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BBenenue

OpnHoll W3 BaKHEUITUX TPOOJIEM COBPEMEHHOTO MAIIMHOCTPOCHUS SIBISICTCS
YIY4IICHUE KadeCTBa, IOBBIIIEHUE HAIEKHOCTH W JIOJTOBEYHOCTH BBIITYCKAEMBIX
MalmuH W wu3nenuid HamexHocTs pabOThl MaIllMH HEMOCPEJCTBEHHO CBs3aHA C
Ka4eCTBOM  MOBEPXHOCTHOTO  CJIOSI  JIeTaJeH, KOTOPOE  XapaKTEepU3yeTcs
TCOMETPUYECKUMH U (Pu3MKo-MexaHWyeckuMu mapamerpamMu. OT  KaudecTBa
ITOBEPXHOCTHOTO CJIOSI 3aBUCST JKCIUTyaTallMOHHBIE CBOMCTBA — COIPOTHUBJICHUE
YCTAJIOCTH, U3HOCOCTOMKOCTh, KOPPO3UOHHASI CTOUKOCTh, COIPOTUBIICHUE KOHTAKTHOU
ycrtanoctd u Jp. CBs3b XapaKTEPUCTUK KauyecTBa IMOBEPXHOCTHOTO CIIOSL C
AKCIUTyaTallMOHHBIMUA CBOMCTBAMM JETAJIEH CBUJIETEIBCTBYET O TOM, YTO ONITUMAJIbHAS
(C TOUKHM 3peHHUs] MOBBIIMICHHUS AKCIUTyaTallMOHHBIX CBOMCTB JIETAJIC) MOBEPXHOCTH
JIOJDKHA OBITh JOCTAaTOYHO TBEPJIOH, UMETh CXKUMAIOIIUE OCTATOYHBIC HAMPSIKCHUS,
MEJIKOJIUCTIEPCHYIO CTPYKTYPY, CTIaXEHHYIO (POpMYy MHUKPOHEPOBHOCTEH C OOJIBIIICH
ONOPHOM TIJIOIIAABI0 TOBEPXHOCTH

B XM3HEHHOM UK€ U3IETU MAITMHOCTPOEHHS TEXHOJIOTUYECKAs! MMOArOTOBKA
MPOU3BOJICTBA 3aHUMAET o0co00e MecTo. ITO OOBACHSIETCA €€ 3HAYUTEIbHOU
TPYAOEMKOCTBIO U CIIO)KHOCTBI0. CPOKH IMOATOTOBKH MPOU3BOICTBA TPEBBIIIAIOT CPOKH
pa3pabOTKK KOHCTPYKIIMHU u3nenus oT 1,8 g0 5 pas, B 3aBUCMMOCTH OT BHJA U
CIOXKHOCTH u3nenui. [Ipy OCBOEHHMM IIPOU3BOJACTBA HOBBIX MAIIUH PEIIAOTCS
pa3sHooOpa3Hble 3a7a4dl — OT TMPOCKTUPOBAHUS TEXHOJOTHUYECKUX IPOIECCOB JI0
pa3paboOTKH CHENHUAIbHBIX CPEACTB TEXHOJIOTHYeCKoro ocHaieHus. [IpoektupoBanue
TEXHOJIOTUYECKUX MPOIECCOB OOpPaOOTKM M KOHTPOJSL JNETAICH SIBJISIETCS OJHUM U3
HauboJiee pacnupoCTpaHEHHBIX BHUJIOB IeATEIbHOCTH CIEIMAINCTA
MaIIUHOCTPOUTEILHOTO TIpoduiis. [Ipu TEXHOIOrMYEeCKOM MPOSKTUPOBAHUM PEIIAIOTCS
JIB€ OCHOBHBIC 3ajadM: oOecrieueHHuEe TpPeOyeMoro KauecTBa H3JICIIUM, IOTyUYCHHE
MHUHHMAaJIbHON Ce0ECTOMMOCTH TEXHOJIOTHYSCKOTO Mpoliecca.

HckycctBo OpraHu3aIuu MAITUHOCTPOUTEIIBHOTO u PEMOHTHO-
BOCCTAaHOBHUTEIBLHOTO IIPOM3BOJICTBA 3aKJIFOYACTCSI B yMEHHUHM BBIOpaTh TaKyHo
MOCIIEIOBATENBLHOCTh COBpeMEHHBIX T1I mosryueHust 3aroToBOK, M3roTOBJIEHUS JETAJIEH,
COOpKM M MCIBITAaHUS TOTOBBIX U3JIEJIUNA, a TAKXKE UX PEMOHTAa U BOCCTAHOBJICHHS B
MpoIIecce PKCIUTyaTaliy, TP KOTOPOH MPOJOJLKUTEIHLHOCTh BCEro IUKJIA U 00IIas
CTOMMOCTD IPOM3BOJICTBEHHBIX U PEMOHTHO-BOCCTAHOBHUTEIBHBIX Pa0OT 3aJJaHHOTO
KOJINYECTBA U3AEINI ObLIM Obl HAUMEHBIINMH.

B cBa3u ¢ atuMm Oyaymue CcHenuaiucTsl B 00JIaCTH  KOHCTPYKTOPCKO-
TEXHOJIOTHYECKOTr0 OOCCIICUeHHUs] MAIIMHOCTPOUTEILHOTO IIPOM3BOJICTBA, JOJDKHBI
UMETh OoJiee MHUPOKUM KPYro3op M KOMIUIEKCHOCTh 3HAHMM, JJII TOTO YTOOBI
7 PEeKTUBHO UCIOIL30BaTh KaK H3BECTHbIE, TAaK W HOBBIE HAyKOEMKHE
TEXHOJIOTUYECKHE CIIOCOOBl MU METOJIbl M3TOTOBJICHMS, PEMOHTa M BOCCTAHOBJICHHS
W3JIETUH C TeNIbI0 o0ecrieueHus uX (PYHKITMOHAIIBHOTO Ha3HAYCHUS M Ka4eCTRBa.



1. ’Ku3HeHHBbII HUKJI U31eJIMi MAIIMHOCTPOCHUS.

1.1. TexHosoru4eckasi COCTABJISAIONIAS KU3HEHHOT0 IMKJIA U3/1eJIus

KuzHnennwiil yukn uzoenus — 3TO COBOKYIMHOCTH MPOIIECCOB, BHIMOJIHIEMBIX OT
MOMEHTA BBISIBIICHUS MOTPEOHOCTEN O0IIeCTBa B ONMPEAEICHHOM U3/IEINH 10 MOMEHTA
YAOBIIETBOPEHUS ITUX MOTPEOHOCTEN M YTUIN3ALUN U3IEIHS.

U30enuem B MAalIMHOCTPOEHUW  Ha3bIBa€TCS  NPEAMET  MPOU3BOJICTBA,
MO/JICKAIIMA HM3TOTOBJICHUIO HA TPEANpUsATHU. M3aenmem MOXeT OBITh MalllhHA,
AJIEMEHT MalIUHBI U JaXe OTAENbHas JIeTallb, B 3aBUCUMOCTH OT TOTO, YTO SIBISICTCS
NPOAYKTOM KOHEUHOW CTaiuM JaHHOTO TMpou3BojAcCTBA. Hampumep, ang
aBTOMOOMJILHOTO 3aBOJA M3JICITUEM SIBJISIETCS aBTOMOOWIIb, JJIsI CTAHKOCTPOUTEIHLHOTO
3aBOJa — CTAHOK, IS MHCTPYMEHTAIBHOTO 3aBOJIa — PEXYIIUM WU MEPUTEIBHBIN
UHCTPYMEHT.

B coorBerctBun ¢ I'OCTom 2.101-68 ycTaHaBIMBAIOTCA CIAEAYIOIIME BHU]IbI
W3JICNIUN: IeTaIi; COOPOYHBIC €IUHUIIBI (Y3JIbl); KOMIUIEKCHI; KOMIUICKTHI; arperathl.

Jlemane IBIAETCS U3JETUEM WM COCTABHOM YaCThIO U3/IETHS, U3TOTOBJICHHOMN U3
OJIHOPOJHOTO N0 HAMMEHOBAHUIO M Mapke Marepuaia 0e3 MPUMEHEHHUS COOPOYHBIX
omnepanuii. Hampumep, BajJMk, BHUHT, KOpmyc, 3ybuaroe koJsieco. Jletanb — 3To
MIEPBUYHBIA COOPOUHBIN AJIEMEHT Ka)KI0W MaIllMHBL. bazosas demanv — 3TO AETajlb C
0a30BBIMH TMOBEPXHOCTSMHU, BBIMIOJHSAIOMIA B COOPOYHOM cOoeAMHEHUU (y37€) POJb
COCIMHUTEIFHOTO 3BEHA, O00ECHeYMuBaIONIEr0 TMpuU COOpPKE COOTBETCTBYIOIIEE
OTHOCUTEJIBHOE TOJIOKEHUE JPYTUx Jerajed (Hampumep, KOpIyC peayKTopa).
[IpumenuTenbHO K 0O0mIeH cOOpke uW3AENHi, KOrja OCHOBHBIMU COOPOYHBIMU
AJIEMEHTAMH SIBJISIIOTCS YK€ CcoOpaHHbIe COOpPOYHBIC COCIUHEHHS, OJHO U3 ITHUX
COECIMHEHNH, YAOBJIETBOPSIOIIEE U3JI0)KEHHOMY BBILIIE TpeOOBAHUIO
(chopmynupoBaHHOMY I 0a30BOM JIeTaliv), Ha3bIBaeTCs 0a30BBIM COOPOYHBIM
coeuHeHueM (0a30BbIM Y3JIOM).

Coopounoti eounuyeri (y3710M) — Ha3bIBA€TCSd U3MEINE, COCTABHBIC 4YacTH
KOTOPOr0 TMOJIEKAT COEAVMHEHUIO Ha MPEAIPUSATAM H3FOTOBUTEIE WU  €ro
CTPYKTYPHOM To/ipa3fiesicHuu (1iexe) COOpOYHBIMU OMEepalusiMu, TAKUMHU KaK ITPOCTOe
COCIMHEHUE JIeTale, COeAMHEHUE JAeTalell HX 3alMpecCOBKOM, CBUHYMBAHUEM,
CBApKOW, MaWKOW, KJIEHKOW, CKJIenBaHMeM M T.A. Hampumep, CTaHOK, pemykTop,
CBapHOM KOPITyC, KOPOOKa CKOPOCTEH, POTOP TypOWHBI, IITTUHETHHBIA y3€Il.

XapakTepHbIM TPH3HAKOM COOPOYHOM EIMHMIIBI C TEXHOJIOTHYECKOM TOYKH
3pEHUS SBISETCS BO3MOXKHOCTD €€ COOPKM 000COOJIEHHO OT APYTUX DIIEMEHTOB U3ICIHUS
B 1enoMm (MamuHbl). COOpOUYHas €IWHHIA B 3aBUCUMOCTH OT KOHCTPYKIIUM MOKET
COCTOSITh JIUOO U3 OTJICTBHBIX JIeTallel, JIM0O U3 COOPOUYHBIX €AUHUIL HU3IIETO MOPsIIKa.

Komnnexcom Ha3zbpiBaeTcs ABa W Oosiee crnenuUIMPOBAHHBIX W3JENUs, HE
COCIMHEHHBIX Ha MPEANPUITHU M3TFOTOBUTENE COOPOYHBIMU OINEpaAlUsIMU, HO
MpeTHA3HAYCHHBIX JJIs1 BHITTOJIHEHHS B3aMMOCBSI3aHHBIX SKCIUTYaTaIlMOHHBIX (DYHKITHA,
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HaIlpuMep, aBToOMaTthdeckas jauHusA, ctaHok ¢ YIIY ¢ ynpasnsrommmu nanensmu. B
KOMIUIEKC KpPOME W3JIEHiA, BBIIOJHSIONMX OCHOBHBIE (YHKIMH, MOTYT BXOJHUTH
JeTanu, cOOpPOYHBbIE €IMHMIIBI U KOMIUIEKTBI, NMPEJHA3HAYEHHBIE JJI1 BBINOJHEHUS
BCIIOMOTATENbHbIX  (QYHKIMHA, Hampumep JeTaid U COOpOYHbIE  EIUHUIIBI,
IIPEIHA3HAYCHHBIC JUIsl MOHTAKa KOMILJIEKCA Ha MECTE €ro dKCIUTyaTaluy.

Komnnexm mnpencraBnsier co0oil ABa u Oojee U3JAENNUNA, HE COECAMHEHHBIX HA
NPEANPUATAA U3TOTOBUTENE COOPOYHBIMU OIEpalUsIMU, U MPEACTABISIIONIME COOOM
HAOOp U3AENUi, UMEIOIIKX 00IIee IKCILTyaTallMOHHOE Ha3HAYEHHE BCIIOMOTaTeIbHOTO
XapakTepa, HapuMmep, KOMIUIEKThI 3allaCHbIX 4acTed, NHCTPYMEHTOB, U3MEPUTEIBHOU
annaparypbl, yIakOBOYHOM Taphbl.

Aepecam  — 310  CcOOpouHas  enuHuUA,  o0najarolm@as  MOJIHOM
B3aMMO3aMEHAEMOCTbI0 BO3MOXHOCTBIO COOPKHM OTHEJIBHO OT JPYTMX COCTaBHBIX
yacTel uzaenus (WiM U3eNus B LEJIOM) U CIIOCOOHOCTBIO BBINOJIHATH ONPEACICHHYIO
(GYHKIUIO B U3JIETIUN UM CAMOCTOSITENIbHO (HAIpuMep, ABUTATENb).

XKu3HeHHbld UK MamuHOCTpouTenbHbIX u3aenuit (OKLW) Bxmrouwaer psin
ATAIlOB, HAYMHAsg OT 3apOKACHUSA HAEH HOBOIO M3JEIUsA OO0 €ro YTWIN3ALUW{A II0
OKOHYaHWM CpOKa HCNOJb30BaHuA. (OCHOBHBIE JTambl KU3HEHHOTO  IMKJIA
MAaIIMHOCTPOUTENILHOTO U3/1eNus IpeacTaBieHbl Ha puc.l.l. K HUM oTHOcATCS ATanbl
NPOEKmMuposanusi, mexronocuuecko noocomosku npouzeoocmea (TIIII), cobcmeenno
npou3800Ccmea, peanu3ayuu npooyKyuu, 3KCHIyamayuu, penosayuu W, HaKOHEIl,
ymunauzayuy (B YUCIO 3TANOB KU3HEHHOTO LIHMKJIA MOTYT TAaK)K€ BXOJIUTh MapKETHHT,
3aKyIIKM MAaTE€pHUAIOB M KOMIUIEKTYIOIINX, MPEIOCTABICHUE YCIYr, YNaKOBKa H
XpaHEHHe, MOHTaXX W BBOJI B JKCIUIyaTaluio). PaccMoTpuM coaep:kaHre OCHOBHBIX
sranoB KLU nis uznenuii MalIMHOCTPOEHUS.

Ha »5rame mnpoeKTHMpOBaHWs BBIIOJHSAIOTCS IMPOEKTHBIE MPOLEAYpPHl —
(dbopMUpOBaHKE MPUHLIMITUAIBHOTO PEIICHNUs, pa3paboTKa reOMETPUUECKIX MOJEIEH 1
4epTekeH, pacueTbl, MOJAEIMPOBAHUE ITPOLIECCOB, ONTUMHU3aLUA U T.II.

Ha »rame mnoarotoBku mpou3BOACTBA pa3paldaThIBAIOTCS MaplIpyTHas U
ONEPAIMOHHAS TEXHOJIOTUU U3TOTOBJIEHUS AECTAJNEH, pealln3yeMble B POrpaMMax s
crankoB YIIY; TtexHomoruss cOOpKM M MOHTa)ka WU3ACIIMNA; TEXHOJOTUS KOHTPOJS U
WCTIBITAaHUU.

Ha »rtane mnpou3BOJCTBA OCYIIECTBISIETCA KAJICHIApPHOE M ONEPaTUBHOE
IUIAHUPOBAHME; MPUOOPETEHHE MaTepUalIOB M KOMIUIEKTYIOIIUX C HUX BXOJHBIM
KOHTpOJIEM; MeXaHooOpaboTka M Jpyrue TpeOyeMmble BHJIbI 0OpabOTKH; KOHTPOJIb
pe3ynbTaToOB 00padOTKU; COOpKA; UCIIBITAHUSI K UTOTOBBIA KOHTPOJI.

Ha noctnpon3BOACTBEHHBIX ATallax BBITOIHAIOTCA KOHCEPBALMS, YIIAKOBKA,
TPaHCHOPTUPOBKA; MOHTAX Y NOTPEOUTENS; SKCILTyaTalus, 00CIyKUBaHUE, PEMOHT U
BOCCTAHOBJICHUE; yTUIIN3ALIHS.
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Puc.1.1. JKuzHeHHbIN IUKII MAITMHOCTPOUTEIIBHOTO U3ETU

Ha Bcex sTanmax >KM3HEHHOT'O LIMKJa MMEIOTCS CBOM IIeJIeBble YCTaHOBKH. [Ipu
TOM YYaCTHUKH >KM3HEHHOTO LHKJIA CTPEMSTCS JOCTHYb IOCTaBJIECHHBIX LEJIeld ¢
MakcuManbHOU d(PpdexkTuBHOCTHIO. Ha aTanax mpoektuporanusi, TIIII u npoussoacTBa
HY’)KHO OOECIEeUUTh BBINOJHEHUE TPEOOBAHUM, MPEIbABIAEMBbIX K MPOU3BOJIUMOMY
W3JIETUI0, TIpU  33JaHHOM CTENEHW HAASKHOCTH W3AEIUs W MUHUMH3ALUU
MaTepHalbHBIX U BPEMEHHBIX 3aTpaT, YTO HEOOXOAMMO JUIsl JOCTHUXKEHHUS ycCIiexa B
KOHKYPEHTHOU 00opbO€ B yCIIOBUSAX PBIHOYHOM 3KOHOMHUKH. [loHATHE 3 PexTuBHOCTH
OXBAaThIBAET HE TOJBKO CHM)KEHHE cE0ECTOMMOCTH MPOAYKIMH U COKpAIIEHHE CPOKOB
MPOEKTUPOBAHUS U IPOU3BOACTBA, HO U 00eclieyeHue y100cTBa OCBOCHUS U CHUYKEHUS
3aTpaT Ha Oyaymiyro HSKcmutyatanuio wusfaenuii. OcoOyr BaKHOCTh TpeOOBaHUS
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yA00CTBa IKCILTyaTalliy UMEIOT JJISl CII0KHOW TEXHUKH, HAIIPUMEP, B TAKUX OTPACIISIX,
KaK aBHa- WK aBTOMOOMIIECTPOCHUE.

3HAUYHUTEFHOE MECTO B )KM3HEHHOM ILIUKJIE U3ENIHSI, 8 UMEHHO €r0 CTAHOBJICHUH,
NPUHAJIEKUT TEXHOJIOTUU MAIIMHOCTPOEHHUS, KOTOpasi Kak IpeJCTaBieHo Ha puc 1.2
BKJIOUAET B ce0s1 MPOU3BOJCTBO 3ar0TOBOK, U3TOTOBJIEHUE AETajeH, COOPKY, KOHTPOJIb
U UCHBITAaHUE TOTOBBIX M3ENINH, a TaKXKE UX PEMOHT U BOCCTAHOBJICHHE B IIPOLIECCE
DKCILTyaTalUH.

(
HcxooHsIe MamepUa/is!
777 Jazomabu noy<eHHse § sazomobume/isHoM
npous- < npausbodombe
bodcmba ! ! !
3azomabok - T —
/lumeuroe g Jazomobku U3
wmarnobo#Hoe
npousbodcnbo Pl PoKAma
—
m —~— 1
uszomobyenus { Leman
demaiey
a (Ogpo4rble eauHuLb
11-20 nopsoka /
1
777 ciopry LoposHele
KoHmpons BOUHUE [-20 NopAcka
v ! r
ucrisimanuy (Ogposrsie edususl 1-20 nopacka
i "
» Nadenve
11 pertorma v {
bocomaroberus
usdenus u ezo Ferouzdesve
demarey

Puc. 1.2. TexHonornyeckasi CTpyKTypa MallTuHOCTPOUTETHHBIX U3IEITHIMA

[Ipuyem, yeM paHblle B 3TOM LUKJIE OyQyT 3a/€iCTBOBaHbl TEXHOJOTHH, TEM
BbIIIE 3(D(PEKTUBHOCTh M KOHKYPEHTOCIIOCOOHOCTD M3/IeTuil MallnHOCTpoeHus. Eiie Ha
NpeIBapUTENbHON CTalMM MapKETUHra U MPOPAaOOTKH TEXHOJOTH MOTYT OLEHHUTD
KOHKYPEHTOCTIOCOOHOCTh TEXHOJIOTUYECKOTO MpoLiecca, Uik KOTOPOro Mperoaraercs
BbIycK m3zaenus. [IpoBenenune HUP u OnmBITHO-KOHCTPYKTOPCKUX pabOT Oe3 ydera
TEXHOJIOTUYECKHUX aCIEeKTOB MpPaKTH4YeCKH HeAI((PEKTUBHO, TaK KaKk ce0eCTOMMOCTb, a
CIIEIOBATEIbHO M KOHKYPEHTOCIMOCOOHOCTh  M3JIEJMH  ONpENeNsitoTCd  UX
TEXHOJIOTUYECKOU cebecTouMOCTh0. [1oaTOMYy Ha paHHUX CTaauAX MPOEKTHUPOBAHUS
U3JIeTUH 10JDKHA MPOBOAMUTHCS TIATEIbHAS MPOPA00TKA UX TEXHOJIOTUYHOCTH.



[Tox mexnonocuunocmsio Koncmpykyuu uzoeauti TIOHAMAETCS TapaHTUPOBaHHAs
coOupaeMocTh, obecmeunBaronias ero padoTOCMOCOOHOCTh, MPHU JAOCTHKCHUU
HEOOXOJMMOW MpPH 3TOM TOYHOCTH BXOJSIIMX B HEro JeTaliel TEXHUYECKH WU
HKOHOMHUYECKH 00OCHOBAaHHBIMHU METOJIAMU

TexHuueckasi NOJIrOTOBKA MPOU3BOJICTBA BKIIOYAET B CEOSI:

- KOHCTPYKTOPCKYIO TMOJATOTOBKY IPOU3BOJACTBA - Pa3pabOTKy KOHCTPYKIIMH
U3JIeNUs M CO3/laHue ero CcOOpOYHBIX 4YepTeked, padounx UepTeKen aeTalie,
3aIlyCKaeMbIX B MPOU3BOJICTBO, C O(OPMIICHUEM COOTBETCTBYIOMIMX crienu(pukanuii u
JIPYTroM KOHCTPYKTOPCKOW TOKYMEHTALUU;

- TEXHOJOTHYECKYyI0 moArotoBky mnpousBojactea (TIIII) - coBokymHOCTB
MEpOTPUATUNA, O0O0ECIICUNBAIOIINX TEXHOJOTMUYECKYI0 TOTOBHOCTH MPOM3BOJICTBA,
KOTOpasi OINpENeNsieTCsl HAIWYWEM Ha NPEAUPUSATAA  TOJHBIX  KOMIUIEKTOB
KOHCTPYKTOPCKOM M TEXHOJOTMYECKON ITOKYMEHTALMU U CPEICTB TEXHOJIOTMYECKOIrO
OCHAILIEHUS, HEOOXOAMMBIX Uil BBIMYCKA M3ACIHA C YCTAaHOBJICHHBIMH TEXHUKO-
HPKOHOMHYECKMMU MOKA3aTENISIMU B 33JaHHOM O0bEME;

- KaJEHJApHOE IUIAHMPOBAHUE NPOU3BOACTBEHHOIO IIpOIEcca U3rOTOBJICHUS
U3JIETUI B YCTAHOBJIEHHBIE CPOKHU MIPH 33JJaHHBIX 00bEME BBIITyCKa U 3aTpaTax;
OcHoBubiMu 3agauamu TTIIT siBisiroTCSA:

ObecrieyeHre TEXHOJIOTMYHOCTH KOHCTPYKIUN U3IEIHH.
Bb160p 1 MOArOTOBKA 3ar0TOBOK;

Pa3paboTka TEXHOIOIMUECKUX MPOIIECCOB;
[IpoexkTrpoBaHUE CPEACTB TEXHOJIOTHYECKOTO OCHAILICHUS;

ok wWwNhE

KoHTposib 1 ynpaBiieHne TEXHOJOTUYECKUM MPOIIECCOM.

1.2. CymHOCTh PEHOBAIIMOHHOI0 3TAana B o0ecreYeHUun KM3HEHHOT0 HMKJIAa
U31e i

ITockoJIbKY AKCIUTYaTaIus U3SIUs COMMPOBOXKIASTCS CHUKEHUEM ero KauecTBa,
BO3HUKACT HECOOXOAMMOCTh B CHCTEMATHYECKOM MOJJEePKaHUN X KauyecTBa Ha TOM
YPOBHE, KOTOPBINA ObLI, TOCTUTHYT IIPH MPOSKTHPOBAHUN W M3TOTOBJICHUH. JTa 3a/1a4a
MO>KET OBITh pelIeHa ABYMsI ClIOCOO0amu:

- CO3/IaHKE YCIIOBUH dKCTUTyaTaIluH, TPU KOTOPBIX CHIYKCHUE KaueCTBa U3IEITHS,
CBOJUTCS K MUHUMAJIBHO BO3MOHBIM TTOTEPSIM;

- TMEePUOJMYECKHMH  PCHOBAallMSIMHM  TOKa3aTeled  KadecTBa  IMyTeM
BOCCTAHOBJICHUSI M TEXHOJOTUYECKOTO OOCTY>KMBaHHUS C OOECIeueHneM YPOBHS
KauecTBa U3JEIUS 10 BO3MOKHOCTH OJIM3KOT0 K TIepBOHAaYaIbHOMY ypoBHIO (80%).

