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M.I. /leHuceHnko, KaH1. TeXH. HAyK, B.I. Py6aboB, 1-p TexH. Hayk
Hayionanvnuii ynisepcumem 6iopecypcie i npupoookopucmyeanus Yxpainu

ITigBuIIeHHS JOBrOBIYHOCTI pOOOYHX OpraHiB
IPYHTOOOPOOHUX MAIIUH 3 BUKOPUCTAHHSAM TOYKOBOT'O
3MIIIHEHHS

VYV  cTaTTi NpeACTaBIeHO OMISAA ICHYIOUMX CHOCOOIB 3MillHEHHS naeTaneil pobo4MX OpraHis
IPYHTOOOPOOHMX MaIlWH, PO3MIAHYTO IX MepeBar Ta Henodikd. I[lokasaHo, Mo HaHOIIbII epeKTUBHUM
METO/IOM 3MILHEHHS pOOOYHX MOBEPXOHb JAeTajel IPYHTOOOPOOHMX MAalIMH € TOYKOBE 3MILHEHHS — IyToBe
TOYKOBE 3BAPIOBAHHS MOPOLIKOBUM JAPOTOM — ITABKHUM €JIEKTPOIOM.
a0pa3uBHe 3HOLUYBaHHS, JieMill MJIyra, Jiana KyJbTHBATOPa, 10BrOBIYHICTb, METOAM 3MiLIHEHHS, e(PEeKT
€aMo03arocTploBaHHs, 1yroBe TOYKOBe 3BAPIOBAHHS — TOYKOBE 3MillHEHHS

Beryn. B ymMoBax HEeMHHYYOT0 CKOPOYEHHSI IPUPOJHHUX PecypciB HAOyBae BUPIIICHHS
mpo0JieM SIK 3 pecypco30epeXeHHSIM, TaK i 3 CYTTEBHM 30UIBIICHHSAM TEPMIiHIB CIIYXOH
CLIbCHKOTOCIIOAAPCHKUX MAIMH. 3HauyHA YacTKa METaly BUTPAYA€ThCSl Ha BUTOTOBIICHHS
3allaCHUX YacTHH 1 MeEXaHi3MiB, fSKi WIyTh Ha IMATPUMKY MAIIHHO-TPAKTOPHOTO MapKy
VYkpainu B poboToznaTtHoMy ctaHi. CrpariboBaHi JeTali 1 By3JH MEepeBaKHO HAyTh B OpYyXT,
ame 90% X MOXJIMBO BIJIHOBUTH, 3MIIIHUTH Ta TMOBTOPHO BHUKOPHUCTATH IMPU TEXHIYHOMY
o0CIIlyroByBaHHi 1 pPEMOHTI MalIWH, 30UIBIIMBINM X TEpMiHH CIykou. B 3B’s3ky, 3
IHTEHCUBHUM PO3BUTKOM (PEPMEPCHKHX TOCIOJAPCTB 1 MaJUX CiIBCHKOTOCIIOAAPChKHIX
HiMPUEMCTB, BUHHUKJIA MpoOsieMa BIAHOBIEGHHS 1 3MIIHEHHS JeTaled, IO IIBHUIKO
3HOIYIOTHCS B YMOBAX JAPiOHO CEPIfHOTO BUPOOHUIITBA.

B mepury depry no Takux jgetanei BiIHOCSTBbCS poOOYl OpraHd IPyHTOOOPOOHHUX
MaImuH (JIUCKW OOpiH, Jali KyJbTUBATOPIB, JieMenmi ILUIyriB). B Ykpaini roctpo mocraia
npobiiemMa MiJBUIIEHHSI pecypcy poOOYHMX OpraHiB I'pyHTOOOPOOHMX MAaIlMH, TOMY IO, Hi
OJIMH 13 3aIPOIIOHOBAHUX METOIB 3MIIIHEHHSI HE BHPIIIYye Iie 3aBJaHHS, IO MPHU3BOIUTH JIO
BeJIMYe3HUX (DIHAHCOBUX 1 TPYAOBUX BTpaT B I[APHHI BHUPOOHMIITBA Ta eKCILTyaTamil
CLTBCBKOTOCTIONAPCHKOT TexHikW. [lpw 3MilHeHHI 3arapTyBaHHSAM IIi JeTali MaroTh Jy¥Ke
HU3BKUI pecypc: HapoOITOK J0 3aTouyBaHHS jeMeliB - §-10 ra, janu KyJ1bTHBATOPIB - yepes
3miHy. Taki gacTi 3aTOYyBaHHS IIBHJIKO ITPU3BOIATH JIO TIOBHOTO X CIPAIFOBAHHS 1 3aMiHY 1X
HOBHUMH JieTasiMu. O6’eMHe 3arapTyBaHHs He 3a0e3nedye Hi BUCOKY 3HOCOCTIHKICTh JeTaeit
poOoYMX OpraHiB, Hi iX caM03aTOUyBaHHS.

B TemepimHiif yac cnocTepira€Thcsi TEHICHIIISI 3HMKEHHSI SKOCTI JeTayiedl poOoumx
OpraHiB IpyHTOOOPOOHHX MAIllMH, TOMY IO iX BUTOTOBJICHHSM 3aliMalOTHCS MiANPHEMCTBA,
SK1 paHillle HIKOJM UM He 3aitmanucs. llpu mpoMmy 9acto, Ha cydacHUX IiJIIPUEMCTBAX
CLITBCHKOTOCTIONAPCHKOTO MAIMUHOOYAYBaHHS HE JTOTPUMYIOTHCS BCTAHOBIICHHX TEXHOJIOTIH
iX BHpPOOHMIITBA, 3MIHIOIOYM T'€OMETPHYHI MapaMmeTpu Jerajeid Ta ixX Qi3uKo-MexaHiyHi
BrIacTUBOCTi. Po0oYi oOpraHw, IO BUTOTOBISIFOTHCS TAKUMHU IIIIPUEMCTBAMH, He
BiJIMOBIJAIOTH BUMOTAM SIKOCTI, 1 HE 3a0e3MeUyI0Th HOMiHAILHOTO Pecypcy poOOTH.

