduTCcoepKaLlero Mmatepu-
ana: nat. N2 22048 Pb, MINK C23 C23 C 8/00 / B. M. LLiemeHkoB, ®. M. Tpyxaues, O. B. ObuguHa, M. A. benas, A. J1. LLle-
MeHKoBa (BY). — N2 a 201602207, 3asaBn. 2016.06.06 // AdiubliHbl 6roneTaHb / Hau. U3HTp iHTaneKTyan. ynacHacui. —
2018. — N2 4, — C.92.

13. Cnocob KOMMNEKCHOMO a30TUPOBaHNA U3AENNIA U3 METaoB, UK CNaBOB, UV MeTanNCcoaepKalluyx Mmatepua-
nos: nat. N2 22062 PB, NMMK C 23C 8/36 / B. M. LlemeHkoB, M. A. benas, A. J1. LlemeHKoBa, A. 3. Jlunckun, A. C. Pabbiko
(BY). — N2 a 20160195, 3aa8n. 2016.06.01 // AdiLpbiiiHbl GtoneTaHb / Hal,. U3HTP iHTaneKTyan. ynacHacui. — 2018. —
Ne 4, — C.92.

3




14. Cnoco6 HaHeCeHUs 3alMUTHOIO U3HOCOCTOMKOrO MOKPLITUS HA OCHOBE METasfia Ha N3genve nu3 mMeTannia, unm
cnnaea, unu rpaduTcopepkallero matepuana: nat. N 22143 Pb, C 23C 14/06, C 23C 14/35 / B. M. LLlemeHkoB, M. A. be-
nas, A. J1. WemeHkoBa (BY). — N2 a 20160208; 3aasn. 2016.06.06 // AdiubliiHbl 6i0neTaHb / Hau. UaHTp iHTaneKTyan.
ynacHacui. — 2018. — N2 4. — C. 93.

15. Cnoco6 ynpoyHeHnA n3aenuii U3 MeTansos, Uv CriaBoB, UV CBEPXTBEPbIX MaTepmasoB B TIeLWeM pa3page
C MCMONb30BaHNEM 3N1eKTPOMarHUTHOM cnctembl: nat. N2 22366 PB, MINK C23C 14/38 / B. M. LLemeHkos, U. V. Mako-
BeuKkui, B. A. 3eneHunH, M. A. benas, A. J1. LLlemeHkoBa, A. C. Pabbiko, A. H. Ennceesa (BY). — N2 a 20170342; 3ass.
18.09.2017 // AdiubiiiHbl 6l0neT3Hb / Hau. usHTp iHTanekTyan. ynacHacyi. — 2019. — N2 1. — C. 113.

MOTEHUMAJIBHbBIE NOTPEBUTEN W/TTN SAMHTEPECOBAHHBIE B PASPABOTKE

Jlo6oe meTannoobpabaTbiBatoLiee NpeanpuaTue.

PYKOBOLAWTEJTb PASPABOTKN

LllemeHkoB Bnagnmup Muxannosuy, 3aBegyowmii Kadpeapoi «TexHONorna MallMHOCTPOEHUAY,
KaHAMAAT TEXHNYECKNX HayK, AOLIEHT.

KOHTAKTHbBIE JAHHbIE

E-mail: vshemenkov@yandex.ru
Ten.: (+375 44) 740 06 64

TEXHOJIOTNA COBMELLEHHOIO
MATHATHO-AUHAMWYECKOIO HAKATbIBAHUA
B AKTUBHOU TEXHONNOITMYECKOW CPEAE

ONMNCAHWE PASPABOTKN

MoBbilWweHne pecypca TPUBOCONPAKEHN Ha OCHOBE MOAUPUKaLMU NMOBEPXHOCT-
HOro Cnos feTasiel KOMMNEKCHbIM BO3AeNCTBMEM MAarHUTHbBIM NOfeM, MHOTOKPaTHbIM
MMMYNbCHO-YAAPHbIM AeDOPMNPOBAHNEM U aKTUBHOW TEXHOJSIOTMYECKON Cpefion.

TEXHNYECKME NMPENMMYLLECTBA

lopoBoM 3KOHOMUYECKU 3OPeKT OT BHeApeHUA pa3paboTaHHOW TEXHOOTMU MO-
AnduKaLmm B NpoM3BOACTBO Ha STane OnbITHO-3KCNeprMeHTanbHoM anpobaumm B yc-
NOBUAX MEJIKOCEPUNHOTO NPON3BOACTBa cocTaBnseT 6onee 30 000 gonn. CLUA.

TpaHchepT TexHONOrMKY, Npofaxa NuLeH3nm, pa3paboTka TEXHONOMMYECKON 1 KOH-
CTPYKTOPCKOW [OKYMEHTALMV, COMPOBOXAEHMNE BHEAPEHUS TEXHONOMUU MognduKa-
LMW y 3aKa3umKa AJjisl yNpoYHeHUs feTanein.

anI BHEeAPEHNN TEXHONOIMN Y 3akKa34ynka BPEMEHHO-CTOMMOCTHYIO XapaKTepUcTn-
Ky pa3pa60TaHHoro MPOEKTa MOXHO NpeacTaBnTb Cneayrowmnmm sTanamm:

- cornacoBaHve 3afaHus (Bpems 5 %, cToumocTb 2 %);

— pa3paboTKa TEXHONOrMYECKOW 1 KOHCTPYKTOPCKOM AOKYMeHTauum (Bpems 25 %,
CTOUMOCTb 28 %);

— W3roTOBJIEHME TEXHONOMMYECKON OCHACTKN ANA peanun3aumm TexHonorum (spemsa
25 %, ctommocTb 50 %);

- anpobauua 1 BHefpeHne TexHonorum (spemsa 45 %, croumoctb 20 %).
O6wasn onuTenbHOCTb NpoekTa: 10-12 mecAues.

TEKYLWAA CTALOVA PA3BUTINA

BbinyLueH onbITHbIN 06pa3eL,.
PaspaboTka BHefpeHa B NPOM3BOACTBO.
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CBEJIEHWA O MPABOBOW OXPAHE

1. Mat. 22193 BY, MMNK B 24 B 39/02. Cnoco6 1 ycTpOMCTBO AN OTAENIOYHO-YMPOYHSALLEeN 06paboTKM BHYTPEHHEN
NMOBEPXHOCTN OTBepCTUA B deppomarHutHon aetanu / B. K. LLener, A. M. Josranes, A. A. XXono6os, [1. M. Caupe-
na, C. A. Cyxoukuin; 3aaBuUTeNib U nateHToobnapatens benopyc.-Poc. yH-T. — N2 a20140015; 3asBn. 03.01.14; ony6n.
30.10.18, bron. Ne 4. — 7 c.

2.MaT1.2029667 PO, MKW 6 B 24 B 39/02. Cnocob oTAeNoYHO-yNpoYHsAoLen 06paboTKU 1 MHCTPYMEHT 1A ero ocy-
wecteneHus / A. M. [losranes (Pb); 3aaButenb 1 nateHToobnaaatens A. M. [losranes. — N2 4400120; 3asa8n. 29.03.88;
ony6n. 27.02.95, bion. N2 6. — 5 c.

3. Mat. 2023578 P®, MKW 6 B 24 B 39/00. Cnocob otaenouHo-ynpouHsowwen obpabotkun / A. M. Josranes (Pb); 3a-
ABMTENb 1 NaTeHToOo6Nnagatens A. M. loBranes. — N2 4732049/27; 3asasn. 22.08.89; ony6:. 30.11.94, bion. N2 22. — 5 c.

4.Mat.2068770 PO, MKW 6 B 24 B 39/02. Cnoco6 NoBepXHOCTHOIO MiacTUYeckoro 1eGopMUpOBaHNA 1 MHCTPYMEHT
ana ero ocyuecteneHus / A. M. losranes (Pb); 3aaButenb 1 nateHToobnagatens A. M. losranes. — N2 4922542/27;
3aa8. 29.03.91; ony6n. 10.11.96, bron. N2 31. — 7 c.

5.MaT. 2089373 PO, MKM 6 B 24 B 39/02. Cnocob NoBepXHOCTHOIO NiacTYeckoro 4ebopmMrpoBaHnNaA 1 MHCTPYMEHT
ans ero ocywectneHus / A. M. Jlosranes (Pb); 3aaButenb 1 nateHTtoo6nagatens A. M. loeranes. — N2 4924841/02;
3asB/. 05.04.91; ony6n. 10.09.97, bion. N¢ 25. — 7 c.

6.Mat. 2052331 PO, MKM 6 B 24 B 39/02. Cnocob NoBepXHOCTHOIO NlacTUYeckoro ehopMnpoBaHusi MOBEPXHOCTM
BpALLEHNA 1 UHCTPYMEHT i ero ocyuwecteneHus / A. M. [losranes (PB); 3asButenb 1 nateHToobnagatens A. M. [o-
Branes. — N2 4854644/08; 3asin. 27.07.90; ony6n. 20.01.96, bron. N2 2. — 6 c.

7.Mat. 17545 BY, MK B 24 B 39/06. HCTPYMEHT 1 CNOCO6 MarHUTHO-AMHAMUYECKOTO YNPOYHEHMSA MIIOCKON NOBEPX-
Hoctu fetanu/ A. M. Josranes, C. A. CyxoLKunii; 3asiBUTeNb U NaTeHToobnagatens benopyc.-Poc. yH-T. — N2 a20111278;
3anBn.03.10.11; ony6n. 30.06.13, bion. N2 2. — 9 c.

8. MNat. 17976 BY, MINK B 24 B 39/02. Cnoco6 MarHWTHO-ANHAMUYECKOTO YNPOYHEHUA BHYTPEHHEN NOBEPXHOCTU
KpYyrfioro otBepctus B MeTamnnyeckon fetanu / A. M. [losranes, [1. M. CBupena; 3aaBuTtesib 1 naTeHToobnagaTens
Benopyc.-Poc. yH-T. — N2 a20120052; 3asaBn. 16.01.12; ony6n. 30.08.13, Bron. N° 3. — 5 c.

Bcero no NPOEKTY NMOoJIy4yeHOo 60 naTeHTOB Ha VI306p6TEHV|e.

MOTEHUMAJIBHBIE NOTPEBUTENN W/WNTTN SAMHTEPECOBAHHBIE B PASPABOTKE

MpumeHeHVe pa3paboTKM Ha MaLlIVHO-, aBTOMObUNE-, aBUa-, CYf0-, MPUGOPOCTPOUTESNIbHBIX PEMOHTHbBIX 1 APYrX
NpeanpuATUAX MeTannoobpabaTbiBaloLWen oTpacn.

PYKOBOAWTESTb PASPABOTKM

[Josranes AnekcaHap Muxaiinosuu, aekaH dpakynsTeTa 4OBY30BCKON NOATOTOBKY 1 NPodopueHTaLum.

KOHTAKTHbBIE JAHHbIE

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

TEXHONOIMMA AYroBov CBAPKN KOHCTPYKLMOHHDbIX
CTANEN C ABYXCTPYNHOWN KOAKCUAJIbBHOU NOOAYEN
KOMMNOHEHTOB 3ALWWTHON FA30BOU CPEADbI

ONNCAHNE PAZPABOTKN

Pa3pa60TaHa npHUMNManbHO HOBaA TEXHONIOINA NMOBbIWEHNA TEXHONTOTNMYECKUX N SKOHOMUNYECKUX nokasartenemn
npouecca ,D,yI'OBOVI CBAPKN KOHCTPYKUMOHHbIX cTanemn 3a cyet (I)OpMVIpOBaHI/IFI 3aLUTHOW ra3oBown cpefbl nepemeH-
HOro CoCTaBa HenocpeacTBeHHO B 30HE ropeHnAa Ayrn nyTem cMelrBaHUA KOaKCalbHO NoAdaBaeMbIX B Hee He3aBU-
C/IMbIX MOTOKOB aproHa 1 yrnekncnoro rasa.




TEXHWNYECKME MPENMMYLLECTBA

Mpennaraemasa TeXHONOMMA SIBNAETCA NPUHLUMNMANIBHO HOBOW U 3HAUUTENIbHO NPEBOCXOANT UMELMeCca aHanorm
MO 3KOHOMMYECKNM U TEXHONOTMYECKMM napameTpam. OCHOBHbIM NMPenMyLLeCTBOM ABASETCA BO3MOXHOCTb ee pea-
NN3aLnK Ha yKe MELLeMCsi CBapOYHOM 060pyL0oBaHMM 6e3 3HAaUMTENbHbBIX 3aTPaT Ha ero MOAEepPHM3aLMIO.

TexHonorua agnaeTca ﬂepCl'IEKTI/IBHOVI N nmeeT HECKOJIbKO HanpaBneHmﬁ JanbHenwero Pa3BUTUA:

— aaAunTuUBHbIE cnocobbl MOCIONHOro Co3[aHnA M3Qennin CIIOXHON reoMmeTpum un3 MetTainyecknx cnjiaBoB
C Tp66yEMbIM q)yHKLI,VIOHaJ'IbeIM rpagneHTom CBOWCTB MO CEYEHUIO 3arOTOBKY;

— CNocob ynpaBfieHnsa TEXHONOrMYEeCKUMY NapaMeTpamMm 3alUTHON Fra30BOI aTMOChepbl MyTeM HAHOCTPYKTYPHOM
MoandUKaL MM NOTOKa 3aLLMTHOWN ra3oBO CMeCU Npu AyroBOW CBapKe;

— CBapKa BbICOKOMPOYHbIX CTajlell U CMaBoOB C BBeAeHNEM GpTOpCoAep KaLlnX ra3oBbiX KOMNOHEHTOB SF6 ans mu-
HUMW3ALUN HACbILEHWUS] MeTala BOLOPOAOM.

TEKYLWAA CTAONA PA3BUTINA

MNMoarotoBieHHOE NPOU3BOACTBO.

CBEZEHWA O MPABOBOVI OXPAHE

1. YcTpowncTso ana Busyanvsaumm razoBoro notoka / B. . Kynukos, 0. A. Llymapes, A. O. Koportees, [. A. Oneluke-
BWY; 3asABUTeNb 1 NaTeHToobNagatens NHY «/HCTUTYT nopolukoBol meTannyprumn». — 7645 BY, MIMNK B 23 K 9/00. —
N2 u 20110199; 3aasn. 2011.03.23; ony6n. 2011.10.30.

2.HaxnectouHoe cBapHoe coeanHeHue nnactuH / 10. A. Llymapes, A. P. JlyueHok, A. O. KopoTees; 3asaBuTeNb U NaTeH-
Toobnagatenb MHY «/MHCTUTYT nopolkoBo meTannypriums. — 6412 BY, MINK B 23 K 33/00. — N2 u 20091018; 3asBn.
2009.12.03; ony61.2010.08.30.

3. KoHCTpyKUmA CKOCa KPOMKYM HEpa3beMHOro coeauHeHna ¢ yrnosbim weom / 0. A. Llymapes, B. A. lonkoBcKuni,
B. H. Knoukos, A. O. KopoTees; 3asaBuTens 1 nateHtoobnagatesns 'YBIMO «benopyccko-Poccunckuin YHusepcmte». —
6805 BY, MINK B 23 K 33/00. — N2 u 20100432; 3asasn. 2010.05.06; ony6n. 2010.12.30.

4. KOHCTPYKLUMA CKOCa KPOMKM HepasbeMHOro coefiviHeHua ¢ yrnosbim weoM / 0. A. Lilymapes, B. A. [TonkoBckui,
B. H. Knoukos, A.O. KopoTees; 3aaButenb 1 nateHtoobnagatens YBINO «benopyccko-Poccuiickmin YHnBepcuteTs. —
6799 BY, MINK B 23 K33/00. — N2 u 20100431; 3asasn. 2010.05.06; ony6n. 2010.12.30.

5.CBapHoe coegnHeHe nnacTuH c npope3Hbimy weamun / 10. A. Llymapes, B. T. LUmypagko, A. O. KopoTtees; 3aAaBuTenb
1 nateHToobnagatens MHY «MHCTUTYT nopoLikoBon meTannyprum», — 6869 BY, MINMK B 23 K 33/00. — N2 u 20091026;
3anaBn. 2009.12.04; ony6n. 2010.12.30.

6. CBapHoe coeauHeHue nnactuH / t0. A. Lymapes, H. B. KupwuHa, A. O. KopoTees; 3asBuTesib 1 nateHToobnasa-
Tenb MHY «MHCTUTYT nopowwkoBon meTannyprum». — 7204 BY, MINK B 23 K 33/00. — N2 u 20100813; 3aa8n. 2010.09.29;
ony6n. 2011.04.30.

7. Dopma anA NOAroTOBKM KPOMOK HEPa3beMHOMo coeiHeHUA C yrinosbiMu Weamu / B. B. JecaTHuk, t0. A. Llymapes,
B. A. Monkosckuia, B. H. Knoukos, A. O. KopoTees; 3aaBuTtenb 1 nateHtoobnagatens YBINO «benopyccko-Poccumiickui
YHuBepcutet». — 7125 BY, MIMNK B 23 K 33/00. — N2 u 20100430; 3asBn. 2010.05.06; ony6s. 2011.04.30.

8. YcTponcTteo ana Busyannsayum razosoro notoka / B. I. Kynukos, 1O. A. Liymapes, A. O. Kopotees, [I. A. Onewke-
BWY; 3asABUTENb 1 NaTeHToobnaaatenb FHY «MHCTUTYT nopolkoBon meTannyprumy. — 7645 BY, MK B 23 K 9/00. —
Ne u 20110199; 3asBn. 2011.03.23; ony6n. 2011.10.30.

9.YcTponcTBo Ana 3awmtbl cBapoyHou BaHHbI / A. O. KopoTees, B. . Kynukos, 10. A. Llymapes; 3aaButenb 1 nateHTo-
o6napatens ['YBMO «benopyccko-Poccuinckuii YHusepcuteT». — 10194 BY, MK B 23 K 9/16. — N2 u 20130946; 3asB.
2013.11.18; ony6n. 2014.08.30.
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10. YcTponcTBo AnA 3awmTbl CBapoyHou BaHHbl / A. O. KopoTees, B. I1. Kynukos, 10. A. Llymapes; 3aaBuTenb u na-
TeHToOONagatenb 'YBIMO «benopyccko-Poccuincknin YHusepcutet». — 10194 BY, MMNK B 23 K 9/16. — N2 u 20130946;
3anBn.2013.11.18; ony6n. 2014.08.30.

MNOTEHUMATIBHBIE TOTPEBUTEST W/ SANHTEPECOBAHHBIE B PASPABOTKE

CBapOLIHOG npon3BoACTBO B MALLMHOCTPOEHWUN, He(I)TeXI/IMI/II/I, JHepreTuke, aBTOMO6I/IJ'IeCTpOQHI/IVI, cTpouTenbcTBe.

PYKOBOLAWMTEJTb PASPABOTKN

KopoTtees ApTyp Onerosuy, 3aBeaytolinin Kapenpoi «O60pyfoBaHME Y TEXHONIOTMSA CBapOYHOTO NPOV3BOACTBAY,
KaHAMOaT TeXHNYECKNX HayK, JOLEHT.

KOHTAKTHbBIE JAHHbIE

E-mail: koroteev_artur@mail.ru
Ten.: (+375 29) 84549 70

KOMMNbIOTEPHbIN UHXWHUPWUHT
NMPU NPOEKTUPOBAHUUN MALLUUH

ONMNCAHNE PAZPABOTKN

KomnbtoTepHbin nHxmHupuHr (Computer-Aided Engineering, CAE) — ofHa 13 LeHTpanbHbIX M CaMblX HAYKOEMKIX
TEXHOMOI NI COBPEMEHHOW NMPOMBILLIIEHHOCTH, 0becneynBatoLlas KOHKYPEHTOCMOCOOHOCTb NPOAYKLMUM HOBOTO Mo-
KoneHus.

TEXHNYECKNE TTPEMMYLLECTBA

Cneumanunsauma Ha UCNbITaHUAX npoayKkumn CBapo4yHOro npon3soacTea.

AKKpeauTaums Ha BCO HOMEHKATYpPY, NPUMEHSAEMYIO B CBAPOYHOM Mpou3BoacTBe (060pyaoBaHMe, TEXHOOMN,
MaTepuabl, CPeACTBA MHAVBUAYaNbHON 3aLUTbI Ma3).

