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[TigBUIIEHHST TOBrOBIYHOCTI pOOOYMX OpraHiB
IPYHTOOOPOOHUX MAIlIMH 3 BAKOPUCTAHHAM TOYKOBOTO
3MIHEHHS

Y crarti TpeACTaBICHO OIS ICHYIOUMX CHOCOOIB 3MIIHCHHSA JeTajled poOOouHMX OpraHisB
IPYHTOOOPOOHUX MAINHH, PO3TJIAHYTO IX TCpPeBAarH Ta HEAOMIKH. [loka3zaHo, mo HAHOIIBIN CHCKTHBHHM
METOJOM 3MIIHCHHSI POOOUHX MOBEPXOHB JETAJNCH I'PYHTOOOPOOHMX MAIIWH € TOYKOBE 3MIIHCHHS — AYTOBC
TOUYKOBE 3BAPIOBAHHS IIOPOIIKOBHM JPOTOM — ITIABKHM EICKTPOIOM.
a0pa3uBHe 3HONIYBAHHSI, JeMilll TJIyra, Jana KyJbTHBATOPA, AOBIrOBiYHICTH, METOAN 3MillTHEHHSI, e(eKT
CAMO3arOCTPIOBAHHSI, AYTOBE TOYKOBE 3BAPIOBAHHS — TOYKOBE 3MilTHCHHS

Beryn. B yMoBax HEMHUHYYOTO CKOPOUYEHHS IPUPOIHHUX PeCypciB HAOyBae BUPIIIEHHS
npoliieM sk 3 pecypco30epekeHHsIM, TaK 1 3 CYTTEBUM 30OUIBIICHHSIM TEPMIHIB CITY:KOU
CUTBCHKOTOCTIOZIAPCHKUX MAIIMH. 3HauHA HYacTKa METajy BUTPAYAEThCS HA BUTOTOBIICHHS
3aMacHUX YacTHH 1 MEXaHI3MiB, SIki HAyTh Ha MIATPUMKY MAIIMHO-TPAKTOPHOTO MapKy
Ykpainu B poboTtozmarHomy craHi. CripanboBaHi IeTaii 1 By3JH MEPEBAXKHO HAYTh B OPYXT,
ane 90% iX MOXUIMBO BIAHOBUTH, 3MIIHUTH Ta MOBTOPHO BHKOPHCTATH NPH TEXHIYHOMY
oOCTyroByBaHHI 1 pPEMOHTI MalIWH, 30UIBIIMBIIN iX TepMiHM CcioyxOu. B 3B’s3ky, 3
IHTEHCUBHUM PO3BUTKOM (pepMEPChbKUX TOCIOAAPCTB 1 MAaJHX CUIbCHKOTOCMONAPChKUX
MIAMPUEMCTB, BUHHUKJIA MpoOiieMa BITHOBJIICHHS 1 3MILHEHHA JeTaliei, MO IIBUAKO
3HOLIVIOTBCS B YMOBaX APiOHO cepiitHOro BUPOOHUIITBA.

B mepmy depry mo Takux geranedl BIZHOCSATBCS poOOUl OpraHM IPyHTOOOPOOHHX
MamuH (Aucku OOpiH, Jamu KyJbTHBATOpPIB, Jemermi ruryris). B VkpaiHi roctpo mocraina
npobsemMa MABHINEHHsS pecypcy poOOYNX OpraHiB IpyHTOOOPOOHHMX MAaIWH, TOMY IO, HI
OJIUH 13 3aIPOTIOHOBAHUX METOIIB 3MILIHEHHS HE BHPIIIYE 1€ 3aBAAHHS, IO MPU3BOIUTH 1O
BEIMYE3HNX (PIHAHCOBUX 1 TPYNOBUX BTPAT B LApWHI BUPOOHMLTBA Ta EKCIUTyaTarii
CUTBCBKOTOCTIONAPChKOi TeXHIKU. IIpu 3MilHEHHI 3arapTyBaHHSAM I J€Tali MAaOTh IyXKe
HU3bKUN pecypc: HapoOITOK 10 3aTOYyBaHHs JieMelliB - 8-10 ra, janu KyJbTUBATOPIB - Uepes
3MiHy. Taki 4acTi 3aTOYyBaHHS LIBUAKO MPHU3BOIATH 10 MIOBHOTO IX CIPALIIOBAHHS 1 3aMiHY iX
HoBHMHU aetansiMu. OO’ eMHe 3arapTyBaHHsI He 3a0e31euye Hi BUCOKY 3HOCOCTIHKICTD AeTajen
poboUunx OpraHiB, Hi iX CAMO3aTOUYBaHHSI.

B TenepimHiii 4ac cnocTepiraeTbCsl TEHACHLIS 3HIDKEHHS SIKOCTI neTaneil podounx
OpraHiB IpyHTOOOPOOHHMX MAaIlMH, TOMY IIO iX BUTOTOBJICHHSM 3aiMarOThCS MiAIMPUEMCTBA,
AKl paHille HIKOJM UM He 3aiimanucs. llpu mpoMmy 4acTo, Ha CydacHHX MiAIPHUEMCTBAX
CUTBCHKOTOCTIOAPCHKOTO MAIIWHOOYAYBAHHS HE JAOTPUMYIOTHCS BCTAHOBJIEHUX TEXHOJIOTIH
iX BUPOOHHWITBA, 3MIHIOIOYHM T'€OMETPUYHI MapaMeTpu netaledl Ta ix (i3UKO-MEXaHIYHI
BacTuBOCTI. PoOoui oOpraHu, MO0 BUTOTOBJSIIOTHCS TAKUMH —TIANPUEMCTBAMH, HE
BIZIMOBIIAIOTh BUMOTaM SIKOCTI, 1 He 3a0e3MeUyI0Th HOMIHAJILHOTO Pecypcy poOoTH.

