Koncnekr jJexkuuii mo nucuuiminge "'TexHoioruueckoe ooecneueHme
KauyecTBa''

Tema 1.1 7Ku3HeHHBIH HUKJ U3AeJHIl MAIIMHOCTPOEHHMS. JKCIIyaTALMOHHBIE
cBoiicTBa Jerajieili MamuH. KadecTBO NOBEpPXHOCTH JeTajlell M JIKCIUIyaTAIMOHHbIE
CBONCTBA

JKusnennulil yukn uzoenus — 3TO COBOKYIMHOCTb MPOIIECCOB, BBHIMTOJIHAEMBIX OT MOMEHTA
BBISIBJICHUSI TOTPEOHOCTEN oOliecTBa B ONpeNeIeHHOM H3JENIMU 10 MOMEHTa YAOBIETBOPEHUS
3TUX MOTPEOHOCTEN U YTHIIN3ALUN U3ICIHSL.

U30enuem B MANIMHOCTPOCHUM HA3BIBACTCS MPEAMET MPOU3BOJICTBA, MOJJICKAIINNA
W3TOTOBJICHUIO Ha MpeAnpusaTuu. M3nenremM MOXKeT ObITh MAallliHA, SJIEMEHT MAIUHBI U JIaXKe
OT/ENIbHAS JIeTajb, B 3aBUCUMOCTH OT TOTO, YTO SIBJISICTCS MPOIYKTOM KOHEYHOM CTaauu
JAHHOTO TPOW3BOJICTBA. Hampumep, mis aBTOMOOWIBHOTO 3aBOAa W3JCITHEM  SIBISICTCS
aBTOMOOWIIb, JJI1 CTAHKOCTPOUTEIHHOI'O 3aBOJa — CTAHOK, JAJISi MHCTPYMEHTAJIbHOIO 3aBOjJa —
PEXYILIUN NI MEPUTENIbHBI HHCTPYMEHT.

B cootBercTtBuM ¢ 'OCTowMm 2.101-68 ycraHaBiuBaroTCs CAEAYIOMINUE BUAbI U3ICTUN:

- JIeTalu;

- cOOpOUHBIE €AUHUIIBI (Y3JIbI);
- KOMILIEKCHI,

- KOMIUICKTHI,

- arperarsl.

Jlemany sgBISETCS W3IEIMEM WM COCTAaBHOW 4YacThIO W3/ENHUs, W3TOTOBJICEHHOW W3
OJIHOPOJHOTO MO0 HAMMEHOBAHUIO U Mapke maTepuana 0e3 MpuMeHEHHs] COOPOYHBIX OMEpalni.
Hanpumep, Banuk, BUHT, KOpIyc, 3yOuaToe Kojeco. JleTtanb — 3TO MEpBUYHBIA COOPOYHBIN
DIIEMEHT KaXJO0W MamuHbl. bazosas demany — 3TO JAeTanb ¢ 0a30BBIMU MOBEPXHOCTAMU,
BBITIOJIHSIIOIIASE B COOPOYHOM  coenMHEHHH (y3J7€) pOJIb COEAMHUTEIHHOTO  3BEHA,
o0ecrneunBaromiero npyu cOOpKe COOTBETCTBYIOIIEE OTHOCUTEIBHOE MOJIO0XKEHUE APYTUX AeTaneit
(mampumep, kopiyc peaykropa). [IpumenuTensHo kK oOmei cOopke W3AeNuid, KOTJja OCHOBHBIMHU
COOpPOYHBIMU 3JIEMEHTAMU SIBISIIOTCST YK€ COOpaHHBIE COOPOYHBIC COCNMHEHHS, OJJHO U3 ITHUX
COEIMHEHUH, YIOBIETBOPSIOIIEE H3I0KEHHOMY BBIIIE TPeOOBaHUIO (CHOPMYIUPOBAHHOMY IS
6a30Boil neTanm), Ha3bIBaeTCA 6a30BBIM COOPOUYHBIM COETUHEHNEM (0a30BBIM Y3JI0M).

Coopounou eounuyeu (y3MOM) — Ha3bIBae€TCS U3JENHE, COCTABHbIE YacTH KOTOPOTO
MOJJIEXKAT COCIUHEHHUIO HA MPEANPUITHN U3TOTOBUTENE UM €r0 CTPYKTYPHOM MOJApa3/ieIeHUN
(mexe) cOOPOYHBIMHU OTEpaIUsIMU, TAKUMHU KaK MPOCTOE COSAMHEHHME JeTaliel, COeTUHEHUE
JleTalied UX 3alpeCcCOBKOM, CBUHYMBAHUEM, CBAPKOM, MANKOW, KIEHKOW, CKICMBAaHHEM M T.1.
Hanpumep, craHOK, peayKTop, CBapHOHl Kopmyc, KOpoOkKa CKOpocTed, poTop TypOHHBI,
HITTAHICITBHBIA Y3€ll.

XapakTepHbIM TPHU3HAKOM COOPOYHOW EIMHHIBI C TEXHOJOTHYECKOW TOYKH 3PECHHS
SIBIIIETCS. BO3MOXHOCTh €€ CcOOpKH 000OCOOJICHHO OT APYrHuX DJIEMEHTOB H3ENUS B IEIOM
(mamruHbl). COOpOYHAs €IMHUIA B 3aBUCUMOCTH OT KOHCTPYKIIMM MOXKET COCTOSTh JTUO0 U3
OTJIENBHBIX JIeTaNIel, INOO U3 COOPOUHBIX AMHUII HU3IIETO MOPSAKA.

Komnnexcom Ha3piBaeTcs J1Ba U OoJiee crienu(GUIMPOBAHHBIX U3/ENNs, HE COCTUHEHHBIX
Ha TPEINpUATAN M3TOTOBUTENE COOPOYHBIMU OINEpalusMH, HO TpeAHAa3HAUYEHHBIX s
BBIMIOJTHEHHS] B3aUMOCBSI3aHHBIX SKCIUTyaTallMOHHBIX (YHKIMI, HampuMmep, aBTOMaTHYecKas
nuHus, craHok ¢ YIIY c¢ ympaBimsiomumu  maHensMu. B KOMIUIEKC KpoMe HU3Ieui,



BBIMOJHSIONINX OCHOBHbIE (DYHKIMH, MOTYT BXOJIWUTH J€Tald, COOpPOYHBIE €IWHULBI U
KOMIUICKTBI, TpEJAHA3HAYCHHBIC J/JIs BBIIOJHEHHS BCIOMOTATENbHBIX (DYHKIMIA, Hampumep
JeTad U COOpPOYHBIE €IMHMIBI, TMpPEAHA3HAYCHHBIC A1 MOHTa)Xa KOMIUIEKCA Ha MECTE €ro
IKCILTyaTal1H.

Komnnexm mpencraBiser co0Ooil nBa W Ooyiee U3AeNWiA, HE COCJAMHECHHBIX Ha
OPENNpPUITHH U3TOTOBHUTENE COOPOYHBIMHU OIEpalusIMi, U MpeAcTaBisiomue coboil Habop
U3JIeNHA, UMEIoUIMX oOllee SKCIUTyaTalliOHHOE Ha3HAYeHHE BCIIOMOTAaTeNbHOTO XapakTepa,
HanpuMep, KOMIUIEKTbl 3allaCHbIX 4YacTei, HMHCTPYMEHTOB, H3MEPUTEIbHOW ammaparypsbl,
YIIaKOBOYHOMU Taphl.

Aepecam — 3T0 cOOpoyHas €JUHMIA, OO0JIAAAIOMIAsl TOJHOM B3aMMO3aMEHIEMOCTHIO
BO3MOXKHOCTBIO COOPKHM OTIEIBHO OT JAPYIMX COCTaBHBIX 4acTed wm3fenus (Wiu M3Zenus B
IIEJIOM) ¥ CIIOCOOHOCTBIO BBIMOJIHATH OMPEACICHHYIO (DYHKIIHIO B U3AETHH UM CAaMOCTOSITEIHHO
(Hampumep, ABUTATEND).

KuzneHnHbli 1uKa MamuHocTpouTenbHbIX u3fenuit (OKL[M) Bkmrowaer psn 3Tamos,
HAUYMHAs OT 3apOXKIACHHS HJIEM HOBOTO M3AENUS A0 €ro YTHIM3AlUU MO0 OKOHYaHHH CpOKa
ucnonp30BaHus. (OCHOBHBIE JTalbl >KU3HEHHOTO IHMKJIA MAIIUHOCTPOUTEIHHOTO U3IENus
npeacrabieHbl Ha puc.l.l. K HUM OTHOCATCA 3Tambl APOEKMUPOBAHUS, MEXHON02UHUECKOU
noozomosku npouszeoocmea (TIII), cobcmeenno npouzeoocmea, peanusayuu npooyKyuu,
9KCnIyamayuu, peHosayuy N, HAKOHEeL, ymuauzayuu (B YUCIIO TAOB KU3HEHHOTO IIUKJIa MOT'YT
TaKXe BXOJIUTh MAPKETHHT, 3aKyIKH MaTEpUAIOB M KOMIUIEKTYIOIINX, IMPEIOCTABICHUE YCIIYT,
YIIaKOBKA M XpaHEHHEe, MOHTAX U BBOJ B AKCIUTyaTaluio). PaccMoTpum coniepykanne OCHOBHBIX
stanos KW mis uznenuii MalmmHOCTPOCHUS.

Ha sTame mpoekTupoBaHMs BBINOJHSAIOTCS MPOEKTHBIE MPOLEnypbl — (OpMHUpPOBaHKE
OPUHIUIHNAIBHOTO DPELIeHUs, pa3paboTKa I€OMETPHUUECKUX MOJETeH M YepTeked, pacydeTsl,
MOJICIMPOBAHKE MPOLIECCOB, ONTUMU3AIMS U T.II.

Ha sTane moAroToBku NMpoW3BOACTBA pa3paldaThIBAIOTCS MapUIpyTHAs U ONEpalvOHHas
TEXHOJIOTMM W3TOTOBJICHMS JETalled, peanu3yeMble B mporpammax i craHkoB YIIY;
TEXHOJIOTUSI COOPKU ¥ MOHTaKa U3/IENINI; TEXHOJIOTHSI KOHTPOJIS U HCTIBITAHUH.

Ha sTane npoun3BoacTBa OCYyIIECTBISIETCS KaJIeHIApHOE U ONEPaTUBHOE IIaHUPOBAHUE;
nproOpeTeHNe MaTeprUaioB U KOMIUIEKTYIOIINX C X BXOJHBIM KOHTPOJIEM; MEXaHOO0paOOoTKa 1
npyrue Tpedyemble BUbl 00pabOTKH; KOHTPOJIb Pe3yabTaToOB 00pabOTKU; cOOpKa; UCTIBITAHUS U
UTOTOBBIN KOHTPOJIb.

Ha mocTrmpom3BOACTBEHHBIX — ATamax  BBIMOJHSIOTCS ~ KOHCEpBaIUs,  yIAaKOBKa,
TPaHCIOPTHPOBKA; MOHTaX Yy MOTPeOMTeNs; SKCIUTyaTalus, OOCITyXHUBaHHE, PEMOHT U
BOCCTAHOBJICHHE; YTHIIN3ALIHSL.

Ha Bcex sTamax >XHM3HEHHOTO IUKJIA UMEIOTCS CBOW IIEJIeBble YCTaHOBKHU. [Ipm 3TOM
YYaCTHHKH JXHU3HEHHOTO IHUKJA CTPEMSTCS TOCTUYh IMOCTABJICHHBIX IIEJIeH ¢ MaKCHMaJIbHON
sd¢dexktuBHOCTRIO. Ha sranmax mpoektupoBanus, TIIII u mpousBoacTBa HYXHO OOECIEYUTH
BBINOJIHEHHE TPEOOBaHUI, MPEABSIBIAEMBIX K IPOU3BOAMMOMY M3/EIHIO, IPU 33JJaHHOM CTETIEHU
HA/IKHOCTH M3JIeNIMs U MUHUMU3AIUN MaTEpUaIbHBIX U BPEMEHHBIX 3aTpar, 4YTo HEOOXOIMMO
JUISL TOCTUIKEHUS ycliexa B KOHKYPEHTHOM 60pb0e B YCIOBHSX pPIHOYHON SKOHOMUKH. [loHsTHE
3P PEKTUBHOCTH OXBATHIBAET HE TOJBKO CHMIKEHHE CEOECTOMMOCTH MPOJIYKIUU U COKpAIleHUe
CPOKOB IIPOEKTUPOBAHUS U MPOU3BOACTBA, HO U o0ecreueHne yJo0CTBa OCBOCHUSI M CHUKEHUS
3aTpaT Ha OyAymyr HSKciuryaTanuioo wu3genuid. OcoOyro BaXHOCTh TpeOOBaHHUs yHAOOCTBa
SKCILTyaTallud UMEIOT JJIsl CIOXHOW TEXHHKH, HAlpuMep, B TaKUX OTPaCiiX, KaK aBHa- WU
aBTOMOOMJIECTPOCHHE.
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Puc.1.1. )Ku3HeHHBII UK MAIIMHOCTPOUTENILHOTO U3/1EUs

3HAUYUTENILHOE MECTO B JKHU3HEHHOM IIUKJIC H3aCIus1, a HMMEHHO €ro CTAHOBJICHHUH,
MPUHAJJICKUT TEXHOJIOTHH MAIIMHOCTPOECHHMSI, KOTOPast Kak MPECTaBlIeHO Ha puc 1.2 BKIOYaeT
B ce0s IPOM3BOJCTBO 3aroTOBOK, M3rOTOBJIEHHE JAeTajeil, cOOpKYy, KOHTPOJb U HUCIBbITaHUE
TOTOBBIX U3/IENINHN, a TAK)KE X PEMOHT M BOCCTAHOBJIEHUE B MPOIIECCE IKCILITyaTaI[iH.

[IpuueM, yeM paHbIlle B 3TOM IHMKJIE€ OYAYT 3aJ€lCTBOBAHBI TEXHOJOTHH, TEM BHIIIE
3¢ (PEeKTUBHOCT W  KOHKYPEHTOCMOCOOHOCTh  HM3Aenuid  MammHocTpoeHus. Eme  Ha
MpeIBapUTENLHON  CTaguM MapKeTHMHra ¢ MNPOpabOTKM TEXHOJOTHM MOTYT  OIEHUTh
KOHKYPEHTOCTIOCOOHOCTh TEXHOJOTHYECKOT0O MpoIiecca, Ak KOTOPOTo MPEANOIaraeTcsi BBITYCK
u3nenus. [Iposegerne HUP u ombITHO-KOHCTPYKTOPCKUX paboOT 0e3 ydeTa TEeXHOJOTUYECKHUX
aCMeKTOB TPAKTHYECKH HeIPPEeKTUBHO, TaK KaKk CceOECTOMMOCTh, a CJEJI0BAaTEebHO U
KOHKYPEHTOCIIOCOOHOCTh U3JIEIMIA OMpPEAENSIOTCS HMX TEXHOJOTHYEeCKOH ce0eCTOMMOCTBIO.
[ToaToMy Ha paHHUX CTaAUsAX MPOEKTUPOBAHMS W3JEIHI OJKHA MPOBOJUTHCS TIIATENbHAs
popaboTKa UX TEXHOJIOTHYHOCTH.
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Puc. 1.2.Texnonornveckast CTpyKTypa MallMHOCTPOUTENBbHBIX U3AETUI

Ilon mexunonocuunocmovto KoHcmpykyuu u3zlenuii TIOHUMAeTCsl TapaHTHUPOBaHHAs
co0MpaeMocTh, 00eCIeunBaroIas ero paboTocnocoOHOCTh, PHU AOCTUKEHUN HEOOXOTUMON TpU
9TOM TOYHOCTH BXOJAIIHNX B HEIO JleTaﬂefI TEXHAYECKA W DKOHOMHUYECKH OOOCHOBAaHHBIMU
METOAaMU

TexHuueckas NoAroToBKa MPOM3BO/ICTBA BKIIOYAET B CEOSI:

- KOHCTPYKTOPCKYIO MOJATOTOBKY MPOW3BOJCTBA - pa3pabOTKy KOHCTPYKIIMH W3IETUS U
co3laHMe ero CcOOpOuYHBIX uYepTexed, pabouumx uyepTexxed aeranei,
IPOU3BOJICTBO, C O(POPMIICHHEM COOTBETCTBYIOIIUX CIIEHU(PHUKAIMNA U JPYroil KOHCTPYKTOPCKOM

JAOKYMCHTAIIUU,

3aIllyCKaCMbIX B

- TEXHOJOTHMYeCKYI0 MoArotroBky mnpousBojactBa (TIIII) - cOBOKYMHOCTE MEPOMPHSITHIA,
00€CTIeunBarONINX TEXHOJOTHYECKYI0O TOTOBHOCTH IPOM3BOJICTBA, KOTOpas OMPEIEseTCs
HaJIMYMEM Ha MPEANPUITAN TOJHBIX KOMIUIEKTOB KOHCTPYKTOPCKOM W TEXHOJIOTHYECKOU
JIOKYMEHTAIIUN U CPEJICTB TEXHOJIOTHIECKOTO OCHAIIEHUS, HEOOXOIMUMBIX JIJISl BBITTYCKA U3CITHIA
C YCTaHOBJICHHBIMU TEXHUKO-PKOHOMHUYECKHMH MMOKA3aTESIMU B 3aJITaHHOM 00beMe;

- KaJIEHJapHOE IJIAaHUPOBAHUE MPOU3BOJICTBEHHOIO MPOLIECCA U3TOTOBJIEHUS U3JIEIIUNA B
YCTaHOBJICHHBIE CPOKHU TIPH 3aJIaHHBIX 00BEME BBIMTyCKA U 3aTpaTax;

OcHoBHbIMH 3agayamu TTIIT aBasroTes:

1.  OOGecnedyeHne TEXHOIOIMYHOCTH KOHCTPYKIIUNA U3ACITHH.



Br160p 1 mOAroTOBKA 3ar0TOBOK;
Pa3paboTka TEXHOJIOTHYECKUX MPOIIECCOB;
[IpoexTupoBaHue CPeICTB TEXHOJIOTMUYECKOTO OCHAIIICHNUS;

QIR CORITD

KoHTpounb 1 ynpaBieHHe TEXHOIOTHYECKUM IIPOLIECCOM.

IKcnayamayuonHvle C60UCMEa NOBEPXHOCMeEll 0emaieil MAuluH.

Ha xaxnayro ngeranp B MaliMHe WIM COOPOYHOW EIMHHUIIE BO3JIaraeTcs HCIOTHCHHE
onpenenEHHbIX (YHKIUNA, BBITEKAIONIUX W3 OOMIETO (DYHKIIMOHAIBHOTO HA3HAYEHHWs MAIIWHbBI
WM CcOOpPOYHON eIMHMIBL. be30TKa3HOCTh W JOJTOBEYHOCTh HCIIOJTHEHHUS CBOMX (YHKITUN
W3IEIUEM MAIIMHOCTPOEHUS ONPENEIACTCS PAIOM DKCIUTYaTAlMOHHBIX CBOWMCTB AETAled M HX
COCIMHECHUH.

[Mox sxcnayamayuonnvivu ceoticmeéamu JeTaiel MallUH TMOHUMAETCS CIOCOOHOCTH
JHECT aneﬁ MalllnH COHpOTI/IBJISITI)CSI yCJIOBI/ISIM BHCIITHETO (1)I/IBI/IKO ~-MCXAaHOXUMHNYCCKOT'O
BO3JICHCTBHUS HA HUX.

B 3aBucMMOCTH OT YyCJIOBHI BHEIIHETO BO3JCHCTBHs (TpeHUE, CTaTHYECKHUE WU
JUHAMHYECKHE HArpy3Kd, XUMUYECKH aKTHBHBIC CPEAbl U JAp.) JOJKHBI ObITh CHOpMHPOBAHBI
CJEAYIOLIME IKCIUTyaTallMOHHBIE CBOWCTBA MOBEPXHOCTEH JeTalled MalluH U UX COCIUHEHUM:
KOHTAaKTHasA )KéCTKOCTI), PI3HOCOCTOI>1KOCTI>, KOppOBI/IOHHaH CTOfIKOCTI:, CTaThu4YcCKas 158
JTUHaAMHU4YCCKas HOBerHOCTHaf{ KOHTAaKTHAasA HpO‘IHOCTI). BCG 3THU 3KCHJIyaTaIlI/IOHHI>Ie CBOfICTBa B
3Ha‘~II/ITeJII>H0ﬁ Mepe 3aBHUCAT OT Ka4YeCTBa HOBerHOCTHOFO CJ104 IIGTaJIeﬁ, TaK KakK HpaKTI/I‘ICCKI/I
BCE pa3pyllieHHs (CTaTUYECKHUE, YCTAIIOCTHBIC, KOHTAKTHBIC, KOPPO3UOHHBIC U JIP.) HAUMHAIOTCS
C ITIOBEPXHOCTH.

Koumaxmnas  orcécmkocms.  KOHTakTHasg KECTKOCTh  OMpEeNseT CHOCOOHOCTh
IIOBEPXHOCTHBIX CJIOEB JAETale, HAXOISIMIMXCS B KOHTAKTE, CONPOTUBIATHCSA IACHUCTBUIO CHUII
CTpeMAIIUXCcs UX Ae(OpMHUPOBATH:

j=— (1.1)

e P —cuna na IJI0IMaJA KOHTAKTa, yK - KOHTAKTHBIC IICPEMCIICHUA.

KoHTakTHast JKECTKOCTb COCTaBIS€T 3HAUMTENBbHYIO YacTh B OallaHCce YHPYIrux
nepemMenieHnit MammH U coopounbix eauauIl (Puc. 1.3). KoHTakTHas )KECTKOCTh CKa3bIBaeTCs Ha
TOYHOCTH pabOThl MaIIMH U MPUOOPOB, HA TOYHOCTH 0OPAOOTKH Ha METAITIOPEKYIIUX CTAaHKAX U
T.J., T.€. HA KAY€CTBE MAITMHOCTPOUTENBHBIX U3/IEIHH.

Puc. 1.3. CxeMa KOHTaKTa IByX
TBEPJBIX TN (JIeTaneil).

N N\

H3znococmotixocmo no6eEPpXHOCMU. PaboTra MammH BO MHOI'OM 06ycn013neHa TaKuUM

pu3mueckuM (EHOMEHOM, KaK TPEeHHE, KOTOPOE MPOSIBISIETCSI B COMPOTUBIICHUN ABHKCHUIO TEII.
OCHOBHBIC MTOHSATHSI, CBSI3aHHBIC C TPEHHEM U COITYTCTBYIOLIMMH €MY SIBICHHSMH OIPEICIICHBI B
rocynapctBerHoM cranaapre (TOCT 23002-78).



Tpenue (sHewnee mpeHue) — CONPOTUBICHHE OTHOCUTEIHLHOMY MEPEMELIECHUIO,
BO3HHUKAIOILIEE MEX]Y IBYMS T€JIaMU B 30HE COIIPUKOCHOBEHUS [IOBEPXHOCTEM 110 KacaTelbHOU K
HUM M COIIPOBOXKJIAEMOE PACCETHUEM IHEPTHUHU.

TpeHHe HC MBJICTCA OAHO3HAYHO BPCAHBIM WM IIOJIC3HLIM. OTO 3aBHCHUT OT
00CTOSITENLCTB €r0 BO3HHUKHOBEHHS H IIPUMCHCHU . TpeHI/Ie B MCXaHHU3MaxX 4YallC IIPHUHATO
OTHOCUTH K BPEIHBIM CONMPOTHUBIICHUSM H3-3a CO3[]aBAEMbIX UM MEXaHUYECKUX MOTEph, HarpeBa
U u3Hoca aeraneil. OAHAKO BCEM OUYEBHJIHA M OTPOMHAs IIOJb3a TPEHUS, HAIMpUMeEp, MPHU
TOPMO>KEHUU MAIIUH, TallleHUH OMAacHOW BHOpAIMU WM MPOTYJIKax MO TOJO0NENY, 0COOEHHO B
ropax.

B nporecce sxcmyaTanuyu MexaHu3Ma, MallIiHbI WA TIPUOOpa HEM30EIKHO MPOUCXOTUT
M3HALIMBAaHUE JIEMEHTOB €r0 KMHEMAaTUYECKUX Iap — pas3pylleHUuEe U OTAEJIEHUE MaTepuasia C
MIOBEPXHOCTH C MOCTENEHHBIM HM3MEHEHHEM pa3MepoB U (opMbl. DTO CHIIKAET MPOYHOCTh
JeTajeil 1 TOYHOCTh MEXaHU3Ma, KPOME TOTO, OBBIMAIOTCS HATPY3KH, PAaCTET BUOpAMS U IIyM
BCJIE/ICTBHE 3a30pPOB B KMHEMATUYECKUX Mapax. B manpHelinieM u3HalIMBaHHE MOKET MPUBECTH
K TOJOMKE JeTajel M BBIXOAY MaliuHbl U3 CcTpos. KoauuecTBeHHON OlLIEHKON pe3ynbTaTa
W3HAILIMBAHUS SBISIETCS U3HOC, ONIPEACTSEMbIN B YCTAHOBICHHBIX €IUHUIIAX.

H3HoC — pe3ynbTaT uU3HAWUEAHUs, BHIPAKEHHBIM B €IMHMUIIAX JUIMHBI, 00bEMa WU
Macchl. JlomycTUMBI M3HOC HE HapymaeT padoTocrnocoOHOCTh AeTand. [IpenenbHbIi U3HOC
COOTBETCTBYET MPEACIIbHOMY COCTOSIHMIO W3J€IHs, KOrja JajdbHeWIas ero »KCIUTyaTallus
HEBO3MOJXHA. HpI/I TPEHUHU CO CMA30YHBIM MATCpUAIOM, KOraa €ro TOJIIHHAa MEKAY ACTAIIMU
00Jb11I€ BHICOTHI HEPOBHOCTEH — M3HOC OYE€Hb HE3HAYUTEIIEH.

OgHuM U3 BaKHEWIIMX SKCIUIyaTallUOHHBIX CBOWCTB [J€Taleil MallWH SIBISETCS
u3HococToiikocth. Ilon usnococmoiikocmvio MOHUMAIOT CHOCOOHOCTH MOBEPXHOCTHBIX CIIOEB
JI€TalIell CONPOTUBIIATHCS Pa3pyLICHUIO IIPU IEeHCTBUM cwil TpeHus. Kpusas usHoca nMeer Tpu
SBHO BbIpaKeHHbIX yuacTka (Puc. 1.4): | - HavanbHBIA y4acTOK KPHUBOW XapaKTepPH3YIOIIHit
nporecc MNpUpabOTKH HOBOTO compspkeHusi, Il - ydacTok KpuBOHM, XapakTepHu3yOLIMics
HEOOJIBIIION W OTHOCUTEIHHO TOCTOSHHOW M0 BEJIWYHWHE CKOPOCTHIO H3HOCA, OTBEUAIOIIeH
MepUOIy HOPMAIBHOU PabOThI COMPSIKEHUS - YH4ACTOK HOPMAJIBHOTO U3HOCA WIJIM €CTECTBEHHBIN
u3Hoc, |l - yuyacTok kaTacTpouueckoro M3HOCa, TO €CTh Y4acTOK, Ha KOTOPOM CKOpPOCTb
M3HOCA pe3KOo BO3pacTaer.

Puc. 1.4 KpuBas usHoca.

N3HoC

/ / VA
Bpems pacomel ConpsxeHus

[TpuOnMXKeHHO CONMPOTUBJICHHE W3HAIIUBAHUIO (M3HOCOCTOMKOCTH) OIICHUBAIOT, B
YACTHOCTH, CONOCTABJIEHHUEM pPACUYETHBIX JABICHUH C JIOMYCKAaeMbIMH  3HAUYCHHSIMH,
YCTQHOBJICHHBIMM HAa OCHOBE OIBITAa SKCIUTyaTallMd KOHCTPYKLUUH. VH)KeHepHbIE Pacd€Thl 1O



M3HOCY KMHEMAaTUYECKUX Map BBIMOJHSAIOT MO WHTErPAJbHBIM XapaKTEPUCTUKAM: CKOPOCTH U
WHTECHCUBHOCTHY M3HAIIMBAHHUS.
Ckopocmb usHauueanus — OTHOLIEHUE U3HOCA KO BPEMEHH, 332 KOTOPOE OH BO3HUK
7y = dH, /dt = AH, /At (MxM/4). (1.2)
Humencusnocms u3Hawiuganus — OTHOILIEHHWE H3HOCA K MpoOery, HapabOTKe WU
00BEMY BBIMOTHEHHON paboThl. Pa3nmuaror w3HOC JIMHEHHBIH M, MacCoBBId My u 00BEMHBIN
H,. OTHOIIEHUE U3HOCA K TTYTH TpeHUs L7, HA KOTOPOM MPOU3OMIEN ITOT U3HOC, XapaKTEPUIYET
UHMEHCUBHOCMb USHAUUUBAHUS, COOTBETCTBEHHO:
o jmHennyio Iy = /L (MkM/KM);
e  MmaccoByio Iy = /Ly (r/xm);
e o0béMmuyw0O Iy = U, /Ly (MMS/KM).
JluneiiHas WHTEHCHUBHOCTh W3HAIIMBAHUS M3MEHSETCS B IIUPOKHX Ipeenax
10721075, KonkpeTHbie 3Ha4eHUs sl pa3HBIX YCIOBHUI MOTYYaOT SKCIIEPUMEHTAIIBHO.
OtHomeHne 06bEMa HM3HOIIEHHOTO MaTepuaia K paboTe cuil TpeHusi Fr Ha3bIBalOT
9Hepeemu4eckou UHMeHCUBHOCMbIO USHAUUBAHUS.
N3noc oxBartbiBaeT okoio 80% neraneil. B 3aBucumMocTy OT XapakTepa MPOUCXOIAIINX
MPOIIECCOB PA3IMYAIOT CIEAYIONINE BUbI N3HAIINBAHUS:
®  JMexaHuueckoe — Pe3yabTaT MEXaHMYECKOTO B3aMMO/ICICTBHS;
® abpasugnoe — pe3yibTaT PEXYIIEro M Iapanaroulero JAeWCTBUS TBEPABIX YacCTHII,
HAXOJSAIIUXCS B 30HE KOHTaKTa Jeraneil (Ha pabodell MOBEPXHOCTH HAOIIOJAIOTCS LIaparuHbl,
KaHaBKH, MOJIOCHI);
®  JpO3UOHHOE — PEe3YNIbTAT BO3ACHCTBUSI TIOTOKOB XKUAKOCTHU U Ia3a;
®  2UOPOIPO3UOHHOE (2A309PO3UOHHOE) — PE3YIIBTAT BO3ACUCTBUS JKUIKOCTH (Taza);
e cudpoabpazusHoe (2azoabpazusnoe) — Ppe3ylbTaT BO3MEHCTBMM TBEPIABIX YACTHIL,
B3BEIICHHBIX B KHUJIKOCTH (ras3e);
®  KOpPpPO3UOHHO-MeXaHUuueckoe — MEXaHWYECKHI KOHTAaKT B COYETaHHWU C XUMHUYECKUM
W/WIH DIEKTPUUYECKUM B3aUMOJIEHCTBHEM MaTepuana co cpeloil (Ha paboyeil MOBEPXHOCTH
HAOI0IAI0TCS TUIEHKH, YaCTHUIIBI, IPOTYKTHI PEAKIIHii);
® ycmanocmuoe — Pe3ylbTaT  YCTAJOCTHOTO  pPa3pylIeHHs TpU  [OBTOPHOM
nehOpMUPOBAHUNA MUKPOOOBEMOB MaTepuania, HabMI0JaeTCsl Kak MPU TPEHUH CKOJBKEHUSI, TaK
U TIpU TPEHUU KadeHHs (Ha paboueil MOBEpXHOCTH HAOIIOAA0TCS TPEIIUHBI, BEIKpPAIIMBAHNUE);
®  KagUMAayuoHHoe — THUIPOIPO3HMOHHOE MPH [JBIKEHUH Tella B KHUJIKOCTH, KOT/A
My3BIPHKU Ta3a 3aXJIOMBIBAIOTCS BOJM3M MOBEPXHOCTH C MECTHBIM TOBBIIICHHEM IaBICHUS U
TEMIEPATYPHI;
®  uUBHQWUGAHUEe NpU 3aed0aHuyu — TPEUMYIIECTBEHHO HaOJI0/IaeTCsl NPU BBICOKUX
CKOPOCTSIX Y JaBIICHUSX C BBIIABIUBAHUEM pa3beAroIIei TPYIIMECs MOBEPXHOCTU MACISHON
IUICHKU. B pe3ynbrare Temio He yCmeBaeT OTBOJUTHCS, U MPOUCXOIUT CXBaThIBaHUE (CBapKa)
YaCTHUIl METallJIa KOHTAKTHPYIOIIUX TTOBEPXHOCTEH ¢ JabHEUIITUM OTPHIBOM HX OT 00Jiee MATKOU
MOBEPXHOCTH M TPOYHBIM COEIMHEHHEM C Oosiee TBepmoi. OOpa3oBaBmIMecs HEPOBHOCTH
apanaroT pabodre MOBEPXHOCTH JAeTaneld ¢ Ooyee MSITKOW MOBEPXHOCTHIO, YTO TPUBOIUT K
BBIXOAY HX U3 CTposi (Ha pabouell MOBEPXHOCTH HAONIONAIOTCA YEHIYHKH, BBICTYIIBL,
BBIKpAITUBAHUE);
®  OKUCIUMmMeNbHOe — AHAIOTUYHO KOPPO3UOHHO-MEXAHUYECKOMY, HO TIOJ OCHOBHBIM
BJIUSTHUEM XUMHUYECKHX PEAKIUNA C KUCIOPOJIOM MIIU OKUCIISIIOLIEH CPeoit;



o ¢pemmunz — TpU MaNbIX OTHOCHUTEIBHBIX  KOJNEOATENBHBIX  JABMKEHHSIX
KOHTaKTUPYIOUINX MOBEPXHOCTEH;

®  DJIeKMPOIPO3UOHHOE — B PE3YIbTaTe BO3ICHCTBUS pa3psioB IMpPU IMPOXOKICHUU
ANEKTPUYECKOTO TOKA.

B 00BIYHBIX yCIOBHSIX COUETAIOTCS pa3Hble BUAbI M3HALIMBAHUS, YTO OYEHb 3aTPYAHICT
aHaJIU3 YCIOBUN pabOTHI MAIlIKH.

Kopposuonunas cmotixocms. Ilon kopposzuonuoii cmoiikocmupio TOHUMAIOT CIIOCOOHOCTH
MIOBEPXHOCTHBIX CIIOEB COMPOTHBIISATHCS pa3pylIAIONIEeMy JeHCTBUIO BHEIIHEN cpenbl. Kopposus
Memannos - pa3pylieHne METAIJIOB BCIEJCTBHE (PU3NKO-XUMHUYECKOTO BO3ACHUCTBUS BHEUIHEH
Cpezbl, IpU 3TOM METaJlJl NePEeXOAUT B OKHUCICHHOE (MOHHOE) COCTOSIHHE U TepsieT MPUCYIIHE
€My CBOKCTBA.

Ocoboe MecTo B KOMIUIGKCE MEpONpUATHA 1o obecredeHuo OecriepeOoiHOM
AKCIUTyaTalli 000pYA0BaHUS OTBOIAUTCS HAACKHOM 3aluTe ero ot kopposuu. Heo6xoaumocTth
OCYIIECTBIICHUSI MEPOIPHUATHIA MO 3alUTe OT KOPPO3UU TUKTYETCS TeM OOCTOSTEIBCTBOM, YTO
MOTEPU OT KOPPO3UM MPUHOCAT upe3BbUaiiHO Oounbmioil ymep6. [lo mMeromumcst JaHHBIM,
npuMepHO okoJio 10% exxerogHoi 100U MeTalljla PacXolyeTcs Ha MOKPBITUE O€3BO3BPATHBIX
NOTEPh BCIIEICTBUH KOPPO3WHU M TOCIEAyIomero pacnbuieHus. OCHOBHOH ymiepd oT Koppo3uu
MeTajula CBsI3aH HE TOJBKO C IMOTEpei OONBIIMX KOJMYECTB METalla, HO W C TMOpYeH WIN
BBIXOJIOM U3 CTPOSI CAMUX METAJUIMYECKUX KOHCTPYKIIHH, T.K. BCIEICTBHE KOPPO3HUH OHH TEPSIOT
HEOOXOUMYI0 TPOYHOCTh, IUIACTUYHOCTh, T€PMETHYHOCTH, TEIUIO- U DJIEKTPONPOBOIHOCTD,
OTpakaTeJIbHYI0 CIOCOOHOCTh U JIpyrHe HeoOXoAumble KauecTBa. K moTepsiM JOKHBI OBITh
OTHECEHBl TaKXe TpPOMAJHBIE 3aTpaThl Ha BCSIKOTO pOJa 3alllUTHbIE AHTUKOPPO3UOHHBIE
MEPONPUATHS, yIepd OT yXYIAIICHHs KauecTBa BBIMYCKAeMOM MPOIYKIIMHU, BBIXOJ M3 CTPOS
00opy/oBaHus, aBapuil B TPOU3BOJICTBE U JIP.

Yemanocmuasa npounocms. MHorMe gAeTanu MallMH M MEXaHH3MOB, a TakKke
KOHCTPYKIIMU COOPYXCHHI B TIPOLECCE HKCIUTyaTallMH IOJBEPraroTCs HUKIMYECKH H3Me-
HAIOIIMMCS BO BpPEMEHM BO3ACHCTBUSAM. EciyM ypOBEHb HaNpsKEHW, BBI3BAHHBIA STUMHU
BO3/ICHCTBUSMH, TIPEBBIIIAECT ONPEACICHHBI TpeAen, TO B Marepuaie (OpMHPYIOTCS
HEoOpaTHMbIe MPOLECChl HAKOIUIEHUS! MOBPEKJICHUN, KOTOPbIE B KOHEYHOM UTOT€ MPUBOJAT K
pa3pyLIEHUIO CUCTEMBI.

[Iporiecc MOCTENEHHOr0 HAKOIUIEHUS MOBPEXKICHUN B MaTepuale Mo JIeHCTBHEM
MEPEMEHHBIX HAIpPsHKEHUN, TPUBOSIINX K pa3pylICHUIO, HA3bIBACTCS ycmaniocmypio. Y JeTalu
MOBPEXJCHHUS B MpPOIECCe YCTATOCTH HAKAIUIMBAIOTCS M SABISIOTCA HeoOpaTuMbiMU. CBOHCTBO
MaTepuaia HPOTHUBOCTOSNTh YCTAJOCTH HAa3bIBAECTCS BbIHOCAUBOCMbIO, TO €CTh YCTaJOCTHas
00BEMHAST TPOYHOCTH XapaKTEPHU3YETCS COMPOTUBICHHEM YCTAJIOCTH HIIM BBIHOCIHBOCTHIO. 1oz
COIIPOTHBIICHUEM YCTAJIOCTH JETalieil MalliH MOHUMAIOT WX CHOCOOHOCTH COINPOTHBIIATHCS
paspylIeHUI0 TpH JCHCTBUU 3HAKONEPEMEHHBIX Harpy3oK. PaspylieHue Marepuaia IpH
3HAKONEPEMEHHBIX Harpy3kax HaYMHAETCsl B OCHOBHOM C IOBEPXHOCTH JAETald, MOTOMY €ro
Ka4yeCcTBO, 3auacTylo, SBJSETCA pELIalollUM B O0ECHEYEeHHUH HTOT0 HSKCILTyaTallMOHHOTO
HoKa3ares.

Ha puc. 1.5 mpencraBneH BHEMIHMH BHJI ycTajocTHoro usinoma. Ha dotorpadum
(puc.1.5 a) BugHO, 4TO paspyuieHue Opyca MPOU3OLUIO B PE3YyIbTaTe Pa3BUTHUSL yCTATOCTHOU
TpemuHbI, 00pa3oBaBIICHCs y Kpas cedeHus. Paspymienue penbca (puc.l.5 6) oOycioBieHO
pPa3BUTHEM YCTaJOCTHOM TpEHIMHBI, O0pa30BaBIIEHCS BHYTPH CEUEHUS B 30HE MECTHOIO
nedexra.



a 0
Puc. 1.5. YcranoctHblit u310M: a - Kpyriibli Opyc, 0 - penbc.

HJ'ISI OOIBIIMHCTBA YCPHBIX MCTAJIOB MOXHO YyKa3aTb TaKOC HauOoIbIIee
MaKCUMAJIbHOC HAIIPAKCHHUE, IIPU KOTOPOM MATCpHal HC PpaspymacTcs IIpUu JIFOOOM YHCIIE
UKJI0B. Takoe HAIIPA’KCHUEC HA3bIBACTCA npedeﬂom ycmaniocmu, AIA I’lp@()e]lOM 6blHOCIUBOCMU

O,, rae unagexc I coorBercTByer ko3(pdunmenty nukna. Tak, IS CUMMETPHYHOIO IMKJIA

0003HaueHMe Ipezesa BBIHOCIUBOCTA IPUHUMAET BUJ Oy, U JAbCUPYIOLIETO O WIN O,

U T. A. JlJIs IBETHBIX METAJUIOB M JUIS 3aKaJICHHBIX JI0 BHICOKOW TBEPIOCTH CTaJel HE YyHaeTcs
YCTAaHOBHUTh TAaKO€ YHCIO LHWKJIOB, BBIIEpXKaB KOTOpoe, oOpasem He paspymics Obl B
nanpHeimem. I[loaTroMy B MOJOOHBIX CllyyasX BBOJUTCA IIOHSTHUE YCJIOBHOIO Ipenena
BBIHOCJIMBOCTH. 3a YCJIOBHBIN Ipe/iesl BBIHOCIMBOCTH IPUHUMAETCS HAIIPSKEHHE, IPU KOTOPOM
oGpaser criocoGen Beiepxkars 10° mkios.

[Ipenen ycranocTu He SIBISETCS XapaKTEPUCTHKOW TOJIBKO CBOMCTB Marepuaia, Kak,
HarpuMep, MOAYJIb ynpyroctd wim koddoumueHt Ilyaccona. OH 3aBHCHUT Takke OT METoJa
BEJICHUS UCIbITaHWA. PacueTHOE HampshKeHHe It 00pas3iia He ONpeesIsieT MOTHOCTHIO IPOIIECC
YCTAJIOCTHOTO pa3pylieHus. B pesymbraTe 00pa3oBaHMs TPEIIMHBI BETUYMHA HANPSHKCHUH U
3aKOHBI MX paclhpeneneHuss B o0paslie HENpepbIBHO MEHSIOTCS B 3aBUCHMOCTH OT YCIOBUH
JanpHeimero pa3BuTus TpeuuHbl. [locnenHue e B CBOIO odepenb 3aBUCAT OT aOCOMIOTHBIX
pa3mMepoB oOpa3lia U XapakTepa MPHIIOKEHHUsS] BHEIIHUX Cl. Bce 3T0 HEMHUHYEMO CKa3bIBaeTCs
Ha TpeJeNbHOM 4YHCIe IUKIOB W Ha BEIMYMHE Ipejaena ycTtamoctd. Hampumep, mnpenen
YCTaJIOCTH, MOJYYEHHBIH B YCIOBHMSX IHUKINYECKOTO PACTSDKEHUS M CXKaTHs, OKa3bIBaeTCs Ha
10—20% nmKe, YeM TpeaeN yCTaloCTH, MOJY4YeHHBI mpu u3rude. Ilpemen ycramoctu mpu
KPYYCHHU CIUIONIHBIX O0Pa3IOB OTIUYAETCS OT IMpeesia YCTAIOCTH, MONyYEHHOTO IS MOJIBIX
00pasIos.,  T. 1.

Cmamuueckas U OUHAMUYECKAS NOBEPXHOCMHAS KOHMAKMHAA npoyHocms. Ilon
CMamuyeckou KOHMAKMHOU NPOYHOCMbIO TIOHUMAETCS CIIOCOOHOCTH IMOBEPXHOCTHBIX CIOEB
COIIPOTHUBIIATHCS Pa3pyIICHUIO MPU CTATHUYECKOM KOHTAaKTHOM B3aHMMOJAEUCTBUHM C TBEPIBIM
tenioM. CraTHyeckre KOHTAKTHBIE pa3pyLIeHHs HACTYNalOT NpH IPEBBIIIEHUH KOHTAKTHBIX
JABIIEHUM  BEJIMYUHBI  JIOMYCKAaeMbIX KOHTAaKTHBIX HampsbkeHuid. Ilox  dumamuueckot
KOHMAKMHOU NPOYHOCMbIO TIOHUMAETCS CIIOCOOHOCTh MOBEPXHOCTHBIX CJIOEB CONPOTUBIATHCS
paspylieHUI0 TpU JTUHAMHYECKOM KOHTAKTHOM B3aWMOJCHCTBHH C TBEPIBIM TEJIOM.
JInHaMUYHOCTh HArpy)XCHHsSI XapaKTepu3yercs JMOO CKOpocThio ymapa V, Jub0 CKOPOCTHIO
negopmanuu €, TM00 CKOPOCThIO M3MEHEHMs HANPSKEHHUS G, KOTOpas 3aBHCUT OT CKOPOCTH
NpuIokeHnss Harpy3ku. KoHTakTupoBaHMe TBEPABIX TN NPU JAWHAMHUYECKUX HAarpys3kax B



3HAUUTENBHOM  Mepe  ompeensercd  IUIACTUYECKUMHM  KOHTAKTHBIMH  JAedopMalysiMH,
3aBHCANIMMU KaK OT HAYaJIbHOM CKOpPOCTH coymapeHus Vo, Tak U OT (PU3HKO-MEXaHHYECKUX
CBOMCTB IIOBEPXHOCTHOI'O CJIOS, KOTOPbIE MOJBEPraloTCsl TEXHOJIOITMUECKOMY YIIPABICHHUIO.

Ilonamue kauecmea nosepxnocmu oemanu.

Ilon xa4ecTBOM MOBEPXHOCTH NMOHMMAIOT COCTOSHUE MOBEPXHOCTHOIO CJIOS Marepualla
nerand. [loBepXHOCTHBIM ciol BKIOYaeT B ce0s HapyXHYI IOBEPXHOCTb, KOTOpas
KOHTaKTUPYET C OKPYKAIOIIEH CPENOW, U HIKEJIEKAIUUN CI0M MaTepuana ¢ U3MEHEHHBIMU 110
CPaBHEHHMIO C OCHOBHOW 4YacCThIO (CEpIALEBHMHOM) CTPOCHHEM M CBOHCTBaMHU (MEXaHMYECKHMH,
¢u3nueckuMu, XUMUYeCKUMHU). KadecTBO MOBEPXHOCTH XapaKTEpU3yeTcs M KOJIMYECTBEHHO
OLICHUBAETCS B JBYX HAIPaBICHUIX:

e B reomMerpuyeckoM — LIEPOXOBATOCTHIO MOBEPXHOCTH, KOTOpas MpEACTaBIsIEeT COOOM
COBOKYITHOCTh HEPOBHOCTEH MOBEPXHOCTU C OTHOCUTEJIHO MaibiMu Iiaramu. lllepoxoBarocTsb
YBEIIMYMBACT IUIOMA/lb HAPYKHOH MOBEPXHOCTH M IOITOMY YCHIIMBaeT 3((EKThI SBICHUI,
MMEIOLINX MECTO Ha IpaHulle ¢ okpyxaromen cpenoil. lllepoxoBaTocTh oLieHHMBaeTCss HAOOPOM
[I0Ka3aTesel, OrOBOPEHHBIX CIIELUAIbHBIM CTaHAAPTOM.

e B (u3nKo-MeXxaHMYEeCKOM — OIMCAHHEM M OLCHKOW H3MEHEHHbIX B pe3yJbTare
00pabOTKM CBOWCTB MaTepHaja B MOBEpXHOCTHOM ciioe. Cioa BXOIAT OLEHKM H3MEHEHUH
XUMHMUYECKHHA COCTaBa, MHUKPOCTPYKTYPBI M (Da30BOro cocTaBa, MEXaHHYECKHX CBOICTB,
HAIPSDKEHHOTO COCTOSIHUSA U T.JI.

CocTosiHHE MOBEPXHOCTEH CYIIECTBEHHO BJIMSAET Ha KAa4€CTBO ACTANM, IOBBIIIAS WU
IIOHMJKasl €€ DOKCIUIyaTalMOHHbIE cBOMcCTBA. [loaTOMy B TEXHONIOIMM MalIMHOCTPOEHUS
chopMHpOBaTIOCE 0cO00€ HANpaBIEHUE HCCIEOBAHUM, HANpPaBICHHBIX Ha H3y4YeHHE, BO-
HEPBBIX, Mpoliecca (opMUPOBaHUS MMOKa3aTeNIeH KauecTBa MOBEPXHOCTH U, BO-BTOPBIX, BIUSHUS
ATHUX IOKa3aTesel KauecTBa MOBEPXHOCTH Ha pa3InyHbIE HKCILTyaTallMOHHbIE CBOWCTBA JI€TAJIH.
Bonbmioii Bkag B pa3paboTKy 3TOM MpoOJeMbl BHECIH COBETCKHE M POCCHUMCKHE y4YEHBIE
H.H. HaBunenkos, IL.E. [dpsuenko, A.M. Cymuma, A.A. Maranmun, [L.U. AmepunsH, 3.B.
PooxoB, A.I'. CycnoB, B.®. be3bssprunbiii, A.Il. babuueB u mHorue apyrue. Ux ycunusamu
chopMHpOBAJIOCH yYEHME O KayecTBe IOBEPXHOCTH, OIUCHIBAIOIIEE KaK MEXaHU3M
(bopMHpOBaHUsI TOBEPXHOCTHOTO €JI0sl pU 00paboTKe JeTanel pa3inYHbIMM METOJaMHM, TaK U
BO3MO>XHOCTH IOBBIIIEHHUS JKCILTyaTallMOHHBIX CBOMCTB JETallell IyTEM LEJICHANPABICHHOIO
(dbopMHpOBaHHUs PA3TUYHBIX TOKA3aTeNeH KauecTBa MOBEPXHOCTH.

PeanbHas Hapy)kHas OBEPXHOCTD JETANIN, KOTOPAst OTAEISAET €€ OT OKPYKAIOIIEH CPEbl,
oOpasyercst B iporiecce 00pabOTKH U OTIMYAETCS OT HOMUHAIBLHOM, H300pakaeMoil Ha YepTexe,
HaJIMYUEM pa3IUYHbIX MO (opMe U BBICOTE HEPOBHOCTEM B BHJE BBICTYIIOB M BMAJUH C
HEOOJBIIMMU PACCTOSHUAMU MEXKIy HHUMH. B pesynbrare miomaab peaabHOM HapyKHOM
MOBEPXHOCTU 3HAUUTENBHO OOJIblIe, YeM HOMUHAIBbHON. Ha 3Toi MOBEPXHOCTH PACIONOKEHBI
aTOMbI METajula, KOTOPbIE MMEIOT CBSI3U TOJBKO C COCEJHUMH M HIKENIEKAIUMU aTOMaMu U
II0O3TOMY HAaXOJATCS B HEYCTOMYMBOM, HEYPaBHOBELIEHHOM COCTOSHMHU. B pesynbprarte
IpaHUYHBIN CIIOH 00Ja/1aeT 3a1acoM CBOOOHOM MTOBEPXHOCTHON HEPTUH.

Bcnenctue cBoeil MOBBIIEHHON aKTUBHOCTH HapyXHasi TOBEPXHOCTh JIIOOOT0 TBEPOTO
Tena afcopOupyeT U3 OKpYXarolled cpellbl pa3iIudHbIe 3JEMEHTHl M, KaK MpaBUJIO, ObIBaeT
HOKPBITA CIOSIMM aJCOPOMPOBAHHBIX I'a30B, IApOB BOABI, JKUPOB U T.O. ANCOPOLMS CHUXKAET
IIOBEPXHOCTHOE HATSXKEHHWE M JHEPIUI0 MOBEPXHOCTHBIX aTOMOB, YTO O0JieryaeT pa3BUTHE
nedopmaruu. Ha HapyXHOW TMOBEPXHOCTH OOpa3yloTCs M MPOHUKAIOT BIIYOh MaTepuaia



pa3nyYHble XUMUYECKHE COeIMHEHN S, Hanboyiee THTUYHbIE UX HUX — Pa3JInYHbIe OKUCIHBI. Tak, B
MIOBEPXHOCTHOM CJIO€ CTajll MOXHO OOHApY>KUTh IOCJIEJOBATEIbHBIE CIOM B HAIpPaBICHUU
HApy>KHOW TIOBEPXHOCTH B TENO JeTalM CIEAYyIomMX OKHuciaoB xene3a: Fe;03, FesOy,
FeO+Fe30,4, FeO. Takum obpa3zom, ueM OoJjiee mepoxoBara MoBEPXHOCTh, TEM OOJIBIIIE IIOMAIb
€€ KOHTaKTa C OKpY)KalolleW Cpefoil M TeM IIMpe BOPOTa, Yepe3 KOTOpbIE BHYTPb MaTepuaia
MIPOHUKAIOT YYKEPOJIHBIE aTOMbI, U3MEHSIOLINE CBOMCTBA MaTepuaia B MOBEPXHOCTHOM CIIOE.
OTa 0COOCHHOCTh TPAHUYHOM IMOBEPXHOCTH MOMKET HUrpaTh KakK IMOJIOKUTEIbHYIO, TaK U
OTpHULaTeNIbHYIO poJib. Hampumep, oHa criocoO6CcTByeT MHTEHCU(PHUKAIINH MPOLIECCOB XMMHUYECKOM
U XUMHKO-TEPMHYECKONH 00pabOTKH, TaKMX Kak LieMeHTauus, pocharupoBanue u 1.1. Ho mpu
paboTe neranu B arpecCMBHBIX CpeAax 3Ta X€ OCOOEHHOCTh MHTEHCH(DHIUPYET KOPPO3HUIO
METAJIJIOB U CIUIABOB, YTO KOHEYHO K€ CHI)KAET IKCIUTyaTallMOHHbBIE BOBMOXHOCTH JIE€TaIHU.

[lo mMexaHn3My KOPpPO3MOHHOI'O IIPOLIECCA PA3IMYAIOT JBA OCHOBHBIX THUIIA KOPPO3HHU:
XUMUYECKYIO U INeKMPOXUMULECKVIO.

I[log xumuueckoii koppo3zueii TNOAPAa3yMEBAIOT B3aUMOJCHCTBUE METAIIMYECKOMN
MOBEPXHOCTH C  OKpYyXalomleil  cpelod, HE  COMPOBOXAAIOIIeecs BO3HUKHOBEHHEM
ANEKTPOXUMHUUYECKUX (DIEKTPOAHBIX) IpOlLIeCCOB Ha rpaHuie ¢a3. MexaHU3M XUMUYECKOU
KOPPO3UHU CBOJUTCS K PeakKTUBHOW AUQPQY3UH aTOMOB UM HOHOB METajlla CKBO3b MOCTENEHHO
YTOJIIIAIOIIYIOCS TUICHKY TPOJIYKTOB KOPPO3MH (HAIpPUMEpP OKaJIMHBI) U BCTPEUHOU Tuddy3un
aTOMOB WJIM HMOHOB KHciopozaa. IIo cOBpeMEHHBIM BO33pEHUSIM 3TOT IPOLIECC MUMEET HMOHHO-
DIIEKTPOHHBIA MEXaHW3M, AaHAJOTMYHBIA IpOLeccaM  AJIEKTPOIPOBOJHOCTH B  HMOHHBIX
kpuctayax. [Ipumepom XxuMudyeckoil KOppO3UH SIBJISETCS B3aUMOJECHCTBIE METaslIa C KUAKUMU
HERJIEKTPOJIMTAMH WM CyXHMMH ra3aMu B YCIIOBHUSX, KOTJa Bjara Ha MOBEPXHOCTH MeTajjia He
KOHJIGHCHPYETCs, a TaKKe BO3JEHCTBHE HA METal JKUAKMX METaNIMYEeCKUX pacIljaBoB.
[TpakTndyeckn Hambosee BaXKHBIM BHAOM XHMHYECKOM KOpPPO3UHU SIBISIETCS B3auMoJeiicTBHE
MeTajula MpU BBICOKUX TEMIIEpaTypax ¢ KHCIOPOJOM H JIp. Ta3000pa3HbIMH aKTUBHBIMU CpE1aMu
(H S, SO, ranorensl, Bogsusie napsl, CO u ap.). [lonoOHbIe mpoliecchl XUMHUUECKOW KOPPO3UU
METaJIJIOB P MOBBIIIEHHBIX TEMIIEpATypax HOCST Take Ha3BaHUE ra3oBoi Koppo3uu. MHorue
OTBETCTBEHHBIE JI€TAIN MHKEHEPHBIX KOHCTPYKIMM CUJIBHO pa3pyllaloTcs OT Ta30BOM KOPPO3UU
(JtomaTkM Ta30BBIX TYpOWH, COIJIa PAKETHBIX JBUTATENICH, DJIEMEHTHI 3JIEKTpOHArpeBaTesei,
KOJIOCHUKH, apMarypa rneded u T.1.). bonpime morepu oT ra3oBoil Koppo3uu (yrap Merasuia)
HECeT MeTAJUIypruyueckas MNpOMBIIIIEHHOCTh. CTOMKOCTh MPOTHB Ta30BOM  KOPPO3UU
MOBBIIIACTCS NP BBEJIECHUU B COCTaB CIJIaBa PAa3IMYHBIX JOOABOK (XpoMa, aIFOMUHUS, KPEMHUS
u 11p.). JloGaBku antoMuHuUs, OEPUILTUS U MAarHusl K Me/IM MOBBIIIAIOT €€ COMPOTUBIICHNUE Ta30BOM
KOPPO3MH B OKUCIUTENBHBIX cpenax. JlJs 3aluThl *KeNe3HbIX U CTaJbHBIX W3JENUN OT ra3oBOi
KOPPO3UHU MOBEPXHOCTh U3EUs OKPHIBAIOT AIIOMUHHUEM (QIUTHPOBAHUE).

[lon oanexmpoxumuueckoii Kopposueti TOAPA3yMEBAIOT IMPOLIECCHl B3aWMOJAECUCTBUSA
METAJIJIOB C JIEKTPOJUTAMH (B BUIE BOAHBIX PACTBOPOB, PEKE C HEBOAHBIMHU AJIEKTPOIHUTAMHU,
HallpUMep C HEKOTOPHIMH OpPraHWYECKHMHU OJICKTPONPOBOJAHBIMH  COEAWHEHHSIMH  HITH
0e3BOJHBIMH  pacllaBaMHd  CcoJied TNpH  MOBBIIIEHHBIX  Temmeparypax). [Iporecchl
AIIEKTPOXUMUYECKON KOPPO3UH MPOTEKAIOT 10 3aKOHAM JIEKTPOXUMHUYECKON KMHETHKH.

PaznuuaioT  KOppo3WI0 ¢ BOJOPOJHOM, KHCIOPOAHOM MM  OKHCIUTEIbHOMN
JENOIApU3ALUEH.

PaznuuaroT cneayromye THUIBI KOPPO3UMOHHBIX pazpyumieHuid. Ilpu paBHOMEpHOM
pacrpesieieHud KOPPO3HOHHBIX pa3pyllIeHUl IO BCEW MOBEPXHOCTH MeETaula KOpPPO3UIO
Ha3bIBAIOT paeHomepHou. Ecnau ke 3HauuTenbHas 4acTh MOBEPXHOCTH MeTailla cBOOOJHA OT
KOPPO3UU U MOCIETHSS COCPENOTOUEHA Ha OT/IEIbHBIX Y4acTKaX, TO €€ Ha3bIBAIOT MECMHOU.



Kopposuonnoe pacmpeckueéanue BO3HHKAeT NpPU OJHOBPEMEHHOM BO3JCHCTBUM Ha
METAJIJI arpeCCUBHOM Cpelbl U MEXAHUYECKUX HANpPSOKEHH. B MeTaie nosBIIOTCS TPEIIUHbI
TPAHCKPUCTAJUIMTHOTO XapaKTepa, KOTOPbIE YACTO MPUBOJIAT K MOJTHOMY Pa3pyLICHUIO U3IETH.

MeKKpecTaiuTHas KOPPO3Usl B KOPPO3UOHHOE PACTPECKHBAHKME HAUOOJIEe OMACHBI JIJIs
KOHCTPYKIMH, HECYIIUX MEXaHWYECKHUE HArpy3ku (MOCTBI, TPOCHI, PECCOPBI, OCHU, AaBTOKJIABHI,
MapoBbIe KOTJIbI U T.1I.)

DNEeKTpOXUMHUYECKass KOPPO3UsI MOXKET MPOUCXOAUTh B Pa3inWyHbIX cpenax. Pasmuuaror
CIIEIYIOIINE TUIBI AIEKTPOXUMUYECKON KOPPO3HUU, UMEIOIIEe HanboJiee BaXKHOE MPAKTHUECKOE
3HAYCHHUE:

1. Kopposus 6 snekmpoaumax. K 3ToMy THUITYy OTHOCSITCS KOPPO3UsI B IPUPOIHBIX BOJAX
(MOpPCKOM U IPECHOM), a TaKKe pa3IMyHbIEe BUAbI KOPPO3UM B XKHUJIKHX cpenax. B 3aBucumoctu
OT XapakTepa CpeAbl PA3IHYaIoOT: a) KUCIOMHYI0 KOPPO3Uio; 0) wenouynyio KOppO3UIO; 8)
C0J1€8y10 KOPPO3UIO.

2. llougsennas (epynmoeas, noozemHas) KOpposus - BO3JACUCTBHE Ha METaul TPYHTA,
KOTOpBIi B KOPPO3HMOHHOM OTHOIIEHUU JOJKEH paccMaTpuBaThCsl KaK CBOEOOpas3HbIN
3JIEKTPOJIUT.

3. Ammocghepnas xopposus - KOPpO3Hs METAIOB B YCIOBHUSX aTMOC(ephl, a Takxke
JTH000r0 BIKHOTO Ta3a; HAOJFOMAETCs MO/ KOHJACHCAIMOHHBIMU BHIUMBIMH CIIOSIMU BJIard HA
MOBEPXHOCTU MeTaia (Mokpasi arMochepHasi KOppo3usl) WM MOJ TOHYAHIIMMH HEBUAMMBIMU
a7copOIIMOHHBIMU CJIOSIMU BJIard (BIIaXKHAsi aTMOC(EPHAS KOPPO3HUS).

4. Kopposus 6 YClo8UAX MeXaHuyecko2o 6030etcmeus. ITOMY THUILY pa3pylieHus
MOJIBEPTralOTCsl MHOTOUMCJICHHBIE WHXKEHEPHBIE COOPYXKEHHs, padoTaloIIue Kak B >KUIKUX
AIIEKTPOJIUTAX, TaK U B aTMOC(EPHBIX U MOJ3EMHBIX YCIOBUAX. Hanbonee THMUYHBIMU BUIAMH
MOI0OHOTO pa3pyIICHUs SIBISIOTCS:

a) Kopposuonnoe pacmpeckusauue, TPU ITOM XapaKTepHO 0Opa3oBaHHE TPEIIHH,
KOTOpPbIE MOTYT  pacHpOCTPaHATHCS HE TOJBKO MEKKPUCTAJUIMTHO, HO TaKXke U
TpaHCKpHUCTaIbHO. [IpuMepoM moI00HOTO pa3pyIICHUS SIBISETCS MIET0YHAss XPYIKOCTh KOTJIOB,
CE30HHOE PACTPECKHBAHWE JATyHEW, a TaKKe PaCTPECKUBAHME HEKOTOPBHIX KOHCTPYKIIMOHHBIX
BBICOKOTIPOYHBIX CIIJIABOB.

0) Kopposuonnas ycmanocmoe, BbI3bIBa€Mas BO3JEHCTBUEM KOPPO3MOHHOW Cpeapl U
3HAKOMEPEMEHHBIX WJIM MYJIbCUPYIOIIUX MEXAaHWYECKUX HANpPSHKEHUU. DTOT BUJA pa3pyLICHUS
TaKkKe XapakTepeH oOOpa30BaHMEM MeEX- U TPAaHCKPUCTAIUTHBIX TpemuH. PaspyimieHus
METaNIOB OT KOPPO3MOHHOM yCTAJIOCTH BCTPEUAIOTCS TMPU IKCIUTyaTallUd Pa3IMYHBIX
WH)KCHEPHBIX KOHCTPYKIHN (BaJlOB TPEOHBIX BUHTOB, PECCOp aBTOMOOWIIEH, KaHATOB, IITAHT
TTYOMHHBIX HaCOCOB, OXJIAK/IAEMBIX BAJIKOB TPOKATHBIX CTAHOB U JIP.).

B) Kopposuonnas kasumayus, SBISIOMIAsCS OOBIYHO CIIEJCTBHEM SHEPTUYHOTO
MEXaHWYECKOTO BO3JIEHCTBHUSI KOPPO3HOHHOW Cpelbl Ha TOBEPXHOCTh MeTaya. [logoOHoe
KOPPO3MOHHO-MEXAHUYECKOE BO3JICMCTBHE MOXKET MPUBOJIUTH K BEChMa CHUIBHBIM MECTHBIM
pa3pyIICHUSIM METAIUTMYECKUX KOHCTPYKIUN (HampuMep Uit TPEOHBIX BUHTOB MOPCKHUX CYZOB).
MexaHu3M paspylieHuss OT KOPPO3UOHHOM KaBUTAMM ONHM30K K  pa3pylIeHHIO OT
MOBEPXHOCTHON KOPPO3HMOHHOM yCTaJIOCTH.

r) Kopposuonnas spo3us, BbI3bIBa€Masi MEXaHUYECKUM HCTHUPAIOLIUM BO3JIEHCTBHEM
Jpyroro TBEpAOro Tejda MpPU HAIMYAKA KOPPO3UOHHOM CpeAbl WIA HENOCPEICTBEHHBIM
HMCTUPAIOIIMM JIEUCTBUEM CAaMOl KOPPO3MOHHOM Cpebl. DTO SIBICHUE MHOTJA HAa3bIBAIOT TaKKe
KOPPO3UOHHBIM UCTHUPAHUEM UITU (GPETTUHT-KOPPOZUEH.



[ToBepxHOCTH MeTa1a 001a/1a€T MOBBIIICHHOW XMMHYECKON aKTUBHOCTBIO U B PEasIbHBIX
YCIOBHUAX HEU30EKHO aacopOMpyeT aToMbl 3JIEMEHTOB OKPYXKAalomiel Cpebl, MOKPHIBAsCH
CJIOSIMH aJICOPOMPOBAHHBIX Ia30B, MAPOB BOJBI U )KUPOB. CIIOH KHpa TOCTUTAET HECKOIBKUX COT
MUKpOH, IUIEHKAa BOJAHBIX mapoB cocrasisieT 50—100 cnoeB monexyin. JKupoBble IIIEHKU
IPOYHO CBS3aHBI C IMOBEPXHOCTHIO METAJUIa W TMOJHOCTHIO HE YHAIAIOTCS OOBIYHBIMHU
MEXaHUYECKUMU M XUMHYECKHMMH CpeacTBamMHu. BozneilicTBue BHeENIHEH cpeabl NMPUBOAUT K
00pa30oBaHUIO Ha MOBEPXHOCTH METaUIa PA3UYHBIX COCTUHEHHM, MpEeXkIe BCEro pPa3IUYHBIX
okucioB. OHU OBICTPO BO3HHUKAIOT B pe3yJbTaTe BIUSHUS aTMOCPEpHOro kuciopoaa. TomnmuHa
Hapy>KHOH IIJICHKH B OKHUCIISIOMMXCS MeTauiax paBHa mpumepHo 20—100 A (10—20 cioes
MoJiekyn). Hampumep, okucHas TuieHka B ctanu paBHa 10— 20 A, a amromuaun — 100—150 A.

B pesymbrate nuddy3un B MOBEPXHOCTHOM CIIO€ MOTYT BO3HHUKHYTh XHUMHUYECKHE U
UHBIE COEIMHEHUS OCHOBHOTO MaTepuaja ¢ [POHUKAIOIIMMU U3BHE  BEIIECTBAMHU.
Juddy3nonHas MOJBIKHOCTE aTOMOB MOYKET MPUBECTH K MEPEpaclpeeIeHUI0 KOHIIEHTPAIN
JETUPYIOMIUX  JJIEMEHTOB, CHOCOOCTBYS OTHMM B  OTHCIBHBIX CIydasx OOEIHEHUIO
MOBEPXHOCTHOTO CJIOS HEKOTOPHIMU JIETHPYIOINIMMH  3JIeMEeHTaMu  (00e3yriiepoKuBaHUE
MOBEPXHOCTHBIX CJIOEB B CTalsAX M 0OEJHEHHE MOBEPXHOCTHOTO CIIOS XpoMa M alIOMHHHS B
YKApOMPOYHBIX HUKENIEBBIX CIUIaBaX MPH BHICOKUX TEMIEpaTypax u ap.).

3HaYNTENbHOE  BIMSHHE HAa  (U3UKO-XMMHUYECKYI0  aKTHBHOCTh  OT/AEIBHBIX
MOBEPXHOCTHBIX 3€PEH OKa3bIBAE€T BEJIMYMHA UX OCTATOUHBIX HAIPSLDKEHUN (MUKPOHANPSKEHUS),
CTETCHb IUIACTHIeCKO Aedopmaru u 1p. MccnenoBanusmu akanemuka [1. A. PeObunnepa u ero
YUEHUKOB YCTAHOBJICHO 3HAUUTEIILHOE BIMSHUE HA MPOYHOCTh METAJIOB PACKIMHUBAIOLIETO
JIEUCTBUS aJICOPOMPOBAHHBIX IUICHOK JKUJKOCTEH B TOBEPXHOCTHBIX TPEIIMHAX METaIOB
(3¢ ekt Pebunaepa). Monekyibl HEKOTOPBIX aCOPOMPOBAHHBIX BELIECTB, PACIIPOCTPAHSIACH 110
MOBEPXHOCTH, MOMNAJAIOT B MHKpPOTPEIIMHBI, B TJIyOMHE KOTOPBIX INPOU3BOAST CHUIBHOE
pacKIMHMBAIOIIEE ACHCTBHE, PABHOLIEHHOE NEHCTBUIO JONOJHUTEIBHO NMPUIOKEHHOIO K TEILy
pactsruBaromiero ycunus. CraeicTBHEM TakKOTO JONOJHUTEIBHOIO BO3ACHCTBHUS HAa MeETall
SIBJISIETCSI CHIDKEHHME €ro MPOYHOCTH, oOsierdyeHue nedopmaruu. Yem 1mens yxe, TeM CUJIIbHEE
pacKIMHUBAIOLIee JeHCTBUE aICOPOMPOBAHHBIX IUIEHOK (KpuHa 1ienu He Oosee 0,1 MKM).

AncopbunonHble 3QQeKTl B mporeccax aedopMaluy U pa3pylieHUuss METaUIOB MOTYT
OBITH 0COOCHHO BEMHMKU. DPGHEKT acOPOIIMOHHOTO MOHMKEHUS POYHOCTH OCOOCHHO 3aMETEH B
YCIIOBUSAX JEMCTBHSI 3HAKOIIEPEMEHHBIX Harpy3ok. Ilpyu nuknnueckom HarpyK€HUU NMPOUCXOIUT
pacKIIMHUBaHWE MOBEPXHOCTHBIX MuKpomened. Ilpu 3TomM  aacopOupoBaHHBIE — CIIOU
BBIJIABJIMBAIOTCS U3 MHUKpOILEIEH, HO HE MOJHOCTBIO; OCTaBIIEECs aJCOPOUpPYIOIIEe BEIeCTBO
MENIAET IOJIHOMY CMBIKaHHUI0O MUKpOTpeuiuHbl. llocnenoBaTenbHOE pAacKpbITUE M CMBIKAaHUE
OPUBOJUT K POCTY TPEHIMH M K Pa3pbIXJEHHIO MNOBEpXHOCTHOro cios. CompoTuBiieHue
yCTaJOCTH MeTalljla B IMOBEPXHOCTHO-AKTHBHBIX Cpelax pe3Ko CHUXkaercs (aacopOIroHHas
YCTaJIOCTB).

