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HOBBIINEHUE KAYECTBA COEAUMHEHUSA
KPYITHOT ABAPUTHBIX COCTABHBIX U3JEJINIA

[TpuBenen ananu3 mMpodIeM U CYHIECTBYIOIINX METOIOB MOBBIIICHHUS HAISKHOCTH HETOIBUKHBIX
coenMHEeHUH. J[J1s1 TOBBINIEHHsT KauyecTBa KPYITHOra0apUTHBIX COCTABHBIX M3JCIHU IIPEUIOKEHA
TEXHOJIOTHsI HAHECEHHMST B 00JIACTU TOPLIOB OXBATHIBAEMBIX JIeTallell Ha KOHTAaKTHPYIOIIUE ITOBEPX-
HOCTH COIpSITaeMBIX JeTajei, METOAOM AJIEKTPOIPO3HOHHOrO JerupoBanus (3DJI) koMOUHHPO-
BAHHOI'O TIOKPBITHS: MSITKOT0, HAPUMED, U3 OpOH3BI, U TBepAoro - cruasbl Ipynmsl BK (1 TK).
[IporHo3upyercs mNOBBIIIEHHE PaOOTOCIIOCOOHOCTH KPYIMHOTabApUTHBIX COCTaBHBIX H3JIENHUi
(3y04aThIX KOJlec, IPOKAaTHBIX BAJIKOB, YHUBEPCAIBHBIX IIMHUHAENEH) 10 24% NpyU MPOMBIIUICHHOH
peanu3anuy TEXHOJIOTHH HaHECEHUs] KOMOMHUPOBAHHBIX IMOKPBITHH Ha ITOCaI0YHYIO TIOBEPXHOCTh

0XBaTLIBAEMOI1 JE€TaIH.

Knrwueswie cnosa: METO/, MOBBIIICHUEC HAACKHOCTH, HECTIOJABUIKHBIC COCIUHCHMS, KPYITHO-
Fa6apI/ITHI)Ie COCTaBHBIC H3JICIINS, TCXHOJIOTUSA HAHCCCHUA KOM6I/IHI/Ip0BaHHLIX HOKpLITHﬁ, moca-

JI0YHasd NMOBEPXHOCTh, OXBaTbIiBacMas JI€TaJIb.

BBenenue. [IpodguibHas HOMEHKIIATypa psifa 3aBo-
JIOB TSKENOro MamuHocTpoeHus [1], B cBoell ocHOBe
0azupyercs Ha M3TOTOBJICHUH TOPHOPYIHOTO, METAJLTYp-
THYECKOr0, TPOKATHOTO, KY3HEYHO-TIPECCOBOIO M IMOJIb-
€MHO-TPAHCIIOPTHOTO 000PY/IOBaHUSL.

3HaYuTeNbHASA YacTh BBIMYCKAeMOH MPOAYKIHH (10
30% obbema) - 3TO KpylnHOrabapuTHbIE M3IENHs, KOTO-
pbie B OONBIIMHCTBE CBOEM H3TOTABIIMBAIOT B COCTABHOM
BapHaHTe.

TexHomornyeckue MpPOIECCHl H3TOTOBICHUS U pe-
WHKUHUPUHTA KPYITHOra0apuTHBIX COCTaBHBIX W3ZEIHIN
(KI'CH) Ga3upyroTcst Ha OHOW U3 OCHOBHBIX OIEpalyi -
cOOpKe OXBaTHIBAIOIIMX M OXBAaThIBAEMBIX JieTanei, co-
€IMHEHHE KOTOPhIX O00eCIeunBaeTCsl TapaHTHPOBAHHBIM
HaTsiroM (puc. 1, BeimeneHHas komoHka). K takum uzne-
JUSM, TIOMJISKAIIMM TPOLecCaM PEUH)KUHUPUHTA, OTHO-
CATCSL KPYMHOrabapuTHBIe 3y0uaThle Koyieca, MPOKATHbIE
BaJIKH, YHUBEpCAJbHbIC IHHAETH [2].

N3yuenne u aHanu3 COCTOSHUS WM3AEIUM IOCIE OT-
paboTKu pecypca psIOM THIIOPa3MEpPOB paccMaTpUBae-
MbBIM U3JICIHH MOKa3bIBaloT, uTo 10 20 % BBIBOIA H3JE-
JIMM U3 3KCIUTyaTalUH CBSI3aHO C HEAOCTATOYHOM HaJexk-
HOCTBIO (pUKCAIIMU OXBATHIBAIOIICH JETa M HA OXBAThIBA-
€MOH, 9TO B ps/ie CIy4daeB BICUYEeT  IPOBOpAUHBAHUE
(puc. 2,a), cmemenne (puc. 2,0) OXBaTHIBAIONINX JeTaeh
OTHOCHTEIIEHO OXBAaTBHIBAEMBIX, HAIPHMEp, B KpYITHOTa-
0apuTHBIX cocTaBHBIX IMpokaTHBIX Bankax (K['CIIB).

ITocranoBka 3amaum. IloBnillleHHE KauecTBa CO-
npsiraembix coeauaeHnit KI'CU siBisieTcst OqHOM U3 Baxk-
HEWIUX 3aJa4 B 00CCIICUEHUH HALEKHOCTH M JIONTOBEY-
HOCTH IAaHHOTO KJIacca M3JeNuid. DTa mpoliema pera-
JIACh TIyTEM CO3JaHUS PSI/ia TOTIONHUTEIBHBIX KOHCTPYK-
THUBHBIX, TEXHOJIOTUYECKAX W JPYTUX BHUIOB M CPEICTB
¢dukcarmm.

[Ipomecc cOOpKM  HEMIOMBMKHBIX ITOBEPXHOCTEH
KI'CU ocymecTBnsiercss HarpeBaHueM (OXJIaXICHHUEM)
OXBAaTBIBAOIICH (OXBATHIBAEMOM) JETANIH C €€ IOCICIy-

OIIMM COCIMHCHHUEM C OXBaThIBAEMOW (OXBaTHIBAIOIICH)
nerainbto [3].

