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Puc. 3. Crparudukarms GakTopoB pa3MepHOTo BOCCTAHOBIICHUS IMIHHAPHIECKUX TTOBEPX-
HOCTEH aJMa3HbIM MHJEHTOPOM I10 UCCJIETy EMbIM XapaKTEPUCTHUKAM

AHaNOrM4YHbIN aHaJIM3 MOYKHO MPOBECTU U JJIs1 APYTHUX IAPaMETPOB.

Jl11 BocCTaHOBIJIEHUS] TOBEPXHOCTEM CTalbHBIX J€Tanell 3HaueHUs] NPUBEJIECHHBIX Xa-
PaKTepUCTHK, €CTECTBEHHO, OYIyT HIXKE, HO OHH MOTYT OBITh JIETKO MOJYYEHBI C UCIIOJIB30-
BaHHMEM BBILIECTIPUBEIEHHON anpoOupOBaHHON METOIUKH.

Crioco6 10CcTaToOYHO MPOCT, TOYEH U HA/IEKEH, HE TPeOyeT BHICOKOKBAIM(HUIINPOBAH-
HBIX CIEIUAJIMCTOB M TNPUMEHUM U1 IMOBEPXHOCTEH, pabOTaloIMX B YCIOBHUSX TPEHHS
CKOJIbKeHUs. PekoMeHtyeTces Ui pa3MEpHOTO BOCCTAHOBJICHUS 1OPOTOCTOSIIINX JEeTaIeH.

TEXHOJIOI' U INTASMEHHOM HAILTABKH CJIOEB C OCOBBIMHU
CBOMCTBAMMU

TaBpumok A.A. (kag. mexanuku, TPTY, e. Taecaupoe, Poccust)

HamnaBka - HaHeceHHe ¢ MOMOIBIO CBapKH IUIABJIEHHWEM CJIOSI METajlyla Ha MOBEpPX-
HOCTh m3enusi. llpu BOCCTaHOBIEHWH, PEMOHTE HAIJIABKY BBIMOJHSIOT MPUMEPHO TEM KE
METaJIJIOM, U3 KOTOPOI'0 MU3rOTOBJIEHO M3JIEINE, OJHAKO TAKOE PEIIEHUE HE BCEr/a LEesecoo0-
pa3Ho. VMHorna mpu U3roTOBJIIEHUHM HOBBIX JeTaliell (M Jaxe Mpu peMOHTE) IenecoodpasHeil
Ha TIOBEPXHOCTH TOJYYUTh METAIUI, OTJIMYAIONIUICA OT MeTayula JeTaiu. JleficTBuTenbHO, B
psle CiydaeB yCIOBHS HKCIUTyaTallyd MOBEPXHOCTHBIX CIIOEB 3HAYHTENHHO OTIMYAIOTCS OT
YCJIOBUH AKCIUTyaTallui BCErO OCTAJILHOTO Marepuana u3jenus. Tak, Hanpumep, eciiu JeTalb
(M3aenue) MoJbKHA OMPEAeIsATh OOy MPOYHOCTh, KOTOpas 3aBUCUT OT CBOWCTB METaula U
€ro CEYeHUsI, TO TIOBEPXHOCTHBIC CIIOW JTOJDKHBI padOTaTh Ha aOpa3WBHBIA Wi aOpa3uBHO-
yAapHBIN U3HOC (HAaNpaBISIONINE CTAHWH, 3yObsl KOBIIIEH 3eMIICPOHBIX OpyaAHH, jKermo0a Baj-
KOB KaHATHO-TIOJTbEMHBIX YCTPOMCTB M Jp.). YCIOBUS PaOOTHI MOTYT YCIOXKHSTBCS TTOBBI-
HIEHHOW TEMIIEpATypOi, 3PO3UOHHO-KOPPO3UOHHBIM BO3JEHCTBHEM OKPYKAIOIIEH Cpebl
(MOpPCKOH BOJBI, Pa3IMYHBIX PEarecHTOB B XMMHUYECKHUX MPOU3BOJCTBAX M JAp.). IHOTIA Takue
JIETaH 1 U3ACUs EeIMKOM M3TOTOBISIOT U3 METAJlIa, KOTOPBIH oOecrieunBaeT 1 TpeOoBaHMS
K 9KCIUTyaTallHOHHON HaJEeKHOCTH pabOThl ero nmoBepxHocteld. OJIHAKO 3TO HE BCErAa Hau-
Jdy4llee W, Kak NpaBHJIO, HE SKOHOMUYHOE perieHue. YacTto okasbpIBaeTcs lienecooOpaszHei
BCE M3JIE€IME U3TOTOBIATH U3 00Jiee JeIeBOro U JOCTATOYHO paboTOCIOCOOHOTO MeTauia Jis
KOHKPETHBIX YCJIOBUH JKCIUTyaTallid W TOJBKO HAa TOBEPXHOCTAX, PabOTaIOMMX B OCOOBIX
YCJIOBHUSAX, UMETh HEOOXOIUMBIH O TOJIIIMHE CJIOH Ipyroro marepuaia. MHorna sTo pocru-
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raercsi NpUMEHEHHEM OMMETaUIoB (HU3KOYIJIEPOAMCTass CTalb W KOPPO3MOHHO-CTOMKAs
CTaJlb; CTAJIb U TUTAH U Jp.), @ TAK)KE TIOBEPXHOCTHBIM YIIPOYHEHHEM (IIOBEPXHOCTHOM 3aKall-
KO, 2JIEKTPOUCKPOBOI1 00pabOTKOM U Jp.), HAHECEHNEM TOHKHX MOBEPXHOCTHBIX CIIOEB (Me-
TaJJIM3alMel, HallbUIGHUEM U Tp.) WIKM HaIUIABKOM CJI0€B 3HAYUTEJIbHOM TOJIIMHBI Ha IO-
BEPXHOCTH [2].

[Ipu U3roTOBICHUN HOBBIX U3JICIHI B IESIX 00ECIIeUeHUsT HaIeKAIUX CBOMCTB KOH-
KPETHBIX MMOBEPXHOCTEH OOBIYHO NPUMEHSIOT OTHOCUTEIBHO MPOCThIE CTANU (Hapumep, HH3-
KOYTJIEPOJUCTHIE), @ HA paboure MOBEPXHOCTH HAIUIABISIOT, HAIPUMED, OPOH3Y, 3aMEHSSI TEM
CaMbIM IIEJIMKOM OpPOH30BYIO JI€Tallb, KUCIOTOCTOMKYIO CTallb (i1 pabOThI B yCIOBHAX BO3-
JIEHCTBUSL COOTBETCTBYIOLICH XMMUYECKH arpeCCUBHON Cpe/Ibl) MM MaTepHuall, XOpouo pado-
TAIOLMI Ha MCcTUpaHue (IPU HAMYKUM TPEHHS C U3HOCOM) M T.I. Takue CJIOM MOYKHO HaHO-
CHUTh Ha Hapy>KHbIE TIOBEPXHOCTHU JeTaliell (HampuMep, Bajbl, BAJKH NMPOKATHOTO 000pyI0OBa-
HUS, PEJIbCOBbIE KPECTOBHHBI U JAP.) WIM BHYTPEHHUE MOBEPXHOCTH - OOBIMHO IMJIMHApPUYE-
CKUX M3/eTHH (KOpITyca XMMUYECKUX U SHEPTETUYECKUX PEaKTOPOB, 000PYIOBAHUE XUMUYE-
CKHX TIPOU3BOJICTB U JP.).

HamnaBky OCyHIeCTBIISIIOT HaHECEHHMEM pPaCILIaBICHHOTO MeETaula Ha IOBEPXHOCTH
U3JeNus, 10 OIJIABJICHUS WM 10 TEMIEPATYPbl HAIEKHOTO CMauMBAHUS KUIKUM HallJIaBJICH-
HBIM MeTaJUIOM. HaraBieHHbIH clioil 00pa3yer 0HO 1eJI0€ ¢ OCHOBHBIM METaJIOM (MeTal-
nuyeckas cBs3b). [Ipu aToM, Kak npaBuio (KpoMe HEKOTOPBIX CIy4aeB PEMOHTHOW HAaIUIaBKH,
NPUMEHSEMOM 11 BOCCTAHOBJICHHUS MCXOJHBIX pa3MEpoB JeTalieil), XMMUYECKUIl cocTaB Ha-
IUIABJICHHOTO CJIOSI MOXET 3HAYMTEIbHO OTJIMYAThCA OT COCTaBa OCHOBHOIO MeETall-
na. ToamuHa HaNJIABIEHHOTO MeTajula, 0Opa30BaHHOIO OJHUM WM HECKOJIBKUMHM CIIOSIMHU,
MoXxeT ObITh paziuunoit: 0,5 ... 10 MM u Gonee [1].

HeobxoaumMblie cBoOicTBa MeTa/ula HAIUIABJIEHHOIO CJIOS 3aBUCAT OT €r0 XMMHUYECKOTO
COCTaBa, KOTOPBIH, B CBOK OYEPE/Ib, ONPEAEIAETC COCTABOM OCHOBHOTO U JOTIOJHUTEILHOTO
METaJUIOB U JOJIIMM HUX ydacTusi B oOpa3oBaHMM L1Ba. BiusiHue pa3daBiieHUs! ClIOEB OCHOB-
HbIM METAJJIOM TEM MEHBIIIE, YEM MEHBIIIE J0JIs1 OCHOBHOTO METajuia B (POPMUPOBAHUU CIIOS
(v0). B cBsA3u ¢ 3TUM 1 ciiydaeB (a ux OOJBIIMHCTBO), KOTJA JKeIaTeIbHO UMETh B HAILIaB-
JICHHOM CJIO€ COCTaB, MAaKCUMAaJIbHO MPHUOJIIKAIOIIHUKACS K COCTAaBY HAIUIaBISIEMOTO METallIa,
HEOOXOUMO CTPEMUTBhCSI K MHUHUMAJIbHOMY IIPOIUIABJIEHUIO OCHOBHOIO MeTajlla, T.6. K
YMEHBIIEHUIO ¥ . [I[py MHOTOCIIOMHOM HaIUIaBKE COCTaB Ka)KIOTO CJIOS PA3IMYEH, TaK Kak
pasiaMyHa J0JS y4acTUs OCHOBHOIO MeTajula (Ha KOTOpBIM HAaIUIaBJsIOT) B 00pa30BaHUM Ha-
IUIABJIEHHOTO ciosi. Eciau npu HamiaBke 1-ro cnosi OCHOBHOM MeTaill HENOCPEACTBEHHO yua-
CTBYET B ()OPMHPOBAHMM I1IBA, TO MPU HAIUIABKE 2-IO U MOCIEAYIOIINX CJIOEB OH Y4acTBYET
KOCBEHHO, OTIpEAETsisi COCTaB Mpenblaymux cioeB. [Ipu HamiaBke OOJIBIIOrO 4YHCIA CIIOEB
IPY HEKOTOPBIX YCJIOBHMSIX HAIUIaBKU COCTaB MeTajjla MOBEPXHOCTHOIO CJIOS MOJKET OBbITh
UJCHTUYEH JOTOJHUTEIbHOMY HAIUIABISIEMOMY MeTayuly. JloJi y4acTusi OCHOBHOTO MeTajula
B (JOPMUPOBAHMY HAIUIABJIEHHOTO METaJlIa 3aBUCUT KaK OT MPUHSITOTO crocoba, Tak U OT pe-
JKUMa HaIlIaBKH.