[IlepoxoBaToCTh MOBEPXHOCTH OLEHUBAETCS MO €€ Mpoduito, KOTOpblil oOpa3yercs B
CEUYEHUHU ATON NMOBEPXHOCTU IUIOCKOCTHIO, MEPHNEHAUKYISIPHON K HOMHMHAJIBHOW MOBEPXHOCTH.
[Tpodwie paccmaTpuBaeTcs Ha AJIMHE 0a30BOM JIMHUM, KOTOpAasi MCIOJIB3YETCs IS BBIACICHUS
HEPOBHOCTEW U KOJIMUYECTBEHHOTO ONPEEIICHUS UX I1apaMETPOB.

[TapameTppl KOJIMYECTBEHHON OIEHKH IIEPOXOBATOCTH M CHOCOOBI UX OINpe/eIeHus
crangaptusupoBanbl ['OCT 2789-73 (B m3meHeHHou pemakumu 1980r.) m Gosiee moapoOHO
OyIyT pacCMOTPEHBI HIKE.

Taxxke  cBOWCTBA  TMOBEPXHOCTH W  TIOBEPXHOCTHOTO  CJIOS  OMNpeAeNsioTcs
MUKpPOCTPYKTYPOH,  MHKPOTBEPAOCTHIO  MOBEPXHOCTH U  TOBEPXHOCTHOTO  CJIOA U



pacIpeesieHUeM OCTAaTOYHBIX HAIpPsDKEHWH B IMOBEPXHOCTHOM Cll0€. OTH XapaKTEPUCTHKH
OINPEACIAI0T M3HOCOCTOMKOCTh IIOBEPXHOCTH, €€ YCTAJIOCTHYIO IPOYHOCTb, KOPPO3UOHHYIO
CTOMKOCTh M T.O. [IOBEpXHOCTH OKa3bIBAIOT CHJIBHOE BIIMSHUE Ha MHOTME MEXAaHUYECKUE,
AIIEKTPUYECKUE U OINTUYECKHE CBOICTBAa TBEPAOrO Teja IIOCKOJIBbKY Ha HUX IPOUCXOIUT
CKauyKoOOpa3HOE€ HW3MEHEHHE IUJIOTHOCTH Marepuala, KPUCTAJUIMYECKON CTPYKTYpbl HWIIHU
JIOKaJbHON OpUEHTALUN KPUCTAJLIIUTOB.

1.2 3meHeHMe KauecTBA OBEPXHOCTHOIO CJI0s1 AeTaJIell P 3KCILIyaTal UK

B npouecce paboThl AeTanyu NPOUCXOAUT aJalTalysl NOBEPXHOCTU AETAIU K YCIOBUSIM
sKkcruryaTanuu. CreneHb afganTalud U U3MEHSIOLIUECS XapaKTEPUCTUKU MOBEPXHOCTU 3aBUCHT
OT YCIIOBHM DJKCIUlyaTallud, XapakTepa W BEIMYMHBI JIEHCTBYIOIIMX HArpy3ok. B mpomecce
paboThl MOT'YT U3MEHSTHCS ILIEPOXOBATOCTh, MUKPOTBEPAOCTh U MUKPOCTPYKTYpa MIOBEPXHOCTH,
a TaKK€ OCTaTOYHBbIC HAIPSDKEHUS Ha IIOBEPXHOCTM B IIOBEPXHOCTHOM cioe. [Ipuuem
M3MEHSAIOTCS IPAKTUYECKHU BCE XapaKTEPUCTUKU IIOBEPXHOCTH, HO B PA3JIMYHOM CTEIICHH.

Tak mpu pabore netasm B YCIOBUSAX TPEHMSI CKOJNBXKEHMSI WM TPEHUS KAyeHUs CO
CMa3KoM niM 6e3 cMa3KH B IIEPBYIO OUYepe/ib U3MEHSETCS IIEPOXOBATOCTh MOBEPXHOCTH.

Tpenue (sHewnee mpeHue) — CONPOTHBIEHUE OTHOCUTEIBHOMY IEPEMELICHHUIO,
BO3HMKAIOIIIEE MEXKY JBYMs T€IaMHU B 30HE COIPUKOCHOBEHUS ITIOBEPXHOCTEN 10 KaCaTEIbHOMN K
HUM U COIIPOBOXKAAEMOE paccessHueM sHepruu. Cuna mpenus KOJIUYECTBEHHO XAPAKTEPU3YET
TpeHHE KOHTakTupyroumx Tes. Cuia TpeHus, Kak M BCSKas CUjla — BEKTOP U IPU ABHXKEHUU
HalpaBJIeHA MIPOTUBOIIOJIOKHO CKOPOCTH, TAaHT€HIMAIbHO K o0med rpanune. Ilo xapakrepy
OTHOCHUTEJIBHOTO JBIJKEHHS pPa3jIM4yaloT TPEHHE IOKosA (IO mepexoja K OTHOCHTEIbHOMY
JBIDKEHUIO) M TpPEHHE [BWXEHHMS — CKOJbXKEHUs wiM kadeHus (puc. 1.7). Ilpu Tpenun
CKOJIBXKEHUSI CKOPOCTH T€Jl B TOUKE KaCaHUs Pa3IMYHbI, a TP TPEHUU Ka4EHHS — OJJUHAKOBBI.
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Puc. 1.7. Cuinbl TpeHUS: a@ — CKOJbKEHUS, 6 — KaUeHUs

Paznuyator TpeHue BHemiHee (MEXIy TelaMH) U BHYTpPEHHee (MEXIy 4YacTULaMU
TBEPABIX TEJ, a Takke B razax M XKMIKOCTAX). CHIIbI BHEIIHErOo TPEHUS! CHJIBHO 3aBHUCST OT
IIEPOXOBATOCTH KOHTAKTHPYIOIIUX MOBepxHOCTei (puc. 1.8, a).

Cunbl TpeHHS CUJIBHO OTJIMYAIOTCS MPU OTCYTCTBUM WM HAIWYUHM MEXAY TellaMu
CMa304YHOr0 Marepuana — JIMOO BS3KOM >KUAKOCTH, NPEABAPUTEIBHO MOMEIIEHHONW MEXIY
TeJlaMH, JIMOO ras3a, MOJaBaeMOro B 30HY KOHTakTa MO JAaBieHUeM. CMa3zouHbli mamepuan
IIPOU3BOJUT CMa3Ky — JEHCTBHE, COCTOSIIEE B YMEHBIIEHUU CHJIBI TPEHMSI U U3HOCA 3a CUET
pasfeneHus MoBepxHocTeld TpeHMs. (CMa30uHbI MaTepuan pasleiseT KOHTAKTHPYHOIINE
noBepxHoctu (puc. 1.8, 6).



Fug
Puc.1.8. Buapl TpeHus: a — cyxoe, 6 — co cMa3Kou

Ecin nmoBepxHOCTH pasfesieHbl CMa304HBIM MAaTEPUAIOM IOJHOCTBIO, TO CHIIy TPEHUS
BBIYUCIIAIOT IO popmysie HeioTona. Takoe TpeHne Ha3bIBAIOT BSI3KUM HITH JKUAKOCTHBIM.

A= ﬂAU/h1 (1.3)

rae 4 — guHaMu4Yeckas BS3KOCTh CMa304HOTO MaTepHuaia; A — IUIOIAJb MOBEPXHOCTH
CKOJIbKEHHsS; U — OTHOCHUTENIbHAS CKOPOCTh CKOJBXKCHHUS Te, N — TOJNIIHMHA CIIOS CMa304YHOIO
Marepuana.

Cuily Cyxoro TpeHHs CKOJIbKEHHS HaXOJAT 10 3akoHy AMoHTOHa-Kynona:

Fr=f Ry 14

rae f — kosddunuent Tpenns, Fy — cuita HOpMaTBLHOTO JaBICHHUS.

Tpenue kaueHHs, XOTS U CYLIECTBEHHO HHWXKE, HO BCE € CYLIECTBYET, IIOTOMY, YTO
pealibHbIe Tella He a0COMOTHO TBEPbIE, a 1e(OPMHUPYIOTCS U BOSHUKAET HE TOYKA, a IIOMIAIKa
KoHTakTa (puc. 1.7,6). B 3T0il muomaake — 30HE KOHTAKTa BO3HHKAET PEAKTUBHBI MOMEHT,
MPENsTCTBYIONMK KadeHuto. JlJis KaueHus KaTka HyxHa jBmwkymas cwia F, Touka
NPUIOXKEHUS peakiuu Fip cMereHa Brepén, B CTOPOHY KaueHHUs Ha paccTosiHue Kr, KoTopyro u
Ha3bIBAIOT KO3(PQHUIMEHTOM TpeHUs KaueHus. BenumunHa kodp¢uuueHTa TpeHHUs] KauyeHHS
dakTUYecKu XapakTepusyeT aedOopMUPYEMOCTh KoJeca M OMOPHOHM moBepxHOCTH. HerpymHo
JOTaAaThCs, YTO 3TOT KOA(G(UIMEHT UMEEeT pa3MepHOCTh UIMHBI. M3 ypaBHEHHS paBHOBECHS
MOMEHTOB BCEX CHJI OTHOCUTENHHO "TOUKH KOHTaKTa" B cnemyert, uTo

FoR = Frokr, (1.5)
a MOMEHT CUJI TPEHHs KaueHUs
MT = Flz‘kT. (16)

[TomuMO TpeHUS B KOHTaKTE€ MOBEPXHOCTEH, CYHNIECTBYET €IIE M TPEHUE B MaTepHalie
netaned, OOyCIIOBJIEHHOE KOHTAaKTOM YacTUILl M MoJeKyl warepuana. [Ipm sToM Takxke
pacxoayeTcsi paboTa BHEIIHUX CHJI U BBIIEISIETCS TEIUIOTA.

Y KOHCTPYKLUHMOHHBIX METAJUVIOB BHYTPEHHEE TPEHUE OYEHb MajO0 M MpPU pacuére
METAJUIMYECKUX JeTalel ero He y4uThiBaloT. OJHAKO Yy BBICOKOMOJEKYJSPHBIX MaTEpHAJIOB
(pe3uHBI, MIacTMacc) BHYTPEHHEE TPEHUE TIOYTH HA JBa MOPSIIKA BBIMIE, TO3TOMY OHO JIOJKHO
YUYUTBHIBATBCS TPU WX pacu€re. BHyTpeHHee TpeHHe B Marepualie JeTaliel HMCIOJIb3YETCH, B
OCHOBHOM, JUIsl CHIDKCHHSI IIYMOB WM BHOpanuu TyTEM 3aMEHbl METATMYSCKUX JeTajei
MJACTMACCOBBIMU M KOMIO3WTHBIMHM, TJ€ BEIUKO TPEHHUE MEXIY YaCTULIAMH CTPYKTYPBI
Marepuana.

[Ipu TpeHNM 1 U3HAITMBAHUN HAOIIOJAIOTCS CISAYIOIIHNE SIBJICHUS:
cX8amvl8aHue — MECTHOE COEMHEHNE TBEPABIX TEJI MO IEUCTBUEM MOJIEKYJISIPHBIX CHUII;
gblKpawiuearnue — OTHAEIICHHE YacTUL MaTepuajla IpUd YCTAIOCTHOM M3HAILIMBAHUU C
o0pa3oBaHHEM SIMOK Ha MOBEPXHOCTU TpPeHHUS (OCOOEHHO YacTO y BBICHIMX KUHEMATHUYECKHUX

nap);



3ae0aHue — PE3yNbTaT CXBAThIBAHMs, INTyOMHHOTO BBIPHIBAHUS MaTepuaja, MEpeHoca €ro C
OJIHOM JIeTaJId Ha IPYTYIO;

npupabomka — U3MEHEHUE T'€OMETPUU U CBOWCTB IOBEPXHOCTEM B HAYaJIbHBIA NEPUOA, MpPU
IIOCTOSIHHBIX ~BHEIIHUX YCJIOBUSAX C YMEHBIIEHUEM CHJIbl TPEHHUS, TEMIIEpaTypsl U
MHTCHCUBHOCTU M3HAIINBAHHUS.

IIpu  ckombkeHMM  Tepe]] MHKPOHEPOBHOCTBIO  BO3HHMKAET  JIOOOBOW  BaJMK
negopmupyemoro marepuana (puc.l.9), KOTOpblii HAXOAUTCA MOJA BO3AEHCTBUEM CXHMAIOLIUX
HaIpsDKEHUM. 33 MHUKPOHEPOBHOCTBIO BCJEICTBUE CHJI TPEHUS MaTepuall pacTATMBAeTCs.
CrnepnoBarenbHO, MaTepuanl MUKPOHEPOBHOCTEW HCIBITHIBAET 3HAKOINEPEMEHHOE Harpy>KeHue,
KOTOpO€ IMIPUBOJIUT K OTICIICHUIO YACTULl MaTEpHaa.
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Puc. 1.9. ®usnyeckas Moellb U3HAIINBAHUS TOBEPXHOCTH

Marepuan pa3pymaercst He cpasy, a I0cjie HEKOTOPOTrO YUCIIa LIUKIOB paboThI N,

Ha mnepBoil craguu MCXOIHBIH TEXHOJIOTMYECKUH MHUKpopenbed, MOTYYEHHBIH IMpU
U3rOTOBJIEHUH (BbICOTa HepoBHOCTeW 00bIYHO g0 100...200 MKM), mpeBpamiaercs B HEKUH
pensed ¢ mensinei mepoxoBaTocThio (0,05...0,1 MkM), KOoTOpasi B JajdbHEWIIEM, Ha BTOPOM
CTa/INY CYIIECTBEHHO He MeHsieTcs. /Iyl yMeHbIIeHHs] BpeMEeHU NMPUPaOOTKU ClIeyeT Ha3HavyaTh
IPU W3TOTOBJICHUM JETalld TaKoW BUJ OOpaOOTKH IMOBEPXHOCTH, KOTOpas OJMKe BCEro K
PaBHOBECHOW MIEPOXOBATOCTH.

Hakonen, paHo wiM DO3AHO, HACTyNaeT MPEACIbHBIM WM3HOC, COOTBETCTBYIOIIUN
IpeenbHOMY COCTOSIHMIO feTanu. [Ipu 3ToM peub Ua€T yxke o KatacTpohuyeckoM U3MEHEHUHU
pasmMepoB M (GOpPMBI JETalaH, MPUBOJAIIEMY K HPEIETbHOMY COCTOSHHIO, KOTJa JajbHelIas
JKCILTyaTalus HEBO3MOKHA.

[Ipn BO3AEHCTBUM pACTATUBAIONIUMX WIM CXKUMAIOUIMX HAarpy30K COOTBETCTBEHHO
MEHSIIOTCSI U OCTaTOYHbIC HANPSDKCHHUS (3HAK U BEJIMYMHA) B TIOBEPXHOCTHOM CJIOC JICTAIIH.

OnpIThl MOKa3bIBAIOT, YTO JI€TAIM JUIMTEIbHOE BpEMs IOJBEpraBIlIdecs IeHCTBHIO
MEPEMEHHBIX HaNpsKEHUM, pa3pylIaloTcsl MPU HANPSIKEHUSX, 3HAYUTEIbHO MEHBUINX, 4YeM

BPEMEHHOE COMPOTHBICHHE ©¢ (MHAYe MpeieN MPOYHOCTH). PaspylieHHe MpH MHKIHYECKOM
Harpy>K€HUU INPOMCXOAUT BCIIECACTBHE BO3HMKHOBEHHS MHUKPOTPEIIMH B 30HE KOHIEHTPaLUU
HanpspkeHud. TpelinHbl MOCTENEHHO Pa3BUBAIOTCS, MPOHHUKAsl BIIyOb, MOINEPEYHOE CEUeHHE
neTtaned ocnabiseTrcss M B HEKOTOPHI MOMEHT MPOUCXOJUT MIHOBEHHOE pa3pylIeHHUE.
VYcTanocTs OXBAaThIBAET ABE 3HAUMTEIBHO OTIMYAIOIINECS IPYT OT Apyra 00JIaCTH HUKIMYECKOTO
HarpykeHus u n1edpopMupoBanus. B mepBom citydae npu HUKINYECKOM HarpyK€HUH BOSHHUKAIOT
3HAYUTEIbHbIE IUIACTUYECKHE Jegopmanuu. ITa 00JacTb HA3bIBACTCS  MAJIOIMKIOBOU
YCTAJIOCTBIO, M YHUCJIO LUKIOB HE IIPEBBIIIACT 10%...10°. Hpyrast 0o0iacTe — MHUKINYECKOE
Harpy)XeHue, mpu KOTOpoM Jedopmariusi BO BpeMsl KaKJOro IMKJIA B 3HAYUTENBbHOH CTENEeHU



yopyra. [[ns Toi o0jacTH XapaKTepHBI Majible HaNpspDKEeHUs (HArpy3ku) U OOJIBIIIOE YHCIIO
[UKJIOB /O pa3pylieHus. OTa 00JacTh Ha3bIBACTCS MHOTOLMKIOBOWH  YCTAJIOCTBIO H
XapaKTepU3yeTCs J0JITOBEUHOCTRIO OoJiee 10°...10" umkos.

OIBITEI IMOKAa3bIBAKOT, YTO JACTAJIUM IAJIUTCIIBHOC BpCMs IMMOABCPIraBIIMCCH HeﬁCTBHIO
MEPCMCHHBIX HaprDKeHI/If/’I, paspymiaroTCsa IMpHu HAIIPSKCHUAX, 3HAYUTCIIbHO MCHBIIUX, YCM

BPEMEHHOE COMPOTHBICHHE ©¢ (MHAYe Mpenel MPOYHOCTH). PaspylieHHe NMpH HHKIHYECKOM
Harpy>K€HUU INPOMCXOAUT BCIEIACTBUE BO3HUKHOBEHHS MHUKPOTPEIIMH B 30HE KOHLECHTPaLUU
HanpspKeHUH. TpemmHbl MOCTENEHHO Pa3BUBAIOTCA, NMPOHUKAs BIIYOb, MOMEPEYHOE CEUYECHUE
JeTanei ocaabiaseTcss U B HEKOTOPbIi MOMEHT MPOUCXOAUT MTHOBEHHOE pa3pyLICHHUE.

MOMEHT BO3HUKHOBEHMS M CKOPOCTb PACIpPOCTPAHEHUs MHUKPOTPCIIMHBI 3aBUCUT OT
XapaKTEPUCTUK MMKPOCTPYKTYpbl MaTepualla, MUKPOTBEPAOCTH IOBEPXHOCTH M OCTATOYHBIX
HaIpsDKEHUH B IIOBEPXHOCTHOM cioe. IIpu BO3IEHCTBMM 3HAKONEPEMEHHBIX HAarpy3ok
AKTUBUPYETCS JABW)KCHHME JUCIOKAUMH M IPOMCXOAUT, Kak IPAaBWIO, pa3ylpOYHEHUE
IIOBEPXHOCTU M U3MEHEHUE HAIPSIKEHHOIO COCTOSHHUS IOBEPXHOCTHOTO CIJIOS, YTO IIPUBOIUT K
M3MEHEHHIO €ro IKCIUTYyaTallMOHHBIX XapaKTEPUCTHUK.

[Ipu BO3JEHCTBUM arpecCUBHBIX CpPEI BO3HUKAIOT aAJCOPOIMOHHBIE M KOPPO3UOHHBIC
IPOIECCHl B TIOBEPXHOCTHOM CJIO€ JETald M (POPMHUPYETCS MPAKTUYECKH IMOJHOCTHIO HOBBIN
MIOBEPXHOCTHBIM CJIOH C COBEPILIEHHO OTJIMYHBIMU OT MCXOJIHBIX XapaKTEpUCTUKAMU (CM.
MaTepuai TeMsl 1.1).

Taxoke mpu sKcIUTyaTalluu J€Tajad MOTYT padoTaTh B YCJIOBUSAX BBICOKUX TEMIIEpATyp.
TemmnepaTypa ABJI€TCSA KaTaJIU3aTOPOM BCEX MPOLIECCOB B IOBEPXHOCTHOM CJIO€, TaK KaK PE3KO
BO3pacTaeT CKOpocTh (pHU(PYy3MOHHBIX MPOLECCOB, CKOPOCTh MEPEMEIEHUs TUCIOKAIMNA, HX
sHeprus u Jp. IlosToMy 3HauMTENbHO, a UHOIZIA M KaTacTpOPHUUECKH, MEHSETCs
MHUKPOTBEPAOCTh ITOBEPXHOCTHOIO CJIOSl, M3MEHSIOTCS XapAKTEPUCTUKUA €r0 HAINPSKEHHOI'O
COCTOAHMS. B 3aBHCHMOCTH OT TeMmIepaTypbl B IOBEPXHOCTHOM CJIO€ MOYKET MEHSThCS
MUKpPOCTPYKTYpa BIUIOTh JI0 M3MEHEHMsI (Pa30BOro COCTaBa, KOrJa MPOUCXOAUTh HE TOJBKO
CTapeHHUE CTPYKTYPBI, HO €€ OTKUT, BIUIOTh J0 OIUIABJICHUS T'PAHULL 3€PEH.

IIpu okcrutyaranuu, Kak IIpaBUiIO, AEUCTBYET HE OAWH BHUJ HArpy:KEHHs, a HEKOTOPBII
KOMILJIEKC, KOTOPBIM M INPUBOAUT CHAYajla K aJalTallid I[MOBEPXHOCTHOIO CJIOS K YCIOBUAX
HKCIUTyaTaIlH, @ IOTOM M K BO3HUKHOBEHHUIO HKCILTyaTallHOHHBIX JIE(PEKTOB B HEM.

OKcIUTyaTallMOHHbIE J1e(eKThl — 3TO Ae(eKThl jaeTalied, y3JOB, arperaroB, MallMH B
L[€JIOM, BO3HUKAIOLUE HA CTaUU JKCILUTyaTalliy MAallluH B pe3yJbTaTe U3HAIIMBAaHUs, KOPPO3UH,
YCTaJOCTH U T. 1., @ TAK)KE HEMPABUIBHOTO TEXHUYECKOTO 0OCIYKUBAHUS WJIM HCIOJIb30BaHUS.
BonpmMHCTBO AeTaneil B Mporecce HKCILTyaTalluy MOABEPKEHO OJHOBPEMEHHO M3HAIIMBAHUIO
HECKOJIBKMX BHUJOB, IIOYTH BCEr/la MOYKHO BBIJIEINTh BEIYIUMA BHJ, KOTOPBIA M OTPAaHUYMBAET
paboTtocrnoco6HOCTh JeTanu. ComyTCTBYIOUIME BU/bl M3HAIIWBAHWSA B 3HAYUTEIHLHO MEHbBIIEH
MepEe CHUXKAIOT €€.

ConpspkeHHbIE  J€Taind, BepHEe, IOBEPXHOCTH  JeTaJell  MallliH, HMEIIne
OTHOCUTEJIHOE NEepEeMEIIeHUE B IIpoliecce padOoThl, M3HAIIKMBAIOTCS MO/ ACUCTBUEM CUJI TPEHHUS,
CHJI TpPEHHUS C YAApHBIMH Harpy3kamu; Ooyiee CIIO)KHBIM SIBISIETCS W3HAIIMBAHUE TIpU
MEXaHUYECKUX, TEIUIOBBIX, XMMUYECKUX BO3AEUCTBUAX. IHTEHCUBHOCTh M3HAIIMBAHMS 3aBUCHT
OT MEXAHMYECKUX M XMMHYECKHMX CBOMCTB Marepuana NOBEPXHOCTEH TPEHWs, BHJA TPEHUS
(HanMuWe WIM OTCYTCTBME CMa304HOIO MaTepHalla, XapakTepa M BEJIMYMHBl HArpy3Kd, BHIA
CONPSDKCHUS] M IIEPOXOBATOCTH IIOBEPXHOCTEH, OTHOCUTEIIBHOM CKOPOCTH IEPEMEILEHUs
IIOBEPXHOCTEH TpPEHHUS, UX B3aUMOJEHCTBUSA C BHEUIHEW cpeaod u T.4.). B pesynbrare



U3HAIIMBAaHUS IIOCTENICHHO M3MEHAIOTCS pa3Mepbl U Qopma geraneidl. B conpsokeHun
YBEJIIMUYUBAIOTCA 3a30pbl. Eciu 3a30p MpeBBILIAET JONMYCTMMOE 3HA4YE€HHE, B COIpPSLDKEHUU
BO3HUKAIOT Y/apHble HArpy3ku. IHTEHCUBHOCTh M3HAIIMBAHMS IIPU 3TOM BO3pPACTaET.

MOXHO BBIIEIUTH TPU NEPHUOJA HU3HAIIMBAHUS COIPSIKEHHBIX IOBEPXHOCTEM AeTayleu
mamuH. Ilepuon mpupadotku a (puc. 1.10) xapakTepu3yercss WHTCHCUBHBIM H3HAIIMBAaHHEM
noBepxHocTel TpeHus. I[locTeneHHO H3HAIIMBaHME YMEHBLIAETCS M HACTyNaeT mnepuox O,
XapaKTEPU3YIOLIMICA OTHOCUTENIBHBIM ITOCTOSHCTBOM CKOPOCTM MW3HAIMBAHUA B JIaHHBIX
KOHKPETHBIX YCJIOBUSIX pabOThI CONpPSDKEHHOM Mapbl. 3aTeM JOCTUIaeTcsi HEKOTOpas BEIUYMHA
W3HOCA, MpeAenpHas i JAHHOIO CONPSDKEHMS, II0CJIE IPEBBILIEHUS KOTOPOW H3HOC
IPOTPECCUBHO BO3pacTaeT (mepuoa 6). Pe3ko u3MeHsAOTCS pasMmepsl U (opma jgeraneil, a
CJIEZIOBATENIbHO, U 3a30pbl. Hapyiaercs HopManbHOE B3aMMOJACHCTBUE AeTalel, HeOOXOAUM UX
PEMOHT WJIM 3aMEHa.

H3noc

Puc. 1.10. 3aBucuMOCTh M3HOCA [I€ETa-
JIei OT BpeMeHH padOoThI
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Paznuuaror crepyromue BUABI  HM3HAIIMBAaHHWS MPH TPEHUW JICTANCH  MAIIWH:
MeXaHHW4ecKoe, abpasuBHOE, Tuapoadpa3uBHOE, ra30a0pa3WBHOE, APO3HOHHOE, YCTAJIOCTHOE,
KaBUTAIIMOHHOE, N3HAIIMBAHUE TP 3aeIaHUH, KOPPO3ZHOHHO-MEXaHUYECKOE.

AOpa3uBHOE — MEXaHMYECKOE H3HAIIMBAHUE, KOTOPOE YCHUIMBACTCA PEXYILIUM HWIN
[apanaroIuM JAeHCTBHEM TBEPbIX YaCTUIl; BO3HUKAET MPU HAJMYUHU B 30HE TPEHHsI aOpa3uBHBIX
YaCTHII, ONAJAONIUX B 30HY TPEHUS KaK CHapy>KH, Tak U B IPOLIECCEe TPEHUSI.

I'mapoaOpa3uBHOE — W3HALIMBAaHWE B pE3yJNbTaTe BO3JACHCTBHS TBEPABIX YacTHII,
YBIIEKaEMBIX TIOTOKOM JKHJIKOCTH, a Ta30a0pa3sMBHOE — B pe3yJbTaTe BO3ICHCTBUS TBEPIBIX
YacTHI], YBJIEKAEMBIX TOTOKOM Tra3a (TpyOOIpoOBOIBI KUIKOCTEH M ra30B MOTYT IOJBEPraThbCs
TAaKOMY M3HAIIMBAHHIO MPU TIONAJAaHUU BHYTPh a0pa3HBHBIX YAaCTHII, TO HEPEAKO CIydaeTcs B
TUIPOCUCTEMAX CTaHKOB).

Opo3MOHHOE — W3HAIIMBAaHUE, BO3HHMKAIONIEE B TIPOIECCEe BO3JACHCTBUS TOTOKA
KHUJIKOCTH WJIM Ta3a. BI3bIBaeT COOCTBEHHO 3PO3MOHHOE pa3pyllieHHe MpU O0TeKaHUM AeTalei
MIOTOKOM JKMJIKOCTH WJIM Tasa; BCIEJCTBHE YyJapoB O IOBEPXHOCTh MeTaljla MeJbyaiinue
YaCTHUIIBl TOTOKA PAa3pyLIAOT €ro MOBEPXHOCTHBIN CIIOW. DPO3MOHHOE N3HALIMBAHKUE BO3PACTAET
C TOBBIILICHUEM HIEPOXOBATOCTH MOBEPXHOCTH U C yBEIMUYEHHUEM KMHETHUECKOM SHEPIHH YacTHUI]
MIOTOKA, 0COOEHHO €CIM JeTalb WIN MOTOK MMEIOT BBICOKYIO Temrieparypy. Hampumep, poTopsl
TypOWH TIOABEPKEHBI BO3CHCTBUIO BBICOKOTEMIIEPATYPHBIX IMOTOKOB JKUAKOCTEH, TTApOB, Ta30B
(B 3aBHCHMOCTH OT THIIA TYpOHWHBI), T. €. WHTEHCHBHOMY 3PO3HOHHOMY H3HAIINBAHUIO.
DOpO3MOHHOE W3HAIIMBAHWE MOXKET BBIPAXKAThCS B BHUJAEC PaBHOMEPHOTO CIAPAIbIBAHUS
MeNbYallINX YacTUYEeK IOBEPXHOCTHOTO CJIOSI JAETald JIMOO B BHUJAE SBHO BBIPAKECHHOTO
JIOKaJIBHOTO pa3pyIICHUs TOBEPXHOCTH.



VYcTanocTHoe — M3HAIIMBAaHUE NMOBEPXHOCTH TPEHUS WM €€ OTHENbHBIX Y4aCTKOB IpHU
neGpOopMHUPOBaHUH, TPUBOASALIEM K BOZHUKHOBEHMIO TPEIIWH M OTACICHUIO YaCTUIl MaTepuaa
nerand. Bo3HukaeT mpu TpeHHMH 0Oe3 CMa30uHOro MaTepuana, a MHpU HAIWYUA CMAa30YyHOTO
MaTepuaia — MpU JaBICHUSX, IPEBBIIIAIOMNX IPEeN TEKY4eCTH MaTepHuaia OBEPXHOCTHBIX
cinoeB. IIpuunHbl, BBI3BIBAIOIINE YCTAJOCTHOE M3HAIIMBAHHME MaTepuaja: MUKPOIUIACTUYECKUE
negopMaluy cxKaTus, YIPOUHEHHUSI U Pa3ylpOYHEHUsS] MOBEPXHOCTHBIX CJIOEB, BOBHUKHOBEHHE
OCTaTOYHBIX HANpPSKEHUH U 0COObIE ABJICHUS YCTAIOCTH MaTepHala.

W3HamuBaHue npu 3aelaHMM — IPOMCXOJUT B Pe3ysbTaTe CXBATbIBAHWS, MTyOWHHOIO
BBIPBIBAHUSI METAJUIa, IEPEHOCA €ro C OJHOU MOBEPXHOCTH TpeHUs Ha Apyryro. [loBpexneHus
MIOBEPXHOCTEH JleTalieil, XapakTepHble Ul W3HAIIMBAHUS CXBAaTBHIBAHHEM, HMMEIOT OO0JIbIIOE
pacnpocTtpaHeHue. I3 CylmecTByOIIMX BHUJIOB H3HAIIMBAHUS 3TOT BUJ SBISETCS CaMbIM
HE)KEJIaTEeJIbHbIM, TaK KaK COIpSIraéMble AETAM pa3pylIalOTCs MHTEHCUBHO, B PAJE CIy4yaeB —
MOMEHTaJIbHO, IPHUYEM YaCTHUIbl METaJUla OTIEJSIIOTCS C OJHON IOBEPXHOCTH TPEHUS U
HAJIMNAIOT HA CONPSIKEHHYI0, IPUYEM B JajibHEHIIeM OHU JEHCTBYIOT Kak abpa3uB.

TennoBoe wH3HAIIMBaHME — BO3HUKAET IPU TPEHUHM CKOJBXKEHHS C OOJbIIMMHU
CKOpPOCTSIMH OTHOCHTEJIBHOTO IEPEMEIIECHUsI MTOBEPXHOCTEH TPEHUs, OOJIBIIMMU JaBJICHUSIMH,
BBI3BIBAIOIIMMH MHTEHCHBHOE YBEJIMYEHUE TEMIIEpaTypbl B MOBEPXHOCTHBIX CJIOSX CONPSKEH-
HBIX JeTaned, paboraromux O€3 CMa304HOro MaTepuana WIM IpU HEIOCTaTOYHOM €ro
konuuecTBe. Du3nKa TEIIOBOr0 M3HAIIMBAHMS MPOCTA: MPU TPEHUU INPOMCXOAUT MITHOBEHHBIN
HarpeB TOHKHUX IMOBEPXHOCTHBIX CJIOEB MeTaia. Temmneparypa MOBEpXHOCTEH (haKTHUUeCKOro
koHTakTa jgocturaer 900°C, makcuManbHas € MOXET JAOCTUYb W TEMIIEpaTypbl IUIABICHUS
MeTaula. B MalmMHOCTpOEHUHM TEIJIOBOMY HW3HAIIMBAHUIO TIO/ABEP)KEHBI Jl€Taly Iepeaay
3aleIIEHUEM, TOAUIMITHUKN CKOJIbKEHNUS, €Tl KPUBOIIUITHO-IIATYHHBIX MEXaHU3MOB U T. 1.

IIpU MPEKpaAICHUHA ITOAAYN CMA30YHOI'0 MaT€pHajla K y3jiaM TPCHH:.

!

1 - paBHOMepHast KOppO3Us 2 - HepaBHOMEpHas 3- CTpYKTYpHO-
n30upaTenbHast
1 - 3 - crioNIHBIE KOPPO3HUOHHBIE TOPAKEHUS

4 - maTHAMHA

7

7 - TOIMTOBEPXHOCTHAs 8- MeXKpHCTAIITUTHAS 9- TpaHCKpUCTAJUIUTHAS
KOppO3ust
4 — 9 - pa3HOBUAHOCTH MECTHOU KOPPO3HH

Puc. 1.11. Buasl KOppO3MOHHBIX pa3pylieHUH (TIOpaxKeHu)



Koppo3ust pgeraseldi MamuH DOPOUCXOAMT B PE3ynbTaTe€ HMX XUMHUYECKOrO WU
AIIEKTPUYECKOTO B3aMMOJACUCTBUS C BHEIIHEH cperod. PasznmmuaioT kopposuio arMochepHylo,
ra30BYI0, KOHTAKTHYIO, ITO/I HATIPSYKCHUEM B HEJJICKTPOJUTAX M B 3JiekTponuTax (puc. 1.11).

Jleranu, compukacaromuecs: ¢ arMochepoii, moaBeprarTcs aTMochepHOl KOPPO3UH MO/
JIeMCTBUEM BIIard (JI0OXkIb, CHET), a TaKXE Pa3JIMYHBIX OKHUCIOB U COJIEH, COJEPXKAIUXCS B
BO3/JyXe, OCOOCHHO OKOJIO OOJBIIMX TOpPOJIOB M B MPUMOPCKHX paioHax. Pe3kue mepemnaib
TEMIIEPATYPhI TAK)KE CIOCOOCTBYIOT KOPPO3UH, TaK KaK COMPOBOXKIAIOTCS KOHJICHCAIMEH BIIar.

Koppo3us non BiusiHHMEM ra30BOi cpellbl NMPU BBICOKUX TeMIlepaTypax oOyclOBJIEHA
B3aUMOJICICTBUEM MeETaJJla C IPOJYKTaMHU CrOpaHus TOIUIMBA. JTOMY BHJYy KOpPpPO3UHU B
MpOIIECCe AKCIUTyaTallud TMOABEPXKEHBI JETaIM SHepreTudeckux wmamuH. [log BiausHuEM
UCTIAPCHUsT ©  OpBI3T  DJJICKTPOJIWTOB  3HAYUTENBHO  KOPPOAHMPYETCS  00OpyIOBaHHE
rajbBaHUYECKUX JIMHUM.

JledeKThI, BRI3BAHHBIE YCTAJIOCTHIO. Y CTAIOCTh — MPOIECC MOCTEIICHHOTO HAKOIUICHHUS
MOBPEXKICHUM Marepuaina MoJ JACUCTBUEM MOBTOPHO-NEPEMEHHBIX HArpy30K, HNPUBOIAIINANA K
CHI)KCHHIO JIOJITOBEYHOCTH, PAa3pyIICHUIO MaTepuana JeTaliell MalluH, COOPOYHBIX EIHUHUIL.
[Tpouiecchl pa3BUTHS yCTAaIOCTH BEAYT K TOMY, YTO B HauOosiee cmaboM MecTe IeTalu WiId
KOHCTPYKIMU BO3HHMKAIOT MHKPOTPELIMHBI, Pa3BUBAIOIIMECS B JAJbHEHIIEM B YCTaJOCTHBIE,
KOTOpbI€ BBI3BIBAIOT BHE3AITHOE pa3pylieHHE JeTaniu 0€3 BUIMMBIX MPEIBAPUTEITBHBIX
MJIACTUYECKUX JePopManuii. DKCILTyaTalusl MacCaXUPCKUX CAMOJIETOB CBEPX HA3HAYECHHOTO
pecypca MOXeT MPUBECTH K Pa3pyIICHHIO MPSMO B Bo3ayxe. TakoB 3(D(EKT yCcTarocTHOTrO
paspymienusi. CuiabHOE BIMSHHE HA CHH)KCHHE BBIHOCIMBOCTH JETAJCH OKa3bIBAIOT PE3KHE
CMEHBI TEMIEpaTyphl (TepMHUYECKasl YCTANOCTh), TaK KaK MPH 3TOM B MOBEPXHOCTHBIX CIOAX
JIeTaI NEePUOJUYECKH BOZHUKAIOT HAMPSIKEHUS CKATUA U pacTshKeHus. TepMudeckasl ycTaiaocThb
MPOSIBISIETCS B AETANISIX FOPAYErO TPAKTa SHEPTETUUECKUX MAILIKH.

3aMETHO CHMXKAeT TpeAesl BBIHOCIMBOCTH JeTanedl wmamuH Kopposus. [lpu
O/JIHOBPEMEHHOM BO3JCHCTBHUM KOPPO3MM U TIEPEMEHHBIX HAarpy>KeHH BO3HHMKAET TaK
Ha3bplBaéMasi KOPPO3HOHHAsl yCTaJOCTh, KOTOpas BBI3BIBAET pa3pylICHHE JACTald MpHU
3HAQYUTENIbHO MEHBIIIEM HANPSHKEHUHU, YE€M TI03BOJISIET HMCTHHHBIM TIpeesl BBIHOCIUBOCTH
Marepuaia JeTaiu.

2.1 Knaccnpuxanus nokasareseil KayecTBa NOBEPXHOCTHOIO CJIOS JeTaJieil MAIIUH

ITon xauecTBOM MOBEPXHOCTH MOHMMAIOT COCTOSIHHE MOBEPXHOCTHOTO CJIOS MaTepualia
nerand. [loBepXHOCTHBIM cjOi BKIOYaeT B ce0d HapyXXHYIO IOBEPXHOCTb, KOTOpas
KOHTAKTUPYET C OKPY)KAIOLIEH cpeloi, W HIDKeNeXalluil coi MaTepraia ¢ U3MEHEHHBIMU 110
CPaBHEHHMIO C OCHOBHOW 4YacCThIO (CEpIALEBHMHOM) CTPOCHMEM M CBONCTBAMHU (MEXaHMYECKHMH,
¢buznueckuMu, xumMudeckuMu). KauecTBo MoBEpXHOCTHOTO CJI0S AETajleil MallMH ONpeaesieTcs
reoMeTpHeil HEPOBHOCTEW MOBEPXHOCTH (IIIEPOXOBATOCTH, BOJHUCTOCTh M MaKPOOTKIIOHEHUS),
(U3NIECKAM COCTOSTHUEM MeTaJlIa TOBEPXHOCTHOTO CJIOS M €r0 HANPSKEHHOCTHIO.

Knaccudukanus mokasateneil kadecTBa MOBEPXHOCTHOTO cJIOs MpuBeneHa B Tadm. 2.1.
Ora kinaccudukanys HauOojiee IOJHO OTpakaeT (PU3MUECKYI0 XapaKTEepUCTHKY KadyecTBa
MOBEPXHOCTHOTO CJIOSI W YCTaHaBIMBAeT €IWHbIE T[IOKa3aTeNd JUIS OLIEHKHU BIMSHUS
MHOTOYHMCIICHHBIX TEXHOJIOTHYECKUX BAapHAHTOB OOPaOOTKM HA SKCILIyaTallMOHHbBIE CBOWCTBA
neraneid. JlanHas kiaccuuKanus Hapsagy € M3BECTHBIMU KPUTEPUSMM ILIEPOXOBAaTOCTH U
BOJIHUCTOCTH, IJIyOMHBI M CTENEHH HAaKJIeNa, OCTAaTOYHbIX MAKPOHANPSKEHUH COAEPIKUT
napamMeTpsl KpUCTALIMYECKOW PEHIETKH, MIIOTHOCTh JUCIIOKAIMM M KOHLEHTPALMIO BAaKaHCHM,



pa3Mepbl OJOKOB, ()parMEHTOB M HUX B3aUMHYIO DPa30pUEHTHPOBKY,

HanpspKeHus 3-ro poja.

Tabmn. 2.1 Knaccudukanus nokasarenei KauecTBa IMOBEPXHOCTHOTO CIIOS

MUKpPOHAMPSIKEHUS U

I'pynna | IToarpymnma HanmeHnoBanue nokasarenei O6o03nau | Equauier
IoKa3a- | Iokasaresien eHHE u3Mepe-
Tenen HUS
IlTepoxosa- Beicota HepoBHocTell mpodwmis 1o | Rz MKM
TOCTb JECSITH TOUYKaM
Cpennee apudmernueckoe oOTkIoHeHHE | Ra MKM
npoduIst
HauOonpimasgs  BbicoTa  HEpOBHOCTEH | Rmax MKM
= npoduIst
§ Cpennuii  mar  HEpoBHOCTEH 1o | S MKM
= BEpPILMHAM JIOKAJIbHBIX BBICTYIIOB
§ Cpennwii mar HepOBHOCTEH; Sm
E Onopnas 1yinHa npoduis Np MKM
a8 OTtHOCHUTETbHAS OIopHas uHa |t -
553 npoduns (P - ypOBEHb CEUYCHUS
; npous)
o Boanucrocts MaxkcumanbHasi BbIcOTa BOJHUCTOCTH | Wiax MKM
g MIOBEPXHOCTHU
g Cpennuii miar BOJIHUCTOCTHU | Sy MKM
¢:> MIOBEPXHOCTHU
= CpenHsist BBICOTa BOJIHUCTOCTH 110 jiecstu | Wz MKM
Qg) TOYKaM
% Hampasnenune VYron MEXIY HaIPaBJICHUEM | - rpaf.
5 HepOBHOCTel HEPOBHOCTEW W HA MPABJIECHUEM JCHCTBUS
2 BHEIIIHEH Harpy3Ku
Crenenp Crenenp neopManuy OTAENIBHBIX 36PEH | Esp %
negopmaruu Crenenb nepopManuu CIIOEB | &pc %
(COBOKYITHOCTH 3€pEH)
JHedopmaru- ['myOuHa Hakema hy MKM
OHHOE ynpod-| CTeneHp HaKena Uy %
= HeHue (Haknen) | ['paauMeHT Hakiena Urp Kre/Mm°
% = Cy0ctpykTypa | Pazmeps! pparmenToB Iy MKM
g S Pa3Mepsl 6110K0B ls MKM
= g VYroin pa3opueHTHPOBKHU (HParMeHTOB ag, rpagychl
G‘E) é Yo pa3opHueHTHPOBKHU OJIO0KOB as Ipagychl
§ fm: Kpucrannm- ITapameTpsl pemeTku A
§ 5 yecKas IImoTHOCTH AUCIOKAIIUM oM
% é CTPYKTYypa KonnenTtpanus Bakancui —
i ‘é’ OcrarouHble TexHomornueckne MakpoHanpsKEHUs Kre/Mm
E § HanpsKEeHUs MuxkpoHarpsKeHUs Kre/Mm°
5 S Hanpsbkenust 3-ro pona Krc/MM°




IMox nedekTOM MOHMMAIOT KaXJ0€ OTAEIbHOE HECOOTBETCTBHE  MPOIYKIIUH
YCTaHOBJ'IeHHBIM Tpe6OBaHI/I5IM. ECHI/I N3CJIINC NUMECT I[e(beKT, TO 3TO O3HA4YaAcCT, 4YTO I1O0 MeHBIHeﬁ
Mepe OJMH W3 IMOKa3aTeliell ero KavyecTBa WJIM OJWH W3 MapaMeTPOB BBIMIEN 3a MpeaeabHOe
3HAUEHWE, YCTAHOBIIEHHOE CTaHJapTaMHd, JHOO HE BBINOJIHEHO Kakoe-mubo TpeOoBaHUE
CTaHJAPTOB WJIM TEXHMYCCKHX YCIOBHUH. TEXHHUYECKOE COCTOSHME MAIIMH B IPOIECcCe
9KCIUTyaTalldd HE OCTAeTCsA HEU3MEHHBIM; OHO YXYIIIACTCS C YBEIWYEeHHEM HapaboTku. M3-3a
U3HOCA W TOBPEKICHUN CHIDKAETCA PabOTOCIIOCOOHOCTh, a, CJACIOBATEIbHO, M HAIEKHOCTH
MalIlH.

2.2 I'eomMeTpHUecKHe MOKa3aTe Il Ka4yecTBa OBEPXHOCTHOIO CJIOS /ieTasieil MAIUH

WneanpHO mpaBMIIbHAS MOBEPXHOCTh HE MOXKET OBITH IOJyd€Ha B pe3yjIbTaTe Kakoro-
mbo wmerona o60paboTku. PeanbHas MOBEPXHOCTh (U3UYECKOTO Tella HECOBEPIICHHA, WU
CY)KJEHHE O CTENEHUM HECOBEPIICHCTBAa 3aBUCUT OT MacuTaba paccMOTpeHus. MoxkHO
paccMaTpuBaTh ~ OTKJIOHEHUS  OT  TIEOMETPUYECKOHM  MNPaBUIBHOCTH  IOBEPXHOCTH
MaKpOIr€OMETPHUUYECKOT0, MUKPO- U CYOMHUKPOCKOITMYECKOTO MOPSIKA.

Makpozeomempuueckue OTKIOHEHHS pPacCMaTPUBAIOTCS Ha OOJIBIINX y4acTKaxX peanbHOM
IOBEPXHOCTHU J€TalIM, OHU XapaKTEePU3YIOT TOYHOCTb (OPMBI AETANN; MUKPOeoMempus — Ha
MaJlbIX y4YacTKaX peajbHOW MOBEPXHOCTU C JJIMHOW CTOPOHBI KBajapaTa oT 1 MM 10 1 MKM.
['eomerpuueckoe mpejacTaBieHne o (GopMe TakoW TOBEPXHOCTH MPHHATO HA3bIBAaTh
wepoxosamocmuio. MHKpOTEOMETpUsi TIOBEPXHOCTEH  NeTaneil, Hapsagy ¢  (QHU3UKO-
MEXaHUYECKUMHU CBOHCTBAMH TOBEPXHOCTHOTO CIIOSI, SIBJISIETCSI OJHUM M3 OCHOBHBIX (DaKTOPOB,
OIpEeNeNSIOUX SKCIUTyaTallMOHHbIE CBOMCTBA M pabOTOCHOCOOHOCTh MAIllMH, MX pecypc U
HaJIe’KHOCTb.

Cyomuxpockonuueckue HEPOBHOCTH pPACCMATPUBAIOTCS Ha YydYacTKaX IOBEPXHOCTH,
pa3Mep CTOpPOHBI KBajJipaTa KOoTopou mamepsercs oT 1 go 10 mxm (10'3 - 102 mm, i 1000 -
10000A). T'eomeTpuueckre HECOBEPIIEHCTBA AITOW OO0JIACTH OMPENENSIFOTCS MOJICKYIISIPHOM
CTPYKTYpOI MMOBEPXHOCTH, OHA NIOKA HE UMEET CIEUUAIbHOI0 HA3HAYEHHS, IOYTH COBEPILEHHO
HE U3y4Y€Ha, TaK Kak OOoJbIlIEN Y4acThlo JIS)KUT 3a MpeJeslaMi YyBCTBUTEIbHOCTH COBPEMEHHBIX
puOOpOB.

I'eomeTprueckne OTKIOHEHHsI MOBEPXHOCTEN Pa3nyaroT B 3aBUCMMOCTH OT OTHOIIEHUS
mara L x Beicote HepoBHOCcTel H: nipu L:H 6onee 1000 — makpockonuyeckre OTKIOHEHUS WIN
OTKJIOHEHUS OT NMPaBUJIBHON TeoMeTpuyeckoil GopMbl (KOHYCHOCTh, OBAIBHOCTb, BOTHYTOCTb U
ap.), eciu L:H ot 50 no 1000 — BomHuCTOCTH MOBepxXHOCTH U L:H 10 50 — mepoxoBaToCTh
oBepXHOCTH [29].

Lllepoxoéamocms noeepxHocmu — COBOKYIHOCTb HEPOBHOCTEH C OTHOCUTEIBHO
MaJbIMU MIaramMu, oOpa3ymromux penbed mnoBepxHOcTH. LllepoxoBaToCcTh MOBEPXHOCTH IOCIIE
MEXaHUYECKOH 00pabOTKM — 3TO TeOMETPHYECKHUU CIIe]] PEXYIIero Wind AehOpPMHPYIOIIETO
MHCTpYMEHTa (METAJUIMYECKOro WM aOpa3WBHOIO), JBUXKYLIETOCS B COOTBETCTBUU C
YCTQHOBJICHHBIM DPEXHMOM pe3aHMs, MCKAKEHHBIM B pe3yJbTaTe IUIACTUYECKOH U yIpyroi
negopMaluu M COMYTCTBYIOIIEH Mpoleccy pe3aHus BHOpaluell TEXHOJIOTMYECKOH CHCTEeMbI
CTaHOK—IIPUCIIOCOOTICeHNe—UHCTPYMEHT—/IETaIIb.

B crannmapt Ha mepoxoBatocTh noBepxHoctd ['OCT2789-73 /25/ Bomwu creayromue
XapaKTEPUCTHKH IIEPOXOBATOCTH:

e guicomHble: Ra-cpenHee apudmermdeckoe oTkiIoOHeHME npodmis; R~ BbicoTa
HEPOBHOCTEW MPOGUIIS TIO AECATH TOUKaM; Ryax-HauOoMbIIast BEICOTa HEPOBHOCTEH npoduiis;



® waeosvle: S-CpeIHMUN IIAar HEPOBHOCTEH IO BEPUIMHAM JIOKAJIBHBIX BBICTYIOB; Spy-
CpelHUIl Iar HEPOBHOCTEH; tp-OTHOCUTENbHAs ONOpHAas AAMHA mpoduis, Tae P - ypOBEHb
cedeHust mpodurs.

B 0CHOBY KOJIMYECTBEHHOM OLCHKH XapaKTEPUCTHK LIEPOXOBATOCTU IPUHATA CUCTEMA
0TCYeTa, B KOTOpOil B KadecTBEe 0a30BOW JIMHUM CIYXKUT cpeaHss JuHus npopuist. [Ipoduns
MIOBEPXHOCTH CO Cpe/HEeH JMHHUEW U IpyruMu mapamerpamu B coorBercTBuu ¢ 'OCT 278973
npuBeJeH Ha puc. 2.1.

[
— ]
Si St Si |
T — - ~ | Junua svicmynos
bz _ b3 | 1 ,__J
WA A W {—
i m
= b
. V 2 Y
r N~
- Junua enaoun

Puc. 2.1. [Ipodusib TOBEpXHOCTH U €T0 XapaKTEPUCTHKA

Cpeonsaa nunmua npoguns — 310 0azoBas JIWHH, WMeEIOmas (HopMy HOMHHAIBHOTO
npoduisi ¥ TPOBENCHHAS TaK, 4TO B Ipeieiax 0a30Boi JUIMHBI | cpeiqHee KBaapaTHYECKOE
OTKJIOHEHHE TOYEK MPOQHIS OT 3TOW JMHUM MUHUMAIBHO. JIMHUS, SKBUIUCTAHTHAS CPEIHEU
JIMHUAW W TIPOXO/SIIAsi 4Yepe3 BBICIIYIO TOUKY MpOQHIIs B Mpenenax 0a30BOi UTHHBI, Ha3bIBACTCS
JuHUeu evicmynog npoghuns. JIuHWs, SKBUIUCTAHTHAs CpeAHEN JMHUU W MPOXOASIIas depe3
HUBIIYI0 TOYKY Ipoduis B mpesenax 0a30BOM UIMHBI, HAa3bIBACTCS JuUHUEU BNAOUH NPOPUIA.
PaccrosiHue Mexay JMHHEHW BBICTYNOB HpOQMIs M JIMHUEH BHOaAWH Npoduis B Mpenenax
0a30B0Oi1 JUIMHBI IPEJCTABISAET COOON Hauborbuyto gvicomy nepognocmei npodus Ryax.

Bvicoma evicmynog npoghuna — 3T0 pacCTOSHUE OT CPEeIHEH JIMHUH MPO(UIIS 10 BhICIIEH
TOYKH BBICTYIIA MPOUIIS.

I'nybuna enaoumvr npoguis Yym — TO PACCTOSIHUE OT CpeaHeW TUHUK NpPOPuUiIs 0
HU3MIEH TOYKH BITAJHHBI TPOQUIIS.

Heposnocmuv npoghunist — 370 BBICTYI MPOGUIIS U CONPSKEHHAs ¢ HUM BIIaJnHa MPOduIIs.

lllae nepoenocmeti npoghuna — 3TO JUIMHA OTpe3Ka CpeaHed JMHUKM TpodmiIs Spi,
coJepxaliasi BBICTYNl NMPO(UIS U CONPSDKEHHYIO ¢ HUM BHaguHy mnpodwist. Cpednuu wiae
HeposHocmell npoguns Sy — 3TO CpefHee 3HaYeHME IIara HepOBHOCTEH Npoduiis 1mo cpeaHen
JIMHAY B TIpesieax 0a30BOM JITHHBI.

Llae mecmuvix vicmynog Sij — 3TO JUTMHA OTPE3Ka CPETHEH JTMHUHA MEXIY MPOCKIHSIMA
Ha HEe JBYX HAWBBICHIMX TOYEK COCEIHHMX MECTHBIX BBICTYNOB mpoduns. Cpednut wae
MECMHbBIX 8bICIIYNO8 NPoGhuiis S — 3TO CpefHee 3HAYCHHE IIara MECTHBIX BBICTYIIOB B IpeIenax
6a30BOi1 UTMHBL.

JUiss OLEHKM IIEepPOXOBAaTOCTH IMOBEPXHOCTH B MAIIMHOCTPOSHHM HauOoJbIIee
pacrpocTpaHeHHe OJTYYHIIN JIBa BBICOTHBIX Kputepus R, u Ra.

Bvicoma neposnocmeii npoghuna no decamu mouxkam R, mpencraBiser coOoi cymMmy
CpeIHMX aOCOIIOTHBIX 3HAUEHHH BBICOT MATH HAUOOJBIIMX BBHICTYMOB MPOQHIISL U TNIyOHH IMATH
HaMOOJIBIINX BITIAJUH PO B TIpeeaax 0a30BoM IHHBI Ipodus |
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€ Ypmi — BBICOTA i-20 HAMOOIBIIETr0 BBICTYNA HPOGHIA, Yymi — ITyOHHA i-0i HanOoNbIICH

R

BIIQ/IMHBI TPOQUIIS.
Cpeonee apugpmemuueckoe omrinonenue npoguis R, mpeacraBiser cobOoit cpenHee
apuMeTHIECKOe aOCOIOTHBIX 3HAUYCHHUI OTKJIIOHEHHI poduits B mpenenax 6a30Boi UTHHBI |

1 .
R, = T-L |y|dx
(2.2)
Wnu nmpubnvxeHHO
1 n
Ra = Z‘y| ‘
1 i (2.3)
rIe y — OTKJIOHEHHWE MpO(Wisi, ONpeAensieMOoe pPAaCCTOSHUEM MEXAY JTI000H TOYKOH
npoduist U cpenHel nmHUEH, | — 6a3oBas uIMHA, n — YHCIO BHIOPAHHBIX TOYEK Ha 0A30BOI
JUIAHE.

MHorue HSKCIUTyaTallMOHHBIE CBOWCTBAa IMOBEPXHOCTH 3aBUCAT OT (PaKTUUECKOU
MOBEPXHOCTU CONPUKOCHOBEHUSI C COMPSDKEHHBIMU  JETalsIMH, HampuMep KOHTAKTHas
HKECTKOCTh. JIJis MpuOIMKEHHONW OLIEHKHM BO3MOXKHOM MOBEPXHOCTH KOHTAKTa HCIOJIb3YEeTCs
KPUTEPUH 7], — ONOpHAaA OauHa npoghuns, KOTOPBIH ompelenseTcs CyMMOW IJIMH OTPE3KOB B
npeaenax 0a30BOM JJIMHBI, OTCEKAEMBIX Ha 3aJITaHHOM YPOBHE B Marepualie mpoduiis JMHHUEH,
SKBUJIUCTAHTHON cpeaHed auHuU. J[JIS CONMOCTaBJICHHS OIMOPHBIX BO3MOKHOCTEM pa3HBIX
MOBEPXHOCTEH, UMEIOIINX B TOM YHCJIE U OJJUHAKOBBIC BHICOTHBIE XapaKTEPUCTUKH HEPOBHOCTEH
npoduisi, MOIb3YITCS KPUTEPHUEM OMHOCUMENbHOU ONOPHOU ONuHbl npoguasi ty, KOTOPBIN
OTIpeIeIIIeTCsl OTHOIIEHHWEM OMOPHOM AMUHBI TPoduis K 6a30BOM JAITUHE.

t, =ﬁ=}2bi
S (2.4)

rae by — uiMHa OTpes3Kka, OTCEKaeMOro B MaTepHaie BbICTyNa Mpoduis, p — YpOBEHb
ceueHus TpoQuis, oNpenensieMblii pacCCTOTHUEM MEXy JIMHUEH BBICTYNOB PO U JTUHUEH,
nepecekaromeid npo¢uiab SKBUAUCTAHTHO JIMHUM BBICTYNOB MpO(HIsA, BBIPAKEHHBIM B
MPOIIEHTaX OT Rmax.

Bonbiioe 3HaueHue A1 MOBEPXHOCTEH, pabOTAIOMIUX B YCIOBUAX TPEHHS CKOJIBKEHUS
MMeEeT HampaBlieHue HepoBHOcCTeH. Tumbl HampaBieHH HepoBHOCTH B coorBercTBUU ¢ [[OCT
2789-73 npexncrasieHsl B Tabdm. 3.2.

Jlnsi OLIEHKM Hecylied CMoCOOHOCTH MIEPOXOBAaTOCTH B HACTOsIEe BpeMs Hamboiiee
IIMPOKOE MPHUMEHEHHE MOJy4ua OTHOCHUTENIbHAS OMOpHAas KpHBas MNPOQHIS MOBEPXHOCTH,
MOCTPOCHHAsI B OTHOCUTENBHBIX KoopauHarax (Puc. 3.2), onuceiBaemas ypaBHeHueM (3.4). Ora
KpHBast MO>KET OBITh UCIIOJIb30BaHA U JJI1 KOCBEHHOW OLIEHKH M3HOCOCTOMKOCTH IMOBEPXHOCTH.

t,=be", (2.5)
rie b,v-napamMeTphl Ha4YaIBHOTO yYaCTKa OMOPHOM MOBEPXHOCTH; € - OTHOCHTEIBHOE PACCTOSIHUE
OT JIMHUU BBICTYNOB €=y/Rmax; Y- paccrossHM€ OT JMHHUHU BBICTYIIOB, O paccMaTpUBAaEMOIo
YPOBHS, MKM.



Tabnuia 3.2. Tumnbl HanpaBIeHU HEPOBHOCTEH TTOBEPXHOCTH

Tunel
. CxeMaTuyeckoe
HaIlpaBJICHUU Ilosicuenue
. U300paxKeHue
HEPOBHOCTEMU
[TapannensHoe — [TapamtensHo nWHWM, HW300paXkaromeld Ha
—_—— YepTexKEe MOBEPXHOCTh, K IIEPOXOBATOCTH
KOTOPOH YCTaHABIMBAIOTCS TPEOOBAHUS
[lepnienaukynsipHOE [MepnieHIUKYISIPHO JTHMHHUH, W300pakaromen

Ha YepTeKe MOBEPXHOCTh, K MIEPOXOBATOCTH
KOTOPOU YCTaHABIMBAIOTCS TPEOOBaAHUS

[TepexpemuBaroneecs e

[lepexpemuBanue B JBYX HaIlpaBICHUIX
HaKJIOHHO K JIMHHH, wu300paxkamomeld Ha
YyepTexke IOBEPXHOCTh, K MIEPOXOBATOCTU
KOTOPOW yCTaHaBJIMBAIOTCS TPEOOBAHUS

IIpousBonbHOE

Pazmmunsnie HaIlpaBJICHHUA 110 OTHOLICHHIO K
JUNHYM, U300paxamoomied Ha  4YepTexe
MIOBEPXHOCTh, K IIIEPOXOBATOCTH KOTOPOM
yCTaHaBJIMBAIOTCS TPEOOBaHUS

Kpyroob6paszHnoe

[Tpubnmmu3uTensHO KpyrooopasHo o
OTHOIICHUIO K IICHTPY IOBEPXHOCTH, K
[IEPOXOBATOCTH KOTOPOW YCTaHABIUBAIOTCS
TpeOOBaHMS

PagunanrHOE

[TpubnuzurensHO paananbHO o
OTHOIICHUIO K IIEHTPY TMOBEPXHOCTH, K
[IEPOXOBATOCTH KOTOPOW yCTaHABIUBAIOTCS
TpeOoBaHUS
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BonHuctocTh moBepxHOCTH, coriacHo pekomenpaimuun COB  PC3951-73 - 310

COBOKYIMHOCTb MNEPUOAUYCCKU IMOBTOPAIOIINUXCSH HepOBHOCTCI\/'I, Y KOTOPBIX paCcCTOAHUA MCKIY

CMCKHBIMU BO3BBIIICHHOCTAMMA WJIK BIIaJWMHAMU IMPCBBIIIAIOT 6330By1—0 JUIMHY AJIA PIMCIOHIGI;'ICFI
IEPOXOBATOCTH TOBEepXHOCTH. Du3nuecku 00OCHOBAHHOH, a TeMm 0o0Jiee ECTECTBEHHOU

(GU3UYECKOW TPaHUIIBI

MCXKAY MEPOXOBATOCTEIO W  BOJHHUCTOCTHBIO ITOBCPXHOCTH KaK

COBOKYITHOCTbIO HEPOBHOCTEW C IIaraMmu, IpEBBIIAIONIMMH 0a30BYIO UIMHY, HE HMMEETCH.




OpHako, HaJIM4Ke BOJIH Ha TIOBEPXHOCTH MPUBOAUT K YMEHBIICHHUIO ONMOpHOH Iuiomanu B 5S—10
pas3 1o CpaBHEHHUIO C POBHOM MIEPOXOBATOM MOBEPXHOCTHIO.

ITo pexomenmanuu COB (PC 3951-73) miis OIIEHKH BOJHUCTOCTH IMOBEPXHOCTH CIIETYET
YUUTHIBaTh MAKCHUMAJIBHYIO BBICOTY BOJHHCTOCTH WMAaX, CPeiHIOI BBICOTY BOJHHUCTOCTH IO
necsiti Toukam W2z, BelUMCIIsIEMble aHAJOTMYHO MapamerpaM Rmax u Rz mepoxoBaroctu
IIOBEPXHOCTH, U CPEAHUHN IlIar BOJIHUCTOCTH SW, OIIpelessieMOl Kak cpeqHee apu(pMeTHIecKoe
paccTosiHUe U3 MATH 3HAYEHUH MEXJy BOJIHAMHU Ha ISTH PAaBHOBEIMKUX OTIENBHBIX ydacTKax
U3MEPEHUN BOJHMUCTOCTH (AQHAJOTMYHO IIAary SM g mepoxoBaTocTH). BomHbel Moryr
00pa30BbIBATHCS HA JETAIHM B JBYX B3aUMHO MEPHEHIUKYJISPHBIX HAIIPABICHUSAX, B CBA3H C UM
PEKOMEH/IyeTCsl Pa3InyaTh MPOIOJIBHYIO U MONEPEUHYIO BOJIHUCTOCTD.

2.3 ®Ou3uKo-MeXaHUYecKHe MOKAa3aTeJId KAa4ecTBA MOBEPXHOCTHOIO CJIOS JieTaJeil
MAaIIuH

B noBepxHOCTHOM clioe Jerajeil MallMH CclIeAyeT pas3jinyaTh €ero HapyKHYIO
MOBEPXHOCTh, KOTOpAas COIPHKACAETCS C BHEIIHEH Cpenoil, MOBEPXHOCTHBIA CIIOW U €ro
BEPXHIOKD 4YacTh — TpaHUYHBIA ciaor. Crnenu@uyHOCTh XUMHUYECKHX, (DHU3UYECKUX H
SHEPreTUYeCKHX YCIOBMH Ha BHEIIHEH MOBEPXHOCTH pPE3KO BBIACNSAET JTy YacTh
MOBEPXHOCTHOTO CJI0sI, HA3BAHHOTO TPAHUYHBIM CIIOCM.

[ToBepXHOCTH TBEPAOTO TEJa, 0 CPABHEHUIO C €r0 BHYTPCHHUM CTPOSHUEM, HMECT PSiJT
ocobeHHocTeil. JI000i aToM, pacmoiOXKEHHBIH BHYTPU TBEPAOrOo Tejla C MJCaNbHON
KPUCTATMYECKON PEIIETKON, HAXOUTCS B COCTOSHUU TOJIBHYKHOTO YCTOMYUBOTO PaBHOBECHS,
MOCKOJIBKY JJII HErO MO BCEM HAaINpaBICHHUSIM HMHTEHCUBHOCTh CHJIOBOTO MOJIs OAMHAKoBa. B
WHOM TIOJIO’)KEHHUH OKa3bIBAlOTCA aTOMbI, KOTOpbIE HAXOMATCA Yy TMOBEPXHOCTH; OHH HUMEIOT
TOJILKO OJJHOCTOPOHHHE CBSI3M — B TEJO METalIa, IOITOMY MX COCTOSIHHE HEYpPaBHOBEIIEHHOE,
HEYCTOMUMBOE, OHM OoJiee AaKTHUBHBI, O0NaNal0T K3OBITOYHOW »SHeprueil (cBoOOIHOM) Mo
CPaBHEHMIO C aTOMaMU, HaXOoAIUMHCS B o0beMe. [Ipu 3ToM aTOMBI OCTalOTCSl HAa TOBEPXHOCTH
TaMm, TrA€ OBUIM B MOMEHT €€ o00pa3oBaHHs, 3TO W O0OECHeuMBacT TBEPABIM TeJIaM
MaKpPOCKOITMYECKYI0 HEM3MEHSEeMOCTh. [IOBEpXHOCTHAss SHEPrusi TPAHUYHOTO CJIOS B HHUX
CO3JIaeTCsl MPUMEPHO B JIBYX CJIOSIX aTOMOB (Ha TOJIIMHE MOPSIKA 10°—107 cM). DTUM U
OTIPEICIIICTCS TIOHATHE «HAPYKHAS TIOBEPXHOCTh)» TBEPAOTO TelIa.

duzuyeckoe coCTosHUE (CTPYKTYpa, CBOMCTBA) U HANIPSH)KEHHOCTh MTOBEPXHOCTHOTO CIIOS
JeTald B OCHOBHOM SIBIIIIOTCS CIIEJICTBHEM YIPYro-TUIaCTUYECKOW aedopmanuu ¥ MECTHOTO
HarpeBa, BO3HUKAIOIIMX B 30HE MEXAHUYECKOW 0OpabOTKM pe3aHWeM WU TMOBEPXHOCTHBIM
MUTACTUYECKUM AePOpPMHUPOBAHUEM, a TAKKe SBICHUAMH MU y3un aacopOUpOBaHHBIX aTOMOB
U3 OKpYXaromen cpepl. B ¢Bs3M ¢ 3TUM TSI OIIEHKHA (PU3UUECKOTO COCTOSIHHSI TTOBEPXHOCTHOTO
CJIOSI IETaJH TI0CIIe MEXaHUIECKOH 00pabOTKH pEeKOMEHIYIOTCS CIEAYIOIINE TTOKA3aTel .

Cmenenv naacmuueckou oegopmayuu. Ilmactuueckyro aedopMamuio XapaKTePU3YIOT
W3MCHECHHUEM CTCICHH IUIACTHYECKOW JedopManuyd 10 TIYOMHE ITOBEPXHOCTHOTO CIIOS
(mocioiiHas creneHb AeOPMaLUN) &y H CTENEHBIO Ae(hOPMAIMU OTJEIbHBIX 3€PEH Esp.

Hegopmayuonnoe  ynpounenue (Haknen). Hedopmarimonnoe YIIPOYHEHUE
MIOBEPXHOCTHOTO CJIOSI OICHMBAIOT IIIyOWHOW hy M cTenmeHbO Hakjena u,, a WHTEHCHBHOCTbH
HakJena IO IJTyOMHE IOBEPXHOCTHOIO CJIOS — TPaJUEHTOM HAKIENa U, SBISAIOMIAMCA
OCOOCHHO BaXHBIM TIOKa3aTelieM IMOBEPXHOCTHOTO HaKJena TIOoClie OKOHYATCIbHOW U
OT/IEIIOYHON 00pabOTKH MTOBEPXHOCTEN CHIIOBBIX JI€TaJICH:



u = e max HucX
H,uucx H/mcx (26)
u — H,umax H,uucx — AH
& h,, h,,

(2.7)

re umax oo HucX

— MaKCHMaJIbHasl ¥ UCXO/IHasi MUKPOTBEPJOCTh MeTaJljla IOBEPXHOCTHOIO
CJIOS1.

HenocpencrteenHoe onpezeneHue creneHu JedopMaluy MOBEPXHOCTHOIO CIIOS MMEET
U3BECTHBIE TPYAHOCTH, IO3TOMY OOBIYHO OIPaHUYMBAIOTCS ONPEACICHUEM IapaMeTpoB
1e(pOpPMAaLMOHHOTO YIIPOYHEHHUS.

Jns  ompeneneHuss INyOMHBI, CTENEHM M TpajUeHTa Hakiena HauOoJjbluee
pacipoCTpaHEHUE MOJYYUSIM METOJAbl HW3MEpPEHUS MHUKPOTBEPAOCTH HA IOBEPXHOCTH KOCBIX
NUT(OB U TP MTOCIIOMHOM CTPABIMBAHUH, a TAKXKE METOBI PEHTTEHOCTPYKTYPHOTO aHAIH3a.

MukpocTpyKkTypa METAJZIOB M CIUIABOB  XapaKTEpPU3yeTCs BEJIMYMHOW 3€pHAa H
pacnojioxkeHueM ero, Gopmoi, pasMepom (0aATbHOCTHIO) M KOJTMYECTBOM Pa3IIMIHbBIX (a3.