Marepuanbl ucciaenoBanuii. Vcxons u3 aHanmza
CTOMMOCTH M3TroTOBNIeHU U pentxunupunra KI'CU u ux
HaleKHOCTH (puc. 3) cliefyer, 4To MpU BBICOKOHW 0a3o-
BOW HaJIeKHOCTH M HEOOJIBIIMX 3aTpaTax Ha MOJEpHH3a-
IO BIUSHWE CHIDKEHHUS HAJCKHOCTH Ha YBEIHYCHHE
00IKX 3aTpaT 3HAYUTENBHO MEHBIIE, YeM IIPU HU3KOH
CTOMMOCTH MPOCKTUPOBAHUSI W HM3TOTOBJICHHS, U OOJIb-
HIMX 3aTpaTax Ha MOJEPHU3AIMIO 000PY/I0BAHHSI.

Puc. 1 — CxemsI mpoBOpoTa 1 cMelIeH:s OaH/a)xa OTHOCHTEIb-
Ho ocu KI'CIIB: a — mpoBopoT; 6 — cMeIeHne
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Tabnuma 1. Xapakrep pacmpeeseHus 3aTpaT 110 BceMy NMPOM3BOACTBeHHOMY Iukity usrorosienus KI'CIIB
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Puc. 2 — OCHOBHBIE TIOJIOXKEHHUS «CKU3HCHHOT0Y ITUKJIa
KI'CU BHOBB M3roTaBIMBAaEMOro U NPOLIECAIIETO BIIOCIEACTBUI
PEHHXXUHUPUHT

Ananu3 3 (QeKTHBHOCTH KaIllMTANOBIOXKECHUIH 1103~
BOJISIET MPUHSTH TaKUE PELICHUs, IPH KOTOPBIX OTPaHH-
YeHHBIE PECYpPChl HCIIONB3YIOTCA HAWIYYIIMM O00pa3oM,
YTO MO3BOJISIET CAENATh BBIBOJ O SKOHOMHYECKOH U TEX-
HUYECKOH 11e1ec000pa3HOCTH MPOBEICHUST MEPOPUSITHI
10 TIOBBIIICHHUIO KAaueCcTBE IOCAJOYHBIX ITOBEPXHOCTEH
OXBaTbIBAEMBIX JIETaled IyTeM HAHECEHUs NMOKPBITHH C
LIETbIO TOBBIIICHUS KauecTBa COEIMHEHUS OXBaThIBac-
MBIX ¥ oxBaTbeiBaronmx aetaieit KI'CH.

AHanu3 yAenpHBIX 3aTpaT MOKa3bIBACT, YTO MPOLIECC
COOpPKM OTHOCHUTENIBHO OCTAJBbHBIX TEXHOJOIHMYECKHX
omeparuii  cocrapiser 0,1 (Tabin.l), ogHAKO Ka4ecTBO
COEIMHEHUS TaKUX M3JEIUH BO MHOI'OM OINpENENsieT MX
paboToCTIOCOOHOCTS.

B paGore [5] oTpaxkeHBI cltOcOOBI BOCCTaHOBIICHHUS
JIETaJIel CBapKOMW, HAIUIABKOM, TaJbBAHUYECKUM Hapallu-
BaHMEM MeTaJIaMH, MeTalIh3alliei, MEXaHW4eCKOH u
ciecapHoOil 00paOOTKOHM, W3MEHEHHEM pa3MepoB B pe-
3yIabTaTe IIACTUYECKOTO ) OpMUPOBAHHSI.

OnHako BOMPOC TOBBIIIEHNST KAaYECTBA COEIMHEHMS
KT'CIIB, naumHast OT IpOo(QHIMPOBAHUS ITOCAIOYHBIX I10-
BEPXHOCTEH OXBATBHIBAIOIIMX M OXBATHIBAEMBIX AETaJeH
STUX H3AEIUA W HaHECEHUS MOKPBITMM HEIO0CTaTOUYHO
moiHO packpbT. TunoBas koHcTpyknust KI'CIIB mpuse-
JieHa Ha puc. 4.

OO030p WCTOYHMKOB  TEXHWYECKOH HH(OPMAIIN
TIOKA3bIBAET, YTO NP aHAJIM3€ PHIHKA CHIPHSI ¥ BO3MOXK-
HOCTEH MOTEHIMAIBHBIX 33aKa3YMKOB TOSIBISIETCS OONb-
III0H MTOTEHIIMA CHI)KEHHS 3aTPaT B MPOLIECCe MPOU3BO-
crea KI'CIIB. 3OTo MO3BONSAET W3BICKUBATh HOBBIC
HampaBlieHHs] TpU pa3paboTke pecypcocOeperarommx
TEXHOJIOT Ui [T0 paccMaTpUBAEMOH IPYIIIE U3ICTHH.

HaderHoCTb
Puc. 3 — VI3MeHeHHs COCTaBIISIONINX OOIIIX 3aTPaT B 3aBUCH-
MOCTH OT 33/IaHHOH BEJINYUHBI HaI€)KHOCTH

1,2 1 3 — KpuBbIe, XapaKTEePU3YIOIIHE 3aTPaThl HA MPO-
SKTUPOBAHHE U M3rOTOBIICHHE 000PYIOBaHMs, HA TEXHUYECKOES
00CITy)XMBaHHE U PEMOHTBI, HA MOJEPHHU3ALUIO 000PY0BaHHUS,

COOTBETCTBEHHO; 4 M 5 - KpHBBIE, XapaKTepU3YIOLIHe oduiue
3aTpaThl Ha IOCTIKEHHE 33/IaHHON HAJISKHOCTH M Oe3 ydera Ha
MoJiepHU3aLHIo obopynoBanus. KoHerpykuus | — xapakrepu3sy-

€TCsl HU3KOH CTOMMOCTBIO IPOSKTHPOBAHHUS U U3TOTOBJICHHUS,
koHcTpykuu |l u 11l — xapakrepusyroTcs Oonee Bricokoid 0a3o-

BOI1 HaJIE)KHOCTBIO

Js OneHKH BETHYMHBI TPYIOEMKOCTH H3TOTOBIIE-
Hus geraneit KI'CIIB mpm moaroroBke ux k cOOpke U
obmieit 00paboTke wu3menus OBUIM TPOAHAIN3UPOBAHBI
MIORJIEMEHTHBIE 3aTPaThl IPU MPOU3BOACTBE ATUX JeTanen
BO BHOBB M3TOTaBIMBAEMOM BapHaHTE.