BbicoKas KBanvuKaLms SKCNepToB.
JKcnepTbl LeHTPa NMEIT cepTUPMKaTbl KOMNETEHTHOCTY SKCMEpPTa Ha BCE BMAbI UCTbITAHNA.

CpoKuy NpoBefeHNsA UCMbITaHUA 1 CTOUMOCTb YCTaHaB/MBAIOTCA B 3aBUCUMOCTU OT CJZIOXKHOCTY U3[ENNA, CPOK Bbl-
Jaun npoTtokonos — ot 1 go 30 gHen.

OXMUOAEMbIN PE3YIBTAT MPVIMEHEHWA

MawmnHocTpoeHre, ManorabapuTHble 3eKTpoMexaHnyeckre Npusosabl.

TEKYLWAA CTALAMA PA3BNTINA

BbinonHeHa HayyHO-MCCIefoBaTeNIbCKas UMM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabora.

MNOTEHUMATIBHBIE TIOTPEBUTEST /TN SAMHTEPECOBAHHBIE B PASPABOTKE

MawmHocTponTenbHble NPeanpUATUS.




PYKOBOAWTEJTb PASPABOTKM

JleoHeHko Oner BrKTopoBUY, pyKOBOAUTENb MHXMHUPUHIOBOTO LieHTpa SimTech;

PomaHoBuy tOpuin Cepreesuy, segywmin cneuynanuct CAD/CAE HanpasneHus.

KOHTAKTHbBIE JAHHbIE

E-mail: olegleonenko@gmail.com
Ten.: (+375 222) 2584 36

PEAYKTOPDI SPHERIO_MSERIES
OMVICAHWE PA3PABOTKM

MNHHOBaLUMOHHan pa3paboTka B 06/1aCTh SNEKTPOMEXaHUYECKOro NprBoaa. ManorabapuTHble HafeXHble pefyKTo-
pbl Ha OCHOBe cdepryecKoi PONNKOBOI Nepeaaun ¢ ABYXPAAHbIM CaTeNIUTOM. He3amMeH MBI, ECIN HY>KHO BCTPOUTb
pefyKTop B CUMIOBOW NPUBOS B Masble rabapuTbl Py HEOOXOANUMOCTI NOMYYeHNA 6OMbLIKX NEPeAATOUYHbIX OTHOLLEe-
HWIA. 3anaTeHTOBaHbI Pa3fiMyHble BapUaHTbl Nepeaayun As LWMPOKOro NPOMbILLIIEHHOTO MPUMEHEHMS.

TEXHWNYECKME MPEMMYLLECTBA

LLinpoknin ananasoH nepeAaToyHbIX OTHOLWeHMn: 10-200 B 04HOM CTYNEHN.
BblcoKas Harpy3ouHas CmocoGHOCTb NPV Masbix rabaputax 1 Bece.
Bblcokas HaeXXHOCTb U PEMOHTONPUIrOAHOCTb.

KMJ Ha ypoBHe nnaHeTapHbIx 3ybuaTtbix nepenav.

HW3KUM Wwym 1 manbiii MOMEHT MHePLUUN (M MOMEHT CTparnBaHums).

KoMMnoHOBOYHble 0COHBEHHOCTI: COOCHOCTb BaJioB, LlI/U'II/IHApVI‘-IECKVIVI Kopnyc, Nno3sonAwwme nerko BCTpanBaTb pe-
AYKTOP B pa3/inyHble KNHEMaATUYECKNE Lenn MallnH, pO6OTOB, MaHNMYNATOPOB.

npOCTOTa O6Cﬂy)KI/IBaHI/IF|, KOHCNCTEHTHAA CMa3Ka 3aKagblBaeTCA Npu c6op|<e PenyKTOpa Ha BeCb Nnepnog Cﬂy>K6bI.

OXUOAEMbIN PE3YNIBTAT MPVIMEHEHMA

MaLIJI/IHOCTpOGHVIe, Manora6ap|/|THb|e NeKTpomexaHnvyeckmne npmneoabl.

TEKYWAA CTAOVA PASBUTINA

BbinyLeH onbITHbIN 06pa3eL. PaspaboTka BHeApeHa B MPOV3BOACTBO.

CBEZIEHWA O MPABOBOVI OXPAHE

1. Cdepuueckan nepegaya: nat. 22030 C1 Pecn. benapycb: MIK (2006.01) F 16H 23/00 / M. E. JlycteHkos, E. C. Jly-
CTeHKOBa; AiaTa ny6s.: 30.06.2018.

2. Coeprueckas nepepaya: nat. 22355 C1 Pecn. benapycb: MIK (2006.01) F 16H 25/00 / M. E. JlycteHkos, E. C. Jly-
CTeHKOBa; fiaTa ny6s.: 29.10.2018.
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3. Cdepuueckan nepepava: nat. 22606 C1 Pecn. benapycb: MIK (2006.01) F 16H 25/00 / M. E. JlycteHkos, E. C. J1y-
CTeHKOBa; AaTa ny6n.: 30.06.2019.

MOTEHUMATIBHBIE NOTPEBUTEN W/WNTTN SAMHTEPECOBAHHBIE B PASPABOTKE

MpennpuAaTra, 3aHNMaloWmecs pPa3paboTKon 1 NPOU3BOACTBOM MasiorabapuTHbIX SNEKTPOMEXAHNYECKUX MPUBO-
[0B PA3/IMYHOTO Ha3HauYeHWs, SKCITyaTPYyoLLMe NPUBOLbI TEXHONIOTMYECKOro 060pyfoBaHMs.

PYKOBOLWTEJTb PASPABOTKN

JlycteHkoBa EkaTtepuHa CepreeBHa, accucteHT Kapeapbl «<OCHOBbI MPOEKTUPOBAHNA MALLUMH».

KOHTAKTHbBIE JAHHbBIE

E-mail: fittsova@gmail.com
Ten.: (+375 44) 727 82 43

CACTEMA ABTOMATUYECKOTIO YINPABJIEHUA
C KOPPEKLUMUEN MOLHOCTUY TEMJIOBJIOMKEHUA B 30HY
COEAUHEHWA NPU KOHTAKTHOW PENIbE®HOW CBAPKE

ONMNCAHWNE PA3PABOTKN

PaspaboTaHa TEXHONOIMs KOHTAKTHOW penbepHO CBapKU
C BO3MOXHOCTbIO aBTOMaTUYECKOWN KOPPEKLUMM MOLLHOCTHY Te-
MIOBNOMXEHNS B 30HY KOHTAaKTHOW pefibepHOM CBapKU B Teve-
HUe KaXKOoro monynepurofa CeTeBOro HanpskeHua. TexHono-
rmsi peanusyetcsi Ha 6ase CBapOYHbIX MALUVIH AJ1A KOHTAaKTHOWM
CBapKWN nepemeHHOro ToKa MPOMbILWIeHHON YacToTbl. MeTopg,
penbedHON cBapKM 6asnpyeTcs Ha UCMOMb30BaHUK Npeobpa-
3oBaTens HanpsxeHui N1 USB (ALN, LLAT), 6noka ynpaBneHus
TMpuUcTopamy, 6510Ka NUTAHWA 1 COrNacoBaHUS HaMPs>KEHUN,
JATUMKOB OOPATHON CBA3U MO HAMPSKEHUIO MEXIY dNEKTPO-
ZJaMu, BTOPUYHOMY TOKY, Npeobpa3oBaTess IMHENHOro nepe-
MeLLeHMA 3MeKTPOoAa 1 TEH30PE3UCTOPOB ANA N3MEPEHNA YCUNMA CKaTUA NEKTPOLOB. PeXrMbl ynpaBneHma MoL-
HOCTbIO 33[]alTCs C MOMOLLbIO MPOrpaMMHOro Koga B cpege LabVIEW, ocywlecTBnsowero Haxatnem Ha negasnb
CBApPOYHON MaLUVHbI 3aMycK 6/10Ka LiMKia CBApKW.

TEXHNYECKME TMTPEMMYLLECTBA

HayuHaa HOBU3HA M 3HAUYMMOCTb MOJTYUYEHHbIX Pe3yNbTaTOB 3aKJIOUYAETCA B Pa3paboTKe KOPPEKTUPYLLEen Cu-
CTeMbl aBTOMaTMYECKOr0o PerynvpoBaHrA MOLLHOCTY TEMIOBIOXKEHNSA B MPOLECCE KOHTAKTHOW penibedHOM CBapKu
T-06pa3sHbIX coeiHeHUI 6e3 NpepbIBaHNA TEXHOMOMMYECKOro LMKIIa, MO3BOMAIOLLIEN 33 CYET UCMOSIb30BaHUSA Npes-
NOMEHHBIX anmnpPOKCMMUPYIOLLMX 3aBUCUMOCTEN PacCUMTbiBaTb HEMOCPEACTBEHHO B NpoLecce CBapKu KodbouumeHTt
perynMpoBaHNA MOLHOCTY TEMTOBIIOXKEHNA U 3a4ePXKKY BK/IIOUEHUA TUPUCTOPHOIO KOHTaKTOpa CBapOYHOM Mallu-
Hbl B Cnegyowux nonynepruogax ceTeBoro HanpsaXeHna Ha OCHOBE U3MePEHHbIX 3HaYeHNN NapamMeTPOB PeXrma B
npeablayLyx noayneprodax 1 NPorpaMmmHOro 3aflaHus LMKIOrpamMmMbl MOLHOCTY, YTO AaeT BO3MOXHOCTb obecrne-
YnTb CTaOUIBHOCTb MPOYHOCTHBIX CBOMCTB MOTyYEHHbIX COeAVHEHNI NMPU SKOHOMUW SNIEKTPO3HEpPrun, noTpebnse-
MOW KOHTAaKTHOW MaLLHOWN.

TEKYWAA CTAOWA PASBUTINA

BbinyLieH onbITHbIN 06pa3eL. PaspaboTka BHepeHa B MPOM3BOACTBO.




CBEJEHWA O MPABOBOW OXPAHE

1. NonyyeHo yBegomneHue N2 a 20190159 ot 10.10.2019 0 NoNOKUTENbHOM pe3ynbTaTe NpefBapuTesIbHON SKC-
nepTM3bl MO 3asiBKe Ha Bblauy naTeHTa Ha n3obpeTeHue «Cnocob KOHTAKTHOW pefibepHOM CBapKM C afanTyBHbIM
ynpaBneHnem 1 YCTPOWCTBO AnA ero peanusaumm». Astopbl: C. M. ®ypmaHos, . H. lOmaHos, U. H. Cmonsp, W. A. Ha-
ymosel, I. A. JlaproHos.

2. Cnocob KOHTaKTHOWM ToueyHom nnn penbedHom ceapku: nat. Pecn. benapycb, MK B 23 K 11/11/ A. 10. MNonskos,
C. M. ®ypmaHosB, T. V1. benguk, C. C. KopaTkeBuy, A. O. bynbiHKo; 3asaBn. 25.11.2013; ony6n. 30.04.2016. — 2016. —
N2 19977 (C1).— 4 c.

3. Cuctema aBTOMaTMYeCKOro ynpaBneHus npoueccom penbedHoin ceapku: nat. Pecn. benapycb, MIMKB 23K 11/10/
A.10.Monsakos, C. M. ®ypmaHos, T. V. benauk, C. C. KopaTtkesuy, A. O. BynbiHKo; 3asa81. 18.11.2013; 0ny6n.30.12.2014. —
2014.— N2 10481 (U). — 5 c.

4. Cnocob KoHTaKTHOW penbedHol cBapky: nat. Pecn. benapycb, MMNK B 23 K 11/11/ A. 0. MNonsakos, C. M. ®ypma-
HoB, [I. H. lOmaHosB, T. U. Benguk, A. A. CtenaHoB, M. C. Kono6oBa; 3asesn. 18.09.2017; ony6n. 30.12.2018. — 2018. —
Ne 22304 (C1). — 4 c.

[MOTEHUMAJIBHBIE NOTPEBUTENT W/NTTN SAMHTEPECOBAHHBIE B PASPABOTKE

Poccus, benapycb, cTpaHbl 6NKHEr0 3apy6eXkbs — MaLIMHOCTPOUTENbHbIE, MPOMbILWIEHHbIE NPeanpPUATUS, CBa-
pOYHOE MPOM3BOACTBO C MCMOMb30BaHMEM Hanbosnee PacnpoCTPaHEHHbIX CMOCOOOB KOHTAaKTHOW TOYEYHOW 1 pe-
nbedHON CBapKM.

PYKOBOLMTESTb PASPABOTKM

®ypmaHos Cepren Muxainosuy, foueHT Kadeapbl «O6opyaoBaHME 1 TEXHONOMMA CBAaPOYHOrO MPOM3BOACTBAY,
KaHAMZAT TEXHUYECKNX HayK, AOLIEHT.

KOHTAKTHbBIE JAHHbIE

E-mail: ev.bru@mail.ru
Ten.: (+375 29) 541 67 99




OUNNAN BENTOPYCCKOIO HALUMOHANIBHOTIO
TEXHNWYECKOIO YHUBEPCUTETA
«HAYYHO-UCCNEOOBATENbCKUN
MNOJIUTEXHUYECKUN UHCTUTYT»

NMPOU3BOACTBO KJIEEHBIX U3AEJIU U KOHCTPYKLUI
B COHETAHUW METAJI1 — METAJN,

METAJI1 — NNACTUK, MJITACTUK — MJTACTUK

ANA SAMEHbI CBAPKU, KJIENMKU U T. A.

ONMNCAHNE PASPABOTKN

Pa3pa60TKa KOMMNO3NUMOHHbIX MaTepurasioB Nno[ KOHKPeTHble YyC-
JIOBMA 3KCrUlyaTaunu, BbINOTHEHNE KOHCTPYKTOPCKUX pa60T. AHnanus
BO3MOXHOCTU CKpeniaemMblX y3J10B, X PEMOHTa U Bblpa6OTKa npen-
NIOXEHWI NO nX KpenneHuto. Pa3pa60TKa TEXHOJNTIOTMYECKMX KapT. Cos-
JaHune TeXHONOrMYecKnx N3gennin B3ameH CBapKu, KNENKN N T. A.

TexHonornA No3BoONAET COEAMHATL AeTANN U3 TPYAHO CKpenifaemMbixX
MaTepuranoB, TakMX Kak HepXKaBeloLas cTasb, TUTAH U UX KOMNO3ULNIA,
a TakXe UHbIX Pa3HOPOAHbIX MaTePMasioB, B TOM YMC/ie MOPUCTbIX Ma-
TepuanoB. CKleeHHble coefIHEHVA BbigePXKMBalOT Harpy3ku OKomo
25 Mra. TexHonorus ygobHa Aania peMoHTa Nobol TEXHNKN, a TakKe
CO3[aHNA TEXHONOTMYECKMX U3eNi B3aMeH TEXHOOMUN CreKaHuA,
CBAPKW, KNEMKN U T. [i. B 06/1aCT! MALLMHOCTPOEHUS1. TEXHONOTSA U3ro-
TOBJIEHVA MOAENEeN ANA NNTbA B 3eMJTI0 Ha OCHOBE NMONTIMMEPOB 1 UHBIX
MaTepmanoB C MOMOLLbIO aAre3VBOB ANA U3roTOBMIEHNA UHAMBUAY-
anbHbIX MOJESTbHbIX KOMMIEKTOB [/ TOYHOIO NMNTbA B METaNypPriuu.

MOZEJIb KOPTYCA
CO CTEPXHEBbIM ALLNKOM

TEXHNYECKNE TTPEMMYLLECTBA

Ob6ecneyeHune BbICOKOV HafeXHOCTY MPY HU3KOWM CTOUMOCTY Y BbICOKO PEMOHTONPUIOAHOCTY.
MpuBnekaTenbHbIN ANU3alH, SCTETUYHBIN BUL, HEBUANMAA NTMHUA CKNENKN.

TM6KOCTb An3aiiHa (coeguHeHMe pasMUHbIX MaTepuranoB, COeaUHEHE MUKPOAETanen).

lepmeTnsauma, 3anonHeHne nop.

He TpebyeT fOBOAOUHbIX OMepaLuii, oNTUMU3NPYET TEXHONTOTMYECKI MpoLecc.

MornoueHne BUOpaLMm 1 LWyma.

TennonsonauuaA 1 aneKTpomn3onALms.

BrnbpaLMoHHas BbIHOCIIMBOCTb COEAUHEHUS (PaBHOMEPHOE pacrnpeesieHre Harpy3Ku no BCe NoBEPXHOCTM).
3awMaeT NOBEPXHOCTb OT IEKTPOXUMUYECKON KOPPO3UMN.

KomneHcupyeT Tennosble pacliMpeHna MaTepuranos.

OXMOAEMbIN PE3YIBTAT TMPVIMEHEHWA

TexHONOrMA MOXeT NCNOSb30BaTbCA B pa3pa60TKe pEKOMeHAaLl,I/IVI No NPMMEeHEeHUNI0 Pa3JyiInvyHbIX TUNOB Knees, No-
JINMEPOB N UX COeNHEHNN, a TaKXe KX KOM6I/IHaU,I/IIZ C MeTannamun gisa Co3faHnA CKIIeeHHbIX N3genni nto6oro Ha-
3HayeHunA.
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TEKYLWAA CTALONA PA3BUTINA

Pa3paboTtka BHegpeHa B MPOU3BOACTBO.

CBEOEHWA O MPABOBOW OXPAHE
EBpasumnckmin nateHT N2 036595, nata Bbigaum 27.11.2020.

MOTEHUMAJIBHbBIE NOTPEBUTEN W/TTN SAMHTEPECOBAHHBIE B PASPABOTKE

I penctaBuTen MallMHOCTPOUTENTbHOIO KoMniekca.

PYKOBOAWTEJTb PASPABOTKM

KannHnueHko Mapus JIbBoBHa, HayuHbI coTpyaHUK HUWJT «JTuTeinHble TeXHONOrMmy, MarncTp TeXHNYECKNX HaykK.

KOHTAKTHbBIE JAHHbIE

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

KOMNO3NUUMNOHHDIE NOAWNMHUKA CKOJIbXKEHUA
ANA PABOTbI B TAMEJIOHATPYXXEHHDbIX Y3JIAX TPEHUA

ONNCAHWE PASPABOTKN

Ha 6a3e nabopatopuv HAWIT NTO paspaboTaHbl KOMMO-
3VILMOHHbIE MaTepuanbl Ha MEAHOI OCHOBE, apPMUPOBaH-
Hble >Xene3HbIMU rpaHynamu. [aHHbli TN MaTepuanos
NPUMEHSETCA NS BbICOKOHATPYXEHHbIX Map TpeHus ans
pa3nunyHbIX 06acTel NPOMbILNIEHHOCTN.

Mpy 3KCnayaTaumMm MaWwunH Y 06OPYAOBAHUA BaXKHYIO
POJib UrPaeT CHUKEHME PACXOdOB Ha TeXHUYeckoe 06-
CNYKMBaHWe, NNaHOBble 1 TeKyLne pPeMOoHTbl. OfHUM 13
METOLOB MX YMEHbLUEHUS ABMSETCA MOBbILEHVE HAAeX-
HOCTW Y3/10B 1 arperaToB. B y3nax TpeHus JaHHbIV acnekT
MOXET ObITb peLleH C MOMOLLbIO BbIXOAA SKCMJlyaTaLMOH-
HbIX CBOWCTB MCMOJb3yeMbIX MAaTEPUASIOB B PEXNM «Oe3- X ,
M3HOCHOrO TPEHUA», peanusauma KoToporo Haubosnee A Y500 mm
npeanoyYTUTesibHa NpPu KAeanbHOM BbIMOMHEHNU MPUHLN- ’
na lWapnu. 1ns nosbilweHVA HAAEXKHOCTA, B TOM YKCe U3-
HOCOCTOMKOCTH, LIefIeCO0BPasHO MCMOoJib30BaHME HOBbIX
MepcrneKkTBHbIX MaTepuasnos, BK/OYaA KOMMO3ULIVIOH-
Hble. M3BeCTeH pAg TEXHOMOMMI CO34aHNA KOMMO3ULIVIOH-
HbIX MaTEPMANOB, TaKNX KaK MOPOLWIKOBAA METa/lyprus, fasepHas HamnnaBKa, afAUTUBHbIE TEXHOMOIMK, a TaKXe
NUTEHOE MPOV3BOACTBO. Y MOC/efHeN COXPaHATCA BoMblUne NepPCcrneKkTBbl, CBA3aHHbIE C BbICOKOW NPOU3BOAN-
TEJIbHOCTbIO TEXHOOMMYECKMX NPOLIECCOB, HU3KOWM CTOMMOCTbI0 060PYAOBaHMA 1 OCHACTKM MO CPaBHEHNIO C ApYrii-
MU crnocobamu.

