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N3HOCOCTOMKOCTBD CTAJIM 40X13 IIOCJIE
YINPOYHEHUSA METOJA0OM TEPMOLUKJINYECKOI'O
HNOHHO-IIVIASBMEHHOI'O ABOTUPOBAHUA B YCJIOBUSAX
ABPA3BUBHOI'O M3HAIINBAHUA

Huctutyt npobiem npounocty uM. I, C. [Mucaperko HAH YxkpawuHsi,
maricom@bigmir.net

Hccnedosanus nokazamu nepcnekmueHOCmb U YenecooopasHocnib
NPUMEHEHUs. UOHHO-NIAZMEHHO20 MEPMOYUKIUYECKO20 A30MMUPOBa-
Hust (UIITA) 0ns nosvluuenus HadedHCHOCMU Oemanetl Mautut u me-
XaHUuzMo8, pabomaiowjux 8 YCIo8UsX aOpA3UEHO20 USHAUUGAHUS.
Tpumenenue memooda UIITA nossonsiem nomyyums ynpouHeHHble
NOBEPXHOCMU, KOMOpbie 001a0aiom KOMNIEKCOM Cneyuuyeckux
DUBUKO-MEXAHUYECKUX U IKCIIYAmayuonnblx ceoticms. Ilonyuen-
Hble OaHHble 00 USHOCOCMOUKOCIMU YNPOUHEHHBIX CI0E8 8 YCIOBUSIX
abpasueHO20 UBHAUWUBAHUS CEUOEMEeNbCMBYem O YenecooOpasHo-
cmu NPUMEHEHUst IMO20 Memood OJisk HOBEPXHOCHHO0 YNPOYHEHUs
Oemaveti MawuH U MeXAHUIMOS.

Beenenue u cocrossHue mpoOsaembl. [loBbilieHNE HAJEKHOCTH
KOHCTPYKITMOHHBIX 3JIEMEHTOB MAIllMH M MEXaHU3MOB SIBJISIETCS CErO/IH
BakHOUM 3anmaueil. OMHUM W3 HANpaBIICHUU €€ PEIIeHUs SBISIETCS HC-
MOJIb30BaHUE JOCTHKEHUI B oOnmactu Iu(pQy3HOHHOTO YHPOUHEHUS
MOBEPXHOCTHBIX CIIOEB, KOTOpPbIE OOECIEeYNBAIOTCS BHICOKOKAUECTBEH-
HBIMH TEXHOJIOTHUSIMH M TIOMOTAIOT PElIaTh BOIPOCH 00ECTieueHus! Ha-
JNEKHOCTH Ha dTanax CO3/laHWS M PEeMOHTa B JMAalNa3oHe 3KCIUTyaTallu-
OHHBIX PEXKUMOB. {7151 3TOM LeNM UCIIONIB3YETCA HOHHOE a30TUPOBAHUE -
3¢ GEKTUBHBIA METOA YHpPOUHsONeH 00paboTKu neraneid U3 JIerupo-
BaHHBIX KOHCTPYKLIMOHHBIX CTajel: 3yOuaThIX BEHIIOB, BAJIOB, MPSIMO-
3yOBIX, KOHMYECKHX W IHMJIMHIPUYECKUX IIECTePeH, My(QT, BajoB-
LIECTEPEH CIOKHOW reoMeTpuieckoi KoHpurypamuu u ap. OaHako, B
TPaJULIMOHHOM BapUaHTe TEXHOJOTHsI NOHHO-IUIa3MEHHOT0 a30THPOBa-
HUS o0ajgaer psIoM CYIIECTBEHHBIX HEIOCTATKOB: BBICOKUE Y/ENbHBIC
MOIIHOCTH TOTPEOJICHHs SIEKTPOIHEPTHH Ha 1Kr WM3JeNus, a Tak XKe
OTHOCHUTENBHO JUTUTENbHBIN IIUKII MpoIiecca.
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B Unctutyte npobnem npounoctd um. I'. C. [Mucapenko paspa-
OoraHa npuHOMNHaILHO HOBas TexHonorus UIITA, koTopas ocHOBaHa
Ha CJEOYIOMIMX aKaJeMHYECKHX pa3paboTKax: TEOpUs TEepMHYECKON
yCTaJO0CTH, aHOMAJIbHBIM MaccolepeHoc IPU MEXaHUUECKON Harpyske U
3¢ ekt AMCKPETHOrO FIHEPTOBBOIA.