OcHoBHMMH (aKTOpPaMH, SKi BH3HAYAlOTh aOpa3WBHE 3HOIIYBaHHS, € a0Opa3wBHI
BJIACTUBOCTI I'PYHTIB, IO MalOTh HACTYIHY MOPIBHSUIbHY 3HOUIYBAIbHY 3JaTHICTh: TJIMHUCTI
1,0; micuani 1,5; cyrmmaku 1,9; cymicuani 2,3 [1]. Ogaum 3 (akTopiB B aOpa3suBHOMY
3HOIIIYBaHHI TaKOX € XiMiuYHa aKTUBHICTh IPYHTIB.

© M.I. Jlenucenko, B.1. Py6asos, 2011
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Ha pneskuxX BITYM3HSHUX MiJANMPHEMCTBAX HAJIArO/PKEHO BHPOOHHUIITBO pOOOUUX
OpraHiB BIOCKOHAJICHOT KOHCTPYKITii.

[lpu  BuroToBieHHI Jeraneii poOOYMX  OpraHiB MalmMH B  OCHOBHOMY
BHKOPHUCTOBYEThCS CcTalb 65 I', a 3HOCOCTIWKI IMOKPUTTS HAHOCSATH METOIOM IHIYKIIIHHOTO
HartaByieHHs. CriBcTaBIeHHS XiMIYHOTO CKJIaay 1 TBEPJIOCTi, a TAKOXK JAaHUX IO 3MIIHEHHIO
poOoYMX OpraHiB BEAYYHX 3aKOPJOHHHX BHPOOHWKIB 3 TIOKA3HUKAMH BITYH3HSHOTO
BUPOOHMIITBA TIOKa3ye, 1Mo poOodi opraHu, ski BHUrOTOBIAIOTBC ¢ipmamu CIIA,
BemukoOpuranii, ®@panmii, HiMeyunHr 3HAYHO IepeBa)karOTh HAIl BITYM3HSIHI aHAJIOTH 1
BOJION1IFOTH Ha 30-50% BUINOIO 3HOCOCTIHKICTIO.

Meta po6oTu. MeToro 1aHOT poOOTH € TiBUIIICHHS JIOBIOBIYHOCTI JIeTalel poOodImnx
OpraHiB IPyHTOOOPOOHMX MAIIMH TOYKOBMM 3MIIHEHHSIM 3 YTBOPCHHSIM e(eKTy
CaMo03aroCTpIOBaHHS

Marepiaau Ta MeTOIHKA JOCTIKEeHb. TEOPETHYHO JOBECHO, IO MPOIIECH TEPTS Ta
3HOIITYBAaHHS JIOKAJTII30BaHI B €JIEMEHTApPHOMY 00’ €Mi, SIKHU CKJIQJIAEThCS 3 BEIMKOT KiIBKOCTI
MiKpo06’€MiB, III0 3HAXOASATHCS B KOHTAKTHIN B3aemoii. [Ipu TepTi abpa3uBHUX YaCTUHOK I10
MMOBEPXHI JieTalli B IEBHUX YMOBaX BiJIOYBaeTbes mpsiMe (Oe3mocepesiHe) pyWHYBaHHS
MOBEPXHEBOTO IMapy NUIIXOM 3pi3yBaHHS a00 BigpuBaHHSA. 3 paHille HaBEJICHUX JAHUX
BiJIOMO, TIO TPH 3HOIIYBaHHI MPOIIECH TPSMOTO PyWHYBaHHS CKJIQJIAlOTh Maly 4YacTKy Bij
3arajabHOI KiJTBKOCTI KOHTAKTiB abpa3uBHUX YaCTHHOK 3 TIOBEpXHEIO JeTali. JIJis OIliHIOBaHHS
BIIACTUBOCTEH TMOBEPXHEBOrO0 IMapy B JIADOPAaTOpPHUX YMOBaxX 3HAWIIA  IIHPOKE
BUKODHUCTaHHS METOJM BHIPOOYBaHb MarepialiB IUIAXOM CTHpaHHS iX 10 TOBEPXHIi
abpasuBHY. AHali3 IHX METOJIB BUKIAJACHO B poOoTi [2]. Metoauka BUIPOOYBaHHS Ha
3HOIIYBAHHS TPH TEPTi MO IIKYpIl 3abe3nedye TOYHICTh OTPHMAHHUX PE3yJbTATIB 3a TaKUX
YMOB (MaJIi THCKH 1 IIBUJIKOCTI KOB3aHHSI, a0pa3vBHI YaCTUHKHA BHCOKOI TBEPJIOCTI 1 MIiITHOCTI,
BIJICYTHICTh HarpiBaHHs, HEMOXKJIMBICTh MEpeMIllICHHs 1 pyiHyBaHHs a0pa3UBHUX YaCTHHOK).
AJe i YMOBH He 3aBXK/Y BiITIOBIIAlOTh YMOBaM eKCILTyaTallii JeTajieii MalyH.