Pa3znuunble TyroBble METO/Ibl HAIUIABKU OTIMYAIOTCS JPYT OT JIpyra TEIUIOBOM MOATO-
TOBKOW OCHOBHOI'O M HAIUIaBISIEMOTO METAUIOB. Tak, HampuMmep, Npu IUIA3MEHHOW HaIlIaBKe
C TOKOBEAYIIEH MPUCATOYHOM MPOBOJIOKOM TEIUIO-BJIOKEHUE NMPEUMYLIECTBEHHO OCYLIECTB-
JSIOT B MPUCAJOYHYIO IIPOBOJIOKY, OCHOBHOM METaJlI OJOTPEBAETCS JOCTUTAIOIUMU €r0 T10-
BEPXHOCTH OCTBIBAIOIMMH MOTOKAMH IUIa3MbI IyTH M TEIUIOTOW MEPErpeToro »KUAKOro Ha-
wiaBsieMoro metayuia. [IponnaBieHre 0OCHOBHOrO MeTajula B 3TOM Cilydae MOKET ObITh 3a-
MEeTHO yMmeHbleHo. HaoGopoTt, npu ayre npsiMoro JeHCTBUS, KOTAa HA OCHOBHOM MeETajule
pacroyiaraeTcsi KaToAHOE WIM aHOJHOE IITHO AYTH, OTPAHMYUThH PACILIABJIEHUE OCHOBHOI'O
MeTaJlyla 3HaYUTENIbHO TPYJIHEe, OCOOEHHO MpHU 3HAYUTEIHLHOM COCPEJOTOYEHHUU TyTOBOIO
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paspsaa (YMEHBUIEHUH JHaMeTpa IUIABAILErocs 3JIEKTPOJa, YBEJIUUYEHUH IUIOTHOCTH TOKa B
anekTpoae). PaccpenoroueHne TEIUIOBIOKEHUS B OCHOBHOW METaJUl, HAIIPUMED IPU JIEHTOU-
HOM 3JIEKTPOJI€, KOI'/la Ayra epeMeIaeTcs 0 TOPILYy JEHThl OT OJHOT0 KOHIA K Jpyromy u
MHOT/Ia BO3HUKAET OJHOBPEMEHHO B HECKOJBKMX MECTaX, MOXKET 3aMETHO CHU3UTH JOJIIO
pacIuIaBIsIEMOr0 OCHOBHOTO METala.

[Ipu py4HOii 1yroBoii HaIUIaBKE MOKPHITHIMU JIEKTPOAAMHU, @ 0COOCHHO MPH MEXaHU-
3UPOBAHHOM HAIUIABKE IUIABAILECHCS 3JIEKTPOJAHON IPOBOJIOKOM B CPE/IE 3aLIUTHBIX a30B WIH
noJ (IrocoM, J10JI1 OCHOBHOTO METaJlIa B HAIIJIABICHHOM CJIO€ Yo, KaK MPaBHJIO, HE MOXKET
ObITh, O€3 ONAaCHOCTU IOJYUYEHHUs HENpoBapa, cHkeHa MeHee dyeMm 10 0,2. ComocraBieHue
JI0JIEH y4acTusi OCHOBHOTO MeTajlla B 1-M Cll0€ IPUMEHUTENBHO K HaIlIaBKE XPOMOHHMKEIIE-
BOIl ayCTEHWTHON CTajdd Ha HU3KOYTJIEPOJUCTYIO Pa3IMYHBIMH CIIOCOOAMM HAIIaBKH Ha
OOBIYHBIX PEXKHMMaxX NPUBEIEHO B BHUJE AMAarpaMMbl Ha puc. 1. EcrecTBeHHO, 4TO Yo 3aBUCHUT
TaK)K€ OT CBOMCTB OCHOBHOIO M HAIUIABISIEMOTO METAJUIOB, B YACTHOCTU OT MX TEMIIEpPATyPbl
riaBieHus. Hampumep, ayroBasi HamjiaBKa HMOKPBITBIMH 3JIEKTPOJIaMH, 00eCHeunBaIOIIIMHU
HATUTaBJICHHBINA METAJII THIA aFOMUHHEBOW OpOoH3bI (T = 1000 °C), Ha HU3KOYTIEPOTUCTYIO
CTaJb aeT MEHBIIY0 100 Y0, 4eM moka3aHo Ha puc. 1 A Toro ke crnoco0a HaIulaBKH, HO
BbIcokoJiernpoBaHHoi ctamu (T, = 1420 °C). OnpeneneHHyo pojb B 3TOM CHYKeHUH Y0 ur-
paer u yBenuueHue kod(QuipienTa HamIaBKu o, (I/A9), KOTOPBIH MPH OPOH30BBIX 3JIEKTPO-
nax cocraBisieT ~18 r/(A-4), a mpu 2MEKTPOJax U3 BHICOKOJETUPOBAHHOM ctamu ~13 r/(A-4)
[1,4].

AHaJIOTMYHO MOJKET BIMATH U NMPUMEHEHHE NPU HAIUIABKE, BBIMOJIHAEMON 1O (pito-
COM WJIM B 3aIMUTHBIX Ta3ax, 3JIEKTPOJHOM JIEHTHI, CIIPECCOBAHHOM M3 MOPOIIKOB, IO CpaBHE-
HUIO C NPOKATHOW. boiblee 3JIeKTpU4ecKOe CONPOTUBIICHUE CIPECCOBAHHOW JIEHTHI U €€
MEHbIIIAsl TETUIONPOBOIHOCTH MIPUBOJIAT K O0JIce OBICTPOMY €€ pacIuiaBIeHHUIO (OOJIbIIeMy OC,,
IpY TOM K€, KaK IIPU MPOKAaTaHHOM JIEHTE, pEKUME HAIUIaBKH) U BOBMOYKHOMY YMEHBIIECHUIO
J10JI1 OCHOBHOT'O M€Tajljla B HAILJIABJICHHOM CJIOE.
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Puc. 1. lons ydacTust OCHOBHOTO METaJlla B IEPBOM CJIOE HAIIABKU (XPOMOHUKEIEBas ay-
CTEHHUTHAs CTaJIb), BHIIIOJIHEHHOM pa3Iu4HbIMU crioco0aMu Ha OOBIYHBIX pekumax:] - aBTo-
MaTHU4YCCKasd 110 (i)J'HOCOM; 2- py4dHasA qyroBas HOKPBITbIMU BJIGKTpO)IaMI/I;3 - aBTOMaTHu4dc-
cKasi 1o, (pIIrocoOM C JOTIOIHUTEIBHOM MPUCAIOYHOM NPOBOJIOKOH;4 - aBTOMAaTHYECKask O]
(I1t0COM JIEHTOUHBIM 3JIEKTPOJIOM; 5 - [UIAa3MEHHOU CTpyel ¢ TOKOBEAYIEH TPOBOJIOKOM



158 IIpo6.1eMbI NOBBIICHUS Ka4YeCTBA MPOAYKINH MAIIMHOCTPOCHUS

EcTtecTBEHHO, YTO Ha J0JII0 OCHOBHOI'O METAJUIA B HAIUIABJICHHOM CJIOE BJIUSET U MH-
TEHCHBHOCThH TEIJIOOTBOJIa B HAIUIABJISIEMOM H3JI€MH, KOTOPBIA 3aBUCUT OT TeIwio(pu3nde-
CKHX CBOMCTB METaJlla 3TOTO U3JIEJIHs, €r0 NT€OMETPUUECKUX Pa3MEPOB (B YACTHOCTH, TOJIILH-
HBl MeTaJlIa BOJIM3M HAIUIABIIIEMOM TIOBEPXHOCTH), & TAK)KE HATMYUS MCKYCCTBEHHOTO PEry-
JMPOBAaHUS TEPMUUYECKOTO PEKMMa HAIUIABISIEMOM JAeTanu (COIyTCTBYIOIIErO HallIaBKe I10-
JIOTpEBa WIM MHTEHCU(HUKAIMH OXJIAKICHUS pa3inuYHbBIMU npueMamu). Ha puc. 2 mokaszaHo
BJIMSIHUE HA BEJMYUHY Y TOJIIMHBI HAIUIABIAEMON JeTany (aJIIOMUHHEBON OpOH3bI) MPHU Ha-
IUIABKE MOHEJb-METAJJIa IOKPBITBIMU JJIEKTPOJAMM pa3Horo nuamerpa. llpu ysemmueHun
TOJIIIMHBI JETald yCUJIMBACTCS TEIUIOOTBOJ M YMEHBIIAETCS NPOIUIABICHUE OCHOBHOIO Me-
TaJuIa.
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Puc. 2. Bausnue ToNUHbI A€Taau U peXrMa HalUIaBKU Ha JI0JII0 OCHOBHOT'O METajula B OJU-
HOYHOM Basuke (y0) Mpu HaIJIaBKE MEIHO-HUKEJIEBBIMU 3JIEKTpoJaMu Ha OpoH3y:1 — O 4mm,
IcB =140A;2 - 5wmm, IcB =190 A; 3 - @ 6MmMm, IcB =210A

Cnucok surtepatypsi: 1. PesaukoB A.H. Temno¢usuka mporeccoB MexaHHYECKOM
00paboTku MaTepuanon. - M.: Mamunoctpoenue, 1981. - 279¢. 2. CnpaBOYHUK TEXHOJIOTA -
mammHoctpoutens. / [Tox pen. A.I'.Kocwiosoi, P.K.Memepsikosa. B 2 1.- 4-¢ u3n., nepepad.
u jo1m. - M.: Mamunoctpoenue, 1986, T1.2. - 496¢. 3. Cycnos A.I'., Hansckuii A.M. Hayunsie
OCHOBBI TEXHOJOIMM MamuHocTpoeHus. M.: Mamunoctpoenue, 2002. - 84c. 4. Pe3nukon
A.H., PeznukoB JI.A. TemioBele mpoLECChl B TEXHOJOTUYECKUX cucTeMax. - M.: MaimHo-
ctpoenue, 1990. - 288c.

MOBBINIEHUE TEPMETHYHOCTHU COEJIWHE HUM TETAJIEM MAIIIMH
3A CHET BbIBOPA PAIIMOHAJIBHBIX METO10B UX OBPABOTKH

TI'onemoueBckasi T.H., Ky3nenosa A.B., UBuenko T.I'.
(xkagp. TM, /lonHTY, 2. Jloneyk, Yxpauna)

Baxnelimue 3KkCIutyaTaliMOHHbBIE CBOMCTBA J€TaJel MAIIMH — U3HOCOCTOMKOCTD, MPO-
YHOCTh, TEPMETHYHOCTh B 3HAYUTEIBHON MEpEe 3aBUCUT OT COCTOSIHUS WX MOBEPXHOCTHOTO
cios, GopMupyemMoro B Ipoliecce MeXxaHndeckoil 00paboTku. CoBEpIICHCTBOBAHUE TEXHUKH
1 UHTeHCU(UKAIUA pabounux MPOIECCOB B MAaIlIMHAX MPUBOJUT K YCIIOKHEHHUIO YCIIOBUHU pa-
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OOTBI - BO3PACTAHUIO CTATUYECKUX M JUHAMHUYECKUX HArpy30K, NEHCTBUIO TEIJIOBBIX M T'H[I-
paBIMYECKUX YJIapoB, BUOpaimii. B cBs3M ¢ 3THUM BO3pacTaroT U TpeOOBaHMS K T€PMETUUHOC-
TH COCTMHEHUH, UCTIONIB3YEMBIX B KOHCTPYKIMAX MAIIHMH, YTO OINpPENeNseT aKTyalbHOCTh 3a-
J1a4 10 UCCIIEJOBAHUIO TEPMETHYHOCTH, KaK Ha CTaINH MPOSKTUPOBAHUS, TAK M U3TOTOBJICHUS
Mallly, a TAK)Ke TIOUCKY MyTel €€ MOBBIIICHHS.