M3ydyennro nomiexkany MaTh TUIIOPA3MEPOB U3AETIUI
ONMM3KUX TI0 KOHCTPYKTHMBHOMY HCIONHEHHIO (puc.4) B
nmuanaszo”e macc ot 20 go 116 tonn (20, 32, 75, 89, 116
T). Ilpu 3TOM OIS TPYAOEMKOCTH OCHOBHBIX BHOBB H3TO-
TOBJICHHBIX JieTanell B 001eM o0beMe IPOU3BOICTBA YKa-
3aHHOW TPYIIBI M3AEIHNA COCTaBIsET Uit *O0anmaxa 37-
54%; eocu Banka 17-34%; *OKOHUATEIBLHONM MeXaHUYe-
CKoi 00paboTKH cocTaBHOro M3aenus 17-34 %.

o | HiTH - -

01\600.-> 2140

2030...3400

4970...8350

Puc. 4 — ba3oBast KOHCTPYKTHBHAs CXeMa COCTaB-
HOTO KPYIMHOTa0apUTHOTO MPOKATHOTO Bajka: 1- och
BaJka; 2 — GaHgaxX (BTYNKA); 3 — MpoOKa ocu
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PenmXMHUPHHT yKa3aHHBIX J€Taleid OCYIIeCTBIISET-
sl o psiny cxeM [2].

OOwiel 3amayed Kak IS BHOBL H3TOTaBJIMBac-
MBIX KpYIHOTa0apHUTHBIX COCTaBHBIX M3JIENHH, TaK U
JUI. MX IIOCIEAYIOIIEro PEHMH)XUHUPHHTA OCTaeTCs
obecrieyeHne KadecTBa COEAMHEHUE CONPATAEMBIX
OXBAaTHIBAIOUINX U OXBATHIBAEMBIX JI€TAJIEH.

JlocTUTHYTBIE pe3yNbTaThl NMPH HAHECEHWU pas-
JIMYHBIX BUIOB TOKPBITUH IMO3BOJIMIN CKOPPEKTUPO-
BaThb KOHCTPYKLHIO COCTaBHOT'O H3EJHS M TOBBICHTH
Ka4yecTBO coeAnHeHus aeMoHTHpoBaHHbIX KI['CIIB

AHanu3 TPYJOEMKOCTH TEXHOJOTHYECKOI'O IIPO-
1ecca MO HAHECEHWIO TMOKPBITUS Ha BCIO TPOTSDKEH-
HOCTh TI0CaJOYHOH MOBEPXHOCTH OXBATHIBAIOIIEH Je-
Talll 3aTparuBaer Bompoc Ienecoodpasnoctu 100 %
nokpbiTust. [IpoBeneHO TeopeTHyeckoe H3ydeHHE
oOecrieyeHns paBHO3HAYHBIX MOKa3aTesied MPOYHOCTH
COEUHEHHS OT MPOTSHKEHHOCTH MOKPBITHS [6].

TeopeTnuecknMu pacdyeTaMu YCTaHOBJIEHO, YTO
peanuzanys TEXHOJOTMH KOMOMHHPOBAHHOTO IOKPBI-
THUA ('—Iepe}IOBaHI/Ie TBEPALIX W MIATKHUX KOJbIEBBIX
YYaCTKOB TIOKPBITHSI), O0ECTICUMBAIONIEH IOBBILICHHUE
ko3¢ durmenta tpenus f mo 0,30...0,40 yBemmuuBaer
JKECTKOCTh cocTaBHOro m3aenus mo 10...15 %, noBbI-
IIaeT YCHJIME pAaCHpPECCOBKH; YMEHBIIAET BEIUYHHY
ocrarouHoro nporuda B 1,5...2,0 paza u 30Hy pacnpo-
cTpaHeHus: (QPETTUHT-TpoLecca Ha CONPATaeMbIX MO-
BepxHOCTSIX ¢ 70 mo 25 %; ycTpaHseT yCTalloCTHOE
pa3pylIeHne 0XBAaTHIBAIOMINX JACTAJICH.

W3BecTHBI MHOTOYHCIICHHBIE CIIOCOOBI H3MEHEHUS
KadyecTBa MOBEPXHOCTH JAeTajiedf, ONWH U3 HUX, HANpH-
Mep, u3noxed B [7]. ONHUM U3 MEPCHEKTUBHBIX SBIIS-
€TCSl METOJ| 3JIEKTPO3PO3UOHHOTO JerupoBanus (32J)
[8, 9], mpu moMoIu KOTOPOTO NOCTUTAETCS U3MEHEHHE
TBEPIOCTH METAJTMYECKON TOBEPXHOCTH IyTeM HaHe-
CeHMsl Ha Hee MmaTepuana 0oyee BBICOKOW TBEPIOCTH
win U (y3HOHHOTO BBEICHHUS B IOBEPXHOCTHBIN
CIOK HEOOXOAUMBIX XUMHYCCKHX dJIEMEHTOB. Jlis
MIOHIDKEHHUSI TBEPAOCTH HAHOCATCS Ha IOBEPXHOCTH
Oosiee MATKHE MaTepHalbl, @ C LENbI0 TOBBIIICHUS Ka-
YecTBa MOCAJTOYHON TTOBEPXHOCTH M3EIHUSI U3 He3aKa-
JIGHHOTO MeTajla, JOMYCKAIOMero TEPMUYECKYI0 00-
paboTKy, BO3MOXHO HMPUMEHEHHE HMITYJIbCOB C OOJb-
meil sHepruedl WM OoJee MIUTENbHBIM IHUKIOM. JTO
MMO3BOJISIET JOCTHYH OOJIbIIEH CYMMAapHOH TOJIIHHBI
cnost [10], 9TO CyIIeCTBEHHO YIydYIlaeT MPOYHOCTHBIC
XapaKTePUCTUKU U3IEITHS.

[pemnoxen cmocod [7], obecneumBaromuii pe-
meHue 3amaun myrem GopmupoBanus D3J1 Ha mpen-
BApUTENHFHO TEPMUYECKH OOpabOTAaHHOH IOCaTOYHOM
MTOBEPXHOCTH JIETAIH MOBEPXHOCTHOTO CJIOA TPHU II0-
MOIIH TPahUTOBOTO AIEKTPOIA.