N3BecTHO TakXke, 9TO yNpaBIICHUE KU3HCHHBIM IIMKJIOM M3JCIIAS Ha CTaJINN UX
OKCIUTyaTalliM  CBOAMTCS K  CHCTEMAaTHYECKOMY  KOHTPOJIFO  KadecTBa U
1eJICHANPABICHHOMY BO3/ICHCTBHIO HA T€ JK€ YCIOBHS U (DAKTOPHI, KOTOPHIE BIUSIIOT Ha
KaueCTBO MalINH. JTO YYUTHIBACTCS M HA CTAIUU Pa3pabOTKK MAIIIVH.



Penosayusn — 5TO KOMIUIEKC TEXHOJOTMYECKUX, KOHCTPYKTOPCKHUX U
OpPraHM3aLMOHHBIX MEPONPHUITUI, HAIIPABICHHBIX HA BOCCTAHOBJICHUE WJIM IIPUIAHUE
paGouero pecypca oOBEKTaM MaTepUaTbHOTO TMPOM3BOJACTBA, a TaKke Ha
MCIIOJIb30BaHUE X MO HOBOMY HA3HAYEHHUIO C MUHHMMAJbHBIMU 3aTPATaMHU YHEPTUH U
MaTepHayioB, TM00 HA YTUIIM3AIMIO UX C MUHUMAJIbHON SKOJIOTUYECKON BPEIHOCT

OCHOBY Haykd O PEHOBAIMU COCTABJISIOT 3aKOHOMEPHOCTU MOATOTOBKH U
OpraHM3ali MPOU3BOJCTBA K BOCCTAHOBJICHHMIO W3JAENUi, 0O0ecreunBaomme
TpeOyemMoe KauecTBO U 3a/laHHOE MX KOJMYECTBO C HAaMMEHBIIMMHU 3aTpaTaMH TpyJa,
DHEPIUHU U MaTEpPUaIoB. B TO ke Bpems OIBIT pEMOHTA CaMOJIETOB, CyA0B, TEIIOBO30B,
aBTOMOOWJICH U JBHUraTeNIel CHJIaMU 3aBOJIOB-U3TOTOBUTEINEH, @ TAK)KE OIBIT PEMOHTA
MallluH 3amajHbIMA  (UPMaMH  CBUJETEIBCTBYIOT O BO3MOXHOCTH JOCTHKEHUS
MOCJIEPEMOHTHOM HapaOOTKU OOBEKTOB HE MEHbIIE, YEM Y HOBBIX H3JENUH, MpU
3aTparax, He npeBbimaromux 60% 3aTpat Ha uxX Npor3BOACTBO. [IpakTrKa NOKa3bIBaET,
YTO Hay4YHO-OOOCHOBaHHAs TEXHOJOTHUS W OpPraHU3alMs BOCCTAHOBIICHUS JeTajeu
MO3BOJISIET JOCTHYh HOPMAaTUBHOM HAapaOOTKM TEXHUKH, a B OTACNIBHBIX CIIy4yasx U
IPEB30MTH HApaOOTKY HOBBIX MU3JIETUH.

[IpuMeHUTENBPHO K TMOBBIIEHHIO pecypca JETANCH, peHosayus — ITO
TEXHOJIOTUYECKUN MPOLIECC BOCCTAHOBIICHUA JETAJIEW IIyTeM BO3BPALLCHUSA UM
yTpaue€HHOM 4YacTH MaTrepuaiga u3-3a U3HAIIMBaHWS W (WJIM) JOBEACHHS JO
HOPMATUBHBIX 3HAYEHUW YPOBHSI CBOMCTB IIOKA3aTeJIEN KauyeCTBA, U3MECHUBIINXCS 32
BpeMs UX JUIMTEIBHON SKCITyaTauuu B uzaenuu. OO0CHOBaHHBIN MPoLIeCC PEHOBALIUU
o0OecrieynBaeT TMOBBIIMIEHHE pecypca JAeTalied €O CBOMCTBaMH, OTBEYAOIIHUX
TpeOOBaHUSIM KOHCTPYKTOPCKO-TEXHOJIOTHYECKON JOKyMEHTaluu WU
IIPEBOCXOISIINMU UX.

[Ipu U3roTOBIIEHWHU, HANpUMEpP, OJAHOIO KOJIEHYATOro Bajla aBTOMOOMIJIBHOTO
JIBUTATEJISIM PACXOAYyIOT 57 Kr MeTaluia, (Macca OTXOA0B- 2,5 KT); MpU PEHOBALIUU 3TU
BeJINYMHBI B 20 pa3 MEHbIIIE.

Jns noanepkaHus Ui BOCCTAHOBIICHUS UCXOJHBIX XapaKTEPUCTUK U3JICIINS B
MalIMHOCTPOEHUH, OOECIeUeHUss €ro >KU3HEAEATEIbHOCTH MpUOeraloT K €ro
BOCCTAHOBJICHUIO HA  PAa3NWYHbIX CTaauMsaX OJKcruryarauud. Homenkimarypa
BOCCTAaHABIIMBAEMbIX M3JEJIUA BecbMa IMIMPOKA M MHOrooOpaszHa. OTO — HU3AeNnus
MPOMBIIJICHHOTO HA3HAYEHUS: TPAHCHOPTHHIE CPEACTBAa (aBTOTPAHCIOPT, aBUALIMS,
Cyla, MOJABIKHOM COCTaB JKEJIE3HBIX JOPOr U JAp.), U3JAeNHs OBITOBOTO Ha3HAYEHMUS,
MEIUIMHCKAS] TEXHUKA U UHCTPYMEHTBI, © MHOTO€ JIPYTO€.

Penonpuzoonoe usdenue - 310 u3Aenue, KOTOpOE YTPAaTUB CBOM CBOMCTBA,
MIPEAYCMOTPEHHBIE KOHCTPYKTOPCKO-TEXHOJIOTUYECKON JOKYMEHTALMEN, B MPOLIECCE
AKCIUTyaTallii, TMOJJIEKUT BOCCTAHOBIECHUIO WA PEMOHTY WM MOXKET ObITh
MCIIOJIb30BaHO MO0 HOBOMY HAa3HAYEHUIO.



Kak mokasbIBaeT MmpakTHUKa pEeHOBAIMM W3JEIH, pecypc NaibHeuel paboTsl
JAr000r0 M3MENHsl OrpaHUYMBaeTCs 2...3 JecsiTKaMu JeTajeil, KOTOpble YaCTHYHO WU
MOJTHOCTBIO YTPATHIIN CBOIO PaOOTOCIIOCOOHOCTH B CBSI3U C IOCTHKEHUEM MPEACITHHOTO
COCTOSIHUS U3-3a TOJIOMKM U u3Hoca. lIpenenpHoe COCTOSIHME OTHX JeTaliei
OTIpEJENSIETCSl TEM, YTO WX JaybHelllee MPUMEHEHHE MO0 HA3HAUYCHUIO TEXHUYECKHU
HEBO3MOKHO WJIM SKOHOMHYECKH HeleraecooOpasHo. [Ipu qoctikeHnn mpeaenabHOro
COCTOSIHHSI IeTajlb MOKET 00J1a1aTh UM HET OCTaTOYHOM JOJITOBEYHOCTHIO. B mepBom
clly4ae JIeTalb MOXET ObITh BOCCTAHOBJICHA M €€ NMPU3HAIOT PEHONPUTOAHOH, a BO
BTOPOM — OHAa YTHIIU3UPYETCH.

JleTanb, MpU3HAHHAS MPUTOIHOM I MpOLiecca PEHOBALMHU, B YaCTHOCTH IS
BOCCTAHOBJICHUSI YTpPAyEHHBIX B TMPOIECCe HKCIUTyaTallud CBOWCTB, HAa3bIBAIOT
PEH03a20MOBKOI.

OcraTo4yHas ONTOBEYHOCTh PEHONPUTOAHOTO M3JEIHUS — ATO MOTEHUHAJIbHAs
JOJITOBEYHOCTh MW3HOUIEHHBIX JETallel, KOTOpas MOET ObIThb HCIOJb30BaHA B
JKCIUTyaTalli  TOCJI€  BBINOJHEHUS SKOHOMHUYECKHM OOOCHOBAaHHOTO o0beMa
BOCCTAHOBUTEJBHBIX pa0OT.

Penonpurognass gerasib B YCJIOBHSIX  PEMOHTHO-BOCCTAHOBHUTEIBHOIO
IIPOU3BOJICTBA MPOXOJAUT IIYTh OT PEHO3arOTOBKHU J0 PEHOAETAIIN.

KoHcTpykTuBHas ¢opMa peHO3aroTOBKM aHAJIOTHYHA JEPEKTHON JeTallu.
Kax1ass mOBEpXHOCTh PEHO3arOTOBKH IPOJOJIKAET UMETh CBOE IPEAOIPEACIICHHOE
GbyHKIIMOHATBFHOE Ha3HAUYCHHE.

Penooemans — 510 wW3Aenue, TOIYYEHHOE B pe3yJibTaTe€ MPOBEACHHUS
PKOHOMHYECKM  OOOCHOBAHHBIX  PEMOHTHO-BOCCTAHOBHUTENBHBIX  paboOT 1O
BOCCTAaHOBJIEHUIO (DU3UKO-MEXAaHUYECKUX CBOMCTB M TE€OMETPUYECKUX pa3MeEpPOB
JieTalld, YTPAueHHbIX B IpPOLECCEe IKCIUTyaTallid, B COOTBETCTBUU C TPeOOBaHUSMU
KOHCTPYKTOPCKO-TEXHOJIOTUYECKON TOKYMEHTAllUU W TMPUTOJHAS I JaJbHEWILEro
UCITOJIb30BaHUS.

Psan 3HaueHuWil peHOAETad ONpENEJieH HOPMATUBHOM JOKYMEHTALMEH, OHU
ABJIAIOTCS OTPAHMYEHUSIMU, KOTOpble oOecrneunBaroT He MeHee 4eMm 80%-Hyro
MOCJIEPEMOHTHYIO HaApaOOTKY JAETaau OT HAPAOOTKU HOBOTO U3IEIIHS.

Amanwl penosayuu uzdenus. B ycnoBusx HOBBIX OJX00B K BOCCTAHOBJICHHUIO
U3JIETUS MOKHO IIPEACTABUTH CJIETYIOLIUE 3TAMbl PEHOBALIUU:

- 000CHOBaHNE HEOOXOAMMOCTH PEHOBAITUHU U3ICITHS;

-HAYYHO-TEXHUYECKHE UCCIIEI0BAHMS LEJIEBOrO UCITOJIb30BaHUS
PEHOBALMOHHOTO U3/EIINS;

- pa3bopKa u3aeInusl, OLleHKa COCTOSIHUSL, OCMOTP, 3aMEHa OTAEJIbHBIX JJIEMEHTOB
JIETaJen U y3JIOB;

- pa3paboTKa KOHCTPYKTOPCKOTO TPOEKTa HA BHOBb BBOAMMBIE Y3IIbI;

- U3TOTOBJICHUE BHOBb BBOJUMBIX U3/IETUN U y3IIOB;
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- cOopka 060pyI0BaHMsI COBMECTHO C BBOAMMBIMU PEHOBAIIMOHHBIMH JAETAISIMU
U y3J1aMU;

- HCTIBITAHUE U JIOBOJKA BBOJIMMBIX 0OPA3LOB.

[Ipu BoccTaHOBIIEHMHM J€Tajel 00ecleynBalOT HOPMATUBHBIE 3HAUYCHUS
(YHKIMOHAJIBHBIX M PECYpPCHBIX MoKa3zarenedl. @OyHKIMOHANBHBIE IOKA3aTEIH
XapaKTEPU3YIOT HCIPABHOCTh JACTAINA, a PECYPCHBIE — CTENEHb BOCCTAHOBIICHUS
TEXHUYECKOro pecypca. lIpu BoccTaHoBieHuMM pAeTtaned, B TOM YHMCIE H HUX
ITIOBEPXHOCTEM, JOBOJAT 10 HOPMATUBHBIX 3HAYECHUM CIIEAYIOIIME TOKA3ATENH:

®  NPOMBIIUICHHYIO YUCTOTY IIOBEPXHOCTEM;

e  pasMepsl u popmy;

®  H3HOCOCTOMKOCTBH TPYIIMXCS OBEPXHOCTEW;

®  IIPOYHOCTH, CILNIOIIHOCTh, CTPYKTYPY MaTe€pHaos;

®  YCTaJOCTHYIO ITIPOYHOCTB;

®  JKECTKOCTh YNPYTUX JETAIICH;

®  B3aMMHOE PaclOJIOXKEHUE U TOUHOCTb (POPMBI TOBEPXHOCTEH;

®  [IEPOXOBATOCTh MOBEPXHOCTEW;

e  3HAYCHME MAcCChl JETadd M €€ pacClpeleseHUEe OTHOCUTEIBHO OCEN

BpalICHUS U UHEPLINH;

®  KOPPO3HOHHAs CTOMKOCTb.

CoBpeMeHHass cUCTEMa KadecTBa BOCCTAaHOBJICHMSI JETAJIEH CTPOUTCS B
COOTBETCTBUHM ¢ TpeboBaHusiMu ctaHAapTa HOBIX LCO 9000 u UCO 9004.

BaxHplM yCnOBHMEM palMOHAIBHOW JKCIUTyaTallud W3ACIHN SBIAETCS HUX
CBOEBPEMEHHBIN, KaUECTBEHHBI PEMOHT, a TAKXE IMPABWIBHBIM YXOJA 3a HUMH. B
npoiecce pabOThl  OTHAENbHBIE TOBEPXHOCTH MAIIMH TOABEPTratOTCsS HM3HOCY,
pa3pylIeHNI0, KOPPO3UHM WM BBIXOASAT W3 CTPOS MO JIPYrMM MNpUYMHAM. 3ajaden
PEHOBALINY SIBIISIETCS CBOEBPEMEHHOE BOCCTAHOBJIEHHE pa0OTOCIIOCOOHOCTH W3/EIHI B
MUHHAMAJIBHO BO3MOJKHBIE CPOKM M C HAaMMEHBIIEH 3aTpaTod Tpynaa, MaTepUajoB U
JICHEe)KHBIX cpeicTB. KauecTBEHHBINM pEMOHT UMEET OOJIBIIIOE 3HAUEHUE 151 TOBBIILICHUS
JIOJITOBEYHOCTU M HAJEKHOCTH pPaOOThl M3ZENNs, CHIKEHHUS SKCIUTyaTallMOHHBIX
pacxooB. [lepcriekTHBHBIE U3HOILIEHHBIE JETANIH, IOJYyYEHHbIE B pe3yJIbTaTe pa30opKH,
OYMCTKH MAlllMHBI, Y3JI0B U JepekTanuu eraneil, 3HaUUTEeIbHO JEHIeBIe 3aroTOBOK
MalIMHOCTPOEHUS, M3TOTOBJICHHBIX B JIMTEMHOM WJIM KYy3HEUYHO — ILITaMIIOBOYHOM
npousBojcTBax. [Ipy HCIONIb30BaHUN PEHO3AarOTOBKM 00pabaThIBAIOT MEHBIIIEE YHCIIO
MOBEPXHOCTEH, YTO OOBACHSAET MEHBIIIYIO TPYAOEMKOCTh 00OpaOOTKH.

1.3 YnpasJiieHue :KU3HEHHBIM ITUKJIOM U3/1eJIHIA.

YrpaBieHU€E KU3ZHEHHBIM [IUKJIOM U3JIEIUN SABJISETCA CUCTEMHOM, KOMIUIEKCHOU
3aaueit, i1 KOTOpOM HEOOXOJWMO YCTAaHOBUTH B3aUMOCBS3b MEXIYy TpeMs
OCHOBHBIMHU 3JIEMEHTAMHU: HCXOJHBIMM CBOMCTBAMH W COCTOSIHUEM MAaTEPHUAJIOB,
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YCIOBHSIMH 3KCIUTYaTallud U PECYPCOM, ISl TOTO YTOOBI, 3aaBIINCH (MU YTIPABIISS)
JIBYMSI U3 OTHUX DJEMEHTOB, MOXXHO OBUIO OOOCHOBAaHHO pPErIaMEHTUPOBAThH (WU
BO3JIECTBOBATh HA) TpeTui. C TOYKM 3pEHMsS] MPAKTHUYECKOW IIEHHOCTH MOKHO
BBIICJIUTh TPsIMyI0 U oOpaTHyr0 mocTtaHoBKY 3amauu ynpasienust KIIM. Ilepsas
COCTOMT B MPOTHO3MPOBAHWUU pECypca MaTepUajoB MO HUMEIOIIMMCS JaHHBIM 00
MCXOJIHBIX M TEKYIIMX CBOWCTBaX 00OBEKTA U YCIOBUSIX €T0 dKCIUTyaTauu. Bropas — B
BBIOOpPE Y HOPMHPOBAHUHU CBOMCTB MaTEpHUAIOB JUisi OOECIEUCHUS UX TpeOyemoro
pecypca B 3aJlaHHBIX YCIIOBHMSIX JKCIUTyaTauuu. [leHTpallbHBIM 3BEHOM CHUCTEMBI
ynpasnenuss KM  momkHel craTh (Qu3M4Yeckd 0OOCHOBaHHBIE MHOTO(AKTOPHBIC
pacyeTHbIE MOJICNIA; B KAUECTBE TAKOBOW MOKET OBITh MCHOJIb30BAHA SHEPreTUUYECKAS
MOJENb MOBPEKIAEMOCTH U Pa3pylIEHUsI MOBEPXHOCTHBIX CIIOEB MPH HKCILTyaTallUH.
HccnenoBanus moka3any, 4YTo aJeKBaTHYIO KapTUHY JErpalallii MaTepuaioB Kak Mpu
pa3pylIeHUH TOBEPXHOCTEH TpPEHHEM, TaK W TpU OOBEMHOW YCTAIOCTH MOMXHO
MOJIYYUTh C TOMOIIBbIO OOOOIIEHHOTO PHEPTeTHUYECKOr0 KPUTEPHUS IMIACTUYHOCTU —
DHEPruM aKTHUBAIMM IUIACTUYECKOM aedopManuy, U3MEHEHHE KOTOpOM B Mpouecce
SKCIUTyaTaIllii 000PYIOBaHMs XapaKTepU3yeT CKOPOCTh McUYepHaHus ero pecypca [1].
[Io kpUTHMYECKON BEIWYMHE SHEPTUM AKTUBALMM MOXHO CYAUTH O TMPEACIbHOM
(6e30macHOM) COCTOSTHUM MaTepHaia.

CoBpemennbie cucteMbl ynpasiaeHus JKIIW cioyxaT B OCHOBHOM JUIA
BO3MOYKHOCTH TPOJUICHHS IKCILTyaTalli OTBETCTBEHHBIX OOBEKTOB, BBIPAOOTABIIUX
HAa3HAYECHHBIA pPECYypC, UYTO SBJISICTCS BE€CbMa OIPAHMYCHHBIM IIPEIACTABICHUEM O
BO3MOYKHOCTSIX TAKMX CUCTEM M KPyre NPUKIAIHBIX 3a7a4, KOTOPbIE€ MOKHO YCITCIIHO
pemaTh ¢ ux nomoiibio. [Ipu Goee MUpoOKOM pacCCMOTPEHUH aHATN3 BO3MOKHBIX CXEM
peanuzaiuu cucteM ynpasiaenus XKL mokasai, 4To ux MOXKHO KJIacCU(PUIIUPOBATH 10
pAly IIPU3HAKOB.

Cucrema ympanenus KL wmmeer MHOro oO0mIero ¢ CHCTEMOW KayecTBa,
BHEJIPEHHOM HA MHOXECTBE COBPEMEHHBIX MPEANPHUATUNA COTIACHO TpPeOOBaHUSM
cranaaptoB cepurn MCO 9000. OgHako MX TrJIaBHOE Pa3iM4YMe COCTOUT B TOM, UTO
CHUCTEMa KauyeCTBa HAMpPAaBJICHA HA PEAU3ALMIO0 MOJHOTO COOTBETCTBUSI TEXHOJIOTHU
M3TOTOBJIEHUSI M3MICJIMA  JCHUCTBYIOIIMM HOPMATHUBHBIM JIOKYMEHTaM C LEJIbIO
MOJJEPKAHNS TAPAHTUPOBAHHOTO YPOBHS KQUECTBA U3 EIINM, B TO BPEMS KaK CHUCTEMA
yrpasienus K[ HampaBieHa Ha DOCTOSHHOE YIYUIIEHHE WX TEXHUYECKHUX
XapaKTEPUCTHK, YTO MPUOIIKAET €€ K M3BECTHOW CHUCTEME YIpPaBJICHHUS KaueCTBOM
TQM. TI'maBHas ocobenHocTh cuctembl ynpasieHuss KLW cocrtour B TOM, 4YTO
€IMHCTBEHHBIM KPUTEPUEM B HEW SIBIIICTCS TEXHUUECKHMN PECYpPC U3IEIUSA, HA OCHOBE
KOTOPOTO TPOU3BOJIUTCSI YMPABJICHUE €r0 CPOKOM CIIYXKOBI C IIEIbI0 OOECIeUeHUsI
DKCIUTYaTallMOHHOW HaaexxHOCTH. WM BCce [aHHbIE O CBOWCTBAaX MaTepUaNOB,
MPUMEHSIEMbIE MOJICNIH, TPOrpaMMHOE oOecrieueHue U T.J. HaIlpaBJICHbl Ha OICHKY,
oOecrieueHue 1 TIOBBIIIIEHUE Pecypca U3CIIHs.
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Buowt cucmem ynpaenenusa KI[U no cnocoby ynpaenenusn. Ilo crnocoOy
ynpasiieHHs cucteMsl yrpasiieHus KL MOXHO pa3aenTh Ha aKkTUBHBIE U [TACCUBHBIE.

B axmuenvix cucmemax ynpaBIIeHUs] pECypCOM IIPEAIOIATaeTCsl Ha BCEX dTalax
MPEANPUHUMATE MEPHI IO LIEJICHANPABICHHOMY BO3/ICHCTBUIO HA CBOMCTBA MaTepuaia
U ycioBUd ero (yHKIMOHUPOBAHMS, a TaKXKe€ MO ONTUMU3AIUU TEXHOJOTUYECKUX
MPOLIECCOB Ha JTale M3rOTOBJICHUS OOBbekTa. Tak, akTUBHAas CUCTEMa YIpaBICHUS
CPOKOM CIY>KOBbl TEXHHYECKMX CHCTEM Ha JTamne »JKCIUTyaTaluu TpeOyeT ux
MOCTOSIHHOTO ~ COBEPILEHCTBOBAHMS (MOJEpHU3AIMU, PEMOHTA), YTO Hapsay C
3aJI0)KEHHBIM TPU KOHCTPYHUPOBAHUM M M3TOTOBJICHWU W30BITOYHBIM 3aracoM
IPOYHOCTH JAE€T OCHOBAHHWE JJIi MHOTOKPATHOIO MPOMJIEHHS HX CIy>KObl Ha
JIOTIOJIHUTENbHBIN CpoK. [Ipr MCIonb30BaHUU B CUCTEME SHEPTETUUECKUX MOJIEIICH TS
MPOTHO3UPOBAHUS pecypca MpPH YCTAJOCTHOM MOBPEXIAEMOCTH OOBEKTa aKTUBHOE
YIPaBICHUE CBOJMUTCS K OIEPATUBHOMY BO3JCHCTBUI0O HA TEKYILEE COCTOSHUE
MaTepHuaia, a MMEHHO Ha €ro SHEPrui0 aKTUBALMU IiacThueckoi nedopmanuu. B psane
CJIy4aeB IPH IKCILTyaTallud OTBETCTBEHHBIX, 1 OCOOEHHO OMACHBIX OOBEKTOB YCIOBUS
MUX M3TOTOBJIEHUS W HCHOJIB30BAHUS CTPOrO PErJaMEHTHPOBAHBI, 4YTO JIEJIACT
3aTpyJAHUTEIbHBIM IPUMEHEHUE aKTUBHBIX CUCTEM YINPABJICHUS; TOT/1a €INHCTBEHHBIM
CPEICTBOM YIPABIEHUS CPOKOM CITyKOBI SIBIISIOTCS TACCUBHBIE CUCTEMBI.