CEFMEHTHbBIV MOALMNHWK

PazpaboTaHbl MeTananyecke KOMMO3ULMOHHbIE MaTepPrabl C MaKpPOreTepPOreHHOW CTPYKTYpOil Ha OCHOBE Ma-
TpULUbI 13 CNIaBOB MeAV, aPMMPOBAHHbIE XKeJ1e30yrNIePOANCTbIMU FPaHyiaMu. 3a CYeT BBeleHNs B MeTa/INYECKyio
MaTpuLy BbICOKOMPOUHBIX 11 BbICOKOMOZYJIbHbIX FPaHy/ yAAeTCs pe3ko MOBbICUTb MPOYHOCTb, BA3KOCTb, »KECTKOCTb
maTepurianoB. CoueTaHrie MaTpuLbl 1 rpaHys, obnajarlwmx cneyuanbHbiMy GU3NYeCcKMM CBOMCTBaMU, OTKPbIBaET
LUMPOKME BO3MOXKHOCTU [J1A1 CO3[aHMA HOBbIX KOMMO3ULMOHHbIX MaTepuasioB 1 NMO3BOJISIET SKCMIyaTUPOBaThb NpakK-
TUYECKM NI0ObIE MALLVIHDBI B TAXKESbIX YCITOBUAX, BKIIOUYAs PEXKMMbI CyXOrO TPEHMS.

TemnepaTtypa akcnnyatauyun — o 450 °C.
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CnocobHOoCTb paboTaTb B YCIIOBMAX 3amMbllIeHHOCTU 11 NO-
BbILLIEHHOW BNaXHOCTU.

O6wWuin N3HOC Napbl TpeHUss — He 6onee 0,1 MMm.
KoaddpuumeHT TpeHns co cmaskom — 0,04-0,06.

TEXHNYECKNE TTPEMMYLLECTBA

TexHUKO-3KOHOMMYECKMe MoKa3aTenn No pesynbraTam
WCMbITaHU 1 OCBOEHWA MOKa3blBaloT, YTO MpPUMEHEHMe
npeanaraembix MaTepuanoB MU TEXHONOMMU WX W3roToB-
neHus obecrneuynBaloT CHUXKEHNE CTOUMOCTU M3Lenunin no
CpaBHEeHMIO C AieTanamu, NojlyyaembIMyi NOPOLLIKOBON Me- |
Tannypruen, Ha 40-100 % 3a cyeT NPUMEHEHUA UTENHON |
TEXHONOTUM N BTOPUYHBIX CMIaBOB Npu obecneyeHmnm Bbl- |
COKUX GU3MKO-MEXaHNYECKNX CBOWCTB. :

M3 pa3paboTaHHbIX MaTepranoB MOryT M3roTaBnBaTh- |
¢ usgenus noboi reomeTpuyeckor Gopmbl 1 pasmepa,
BK/lOYan bumeTannuyeckme. Hanpumep, moryT 6biTb 13-
rOTOB/IEHbl HAMPaBMAWME PA3/IMYHOrO Ha3HauveHus,
yepBAYHbIE KOJeca, BTYNKWN, MOAWWMHUKA CKOJIbXKEHUA 1 BUMETAJITMHYECKAA BTYJTKA
T. . Heo6X0aMMO OTMETUTb, YTO AAHHbIN TUM MaTepranos
npenHasHayeH ana paboTbl B LIENOM PAAe arpeccuBHbIX Cpef, Taknx Kak BbICOKas 3arblfieHHOCTb, BbICOKMe Temmnepa-
TYpPbl WSIN BAAXHOCTb 1 ApP., TAE UCNOSb30BaHWE aHaNOMMUHbIX N3AeSIii He NPeaCTaBNAeTCA BO3MOXHbIM.

OXMAOAEMbIN PE3YSIBTAT MPYIMEHEHWA

YBenuueHne CPOKOB MEXPEMOHTHbIX MHTEPBANOB, CHUXEHNE cebecToMmocCTu O6Cﬂy)KVIBaEMbIX Y3J10B TPeHUA.

TEKYLWAA CTALAVA PA3BNTINA

Pa3paboTka BHeipeHa B NPOU3BOACTBO.

CBEZEHWA O MPABOBOVI OXPAHE

MateHT Pecny6nuku Benapycb N° 23257 «Cnocob 1M3roToBneHMs KOMMO3ULMOHHOTO MaTepurana C MakporeTepo-
reHHow cTpykTypoi» / KanuHuuerko B. A., KanuHnuyeHko M. J1. 30.06.2020 // AdiubiniHbl 6toneTaHb // Hau. usHTp
iHTaneKTyan. ynacHacui. — 2020. — N2 6.

MOTEHUMAJIBHBIE NOTPEBUTENTN W/WTTN SAMHTEPECOBAHHBIE B PASPABOTKE

MpeanpuaTUa, CBA3aHHbIE C MEXaHNYECKOo 06paboTKo AeTanein 1 ngenvi, B paae otTpacsieil NPOMbILLIEHHOCTU.

PYKOBOAWTEJTb PASPABOTKY

KanvHuyerko Bnagucnae AnekcaHapoBuy, 3aBeayoLnii HayuyHO-MCCef0BaTeNbCKoN MHHOBALMOHHOW nabopa-
TOpUe NPOMbILWIEHHON TENNOGU3NKN, KAHAUAAT TEXHUUYECKMX HAYK, AOLIEHT.

KOHTAKTHbBIE JAHHbIE

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




OEAEPAJIbHOE TOCYOAPCTBEHHOE BIOAMKETHOE
OBPA3OBATEJIbHOE Y4YPEXKOEHWE BbICLLEIO
OBPA30BAHUA «CUBUPCKNIN TOCYOAPCTBEHHbIW
NWHOYCTPUANbHbIN YHUBEPCUTET»

HAMNJIABOYHbIN ®JIIOC MAPKU HOM
ONMVICAHVIE PA3PABOTKM

HannasouHbin dnoc mapkn HOM, npegHa3HayeHHbIN nA aBTOMaTMYeCKOW AyroBOW HamnfiaBku cTanu nog ¢nto-
com. Onoc Ana HannaBKU MUCMONb3yeTCA B COMETaHUM CO CBapOYHON NpoBosiokon mapok CB-08, Ce-08A, CB-08IA,
CB-102 no NOCT 2246-70, a Tak»Ke C NOPOLIKOBbIMM NpoBosiokamu Mapku MM-Hn-35B9X3CO, MM-H-25X5OMC, M-
Hn-25X50OMCT un gp.

Ontoc AnA HannaBKU U3roTaBMBAETCA U3 TEXHOTEHHOTO Cbipbsl METANITYPrinyeckoro Npon3BoACTBa (Luaka Npous-
BOACTBa GpeppocusiMKomapraHua) 1 siBiseTcs aHanorom gntoca Mapku AH-348A.

HannasouHbin Gprtoc HOTI nmeeT BbICOKME YKPbIBHbIE CBOWCTBA 1 ONTMMasibHble padUHMUpYOLLMe CMOCOBHOCTH 06-
pa3yloLLerocs Wiaka, a TakKe XopoLLen Koresmen LWwnaka (OTCIoeHnem) OT HannaBaAeMoro C1oa MeTanna.

Mcnonb3oBaHue pa3paboTaHHOro ¢ritoca No3BosET:
— CH/3WTb yrap flernpyoLmx 351eMeHTOB Nnpu Hannaeke Ha 28-35 %, KpemMHuA Ha 12-18 %, xpoma Ha 5-13 %, BoJIb-
¢dpama Ha 3-8 %.

— MNOBbICUTb YPOBEHb TBEPAOCTU Ha 4,0-6,8 % 1 yBENINUNTL N3HOCOCTOMNKOCTb HamnaB/IEHHOrO C10A MeTasla Ha
0,8-3,4 %.

AH-348A HoOM

TEXHNYECKME NMPENMMYLLECTBA

®nioc mapkn HOT npumeHAeTca B KauecTBe diitoca AnA HaniaBKky 1 peMOHTa AeTasiell FOPHOLIAXTHOrO 1 MeTannyp-
rmyeckoro obopypoBaHuA. Mpouecc HaniaBKky Nof NpeanoXeHHbIM GNiocoM Harbosiee SKOHOMUYEH MO CPABHEHNIO
C HanIaBKoM C NPUMEeHeHneM AOPOrnx Kepammnuecknx eniocos, T. K. dntoc mapku HOIM nponsBoanTCcA Ha OCHOBE OTXO-
[l0B Npou3BoACTBa peppocunmkomMapraHua. PaspaboTaHbl TexHuyeckme ycnosms TY 20.59.56.120-001-14796818-2020.
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OXVIOAEMbIV PE3YNBTAT MPYMEHEHIA

CHUXeHre ce6eCcTOMMOCTI NPOBEAEHMSA HAMMABOYHbIX PaboT Npy peMoHTe feTaneli ropHogo06bIBatoLel 1 MeTas-
NYyPruyeckomr NpoMbILLIEHHOCTU.

[anbHeliwee pa3BuTMe Pa3paboTKM BO3MOXKHO 3a CUET MOBbILEHVA 06bEMOB NMPOMbILLIEHHONO NMPOV3BOACTBA U
pacwmpeHuns pbiHKa cobiTa.

TEKYLLAA CTALNA PA3BUTINA

BbinonHeHa HayyHO-MCCefoBaTeNIbCKas UMM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) paborta.

CBEZEHWA O MPABOBOVI OXPAHE

Pa3paboTaHHbI/ cocTaB HamnnaBoyHoro ¢dnoca mapku HOIM 3awmweH nateHtamm PO: N° 2682515, N2 2682730,
N° 2683164.

MOTEHUMATIBHBIE TIOTPEBUTESTA /TN SAMHTEPECOBAHHBIE B PASPABOTKE

MpennpuATUSA, 3aHUMaOLLMECA PEMOHTOM U3HALLMBAEMbIX ieTanell ropHOL06bIBatoLLEN 1 MeTannyprieckon npo-
MbILUIEHHOCTN.

PYKOBOLWITEJTb PAZPABOTKV
Ko3bipes Hukonali AHaTonbeBuWyY, 3aBeaytowwnii Kapegpbl MaTePranoBefeHMS,
NNTENHOIO U CBAaPOYHOTO NPOU3BOACTBA, AOKTOP TEXHUUECKUX HayK, Npodeccop;
MwuxHo Anekceln PomaHoBMY, acnupaHT Kadbenpbl MaTepuanoBefeHns, MIMTENHONO 1 CBapOYHOrO NPOV3BOACTBA;

Yconbues AnekcaHap AnekcaHapoBuWY, OLEHT Kadeapbl MaTeprianoBeieHus, IMTENHOro
1 CBapOYHOTO NPOV3BOACTBA, KAHAMAAT TEXHNUYECKMX HAYK, AOLIEHT.

KOHTAKTHbBIE JAHHbIE

E-mail: kozyrev_na@mtsp.sibsiu.ru
Ten.: (+73843) 46 3291




YINMEPOOAOTOPCOAEPXKALLAA OJIIOC
AOBABKA ®01-YOC

ONMNCAHWE PASPABOTKN

Onioc-pobaBka mapku OO-YOC npumeHsieTcAa B KayecTBe MPUCaAKU K MiaBfieHbIM
dnocam Ans CBapKyM KOHCTPYKLUMOHHbIX HU3KOYTIEPOANCTbIX HU3KOMErMpoOBaHHbIX CTa-
nem. MexaHnyeckas cMecb UCMOMb3yeTcA B COYETAHMM CO CBAPOUYHBIMU MPOBOSIOKaMU
Mapok CB-08, CB-08A, CB-08lA, nsrotosneHHbix no MOCT 2246 1 COOTBETCTBYIOLLMX TPe-
6oBaHuAM P[] 03-613.

Yrnepoadtopcogepallana nobaska mapku OO-YOC npepcrtanaer cobol kepamu-
yeckuni ¢noc, NpegHasHauyeHHbIN 4N BBEAEHWA B OKUCTIUTESNIbHbIE CBApOUHble $tochl
AH-348, AH-60, AH-67. BBeaeHve 106aBKM MO3BOSSET NMOBbILLATL MEXaHUYECKne CBOM-
CTBa CBApHOrO LB, B YaCTHOCTU YAAPHYI0 BA3KOCTb MPU OTpULIATENbHbIX TeMnepaTty-
pax 3a cYeT yMeHbLUeHUA OKCUAHbIX HEMeTa/lNIMYeCKNX BKIOUEHUI, BOJOPOoda 1 a3oTa.
Mpw BBepgeHUn fobaBky B Konnuectse Ao 6 % Bo dnoc AH-348 ypnapHas BaskocTb KCU =
npu Temnepatype —40 °C nosbiwaeTtca Ha 80 %, Bo ¢pntoc AH-60 — Ha 26 %, AH-67 — Ha |
32 %, npvi 3ToM GOPMUPOBAHUE LLBA HE YXYALLAETCA, @ KOIMYECTBO BPEeAHbIX BbIOPOCOB
He yBenmymnBaeTcs.

TEXHNYECKME MPENMMYLLECTBA

Onioc-pobaBka mapku OO-YOC npumeHsieTcA B KayecTBe MPUCaAKU K MaBJIeHbIM
dnocam ans cBapKu KOHCTPYKLUMOHHBIX HU3KOYTNepOaNCTbIX HU3KONEerMpoBaHHbIX CTa-

nei. MNpouecc ceapku nof nnasneHbimu dnocamm ¢ gobaskon O-YOC Hanbonee s3KOHOMUYEH MO CPABHEHUIO CO
CBapKOW C NpUMeHeHneM Joporux kepammueckmx Gniocos, T. K. ®O-YOC npon3BogmTca Ha OCHOBE OTXOLOB antioMu-
HVEBOro MPOU3BOACTBA. DKOsormyeckas 6e30nacHoOCTb NOATBEPXKAEHa NPOTOKoaMM NPo6 Bo3ayxa paboyeit 30Hbl
npw cBapke nof ¢nocamu ¢ nprMmeHeHriem HoBol ¢ntoc-gobasku OO-YOC. KoHueHTpaLus BpegHbIX NpruMecei He

npesbilwaeT TpeboBaHun MAK.

OXUOAEMbIN PE3YNIBTAT MPVIMEHEHMA

TexHonorus anpobrpoBaHa 1 BHeApeHa B Npor3BoacTBo Ha AO «<HOBOKY3HeL KM 3aBOA Pe3epByapHbIX MeTalo-
KOHCTpYKUMiA uMeHU H. E. KptokoBax. Pa3paboTaHbl TeXHONOrMyeckre pekoMeHaLmm ans npovsBoacTBa v UCMonb-
30BaHusA yrnepoadTopconepallenn fodbaskn — TY 5929-007-01395874-2015. JanbHelwwee pa3Butue paspaboTku
BO3MOXHO 3@ CYET MOBbILIEHNA 06bEMOB NMPOMBbILLIEHHOIO NMPOW3BOACTBA M PaCLUMPEHUSA PbiHKa CObITa.

TEKYLWAA CTALONA PA3BUTINA

Pa3paboTka BHeipeHa B NPOW3BOACTBO.

CBEZEHWA O MPABOBOVI OXPAHE

PaspaboTaHHbIl cOCTaB HOBOW CBapoyHON ¢ptoc-gobaBKkm 3awmileH nateHTamm PO: N2 2484936, N2 2564801.

MOTEHUMATBHbBIE NOTPEBUTENT W/WTTN SAMHTEPECOBAHHBIE B PASPABOTKE

MpounssoaUTEN METANNIOKOHCTPYKLIMIA 1 METANNION3AENNIA, @ TAKXKE PEMOHTHbIE OpraHu3aL i,

PYKOBOAWTEJTb PASPABOTKM

Ko3bipes Hukonali AHaTonbeBunY, 3aBefyoLwwmii Kabepo matepuranoBegeHus,
NUTERHOrO N CBAPOYHOrO NPOU3BOACTBA, AOKTOP TEXHMYECKUX HayK, Npodeccop;

KptokoB PomaH EBreHbeBuy, goueHT Kabeapbl MaTepranoBeaeHus,
NIUTENHOrO 1 CBaPOYHOro NPON3BOACTBA, KaHANAAT TEXHUYECKUX HaYK, AOLEHT.

KOHTAKTHbBIE JAHHbIE

E-mail: kozyrev_na@mtsp.sibsiu.ru
Ten.: (+73843) 46 3291
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OTKPbITOE AKLULMOHEPHOE OBLWLECTBO
<«MUHCKUWN HAUN PAOVUOMATEPUAJIOB»

CUCTEMA MOHUTOPUHTA KOHUEHTPAL U YTAPHOTO
U YTNEKUCNIOTO rA30B CO U CO,

ONMNCAHWE PASPABOTKN

Cuctema npepHasHayeHa AnA MOHUTOPUHIA KoHueHTpauun CO, CO,
B KabuHe Boautena. NctouHmkom CO sABRAETCS BbIXMOMHaA cUcTema
[BUraTens BHyTPeHHero cropaHusa. lNpu HemcnpaBHOCTAX 3TON CUCTEMDI
yrapHbI ra3 NonajaeT B CaJIoH aBTOMOOWA 1 MPW ero BbICOKMNX KOH-
LleHTpaLuaX MOXeT NPUBECTM K JieTalibHoOMy rcxogy. [pumeHeHve gat-
unkos CO, akTyanbHO AnA OTCIEXMBAHNA yTeUeK CMCTEM OXNaXaeHUA.

Cuctema peannsoBaHa Ha 6asze cenekTMBHbIX AatuymkoB CO un co, o
C 67I0KOM MOHWUTOPVIHIA KOHLEHTPALIMM BbllleyKa3aHHbIX ra3oB.

[lnanasoH u3MepeHus MOHUTOPUHIa KOHLEHTpauuu, He 6Gonee
CO 200 mr/m?, CO, 20 000 mr/m.

MNpegen ponyckaemon OTHOCUMTENbHOWM MOrpPelHoCT M3MepeHua
KOHUeHTpauuu, He 6onee: CO 20 %, CO, 20 %.

Bpemsa peakuum cuctembl, He 6onee: CO 10 ¢, CO, 20 c.

MouHocTb, He 6onee: 10 BT.
Ncnonb3yembin nHtepdenc: RS-232/CAN-BAS.

TEXHNYECKME TMTPEMMYLLECTBA

OTKpbITas apxMTEKTypa NO3BONAET Nerko KOHGUrypupoBaTb (aaanTnpoBaTh) CUCTEMbI OAA PA3SIMUHbBIX YCIOBUIA
NPUMEHEHUSA MO KOMMYECTBY U TUMY NPUMEHSAEMbIX AaTUMKOB, rabaputam, cnocoby o6paboTku, nepefaun UHdop-
maumm, CToMmocTy 1 np. icnonb3osaHue, Hapagy ¢ gatumkom CO,, BbICOKOUYBCTBUTENbHOTO AaTumka CO nossonset
npeaynpexaatb O BO3ropaHUM Ha PaHHWX CTaAUAX ero BO3HMKHOBEHWS (Hanpumep, Npv TAEHUA U30MALMN Kabe-
nA Npu neperpyske cetu, TpaHchopmatopa U T. 4.). Npn HEOBXOAUMOCTN CMCTEMA MOXKET JOMNOMHUTENBHO KOMMJIEK-
TOBATbCA AATUMKaMU BRAXKHOCTM, TemnepaTypbl U T. 4. KOHCTpyKUMA crucTeMbl MO3BOAAET obecneumBaTb ObICTPYLO
N MPOCTYI0 3aMeHY AaTUMKOB (KaK 3aMeHa JlaMroyKku), obnafiaeT BO3MOXHOCTbIO CaMOAMArHOCTVKY, ONEPATUBHO
B3aUMOZENCTBYET C BblUNCIUTENIbHOW TEXHUKOW Ansi 06paboTKn MHGopmMaLmm.

