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PO3/ILI 1
MMPOIECH TA ITHCTPYMEHTHA MEXAHOOBPOBKH

VK 658.52.011.56

Muponenko E.B., Kiouko A.A., llanosasios B.®., Umsips B.A.
HAI'MA, r. Kpamatopck, YkpanHa

COBEPIIEHCTBOBAHUE TEXHOJIOI'MU 3YBOHAPE3AHUS YEPBIUHBIMU
MOJIYJbHBIMHU ®PE3AMU C KOHTAKTHO- PEAKTUBHOM NAMKOM PEXYIIIUX
IJIACTUH

Beeoenue
CoBeplIeHCTBOBAHUE TEXHOJIOTMU M3TOTOBJICHUSI PEXYIIETO MHCTPYMEHTA, HAINPaBICHHOE
Ha TIOBBIICEHWE €ro TOYHOCTH, CTOMKOCTH U JIOJATOBEYHOCTH, Ha CHIDKEHHWE TPYAOBBIX H
MaTepHuaIbHBIX 3aTPaT MPHU U3TOTOBIICHUH, SIBJISIETCS aKTyaJbHOM 3aa4eil.

OcHognasa yacmo

3y0ope3Hblii MHCTPYMEHT, U, B YaCTHOCTH, YEPBSIUYHbIE MOAYJIbHBIE (Dpe3bl — 3TO OJUH M3
HanboJiee CIOXKHBIX M JOPOTOCTOSIIMX WHCTPYMEHTOB. Bmecte ¢ TeM, cpok ciyxObl (pe3 10
MIOJTHOTO M3HOCA CPaBHUTENBHO HE BeNUK. Tak mo JaHHbIM [I, 2] B 3aBUCUMOCTH OT KOHCTPYKLIMU
YepBAYHON (pe3bl cymMMapHas €e CTOMKOCTh i Moayas m=12mm coctasister 120 — 170 gacos,
s moaynst m=20mm coctaister 300 yacoB u T.1. bonblive 3HaueHUs] CTOWKOCTH COOTBETCTBYIOT
YEepBSYHBIM (ppe3am eTbHON, MOHOIUTHONH KOHCTPYKITUH, UMEIOIINM HanOOJIBIIYIO KECTKOCTb.

B Hacrosmee BpeMs Ha MAallMHOCTPOMTENBHBIX MNPEANPUATUAX OCBOEHO BBICOKOTOYHOE
obopynoBanue 3amagHorepMaHckux ¢upm «KimHrenmpHOepr» u «PeiHeKkepy» IsI3aThIIIOBAHHUS U
3aTOUYKU COOpPHBIX (Ppe3 ¢ obecneuenneM kiaccoB TOUHOCTH A u AA no 'OCT 9324-80.

Opnako yxe B Hayaje JKCIUTyaTalluM MOJ JEHCTBHEM CHJI 3a)XMMOB HHCTPYMEHTa Ha

3yOodpe3epHOl onpaBKe, a TAKKE HUKIMIECKUX Harpy30kK B IIpoIiecce pe3aHus, YepBIuHble (pe3bl
COOpHON KOHCTPYKLIMU TEPSIOT CBOIO NEPBOHAYAIBHO IOJYYEHHYIO B MHCTPYMEHTAJIbHOM LIEXe
TOYHOCTh U3-3a CMEIICHUS PEXYILUX HIEMEHTOB — 3y0UaThIX peex.
OpauM 13 3QQGEeKTUBHBIX MyTeH COXpPaHEHHUs] TOYHOCTU COOPHBIX (pe3 Ha JIUTEIbHBIA MEPHO]
HKCIUTyaTalluM SIBJIETCS NMPUAAHWE MHCTPYMEHTY MOHOJHMTHOCTU IMyTEM 3aKpEIUICHUs 3yO0daThIX
pEeK B KOPIYyC€ MWHCTPYMEHTA BBICOKOTEMIIEPATYPHOM KOHTAKTHO-PEAKTUBHOM  MaMKOM
OOpHUPOBAHHBIM KEJIE30M.

MeTo KOHTaKTHO — PEaKTUBHOM MalKU € UCIHOJIb30BAaHUEM KOHTAKTHOI'O IUIABJIEHHS B
CHCTEME <OKee30-00p» sBIsieTcs Hanbosiee MEPCHEKTHBHBIM ISl 3yOOpPE3HOr0 MHCTPYMEHTA W3
M3BECTHBIX METOO0B Nailku. OH OCYIIECTBISETCS B COJSHBIX BaHHAX WJIM ra30IUIaMEHHBIX Medyax U
MO3BOJISIET COBMECTUTh NailiKy ¢ HarpeBoM ¢pe3bl MOJ 3aKalky. Tlakas TeXHOJIOTHS
XapaKTepU3yeTcsi HauMEHbLIEH TPYAOEMKOCTBIO M HAaWIy4LIIMM KauyeCTBOM TepMOOOpPabOTKU
MHCTPYMEHTA

Ha puc. 1 moka3zana KOHCTpYKIHsS COOpHBIX 4yepBAYHBIX ¢pe3m=12-20MM cO CTaBHBIMHU
IIPUIIASTHHBIMU PEMKAMH.

B kadecTBe mnpumos NpH HU3rOTOBICHUM MASHHBIX YEPBAYHBIX (pe3 HCHOIb3YIOTCS
MPOKJIAIKNA U3 JIMCTOBOM CTalW WM JIEHTHI TOJIMHOM 0,5 MM, NpeaBapUTENbHO MOJBEPIHYTHIE
CyXxoMy OOpPHPOBAHUIO.

BopupoBanue maTepuaia npokiIagoK OCYIIECTBIISIETCS B CIIEIMAIBHOM KOHTEHHepe (puc. 2),
M3rOTaBIMBAEMOM M3 KAPONPOYHOM cTainu TONLUHOW 4-5 MM. KoHTeliHEp cOCTOMT U3 KopIryca B
BEpPXHEH YacCTH KOTOPOIO M0 NMEPUMETPY IPUBAPEH Uil 00pa30BaHUsl «KapMaHa» YroJIOK, KPBILIKH,
IBYX (PUKCUPYIOLIMX KIMHBEB U CeNapaTopa, pa3MeIlaeMoro BHyTpu kopmyca. BHyTpu cemaparopa
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YCTaHABIMBAIOTCA JIUCTBI OOpUPYEMOTO JKele3a, a MPOMEXKYTKH MEXKAYy HHUMHU 3acChIaloTCs
MOPOIITKOM KapOumaa 6opa.

Puc. 1 — Yepsstunable ¢ppe3pl m=5-16MM, ¢ IpUMTasTHHBIMA KOHTAKTHO-PEAKTUBHOM MalKOM,
3yOUYaThIMH peHKaMHu:
1 — xopmyc aetanwm; 2 — 3y0uaTas pexyiias peika; 3 — 0opupoBaHas MpoKIaaKa (IPHUITON);
4 — TOpIICBBIC YIIOPHBIC KPBITIIKU

B kxapmaH xoHTeiiHepa Uit 00pa3oBaHUS IUIABKOTO 3aTBOpPA TOMEINAIOT HM3METbUeHHBIN
CUJIMKAT.

Bpewmst BbIEp)KKH KOHTEHHEpA B AJIEKTPOIEYN Ha3HAYAETCS B 3aBHCHMOCTH OT TpeOyemoit
TOJIIUHBI OOPUPYEMOTO CJI0s1, TOTYy4aeMOro Ha JIUCTaX MPUTIOS.

nHH Kpummxa Kapbuz bopa
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Puc. 2 — Konrelinep uist 60pupoBaHUS MTPOKIIAT0K

B pesynbrate MeXaHMUYECKUX MCIBITAHUH MasHbI 0Opa3LloOB Ha Cpe3 YCTAHOBJEHBI, YTO
MaKCUMYyM IPOYHOCTH COCJAMHEHHS] COOTBETCTBYET ToimuHe ciosi OopumoB 80-120mxm. Ilpu
TaKOM CJIO€ B IIpoliecce Malku oO0pa3yeTcsi ONTUMAIbHOE KOJUYECTBO KUAKON (ha3bl, JOCTATOUHOE
Ut (GOPMUPOBAHMS B COSTMHEHNUS M YIAJICHUS! OKHCHBIX IJICHOK.

BOoJIBIIMHCTBO MEXaHUYECKHUX ONEpalii 0 U3rOTOBJIEHUIO MAasHBIX (pe3 HE OTIMYAETCS OT
Olepanuil MO0 M3TOTOBICHUIO COOPHBIX YEpBSUHBIX (ppe3. VCKIoueHne COCTaBISIOT OIEpaluy,
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CBSI3aHHBIE C HETIOCPEACTBEHHOMN MOATOTOBKOM (DpE3bI K MaiKe.

COopka 3y04aThIX peeK 4YepBSIYHOW (Ppe3bl C KOPIYCOM OCYIIECTBISETCS COBMECTHO C
OOpUPOBAHHBIMU MIPOKIIAAKAMU TPHUTIOSL.

OO6s3aTeNbHON omnepalueit nepen makoi ¢pes siBaseTcs 3a0MBKa MPUIKUMHBIX 3JIEMEHTOB
MEXIY TepeHEll MOBEPXHOCTHIO 3y0UaThIX peek U Kopmyca ¢pe3bl. ITO MPeJOXpaHsIeT PEHKU OT
nedopManuii B mpolecce 3aKalKd HHCTPYMEHTa W O0EeCHedMBaeT IUIOTHOE CONPHUKOCHOBEHUE
IIPUIIOS C pEUKaMU U KOPILYCOM.

Bo3moxHBl JBa BapuaHTa NPWKUMHBIX 3JEMEHTOB: B BHJAE KIMHbEB (puc.3), eciu
CTpY)KE€UHBbIC KaHaBKU (pe3bl MpsiMbIe, U B BUJE MPYTKOBOTO 3JeMeHTa (puc.3, 0), ecnu KaHaBKU
BUHTOBBIE. Bo BTOpOM citydae mociie 3a0MBKH MPYTKOBOTO 3JE€MEHTAa KOHI[bl €r0 MPUXBAaThIBAIOT
AJEKTPOCBAPKON K TOpLIAaM KopIlyca.

B npomnecce 3akankum ¢pesst nmpu Temmeparype 1200°C Ha TOBEpPXHOCTSX KOHTAaKTa
OOpPHUPOBAHHBIX MPOKIATOK C OBICTPOPEXKYIIEH M KOHCTPYKIIMOHHOW CTaJsIMH OOpa3yercs CIIoi
KUAKON as3pl, CMAYMBAIOIMIMKA TOBEPXHOCTH U OOECIEUMBAIOIIMN TOJydYeHHE TMasHHOTO
coeauHenus (xuakas ¢aza odsagaeT caMoIIIOCYIOIUMUCS CBOMCTBAMHU).

[Tpu Tommuue GopupoBanHOro ciosi nmpokiaaok 0,08-0,12 MM kommdecTBO oOpasyromiei
KUIKOU (pa3pl HE3HAUUTENBHO, TIOATOMY TTyOMHA €T0 MPOHUKHOBEHUS B OBICTPOPEXKYIIYIO CTAIb
He npesbimaeT 0,5-0,75 MM W 3TO HE OKa3bIBaeT KAaKOrO-THOO BIMSHUS Ha PEXYIIUE CBOWCTBA
WHCTPYMEHTA.

Mecto naiixu

” N
Mecto nafixu ¢

6)

Puc.3 — Crioco6s! npmxkuma rpeGeHOK nepe ManKko:
a) ¢ MOMOUIbIO KJIMHBEB; 0) C TOMOIIBIO MPYTKOBBIX AJIEMEHTOB

[Tomy4yenubie TakuM crocoOOM MasHHBIE COSAUHEHUS O00JIAal0T JOCTATOYHOW BBICOKOM
IPOYHOCTBIO Ha Cpe3 (7 = 20 — 30 xl'c/mm?), ipu 4eMm, npu Temueparype 10 400°C 3ameTHOTO
CHWKEHHUSI TIPOYHOCTH He Habmomaercs. TBEpAOCTh M TEINIOCTOMKOCTh PEXYIIEH 4YacTh
MHCTPYMEHTAa COOTBETCTBYET 3HAUCHHSM, XapaKTepHBIM [UIl ONTHUMAJbHOH TeMIepaTypbl
TepMOOOPAOOTKHU OBICTPOPEKYIIEH CTAIIH.

[locne KOHTAaKTHO-PEAKTHBHOM MalKM peeK MPOU3BOAAT 3aKaJIKY I1OCAJOYHOI'O OTBEPCTHUS
¢dpe3sr TBU no tBepaoctn HRC»40...45 v BBINOIHAIOT HEOOXOAMMBIC TOKApHO-3aTHIJIOBOYHBIC U
UM (OBaIbHBIE ONIEPALHH.

B Tabnune 1 npencraBieHbl CpaBHUTENbHBIE J1aHHBIC, MOJTYYEHHbIE MPU UCHBITAHUU (pe3
M3TOTOBJICHHBIX OOBIYHON COOPKOM M MasiHHBIX YMCTOBBIX YEPBSYHBIX Gpe3 M=12 MM 110 U mocie
3yb006pabotku [2, 3].
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Tabmuma 1
TouHOCTb YepBAYHBIX Ppe3 m=12 MM
Pe3ynbTaThl U3BMEpPEHUN, MKM
TIpoBepsieMblii TapaMeTp 110 3y6000paboTKH nocine 3y6000paboTku
[TastnHas [TastnHas
CoOopnas ¢pe3a (bpesa Co6opnas ppesa dpesa
PanuansHoe OueHne OypTHKOB 9 10 15 11
Topuesoe 6uenue OypTHKOB 8 8 12 9
Haubonbimas norpenHocTsh
BUHTOBOM JIMHUU (pe3bl Ha 3X 31 30 40 32
obopoTtax
PapgmanbHOe Onenue o 39 38 49 40
Hapy>KHOMY THAMETPY
OTKJIOHEHUE OT paiuaIbHOCTH
nepeHel TOBEPXHOCTH 3y0UaThIX 40 41 54 45
peeK B CTOPOHY MOJIHYTPEHHUS

Kak BUAHO M3 TNpeACTaBICHHBIX B TaOJNHIC JAaHHBIX OOBIYHBIE COOpHBIE (pe3bl Mmocie
3y0000pabOTKM TEpSIOT MEepBOHAYAIBHO IMOJYYCHHYIO TOYHOCTh Ha | Kjacc, a masiHble (pesbl
COXpPaHSIOT MOJYYECHHYIO TOYHOCTh Ha ypoBHE kiacca AI'OCT9324-80.

Ilox nmelicTBHEM CWIIBL pe3aHUS U CUJI 3aKPEIUICHUS MHCTPYMEHTA IIPOUCXOIUT HEKOTOPBIH,
HE3HAYMTENbHBI POCT TOTPEIIHOCTH massHoW  ¢pe3pl. OH  MOXeT OBITh CBsSI3aH  C
nepepacrpeeliecHieM BHYTPEHHUX HANpsDKCHUN B MeTajuie (pe3bl, BEI3BAaHHBIX MAHKOW IrpeOeHOK
Y 3aKaJIKOH TI0CaZOYHOTO OTBEPCTHUSI.

Bui6oowt
AHaNMM3 MONYYCHHBIX MPOU3BOJCTBECHHBIX PE3yIbTATOB MOKA3BIBAET, YTO MaiKa 3y0YaThIX
peeK K KOPILyCy IMO3BOJISIET CHAeJIaTh WHCTPYMEHT MOHOJMTHBIM, INPAKTHUYECKU COXPAHSAIOIIMM B
MIPOILIeCCE IKCIUTyaTallMU CBOIO MEPBOHAYATIBHYIO TOYHOCTb.
CpaBHUTEIbHBIE HUCCIEA0BAHUS CTOMKOCTU MastHHON (pe3bl U (pe3bl COOPHOM KOHCTPYKIIUU
MOKa3aiu, 4YTO MPHU KPUTEPUU H3HOCA 3yObEB IO 3aJHUM TpaHsMm B mpeaenax 0,5 MM CTOHMKOCTb
nasiHHou ppessl Ha 15-20% BbIIIe

Ilepeuenr McTOYHHMKOB JHMTepaTypbl: 1. TexHonormueckue crnocoObl MOBBIIIEHHS TOYHOCTH
3ybodpesepoBanus yHUBepcalbHbIMU YepBsiuHbIME (ppe3amu / FO. B. Tumodees, E. B. Muponenko,
A. A.Knouko, B. ®. Illanosanos, O. E. Muponenko // BicaHuk HarioHaIbHOTO — TEXHIYHOTO
VHIBEpCHUTETY «XapKIBCbKMHM TIOMTEXHIYHUI 1HCTHTYT». 30.HayK.mp. TeMaTHYHUI BHITYCK :
Texnomorii B mammmuoOyxyBanHi. — XapkiB : HTY XIII, 2010. — Ne 25. — C. 134-141. 2. TexHosorus
00pabOTKH KPYMHOMOIYJIBHBIX 3aKaJICHHBIX 3yO4aThIX KOJIEC TBEPAOCIUIABHBIMU UYEPBSIYHBIMU
¢pezamu  /  1O. B. Tumodee, E. B. Muponenko,  A. A. Kinouko,  B. @. [llanoBanos,
O. E. Muponenko // Bicauk HamioHanbHOro TEXHIYHOTO  YHIBEPCUTETY  «XapKIBCbKUI
MOJITEXHIYHUHN IHCTUTYT» :30. HayK. np. TematnuHuii BUunyck : TexHoJIOrii B MalIMHOOYAyBaHHI. —
Xapki : HTY XIII, 2010. — Ne 40. — C. 109-123. 3. Texnonorust 3ydodpe3epoBaHus 3aKaIeHHBIX
KPYIHOMOAYIBHBIX ~KOJIEC CIEUUAJIbHBIMU YEPBSYHBIMU (pe3aMH ¢ MHHUMHU3UPYIOIIUMU
napamMeTpaMu TJIaBHBIX pexymnmx kpoMmok / 0. B. Tumodeer, A. A. Kiouko, B. ®. [llanosasnos//
HaykoBi HoTaTku :MixkBY3. 30. —JIymek, 2010. — Bun. 29. — C. 209-216.

Peuenzent: Knumenko I'.I1., n.1.1., ipod., AITMA
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COBEPIIEHCTBOBAHUE TEXHOJIOI'MU 3YBOHAPE3AHUA YEPBAYHBIMUA
MOJIYJIBHBIMU ®PE3AMU C KOHTAKTHO- PEAKTUBHOM ITAMKOI PEXVIIINX
IUIATHUH
Muponenko E.B., Kiouko A.A., [IlanoBanos B.®., Umsips B.A.

Onucanbl OCOOEHHOCTH TEXHOJIOTMYECKOTO Mpoliecca HM3TOTOBICHHUS KPYITHOMOYIbHBIX
mM=12-20 MM dYepBSUHBIX 3yOOpE3HBIX (pe3 C peXylleHd YacThio, TPUNASTHHONH KOHTAKTHO-
peakTHBHOM maiikoil OopupoBaHHBIM kene3oM. Iloka3aHo, 4ro maiika NO3BOJSIET CHAENaTh
MHCTPYMEHT 0oJiee KECTKUM, MOHOJMUTHBIM M 3TO OOECIEUYMBAET COXPAHEHHUE I[EePBOHAYAIBHO
MIOJIyYUEHHOW IPU €ro U3rOTOBJIEHUM TOYHOCTH HA JUIMTEIbHBIA NEPHUOJ JKCIUTyaTallud, a TaKKe
MOBBIIIAET TOYHOCTh NHCTPYMEHTA.

BJIOCKOHAJIEHHS TEXHOJIOT' Tl 3YBOHAPI3AHH S UEPB’ IYHUMU MOJ1YJIbHUMU
®PE3AMU 3 KOHTAKTHO-PEAKTUBHOIO ITAVKOIO PKYUNX ITIACTUH
Miponenko €.B., Kiouko O.0., lllanoanos B.®., Ymups B.O.

Omnwucani 0COOIMBOCTI TEXHOJIOTIYHOTO MPOLIECY BUTOTOBJICHHS KPYITHO MOIYJIbHHX m=12-
20 MM YepB'sTYHUX 3yOOpi3HUX (ppe3 3 pi3abHOI YaCTUHOIO, MIPUMASHOK KOHTAKTHO-PEAKTHBHOIO
naiikoro 6opoBaHuM 3ainizoMm. [lokazaHo, 1m0 maika JO3BOJSE 3pOOUTH IHCTPYMEHT KOPCTKILIHM,
MOHOJIITHIIIAM 1 IIe 3a0e3reuye 30epeXeHHs TOYHOCTI, OTPUMAHOi MPH KWOro BUTOTOBJIEHHI Ha
TPUBAJIMIA MEPio/ eKCILTyaTallii, a TAKOK MiABHIIYE TOUHICTh IHCTPYMEHTY.

IMPROVEMENT THE GEAR-HOBBING TECHNOLOGY WITH RESISTANCE
REACTIVE BRAZING INSERTS
Mironenko E.V., Klochko A.A., Shapovalov F.V., Chmyr V.A.

The features of technological process of making coarse-pitch gear-cutting hobs m=12-20
mm are described. Cutting point was brazed by using resistance reactive brazing with borated iron.
It is shown that brazing allows to make tools more rigid and monolithic, and it provides the
preservation of manufacturing accuracy for a long usage period and also increases the accuracy of
tools.

KiroueBbie cioBa: TeXHOTOTHYECKHT MPOIIeCC, KOHTAKTHAs peaKTHBHAs Maiika, 3y0uaThie KoJeca,
gepBsiaHas 3yoope3Has ¢pesa

KirouoBi cnoBa: TexHomoriyHuil Tpollec, KOHTAKTHA peaKkTHMBHA Taika, 3y04acTi KoJjeca,
4yepB’siuHa 3yOopi3Ha (pesa

Keywords: Technological process, resistance reactive brazing, gears, gear-cutting hob

Hata HagxomkenHs ctatti: 24rpyaas 2013 p.
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VK 621.9.02

Koneiikuna M.IO.!, Kimmenko C.A. ', Manoxun A.C. %, xeasios C.H. 2
YucruryT cBepxTBepaBIX MaTepuanos uMm. B.H. Baxyns HAH Ykpaunsl, r. Kues
2KpbIMCKHI HHKEHEPHO-TIeIarornueckuil yHuBepcuTeT, . CuMdeponons

XUMHUYECKOE B3AUMOJIEHCTBUE B 30HE PE3AHUS 3AKAJIEHHOM CTAJIN
HHCTPYMEHTAMM, OCHAINEHHBIMHU KEPAMUYECKUMU KOMIIO3UTAMU

Beeoenue

TexHudeckuil mporpecc B MAIIMHOCTPOCHUM B 3HAYUTEIIBHOW CTENEHU OINPEIeIsieTcs
COBEPIICHCTBOBAHUEM TEXHOJIOTMH MPOU3BOJCTBA MAIIWH. DTO CBSI3aHO C CO3JIAHUEM M IIUPOKUM
UCIIOJIb30BAHUSM COBPEMEHHBIX (DYHKIIMOHATBHBIX MATEPUAIOB, KOTOPBIE TMPEIONPEACIISIOT
BBICOKYIO Ppa0OTOCIIOCOOHOCTh J€Tald MalllMH TPH TOBBIIIEHHBIX CHJIOBBIX Harpyskax u
temnepaTtypax. K Takum marepuanaMm OTHOCSTCS TpyAHOOOpaOaThiBaeMble YII€pOIUCTBIE CTaJH
BBICOKOU TBepAOCTH (K03 duieHT 06padaThIBAEMOCTH TaKUX MaTepuaioB coctaBisieT Kp < 0,3). Hx
MeXaHW4eckass o0paboTka XapaKTepU3YyeTCs HHM3KOW IMPOM3BOIUTEIBLHOCTHIO Ipollecca pe3aHwus,
OOJBIIMMHU 3aTpaTaMU dSHEPTUH, U, KaK CJEJCTBHE, — IOBBIINIEHHBIM PACXOJ0M HWHCTPYMEHTA,
TPYAHOCTSIMU B 00€CIIEYEHUN HEOOXOIUMBIX, IO YCIOBHUAM IKCILUIyaTal[iH, TapaMeTPOB COCTOSIHUS
MMOBEPXHOCTHOT'O CJIOSI U3JEIHI.

OnHOM U3 COBPEMEHHBIX MHUPOBBIX TEHJIEHIIMN PAa3BUTHUSI TEXHOJIOTUH JIe3BUITHON 00paboTKu
ABJISETCA BBICOKOCKOPOCTHAsi 00paboTka. [l mporiecca BBICOKOCKOPOCTHOTO TOYEHHS 3aKaIEHHBIX
cTayieil ckopocTh pe3anusi coctapisieT 80250 m/muH [1]. XapakTepHbIMU OCOOCHHOCTSMHU TPOIIECCOB
BBICOKOCKOPOCTHOM 00pa0OTKH SIBIISIETCS YMEHBIIIEHUE WHTEHCHBHOCTH POCTAa TEMIIEPaTyphbl pe3aHus,
CHIDKCHUSI CWJI PE3aHusi, IIEPOXOBATOCTH OOpaOOTaHHOM IOBEPXHOCTH M TIOBBIIIEHUE KauecTBa
MIOBEPXHOCTHOTO CJIOSl M3/IeNUid. B TO ke BpeMsi, ¢ yBEIMUCHUEM PEKMMOB 00pabOTKU MMEET MECTO
CYIIECTBEHHAs] MHTEHCU(DUKALMS W3HAIIMBAHUS PEXKYILEro MHCTPYMEHTA, OO0YCIIOBJICHHAS! CJIOKHBIM
MEXaHOXMMHYECKUM MEXaHM3MOM KOHTAKTHOTO B3aMMOJCHCTBHUS B 30HE pe3aHHsA. DTH MPOOIEMBI
pasperIaTCs 3a CUeT CO3JJaHUSI HOBBIX CIIOCOO0B 00pabOTKH, HOBBIX HHCTPYMEHTAJILHBIX KOMITIO3UTOB,
a TaK)Ke MCIOJIb30BaHMSI 3AIUTHBIX IOKPBITUH, HA PEXYILIMX HHCTPYMEHTAaX.

OcoOblif MHTEpeC Uil MAIIMHOCTPOEHUSI TPEACTAaBISAIOT WHCTPYMEHTHI, OCHAIlIEHHbIE
KEepaMUYeCKUMH MaTepHaiaMi — KOMIIO3UTaMU Ha OCHOBe kyoudeckoro Hutpumaa 6opa (IICTM na
ochoBe KHB) m Ha ocHoBe OKCcHIOB, KapOHIOB, HUTPUAOB u OopuaoB metawioB |V-VI rpynm
[lepuoguyeckoii CHUCTEMBl XMMHYECKHMX JJIEMEHTOB. lIcclienoBaHMSIMM MHOTMX YYEHBIX H
CICIMAINCTOB  TOKa3aHO, dYTo 00paboTka  TpymHOOOpabaThIBAeMBIX  CIUIABOB  Hambouiee
MIPOU3BO/IUTEIIBHO M KA4YE€CTBEHHO BBIMOJIHSAETCS MMEHHO TakKUM HMHCTpyMeHTOM. [lo mpornozam
CHELUATUCTOB B MPOMBIIUIEHHOCTH pPa3BUTHIX CTpaH Mupa OyneT HaOIoaTbCs €XKEeroJHoe
YBETIMUYCHHE TTOTPEOJICHUS TAKOTO HHCTPYMEHTA.

Kak noka3pIBalOT HCCIENOBAaHUE U NMPAKTUYECKUI OIBIT, IPU BBICOKUX CKOPOCTSX PE3aHHs,

TO €CTh B TMPOILECCaX C BBICOKOH MPOU3BOAUTEIBLHOCTHIO, W3HAIMBAHUE WHCTPYMEHTA,
OCHAIIICHHOT0 KE€PAMUYECKMMH KOMIO3UTAMH, B 3HAYUTEIBHOM CTENEHHU CBS3aHO C XMMHUUYECKUM
B3aMMOJICHCTBUEM MAaTEpUajOB HHCTPYMEHTAa M U3JeNus B 30HE pe3aHusd. [lisg CHWKEHus
MHTEHCUBHOCTH TAaKOTO B3aUMOJCHCTBUS BAJKHBIM SIBJIIETCSI HAIIPABJICHHOE M3MEHEHUE YCIOBHI
Ipolecca, HalpuMep 3a CYET MHCIOJNb30BAHUS B HMHCTPYMEHTaX HOBEHIIMX MaTepUaloB,
TEXHOJIOTHYECKHUX Cpell, BRIOOpa IMana30HOB PEKUMOB PE3aHUs U T.1.
VYuuThIBasi MOCTOSHHO pacTyIlue TpeOOBaHMS MPOU3BOACTBA M BBICOKYIO CTOMMOCTD JIE3BUHHOTO
KEpaMHMYECKOr0 MHCTPYMEHTA KpailHe aKTyaJlbHOM HAay4YHO-TEXHUYECKOM 3aJadeil ocTaeTcs
MOBBILICHUE €ro M3HOCOCTOMKOCTH npu BBICOKOIIPOU3BOIUTEIIEHOM TOYCHUH
TPYAHOOOpabaThIBAEMbIX MAaTEPHUATIOB.
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Pesynomamul uccnedosanuii

N3Hoc pexymiero WHCTPYMEHTa TIPEACTABISICT COOOH CII0KHOE TepMOIUHAMUYECKOE
SIBIICHUE, OTIPEACIIIEMOE OJJHOBPEMEHHO HECKOJIbKUMHU MEXaHU3MaMu: a0pa3uBHBIM, aJr€3HOHHBIM,
YCTaJNOCTHBIM, AU(PPY3HOHHBIM, XUMUYECKUM. Pa3inyHblii MEXaHU3M MPOSIBIISIETCS B 3aBUCUMOCTH
OT TPHUPOABl KOHTAKTHUPYIOUIMX MAaTEpPHAIOB W YCIOBHA KOHTAKTHpPOBaHUS, OOyclaBiuBas, B
OOJIBIIIMHCTBE CIIYy94aeB, OSKCTPEMAIBHBIH XapakTep 3aBUCUMOCTH «CTOMKOCTh HWHCTPYMEHTA-
CKOPOCTH PE3aHUS.

[Ipy BBICOKMX CKOpPOCTSIX pE3aHus, KOrJa Ha KOHTAaKTHBIX MOBEPXHOCTAX HHCTPYMEHTa
UMEIOT MECTO BBICOKHE TEMIIEpaTyphl, BEPOSTHO NPOTEKAHHWE XUMHUYECKUX PEAKIUN MEKIy
AJIIEMEHTaMH, BXOJSIIMMH B COCTaB MHCTPYMEHTAIBHOTO U o0pabaThiBaeMoro mMarepuanoB. Takoe
B3aMMOJICHCTBUE OTPAHUYUBACT MPOU3BOAUTEIHLHOCTh OOpAaOOTKH M PE3KO CHIDKAET CTOWKOCTh
PEXYIIEr0 MHCTPYMEHTA. YUHUTHIBasA, YTO OOJACTbI0O MPUMEHEHHUS KEPaMHUYECKOTO MHCTPYMEHTa
SIBIIIETCS BBICOKOCKOpPOCTHAsi 00paboTKa, MpeACTaBlseT HAyYHBIA W TPAKTHUYECKHA HHTEPEC
paccMoTpeHue PU3HKO-XUMUYECKHX A(D(PEKTOB B 30HE PE3aHUS TAKUM UHCTPYMEHTOM.

BeimonHeHHble uccaenoBanus [2] mokasand, YTO B 30HE KOHTAKTa HWHCTPYMEHTOB,
OCHAIIICHHBIX CBEPXTBEPAOM kepamukoi Ha ocHoBe CBN (kubopuTt, 6opcunant, kommno3ut 10 u np.)
U 00pabaTbiBa€MbIX MaTEpHAIOB (3aKajJeHHBbIE CTalM) peau3yeTcs MeEXaHU3M KOHTAKTHO-
PEaKTUBHOTO IIABJICHHUS, YTO SIBIISIETCS OJJHOM M3 MPUUYMH U3HOCA UHCTPYMEHTA.

Ha nepenneil um 3aaHell MOBEPXHOCTSIX HHCTPYMEHTA IOCIE 3KCIUTyaTallMM B TMPOLIECCE
00paboOTKK OTYETINBO HAOIIOJAeTCs HAMUIIAHUE MTPOYKTOB B3aUMOCHCTBHS HHCTPYMEHTAIBLHOTO
1 00pabaThIBaeMOr0 MaTepUaoB B BUJE CBOCOOpa3HOro Hajera (puc. 1, a).

XUMHYECKUH aHAIN3 TTOKa3al, 4To oH coaepxkuT 3neMeHTHl (Fe, Cr, B, N, Al, O), Bxoasmux
B COCTaB KOHTAKTHPYIOIIMX MATEPUAJIOB, & TAKKE COCTOUT W3 MPOAYKTOB MX B3aUMOJICHCTBHS C
KHCIIOPOJIOM BO31ayxa. MexaHu3M o00pa3oBaHUsl HajeTa OOBSCHAETCS TNPUCYTCTBUEM MEXKIY
WHCTPYMCHTAILHBIM U 00pa0aThIBAEMbIM MAaTEPUAIIOM KHJIKOU (ha3bl, KOTOpasi B TMPOIECCE PE3aHUS
BBIHOCUTCSl 3a Tpelenbl 30HbI KOHTaKTa, Ocelas Ha CBOOOJHBIX IMOBEPXHOCTAX HHCTPYMEHTA.
Peanm3anusi MaHHOTO SIBJICHUS TOATBEPXKIACTCS HAJTUYMEM B BO3IYIIHOH Cpelie BOKPYT 30HBI
pe3aHus Kamenb OKUAKOW ¢asbl, KOTOpble TNpU OXJKACHUH (HOpMUPYIOT chepuieckue
MUKpouyacTulpl (puc. 1, 6). Yka3aHHble (GaKThl CBHUICTCIHCTBYIOT O HAIMYUH XUMHYECKHX
MIPOLIECCOB B 30HE PE3aHMsS B MPOIIECCe B3aUMOJICHCTBUS MHCTPYMEHTAIBHOTO U 00pabaThiBaeMOro
MaTEepHAJIOB, a TAKXKE IIEMEHTOB OKPY)KAOIIEH Cpe/Ibl.

a

Puc. 1 — IIpoaykThl H3HOCAa HHCTPYMEHTA, OCHAILIEHHOTO CBEPXTBEP/10i KepaMukoi Ha ocHoBe CBN
KHOOPUT: a@ — BRIHECEHHBIC HA 33HIOI0 TOBEPXHOCTh HHCTPYMEHTA; 6 — OTOOpaHHBIC U3
OKPY’KaIoIlleH 30Hy pe3aHus Cpebl

Bo3moxkHOCTh mpoTekaHust xumuueckoil peakiun cBN + XMe — MexB + 0,5N2  mpu
Harpese ONpeAeiIeTCs BEINYNHON TEPMOIMHAMUYECKOT0 MoTeHaa I'nboca peakuun:
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p
AG, (0)= AGy,, 5(0)~AG (©)+ [ AV dp+0,5R@N > (1)

0 Me, B-cBN-xMe Po

rie AGye g (@), AG g (@) — TepPMOJMHAMUYECKUI moTeHman ['nb0ca peakiuu

oOpa3oBaHus Oopusia MeTaJlIa U KyOnueckoro HuTpuaa 6opa; ® — remneparypa; AV — u3MeHeHHE
MOJIBHOTO 00beéMa CUCTEMBI; p — AaBIEHHE; po — MapIHaIbHOE JaBJIEHUE a30Ta, BBIIEISAIONIETOCs B
30He pe3aHus; R — yHUBepcaabHas ra3oBas MOCTOSHHAS.

Jlnist moaTBEep KIIEHUSI BOSMOXKHOCTH TPOTEKAHUS B 30HE PE3aHMsI XUMHUYECKUX PEaKUIUil 1Mo
IPUBEJICHHOHN CXeMe MEXAY 3JIeMEHTaMH MHCTPYMEHTAJIbHOIO U 00padaThIBAEMOI0 MaTepHUajoB B
pabore [3] mpeacTaBieHBI Pe3yabTAThl KOMIUIEKCA TEPMOJWHAMUYECKHX UCCIIeoBaHMiA. B
YAaCTHOCTH ITOKA3aHO, YTO OOJIbLIOE BIMSHHUE Ha TEMIIEpaTypy Haudaja MPOLECCOB XMMHYECKOIO
B3aMMOJICHCTBHSI B 30HE PE3aHUs OKA3bIBAE€T HAIMYHME BBHICOKMX HOPMAJBHBIX M TaHTCHIMATBHBIX
HanpsbkeHui. [IpoBeleHHBIMU MOJIEIBHBIMU MCCJIEJOBAHUSAMHU YCTAHOBJIEHO, YTO IPU HAIUYUM B
KOHTaKTHOM 30HE napiuaibHoro nasiaeHus azora 100 Ila u HanpsxeHU MeX1y UHCTPYMEHTOM U
oOpabaTbIBaeMbIM MaTepUalioM Hopsiika Heckonbkux ['Tla, Hayao XMMHUYECKOro B3aUMOJICHCTBUS
B nape cBN—3akanenHas cranb coorBeTcTByeT TemnepaTtype 1100-1200 °C. Takue Temneparypsl B
YCIOBUSAX TBEPAOrO TOUEHHs JAOCTHrarOTCS MPU CKOPOCTAX pe3aHuss ~ 2 M/C U BbIIIE, OJHAKO,
YUUTBIBAs, YTO TMPOLECC PE3aHUsI COIMPOBOXKAACTCS TEPMOTPHOOAKTHBALMEH ITOBEPXHOCTHBIX
00BbEMOB KOHTAKTUPYIOLIMX MaTEpUANOB, B TEPMOOAPUUECKUX YCIOBHUSAX, OTBEYAIOIIUM YCIOBHUSM,
MMEIOIIMM MECTO B 30HBI PE3aHMUs, TPOAYKTH B3AUMOJICHCTBHS MOTYT MEPEXOTUTH B KUAKYIO a3y
IPU CYIIECTBEHHO MEHBIIUX TeMIeparypax. TakuM oOpa3oM, KOHTAKT MEXIY WHCTPYMEHTOM U
oOpabaTblBa€MbIM MaTEpHAIOM TMPOUCXOAUT 4Yepe3 MPOMEKYTOUHBIH JIETKOIJIAaBKUM  CIIOM,
COCTOALIMI W3 3JIEMEHTOB KOHTAaKTUPYIOIIMX MaTepuanoB. Haner W3 mpoayKTOB XHUMHYECKOIO
B3aMMOJICHCTBHSI Ha TIEpENHEH W 3aTHUX MOBEPXHOCTAX HWHCTPYMEHTa HMMEET MECTO W TIpH
MUHHMAJIbHBIX, OKOJO 0,5 M/C, CKOpocTsSX pe3aHHs (TakuM oO0pa3oM MEXaHHU3M XHMHUYECKOIO
M3HOCAa TPOSBISIETCS BO BCEM Juarna3oHe pPeXUMOB O0OpabOTKH), HO BIMSHHE XUMHYECKUX
IPOIIECCOB HAa CTOMKOCTb HWHCTPYMEHTOB, OCHAIEHHBIX KEpaMHUYECKUMH KOMIIO3UTaMH,
proOpeTaeT KPUTUYECKOE 3HAaU€HNE UMEHHO B IMaNa30He BHICOKUX CKOPOCTe 00paboTKH.

MOXHO TpEeANoNoXUTh, YTO TOJOOHBIA MEXaHH3M H3HALIMBAHUS WHCTPYMEHTOB,
COITPOBOKAAMOIIUICS KOHTAKTHO-PEAKTHBHBIM TUIABJICHHEM, XapaKTepeH W JUIS JAPYTUX BHUJIOB
KEPaMUYECKUX WHCTPYMEHTAJIBHBIX MaTEPUANIOB: CMEIIaHHBIX KepaMuK, coaepxkammx Al203, TiC,
TiN, maTepuanoB Ho ocHOBe Si3N4, a Taxke kepamuk Ha ocHoBe Al,O3 u ZrC.

B kadecTBe xapakTepHOro mpuMepa Ha puc. 2 MpejacTaBieHa MUKpodoTorpadus ydacTka
HHCTPYMEHTA, OCHaIeHHoro kepamukoi Ha ocHoBe Al2O3 u TiC (BOK 71) [4], u3 KoTOpOii BHAECHO
HAJIMYME HA KOHTAKTHBIX MOBEPXHOCTSAX MHCTPYMEHTA 3aCTHIBIIETO CJIOS MaTepHalia, YTO MOXKET
OBITh CBS3aHO C IUIABJIEHUEM NPOJYKTOB B3aUMOJEHCTBUS MHCTPYMEHTAJIBHO U 00pabaThIBa€MOIo
MaTepHAJIOB MEXy COOOI, a TaKXKe C HIIEMEHTaMHU OKPYXKAIOLIEH Cpeibl.