B naccusnvix cucmemax ynpasnenus XKW npeanonaraetcs aumibs Habt0IeHAE
3a €CTECTBEHHBIM M3MEHEHHUEM CBOMCTB (KOHTPOJIb CTapEHUs) MaTepuaja U KOHTPOJIb
3a UCUEpIaHUEM 3aJI0)KEHHOTO MPU M3TOTOBJICHUU O0BEKTa 3amaca IPOYHOCTH C TEM,
YyTOOBl Ha OCHOBE MMEIOLIMXCS KPUTEPUEB JaTh 3aKIIOYEHHE O BO3MOXKHOCTU
JanbHeNero 0e30MacHOro MCHoJb30BaHUsl 00bEKTa WM O HEOOXOJUMOCTH BBIBOJIA
€ro U3 dKcrutyaTanuu. Eille 01HO Ha3HaUYE€HHUE MAaCCUBHBIX CUCTEM — cOOp MHPOpMaluu
u (popmupoBanue 6a3bl JAHHBIX 00 YCIOBUAX (DYHKIIMOHUPOBAHUS O0OBEKTA, O KHHETUKE
Y MEXaHU3Max €ro IMOBPEXIAEMOCTH U Pa3pyLICHHs, O PEKUMAX TEXHOJOTHYECKON
00pabOTKH, O JTOJITOBEYHOCTH OOBEKTa M T. J. JlaHHBIE CBEJEHUS HEOOXOIUMBI IS
aHalIM3a aJeKBaTHOCTH NPHUMEHSEMBIX pPAcCYETHBIX MOJENIECH, OLEHKH MapaMeTpoB
HAJEKHOCTH, T.€. Ui peanu3aluuu «oOpaTHOU cBs3u» B cucteme ynpasienus KN .
[TaccuBHas cucrema ynpasineHus KL Taxxke mnpenmonaraer yCTaHOBJIEHUE AThl
OKOHYaHHUSI pabOThl TEXHUYECKUX CHUCTEM (MPEJOTBPALIAONIECH JOCPOUYHBIA BBIBOJ U3
IKCIUTyaTallMi) U OOecreueHue MOCIEAHUX JIeT CIIy>KObl Ha OCHOBE IUArHOCTHKHU
TEXHUYECKUX CUCTEM.

AKTHUBHBIE U TIACCUBHBIE CHCTEMBI TJyOOKO B3aMMOCBSI3aHbl M MOTYT
UCIIOJIb30BaThCSl COBMECTHO B paMKaxX PEIICHUs KakK MPSMBIX, TaK U OOpaTHBIX 3a/1a4y
ynpasieHus. Takoe KOMOMHUpPOBAHHOE YIPABJICHUE >KU3HEHHBIM IIMKJIOM W3CIIHUN
npexacrapisgercs Hanbosee 3PPEeKTUBHBIM.

Buowvt cucmem ynpasnenusa KIH no smany peanuzayuu. YTUpaBiCHUE
peCypcoM BO3MOKHO Ha BCEX JTAIlaX KU3HEHHOIO LIMKJIA U3IEIIUs.

13



Ha cmaouu koncmpyupoeanus B Matepuan HEOOXOAMMO 3aJ0XKHUTh 3arac
IPOYHOCTH, JOCTATOYHBIM JJIs 3aJaHHOTO CpokKa CiyXObl wm3aenus. s 3Toro
HEOOXOJUMBbl HayYyHO OOOCHOBAaHHBIE METOJbI PETJIaMEHTUPOBAHMS MEXaHHMYECKUX
CBOMCTB M3JIeJMii, BBIOOpA CMAa30YHBIX MaTepuaioB. PerjamMeHTUpYIOTCS NONMYCKU U
NPUITYCKH, MapaMmMeTpbl  MHKporeoMeTpuu. IIpym  KOHCTpyMpOBaHUM  TaKXKe
MPEAYCMATPUBAIOTCS CPEACTBA CHIXKEHUS NUHAMUYECKUX HAIPSKCHUM, OXJIaXKICHUS
Marepualia, YCTPAHSIOTCS YYacTKM KOHIIEHTpauuu HamnpsbkeHuil. [lpu 3Tom B
NOCJIEIHEE BpEMsS BCE Yalle HCIONb3YIOT CpPEJICTBA KOMIIBIOTEPHOIO KOHEYHO-
AJIIEMEHTHOTO MOJEIUPOBAHUS.

Ha »smane npouzsoocmea TPOUCXOOUT TEXHOJIOIMYECKOE oOOecreueHue
3aaHHOro pecypca. OCHOBHOE BHUMAHHUE MPU 3TOM YAEISAETCA YHIPOUHSIOIINM
TEXHOJIOTUSIM U cOOpke. BaxkHbIM 3TaroM Mpou3BOCTBA ABISETCS KOHTPOJIb KaueCcTBa
U3JIeNIUN. 3/1€Ch B MTOCIEAHEE BPEMS Ha JTUAUPYIOIIUE MO3UIUH BBIXOJIUT TPUMEHEHHE
YCKOPEHHBIX METOJIOB MCIBITAHUM, HO JIJISl ATOTO HEOOXOJUMO CTPOroe 0OOCHOBAHUE
PEXUMOB (POPCUPOBAHHBIX UCIBITAHUM, YTO MPEACTABISIET COOOM BEChbMa HEMPOCTYIO
3a/layy, KOTOpas B HACTOAILEE BPEMS pelIaeTcsl IOMCKOM 3MIUPHUECKOW KOPpEIsaunun
MEXK]Ty pe3yJibTaTaMU OOBIYHBIX U YCKOPEHHBIX UCTIBITAHUIA.

Ha cmaouu  skcniyamayuu  TPOUCXOAUT — pallMOHANIbHAS — peayin3alus
3QJI0KEHHOTO0 B U3enue pecypca. [Ipu HopmMupoBaHuy nokaszaTesneil HaJeKHOCTH, KakK
MPaBUIIO, TOJB3YIOTCS MPUHIIUIIOM U30BITOYHOCTH, BCIIEACTBUE YETO MOCIIE BRIPAOOTKH
HA3HAUYEHHOTO CpOKa CIYXObl y M3JEIMM 4YacTO OCTaeTCsl 3amac MPOYHOCTH, HO
BEJIMYMHA €ro clly4aiiHa U TpeOyeT MpH dKCIUTyaTalluu JOTOJHUTEIBHOM OLIEHKU. DTO
TpeOYyEeT KOPPEKTHBIX METOJIOB JIMATHOCTUKU U TPOTHO3UPOBAHUS OCTATOYHOTO
pecypca, OCHOBaHHBIX Ha aJICKBATHBIX KPUTEPUSIX MPOYHOCTH. AHAJIOTUYHAS CUTYaIIHs
BO3HMKAET, KOT/Ia B DKCILTyaTallUI0 BBOJISTCS JIETAIN, HMEBIIINE paHee HApaOOTKy, JIJIst
KOTOPBIX HYXXHO OIIEHHUTh BBIPA0OTaHHBIA pecypc. JluarHocThka COCTOSTHUS
MaTepHuaioB He00X0UMa Nepel PEMOHTOM (BOCCTAaHOBJICHUEM ) U3HOIIICHHBIX JACTaJICH.

Buowvt cucmem ynpaesnenusn KIIH no xapakmepy peuwiraemoit 3adauu. CucreMa
ynpasienus KW xapakTepusyercss HATMYUEM MPSAMBIX U OOPAaTHBIX CBSI3EH MEXKIY
BO3JIEICTBHEM Ha MAaTE€pPHUaJ U €ro PECYpCOM. DTH CBSI3U SIBISIOTCS, IO CYyTH, IPUUUHHO-
CIIEICTBEHHBIMUA, WX aHAJIM3 TMPOU3BOJUTCS HA OCHOBE HKCIEPUMEHTAIBLHOTO
UCCIIe0OBaHMs OOBEKTOB U MX Mojienei. Eciu mpuHATh HampaBIeHUE pelieHrs 3a1a9u
OT COBOKYIMTHOCTH MPUYUH U YCIOBUH K CJIEICTBUIO KaK MPAMOE, TO MPOTHUBOIOI0KHBIH
aHanu3 OyJeT, COOTBETCTBEHHO, SIBISATHCA OOpaTHbIM. Takum oOpa3oMm, B MPSMOU
IIOCTAHOBKE 3ajauu cucrema ymnpasieHus KL Bo3nmeiicTByeT Ha pecypc 3a cyer
YOpaBJICHUs] CBOWCTBAMHM CaMOro oObeKTa, B OOpaTHOM — 3a cuUeT YMpaBIICHUS
YCJIOBHUSIMM €r0 M3TOTOBJIEHHUS M JKCIUTyaTalud. B mepBoM ciyyae MCXOAHBIMU
JIAHHBIMU JIJIs1 YIIPABJICHUS KU3HEHHBIM ITUKJIOM SIBJISIFOTCS (PAKTHUECKOE COCTOSIHUE,
CBOICTBa Marepuaia U yciaoBus paboTel. Bo BTOpoM — Ha OCHOBE 3aJaHHOTO (WU
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W3BECTHOTO) pECypca W BBISBICHHBIX MPU UCIBITAHUSIX WU AKCILTyaTallMy TaHHBIX O
MEXaHHU3Max U KHHETUKE MOBPEXKIAEMOCTH MAaTEPUATIOB KOPPEKTUPYIOTCS X CBOMCTRA,
o0ecnieunBalOTCs Maasmme yciaoBus padotel. [Ipu pemenun oOpatHOW 3amaun,
HaIpuMep, JUIsl MOBBILIEHUSI Pecypca y3J70B TPEHUS CO3JAI0T YCIOBUS JIJISi CHUKEHUS
HHEPTUU Pa3pyLIAIMIUX MEXaHUUYECKUX, TEPMUUYECKUX M XUMUUYECKHX BO3JIEUCTBUIA,
YTO peaqu3yeTcsi COOTBETCTBEHHO IPUMEHEHHEM JeMI(epoB, OXJIAIUTENECH,
MHTUOUTOPOB KOppo3uu U T.1. Kpome Toro, myrem coopa u COnOCTaBICHUS paCUETHBIX
U OKCIEPUMEHTAIBHBIX JIAHHBIX IPOBEPSETCS MPOTHOCTHYECKAs CIIOCOOHOCTh
NPUMEHSIEMON Il yOpaBIECHUS PECYpPCOM  COBOKYIHOCTH MaTE€MaTUYECKUX,
PACUETHBIX, KOHEUHO-3JIEMEHTHBIX U JIPYrX MOJENEe 00beKTa, 4TO HEOOXOAUMO JJIs
coBeplilieHCTBOBaHMs camoil cuctembl ynpasienus KM . C Touku 3peHust Teopuu
HAJICKHOCTH, PEIICHHE MPAMBIX 3a7ad CBSA3aHO C NMPUMEHEHHEM (U3MKU OTKA30B,
UCIIONIb3YIONIEeH (pu3nyeckue M MaremMaTHueckue Mojenu oObekTa. Peienue ke
oOpaTHBIX 3aJ1a4, KaK IPaBUJIO, BBITIOJHSIETCS 110 CTATUCTUYECKUM MOJIENISIM OTKAa30B.

Buowvt cucmem ynpaenenus KLU no yeau ynpaesnenusn. MOXHO BBIICIUTD JBE
OCHOBHBIE II€JIM YIPaBICHUSI PECYPCHBIMU XapaKTEPUCTUKAMU MaTepuaja: mepBas u
OCHOBHAsI 11€JIb 3aKJII0YAETCSI BO BCEMEPHOM IMOBBIIIEHUH 0€30TKa3HOTO CPOKa CITyKObI
U3JIeNus, T.€. B TOBBIIICHUHU JTOJITOBEYHOCTH MATEPUAIOB B CYIIECTBYIOIIUX YCIOBUSIX
GyHKIMOHUPOBAHUS; BTOpasi — B TAPUPOBAHHOM TMOHMKEHUHU JOJITOBEYHOCTH, YTO
aKTyalabHO, HAIPUMeEp, NMPHU pa3padOTKe METOJMK YCKOPEHHBIX HUCIbITaHUuN. B epBom
ClIlydya€ HMMEET MECTO pECypCONOBBINIAIOIIAS  CHUCTEMA, BO  BTOPOM  —
pecypcocOeperatoiias. HaumenoBanue nociaeaHelt 00yclOBIEHO TEM, YTO MOBBIIIICHUE
pecypca JOCTHTAEeTCsl 3a CUeT JOMOJIHUTEIBHBIX MaTepUaNIbHBIX, SHEPIeTUYECKUX U
BPEMEHHBIX 3aTpaT Ha MOBBIINICHUE MPOYHOCTU Marepuana. [Ipudem ¢ moBbIIEHHEM
MoKaszaTelied KayecTBa OTHOIICHHWE TNPUPAIIECHUS JIOJTOBEYHOCTH OOBEKTa K
MPUPAIEHUIO 3aTpaT Ha O0OECTeYeHHe €ro HaJASKHOCTU HEJIMHEWHO BO3pacTaeT.
[ToaTOMy, Kak HM3BECTHO, TOKAa3aTelu HAJC)KHOCTH HOPMHPYIOTCS, HalpuUMep, IO
KPUTEPUI0O MHUHUMAJIBHOM CTOMMOCTH J>KM3HEHHOro mwkiaa wusaenus. OgHuM U3
3 PEKTUBHBIX CIIOCOOOB CHMKEHHUS 3aTpaT Ha W3TOTOBJIECHUE CIIOKHBIX OOBEKTOB
SBJISIETCS BIPABHUBAHUE Pa3pblBa MEXY JOJTOBEYHOCTSIMHU (JIs1 BOCCTAHABIMBAEMBIX
U3JIeIU — cpeHel HapaOOTKM Ha OTKa3) caMOro «Cjaaboro» W caMoro HaJieKHOTO
AJIEMEHTOB B cHUCTeMe. TakuM 00pa3oM, MO OTHOIICHHWIO K TEPBBIM d3JEMEHTaM
11eJI€CO00pa3HO MPUMEHEHUE PECYPCOTIOBBINIAIONIETO BO3ICUCTBHS, a IO OTHOIIEHUIO
KO BTOPBIM — pecypcocOeperaronero.

2. XapaxkTepucTHKa YCJOBMH JIKCILIyaTalluM JeTajeil MamMH M HX

(pusnyeckas CylIHOCTb.
2.1 Buabl dKCIJIyaTAIlMOHHBIX CBOMCTB JieTaJjieil MallluH U UX cOeIMHeHnH
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Jleranib ~ mpeacTaBisieT  KOMIUIEKC — B3aMMOCBSI3aHHBIX — ITOBEPXHOCTEM,
MOCPEJICTBOM KOTOPHIX OHA BBITIOJNIHAET CBOE cly)keOHoe HaszHaueHue. [lo
GyHKIIMOHATFHOMY Ha3HAYCHHIO Y JCTAIH PA3INYalOT UCTIOJTHUTEIBHBIC U CBOOOHBIC
MTOBEPXHOCTH, BCIIOMOTaTEIbHbIE 1 OCHOBHBIE Oa3HbI.

Ha xaxnayro neranms B MalimHe WIM COOPOYHOM €AMHUIIE BO3JIaraeTcs
HCIIOJTHEHUE ONpeaeaEHHbIX (YHKIIMM, BBITEKAIONUX U3 O0IIEro (PyHKIMOHAIBHOTO
Ha3HAYEHUs MAalllMHbl WK COOPOYHOW eIUHMIIBI. Be30TKa3HOCTh W JIOJITOBEYHOCTH
WCIIOJTHCHMSI CBOMX (YHKIMA W3ACIUEM MAITUHOCTPOSHUS OMPENCSETCS PIaoM
AKCIUTyaTallMOHHBIX CBOMCTB JETAJIEH U UX COCAUHECHU .

Ilon 9kxcnayamayuonuvimu ceolicmeamu J€TAICH MAIIMH T[OHUMAETCS
CIIOCOOHOCTh JIeTaJIe MAaIllMH COMPOTUBIATHCSA YCJIOBUSIM BHEIIHETO (PU3HKO-
MEXaHOXMMHUYECKOTO0 BO3JICUCTBHUS Ha HUX. B 3aBUCHUMOCTH OT YCJIOBHM BHEIIHETO
BO3JICHCTBUS (TpEHHE, CTaTUYECKHWe WM JUHAMHUYECKHE Harpy3Kd, XUMHYECKH
aKTUBHbIE Cpelbl U  JAp.) JOJDKHBI  ObITh  CHOPMHUPOBAHBI  CJICAYIOIIHE
AKCIUTyaTallMOHHBIE CBOMCTBA JETajled MAIIMH W WX COCIUHEHUW: KOHTAKTHAas
HKECTKOCTh, M3HOCOCTOMKOCTh, CTaTUYECKas W YCTAJIOCTHAs OOBEMHAs MPOYHOCTD,
KOPpPO3UOHHAsl CTOWKOCTb, TE€PMETUYHOCTHh COEAWHEHUW, MPOYHOCTh MOCAIOK,
CTaTUYECKAs W JMHAMMWYECKAs IIOBEPXHOCTHAs KOHTAKTHAs IIPOYHOCTh. Bce 3T
AKCIUTYaTallMOHHBIE CBOWMCTBA B 3HAYWUTEIBHOM MEpE 3aBHUCAT OT KadyecTBa
MTOBEPXHOCTHOTO CJIOS JICTaJIeH, TaK KaK MPaKTUYECKH BCE pa3pyllIeHUs (CTaTUYeCKue,
YCTaJOCTHBIC, KOHTAKTHBIC, KOPPO3UOHHBIC U JIP.) HAUMHAIOTCS C TIOBEPXHOCTH.

Jlagum onpeenieHust U KPaTKyro XapaKTEPUCTUKY OCHOBHBIX AKCILTyaTallMOHHBIX
CBOMCTB.

Konmaxmmnasa ncécmkocms. KoHTakTHas )KECTKOCTh OMpPEENsieT CIOCOOHOCTD
MMOBEPXHOCTHBIX CJIOEB JE€TAJNIEH, HAXOISIIUXCS B KOHTAKTE, COITPOTUBIIATHCS IEHCTBUIO
CHJI CTPEMSIITUXCS UX 1e(hOPMUPOBATH:

j—E (2.1)
y, ' '

rae P — cuia Ha miomaay KOHTakTa; Y, - KOHTaKTHBIE IIepEeMEeIEeHUS.

KoHnTakTHas KECTKOCTh COCTaBIISIET 3HAYMTENIbHYIO YacTh B OajaHce yHpyrux
nepeMenieHuii MammH U cOopounsix enuuul] (Puc. 2.1). KonTakTHas ECTKOCTH
CKa3bIBa€TCsl Ha TOYHOCTH pabOThl MAlIMH W MPUOOPOB, HA TOYHOCTH OOpPAaOOTKH Ha
METaJUIOPEXKYUIUX CTaHKaX U T.J., T.€. HA KAUECTBE MAIIMHOCTPOUTENbHBIX U3/ICIUH.

// Puc. 2.1. Cxema KoHTaKTa IBYX
»\»\ TBEPABIX TEJ (JIeTaNICH).
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H3nococmoiikocmov noeepxuocmu. Pabota MalmimH BO MHOTOM 0OyCIIOBIEHa
TakuM u3HIeCKUM (EHOMEHOM, KaK TPEHUE, KOTOPOE MPOSBISETCS B COMPOTUBICHUN
JIBH>KEHUIO TeJl. OCHOBHBIE MOHSTHUS, CBA3aHHBIE C TPEHUEM U COITYTCTBYIOIIUMU EMY
SIBJICHUSIMU OTIPEJIeIIeHbI B TocynapctBeHHoM ctanaapte (TOCT 23002-78).

Tpenue (8newinee mpenue) — CONPOTUBIICHUE OTHOCUTEIIBHOMY MIEPEMEIIICHHUIO,
BO3HHUKAIOIIIEE MEXIYy JBYMs TE€JIaMH B 30HE CONPUKOCHOBEHHS MOBEPXHOCTEH IO
KacaTeJIbHOM K HUM U COMPOBOXIAEMOE PACCESTHUEM SHEPTUU.

Tpenue He SBISETCS OJHO3HAYHO BPEIHBIM WM MOJE3HBIM. DTO 3aBUCUT OT
O0OCTOSITENILCTB €0 BO3HUKHOBEHUS W TPUMEHEHHs. TpeHHe B MexXaHW3MaX dYaIle
MIPUHATO OTHOCUTH K BPEAHBIM COITPOTUBJIEHUSAM M3-3a CO34aBAEMbIX UM MEXaHUUECKUX
MOTEPh, HarpeBa W u3Hoca naetayneid. OIHAKO BCEM OYEBHIHA M OTPOMHAs MOJIb3a
TpPEHUs, HapuMep, MPU TOPMOXKEHUU MAIlIUH, TallleHWW OIMACHOW BHUOpaluy WA
IPOryJIKax Mo rojojény, 0COOEHHO B ropax.

B mpouecce skcrutyaTaliuu MeXaHW3Ma, MAIIMHBI WM NpuOOpa HEn30€KHO
MPOUCXOJUT W3HAIIMBAHHUE DJIEMEHTOB €r0 KMHEMAaTUYECKUX Map — pas3pylieHue u
OTJIEJIEHUE MaTepuajga C MOBEPXHOCTU C MOCTENEHHbIM H3MEHEHUEM pa3MEPOB M
dbopMbl. DTO CHMXXKAET MPOYHOCTH JAeTalie M TOYHOCTh MEXaHHU3Ma, KpoMe TOTo,
MOBBIMIAIOTCS  HArpy3KW, pacTér BUOpalnus ¢ IIyM BCIEJICTBUE 3a30pOB B
KMHEMAaTUYECKUX Mapax. B manpHelillleM M3HAIIMBAHUE MOJKET MPUBECTU K MOJIOMKE
JeTaned M BBIXOJY MAallWHbI W3 CTposl. KOJMYecTBEHHON OLEHKOW pe3yibTaTa
W3HAIIUBAHUS SIBIIICTCS U3HOC, ONIPEJEIsiEMbIi B YCTAHOBJICHHBIX €UHUIIAX.

H3noc — pe3ynbTaT usHauiueanusl, BBIpaXXCHHbIA B €AMHUIAX JJIMHBI, 00bEMa
uiu  Macchl. JlomycTUMBIA HM3HOC HE HapyliaeT paboTOCIOCOOHOCTh JeTaju.
[IpenenpHbIli M3HOC COOTBETCTBYET IMPEEIbHOMY COCTOSIHUIO W3JEIus, Koraa
JaJbHENIIIAst ero SKCILTyaTaluust HeBo3MoxHa. [Ipu TpeHru co cMa304HbIM MAaTEpUATIOM,
KOTJ/Ia €r0 TOJIIIMHA MEXIY JIeTajasiMU OOJIbIlle BHICOTHI HEPOBHOCTEH — U3HOC OYEHB
HE3HAYUTEJIECH.

OIHUM K3 BaXKHEUIINX IKCIUTYaTallMOHHBIX CBOMCTB JETAJICH MAILIUH SIBJISIETCS
U3HOCOCTOUKOCTD. [10 u3HOCOCMOliKOCMbI0 TOHUMAIOT CTIOCOOHOCTD MMOBEPXHOCTHBIX
CIIOEB JETAJNEW CONPOTUBIATHCSA PA3PYLICHUIO NMPU ACHUCTBUM cvil TpeHus. Kpusas
W3HOCA UMEET TPU SBHO BBIPAXCHHBIX ydyacTka (Puc. 2.2): | - HayanbHBIA y4acTOK
KPUBOW XapaKTEePU3YIOIIUN MPOoIecc MpUpaboTK HOBOTO compsikeHus, Il - ygactok
KPUBOM, XapaKTEPU3YIOMINICS HEOOIBIIION U OTHOCUTEIHHO MMOCTOSTHHOM TI0 BEJIMYNHE
CKOPOCTBIO U3HOCA, OTBEYAIOIIEH MEPHOTy HOPMAILHON pabO0ThI COMPSIKEHUSI - y4aCTOK
HOPMaJILHOTO M3HOCAa WJIM ecTecTBeHHBINM u3Hoc, Il - ydacTox karactpoduueckoro
U3HOCA, TO €CTh YYacTOK, Ha KOTOPOM CKOPOCTb H3HOCA PE3KO BO3pPACTAET.
[IpuONMKEHHO COMPOTHUBIICHHE HW3HAIIMBAHUIO (M3HOCOCTOMKOCTb) OIIEHUBAIOT, B
YaCTHOCTH, COMOCTABJIEHUEM PACUETHBIX JABJICHUUA C JOMYCKA€MbIMH 3HAYCHUSIMHU,

17



YCTAHOBJICHHBIMM Ha OCHOBC OIIbITa OSKCIIyaTallud KOHCTPYKIHWH. HH)KeHepHI)IC
paC‘-IéTBI M0 HM3HOCY KHHCMATUYCCKUX II1dp BBHIOJHAKOT 110 HWHTCIPAJIbHbIM
XApPaKTCPUCTUKAM: CKOPOCTH U MHTCHCUBHOCTHU NU3HAIITMBAHM.

N3HoC

Puc. 2.2 KpuBas uzHoca.