EdexkTuBHMMHU 3axoJaMH 3aXHCTy MAaIlUH BiJ aOpa3WBHOIO 3HOINYBAaHHS €
ITiIBUIIICHHS] TBEPJIOCTI MTOBEPXHEBUX IMIAPIB iX JreTaneid i By3iB. B po6orax M.M. Xpyriosa
M.A. babGiueBa [3, 4.9,] mokazaHo IO TBEepAiCTb MaTepialiB, sfKa 3aJeKUTh BiJ eHeprii
3B’SI3Ky aTOMIB B KPUCTANIUHINA pENNiTI, B 3HAYHOMY CTYIEHI BH3HAYa€e OIip MarepialliB
abpa3MBHOMY 3HOIIYBAaHHIO.

[TocTaBneHna MeTa MOCATAETHCS IIISIXOM BHKOPHCTAHHS KOMILIEKCHOTO METOJIMYHOTO
MiAXO0My, IO TMOEJHYE TPHOOTEXHIYHI METOJM BUIPOOYBAHHS, Cy4YacHi METOAUM TOHKOTO
(I3MYIHOTO EKCIIEPUMEHTY 1 MPEIU31HHOTO XIMIYHOTO aHali3y MiKpooO’ eMiB CIUIaBiB jJeTajeit
pobounx opraHiB MamwH i Ja00paTOpHUX 3pa3KiB, a TaKOXK aOpa3MBHOTO CEPeJOBHINA i
MPOAYKTIB 3HOIIyBaHHS. DopMH Ta MEXaHI3MH pPYHHYBaHHS BHU3HAYAIOTHCS B3a€EMOJIIEIO
MOBEPXOHB TEPTS 3 aOpa3WBHUM CEPEIOBHINEM, CYTHICTh SKOTO 3aKIFOYAETHCS B KOB3aHHI
YaCTHHOK, IUIACTHYHOMY Je()OpMyBaHHI CIUIaBiB, B MICIIX KOHTAaKTy, pPyWHYBaHHI
MOBEPXHEBUX 00’ €MiB 03 BIIOKpEMIICHHS MeTally a00 31 3HATTSIM MIKPOCTPYKKH.

IcHyroTh 11Bi BUpa3Hi (OpMH MPOSBY a0Opa3HMBHUX IPOIECIB, IO BiIPi3HAIOTHCS
XapaKTepoM B3a€EMOJIii YaCTUHOK 3 MOBEPXHEIO CILIaBy: | - 3 mepeBaroro MexaHo - XiMi4YHOTO
pyiHyBaHHs(TUTACTHYHE JIe(OPMYBaHHS IOBEPXHEBUX 00 €MIB, IX OKHCICHHSI Ta HACTYITHE
pyiiHYBaHHS YTBOpeHHMX IUTBOK) 1 Il - mepeBaroro MexaHIYHOro pyHHYBaHHS MeTaly
MTOBEPXHEBUX MapiB (BTUJICHHS a0Opa3sWBHUX YAaCTHHOK Ta PYHHYBAaHHS ITOBEPXHEBUX 00’ €MIB
Marepiary 06e3 BiIOKpEeMIICHHS YaCTUHOK OCHOBHOTO METally abo 3i 3HSTTSIM MiKPOCTPYKKH).
[Tepma ¢opMa € pi3HOBHJIHICTIO MEXAHO - XIMIYHOT'O 3HOIIYBAHHS, a JIpyra BiJHOCHUTHCS 0
HEJIOMYCTUMHUX IPH 30BHIITHBOMY TEPTI MpoliecaM MOIIKOKeHHs. [5, 6, 7].

MexaHo - XiMiYHa MOJIelb TpoIllecy aOpa3WBHOTO 3HOINYBAHHS BKITIOYAE HACTYITHI
¢da3u mporecy: MeXaHIYHUH KOHTAKT; MPYXKHO — IUIACTHYHY JeopMallito; aKTHBI3allilo —
YTBOPEHHS TOHKOTO Imapy JaeOpMOBAaHOTO MaTepially, MUTTEBA IAcHBAIlil — B3aEMOJIiS
AKTUBOBAHOTO MeETally 3 XIMIYHO AaKTHBHMMH KOMIIOHGHTaMH CepeloBUIa (YTBOPCHHS
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MOCTa0ICHUX BTOPHHHUX CTPYKTYP); PYHHYBaHHS BTOPHHHUX CTPYKTYpP MICIIsl HACTYITHOTO
MEXaHIYHOTO BIUIHBY.

3HayHO Dpiame B MeXaHi3MaX CIHOCTepiraeThCsi a0pa3uBHE 3HOIIYBAHHS 3
MepeBaXaHHSIM MEXaHIYHOTO PYHHYBaHHSI.

MexaHniuHa Mojenb mpoluecy aOpa3sMBHOIO 3HOIIYBaHHsS BKJIIOYAE: MeEXaHIYHUN
KOHTAaKT Ta MPY)XHO — IUIACTHYHY JeOopMaIlifo; BIPOBADKCHHS a0pa3WBHUX YaCTHHOK Ta
pyHHYBaHHSI IOBEPXHEBUX 00’€MiB 0e3 BIIOKpEMIICHHSI YaCTUHOK OCHOBHOT'O MeTally abo 3i
SHATTSIM MIKPOCTPYKKH.