TexHomorus UMeeT CleayIoe NPEeuMYyIecTBa:

— HUCTIONB3YETCsl HarpeB TOJNBKO IMOBEPXHOCTHOTO CIOS JIeTallu
0e3 mporpeBa ee cepAleBHUHBI. HarpeB MpoMCXOIUT 3a CUET SHEPTUU
TJICIOUIEr0 pa3psiia, MO3TOMY HET HeOOXOJMMOCTH MCIIOIb30BATh TICUH;

— IUKJIMYECKHe HarpeBbl U OXJIAXKACHUS JE€TaIN CO3al0T TEPMHU-
YECKHE HAMPSHKEHUS B TIOBEPXHOCTHOM CJIO€, UTO B 2—3 pa3a ycKopsieT
nudQy3uoHHBIE TPOIIECCHl H COOTBETCTBEHHO COKpAIIaeTcs BpeMs 00-
pabotku;

— Qopma 1 pazMepbl JeTald U YUCTOTA €€ MOBEPXHOCTU OCTAIOTCS
0e3 N3MEHEeHH, MO3TOMY He Hy)KHa (DMHUILIHAS MexaHHdecKasi 00paboTKa;

— COKpalleHUe UINTENbHOCTH 00pa0OTKH, IMMKIMYECKUH Xapak-
T€p CKOPOCTHOIO JUCKPETHOTO SHEProBBOJIa U HArpPeB TOJBKO MOBEPX-
HOCTHOT'O CJI05 COKpalIaloT 3aTpaThl JIeKTposHepruu Jo 10 pas.

TexHOMorusi NOHHO-TIJIA3MEHHOT'0 TEPMOIUKINYECKOTO a30THPO-
BaHUA 3alllUIIICHA IIaTCHTaMU praI/IHLI 1 HC UMECT aHaJIOT'OB B OTCYC-
CTBEHHOW ¥ MUPOBOH IIPAKTHKE.

Hpe[{BapI/ITeHI)HLIe IMPOMBINUICHHBIC MCIIBITAHWUSA TOATBEPANUIIN
BO3MOXKHOCTh 3aMEHBI ra3oBoi azoranuu u neMmeHtanuu Ha UIITA B
CMecH a30Ta 1 aproHa.

OCHOBHBIMH  TIOTPEOHUTENISIMH  OOOpYIIOBaHUS M TEXHOJIOTUHU
HOHHO-IIJIa3MEHHOI'O a30TUPOBAHUA ABJIAKOTCA aBTOMO6I/IHI)HI)Ie,
TPAKTOPHBIC, AaBUAIIMOHHBLIC, CYIAOCTPOUTCILHBIE W CYJOPEMOHTHLIC,
MalInHO- U CTAHKOCTPOHUTCIBLHBIC 3aBO/Ibl, 3aBOJbI IO MPOU3BOACTBY
CEJIbCKOXO3IMCTBEHHONM TEXHUKHM, HACOCHOIO M KOMIIPECCOPHOrO
000pyI0BaHUS, NIECTEPEH, MOJIIMITHUKOB, AJIFOMUHUEBBIX MPOQUIICH,
JHEPreTUYECcKNX YCTaHOBOK U JIp.