B nacrosiimee Bpemsi MMeeTcs JOCTAaTOYHO OOJBIIOE KOJMYECTBO HH(POpPMALUH MO
TEXHOJIOTUIECKOMY OOECIIEUCHHUIO MapaMeTPOB COCTOSTHUSL TIOBEPXHOCTHOTO CJIOSI U UX B3aH-
MOCBSI3H C KCIUTyaTallMOHHBIMHM CBOMCTBaMU Jertanei mamud [1, 2]. OnqHako, HECMOTps Ha
3TO, PEKOMEHIALUH 10 KOJIWYECTBEHHBIM OLIEHKAaM JJOCTUTAEMBIX IIPU 3TOM IapameTpoB Tep-
METHYHOCTH MPAKTUYECKA OTCYTCTBYIOT. MiMeromuecs mo 3TUM BompocaMm pa3paboTtku [3, 4]
TpeOyIOT JaNbHEHIIETO Pa3BUTUS KaK ¢ TOYKU 3PEHHS COBEPIICHCTBOBAHUS METOJMKU OLCH-
KU, TaK ¥ PaCIIMPECHUS aHAJTM3UPYEMBIX METOJ0B 00pabOTKH.

Lenbio HacTosel pabOTHI SBISETCS UCCICIOBAHNE TEXHOJIOTUIECKUX BO3MOKHOCTEH
METO/IOB JIC3BUHHOH, ajMa3HO-a0pa3HBHOM U OTAEIOYHO-yPOUYHSIONIEH 00paboTOK B MOBBI-
LICHU U TEPMETUYHOCTH COCIUHEHUN JETAJICH.

I'epMeTHYHOCTh COEAMHEHMI OTPEAEISIET UX CIIOCOOHOCTh YIEpKUBATh YTEUKy rasza
wm xkuakoctu [1]. M3 3akona Jlapew m1s QUIbTpallMOHHOTO MOTOKA YTEUKa, XapaKTepH-
3yIomIasi FepMETHYHOCTD, ONPEACISETCS CIEAYIOIIM 00pa3oM:

Qs =nDApHK" [ 'l (1)

rae g’ - TUHAMUYecKui K03 UIIMEHT BSI3KOCTH YIUIOTHsIEMOH cpensl; / u D -pa3Mepsl co-
enuHeHust; Ap - nepenaj JaBieHus; H - TOJNIMHA TOPUCTOTO CJIOS MOJA Harpyskoi; k" - xo-
3¢ GUIMEHT MPOHUIIAEMOCTH.

C yuyeToM M3BECTHBIX B3aMMOCBS3€H TOJIMHBI IOPUCTOTO CJIOS MOJ HArpy3KOH M KO-
s uIMeHTa TPOHUIAEMOCTH C IIEPOXOBATOCTHIO, BOJHHCTOCTBIO M MaKpPOOTKIOHEHUSMHU
COTIPATAEMBIX TIOBEPXHOCTEH yTeuKa MOXKET OBITh ompeelieHa mo gpopmye [1]:

DApUOS|(H 1 + H s ) (W AW ) +6(R, + R, )|~V o
0. — 00066 22U Ol o + Hows) (W W ) 6k, ) S
u

rae Hyax - MakCUMajJbHOE MaKpPOOTKIOHEHHUE; V. - KOHTAKTHOE COJIMDKEHHE JeTaned mpu
CKOJIbB)KEHUH; R, — mapaMeTp 1mepoxoBaroctu; W, - mapamerp BOJIHUCTOCTH; U - KOHCTaHTa
Kapmana (0,20-0,22).

[IpencraBneHHas 3aBUCUMOCTh CBUJIETEIBCTBYET O TOM, YTO F€PMETUYHOCTb COEIU-
HEHUH JeTaneil onpeaernsieTcs reOMeTprel YIDIOTHeHuS, aKTOpaMH BHEIIHETO BO3JIEHCTBHS,
a TaK)X€ COCTOSIHUEM KOHTaKTUPYIOLUX NoBepxHocTed. Crie0BaTeNbHO, OJTHUM U3 PE3EPBOB
MOBBILLEHHUS TePMETUYHOCTH SIBJISIETCS] pallMOHATIBLHBINA BEIOOP METOJI0B UX 00paOOTKH.

HaubGonbmmii uaTepec 11 oOecnedyeHusi TepMETUYHOCTH HEIOABMXKHBIX I'€pMETHY-
HBIX COEIUHEHUI BbI3bIBalOT C-00pa3Hble METaNIMUECKUE YIPYTue yIUIOTHEHUS, MPEaCTaB-
JSIIOLIME BHYTPEHHIOI YacTh Pa3pe3aHHOr0 TOHKOCTEHHOI'O IOJIOro Iiapa, IOMELIEHHOTO B
KaHaBKE OTKPBITOTO WU MOJyOTKPBITOTO THmna. CyIlecTBYIOLasi METOIMKA PAacueTOB yTEUeK
WIA yCUIMHA TePMETU3AINH JUIsI TAKUX COeIUHEHUM [1, 2], yuuThIBaromas reoMeTpuIo Compsi-
raeMbIX IMOBEPXHOCTEH BO BCEX €€ acCleKTaX M MX KOHTAKTHbIE NEepEMEUICHHUs, MO3BOJISET
MPOU3BECTH CPABHEHHUE Pa3IMYHBIX TEXHOJOTHUYECKUX METOJ0B 00paboTKu Aeraneil mo obec-
MIEYECHUIO TEPMETUYHOCTH.

B cooTBeTcTBUM ¢ M3BECTHOM Teopuei [1] KOHTaKTHBIX MEepeMEIleHNN UX BETUYUHY
JUIs OJIHOTO K3 BapuaHTOB C-00pa3HbIX YIUIOTHEHWM, MPEACTaBIEHHOrO Ha puc.l, MOXHO
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paccuuTars 1o GopmyJe:

0,4 2 0,4 2
RayW,)” 1- Ray )" 1-
yo| Bl 0212) 1+27— LS, (R )7 Ozg) 1427 ——2 H 58,0 ||
H; E1Ra H EpRay , (3)
H H
LI(P/D(ctgar + ctgy ).

rae D, oy, y; — TEOMETPUUECKUE NAPAaMETPhl YIUIOTHEHUS; /.- CTENIEHb YNIPOUYHEHUS; Sy —
CpeIHUi 11ar HepOBHOCTEH; H .- CTENeHb YIIPOUHEHUS; E, 4 — MOJyJIb YIIPYTrocTH U K03 du-
uueHT [IyaccoHa MarepuanoB KOHTAaKTUPYIOIIUX TIOBEPXHOCTEH.

S S
b

\ %
&ty
A

-+

Puc.1. Cxema C - 00pa3HOTo yINIOTHEHUS

N3 ypaBaenus (3) mosydena Qopmyna JUisi OTPEICIICHUS yCWIUS TePMETHU3AIVH,
obecnieunBaroero 3aganHy yreuky Qs [1], U3 KOTOpoi cieayer, YTo yCWIns repMeTu3a-
MM TaK XK€, KaK M yTeuKa, HapsAIy C reoMeTpueil yIloTHeHHs M (PU3MKO-MEXaHHYECKUMHU
CBOKMCTBAMU €ro0 MaTepuaja 3aBUCIT OT MMapaMEeTPOB COCTOSIHHS IMOBEPXHOCTHOTO CJIOS KOH-
TaKTUPYIOMIMX NoBepxHOocTel. Cie10BaTeIbHO, PAMOHAIBHBIN BEIOOP METOJI0OB UX OKOHYa-
TENbHON 00pabOTKM ISl OJTHUX M T€X K€ KOHCTPYKTUBHBIX U T€OMETPUYECKUX MapamMeTpOB
VIUIOTHEHUH 00ecrednBaeT BO3MOXKHOCTh yIPABICHHUS TPEOYyEeMbIMH yCWIUSMHU TepMETH3a-
YU 1 TOBBIICHUA TCPMETUIHOCTH.

,2 f !
[D(tgal +tg}/1 )r 8,87 % +(H1 +H2)+(Wzl +W22)+ 6(Ra1 +Ra2)

P= -(4)
0,4 0 2
Ra\W_ )" Ra,W.
( a 0212) 1+2 1 H'ulSml ( aj Ozg) 142 Ho H'qumz
H,ull ElRal H,LI,Z EszZ

JI1s KOMYeCTBEHHOW OLIEHKH MOBBIIIEHUS TEPMETUYHOCTH COSAMHEHNH NIPU pa3Iny-
HBIX METOJ1ax 00pabOTKM MOBEPXHOCTEN JIeTajel MalllH B HACTOsIIIEN paboTe MpeaaraTcs
creyromue K03(GGUIHueHTsl: K09(QOUIUEHT CHUKEHUS YTEUKH K ey, B KOIQOHUIEHT CHU-
JKEHHS yCHIMN TepMETU3aMH K¢z, HEOOXOIUMBIX [UIsl 0O€CTIeYeHNs 3aJaHHOM yTeukH O, :

Kymetmu =05y /Q26a3 s Kyewmin = P/Ps4s, ®)

rae Os ¥ Ossas, P 1 Py - 3HAUCHUS yTEUEK U YCUIUI TepMeTU3alMU I CPAaBHUBAEMOTO U
0a30BOTO BapUaHTOB 00PaOOTKH.
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Bo3MoskHOCTH METOIOB JIe3BHITHOM, aOpa3suBHON M OTIETIOYHO-YIPOYHSIOIeH 00pado-
TOK BHYTPEHHHUX MOBEPXHOCTEH BpalleHus B 00ECIEYCHUH MapaMeTPOB COCTOSTHHS MOBEpPX-
HOCTHOTO CJIOSI, BIMSIIOIMX HA TEPMETUYHOCTb COEIMHEHUH [2], mpencTaBieHsl B Ta0. 1.