MexaniuHa (hopma 3HOIITYBAaHHS 3B’s3aHa 3 MEPEXOJIOM JI0 TPAHUYHOTO MO MIIHOCTI
CTaHy MeTally TIOBEpPXHEBUX INapiB, BTUICHHS aOpa3sWBHUX YACTHHOK, MApSTAHHIM Ta
BIJIOKPEMIIIOBaHHSAM MiKpocTpyXkH. [IposiBu MexaHo - XimMiuHOT a00 MexaHi4HOi GopM HHX
BHJIIB pyWHYBaHHS 3aJIe)KaTh BiJl CIIBBIJHOIICHHS MEXaHIYHHX BJIACTHBOCTEH aOpa3HBHHX
YAaCTUHOK 1 TIOBEPXHEBHX IHapiB 3HOIIYBAHOIO MaTepially, BEIHYUHH POoOOYOTro
HaBaHTaXCHHS Ha aOpa3WBHI YaCTHHKH, 1X TEOMETPUYHHX PO3MIpiB i (Pi3MKO — XIMIYHOI
AKTUBHOCTI CepeIOBHUIIA.

Pe3yabTaTn 10caizKeHHsI Ta iX 00roBopeHHsI.

30LUIBIIICHHIO TEPMiHY CIykOM pOOOYUX OpraHiB CiTbCHKOTOCTIOAAPCHKUX MAIIUH
CIIpHUSIE CaMO3aroCTPIOBaHHS Jie3 a0 poOOY0i KPOMKH B pe3yJIbTaTi HAHECEHHSI 3HOCOCTIHKIX
MOKPUTTIB PI3HUMHU MeTOAaMHU. AJie OUIBIIICTh BUKOPUCTAHUX METO/IIB 3MIIIHEHHS JOCTaTHBO
TPYJOMICTKI Ta Majoe()eKTHBHI.

a — KpUXKHUH THT pyHHYBaHHS; 6 — B I3KepyitHyBaHHS

Pucynox 1 - PyitHyBanHs nmoBepxHi netanisi crani 651

JlocmipkeHHS TTpoIeciB aOpa3WBHOTO 3HOITYBAHHS METANIB IMPUCBIYCHO HEMAJIO POOIT
B YkpaiHi i1 3a KopgoHOM. Pi3HUMU AOCITITHUKAMH HANAIOTHCS Pi3HI MOSCHEHHS MEXaHi3MiB
abpa3uBHOTO 3HOITYBaHHS. HallO1IbI po3MOBCIOKEH] YSABICHHS a0pa3uBHOTO 3HOITYBAHHS,
SIK pe3yJIbTaT ApsSTaHHsS aOpa3MBHUMHU YaCTUHKAMHU, SIKI BUKIIUKAIOTh MIKpOpPi3aHHsI TTOBEPXHI
Metary [9]. Ha puc. 1 moka3ana ¢otorpadist 3HOIIEHOT MoBepxHi jgetaii 31 cram 651, Ha
OKpEeMUX JUISHKAX CIIOCTEPITalOThCS CIIIIM OJMHUYHHUX YIApiB KPYIMHUX YaCTHHOK IPYHTY.
Crhiim TOMIKOKeHb MOBEPXHEBOTO IMapy JeTajeil MepeKOHYIOTh B TOMY IO Ha 0ararboX
JIJISHKaX KOHTAKTYy YTBOPIOKOThCS BHCOKI HANpPYXEHHS, MPHUYOMY CTYIiHb 3’€JHaHHS
YaCTUHOK TPYHTY OyJie JOCTaTHROIO ISl PO3BUTKY IOIIKO/DKEHb Yy TOJpSIUHU. PoGoua
MOBEPXHSI JIeMellla BKa3y€e Ha MPOTiKaHHs iHTEHCUBHHX MPOIIECIB HAIIPABICHOTO TUIACTUYHOTO
nepopMyBaHHS Ta pyHHYBaHHS IOBepXHeBoro mmapy. Jleram pobOoumx opraHiB
I'PYHTOOOPOOHMX MAIIMH IPU eKCIUTyaTallil 3a3Hal0Th MEXaHo - XIMIYHOI (popMH abpa3uBHOTO
3HONIyBaHHS. [Ipomec 3HONIyBaHHS B IIMX YMOBaX XapaKTepU3YIOThCS HE3HAYHOIO
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IJTACTUYHOIO JieopMalli€l0 MOBEPXHEBUX IIAPiB METally, XIMIYHOIO B3aEMOJIEIO 3 PiI3HUMH
€JIEMEHTaMH 30BHINIHBOTO CepeloBHINa (BOJOra, TyMYyC, KHCEHb, BYTJIEKHCIHNA Tra3),
YTBOPEHHSM 1 pyWHYBaHHSM IUTIBOK OKHCIIIB (BTOPUHHHMX CTPYKTYp). TOBIIMHA BTOPUHHUX
ctpykTyp ckiagae 0,01-0,05 mxm [10].

[Topsim 3 yTBOpeHHSIM INapiB, HACUYEHUX KHCHEM Ta IHIIUMH XiMiYHOAKTHBHHMHU
eJIEeMEHTaMH CepeJIOBHUINA BUSABJICHO IHTCHCHBHY JTU(Y3iI0 BYIJICIO, 30Ty Ta IHIIHUX MEHII
AKTUBHHX €JIEMEHTIB. THCK IPYHTY Ha Jie3a poOOYMX OpraHiB € JUHAMIYHHM, i 10r0 MOXHA
po3rnsaaTH, SK Oe3lepepBHI yraapu aOpa3uBHuUX 4dYacthHOK [11]. B.®.Jlopenmy [12],
cOpMYITFOBABIIY MOHSTTS «a0pa3uBHUI 3HOC, MOIUIMB HOTO Ha JIBI OCHOBHI rpynu: 1) 3HOC
(iKCOBaHMMH YaCTHHKaMH aOpa3uBy; 2) 3HOC BUILHUMHU YacTHHKaMH aOpa3uBy. HaiiGinbima
KUTBKICTB OITyOJIIKOBAaHHX Ipallb IPUCBSIUCHA JOCHTIPKEHHIO YMOB CaM03aTOUyBaHHS JIE30BUX
pobourx oprasiB ( JIEMII TUTyTa, Jialla KyJIbTHBATOPa, JUCK OOPOHH).