Cpez[H Pa3IMYHBIX BUAOB U3HAIIIUBAHUA ):[eraneﬁ MalllMH 1 MEXa-
HU3MOB HamOoJiee PacipoCTpaHEHHBIM M OBICTPO MPOTEKAIOIINM SBIISI-
ercsi abpa3uBHOE M3HANIMBaHKE, IIPH KOTOPOM pa3pylIeHHe TOBEPXHO-
CTHOT'O CJIOSl JieTallell OCYIIECTBIISIETCS TBEPJBIMU YacTUIIAMH, HAXOMs-
IMUMHUCA B pa3jInYHbIX COCTOAHUAX U IMO-pa3HOMY BO3Z[€I71€TByIOH.[HMH
Ha matepuain [1-3].
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AOpa3uBHOE M3HALIMBAHUE BBI3BIBACT 110YBA, TPYHT, 30J1a, MBI,
MomnaBiIas Ha OBEPXHOCTh TPEHHsI, TPOIYKTHI U3HOCA, B OCOOEHHOCTH
BBIKPOIIMBILIEECS YACTHUIIBI TBEPABIX CTPYKTYPHBIX COCTABIISIONIUX.

AOpa3uBHOMY M3HAIIMBAHUIO TIOJABEPKEHBI JIeTall I'YCEHHUYHOTO
X0la PpAa3NUYHOM TEXHUKH, CEIbCKOXO3AMCTBEHHBIX, JIOPOXKHO-
CTPOUTENBHBIX, TOPHBIX, TPAHCHIOPTHBIX, METAIITYPTUYECKUX U JPYTHX
MallIWH, arperatbl 1 000pyZOBaHHE, BHITIOIHEHHBIC H3 METaJIOB, CIjia-
BOB, KOMITO3UI[MOHHBIX MaTepHAaJIOB, 3AIIUTHBIX MOKPBITHHA, TOTMMEPOB,
kepamuku [4; 5; 6; 7].

PacnpoctpanenHOCTh aOpa3WBHOIO HM3HAIIMBAHUS OOYCIIOBIICHA
HE TOJBKO TEM, YTO MHOTHE JEeTadd IO XapaKTepy BBIMOIHIEMBIX
¢GyHKUIME HEM30€KHO COMPHKACAIOTCS C MaTepHajaMHd, CIOCOOHBIMHU
BBI3bIBATh a0pasMBHBIA TpolecC HM3HAIIMBAHHUA. AOpa3uBHBI H3HOC
MOJIaBJIsIeT MEHEee MHTEHCHBHBIE MPOIIECChl M3HAIIMBAHUS JeTaned U B
TeX ciay4asX, Korja KOHTaKT ¢ TOCTOPOHHUMHM TBEPJbIMU YaCTUIIAMU HE
CBsI3aH C PabOTONl TEXHHWKH, a OOYCIOBJIEH 3arps3HEHHOCTBIO CPEIBI.
YacTto kpaliHE CII0)KHO MCKIHYUTh 3arpA3HEHHOCTb TBEPIBIMU YaCTH-
LIaMH OKpY>KaIoILIero BO3/lyXa, BOJIbI, TOPIOUE-CMa30uYHbIX MaTEepHAIOB,
Pa3INYHBIX TEXHOJMOTMYECKUX Cpell, KOHTAKTUPYIOUINX C TPYLIUMHUCS
MTOBEPXHOCTSIMU JIeTaiel MalliH.

Pacxoqpl Ha BOCCTaHOBJIEHHUE J€Tal€ll MallMH B pe3yJbTaTe U3-
HOCa OrPOMHBI M OHM EXKErofHO yBennuyuBarorcs. Ha cummosnyme,
npoBezieHHOM B CIIA mo Bompocy CHUXKEHHS M3HOCAa B TeXHUKE [6],
o011lee MHEHHUE CBEJIOCH K TOMY, YTO YIpaBJeHHUE U3HAIIUBAHUEM SIBJIS-
eTcsl [EeHTPaIbHBIM 3BEHOM B PElICHHH TaKUX HAIMOHAJBHBIX MPolIieMm,
KaK 5KOHOMHS SHEPTUH, COKpalleHne pacxol0B MaTepHaloB, obecrede-
HUE HAJSKHOCTH W 0€30MacHOCTH MEXaHWYeCKUX cucTeM. Ha cumrio-
3uyMe TaKKe OTMEedajioch, 4To i npomeinuieHHoctn CIIA 3a cuer
3G (GEKTUBHOTO BHEAPEHUSl PE3yNbTaTOB TPHUOOTEXHUKH B MPAKTUKY
SKOHOMHUS MOXKET COCTaBUTh OoJiee 16 Miip. A0