OXMOAEMbIN PE3YJIBTAT MPVIMEHEHWA

MoBblweHne 6e30nacHOCTA SKCr1yaTaym TPpaHCNOPTHDBIX CPpeacTB 3a CHET BHEAPEHUA aBTOMATU3NPOBAHHbIX Ll,l/ld)-
POBbIX CCTEM, NOBblleHne KOHKypeHTOCI'IOCO6HOCTI/I OTeYeCTBEHHON aBTOMOOWUIIbHON TEXHMKK Ha BHYTPEHHEM
1 BHEWHUX PbIHKaX N €€ 5KCMOPTHOrro noTeHUMana.

TEKYLWAA CTALOMA PA3BUTINA

B nekabpe 2020 r. 3aBepLUeHa OMbITHO-KOHCTPYKTOPCKas paboTa. I3rotosneH 1 npoLuen nonoXKutesbHble NCMbiTa-
HUA Ha aBTobyce OAO «MA3» onbITHLIN 06pa3zeL, CUCTEMBI.

NOTEHUWMATIBHBIE NMOTPEBUTEIT W/ SAMHTEPECOBAHHBIE B PASPABOTKE

I'Ipep,anlﬂTvm — NMPOn3BOANTEJIN aBTOTPAHCMOPTHbLIX CPeACTB, B TOM UMdJie Npon3BogAalme TpaHCNOPTHbIE Cpen-
CTBa, NpeAHa3HayeHHble ANA NepeBO3KN NacCaKNpoB.

PYKOBOLWTEJTb PASPABOTKM

MocnaHoB Anekcen HukonaeBumy, Ha4YanbHUK KOHCTPYKTOPCKOro otaena I'IpI/I60pOCTpOGHVIﬂ
Hay4YHO-NMPON3BOACTBEHHOIO LIEHTPa «MI/IKpOMexaHVIKa».
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KOHTAKTHbBIE JAHHbIE

E-mail: mniirm@mniirm.by
Ten.: (+375 17) 270 96 06, dakc (+375 17) 27096 11

CUCTEMA MOHUTOPUHTA KOHUEHTPALUUW METAHA CH,

ONMNCAHWE PASPABOTKN

Cnictema npefHasHayeHa ana moHutopuHra CH, B KpUTMYECKNX TOUKax
TPAHCMOPTHbIX CPeACTB — MOTOPHOM OTCEKe, B MeCTax YCTaHOBKM ra3o-
BbIX 6asIIOHOB, OTCEKe NPefnyCKOBbIX *KMAKOCTHbIX MOAOrpeBaTene ABn-
ratens, y peflykTopoB ra3oBbix 6annoHoB u ap. Cuctema npepcrasnset
o060l MUKPOMPOLIECCOPHBIA MOAY/bHbIN TefeMeTpUYeCcKUin Nnprnbop, co-
CTOALWMI N3 6/TIOKA MOHUTOPWHTA U NATU AaTYNKOB CH4 (meTaHa).

Cnctema obecrneumBaeT MOHUTOPUHE KOHLIEHTPALMW ra3a B CleayoLmx
Toukax TC: MOTOpHbI oTcek — 1 gatuuk, otcek KO — 1 gatumk, pegyk-
Top — 1 paTuuK, 6a3oBble GanoHbl — 2 AaTunKa.

[nana3oH MOHUTOPUHIa KOHLEeHTpaumi coctaBndaeT go 50 % HuXKHero

KOHLIEHTPaLMOHHOrO Npefesia pacnpocTpaHeHns niaMeHm (BocniameHe-
HUA).

Bpemsa peakuyuu (bbicTpoaenicTBre) cMcTemMbl — He 6onee 5 C.
Mpepen gonyckaemon OTHOCUTENbHOW MNOrPEeLIHOCTY U3MepeHna KoHLeHTpauum — 20 %.

TEXHWNYECKME MPENMMYLLECTBA

OCHOBHbIM KOHKYPEHTOM CUCTEMbI MOHUTOPWHTA ABNAeTcA npoaykuua dupmbl TEQ SA (Tek, Lseliyapusa). OcobeH-
HOCTbIO CCTEMbI B CPaBHEHMI C aHasloramu ABnsAeTca paboTa B LWMPOKOM AuranasoHe TemnepaTyp (o1 -50 go +95 °C)
patumka CH, 3a cyeT NCNonNb3oBaHMA CrneunanbHON CUCTEMbI OXNTaXAEHUA U NOJOrpeBa onTuyeckoro ceHcopa. OT1-
KpblTas apxutekTypa cnuctembl 1 Hanmure geyx CAN-nHTepdencoB obecneyrBatoT MPOCTYy0 aganTaLluio CMCTEMbI NOJ
TpeboBaHWA 3aKa3yrKa C yUeToM pPasnnyHbIX chep NpUMeHeHMs.

OXUAOAEMbIN PE3YNIBTAT MPVIMEHEHMA

MoBbileHWe 6€30MaACHOCTM SKCMITyaTaL MM TPAHCMOPTHBIX CPEACTB 3a CUET BHEAPEHVA aBTOMATM3NPOBaHHbIX Lnd-
POBbIX CUCTEM, MOBbILLEHNE KOHKYPEHTOCMOCOOHOCTM OTEYECTBEHHOW aBTOMOOWIIBHON TEXHUKU Ha BHYTPEHHEM
1 BHELIHMX PbIHKaxX 1 ee 3KCMOPTHOro noteHumana. MNprMeHeHne pa3paboTaHHOW CUCTEMBI NMO3BONUT CHU3UTD Ha-
rPY3Ky Ha 3KONOMI0 3a CYeT CoKpaLlyeHus Bbibpocos CH,.

TEKYLWAA CTALONA PA3BUTINA

B nekabpe 2020 r. 3aBepLLUeHa OMbITHO-KOHCTPYKTOPCKan paboTa. M3roTosneH 1 npoLuen NonoXnTeNbHble UCMbITa-
HUA Ha aBTobyCce OAO «MA3» OnbITHbIV 06pa3eL, CUCTEMbI.

MOTEHUMATBHbBIE NOTPEBUTENT W/NTTN SAMHTEPECOBAHHBIE B PASPABOTKE

Mpown3sBoauTeny aBTOMOOWNbHOW TEXHUKK, paboTatoLLel Ha ra30MOTOPHOM TOMJIVBE, a TakXKe NPeAnpuATUs, 3aHW-
MatoLmeca nepeobopyroBaHeM aBTomobunen nog paboTy Ha ra3oMOTOPHOM TOMJUBE.

PYKOBOLAWTEJTb PASPABOTKN

MocnaHoB Anekcei Hukonaesuy, HayanbHUK KOHCTPYKTOPCKOTrO OTAena NpubopocTpoeHns
Hay4HO-NPOW3BOACTBEHHOIO LieHTpa «MuKpomexaHuKka».

KOHTAKTHbBIE JAHHbIE

E-mail: mniirm@mniirm.by
Ten.: (+375 17) 270 96 06, pakc (+375 17) 27096 11
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OBOCOBJIEHHOE XO3ANCTBEHHOE
NOAPA3OEJNIEHUE «<MHCTUTYT CBAPKU
N 3ALLNTHDBIX NOKPbITUW»

CBAPKA TPEHUEM C NEPEMELWWVNBAHUEM
OMUCAHVE PA3PABOTKM

CBapka TpeHuem c nepemewmBaHuem (CTI) ycnewHo
MCMonb3yeTca ANIA CBapuBaHUA MaTepuasnoB, KOTOpble OT-
HOCATCA K TPYAHOCBapUBaeMbIM, MPUTOM UTO OHa BCe elle
HaXoA4MTCA Ha paHHeln CTaguun pa3sutuA. oka passuTne
npouecca CTIN anA KaAoro HOBOro CBapHOro CoepmHe-
HUA B OCHOBHOM OCTaeTcA 3MNuMpmnyeckum. HayuHble 3Ha-
HUA Ha OCHOBE YMCIEHHbIX NCCNEef0BaHUN ABNAIOTCA 3Ha-
YMTENbHbIMY MOMOLLHMKaM/ B MOHMMaHum npouecca CTrI1.

TEXHNYECKNE TTPEMMYLLECTBA

Cnoco6 CTI no3sondeT nonyyaTb OuMeTannnyeckme
CcoefIHEHNA N3 MeTaINIOB Kak C HEOrPaHNYEHHOW pacTBO-
PUMOCTbIO, TaK 1 HEPACTBOPVIMbIX B TBEPAOM COCTOAHUN,
T. €. CBapuBaTb pa3HOPOAHble MaTepuasbl, 0ObIYHO He CBa-
puBaeMble CBapKOW MilaB/iEHNEM.

OXUAOAEMbIN PE3YSIBTAT MPVIMEHEHWA

Pe3ynbTatbl 6yayT MCNoONb30BaHbl Af1A NONyYeHusa CBap-
HbIX coeguHeHuin metogom CTI 13 KOMMO3ULMOHHbIX Ma- |
Tepranos Ansa GPUKUMOHHON CBAPKK CTanen 1 pa3HOpPOA-
HbIX MaTeprasnos.

TEKYLWAA CTALANA PA3BNTINA

BbinonHeHa Hay4YHO-nccnenoBatesibCkaa Win OnbITHO-KOHCTPYKTOPCKaA (TexHonormnyeckas) pa60Ta.

BbinyLyeH onbITHbIN obpasel.

NOTEHUWANBbHBIE NOTPEBUTES T /NN SAMHTEPECOBAHHbBIE B PASPABOTKE
3A0 «lWrtagnep MuHck», OAO «M3T3 nmenu B. N. Koznosa», OO0 «Tuccay, BHTY «MonutexHuky», OAO «MA3» n gp.

PYKOBOAWTEJTb PASPABOTKM

PagueHko AnekcaHap AfamoBuY, 3aMecTUTENb ANPEKTOPA, KAHANAAT TEXHUYECKNX HayK.

KOHTAKTHbBIE JAHHbIE

E-mail: radch.aa@gmail.com
Ten.: (+375 29) 628 95 91




YYPEXIOEHUE OBPA3OBAHUA «<BPECTCKUN
rOCYOAPCTBEHHbI TEXHUWYECKUN YHUBEPCUTET»

NNASMEHHOE YNPOYHEHUE PEXXYLUETO UHCTPYMEHTA
OMVICAHWE PA3PABOTKM

Pa3pa60TaHHaﬂ TEXHOJIOTNA NOBEPXHOCTHOIO YNPOYHEHWA peann3y-
€TCA NP NOMOLUM MJ1Ia3MOTPOHa C BbICOKKM pecypCcom pa6OTbI, cneun-
aJIbHOIO MeéXaH3Ma AJ1A nepemeLleHnA Nina3sMmoTPpOHa N yNpoYHAEMbIX
Jetanen. YcTaHOBKa ncnonb3lyetca AnA njiasMmeHHOro ynpoyHeHuA
Pa3nnyHbIX Jetanen B MaWWNHOCTPOEHUN, n1LLeBON MPOMbILLINEHHOCTN
nTAa., pa60Ta|ou4|/|x B yCNOBMAX NOBbILWEHHOIo N3HOCAa.

TEXHWNYECKME MPENMMYLLECTBA

BbICOKOMPOU3BOAUTENbHBI MPOLIECC MOBEPXHOCTHOMO YNPOUYHEHMSA )
pabouX 30H AeTasel, NOABEPKEHHbIX MHTEHCUBHOMY U3HOCY, 03B0- |1 C””O;f”BEEL%%KC%%E‘J;H;Efe;aig?mmpoH;
NALYYX YBEANUNTb SKCMITYaTaLMOHHbIE CBOVICTBA YNPOUHEHHbIX 36~ [IRVEIg SN i A S
nuit 6onee yem B 2 pasa. [INA NPOLIECCa YNPOUYHEHWA CO3[jaHbl Mnas-
MOTPOHbI MOCTOAHHOIO TOKa [1A reHepaLmMmn NnasmeHHo ayru u/unm
CTPYM a30Ta C BLICOKMM PECYPCOM PaboTbl U Y/ieNbHOI MOLLHOCTbIO.

OXUAOAEMbIN PE3YJIBTAT MPVIMEHEH WA

YBenuueHvie HempepbiBHOro pecypca paboTbl YNPOUHEHHbIX AeTa-
nei, obnagaroLyx BbICOKOW TBEPAOCTbIO U N3HOCOCTOMKOCTbIO pabo-
YUX 30H U UCXOAHbBIMM MEXaHNUECKMI XapaKTepucTkammn MaTepurana :
cepaueBuHbI AeTanei. 2

i - ¢ v
TEKYLLIAA CTAAMS PA3BUTIA S

YacTu HOXKa
BbinonHeHa HayyHo-UccnefoBaTenbCkasn UM ONbITHO-KOHCTPYKTOP-
CKas (TexHonornyeckasn) pabota.

BbinyLueH onbITHbIN 0bpa3eL, (HOX KyTTepa U T. 4.).
PaspaboTka BHefpeHa B Npon3BoACTBO: KoMmnaHusa Mlekovita (MonbLwua).

CBEZEHWA O MPABOBOVI OXPAHE

[oTOBUTCA 3asBKa Ha MoJsIE3HYO MOL€ENb.

MOTEHUMAJIBHBIE MOTPEBUTEN U/ SANHTEPECOBAHHbIE B PASPABOTKE

OAO «bpectmauy, OAO «Ky3znutmauy, komnaHua Mlekovita (MonbLwa).

PYKOBOLWTEJTb PASPABOTKM

XBuceBuy Butanuin Muxainosuy, npodpeccop Kadeapbl NpUKNagHON MeXaHuKY,
KaHAMAAT TEXHUYECKNX HayK, AOLIEHT;

CazoHoB Muxaun VIBaHOBMY, BOKTOP TEXHUYECKUX HayK, Npodeccop.

KOHTAKTHbIE JAHHbIE

E-mail: vmhvisevitch@bstu.by, vai_mrtm@tut.by
Ten.: (+375 29) 795 76 26, (+375 29) 25456 11
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BENOPYCCKU HAUMOHAJIbHbIN TEXHUYECKUIA
YHUBEPCUTET

ObOPYAOBAHUE U TEXHOJIOTUA OYUCTK METAJIJTIOB
METOAOM JIA3EPHOU O4YUNCTKU

ONMNCAHWE PASPABOTKN

TexHONOrVIA NMa3epHON OYNCTKU METANIJIOB OT 3arpPA3HEHUIN U OK-
CUOB METAJIIOB MO3BOMISIET YCKOPUTb MPOLECC OYNCTKU HEObHXO-
AVIMbIX MOBEPXHOCTEN C HAUMEHbLINM KONMYECTBOM TpyAo3aTpar,
a TakXKe 6e3 yuepba Ansa oKpy»KaloLen cpeabl, Tak KaKk AaHHas Tex- J—
HOJNIOMMA HEe HYXKJAAeTCA B NCMONb30BaHUM Pa3fINUYHbIX XUMUYECKMX i ’::"
KOMMOHEHTOB. K JOCTOMHCTBY AHHOW TEXHONOTMM MOXXHO OTHECTM
TOT aKT, YTO OHA BbIMIPbIBAET B KaUeCTBE NOJTyYaeMO OYNLLEHHON
NMOBEPXHOCTU MO CPABHEHWUIO C TPAAMLMOHHBIMA MeXaHUYECKUMMN
cnocobamm ouncTKU. [nsa [OCTUXKEHUs HEOOXOANMOro pe3ysbraTa
MNCMOMb3yeTCs YCTaHOBKA, KOTOPas BKJIOYAET B Ce0s1: UCTOYHMK UM-

MySIbCHOTO NA3ePHOro M3yYeHusl, ONTUYECKYIO NINH3Y, Peiiky ans MPOLIECC JIASEPHOW OUYNCTKM
MOBEPXHOCTW TPYBbI OT PXKABYIVHbI

nepemeLleHa NVH3bl U YNpaBAAoWwero KoMnblotepa co cneuvani-
3MPOBAHHbIM MPOrPaMMHbIM 0becrneyeHrem.

TEXHUYECKNE NMPEMMYLLECTBA

I'Ipep,naraeMble TEXHONOrMN n 060py,qosaH|/|e COOTBETCTBYIOT
YPOBHIO pa3pa60TOK nepeanoBbiX MPOMbILLTEHHO Pa3BUTbIX CTPaH
N NO3BOJIAIOT p,O6MTbCﬂ Ka4yeCTBEHHOIo O4nLeHnA I'IOBerHOCTeVI.

OXMOAEMbIN PE3YTIBTAT TMPUMEHEHWA

O6opyaoBaHvie NO3BOJIAET MPUMEHUTb HOBbIN MOAXO K OUNCTKE
METAJINIOB OT Pa3/IMYHOro Pofda 3arpA3HEHN, NOBbICUTb NMPON3BO-
AUTENbHOCTb OUUCTKY, @ TaKXKe BO3MOXHOCTb 06paboTK/ HebOob-
LUMX U CIIOXKHOZOCTYTMHbIX O6bEKTOB.

NOTEHUMASbHBIE MOTPEBUTENV e

/NN SAMHTEPECOBAHHDBIE B PASPABOTKE
OAO «benwuHa», OAO «MM3», OAO «BEJIA3».

PYKOBOLUTEJTb PASPABOTKM

[esonHo Oner leoprueswny, 3asegytowmin OHWUJ1 nnasmeHHbIX 1 Na3epHbIX TEXHONOTUI,
[IOKTOP TEXHMYECKMX HayK, npodeccop.

KOHTAKTHbBIE JAHHbIE

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




OBbOPYAOBAHUE U TEXHOJIOTUA
HAHECEHUA U3HOCOCTOUKUX MOKPbLITUN
METOAOM rA3OTEPMUYECKOIO HAMNDbIJIEHUA

ONMNCAHWE PASPABOTKN

TexHOMOrMM MAa3MEHHOro 1 ra3orniiaMeHHOro HanblieHus obec-
neymBaloT BO3MOXHOCTb CO3[aHUA MOKPbLITUI M3 LMPOKON HOMEH-
KnaTypbl MOPOLIKOBbIX MaTepuanosB. BO3MOXHO HamblieHne metan-
NINYECKMX, KepamMUyecKmX, MAAaKUPOBAHHbBIX W  KOMMO3ULMOHHBIX
MaTepuanoB, a Takke MaTepranos, 061afaoLWmx 3K30TePMIMUECKIM
adpdeKkToM. VI3HOCOCTOMKOCTb AeTanen, Kak npaBuio, MOBbIWAETCA
B 3—5 pa3 Mo CpaBHEHMIO C CEPUMHBIMU. [TPUHLMN HaHEeCeHNA MOKPbI-
TU MeToAaMM MIa3MEeHHOro 1 ra3’onlaAMEHHOro HanblfeHNA OCHO-
BaH Ha pa3orpese MOPOLUKOBOro MaTepuana B reHepupyemon nnas-
MOTPOHOM CTpYe MasmMbl UAN B NaMEHN ra3onjaMeHHON ropenku
JO TemnepaTypbl NAaBfeHMA C nocnefylolen Kpuctannmsaumen
Ha ynpouHsemol paboueli MoBepxHOCTU AeTanei. PazpaboTaHa
1 BbIMyCKaeTCcA yCTaHOBKa AJ1A ra30MnjiaMeHHOoro HanblfeHus, KotTopas
COCTOMT W3 MyfbTa yrnpaseHns, CHabXeHHOTO KOHTPONUPYIOLWUMU
nprnbopamu, BEHTUAAMMW ANIA PEryINPOBKY Paboumnx ra3os, CMCTEMON
aBTOMATUKW 1 razopacnpefesnieHuns, TepmopacnbliinTeNbHON FOPenKn
MUCTONETHOrO TWMa AJIA PYYHOrO 1 NOJlyaBTOMaTUYECKOro Harblie-
HUA. [1nA HanbiNeHNA BHYTPEHHWX W TPYAHOAOCTYMHbIX NOBEPXHO-
CTeln YCTaHOBKa KOMMIEKTyeTcA cneyunanbHbiM yaanHutenem. Pasmep
Harnbiiaembix yactuy coctasnset 30-150 MKM, MakcMasibHas npouns-
BOAMTENbHOCTb Ha NponaH-byTaHe — 6 Kr/u, Ko3ddrLUeHT ncnonb-
30BaHMA MOPOLIKOBOro matepuana — o 95 %. YctaHoBKa moxeT
JOMONMHUTENbHO KOMMIEKTOBATbCA ropesnikon AJiA ra3ornopoLIKOBON
HaniaBKu.