OcHoBHUMH (akTOpaMH, sKI BHU3HA4alOTh abpa3uWBHE 3HOINYBaHHS, € abpa3uBHI
BJIACTUBOCTI IPYHTIB, 11O MAOTh HACTYIHY MOPIBHSUIbBHY 3HOLIYBAJIbHY 3aTHICTH. TJIMHUCTI
1,0; micuani 1,5; cyrmuukm 1,9; cymicuani 2,3 [1]. Ogaum 3 ¢dakropiB B aOpasuBHOMY
3HOLIYBAHHI TAKOX € XIMIUYHA aKTHBHICTb IPYHTIB.

© M.1. lenucenko, B.1. Pyboasos, 2011
Ha neskux BITYM3HSHHMX MIANPHEMCTBAX HAJNArOKEHO BUPOOHUITBO pobOUNX
OpraHiB BAOCKOHAJIEHOI KOHCTPYKIII.



IIpn  BurotoBieHHI Aerajedl  poOOYMX  OpraHiB MalmMH B OCHOBHOMY
BUKOPHUCTOBYETLCS CTab 65 I, a 3HOCOCTIIiKI MTOKPUTTSI HAHOCSTh METOAOM IHIYKIIHHOTO
HarutaBiieHHs. CHiBCTaBJIEHHS XIMIYHOTO CKJIany 1 TBEPAOCTI, a TAKOX JAHHX IO 3MILIHEHHIO
pobOounx oOpraHiB BeAy4YUX 3aKOPAOHHUX BUPOOHUKIB 3 TMOKAa3HUKAMHU BITYU3HSIHOTO
BUpPOOHMLITBA TOKa3zye, 1Mo poboul opraHu, ski BHUroTOBILIOTBCA (Qipmamu CIIA,
BenukoOpuranii, ®@panmii, HiMeyunHn 3HAYHO TMEpEeBaXKAIOTh HAIl BITUYM3HSIHI AHAJIOTH 1
BOJIOAIFOTH Ha 30-50% BUIIOK0 3HOCOCTIHKICTIO.

Meta po6oTu. Metoro naHoi poOOTH € MiABUIIEHHS JOBIOBIYHOCTI AeTaieil poOounx
OprafiB IPYHTOOOPOOHMX MAaIIMH TOYKOBHUM 3MIIHEHHSM 3 YTBOPEHHSIM e(eKTy
CaMO3aroCTPIOBAHHS

Marepiaau Ta MeTOAHKA A0CTiIKeHb. TeOpeTHYHO TOBENEHO, IO MPOLIECH TEPTS Ta
3HOIIYBAHHS JIOKAJII30BaHI B €JIEMEHTAPHOMY OO0 €M, SIKU CKJIAAEThCS 3 BEJTUKOI KIIBKOCTI
MiKpo0O’eMiB, IO 3HAXOAATHCS B KOHTAKTHIN B3aemonli. IIpu TepTi adpasuBHUX YaCTUHOK IO
NOBEPXHI JeTaji B IEBHUX YMOBax BinOyBaerbcs mpsiMe (Oe3mocepenHe) pyHHYBaHHS
MOBEPXHEBOTO INApy LUIXOM 3pi3yBaHHA a00 BIAPUBAHHA. 3 paHille HABEACHUX NaHHUX
BIZIOMO, IO NMPH 3HOIIYBAHHI MPOLECH MPSIMOTO PYHHYBaHHS CKJIQAAOTh Mally 4acTKy BiJ
3arajibHOi KUIBKOCTI KOHTAKTIB a0pa3suBHUX YaCTHMHOK 3 MOBEPXHEIO Aetaii. JJis OLiHIOBaHHS
BJIACTUBOCTEH TMOBEPXHEBOro Mmapy B JabOpaTOPHUX YMOBaxX 3HAWILIM  IIHPOKE
BUKOPUCTaHHA METOIW BHNPOOyBaHb MaTepilayiiB IIJSIXOM CTHPAHHA IX IO MOBEPXHI
abpasuBHy. AHaji3 WX METOAIB BUKIAACHO B poOoTi [2]. Meronuka BUMpPOOYyBaHHS Ha
3HOIIYBAHHS MIPH TEPTI MO IIKypLi 3a0e3Medye TOYHICTb OTPUMAHUX PE3YJIbTATIB 338 TaKUX
yMOB (MaJil THCKH 1 IIBUIKOCTI KOB3aHHS, a0pa3vBHI YaCTHHKH BUCOKOI TBEPAOCTI 1 MIITHOCTI,
BIZICYTHICTh HarpiBaHHs, HEMOXKJIMBICTh MEPEMIIIEHHS 1 pyHHYBaHHS aOpa3suBHUX YaCTHHOK).
AuJie 111 yMOBH He 3aBXI{ BIAMOBIAIOTE YMOBAM €KCIUTyaTalii AeTaneil MaluH.