N, e
i “),.«

e .

Puc. 2 — Buzn KOHTaKTHOM MOBEPXHOCTH MHCTPYMEHTA, OCHAILlEHHOr0 kepamukoid BOK 71,
nociie ToueHus cranu X12M (58—60 HRC, v = 3,5 m/c)

.
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JIns MOATBEpXKICHUS BBICKA3aHHOTO IMPEAMOJIOKECHUS OBUTH TMPOBEICHBI HMCCIICAOBAHUS
KOHTaKTHOT'O B3aMMOJICHCTBHSI B 30HE pe3aHus IpU 00pabOTKe 3aKaJIeHHOHN CTaIi UHCTPYMEHTAMH,
ocHamteHusiMu  Kepamukoir CC650 (Sandvik Coromant, [Iserus) u ZIRCA ([5], UICM HAH
VYkpaussl).

B cocraB kepamukun CC650 Bxomsr coemaunenust AlOs, TiC, TiN, a B cocTaB KepaMUKH
ZIRCA — Al203, ZrC u octarounslit ZrO,. Ha puc. 3 npeacraBieHsl TpOiHbIE qUarpaMMbl CHCTEM
Ti-C-Fe, Ti-C-Ni, Zr-C-Fe, Zr-C-Ni [6], moaTrBep:kaaroiiye, 4T0 B CHCTEMaX IpU TeMIepaTypax >
1000 °C moryTt 00pa3oBBIBaTHCS HHTEPMETAUTAIBI U SBTCKTHUSCKHE COSANHCHHS. Peanmu3anus npu
pe3aHuM CIUIaBOB Ha OCHOBE jkeie3a A(PQeKTa KOHTAKTHO-PEAKTHBHOTO IUIABJICHHS Ha pabOdMx
yYacTKax MHCTPYMEHTa MPEA0NPeesIsIeT HHTEHCH(DUKAIINIO €T0 H3HAITMBAHMS.

1000°C

100

TiC4-x
+TiNi+TiNi

Ti #ONCTW S TiRET W

TiCyy+Ti TiCy+ T+ TiCyx+ TINI+X

o

a
c C

7/00% 7700

ZFGI_X+NI-

IrCyx+ IrFey IrCyy
+irfes+g-Fe

Ir Irfe,Irfe; 7-Fe
LrCyx+Zr+ G+ IroM TN IrgNiy M InNip
6 2

Puc. 3 — Tpoiinbie auarpammel cucteM Ti-C-Fe (@), Ti-C-Ni (), Zr-C-Fe (s), Zr-C-Ni (2)

Ha puc. 4 npezacraBineHbl pe3ynbTaTbl 3JEKTPOHHO-MUKPOCKOIMUYECKOIO HCCIENOBaHUS U
pE3YyJIbTaThl MHMKPOPEHTI€HOCHEKTPAIIPHOTO aHAIM3a IEPEJHUX IIOBEPXHOCTEH HHCTPYMEHTOB,
ocHaieHHbIX kepamukoit CC650 u ZIRKA, mocne Touenus cranu 11X 15 (60-62 HRC). Xumuueckuii
COCTaB KOHTPOJIbHBIX Y4aCTKOB HHCTPYMEHTOB IpeJICTaBlIeH B Ta0. 1

Ha xOHTakTHBIX ydacTKax MepeHEN MOBEPXHOCTH UHCTPYMEHTA, OCHAILEHHOTO KEPAMUKON
CC650, mpakTuuecku He HaOJIOJAeTcss MaccomepeHoc oOpadaThIBa€MOro MaTepualia, HO MMEeT
MecTO (JOPMHPOBAHUE HAJIETa HA HEKOHTAKTHBIX YYaCTKaX.

B xummdeckuii cocta Haneta BxoaaT Fe, Ti u apyrue sneMeHTbl n3 cocTaBa KOHTAKTUPYIOIIUX
MaTepuaioB, a TaKXke KHCIOpoJ BO3lyxa. BeposTHo, popmupoBaHue Hajera sBISETCS CIIEICTBUEM
(OopMUpPOBaHMS HA KOHTAKTHBIX MOBEPXHOCTSX MHCTPYMEHTA M BEIHOCA HA €r0 HEKOHTAKTHBIE YYaCTKU
KUAAKOH (a3pl, 0Opa3oBaBIICiCS 3a CYET KOHTAKTHO-PEAKTUBHOTO TUIABJICHUS M OKHCICHHS

11
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KOHTAKTUPYIOIIMX MaTepHalioB B 30HE pe3aHus. JTO MOATBEPHKIAETCS PHIXJBbIM BHJIOM HajleTa Ha
HEKOHTAKTHBIX MOBEPXHOCTSX U 3arja’KeHHBIM BHJIOM KOHTAKTHBIX YYaCTKOB MHCTPYMEHTa (pHC. 5).

CnekTp 2

a

BnekTpoHHoe uiobpaxeHue 1

o

P

BnekTpoHHoe u3ctpaxeHue 1

Puc. 4 — DnexTpoHHOE N300paKEHHE MTEPETHUX MMOBEPXHOCTEH HHCTPYMEHTOB, OCHAIIIEHHBIX
kepamukoir CC650 (a) u ZIRKA (6)

Tabmuna 1.
PacidpoBka crieKTpoB XUMHUYECKUX JIEMEHTOB (Macc. %) B 30HaX, OTMEUEHHBIX Ha puc. 4
a
Cnektp C O Mg Al Si S Ti Cr Mn Fe Zn
1 422 | 3422 | 023 | 307 | 154|034 | 592 | 215 | 395 | 4216 | 181
2 1,43 | 45,93 | 8,98 | 39,58 - 1014 | 220 — 0,19 0,54 —
3 342 | 4296 | 0,18 | 1745 | 1,83 | 0,13 | 1352 | 345 | 299 |1328 | 0,49
4 7,66 | 40,37 | 0,45 | 17,13 | 0,38 | 0,21 | 912 | 037 | 084 | 2345 | -
5 556 | 43,74 | 0,21 | 30,38 — — 20,01 — — 0,09 —
O
CnexTp C @) Al Cr Mn Fe Co Zr
1 7,10 31,29 15,34 — — 1,17 — 45,10
2 18,00 24,86 13,58 — — 2,27 — 41,28
3 21,79 8,45 2,78 1,45 4,99 38,24 17,49 4,80
4 8,40 6,30 — 5,15 5,16 67,52 7,47 —
5 16,59 23,22 15,32 — 2,13 10,40 1,36 30,99
Ha puc. 6 mnpenctaBieHbl ONTHYECKHE HW300paXXCHHUs HajleTa HAa HEKOHTAaKTHBIX

MMOBEPXHOCTAX WHCTPYMEHTa, ocHamieHHoro kepamukond CC650, moaTBepAaroiiue THIOTE3Y O
(GOpMUPOBaHUN HAa KOHTAaKTHBIX TMOBEPXHOCTSX HMHCTPYMEHTA IMPHU BBICOKUX CKOPOCTSIX pPE3aHUS

KUAKON  (assl

MPOJIYKTOB  B3aUMOJICHCTBUSI.

[locne kpuctammuzanuu SKUAKOW  (as3bl, B
HEMOCPEACTBEHHON ONHM30CTH K H3HOUICHHOMY Y4YacTKy HHCTPYMEHTa, Ha €ro IOBEPXHOCTH

dbopMupyetcs nameneno1o0Hasi CTpyKTypa ¢ HarpaBjieHHeM (PparMeHTOB OT U3HOIIEHHOI'O y4acTKa
WHCTPYMEHTA.

12



ISSN 2222-9000 HaziifHicTs iIHCTpYMEHTY Ta ONITUMI3aIlisl TEXHONOTIYHUX cucTeM. Bum. Ne33, 2013

10 pm EHT = 20.00 kv Signal A= CZ BSD Date :16 Dec 2009 10 um EHT = 20.00 kv Signal A= SE1 Date :16 Dec 2009
— WD =150 mm Photo No. = 6660 Time :14:38:16 — WD = 15.0 mm Photo No. = 6661 Time :14:40:43

a o

Puc. 5 — Bux noBepxHocTei HHCTpyMEHTa, ocHaIeHHOTo kepaMuku CC650, mociie ToYeHus CTamu
[IX15 (60-62 HRC): a — HeKOHTaKTHAs IOBEPXHOCTh; 6 — MOBEPXHOCTh KOHTaKTa

Puc. 6 — Ilepessisi TOBEpXHOCTh HHCTPYMEHTA, OCHANICHHOTO kKepamukoi CC650, mocie ToueHus
ctanu [IX15 (60-62 HRC) co ckopocTsio pe3anus V = 190 m/muH (S = 0,1 Mm/06; t = 0,2 Mmm)

Ha xoHTakTHBIX yyacTKax MepeHel MOBEPXHOCTH MHCTPYMEHTA, OCHAIIECHHOTO KEPaMHUKOM
ZIRKA, Ha0nromaeTcss MHTEHCUBHBIA TIEPEHOC oOpabaThiBaeMoro matepuaia. [lepeHeceHHBIH Ha
MOBEPXHOCTh UHCTPYMEHTa MaTepuan 00pabaThiBa€MOro U3eNus CHIIbHO AedopMupoBaH (puc. 7).
HGPOBHOCTI/I Ha KOHTAKTHBIX IMOBCPXHOCTAX HMHCTPYMCHTA 3aIllOJIHCHDBI O6pa6aTBIBaeMBIM
MaTepuajgoM, KOTOPBIM BBINOJHSAET POJb 3AIUTHOIO CJIOS HA HWHCTPYMEHTE, CHIKAs
HUHTCHCUBHOCTH €TI0 U3HAIIITMBAHUC.

XUMHUECKOE B3aMMOJICUCTBUE, CBI3aHHOE C OKUCIEHUEM KOHTAKTUPYIOLIMX B 30HE pe3aHus
MaTEpHUaIOB U KOHTAKTHO-PEAKTUBHBIM IIJIABJICHUEM, TAK)KE UMEET MECTO.
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100 um EHT =20.00 kV Signal A = SE1

Date :16 Dec 2009 100/, EHT =20.00 kv Signal A= CZ BSD Date 16 Dec 2009
WD = 155 mm Photo No. = 6668 Time 16:58:33 =1 wp=155mm Photo No. = 6669 Time :17:00:33

4

X Date :16 Dec 2000 10 um EHT = 20.00 kv Signal A = CZ BSD Date :16 Dec 2009
WD =15.5mm Photo No. = 6670 Time :17:32:49 H WD =155 mm Photo No. = 6671 Time 117:35:56

Puc. 7 — Ilepeansisi HOBEpXHOCTh MHCTPYMEHTA, OCHalIeHHOro kepamukoil ZIRKA, nocne Touenust
cramu HIX15 (60-62 HRC): a — snexTpoHHOE H300pakeHue; 6 — TOkE B (Pa30BOM KOHTpACTE; 6 —
AIIEKTPOHHOE M300pakeHrne pparMeHTa MOBEPXHOCTH; 2 — TOKE B (pa30BOM KOHTpACTE

Pe3ynbTaThl  BBITIOJHEHHBIX HCCIIEOBAaHUI IMOKA3bIBAIOT, YTO (UIUKO-XUMHUYECKOE
B3aMMOJECHCTBUE B 30HE pE€3aHUs IIpU TOYEHUM 3akaleHHoM cramu IX 15 peamusyerca nis
MHCTPYMEHTa, OCHalleHHoro kepamukoi CC650, mpu Oonee HHU3KON TemmepaType, ueM Juis
MHCTpYMEHTa, ocHauieHHoro kepamukoil ZIRKA. Takum o6pazom, oOpaboTka HHCTPYMEHTOM,
ocHameHHbIM Kepamukoi ZIRKA, xapakrepusyercss 0OJIbIICH MPOM3BOMAUTEIHLHOCTBIO B CBS3H C
YBEJIMYEHUEM CKOPOCTH PE3aHUs JJIsi TAKOIO HHCTPYMEHTA.

Bbvieoowt

Kommnekc  ucciiemoBaHuii,  BBIIOJIHEHHBIA NPU  TOYCHUM  3aKAJIEHHOM  CTajwu,
WHCTPYMEHTAMH, OCHAIIEHHBIMUA KEPAMUYECKHUMH KOMIIO3UTAMH, B TOM YHCIIE CBEPXTBEPIbIMH Ha
ocHoBe CBN, mokasai, 4ro B 30He 00pabOTKM UMEET MECTO XMMHUUYECKOE B3aUMOJCHCTBUE MEKITY
MaTepHUaIoM HHCTPYMEHTa U o0pabaThiBaeMbIM MAaTEpPHAIOM, a TAKXKE AIEMEHTAMHU OKpYKarolen
cpenpl. CrneacTBUEM 4Yero sBIseTcsa (OPMHUPOBAHHE HAa pabOUYMX IMOBEPXHOCTSIX HHCTPYMEHTA
KUAKOU (ha3bl U3 MPOIYKTOB B3AMMOJICHCTBHUS M MHTEHCU(DUKALINS €TO U3HAIIMBAHUSI.

B xayecTBe OCHOBHBIX ITyTE€H MUHMUMH3AIMA XUMUUECKOTO B3aMMOJICUCTBHS B 30HE pe3aHUs
MOJKHO MPEIJIOKHUTD:

— CHW)KEHHUE TEMIIepaTyphl pe3aHus;

— BBEJIEHHE B COCTaB HMHCTPYMEHTAJIBHOTO KOMIIO3UTAa KOMIIOHEHTOB, SIBIISIFOIIIMXCS
WHTUOUTOpPAaMHU B3aUMOJICHCTBUS;

— UCHONB30BaHWE HWHCTPYMEHTOB C 3alUTHBIM MOKPHITHEM, BBIMOIHSIIONIUM POJb
MPOTEKTOpa MEXIy MaTepHalioM HHCTpyMEHTa Hu o0pabaTbiBaeMbIM MaTEepHaAOM, a TaK¥Ke
OKpYXKaroIle Cpeaoi.

14
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C.1. 3akoHomepHOCTH (HOPMUPOBAHHUS CTPYKTYPbl M CBOMCTB KEpaMHYECKOTO MaTepualia
HHCTPYMEHTAIBHOTrO Ha3HaueHus B cucteme ZrO2-Al-C: JTucc...xana. texd. Hayk. — K.: UCM um.
B.H. bakyns HAH VYxkpaunsi, 2008. — 187 c.; 6. Xomnek X. J[BoliHbIE U TPOWHBIE KapOUIHBIC U
HUTPUJIHBIE CUCTEMBI IEPEXOAHBIX MeTaJI0B: CripaB. uza. — M. : Metamnyprus, 1988. —319 c.

Penenszent: Kimmenko I'.I1., 1.1.H., mpod., ITMA

XUMUYECKOE B3AMMOJIEMCTBHUE B 30HE PE3SAHUS 3AKAJIEHHOM CTAJIN
NMHCTPYMEHTAMUA, OCHAILIEHHBIMU KEPAMUWYECKNUMU KOMIIO3UTAMUA
Koneiiknaa M.IO., Knumenko C.A., Manoxun A.C., Jxensmos C.A.

YcTaHOBIEHO, YTO B 30HE OOpPabOTKM MEXIYy KEepaMHUYEeCKHMM KOMIIO3UTOM, KOTOPBIM
OCHAIIICH PEeXYIUH HHCTPYMEHT, M o00padaThlBaéMbIM MaTE€pHaIOM, a TaKXe DSJIEMEHTAMH
OKpY’KaloIllel cpellbl MMEET MECTO XMUMHYECKOe B3amMojeiicTBue. B pe3ynbrare KOHTAKTHO-
PEaKTHBHOTO TIUIABJICHWs Ha Pa0OYMX y4dacTKaX HWHCTPYMEHTa W3 MPOAYKTOB B3aUMOJCHCTBUS
dbopmupyetcst xkukas Gpaza, 9To MHTCHCUPUITUPYET €ro U3HAIINBAHUE.

XIMIUYHA B3AEMO/IA B 30HI PI3BAHHSI 3ATAPTOBAHOI CTAJII IHCTPYMEHTAMU,
OCHAILIEHMMU KEPAMIYHMMU KOMITIO3UTAMU
Kometikina M IO., Knumenko C.A., Manoxin A.C., JIxemnsios C.1.

BcraHoBieHo, 110 B 30HI pi3aHHA MDK KEpaMiYHUM KOMIIO3UTOM, SIKUM OCHAallleHHH
IHCTPYMEHT, 1 MaTepiajiom, 1110 OOpOOIIIOETHCS, a TAKOXK €JIEMEHTaMU OTOUYIOYOI'0 CEpPEeOBHUIIIA MA€E
MICTO XiMi4Ha B3aeMo[lis. B pe3ynbTaTi KOHTAKTHO-PEAKTHUBHOTO TUIABIICHHS HAa pOOOYMX MITISTHKAX
IHCTpYMEHTA 3 MPOJIYKTIB B3aeMO1l GopMyeThCs pika (a3za, 0 IHTEeHCU(DIKYe HOro 3HOUTYBaHHS.

CHEMICAL INTERACTION IN THE CUTTING ZONE DURING MACHINING OF
HARDENED STEEL WITH CERAMIC COMPOSITES
Kopeykina M.Yu., Klimenko S.A., Manokhin A.S., Dzhelyalov S.I.

The existence of chemical interaction in the cutting zone between ceramic composite tool,
material machined and chemical elements of environment has been estimated. As the result of
contact-reaction melting on the working surfaces of cutting tool the liquid phase which consists of
interaction products is formed. That leads to the cutting tool wearing.

KitoueBsie cioBa: 30Ha pe3aHHs, BBICOKOCKOPOCTHas o00paboTka, H3HOC, (DHU3UKO-
XUMHYECKOE B3aUMOJICHCTBUE, KEPAMUUYECKUI KOMIIO3UT

KmrowoBi cnoBa: 3oHa pi3aHHS, BHUCOKOIIBUIKICHA 0OpoOKa, 3HOC, (i3MKO-XIMIYHA
B3a€EMOIis1, KEpaMidYHUI KOMITO3UT

Key words: Cutting zone, high-speed processing, wear, physicochemical interaction,
ceramic composite

Jara HagxomxkeHHs ctatti: 24rpyans 2013 p.

15



ISSN 2222-9000 HaziifHicTs iIHCTpYMEHTY Ta ONITUMI3aIlisl TEXHONOTIYHUX cucTeM. Bum. Ne33, 2013

PO3/ILI 2
AKICTDb TA HAITHICTH METAJIOPI3AJIBHOT O OBJIATHAHHS

VIK 621.9

Antonenko S1.C., Kosajes B./l., Meabnuk M.C.
AI'MA, r. Kpamaropck, YkpanHa
yana.s.kurilenko@mail.ru

CTPYKTYPA IOTPEITHOCTEM TSI)KEJIOT'O TOKAPHOI'O CTAHKA

[lpu oueHke KadecTBa COBPEMEHHBIX METAJUIOPEXKYIIMX CTaHKOB OJHOM W3 Haumboisee
3HAYUMBIX XapPaKTEPUCTUK SIBISETCS MOKa3aTesb TOYHOCTU. Pa3paboTkoil mpobieMbl obecrieueHus
TpeOyeMol TOYHOCTH TIpU 00pabOTKe pe3aHWeM 3aHWMAJIMCh MHOTHE aBTOpHI. B ux umcie ciemyer
ormetuth  JI.H. PemieroBa, B.T. Iloprmana, b.M. bazpoa, b.C. banakmmna wu gap. B
MHOTOYHCTIEHHBIX paboTax AITHX aBTOPOB PA3BUTO HECKOIBKO 3(()EKTHBHBIX METOJIUK pacueTa
TOYHOCTH METAJIOPEKYIEero o0opyaoBaHus U pa3dpaboTaHa CHCTeMa PEKOMEHIAIWHA 1O MpodiieMe
MOBBIIIEHUS] TOYHOCTH CTaHOYHOTO O0OpyaoBaHUs. B cBoeil OCHOBE 3TH pEKOMEHIAIMH |
MEpOIPUATHs HampaBiIeHbl HA YCTpaHEHHE TPUYUH BO3HUKHOBEHHUS MOTPEITHOCTEH, TO €CTh
Pa3IUYHOTO poJa BO3MYILIAIOUMX (DaKTOPOB, TaKMX KaK HEPaBHOMEPHOE TeMIlepaTypHOEe IOJe,
reOMETPUYECKUE U KHHEMAaTHYECKHE MOTPEITHOCTH CTaHKa, ynpyrue aedopMariui, BUOpaIiy 1 T.11.

[loHmxeHHast KECTKOCTb W 3HAYMTEIbHBIE MACChl TOJABWKHBIX Y3JIOB, 3aTPyAHSIONINE
M3MEpEHUE HEKOTOPBIX BENUWYHH, CIOXKHAs KapTHUHA HEPAaBHOMEPHOIO paclpeAesieHus )KeCTKOCTH U
TEeMIepaTypbl HECYIIUX KOHCTPYKIMHA IO Pa3IMYHBIM HANpaBIICHUSM, TMPEOOJIaJlaHue BECOBBIX
HArpy30K HaJ CUJIaMH pe3aHHs; OCOOCHHOCTH MPUMEHSIEMOI0 WHCTPYMEHTA U PEKUMOB pEe3aHUs —
BCE ATO OTpeeisieT 0COOCHHOCTH TUHAMHYECKHX CBOMCTB TSKENBIX CTAHKOB.

O6paboTka neTaneil Ha METAUIOPEKYIIMX CTAaHKAX Ha CETOMHSIIHUMA J€Hb B OOJBIINHCTBE
paboT paccMaTpHUBaeTCsl KaK MPOLECC, COCTOSAIINMI U3 TPEX TAIOB, BRITOIHAEMBIX TOCIE0BATEIBHO
BO BpeMmeHHU [2]. TIpu BBIMONHEHUHM KaXKJIOTO dTarna BO3HHUKAKOT CHUCTEMATHUYSCKHE U CIy4aliHbIC
MOTPEIIHOCTH Pa3MEPOB U TMOBOPOTOB, KOTOpbIE B pe3yiIbTaTe CYMMHUPOBAHHMS U YacCTUYHOTO
KOMIICHCUPOBAHHS JAPYr JApyra JaloT pPe3yIbTUPYIONIYIO IOTPEITHOCTh, TPOSBISIEMYIO B BHJIE
OTKJIOHEHMH Pa3JINYHBIX XapaKTEPUCTUK KaueCcTBa JeTaJCH.

[lenbto paboThl SBISIETCS: OMPENETUTh TOMHHHUPYIOIIME B OICHKE OalaHca TOYHOCTH
MOTPEIIHOCTH 00PabOTKH.

B paborte mpoBeneH aHanmu3 (GaKTOpOB BIMSIHHS Pa3IUYHBIX BUAOB IMOTPEIIHOCTECH MpH
00paboTKe Ha TSKEIBIX TOKAPHBIX CTAHKAX:

1) daxTop BIIUSTHUS reOMETPUUYECKUX HOTPEIIHOCTEH (morpeurHocTH
U3TOTOBJICHUS )A ooy TPOJOJBHBIX HAMPABISIONINX, IOMEPEYHBIX HAMPABISIONINX, pPaTdaIbHOE
OueHue MMUHIENS, TOpLEeBOe OUEHUE IIMTUHACIIS.

2) @dakTop BAMSHHUS TOTPEIIHOCTEH COOPKHUA 4 HEMmapauieNbHOCTh OCH IEHTPOB U
MPOJONBHBIX  HAMNPABISIONIUX,  HEMEPHEeHIUKYISIPHOCTh  MPOJOJIBHBIX U MOMEPEYHBIX
HAIPABIIAIOIINX, MOTPEIIHOCTH COOPKHM COCTABHBIX CTAHUH, HE MapajIeIbHOCTh OCH IUIMUHACNS U
MIPOIOJIBHBIX HAIIPABIISIOLIHX.

3) daktop BIAUAHUS yOpyrux gedopmaruii A u3aenus, JeTajed Cynmnopra,

ynp-
HIMAHACTBHOTO y371a, 33JHel 0a0KH, MHCTPYMEHTA, CTAaHUHBI, (PyHJIaMEHTa, KHHEMaTHYECKOW LU
HpI/IBOI[a Honepequﬁ moaayu, KI/IHeMaTI/IquKOﬁ nenn HpI/IBO,I[a HpOﬂOHBHOﬁ Imogadu.

4) @dakTop BAMSHUS TEIUIOBBIX jaedopmanmii Agp: u3genus, JeTaneid Cymmopra,
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MIMUHACIBHOI'O Yy3Jia, 3aJHeH 68.61(1/1, HHCTPYMCHTA, CTAHWUHBI, (I)YHI[aMCHTa, KUHEMAaTHYSCKOM ILIEIH
npuBoJaa nonepequﬁ nmoaayu, KHHEMaTHYECKOM IS nmpuBoaa HpOI[OJ'IBHOfI Imogaydu.

5) @dakTop BIMSHUS KUHEMATHYECKUX MOTPEIIHOCTEN Ay, :IpUBOJA TJIABHOIO
JBUKEHUS, IPUBOJA MONIEPEYHON MOJa4M, IPUBOAA MPOAOJIbHOM MO1auu.
6) ®dakTop BIAUSHUS MOTPEIIHOCTEN U3MepuTenbHOU cucteMbl UITY A, :KoOpIUHATEI Z,

KOOpJAMHATHI X, YTI0BOH KoopAuHATHI mmuHaens C.

7) DaKTOop BIUSHUA U3HOCA U MOTPEIIHOCTEN YCTAHOBKU PEIKYLIETO HHCTPYMEHTAA yjycrp-

CyMmapHasi TOTPEIIHOCTh OINpeNeNsieTcss Kak BEKTOpPHAs CyMMa OT IepeMeIleHHH,
00YCIIOBJICHHBIX TTEPEUNCIIEHHBIMU (PaKTOPaMH B 331aHHOM TOYKE:

Ay m= it A 1)

m — TOYKa, B KOTOPOH MPOUCXOTUT ITEPEMEIICHHUE;

N — 4ucio (PaKTOPOB, BBHI3BIBAIOLINX MOSBICHHE MOTPELIHOCTEH;

[ —HOMep (hakTopa.

I/ICXO,[[SI N3 TOT'O, UTO BCJIMYHNHA NOTPCHIHOCTU OIMPCACICHHOIO0 BU/JIAa SABJIACTCA HpOCKHHCﬁ Ha
HalpaBJICHUE pPACCMATPUBAEMOr0 pa3Mepa BEKTOPHOW CYMMBI B3aHMMHBIX —IEpEeMELICHUH
MHCTPYMEHTa ¥ 3arOTOBKH, BBI3BAHHBIX BCEH COBOKYHMHOCTBIO JEHCTBYIOIIMX (DaKTOPOB,
nepemMenieHue mo K-my nmapameTpy TOYHOCTH:

A= X Ajcos o, (2)
rue A, — BelM4rHA MOTPEIIHOCTH N0 K-My mapaMeTpy TOYHOCTH;

A, — OTHOCUTEIBHOE NIEPEMEILIICHUE HHCTPYMEHTA U JIETalli, BBI3BaHHOE I-M (pakTopom;

Q, — YroJl MEXIy HampaBlIeHHEM HU3MepeHusi K-ro mapaMeTpa TOYHOCTH M BEKTOPOM

NepEeMEIICHUS, BEI3BAHHBIM I-M (DakTOpOM.

Bnusianue kaxkaoro otaenbHOro (akTopa Ha TOYHOCTH 00paboTKH — ompejessiercs
OTHOCUTENIbHBIM MEepEeMEIeHUeM HHCTPYMEHTa M M3/EJHs, BbI3BAaHHBIM 3TUM (DAKTOPOM, TaKUM
o0pa3oM, onupasich Ha KOMIIOHOBOYHYIO CXE€MYy CTaHKa, MO>KHO OJHO3HA4YHO OIpENeNuTh, Kakue
(akTOopsl M B KaKOM CTENEeHH OyAyT OKa3bIBaTh BO3JCHCTBHME HAa KAXKABI OTIENbHBIA TMOKa3aTeib
TOYHOCTH 00pabaThIBAEMOro U3JEIus.

CrnenmoBaTeIbHO, KOJWYECTBEHHAs] OIICHKA JIOJMM BIHMSHUS KaXIoro ¢(axkropa B 00ImeM
3HAYECHUH IIOIPEIIHOCTHU ONPEIEICHHOIO BUIA!

A - _
p, = 210 %k Zosa'k 100%, ©)

k
re p; — AOJS HOTPEIIHOCTH 1Mo K-My mapaMeTpy TOYHOCTH, BBI3BaHHAS 1-M (haKTOPOM;

A, — BeTMUYMHA TIOTPEIIHOCTH 10 K-My mapaMeTpy TOUHOCTH;
A, — OTHOCHUTEIBHOE MIepEMEIICHHEe HHCTPYMEHTA U JIETaJH, BBI3BaHHOE i-M (pakTopoMm;

&y — Yrojia MEXIy HaIpaBJICHHUEM HW3MCPCHUS k-ro mapamMeTpa TOYHOCTH H BCKTOPOM

[EpEMEIIEHNUS, BBI3BAHHBIM i-M (DaKTOPOM.

HenmocratkoM Takoro pacuera sIBISE€TCS TO, 4YTO, BO-TEPBBIX, HMCKOMas XapaKTEPUCTHKA
SIBJSICTCS CIIy4YallHOM BEJIMYMHOM M MOKET HM3MEHSTHCS B 3aBHCUMOCTH OT YCJIOBHWA W BHUJA
00paboTKH, a BO-BTOPHIX — HEBO3MOXXHOCTh B OOJIBIIMHCTBE CIIy4aeB MPAKTUYECKOTO H3MEPECHHS
JIOJIA TIEPEMEIEHNUs, BBI3BAHHOM paccMaTpuBaeMbIM (DakTopoM. PereHue MOCTaBICHHOW 3aaadu
MOXET OBITh TIOJYYEHO MTyTEM KOMIUIEKCHOTO MTPUMEHEHHSI Pa3JIMYHBIX METOJO0B HCCIICTOBAHUS.

JIOMUHHMPYIOIMM KPUTEPHUEM, OKA3bIBAIOIIUM BIIMSHUE HA TOYHOCTh U IIPOU3BOJAUTEIBHOCTD
SIBJSIETCST J)KECTKOCTh. BIMsSHME KECTKOCTH CTaHWH M KOPIYCHBIX ACTaJe Ha paboTy MEXaHH3MOB
CTaHKa OMpPEAENSIETCA Mepepacnpe/ieiCHHeM AaBICHUN B CONPSDKCHUSX M HApYIICHUEM YCIOBUH
MPAaBWJIBHOTO KOHTaKTa B pe3ylbTaTe yHpyrux nedopManuii 3JIEMEHTOB CHCTeMBl. B pabote
UCIIOJIb30BaHbI PE3yNIbTaThl UCCIEA0BAaHUN [4] B KaueCTBE OLIEHKU BIUSHUS TOTO WM HHOTO (pakTopa
Ha JKEeCTKOCTh. JKECTKOCTh HECYIIMX CHCTEM CTAaHKOB C TOYKH 3PEHUS TOYHOCTH OO0pabOTKH
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XapaKTepu3yeTcs YIpyruM TepeMelieHHeM HHCTPYMEHTa 10 HopManu K 00pabaTbiBaeMoid
MOBEPXHOCTH TOJI JACHCTBUEM 3aJaHHBIX CHII. B pabore [4] mpoBoaAMINCh U3MEPEHHS Ha HATYPHBIX
oOpasmax CTaHKOB (DaKTHYECKOW CyMMapHOW NOMATIMBOCTH - Jedopmanuii BCeX JJIEMEHTOB,
MIPUBEJICHHBIX K BEPILIMHE PEXKYIIEH KPOMKH MHCTPYMEHTA JJIS TSXKEJbIX CTAHKOB TOKAPHOI'O THUIIA,
u3MepeHus: nedopManuii 3JIEMEHTOB M aHalu3 OalaHca KECTKOCTH CTAHKOB YKa3aHHBIX THIIOB
Pa3IUYHON KOHCTPYKLMU C OIICHKON YJIETBHOTO BJIMSHHUS HAa CYMMapHYIO BEIUYUHY Jedopmariuii
OTIENBbHBIX MEXaHU3MOB. AHAaIU3 JeTalbHOro OajaHca yYOpyrux MepeMEeNIeHnid OCHOBHBIX
MEXaHH3MOB CYMNIOPTOB, Cala30K, MIMUHAEIBHBIX Y3JIOB, MO3BOJMI OLICHUTH BIMSHUE Pa3IUYHBIX
BUJIOB Jedopmaiiiii - KOHTAKTHBIX B TIOABMKHBIX W HEMOJBWXHBIX CTBIKaX, COOCTBEHHBIX
nedopManuii neranei - Ha OOIIYI0 KECTKOCTh Y3JIOB. bblla pHMEHEHa METOIUKA WCCIICOBAHMS
KOPIYCHBIX JeTayeld u3 opranudeckoro ctekia. C yderom macmradba u kodhduimeHToB momoous
CO3/1aBaJIMCh MOJIEJIH JIFOHETOB U TUIAHIIANO TSAMKEJbIX TOKAPHBIX CTAHKOB HOBOI raMMBI.

B pesynbrare BBISBICHO YACIBHOE BIUSHHE JJIEMEHTOB KOHCTPYKIIMM Ha €€ KECTKOCTb,
MOKa3aHO TaKXKe, KaK MpHU MPaBUIBLHOM Iepepaclpe/ieieHU MeTalla B OTJIMBKE MPU TOM K€ BECe
yYBEJIMUEHA €€ )KECTKOCTh 10 28%.

Ha cTaHKOCTpOUTENBHBIX W MANTUHOCTPOUTEIBHBIX MPEANPHUITHSIX, a TaKXKe B HAYy4HO-
HCCIIEIOBATENIbCKUX U YYEOHBIX OpPraHU3alUsIX HAKOIJICH MHOTOJIETHUH OMBIT B BOMPOCAX TOYHOCTH
pu pa3paboTKe U HKCIUTyaTallii CTAaHOYHOTO 000pYI0OBaHUS, B TOM YHCIE U Tskenoro. C mMoMOIIBIO
METOJIa PKCIEPTHBIX OLIEHOK, Ha Tpex mnpeanpuatusx B r. Kpamartopcke: K3TC, HKM3, CKM3,
ObUTH OIICHCHBI XApPaKTEPUCTUKH TOYHOCTU TSDKEIBIX TOKAPHBIX CTAHKOB (0a30BbIE MOJETHU
1K660d3, 1K665d3, 1K670D3 u ux ananoru tuna KXK16274, KXK16275).

AHanmu3 pe3yabTaTOB JKCIIEPTHOM OIECHKH [3], a TakKe MPOBEACHHBIX SKCICPUMECHTOB [4]
MOKa3bIBAaET, YTO HaMOOJee CYIIECTBEHHBIM (AKTOPOM B OICHKE OanaHca TOYHOCTH SBISETCS
TOYHOCTh (OPMBI B MPOJOJIFHOM CEUYEHHH, OCHOBHBIMH COCTABISIOIIMMHU KOTOPOH SIBISFOTCS
CUCTEeMAaTUYECKUE TOTPEUIHOCTU: TeOMETPUYECKHE MOTPEIIHOCTH HAIpPABISIOMUX MPOJOIBLHOTO
nepemenienus (50...60%), TeruioBble AedopMaIii CTAHUHBI NPU HEOJHOPOJAHOM TEMIIEPATYPHOM
nosie ctadka (30...50%), a Takxe ynpyrue nedopmanuu TexHonorudeckoit cuctemsl (1...10%).

PaccMoTpuM MeTOABl YMEHBILIEHHUS TMOTPENIHOCTEH B mpoiecce OOpaOOTKH Ha TSAKEIOM
cranke. CymecTByeT naBa IyTHM CTaTUYECKOM M JMHAMUYECKONM KOPPEKLUMU IOrPEIIHOCTEN
HENOCPEACTBEHHO B Ipouecce pe3anus. [lepBblii myTh npeanonaraeT yIpaBJIEHHE pa3iIMuHbIMU
XapaKTEePUCTUKAMU MPOLECCa PE3aHUsl HA OCHOBE JAHHBIX, MOJTYYEHHBIX JaTYMKAMU, U3MEPSIOIUMHU
nedopmario B mporecce o0paboTKH, a BTOPOM - MPOrpaMMHOE M3MEHEHHE XapaKTePUCTHUK Ha
OCHOBE 3apaHee PacCUMTAHHBIX ()YHKIIMOHAIBHBIX 3aBUCUMOCTEH. KaKIplii M3 METOJJOB UMEET CBOH
MPEUMYIIEeCTBa U HEJOCTAaTKU. Tak yrpaBieHHEe HA OCHOBE OOPATHOM CBS3M IMpEAINoiaracT HaIuIue
y CTaHKa WU JOTOJHHUTEIBHBIA KpPENeX K HEeMYy JAaTYUKOB, HEKOTOpPbhIE M3 KOTOPHIX HE TOJBKO
3HAYUTENIBHO YCIIOKHSIOT KOHCTPYKIMIO, HO M HMEIOT HeMmallylo crtoumocTb. OnHaKo Takoe
YIOpaBJICHUE B COCTOSIHUE aJIEKBaTHO pPEearupoBaTh Ha ClydyalHble, HENPEABUICHHBIE CHUTYalUH,
BO3HUKAIOIINME TIPpU pe3aHuH. YTpasieHue ke Ha ocHoBe PLC-mporpammupoBaHusi mpenoiaraet
U3YYEHHE CYIIECTBYIOUIMX CTATUYECKUX M JAMHAMMYECKHUX XapaKTEPUCTHK BCEX JIIEMEHTOB
TEXHOJIOTMYECKON CUCTEMBI, B TOM YHCJIE KECTKOCTHBIX XapaKTEPUCTUK HECYIINX CUCTEM.

Buoieoowt

1. B pabore mpoBeneH aHanu3 (aKTOPOB BIUSHHS Pa3IMYHBIX BHJIIOB IOTPEIIHOCTEH MpHU
00paboTKe Ha TSKENBIX TOKAPHBIX CTaHKaX. BIMsHME KaXXKAOro OTAENBHOrO (akTopa Ha TOUHOCTh
00paboTKM OmpenessieTcss OTHOCUTENIbHBIM NEepPEeMELIEHHEM HHCTPYMEHTA U U3ZENusi, BbI3BAHHBIM
>TM ¢akTopoM. OmpeerneHa cyMMapHas MOTPENIHOCTh KaK BEKTOpHAs CyMMa OT IEepPEeMENICHHH,
00YCJIOBJICHHBIX NEPEUUCICHHBIMHU (PAKTOPAMH B 3a/1aHHON TOYKE.

2. Ha ocHOBaHUHU KOMIUIEKCHOTO MOJAXOJA K PAa3JIMYHbIM METOJaM HCCIIEI0BaHMs BBISBIICHO,
9T0 HanboJiee CymeCTBEeHHBIM (DaKTOpPOM B OIICHKE OajaHca TOYHOCTH SIBISIETCS TOYHOCTH (POPMBI B
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IPO/JOJIBHOM CEYEHHWH, OCHOBHBIMHM COCTaBISIOIIMMHU KOTOPOH SIBISIIOTCS CHUCTEMaTHUYECKHUe
MOTPEIIHOCTH: T'€OMETPHUYECKHE MOTPEIIHOCTH HAMPABISAIOMIMX IPOJIOJIBHOTO MepeMEIICHHUS
(50...60%), temmoBeie nedopmaliid CTAaHUHBI TIPH HEOJHOPOIHOM TEMIIEPATYPHOM II0JIE€ CTaHKa
(30...50%), a Taxke ynpyrue nedopManuu TexXHouorudeckoi cucremMsl (1...10%).