W3BecTHO, YTO MOBHIMICHUE Ka4eCTBA COPSIKEHUS
neraneil HenmoaBWKHEIX coenqnHeHnii KI'CU Bo3MOXHO
3a CYET HAHECEHWs CIEUUATbHBIX MTOKPBITHH, U3MEH -
IONINX CTPYKTYpPY KOHTAKTHPYIOIIUX ITOBEpXHOCTEH. B
[8] mpenmoxen cmoco® 0O0pabOTKH COMPATAEMBIX II0-
BEPXHOCTEH CTaNbHBIX (W/MJIM YYT'YHHBIX) JleTanei Oa-
3UpYOUiics Ha HaHEeCeHHH MeTonoM DDJI moKphITHA
W3 HUKENs,, MUKPOTBEPIOCTh KOTOPOTO MEHBIIE MUK-

pOTBEPAOCTH MaTepHalla pacCMaTPUBAEMBIX JE€Tajeil.
ITocne 3TOro Ha MOBEPXHOCTHBIN CIIOM U3 HUKEINS ITUM
J)K€ METOAOM IIPH aHAJIOTMYHBIX PEXKHMMax 3JIeKTpona-
MH U3 TBepAbIX ciutaBoB rpymnmsl BK (mnmm TK) Hano-
CSITCSl KOJIBIIEBBIE YYAaCTKH MOKPHITHS C WHTEPBAJIOM
W MHPHUHOI oT 4 10 6 MM (puc. 5).

Puc. 5 — IloBepxHOCTh OXBaThIBA€MON JI€TaIl C
KOJIBLIEBBIMH y4aCTKaMH JIEKTPOIPO3NOHHBIX MOKPHITHIA: 1 -
TBepabIM crutaBoM rpynmsl BK (nnu TK); 2 — Hukenem

[TokazaTenu HPOYHOCTH HEMOJBUIKHOTO COEIH-
HeHHst B C()OPMUPOBAHHOM IIOCIIEJIOBATEIbHBIM HaHe-
ceHueM HuKens u T1Bepporo cruaa BK  (wmm TK)
MOBEPXHOCTHOM CJIoe  O0ECIeunBaIOTCS MOKPBITHEM,
COCTOSIIIUM U3 KOJbIE0Opa3HBIX y4acTKOB (y4acTku 1,
2, puc. 5). B nanHom ciiydae oOpasyeTcst HOKpHITHE C
TBEPJbIM, U3HOCOCTOMKHUM H HMEIOIIUM BBICOKHH (OT
0,3 mo 0,7) xoddduuMEeHT TpeHUs MOBEPXHOCTHBIM
cloeM, TOJA HHUM HaXOOHUTCS CIOH, MHKPOTBEPIOCTH
KOTOpPOTO HUXKE MHKPOTBEPIOCTH OCHOBHL. B mporiecce
cOOpKM TBepABId MOBEPXHOCTHBIN CI0M BMHUHAETCS B
HIKEJEKaIUU MATKUI CIIOH.

CornacHo [10] npenen BBIHOCIMBOCTH 0Opa3-
oB auamerpom d = 20 mm u3 cranmu 40X co crynwuia-
Mu nuamerpoMm D = 37 MM u mmnHON 90 MM, HMEIOIHX
KOJIbIIa U3 KpacHON mMean M2, MOBBICHIICS TIPH YUCTOM
mrube ¢ gacroroit 50 I'm B 2 pasa (c 150 mo 300
MIIa).

IoBbimenne 3(hHEKTUBHOCTH HCIIOIB30BAHUS
KI'CIIB mocturaercs myTteM HaHeceHHUS MeTomoM D3JI
Ha TOCAJO0YHBIE MOBEPXHOCTH OXATHIBATHIBAEMBIX JIe-
Talel COCTaBHBIX M3EINil KOMOMHUPOBAHHBIX MOKPHI-
THN (TBEPIBIX U MATKUX ).

Ha xagectBOo mokperTHii mpu 33JI oka3pBarT
BIIUSHUE MHOXecTBO (akTopoB. [Ipm 3TOM Hambomee
[IeTIeCO00Pa3HBIM  CIEAYEeT CUHUTATH PEKUMBI JIETHUPO-
BaHUSL.

B npouecce uccnenoBaHuil UCMOAB30BAINCH 1IU-
nuHApudeckne obpasmel n3 cranu 20 gmameTpom 38
MM H JUIMHOH 25 MM, COeJMHEHHBIE IPOCTaBKAMH JHa-
MeTpoM 25 MM u JutnHOH 15 MM . [ToBepxHOCTH 00pas-
ma nepen D3JI mmudoanuce 10 Ra = 0,5 mxm. 33J1
TIPOM3BOJMIIOCH HA MEXaHU3MPOBAHHON YCTaHOBKE MO-
e «OUJT-9» [10].

Peanuzanust 3TOro mpomecca MCKIIOYAET MCKaXe-
HUE WUCXOJHOH reoMeTpHudecKoi (hopMBl BOCCTaHABIIH-
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BaeMOi (MM yIpOYHsIEMON) JeTali, a TAKXKe IOBOJIKH,
4TO CBS3aHO C OCOOEHHOCTBIO IpOLlecca JETUPOBaHUS
(TemmepaTypa Harpesa geramu 1o 100 °C). Marepuan
3JIEKTPOJIOB - MpoBoaoka Mapku bpO10d1.

Iponecc 3DJ1 ocymiecTBusIcsS OpOH30H MapKH
BbpO10d1 Ha MexaHH3UpOBaHHON ycTaHOBKE «IOMJII-9»
3a ABa MPOXOJa IpH TOJIIMHE ClI0d OpOH3BI 3a OJIUH
mpoxox (0, 17 - 0,18) mm.
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1. Jlns mOBBIIIEHMs] KayecTBa HEPa3beMHBIX CO-
eIMHEHWH (yBeIMUYeHHs Hecylled crocoOHOCTH, Mpoy-
HOCTH OXBAThIBAEMBIX JI€Tajel COCTAaBHBIX H3JEIUH,
CHW)KEHUSI (PETTUHT-KOPPO3HH) pa3paboTaHbl TEXHO-
JIOTUH, CBSI3aHHBIE C BBEJCHUEM B 30HY KOHTAaKTa CO-
MpsraeMblX  TOCAJOYHBIX ITOBEPXHOCTEH  jerajei
KI'CH kOMOMHHMpOBaHHBIX NPOCIOEK, COCTOSIIMX U3
MSATKHX ¥ TBEPABIX MAaTEPHAJIOB.