EdexTuBHUMHN 3axomaMM  3aXHCTy MAallUH Bif aOpa3WBHOTO 3HOIIYBAHHS €
MiABUINEHHS TBEPIOCTI MOBEPXHEBUX MIApiB iX AeTanel 1 By3niB. B poborax M.M. Xpymosa
M.A. baGiueBa [3, 4,9,] moka3aHo WO TBEPAICTh MaTepiayiB, sKa 3aJEKUTb B €HEPTii
3B’S3Ky aTOMIB B KPUCTAJIYHIA PEINiTLi, B 3HAYHOMY CTYIEHI BHU3HAYa€ OMIp Marepiai
abpa3suBHOMY 3HOIIYBAHHIO.

ITocraBneHa MeTa AOCSTAETHCS LMUIIXOM BUKOPUCTAHHS KOMIUIEKCHOTO METOJUYHOTO
MiIXOAy, IO TOENHYE TPUOOTEXHIYHI METOAM BUNPOOYBAaHHS, Cy4acHI METOAM TOHKOTO
(bI3UYHOTrO eKCIIEPUMEHTY 1 MPEeLN31HHOTO XIMIYHOTO aHali3y MiKpooO’eMiB CIUIaBiB AeTajieh
pobounx opraHiB MamuH 1 JTabOPAaTOPHUX 3pa3KiB, a TaKoK abpPa3sMBHOIO CEPEeNOBUINA i
NPOAYKTIB 3HOUIyBaHHSI. POpMH Ta MeXaHI3MH PYHHYBAaHHS BH3HAYAIOTBHCS B3a€MOJIEID
MOBEPXOHb TePTs 3 aOpasMBHUM CEPENOBHINEM, CYTHICTh SIKOTO 3aKJIFOYA€ThCS B KOB3aHHI
YaCTUHOK, IUIACTUYHOMY Ae(QOpMyBaHHI CIUIaBIB, B MICLUSAX KOHTaKTy, PYHHYBaHHI
NOBEpPXHEBUX 00’ eMiB 0€3 BITOKPEMIICHHS MeTally ab0 31 3HATTAM MIKPOCTPYKKH.

IcayroTe nBI BHpa3Hi ¢opmMu TposiBy aOpasMBHUX TNPOILECIB, IO BiAPIZHAIOTHCS
XapaKkTepOM B3a€MOJIil YACTUHOK 3 MOBEPXHEIO CIUIaBy: | - 3 mepeBaroro MexaHo - XIMIYHOTO
pyiiHyBaHHs(IacTHYHE AePOPMYBAHHS MOBEPXHEBUX 00’ €MIB, IX OKHCJIEHHS Ta HACTYyITHE
pyliHyBaHHs yTBOpeHHMX IUTBOK) 1 Il - mepeBaror0 MexaHIYHOro pPyHHYBaHHS MeETay
MOBEPXHEBUX IIapiB (BTUIEHHS a0pa3MBHUX YaCTHHOK Ta PyHHYBAaHHS MOBEPXHEBUX 00 €MiB
Mmarepiany 0e3 BiIOKpeMJICHHsSI YACTHHOK OCHOBHOT'O MeTalty abo 31 3HATTAM MIKPOCTPYKKH).
[Tepiia opma € pI3SHOBUAHICTIO MEXAHO - XIMIYHOTO 3HOIIYBAHHS, & APYyra BITHOCUTHCS IO
HEeOTYCTUMUX MPH 30BHIIIHBOMY TEPTI MPOLIecaM MOLIKOKEHHS. [5, 6, 7].

MexaHO - XiMI4HAa MOAETb NPOIeCy aOpa3MBHOIO 3HOIIYBAHHS BKJIIOYAE HACTYITHI
¢da3u mporecy: MeXaHIYHHH KOHTAaKT, MPYXXHO — IUIACTHYHY Aedopmamio; akTHUBI3aLI —
YTBOPEHHSI TOHKOrO Imapy aehOpMOBAHOTO MaTepiajy, MUTTEBA TMACHBALIS — B3AEMOIIS
AKTUBOBAHOTO MeETally 3 XIMIYHO AaKTHMBHMMH KOMIIOHEHTAMH CepeAoBHUINA (yTBOPEHHS
nocnadiIeHnX BTOPUHHHUX CTPYKTYD); PYHHYBaHHS BTOPUHHUX CTPYKTYpP MICIsSI HACTYITHOTO
MEXaHIYHOTO BILIHBY.



3HayHO pigme B MeXaHi3MaxX CIOCTepIraeTbCsi abpa3sWBHE 3HOINYBAHHS 3
NepeBakaHHsIM MEXaHIYHOTO PYHHYBaHHSI.

MexaHiyHa MOAeNb TMpouecy aOpa3sWBHOTO 3HOLIYBAHHS BKIIOYAE: MEXaHIUYHHMA
KOHTAKT Ta MPYKHO — IUIACTHYHY Ae(opMamniio; BIPOBAIKEHHS aOpa3WBHUX YaCTHHOK Ta
pylHHYBaHHs MOBEPXHEBUX 00’ e€MiB 0O€3 BIIOKPEMJICHHsS YaCTUHOK OCHOBHOTO MeTany abo 3i
3HSTTSAM MIKPOCTPYKKH.