IlepeyeHb MCTOYHMKOB JUTepPaTypshl: 1. TOUHOCTH METAJUIOPEKYIIUX CTaHKOB. /PemieToB
H.H., Tloprmar B.T. — M.: Mammnoctpoenue, 1986 r. — 336c. 2. AmantuBHOE ymIpaBiieHUE
ctankamu, noj pen. B.C. banakmmua. Mocksa: «MammuHoctpoenuey, 1973r, 687 c¢. 3. Kosanes B./l.
DKcnepTHas OIEHKAa MPOEKTHUX PEUICHHUM MPU CO3AaHUU TSHXKEJIBIX TOKAPHBIX CTAHKOB MOBBIIICHHOMN
toynoctd / babun O.®., Mensauk M.C. // HanifiHicTh IHCTPYMEHTY Ta ONTHUMI3AIlisl TEXHOJIOTIUHIX
cucteMm. — Bum.17.- Kpamatopcek. - 2005. - C. 124-131. 4 Mensauk M.C. IligBuIeHHS TOYHOCTI
BaXKMX BEpCTaTiB Ha OCHOBI KEpyBaHHSA MapaMeTpaMu (OPMOYTBOPIOIOUOI CHCTEMH. MiC. Ha
3100yTTs HayK. CTyM. K.T.H., 2009 p., M. [{onenpk, 216 c. 5. [1yTn MOBBIIIEHUSI TOYHOCTH TSIKEITBIX
craukoB ¢ YIIY / B. JI. KoBanes, f. C. Kypunenko // HaniiiHicTh iHCTpYMEHTY Ta ONTHMi3ailis
TEXHOJIOTIYHUX CHCTEM : 30. HayK. mpais. — Kpamaropcesk : JI/IMA, 2006. — Bun. 20. — C. 98-102. —
ISBN 978-966-379-146-3.

Penienzent: Muponenko J.B., n.1.H., ipod., AT MA

CTPYKTYPA IIOI' PEILIHOCTEM TSDKEJIOT'O TOKAPHOI'O CTAHKA
Antonenko S.C., Koanes B./I., Menpauk M.C.

YuutbiBas 0COOEHHOCTH TUHAMUYECKUX CBOMCTB TSKEIbIX CTAHKOB ObLia MPOBE/IEHA OLIEHKA
BJIMSTHUSL PA3JIMYHBIX BHJOB IMOTPEITHOCTEH Ha IMOKa3aTellb TOYHOCTH. B pe3ynbrare mcciaenoBaHui
BBISIBJICHO, YTO TOYHOCTH (DOPMBI B TPOJOIHHOM CEUEHUH SIBIISCTCS OMPEICISIIONICH B OICHKE
Oananca Tounoctu. OmnpeseneHa cTerneHb BIUSHUS OCHOBHBIX COCTABISIONINX MOTPEIIHOCTH (OPMBI
B IIPOJOJBHOM CEUYCHHH. PacCMOTPEHBI IyTH YMEHBIICHHS ITOTPEIIHOCTeH mpu o0paboTke Ha
TSDKEJIBIX TOKAPHBIX CTAaHKAX.

CTPYKTYPA ITOXMBOK BAXXKOI'O TOKAPHOI'O BEPCTATY
AnTonenko A.C., Koansos B./I., Measauk M.C.

BpaxoByroun 0coOJMBOCTI AMHAMIYHUX BJIACTUBOCTEH BAXKKUX BEpCTATiB Oyna MpoBelIcHA
OLIIHKA BIUIMBY PI3HHUX BUIB MOXMOOK HA MOKAa3HUK TOYHOCTI. Y pe3ysbTaTi JOCTIKEHb BHUSBICHO,
0 TOYHICT, (OPMHU B TMO30BKHHROMY IEPETHHI € BH3HAYAIBHOIO B OIHIN OaJaHCy TOYHOCTI.
BusHaueHO CTymiHb BIUIMBY OCHOBHHX CKJIAZIOBUX IMOXMOKH (OpMH B TO3JIOBKHBOMY II€pepisi.
Po3rasiHyTO HMIISXM 3MEHIIEHHS MOXUOOK MpU 00poO11i Ha BaKKUX TOKApPHUX BEpCTaTax.

STRUCTURE OF ERRORS HEAVY LATHES
Antonenko Y.S., Kovalov V.D., Melnik M.S.

Given the characteristics ofthe dynamic properties ofheavy machinerywasevaluated the
influence ofdifferent kinds oferrors onthe accuracy rate. Result of researches showedthat the
precision of shape in longitudinal section is decisive in evaluating the balance of the accuracy. The
degree of influence of the main components of the error shape in longitudinal section were identified.
The ways of reducing errors in the processing of heavy lathes were considered.

KitoueBbie cioBa: ToOYHOCTh, MOTPEIIHOCTH OOPAOOTKH, KECTKOCTh, HECyIIas CHUCTEMa,
SKCIIEPTHAsSI OL[EHKA
KitouoBi cnosa: TounicTh, moxuOka OOpOOKH, >KOPCTKICTh, HECydya CHUCTEMa, €KCIEpTHa
OIliHKA
Keywords: Accuracy, error handling, rigidity, support system, expert evaluation
JaTta HagxomKeHHs cTaTTi: 22 rpyana 2013 p.
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YK621.9
Kosanés B. /1., Bacuiabuenko 5. B., Meabnuk M. C.
JAI'MA, r. Kpamaropck, YkpanHa

HUCCJIEJTOBAHUE JMHAMHUYECKOMW YCTOMYUBOCTH
TEXHOJOT'MYECKOM CUCTEMBI TSIKEJIOTO TOKAPHOT'O CTAHKA C
AJANITUBHOM CUCTEMOM YIIPABJIEHUS

OpHolt W3 BakHEHmMX 3amad mpu oOpaboTke nmeraneit Ha ctankax ¢ UIIY B ycroBusx
CEpUMHOTO TMPOU3BOJCTBA ABIAETCA obOecreueHue TpeOyeMoil HAJAEKHOCTH  PEkKYyLIeTo
MHCTPYMEHTA. DTOT BOMIPOC aKTyaJieH TaKKe W JJS €IMHUYHOrO NPOU3BOJACTBA NpU 00paboTKe
OTBETCTBEHHBIX KPYMHOraOapUTHBIX M3AENUNA Ha TSKENbIX CTAaHKAaX, KOTJa MepUoJl CTOMKOCTH
PEXYIIEro HHCTPYMEHTA COU3MEPHM C BPEMEHEM ero paboThl Ipu 00pabOTKe OJHOTO M3JeNus, a
MHOT/Ia U CO BPEMEHEM OJIHOTO MPOXO0a.

OcHOBHBIMH  (DaKTOpamMH, CHIDKAIOIIMMH  HAJIEKHOCTh IPOTHOZHUPOBAHUS  IEpPHOIA
CTOMKOCTH MHCTPYMEHTA, ABJISIIOTCA BHE3AIIHBIE OTKAa3bl TUIIA MOJOMOK, CKOJIOB, BBIKPAILIMBAHUN U
T.I. 3aTylJIeHHe pPeXyled KPOMKH HMHCTPYMEHTa BCJIEACTBHM a0pa3WBHOTO W aJATe3MOHHOTO
M3HOCA — MPOLECC, KaK MPaBWIO, XOPOUIO MPOTHO3HPYEMBIA, U HAa COBPEMEHHOM YPOBHE NpH
YCJIIOBUHM OTCYTCTBMSI BHE3AITHBIX OTKAa30B HMEETCS BO3MOKHOCTh MPOTHO3UPOBAHUS IMepUoia
CTOMKOCTH € TOYHOCTHIO 15...20%.

OngHako  JOCTaTOYHO YacTO HWHCTPYMEHT  HCHBITHIBAET TOBPEXKICHHS B BHUJIE
MUKPOBBIKpAIIMBAHUM pEXylled KpOMKH. B OCHOBHOM 3TO HMMeeT MecTo Mpu 00paboTke
KPYITHOTa0apUTHBIX 3arOTOBOK, MOJYUYEHHBIX METOJIOM JINThSI U KOBKH, KOT/1a BEICOKA BEPOSITHOCTh
HAIWYUS TBEPIABIX BKJIIOYCHHH. PexXymuii WHCTpYMEHT HpH 3TOM B OOJBIIMHCTBE CIIy4aeB
COXpaHsECT PEXKYIIHUE CBONCTBA, OJTHAKO HAPYIIEHHWE T€OMETPUHU PEXKYIIeH KPOMKH MPHUBOJHUT K
CYLIECTBEHHOMY MOBBILICHUIO TeMIIepaTyphl B 30HE pe3anus. Eciu 10 3Toro uHCTpyMeHT paboTan
Ha ONTUMAJBHBIX PEXUMAX, TO TaKOE TOBBIIICHWE TEMIIEPATypbl HEMHHYEMO MPUBOAUT K
MOSIBJICHUIO TUTACTUYECKUX JedopManuii pexymed KpOMKM M YBEIHYEHUIO paauyca ee
OKpYTJIEHUsl. DTO B CBOIO OYEPE]b JOMOJHUTEIBHO MOBBIIIAET MOIIHOCTh M TEMIIEPATypy B 30HE
pe3aHus U Jajnee MpoIecc MPOTEKaeT JaBUHOOOPAa3HO [0 MOJHOrO0 OTKa3a HMHCTpyMEHTa. B
pe3ynbTaTe, WHCTPYMEHT, KOTOPBIA ¢ HEOOJBIIMM TOBPEKIECHUEM MoOr Obl 10paboTaTh 0
OKOHYAHMSI TEXHOJIOTMYECKON Olepaluu, pa3pyliaeTcsi, MPOBOLUPYS 3a4acTyl0 HEHUCIPABHUMOE
MTOBPEXKICHHUE TOPOTOCTOAIIEH 3arOTOBKHU.

Jlannast mpobOiaemMa MOXKeT OBITh pellleHa MyTeM CHI)KEHHS CKOPOCTH pPEe3aHHs 10 TaKOTro
YPOBHsI, TIpM KOTOpPOM  TeMIlepaTypa B 30HE pe3aHus He OyaeT MNpeBHIIaTh MaKCHMaJIbHO
JOMYCTUMOE 3HAUY€HHE NIl JAaHHOTO MHCTPYMEHTAIbHOTO MaTepuayia. Takoi moaxod MpUMEHSIICS
MHOTOKPAaTHO pa3IMYHbIMU aBTopamu, Hampumep [1], [2], [3]. YuuTeiBas HEBO3MOXHOCTH
npeckasanus TpeOyeMoi BeTMUMHbBI CHIDKEHUS CKOPOCTH PE3aHUs, MPAKTHYECKU BO BCEX CIydasiX
3a/1aua pelragach MPUMEHEHUEM CHCTEMbl aBTOMATHYECKOTO perynupoBanus. [Ipu 3Tom MHOTMUMH
aBTOpaMu OBUTH TOJYYEHBI TMOJIOKHUTENbHBIE TPAKTHYECKUE pe3ylnbTaThl. Tem He MeHee,
[IPAKTUYECKOr0 BHEAPEHHs B MPOU3BOJCTBE 3TH CHCTEMBblI HE NOJIydniau. B mepByro oudepenp 1o
NPUYMHE CJIOXHOCTH amlIapaTHOW yacTh W ee oOciyxuBaHUs. Bo mepBbIX, ycTaHOBKa Takou
CUCTEMBI Ha CepHIfHbIE CTAaHKHU 3a4acTylo TpeboBaja ux ri1yoOKoN MOJEpHU3ALMHU, a BO BTOPbIX, Ha
TOT MOMEHT HE HMEJIOCh JOCTATOYHO TOYHBIX M HAJEXKHBIX METOJOB M CPEACTB H3MEpPEHUS
TEMIIEPATyphl B 30HE PE3aHMUS.

Curyanuss wu3MeHwiach C mnosBieHueM cuctem YIIY  HOBOro mnokoyieHust c
UHTETPUPOBAHHBIM POTPAMMHO peaIM30BaHHBIM KOHTposuiepoM siekTpoaBTromatuku (PLC),
KOTOpPbI MMEET 3HAYUTEIbHBIM 3amac BbIUUCIUTEILHOM MOIIHOCTH U IO3BOJSET MOMUMO CBOMX
HEIMOCPEACTBEHHBIX 3a/1a4 peaju30BaTh JOMNOJHUTEIbHBIE 3aJaud YIPaBICHUS B PEXKHUME
peanibHOro BpeMeHH. [Ipu 3TOM, MpakTUYECKH BO BCEX COBpeMEHHbIX cuctemax YUIIY nommmo
JUCKPETHBIX BXOJIOB UMEIOTCS M aHAJIOrOBbIE BXOJbI C paspemieHueM 12...16 OUT, UCHOIb3yeMble

20



ISSN 2222-9000 HaziifHicTs iIHCTpYMEHTY Ta ONITUMI3aIlisl TEXHONOTIYHUX cucTeM. Bum. Ne33, 2013

OOBIYHO JIJIs1 KOHTPOJII NapaMeTpoB MPHUBOAOB TOJady. OTH BXOJbl BIIOJHE MOTYT OBITh
MCIIOJIb30BaHBI JUIsl KOHTPOJISI TEMIEPaTyPH.

Kpome TOro, MHOrMMHU MpPOU3BOAUTEIISIMH HaJIaXKEH BBINTYCK OECKOHTAKTHBIX JATYMKOB
TEMIIEpAaTypbl Pa3jMYHOTO HA3HAYEHUs] OCHOBAHHBIX Ha MHUPORJIEKTpUUYECKOM 3ddexTe.
XapaKTepUCTUKU ATUX JATYUKOB MO3BOJISIIOT OECKOHTAKTHO U3MEPATH TEMIIEpPAaTypy MOBEPXHOCTU
TBEPAOrO Tejla Ha PACCTOSIHUM B HECKOJBKO COT MMJUIMMETPOB Ha IUIOHIAJIKE pa3MepamH B
€IMHULIBI MIJJTUMETPOB C TOYHOCTBIO /10 IECATHIX JI0JIeH Tpajayca Mo HHPpaKpaCHOMY U3ITYUYCHHUIO.
[Ipu 3TOM OBICTPOJEHCTBUE MCUUCISETCS eCATKaMU MUUIHCEKYHA. C MOMOIIBI0 TaKOro JaTdyrKa
MO>KHO KOCBEHHO H3MEPATh TEMIIEpATypy PEeXyLleld KpPOMKH IO TeMIeparype CTpyXku. s
cily4asi TOKapHOW 00paOOTKHM JaTYMK yJAOOHEe BCEro YCTAaHOBUTh Ha CyNIoOpTe Ha Oe30macHOM
paccTosIHUM OT pe3lia, TaKUM 00pa3oM, YTOOBI €ro ONTHYECKas OCh Obla MapajulesbHa MeperHel
MOBEPXHOCTU pe3lla U MEepHeHIUKYIsIpHAa peXyIled KpPOMKe, a 30Ha «BUIUMOCTH» JaTuWKa
1ornajiajga Ha MOBEPXHOCTb CTPYXKH, KOHTAaKTHUPYIOIIYIO C NEPEAHEN MOBEPXHOCTHIO pe3lia, Kak
MOXKHO Onmke K pexyuieil kpomke. Ilpu TakoM pacnoiiokeHuu oOecreunBaeTcsi HauMeHbIas
BEPOSITHOCTh 3aTEHEHUsI 30HBI «BUIUMOCTH» JAaTYMKa OCTHIBAIOIIMMHU (parMeHTaMH CTPYXKH, a
TeMIlepaTypa yKa3aHHOM MOBEPXHOCTU TeOpeTHdYecKu Hauboiiee OIU3Ka K TeMIepaType pexyIien
KPOMKH.

[IpumeHeHrne pacCMOTPEHHOTO MOAXO0/la MO3BOJUT B HEKOTOPBIX CIIyYasX MOJIYYHUThH €lle
OMUH TONOXUTENbHBIA 3¢¢ekT. [loMUMO TOBBIIIEHUS HAISKHOCTH pPabOTHI  PEXKYILIETO
MHCTPYMEHTA YIpPAaBIIEHHE CKOPOCTHIO pE3aHHs IO TEeMIEepaType B 30HE pe3aHUsi MO3BOJIAET
MOBBICHTH TIPOU3BOAMTEIBHOCTh OOPa0OTKH. YUWTHIBass CpPaBHUTEIBHO HEBBICOKYIO TOYHOCTH
CYLIECTBYIOIIMX METOJAMK HAa3HAUYECHHUS PEKUMOB pe3aHusi, (PakTHueckas CKOPOCTh 3a4acTyro
OKa3bIBa€TCSl HWXKE ONTHUMAJIBHOM, T.e. TOH, HpH KOTOpOW oOecrednBaeTcsi MaKCHMajbHas
MIPOU3BOUTENILHOCTD TIPU 33JaHHOM MEPHOJIE CTOMKOCTH MHCTpYMeHTa. [IprunHa 3Toro B nepByio
ouepelb 3akKioyaeTcss B pa3dpoce CBOMCTB 00pabaTblBaéMOro MarTepuajla M IapaMeTpoB
MUKPOTEOMETPUHU PEKYIIETO UHCTPYMEHTA, B YACTHOCTH paJNyca OKPYTJICHUS PEXYILEH KPOMKH.
[Ipy UCHONAB30BAaHMU CHUCTEMBl ABTOMATHUYECKOI'O PEryJIMpOBaHUS CTAHOBUTCS BO3MOYKHBIM
MOJAJEPKMUBATh CKOPOCTh pE3aHUs Ha ONTUMAaJbHOM 3HAUYeHWHM Ha BCEX CTaAMsIX H3HOCA
MHCTPYMEHTA, T.€. C YYETOM TOT'0, YTO 3TO ONTUMAIbHOE 3HAUYCHUE U3MEHSAETCS B TEUEHHUE MEpUo/ia
CTOMKOCTH MHCTPYMEHTA.

JUid mpakTUYeCKON peaau3aluu TaKoil CHUCTEMbl HEOOXOIUMO aJalTHPOBATh AJITOPUTMbI
paboTel paHee pa3pabOTaHHBIX AHANOTOBBIX CHUCTEM AaBTOMATHYECKOTO PETYIUPOBAHUS IS
peanu3anuy MPOorpaMMHBIM CIIOCOOOM Ha MHKPOIIPOIIECCOpHOM ammapatHoi 6a3e. Ha pucynke 1
IIPE/ICTAaBIEHa  CTPYKTypHas  CXemMa IPOCTOM  OJHOKOHTYPHOM  QHAJOroBOM  CHCTEMBI
aBTOMATUYECKOTO PEryJIHpPOBaHUs ONTUMAIBHOIO THIIA.

O, V; Pz

Puc. 1 — CtpykTypHas cxema aHaJIOrOBOM CUCTEMbI PETYIUPOBAHUS

brnok 1 npencrasiser cod60il MpoOPIHOHAIBHO-UHTETPATIBHBIA PETyIATOP, (OPMHUPYIOIIUI
CUTHAJI YIIPABJIEHUS CKOPOCTBIO PE3aHUs COIIIACHO CIIEAYIOIIEMY YPaBHEHUIO !
V = V; + kn(©s — Op) + kJ(@; — Oy)dt, (1)
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rae Vs — 3alaHHOe 3HauYeHHE CKOPOCTH;

Kn — k03 puIHeHT MPONOPIMOHATIBHO MTepeaayHn;

Ku1 — K03 huIMEeHT HHTErpaIbHOI Nepeaadn;

O, — 3aanHas (ONTUMalIbHAS) TeMIIepaTypa pexyIiel KpOMKH;

®p — pe3yabTaT U3MEPEHUS TEMITEPATYPHI;

dt — nuddepenuman BpemeHH.

DTOT CUrHAJ CyMMHUpYeTCsi co 3HaueHueM ckopocTu (Vs), 3amaHHbiM cuctemorn UITY wnm
WHBIM UCTOYHHKOM M PE3yJbTaT MOJAETCs B KAYECTBE CUTHAJIA 33/laHUS HA PEryIHPYEMbIH IPUBO/T
IJIaBHOTO JBMKeHHs. CaM MPUBOJ MOXKHO MPEJCTaBUTh KaK MHEPLIMOHHOE 3BE€HO TMEPBOTO MOPSIKa
(6mok 2 Ha pucynke). IIponecc HarpeBa pexyiie KpOMKH HMHCTPYMEHTA B MPOCTEUIIIEM cliydae
TaKke MOXET OBITh TPEACTABICH KaK HWHEPIMOHHOE 3BEHO TNepBOro mopsaka (6mok 3), mus
KOTOPOTO BXOJHOH BEIMYMHOW CIY)KUT MOITHOCTH PE3aHUs, a OHA B CBOIO OYEPE]b BBIYHCISAETCS
KaK Mpou3BeJeHHEe (PaKTUUECKOW CKOPOCTH pe3aHMs Ha COCTABIAIONIYIO CUibl pe3aHus Pz. Cuna
pe3aHus B JAHHOM CIIydae SBJISETCS BO3MYILAIOIIMM (PaKTOPOM , MOCKOJIBKY MPHU MPOYUX PABHBIX
YCIIOBUSIX 3aBUCHUT OT COCTOSIHUS PEXYIIeH KPOMKH HMHCTpyMeHTa. M3 Teopuu aBTOMAaTHYECKOTO
YIpaBJIEHUS] W3BECTHO, YTO JUIsI MOJOOHBIX CHCTEM COOTBETCTBYIOIIUM BBIOOPOM IapaMeTpOB
3BEHBEB MOXKET OBITh 0OOecIeueHa YCTOMYMBOCTD U allepUOJUUECKHI epeXoaHbIN MpoIiecc BO BCEM
JIMana3oHe BO3MYIIAIOMINX BO3AEHCTBUM.

[Ipu npaxkTHuYeckol peanu3alMM Takas CHCTEMa HMEET CYHIECTBEHHBIH HEI0CTATOK,
CBSI3aHHBI C HECOBEPIICHCTBOM CIIOCO0a HM3MepeHHs Temreparypsl. [Ipu momagaHud B 30HY
«BUJIUMOCTHY» TMHUPOMETPUUYECKOr0 JaT4hKa MOCTOPOHHHUX MPEIMETOB, B YACTHOCTH JIJIEMEHTOB
ctpyxku u kanesnb COX, pe3ynbpTaTel U3MEPEHHs TEMIIEPATYPHI OYAYT CYIIECTBEHHO MCKAKECHBI B
MEHBIIYI0 CTOpoHY. Ecnu Takue sBieHus OydyT AOCTATOYHO MPOJOJKUTEIBHBIMU (HECKOIBKO
CEeKyHJI) TO cucTemMa OyaeTr oTpabaThiBaTh MOBBIIICHHE YaCTOTHl BPAIICHHUS W ONTHMAJIbHAsS
CKOPOCTh pe3aHHUsl MOXKET OBITh 3HAUMUTENIBLHO MpPEBbIINICHA. Ecnu ke yka3zaHHbIE MOMEXH OymyT
KPaTKOBPEMEHHBIMH, TO, YYUTHIBAsI 3HAYUTEIBHYIO HHEPIIMOHHOCTD MPUBO/IA TJIABHOTO JBIKCHHS,
3TO CO3/1aCT 3HAUUTEIbHBIE TUHAMUYECKHE HArPy3KU Ha MPUBOJ, YTO YXYAIIUT U yCIOBUS PAOOTHI
WHCTPYMEHTA U TOYHOCTH 00PaOOTKH U3EIHSI.

Jlnsg ycTpaHeHHs YKa3aHHOTO HEJOCTaTKa, YYUTBhIBash HEBO3MOXKHOCTh YCTpPaHEHUS
yKa3aHHBIX IIOMEX, CHCTeMa JOJDKHA T0-pa3HOMY pearupoBaTh Ha TOBBIMICHHE W TOHIKCHHE
MOKa3aHUW MUPOMETPUUECKOro natuuka. [Ipu Bo3pacTaHuM pe3yabTaTOB H3MEPEHUN TeMIepaTyphl
crucTeMa JOJDKHA CHIDKATh CKOPOCTh PE3aHHs C MaKCHMAJIbHBIM OBICTPONCHCTBHEM, T.K. 3TO
BO3PAaCTaHHE MOXKET OBITh BBI3BAHO TOJBKO pPEAJbHBIM IPOLIECCOM B 30HE PE3aHUs U O3HAYaeT
YXYIIICHHE COCTOSIHHS PEXYIIETO WHCTPYMEHTa WM YCIOBHH ero pabotel. [Ipu moHmkeHHH
CUTHAJa OT JaTYMKa TEMIIEPATyphl, MPEXKIE YeM MOBBICUTH YaCTOTY BpAILIEHUS IIMTUHAEIS, CUCTEMA
JOJKHA MPOAHAIM3UPOBATh CUTHAN OT JAaTYMKA Ha JOCTaTOYHO OOJIBIIOM HPOMEXYTKE BPEMEHU
(HECKOJIBKO ~JIECATKOB CEKYHJ), WCKJIIOYas peaklul0 Ha KPaTKOBPEMEHHBIC IOHM)KEHUS
TemrnepaTypbl. M TOJNBKO TO HCTEUYEHUH ATOTO MPOMEXKYTKa BPEMEHH, €CIIM TeMIlepaTypa He
BEpHYJIaCh B YCTaHOBJEHHOE IIOJ€ JAOIMYCKa, OCYIIECTBISATh MEIJICHHOE IOBBIIICHHE YaCTOTHI
BpAICHUS ITTHHEIIS

Peanu3zanust mpennokeHHBIX (YHKIWA aHAJIOTOBBIMH  CPEACTBAMH  MPUHIIUMIHAIBLHO
BO3MOXXHA, OJHAKO MpPHUBENET K HEONpPaBIaHHOMY YCIIOKHEHHMIO CHUCTEMbI, B TO BpeMs Kak
peanu3anys  JITOPUTMHYECKUM  crocoOoM Ha  0aze  BBIMICYNIOMSHYTOTO  KOHTPOJUIEpa
AJIEKTPOaBTOMATUKU OyIeT NOCTaTOYHO HPOCTOW M HE MOTpeOdyeT HapallMBaHUS CHEIHAIbHBIX
anmapaTHbIX CPEJICTB.

Ha pucynke 2 mnpencraBieHa OJOK-CXeMa alrOpUTMa, PEaTU3YIONIETO MPEII0KSHHBINA
MIPUHIINII YIIPABICHUS.
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YCTAaHOBUTH
HOMHHAJIbHYIO
CKOPOCTh WITMHACIIA

»la
Ll ) y
A\ 4

pabouas mogava
BKJIIOUEHA

U3MepeHne
Temneparypsl (On)

'

A® = Qorr - Ou
HET ‘ Ia
A® <0
V = VHOM + kn A@ + knl'z
A®> A@Max > L=X+A0

a HET ¢

[

na
CO00IIIEHE
=T +A0 - Ky KUHCTPYMEHT
V = Viuou + Kut-2 HW3HOILIECH

HET

V
V > Vmax

YCTaHOBUTH CKOPOCTH
a MU HACTA
lﬂ n = VI(2nX)

COOOIIEHHE «TIOJIOMKA
MHCTPYMEHTA M 2.
OTKa3 JIaTYHKa» cOpocuTh Taiimep

tz 0
YCTAaHOBUTL CKOPOCTH
IIIMTUHACIIA
n= V/(ZnX)

I
Puc. 2 — biiok cxema anropurMa peryaupoBaHus CKOPOCTH pe3aHus I
KOHTPOJIJIEPA IEKTPOABTOMATHUKH

A
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Ha cxeme npuHSATHI clieytomuye 0003HaYSHHS:

Ou — BeIMYMHA CUTHAJA OT JAaTYMKa TEMIIEpaTyphl;

Gont — onTuMajdbHOE  3HAUYEHHE  TEMIlepaTypbl  JUIsl  JAHHOTO  COYETAaHUS
MHCTPYMEHTAJIBHOIO U 00paldaThIBAEMOr0 MaTepHalIOB, COOTBETCTBYIOIEE MaKCHUMAaJIbHOU
CTOMKOCTH MHCTPYMEHTA;

A® — paccoriacoBanue (OUIMOKa) MO TeMIlepaType;

A®max — mupuHa NOJA [JOMYCKa Ha OTKIOHEHHE MW3MEPEHHOM TeMIEepaTypel OT
ONTUMAJIbHON B MEHBIIIYIO CTOPOHY;

N — 3Ha4Y€HUE YaCTOTHI BPALLEHUS IUIHUHEIS Ul BbIAAUN Ha PUBOJL IVIABHOT'O IBHKEHUS;

Viow ~ — HOMHMHAIBHOE 3HAYEHUE CKOPOCTH pEe3aHUs, PACCUMTAHHOE [UIsl JaHHOU
TEXHOJIOTMYECKOH OIlepallny;

Vmin — MHHHUMaJbHOE, MPEIBAPUTENHHO 3aJlaHHOE 3HAYEHHE CKOPOCTH pe3aHusi, IMpHU
KOTOPOM IIPEBBIIEHUE TEMIIEPaTypol ONTHMAJIbHOIO 3HAUEHUS TPAKTYETCSl CHCTEMOHM Kak
aBapHifHOE COCTOSTHUE MHCTPYMEHTA WIIM UHbIE MPOOJIEMBI C MPOLIECCOM pe3aHus. DTUM 3HaYCHUEM
OrpaHUYMBACTCS] MUHUMAJIbHASI CKOPOCTDh PE3aHUS C LENIbI0 UCKIIOYEHHUS MTPOAOIDKEHUsT 00paboTKH
M3HOILLIEHHBIM UHCTPYMEHTOM.

Vmax — MaKCHUMaJIbHOE, IPEIBAPUTENILHO 33JaHHOE 3HAYEHHME CKOPOCTH pEe3aHHs, He
JOCTH)KEHHE TP KOTOPOM ONTHMAIBHOM TEMIIEpaTypbl MOXKET O3HayaTh OTCYTCTBHE Ipolecca
pe3aHust B CIEACTBUU IOJIOMKH HWHCTPYMEHTa, JHUOO JUIMTENbHOE OJOKHMPOBAHWE 30HBI
«BUIMMOCTH» JaT4MKa TOCTOPOHHUMH TpeIMETaMH. OTHUM 3HAY€HUEM OrpaHUYMBAETCS
MaKCHUMallbHas 4aCTOTa BpallleHHsI BO H30eXaHNe TIOBPEKACHUS HHCTPYMEHTA TP cOO0sIX TaTYHKa;

Kn — k03 hUIIHEHT MPOMOPIIMOHATILHOM TIepeadn PerysiTopa;

Ku1 — KO3 PHUIIMEHT MHTErpAILHOM Mepeiauu MPU PETYITHUPOBAHUU B CTOPOHY YMCHBIIICHUSI
YacCTOTHI BpallleHUs IIMUH/EIS;

K2 — k03 puIIEHT MHTErpaNbHON Mepeaauu MpH PEeryMpOBaHUN B CTOPOHY YBECJINYCHHS
YacTOTHI BpalllCHUS IIMUH/EIS;

Y — mepeMeHHas JJis YUCIEHHOTO0 HHTErPUPOBAHUS;

t — Texymiee 3HaueHue TaimMepa,

tmax — BpeMsl O)KUIAHUS CUCTEMBI IIepe]l MOBBIIIEHUEM CKOPOCTH PE3aHMs;

X — 3HaueHHeE MONePEeUHON KOOPANHATH MHCTPYMEHTa (paguyc 0OpaboTKN).

Buieoown

[IpumeHeHne pacCMOTPEHHBIX YCOBEPILIEHCTBOBAHUM JOHKHO CYIIECTBEHHO IOBBICHTH
HAJIEKHOCTh CHUCTEMbl W YIPOCTUTh €€ HACTPOMKY U MPAKTHUECKOE NPUMEHEHHUE, YTO MOXKET
caenaTh IenecooOpa3HbIM ee BHeApeHue B mpousBoicTBe. OpHAKO AN TPOBEPKH ATOU
1enecoo0pazHocT TpedyeTcsl MPOBEACHHE JKCIEPUMEHTANbHBIX HcclenoBannil. Kpome Toro,
peanuzanusi CUCTEMbl Ha 0a3e KOHTpoJuiepa 3JIEKTPOABTOMATHKH CTaHKA 3HAUUTENBHO CHUXKAET
3aTpaThl Ha MOJEPHU3ALMIO CyHIeCTBYHOIMX cTaHkoB ¢ YIIY. Jlna BHeIpeHHS CHCTEMBI Ha
cymecTByromuid cranok ¢ YITY morpebyeTcst mproOpecTH U yCTAaHOBUTD TOJIBKO TUPOMETPUUYECKHMA
JaTYMK, OCTaJlbHas MOJIEpHU3AIMS  CBsi3aHA TOJBKO C YCTAHOBKOW  JIOTOJIHUTEIBHOTO
MPOrPaMMHOT0 0OECTICUEHHSI.

Ilepeyenr uCTOYHUKOB JuTepatypbl: 1. OnTuMuzanusi mPONECCOB pe3aHus /
A. JI. MakapoB. M.: MammHoctpoenue, 1976, 278 c. 2. be3wssprunbii B. ®@. ObocHoBaHUE
1eJ1eco00pa3HOCTH 00padOTKU NP ONTHMAJIBHOM TeMIlepaType pe3aHusi, ycTaHoBieHHOW A. ]I,
MakapossiM / Becthuk YI'ATY Ne 4 (33) T.12, c. 10 — 13, Yda 2009. 3. Ilogypaes B. H.
ABTOMATHUYECKH pETYIUpYyeMble 1 KOMOMHHPOBAHHBIC TIPOIIECCHI pe3aHus. M., MammHocTpoeHue,
1977. 304 c.

Peniensent: Knumenko I'.I1., n.1.H, pod., ITMA
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UCCJIEJOBAHUE TUHAMUYECKOM YCTOMYUBOCTU TEXHOJIOT MUECKOM
CHUCTEMBI TSIKEJIOT'O TOKAPHOI'O CTAHKA C AJIAIITUBHOM CUCTEMOM
VIIPABJIEHUS

Kosanés B. /., Bacunbuenko . B., Menpuuxk M. C.

PaccMoTpeHbl IIpUYMHBI CHUKEHMSI HAJEKHOCTH IPOrHO3UPOBAHMUS IIEPUOAA CTOUKOCTH
PEeXYIIEro MHCTpyMEHTa Ipu 00paboTKe Ha TSHKEIBIX TOKapHBIX cTaHkax. llpemyioxkena cucrema
AUNArHOCTUKHU COCTOAHHUA I/IHCprMeHTa N aBTOMATHUYCCKOI'O perJII/IpOBaHI/IH CKOpOCTI/I pGSaHI/IH 110
pe3ynbTaTaM U3MEPEHHs TEMIIEPATYPhI CTPYKKH BOJIM3HU 30HBI PE3aHHUS.

JIOCJIXEHHS IUHAMIYHOT CTIMKOCTI TEXHOJIOTTYHOI CUCTEMU
BAXKOI'O TOKAPHOTI'O BEPCTATA 3 AHJAIITUBHOIKO CUCTEMOIO VIIPABJIITHHA
Kosanros B. /I., Bacunpuenko . B., Mensaux M. C.

Po3rnsiHyTO NPUYMHY 3HWKEHHS HAJIHOCTI MPOTHO3YBaHHS MEPiOAY CTIMKOCTI pi3ajibHOTO
IHCTPYMEHTY NPH 00pOOIll Ha BAXXKUX TOKAPHUX BepcTaTax. 3ampoNOHOBAHO CUCTEMY JI1arHOCTUKH
CTaHy IHCTPYMEHTY Ta aBTOMAaTHYHOT'O pPETYIIOBaHHS INBUAKOCTI pi3aHHSA 3a pe3ylbTaTaMu
BUMIPIOBAHHSI TEMIIEPATYPH CTPYXKKH MTOOJIN3Y 30HU pPi3aHHS.

INVESTIGATION OF THE DYNAMIC STABILITY OF TECHNOLOGICAL SYSTEM
OF HEAVY LATHES WITH ADAPTIVE CONTROL SYSTEM
Kovalov V.D., Vasilchenko Y.V., Melnik M.S.
Reasons of reliability degradation of tool life prediction in the processing of heavy lathes are
considered. Diagnostic system of tool status and automatic regulation of cutting speed by measuring
the temperature of the chip near the cutting area is proposed.

KiroueBble cioBa: ApanTuBHAsg CHCTEMa YIPAaBICHUS, TSKENbIA TOKApPHBIM CTAHOK,
JUHAMHYECKask CTOMKOCTb, PEKYILIMI HHCTPYMEHT, 30Ha PE3aHUs

KitodoBi ciioBa: AnanTuBHA cucTeMa YIpaBIliHHS, BaKKUH TOKapHUM BepcTaT, JUHAMIYHA
CTIMKICTh, pIKYyYUil IHCTPYMEHT, 30Ha pi3aHHS

Key words: Adaptive control system, heavy lathe, dynamic stability, cutting tool, cutting
area

JaTta HagxomKeHHs cTaTTi: 22 rpyana 2013 p.
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VK 621.923

Maroxa ILI., IloaraBen B.B., 'abuToB B.B.
HouHTY, r. Jlonenk, Ykpanna

OIIPEJEJIEHUE CJIBI ITOIKUMA 3ATOTOBKHA K PABOYEHN ITOBEPXHOCTH
KPYT'A, OTPAHUYEHHOM TOUHOCTbHIO OGPABOTKH, ITPU IMJIOCKOM HIJIM®O-
BAHHUU HA CTAHKE MOJEJIA 3I'71

Beeoenue

Obecrnieuenne HEOOXOIMMOTO KauecTBa M3TOTABIMBAEMBIX M3/EIHHA MPU HU3KOH cebecTon-
MOCTH MX 00paOOTKHU ABISETCSI OCHOBHOM 3aJjaueil COBPEMEHHOTO ITPOU3BO/ICTBA B YCIOBUSAX BBICO-
KOl KOHKYPEHIIUH M Pa3BUTHIX PHIHOYHBIX OTHOLIEHUHA. Ha aTane Mexanndyeckoit 00paboTKu 3TOro
MO’KHO JOCTHYb, B YACTHOCTHU, ITyTEM ONTUMH3ALMH PEKUMOB (PMHUIIHBIX OMNEpalUii, IpUMepOM
KOTOPBIX SIBJISIETCS IITH(OBAHUE.

B pa6orax [1, 2, 3]./u11 mouCKa ONTUMANTLHBIX PEXUMOB HUTH(OBAHUS C MOCTOSIHHBIM YCH-
JIMEeM TIO/KMMa 3ar0TOBKHU K IUIM(OBATEHOMY KPYTy HPEJIOKEHO UCIIOIB30BaTh 0000IIEHHBIE 110~
Ka3aTesiu Ipoliecca — CHIly IO/PKMMa 3aroToBKU K paboueit nmosepxHoctu kpyra (PIIK) u otHome-
HUE CKOPOCTH Kpyra K CKOpPOCTM 3aroTOBKH. B HUX mHpuBeneHBl METOJIMKHM pacueTa OTHOIIECHHUS
CKOpPOCTH KpYyra K CKOpPOCTH JAeTald, oOecreuuBaroliero tpedyeMblii mapaMeTp LIepOXOBAaTOCTU
00paboTaHHON MOBEPXHOCTH Ra, ompeneneHbl 3HaYCHHUS YCHIMI MOJKMMa 3arOTOBKH K pabodeid
MTOBEPXHOCTHU KPYTa, YIOBJIETBOPSIOLINE TEXHUIECKUM OTPAHUUYEHUSAM, HAKJIaIbIBAEMBIM Ha PEXKUM
00paboTKK TeMIepaTypoil pa3oBO-CTPYKTYPHBIX MPEBPALICHHUI B IOBEPXHOCTHOM CJIOE€ 3aTOTOBKH,
IIPOYHOCTBIO 3€PEH, TEMIIEPATYPON OKUCIICHHS aaMasa.

Omnpenenenne cwibl nopkuMa 3aroToBku K PIIK, orpanmueHHO# TOYHOCTHIO 00pabOTKH,
IPU IJIOCKOM HUTM(OBAHUY 0 YIPYrol CXeMe Ha CTaHKaX, Y KOTOPBIX LIMHUHAEIb YCTAaHOBJIEH Ha
MOJIINITHUKAX CKOJIBKEHHUS, B IUTEPATYPHBIX UCTOUHHUKAX OTCYTCTBYET.

Ien» pabomot

Omnpenenenne cuibl nokuMa 3arotoBku K PIIK, orpaHudeHHONW TOYHOCTBIO 00pabOTKH,

MIPH IIOCKOM NUTH(OBAHUU C TIOCTOSTHHBIM ycHIIueM o xuMa 3arotoBku K PIIK Ha ocHOBe ananu-
3a yIpyrux nepeMelieHuid nepeHero KOHIa mimuHaes.