OCHOBHBIMU ~ TOKa3aTeJIIMU  JUIsl  XapaKTEePUCTHKU  CYOCTPYKTYpbl  MeTaijia
IIOBEPXHOCTHOTO CJIOSi PEKOMEHIYIOTCS pasmepsl ¢parmeHToB |l u OmokoB l; m yrusl
PAa3sOPUEHTUPOBKU HX dy, ds. OLEHKY HCKa)KEHHOCTU KPUCTAJUIMYECKOM PEIIETKH MeTallla
IIOBEPXHOCTHOTO CJIOSl MOXKHO IPOU3BOJAUTS I10 ITapaMeTpaM PELIETKU , IVIOTHOCTU JUCIOKALUN
Y KOHLIEHTPAIM1 BaKaHCHM.

MukpoTBepOCTh - 3TO TBEPAOCTh MallbIX YYacTKOB MaTepuajlla U OTIEJbHBIX
CTPYKTYPHBIX COCTaBIISIFOIIMX, 3TO CBOMCTBO METAJIa CONPOTUBIATHCS MPOHUKHOBEHHUIO B HETO
Ipyroro 0Oojee TBEpAOro Teia ONpelNeleHHOM (OpMbl M pa3MepoB, HE MOJYYarolLIero
ocraToyHoil aedopmaruu. IIpu McciaenoBaHUN HAKJIEMAHHOTO CJIOS PACCMaTPUBAIOT BEIHUUHY
MHUKPOTBEPJOCTH U TITyOMHY, HA KOTOPO OTMEYaeTcs €€ M3MEHEHHE.

Ocmamounvie Hanpsidcenus. llosiBI€HNE OCTATOYHBIX HANPSOHKEHUM CBA3aHO C
YCIIOBUSIMU M3TOTOBJIEHUS AETaJEH, C UX npeasicropueii. [103ToMy TeXHOIOrn4ecKkre mpoLecchl
M3TOTOBJICHUSI JI€Talel JTOJKHBI MPOEKTUPOBATHCS C TAaKUM pacueToM, YTOObI BOSHHUKAIOLIUE B
MOBEPXHOCTHBIX CJIOSIX OCTATOYHbIE HAIPSLKEHUS TapaHTUPOBAIM HAJEKHOCTh pabOThl AeTasneit
B 33JJaHHBIX YCJIOBUAX SKCIUTyaTallHH.

B peanbHBIX ycioBHSIX B OOJBIIMHCTBE CIy4aeB OCTATOYHBIE HANPSKEHUS BO3HUKAIOT B
YCIOBUSX OJIHOBPEMEHHOTO AEMCTBHSI pPAa3MYHBbIX (AKTOPOB: MEXAHHMYECKHUX, TEIUIOBBIX U
¢usuko-xumMuyeckux. Tak, mpu IulacTHUECKOW aedopManuu JeTaneil U3 CIOXKHBIX CIUIaBOB
OCTaTOYHBIE HANPSDKEHUS MOTYT BO3HUKHYTh OT OJJHOBPEMEHHOI'O HEOJHOPOAHOIO IPOTEKAHUS
IPOIIECCOB IIACTHYECKON Aedopmannu U (HazoBbIX NpeBpalieHnid. HanpsokeHus B MeTaie win
CIUIaBE€, HE3aBHUCHMO OT IIPUYMH, MX BBI3BIBAIONIMX (OT BO3JACHCTBUS CHJI, TEIUIA, YacTHI]
BBICOKOM PHEPTUH U JIp.), B GU3HUKE TBEPIOro Tela pacCMaTpUBAIOTCA KaK CJIEICTBUE UCKAKEHUS
KPUCTAJUIMYECKON PEHIETKH.

OcTaTto4Hble HaNpsDKEHHUS MOXHO KiacCHU(PHUIMPOBAaTh MO MpPU3HAKAM MPOTSKEHHOCTH
CHJIOBOTO MOJISI U MO (pu3nveckoi CymHOCTH. OOIIEnpUHATON SBIseTCS KiacCU(DHUKAIUSA IO
IIEPBOMY IIPU3HAKY:

e Hampspkenuss 1-ro poja — MakpOHAINpsDKEHMs, OXBaTbIBaroIlue 00JacTH,
COM3MEPHUMBIE C pa3MepaMy JIETali; OHU MMEIT OPUEHTALUIO, CBsI3aHHYIO ¢ (opMoil aeranu;
HEOJHOPOAHOE 1e(hOPMUPOBAHHOE COCTOSHUE JIETAIN MOXKET BOSHUKHYTH IOCJIE€ HEOIHOPOJHOM



MJIACTHYECKON nedopmanuu B pesyibTaTe OOpaOOTKM MeTalla WIH JACTAId BOJIOYCHHUEM,
IIPOKAaTKOM, KOBKOM, XOJIONHOM IIPaBKOW, pPE3aHUEM, MEXaHUYECKUM YIPOYHEHUEM
MOBEPXHOCTH, & TAK)KE BCIIEACTBHE HEOIHOPOJHOHN TUTACTHYECKOW JedopMaIiil Mpy HArpeBe U
OXJIQKJICHUH; BCJICJICTBUE HEOTHOPOJHOTO M3MEHEHHUs oObeMa mpH (Pa3oBBIX NPEBPAIICHUSX,
KaK B TBEPJIOM COCTOSIHHH (3aKaJiKa, CTApEHHE, [IEMEHTAIMs CTAIH TBEPABIM KapOIOpHU3aTOPOM U
apyrue (pU3MKO-XMMUYECKHE MPOIECChl), a TaKKe MPU HEOJHOPOJHOM MPOTEKAaHUU (ha30BbIX
MPEeBpaleHU U3 )KUJIKOTO B TBEPAOE COCTOSIHME M HAa0OOPOT (LIEeMEHTalus B KUIKUX BaHHAX,
ANEKTPOIIUTUYECKOE OCAXKIECHUE METaUIOB, ycagka MpH KpUCTAUIU3AlMM OTJIMBKH) U U3
TBEPAOr0 B razoo0pa3HOe COCTOSHHE M HAaoOOpOT (a30THpOBaHHUE, IIMAHHPOBAHHE W Tra3oBas
[IEMEHTAIIHUSI CTaJIH ).

e HanpspkeHust 2-To pojila — MUKPOHAIPSKEHUSI, paCIPOCTPAHIIOIINECS Ha OTJEIbHbIC
3epHa MeTajula WM Ha TPYNIY 3€peH; OHM BO3HUKAIOT B MOJUKPUCTAJIMYECKHX MeTalljlaX B
nporecce aedopMaiuu 00JBINX 00BEMOB B PE3yJIbTaTe B3aUMOJICHUCTBUS 3€PEH MEXITY COOOMH,
K HUM OTHOCAT TakK€ W HANPSHKCHWS BHYTPU OTACIBHOTO 3€pHA, OOYCIIOBJICHHBIE
MO3aUYHOCTBIO €T0 CTPYKTYPhl — PE3yJbTaT B3aMMOJCHCTBUS MEXIY OTACIbHBIMH OJIOKaMHU.
MuKpOHANPSIKSHUS SBISIFOTCS CIEICTBUEM HEOTHOPOJTHOCTH (PU3NYECKUX CBOWCTB Pa3IUIHBIX
KOMITOHCHTOB TIOJIMKPUCTAJUIA, & TAKXKE CTECHCHHBIX YCIIOBUH AeopMaIiy OTICIIBEHOTO 3epHa U
AQHU3O0TPONHUHM  CBOMCTB  BHyTpu  Hero. OCHOBHBIMM  NPUYMHAMU  BO3HUKHOBEHUS
MUKPOHAMPSKEHUH ABISAIOTCS (ha30BbIE NMPEBpAILlEHUs, H3MEHEHHS TEMIIEPATypPbl, aHU30TPOIHUS
MEXaHUYECKUX CBOWCTB OTIENbHBIX 3€PEH, TPaHUIIbl 3€pEH M pachaja 3epHa Ha OJOKH IMpHU
iacTuyeckou nedopmanuu. B mporecce ctapeHust B MUKPO- U CyOMUKPOCKOMTMYECKUX 00bemMax
BO3HUKAIOT JIOKAJIM30BaHHBIC PE3KHE KOHIEHTpAllMKW HampspkeHwid. [lpum  u3MeHeHuun
TEMIEPATYPbl MUKPOHAIPSDKEHUST MOTYT BOSHUKHYTh M3-332 HAIMYUS B METAJUIC Pa3IMIHBIX TI0
IPUPOJIe KOMIIOHEHTOB C Pa3IMIHBIMU KOA(PPUITUESHTAMH JTUHEHHOTO paciupeHusl (Halpumep,
3epHa rpaduTa B UyryHe, CIlydailHbIe BKIIIOUCHUS), a TAaKKe H3-3a aHU30TPOIUU CBOWCTB
OTJIENbHBIX 3€PEH, OCOOCHHO ISl METAIIOB C HEKYOMYECKOW penIeTKoi, 00YyCIOBIUBAIOIIECH
pa3inure B BEIMUMHE JIMHEHHOTO PACIIMPEHUS TT0 Pa3HBIM KPUCTAIIOTpahpUIECKUM OCSIM.

e Hanpsokenust 3-ro poga — CyOMUKPOCKOIMYECKUE, OTHOCSIIHECS K HCKaXCHHSIM
ATOMHOM peIIeTKH KpUCTalljia; OPUEHTAllMs MX CBS3aHA CO CTPYKTYpOl aTOMHOW pemieTku. B
TOM CcIydyae TEPMHUH «HAMpPsDKEHUS» SBISETCS BeChbMa YCIOBHBIM U 0oliee MpPaBHIBHO
MOJIb30BAThCS TEPMHUHOM «CTAaTUYECKUE HCKAKEHUS PEIICTKH» WIH «UMCKKEHUs 3-To pojay.
[TprunHO¥ 00pa3oBaHMs UCKAXEHUN KPUCTAJUIMYECKOW PEHIETKU SBISIOTCS TJIaBHBIM 00pazoM
JUCIIOKAIIMU U BHEJIPEHHBIC aTOMBI. Pa3nuyaroT TepMOIMHAMUYECKUE U CTATUYECKHIE UCKAKEHUS
KPUCTAUTMYECKON penreTku. VckakeHHsl pemeTKH, BBI3BAaHHBIC TEIUIOBBIMH KOJICOAHUSIMHU,
BCEra MMEIOTCS B KPHCTAIUIe, HaxousiieMest ipu Temmeparype soime 0°K. Pacnipenenenne sTux
HUCKOKCHUIH HETMPEPHIBHO U3MEHSCTCS, TIOITOMY TaKWe MCKAKEHUS HA3bIBAIOT JWHAMHUYCCKAMHU.
Pacnipenenenne MCKa)KeHWH, BBI3BAHHBIX MPHCYTCTBHEM B PEMICTKE PACTBOPCHHBIX aTOMOB M
pa3MYHOTO pOJa HECOBEPIICHCTB CTPYKTYPHI, MpPH HHU3KUX TEMIIEpaTypax OCTaeTcs
MOCTOSTHHBIM, TI0O9TOMY TaKH€ UCKA)KCHUS Ha3bIBAIOT CTATHUECKUMHU.

HanpsiokeHHOE COCTOSIHME TOBEPXHOCTHOTO CIIOSI JIETAlM MOXKET XapaKTepU30BaThCs
HAIMYUEM KaK CKUMAIONINX, TaK W PACTATHBAIONIMX HAIMPSKEHW, MaKCUMaJIbHOE 3HAuYCHUE
KOTOPBIX HE BCETJa MMEET MECTO Ha IIOBEPXHOCTH, & CMEIIACTCS B TITyOb MTOBEPXHOCTHOTO CIIOS.

BennunHa v 3HaK MakpOHAINPSPKEHUN ONPENESIOTCS, MPEXAE BCEro, AMCIOKAIIMOHHOM
CTPYKTYpPOH U XapaKkTepoM pachpezesieHus: AUCIOKAINI U IPYTrMX HECOBEPILIEHCTB PEIIETKH IO
rryouHe 1eOpMHPOBAHHOTO MMOBEPXHOCTHOTO CIIOSI.



I'panuywr 3epen. OCOOEHHOCTH KPUCTAIUTMYECKOTO CTPOCHUS MEK3EPEHHOTO TPAHUYHOTO
ClI0si 00YCIIOBIIMBAIOT M PA3JIMYUE HANPSDKEHHOTO COCTOSHHS MEXTy 3epHAMH U BHYTPH 3€pHa.
TounmmHa rpaHUYHOTO CJI0S1 COCTOUT M3 HEOOJIBIIOr0 YHCIIa aTOMHBIX CJI0€B (IPUMEPHO Ha OJIUH
HOPSIOK MEHBIIIE 3epHa), BCIEJICTBHE YEro HANpPSHKEHHWS Ha TPaHMLAX 3epeH OyayT Kak Obl
NEPEXOJHBIMU MEXJIYy MUKPOHANPSIKEHUSIMU U HamnpsbkeHusiMu  3-ro poxa. CkoruieHue
OOJIBIIOTO  KOJHMYECTBAa JUCIOKAMA B  MEXK3CPEHHBIX TIPAHUYHBIX CJIOSX  BBI3BIBACT
MHOTOYHCIICHHBIC MCKOKEHHSI aTOMHOW PEIIETKH, a 3TO TMOPOXKIACT HAINPsDKEHUS 3-ro poja.
Hapsiny ¢ STHMM TpaHWYHBIA CIIOW — 30HA CHJIOBOTO B3aMMOJCHCTBHSI MEXIY OTICIbHBIMU
3epHAMH, KOTOPOE CO3JIAET I0JIe MUKPOHAIPSDKEHHI, OXBATHIBAIOIINX BCIO MOBEPXHOCTD 3€PHA.

Pacnao 3epua na 6noku. Paznenenue oobeMa 3epHa Ha OJIOKH (MO3aMYHOCTh CTPYKTYPBbI)
CO34a€T B 3CPHC MHKPOHAIIPSIKCHUA. HpH‘-IHHOﬁ BO3HUKHOBCHUSA HUX SABIAOTCA BHOBbBb
00pa3oBaBIIMECcs TPAHHUIIBI MEXIY OJIOKaMH, CTPOSHHE KOTOPHIX BO MHOT'OM TOJ00HO I'paHHUIIaM
3epeH. B rpaHnYHOM ciioe MeXIy OJIOKAMH HAKAIJIMBAIOTCS TUCIOKAIUH M aTOMBI MPHMECEH,
KOTOpBIE MCKAKAIOT KPUCTAIMYECKYIO PEUIETKY M IMOPOXKAAIT HampspkeHus. C yBeIHMYeHHEM
negopManuu 3epHa pacTeT M CTENEeHb MO3aWYHOCTH €ro, BBIPACTAIOT HEYNPYTHe W3THOBI,
OKa3bIBAIONINC BIIMSHUE HA PAa3BUTHE CHCTEMbI OJIOKOB, MX Pa30pUEHTHUPOBKY, a 3TO OyneT
CIOCOOCTBOBaTh JajbHEHINIEMY YCHJICHHIO HEPABHOMEPHOCTEH JedopMalii  OTACIbHBIX
0siokoB. B mpomecce medopmanuu Hapsay ¢ IpoOJICHHEM 3epeH Ha O00JIacTH, pa3JieiCHHBIS
AUCIIOKAIITMOHHBIMKU CTCHKaAMM W MaJIOYIJIOBBIMHU TI'paHHIaMU, IMPOUCXOAUT TAKXKE CJIOKHAA
yrpyras aehopMaIis 3epeH B IEJIOM U OTICNBHBIX OJIOKOB. JTa ymnpyras aedopmanus MOXKET
ObITh BbI3BaHA W JCHWCTBHEM COCEIHUX 3€PEH, W O00pa3oBaHMEM H30BITOUHBIX IHCIOKAIWN
OJTHOTO 3HaKa BHYTpH OJIOKOB mpu jedopmanuu. B pesysnbrare Takoi ynpyroi nepopmanuu B
npeienax 3epeH 1 0JIOKOB MEXIUIOCKOCTHBIE PACCTOSHUS H3MEHSIOTCS HEOAHOPOAHO (puc. 3.3).

Puc. 2.3. Cxema
HEOIHOPOHOTO W3MEHEHHUS
MEXKIIJIOCKOCTHBIX ~ PaCCTOSTHUMI
npu u3rude: a — 10 usruba; 0
— MOCJIe U3ruoa

Ecnu 0603HaunTh a0COMIOTHOE MAaKCHMAlbHOE YIPYroe OTKIOHEHUE MepHoJa PEIIeTKH
yepe3 Aa, To oTHouieHHe Aa/a OyaeT XapaKTepu30BaTh BEIMUYMHY MAKCHMAIBHOTO YIIPYroro
OTKJIOHEHHUS] MEXKIUIOCKOCTHBIX PACCTOSIHUN OT paBHOBECHBIX. BenmnunHy Aa/a TpUHUMAIOT 3a
XapaKTePUCTUKY MHUKPOHAMPSDKEHUH WM UCKXEHHH 2-T0 pojaa. DTH HMCKaKEHUS BBI3BIBAIOT
YIIUPEHUE JIMHUA PEHTreHOrpaMMbl AD, HO MOTYMHSIOTCS APYrHMM 3aKOHOMEPHOCTSIM, 4YeM
VIINPEHUE 32 CUET U3MENBbUCHH pa3MepoB 0J0k0B. Bennunny, Aa/a onpeaensoT mo ¢gopmyiie

Aa Ab

a 4tg® 2.8)

rae © — yron oTpaskeHHs IMHHE PEHTICHOTPAMMBL.
Vnopyras gedopmarusi 3epHa BEpOSITHEE BCErO BBI3BIBAET TOJBKO HEKOTOPOE
nepepacrnpesiefieHie MUKpPOHANpsOKEeHUWM U BbIpaBHUBaHHME HX. [Ipy  peHTreHOBCKUX



U CCIICJOBAHMX nocie YIPYTOIUIACTUYECKOU nepopmanuu 00HapyKUBAOTCS
MHUKPOHAINPSIKEHUsI B OTAEIbHBIX 3epHax. [lmactuueckas nedopmariusi, BeI3BIBAIOLIAs pacmas
3epHa Ha OJIOKH, COIMPOBOXKAAETCS OOpa30BaHMEM 3HAYUTENIBHBIX MHKPOHAIPSDKEHUH, IO
BEJIMYMHE OJIM3KHX K MPEeTy TeKY4eCTH.

OTnuure Makpo - OT MUKPOHAIPSDKEHUH 3aKIII0UaeTCs HE TOJBKO B BEIMYMHE MaclITaba
IPOSIBIEHUST UX. MaKpoHalpsHKeHHs MOTYT BO3HHMKaTh B JIIO0OH CIUIOIIHOW OJHOPOIHON
M30TPONHON cpene. MUKpOHANpSOKEHHWsT B TaKOM MaTepualle CyIEeCTBOBAaTh HE MOTYT, OHHU
MOTYT BO3HUKHYTb BCIEACTBHE CYLICCTBEHHON HEOAHOPOJHOCTH KPUCTAUIMYECKOIO MaTepuaia
Y €70 AaHU30TPOITHBIX CBOMCTB.

HUckaoicenuss kpucmaniuueckou pewemku (Hanpsicenusi 3-e0 poda) B HANPSHKEHHOM
COCTOSIHUM TBEPJOr0 Teja WIPaloT BakHYK poib. Hampsokenust 3-ro poja, CBsI3aHHBIE C
OTKJIOHEHHMEM aTOMOB OT IIOJIO)KEHHSI PpAaBHOBECHS B PpELIETKE, W MHUKpPOHANpPSKEHUs
XapaKTepU3ylOT JHEPreTHYECKU ypoBeHb oOpabarbiBaeMoro Metauia. [loBblieHue
SHEPreTUYECKOr0 YPOBHS B HAKICNAaHHOM METaUle JEJaeT €ro TEpPMOAMHAMHYECKU
HEYCTOMYMBBIM IIPU BCEX TeMIIEpaTypax, OH BCerja CTpeMHUTCs Mepetu B Oosee cTaOMiIbHOE
COCTOSIHHE C MCHBIIICH CBOOOHOM SHEPTHEH.

Anuzomponusi  mexanuyeckux —ceoucme 6 omoenbHblX 3epHax. B pearbHOM
NOJIMKPUCTAIUIMYECKOM METajllie BMECTO IMPEANONaraéMoro IO pacyeTy paBHOMEPHOTO
pacopenelieHns HamnpsHKEeHUM OT JEHCTBUS BHEIIHEH Harpy3kd HMMEET MECTO 3HauyuTeNbHas
HEpaBHOMEPHOCTh HaNpsDKEHUH (nedopmaruii) B OTAETBHBIX 3epHaX MeTayuia. HepaBHOMepHas
tactTuueckas aedopmanus oOyCIOBIMBACTCS pa3HUIEH B MOAYISAX YIPYTOCTH Pa3TUYHBIX
arperaToB, O0pa3yloIIMX  IOJUKPUCTAI, a TaKKe HEOJAMHAKOBOW  CIIOCOOHOCTBIO
1e(OpMHUPOBATHCS MO Pa3HBIM KPUCTAIUIOTPAPUUECKUM OCSM OJHOTO M TOTO e 3€pHa, KOTopas
omnpenensercs BeIMUMHOM Moayneil ympyroctd E u G. Ilpu orcyrcTBuM mpeobianarorien
OpPHEHTAINM 3€PEH BEIMYMHY HEPABHOMEPHOCTH HANPSDKEHUM B KaKOW-TO MEpPE XapaKTEpU3yeT
OTHOLICHHE MAKCUMAJIbHBIX M MMHHUMAJbHBIX 3Ha4YCHMU MoOIyis ynpyroctu. Ilo ympomeHHbIM
TEOPETUYECKHM pacyeTaMm JJisi METalIoB ¢ KyOMYecKoll peleTKod HepaBHOMEPHOCTh
HanpspkeHu# coctaBisieT npumepHo 30%. B neiicTBUTENBbHOCTH CTENEHb HEPABHOMEPHOCTH
3HAUMTENbHO BbIIe. B mMoiuKpucramie aaxe NOpU MaKpPOCKOMMYECKH OJHOPOIHOM II0JIe
HaIpsDKEHUM IlacThyeckas aedopMaiius paclpelensercs B MUKPOOObeMax HEpaBHOMEPHO,
CTeneHb HepaBHOMEpHOCTH Ipu 3ToM Jocturaer 400—500%. C pa3BUTHEM IUIACTUYECKOU
negopMaluy pa3HHIa B HaNpsDKEHUSAX OTIENBHBIX 3€pPEH JI0JDKHAa cHukatbes. Ilpu pasrpyske
OKOJIO TUIACTHYECKH 1e()OpMUPOBAHHBIX 3€pEH BO3ZHUKAET 30Ha MUKpOHaNpshkeHu. [loBTopHBIE
HarpyXeHus eie OoJbllIe YCIOXKHAIOT KAPTUHY paclpeieieHns HanpsHKeHUH B MUKPOOoOBbeMe.
TakuM oOpa3oM, aHM30TPONHSI MEXAaHMYECKUX CBOWCTB IMpPH MOBTOPHBIX HATPYKEHHUSIX MOKET
MPUBECTHU K BOSHUKHOBEHHUIO HEPABHOMEPHO PACIPEIEICHHBIX MUKPOHAMPSKEHHH.

Jns u3MepeHns MAakpOHANPSKEHWH B OCHOBHOM IPUMEHSIIOTCA: MEXaHMYECKHH |
PEHTTeHOBCKUI MeToAbl. MexaHHnuecKuii METOJ] OCHOBAaH Ha 3amepe mporuda uinu nedopmanuu
Ha CTEpXKHSIX HPSIMOYTOJIBHOTO CEUEHUs M IUIaCTMHAX, WM Ha KOJblaX M IOJOCKaX,
BBIPE3aHHBIX M3 TOHKOCTEHHOM TpyObl (BTYJKHM). PEHTreHOBCKHMH METOJ, MO3BOJISIOLIHIA
BBIYUCIUTh MAaKpOHANpPsDKEHUS HEMOCPEJICTBEHHO B JI000H TOYKe Ha MOBEPXHOCTH 0Oe3
paspyieHus 1eTanu. TOYHOCTh OIpeesIeHUs] HaNpsDKEHU OTHOCUTENbHO HeBbicokas (£5—20
krc/Mm?). BOSHHKAIOT Takke TPYAHOCTH MU PasfeNeHHH MaKpo- W MHKDPOHANPSIKCHHH B
HAKJICIIaHHBIX ITOBEPXHOCTHBIX CIOAX. MMHKPOHANPSIKEHUSI M MCKaKECHUS KPUCTAIIIMYECKON
PELIETKH ONPEIEIIAIOTCS TOJIBKO ¢ IOMOLIBIO METOZ0B PEHTTEHOCTPYKTYPHOT'O aHAJIM3A.



Kak yxe ynmoMuHaNOCh, MOKa3aTeld KadyecTBa IMOBEPXHOCTH OKAa3bIBAIOT pEIIAOIIEe

BIMSHAE Ha €€ OJKCIUTyaTallMOHHBbIE CBOWCTBa. [lpuyem 1Isi KaKIOro AKCIUTyaTallHOHHOTO
CBOWCTBA €CTh OIpENEeICHHBIH HAa0Op MOKa3aTeiel KadecTBa, KOTOpble M (HOPMHUPYIOT 3TO
CBOWCTBO, OJHM B OoJbIIEeH CTeNmeHH, JApyrue B MeHblned. B Tabmmue 3.3 mpexacramieHa

B3aUMOCBA3b SKCINTyaTallMOHHBIX CBOMCTB IICTB,JIGIZ MallMH C IIOKa3aTC/IIMKU KadcCTBa HX

MMOBCPXHOCTH C rpaz[auﬂeﬁ 110 CTCIICHU UX BJIMSHMUA.

Tabi. 2.3. B3auMocBs3b OKCILTYaTallHOHHBIX CBOMCTB I[eTaJ'IefI MallluH C IMoKa3aTCJIsIMU KadyeCTBa

Hnux HOBerHOCTeﬁ M IMTOBEPXHOCTHBIX CIIOCB

dusuko-
MEXaHUYECKHe
I'eomeTpruecKie XapaKTEPUCTHKHU MTOBEPXHOCTH XapaKTEPUCTUKU
IIOBEPXHOCTHOI'O
CI10sI
OKcIUTyaTalllOHHbIE i, Ocra-
. KJIeTI
CBOMCTBA aKie TOYHEIE
HIOBEPX-
[ITepoxoBarocTh Bonnucrocts . Ha-
HOCT-
npsiKe-
HOTOCJOS
HUS
Ra |[Rz [Rmax [Sm [S W, (Whax |Sw |H o |hs
N3HOCOCTONKOCTB:
* * *
TpeHue 0e3 cMazouHoro|+ [+ |+ + + |+ + +1 [+ [+
Marepuasa
TpeHue + 1|+ |+ + 1]+ + 1[4+ + 1471 +
TpeHune co CMa30YHBIM| x; *1 1 1
+ [+ [+ + |+ + |+ +
MaTepHaIoM
M30uparenpHbIii *1 1
x9 + [+ [+ + + |+ + |+ +
NepeHoc
ConpoTusienue P P 1 R R T BT I
YCTaIOCTH
KoHTakTHas 5kecTKOCTh [+ + +1
* *
BubpoycToitunBoCTb + +1 +1 +
Kopposuonnas
PP + |+ [+ + 1+ +1 [+ e L A e
CTOHKOCTB
IIpounocTe
+ |+ + + + |+
COEJIMHEHUS C HATSATOM
[TnoTHOCTD (TepMETHY-| xq 1
. + [+ [+ + |+ + |+ +
HOCTb) COEIMHEHHH
IIpouHoCTE cuenneHuin
p > Cl + 1+ +1 + |+ + |+° +1 [+
TIOKPBITHI
OOtekaeMoCTh TrazaMu 1
+ [+ [+ + |+ + |+ +
U JKUAKOCTSIMHU

*
1X3paKTepI/ICTI/IKI/I, OKa3bIBAOIHUE OCHOBHOC BJIMAHUC HA JAHHOC SKCILTYaTallMOHHOE CBOUCTBO.




*2H36HpaTenLan71 neperoc (UI1) — Bua GpUKIIMOHHOTO B3aUMOJCHCTBUS, XapaKTEpU3yeMblil B
OCHOBHOM MOJIEKYJIIPHOM COCTaBIIAIOLIECH CUiIbl TpeHMs. YcronuuBbiM npuzHakom UII sBisgercs
0o0pa3oBaHUe 3alIMTHONW METAITMUECKON TUICHKH, 00JIaJaromeil cnocoOHOCTRIO CHUKATh TPEHUE U
YMEHBUIATh U3HOC.

Ob6o3HaueHus:

Ra — cpennee apudmerndeckoe OTKIOHEHHE TTPODIIIS,

Rz — BbIcoTa HepoBHOCTEH MPOGUIIS IO JECATU TOUKAM,

Rmax — naunbosnpiias BEICOTa HEPOBHOCTEH PO,

SM — cpeaHuii mar MECTHBIX BBICTYIOB NMPOMUIIS;

tp — oTHOcHTeNIbHAs OIOpHAs JIMHA TPODHIIs,

I— paanyC 3aKpyIrJICHUS BBICTYIIOB,

I' — paguyc 3aKpyrieHus BIAJMH,

Wa — cpennee apudmeTndeckoe OTKIOHEHHE TPOQHIIs BOJIH,

Wmax — naubobiias BBICOTa BOJIH,

SW — cpeaHuit mar HepOBHOCTEH BOJIH;

H — MHUKpPOTBEpIOCTH NOBEPXHOCTHOTO CJIOS,

h — rnyOuHa HaKJIemaHHOTO CIIOs,

G — OCTaTOYHbIE HAIIPSKEHUS HA IIOBEPXHOCTH,

hs— rayOuHa 3ajeranusi OCTaTOYHBIX HAIIPSKCHUI.

2.4 lepeKTHOCTH MOBEPXHOCTHOIO CJIOSI

IIpon3BosacTBeHHbIE JEePEKTHl OOBIYHO BO3HUKAIOT W3-3a HapylleHUH TpeOoBaHMM
TEXHOJIOTHYECKUX DPEIrJIAaMEHTOB, PEXUMOB 00pabOTKM W KOHTpousisi KadecTBa. Kpome Toro,
IIPOM3BOJICTBEHHBIE JMEPEKTHl MOTYT BO3HHMKATh B PE3YJIbTaTe HEMPABHIBHO Pa3paOOTaHHBIX
TEXHOJIOTUYIECKUX MPOIECCOB.

[TpousBoacTBeHHBIE AE(PEKTHI MO CYIIECTBY BO MHOTOM CXOAHBI C Je(eKTaMu
KOHCTPYKTUBHBIMH. HenocraTouyHass 4YHMCTOTAa TIOBEPXHOCTH JETadd - UUTAGOBAIM WM
XOHUHTOBAJIM B OJIUH IE€PEXO0Jl BMECTO JBYX IOJIOKEHHBIX JUIsI CKOpOocTH. HapymeHus Hopm
TOYHOCTH MPELUU3UOHHOTO CTaHKa MOTYT OBbITh CBSI3aHbl C LEJNbIM KOMIUIEKCOM HPUYHMH: OT
HEKAQUYeCTBEHHO IPOBEJCHHBIX (MHHUIIHBIX ONepaluidi MEXaHHMYECKOW WM CcllecapHOU
(rabpenune) 06paboTKH 10 HEOPEKHO BHIMOIHEHHBIX COOPOYHBIX ONEpaLnil.

[TpousBoacTBeHHBIE e()EKTHI, BOZHUKAIONINE H3-3a HAPYIICHHUS WM HECOBEPIICHCTBA
TEXHOJIOTUYECKUX TIPOIIECCOB, KOHTPOJIUPYIOT W BBIABISIOT, KaKk MPaBHJIO, HAa TOM OJTare
NPOM3BOJICTBA, KOT/Ia WX BO3HMKHOBEHHWE BCErO BeposiTHee. Yem nampmie OT Mecra
BO3HMKHOBEHHUSI OOHAPYXMBAETCS TPOM3BOJCTBEHHBIH AEe(PEKT, TeM AOpoke OH OOXOIHUTCS
MammHocTpouTeasiM. Hampumep, B Kopmyce peayKkTopa HMpUCTaHOUYHOro poOora (OTJIMBKa M3
IIOMHUHHUEBOTO CIUIaBA) UMEETCS OJIMH MIIM HECKOJIBKO JIMTEHHBIX AedekToB. [Ipu oOHapyxeHuu
B JIMTEHHOM LieXe 3TH JepeKThl ObUIM Obl JHOO0 yCTpaHEHbI, JM00 OTIMBKY 3a0pakoBau Obl U
OTIIpaBMJIM Ha TMepemiaBky. Ho B pe3ynbraTe IJIOXOrO0 KOHTpPOJII OTJIMBKAa HE Oblia
CBOEBPEMEHHO 3a0pakoBaHa. Ee oTmpaBwim B MeXaHMYECKMI 1€X 3aBoJa BMeECTE C
KaueCTBEHHBIMHU JINTHIMHU 3aTOTOBKaMH U 00padoTanu. [[edhexTs! u 3mech He ObUTH 0OHAPYKEHBI.
B cymmy morepp Temeph BOMAET M CTOMMOCTb CTaHOYHOM 00paOoTku. ['oTOBBIN poOOT (C
ne(eKTHBIM  KOPIYCOM pEIyKTOpa) Tomaaer K mnorpedoutemo. Ero ycraHoBiT B
pobororexunueckunii komruiekc (PTK), rme on craner oOciayXKMBaTh CTaHOK-aBTOMAT. 3/1€Ch B
nporecce OSKCIUTyaTallud H3-3a Je(EeKTOB, OCHAONAIOMUX KOHCTPYKIHIO, PEAYKTOp TMOJ



pabouynMu Harpy3kamMu MOXET Pa3pymIUTHCS JUOO0 MOTEUET — T.€. YTPATHT PaboTOCIOCOOHOE
cocrosaue. Po6ot Beixoaut u3 crpos. PTK mpekpamaer paGory. PemoHT mpeBpamaercss B
Cephe3HYyI0 MPOOJIEeMy: Bellb 3aacCHBIX KOPIIYCOB PEAYKTOPOB HH OJMH 3aBOJ HE MOCTAaBJISET.
ITorepu cocTaBAT CymMMy, IpPEBBIIIAIOIIYI0O B COTHH, @ TO M B THICAYM pa3 IMOTEPU IPHU
oOHapyxeHHH Opaka JUThsA. A ecnu JIeeKThl MPOIMYIIEHB HE B KOPIYCE PEAyKTOpa, a B OCH
aBTOMOOWJIS, B POTOpE TYpOHMHBI, B JNETANSAX aBHALMOHHBIX JBUrareneil? Torna HeMHHyeMbl
aBapuu, BO3MOXKHA THOEb JIIOJCH. .

TunnyabiMM fedexTaMy Ha OCHOBHBIX Mepeienax MalIMHOCTPOUTEIBHOTO IPOU3BOICTBA
SABIISIFOTCSL:

JledeKThI TUTHS:

® OTKJIOHEHHME XMMHMYECKOIO COCTaBa MeTajyla OT 33aJaHHOI'O BCJICACTBHE HapYyLICHMS
COCTaBa IMUXThI (HOPMBI BKJIa/1a KOMIIOHEHTOB) MJIM PEXXHUMa IUIaBKH; CIEICTBUE — OTKIJIOHEHHE
OT 33JIaHHBIX CTAaHJAPTOM (U3UKO-MEXAaHMYECKHUX CBOMCTB OTJIMBKH, YTO MOKET IMPHUBECTH K
IPEKIECBPEMEHHOMY pa3pyLIEHHIO, U3HOCY U3TOTOBJIEHHOM U3 HEE JETalu;

® JIMKBAallUsl — HECOOTBETCTBUE XMMHUYECKOTO COCTaBa 3alaHHOMY B HEKOTOPBIX 30HAaX
OTJIMBKH; B MECTE JIMKBAllMM MEXaHMYECKUE XapaKTEPUCTUKU MeTajula OTIUBKU MOTYT OBITh
[OHWKEHHBIMH;

® Tra3oBble MOPbl — OCTaBIIMECS MOCIE KPUCTAJUIM3ALMU (3aTBEplEBaHUs) BHYTPH
OTJIMBKHU WJIM B €€ MOBEPXHOCTHOM CJIO€ PACTBOPEHHBIE B JKUAKOM MeETajlle ra3bl; OHM MMEIOT
(GopMy OKpYIJIBIX MY3bIPHKOB M IJIAJIKYI0 MOBEPXHOCTb; IMOSBISIOTCS B PE3yJbTaTe IJIOXOU
ra3oMpoOHUIIAEMOCTH JIMTEHHBIX (OPMOBOYHBIX CMeECEeH, IUIOXOW BEHTHISAIUH (OPMEI,
HEYJIOBJIIETBOPUTEIBLHOTO KauecTBa MeTajllla M BBICOKOW TEMIIEpaTypbl €ro 3alMBKH, T. €. B
pe3yibTare HapyLIeHWH TEXHOJOTUHU; Ta30Bble MOpPbl Ha TOYHBIX pabO4YMX IOBEPXHOCTSIX
JIeTajlell MallliH U CTAaHKOB HEJOITYCTHMBI;

® yCaJOYHblE€ PAKOBHHBI — IYCTOThI, OOpa3ylouluecs B OTJIMBKE H3-3a HapyLIECHUS
MPABWJIBHOCTH YCAJKU METajljla IPU €€ OXJIAXIECHUHU, BCIEICTBUE HApPYUICHUS] PABHOMEPHOCTH
OXJIQKJIEHUS WJIM HEXBATKU METaJljla B IPOLIECCE 3aTBEP/IEBAHNS; OOBIYHO YCaI0UHbIE PAKOBUHBI
pacrosararoTcs B BEpXHEH 4acCTH OTIMBOK; €CIIM MECTO OTJIMBKH, I'/I€ PACIIOJIOKEHBI yCaJOUHBbIE
PaKOBHHBI, MO’KHO YAAJIUTh 0€3 Bpeaa JUlsd 3arOTOBKHU JIETajIH, TO 3TO JIENAI0T B JIUTEHHOM IIEXe,
B OCTQJIBHBIX CIy4asX OTIMBKY OpaKyoT;

e cral WM HECIUTHHBI — MecTa OTCIOCHHUH MeTajllla OTJIUBOK; IMOSBJISIIOTCS B
pe3ysbTare HapyUIeHUs: TEXHOJIOTHYECKOTO0 MpoLiecca 3aJIMBKU MeTajia B GopMy; 3TO CEphE3HOE
MOBPEXACHUE 3aroTOBKH; HE3aMEYEHHBIM CIal MOXET pe3KO YXYALIUTh MEXaHUYECKUE
CBOICTBa JI€TallU, IIPEXKAE BCET0 — €€ MPOYHOCTH;

® ropsyMe TPEUMHBl — HECIUIOUIHOCTH BHYTPU OTJIUBKM JHOO C BBIXOJAOM Ha
NOBEPXHOCTh;  BHYTPEHHHE  IIOBEPXHOCTHM  TOPSYMX  TPEHIMH  OOBIYHO  OKHCIIEHBI
(KOppOIMpOBaHbl); OHU 00PA3YIOTCSI B MOMEHT KPHCTAIIM3AIMK METaJlIla B MECTax Mepexoa oT
TOJICTBIX CEYEHUM OTIMBOK K TOHKMM; IPUUMHBI MOSABIECHUS FOPSAYMX TPEIIUH — HENPaBUIIbHAS
KOHCTPYKIUSI OTJIMBOK (KOHCTPYKTHBHBIM Je(eKT), BbICOKas TemIepaTypa 3ajliBaeMOro
MeTaJljia, HepaBHOMEPHOE OXJIAXK/IEHUE OTIUBKHU U IPYrye HapylIeHUs! TEXHOJIOTUH JIUThS;

® XOJIOJHBIE TPEUIMHbl — HECIJIOUIHOCTH, BO3HHUKAIOIIME TMpH Oojee HHU3KUX
TEeMIepaTypax 3aTBepAeBaHUs OTJIUBKH; UX MOBEPXHOCTh HE MMEET OKUCIICHHUS M HAallOMUHAET
CBEXXHUH M3JIOM; MOSBISAIOTCS B PpE3yJbTaTe pPE3KOro H3MEHEHUs TeMIEepaTypbl OTJIMBOK
(BBIOpOCHIIM Ha MOPO3) W OT yJIapOB, BO3HUKAIOIIUX MPH OpOCAaHUHU TOPSYUX OTIUBOK, NMPU UX
00pyOKe.



JledekTsl 00pabOTKH JaBICHUEM:

® TIOBEpXHOCTHBIE M BHYTPEHHHUE TPEIIMHBI U Pa3pbIBbl — HECIUIOIIHOCTH MaTrepuaia
3aroTOBOK, MOJIyYEHHBIX IITAMIIOBKOM, KOBKOW, IMPOKAThIBAHUEM; IIPU OOpabOTKE 1aBICHUEM
METaJlJ HEOJHOKPATHO IOJIBEPraeTcs HarpeBy, OXJIKICHHUIO, BO3JACHCTBUIO OOJBIIMX
pacTIArMBaOIIUX U COKUMAIOLMX CHJI, YTO IPUBOJUT K BOSHUKHOBEHHUIO KaK TEPMUUYECKUX, TaK U
MEXaHUYECKUX HAaNpsDKEHUH, CIIOCOOCTBYIOIIMX OOpa30BaHHIO BHYTPEHHUX pa3pbIBOB U
TpemuH; (QOpPCUPOBAHUE PEKUMOB OOpaOOTKH JaBiieHHEeM (II0jJay, TEMIEparyp, CKOPOCTH
HarpeBa M Jp.) CIIOCOOCTBYIOT BO3HHUKHOBEHHIO Je(DEKTOB; JIHIIL CTPOTHH TOA00pD U
coOnroeHue PEXKHUMOB, COOTBETCTBYIOIIHNX (bu3UKO-MEXaHUYECKUM CBOICTBaM
o0OpabaTbIBaeMbIX MaTEPUAIIOB, TAPAHTUPYIOT BHICOKOE KAU€CTBO 3ar0TOBOK;

® YTOHEHHE U Pa3pbIBbl — AE(EKTHI JeTaneid, MojiydaeMbIX M3 JUCTOBOIO Marepuania
METOIOM IITaMIOBKH; €CIH Pa3phIBBI MaTepHalia MOXKHO ONPEACTUTh BHU3yalbHO, OCOOEHHO Y
CpeOHUX M KpPYIHBIX JeTaieil (meTaqd Ky3oBa JIETKOBBIX aBTOMOOWJIEH H T. I.), TO
HEJOMYCTUMYIO CTENEeHb YTOHEHHs] MaTepHalia MOYHO OIMPEICNIUTh TOJbKO CIEeHUATbHBIMU
METOJIJaMHU Hepa3pyLIAOIEro KOHTPOJIS; KaK MPaBUIIO, SKCIUTyaTal[MOHHAs HA/Ie)KHOCTD JeTalleH,
MOJIy4a€MBIX METOJIOM IIYOOKOH BBITSKKH, OMPEAEINSETCS HE CTOJNIBKO OTCYTCTBHEM Pa3pbhIBOB,
CKOJIBKO IIPEJIEIbHO JIOIYCTUMON CTENEHbIO YTOHEHUSI MaTepuasia, KOTOPOH OH MOXET JOCTUYb
B HamOosee neOpPMHUPOBAHHBIX 30HAX; MPH JKCIUTyaTallMH JETaliei, MOIYy4YeHHBIX TITyOOKOMH
BBITSDKKOM, B pe3y/IbTaTe€ 3HAKOIIEPEMEHHBIX Harpy30K MOXKET HACTYIUTh Pa3pylICHUE JETalll B
30HE YTOHEHHS, ITOITOMY IO MEpe YBEIMYCHHS 00bhEeMa JIMCTOBOW INTAMIIOBKH (aBTOMOOMIIE-,
TPaKTOpPO-, KPAaHOCTPOEHUE) Bce Oojee aKTyalbHOW CTAaHOBUTCS MpobiieMa aBTOMAaTU3AlUU
KOHTPOJISI CTENIEHN YTOHEHHUS METaljia IIPU BBITSIKKE,

® DUCKH, BOJOCOBUHBI, 3aKaTbl, IJIEHBI, PACCIOEHHUS, TOPLOBBIE TPEUIMHBI U JAPYTUE
neQeKThl, CBA3aHHbIE C HAPYIIEHHEM TEXHOJOTMYECKOro IMKJIA MpU 00paboTKe MEeTallIoB
JTaBJIEHUEM, XOPOILIO M3BECTHBI U METaIypraM, M MPOKAaTYMKaM, U MAIIMHOCTPOUTENISM; 3TU
4acTO TPYIHO BbIABIIsEMBbIE A€(EKThl SBISAIOTCS MPEIMETOM IOCTOSHHBIX 3a00T co3aarenein
MaTepHajIoB, 3arOTOBOK M MaIIHH.

JHedexTsl 00paboTKu pe3aHneM:

® [PWXOTH, NUTM(OBATIbHBIE TPEIIUHBI — Ae()EKThI, BOSHUKAIONIUE B MOBEPXHOCTHOM
CJIO€ TPH €ro pPe3KOM HarpeBe M MOCIEAYIOIIeM OXJaXKACHUU B mpolecce HUIM(pOBAHUS
aOpa3uBHBIM U aJIMa3HbIM MHCTPYMEHTOM; Je(EeKThl MPEeACTaBiIsA0T co00i OO0 HeOOoJbLION
IUIONIA/IA 3aKaJIeHHbIE y4YacTKH, JMOO YYacTKM C CETKOM TpEUIMH Ha MOBEPXHOCTU MAETaju;
TPELIMHbl MaJIbIX Pa3MEpOB HE HMMEIOT OIpEAeTeHHOW OpPHEHTAllMd, YacTO pacrojararmTcsi B
BUJIC CETKH; OHU MOTYT OBITh TITyOOKHMH — 10 3—4 MM; MPIKOTH U NUTM(OBOYHBIE TPEIIUHBI
ABIIAIOTCS TPUYMHON JajbHEHIIero pa3pylleHHs] TOYHBIX padouuxX IOBEPXHOCTEH [eTaieit
CTaHKOB U MaIlIMH.

JledexTsl TepMuuecKoit 00paboTKu:

® TEpMUYECKHE TpPEUIMHBI, BO3HUKAIOIIMNE B MeETajyle MpU pPE3KOM Harpese u
OXJIQXKJEHUH TPU HAPYIIEHUU PEXUMOB TEPMOOOPAOOTKU Uil JaHHOTO MaTepuaia (Hampumep,
OpU 3aKaJMBAaHUU CTaJbHBIX JeTanell); STH TPelUHbl ObIBAIOT pPa3JIMYHON BETUYMHBI U
OpPUEHTHPOBAHMS, MOTYT NPOHUKATH TITyOOKO B TOJIILY MaTepHajia; BO MHOTHUX CIy4asX OY€Hb
TPYAHO pAa3IMYUMbI MOCHE OOpabOTKH M BOOOIIE HE PAa3IMYMMbl HEMOCPEACTBEHHO IOCIe
3aKaJIKH;

e 00e3yriepoXKuBaHue — BBITOpAaHHE YIJepoJa B MOBEPXHOCTHBIX CIOSX CTaJbHBIX
3aroTOBOK IPH HarpeBe B arMocgepe, coieprkamiedl mapbsl BOABI, YITIEKUCIBINA Ta3, BOJAOPOL;



MHTEHCHBHOE BBITOPAHME YITIEPOAA MPUBOAMT K MOHMKEHHIO MPOYHOCTH CTANIM; B ACTANSAX H
U3IeNUAX U3 MHCTPYMEHTAIBHOM cTanu (HampuMmep, MeTauioo0padaThIBaONINEe HHCTPYMEHTHI),
KOTOpPbIE MPOKAJIMBAIOT HA OOJIBLIYIO TIyOMHY, 00€3yriepoKuBaHUE MPUBOJUT K IOSBICHUIO
MOBEPXHOCTHBIX TPELIUH INIyOUHOU 10 2 MM;

® HAyIJCPOXXKMBAHUE — HACHIIICHHE ITOBEPXHOCTHBIX 'CIIOEB YIJIEPOAWCTBIX CTaJeH
U30BITOYHBIM YIJIEPOJOM IIPU HAarpeBe MeTajuia B aTMocdepe, colepKalel CIUIIKOM O0IbIIoe
KOJINYECTBO OKHCH YIIIEPO/Ia; HAYTJIEPOKUBAHUE TPUBOIUT K MOSBICHHIO 1€(EKTOB, CBA3aHHBIX
C MIOBBIIICHHOM XPYHKOCTBIO 3aroTOBOK W CKIIOHHOCTBIO K 06pa30BaHmo MCIJIKUX CCTCBUIAHBIX
TpPEIINH;

¢ BOJOPOAHBIC TPCIIMHBI — BO3HHUKAIOT B MCTAJUJIC M3-3a HACBIIICHHA IMTOBEPXHOCTHOI'O
CJIOSI BOZAOPOAOM IO/ JICHCTBUEM IIEJIOUEH U KUCIIOT, COEPKAIIUXCS B CIIEIUATBHBIX PACTBOPax
JUIS TPaBJIICHUS W DJIEKTPOXHMMHYECKOH OOpabOTKH; HACHIIIEHHE MOBEPXHOCTHOTO CIIOS
BOJIOPOIOM IIPUBOJIUT K PE3KOMY MaJICHUIO TUIACTUYHOCTH M K XPYIKUM pa3pyLICHUSM, O4araMu
KOTOPBIX OOBIYHO CTAHOBSITCS MUKPOTPEIIMHBI, BOSHUKAIOIINE HA TIOBEPXHOCTH 3arOTOBKHU.

® T[IEPESKOr BBHI3BIBACT HE TOJBKO OOpa3OBaHHE KPYIHOTO 3€pHA, HO U OIUIABJICHUE
TPaHHUII 3€PEH CTAJIH, YTO B TAIIbHEHUIIIEM MPUBOAUT K Pa3pyLICHUIO METaJlIa.

JledeKxTsl Hepa3beMHBIX COCMHEHHUI MeTalIa:

® MeTaTyprudeckue n1e(eKThl — Bce Ae(EKThI, MPUCYIIHE JTUTOMY METALTy, KOTOpPbIe
BO3HHKAIOT TIPH CBapKe (AJIEKTPO-, Ta30MIIa3MEHHOM | T. 11.): paKOBHHBI, IIJTAKOBBIC BKIIIOYCHUS,
TIOPBI, @ TAK)KE U3MEHEHUS pa3MepOB 3€pHA B 30HE TEPMUYECKOTO BIMSHUS, IEPETPEB, 3aKalKa 1
OTIYCK, TOPSTYME U XOJIOAHBIC TPECUIHHBL;

® TPEIMHBI — 3a4acTyl0 BO3HHUKAIOT OT BHYTPEHHUX HAIPSOKECHUN YCAAKU IIpU
OXJIXKJICHUH IIBa; TPEUIMHBI B HAIIABJICHHOM METaJule, NEPIECHANKYIISIPHBIE OCH IIBA, MOTYT
pPacHpoCTpaHATBCS W HAa OCHOBHOW METaJUl CBapHBAaEMBIX JIETaled; WHOTJA TPEIIUHBI MOTYT
BO3HHUKATh U BAOJIb OOKOBOW CTOPOHBI HArPEBAEMOM 30HbI;

® HEMpoBap — IMYCTOTHI, 00Opa3yloUIHecs B pe3ysbTaTe IUIOXOW IMOATOTOBKH KPOMOK
CBapMBAEMBIX JIMCTOB, MaJlOTO PACCTOSIHUS MEXKAY KPOMKAMHU II0 OTHOIICHHIO K JUAMETpPy
SNIEKTPOJA; TUIMYHAS KapTHHA HENpPOBapa Ha PEHTTCHOBCKOM CHUMKE — HENpPEpbIBHAS WU
NpEpHIBUCTAsE TEMHAsI MOJIOCa B IIEHTpPE IIIBA; HEMPOBAP 3HAYUTENFHO CHM)KAET MPOYHOCTH IIBA
[0 CpPaBHEHUIO C pPACYETHOM W, KaK CIEICTBUE, CHIDKAeT HAJEKHOCTh BCEH CBapHOU
KOHCTPYKIUU;

® BOTHYTOCTh Ha BEpIIMHE IIBa, U30BITOUYHOE YCHJICHWE TOJIIMHBI IIBA B OTAEIBHBIX
MecTax, HaxJecT (HalulaBIeHHE MeTajUla Ha OCHOBY), NMPOIUIaB (IIPOKOT HIETH B OCHOBHOM
METaJule WM IIBE), HEPOBHOCTH B MECTaX CMEHBI dJeKTpoaa u aAp. HapyxHeie nedextsl B
OOJIBIIMHCTBE CIIy4aeB MOTYT OBITH OMpefeNieHbl BU3yaiabHO. X 4ucio W pasmep BO MHOTHUX
CIIydasix 3aBHCAT OT MaCTEPCTBA CBAPIIMKA WIIM Ka4eCTBA CBAPOYHON TEXHUKH;

e Hempomnai, Hempokjed — aedeKThl, BO3HUKAIOUINE COOTBETCTBEHHO B MAasHBIX U
KJIECEHBIX COCINMHCHUAX HN3-3a He)lOCTaTO‘IHOﬁ YHUCTOTBbI COCIUHACMBIX HOBerHOCTefI 501041
HApyImCHUA TEMIICPATYPHOT'O pEXKUMa MMaKu A CKJICUBAHMU,

® OTCJIOCHHWE — XapPaKTEPHBIH JE(PEKT B U3ACIHAX, U3TOTOBISEMBIX U3 MHOTOCIOWHBIX
MaTepuasoB; BO3HUKAET KaK B MIPOLECCE U3TOTOBICHUS ABYXCIONHBIX TPYO U JIMCTOB, TaK U MpU
X 00paboTKe JaBICHUEM, CBAPKOM.

JledeKThl TPy HAHECEHUHU TTOKPBITHIA:

e 1edeKThl JJAKOKPACOYHBIX MOKPBITUH — IUIOXasi aare3us (CHEIUIIEMOCTh KPAacKH C
HOBEPXHOCTHIO OKPAIIMBAEMOW JIETaJIHN) — Pe3yibTaT IPyObIX HApYIIEHUH TEXHOJIOTHYECKOTO



nporecca okpacku. KadecTBeHHOE NpoBelIeHHE Onepanuii 00e3XKUPUBAHUS U T'PYHTOBKH
(MOATOTOBKM IIOBEPXHOCTEH K OKpPAacKe) BO MHOIOM OIpPEIENSIET KAayeCcTBO U IMPOYHOCTD
OKOHYATEJILHOI'O CJIOS;

® U3MEHEHHUE TOJIHUHBI CJI0S METAIUIMYECKOTO IMMOKPBITHS, €T0 CIUIOIIHOCTH, YTO MOKET
BbI3BaTh KOPPO3UIO JETanu (OKUCIEHHE, pkaBieHHe). KauecTBO rajibBaHMUECKHUX MOKPBITUN
(MeTayM3anys) BCELENO 3aBHUCHT OT CTPOTOro COOJIIOJCHHS BCEX TEXHOJOTHYECKUX Tpedo-
BAaHMM: IOATOTOBKM IIOBEPXHOCTEH JAETaled K METAJUIM3allui, PEKUMOB TEMIIEpaTypbl M
BPEMEHM BBIJEPKKM B TaJbBaHUYECKUX BaHHAX, MOAJEP)KAHUE DSJIEKTPOJIUTOB B IIOJIHOM
COOTBETCTBUU C PELENTYPAMHU U T. [I.

HlapxupoBaHne — HaChILIEHWE MMOBEPXHOCTH MaTepuana abpa3uBHBIMH MaTepHajIaMu.
Hacbliienne nOBEPXHOCTH MATKMX MarepuajgoB aOpa3sMBHBIMM 4YaCTUIIAMU B pe3yjbTare
abpa3uBHON 00pabOTKM IpU BOJAUT K HEXKEJIATelIbHBIM IPOLIECCaM B MPOLECCE 3KCILTyaTaluH.
[lpu pabore Takux pAeTaneld B YCIOBUAX TPEHHUS CKOJNBXKCHHS WM TPEHUS KadeHUS C
IIPOCKAJIb3bIBAHUEM HAOJII0JAETCsl TIOBBIIIEHHBIN N3HOC KaK COINPSHKEHHON NIOBEPXHOCTH, TAKU U
[IAP)KUPOBAHHON TTOBEPXHOCTH, B TOM YHCIE W 32 CUET BBIPBIBAaHUS aOpa3WBHBIX 3€pEH W3
HIapKUPOBAHHOW MTOBEPXHOCTHU U MONAJAHUS UX B 30HY TPEHUS.

OTtpaxarenpHasi CIIOCOOHOCTh - JTO BEIMYMHA, XapaKTepU3YIOMas CHOCOOHOCTH
IIOBEPXHOCTU Te€Ja WINM TIPAaHULBI pa3lena ABYX Cpel OTpakaTh MAaJarollMi Ha HEE IOTOK
JJIEKTPOMAarHUTHOrO  u3iayd4eHus.  KoiaudecTBEHHas  XapaKTEpUCTHKA  OTpa)kKaTelbHOU
CHOCOOHOCTH — KO3 puuUeHT oTpaxeHus. OTpaxkareiabHas CHOCOOHOCTb 3aBUCUT OT YIJIa
najieHus M MoJisipu3aluu najaromiero usnydeHus. KoadduuueHTt oTpaxkeHus - 3T0 OTHOLIECHHE
[IOTOKA M3JIy4EHUsl, OTPAXKEHHOTO TEJIOM, K yIaBIIEMy Ha HEro MOTOKY u3nyuyeHus. [ns neranei
MaIIMHOCTPOEHHUS] OTpakaTelibHas CHOCOOHOCTh 3a4acTyl SIBISIETCS  XapaKTEpHUCTUKOMN
JNEKOPAaTUBHOM OTIEIKM JeTaii U obecrmeunBaeT OJecK MOBEepXHOCTU. OTpakarenbHas
CIIOCOOHOCTH 3aBHCHUT B IEPBYIO OUEPEIb OT TAKUX XapPAKTEPUCTUK LIEPOXOBATOCTH, KaK BbICOTA
HEPOBHOCTEW, PalnyC BEPIIMH U BIIAJH HEPOBHOCTEM, a TAKXKE YroJl HAKJIIOHA HEPOBHOCTEM.

2.5 TexHosiorHYecKOe HACJIECAOBAHNE H IKCILIyaTallHOHHbIC CBOMCTBA NMOBEPXHOCTH
AeTaIu

Kak yxe yka3pIBajioch, C TEUEHUEM BPEMEHH CTPYKTYpPBI IEPEXOAAT B OoJiee yCTONUYNBOE
COCTOsSAHHUEC TEPMOANHAMHUYICCKOT'O PaBHOBECH, npu KOTOpPOM CB06OI[Ha5[ OHEPTHUid
MOBEPXHOCTHOTO CJI0SI MHHHMajbHAa. 3alaceHHas CTPYKTypaMu BHYTPEHHSS SHeprus
YMCHBIIACTCA, a CBA3aHHAd SHCPIrusd CUCTEMBI, IIPEACTABIACMAad IMPOU3BEACHUEM TEMIICPATYPhI
Ha DJHTPOIMIO BoO3pacraeT. B pe3yinbrare 4acTh IOIJIOIIEHHOM JHEPTUU YIOPSAOYEHHOIO
BO3JICUCTBUS IIEPEXOJUT B DHEPTHIO0 HEYIOPAJOYEHHOIO Ipolecca U B KOHEYHOM HTOIe B
terory. TakuMm o00pa3oM, B IMOBEPXHOCTHOM CIIO€ MPOMCXOJAT HEoOpaTHMbIE MPOLECCHI
HACJIEACTBEHHOCTH U CaMOOPraHU3alui, KOTOPBIE IyTEM HAJIOXKEHUS U COBMECTHBIX JCHCTBUU,
BHECEHHBIX U TpPaHC(OPMUPOBAHHBIX IMOTOKOB SHEPIrMM M BEIIECTBA BEAYyT K 0Opa30oBaHUIO
KOMIUIEKCHBIX CTPYKTYp. YIpaBJ€HUE MPOLECCAMH MOIJIOMICHHUS SHEPTMU W BEIIECTBA, MPH
MMOCIIOMHOM IPOXOKIACHUA BBICOKOMHTCHCUBHBIX BOB}IGﬁCTBI/If/i, acT BO3MOXHOCTbH
CHHTE3UpPOBATh, CO3/IaBaTh TpeOyeMble B OKCIUTyaTalldd CTPYKTYPhl U «KOHCTPYHPOBATH)
IIOBEPXHOCTHBIE CIIOU ACTAIH.

CYH_IHOCTB SABJICHUA TGXHOHOFI/I‘-IGCKO-BKCHHyaTaHI/IOHHOﬁ HaCJICACTBCHHOCTH. HpI/I
MPOCKTUPOBAHUUN TCXHOJIOTMYCCKOTO Ipomecca HGOGXOI[I/IMO YUYUTBIBATH BJIUSAHUC PC3YJILTATOB
IPEALIECTBYIOIIUX ONEpaluii U IMEPEXOJ0B TEXHOJIOTMYECKOrO LMKIA HAa HM3HOCOCTOMKOCTD,



IPOYHOCTb, HAJEKHOCTh M JOJTOBEYHOCTh JETAaJNed MNpH HKCIUIyaTallud. OTO CBA3aHO C
CYILIECTBOBAaHUEM TEXHOJOTMYECKO-IKCILIIyaTallMUOHHON HAClIeACTBEHHOCTH, BIIMAIOIIEH Ha
KayecTBO pabounx TMOBepXHOCTEeH naeraneid MamuH. OCOOCHHO SIPKO HACIEICTBEHHOCTD
NPOSIBIISIETCS. TP KOMOWHUPOBAHHBIX METO/aX O00pabOTKM, KOT/Ia TEXHOJIOTHYECKHE (DaKTOpHI
[IOCJIEA0OBATENbHO JAPYr 3a JPYrOM WJIH COBMECTHO MapajulelbHO BO3JCHCTBYIOT Ha
oOpabarbiBaeMyto jAeranb. IIpuyeM HaciieACTBEHHOCTh BJIMSET HE TOJBKO HEMOCPEACTBEHHO
nociae (PUHUIIHBIX ONEpaluii TEXHOJOIMYECKOro Ipolecca, HO MOKET MPOSIBIATHCS M IpU
9KCIULyaTallud B pe3yibTaTe BO3JCHCTBUSA HE TOJBKO HKCIUIYaTAl[MOHHBIX HArpy30K, HO U IMOJA
BIMSIHUEM T€X WM HHBIX MapaMeTpOB KauecTBa MOBEPXHOCTH, CO3JaHHBIX B IOBEPXHOCTHOM
clioe JeTald TpH ee mpedmecTByiomeid obpabotke. C  MO3MIUH  TEXHOJIOTHYECKO-
AKCIUTYaTallMOHHOM HACJIEICTBEHHOCTH MOKHO YCTaHOBUTBH CBSI3b TEXHOJIOTMYECKHX ONEpaLuit
U 1IEpEX0J0B C U3HOCOCTOMKOCTBIO, IPOYHOCTHIO U JIPYITMMH IKCILTYyaTallMOHHBIMU CBOMCTBAMU
JleTaje MalluH

[Tox TEXHOIOrMYECKO-3KCITyaTallMOHHOM HACIEICTBEHHOCTbIO B HACTOSILEE BpeMs
I0Jpa3yMeBaeTCs sBJICHUE NIEpPEeHOca CBOMCTB 00pabaThiBaeéMOro 00bEKTa OT MPEIIIECTBYIOLINX
TEXHOJIOTUYECKUX OMNepaliil M MepexoJ0B, BO3JEHCTBYIOIIUX KaK IOCIEJOBATEIbHO, TaK U
napajjieNibHO, K TMOCJIEAYIOUIMM WA IPU COBMECTHOM JACWCTBUM OIepaluii M IepexoJoB,
KOTOpPO€ CKa3bIBaeTCsl B JaJbHEWIEM IpU 3KCIUTyaTallud Ha IapaMeTpax KayecTBa JeTajied
MamuH. [Ipu 3ToM M3MEHEHHE CBOWCTB Ha CTAUSAX 3KCIUIyaTallud ONPENENIeTCs METOJAMU U
peXMMaMM KakK OTJEIbHBIX OINEpallil U MEepexo/10B, TaK MOCIEI0BATEIbHOCTIO U COUETaHUEM
orepanuil ¥ Nepexo 0B TEXHOJIOIMYECKOT0 MpoIiecca B LIEIIOM

Jns o0ecrnieyeHHs HAAEKHOCTH M JOJITOBEYHOCTH JeTaled MalluH HEeOoOXO0JUMO
npUaaBaTh UX 0OpaOOTaHHBIM IMOBEPXHOCTSIM ONTHMaJbHbIE T€OMETPUUYECKHE XapaKTEPUCTHUKU
U (Qu3nKo-MexaHHueckue cBoiictBa. OnHAaKO Ha OSKCIUTyaTallUOHHBIE CBOMCTBA, MOMHMO
OTOBOPEHHBIX YEPTEXKOM JIeTAIM TOYHOCTH MH3TOTOBJIECHHUS, ILEPOXOBATOCTH pabouux
MIOBEPXHOCTEN, MapKN MaTepuaa, €ro CTPYKTypbl U TBEPIOCTH, BIMSIIOT METOIBI U PEKUMBI €€
MOJIy4yeHUsl. DTO OOBACHSAETCS TEM, YTO TOYHOCTh U IIEPOXOBATOCTh HE MOTYT XapaKTEepPU30BaTh
¢u3nyecKoe COCTOSIHME IIOBEPXHOCTHOrO cjosg Meramwa. IloBepxHocTH ¢  OAMHAKOBOM
TOYHOCTHIO M KOHEYHOM HIEpOXOBAaTOCTbIO MOTYT HUMETh pAa3IUYHYI0 CTElEeHb HaKIIena,
HEOJIMHAKOBBIM XapakTep M BEJIMYMHY OCTATOYHBIX HAINpPsDKEHUH, Y HUX B Pa3HOM cTeneHu
MOYXET OBITh MCKaXEHO KPUCTAJUIMYECKOE CTPOEHHE M HapylleHa LEJIbHOCTh MOBEPXHOCTH 32
CYET MHKPOTPEIIMH, 33JUPOB, PAa3pBIXJEHUS U T.[. Pa3nmuuHbIMH MOTYT OBITH XMMHYECKHH
COCTaB M CTPYKTypa NOBEPXHOCTHOTO CJIOS METallla, €CJIM MIOBEPXHOCThH IOJIyUYeHa B PE3YJIbTATE
BBITIOJIHEHUS] KOMIUIEKCa (PU3MKO-MEXaHUYECKHX OINEpaluil C BBIIEICHUEM B TEXHOJOTHMUYECKOU
30HE 3HAYUTENBHOTO KOJIMYECTBAa TEIJIa, TO OTAEIbHbIE XUMHUYECKHE COCTABIISIOIINE MOTYT
BBITOpPAaTh, B pE3YyJIbTaTE YETO CHUYKAIOTCS IKCIUTyaTal[MOHHbBIE CBOMCTBA METaJlIA.

BaxkHoil xapaKTepUCTHKOI 3KCILTyaTallOHHBIX CBOMCTB OOpaOOTAHHBIX MOBEPXHOCTEN
ABJIIETCS. TIOBEPXHOCTHAs HSHeprus. OU3NYECKUN CMBICT €€ 3aKII0YaeTcs B CIEIYIOIIEM.
BuyTpeHHHE 4YacTHIBl TBEPIOrO Tela OKPYXKEHBI CO BCEX CTOPOH COCEAHMMM YacTHUILIAMHU.
YacTtulpl, HaXOAAIMMUECS HA TIOBEPXHOCTH, OKPYKEHBI COCETHUMHU HE CO BCEX CTOPOH, MOATOMY
OHHU pacrojararoTcsi HHaue, YeM BHYTpEHHHE. B MOBEPXHOCTHOM CJI0O€ COCPEIOTOUYEH OOJIBILIHIA
3arnac NOTEHIUAIBHON YHEPTUH, YEM BO BHYTPEHHUX CJIOSX. [[j1s1 mepeBojja BHYTPEHHUX YaCTHUIL
Ha TMOBEPXHOCTb, TO €CTb JUIsI 0Opa3oBaHUs HOBOH IOBEPXHOCTH, TpeOyeTcs 3aTpaTuTh
ompeneneHHy0 paboty. Paborta, HeoOxomumass mis 0O0pa3oBaHHS HOBOW IOBEPXHOCTH,
Ha3bIBAETCSl MOBEPXHOCTHON »sHeprueil. IloBbIIIEHME IUIOTHOCTH 3HEPIrUM Yy MOBEPXHOCTHU
OOBSICHAETCS TEM, UTO JACHCTBYIOLIME HA YAaCTHIy BHYTPU TBEPAOIO Teja MOJIEKYJSPHBIE CHIIbI



CO CTOPOHBI COCEITHMX YaCTHI] B3aMMHO KOMIIEHCUPYIOTCS U COCTABJISIOT PAaBHOAECHCTBYIOLIYIO,
PaBHYI0 HYyJIO. B MOBEPXHOCTHOM CJOE€ TAaKOM KOMIIEHCAlMU HET, U Ha MOBEPXHOCTHBIE
MOJIEKYJIbI M YaCTHUIIbl JIEUCTBYIOT CUJIbI, HalpaBJieHHbIE BHYTPb. OHU KOMIIEHCUPYIOTCS TEM,
YTO MPOUCXOJUT CKATHE MOBEPXHOCTHOT'O CJI0S1, BBI3BIBAIOILEE IMOBBIIICHUE TIJIOTHOCTH YHEPTHUH.

UeMm BbIIIIE MUKPOTBEPAOCTh JIETAIHM, TeM OOJbIIEe €€ MOBEpPXHOCTHas 3Heprus. Ho
MOCKOJIbKY MUKPOTBEPJOCTh MOBEPXHOCTH Ha (DUHUIITHOW ONEpalUy WM KOHEYHOM Iepexoje
3aBUCUT OT YCJIOBHUI BBIIIOJHEHUS HE TOJIBKO JAHHBIX, HO M MPEABIAYIIUX BO3ACHCTBUMN, TO
MO>HO CYMTaTh, YTO Ha KOHEYHOE 3HAUYECHHE MOBEPXHOCTHOW HSHEPIUU B OMNPEIEICHHON Mepe
BIMSAIOT MPEALIECTBYIOIINE OINEpalud M IEpPeXOoJpl, TO €CTh HMMEET MECTO OIpeeIeHHAas
B3aUMOCBSI3b TEXHOJIOTMYECKHX BO3ACUCTBUNA. (OYEeBUIHO, YTO IMOBEPXHOCTH C pPaBHOMU
[IEPOXOBATOCTHI0, HO 00pabOTaHHBIE C MPUMEHEHHEM PA3JIMYHBIX TEXHOJOTHYECKHX METOJOB
OyIyT MMETh Pa3IMYHYIO0 BEJIMYUHY MOBEPXHOCTHOM 3HEPrUH, a CIEAOBATENIbHO, U Pa3HbIC
SKCIUTyaTalMOHHBIE CBOMCTBA. OCHOBHBIE IKCILTyaTallMOHHBIE CBOWCTBA MOBEPXHOCTH, TO €CTh
€€ MUKPO- U MAaKpPOTr€OMETpPHsi, MUKPOTBEPAOCTb, HANPSIKEHHOE COCTOSIHUE, MOBEPXHOCTHAs
SHEPIusi, XUMUYECKUM COCTaB, CTPYKTypa TOHYAWIIMX HApPYKHBIX CIIOEB MeTajla U JIpyrue,
dbopMupyIOTCS Ha MPOTSHKEHUU BCEro mnepuoga oOpaboTku netaneit. Ilpu sTom oTaenbHbIE
CBOMCTBAa HACJIEAYIOTCS OT OJHOrO Iepexoda, OMNEpaluH, CTaguu, d3Tana K JIpYyrum
TEXHOJIOTHYECKUM WM  OKCIUTyaTallMOHHBIM  Bo3aeicTBusM.  CremoBarenbHO,  IIpH
MEXaHHYECKOM, TEPMUUICCKOW WM IPYTUX (DU3UKO-TEXHUYECKHX 00padOTKax IeTalieidl MMeeT
MECTO TEXHOJIOTMYECKHU-IKCILTyaTalluOHHAs! HACJIEICTBEHHOCTb.