MexaniuHa (opma 3HOIIYBAHHS 3B’si3aHA 3 MEPEXOAOM JI0 TPAHUYHOTO MO MIITHOCTI
CTaHy MeTally IOBEPXHEBUX IIapiB, BTUICHHA aOpasMBHUX UACTHHOK, IPAMAHHSIM Ta
BITOKPEMITIOBAHHSM MIKPOCTPYKKHU. IIposiBu MexaHO - XiMiuHOi a00 MexaHI4HOi (popM LuX
BUJIB PYHHYBaHHS 3aJie)KaTh B CIIBBIAHOIIEHHS MEXaHIYHUX BJIACTUBOCTEH aOpa3suBHUX
YaCTUHOK 1 TIOBEPXHEBHX INApiB 3HOIIYBAHOrO MaTepially, BEIHYUHU poOOUOTro
HABaHTAXXEHHs Ha aOpa3sWBHI YACTUHKH, iX T€OMETPUYHHMX PO3MIpiB 1 (I3MKO — XIMIYHOI
AKTUBHOCTI CepPEeIOBHIIA.

PesyabTaTH nociiakeHHst Ta iX 00roBopeHHs.

301IbLICHHIO TEPMiIHY CIIy>)KOM POOOYMX OpPraHiB CUIBCHKOTOCIONAPCHKUX MAIlWH
CHpPHUSIE CaMO3arOCTPIOBAHHS Jie3 200 poOOY0i KPOMKH B Pe3yJIbTaTi HAHECEHHS 3HOCOCTIMKIX
MOKPUTTIB PI3HUMHU METOAaMHU. AJjie OLTBIIICTh BUKOPUCTAHUX METOIIB 3MILIHEHHS JOCTaTHbO
TPYAOMICTKI Ta MaJIOE(PEKTHBHI.

@ — KPUXKHH THI PYHHYBAHHA, 6 — B I3KepY HHYBAHHS

Pucynok 1 - Pyitnysanna noBepxHi Aeramisi cram 650

JlocimpkeHHs nporeciB abpa3suBHOTO 3HOITYBAHHS METAJIIB MTPUCBSIUEHO HEMAJIO POOIT
B YKpaiHi 1 32 KOpAOHOM. Pi3HMMH TOCHITHUKAMH HAAAIOTHCS Pi3HI TOSICHEHHS] MEXaHI3MIB
abpa3uBHOro 3HOUTYBaHHs. HailOimbn po3noBCrOIKeH! YSABICHHS a0pa3suBHOTO 3HOLIYBAHHS,
SK pe3yJbTaT ApsNaHHA a0pa3MBHUMH YaCTUHKAMH, SIKI BUKJIMKAIOTh MIKPOPI3aHHS IMTOBEPXHI
metany [9]. Ha puc. 1 nokasana ¢ororpadist 3HOmeHoi moBepxHI aetani 31 cram 651 Ha
OKPEMHUX JAUTSTHKAaX CIIOCTEPIraroThCs CIN OAMHUYHHUX yAapiB KPYMHUX YACTHHOK IPYHTY.
Chimn NOUIKOKEHb MOBEPXHEBOTO IIApy AeTajel MEepPeKOHYITh B TOMY IO Ha 0aratbox
IUITHKAX KOHTAKTy YTBOPIOIOTBCS BHCOKI HAMpPY)KEHHS, MPUYOMY CTYMiHb 3 €JHAHHS
YaCTUHOK IPYHTY OyZe MOCTaTHBOKO AJisi PO3BUTKY IOIIKOMKEHb Yy monapsimuHUA. PoOoua
MIOBEPXHS JIeMeIlla BKa3ye Ha MPOTIKaHHS IHTEHCHBHUX MPOLIECIB HAIIPABJIEHOTO MIACTUYHOTO
nepopMyBaHHST Ta pyHHYBaHHs TMOBepxHeBoro Imapy. Jleram poboumx opraHiB
IPYHTOOOPOOHMX MAIIMH MPH eKCIUTyaTalli 3a3Hal0Th MEXaHo - XiMiuHOi (hopmu abpa3suBHOTO
3HomyBaHHsA. llpomecn 3HOIIYBaHHS B IIMX YMOBAax XapakTePU3YIOThCA HE3HAUHOIO
TUTACTHYHOI Ae(OpMALI€l0 MOBEPXHEBUX IIAPIB METANY, XIMIYHOKO B3a€MOJIEI0 3 PI3HUMHU
€JIEeMEHTaMU 30BHIIIHBOTO CepenoBUINa (BOJOra, TyMyC, KHCEHb, BYIJIEKHCIUN Ta3),



YTBOPEHHSM 1 PyHHYBAHHSM IUTIBOK OKHCIIB (BTOPMHHHUX CTPYKTYp). TOBIIMHA BTOPUHHHX
cTpykTyp ckiaznae 0,01-0,05 mxm [10].

ITopsin 3 yTBOpPEHHSIM MIapiB, HACHYEHHWX KHCHEM Ta IHIIUMH XIMIYHOAKTHBHUMH
€JIEMEHTaMU CePEeOBHIIAa BUSBJICHO IHTEHCUBHY AM(DY3iI0 BYIJIEIIO, a30Ty Ta 1HIIMX MEHII
AKTUBHHUX eJleMeHTiB. THCK IPYHTY Ha Jie3a poOOYMX OpraHiB € AMHAMIYHUM, 1 HOro MOXKHA
posrnsigatu, sk Oe3mepepBHI ynmapu abOpasuBHux dyactuHOk [11]. B.® . Jlopenn [12],
copMyITIOBABIIN MOHATTS «aOpa3uBHUI 3HOCY, MOJUINB HOTO Ha 1Bl OCHOBHI rpyn: 1) 3HOC
¢bikcoBaHNMHU YaCTUHKaMH a0pa3uBy; 2) 3HOC BUIBHUMH YaCTUHKaMH aOpasuBy. Haiibinbima
KUTBKICTB OIMyOJIIKOBaHUX IMpallb MPHUCBSUEHA TOCIIIKEHHIO YMOB CaMO3aTOYyBaHHS JIE30BUX
pobounx oprasis ( JEMIII IIyTa, Jiana KyJIbTHBATOPAa, JUCK OOPOHN).