/ 1 VA
Bpems pacomsl conpsxeHus

Ckopocmb uzHawiueanusi — OTHOUIEHUE M3HOCA KO BPEMEHH, 3a KOTOPOE OH

BO3HHK
7y = QA /dt = AH, /At (MKM/4). (2.2)

Humencusnocms usHawueanus — OTHOUIEHUE M3HOCA K Tpodery, HapaOOTke
WU 00bEMY BBITIOTHEHHON paboThl. PaznmuuaroT u3Hoc JIUHEHbIN M, MaccoBbiil My u
00BEMHBIN /,. OTHOIIEHUE U3HOCA K MyTU TpeHus Lz, Ha KOTOpOM MPOU30IIEN ITOT
U3HOC, XapaKTepU3yeT UHMEHCUBHOCMb USHAUWUBAHUSL, COOTBETCTBEHHO:

o JnHeHHYIO |y = Un/Lr (MKM/KM);
e MaccoByio Iy = Un/Lr (T/KM);
e 00némuyIO |y = U, [Lr (MM3/KM).

JluneitHasT MHTEHCHMBHOCTh W3HAINIMBAHMS W3MCHSCTCS B IIMPOKUX MpEAeiax
1073..10"3.  KoukperHble  3HaYeHHMss I8 pasHbIX  YCIOBHU  IIOXYy4YarOT
HKCIIEPUMEHTAIBHO.

OtHomieHne oOBEMA M3HOIICHHOTO MaTepuaia K pabore cunm Tpenus Fr
Ha3bIBAIOT dHEP2eMU4ecKol UHMEHCUGHOCHIbIO USHAWUBAHUS.

N3noc oxBarbiBaeT okono 80% neraneil. B 3aBUCMMOCTM OT Xapakrepa

MPOUCXOJIAIINUX MPOIIECCOB PA3INYAIOT CJICIYIOIINE BU bl H3HAIIMBAHUS:

® Mexaumuyeckoe — Pe3yiabTaT MEXaHMYECKOTO B3aUMOICUCTBUS;

® abpa3zusHoe — PE3yJbTAT PEXKYIIETO M Iapanaroniero ACHCTBUS TBEPIBIX
YaCcTHUIl, HAXOJAIIMXCA B 30HE KOHTaKTa Jerajged (Ha paboueil MOBEPXHOCTH
HaOJII0/IAF0TCS 1apaliHbl, KAHABKH, TOJIOCHI);

® 9pPOo3UOHHOE — PE3YIBTAT BO3/ACICTBUS MOTOKOB )XKUJAKOCTHU U Ta3a;

®  2UOPOIPO3UOHHOE (2A309PO3UOHHOE) — PEe3yJbTaT BO3JEUCTBHS KHJIKOCTU
(raza);

® cudpoabpasugnoe (2azoabpaszusnoe) — PE3yIAbTAT BO3JAEHCTBUU TBEPIBIX
YaCTHII, B3BECIICHHBIX B )KUJIKOCTHU (Tase);
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® KOppO3UOHHO-MEXaHuueckoe — MEXAHWYECKUI KOHTAKT B COYETaHUM C
XUMHUYECKUM W/MJIM AJIEKTPUYECKUM B3aUMOJECHCTBUEM MaTepuajia co cpeaod (Ha
paboyeil MoBEpXHOCTH HAOJIIOIAI0TCS TUIEHKH, YACTHILIBI, IPOIYKThI peakiuil);

® ycmanocmuoe — PE3yNbTaT YCTAJOCTHOIO pa3pylICHUs IpPU MOBTOPHOM
nehopMUPOBaHUN MHUKPOOOBEMOB MaTepuaina, HaONIONaeTcss Kak TMpU TPEHUU
CKOJIBKECHMSI, TaK M MPU TPEHUH KadeHUs (Ha pabodeld MOBEPXHOCTU HAOIIOAAOTCS
TPEILIMHBI, BEIKpAIIMBAaHUE);

®  KasumMayuoHHoe — TUAPOIPO3HUOHHOE NPH IBH)KEHHUH TEJa B KUIAKOCTH, KOTa
Ny3bIPPKU Ta3a 3axJOIbIBAlOTCS BOJM3M NOBEPXHOCTH C MECTHBIM IOBBIILICHUEM
JaBJICHUS U TEMIIEPATYPHI;

® U3HAWUBAHUE NPU 3ae0aHuU — IIPEUMYLIECTBEHHO HAOII0JaeTCsl TPU BBICOKUX
CKOPOCTAX M JABJCHHUSX C BBIJABIMBAHMEM pa3zbelarolledl TpyIIHUecs MOBEPXHOCTH
MacJISIHOM IUIEHKH. B pe3ynbrare TEmnio He ycneBaeT OTBOJIUTHCS, M INPOUCXOIUT
CXBaTbIBaHUE (CBapKa) 4YacTUL[ MeTalja KOHTaKTUPYIOIIUX IOBEPXHOCTEH C
JAIbHENUIINM OTPBIBOM UX OT OoJjiee MATKOM MOBEPXHOCTH U MPOUYHBIM COEAMHEHNUEM C
oonee TBepaoil. OOpa3oBaBUIIMECS HEPOBHOCTH LapanarT padodre MOBEPXHOCTH
netaneil ¢ 0osee MATKOM MOBEPXHOCTHIO, YTO MPHUBOJUT K BBIXOAY MX M3 CTpos (Ha
paboyeli TOBEpXHOCTH HAOII0Iat0TCs YEITy KU, BBICTYIIbI, BEIKPAILIMBAHUE);

® OKucCIUumenbHoe — AHAJOTUYHO KOPPO3UOHHO-MEXAHUYECKOMY, HO TIOJ
OCHOBHBIM BIIMSIHUEM XUMUYECKUX PEAKIUI C KUCIOPOAOM MIIM OKUCIISIIOIIEH Cpesloil;

e @pemmune — TPU MaJIbIX OTHOCUTEIBHBIX KOJIEOATEIbHBIX JBHKEHUSIX
KOHTaKTHPYIOIUX MTOBEPXHOCTEM;

®  3JEeKMpPOIpPO3UOHHOEe — B PE3yJbTaTe BO3JCHUCTBHS  pa3psaoB  IMpHU
IIPOXOKJIEHUH JIEKTPUYECKOTO TOKA.

B 0OBIYHBIX YCIOBHSAX COUETAIOTCS pa3Hble BHUJIbI M3HAIIMBAHUSA, YTO OUYEHBb
3aTpyJHSET aHAJIU3 YCIOBUM pabOThl MalIMH.

Koppo3uonnaa cmoiikocms. 1lon xoppo3uonnou cmouxkocmsvio TOHUMAKOT
CIIOCOOHOCTh TOBEPXHOCTHBIX CJIOEB COMPOTHUBISTHCS Pa3pylIAOIIEMYy JIEWCTBHIO
BHEIHEN cpenbl. Kopposus memannog - pa3pylieHUE METAIIIOB BCIEACTBUE (PUBHKO-
XUMHYECKOTO BO3ICMCTBHSI BHEIIHEH cpeabl, NMpPU 3TOM METaul MNEPEXOIUT B
OKHUCJIEHHOE (MOHHOE) COCTOSIHUE U TEPSIET MPUCYLIUE EMY CBOKCTBA.

Ocoboe MecTo B KOMILUICKCE MEpOIPHUATHH 10 obecrnieueHuio OecriepeOOrHON
SKCIUTyaTali OOOpYyJOBaHUS OTBOJAUTCS HAACKHOM 3allUTe €ro OT KOPpPO3HUHU.
Heo0xoauMocTh OCYIIECTBICHUS MEPONPUATHIA MO 3aUIUTE OT KOPPO3UU JUKTYETCS
T€M 0OCTOATENHCTBOM, YTO MOTEPU OT KOPPO3HM NMPUHOCAT YPE3BBIUAKHO OOJBIION
yiiep0. [To nmeronuMest JaHHbBIM, TpUMEPHO 0KoJ10 10% exeroHon 10ObIYM MeTasia
pacxoayeTcsi Ha TOKpPhITUE O€3BO3BpPATHBIX IOTEPb BCIEACTBHUM KOPPO3UU U
nocieayromero pacnsuieHus. OCHOBHOM yuiepd OT KOppO3MHM METajula CBsI3aH He
TOJIBKO C TIOTEpeH OOIBIINX KOJIUUYECTB METAJlIa, HO U C TOPYEH MIIM BBIXOJIOM U3 CTPOSI
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CaMHUX METAUIMYECKUX KOHCTPYKIMM, T.K. BCIEICTBUE KOPPO3UH OHHU TEPSIOT
HEOOXOMMMYI  TPOYHOCTh,  IUIACTHYHOCTh,  T€PMETUYHOCTh,  TEIUIO- U
AIEKTPONPOBOIHOCTh, OTPAXATEIbHYIO CIHOCOOHOCTH U JpYrue HEOOXOAUMBIC
kauectBa. K morepsiM 0JKHBI ObITH OTHECEHBI TAK)KE TPOMAJIHBIE 3aTPaThl HA BCSIKOTO
pOJia 3alMTHBIE AHTUKOPPO3UOHHBIE MEPOIPUATHUS, YIIEPO OT YXYy/AIICHUS KauecTBa
BBIITYCKAaEeMOM MPOIyKIIMH, BBIXOJ U3 CTPOsi 000pyI0BaHUs, aBapuil B IPOU3BOJICTBE U
ap.

I'epmemuunocmey coedunenuii. I €pMETUUHOCTh COEAUHEHUN OIPEIECIAET UX
CIIOCOOHOCTH TIPENOTBpAIIaTh YTEUKY Ta3a WiIH KUAKOCTH. Hanbompmuii mHTEpeC M1
oOecrieueHUsT TEPMETUYHOCTH  HEMOABMKHBIX  METALIMYECKUX  COCIWHECHUU
npeactaBisgioT C-o0pa3Hble METATMYECKUE YIUIOTHEHUS, MPEJCTaBISIOMIME COOOM
BHYTPEHHIOIO YacTh Pa3pe3aHHOr0 TOHKOCTEHHOTO IMOJIOrO Iapa, MOMEHMIEHHOTO B
KaHABKE OTKPBITOTO WJIHM MOJYOTKPBITOTO TUIIA.

Ilpounocmy nocadok ¢ namsazom. 1lojg NPOYHOCTBHIO TOCATOK C HATITOM
MOHMMAETCSl UX CIIOCOOHOCTh MEpeIaBaTh KPYTAIIMA MOMEHT U OCEBbIE HAarpy3ku 0e3
B3aMMHOT'0 MPOCKaIb3bIBaHUs AeTajiei. OOecrneunBaeTcsi 3TO yCIOBUE B pPE3yJIbTaTe
COeIUHCHMS JieTanel ¢ Hatarom (Puc. 2.3).

Puc. 2.3. PacriosioxxeHue mojieu
JIOITYCKOB B TIOCAJIKE C
Y rapaHTUPOBAHHBIM HATATOM: Nmax

Nmin

6

- MAaKCUMaJILHO BO3MOKHBINA HATAT

Nmax

H7 J‘ B mocajake, Nmin - MUHIMaIBEHO

BO3MOKHBIM HATST B IIocaake

Cmamuueckass 00vémnan npounocms. Ilog cratmdeckol 0O0BEMHOM
MPOYHOCTHIO TTOHHMMAIOT CIIOCOOHOCTBH JACTaIM COMPOTHUBISITHCS Pa3pyIICHUIO TIPH
JEWCTBUU TTOCTOSHHBIX BO BPEMEHH HArpy30K.

Ycemanocmuaa o6vémnana npounocms. Muorue netany Maliid 1 MEXaHU3MOB,
a TakXKe KOHCTPYKIIMM COOPY>XEHUH B TIpoIlecCe HKCIUTyaTalldd TMOJABEPraroTcs
IIUKJIAYECKHA U3MEHSIOMNUMCS BO BPEMEHH BO3JICHCTBUAM. ECii ypOBEeHb HANPSHKSHU,
BBI3BAHHBIH OSTHUMH BO3JCHCTBHUSIMH, IIPEBBIIAST ONPEACICHHBIN IIpeaea, TO B
Matepuaie (GOPMHUPYIOTCS HEOOpaTHMbIE TPOILECCHl HAKOIUICHUS TOBPEXKICHUM,
KOTOPbIE B KOHEYHOM UTOT€ MPUBOJIAT K Pa3pyIICHUIO CUCTEMBI.

[Ipomecc mMOCTENIEHHOTO HAKOIUICHHUSI IIOBPEXKIACHUW B MaTepHaie II0]
JEHCTBUEM TIEPEMEHHBIX HAIPSHKCHUH, TPHBOIAIINX K pPa3pyHICHUIO, HA3bIBACTCS
yemanocmoto. Y JA€Tald TOBPEXKICHUS B TPOIECCE YCTAIOCTU HaKaIIMBAaIOTCA M
ABJISIIOTCS  HeoOpaTuMbIMU. (CBOKMCTBO MaTepuajga MPOTUBOCTOSITh  YCTaOCTH
HA3bIBACTCS  BLIHOCAUBOCMbBIO, TO €CTh YyCTAJIOCTHasT OOBEMHAsT MPOYHOCTH
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XapaKTEPU3yEeTCs]  CONPOTHUBIEHUEM  YCTAJIOCTH WM  BBIHOCIMBOCTBHIO. Ilon
CONPOTHBIIEHUEM yCTAJOCTH JeTajel MallMH TOHHMAalT MX CHOCOOHOCTH
CONPOTHUBIIATHCS  PAa3pyILICHUIO TPH  JIEWCTBUM  3HAKOMEPEMEHHBIX  HArpy30K.
Pa3pymienne marepuaia npu 3HaKOMEPEMEHHBIX Harpy3kax HAYMHAETCS B OCHOBHOM C
MOBEPXHOCTH JIETAllM, TOTOMY €ro KadecTBO, 3a4acTylo, SIBJIETCS pEHIalolIUM B
00€eCIeYeHUH ITOTO IKCIUTYaTAIlMOHHOTO IMOKa3aTesl.

Ha puc. 2.4 npencrasneH BHEUTHHUI BU] ycTanocTHOTO n3noma. Ha potorpadun
(puc.2.4 a) BUOHO, YTO paspylieHHe Opyca MPOH3ONILIO B PE3YJIbTATE PA3BUTHS
YCTaJIOCTHOM TpelIMHBI, O0pa3oBaBIIEHCsS Yy Kpass cedeHus. PaspyieHue pernbca
(puc.2.4 6) 00yCIOBICHO Pa3BUTHEM yCTAIOCTHOM TPEITUHBI, 00pa30BaBIICHCS BHYTPH
CEUEHHMs B 30HE MECTHOTO Jie(pexTa.

a 0
Puc. 2.4. YcranoctHbI U3J10M: a - KPYTJIbIi Opyc, O - pensC.

JIyist GOJIBIIMHCTBA YEPHBIX METAJJIOB MOXHO yKa3aTh TaKoe HauOoJibiiee
MaKCUMaJIbHOE HAMpsHKEHUE, MPU KOTOPOM MaTepual He paspyliaeTcs Mpu JrodoM
Yyucie HUKIOB. Takoe HanpspKeHHE HA3bIBACTCS npeoeniom YCmaniocmu, Wil npedeiom

svinocausocmu O, , rae uagekc I coorsercTByer Koadduimenty rukna. Tax, ajs
CUMMETPUYHOTO IIUKJIa 0003HaYEHHUE TMpe/iea BBIHOCIMBOCTH IPUHUMAET BUI 0, IS
NyJIBCUPYIOUIETO o, WIA 0., U T. A. J|JIsl IBETHBIX META/VIOB U JUISl 3aKAJICHHBIX JI0

BBICOKOW TBEPJIOCTU CTaJIel HE YAA€TCA YCTAHOBUTH TAKOE€ YMCJIO LIUKJIOB, BBIICP/KAB
KOTOpoe, oOpaser] He pa3pymicsa Obl B naibHekeM. [103ToMy B MOTOOHBIX CiTydasx
BBOJIUTCSl TIOHATHE YCJIIOBHOTO TIpejesia BBIHOCIMBOCTH. 3a YCJIOBHBIM Tpeaen
BBIHOCJIMBOCTH TPUHUMAETCS HAIpPsDKEHHE, TMPU  KOTOPOM oOpaser] CrocoOeH
BBIIEpKaTh 108 IUKIIOB.

[Ipenen ycTanocTu He SIBIAETCSA XapaKTEPUCTUKOW TOJIBKO CBOMCTB MaTepuala,
KaK, HarmpuMep, MOAyJIb yrnpyroctu win kodddunuent [lyaccona. OH 3aBUCUT Takxke
OT METOJ1a BEJICHUS HCTIbITaHNN. PacueTHOe HampspkeHue AJig o0pasiia He onmpenenseT
MOJIHOCTBIO TIPOIIECC YCTATIOCTHOTO pa3pylieHus. B pesynbraTe 00pa3oBaHus TPEIIMHBI
BEJIMUMHA HAIIPSYKEHUM U 3aKOHBI UX paciipeieiieHUs B 00pa3iie HEMpePhIBHO MEHSIIOTCS
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B 3aBMCHUMOCTH OT yCJIOBUU JAAJbHEUIIETO pa3BuTUs TpemuHbl. [locneqnue xxe B CBOIO
ouepenb 3aBHCIAT OT a0CONIOTHBIX pa3MepoB oOpasla W XapakTepa MPHIOKEHUS
BHEIIHUX CWJI. Bce 3T0 HEMHHYEMO CKa3bIBaeTCsl HA MPEACIbHOM YKCIIEC IUKIOB U HA
BEJIMUMHE Tpenesia ycrajlocTu. Hampumep, mpenesn yCTalIOCTH, TMOJYYCHHBIM B
YCIIOBUSIX IIUKIMYECKOTO PACTSIKEHUS U CKaTus, okasbiBaeTcst Ha 10—20% Huxe, yem
npejen yCTajJoCTH, MOJy4YeHHBIM npu u3rube. Ilpenen ycramocTd Hpu KpPYyUECHHUH
CIUIOIIHBIX O0pa3OB OTIMYAECTCS OT Mpe/esia YCTAJTIOCTH, MOJYYEHHOIO MJIs MOJIBIX
o0pasIos, u T. II.

Cmamuueckana u OUHAMUYECKAA NOBEPXHOCMHASA KOHMAKMHAA NPOUHOCHLD.
[lon cmamuueckoli KOHMAKMHOU  NPOUYHOCMbI)  TIOHUMAETCS  CIOCOOHOCTH
MTOBEPXHOCTHBIX CJIOEB CONMPOTUBIISATHCS PA3PYIICHUIO TP CTATUYECKOM KOHTAKTHOM
B3aUMOJCHUCTBUU C TBEPABIM TeiaoM. (CTaTUYeCKUE KOHTAKTHBIE pPa3pyLICHUS
HACTYNalOT NpPU TNPEBBIIICHUHM KOHTAKTHBIX JIaBJICHUM BEJIUYMHBI JOMYCKAEMbIX
KOHTaKTHbIX  HanpsbkeHudd. Ilom  Odumamuueckou  Kommakmwuou  npoYHOCMbIO
MMOHMMAETCSI CIIOCOOHOCTh MOBEPXHOCTHBIX CJIOEB COMPOTHUBIATHCS Pa3pyLICHUIO TIPU
JTMHAMUYECKOM KOHTAaKTHOM B3aMMOJICUCTBUU C TBEPABIM TeEJIOM. JMHAMUYHOCTH
HarpyXeHusi XapakTepu3yeTcss JuOO CKOpOCThiO yaapa V, 5aub0 CKOpPOCTBIO
nedopManmu €, TMOO CKOPOCTHIO M3MEHEHHUS HAIPSOHKCHHUS G, KOTOpas 3aBUCHUT OT
CKOPOCTH MPUJIOKEHUS Harpy3ku. KoHTakTUpOBaHKWE TBEPIBIX TEI IPU JUHAMUYECKUX
Harpy3kax B 3HAUUTEJIILHONH MeEpe OINpenessieTcsl IUIACTUYECKUMH KOHTaKTHBIMU
nedopManusaMuy, 3aBUCSIIMMHU KaK OT Ha4aJIbHOM CKOPOCTH coyaapeHus Vo, Tak U OT
(U3UKO-MEXaHUYECKUX CBOMCTB TMOBEPXHOCTHOIO CJIOS, KOTOpPbIE TMOABEPraroTcs
TEXHOJIOTUYECKOMY YIIPABJICHHUIO.

2.2 TexHoI0THYECKHE M IKCIJIYaTAIMOHHbIE MOKA3aTeJIM KauecTBa jJAeTasiei
MAIIHH.

ITox IoKa3zaTeyieM KauecTBa IMOHUMAIOT KOJINYECTBEHHYIO
XapaKTEPUCTUKY OJTHOTO MJIM HECKOJBKHUX CBOMCTB M3IEJINS, BXOJAIIMX B €€ KaueCTBO,
paccMaTpuBaeMasi TPUMEHHUTENIBHO K OINpeAeIEHHBIM YCIOBUSM €€ CO3JaHus MU
AKCIUTyaTaluu Wik notpedsnenus. [lokazarenu kadecTBa ACTAIM MOJPa3JCisiOT Ha
TEXHOJIOTUYECKHUE U HKCILTyaTallHOHHBIC.

Texnonocuueckue noxazamenu Kayecmaa - 3T0 TOKa3aTeau, o0ecIeunBacMbIe B
MpOIIeCCe H3TOTOBJICHMS WJIM BOCCTAHOBJICHUS W3AEIUA. TOYHOCTh JIMHEWHBIX
pa3MepoB; TOYHOCTh B3aMMHOIO IOJIOKEHHSI MOBEPXHOCTEH; MOKa3aTeiM KadecTBa
MTOBEPXHOCTHOTO CJIOSI; TEOMETPHUECKUE U (PU3MKO-MEXaHUYECKHUE.

IKenyamayuornvle nokazamenu kKavecmea JieTallied MaliuH - 3TO TaKue
MOKa3aTeNnd, KaKk IOKa3aTelM  Ha3HAYCHHUs, HaAEKHOCTH,  JOJTOBECYHOCTb,
PrOHOMUYECKHUE TTOKa3aTeIu U Ap.
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Haoéxcnocmes — 3TO CBONCTBO AETANM COXPAHITH B TEUCHHE OIPEACIEHHOTO
BPEMEHHU B YCTAHOBJICHHBIX TPECIIax 3HAYCHUS BCEX MapaMeTPOB, XapaKTEPU3YIOIIHNX
CIIOCOOHOCTH BBITIONHATH TpeOyeMble (DYHKITUN TIPH 3aJaHHBIX PEXUMaX M YCIOBHUIX
NPUMEHEHUSI, TEXHUYECKOTO0 OOCIYyXUBaHUS, XPAHEHHS U TPAHCIOPTUPOBAHMUS.
HanéxHocTh sIBsieTCS KOMITJIEKCHBIM TTOKa3aTelieM U B 3aBUCHUMOCTU OT Ha3HAYeHUs
JIeTaIN U YCIOBUHN €€ MPUMEHEHUS MOKET BKIII0YaTh 0€30TKA3HOCTD, J0JITOBEYHOCTD,
PEMOHTOIIPUTOTHOCTD, COXPAHSIEMOCTb.

bezomkaznocms - 3TO  CBOMCTBO  JIeTaql  HEMPEPHIBHO  COXPaHSTh
paboTOCIIOCOOHOE COCTOSTHUE B TE€UEHHUE OMPEICICHHOTO BPEMEHH WJIH HapabOTKH.

Jloneoseunocms - 3T0 CBOMCTBO JIETAIH COXPAHSITH pA0OTOCITOCOOHOE COCTOSTHUE
JI0 HACTYIUJICHUS TIPEICIIbHOTO COCTOSIHUS TIPU YCTAHOBJICHHOM CUCTEME TEXHUYECKOTO
0OCJTy>KMBaHUS U PEMOHTA.

Pemonumnonpueoonocms - 5TO CBOMCTBO U3JIETUs, 3aKIIOYaIONIeecs B €ro
CIIOCOOHOCTH TOAACP>KUBATh M BOCCTAHABIMBATH Pa00OTOCIOCOOHOE COCTOSIHUE MTyTEM
TEXHUYECKOTO OOCTYKUBAHUSI M PEMOHTA.

Coxpansiemocms - 3TO CBOWCTBO M3JACIHS COXPAaHATHh B 3aJaHHBIX TIpeesiax
3HAUCHHUS TapaMeTPOB, XapaKTEPU3YIOIMUX €T0 CIIOCOOHOCTH BBITIONHATH TpeOyeMbIe
GyHKIUY B T€YEHUE U TIOCIIE XPAHEHUS U TPAHCTIOPTUPOBAHHUSI.

2.3 du3nyecKue OCHOBBI MJIACTHYECKOI JedopMannu, NOBPeXKIAEMOCTH U
paspylieHus AeTajiell MAalluH B Ipouecce IKCIUIyaTaluu.

2.3.1TeopeTnyeckasi 1 TeXHUYECKAsA MPOYHOCTb.

Pa3znuyaror TEXHWYECKYI0 M TEOPETHYECKYK Npo4YHOCTh. lloxm mexwnuueckor
NPOYHOCMBIO TIOHUMAIOT CONPOTHBIICHUE PEANBHBIX TEJ YHNPYTrOM M IJIACTUYECKOU
nedopManuu U paspylueHuto. E€ onpenensior sKcnepuMeHTalbHO. 1eopemuueckyio
NPOYHOCMb METANIIOB ONPEICNAIOT U3 YCIOBUN JedopMaluu WM pa3pylICHUs B
YIpyTroii 001acTH UA€aTIbHON PEIIETKH MOHOKPHUCTAIIIA, B KOTOPOU JIEHCTBHUIO BHEIIIHEH
Harpy3Ky POTUBOCTOUT MEKATOMHAS CBS3b.