Ocnoenasa yacmo

HInuHaenbHbIA y3en mIocKonuugoBaabHOro cranka mogenu 3171 B xadecTBe omop uc-
MOJIB3YeT TUAPOAMHAMUYECKUE MOJIIMITHUKN CKOJIbkeHUs [4]. Hapsny ¢ nmpenmyiiecTBamu, KOTO-
pble 00eCneunBaOT T'UAPOJIUHAMUYECKHE OIOPBI, OHU OOJIAJAIOT CYIIECTBEHHBIM HEJOCTATKOM,
CBA3aHHBIM C HEMOCTOSIHCTBOM IIOJIOKE€HHS OCH BPAILLECHUS IIIMUHAECISI IPU U3MEHSIOIIENCS BHENI-
HEll Harpy3Ke Ha OIOpbI, YTO HEMOCPEICTBEHHO CKa3bIBAECTCSl HA TOYHOCTH 00paboTKu mpu nuugo-
BaHUU Ha CTaHKE, HACTPOSHHOM Ha pa3Mep [S]. YuuteiBas 3To, B YCIOBHUSIX, KOTJIa BEJIMYMHA DKC-
HEHTPUCHUTETa IIMUHAETS CTAaHOBUTCA KBA3UIOCTOSHHOW, TOYHOCTh OOPaOOTKU ompeaenseTcs
YIOPYTUMHU MEpeMeIlIeHUs MU pabodero KOHIA MIMUHENs, BEIMYMHA KOTOPBIX, B 3TOM clly4yae, sBJIs-
eTcs TEXHUYECKUM OTPaHMYCHHEM, HajlaraéMbIM Ha PEXXHUM PE3aHHs CTAaHKOM I10 TOYHOCTH 00pa-
OOTKH.

Jlnst nocTikeHus: TpedyeMoil TOYHOCTH He00X0IMMO, YTOOBI yIIpyTue nepeMeIIeHus: KOHIa
HIMUHJIENS ¢ YCTAHOBJICHHBIM HNUTH(OBATBHBIM KPYTOM HE MPEBBIIIATN OJHOM TPETH MOJIs JOMyCcKa
Ha oOpabatkiBaeMblIii pa3mep [6].

HcxonHBIMU JAaHHBIMU JUISI pacyeTa yOpyrux MEpPEeMEIleHMM KOHUA HIMUHACINS SBISIOTCS
KOHCTPYKTMBHOE HCIIOJHEHUE MINMUHAEIBHOro y3ia (puc. 1), cocTaBisIOIIME CHJIBI pPE3aHUs Ha
nuM$oBaIbHOM KPYyre M YCUIIHE OT MPEABAPUTEIHHOTO HATSHKEHUS BETBEM pEMEHHOMN NepeadH.

Ha cranke monmenu 3171 onmopamMu MIMUHAEHS SIBISIOTCA TPEXKIMHOBBIE THIPOJAUHAMHYE-
CKHE MOAIIMIHUKNA CKOJBKEHUS TUMa MaKeH3eH, BBIIOJHEHHBIE B BUIE YHPYroaehopMUpyeMbIX
BTYJIOK C KOHUYECKOW Hapy>KHOM MOBEPXHOCTbIO. CUUTAETCS, YTO )KECTKOCTh TaKUX OIMOP oInpee-
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JSIETCSl KECTKOCTHIO HECYLIMX MACISHBIX KIMHBEB, a TOTEPSIMH JKECTKOCTH, CBSI3aHHBIMU C KOH-
TaKTHBIMU JIe(OPMAIMSIMUA TTOCAJI0YHBIX MOBEPXHOCTEH BTYJOK, MOXHO MpeHEOpeYb BCIICACTBUEC
oOecrieueHns HaTATa IPU COOPKE U PErYINPOBKE Y3II0B [5].

A
1 9 3 4 2
%% R[] /R Q
g% t /] A 70
7 /‘ﬁ/;A '_‘,."J“ 2 :"‘ D — - -
7 ot -
sraeRR Y | -
i~
/ o 1"A - o
L’;é\\”\\‘\\ L \\\
% .
a=165 . i

Puc. 1 — HInunaenbHbIA y3ei miockonnirdoBanbHoro ctanka moi. 3171 [4]:
1 — kopryc; 2 — mMUHAEINB; 3 — yrpyroaehopMupyeMble BTYIKH, 00pa3yroIue HeCyIine
KapMaHsbl JIJIsl CMa3Kd; 4 — MEXaHU3M PEryIUPOBKH THAMETPAIBLHOTO 3a30pa MOAIIUITHAKOB;
5 — NPUBO/IHOI IIKUB TIOCKOPEMEHHOM nepeiaun; 6 — Ut OBaNIbHbIH Kpyr

[Ipu pacuete Ke€CTKOCTU IIMHHAEIBHOTO y3JIa ONPEETUM YIIPYroe rnepeMeleHre mInuHIe-
JIl B CEYEHUH €ro MepeHero KOHIa, HOpMaJIbHOM K 00pabaThIiBaeMoii MOBEPXHOCTH, JOIyCKasi, 4To
yIpyTHe MePeMEIeHHUs MPOUCXOIST TOIBKO 3a cUeT AedopMaluy Tea MIUHAeS U ero onop. [Tpu
STOM Ha TOYHOCTH 00paOOTKH BIMSET JHILb pajnuaibHas COCTaBistoNas cuibl pe3anus Py. Ilpu co-
CTaBJICHUU PACUYETHOM CXEMBbI LIMUHJEIb MPEJACTaBUM Kak OajKy CTYNEeHYaTO-IEPEMEHHOTO ceue-
HUSl HA TIOJATJIMBBIX TOUYEUYHBIX omnopax (puc. 2). [Ipoananusupyem AeicTBre BceX CHJI HA LIMHH-
JIeTBHBIN y3el B miockoctu XOY.

[nuHaens co CTOpOHBI NUTH(GOBATBLHOTO Kpyra Harpy>keH paJHaibHONW COCTABIISIIOIIEH CH-
7wl pe3anus Py, pacronoxernoit B miockoctd XOY. C mpOTHUBOMOIOKHONW CTOPOHBI MITTUH/CIS Ha
HEro JIeCTBYeT BepTUKAIbHAS COCTABIISIONIAS CUIIbI HATSKEHUS BeTBel peMHs B TuiockocTu XOY u
MOMEHT OT 3JIEKTpOoJBUTATENS] M,9, paBHBIE MOMEHTY COCTABJISIIOIIEH OT CHIIBI pe3aHust P; B mioc-
koctu ZOY. MomenTsl Mp u M,y CKpy4HBAIOT TEJO MIMUHACIS U HAa YIIPYroe rnepeMelleHrne KOHIa
HIMUHACS HEe BAUSIOT. B CBS3M € 3TUM OHU UCKJIIOYEHBI U3 pacueTa yIpyroro nepeMenieHus: KoHua

MITAHACIIA.
BeJII/IIII/IHy NEPCMEIICHHUA MEPCAHCTO KOHIIA MIMHUHACTA € YUCTOM 3allICMIIAIOIECIO MOMCHTA
B IIepeIHEl ormope onpeaeaum mo Gopmyie [7]:
P .a? (1— (=& 2. (1=
Oxoy =0, +0, + 05 = ; i"'l (1 5) +Py 'i|:|+a (1 g):l +a-(1 25) ! 1)
3E | J J Ja I Js |

rac 01— MNCPEMCIICHUC, BBIBBAHHOC M3rUOOM Tela MIMUHACIIA, MM,
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02 — TIepeMellieHHe, BBI3BAHHOE KECTKOCTBIO OTIOp, MM;

03 — CIIBUT, BbI3BaHHBIN 3aIEMIISIONIIM MOMEHTOM, MM;

| — paccrosiHre MeXIy iepeiHe A U 3aHeH B ornopaMu MIMUHIIEIS, MM;

@ — BBUIET NIEPEAHETO KOHIIA NINUHIENS, MM;

C — paccTOsIHUE OT MPUBOJAHOIO HIKMBA 10 3aJHEHN OIOPBI, MM;

J1 — cpeqHee 3HAUEHNE 0CEBOr0 MOMEHTA MHEPINH ceueHus ydacTtka OA mmuHens, My,
Jo — cpeHee 3HaUEHHE OCEBOI0 MOMEHTA MHEPIMH CEUeHHs y4acTKa AB mmnuniens, Mm%
E — MoJynb yIpyrocTy Matepuana mmuuaens, H/mm?;

JA M JB — paauanbHas )KECTKOCTb TIepeIHEeN U 3aJHEH OIop COOTBETCTBEHHO, H/MM;

& — KOa(pGUIHMEHT 3aIeMIICHHUS B IEPETHEN OTope.

Puc. 2 — Cxema aKTUBHBIX CHJI, IEHCTBYIOIINX HA IIMHH/IETh MIOCKONUTH(OBATLHOTO CTaHKA
monenn 3171

3ameMIsS oIl MOMEHT, KOTOPbIi KIMEET MECTO B OIOpax KaueHus, B ONOpax rUApoaAHHA-
MHUYECKOTO TPEHHS OTCYTCTBYeT. B cBsi3u ¢ atum B ypaBHeHuu (1) d3 =0 u & = 0. B pesynbrate,
yeunue nmokuMa 3arotoBku Kk PIIK P, = Py, orpannyerHoe TOUHOCTBIO 00pabOTKH, MOKET OBITH
orpeneneHo u3 Gopmyisl (1), ecinu JOMyCTUMYIO BEIMYMHY PaJUAIbHOTO YIPYTroro nepeMeneHus
paboyero KoHLA IMIMUHIENS Oxoy MPUHATH PaBHON OJHOW TpeTH OT MoJjs Jomycka 7' Ha oOpadatbl-
BAaE€MBIU pa3Mep:

P - 0,33-T : . @)
a’la | 1[l+a a’
SE|J; ), Ja I Jg -

MoMeHT uHepuuu Kpyrioro cedeHus ydactka OA mmuHzAens, Ha KOTOPOM YCTaHOBJIEH
T OBaIBHBIN KPYT, onpezenseTcs mno ¢popmyie:

4
7-D
Jy="" ©)
64
rae D1 — cpennuii quaMeTp KOHIA MIMUHAETS, HA KOTOPOM KPEMHUTCS HMITH(OBATBHBIA KPYT, MM.
MOMEHT MHEPIMHU KPYIJIOTO CEYCHMS MINMUHIE MeX1y onopamu A u B:
4
7-D
J,=""2, (4)
64

3neck D2 — nuaMeTp MNuHAEIS MEX]y OIIOpaMH, MM.

PaI[I/IaJIBHBIe JKCCTKOCTHU OIIOp HMNHUHACIA, YCTAHOBJICHHOI'O Ha THAPOAMHAMUYCCKUX IO~
HIMITHUKAX, PACCYUTAEM C UCITOJIb30BAaHUEM U3BECTHON METOJUKHU [35].

KecTkocTh OINOPbI ¢ MHOTOKJIMHOBBIM MOAIIUITIHUKOM ONPCACTIACTCAA KCCTKOCTHIO HCCYIINUX
MAacCJIsIHBIX CIIOEB:
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jziv (5)

rae P — Hecymas crocoOHOCTh MOAMMUIHNKA, H; Hecymas crnocoOHOCTh TPEXKIMHOBOTO ITOAIIUII-
HHKa paccyuThiBaeTcs 1o Gopmyie [5]

p=p 1 -t ©)
1-05-2)°" (d+2)
€ — OKCIICHTPUCHUTET OCH IIIMUHIEIS; TIPEJCTABISICT COO0H CMEICHHEe IEHTPa CCUSHUS IIMUH/Ie-
7S TOJ NIEHCTBHEM BHENIHMX CWJI M3 HAYaJbHOTO IOJIOKEHHS, KOHIEHTPUYHOTO OTHOCHUTEIIHLHO
KapMaHOB, MM.
Benuuunna P,, Bxomsias B popmyity (6), onpenensercs u3 Bbipaxenus [5]:
eu-N-D-B*>-L-C, )
N ’
rze (4 — JMHAMUYEeCKHN K03 (PHUIMEHT BA3KOCTH CMA304HOM MHIKOCTH TIOJIIUITHUKA, [1a-c;
N — yacToTa BpAIEHUS IIMUHES, 00/MUH;
D — auamerp pacTouku ToppUPOBAHHON BTYIIKH, MM,
B — pa3mep nyru kapmaHa 1o HampaBICHUIO BPAIECHUS IIITHHIEIS, MM;
L — nmuHa paboueit MOBEPXHOCTH BTYIIKH, MM;
A — nuameTpabHbIN 3a30p, MM.
Benuuuna Cy, Bxonsmias B popmyny (7), onpeaenseTcs COOTHOIIEHUEM:
125

C. :W. (8)

Jnnamudeckuii KodQPUIUEHT BA3KOCTH u cMecer u3 Macna NM-20A 1 kepocuHa onpeennm
10 HOMOTpaMMe U3 paboTHI [5] O 3HAYEHHIO KHHEMATHYeCKOTo KO PHUIMEHTa BA3KOCTH V, KOTO-
PBIit JJ1s1 IByXKOMIIOHEHTHOM JKHJIKOCTH PACCUMTHIBACTCS MO 3aBUCUMOCTH [8]:
v— (N +n,)-vi-v,
v,-n +v,-n,

P, =5110"

(9)

rze N1 U N2 — cojiepKaHUe COCTABIISIONIUX KOMIIOHEHT KUAKOCTHU B AOJSX €AUHUIIBL
V1, V2— KHHEMaTH4eCKUH KOA((UIIMEHT BA3KOCTH Ka)/10M M3 KOMIOHEHT NpU paboyeil Temrie-
parype 50°C, m%/c.
OTHOCHUTEBHBIN KCLIEHTPUCUTET MOMIINITHUKA ) TIPEICTABISIET cO00 oTHOIIEHHE [5]:
_2-e
.
OnpenenuM OTHOCUTENbHBINA 3KCIEHTPUCUTET IMOJALIMITHUKA [0 COOTBETCTBYIOIIEH HOMO-
rpamMme u3 paboThl [8] B 3aBUCHMOCTH OT PacCUMTHIBAEMOTO 3HAUCHHUS KOA(PPHUIMEHTa HArpyKeH-
HOCTHU MOJALINIHUKA ¢!

(10)

2
c'= _Ry” , (11)
I-D-w-u
rae R — peakius onopsl, H;
¥ — OCHOBHOM OTHOCHTEJIBHBIN 3a30p;
@ — YacTOTa BpaIleHHs IMUH/ENS, C .

Peakuun onop 4 u B B mnockoctu XOY ompenenuM B COOTBETCTBHH € PACUETHOM CXeMOM
mmuHAes (puc. 3), IpH 3TOM B Ka4eCTBE aKTHBHBIX CHJI YYUThIBaeM Bec ImmuHaens G, Bec NUIH-
¢doBanbHOTO Kpyra ¢ ¢aanuamu Gy, Bec IPUBOJHOTO MKHUBA Gk, COCTABISAIONIYIO CHIIBI PE3aHHUs
Py u cuity HatsxeHus pemus Q.

Omnpenennm npoekunu peakuuid B iockocta XOY. [l 3TOro coctaBUM ypaBHEHUE CTATH-
KH{, YYUTBIBaIOLIee eHCTBUE Ha LIMHUH/IE]Ib MOMEHTOB BCEX CHJI OTHOCUTEIBHO TOUKH A.

2. Maxoy =0:
—Pya+Gypa—G1/2+Rexov|—Q(c+1)—Gux(c+1)=0.
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Orcrona.

P,-a-G,_-a+G:1/2+Q-(c+1)+G,, -(c+I)

RB Xoy — ’ = | (12)
[poexmus peakiyu Ra xoy onpeaenurces mno Gopmyse:
Raxoy =(Q+G,,)—(Py —G,,) —Rp xov -
[Ipoekuun peakuuii B minockoctu XOZ HaleM 10 3aBUCUMOCTSIM:
a+l a
Raxoz =P; [ Rg xoz =P; T

/‘:;7 Xoz

L

Puc. 3 — Pacuetnas cxema mmuHAENS TUIOCKONUTH(OBAIBHOTO cTaHka moaenu 31771

Peaxnuu B onopax 4 u B paBHBI:

2 2
Ra= \/RA xov T RAxoz (13)
2 2
Rg = \/RB xov *RB x0z - (14)
Bec mimun st onpeaesuM mo ero reoMeTpUYECKHM pa3MepaM:
2
z-d

rae de, — CpeHuil TuaMeTp IIHHACTS, M;
luun — ATMHA UIMHHENSA, M; § — YCKOPEHHEe CBOOOIHOTO NajieHus, M/c?,
p — IIIOTHOCTH MaTepPHaja, 13 KOTOPOTO M3TOTOBJIEH MIHHAENb (cTanb 40X), kr/m®,
OCHOBHO#1 OTHOCHUTEJIBHBII 3a30p W paBeH [8]:
2-A
yo=—, (15)
d
3aech d — AuamMeTp IOMIIUITHUKOBOM IISHKY [ITTHHACIS, MM.
Cuty Q, IEHCTBYIOLIYIO Ha IIMHHJEIb CO CTOPOHBI MpHBOAa (puc. 4), onpenenum mo ¢Gpop-
MmyIe:
Q=2-P, (16)

rac P, — BCPTUKAJIbHAA COCTABJIAOIIAA CUJIbI HATSAKCHUS BCTBU PEMH, H.

P, =P, -C0sQ, (17)

rac PHp — CWJIa NpeABApUTCIbHOI'O HATAXKCHUA BETBU PCMHHA, H.
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Puc. 4 — Cxema k pacucTy CUJIbI, z(eﬁCTBonmeﬁ Ha MIMAHACTIb CO CTOPOHBI IpUBOAA

Yron HakjlIOHa BETBU PEMHS @ OTHOCUTCIIbHO JIMHHUU, HpOXO,Z[fIIJ.[CfI 4gepe3 OCH IMKHBOB Ha
BaJIy SJICKTPOABUTATCIIA U HAa IIIMMUHACIIC, OIPEACIIACTCS U3 BbIPAKCHUSA !

tgp =2~ (18)

2-L,
rae di — quamMeTp IIKUBa Ha BaJly SJIEKTPOIBUIATEIIS, MM;
d> — TnaMeTp IIKKBA Ha IITHHACIE, MM;
L, — paccTosiHUE MEXAY OCSIMM LIMUHAEISA U Baja JIEKTPOJBUTATENs, MM.
Cuna npeaBapUTEIbHOIO HATSHKEHHS BETBU PEMHS pACCUUTHIBAETCS 110 3aBUCUMOCTH [9]:

Py =05-(S;+5,)-1-S,, (19)

rze S1 ¥ Sz — CUIIbl HaTSDKEHUS BETBEH peMHS IIPH Nepeiaue OKPY>KHOTO YCHITUS;
S, — cua HaTsHKSHUST BETBEH PEMHS OT IIEHTPOOEIKHBIX CHIT,
A — K03(pPULIHEHT, XapaKTEPU3YIOUIHHA KECTKOCTh KOHCTPYKTHUBHBIX 3JIEMEHTOB, PETyIUpPY-
IOUIMX HATsHKEHHE peMeHHOU nepenaun. Cuibl HATSKEHUs BETBEH peMHsI ONpeAesstoTcs 1no (Gop-
MyJam:

m
S, =——P+S  H; 20
1 m_l y ( )
1
S,=—-P+S _,H; 21
*m-1 ¢ (21)
m:ea"'f,

TJI€ Oc — YTOJ CKOJIbXEHHsI (4acTh yriia 00XBaTa, Ha KOTOPOIl MPOUCXOAUT CKOJIBbKEHUE PEMHS), IS
rapaHTUd  OTCYTCTBHSI  CKOJBXEHMS IpU  HOPMalbHOM  paboTe  ciexyeT MpUHUMATh

.= (0,5—0,7)-a , TIe 0. — YyroJl 00XBaTa Ha IIKWBE MEHBIIETO auaMeTpa; f~ — MPHUBEACHHBIN KO-
3 puImeHT TpeHwus;
VYron 06xBara Ha IIKWBE MEHBIIIETO JUAMETpPa:

o =180°—60°92 =% 22)
L

0
[Tpu paboTe Ha XOIOCTBHIX 00OPOTaX, B PEMEHHOH Mepeaaue BOZHUKAET CHJla HATSHKCHUS OT
HEHTPOOESKHBIX CUIT Sy, KOTOPast paBHA:

S, =q-V2, H, (23)

rje ( — IOroOHHas Macca peMHs, KI/M.
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Oxpy»KHasi CKOPOCTb IIKUBA V paBHA:
_7edi-n
60-1000 -
rjie N1 — 4acTOTa BPAlEHHUs Bala SJIeKTPOBUIATEs, MUH .
TaHreHIMAIBHYIO COCTABISIONIYIO CHIIBI pe3aHus P; paccuuraeM IO MOIIHOCTH HPHBOAA
LIMTHHACTS:

(24)

1000‘Np
szi

K

: (25)

rae Np — MakcuMasbHas MOIIHOCTD pe3anus, KBT;
V— CKOpOCTH KpyTa, M/C.
PanuanbHYI0 COCTABIISIFOIIYIO CHJIBI pe3aHust Py, OTpeesiM ¢ HCIIOJIb30BaHHEeM KO3 uiim-
enTa nundoBanus Ky

P="'2, (26)

Jlnia onpenenenus cuibl momxuma 3arotoBku K PITK, orpannueHHOM TOYHOCTHIO 00paboT-
ki, o popmynam (2) — (26) Obuta cocraBineHa mporpamma s [I9BM B MaremMaTHUECKOM IaKeTe
MathCad.

Paccunraem ycunue mopkuMa 3arotToBku u3 ctranu POMS®3 mmpunoit B; = 15 MM k pabdo-
4eil moBepxHocTH Kpyra 1Al 250x75x16x5 AC6 100/80-4-M2-01, koTopoe oOecrieunBaeT Moy-
yenue pasmepa 50h6(- 0,016) MM TIpH TIOCKOM Bpe3HOM IntrdoBanuu Ha cranke moxenu 3I'71. Ko-
s¢unment numdosanus crtanu POMS®3 anmazueim kpyrom K, = 0,31; ckopocTh aeranu, pac-
CUMTaHHAs T10 33IaHHOMY TTapaMeTpPy MEPOXOBATOCTH 00paboTaHHOW OBEepXHOCTH Ra = 0,63 MKM,
cocramsieT Vy = 6 M/MHUH.

[TapameTpsl peMEeHHOM TIepeayun:

— YacTOTa BpallleHus Bajia 3JeKTpoaBurarens N1 = 2860 mun-

— MOIIIHOCTD, IIepeiaBaeMasi peMeHHoi nepenaueit, Np = 3 kBT;

— noroHHast Macca pemus g = 0,4 xr/m;

— NIpUBEECHHBIN K03 dUIMEHT TpeHus pemHs 1o mkuBy /= 0,35;

— k03¢ punmeHT, XapaKTepU3yIOUIH KECTKOCTh KOHCTPYKTUBHBIX JIEMEHTOB, PETYIUPY-
IOIUX HATSHKEHUE peMeHHo# nepenayuu A = 0,5;

— ME@XOCEBOE PACCTOSTHUE MEXKIY OCSIMH Baja dJIEKTpojBUTaTelns u mmuHaens Lo = 440 mm
(cMm. puc. 4);

— IMaMeTp IIKWUBOB 3JIeKTpoaBuraTens u mmnuuaens d; = 115 mm u d2 = 120 MM cooTBeT-
CTBEHHO.

JInst yKa3aHHBIX BBIIIE PEKUMOB HUIM(POBAHHUA M T€OMETPHUUECKUX IapaMeTPOB PEMEHHOM
nepenayu cuna Q, nefcTByONIAs Ha MIMKUHEIb CO CTOPOHBI IPUBO/IA, B CIIy4ae 3arpy3KH CTaHKa Ha
noiHyto MottHocTh (rpu Np = 3 kBT), paBHa 300 H, a cocTaBistonie cuibl pe3aHusi UMEIOT 3Haue-
nusi: Py =277 H, P, = 86 H.

[TapameTps! MINUHEIBHOIO y3J1a U ONOP CKOJIbXEHHUs (cM. puc 1):

— Bec nutngoBanbHoOro kpyra ¢ guannamu Gy, = 35 H; Bec mxuBa Gux = 5 H;

— Ha ydacTtka OA mmuHaens a = 145 mwu;

— MexornopHoe paccrostaue | =270 mm;

— mrHa yyactka BC mmunaens ¢ = 100 mm;

— cpenHuid AuamMeTp mmuHaes dq, = 60 MuM;

— quHa mwrrHaens l,, = 600 Mu;

— IUNIOTHOCTH MaTepuaia mmnunaens (cranbs 40X) p = 7820 KT/MS;

— AMaMeTp MEKONOpHOU cTyneHu mnuuaens Dy = 58 mwm;

— cpennuit tuametp yyactka OA mmunzaens D2 = 44 mm;

— nuameTp meiku muaaens d = 60 mw;

— IUaMeTp oTBepcTus ynpyronaedopmupyemoit Bryinku D = 60,12 mwm;

— MOJZyJIb YIIPYTOCTH 2-T0 poja ajisi MaTepuana mmuaaens (ctamu 40X) £ = 218500 Ia;

1.
)
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— cMa304Has )KHUJKOCTh OIMOP CKOJNBKEHUS — GUIbTpoBaHHBINA KepocuH ¢ 10%-HbIM conep-
YKaHHEeM UHIycTpuanbHoro Macia U-20A;

— KHHeMaTHJecKas BA3KocTh kepocuHa (pu 50°C) v1 = 0,75-1072 m%/c;

— KMHeMaTH4ecKas Bs3KocTh Macia M-20A (mpu 50°C) vz = 0,20 m?/c;

— JUTMHA paboyei yacT BTYIKU L = 50 mMm;

— JUIMHA JyrW pabodeil TOBEPXHOCTH KapMaHa I10 HANpaBICHHWIO BPAIICHUS IITAHICIIS
B =40 mm;

— OCHOBHOM JTMaMETpaIbHBIN 3a30p MOAMMIHUKA A = 35 MKM.

[Tocne BBIMOTHEHHS PACcUYETOB MO MPHUBEACHHBIM BBIIIE MCXOMHBIM JIAHHBIM MPHU IDTH(OBaA-
HUU Ha peKMMax, 00ecleuynBaloIuX MOITHOCTE pe3anus 3 kBT, paananbHas KeCTKOCTh MEepeHEro
¥ 33JJHETO TOIIMITHUKOB CKOJIBKeHHs coctaBuna 4,8-10° H/mM. B ciyuae, Korja MOIIHOCTb pe3a-
Husa MeHbine 3 kB, a cuma Q, aeiicTByromas Ha IMIMUHJIETH CO CTOPOHBI TpHuBoaa, paBHa 300 H,
KECTKOCTh MEPEAHEr0 U 3a/IHETO MOJIIMITHUKOB CYIIECTBEHHO HE U3MeHsieTcs. B pesynbrate, 10-
MyCTUMOE ycuiine mojpkuma 3arotoBku K PIIK, orpaHmueHHOE TOYHOCTHIO 00pabOTKH MO 6-My
KBaJIUTETY JIs1 0OpadaTeiBaeMoro pasmepa S0h6, cocrasmsier P, = 95 H.

Boieoow

1. TTpu uiockom nuMdoBaHUM YIPYTUE MepeMelieHns pabodyero KOHIA MIMUHAES SABISI0T-
Csl TEXHUUECKUM OTpaHUYEHUEM, HalaraeMbIM Ha PEKUM PE3aHUsl CTAHKOM, 110 TOYHOCTH 00paboT-
KH.

2. IIpu 06paboTke Ha TIOCKONUTH(OBATHLHOM cTaHke Mozenu 3171 3aroToBku mupuHOH 15
MM 3 ctanu POMS®D3 kpyrom 1A1 250%75x16x5 AC6 100/80-4-M2-01 ycwine momkuma 3aro-
toBkH Kk PIIK P,, obecnieunBaroiiiee noaydenue pazmepa 50h6(_o016) MM, paBro 95 H.

3. JKecTkoCcTh MIMUHACIBHOTO y3JIa MIOCKONUIH(OoBanpbHOro ctanka moaenu 3171 onpene-
JSIeTCS YCUJIMEM HATSKEHHsI IPUBOJIHOIO PEMHS, a TAKXKE BECOM KOHCTPYKTUBHBIX 3JIEMEHTOB Y3J]1a.
PanuanbHas cocTaBisiioliasl CHJIBI pe3aHHsl MPaKTUUECKU HE OKa3bIBaeT BIUSHHUS Ha KECTKOCTh
MOIIIATTHUKOBEIX OITOP M, COOTBETCTBEHHO, HA TOYHOCTH 00PaOOTKH.

4. Tlony4yeHHOE 3HaUEHUE CUIIBI TToKUMa 3aroToBku K PIIK, orpanndeHHo# TOYHOCTBIO 00-
paboTKH, OyAeT UCTONB30BAaHO U ONTUMHU3AIUMH PEKUMOB NUTH(GOBAHUS BaHAIUEBOW OBICTpOpe-
xymieit ctanu POMS®3 npu 06paboTKe ¢ MOCTOSHHBIM U C IIEPEMEHHBIM YCHUIUEM TMOKUMA 3aro-
TOBKH K IUTN(OBATTLHOMY KpYTY.

IlepeyeHb MCTOYHMKOB JHuTepaTypsl: 1. BucokonpoaykTuBHe HUTipyBaHHS BaHAIi€BUX
MTaMIOBUX Ta 1HCTpyMeHTanbHUX cTasier / [L.I°. Matroxa. — Jlonensk: JIBH3 ,,JJosHTY”, 2008. —
222 c. 2. Anmaszne nutiyBaHHS 3 €NEKTPOEPO3IMHUME KEPYIOUMMH AisIMH Ha poOOUYy MOBEPXHIO
kpyra / I[LT. Matioxa, B.B. Tlonrasens. — Joneusk: JouHHTY, 2006 — 164 c. 3. Biusnue Buaa
nudoBaHUs Ha IIEPOXOBATOCTh 0OpaboraHHO# moBepxHoctu / ILI. Martoxa, B.B. I'aburos //
Hayxkogi nipami JloHe1pkoro HaIioHaIbHOT'O TEXHIYHOTO yHiBepcuTeTy. Cepis: MamuHoOy 1yBaHHS
1 mammHo3HaBcTBO. Bumyck 8 (190). — Honensk: [ABH3 ,,JlonHTY”, 2011. — 214 c. 4. Yuausep-
CaJIbHBIN IUIOCKOLUIN(OBAJIBHBIA CTAHOK BBICOKOM TOYHOCTH C TOPU3OHTAJIBHBIM LIMHUHIEIEM U
PsIMOYTOJIbHBIM cToJIoM. Monenb 31'71. PykoBoacTBO K cTaHKy. — OpIIaHCKUI CTAHKOCTPOUTEb-
HbIN 3aBof, 1968. 5. Jleranu u MeXaHU3MbI MeTaJUIOpeXyIuX cTaHKoB: B 2 T. T. 2/ [lox obu1. pen.
J.H. PemeroBa. — M.: Manmnuoctpoenue, 1972. — 520 c. 6. ChnpaBo4yHHK TEXHOJOTa-
mammuHoctpoutens: B 2 1. T. 2 / Ilox pexa. A. I'. KocunoBoit u P. K. Memepsikosa. — 4-e u3a., nepe
pab. u gomn. — M.: Mammnoctpoenue, 1985. — 496 c. 7. Metamnopexyiye CTaHKUA: YUeOHUK ISt
MalIMHOCTpOouTeNbHbIX BTy30B / [Toxn pen. B.3. [yma. — M.: Mammuoctpoenue, 1985. — 256 c. 8.
PacueT 1 npoekTupoBaHue ONOpP CKOJIbKEHUs (KUIKOCTHAsi cMaska): CrpaBounuk / B.A. Bockpe-
cerckuii, B.W. [IpsikoB — M.: MamunocTtpoenue, 1980. — 224 c. 9. CnpaBo4YHUK METAJUIUCTA: B 5 T.
T. 1/Ilog pen. C.A. YUepnasckoro u B.®. Pemukosa. — M.: Mammnoctpoenue, 1976. — 768 c.
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OITPEIEJIEHUE CHJIBI TIOXKMMA 3ATOTOBKHU K PABOUYEN IIOBEPXHOCTHU
KPVYT'A, OTPAHUYEHHOM TOYHOCTBIO OBPABOTKH, ITPU IJIOCKOM
HJIM®OBAHNN HA CTAHKE MOJIEJIN 3I'71
Martroxa ILI., ITonrasen B.B., I'abutos B.B.

B craTpe npuBeneHa METOAMKA ONPENEICHUS U BBIIIOJHEH pacdyeT JOIYCTUMON CHJIbI MOJ-
’KMMa 3arOTOBKU K paboyeil MOBEPXHOCTH KPYra, OTpaHUYE€HHON TOYHOCTHIO 00paOOTKH, MPH IIIOC-
KOM BPE3HOM HUTM(OBAHUU C IMOCTOSHHBIM YCHIJIMEM IOJKMMA 3arOTOBKU K IIIHU(OBATBHOMY KpY-
I'y Ha OCHOBE aHajlu3a yNpYrux IepeMelleHui KoHna mmnuHiaens. [loaydeHHoe 3HadeHue CHIIbI
Mo/KUMa Oy/IeT UCTIONBb30BAaHO MPU ONTUMHU3AIUK PEKUMOB pe3aHHs MPH IJIOCKOM HUIM(OBAHUN
Ha CTaHKE, HACTPOEHHOM Ha pa3Mep.

BU3HAYEHHS CUJIU HMIATUCKY 3ATOTOBKU JIO POBOYOI ITIOBEPXHI KPVYTA,
OBMEXXEHOI TOUHICTIO OBPOBKMU, ITPU TIJIOCKOMY LIJTI®GYBAHHI
HA BEPCTATI MOJIEJII 3T°71
Marioxa ILT'., ITonrasens B.B., 'abiToB B.B.

B cTarTi HaBeaeHAa METOIMKA BU3HAYCHHS Ta BUKOHAHUH PO3PaXyHOK JIOIMYCTUMOTO 3yCHII-
7. MATHCKY 3arOTOBKH JI0 po00Y0i MOBEPXHI Kpyra, 0OMEXEHOTO TOYHICTIO 0OpOOKH, TIPH IJIOC-
KOMY BPI3HOMY IITi(yBaHHI 3 TOCTIHHUM 3yCHIIJISM IIATHCKY 3arOTOBKH J0 LTI YBAIBHOTO Kpyra
Ha OCHOBI aHaJI3y MPYKHUX IMepeMillieHb KiHIg mmuHaens. OTpuMaHe 3HaYCHHS CHIIM IIATHCKY
Oy/Jie BUKOPHCTAHO MPHU ONTHUMI3allii pe)KUMIB pi3aHHS MPH MUIOCKOMY IUTipyBaHHI Ha BEpCTaTi, Ha-
JAIITOBAaHOMY Ha pO3Mip.

DETERMINATION OF FORCE OF WORKPIECE PRESSURE TO WHEEL
WORKING SURFACE TO BE LIMITED BY MACHINING ACCURACY
AT THE FLAT GRINDING ON THE MACHINE 3171
Matjuha P.G., Poltavets V.V., Gabitov V.V.

In the paper the technique of determination of allowable force of workpiece pressure to
wheel working surface at the flat infeed grinding with constant force of pressure is presented and
corresponding calculation is completed on the basis of analysis of the elastic displacements of spin-
dle end. Force of pressure is limited by machining accuracy. Obtained value of force of pressure
will be used for optimization of cutting conditions at flat grinding on the machine to be aligned for
cutting dimensions.

Kirouessie cnosa: lllnudoBanue, ycunue momKuMa, YIpyroe nepemMerieHue, TOYHOCTh 00-
paboTKu

Kitrouosi cnoa: [lnmidyBaHHs, 3ycHIlIs MATUCKY, IPYXKHE MEPEMIIIEHHS, TOYHICTh 00pO0-
KU

Keywords: Grinding, force of pressure, elastic displacement, machining accuracy

Jata HagxomkeHHs ctaTti: 22 rpyans 2013 p.
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PO3JILI 3
TEXHOJIOT'ISI MAIIIMHOBY TYBAHHS

YK 622.692.4
Tapaescbknii O.C.
IBano-®paHKIBCHKUH HAIlIOHATBHUN TEXHIYHUHN YHIBEpCUTET HaTH 1 razy
M. [Bano-®paHKiBChK, YKpaiHa

ACIEKTH BILUTABY KOHIIEHTPATOPIB HATIPYKEHb HA TEXHIYHUI
CTAH TPUBAJIO EKCIINIYATOBAHUX MATICTPAJIBHUX TPYBOITPOBO/IB

Bcmyn

OcHOBHA YacTHHA JIFOYMX MAariCTpajJbHUX TPYOONPOBOJIB €KCIuTyaTyeThecsi Oinmpmie 30
pokiB. 3a Takuil TpuUBaNIMii MEpioJ yacy B MeTaml TpyO MiJ BIUIMBOM HAmpyr, KOpO3iHHOTrO
CepeIoBHINA 1 BOJHIO BIAOYTUCS TMPOLECH, IO MPU3BETU A0 3MiHH (Hi3HKO-MEXaHIYHUX
BJacTUBOCTEN MeTany. [IpyyoMy CTyIiHb 3MIHU BJIACTUBOCTEH 3aJI€KUTh HE TUIBKU BiJ] TPUBAJIOCTI,
ase 1 BiJ] CWJIOBUX YMOB €KCIUTyaTalli, ToOTO BiJ piBHS poOOYOro THCKY 1 po3Maxy HOro KOJIMBaHb.
ToMy mnpu aHamizi cTaHy MaricTpajJbHUX TpPYOONPOBOAIB, OLIHII 3aJHIIKOBOIO pecypey 1
IUTAaHYBaHHI KamliTaJIbHOTO PEMOHTY HEOOX1JHO BHXOIUTH 3 PEaJbHUX BJIACTUBOCTEM MaTepiaiy
TpYyoO.

Ocepenok pyiiHyBaHHS B TPyOOTIPOBOJIaX MOKE€ BUHHKATH Ha KIHIIEBUX JIUISTHKax abo B
1HIIMX 30HaX TpyOu (OCHOBHMI MeTall, 3BapHE 3'€IHAHH), HA KUJIbLIEBOMY MOHTa)KHOMY ILIBi Ta
B 30HI NEPETUHY MOHTAXHOTO 1 3aBOJICHKOIO IIBIB. 3a3BUYall B OCEpeNKy pYyHHYBaHHS €
pizHOro poay naedexTH, sKi 1 CayXaTh IHIIATOPOM [OYATKYy MpPOIEeCy JIOKAJIbHOIO
nedopMyBaHHS CTIHKHM 3 HACTYIHUM HAaCKPI3HUM YTBOPEHHSIM TPIIIMHU a00 PO3KPUTTS KPOMKHU
3 MOJAJBIIUM BUCOKOMIBUAKICHUM PO3MOBCIOKEHHAM TPIIIMHU. 32 PiIKICHUM BHUKJIIOYEHHSIM
B OCEpeIKy pyWHYBaHHS Moke OyTH BIJICYTHIM AKUM-HeOyAb nedekt. Ocepeok pyWHHYBaHHS
noxuHo 100 MM BHHMKJIA B 3BApHOMY I103JI0BXKHBOMY LIBI TpyOomnpoBoay po3mipom 1220 x
11 MM 3 cranu 14I'2CA® B mporieci nepeanyckoBux BUIIPpoOyBaHb razoMm tuckom 6,1 MIla. B
OCepelKy pyHHYBaHHsS CTajocs JIOKaJlbHe BUIMHAHHS CTiHKM TpyO 1 B 37aMi He BHSBIEHO
HISIKUX BUAUMUX JedekTiB. Jlo ocepenky pylHHyBaHHS 3 000X CTOpIH MPUMHUKAE XapaKTepHUI
IIEBPOHHI 3JIaM, IO TOKa3ye HAMpsIMOK MOIIMPEHHS TPIIIMHMU BiA ocepelky. BiamiHHOIO
OCOOJIMBICTIO pYHHYBaHb JaHUX TPYOONPOBOIB € Mme W Te, IO MOPSA 3 TOIIMPEHHIM
MO3JJOBXHBOI TPIIUHU BHHUKAIW TPIMIMHU, TEPICHIUKYIAPHI TMO310BXKHIH, TOOTO 3
MOIIMPEHHSM B OKPYXHOMY HampsMKy. JIOBXXMHA MONEPEYHMUX TPIIIMH B OKPEMHX BHUIIaJKaX
csarana 300 - 500 mm. Ha nanux TpyOompoBojax mpu MepearnycKOBUX BUIPOOYBAHb CTaNOCs
noHana 10 BumaakiB moAiOHMX pyiHyBaHb. OCHOBHA MPUYMHA TaKUX PYHHYBaHb, K MMOKa3ald
crielianbHI OCTIKeHHS, - 1€ BIAHOCHO HEBUCOKHH pIBEHb TPIIMIMHOCTINKOCTI OCHOBHOTO
MeTaiy 1 3BapHOTO 3'eqHaHHSA. Hu3bKa AKiCTh maHUX TpyO OyJI0 MPOrHO30BaHA HA TOYATKOBOMY
eTami OCBO€HHs iX BuUpoOHuuTBa. Toai * Oynum BHAaHI pekoMeHJaulii mpo HEeAOUUTbHICTbH
BUKOPUCTaHHA TPYO NI MaricTpalbHUX ra3onpoBoAiB. Haxani mpoMucioBuil BUyCK 3BapHUX
TpyO 13 ctani 14I'2CA® OyB npunuHEHHH.