2. CoriacHo 3KCHEpPUMEHTAlIbHBIM pe3yJbTaTaM
NPOTHO3UPYETCSl  IMOBBINIEHHE  PpaboToCocOOHOCTH
KI'CU (3y0uathix KoJjec, MPOKAaTHBIX BAJKOB, YHHBEP-
CaJlbHBIX WIMUHJENe) a0 24% mnpu NpPOMBIIUICHHOMN
peanu3anu TEXHOJIOTMU HaHECEHUS KOMOWHUPOBAH-
HBIX TTOKPBITUH HA MOCAI0OYHYI0 MOBEPXHOCTh OXBAThI-
BaeMOMW JeTau.

Cnucox smreparypei: 1. ChnpaBOYHHK €IMHOH HOMEHKIATYphI
MPOMBIIUIEHHOW MPOAYKIUHU, H3TOTaBIMBAEMOH MPEANPHATUAMH
MunTtskmania /YTB. HavanbHukoM 19V JILA. Bycsankoii- M.: 1984.-
176¢. 2. Jle6ens B. T. COopka KpymHOrabapUTHBIX U3AEIHN OTBETC-
TBEHHOTO Ha3HAYeHMsA C HCIOIb30BAHUEM TEPMOBO3AEHCTBHUS /
B. T. Jlebens, b. M. Apnentbes // Bichuk HauioHanbHOro TexHiu-
HOTO YHIBEpCUTETY «XapKiBChbKUI MOJNITEXHIYHUN IHCTUTYT».— Xap-
kiB : HTY «XIII», 2009. — No 2. — C. 74-82. 3. Jle6Genn B.T. Texno-
JIOTUSl TENJOBOH COOPKM COCTaBHBIX KPyNHOTaOapUTHBIX JAeTaneit /
B.T. Jlebenp, A.A. Kynauenko // IlporpeccuBHbIE TEXHOJIOTHH M
cucteMbl MammHoctpoenus. — Jlonenk: JouHTY, 2004.- Bein. 28. —
C. 84-94. 4. Ilnaxtun B./l. Teparexnonorust B Metautyprun. / B.JI.
Inaxtun - M.: «Meramryprus», 1979, 84c. 5..Ilexos B.1. Boccra-
HOBJICHHUE JIeTajel MeTamtypruieckoro obopynosanus /B.U. Llekos.
— M. : Metamnyprus, 1977. — 152 c. 6. Jle6enp B. T. Ontumusamnus
TEXHOJOTHH HaHECEHUs IOKPHITUH B COCIUHEHHUSIX KPyIHOrabapHT-
HBIX COCTaBHBIX BAJIKOB I IOBBILICHHS HeCyIied crmocoOHOCTH /
B. T. Jlebens, A. A. Kynauenko // HaniliHicTh IHCTPYMEHTY Ta OI-
THMi3allis TEXHOJIOTIYHUX cucTeM : 30. HayK. mpaub. — KpamaTopcbk

— Kuis, 2008. — Bun. No 23. — C. 240-247. 7. Cnoci6 0o0poOku
CIIOJIydyBaHUX IIOBEpXOHb JeTaneil (Bapiantm): Ilat. 66105.
VYxpaina. MIIK B23H 1/00 /B.C. Mapuunakoscskuii, B.b. Tapens-
Huk; Ony6un. 10.04.08, Bron. No 7.-3 ¢. 8. Cnoco6 o6pabotku co-
NpSAracMBIX IIOBEPXHOCTEIl CTaNbHBIX H/MIM YYTYHHBIX JIeTallei:
ITat. 2410212. Poccuiickas ®enepanus. MIIK B23H 9/00 / B.C.
Mapuunnkosckuii, B.b. Tapenbnuk, E.B. KonomnsHuenko, M.A.
Oneitnuk; Ony6a. 27.01.11, Bron. No 3.-7 c. 9. Cioco6 u3roTosie-
HYSI HENOJBHIKHOTO COCMHEHNS THIIa BaJI-CTYNHIA CTaIbHBIX JeTa-
neit (BapuanThl): Ilat. 2501986. Poccuiickas denepauus. MIIK
B23H 9/00 /B.C. Mapuunkosckuii, B.b. Tapensuux, M.II. Bpary-
mak, Ony6s. 20.12.2013, Bron. No 35.-14 ¢. 10. Jle6eas B.T. IIpo-
OJIEeMBI M NEPCHEKTHBBI MOBBIMECHUS KayecTBA KPYHMHOrabapUTHBIX
COCTaBHBIX NpoKaTHbIX BankoB /B.T. Jlebexp, H.B. Tapembuux //
HapniiiHicTh IHCTPYMEHTY Ta ONTHMi3allisi TEXHOJOIiYHUX CHUCTEM :
30. Hayk. npanb. — Kpamartopcerk, 2014. — Bun. No 34. — C. 42-50