[IpoYHOCTH MEXATOMHOW CBSI3M B KPUCTAJIaX SIBJISIETCA OCHOBHBIM (DaKTOpPOM,
ONPEAEISIIOUMM CONMPOTUBISIEMOCTh 1e(OPMUPOBAHUIO M PA3PYIICHUIO METAILIOB.
DHeprusi MeXaTOMHOM CBSI3W B MeTaJlJIaX MpEACTaBisieT coO0i padoTy auccoluanuu
(pacmaz CJHOKHBIX KOMIUIEKCOB Ha COCTABJISIONIME KOMIIOHEHTbI M JJIEMEHTHI)
METaJUTMYECKOr0 KpUCTaJlla MpU aOCOTIOTHOM HYJIe Ha Ta3 MOJOKUTEIbHBIX HOHOB U
351eKTpoHOB. OO1as noTeHanbHas 3Heprust U B3auMOoeiiCTBHSI HOHOB U 3JIEKTPOHOB
(oHEprusi CBsi3U) SIBISICTCS (PYHKITMEH MEKAaTOMHOTO PACCTOSIHUSI U IS TBEPIOTO
COCTOSIHUS MOXET OBITh IPEICTaBIICHA MOTYIMIUPUYECKUM BhIPAKEHUEM BUIA

A B
U=?+r—2 (2.3)

rae A 1 B — KOHCTaHTBhI; [-MEKaTOMHOE PaCCTOSHUE.
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B sTOM ypaBHEHHMHM MEpBBIA 4YJIE€H — COOTBETCTBYET HIHEPIUU 3IIEKTPOCTa-
TUYECKOTO NPUTSHKEHHUSI MEKIY MOJIOKUTEIbHBIMA HOHAMM U 3JIEKTPOHAMU, a BTOPOM
— KUHETUYECKOHM DSHEPruu DIIEKTPOHOB, OOYCIIOBIMBAIOIIECH JIEWCTBHE CHUJIBI
OTTaJIKUBAHUS B KPUCTAJLIE.

3aBUCUMOCTH TIOTEHLIMAJIbHOW OSHEPIMM W CHJIBI CBA3HM OT MEXAaTOMHOIO
paccTOsIHUS IIpEJICTaBIEHbI Ha puc. 2.9.

Puc. 2.5. 3aBucUMOCTh TOTEHIIMAILHOM SHEPTrUU (a) U MEKaTOMHOU CHJIBI CBSI3U
(0) ot mexxatoMHOTO paccrosinug I. 3aeck | — sueprus orrankuBanus; || — sHeprus
nputspkeHus; |11 — cuna nputsokenus; |V — cuna oTtankuBaHusl.

MaxkcumanbHOE 3HAYEHUE MEKATOMHOM CWIIBI CBA3U O, B TOYKE I} U €CThb

TEOpETUUYECKAs IPOYHOCTD MPHU PACTSHKEHUH. HecoOTBETCTBUE MEXKy TEOPETHUECKON
Y HaOJII0JaeMOI TPOYHOCTHIO KPUCTAITMYECKUX TEN SBISETCA PE3yJIbTaTOM TOTO, YTO
BHYTPEHHEE CTPOCHHE pEajJbHOr0 MeTalyla  OTJIMYaeTcss OT  WACAIbHOIO.
Kpucramnnueckas pemieTka peajbHOTO TBEPAOTO Teja o0sanaeT OONbIIMM YUCIOM
ne(eKTOB, OTKJIOHCHHUHN CTPYKTYPHBIX 3JIEMEHTOB OT MPABWJIBHOTO TMOJNOXKEHUs. Jis
OOBIYHBIX YCIIOBHM MOMy4YeHHs] MeTajla Ne(EeKTHOCTh U HEOAHOPOJHOCTb 3€peH —
SBJICHUSI HOpMaJbHBIE M TIPAKTUYECKHW HeuzOexHbie. [Ipu pacuere TeopeTuueckon
MPOYHOCTH HE YUYUTHIBAECTCS CTPYKTypa METajia CO BCEMH €€ HECOBEPIICHCTBAMHU U
riacTuyeckas AeopMaliiusi, KoTopasi 4acTo NpeIlIECTBYET pa3pylICHHIO.
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JIns KOJIMYECTBEHHOM OLIEHKM OJHEPrUM W CHUJI  MEXKATOMHOM CBSI3M B
KPUCTAJUTMYECKUX TeJaX MOTYT OBITh MCIIOIB30BAHBI DHEPTUS CyOMMaIiu (TIepexo;t
BEILIECTBA U3 TBEPAOTO COCTOSHUS HETTOCPEACTBEHHO (0€3 MIIaBeHus) B ra3000pa3Hoe),
CpellHee KBaJpaTUYHOE OTKJIOHEHUE aMIUIMTY/bI TEIJIOBBIX KosieOaHUi, TeMIiepaTypa
IJIaBJICHUS, XapaKTepucTudeckas Temreparypa (temmeparypa Jlebas), mapameTpbl
mubdys3un, ynpyrue MnocTosiHHbie W Jpyrue (usmyeckue BenuyuHbl. OJHAKO MpU
pelieHrny Ipo0IeMbl IPOYHOCTH HE BCE OHU PABHOIIEHHBI, TAK KaK IMO-Pa3HOMY CBSI3aHbI
C MEXaHU3MOM IIIaCTHYECKON nedopManuy M paspylieHus MeTamuioB. [myOokuit
aHaJIu3 ATUX BEJIMYMH M BO3MOKHOCTH HCIOJB30BaHUS UX JJISI OLEHKU MPOYHOCTH
mesxatromMHor cBsizu, mpoBeneHHbd C. T. KumkmabiMm m K. A. OcunoseiM [2],
MOKA3bIBAET, UTO HET OJJHO3HAYHOW KOJTMYECTBEHHOW 3aBUCUMOCTH MEXKAY IPOYHOCTHIO
KPUCTAJUIMYECKHUX TEJl U KAKOW-TMO0 U3 ATUX (PU3NUECKUX BEIIMYUH, IPUHATON 32 MEPY
MEXATOMHOU CBSI3U. DTO OOYCIOBJIEHO TE€M, YTO MPOYHOCTH SIBISIETCS CTPYKTYPHO-
YyBCTBUTEIHHBIM CBOMCTBOM MaTepuaja B yIpyroi u miacTUYeCKol 001acTsX.

OnHako, HECMOTpPS Ha TO, YTO HE HAOMIOJAETCS OAHO3HAYHAS 3aBUCHUMOCTD
MEXK]Ty COMPOTUBJIECHUEM IIJIACTUYECKOU JedopMaIii, CONMPOTUBICHUEM Pa3pyIICHUIO
U BEJIMYMHAMH, XapPaKTEPU3YIOIMIUMH MEXKATOMHYIO CBSI3b, BCE K€ MOXKHO OTMETUTH
ONPENICIICHHYI0 TEHACHUUIO YBEIUYECHUSI MPOYHOCTH C TOBBIILICHHEM TEMIIEPATYPHI
TJIABJICHUS WIIM SHEPTUU CBSI3H.

2.3.2 HecoBepiieHCTBA KPUCTALIMYECKOH pelleTKH.

HUckaxxenns aroMHOM pEIIETKM B  3aBUCHUMOCTH OT HX T'E€OMETPHUH
MOJPA3ACIISIIOTCS HA TOUCUHBIE, JIMHEWHBIE U TOBEPXHOCTHBIE.

Toueunvie deghekmuvl — 3TO HAPYUIEHUS] PELIETKA B U30JIMPOBAHHBIX JIPYT OT
npyra Toukax pemetku. K takum nedexkram oTHOCATCS BakaHCUU (Y3J1bl PEIIETKH, B
KOTOPBIX HET aTOMOB), 3aMEIIAIONTUE ATOMBI WJIA IIPUMECH (3aMEIICHHUE B Y3JI€ PEIIETKU
OCHOBHOTO aToMa KaKuM-JTHOO aTOMOM HWHON MPUPOJbBI), aTOMbl BHEIPECHHS WU
JUCIIOIMPOBAHHBIE aTOMbI (MHOPOJHBIE aTOMbI MJIM aTOMbl OCHOBHOTO BEILIECTBA,
PaCIIOJI0KEHHBIE B MEXI0Y3JIUSIX pEIIeTKH ). PazMephl 3TuX 1e(eKTOB MpUMEPHO PaBHBI
atomMmHoOMy auameTpy. K TodeuHbIM JeeKkTaMm pelIeTKu OTHOCSTCA TAKXKE CIIOKHbBIC
TOYEUHbIC JACPEKThl, MPEICTABISAIONINE COOOW COUYETaHUS PA3JIMUYHBIX TOYCUHBIX
HECOBEPIICHCTB («00Jaka» BaKaHCUUN WM aTOMOB B MEKIOY3JIUAX, «IMAPHBIN ne(eKT
Openkens», aedekt I[llorkm). CymecTBoBaHHE MOJOOHBIX «CIOXKHBIX» TOUYCYHBIX
ne(heKTOB TBEP/I0 HE YCTAHOBJICHO, HO PACCMATPUBACTCS KaK BEPOSITHOE.

K runetinvim deghekmam OTHOCSTCS 1IETIOYKH TOUEUHBIX 1e(DEKTOB (BaKaHCHI WITH
BHEJIPCHHBIX aTOMOB) M JIUCIIOKAIIUHU, UMEIOIINE 3aMETHYIO MPOTSHKEHHOCTh TOJIBKO B
OJIHOM HalpaBJICHUH (0 THICAY MU JaXKE JECSITKOB THICSY TEPUOIOB PEIIECTKH).
Y CTOWUYNMBOCTh U BEPOSITHOCTh OOpa3oBaHus Je(PEKTOB THUMa IEMOYKU BaKaHCUU M
BHEJPEHHBIX aTOMOB OYEHb MaJjla, U OHU PACTIaJa0TCs Ha COCTABIIAIOIINE UX TOYECYHBIE
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nedextel npu  Hamumuuu gud¢y3uun  atomoB. Jlucnokauuu - sABIsOTCA  Ooliee
ycToiunBbIMUA Aedextamu. Takue nedexkTsl OKa3pIBalOT OOJIBIIOE BJIMSHHE Ha
MEXaHUYECKUE CBOMCTBA TBEPABIX TEI.

llosepxnocmuvie Oeghexmul OBIBAIOT JIBYX THUIIOB: HApPY>KHbIE M BHYTPEHHUE.
Hapyscnvie deghexmuvl — 3TO HECOBEPILIEHCTBA, 00YCIOBIEHHBIE TEM, YTO TOBEPXHOCTh
TBEPJIOTO TeJia TPaHUYUT C Apyrou (azoil. TBepabie Tena 001a1al0T TOBEPXHOCTHON
SHEprueii, U METaIoB OHa cocTapisgeT 1 JIx/m2,

Buympennue oeghexmul OSIBISIIOTCS B MECTaX Mepexojia OT OJAHON MPOCTPAHCTBEHHOM
OpPUEHTAIIMU KPUCTAJUIMYECKOHN pemeTku K aApyroil. K BHYTpEeHHHM MOBEPXHOCTHBIM
nedeKTaM OTHOCSTCS:

® TpaHMIBI  3€peH, HUMEIOIIUME  Pa3IUYHyl0  KpUCTaIOrpaduvecKyro
OpPUEHTUPOBKY, COCTAaB WJIM MOCTOSHHYIO PEIIETKH;

® TpaHUIIBI TOHKOW CTPYKTYpPHI (MEXAYy OJIOKaMH MO3aWKW C HE3HAYUTEIbHOU
Pa30pUEHTHUPOBKOM, HE IIPEBBIIIAONIEH 1°);

® TpaHMIBI JIBOWHUKOB (pa3Has OPUEHTHUPOBKA, yIOBJIETBOPSIOIIAs 0COOOMY
YCIIOBUIO CUMMETPUYHOCTH);

e 1edeKkThl YMakoBKM — OJMHAKOBas OpPWUEHTHUPOBKA, HO WHas TMO-
CJIEI0BATEILHOCTh YEPEIOBaHUS AaTOMOB (OIIMOKHU YKIIAKH ).

BHyTpeHHME NOBEPXHOCTH TAKKe 00/1a1ar0T IOBEPXHOCTHOM sHepruei 1 J1x/m2,

[ToBepXHOCTH OKa3bIBAIOT CHJIBHOE BIMSHUE Ha MHOTHE MEXaHMYECKHUE,
AJIEKTPUYECKHUE U ONITUYECKUE CBOMCTBA TBEPAOIO TeJa MOCKOIbKY HAa HUX MPOUCXOJUT
CKa4K000pa3HOe U3MEHEHHE IUIOTHOCTU MaTepHralla, KpUCTANINYECKON CTPYKTYpPbl WIH
JIOKAJIbBHOW OPUEHTALINH,.

[lo anamoruu ¢ TOYEYHBIMH, JTUHEHHBIMH W TOBEPXHOCTHBIMHU AePEKTaMU
ClleAyeT OTJINYaTh €mle W TPynmy OObEeMHBIX Ne(EeKTOB, K KOTOPBIM OTHOCSTCS
CKOTIJICHUSI TOYCUHBIX Je(PEKTOB TUTIA TTOP, & TAKIKE CUCTEMBI IUCTIOKAIINI, pABHOMEPHO
pacmnpeiefieHHbIX B 00beMe KpHUcTallia (3epHa).

OCHOBHBIMH HapyIICHUSIMU B CTPOSHUU aTOMHOM PEIIETKU PEATbHBIX METAJJIOB
SBIISIIOTCS 8aKaHCUU U ouciokayuu. Bakancuu nMer0TCs BCETJa U BO BCEX KpUCTaIax
(3epnax). Ilom pgeiicTBMEM TEIUIOBBIX (QUIYKTyallud B PEAJIbHOM KpHUCTAUIE OHHU
MIOCTOSTHHO 3apOXAaroTcst W ucuesaroT. [lpu mmactudeckor nedopmanny BaKkaHCHU
BO3HUKAIOT KaK CIIEJICTBUE CHIBHBIX HCKOXCHUU pemeTkd. MectoM o0pa3oBaHUs U
CKOIJICHHSI BaKaHCUW sBISAOTCS auciokanuu. [lo mamHeiM 3eiitma [15] npum
mactuyeckor nedopmanmm, paBHo 10%, 4YuMciio BakaHCHUH B MW, AIFOMHUHHM,
cepeope mocturaer 10 ma 1 cm®. Jlnga BakaHcuii XapakTepHa 3HAYMTENIbHAS
HEYCTONYMBOCTh, JIETKOCTh CMEIIEHUS WX B OJWH W3 COCEOHHX Y370B. CKOpPOCThH
JBUXCHUS BakaHCHU cocrtaBisger okono 107 cm/c (T.e. HECKONBKO MEKATOMHBIX
pacctosinuii). BakaHcuu MOTYT OOBEOMHSTHCS B TPYNIBl M KOJOHWHW, CO3/aBas
3apOoJIBIl  CyOMHUKPOCKOTIMYECKON TMOJOCTH — TpemuHbl. OHU MOTYT Takke
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o0pa3oBbIBaTh «arMoc(epbl» BOKPYr AHMCIOKAlWA, OCOOEHHO TP BBICOKUX
TeMIiepaTypax. Uem BhIIIe TeMIepaTrypa, TeM O0JIbIIIe BAKAHCHIA B PEIIETKE M TEM JIeT4e
OHU TiepeMemalTcsi. B kpucramne (3epHe), HaXOIAMIEMCS B YCIOBHSIX TEIIOBOTO
paBHOBECHSI, UMEETCSI KOHEYHOE YMCJIO BaKaHCHH, TaK KaK yBEIMUECHUE BHYTPECHHEH
SHEpruM Onarojaps HaJIWMYMI0 BaKaHCHUU KOMIICHCHPYETCS MPUPOCTOM SHTPOIIWH,
00yCIIOBJICHHBIM Pa3yHopsSA0YCHHOCTHIO CTPYKTYPHI.

Ecnu 0603Ha4nTh yepes Ny YUCiIo BaKaHCHI B METaJlie, COJAEPKaIIeM 71, aTOMOB,

TO 10 3aKOHaM TEPMOJINUHAMUKHI
N _ o Sl
n o ° (2.4)
rae Ey — snHeprus, TpeObyemas 11t 00pa3oBaHMs BaKaHCHH; R — ra3oBas MOCTOSTHHAS;
T — abcontoTHas TeMIiepaTypa.

OTcrosia BUJHO, YTO TPH IMOBBIIICHUH TEMIIEPATypbl YUCIO BaKaHCUU OBICTPO
YBEJIMUMBACTCSL U SIBJISETCS PaBHOBECHBIM IMPU KaxI0W Temmeparype. DakTHUecKoe
COJIepKaHKNe BaKaHCUM MOXKET HAMHOTO OTJIMYAThCsI OT paBHOBECHOIO 3HaueHus. Eciu
TeMrepaTypa U3MEHSETCs, CMelas MPU 3TOM U PAaBHOBECHOE COJIEPKAHUE, TO MOXKET
noTpeOOBaThC MHOTO BPEMEHHM, 4YTOOBI YHCJIO BaKaHCHM OISTh JOCTHUIJIO
paBHOBECHOTO 3HadyeHUs. M30bITOK BakaHCHil (IJI1 JAHHOW TemIepaTypbl) MOKHO
CO37aTh PA3IMYHBIMU METOJIAMU: PE3KUM OXJIXKJICHHUEM TEeMIIepaTypbl (3aKaJKoM),
CWIbHOU Jepopmarmelt KpUCTaUIMUECKOW pereTkd (KOBKOM, MpOKaThIBAHUEM),
OOMOapIUPOBKOM TBEPJIOTO Teja aTOMaMW WM YacTUIIAMU C BBICOKOW HJHEpruei
(0OyyeHue B UMKIOTPOHE WIM HEUTPOHHOE OOJIy4YEHUE B SJIEPHOM PEAKTOPE).
OO6pa3oBaHue U UCUE3HOBEHHUE BaKaHCU B TBEPJIOM TeJIe IPUBOAUT K UBMEHEHHUIO €ro
MJIOTHOCTH.

Jlucnokayuu — nuHEHHBIN AePEKT KPUCTALTUYSCKON PEIIeTKH, HapyIIaronui
MPABWIBHOE YEPEOBAHUE ATOMHBIX MJIOCKOCTEN. [IpocTelmmmMmy BUiaMy TUCITIOKAIUIA

SBJISIOTCS KpaeBas (quciokarus Teinopa) u BuHTOBas auciokaiuu (Puc. 2.6).

4 4)

Puc. 2.6. Cxema cTpoeHus Kpuctaiia, Moka3aHHas B BUJIE CEMEUCTBA aTOMHBIX
MJIOCKOCTEN: a— WUJICAJIbHBIA KPUCTAIUT, 6 — KPUCTAJII C KPaeBOM JUCIOKALUEH; 6 —
C BUHTOBOM JAUCIOKaIeH

Xapakrep AUCIOKALWMKU ONPEACIAECTCS BEIWYMHOM M HANpPABJICHHEM BEKTOpPa
broprepca, paBHOTO BEKTOPY TPaHCISALMU PELIETKU. B KpaeBOW IMCIIOKALUK BEKTOP
broprepca HampaBiaeH 0O HOPMaJd K JIMHAM JUCIOKAMA W COOTBETCTBYET
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JOTMOJHUTENBHOMY MEKIUIOCKOCTHOMY —PAacCTOSIHUIO, CBSI3aHHOMY C  «JIMIIHEN»
IJIOCKOCTBIO. B BUHTOBOM IHCIIOKanuy BEKTOP broprepca orBedaeT mary CouMpayv U
HanpaBlieH MapajulebHO JIMHUK JUCIOKauud. B oOmem ciydyae auciaoKalMoOHHas
JIMHUSL MOXKET MPEACTABIATh COOON MPOU3BOJIBHYIO TUIOCKYIO WJIM MTPOCTPAHCTBEHHYIO
KpUBYIO, BJIOJIb KOTOpPOW BEKTOp broprepca ocraercss mocTOSHHBIM. Jluciokanus He
MOKET 3aKaHYMBaTbCAd BHYTpHU Kpuctaiia (3epHa). OHa JoJKHA JIMOO BBIXOJIUTH Ha
MOBEPXHOCTh KpHUCTaIa, JUOO 3aMBIKaThCSl BHYTPH €ro, o0pa3ysl AUCIOKALMOHHYIO
neTiro. Bo3M0XKHO OKOHYaHUE TUCIOKAMOHHOW JINHUH B TOYKE MEPECEUEHUS C APYTron
JYCIIOKaIel (B AUCIOKAIIMOHHOM Y3IIe).

3apoxACHUE WIM HalW4yue JUCIOKAallMid B KpPUCTaNIE HE MPUBOAUT
HEMOCPEACTBEHHO K  HApYLICHWIO CIUIONIHOCTH  KPUCTAUIMYECKOW  PELIETKH
(oOpazoBanue cBOOOHON MOBEPXHOCTH). OJIHAKO KpHUCTAJUIMYECKasi pelieTka BOKPYT
JUCIIOKALIMM YIIPYTO MCKaXK€HA, BO3HUKAET JOKaJbHAasl KOHLEHTPALMS HAMPSKCHUH,
KOTOPBIE 110 MEPE YIaBJICHUS OT spa JUCIOKAIMHU MIOCTENIEHHO YOBIBAIOT U CTAHOBSATCS
NPEHEOPEKUMO MaNBIMU. ODHEPrus AUCIOKALMH OOYCJIOBIMBAETCS YHNPYTUMU
nedopmalsaM KpucTamia Mpu ee 3apokiaeHuu. Hanmuuue auciokanuii yBeaInyuBaeT
AHEPruro0 Kpuctamia. Hapsay ¢ 3TUM KpucTaul ¢ IUCIOKauueld MeHee YIOpsI0UYeH U,
CJIEIOBATENIbHO, €ro JHTPONMs OOJbIIe YeM HJealbHOro Kpucramia. OJIHAKO
YBEJIMUEHUE SHTPOIUU CTOJb Majo, 4TO MPUPOCT CBOOOAHOM 3Hepruu Ojaromaps
HAKOIUIEHUIO SHEPTUH MPEBBIIIAET €€ YObLIb, 00YCIOBICHHYIO POCTOM 3HTPOIIUH.

JIBMKEHUE  IUCIOKAaUMHd  MOXET  OCYIIECTBISITBCA  CKOJIBKEHHEM WM
nepenoyizanneM. llepeceyeHne KpucTaia CKOJB3SIICH MCIOKALMENd MPUBOAUT K
CABUTY Ha BeIMYMHY BekTopa broprepca (Puc.2.7, a—s). Jlnsa mnepeMemieHus
JTUCJIOKAIMM B TUIOCKOCTH CKOJBXEHHUS JOCTATOYHO HEOOJBIIMX HANpsKEeHUH (B
MeTaax nopsaka 10 Momyns cisura). B cuity 5T0ro ¢IBUroBast IpOYHOCTh PEATBHBIX
KPUCTAJUIOB, COJAEPKAIIMUX JMCIOKALMU, Ha HECKOJBKO IMOPSAKOB HMXKE CIBUIOBOU
IIPOYHOCTH HJI€ATIbHBIX KPUCTAJIIOB.

s cumn —— ——

tis Witk W,
a) ] &) 2)

Puc. 2.7. JIpmkeHne TUCIOKAIUN CKOIbKEHHEM

[Tepemerienne KpaeBoi JUCIOKAIMH MEPIICHANKYIISIPHO TNIOCKOCTH CKOJIBKECHUS
(meperon3anne) COMPOBOXKIACTCS YKOpPAUMBAHUEM WJIM HApaIIMBAHUEM (JTUTITHUX)
aTOMHBIX TUIOCKOCTEeH mmyTeM Jud(Py3MOHHOTO TMepeMelIeHUs BaKaHCUW WITU
MEX10y3eIbHbIX aToMOB (Puc. 2.8).
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Puc. 2.8. JIpmwkeHue qucaoKalui nepernoi3aHueM ¢ MOMOITBI0 100aBiIeHHS (a)
uny yaayienus (0) aToMOB U3 JIMIIIHEH aTOMHOM MIIOCKOCTH

JIst IBUKEHUS U PA3MHOXKEHUS TUCIOKAIMI JOCTATOUYHBI OTHOCUTEIBLHO MaJlbie
HanpspbkeHus. UToObl cO3/1aTh B KPUCTAJUIE IUCIIOKAIIMU B KOJUYECTBE, HEOOXOIUMOM
JUTSI IPOTEKAHUS TJIACTHYECKOM edhopMalivu, U KOMIEHCUPOBATh MOTEPIO TUCTOKAIIUN
BCJICJICTBUE BBIXOJ]a UX HA MOBEPXHOCTh U AaHHUTWIISLIMU BHYTPHU KPHUCTAJIA, JOJIKHBI
paboTath HCTOYHHMKHM AuCiHOoKanuil. KpuThueckoe ckanbiBarolee HampsHKeHHE,
HE00X0AUMOe JUTsl IeUCTBUS UICTOYHUKA, HAXOIAIIEr0oCsl BHYTPU KpUCTaslia, paBHO

Cwp = 2GD/I, (2.5)
rne G — monaynb cuBura; b — BekTop broprepca; | — mimna ncrounuka. yimHa |,
OTBEYAIOIAsi 3HAYEHUSIM KPUTHUUYECKOTO CKAaJbIBAIOIIEIO HAIpPSDKEHUS B KpUCTAJLIaX,
nMeeT nopsamok 107 cm.