Ocnogna wacmuna

[Iponecu, 1m0 NPOTIKAIOTH y METaJ TPYO y XOJi TPUBAJIOi eKCILTyaTallii, MOKYTh BIUIUBATH
K Ha CTaHJAPTHI MEXaHIYHI BJIACTUBOCTI, TaK 1 Ha HECTaHJAPTHI, OI[IHIOBAaHI MO CIEIiaJIbHO
PO3pOOICHUX METOAMKAxX. Y 3B'SI3KY 3 UM, JUISI OLIHKH CTaHy METaly TpyO micis IXHbOI TpuBasoi
eKCIuTyaTalii HEOOXiTHO IOCTIIKEHHS KOMIUICKCY (i3MKO-MEXaHIYHUX XapaKTepUCTHK, IO
JI03BOJISIOTH OI[IHUTH OMip pyHHAIllT METally B yMOBaX, HalO1IbII OJM3bKHUX 10 YMOB €KCILTyaTaIliil.

TexuouoriuHi ne)eKTH YMOBHO TOAUICHI Ha JBi rpymu (puc. 1).

[lepma o0’ennye xapakTepHi nedekTd 30UpaHHA — 3MIIIEHHS KPOMOK, OBAJIbHICTH,
KYTHICTh Ta iH. BOHUM criOpiJiHEHI HE TIIBKH 32 MOXO/KEHHSAM,aJle i 10 METO/aX OLIHKH iX CTaHy
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HanpyxkeHHd. Jlepextn (opmu,3ae01Ib1II0r0, BUKIMKAIOTH 3arajibHy 3MiHY CTaHy Hampy>KEeHHs
eJIeMEeHTY 00J1aTHAHHS.

Jlpyra rpyna — TpillMHO-NIOAIOHI Ne(eKTH,IKI BUKIMKAIOTh JOKaJbHE MiABHIICHHS PIBHS
HaIpy>KEHOCTI MeTay.

OnHuM 13 momupeHux AedeKTiB, BAHUKAIOUUX MPU BUTOTOBJICHHI OOJIaJHAHHSA € 3MIIICHHS
KPOMOK.

r <

WL

3MIIIEHHST KPOMOK OBaJbHICTh Kyrnictb Bwm’satuna

2)

2 9

' N

TpimmHa, HeTIpoBap [Nocunenns mBa, pi3HOTOBIIMHHICTD
Puc. 1 — TexHOIOT14HI KOHIICHTPATOPH .
1) BigxmnenHs popmu BupoOy; 2) J0KaabHa 3MiHA TOBIIMHH CTIHOK.

B mopanpmoMy mix 3MIIIEHHSAM KPOMOK OyaeMO pPO3YMITH CIIBIAIiHHS CEepeInHHHUX
MIOBEPXOHb JIBOX 3BAPIOBAaHMX €JIEMEHTIB OJJHAKOBOI TOBIIMHU S, a 1Oro BeJIMYKHY OLIIHIOBATUMEMO
0e3po3mipHuM mapameTpoM A (A = C/S, ne ¢ — abCOMFOTHE 3MIIIIEHHS KPOMOK).

B mpakrtuii BupoOHMITBA OONagHAHHS 3MIMIEHHS KPOMOK YacTO IEPEBUIINYE IOMYCTUMI
snadeHHs (A < 0,1). IIporec cymilieHHS KPOMOK, 3 OJHOTO OOKY, MPU3BOAUTH 10 301TbIICHHS
TPYAOMICTKOCTI 30ipKH 3BaprOBaHUX €JIEMEHTIB, a 3 I1HIIOrO0 — JO 3HWKEHHS JIOBIOBIYHOCTI
yCTaTKyBaHHA. TOMY BeIMKHUI MPAaKTUYHUM 1HTEpEC MPEACTABIIsAE po3po0Ka CIIOCOO1B 3a0e3MeUEeHHS
Hpare3aTHOCTI 3BaApHUX 3'€JHAHb 3 PO3BUHEHUM 3MIILICHHSIM KpoMOK (A > 0,1).

JledexktaMu 3aBOJCHKMX 3BapEeHMX IIBIB €JIEKTPO3BApHUX TPYO (BUSABICHUMH Bi3yaJbHUM
OIJIAZIOM), 110 SIKUM MOXJIUBE pyWHYBaHHS, € (pUC. 2): MiJpi3H, HAIUIMBHU, HATIKU, HECIUIABKU MIXK
30BHIIIHIMY 1 BHYTPIIIHIMU IIBAaMU BHACIIJOK iXHBOT'O 3CYBY; HEPIBHOMIPHICTh MapaMeTpiB LIBa
(BMCOTa 1 mMpHUHA) MO WOro JOBXKHHI; MOPH, IIIAKOBI BKJIIOYEHHS, L0 BUXOJATh HA MOBEPXHIO
371aMy, TIJISSHKU PEMOHTHOI MiJIBapKU. 3a3HaueHl Ae(PEeKTH XapaKTepHi U Uil MOHTaXHUX 3BapEHUX
IIBiB.

Jnsg mpsAMOIIOBHMX TpyO THIOBAa HESAKICHA MIArOTOBKA KIHLEBUX JUISHOK TpyO mij
OIEpallil0 eKCINaHAyBaHHA TPyOM (HEMOBHE 3HATTS 3yCHWJUIS BHYTPILIHHOTO IIIBA) 1 YTBOPEHHS
3aKaTiB, 33AMp1B, HAJAPUBIB IIPU YCTAHOBIII KOHYCa eKCIaHepa.
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XapaKkTepHUM BHJOM pYHHYBaHHS IO Ty TPYOH € pO3PUB IO MOBEPXHEBOMY AC(PEKTY y
BUTJISII BM'SSTHH, PHCOK, TTOAPSIIHH.
VY 30HI BOTHUILA pYyHHYBaHHS HEOOXiTHO BCTAHOBUTH BUJ KOHIICHTPATOPA HAIIPYT.
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Puc. 2 — Bunu gedexTiB 3BapHUX ILIBIB 1 MOXKIIMBUN XapakTep iX pyHHYBaHHS !

a) miapi3u; O ) HAIUTMBH, HATIKK; B) HECIIABKA 30BHINIHBOTO i BHYTPILIHHOTO LIBIB Yepe3 3CYB;
I') HEMOBHE 3HATTS NOCWICHHS BHYTPILIHBOTO IIBA 3 YTBOPCHHSIM 3aXO0/IiB, YCTYIIB; ) TOPH,
IIJJAKOBI BKJIFOYCHHS HA TIOBEPXHI 31aMy; €) IUISTHKA PEMOHTHOI IOBEPXHi 3aBOJICHKUX IIIBiB;

’K) HEpIBHOMIPHICT MTapaMeTpy 3BapHOTO I1Ba (IIMPHUHA i BUCOTA TIOCHIICHH).

PylinyBaHHA Tra3ompoBOJiB MO MPOTSKHOCTI YMOBHO NOAUISAIOTH Ha JOKaJbHI
(oOMesxeHO1 MOBXHMHHU) 1 NaBUHHI (HeoOMexxkeHoi noBxuHH). OmHak 4iTkoi kimacudikarii 3a
BU3HAUYEHHSIM, L0 PO3YMITHU MiJl JTOKaJbHUM 1 JJaBUHHUM PYHHYBaHHSM, H1 cepell (axiBLiB, Hi
B HOPMATHUBHIN JTOKyMEHTallll MOKKW HE iCHYy€. 3a TBEPIIKCHHSAM ACSKUX BUCHUX [2, 4], min
JOKAJTBbHUM pPYHHYBAaHHSIM pPO3YMI€ThCS pPYHHYBaHHS Ta30MpPOBONY, IO CYMPOBOIKYETHCS
B'A3KMM XapaKTepOM 3JIaMy, a JaBUHHE - IIe pyHHYBaHHA 3 KpUXKHUM 3J1aMOM. Bing3Hauaerbcs,
10 B'AI3Ke pYWHYBAaHHS CIIOCTEPITaeThCs B Jiana3oHi mBuUakocTel Tpinuuan Big 80 mo 400 m/c,
a JJaBUHHE MOIIMPEHHS TPIIIMHU BiAOYBAETHCS MPH MIBUAKOCTSX, 110 NEPEBULTYIOTh HIBUIKICTh
nexomrpecii razy (400 m/c). B mux ymMoBax OCHOBHHUM JDKEpEJIOM pyHHAIIi € mpu JTOKaJIbHUX
(B'13kOMY) pyHHYBaHHI MOTEHI[IHA €HEPTisl CTUCHEHOTO ra3y, a IpH JaBUHHOMY PYWHYBaHHI -
eHepris npyxHoi Aedopmariii, HAaKOMMYEHA B CTIHII Ta30TIPOBOY.

[Ipu xpuxkoMy pyHHYBaHHI IEHTP BH3HAYAIOTh MO XapPAKTEPHOMY IJSi KPUXKOTO 3JIaMy
MaJIIOHKY, 10 Haraaye "pul'sumii KicTak" a0o MIeBpOHU, MPUYOMY BEpIIMHA IIEBPOHA BKa3ye Ha
LEHTP pyHHYBaHHS.

JlinsHKa 37aMy B MICIl IEHTPY PYHHYBaHHS Mae, SIK PaBUII0, KPUCTANIIYHY CTPYKTYpy. [Ipu
B’s13KOMY (TIJIACTUYHOMY) pYHHYBaHHI IEBPOHHUH Bi3€pYHOK MPAKTUYHO HE YTBOPUTHCS.

BrpaTa miacTU4HOI CTIMKOCTI TpyOH, sIK OyJI0 BCTAHOBJICHO BHIIE, BiIOYBAETHCS MEPII, HIXK
BUYEPITYEThCS HECyda 3JaTHICTh Marepianmy. AJie 11e o3Hadae, Mo Ui PIBHOMIIHOCTI 3BapHOI
TpyOH 30BCIM HEOOOB'SI3KOBO, MO0 MIIHICTh 3BApHOTO 3'€THAHHS JOPIBHIOBajga MIIHOCTI
OCHOBHOTO MeTany. JIIs IbOro HeoOXiZHO Imile, Mmo6 MiIHICTh 3BapHOTO 3'€IHAHHA Of0yma
JOCTaTHBOIO JUIA peaiizalii B TpyOi pmax. BUCIOBUMO BenmnunHy, BIAMOBIAHY PO3TISHYTHX YMOBI,
SAK:

O-g = KKCpO-B! (1)

e 05 i 0 — BiAMOBIIHO THMYACOBI OMOPH 3BAPHOTO 3'€THAHHS i OCHOBHOTO METAILY;
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KKCp - TOIyCTHME 3HAYEHHS OCJIa0JIeHHS MIITHOCTI 3BAPHOTO 3'€ THAHHS.

Tyt ciij 3poOUTH 3acTepesKeHHs, 110 Mifl 05 PO3YMI€ThCA arperaTHa MillHICTh 3BapHOIO
3'€/IHAHHSA; 05 HE OTOTOXKHIOETHCA 3 MIilIHICTIO MeTally IIBa.
PosrasineMo BUIa 0k HaBaHTaKEHHS TpyOH BHYTpiHIM THCKOM Tipu Ks=0,5.

BiamoBigHO MOKHA 3aUCaATH.
_ 2 c..C 3mC _ 2 3mk
Finax = So Nend (&) ei=eim® = So \/_go'i(si)eﬁsime P, (2)
Tyt iamekc "c¢" mpu TMO3HAYEHHI BKAa3ye Ha MPHHANECKHICTh TMapaMeTpiB JO 3BAPHOTO
3'ennanHs. BrumBom nedopmariii 3BapHOTo 3'e THAHHS HEXTYEMO.

BBozsiuu cTyneHeBy anpoKCUMAIIII0 OAEPKYEMO:

&p
c i &p — oge 2
() = B 3)
3BIJIKH:
&p/2
c — E) PIe Bie,
K§=(5"" (4)
abo mpu sf, = &p , 110 MOKE MATH MICLIE,HATIPUKIIA], TIPH YTOUYHEHH] 3BAPHOTO 3'€IHAHHS:
S_p
c _¢e2
K& =~ (%)

I'padiune Bupaxenus (5) mnpexacraBieHo Ha puc.3. Xo4a 3HAYCHHS KKCpi HE3Ha4YyHO
BIJIPI3HSIOTHCS BiJl OAMHUII, MPOTE BOHU IIKaBI THM, IO B MPUHIIMII JO3BOJSIOTH JAOMYCKATH B
TpyOl neski mocialleHHss OKpeMHX 30H 0e3 mkoau Juis MinHocTi Tpyou. Lle ocnmabneHHs Moxke
OyTH TUM OUTBIIMM, UMM BHIIE IUIACTUYHICTh MaTepiaiy.

PyiinyBaHHs TpyOM Hpu LbOMY, NMPHUPOJHO, BiOyAeTbCs Mo ociabieni ausHui. OnHe
MicCIle pyHHYBaHHS BJIaHOMY BHIIQJIKy HE Ma€ IMPUHIMIIOBOTO 3HAYCHHS, OCKUIBKH MPH JOCSTHEHHI
B TPYOl THCKY Pmax, BOHA BCE OJIHO PYHHYBAaTHMETHCS HE3aJIEKHO BiJl TOTO, € B Hilf OcabiIeHHs i
Hi.

[lpy moxanbiioMy ociabieHHi MIIHOCTI 3BapHOro 3'eaHaHHs Ky, < KKCp TpyOa Oyme
pyHHYBaTHUCS Ha 3pOCTAarOYiil il aiarpamu "Tuck — nedopmartis’.

¢

K,

Kp Prmax 03

Ppasp

0,75 4

0,975 -

0,50 4 0.1

0,95

0,925 . .
0 0.1 0.2 & 0 0.25 0,50 0.75 K
a) 0)
Puc.3 — I'padiuni 3a71€KHOCTI BIUIUBY':
a) IOMyCTUMOTO 0CIa0JICHHS MIITHOCTI 3BApHOTO 3'€IHAHHS BiJI IUTACTUYHOCTI METAY; 0) MIIIHOCTI
MO3/TIOBXXHBOTO 3BAPHOTO 3'€THAHHS Ha BITHOCHY MIIHICTh TPYOH.

[IpoBiBIIM psig MaTEMaTHYHUX OIEpalliid, OTPUMYEMO 3aJIeKHICTh BIJIHOCHOI MIITHOCTI
3BapHUX TpYyO Bija Koedimienta K*:
Pposp _ KSQNB)P W) ©)
Pmax exp(\/iei/z)
Sxi cming Oyno odYiKyBaTH, BITHOCHA MIIHICTh 3BapHHX TPyO HE MPSIMO MIpPOMOpIliHA
ocnabneHHio 3BapHOro 3'eqHanns K. I'padiune Bupaxenns (6) mna pisuux €5=¢,=0,1;0,2;0,3
MPEJICTABJICHO Ha PHC.3.
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Bucnoexu

TakuM 4YMHOM, CTaH MeTaly TpyO MaricTpajibHHX TpyOONpPOBOAIB, OCOOJMBO iX 3BapHHUX
3€IHAHb, 3AJIEKUTh HE TUIBKU BiJ TEPMiHY eKCIUTyaTtallii, aje i BiJl CHJIIOBUX IapaMeTpiB, IO
pI3HOMaHITHI Ha Pi3HIA BiAmami TPyOW BiJ HACOCHOI CTaHINi. BijabIl BHCOKWN piBEHb IeperaiB
po6OYOro TUCKY B TpyOONpOBOJaX MiABHILYE CEPEAHIM PiBEHb HANIPYT, IO Ail0Th HA CTIHKH TPYO, 1
crpuse OUIbLI IHTEHCUBHOMY MPOTIKAHHIO MPOIIECIB CTApiHHS 1 HAKOMUYEHHS 1e(DEKTIB.

[1ix yac poGotu TpyOU BiUyBarOThCA MEpenaan TUCKY, TEMIIEPATypH, AUHAMIYHI 1 CTATUYHI
HAaBaHTAXKEHHsI, 1[0 CTBOPIOE YMOBH JJIsl MPOTIKaHHSA B MeTam JedopMariiiHOro CTapiHHS, IO
MPHU3BOIUTH JI0 TIABHUINEHHS OMOPY MIKPOIUIACTUYHOI JedopMallii i 301IbIICHHIO HEOE3MEKH MOSIBU
B MeTajl JIOKaJIbHUX «ITIKiB» Hampyr. BHACTIIOK 1Oro B XO1 €KCILTyaTaiii TpyO 3MEHIIYEThCS
MO>KJIMBICTh peiaKcalii JOKaJbHUX HANpyr y BEpIIMHI HaJpizy abo TPIMHU, IO MPU3BOIUTH 10
MTIIBUIIEHHS CXUJILHOCTI CTaJll IO pyWHAIIIi.

[Momani pe3ynbTaTd AOCTIKEHb JO3BOJSIOTH 3pOOWTH BHCHOBOK, IO JJI OI[IHKU
HAJIHHOCTI MeTajdy TpyO MicCJs TPUBaAIOi €KCIUTyaTaiii HeJIOCTaTHbO TPOBEJICHHS CTaHIapPTHHUX
JOCTIKEHb MEXaHIYHUX BiacTUBocTe. KpurepismMu OLIHKA HAAIHHOCTI TOBHHHI OyTH
XapaKTepUCTUKHU OMOpY pyHHaIli K KUIHIIEBOIO 3BAPHOTO 3€HAHHA, TaK 1 OCHOBHOI'O METaly, Ha
3pa3Kax 13 TOCTPUM Ha/pi30M a0o TPIIMHOI0, HAOIMKEH] 10 JIOKAIBHUX 3MiH CTPYKTYPHOTO CTaHy
ctami. JIns 3MeHImeHHs: HeOe3neKn pyrHaIlii TpyoonmpoBOAiB, eKCIuTyaToBaHUX OUIbIT Hik 30 POKIB,
HEOOX1THO BpaXOBYBaTH KOHIICHTPATOPH HAMIPYKEHb METAITy TpYO y pe3ynbraTi nedopMariiioHOro
CTapiHHS.

Iepeaik giteparypuux mxepen: 1. [IpouyHocTs cTtanu B Kopo3uoHHOU cpene./ Kapnenko
I'.B. // M.:Mamrus, 1963, 188 c.2. Kopo3siiiHo-MexaHiuHe pyWHYBaHHS 3BApHUX KOHCTPYKIIIi./
[Toxmypcwkuii B.1., Menexos P.K. // K.: HaykoBa nymka, 1990, 347 c. 3. Koppo3noHHas ycTajaocTh
metauioB./ [Toxmypeekuit B.I. // M.: Metanyprus, 1985, 207 c. 4. BrumB HaBOJHCHHsS Ha
KOpO31{HO-MEXaHI4Hl BJIACTUBOCTI 3BapHMX IIBIB raszomnpoBoniB / Kpuxkanisebkuit €.1,
TapaeBcbkuii O.C., Iletpuna J[.FO. // PosBinka Ta po3poOka HaA(TOBHX 1 Ta30BHX POJOBHIIL. —
2005 - Nel(14) — C. 25-29. 5.. BriiuB HEepiBHOMIPHOCTI Ta30CMOXKHUBAaHHS Ha HANpYKEHWH CTaH
tpybompoBoay / Kpuxaniscekuii €.1., Tapaescekuit O.C. // Po3Biaka ta po3poOka HaQTOBHX i
ra3zoBux pojosuil. — 2004. - Ne3(12). — C.31-34. 6. UyTnuBiCTh 10 BOJHEBOI KPUXKOCTI 3BAPHOTO
3eqHanns crani 171'1C marictpansHoro razompoBony / Hupyneauk O.T., KpmxkaniBcekuit €.1.,
Tapaescbkuit O.C. // @i3.-xiM. MexaHika MaTtepiaiiB. — 2004. -Ne6. — C. 111-114.

Peuenzent: Knumenko I'.I1., n.1.1., ipod., ATMA
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ACIIEKTH BIUIUBY KOHLIEHTPATOPIB HATIPY)KEHb HA TEXHIYHUI CTAH
TPUBAJIO EKCIVIYATOBAHUX MAT'ICTPAJIBHUX TPYBOITPOBO/IIB
TapaeBcbkuii O.C.

[IpuBenenuii aHayli3 YMHHUKIB, IO BHUKIWKAIOTH IEpeaYacHy PyHHAIII0 MariCTpaJbHHUX
TpyOONPOBOIIB IMOKa3ye, 10 OCHOBHHUMHM NPUYMHAMH pPYyHHAIi € KOHIEHTPATOPU HABAHTAKCHb
MEXaHIYHOTO TOXOJKEHHs (MOAPSANUHHU, HAJPI3U, KOHCTPYKTHBHI AepekTH) 1 AedexTH, IIo
YTBOPIOIOTBCS B PE3YJIbTaTi TPUBAIOTO KOHTAKTY METalIy 3 KOpo3iiiHuM cepenosuuieM. [Ipu npomy
BapTO BpaxyBaTH, 1[0 PYHHAIlsl CTa€ MOKJIMBOIO HAaBITh 32 YMOBH JIFOYMX HAaBaHTa)KEHb, 110 HE
MEPEeBUIIYIOTh MaKCHUMAaJbHO JOMYCTUMi, a B Pe3y/lbTaTi 3MiHM CTaHy MeETally B XOJi TPHBAJOi
eKCIUTyaTallil, 110 MPU3BOIUTH IO 3HMKEHHS OIopy pyiHaii. Ll 3MiHa cTpyKTypHOroO CTaHy MOXe
OyTH TMOB's3aHa 3 MpOIlECaMU CTAPIHHSA MeETally, MiJBUIICHHSIM BMICTY BOJHIO, 30iTbIICHHIM
BHYTPIIIHIX HAMPYT 1 HAKOMMMYEHHS e(PEKTIB TUITY MIKPOTPIIIUHH.

ACTIEKTbI BJIUSIHU S KOHLIEHTPATOPOB HATIPSIKEHUI HA TEXHUYECKOE
COCTOSHUE AJIUTEJIBHO SKCIUTY ATUPYEMBIX MAT'MMCTPAJIBHBIX
TPYBOITPOBOJIOB
Tapaesckuii O.C.

[lpuBeneHHblii aHanmu3  (aKTOPOB, BBI3BIBAIOMIMX  MPEXKICBPEMEHHOE  pa3pylIeHHUE
MarucTpajJbHBIX TPYOOIIPOBOIOB, MTOKA3BIBAET, YTO OCHOBHBIMHU NPHUYWHAMHE Pa3pyIICHUS SIBISIOTCS
KOHILICHTPATOPBl ~ Harpy30K  MEXaHHYECKOrOo  TPOUCXOKAEHUsS  (IapamuHbl,  HaJgpe3bl,
KOHCTPYKTUBHBIC AC(PEKTh) U JeeKThl, 00pa3ylomuecs B pe3yibTaTe JIUTEIHHOTO KOHTAKTa
MeTalyla ¢ KOPPO3HOHHOW cpenoi. IIpm 3TOM ciemyeT y4ecTb , YTO pa3pylIeHHE CTAaHOBUTCS
BO3MOYKHBIM JIa)Ke TPU JEHCTBYIOIIMX HArpy3kax, HE MPEBBIIIAIONINX MAKCHMAJIBHO JIOIYCTUMBIE,
a B pe3yNbTaTe N3MEHEHUS COCTOSIHUS METalla B XOJI€ [UINTEIILHOM HKCIUTyaTalliH, YTO TPUBOAMT K
CHIDKEHHIO COTIPOTHBIICHHUS Pa3pyIICHUIO. ITO U3MEHEHHE CTPYKTYPHOTO COCTOSIHHUS MOKET OBITh
CBSI3aHO C TIPOLIECCAMH CTApPEHUS METalla, MOBBIIICHUE COJCPKAaHUS BOJOPOAA, YBEIHMUCHHE
BHYTPEHHUX HANPSHKCHUN M HAKOTUICHHS 1€(EKTOB THUITA MUKPOTPEIIHHEI.

IMPACTS OF STRESS CONCENTRATORS ON THE TECHNICAL STATE OPERATED A
LONG TRUNK PIPELINE
Taraievskiy O.S.

The analysis of the factors that cause premature destruction of pipelines shows that the main
causes of the destruction hubs are loads of mechanical origin (scratches , cuts , structural defects)
and defects that are formed as a result of prolonged contact of metal with the corrosive
environment. It is worth considering that the destruction is possible even if the operating loads that
do not exceed the maximum allowable , as a result of changing the state of the metal in the long-
term operation , which reduces the resistance to destruction. This change in structural condition may
be associated with the aging process of the metal, increasing hydrogen content, increasing the
internal pressure and the accumulation of defects such as cracks.

KirouoBi cnoBa: KoHueHTpaTtop Hampyr, 3BapHE 3’€IHaHHS, 3BapHHUI II0B, ra3ompoBi,
CTaTUYHC HaBaHTAaXCHHA, HU3bKOYACTOTHC HaBAHTAXXCHHS.

KitoueBbie cioBa: KoHLEHTpaTOp HampshKEHWM, CBApHOM IIOB, ra30IpPOBOA, CTaTHUECKAs
Harpyska, HU3KO4aCTOTHBIC Harpy3KHU.

Key words: Stress concentrators, weld of unity, weld, gas, static load, low-frequency loads.

Hara HagxomkeHHs ctatti: 24rpyans 2013 p.
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INIABUIIEHHA EPEKTUBHOCTI PEMOHTHOI'O 3BAPIOBAHHSA
BEPCTATHOI'O OBJIAJIHAHHSA

Po3BuTOoK CcydacHOro MamuHOOYAyBaHHS B 3HAYHIA MiIpi 3aJI€KWATh BiI SKOCTI 1
Ipane3JaTHOCTI OOJIaAHAHHS JUIA BHUTOTOBJIICHHS JeTaineil MmamuH Ta arperartiB. OgHMM 3
HaWBIIMOBITAIBHINIMX €TaIlB BUTOTOBJCHHS JCTAJlICd /IS BaXXKOTO0 MAaITMHOOYAYBaHHS € iX
CTBOPEHHSI Ha CIICIiaJJbHOMY TEXHOJOTIYHOMY oOOJIafHaHi (BEpCTaTHOMY, HPOKAaTHOMY), BiJ
MpaIe3aTHOCTI KO0 3ajJeKUTh TOYHICTH 1 AKICTh BHroToBieHoi mpoaykiii[l-5]. B ymoBax
BUPOOHHUIITBA TPAIUISIOTHCS BUMAJAKH TOJOMKH TEXHOJOTIYHOTO OOJaJHAaHHSA, OCOOJIMBO YacTi
BUITAJIKW BUHMKHEHHS TPINIMH B CTaHWHI KOPIYCY BepCTaTa, BHACIIIOK MOCTIMHUX TWHAMIYHHUX
HaBaHTaXeHb. [lomanpla eKCIuTyartaliss BepcTaTa MOXE NPUBECTH JO MOBHOTO pPYHHYBaHHS
CTaHHHU Ta 3aTPOXKYE 3yIMUHKOIO YChOro BUPOOHHUIITBA[1].

TakuM 9uHOM, PO3pOOKa €PEKTUBHOT TEXHOJIOTII PEMOHTY JO3BOJUTH IIBUIKO BiJTHOBHTU
TEXHOJIOTIYHEe OOJaJHaHHA Ta TOJOBXHUTHU CTPOK EKCIUIyaTallii, mpu 30epekeHHI BaKIUBUX
TEXHIYHUX XapaKTEPHUCTHUK.

Metoro poOOTH € MiABHINCHHS €(QEKTUBHOCTI IPOIECY BIJHOBICHHS TEXHOJIOTTYHOTO
o0JaTHaHHS 32 PaXyHOK BJJOCKOHAJICHHS TEXHOJIOT1i PEMOHTHOTO 3BapIOBAaHHS.

[IpoBeneHuit aHami3 OCOONMMBOCTEH KOHCTPYKIII Ta TEXHIYHOTO CTaHY TEXHOJIOTIYHOTO
o0JIaTHaHHS Ha 3aBOJaX BAYKKOT'O MAIIMHOOYAYBaHH ITOKA3aB, M0 HAWOLIBII ONTHMAaIBHAM € HOTO
BIJTHOBJICHHS 3 BHUKOPUCTAHHSIM €JIEKTPOILUIAKOBUX TEXHOJOTIH MpH PEMOHTHOMY 3BaprOBaHI.
3acTocyBaHHS €IEKTPOILIAKOBOTO 3BAPIOBAHHS JI03BOJISIE CKOPOTUTH BUTPATH Yacy NPU BUKOHAHHI
3BapIOBAILHUX OIEpalliii, TapaHTye MPOCTOTY TEXHOJIOTTYHOTO MPOLECY 1 BUCOKY E€KOHOMIYHY
e(EKTUBHICTB, 1[0 3yMOBJIFO€ PAIliOHABHICTh 3aCTOCYBaHHSI JAHOTO CIIOCO0y peMoHTYy[1-9].

EnexTpomninakoBe 3BaproBaHHsS — 1€ CIOCIO 3BaprOBaHHS, 3aCHOBaHMI Ha BUIUICHHI Terlja
IIPU MPOXOJKEHH] EJEKTPUYHOIO CTPyMY 4e€pe3 pO3IIaBICHMN LUIaK. Y MPOCTOpl, CTBOPEHOMY
KpalilkaMyd 3BaproBaHUX BHPOOIB 1 (OPMYIOYMMH TMPUCTOCYBAHHSIMHU, CTBOPIOETHCS BaHHA
PO3ILUIABIICHOTO TIIAKY, B SAKY 3aHYPIOETHCS METAJICBHHA CTPUIKEHB - elleKTpoa. CTpym, IpOXOIsTIH
MK €JEeKTPOJOM 1 OCHOBHMM METajJOM, HAarpiBae po3IUIaB 1 MIIATPUMYE B HbOMY BHCOKY
TeMIIepaTypy 1 €JIEeKTPONMpPOBIAHICTh. TemmepaTypa NUIAKOBOI BAaHHM TOBHHHA TMEPEBUIIYBATH
TeMIepaTypy IUJIaBI€HHS OCHOBHOTO 1 eleKTpoaHoro merany. lllnak posmiaBise 3aHypeHUil B
HBOTO €JIEKTPOJ 1 Kpaiku BuUpoOy. Po3miaBieHuil OCHOBHUW MeETall pa3oM 3 EJIEKTPOJIHUM
30UpaeThcsa Ha JHI IIJJAKOBOI BaHHH 1 YTBOPIOE METaJeBy BaHHY, sKa MPHU KpUCTaTi3allli CTBOPIOE
3BapHuii mog[6, 7].

[Ipu enexTpolUIaKOBOMY 3BaprOBaHHI Maibke BCS €JEKTpUYHA TOTYKHICTh TEPENaeThCs
[IUTAKOBIA BaHHI, a BiJ HEi €IEeKTPOAY 1 OCHOBHOMY METally. YMOBOIO CTaOUIBHOCTI TMPOIIECY €
MOCTIHHICTD TeMIIepaTypH HUIAKOBOI BaHHM, 1HAKILIE Ka)Ky4dH, PIBHICTh TeIa IO OTPUMYETHCS 1
BigmaeThesa[6]. Takum YMHOM MiABHICHHS e(DEKTHBHOCTI €JIEKTPOIUIAKOBOTO 3BAPIOBAHHS 1 IKOCTI
3BapHOIO 3’€IHAHHS 0arato B 4OMY 3aJ€XKHUTh BiJI CKOPOUEHHS TEIJIOBUX BHUTPAT 3BapIOBAJIHLHOIO
IIPOLIECY.

BcranoBneno[6], 1mo mpu eIeKTPOILIaKOBOMY 3BapIOBaHHI HE BCS IIUIAKOBA BaHHA €
JOKEPEJIOM TeIla, a JIWIIE 1i IUISTHKA, 110 TPUMHUKAE JI0 TOpIIA eleKTpoaa. YacTuHa TerioTu, a came
KOPHCHA TEIJIOTa, KA BUAUISAETHCS B IIUIAKOBIM BaHHI, BUTPAYAEThCS: HA TUIABIICHHS €JIEKTPOIHOTO
MeTaly, Ha IUIaBICHHS OCHOBHOIO MeTally, Ha IulaBlieHHS Quiocy. Butpatu terotu Ha
BUIIPOMIHIOBaHHS CTaHOBIATH 5,1%, B TOH 4ac Sk Ha IUIaBJICHHS €JIEKTPOAY B IIJIAKOBiM BaHHI HE
nepesuiye 11,3% (Big 100% TtemnoBoro OanaHcy). 3MEHIIEHHS BUTpaT TeIjia J03BOJHUTH
MOKPAIIUTH €(PEeKTUBHICTh EIEKTPOILIAKOBOTO MPOLECY 1 3SMEHITUTH €HEPrOCIIOKHBAHHS.
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ExcriepumeHTH TpPOBOAMIM Ha CTaldX, SIKI 3HAWNUIA IIUPOKE BHUKOPUCTAHHS IS
BUT'OTOBJICHHS TEXHOJIOTTYHOT0 00JaiHaHHs, 30KkpeMa ctanb 35J1 1 crans 40XH2MA.

Jlist cepeiHbO BYTJICLIEBUX CTallel XapaKTepHUN MiJBUILEHUI BMICT BYTJICLIO, 10 BU3HAYAE
3HaYHI TPYAHOII TpH 3BaproBaHHI. lle MOB'I3aHO 3 MOHMKEHHSIM CTIMKOCTI METaly IIBa MPOTH
YTBOPEHHS  KpHCTaNi3alliifHUX  TPIIMH, TOMY paliOHATBHUA MIAXiA A0  TEXHOJOTIi
€JIEKTPOIIIIAKOBOTO 3BapIOBAHHS 1 10 BHOOPY PEXHUMIB 3a0€3MEUUTh CTIHKICTh MPOIECY 1 AKICThH
3BapHOTrO 3'enHaHHsA[3, 4].

[Ipu enexkTponuIakoBOMY 3BaplOBaHHI NMPHYMHOIO ITip, TPIimKH 1 (piiokeHiB (0coOJMBO B
JIETOBAaHMUX CTAJISIX)MOXKE CIIY’)KUTH BOJICHb. BiH 3HIDKY€ MIACTUYHI BIACTHBOCTI METally BHACIIIOK
TaK 3BAHOIO BOJHEBOIO OXPYIMUYyBaHHS 1 3HIKYE HOro BTOMHI BiactuBOCTi[2, 3]. Boacus
MOTPAIUISIE B METAJ IIIBa 3 OCHOBHOT'O Ta JIOJIATKOBOTO METAIIB, 13 3aXMCHOI0 ra3y 1 MaTepiaiB, 0
BXOJISITh J0 CKJIaay MOKPUTTS abo ¢urocy. BiH y BCiX BIIHOIIEHHSX € IIKiAJIMBOIO JOMIIIKOO.
[TigBUIIEHHS BMICTY BOJHIO B METaJli IIBa MPU3BOAUTH JI0 3HIKEHHS HOTO IIACTUYHOCTI, CTIKOCTI
MIPOTH MEPEXO01y B KPUXKUN CTaH, a TAKOXK MIPOTH YTBOPECHHS KPUCTAMI3aIMHUX TPIIUH 1 BUKIIUKAE
YTBOpEHHS Mip 1 (prokeHiB. Pi3ko HeraTUBHUIA BIUIMB BOJHIO MMO3HAYAETHCA MPH IMIABHUILCHHI BMICTY
B ME€TaJll IIIBa XpOMY 1 HIKEJTIO.

B ocHOBy nmocmimkeHHs MOKIaeHui crocid padiHyBaHHS CTalli BiJl BOAHIO MPH SIKOMY, Y
nporeci EIII3 cTBoproeThes MpUMyCOBUM TpalieHT OKUCIICHHS IIJIaKy MPOTUIICKHHUI TPUPOTHOMY,
10 CTBOPIOE CIPHSTIMBI TEPMOAWHAMIYHI YMOBH JJIsi BHIAJICHHS BOJHIO 3 MeTany. [Ipu mpomy
croco01 TMOBEpXHs MUIAKy PO3KHUCIIOETHCS BYIJICHIEBUMH MartepialaMu, a y IUIaK BBOJUTHCSA
OKHCIIIOBAY.

Po3poOsiena TexXHONOTiSI €JIeKTPOIJIAKOBOTO 3BAapIOBaHHS Iependadyae BUKOPHUCTAHHSA
CTeliajJbHOI €KpaHylouoi IUIACTUHH, KA YTPHUMYETbCS Ha TOBEPXHI PO3IUIABICHOTO MUIAKY 3a
paxyHOK CBO€l HH3BKOI IMUIBHOCTI. [IpocTip MiX €KpaHyHOYOK IIAaCTHHOK 1 MIIAKOM
3alOBHIOETHCS TEPMOPO3LIMPEHUM TpadiToMm, SKHH 3MEHIIye BMICT BOJHIO Ta pa3oM 3
€KpaHylouOl IIJJACTHHOI0 3HAayHO ckopouye (Ha 92%) BTpaTH KOPHCHOTO Teja Ha
BUNIPOMiHIOBaHHA. TaK, SIK TepMOPO3IMMpPEHUH IpadiT 3HAXOIUTHCS i EKPAHYIOUOIO IIACTHHOIO,
TO MOr0 BTPATH MPH BUTSDKI BUCXIHUX ra3iB MiHiManbHi (puc. 1).

1 — 3BaproBaHa JeTanb; 2 — eKpaHyloua IIacTHHA; 3 — TePMOPO3LIUpEHUH rpadiT;
4 — muTakoBa BaHHA; 5 — PO3IUIABIICHI €IEKTPOJIHNHN 1 OCHOBHUI MeTain; 6 — 3BapHUIA 1IOB,;
7 — MiJIHI TIOB3YHH; § — €JIEKTPOAHHMA ApiT; 9 — MYHIIITYK JUIS MiIBEICHHS CTPyMY,
10 — mexaHi3M 1mojadi eIeKTpoaa
Puc. 1 — Cxema mporiecy e1eKTpOILIaKOBOTO 3BapIOBAHHS
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Ilpu tepmopecTpykKiii TepMopo3mMpeHuid rpadit pizko 30ibmIyeThest B 00cs3i B 30-40
pasiB, y pe3ynbTaTi IbOTO ITIBHICTH 3’€qHAHHS rpadity 3menmyerses o 80-100 r/v® i cymim
3100yBa€e TEIUIOI3OMIALINHI BJIACTHBOCTI. YTBOPIOETHCS 3aXUCHA <«IIOJYIIKa» HAJ PO3IJIaBOM
nuiaky. ICHyBaHHs 3aXMCHOI «IIOAYILIKH» OOYMOBJIEHO HU3BKOIO IIUIBHICTIO TEPMOPO3LIUPEHOTO
rpadiTy, a BUCOKA IBUIKICTh OKHCIIOBAHHS HOT'O MIJIKOJMCIEPCHUX YaCTOK CHpUsie €PEeKTUBHOMY
padinyBaHHIO cTaji Bil BoaHio. CrerjasbHa rpadiToBa ekpaHyloya IUIACTUHA 3HUXKYE BTpaTH
TEPMOPO3IMIUPEHOTO TpadiTy, CIPUAIOUYN HOPMAIBLHOMY MPOTIKAHHIO MPOIECY €IEKTPOLLIAKOBOIO
3BApIOBAHHs, 3HW)KYE Yaj JIETYIOUMX €JIEMEHTIB, 3aXMIIA€ IIIaK BIJ BIUIMBY aTMOC(heEpH,
CKOpPOYYEThCS MHTOMA BUTpaTa €NEKTPOCHEPTii, 3HIWKYIOUH pajialliiiHi BTpaTH TeIula 3 MOBEpPXHi
[UTAKOBOI BaHHHU.

3rigHo [6] pO3UMHHICTD BOJHIO B IIUIAKAX 3AJIEKHUTH SIK BiJl MapLiadbHOTO TUCKY BOJHIO, TaK
1 BiJl apIiialbHOTO THCKY KUCHIO y ra3oBii da3zi (1) :

Ch, = Ku, Py,” (P,)"/%, (1)
ne Cfy, — PO3YMHHICTB BOJHIO;

K}, — KOHCTaHTa PiBHOBArH BOJIHIO;

Pl}z/ Z_ napIiaJbHUN TUCK BOJHIO,

(P§,)** — mapuianbHuii THCK KHCHIO.