PaccmoTpuMm BiusSiHHE TEXHOJIOTMYECKO-IKCIUTYaTAllMOHHBIX OapbepoB Ha W3MEHEHHUE
napamMeTpoB KayecTBa MoBepxHocTeil. IIpencraBisier mHTEpEC M3y4eHHE BIUSHUS OTIEIbHBIX
IIEPEXOJ0B, OIlEpallMii Ha KOHEYHOE COCTOSHUE IIOBEPXHOCTHOIO CJlIosA JeTaiu. B
TEXHOJIOTHYECKOM KOMILIEKCE BIHMSHHE MEPBBIX OMEpaluil M MepexoAoB OOBIYHO ciabee, yeM
GUHUIIHBIX, HO BCE K€ WMH TpeHeOperaTb Henb3s. Cuina BO3AEHCTBUS  KaKIOTO
TEXHOJIOTHYECKOro (akTopa Ha KOHEYHBIE OHKCIUTyaTallMOHHBIE CBOWCTBA 0OpaOOTaHHBIX
JleTalied HEOJMHAKOBa. BiMsHHWE OOHUX pacnpoCTpaHsSeTcs BIUIOTh 1O CaMOMl MOCIEIHEN
OTIepallv¥, BIMUSHHUE JPYTUX OCJa0eBaeT 3HAYUTENBHO paHbie. Kpome TOro, HEKOTOpbHIE
(haKkTOpBI BO3ICUCTBYIOT TOJIBKO B MpEJENax ONPEeTICHHON OTNEepalii, a HA CMEXHBIC BIUSHUS
HE OKa3bIBalOT. Tak, Hampumep, BOJHUCTOCTh W OIPAHKa ITOBEPXHOCTH MOIYT YaCTHYHO
KOIIUPOBATHCS Ha OJTHOM-IIBYX CMEKHBIX OIlEpallUsX, a 3aT€M UX BIIMSHUE MIPEKPAILACTCH.

B TexHonmormyeckoil IEMOYKe M TMPH OIKCIUIyaTallUd CYIIECTBYIOT CBOEOOpa3HbIE
Oapbepsl. HekoTopbie (akTopbl HE MOTYT UX MPEOAOJIETh U B TaAKOM Cllydae 3TH (DakTOphl HE
BIUSIOT Ha KOHEYHBIE CBOMCTBAa 00paboTaHHBIX MoBepxHOocTed. Jpyrue daxTopsl Oapbepsl
MPOXOJIAT, HO MPHU ATOM 3HAYUTEIBHO TEPSIOT CBOIO MCXOJHYIO CHJIY M BIMSIOT Ha KOHEUYHbIE
cBoiicTBa o4eHb cinabo. CaMbIMM CYIIECTBEHHBIMH OapbepaMu B TEXHOJIOTHYECKOM IIpoIecce
SBJISIIOTCS TEPMHYECKHE Omeparuu (HarpuMep, 3aKaika, OTXKHUT, OTIYCK) M TaK Ha3bIBacMbIC
YIOPOUHSIOIINE OMNEpally, COMPOBOXKAAIOIINECS TMOBEPXHOCTHBIM YIPOYHEHUEM JI€TAJIeH
(mampumep, oOkaTKa MapuKaMu, pOJIMKaMH, JOPHOBAHHE OTBEPCTUH, alIMa3HOE BHITTIAKUBAHNUE).
Croa ke MOXKHO OTHECTH W TPOIECC BBIXQXHBAHHUS NpU NUTM(POBAHUHU, CIOCOOCTBYIOUTHIL
MOSIBJICHUIO a0pa3uBHOTO HaKIena o0padaTeiBaeMO TOBEPXHOCTH.

OcHoBHOU 3¢ deKT oneparuii TOBEpPXHOCTHOTO YIIPOYHEHHUs Ha ociabaeHue BO3IeHCTBUS
OTpULIATENIbHBIX (AKTOPOB TEXHOJIOTHMYECKONM HACIEICTBEHHOCTH COCTOMT B TOM, 4TO
3HAYNUTEIBHOE KOJIMYECTBO MUKPOTPELINH, HAXOASIINXCSA B IOBEPXHOCTHOM CJIO€ METAlIa, IpU
IIaCTUYECKOW JeopMalid CMBIKAeTCsl M TOBEPXHOCTh CTAaHOBUTCSA Oojiee IIeNbHOM
3aneunBaerca. Kpome TOro, MOBEpXHOCTHBIM Hakjen BbIpaBHHUBAET (U3UKO-MEXaHHUUECKHE



CBOMCTBA pa3iIWYHBIX YYAaCTKOB IIOBEPXHOCTH, YCTpaHsAs IOBBILICHHBIC HAIPSKEHUS,
BO3HMKAIOIIME HAa I'PAHULIAX YYACTKOB C PA3IIMYHOM CTPYKTYpOHM M MHUKPOTBEPIOCTBHIO. B 3THX
MecCTaX BO BpEMs JKCIUTyaTallMUM AETaad MOTYyT 00pa3oBaTbCsi MUKPOTPELIMHBI, a 3aTeM U
NUTTUHTH. [IOBEpXHOCTHBIM HAakjIen MpU  OCYLIECTBICHUU YIPOYHSIOIIUX  Olepalui
BBIPAaBHUBAET CTPYKTYpPHBIE HEOJHOPOIHOCTH, YCTpaHSs KOHLEHTPATOPbl HAIpPSDKEHUH. OTO
IPOMCXOJUT B PE3YJbTaTe TOrO, YTO MpPU OOpPaOOTKE MATKUX CTPYKTYp HaKJIEN MPOUCXOIUT
MHTCHCUBHEE, Y€M TBEPIBIX, MIOITOMY UX MHUKPOTBEPIAOCTH IIPH 3TOM BbIpaBHUBaeTcs. Kpome
TOT0, MECTHBIE PACTATMBAIOLINE HANPSHKCHHS MOJABIAIOTCS BHOBb CO3/JaHHBIMU IIPU HaKJIEIe
CKMMAIOIIMMH  HANpPSDKEHUSIMU, M BECh IOBEPXHOCTHBIM CJIOW MeETallla CTAHOBUTCS
paBHOHANpPsHKEHHBIM. OCTaTOYHBIE HANPSOIKEHUS B KOHIE YIPOUHSIOUICH omnepanuu OyayT
cokuMaromuMu. [losToMy  BIMSIHHE MHOTHUX OTPHIATENBHBIX (DaKTOPOB TEXHOJIOTHMYECKOU
HACJICJICTBEHHOCTH TPU OCYIIECTBICHHH YIPOUHSIONIMX BO3ACUCTBUI pe3Ko ociabeBaeT WiH
BOOOIIE HE HAOIIOJaeTCs.

TennoBble sBICHUS NPH MeXaHWYECKOH 00paboTke OOBIYHO YXYALIAIOT (DU3HUKO-
XMMHUYECKOE COCTOSIHUE IIOBEPXHOCTHOIO CJIOs, TEM CaMbIM CHIKas paboTOCHOCOOHOCTh
neraned. CTpyKTypHbBIE IIPEBpalllcHUs B IIOBEPXHOCTHOM CJIO€ MOTYT pacnojlararbcs Ha
ri1yOuHe, IPEeBbIIAIOIIeH BeJIMYUHY NIPUITYCKa Ha NOCIEIYIONIYIO Oepaluio. DTH NPEeBpaLieHUs
OOBIYHO OKa3bIBAIOT OTPUIATENIbHOE BIHMSHAE Ha (HOPMUPOBAHHME SKCIUTyaTallMOHHBIX
XapaKTEPUCTHK MOBEPXHOCTU TPH JanbHeimeil oopadorke. [loaTomy, ocnabisisi TepMUYECKUe
BO3JICUCTBUS Ha JETallb, YIPABJISAA TEIUIOBBIMU IIPOLECCAMH, MOXHO CHU3UTh JCHCTBHE
OTPUIIATEIILHBIX (PAKTOPOB TEXHOJIOTHYECKON HACIIEICTBEHHOCTH.

Takum 00pazom, Kak MOJIOKUTENIbHBIE, TaK U OTpULIATEIbHbIE (DAKTOPHI MOSBISIIOTCA U
yracaroT Ha DPa3jM4YHBIX ONEpPalUsAX TEXHOJIOTMYECKOTO MPOLEcCca M CTagusX SKCIUIyaTalluu
JeTtajed  MalMH, TO €CThb MNPOAODKUTENBHOCTh  JIEHCTBHA ~ OTHACNBHBIX  (haKTOPOB
TE€XHOJIOTMYECKO-IKCIUTYyaTallMOHHOW ~ HACJIEACTBEHHOCTU pas3inyHa. KoHE4Hble CBOMCTBa
00paboTaHHON MOBEPXHOCTH OyayT 3aBUCETh OT TOrO, CKOJBKO OTPULATENbHBIX (HaKTOPOB
IIPOMJIET Yepe3 BECh KOMIUIEKC ONEPALM U MEPEX0J0B BIUIOTH O CO3/aHUs TOTOBOW AETAIHA U
HACKOJIbKO OHM OyAyT HEWTpaM30BaHbl, MOJOXKUTEIbHBIMU (hakTopamu. CienoBaTelbHO, MPU
IPOEKTUPOBAHUM TEXHOJOTUYECKUX MPOIECCOB 0O0pabOTKM HEO0OXOIMMO BBOJUTH TaKHe
orepanuy, HCIONb30BaTh TaKUEe BO3ACUCTBUSA, KOTOpBIE MPEMSITCTBOBAIM Obl JEWCTBUIO
OTPHLATENBHBIX (PAKTOPOB HA (PMHHUILIHON ONEpaLny.

3.1, 3.2 Texnosorumveckoe odecnedeHne reOMeTpMYeCKHX IOKa3aTesdeil KauecTBa
NOBEPXHOCTHOIO CJIOS JeTaJieil MALUH NPH JIe3BUITHON U a0pa3nBHOM 00padoTke.

[Ipu ne3BuiiHoOl 00paboTKe (TOUeHMHU, (Ppe3epoBaHUM, CBEpICHUH U Ap.) hopMuUpyeTcs
HE TOJBKO MHUKpPOpENbed MOBEPXHOCTH (IIIEPOXOBATOCTh, BOJIHUCTOCTH), HO W TIOJ JCHCTBHEM
pasnuyHBIX (akTOpoB (TeroBoro 3ddekra, miacTuieckon aedopMalry B 30HE pe3aHus U JIp.)
MU3MEHSIOTCSI TaKWe TIapaMeTphl, KaK MEKPOTBEPIOCTh, OCTATOYHbIE HanpspKeHus U ap. [Ipu sTom
[IEPOXOBAaTOCTh  MOBEPXHOCTH  SIBISIETCS  YNPABISEMBbIM  IapaMeTpoM, a  OCTaJlbHbIE
XapaKTEePUCTUKH (QOPMUPYIOTCS KaK HEYIpaBlisieMble TapaMeTpbl W  SBJSIIOTCS  CKOpee
OTPaHUYMBAIOLIMMH YCIOBUSIMU NPH Ha3HAUECHUH peXuMa 00pabOTKH, FeOMETPUN MHCTPYMEHTA
U JIp.

Lllepoxosamocmo nogepxrocmu. 1llepoxoBaToCTh MOCTIE MEXaHUYECKOM 00pabOTKH - 3TO
ClIel  PEXKYIIero HWHCTPyMEHTa (METAUIMYECKOro WM  aOpa3sWBHOTO), HCKaKCHHBIN

MJIACTHYECKON M yNpyrou aedopManneid, a Takxke BUOpaImend TeXHOIOTUYECKONH CUCTEMBI (pHC.
3.1).



a 0
Puc. 3.1. Cxema oOpa3oBaHusi HEPOBHOCTEH Ha MMOBEPXHOCTH, 00paOOTaHHOW JIC3BUITHBIM
UHCTPYMEHTOM a - 00pa3oBaHHE 3aKOHOMEpPHOro (PEeryjsipHOro) IMONepeyHoro mpoduis

MOBEPXHOCTH; O - HCKaXeHHE MPODUIIS TUTaCTHUECKON AedopMalield Ipu OTIEICHUHN CTPYKKH;
1,2 - cOOTBETCTBEHHO 3aKOHOMEPHBIN M NCKAKXECHHBIH MPOQUIN TOBEPXHOCTH; 3 - pe3elr; S - mar
HEPOBHOCTEW — II0/1a4a.

[TprunHaMu, 0OYCIOBIMBAIOIIMMU BHAOM3MEHEHHE U HCKaKeHHE (TpaHc(OopMaluio)
OCHOBHOI'O TI'€OMETPUYECKOTr0 Npoduiis, SBISIOTCS TaKKe KOIMHUPOBAaHHE MHKPOHEPOBHOCTEH
pabouux KpOMOK pe3lia WK abpa3uBHBIX 3epeH U 00pa3oBaHKe 3yOII0B HAPOCTA, MPUCTABIINUX K
IIOBEPXHOCTU JIeTalld, YIPYroe MOIHATHE MaTepuajla JeTald I0cCle MpoXoJa PpexyIlero
MHCTPYMEHTA W JAPYTHe TEXHOJIOTUYECKHE (DaKTOPBI, OMPENENSIONINE YCIOBHS MEXaHHYECKOU
00paboTKH (3a30pBI BO BPAIIAIOIIMXCS IETATAX CTaHKA, HeCOAIAaHCHPOBAHHOCTD UX U JIp.).

Hampumep, dWem wMeHbIle Tolada TPU TOKapHOM o00paboTke u OONbIIe paguyc
3aKpyTJIEHUs pe3la, TeM YHIEe TOBEPXHOCTh M, COOTBETCTBEHHO, MEHBIIIE MIEPOXOBATOCTh. J1Jist
pacuera TEOpEeTHYECKOW BBICOTHI TIPEOEMIKOB MpU TOKAPHOW 0O0pabOTKe CyLIECTBYET
omnpeneneHHas 3aBUcUMOCTb. Ho pacueTHas BbICOTa He SIBIsI€TCS JEMCTBUTENBHOW BBICOTOM
rpebenika, Tak Kak He yUYUThIBAaeTCsS 00pa3oBaHME HApOCTa Ha pexylield KpoMke pesia. Bricora
rpebemka Oyzner Bbime. Ee MakcuManbHas BeNWYMHA JOCTHTAeT MpH  ONpeAeTIeHHOM
TeMIeparype, Aajbllle ¢ pOCTOM TeMIepaTypbl HWAET YMEHBLIEHHE BBICOTHI I'pedelika W Mpu
HEKOTOPOH TEMIIepaType HApOCT Ha PEXKYIIEH KPOMKE MOJTHOCTHIO MCUE3aEeT.

'eomeTpusi HEPOBHOCTEH TECHO CBsi3aHA C (U3UKO-MEXAaHHMYECKHMMH IPOILECCaMU
paspylieHus Metamuia npu o0paboTke pe3aHmeM. Tak, MIEepOXOBATOCTb IMOBEPXHOCTH IIPH
00paboTKe XPYNMKUX METAJIIOB MPEICTABISCTCS B BUIE TPEYTOIBHBIX YIITyOIeHNH, OTBEUAIOIINX
¢opMe BBIPBAaHHBIX 3€pEeH; B BS3KUX MeTallaX NpH OONBIIMX CKOPOCTSX PE3aHUs CUIBHO
neGpopMHUpOBaHHBIE HEPOBHOCTH UMEIOT (popMy yemryek. Pexyiuii HHCTpYMEHT pa3pyllaeT Ha
CBOEM IMyTH PAa3HOOOPA3HO pACHOJOXKEHHbIE 3€pHa MeTalla; HEKOTOpble U3 HUX, HMes
COOTBETCTBYIOIIYIO OpPUEHTAIINIO, CPE3AI0TCs, IPyTHe pa3pylIaloTcs OTPHIBOM C 00pa3oBaHUEM
MEIbYaNIINX TPEIIHH.

Benuunna mepoxoBatocTi oOpabaTbiBaeMOi MOBEPXHOCTH 3aBUCUT OT BUJA 00pabOTKH,
pona oOpabaTbiBaeMOT0 MaTepHalia, CTENEHH IUTACTHYECKOW aedopMalii ero Mph pe3aHHH,
peKUMa pe3aHusi, TEOMETPHH PEKYIIETO HHCTPYMEHTA, OXJIAXKICHUS U APYTUX (aKTOPOB.

OCHOBHBIMH ~ TEXHOJIOTMYECKMMHU  (haKTOpaMH, ONPEICNAIOUIMMUA  IIEPOXOBATOCTh
MIOBEPXHOCTH, SBIISIOTCS:

® [10/la4a, CKOPOCTh M INIyOMHA pe3aHusi, paguyc 3aKpyIJeHHs BEpLIMHBI pe3la MpH

00paboTKe pe3aHneM METAUTMYECKUM HHCTPYMEHTOM;



® 3CPHUCTOCTH NUTH(OBATHLHOTO Kpyra, MPOAOIbHAS U MONEpeYHasl mojada, CKOPOCTh
BpAIICHUS Kpyra U JIeTAIN IPpU 00paboTKe aOpa3MBHBIM HHCTPYMEHTOM.
® [ojayYa, CKOPOCTh BpAIlCHUS JeTalld, TIyOWHA HATATa, paguyC HHIEHTOpa IMpHU
00paboTke AehOPMHUPYIOITUM HHCTPYMEHTOM.
TexHonornueckoe oOecrieYeHHe MIEPOXOBATOCTU TTOBEPXHOCTH 0a3UPYETCs] B OCHOBHOM
Ha KCIIEPUMEHTAILHOM U3YYEHHH 3aBHCUMOCTEH MEXIy METOJIOM OKOHYATEIhbHOH 00paboTKH

1 ImapaMeTpaMu MEPpOXOBATOCTH.

Tabnuna 3.1. llepoxoBaTocTh MOBEPXHOCTH P Pa3IMYHBIX METO/1aX 00padOTKU

[TapameTpsl IEpOXOBATOCTH
O6paboTka
Ra, MkMm Sm, MM S, MM o0, %
Hapy>xHbIe TOBEPXHOCTH BpaIlICHUS
OOraunBanue:
YEPHOBOE 12,5-50 0,32-0,25 0,32-1,25 10-15
MOJIy4YHUCTOBOE 3,2-12,5 0,160-0,40 0,160-0,40 10-15
YHCTOBOE 0,8-2,5 0,080-0,160 0,050-0,160 10-15
TOHKOE 0,1-0,8 0,020-0,100 0,010-0,100 10-15
Hmdosare: 12,5 0,063-0,20 | 0,032-0,160 10
AR 0,2-125 | 0,025-0,100 | 0,010-0,080 10
qu:lz‘;ze 0,05-0,25 | 0,008-0,025 | 0,003-0,160 40
CynepduHHuIIpoBaHue 0,032-0,28 0,06-0,020 0,003-0,016 10
[TonupoBanue 0,008 -0,08 0,008-0,025 0,002-0,08 10
[Mputupka 0,01-0,11 0,006-0,04 0,002-0,032 10-15
OOKaTBIBAHUE U BBITJIAKUBAHUE 0,03-2,0 0,025-1.25 0,025-1,25 10-70
BubpoobOkaTriBanue 0,063-1,60 0.01-10,5 0,008-0,16 10-70
DIIeKTpOMEXaHNYECKas 0,02-1,60 0,025-1,25 0,025-1,25 10-70
MaruautHO-a0pa3uBHas 0,02-1,60 0,008 -1,25 0,03-0,16 10-30
BHyTpeHHME TTOBEPXHOCTH BpAIICHHUS
CaepiieHue U paccBepiiiBaHUE 3,2-12,5 0,16-0,8 0,08-0,63 10-15
3EHKEpOBaHUE:
YepHOBOE 3,2-6,3 0,16-0,8 0,063-0,4 10-15
YHUCTOBOE 1,25-3,2 0,08-0,25 0,05-0,16 10-15
Pa3zBepThiBanuE: YepHOBOE 1,25-2,5 0,08-0,2 0,04-0,16 10-15
YHUCTOBOE 0,63-1,25 0,032-0,1 | 0,0125-0,063 10-15
TOHKOE 0,32-0,63 0,0125-0,04 | 0,008-0,02 10-15
IIporsarusanue:
YEpPHOBOE 1,25-3,2 0,08-0,25 0,04-0,2 10-15
YHUCTOBOE 0.32-1,25 0,02-0,1 0,008-0,08 10-15
PacraunBanue:
YepHOBOE 6,3-12,5 0,25-1 0,25-1 10-15
MOJTyYHUCTOBOC 1,6-6.3 0,125-0,32 0,125-0,32 10-15
YUCTOBOE 0,8-2,0 0,08-0,16 0,05-0,16 10-15




TOHKOC 0,2-0,8 0,02-0,1 0,01-0,1 10-15
Inudosanue:
MpeABAPUTEIIHHOE 1,6-3,2 0,063-0,25 0,032-0,16 10
YHCTOBOE 0,32-1,60 0,25-0,1 0,1-0,8 10
TOHKOC 0,08-0,32 0,008-0,025 | 0,003-0,016 10
XOHHUHT OBaHUE:
MpeABAPUTEIIHHOE 1.25-3,2 0,063-0,25 0,085-0,16 10
YHCTOBOE 0.25-1,25 0,02-0,1 0,008-0,08 10
TOHKOC 0.04-0,25 0,006-0,2 0,003-0,16 10
[Tputupka 0,02-0,16 0,005-0,04 0,002-0,02 10-15
PackarpiBanue U BBITTIAKUBAHUE 0,05-2 0,025-1 0,025-1 10-70
BubpopackaTsiBanue 0,063-1.6 0,01-12,5 0,008-0,16 10-70
KamubpoBanue 0,1-1,6 0,025-1 0,025-1 10-70
[T10cKkKe MOBEPXHOCTH
TopmoBoe dpe3epoBanue:
YePHOBOE 3,2-12,5 0,16-0,4 0,16-0,4 10-15
YHUCTOBOE 1-4 0,08-0,2 0,063-0,2 10-15
TOHKOE 0,32-1,25 0,025-0,1 0,016-0,08 10-15
Hunuaapudeckoe Gppe3epoBaHue:
YEPHOBOE 3,2-12,5 1,25-5 1,25-5 10
YHUCTOBOE 0,8-3,2 0,5-2 0,5-2 10
TOHKOE 0,2-1 0,16-0,63 0,1-0,63 10-15
Crporanue:
YEpPHOBOE 6,3-50 0.2-1,6 0,2-1,6 10-15
YHUCTOBOE 1-6,3 0,08-0,25 0,063-0,25 10-15
TOHKOE 0,32-1,6 0,025-0,125 0,0125-0,1 10-15
TopuoBoe ToueHue:
YEpPHOBOE 25-50 0,2-1,25 0,20-1,25 10-15
YHUCTOBOE 1,6-6,3 0,08-0,25 0,063-0,25 10-15
TOHKOE 0,32-1.6 0,025-0,125 0,0125-0,1 10-15
IIporsarusanue:
YepHOBOE 1-3,2 0,16-2 0,16-2 10-15
YHUCTOBOE 0,32-1,25 0,05-0,5 0,032-0,5 10-15
[Inudosanue:
MpeABAPUTENHHOE 1,6-4 0,1-0.32 0,063-0,25 10
YHUCTOBOE 0,32-1,6 0,025-0,125 | 0,0125-0,08 10
TOHKOE 0,08-0,32 0,01-0,032 0,005-0,025 10
[ITabpenue ot ceodsi:
7=20+10 1,6-6,3 0,2-1 0,125-1 10-15
7=30+20 0,63-2,5 0,063-0,25 0,032-0,2 10-15
[ITabpenue Ha ceds:
Ac=40+60% 0,032-1,00 | 0,040-0.125 0,02-0,1 10-15
Ac=60+80% 0,1-0,4 0,016-0,05 0,008-0,032 10-15




HakaTpiBanue ponukamu u 0.1-2 0,025-5 0,02-5 10-70
[IAPUKOBBIMH I'OJIOBKAMU
BubponakarsiBanue 0.16-2,5 0,025-12,5 0,02-5 10-70
BubpononupoBanue 0,3-0,032 0,1-0,025 0,004-0.025 10
[Mputupka 0,02-0,1 0,008-0,04 | 0,004-0,032 10-15
BokoBbIe MOBEPXHOCTH IILTUIICB
[MImunedpe3epoBanue:
Hpgng)prTzanoe 6,3-12,5 15 15 10-15
1,25-4 0,1-2 0,05-2 10-15
YHCTOBOE
[Inumecrporanue 1-2,5 0,08-2,5 0,05-2,5 10-15
[InmuuenpoTsaruBanue 0,8-1,6 0,08-2 0,05-2 10-15
Hlmpopaie: 1,6-3.2 010,32 | 0063-0,25 10
AR RIS 0,4-1,25 0,032-0,1 | 0,016-0,063 10
OKOHYATEIILHOE
HakarsiBanue nuinnes 0,8-1 0,08-5 0,063-5 10-15
OOKaTbIBaHHUE IILUTUIIEB 0,32-1 0,063-2 0,032-1,25 10-70
BokoBbIe MOBEPXHOCTH 3yObeB
3y6°*‘;‘;?;;‘i;§41§’3a“4“: 6,3-12,5 1,255 15 10-15
BE— 3,2-6,3 0,32-1,6 0,2-1,6 10-15
3yboHape3aHue10109KaMu 1,6-3,2 0,2-1,25 0,125-1,25 10-15
[TporsruBanme 0,8-1,6 0,08-2 0,05-2 10-15
HaxarsiBanue 0,8-2 0,08-5 0.063 -5 10-15
IIleBuHTOBaHIE 0.63-1.25 0,125-0,5 0,08-0,5 10-15
HInudosanue 0,5-1,25 0,04-0,1 0,025-0,063 10
OOKarsIBaHHE 0,32-1 0,063-2 0,032-1,75 10-70
[Mputupka 0,1-0,5 0,032-0,5 0,02-0,16 10-70
BokoBbIe MOBEPXHOCTH MPOGUIIS Pe3bObI
Hape3zanue:
e31aMu U rpedeHKaMU
MGT‘H/III)(aNI[II/I, HJ‘IaIHiaMI/I U camopac- 16-3,2 0,08-0.25 0.32-0.16 15-20
1,6-3,2 0,063-0,2 0,025-0,125 10-15
KPBIBAIOIIIMMUCS HAPE3HBIMHU
TOJIOBKAMU
Ppescponamme: 1632 | 0125032 | 0,063-0,2 10
PR 0,5-2 0,032-0,125 | 0,016-0,8 10
OKOHYATEIILHOE
HaxkaTriBaHHe U pacKaThIBaHHE 0.5-1.25 0.04-0 1 0.032-0,08 10-20
pe3bObI
IIpumeyanus:

1. Hna ynpounstomedr obOpabotku Rmax= S5Ra; Rz= 4Ra; ana ToueHus, cTporaHusi u
dpesepoBanuss Rmax= 6Ra; Rz = 5SRa, mis octanbHbIX MeTOZ0B 00paboTkun Rmax = 7Ra; Rz=
5,5Ra.

2. Z— 4uCclo MATEH NpU Ia0peHuH Ha Iom@au 25 X 25MM%; Ac - KOHTYpHas IUIOLIAb
KacaHWs IIPH Ma0peHUH.



Tabnuna 3.2. 'eomeTpruyeckue mapaMeTpbl LEPOXOBATOCTH IOBEPXHOCTH JAeTaiel (Ipu
00paboTKe pe3aHueM)

Ra. r | Fp “ r S,/ Sl r/
Metoxa 06paboTKH KN \Y, b " Bu | Bup Roa Riox | Rinax

CrajipHbIE IeTaIn

5 24 (25| 5 | 250 | 35 [35°]| 2°0 3 57 2

2,5 2,25 |2,75( 7 | 1300 [ 100 |25°| 1° 4,5 135 10

LAl 125 | 2.2 |285] 10 | 3200 | 180 | 15°| 30 | 85 | 230 | 30
g oBaHue

063 | 21 | 3 | 17 | 8000 | 370 | 10°| 18 | 14 | 270 | 120

032 | 2 35| 20 [15000] 550 | 7° | 10' | 19 | 780 | 350

- 5 165 |18 45 | 4000 | 425 | 20° | 50' | 7 137 | 20

OPHOBOE 25 | 16 |23| 90 | 9000 | 900 |11°| 30' | 16 | 230 | 90
bpesepoBanue

1,25 1,6 |2,5|120 (15000 1350 | 5° | 15 25 445 200

2,5 2 19135 8 5 [32°] 13° | 3,5 9 0,5

Baytpennee 1,25 195 | 2 | 6 11 8 17° ] 11° 7 10 1,3

mudoBanne 0,63 1,85 |25( 10 16 13 [ 10°] 8° 13 15 4

0,32 1,75 | 3 [ 15| 23 | 185 | 5° | 5° 23 22 12

1,25 26 123| 4 16 8 [25°] 10° 5 8 1,3

Kpyrioe 063 | 24 [26]65] 22 | 12 |[16°| 8 | 8 15 4

mudoBanne 0,32 23 |28] 12 30 20 | 10°| 7° 15 19 12

0,16 22 35| 18 | 40 30 | 5°| 4° 22 34 35

[[Tabpenue 0,63 2,2 4 | 10 25 16 9° 6° - - 6

2,5 1,7 2 |10 20 15 | 20°| 5° 6,5 12 1,5

1,25 16 23| 30 | 50 40 | 10°| 3° 12 39 6
Pa3BeprriBanue

0,63 15 |25(250| 350 | 300 | 2° [ 2° 53 57 90

0,32 1,4 128|500 500 [ 500 [1°30'( 1°30"| 90 90 300

0,63 2,2 3 |350 | 150 | 230 | 2° | 2° 60 72 70

[TonupoBanue 0,32 1,7 |(3,25( 700 300 | 450 | 1° 1° 120 105 300

0,16 1,3 |3,5(1000{ 450 | 670 [ 30" | 30" | 215 180 850

10 1,95 |22 17 | 150 50 |20°|2°30"| 5,7 32 1,3

5 19 2530 | 250 | 90 [ 15°| 2° 8 50 4,5

Crporanue 55 16 |2.7] 90 | 600 | 230 | 10° | 1°30' | 16 90 24

1,25 1,5 12,65( 160 450 | 400 | 6° | 1° 23 120 60

10 1,8 |113| 10 [ 45 20 | 25°| 8§° 4,5 14 0,5

Hunuaapudeckoe 5 16 |17 15 60 30 [20°| 7° 6 16 15

dbpe3epoBanue 25 15 118 25 80 45 | 15°| 6° 9,5 20 45

1,25 1,45 | 2 [ 50 | 120 80 | 9° | 4° 1,5 35 12

5 1,5 1 (20| 60 35 |20°] 10° 6 12 1,75

25 145 15| 30 80 50 15° 8° 8 14,5 5
Touenne

1,25 135 | 2 [ 60 [ 90 75 | 10°] 7° 14 18 12

0,63 13 |21(120| 120 | 120 | 5° | 5° 25 24 37

[IpoTsiruBanue 1,25 1,75 [1,2| 12 | 9000 | 330 | 10°| 12 12 600 50




0,63 1,7 |18 25 [12000| 550 | 6° | 10 20 690 170
0,32 | 1,65 | 22| 70 (15000 1000 | 3° 8 48 750 650
0,63 22 |15]| 4 60 15 | 13°| 4° 9 31 5
X OHIHHIOBAMIE 0,32 21 12255 70 20 | 10°| 3° 12 43 12
0,16 2 3114 90 35 | 52| 2° 26 62 45
0,08 1,9 | 4120 | 160 [ 70 [ 3° [1°30'| 45 105 175
5 165 [15| 20 | 50 32 (18| 11° | 75 10,5 1.6
e 2,5 16 |16| 35| 65 50 | 13°| 9° 10 13 5
126 | 145 | 2 [ 60 | 85 70 | 8 | 7° 16 18 11
0,63 14 |25]110| 120 | 115 | 5° [ 5° 30 25 36
0,16 23 (19| 25| 35 30 | 6° | 3° 25 50 35
AR 008 | 22 | 2 |40 | 40 | 40 | 3° [2°30'| 50 | 57 | 100
MUIMHAPHUICCKUX
HoBEpXHOCTEH 0,04 2 21| 70 [ 43 55 [ 1° | 2° | 110 85 275
0,02 15 |25]125| 45 75 | 30" | 1°30' | 200 125 750
0,16 3 15( 15 | 7000 | 300 | 5° | 10 25 770 400
JloBoika 0,08 25 |[22] 25 |10000| 500 | 3° 7 47 1050 | 1250
IUIOCKOCTEH 0,04 2,3 |[25]| 75 |14000| 1000 | 1° 5 125 | 1500 | 5000
0,02 2,2 3 | 250 (35000 | 3000 | 20" [ 2' 275 | 3550 (30000
Uyrynssle neranu
10 2,1 2 [ 85| 40 |185( 35° | 18° 3 9 0,45
5 2 23| 10 [ 70 | 25 | 20° | 10° | 58 13 1,3
CTporamie e [ 4 [ 20 [ 500 [200 10° [330'[ 117 | 58 | 10
1,25 1,7 14,2| 30 [ 900 [150 | 5° |[1°30'| 25 82 25
2,5 2 2 [ 15 | 250 | 60 | 27° 3° 4,7 40 6
ITirockoe 125 [ 1,97 |25 20 | 550 | 100 | 12° 1° | 10,5 112 15
nndoBaHue 0,63 | 195 |3,8] 35 1200|200 6° 30' 21 226 65
0,32 1,8 |45 40 | 1700 [ 250 | 4° 20' 35 340 160
10 195 |16 7 40 | 17 | 37° | 11° | 29 10,5 0,4
[unuaapudeckoe ) 1,9 2 8 50 | 20 | 32° 9° 3,8 13 1
dpe3epoBanue 25 1.8 |23[85 | 70 25 | 25° 7° 48 18 2,5
125 | 165 |25] 13 | 180 | 50 | 15° 3° 8,5 45 8
10 — | — 13| 45 | 25 | 35° 9° 3,3 13,5 0,6
TopioBoe 5 15 (1,1 20 75 40 | 20° 6° 8 19,5 2
dbpesepoBanue 2,5 14 114 30 | 110 | 60 | 10° 3° 12 39 6
125 | 1,35 |15]| 45| 170 | 90 | 5° 2° 22 69 15
2,5 22 |25 7 19 | 12 | 33° | 18° | 3,7 6,7 1,2
Buytpennee 1,25 21 12812 | 22 | 16 | 18° | 13° 7 10 2,5
ntdoBanue 0,63 1,9 13520 34 | 25 | 3°30"| 7° 18 18 8
0,32 | 1,85 3,75/ 35 | 57 | 45 | 3° 3° 40 45 30
10 19 |(11( 15 40 25 | 30° 11° 3,8 10,5 0,6
e s 5 18 113|200 | 70 [37,5]| 20° 8° 7 14,5 1,3
2,5 1,7 2 | 30 120 | 60 | 10° 5° 12 18 2,5
1,25 1,7 |25] 60 | 270 [130| 5° 3° 30 42 6




5 2 [ 2110 13 [12] 30° | 20° | 4 6 | 06
25 | 19 |27] 12| 14 |13 | 25° | 13° | & 9 13

Pactasmsanine o129 15 [ 16 |15 | 20° | 10° | 7 11 | 25
063 | 1,75 |25] 20 | 20 | 20 | 10° [4°30'| 12 | 19 6

25 | 19 |15| 13| 200 |50 | 18° | 4° | 66 | 31 5

Kpyriioe 125 | 1,75 |25] 18 | 400 | 85 | 12° | 2° | 10 | 60 | 135
mnmdosarme | 0,63 | 1,7 |2.75| 23 | 1000 | 150| 8 | 1° | 16 | 178 | 50
032 | 16 | 3 | 25 | 1400190 6° | 30' | 22 | 235 | 120

016 | 13 | 2| 25| 8 |[15| 4° | 7° | 33 | 185 | 175

Hlosozka 008 | 1,2 |23 35| 13 | 20 | 3° | 4° | 50 32 55
“ii‘;:;‘f:jjfg;‘x 004 | 11 |24|50 | 30 |40 |1°30'| 2° | 85 | 80 | 200
002 | 1,05 | 3| 70| 45 [ 55| 50° | 1° | 230 | 145 | 550

Illabperme | 0,63 | 2 |185| 10 | 35 [185] 9° | 4° | - - 10

Ilpumeyanue. IlapameTpel b ¥ vV OTHOCHTENBHON ONOPHOW JIMHBI HpPOdUIA t, BXOAAT B
saBucumocthb t,= b(p/ Rmax)" mpu 0 < P/Rmax< 0,4; 1y, Iy — PAANYChl 3aKPYIIICHUS BEPIIMH

MHKPOHEPOBHOCTEH COOTBETCTBEHHO B IIPOJOJBHOM M IONEPEYHOM HANpPaBICHUAX; Brp, Pu —

yrasl  npoduis

HaIIpaBJICHUAX.

Ta6mmma 3.3. [TapaMeTpsl MONEepeYHON BOJTHUCTOCTH

MUKPOHEPOBHOCTEN

COOTBCTCTBCHHO

B

IIpoaO0JIbHOM W  IOINCPECYHOM

MeTton 06paboTKH Wz, MkM  |SW, MKM Sw/Wz Sn/Rz Wy, MM
Hlmopare S 0,6-4,5 [500-1400 100-1350 3,4-24 10-80
%1 BaHHUC. BH HH
. s 13 450-1400 120-450 3518 |5-400
0,75-3 250-500 165-400 4 8-24 10-25
s 0575 |550-1000 80-1850 6,522  |10-100
1,25-13 |750-1400 100-700 3-20 15-50
HHOCHOE 0,84  |500-900 200-800 4535  |20-80
S .2-35 1000-1500 300-750 7,5-730 |15-55
TAYUBAHNU
0,5-10 400-1000 40-850 4-13 5-50
2-6 400-1700 200-350 5,7-25 10-30
Crporanue
0,1-0,8 150-700 200-7000 9-45 2,5-40
XOHUHTOBAaHHE
0,5-4 300-500 100-1000 6,5-90 5-50
PassepTriBanue
0,3-1,5 150-350 200-500 60-220 10-25
ITonupoBanue
JloBoaka nosepxuocreii:|0,1-0,35 |60-100 300-600 45-125 5-10
TTOCKHX - - - - -
0,05-0,15 |35-120 400-700 25-200 2,5-10
[UTHHIPAYECKUX
PacTraunBanue - - - - -




0,5-10 400-1000 40-850 4-13 5-50
TopmoBoe ¢pe3epoBanue _ _ _ _ _

2,5 800 300 22 85
Touenue _ _ _ _ _

1 1000 1000 30 50

[Ipumeuanue. B yucnurene mpuBeACHBI MapamMeTpbl, NOJYYCHHBIE NMPH 00pabOTKE CTAIbHBIX
JieTajeil, B 3HaMeHaTele - Ipu 00paboTKe YyT'yHHbIX JeTaleH.

Tab6numa 3.4. [TapameTpsl IPOI0THHOM BOJTHUCTOCTH

Bun o6paboTku WZp,MKM  |SWyp, MM |SWip/WZyy,  [Spip/Rip M'Wyp, MM
R 1212 |24-35 [280-2900 |60-800  |30-350
1,39 1823 |200-1770 |42-340  |40-200
112 15 320-1000 |30-128  |40-100
Crporaiiite 12 1,65 140 9,5 20
7540  |1,734 60270  |14520 |5-45
Hutpiieckoe GpesepoBatie oy 155 o183 05 [10.5:45 |10-60
0,4-3 0,709 [300-1750 [12-50  |20-80
IIpotsiruBanue
0,505 |1-15  |2000-6000 |750-1000 |150-850
I[OBOI[Ka IIJIOCKHX IMOBCPXHOCTCHU

[Tpumeuanue. B uwnciautene mnpuBefeHbl JaHHBIE, IOIYYEHHbIE MPH OOpabOTKE CTaJbHBIX
JieTajel, B 3HaMeHarese — Mpu 00pabOoTKe YyTyYHHBIX JIeTanei

JlocTuraemasi mpu OINpPEAEICHHOM MeToJie 0OpabOTKH ILIEpPOXOBATOCTh IMPEXkAE BCETO
XapakTepusyercs BBICOTHBIMM MeTojgamMu Ra, Rz wimm Rmax. OgHako HOBEPXHOCTH C
OJMHAKOBOM BBICOTOHM HEPOBHOCTEM,
METOJAMHM, MOTYT UMEThb pPa3jIu4Hble JKCILIyaTallHOHHBIE CBOMCTBA, HAIPUMEDP IO-PA3HOMY

HO TIIOJYYCHHBIC PpPa3JIMYHbBIMU TCXHOJIOTHYCCKUMU

COIIPOTHUBIIATHCS IEHCTBHIO CHII, CTPEMSIINXCS 1e(OPMHUPOBATH BBICTYIBI. Takue MOBEPXHOCTH
IIPEKIEe BCEr0 MOTYT pa3jinyaThCsl OMOPHBIMU (HECYIIMMU) TuiouaasMu (anuHamu). OreHka mno
OTOPHOM JJMHE Mpo(duis HE AAeT JOCTATOYHO MOJIHOIO MpeICTaBiIeHHsI 00 OMOPHOM IIoLIaaH,
TaK KaK IEPOXOBATOCTh MOBEPXHOCTH B TIONEPEYHOM H IPOIOIHHOM HAIPABICHUSIX pa3indHa U
HE CBs3aHA MOCTOSHHBIM COOTHOIIeHHEM. [1o3TOMy AMsl MONHOM OLIEHKM HECYHIMX IUIoLaiei
HY>Ha Tororpa@us moBepXHOCTH.

C yMEHBIIEHHEM BBICOTHI IONEPEYHBIX MHUKPOHEPOBHOCTEW BBICOTA MPOJOJIBHOM U
MOTIEPEYHOM IIEPOXOBATOCTEH CTAHOBUTCS NPUMEpPHO oauHakoBoil. Haumbomnbiiee pazmuuue
HabOmo1aeTcst mpu rpy0oit 00paboTke, KOorja MpoIoJibHAs BHICOTA COCTABIISIET MAlIylO JIOJIO OT
NoTepevyHol. YKa3aHHOE pa3inyue 3aBUCUT HE TOJIbKO OT BUJa 00pabOTKH, HO M OT MaTepHuaa.
[TpononpHBIE HEPOBHOCTH MpU 00pabOTKE CTAlbHBIX AeTaliell MMEIT HauOoJiblliee 3HAYEHUE,
HarpuMep, MpU TUIOCKOM M KpyrioM mumndoBaHuu mnepudepuei kpyra, a mpu ooOpaboTke
YYT'YHHBIX JeTaled — Tpu WIMHAPUYECKOM  (hpe3epoBaHUHU, JIOBOJKE
WIMHAPUYECKUX TOBEPXHOCTEH.

B HekoTOphIX ciydasx MpH MEXaHHYECKOW 00pabdOTKe MpOJobHAs IIEPOXOBATOCThH

CTpOraHuH,

MOXKET TPEBBIIIATh IONEPEUHyI0 (HampuMep, NMpPU pPE3aHHU ¢ 0Opa3oBaHMEM HApOCTa Ha
peXylled KpOMKE HMHCTPYMEHTAa); HAJIM4YUEe WM OTCYTCTBHE BHOpAalMU TakKe 3aMeTHee



CKa3bIBA€TCS Ha MPOJOJbHOM IIEPOXOBATOCTH, YeM Ha momnepeyHor. CrenoBaresbHO, MPHU
OIICHKE OMOPHOW IUIOMIAT HEOOXOAMMO YYHTHIBATH OTJIMYHUS IIEPOXOBATOCTH B PA3IMYHBIX
HanpaBJIeHUAX (MUKPOTONOrpauio TOBEPXHOCTH).

AOCOIOTHBIC 3HAYEHUS OMOPHOW IUIOMIANM TOBEPXHOCTEH 3aBUCAT HE TOJBKO OT
[IEpPOXOBATOCTH, HO W OT MeToaa o0paboTku. [ToBepXHOCTH ¢ Majol MIEPOXOBATOCTHIO IO
CPaBHEHHMIO C IOBEPXHOCTHIO C 0oJiee BBICOKOH IIEPOXOBATOCTHIO, HO MOJYUYEHHOW IPYrum
METOJIOM OOpaOOTKH, HE BCerJa HMMeeT OOJIbIIYI0 OMOpHYI Iiomans. [lostomy mns
obOecrieueHUsI ONPEACIICHHOW OMOPHOM (HECyIel) IUIomaau JTaHHOM JeTaau HeoOXOJauMO
Hapsily C Ha3HAYEHHEM BBICOTHOTO MMapaMeTpa IIEePOXOBATOCTH YKa3blBaThb TEXHOJOTHYECKUI
METO/I IOJIyYCHHUS TIOBEPXHOCTH U 3Tan 00padboTku (puc. 3.2).

[
P
Puc. 3.2. KpuBble OTHOCHUTEIBHBIX
p’ OIOPHBIX JUTUH MPOQUIIEH t, IPU OJMHAKOBBIX
7 4 YpOBHSIX ceueHus p: 1 — mpu yepHOBOIA
00paboTke; 2 — Mpu YMCTOBOK 00paboTKe; 3 —
g npu 00paboTke MOBEPXHOCTHBIM
rractuaeckuM nedopmuponanuem (ITI11)
" ¢
tor 2
{p3
A

HaubGonpmmii mpakTH4eCKUil UHTEpeC MpeACTaBiIseT HavyajabHas 4acTh OMOPHON KPUBOM
npoduis, KOTopas ONMChIBaeTCsl POpMyIIoit

t,=h=b'e" (3.1)

rae b u v — mapaMeTphl anmpoKCUMaIuy HadyaJlbHOW YaCcTH OMIOPHOM KPUBOM PO UL,

Orta ¢opmyna cnpasemmBa B mpepenax 0 <t,< 0,5. ITapamerpst b u vV moryr ObITH
orpezieNieHbl HECKOJIIbKUMH METOJaMU: rpaHuuecku, 4To TpeOyeT MOCTPOEHHUs OMOPHOI KpUBOI
HpO(i)I/IJ'Iﬂ, N AaHAJIUTUYCCKHU 110 COOTBETCTBYIOIIUM 3aBUCHUMOCTSM. I/I3yquI/Ie BCPXHHUX YYaCTKOB
EPOXOBATHIX HOBerHOCTeﬁ IMO3BOJIMJIIO YCTAHOBUTH 3HAYCHUA IIapaMCETPOB b n Vv,
XapaKTepU3YIONINX HAYaIbHYIO YaCTh OMOPHBIX KPUBBIX (OMOPHYIO IIIOMAAb). [[1si OCHOBHBIX
TEXHOJIOTHYECKHX METOJIOB 00pabOTKM OHU MO3BOJISIOT BBIOJIHUTH OPUEHTUPOBOYHBIE PACUETHI
JUTSL OTIPEIIICHHST OTIOPHOM TUTOIIA/IA IEPOXOBATHIX MIOBEPXHOCTEH, 00pabOTaHHBIX PE3aHUEM.

Ta6nuua 3.5. [TapameTpsl IEPOXOBATOCTH MPH PA3IUYHBIX METO/IaX 00pabOTKH

O6paboTka dopmyna VYcnoBust 00paboTKH

Hapy:kHble IOBEPXHOCTH




s= 0,05-0,43 mMm/00; VvV =

ToueHue: Skt(._g[]u n };}h 71282 m/mun; p=0,5+2 MM; ¥
Ry=hy 2o 707 = +4°+(-40°). K .
MOJTyYHCTOBOE, = ok ( ). Koaddunmen
YHUCTOBOE P ToI Ko — K4lipuiBeicHBI B Ta0I1. 6
[24]
54(90" + 43"
R, =k, "k
P .
2 g SrE0
o0 pk!vk,, s= 0,05+0,5 Mm/00;v=50+150
TOHKOE (aJIMa3Hoe) , MM, P0,552 M = 4
¢ i sa0" 0% 40°). Koadduumentsr ko—
w0 pkgvk_‘ k4 mpuBesiens! B Tab. 7 [24]
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HImudosanwue:
KpyTioe
npeaBapuTeNbHOE U
HOJy4HCTOBOE

III.35£ 0,29 ;:EI.EIEJ 0:4
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R, =047 0,06 0,03, 0,024
Va Syl
016 0,030,008 ;70,7 z=003 » . 024
R 109 Sap Spaat 4K o
F 012 _1
Va
034.004 77025 #0055 » . 013
g —ouigTE K
w7 022 05 10
VYa'  Fpad _

OOpabartbiBaeMblil MaTepuan —
craib 40X,HRC 30-35; v, = 20
+ 50 m/MuH; Sp = (0,5 +
1)B,Span = 0,05 = 0,1 mm/zB.
xom; I= 1+5, K=16 + 40, mia
cBs3ku C2 H= 2; mma CMI
H=1; i.,=10000 + 30000 H/M™m

TOHKOE (TOpIIOM  ya-
IIEYHOTO  aJIMa3HOTo

Kpyra)

R = 0,035045 088 ' M?
¢ "f" 10

0,2
0,6 P
RF = D,DESHFK [ﬁ]

Spp= 0,15 =+ 1,5 mm/00; K =
28/20 +125/100; P=20+140 H

=R o -

B =00003 — = p= (3 = 13)10° ITa; v,=10+50

Cynepdunumnm- 2 (1 i J NERES /hE: = 10280 5
gOBzH:e(a;MagHHMH P s [TapameTpsl  1MIEPOXOBATOCTH

KaMH
by Ry = 0,0006(—5] I HpUBeCHBI B Ta0II. 8 [24]
10 v

Ralt KR (10%" Ray= 0,32+ 0,80 mxm; K =

Rl By) =l — R e 63/50 = 80/63;p= (1 + 6)

ITonupoBanue ? : P = o4 =  36d

> YA s : s

ICHTANIE S = Uy + By Ray, + I K+ M/MuH; T= 25 +  60c
«KOHEYHON» IIWHBI K03(1)(1)’I/IHI/IGHTLI Ko 7k;

P
iy 2ogtkyy + )

pUBEICHBI B Ta0i. 9 [24]




046 126
R, = 0,004[%] fw
, K = 4028 =+ 125/100; P =
«OECKOHEUYHOI) P o~ 0013 F (a3 KL 2070 H;z= 10 =+ 70c.
JUTHHBI o 10 aad [TapameTpsl  IIEPOXOBATOCTH
034 13 npuBeeHbI B Ta0i. 10 [24]
F K=
=0,026| —| =%
R (m} P
0,36 z-0,79. 0.1
E =04 o
a = R
g 032074 00 ﬁ’ OO6pabarbiBaeMbIii MaTepua; —
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UTHPK
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M i
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? 120300 c; o = 10+25°
0.19
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S'= Uﬁﬁg_ﬁ:n.-u‘ﬂumfu,z‘
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pOJIMKaMU FalnB) = kyis = p Y ey FELT S, Kompusenensl B Tabm. 11 [24]
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MaruutHo-
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- S A
Ra=0,38 f',.ﬂ.‘Bu.of A wl,O.Ih :
Ra“ & A || h U\
R, =108 )
P . H < 1
T"' ")B!'J_Cl ':U,’-,.g,l}

d=038 4+ 2 MM;
B'_ -U,3': l,l T,’].
ta=23 "9 w/muu

BHyTpeHHUe IOBEPXHOCTHU BpallleHUs

Ram 6 36([0 ’5 Ol- 041

175052
R, 24 __OT OO6pabaTbiBaeMblil MaTepuan —
CreniicHe d° 17,046 cranp 40X;d=12+25 wmwm; v=
P Rr= 48,7 o ; 12:20 w/mm;s= 0,06+0,14
e
MM/00
Rmax = 61,3d% 7y 098046,
=233, 940.23,,0.32 , 0,62
016,076
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R o ”“ Tﬂ $3
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041 =19 o V=
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OO6pabaTbiBaeMblii MaTepran U
3HAYCHUS
k03 unueHToB ¢, Ko-Kg mist
11 .
OTH:Ji(;B:::e v, = Ra(R,, Sm)= HkoK*vk:s¥1% |anmasupix ©  abpasuBHBIX
A KpyroB IpuBEIEHHI B Ta0I. 13
[24]. dns cesazku C2 H=2; nus
CM2 H=1
=13 + 42 mm B 1 MuH. Ha
Ra = k -R_ _nc‘_- o PI 0 OJIMH nehOpMUP YOI
HaxkartbiBanue ° p. ,!.x. = anemeHT; p=200+600
IAPUKOBBIMH g ks . Ky MIla; i=1-3; nmpuD= 90
TrOJIOBKaAMHU R’ = k R_p»nc_x‘nplo . mmMmV= 14 =+ 70 wM/MuH.
p*: f‘ul,‘l- 3uauenust Ko -KsiprBeieHsl B
Tabm. 14 [24]
N ok
Ragty S up
Ra oy . 3HaveHust K03 uineHToB Ko -
A S Kqipu  00paboTKe pasIHdHBIX
BuOponakarbiBanue
K K, MaTepHaioB
R wexS no
R, = Ky - = ——— npuBEEHs B Ta0n. 15 [24].
p £ K,

O06o3HaueHus: S — nojayva; V — CKOPOCTb PE3aHus; P — pallyC MPHU BEPIIMHE pe3lia; Y — NepeaHuit
pamuaibHas Tojaya; | — YuciIo BhIXxakuBaHuil; K — 3epHHCTOCTD
MpoAoJIbHAS oAayda; P — cuna npuxuma;
HCXOIHAS

yron; B — mmpuna kpyra; Spa; —
kpyra; H — TBepmocTh Kpyra; je,—
p — IaBJeHHe OpycKa; V,; — CKOPOCTh BpAIllCHUs IETAN; T — BpeMsi 00pabOTKH; Raycx —
IIEPOXOBATOCTh; 0y — yrou ataku; D — quameTp mapuka; ¢ — qaBjieHune B KOHTakTe; | — cuia Toka; &
— 3a30p MEXy MONIOCHHKAMH U JeTanbio; By — MarHuTHas MHAYKUUS; P, — PAAUYC 3aKPYTIICHHS
ponuka; t — ryOuHa pe3aHus; o — 3aHUN YToi; V1 U V2 — CKOPOCTH BPALIATEIBHOTO JABUKCHUS TIPH

JKECTKOCThb CTAHKA; Spp —

YEepHOBOM M YHCTOBOM XOHHHTOBAaHMHM COOTBETCTBEHHO; P1 U P2 — JaBlI€HHE OpPYyCKOB IpH
YEPHOBOM U YHMCTOBOM XOHHHTOBAaHHWU COOTBETCTBEHHO; f — yacrora xonebaHuii HHCTpyMeHTa; A —

aMILTUTY/1a KOoJIeOaHUM; ¢ - 3aIHUIA YTOJ BAABIMBAHUS.

OnopHasi TUIOMIAIb MOXKET OKa3aThCsid OJMHAKOBOM MJII HECKOJBKUX IMOBEPXHOCTEH,
00paboOTaHHBIX PA3NIUYHBIMU MeToJaMu. OTIMYUE TaKUX TMOBEPXHOCTEH YCTAaHABIMBAIOT IIO
TEOMETPUUECKUM XapaKTEePUCTUKAM OTJEIbHBIX MHUKPOHEPOBHOCTEH: KaXKIOMY METOAY
00pabOTKH COOTBETCTBYET OIPEACIICHHBIA IHANa30H M3MEHEHUs YIJIOB MPOGUIIsS U PaanyCcoB
3aKpYIJICHHUA BBICTYIIOB B 3aBHCHMOCTU OT BBICOTBI IIEPOXOBATOCTH HOBerHOCTCfI. B
npeobafaromeM OOJBIIMHCTBE CIIy4aeB PAIUYC Iy, 3AKPYIVIEHUS BEPIIMH MHUKPOHEPOBHOCTEH
B IIPOJOJIBHOM HAIIpaBJIECHUU IIPEBBIIIAET PAIUyC Iy 3aKPYIJIEHU B IIONEPEYHOM HAIlpaBJICHUM.
Vron B, npoduins MUKPOHEPOBHOCTH /ISl IIONIEPEYHOr0 HANPABIEHHUs OOJbIIE YeM YIoul By, A7
npogonsHoro. C yMEHBIIEHHEM BBICOTHI HEPOBHOCTEH HaOmIogaeTcs oO0Imas TEHIACHIHS K
YMEHBIIIEHUIO YIJIOB MPOQUIS U COOTBETCTBYIOIIEMY YBEIHMYEHHUIO PAJUYCOB 3aKpYTJICHUS
BBICTYIIOB.

['eomeTpuyeckne XapakTEpUCTUKH MUKPOHEPOBHOCTEH, BHICOTa HEPOBHOCTEM, MX IIIAru
CBsI3aHbI MEX 1y c000ii. C yMEHBIIIEHHEM BBICOTHI HEPOBHOCTEN MPH KaXkI0M METOJe 00pabOTKU
BO3pPACTaeT COOTHOIICHHE MEXIY IMaroM HEPOBHOCTEH mpoduias S U BBICOTOH Rpyax. s



OOJILITMHCTBA METOJOB MEXaHWYECKOH OOpabOTKM TIpH CpeaHel BBICOTE HEPOBHOCTEH
MOBEPXHOCTEH mar S, monepeyHol mepoxoBarocTh He mpesbimiaer 40Rmax (mumdosanue,
TOYCHHE, CTpOraHue, (pe3epoBaHHE, pacTauMBAaHUE CTAIBHBIX W YYTyHHBIX netaneit). s
HEPOBHOCTEH MeHbLIEH BBICOTHI UX WIard MoryT pocrurare moyru 300Rmax. IHar S,
IPOJIOJIBHOW  IIEPOXOBATOCTH OOBIYHO TMPEBBIIAET INAr IONEPEYHON IIEPOXOBATOCTH.
OTHOLIEHHE ATUX BEIMYMH B OOJBIIMHCTBE CIy4aeB HE MpEBbIIAET 15, XOTS B OTIENIBHBIX
ciyuasx pocrturaer 40. AOCosOTHbIE 3HAYEHMs LIara MpPOJOJIBHBIX HEPOBHOCTEH JOCTUTAIOT
800Rmax. CrnemoBaTenbHO, YeM OOJBIINE PaANyChl 3aKPYTJICHUS BBICTYIIOB, TEM MEHBIIE YTJIbI
npopwis U Ooiblie pa3Mepbl OCHOBAaHUH OTHENIBHBIX HEPOBHOCTEW M MX wiar (mpu
OINPECIEHHON BBICOTE ILIEPOXOBATOCTEN). 3HAUYEHUs IPUBEIECHHOIO paauyca 3aKpyriaeHHs
BBICTYIIOB M OTHOLICHUs [/RMax s pa3iM4HBIX METOJOB OOpPaOOTKM pE3aHUEM JaHbl B
IIpUIIOKeHuu B.

[Ipu HEOOXOAMMOCTH MOTyUYEHHs O0JI€€ TOUHBIX 3HAUEHUH, XapaKTEPU3YIOIIUX OIOPHYIO
IUIOINAAb M JAPYrHue reOMeTpUYecKHe MapaMeTpbl KauecTBa MOBEPXHOCTH JETajlel, yUUTHIBAIOT
KOHKPETHBbIE  YCJOBHS  BBINOJHEHUS A  TEXHOJOTMYECKOW  omepanuu  (MaTepual
oOpabaTbiBaeMOll  JieTany, I[OJIy4aeMyl IIEpOXOBaTOCTb IIPU ONPENEICHHBIX peKUMax
00paboTKM, MaTepuaa MHCTpyMEHTa M T. A.). [Ipu 3ToM BO MHOIuX ciydasx IeaecooOpa3Ho
TaK)K€ YUUTHIBATh TEXHOJIOTMUECKYIO HACIEACTBEHHOCTb.

[Ipumenenne COTC cnocoOCTBYET YIYYIIEHHIO Mpolecca CTPYKKOOOpa3oBaHUSs, UTO
IPUBOJIUT K YMEHBILIEHUIO U3HOCA, a CIIEI0BATENIbHO, MIOBBIIIEHNIO CTOMKOCTH HHCTPYMEHTA, U K
YMEHBILIEHUIO CUJIbl pe3aHus. B pe3ynbTare yMeHbIIAETCS BEIMYMHA YHOPYIMX OTKATUN
3JIEMEHTOB TEXHOJIOTUYECKOM CHUCTEMbI, a CJIEJOBATEJIbHO, YJIYUIIAeTCs ILIEPOXOBATOCTH,
CHIDKAETCS BOJIHUCTOCTb, YBEIUYMBACTCS TOUYHOCTh 00padaThIBaeéMbIX MOBEPXHOCTEH jaeTanieit
MallyH.

B kauectBe COTC uCHOnB3yrOT pacTUTENBHBIE U OCEPHEHHbIE MUHEpaJbHBIE Macia -
cynbpodpe3osasl, SMYJIbCHUH, KOTOpbIE CHHXKAIOT  HIEPOXOBATOCTh  00pabaThIBa€MBIX
noBepxHoctei Ha 25...40 %, mo cpaBHEHHUIO ¢ 00pabOTKOM 0€3 OXJTaKICHHUS.

TmarensHast ounctka u ¢unbrpanus COTC, ¢ uenbio ynaneHus abpasuBa U CTPYXKKH,
TaK)K€ CIIOCOOCTBYIOT YJIYULICHHIO IIEPOXOBATOCTH MpU HUIM(POBAHUM M APYTUX CcHocodax
abpa3uBHOM OT/IEI0YHON 00padOTKH - cynepdUHHUIIIEe, XOHUHTOBaHHUH.

BosHucTOCTh B Iporecce MexaHnyeckoil 00paboTKH MOBEPXHOCTH 00pa3yeTcs II1aBHBIM
0o0pa3oM B CBs3M ¢ BHOpalueil n3-3a HEOCTATOYHOM >KECTKOCTH TEXHOJOTHYECKOM CHUCTEMBI.
BooOmie roBopsi, BOJHHUCTOCTH MOXXET OOpa30BBIBaThCSI Ha JIETAIM B JIBYX B3aUMHO
NEepIEHIUKYISPHBIX HAMpPaBICHUSAX: NMPOJOJbHAS W TOINEpeYHas BOJHUCTOCTb. Ecimu mepBas
0OBIYHO BO3HUKAET B pe3yibTaTe BUOpAIIMN TEXHOJIOTHYECKON CUCTEMBI, TO BTOPasi BbI3bIBACTCS
HEPAaBHOMEPHOCTBIO  TOJA4M,  HENpaBWIbHOW  MpaBKOW  MIIM(OBAIBHOTO  Kpyra,
HEPaBHOMEPHOCTHIO €ro U3HOca U T. 1. B 11000M citydyae BOTHUCTOCTh ONPEENsIeTCs YCIOBUIMU
BBIMIOJTHEHUSI TEXHOJIOIMYECKOTro Ipolecca U Meroda oOpaGotku. Hannume BoaH Ha
MOBEPXHOCTU NPUBOAUT K YMEHBIIEHUIO OMOPHOM Iuiomanu B 5—10 pa3 mo CpaBHEHHIO C
POBHOM LIEPOXOBATON IIOBEPXHOCTBIO.

3.3 TexHoJsioru4eckoe o0ecnmeyeHHe TeOMeTPHYECKHX IOKa3aTeseil KadecTBa
NMOBEPXHOCTHOIO CJIOSl JeTajieil MallMH NMpPH 00padoTKe MOBEPXHOCTHBIM IJIACTHYECKUM
negpopmMupoBaHuemM 00padoTKe

Cymocte IIIJ[ 3akmrowaeTcss B TOM, YTO TpeOyeMble pa3Mephl M KadecTBO
MOBEpXHOCTEH JeTajeil JocTUraercs HE Cpe3aHHeM Marepualia, a €ero IUIaCTUYECKUM



dbopmousmenenueMm. B mpormecce IIIIJI omHOBpeMEHHO ¢ HW3MEHEHHEM IIIEPOXOBATOCTH
IIOBEPXHOCTU JI€Taly IPOU3BOAUTCSA €€ YIPOYHEHHE, M KAaK CIEACTBUE 3HAYUTEIIBHO
YIYUYIIAKOTCA AKCIUTyaTallMOHHBIE CBOMCTBA JI€TAJIM, IOBBIIAECTCS WX HaAeKHOCTb. [IIT]]
1o3BoJsieT 3((EKTUBHO BIHMATH Ha MOBBIIIEHHE JOJTOBEYHOCTH JAETaled, padoTaromux B
YCIIOBHSIX 3HAKOIEPEMEHHBIX HAarpy3oK, TPEHUs W BO3ICHCTBHA KOPPO3MOHHBIX cpea. Bo
MHOruX caydasax mnpumeHeHueM [IIIJ[ ypa€rcs nDoBBICHTH 3amacbkl HPOYHOCTH JIE€TaJIEH,
paboTaronMx Mpu MNepeMeHHBIX Harpys3kax B 1,5-3 pasa, yBenWYHMTb CPOK CIYXObI B JECATKU
pas.

Bce mHOroo6pasue meToqoB 00pabOTKM IMJIACTUYECKUM Ae(OPMUPOBAHUEM MOXKHO
KJIACCU(UITUPOBATh MO Py CYIIECTBEHHBIX mMpu3HakoB (puc. 4.15). [lo Bumy 3aTpaunBaeMoii
SHEPrUM OHU OTHOCSTCS K METOJaM MeXaHudeckoi oOpaborku. [lo pacmpocTpaHeHuio odara
IUTACTHYECKON JeopMalMy Pas3IHyaloT MPOIECChl IIACTHYECKON aedopMmannu OObEMHBIE U
noBepxHocTHbIe. [Ipomecc mnactuueckoil aedopmanuu  Ha3bIBaeTCs OOBEMHBIM, €CIH
iactuyeckas jaedopmanus pacHopocTpaHsieTcss MO BceMy 00beMy 3arotoBku. Ecmm
riacTuyeckas aeopmarius JIOKaIu3yeTcs U He paclpoCTPaHsIETCs IO BCeMy 00beMy 3arOTOBKH,
TO TaKHe€ MPOIECCHl HA3bIBAIOT MPOLIECCAMU MMOBEPXHOCTHOIO IIACTUYECKOTO Ae(OPMUPOBAHUS
(IITLg). B coorBerctBun ¢ I'OCT 18296-72 mox IIIIJ] cnemyer moHuMats 00pabOTKy
JABJICHUEM, MPU KOTOPOH aehopMupyeTcs TOIHKO MOBEPXHOCTHBINA clioi Metaiuta. Mcxons u3
YCIIOBUH pabOThI MHCTPpYMEHTa, MeToabl 00padoTku [T/l MoryT OBITH pa3/ieicHBl HAa YEThIpe
Buja: craruueckoe IIIT/I, IIII/] B ycimoBusax TpeHus ckosbxenwus, IIII/] B ycnoBusx TpeHus
kaueHus, yaapaoe IIIT/1.

Memodk ogpadomky T/
I : |
Oovermee 1] [Iobepxrocimmsie 111
| I
| | : 1 1
[T b ycrabusx [T 6 ycmobusx
Limamreckoe [T IMPEHUS CKO/IbXEHLS IMPEHLS KAHPHLIS prioe [T
Poproodpasiymiee Kanuopywusee Lenaxubaouee Yposrsouyee
iy i/ iy i

Puc. 4.15. Knaccugukaiysi METOI0B IIaCTUYECKOTO 1e(hOPpMUPOBAHUS

PaccmoTpuM noapoOHee 3TH BUIBL.

1. Craruueckoe IIIIJI — MOBEPXHOCTHO IUIACTHYECKOE JAe()OPMUPOBAHUE IIPH
CTaTUYECKOM B3aMMOJEUCTBUH Je(POpPMUPYEMOr0 Marepuana C HHCTPYMEHTOM, pabounmMu
TelnaMu WM cpeno. JlepopmupoBaHuEe MOBEPXHOCTH 3arOTOBKM B 3TOM ClIydae B OCHOBHOM
OCYIIECTBIISIETCSI BCJIEJICTBUE JAEMCTBUS HOPMAJbHBIX K IIOBEPXHOCTH CHJI (CTaTHYECKOE
nehopMupOBaHKUE MOBEPXHOCTH TOPIIOM IJIaJKOTO WIIH (PUTYPHOTO ITyaHCOHA).

2. TIIIJI B YCIOBMAX TPEHUS CKOJBKEHHS — MOBEPXHOCTHOE ILIACTHYECKOE
neOopMUPOBAHNE TPU CKOJNBKEHUU HHCTPYMEHTa MO JIOKAIbHO KOHTAaKTHUPYIOLIEH C HUM
MOBEPXHOCTU 00OpabarbiBaeMoro marepuana. [[is 3Toro BHaa XapakTepHO HAIWYHE B 30HE
KOHTaKTa HHCTPyYMEHTa W JeTaJldi Ha TOJbKO HOPMaJbHBIX CWJI, HO M CHJI TpEHUS,



MOSIBJISIFOIIMXCS BCJICJICTBHE TIEPEMEIICHHs] WHCTPYMEHTa 1o oOpasylomeld oOpadaTrsiBaeMoin
noBepXHOCTU. CHIIbl TPEHUS 3HAUUTEIIbHO U3MEHSIOT CXEMY HAIPSHKEHHOTO COCTOSTHUS MeTalljia
B 30HE €ro KOHTAKTa C HMHCTPYMEHTOM M OKa3bIBAIOT CYIIECTBEHHOE BJIUSHUE HA MPOIECC
nehOpMUPOBAHUS TTOBEPXHOCTHOTO CIOs. Ha MCIONB30BaHUU TPEHUS CKOJBKCHHSI OCHOBAHBI
MPOLIECCHl  BBIMIAXKUBAHUS TIOBEPXHOCTEH, IMOBEPXHOCTHOE JOPHOBAHHME M IOBEPXHOCTHOE
peayupoBaHue.

3. TIIIJI B ycloBHAX TPEHMs KaueHHUs — IOBEPXHOCTHO MIacTHYECKOoe Ae(GOpMUpOBaHUE
IIpU KaYeHUHU UHCTPYMEHTA IO MOBEpXHOCTH Aeopmupyemoro marepuana. K stomy Buay [I1]]
OTHOCSITCSI MHOTOYMCIICHHBIE METOJAbl 00pabOTKM JeTaleil POJMKOBHIMU U [IAPUKOBBIMU
uHCTpyMeHTamMu. K 3Toil ke rpymnme MOXHO OTHECTH IMPOLECChl HAKaThIBAHUS PA3TMYHBIX
npoduneil, pe3pd, 3y0UaThiX Kojiec, TaK KaK OHU OCYIIECTBIISIFOTCS 0 KUHEMAaTHUKe KaueHHsI.

4. VYnapuoe IIIIJ] — MOBEPXHOCTHO IUIACTMYECKOE Ae()OPMUPOBAHUE IIPH YAAPHOM
BO3JCHCTBUM JeOpPMUPYEMOT0 MaTepHalia ¢ UHCTPYMEHTOM, pabOYuMU TelaMH WU CPEAOu.
JepopmupoBanre mpu OOJIBIIUX CKOPOCTAX OTHOCUTEIBHOTO COYIApEeHHs] M MepeMelleHue U
JeTald HPUBOJUT K 3HAUUTEIHbHOMY IOBEPXHOCTHOMY HAKJIENy — H3MEHEHMIO CTPYKTYpPBI
MeTaia 0e3 ero MoJHOW peKJIMCTaIN3aluu. BenrunHa U cTeneHb Hakjena 3aBUCIT OT MacChl
COyIapsIIOIIUXCS Tell, CKOPOCTH MX OTHOCHUTEIBHOTO JBWKECHHS M JpPYyrux (HaKkTopos,
OTIPEACIISAIONINX SHEPTHI0 yAapa UHCTpyMeHTa 00 oOpabaThiBaeMyl0 MOBEPXHOCTh. K 3TO ke
Tpynmne MOXHO OTHECTH ApobecTpyiHyro, ApoOeMeTHYI 0oO0padoTKy, YyAapHO-HMITYJIbCHYIO
00paboTKy U ap.