Jnsa  3MinHeHHs pobo4ymx  opraHiB  IpyHTOOOpoOHMX MammH  [HCTUTYTOM
enekTpossaproBanHs iMerl €.0. [Tarona HAH Ykpaiau 3anponoHOBaHe TOUYKOBE 3MIL[HEHHH,
ayroee To4kose 3BaproBaHHs (T3) MOpOIIKOBUM IPOTOM-TUIABKUM €JIEKTPOAOM. ToukoBe
3MILHEHHS] - 1€ MIKPOBKPAIUICHHS TBEPIOrO CIUIABY B CTPYKTYPY IIOBEPXOHb [IeTaleil
MAaIlWH, SKI 3a3Hal0Th aOpa3sMBHOrO 3HOUIYBaHHsS. TOYKHM 3MIIIHEHHS YTBOPIOIOTBCS TPHU
IIBUJIKOMY BBEIEHHI B MeTas BUPOOy Takoi KUTBKOCTI TEIUIOTH, siKa HEoOXigHa Iuis
NPOTUIABJICHHST KOHYCHOTO KpaTepa, 3alOBHEHHs HOro po3IUIaBOM 3 OCHOBHOTO MeTaly 1
TBEPIOTO CILJIABY, 1 YTBOPEHHS TOYKH 3MiLIHEHHs (puc.3).

HapifiHicTe 1  [OOBrOBiUHICTE poOOUYMX  OpraHiB  IPyHTOOOPOOHHMX — MalIHH
BU3HAYAIOTBCSA CKJIAOM, MapaMeTpaMy CTPYKTYpU 1 MEXaHIYHHMMH BJIACTHBOCTSIMHU
MmarepianiB, sIKi BUKOPHCTOBYIOTbCS JUIA iX BUTOTOBJeHHsA. Jleram Tutyrie, OOpiH 1
KyJbTHBATOPIB, BUTOTOBJICHI 3 MaTepialiB, 3 HU3bKUMH MOKAa3HUKAMH MIIHOCTI 1 yAapHOI
B’SI3KOCTI, IIBUJKO JIAMAKOTHCSA 1 AepopMyroThCs, a iX IHTEHCHBHE 3HOINYBAHHS YHHHTH
BUpILIAJIbHUI BIUIMB HA SIKICTb BUKOHAHHS MAIIMHOK TEXHOJOTTYHOTO MPOLECY, BUKJIUKAE
MOPYIICHHS arpOTeXHIYHMUX BUMOT, IO B MIJICYMKY NMPU3BOANUTH 10 3HHUKEHHS BPOXKAHHOCTI.
Oco0nnBYy aKkTyalbHICTh MEXaHIYHI XapakTePUCTHKH HaOyBalOTb NPHU CTBOPEHHI HOBUX
MAallUH  JUId ~ TPOTPECUBHUX  TEXHOJOTiH  0OpoOKM  IpyHTY 1  BHUPOINYBAaHHS
CUTBCBKOTOCTIONAPCHKUX KYJIBTYP.

HamaBouni marepianmum — caMo3axucHiI nopoiukosi apotu tumy IITT-AH170 (TIIT-
AH170M), mo 3abe3meuyloTh YTBOPEHHS HamiaBiieHoro mapy teepaictio HRC 60-65.
PerymroBaHHsM reoMeTpii HaIIaBJIEHOTO APy (BUCOTA, IIMOMHA, YaCTOTAa HAIUIABJICHHS ), a
TAKOXX CIIBBIIHOIIEHHSIM TBEPIOCTI HAIUIABJIEHHX IUIBHUIL 1 OCHOBHOTO METaJy B MeEXKax
1,5:1, 1,0:1, BU3HAYaEThCSI ONTUMAJIbHA 3HOCOCTIMKICTh Ta caMo3arovyBaHHs BupOOiB. Jlesa
pobounx opraHiB 31 3MIHHOK T'€OMETPIEI0 HAIUIABJICHHS B IPOLECI OpPAHKH, BHACIIZOK
BEJIMKOI PI3HMLI B 3HOCOCTIMKOCTI OCHOBHOT'O 1 HAIUIABJIEHOTO IIAPIB, CaMO3aTOYYIOTHCS 1
YTBOPIOKOTh XBUJISICTO-CTYIIEHEBY (POPMY Jie3a, IO 3HIDKYE TSATOBHH OIp OPHOTO arperary.
(puc. 2).