Tabmuma 1. Bo3amoxHOCTH METO10B 00pabOTKH BHYTPEHHUX MOBEPXHOCTEH BPAILCHUS
B 00€CIIeYCHNH NTapaMETPOB COCTOSIHHS MOBEPXHOCTHOTO CIIOSI

[TapaMeTpbl COCTOSTHUS MOBEPXHOCTHOTO CIIOSI
Metoz BHYTPEHHUX [IOBEPXHOCTEH BPAILCHUS
o6paboTi R, MKM W,, MKM H,ux, MKM S, MKM H,, %
PacraunBanue 0.8-2.0 2.5-6.25 20-80 0.08-0.16 120-160
[ImadoBanue 0.32-1.6 1.25-6.25 10-40 0.025-0.1 110-150
PackarbiBanue 0.05-1.6 1.6-5.0 5-40 0.025-0.1 130-210
PacraunBanue ToHKOE 0.2-0.8 0.5-4.0 6-40 0.20-0.1 130-170

AHanm3 yKa3zaHHBIX METOJ0B 00pa0OTKH MOBEPXHOCTEH BPAILICHUS! CBHICTEIBCTBYET O
TOM, YTO HAWJIyYIINMHU BO3MOXKHOCTSIMH B 00ECIIEYCHNH HAUMEHBINX 3HAYCHUN MapaMeTpOB
IIEPOXOBATOCTH, BOJHUCTOCTH, MAaKPOOTKIOHEHUSI U HAUOOJBIINX 3HAYCHUA MUKpPOTBEPJIO-
CTH UMEET OTAEJOYHO-YIIPOYHSOImas 00padoTKa pacKaThIBAHHEM.

I'paduku 3aBucuMocTH KO3((GHUIIUEHTOB CHIDKEHUS YTEUKU Kjpeues U CHIKCHUS YCH-
i repMeTu3atmy K e OT MapaMerpa MEepoX0oBaTOCTH R, MPpHU pa3IM4HbIX METOAax oOpa-
00TKH - MTM(OBAHUM, TOHKOM PACTAYMBAHWM M PACKATHIBAHUU B CPABHEHHH C YHUCTOBBIM
pacTayMBaHUEM, IPUHATHIM 3a 0a3y, IPeCTaBICHBI HA PUC. 2.

Kymeasm K yeunusi
K
. KE' f_,_...-—"'"‘ 0= />,..-
_..----"""""'.'I'.'-'-I /
07 /,..f/"<.-" 0é& P
B K
e 3 2 /
0.6 0.4 > z
3 ——
]
0.5 0.2 —
0 05 ﬂ)1 1.5Ra,,ww o] 05 5/31 1.5 Ra,w

Puc. 2. I'paduxu 3aBUCUMOCTH KOG (PUIMEHTOB CHIKEHUS YTEUKHU K)meura - 2)

Y CHIDKEHMS YCHINHM repMeTu3aiuu K — 0) OT apaMeTpa MepoXoBaTOCTH R,

(K — mumdosanue, K> - TOHKOE pacTauyuBanue, K3 — pacKaThIBaHHE)

PacueTs! BEINOTHSUIUCH U181 clleAyomuX yeaoBuit: D = 100MM, /= 25MM, Ve = 3MKM;
U=0,21; u’=3; Ap = 10Mra, Qz:0,01M3-MKM-Ha/C, a; =10°, y/=55°.

Fpa(l)I/IKI/I CBUACTCILCTBYIOT O BOBMOYKHOCTH MOBBIIICHUA T€PMETUIHOCTHU, TO €CTh CHMKCHUA YTCUKHU U
ycunmii TEPMETHU3AIMY TPU MCIOJIb30BAaHUHU TIOCIIE YHCTOBOTO pacTayMBaHuUs, Kak Huindoa-
HUSI, TAK ¥ TOHKOTO pacTauMBaHUS U pacKaThIBAaHUs, TAK KaK BO BCEX CydasX KOI(PHUITUSHTHI
CHIKEHUSA YTEUKH Kypeyq M YCUIMH TepMeTH3auud Ko MeHblne 1. OnHako, Haudydinas
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FEpMETUYHOCTh COEIMHEHUH (HAaMMEHbIIAasi yTeuka M HAaUMEHbLIEE YCHINE IepMETHU3aLNH)
HaOmo1aeTcst mocyie o0paboTKM BHYTpEHHEH MOBEPXHOCTH BpallleHHs pacKkaTbiBaHHeM. [Ipu
3TOM BO3MO>KHO CHW)KEHUE YTEUKHU U YCWIMN FepMETHU3allMHU, TO €CTh IOBBILIEHUE IepMETUY-
HOCTH Ha 25-40% 111 OAHMX U TeX )K€ KOHCTPYKTUBHBIX MU T€OMETPUUYECKUX MapaMETPOB YII-
JIOTHEHUH U YCJIOBHMM MX IKCIUTyaTallly 3a CUET yJIy4dlleHHs [apaMeTpOB COCTOSHUS ITOBEPX-
HOCTHOTO CJIOSI KOHTAKTHPYIOLUX JeTalleil.

B pesynprare aHanmsa npencTaBleHHBIX TPaQHKOB, yCTAHOBICHO, YTO C YBEITHYCHUEM
LIEpOXOBAaTOCTH 00OpabOTaHHBIX MOBEPXHOCTEN ISl BCEX BUAOB 0OpaOOTKH I'€pMETHUUYHOCTD
COEIMHEHUN CHMKAETCS], O UEM CBHUJIETENBCTBYIOT BO3PACTAIOUINE YTEUKA U yCUIIME €PMETH-
3ammu. CHWKEHHE MIEPOXOBATOCTH 0O0pabOTaHHBIX MOBEPXHOCTEH MOXKET OOECIeYUTh CHU-
JKEHHE YTEUKH U YCUJIMHA FepMETU3allui, TO €CTh NOBBILIEHUE FepMETUYHOCTH Ha 15-25% 3a
cdyeT BbIOOpa palMOHAIBHBIX PEXUMOB JIE3BUHHOM, aiMa3HO-aOpa3MBHOM M OTIEIOYHO-
yHpouHsoie 00padoTox.

Takum oOpa3zom, MpeaiokeHa W anpoOUpOBaHA METOJUKA KOJIMYECTBEHHON OICHKU
MOBBILLIEHHUS TEPMETUYHOCTH COEAMHEHUI C YUE€TOM BCEr0 KOMILIEKCA TapaMeTpOB MOBEPXHO-
CTHOTO CJIOS TIPH Pa3IMYHBIX METOJAX JIE3BHIHOM, aiMa3HO-aOpasMBHONW W OTIEIIOYHO-
YIOPOYHSIONIEH 00pabOTOK MUIMHIPUIECKUX TMOBEPXHOCTEH KOHTAKTHPYIOMMX AeTaneil. Ha
€€ OCHOBAaHUH KOJUUYECTBEHHO 00OOCHOBaHA BO3MOXHOCTH CHIDKCHHS YTEUKH U YyCHIHMHA Trep-
METH3aL1H, TO €CTh NOBBIIIEHHUS T€PMETUUHOCTH COEANHEHUI 1eTaneil MalluH 3a c4eT BhIOO-
pa HanboJiee paroHATEHBIX METOA0B X 00paboTku. C HCIMOJIL30BaHUEM TIPEIOKEHHON Me-
TOJMKU pa3pabOTaHbl pEeKOMEHIAIMK TI0 pPerlaMeHTalli yCIOBUI MexaHooOpaboTku, obec-
NEYMBAIOIINX 3a/IaHHBI YPOBEHb NapaMETPOB COCTOSIHUS NMOBEPXHOCTHOTO CJIOS KOHTaKTHU-
pyOLIMX JI€TAJICd U COOTBETCTBYIOIINI YPOBEHb N'€PMETUYHOCTH COCIMHEHUU B y3J1axX Ma-
IIUH.

B pesysibTaTe npoBeeHHBIX MCCIIEI0BaHUI Ha OCHOBAHUM pa3pabOTaHHOW METOIUKU
KOJINYECTBEHHO OOOCHOBAH BBHIOOP METOAOB OTAEIOYHO-YHPOUHSIONIEH 00paboTKU MOBEpX-
HOCTHBIM IUIACTHYECKUM J1e()OPMUPOBAHUEM, TaPAHTUPYIOUINX TOBBIIICHHE HAPSAY C M3HO-
COCTOMKOCTBIO U MPOYHOCTHIO €IIE OJHOTO0 M3 BaXKHEHIIMX SKCILUTyaTallUOHHBIX CBOMCTB -
FEPMETUYHOCTH COCIMHEHHU U JIETalIeH MaIllHH.

Cnucok autepatypbl: 1. CycmoB A.I'. KauecTBo MmMOBEpXHOCTHOTO CJOS JETajieu
MamuH. - M.: Mamunoctpoenue, 2000. - 320c. 2. KauectBo mamun: CrpaBounuk. B 2 1. T.1
/ A.I'. Cycnos, D./1. bpayn, H.A. BurkeBuu u ap. - M.: MammnocTpoenue, 1995.-256c¢. 3.
Hy6onenosa O. C., Heuenypenko A.B., UBuenko T. I'. Bimsinue napamMeTpoB COCTOSIHUS TIO-
BEPXHOCTHOTO CJIOS JIeTaJeii MallliH Ha TEPMETUYHOCTh X COeIMHEHU // MalmHO3HaBCTBO
/ Marepianu 7-01 perioHajabHOI HAyKOBO-METOAWYHOT KoH(epeHmii. - Jonenpk: JouHTY,
2005. — C.29-32. . 4. l'onemb6uenckas T.M., Ctypya A.A., UBuenko T.I'. TexHomoruueckoe
obecrnieueHne TePMETUYHOCTH COEIMHEHNH AeTanei MammH / MammHo3HaBcTBO / Marepianu
8-01 perioHaJIbHOT HAYKOBO-MeTOIMYHOT KOH(pepeHii. - [Jonenpk: JonHTY, 2006. — C.38-41.

BOCCTAHOBJIEHUE JETAJIEV METOJIOM HAILUTABKHY IOKPBITHM
I'onyoos H.B., Cxpsinnuk WU.B.(xagh. TM, [JonHTY, 2. [loneyx, Ykpauna)
HarmraBka MOKpBITHH - 3TO MPOIIECC HAHECCHUSI MMOKPBITHS M3 PACIUIABJICHHOTO MaTe-

pHaja Ha pa3orpeTyro 0 TEMIIEPATyphl IUIABJICHHUs IOBEPXHOCTh BOCCTAHABIMBAEMOH J€Ta-
.
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ITokpsITHSA, IOJlyYEHHBIE HAIUIABKOM, XapaKTEPU3YIOTCS OTCYTCTBUEM II0DP, BBICOKUMHU
3HAYCHUAMHU MOJYJIS YIIPYTOCTH U IIPOYHOCTH Ha paspbiB. [IpOYHOCTH COENMHEHUS ITUX I10-
KPBITUI C OCHOBOM COM3MEpUMA C IIPOYHOCTBIO MaTepHasa JeTaju.

Eciu B MallmHOCTPOUTENBHOM NIPOU3BOCTBE HAIUIABKY NIPUMEHSIOT JUIsl TOBBIIIECHUS
WU3HOCOCTOMKOCTU TPYIUMXCSA MOBEPXHOCTEH, TO B PEMOHTHOM IIPOU3BOJICTBE - B OCHOBHOM
JUISL TIPOBEJCHUS MOCIETyIONMX paboT M0 BOCCTAHOBJICHHUIO PACIOJIOXKEHUS, POPMBI U pa3-
MEpPOB HM3HOIICHHBIX 3JIEMEHTOB. BoccTaHoBHTENbHAs HAIUIaBKa MPU 3TOM OOECTIEYHBAET
TaK)Ke II0JIy4EeHHE HOBBIX CBOMCTB IOBEPXHOCTEH: KOPPO3UOHHOM, SPO3UOHHOM, KaBUTALM-
OHHOM. U3HOCO-, )KapOCTOMKOCTH U JP.