K cnocobam ob6pabotku III1J] ¢ ymapHbiM Bo3AeiicTBHEM pPaOOYMX TEd OTHOCATCSA:
o0paboTka JapoObI0, IIEHTPOOEKHAsT 00padoTKa, TalTOBKA, OOpabOTKa METaNIMYeCKUMHU
[IETKaMH, YMPOYHSIONIas YeKaHKa U Jip. B 3aBHCHMOCTH OT TEXHOJIOIMYECKOTO Ha3HaueHUs
nporteccol [I1/] nenar taxke Ha popmooOpazyromre, KaTuOPYOIMKUe U YIPOUHSIOIIHE.

®opmooodpasyromue IIIIJ[ — 3T0 TOBEPXHOCTHOE TIUIACTUYECKOE HehOopMUPOBAHHE,
oOpasyroliee ONpeAeIeHHYI0 Makpo- U (WJIM) MHKPOT€OMETpPHUYECKYI0 (OpMy MOBEPXHOCTU
negopmupyemoro Matepuana. B orauuune ot hopmoodpazoBaHus Ipu 0OBEMHOM IIACTHYECKOM
1e(OpMHUPOBAHUHU IMOBEPXHOCTHOE IUIACTHYECKOE N1e(OPMHUPOBAHNUE OCYLIECTBISIETCS 32 CYET
IUTACTUYECKOTO TEUEHUS MOBEPXHOCTHBIX CI0EB MaTepuana 3arotoBku. [Ipu ¢popmooOpazoBanuu
[IT/], xax mnpaBuUii0, TPOCTas IMMOBEPXHOCTh MpeoOpa3yeTcss B 0Oojee CIOXKHYIO, MNPUYEM
oOpazoBaHue HEOOXOAMMOW (OPMBI TMPH STOM COBMEMIACTCS C OTACIKOM MOBEPXHOCTH U
YIPOYHEHHEM IIOBEPXHOCTHOIO CJIOsI MaTepuana (Hampumep, HakarbiBaHue). C IMOMOIIBIO
MPOLIECCOB MOBEPXHOCTHOIO IIACTHYECKOro (hopmMooOpa3oBaHHsl B HACTOSIIEE BPEMS MOKHO
MoJIyyaTh MEJIKOMOJYJbHbIE 3yOuaTble Kojeca, HapyKHble M BHYTPEHHHUE IUIMIBI, PE3bOBbI,
KOHYCHBIE JIETAIM THUMa IITH(TOB, CTyNEHYATble U IJIAJKUE Balibl, cepUyYecKHe U Jpyrue
JeTalIN.

KamuOpytomue metonst [T/ - 3T0 moBepXHOCTHOE IUIACTHYECKOE J1e(hOpMHUPOBAHMUE,
U3MEHSIONIee pa3Mepbl 3aroTOBKM 10 JOMyCKaeMbIx pa3MepoB. [Ipm kamuOpyromem III1/]
Hapsily C MOBBIILIEHUEM TOYHOCTH pa3MepoB U (popMbl oOecrieunBaeTcs 3HAaUNTENbHOE CHIKEHNE
[IEpOXOBATOCTU U YIPOUHEHHE MOBEPXHOCTH JETAIH.

CrnaxuBatomee IIIIJI — »5To mMOBepXHOCTHOE IUIacTUYECKOE JehOpMUPOBAHHE,
YMEHbILAIOIIEE MIEPOXOBATOCTh MOBEPXHOCTH J1ehOpMUPYEMOT0 MaTepHaa.

Yupounsromiee /] — 3T0 nOBBIIEHHE CONPOTUBIIIEMOCTH MaTepHalla WIA 3arOTOBKH
paspyLICHUIO WJIM OCTaTOYHOM jaedopMany MOBEPXHOCTHBIM HakjenoM. [IoBepXHOCTHBIM
HaKJIETl IPUBOJUT K U3MEHEHHUIO CTPYKTYPHI MaTepuaia 0e3 ero ero rmoJHoi peKpucTaUIM3allny,



IpUYeM MaTepHuall HaXOJAUTCA B CTATUYECKU HANPSKEHHOM COCTOSIHMM. YTIPOYHEHUE HAKIIETIOM
NPUBOJUT K TMOBBIIIEHUIO TTOBEPXHOCTHOW TBEPAOCTH M MHUKPOTBEPIOCTH. B moOBepXHOCTHOM
HAKJIEIIaHHOM CJIO€ CO3JalTCi CKUMarolue HanpsbkeHusd. (CoKMMarolue OCTaTOYHbIE
HaNpsOKCHUST YMEHBIIAIOTCA MO0 Mepe yJalleHHs OT MOBEPXHOCTH, MEPeXoAs Ha HEKOTOPOH
riyOuHe B ypaBHOBEUIMBAIOIINE X PACTATMBAIONINE HAIPSHKEHUSI.

Opnako, 3agactyro oauH U TOT ke croco0 IIIIJ[ moxker peann3oBaTh pa3iIUyYHBIC
TEXHOJIOTMYECKHE 3a/1a4H B 3aBUCUMOCTHU OT IPUMEHSAEMBIX PEKUMOB 00paOOTKH.

OCHOBHBIMU ~ TEXHOJIOTUYECKUMHU  (aKTOpaMH, OINPEACISIONMMU  IIEPOXOBATOCTh
noBepxHoctu npu [IIIJ] sBusiroTcs momaya, CKOPOCTh BpallleHHs JeTaiu, INyOWHa Hatsra,
paanyc MHIEHTOpa Mpu 00paboTKe 1eHOPMHUPYIOIIUM HHCTPYMEHTOM.

[Tpu I ¢dopmupoBanne MHUKKpopenbeda MOBEPXHOCTH OBITh OCYLIECTBICHO IBYMs
croco0amMu  BO3JEHCTBHSI Ha TOBEPXHOCTh JETAIW. JIMOO TBEPABIMH TeJlaMH, JHOO
KOHIICHTPUPOBAHHBIMHU IMTOTOKAMH (TIOJISIMHU ) SHEPTHH.

[I1/] TBepAbIMU TeNaMU SIBISETCS Hanbosiee paclpoCTPAaHEHHBIM CIIOCOOOM 0OpabOTKH.
Ero ocymecTBisifoT myTeM BO3JIEHCTBUS Ha 00pabaThIBaeMyl0 MOBEPXHOCTh OJIHOTO WIIU
HECKOJIbKUX 00pabartbiBatonux tei. 1ot crnocod [I1]] nexut B ocHOBE 11€710i raMMbl METOJIOB,
KOTOpPBIE MO XapaKTepy CUIOBOTO B3aUMOJEHCTBUS 00pabaThIBaroIIero Tena ¢ oopadaTeiBaeMOi
MOBEPXHOCTBIO MOXXHO pa3[eliuTh Ha JBE OONBIIME TPYNNbBI: KBAa3HUCTaTHUYECKUE U
nuHaMudeckue (yaapHeie). KBasucratmueckue mNpeanonararoT co3fgaHue ae(hopMarmoHHOTO
ycuiiusi OT 00pa0daThIBAIOIIErO Tela MPU €r0 HEMPEPHIBHOM KOHTAKTE C JETajbl0. Y CIOBHO OHU
OTJIMYAIOTCSI OT yJapHBIX METOJOB OTCYTCTBHEM HWHEPIMOHHBIX CWJI TPU B3aUMOJCHCTBUU
o0OpabaTbIBaroIiero Tena ¢ AeTanblo. [Ipyu MCroNb30BaHUM B TEXHOJIOTUYECKUX HENAX (U3HUKO-
XUMHUYECKHX  SIBIICHUM, TOBEPXHOCTHas IUIacTMYecKass JegopManus  OCYIIECTBISAETCS
"OECKOHTAKTHBIM CIIOCOOOM" — MyTeM BO3JEMCTBHS Ha MOBEPXHOCTb SHEPrOHECYIIEH Cpelibl B
BUJIE KOHIEHTPHUPOBAHHOrO0 moToka sHepru. K umcmy Ttakux metonoB IIIIJl orHocsTCs:
00paboTka B MAarHUTHOM II0JIe, B3PBIBHOW BOJIHOM, 3JEKTPOHHO-MOHHOM M KBAaHTOBOW
TEXHOJIOTUEH, UMITYJIbCHBIMU BO3IYIITHBIMHU CTPYSIMH, OapoparMeHTaIHs.

[Ipumensemsle B mpakTuke npoueccs! [IITJ] XxapakTepu3yroTcss HATMYMEM HENIPEPBIBHOTO
WIN TUCKPETHOTO KOHTaKTa. [lociennue, npencTaBisione B OCHOBHOM TPYIITY JTHHAMAYECKUX
METOI0B 00pabOTKHM TBEPIBIMHU TEJIaMH, MOTYT OBITH pa3/elIeHbl Ha MPOILECCHl C PErYISPHBIM U
CO CTOXaCTMYECKHMM (OPMHMPOBAHUEM JIOKAIBHBIX OYaroB Jegopmanuu (OTHEYaTKOB) -
COOTBETCTBEHHO (OPMHUPYETCSl PETyJSAPHbIM, YaCTHUHO-PETYJSAPHBIM JHM CTOXaCTUYECKUH
MHUKpOpebed.

K uncny nunamuueckux MmetozoB IIIIJI, mpu oOpaboTke koTOpbIMH (HOpPMHUpPOBaHHE
JIOKAJBHBIX 0YaroB JeGOopManuu HOCUT PETYISPHBIN XapaKTep, OTHOCITCS METOABI 00padOTKH
€IMHUYHBIM WHIIEHTOPOM WJIM HAa0OpOM HHICHTOPOB. OCHOBHYIO TPYNIy YAAapHBIX METO/IOB
[MITJ] coctaBisitoT MeTOABI OOpPabOTKH CBOOOAHO ABMXKYIUMHCS TelaMu. CTOXaCTHYECKUN
xapaktep (OPMHUPOBAHHUS JIGKHUT B OCHOBE JHHAMHUYECKUX METOJIOB 00pabOTKH HalpaBICHHBIM
IOTOKOM, TMOPIUOHHBIMH MaccaMd M C COYJApeHHEM YacTHIl SHEPrOHECYyLIeH Cpeipl.
Co0TBeTCTBEHHO (hOPMUPYETCSl CTOXACTUUECKUI MUKpOpebed (IIepoX0oBaTOCTh) MOBEPXHOCTH.

IIpu oOpaboTke geraneld CBOOOJHO JABWXKYUIMMHCS TeJaMH, IOBEPXHOCTHOE
IUTACTHYECKOW  1e(OpMUPOBAHME OCYLIECTBISETCS B  pe3ylbTaTe yIAapPHO-HMITYJIECHOTO
BO3JICUCTBHS Ha 00pabaThIBaEMyIO MMOBEPXHOCTh OT/IEIBHBIX 00pa0aTHIBAIOIINX TEN, B KAUSCTBE
KOTOPBIX MOXKET OBITh MCIIOJIb30BaHA CTajbHas, YyT'yHHasl, CTEKJISIHHASL WJIM U3TOTOBJICHHAs U3
MaTepuaia IeTaiu Apoob pa3IndHoi GOpMBI, TUTIA B pa3Mepa.



Kak mpu kBazucraTuyeckoM, Tak M MpH yIApHOM BO3IEHCTBHM 00pabaThIBAIOIIMX Tell
JHEpProHecymeil cpeapl Ha oOpalOaThIBaeMOM MOBEPXHOCTH (POPMHUPYETCS COBOKYITHOCTh
IUTACTUYECKUX OTIEYATKOB OOpa3yroIIMX HAa TIOBEPXHOCTH XapaKTEepHBIA Uil 00paboTKH
metomamu [II1J] mukpopenved. [mybuna ruractudecku IeOPMUPOBAHHOTO MOBEPXHOCTHOTO
ciost h mpomnopioHaibHa JUaMeTpy Iiactudeckoro otrmeyarka d . Jist pasmuvHbBIX YCIOBHIA
obpabotku h=1... 2d. 3aBHCHMOCTh MEXIy JIHAMETPOM IUIACTHYECKOro oTmedaTka d,
dbopMupyeMoro Ha TOBEPXHOCTH, M CHUJIOBBIM BO3JEHCTBHEM 00palaThIBAIOIIEro Teia
(nanmpumep cdepuyeckoro MHAEHTOpa) P mpu ero BHeApeHHHM B YNPYrol M IIACTUYECKOM
00JacTsAx omuMchIBaeTCs ypaBHeHUsIMH [ 'epria u Meiiepa:
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P= ds;

2 2
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rac D - AUaMETP C(bepnqecxoro HHACHTOPA, E’E? - MOAYJIM YIIPYTOCTH MaTcpuajia

cpepudeckoro HHIEHTOpPa U 0OpabaTeiBaeMoro Marepuana; ' - xooddummentsr ITyaccona

MaTepuana Cc(epHYecKoro MHACHTOpa M oOpabarbiBaeMoro Marepuama; %7

KOHCTaHTbI
IUIACTUYHOCTH.

Muxkpopenbed, KOTopblid (opMmupyercs Ha TOBEPXHOCTH netanmu Meromamu [T/,
MIO3BOJISIET 0OECIEUNTh YIYUIIEHHE PsAAa SKCIUTYaTallMOHHBIX XapaKTEPUCTHUK ITOBEPXHOCTHOTO
CJI0s1 IeTau.

@dopma HEpOBHOCTEW, (QopmHupyemass Ha MOBEPXHOCTU JI€Tad, IOBTOpseT (opmy
pabGoueil mnoBepxHocTH Jedopmupyrommx Tena. Haubonmee dwacto B kauecTBe (OpPMBI
neGopMUpYIOLIMX TeNl (MM UX pabodel MOBEpXHOCTH) HCIOJb3yeTcs: chepa. B pesynbrate Ha
MOBEPXHOCTH JIeTallu 00pa3yeTcss MUKpopenbed u3 nepecekaromuxcst chepuyeckux JTyHOK WU
KaHAaBOK (BOTHYTBIN), YTO NPHUBOJUT K OTCYTCTBHIO MHKPOKOHIIGHTPATOPOB HAMPSIKCHUI,
CJIEICTBUEM YEr0 SBISIETCS YBEJIMYEHHE YCTAJIOCTHOM NPOYHOCTH JETAIH, KOPPO3MOHHOMU
CTOWKOCTHU MOBEPXHOCTH, IMOBBIIIEHUEM CMa3KOYAEPKHUBAIOLIEH CIIOCOOHOCTH, PU 3TOM MOKET
HECKOJIBKO CHUKATbCsI U3HOCOCTOMKOCTh IIOBEPXHOCTH.

L L

Puc. Boruytslii Mukpopensed

CroxacTH4yeckuii BOTHYTBI MHKpopenabed MokKeT OBbITh IMOJydeH BHUOPOYIapHOIi
obOpabotkoit  (BuYO), BuOpaunoHHOW ymapHO-UMIYJIbCHOM  oOpabotkoit  (BuYHO),
IpobecTpyiHOH U IpodemMeTHON 00pabOTKOM, raITOBKOM B CTaJbHBIX IIApax U Jp.

3.4 TexHosoruyeckoe oOecrmeyeHHe TreoMeTPUYECKHUX IMOKa3aTelieil KadecTBa
MOBEPXHOCTHOIO CJIOA JIeTaJiell MAIIMH NPU (PU3NKO-XUMHYECKHX MeToax 00padoTKu

Pa3pyiienne moBepXHOCTHBIX CJIOEB MaTepuaia MOJ BIUSHUEM BHEIIHETO BO3ACHCTBUS
AIIEKTPUYECKUX Pa3psAIOB HA3BIBACTCS IEKTPUUECKOM dpo3ueit. DIEKTPOoIpo3noHHast 00paboTKa



3aKJIIOYaeTcsl B M3MEHEHHH (POpPMBI, pa3MepoB, MIEPOXOBATOCTH M CBOMCTB TMOBEPXHOCTHU
3arOTOBKH I10/1 BO3JCHCTBUEM IEKTPHUECKUX PA3PAI0B B PE3YNbTATE FIEKTPUIECKON IPO3UH.

Ha siBneHuu 5po3uM OCHOBaH MPHHLUI 3JIEKTPO3po3uMOoHHOU 00paboTku (230). Ilpu
AIIEKTPOIPO3UOHHON 00pabOTKE HCHOJB3YIOT SIBJICHUE 3PO3UU (pa3pylIeHHUs) HIIEKTPOAOB H3
TOKOIPOBOJSAIIMX MAaTEPUANIOB IMPH HPOIYCKAaHHUH MEXIYy HUMH HMITYJbCOB 3IIEKTPHUYECKOTO
Toka. (OOpaboTaHHasi MOBEPXHOCTb NPECTABISIET COOOW COBOKYHMHOCTH JIYHOK, TJyOWHa
KOTOPBIX OIpPEAEsSeT EePOXOBATOCTh MOBEPXHOCTH.

Onexmpouckposas obpabomka OCHOBaHA Ha MCIOJIb30BAaHUHM HCKpOBOro paszpsaa. llpu
9TOM B KaHayie paspsga temmeparypa gocturaer 10000 °C, pa3BuBarOTCS 3HAYUTEIbHBIC
THJIPOAMHAMUYECKHE CHIIBI, HO CAMHU HWMIYJIbCHl OTHOCHTEIBHO KOPOTKHE U, CIIEIOBATEIBHO,
coJiepKaT MaJio SHEPTHH, TO3TOMY BO3/ICHCTBUE KAKJO0TO UMITYJIbCa Ha MOBEPXHOCTh MaTepralia
HEBEJIMKO. MeTo/ MO3BOJSET MOMYYUTh XOPOIIYIO MIOBEPXHOCTh, HO HE 00JIaZaeT T0CTaTOYHON
IIPOM3BOIUTENHHOCTRIO. KpoMe TOro, mpu 3TOM METOAE W3HOC WHCTPYMEHTa OTHOCHTEIHHO
Benuk (mocruraer 100 % or o6béma cHATOro marepuana). MeToa MCHONb3yeTcsi B OCHOBHOM
IpU MPEU3UOHHON 00paboTke HEOONBIINX JAeTajeil, MEIKUX OTBEPCTUM, BBIPE3KE KOHTYpPOB.
TBepIOCIIaBHBIX IITAMIIOB MPOBOJOYHBIM AJIEKTPOIOM. MSATKUN pexuM 00pabOTKH MO3BOJISET
NoJIy4arh pazMepsl ¢ TOUHOCTHIO 10 0,002 MM mpu mepoxoBaTocT noBepxHoctu Ra 0,63...0,16
MKM.

Dnekmpoumnynvbcras obpabomka OCHOBaHA Ha WCIIOJIB30BAaHHHM HMITYJIBCOB TyTOBOTO
paspsga. [yroBoii paspsg mmeer Temneparypy tmiasmel 4000-5000 °C. XapakrepHoe yist
JIYrOBOTO pa3psilia MPEUMYIIECTBEHHO pa3pylIeHWEe KaToJa IMPHBOAUT K TOMY, YTO H3HOC
MHCTPYMEHTa (B 3TOM Cllydyae OH MOJKIIIOYAETCS K aHOJy) HIIKE, YeM IpPH AJIEKTPOUCKPOBOI
o0pabotke, coctabissa 0,05-0,3 % oT 06bEMa CHATOro Matepuaia (MHOTAa MHCTPYMEHT BOOOIIE
HE M3HAIIUBAETCs). DJIEKTPOMMIIYJIbCHBIH METOJ| HMCIIOJIb3YeTCS B OCHOBHOM JUIS YEPHOBOM
00paboTKH M s TPEXKOOpAMHATHOM 00paboTkM (acoHHBIX MoBepxHocTel. KauecTtBo
MOBEPXHOCTH 3aBUCHUT OT PEXHUMOB 00paboTku. ['pyOblii pexuM HPUBOAUT K TMOIYYEHHUIO
BBICOTHI HepoBHOcTeM Ra=50...6,3 MKM H W3MEHEHHUIO TOBEPXHOCTHOTO CJIOS TIyOWHOMU
0,2...0,4 mm. IIpu ynCTOBOM peKUME JOCTUTAETCs LIEPOXOBATOCTh MOBepXxHOCTH Ra 6,3...1,25
MKM. OOpaboTKa BeIeTCS B KUAKOM JHIJICKTPUKE, MHCTPYMEHT aBTOMATHYECKH TOJAETCS B
HarpaBJIe€HUU O0OpabOTKH, YTO OOECHeYMBaeT TMOCTOSHCTBO 3a3zopa. Jlius o0paboTku
UCTIONB3YIOTCSl  CIIEIMalbHbIE CTAHKM pa3HBIX MOJENEeH C MAIIMHHBIMUH TIeHepaTopaMu,
BBICOKOYAaCTOTHBIMM YCTAHOBKAMH, OJJIEKTPOHHBIMM TIeHepaTopaMu U T. . BbIcOKOTOUHBIE
CTaHKH C Pa3IMYHBIMU CHCTEMaMHM MPOTPaMMHOI0O YIIPABJIECHUS MO3BOJSAIOT U3TOTOBIIATH JI€TalN
CO CJIOKHBIMU (hOPMaMH.

DNEeKTPOUCKPOBYIO 00paOOTKY MPUMEHSIOT JJIS MOBBIIIICHUS TOYHOCTH M YMEHBIIICHHUE
IIEPOXOBATOCTH TIOBEPXHOCTEH, 00pabOTaHHBIX JIEKTPOIPOZHOHHBIM METOI0OM. MeTo1 OCHOBaH
Ha WCIIOJIb30BAHUH JJIEKTPUYECKUX HMMITYJIBCOB Manod MomHoCcTH npu dactote 100...150 kl'm.
ITpousBogurensHOCTh MeToga B 30...50 pa3 BellIe, 4YeM IPHU DJIEKTPOMCKPOBOM METOJE, MpHU
3HAYUTEIBHOM YBEIMYEHHUH TOYHOCTH UM YMEHBIICHUH IIEPOXOBATOCTH IOBEPXHOCTH.
BBICOKOYACTOTHBI 3JEKTPOMCKPOBOM METOJ NPUMEHSIOT HpU OOpabOTKM 3aroTOBOK U3
TBEPJBIX CIUIABOB, TaK KaK OH HWCKJIIOYAaeT CTPYKTYpPHble HM3MEHEHHs M 00pa3oBaHME
MHUKPOTPEIIMH B IIOBEPXHOCTHOM CJIO€ MaTepHaja oopabaTsiBaeMON 3arOTOBKH.

Onexmpoxonmaxkmuas 06pabomka OCHOBaHA Ha JIOKAJIbHOM HarpeBe 3arOTOBKH B MECTE
KOHTaKTa C 3JIEKTPOJIOM-UHCTPYMEHTOM U YAaJICHUH Pa3MITYeHHOTO UJIH JIaXKe PacIlIaBI€HHOTO
MeTaJljia U3 30Hbl 00pabOTKH MEXaHUYECKUM CIIOCOOOM: OTHOCUTENBHBIM JIBUKEHHEM 3aTOTOBKU
U HMHCTpyMeHTa. VCTOYHMKOM TEIJIOTHl B 30HE OOpabOTKU CIly>KaT HMIIYJIbCHBIE JYTOBbIE



paspsabl. DIEKTPOKOHTAKTHYIO OOpabOTKy OIUIaBICHHEM PEKOMEHAYIOT i 00paboTKH
KPYIHBIX JIeTallel M3 YIJICpOJUCTBIX M JICTUPOBAHHBIX CTaJied, YyryHa, IBETHBIX CIUIABOB,
TYTOIUIABKUX M CIEHUAIBHBIX CIUIABOB, MPUMEHSIOT MPH 3a4YUCTKE OTIMBOK OT 3aJMBOB, OT
pe3Ke JMTHUKOBBIX CHCTEM M MpUOBLICH, 3a4MCTKE MpOKaTra W3 CIIEUCIUIABOB, YEPHOBOM
KPYIJIOM HAapy»KHOM, BHYTPEHHEM U IIOCKOM HUIM(OBAHUU KOPITYCHBIX NETajed MalluH M3
TPYAHOOOpabaThIBaEMBIX CILIABOB, NUIM(OBAHUU C OJHOBPEMEHHOH MOBEPXHOCTHOM 3aKaJKon
JeTanel U3 yriiepoaucThix ctayneid. MeTon oOpaboTku He 00ecreurnBaeT BHICOKOW TOYHOCTH U
KayecTBa IMOBEPXHOCTHU (ILIEPOXOBATOCTh MOBEPXHOCTU OKOJO 50 MKM), HO JAa€T BBICOKYIO
MIPOU3BOJUTENILHOCTh ChEMa METajula BCIIEJCTBUE HCIOJIB30BaHUS OOJBLINX 3JIEKTPUUECKUX
MorrHocted. IlpenmyrecTBa MeTofa — BBICOKAs MPOWU3BOAMTEIBHOCTH (10 106MM3/MI/IH) Ha
rpyOBIX peXuMax, TIpPOCTOTa HMHCTPYMEHTa, padoTa TpU OTHOCHTEIHHO HEOOIBIINX
HANPSOKCHISIX, HU3KUE YICIbHbIC faBieHus nacrpymenta — 30-50 xu/m? (0,3 — 0,5 kre/em?) u,
KaK CJIEJICTBHE, BO3MOXXHOCTh HCIOJB30BaHUS JUIsI 00paOOTKM TBEPABIX MaTEpUAIIOB
WHCTPYMEHTA, U3TOTOBJICHHOIO U3 OTHOCUTENBHO MATKUX MaTepuanoB. K HegocTaTkaM OTHOCHT:
OOJIBIIYIO IEPOXOBATOCTh 0OOPAOOTAHHOI OBEPXHOCTH, TEINIOBBIE BO3ICUCTBUS HA METAJLI MIPU
KECTKUX  pexumax.  Pa3HOBUIHOCTBIO  SJEKTPOKOHTAKTHOW  0OpabOTKH  SIBISIETCS
anekTpoabpa3zuBHas o0paboTka — 00paboTka abpa3uBHBIM HMHCTPYMEHTOM (B T. 4. aiaMas3Ho-
abpa3uBHBIM), U3TOTOBIICHHBIM Ha OCHOBE MTPOBOJISIINX MAaTEPUATIOB.

Onekmpoxumuueckas oopabomra. K 3neKTpoXUMHUECKON 00pabOTKE OTHOCUTCS IpyIIa
METO/IOB, OCHOBAHHBIX Ha SIBJICHWW AaHOJHOTO PACTBOpEeHHA. [IpM MpOIyCKaHWHM TOKa MEXITY
AIIEKTPOAAMHU MTPOUCXOIUT PACTBOPEHUE MeTasuia aHoAa. OOpa3yromuiicst MPOIyKT pacTBOPEHUS
B BUJIE COJIEH WJIM THJIPOOKHCEH METaUIOB yJalsieTcs ¢ MOBEPXHOCTH JTHUOO THUIPABINYECKUM
IIOTOKOM 3JIEKTPOJIUTA, JHM00 MeXaHHMYeCKUM myTeM. [Ipu mpommBKEe OTBEPCTUH 3JNEKTPOIMUT
NOJAI0T BO BHYTPEHHIOKO TMOJOCTh 3JIEKTPOJAA IOJ JaBICHHEM. YUYaCTKH IMOBEPXHOCTH, He
nojasepraeMpie  o0paboTke, M  HepaOouume MOBEPXHOCTH MHCTPYMEHTa  H3OJUPYIOT
TOKOHENPOBOJAIIMMHU MaTepualaMu. DJIEKTPOXUMHUYECKYIO pa3pe3Ky 3aroTOBOK M BBIPE3KY
JeTajgeid Mo CJI0XHOMY KOHTYPY BBINOJNHSAIOT JMCKOBBIMHA TPOBOJIOYHBIMH JJIEKTPOJAMH B
MIPOTOYHOM JJIeKTposuTe. BrIpe3ka mpousBogutcs ¢ TodHOCTHIO 0,08 — 0,5 MM m umcroTOM
noBepxHocty Ra 1,25 — 2 mMxwm.

OCHOBHBIM TPEUMYIIECTBOM 3JIEKTPOXMMHUYECKON pa3MepHON 0O0pabOTKU SBIsSETCS
BBICOKAs MPOU3BOAUTENBHOCTD (HAIIPUMEpP, CKOPOCTh MPOLIMBKU MaJbIX OTBEPCTUH TUAMETPOM
mo 1,5mvM cocrtaBisier 2 MM/MUH, JUisi Oonbiiux otBepctudt 10 8 MM — 10 — 19 mm/mMun),
TOYHOCTh pPa3MepoB (J10) U BeICOKast yuctoTa nosepxHoctu Ra 0,16 — 0,32 mxm. [llepoxoBaTocTh
3aBHCUT OT TEMIIEPATyphl IEKTPOIUTA U MJIOTHOCTH TOKa — MpH Oojiee HU3KUX TeMIlepaTrypax
YHCTOTa TIOBEPXHOCTH TOBBIIIAETCS; CHIDKEHHE TUIOTHOCTH TOKa YIIY4IIaeT MEPOXOBaTOCTh, HO
TIPY ATOM MTPOU3BOAUTEIEHOCTh YMEHBIIASTCS.

CoBpeMeHHBIE CTaHKH ISl DJIEKTPOXHUMHUYECKOH O0OpabOTKH YMpPaBISIOTCS CHCTEMaMH
UYITY. B mpouecce 06padbotku cucrema UIIY 3amaeT u KOHTPOIUPYET BEIMUUHBI HAPSKEHUS U
TOKa, TOCTOSTHCTBO paboyero 3a3opa, CKOPOCTh MOTOKA U KOHLIEHTPALUIO 3JIEKTPOJIUTA.

Onexmpoxumuueckoe NOAUPO8aHue OCHOBAHO Ha TOM, 4YTO Ha MMKPOBBICTYIaX
MOJUPYEMOM TTOBEPXHOCTH aHOJA-/I€Tali IUIOTHOCTh TOKA BBIIIE, YeM Ha BIAJAWHAX, U MIOATOMY
aHOJJHOE pAcCTBOPEHHUE MPOUCXOAUT M30MpaTENbHO, Ha BBICTYNIAX MHUKpPOHEPOBHOCTEH, a
MUKPOBIAJMHBI 3allOJIHAIOTCA HENPOBOIANIMMH TMPOAYKTAaMH pacTBOpeHusl. B pesynbprate
MPOUCXOIUT CriakKMBaHHWE IOBEPXHOCTHU, W ILIEPOXOBATOCTb CHUKACTCS, MO CPABHEHHUIO C
ucXoaHOU. OTHOBPEMEHHO YCTPaHSAIOTCS MHUKPOTPEIIUHBI, HAKJIEN W JPyrue MOBEPXHOCTHHIE
ne(heKThl, BO3HHUKAIOIMNE TPH MPEIIIECTBYIONIEH 00paboTke. DTHM METOJOM IMPOU3BOJIAT



CHSITHE 3ayCEHIIEB MOCJIE MEXaHMYeCKOH 00pabOTKM WM MITAMIIOBKH, HApy>KHOE U BHYTpEHHEE
MOJIMPOBAHNUE TOHKOCTEHHBIX TPYO, MOTHUPOBAHUE TOHKUX JICHT (DOJIBIH.

VYibTpa3BykoBas 00paboTKa MaTepuanoB — Pa3HOBUAHOCTh MEXaHUYECKOW 00paboTKH,
OCHOBaHHAasi Ha pa3pylIeHHH O00pabaThiBaeMOro MarepHuaja aOpa3WBHBIMH 3E€pHAMHU IO
ylaapaMu MHCTPYMEHTA, KOJEOJIOMIETocsl ¢ YJIbTPa3BYKOBOM 4acToTOM. MCTOUHMKOM 3HEpruu
CIy’KaT YJbTPa3BYKOBBIE T'e€HEpaTOpbl TOKa ¢ yacToTol 16 — 30 kl'm. MHCTpyMeHT monydaer
Kojie0aHusl OT YJIbTPa3BYKOBOI'O MpeoOpa3oBaressi ¢ CepIeYHUKOM M3 MarHUTOCTPHUKIIMOHHOTO
MaTtepuana (epMeHIIop, HUKEb, anbdep, deppur). [Ipu coBnageHnn 4acToThl KOJeOaHUN TOKa
OT TreHepaTropa ¢ COOCTBEHHOW 4YacTOTOM KoJIeOaHM MAarHUTOCTPUKIIMOHHOTO CEplIeYHHKA
HACTYIIAeT PEe30HAHC, U aMIUTATY/Ia KojeOaHui Topia cepaeynuka gocturaer 2 — 10 MxM.

@opMBI ¥ pa3Mepbl UHCTPYMEHTA OMpEACIstoTcess (GopMaMu M pa3MepaMu TOTydaeMbIX
oTBepcTHil. B kauecTBe mMarepuaia MHCTPYMEHTA MPHUMEHSIOT: TBEPAbIE CIUIABBI, 3aKAICHHYIO
MHCTPYMEHTAIbHYIO cTalb (Y9), HEep)KaBeroIyo CTaib, JaTyHb. s oOpaboTku meranelt u3
TBEPABIX U XPYNKUX MaTepUajoB MPUMEHSIOT MHCTPYMEHTHhI U3 BA3KUX MaTepHalioB, a s
00paboTKu JeTaneil M3 MSATKUX M BSI3KUX MaTepuaioB — HWHCTPYMEHTBl U3 TBEPAbIX U
M3HOCOCTOMKMX MaTepuaioB. M3 aOpa3suBHBIX MaTepUalOB HCIONB3YIOT Kapoua Oopa, xapOum
KPEMHHUSI U DIIEKTPOKOPYHI. 3€pHUCTOCTh BHIOMpPAIOT B 3aBUCUMOCTH OT CBOWCTB
oOpabareiBacMOro Marepuaia, TpeOyeMoll TOYHOCTH W IIEPOXOBATOCTH OOpabdaThIiBaeMOM
noBepxHoctu. [lpouecc 00paboTKM 3akioyaeTcss B TOM, 4YTO TOpEll HMHCTPYMEHTA,
KOJICOTIOIMIACS C yIbTPAa3BYKOBOW YACTOTOH, yHapseT 1Mo 3epHaM alpa3uBa, JICKAIIMM Ha
HEoOpabaThIBAEMOW MOBEPXHOCTH, KOTOPHIE CKAIBIBAIOT YaCTHIBI MaTephalia 3aroTOBKH. Jlis
HOPMaJIbHOU PabOTHI 3a30p MEXIY TOPLIOM HHCTPYMEHTa U 00pabaThIBa€MOW MOBEPXHOCTHIO
JOJKEH OBITh TOCTOSHHBIM, YTO OOecrnedynBaeTcss aBTOMAaTHYECKOW PETYIUPOBKOM Mogauu
WHCTpYMEHTa. AOpazWBHYIO CYCIIEH3UI0O B 30HY OOpaOOTKM TOMAIOT TOJ JAaBIEHHEM IO
naTpyOKy HacOCOM.

VYIbTpa3BYyKOBBIM METOJOM O0pa0aThIBAIOT XPYNKHWE TBEPIbIE MaTEpHalbl: CTEKJIO,
KepamMuKy, (eppuThI, CUTAJUIBI, KPEMHUH, KBapIl, IParolcHHbIE MaTEpPHaIbl, B TOM YHCIIE,
aJIMa3bl, TBEPAbIC CIUIABBI, THTAHOBBIE CIUIABBI, BOJb(paM. ITUM METOAOM MOJTYYarOT IIIYXHE U
CKBO3HBIE OTBEPCTHS JTIO00H (POPMBI, B TIONIEPEUYHOM CEUCHUH, KaHABKH, MMa3bl. Y IbTPa3BYKOBEIC
METOJIBI HCIIOJIB3YIOTCS B TEXHOJOTHYECKHX IIEJIAX JUISl OYMCTKH IMOBEPXHOCTEH JeTaliel OT
3arpsi3HEHUN, MallKu aJIOMUHUEBBIX IMPOBOJOB, CBAPKH TOHKHX IMPOBOJOB C MPOBOISIIUMHU
TJIEHKaMH MUKPOCXEM.

Onexmponno-nyuesas obpabomka OCHOBaHa Ha TPEBPALICHUHM KUHETUYECKOH SHEepruu
HANPaBIIEHHOTO TMy4Yyka JJEKTPOHOB B  TEIUIOBYIO. DBbICOKas IMJIOTHOCTh  SHEPTUU
c(hOKyCHPOBAHHOTO JTy4ya MO3BOJIsIET 00padaThIBaTh 3arOTOBKH 3a CUET HAarpeBa, pacIljlaBiIeHUs U
UCTIAPEHHS MaTepuaa ¢ y3KOJIOKAIBHOTO YYacTKa. DJIEKTPOHHO-TYYEBOH METOJ MPUMEHSIOT
Ui 00pabOTKH TYrOIJIABKUX W JIETKO OKHCIAEMBIX Ha BO3IyXe METAUIOB M CIUIABOB:
BoNMb(paMa, MONMOACHA, TUTaHA, MEIW, a TaKKe HEMETAUIMYECKHX MaTepHalioB: pyOHWHA,
KepaMHUKH, KBapia, (peppuToB, MOTYMPOBOIHUKOBBIX MaTepuanoB. PazMepHyro 00paboTKy
HCTIONB3YIOT IS MPOMIMBKY oTBepcTHil tuamerpom 0,01 — 1 MM, mpope3anust ma3oB, BbIpE3aHUs
JeTanell U3 TOHKOJIMCTOBBIX 3arOTOBOK IO KOHTYPY, MOJYYEHUs CETOK u3 (Gonbsru u ap. Kpome
TOTO0, JMEKTPOHHBIN JTyd MIHUPOKO MPUMEHSIOT AJI CBApKH JeTalleil U3 TYrOIUIaBKUX XUMHUYECKU
AKTHUBHBIX METAJUIOB M UX CIUIABOB (BOJb(PAMOBBIX, TAHTATIOBBIX, MOJHOIEHOBBIX, HHIOOHEBBIX,
[IUPKOHUEBBIX U T.II.

Csemonyuesas (nasepnasi) oOpabOTKa OCHOBaHAa Ha TEIJIOBOM BO3JCHCTBHH CBETOBOTO
Jyda BBICOKOW DHEPTHUU Ha MOBEPXHOCTH 00pabaThiBaeMOl 3aroToBKU. ICTOYHMKOM CBETOBOTO



W3IIY9CHHS CIY)KHT Jlazep — onTuueckuii kBaHToBbIN TeHepaTop (OKI'). Co3maHbl KOHCTPYKITUN
TBEPJOTENbHBIX, Ta30BbIX U MoynpoBoAHUKOBEIX OKI'. Mx paGora ocHOBaHa Ha NHpUHIIHIIE
CTHUMYJIMPOBAaHHOTO TEHEPUPOBAHHUS CBETOBOIO HU3IydeHHus. s MexaHmdeckoil o00paboTKu
ucnonb3yloT TBepAoTenbHbie OKI', pabouynM 3IIEMEHTOM KOTOPBIX SIBISIETCS PYOMHOBBIN
MOHOKPHUCTAJIJINYECKUI CTEPIKEHb, COCTOSALIMI U3 OKCHUOB AIIIOMUHMS, aKTUBUPOBaHHBIX 0,05%
xpoma. PyOunoBberii OKI' pabGoraer B HUMIYJIbCHOM pEXUME, TCHEPHUPYS HMITYJIbCHI
KOT€PEHTHOT0 MOHOXPOMATHYECKOIO KpacHOTo IBeTa, IMHON BoiHBI 0,69 mxMm. JlazepHytro
00paboTKy MPUMEHSIOT Ui MPOLIMBAHUS CKBO3HBIX U TIIYXHUX OTBEPCTHM, PE3KU 3arOTOBOK Ha
YacTH, BbIPE3aHUs 3arOTOBOK M3 JINCTOBBIX MAaTEPHAIOB MO CIUIONIHOMY KOHTYpPY, MPOpPE3aHus
na3oB. DTUM METOAOM MOXHO 0OpabaThiBaTh 3aroTOBKM W3 JIIOOBIX MaTepHANIOB, BKIIIOYAst
camble TBepble U npounsle. [1Iupoko ucnons3yrorcs OKI quist cBapku pa3invyuHbIX METAIIIOB.

4.1, 4.2 TexHosorudeckoe odecrneyeHne CTPYKTYPO3aBHCHMBIX IOKa3arTeJsiei
Ka4yecTBa IMOBEPXHOCTHOIO CJIOSl JeTajled MAaIlMH TPH JIe3BUHHOWM W adpa3suBHOM
oOpadoTke

Duszuro-mexarnuyeckue ceoticmea._l10BepXHOCTHBINA CIOW JE€TAIM MOCIE MEXaHUYECKOM
0o0paboTku miactuuecku aedopmupoBad. [losTomy ¢(usmueckoe cOCTOSIHHME MOBEPXHOCTHOTO
CJIOSI TIOCJIE MEXaHWYEeCKOH OOpabOTKM B OCHOBHOM XapakTepu3yercs ae(opMarmoHHBIMU
U3MEHEHHUSMH B HEM, CJIEICTBHEM KOTOPBIX M SIBISETCA €ro JaehOopMaIlMOHHOE YIPOYHEHHE
(Haxisienn) wiM pasynpodyHeHue (OTnabIX, Bo3BpaT). [lpu ynmpouHeHMM NOBBIIIAIOTCS IpEae
IPOYHOCTH, TBEPAOCTh, CHUYKACTCS TUNIACTHYHOCTh, M3MEHSIOTCS Jpyrue (pU3NIecKue CBOWCTBA
MeTaya. Haknen crmocoOCTBYET MOBBIMIEHUI0O HM3HOCOCTOMKOCTH, YCTaJIOCTHOW MPOYHOCTH,
KOHTaKkTHOM ycranoctd. CyllecTBYyeT ONTHUMAJIbHOE 3HAYEHUE MHUKPOTBEPAOCTH UL
KOHKPETHBIX YCIIOBUH.

VY cranpHBIX JeTaieil B oOpasywoliemMcs B pe3yibTare JIe3BHHHON 00paboTKu
MOBEPXHOCTHOM IUIACTHYECKH J1e()OPMUPOBAHHOM CJI0€ MOTYT pa3inyarbcs Tpu 30HbI (puc. 4.3):

1. 3oHa pe3ko BeIpakeHHOU aedopManiuu - AeEeKTHBIA CIOU ¢ U3MEIbUEHHBIM 3€PHOM,
3HAUUTENbHBIMU HMCKaKEHUSMU KPUCTAUIMUECKON pemeTKd, 1eOpMUPOBAHHON CTPYKTYpOH,
HaJIMYMEeM MEXaHUYECKUX MOBPEXKIACHHUN C PE3KUM MOBBIIIEHHEM TBEPIOCTH MaTepHana.

2.30Ha aegopmaly ¢ XapaKTepHON TEKCTYpOH: BBITAHYTHIMU B HaIllpaBICHUHU paboyvero
JBIKEHWS] MHCTPYMEHTA 3€pHAaMHU; HABOJAKMBAaHWEM OJHMX 3€peH Ha Jpyrue. TBepAoCTh
MaTepuaia B 3TOM 30HE 3aMETHO CHIUKAETCS [0 CPABHEHUIO € IIPUJIETAIOIIEH K TOBEPXHOCTH.

3. 30Ha nepexo/a OT HaKJIeNna K UCXOJHOMY MaTepuaiy.

30Ha PE3KO BLIDAKEHHOM
Aechopmaumm (AePeKTHLIA Croi)

AepopmmpoBaHHb €104

MepexogHas 30Ha

HcxogHewi matepuan
YCIOBRHRIC
TpammIs!




Puc. 3.3. CtpykTypa moBepXHOCTHOTO ClI0s 00paboTaHHOM MOBepXHOCTH: 1 - 30Ha pe3ko
BBIpO)KEHHOU nedopmanuu, (nedexTHblt cioil); 2 - nepopMupoBaHHBINA CI0H (COOCTBEHHO
HaKJIen); 3 - mepexoaHoi ciioi; h - rryouHa nedeKTHOro CIios .

HlepopmalionHoe yrnpodyHeHue (pa3ynpoYHEHHE) MOBEPXHOCTHOTO CJIOS 3aBUCUT OT
PEKUMOB pE3aHUs, TEOMETPUU PEXKYIIEr0 HHCTPYMEHTa, €ro M3HOoca M JPYTUX YCJIOBUMN
o0OpaboTku. ['nyOuHa 3ajeraHusi ympoOUYHEHHOTO CJIOS M CTENEHb HAKJeNna TEeM BBIIIE, YeM
0oJbIlIe BETMYMHA CHII, TPOJAOHKUTEILHOCTh UX BO3JIEHCTBUSA U MHTEHCUBHOCTH IIACTUYECKON
nepopmanmu  Metayuia. OZHOBPEMEHHO € MPOLECCOM  YINPOYHEHUS  MPOTEKAaeT
IPOTHBOIOJIOXKHBII €My TMPOLECC Pa3yNpOYHEHHs, KOTOPBIH CTPEMHUTCS BO3BPATUTH METAILI
[IOBEPXHOCTHOT'O CJIOSI B MCXOJIHOE, HEHAaKJIENaHHOE cocTosiHuE. VIHTEHCHMBHOCTH Ipoliecca
pa3ynpo4YHEHHs IOJHOCTBIO ONpENeNseTcs 3HAYEeHUEM TEMIEpaTypbl M BpPEMEHEM €€
BO3/ICHCTBUS HAa METaJl MOBEPXHOCTHOTO cios. Eciam pexuM pe3aHus WiId JIPYrHe yCIOBHS
00pabOTKM H3MEHSIOTCS TaKUM OOpa3oM, YTO KOJHYECTBO TEILJIOTHI, TEHEPUPYEMOl B 30HE
pe3aHus, BO3pacTaer, TO CIeAyeT OXKUAATh YMEHBIIEHHUS CTENEHU U TIIyOMHBI HAKJIEHaHHOTO
cnosi. Ilpu BBICOKOH TemmepaType B 30HE pe3aHHsl M JOCTATOYHO MPOJOJDKUTEILHOM €€
BO3/ICHCTBUH IPOLECC Pa3ylNpPOYHEHUS] MOXKET OBITh HACTOJBKO MHTEHCHBHBIM, YTO HAKJIEN B
MIOBEPXHOCTHOM CJIO€ MTOJIHOCTbIO CHUMAETCH.

CreneHp U TIyOMHA YIIPOYHEHUS 3aBHCAT OT IEJIOTO Psijia MapaMeTpoB 0OpabOTKH, B TOM
YHClie OT CKOPOCTHU pe3aHusl, 0Jaun, TeOMETPUN HHCTPYMEHTA, BEJIMUKHBI ero u3Hoca. [1o mepe
yBeNMUYEHUS (10 OMpeAeNeHHBIX MPEEIOB) CKOPOCTH pe3aHus IIyOMHA HaKIena BO3pacTaer.
[Tpu BeICOKHX ckopocTax (200 — 600 mM/MUH) BO3HHMKAeT SIBICHHWE Pa3yMPOUYHEHHS, KOTOPOE
yMeHbIlIaeT rIyonHy Hakiena. [Ipu oOpaboTke aeraneil U3 JIETHPOBAHHBIX U BBICOKOMPOUHBIX
CTallel, MMEIIINX HU3KUE TIJJACTHUYECKHE CBOWCTBA, OCTAaTOYHBbIC HAMPSHKEHUS CXKATHUS
oOpa3yrorcsi mpu ckopoctsax peszanus 400— 600 m/mun. Ilpu oOpabGoTke neranelr u3
KOHCTPYKUMOHHBIX cTaed 20 u 45 ocTaTo4yHble HaIpsHKEHUS C)KaThUs BO3HHUKAIOT IPHU
ckopocTsax pe3anust 500—800 M/MUH U OTpULATENbHBIX NepenHux yriax. [Ipu ToueHuu crnasa
DOU437A ¢ yBeIMYEHHEM CKOPOCTH pe3aHusi OT 2 70 5 M/MUH IIyOMHA HAKJICTTAHHOTO CJIOS
ymenbinaercs ot 141 go 97 Mkwm, a crenenp Hakiena ot 50 1o 35%. DTo cBs3aHO C TeM, YTO C
YBEIMYEHUEM CKOPOCTH pE3aHHusl MOBBIMIAIOTCS TeMIepaTypa Ha TOBEPXHOCTH JeTalu U
CKopocTh aedopmupoBaHus. B To ke BpemMs eciM Marepual He CKIOHEH K
HapOCTOOOPA30BaHMIO, TO MPH 3TOM HEMPEPHIBHO CHUXKAIOTCA YCHJIUS pe3aHHUs M CTENEHb
ne(GOpMHUPOBAaHUS CPE3aeMOro cios. OTH (aKTOpPbl CIHOCOOCTBYIOT YK€ CHIKCHHMIO Kak
TITyOWHBI, TaK U CTETICHHU HAKJIeTIa.

Tabnuma 3.6. BnusHue Bu1oB 00pab0OTKH Ha (pU3NUECKHE CBOMCTBA MIOBEPXHOCTH CIIOEB

Buxt o6pabori Cremnenp Hakjena = I'my6una
(Hnosepxuoctu/Hcepenunsi)-100% HaKJena, MKM
Touenue:
00BIYHOE M CKOPOCTHOE 120—150 30-50
TOHKOE 140-180 20-60
®pesepoBaHue:
TOPIIOBOE 140-160 40-100




[UIHHIPAYECKOE 120-140 40-80

CaepiieHHe 1 3eHKEpOBaHHE 160-170 180-200
Pa3zBepThiBanme — 150-200
[IpoTsiruBanue 150-200 20-75
3ybodpesepoBanue u 160-200 120-150
3y00/10J10JIeHIEe

[[leBuHrOBaHME 3yOHECB - o 100
HImudosanwue:

KpyTJIO€ eTajel U3 CTajen:

He3akajaeHHou yriepoauctor  |140-160 30-60
HU3KOYTJIEPOAUCTON 160-200 30-60
3aKaJICHHON 125-130 20-40
TUIOCKOE 150 16-35

IIpu yBenuyeHuM nojgauu BO3PACTAIOT IJyOMHA HaKJeNa M OCTATOYHbIC HANPSKEHHUS.
['nmyOuHa pe3aHus He OKa3bIBAET CYIIECTBEHHOI'O BIMSHUS HA IITyOMHY HaKJIena.

C moBbIIEHHEM TBEPAOCTH 00pabaThIBAEMOro Marepuaja yMEHBIIAEeTCS 00beM,
MOJIBEPraeMblii TUTACTHYECKON nedopmanuu. Yem msrde craiib, TeM TIy0Ke pacipoCTpaHsIeTCs
rtacTudeckas aedopmarmsi.

[loBEepXHOCTHBIN cJOW JAeTadd IOCie MEXaHWYecKo 00paboTKM HaxoAuTcs B
HaIPsDKEHHOM COCTOSIHUM. B HEM BO3HMKAIOT OCTATOYHBIE PACTATMBAIOIIME WM CKUMAIOLIUE
HanpspkeHus. BenwunHa, 3HaK M 3aKOHOMEPHOCTH DPACNpEACSICHUs HANpPSDKEHUN 3aBUCST OT
CBOWCTB 00pabaThiBaeMOro MmarepHaia, METOJAOB M PEXUMOB 00paboTku. BennumHa u 3HaK
OCTAaTOYHBIX HANpPsKEHUH OKa3blBAIOT BIUSHUE HA YCTAJIOCTHYIO IPOYHOCTH, MPEAEI
BBIHOCJIMBOCTHU. B 00/bIIMHCTBE CilydaeB 01aronpusTHBIMU SBIISIOTCS CKUMAIOIINE OCTATOYHbIE
HaIpPSDKEHUS.

[IppuMeHEeHHEe HHCTPYMEHTOB C OTPHULATEIBHBIMH NEPEIHUMH YIJIAMH OT 15° 1o
45°cnoco0cTBYyeT 00pa30BaHUIO B MOBEPXHOCTHOM CJIO€ OCTATOYHBIX HAMpsDKEHUM cxxatus. [lpu
YBEJIMYEHUU 3a/JHEro yria B mpenenax 3—I15° riyOuHa Hakiena ymeHnbiiaercs. [lpu
YMEHBIIEHUH TJIaBHOTO yria B mane oT 90 1o 45° rmyOuHa Hakiena cHmkaetcs. [Ipumenenne
TIIATEJIbHO JIOBEJIEHHOTO MHCTPYMEHTa CIOCOOCTBYET YMEHBIICHUIO IJIyOWHBI HakKIerna.
VYBenuyeHue paguyca CKpYIJICHHS PEXYLIEH KPOMKU CHOCOOCTBYET BO3PACTAHUIO TIyOHHBI
HaKJIENa U OCTAaTOYHBIX HAIPSKEHUH.

Ocmamounvle Hanpsaxcenus. Ilociae mexanndeckoil 00paboTku (ToueHus, ppe3epoBaHus,
nuiM$oBaHus U Jp.) MOTYT BO3HUKATh 3HAYUTENIbHBIE OCTaTOYHBIE HamnpsbkeHUus. OcoOeHHOCTh
3TUX OCTATOYHBIX HANPSKEHUH COCTOUT B TOM, YTO OHM JIEHCTBYIOT MPAKTHUYECKU TOJIBKO B
MOBEPXHOCTHBIX CIIOSIX TTyOMHOW B HECKOJBKO JECATHIX J0Jell MuiuinMerpa. Bo3HuKHOBeHuE
OCTaTOYHBIX HAIPSDKEHUH CBS3aHO C IIACTHYECKON JedopManyeit mpyu BO3IEHCTBUN PEXYIIETO
MHCTPYMEHTA U C HArpEeBaHUEM MOBEPXHOCTHBIX CJIOEB BBIAEIAIOLIEICS TEIUIOTON pe3anus. [Ipu
CHJIOBOM BO3/EHCTBHM MHCTPYMEHTa BO3HMKAeT IUIaCTHUEecKas aedopMaliusi pacTsKEHHs, U
MI0CJIE€ CHATHSI 3TOTO BO3ACHUCTBHS B IOBEPXHOCTHOM CJI0€ 00pa3yrOTCsl OCTaTOYHBIE HANIPSHKEHUS
CKaTusl.

ITnactuueckas pedopmManuss MeTama BbI3BIBAET YMEHBIIECHME €ro IUIOTHOCTH, a
CJIEIOBATENIbHO, 00YCIIOBIMBAET POCT yAeIbHOro obbema, mocturaromiero 0,3-0,8% yaenbHOTO
obbeMa 10 TMUIacTUYeCKOW aedopmaru. OTO yBEeIWYCHHE OO0BbeMa pacHpOCTpaHSIETCS Ha




INyOMHY HPOHMKHOBEHUS IUIACTHYeCKOW aedopmanuu. YBeNHYeHHI0O O00BbEMa IIACTUYECKU
ne(opMUpPOBaHHOTO METajla HPEISITCTBYIOT HIDKENeKalue ciaod. B pesynbrare 3TOro B
HApyKHOM CJIO€ BO3HHUKAIOT CXKUMAIOIIUE, a B HIKEIESKAIIMX CIOAX - PACTATUBAIOLIME
oCTaTrouyHble HanpsuKkeHus (puc. 3.4).
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Puc. 3.4 XapakrepHas 31mopa OCTaTOYHBIX HAMPSHKEHHUH B TOBEPXHOCTHOM CIIOE.

Kpome Toro, pexxyminii HHCTpyMEHT BBITATUBAET KPUCTAJUIMUECKUE 3EPHA CIIOSl METajlia
[0/l PeXYIIUM KJIMHOM B HalpaBieHMM pe3aHud. [locie mpekpaileHus pe3aHus U ynajJeHHs
PEXYIIEro MHCTPYMEHTa IUIACTUYECKM PACTSHYThIE BEPXHHUE CIJIOM, CBS3aHHbBIE KaK €IUHOE
[EeNI0€ C HIDKENeKAIMMUA  CJIOSMH, TPUHOOPETAIOT OCTATOYHBIC HANPSKEHHUS CXKATHA,
OpPUEHTUPOBAaHHBIE 0 HANpaBICHUIO pe3aHus. COOTBETCTBEHHO 3TOMY B HIDKEJIEKAIIUX CIOAX
Pa3BHUBAIOTCSI YPaBHOBEIMBAIOIINE UX OCTaTOYHBIE HAINPSKEHMs pacTshHKeHUs. B HampaBieHnn
NOJa4M TNPOTEKAIOT AHAJIOTMYHBIE IPOILECCH], BBI3BIBAIOIINE BO3HUKHOBEHHE OCEBBIX
OCTaTOYHBIX HAIPSKEHUM.

Beinenenue teria B mpouecce pe3aHus (BCieACTBHE, paboThl JedopMaluyd U TPEHUs)
IPUBOJIUT K OOJBIIMM TEMIIEPATYPHBIM I'PaJUEHTaM U TEMIEPATypHbIM HANPSKEHUSM, KOTOPbIE
MOTYT TPEBOCXOAUTh IMpenen TekydecTu wmarepuana. [locie ycTraHOBIEHHS HOPMalbHON
TEMIEPATypbl B TOBEPXHOCTHBIX CIOSIX JETald HPOUCXOAMUT JedopMaiusi CKaTtus. ITOMY
NPEMSITCTBYIOT HUXKeNexXallue cilou. B pe3ynbrare B MOBEPXHOCTHBIX CIIOSIX MOSIBIISIFOTCS
pacTATrMBaOIIME OCTATOYHBIE HANPSDKEHUS, a B HIDKENIEKAIIMX - HANpsDKEHUs CXKaTws,
YPaBHOBEUIMBAIOLINE PACTIATUBAIOIINE HATIPSIKEHUS.

Takum o0pa3oM, couyeTaHue JABYX OCHOBHBIX (DAKTOPOB HpPU PE3aHUU - CHIIOBOTO U
TEMIIEPaTypHOTO - IEHCTBYIOT B MIPOTHBOIIOIOKHBIE CTOPOHBI, YTO M OOBICHSET CYIIECTBEHHYIO
3aBHCHUMOCTh BEJMYMHBI UM 3HAaKa OCTAaTOYHBIX HAIPSHKEHUH OT TEXHOJOTHYECKOro pekuMma
o0OpaboTku. Hampumep, ocTaTouHble HANPSKEHUs IPU TOYEHUHN 3aBUCIT OT CKOPOCTH pPe3aHus U
10Ja4y, BEJIMYMHBI NIEPEJHET0 yIia pe3la, 3aTyIUIeHHUs pe3lia, YCIOBHM OXJIaXKICHHUs, a TaKKe
OT MEXaHMYECKHUX CBOWCTB Marepuana oOpabarbiBaemoi aeranu. [Ipu oOpaboTke 1€3BUIHBIM
UHCTPYMEHTOM - TOYEHMH, (hpe3epoBaHUU, CTPOTAHUH U T. M. B 30HE 0OpabOTKU JOMUHHPYET
CHJIOBOH (haKTOp, 0COOEHHO ITO XapaKTEPHO JUIsl YEPHOBBIX 3TANoB 00paboTku. OKOHYATEIbHAS
BEJIMYMHA U 3HAK OCTATOYHBIX HAIPSDKEHUH I1OCIIE TOYEHHS 3aBUCAT OT CTEIEHHW BO3JECHCTBUSA
KaX/10M U3 MPUYMH, yJaCTBYIOIIUX B (POPMUPOBAHUH HAIIPSIKECHUMN.

BnusHue ckopocTH pe3aHuss NpU TOYEHHM MPOSABISAETCS B HM3MEHEHUHM TEIJIOBOIO
BO3ACHUCTBUS M B MU3MEHEHHMU MPOJOJIKUTEIBHOCTU TEMJIOBOIO M CHIJIOBOIO BO3/AEHCTBHS Ha
METaJul UHCTpyMeHTa. [103ToMy MOBBIIEHHE CKOPOCTH pE3aHMsl MPU TOYEHHUU CHOCOOCTBYET



HOSBJICHUIO JIOTIOJHUTENIBHBIX PACTATUBAIOIIMX HANPSDKEHUM, KOTOpBIE YBEIMYUBAIOT OOIILYIO
BEJIMYMHY OCTATOYHBIX HANpPsDKEHUH pacTsokeHus. OcTaTOYHblE HAMPSDKEHHS JOCTUTAIOT
BenranHbl 20-80 Kr/MM (Kak CKHMAIOIIHES, TaK 1 pacTIrMBaroIIve) U 3ajeraT Ha TayonHe 50-
100 mxm. Ilpu o00pa®oTke MaJOMIACTUYHBIX MAaTEpUaANoOB, MpPHU KOTOPOW (OPMHUPYIOTCS
OCTaTOYHbIC HANPSKCHHS C)KATHUS, MOBBIIICHUE CKOPOCTH PE3aHMs MPUBOAUT K yYMEHBIICHHUIO
CKMMAIOIINX U JJaxke 00pa30BaHUIO PaCTArMBarOUIMX HanpspkeHui. [Ipu 00paboTke MmiIacTUUHBIX
MaTepHaoB, BOCIPUHUMAIONIMX 3aKaJIKy, YBEJIMUEHHE KOJIMYECTBA TEIJIOThl B 30HE PE3aHMs,
CBSI3aHHOE C IOBBIIIEHUEM CKOPOCTH PEe3aHusi, MOXKET MPHUBECTU K 3aKaJIKe IOBEPXHOCTHOIO
cil0osl. YBEIMYEHHUE YIeJIBbHOr0 00beMa MeTajllla IOBEPXHOCTHOIO CJIOs INPH €ro 3aKajke
NPUBOJUT K CHUIKCHUIO OCTATOYHBIX HAIMPSDKEHUH pacTsHKEHHs, POPMHUPYIOUIMXCS MPHU MaJbIX
CKOPOCTSIX, M TIPEBPAILCHUIO UX B HANPSIKCHUS CKATUS MPU 00paboTKe Ha OOJBIIMX CKOPOCTAX
pesanus. [Ipy ToyeHHMM 3aKaJeHHBIX MaTEPHAJIOB YBEJIMYECHHE HArpeBaHUs MOBEPXHOCTHOTO
CJIOS TIPY YBEIUYEHUH CKOPOCTH pPE3aHMsS MOXKET BBI3BaTh OTIYCK. BciencTBue oTmycka
IPOUCXOIAT CTPYKTYpPHBIEC U3MEHEHUS, CBA3aHHBIE C YMEHBILICHUEM YJeJIbHOTO 00beMa MeTalIa,
YTO MPUBOAMT K CHUXKEHUIO OCTAaTOYHBIX HAIPSDKCHUM CKaTHs. YBEJIMYEHUE I0Jaud IpU
00paboTKe IUIACTUYHBIX CTajel, HampuMep, XKapoNpOUHbIX, Y KOTOPbIX (OPMHUPYIOTCS
OCTaTOYHbIE PACTATMBAIOLINE HANPSDKEHUS, MPUBOJUT K POCTY IIACTUYECKOM Jedopmanuu
MIOBEPXHOCTHOTO CJIOSI K COOTBETCTBYIOIIEMY POCTY OCTaTOYHBIX HANPSDKEHUH pacTshkenus. [lpu
TOYCHHH MAJIOIUIACTHYHBIX MAaTEpUAIOB YBEIMYCHHE TMOJA4d BBI3BIBACT YBEIWYCHUE
OCTaTOYHBIX HANPSKCHUN CKATHSA, a TPU 00pabOTKE MAJIOIIACTUYHBIX 3aKaJICHHBIX CTAJNCH - UX
CHIDKEHHE. BO3pacTaHWIO OCTaTOYHBIX HANPSHKCHUN CXKATHUA NMPH TOYCHHHM MAaJOTUIACTHYHBIX
CTajiell cnocoOCTBYET TaK)Ke YBEIMUCHHE OTPHULIATENIbHBIX 3HAUCHUH EPEAHUX YIJIOB pe3lia.

IIpu oTpumaTenbHOM MepeaHeM yriie W Oosblmmx ckopocTsax pesanus (V>300 m/mun)
MOJYYal0T CKUMAIOIIME OCTATOYHbIE HANpPsDKEHUS y MOBEPXHOCTH. IIpu HEKOTOPBIX yCIOBHAX
CKOPOCTHOTO pe3aHHst (C OONbIIMMM OTPULATEIbHBIMH YIJaMHM) Yy CTaled XOpoIIo
BOCIIPMHMMAIOIIMX 3aKaJKy, B TOBEPXHOCTHOM cJO€ HaOJI0[aeTcsi Nepexoj] ayCTeHUuTa B
MapTEeHCHUT. Takoi Tepexo[, COMPOBOXKIAIONIMNACSA YBEIWYCHHEM O00BEMa, COOTBETCTBYET
00pa30BaHUIO CKUMAIOIIUX OCTATOYHBIX HANPSDKEHUH W KOMIIEHCHPYET BIUSHHE TEIIOBOTO
dakTopa.

W3HOC pe3na MpUBOIUT K YBEJIWYCHUIO TUIACTHYECKOW NedopMalny IOBEPXHOCTHOTO
CJIOSl MeTaJlla U INIyOUHBI €€ MPOHUKHOBEeHUA. [103TOMYy Ipu TOUEHHH IJIACTUYHBIX MaTEpUaIoB
OPOMCXOOUT YBEIUYEHUE OCTATOUHBIX HANpPSHKCHUH PACTSHKEHUs, a NpU  TOYCHUH
MaJIOTIACTUYHBIX MAaTEPHAJIOB - YBEIMUYCHHE COKUMAIOIIMX HAMPSKEHUH.

B npomecce mnumdoBaHus pemaroimee BIMSHHE Ha 00pa3oBaHME OCTaTOYHBIX
HaNpsODKCHWH OKa3bIBaeT TEIUIOBOW (akTop. [1oaTOMy B MOBEpXHOCTHOM ClIO€ B TpoIiecce
NUTM(OBAaHUST BOSHUKAIOT COKUMAIOIINE TeMITIEpaTypHbIe HANPsDKEHUS. YKa3aHHBIC HANPsHKSHUS
MIPEBOCXOIAT MPEIENT TEKYIEeCTH MaTepralia U BBI3BIBAIOT TUTACTHYECKYIO JAe(OpPMAITUIO CKATHS.
[Tocne oxoHuaHws mporecca NUTU(GOBAHUS W YCTAHOBIICHUS HOPMAJbHOH TeMIIEpaTyphl 3Ta
negopmanusi COXpaHseTcs, YTO MPHUBOAUT K PACTSIKEHHUIO MOBEPXHOCTH CO CTOPOHBI
BHYTPEHHUX CJIOEB, T.e. K OOpa30BaHMIO PACTATHUBAIOUIMX OCTATOYHBIX HAMPSKCHUM.
[Tnactuueckass nedopmanus, CBsi3aHHAass C YCWIMEM pe3aHusi, NpU IIIH(POBAHUM HMEET
BTOPOCTENEHHOE 3HaueHue. V3MeHeHue ycnoBui NUIM(OBaHMS, MPUBOJAIIEE K MOBBIIICHUIO
TEeMIIepaTypbl pe3aHus, NPUBOJUT K POCTY OCTATOYHBIX HANPSIKEHUN PpaACTSKCHHs WIN
CHIJKEHHUIO OCTaTOYHBIX HAIIPSKEHUH CHKaTusl.

Jlns psia Mapok craneid, 0COOEHHO BBICOKOJIETHPOBAHHBIX, IIPU OXJIAXKAECHUN 00pa3zyercs
MOBEPXHOCTHBIN MapTEHCUTHBIN ciior (Oenpiid cimoit TommuHo 0,01—0,3 Mm). MapreHcutHoe



IPEBpAIICHUE TPOUCXOIUT MPH YBEINICHUN 00HhEMa, YTO MOKET KOMIIEHCHPOBATh YMEHBIICHUE
o0beMa MpH IUIACTHYECKON eopMannu CxKaTusl. YKa3aHHOE 00CTOSTEIbCTBO MOXKET MPUBECTH
K 00pa30BaHUIO OCTATOYHBIX HAMpsDKeHUU ckatus. OJHAKO B MPAKTUYCCKUX CIyYasX BIUSHUE
TEMIEPATYPHBIX AedopManuii CKa3bIBaeTCsl OOJbINe, U MOCIe NUTU(OBAHUS U MOBEPXHOCTHOM
cJI0e HAOIOAAI0TCS PACTATUBAIOIIEE OCTATOYHBIC HATIPSKEHHSL.

Ha ocHoBaHMU psijia SKCIEPUMEHTAJIBHBIX HMCCICJOBAHUN MOXHO CYHMTATh, YTO IOCIE
HNUTM(OBAaHUST B TTOBEPXHOCTHBIX CJIOSIX BO3HHKAIOT PACTATHMBAIONIME OCTATOYHBIC HAIPSDKEHUS
40...80 kI'/mMm? (ma Tmybune 20...50 mxwm). Ilpum neHTOUYHOM HUTMGOBAHUU >KAPOTPOUHBIX
CIUIAaBOB B MOBEPXHOCTHBIX CJIOSIX CO3IAIOTCS CKMMAIOIIUE OCTATOYHBIC HAIPSDKEHHS TOPSIIKa
40...50 k[/mMm>, Mpd PYYHOM TMOJMPOBAHUU - 40...60kI'/MM?. Jlnst CHSTHS OCTATOYHBIX
HANPSDKEHUH B )KaPOMPOYHBIX CIUIABAX MPUMEHSETCS CTICIIHATBHBIA OTHKHUT.

OcTarouyHble HANpPSOKEHUST Tak)Ke BO3PACTAIOT TPU  YBEIMYEHUH COMPOTUBIICHUS
nedhopMaIuy py MOBBIICHAH TBEPIOCTH.

B 3arotoBke, mocTymawmed Ha METALIOPSKYIIUH CTAaHOK, WUMEIOTCS BHYTPCHHUE
HAINPSOKCHUS, KOTOPBIC COXPAHSIOTCS TPU OTCYTCTBUHM BHEIIHUX CHJ M TIOTOMY HAa3bIBAIOTCS
ocraTtoyHbIMH. [Ipr MexaHuueckor 0OpabOTKe, KOrja ¢ 3arOTOBKH B BHUJIE MPHITYCKa YIAJISIOT
YacTh MeETaula, MPOUCXOJIUT TepepacnpeicliecHHe BHYTPEHHHX OCTATOYHBIX HANPSHKCHUH, HX
BPEMECHHOE paBHOBecHe Hapymraercs. OCHOBHYIO POJb 37€Ch HIPAIOT HAMPSHKEHHUS TIEPBOTO
pona. BemmuwmHa W XapakTep paclpeneiCHHs OCTAaTOYHBIX HAMPSDKCHWW 3aBHCAT  OT
KOH(UTYpallMK 3aroTOBKH, €€ rabapUTHBIX Pa3MepoOB M COOTHOIICHHUS Pa3MEPOB OTACITHHBIX
9JIEMEHTOB, CIOCO0a TOJMYYCHHUS HWCXOJHOW 3aroTOBKH W Jpyrux QaxTopoB. bosbmme
OCTaTOYHBIC HANpPSHKCHUS BO3HUKAIOT B MCXOJHBIX 3arOTOBKAX, IMOJIYYaEMbIX JINTHEM, KOBKOM,
[ITAMIIOBKOM, M3-32 HEPABHOMEPHOT'O OXJIAXJACHUS PA3HBIX AJIEMEHTOB 3aroTOBKH. B cBapHBIX,
CBapHO-JIUTHIX, CBAPHO-IITAMIIOBAHHBIX KOHCTPYKIMSIX HAHOONBIINE BHYTPEHHUE HATPSDKEHUS
BO3HHMKAIOT B MECTax CBAapKW, TJE€ H3-32 MECTHOTO HarpeBa M OXJXKICHHUS MPOUCXOJSAT
HEOJTHOPOIHbIE 00BeMHBIe U3MeHeHHs. CTPYKTYypHBIE IpeBpalieHus] MeTanaa u 1uddy3noHHbIe
MIPOIIECCHI MPU CBAPKE TAK)KE CITIOCOOCTBYIOT TOSIBIICHUIO OCTATOYHBIX HANPSHKEHUHN Pa3IMIHOTO
pona. B 0co00 HEOIAronpUATHBIX CIydasX OCTaTOYHBIC HANPSDKEHUS MOTYT BBI3BATh HE TOJILKO
3HAUUTENBHOE HapylieHne (OpMBI 3aroTOBKH - KOpPOOJIEHWE, M3O0THYTOCTh W JPYroe, HO U
TPEIIUHBL.