JUis  3MinHeHHs  poOOYMX  OpraHiB  I'PpyHTOOOpOOHMX MamuH  [HCTUTyTOM
enekTpo3BaproBanHs iMeHi €.0. [Tarona HAH Ykpainu 3anponoHoBaHe TOYKOBE 3MIITHEHHS,
JyroBe TOUKoBe 3BaproBaHHs (/[T3) mopomkoBUM JpOTOM-IIJIABKUM €JIEKTPoJoM. ToukoBe
3MIIIHEHHS - T[€ MiKPOBKpPAIJICHHS TBEPJOTO CIUIAaBY B CTPYKTYPY HOBEpPXOHB JeTallei
MAIllMH, SKi 3a3HAlOTh a0pa3WBHOTO 3HOINYBaHHSA. TOYKH 3MIIIHEHHS YTBOPIOIOTBCS IPH
IMBUKOMY BBEJEHHI B MeTall BHPOOY Takol KUIBKOCTI TEIUIOTH, SKa HeoOXiJHa JyIs
MPOIUIABJICHHS. KOHYCHOTO KpaTepa, 3allOBHEHHS HOro po3IUIaBOM 3 OCHOBHOTO MeETaly 1
TBEPJIOTO CIUIABY, 1 YTBOPEHHS TOYKH 3MIIIHCHHS (pHc.3).

HapnifiHicTh 1  JIOBrOBIUHICTH  pOOOYMX  OpraHiB  I'PyHTOOOPOOHHMX  MAIMH
BH3HAYAIOTHCS CKIIQJOM, IapaMeTpaMu CTPYKTYPH 1 MEXaHIYHUMH BJIACTHBOCTSIMH
MaTepialiB, $Ki BHKOPHCTOBYIOThCS sl iX BuroToBieHHs. Jlerami mayriB, OopiH 1
KyJIbTHBATOPiB, BUTOTOBJICHI 3 MaTepialliB, 3 HU3bKHMH ITOKa3HHKAMH MIIHOCTI 1 yJIapHOI
B’SI3KOCTi, IIBUIKO JIAMAlOThCs 1 Je(OPMYIOThCS, a IX IHTEHCHBHE 3HOIIYBAaHHS YHHUTh
BUPIINATGHAN BIUTMB HA SIKICTh BHKOHAHHSI MAIIMHOIO TEXHOJOTIYHOTO MPOIIECY, BUKIIMKAE
MOPYIICHHS arpOTEXHIYHUX BUMOT, 1[0 B MiJICYMKY IPU3BOJAMTH JIO 3HUXKECHHS BPOXKAHHOCTI.
Oco0MBY aKTYaJbHICTh MEXaHIYHI XapaKTePUCTHKHA HaO0yBalOTh HPH CTBOPEHHI HOBHX
MalldH Ui~ TPOTPECHBHUX  TEXHOJIOTiM  OOpoOKM  IPYHTY 1  BHPOIIYBaHHS
CLIIBCHKOTOCTIONAPCHKUX KYIBTYP.

HannaBouni marepianu — camo3axucHi mopomkoBi apotu tumy IITI-AH170 (IIII-
AH170M), mo 3a0e3neduyroTh YTBOPEHHS HaIiaBieHoro Imapy tBepaicTio HRC 60-65.
PerymoBaHHsSM reoMeTpii HamIaBlIeHOro Iapy (BUCOTa, ITMOKHA, YacTOTa HAIUIABICHHS ), a
TaKOX CITIBBIIHOITICHHSIM TBEPJIOCTI HAIIABICHHUX JUILHHUIL 1 OCHOBHOTO METally B MeXkax
1,5:1, 1,0:1, Bu3HauaeThess ONTUMAIBbHA 3HOCOCTIMKICTh Ta caMo3aTodyBaHHs BHpoOiB. Jle3a
poOourMx OpraHiB 31 3MIHHOIO T'€OMETPIEI0 HAIUIABJICHHS B IPOIECI OpaHKH, BHACIIIOK
BEJIMKOI PI3HUII B 3HOCOCTIHKOCTI OCHOBHOI'O 1 HAIJIaBJIEHOTO IIapiB, caMO3aTOUYIOTHCS 1
YTBOPIOIOTh XBHJISICTO-CTYIIEHEBY (pOpMY Jie3a, IO 3HMIKYE TSATOBHMA OIip OPHOTO arperary.
(puc. 2).

Jlemerni 3 TOYKOBHM 3MIITHEHHSIM (pHC. 2) BUTOTOBJICHI 31 CTAJIEBOIO TapsYeKaTaHOTO
npodimo ans  nememiB 142-620-J153 mo T'OCT 8531-78. Hamnaienns emMerriB
3nilicHIOeThes TopornkoBuM Jpotom [TTT-Hi-80x20 P3T 26101-84 (ITI1-AH170) B cTpyKTYypY
moBepxHi JeTani. HammaBneHi MiMpHMIN € KOHYCH TPOIUIABICHHS, B OCHOBHOMY MeTami, 3
BHCTYIIOM OCHOBH KOHYCa Ha JIMIIOBY CTOPOHY JIeTali.