[TonaratoT, 4TO W3 OAHOTO MCTOYHWKA MOXET oOpazoBarbcs a0 1000 HOBBIX
nuciokaruii. C yBeJIMYEHHEM KOJWYECTBA JUCIOKAIMA B KpHCTAJIaX CBOOOHAs
sHeprus U Bo3pacraeT Kak 3a c4eT CBOOOIHON SHEPIHH, BHOCUMOM KaXKJI0M OTICIIHBHOM
JMCIIOKAIIMEH, TaK U 32 CUET YIPYToro B3auMOACHCTBUS TUCIIOKAIIUI MEXKTy cCOOOM U ¢
Ipyrumu AedeKTamu KpucTaia.

JIBrkeHUEe nUCIIoKalui B 1epopMUPYEMOM MaTepHaie CliocoOHO MOPOXKAaTh B
OOJBIINX KOJUYECTBAX JMCIOIMPOBAHHBIE aTOMbI U BakaHCUHU. TodeuHble AehEeKThI
BBI3BIBAIOT UCKAXEHUS PEIIETKH M MOBBIIIAIOT CBOOOIHYIO SHEPTUIO KPUCTAILIA.

Jiist oOHapy >KEHUsT TUCTOKAIMI MPUMEHSIOT CJIeIYIOIINe METO/IbI:

® TpaBJICHHWE, BBISABIAIONICE SIMKH, KOTOpPBIC MPEICTABISAIOT CO0OM MecTa
BBIX0/1a INHEUHBIX JIe(DEKTOB U3 KPUCTAIIIIOB;

® JICKOPUPOBAHUE HCIOKAIMA B KpPHUCTAUIaX KPEMHUS M B TaJOUIAHBIX
COEIMHEHUAX MIEJIOUYHBIX METAJJIOB,;

® DJICKTPOHHOCKOIMYECKOE  NPOCBEYMBAHME  METAUIMUECKON  (OJIbIH,
MO3BOJISAIONIEe HAOII0AaTh NMePEeMEIICHUE OTACIbHBIX AUCIOKAIIUNA M0/ HATIPSKEHUEM,
BO3HUKAIOIIMM BCJICJICTBHE HarpEBaHUS JICKTPOHHBIM ITyUYKOM;

® PEHTTEHOBCKas au(pakiusi, garom@as BO3MOXHOCTh (oTorpadupoBarth
MOJIO’KEHHUE OTJIENbHBIX AUCIOKAIMNA B KPUCTAJIE METAJIOB;
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® JOHHBIH MHUKPOMPOEKTOpP, OOECIEeYMBAIOIMIUNA HAOIIOJEHUE aTOMHOMU
CTPYKTYPBbI TIOBEPXHOCTU KPUCTAIIIOB.

MeToabl npsIMOTO UCCIAEAOBAHUS TUCIOKAIUN TTOIPOOHO paCCMOTPEHBI B paboTe
[4].

OO6miass jgiuHa BceX JHMHUM JUCIOKAlMi B eIuHUIle o0bema Kpuctajia
HA3BIBACTCS NIOMHOCMbIO OUCIOKAYUL Y OTIpEACISIeTCs 10 (hopmyJie

L -
pP=—y M (2.6)
\'
rne L — oOrmias qiinHa THHAA JUCIIOKAIM B KpUCTauie; V — 00bheM KpHCTaa.
[TTOTHOCTH MUCIIOKAIM HEMOCPEICTBEHHO 3aBUCUT OT CTENEHH jaedopMaruu
Metasuia. [Ipu 3ToM 4KcIio JuciaoKanuil He 3aBUCUT OT TEMIIEPaTyphl (OHU aTEPMHYHBI).
B oTinume ot BakaHCHIA, YUCIIO KOTOPBIX B COCTOSTHIH PaBHOBECHS JJOCTATOYHO BEJTHKO
(mporoproHaNIBHO 3HAYCHHIO (QYHKIMK pacnpenencuus boiabsimana exp (—E/RT)),
IUIOTHOCTh JUCIIOKAIMKA B TBEPABIX TENaX B COCTOSHUHM PABHOBECUS MOXKET OBITH

npuHsTa OJIM3KOM K HYJIIO.

2.3.3 3aBHUCHMOCTDH CONPOTHUBJIEHUA Ae(POPMUPOBAHUIO U PA3PYHIEHHIO OT
YHCJIA HCKAKEHUI B KPUCTAJUIHYECKO pelieTke.

ATOMHas pelleTKa pealbHOro KpUCTALIMYECKOTO Tella UMEET pazHOooOpa3HbIe
ucKkaxeHus (nedeKThl), OKa3bIBAIOIIUE BIUSIHUE HA €r0 TPouHOCTh. K Takum nedexram
KPUCTAJUIMYECKOTO CTPOEHUs METAJUIOB W CIUIABOB OTHOCATCS BaKaHCUHM, aTOMBI
npuMeced, IUCIOKAallMM, TPaHUIbl 3€peH U OJIOKOB MO3aWKH U MHUKPOJE(HEKTHI
CTPYKTYpHl. Pematomniast poiib B rpoliieccax miacTUuecKon gegopMaiviu U pa3pyLieHus
MPUHAJICKUT OUCTIOKAUUAM.

Teitnop BhepBble yCTAaHOBWI  (YHKUHMOHAIBHYIO 3aBUCUMOCTb  MEXKITY
NPWIOKEHHBIM  HANpPsOKEHHEM  CIBUTa W PACCTOSIHUEM  MEXAYy  KpaeBbIMU
JUCKJIOKAIMAMHM C Y4€TOM MX 3Haka W pactpenenenus [2], s cimydas, korma Bce
JUCIIOKALIMM B KPUCTA/IE MapaJUyiebHbl W PACHpEeleieHbl B BHAE PABHOMEPHO
YepeIyoIUXCs pAI0B AUCIOKALMKI pa3HbIX 3HAKOB, YPABHEHUE UMEET BUJ

S=GAd™*-F (2.7)
rne G — wmoaynb caBuUra; A nocrosumas pemerkn; F — koadduimenr,
XapakTEpU3YIOIINKA  paclpeaesieHue Juciokanui; d —  pacCTOSHHE MEKIY

JACITOKAIUSIMU B psIIax.

Cornacio ypaBHenuto (1.6) compoTtuBieHue pAedopMalludi MOHOTOHHO
BO3PACTACT C YMEHBIICHUEM PACCTOSHHUS MEXIY AMCIOKAIUMIAMH B pslgax, T.e. 4eM
OoJibllle COJIMKEHBI JMCIIOKAIlMU, TEM CUJIbHEE WX B3aUMOJICUCTBHE M TeM OOJIbIe
COIIPOTUBIICHUE CIBUTY KpUCTAJUIa. TEWIOp TakXke Iojaraia, 4TO COBEPIICHHBIN
KpPHUCTAJUT CIIOCOOEH MPOTUBOCTOSATH OUYE€Hb OOJIBIIIOMY HAMPSHKEHUIO.
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Nnes o 3aBUCMMOCTM TNPOYHOCTH OT HECOBEPIIECHCTB CTPOCHUS KpHUCTAILIA
MoJTyuunsa CBOe ajbHeilee pa3Bute B padotax A. M. Oaunra ¢ cotpyanukamu. Umu
MPEI0AKEHBI CXEMbI 3aBUCUMOCTHU CONIPOTUBIICHHH Ne(hOpMUPOBAHUIO (TPOYHOCTH) OT
KOJIMYECTBA NCKA)KCHUM B peleTke. XapakTep U3MEHEHHS! KpUBOW IIPOYHOCTH OT YHCIIA
Nne(EeKTOB KPUCTAJUIMYECKOTO CTPOCHUS CXEMaTHUECKU MTOKa3aH Ha puc. 2.9.

%
a

e D

Puc. 2.9. 3aBucUMOCTh IPOYHOCTH OT YKCIIAa HECOBEPILICHCTB B

KPUCTAJTINYECKON PEIIETKE METAJIJIOB U CIUIABOB

Ha 5T0# KprBOM IPOYHOCTH MOYKHO BBIICIIUTH CIECAYIOIIME YEThIPE YUaCTKaA.

HavanpHslil yuactok Oa npeAcTaBIisieT NPOUYHOCTh KpUcTailia 0e3 1e(eKToB, Tak
Ha3bIBAEMYIO TEOPETUYECKYIO IIPOYHOCTh UACAIBHOU KPUCTAIMYECKOW PEILIETKHU, B
KOTOPOHM BCE aTOMbBI OJHOBPEMEHHO BOCIHPHHHUMAIOT JEHCTBUE HArpy3Ku (Gyc
NPOYHOCTh MOHOKPHCTAUTMYECKUX YCOB). YUacTOK KpUBOW mpovyHocTH ab
COOTBETCTBYET Pa3yNpPOYHEHHUIO METAIIA U €TO CIUIABOB B PE3YJIbTATE BO3HUKHOBEHUS
OIPaHUYEHHOTO YHUClia Je(EKTOB B KPUCTAUIMYECKOM CTPOSCHUM UX. YYacTok D¢
IIPEACTABIACT YIPOYHEHHE METAUIOB M CIUIABOB  BCJIEACTBUE  JAJbHEUIIETrO
YBEJIMYEHHS YMCIIA HECOBEPIIEHCTB B KPUCTAIMYECKON CTpyKType. C yBennueHneM
IUIOTHOCTU JMCIIOKAlMH YMEHBIIAETCS PACCTOSHUE MEXKAY IUCIOKALMAMHU, a 3TO
NPUBOJUT K YCWICHHIO B3aUMOJEHCTBUSA AUCIOKALMN MEXIy COOOW U C JpyruMu
nedexkramu pemieTkd. [Ipu 3To0M conpoTHBIIEHNE IBMXKEHUIO TUCIOKAMN BO3PACTAET,
a CJeJ0BaTelIbHO, BO3PACTAET U COMNPOTHUBICHHE AePOpMALMH, MPOYHOCTh METaia
yBEIUYMBAETCS (MMPOUCXOAUT ynpoyHeHue). [TocKonbKy auciIoKausaM MpUHAIICKAT
pelaronias pojib B Mpoleccax MiacTuyeckon aeopMaliuy U pa3pylieHus, HEKOTOpbIe
UCCJICIOBATENIM CYMTAIOT, YTO YYAaCTOK KPHUBOHW Dc J@KHUT B MHTEpBaie IUIOTHOCTEH
aucnokanuil (mpudamxenno) or 104—10% 1o 102 cm2,

Ydactok Cd  COOTBETCTBYET MpPEICIILHOMY  HACBHINICHHIO  JePeKTaMu
KPUCTAJUIMYECKOU PEIIETKH, PYU KOTOPOM IPOUCXOIUT MOTEPS HECYIIeH clocOOHOCTH
Matepuana. MeTtamn B 3TOM COCTOSSHUM MMEET YpPE3BbIYaitHO OOJBIIYIO MIIOTHOCTh
nuciokaiuil. [lpenenbHast IOTHOCTH AUCIIOKAIIMM, CIIOCOOHAs BBI3bIBATH pa3pyllIeHHE

31



kpucTamia, cocrapnsger 10%—10% cM? (mpu paBHOMEPHOM pACIIPENEIEHUH IO BCEMY
00beMy). bBomee BBICOKME CpeQHME IUIOTHOCTH IMCIOKAMA B KPHCTalIax He
HaOJI0/1a10TCSl.

2.3.4. Kputepum 4 MeTo/ibI MPOrHO3MPOBAHMSI MPOYHOCTH JAeTaJIei.

Pa3zpaboTka kpuTeprueB MPOYHOCTH MaTEPHUAIIOB SIBJISETCS OJHOU M3 pelIaronnx
npo0seM B HayKe O MPOYHOCTH, HAMPABICHHOW HA MOUCK 3(PPEKTHUBHBIX CIIOCOO0B U
METOJOB OIEHKM HEeCylled CIOCOOHOCTM U  JOJTOBEUHOCTH TBEPHABIX TE,
UCIOJB3YEMBIX B KAaueCTBE KOHCTPYKIMOHHBIX MaTepuaioB. CylIeCTBYIONINE
KPUTEPUHU TIPOYHOCTH MOAPA3ICISAIOTCS Ha JBE TPYIIbL: NpeAcibHbIC (CUIIOBBIE,
nedhopMaliMoOHHbIE, YHEPTreTUYECKNE) U KUHETUYECKUE.

HayuHyto OCHOBY npeoenvHbix Kpumepueg COCTABISIOT MEXaHUKA CIUIONIHBIX
Cpell U Teopusi MpeAesbHbIX cocTosHMi. Haubosnee paHHMMH WX HUX, CTaBIIMMU
KJIACCUYECKUMH B TEOPUU COMPOTUBIICHUSI MATEPHUAJIOB SIBIISIIOTCS CUIOBblE KPUMEPUU.
Hecmotps Ha TO, 4TO MOJOOHBIE KPUTEPUU HE PACKPBIBAIOT (U3UUYECKOU CYITHOCTH
mpoIliecca paspyllieHusi, CIeAyeT MNpPHU3HATh, YTO HAa MPOTSHKEHUHW MHOTHUX JIET 3TH
MPOCTHIC U JOCTYIHBIE B MHKEHEPHOM MPAKTUKE KPUTCPUU UTPATT KOJIOCCATBHYIO POJIb
BO BCEX OTpACIsAX MAIIMHOCTPOEHUS. B HEKoTOpoM NpHUOIMKEHUU MEXaHUYECKUE
KPUTEpUH JAIOT OTHOCHUTEIBHO IPOCTHIE, MPOBEPEHHBIE OMNBITOM U BPEMEHEM
COOTHOIIEHHUS JI1 MPOYHOCTHBIX PACUYETOB.

[Tockonpky  MaTepuasibl  OOJAJAlOT  OTPAaHUYEHHOW  CIOCOOHOCTBIO K
MJIacCTUYeCKUM JepopManusiM, OIWH M3 TMOJXOJOB K pa3paboTKe MpeaeabHbIX
KPUTEPUEB MTPOUYHOCTH ObLJT OCHOBAH Ha CBSI3U Pa3pYILICHUS TBEPJBIX TEJI CO CTETIEHBIO
ero Heynpyrou nedopmaruu, Npupacrarlieil OT IUKIa K IUKIY HX CHJIOBOTO
Harpy>keHusi, 10 HEKOTOPOW KPUTHYECKON BEIMYMHBI. DTOT MOAXOJ MPEAONPEaSTUI
MOSIBJICHUE  0e(hOPMAYUOHHBIX — Kpumepues,  CBSI3BIBAIOIIUX  3aKOHOMEPHOCTH
YCTaJIOCTHOM TIOBPEKJIAEMOCTH M Pa3pyIICHUS C HUKIMYECKUMH JePOpMallusIMH.
JledbopmaliioHHble KpPUTEpUM TI0O COBPEMEHHBIM IMPEACTABICHUSM OCHOBAaHbI Ha
YTBEPXKIECHUU, YTO TIIacTUUecKas aedopmalius Bcerjia MpeAliecCTBYET pa3pylIeHUIO U
MOATOTaBJIMBAET €ro, a BEJIMUMHA CyMMapHOU nedopmariuu marepualia OJHO3HAYHO
KOppeIupyeT ¢ ero mnoBpexmaeMocThio [5,6]. B sTomM ciydae J0aroBEYHOCTH
MaTepUaJIOB CBS3BIBAETCSI C HEKOTOPBIM PECYPCOM ILTACTUYHOCTH.

OO0O0CHOBAaHHIO CHJIOBBIX SHEPTETUUECKUX KPUTEPHUEB ITOCBSIIICHBI UCCIICTOBAHUS
B.B. ®demopona [ 7], KOTOpHIi Ha OCHOBE pa3BHBACMOM UM TEPMOAMHAMHYECKON TEOPUHU
MPOYHOCTH MPEAJIOKUI B KAaUECTBE KPUTEPUSI MPOYHOCTH MATEPHUAIOB MCIIOJIb30BATh
W3MEHEHHE TUIOTHOCTH BHYTPEHHEHN YHEPTUM NPH YJIapHBIX UCIBITAHUSAX 00pa3I0B KakK
OTHOULIEHUE paboThl pazpyieHus A kK AedpopMHpoOBaHHOMY 00bemy V, mosaras npu
TOM, 4YTO TMPU BBICOKOCKOPOCTHOM Jedopmariuu mporecchl B JAe)OpMUPYEMBIX
o0beMax OyayT MPUOIMIKEHBI K aAnabaTHIeCKUM.
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A
Au, =8, = v (2.8)

rae 4, -yaapHasi BA3KOCTb.

B ar1oit paboTe oH BHEpBBIE MOKa3aj, YTO IJIOTHOCTh BHYTPEHHEH 3HEpruu
SBJIIETCSI OJIHO3HAYHOM W HWHTErPAIbHOM XapaKTEPUCTUKOW TEPMOIUHAMUYECKOTO
COCTOSIHUS MaTepuaja MOBEPXHOCTHOTO CIIOSL.

AHamusupyss u 0000mass OmpIT pa3padOTKH U HCCIEIOBAHUSA PA3THMYHBIX
IpeeIbHBIX KPUTEPUEB MPOYHOCTH MOXKHO OTMETUTH, YTO HECMOTPS Ha UX HIUPOKYIO
NPUMEHSAEMOCTh JJIsi TPOTHO3UPOBAHMS OSKCIUTyaTallMOHHBIX CBOWCTB JeTalieit
OOBEKTUBHYIO KAPTHHY YCTOWYMBOCTH MaTepHalia K JCUCTBYIOIIEH MOCTOSHHO WIIH
NEPUOJIMYECKU B TEUYCHHE OIPEACICHHOTO BPEMEHHM COBOKYIMHOCTH pa3pyIIarOIINX
(akTOpOB OHU JaTh HE MOTYT.

B pa6orax [ 1,8,9] moka3zaHo, 4To sl yCTAIOCTHOTO pa3pyIlleHUs] HAauOOJIbIICH
MH(GOPMATUBHOCTHIO 00JIATAI0T KUHemu4eckue Kpumepuu, B KOTOPHIX (PaKTop BpeMEHU
OTpakaeT KMHETHUKY HAaKOIUICHHsI TOBPEXIaeMOCTH MaTepuayioB. B kadecTBe Mephl
HAKOTUICHHOW TMOBPEXIAEMOCTH MOTYT pPacCMaTpUBAThCA TMPHUPALICHUS 3aMaceHHON
SHEPruM, IUIOTHOCTU JAE€(PEKTOB W JAPYTUX IOKa3aTeleil COCTOSHUS MaTepuasos,
MO3BOJIAIOIIMX MPOTHO3UPOBATH BBIPAOOTAHHBI M OCTATOYHBIM pPECypC 3JIEMEHTOB
MalIMH 1 000pyA0BaHUs, YTO HEOOXOAUMO JUIS PELICHUS 33aJlauM YIIPABICHUS CPOKOM
UX CITy>KOBI.

2.3.5 DJHepreruueckasi MoJeJib NOBPEXKIAEMOCTH W  pa3pylleHHs
MOBEPXHOCTHBIX CJI0EB MPH IKCIJIyaTAIMHU.

JIroOoi#t mporiecc AehOPMUPOBAHUS U PA3PYILICHUS SIBISETCS KUHETUUYECKUM U
HEOOpaTUMBIM MPOLECCOM HE3aBUCUMO OT (PU3UKO-XMMUYECKOW MPUPOIbl MaTepHuala,
€ro CTPYKTYPBI, a TAK)KE YCIOBUN HarpyKeHusl.

KoppekTHoCTh mpejcTaBiieHus mpouecca Ae@opMUpPOBaHUS U pa3pyIlICHUsT Kak
KUHETUYECKOTO BBITEKAET W3 JBYX AKCIEPUMEHTAJIbHO YCTAHOBJICHHBIX (DaKTOB, U3
KOTOPBIX TEPBBIM CBUICTEILCTBYET M €r0 CTATUCTHYECKOM XapaKTepe, BTOPOH —
packphIBaeT ero (PeHOMEHOJIOTHYECKYIO CTOPOHY .

B  ocHoBe  (PEeHOMEHOJOTrMYHOCTH  TMpoIecca  JISKUT  3aBUCUMOCTh
MOBPEXAAEMOCTH 3JEMEHTa MOBEPXHOCTHOTO CJIOSI OT CHJIOBBIX IapaMEeTpoB
HarpyXeHus 1 BpeMeHu (1uKII0B) ux Bo3aeicteus (Puc.2.10), u3 koTopoii cnemyer, yTo
€ClIi JIBa Tpoliecca, COMPOBOXKAAIOIINXCS BHYTPEHHEH MOBPEKIAEMOCTHIO dJIEMEHTa
MOBEPXHOCTH, MPOTEKAIOT KAk MpH 0oJjiee BBICOKUX BHEIIHUX CHJIOBBIX MapaMeTpax
HArpy>KeHUs1, Tak U MpH OoJiee HU3KHUX, TO pa3HUIAa B TOBEACHUHN IehOPMUPYEMOTO
AJIEMEHTa TOBEPXHOCTHOTO cJosi OyAeT 3aBUCETh TOJBKO OT HMHTEHCHUBHOCTU
MOBPEXKIAEMOCTH.
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CraTuCTUYECKU IIponccce I[C(l)OpMHpOBaHI/ISI U paspymcHuA  BbITTEIOUT

ClIeyIoIKUM 00pa3oM. B kax b1l MOMEHT BpeMeHH (LK) 1ehOpMHUPOBaHUS JJIEMEHTA
IIOBEPXHOCTHOTO CJI0S 33JaHHBIM YCIIOBUSIM HATrPYKEHHsI COOTBETCTBYET OIIPEIEICHHAs
CTEIEHB €0 MOBPEX1aeMOCTH. Kak TOJIbKO MOBPEXKIaEMOCTh MaTEPUAIIA B JIOKAJILHOM
MUKpPOOOBEME JOCTUTAET MPEAEAbHON (KPUTUUECKOM ) BEIMYMHBI, HAUMHAETCS POLECC
€ro paspylieHHs B BHJIE€ MHUKPO— M MakpoHapyuieHui. [loaTBep:kaeHueM 3TOro
SBJISIFOTCS pe3ynbTaThl AKCMEPUMEHTAIIbHBIX UCCJIeI0BAHMIM BIIUSIHUSA
IPOJOJKATEIBHOCTH KOHTAKTHOIO B3aMMOJICHCTBHSI HA YCTaJOCTHYIO NPOYHOCTh U
W3HOCOCTOMKOCTB JI€Taleil, KOTOPbIE NMOKA3aJIM, YTO C MOSBJICHUEM B TIOBEPXHOCTHOM
ClI0€ TPU3HAKOB pa3pylIeHUs (MUKPOTPEIIMHBI) 3KCIUTyaTallMOHHbIE [OKAa3aTelIH
JeTaiel HaYMHAIOT CHMXKAThCA. DTO TMO3BOJWIO CHENaTh BBIBOJA, UYTO HAMOONbIIUI
AKCIUTyaTallMOHHBIA 3()@EKT IOCTUTraeTcss 3a MPOMEXYTOK BPEMEHU WIIM LHKIJIOB
HarpyXeHusi, Npu KOTOPOM B DJIEMEHTAX MOBEPXHOCTHOI'O CJOSI HaKaIlJUBaeTcs
KpuTHYecKas (IpeaesibHas ) MOBPEXKIEHHOCTb.