Jlonst TpyIOEMKOCTH CBapKU M HaIUIaBKU coctaBisieT ~ 70 % Bcex crocoOoB co3ja-
HUA pEMOHTHBIX 3aroTOBOK IPpU BOCCTAHOBJICHUN I[eTaHeﬁ. HamnaBka M3HONIEHHBIX MOBEPX-
HOCTEl 3aHUMaeT BEIyIee MECTO BCIICICTBHE CBOCH YHHUBEPCAIBHOCTH.

CriocoObl HamIaBKHM JAETST Ha TPYMIBI B 3aBUCUMOCTH OT BHJOB MPHUMEHSIEMBIX HC-
TOYHHUKOB TEIUIa, XapakTepa JETUPOBaHMs U crioco0a 3aIuTsl GOPMHPYEMOTO MOKPHITHS OT
BJIMSIHUS KMCJIOPOZA U a30Ta BO31yXa.

DNeKTpoayroBasi HallaBKa UMeeT MHOTO BUAOB. [Ipy nx kiaccupukaiiyu y4uThiBa-
0T CIIeTyIoNIHe KJIacCU(PUKAIMOHHbIE IPU3HAKH:

- YPOBEHb MEXaHU3ALNH (pyUHasl, I0JlyaBTOMaTUYECKasi, aBTOMATUYECKas );

- BUJI IPUMEHSIEMOTr0 TOKa (TIOCTOSIHHBIM, IEPEMEHHBIN, UMITYJILCHBIN, CIEIMAILHON
XapaKTePUCTUKHN);

- BUJI DJIEKTPOJa (TIaBSIIANACS, HETIJIaBSAIIUNACS );

MOJIAPHOCTD AJIEKTPO/1a TIPU MOCTOSTHHOM TOKE (TIpsimasi, oOpaTHasi);

BUJ 1yTH (TIpsiMasi, KOCBEHHas!);

pexuM (CTallMOHAPHBIN, HECTALIMOHAPHBIN);

cnoco0 3amMThl 30HBI HAIUIABKM OT BO3AYIIHOH arMocdepbl (B cpene
3alIUTHBIX Ta30B, BOASHBIX NMAPOB, KHUIKOCTH, MOJT ClioeM (Iroca, KOMOWMHUPOBAHHBIN );

- cnoco0  JIETUPOBAaHMS  HAIUIABISIEMOTO  MeTaula  (IOKPBITUEM  BJIEKTPOJa,
(rocoM, 3JIEKTPOIHBIM MaTepuanIoM, KOMOMHUPOBAHHBIN).

DNeKTpoayroBas HallaBKa MOJy4YWJa HAWOOJIBIIEEe pPacHpOCTPAHCHHWE B PEMOHTE
MAIllMH CPEeIN COCOO0B HAHECEHUS TOKPHITHHA. DTOT CIOCO0 M0 CPABHEHHUIO C APYTHMHU CIO-
co0aMM CO3/1aHUSI PEMOHTHBIX 3arOTOBOK JAa€T BO3MOKHOCTH IOJy4aTh CJIOM C BBICOKOU
NPOU3BOAUTEIFHOCTHIO TIPAKTHYECKH JIF0OO0H TOJIIUHBI, Pa3IMYHOTO XUMHUIECKOTO COCTaBa U
C BBICOKUMH (DU3UKO-MEXaHUYECKUMHU CBOWcTBaMU. HamimaBouHble MOKPBHITHS HAHOCAT Ha
IWINHAPUYECKUE TTOBEPXHOCTH AUAMETPOM > 12 MM.

TexHoNOrMueckre 0COOEHHOCTH 3JIEKTPOAYTOBOM HAIUIABKU HCIOJIB3YIOT B LIETSIX
ocJiabJieHNsl HeXKelaTeJIbHbIX COMMyTCTBYIOUINX SIBJICHUM, TAKUX KaK OKHCIIEHHE MeTallja, 1o-
[JIOIIEHUE a30Ta, BHITOPAHUE JIETUPYIOIIMX NpUMEcedl M HarpeB Marepuasa JeTald BhIIIE
TeMrneparypsl (a3oBbIX NMPEBpAIICHUN. DTU SABJICHUS NPUBOJAT K CHIKEHHUIO MPOYHOCTH
CBapOYHOTO IIBa, HAPYIICHHIO TEPMOOOPabOTKM MaTepuaia, 0ObeMHBIM, CTPYKTYPHBIM WU
($a30BbIM M3MEHEHUSIM U KOopoOuieHHto neranu. [lepememrBanue MaTepruanoB OCHOBBI U TO-
KPBITHS yXyLIAET €F0 CBOMCTBA.

[Ipu s1exkTpoyroBoil HallaBKEe MPUMEHSIOT IJIaBHBIM 00pa3oM IUIABSIIUECS AJIEK-
Tpoabl. Hernapsiimuyecs: yrojabHbIe 3JIEKTPO/Ibl C BBEICHUEM NPHUCAJOUYHOTO MaTepuaia B IyTy
UCHOJIBb3YIOT MPU CBapKe TOHKOJMCTOBOW CTAJM M CBHMHIIA M NP HAIlJIaBKE TBEPJIbIMU CIUIA-
BaMU MOYBOPEXKYIIMX Jeraneld. CBapka HEIIaBAIIUMCS BOJIbOPAMOBBIM 3JIEKTPOJIOM TMpHU-
MEHSETCS IPU apTrOHOIyTOBOM HaIIaBKe.

DNeKTpoLyroBasi cBapka Ioj cjioeM (Quiroca Mo CyTH, SIBISIETCSI pa3BUTHEM pPYyUYHOU
HaIUIaBKH 3JIEKTPOJIaMU C TOJICTHIMU KaueCTBEHHBIMHU MOKPBITUAMU. DJIEKTPOIIIaKOBasi Ha-
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IUIaBKa XapaKTEepPH3yeTCsl TEM, UYTO Ha HarpeToi MOBEPXHOCTH JAeTaiu oOpaszyeTcs BaHHA
pacIuIaBIeHHOTO (proca, B KOTOPYIO BBEJIEH 3JIEKTPOJI, @ K JIETaIM U AJIEKTPOIY MPUIIOKEHO
HanpsikeHue. TOK, NPOXOAAIIMN OT 3JIEKTPOAA 4epe3 KUAKUAN 1IJIaK K ACTaJIU, BBIIEISAET Te-
IUI0, JOCTAaTOYHOE ISl IUIABJICHUS 1IIJIaKa U AJIEKTPOHOTO METaslIa.

OIIH npuMeHSIOT 17 MOJMy4YeHHs OMMETAUIMYECKUX M3JENHNA U BOCCTAHOB-
JICHUsI U3HOUICHHBIX MOBEPXHOCTEH KPYMHBIX JeTajnel ¢ u3Hocom > 10 mm. Takum oOpazom
BOCCTAHABIIMBAIOT OTOPHbIE KATKU T'yCEHHMYHBIX MAIlWH, 3BEHbS T'yCEHHI, paboTaroiue B
abpa3uBHOM cpesie, HHCTPYMEHT, MECTEPHU KOPOoOOK nepenad u apyrue netamu. DIIH nemne-
CO00pa3HO MPHUMEHATH MPH OOJBUIMX MAPTHUAX JeTalle W 3HAYUTEIbHBIX O00BbeMax Haruia-
BOYHBIX PaboT.

CyIIHOCTh HaIUIaBKU B CPEZE 3alUTHBIX ra30B COCTOUT B TOM, YTO B 30HY 3JIEKTPHU-
YeCKOW IyTHW MOJAIOT MOJI JABJICHHEM 3allUTHBIA Ta3, B pe3yjbTaTe 4ero CToJIO AyTH, a TakK-
’K€ CBapOYHAasi BAHHA U30JIMPYIOTCS OT KMCIOPOJA U a30Ta BO3yXa.

Jns cozmanus 3alMTHON aTMoc(epsl HCIONB3YIOT: HHEPTHBIE Ta3bl (aproH, Tefuil u
UX CMECH), aKTMBHBIE T'a3bl (JUOKCUJ YTJEpoa, a30T, BOJOPO, BOASHOM Nap U UX CMECH) U
CMECH MHEPTHBIX U aKTUBHBIX ra3oB. Pa3HOBHUIHOCTBIO Ipoliecca SBJISETCS ra3oIulaMeHHas
3aluTa OT CTOPaHUs FOPIOYMX Ta30B WIN XKHUJIKOTO YIJI€BOJOPOIHOTO ToluMBa. Hanmyunryro
3alIUTy MeTajlla PU HalulaBKe 00eCneYMBAOT MHEPTHBIC Ta3bl, OJHAKO UX MPUMEHEHHE OT-
PaHUYMBAETCS] BBICOKOW CTOMMOCTBIO.

[TpumMenenue ¢uroca WM 3alIUTHBIX TA30B NPU JAYTOBOM HAIUIABKE CBSI3aHO C OTpe-
JICJIEHHBIMA TEXHOJIOTUYECKUMU TPYJIHOCTAMHU. Vcrosip30BaHHME MOPOIIKOBOM MPOBOJIOKU
WM JICHTBI ¢ HEOOXOJIMMBIM COCTaBOM CEpJICYHHKA TO3BOJISIET OTKa3aThesa OT ¢uoca U 3a-
IIUTHBIX Ta30B.

B cocTaB cepiedHMKOB 3JIEKTPOJIHBIX MAaTEpHUaIoB KpPOME MOPOILIKOB JIETHUPYIOIINX
KOMIIOHEHTOB BBOJISIT r'a30- U IUIAKOOOpa3yIOUIUe BELIECTBA, KOTOPBIE 3aILMIIAIOT KUIAKUAN
METaJUT OT BO3ACUCTBHSI aTMOC(ephl ¥ MOBHIIIAIOT CTAOMIBHOCTH MPOLIECCa HATUIABKH.

Bubpoayrosas HamgaBka: 3JIEKTPOJ U J€Tallb OIUIABISIOTCS BO BpEMsI yTroBOro pas-
psiza, IpU 3TOM Ha KOHIIE 3JIEKTpoJ1a 00pasyeTcs Karuis MeTajuia. MenKokaneJibHbIi epeHoc
MeTaJlla Ha AETajb MPOUCXOAUT NPEUMYILECTBEHHO BO BPEMsI KOPOTKOIO 3aMblKaHus. Tak
KaK JUIMUTEJIbHOCTh CYIIECTBOBAHMA AYTU cocTaBisieT ~ 20 % BpeMeHU 1MKJIa, TO poBap OcC-
HOBHOT'O M€Tajljla HerJTyOOKuii, ¢ HEOOJIbILIONW 30HON TEPMUYECKOTO BIUSHUS.

NMnynbcHO-IyroBasi HamjiaBKa IMpEACTaBiIsieT cOO0M Pa3HOBUIHOCTH 3JIEKTPOIYTO-
BOU HaIUIaBKH. B 3TOM ciydae Ha OCHOBHOW CBAapOYHBIM TOK HEMPEPBIBHO TOPSAIIEH AYTH C
MOMOIIBIO CNEUUAIBHOTO I'eHepaTopa HajlaraloT KpaTKOBPEMEHHbIE MMITYJIbChl TOKA, KOTO-
pBI€ YCKOPSIIOT NIEPEHOC Kalleslb METAJIJIa U YMEHBIIAOT UX pa3mep. InasmenHas HaruiaBka -
ATO MPOLECC HAHECEHUSI IOKPBITHH IJIa3MEHHOM CTPYEeH, KOorja JAeTajlb BKJIIOYEHA B LENb TO-
Ka Harpy3ku. B 3ToM ciydae ¢ MOMOIIBIO IUIa3MEHHOW CTPYHM HArpeBarOTCs MOBEPXHOCTH
BOCCTAHABIIMBAEMOW JE€TAIM U HAHOCHMBIM MaTepuan. Marepuas nepeMeniaeTcs Imia3MeH-
Hoil cTpyeit. Temneparypa ee mosxet npesbimars 20 000 K.