YCTAHOBKA FA30MIAMEHHOTO
HAMbUIEHVA TPY-2.1P

TEXHNYECKWE TMPEMMYLLECTBA PONKKN ANNA BONOYEHWA
MPOBOJIOKU, YIMIPOYHEHHbIE
Mpepnaraemble TEXHONOMMY 1 060PYAOBaHNE COOTBETCTBYIOT YPOB- FA30MTAMEHHbBIM HATIBINEHVEM

HI0 pa3paboToK NepefoBbIX MPOMBbILLIIIEHHO Pa3BUTLIX CTPaH 1 MO3BO-
NAT B 2-3 pa3a yBeNUYUTb MEXPEMOHTHbIE CPOKM LUIMPOKON HOMEH-
KnaTypbl y3/10B 1 AeTanemn v 3HaunTesIbHO COKPaTUTb 3aTpaTbl Ha PEMOHT.

OXUOAEMbIN PE3YNIBTAT MPVIMEHEHMA

O6opynoBaHue NO3BONAET MPUMEHUTb HOBbIV MOAXOA K MPOM3BOACTBY U PEMOHTY fieTanell 1 06opyfoBaHus, Co-
CTOAWNI B NPUMEHEHNN 3aLLUTHBIX M3HOCOCTOMKMX MOKPBITUI Ha AeTanAax U3 felleBblX KOHCTPYKLUMOHHbIX MaTepu-
anoB., YTO MO3BOMAET SKOHOMMUTb JOPOrOCTOALME MaTePUasIbl M COKPaTUTb 3aTpaTbhl HA PEMOHT Ha NpeanpuATAAX
MeTannoobpabaTbiBatoLLeil, MalLIMHOCTPOUTENBHOW NMPOMbILLIEHHOCTY, HEPTAHON, HePTEXVMUNYECKOW NPOMbILLNIEH-
HOCTV 1 B fpYrX OTPachsx.

TEKYLWAA CTALOVA PA3BUTINA

YcTaHOBKa ra3oniaMeHHOro HanblieHNA pa3paboTaHa v Bbinyckaetca OHWI nnasmeHHbIX 1 Jla3epHbIX TEXHONOT A
Ha JOrOBOPHOW OCHOBE 1 MepeAaeTcs 3akazumkam COBMECTHO C TEXHOJIOTMEN YNPOUYHEHWS KOHKPETHbIX JeTanei.
TexHONOrvsi NIa3MEHHOTO HaMbIIEHUA PeaniM3yeTcs C KCNOoJIb30BaHNEM CEPUHOTO 06OPYLOBaHMSA 1 TaKkke nepe-
[aeTcs 3aKas3urikam COBMECTHO C TEXHOSOTUEN YNPOUYHEHNSA KOHKPETHbIX JeTanei.
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CBEJIEHWA O MPABOBOW OXPAHE

MaTeHT PB N216498 «Cnocob HaHeceHA ra3oTepmMmnyeckoro nNokpbitusi» // OkouTbin B. A., MaHTeneeHko ®. ., [e-
BounHo O.T., OkoBuTbIl B. B. / 3asBka N2 20101176 o1 02.08.02 r., 3aper. 07.02.2012r.

MNOTEHUMATIBHBIE TOTPEBUTEST W/JTIN SAMHTEPECOBAHHBIE B PASPABOTKE

MNpepnpuatua PO «benarpocepsuc», benopycckas xenesxas gopora, OAO «[pogHo Azot», OAO «CBETNOropCKXMM-
BOIOKHO», OAO «MorunesxunmBonokHo», COAO «fomenbkabenb», OAO «benapyckabenb», OAO «benopycckuii metan-
Nypruyecknii 3aBof», 3aBoAbl MO NPON3BOACTBY CTPOMMATEPManoB.

PYKOBOLAWMTEJTb PASPABOTKN

HesoriHo Oner leopruesny, 3aseaytowwmii OHWJ1 nna3meHHbIX 1 la3epHbIX TEXHONOTMNIA,
[OKTOP TEXHMYECKMX HayK, npodeccop.

KOHTAKTHbBIE JAHHbIE

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

TEXHONOIMA NASEPHOIO TEPMOYINPOYHEHUA
C UCNOJIb30OBAHMEM CKAHUPYIOLLUX YCTPOUCTB

ONMNCAHNE PAZPABOTKN

Mpepnaraemble TeEXHOMOMMN U 060PYAOBaHUE MO3BOJIAIOT CO3aBaTb Ha Pabouyx
NMOBEPXHOCTSAX AeTaniell yNpOUYHEHHbIE, B TOM YUCIIE JIETMPOBAHHbIE, CJIOV TYOUHON |
0,3-1,0 mm c TBepgocTbio o 1000-1200 HV, no3sonsatoLme NOBbICUTb U3HOCOCTON-
KOCTb B 2-3 pa3a. TeXHONOrnm BoCTPeboBaHbl B PA3/IMUYHbIX OTPAC/SAX NMPOMbILLIIEH-
HOCTW, e TpebyeTca nosyyeHne BbICOKMX GpU3NKO-MEXaHNYECKUX CBOMNCTB NOBEPX- 1
HOCTU B COYETaHU C HEBbICOKOW CTOMMOCTbIO MaTepUanos.

TEXHNYECKNE TTPEMMYLLECTBA

TexHonorvs nasepHoO 3aKkasikm OCHOBaHa Ha nepemMeLleHnn C onpegeneHHoN CKo-
POCTbI0 CHOKYCHPOBAHHOIO JTa3€PHOrO Jlyya Mo ynpoyHAeMol NoBepxXHOCTU. bnaro-
Aapa 60MbLION CKOPOCTY HarpeBa — OXJaXKAeHUA obecrneymBaeTcs 3aKasnka NoBepx-
HOCTU 6e3 06 BEMHOIO pa3orpeBa feTaseld, Uto No3BosAeT NCMONb30BaTb TaKOWN BUL
YNPOYHEHWA ANA AeTanei cNoxHol GopMbl, KPYNMHOrabapuTHbIX 1 APYruX, YNpou-
HeHMe KOTOPbIX TPAAULMOHHBIMA METOLAMI HEBO3MOXHO. J1a3epHoe TepMOyMnpoy- [N

HeHre 3GGEKTUBHO ANA YINEPOANCTbIX, NETMPOBAHHBIX MHCTPYMEHTaNbHbBIX CTanel,,  YCTAHOBKA JIA3EPHOTO
YYryHOB U TBEpPAbIX CNNaBOB. JlasepHoe NerMpoBaHune nNpeaycMaTprBaeT HaHeceHNe TEPMOYMPOYHEHWSA
nepeg 06paboTKON Nasepom NervpyoLyx KOMIOHEHTOB Ha YNPOYHSEMYIO NOBEPX- MAJIOTABAPUTHbIX
HoCTb. Tak Kak 06paboTKa Na3epom BeAeTCA B peXiiMe NPoniaBieHns NoBEPXHOCTH, RETAJIEV OAO «BEJIA3>

nasepHoe NervpoBaHue No3BoNAeT NPOVN3BOANTb YNPOUYHEHNE MAaTEPUANIOB, HE NOA-
BEpratoLyxcs 3aKkaske (ManoyrnepoancTbix cTanein ayCTeHUTHOrO Kacca, LBETHbIX
cnnaBoB). Bbibop nervpytoliein 06MasKy 1 pexmmoB flasepHoii 06paboTkn obecne-
ymBaeT GOPMUPOBaHKE CIIOEB C TPebyeMbiM KOMMIEKCOM (U3UKO-MEXaHUYECKIMX
CBOWCTB. Hebonblume pa3mepbl Ta3epHOro Jiyua Ha HamnaBAseMol NoBEePXHOCTH Mo-
3BOJIAIOT BOCCTaHAB/MBATb AeTanl CO CIOKHOMN GOPMOI U3HOLLEHHOV MOBEPXHOCTM
C 60/1bLLION TOYHOCTbIO.

TexHonorus npegycMaTpriBaeT MUCMONb30BaHWE CMELMANbHOW afanTUBHOM ONTu-
yeckol cuctembl, obecrneumBalollell BO3MOXHOCTb YNpaBieHUs pacrnpeaesneHns
NMAOTHOCTM MOLLHOCTM MO MJIOLWaAn NATHA Jla3epHO 06paboTKY, UTO B CBOO oUepelb
No3BONAET 06eCNeUnTb BbICOKOE KauecTBO Jla3epHO 3aKasKu.

YMNPOYHEHHbIE OETATIN
OAO «BEJTA3»
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Mpepnaraemble 060pyAoOBaHME U TEXHONOIMMM COOTBETCTBYIOT HAYUYHO-TEXHUYECKOMY
YPOBHIO Takux cTpaH, Kak CLUA, lfepmaHus, BenvkobputaHus, AnoHus.

OXVOAEMbIV PE3YNBTAT MPYIMEHEHIA

MeTogbl na3epHON 3aKasku 1 NIa3ePHOro NerMpoBaHuns NO3BONAT JOCTUrATh MyOVHbI
ynpoyHeHHoro cnoda go 0,3-1,0 mm 1 tBepgoctn 1000-1200 HV. M3HococTonKoCTb NoBepx-
HOCTM NOBbIWaeTcA B 2-3 pasa.

TEKYWAA CTAOWA PASBUTINA

PazpaboTka BHepeHa B NPON3BOACTBO.

CBEZIEHWA O MPABOBOVI OXPAHE YCTAHOBKA JTA3EPHOTO
TEPMOYMPOYHEHUA

MateHT PB N2 22197 «Cnoco6b NoBepXHOCTHOIO YNPOYHEHWs METANIINYECKX n3genum ne-  KPY HQI‘ABAPI/ITHbIX
peMeLLaLLMCA STa3epHbIM nydom» // Mapckui B. B, flesonno O. T. JlapueHko 0. B. / MIMK  AETAJIEV OAO «BEJIA3»
B 23K 26/62,C 21D 1/09. 3asiBka N2 20121143 ot 27.07.2012, 3aper. 10.07.2018.

EBpa3suiickun nateHT N2 023676 «Cnocob noBEPXHOCTHOTO YNPOYHEHMWSA METaIMYecKux n3gennii nepemMeLlato-
WmUmca nasepHoim nyyom» // OesonHo O. I, Xapckuia B. B., Jlapuerko 0. B. / 3aaska N2 201301033 ot 17.07.2013 .
3aper. 30.06.2016 .

[MOTEHUMAJIBHbBIE TTOTPEBUTESTN
/NI SAMHTEPECOBAHHBIE B PASPABOTKE

OAO «MwuHcknin 3aBop KonecHblx TAradven», OAO «lomcenbmaluy,
OAO «MuHCKUI aBTOMOOUNbHBIN 3aBoA», OAO «MUHCKUI MOTOPHbIV 3a-
Bog», OAO «pogHo A30T», OAO «MorunesandTmaiu».

PYKOBOLAWTEJTb PASPABOTKN

HesownHo Oner leopruesuy, 3asegytowmnin OHWJT nnasmeHHbIX 1 na-
3ePHbIX TEXHOJOT I, JOKTOP TEXHUYECKMX HayK, npodeccop.

OLIEHKA KAYECTBA YMPOYHEHVA ,.D,ETAJ'II/I
KOHTAKTHbBIE JAHHbIE OAO «BEJIA3»

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




OEAEPAJIbHOE TOCYOAPCTBEHHOE BIOAMKETHOE
OBPA3OBATEJIbHOE YUYPEXKOEHUE
BbICLLUEFO O6PA3OBAHUA «<KY3BACCKUN
rOCYOAPCTBEHHbIV TEXHUWYECKNI YHUBEPCUTET
WMEHUT. ®. TOPBAYEBA»

LWIN®OBAJIbHbIVN KPYT, APMUPOBAHHbIN CETKOW
N3 KAPBOHOBOI'O BOJIOKHA

ONMNCAHWE PASPABOTKN

MoBbllWweHNe CKOPOCTU WANGOBAHUA [AeT PAd MOMO- s
KUTENbHBIX SGPEKTOB: MOBbILIAET MPOU3BOANTENBHOCTL | M ~
06paboTKn, KOIGOMLUMEHT WNNdOBAHNSA, CHKAET Temmne- b Q ~, °
paTypy pe3aHuis, CUNOBblE HAarPy3KU U LIePOXOBATOCTb 006- .’: &

poctn WwnndoBaHMA NpPeabABNAET BbiCOK/Me TpeboBaHMA
Nno pPa3spblBHOM MPOYHOCTU WNdOBanbHbIX Kpyros. Ham- Q "ﬂ
6osiee pacnpoCTpaHEHHbIM CMOCOOOM MOBbILLEHUS MPOY- Q Q& 2]
HOCTU WdOBabHbIX KPYroB ABAAETCA UX apMUpPOBaHue | Qe Qo

C NOMOLLbIO CTEKNOCETOK. B JaHHOM cnyyae BMeCTO CTaH- .. . .
JAPTHBIX CTEKNTOCETOK OblfIN MCMOMb30BaHbl CTEKIOCETKM . Q i

13 HOBOrO apMMpyloLero matepmana Ha ocHoBe yrnepo- | . ..
ONCTbIX KAPOOHOBbLIX BOJIOKOH. TKaHW 1 CETKM U3 yriepo- .. ..
LONCTbIX KAPOOHOBBIX BOSIOKOH YCMELIHO NPYMEHATCS CO- .. /
BMECTHO C MOJIMMEPHbIMY CBASYIOLVMMIA A7 U3rOTOBEHNA g I 8 .L
OOLUMBKU 1 CUOBbBIX 3/IEMEHTOB CaMOJIETOB, aBTOMOOUIIEN

N KOCMUYECKOW TEXHMKK, B T. Y. BMECTO MaTePUasioB Ha OCHOBE CTEKNIOBOIOKHA, YTO CHIXKAET BEC, MOBbILLAET NPoY-
HOCTb N TEMJIOCTONKOCTb U3[ENNNA.

a) 6) B)
[InA N3roToBNEHNA SKCMEPVMEHTANTbHbIX KPYroB NMPUMEHSANCA CefyoUnii 06beMHbIN PeLenTypHbIN COCTaB: 3M1ekK-

TPOKOPYHA HoOpManbHbI Mapkun 13A63H — 61,5 %, kprnonut — 2,8 %, nuput — 7,98 %. B KauecTBe CBA3KN NCMONb30-
BaJslacb 3NoKcuaHasa cmona — 27,7 %. Kpyrvu n3rotaBnvBanmcb XONOAHbIM (M ropAaYnM) OTBEpPKAEHUEM C pa3mepamu:
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Hapy»HbIn anameTp — 150 MM, AuameTp NOCagoYHOro oTBepCcTUA — 32 MM, BbicoTa — 4 MM. OHM apMUpPOBanuch
KapOOHOBOW TKaHbIO C NPeAenioM NPOYHOCTY Ha pacTaxeHue 4,38 IMa.

MapannenbHO C OMbITHBIMW Kpyramu, AfiA NPoBefeHNA NocneayoLmxX CPaBHUTENbHbIX UCMbITAHWUI B OAMHAKOBbIX
YCNOBUSAX, U3rOTaBNMBANNCh KPYr C aHaforMyHbIM peLenTypHbIM COCTaBOM, HO apMUPOBAHHbIX CTaHZAPTHbLIMY
YNPOUHAKLWMMN deMeHTaMn — cTeknoceTkamu. CBA3Ka ANA UCMbITbIBaEMbIX KPYrOB 1CNOJIb30Banach fAByX pPa3Ho-
BUHOCTEN — 3MOKCMAHAs CMOJa 1 6aKkenuT.

TEXHWNYECKME MPENMMYLLECTBA

CpaBHI/ITEJ'IbeIe NCNbITaHNA KPYroB nokasanw:

— MpUMeHeHne KapOOHOBOW TKaHM BMECTO CTEKJIOCETKM NO3BOMISAET MOBbICUTb Pa3pbiBHYD CKOPOCTb KPYroB Ha
3NoKcMaHoM cmorne Ha 30 %;

— BENNYUHbBI MaKCMMalbHbIX pabounx CKOpPOCTel CpaBHMBAEMbIX KPYroB, pacCuMTaHHble Yepes KoadduumneHT 3a-
naca npoyHoctu (K3n = 1,8), NpUHATbIN ANA MHCTPYMEHTOB TaKoro TUMna, CBUAETENIbCTBYIOT, YTO NprMeHeHne Kapbo-
HOBOW TKaHW BMECTO CTEK/IOCETOK [JaeT BO3MOXHOCTb YBENNYMNTb CKOPOCTb WAMbOBaHUA Kpyramu Ha SMOKCULHOW
cmorne ¢ 55 go 80 m/c;

— KapbOHOBas TKaHb XapaKTepu3yeTca NydLleli aaresveli Co CBA3KOW U NPaKTUUECKU He OTCIaMBaeTCs OT KOMMNO3W-
Ta WMPOBaANbHOrO Kpyra Npu ero paspyLueHuy;

— YBENIMYEHME CKOPOCTM LWN$OBAHMSA OMbITHLIMU Kpyramu B 1,3 pa3a No3BOMSIET CHU3UTD LLIEPOXOBATOCTb 00pabo-
TaHHbIX NoBepxHocTel (Ra) Ha 16 %;

— MOoBbILWEeHNe ckopocTy WwirdoBaHus B 1,3 pa3a TakKe NPUBOAUT K CHUXEHMIO COCTABNALMX CUMbl pe3aHnsa Py
n Pz B cpegHem Ha 40 %, npu 3TOM COOTHoLLeHne Py/Pz n3MeHAeTCA He3HauMTeNIbHO;

— MOBbIWEHME CKOPOCTU WNdOBaHMA B pacCMaTPUBAaEMOM Cillyyae NO3BOJAET CHU3NUTb M3HOC UHCTPYMEHTOB
Ha 50 %, Temnepatypy npu 06paboTke — Ha 8 % M NOBbLICUTL PEXYLLYI0 CMOCOBHOCTL Ha 32 %.
OXMOAEMbBIV PE3YJTBTAT MPUMEHEH A

MpumeHeHMe WnndoBanbHbIX KPYroB, apMUPOBaHHbIX CETKON 13 KapPOOHOBOTO BONOKHA, MO3BOMAET MOBbICUTb PAL
3KCMnyaTauMOHHbIX NOKa3aTenen Takux MHCTPYMEHTOB (CM. Bbilue).

Y onbITHbIX KpYyroB eCTb nNoka TOJ/1IbKO OAMH HEAOCTAaTOK — OTHOCUTENIbHO BbICOKaA CTOMMOCTb Kap6OHOBOI'O BO-
nokHa. OgHaKo 3TOT HeJOCTAaTOK MOXeT HBEJTINPOBATbCA nocieAyowmmMm CHUXKXeHNEM CTOMMOCTIN Kap6OHOBOVI TKaHW,
a Takxke 6onee BbICOKMMMU SKCm1yaTayMOHHbIMU NOKa3aTenAMM HOBbIX MHCTPYMEHTOB.

TEKYLWAA CTALANA PA3BUTINA

BbinosiHeHa HayyHO-MCCefoBaTeNIbCKasA WM OMbITHO-KOHCTPYKTOPCKas (TexHonornyeckas) pabota. BbinyuieH
OMbITHbI 06pa3seL.

CBEZEHWA O MPABOBOVI OXPAHE

loToBUTCA OKYMeHTaLMA Ha nofavy nateHTa Poccninckon Mepepavmm.

MOTEHUMATBHbBIE NOTPEBUTENTN W/WITN SAMHTEPECOBAHHBIE B PASPABOTKE

MpeanpuaTUA, CBA3aHHbIE C MEXaHUYECKO 06PaboTKOM AeTanei n n3penuii, B paae otTpacsiei NPOMbILLIEHHOCTH.

PYKOBOLMTEJTb PASPABOTKM

KopotkoB AnekcaHap Hukonaeswny, 3aBeayowmin Kapeapoi «MeTtannopexyiue CTaHKn 1 THCTPYMEHTbI», AOKTOP
TEXHUYECKMX HayK, Npodeccop;

KopoTkoB Butanuii AnekcaHapoBuy, foueHT Kapeapbl «<MeTannopexyLyne CTaHKu M UHCTPYMEHTbI», KaHanaaT
TEXHUYECKMX HayK.