Bibliography (transliterated): 1. Guide unified nomenclature of
industrial products manufactured by the enterprises of Mintime
UTV. chief PES L. A. Busacca - Moscow: 1984.- 176 p. 2. Lebed
V.T. Arpentiev. M.B. Assembly of large products with the use of
heat. Bulletin of National technical University "Kharkiv Polytechnic
Institute”.- Kharkov : NTU "KHPI", 2009. - No. 2. pp. 74-82. 3.
Lebed V.T., Kulachenko A.A. Technology thermal composite As-
sembly of large parts. Progressive technologies and systems engi-
neering. - Donetsk: Donetsk National Technical University, 2004.-
Vol. 28. pp. 84-94. 4. Plahtin V. D. Terotechnology in metallurgy. -
Moscow: metallurgy, 1979, p. 5. Cekov V.S. Restoration of parts of
metallurgical equipment. - Moscow : Metallurgy, 1977. - 152 p. 6.
Lebed V.T., Kulachenko A.A. Optimization of the coating in the
joints of large composite rolls to increase the bearing capacity.
Instrument reliability and optimization of technological systems :
proceedings of science. labors. - Donetsk - Kyiv, 2008. - Vol. 23.
pp. 240-247. 7. Method of machining the mating surfaces of the
parts (options): Pat. 66105. Ukraine. IPC VN 1/00 /V.S. Mart-
sinkovsky, V.B. Tarelnik; Publ. 10.04.08, bull. No. 7.-3 p. 8. Meth-
od of machining the mating surfaces of the steel and/or cast iron
parts: Pat. 2410212. Of The Russian Federation. IPC VN 9/00 / V.S.
martsinkovsky, V.B. Tarelnik, E. V. Konoplynchenko, I.A. Oleinik;
Publ. 27.01.11, bull. No. 3.-7 p. 9. A method of making a fixed con-
nection type shaft-hub steel parts (options): Pat. 2501986. Of The
Russian Federation. IPC VN 9/00 /V. S. Martsinkovsky, V. B. Ta-
relnik, M. P. Bratushak, Publ. 20.12.2013, bull. No. 35.-14 p. 10.
Swan V. T., Tarelnik N. I. Problems and prospects of improving the
quality of large composite rolls. Instrument reliability and optimiza-
tion of technological systems : proceedings of science. labors. -
Kramatorsk, 2014. - Vol. No. 34. pp. 42-50.

IHocmynuna (received) 01.03.2015

Jledenb Baagumup TumodeeBuu — nok. Texs. Hayk, I MA, KpamaTopck;

Tapeabnuk H. B. — xaHz. 5KOH. HayK,

nor. Cymcekoro HAY, Cymsr,

JlamkapeB Ouaer HukonaeBuu - mupekrtop mpomsBoacTea 3A0 «bxkmermammy;
Ponbsik JIrodomup SIpociiaBoBuY— KaH/I. TEXH. HAYK, 1011, IBaHO-DPpankoBckoro HTY nedtu u raza .

184

ISSN 2079-004X. Bichux HTY «XI1l». 2015.Ne4 (1113)



3MICT

K robunero mpodeccopa TumodeeBa FOprst BUKTOPOBHUA. .......ouviiniiniiiiiiiiiiiiieiiaiieaeananns 3

Tumogpees FO.B., @aoees B.A., [llenxosoii A.H., Xuyan B.J[., Knouxo A.A. IHTerpanmonHas Tex-
HOJIOTHYECKAs MOJArOTOBKA MPOMBIIIUICHHOTO TPEANPUATHS PIM-peieHueM. ..............oooveneen... 4

Kosanee B.J[., Tumogpees IO.B., lllenxosou A.H., Knouxko A.A, Kpasuenxo /{.A. Texunoruueckoe
o0erieueHne HKCILTyaTallHOHHBIX MapaMeTPOB HWJIMHAPUIECKUX 3yOUaThIX Tepeaad MpH aImpoK-
CUMAaTHBHOM PELIEHUN KOHTAKTHO-TUAPOANHAMU-YECKUX 3a0A9 CMABKH . ...uuenneenniennneennnennn. 11

Cuswiii FO.A., Cmanunckuii /[.B., Pomanuenxo I1.B. VccrnenoBaHue CMENIEHUSI LIEHTPA TSKECTU
UM (OBAIBLHOTO Kpyra 0OyCIOBIEHHOE MOTPEITHOCTAMU €10 OPMBI ...nvenneeneiieanianienneananns 20

Cmpymuncoxuii B.B., I[lepghinos 1.B. ObnagHaHHs IJis BUCOKOUYACTOTHOI BiOparliiiHoi 0OpoOKu je-
Taje MIKpopi3aHHIM 3 (GOPMYBaHHSIM CHEIIaIbHOTO MIKPOIIPOPUIS HOBEPXHI. .. uveneeneenennene. 23

Muponenxo E.B., [llanosanog B.®D., Knouko A.A., [larawex C.FO., Ocmanosuu E.B. KOHCTpyKTOp-
CKO-TEXHOJIOTUYECKHE CIOCOOBI TOBBIMICHHUS MPOU3BOIUTEIHPHOCTH M KadecTBa 3y0000padOTKH
KPYITHOTA0APUTHBIX 3YOUATBIX BEHIIOB . ... eteentetente et ententeateeate e ea e et e eaeeneeateeneenaeanenas 28

Onucwvrxo O.P., Ilpoyax [1.M. TlopiBHsUTbHHI aHami3 Tpad@iyHUX MOJenei O19HUX MpoiIiB TPUKYT-
HOI pi3p0M: 3aJJaHOTO CTAaHAAPTOM 1 OTPUMAHOTO 3a JOTIOMOTOO Pi3Is 3 HEHYJIBOBUM 3HAYCHHSM
100101 12 010 10 11 P 33

Jloopomeopckuit C.C., I'acanoe M.U., bacosa E.B., I'onosamwiti P.B., I'akos C.A., I'nyuux C.C.
OnbIT co3MaHUS COBPEMEHHBIX TEXHOJOTHH M3TOTOBJICHUS HEXECTKUX JCTAlled ¢ MPUMEHEHUEM
1epeAOBBIX CAD/CAM/CAE CHCTEM. . ...ttt e 37

Kpaeb;oe AH. MOI[GJ'II/IpOBaHI/Ie TEXHOJIOTHYECKOTO 00€eCIIeUueHus IMPONU3BOACTBCHHO -TCXHUYCCKHUX
XapPaKTCPUCTUK 6J'IO‘IHO-MO,HYJ'IBHBIX HHCTPYMCHTOB Ha OCHOBC MHOFOKpHTepHaHBHOﬁ OIITUMH3 a-

Tapenvnuux B.b., /[3106a A.B. HoBblii crioco6 dopmupoBaHus aHTU(PPUKIIMOHHOTO 0abOHMTOBOTO
CJIOST TIO/IITHITHUKOB CKOJTBIKCHIIS . ..« e\ vvent et eteeteteteteaeeaeateeeaeeae e te e e e eneeaeee e enenneneenens 51

llanyyk B.I, lly¢nrin B.B. 'eomeTpruHe BU3HAUYEHHS TNepOOIiYHOTO MpodiIio 3a1HbOT MOBEPXHI
KPYTJI0TO (PACOHHOTO PAMIATBHOTO PIBLIS . + e ev ettt eteenteteenteae et et et et et e aaeeaeeteeneeneenans 57