[lepepacnpenenenre BHYTPEHHUX HAMPSHKEHUN MTPOUCXOTUT HE cpa3y, a MOCTENEHHO, U
Tak)Ke TOCTENEHHO MPOUCXOIUT U3MEHEHHE (hOPMBI 3arOTOBKM M TOTOBOM JeTanu. B mpakTuke
OBIBAIOT CITy4aW, KOTJIa UCXOIHAsI 3arOTOBKA, MOJNYYMBIIAs OOJBIINE OCTATOYHbIE HAMPSHKCHUS,
MPOXOJUT YEPHOBYIO 00paboTKy. YacTUYHO mepepacnpenesioTcss BHYTPCHHUE HAMPSKEHUS U
nedopMarss  3arotoBku. [lodydwmBIIMECS TPH 3TOM HUCKaXCHHS (OPMBI YCTPAHSIOT TIPU
qrcTOBOM 00paboTke. ['OTOByrO neranb, €Cii OHa TOIHAs, CTaBAT Ha MalIWHYy, a 4Yepe3
HEKOTOPOE BpeMs YK€ IMPH IKCILTyaTalldd BBISCHAETCSA, YTO JETallb OBICTPO HM3HAIMBACTCS,
NpUYMHA 3TOTO - €€ aedopmainus, KOTopas MPOU30IUIA MOCIEe TOTO, KaK JETalb IMOJHOCTHIO
obOpaboTanu.

CaMbIil TpOCTO MYyTh YCTpaHEHHUs BHYTPEHHHX HAIPSHKCHHN - pa3felieHue o0paboTKu
pe3aHueM Ha HECKOJbKO 3TarmoB. Ha mepBoM 3Tare BBIMOIHSIOT YEPHOBYIO 00pabOTKY, yaamss
HauOOJBIIYI0 YacTh MPHUIMYCKAa C MOBEPXHOCTEW 3aroTOBKH. 3aTeM TMepedaroT 3aroTOBKY Ha
TIOJTYYHCTOBYIO 00pabOTKYy M 3aKaHYMBAIOT M3TOTOBIICHHUE JICTAIN HA TPETHEM ITAIle - YACTOBOM
00paboTke. Tak Kak 0OBIYHO 3aTOTOBKH 00pabaThIBAIOT MAPTUSMH, a YEPHOBYIO, MOJTYIHUCTOBYIO
U YUCTOBYIO 00paOOTKHM BEIyT HAa pasHBIX CTAaHKaX, a MHOTAA W B Pa3HBIX II€XaX, TO MEXIY
YEPHOBOM M TMOJYYHUCTOBOM 0OpabOTKaMH NPOXOJUT ONpPEAeTIEHHOE BpeMs. 3a 3TO BpeMms



MPOMCXOJUT B OCHOBHOM Iiepepaclipe/iejieHie BHYTPEHHUX HamnpsokeHH u  aedopmanus
3aroToBkd. YeM OoJbIIe MPOMEKYTOK BPEMEHH MEXIy YEPHOBOH M YHMCTOBOH 0OpaboTKamw,
TEM MEHBIIIE OMACHOCTh UCKAXKEHUS (DOPMBI TOTOBOM JETAJIH.

JUisi MeNKHX W CPEeJHHX OTIMBOK 3((EKTUBHBIM CIIOCOOOM CHSTHS BHYTPEHHHX
HAIpPsDKEHUN SBJIETCS MCKYCCTBEHHOE CTapEHUE - CIIEHUalIbHBIA IPOLIECC TEPMHUYECKON
00pabotku. OTIMBKY IOMENIAIOT B TI€4b, HarpeBaroT jgo Temnepatypel 500-600° C wu
BBIIEP)KUBAIOT B TeueHHUE 1-6 4 (4eM KpyrHee OTINBKa, TeM OOJIbIIE BBIACPIKKA). 3aTEM OTIUBKY
MEJIEHHO OXJIaX/Ial0T BMECTE C MEeYbl0 TaKUM 00pa3oM, YTOOBI BCE YaCTH OTJIMBKHU (TOHKHE U
TOJICTBIC) OXJIAXAAIUCHh paBHOMEpPHO. CKOPOCTh OXJIaXACHUsI cocTaBiseT 25-75 rpan/4. Korma
TeMriepatypa OTIAUMBKM cHU3UTCS 10 200-250° C, ee BBIHUMAIOT W3 M€Y U OKOHYATEIHHO
OXJIAKJAIOT Ha BO3/yXE.

JUis cHATUS HaNpsDKEHUH, MONYYEHHBIX NPU KOBKE, IITAMIIOBKE U JINTHE, MPUMEHSIOT
TaK)Ke OTKUT - HarpeB 10 TemrepaTypsl 400 - 600°C ¢ Bbiaep Kot 2,5 MUH Ha | MM TOJIITUHBI
CEYEHMS 3arOTOBKH, a JUUIsl CBAPHBIX 3arOTOBOK - BBICOKOTEMIIEPATYPHBIN OTIIYCK C HArpeBOM J0
600-650° C. OTxuraroT TaKKe 3aroTOBKH, IOJlydaeMble W3 Mpokara. BerienctBue O0mbIINX
IIaCTUYECKUX AedopMalii mpy MpPOKaTKe B MOBEPXHOCTHBIX CIOSIX 3arOTOBOK 00pa3yroTCs
3HAUUTEIIbHBIE PACTATMBAIOLIME, 2 BO BHYTPEHHHUX CJIOSAX CXKMMAIIMe HampsbkeHus. Eciou ¢
TaKOM 3aroTOBKM CHUMAaTh HEPAaBHOMEPHBIN IMPUITYCK, TO €€ GopMma H3-3a IepepacrnpeesieHus
BHYTPCHHUX HANPSHKCHUH MOXKET H3MeHHThCs. [losTomy, Hampumep, mocie ¢pesepoBaHUs
JUIMHHBIX IIIOHOYHBIX KaHABOK Ha BaJlaX, M3TOTOBJIIEMBIX U3 IPOKATa, MOXET MPOUCXOAUTH
UCKpHUBJIEHME Baja. J{71s ucnpaBieHUs: KpUBU3HBI 3arOTOBOK BaJIOB, OCEH, CTEP)KHEW, JUIMHHBIX
IJIAHOK M T.J. UX MPaBAT B XOJOJAHOM COCTOSIHMM. B mponecce npaBku NpOUCXOOUT ynpyras, a
3aTeM IiacTudeckas aedopmarus.

TmarenbHass npaBKa MO3BOJIAET MOYTH IOJHOCTBIO YCTPAHWUTh KPHUBHM3HY 3arOTOBKH,
BBI3BAHHYIO JCHCTBMEM OCTaTOYHBIX HampsbkeHuH. Ho mpu mpaBke B 3aroTOBKE IMOSBISAIOTCS
HOBble HampspkeHus. [Ipu nanbHelniel yncTtoBoit oOpaboTke (a emie Xyxke - B paboTaromien
MAaIIMHE) 3TH OCTaTOUYHbIE HANPSYKEHUSI MOTYT BbI3BAaTh HOBbIE HCKAKEHUS (DOPMBI, TIOATOMY ISt
OTBETCTBEHHBIX JieTallell MPaBKy IPUMEHSATH HEXeNaTeJIbHO.

CocraB cMazouHO-oxJaxaaromx TexHonorudeckux cpen (COTC), criocoObl ux moaBoaa
B 30HY pE€3aHMsI OKa3blBAIOT TaKXKE BIMSHWE Ha BEJIWYMHY M 3HAK MaKpOHAaIpPsLKEHUH,
BO3HHUKAIOIIMX B IOBEPXHOCTHBIX CJOSX JeTajei, oOpaboTaHHBIX pe3aHHeM. llpumeHeHue
COTC BHOCHT COOTBETCTBYIOLIME U3MEHEHHUS B (PU3NKO-XUMHUECKUE MPOLIECCHI, TPOTEKAIOIINE
B 30HE KOHTaKkTa MHCTpyMEHTa ¢ o0OpabaThiBaeMOl MOBEPXHOCTHIO, OOYCIOBIMBAIOIINE
HaIpPsDKEHHOE COCTOSIHUE MOBEPXHOCTHBIX ciioeB. OAHM M T€ K€ Cpelbl, B 3aBUCUMOCTH OT
MEeTOJla U YCIOBUN 00paOOTKH, OKa3bIBAlOT HEOJAMHAKOBOE BJIHMSHUE Ha BEJIWYMHY M 3HaK
ocrarounbix HanpspkeHuid. [Ipumenenne COTC moxkeT ciocoOCcTBOBaTh KaK yBEIMYEHHIO, TaK U
YMEHBIIIEHUIO OCTATOYHBIX HaIpsDKEHUH Mo cpaBHeHHIO ¢ oOpaborkoit 6e3 COTC. Xapakrep
BaussHUS COTC Ha TeXHONOTMYECKHE MaKpOHAMPSIKEHHUS B 3HAYUTENBHOM Mepe 3aBHCHUT OT
KOJIMYECTBA TEIJIA, BBIACISIEMOIO B 30HE PE3aHUs, KOTOPOE ONpPEAEIAeT pa3BUTHE IMPOLIECCOB
pa3ylnpoyYHEHHUs1 B TOBEPXHOCTHOM CJIOE, @ CJIEA0BATEIbHO, BIMIET U HA €70 HAIIPSKEHHOCTD.

4.3 TexHosoruveckoe odecnevyeHue CTPYKTYPO3aBHCHMBIX MOKAa3aTejled KayecTBa
MOBEPXHOCTHOIO CJIOSI JieTajieil MallUH NMPH 00padoTKe MOBEPXHOCTHBIM IJIACTHYECKUM
nedopmMupoBaHueM 00padoTKe.

Omneparun 06padbotku metomamu [1I1J] BKIFOYAIOT B TEXHOJIOTHYECKUH TPOIECC IS
pellIeHus CIEeIYIOMNX 3a1a4:



- YOPOYHEHHE [OBEPXHOCTH JETadu IpPU YCIOBHUM IOJYYEHHS MHHUMAIbHOMN
[IEPOXOBATOCTH WX 33JJaHHOTO MUKpOpeTbeda;

- YOpOYHEHHE JeTalld C OO0eCIeueHHeM MaKCUMalIbHOTO MpHpAIICHHs Mpezaesa
BBIHOCJIMBOCTH, U3HOCOCTOMKOCTH M IPYTUX IKCILTYyaTalIHOHHBIX CBOMCTB;

- YINPOYHEHHE TOBEPXHOCTH B YCIOBHUSAX JOCTIKEHHUS MAKCHUMAJIbHO BO3MOKHOIO
UCIIPaBIICHUSI HETOYHOCTEHN pa3MepoB U (hOPMBI IeTalH;

Otu 3amaun B npouecce IIIIJ[ pemarorcs u3MeHEHMEM psa HapaMeTpoOB KauecTBa
MIOBEPXHOCTU U CBOMCTB Marepuaa OBEPXHOCTHOTO CIIOS:

- (opmupyeTcs kauecTBEHHO HOBasi MaKpO- U MUKPOT€OMETPHsI IOBEPXHOCTH;

- B IOBEPXHOCTHOM CJIO€ BO3HUKAIOT OCTATOYHBIE MAKPOHAIPSKEHUS CHKATHS;

- KpUCTaJUIMYECKasl peleTka MaTrepuana IOBEPXHOCTHOIO  CJIOS  IOJIYYaer
VIPYTOIUTACTUYECKUE ~ UCKXEHHWS,  NpUBOASIIME K  (OPMHUPOBAHHIO  OCTATOYHBIX
MaKpOHaIIPSKECHUH;

- u3MeHsercs ¢opma, pa3Mepbl U OPUEHTHPOBKA 3€pPEeH, YTO CIOCOOCTBYET
(GbOpMUPOBAHUIO TEKCTYPUPOBAHHOTO MMOBEPXHOCTHOTO CIIOSL.

O} PexTUBHOCTD YINPOYHEHUSI TECHO CBsI3aHA C MHTEHCUBHOCTBIO YIPYrOMIACTHUECKON
nedopmaruu  Marepuaiga IOBepXHOcTHOro cioss B mpomecce I, Ilpm  TITIJI
yrpyrorractudeckas nqeopMaiiys MOXET ObITh OCYIIECTBIICHA IBYMS CIIOCOOAMU BO3JICHCTBUS
Ha TOBEPXHOCTHh AeTaynu. JIMOO TBEpABIMH TelNaMH, JIMOO KOHIICHTPUPOBAHHBIMH IOTOKAMU
(IOJISIMM) SHEPTUU.

[I1[] TBepApIMH TENAMH SBISCTCS HAWOOJIEe pPaCIpPOCTPAHEHHBIM  CIIOCOOOM
yrnpouHeHus. Ero ocymiecTBisiIOT MyTeM BO3JAEWUCTBUA Ha 00pabaThiBaeMyl0 MOBEPXHOCTH
OJIHOTO WJIM HECKOJbKUX oOpabarbiBaromux Ten. DToT cnocod [I]] nexuT B ocHOBe Iienoit
raMMbl METOJIOB, KOTOPBIE TI0 XapaKTepy CUIOBOTO B3aMMOICHCTBHS 00pabaThIBAIOIIETO Tena ¢
oOpabaTbiBaeMOl  TOBEPXHOCTHIO  MOXKHO  pa3[eNnuTh Ha JiB€ OOJbIIHe  TPYIIIHL:
KBa3UCTaTHMUYECKUE U IUHAMUYECKHE (yaapHbIe).

KBasucrarnueckue  mpeamosiaraloT  co3JaHue  JACPOPMAIMOHHOTO  yCHJIUS  OT
00pabaThIBAIONIETO Tella TPH €ro HEMPEepPhIBHOM KOHTAKTE C JIETalbl0. YCJIOBHO OHHU
OTJIMYAIOTCSI OT YyIAapHBIX METOJOB OTCYTCTBUEM HWHEPIIMOHHBIX CHJI MPU B3aUMOJCHCTBUU
oOpabaTeiBaromiero Tena ¢ jaeranplo. [lpm nauHamudeckux - Tutactuueckas nedopmanus
MOBEPXHOCTHOTO  CJOSI  OCYIIECTBIISIETCS. MYTEM MHOTOKPAaTHOTO  YJAapHO-MMIIYJbCHOIO
BO3/IECTBUS 00pabaThIBAIONIMX TEJ YHEPrOHEeCyIel cpelbl Ha 00pabaThiBaeMyr0 TOBEPXHOCTb.
B srom cnydae sHeproHecyias cpeia MHOTOKPAaTHO BO3JCHCTBYET Ha Bce 0OpadaThIBaeMYO
MOBEPXHOCTh WIIM €€ YacTh, PU STOM CHJIa BO3/ACWCTBUS oOpabaThiBarOmMX Teld P B KaxkIom
LIUKJIE W3MEHSETCS OT HYJIS WJIM OT HEKOTOpPOro 3HaueHus Pi 10 makcumyma, a B ciydae
JIOKaJBHOTO YJApPHOTO BO3ACHCTBUS ouar neGopMupoBaHUs MOXKET (KaK M B CTaTUYECKHX
METO/1aX ) TIOCJIEIOBATEIHFHO ¥ PABHOMEPHO MPOXOIUTH BCIO 00pabaThIBaeMyIO ITOBEPXHOCTD.

[Ipy wWCMONB30BaHMM B TEXHOJIOTHYECKUX TEMSIX (U3UKO-XUMHUYECKUX SIBJICHUH,
MOBEPXHOCTHAsI TUTacTHYecKass aedopManus OCYIIeCTBIsETCS "OECKOHTAKTHBIM CHOCOOOM" —
MyTeM BO3JCHCTBUS Ha MOBEPXHOCTh IHEPrOHECYLIEH Cpelpl B BUAE KOHIIEHTPUPOBAHHOIO
notoka sHepruu. K uucny takux metomoB IIIIJ[ oTHocsaTcs: oOpaboTka B MarHUTHOM TOIIE,
B3PBIBHOM  BOJIHOM, DJJIEKTPOHHO-MOHHOW M  KBAHTOBOW TEXHOJOTHEH, HWMITYJIbCHBIMU
BO3JYIUHBIMU  CTpysIMH, Oapodparmenrtanus. Xapakrep CHJIOBOTO  BO3JEHCTBUS  Ha
oOpabaThiBaEMy0 TIOBEPXHOCTh TIpH 0OpabOTKE J3TOW TPYMNIOM METOJOB MOXKET OBITh
VMITYJIbCHBIM U ITOCTOSTHHO HAPACTAOIIHM.



[Tpumensiembie B npaktuke npoiecchl [I1]] xapakTepu3yroTcss HaTM4rueM HENPEPhIBHOTO
WM JUCKPETHOr0 KOHTaKTa. [locnenHue, npeacTaBisioliie B OCHOBHOM TPYIIY AMHAMUYECKUX
METO0B 00pabOTKH TBEPJBIMHU TEJIAMH, MOTYT OBITh pa3elieHbl Ha MPOLECCHI C PETYISPHBIM U
CO CTOXAaCTUYECKUM (hOPMHUPOBAHHUEM JIOKAIBHBIX 04aroB nedopmanuu (ornedatkoB). K gucmy
muHamudecknx meronoB [IITJ[, mpu oOpaboTke KOTOPHIMU (OPMUPOBAHKE JIOKATBHBIX O0YaroB
nedopManuu  HOCUT PETYNSPHBIM XapakTep, OTHOCATCS METOAbl OOpaOOTKH eIMHUYHBIM
UHACHTOPOM WM HAO00poM HHAEHTOpOoB. OCHOBHYIO Trpymmny yaapHeix MeronoB [ITTJ]
COCTaBJISIIOT METO/bI 00pabOTKK CBOOOJHO IBIXKYHIUMUCS TenaMu. OHU 00J1aar0T BBICOKOM
nedopMupyroleil CocoOOHOCTHIO, PETYIUPYEMON B IIMPOKHX Ipeleiax SHeprueil yaapa, a
TaKkXKe MPHUTOJHOCTBIO A7 00pabOTKM pa3HOOOpa3HBIX MO (GopMe IMOBEPXHOCTEH U T.1.
Croxactudeckuil xapaktep GOpMHPOBAHUS JISKUT B OCHOBE TMHAMUYECKUX METOI0B 00paboTKH
HAIpPaBJIECHHBIM [TOTOKOM, IMOPLMOHHBIMM MaccaMd M C COYAApE€HUEM YacTHUI] 3HEPrOHECYLIEH
CpEJbL.

I[Ipu o0OpabGoTke [neraneil CBOOOJHO JBMIKYIIUMHUCS TellaMH, ITOBEPXHOCTHOE
IJIACTUYECKOW  eOpMUPOBAHHE OCYIIECTBISIETCS B pe3yiabTaTe YIAapHO-UMITYJIbCHOTO
BO3/ICHCTBUS HAa 00pabaThIBaeMyr0 MOBEPXHOCTh OTACIBbHBIX 00pa0aThIBAIOIINX TEJl, B KAYECTBE
KOTOPBIX MOXKET OBITh KCIIOJIb30BaHA CTalbHAasl, YyT'yHHAsl, CTEKIJISIHHAS WJIM M3TOTOBJICHHAS U3
MaTepuaia JIeTandu Ipo0b pa3nudHoi GopMbl, TUNA U pa3mepa. [IpumeHsemsie ms 00paboTku
JeTanedl cBOOOJHO ABMXKYIIMMHUCSA TEIaMHM YCTAHOBKHM OTJIMYAIOTCA APYT OT Jpyra crocodom
MIOJIBOJIA SHEPTOHECYIICH cpeibl B 30HY 00paboTKu, pacxonom oopadareiBatonux tein u COTC B
€MHUIlY BPEMEHHU U APYTUMHU KOHCTPYKTHUBHBIMU ITapaMeTpaMH.

NHTEeHCUBHOCTH yNpOYHEHUs AeTaiud npu npumeHeHuu meronos III/], Takke 3aBucUT
0T cXeMbl 00pabOTKU MOBEPXHOCTEH, ONpeensieMO KHHEMAaTHKOW OTHOCUTEIbHOTO JBH)KEHUS:
JUIsl KBAa3UCTaTUYECKMX METOJOB — HMHCTPYMEHTa M J€Tald, Ul JUHAMHUYECKHX METOJIOB —
DHEPrOHECYIEN CPEbl U ACTAIH.

Takum oOpazom, omepauuu ynpouHeHust IIITJ[ B oOmem ciydae ompeaemnstoTcs
YEeTBIPbMSI OCHOBHBIMU ITPU3HAKAMHU:

1) TEeXHOIOTMYECKUM Ha3HAYCHHUEM;

2) metoaom I1II1J] — onpenensirommumM XapakTep CHIOBOTO BO3JACHCTBUSI 00padaThIBAIOIITUX
TEJ WM HEPTOHECYIIeH cpe/ibl Ha 00pabaThIBa€MYI0 MOBEPXHOCTH;

3) cxeMoii 00pabOTKH JeTalH;

4) TUIIOM MJIM BUJOM 00padaThIBatOIIUX TeEJI.

O6pabotka IIITJI compoBoXIaeTcss CIOXKHBIMH  CTPYKTYPHBIMH U (ha30BBIMHU
OpPEBpALllCHUSIMUA,  XapakTEepHbIMU  JUIsi  (OPMHUPOBAHUS  IMOBEPXHOCTHOTO  cios. B
NepBOHAYAJIbHBII MOMEHT, Je(OpPMUPOBAHNE B 00JIACTH IMJIOCKOCTEN CKOIBXKEHUS MPOUCXOJAT
HCKaXEHUE KPUCTAJUIMYECKON PEIIETKH, B YACTHOCTH €€ MTOBOPOT, a TAaKXKE CMELIEHHE aTOMOB U3
MOJIO’KEHUSI YCTOWYMBOTO PaBHOBECHUS U YIPYTH€ UCKPUBIEHUS IJIOCKOCTEH CKOJBXKEHUS. DTU
UCKQXEHHUSI BBI3BIBAIOT TMOSBJICHUE JIOMOJHUTEIbHBIX HANpsKEHUI, OCTAIOMIMXCS IOcIie
MPEKpaIeHUS HArpYKeHHsl (HAMIPSKEHUS TPEThEro Poja).

OCHOBHOM NPUYUHON YIIPOUHEHHUS SBIISETCS JIABUHOIOI0O0HOE pa3BUTHE IUCIOKAIIMA —
Ne(QEeKTOB KPUCTAIIIMUYECKON PElIeTKH MeTajlla, CKAITMBAIOIIMXCS BOJIM3U JIMHUN CIOBUTOB, U
HocJeaytolee 3acTpeBaHUe Iepel Ppa3jIMyHOro pojia MPENATCTBUAMH, O0O0pa3yloIUMHCS B
npouecce JaeGopMHpOBaHUS WIM CYyLIECTBOBaBIIMMH 10 Hero. Ilpu aedopmupoBaHumn
MEPEHACHIILIEHHBIX TBEPABIX PAacTBOPOB YACTHMYHO IPOUCXOAMT HX pacmaj, B pe3yibTare
KOTOPOTO BBIJICNAIOTCS MeJlbyaillline 4acTULlbl HOBBIX CTPYKTYpHBIX oOpa3zoBanuil. [locnemqnue,
BBIJIETISISICH HA TJIOCKOCTU CKOJIBKEHHUS, OJIOKUPYIOT pa3BuTue caBUroB. [Ipu aegopmupoBanuu



cTajel ¢ (eppUTO-IIEPIUTHOM CTPYKTYpPOH pacnagaercsi TBEpAbI pacTBOp O-kKele3a WU
yIiiepoa, poiib «IIUIOB» UIPAOT KapOWAbI jKeJe3a, BBIACISAIONINECS B BUAE OYEHb MEJKHX
KapOMIHBIX BKJIIOUYEHUH. BO3MOXHO U BbIMaJaHUE COCAUMHEHHMH a30Ta — HUTPUIOB.
VYBenuueHue TBEPAOCTH MpPH IUIACTHUYECKOM JAe(pOpPMHpPOBAHUM CTajeil CcO CTPYKTypoOil
MapTEHCUTA 3aKalKd OOBSCHSETCSd YaCTUYHBIM IpPEBpallleHHEM OCTaTOYHOTO ayCTEHUTa B
MapTEHCUT.

VHTEHCUBHOCTDh YNPOYHEHUS CTAJEd TEM BBIIIE, YEM MArde CTalb. Y HE3aKaJICHHBIX
CTajleil B pe3yJabTare IOBEPXHOCTHOTO JeQOPMUPOBAHUS MOXKHO TIONYYUTh YBEIMYECHUE
TBepaocTu Oosee yem Ha 100%, a y 3akaneHHBIX - Toabko Ha 10-15%. IIpupocTt TBepaocTh
ompenensercss CTPyKTypoil aedopmupyemoit cramu. HaumbGonbpliee mOBBINIEHHE TBEPIOCTH
HaOMOlaeTcsl y Crajed ¢ ayCTeHUTHOM, (eppUTHOM U MApTEHCUTHON CTPYKTypamu,
HauMEHbIIIee — C MEPIUTHON U COPOUTHOHN CTPYyKTypaMu. AOCOMIOTHBIA MPUPOCT TBEPIOCTH B
pe3yNbTaTe COCTABISET: JUII MAPTEHCUTHBIX CTPYKTYyp - 180-320HB; mnst craneii, comepsxanux
u30bITOUHBIN Gepput - 60-120HB. 310 cBs3aHO € T€M, UTO CTPYKTYpPHBIE COCTABIIAIOIINE UMEIOT
pa3IMYHYI0 CIOCOOHOCTh K YIPOYHEHHUIO. J[JIs1 CTPYKTYphl MapTEHCHUTA IIyOMHA YIPOYHEHHON
30HBI OOJIBINIE, YEM MPU TEX K€ YCIOBUAX IS APYTHX CTPYKTYp. CTPYKTYphl COpOMTa MMEIOT
HaMMEHBIIYIO TITYOHHY IJIACTUYECKH Je(OPMHUPOBAHHOTO CIIOS.

HedopmanmonHoe yIMpoOYHEHHE XapaKTEPH3YeTCsl YBEIMYCHHUEM IPENETIOB TEKy4YecCTH,
TBEPAOCTH, XPYIKOCTH U CHU)KEHHEM IUTacTUYHOCTH. [IpeTepreBaroT M3MEHEHUs! IOJ3Yy4ecTb,
BHYTPEHHEE TPEHUE, dJIEKTPOCONPOTUBICHUE, KOSPLUUTUBHAS CHJIa, MATHUTHASI IPOHUIIAEMOCTb,
OCTaTOYHAasl MHAYKLIUA. DT U3MEHEHHUS (PU3NKO-MEXaHUYECKUX CBOMCTB MOBEPXHOCTHOIO CIIOS
MeTaJljla 3aBUCSIT OT CTENEHU MIACTUYECKOW nedopMalvi, U UX HEOOXOAUMO YUUTHIBATH MPH
BbIOOpe peskumos [IIT1 qis geraneit pa3nu4yHOro Ha3HAUYEHUS.

VYBenuueHne KOHUEHTPAllMd TOYEYHBIX M JIMHEHHBIX JEPEKTOB KPUCTAJUIMYECKOTO
CTpoeHHUsI U oOpa3oBaHHE CYOMHKPOCKOIMYECKUX (HEOMACHBIX W HEBPEAHBIX) TPEIIMH TaKkKe
YBEJIMYUBAET yJENbHbIA 00beM MeTauia. CyMMapHOE€ MaKCHMalbHOE YBEIMYEHHUE YJEIbHOTO
oOvema nns cranedl npocturaer 1,1%. OT1o oOycnaBnuBaeT 00pa3oBaHME B IJIACTHUYECKU
ne(OpMHUPOBAHHONW 30HE OCTATOYHBIX HANPSKEHWM CXKaTHs, KOTOpble B 3aBUCHUMOCTH OT
MatepHaia u Metoga oopadbotku pocturarot 1200-1500 MIla; rimyO6uHa 3aeranusi HanpsHKeHUH
00bryHO Ha 10-15% mnpeBblmaeT rIyOWHY €0s C TMOBBIIIEHHONH TBEpAOCThIO. MakcuMmallbHOE
HaIpsDKEHUE Yallle BCEr0 HEMOCPEACTBEHHO Ha MOBEPXHOCTU MJIM HA HEKOTOPOM PACCTOSHUM OT
MOBEPXHOCTHU, YTO 00YCIIOBJICHO TEIIOBLIME siBieHUssMH B Tipottecce [I1/]. [Tpu ucnonp3zoBanuu
B niporiecce [IITJI COTC, moacnoiHbIii MaKCUMYM MTPaKTHYECKH rcue3aeT [16].

XapakTep pachpeleieHHs] OCTATOYHBIX HAMNpsHKEHUH Mo TIyOMHE YHIPOYHEHHOIO
MMOBEPXHOCTHOI'O CJIOSA, KakK IMPAaBUJIO, UMEET BUJI NMPEICTaBICHHBIN Ha puc. 4.8. PaznuunHbie
TEXHOJIOTUYECKHE PEXKHUMBI BIHUSIOT HA TIIYOMHY 3aJleraHusl OCTaTOYHBIX HAIPSDKEHUM, KOTOpas
YBEJIMUMBAETCS  IPONOPLUUOHAIBHO POCTY pa3MEpoOB  IIJIACTMYECKOro oTmedatka. Ha
MHTEHCUBHOCTh CKMMAIOIIMX HANpsOKEHWH, OCHOBHOE BIIMSHHME OKa3blBa€T CKOPOCTb
TUTACTHYECKON Ae(opMaIiui ¥ IpoI0JKUTEIBHOCTh 00PaOOTKH.
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Puc. 4.8. Dnropel 0OCTaTOYHBIX HANPSKEHUH 10 INIyOWHE YIPOYHEHHOTO ClIos B o0pa3nax
u3 cranu 18X2H4BA mocne: 1- npoGectpyitHoit 00paOOTKH; 2- HEHTPOOEKHO-IIAPUKOBON
00paboTku; 3- pacKaTbIBaHHMS.

VYBenuueHue npepena ycTalocTu ompeaensieTcss He crosnbko metogom [IITJ], ckompko
TEXHOJIOTHYECKUMHU PEeKUMaMHU, 00yCIaBIMBAIOLUIMMU YBEJIWYEHHE INTyOUHBI M MHTEHCHUBHOCTH
TUTACTHYECKH J1e()OPMUPOBAHHOTO MTOBEPXHOCTHOTO CIIOSI.

[Tpormiecc oOpabotku netaneit metonamu [II1/] compoBoXx)aaeTcsi BBIACICHHEM TEIUIOTHI,
KOTOpasi HarpeBaeT o0pabaTbiBaeMyIo JIeTalib, 00padaThIBAIONIME TEIa, a TAKXKE OKPYKAIOIIYIO
cpeny. Teruora neopMupoBaHusi reHepupyeTcss B odare 1e(OPMHUPOBAHUS, TEIUIOTA TPEHUS —
HEMOCPEACTBEHHO Ha MOBEPXHOCTH KOHTakTa. Tak Kak Ha pa3Mepbl oyara ae(GopMHpOBaHUS
BJIMSIIOT MHOTHE MapaMeTpbl 00pabOTKHU, TO BpeMsl HarpeBa 3aBUCHUT HE TOJIBKO OT CKOPOCTH, HO
U OT JaBJICHMS U pa3MepoB oOpalaThIBarOIMX Tell. IIpM MHTEHCHBHBIX peXKUMax 00pabOTKU
JIOKaJIbHBIE YYaCTKH MOBEPXHOCTHBIX CJIOEB HArpeBaloTCs /10 Pa3jIMYHOM Temmeparypsl: Hpu
oOkateiBanmn — 10 300-400 0C, npu BeIrakuBanuu — 10 600-700 OC, MIPH YAAPHBIX METOAAaX —
10 800-1000 °C. TIpu stom, ucmomssosarine COTC TO3BONSET CHU3MTH TEMIIEPATYPY B 30HE
nehopMUpOBaHUS B HECKOJIBKO pa3s.

TemnoBoit »ddexkr mnpucymmit I[II1JI Moxer BbI3bIBaTH TEPMOIJIACTHUECKOE
neGopMHUpOBaHUE U JpPYyTUE SBJICHUS, CHIDKaoume 3ddekt ynpounenus. TepMmomiacTuyeckoe
neGopMHUpOBaHUE TMPHUBOJUT K PE3KOMY CHaay OCTATOYHBIX CXKUMAIOIIMX HANpsHKEHUH Ha
MOBEPXHOCTH, @ B HEKOTOPBIX ClIydasX — K MPEBPAIICHUI0 MX B pacTsAruBaromme. Moryt
00pa30BbIBATHCS TAaK)KE BTOPUYHBIE CTPYKTYpBI, CHIDKAIOIIME OSKCILTyaTallMOHHBIE CBOMCTBA
noBepXHOCTH. CTBIKH CTPYKTYp SIBISIIOTCSI KOHIIGHTPATOPaMH HAIPSDKEHHH, YTO MPHBOIHUT K
3apOXKJICHUIO YCTAIOCTHBIX TpemuH. HeoOXoamMo ycTaHaBIMBATh TaKWE CHIIOBBIC IMapaMeTphl
00pabOTKM KOHKPETHBIX MaTepHAIIOB, KOTOPBIE HE BBI3BIBAIOT TOBBIIMICHUS TEMIEPaTyphl
MIOBEPXHOCTH 00JIee TOITyCTUMOM.

XapakTep yOApHOTO CHJIOBOTO BO3JICUCTBUS  ONpPEACISIETCS JHEpPrued  yaapa,
pa3BuBaecMoii 00pabaTHIBAIOUIMMU TEJIaMU M CKOPOCThIO JedopmupoBanus. OOpabaTeiBaroliee
TEJI0, TOMUMO IOJIE3HON PaboThI Ae(OPMUPOBAHUS, 3aTPAuyUBACT YIHEPTUIO HA YIPYTUI OTCKOK U



Ha T[peoaojeHue cua TpeHusa. [lodToMy pekOMeHIyeTcsi MOTEHUMAJbHYI0 SHEPIHI0
00pabaThIBaIOIIEro Teja, HapuMep, Ipu 00pabOTKE KOHCTPYKIMOHHBIX CTaJlell MPUHUMATh Ha
15-20% Goubuie mone3Hoi padoThl AePOpPMUPOBAHUS.

[Ipu ynapHOM CHIIOBOM HAarpy>K€HHH 0OpadaThIBaeMOM MOBEPXHOCTH IO CPAaBHEHHIO C
KBa3HCTAaTHUECKUM HArpy)KCHHEM, B 3aBHUCHMOCTH OT TBEPAOCTH 00padaTbIBaeMOro MaTepuania
Tpedyercs B 1,7-2,8 paza Oobliie SHEPTHH.

VYBenuuenue ckopoctu HarpyxkeHus 10 100 m/c mpUBOIUT K TMOBBIMICHUIO Mpeelna
TEKYy4eCTH, HallpUMep, JIJIs KeJie3a apMKo — B 3,4 pasa, 11 cranu 45 — B 3 paza, misg Cr3 — B 2,8
pasa. [Ipeaen npoYHOCTH AJSl YIIIEPOJUCTBIX TEPMOOpPAOOTAaHHBIX cTaliel Bo3pacTaeT Ha 43 %,
Uit apMmko-xkene3a — 55 %, T.e. ¢ yBEIMYEHMEM TBEPAOCTH MaTepuaia HWHTEHCUBHOCTb
M3MEHEHHUsl 3THX XapaKTEPUCTUK yMEHbIIAeTCs. MeHbIle BCEro yKa3aHHbIE XapaKTEPUCTHKHU
W3MEHSIOTCS JIIs1 BBICOKOIIPOUHBIX CTaJIECH.

[Ipu 3aBbIMIEHHBIX CHIIOBBIX mapamerpax oOpaborku [II1] MokeT mpoucxoauTh
pa3pyllieHHe MOBEPXHOCTHOIO CJIOSI COMPOBOXK/IAOIIEECS MOSBICHUEM ONACHBIX MUKPOTPEIIVH,
o0pa3oBaHMEM YaCTHYEK OTCIAMBAIOIIETOCS METajula, HpPH 3TOM TOBEPXHOCTHBIE 3€pHa
CIUTIOLMBAIOTCS TAaK, YTO CTAHOBSITCS MOYTH HEPA3TMUYMMBIMU, YBEJIIMYMBAETCS IIEPOXOBATOCTh
noBepxHocTu. HanpsskeHHOe COCTOsIHUE YIPOUYHEHHOT'O CJIOSl MOXKHO YaCTUYHO WJIM MOJHOCTBIO
CHATH myTeM oTkura. [lepenaksen moBepxHocTHOro ciosi B mpouecce [IIIJ[ — HeoOpatumblii
IIPOLIECC, MPU KOTOPOM HAarpeB HE BOCCTaHABIMBAET MCXOJHYIO CTPYKTypy MeETajjla U €ro
MEXaHUYECKHUE CBOMCTBA.

4.4 TexHosoruveckoe odecnevyeHue CTPYKTYPO3aBHCHMBIX MOKAa3aTejleH KayecTBa
TOBEPXHOCTHOI'O CJI051 AeTajleil MALIMH NPU TePMUYECKHX U PU3MKO-XHMHYECKHX MeTOoAaX
00padoTKu

Cpenu (QU3MKO-XMMHUYECKMX METOJ0B OOpaOOTKHM, OCHOBAaHHBIX Ha BO3ACUCTBUM Ha
MOBEPXHOCTH JETAIN MOTOKOB YaCTHUI[ M KBAHTOB C BBICOKOH 3HEpruei, 0co00e MeCcTo 3aHUMAaroT
BAKYYMHBIC HOHHO-TINIa3BMCHHBIC MCTO/BI. XapaKTepHoi/’I nux T-ICpTOI\/'I ABJICTCA  IIPAMOC
npeoOpa3oBaHUE HSKIEKTUYECKOW OSHEPrHH B HHEPIHI0 TEXHOJIOTHYECKOTO BO3JICHCTBHUS,
OCHOBaHHOM Ha CTPYKTYpHO-(a30BBIX TMPEBpAIICHUSAX B OCAXICHHOM Ha TOBEPXHOCTHU
KOHJIEHCATe WJIK B CAMOM MTOBEPXHOCTHOM CJIO€ JIETAITH, IOMEIICHHOHN B BAKYYMHYIO KaMepy.

OCHOBHBIM JIOCTOMHCTBOM JAaHHBIX METOJOB SIBJSIETCS BO3MOXKHOCTH CO3JIaHHs BeChbMa
BBICOKOTO YpPOBHSI (PU3MKO-MEXaHHMYECKUX CBOWCTB MaTepHajoB B TOHKHUX IOBEPXHOCTHBIX
CIIOSIX, HAHECEHHE IUIOTHBIX MOKPBITUNA M3 TYTOIUIABKUX XMUMHYECKHX COCAMHEHUN, a TaKkKe
QJIMA30MO00HbIX, KOTOPbIE HEBO3MOXKHO MOJIYYUTh TPAJIUIIMOHHBIMU METOJAMH.

KpOMe TOI'0, 3TH MCTOAbI ITO3BOJIAIOT: o0ecIieunBaTh BBICOKYIO aJIF€3UI0 ITOKPBITHA K
IMOJJIOKKE, PABHOMEPHOCTE IMOKPBITHA 110 TOJIIMIWHE HA 00IBIIOHI IIonfaav, BapbupoOBaTb COCTaB
MOKPBITHSL B IIMPOKOM JHAaIa3oHe, B IMpeleNaX OJHOTO TEXHOJOTHYECKOTO MHUKJIIA; TOJIYYHUTh
HU3KYIO IICPOXOBATOCTH MMTOBEPXHOCTHU MOKPBITUSA; SKOJIOTHYCCKYIO YUCTOTY IIPOU3BOJCTBCHHOI'O
muKia. B Hactosiiee Bpemsi pa3paboTaHO OOJBLIOE YHMCIO OY€Hb BBICOKO 3()(EKTUBHBIX
METO/I0B HAHECEHHsI 3alIUTHBIX TOKPBITUI U MOIU(PHUIIMPOBAHUS TOBEPXHOCTHBIX CIIOEB.

K MeTogam BakyyMHOW HOHHO-TIJIA3MEHHOM TEXHOJIOTHH OTHOCST:

1. MoauduurpoBaHie MOBEPXHOCTHBIX CIIOEB:

e woHHO-TU(h(PY3HMOHHOE HachllleHHe (MOHHOE Aa30TUPOBAHHWE, HAyTJIEPOKUBAHUE,

OopupoBaHe H JIp.);

e WOHHOE (TJIa3MEHHOE) TpaBJIeHHUE (OYNCTKA);
e HWOHHAS UMIUTAHTAIMS (BHEAPCHHUE);



e OTXWT B TVICKOLIEM PaA3PIE;
2. Hanecenue noKpbITUA:
e IOJMMEpHU3ALNSA B TICIOIIEM PA3PSIE;
e HMOHHOE OCaXiAcHUE (TPUOIHOM PACIBUIMTEIILHOM CHUCTEME, TUOJAHOU PacHbUIUTEIbHON

CUCTEME, C UCIIOIb30BAaHUEM pa3psja B I10JIOM KaTOJIE);

e JJIEKTPOAYTrOBOE UCIAPECHHUE;

e HMOHHO-KJIACTEPHBIN METO[;

e KaTOJHOE paclbUIeHUE (Ha MOCTOSHHOM TOKE, BBICOKOYAaCTOTHOE);
e XMMHMYECKOE OCaXJCHUE B IJIa3Me€ TJCIOLIEro pa3psaa.

CoBpemeHHbIE BaKyyMHbIE HMOHHO-TIJIAa3MEHHbIE METO/IbI YIPOYHEHHUS

(Momu(puIIMpOBaHNE) TOBEPXHOCTEN AeTaNCH MAIIMH BKJIIOYAIOT CIIEIYIOIIIE STAlbI:
e TeHepauuio (00pa3oBaHME) KOPIIYCKYISPHOTO MMOTOKA BEILIECTBA,
e  €ro aKTHBH3AIMIO, YCKOPEHHUE U (DOKYCHUPOBKY;
e  KOHJICHCAIIMIO ¥ BHEIPEHHE B MOBEPXHOCTD JeTallel (MOAJI0XKEK).

'enepanusi KOpHYCKYJSIpHOTO IIOTOKA BEIIECTBA BO3MOXXHA €ro  HMCHapeHUEM
(cybnumarnueit) u pacnbuieHueM. VcnapeHue - 3TO mepexoj] KOHJIEHCUPOBAaHHOM (a3bl B map
OCYLIECTBIISIETCS B pe3yjibTaTe MOJABOJOK TEIJIOBOM SHEPIMM K HCHAPSEMOMY BEIIECTBY.
TBepaple BemiecTBa OOBIYHO MPU HArpeBaHMM pACIUIABIISIIOTCS, a 3aTeéM IEpPeXodsT B
razoo0pasHoe coctosiHue. HekoTopble BemecTBa MepexoasaT B ra3000pa3HOE COCTOSIHUE MUHYS
XKHUIKYI0 (a3y. Takoi mporecc Ha3pIBaeTCs CyONIMMAaIHEH.

Harpes ucnapsieMoro BemiecTsa MO>KET OCYIIECTBIISATHCS:

3a CYeT BBIJCICHUS JDKOYJIEBa TEIUIa IPU INPOXOXKICHUHM SJIEKTPUYECKOr0 TOKa uepe3
UCTapsieMblil MaTepuall WK 4epe3 UCTIapUTElb;

B pe3ysibTaTe GOMOApAUPOBKH MOBEPXHOCTH MeTala YCKOPEHHBIM MOTOKOM 3JIEKTPOHOB
(37eKTPOHHO-TY4Y€BOM HArpeB) MM KBAHTAaMH JJIEKTPOMarHUTHOTO  W3Iy4YEHHUS
(J1a3epHBIii HarpeB);

BbICOKOYACTOTHBIM AJIEKTPUYECKUM MAarHUTHBIM I10JIEM (MHIYKIIMOHHBII HArpeB);

AIEKTPUYECKOM YT OH.

Breibop cnocoba HarpeBa M BUJA HCHApEHUs 3aBUCAT OT MPUPOJBI HCHAPSIEMOIO
MaTepuaia, ero MCXOAHOW (QopMbl (TpaHylbl, MOPOIIOK, MPOBOJIOKA), TPEOyeMOW CKOPOCTH
UCTapeHUsl, MOCTOSHCTBAa BO BpeMeHH M T.1. HambGonblee pacnpocTpaHeHUe MOIY4YHII HarpeB
IOpU TOMOIIM 3JIEKTPOHHOM OOMOapAMpPOBKH, YTO MO3BOJISET jAocTUrath Temmeparypsl 4000
rpagycoB llenbcust M BBICOKOW IUIOTHOCTH SHEPIUU B JIyde. DJIEKTPOHHO-JIIy4EBOW CIIOCOO
HarpeBa COCTOUT B, YTO Ha W3JIEJME HAIPABIAIOT IOTOK JIEKTPOHOB OT KaTOJa, YCKOPEHHBIX
AIIEKTPUYECKUM TMosieM a0 B3Hepruu 5...25 x3B. TloTok 37eKTpOHOB (3JIEKTPOHHBIN JTyY)
MOJTYYaIOT C MOMOIIBIO 3JIEKTPOHHO-TTYYEBBIX MYIIEK.

B pesynbrare 00pazoBaHus aKTMBHUPOBAHHOTO KOPIYCKYJISPHOIO MOTOKA B KOHTAaKT C
MOJIOKKOM  MeTaja  JeTald  BXONAT  HEUTpalbHbIE  YacTUIBI  (BO3OYXKIEHHBIE U
HEBO30YKICHHBIE) C BBICOKOW 3Heprued u MoHbl. lIpolecc B3auMoaecTBUS TaKOTO CIOXKHOTO
[I0 COCTaBy IIOTOKAa C IIOBEPXHOCTBIO METajla CBOJUTCSA K IPOTEKAHUIO B3aMMOCBSI3aHHBIX
(¢u3nUecKuX SBICHUIA: KOHIEHCAIUU, BHEJPEHUS U PACTIBIIICHHUS.

Nonnoe pacnipuieHue. MIoHHbIE pacIbUIMTENHN Pa3AeNsIiOT Ha JBE TPYIIIbL:

e IUJAa3MEHHbIE, B KOTOPHIX MUIIEHb HAXOAUTCSA B ra3opa3psIHON Ia3Me, co3aaBaeMoi ¢
MOMOIIbI0  TJCIOMIETO0, JYroOBOTO M  BBICOKOYACTOTHOTO paspsna. PacnbuieHue
MPOUCXOAUT B pe3ynbrare OOMOApAMPOBKA MHIIEHH HMOHAMHU, HW3BIEKAEMBIMH U3
IJ1a3MBbL;



e ABTOHOMHBIC HMCTOYHUKH 0e3 (OKYCUPOBKM MU C (DOKYCHPOBKOW HOHHBIX ITYYKOB,

OoMOapIMPYIOLIMX MULIEHD (3arOTOBKY).

B namnbonee mpocTom ciiydae CHCTEMa pACHBLICHHS COCTOUT M3 JBYX 3JEKTPOJIOB,
NOMEIICHHBIX B BaKyyMHYyI0O Kamepy (puc. 3.5). PacmpuisemMyro MuIlIeHb W3 HAaHOCHMOTO
MaTepHuaja pacrojliaraloT Ha karojge. Ha apyrom snekTpoze Ha pacCTOSIHUM B HECKOJBKO
CAaHTUMETPOB OT Karoja, YCTaHABJIMBAIOT JHeTanu (momnoxku). Kamepy BakyymMHpYHOT,
HAMOJHAIOT pabouyuM Ta3oM (wame Bcero aproHom) a0 pgasineHus 1,33[1a, 3axkuraror
ra3opaspsgHylo IUla3My W OOMOapIMpOBKOW HOHAMH TPOHM3BOIAT OYUCTKY HW3JEIHS OT
MIOBEPXHOCTHBIX 3arps3HEHHH, JIajiee OTPHUIATEIBHBIA MOTCHIINAN TPUKJIAIBIBAIOT K MUIICHUA U
pacmpUISIOT ee. Pacmbuisemble YacTHIIBI JBIXKYTCS 4Yepe3 IIa3My paspsia, OCaXIAITCs Ha
JeTalsiX U 00pa3yloT MOKphITHE. bojblas 4acTe SHEPruM MOHOB, OOMOApAMPYIOUINX MHUIICHb
(1o 25%) mepexoauT B TEIJIO, KOTOPOE OTBOAMUTCS BOJIOM, Oxyaxkjaromend katoJl. OCHOBHBIM
JOCTOMHCTBOM CIIOCO0A SIBJISIETCS. BO3MOXKHOCTH TIOJYYEHHUS! TOKPBITHH W3 TYTOILIaBKUX
METAJUIOB, CIUIABOB M XUMHUYECKUX COCAMHCHUH.

MarneTpoHHOEe pacnbUicHHe. HaHeceHWe TOKPHITUH B BakKyymMe C  IOMOIIBIO
MarHeTPOHHBIX CHCTEM 3aKJIF0YaeTCs B PACIbUICHUH TBEPIOW MUIICHU HAMBUIIEMOT0 MaTepHraa
MOHAaMHU WHEPTHOTIO ra3a, oOpa3yloUIMMHCS B IJIa3Me aHOMAJIBHOTO TJICIOUIETO pa3psjaa Mpu
HAJIO)KEHUHM HAa HETO MarHUTHOTO IOJIS, CHJIOBBIE JIMHUU KOTOPOT'O OPTOTOHAIBHO TEPECEKAIOT
CHJIOBBIC JINHUM MarHUTHOTO 10J1st (puc. 3.6) .

Puc. 3.6. Cxema MarHeTpoOHHOM

pacCIbUIMTEILHOH  CHCTEMBI € IUIOCKOH
MUIIEHBIO: 1- KaToj (MUIIEHB); 2- MarHUTHAs
cucreMa; 3- MCTOYHHMK TUTAHUsS, 4- aHOM; S5-
TPAeKTOpHUSl JABIKEHUS DIIEKTPOHA; 6- 30HA
pacmbUIeHHs]; 7- CHJIOBasi JTUHUS MarHUTHOTO

I10JIA.

OCHOBHBIMHU d>JIEMEHTAaMU MarHeTpoHa SBJISIETCS KaToJ (MHUINEHb), aHOJ W MarHUTHAs
cuctema. CWIOBbIC JIMHUM MArHUTHOTO IOJIS 3aMBIKAIOTCS MEXKIY TOJI0CaMHd MarHUTHON
cuctembl. lIpu moOga4Ye TMOCTOSHHOTO HAMPSOKEHHUS MEXKAY MUIICHBIO (OTpUIIATEIbHBIN
MOTEHIIMAN) U aHOJIOM (TIOJIO’KUTENBHBIN MOTEHIINAT) BO3HUKAET HEOAHOPOIHOE dIEKTPHIECKOE
moiie W BO30YXKHaeTcs TICOMUN paspsa. Hamuuume 3aMKHYTOrO MAarHUTHOTO TIONS K
pacmbUIieMOM  MOBEPXHOCTH  MUILIEHM  MO3BOJSET  JIOKAJIW30BaTh  I[UIA3My  paspsaa
HEMOCPEJCTBEHHO y MHIIEHW. OMUTHPOBAHHBIE C KaToJa TMOJ JEHCTBUEM HOHHOMU
O0MOapIUPOBKU IJEKTPOHBI 3aXBATHIBAIOTCS MAarHUTHBIM TIOJIEM, U UM COOOIIAETCs CI0KHOE
IUKJIOUAAIBHOE JBH)KEHUE TIO 3aMKHYTBHIM TPACKTOPHSIM Y TOBEPXHOCTENW MUIIEHU. DJICKTPOHBI
OKa3bIBAIOTCS Kak OBl B JIOBYIIKE, CO3/I1aBa€MOW C OJHOW CTOPOHBI MAarHUTHBIM TIOJIEM,
BO3BpAllAlONIMM HMX Ha Karol, a C JAPYrod CTOPOHBI — TMOBEPXHOCTHIO MHIICHHU, HUX
OTTAJIKUBAIOIIEH. DIEKTPOH LUPKYIUPYET B 3TOM JIOBYIIKE /10 TE€X MOp, MOKA HE MPOU30UJIET
HECKOJIbKO HOHU3UPYIOIIUX CTOJIKHOBEHUHN C aTOMaMH pabodero ras3a, B pe3yiabTare KOTOPhIX OH
MOTEPsIeT TOMYyYEHHYIO OT SJICKTPUUYECKOTO TOJsl dHEpruto. Takum oOpazom, Oonbilas 4acTh
DHEPrUM JJIEKTPOHA, MPEXKIE YEM OH MOMAJacT Ha aHOJ, HCIOJIb3YETCS Ha HOHU3ALUI0 U



BO30YKJICHHE, YTO 3HAYUTEIBHO yBeNIWYnMBaeT 3(G(EKTUBHOCTh MpoIlecca HOHU3AIMU U
IPUBOJIUT K BO3PACTaHHIO KOHILIEHTPALMM IOJIOKUTEIbHBIX MOHOB y MOBEPXHOCTH MUILIEHU U
POCTY CKOPOCTHU OCaXACHUSI TIOKPBITHUS.

HonHoe ocax[eHHe MOKPHITHH. DTOT CIOCO0 Hamiesll NMPUMEHEHHE B PEHOBAIIMOHHOM
IIPOU3BOJCTBE Ul IOJYYEHUs HM3HOCOCTOMKMX M KOPPO3MOHHOCTOMKMX IIOKPBITMM Kak W3
YHCTBIX METAJJIOB, TaK U U3 coequHeHuil. K MeTogaM MOHHOro OCa)IeHUs MOKPBITHI OTHOCST
METO/bl, B KOTOPBIX OCa)KAaeMas IUICHKa IOABEPIraeTcsi MHTEHCUBHOMY BO3EHCTBUIO HOHHOIO
KOMIIOHEHTa KOPIIYCKYJISIPHOTO IOTOKa, OOECHEeYMBAIOIIEr0 HW3MEHEHHs] KaK B CTPYKType U
CBOMCTBax JleTajly, TaK U CaMOro MOKPbITHUA. Takoil pe3yapTaT BO3MOXKEH JMOO IPU BBICOKOH
CTENEHM HWOHM3ALMM KOPIYCKYJSIPHOTO IOTOKa (ra3oo0pa3sHOro WIM METaUIMYECKOrO)
0CaXXJ1Ia€MOT'0 BEIIECTBa, JHOO MPH BBHICOKOW SHEPIHMH MOHHOTO KOMIIOHEHTA KOPIYCKYJISPHOTO
nortoka. [lo Tumy HMCTOYHMKA reHEpaluyd METaIMYECKOr0 KOMIIOHEHTA IOTOKAa pPa3jInyaroT
MOHHO-TEPMUYECKUE CUCTEMbI PACIbIJICHHS U XOJIOJHbIE CUCTEMBI. B MepBbIX cuctemMax nepeBos
IEPEHOCUMOr0 MaTepuana M3 TBEpAOro B NApoOOpa3HOE COCTOSHUE OCYILIECTBISAETCS B
pe3yibTare TEPMUUYECKOTO HarpeBa, BO BTOPOM - PACHbUIEHHEM C MOBEPXHOCTU MHTErPAILHO
XOJIOAHOM MHIIICHHU (KaToza).

OTH  MeToAbl NO3BOJSIIOT — MOJMy4aTh HOKPBITUS € BBICOKUMH  CIIy>K€OHBIMU
XapaKTepUCTUKAMU KPUCTAJUIU3ALMHU IIJIEHOK U UX CBOMCTBaMH.

Honno-mudy3noHHOe HaChIEHHe. DTOT METOJ] HanboJiee MIMPOKO MPUMEHSETCS TPU
a30TUPOBAaHUU CTaled M MeTauioB. llpeumyiiecTBa mepen MeyaMud OOBIYHOIO Ta30BOIO
A30TUPOBAHUSl COCTOMT B COKpAalleHMM JUIMTEIbHOCTH LUKIAa B 3...5 pa3; yMEHbIICHUU
negopMaluy  BOCCTaHABIMBaeMbIX Jetaned B 3...5 pa3; B BO3MOXHOCTH IPOBEICHUS
PETYJINPYEMBIX IPOLIECCOB A30TUPOBAaHUS C IOJIYYEHHEM CJIOEB C 3aJaHHBIM COCTaBOM U
CTPYKTYpO#; B BO3MOXXHOCTH YMEHBLICHHsS TEMIIEpaTypbl IIpOLEcCa a30TUPOBAHUSA IO
350...400°C, uro mo3BoNseT M3GEKATH pa3yIpoYHEHHs] MaTepHalibl CEpALEBUHBI U3JCINM; B
YMEHBIIEHUH XPYHNKOCTH CJIOS M TOBBIIIEHUH €ro CIY)KEOHBIX XapaKTEepUCTHK; B MPOCTOTE
3alllMThl OTJENBHBIX YYacTKOB J€Tajledl OT a30TUPOBaHUS; B YCTPAHEHHH OMAcCHOCTH B3pbIBa
[€4H; B CHIDKEHUU YNIEJIbHBIX PACXO0JI0B AIEKTpUUecKol sHepruu B 1,5...2 pa3a u pabouero rasa
B 30...50 pa3; B yJy4IlIeHUHU YCIOBUHM TPYJa TEPMHCTOB.

Cucrema HMOHHOTO HACBIIIEHUS MPEJACTaBIsieT €000 BakyyMHyIO Kamepy, B
IIEKTPUYECKOM IIIAHE PEATU3YIOIYIO ABYXUIEKTPOAHYIO CXEMY: KaTOA-3JIEKTPOJ C AETaIsIMU;
BTOpPOH 3JEeKTpoJ (AaHOJ) - 3a3eMJICHHBIM KOpHyC BakyyMHOH Kamepbl. Jlns mpoBeaeHus
Ipolecca MOHOTO HAaChILIEHWS B BaKyyMHYIO KaMepy II0JaeTcsl JIETUPYIOLMI MaTepual
(37€eMeHT WM XMMHYECKOE COEIMHEHHE) B Ta3000pa3HOM (IapooOpa3HOM) COCTOSIHHH, a K
JIleTalsIM MpHUKIaabBaeTcsa oTpunarenbHbii noreHnuan - 300....1000B. IlosepxHOCTh M3aenust
OoMOapaupyeTcsi TMOJOXKHUTENbHBIMH HOHAMH JIETHPYIOIIErO JJIEMEHTa M3 Ta30pa3psaHoi
IUTa3Mbl, YTO TIO3BOJIIET 3HAUUTENBHO COKPATUTh JJIUTENBHOCTh MpOIecca HaCBIIICHUS
noBepxHocTu. K HemocrarkaM MeTosa MOXKHO OTHECTH HEBO3MOXKHOCTh YCKOPEHHs Ipoliecca
IIyTEM YBEJIWYEHUS INIOTHOCTH HOHHOTO ITOTOKA.

4.5 TexHonormueckoe olecrnevyeHHe IKCIUIyaTALMOHHBIX CBOWMCTB IOBEPXHOCTH
JAeTAJTH NPU HAHECEHUHU NMOKPBITHH

Ilokpvimue — WUCKYCCTBEHHO C(OPMHUPOBAHHBIM Ha IIOBEPXHOCTH U3JEIUS WIH
KOHCTPYKLIUHU CJIOW, OTJIMYAIOLINICA OT MaTepuana OCHOBBI [0 COCTaBY U (PU3MKO-XMMHUYECKUM
CBOMCTBaM.



3alUTHBIE TOKPBITHS JENATCA Ha IOKPBITUSA IIOCTOSIHHOTO JCUCTBHS, BPEMEHHOIO
NEHCTBUSL M TMEPUOAMYECKOTo JeiicTBus (Hampumep, Bocku). Hambombinee pacmnpocTpaHeHHe
[OJIyYMJIM METO/IBl ~ HAHECEHUS  IOKPBITUH  IOCTOSHHOIO  JIEHCTBUS U CIIELUAIbHON
AIIEKTPOXUMUYECKON U XUMUYECKOH 00pabOTKH MOBEPXHOCTEH METAILIOB.

[To MeToy HaHECEHUS 3aIIUTHBIC TOKPBITUS ACTAT Ha (PU3HUYECKHE, HIEKTPOXUMUIECKHE
u xumuueckue. K ¢QusnueckuM OTHOCAT HOKPBITUSA, MOJyYEHHbIE METOJaMHU KOHJCHCALUH,
IUIakupoBaHus, AuBdy3ur, MeXaHMYECKHMMM, KaTOJHOIO  paclbUICHHs, MeTaIM3aluH,
BXKHMraHMs, ropsuedl oOpaboTku. B mpou3BoAcTBE METANIOKOHCTPYKIMM MX HCIOJIB3YIOT
OTFPaHMYEHHO (32 HCKIIOYEHMEM METOAOB IUIAKMUPOBAaHUSA M MexaHuueckoro). Hampumep,
HAHECEHHME IOJUMEPHBIX MOKPBITUNA OCYLIECTBIISIOT HAIbUIEHUEM IIOPOIIKOB B BaKyyMe IpHU
HarpeBe JeTajeil B TIEKOIIEM pas3psiie, WIM B D3JIEKTPUYECKOM II0JI€ C MEXaHUYECKUM
NepeMelIMBaHNEeM MOPOIIKA, WM TOJIMMEpH3anuedl TeTpadTopITHIeHa TMOJA JeHCTBHEM
yIbTPaduOIETOBOTO OOIyUEHUS B IPUCYTCTBUH 3aKHCH a30Ta. K 3JIEKTpOXUMHYECKUM OTHOCST
HOKPBITUSL DJIEKTPOJUTHUYECKUE Ha KaToje, aHOIHOIO0 OKCHIMpPOBaHMs (aHoxupoBaHus). OHH
NOJyYWIM LIMPOKOE pPAaclpOCTpaHEHHWE, XOTS MMEIOT CYIIECTBEHHbBIE HEINOCTAaTKU M3-3a
HECOBEPIIEHCTBA MCII0JIb3YEMBIX pacTBOpPOB. Camblii KpYIHBIN HEJ0CTaTOK
KaTOJHOI'O BOCCTAHOBJICHUsI — HEPAaBHOMEPHOCTD ITOKPBITHS 110 IOBEPXHOCTU JETANEH CI0XKHOU
KOHpurypanuu. XWMHYECKHE METOJbl HAHECCHHs TIOKPBITHHA JIMIIEHBI 3TOTO HEJOCTAaTKa,
OJIHAKO IO ITPOU3BOJUTENBHOCTH YCTYNAIOT 3JIEKTPOXUMUYECKUM.

[lo xapakTepy pacmojOXEeHUS Ha IOBEPXHOCTU IIOKPBITHS MOAPA3JEIAIOTCS Ha
HacJIOCHHBIC U TU(Gy3HOHHBIE (MM BHEAPEHHEIE).

Hacnoennoe noxkpvimue — TOKpbITHE, CHOPMHPOBAHHOE HA BHEIIHEH MOBEPXHOCTH
W3JIENNS] UM KOHCTPYKIIMH, UMEIOLIEE YETKYIO TPaHUIly pa3/ieia ¢ OCHOBHOM.

Hugppyzuonnoe nokpvimue — TOKpHITHE, CHOPMUPOBAHHOE 3a CYET BHEAPEHHS B
MaTepHall OCHOBBI 0€3 CYIIECTBEHHOI'O M3MEHEHHUSI HAYaJIbHBIX Pa3MEpOB U3AEIHSL.

Bo3MOXHBI  MOKPBITHS, HMMEIOIIUME NPOMEXKYTOUHBIA  Xapaktep (aud@dy3uoHHO-
HACJIOCHHBIE).

CymecTByronyie MeTO/bl HAHECEHUs MOKPBITUI JEeJATCS Ha CIENYIOIIHEe OCHOBHBIE
IPYNObl: XHMHUYECKOE OCaXJEHHUE, JIIEKTPOXMMUYECKOE OCaXJIEHHE, TIa30TepMUYECKOe
HaIbUICHHE, BAKYYMHOE HaIlbUIeHUE, (P Py3HOHHOE HACHIIICHUE.

Xumuueckoe ocadxcoenue — TIOTy4YE€HUE TOKPBITUH M3 BOJAHBIX PACTBOPOB COJIEH,
OCHOBAaHHO€ Ha PEAKIMSIX BOCCTAHOBJICHMS.

Dnexmpoxumuueckoe ocadxcoeHue — TOTyYeHUE TOKPBITUH Ha MeTaljlaX U3 pacTBOPOB
WIM PacIIaBOB JIEKTPOJIUTOB MO JEHCTBUEM IEKTPUUECKOTO TOKA.

l'azomepmuueckoe manviienue — TONYYEHHE TOKPBITUS M3 YacTULl JUCHEPCHOTO
MaTepuaia, HarpeThIX U YCKOPEHHBIX C TIOMOIIIbIO BBICOKOTEMIIEPATYPHOU Tra30BOM CTPYH.

Baxkyymnoe Hanvinenue —  TIONly4€HUE TOKPBITUS M3 MaporazoBod  (asel ¢
HCIIOJIb30BaHNEM KOHTPOJIMPYEMBIX MPOIECCOB HCIAPEHUs, CHHTE3a, KOHACHCAIUU U COpOIUU
BELIECTBA ITOKPBITUS B BUJE OTACIBHBIX aTOMOB U MOJIEKYJI B BaKyyMe.

Hugpgy3zuonnoe nacvliyenue — mosyueHre MOKPBITUS MyTEM JIETUPOBAHUS METAJUIAMU U
HEMETAJUIAaMM TIOBEPXHOCTHOIO CJIOS OCHOBHOTO MaTepuaja IpU HarpeBaHUU B CpEIE,
coJiepxaiieil 0opa3yronue noKpbITHE HIEMEHTHI.

Cpenn METONOB HAaHECEHUS 3AINUTHBIX IOKPBITHH, OCHOBAHHBIX HAa BO3JEHCTBUU Ha
IOBEPXHOCTh JE€TalIM MOTOKOB YaCTHI] U KBAaHTOB C BBICOKOW 3Hepruer, OO0JbIIOe BHHUMAHUE
IIPUBJICKAIOT BAaKyyMHBIC HOHHO-TUIA3MEHHBIE METOZABI. XapaKTEpPHOM HMX YEpPTOM SBISAETCS
npsMoe MpeoOpa3oBaHNe SKIEKTUYECKON SHEPIUH B SHEPTUI0 TEXHOJIOIMYECKOIO BO3JEHCTBHS,



OCHOBaHHOM Ha CTPYKTYpPHO-(a30BbIX TPEBPAIICHUSIX B OCAKICHHOM Ha IOBEPXHOCTU
KOH/JIEHCATE WJIM B CAMOM IOBEPXHOCTHOM CJIO€ JIETaIi, IOMEIIEHHON B BAKYYMHYIO KaMepy.

OCHOBHBIM JIOCTOMHCTBOM JIAHHBIX METOJIOB SIBJISIETCS BO3MOKHOCTH CO3J]aHUsI BECbMa
BBICOKOTO YpPOBHSI (DM3MKO-MEXaHMYECKHX CBOWCTB MATEPHAJIOB B TOHKHX IOBEPXHOCTHBIX
CJIO0SIX, HAHECEHUE IUIOTHBIX MOKPBITHM M3 TYrOIUIABKUX XMMUYECKHX COCIMHEHHM, a TakKke
aJIMa30M0A00HBIX, KOTOPbIE HEBO3MOKHO MOIYYUTh TPATUIIMOHHBIMA METOIaMHU.

Kpome TOro, 3Tu MeToapl MO3BOJSIOT: 00eCreYrBaTh BBICOKYIO AATE3HI0 MOKPBITHS K
MOJIJIOKKE; PABHOMEPHOCTD MOKPBITUS 110 TOJIIIMHE Ha OOJIBLION IJIOLIA/IN; BAPbUPOBATh COCTaB
MOKPBITUSL B IIUPOKOM JHAara3oHe, B MpeesiaX OJHOTO0 TEXHOJOTHYECKOTO IHMKIA; MOJYyYHUTh
HU3KYIO HIEPOXOBATOCTh MOBEPXHOCTH MOKPBITHUS; IKOJIOTUYECKYIO YUCTOTY MTPOU3BOJCTBEHHOTO
nukia. B Hacrosimee BpeMs pa3paboTaHO OOJBIIOE YHCIO OYEHb BBICOKO 3(PPEKTUBHBIX
METOJIOB HAHECEHUS 3alTUTHBIX MMOKPBITUH U MOIU(PUITUPOBAHUS TTIOBEPXHOCTHBIX CIIOCB.

DKCIUTyaTalluOHHBIE XapaKTEPUCTUKH MOKPHITH

N3HOCOCTOMKHME IOKPBITUS

o CTOWKHE B YCIOBUAX aJr€3MOHHOTO U3HOCa (CXBaTbiBaHUE) (MSATKHE U TBEpAbIC
MOIITUITHUKOBBIEC TTOKPBITHS);

o CTOWKHE B yCIOBHUSIX abpa3uBHOro u3Hoca (abpasuBHbIMH yacTtuiamu npu T<540°C;
abpazuBHbIMU 4yactuuamu (mpu 540<T<850 °C; TBepabIMH IOBEPXHOCTSIMU IPU
T<540°C; tBepapiMu oBepxHOCTsIMU TIpH S40<T<850°C; BOJIOKHAMU U HUTSAMH);

o CTOWMKHE B YCJIOBHSIX yCTAJIOCTHOTO M3HOCA MOBEPXHOCTH (MPHU HMUKIMYECKUX HArpy3Kax;
npu ¢ppertuar-kopposuu T<540 °C; npu ¢ppertunr koppozuu 540<T<850 °C);

o CTOMKHE B YCIOBUAX 3p03MOHHOr0 u3Hoca (mpu T<540 °C; npu 540<T<850 °C).

Temnno- 1 )kapoCTOMKNE BEICOKOTEMIIEPATYPHBIE MOKPBITUS

o JUISI 3aIlIUTHI B OKUCISIOIIMX aTMochepax mpu T<950 °C;

o JUISl 3allIUTBI OT arpeCCHUBHBIX T'a30BBIX Cpell (CTOMKHE K KOPPOAUPYIOIIUM razam) Mpu
T<950 °C;

o JUIA 3alMTHI OT 3po3uu nipu T>850 °C;

o IS 3allIUTHI OT BO3JACHCTBUS PacIUIaBoOB (IIMHKA, AIFOMUHUS, YyTYHA U CTAJIA, MEJTH);

o JUIs TETJIOBBIX O0aphepoB.

Koppo3noHHOCTOMKHE MOKPBITHUS

o CTOHKHE K aTMOC(EepHOI KOppO3uH;

o CTOWKHE B BOJIE U BOJHBIX PACTBOPAX.

[TokpeITHs A1 CaMOPETYIUPOBAHUS 3a30POB B COMPSTaeMbIX JI€TaISAX MAaIIMH

o W3HAIUBAEMBIE;

o H3HAIIWBaIOIIUE.