[Ipn muia3aMeHHOM HaIUIaBKE B OTVIMYME OT aprOHOAYTOBOM HAIUIABKU 3JIEKTPUYECKas
Jlyra C)KUMAeTCsl CTEHKaMH BOJOOXJIaXK1aeMOro colula. ['a3, mpoyBaeMblil CKBO3b 3Ty JyTY,
npuoOpeTaeT CBOWMCTBA IJIa3Mbl - CTAHOBUTCS MOHU3UPOBAHHBIM U 3JEKTPONPOBOISILIKM.
Croif ra3a, conpHKacarmIUics cO CTEHKaMU COIJIa, UHTEHCUBHO OXJIAXKJAeTCsl, yTpauuBaeT
AIEKTPONPOBOAHOCTh M BBINOJNHAET (QYHKIUU 3JIEKTPUUECKON M TEIUIOBOM HM30JIALIMH, YTO
NPHUBOJIUT K YMEHBIIEHHIO JHAaMETpa IUIa3MEHHOM cTpyH, KOTOphIit coctasisier 0,7 nuamerpa
coma. B xkauecTBe miasmooOpasytoniero rasa yamie npuMensiercs aprod. Harmnaska ¢ 3ame-
HOM aprona Bo3ayxoMm (10 90 %) 3HaYMTENbHO CHUKAET CTOMMOCTbH BOCCTAHOBJICHUS JeTa-
JEH.
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CYI_]_[HOCTB BHGKTpOMaFHI/ITHOf/’I HaIlUIaBKW 3aKJIH0YAaCTCAd B HAHCCCHHU IOKPLITUSA U3
Moponika Ha MOBCPXHOCTH 3ar'OTOBKM B MArHMTHOM IIOJIC IMPU MPOITYyCKAHHUH IMMOCTOAHHOTO
TOKa 0O0JIBIION CUJTBI YE€pe3 30HbI KOHTAKTA YAaCTHUIl OPOIIKA MEXIY COOOM U C 3arOTOBKOM.

MarnutHoe 1oJje co37alT B 3a30p€ MEXAY 3arOTOBKOM U MOJIOCHBIM HAKOHEYHUKOM.
OHO BBICTPAaWBAET MOCTHKH YacTHI (PEPPOMArHUTHOTO IMOPOIIKA MEXIY YKa3aHHBIMU 3Jie-
MeHTaMu. Ha MaruutHoOe 1ose, B CBOIO Ouepe/ib, HAJaratoT 3JEKTPUUYECKOE MoJIe MyTeM IpH-
JIO’KEHHUSI HAIpPSDKEHUSI K 3arOoTOBKE M MOJIFOCHOMY HAaKOHEUHUKY. BoccraHoBuTenbHOE 1MO-
KpBITHE TOJIy4aeTCsl 32 CUET HarpeBa YacTHIl MOPOIIKA B 3a30p€, UX OIUIABJICHUS M 3aKpeTl-
JIEHUS Ha BOCCTaHABJIMBAaeMOU IIOBCPXHOCTH.

JlazepHas HamaBKa MCHOJB3YET B KaU€CTBE MCTOYHHUKA TEIIa KOHIIEHTPUPOBAHHBIN
Jyd Jasepa.

C noMmoI1bIo J1a3epOB BHITIOJHAIOT: HAIJIABKY, OIUIABJICHHE HAINBLICHHBIX MOBEPXHO-
CTEH, MOBEPXHOCTHOE JISTHPOBAHUE, IMOBEPXHOCTHYIO 3aKAJIKy W aMOp(H3aIMI0 MaTepua-
na. JlazepHblil BUI HarpeBa Mo3BOJISIET TAKXKE YCTPAHATH MOBPEKICHUS B BUJIE TPEIIUH B BbI-
COKOHArpy>K€HHBIX JETaIX ¢ HEPETyIIPHBIM PEXMMOM HArpy»KEHUSA, COCAUHATH JETald B
TPYIHOAOCTYITHBIX MECTax M Kepamuueckue u3nenus. [locne mazepnoit 06paboTku neraneit ¢
TpPEMMHAME TI0 PEXHUMY, 00ECIIeUMBAIONIEMY WX YAaCTHYHOE OTUIABJICHHE, C MOCIEIyOMIeH
HOpMamm3aInuen aetam padora paspymienus netam Ha 30 % BbIle 0 cpaBHEHUIO ¢ 00pa3-
namMu, UMCIOIIIMMHU Ha4YaJIbHBIC TPCIIHUHEI.

CyIIHOCTB 3JEKTPOHHO-ITY4Y€BOM HAIJIAaBKU 3aKJII0YAETCSl B HArpeBe Marepuaia u Io-
BEPXHOCTH JECTAJIM MOTOKOM 3JIeKTpOHOB. Crioco0 00ecrneunBarOT BbICOKOKOHIIEHTPUPOBAH-
HO€ BJIOJKEHUA DHEPIUU B HATPEBAEMYIO IIOBEPXHOCTb.

l'a3zoBasg HarulaBKa: 3TOT BUJ HAIUIABKU IMOJYYWII PACIpPOCTPAHEHHE NPU HAHECECHUU
HOKpI:ITI/If/'I N3 IBCTHBIX MCTAJIJIOB B BHUJC IMPOBOJIOKHW U TBCPJLIX CIUIABOB B BUJC IOPOLIKA.
HCCMOTpH Ha HCBBICOKYIO MOIIHOCTH I'a30BOTI'0 INTaMCHH, OHO Oa€T MSITKHAH ¥ JTOKaJILHBINA Ha-
r'p€B, MMO3BOJICT HAHOCUTD INIOKPBLITHA Ha MaJIOFa6apI/ITHI>IC ACTaJIn C HEOOJILIINM HU3HOCOM B
TPYAHOLOCTYIIHBIX MECTaX.

Cnucoxk aurtepatypbl: 1. BoccranoBnene neraneid mamua: CrpaBounuk / @.U.
[Tanreneenko, B.IIL. Jlsusakun, B.I1. MBanoB, B.M.Konctantunos; [lon pen. B.I1. Banosa.-
M.: Mamunoctpoenue, 2003.-672c¢. 2. BoccTaHoBlIeHHE U3HOIICHHBIX JI€Tale aBTOMaTH4e-
ckoi BUOpoayrosoil HamaBkoi. YensOunck, Ku. U3n., 1956.-207c. 3. BoccraHoBienue us-
HOIIICHHBIX JIeTalle HaTtulaBKo# TpyOdareiMu anektpogamu. M., LIBTU, 1960.-33c.

OCOBEHHOCTHU U3HOCA ABUAIIMOHHBIX 3YBUATBIX IIEPEJJIAY
3axapuenko A.Jl., leBuenko K.U. (xagh. mexanuxu, TPTY, 2. Tacanpoe, Poccus)

3yOuarble mepenayu UMEIOT IIHPOKOE NPUMEHEHHE B aBHAlMOHHOM M KOCMUYECKOM
TeXHUKe. MIX HCnonp3yroT U1 nepeiadn BpaulaTesIbHOrO JBUKEHUS W MOITHOCTH C U3MEHE-
HUEM 4YacTOT BPAIEHUS M BPAIIAIOIIKAX MOMEHTOB B CUCTEMaX yIPAaBJICHHUS U B CWIOBBIX yC-
taHOBKax JIA, MexaHM3MaxX M3MEHEHHs CTPEJIOBHIHOCTH KpbUIa CaMOJIETa, IVIABHBIX U MPO-
MEXYTOYHBIX PEIYKTOpPax W MPUBOJAX PYJIEBBIX BUHTOB BEPTOJIETOB, CTBIKOBOYHBIX yCTPOU-
ctBax JIA u T.4. [Ipu npoextupoBanuu 3yOuateix nepenad JIA ctpemsiTcs o0ecneuuTs npu
BBICOKOM YPOBHE HAJIeKHOCTH Majlyl0 OTHOCUTENIbHYIO Maccy y=m/Tx Hepenad u axyp-
HOCTb KOHCTPYKIMI 3y04aThIX KoJiec (m — macca nepenaud, Kr; Trex — MaKCUMallbHBIM Bpa-
niaTeNbHbIH MOMeHT, H-m).



166 Tpo61eMbI NOBLIEHAS] KAYECTBA MPOAYKIIHA MAIIMHOCTPOEHUSI

OCHOBHBIMHU MPUYUHAMH BBIX0/1a U3 CTPOSI aBHALIMOHHBIX 3y0YaThIX KOJIEC SBISIOTCS
HeTIpaBWJIbHBIE YCIIOBHSI HKCIUTyaTalluy, BBIOOp Marepuaia M OMHUOKH B KOHCTpYKIMH. Oc-
HOBHBIMH BHJIAMH Pa3pyIICHHUs SBIAIOTCA KOHTaKTHble paspymeHus (1o 80% OpaxyeMbix
3y04aThIX KOJIEC), M3HOC aKTUBHBIX MOBEPXHOCTEH 3yObeB, 3aAUPHI 0 OOKOBBIM MOBEPXHO-
CTSIM Ha y4acTKax HEMOCPEICTBEHHOT'O KOHTAKTa U pa3pyLIeHUs (IOJIOMKH) 3yObeB.

KonTakTHble paspylieHus 3yObeB SBISAIOTCS OCHOBHOM NMPUYMHOU OTKAa30B OBICTPO-
XOJIHBIX 3yOuaThIX KOJEC B XOPOILIO CMa3blBAEMbIX 3aKPBITHIX nepenadax. OCHOBHBIMU IpH-
YHHAMH KOHTAKTHBIX pa3pyLIeHUil 3yObeB SIBIAIOTCSA: KOHIEHTPALMSA HArpy3KH IO JUIMHE U
npo¢uto 3y0seB, 0COOCHHO MPOSIBIAIONIASsICS IPU TBEPABIX 3yObsIX BBUY MX IUIOXOW MpHpa-
0aTBEIBACMOCTH;

OCHOBHBIMU MPUYUHAMH KOHTAKTHBIX pa3pyLICHUI 3yObeB SBISETCS KOHLEHTpAIUs
HArpy3KH 10 JJIMHE U MPOQIII0 3y0beB, HATMYHME OCTATOYHBIX PACTATHBAIONINX HAPSIKCHUH
Ha pabo4MX MOBEPXHOCTSX 3yObeB, HEOIArONMPUATHBIE IKCIUTyaTallMOHHBIE UCKAXXKEHUS MPO-
¢uieii 3yObeB ¥ BO3ICUCTBUE HA 3yObsl CMa3KH.