Becenoscvka H.P. Po3poOka MaTeMaTHYHUX MOJeNel Al OOTpYHTYBaHHS alrOPUTMIB MPUMHATTS
pillieHb MPH AIarHOCTYBaHHI BEPCTATHOTO KOMIUIEKCY 3 UK B QJIbTEPHATUBHUX CUTYALIfX......... 60

Haboxka E.B., Konecnuk M.J. Ctparerndeckas 1 onepaTHBHas aBTOMAaTHU3allUK CUCTEMBI yIpaBiie-
HUS TOATOTOBKU TIPOMBBOCTBA. .. e v ententeent ettt ettt eae et eteeae et e ae et e e et eae e neaneeaennens 68

Heanosa M.C. MaremaTndeckoe MOJAETHUpOBaHUE Tpoliecca oOpabOTKH OTBEPCTUH KOMOHMHHUPO-
BAHHBIM OCEBBIM THCTPYMEHTOM. . ... tteutenttntentantenteteententeen e et eaaeea e eteeneeneeaeeneeeeaneans 72

Knouxo 10.A. , Kamuamnasa-Cmenanosa E.B., Cuxemuna H.I'. AHanmu3 MeXaHHW3MOB peaau3aluu
POU3BOACTBEHHO-COBITOBOM JEATEIIbHOCTH IPOMBIIIIEHHOTO HPEAIPUATHS . ...v'veeenenenenennnnee. 76

ISSN 2079-004X. Bichux HTY «XI1l». 2015.Ne4 (1113) 213



Axum P.C., Cninuyxk A.M. IIpoeKTHO-KOHCTPYKTOPCHKi OCHOBH BIOCKOHAJIECHHS TEXHOJIOTI BUTOTO-
BJICHHS LIAPOLIOK 13 BCTABHUM TBEPAOCIIABHUM MOPOJAOPYHHIBHUM OCHAIIEHHSIM TPHUILAPOIIKOBUX
07 010053 0:€01 (0 £ L 79

LUlenxosoii A.H., Cmenanos M.C., Cemuenxko M.C. KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE MPOEKTU-
poBaHuC THOKHX MMPON3BOJACTBCHHBIX CUCTCEM MCTOAAMHU UMUTALIMOHHOT'O MOACIIMPOBAHUA. ......... 83

Akosenko U.J., Ilepmakose A.A. OntuMusanys pexuMoB pe3aHust Ipu 00paboTKe HHCTPYMEHTalb-
188 ) (0] 21V 1 S PP &9

Jlamnayep H. FO. JliarHocTrka 0€3B1IIMOBHOCTI TEXHOJIOTTYHUX CHCTEM 32 MOKA3HUKAMU SKOCTI, 10
12700701 0) 200 0 13 93

Xaeun I'JI. ObpazoBanue 1e(EeKTOB MPHU CBEPICHUM CIOMCTHIX KOMIIO3UTOB M MEXaHU3M IOsBJIE-
HUST PACCTIAMBAHIS . « .« et ettt ettt e et et e et e et et et e et et et et et et et e et e et et e et e e eaeanens 96

Knumenxo I'Il. Tyzenko B.C., Ilonynan H.HM. ViccnenoBanue BIMSHHUS YCHJIMM 3aKpEIUICHUS pe-
JKYILEH TUIACTUHBI 10 UIUHIAPUIECKOMY OTBEPCTHIO HAa IMHAMUYECKUE XapaKTEPUCTUKH COOPHOTO

Konoplyanchenko E., Kolodnenko V., Atalawei W. Saving disassembly at heavy-duty gas turbine
COMPIESSOF FEENGINEEIING. .. .ttt sttt ettt et et e et ettt et et e et et et et et e e aaas 104

leanos B.O., Kapnyco B.€., /leemapvos .M., [lasnenxo 1.B., boeoan B.P. UucenbHe MOJCITIOBAHHS
BEpPCTAaTHUX MPUCTPOIB IS MEXaHIYHOT OOPOOKH JAETATICH THUITY BAXKEIIB +.'vvverreenreennneannnnns 110

Ucaxos C.H., Mapycenxo C.H. TpuOonorndeckas cucTeMa yJIbTPa3ByKOBOW CBAapKH IUIacTMacc.
T 0023 8 (S 0 Toke (< 2 116

Kysneyosa A.B., ['numvko A.H., Tepewenrxo T.B. IlporHo3zupoBaHue pecypca KOHHYECKUX Mepe-
J1a9 C TBOSIKOBBIITYKIO-BOTHYTBIMH 3YOBSIME ... .vvnettntsenttaenteeneeanaeanneenneeaneeanneenneeennens 119

I'yyanenxo FO. I'. CucTeMHBIN MMOJIX0J K CPAaBHUTEILHON OIICHKE Pab0OTOCIIOCOOHOCTH MHCTPYMEH-
TAJIbHBIX MATEPHUAJIOB MO CTAaHAAPTHBIM PErjlaMeHTaM CTOMUKOCTHBIX UCIIBITAHUM .......cvvennnn.. 124

Jlobanos B. K., Ilawxosa I'M. Pe3ynbTaThl UCCIICIOBAHUS CONMPOTHUBIICHUS YCTAIIOCTH TEXHHUYE-
CKUX BapUaHTOB Harn{ 3aHUX MOCTOB CIIELUATbHBIX TPAHCIIOPTHBIX CPEACTB ...uvveneennennannnnn. 129

Enuxees A.®., Escrokosa @M., Iluwenxo JI.A. Anann3 3pGEeKTUBHOCTH aIapaTHBIX CPEJICTB
yIPaBJICHUS MPOJA0TbHON MOJaueH HUTA(DOBATBHOTO KPYT@. .. e uetteeneenteaneenaeneaneenneaneaneanns 132

Kolesnyk V., Zajac J., Radchenko S., Adamian M. The effect of cutting temperature on hole quality
when drilling cfrp/metal Stack ... 138