Hampumep, woHHOe nerupoBaHue (MMIUIAHTAIMS) CYIIECTBEHHO CHHUXAET HM3HOC M
TpEHUE, yBEIMYMBACT AHTHUKOPPO3UOHHBIE CBOWCTBAa MeTauia. Kpome Toro, mpu HaHECEHUH
MOKPBHITHA B KPUCTAUIMYECKOW PEIMIETKE WHUIUUPYETCS] CMEIICHHE aTOMOB, MPUBOAIINX K
00pa30oBaHUIO OONBIIOTO KOMUYECTBA Ne(EKTOB KPHUCTAIMYECKOW pereTkd. TonmuHa 3Toro
HACBIIIEHHOTO Je(eKTaMi U BCIEACTBHUE ATOTO YIPOYHEHHOTO CJIOS BO MHOTO pa3 MPEBBINIAET
TIyOMHY TPOHUKHOBEHUSI MOHOB. TONIIMHA MOIU(PUIIMPOBAHHOTO CIIOSI COCTABISET HECKOIBKO
MHUKPOH.

YacTh METOOB HAHECCHHH IOKPBHITHH ObLIa paccMoOTpeHa paHee. PaccMmoTpum ere
HECKOJIbKO Pa3HOBUAHOCTEH, 00ecrneuyuBaroluX MOBBIIIEHHE SKCIIyaTallMOHHBIX CBOMNCTB
MOBEPXHOCTEN JIeTAJIC MaIlIuH.



l'az00unamuueckoe nanecenue noxkpvimuu. TEXHOJIOTHS BKJIIOYAeT B ce0s Harpes
c)KaToro rasza (Bo3ayxa), Iojady €ro B CBEPX3BYKOBOE COILIO U (POPMHUPOBAHHE B 3TOM COILIE
CBEPX3BYKOBOI'O BO3AYLIHOI'O IIOTOKAa, IOAAayy B 3TOT IIOTOK IIOPOIIKOBOIO Marepuala,
YCKOpPEHHUE 3TOr0 MaTepuaja B COIUIE CBEPX3BYKOBBIM ITIOTOKOM BO3/yXa U HallpaBJIEHUE €T0 Ha
MOBEPXHOCTh 00pa0aThIBAEMOT0 PEHOU3ICIHSI.

B xayecTBe NOPOIIKOBBIX MaTEPUAIOB UCIOIB3YIOTCS IMOPOLIKH METAJUIOB, CIUIABOB WJIN
UX MEXaHUYeCKHe cMecu B J100aBKe C KepaMHUYeCKUMHU Mmopoiikamu. Ilpm 3tom mnyrem
U3MEHEHUs PEKUMOB pPabOThl 000PYJOBAHUS MOXKHO JIMOO MPOBOAUTH SPO3UOHHYIO 00pabOTKY
IIOBEPXHOCTU M3/€IHsl, JIMOO HAHOCUTh METAJUIMYECKHE HOKPBITUS TpeOyeMbIX COCTaBOB.
H3MeHeHneM peKUMOB MOXHO TaKyK€ MEHSTh IIOPUCTOCTh U TOJIIIMHY HAbUISIEMOI'O IOKPBITHS.

B nHambonee pacnpocTpaHEHHBIX Ta30TEPMHUECKUX METOJAX HAHECCHHS TOKPBITHHA s
(dbopMHpOBaHUs MOKPHITUH M3 MOTOKA YAaCTHIl HEOOXOAMMO, YTOOBI MAJAIOUINE HA MOJJIOKKY
YaCTHUIBl UMETN BBICOKYIO TeMIIepaTypy (OOBIYHO BBIIIEC TEMIIEPATYpHI TUIABJICHUS MaTepHala).
B nanHOM ciydae ¢ TBepIOM MOJIOKKOW B3aMMOJEHCTBYIOT 4YacTHULBI, HAaXOISALIMECS B
HEpaCIIaBJIEHHOM COCTOSIHMM, HO 00J1aJaroIye OYeHb BHICOKOI CKOPOCThIO. Y CKOPEHHE YaCTHI]
IOKPBITUS O HYXKHBIX CKOPOCTEH OCYIIECTBISAETCS CBEPX3BYKOBBIM BO3AYLIHBIM IIOTOKOM C
IIOMOLIbIO  CIIELMAIbHBIX YCTAHOBOK. 3aKpEIUICHHE TBEPABIX METANIMYECKUX YaCTHL,
oOnanaromux OOJBIION KUHETHYECKOH 3HEpruel, Ha MOBEPXHOCTh IOJOXKKHU IMPOUCXOIUT B
IIPOLIECCE BBICOKOCKOPOCTHOI'O yaapa.

Hanecenue nonumepuvix noKpvtmuii

[InactMacchl HaHOCAT Ha IMOBEPXHOCTU J€Talel JUIsl BOCCTAHOBJIEHHS MX Pa3MEpOB,
NOBBILICHUS] W3HOCOCTOMKOCTM M YIydYllleHHs repMmernsaumu. I[Ipm sTOoM mokpeiTHE U3
IJIACTMACCHl CHUKAET IIyM OT TPEHUS U MOBBIIIAET KOPPO3UOHHYIO CTOMKOCTh M3aenus. ToHkui
CJIOM IJIACTMACChl MPAaKTHUYECKHU HE YXYALIAeT IIPOYHOCTHBIX MOKAa3aTelel MeTaula U IPUIAeT
BOCCTaHaBJIMBAEMOH JIeTalM MOAATIMBOCTb, T.€. CIOCOOHOCTh NPUHUMATH (POPMY CONPSKEHHOH
JE€Tald, 4YTO NPUBOJUT K PE3KOMY YBEIMUYEHHUIO IJIOWIAAM KOHTakTa. [[macTtmaccsl HaHOCAT
JUTHEM TIOJ JaBJICHUEM, TOPSYMM I[IPECCOBAHMEM, BHUXPEBBIM, TIa30IJIaMEHHBIM U
EHTPOOEIKHBIM CIIOCOOaMHU.

Axpunosvie naacmmaccel. 1lpu BOCCTaHOBIEHMM PEHOM3AETUN IIMPOKO MPUMEHSIOT
AKpUJIOBBIE IJIACTMACCHI, COZIEp KAlllie B KaUECTBE CBS3YIOIIMX MAaTepUaAOB aKPUJIOBBIE CMOJIbI
— MPOAYKTHI MOJIMMEPU3ALUN METWIMETAKPUIIATa U COINOJIMMEPU3alMU METHIMETaKpHIaTa co
ctuposoM. K Hum otHOCcAT: aktunatr ATC-1, Oyrakpui, 3MOKCHIHO-aKPUJIOBbIE MJIACTMACCHI
CXD-2 u CXD-3. DTU TepMOIUIACTHYECKUE OBICTPOTBEPICIONINE IJIACTMACCHl XOJOIHOTO
OTBEPXKACHUS MOIY4arOT CMEIIMBAHWEM IMOpOIIKa M JKUAKOCTH. M3roroBneHHas Macca,
UMeIolIasi KOHCUCTEHIIMIO CMETaHbl, 3aTBEp/IeBaeT 0e3 MOoJorpeBa W JaBiieHUs. 3aTBep/eBIIast
IlacTMacca HW3HOCOCTOMKa, Xopomo padoTaeT B Mape C YYryHOM, CTajblo, OpOH30MH,
KOd(DPUITMEHT TPEHHS TIPU OTCYTCTBUU cMa3ouHoro matepuana 0,20—0,18, a npu BBeACHUHU B
KOMIIO3UIMIO TpeOyeMoro KOJM4ecTBa aHTHU(PPUKIMOHHBIX /100aBOK ymeHbmaercs no 0,143.
[TnacTmaccel ¢ TakuMH 100aBKaMU MOTYT paboTaTh 0e3 cMa3Ku. Bs3kocTh miacTMace H3MEHSIOT
B 3aBHUCHMOCTM OT MX HasHauyeHusa. Jlng 53Toro B pacTBOp IIJIACTMAcChl BBOJSAT
MOPOLIKOOOpa3Hble, BOJOKHUCTBIE W  CIIOMCThIE HAMOJHUTENM M3 METAUIMYECKUX U
HEMETANIMYECKUX MaTepuaioB. 3aTBepieBINas IjlacTMacca CTOWKa K IIejaodyaMm JIro0oi
KOHIIGHTpaluy, O€H3UHy, CKUINHMJAapy, IPECHOM M MOPCKOW BOAE, MHHEPAIbHBIM U
pactutenbHbIM MaciaaM. Cloi MIacTMacchl MOKHO yAanuTh HarpeBanueM g0 150...200 °C u
JATbHEHIITNM BEDKUTaHUEM UM 00pabOTKOM pe3aHueM.



Takue mmacTMacchl MCHOJIB3YIOT MPU BOCCTAHOBJIICHUM HW3HOIICHHBIX PEHOU3JAETHI B
KauyecTBE KOMIIEHCATOpa U3HOCA JUIsl BOCCTAHOBJIEHUS HApYIIEHHBIX Pa3MEPHBIX L€ CTaHKOB
u MamnH. C NOMOLIBIO IUIACTMACC BOCCTAHABIMBAIOT: KPYIOBBIE HAIpPABISAIOIINE CTAHUH
KapyCelIbHBIX CTAHKOB, HAMPABJSIONINE KAPETOK TOKAPHBIX, (PE3EPHBIX, PACTOYHBIX,
3y0o(dpe3epHbIX U JAPYrMX CTAHKOB, PETyJUPOBOYHBIE KIWHBS W TIPWKUMHBIC IUIAHKA
MEXaHM3MOB BCEX BHJIOB 0O0OPYIOBaHMS, B TOM YHCJIE MEXaHHYECKHX MpeccoB. MX Takxke
UCIONB3YIOT JUIsi PEMOHTa MOJIIMITHUKOB INMUHJENIEH PEBOJBBEPHBIX TOJIOBOK TOKAapHO-
PEBOJIbBEPHBIX CTAHKOB; OTBEPCTHIl MO/ MUHOJIb 3a7Hel 0aOKH; pe3bObl ra€K XOJIOBBIX BUHTOB,
BTYJIOK, TMOCAJOYHBIX MECT 3y0YaThIX KOJEC M IIKHUBOB; JETalei TUAPOHACOCOB; KYJIMCHBIX
MEXaHU3MOB U APYT'HX JETAJICH METAIIOPEKYIIETO 000PYAOBAHHMS.

Jlnisi TIOBBILICHUSI SKCILTYyaTallUOHHBIX CBOMCTB (YMEHbIICHHS KOd(pHIMEHTa TPEeHHUS U
YBEJIUYCHUS M3HOCOCTOMKOCTH) B IutactMaccy BBOIAT (1o 10 %, maccoBast 10i1s1) MOPOIIOK
rpadura. OgHAKO MIPH 3TOM YXYIIIAOTCS are3MOHHBIC CBOWCTBA PACTBOPA IJIaCTMACCHl. UTOOBI
MCIOJIb30BaTh XOPOIIKE aJre3MOHHBIC KaueCTBAa HEHAMOJIHEHHOW IIaCTMAcChl U MOBBIIICHHbBIE
9KCILTyaTAallMOHHBIE CBOWCTBAa pPAacTBOpa, COJAEPHKAIIETO AHTH(PPUKIIMOHHBIE HAIOJIHUTEINH,
HAPABISAIONIME KPYIMHBIX METAIOPEXKYIIUX CTAHKOB (CO CJIOEM IIaCTMAacChl TOJIIIHUHOM Oolee
2 MM) pEMOHTHPYIOT [BYXCTYNEHYaThIM METOJAOM. BoccraHaBnuBaemas MOBEPXHOCTh
MOKpBIBaeTCsl cjoeM pactBopa miactmace CXD-2u CXD-3 (momoxka) 0e3 HANOIHHUTEIS,
obJagaroieil MaKCUMaJIbHOM a/Ire3UeH.

[Tmactmacca o0nagaer XOpOIIMMH aHTH(QPUKIMOHHBIMHA CBOWCTBAMH, JJIACTHYHA U
BJIArOHENPOHHIIaEMa, HE pacTBOpsieTcs B OeH3MHe, kepocuHe u Maciax. Koagdumment tpenus B
nape co craipio 0e3 cmazouHoro marepuana 0,02. [Inmactmacca obmamaer BBHICOKOW aaresmeit K
METaJuly, YTO TO3BOJSET YCHEIIHO NPUMEHATh AHNOKCUTUOKOIOBBIE KOMIIO3MIIMM ISt
BOCCTAaHOBJIEHUS TTOJIIUITHUKOB CKOJIBKCHHUS.

Hanecenue zanveanuueckux nokpotimui

HaubGonee pacnpocTpaHeHbl CIEAYIOIME CHOCOObl HAHECeHMsI TrajlbBaHUYECKHX
MOKPBITUI: 3JIEKTPOIUTUYECKOE XPOMUPOBAHUE, SJEKTPOIUTHUECKOE JKEIE3HEHUE, XUMUUECKOe
HUKCIIMPOBAHUC, DJICKTPOKOHTAKTHOC IMHKOBAHUC.

Onekmporumuueckoe xpomuposanue. XpoOMUPOBAHHUE MOAPA3AEISAIOT HA: KOPPO3UOHHO-
CTOMKO€, H3HOCOYCTOMYUBOE, TOPUCTOE AEKOPATUBHOE.

[ToKpBITHS TEKTPOIUTUYECKUM XPOMOM MOIYYAIOT MPU OCAKIECHUU XPOMA U3 BOJHBIX
pacTBOpPOB B pE3ylbTaTe MPOXOXKIEHUS YEpe3 pacTBOp HIIEKTpUUecKoro Toka. KauecTBo
XPOMOBOI'O TOKPBITUSI B OCHOBHOM 3aBHUCUT OT COCTaBa DJIEKTPOJIMTA, IUIOTHOCTH TOKa,
TEMIIEpaTypbl JJIEKTPOJUTA W HWHTEHCUBHOCTH €ro INEepeMelldBaHusi B BaHHE. M3MmeHss
YKa3aHHbIE 3JIEMEHTHl TEXHOJIOIMUYECKOT0 MPOIEcca U BPEMS OCaXACHHUS, MOJIy4aloT MOKPBITUS
pa3H0171 TOJIIIUHEI C Pa3InYHbIMU @HSHKO-MGX&HI/ILIGCKI/IMI/I CBOMCTBAMH H PaBHOMCPHOCTEBIO.
OCHOBHBIMH COCTAaBJIAOIIUMU SJICKTPOJIUTOB SABJIAIOTCA XpOMOBBIﬁ AHTUAPUA U CEPHAA KHUCJIOTA.

O6pa60T1<y PE3aHUEM MOKHO BBIIIOJHATE MEPE aHOAHBIM TPABJICHUEM HJIU ITOCJIC HETO.
Ha numdoBanHO# MOBEPXHOCTH MONIyYatoT 0oJiee paBHOMEPHYIO CETKY M OJIMHAKOBYIO ITUPUHY
KaHaJoB. BeIOOp THIa XpOMOBOTO MOKPBITHS 3aBUCUT OT YCIOBH dKCIUTyaTaruu geraneil. Taxk,
HaIpUMep, MOKPBITHE C MOPHUCTOCTHIO B BHJE YaCTOW CETKU IIENeCOOOpa3HO MPUMEHSTHh s
MOPITHEBBIX KOJEN MUIUHAPOB. Takas MOPUCTOCTh Jy4YIlle CIIOCOOCTBYET MPUTHUPKE KOJEIl K
MOBEPXHOCTU HUIMHAPOB. OJTHAKO MOBEPXHOCTh HIJIMHAPOB Jydllle paboTaeT Ipyu NpUMEHEHUN
XPOMHUPOBAHHBIX MOPIIHEBBIX KOJEI C PEIKOM CeTKOM KaHaiuoB. [Ipu snekTpoocaxaeHuun
NepPUOANYECKOE HW3MEHEHHE HaIlpaBJICHHWS IOCTOSHHOIO TOKa CYIIECTBEHHO HM3MEHSET
HEKOTOphIC CBOMCTBa MOKpbITUH. OJHA W3 XapaKTEPHBIX OCOOCHHOCTEH XPOMHUPOBAHHS C



MPUMEHEHUEM PEBEPCUPOBAHUS TOKA — BO3MOYKHOCTH MOJYYEHHS] MOKPBITUA TodmuHou 300
MKM 1 00Jiee ¢ MAJIBIMU BHYTPEHHUMH HAMIPSKCHUSIMH.

XpoMupoBaHUE MPOBOIAT MPHU CIACAYIOIIEM peXUMe: TeMIlepaTypa 3JIEKTPOJIUTa
50...60°C, xaroxgHas mioTHOCTH Toka 60...120 A/I[Mz, JUTUTEJIbHOCTh KaToAgHoro nepuoaa 1...5
MHUH, JUIATEIBHOCTh aHOAHOrO rmepuoaa 5S5...25 c. Ilpm mnepuoguvyecKkux H3MEHEHHUAX
HaIpaBJe€HUsS TOKAa TMPUMEHSETCS JJICKTpOiuT, coaepxkamuii 200...250 1/m XpoMoBOro
anruapuna CrOz u 2...2,5 /1 cepHoit kucaotsl NayS0,4, Wi cCaMOPETYTUPYIOIUNUCS dJIEKTPOIIHT.
PeBepcupoBanue mo3BOJISIET YCKOPUTH MPOLIECC OcaKaeHus Xpoma B 1,5...2 pasa no cpaBHEHHIO
Cc O00byHBIMU pexxuMmamu. KauecTBeHHbIE U KOJIMYECTBEHHbIE M3MEHEHHs B Ipoliecce
XPOMHUPOBAHUS BO3MOXKHBI M3-32 MPUMEHEHHSI TOKA BBICOKON IMJIOTHOCTH, MPU KOTOPOM BBIXO]I
xpoma Bo3pactaer. C yBelIMYEHHEM CKOPOCTH MpoTeKaHus anekrpoiura oT 0 mo 200 cm/c
MHUKPOTBEPAOCTh OCaxkJaeHHOro Meramuia nosbimaercss ot 7000 no 10 000 MlIla npu Benenuu
mpoliecca ¢ MIOTHOCThIO TOKa 45 A/nv? 1 TeMriepatype aekrpoiuta 45 °C.

MHorocnoiiHple  IEKTPOJIUTHUYECKUE  MOKPBITHS  MONYYal0T,  MOCIEA0BaTEIbHO
HapaluBas Ha JIETAIH pa3Hble METALUTMYECKHE MOKPBITHS B pa3luyHOM codeTaHuu. K tumy
MHOTOCIIOMHBIX MOKPBITHII MOKET OBITh OTHECEHO M TaK Ha3bIBAEMOE IBYXCIOWHOE XPOMOBOE
nokpbiTue. [locmeanee moONMy4aroT 0P HAHECEHHHM PA3IMYHBIX OCAJKOB Xpoma C
M3MEHSIOMMUMHUCS CBOMCTBaMU. Ecin HEoO0XOAMMO 3alllUTUTh JI€Tajdb OT KOPPO3HH IpHU
OJIHOBPEMEHHOM YBEJIMYEHUU €€ H3HOCOCTOMKOCTH, HAHOCST JBa CJOSI XpoMa: HIDKHHH —
OeCrOpUCTHI MOJIOYHBIM M BEpXHUU — Onectamuid. CIOH MOJIOYHOTO Xpoma TOJIIUHON 15
MKM OCa)kmaoT mpu Temmeparype 70 °C u mrotHoctH Toka 30 A/mm®. Temmeparypa
snektposnura 50°C, mnotHoCTh TOKa 50 A/, XpOMHUPOBAHUE NIPOU3BOJAT B JIBYX BaHHAaxX C
AIIEKTPOJIUTAMU OJUHAKOBOro coctaBa (250 r/m XpoMOBOTO aHruapujga U 2,5 T/1 cepHOi
KHUCIIOTBHI).

[Ipu wu3roroBneHuu naerasell ¢ XPOMOBBIM TOKPBITUEM M M3HOCE MOBEPXHOCTEMN
TPYIIUXCS JeTaleil BO3SMOXKHBI MOBPEKICHHS 3aIIUTHOTO CIIOSL.

Onekmponumuueckoe  ocenesnenue. Ilpu  xenesHeHMM, Kak U TpU  JIPYrux
AIIEKTPOJINTUYECKUX MPOIECCAX, COCTaB U CBOICTBA OCAKJEHHOTO0 METaJljia 3aBUCAT OT COCTaBa
AJNIEKTPOJIUTA U PEKUMOB HapamuBaHus. [Ipoliecc MOKPHITHS SIEKTPOIUTHUYECKUM IKEIE30M
OCYIIECTBIISIIOT C HCIOJb30BAaHUEM DPACTBOPUMBIX (CTaJbHBIX) M HEPACTBOPUMBIX (YTOJIbHBIX)
AIIEKTPOOB. DJEKTPOIUT IS JKEJIEe3HEHHs] HEOOXOAMMO BBIOMPATH C yYETOM BO3MOXKHOCTHU
mo100pa COOTBETCTBYIOIIMX MaTepUAIOB JUIsl H3TOTOBIIEHUS BaHH. [lepen momelieHueM B BaHHY
JeTanei, oABEePraloluXcsl JKEeJIE3HEHUIO B TOPSYHUX DIIEKTPOIMTAX, HEOOXOAUMO MPOU3BOAHTH
KPaTKOBPEMEHHBIM UX MPOrpeB (10 TEeMIeparypbl 3JIEKTPOIM3a) B TeueHue 3....5 MUH J0
BKJTFOUCHHS TOKaA.

Xumuueckoe  Huxenuposanue. XUMHUYECKOE€ HUKEIHMPOBAHWE HCHOJB3YIOT MpHU
HapalMBaHUW PAaBHOMEPHBIX 1O TOJIIWHE TMOKPHITHH Ha NETajsX W3 CTaJId, MEIH, JIATyHH,
HUKeNsT U amtoMuHus. [lomydeHne MOKpHITUH TPU XUMHUYECKOM HUKEIWPOBAaHWU OCHOBAHO Ha
BOCCTaHOBJICHHH TUIIO(GOCHUTOM HOHOB HUKENS U3 BOJHBIX PACTBOPOB COJIEH 3TOro meramia. B
pe3ynbTaTe peakHh Ha I[MOBEPXHOCTH HapallMBaeMbIX JeTaliell oOcaXXIaeTcs IMOKPBITHE,
cocrosimiee 3 Hukens u ¢pocdopa. Cogepxannie pocdopa B HUKEIEBBIX MOKPHITUIX 3aBHCUT OT
peKHMMa TEXHOJIOTUYECKOTO Tpoliecca U Konebuercs ot 5 1o 13 %, mpu 5TOM B MOBEPXHOCTHOM
cioe mukpotBepaocTh 3500...5000 MIla, koTopas pacTeT ¢ yBeau4deHHEM coaepxanus Gocdopa
B ocanke. Tepmuueckas oOpaboTka yaydllaeT TakKe HMPOYHOCTh CIEIUICHUS MOBEPXHOCTH
HapalMBaeMoOM JeTajau ¢ MOKPBITHEM, KOTOpas Mocjae ocaxAeHus paBHa npumepHo 35 Mlla, a
nocie Harpesa 10 200...250 °C B teuenue 40...60 mun 280 MIIa.



HapamuBanue XuMU4eCKOro HUKEINS OCYIIECTBISIETCS Kak B IIEIOYHBIX, TAK U B KUCIBIX
pactBopax. lllemouHble pacTBOpPHI XapaKTEPU3YIOTCS JIYUIIMMH TEXHHUKO-3KOHOMHYECKHUMHU
[IOKA3aTeJSIMU 110 CPABHEHUIO C KUCIBIMU. CKOPOCTh HapallMBaHUs MOKPBITHS IPH XUMUYECKOM
HUKEJIMPOBAHUHM B 3TUX PACTBOPAX MOXKET OBITh MOCTOSHHOW M IMOJAJEPKUBATHCS HA YpPOBHE
10...12 Mxm/u HuKens, runodocura ¥ pacTBOpa aMMHaKa B COOTBETCTBUU C 3aJaHHOMN
penentypoii. HeoOxoaumo nmoanepxuBath Bennuuny pH B ipeaenax 8,5...8,7.

Onexmpoxonmaxkmuoe yunkosanue (Hatupanue). LluHkoBaHue MPOBOJAT B 3JIEKTPOJIUTE,
coxepxarnieMm, T/i1: cepHokucioro 1muHka 280...300, Oopnoit kucimotel 20...40. Ilpomecc
HAYMHAIOT BECTH MpH IIOTHOCTH Toka 30...50 Alnm®, CkopocTh mepeMelnIeHrs] aHOIHOTO
TaMIIOHAa OTHOCHTEJBHO TMOKpbIBaeMOil moBepxHOCTH 10 ™M/MuH. OOBIYHO HCHOIB3YIOT
pasMepHOE LMHKOBAaHME, T.€. IMOKPBHIThIE IMOBEPXHOCTH HE oOpabaThiBaioT pe3anHueM. [lpu
LIMHKOBAaHUU C IPUMEHEHUEM IIEPUOJMNYECKOr0 TOKAa CBOICTBA MOKPBITMM YJIydIIAIOTCHA, a
npoiiecc UHTeHcuuupyercs B 2...3 pasza

4.6 TexHoJornYeckoe CO3laHMEe 3aKOHOMEPHO HW3MEHSIIOIIErocsi KadecTBa
MOBEPXHOCTHOIO CJI0S IeTaJiei

I'OCT 24773-81 naer cnenyromyto kinaccudukanuo PMP u UPMP (pucyHoxk).

[Tocne o6paborku IIIIJ] wnmm ne3BuitHONH OOpaOOTKM Ha TOBEPXHOCTH MOXKET
00pa30BBIBATHCS  CTOXACTUYECKUH  MHUKpOpenbed, YaCTUUHO-PETYISIPHBIA  MHKpOpenbed
(UPMP), momnocteio perymspHblii Mukpopenbed ([IPMP). Kaxaprii u3 3tix mMukpopenbedon
II0-CBOEMY BIIMSIET Ha OJKCILIyaTAllMOHHBIE CBOWCTBA MOBEPXHOCTEH Aertasied MamuH. [Ipum
ucnonb3oBanuu mero1oB [1I1/] Ha cBolicTBa MUKpopelbeda HAKIIAABIBAIOTCS €1Ie U YIIPOUHEHUE
U (hopMUpPOBaHHME CKUEIOIINUX OCTATOYHBIX HAIMPSDKEHHM B MOBEPXHOCTHOM CIIO€, MPOUCXOAUT
3ajeuynBaHle MHUKpoTpemuH. Hampumep npu BHOpooOKaThIBaHUM (POPMUPYETCS O0YaroBO
YIIPOYHEHHBIM MOBEPXHOCTHBIM CJIOH, COUYETAIOIMI BBICOKYIO H3HOCOCTOMKOCTH (3a cyer
BUOPAIIMOHHOTO yJapHOTO BO3JCHCTBHS) M JIOCTATOYHO BBICOKYIO IJIACTUYHOCTH (3a CUET
COXpaHEHHUsI MJIACTUYECKUX CBOWCTB MaTepuaja MEXAy OYyaraMy yIpO4YHEHHUS).
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ITocne TokapHOW 00paOOTKM Ha TIOBEPXHOCTH JACTAIA O00pa3yeTcs peryaspHBIi
MUKpOpenbed, MPeACTaBISIONINI cOO0H BBICTYIBI M BIIATUHBI, KOTOPHIE KOMUPYIOT TEOMETPHIO
pEeXyIIeH YacTh WHCTPYMEHTA. AHAIIOTUYHBIA MUKpOpenbed MONMYy4aroT MOCIe CTPOTaHHs U
HEKOTOPBIX BHUAOB ¢pe3epoBanus. [locie ¢pesepoBaHuss TOPHOBBEIMU (ppe3aMu TOTyYarOT
YaCTUYHO-PETyIsApHBIA  MuKpopenbed. Takue penbedbl XapaKTepU3yIOTCS  Pa3HOCTHIO
JKCIIJTyaTallMOHHBIX CBOWCTB M0 pAa3JIMYHBIM HampaBieHusM. Hampuwmep,
MOJIy4YE€HHasi CTPOraHMEM HMMEET Pa3IHMYHYI0 HW3HOCOCTOMKOCTH MPH Pa3IMYHOM HaIlpaBJICHUU
B3aMMHOTO [E€pPEMEIIEHUS] KOHTAKTUPYIOUIMX JeTajied, W 3TO HaJ0 YYUTHIBaTh MpU
MIPOCKTUPOBAHUH OIEepaIlii MEXaHUYECKON 00paOOTKH MOBEPXHOCTEH IeTajeH.

MTOBEPXHOCTb,



Meromgamu [IITJ[ mMoxxHO OOecmedyuTh JIFOOOW W3 MPEACTaBICHHBIX B KIacCH(pUKAIIIN
YPMP. IIlaxmaTHOE pacHoIOKEHUE PErYJSPHBIX HEPOBHOCTEH MOMXHO 00ECIEUUTbh UEKAHKOU
(mar HepoBHOCTEH oOecreuymBaeTcs MOJadeld W YacTOTOW BpamieHHs (WX TepeMEeNIeHUs)
neranu. [Ipumensiemoe 060pynoBaHKe - B OCHOBHOM YHHBEPCAIbHOE 000PYAOBaHUE - TOKAPHBIE,
dpe3epHbIe U Jp. CTaHKH), TIEPEeCceKArOIIHiics WK Henepecekarommiics YPMP M0OXHO MOTy4YnTh
HaKaTbIBaHHEM, OOKaThIBAHHWEM, pacKaThIBaHWEM, BHOPOOOKAaTKOW W Ap. (IIar ¥ amIuiuTyaa
HEPOBHOCTEW o0ecmeunBaeTcs MoJavyeil M 4YacTOTOM BpallleHUs (WU IMepeMelleHus) IeTallu.
[Ipumensiemoe 00OpyIOBaHHE - B OCHOBHOM YHHBEpCajJbHOE OOOpYJOBaHHWE - TOKAapHEIE,
bpesepHbie, NUTMGOBATBHBIC U JIP. CTAHKH ).

PaccmoTpu HekoTOphIe U3 pazHOBUAHOCTEH MeTo10B (hopmupoBanust PMP u UPMP.

Bubpayuonnoe naxamvieanue. BuOpallMOHHOE HaKaTbIBAHUE — HAKaTbIBaHWE IIpU
BUOpalli MHCTPYMEHTAa B HAIpPaBJICHWHU, KAacaTeJIbHOM K TOBEPXHOCTH Ae(GopMUpYyeMOro
MaTepuaia.

B ominume ot upeanbHOM, 3aaBaeMOil Ha 4YepTeke, peanbHas MOBEPXHOCTh JeTaneil
HUKOIZla He ObIBaeT aOCONIIOTHO TJIAJKOM, a BCerna MMeeT HIEpOXOBAaTOCTH, OOpasyrollue ee
Mukpopenbed. Xapakrep Mukpopenbeda (pa3mepnl, (opma, B3aUMOPACIOJIOKEHUE
MUKPOHEPOBHOCTEH) OIpeAemnsieTcsi CIocoOOM M YCIOBUAMU OOpabOTKM MOBEPXHOCTH (pHC.
4.30).
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Puc. 4.30. Cxema oO0Opa3oBaHHs CII€OB HMHCTPYMEHTa IpU pa3IMYHBIX MeToAax
00paboTku: a — ToueHue; 6 — nundoBaHue; B — OOKaThIBaHHUE; T — BUOpallMOHHOE OOKAThIBAHUE;
I - BHEITHUI BU BUOPOOOKATaHHOM MOBEPXHOCTH.

[Ipu BUOpanOHHOM OOKAaTHIBAHUU TPACKTOPHUS JBHKEHUS MHCTPYMEHTA MpPE/ICTaBIISIET
coboii cuHycouay (0e3 ydera mepeMelIieHHus B HANpaBICHUU IMOAAYd S), aMIUIUTYya KOTOPOH
paBHa BeJIMYMHE BUOpanuu mapa 2|, a JyiiHa BOJHBI A 3aBHCUT OT COOTHOIICHUS MY YHCIOM

. . i ;
JIBOMHBIX XOJI0B HHCTPYMEHTA Ny 109 M YACTOTOM BPAIIEHUS 3aTOTOBKH N;. OTHOIIEHHE ———2 = j

n3
SBIISIETCS. OCHOBHBIM  TapaMeTpoOM, OMNpPEACTSIONMM  XapakTep B3aUMOPACIIONIOKEHUS
BBIJIABJIMBAEMbIX KAHABOK B HAMPABIICHUH BpaIlleHUs 3aroTOBKH (puc. 4.30,r).

K OCHOBHBIM TpeMMyIIIecTBaM CIIOCO0a BHOPAIIMOHHOTO HAKATHIBAaHUS MOXXHO OTHECTH
BO3MOXXHOCTh CO3JIaHHSI TOHKOPETYJIHPYEeMOr0 MHKpopeiibeda IMOBEPXHOCTH W ITOBBINICHUE
MPOM3BOAUTENBHOCTH 00paboTku. HawmOonbmiee npuMeHeHHe Ccrmocod BUOpPOHAKATHIBAaHUS
MOJTy4rI Juisi 00pabOTKU HAPYKHBIX U BHYTPEHHHUX MUJIUHAPUYCCKUX TTOBEPXHOCTEH NeTaneid —
TEJ BpAIICHHUS.



BonsmuucTBO mporieccoB obpabotrku IIIJ[ oTnuuaeTcss HECTOXXHOW KUHEMATHKOMN
JBUKEHUS] UHCTPYMEHTA U XapaKTEepPU3yeTcsl MPOCTOTOM U 0JHOOOpa3ueM HalpaBiIE€HUH CIEN0B
00paboTku Ha moBepxHOCTH neTanu. B pesynbrare [II1[] m3MeHSIOTCS HE TONBKO pa3Mepbl
3arOTOBKH, LIEPOXOBATOCTh MOBEPXHOCTH ((POpMUPYEMBIF MHKpOpenbed MOBEpXHOCTH), HO H
(bU3MKO-MEXaHUYECKUE CBOWCTBAa TNepudepuitHoro cios MeTauia ¢ OoO0pa3oBaHHEM B HEM
OCTAaTOYHBIX HANpPsDKEHUH (B OCHOBHOM COKMMAOIIKX). OCHOBHBIM Ha3HAYEHUEM IPOILIECCOB
ynpounstomero [IITJ[ sBnaseTcss MmoBblllIeHHE HECYyIIEH CIOCOOHOCTH MOBEPXHOCTHOTO CIOS
ETaJIEN.

Ynpounsarowee naxamolgéanue. YNpoUyHSIONIEe HAaKaThIBAHHE — 3TO HaKaTbIBaHUE, MpPU
KOTOPOM IIPOMCXOJUT IIOBEPXHOCTHOE yNpouHEeHHe. HakaTbiBaHUE 10 BBITYKJIOW WIH INIOCKOU
MIOBEPXHOCTH MaTepHaja Ha3bIBaeTCsl MOBEPXHOCTHBIM OOKaThiBaHWEM. OOKaTKy BBITYKIIBIX MU
IUIOCKUX JeTajeil NpOM3BOAAT pOJIMKAMM WM LIapuKaMu (OJHHMM WM HECKOJBKHMH),
UMEIONTMMH pa3Hbie padoune mpodunu (puc.4.31). OOKaTka OCYMIECTBISICTCS TPOAOTHHBIM
nepeMenieHHeM POJIMKAa WU IIapuKa Mo 00pabaTbiBaeMOl MOBEPXHOCTU C HATPYKEHUEM €ro
OTIpeIeIEHHOM CUJION WJIHM TOJIBKO Harpy:kKeHueM 0e3 mpooJabHOro nepemenieHus. B pesynprate
OOKAaTKM B 3HAYUTENBHON CTENEHU IMOBBIMIAETCS AOJITOBEYHOCTh JAeTalieil, paboTraromux B
YCIOBUSAX HUKINYECKUX HarpyxeHuil. [Ipu oOkaTke B 3aBUCUMOCTH OT €€ PEKHUMa MOXKET OBbITh
CHI)KEHA WJIM MOBBILICHA IIEPOXOBATOCTh NMOBEPXHOCTU WM CHOPMHUPOBAH PETYISPHBIM N
YaCTHYHO-PETYJISIPHBIA MUKPOPEThed.

(
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Puc. 4.31. CxembI nporiecca ynpovHsIFOIMIEro 00KaThIBAHUS

Hapsny ¢ ympounsroniell IIMPOKOE NPUMEHEHHE IOJy4YaeT  yIpPOYHSIOIee-
cruaxuBaronias oOkaTka, 0IpH KOTOPOW CHMIKAeTCsl ULIepOXOBAaTOCTh 00pabaThiBaeMOit
noBepxHocTh 10 Ra=0,040...0,160 MkM, 4TO B psae caydaeB MO3BOJSET U3MEHUTh YHMCTOBOE
HnuTMoBaHue 0OKAaTKON pOTUKAMH.

Bnusinue pesxuma oOkaTku (YCHIIMSL Ha POJIMK, MOAAYHM, CKOPOCTH U YHCIa MPOXOJ0B) Ha
Ka4ecTBO 00pabOTKHU 3aBUCHUT OT CBOMCTB 00pabaThIBa€MbIX MaT€pPHUaIOB U Ha3HAUYEHUS] OOKATKH
(crnakuBaroIas Wiv ympodyHstomas 00padoTka).

Haubonee mupoko ynpodHSIONIYI0 OOKaTKy pOJIMKaMH MPUMEHSIIOT JUIsl YIPOYHEHUs
KPYIHBIX JieTajlell — JOKOMOTHBHBIX M BarOHHBIX OCEH, TOPCHOHHBIX BaJlOB, 3yOUaThIX KOJIEC U
npyrux geraneil. Ocobast 3(pPeKTUBHOCTh YNPOYHEHMSI KpPYHHBIX JieTaneid oObsACHsAeTCS
BO3MOXKHOCTBIO TMOJNy4aTh B Mpolecce OOKAaTKU OOJbIlyi0 TIyOHHY (10 35 MM) M BBICOKYIO
cTerneHb Hakiena. Hampumep, oOkaTka MOJACTYNMMYHOM YacTH OCEeld BaroHOB NpU TIJIyOuHE
Haktena 13...19 MM yBeMUYHMBaET CPOK MX CIYXKOBI B 25 pas.



5.1 CTpyKTypHbIe COCTABJISIIOLIME TEXHOJIOTHYECKOH onepanuu, odecrnevynBaomei
3a/IaHHbIE MOKA3aTeI KauyecTBa

Texnonoeuueckou onepayueli Ha3bIBA€TCSI 4YacTh TEXHOJIOTMUYECKOTO  Ipoliecca,
BBINOJIHSIEMAsi HA OJHOM paboueM MeCTe M OXBATHIBAIOINAS BCE IOCIEIOBATENbHBIC JACUCTBUS
pabouero (Wau rpymmbel paboynx) U CTaHKa MO0 00pabOTKE 3aroTOBKH (OHOM MM HECKOJIbKHX
OJIHOBpPEMEHHO). BrIOOp miaHa H3rOTOBIEHUS JETald, MapHIPYTOB OOpPaOOTKH OTAEIbHBIX
MOBEPXHOCTEH, TAIONIUX MPEACTABICHUE O KOJIMYECTBE MEPEX0J0B U METO/IaX UX BBIMOIHEHHUS, a
Tak)K€ YCTaHOBJICHHE BHJa 00OPYIOBAaHUS M THIIA MPOU3BOJCTBA, B YCIOBUSAX KOTOpPOro Oyner
OCYILECTBIISITHCSI M3TOTOBJICHUE JICTANICH, SIBIISIOTCS MCXOIHOW MPEANOCBUIKON Ui pa3paboTKu
Y ONPENEIICHUSI COJIEPKAHMS OIEpalMil TEXHOJOTMYECKOro Iponecca. Peannsanus 3ToM 4acTu
paboThI TEXHOJIOTa MPEACTABISAET OO0 CIOXKHYI0O U MHOTOBApHAHTHYIO 33a7ady, TPEOYIOIIyIO,
OpeXae  BCEro, BIAJCHUS  TEXHOJIIOTHYECKHUMH  BO3MOXKHOCTSIMH  METAJUIOPEXKYIIEro
000pyIOBaHUS.

Ha ocHoBe aHann3a BBIOpAaHHBIX MapIIpyTOB U METOJIOB OOpabOTKU KaKIOM
MOBEPXHOCTH, PEKOMEHAIMH, MOJIO)KEHHBIX B OCHOBY (OpMHUPOBaHMS IJIaHAa OOpPabOTKHU
3arOTOBKH MPEXKJ€ BCEro HEOOXOAMMO pacUJICHUTh U3TOTOBJICHUE IETAIM Ha CTAIUN 00pabOTKU
U Ha JTOW OCHOBE BBIICIUTH T€ IMEPEXObl W METOAbl MX pealn3anuu (Kak MPaBHIIO, 3TO
YHCTOBBIE M  OTJEJIOYHBIE), KOTOphIE IO CBOEMY TEXHOJOIMYECKOMY Ha3HAYCHHUIO
HEIeJIecCO00pa3HO COBMEIIATH ¢ (OPMOOOPA3YIONTUMHU METOAAMH 00paOOTKH IMOBEPXHOCTEH.

[lenecooOpa3HOCTh pa3zeseHusI TEXHOJIOTHYECKOTO IMpollecca Ha CTaaud oOpabOTKU
o0ycnaBnuBaeTcsi HeOOXOIMMOCTBIO MOYUEHUs IeTalel 3aJaHHON TOYHOCTU M PAllMOHAIBHOTO
UCIIONIb30BaHUsl 000pYNOBaHUs, TaK KakK 5TO CBS3aHO C YHCIOM M COJAEp)KaHHUEM OIeparuit
TEXHOJIOTHYECKOro mporecca. Ha kaxmoil cTaauy BBIMOTHSIOT OIepaiuu, o0ecrednBaroliue
MPUMEPHO OJMHAKOBYIO TOYHOCTH 00paboTku. Takum 00pazoM, Ha MEPBBIX CTAAUIX COBMELIAIOT
OKOHYATENIbHYI0 00pab0TKY HETOUHBIX MOBEPXHOCTEH U MpEABAPUTEIHHYIO 00paOOTKY TOUHBIX
MOBEPXHOCTEH, a OKOHYATEIIbHYI0O 00pabOTKY TOYHBIX MOBEPXHOCTEH (TOHKYIO U OTIEIOYHYIO)
IPOBOAT B KOHIIE TEXHOJIOTHYECKOTO Tporecca. Takoe paslelieHHe IMporecca Mo CTaausMm
MO3BOJISIET  BBIJICJIUTh TEXHOJIOTWYECKHE KOMIUIEKCHI TIOBEPXHOCTEH, KOTOpHIE ClEayeT
00pabaThIBaTh COBMECTHO C MCIIOJIB30BAaHUEM MPUHITUIA €UHCTBA 0a3, T.€. C OJIHON YCTaHOBKH.
B Takue xommiiekchl OOBIYHO BKIIOYAIOT MOBEPXHOCTH, CBSI3aHHBIC NOMMYCKaMH Ha B3aUMHOE
MOJIO’KEHHE (OTHOCUTENbHBIE MOBOPOTHI, COOCHOCTh, KOOPAMHATHBIE pa3Mmepsl). PannoHanbHO
TaKk)Ke CO3/1aBaTh TEXHOJIOTHYECKHUE KOMILJIEKCHI MO AKOHOMHYECKOMY MPUHIUITY, JOOHBAsCh
COKpAIlIEHUSI  OMEpPAaTUBHOTO BPEMEHHM 3a CUET TMOCIEAOBAaTENbHOW U  MapaiedbHOU
KOHIIEHTPAIlUK OTIepALUH.

Ha mepBoM »5Tame HEOOXOAMMO BBISSBUTH TE€ IIOKA3aTENd KadecTBa, KOTOPHIE H
o0ecrieunBarOT TpeOyeMbIii YpOBEHb JKCILTyaTallMOHHBIX CBOMCTB. Kak mpaBmiio, 3Ty paboty
BBITIOJTHSACT KOHCTPYKTOP MPHU MPOCSKTHPOBAHWM W3JICIHS U BBIHOCHT MX Ha YEPTEXK JICTAIH B
BUJE 00O03HAUEHUH (HampuMep, MIEPOXOBATOCTh) WM TEXHUYECKUX TpeOoBaHWi (Hampumep:
"TloBepxHOCTh A mnemMeHTOBaTh Ha riyomHy h0,2..0,3 mwm, kamute mo HRCS52..56". Wnm:
"TloBepxHocTh b monmupoBats"). A paboTa TEXHOJIOra COCTOUT YK€ B TOM, YTOOBI I'PaMOTHO
chopMUpOBaTh CTPYKTYpy omnepanuud (UHUIIHON 00pabOTKH W ee MapaMmeTpbl, a HWMEHHO:
BBIOpaTh 00OpYAOBaHKUE, HHCTPYMEHT (B TOM YHCIIE U €r0 T€OMETPHIO), OCHACTKY, OTIPEICIUTh
pekuM 00pabOTKH, KOTOPBIN C OHOW CTOPOHBI 00ECTIEUnT TpeOyeMble TTOKa3aTeld KauecTBa, a ¢
JIPYrOo CTOPOHBI 00ECTIEUYUT MUHUMAIBLHYIO TPYI0EMKOCTh 00paboTku, BeIOepeT coctaB COTC
u ap. IIpu 370 TexHOJOr AOMKEH 3HAaTh C KAaKUMHU XapaKTEPUCTUKAMH MOBEPXHOCTHOT'O CIIOS



JIOJDKHA JeTajdb HPUXOAUTh Ha (UHMILHYIO ONEpalyio, WHaye B pe3yibTaTe (UHHUIIHON
oIlepani MOKET MOJIyYUTbCS COBCEM HE TOT PE3yJIbTaT, KOTOPBIN MPOrHo3upoBaics. TexHoor
JIOJKEH 3HATh TEXHOJIIOTUYECKUE BO3MOKHOCTH (DMHUIIHBIX METOJIOB 0OpaOOTKH M OTpaHUYCHUS
110 UX IPUMEHEHHUIO.

TpeOyemblii  ypOBeHb  JKCIUTyaTallMOHHBIX  CBOMCTB  IMOBEPXHOCTH  JAETAIU
(dopmupyeTcs, Kak NMpaBuIo, Ha (PUHUIIHBIX 3Tanax oO0paboTku moBepxHocTu Aetanu. OgHaKo,
KaK yXe yKa3blBaJOCh paHee, HEOOXOIUMO Y4eCTh (PAKTOP TEXHOJOIMUYECKOrO HacielOBaHHUS.
[TosTOMY npu MPUMEHEHUH YEPHOBBIX M MOIYYHUCTOBBIX METOJI0B 00pabOTKH, (POPMUPYIOIIUX B
IIOBEPXHOCTHOM CJIO€ MaTepuana JAeTald 3HAYMTEIbHBIE OCTATOYHBIE HANPSDKCHUS WIN
NPUBOJAIINE K CTPYKTYPHBIM U3MEHEHHUSM B HEM, HEOOXOAMMO rnepe pUHUITHON 00paboTKOM
paccMOTpeTh BOMPOC O HEOOXOAMMOCTH MPOBEACHHS TEPMUIECKON 00pabOTKU ISl TOATOTOBKU
MaTepHuaja MOBEPXHOCTHOTO CJIOS K (DOPMHPOBAHUIO TEX MapaMETPOB KadyecTBa, KOTOPHIC
obecrieyar TpeOyeMblli YpPOBEHBb OSKCIUTyaTAIIMOHHBIX XapaKTEPUCTUK MOBEPXHOCTHOTO CIIOS
JEeTalIN.

[IpenBapuTensHOE coOIEp)KaHHE OIEpaluil yCcTaHABIMBAIOT OOBEIMHEHHEM TeX
HEepexo70B Ha JaHHOM cTaguu 00pabOTKU, KOTOPbIE MOI'YT OBITh BBIINOJIHEHBI HA OJIHOM CTaHKE.
Ha sToM 3Tane nmpoeKTHpOBaHUS yCTaHABIMBAIOT THII, pa3Mepbl U MOJAEIH 000PYAOBaHUS s
BBIMIOJTHEHUS] OCHOBHBIX OINEpaluil TEXHOJIOIMYECKOTo Ipolecca B 3aBHCHUMOCTH OT THIIA,
rabapuTHBIX pa3MEpOB JETAIM M 33JaHHOTO MacmTaba Beimycka. [Ipu BeiOOpe oOopymoBaHus
OOBIYHO OPHEHTHUPYIOTCS ISl E€IMHUYHOIO IPOM3BOJCTBA HA YHHUBEpPCAJIbHbIE CTaHKH, IS
CepUMHOT0 — Ha YyHHUBEpCajbHble CTaHKW, cTaHku c¢ UYIIY wu mnomyaBromarsl, s
KPYINHOCEPUHHOTO U MacCOBOI'O — Ha IOJyaBTOMAaThl, aBTOMAaThl 1 aBTOMATUYECKUE JINHUU.

[Ipu onpeneneHuy omnepanuii W3rOTOBICHUS JleTald HEOOXOAMMO YYHUTHIBATh
cienyromiee. BeromorarenbHble MOBEPXHOCTH (MEJIKHE OTBEPCTHs, (ack, TaiaTead U Jp.)
00BIYHO 00pa0aTBHIBAIOT HA YHMCTOBOM CTaJuu. B camocTosATeNbHblE ONEpalMi BBIICISAIOT
00paboTKy 3yObeB, WML, TPYII OTBEPCTUH WM MazoB. Onepanuy MeXaHW4ecKoi o0paboTKU
YBSI3BIBAIOT C ONEPALUSIMU TEPMUUYECKON U XMMHUKO-TepMHUUecKoi 00pabdoTok. [Ipomexyrounas
TepMHueckas o0paboTka NHpU HEOOXOAMMOCTH NPUMEHSETCS II0ClIe YEpHOBOM CTaauu U
3aKJII0YAeTCs B HOPMAJIU3allMU CTAJIbHBIX JeTajled NI YJIydlleHUus X oO0pabdaThlBaéMOCTH Ha
YHCTOBBIX OIEpalusaX, a Takke JJid CTapeHus OTJIMBOK C LEJIbI0 CHATHUS OCTAaTOYHBIX
HaNpPsDKEHUH B METAJUIE 3aTOTOBKH.

OKOHUATETbHYI0 TEPMUYECKYI0 00paOOTKYy BBIIOJHSIOT B BHAE OOBEMHON WIH
MOBEPXHOCTHOW 3akaiku. Ecium oxoHYarenbHas TepMuueckas o0paboTka 3akilodaercss B
00BbeMHOM 3akainke netanu 10 TBepaoctu Boime HRC,40, To 3Ty onepanuio BHIIOIHSAIOT MOCHE
YUCTOBOM 00paboTku no nwndosanus. [Ipum HEOOXOIUMOCTH IEMEHTAUHM C TOCIEAYIOMEen
3aKaJIKOW OTAENBHBIX MOBEPXHOCTEH JeTalld MPUMEHSIOT 3alllUTHOE OMEJHEHHE TeX
MOBEPXHOCTEN, KOTOPHIE HE MOJIeKAT [IEMEHTAIlUU UM OCTaBJISIOT Ha HUX MPHUITYCK, KOTOPBIN
CHUMAIOT TIPH JIOTIOIHUTEIHHON 00paboTKe MOCie IEMEHTAIMH, HO IO 3aKaJIKH.

B MapupyTHbIM TEXHOJIOTMUECKHH NPOLECC BKIIOUYAIOT BTOPOCTEIIEHHBIE OIEpalvy
(0O6paboTKy KpemeXHbIX OTBEPCTUH, CIEcapHblE OIepalH, MPOMBIBKY M T.N.), a TaKke
ONpEAEIAI0T MECTO KOHTPOJIbHBIX omnepauui. Ilocne omnpeneneHus omnepanuil M3roTOBIECHUS
JeTaqd  HeoOXoauMo  CcOpMyNIHMpOBaTh HAaUMEHOBAaHHE U COJCpXKAHME  OIeparuil.
HanmMeHnoBanme ormepanuu ONpeaenseTcs METOA0M oOOpadOTKM W THUIOM 00OpYyIOBaHUS,

IPUHATBIM JJI ero BbioiaHeHWs. ColepikaHue olepanuM 3aluCbhIBACTCS B COOTBETCTBHU C
I'OCT 3.1702-79.



5.2 HapexHocTh 0o0ecreyeHusl Ka4eCcTBA MOBEPXHOCTHOIO CJIOA 1€TAIN

HanexxHocth oOecriedyeHHss KadecTBa IOBEPXHOCTHOTO CJIOS BKJIFOYAET B CeOS Pl
COCTaBJISIFOLIUX, CPEIU KOTOPHIX OCHOBHBIMHU SIBJIIFOTCSL HAJIEKHOCTh TEXHOJOTUYECKOU
omepanuu  (UHUIIHON OOpaOOTKHM ¥ TPEIIISCTBYIONICH €W omepanuu, CTa0WIbHOCTh
XapaKTEePUCTUK KadecTBa 3aroToBkU. OJIMH W3 HCClieI0BaTENeH HAJACKHOCTH TEXHOJIOTMYECKUX
nporeccoB Jlyoposckuii I1. B. cuuTaeTt, 4o B 00111€M ClTydae TEXHOJIOTHYECKUIA MPOIIECC MOYKHO
MPEJICTaBUTh B BUIE MHOTOMEpPHOro oOBEKTa, MMeroulero cneruduyeckue ocobennoctu. Ha

. X(z
BXOJIE ATOTO OOBEKTa ACHCTBYET BEKTOP BXOAHBIX (YIPaBJISEMBIX) MEPEMEHHBIX ( ), pu
IEJICHANPABICHHOM H3MEHEHHH KOTOPBIX 00ECHEeUMBAIOTCS TpeOyemble MapameTpbl H3IeTus

(puCyHOK):

%(7) = [X(2), X (2), ., X (2)] (1.1)

%,(7) Y, (7)
TexHonornyeckmmn .
X (7) npouecc Yo (7)
a(r)  afr) - - ar)

Pucynok 1.7 — TexHOIOrH4eCKHii Mpoliecc Kak 0ObEKT yIpaBICHUS

Bexkrop X(7) BKJIIOUAET KaK U3MEPSEMbIE, TaK U HEU3MEPSIEMbIE BXOHBIE IIEPEMEHHBIE.
YdecTb BCe BXOAHBIE MEPEMEHHBIC, BIUAKIIME HAa XOJ IIpoLecca, HEBO3MOXHO. B
JIEHCTBYIOIEM MTPOU3BOJICTBE OTPAHUYUBAIOTCS TOJIBKO HEOOIBIION YAaCThI0O OCHOBHBIX BXOIHBIX
MEPEMEHHBIX, ONPEACIAIIINX BBIXOJHBIE IIEPEMEHHBIE, a OCTajJbHBIE OTHOCAT K
HEKOHTPOJIUPYEMBIM (haKkTopaM. YTpaBisieMble TIEPEMEHHBIE MOTYT OBITh M3MEHEHBI CHCTEMOM

YIOpaBJICHUA WA YCIIOBCKOM. BI:IXO}IHBIG INEPEMEHHEBIC  OIMMCBIBACT  BCKTOP y(T) .
COCTaBJIAIOIIUEC KOTOPOI'O XapaKTCPU3YIOT CBOMCTBAa I'OTOBOM ACTalIn:

¥(2) = [y1(2), Y2 (2),e Yy (0)]

COCTaBJ'ISIIOHlI/IMI/I KaK BXO)IHOFO, TaK U BBIXOIHOI'O BeKTOpOB MOFYT 6LITB HE TOJBKO
KOHCTpYKTI/IBHO-TCXHOJ‘IOFI/I‘ICCKI/IG CBOﬁCTBa 3aroToBOK, I[eTaHefI " I[p., HO M BCIWYHUHBI,
OTpa)KaIOH_II/Ie TCXHHUKO-DKOHOMHNYCCKHEC ITOKA3aTCIIN HpOI.ICCCEl.

Heynpasnsemble (HO KOHTPOJHPYEMBIE) IapaMeTphbl, XapaKTepU3YIOIIUE YCIOBUS

pcaji3anini TCXHOJIOTHHU, OITUCHIBACT B OGH.IGM CJIydac BEKTOp z (T):

2(c)=[2(2). 25(2).--., 2 (7))



X(7) V(r *( )
PazMepHOCTbh BEKTOPOB ( ), y( ), 2\7) pns peanbHBIX MPOLIECCOB OYEHBb BEJIHKA U
y‘IeCTB BCC UX COCTABJIIHOIIINEC HEBO3MOXKHO.

Bo3mymaromnire HeKOHTPOIUpPYEMbIE BO3JICHCTBUS HA OOBEKT yIPABICHUS

o(7)=[o(7),, (7). 0, (7) ]

[Tpouiecc GyHKITMOHUPOBAHMS TEXHOJIOTHYECKOT0 00bekTa o Jlyoposckomy I1.B. moxer
OBITH OMKCaH BEKTOPHBIM YPABHCHHEM:

¥(z)=F[x(z).2().@(7)]

Onenka  pabOTOCIIOCOOHOCTM  TEXHOJOIMYECKUX  OOBEKTOB  IPELyCMAaTPUBAET
BO3MOYKHOCTH NMPHHSATHUS CISAYIOINX aHATUTHIECKUX TEXHOJIOTHUECKUX PEIICHUN:

1.0ueHka HaAEKHOCTH TEXHOJIOTUYECKUX OOBEKTOB IO IapaMeTpaM KadecTBa
M3rOTaBJIMBAEMOM MPOTYKIIMH, BBIIIOJIHAEMAsl HA OCHOBE METO/10B IIPUKJIAJHON CTATUCTHKU.

2.01ueHKa paboTOCIOCOOHOCTH OOBEKTOB IO Pe3ysbTaTaM aHAJIM3a UX MaTeMaTHYECKUX
MOJIEJIEN.

3.AHanu3 YyBCTBUTEJIBHOCTU OOBEKTA, 3aAKIIOYAIOIIMICS B ONpPENEICHUH BIUSHUS
M3MEHEHHUH BXOAHBIX IIEPEMEHHBIX WU YCIOBHM HAa U3MEHEHHUE BBIXO/IHBIX IEPEMEHHBIX.

[Iporueccryl MPOMBIIIIEHHOTO MPOU3BOACTBA UMEIOT BEPOSTHOCTHBIM XapakTep, NO3TOMY
U3MEpsieMble BXOJHBIE TIEPEMEHHBIE HE ONPEEeNSIIOT OJHO3HAYHO BBIXOAHBIE MapaMeTpbl
npouecca. [IpuMeHseMble TEXHOIOTHMH CEPUHHOTO U MacCOBOT'O THUIIOB IIPOM3BOCTBA, €CIIU OHU
CIPOEKTHPOBAHBI IPABUIBHO, IPEJICTABIISIIOT COOON JOCTATOYHO HAJEKHBIE CUCTEMBI.

3HaYUTENbHBIN Pa30poC COCTABIAIONIMX BEKTOpPAa BBIXOJIHBIX IMEPEMEHHBIX Mpolecca
4acTo OOYCIIOBJIEH HalM4YMeM OIepaluii U Nepexo/]0B, BBINOIHSIEMBIX IPH YIPABICHUU
HEMOCPeACTBEHHO uesioBekoM. C TMOBBIIIEHHEM CTENEHU aBTOMaTH3allud Ipolecca pa3dpoc
COCTABJIIIOLIMX BEKTOpa BBIXOAHBIX IMEPEMEHHBIX CHUXKAETCS, YTO OCOOEHHO BaKHO JUIS
(UHUIITHBIX METOI0B 00PaOOTKH.

5.3 MeTobl BOCCTAHOBJICHUS IKCILTYaTALIMOHHBIX CBOIICTB MOBEPXHOCTEH AeTasei

HannaBka mo cpaBHEHUIO € APYrMMH CHOCOOAMHM BOCCTAHOBIJIEHHUSI JA€T BO3MOXHOCTH
MOJIy4aTh Ha TIOBEPXHOCTH BOCCTAHABIMBAEMBIX JeTalel (peHoJeTaneil) cioil HeoOXOauMOo
TOJNIIMHBI U HYXHOTO XHUMHYECKOTO COCTaBa, BBICOKOM TBEPJOCTH U H3HOCOCTOMKOCTH.
Haubonee n3zBecTHbIE CIOCOOBI HATUTABKU: JJIEKTPOAYTOBas MOJ ciioeM (iroca, AyroBas B Cpelie
YIIIEKUCIIOTo Ta3a, HallJlaBKa ¢ Ta30IIaMEHHOH 3allUTON, BUOPOIyroBasi, HaIIaBKa MOPOIIKOBOMH
MIPOBOJIOKOM, 3JIEKTPOIIIAKOBAs, MJIa3MEHHAs HallJlaBKa, ra30IlJlaMEHHas U 3JI€KTPOHHOTy4YEeBasl.

Onekmpooyzosas nannaexka noo cioem @uioca. llpu Takoll HamjaBke B 30HY TOpEHHUS
JIyTA TOJAIOT CHITyYnid (IIFOC, COCTOSIIUA W3 OTACIBHBIX MENKuX Kpymuil (3epeH). [lon
BO3/ICIICTBMEM BBICOKOM TeMIlepaTypbl 4acTh (iroca IJIaBUTCS, oOpa3ys BOKPYr AYyrd
AIIACTUYHYIO O00JIOUKY, KOTOpas HaJeXHO 3alllUIIAeT pPACIIaBICHHBIA METaul OT JeHCTBUS
KHcIoposia U azoTa. HammaBky moj cioem ¢uiroca MPUMEHSIOT ISl BOCCTAHOBIJICHUST MHOTHX
peHOJeTaNlell TPAKTOPOB, aBTOMOOWJIEH M CENbCKOXO3SHCTBEHHBIX MAIlMH. ABTOMAaTHYECKas
HaraBka 3((eKTuBHA B TEX CIy4asX, KOIrJa HYXKHO HAaIUIaBUTh CJIOM TONIIUHON Ooyiee 3 MM



(HampuMmep, TpH BBINOJIHEHWM HAIUIABKM HA PEHOAETANSAX XOJOBOM YacTH TPaKTOPOB H
CENIbCKOXO03SHCTBEHHBIX MAIIMH — KaTKax, angdax, pojruKax, OCsx U T.J1.).

K HenmocraTtkam HarulaBku JAetaneld moja cioeM ¢uitoca OTHOCSATCS OoJjbluas 30Ha
TEPMHUYECKOTO BJIMSHUS, 3HAUUTEIbHBIM HArpeB JeTajeil MallblX pa3MepoB, CHI)KEHHE
ycTanocTHOl nmpounoctu neraneit Ha 20—40 %

Jlyis HaTUIaBKU MO ciioeM (hroca MPUMEHSIOT yCTaHAaBIMBAaEeMble HA TOKAPHBIX CTaHKax
WM CIENHalIbHBIX YyCTaHOBKax royioBku TunoB A-580, OKC-1031b, OKC-1252M wu np.
KauecTBO HamiaBlIeHHOrO0 METallla U €r0 MU3HOCOCTOMKOCTh 3aBHUCAT OT MapKu 3JEKTPOJHOU
MIPOBOJIOKH, (hIrOCa U PEKUMa HATUIaBKU.

Hannaska nopowkoeoti npogonokxoti. Xopolue pe3yibTaTbl IPU HAIJABKE JaeT
UCTIOJIb30BaHUE TTOPOIIKOBOW MPOBOJIOKH, B COCTAaB KOTOPOH BXOAAT (eppoxpom, (heppoTuTaH,
deppomapranen, rpaguTOBBIN U JKEJIE3HBIH MOPOIIKY. HammaBKy BBITOIHAIOT MO ciioeM (iroca
WIM B CpeZi€ 3alIUTHOIO rasza, HO MPHU BBEAECHUU B MIPOBOJIOKY COOTBETCTBYIOIUX KOMIIOHEHTOB
BO3MOXXKHAa HamiaBka W 0e3 ¢UIrocoBOM MM Ta30Boi 3amuThl. VICXOOHBIM MaTepHalioM
MOPOUIKOBOM IPOBOJOKU CIY>)KMT JIEHTa U3 HU3KOYIJIEPOAUCTOM CTaad M IOPOLIOK,
coJlepKaliiii HeoOXOAMMBIE 3JIeMEHThI. VICoNp3yIOT ABa THIMA MOPOIIKOBOW MPOBOJOKH IS
HAIUTaBKU ToJa (irocoM M A HaIJIaBKU OTKPBITOM ayroil TBepaocTh M OTHOCHTEIbHAs
M3HOCOCTOMKOCTH HAaILJIaBJIIEHHOTO METAJUIA B 3aBUCUMOCTH OT MapOK 3JIEKTPOJHOU MTPOBOJIOKH U
¢mroca.

OT1oT cnocod o0janaeT MpeuMyILecTBaMU IEpPe] APYTUMU: OH IMO3BOJSET YBEIMUYUTh
CHIIy TOKa, T.€. NOBBICHTH IPOM3BOJUTEIHHOCTH Ipolecca B 2 paza W 0Ooiee; MCKIYaeTCs
orepanus OTJeJNICHUS TUIAKOBOM KOPKH OT PEHOAETaH 1ocie HariaBku. [Ipu aTom criocobe npu
HalJlaBKe, HampuMmep, Ha cTaib 45 (Marepual KOJEHYaThIX BaJIOB) O0ecreYnBaeTCs
TPOOCTUTOMApTEHCUTHAsT CTPyKTypa Metaiia, TBepaocts 51,5....57 HRC; m3HOocOCTOMKOCTB
MIOBEPXHOCTH Moiy4aercs B 1,6....2 pa3a Bblllle, yeM y cTanu 45, 3aKaJeHHONM TOKaMU BBICOKOU
gactoTsl (TBY).

JIisi HarIaBKU MOPOIIKOBOM ITPOBOJIOKOM MCIOJIB3YIOT TOKAPHBIE CTAHKH C T'OJIOBKAMH
A-580M, OKC-1252M, A-765, A-1197, a Ttaxxke crienuanbublie cranku Y /1-139, VI-140, V-
143, Y1-144, Y1-209, Y-233, V-651, V-653, OKC-11200, OKC-11236, OKC-11238, O KC-
14408. WctouyHukamMu nuTaHus Ayrud sBisitoTcss npeoOpazosatenu [ICI'-500, BwimpsiMuTenu
BAY-504, BAY-301, BAY-1001, BC-600, BJM-1001. Wcnonp3oBaHHE MNOPOIIKOBOK
IIPOBOJIOKM MO3BOJIIET CHU3UTH PACXOJ CBapOYHOM IIPOBOJIOKM. HAILJIABKY IOPOLIKOBOM
IPOBOJIOKOM M JIGHTOW BBIMOJHAIOT NMPH MOCTOSHHOM TOKe OOpaTHOW mojsipHocTu. Jnamerp
AJIEKTPOJHOM IMPOBOJOKH 3aBUCUT OT TOJIIMHBI HAIUIABIEHHOTO METalsla C IPUILYCKOM IOA
MexaHu4decKyro 0opabotky 0,8...1,5 MM Ha cropony. Crily TOKa BRIOMpAIOT B 3aBUCHMOCTH OT
CKOPOCTH HAIlJIaBKH U AMAMETpa MPOBOJIOKH.

Hannaska 6 cpede yenexucnoeo 2aza. 10T ciocod B 3HAYUTEIBHOMN CTENEHU OTIMYAETCS
OT JIPYyTrUX Croco00B BOCCTAHOBJIEHUSI pEHOJETaNIel — HE HY>KHO HH ()JIIOCOB, HU AJIEKTPOIHBIX
HNOKpbITUM. Jlyra Mexay 5SJEKTpOJOM M HAIUIaBISEMBbIM H3JEIMEM TOPUT B CTpye rasa,
BBITECHSIOIIETO BO3AyX W3 IUIABWJIBHOTO MPOCTPAHCTBA M 3alUINAIOIIEIO pPacIIaBICHHBIN
METaJIJI OT BO3JIEHCTBUS KHUCIOpPOJa U a30Ta. ABTOMaTHYECKasl HAIJIaBKAa B CPEZE YIJIEKHCIIOTO
raza MMeEeT CIEAYIOIME NPEUMYILECTBA: MIPU HAIUIABKE OTCYTCTBYIOT BPEIHBIE BBIJCICHUS U
[IJIAKOBbIE KOPKH; OTKPBITAsl Ayra AaeT BO3MOXHOCTh HaOJI0/aTh U KOPPEKTUPOBATH IMPOILIECC,
MPOBOAMTH HAIUIABKY IpPU JIFOOOM MPOCTPAHCTBEHHOM IMOJIOKEHUHM HaIUIaBJIIEMOM IJIOCKOCTH,
MEXaHU3UPOBATh HAIJIABKY, BHIIOJIHIAEMYIO HAa MEJIKHX PeHOAETasAX (Banax AuameTrpoM 10 MM u
Oonee). HamnaBka neraneil B cpene YIJIEKHCIOrO ra3a HMMeEET CIEIyIONIHe NperMYyIecTBa:



BBICOKOE KayeCTBO HAIJIABJIECHHBIX IIBOB, BO3MOKHOCTh HAaOJIIOJEHHS 32 XOJOM HaIUIaBKH,
BO3MOXHOCTh HAaIUIaBKH J€Talel JIIOOBIX TMaMETPOB.

K HenmocraTtkaMm HallaBKU JA€Tajeil B Cpeie YIJIEKUCIOro ra3a OTHOCSITCSI MOBBIIIEHHE
pazoperuBanus metaia (1o 10—12%), opranudyeckoe M3MEHEHHE COCTaBa HaILJIABISEMOTO
MeTajlja, TOHW)KEHHE W3HOCOCTOMKOCTH HAIUIABIEHHOIO CJ0S, CHW)KEHHE YCTaJIOCTHOMN
npouHocTu aeraneid Ha 10—50 %.

JI1st HaTIaBKM MIPUMEHSIOT ClIeylolee 00opyaoBaHue: HariaBouHbie To1oBKH ABC, A-
384, A-409, A-580, OKC-1252M; ucrounuku nuranusg BC-200, BCY-300, BC-400, I1CI'-350,
A3/1-7,5/30; mogorpeBarenu ra3a; OCyIIMTENb, 3aN0JHEHHBIN cuiaukareieM KCM KpymHOCTBIO
2,8...7 MM; penyktopbl-pacxoaomeps! JIP3-1-5-7, umu poramerpsl PC-3, PC-3A, PKC-65, umm
kuciaopoaubiii penykrop PK-53b.

HannaBky B cpele yIJeKHCIOro Ta3a BBINOJHSAIOT Ha IOCTOSHHOM TOKE OOpaTHOM
NOJIIPHOCTU. TuH M MapKy O3JEKTpoJa BbIOMpPAIOT B 3aBUCHUMOCTM OT Marepuaia
BOCCTaHaBJIMBAEMOM PEHOJIETANIN U TpeOyeMbIX (PU3NKO-MEXaHUYECKUX CBOWCTB HAIJIaBIEHHOTO
Mmetayuia. CKOpPOCTh HAIJIaBKU YCTAHABJIMBAIOT B 3aBUCHMMOCTHM OT TOJILIMHBI HAIUIABISEMOIO
MeTajula U KayecTBa (POpMUPOBAHMS HAIUIABICHHOIO ciiosd. HamiaBky BaJIMKOB OCYILIECTBIISIOT C
maroM 2,5...3,5 mm.. TBepaoCTh HAIJIaBJIEHHOI'O METajula B 3aBUCUMOCTH OT MapKWU W THIIA
anexTpoHoi mpososoku 200...300 HB.