KoHneHnTpanust Harpy3ku Ha 3yObs BBI3BIBACTCS JIOKAIU3AIMEH KOHTAKTa 3yObEB M3-3a
neeKTOB M3TOTOBIECHUS 3y04aThIX Iepeaad U UX cOOpKH, HEOJAronmpUsSTHBIX YNPYTHX Je-
dopmanmii netaneil B CBSA3M ¢ HEJOCTATOYHON JKECTKOCTBIO, HEPAaBHOMEPHOTO M3HAIIMBAHHMS
3yObeB coeanHenuil. Kak npaBuio, B OOJIBIIMHCTBE Cly4aeB KOHIEHTpAIUsl Harpy3KH MPOsiB-
JseTcs y OAHOTO M3 KpaeB 3y0a. KpaeBble KOHTaKTHBIE pa3pylleHHss OObIYHO BO3HUKAIOT Ha
3yObsIX KOHMYECKHMX 3yOuaThIX KOJIEC, YTO CBA3aHO C HECOBEPUIEHCTBOM TEXHOJOTHMM HUX
cOOpKHU.

Ha puc. 1 mpuBenensl XxapakTepHble NPUYMHBI KOHTAKTHBIX pa3pyllIeHHH, 00yClI0B-
JICHHbIE KOHIEHTpaIMeil Harpy3KH: a — KpaeBoe JIOKAJIIbHOE pa3pylleHue, 0 — CpeJMHHOE pas-
pYIIEHUE NpHU NepeKoce 3yObeB B 3alCIJICHUH, B — IPEPBIBUCTBIC Pa3pyLLIEHHs HA BOJHUCTOM
paboueil MOBEPXHOCTH, T — KPA€BOE JIOKAJIbHOE pa3pylLIeHNEe U3HOLUIEHHBIX 3yObEeB.

KonrakTHble pa3pylieHus, CBA3aHHbIE C HAJMYMEM OCTATOYHBIX PACTATMBAIOLIUX Ha-
NpsOKEHUH BO3HUKAIOT MPEMMYIIECTBEHHO B 3yObsX KOJIEC ¢ IEMEHTOBAHHBIMU M 3aKaJICHHBI-
MU, a 3aTeM HUTM(QOBaHHBIMU 3yOBSIMH, B CBSI3U C 00pa30BaHUEM NPU NUTM(POBAHUN CTPYKTY-
PHBIX KOHLIEHTPATOpPOB HampsbkeHuil (puc. 2). I'py0Ooe numdoBanue 60KOBBIX MOBEPXHOCTEN
[IEMEHTOBAHBIX U 3aKaJCHHBIX 3yOhEeB MPUBOJIUT MHOTA K 00PA30BAaHHIO KPYITHBIX OTCIIaNBa-
HHUIA TIOBEPXHOCTHBIX cjioeB marepuaia (0). [Ipum ynpouneHnn 3y0beB TONBKO MO OOKOBBIM
CTOpOHAM B INPOLIECCE IKCIUTyaTallMd MHOTAA BO3HMKAIOT CKOJbI MaTtepuana (B). MHoraa npu
NUTM(POBAHUM B OTIYIIEHHBIX 30HaX 3y0a KOHTaKTHbIE pa3pylLleHHs OPHUEHTUPYIOTCS B Ha-
NpaBJICHNHU NUTH(OBOYHBIX IITPUXOB (2).

B GricTpoxomnbix nepenavax (mpu V>100 M/c) mpu cTpyiHON cMa3ke 3yObeB Ha WX
pabouyux MOBEPXHOCTSX BO3HUKAIOT BHadajle H)PO3HOHHBIE MOBPEXKIECHUS OT MEXAHUYECKOTO
BO3JIEHCTBUSL CTPYHM Macina, a 3aTeM MOoJ JEHCTBHEM BO3pACTAIOLIMX MECTHBIX HalpsKEHUH
MPOMCXO/INUT BHIKPOIITMBAHUE MaTepralia Ha 3yObsX.

HebGnaronpusiTHble 3KCIUTyaTallMOHHBIE UCKaXEHUsI MpoQuieil 3yObeB MPOUCXOIAT y
HETO/IBUKHBIX 3yOUaThIX KOJIEC BHICOKOHANPSIKEHHBIX IUIaHETapHbIX nepeaad. [lo mepe skc-
IUlyaTalliy nepenad npoduib padouell MOBEPXHOCTH 3yObeB MCKa)KaeTcs, KOHTAKTHHIE Ha-
NpsDKEHUS. B 30HE TOJHOTO 3alleIUIEHUs] TOCTUTaloT Mpe/esia KOHTAaKTHOM BBIHOCIMBOCTH, a
3aTeM U MPEBBIILIAIOT.
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Puc. 2. KonrakTHble pa3pyIieHus, 00yCIOBICHHBIC OCTATOYHBIMH PACTITUBAIOIIUMHI
HaIpsHKEHUS MU

N3HOC 3y0ObeB SBISIETCS OCHOBHOW NMPUYHMHOW OTKA30B 3yOUaThIX KOJEC OTKPBITHIX U
3aKpBITHIX Tepeaad, padoTaromuX B adpa3uBHOM cpene. BenencTBue HEOIMHAKOBON pabOThI
CWJI TPEHHS B Pa3HBIX TOYKaX NPOQuIst, H3HOC HEPaBHOMEPEH.

B pasznbIx Toukax npo¢usis 3yObeB KOHTAKTHBIE JABJICHUS U CKOPOCTH OTHOCHTEIILHO-
IO CKOJILKCHHUSI HEOJAMHAKOBBI, MO3TOMY H3HOC 3yObeB IO MpoGII0 HepaBHO3HaueH. Yare
BCEr0 MAKCUMAaJIbHBIA U3HOC UMEET MECTO B 30HE OJHONAPHOIO 3aLEIICHUs, TJ1€ KOHTAaKTHas
Harpy3ka MakCHMaJbHa.

HepaBHOMepHBIN U3HOC y KOHUYECKHX 3yOOBBIX KOJEC OOBSCHSIETCS HECOBEPIICHCT-
BOM TE€XHOJIOTHH COOPKH 3THX Tepead U KOHTPOJIS M0 MECTY KOHTaKTa 3yObeB.

Pa3pymenus (n3mombl) 3yObeB AENSATCS HA YCTaJOCTHBIE U HeycTajocTHele. [locnen-
HHE, KaK MPaBUJIO, UMEIOT B CIIyyasX CTaTMYECKOTO WM YJapHOTO BO3/IEUCTBUS HArPY3KH.

VYcranocTHele paspyleHHus 3yObeB, Kak NMPaBUiIO, HAUMHAIOTCA OT MEPEXOJHON MOo-
BEPXHOCTHU 3yObeB, ¢ UX pabouynx OOKOBbIX cTOpOH. [Ipu Hamuuuu B 3yObsX JIOKaJbHBIX Jie-
(GeKToB pa3pylIeHHs MOTYT HaYMHATHCSA OT 3TUX ACPEKTOB JlaXe B TeX Cydasix, KOrja OHU
PacIoI0KeHbl HA HEKOTOPOM PACCTOSHUU OT IOBEPXHOCTH 3y ObEB.
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Cnucox autepartypsi: 1. 3yOuatsie nepenaun: CrnpaBounuk / [Tog pen. E.I'. T'unz-
Oypra. — JI.: Mammnoctpoenue, 1980. — 416 c. 2. OcHOBBI pacyeTa 1 KOHCTPYHUPOBAHHUS JI€Ta-
Jeld 1 MEeXaHU3MOB JIeTaTeIbHbIX anmapaToB.: Yueb. mocobue. / [Tox pen. B.H. Kecrensmana,
["'M.Pomuna.: MammHoctpoenue, 1989. — 456 c. 3. ABnanrioHHbIe 3y0UaThie MepeIadu u pe-
nyktopsl: CripaBounuk / [Tox pen. D.b. bynrakosa. — M.: Mammnoctpoenue, 1981. — 374 c.

®OPMUPOBAHUE TPUBOTEXHUYE CKUX XAPAKTEPUCTUK COEJVUHE HUM
TPEHUS CKOJbXXEHNS KOMBUHUPOBAHHON AHTU®PUKIIMOHHOMN
OBPABOTKOM (KA®O)

Kapacésa H.C. (xag. TM, BI'TY, 2. bpanck, Poccus)

[ToAMMITHUKY CKOJIBKEHHS HAXOMAT IIUPOKOE MPUMEHEHHE B BHICOKOTOUYHBIX Y3Jax
MalIMH U MEXAHU3MOB, B TOM YHCJIE B TEXHOJOTHYECKON OCHACTKE (IIEpEeIHUE U 3aJHUE Ha-
NpaBJsIONIME OOPIITAHT PACTOYHBIX CTAHKOB H Jp.), paboTaronield B TMHAMUYECKOM PEXHIME.

st 06paboTKM MOBEPXHOCTH Basla Kak 0ojiee TBEPAOTO JIEMEHTa, BO MHOTOM OTIpe-
JeNAI0IIero TPMOOTEXHUUECKHE CBOMCTBA COEAUHEHUS, MPEAIOKeHa KOMOMHUPOBaHHAs aH-
TUPPUKIHOHHAS 00pabOTKa, KOTOpasi COCTOUT M3 TPEX MOACUCTEM: |- mpeaBapuTeNbHas YHc-
TOBasi 00paboTKa (YUCTOBOE TOUYeHHE OO IITH(OBaHUE); 2 — MOAM(UKAIIUSI TOBEPXHOCTH
MyTeM HaHECeHHs MATKON MpUpadOTOYHON IIIEHKH OJTHIUM M3 U3BECTHBIX CIIOCOOOB (XMMUYE-
CKUM MEIHEHUEM 100 (PpUKIMOHHBIM JIATyHUpOBaHUEM); 3 — ¢unumIHas oopadoTka ITIT/].
B kaudectBe Mmopenen

(D N ©) S ©) T BaJOB Opaiuch o00pasupl U3
11 R 21 R 3L IR;, cramu 45 (HRC 48...50),
e gl 0.2 21 0. == paboune MOBEPXHOCTH
K 11 v 21 = | ey KOTOpBIX ObUTH 00paboTaHbl ¢

0 | . iy -
. | R ¢ ucnombsosannem npeyia-
e ' O L_._ ' 0 i_]'“__ racMou TPEXCTYIEHYaTON
1 12 I _I'{ 2|57 32 T_= - KOMOMHHUPOBAaHHON aHTH-
p— 12 = R — |p (OPUKIMOHHOM 00paboTku

22 R,

ﬁYl 2 TTYzz ﬁ Y32 32 (KA®O). Mogenu BkiaabIei

W3rOTaBIMBAIUCH W3 OpOH3bI

OLC 5-5-5 wu aHTU]pUK-

nuoHHoro uyryna ACY 1.
Uccnenosanace Tpubdo-

Puc. 1. Ctpykrypa TC koMOMHUpPOBaHHOI 00pabOTKHM Ha
OCHOBE MOJM(UKAIMN TOBEPXHOCTH MATKUMU TIPUPad0o-
TOYHBIMHU MaTepUAIAMH H MTOCIIEAYOIICH 00padoTKH

TEXHOJIOTUYECKast cucTeMa,
[TITA: 1 — npenBaputenbHas yuctoBasi oOpaboTka; 2 —
o BKJTIOYAFOTIIAst CIIe Ty FOTITHE
HAaHCCCHHUC MATKOI'0O MaTcpHralia HpI/Ipa6OTO‘-IHOI/I TUICHKH,
METOObI u PEKUMBI I
3 — puHHUITHAS OTAENOYHO-yTIpOUHsIomas 00padboTka .
nojcucteM: 1)  yucTOBOE

ToueHue Kommno3utoMm 10

ckopocth Vr [M/MUH], mojgaya
S [MM/00] u rirybuna t [MM] pe3anus, kéctkocth TC j [kH/mMM]; 2) Moaudukanust noBepXHo-
ctu (MII) (ppuxumonnoe narynuposanue (3,0) u xumnyeckoe mennenue (1,5)); 3) anmasHoe
BeiTiaxxuBanue (AB) — cuna Qap [H], momaua Sap [MM/00] 1 ckopocTh V ap [M/MUH] 1ipu pa-
auyce uHiaeHropa r = 3,5 mM; 4) npupadotka conpsikenus (IIP) — ckopocts Vyp [M/MuH] 1
noroHHas Harpy3ka P [H/mMM] npupabGotku, AP/P — oTHOCcuTenbHas (IyKTyalus Harpys3ku B
JTUHAMUKE.
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Marpuiia TIaHUpOBaHMS TPEICTABIIET cOO0M KOMIUIEKCHBIM IJTaH HCCIIENOBAHMS I10
CXeMe aKTMBHOIO HKCIEPUMEHTa TPUOOTEXHOJIOTHUYECKON CUCTEMBI, BKIIOUAIOIIEH TPEXCTYICH-
4aTyIo aHTUQPUKLIHOHHY0 00paboTKy ¥ (haKTOpbI mportiecca npupadboTku (tad. 1).