Ipuxoovko O.FO., Cninuenxo C.€. IMiTaiisi TOBENIHKA TEXHOJOTTYHUX CHUCTEM 3 BUKOPUCTAHHSIM
LY (<] 1S 1 (3 1 0 142

Hewma A.A., Kpusopyuxo /[.B. O6nacTs NpuMeHEHHUs MeTo1a 00pabOTKH BHYTPEHHEH pe3bObl Me-
PHBIM THCTPYMEHTOM. . ..t ttententeentente et en e et e e e et e et e e et e et et e et e et e e e e te e e e teeaeeneenenn 145

B.I'" Ixypynuu AHanuTH4YecKOe ONpeeseHne MapaMeTpoB IEPOXOBATOCTH MTOBEPXHOCTH IpU a0-
Pa3MBHOM IOJUPOBAHUU C YUETOM MBHOCA BEPECH . ... euuentententententeententeententenneeneennenaeennen 150

Hosukoe @.B., Pabenkos H.A. YcnoBus yMEHBIIEHUS CUIIBI U TEMIIEPATYPhI pe3aHusl PU 0OBIYHOM
1700101500 81237 (6 V)Y 050 17 01 T0) 221 171 154

214 ISSN 2079-004X. Bichux HTY «XI1l». 2015.Ne4 (1113)



Asemonomosa JI.B., I posenox E.J[., Cumcon 3.A. MonenupoBaHue mpoliiecca ropsiueit packaTku Ko-
B1 53000 0 (00101107 011317 1< PP 158

Aemonomosa JI.B., Cumcon 3.A., Aeyoun /[.C. OLieHKa KOHCTPYKTUBHOM IPOYHOCTH CHELMATIU3H-
POBAHHOTO OOPAOATHIBAIOIIIETO THCTPYMEHTA. ... eve et enteneeneenteaneenaeaneeneenseeneannenneaneenean 162

Joopomesopckuii C.C., I'nyuux C.C., Jobposonvckas JI.I. UccnenoBanue creneHu JedopMaruu
JBYXCIIOWHBIX THTAHOBOAIIOMHHHEBBIX TTAKETOB MPH YAapHOM HarpyxeHuu CTaJbHBIM HHCTPYM -
HTOM C TIPUMEHECHHUEM CAE CHCTEM ....uttnttenttententeenteenneeenteenneeenaeenteeaneeenneeaneeenneennens 166

Kocmiox I'U., Mupeopoockas E.B., Menkoséposa O.M. VccnenoBanue BeIHMYMHBI 00beMa HaHO-
KJIacTepa W TJIYOHWH ero 3ajeraHusi npu JeWCTBUH MOHOB Pa3HBIX SHEPTHil, COPTOB U 3apsiiOB Ha
TR w212 (53:38 (SR W1 ) €21 5 (R 170

Cmynuuyvkuu B.B., Jonunax A.B. JlocmimkeHHs NpoIeciB HApOCTOYTBOPEHHS Ta 3HOIIYBaHHS
PI3aJIbHOTO IHCTPYMEHTA 32 JIONIOMOT'00 PEOJIOTTYHOIO MOJIEIOBAHHS MIPOLIECY PI3aHHS. .......... 177

Jlebeow B.T., Tapenvnux H.B., Jlawxapes O.H., Ponvsax JI.A. TloBbIilieHHEe KayecTBa COCAMHEHUS
KPYIHOTa0APUTHBIX COCTABHBIX MBEITHM . ... uu ettt et et et et e et et et e e e eaenns 181

Alexander L. Kapelevich, Stephen D. Korosec Involute spiral face couplings AND gears: design ap-

proach AND manufacturing teChniqQUE. ... ..o e, 185
@Decenko A.B. AHaM3 SHEPreTUYECKUX XapaKTEPUCTUK POTOPHBIX alapaToB ISl TUAPOAMHAMUYECKOM
AKTUBALIIAY THITKOCTE . .« « v et eee et e e e e e e e et e e e e e e e e e e e e e e, 190
PE D P AT . .. 194
PEDEP AT Bl .t 200
A B S T R A T S .o e 206

ISSN 2079-004X. Bichux HTY «XI1l». 2015.Ne4 (1113) 215



HAYKOBE BUJIAHHA

BICHUK
HAIIOHAJIBHOI'O TEXHIYHOI'O YHIBEPCUTETY
«XIII»

30ipHUK HAYKOBHMX Npaub

Cepis:
TexHosnorii B MalmnHOOyAyBaHH1

Ne 4 (1113) 2015

HayxkoBi penakropu 1-p TexH. Hayk, npod. FO.B. Tumodies,
I-p TexH. Hayk, rpod. O.0. Knouko
TexHiuHUN pegakTop KaH/. TeXH. HayK, fno1l. €.B. bacosa

BinnoBinaneHuii 3a BUIyck kau. TexH. Hayk [.b. O0yxoBa

AJIPECA PEJKOJIEI'I: 61002, Xapkis, Byn. ®pynse, 21, HTY «XIII».
Kadenpa Texnomorii MammHoOy1yBaHHS Ta METAJIOPi3aJbHUX BEPCTATIB.
Ten.: (057) 707-66-25; e-mail: vestms@lenta.ru.

O0i1.-Bug Ne 16-15.

[Tiam. no npyky 28.04.2015 p. ®opmar 60x84 1/8. INamip odceTHwMIA.

Hpyk obcernuit. ['apuitypa Taiimc. YMoB. apyk. apk. 8,0. O6umik.-Bua. apk. 10.

Tupax 300 np. 3am. No 3033. Ilina gorosipHa.

Buaaserns 1 BATOTOBIIOBAY

Bunasanuuii neatp HTY «XIII». CBimonTBo mpo IepKaBHY PEECTPAIiro

cy0’exrta BugaBanuoi cpasu JIK Ne 3657 Bing 24.12.2009 p.
61002, Xapkis, Bi1 @pyn3se, 21

Hpyxapus A1 XM3 «DPEJ»

CsigouTBO Npo JAepxaBHy peecTpaliito Ne23752352 Bix 23 xoBTHs 1995p.

61023, Xapkis, Byn. Cymceka, 132, Ten. +38 (057) 719-67-82
e-mail: alina@tfed.com.ua