Jlemeri 3 TOYKOBHM 3MILIHEHHSIM (pHC. 2) BUTOTOBJICH] 31 CTAJIEBOTO rapsueKaTaHOTO
npodimro s memerniB  142-620-7153 mo T'OCT 8531-78. HamiaBneHHs JieMeliB
3naifcHI0EThCs opowmkoBuM apotoM TTTT-Hn-80x20 P3T 26101-84 (ITTI-AH170) B cTpykTYypy
noBepxHi aerani. HamnmaieHi OUTBHULI € KOHYCH IMPOIUIABJICHHS, B OCHOBHOMY MeTall, 3
BUCTYIIOM OCHOBH KOHYCA Ha JINLIbOBY CTOPOHY A€TaJIl.




PucyHok 2 - Jlemint miyra micit HapoOiTky 49,0 ra

PucyHok 3 - 'eoMeTpH4HI TApAMETPH TOYOK 3MIITHCHHS

Toukn HamaBiE€HHS BHCTYNAIOTh HAJ IIOBEPXHEIO JMLIEBOI CTOPOHHM [eTalll Ha
BeJMUYMHY 1...3 MM Ta MPOHUKAIOTh B OCHOBHUI MeTall Ha TNMOWHY 4...6 MM, yTBOPIOIOYH Ha
MOBEPXHI JINLIEBOI CTOPOHH JIe€Talll TBEPAOCIUIABHY TOUKY AiamerpoM 18...25 MM 1 TBepHiCTIO
HRC 60...66 (puc 3).

[IpsiMa MOJAPHICTE CTPYMY 3HHUXKYE CTIHKICTh TEXHOJOTTYHOTO MpPOLECY, MPU3BOIUTH
0 YTBOPEHHs OpW30K, 3MeHINye TJIUOWHY MpOIUIaBIeHHS 1 30UIbLIye BHUCOTY TOYKH
3MinHeHHs. ToMy mapaMeTpu TOYKOBOTO 3MIL[HEHHsS BIAMpPALOBAIM Ha OOEpHEHIH
NOJIIPHOCTI. 3BapHUN CTPYyM YUHHUTH HAHOUIbIIWH BIUIMB Ha (OPMOYTBOPEHHS TOYKH
3MmiuHeHHs. Hanpukonan, 31 301mbpIeHHsIM 3BapHOTO cTpyMy Bin 400 no 650A, niaMeTp TOYKH
3MmiHeHHst 3poctae 3 14,5 mo 31 mm, Bucora 3 2,3 mo 4,3 MM, a BHCOTA HAILUIABJICHHS
3MeHIyeTbest 3 3,5 no 1,2 mm.[13]

HeoOxigHa rnmOuHa NpOIUIABIEHHs, SK 1 IHII NapaMeTpud TOYKOBOTO 3MILHEHHS
JOCATAETHCS] 3MIHOKO CHJIM 3BAPHOTO CTPYMY, HANPYTH 1 TPUBAIOCTI ropiHHs ayru. OpaHka
3nificHroBanacss Ha rnubuHi 25...27 cm micna 30MpaHHS 3€pHOBUX KyJbTyp. B mporeci
NpoBeeHHsT BUNPOOYBaHb PEryJSIPHO 3AIHCHIOBAIM BHMIPIOBAHHA MapaMeTpiB poOoumx
OpraHiB, BU3HA4YaJIN BEIUYHHY X 3HOCY. Bci poGodl opranu mpoHIM NEPBUHHY TEXHIYHY
eKCrepTH3y, mpoMapkoBaHi. [Toka3sHUKU YMOB 1 sIKOCTI pobotu Bu3Havanu BignosigHo ['OCT
20915-7510CT.4.1-80.

ExcrniepyiMeHTanbHI  JleMemni 3 TOYKOBHM 3MILHEHHSIM Jie3a 1 HOCOBOI YaCTUHU
BCTAHOBITFOBAIUCS Ha cepirinomy mury3i [TJIH-5-35, mo arperarysascs 3 Tpakropom T-150K. 3
MOKA3HHUKIB SIKOCTI pOOOTH €KCIIEPUMEHTAIbHI JieMell 1o TIHONHI 0OpOOKH 1 IHPHHI 3aXBaTy
BIATIOBIAIOTh TEXHIYHUM yMoBaM. B mporeci BumpoOyBaHb €KCIIEPUMEHTAIBHHUX JIEMEIiB
HAJIMTMIAHHS TPYHTY HE crocTepiranocs. ExcriepuMeHTalbHI JIeMelll 3 TOYKOBUM 3MIIIHEHHSIM
ninBuieHoi 3Hococtiiikocti (ITHUC-702Y) BiagnoBigaroTh BUMOTaM 10 00poOLIi IPYHTY.

[Mutomuii omip ITJIH-5-35 3 excreprMeHTaIbHUMH JIeMEIlaMH TMPU IIBUAKOCTI PyXy
2,08 m/c cknamae 6,27 H/em?, mo Ha 2,5% MeHure (B Mexax MOXHOKH BUMIpPIOBaHb), Hixx [TJTH-
5-35 3 cepiiiHuMu Jiememamu. Tak sIK PI3HULS MATOMUX TMMOKA3HUKIB 3HAXOAUTHCS B MEKaX
NMOXUOKKM BHMIPIOBaHb, 3HAYEHHSI MUTOMUX MOKA3HUKIB arperaTis, IO MOPIBHIOIOTHCS, MOXKHA
BBa)XKaTH OnHAKOBUMH. 1o TAroBMM mokasHMKaM moOTykHOCTI Tpakrtop T-150K B arperari 3
ITJIH-5-35 3 excriepuMeHTaIbHUMH JieMelnaMu 3abe3rnedye CTiike BUKOHAHHS TEXHOJIOTIYHOTO
NPOLIECY, 3aBaHTAKEHHS IBUTYHA TIPH pyci 31 mBHAKICTIO 2,08 M/c cknana 94,6%.