KOHTAKTHbBIE JAHHbIE

E-mail: korotkov.a.n@mail.ru
Ten.: (+73842) 3963 99
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YYPEXAEHWUE OBPA3OBAHUA
«MOTMMNEBCKNN TOCYOAPCTBEHHbIN
MNOJIUTEXHUYECKUIN KOJTNEOMK»

BAJITOHHbIN KNIOY
ONVICAHWE PA3PABOTKM

Mpy CTPOUTENBCTBE »KENE3HOJOPOXKHbIX NyTeN AA Nepe3aTsKKN pe3bOoBbIX
COeANHEeHN NPUMEHAIOTCA raikoBepTbl C YCUNIUTeNneM KpyTALLero MOMeHTa Ha
6a3e nnaHeTapHol 3y6uaToi nepeaaun 3apybexxHoro Npon3BoOACTBa, HaNnpumep
¢dupmbl PLARAD (lepmanus). HeoctaTkomM MCMoOnb30BaHUA NiaHeTapHoW 3y6-
yaTov nepefaun ABMATCA 3HAUNTENbHble pafuanbHble rabapuTbl KiOYel, YTo
NPUBOAUT K HEBO3MOXXHOCTU WX MCMONb30BaHWA NMPU CTECHEHHOWN reoMeTpum
paboyein 30HbI, Kak HaNpuUMep Npu nepesaTaxKe pe3bOoBbIX coefnHeHNi. MNpe-
MUMyLLECTBaMM GaNINIOHHOTO Kitoua ABAAIOTCA Manble paguanbHble rabapuTHble
pa3mepbl 1 MHOTOMOTOUYHOCTb NPU Nepefaye Harpysku.

[aHHbIN KNtoY MOXeT d)yHKLl,I/IOHVIpOBaTb B ABYX peXnmax: PE3bBOBbIE COEAVHEHNA,

- 6e3 pefyLMpOBaHWA (KOpnyc v BelOMbIi Bas BPALLAIOTCA Kak eanHbii y3en), KPEMALVE FONIOBKM LWITNHLOPOB
T. €. KaK 0ObIUHbIN CTEPXKHEBOW KtOY; OV3EJTbHbBIX OBUTATENEN

TEMOBO30B YM3-3

- C peayumpoBaHnem (Kopnyc CTOMOPUTC OTHOCUTESIbHO HEMOABUMKHOMO OC-
HOBAHWA MOCPEACTBOM YMOPOB).

[InA nepeksoyYeHrs C O4HOTO PeXrMa Ha ApYrow CYXUT 6iIoKMpaTop.

BannoHHbIN KNty ¢ NPOMEXYTOYHbIMU TE€JTaMUN Ka4YeHUA NnpeaHa3HayvyeH anAa 006-
Jier4eHnA py4yHoro Tpyaa pa60q NX NPU CTPOUTENDbCTBE XKeNe3HOLOPOXKHbIX I'IyTEVI
M MMNMOpPTO3aMeLleHA paHee NCMOJIb3yeMblX FaVIKOBepTOB npon3BoACTBa I'epma-
HUn.

TEXHNYECKME TTPEMMYLLECTBA

MHOronoTouYHOCTb, TaK KaK ycunve nepefaetcs yepes 60bLIOe YKCIo Napan- BANNOHHbBIV KJTIOY

NENbHO HarPy»KEHHbIX TOYEK KOHTAKTOB B PE3b6OBbIX COMPSKEHNSAX. CMNPOMEXYTOYHbBIMM
TENAMU KAYEHWA

Bblcokoe nepefaTtoyHoe OTHOLLEHNE.

Bbicokas »ecTKoCTb.

YacTmyHasa 3aMmeHa TpeHUA CKOMbXXEHUA TPEHNEM KaueHUA 1 COOTBETCTBEHHO noBbiweHve KM nepegaun.
BblcoKas Harpy3ouHas cnoco6HOCTb BCNIeACTBUE pacnpefeneHuns Harpy3kun Cpeamn MHOXeCTBa Ten KaueHus.
KomnaKTHoOCTb, 0COO6eHHO B paguanbHOM HanpaBneHnn.

MwuHUManbHoe KoNMYecTBO OCHOBHbIX AeTanen.

BO3MOXHOCTb CO34aHMA MHOFOCTYNEHYaTbIX KOHCTPYKLNN.

CamoTOpMOXKeHMe Npr 06PaTHOM XOge.

PeBepcmBHOCTD.

TexHONOrMYHOCTb N3roTOBNIEHNA feTanen.

OTCyTCTBUE B KOHCTPYKLMM JOPOroCTOALLMX MaTePUanoB 1, CiefoBaTeNlbHO, HM3KaA cebecToumMoCTb.
JlerkocTb c60pKM — pazbopKu.

OXUAOAEMbIN PE3YJIBTAT TMPVYIMEHEHWA

BannoHHbIN KoY C NPOMEXYTOUHbIMM TeNlaMy KaueHnsi peAHa3HaueH Ais oberyeHus pyyHoro Tpyga pabourx
NPV CTPOUTENBCTBE XKENE3HOAOPOXKHbIX MyTel N UMMNOPTO3aMeLLEHUN.
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TEKYLWAA CTALONA PA3BUTINA

BbinyLueH onbITHbIN 06pa3seL,.

MOTEHUMATBHbBIE NOTPEBUTEN W/WTTIN SAMHTEPECOBAHHBIE B PASPABOTKE

benopycckas xenesHaa gopora, OAO «Poccuiickne xenesHble JOporny.

PYKOBOLAWTEJTb PASPABOTKN

[ypeukasn EneHa BanepbeBHa, npenogasarenb;
CblyeBny MapuHa BnagnmnpoBHa, npenogasBaTtesib.

KOHTAKTHbBIE JAHHbIE

E-mail: e-lena.90@mail.ru, sychevich_marina@mail.ru
Ten.: (+375 29) 541 70 71, (+375 29) 621 44 75

CBAPHOE HAXJIECTOYHOE COEAMHEHUE

ONMNCAHWE PASPABOTKA

YcoBepLIeHCTBOBAaHHOE CBAPHOE HaXJ1IeCTOYHOE COefIHEHE Npea-
Ha3HauyeHo 1A NPOW3BOACTBA CBAPHbIX KOHCTPYKLMIA NPU N3roToB/e-
HMW NOABEMHbBIX KPAaHOB, NMPULENOB, BarOHOB, MOrPY34rKOB, CYOB 1
LOPYrX TPAHCMOPTHBIX CPEACTB, rae TONWMHA CBapriBaeMoro MeTasna
6onee 6 MMm.

Dopma KOHCTPYKTUBHbIX 3/1EMEHTOB CBapHOTO COeiMHEHUA He Tpe-
6YyeT C/IOXKHOrO TEXHONOTMYECKOro MPOLECca, YTo No3BOSIAET CHU3UTD
PecypcoemMKoCTb ero M3roToBJIEHNsA, 3@ CYET yero obecrneyrBaeTCcs
SKOHOMUYECKUI 3bdeKT NMpu ero NPOMbILLIEHHOM KCMOMb30BaHUN,
a Takxe, 6narogapa Gopme KOHCTPYKTUBHbIX S/IEMEHTOB, NMO3BONSAET
CHU3UTb KOHLEHTPALMIO HAMPAMXKEHWIA, NOBbICUTb SKCMyaTaLVOHHY0
CNOCOBHOCTb CBAPHbIX KOHCTPYKLMI, O6Gecrneuntb 3KOHOMMIO OC-
HOBHOMO MeTas/a, CBapoUHbIX MaTepuanoB (CBapOYHON MPOBOJIOKY,
3aWWWTHBIX ra30B) U 3eKkTposHeprun. CrpoekTMpoBaHHOE CBapHOe
CoefMHEHNE COAEPXKUT: ABE coeauHAeMble Mmexay coboi 1060BbIMY
YrIOBbIMM CBAPHbBIMM LUBaMM AETal, y KaXOoW 13 KOTOPbIX BbIMOJIHe-
Hbl packu. Kaxkaas 13 $pacok BbiMoSIHEHA Ha TOM U3 TOPLIOB COefMHse-
MbIX [l€Tanel, KOTOPbIV MPUIEXKINT K HaxnecTKe.

TEXHWNYECKME NMPEMMYLLECTBA

B NaHHON MHHOBALUMOHHONM Pa3paboTKe NMPUHATO KOHCTPYKTMBHOE
peLueHune, Npu KOTOPOM Kaxaas Gpacka BbIMOSHEHa TakK, YTo NpuTynie-
HVe NAACTWHBbI, OCTaBLLENCA Nocse CHATWA GpacKy, paBHO pacyeTHOMY
3HAUEHUIO KaTeTa YrNoBOro CBapHOro Waa.

Bbnarogapa Tomy, UTo yron HaknoHa $acky K NMioCKOCTX TopLa Co-
enHAeMOoN NnacTuHbl coctaBnaeT 30-60°, obecrneymnBaeTca BO3MOXK-
HOCTb XOPOLLO Pa3nnyaTtb rpaHnLy Mmexay packon 1 nponaaBnaeMbiMm
TOPLUOM 1 OTCYTCTBYET HEOOXOAUMOCTb B YAANEHUN 3HAUUTENBHOTO
ob6beMa MeTaia Npu BbINOSIHEHNM caMoit dacku. Mpur aKkcnnyaTaymm
KOHCTPYKLWIA, BbINMOSIHEHHBIX C NMPYMeHeHeM pa3paboTaHHOro cBap-
HOFO COeANHEHUS, K COeAMHAEMbIM AeTaNAM NPUKIaAblBaloT pabouyio
HarpysKy, KotTopas nepegaeTca Ha CBapHbIe LWBbl, MPOYHOCTb KOTOPbIX
ABNAETCA [OCTaTOUYHOM, YTOObI CBapHOE CoeAiVHEHE He Pa3pyLUaiocb
npv BO34eNCTBUM HOPMATUBHOWN Harpy3Ku.
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OXVOAEMbIV PE3YNBTAT MPYMEHEHIA

I'Ip|/| pa3pa60TaHH0M BbIMOJIHEHVN CBAPHbIX YITOBbIX LWWBOB NCKIKOYaeTCA BO3SMOXHOCTb CO3aHUA LWBa C 3aBbllleH-
HbIM 3Ha4YeHMeM KaTeTa 1 3HaYnUTeJIbHO COKpallaeTCA nepepacxon pecypcos (HannaBneHHOro metanna, CBapOLIHOVI
MPOBOJIOKN, 3alLTHbIX ra3os, 3ﬂ€KTpO3HepFVIVI). I'Ipep,no»(eHHaﬂ KOHCTPYKUMA CBapHOro coeanHeHnAa OTHOCUTCA K
obnactu CBapKu rjiaBieHnem n Mmox<et HanTn nprMmeHeHne B MallMHOCTPOEHUN NP N3rotoBIeHN TPAHCMOPTHbIX
N NOAbEMHO-TPAHCMOPTHbIX KOHCTp)/KLl,VIVI, roe nMeeTcA 3HaunTelbHaA BENMYMHaA KaTETOB YIJTOBbIX CBAPHbIX LLUBOB.

TEKYLWAA CTAOVA PA3BNTINA

[lnsi 060CHOBAHMA SKOHOMMYECKOTO 3ddEKTa NPOEKTNPYEMOro BapriaHTa CBAPHOrO HaXIeCTOYHOIO COefMHEHMs
npou3BeeH pacyeT pacxoa CBapOYHbIX MAaTEPUAsIOB U 3IeKTPO3HEPrM Ha 1 M CBapHOrO LB, B XO4e KOTOPOro
MOXHO CienaTb BbIBOA, YTO NPU U3roTOBNEHNU YCOBEPLIEHCTBOBAHHOTO CBAPHOTO HaXJIECTOYHOTO COeAVHEHUS CHU-
3UTCA Pacxof CBapOYHbIX MAaTEPMAIOB, @ TaKXKe 3NIEKTPOSHEPIM, YTO MPY MPOU3BOACTBE META/NTOKOHCTPYKLNIA C
NPOTAXEHHbIMU YINIOBbIMM LUBAMU JACT 3HAUMTENbHbIV SKOHOMUYECKUI S eKT.

NOTEHUMAJIBHBIE MOTPEBUTEA /I SANHTEPECOBAHHDbIE B PASPABOTKE

Mpennpuatus B Pecny6nvke benapycb 1 3a pybexxom.

PYKOBOLWTEJTb PASPABOTKN

Koueynosa Hatanba AnekcaHgpoBHa, npenogasaTeb;
3awToBa BukTtopusa BacunbesHa, npenogasatenb;
PowwuHa Aneca AnekceeBHa, npenogaBaTesib.

KOHTAKTHbBIE JAHHbIE

E-mail: ales.roshina@yandex.ru
Ten.: (+375 44) 775 15 82
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INTER-STATE EDUCATIONAL INSTITUTION OF HIGHER
EDUCATION “BELARUSIAN-RUSSIAN UNIVERSITY”

TECHNIQUE OF IMPROVING WEAR RESISTANCE OF TOOLING
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Wear resistance of tooling is improved by structural phase modification of the surface layer of a component to a
depth of 250-300 um by bombarding its working surfaces by charged particles under the impact of cathode fall of
the glow discharge potential in the medium of residual atmospheric gases over time.

TECHNICAL ADVANTAGES

Simplicity of the design of the vacuum unit; no special training is required to carry out maintenance.
There are no strict requirements for the quality of the surface preparation.
The possibility to perform treatment of parts of complex shape since the glow discharge envelops the product.

Cost-effectiveness, due to the absence of additional working media and devices for their preparation; as a result, the
current costs are the costs of electricity and the unit depreciation.

Short duration of structural phase modification of surface layers (up to 45 min) as no preparatory operations are
required and the optimal combination of the energy characteristics of the glow discharge is provided.

Structural dimensions and macrogeometry of parts are not changed due to low average temperatures during
treatment (up to 150 °C), which makes it possible to perform treatment of critical parts.

Environmental safety: the treatment is performed in the medium of residual atmospheric gases, and the process
does not involve any emissions into the atmosphere.

CURRENT STAGE OF DEVELOPMENT

A prototype has been released.
The innovative product has been put into production.

INFORMATION ON THE LEGAL PROTECTION

1. Patent No. 6261 BY, U B 23 B 27/00 Hard-alloy multifaceted plate / V. M. Shemenkov; applicant and patent holder
State Institution of Higher Professional Education “Belarusian-Russian University” — No. 200900812 applied on
10.02.2009 // Official Bulletin / National Intellectual Property Center. — 2010. — No. 3. — P. 165.

2. Patent No. 14716 BY, U C 21 D 1/78 Strengthening method for metals, alloys, superhard or graphite-containing
materials / V. M. Shemenkov, A. F. Korotkevich; applicant and patent holder State Institution of Higher Professional
Education “Belarusian-Russian University”. — No. 20091136 applied on 27.07.2009 // Official Bulletin / National
Intellectual Property Center. — 2011. — No. 1. — P. 28.

3. Patent No. 8733 BY, IPC C 23C 14/00. Vacuum unit for strengthening in glow discharge / V. M. Shemenkov,
M. A. Belaya, A. L. Shemenkova, A. F. Korotkevich, D. S. Galiuzhin, N. A. Galiuzhina, K. A. Bodiako (BY); applicant and
patent holder State Institution of Higher Professional Education “Belarusian-Russian University”. — No. u 20120383
applied on 05.04.2012 // Official Bulletin / National Intellectual Property Center — 2012. — No. 6. — P. 224,

4. Patent No. 8865 BY, IPC F 04 D 25/04. Cam mechanism /V. M. Shemenkov, M. A. Belaya (BY); applicant and patent
holder State Institution of Higher Professional Education “Belarusian-Russian University”. — No. u 20120522 applied
on 18.05.2012 // Official Bulletin / National Intellectual Property Center. — 2012. — No. 6. — P. 234.
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5. Patent No. 9478 BY, IPC C 23 C 14/00 Vacuum unit for strengthening by combined effect of glow discharge and
constant magnetic field / V. M. Shemenkov, M. A. Belaya, V. Malutin, A. L. Shemenkova, A. S. Batrakov (BY); applicant
and patent holder State Institution of Higher Professional Education “Belarusian-Russian University”. — No. 20121152
applied on 26.12.2012 // Official Bulletin / National Intellectual Property Center. — 2013. — No. 4. — P. 231.

6. Patent No. 10062 BY, IPC C 23 C 14/00 Vacuum unit for strengthening in glow discharge / 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. 20130503
applied on 11.06.2013 // Official Bulletin / National Intellectual Property Center. — 2014. — No. 2. — P. 147.

7.Patent No. 19126 BY, IPCC23C 14/38 C 23 C8/00. Strengthening method for metals, alloys or superhard materials /
V. M. Shemenkov, M. A. Belaya (BY); applicant and patent holder State Institution of Higher Professional Education
“Belarusian-Russian University”. — No. 20120561 applied on 30.12.2013 // Official Bulletin / National Intellectual
Property Center. — 2015. — No. 2. — P. 68.

8. Patent No. 19886 BY, IPC C 23 C 14/38, C 23 C 8/00 — Strengthening method for metals, alloys or superhard
graphite-containing materials / V. M. Shemenkov, M. A. Belaya, 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. a 20130250 applied on 26.02.2013 // Official Bulletin / National Intellectual
Property Center. — 2016. — No. 1. — P. 104.

9. Patent No. 11063 BY, IPC C 23 C 14/00 Vacuum unit for strengthening in 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 — No. u 20150346 applied on 13.10.2015 // Official Bulletin / National Intellectual
Property Center. — 2016. — No. 3. — P. 132.

10. Patent No. 11108 BY, IPC C 23 C 14/00 Tooling strengthening unit /V. M. Shemenkov, M. A. Belaya, A. L. Shemen-
kova, P. G. Zhukovets (BY); applicant and patent holder V. M. Shemenkov, M. A. Belaya, A. L. Shemenkova,
P.G. Zhukovets — No. u 20150347 applied on 13.10.2015 // Official Bulletin / National Intellectual Property Center. —
2016.— No.4.— P.191.

11. Strengthening method for metals, alloys, superhard or graphite-containing materials: patent No. 21735 RB, IPC
C 23C8/06, C 23C 14/38 / Shemenkov V. M., Belaya M. A., Shemenkova A. L., Zhukovets P. G. (BY) — No. a 20150619;
applied on 2015.12.11 // Official Bulletin / National Intellectual Property Center. — 2018. — No. 2. — P. 107.

12.Strengthening method for metals, alloys, superhard or graphite-containing materials: patent No. 22048 RB, IPC C23
C2358/00/ Shemenkov V. M., Trukhachev F. M., Obidina O. V., Belaya M. A., Shemenkova A. L. (BY) — No.a 201602207;
applied on 2016.06.06 // Official Bulletin / National Intellectual Property Center. — 2018. — No. 4. — P. 92.

13. Method of combined nitriding of parts made from metals, alloys or metal-containing materials: patent no. 22062
RB, IPCC23C8/36./Shemenkov V. M., Belaya M. A., Shemenkova A. L., Lipsky A. E., Rabyko A.S. (BY) — No.a 20160195;
applied on 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 on parts made from metals, alloys
or graphite-containing materials: Patent No. 22143 RB, C 23C 14/06, C 23C 14/35 / Shemenkov V. M., Belaya M. A,
Shemenkova A. L. (BY) — No. a 20160208; applied on 2016.06.06 // Official Bulletin / National Intellectual Property
Center. —2018. — No.4. —P.93.

15. Strengthening method for metals, alloys or superhard materials in glow discharge using an electromagnetic
system No. 22366 RB, IPC C23C 14/38/ Shemenkov V. M., Makovetsky I. 1., Zelenin V. A., Belaya M. A., Shemenkova A. L.,
Rabyko A. S., Eliseeva A. N. (BY) — No. a 20170342; applied on 18.09.2017 // Official Bulletin / National Intellectual
Property Center. — 2019. — No. 1. —P. 113.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Metalworking companies.

DEVELOPMENT MANAGER

Vladimir Shemenkov, PhD (Tech.), Associate Professor, Head of the Department
of Mechanical Engineering Technology.