[pobiema M3HOCOCTOMKOCTH aKTyasIbHa 1 IS Y KPauHBI, M IPEKIIC BCe-
T0, B CBSI3H CO 3HAYNTEIIHLHBIM H3HOCOM 00OPYIOBaHHS M TEXHUKH, OTCYTCTBHEM
CPEJICTB Ha €10 BOCCTAHOBJIEHHE U PEKOHCTPYKIIUEO.

MHuoroo6pasue (akTOpoB M HMX HEOIHO3HAYHOC BIIMSIHHE Ha
WHTCHCHUBHOCTh a0pa3MBHOTO HM3HAIIMBAHUS 3aTPYIHSIOT pa3paboTKy
YHHMBEpCAJIbHBIX METO0B 3alUTHl OT U3HOCA.
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Bompocam abpa3nBHOrO H3HAIIMBAHUS PAa3JUYHBIX MaTEPUANIOB
MOCBSIIEHO MHOro wuccienoBanuid [1-3; 6-8 u ap.], pe3yabTaTsl
KOTOpPBIX IIOKa3ajih, 4YTO MEXaHU3M a6pa3I/IBHOFO HU3HalllUBaHU s
JOCTaTOYHO cliokeH. [IpencTaBienne o HeM, Kak O MPOCTOM LiaparaHbe
Meraiyia  aOpa3WBHBIMM  YacTHLAMH, BeIeT K  OMIMOOYHBIM
KOHCTPYKTUBHBIM W TEXHOJIOIMYCCKHUM pPCEHICHUSAM B YaCTU BbI60pa
MaTepualia Wi MOKPLITUA U MCTOZAa YIIPOUYHCHU .

Ha unTEeHCHUBHOCTH a6pa3I/IBHOFO HU3HalllMBaHU 60J'H:-HIOC BJIH -
HUE OKa3bIBalOT (pOopMa, TBEPAOCTh U TE€OMETpUUYECKHE pa3Mephl abpa-
3MBHBIX YacCTHI, Harpy3ka, CKOpOCTb TIIepeMelIeHus, (HU3UKO-
MeXaHHUYECKHe CBOWCTBA M3HAIIMBAEMOH IOBEPXHOCTH, €€ CTPYKTYpHOE
COCTOSIHHE M MHOTHe Jpyrue ¢aktopbl. He Beskue CTpyKTypHBIE H3Me-
HEHHS OTpaXkaroTcsl Ha abpa3sMBHOM H3HOCOCTOWKOCTH METallia.

XapakTepHo, YTO JUIsl OJHUX METaJUIOB aOpa3uBHAas W3HOCOCTOM-
KOCTb MOCJIE TUIACTHYECKON eopMalui U3MEHSETCs, a Uil JPYTHX —
HE U3MCHACTCA, YTO CBUIACTCILCTBYCT O ﬂBOﬁCTBCHHOM BIIUSAHHUHN JC-
(hOpMaLIMOHHBIX MPOIECCOB HAa XapaKTep M KMHETHKY abpa3MBHOTO M3-
HaIlIMBaHMsI, 0 YeM IMOTUepKUBaeTcs B padore [8].

AHanu3 MexaHn3ma aOpa3suBHOIO W3HAIIMBAHUS CBUJCTEIIBCTBY-
€T 0 TOM, YTO OJHO3HAYHOTO OTBETAa O POJH BHEIIHHX M CTPYKTYPHBIX
(dakTopoB He cymiecTByeT. PasHooOpasue 3Tux (akTopoB, a TaKKe UX
HEOJHO3HAYHOE BJIMSHUE Ha MPOIECChl a0pa3uBHOIO M3HALIMBAHUS 3a-
TPYAHSIOT pa3pabOTKy YHUBEPCAIBHBIX METOAOB 3aIUTHI OT H3HOCA.