PucyHoK 5 - JIiHis CTUTaBICHHS 3 BEPXHIM 1 cCepeaHiM mapomM, X 200

Bucoka 3HOCOCTIHKICT €KCIEPUMEHTAJIbHHUX JIEMEINiB B yMOBaX aOpa3uBHOTO
3HOLIYBaHHA Mependadae HasIBHICTb B CTPYKTYpPl HAIUIABJICHOTO MIapy KapOiiB TyroriaBKUX
METaJIIB.

YTBOpeHHs1 KapOigHOi (a3u, B OCHOBHOMY, MOKJIMBO ABOMAa LUIAXaMH. 32 PaXyHOK
PO3IUIBHOTO JIETYBaHHS KapOiMOyTBOPIOIOUMME €JIEMEHTaMHU 1 BYTJIELIEM HAIUIABJICHOTO CILIaB
abo 3a paxyHOK KOMIUIEKCHOTO JIETYBaHHs, KOJHM B IOKPUTTS BBOISTBCS TOTOBI KapOimHi
3’enmHaHHA.  Jlpyruii  cmoci0 m03BONSIE 3HAYHO CIPOCTUTH  PETYJIOBAHHSA  CTPYKTYPH
HAIJIABJICHOTO MeTaily. MiKpOCTPYKTypa TOUKH 3MiLHeHHs1, e kapOiau 6opy B4C (puc. 5), 6op
3HAXOANUTHCS B CKJIAAl UTUXTH, B YUCTOMY BHUIJIAAL. [Ipu TOUKOBOMY 3MIIIHEHHI, CIIOCTEPIraeMo
(puc. 4), mo Sopinu PO3MOALIEH! IO TPAHULS 3€PEH, 3 BIICYTHICTIO 3arapTOBAHUX CTPYKTYP 1
TpimnH. Ilpyn BHKOpPHCTaHHI TakuX MaTepiajiB eKCIUTyaTaliiiHe HaBAHTAXKECHHS i€ B
OCHOBHOMY Ha BKJIFOYEHHS TBEPIOi MPYKHO-TUIACTUYHOI MAaTPUL, Ta BiIOYBAETHCS peaKcariis
Hanpy)keHb. ICHyIOTh OlnbIn TBepAl Marepiaiy, HampuKiaja, ajiMas, kapbim Oopa, kapdin
kpemHiro. llepeBaroro BHUKOPHUCTAHHS TaKUX MaTepiaiiB AJii 3HOCOCTIHKHUX TOKPUTTIB €
MOYKJIUBICTh HOT'O ONTHMAJIbHOTO BUOOPY 1 MPOLIEHTHOTO BMICTY B MAaTPHLI CIUIABY 1 BETUYUHU
3epHa B 3aICKHOCTI Bil YMOB a0pa3uBHOIO 3HOINYBaHHS. TOYKOBE 3MILIHEHHSI (JyrOBE TOYKOBE
3BapIOBAHHS) TIOPOIIKOBHM JPOTOM — TUIABKUM €JIEKTPOIOM 3abesnedye OuThbIN TPHBAIHIA
TePMIH eKCIuTyaTtalii pobo4oro opraHy B IMOPIBHSHHI 3 CEPIMHOI0 TEXHOJIOTIE0, THAYKIIITHE
HaruiaBjieHHs1 TeepauM crutasom [11-C27 (puc. 6).



B mporeci 3HOmyBaHHsS BinOyBaeTbCS Cerperauisi aTOMiB Ha MOBEPXHI TePTs, TOOTO
kapOian Oopy yTBOPIOIOTHCS Ha IpaHULIAX 3epeH (puc. 5). CepiliHa TEXHOJOTIS IHAYKLIHHOTO
HAIUIABJICHHS He 3a0e3meuye MAOCSATHEHHS mepeadadeHoi MOBrOBIYHOCTI JIEMEINiB, Jarl
KyJbTHBATOPIB, HUCKIB OopiH. Ilpm TOYKOBOMY 3MILHEHHI HAIUIABJICHUH IHap HE
PO3TPICKYETBCS, TPAKTUYHO YTBOPIOETHCS IJUTa CTpykrypa. Kpim TOro, camozaxucHHii
nopourkosuit apit [TT1-AH170 (ITT1-AH170M) 3axuiae 30Hy 3BaprOBaHHSI.

HanaBneHHst 103BOJIsIE MIABUINUTU CTIHKICTh AeTallell MAIIMH MPOTH 3HOLITYBAHHS,
TOJIOBHUM 4YHMHOM, a0pa3sWBHOTO, EJNEKTPOXIMIYHOI KOpO3li, eposli, KaBiTalilfHOro
pyHHYBaHHs, OKAJIMHOYTBOPEHHS, TEPMIYHOI 1 KOHTAaKTHOI BTOMH. HammaBieHHS MIUpPOKO
BUKOPUCTOBYIOTH JUUIsl BITHOBJICHHsI PO3MIPIB CIPALIbOBAHMX JETaell MAIlWH, IO AO03BOJISIE
3aMIHUTH B JICTAJIIX BUCOKOJIETOBaHI CTaJl BYTJIELIEBOIO, a KOJIbLOPOBI METAN — YOpHUMH. B
TENepilHIi Yac € BEJWKAa KUIbKICTh HAIUIABJICHWX MaTepialiB, LIO [a€ MOXJIUBICTb
KOHCTpyKTOpY mimiOpatu HeoOXimHI 3a ymMOBaMH pPOOOTHM Marepiajqu i HarUIaBJICHHS
MOBEPXOHb JI€TAJICH MAalIUH.