CONTACT INFORMATION

E-mail: vshemenkov@yandex.ru
Tel.: (+375 44) 740 06 64
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TECHNOLOGY OF COMBINED MAGNETODYNAMIC
ROLLING IN ACTIVE PROCESSING MEDIUM

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Increasing tribo-coupling life due to surface layer modification by combined s
treatment with a magnetic field and repeated deformation by pulsed impact | 4
performed in an active processing medium.

TECHNICAL ADVANTAGES

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

Technology transfer, license sale, preparation of technical and design documentation,
technology implementation 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. Dovgalev (RB);
applicant and patent holder A. M. Dovgalev. — No. 4732049/27; applied on 22.08.89; published on 30.11.94, Bulletin
No.22.—5p.

4. Patent 2068770 RF,IPC 6 B 24 B 39/02. Method of surface plastic deformation and the tool for its implementation /
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.

5. Patent 2089373 RF, IPC 6 B 24 B 39/02. Method of surface plastic deformation and the tool for its implementation /
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. Dovgalev, 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.
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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 University. —
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.

CONTACT INFORMATION

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

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;

- welding of high-strength steels and alloys with adding SF6 fluorinated gas components to reduce hydrogen
saturation of metals.

EXPECTED RESULT OF APPLICATION

Improving the efficiency of the gas shielded arc welding in for welding metal structures at enterprises of the
Republic of Belarus and the CIS countries.
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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. Tsumarev, 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. u 20110199;
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 Metallurgy”. — 6412 BY, IPC B 23 K 33/00. — No. u 20091018; applied
on 2009.12.03; published on 2010.08.30.

3.Design of edge bevel of fixed joints with a fillet seam Yu. A. Tsumarev, V. A. Popkovsky, V. N. Klochkov, A. O. Koroteev;
applicant and patent holder State Institution of Higher Professional Education“Belarusian-Russian University”. — 6805
BY, IPC B 23 K33/00. — No. u 20100432; applied on 2010.05.06; published on 2010.12.30.

4. Design of edge bevel of fixed joints with a fillet Yu. A. Tsumarev, V. A. Popkovsky, V. N. Klochkov, A. O. Koroteev;
applicant and patent holder State Institution of Higher Professional Education “Belarusian-Russian University”. —
6799 BY, IPC B 23 K 33/00. — No. u 2010043 1; applied on 2010.05.06; published on 2010.12.30.

5. Slot welding of plates Yu. A. Tsumarev, 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. u 20091026; applied on 2009.12.04;
published on 2010.12.30.

6. Plate welding Yu. A. Tsumarev, N. V. Kirshina, A. O. Koroteev; applicant and patent holder State Scientific
Institution "Institute of Powder Metallurgy”. — 7204 BY, IPC B 23 K 33/00. — No. u 20100813; 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. Popkovsky,
V. N. Klochkov, A. O. Koroteev; applicant and patent holder State Institution of Higher Professional Education
“Belarusian-Russian University”. — 7125 BY, IPC B 23 K 33/00. — No. u 20100430; applied on 2010.05.06; published
on 2011.04.30.

8. Device for gas flow visualization V. P. Kulikov, Yu. A. Tsumarev, 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. Koroteey, 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. u 20130946; 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. u 20130946; applied on 2013.11.18; published on 2014.08.30.

DEVELOPMENT MANAGER

Artur Koroteev, Head of the Department of Welding Equipment and Technology.

CONTACT INFORMATION

E-mail: karatseyeu_artur@fastmail.com
Tel.: (+375 29) 845 49 70

COMPUTER ENGINEERING IN MACHINE DESIGN

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Computer-Aided Engineering (CAE) is one of the key and most knowledge-intensive technologies of modern
industry that creates competitive advantage for new generation products.
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TECHNICAL ADVANTAGES

1. We specialize in welding testing.

2. We provide accredited testing for welding equipment, technologies, materials, personal eye protection.
3. We have highly qualified experts.
4.The experts of our center have certificates of competence for ALL types of tests.

5. Testing times and costs are specified depending on the product complexity; test certificates are issued within
1-30 days.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) activities have been conducted.

DEVELOPMENT MANAGER
Oleg Leonenko, Head of SimTech Engineering Center; Yuri Romanovich, CAD/CAE Lead Specialist.

CONTACT INFORMATION

E-mail: olegleonenko@gmail.com
Tel.: (+375 22) 225 84 36

SPHERIO MSERIES REDUCERS
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Innovative development in the field of electromechanical drive. Reliable compact reducers with a spherical roller
transmission with double-row pinion. They are designed to fit into limited spaces in power drive units and achieve
high reduction ratios. Various reducer versions have been patented for widespread industrial use.

TECHNICAL ADVANTAGES

A wide range of reduction ratios: 10-200 in one stage.

High load capacity with small dimensions and weight.

High reliability and maintainability.

Efficiency of the same level as the efficiency of planetary gears.
Low noise and low moment of inertia (and the starting torque).
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Component arrangement: coaxial alignment of shafts, cylindrical housing, which facilitates integrating the reducer
into kinematic trains of machines, robots and manipulators.

Ease of maintenance.
Grease is applied during assembly of the reducer and is sufficient for the entire service life.

EXPECTED RESULT OF APPLICATION

Mechanical engineering, compact electromechanical drives.

CURRENT STAGE OF DEVELOPMENT

A prototype has been released.
The innovative product has been put into production.

INFORMATION ON THE LEGAL PROTECTION

1. Spherical transmission: patent 22030 C1 Republic of Belarus: IPC (2006.01) F 16H 23/00 / M. E. Lustenkov,
E.S. Lustenkova; publication date: 30.06.2018.

2. Spherical transmission: patent 22355 C1 Republic of Belarus: IPC (2006.01) F 16H 25/00 / M. E. Lustenkov,
E.S. Lustenkova; publication date: 29.10.2018.

3. Spherical transmission: patent 22606 C1 Republic of Belarus: IPC (2006.01) F 16H 25/00 / M. E. Lustenkov,
E.S. Lustenkova; publication date: 30.06.2019.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises dealing with design and production of compact electromechanical drives for various purposes or using
production equipment dives.

DEVELOPMENT MANAGER

Ekaterina Lustenkova, Assistant of the Department of Fundamentals of Machine Design.

CONTACT INFORMATION

E-mail: fittsova@gmail.com
Tel.: (+375 44) 727 82 43

RESISTANCE PROJECTION WELDING TECHNOLOGY
WITH AUTOMATIC ADAPTIVE CONTROL OF HEAT INPUT
INTO WELDING AREA

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The adaptive system can automatically correct the power of
heat input into resistance projection welding area during each
half-cycle of voltage supply. The system uses welding machines
for resistance welding with alternating current of power line
frequency. The projection welding technique is based on the use
of N1 USB voltage converter (ADC, DAC), a thyristor control unit,
a power supply and voltage matching unit, feedback sensors
for measuring voltage between electrodes, secondary current,
a linear variable displacement transducer and strain gages for
measuring the compression force of electrodes. The power
control modes are set using the program code in the LabVIEW
environment, which starts the welding cycle by pressing the pedal of the welding machine.




TECHNICAL ADVANTAGES

The scientific novelty and significance of the results obtained is as follows: the adaptive system that automatically
corrects the power of heat input during resistance projection welding of T-shaped joints without interrupting the
process cycle has been developed. It helps calculate the coefficient of heat input power control and the turn-on delay
of the welding machine thyristor contactor during each subsequent half-cycle of voltage supply directly during the
welding process by using the proposed approximate values. For this purpose, the values of the mode parameters
measured in the previous half-cycles and the program setting of the power cycle diagram are used. It makes it possible
to ensure the consistency of strength properties of welded joints while reducing power consumption of the welding
machine.

CURRENT STAGE OF DEVELOPMENT

A prototype has been released.
The innovative product has been put into production.

INFORMATION ON THE LEGAL PROTECTION

1. Notification No.a 20190159 of 10.10.2019 on the favorable result of the preliminary examination on the invention
patentapplication“Method of resistance projection welding with adaptive control and a device for its implementation”
was received. Authors: S. M. Furmanov, D. N. Yumanov, I. N. Smoliar, I. A. Naumov, G. A. Larionov.

2. Method of resistance spot or projection welding: Republic of Belarus patent, IPC B 23 K 11/11 / A. Yu. Poliakov,
S. M. Furmanoyv, T. I. Bendik, S. S. Korotkevich, A. O. Bulynko; applied on 25.11.2013; published on 30.04.2016. — 2016,
No. 19977 (C1). — 4 p.

3. Automatic control system for projection welding process: Republic of Belarus patent, IPC B 23 K 11/10 /
A. Yu. Poliakov, S. M. Furmanoyv, T. |. Bendik, S. S. Koratkevich, A. O. Bulynko; applied on 18.11.2013; published
on 30.12.2014. — 2014, No. 10481 (U). — 5 p.

4. Method of resistance projection welding: Republic of Belarus patent, IPC B 23 K 11/11 / A. Yu. Poliakov,
S. M. Furmanov, D. N. Yumanoy, T. I. Bendik, A. A. Stepanov, M. S. Kolobova; applied on 18.09.2017; published
on 30.12.2018. — 2018, No. 22304 (C1). — 4 p.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Russia, Belarus, neighboring countries — machine-building enterprises, industrial enterprises, welding industry
with the most common methods: resistance spot welding and projection welding.

DEVELOPMENT MANAGER

Sergei Furmanov, PhD (Tech.), Associate Professor of the Department of Welding Equipment and Technology.

CONTACT INFORMATION

E-mail: ev.bru@mail.ru
Tel.: (+375 29) 541 67 99




BELARUSIAN NATIONAL TECHNICAL UNIVERSITY
BRANCH “RESEARCH POLYTECHNIC INSTITUTE"

PRODUCTION OF GLUED PRODUCTS AND STRUCTURES
IN A COMBINATION OF METAL — METAL,

METAL — PLASTIC, PLASTIC — PLASTICTO REPLACE
WELDING, RIVETING, ETC.

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Development of composite materials for specific operating
conditions, performance of design work. Analysis of the possibility
of fastened units, their repair and development of proposals for
their fastening. Development of technological maps. Creation of
technological products instead of welding, riveting, etc.

The technology allows you to connect parts made of hard-
to-bond materials, such as stainless steel, titanium and their
compositions, as well as other heterogeneous materials, including
porous materials. The glued joints can withstand loads of about
25 MPa.The technology is convenient for repairing any equipment,
as well as creating technological products instead of sintering,
welding, riveting, etc. in the field of mechanical engineering. Also,
the technology of manufacturing models for casting into the
ground based on polymers and other materials using adhesives for HOUSING MODEL WITH ROD BOX
the manufacture of individual model kits for precision casting in
metallurgy.

TECHNICAL ADVANTAGES
Providing high reliability at low cost and high maintainability.

Attractive design, aesthetic appearance, invisible gluing line.

Design flexibility (connection of different materials, connection of micro-parts).
Sealing, pore filling.

Does not require finishing operations, optimizes the technological process;
Vibration and noise absorption.

Thermal insulation and electrical insulation.

Vibration endurance of the joint (uniform load distribution over the entire surface).
Protects the surface from electrochemical corrosion.

Compensates for thermal expansion of materials.

ESULT OF APPLICATION

The technology can be used in the development of recommendations for the use of various types of adhesives,
polymers and their compounds, as well as their combinations with metals to create glued products for any purpose.

CURRENT STAGE OF DEVELOPMENT

Development is introduced into production.
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INFORMATION ON THE LEGAL PROTECTION
Eurasian Patent N2 036595, date 27.11.2020.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Representatives of machine-building complexes.

DEVELOPMENT MANAGER

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

CONTACT INFORMATION

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

COMPOSITE PLAIN BEARINGS,
FOR USE IN HEAVY-DUTY FRICTION UNITS

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

On the basis of our laboratory, we developed composite
materials on a copper basis reinforced with iron granules.
This type of material is used for high-load friction pairs for
various industries.

When operatingmachineryand equipment,animportant
roleis played by reducing the cost of maintenance, planned
and ongoing repairs. One of the methods of reducing them
is to increase the reliability of components and assemblies.
In the friction nodes, this aspect can be solved by switching
the operational properties of the materials used to the
“wear-free friction” mode, the implementation of which
is most preferable with the ideal implementation of the
Charpy principle. To improve reliability, including wear : . 500 mm
resistance, it is advisable to use new promising materials,
including composite materials. A number of technologies
for creating composite materials (CM) are known, such as
powder metallurgy, laser surfacing, additive technologies,
and foundry production. The latter still has great prospects associated with high productivity of technological
processes, low cost of equipment and tooling compared to other methods.

SEGMENT BEARING

Developed metal composite materials with a macroheterogenic structure based on a matrix of copper alloys,
reinforced with iron-carbon granules. Due to the introduction of high-strength and high-modulus granules into the
metal matrix, it is possible to dramatically increase the strength, viscosity, and rigidity of materials. The combination
of matrix and granules with special physical properties opens up wide opportunities for creating new composite
materials and allows you to operate almost any machine in severe conditions, including dry friction modes.

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

Technical and economic indicators based on the results of testing and development show that the use of the
proposed materials and their manufacturing technologies provide a reduction in the cost of products compared
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to parts obtained by powder metallurgy by 40-100 % due
to the use of foundry technology and secondary alloys
while ensuring high physical and mechanical properties.

The developed materials can be used to make products
of any geometric shape and size, including bimetallic ones.
For example, guides for various purposes, worm wheels,
bushings, sliding bearings, etc. can be manufactured.
At the same time, it should be noted that this type of
materials is designed to work in a number of aggressive
environments, such as high dust, high temperatures or
humidity, etc. where the use of similar products is not
possible.

ESULT OF APPLICATION

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

CURRENT STAGE OF DEVELOPMENT
Development is introduced into production. BIMETAL SLEEVE

POTENTIAL CONSUMERS AND INTERESTED PARTIES

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

DEVELOPMENT MANAGER

Kalinichenko Uladzislau, Head of the Research and Innovation Laboratory of “Industrial Thermophysics’,
PhD, Associate Professor.

CONTACT INFORMATION

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




FEDERAL STATE BUDGETARY EDUCATIONAL
INSTITUTION OF HIGHER EDUCATION
“SIBERIAN STATE INDUSTRIAL UNIVERSITY”

SURFACING FLUX OF NEP GRADE
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Surfacing flux of NFP grade intended for automatic submerged arc surfacing of steel. Surfacing flux is used in
combination with welding wire of Sv-08, Sv-08A, Sv-08GA, Sv-10G2 grades produced in accordance with GOST 2246-
70, as well as with flux-cored wires of PP-Np-35V9Kh3SF, PP-Np-25Kh5FMS, PP-Np-25Kh5FMST grades and others.

Surfacing flux is made from technogenic raw materials of metallurgical production (ferrosilicomanganese
production slag) and is an analog to the AN-348A flux.

NFP surfacing flux has high covering properties and optimal refining ability of the resulting slag, as well as good
slag cohesion (delamination) from the deposited metal layer.

Application of the developed flux allows:

- to reduce waste of alloying elements during surfacing by 28-35 %, silicon by 12-18 %, chromium by 5-13 %,
tungsten by 3-8 %.
- to increase level of hardness by 4.0-6.8 % and increase wear resistance of the deposited metal layer by 0.8-3.4 %.

AN-348A NFP

TECHNICAL ADVANTAGES

Flux of NFP grade is applied as a flux for surfacing and repair of parts of mining and metallurgical equipment.
Surfacing process under the proposed flux is the most feasible in comparison with surfacing using expensive
ceramic fluxes, because NFP grade flux is produced on the basis of ferrosilicomanganese production waste. Technical
conditions TU 20.59.56.120-001-14796818-2020 have been developed.
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EXPECTED RESULT OF APPLICATION

Reduction of surfacing cost during repair of parts of the mining and metallurgical industries.

Further development of technology is possible due to an increase in volume of industrial production and expansion
of the sales market.
CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

INFORMATION ON THE LEGAL PROTECTION

Developed composition of the surfacing flux of the NFP grade is protected by patents of the Russian Federation:
No. 2682515, No. 2682730, No. 2683164

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Companies engaged in repair of wear parts in mining and metallurgical industries.

DEVELOPMENT MANAGER

Nikolay Kozyrev, Head of the Department of Materials Science, Foundry and Welding Production, Dr Sci Eng.,
Professor;

Alexey Mikhno, post-graduate student of the Department of Materials Science, Foundry and Welding Production;

Alexander Usoltsev, Associate Professor of the Department of Materials Science, Foundry and Welding Production,
Can. Sci Eng., Associate Professor.

CONTACT INFORMATION

E-mail: kozyrev_na@mtsp.sibsiu.ru
Tel.: (+73843) 46 32 91




FLUORINE-CARBON CONTAINING
FD-UFS FLUX ADDITIVE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

FD-UFS flux additive is used as an additive to fused fluxes for welding of structural
low-carbon low-alloy steels. Mechanical mixture is used in combination with welding
wires of Sv-08, Sv-08A, Sv-08GA grades manufactured in accordance with GOST 2246
and corresponding to the requirements of RD 03-613.

Carbon-fluorine-containing FD-UFS additive is a ceramic flux intended for
introductioninto oxidizing welding fluxes of AN-348, AN-60, AN-67 grades. Introduction
of the additive leads to an increase of mechanical properties of weld, in particular the
impact toughness at low temperatures by reducing oxide non-metallic inclusions,
hydrogen and nitrogen. With additive introduction in an amount of up to 6 % into AN-
348 flux, KCU impact toughness at temperature of —40 °C increases by 80 %, in AN-60
flux by 26 %, in AN-67 by 32 %, while weld formation does not deteriorate, and amount
of harmful emissions does not increase.

TECHNICAL ADVANTAGES

FD-UFS flux additive is used as an additive to fused fluxes for structural low-carbon
low-alloy steels welding. Process of welding under fused fluxes with the addition
of FD-UFS is the most feasible in comparison with welding under expensive ceramic
fluxes, because FD-UFS production is based on aluminum production waste.
Environmental safety is confirmed by the protocols of air samples from working area
during submerged arc welding under a new flux additive FD-UFS. Concentration
of harmful impurities does not exceed the ambient air standard requirements.

EXPECTED RESULT OF APPLICATION

Technology has been tested and introduced into production at the “Novokuznetsk Plant of Reservoir Metal
Structures named after N. Ye. Kryukov”. Technological recommendations have been developed for production and
application of carbon-fluorine-containing additive TU 5929-007-01395874-2015. Further development of technology
is possible while increasing volume of industrial production and expanding the sales market.

CURRENT STAGE OF DEVELOPMENT

Development is introduced into production.

INFORMATION ON THE LEGAL PROTECTION
Developed composition of the new welding flux-additive is protected by RF patents: No. 2484936, 2564801.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Manufacturers of metal structures and metal products, as well as repair organizations.

DEVELOPMENT MANAGER

Nikolay Kozyrev, Head of the Department of Materials Science, Foundry and Welding Production, Dr Sci Eng.,
Professor.

Roman Kryukov, Associate Professor of the Department of Materials Science, Foundry and Welding Production,
Cand Sci Eng., Associate Professor.

CONTACT INFORMATION

E-mail: kozyrev_na@mtsp.sibsiu.ru
Tel.: (+73843) 46 32 91
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OPEN JOINT STOCK COMPANY
“MINSK RESEARCH INSTITUTE OF RADIOMATERIALS”

SYSTEM OF CARBON MONOXIDE (CO)
AND CARBON DIOXIDE (CO,) MONITORING
AT CRITICAL POINTS ON BOARD A VEHICLE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The system is designed to monitor the concentration of CO, CO,
in the driver's cab. The source of CO is the exhaust system of an
internal combustion engine. Carbon monoxide enters the passenger
compartment when there is a problem in the exhaust system. High gas
concentrations can be fatal. CO, sensors are relevant for monitoring
leaks in cooling systems.

The system is based on selective CO and CO, sensors with a unit for
monitoring the concentration of the above gases.

Concentration monitoring measurement range, no more:
C0O 200 mg/m?, CO, 20,000 mg/m?>.

Limit of permissible relative error of concentration measurement,
no more: CO 20 %, CO, 20 %.

System response time, no more: CO 105, CO, 20 s.
Power is no more than 10 W. The used RS-232/CAN-BAS interface.

TECHNICAL ADVANTAGES
The open architecture allows you to configure systems for various conditions of use in terms of the number
and type of sensors used, dimensions, processing method, information transfer, cost, etc.