31



Texnika B CiNbCHKOTOCTIOAAPCEKOMY BUPOOHUIITBI, TATy3€Be MAITMHOOY TyBaHHs, aBToMaTu3aitis, 2011, Bumyck 24, 4.11

PucyHok 2 - Jlemim mtyra micyist HapoOiTky 49,0 ra

O GG , i

PucyHnok 3 - ['eomeTpuuHi mapaMeTpy TOUOK 3MIlTHEHHS

Touyku HamIaBIEHHS BUCTYNAIOTh HAJ IOBEPXHEIO JIMIEBOI CTOPOHM JeTalll Ha
BeMUUuHY 1...3 MM Ta TPOHHKAIOTH B OCHOBHUH MeTasl Ha TNUOWHY 4...6 MM, yTBOPIOIOYH Ha
MOBEPXHI JIMIIEBOT CTOPOHH JIeTalli TBEPJIOCIIABHY TOUKY JiameTpoM 18...25 MM 1 TBepAicTio
HRC 60...66 (puc 3).

[IpsiMa MOJSIPHICTH CTPYMY 3HUKYE CTIHKICTh TEXHOJIOTIYHOTO MPOIECy, IPU3BOIUTH
JI0O YTBOPEHHS OpH30K, 3MEHINYy€ TIUOWMHY IPOILIABJICHHS 1 301IbIIye BHCOTY TOYKH
3MminHeHHs. ToMy TmapaMeTpd TOYKOBOTO 3MIIHEHHS BIAMpAIlOBAId Ha OOEpHEeHii
MOJIIPHOCTI. 3BapHUW CTPYM YWHUTH HAHOUTBIMUN BIUTMB HAa (OPMOYTBOPEHHS TOYKH
3MinHeHHs. Hanpukan, 31 306inbImeHHsIM 3BapHOro ctpymy Bia 400 o 650A, miamMeTp TOUKH
3MirtHeHHs 3pocTae 3 14,5 no 31 mwm, Bucorta 3 2,3 1m0 4,3 MM, a BHCOTa HaIUIaBJICHHS
3MeHmyeTbes 3 3,5 1o 1,2 mm.[13]

HeoOxigna ranmOuHa NpoIiaBieHHs, sIK 1 IHII MapaMeTpu TOYKOBOTO 3MiI[HEHHS
JOCATAETHCS 3MIHOIO CHJIM 3BapHOTO CTPYMY, HAIPYTH 1 TPUBAJIOCTI ropiHHs ayru. OpaHka
3nificHIoBasiacsi Ha TiuOuHI 25...27 cM micng 30upaHHS 3€pHOBHUX KyJIbTyp. B mporeci
MPOBEJICHHST BHIIPOOYBaHb PETYISPHO 3IMCHIOBAIM BHMIPIOBAaHHS IapaMeTpiB POOOUHNX
OpraHiB, BU3Ha4Yaly BEJIMYHMHY iX 3HOCYy. Bci poGodi opraHu mpoHIUIM MEPBUHHY TEXHIUHY
eKCIepTH3y, MpoMapkoBaHi. [Toka3HUKH yMOB i SIKOCTI poOoTH Bu3Havamu BiamosigHo ['OCT
20915-751 OCT .4.1-80.

ExcniepuMeHTa IbHI JIeMeITi 3 TOYKOBHM 3MIITHEHHSM Jie3a 1 HOCOBOI YacTHHU
BCTaHOBJIOBAIKCS Ha cepiitHomy mry3i [1JIH-5-35, mo arperaryBascst 3 Tpaktopom T-150K. 3
MTOKA3HUKIB SIKOCTI POOOTH KCIIEpUMEHTAJIBbHI JIEMEII 110 TJTHOWHI 0OpOOKH 1 IMUPHHI 3aXBaTy
BIJIMOBIIAIOTh TEXHIYHUM yMoBaM. B mporeci BUIIpoOyBaHb €KCIIEPUMEHTAIBHUX JIEMEIIiB
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HAIWTIAHHS TPYHTY HE crocTepiraniocs. ExcriepuMeHTalbHI JIeMellli 3 TOYKOBUM 3MIITHEHHSIM
miaBuIneHoi 3HococtiiikocTi (ITHYC-702Y) BiamoBiiatoTh BAMOTaM IO 0OpOOIIi IPYHTY.

[Turomuit omip ITJIH-5-35 3 excrepuMeHTalbHUMHU JIEMeIIaMyd HpH IIBUAKOCTI PyXy

2,08 m/c cxnamae 6,27 H/CMZ, mo Ha 2,5% MeHIIe (B MeXax MOXHOKHA BUMiproBaHb), Hixk [TJTH-

5-35 3 cepiliHumMu Jememamu. Tak sK pi3HUI MATOMUX MOKA3HUKIB 3HAXOJIUTHCS B MEXKax

MTOXWOKHM BHMipIOBaHb, 3HAYCHHS IMUTOMUX ITOKA3HUKIB arperaTiB, IO MOPIBHIOIOTHCS, MOYKHA

BBaXKaTH ojHAKOBUMH. [lo TsAroBuMm mokazHukaMm moTykHocTi Tpaktop T-150K B arperari 3

ITJTH-5-35 3 ekcriepiMeHTAIBHAME JIeMeIIaMH 3a0e31euye CTilike BUKOHAHHS TeXHOJIOTTIHOTO

NPOLECY, 32BAHTAKEHHS JABUIYHA TIPH pyci 31 H.IBI/II[KICTIO 2 08 M/C cxiana 94,6%.
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PrcyHoKk 4 - MikpocTpyKTypa TOUKH 3MILIHEHHS Jiemema 1uryra, X 200

PucyHok 5 - JliHist crutaBieHHS 3 BEpXHIM i cepeqHiM mapom, x 200

Bucoka 3HOCOCTIMKICTh EKCIIEPHMEHTAIBHUX JIEMEIIiB B yMOBax aOpa3sHBHOIO
3HOIIYBaHHA Tepen0adae HasiBHICTh B CTPYKTYpl HAIIaBJICHOTO Iapy KapOiJliB TYromiaBKux
METaiB.