3 pO3TIISHYTOI 3aJIeKHOCTI BUIUIMBAE, 1110 PIBHOBAXKHA 3 aTMOC(EPOI0 KOHLEHTPAILisl BOJHIO
y EJEKTPOIIIAKOBUX TEXHOJOTISIX MOMIIMBA JIMIIEC TPU BIJACYTHOCTI Tpajli€HTAa OKWUCIIOBAHHS IIO
TOBILIUHI IUIAKOBOTO IIapy. Y peajbHUX YMOBAX 3MICT BOJHIO B METalli BU3HAYAETHCS OJHOYACHO
MPOTIKAIOUUMHU TpoLiecaMy HOro BUIAJIEHHS 1 HAaIXOHKeHHA B MeTaj. DakTUYHAa KOHIEHTpaLis
BOJHIO TIPH €JIEKTPOILJIAKOBOMY 3BapIOBAaHHI 3aBXAM Oyle NparHyTd JO BEIUYMHHU BUILE
piBHOBaxHOi [6, 7, 8]. 3MIHIOIOYM OKHCIIOBAaHHSA TIOBEPXHI MIJAKy 3a JOIMOMOTOI0
TepMopo3mupeHoro rpadiry (y ckiaai SKOTO 3HAXOIUTBhCS BYIJICLb-PO3KUCIIOBAY), TOOTO
3MIHIOIOYH I'PATIEHT OKUCITIOBAHHS LUIAKY MPUMYCOBO 3HM)KYEMO KOHIICHTPAIIIO BOJIHIO B METAJIl.
[poriec BinOyBa€eThCs 3aBIASKHA B3aEMOJIT IIOTOKY BOJHIO 3 TIOTOKOM KHUCHIO.

Jlis 3HMKEeHHsT HeOe3MeKH BYIJICLEBOTO HACHYEHHS METally JI0AATKOBO Y ILIUIAKOBY BaHHY
BBOJIUTHCS OKHUCTIOBaY . OKUCITIOBaY BBOJUTHCSA Y BHJII IIMATKIB IMOPOIIKOBOI CTPIYKH, KA MICTHTb
1-2% d¢ropuny rpadity. Beemenns 1-2% dropuny rpadity B oceps IMOPOIIKOBOI CTPIYKH
HEOOXITHO I 3armo0iraHHs po3IUIaBIIOBaHHS IpadiTy Ha MOBepxHi nuiaky. [loTpamnsioyn B muIak
000JIOHKa TIOPOIIKOBOI CTPIYKH PO3IUIABISIEThCS, HarpiBaroun ¢rTopun rpadity, MmO NpH
TeMIepaTypi TEPMOJECTPYKIII CITydyeThCsl, PpO3IMIMPIOETHCS BHUINTOBXYE OKCHJ 3aj3a 3
MOPOIIKOBOT CTPIUKH 1 PO3MOALISAE OKCUJ 3a1i3a Mo 00'eMy Iu1akoBoi BaHHU. OKCH 3alTi3a 3HIKYE
BMICT BYIJICIIO BHACIIZOK peakiii BiHOBIEHHS 3aii3a [9]. TakuM unHOM, OKCHJ 3aii3a B IUIAKY
yCyBa€ BYTJeIeBE HACHUEHHS METaly.

Ilo xomy 3BaproBaHHS 3 METaJE€BOi BaHHHM KBApIOBUMHU MPOOOBIAOIpHUKAMH TEPiOAHIHO
BiOMpany mpoOM PiAKOro MeTajy, MIiCis 3arapTyBaHHs MPOOW IMOMIIIAJXM B €BIIOMETPH 1 MiCis
BUTPUMKH 5-6 mi0 BH3HAYaaM BMICT BOAHIO. BMICT BOAHIO B MeTaji BH3HAYAIN IIITXOM
IiICYMOBYBaHHS KiJIbKOCTI BOJIHIO, SIKMl BHJIUIMBCS y €BIIOMETpaxX 1 B THX K€ MPoOax METOIAOM
BaKyyMHOI'O HarpiBaHHs. B pe3ynbTaTi BUMIPIOBaHb NPU BBEJIEHHI PO3KUCIIOBAYiB KOHIIEHTpALis
BOJIHIO 3HM3MIach Bix 3,9 cM®/100 r 1o 1,9 em/100r.

EnextpomiakoBe pEeMOHTHE 3BaprOBaHHS EKCIEPUMEHTAIbHUX 3paskiB 31 cram 35J1
IIPOBOJMIIM Ha peXUMax: CKIaJaabHUK 3a30p — 40 MM; HIBHJIKICTh 110/1a4i 3BapIOBAJILHOTO JIPOTY —
120 m/ron; Hanpyra 3BaproBanHs 50-53 B. 3BaproBanHs 3pa3kiB 3i crani 40XH2MA npoBoauinu Ha
HACTYIHUX pEeXUMax: CKIaganbHuil 3a30op — 40 MM; MIBHIKICTH 10/a4i 3BaplOBAJIBHOTO JIPOTY —
60 m/rox; Hampyra 3BaproBaHHs 46-48 B.B skocTi 3BaproBaJIbHUX MaTepiaiiB JUIsA 3pa3KiB 13 cTaii
35J1 1 crami 40XH2MA BukopucroByBainu: 3BaproBanbHuii apit CB 1012 i OK Autrod NiCrMo-3
niamMeTpoMm 3 MM, BiamoBiaHO; (atoc AH-8.

3BaploBaHHs MPOBOAMIIOCA Ha 3MIHHOMY CTpPyMi Bifl 2-X TpaHC(OPMATOPIB BKIIOYCHHUX
napajeiabHO 3a OJHO(A3HOI CXeMOI0. Y Mpolleci 3BaproBaHHS 31HCHIOBABCS KOHTPOJIb CTPyMY,
nojavi JpoTy, MIBUJIKOCTI 3BaplOBaHHSA 1 3MIHM TeOMETpii CTUKY. 3MiHM TE€OMeTpii CTHUKY
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BU3HAUAJIKCS 32 KepHAMHU, HAHECEHUM TI0 JOBXHHI CTUKY. [lopsSaok HaHECEHHsI TOYOK MOKa3aHMA
Ha puc. 2.

2

) O e I
| |

3:“‘/ ¢

2¢ o

1¢ o

Puc. 2 — Ilopsiiok HaHECEHHs TOYOK Ul 3aMipy 3MiH F€OMeTpii CTHUKY

3aMip MK TOYKaMM IPOBOJMBCS /10 3BApIOBAHHS, B MPOLECI 3BapPIOBaHHSA 1 MiCJIsl TTOBHOTO
OXOJIOJDKEHHS 3pa3ka. Pe3ynpTaTel 3aMipiB 3BaprOBAJIBHHUX 3pa3KiB IMOKA3ald, IO 3MiHA TeOMeTpii
CTHUKY 3HaXOJIUThCS B MEXKaX HOPMHU.

JIiss  OWIHKM SIKOCTI 3BapHUX 3'€JIHAHP BUKOHYBAIW NUTI(QYBAaHHS TEMIUICTIB, 3HATTSA
cipuaHMX BIIOWUTKIB i TPABJICHHS JJIsl BUSIBICHHS MaKpOCTPYKTYpH (puc. 3, 4).
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PI/IcyHok 3- MaKpOCprKTypa €JIEKTPOILLIAKOBOTIO 3 ‘e iHAHHS 31 cTa 35J1 (xlOO) .‘

VY pe3ynbTaTi IPOBEIECHOrO JOCIIIKEHHS PO3pO0IeHA TEXHOJIOTSI PEMOHTHOTO 3BapIOBaHHS
€JIEKTPOIIAKOBUM CIIOCOOOM, a TaKOX JOCHIKEHO (aKTOPH,iKi BIUIMBAIOTh Ha €()DEKTUBHICTH
MIPOLIECY 1 AKICTh 3BAPHOTO 3'€/THAHHS.

44



ISSN 2222-9000 HaziifHicTs iIHCTpYMEHTY Ta ONITUMI3aIlisl TEXHONOTIYHUX cucTeM. Bum. Ne33, 2013

g

Puc. 4 — MakpocTpyKTypa elaeKTponuiakoBoro 3'eqaanns 3i ctani 40XH2MA (x100)

Bucnoeku

1. Po3po6iieH0 TeXHOJIOTIYHMI MpOIIeC eIEeKTPOIITIAKOBOTO 3BaplOBaHHs, KUN 3abe3neuye
padinyBaHHs cTami BiJl BoAHIO Ha npukmianl craneid 35J1 ta 40XH2MA. B npoueci 3BaproBaHHS
BUKOPUCTOBYBAJIM CIELiajbHy €KpaHylouy IJIaCTUHY, sIKa 3arolirae BTpaTaM TEPMOPO3LIMPEHOTO
rpadity mpu BUTSDKLI BUCXIJHUX Tras3iB, Ta jgonomarae Ha 92% 3MEHIIWTH BUTpPATH KOPHUCHOTO
TEIUIa Ha BUIIPOMIHIOBAaHHS.

2. 3adikcoBaHO, IO MPU BBEIEHHI B NIIAKOBY BaHHY PO3KHCIIIOBA4Ya KOHIICHTPAIliS BOIHIO
3HIKYEThCA 10 1,9¢Mm*/100r.

3. OTpuMaHO CKJaJ 3BapHOTO IIBAa MAaKCHMAJIbHO OJIM3BKHH 32 CKIAJOM JI0 OCHOBHOTO
MmeTany. TpilminHYU, MOPH, HAAPUBH BIICYTHI, B METaJl 1IIBA HEMETAJIYHUX BKIIFOYEHb HE BHUSIBIICHO.
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cns6iara. / B. M. CemenoB, I'. B. IBanmk, B. JI. Kaccos, B. K. 3abmnoupkwmii / HaniiHIiCTb
IHCTpYMEHTY Ta ONTHMi3allis TexHosoriyHux cucteM. — 2012, — Bum. Ne31. — C. 174-179. 2.
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MMIIBUILEHHA EOEKTUBHOCTI PEMOHTHOI'O 3BAPFOBAHHA BEPCTATHOI'O
OBJIAJIHAHHA
IBanuk I'.B., Kaccos B./I., JIutBunenko C.M.

BukonaHo aHami3 Cy4acHOTO CTaHy TEXHOJIOTIYHOTO (BEpPCTATHOTO, TPOKATHOTO)
ycraTtkyBaHHs. lIpoananizoBaHo (hakTopH, SKi BIUIMBAIOTh Ha SKICTh 3BapHOrO 3'€THAHHS.
Po3pobiieno  edekTHBHY  TEXHOJOTIIO  €JIEKTPOIIIAKOBOTO  3BapiOBaHHS I PEMOHTY
TEXHOJIOTIYHOTO OOJaJHaHHA, LI0 J03BOJIA€E BUKOHATH padiHyBaHHA cCTalxl BiJg BOJHIO 3
BUKOPUCTAHHSAM TEPMOPO3MUPEHOTr0 Tpadity. 3 METO CKOpOYEHHS TEIUIOBHX BTpaT Ha
BUIIPOMIHIOBaHHS B IPOIIECI €IEKTPOILIAKOBOTO 3BAPIOBAHHS, CTBOPEHO CHEIIAILHY €KpaHYIUy
miactuHy. g OIIHKM SKOCTI 3BapHHMX 3'€qHAHb BUKOHAHI Cip4yaHi BIAOWTKH MakpountidiB
3BapHOTO 3'€HAHHSA. AHAI3 PE3yNIbTaTiB JOCITIKEHHS IMOKa3aB BIJACYTHICTh A€(EKTIB y MBI i
OKOJIOIIIOBHOM 30HI, I1€ CBITYUTH MPO TE , [0 0OpaHa TEXHOJIOTIS €JIEKTPOIIJIAKOBOTO 3BapIOBAHHS
3abe3neuye HEOOXiIHY SAKICTh 3BAPHOTO 3'€THAHHS.

[IOBBIILIEHUE d®OEKTUBHOCTU PEMOHTHOI CBAPKI CTAHOYHOI'O
OBOPYJIOBAHU A
Heanbik A.B., Kaccos B./I., JlutBunenko C.H.

BBbIMmosTHEH aHAIM3 COBPEMEHHOIO COCTOSHUS TEXHOIOTHYECKOTO (CTAHOYHOTO, IIPOKATHOTO)
obopynoBanusi. [IpoaHanu3upoBaHbl (aKTOPHI, KOTOPHIC OKA3bIBAIOT BIMSHHE HA KadeCTBO
CBapHOIro coenuHeHus. Paspaborana 3(pdekTHBHAS TEXHOJIOTHS 3JCKTPOILIAKOBOW CBapKH IS
PEMOHTa TEXHOJIOTHYECKOTO 000pyIOBaHUS, TIO3BOJISIONIAS BHITIOTHUTh paUHUPOBAHUE CTAIIU OT
BOJIOPOJIa C HCIIOJNIB30BAHKEM TepMopo3iupeHoro rpadura. C IEIbl0 COKpAIICHHS TETUIOBBIX
MOoTeph HAa W3Iy4eHHWE B TMPOIECCe DJIEKTPOIUIAKOBOH CBapKH, CO3/JaHa CHEIHalbHAsS
SKpaHUPYIOIIas IIacTHHA. /[ OLEHKM KadecTBa CBAapHBIX COCJMHEHUN BBITOJHEHBI CEpHBIC
OTIIEYATKU MAaKpONILIU(OB CBAPHOTO COCIAMHCHHWS. AHAIU3 PE3yJbTATOB HUCCIICIOBAHMS ITOKA3aJl
OTCYTCTBHE /1e(DEKTOB B IIBE W OKOJIOUIOBHOW 30HE, CBUACTEIBCTBYIOT O TOM, YTO BBIOpaHHAs
TEXHOJIOTHUS JIEKTPOIIUTAKOBON CBAPKU 00ECIICUNBACT TPEOyeMOe Ka4eCTBO CBAPHOTO COCTUHEHUS.

INCREASE PRODUCTIVITY REPAIR WELDING MACHINING EQUIPMENT
Ivanyk H. V., Kassov V. D., Litvinenko S. N.

The analysis of the current state of the process (machine, rolling) equipment. The factors
that influence the quality of the welded joint. An effective technology of electroslag welding for
repair of technological equipment, you can do a refining of steel using hydrogen fluoride graphite.
In order to reduce heat loss by radiation during electroslag welding, a special shielding plate. To
assess the quality of welds made sulfur prints macrosection joint. Analysis of the results showed the
absence of defects in the weld and heat affected zone indicate that the selected technology
electroslag welding provides the required weld quality.

KnrodoBi cnoBa: BepcratHe oOnajgHaHHS, €JIEKTPOILIAKOBE 3BaplOBaHH:, padiHyBaHHS
cTaii, Gpropua rpadiTy, MaKpOCTPyKTypa, 3BapeHHi 1110B

Kirouesble ciioBa: CTaHOUYHOE 00OPYAOBAaHUE, IEKTPOLUIAKOBAs CBapKa, paQMHUPOBAHUS
cTanu, GpTopux rpagura, MaKpoCTpyKTypa, CBapHOIl 1110B

Keywords: Machining equipment, electroslag welding, refining, steel, graphite fluoride,
macrostructure, weld
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COBEPIIEHCTBOBAHHUE TEXHOJOI'MHU U3I'OTOBJIEHUA ITIOPOLIKOBbIX
MNPOBOJIOK CJIO KHOU KOHCTPYKIIMU 1JIs1 BOCCTAHOBJIEHUSA JETAJIEN
TEXHOJIOI'MYECKOI'O OBOPYIOBAHUA

B Hacrosiee BpeMs 3aaua o0ecrieyeHus: HEOOXOIUMBIX U 3a4aCTyH0 OUY€Hb BBICOKUX KpH-
TepueB 2G(HEKTUBHOCTH U KadecTBa TpeOyeT MpUMEHEHHUs1 Bce Ooyiee CIOKHBIX MarepuanoB. He-
XBaTKa UCXOJHBIX CHIPHEBBIX PECYPCOB BEJET K BO3PACTAHUIO 00BEMOB Pa3pabOTKH KOMITO3UITUOH-
HBIX JIeTajleil U y370B, HapYKHOE MOKPHITHE KOTOPBIX 00ECeunBaeTCsi METOJOM BOCCTAaHOBHUTEIb-
HOM HaIlJIaBKHU C MPUMEHEHUEM CIUIaBOB CIIOKHOTO XMMHUYECKOT0 COCTaBa M CTPYKTYpbl. BoccTano-
BUTEJIbHASI HAIUIABKAa METOJOM JAYTOBOM CBapKU MPEJCTAaBISIET COOOM TEXHOJIOTHMYECKUN MpoIiecc
HAHECCHUS TIOBEPXHOCTHOTO MOKPBITUS C IIENIbI0 YBEIMUCHHUS YKCIUTYaTAI[HOHHOTO CPOKa CITY>KOBI
neTanel TeXHOJIOTUYECKOTro 000PYAOBaHHUS.

DIIEKTPOAYroBasi HaIJIaBKa MOPOIIKOBOM MPOBOJIOKOW 3aHUMAET MPOYHBIE TTO3UIIUU B PEHO-
BallMU JIeTajeil MallMH U MEXaHU3MOB B Pa3jIMYHBIX OTPACIAX MPOMBIILIEHHOCTH. BbIOOp mopor-
KOBOW TPOBOJIOKH MPOU3BOJUTCSA C YYETOM YCIIOBUM HKCILTyaTallMM BOCCTAHABIMBAEMOU JETaiH,
BU/JIA 3aIUTHI, KOHCTPYKTUBHBIX OCOOEHHOCTEH JIeTaIl, UMEIOLIErocsi 000pyI0BaHUS.

st mopepkanust paboTOCIIOCOOHOCTH TEXHOJIIOTHYECKOTO 000pYIOBAHUSI 3aBOJIOB, B TOM
YHUCJI€ U CTAHOYHOI'O, €KEr0JIHO PAaCXOJyeTCsl 3HaUMTEeIbHAsl 4YacTh CpeACTB. BoccTaHOBIEHUE M3-
HOIICHHBIX JI€TaJIel MO3BOJIIET COKPATUTh PACXOJIbl Ha KAMUTAIBLHBI PEMOHT, YMEHBIIUTH PAcX0/
MeTajuia, COKpaTUTh JUIMTEIbHOCTh peMOHTa. OCHOBHAsI Macca JeTajiel M3rOTOBIIEHBI U3 CTaJbHBIX
CPEIHEYTJIEPOAUCTHIX HU3KOJIETUPOBAHHBIX cTaneil. X pa3smepsl, 3amac MpoYHOCTH, BEJIMUYMHA U3-
HOCca pabouuX TOBEPXHOCTEH 00yclaBIMBAeT BBICOKYIO 3(h(PEKTUBHOCTH MPUMEHEHHUs HAIIABKU
ITOPOLIKOBOM IIPOBOJIOKOM.

Haubonee mmpoko npuMeHseTcs MOPOLIKOBasi MPOBOJIOKa TpyOuaToi KOHCTpyKImu. OxHa-
KO OHA MMEET Psi/i HEJOCTATKOB: MPOCKINIAHWE KOMIIOHEHTOB IIUXThHI B CBAPOYHYIO BaHHY, MUHYS
CTaJIUI0 KAaIliu; HECTaOWIBHOCTh KOI(PHIMEHTa 3allOJHEHUS MPOBOJIOKU IIUXTOW; HEOTHOPO-
HOCTh HAIUTABJICHHOTO CJIOS 110 XMMHYECKOMY COCTaBY.

[TopoikoBast MpoOBOJIOKA JIJIsl CBAPKU B HACTOSAILEE BPEMs IIMPOKO MPUMEHSIETCSI BO MHOTUX
00JIaCTAX TEXHUKH U CTPOUTEIIBCTBE. XapaKTePHON 0COOCHHOCTHIO MOPOIITKOBOM MPOBOJIOKH SIBIISI-
€TCsl TO, YTO OHA MOKET UMETh MPAKTUYECKHU JIF0O0H XUMUYECKUI COCTaB ¢ OONBIIUM MPOICHTOM
aerupyromux npumeceii [1, 2]. B cuiy psiia cBoux 0COOCHHOCTEH MOPOIIKOBast TPOBOJIOKA SIBIISCT-
Csl YHUBEPCAIbHBIM 3JIEKTPOIHBIM MAaTEPUATIOM.

Lenpto pabGoThl SABISICTCS COBEPIICHCTBOBAHME TEXHOJOTUU W3TOTOBJICHHUS IMOPOIIKOBBIX
MIPOBOJIOK CJIOYKHOW KOHCTPYKLIMH JUISI BOCCTAHOBIICHHUS JETallell TEeXHOJIOTHUYECKOro 00OopyAoBa-
HUS.

[lopomkoBast ~ mpoBOJOKAa  HE3aMEHHMMa MPU  BBINOJIHEHUHM  MHOTMX  HAay4YHO-
HCCIIeIOBATENIbCKUX PaboT, T.K. MO3BOJISET MOIy4YaTh HAIUIaBJIEHHBIA METaJll MPAKTUYECKH JTI000T0
XUMHUYECKOro cocTaBa. Bce MOpOLIKOBBIE MPOBOJIOKU MO HAa3HAYEHUIO MOXHO pa3/iesIuTh Ha He-
CKOJIbKO TPYIII:

1) s HAIJIABKH CTaJIbHBIX JICTAJICH;

2) 7Sl CBapKH CTabHBIX U3JICITHIA;

3) Ui CBapKW M HAIUIABKU YYTYHHBIX M3JICIIHIA;

4) Ui CBapKU U HAIUIABKU M3ICJIMH U3 [[BETHBIX METAJLJIOB.

Yarme Bcero HarulaBJACHHBIN CJIOM JOJDKEH 00J1aaTh CTCIUATbHBIMU CBOMCTBAMH (M3HOCO-
CTOMKOCTB, CONTPOTUBJICHHE KOPPO3UHU U T.II.), JUIsl UETO CEPACYHUK MPOBOJIOKU UMEET OOJIbIIOE KO-
JIUYECTBO JIETUPYIOIIUX 3JIEMEHTOB.
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Homenknatypa HamnaBiIsieMbIX W3JIENHA B HacTosilee Bpems BechbMa mmpoka. C ycrnexom
HAIUTaBJIAKOTCA IMPOKATHBIC BaJIKW, 3aChIITHBIC allliapaTbl JOMCHHBIX neqef/i, XUMHYCCKas anmapary-
pa, paboune KpOMKH YEepIIaKOB JIpar U 3eMJICUEPIIaKOB, IITAMIIbI, KOJIEHYAThIE BaJlbl aBTOMOOUIIb-
HBIX JIBUTATENICH U JIPYTUe IETaIl TEXHOJIOTHUECKoro odopynoBanus [3].

[TopomikoBasi IPOBOJIOKA MPEACTABISACT COOOKW TOHKOCTEHHYIO METANIMYECKYI0 00OJIOUKY,
BHYTPEHHSIS TIOJIOCTh KOTOPOW 3aIllOJTHEHAa CMECHIO TOPOIIKOOOPa3HBIX MAaTEPHAaoOB, a TAKXKe JO-
IIOJIHUTCJIBHO BBOIAT METaJINUEeCKUN CCPACUHUK. O60.HO‘-IK3. IMPOBOJIOKH NPCAHA3HAYCHA IJId pac-
MIOJIOKCHHSI B HEH CITPECCOBAHHOTO CEPACYHUKA M3 IIMXTHI M MPOXOXKACHHUS FIEKTPHUECKOTO TOKA.
CCpIIG‘IHI/IK IIPOBOJIOKH, COCTOSIH_II/II‘;I N3 MCTAJUIMYECKUX U HEMCTANINYCCKUX HOpOI_HKOO6pa3HbIX
KOMITOHEHTOB IIMXTHI, JOJDKEH MPH TUIABJICHUH JIETUPOBATh U PACKHUCIITh METAJI IIBA, 3aIIUIIATh
B HCKOTOPLBIX CJIYyHUadX KallJIk 3JICKTPOAHOTO MCTAJUIa OT BO3JAyXa IMPU MPOXOKIACHUN UMU JYTrOBOTO
MIPOMEKYTKA U 3aIIUIIATE )KUIKYIO CBAPOYHYIO BaHHY.

[To koHCTpyKIMK 000TOYKM TOPOIIKOBAasI MIPOBOJIOKA OBIBACT TPyOUaTOM MM Oosiee CIoXK-
HO# dopmel (puc. 1).

000

a) 0) B) r) )
e) XK) 3) 1) K)
1) M) H) 0)

Puc. 1 — [lonepeunoe ceueHne MOPOUIKOBOM MPOBOJIOKH Pa3HBIX KOHCTPYKIUI

[TopoiikoBasi mpoOBOJIOKa M3rOTaBIMBAETCS Yallle BCETO M3 CTAJbHOW MaJlOyIJIepOJUCTON
JICHTHI (CTaJIbHOM, HUKENEBOW U T.JI.) 1 CMECH HOPOIIKOB ((peppocmiiaBoB, YUUCTHIX METAJLIOB, Kap-
O0u0B, OOPUIOB U T.1I.), B KOTOPYIO B OOIIEM ClIy4ae BXOJST JETHPYIOUIUE, Ta30- U IIIaK000pa3y-
IOLKE, PACKUCIAIOIINAE KOMIIOHEHTBI, XKEJIE3HbIN OPOLIOK. [0 cpaBHEHMIO C NIPOBOJIOKOW CIUIOLI-
HOI'O CEYEHMs IOpPOILKOBas IPOBOJOKA obOecreyuBaeT Ooiee BBICOKYIO IPOM3BOJIHUTENBHOCTD
HAIUIaBKU M OOJIbIIKE BOSMOXKHOCTH JIJIS JISTUPOBAHUS HAIUIABICHHOT'O METalIa.

[TopomkoBas MPOBOJIOKA U3TOTABIMBAETCA IIyTEM CBOPAYMBAHUA CTaJIbHOM JICHTBI C OHO-
BPEMEHHBIM 3aIl0JIHEHHUEM BHYTPEHHEH MMOJIOCTH HIMXTON U MOCJEIYIOIUM BOJIOYSHHEM Yepes (pu-
JBEPBI € MOCTEIICHHO YMEHBINAIOMUMUCS TAaMETPAMH OTBEPCTHM JJIA YIUIOTHEHMs cepAcUHuKa. B
IIPOLIECCE BOJIOYEHUS MPOMCXOAUT HE TOJBKO YIUIOTHEHHE IOPOLIKOB, HO U YTOHEHHE OOOJIOUKH,
NPUBOJAIIECE K yBEIMUEHHIO ee JIuHbl. HeoOxoauMoe KoIu4ecTBO (UIbEp ONpeaessercs crere-
HBIO YIJIOTHEHUS IHUXTHI [4].
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[Iponecc U3roToBIEHUS MOPOLIKOBOW IPOBOJIOKM MOXHO pa3/I€IUTh Ha JIBA OCHOBHBIX JTa-
ra: MOoJAroTOBKa CMECH KOMIIOHEHTOB (CepJeYHMKa M UIMXThI) U (OPMUPOBAHKE MPOBOJOKHU MPO-
KaTKo# Ha ctaHe. [1oAroToBKa KOMIOHEHTOB BKJIIOUYAET ApoOJIeHHE, TOMOJ U pacceB Ha (paKIUu.
[TpuroToBneHue cMecu KOMIIOHEHTOB IIPEAYyCMAaTPUBAET PACUET ONTHMAJIbHOIO COCTaBa, B3BEIIU-
BaHUe U cMmemuBaHue. [1o cnoco0y MpOTSHKKY MOPOIIKOBBIX AJIEKTPOIOB OHH JEJSATCS B OCHOBHOM
Ha JIBa Ipolecca: BOJIOYEHHE (711 OPOUIKOBBIX MPOBOJIOK) U MPOKATKA (M1 MOPOLIKOBBIX JIEHT).
XoT4 3TH JABa Ipoliecca OTIIMYAIOTCS JIPYT OT Apyra, HO UMEIT MHOTO obmuiero. Bonouenue obec-
[IEYMBAET BBICOKYIO MPOU3BOAUTEIBHOCTD IPOLIECCa U3TOTOBIECHHUS MTOPOILKOBBIX 3JIEKTPOIOB, 103~
BOJISIET M3TOTABJIMBATH KOHCTPYKIMU OOOJIOUKM PA3IM4YHOMN CIIO)KHOCTH, B IIMPOKUX IpEAeax Ba-
PBUPOBATH KOJIMYECTBO NEpeIeNoB [O, 6]. YkazaHHbIe NpenMylIiecTBa NPUBOAAT K CHIDKEHUIO cele-
CTOMMOCTH IPOU3BOJICTBA TaKUX IMOPOLIKOBBIX 3JEKTPoJ0B [/]. OrpaHuueHue pasMepoB YaCTHIL
CHMKaeT HOMEHKJIATypy MpPOM3BOJCTBA IOPOIIKOBBIX 3J€KTponoB. Ilpu BomoueHun He Bcerna
MOKHO J1IOOUTBCS TpeOyeMOoro yIUIOTHEHHs cepledHuKa B 00onouke. OCOOEHHO 3TO XapaKTepHO
IIPU COJIEP’KAaHUM B CEpI€YHHMKE YACTHIl TBEPIBIX M OOJIBIIMX pa3MEpOB, B CPABHEHUH C YAaCTUI[AMU
JIPYTUX KOMIIOHEHTOB.

N3roToBieHne NOPOLIKOBBIX AJIEKTPOAOB € MPOPUINPOBAHUEM METAJUINYECKOM JIEHTHI MYy-
TEM TPOKATKH Yepe3 CUCTeMY (HPOPMHUPYIOMIUX POJIUKOB U YIJIOTHEHHE CEPIACYHHMKA MIPU COBMECT-
HOM 00’KaTHH C 00O0JOYKON B ABYXBAJKOBOW KJIETH MO3BOJISIET YCTPAHUTh HEKOTOPBIE HEJOCTATKH,
IpucyIIue npoueccy BojgoueHus. Ilpu mpokaTke B cocTaBe cepA€UHNKA HE OTPAHUYUBAETCS pa3Mep
4acTUIL] KOMIOHEHTOB. Pa3mep uacTull onpenensercss riyOnHOW IpoQuiIs METAJUIMYECKON JIEHThI—
000JI0YKH TTOPOIIKOBOTO 3JIEKTPO/IA, IPUYEM YIUIOTHEHHE BO3MOXKHO OOECIICUNTh 33 OJIMH MPOXOJI,
HE BbI3bIBasl U3MEHEHUs TOJILIMHBI MeTaljaa 000JOYKU U €ro BBITSDKKY. M3roTaBinBaTh MOKHO 1O-
POILLIKOBBIE JIEKTPOJbI OOJBIIMX Pa3MEPOB B CPAaBHEHUU C IMOPOLIKOBBIMHU IPOBOJIOKAMH, JOCTH-
ratb OOJIBIIMX KO3 (PHUIMEHTOB 3al0JIHEHUS, a, CIeI0BATEIbHO, OIY4aTh 3JIEKTPOIHbIE MaTepHUa-
761, 00€ecIeYrBalOIINE BHICOKYIO TPOM3BOIUTEILHOCTD HAIJIABOUYHBIX IPOLIECCOB.

N3BecTHBI pa3nyHble TEXHOIOIMYECKUE CXEMBbI IPOU3BOJICTBA OPOIIKOBBIX MTPOBOJIOK JJIS
BOCCTAHOBJICHUS JI€TaJel TEXHOJOTMYECKOro OOOPYAOBAaHHUS, COCTOSIIIME W3 CIEAYIOUIMX OCHOB-
HBIX OIIEpALUI:

- mpodmimpoBaHre 000J09KH TpeOyemMoi PopMBI;
- BBeJICHHE KOMIIOHEHTOB B MPO(PHUIMPOBAHHYIO 000JIOUKY;
- o0ecreyeHne HeOOXOAMMOTO 3aMKOBOTO COCIMHCHHS;

= YIUIOTHEHHE IyTeM COBMECTHOI'0 00>KaTHsi 00O0JI0UYKHU U CEpAEUHUKA MIOPOIIKOBON JIEHTHI.

Kaxxnas u3 ykazaHHbIX onepauuil TpeOyeT BBIIIOJIHEHUS COOTBETCTBYIOIIMX ycioBuil. Ilpu
npoGWINPOBAaHUM U YIUIOTHEHUM TpeOyeTcss OIpeneeHHass NPOYHOCTh MeTaula OOO0JIOUKH.
[IpouHocTe oOecreunBaeTCs XUMHYECKMM COCTAaBOM MeTailjla, KOHCTPYKTUBHBIMH pa3Mepamu
UCXOIHOM JieHThl. Ha NpouYHOCTh TakKe OKa3bIBae€T BIUSHHE CIOXKHOCTb MPOGMIs OOOJIOUYKH.
Beimonnenne 3Tux TpeOoOBaHM BO3MOXKHO 3a CYET BHIOOpA CXEMBI MPOKATKH, HCIIONb30BAHUS
MPUBOJIHBIX U XOJIOCTBIX NPOGUINPYIOMIHUX POJIUKOB.

Ha naHHBIII MOMEHT CYyIIECTBYET OTPOMHOE KOJHYECTBO CXEM U CIIOCOOOB HM3TOTOBIICHUS
MOPOLIKOBBIX ITPOBOJIOK CJI0KHOM KOHCTPYKILHMH, OJHAKO KaXbli M3 HUX 00JalaeT HEKOTOPBIMHU
Henoctatkamu [8-11], Hampumep, TakuM Kak HEBO3MOXKHOCTh 3allCHTPUPOBATh BBEIACHHYIO
MOHOJIUTHYIO IIPOBOJIOKY. B OCHOBY MNpENIOKEHHOW TEXHOJIOTMYECKOM CXEMbI IIPOU3BOJACTBA
MIOPOIIKOBOM IIPOBOJIOKU IOCTABJIEHA 33/1a4a CO3JaHUs MOPOIIKOBOTIO IIPOBOAA C METAJUIMYECKUM
CEpPACUYHUKOM C BO3MOXKHOCTBIO €ro IeHTpupoBaHus. llocraBiieHHas 3ajgaya pemraercss 3a cCyer
TOTO, YTO METAIINYECKAsL IPOBOJIOKA C Pa3MaThIBATENs ITOJAETCS B TAHYIIHME POJMKH IS CO3JaHUS
3amHero HaTsbkeHusa. C pa3MaTeiBaTeslss METAJUIMUECKON JIEHTBI, KOTOpas INpeAHa3HadyeHa It
000JIOUKH, JIEHTa IOJAeTCS K M3rHOaroIUM pOJMKaM € Ma30M JUIsl pa3sMELIeHUs MpOBOAA U
dopmupyercss B u-nmogoOHbI mpoduns. M3 OyHkepa mpeaBapUTEIbHO 3aChINAETCs MOPOLIKOBBIN
MaTepual, KOTOpPbI YIUIOTHSETCS B OOXXKHMHBIX pOJHMKaX Ha BBICOTY, pPaBHOH paauycy
[IOPOLIKOBOIO CEpACYHHMKA B TOTOBOM IOPOIUKOBOM IpoBosIoKe. [locime 4vero OKOHYaTEIbHO
JOCHINIAIOT TOPOLIKOBBIA MaTepuan W BOJIOKYT B BOJIOYMJIBHON MamuHe IjIsi (pOpMHUpPOBaHUS
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MOPOLIKOBOI IMPOBOJIOKM 3aJJaHHOTO JMamMeTpa W HaMaThIBAlOT MpPOBOJIOKY B OyHT. CyThb
npeJIaraeMoro crnocoda oObSICHIETCS PUCYHKOM 2.

Puc. 2 — OGmuit B TEXHOJIOTUYECKON CXEMbI U3TOTOBJICHHUS TTOPOIIKOBOM TTPOBOJIOKH

bbula u3rotoBieHa ONbITHAS MapTHs MOPOLIKOBOW MPOBOJIOKH IO MpejiaraeMoi TeXHOJIO-

rud. [IpoBesieHHBIE SKCTIEPUMEHTANIbHBIC HAIUIABKM TOKA3ajid €€ BBICOKYIO 3((eKTUBHOCTH (pHC.
3).

Puc. 3 — Ilonepeunble TEMIUIETHI CTAIbHOM 3ar0TOBKH, HAIUIABJICHHbIE SKCIIEPUMEHTAIbHOM 110-
POIIKOBOM MPOBOJIOKOW CII0KHOW KOHCTPYKINUN

Hcnone3oBanue I[aHHOfI TEXHOJIOTUHN M3rOTOBJICHHA MMO3BOJIACT 3alICHTPOBATE MOHOJIUTHYTO
MIPOBOJIOKY B CEpPACYHUKE MOPOIIKOBON MPOBOJOKH, UCIIONB3Ys MUHUMAIBHOE KOJIUYECTBO Olepa-
[IU{ U JOTIOJHUTEIBHOE 000pPYyI0BaHHE.

Buoieoowt
DJNIEKTpOAYroBasi HallaBKa ¢ MPUMEHEHHUEM IMOPOIUKOBBIX MPOBOJOK CIIOXKHOM KOHCTPYK-
ouu, HOJ'Iy‘IaeMI)IX METOAO0M BOJIOYCHUS, ABJISACTCA OAHUM N3 U3BCCTHBIX U HII/IpOKO HpI/IMCHfleMI)IX
CrocoO0B BOCCTAHOBJICHUS M3HOIIEHHBIX JeTallell TEXHOJIOrH4ecKoro obopynoBanus. [lpenioxen-
Hasl TCXHOJIOTUSA U3TOTOBJICHUA HpOBOHOKI/I IIO3BOJISICT O6€CH€'—H/ITB SaHeHTPOBKy MOHOHHTHOﬁ HpO-
BOJIOKM BHYTPH CEPJICUHUKA U MPU 3TOM COXPAHUTh BHICOKOE 3HAUEHHE OTHOCUTEIBbHOM TIIOTHOCTH
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HOpOH.IKOBOﬁ IMPOBOJIOKH, paBHOMCPHOC PACIIOJJIOKCHHUEC YaCTHUI] HOpOHlK006p8.3HBIX KOMIIOHCHTOB
10 CEYEHHMIO 000JIOUKH 1 CHUKAET IOPHUCTOCTDb CEPACYHUKA.
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VJIOCKOHAJIEHHS TEXHOJIOT'TI BUTOTOBJIEHHS ITOPOILIKOBUX JIPOTIB
CKJIATHOI KOHCTPVYKLIIT JIJIS BITHOBJIEHHS JIETAJIEM TEXHOJIOI'TYHOI'O
OBJIAIHAHHA

Hanumok B.O., I'pubkos E.I1., bepexxna O.B., Pazymosuu O.O.

B naniit poOoTi po3riisiHyTa TEXHOJIOT1S BUTOTOBJICHHS MMOPOIIKOBUX JPOTIB CKJIAHOT KOHC-
TPYKIIii, SIKi BHKOPHCTOBYIOTHCS JJISl €IEKTPOAYTOBOTO HAILIABICHHS 1 BUTOTOBISIOTHCS METOIOM
BOJIOUIHHSI, SIKE € OJHUM 3 BIJJOMHUX 1 HIMPOKO 3aCTOCOBYBaHHMX CIOCOOIB BiJTHOBJICHHS 3HOIICHUX
AeTaedl TEXHOJIOTIYHOro 00IaAHaHHA. 3aPOIIOHOBAHA TEXHOJIOTiS BUTOTOBICHHS JPOTY J103BOJISIE
3a0e3MeUnTH 3alleHTPOBKY MOHOJIITHOTO IPOTY BCEPEAMHI CEpJeUHUKA 1 MPU bOMY 30€perTu BU-
COKE€ 3HAa4YeHHs BIJIHOCHOI MIJTBHOCTI MOPOIIKOBOT'O JAPOTY, PIBHOMIPHE PO3TAllyBaHHS YaCTHUHOK
MOPOLIKOIOII0HMX KOMIIOHEHTIB IO TIepepi3y 0O0IOHKH 1 HU3bKY HOPUCTICTh CEpACYHHKA.

COBEPIIEHCTBOBAHUME TEXHOJIOI'MHU N3T'OTOBJIEHUA ITOPOIIKOBBIX
[TPOBOJIOK CJIOXXHOM KOHCTPYKIMNU JJI1 BOCCTAHOBJIEHUA I[ETAHEﬁ
TEXHOJIOITMYECKOI'O ObOPYJIOBAHU A

Hanumok B.A., I'pubkor 3.11., bepexnas E.B., Pazymosuy O.0.