W3noxeHHbple  BBIIE  NPEACTABICHHS W 3aKOHOMEPHOCTH  Ipoliecca
neOpMUPOBAaHUS U pa3pyLICHUs] MOTYT OBITh ONHUCAaHbl M MPOMLIIOCTPUPOBAHBI

ciemyromuM oopazom. O603HauNM depe3 U KOJIMUYECTBEHHYIO MEPY MOBPEKICHHOCTH

. o du

BJIEMEHTA MOBEPXHOCTHOTO CJIOSA , Yepe3 U-CTENEHb MOBPEXKIAEHHOCTH, a yepe3 U = pm
t

WHTEHCUBHOCTh TOBpeXxaaeMocTu. Torma mpu ar000W BETWYWHE YCHIIMS BHEIIHETO

CUJIOBOTO Harpy»KeHHsI TOBPEXKJACHHOCTh 3JIEMEHTa IOBEPXHOCTHOTO CJIOsI OyaeT

HU3MEHATHCSI C MTHTEHCUBHOCTBIO, KOTOpasi B 0011IeM ciiydae OyIeT sSBIAThCS (PyHKIMEH

CWJIOBOTO MapameTpa aedopmMupoBanus P, TemiepaTypbl 1 v BpeMeHu t npoTexaHus
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nporecca. ['padudeckn 3T0 MOXKHO TPENCTaBUTh B BHUAE KHHETUYECKUX KPHUBBIX
(Puc.2.100), u3 KOTOpBIX CleIyeT, 4TO 1O Mepe AehOpPMHPOBAHUS DIEMEHTA
MOBEPXHOCTHOTO CIJIOSI €r0 TOBPEXAEHHOCTh YBEIUYMBACTCA. OJTO yBEIMYCHHUE
MPOUCXOANT JO TEeX IOp, MOKa MOBPEXKAEHHOCTh U HE JOCTUTACT KPUTHYECKOH
BEJTMYMHBI U *, 3aBUCAILEH OT CBOWCTB 00pabaThiBa€MOro MaTepualia U He 3aBUCSIIEH
OT BEJWYMHBI CUJIOBOTO HarpyxeHus. [lociemHee oOCTOSATENBCTBO OOYCIOBICHO
(heHOMEHOJIOTHYHOCTHIO MPOIIECCOB Ae(POPMUPOBAHUS U pa3pylIeHHs MaTepraioB. Ha
Puc.2.10a mpexncrtaBieHa 3aBUCUMOCTh HW3MEHEHHS 4YHCIA IIUKIOB HArpyKEeHUs
AIIEMEHTA TIOBEPXHOCTHOTO CJIOS | B 3aBUCHMOCTH OT CHJIOBBIX ITapaMeTpPOB Mporiecca
P, mpu KOTOPBIX JIOCTUTAETCS €r0 KPHUTHYECKas TOBPEKIAEHHOCTh. AHAIOTUYHBIC
KPHUBBIE MOTYT OBITh ITOCTPOEHBI JIJIs JTIOOOT0 YPOBHS MOBPEKAEHHOCTH U <U *. Takum
00pa3oM YCIIOBHE TPEAETbHON MOBPESKIAEHHOCTH SJIEMEHTAa MOBEPXHOCTHOTO CIIOS
UMeeT BUJI!

t" 9
U =U,+[Udt=U"=const, (2.9)
0

rac U0 - HHOBPCKIACHHOCTDb JJICMCHTA IIOBCPXHOCTHOI'O CJIOA Ha CTAaIUHU O6pa6OTKI/I,

NPEAIIECTBYIOIEH YCIOBUSAM OJKCIUTyaTallud JAeTald; t*° - TpeNelbHOE BpeMs
JKCIUTyaTalli JAETald SKBUBAJIEHTHOE MPEIEIbHOMY YHCIY LHMKIOB BHEUIHETO
CHJIOBOT'O Harpy»XeHUsI.

[TpuHKuMast, YTO MOBPEXKAEHHOCTh J€(POPMUPYEMBIX B MPOLIECCE IKCILTyaTalluu
JeTaid O0ObEMOB MPU KaXKJIOM LUKIE HOCUT HEOOpaTUMbIH XapakTep, a CTENeHb
MOBPEXJIAEMOCTH €CTh PE3yJIbTaT HAKOIUIEHUS (CYMMHMPOBAHHUSA) MOBPEXKICHHOCTEM,
MOXHO CJeJlaTh BBIBOJ, YTO TMpeJeibHas TMOBPEXAEHHOCTh M, KakK CJEICTBHE,
pa3pyllieHre MOBEPXHOCTHOTO CIIOSI MPOU30MAET TOTa, KOrJa CyMMa OTHOCUTEIbHBIX
MTOBPEXIEHNUN CTAHET paBHOM 1, T.e.

W = 1 I L(j(t)dtzl (2.10)

910 YCJIOBHUC IMO3BOJILICT IPOTrHO3UMPOBATH IPCACIIBHOC BPCMs OKCILTyaTalluK
ACTAIN, OJIA Pa3JIMYHBbIX BUJIOB WM PCKUMOB CHJIOBOTO HAIPYKCHHA IMOBCPXHOCTHBIX

0
CJ108B NpH ycJI0BUHM 3HaHUA 3aBucuMocTH U1 (P, T t(i)).

2.3.6 dU3MKO-XMMHYECKOe BO3/IeiicTBHE BHELIHEH cpebl HA MeXaHUYeCKHe
CBOIICTBA MOBEPXHOCTHOTO CJI0SI METAJIJIOB M CIJIABOB.

[ToBepxHOCTHh MeTaiIa 00J1aaCT TMOBBIMICHHON XUMHUYCCKON aKTHBHOCTBHIO U B
PEaNbHBIX YCIOBHIX HEM30EKHO aCOPOUPYET aTOMBI DJIEMEHTOB OKPYKAIOIIEH CPEIbI,
MOKPBIBAsICh CIIOSIMU aJICOPOMPOBAHHBIX Ta30B, MAapoOB BOJLI W kupoB. Cioi xupa
JIOCTUTAaeT HECKOJBKUX COT MHUKPOH, TUICHKa BOJSIHBIX MmapoB cocrtaBiser 50—100
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clioeB MoJieKyn. JKupoBble IJIEHKH MPOYHO CBSA3AHBI C TMOBEPXHOCTHIO MeTallja U
MOJIHOCTBIO HE YAAISAIOTCA OOBIYHBIMU MEXaHUYECKUMHU U XUMUYECKUMHU CPEACTBAMH.
[Tocie mpOMBIBKM AeTaieid KEPOCMHOM M OE€H3MHOM Ha MOBEPXHOCTU OCTAETCS CIION
KUPOB B 1—5 MKkM. OueHb THIATEIILHOW OYMCTKOW MOYKHO JOBECTH TOJIIMHY CJIOS
xupoB a0 0,1—0,001 mxm (nmpumepno 100 — 10 psmoB Mozekyn). BosznelicTBue
BHEIIIHEH Cpebl MPUBOAUT K OOpa30BaHUIO HA TMOBEPXHOCTU METajlla Pa3IMYHBIX
COCIMHEHHUW, NPEXKIE BCEro pa3jIu4HbIX OKHCIOB. OHM OBICTPO BO3HUKAIOT B
pe3ynbTaTe BIUSHUS aTMOC(EpPHOro Kucaopoja. TOJNIIMHA HApPyKHOM IUIGHKH B
OKHuCIsomuxcsi Metaiax paBHa npumepHo 20—100 A (10—20 cinoeB modekyn).
Hanpumep, okucHas rienka B ctainu paBHa 10— 20 A, a amomunuu — 100—150 A.

B pesynbrare nuddy3un B HOBEpXHOCTHOM CJIO€ MOTYT BO3HUKHYTb XUMUUYECKHE
U UHBIE COEIMHEHHS OCHOBHOTO Marepvayia ¢ MPOHUKAIOMIMMH H3BHE BEIIECCTBAMHU.
Huddy3noHHas MNOABMKHOCT aTOMOB MOKET IPHUBECTH K IepepaclpeesiCeHUI0
KOHLIEHTpPAlMU JETUPYIOUMX 3JIEMEHTOB, CIIOCOOCTBYS 3TUM B OTHEIBHBIX CIydasx
OOETHEHUIO TIOBEPXHOCTHOIO CJIOSI HEKOTOPBIMU JIETUPYIOIIMMH  3JIEMEHTaMU
(00e3yriepoXkuBaHUE MOBEPXHOCTHBIX CIIOEB B CTANSAX M 0OETHEHHE MTOBEPXHOCTHOTO
CIIOSl XpOMa M QIIOMHUHHS B JKapOMPOUYHBIX HHKEJIEBBIX CIUIaBaX TMPU BBICOKUX
TeMIEepaTypax u ap.).

XUMUKO-(pU3NYECKOE B3aMMOCHCTBIE MOBEPXHOCTH METAJIa C OKpY’Karollen
CpeIoi Ha OTJEJIbHBIX yYacTKax MOBEPXHOCTH HEPABHOMEPHO BCIIEACTBHE:

® pa3NMYHOW aJCOPOLIMOHHON AKTHMBHOCTH Y pa3HbIX 3JIEMEHTOB KpHCTAJLIa
(pedpa, II0CKOCTH, BIaJIUHBI);

® pasNUYHBIX  (UBHKO-XUMHUYECKHMX  CBOWCTB  TOBEPXHOCTH  TOJHKPH-
CTAJTHYECKUX TeJ, 00Pa30BAHHBIX U3 MHOXKECTBA 3€PEH, BHIXOIAIINX HAPYKY PA3HBIMU
KpUCTAUIOTpapUueCKUMU TUIOCKOCTSIMH;

® HEOJIMHAKOBOTO COCTaBa IOBEPXHOCTHBIX 3€peH (3epHa pa3HbIX (Pa30BBIX
COCTOSIHUIA).

3HAUUTENFHOE BJIUSHUE Ha (PU3UKO-XUMUYECKYIO AaKTUBHOCTH OTJ/CIIbHBIX
MOBEPXHOCTHBIX 3€PEH OKAa3bIBACT BEJIMYMHA MX OCTATOYHBIX HAIPSIKEHUUN
(MUKpOHANPSKEHUS ), CTENIEHb TIaCTHYECKOM nedopmaruu u zp.

Uccnenopanusimu akagemuka I[1. A. PeOunaepa u ero ydeHMKOB yCTaHOBIICHO
3HAUMTEIBHOE BJIMSHUE HA MPOYHOCTh METAUIOB PACKIMHUBAIOMIETO JACHCTBUS
aJICOPOMPOBAHHBIX TUICHOK JKHUIKOCTEH B TIOBEPXHOCTHBIX TpPEIIMHAX METAJUIOB
(@pdexr Pebunaepa). Mosekyabl HEKOTOPBIX aacOpOMPOBAHHBIX Ha IMOBEPXHOCTHU
BELIECTB 00J1a/1al0T BHICOKOM aKTUBHOCTHIO. PacmpocTpaHssich 1Mo MOBEPXHOCTH, OHU
MOMAaJal0T B  MHUKPOTPEIIMHBI, B TJIIYyOMHE KOTOPBIX TMPOU3BOIAT CHIIBHOE
pacKJIMHUBAIOIIEE JCHCTBUE, PABHOLICHHOE JAEUCTBUIO TOTIOJHUTEIBHO MPUIOKEHHOTO
K Tely pactsruBaromiero ycuaus. CiaencTBueM Takoro AOMOJHUTENBHOTO BO3IEHCTBUS
Ha METaJlJI SIBJISIETCS] CHM)KEHHME €ro MPOYHOCTH, oOJerdyenue aegopmanuu. Yem 1enb
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yKe, TEM CHJIbHEE PACKIMHUBAOIIEE JACHCTBUE aJIcOPOMPOBAHHBIX TUICHOK (IITMpPHUHA
menu He Oonee 0,1 mxMm). AncopOuumonnsie >PQeKTsl B mpoueccax nedGopManuud u
pa3pylIeHUus METaJUIOB MOTYT OBbITh OCOOCHHO BeduKd. [IpruMeHeHue aKTHUBHBIX
CMa30YHO-0XJIAXAAIOIIUX TEXHOJOTUYECKUX CpeJl MpU 00paboTKe pe3aHnrnemM o0Jeryaer
MJIACTUYECKYIO Je(OopMalldi0 U CIOCOOCTBYET YJIYUIICHHIO KayecTBa 0O0paOOTaHHOMU
MOBEPXHOCTH (CHUIKEHHUE IIEPOXOBATOCTH U IOBEPXHOCTHOTO Hakiena). D@dekt
aJICOPOIIMOHHOTO MMOHMKEHUS TPOYHOCTH OCOOCHHO 3aMETHO TPOSIBIISIETCS B YCIOBUSIX
JEUCTBUSL 3HAKOMIEPEMEHHBIX Harpy3ok. [Ipu mukinmueckoM Harpy>K€HUH MPOUCXOJUT
pPacKJIMHMBAaHWE MOBEPXHOCTHBIX MUKpouienel. [Ipu 3Tom aacopOupoBaHHBIE CIIOU
BBIJIABJIMBAIOTCS M3 MHUKPOLIENIEH, HO HE IMOJHOCTBIO; OCTaBUIEECS aJCOpOUpYIOLIEee
BEIIECTBO MEIIAET TOJHOMY CMBIKaHHUIO MUKpOTpemuHbl. [locnenoBaTenbHoe
PACKpBITHE U CMbIKaHHE TPUBOJIUT K POCTY TPEILUH U K PA3PhIXJICHUIO TOBEPXHOCTHOTO
ciost. CONpPOTUBIIEHUE YCTAIOCTA METAUIa B MOBEPXHOCTHO-aKTUBHBIX CPEaX PE3KO
CHIXKaeTcs (acopOIIMOHHAsl yCTaNOCTh). AJICOPOIMS, KaK MPAaBUIIO, YMEHBIIIACTCS C
MOBBIIIIEHUEM TEMIIEPATypbl. ITO OOBIACHIETCA TEM, YTO TEIJIOBBIE KOJIEOaHUs aTOMOB
MOTYT MPUBECTU K JI€COPOIUU aacOpOMPOBAHHON MOJIEKYJIbI; BEPOATHOCTH TaKOIO
OTPbIBA PACTET C YBEIMYECHUEM TeMIepaTrypbl. AncopOiys BO3MOXHA HE TOJIBKO Ha
MIOBEPXHOCTH METAJJIa, HO U BHYTPU €r0, KOrJa MPUMECH, PACTBOPEHHBIE B TBEPAOM
Tese, acOpOUPYIOTCS Ha BHYTPEHHUX MOBEPXHOCTSIX, TO YaIlle BCErO MPOUCXOAUT TIO
IpaHUIIAM 3€pEH WM KaKuX-TMO0o AedeKTOB CTPYKTYyphl. BHyTpeHHsisi amcopOuus
MOXET TaKXe€ HUIpaTh BAXHYI0 pPOJb B MpoIEeccax aJCOpPOIMOHHOTIO TMOHUKEHUS
MPOYHOCTHU METAJLIIOB.

[ToBepxHOCTb, OCOOEHHO TPEIIMHBI W BBIXOJAIINE HAPYXKY MEK3EPEHHBIC
ITpaHUYHBIC TMPOCIONKH, SBISIOTCA Kak Obl BopoTamMu s Ju(dy3MOHHOTO
MPOHUKHOBEHUSI YY>KEPOJHBIX aroMOB B Metaul aeranu. Juddysus yepes
MOBEPXHOCTh OKAa3bIBACT CUJILHOE BIUSHUE HAa CBOMCTBA METAJUIOB BOOOIE U HX
MOBEPXHOCTHBIX CJIOEB OCOOCHHO. DTO HMMEET BaXKHOE 3HAYECHHE KaK B Tpolecce
U3rOTOBJCHHS JeTaneii (MeToapl 00pabOTKHM C BBICOKOH TeMIIEpaTypol B 30HE
pa3pylieHus, HanpuMmep, NUIMQPOBAHUE, IJICKTPOUMITYJIbCHAS U YJbTPa3ByKOBas
oOpaboTka W JAp., TEPMOXMMHUYECKOE TOBEPXHOCTHOE YIPOUYHEHHUE, HaIpuMmep,
[EMEHTAaIMs, a30TUPOBAHUE), TAK U MPU IKCIUTyaTalMH JeTajel ¢ CUJIbHO Pa3BUTHIMU
MOBEPXHOCTSAMU (JIONATKU TYpOUH, )KapOBbIEC TPYObI KaMep CTOPAHHUS U AP.) B YCIOBHIX
BBICOKMX TEMIIEPATyp U ra30BOU Cpe/IbI.

2.3.7 ®u3uveckasi Mojae/b U3HANUBAHNUS MOBEPXHOCTH

Kak yxe yka3pIBalOCh, mpeHue (BHeuwiHee mpeHue) — COMPOTUBICHUE
OTHOCUTEIIbHOMY TIEPEMEIICHUIO, BO3HUKAIOIIEE MEXKIy ABYMs TelaMHd B 30HE
CONIPUKOCHOBEHUSI TOBEPXHOCTEM IO KacaTeIbHOW K HUM U COIMPOBOXKIAEMOE
paccesHnueM sHepruud. Cuna mpenusi KOJWYECTBEHHO XapaKTepU3yeT TpEeHUe
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KOHTakTHpytomux Tei. Cuia TpeHus, Kak U BCSAKas CHJIa — BEKTOP M MPHU JBWKECHUU
HaIpaBjeHa MPOTUBOIOJIOKHO CKOPOCTH, TAaHTEHIIMAIbHO K oOmel rpanwmme. [lo
XapakTepy OTHOCHUTEIHHOTO ABMKCHHUS DPA3IMYAOT TPEHHE TMOKOS (0 mepexoia K
OTHOCHTEIFHOMY JABI)KCHUIO) W TPECHHE ABWKCHHUS — CKOJBKCHHS WU KadeHHsI
(puc.2.11). Ilpu TpeHUU CKOJBKEHHS CKOPOCTH TeJl B TOUKE KacaHUs Pa3IMYHbI, a pU
TPEHUH KaueHUS — OJINHAKOBEI.

Fa y

PEE— 2 e

o // ]
a

Puc.2.11. Cunbl TpeHUA: @ — CKOJIBXKEHUS, 6 — Ka4eHHUS

£

PaznuuaroT TpeHue BHEIIHee (MeXAy TeNaMH) U BHyTpEeHHEe (MEX1y YaCTULIAMH
TBEPABIX TEJ, @ TAKXKE B Ta3ax U )KUJIKOCTAX). CHiIbl BHEIIHETO TPEHUS CUIIBHO 3aBUCAT
OT IIEPOXOBATOCTH KOHTAKTHUPYIOIIUX MOBepXHOCTEH (pHcC. 2.12, a).

Cunbl TpeHUS CUIBHO OTJIMYAIOTCS PU OTCYTCTBUU WJIM HATUYUHU MEXKAY TE€JIaMU
CMa304YHOr0 Mmarepuana — JHO0 BA3KOM >KHIKOCTH, MPEABAPHUTEIBHO MOMEIIEHHON
MEXTy TeJaMH, JI0Oo Tra3a, 0JJaBaeMOT0 B 30HY KOHTAKTa Mo AaBieHueM. Cmazounbiil
Mamepuan IPOU3BOIUT CMa3Ky — JEHCTBUE, COCTOSIIECE B YMEHBIIICHUH CUJIBI TPEHUS U
M3HOCA 3a CU€T pasJeNieHus MmoBepxHocTel TpeHus. CMa304HbIN MaTepuan pa3aeiseT
KOHTAKTHUPYIOIIKE MOBEPXHOCTH (puc. 2.12, 6).

Puc.2.12. Bunsl TpeHus: a — cyxoe, 6 — O CMa3Koi

Ecny moBepXHOCTH pa3fesieHbl CMA30YHBIM MAaTEPUAIIOM IOJHOCTBIO, TO CHILY
TpeHUsi BBIUUCIAIOT N0 ¢opmysie HproToHa. Takoe TpeHue HA3bIBAIOT BA3KUM WM
KAJKOCTHBIM.

Fr = uAv/h, (2.11)
rac px — AMHAMHUYCCKAad BA3KOCTb CMA304YHOI'O MaTCpHaja, A-— miomaab IIOBECPXHOCTH

CKOJIBXKCHHA, v — OTHOCHUTCIIbHAA CKOPOCTL CKOJILXKCHHA TCII; h — TOJIIIHUHA CJIOA

CMa304HOI0 MaTepuaia.
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Cuity Cyxoro TpeHHUs CKOJIbKEHUS HAaXOAT 10 3akoHy AMoHTOHa-Kynona:
F=f F, (2.12)

rae f — xkoadduueHT tpenns, Fy — criia HOpMaJIbHOI'O TaBJICHUS.

Tpenue kaueHus, XOTs U CYIIECTBEHHO HUXE, HO BCE )K€ CYIIECTBYET, IIOTOMY,
YTO peajbHbIe Teja He a0COMOTHO TBEPABIC, a AehOPMHUPYIOTCS U BO3HUKAET HE TOUKA,
a rromaaka konrakra (puc. 2.11,6). B aToit mimomaake — 30He KOHTaKTa BO3HHKAET
pPEaKTUBHBI MOMEHT, TPEMATCTBYIOINNA KadeHuto. [l kadeHWs KaTka HYKHA
nerokyas cuna Fy. Touka npunoxkenus peakiuu Fip cMmenieHa Brepén, B CTOPOHY
KaueHHUsS Ha paccTOsSHUE Kr, KOTOPYIO M Ha3bIBalOT KOI(D(PHUIIMEHTOM TPSHUS KadyeHHSI.
Bemnunna — koaddummenta  TpeHHs ~— KauyeHHS — (PAKTHYECKH  XapaKTEepU3YeT
neopMupyeMOCTh Kojieca U ONIOPHOM MOBEpXHOCTH. HeTpyaHO m0oranarhbesi, 4TO 3TOT
KO3(phULIMEHT UMeeT pa3MepPHOCTh JIMHBL. V3 ypaBHEHUsI paBHOBECHSI MOMEHTOB BCEX
CHJI OTHOCHUTEIIBHO "TOYKH KOHTakTa" B ciemyer, 4To

Fo'R = Fiok, (2.13)
a MOMEHT CHJI TPCHUS KaueHUs
MT = Flz'k‘r. (214)

IloMrmMO TpeHUsA B KOHTAKTE€ IOBEPXHOCTEM, CYIIECTBYET €IIE U TPECHHE B
MaTepuase Jeranei, o0yclIOBIEHHOE KOHTAaKTOM YacTUIl U MOJEKyJ MaTepuana. [Ipu
ATOM TaKXe pacxoAyercsi paboTa BHEIIHUX CHJI U BBIIEISETCS TEIJIOTA.

Y KOHCTPYKLMOHHBIX METAJJIOB BHYTPEHHEE TPEHUE OYEHb MAJIO U IIPU pacu€Tre
METAUIMYECKUX JIETAIEW €ro He Y4UThIBAlOT. OJHAKO y BBICOKOMOJEKYJSPHBIX
MaTepuanoB (pe3uHbl, MJIACTMACC) BHYTPEHHEE TPEHUE MOYTH Ha JIBAa MOPSAIKA BbILIE,
IIOATOMY OHO JIOJDKHO YUMTBIBATHCS IIPU UX pacuére. BHyTpeHHee TpeHne B MmaTepuae
JieTanei uCroJib3yeTcs, B OCHOBHOM, JUIsl CHUKEHUS IIIyMOB U BUOPALIMK Ty TEM 3aMEHbI
METAUINYECKUX JETAIEH IUIACTMACCOBBIMA M KOMIIO3UTHBIMH, I'JI€ BEIUKO TPEHHUE
MEXK]y YaCTULAMU CTPYKTYpbI MaTepuala.

[Ipu TpeHUM 1 M3HAUIMBAHUH HAOIIOAAI0TCS CIEAYIOLIUE SIBICHHUS:

® cxeamviéaHue — MECTHOE COCIMHEHHE TBEPABIX TEI IOA JEUCTBUEM
MOJIEKYJISIPHBIX CHUJ;

® guikpawueéanue — OTIAEICHWE YacTULl Marepuaja IpU  yCTAIOCTHOM
M3HAIIMBaHUKM C 00pa3oBaHHMEM SMOK Ha MOBEPXHOCTU TpeHHs (OCOOEHHO YacTo y
BBICIIMX KUHEMATHYECKUX Map);

® 3gedaHue — PeE3yJIbTaT CXBATbIBAHUSA, TTyOMHHOIO BBIPBIBaAHMS MaTepuaa,
IIEPEHOCa €ro ¢ OQHOMN ACTAIA Ha IPYTYIO;

® npupabomka — I3MEHEHUE T€OMETPUH U CBOMCTB MOBEPXHOCTEN B HaYaIbHBIN
[IEPUOJ, IPU INOCTOSHHBIX BHEIIHUX YCIOBHUSAX C YMEHBIICHUEM CWIBl TPEHUS,
TEeMIIEpaTypbl U UHTEHCUBHOCTH U3HAILIMBAHUS.

[Ipu ckonbXeHUH TMepes] MHUKPOHEPOBHOCTHIO BO3HHMKAET JIOOOBOW BaJIMK

neopmupyemoro marepuania (puc.2.13), KOTOpbIH HAXOAUTCS MO BO3JCHCTBHEM
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COKMMAIOIIMX HANPSLDKEHHU. 32 MUKPOHEPOBHOCTBIO BCJIEICTBUE CUJI TPEHUSI MaTEpHaIl
pactsaruBaercsa.  ClenoBaTeabHO, MaTepHAl  MHKPOHEPOBHOCTEM  MCIBITHIBAET
3HAKOIIEPEMEHHOE HArpyKEHUE, KOTOPOE MPUBOAUT K OTIEICHHIO YaCTHULl MaTepHaa.
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Puc. 2.13. ®usnueckas MOACJIb U3HAIIINBAHU IIOBCPXHOCTHU

Martepuain pa3zpyuiaercsi He cpasy, a ocjie HEKOTOPOTO YKCIIa LIUKIOB padOThI N,

Ha nepBoil cTtaanyi MCXOAHBIM TEXHOJIOIMYECKUI MUKpOpenbed, MoTyyeHHBIH
MIPU U3TOTOBJIEHUHU (BbICcOTa HepoBHOCTEN 00bIuHO A0 100...200 MKM), TpeBpaniaeTcs B
Hekuit penbed ¢ Menblel mepoxosaroctsio (0,05...0,1 MkM), KoTOpas B JaidbHEHIIEM,
Ha BTOPOU CTauu CYIIECTBEHHO HE MeHseTcs. JJis yMEHbIIICHU BpeMEHH MTPUPAOOTKH
CJIelyeT Ha3Ha4yaTh MPU M3TOTOBJICHUU JIETAIN TaKoW BUJ 0OpabOTKH MOBEPXHOCTH,
KOTOpas OJM>Ke BCEro K paBHOBECHOM IIEPOXOBATOCTH.