MHoroneTHui ONbIT OKCIUTyaTallui MalllMH 1 MCXaHU3MOB ITOKa-
3aj1, 4TO MOJaBJIsIoNIee OOMBITMHCTBO BCEX HEHCIIPABHOCTEH U OTKa30B
BO3HHMKAIOT BCIIEACTBHE HEMOMyCTUMOro OOJBIIOrO M3HOCA JAeTaled u
y3710B, OOYCIIOBJIGHHOTO IMOBpPEXKIEHHEM MOBepXHOCTel TpeHus. [lpu
SKCIUTyaTalluy AeTalleil U arperaToB C MOMaJlaHueM aOpa3MBHBIX MaTe-
pHalioB, B TpUOOY3JIBI pecypc WX 3HAUUTEIBHO cOKpamiaercs. bonbiua-
CTBO HM3HOIICHHBLIX z[eraneﬁ BOCCTAHABJIMBACTCA PA3JIMYHBIMU METOAA-
MH, OAHAKO 3HA4YUTCIIbHAasA 4aCTb UX 6paKyerc;I MO NPUYNHE IMOBBIIICH-
HOI'0 U3HOCA U OTCYTCTBUA TCXHOJOTMU UX BOCCTAHOBJICHUS.

MocranoBka 3amaun. KadecTBO M HaIeKHOCTh JeTajel y3JI0B
TpeHus 3(PPeKTUBHO oOecreunBaeTCs NMPUMCHEHHUEM, KaK 3alllUTHBIX
MOKPBITHIA, TaK 1 (DOPMUPOBAHUEM YITPOUHECHHBIX MOBEPXHOCTHBIX CJIO-
€B, TOJIIUHA KOTOPBIX HM3MEPSETCS OT JOJIEH MHUKPOMETPOB IO He-
CKOJIBKMX MHJUTUMETPOB. 3alliTa TOHKOTO MOBEPXHOCTHOIO CJIOS JeTa-

243



U TIO3BOJIAET COKOHOMHTB JOPOTrOCTOSALIME JIETMPOBAHHBIE CTAJIH,
LBETHBIE METAJIBI U ApyTHe Ae)UIIUTHBIC MaTEPUAIbL.

Heas pabdoTrsl — wu3ydeHWE BIUSHUS METOAOB HMOHHO-
MJIa3MEHHOI0 a30THPOBaHUS MoBepxHOCTH cTtanu 40X13 Ha MHTEHCUB-
HOCTh a0pa3MBHOTO M3HAIIMBAHUS

Metoauxka ucciaegoBanuid. /s popmupoBanus 1udQy3noHHBIX
CIIOEB METOJIOM BAKyyMHOTO MOHHO-TUIa3MEHHOTO TEPMOLUKIMYECKOTO
A30TUPOBAHHA HCIOJIB30BANIach pa3paboranHas B MHcTuTyTe mpobiem
npouydoctn uM.I.C.ITucapeaxo HAH VYxkpaunbsl yHuBepcanbHas ycra-
HoBka «BUITA-1» (puc.1).

Puc. 1. O6mwmii Bux ycraHoBku « BUTTA-1»

TexHomoruueckue mapamMeTpbl (OPMUPOBAHHS YIPOUHEHHBIX
CJIOEB: Temrmeparypa TepMorukiupoBanus — 550 + 30 °C, naBneHue —
25-150 I1a, Bpemst 00paboTku — 10 4acoB, COOTHOIICHHUE PEAKIIMOHHBIX
ra3oB — 80 % Ar + 20 % N,; s CpaBHUTEIBHON OIEHKH 00pa3IloB,
00pabOTaHHBIX TEPMOLUKINYCCKUM PEKUMOM, OBLIM HCIIOJIb30BaHbI
o0pa3ipl, 00pabOTaHHBIE HW30TEPMHUYCCKUM CIOCOOOM (TIOCTOSIHHAS
temnepatypa 550 °C). B kauecTBe MOUIOKKH UCIOIb30BAIA O0Opa3Ibl
u3 cramm 40X 13 pazmepom 30%30 MM 1 TommmHON 10 MM.