B nanHOI1 paboTe paccMOTpeHa TEXHOJIOTHMSI M3rOTOBJICHUS MOPOIIKOBBIX MPOBOJIOK CIIOXK-
HOW KOHCTPYKIMH, MCIIOJIB3YEMbIX JJIS 3JIEKTPOJYrOBOM HAIJIaBKU U MOJTY4aeMbIX METOJOM BOJIO-
YCHUs, KOTOpasd ABJIACTCA OAHHUM M3 M3BCCTHBIX U HIMPOKO MPHUMEHACMBIX Ccroco00B BOCCTAaHOBIIE-
HUSl U3HOLIEHHBIX JeTajeid TeXHOJIOrnyeckoro obopyaoBaHus. IIpemioxeHHas TEXHOIOTHS M3rO-
TOBJICHUSI TIPOBOJIOKH TO3BOJISIET 00ECNEUYUTh 3allEHTPOBKY MOHOJIMTHOW MPOBOJIOKU BHYTPHU CEP-
JIEUHUKA U [IPU 3TOM COXPAHUTh BBICOKOE 3HAUE€HHE OTHOCUTEIBHOM IUIOTHOCTH MOPOILKOBON MPO-
BOJIOKH, PaBHOMEPHOE PaCIIOI0KEHUE YaCTHI] TOPOIIKOOOPa3HBIX KOMIIOHEHTOB IO CEUEHHUI0 000-
JIOYKHU U HU3KYIO IOPUCTOCTh CEpACUHHKA.

IMPROVEMENT OF MANUFACTURING TECHNIQUES POWDER WIRES OF THE
DIFFICULT DESIGN FOR RESTORATION OF DETAILS OF PROCESSING EQUIPMENT
Danilyuk V.A, Gribkov E.P., Berejnaya E.V., Razumovich O.O.

In this work the manufacturing techniques powder wires of the difficult design, used for an
arc welding and received by a drawing method which is one of known and widely applied ways of
restoration of worn-out details of processing equipment are considered. The offered manufacturing
techniques of a wire allow to provide a centering of a monolithic wire in the core and thus to keep
high value of relative density of a powder wire, a uniform arrangement of particles of powdery
components on the section of a cover and low porosity of the core.

Kirouosi cnosa: [lopomikoBuit IpiT, HaIJIaBICHHS, TEXHOJIOTS, IIIMXTa, BOJOYiHHS, MPOdi-
JIFOBAHHS

Kirouessie cioBa: IloporkoBas mpoBOJIOKa, HAIJIaBKa, TEXHOJOTHsI, IIMXTA, BOJOYCHHE,
npodunupoBanue

Keywords: Powder wire, welding, technology, furnace charge, drawing, profiling
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MOBBIIEHUE N3HOCOCTOMKOCTH UINHAPUYECKUX JIETAJIEN _
METAJUVIOPEXYIIUX CTAHKOB, BOCCTAHOBJIEHHBIX 110 IBYXTOYEYHOU
CXEME 3KH

PazBurtue COBPEMEHHOTO MaIIMHOCTPOCHHSI XapaKTepU3yeTcs MTOBBIIIICHUEM
AKCITYyaTAI[MOHHBIX MapaMeTpoB pabOThl MAIllMH, B Pe3ylbTaTe YEro HCIOIh30BABIIMECS paHEE
TEXHOJIOTHYECKHE TIPOIIECChl W MaTepualbl 4YacTO HE OTBEUYAIOT BO3POCIIUM TpeOOBaHMSIM
HAJICKHOCTH M JOJITOBEYHOCTHU. YTIPOUHEHHE JETaleil MyTeM HAHECEHHUS MOKPBITUN MO3BOJISET
CHU3HTH PACXO] JISTUPOBAHHBIX CTaJIEH MPU OJJHOBPEMEHHOM TOBBIIIIEHUU pecypca paboThl MAIITH
[1]. Onmaum wu3 >PPeKTUBHBIX CHOCOOOB HAHECEHHUS WM3HOCOCTOWKHUX TOKPBITHH SIBISCTCS
anekTpokoHTakTHas HariaBka (DKH) [2]. DToT cmocob mo3BosSET OCYIIECTBIATh HapalldBaHHE
MeTajula Ha TMOBEPXHOCTh W3JEIUS C I€JIbIl0 BOCCTAHOBJEHHUS MEPBOHAYAJIBHBIX pPa3MEPOB
V3HOILLIEHHOM JEeTall C MUHUMAaJIbHBIM TEIUIOBIOKEHHEM B OCHOBHOM MeTaiul. DKH ocymectBisroT
Ha CIeNHATbHON yCTaHOBKE Je(OpMUPOBAHUEM HAILIABISIEMOIO METANlIa U TIOBEPXHOCTHOTO CJIOS
MeTajljla OCHOBBI, HArPETHIX B ouare AepopMaliuu 10 IIacTUYecKoro coctosiHus kopotkumu (0,02-
0,04 c) wumnynscamu Toka 10-20 kKA. B pe3ymbraTe KaxkIOro U3 MOCIEIOBATEIbHBIX
ANIEKTPOMEXaHUYECKUX IIMKJIOB IIpollecca Ha IOBEPXHOCTH MeTajla OCHOBBI 00paszyercs
eAVMHUYHAS IUIOMIAJKa HAIUIABJICHHOTO MeTaia, MepeKpbhiBatomas cocennue. Jledopmarus
HaIIaBIsIeMOr0 MeTajuta 3a mukia coctaBisier 40-60%. Hanwume mmactuyueckor aedopmariuu
MPUCAJOYHOIO Marepuaja JaeT BO3MOXKHOCTb IOBBICUTH IMPOYHOCTh CILETUICHUS MOKPBITUS C
ocHoBoii [3].

Lenpio paboOThI SABIISIETCS COBEPILIECHCTBOBAHME YCTPONCTBA CHKATHsSI CBApOYHBIX POJIUKOB
JUISL 3JIEKTPOKOHTAKTHOM HAIJIABKH IPOBOJIOKH JIBYMS POJIMKOBBIMU 3JIEKTPOJIaMHU.

OpauM W3 HamOomee MepcreKTUBHBIX BapuaHToB DKH mpencrammsiercs AByXTOYeHHAS
TEXHOJIOTHYECcKasl cXxeMa HaIjIaBKU. TOK B 30HY HaIUIaBKU MOJBOIUTCS Yepe3 JIBa HAIUIABIISIOIINX
pOJIMKA, YTO MO3BOJISIET UCKIIIOYUTH U3 BHEIIHETO KOHTYpPa KOHTAKTHBIN MEPEX0/l «IIaTPOH — METaLI
OCHOBBI» U YMEHBIIUThH OTEPH MOUTHOCTH. OCOOEHHOCTD 3TOM CXEMBI TAK)KE U B TOM, UTO MEPBHIM
HAIJITABOYHBIM POJIMKOM HAIUIABIISACTCS CIUPATICBUIHBIN BaJIMK, B KOTOPOM COCEIHUE €IUHUYHBIC
IUIONIA/IKM HE TEPEKPBIBAIOTCS, & BTOPHIM POJMKOM IMPOIUIABISIOTCS 0Opa30BaBIIMECs MPOITYCKU

(puc. 1).

Puc. 1 — JIByxToueuHasi cxema HalUIaBKu: | — mpephiBaTesb ToKa; 2 — TpaHCHOpPMATOP;
3 — KyJIa4K¥ maTpoHa 0a30BOr0 CTaHKa; 4 v 4' — HATUTABIISAIOIINE POJIMKY; 5 — HAIJIABJICHHBIH
MeTaut; 6 — MeTayul OCHOBBI
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Takum  o0Opa3oM, OZHMM UMIYJIbCOM TOKA HAIUIABISIFOTCS  JBE  JUAMETPAIBLHO
MPOTUBOMOJIOKHBIE TUIONIAAKKA MeTaJia. CIUIOMIHOM CII0M MeTajuia, Kak U MPY HAIUIABKE 10 MEPBbIM
JIBYM cXeMaM, o0pasyercs 3a CYeT NEePEKPHITHs M0 MIMPUHE COCEAHUX BUTKOB CIMPAJICBHUIHOTO
BaJIMKa, YTO 00ECIIEYNBAETCS] COOTBETCTBYIOLIEH CKOPOCTHIO MEPEMELICHUS POIMKOB OTHOCUTEIHHO
Bpamfaromieicss jgeranu  [4]. JIByxToueuHass TEXHOJIOTMYECKAas CXEeMa MO3BOJIET TOBBICUTH
MIPOU3BOIUTENILHOCTE HariaBku Ha 70—80%. OHako Mpu HAIUIABKE IO 3TOM CXeMe TETUIOBBIICIICHHE
MPOUCXOTUT HA HEOOJBIIIOM y4aCTKE METallla OCHOBBL. [103TOMY JIBYXTOUEHHYIO TEXHOJIOTUYECKYIO
cxemy 1esecoodpa3zHo NPUMEHSTh [T HAIUIABKU MAaCCUBHBIX J€Tallel, K KOTOPBIM HE MPEIbsBIAETCS
KECTKUX TPeOOBAHUU TO JOMYCTHMOMY TEPMHUYECKOMY BIHMSIHHIO, @ BEPOSATHOCTh TEMIIEPATypHOM
neopmanmu Mana. YactoTta BpallleHUs AETalH, MPOJOIbHAs Mojavya CBAPOYHBIX KIIEIIeH U 4acToTa
CJIEJIOBAHMSI HMITYJIbCOB SIBJISIFOTCSI Ba)KHBIMHM TapaMeTpaMu MPoOIecca, ONPEISISIONMMHI  €ro
MPOU3BOIUTENbHOCTh. COOTHOIIEHHE ATHX BEIMYMH MOAOUPAIOT Tak, 4yToObl obecreyuth 6 wiu 7
CBapHBIX TOYeK Ha | cM umHBI cBapHOro mBa. OCOOCHHOCTH KOHCTPYKIIUU MpeJiaraeMoit
CBapOYHOM T'OJIOBKH — CBAPOYHBIE POIMKH COEAMHEHBI C BUHTOBBIM CTEPKHEM, COCIMHEHHBIM Yepe3
raiky ¢ HMOAIPYXKUHEHHOU IIECTEPHEH, YIUPAIOIIECHCS B KOHEYHBIM BBIKIIOYATENb U COCIUHEHHOU
yepe3 MPOMEKYTOUYHBIM OJIOK MIECTEPEH ¢ IIecTepHed Ha Bany snektpoasuratens [5]. Ilpu stom
POJIMIKM CMEIICHBI OTHOCUTENIBHO JIPYT IPyTa BIOJb OCH JETAIH TaKUM 00pa30oM, YTO HIKHUHN POITHK
MONAIaeT B MPOMEXYTOK MEKIY BUTKAMH CIHPAIBHOIO I11BA, HAIUIABIEHHOTO BEPXHUM POJIMKOM.
YCeTpolicTBO TpUBOAA CKATHUA AJIEKTPOKOHTAKTHOM YCTAHOBKM [UJII BOCCTAHOBJICHUS JI€TaJICH
BKJIFOYAET KOPHyC |, B KOTOPOM CMOHTHUPOBAaH BUHTOBOM CTEPKEHb 2, C OJTHOM CTOPOHBI KOTOPOTO
3aKpEIJICH CBAPOYHBIN POJIUK 3, a C IPYrod CTOPOHBI COEAMHEH Yepe3 raiiky 4 ¢ MoAnpy>KMHEHHOMN
HIECTEPHEH 5, ymUparouieicss B KOHEUHbIM BBIKIIIOYATENb 6 U COCTMHEHHOW Yepe3 MPOMEKYTOUHBIN
OJI0K mIecTepeH 7 ¢ mecTepHel 8 Ha Baiy anekTpoaBuratens 9 (puc. 2).

Puc. 2 — Cxema npuBoJi1a CKATHS POJTUKOBBIX IJICKTPOIOB

[TpuBOa CXKAaTHsI DJIEKTPOKOHTAKTHOW YCTAaHOBKH JUIsl BOCCTAHOBJICHHUS JeTajell pabortaer
cienytomuM obpazom. ObpabatsiBaemast Aetanb 10 ycraHaBIMBaeTCs B MaTpOHE M MPUBOAUTCS BO
BpallleHHe OT CIEeUHaJbHOro TMpuBoAa (He Tmoka3zaHo). BximroudaroT siexTpoaBurarenb 9,
BpalllalOIIMi IIECTepHIO 8, KOTOpas MepeaaeT BpalleHHEe MPOMEXYTOYHOMY OJIOKY HIecTepeH 7,
KOTOPBIM MepeaaeT BpalleHue IIecTepHe S5, MOANpYKUHEHHOM mpyxkuHo 11. B mecrepne 5
3aKperieHa raiika 4, KoTopasi, Bpalasich, NEPEMELIAET BUHTOBON CTEP)KEHb 2 BBEPX WJIM BHU3 B
3aBUCHMOCTH OT HampaBjeHHs BpallleHus sJekTpoiBuratens. [lpu nepemernieHMH BHHTOBOTO
CTEep>KHSI 2 OH compuKacaeTcs ¢ oOpabareiBaeMoil netanpio 10 U nanbHeiIIee ero nepeMerieHue
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BBI3BIBACT CXKaTHhe NPYKUHBI 11, KoTOpas oOecreunBaeT HEOOXOAMMOE IMPHXKATHE IIEKTPOAOB K
oOpabateiBaemoit netanu 10. J{ns mpenoTBpamieHus MpoBOpavyMBaHUs BUHTOBOTO CTEPXKHS 2 BO
BpeMsl BpallleHUs Taiiku 4 Ha HEM 10 BCel JUTMHE Pe3bObl MPEyCMOTPEH a3 12, B KOTOPBIA BXOAUT
nun 13 kopyca 1. Yeunue cxxatus 3J1eKTpOoA0B PEryIupyeTcs KOHEUHbIM BbIKIoyaTeneM 6. Jis
Pa3IUYHBIX TUAMETPOB MPOBOJIOKU TPEOYIOTCS POJIMKH Pa3TUYHOMN MUPUHBL. J[J1s ipeoTBpaIieHus
BBIIaBJIMBAaHUsl DACIIABICHHOIO MeTa/Ula MpeJasaraercsi YBEJIMYWTh IIHPUHY palboueil dvactu
ANEKTPO/A O TAaKUX 3HAYCHHIA, IPU KOTOPBIX BECh HAIUIABIISEMBINH METaul OyJeT MPOKOBBIBATHCS
AJIEKTPOIOM Ha BCEH CTaauu ero ocagku. PacyeTHasi cxema CBSI3bIBa€T TAKUE OCHOBHBIE [TAPaMETPhI
HAIUIaBKH, KaK OIMPHHA 3JIeKTpona b, auamerp mpoBosoku d, mar HarutaBku H, BETHYMHY OCAJKH
MIPOBOJIOKH ¢ 00BEMOM BbIIaBIHBaeMoro Meraia (puc. 3) [6].

Q48

Puc. 3 — PacueTHas cxema onpeaeneHus IUPHHBI CBAPOYHOTO POJIMKA TPH AIEKTPOKOHTAKTHON
HaIlIaBKe

Bricota HEPOBHOCTH HAIIJIABJICHHOT'O CJIOA.

D- %((Q—H)h—kh%j, L)

7Zd 2
4h(l+ &)
k — ko3 puHeHT HepaBHOMEPHOCTH TCYCHUS METAILIA;
h — BbIcOTa HAIIABICHHOTO BAJIUKA;
& — oceBas Jie(opMarys IPOBOJIOKH.
OntumanbHass IIUPUHA OJIEKTPOJa COOTBETCTBYET HYJIEBOMY 3HAa4€HHIO 00beMma
BBIJIAaBJICHHOTO METAJlIa ¥ HAXOIUTCS U3 BBIPAKCHHS

7d
8(1 — 77)(1 + 5)
0,037d 0,201d

QA—ni+re)) @—n)Ya+s)

# — OTHOCHUTEJIbHAS BEJIMUYMHA OCAJKU POBOJIOKH.

IMosy4yeHHas 3aBHCUMOCTh MTO3BOJISICT HA CTaHK Pa3pabOTKU TEXHOIOTHYIECKOTO IMporecca
HAIJIaBKK O0OOCHOBAHHO HA3HAYaTh ONTUMAJIBHYIO MIMPUHY JICKTpoa. Tak, MPH MCHOIb30BaHUN
IMIPOBOJIOKH JHUAMCTPOM 1,6 MM OITHMAJIbHAad IHWPHHA DJBJICKTPOAda AOJIKHA COCTaBJIATH 8 MM.
CoryacHO cXeMe JEHCTBUS CHJI B TUIOCKOCTH POJIMKOBOTO 3JICKTPO/a, MPOBOJOKA | mojaercst co
CTOPOHBI JICTANN 2, BPALIAOIIEHCS CO CKOPOCTBIO (09, M POIMKOBOTO 3JIEKTPO/Ia 3, BPAIIAOIIETOCS
CO CKOPOCTBIO m, (puc. 4) [7].

Trac b1 = — IIMpPHUHA HAIIJIABJICHHOI'O BAJINKA,

b=|5992— +4,237+/a, )

e a=|1414— —3,414; (3)
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Puc. 4 — Cxema nielicTBHsI CHII B TZIOCKOCTH POJIMKOBOTO JICKTPOa

[Ipumem nonyiieHre 0 TOM, YTO PaBHOJEHCTBYIOIME BCEX CUJI MPUIIOKEHBI K IPOBOJIOKE B
Toukax A u B. M3-3a KpUBU3HBI MMOBEPXHOCTEH POJIMKOBOrO 3JEKTpoJa paguycoM R, u netamu
paauycoM R, BepTukaigbHas cuiia Fy mpUBOIUT K BOSHUKHOBEHHIO TOPU3OHTANBHBIX CHIT Fy; 1 Fi2,
JNEUCTBYIOIMX BIOJIb HAILJIABIIIEMOM ITPOBOJIOKU

(L (L
F.=F, t9ay; F,=F -tga,; « =arcsin R , a, =arcsin| — |, (3)
E) 0
2R,R,(d —h)
R, +R,
OceBoMy ne(OpMUPOBAHUIO TPOBOJIOKU TMPEMATCTBYET CHJa TPEHUsS, BO3HUKAIOMIAS IMPHU

CKOJIbXXCHUH HpOBOHOKH 10 HOBerHOCTI/I JOeTaln.
I:mpZ = f F (4)

mp= Y
rie fnp— k03D OUIMEHT TPEHHS CKOJIBKEHHUS MPOBOJIOKU O HAILIABIISIEMYIO JI€TAlTb.
PonukoBBIi 371EKTPO PUBOJUTCS BO BpallleHHE IEHCTBUEM CUIIBI TPEHUS Fpi MEXITY HUM

u npoBosiokoit. CosnaBaemsblit cuinoii Fupr Moment M, =F, R noiokeH ObITh JOCTATOYHBIM IS

rae L= — JIJIMHA 30HBI 1e(OPMUPOBAHUS TPOBOJIOKH.

IIPEOJI0JIEHUS] MOMEHTA TPEHUsI Mo, POIIMKOBOTO JIEKTpoAa paguycoM R, :
M, =F-f"“R, (5)

rae f ' — ko3 punmeHT TpeHus CKOJIbKEHHS TPOBOJIOKH O HAIUIABIISICMYIO JICTalb.

C ydeToM BBIIIECKA3aHHOTO, paBHOJACHCTByIOIas cuia Fx, BbI3bIBalONIAs OCEBYIO
nedopMaluio MpOBOJIOKH, COCTaBUT

F,=F.,—-F,.+Fa+F,. (6)

KonTtponb ycunmusi Ha 3J€KTpoAax MalIUHBI JIEKTPOKOHTAKTHOW HAIIaBKU TakKe, Kak U
IpPYruX MapaMeTpoB, OCYLIECTBISAETCA MHUKPONPOLECCOPHOW CHCTEMOW ympaBieHus. Jlis
pEerucTpai KPUBOH M3MEHEHHUs YCHJIHMS Ha DJIEKTpoJaxX MAIIMH WIH TMOJydYeHUs WHGOpMAIUu O
3HAYEHUW YCWIHS HEOOXOAMMO HMMETh CIelHUalbHblE AATYUKU, MPeodpasyrolire H3MepseMble
naeGopManui B TPOMOPIUOHAIBHBIA MM 3JIeKTpudYecKuii curHan [5]. Jins wu3mepenust ycuius
C)KaTus DJEKTPOJOB NPUMEHSAIOTCS pa3luyHble MeToabl. Hambonee mmpokoe MpUMEHEHHE B
CUJIOM3MEPUTENIPHON amnmapaType TMOJIyYdusl TEH30METPUUECKHH METOJ] M3MEpEHHsT Ha OCHOBE
WCIOJIb30BAHUS TOTYIPOBOJAHUKOBBIX WM METAITHYECKHX TEH30PE3UCTOPOB, 00ECTCUMBAIOIINI
BBICOKYIO JITHEMHOCTh U TOYHOCTh M3mepenust. [Ipu DKH perucrpamust ycumusi ocyIiecTBIsIETCS C
MOMOIIIBIO TEH30PE3UCTOPOB (pHC. D).

56



ISSN 2222-9000 HaziifHicTs iIHCTpYMEHTY Ta ONITUMI3aIlisl TEXHONOTIYHUX cucTeM. Bum. Ne33, 2013

V/F

Nr

Puc. 5 - Pel"I/ICTpaI_II/ISI ycuius 1rnmpu KOHTaKTHOM HaIlJIaBKe C MMOMOIILIO TCH30pPE3UCTOPOB

Hatunku 1 M 2 paBHOrO CONPOTHUBICHMS HAKJIEUBAIOTCS Ha 3IIEKTPOAOAEp)KATENb,
UTPAIOIIMK POJIb YIIPYTOTrO dJIEMEHTa CKaThs-pacTsukeHus. Jlatumk 1 pearupyer Ha BO3MOXKHYIO
negopmanuio. JlaTuuk 2 urpaer posib TEPMOKOMIICHCHPYIOIIETO JIEMEHTa, TaK Kak B Ipolecce
HAIUIAaBKHA YTIPYTUH 3JIEMEHT HarpeBaeTcs, a M3MEHEHHE CONMPOTHBICHHS TEH30aTYMKa 32 CUET
HarpeBa He JIOJDKHO BOCHPUHHMMATBHCS Kak u3MepseMoe. Pesuctopel 3 um 4 cocTaBisioT JIpyrue
TUIEYM MOCTa W HaXOIATCS BHE MammHBL. K OMHOM MuaroHaam MOCTa IMOIKITIOYAeTCS MCTOYHHUK
CTaOMIIBHOTO TIEPEMEHHOT0 HAIpPsDKEHUST 0OBIMHO 3BYKOBOW yacToThl 3I. C 1pyroit ero quaroHasiu
CUTHAQJI dYepe3 HOPMHUPYIOIMHUA YCHINTENIb Y TMOJAeTCs Ha OCHWUIoOrpad WM H3MEPUTEITHHBINA
npubop ¢ HUQPOBOI MHIUKAIMEH MoKa3arenel (puc. 6).

CHraan
0,0025

0,002

W
0,0005 I’
0
WOD 1200135001800 2100 2400 2700 3000 33
-0.0005 I Bpeua

-0.001
Puc. 6 — OcummorpaMMa HN3MCHCHU CUTHAJIa YCUJIUS HA POJIMKC-3JICKTPOAC

0.001
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[lonyyeHHble naHHBIE WM3MEHEHHUS CHUTHAla YCUJIUS HA POJIMKE-3JIEKTPOJAE IO3BOJISIOT
CKOPPEKTUPOBATh SHEPTOCUIIOBbIE MTapaMeTphl MpoIlecca HEMOCPEACTBEHHO B TEUEHHUE MPOTEKAHUS
HMITYJIbCa CBAPOYHOTO TOKA.

Boieoownt
YBCJ'H/I‘—IeHI/Ie TCXHUKO-9KOHOMHNYCCKHNX HOKa3aTeHeI>'I BHGKTPOKOHTaKTHOﬁ HaIlJIaBKHN
3aBUCUT OT TIOBBIIICHHS YPOBHSA HaydyHOW OOOCHOBAaHHOCTH TPUHMMAEMBIX PpEIICHUH,
OCYIIIECTBIISIEMbIX Ha OCHOBE JKCIEPHUMEHTAJIBHBIX HCCIICIOBAHUH, HAIIPABJICHHBIX HAa Pa3BUTHE
METOJIOB pacuera (OpMOOOPa30BaHMS HAIJIABICHHOTO MeTajla, OOECIeYeHHUsT BO3MOXKXHOCTH
MPOTHO3MPOBAHUS OCHOBHBIX IIOKa3aTeleii KadecTBa C YYETOM BEPOSTHOCTHOTO XapakTepa
MEXaHU3MOB (POPMUPOBAHUS U 3aKOHOMEPHOCTEH MOTydeHUs TpeOyeMbIX CBONCTB.

Iepeuenb ucrounnkoB Jurepatypbl: 1. Introduction to tribology / B. Bhushan. — New
York: John Whiley & Sons. — 2002. — 732c. 2. CoBpeMEHHBIC METOABI IOBBIIICHUS
M3HOCOCTOMKOCTH 3emiepoiinoil Texuuku / E.B. bepexnas // Bicuuk JlonGacbkoi nep:kaBHOI
MamuHOOYIiBHOI akanemii: 30. Hayk. mpank. — KpamaTtoperk: JIJIMA. — 2012. — Ne3 (28). — C. 33-36.
3. UccnenoBanue 3aTekanusi MeTauia B KJIMHOBBIE TIOJIOCTH penibeda Ha TIOBEPXHOCTH M3CIHS TIPH
AJICKTPOKOHTAKTHOM HAaIIaBKe TMOKPHITHH TopomkoBeiME JeHTaMu / E.B. bepexnas, A.A. NBaHoB
/[ JlomonocoB —  2010: wuHTEpHET-KOH(epeHIHs, Kox  joctyma:  http://www.lomonosov-
msu.ru/archive/Lomonosov_2010/index.htm 4. TlepcrekTuBHBIC HANpaBICHHUS CHUKEHHS 3aTpaT Ha
BOCCTAHOBJICHHE JIeTanei, padoTarommx B ycioBusx aOpasuBHoro m3Hoca / E.B. Bepexnas //
Martep. 3a V MexayHap. HaydH.-TipakT. KoH}. «bbpaemero npobiemMuTe Ha CBETOBHATAa HayKa —
2009». — Codus: «bsn 'PAI-BI» OO/, 2009. — C. 11-13. 5. O6opynoBanue sl KOHTaKTHOU
cBapku: CripaBounoe nocodbue / B.B. Cmupnos // Metamnyprus. — CI16. DHeproatommu3aat. CaHKT-
[TeTepOyprckoe otaenenue, 2000. — 848 ¢. 6. TexHOIOTHS BOCCTAHOBIICHHUS CTATBHBIX KOJICHYATHIX
BaJIOB KOMOMHMpoBaHHOW HamaBkoi / B.B. Bynsiues, B.B. 3e3tons // PemoHt, BoccTaHOBNEHHE U
monepHm3armst - Nel2. —2008. — C. 14-18. 7 BynberueB B.B. OcobenHocTr mmacTudeckoit qedopmanun
OpU TOJYYECHUH TIOKPBITHIH 3JICKTPOKOHTAKTHO#M mpuBapkoii / B.B. Bymbriues, P.A. Jlateimos //
MesxayHaponusiid Hay4HbIi xKypHai. 2010, — Ne5. —¢.78 — 85.

Penenzent: Muponenko E.B., 1.1.1., nmpod., ATMA
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HIIBUILEHHS 3HOCOCTIMKOCTI WITHAPUYHUX JJETAJIEM METAJIOPI3AJIbHUX
BEPCTATIB, BIJJHOBJIEHUX 3A JIBOTOYKOBOIO CXEMOIO EKH
UYenens 10.A.

VY naniii poOOTI TPEACTABICHO YAOCKOHAJICHWM NPHUCTPIA CTHUCHEHHS 3BapIOBAIBHHUX
POJMKIB 711 €JEKTPOKOHTAKTHOI'O HAIUIABICHHS JPOTY [BOMa POJMKOBUMH E€JIEKTPOJAMH.
KoHTponps 3ycnimisi Ha eNeKTpoaax MalluHH eJeKTPOKOHTAKTHOTO HAIUIABJICHHS 3IHCHIOETHCS
MIKpOIIPOILIECOPHOIO CHUCTEMOIO YIpaBIiHHA. BuMIpIOBaHHS 3ycHJUIi CTUCHEHHSA €JIEKTPOIB
MPOBOJUTHCS TEH3OMETPUYHMM METOJOM Ha OCHOBI BHKOPHCTaHHS HAIBIIPOBITHUKOBHX
TeH3ope3ucTopiB OTpuMaHi JaHi 3MiHM CHUTHANy 3YCWJUIA HA POJIMKY-EJIEKTPOJl O3BOJSIOTH
CKOpETYBaTH €HEPrOCHJIOBI MapaMeTpH MpoIecy Oe3MOCePeHbO MPOTATOM MPOTIKAHHS IMITYJIBCY
3BapIOBAJILHOTO CTPYMY.

[TOBBIIIEHUE N3HOCOCTOMKOCTHU HUJIMHAPUYECKHUX I[ETAHEfI
METAJUIOPEXVYIIIUX CTAHKOB, BOCCTAHOBJIEHHBIX I10 JBYXTOUYEUYHOM
CXEME 5KH

Yemnens 10 .A.

B nmanHOil paboTe MpEACTaBICEHO YCOBEPIICHCTBOBAHOE YCTPOWCTBO CXKATHUS CBAPOUYHBIX
POJIMKOB IS DJIEKTPOKOHTAKTHOW HAIIaBKU TPOBOJIOKH JBYMS POJIMKOBBIMH JJICKTPOJAMHU.
KOHTpOJIB yCI/IJII/ISI Ha BHCKT'pOI[aX MallInHbI BJIGKTpOKOHTaKTHOﬁ HallJIaBKHN OCYIIICCTBJISIGTCSI
MHUKPOIIPOIIECCOPHON ~ CHUCTEMOH  ympaBiieHus. V3MepeHue ycuimsl CaTHs  DJIEKTPOIOB
HpOI/ISBOI[I/ITCSI TCHSOMeTpI/I‘-IGCKI/IM METOAOM Ha OCHOBE HCIIOJIB30BAaHUA HOJIprOBOﬂHI/IKOBBIX
TeH30pe3ucTopoB [lomydeHHbIE MaHHBIE W3MEHEHHWS CHTHAlla YCHJIMS Ha POJIMKE-DJICKTPOJIS
MO3BOJISIIOT CKOPPEKTUPOBATH YHEPTOCHIIOBBIE MTapaMeTphl MPOIEcca HEMOCPEICTBEHHO B TCUCHHE
MPOTEKAHUs UMITYJIbCa CBAPOYHOTO TOKA.

IMPROVE THE WEAR RESISTANCE OF CYLINDRICAL PARTS MACHINE TOOL
RECONSTITUTED BY TWO-POINT CHART OF ELECTROCONTACT SURFACING
Chepel Yu. A.

This paper presents improvements compression device for electric-welding rollers of
hardfacing wire by two roller electrodes. Control efforts on the electrodes of electric-welding
machine is carried by microprocessor control system. Measurement of electrodes’ compression
force is performed by a strain gauge method based on the use of semiconductor strain gages The
received data of signal change on the roller electrode allows to correct energy-power parameters of
process during the flow of pulse welding current.

KirouoBi cnoBa: EJEKTpOKOHTaKTHa HaIIaBKa, JBOTOYKOBA CXEMa, 3yCHJUIS CTHUCHEHHS,
TEH30pE3UCTOP, AedopMarisi, mapaMeTpH, BIACTUBOCTI

KiroueBsie croBa: DIeKTpOKOHTAaKTHAs HAIUIaBKa, JBYXTOUEUHAs CXEMa, YCUIIME CXKaTHs,
TEH30PE3UCTOP, NehopMarus, mapaMeTpbl, CBOWCTBA

Key words: Electrocontact surfacing, two-point scheme, compression force, strain gage,
deformation, parameters, properties

Jata HagxomkeHHs ctaTTi: 24rpynns 2013 p.

59



ISSN 2222-9000 HaziifHicTs iIHCTpYMEHTY Ta ONITUMI3aIlisl TEXHONOTIYHUX cucTeM. Bum. Ne33, 2013

Milorad Gruji¢', Ljubomir Dragosan?, Blagoje Spaskovski®, Igor Barbulovi¢*, Masan
Gruji¢®
L University of Belgrade, Technical Faculty, Bor, SERBIA

2 University of Business Academy, Faculty of Economics and Engineering Management,
Novi Sad, SERBIA

3 RTB (Mining and Smelting Complex Bor), Bor, SERBIA
*High Technical Mechanical School of Professional Studies, Trstenik, SERBIA
5 ITNMS, Belgrade, SERBIA

PRODUCTION POSSIBILITIES OF RTB BOR BASED ON LONG-TERM
APPROACH

1. Introduction

Having in mind the stated facts, it is clear that RTB Bor as a system can function only by
using innovative solutions on technics-technological plan in global profitable copper industry.
Considering that the normative and operational expenses are the key for economy of copper and
precious metal industry, by implementing new technological and technical solutions within
revitalization of RTB Bor, we come to understand the inevitability of applying the most important
activities which can considerable lower expenses. The cost advantage is one of two competitive
advantages which firm RTB Bor can possess. The expenses are also of vital importance for
differentiation strategy, because a firm which differentiates itself according the expenses must
maintain them on the level similar to the expenses of the rival.

In chapters: production, ore processing and metallurgy we present “ the improvement in
expenses based on projects solutions”, as well as the data about normative expenses for a ton of
excavation in mines, for a ton of processed ore in flotation to cathode and metallurgy for a ton of
cathode. In projected circumstances, the relation of copper price and the expenses of production
show that the realization of project solutions is completely economically justified. At the same time,
the production of copper and precious metals demands high investments, here as well as in the
whole world, and they cannot be delayed.

Basic characteristics of RTB BOR STRATEGY are related to quantifications of projected
technological-technical and cost performances, which, besides the influence of natural
characteristics of ore, have the strongest influence on not only the possible range and continuance of
production, but also on the level of production profitability. The importance of previously
mentioned factors is confirmed by the improvement in technics and technology, throughout years,
in an increasing rate. The implementation of the new technological-technical solutions leads to
decreasing production expenses, on one side, and to better exploitation of on the other side, which
enables maintenance of production profitability even in the conditions of decreasing prices and the
content of useful metals in ore. That also have the influence on possible range of activities and
profitability of overall system, in the last phase of cathode.

By acquiring new modern equipment in the mining complex: Veliki Krivelj — Cerovo —
Majdanpek, that is by implementing new flotation equipment, reconstructing the smelter and by
creating new sulfuric acid, with better control of production process and new technical solutions, we
secure a higher level of technological results and the decrease of operational expenses. In that way
the fact that copper, precious and rare metal are hard to come by and that the content of metals is
reduced, will be compensated by modernization of technics and technology. It also promotes a
possible period of development projection in, at least, next ten years. Above all, copper is a very
important raw material with wide range of usage in industrial and other productions, which is not
one-time only act, but a process, which takes place in different phases of social reproduction, until
the incorporation into final products.
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Related to this, the intensity of copper consumption in the widest sense is characterized as
an amount of copper by the unit of gross domestic product. According to this, the movement of
copper consumption intensity, especially in the developing countries, (China, Russia, South
America, and South Africa), now and in the future they will be great consumer of copper, which is
very important for the estimation of the future consumption of copper in the world. So, global
tendencies in the developing countries show that the consumption of copper increases faster than
the increase of gross domestic products, because their increase is usually based on the development
of industrial castors, which in their nature imply greater consumption of copper and other basic raw
materials. In favour of this is the fact that in the last ten years the increase level of copper
consumption is close to the increase level of industrial production. This is made possible by the
results of the research in the new areas of copper usage.

Starting from this approach, the is logical to conclude why the consumption of copper in the
next decade will have the same increase level as the increase of industrial production and social
product, most of all in the countries in development, in other words it will increase from 17.300.000
t to 24.000.000 t a year. Determined STRATEGY for the development of RTB Bor represents
planned and systematic, but also economic stabilization of technics and technology in mining,
processing and metallurgy, which as result could lead to annual production of 70.000 tons of
cathodic copper, 1578,4 kg of gold, 9854 kg of silver and 320.000 tons of sulfuric acid. Produced
copper, gold, silver etc., are not only of high quality, but also they belong among the best in the
world and most desirable on all markets, which is confirmed by long-term export results.

Besides basic mines deposits, STRATEGY plane excavation of copper and other precious
metals from other minor mines, which are characterized by high level of copper and supplementary
metals, with minimal investments. Some of those minor mines, according to the existing
qualifications, belong to the gold mines (ore deposit T, T1 in Bor pit, Cika Marin-1, quartz streak
Kovej, South Revir). The profits gained from exploitation of those mines are considerable.

Ecological criteria in STRATEGY are highly ranked during the ranking of all activities in
production cycle in RTB BOR COMPANY. In that sense, a new flesh-smelting furnace transmit
only 125 ppm, hydraulic transport of ground ore from Cerovo to flotation Veliki Krivelj completely
isolates pollution of the environment, paste technology and transport of flotation tailings from
Krivelj to old open pit mine in Bor, don’t emit great amount of dust that pollutes the environment,
refinement of waste water and 350.000 t of domestic concentrate from overall of 400.000 t, which
are much cleaner, have many advantages in relation to imported concentrate.

Having in mind technical-technological solutions, established in STRATEGY, which led to
valuable projections, we come to the specific conclusions, and only the most important ones will be
presented.

POTENTIALS: Very important fact is that mineral and row material complex of metals in RTB
BOR COMPANIES, with its capacities, according to copper concentration per individual, at the top
in the world.

ORE RESERVES: Explored geological reserves of copper in RTB BOR COMPANY are 1.2 billion
tons with average copper concentration in ore of 0.384%. The amount of copper in those reserves is
4.6 billion tons, 296 tons of gold and 2.215 tons of silver.

From those reserves around 3.400.000 tons of electrolytic copper, 130 tons of cathodic gold
and 1.050 tons of cathodic silver can be produced.

Up to now the explored reserves enable production of 75 — 80.000 tons of copper a year in
the next 100 years.

That means that RTB BOR COMPANY has great mining reserves of copper and precious
metals. In overall world reserves they participate with 2,0 %, but it has to be considered that the
reserves of the USA participate with 7,5 %, Russia with 3,2 % and Canada with 2,1 %.

As far as quality is concerned (the concentration of copper and precious metals), mining
reserves in RTB BOR COMPANY globally belong to the group of poor deposits. However, here we
have to consider the following:
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Firstly, deposits of copper have very favourable location, with already built production
capacities and complete infrastructure, and that only neutralize the 20% lower concentration of
copper in relation to the concentration in leading mines in the world.

Secondly, the tendency of constant impoverishing of deposit in the world is present for
decades, so the difference between average content of those deposits and the content in domestic
reserves is decreasing, which in long term, should make the deposits in RTB BOR COMPANY
more competitive on the global copper market.

2. Production: according to the business plan for copper and precious metals
production in rtb bor company

In the basis of mining and processing, there are modern technological-technical solutions.

The technology of ore exploitation on surface open-pit mines is combined with the phases:
demolition of rock masses by drilling and blasting, loading blasted material with a digger which is
combined in transport system- dumper trucks- grinder- belt conveyors- stacker. So, technical
process includes:

Drilling boreholes for blasting is done by drilling machines of 229 and 311 mm in diameter.
Explosive filling is mechanized; explosives “ANFO” and “SLURY” are used.

Loading is done by scoop diggers with the scoop cubature of 11,46 m3, 15,3 m3 and 22,5 m3.
Transport by trucks with tonnage of 136, 154, 172, 181 and 220 t, and with transport systems with
belts.

Additional equipment includes bulldozers, loaders, and graders.

System for drainage consists of facility for collecting water, pontoon from where the water
is drained outside the open-pit mine by pumps.

Acquisition of a new generation of mining machines and equipment, enabled technological -
technical development in the period that follows. This is comparatively described by the fact that
loading ore into dumpers with the tonnage of 172 t with a scoop digger and its scoop cubature of
15,3 m3, until last year took 140 seconds, while today loading of 220t tonnage dumper with the
digger with the scoop cubature of 22.5 m3 takes only 110 seconds.

Creating conditions for better usage of conveyor belts, represents great improvement in
reducing ore expenses, whose part is the biggest in overall exploitation expanses. Transport by lines
has lower cost by 30-40% in comparison to dumpers.