Haiibinpmnii HapobiTox (140 ra) maroTh jJeMerni 3 TOYKOBHUM 3MIIHEHHsSM. I3 9
BUMPOOYBAIIbHUX JIEMEIIB TIIBKH OJWH JIEMIII AOCST TPAHUYHOTO 3HOCY MO HOCKY, peluTa
nememris MaroTb 140 ra HapoOITKy 1 mpupaTtHi A0 momanbimoi ekcruryarauii. ITomomok
JIeMEIIiB JaHOTO THITy B Tpoiieci BUNpoOyBaHb He Oyio. 1o 3aranbHO TOCSITHYTOMY ISl BCIX
JeMelIiB HapoOiTKy, JIeMelli 3 TOUKOBUM 3MIL[HEHHSIM TMePEeBaXKaI0Th CepiitHi B 2,8 pasu .
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1 — JIeMinI 3 TOUKOBHM 3MITHCHHAM;, 2 — CCpiHHMH JIeMi (MCPIIa YCTAHOBKA),
3 - cepiliHumit neMim (Ipyra YCTaHOBKA); 4 — CEpIHHUM JIeMilI (TPETs YCTAaHOBKA)

PucyHok 6 - BigHOCHHI 3HOC 32 MAcOFO CEpPIHHOTO Ta 3MIITHEHOTO JICMEIIIB

Jlns BU3HAuUEHHS BITHOCHOI 3HOCOCTIHKOCTI 3a Baror i JOBXKHHI HOCKa MoOyAOBaHi
rpadixu (puc. 6). BiTHOCHa 3HOCOCTIHKICTB 3a Barorw 3MILHEHOTO JieMelna B 2,2 pa3u BHUILE
cepiifHOro, 1 BIAHOCHA 3HOCOCTIMKICTh HOCKAa B 2,8 pa3u BHIe cepiifHoro. TakuM 4MHOM,
JeMIill 3 TOYKOBUM 3MIIHEHHSM MOXE 3aMIiHHUTH MO HApOOITKy TpHM CepiiHUX JeMelni
3HaYeHHA BENMYMHU CEPENHbOKBAAPATHMYHOTO BIOXWJIEHHS 1 KoedimieHTy Bapiawii
napameTpiB poOOYMX OpraHiB 3 TOYKOBUM 3MIIHEHHSIM CBiA4aTh NP0 CTaOLIBHICTH
TEXHOJIOTIYHUX MPOLECIB IX BUTOTOBJICHHSI.

BuchHoskmn.

1. TeopermyHO 1 eKCIEPUMEHTAJIbHO [OKa3aHO, INO Ha YTBOPEHHS eQeKTy
CaMO3aroCTPIOBAHHS Ta 3HOCOCTIMKICTh AeTanell poOOYMX OPraHiB BILUTMBAIOTH BIACTHBOCTI
Marepiany iX BHUTOTOBJICHHs, METOAU 3MII[HEHHs, BJIACTUBOCTI aOpa3sWBHOrO CeperoBHINA 1
TOBIIWHA 3MIITHEHOTO MIapy.

2. Bucoka 3HOCOCTIHKICTb B yMOBax aOpa3HMBHOIO 3HOIUNYBAHHS 3a0€3MeuyeThCs
HAsIBHICTIO B CTPYKTYP1 HAIUIABJICHOTO Iapy KapOiliB TYromjaBKUX METaJIiB.

3. 3acTocyBaHHS TOYKOBOIO 3MIIHEHHS (IyrOBOrO TOYKOBOIO 3BapIOBAHHS)
MOPOLIKOBUM JPOTOM - IUIABKUM €JEKTPOJOM MiABHUINYE pecypc poOOYMX OpraHiB



IpyHTOOOpOOHMX MammH y 1,5...2,8 pa3su B TOpPIBHAHHI 3 CepIHHUM IHOYKUIHHUM
HATUIABJICHHSIM.
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H. Jlenucenxo, B. Pybnés
[oBbimenne JONATOBEYHOCTH PafotMHX OPraHoB  MOYBOOOPA0ATHIBAIOIMMX MAMHH €
HCTIO/IB30BAHIEM TOMETHOT0 YIPOIHEHHSI

B crarse maH aHAIM3 COBPEMEHHBIX METOIOB YIIPOYHCHHS PAOOYMX OPTaHOB MOYBOOOPAOATHIBAFOIINX
MAIIMH, PACCMOTPCHBI HX NMPCHMYINCCTBA W HeaocTaTku. [TokasaHo, uTo, Hambosaee 3(P(CKTHBHBIM METOIOM
YOpOYHCHHA padoyvnX MOBSPXHOCTCH AeTaICH MOYBO0OPA0ATHIBAIOMINX MAITHH ABILICTCSA TOUCUHOC YIIPOIHCHHC
— AyroBas CBapKa MOPOIIKOBOM MPOBOJOKON (IUIABAIIMMCA 3JCKTPOIOM).

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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