YpouHeHue MOBEPXHOCTEH 00pa3lloB MPOUCXOAMIO PaBHOMEP-
HO TI0 BCeMy mepuMerpy (puc. 2), 4TO JODKHO OOECIeUrBaTh PaBHO-
MEPHYIO TONIUHY AU PY3HOHHOTO CIIOS.
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Puc. 2. OGpaszer B kamepe yCTaHOBKH

HcnpiTanue MOKphITUI HA M3HOCOCTOMKOCTh ITPOBOJMIIM HA JKC-
nepuMeHTanbHol ycraHoBke (puc. 3) [9] B coorBerctBum ¢ ['OCT
23.208-79, kotopslil coBnagaer ¢ amepukanckuM crangaprom ACTM C
6568. TIporiecc TpeHUs MOJCTUPOBAJICS B MPUCYTCTBUU CBOOOIHOTO HE
KECTKO3aKpEIICHHOTO adpa3uBa.

Puc. 3. BHemHMid BUI ¥ CXeMa YCTaHOBKY Ha abpa3WBHOE W3HAIIMBaHUE: | —
OyHKep U OTXOR0B abpasuBa; 2 — oOpasell; 3 — pe3UHOBBI PONUK; 4 — Io-
JIOBKa ISl pyJI0HA; 5 — OyHKep Ul cBOOOAHOro abpa3uBa; 6 — pblyar I pe-
T'YJIIMPOBaHUsI CKOPOCTH TTo/1aun abpasuBa; 7 — CBOOOHBII abpa3uB; § — kea00
JUTs TIofjauy abpasmBa; 9 — pblyar Juis perylupoBaHus Haxuma; /(0 — rpy3

OO6pa3npl W3HAMIMBAINCH CBOOOAHBIM aOpa3MBOM, YBJIEKaEMBIM
PE3MHOBBIM POJIMKOM Ha MOBEPXHOCTh TpeHHs. B kauectBe aOpa3uBa
WCTIONIB30BaJICs KBapLeBbli necok (Si0,) 3eprucrocThio 200...250 MKM.
[Mepen ucnbiTanreM abpa3uB MPOCYIIMBAIH (BIQKHOCTh HE MPEBBIIIANIA
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0,16%). U3Hoc 3amepsiii BECOBBIM METOJIOM Ha aHAJIUTUYECKUX BEcax
AJIB-200 ¢ Tounocteio g0 0,0001 r. Jlo u mocie UCHbITaHUN 00pa3Ilbl
MPOMBIBAJIM B 3THJIOBOM CIMPTE, MPOCYIIMBAIN U B3BEIIMBAIH. JKCIIe-
PUMEHT TPOBOMIIM MPH CKOpocTH ckombxenus 0,158 m/c, Harpyske 20
Kr (mpu 1tede 272 Mm) u mytu Tpenus 100 m.

JIOMONMHUTENBHO MCCIEA0BaHMs POBOAMINCH B Cpelax: Boja +
KBapIEBbI MECOK, BIIAYKHAS COJb + KBapUEBBIH MECOK. 3epHUCTOCTh
KBapLEBOIo nNeCKka 1 yCJIoBUA IMPOBCACHUA SKCIICPUMEHTAJIBHBIX HCCJIC-
JIOBaHHMI COOTBETCTBOBAJIM MPEABIYIIIM.

Jlyis cpaBHEHMS Ha W3HOCOCTOMKOCTD MCIBITHIBAINCH 00pa3Ibl U3
cranm 40X 13, kak He yIpOYHEHHBIE, TaK U 1ociie 00pabdorku (puc. 4). B
KauecTBe a0pa3uBHBIX CPEJl UCIIOIB30BANIMCE: | — KBAPIIEBBIH MECOK, 2 —
BOJIa + IECOK, 3 — BJIaXKHAS COJIb + IIECOK.

a 6 8 2

Puc. 4. O6mmuii Bu 00pasiia Ne 1 1o ucnerranmii (@) u o6pasmos Ne /, 2, 3 mocie
UCTIBITaHUH (6, 8, 2)

PesyabTarhel uccieqoBanuii. Pe3yiabTaTel 3KCIEPUMEHTAIbHBIX
WCCIIC/IOBAHMI TIPEACTABIICHBI B Ta0MIIC U HA puc. 5, 6, 7.