VYTBOpeHHs KapOigHOI (a3, B OCHOBHOMY, MOKJIMBO JIBOMA IIUIIXaMH: 33 PaxyHOK
PO3MITIBHOTO JIETYBaHHS KapOiZJOyTBOPIOIOYNMHE €JIeMEHTaMH 1 ByTJIe[leM HAIUIaBJICHOTO CIUIaB
a0o 3a paxyHOK KOMILJIEKCHOTO JIETYBaHHS, KOJHM B IOKPHUTTS BBOJSTHCS TOTOBI KapOimHi
3’eqHanHs.  J[pyrmit cmoci® 703BOJNISE  3HAYHO CHPOCTUTH  PETYIIOBAHHS —CTPYKTYpH
HaIJIaBJICHOTO MeTaly. MIKpOCTpYKTypa TOUKH 3MillHeHHs, 1ie KapOiau 6opy B4C (puc. 5), 60p
3HAXOJUTHCS B CKJIAJI IIUXTH, B YACTOMY BHUTJIsIL. [Ipr TOUKOBOMY 3MilTHEHHI, CIIOCTEPIraeMo
(puc. 4), mo 60piau PO3MOIIIEHI IO TPAHUIIS 3€PEH, 3 BiACYTHICTIO 3arapTOBaHUX CTPYKTYP 1
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TpinmH. I[lpy BHKOpUCTaHHI TakuX MarTepialiB eKCIUTyaTalliiHe HaBaHTAXEHHsS [li€ B
OCHOBHOMY Ha BKJIFOUEHHS TBEPO1 MPYKHO-IIACTUIHOT MATPHIIi, Ta BiIOYBAETHCS pellaKkcalris
HanpyxeHb. [CHYIOTH OinbII TBEpAl Marepialnd, HANpUKIA, ainMmas, KapoOix Oopa, kapOif
KpemHifo. IlepeBaroro BUKOPHUCTaHHS TaKHX MaTrepialiB JUISI 3HOCOCTIMKHMX ITIOKPHTITIB €
MOJKJIUBICTD HOTO ONTHUMAIBHOTO BUOOPY 1 MPOIIEHTHOT'O BMICTY B MATpHIi CIUIABY 1 BEJIMUUHHU
3epHa B 3aJIS)KHOCTI BiJl YMOB aOpa3MBHOTO 3HOIMYBaHHS. TOYKOBe 3MIiITHEHHS (JIyTrOBE TOYKOBE
3BapIOBaHHS) MOPOIIKOBUM JIPOTOM — IUIABKHM €NIEKTpogoM 3ale3rnedye OUTbII TPHBAIUIA
TEpMiH eKCIUTyarallii poOoJoro opraHy B MOPIBHSHHI 3 CEPIHHOI TEXHOJIOTIEIO, 1HIyKINiHHEe
HaruiaBiieHHs TBepauM ciutaBoM [1I'-C27 (puc. 6).

B mporieci 3HOIMyBaHHS BiIOYBa€ThCS cerperariss aToMiB Ha TOBEPXHI TepTs, TOOTO
KapOiu 60py yTBOPIOIOTHCS HA IpaHUIBIX 3epeH (puc. 5). CepiitHa TeXHOIOTIS 1HIYKIIHHOTO
HaIUIaBJICHHS He 3a0e3nedye JOCATHEHHS IependadyeHol JOBTOBIYHOCTI JIEMEINiB, Jiall
KyJIbTUBATOPiB, JAWCKIB OopiH. Ilpm ToukoBOMYy 3MII[HEHHI HaIJIaBICHUH Imap He
PO3TPICKY€ThCS, TMPAKTHYHO YTBOPIOEThCS JIMTa CTpyKTypa. Kpim Toro, camozaxwcHUit
noporkoswii apit [TIT-AH170 (ITI1-AH170M) 3axuriae 30Hy 3BaplOBaHHSL.

HannaBieHHST 103BOJISIE MIIBUINMUTH CTIMKICTh JeTajeld MalluH MPOTH 3HOIIYBAHHS,
TOJOBHUM YHMHOM, aOpa3WBHOIO, €JIEKTPOXIMIYHOI KOpo3ii, epo3ii, KaBiTaliiHOTo
pYWHYBaHHS, OKaJIMHOYTBOPEHHS, TEPMIUHOI 1 KOHTAKTHOI BTOMH. HaruraBlieHHS IIHPOKO
BUKOPHUCTOBYIOTH JUISL BiTHOBJICHHS PO3MIpiB CIpalbOBaHUX JIeTalell MAIllMH, M0 J03BOJISIE
3aMIHHWTH B JICTAJISX BUCOKOJIETOBAHI CTalll BYTJICIICBOIO, @ KOJBHOPOBI METAJIM — YOPHUMH. B
TEMepillHid Yac € BeJMKa KUIbKICTh HAIUIaBJICHUX MaTepialiB, IO Ja€ MOXIIUBICTh
KOHCTPYKTOpPY TMiaiOpaTtd HeoOXiaHI 3a yMOBaMH pOOOTH Marepiald I HallIaBJICHHS
MIOBEPXOHB JIeTaIell MaIllvH.