Ta6mmma 1. KogupoBanue haktopoB u obmactu GakTOpHOTO MPOCTPAHCTBA TPUOOTEX-
HOJIOTUYECKON CUCTEMBI

DarTopsl TPHEOTEXHOTOTHYECKOH CHOTEMED
Kon 10X | X% | X [ X)) X% | X | X X% | X |Xn| Xz
barTopa . - - ; , -
Vr ST t 1 My | Qas | SaB | VaB | Mun | Vip | Prp | APP
- 65 | 00571 01 25 |15 100 | 0075 &5 p 10 a0 | 014
+ 2001015 |0zl 162] 2 2001 0,15 | 100 o a0 a0 | 025
IlogcrcTeMEL 1 2 3 4
4 _ UTKI0(2% -
E ) UTKI0 +MIT (251 . MogemeTema
< > - TIPE a b OTER o
c . UTE10 +MIT + A (254 N
D ) UTKIO +MIT + AR + [IP(2129) .

[To pesympraTam oOpaboTku NaHHBIX Ha DBM cTpomimch (DU3UKO-CTATUCTUIECKUE
moaemu Ko66a-/lyrinaca ¢popmupoBanus uccieayeMbix napamerpoB Yi oT pakTopoB Xy TpH-
0O0TEXHOJOTUYECKON CUCTEMBI, UMEIOLINE BU/T:

Y, =B - X7 X,P L x P (1)
rre Bo, fi — MaTeMaTHUECKUE 0KUTAHUS CIy4YaiHBIX KO3(PPUIINEHTOB MOIEIH.

B kauectBe napamerpoB Y; paccMaTpuBalIuCh NapaMeTPhl ILIEPOXOBATOCTH, BOJIHUCTO-
CTH U OTKJIOHEHUH OT KPYTJIOCTH, @ TaK k€ TPUOOTEXHUUECKHE XapAKTEPUCTHUKU COECTUHEHHM.

Jliis kaxaoi craguu 00pabOTKH TOJTyYEHBI aIeKBaTHBIC (DU3UKO-CTATHCTUIECCKHIE MO-
nend GopMUpoBaHUs napameTpoB. Tak, Ui OKOHYATEIbHOIO 3HaueHUs mnapamerpa Ra (uuc-
TOBOE TO4YeHHE KoMIo3utroMm 10 + moaudukanys MoBEpXHOCTU + aJIMa3HOE BbIIVIA)KUBAHUE)
UMEEM:

S(t),41 -t0’25S%]13
Vi Qs - Vig
rie K = 1,51’05 = 1,53 — mis xumudeckoro meanenus; K = 3,01’05 = 3,17 — i GpUKIIMOHHOTO
JATyHUPOBAHUS.

[Ipu uccnenoBanun OTKIOHEHHH OT Kpyrioctu B cootBeTcTBUM ¢ ['OCT 24642-81
pacemarpuBaiick napametpsl EFK (F), EFKa (Fa), EFKq (Fq), TFE (a/b). Ix ¢popmupo-
BaHUE TAaKXKe MCCIEI0BAIOCh Ha Bcex nociieqoBaTenbHbIX cTaqusix KADO. B pesynpraTe 00-
pabOTKH SKCIIEPUMEHTAJBHBIX JaHHBIX JJISI TEPBOM CTaAud KOMOMHHUPOBAHHON 0O0pabOTKH

MOJIy4eHbl (U3UKO-CTATUCTUYECKUE MOJETH (HOPMHUPOBAHUS MAapaMETPOB OTKIOHEHUH OT
kpyrnoctu. Tak, nis mapamerpa EFK:

Ra=14K ()

0,06 0,044 0,31
VT * ST * t

EFK =33,33K, A3)

i

[To 3aBepiienuu craguu 06pabOTKU (YUCTOBOE ToueHHe Kommo3zutoM 10 + Monuduka-
U1 TIOBEPXHOCTH) YCTAHOBJICHO, YTO BIJIMSIHHE COOTBETCTBYIOMIMX (PakTOpoB Ha (popmMupoBa-
HUE pacCMaTPUBAEMBIX MapaMeTPOB yOBIBACT MO CIEAYIONICH LErnovYKe (B CKOOKaX yKa3bIBa-
eTCS CyMMa MECT, 3aHMMAaE€MbIX KaXKIbIM COOTBETCTBYIOIIMM (haKTOpOM 0OpabOTKU IO €ro




170 IIpo6.1eMbI NOBBIICHUS Ka4YeCTBA MPOAYKINH MAIIMHOCTPOCHUS

BIIMSTHUIO HA KaKABINA U3 YETBHIPEX NapaMETPOB):
§(5) = M, (8) > HVtT((IISS)) = 87,

N3BecTHO, 9TO 00pabotka IIIIJ] ycTpolicTBOM ympyroro ACHCTBHUS HE JTOJDKHA WC-
NPaBISITh NOTPEUIHOCTA (POPMBI, B TOM YHUCIIE OTKIOHEHHUS OT Kpyriaoctd. OHaKo B pe3yJb-
TaTe HKCIEPUMEHTOB BBISICHWIOCH, YTO aJIMa3HOE BBIIJIa)KMBAaHUE HA MOCIEIHEN CTaAUU KOM-
OMHUPOBAaHHON 00pPabOTKM CIIOCOOCTBYET CHIDKEHHMIO BEIMYMHBI paHee Cc(HOpPMHUPOBAHHBIX
napametpoB EFK u 1p. YcTaHOBIEHO, YTO 3TO NPOUCXOJUT 3a CUET B3aUMOJACHUCTBUS KHHE-
MaTudecknx (akropoB mporecca AB (Vap, Sag) U JTUHAMHYECKHUX MApaMeTPOB yCTPOICTBa
(Qo, m, ¢), korga nporuecc AB npuGnkaercss K rpaHuIle TEXHOJIOTHIECKONH YCTOMYMBOCTH.
Beenensl ko3 durmeHTs BIUAHUS (AKTOPOB AIMA3HOTO BBITJIAKMBAHUS HA MapaMeTphl OT-
KJIOHEHUH OT KpyTiocTH, onpeaensemsie 1o obmeit 3aBucumoctu Kpj = Pi ag / Pi np, r1€ Pi np,
P;i A — BenmmuuHa i-TOTO MapamMeTpa, MoJlyueHHOTO B Pe3yJbTare MpeaABapuTeIbHO 00paboT-
ki ¥ nocneayromero AB coorBerctBeHHO. KoadhuimeHTs BIUSHUSA UMEIOT B paccMaTpH-
BaeMoil (pakTopHO#l obmacTu ciemyromue uHTepBajibl BapbupoBaHusi: Kgrk = 0,56...0,95;
Kgrka = 0,58...0,81; Kgrkq = 0,64...0,91; Kypg = 0,65...1,1.

MukpoaHnanu3 Tonorpaduii pyHKINOHATBHBIX MOBEPXHOCTEH BaJIOB JI0 | mociie o0pa-
OOTKH CBUJIETEILCTBYET O TOM, UTO MSTKasi MpUpadOTOUHAs TUIEHKA, CYIIECTBOBABINAS MOCTE
QJIMa3HOTO BBITJIAXKUBAHUS, COXPAHSIETCS U MO 3aBEPIICHUIO MPOLEccoB mpupadotku. [Tpu-
4EéM, 9TO MPOMCXOANT HE3aBUCHUMO OT YPOBHEW HCCIelyeMbIX (haKTOpPOB, a TaKkke OT Tapa-
METPOB UCXOJHOU M c(hOpMHUPOBABLIEHCS IKCIUTyaTalIMOHHON IIEPOXOBATOCTH HAa IMOBEPXHO-
CTSIX BaJla ¥ BKJIAJbILIA.

O6paboTka pe3yabTaTOB IKCIEPUMEHTAIBHBIX JAaHHBIX Jlajla BO3MOYKHOCTh MMOCTPOUTH
aJIcKBaTHbIE (i)I/ISI/IKO-CTaTI/ICTI/I‘-IeCKI/Ie I/IMI/ITaHI/IOHHHe MOJIEIH:

Y; =boK K, Vi St P QS Mg Vil Vi Pz AV )

rae Yi — i-ag TpuboTexHUYecKas XapaKTepUCTHKa; Kl, K; — xoa¢dunmenTs1, yaursiBaromme
Bu nipupaboTouHO# TI€HKN (ppuknuonHOe naryHupoBanue (JID) wnmn xummaeckoe MenHe-
Hre (MX)) u MaTepuan BKJIaJpllIa COOTBETCTBEHHO; bk — koadpdunmentsr moaenn KoboOa-
Hyrnaca (Ta6:m1. 2)

Tabmuua 2.1lapaMeTpbl UMUTALIMOHHBIX MOJENIEH

Ko- K, K,

sdd | bo JqI) MX | Bp |ACU by | b2 | bs | bsa | bg | b7 | bs | bio | bi1 | b1z [Fpacy
fi |20 (131|110 111] ' |0,060.04]-0.050.02|-0,07|047|-0.050.32}0,09| — | 1.3
f |2.82(1.64/120 092 % 0.03/020]0.19]0.11 -0,14]0.28 | 0.030.350.03 |0.62 | 0.5
hoi |3.74]1.20|107]1.23| 2 0.31]0,15]0.02|0.04|-0,38/0,32 |0.68 |0.05 [0.74|0,19| 5.6
ho> [8.08(1,10/1,04 (128 12! 10.07]0.27{0.09|0.07-0.16/-0,04/0,05 |0.04 |0,10 [0.40| 4.7

g0 307|123 og7| %) (0,08 022 {021 [0.13 0,17]0.43 0,05 -0.43 0,10/ 0.76 | 2.8

L1080 124|094 ] % | 0.08[022 0,14 |0.14 0,13 0.25 -0.06| 0.4 | 0,02 |0.64 | 2.1