2.1. Ore processing

The biggest expenses in ore processing in flotation are in the process of grinding. Only for
electricity and grinding bodies the expenses are around 70% of ore processing and they are bigger
that the most expensive phase from dogging on the open-pit mine — transport by 50%. The grinding
process in flotation is the final one in the process of ore fragmentation, which starts with drilling
and blasting on the open-pit mine, through three levels of crushing and sifting it ends by grinding
the ore. That is why, one of the goals is to execute optimization-minimization- of the expenses on
the whole line of fragmentation. The BUSINESS PLAN gives the way of transferring grinding
expenses on cheaper phases: drilling and crushing. The procedure in drilling and blasting is
accepted, which guarantees the biggest difference (ATdr + ATme)- ATBM, between the expanses of
fragmentation, drilling and blasting in relation to the overall expanses of crushing and grinding. The
procedure is attained by changing parameters of mining-blasting works, which results in better ore
fragmentation (changes particle composition in behalf of finest fractions), the increase of drilling
works and the increase in usage of (normative) explosives, because the normative material for
drilling and blasting 10 times smaller that the expenses of crushing and grinding. Besides, by finer
ore fragmentation, the expenses of loading and transport can be reduced. In loading it is because of
better performance of diggers (better fullness of the scoop, shorter operation time), saving in
electricity and maintenance, and in transport it is recorded in decrease of maintenance cost for
trucks. Then, starting with the fact that it is four times cheaper to crush than to grind ore, the
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reconstruction of crushing machines took place in flotation Veliki Krivelj and Cerovo, as well as in
flotation Majdanpek, in order to lower the upper limit of ore fragmentation from 22 to 14.85 mm
(Krivelj and Cerovo) and from 20 to 11mm (Majdanpek), in order to increase the capacity of
grinding by 20% and decrease the expenses by more than 20%. The next phase in improving
profitability of flotation work in RTB BOR COMPANY, includes improving working conditions in
the grinding process, in order to decrease production expenses and reconstruction of concentration
process, in order to increase the exploitation of useful components from the ore. Since the process
of flotation concentration is a very complicated one, combined of more operational units, includes
plenty of equipment, physical, chemical and mechanical information, it implies implementation of
automatic and computer control of the processes, in order to achieve intended values and maximal
usage of metals with minimal cost of processing. However, the use of the energy of crushers turned
out to be dependent, besides the constructive characteristics, on the fact if the automatic control is
used or not. Without the use of automatic control, the absorbed energy of secondary crushers is 55%
and tertiary 80% in the comparison to the installed one. With the use of automatic control the
absorbed energy of secondary crushers reaches 90%, and tertiary 100%. For the success of flotation
concentration of copper and precious metals, the process of ore grinding is important, which should
guarantee optimal granulomertical composition, great specific surface of the mill and separation of
useful from useless minerals. Solved and constructive characteristics of mill elements, which are
used to optimize the kinetic energy of grinding bodies, as direct relation between work efficiency of
the mill and relative revolution per minute, enable the reduction of used energy by 12% , and the
increase of capacities by 03%.

Practical value of such established range of transmittance of kinetic energy, in order to make
fragmentation of ore in the mill more efficient, is represented in better force effects and the use of
useful energetic effects of the batch being ground. This kind of force effect, leads to the best
energetic usage during transformation of elastic deformation energy into surface energy. It also
contributes to the decrease of wearing during dynamic process metal-ore-metal. Related to this,
dimensional and kinetic parameters like: flow and mass of pulp, size and mass of the batch, need to
be regulated for the maximal fragmentation effect of grinding, with the system for automatic
control. Successful flotation conception (better use of technology by 1.0%) implies the use of cells
of great unit cubature of 100 m3 in flotation Veliki Krivelj and 50 m3 in flotation Majdanpek.
Projected usage of managing fragmentation processes and flotating has especially great importance
in improving techno-economical results and working efficiency of equipment for flotation
concentration. Information- controlling system was represented by measuring devices and computer
system, which, on two levels, obtains complete data about quantity and quality that the process is
based on, in order to regulate, plan and manage production. The first level is for local regulation,
stabilization, and the second one is connected to central supervision computer. By improving the
process with completely automatic control, we expect to increase copper usage by 1.0% with 10.0%
lower production expenses. Further disposal of flotation tailings from Krivelj with paste or
compressional thickeners, together with overburden from surface open-pit mine Veliki Krivelj into
the hatch of old mine in Bor is planned in the BUSINESS PLAN. In that way the recovery of huge
excavations will be done and the accumulation area for disposal of liquid tailings will be provided
for years to come (15 years), and the accumulation area for industrial water in abandoned flotation
tailings pond Veliki Krivelj.

3. Processing of concentrate

Projected range of TIR (Smelter and Refinery) production based on concentrate of maximal
production of its own concentrate, in the mines of RTB Bor, while imported concentrate and other
raw materials (cold materials, cement mud, scraps) represent valuable addition for complete usage
of capacities of the New smelter. The projected TIR production was done by following the scheme
of technological process from the arrival of raw material to finished products. Overall projected
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processed concentrate is 400.000 tons a year in the New smelter and 32.000 tons of sulfuric acid in
the New factory of sulfuric acid.

Within the action of reducing the pollution of working and living environment, the
construction of a “NEW SMELTER AND THE NEW FACTORY OF SULFURIC ACID” was
started. They, in the first place, represent powerful tool in reducing air pollution in Bor and vicinity,
especially from sulfur dioxide, and instead of today’s 45%, the emission will be only 2,0%. Besides
that, the new flesh smelting technology, instead standard melting of copper concentrate, will
increase metallurgical usage of copper from 93 to 98% and will also double the production of
sulfuric acid. The final effect of the NEW SMELTER is reaching the global level of expenses for
processing a ton of cathodic copper. In the New smelter by better usage of copper from today’s 93%
to 98%, the amount of copper will increase by 3.500 tones a year, that is 14.000.000 USD.

It is not easy, but it is achievable.

According to the assessment, appropriate for these conditions, it turns out that the projected
equipment and its repercussions on the production expenses, is very important for improving the
financial results of RTB BOR COMPANY. They, of course, should be explicated. Taking into
consideration the account of normative expenses, improved differences, it turns out that the unit
expenses in RTB Bor, for a ton of excavation in mines, for a tone of processed ore in flotation to
cathode and in metallurgy for a ton of cathode, would be close to the global standard in the most
modern companies. From the analysis, it is obvious that the biggest single savings in normatives
can be achieved in electrical energy and steel (around two thirds of savings in energy and steel are
achieved on the basis of technical solutions, which by finer crushing enables finer grinding, and one
fourth is saved on the basis of hydraulic transport of pulp and more efficient and more thoroughly
usage of conveyor belts), and by realization of the New smelter, which improves cost parameters.

Globally, the solutions for reducing normative expenses within the projection of
revitalization of RTB BOR GROUP, are completely justified. So, the prospects of RTB BOR
COMPANY, which represents the unique system for production and processing of copper, precious
and rare metals, are considerable within a good basis for the continuance of production and creating
positive financial results.

4. The use of completely new equipment

Projected exploitation reserves within RTB Bor Group are larger that the projected ten- year
production, (248.000.000 tons of ore, 3.000.000 tons of copper concentrate, 700.000 tons of
cathodic copper, 15.784 kg of gold, 90.854 kg of silver and 3.200.000 tons of sulfuric acid), which
would make 1,6% of overall world production, which means that projected dynamics of production
wouldn’t endanger the continuance of production in post-project period. In that sense, the current
state can be quantitatively improved by using 1.000.000.000 tons of available technogenic raw
materials. Its considerable part is related to obtaining copper by bioleaching and extraction. The
main characteristics of the mentioned copper production are lower expenses of production, and very
low investments needed for the production, which makes profits obtained this way very important.

The latest data show that, in the next five years, 40% of global copper production is planned
to be obtained by hydrometallurgical process. For the deposits with sulfide copper minerals ( that
TRB Bor has) microbiological strains are used for oxidation. Microorganisms use sulfur from
sulfide in their biochemical processes and convert deposits into oxidative. Oxidative copper deposit,
created through biological oxidation, is treated by diluted sulfuric acid 2,0 g/l, which obtained from
pyrometallurgical process. In other words, as additional product from copper smelter. This raw
material is efficiently used for new hydrometallurgical amount of copper. Dissolved copper into
diluted sulfuric acid is extracted by one of the ACORGA extractants:

M 5640
M 5774
M 5850
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M 5910
M 5397

and in concentrate state 200 g/l Cu, it leads to refining in electrolysis. In this way highly pure
copper is obtained, as a result of the usage of ACORGA extractant, with the minimal specific
consumption of electrical energy. The savings is around 75% in relation to copper production in
pyrometallurgical way. The process takes place in the temperature of local ambient. After training
and confirmation of the benefits, which are gained by hydrometallurgical production process with
the starting level of 7000 t of copper a year, it is necessary to project and achieve the next capacity
of 20.000 tons a year, which is for the deposit size of Cerovo, or tailings pond in Bor, enough for
economical production for years. At flotation tailings pond in RBM (Copper Mine Majdanpek), as a
result of much bigger surface of useful minerals and tailings minerals, the specific concentration
and the type of bacteria are adjusted to change natural raw material. The final consumption of
sulfuric acid is, in that way, adjusted to and it is around 4,0 g/l H2SO4 with the achievement of
comparable effects and capacities to natural copper deposits.

5. Biological leaching and copper extraction

5.1. The basics

In accordance to established goals, BUSINESS PLAN included all aspects of maintenance
and development of copper production fro primary raw materials in RTB Bor. Ecological problems
are radically resolved by building new metallurgical capacities and by considerable investment
actions in order to decrease bad ecological effects in mining. The answers for further increase of
raw material basis with ecological solutions, should provide concrete project of valorization of
copper obtained by biological leaching and by extraction from low percentage ore: Cerovo 3 and 4,
tailings pond in Bor and flotation tailings pond RBM. The goal is to produce 7 000 tons of copper
with this technological process, which is a closed process so there are no serious environmental
problems.

5.2. Conceptional solution

There is a considerable number of factories in the world which use biological leaching and
extraction in copper production. Moreover, the data about their work is available and include
technical aspects, choice of appropriate bacteria and reagents and technological schemes, but there
is little information about how to regulate and optimalize the process of biological leaching and
extraction. The goal of this conceptional solution is to increase this drawback. The good news for
organizers in this technological process is the basis of the chemical reaction, which describes the
process of biological leaching and extraction. For the process of biological leaching two bacteria are
used. One type works on S, and the other on Fe. The ones that work on S are sulfide oxidizing.
Sulfur in sulfide is S-2. That means that it has the highest possible reduction valency. The bacteria
eat S-2 and oxidize it biologically and transform it into zero valency state (elemental S). In
chemical sense, because electrons are the carriers of negative electric charge, bacteria in their
metabolism spend two electrons from each sulfur atom. For chalcopyrite CuFeS2 it is necessary the
settle in C and Fe oxidizing bacteria. The iron oxidizing bacteria oxidize the iron in the molecule of
chalcopyrite, which is Fe2+ u Fe3+ and in that way it releases Cu fro the molecules, because the
product of dissolving F3+ much bigger than of Fe2+. In this way Cu is not tied to iron, but it stayed
tied only to sulfur. Sulfide-reductive bacteria work on CuS, and in that way make it available for
dissolving in sulfuric acid H2SO4. This process takes place on halda, picture 1, which has screen
basis of butyl rubber resistant to H2SO4, and 5,0 mm thick. Produced solution H2SO4 with Cu is
called master leach. The acid is added in 0,5% H2CO4, that is 5,0 g H2SO4 on 1,0 | H20. Bacteria
are concentrated on S and Fe in three months.

The basic chemistry of solvent extraction of copper from solution obtained by biological
leaching is returnable depending if it describes extraction or stripping process.

This relation defines extraction:

65



ISSN 2222-9000 HaziifHicTs iIHCTpYMEHTY Ta ONITUMI3aIlisl TEXHONOTIYHUX cucTeM. Bum. Ne33, 2013

Cu2+ (aqg) + 2RH (organic phase) — R2 Cu (org.)+2H+ (aq), 1)
where:
u2+ - copper in saturated master solution (PLS);
RH (org) — extractant;
R2Cu (org) — copper/extractant complex;
2H+ (aqg) — acid ions in solution.

Halda

/ PN
/ / /

Solutions of sulfuric acid Screening Screen surface of
H,S0Oy - register lug field butyl rubber, @5 mm
Figure 1

Which means, copper extraction takes place when PLS solution which contains copper, is
mixed with stripped organic solution of extractants. Then extractant releases its protons and
correlates with copper, whose amount in the water is decreasing until the level of acidity is
increasing and copper transforms into organic phase, making copper/ extractant complex.

While stripping phase in solvent extraction of copper is represented by the following
relation:

R2Cu (org) + 2H+(aq) — Cu2+(aq) + 2RH (org). (2)

According to the relation stripping of copper takes place when very acid solution ( ex.
electrolyte 5,0 g/l H2SO4) is mixed with rewarded organic copper complex. Then, copper is
released from the complex, reacts with acid, so the amount of copper in water phase (electrolyte) is
increased, and the amount of acid H2SO4 is decreased, because copper transforms from organic
phase and creates possibilities to be replaced with acid-— H2SOA4.

According to this, the modern process of solvent copper extraction is based on combination
of these two phases, where the phase of extraction takes place two times, and stripping phase once.
Practically, that means that in a reactor, picture 1, organic and water phase are mixed intensively. If
the extractor is more reactive, better usage of copper is accomplished in the rage from 85% to 95%.

By using extractor ACORGA M5774, in water solution of 5,0 g/l Cu, 0,5 g/l Cu remained.
That means 4,5 g/l Cu transferred into organic phase or 90%. After mixing the process is stopped
and separation of layers takes place, water layer on the bottom of reactor, and organic layer at the
top of reactor.

The second part of the process gives reactor the role of separation (SETTLER). That is why
the reactor is called MIXER SETTLER, because in the same place two different mechanical
reactions take place.
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REACTOR

Mixer SETTLER m

|| T = 30° (mixing)

Pipes for
discharge

4 Pipes for
p
o discharge

Figure 2 — ACORGA M 5774, organic- chemical structure, highly selective to copper in
relation to other metal ions in PLS solution.

Hydrocarbon solvent- inert hydrocarbon based on kerosene, which represents the carrier for
extractant. Further, lower water phase is let go and the concentration of free sulfuric acid - H2SO4
is checked, then we regulate adding of new fresh sulfuric acid on 0,5% H2SO4, and again halda is
sprayed. During one transition of sulfuric acid from top to bottom of halda, new 5,0 g/l Cu is
dissolved ( elute), and in that way the concentration of around 5,5 g/l Cu is obtained. From
electrolyze worn electrolyte (40,0 g/l Cu) is sent into MIXER SETTLER where organic phase is
kept, kerosene where the solvent Cu is temporarily tied to. With changed conditions and with
intense mixing, Cu is freed from the organic phase and transformed in water phase. By re-extraction
4,0 g/l Cu transforms into worn one which is enriched with copper on 44,0 g/l Cu is back to
electrolyze and organic phase is used again for extraction of copper from master leach (PLS).

6. Optimization

Optimization of biological leaching process on halda, according to illustrated chemistry,
depending on concentration and type of minerals (chalcopyrite, chalcocite, covellite, enargite,
azurite, malachite...) where leaching Cu Fe S2 is most complicated. Also, it depends on oxidizing
bacteria and starting biomass for leaching, as well as the concentration of sulfuric acid for
stoichiometric reaction of copper mineral molecules to make Cu2 (univalent) SO4 — Cu (divalent)
COA4.

In further process, optimization of the process is characterized by maximal transfer of
copper from PLS (concentration and the flow of copper solution) in organic phase with guarantee of
minimal transfer of unwanted metals. Because of the nature of constant recycling of organic phase,
it is necessary to optimize extraction and stripping process. That practically means it is necessary to
determine isothermal balance of specific system. Extraction balance is obtained when the maximal
amount of copper is extracted from PLS solution for every cubature relation of organic and water
phase (O/A).Operative phase ( getting rid of copper) is mixed with PLS in different O/A relations.
After separating organic and water phase, the concentration of copper in each is analyzed, which
represents measuring values of efficient separation process.

While, stripping of isotherms represents maximal amount of copper, which can be obtained
from organic phase for each relation O/A. Further, operative organic phase (together with copper) is
mixed with electrolyte whit different O/A relations. At the end organic and water phase are
separated. By measuring copper concentration in each of them is determined.

According to the analyzed isotherms, the efficiency of applied scheme and process
parameters (two degrees of extraction and one degree of stripping) is determined. In the first case,
the flow of PLS solution is maintained, while the flow of organic phase is increased, as well as
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relation O/A is increased in extractive. In this way two conditions are obtained-1. It is enabled for
PLS solution to be in contact with more extractants, the amount of copper (PLS- refined substance)
extracted from PLS is higher, which leads to better usage of copper and lower amount of copper in
refined substance. Since the flow of organic phase is higher, there is increase in speed of copper
transfer. This results in increase of copper production, even in conditions of lower amount of copper
in organic phase(LOBO).

During maintenance of organic phase flow and the increase of PLS flow, the relation O/A is
decreasing. Additional water flow in this case has diluting effect on acidity when in contact with the
organic phase. Higher pH value of water phase ensures higher level of copper transfer in organic
phase, during which a constant flow of organic phase is maintained and the amount of copper in
organic phase (LO-BO) is increased, because of the increase of copper transfer speed. In the
condition of inverse change of relation O/A, the effect of extractant concentration increase is not
constant. For lower values of relation O/A, the increase of amount o copper is achieved in organic
phase, by obtaining the same amount of extractants than with the higher values of O/A. When
during the process, high values are maintained of relation O/A, the amount of extractants for
connection of copper from PLS solution is too low, that is why it is necessary to increase adding
extractants to improve effect.

In the conditions of applicable content of copper in PLS, for optimization of copper
extraction, it is better to adjust the flow of organic phase than to adjust concentration. The reason
for that is that increase of extractant causes considerable increase of production expenses in relation
to increase of the flow. Also, the decrease of concentration of extractant (through dilution) is
limited by production capacity, so the work with the insufficient amount of solvents would lead to
undesirable copper transfer.

For the given working time of MIXER SETTLER, multileveled MIXER SETTLER has
higher and much more consistent phasic efficiency comparing to single leveled.

In operational sense, optimization of stripping consists of adjusting factors which help
improving copper transfers from organic in water phase.

By combining optimal conditions for extraction phase and stripping, complete optimization
of overall process is possible. Each of listed optimization factors give different levels of
improvement, but if they are used together on nominal values, they will lead to complete chemical
balance and maximal bio organic transfer, and with that to the usage of copper of 85-95%.

7. Conclusion

Copper extraction by biological leaching and extraction has become extremely important
factor of global copper production. The following facts are particularly important:

This technology has enabled treating ore of low percentage (0,1 — 0,3% Cu).

Technological usage of copper from relatively poor ore is from 85 — 95%.

Operational expenses of production by biological leaching and extraction are less from 30 to
40% in comparison with nett expenses of production by classical methods. In that sense, the
example of cooperation of ACORGA and La Copa and Bedol Dumps companies is interesting,
annex 1., with the least consumption of H2SO4 (5,0 g/l Cu), high usage of copper 90 and 93% and
overall expenses between 1500 and 1700 USD/tons of cathodic copper.

Capital investments for a ton of refined copper are also much lower (55-65%), depending on
concentration of copper in ore and the location of deposits. For production of 7000 tons a year,
investments in a factory and testing of technology are 14 million dollars.

The influence of concentration of copper on the level of production expenses is much less
registered, because the expenses of leach solution is much smaller than the expenses of ore
processing and concentration of copper by classical methods.

This technology has minimal production capacity around 7000 t of copper, and the usage of
additional materials ( gold, silver...) is practically impossible, on current development level.
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So, along the presented path of development of RTB Bor, we can say there is biological
leaching and extraction of parts of deposits which are not profitable in classical way. Secondly,
presented chemistry of biological leaching, extraction and stripping, shows great possibilities for
applying and optimization of the procedure with this technology, and also for projecting and
industrial work, considering mineral content, bioleaching and extracting materials.

Shortly, perspectives of usage of biological leaching and extraction are considerable within
mining, but also in increasing the basis of raw materials for copper production in RTB Bor on the
level of 2% of global production and protection of the environment.
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PRODUCTION POSSIBILITIES OF RTB BOR BASED ON LONG-TERM APPROACH
Milorad Gruji¢, Ljubomir Dragosan, Blagoje Spaskovski, Igor Barbulovi¢, Masan Gruji¢

This paper, through expenses shows the long-term development strategy of mining-smelting
complex in Bor. In this way we want, in a summarized overview, to mark the first year of
revitalization, exploitation, production and processing of copper and precious and rare metals in the
area from Bor to Majdanpek. But also to promote the period of such development in Bor in the next
hundred years. The fact that copper, precious and rare metals are hard to reach and that the content
in it is poor will be compensated by modernization of technics and technology whose improvement
is included in the business plan. Copper, precious and rare metals are strategic material in the world.
Their demand and consumption are valuable, the mines are being impoverished and thus they
become much more independent of our mines. This is where RTB Bor, by quality and economically
persuasive production, finds its chance, to reach the income of 1.4 billion dollars, which will be the
basis of overall economic and social development of the municipality of Bor and Majdanpek and
republic of Serbia. Strategic plan for increasing capacities of exploitation in the mining complex
Krivelj — Cerovo — Majdanpek has already been started by acquiring new mining equipment of high
capacity, by acquiring new flotation equipment and, by reconstructing the smelter and building a
new factory for sulfuric acid, and in that way we will achieve better technological results and better
environment protection according to the highest ecological standards. The paper will present
planned and systematic, but also economically profitable stabilization of technics and technology in
mining, processing and metallurgy, which as a result should give annual production of 75.000 tons
of cathodic copper, 1690 kg of gold and 7240 kg of silver. Produced copper, gold, silver... are not
only of high quality, but among the best in the world and desirable in all markets, which has been
proven by the results over the years.
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[MTPONU3BOACTBEHHBIE BO3MOXXHOCTHU RTB BOP HA OCHOBE
JOJII'OCPOYHOI'O ITOAXOJA
Munopan I'pyny, Jlrobomup [parouan, braroe CniackoBcku, Urops bapOynosuu, Macan ['pynu

B 5710i1 cTatbe mpuBeseHa JOJTOCPOYHAS CTPATErHs Pa3BUTUS TOPHO-METAJUTyprUYECKOrO
komruiekca B bopy. Menp, IparomneHHbie  peIKhe METaJUTbl - CTPATETHIECKHA MaTeprall B MUPE.
Hx crpoc, norpebieHne BbICOKU U MOCcTOSHHO pacTyT. RTB BOP, mo xauecTBy U 35KOHOMHUYECKOTO
00OCHOBaHMs MPOM3BOJCTBA, MMEEM BO3MOYKHOCTh JOCTHYb Jl0X0Ja B pasmepe 1,4 mumumapna
J0JJIApOB, KOTOPBIM OyneT OCHOBOM OOLIEro 3KOHOMHUYECKOTO W COIMAJIBbHOTO PAa3BUTHUS
MYHHUITUTIATLHOTO 00pa3oBanus bop B Maiinanmneke, pecnyosmku CepOus. CTpaTernueckuil miaH
MOBBIIICHUS MTOTEHIIMANIA dKCIUTyaTanuu B ropHoi komiuiekca Krivelj - Cerovo - Maiizannek yxe
paboTaeT, MyTeM MNPUOOPETEHHS HOBOTO TOPHO-IIAXTHOTO OOOPYMOBaHHWS OOJIBIION MOIIHOCTH,
nproOpeTH HOBOTO TIABYYETO 000PY/I0BaHUE, & TAKXKE ITyTeM PEKOHCTPYKIIUU METaJUTypruiecKoro
3aBOJIa MU CTPOUTEIBCTBO HOBOI'O 3aBOAA, JUISl CEPHOW KHUCIOTHL. Takum oOpa3oM, JOCTUraroTcs
BBICOKHE TEXHOJIOTUYECKHE PEe3yNbTaThl U TOBBIMIACTCA CTENEHb OXpaHbl OKPYXKAaroIled cpenbl B
COOTBETCTBHUM C BBICOKMMM SKOJIOTMYECKMMHU cTaHgaptamu EBpombl. CtaTes NpeCcTaBUT
IUTAHUPYEMbIE M CHCTEMAaTHYECKHEe, a TaKKe SKOHOMHYECKU BBITOJIHBIA TUIAaH BHEAPEHHS HOBOU
TE€XHUKU U TEXHOJOT'MM B JOOBIUE, MepepaboTKe U METAJUIypruu, KOTOpbIe B pe3yJbTaTe JOJKHBI
naTh exerognyr noo0eray 75.000 TonH katomHOW memu, 1690 kr 3omora m 7240 kr cepeOpa.
[TpousBogumble Mezb, 30J0TO, CEpeOpPO XapaKTEPU3YIOTCSI HE TOJIBKO BBICOKMM KadeCTBOM, HO U
BBICOKUM CIPOCOM HAa MHOTMX MHPOBBIX pBIHKaX, 3TO JO0Ka3aHO pe3ylbTaTaMH padOTHI
NPEIIpUATHS Ha IPOTSKEHUN MHOTHX JIET.

BUPOBHMNYI MOXXJIMBOCTI RTB BOP HA OCHOBI JOBI'OCTPOKOBUX ITIJIXO/Y
Minopan I'pyiueBoi, Jltobomup [Iparouan, bnare Crniackoscki, Irop Bapoynosiu, Macan I'pyiueBoi

Y wiif cTaTTi NpHMBEJCHA JOBIOCTPOKOBA CTPATEris PO3BHTKY TiPHMYO-METAalypriiHOrO
KoMmriekcy B Bopy. Mijib, 1OpOrominHi i pifkicHi MeTamu - cTpaTeriunuii mMaTepian y cBiTi. Ix
MIONNT, CHOXHUBAHHS BHMCOKI 1 mocTiiHO pocTyrb. RTB BOP, 3a skicTio Ta €KOHOMIYHOTO
OOTpYyHTYBaHHSI BHUPOOHUIITBA, MAa€EMO MOIJIHMBICTh MOCSITTH AOXOdy B po3Mmipi 1,4 wminbapaa
710J1apiB, SIKUM OyZie OCHOBOIO 3arajlbHOI0 €KOHOMIYHOTO 1 COLIAJIbHOTO PO3BUTKY MYHIIUIIAIILHOTO
ocBitu bop B Maiinannek, pecny6niku Cep6is. CTpaTeriyHuil IUIaH MHiABUIIEHHS MOTEHLIATy
eKcITyaTarii B Tipchkid komimiekcy Krivelj - Cerovo - MaligaHnek Bxke MpaIioe, IUITXOM
npu0aHHS HOBOTO TiPHUYO-IIAXTHOTO YCTATKyBaHHsS BEJIUKOI MOTY)XXHOCTI, MpHI0ail HOBOIO
IUIaBYYOro 00JIaJHAHHS, a TAKOXK HUIIXOM PEKOHCTPYKIIT MeTalypriiiHoro 3aBoay i OyJiBHHUIITBO
HOBOTO 3aBOJy, MAJs Cip4aHOl KHUCIOTH. TakuM YHMHOM, MJOCSTAIOTBCS BHCOKI TEXHOJOTIYHI
pe3ynbTaTH 1 MIABUIIYETHCS CTYMIHbB OXOPOHU HABKOJIMIIHBOTO CEPEJOBHINA Yy BiAMOBITHOCTI 3
BUCOKHMMH €KOJIOTTYHUMU cTaHgapTamu €Bpornu. CTaTTs NpeJCTaBUTh INIAHOBAHI 1 CHCTEMaTHuHi, a
TaKOX E€KOHOMIYHO BWTIJHHUI IJIaH BIPOBA/KEHHS HOBOI TEXHIKM 1 TEXHOJIOTii Yy BUIOOYTKY,
nepepoOIi 1 Metamyprii, siki B pe3yiabTaTi MOBUHHI JaTH INOpiYHMNA BHUI0O0yTOK 75.000 TOHH
katogHoro Mimi, 1690 kr 3omora 1 7240 kr cpibma. Ilpomykmis, Migs, 3050TO, CpiOIIO
XapaKTepU3YIOThCsl HE TUTBKH BHUCOKOKO SIKICTIO, alie¢ i BUCOKUM IOTMTOM Ha 0araThOX CBITOBUX
pHUHKaX, 1€ JOBEJICHO pe3yJibTaTaMi poOOTH TiAMPUEMCTBA BIIPOJIOBK 0araTtbOx poKiB.

Key words: technics and technology modernization, explicate in general, highly pure gold
99,9999, cost advantage, corporative strategy and competitive advantage.

KiroueBble cioBa: TEXHHKAa W MOJEpPHU3ALMS TEXHOJIOTHMH, YUCTOTa 30J0Ta 99,9999,
LIEHOBOE IIPEUMYILECTBO, KOPIIOPATUBHAS CTPATErUs U KOHKYPEHTHOE IPEUMYILECTBO.

KirodoBi ciioBa: TeXHiKa Ta MOJEpHi3allsl TEXHOJIOTiH, YucToTa 3070Ta 99,9999, minora
nepeBara, KOpropaTuBHa CTpaTeris 1 KOHKypeHTHa TepeBara.

[ata HaagxoayKeHHsA cTaTTi: 5 cepnHAa 2013 p.
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Aleksandra Jovanovié
Secondary School Prokopovic, Nis, Serbia
CUSTODY OF PERSONS DISABLED FOR WORK

Introduction

Custody is a special, legally regulated protection that social community provides for minors
who are not under parental care and other persons who are disabled or in any other way do not have the
ability to take care of themselves, their rights and interests, preservation and handling their assets.

Custody was developed as a family institution for a long time. The family was obliged to take
care of its members who need protection, and in case of a person who needs protection and does not
have a family, the state assumes the custody. Due to the society development, social role and
significance of the family drops and its place is taken by state bodies whose duty is to take care of
themselves.

Matter of custody right implies the following principles:

— Principle of a special social protection of a person under guardianship;

— Principle of the priority of caring about ward’s personality and

— Principle of the universality of social care for the persons who need a special social
protection (by applying the measures of legal protection and social aid).

“Custody is ensuring, by activity of community through a particular body (custody body), for
the custody performed by a particular physical entity (guardian of the person disabled or unable to take
care of itself, its rights and other interests (ward)) to achieve its purpose.”(M.Popovic, Family law, pp.
366)

Today, there are mostly the countries that have developed custody as an institution:

Of mainly family character, looking up to Roman law (France and countries of Romanian
system) and Mostly state (social) institution, looking up to German system.

In FNR Yugoslavia, custody had a family character with basic characteristics of patriarchal
system, and in SFRY it was mainly of social character. Constitution of FNRY, Article 26, Paragraph 1
of General Law on Custody refers to this. Constitution of SFRY from 1963. Article 57 and Constitution
of SFRY from 1974, determine the custody as an institution of general social significance. General
guidelines for children and minors’ protection in SFRY were given during NOB (National Liberation
War) as a result of transformation of country’s legal system and that implied the following:

1. Custody of children and minors in general belongs to the state;

2. Total protection of minors, their personality and assets is achieved through custody;

3. Custody jobs are under jurisdiction of national authorities that are the closest to people, with
active participation of social organizations. (Legal encyclopedia. Modern administration. Belgrade.
1989.)

Many legislations have kept (looking up to Romanian law) the classification to the guardianship
over immature minors and guardianship over the other persons with work disability.

1. Custody body and guardian

Custody jobs are performed by a special body — custody body. According to Family law of RS,
function of custody body performs a special state body — Center for Social Work (Article 12). Body of
the second degree is the Ministry competent for family protection (Article 14 of FL of RS). Local
competence of custody bodies is determined according to the place of residence, i.e. according to a
place where the ward is found (Article 33 of FL of RS).

Custody body and a guardian achieve an insight into living conditions of the ward, his health
and tend to train the ward for a normal and independent work.

When deciding on who will be the guardian, custody body must follow these rules:

1. Guardian is primarily a spouse, cousin or breadwinner of the ward (unless ward’s interests

71



ISSN 2222-9000 HaziifHicTh IHCTpYMEHTY Ta ONTUMI3AIlisl TEXHOJIOTIYHUX cucTeM. Bum. Ne33, 2013

require differently);

2. The ward who is older than 10 can suggest the person he wants to be his guardian;

3. The same person can be the guardian of several persons;

4. Director of social institution for accommodation of its users or some of the employed in that
service can be a guardian for one or more persons placed in the institution.

5. Guardian cannot be a person deprived of work capacity or parental right or a person whose
interests are opposite to ward’s interests or a person that is not expected to properly perform custody
jobs.

Conditions for setting custody of persons deprived of the work capacity

Except for minors without parents, under custody we also put adults who are not able to take
care of their rights and interests. (Z.Ponjavic, Family law. Belgrade. 2013.)

The person acquires work capacity ex lege, with 18 years of age automatically. If a person that
is 18 years old is not able to take care of its rights and interests, by the decision of competent body it is
partially or fully deprived of work capacity, after which it is put under custody. In this way, the
performance of rights and duties of that person by its legal representative is enabled. Rights and
interests of a person under custody and interests of third parties are protected in this way.

Serbian legislation explicitly determines the consequences without exempli causa mentioning
the reasons of inability for independent taking care of the protection of own rights and interests and
thus the reasons for which an adult can be deprived of work capacity are defined.

Person who is not capable of normal comprehension and therefore it is not capable to take care
of its rights and interests independently is entirely deprived of work capacity. "An adult who, due to an
illness or problems in psychophysical development, is not capable of normal comprehension and thus is
not able to independently take care of itself and the protection of its rights and interests, can be fully
deprived of work capacity”(Article 146. Paragraph 1. of Family law). The Law decides what types of
“illnesses” are in question.

An adult who does not jeopardize his own or somebody else’s rights and interests by his
behavior is partially deprived of work capacity. Such a person can perform legislation jobs, but if it
does that without the control and approval of authorized persons, then the usual standard of performing
the right and protecting the interest would not be respected. His independent activity in legislation jobs
could produce harmful consequences both for him and some other party.

We need to point out that in case of full business capacity, the protected subject is the ward
itself, i.e. his rights and interests, while in case of partial work capacity, the protected subjects are ward
and other persons, i.e. their rights and interests. Due to the illness or problems in psychophysical
development (rather than lack of information, ignorance or inexperience), a person can jeopardize its
own or somebody else’s rights and interests by not doing some rights or wrong doing of particular
rights.

As it is mentioned above, our legislation, when it comes to reasons for depriving someone of
work capacity, takes into consideration the consequences and their intensity. More precisely, in case of
determining full or partial capability, we consider specific circumstances, for instance mental illnesses
or alcoholism can be the reasons for full or partial deriving of work capability. Serbian legislation uses
the system in which there is no explicit listing of the reasons.

2. Procedure for depriving a person of work capability

Iliness or problem in psychophysical development by themselves do not lead to deprivation of
work capability, but it is required to determine, in court proceedings, that a person due to inability of
normal comprehension is not able to take care of itself and protect its rights and interests. The
procedure for deprivation of work capability of an adult is initiated and led by competent Basic Court
ex officio or according to the suggestion of authorized subjects: custody bodies, spouses, child or
parents, as well as cognates in direct or collateral line of the second degree (grandmothers,
grandfathers, sisters, brothers or grandchildren of a person in question) with condition that they live
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together in family community. The Law also predicts the possibility of initiating the procedure for
deprivation of work capacity at the suggestion of the person who should be deprived of work capacity,
if it is able to understand the meaning and legal consequences of its suggestion (Article 32 of the Law
on Non-Contentious Procedure). The procedure is initiated if there are legal conditions for deprivation,
i.e. constraining of work capability.

Procedure for deprivation of work capacity is urgent and regulated by norms of the Law on
Non-Contentious Procedure (Article 31-34). The procedure is initiated and led by local competent court
according to person’s place of residence.

The suggestion for initiation of the procedure must contain the facts on which it is based and
proofs that determine those facts of make them probable.

When the procedure is to be initiated, the court has a duty to inform;

— The registrar who keeps the Birth Register for that person.
— Body that keeps Land Registry, i.e. body that keeps record of property for recording the
procedure (if a person in question owns some immovable assets).

When the procedure is initiated, the court summons the proponents, person on whose work
capacity it is decided (unless it can harm his health or if it is not possible due to its physical or mental
condition), his guardian and custody body.

Hearing of the person who is deprived of work capacity is done in court or health institution if
the person is placed in it, if it is harmful for person’s health or if hearing in court is not possible due to
mental or physical condition of that person.

Experts, at least two physicians of appropriate specialty (most frequently psychiatrists) provide
their findings and professional opinion regarding the health of that person and his reasoning ability.
Expertise represents the central part of the procedure. It is performed in court or health institution in
which the person is temporarily placed.

It is considers necessary, the court makes a decision regarding temporary placement in
appropriate institution, not more than 3 months in order to precisely determine mental condition, i.e.
send an addict to treatment that lasts from 6 to 12 months. (Article 38 and 41 of LNCP). The right to
appeal against the decision on temporary placement has the person for whom the procedure is led and
his temporary representative, within 3 days from the delivery of the copy of decision.

After the examination, the court makes a decision on rejection of proposal for deprivation of
work capacity or the full or partial deprivation of work capacity. The final decision is submitted to:
proponent, his temporary representative; person for whom the process was led if he is able to
understand the consequences of legal decision; custody body (without any delay); registrar and, if
necessary, the body that keeps Land Registry. By entering the records into register that the owner is
deprived of work capability, the interests of third parties are protected in case of acquiring these assets
from these persons so that they could not be taken as conscientious.

After being informing about court’s decision on deprivation of work capability, custody body is
obliged to make a decision on putting the adult under custody and select the guardian.

Work capability can be returned by court’s decision at the proposal of authorized proponents if
there is a reason for it, i.e. if reasons for full or partial deprivation of work capacity disappear (Article
148 of FL of RS).

As in Birth Register and Land Register, i.e. Public Register of Rights to Real Estate, the
decision on deprivation of work capability is recorded, the decision on return of work capability is also
recorded. Thus, security of legal transactions is achieved. Final decision of the court is submitted to
custody body (Article 149 of FL of RS).

3. Effect of deprivation of work capability

By final decision of the court it is determined whether a person will be fully or partially
deprived of work capacity.
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The guardian of the person fully deprived of work capacity has duties and rights of the guardian
of a minor who is younger than 14, which would imply that person fully deprived of work capability
has a status of younger minor.

Guardian of a person partially deprived of work capability has duties and rights of the guardian
of older minor. The court can make a decision for a partially capable ward to perform certain legal jobs
independently (Article 147 of FL of RS).

Guardian of a person deprived of work capability has duties to take care of personality, assets
and representation of that person before the custody body.

Taking care of personality implies for the guardian to make decisions regarding the
accommodation of the ward (cousins’ family or institution that deals with treatment and
accommodation of such persons). The ultimate goal of the guardian is to train the ward for independent
living as soon as possible (to take care of his treatment, possible employment, realization of the right to
social aid, etc.).

Taking care of the assets implies management of the property and acquisition of maintenance so
that his existence wouldn’t be brought into question. Therefore, he uses the profit of the ward; incomes
from his assets; if it is required for education, it is possible to sell the assets; the funds that a parent or
some other cognate is obliged to give for maintenance; the funds obtained from social aid and if it is
required, he can ask for social aid from some other sources (gifts, aid, scholarships, etc.). The guardian
is not obliged to provide for the ward unless he is his cognate.

Guardian is legal representative of the adult ward. He assumes legal jobs on his behalf. In order
for an adult ward to be protected from his own unsuccessful activity, each legal job that he undertakes
is considered void, except in cases of partial deprivation of work capability where a ward can perform
legal jobs independently (if the court has specified jobs that he can perform independently) or with the
consent of the guardian. For the jobs of the guardian, which are of personal character, we do not require
the consent of the guardian (marriage, paternity acknowledgement, making a will) but a special consent
that is evaluated in each particular case.

4. Guradianship termination

Guardianship of persons deprived of work capacity stops with the death of ward and return of
work capacity of the ward. In the procedure of returning work capacity, the court will conduct the same
procedure as in case of deprivation. Making final decision on returning work capability is declarative
because custody stops in the moment of making the final decision (Komar, Korac, Ponjavic, n.delo. pp.
290.)

Custody body dismisses the guardian of his duty. The guardian submits a report on guardianship
of the ward and state of the ward’s property, Property is handed over to ex ward and in case of
guardianship termination due to ward’s death, it is passed on ward’s inheritors.

Conclusion

The purpose of guardianship over the adult is the protection of his personality. It is achieved by
providing for him and training him for independent life and treatment.

The purpose is also the provision of property and other rights and interests under custody. By
custody, full protection of the minor is accomplished, as well as full protection of his personality and
protection of his property.

Explicit listing of reasons for deprivation of work capacity would contribute to legal security
because in that way the reasons for imposition of measure of full or partial deprivation of work
capacity would be known in advance.
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The paper presents reasons and procedure for depriving adult persons of work capacity in
accordance with valid legislation. Its aim is to point to the role of family and society in setting the
guidelines of custody and significance of training the person deprived of work capacity to lead his life
independently.
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