Puc. 5. BecoBoii u3Hoc 00pa3ioB B niecke: / — 03 yrpouHeHus1; 2 — TePMOLIUK-
JIMYECKUH PEXXUM a30THPOBAHMUS; 3 — M30TEPMHUUECKUN PEKUM a30TUPOBAHMS
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Tabruya

Pe3yabTaThl 3KCIIEPUMEHTAJIBHBIX HCCIE10BAHMI

Ne

Becosoii

o0pasua Obpaboria W3HOC, TP. Cpena
1 - 0,0021 TECOK
1 - 0,0020 TECOoK
1 — 0,0014 BOJIa + MECOK
1 — 0,0013 BOJIa + MECOK
1 - 0,0015 COJb + MECOoK
1 - 0,0016 COJb + MECOoK
2 TepMOIMKINY. peKUM 0,0007 MECOK
2 TepMOUMKINY. peKUM 0,0006 MECOK
2 TepMOIMKINY. peKUM 0,0004 BOJIa + MECOK
2 TepMOUMKINY. peKUM 0,0004 BOJIa + MECOK
2 TepMOLMKINY. peKUM 0,0006 coJIb + MecoK
2 TepMOLMKINY. peKUM 0,0006 coJlb + MeCoK
3 Mzorepmud. pexxum 0,0005 TIEeCOK
3 Wzorepmud. pexxum 0,0005 TIEeCOK
3 Wzorepmud. pexxum 0,0007 BOJIa + TIECOK
3 Mzorepmud. pexxum 0,0006 BOJIa + TIECOK
3 Mzorepmud. pexxum 0,0008 COJIb + MECOK
3 Mzorepmud. pexxum 0,0009 COJIb + MECOK

Puc. 6. BecoBoii u3HOC 00pa31oB B cpefie Boaa + mecok: / —6e3 yrpoyHeHus;
2 — TEpMOIMKIMYECKUNA PEXUM a30TUPOBAHUS; 3 — U30TEPMHUUECKUNA PEXUM
a30TUPOBAHUS
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Puc. 7. BecoBoii u3HOC 00pa3noB B cpejie conb + necok: / —06e3 ynpoyHeHus;
2 — TEpMOIMKIMYECKUN PEKUM a30TUPOBAHUS; 3 — M30TEPMHUUECKUIN PEKUM
a30TUPOBAHUS

Takum 0Opa3om, B pe3yiibTaTe dKCIECPUMEHTAIBHBIX HCCIICIOBA-
HHUH YyCTAHOBIIEHO:

1. HauGombiiass HHTEHCUBHOCTh M3HammBanus ctand 40X13 0e3
YIIPOYHECHHSI.

2. BiusHue MOHHO-IUIA3MEHHOT'0 TEPMOIMKIMYECKOT0 a30THPO-
BaHMS IIOBBIIIACT U3HOCOCTOMKOCTD cTranu 40X13:

—B mecke — 3 pasa;

—B BoJe + mecok — 3,5 pasa;

—B COJH + MecoK — 2,5 pasza.

3. BiusHHME WMOHHO-IIA3MEHHOTO M30TEPMUYECKOr0 a30TUPOBA-
HHS IIOBBIIIAET U3HOCOCTOMKOCTE cTaiau 40X13:

—B necke — 4 pasa;

—B BOJIe + IIeCOK — 2 pa3a;

—B conu + mecok — 1,7 pasa.