Bubpooyeosas nannaéka — pPa3sHOBUIHOCTb JYIOBOM HAIJIaBKM METAJTIMYECKUM
anekTpooM. TexHomorus BUOPOAYroBOM HAIUIABKU IIPEIYyCMAaTPUBAET BOCCTAHOBIJICHUE JeTalei
C UMJIMHAPUYECKHUMH, KOHUYECKUMHU HAPYXHBIMU M BHYTPEHHUMH MOBEPXHOCTSMHU, & TAKXKE C
IUIOCKUMH MOBEPXHOCTAMU. [Ipoliecc HamlaBKM OCYILECTBIISIETCS MPH BUOpPALMM 3JIEKTpoJa ¢
N0Ia4el OXJIAXkKIArOIIEH )KUKOCTH Ha HAIUIABJIEHHYIO IOBEPXHOCTb.

Ha cynmopre TOkapHOro craHka 3akpeluisioT HamiaBouHyro rojoBky (OKC-6569 wiun
OKC-1252). Jlns muTaHus Oy HCHOJB3YIOT HCTOYHUKU IIOCTOSHHOTO TOKa C JKECTKOM
BHeIIHel xapakTtepuctukoil (renepatopsl AHJ[-500/250, seimpsimurenn BC-300 u BC-600,
npeobpazosarenu [1/1-305 u [1CI-500).

K nannaBisiemMoll MOBEPXHOCTH PEHOJETANIM, KOTOpasi BpalllaeTcsl B LIEHTPaX TOKApPHOIO
CTaHKa, POJMKaMHU IOAAIOIIEr0 MEXaHW3Ma M3 KacceTbl 4epe3 BUOPHUPYIOMIMNA MYHIIITYK
MOJaeTCsl  DJIEKTpoJHas  MHpoBosioka. M3-3a  konebGaHMii  MyHIALITYKAa,  BBI3BIBAEMBIX
AIIEKTPOMEXAHUYECKUM BHOPATOPOM, MPOBOJIOKA MEPUOTUYECKH MPUKACAETCS K MOBEPXHOCTHU
pPEHOJETAIM M DACIUIABISIETCA TOJ JEHCTBUEM HMITYJIBCHBIX DJJIEKTPUYECKHUX pa3psioB,
MOCTYMAONIMX OT reHepatopa. Ilon neiictBueM BuOpaTopa MYHIIITYK BMECTE C IPOBOJIOKOM
BuOpupyer ¢ yacrtoroir 110 I'm u amrmumutynoi konebanus 10 4 MM (mpaktuuecku 1,8....2mMm).
Bulpauust snekrposna Bo BpeMsl HaIUIaBKH OOecredrBaeT CTaOWIBHOCTh Ipollecca 3a CYeT
YacThIX BO30YXKIACHHM IYroBBIX pa3psiioB M CIOCOOCTBYET Mojaue 3JIEKTPOJHOW MPOBOJIOKU
HEOOJIBIIMMHU MOPLUAMH, YTO oOecrednBaer Jiydiiee (GOpMHUpPOBaHHE HAIUIaBIECHHBIX BAJUKOB.
bnaromaps BuOpanusimM mpolecc HarmiaBKu MOXET ObITh OCYIIECTBIEH IPU HU3KOM HaNpsKEHUU
(12...18 B). Oxnaxnatomiasi >kuKocTh (4...6 %-Hblil pacTBOP KAIBIIMHUPOBAHHOMN COJIBI B BOJIE)
3alMIIaeT METAJITI OT OKUCIICHUS.

JUid HamIaBKM BHYTPEHHUX LWJIMHAPUYECKUX IOBEPXHOCTEM TOJOBKY pa3MEIAlOT Ha
CTaHKE TaK, YTOOBI IUIOCKOCTh MYHJIIITYKa COBMEINANach C OCbIO peHojeTanu. PeHoneranb
IPUBOJAT BO BPAIlaTEIbHOE JBUKEHUE, TOJIOBKY — B IOCTymnaTenbHoe. ToNIHa 0AHOCI0HHON
HaIlJIJaBKM B 3aBHCHMOCTH OT PeXHUMOB koiyiebnercs oT 0,5 mo 3 mm. Ilpm mHOTOCHOWHON
HaIJIaBKE€ MOXHO MOJIYYUTh CIOU J1t000M TommuHbl. [loAroToBKa MoBEepXHOCTEN AJI HANJIaBKU
COCTOUT B OYMCTKE HMX OT I'PS3M U PKaBUMHBL. Bce oTBepcTus M masbl, KOTOpble HEOOXOIMMO



COXPaHMTD, 3aIOJIHAIOT MEAHBIMU WM TPadUTOBBIMU BCTaBKAMHU TaK, YTOOBI OHHM BBICTYMAIH
HaJ TOBEPXHOCTHIO HA BEJIMYMHY, IPEBBILAIONIYI0 TOJIIMHY HAIUIABIEHHOIO CJIOSl, YTO
MIO3BOJISIET JIETYE YAAJIUTh UX IOCIIE HAIJIABKH.

BubponyroBast HamaBka HMEeT CIEAYIOUIME NpeuMyliecTBa: HEOONBIIONH Harpes
JeTajld, BO3MOXKHOCTb HAIUIABKU JETajled ¢ MaJlbIM JMaMeTpoM, HE3HAuuTeNlbHas 30Ha
TEPMHUYECKOTO BIUSHUS, BO3MOKHOCTh MOJYYEHHS] HEOOXOIUMBIX MPOYHOCTEH HAIIABJICHHOIO
CJIOS 32 CUET MPUMEHEHHUS Pa3IMYHbIX MapOK AJIEKTPOJAHOMN MPOBOJIOKH.

Bubpooyeosas nannasxa noo cioem ¢haroca. Bubponyropas HariaBka 1oz cioem ¢uroca
UMeeT P MPEHMYIIECTB: JaeT BO3MOXKHOCTh HAIIABJISATH METAT TOJBKO Ha H3HOIICHHYIO
YacTh, YTO YMEHBIIACT TPYJOEMKOCTh MOCIEAYIOUIeH MEXaHWYecKOoW 0O0pabOTKH; MOIy4aTh
HAIUIABJIICHHBIA CJOH 0e3 mop W TpeuwH; aedopMmanus pEeHOACTadM MUHHMAaJbHAs M He
IIPEBBIIAET IOJIEH JTOMYCKOB MOCAJOYHBIX MECT; MUHUMAaJIbHAs 30HA TEPMUYECKOTO BIIUSHUA.
Henocratkom BHOpoayroBoil HamuiaBku siBisieTcsi ymeHblieHue 10 40 % compoTuBieHUs
YCTaJIOCTH HAIUIABJIEHHBIX JETajei.

Iyeosass Hannaska c¢ eazonnameHuou 3awumoi. bBOJBIIMMU TEXHOIOTUYECKUMU
BO3MOXXHOCTSIMU TPU BOCCTAHOBJIICHHM JeTalieil IMIMPOKOW HOMEHKIATYphl B YCIIOBHUSX
BOCCTaHOBUTEJILHOT'O TPOU3BOJICTBA 00JIaJaeT HaIlJIaBKa C Ta30IJIaMEHHOM 3aIIUTOM.

Crnioco0 mo3BOJISIeT HAILIABJIATH HA PEHOJETANIN IUIOTHBIE CJIOU, IPUMEHSS IOCTYIIHbIE U
OTHOCHUTEIIBHO JICIIIEBBIC YIJIEPOAUCTHIE MIPOBOJIOKH. Merai, HaIUIaBJICHHBIN
BBICOKOYTJIEPOJAUCTBIMU TPOBOJIOKAMU HA CTalbHbIE PEHOAETAIN, XOPOIIO BOCHPUHHUMAET
3aKajnKy. MOXHO TakKe HAIUIABIIATH CTAIBHOW HU3KOYIJIEPOAMCTOM IIPOBOJIOKOM HAa Yyr'yHHBIE
peHoaeTanu. HamnaBineHHBIN ClI0i B 3TOM ciiydae o0Ja1aeT Xopoliei 06padaTbiBaeMOCThIO.

Oco6EeHHOCTBIO cIToco0a SBISAETCS TO, YTO 3aLIUTHBIE I'a3bl B CBAPOUYHYIO 30HY MOJAKOTCS
JIBYMsI KOHIICHTPHYHBIMHU [TOTOKAMH: B Hapy»XKHOM NoToke — mprpoansiii ra3 (TOCT 5542—78)
wi nponanOyraHoByto cMeck (I'OCT 20447—80) u BO BHYTPEHHEM MOTOKE — KHUCIOPOJ
(TOCT 5583—78).

Bpennoe BiausHuME Ta3a Ha IUIOTHOCTh HAIUIAaBIEHHOTO METaula IOAABIISETCS
KHCIIOPOJIOM, KOTOPBIM MOJAeTCsl y3KMM BHYTPEHHHMM IOTOKOM B 30HY nyru. Ilo Beixozme u3
TOpPEJIKU Ta3 cropaet, oopa3ys miams. Takum oOpa3oM, ayra TOpUT B akesie ra30KUCIOPOTHOTO
wiaMeHu. Jlns 3amuThl OT IMeperpeBa B IPOLIECCE HAIUIaBKM ra3oBasi ropeika M TOJOBKa
MYHJIITYKa CHaOXeHbl pyOalllkaMyd BOJSHOTO  OXJAXAEHUS, KOTOpble BKJIHOYAIOTCS
IOCJIEI0BATENIBHO B CUCTEMY UTaHUs BO/10M. HarutaBky BBIMOJHSIOT HA HAIUIABOYHBIX CTaHKaxX
YI-209, YV-653 wnu Ha co3/laHHOW ycTaHOBKe Ha 0a3e TOKapHOro craHka. J[is cosmaHus
ra3orjIaMeHHOMN 3aIlUThl YCTAHOBKY OCHAIIAIOT TOPEIKON, CHCTEMON MUTAHUS TOPEJIKH ra3aMu U
CUCTEMOM OXJIAKICHUS TOPEJIKM U HaIUIaBJIIeMOll peHojeTanu. [ nuTtanus Ayrd NPUMEHSIOT
HUCTOYHUKHU C TIOJIOTOTAIAONIEH WIIH )KeCcTKoW xapakTtepuctukoii: BC-600, BY-505, BAVY-50,
BAY-601, IICI'-500 u np.

Onekxmpowinaxkosas Hannaeka. Jns W3TOTOBIEHUS OUMETAJUIMUECKUX JeTaliell ¢
U3HOCOCTOMKHUM CJIOEM 3HAYUTETbHON TOMIHUHBI (6oee 10 MM) IPUMEHSIOT 3JIEKTPOIILIAKOBYIO
HalulaBKy. B 3TOM mpolecce HCHNONb3ylOT TEIUIOTY, BBIICISAIOUIYIOCS INPU IPOXOXKIACHUU
AIIEKTPUUYECKOTO TOKA Yepe3 PacIUIaBICHHBIN NUIaK. DIEKTPOIIaKoBas HaIIaBKa 00ecleunBaeT
HanOOJIBIIYIO TPOU3BOIUTENHFHOCTh IO CPABHEHUIO CO BCEMHU JIPYTUMHU criocobamu HamiaaBku. C
MOMOUIbIO JIETMPOBAHHBIX MPUCATOK MOJIyYalOT HAIUIaBJICHHBIA CIIOM HYXHOTO XMMHYECKOIO
cocraBa. KauecTBO HariaBlIeHHOTO MeTaijla BBICOKOE — OTCYTCTBYIOT MOpPBI, TPELIMHBI U
Ipyrue neQeKThl.



HanaBky MOXHO BBINOJIHATh Ha MJIOCKUX IIOBEPXHOCTSX, a TAKXKE HAa MOBEPXHOCTAX TEI
BpameHns. OcoOEHHOCTh 3JIEKTPOILIAKOBOM HAIUIABKH COCTOUT B TOM, YTO MOKHO IOJYy4aTh
[JIaJJKU€, POBHBIE NOBEPXHOCTU HAIUIABJIEHHOT'O CJIOSl. JTO J1aeT BO3MOXHOCTH HCIIOJIb30BATh
peHozeTanu 0e3 mocienyroneil Mexannieckoii oopadoTku. B Hayane mporecca B 3a30p MEXIY
PEHOJETANIBIO U BOJOOXJIAXKAAEMON (OPMOIA 3aTMBAIOT PACILIABICHHBIN (DIFOC M BO3OYKIAIOT
YTy MEXIY JIEKTPOJHOM MPOBOJIOKON U peHoaeTanblo. [Tociae oOpa3oBaHus IIAaKOBON BAHHBI
JOCTAaTOYHOM TINTyOMHBI Jyra IMOTYXaeT, U TOK MPOXOJUT 4Yepe3 pacIlJaBICHHBbIA LUIAK —
HAYMHAETCS JJICKTPONUIAKOBBIA mporecc. Pacxox ¢uroca mpu 3tom cmocobe B 15..20 pa3
MEHbIIE, YeM IMpH WIEKTPOAYroBoM. HamaBKy OCYIIECTBISIOT CHELUATIbHBIMU CBAPOYHBIMU
annaparamu. [lo Mepe 3anonHeHus 3a30pa HaIUIaBJIEHHBIM METAJUIOM PEHOJETallb [IEPEMELIAl0T
OTHOCHUTEJIPHO allapara BHHM3. BOCCTaHOBJIEHHbBIE 3JIEKTPOLUIAKOBBIM METOJOM JE€Tallu
MOJBEPraOTCs COOTBETCTBYIONIEH TEPMUYECKON 1 MEXaHMUYECKOH 00paboTKe.

lInazmennasn u mukponnasmennas naniaexa. 11nazMeHHas HalIaBKa — 3TO Ta e CBapKa
IUIaBJICHUEM. 37eCh AEUCTBYET TOXe JeKTpuueckas ayra. Ho 3to yxe cxaras ayra, KOTOpyro
IO3BOJISIET TMOJIYYUTh CIIEHUAIbHAS TOpesKa, MIa3MoTpoH. [11a3MOTpoH MO3BOJSET MOJIYYHUTh
cxatyro ayry ¢ remnepatypoit 10 30000°C. B kadecTBe mi1a3Mo00pa3yrolero ra3a uCroiab3yoT
UHEpTHBIE Ta3bl (TelMid, aproH) eciliu peub UAET O cBapke u3aenuil. Eciu e npeamnonaraercs
pe3Ka METaJJIOB, TO OCHOBY IJIa3MOO0OPa3yIOIIET0 ra3a COCTABIISCT OYMIICHHBIA OT MpHUMeEcei
BO3QyX. B 3aBucumoctu 0T MaTepuana W3AENUS IUIA3MEHHYIO HAIUIaBKy IMPOBOJAAT Ha
IIOCTOSIHHOM TOKE MPSAMOM MOJISIPHOCTH WJIM B UMIYJIbCHOM peXuME. {1 3TOro mia3MoTpoH
COCIUHAIOT C HUCTOYHUKOM MHTaHUSA | TOCTOSHHOIO TOKa WM HMCTOYHMKOM IHTaHUS,
00ecreyrBaroIUM UMITYJIbCHBINA PEXHUM.

Pa3HOBUIHOCTBIO MJIA3MEHHOM HaljaBKa SBISETCS MUKpOIUIa3MEeHHas HaruiaBka. [lo
KOHCTPYKLIUU 3TO TOT K€ IJIa3MOTPOH, HO MEHBIIUX Pa3MepoB. Muxponiazmennas Haniaska
NO3BOJISIET HAIUIABJIATH pa3IMYHbIE MaTepuaibl, CIUIaBbl, JaKe HEMETAUIMYECKUE H3JeNus
(mmactMacchl, JUAIEKTPUUYECKUE MaTepuaibl) BIUIOTh JO TEKCTWIbHBIX u3nenuid. Jlns
IIPOM3BOJICTBA IIA3MEHHON M MHMKPOIUIA3MEHHOW HAIUIAaBKU B HACTOSLIEE BpPeMs MPUMEHSIIOTCS
cinenyromue ycraHoBku: YIIC-501, VIIC-804 u VIIC-301 nns miia3sMeHHOM HaIJIaBKH U
ycTaHoBKa A-1342 111 MUKpOIJIa3MEHHOHN HallJIaBKU

Onekmponno-nyyesasn nannaska. OCHOBHOM KOMIIOHEHT — 3JIEKTPOHHBIN JIy4, KOTOPBIH
co3/1aeTcs CrelHaibHbIM MPHUOOPOM — 3JIEKTPOHHOH mymikoil. Cxema mporecca npeacTaBieHa
Ha pHUC..

Puc.. YcraHoBKka 3JIeKTpOHHO-ITy4€BOU
HamaBku: 1 - peHousgenue; 2 - Karoxd; 3 -
MPUKATOIHBIN 3IEKTpod; 4 - YCKOPSIOLIUN
3JIEKTPOI; S5 - BBICOKOBOJBTHBIA HMCTOYHHK
MOCTOSIHHOTO TOKa;, 6 - MarHUTHas OWH3a; 7 -
MarHuTHAas OTKJIOHSIOIIAs CHCTEMa




[Tymka nmeeT katox 2 KOTOPBIA MOXET HarpeBaTbCs 0 BBICOKMX Temmeparyp. Karton
pa3MelleH BHYTPU NpPHUKAaTOAHOro »3jekTpona 3. Ha HEKOTOpOM pacCTOSHHMM OT Karoja
HAXOJUTCS YCKOPSIFOIIMM 3J€KTpo (aHOA) 4 ¢ OTBEPCTUEM. DINEKTPOHBI, BHIXOSAIINE U3 KAaTO/1a,
(OKYCHPYIOTCS C TOMOUIBIO 3JEKTPUYECKOTO IMOJII MEXKAY NPUKATOAHBIM W YCKOPSIOIIUM
AJIEKTPOJIaMHU B IyYOK JUAMETPOM, PaBHBIM JuUaMETpy OoTBepcTHs B aHoje 4. IlonoxurenbHbIl
MOTEHILIMAN YCKOPSIOUIETO 3JIEKTPOAAa MOXKET IOCTUTaTh HECKOJBKHX JIECATKOB THICSY BOJIBT,
MO3TOMY 3JIEKTPOHBI, UCITyCKaeMble KaTOJIOM, Ha MYTU K aHOJy HMPHOOPETAIOT 3HAYUTEIHHYIO
CKOpPOCTh W »HHepruto. IluTanue mMymKH SIIEKTPUYECKOW DSHEpPruerd OCYHIECTBISIETCS OT
BBICOKOBOJIbTHOT'O UCTOYHHKA MTOCTOSIHHOTO TOKa 5.

JUisg yBenuueHUsl MJIOTHOCTH 3HEPIUU B JIyde€ IIOCJIE BBIXOZA 3JIEKTPOHOB U3 IEPBOIO
aHOJia AJMEKTPOHBI (DOKYCHPYIOTCSI MAarHUTHBIM IIOJIEM B CHENMAIbHONH MAarHUTHOW JHH3E 6,
CdoxycnupoBaHHbIe B INIOTHBINA MYYOK JETAIINE HJIEKTPOHBI YIAPSIOTCS ¢ O0JIBIION CKOPOCTHIO O
MajJyl IUIOMIAAKy (TISITHO HarpeBa) Ha PEHOW3AEIUMU |, TPU ATOM KHHETHYECKash SHEpPrus
3JIEKTPOHOB BCJIEJICTBUE TOPMOKEHHUS IMpEBpaAIllaeTCsl B TEIUIOTY, HAarpeBas MeTall J0 O4YeHb
BBICOKHX TEMIIEpaTyp.

Jlisa mepeMenieHus gy4a 1O CBapMBAaeMOMY HU3JIEIHMIO Ha MYTH SJEKTPOHOB MOMEIIAIOT
MarHUTHYIO OTKJIOHSIIOILIYIO CHUCTEMY 7, MO3BOJSIOUIYI0 YCTaHABIMUBATH Jy4Y TOYHO MO JIMHUU
HarulaBku cBapku. Cam 1o ce0e 3JIeKTPOHHBIM JIyd MOXKET JOCTUraThb TaKuWX 3HAYEHHM, 4TO
JIeJTaeT BO3MOXKHBIM IMPUMEHEHHE €T0 MPH CBapKe OOIbIIHX TOMIMH — 70 500 MM.

l'azonnamennoe  manvinenue  nopowkosvix — mamepuanos. OcHOBa  Ipolecca
ra3orlaMEHHOr0 HaHECEHUsI — IIaCTU(UKAIMS OPOIIKA B BHICOKOTEMIIEPATYPHOM UCTOYHHUKE
Teria (aleTUICHO-KUCIOPOJHOM IUIaMEHH) M HAHECeHHWE €ero Tra3oBbIMH IIOTOKaMU Ha
MIPEABAPUTENILHO MOATOTOBICHHYIO U3HOIIEHHYIO IIOBEPXHOCTb.

[IpeumyiecTBa ra3ormiaMeHHOIO HAHECEHHUS COCTOSIT B BBICOKOM MPOM3BOJUTEIBLHOCTH
mporecca, JIOKaTbHOCTH 00pabOTKH, HE3HAUMTENHHOM BIUSHUU HAa TMOMAJOXKKY, BO3MOKHOCTH
HAHECEHMsI TIOKPBITHI Ha U3aenus OONbIIUX pa3MepOB, OTCYTCTBUM OTPAHUYEHHUI Ha COYETAHMS
MaTepuajoB MOKPHITUS M MOJJIOXKKH, UYTO IIO3BOJISIET OXBAaTUTh OOJIBLIYIO HOMEHKIATYPY
BOCCTAHOBJIEHMSI ~M3HOILEHHBIX peHojeTanell.. PaccmarpuBaeMmblii croco®  MO3BOJISET,
BOCCTAHABJIMBATh JI€TAlM TUIA Bajla C U3HOCOM J0 2,5 MM Ha CTOpOHY. BoccraHOBiIEHHbIE
JeTaT yCTOWYUBHI TPOTHB KOPPO3UH, aOPA3WBHOTO W3HAIIMBAHUS, JCHCTBUS BBICOKHX
TEMIIEPATYDP.

TexHoNOrnYeCKni NpoLecC ra3olIaMEHHOT0 HAHECEHUS, B OCHOBHOM, COCTOUT U3 TPEX
sTanoB: HarpeBa noBepxHocTu getanu a0 200...250 °C; HaHeceHUsl MOACIOs, KOTOPbIA JaeT
OCHOBY, HEOOXOIUMYIO Ul HAJIOXKEHUS OCHOBHBIX CJIOEB; HAHECEHHsS OCHOBHBIX CIIOEB,
MO3BOJISIOIIUX TTOTYYUTh MOKPBITHS C HEOOXOAUMBIMH (DPU3UKO-MEXaHUIECKUMH CBOMCTBaMH. K
OCHOBHBIM (paKTopam, BIHSIOIIMM Ha MPOYHOCTh CLEIJICHHS MOKPBITHS C OCHOBOM, OTHOCSITCS:
Croco0 TMOATOTOBKH IOBEPXHOCTH U HCHOJb3YyEeMbIl Mpu 3TOM aOpa3uBHBIN MaTepua,
napameTpbl CTPYWHOU 00pabOTKH MOBEPXHOCTH, BPEMS BBIJEPKKHU TOCIE 00pabOTKH, HAIMIWE
MPEABAPUTENILHOTO MOJOTPEBa, MPUMEHEHUE IMOJCIOS U MCIOJIb30BAHUE TEPMOPEAruPYIOIINX
MOPOIIKOB, crmoco0 pacmbuieHus, d(h(eKTHBHAS MOIIHOCTH IUIAMEHH, MapaMeTphl Mpoliecca
pacmbUIeHHs, COCTaB MaTephalia MOKPHITUS (HATUYHE IMOBEPXHOCTHO-aKTUBHBIX J00aBOK B
MOKPBITUH 3aBUCUT U OT MPUMEHSIEMOTO 000PYAOBAHUS U OT MPUCAIOYHBIX MATEPHUATIOB).

l'azomepmuueckoe nHanvinienue. Ilpu peMOHTE U3AETUN C TOMOIIbIO ra30TEPMUYECKOTO
HaNbUJICHUS] BOCCTAHABIIMBAIOT pa3Mephbl M3HOIIEHHBIX JeTaliel (IIeeK BajoB JIECOMMIBHBIX paMm,
BAJIOB JIEPEBOOOPAOATHIBAIONIMX CTAHKOB, IIIEEK OCEH KOHBEMEPOB W TEICKEK W T.1.),
YMEHbIIAI0T BHYTPEHHHE pa3Mepbl M3HOIICHHBIX MOCAJ0YHBIX OTBEPCTHI MOJ MOAIIMUIHUKH,



BTYJIKM U JpyTH€ JIeTall; HAHOCAT Ha MOJIIUITHUKYA U BTYJKH aHTU(QPUKIUOHHBIEC TOKPBITUS U3
TMICEBOCIIABOB, 00pa3yeMbIX B pe3ysibTaTe OJHOBPEMEHHOTO pACIBUICHHS JBYX WA TpPEX
Pa3HBIX METAJUIOB. DTOT BUJ] HANIBUICHUS XapaKTepU3yeTCsl CBOEH MPOCTOTOM, TEXHOJIOTUYECKON
JOCTYIIHOCTBIO M KOMIIAKTHOCTBIO.  ['a30TepMuuecKoe  HalbUIEHHE  J1a€T  CTOMKHE
AHTHUKOPO3UOHHBIE, KAPOCTOMKHE, DSJICKTPOU3OISALHUOHHBIE M HW3HOCOCTOMKHE IOKPBITHS.
Tonmmua cnost mokpsitust ot 0,1 Mm go 15,0 mm. Ontumaneao 0,5..3,0 mm. IIpunycku nox
MOCIEAYIONYyI0 O00pabOTKY MHMHHMMAIbHBI U COCTaBISIOT 10-15% OT TONIIMHBI TOKPBITHSL.
[ToBepxHOCTH MOTYT OBITH BOCCTAHOBJIEHBI HEOJHOKPATHO.

CylecTBYIOT AYroBble M Ta30IlIa3MEHHBIE CIOCOOBbl HAaHECEHUs MOKPHITHH. [lyroBbie
CIOCOOBI TOKPBITHS 3HEPreTUYECKU BBITOAHBI, OJHAKO IPUTOJHBI JIUIIb JJIS PACIbUICHUS
METAJUIMYECKUX CTEpKHEU. J[JIsl MOPOIIKOBBIX MATEPUATIOB MPHUEMIIEM TOJBKO ra30ILIaMEHHBIN
coco6. Ilepem HayamoM HAMBUICHHS IOBEPXHOCTh JIeTANed HEOOXOJUMO  OYHIIATH
MEXaHUYECKUM, a €CJTH MOTPEOYyeTCs, TO 1 XUMHUUYECKUM ITyTEM.

B nanHON 0071acTM HCMNONB3YIOTCS YCTAHOBKM M amaparypa MOpPOIIKOBOIO U
MIPOBOJIOYHOrO TUIOB. YcraHoBka YITIJI npennasHaueHa [ pydHOrO  HallbUIECHUS
TEPMOILIACTOBBIX, IIMHKOBBIX U JIPYrUX MaTepuasioB ¢ TemiepaTypoil miuasieHus 800°C. B stux
YCTAaHOBKAX B KaueCTBE HAMbUIIEMOr0 MaTepuaia HCIodb3yIT mopomok. [Ipu paGote
YCTaHOBKH HCIIOJB3YIOT aleTuiaeH U Bo3ayx. YcraHoBka YI'TIT mpennaznadeHa juisi pydHOro
HaIbUICHHS TYTOIUIABKUX MOKPBITUA M3 XPOMOOPHHUKENEBBIX CIIaBOB. Hambuisiemblii Matepuan
— nopoiiok. Paboune ra3pl — aneruiieH uin kuciaopoa. YcranoBka MI'U-411 npennasnayena
JUIl pYYHOTO HalbUICHUE JE€TAJIEW W3 aJlOMUHUA, CTald, UMHKA. Hampuisiemblii Marepuain —
npoBosioka. Mcmonb3yeMble Ta3bl — KHCIOpPOJ, BO3AyX, OyTaH, mpomaH. YcraHoska MIM-4
MMEET TE )K€ XapakTepucTUkH, 4yTo, 1 MI'M-4I1, HO HcnoaB3yeT TOABKO alETUIIEH, KUCIOPOa U
BO3IYX.

TexHoMOrnyecKkre BO3MOKHOCTH ra30TEPMUUECKOT0 HANIbUICHHUS:

® Ta30TEPMHUYECKOE HAIBUICHHE MOYKHO MCIOJh30BaTh HA OOBEKTAX JIFOOBIX Pa3MEpOB:
MOCTHI, Cy/a, TPyOOIPOBOIBI, CTPOUTENbHBIE KOHCTPYKIIHH, KOTIBI, KOJIEHUAThIC BAJIbI, JIOMATKU
TypOUH U JIp.;

® TOJIIIMHA TOKPBITUA MOXKET cocTaBisITh OT 0,01 1o 10 u 6onee MM; OHU MOTYT UMETH
3agaHHyto nopuctocts (0T 0 10 30 1 Gosee MPOLEHTOB);

® HAaHOCUTh MOXKHO JIFOOBbIE MaTepHallbl, UMEIOIINE TOYKY IUIABJICHUS WU HHTEPBAI
pa3MsTYCHUS;

® B Ka4ye€CTBE MOJIOKKH MOXKHO HCIIOJb30BATh JAEPEBO, CTEKIIO, INIACTMACCHI, KEPAMUKY,
KOMITO3HUITHOHHBIC MAaTEPHAITBI, METAJLIBI;

® HAaHECEHHME IMOKPBITUI MOXKET NPOU3BOAUTHCS B IIMPOKOM JAHANa30HE COCTaBa
MOKPBITHS, TEMIIEpaTypbl W JaBJICHUS - B HHU3KOM BaKyyMe B CHCIHAIBHOW KaMmepe
CKOHTPOJIMPYEMOI MHEPTHOW aTMoc(]epoil, B BO3yXe MPU HOPMAIBHBIX YCIOBUSX, TOABOJIONM;

Memannusayus. Metannuzanuss — OJIMH M3 PacCHpPOCTPAaHEHHBIX CIOCOO0B MOTYYEHHS
METANIMYECKUX TOKPBITUN MOBEPXHOCTE HAHECEHHEM Ha ATH MOBEPXHOCTHU PACILIABICHHOTO
Metamuia. CyIHOCTh MpoIecca COCTOUT B CIIEAYIOUIEM: METalll, PacIlJIaBIE€HHBIN Ayrou (mpu
AIIEKTPOMETAUIN3AIIMHI ) WK alleTUICHOKUCIOPOIHBIM IIAMEHEM (TP ra30BOM MeTaJTH3alliHN )
U paclbUICHHBIN cTpyei cxaToro Bo3ayxa (naeienue o 0,6 MIla), mokpbeiBaeT MOBEPXHOCTh
BOCCTaHaBIMBaeMoOM naetanu. I[Iponecc nyroBoil MeTayuIM3alMU OCYIIECTBIIAIOT CHELUATBHBIM
arnrnapaToM — METaJNIN3aTOPOM.



[locnenoBarenbHbIM HACIaWBAHMEM PACIUIaBJICHHOIO MeETaljla MOXHO MOJIYYHTb
MOKPBITHE, TOJIIIUHA CIIOSI KOTOPOTO MOXET OBITh OT HECKOJBKUX MHUKpPOH a0 10 MM u Gosee
(00brgHO 1...1,5 MM 11 TyrormuaBkux u 2,5....3 MM AJis JIETKOIUIABKUX MeTayioB). Takwe
MOKPBITUST W3 HEIS(MUIMTHBIX METAUIOB OTJIUYAIOTCS BBICOKMMH  aHTU(OPUKIMOHHBIMU
CBOMCTBaMH, MX HCIOJB3YIOT B3aMEH CIEIHATbHBIX 0a00MTOB M OpoH3. M3-3a mopucrocth
HAIBLUICHHOTO CJIOSI METaJlIa B HETO BIIUTHIBAETCS HEKOTOPOE KOJIMYECTBO Macjaa. ITO YIydllaeT
YCIIOBUSI CMa3bIBaHUs U O0ECIIEUMBAET JUIUTEIbHYIO pabOTy 3TUX AeTajeil 6e3 cMa3ku, HO U 0e3
3aeIaHuM.

B 3aBucHMOCTH OT HCTOYHHMKA pacCIUIaBIEHUS MeTaljla pa3juydaloT Ta30IlIaMEeHHYIO,
JYrOBYIO, BBICOKOYACTOTHYIO W IIIa3MEHHYIO MeTajumsauuio. [Ipu pemonTe 00opynoBaHus
HauOO0JIbIlIEE PACIIPOCTPAHEHHE TOJIyUMIa JyroBasi METaJUIM3aLusl.

OOpa3oBaBmiasicsi OKaJlMHAa Ha TPOBOJOKE MJODKHA OBITh yJaleHa NEeCKOCTPYHHOMH
00paboTkoii. [Ipy HaHeceHUH CIIOS TOKPHITHS Ha IOBEPXHOCTH AeTanu ee Harpes 10 50....70 °C
HE BBI3bIBACT HUKAKUX CTPYKTYPHBIX M3MEHEHHH B METaJlie AETaliu, T.€. er0 MEXaHUYECKHE
CBOICTBa COXPAHSIOTCS.

C noMombl0 paccMaTpuBaEeMBIX CIOCOOOB OCYIIECTBISIIOT 3a/€lKy TpEIIMH B
PEHOJETANSAX U3 aJTIOMUHUEBBIX CIUIABOB, HAHOCST MOKPBITUS Ha JIOObIE MaTepHalibl: METaJll,
IUIaCTMAcCy, NI€peBO, pe3WHy H T.I. Mertammu3anus O0OECIeYHBAET BBICOKYIO TBEPIOCTh
HAMBUIEHHOTO CJIOS, YTO CIOCOOCTBYET YBEIMUYCHHIO CPOKOB CIYXObI BOCCTaHABIMBAEMBIX
netaned. HanplisitoT camble pazHooOpa3Hble MeTasuibl. Hanpumep, 17151 HanblIeHUS! MOKET ObITh
UCTIOJIb30BaHa OMMETAJUTMYECKasi IPOBOJIOKA U3 aJIFOMUHHS M CBUHIIA, YTO MO3BOJISIET HE TOJIBKO
3aMEHATH JIOPOTOCTOSIIINE OJOBSHHUCThIE 0A0OOMTHI M OPOH3bI, HO M 3HAYUTEILHO YBEIUYUTH
CPOK CITYObI MOIIUITHUKOB.

[Ipy MoOATOTOBKE MOBEPXHOCTH PEHOJECTANC K METallIM3allud OTAENbHBIC OMNepaluu
BBITIOJHSIOT B CJIEAYIOIIEH MOCIEA0BaTEIHbHOCTH:

- OYUIIAIOT PEHOJETANH OT 3arpsi3HEHUH, MJICHOK, OKHCIOB, XUPOBBIX MSATEH, BIaru U
MPOAYKTOB KOPPO3WU B MOCYHBIX MAIIMHAX, MIETKAMHU, IPOMBIBAIOT B OCH3WHE WU
PacTBOPHUTEIISIX, HATPEBAIOT B MIe€YaX IJIAMEHEM ra30BOM TOPENIKH WIIH NasUTbHOW JIAMITBI;

- BBINIOJHSIOT TPEABAPUTEIHHYI0 00pabOTKY pe3aHHeM MOBEPXHOCTH JUIS MPHUAAHUS i
NPaBUIBHON T€OMETPUIECKOi (OPMBI B JOBOAAT pa3Mephl JETAllM JI0 pa3MEpOB, MPH KOTOPHIX
BO3MOXKHO HAHECEHHE TOKPBITUH 3aJlaHHOM TOJIIMHBI; Ha KOHIAX HWJIMHAPHYECKUX
MOBEPXHOCTEH OCTABISAIOT OYpPTHKM U MPOTAYMBAIOT 3aMKH B BHJE KOJBIEBBIX KaHABOK,
MPEIOXPAHSIONINE MOKPBITUE OT Pa3pyIICHUS;

- TMOJY4YaloT Ha TOBEPXHOCTAX BOCCTAHABIMBAEMBIX JIETANCH IIEPOXOBATOCTb,
HEOOXOUMYIO JUIsl yAepKaHUsI HAHECEHHOTO CJIOSI METala;

- o0ecrmeynBalOT 3alIUTy CMEXKHBIX IMOBEPXHOCTEH JeTajed, He MOJIekKAIINX
MeTaJlTN3aluu.

6.1 CoBeplIeHCTBOBAHHE TEXHOJOTHYECKHX METO/I0B 00pad0TKH /1eTajieil MAILIUH.

ITon w™meromoM 0OpaOOTKM TOHUMAIOT KOMIUIEKC YCIOBHMH, XapaKTEepPHU3YIOLIMX
B3auMoJieiicTBue 0OpabaThIBalOLIel Cpeibl WIM MHCTPYMEHTa U 00pabaThIBaeMOM 3aroTOBKH
(IeTanu), MCMOJB3YEMbIX AJsl PEeIIeHHs] OJHOW WM COBOKYMHOCTH TEXHOJOTMUECKUX 3a7ay:
U3MEHeHUs (opMbl, pa3MEpOB M B3aMMHOTO PACIOJIOKEHHUS SJIEMEHTOB JETalH, COCTOSHUS U
CBOICTB ee MaTepHasa, IOBEPXHOCTH M MOBEPXHOCTHOTO ci10si. MeTo 00paboTKu onpeaenseTcs
BHJIOM 3aTpavynlBaeMON PHEPruu (MEXaHWYECKOW, XUMUUYECKOMU, SJIEKTPUICCKOM, TEMIOBOM H T.
11.), KJIACCOM MPOM3BOIUTEIHLHOCTH 1 CYIIHOCTBIO TIporiecca (hopMooOpa3zoBaHus (Hampumep, co



ChEMOM MeTaJlla WIH MJIACTUYECKUM J1e(OpMHUPOBAHUEM), TUIIOM MPUMEHSIEMOT0 HHCTPYMEHTA
Wi 00padaThIBAIOIIEH CPebl U WX XapPaKTEPUCTUKOHN (HApUMeEp, METALTUICCKHUNA JIS3BUIHBIN
— pesel, ¢pesa, cBepiio; abpa3uBHBIN KPYT, OPYCOK, TpaHyIMPOBaHHBINA abpa3uB, Ipoob U T. 1.),
KMHEMAaTUKON TMpolecca W €ro cxemoiu. l3MeHeHue OJHOTr0 W3 MEePEUMCIICHHBIX (HaKTOpOB
BBI3BIBACT M3MEHEHHUE COJACP)KaHUS M Ha3BaHUs MeTofa o0paboTku. CyliecTByeT TaKkxke
orpezesieHue MeTo1a 00pabOTKH KaK JJOTHYECKOr0 MHOXKECTBA (DU3UUECKUX U KMHEMaTHYEeCKHX
napaMeTpoB — OJJIEMEHTOB YIPABISEMOro BO3ICHCTBHS Ha 0OpabaThiBaeMylO0 3aroTOBKY
(Ieranp) ¢ peuieHUeM OJHOW MJIM COBOKYITHOCTH TEXHOJIOTMYECKUX 3a/1ay: U3MEHEHUs (hOpMBI,
pa3MepoB U B3aUMHOT'O PACIIONIOKEHHS JJIEMEHTOB JIETall, COCTOSIHUS M CBOMCTB €€ MaTepuala,
[IOBEPXHOCTHU U MIOBEPXHOCTHOI'O CJIOSI.

Meton 00paboTKH SBISETCS OCHOBOW TEXHOJOTHYECKOW ONEpaluu, a UX COBOKYITHOCTb
— OCHOBOM TEXHOJIOTMYECKOro npolriecca. HermpepblBHO Bo3pacTarouiye TpeOOBaHUs K KaueCTBY
BBIIYCKAEMbIX MAIIUH CBS3aHbl C HEOOXOJMMOCTBIO IOBBIIICHUS HUX HAJEXKHOCTH, KOTOpas B
3HAYUTENLHOM CTENEeHU OIpeIesieTCs SKCILTyaTallMOHHBIMU CBOMCTBAMHU OT/IEIbHBIX JIETaJICH.

DKcIUTyaTalliOHHBIE CBOMCTBAa JeTajeil MallMH CYIIECTBEHHO 3aBHCIT OT KauyecTBa
MOBEPXHOCTHOTO CJIOS, OMPEIEIsIeMOr0 FeOMETPUYECKUMH (MAaKPOOTKIOHEHHUS, IIEPOXOBATOCTD )
U (pU3MKO-MEXaHUYECKHUMH (MHKPOTBEPAOCTb, CTPYKTypa, OCTATOYHbIC HAMpPSKEHUs)
napaMmerpamMu. Bce 3Tu mapameTphl 3aBUCAT OT TE€XHOJOTMM M3TOTOBJIEHMS AETajeil, 0JHAKO
TPaIUIIMOHHBIE METOBI 00Pa0OTKH YacTO HE MO3BOJSIIOT APPEKTHBHO MOIy4yaTh HEOOXOAUMBIC
nmapaMeTpsl KadecTBa IOBEPXHOCTEH. AHANM3 TEXHOJOTUYECKHX METOIOB 00paboTKH
MOBEPXHOCTEH JleTallel MallliH MOKa3bIBAET, YTO YHUBEPCAIbHBIX METOJIOB HET, KaXK/IbIi UMEET
CBOI0 KOHKPETHYIO 0O0JacThb palMOHAIBLHOTO NPUMEHEHHS, 3a4acTyl0 JOCTaTOYHO Y3KYIO.
TexHOIOr M KOHCTPYKTOp CTOAT Mepen MpobiaemMoi BblOOpa BBICOKO3((PEKTHMBHOTO METOAA
00paboTKM M3 OOJIBLIOrO 4YHciaa BO3MOXKHBIX MM CO3JaHMS HAa OCHOBE HX COBMEIEHUS
KOMOMHHUPOBAHHOTO MeTo/1a 00paboTku Aetanu. Ha npeanpusaTusx MalimHOCTPOECHHUS BCe LIMpe
OPUMEHSIOTCS  KOMOMHHMPOBAHHBIE  METOJbl  TEPMOMEXAHUUYECKOH, 3IEKTPOPHU3NUECKOMH,
AIIEKTPOXMMUYECKOM ¥ HMOHHO-IIy4eBOM 0OpabOTKH, B OCHOBY KOTOPBIX IOJOXEHO
UCIIOJIb30BAaHUE  BBICOKONIPOU3BOJAUTENbHBIX HMHCTPYMEHTOB, a TaKkXe€ pa3HOOOpa3HBIX
HUCTOYHUKOB  BBICOKOKOHIICHTPUPOBAaHHOM sHepruu. B  mpomecce Takoit  o0paOoTku
MOBEPXHOCTHBIM CJOW JETaau TMOIVIOMIAaeT B KOPOTKOE BpeMs 3HAYUTENIbHOE KOJIUYECTBO
sHepruu. OOpasyromuecss B HEM HEpaBHOBECHBIE JAMCCUIATHUBHBIE CTPYKTYPbl aKKyMYIUPYIOT
U30BITOK PHEPTUM U CaMOIIPOU3BOJIBHO CTPEMSTCS K COCTOSIHMIO C HaUMEHbLIeH CBOOOIHOM
sHepruei. B moBepXHOCTHOM ClI0€ MPOUCXOIAT HEOOpaTUMBbIE MPOLECCHl HACTEICTBEHHOCTH U
CaMOOpraHu3allii, KOTOpbIE IIyTEM HAJOXEHHS M COBMECTHBIX ACUCTBUN IOTOKOB SHEPTUU
BeJyT K 00pa30BaHUIO KOMIUIEKCA CTPYKTYp C ONpeeIeHHBIMU CBONCTBaMHU.

BonpimnMy noTeHIMAaTbHBIMUA BO3MOXHOCTSMU YIIYYILEHUS SKCIITyaTal[MOHHBIX CBOMCTB
MOBEPXHOCTEH JeTalie MamuH o0JamaeT 3JeKTpoMexaHudeckas obpadorka (OMO). DMO
ABIISETCS 0COOBIM croco6om KOHTaKTHOM 00paboTKu MOBEpXHOCTEN
BBICOKOKOHIIEHTPUPOBAHHBIM UCTOYHUKOM 3JIEKTPUUYECKON SHEPTHH, OObEAUHSIONNM B €TMHON
TEXHOJIOTMYECKON CXEME€ CHJIOBOE U TEPMHUYECKOE BO3AECUCTBHE MHCTPYMEHTA Ha JA€Tajb, YTO
M03BOJIsIET (POPMHUPOBATH YHUKAIBbHBIE CBOWCTBA MOBEPXHOCTHOTO ciosi JeTaneil. OCHOBHBIMU
0COOEHHOCTSMH pa3IMyHbIX BU0B DMO sBiIsleTCs: HAIMYME HECKOJIbKUX UCTOYHHUKOB TEIIOTHI,
OCHOBHBIE U3 KOTOPBIX 3JEKTPUUECKU TOK W TPEHHUE, JIOKAIbHBIA HarpeB 30HBI 00paboOTKU
COTPOBOXKAAETCA JIEUCTBUEM 3HAUUTENBHBIX JIaBJICHUI, TEpMUYECKU IMKI 0O0paboTKu
KPaTKOBPEMEHEH, JOCTAaTOYHO BBICOKAs CKOPOCTh OXJaKICHHS, a TaKKe BIUSHUE APYTUX
TEXHOJIOTHYECKHX (haKTOPOB.



B Hacrosmee BpeMs pa3paboraHo  OoOJbIIOE  KOJIMYECTBO  PA3HOBUIHOCTEH
AIIEKTPOMEXAHUYECKOM 00pabOTKM, MPEACTABISAIONIME CO00H KOMOWHAIMIO PAa3JIMYHbIX
BBICOKOOHEPTETHYECKUX BO3JICHCTBUH Ha MOBEPXHOCTH 00pabaThIBAEMOM JeTaid, KOMOWHAIUS
MOTOKOB JHEPTrUU M BEIIECTBA B Mporecce 0OpadOTKH 00ECIeYUBAET YCIOBHS, BEAYIIHE K
CTa0WJIN3allMd HEPaBHOBECHBIX IPOLIECCOB, OCHOBOH KOTOPBIX SBJISIETCS IOBEPXHOCTHOE
IUTaCTHYECKOe J1e(OPMUPOBAHME B YCIOBHUAX TPEHUS CKOJIBKEHHMS IPU OJHOBPEMEHHOM
IPOIYCKAaHUH JIEKTPUUYECKOIO TOKA Yepe3 30Hy KOHTAaKTa JAeTald U MHCTpyMeHTa. JlocraTouHO
HOJTHON KJ1accuuKanuu Pa3HOBUIHOCTEH JIEKTPOMEXaHUYECKOM 00paboTkH,
KOMOHMHHUPOBAHHBIX METOZ0B 00pabOTKH B OCHOBE KOTOPBIX JekUT OMO He CyliecTByeT, YTO
CO3JIaeT OMpECTICHHBIE TPYAHOCTHU MPHU pa3paboTKe TEXHOIOTHYECKUX MPOIECCOB U3TOTOBICHUS
JieTajeil C MOBEPXHOCTHBIM YIPOYHEHUEM, B PACHpPECICHHH METOI0B 00pabOTKH MO TOYHOCTH
(dbopMHpOBaHUSI TMOBEPXHOCTH B 3aBUCUMOCTH OT MOIIHOCTH HCTOYHUKOB BO3ACUCTBUS, B
CO3/IaHUH TIOBEPXHOCTHBIX CIIOEB C OINPENEICHHBIMHU, HAaepea 3aJaHHbIMU WM 3aKOHOMEpPHO-
U3MEHSIOIIMMHUCS, TapaMeTpaMH KauyecTBa MOBEPXHOCTHOTO CIIOS.

K koMOMHUpPOBaHHBIM MeTOJaM 00pabOTKH TaKKe OTHOCSTCSA

Bubpayuonnas snexkmpoxumuueckas obpabomxa. BuOparimoHHas 3JIEKTPOXUMUYECKAS
00paboTKa XapaKTepu3yeTcs HaJO)KEHHEeM Ha pabdoyee MPOCTPAHCTBO AIIEKTPOXMMUYECKOIO
nporecca.

Bubpayuonno-yenmpobeaxcnas obpabomrka (BullO). B ocHOBy co3maHms Mpoliecca
BUOPAIIOHHO-TICHTPOOEKHOH 00pabOTKM TMOJIOKEHAa WJesl OJHOBPEMEHHOTO BO3JCHCTBUS
HaIpaBJIEHHBIX BHUOpanMii M LEHTpoOekHbIX cui. Ilpu 3ToM BoO3pacTaer 3HEpPreTUdYecKuil
ypoBeHb 00pabaTbIBatolIel cpeibl U HHTEHCUBHOCTD MPOILIecca.

Obpabomxa 6 ncegdoxkunsawem cioe ¢ mexanuveckum dapoomuposanuem. O6paboTKa B
IICEBJIOKUIISIIEM CJI0O€ C MEXaHWYeCKMM O0apOOTHpOBaHMEM OCHOBaHa Ha TOM, 4YTO
NICEBJIOKUIIAIINI cIoi pabouelt cpebl co34aeTCsl pa3IMUYHbIMUA MEXaHUUECKUMH YCTPOHCTBAMHU.

Hmnennepuasn obpabomka. imnennepHas o0paboTKa COCTOUT B TOM, YTO BpPAIIAIOLIUICS
B KaMmepe HMIeIUIep JIOMACTSIMM 3aXBaThIBAET M TPUBOJUT BO BpamlaTeIbHOE BUKCHUE
TPaHyJIMPOBAHHYIO Cpedy, KOTOpas TOJA IeHCTBHEM LEHTPOOEKHBIX CHI OTOpachIBaeTcs K
nepudepun paboueil kamepsl. B pesynpTaTe 3TOrO0 BCS Macca 3arpy3Ku IepeMeniaercs u
NPUXOJNT B TICEBIOKUIISIIEE COCTOsTHUE. JleTann, HaxosIIrecs B 3TOW 3arpy3Ke, MOABEPTatoTCs
yJlapHOMY BO3JIEHCTBHIO IPaHyJ, B pe3yjIbTaTe KOTOPOro UAET Ipolecc 00paboTKu.

Obpabomka demaneu abpasu8om, ynjiomHeHHbIM UHEPYUOHHBIMU CUIAMU, TIPEJICTABIAET
co0oif mporece, B KOTOPOM CheM Marepuaia ¥ (OPMHPOBAHHE MOBEPXHOCTU MPOUCXOIUT B
pe3ysbTaTe KOHTAKTHOTO B3aUMOJIEHCTBUSI 00pabaThIBa€MOI MOBEPXHOCTH C YIUIOTHEHHBIM O]
JIeiCTBUEM MHEPIIMOHHBIX CHJI CIIOEM pabodeld Cpeibl IPU UX OTHOCUTEIHFHOM TepEMEICHUN

Maenumno-abpaszuenas oopabomka. MarautTHo-aOpa3uBHasi 00pabOTKa OCYIIECTBIACTCS
B I'paHyJMPOBAHHOMN cpefie ¢ (peppOMarHUTHBIMU CBOMCTBAMH, pa3MEIIaeMO B MEKIOJIIOCHOM
(pabodem) MPOCTPaHCTBE.

[IpuBeneHHbIe TPUMEPHI AAJEKO HE UCUEPIBIBAIOT BUIbI KOMOMHUPOBAHHON 00pabOTKH.
B Hacrosmiee BpeMsi MOCTOSIHHO MOSIBJISIIOTCS €€ HOBBIE PAa3HOBUAHOCTU U BHJBL. OCHOBHOM
3ajaueil pa3pabOTKM TaKWX METOJOB SBISETCS OOecreueHHe BBICOKHMX SKCILTyaTallMOHHBIX
CBOWCTB MOBEPXHOCTEN JIeTalleil MallliH U ONTUMM3AIHS MPOLIECCOB C TOYKU 3PEHUS] CHUKEHUS
TPYIOEMKOCTH U CEOECTOMMOCTH TpoIiecca MPHU 00ECIIeYCHUH TPeOyeMOoro YpoBHS KauecTBa.

6.2 PesyabTarnl ucciaenoBanuii kageapol «TMce» B 00J1aCTH COBepILIEHCTBOBAHUS
METOA0B 00padoOTKH



OcHOBHBIE HalpaBieHUsT HaydyHO paboThl Ha Kadenpe "TexHOIOTHUsS MAIIMHOCTPOCHUS"
CIIEAYIOLINE:
e BulparnuoHHas oTIeJI0YHO-YIIPOYHSIONIas o0padoTKa.
e JlopHOBaHHUE.
e KomOuHMpoBaHHBIE METOABI yIpouHstouiei o0padorku [T/
e MaremaTHuecKkoe MOJCINPOBAHUE TEXHOJIOTUYECKUX MTPOLIECCOB.
e (OO0ecneyeHne HaJIEKHOCTH TEXHOJIOTHYECKUX MTPOLIECCOB.

HauOosee nonHo ¥ NIMPOKO pacMMaTpUBAETCSl BUOPALIIOHHAS! OTIE€I0YHO-YIIPOYHSIOIIAs
00paboTKa.

BuO B 3aBUCHMOCTH OT XapakTepa MpUMEHseMON padoyeil cpelbl MPeaCcTaBIseT co0oit
MEXaHUYECKUN MM XUMUKO-MEXaHUYECKUN MPOLECC ChEMA MEIbYalIINX YaCTUL METalIa U €ro
OKHCIIOB ¢ 00padaThIBaeMOi TTOBEPXHOCTH, a TAKXKE CrIIA)KMBAHUS MUKPOHEPOBHOCTEH MTyTEM HX
IUTACTHYECKOTO Je(OpMUPOBAaHUS YacTHLAaMHU paboueil cpenbl, COBEPIIAIONIMMU B TPOIECCe
0o0paboTku KosebaTenpbHOE JBHKEHHE. [Ipolecc COmpoBOXKIAETCS IOCIEA0BATEIbHBIM
HaHECEHHWEM Ha IOBEPXHOCTh OOpabaThIBa€MbIX JAeTajell OOJIBLIOr0 YHCIa MHUKPOYAapOB
YacTUIIAMU pabodel cpeipl MpU MX B3aUMHOM COYIAPEHHM U CKOJBKEHHH, BBI3BAHHBIX
JieficTBUEM HaIlpaBJIeHHbBIX BUOpaluii, coolI1aeMbIx paboueit kamepe.

VYiapsl BbI3BaHBI JICHCTBHEM HAlpaBJIEHHBIX BHOpalMid, cooOIIaeMbIX pabodel kamepe
MHEpIMOHHBIM BHOpaTopoM (puc. 4.36). Pabowas kamepa moiy4yaeT BHOpamuio OT
UHepIoHHOro BuOpaTtopa. Ilpm sTomM ameranmn m pabodas cpenma, HEMPEPHIBHO IOJIBEPrasich
MIEPEMEHHBIM 10 3HaKy YCKOPEHUSM, COBEPILACT JBa BUAA JBIKCHHS: KOJeOaHUE U MEJIEHHOE
BpaleHne Bceil Macchl (UPKYISIUOHHOE JBIKeHne). OT cTeHOK pabodeil kamepsl BHOpamus
nepeaaeTcs MPUIIETaloluM CIIOsIM pabodell cpe/ibl, KOTOPbIE MEePEealoT €€ CASAYIOIINUM CI0sM U
T.J.
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Puc. 4.36. Cxema mporecca BHOpanuoHHOW o00paboTku: | - pabouas kamepa; 2-
NpPYXUHBL; 3 - nebanaHCHbIM BUOpaTop; 4 - ocHOBaHUe; S5 - mIaHru s nojgauu u cimsa COTC;
6 - momma; 7 - 0aK-OTCTOMHHK.

B kauectBe pabouux cpen mpu [1I1/] mupokoe npuMeHeHne B MpakTHKe BUOPOyIapHOU
00paboOTKM MOJYyYMJIM CTajbHasi M YyTryHHas OpoOb, JIUThIE 3BE3J0YKU, pyOJieHas MpPOBOJIOKA,
CTaJIbHBIE MOJIMPOBAHHBIE HIAPUKU U JAP., IPU OTACITOYHO-3aUUCTHONH 00pabOTKE UCHOIB3YIOTCS
aOpa3uBHBIE TpaHyJIMpOBaHHBbIE cpenbl. B mpoiuecce  BHOPAalMOHHOTO  YNIPOYHEHHUS
o0ecrieynBaeTcsl IUIACTHYECKOE Je(POpMUPOBAHUE IOBEPXHOCTHOIO CIIOS, CJIEACTBHEM YEro
SIBIISICTCS TIOBBIIICHHE MHKPOTBEPAOCTH, O0pa30BaHME CKUMAIOIIUX OCTATOYHBIX HAIPSKEHHUH
MEepPBOTO pojia W YMEHBIIEHHE IEPOXOBaTOCTU TOBepXHOCTU. [Ipm abpaszuBHOW 00pabOTKe



IPOMCXOOUT CHU)KEHUE IIEpPOXOBAaTOCTH U (OPMHUPOBAHUE TOJTHOCTBIO CTOXACTUYECKOIO
MHUKpopenbeda.

Cy1ecTByeT HECKOJIbKO TEXHOJIOTHYECKUX cXeM BbinoiaHeHuss BuO B cB0OOIHO
BUOpHpYOIIEH pabodeil cpene: 00paboTka BCYXyH WIH C IUPKYJISIUEH pacTBopa; oOpaboTka
CBOOOJTHO 3arpyKEHHBIX JI€TaJIei, CPABHUTEIBHO HEOOIBIINX Pa3MEpPOB C MEPUOANYECCKON MU
HENPEepPbIBHOM 3arpy3Koi U pa3rpy3koi ux; o0paboTKa TSKEIbIX U KPYIMHOra0apuUTHBIX JeTajei,
3aKpEIUICHHBIX B CHEIHMAJIbHBIX MPHUCIOCOOICHUAX; 00padOTKa AIMHHOMEPHBIX JAeTaledl Tuia
TpyO, NPYTKOB, NpoduiIe U NPOBOJIOKH IYTEM MEJIEHHOI'O IPOTAJIKUBAHMS UX 4Yepe3 OKHA,
BBINIOJIHEHHBIE B CTEHKaxX pabodei kamepbl M Ap. Peanmuszanus 3tux cxem BbinmonHeHus BuO
OCYILECTBIISICTCSI B BHOPALIMOHHBIX CTaHKAaX M YCTPOMCTBaxX pa3iuyHbIX TUNOB. Ho B mobOom
cllyuae OHHU COJepXaT KOHTEHHEp, 3aloJIHAEMBbI paboyeil cpenoil, BUOpaTOp M YHpyrue
anemenThl. Konreitneps! s BuO B 3aBucuMocTH OT BHAa 00pabaThIBaeMbIX JAETalell UMEIOT
pazmuunyto popmy: U-o0pasHbie, TOPOBEIC U Jp.

BubGpannonnas o0paboTka sBIsSETCS YHHBEpPCAIbHBIM MeTo/0M oOpaboTku. Haunbonee
HarJsIIHBl €ro IpeuMyllecTBa IpH 0O0paboTke [eTajei CIoKHOW (OpMbI, a TaKxke Mpu
o0paboTke neTaneil HEOONBUIMX pa3MEpPOB Pa3HOOOpPa3HOM HOMEHKIATypbl. VIHTEHCHBHOCTbH
00pabOTKM 3aBUCHUT OT PEXHMMA U MPOJIOJHKUTEIBHOCTH 00pabOTKH, XapaKTEPUCTUK U pa3MepoB
gactul] paboueil cpenpl, o0beMa pabodell KaMephl U CTENICHH €€ 3allOJHEHHs, MEXaHHYECKUX
CBOWCTB MaTepuaia 00pabaThIBaeMBbIX JIETATCH U JIp.

Jopnosanue yununopuueckux omeepcmuii. VI3rotoBiaeHre TOYHBIX OTBEPCTUN BCeraa
SBIISIETCS OOJIEe CIIOXKHOM 3a/1aueli I0 CpaBHEHUIO C 00pabOTKON HapyKHBIX MOBepxHOCcTel. [1pn
00paboTKe pe3aHUueM 3TO OOBACHSAETCS OrpaHMYEHHBIM pabOuUM MPOCTPAHCTBOM U B CBSI3U C
TUM HE/10CTaTOYHOM KECTKOCTBIO PEXYIIEro UHCTPYMEHTA, 3aTpyJHEHHBIM
CTPY’KKOOTBEIeHHEM, 0COOEHHO MpHu 00padoTke riyookux orBepctuid. [Ipu mmmdoBanum u3-3a
MaJIbIX pa3MepoB Kpyra TPYAHO JOCTHYb ONTHUMAJIbHBIX CKOPOCTEeH pe3aHus, Ha oOpaboTaHHOMN
MOBEPXHOCTH YaCTO OCTAIOTCS aOpa3uBHBIE KPOLIKHM, CHUYKAIOIIME HKCIUTyaTallMOHHbIE CBOWCTBA
JNETaJIEN.

[IpumeHenne mporecca JOPHOBAHHS OTBEPCTUH YCTpPaHAET STH W MHOTHE Jpyrue
Henocrarku. [loBepxHocTHOe nopHOBaHMe — 310 mnpouecc IIIIJI mpm mnocrymnarensHOM
CKOJIKCHWW JOpHa 10 BHYTPEHHEH moBepXHOCTH aedopmupyemoit aperamu. Ilpomecc
KaTMOpOBaHUs OTBEPCTHH JOPHOBAHMEM 3aKJIIOYaeTCsl B TOM, YTO HHCTPYMEHT (IOpH)
orpenieNeHHOW (GopMbl MpoTalKuBaeTcs (MpOoTAruBaeTcs) uepe3 oOpabdaThIBaeMOe OTBEpPCTHE,
UMeEIoIlee HECKOJIbKO MEHBIINE pa3Mephl MO0 CPaBHEHUIO C pa3MEpoOM KaJMOpYIOLIEro J0pHa
(puc. 4.23). Ilpm »5>TOoM BCIEACTBUE IUIACTUYECKHX JeQopManuii JuamMeTrp OTBEpCTHUS
YBEIMYMBACTCSI, TIOBEPXHOCTHBI CJIOW METaJllla B OTBEPCTHH YIMPOYHSETCS, a IMEPOXOBATOCTH
CTIIQKUBAIOTCSL.
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Puc. 4.23. Cxema pnopHOBaHMS TIO
cXeMe CcxKaTus
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PabGovast moBepXHOCTh MOpHA MOXET OBITH Pa3IUYHOW: IMApPOBOH, KPHUBOJUHEHHOM,
KOHYCHOM. Y Ka)X70T0 JOpHAa MOXXHO BBIICIUTH 3a00pHYI0, KATMOPYIONIYI0 U OOpaTHYIO YacTH.



HaunbGonee pacnpoctpaneHHoi QopMoil mopHa sBIAEeTCS KOHHMYECKas. Pa3HOCT, Mexmy
JauaMeTpoMm gopHa O 1 3aroToBKH Oy Ha3bIBACTCS HATATOM JIOPHOBAHUS
[ =d—d,.

Bce TtexHonormueckue M KavyeCTBEHHBIE XapaKTEPUCTUKH IPOLECCa 3aBUCAT OT
BEJIMYMHBI HATSAra, OINpPENessSIonlero creneHb aedopManuu. B 3aBUCUMOCTH OT BETUYHMHBI
HaTAra, Aeopmaliis JAeTald B IMOMNEPEeYHOM CEYEHHH MOXET ObIThb 4yucTo ymnpyrou. Ilpu
JaNbHEHIIEM pOCTe HaTAra BO3HHKAET IUIACTHYECKas 30HA jaedopMaliy, OXBaTHIBAIOIIAs
HEKOTOpPYIO O0JIACTh MeTajula JIeTalld y OTBEPCTUsS, NMpPU JNaJbHEHIIEM YBEIMYEHUH HATsra
JIOPHOBaHHUSI BCE IONEPEYHOE CEYECHHWE 3aroTOBKM B 30HE JeQOpMalMU HAXOAWUTCS B
IUTACTHYECKOM COCTOSIHUU. JleTanb neopMHUpyeTcst TakKe M B OCEBOM HAIIPABICHHH.

Bennuuna neopmanuu HapyKHOH MTOBEPXHOCTH JETAIH

I =D —D,

rae D u Dy — cooTBeTCTBEHHO HAPYKHBIN JUAMETP JCTATH JI0 U Mocie AeGopMarum.

[lonmHast nedopmanms neTany, ompeaessieMas BEIMYMHOW HATSIra TpU JIOPHOBAHHH,
MOYKET OBITh MPE/ICTABICHA B BUJIE CYMMBI YIIPYTO# U TUTACTHYECKON Aedopmaruu:

6(1 = (Sd)ynp + (Sd)OCT'

OnmHako TpU  PACCMOTPEHHBIX CXEMaxX JOPHOBAaHHS OTBEPCTHH, OCOOCHHO B
TOHKOCTEHHBIX BTYyJIKaX, BEJIMYMHA MAaKCUMAJIbHBIX YAEJIbHBIX KOHTAaKTHBIX JaBJICHUM
HEJOCTAaTOYHA 11 MHTEHCUBHOI'O CIJIKMBAHMUSI HEPOBHOCTEH. DTO MOXKHO YCTpPaHUTh, €CIU
JIOPHOBAHKE OCYLIECTBIISITh NMPU OTPAHUYCHHUH JehOpMalliu JAETadu MO HAPYKHOMY JUAMETPY,
nomerniasi Jetaib B 000KMy, WM MPH COBMEIIEHUH MpOoIlecca TOPHOBAHUS C PEIyLIMPOBAHHEM
(puc. 4.24). B oTiimume oT CBOOOHOTO TOPHOBAHUS MIPH JAPYTHX cXeMax JeOpMUPOBAHHUE UIIET
3a CYET MPUHYJUTEILHOTO YTOHEHUS CTEHKU JIeTaJH.
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IIpenmymiecTBa MpoLECCOB JOPHOBAHUS B HKECTKOM 0001Me U COBMECTHOTO TOPHOBAHUS
Y pEeLyLIPOBAHUS 3aKJII0YAETCS B cienyromeM (puc. 4.24):

- 3a cueT OOJBIIMX KOHTAKTHBIX JABJICHUH IIEPOXOBATOCTH MOBEPXHOCTH WHTEHCHUBHO
CTJIa)KUBAIOTCS;

- OJIHOBPEMEHHO C BHYTpPEHHEHl KaluOpyeTcs U CrIIaKMBaeTCsl Hapy>KHas MOBEPXHOCTh
JeTanu;

- TIpolLecC MPUOIMKAETCA K CXEMe BCECTOPOHHEI0 CXKaTHsl, YTO MO3BOJISIET MPOU3BOIUTH
00paboTKy ¢ GoJbIIel CTeneHbIo JegopMannu 0e3 pa3pyieHuHs.

IIpu onHOM W TOH K€ BENWYMHE HATIra TArOBOE YCHIIME OOJIbIIE MPH JOPHOBAHUH B
000iiMeé U COBMECTHOM JOPHOBAaHHM C pelylUpoBaHHEM. VI3MEHSIOTCS COOTHOLICHHS MEXAY
YOPYTUMH W TUIACTHYECKHMMM JAe(opManusMu W Xapakrep JedopManuu JAeTad B OCEBOM



HanpasiieHuu. B jkecTkux o0oiiMax TpeOyeMyIo HIepOX0BaTOCTh MOBEPXHOCTH MOKHO MOJTYYHUTh
IIPY MEHBIINX 3HAYCHUSIX BEITMYHHBI HATATA 10 CPABHEHUIO CO CBOOOIHBIM IOPHOBAHUEM.

B nmpou3BOACTBEHHBIX YCIOBUSAX MPOLECC JOPHOBAHHUS MOXKET OCYIIECTBIIATHCS HA TOM
xKe 000pyIoBaHMH, KaKOe MPUMEHSETCS U IpU 00paboTKe AeTaliel pexKyIUMHU MPOTHKKAMH, T.C.
Ha Pa3HOOOPA3HBIX MPOTSHKHBIX CTAHKaX WM mpeccax. JJOpHbI H3TOTOBIAIOT U3 Pa3HOOOPA3HBIX
MapoK CTajei, HaWIydllue pe3yibTaTbl MO CTOMKOCTH HAalOT JOPHBI C TBEPAOCIUIABHBIMU
koabeiiamMu (BK8 u T5K10). [Ipu nopHOBaHMUM jaeraniell ¢ ONTHUMAJIbHBIM HATSATOM, BO3MOJKHO,
MOJIy4aTh OTBEPCTHUS C TOYHOCTHIO MO §...9-My KBaJUTETy M HIEPOXOBATOCTU B IMpenenax
Ra=1,25...0,04 mxmMm.

Jlopnosanue (kanuoposanue) paconnvix omeepcmuii. Ocod60 OTBETCTBEHHBIC ICTATU
CO IUIMIEBHIMH OTBEPCTHSMU H3TOTABIMBAIOT B OOJBIIMHCTBE CIIy4aeB M3 CTajei,
MOJIBEPTaOIINXCS [IEMEHTAIUU U TIocTeayromiei 3akanke 10 tBepaocta HRC 56...62. Onnako B
Mpolecce IEMEHTAMA W TOCICAYIOIeH 3aKalKd MPOUCXOoauT aedopmanus (KOpoOiIeHHE)
JeTaned, KoTopas HNPUBOJUT K HCKKEHUI0 (OpMBI M pa3MepoB ILUIMIIEBOIO OTBEPCTUS Ha
BEJIMUMHY, 3HAUUTEIHHO MPEBBIIIAIONIYI0 BEJIUYUHY J0MycKka 9-ro, a uHoraa 11-ro xBanuTera.
OO0paboTky (BoccTaHOBIEHUE (POPMBI) COMPATAEMBIX MMOBEPXHOCTEW ILIUIIEBOTO OTBEPCTHS,
umeronx TBepaoctb HRC 56...62, npu LEHTpUPOBAHHH MO HAPYKHOMY JTUAMETPY MOXKHO
IPOU3BOIUTH C IOMOIIBIO IIJTUIIEBBIX JOPHOB.

IIpn kamuOpyromeM JOpHOBaHWM (ACOHHBIM JOPHOM CPAaBHUTENBHO TOHKUUN
LIEMEHTUPOBAHHBIA U 3aKaJICHHBIM CJIOW MeTajla IpOJaBIMBAECTCA JOPHOM M (OpMUpPYETCS
BCJICJICTBHE CMEIIEHUS Oojiee BS3KOTO0 METallla, pPACIOJIOKEHHOTO B TIIyOWHE JETalu.
JlopHOBaHHE MOXET TMPUMEHSATHCA HE TOJNBKO JUIsi KaduOpoBaHWS —MpeaBapUTEIHHO
MOJTOTOBJICHHBIX pe3aHreM (PacOHHBIX (LIUIUIIEBBIX, MHOTOYTOJBHBIX U Ap.) OTBEPCTUN, HO U
JUISE TIOJJHOTO BBIIABIMBAaHUSA JOPHOM pPa3HOOOpa3HBIX Tmpoduiae B MpeaBapUTEIbHO
HOJATrOTOBJICHHOM LMJIMHAPUYECKOM OTBepcTHH. IIpy momMomniu 10pHOB BO3MOKHO 0Opa3oBaHue
U KamuOpoBaHHE CIOXKHOTO NpOoQWIsl HE TONBKO B HUIUHAPUYECKHX, HO U B KOHYCHBIX
KPUBOJIMHEHHBIX OTBEPCTHSIX.

dacoHHBIC JOPHBI M3TOTABIMBAIOT M3 TE€X K€ MHCTPYMEHTALHBIX MAaTEPHAJIOB, YTO U
JOPHBI JUIS IMJIMHAPHYECKUX OTBepcTHil. Hammydmme pe3yiapTaThl 1O CTOHKOCTH JlaeT
WHCTPYMEHT, OCHAICHHBIN TBEPAOCIUIABHBIMU neOpMHUPYIOLTIMH JJIEMEHTaMHU.
Jedopmupyromye 3J1eMeHThl U3 TBEPAOIO CIljlaBa MPUKPEIUIAIOTCS MaKoW HIIM HUCIONb3YyeTcs
MEXaHMYECKOE KPEeTJICHHE Ha OMPaBKe U3 3aKaJIeHHOMN CTalu.