Hai6inpmuit HapoOiTok (140 ra) maroTh JieMenn 3 TOYKOBHM 3MillHEHHsSM. [3 9
BUNIPOOYBAIBHUX JIEMEIIIB TIIbKK OJHMH JIEMINI JIOCAT TPAaHUYHOTO 3HOCY IO HOCKY, pernTa
nememiB MaroTh 140 ra HapoOITKy 1 mpuIaTHI 1O MOAambINoi ekcruryarariii. Ilomomox
JIeMEIIIB JaHOTO TUITY B Ipolieci BUIpoOyBaHb He Oyio. [lo 3arampHO JOCSIrHYTOMY UIS BCiX
JIEMEIIiB HapoOiTKY, JIEMEIIli 3 TOYKOBHM 3MIITHCHHSM IepeBaKaroTh cepiiiHi B 2,8 pasu .
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1 — nemiu 3 TOYKOBUM 3MiLIHEHHSM; 2 — cepiiiHuit Jemill (Mepiia yCTaHOBKa);
3 - cepiifHuil nemim (apyra ycTaHOBKa); 4 — cepiiiHMA ieMill (TpeTs ycTaHOBKa)

Pucynox 6 - BiZHOCHMIi 3HOC 32 MacOI0 CepiiiHOTO Ta 3MILHEHOT0 JIeMeIliB

Jlnst BU3HAUeHHS BiJHOCHOI 3HOCOCTIMKOCTI 3a Baroro i JIOBXKHHI HOCKa MOOYJAOBaHi
rpadiku (puc. 6). BiHOCHA 3HOCOCTIMKICTE 3a Baror 3MIIIHEHOTO JieMelna B 2,2 pa3u BUIIE
cepiifHOrO, 1 BIJHOCHA 3HOCOCTIHMKICTh HOCKa B 2,8 pas3u BuIle cepiiiHoro. Takum 4mHOM,
JEMIII 3 TOYKOBHM 3MIITHCHHSIM MOXE 3aMIiHUTH 110 HApOOITKy TpH CEpIHHMX JeMerri
3Ha4YeHHsT BEJIMYMHU CEPEIHBOKBAJPATUYHOTO BIIXWJIEHHS 1 KoeQillieHTy Bapiamii
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napamMeTpiB poOOYMX OpraHiB 3 TOYKOBHUM 3MII[HEHHSM CBiJ4aTh HpPO CTAOUIbHICTh
TEXHOJIOTTYHHX MPOIIECIB 1X BUTOTOBJICHHS.

BucnoBkmn.

1. TeopetwyHo 1 eKCIEpUMEHTAIBHO JOKa3aHO, IO HAa YTBOPEHHS e(deKTy
CaMO03aroCTPIOBaHHSl Ta 3HOCOCTIHKICTh JeTajeil poOounX OpraHiB BIUIMBAIOTh BIACTHUBOCTI
Marepiagy iX BHUTOTOBJEHHS, METOAM 3MIIIHEHHS, BJIACTUBOCTI aOpa3WBHOIO CEpEIOBHINA 1
TOBIIMHA 3MIIIHEHOTO IIapy.

2. Bucoka 3HOCOCTIMKICTP B yMOBaX a0Opa3WBHOIO 3HOINYBaHHS 3a0e3MeuyeThes
HasIBHICTIO B CTPYKTYp1 HAIUIABJICHOTO Iapy KapOiiiB TyromjaaBKUX METaiB.

3. 3acTtocyBaHHS TOYKOBOTO 3MIIHEHHS (JIyrOBOTO TOYKOBOTO 3BapIOBAHHS)
MOPOIIKOBUM JPOTOM - IUIaBKUM €JIEKTPOJIOM IJIBUIIYE pecypc poOOYMX OpraHiB
IpyHTOOOpOOHMX MamwH y 1,5...2,8 pa3su B MOpIBHAHHI 3 CcepiiHUM IHAYKIIHHAM
HaIUIaBJICHHSIM.
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H. /lenucenxo, B. Pybnés
IMoBbllIeHHEe  A0JrOBEYHOCTH paGoyYMX OpPraHOB MOYBOOOPAGATHIBAIOIIMX MAIIHH ¢
HCMOJIb30BAHNEM TOYEYHOT0 YIIPOUHEHUS

B crarbe naH aHanu3 COBPEMEHHBIX METOAOB YNPOYHEHUS paboyMx OpPraHoB MOYBOOOPAaOATHIBAKOILUX
MalllMH, PacCMOTPEHbl MX MpeuMyLlecTBa M HemocTaTku. [lokaszaHo, uTo, HauGojee 3pQeKTHBHBIM METOIOM
YNpouHeHHs paboyux MOBEPXHOCTel AeTaneil mouBoo6padaThIBAIOLIMX MALIMH ABIAETCS TOUEYHOE YIPOUHEHHE
— IyroBasi CBapka MOPOLIKOBOI MPOBOJIOKOM (ITABALIMMCS TEKTPOAOM).

N.Denysenko, V.Rublov
Increase of operating longevity part element tool cultivation machines

In article present introduce the present method hardening working tool cultivation machine, them
advantage and defect. Demonstrate, what the greatest effective method hardening force surface part cultivation
machine have — point hardening, point consumable — electrode are welding flux cored electrode.
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