The use of CO, CO, sensors makes it possible to warn of a fire at an early stage (for example, when the insulation
of acableis tied).

The system can be equipped with sensors for humidity, temperature, etc., if necessary.
The design of the system allows for quick and easy replacement of sensors (like replacing a light bulb), has

the ability to self-diagnose, and quickly interacts with computers to process information.
EXPECTED RESULT OF APPLICATION

The safety of vehicle operation is enhanced by the introduction of automated digital systems.

Increasing the competitiveness of domestic automotive equipment in the domestic market and foreign markets
and its export potential.

CURRENT STAGE OF DEVELOPMENT

Development work was completed in December 2020. A prototype of the system has been manufactured
and passed positive tests on the MAZ bus.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Vehicle manufacturers. Vehicles intended for the carriage of passengers.




DEVELOPMENT MANAGER

Aleksey Mospanov, Head of the Design Department of Instrumentation
of the Research and Production Center “Micromechanics”.

CONTACT INFORMATION

E-mail: mniirm@mniirm.by
Tel.: (+375 17) 270 96 06; fax: (+375 17) 27096 11

SYSTEM OF METHANE (CH,) MONITORING AT CRITICAL
POINTS ON BOARD A VEHICLE

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The system is designed to monitor CH, at critical points of vehicles:

- the engine compartment;

—in the places where gas cylinders are installed;

- in the compartment of pre-starting liquid heaters of the engine;

- at the reducers of gas cylinders, etc.

The system is a microprocessor-based modular telemetry device
consisting of a monitoring unit and five CH, (methane) sensors.

The system provides monitoring of gas concentration at the following
points of the vehicle:

- engine compartment — 1 sensor;

- liquid diesel engine heater compartment — 1 sensor;
- reducer — 1 sensor;

- base cylinders — 2 sensors.

The concentration monitoring range is up to 50 % of the lower concentration limit of flame propagation (ignition).
The reaction time of the system is less than 5 s. The limit of the permissible relative error of concentration measurement
is 20 %.

TECHNICAL ADVANTAGES

The main competitor of the monitoring system is the products of TEQ SA (Tech, Switzerland).

A feature of the system is the operation in a wide temperature range from -50 to + 95 °C of the CH, sensor due to
the use of a special cooling and heating system of the optical sensor. The open architecture of the system and the
presence of two CAN interfaces provide an easy adaptation of the system to customer requirements, taking into
account various fields of application.

EXPECTED RESULT OF APPLICATION

Improving the safety of vehicle operation through the introduction of automated digital systems, increasing the
competitiveness of domestic automotive equipment in the domestic market and foreign markets and its export
potential. Application of the developed system will reduce the burden on the environment by reducing CH, emissions.

CURRENT STAGE OF DEVELOPMENT

Development work was completed in December, 2020. A prototype of the system has been manufactured and
passed positive tests on the MAZ bus.
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POTENTIAL CONSUMERS AND INTERESTED PARTIES

Manufacturers of automotive vehicles running on gas engine fuel; enterprises engaged in the conversion of vehicles
to work on gas engine fuel.

DEVELOPMENT MANAGER

Aleksey Mospanov, Head of the Design Department of Instrumentation of the Research and Production Center
“Micromechanics”.

CONTACT INFORMATION

E-mail: mniirm@mniirm.by
Tel.: (+375 17) 270 96 06; fax: (+375 17) 27096 11




WELDING AND PROTECTIVE COATINGS INSTITUTE
(WPC-1)

FRICTION STIRWELDING

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Friction stir welding (FSW) has been successfully used to
weld materials that are difficult to weld, although it is still
in its early stages of development. So far, the development
of the FSW process for each new welded joint remains
largely empirical. Scientific knowledge based on numerical
research is a significant help in understanding the FSW
process.

TECHNICAL ADVANTAGES

The FSW method makes it possible to obtain bimetallic
compounds from metals, both with unlimited solubility
andinsolublein the solid state, i. e. weld dissimilar materials
not normally wieldable by fusion welding.

RESULT OF APPLICATION

The results will be used to obtain welded joints by the
FSW method from composite materials for friction welding
of steels and dissimilar materials.

STAGE OF DEVELOPMENT

Research or development (technological) work has been
completed.

A prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
JSC“Stadler Minsk”, JSC“METZ named after V. I. Kozlova’, LLC “Tissa", BNTU “Polytechnic”, JSC“MAZ" and others.

DEVELOPMENT MANAGER
Alexander Radchenko, Deputy Director of WPC-I, PhD.

CONTACT INFORMATION

E-mail: radch.aa@gmail.com
Tel.: (+375 29) 628 95 91




BREST STATE TECHNICAL UNIVERSITY

PLASMA HARDENING OF THE CUTTING TOOL
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The developed technology of surface hardening is implemented
using a plasmatron with a long service life, a special mechanism
for moving the plasmatron and parts to be hardened. The installation is
used for plasma hardening of various parts in mechanical engineering,
food industry, etc., operating under conditions of increased wear.

TECHNICAL ADVANTAGES

High-performance process of surface hardening of working areas
of parts subject to intense wear, allowing to increase the performance
properties of hardened products by more than 2 times. For the 1 -power supply source; 2
hardening process, DC plasmatrons have been created to generate 3 - high-frequency ge :

. . . . . . . 4.5 - manipulators; 6 - part to be hardened
a plasma arc and/or a nitrogen jet with a high service life and specific
power.

ESULT OF APPLICATION

Increasing the continuous service life of hardened parts with high
hardness and wear resistance of the working zones and the initial
mechanical characteristics of the material of the core of the parts.

CURRENT STAGE OF DEVELOPMENT

Research or development (technological) work has been completed.

A sample of the hardening of the
A prototype was released. cutting part of the knife
Development is introduced into production.

POTENTIAL CONSUMERS AND INTERESTED PARTIES
0JSC“Brestmash’, OJSC“Kuzlitmash’, the company “Mlekovita” (Poland).

DEVELOPMENT MANAGER

Vitaly Khvisevich, Professor of the Department of Applied Mechanics, PhD, Associate Professor.

Michail Sazonov, Doctor of Technical Sciences, Professor.

CONTACT INFORMATION

E-mail: vmhvisevitch@bstu.by, vai_mrtm@tut.by
Tel.: (+375 29) 795 76 26, (+375 29) 25456 11




BELARUSIAN NATIONAL TECHNICAL UNIVERSITY

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

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

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

TECHNICAL ADVANTAGES

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

ESULT OF APPLICATION

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

POTENTIAL CONSUMERS AND INTERESTED PARTIES

“Belshina” 0JSC, “MMZ” OJSC, “BELAZ" OJSC. LASER CLEANING PROCESS
OF THE WELD

THE PROCESS OF LASER CLEANING
OF THE PIPE SURFACE FROM RUST

DEVELOPMENT MANAGER

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

CONTACT INFORMATION

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




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

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

Plasma and flame spraying technologies make it possible to create
coatings from a wide range of powder materials. It is possible to spray
metal, ceramic, clad and composite materials, as well as materials with an
exothermic effect. The wear resistance of parts, as arule, increases 3-5 times
compared to serial ones. The principle of applying coatings using plasma
and gas-flame spraying methods is based on heating the powder material in
a plasma jet generated by a plasmatron or in the flame of a gas-flame torch
to the melting temperature, followed by crystallization on the hardened
working surface of the parts. An installation for gas-flame spraying has been
developed and produced, which consists of a control panel equipped with
control devices, valves for regulating working gases, an automation and gas
distribution system, a pistol-type thermal spray burner for manual and semi- INSTALLATION OF FLAME
automatic spraying. For spraying internal and hard-to-reach surfaces, the SPRAYING TRU-2.1P
unit is equipped with a special extension. The size of the sprayed particles is
30-150 microns, the maximum productivity for propane-butane is 6 kg/h,
the utilization rate of the powder material is up to 95 %. The unit can be
additionally equipped with a gas-powder surfacing torch.

TECHNICAL ADVANTAGES

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

HARDENED BY GAS FLAME SPRAYING
ESULT OF APPLICATION

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

CURRENT STAGE OF DEVELOPMENT

The flame spraying unit has been developed and manufactured by the ONIL of plasma and laser technologies
on a contractual basis and is handed over to customers together with the technology of hardening of specific
parts. Plasma spraying technology is implemented using serial equipment and is also transferred to customers
in conjunction with the technology of hardening of specific parts.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises of RO “Belagroservice”, Belarusian Railway, OJSC “Grodno Azot’, OJSC “Svetlogorskkhimvolokno’, OJSC
“Mogilevkhimvolokno”, OJSC Gomelkabel, OJSC“Belaruskabel’, OJSC“Belarusian Metallurgical Plant”, factories for the
production of building materials.

DEVELOPMENT MANAGER

Oleg Devoino, head ONIL of plasma and laser technologies, Doctor of Technical Sciences, Professor.

CONTACT INFORMATION

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




LASER THERMAL HARDENING TECHNOLOGY USING
SCANNING DEVICES

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The proposed technologies and equipment make it possible to create on the working
surfaces of parts hardened, including alloyed, layers with a depth of 0.3-1.0 mm with a |
hardness of up to 1000-1200 HV, which makes it possible to increase the wear resistance by
2-3 times. The technologies are in demand in various industries where it is required to obtain |
high physical and mechanical properties of the surface in combination with a low cost of
materials.

TECHNICAL ADVANTAGES

The laser hardening technology is based on the movement of a focused laser beam at a
certain speed over the surface to be hardened. Due to the high heating-cooling rate, surface
hardening is provided without volumetric heating of the parts, which makes it possible to
use this type of hardening for parts of complex shape, large-sized and others, the hardening
of which is impossible by traditional methods. Laser heat hardening is effective for carbon, g?g;&ﬁtgéﬁg%\:g‘%
alloyed tool steels, cast irons and hard alloys. Laser alloying involves the application of (0JSC“BELAZ"
alloying components to the surface to be hardened before laser treatment. Since laser
processing is carried out in the mode of surface penetration, laser alloying, laser alloying
makes it possible to harden materials that are not hardened (low-carbon austenitic steels, |
non-ferrous alloys). The choice of alloying coating and laser processing modes ensures the
formation of layers with the required complex of physical and mechanical properties. The | |
small size of the laser beam on the surface to be welded makes it possible to restore parts
with a complex shape of a worn surface with high accuracy.

INSTALLATION OF LASER

The technology provides for the use of a special adaptive optical system, which provides
the ability to control the power density distribution over the area of the laser treatment spot,
which, in turn, ensures high quality laser hardening.

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

INSTALLATION OF LASER

ESULT OF APPLICATION g?iiﬁg;?éigiﬁ:ﬁs

The methods of laser hardening and laser alloying make it possible to achieve a hardened (JSC ”BEA")

layer depth of up to 0.3-1.0 mm and a hardness of 1000-1200 HV. The wear resistance of |
the surface is increased by 2-3 times.

CURRENT STAGE OF DEVELOPMENT

Development is introduced into production.

POTENTIAL CONSUMERS AND INTERESTED PARTIES REINFORCED PARTS
0JSC “Minsk Wheel Tractor Plant”, OJSC “Gomselmash”, OJSC “Minsk Automobile (0JSCBELAZ')
Plant”, OJSC “Minsk Motor Plant”, OJSC “Grodno Azot”, Mogilev “Liftmash”.

DEVELOPMENT MANAGER

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

CONTACT INFORMATION

E-mail: plazteh@bntu.by ASSESSMENT OF THE QUALITY

Tel.: (+375 29) 654 54 48 OF HARDENING OF A PART
(OJSC"BELAZ")
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FEDERAL STATE BUDGETARY EDUCATIONAL
INSTITUTION OF HIGHER EDUCATION
“KUZBASS STATE TECHNICAL UNIVERSITY
NAMED AFTERT. F. GORBACHEV”

GRINDING WHEEL REINFORCED
WITH CARBON FIBER MESH

BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

An increase in the speed of grinding gives a number of s
positive effects: it increases the productivity of processing, ' #.,
the grinding ratio, reduces the cutting temperature, power .
loads and the roughness of the processed surfaces. At the =«
same time, an increase in the grinding speed makes high ™%
demands on the breaking strength of the grinding wheels. &
The most common way to increase the strength of grinding Q
wheels is to reinforce them with fiberglass meshes. In this Q
case, instead of standard fiberglass meshes, fiberglass | Q
meshes made of a new reinforcing material based on 0
carbon carbon fibers were used. Fabrics and nets made of ..
carbon carbon fibers are successfully used in conjunction '
with polymer binders for the manufacture of skin and .
structural elements of aircraft, automobiles and space ..
technology, incl. instead of materials based on fiberglass, g™
which reduces weight, increases the strength and heat
resistance of products.

a) b) Q)

For the manufacture of experimental wheels, the following volumetric recipe was used: normal electrocorundum,
grade 13A63N — 61.5 %, cryolite — 2.8 %, pyrite — 7.98 %. Epoxy resin was used as a binder — 27.7 %. Wheels were
made by cold hardening with dimensions: outer diameter — 150 mm, bore diameter — 32 mm, height — 4 mm. The
wheels were reinforced with carbon fabric with a tensile strength of 4.38 GPa.

In parallel with the experimental circles, for subsequent comparative tests under the same conditions, circles were
made with a similar recipe composition, but reinforced with standard reinforcing elements — fiberglass meshes. The
bond for such circles was used in two varieties — epoxy and bakelite.
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TECHNICAL ADVANTAGES

Comparative tests of circles showed:

- the use of carbon fabric instead of fiberglass mesh allows to increase the breaking speed of circles on epoxy resin
by 30 %;

- the values of the maximum working speeds of the compared wheels, calculated through the safety factor (Kzp =
1.8), adopted for tools of this type, indicate that the use of carbon fabric instead of glass mesh makes it possible to
increase the grinding speed of wheels on epoxy resin from 55 to 80 m/s;

- carbon fabric is characterized by better adhesion to the bond and practically does not peel off from the composite
of the grinding wheel when it breaks;

—anincrease in the speed of grinding with experimental wheels by 1.3 times allows to reduce the roughness of the
machined surfaces (Ra) by 16 % and (Rz) by 9 %;

—anincrease in the grinding speed by 1.3 times also led to a decrease in the cutting force components Py and Pz by
an average of 40 %, while the Py/Pz ratio changed insignificantly;

—an increase in the speed of grinding by 1.3 times in this case made it possible to reduce the wear of tools by 50 %,
to increase the cutting ability by 32 % and to reduce the temperature during processing by 8 %.

ESULT OF APPLICATION

The use of grinding wheels reinforced with a carbon fiber mesh can improve a number of performance indicators
of such tools (see above).

Experienced circles have only one drawback so far — the relatively high cost of carbon fiber. But this disadvantage
can be leveled by the subsequent decrease in the cost of carbon fabric, as well as the increased performance of new
tools.

CURRENT STAGE OF DEVELOPMENT

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

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Enterprises related to the machining of parts and products in a number of industries.

DEVELOPMENT MANAGER
Korotkov Alexander Nikolaevich, Head of the Department “Metal-Cutting Machines and Tools’, Doctor of Technical
Sciences, Professor;

Korotkov Vitaly Aleksandrovich, Associate Professor of the Department “Metal-Cutting Machines and Tools’,
Candidate of Technical Sciences.

CONTACT INFORMATION

E-mail: korotkov.a.n@mail.ru
Tel.: (+73842) 39 63 99




EDUCATIONAL INSTITUTION “MOGILEV STATE
POLYTECHNIC COLLEGE"

THE LUG WRENCH
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The power wrenches with a torque amplifier based on a foreign-made planetary
gearing, for example, the company “PLARAD” (Germany), are used during the
construction of railway lines for retightening of thread connections.

The disadvantage of using planetary gearing is the sizeable radial dimensions
of the wrenches, which leads to the loss of their use with a limited geometry of
the workspace, such as retightening of thread connections.

The advantages of the lug wrench are small radial dimensions and a
multithreading during the load transferring.

The lug wrench can be operated in two modes:

» Rl
A £

THREADED CONNECTION

- WIthOl,!t reduction (the body and the driven shaft rotate as a single unit), i. e. FASTENING THE CYLINDER HEADS
like an ordinary shaft wrench; OF DIESEL ENGINES OF DIESEL
- with reduction (the body is stopped relative to the restrained base by the LOCOMOTIVES CHME-3

detents).
A blocker is used to switch from one mode to another.

The lug wrench with intervening rolling bodies is designed to simplify workers’
manual labor during the construction of railway lines and to substitute the
previously used power wrenches made in Germany.

TECHNICAL ADVANTAGES

Multithreading (the force is transmitted over a large number of parallel loaded
contact points in threaded mates).

) ) BALLOON WRENCH
High gear ratio. WITH INTERMEDIATE
ROLLING BODIES

High rigidity.

Partial replacement of sliding friction with rolling friction and, as a result the
increase of the transmission efficiency.

High load capacity, due to the distribution of the load among the many rolling bodies.

Portability, especially in the radial direction.

The minimum number of basic parts.

The ability to create multiple-stage structures.

Self-braking during the reverse.

Reversibility.

Manufacturability of parts.

The absence of expensive materials in the design and, as a result the low cost.

Ease of assembling-disassembling.

EXPECTED RESULT OF APPLICATION

The balloon wrench with intermediate rolling elements is designed to facilitate manual labor of workers during the
construction of railway tracks and import substitution.
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CURRENT STAGE OF DEVELOPMENT

A prototype was released.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Belarusian Railway, Russian Railways.

DEVELOPMENT MANAGER

Alena Huretskaya, Teacher;
Marina Sychevich, Teacher.

CONTACT INFORMATION

E-mail: e-lena.90@mail.ru, sychevich_marina@mail.ru
Tel.: (+375 29) 541 70 71, (+375 29) 621 44 75

WELDED LAP JOINT
BRIEF DESCRIPTION OF INNOVATIVE DEVELOPMENT

The improved welded lap joint is intended for the production
of welded structures in the manufacture of cranes, trailers, wagons,
forklifts, ships and other vehicles, where the thickness of the welded
metal is more than 6 mm. The shape of the structural elements of the
welded joint does not require a complex technological process, which
makes it possible to reduce the resource intensity of its manufacture,
thereby providing an economic effect in its industrial use, and also,
due to the shape of the structural elements, it allows to reduce the
stress concentration, increase the serviceability of welded structures,
and provide savings base metal, welding consumables (welding wire,
shielding gases) and electricity. The designed welded joint contains: §
two parts connected by frontal fillet welds, each of which has chamfers.
Each of the chamfers is made on that of the ends of the parts to be
joined, which is adjacent to the overlap.

TECHNICAL ADVANTAGES

In this innovative development, a constructive decision was made
in which each chamfer is made so that the bluntness of the plate

remaining after chamfering is equal to the calculated value of the leg |3

of the fillet weld.

Due to the fact that the angle of inclination of the chamfer to the
plane of the end face of the plate to be connected is 30-60° it is
possible to clearly distinguish the border between the chamfer and the
end being melted and there is no need to remove a significant amount
of metal when performing the chamfer itself. During the operation of
structures made with the use of the developed welded joint, a working
load is applied to the parts to be joined, which is transferred to the
welded seams, the strength of which is sufficient so that the welded
joint does not collapse under the influence of the standard load.

ESULT OF APPLICATION

With the developed execution of welded fillet welds, the possibility
of creating a weld with an overestimated leg value is excluded and the
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over expenditure of resources (deposited metal, welding wire, shielding gases, electricity) is significantly reduced.
The proposed design of a welded joint belongs to the field of fusion welding and can find application in mechanical
engineering in the manufacture of transport and hoisting-and-transport structures, where there is a significant size
of the legs of fillet welds.

CURRENT STAGE OF DEVELOPMENT

To substantiate the economic effect of the designed version of the welded lap joint, the consumption of welding
materials and electricity per 1 m of the welded seam was calculated, during which it can be concluded that the
production of an improved welded lap joint will reduce the consumption of welding materials, as well as electricity,
that during the production of metal structures with extended fillet welds will give a significant economic benefit.

POTENTIAL CONSUMERS AND INTERESTED PARTIES

Belarusian enterprises and foreign companies.

DEVELOPMENT MANAGER

Viktoria Zashtova, Teacher;
Alesya Roschina, Teacher;

Natallia Kachaulava, Teacher.

CONTACT INFORMATION

E-mail: mgpkn@tut.by
Tel.: (+375222) 73 13 08
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