4. HawuBbIClIeli M3HOCOCTOWKOCTBIO 001aJ1aloT 00pasibl IOCIE
00paboTKH B TEPMOLMKINIECKUM PEKUME a30THPOBAHHS.

BuiBoabl. Takum 00pa3zoM, 00pasiibl, YIIPOUHEHHBIC MPEII0KEHHOM
texHonoruerd UIITA, mokazanmui MOBBIIIEHHYIO M3HOCOCTOMKOCTE (B Cpel-
HEeM B 2,5 pasa) 1o CPaBHEHHUIO ¢ 00Pa0OTAaHHBIMU W30TEPMUYECKUM CIIOCO-
Ooom. [IpoBereHHBIC WCCIICOBAaHUS MOKA3aJM  TEPCIEKTUBHOCTh U
IEJIeCO00PA3HOCTh MPUMEHEHUS! UOHHO-IIA3MEHHOIO TEPMOIMKINUSCKOTr0
AQ30TUPOBAHMS JUIST TIOBBIIICHHWS] HAASKHOCTH JeTajled MalH U
MEXaHU3MOB, Pa0OTAIOIINX B YCIIOBUSX a0pa3MBHOTO M3HAIIMBAHUSL

JanbHeiime uccienoBanus JODKHBI OBbITh HAINPABIICHBI HA OII-
THMHU3ALHI0 TTapaMETPOB TEXHOJIOTHYECKOro mpoiiecca (OPpMHUPOBAHUS
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T Py3uOHHBIX MOHHO-a30THPOBAHHBIX CIIOEB JUIS TOBBIIICHUS HUX
TPUOOTEXHUUECKUX XapaKTEPUCTUK B PA3IMUHBIX a0pa3HBHBIX cCpelax.
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Pymxoscoxuti A. B., Kymyporcu O. FO. 3HococtilikicTs crami 40X13
3MIIHEHHOI  METOAOM  TEPMOUMKJIIYHOrO  IOHHO-TJIA3MEBOIO
a30TyBaHHSI B YMOBax a0pa3suBHOro 3HoIIyBaHHs // [Ipobnemu teprs
Ta 3HOIIYBAaHHS: HayK.-TexH. 30. — K.: HAY, 2012. — Bum. 57. — C.240-250.
JlocimimKeHHsI TToKa3ally MepCIeKTUBHICTD 1 JONIJIBHICTD 3aCTOCYBaHHS 10HHO-
u1a3MoBoro tepMouukiiynoro azorysanus (IITA) mis migBumieHHs HaiiHO-
CTI JleTajieil MallliH i MEXaHi3MIB, IO TPAIIOIOTH B yMOBaX aOpa3MBHOTO 3HO-
uryBaHHs. 3actocyBanHs Metony II[ITA mo3Bonse oTpumatu 3MilHEHI TTOBEPX-
Hi, SIKI MAalOTh KOMIUIEKC CHEUU(IUHUX (Pi3UKO-MEXaHIYHUX Ta EKCILTyaTallii-
HUX BiacTuBocTed. OTpUMaHi JaHi NMPO 3HOCOCTIHKICT 3MIIHEHUX IIapiB B
yMOBax aOpa3svBHOIO 3HOUIYBAHHS CBIAYAaTh MO MOLUIBHICTH 3aCTOCYBaHHS
IILOTO METO/Y ISl IOBEPXHEBOT'O 3MIITHEHHS IeTaJIeH MaIlliH 1 MEXaHi3MiB.
Tabmn. 1, puc. 7, CIUCOK JiT.: 9 HaiiM.
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Rutkovskiy A. V., Kumurzhi A. U. Abrasive wear proofness of 40X13
steel nardened by thermocyclic ion nitriding method

Investigations have shown promise and usefulness of ion-plasma thermal cy-
cling nitriding of to improve the reliability of machine parts and mechanisms
operating in conditions of abrasive wear. Priority is given to hardened layers,
which greatly expanded the possibilities of this method by achieving specific
set of physical, mechanical and performance properties. The data on the dura-
bility of hardened layers in conditions of abrasive wear suggests a promising
application of this method for surface hardening of machine parts and mecha-
nisms.

KiroueBbie cj10Ba: MOHHO-IUIa3MEHHOE TEPMOLUKINYECKOE a30TUPO-
BaHUE, IOBEPXHOCTh, a0pa3UBHBIN H3HOC, H3HOCOCTONKOCTb.
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