Haxonen, paHo Wiy mo3QHO0, HACTYIIAeT NPENEIIbHBIA U3HOC, COOTBETCTBYIOIIHM
IpeneIbHOMY COCTOSIHUIO AeTanu. [Ipu 3ToM peub UOET yke O KaracTpo(uyeckoM
U3MEHEHUHU pa3MepoB U (HOPMBI JI€TaIu, TPUBOASIIEMY K MPEACIbHOMY COCTOSHHUIO,
KOTrJa JaJbHENIas SKCIUTyaTalusl HEBO3MOXKHa.

Bonbioe uncno hakTopoB, BIUAIONINX HA U3HAIIMBAHKE, 3aTPY/IHAET CO3JaHHE
000OCHOBaHHBIX METOJIOB pacyeTa M3HOCOCTOMKOCTH aeTaneit mamuH. [IpubmmkeHHo
CONPOTHUBJICHUE U3HAIINBAHUIO OLICHUBAIOT, B YACTHOCTHU, COTIOCTABJIEHUEM PACUETHBIX
JABJIICHUM C JONYCKAaeMbIMM 3HAYEHUSMH, YCTAHOBJIICHHBIMM HAa OCHOBE OIIbITa
DKCIUTyaTallMM KOHCTPYKIUU. H)KEHEPHBIE pacU€ThI IO U3HOCY KHHEMATHYECKHUX Map
BBITIOJTHSIOT MO WHTETPAJbHBIM XapaKTePUCTUKAM: CKOPOCTM W HMHTEHCUBHOCTH
W3HaIMBaHus. PacueTsl getaneit Ha M3HOC 3aKII0YAETCs TUO0 B ONPEICTICHUH YCIIOBHIA,
00eCneunBaIIUX HMX JKUJIKOCTHOE TpeHHe, JHO0 B OIpeneseHUH JOCTaTOYHOM
JIOJITOBEYHOCTU MX MyTEM HA3HAYCHWS JJISl TPYUIUXCS MMOBEPXHOCTEWU AABJIECHUU pHE

6onee momyckaemsix [p]: P=<LPl.

Pacuér u3HOca neraneld MallMH OpPU YIPYroM, IUIACTUYECKOM KOHTAKTE H
MHUKPOPE3aHNUN MTOBEPXHOCTEN TPEHUS JOJKEH YUYHUTHIBAThH JNABJIECHUE HA MTOBEPXHOCTH
TPEHUS, OTHOCUTENIBHYIO CKOPOCTh U BpeMsi pabOThI y37a.
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2.3.8 ®usuka mnpoumecca M BHAbI YCTAJOCTHOW MOBPEXAAEMOCTH U
pa3pylueHus JeTajieil MAIIMH NP HUKJIHYECKUX HArpy3Kax.

Jlnis packpbITUsT GU3NYECKON MPUPOABI MPOIECCa YCTAIOCTHOTO pa3pylIeHHs B
Ka4yecTBe MPUMEpa pacCMOTPUM OCh BaroHa, BPaIIaloIIyI0cs BMECTE ¢ KojiecaMu (puc.
2.14, a), CIBITHIBAIONTYIO HUKIMYECKH U3MEHSIOIINECS HAIPSDKEHUS, XOTS BHEIIHUE
CHJIBI U SIBJISIFOTCS TOCTOSIHHBIMH BeJIMUMHAMU. [I[porcXouT 310 B pe3ysbTare TOro, 4To
YacTH BPAILAIOIIECICS OCH OKAa3bIBAIOTCS MOMEPEMEHHO TO B PACTSIHYTOM, TO B CXKATON
30HaXx.
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Puc. 2.14. Och Barona, Bpalaromascs BMECTe C KOJIECaMH: CXEMbI Harpy>KeHHUS

Y DIIOPBI

CnenaB  HEOOXOJMMBbIE MaTEMaTUYECKHE TIOCTPOSHHUs, IOJIYyYHUM, 4YTO,
HOpMaJIbHOE HampsbkeHHe O B CEUCHUSX OCH MEHSETCS 10 CMHYCOMJIE ¢ aMILTUTYIOM
(puc. 2.14,6):

_PaD
LT
X, (2.16)

OngpIT IIOKAa3bIBACT, 4YTO IIPHU IICPCMCHHBLIX HAIIPIKCHHUAX IIOCIC HCKOTOPOIO

o

quciia TUKIIOB MOKCT HACTYIIUTH PA3pPYIICHUC JICTAJIM, B TO BPCMSA KaK IIPH TOM IKC
HCU3MCHHOM BO BPCMCHH HAIIPSAKCHUU o, PA3PYLICHUS HC IIPONUCXOIHNT. Yucio OHKIIOB

A0 MOMCHTA pa3pylmicHUA 3aBUCUT OT BCIIMYWHBI o, U MCHJCTCA B BCCbMad HIMPOKUX

npenenax. [Ipu GonblMX HANpPsHKEHUSIX ISl pa3pylieHust ObiBaeT poctatouHo 5—10
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IUKJIOB. JTO XOPOIIO BHUIHO XOTS Obl HA MpPUMEPE MHOTOKPATHOTO M3ruba Kycka
MemHOW mpoBosioku (puc.2.15). Ilpu MeHbIIUX HANpPSHKEHUSIX AETalb BBIACPKUBACT
MWUTMOHBI W MHWUIHApAbl LMKIOB, a MPHU €lle MEHBIIMX — CHOCOOHa paboTaTh
IPAKTUYECKU HEOTPAaHUUYEHHO JIOJITO.

Puc. 2.15. Ilpumep 3HaKOIIEpEMEHHBIX
Harpy30K, TPUIOKCHHBIX K MEIHON
IPOBOJIOKE, C MOCIEAYOIUM
YCTAJIOCTHBIM pa3pyIlIcHUEM

OneITel  MOKA3bIBAIOT, YTO JE€Tadd JJIMTEIBHOE BpEMS IOJBEPIaBIIHECS
JIEWCTBUIO TIEPEMEHHBIX HANPSKEHUH, Pa3pylIatoTCs IPU HANPSKEHUAX, 3HAYUTEIBHO
MEHBIINX, YE€M BPEMEHHOE CONPOTHUBIEHUE o, (MHA4Ye TMpelned MPOUYHOCTH).

6
Pa3pynienue npy NUKIN4ecKOM Harpy>KeHHH MPOUCXOAUT BCIIEACTBUE BOSHUKHOBEHUS
MUKpPOTPEIIMH B 30HE€ KOHLEHTpAaUUu HampspkeHuil. TpemmHbl  NMOCTENEHHO
pa3BUBAIOTCS, MPOHUKAsl BriayOb, MOMEPEYHOE CEUEHME JeTanedl ocnadisercs U B
HEKOTOPBI MOMEHT IPOUCXOJUT MIHOBEHHOE pa3pylICHHE. Y CTAJIOCTh OXBATHIBAET
JIB€ 3HAUUTENBHO OTJIMYAIOIIMECS APYT OT Apyra 00JIacTH LHUKINYECKOTO Harpy>KeHUs
u aepopmupoBaHus. B mepBoM ciydae Mmpu LMKIWYECKOM HAarpyKEHHHM BO3HHUKAIOT
3HAYUTENIbHBIE MJIacTUYECKUEe Aepopmaru. ITa 00JacTh Ha3bIBAETCS MAJIOLUKIOBOM
YCTalOCTBIO, U YMCIIO IIUKIOB He npesbimaet 10%...10°. JIpyras 061acTh — HUKIHYECKOE
HarpyXeHue, Mpu KOTOpOM JAepopMalivsi BO BpeMsl KaKJIOTO LIHMKJIA B 3HAYUTEIbHOU
creneHu ymnpyra. s 3Toi o0nacTu XapakTepHbl Mallble HanpshKeHUs (Harpy3ku) u
OOJBIIOE YMCIIO LMKIOB A0 pa3pylleHus. ITa 00JacTh HA3bIBAETCS MHOTOLMKIOBOMN
YCTAJIOCTBIO ¥ XapaKTEPU3yeTCs JONroBedHoCThIo 6osee 10°...107 muknos.

Ha puc. 2.16 mokaszaHo pa3pylieHue Bajga MajJoyrJiepoAUCTON MIACTUYHOM CTaIH
no Bepcuu mpod. Jx. Komnmmnsza, rme 1 — Hauano paspyienus, 2 — mepoxoBaras
MOBEPXHOCTh, 3 — raaaKas MoBepXHOCTb, 4 — pajHalIbHbIE YCbI, 5 — 00JaCTh Cpe3a; a —
MaJiasi OTHOCHTENIbHAsE CKOPOCTh pOCTa TPEIIMHBL, D — OOJbIas OTHOCHUTENBbHAsS
CKOPOCTb PacpOCTpPaHEHUs TPEILIMHBI; C — KOHEUHAs CTausl pa3pyLUEHUs.

Puc. 2.16. Pa3pymienue Bana u3 MajqoyrjiepoaUCTON CTaIH
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Ha puc. 2.17 npencraBieH ycTalOCTHBIA M3J0M MIEHKH KOJIEHYATOrO Basia 1O
TpakToBke npod. B. I1. Koraesa.

Puc. 2.17. YcTanoCTHBIA U3JI0M IIIEUKHA KOJIEHYATOrO Bajia

Ha ycranoctHOM u3j0Me HIEHKH KOJICHBaJIa MOKHO BBIJICIUTH MATHh 30H (pHC.
2.17): 1 — nokanpHas 30Ha, B KOTOPOW BO3HUKAET HadajabHAsd MHKPOCKOIUYECKas
TpelMHa ycTajgocTH. MecTo, Ille HaYMHAeTCS €€ pa3BUTHE, Ha3bIBaeTcad (POKYycoM
uziomMa. Manyio 30HY, HOpUJIEraroulyl0 K (OKycy H3J0Ma U COOTBETCTBYIOLIYIO
HAYaJIbHOM MaKPOCKOIHMYECKOW TPEIIMHE YCTAJIOCTH, HA3bIBAIOT 0YAaroM pa3pyILICHHUS.
[Ipu GoNBIINX YPOBHSIX MEPEMEHHBIX HAIPSKEHUNH MOTYT OBITh HECKOJIBKO (DOKYCOB U
ouaroB paspymienus. Yamie Bcero (pokyc W oyar paspylieHHs] pacroyiararorcs y
MOBEPXHOCTH JICTAIM, TJIe BOZHUKAIOT HauOobIue HanpsbkeHus. [anee oOpasyrorcs
CTYNEHBbKUA W PYOIBI 2, IPU CIMSHUU TMapaUICTbHBIX TPEIIWH, PAa3BUBAIOIIUXCS W3
HECKOJIbKUX ouaroB. Ha u3nome Ha yyacTKe pa3BUTHS TPEUIMHBI BUJIHBI YCTAIOCTHBIE
JIMHUU 3, SIBJSIIOIIMECS cliefaMu (pOHTA MTPOABUKEHUS TPEIIUHBI C TJIAJIKOM OJiecTsIeit
noBepXHOCThI0. [locne pacnpocTpaHeHus: yCTAIOCTHOW TPEUIMHBI HAa OOJBUIYIO YacTh
MONEPEYHOr0 CEUEHUS IPOUCXOAUT YCKOPEHHOE Pa3BUTHE TPEMIMHBI 4 1 0JIoM 5. 30HA
JI0JIOMA S HOCUT XapaKTep XPYIKOTO pa3pylICHUs U UMEET HIEPOXOBATYIO TOBEPXHOCTb.

Takum o00pa3oMm, yCTamoOCTh SIBISETCA OJHUM W3 BUIOB pa3pylIeHUS C
MEPEMEHHBIMU aMILIUTYJIaMH HAMPSHKEHUH MPU KCIUTyaTallud MAIlH CO CIyYallHbIM
CIIEKTpOM HarpykeHusi. KpuBble yCTalOCTH CTPOATCS MPU MOCTOSHHON aMIUIUTYJIE
HaIpPsDKEHUS IS KQXKI0W TOUKH, TIOATOMY KOHCTPYKTOPY HEOOXOJIUMO UMETh TEOPHIO
WJIU TUTOTE3Y, MOATBEPKICHHYIO IKCIIEPUMEHTAIBHO.

[TpuHATO CYMTATH, UTO MPOIIECC YCTATIOCTHOTO PA3PYIIEHUs COCTOUT U3 TpexX (a3s.
[lepBas ¢aza — BOZHUKHOBEHHE TPEIIUHBI, BTOpAsi — PACIPOCTPAHECHUE TPEIIUHBI U,
HaKOHEIl, TpEUIMHA JIOCTUTHET KPUTHUYECKOTO pa3Mepa M MPOIECC pa3pyLICHHUs
3aBepimiaeT TpeThbs (paza — OBICTPBIM HEYCTOWYWBBIA POCT TPEHIMHBI JO TOJHOTO
paspyuenus. [locne pa3pyieHus Ha MOBEPXHOCTU M3JIOMA JETAIU OOHAPYKUBAIOTCS
OOBIYHO JBE SPKO BBIPAKCHHBIC 30HBI. B OJHON 30HE KpUCTAUIBI Pa3IMYAOTCS
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HEBOOPYXKEHHBIM TIJa3oM C OonbmuM TpydoM. [loBepxHOCTH H310Ma HMEET
CTJIaXKEHHBIE ouepTaHusl. B 1pyroil 30He IBHO BBICTYNAIOT IPU3HAKHU CBEIKETO XPYIKOTO
pazpyuierus. Kpuctamibl UMEIOT OCTPYIO OTPAHKY U OJIECTSIILY IO YUCTYIO TOBEPXHOCTb.

B HacTosimiee BpemMs yCTaHOBJIEHO, YTO CTPYKTypa MeTajula MPU LUKINYECKUX
Harpyskax He Mensercsa. Hauano paspylieHuss HOCUT YACTO MECTHBIM XapaKTep U BO
MHOIOM CBfI3aH C HEOJHOPOJHOCTBIO pEalbHOM CTPYKTYpbl MaTepHasioB (pa3ivuue
pa3MepoB, OYEPTAHHUM, OPUEHTALMHU COCEIHUX 3€PEH METaula; HAaJW4Yue Pa3JInYHBIX
BKJIFOUEHUN — IIIAKOB, MpHUMeced; Ae(PEeKThl KPUCTAUIMYECKON pemeTkH, Ie(eKTh
MOBEPXHOCTU Marepuaia — LApalvHbl, KOppo3us U T. A.). B CBsA3M C yka3aHHOU
HEOJHOPOJHOCTBIO MpPU TEPEMEHHBIX HANPSDKEHHUSX Ha TIPaHULAX OTIEIbHBIX
BKJIFOUEHUI U BOJIM3U MUKPOCKOIIMYECKUX IIyCTOT U Pa3IMYHbIX 1€(PEKTOB BO3HUKAET
KOHIIEHTpaLUs HAIIPsHKEHUH, KOTOpasi MPUBOAUT K MUKPOIUIACTUYECKUM AepopMaIusam
C/IBUT'a HEKOTOPBIX 3€peH MeTasuia (IIpU 3TOM Ha [TIOBEPXHOCTHU 3€PEH MOTYT MOSBISATHCS
MOJIOCHI CKOJIBKEHHS) U HAKOIUIEHHIO CIBUTOB (KOTOPOE Ha HEKOTOPBIX MaTepuaniax
NPOSIBIISIETCS. B BUJE MHUKPOCKOIMYECKUX OYrOpPKOB M BHAJAMHOK — 3KCTPY3HH U
UHTPY3Hil); 3aT€M MPOUCXOAMUT Pa3BUTHE CABUIOB B MHUKDPOTPEIIMHBI, UX POCT U
CIMSIHHAE;, HA IOCIECAHEM OJTale MOABISETCS OJHA WM HECKOJIBKO MAaKpPOTPEIIWH,
KOTOpasi JOCTaTOYHO WHTEHCUBHO pa3BuBaerca (pacrer). Kpas tpemuHbsl nof
NeHCTBUEM IEPEMEHHON Harpy3Ku IPUTUPAIOTCs Apyr o0 pyra, ¥ IO3TOMY 30Ha pocTa
TPELIMHbl OTJIMYAaeTCs TIJaJKoN (MoiaMpoBaHHOM) moBepxHOCThIO. Ilo Mepe pocra
TPELIMHBl TIONEPEUYHOE CEUYEHHE JEeTallu Bce OOoJblle ocnadisercs, W, HAKOHEL,
IIPOMCXOJNUT BHE3AIHOE XPYIKOE pa3pylI€HHUE NETaldd, MPHU OTOM 30HA XPYIKOTO
J0JIoMa UMeEET TPyOO3epHUCTYIO KPUCTAUIMUECKYIO CTPYKTYpY (Kak Mpu XpyHnKOM
pa3pylIeHNN).

B nacrosimiee Bpemsi, pu3ndeckue OCHOBBI TEOPUH TBEPJOTO Tejla HE HaXOATCs
CIIIC Ha TaKOW CTaIuy Pa3BUTHS, UTOOBI HA MX 0a3e MOXKHO ObLIO OBI CO37aTh METO/IBI
pacdyera Ha YCTaJOCTHYIO IIPOYHOCTh, YIOBJIETBOPSIOIIME 3alpocaM IPaKTUKH.
[TosToMy MAYT MO MyTH HAKOIJICHUS SKCIIEPUMEHTANIbHBIX (PaKTOB, U3 COBOKYITHOCTH
KOTOPBIX MOKHO ObUIO OBl BBIOpaTh MOAXOIAIIME MpaBUia KaK PYKOBOACTBO JUJIS
pacuera. OObEeIMHEHNE U CUCTEMATUKA IKCIIEPUMEHTAIBHBIX JAHHBIX U MPEACTABIISIET
co00i1 B HaCTOAILIEE BpEMsI COJIepKaHUE TEOPUHU YCTaJIOCTHOM MPOYHOCTH. B pe3ynbpraTe
MOJIyYEHHBIE IKCIIEPUMEHTAIIBHBIE 3aBUCHUMOCTH HE SIBIISIIOTCS YHUBEPCAJIbHBIMH, a
CaMU pacyeThl 1al0T CPABHUTEIBHO HEBBICOKYIO TOYHOCTb.

B ycnoBusiX IMKIMYECKHX HANPSDKEHUM MEXaHUYECKUE XapaKTEPHUCTUKHU
MaTepuaiga  ONpeAeNsioTcs  IyTeM  CHeUMalNbHbIX  uchbelTaHuid.  Hauboinee
pacpoCTpaHEHHBIMU SIBIISIFOTCSA UCIBITAHUS B YCIOBHUSIX CUMMETPUYHOro nukia. [Ipu
TOM OOBIYHO HCIONB3YETCS MPUHIUIT YUCTOrO W3rmba Bpamarouierocs oodpasua
(puc.2.18).
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Puc.2.18. O6pa3zen 115 yCTaTOCTHBIX UCTIBITAHUN

JIJisi UCTIBITaHUM B YCIOBUSAX HECUMMETPUYHBIX IIMKJIOB HCIOJNB3YIOTCA JIMOO
CrelMaibHble MAIMHBI, JTUOO kK€ BBOISATCS JOMOJHUTENbHbIEC MTpUcnocoOnenus. Tak,
HalpuMep, MOKHO Ha HUCHBITYyeMOM oOpaslle yCTaHOBUTh MPYXKHUHY, CO3AIOIILYIO
MIOCTOSTHHOE pacTsbKeHHe o0paslia ¢ HalpsDKeHHEM o,,. Bo BpeMs UCIBITaHUS Ha 3TO

HalpsHDKEHUE — HaKJIaJbIBaeTCsl  HaNpsDKeHWE OT — W3ruba,  MeHsomeecs 10
CUMMETPUYHOMY IUKITY. [[yTeéM MHOTOKpaTHBIX HCHIBITAHUN MOKHO ONPEIEIIUTh YUCIIO
LUKJIOB, KOTOPOE€ BBIIEPKUBAET MaTepualg 10 pa3pylICHHs, B 3aBUCUMOCTH OT
BEJIUYUHBI o, LHKIA. DTa 3aBUCUMOCTh UMEET BUJI KPUBOM, MMOKa3aHHOM Ha puc.2.19

Y Ha3bIBACTCS IMarpaMMoON yCTaJIOCTHOro paspyuieHus Benepa. B cBs3u ¢ Tem, yto
YUCJIO LIUKIIOB C YMEHBIIEHUEM O, BO3PACTAET B BBICOKOM CTENEHH, IPEATIOUUTAIOT B

psze ciiydaeB 1o ocu abcuuce OTKIaabBaTh He yncio N, a ero sorapudm.

O max

or

0 N

Puc.2.19. Iluarpamma ycramocTHOTO paspyiieHus Benepa

OnBIT MOKa3bIBAET, YTO JJIs1 OOJBIIMHCTBA YEPHBIX METANIOB MOXXHO yKa3aTh
TaKo€ HaumOOJIbIIEE MAaKCUMAJIbHOE HanpsyKeHHe, NpH KOTOPOM Marepuan He
paspyliaercs npH JI0OOM 4YHcliie IUKIOB. Takoe HanpsKeHHWE Ha3bIBACTCS npeodenom
ycmanocmu, WA npeoenom eviHocaugocmu. llpenen BbIHOCIMBOCTH 0003HAYaeTCs
4yepe3 o,, TJe UHICKC r COOTBETCTBYET KOA(PPHUIMEHTY IUKIA (JIsI CHMMETPUIHOTO

OUKIa 0003HauYeHHE npeacia BBIHOCIIMBOCTH - 04, JJIA IMYJIbCUPYIOUWICTO - 6y WUJIHN O,

U T. 1. ). JIJIg IBETHBIX METAJJIOB M JUIS 3aKaJCHHBIX 10 BHICOKOM TBEPAOCTH CTaJIci
BBOJUTCS TIOHSTHUE YCIOBHOIO IIpEJesa BBIHOCIUBOCTH, B KayeCTBE KOTOPOTO
IPUHUMAETCS HANPSKEHHE, IPH KOTOPOM 00pasell crocobeH BeiaepxkaTh 108 nukios.
Onpenenenue mnpeaenaa BBIHOCIMBOCTU SBJSIETCA TPYJOEMKOW Olepaluei,
MOo3TOMY OBUT CHENaH PsJ MOMBITOK CBSI3aTh ASMIUPUYCCKUMH (POpMyJIamMH Tpeaes
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BBIHOCJIMBOCTH C H3BCCTHBIMM MCXAHWYCCKUMHU XAPAKTCPHUCTHUKAMKU MaTcpuaia.
OO0ObI4HO CUHNTACTCA, 4YTO OJIA cTajieu Ipecaci BLIHOCIMBOCTHU ITPU U3rude COCTaBIISAET
IOJIOBHHY OT Ipeaeia NPpOYHOCTH:

Ty = (04+0,5),

(2.17)
J11s1 BBICOKOIIPOYHBIX CTaJIEd MOKHO IIPUHSATH:
&y 7 4000 +lc;},[“—i]

6 Tlen (2.18)

JIJis 1IBETHBIX METAJIJIOB MPeAesl BEIHOCIMBOCTH M3MEHSETCSl B 0O0Jee MUPOKUX
npezenax:

ay = (0,25+0,5),, (2.19)

AHAJIOTUYHO HWCHBITAHUIO HA YHUCTBIM HM3rHO0 MOXKHO BECTH HCIBITAaHHE Ha
KPYUYCHHC B YCIOBUAX TUKINYCCKH U3MCHATIOIMNXCA HaHpHH(GHHﬁ. B sTom cilIydac:

Ty #(0,2+0,3)a,, (2.20)
WIK a1 OOBIYHBIX cTajeit Oepercs 7, =0,60_;, I XpPynKUX MaTepHaoOB

(BBICOKOJICTUPOBAHHAs CcTallb, yyryH) 74, =~ 0,80 .

VYka3aHHbIC COOTHOIIICHUS W BCE MM IMOJO0HBIE CIIETyET, OJHAKO, IPUMEHSTH C
OOJBIION OCTOPOKHOCTBHIO, TOCKOJIBKY OHH IOJYYEHBI TOJBKO IJISI OMPEISICHHBIX
MaTepHaJioB U B ONPEIEICHHBIX YCIOBUIX UCTIBITAaHUH (TPU U3THUOE, PU KPYUCHHH ).

2.39 ®dusuka mnpomecca W BHAbI TMOBPEXKIAEMOCTH U Ppa3pyllieHUst
IMOBEPXHOCTHBIX CJIOEB JeTajieil MAIIMH B YCJI0BUSAX BO31eiiCTBUA KOPPO3HOHHBIX
cpea.

[To mexaHu3My KOPpPO3MOHHOTO MpOLECcCa Pa3jINMYaroT JBa OCHOBHBIX THIIA
KOPPO3HH: XUMUUECKYIO U INEKMPOXUMUUECK)IO.

ITox xumuueckoti kopposueii NOAPa3yMEBAIOT B3aUMOJECHCTBUE METAININYECKON
MIOBEPXHOCTU C OKpYXKaloled CpeAol, HE COINPOBOXKIANOIIEECS BO3HUKHOBEHUEM
AIIEKTPOXUMHUYECKUX (AJIEKTPOAHBIX) IMpoleccoB Ha rpaHune ¢a3. MexaHusm
XUMHUYECKON KOPPO3UHU CBOJUTCS K pEaKTUBHOU AU(P(Dy3Un aTOMOB I HOHOB METalia
CKBO3b IOCTENEHHO YTOJINAIONIYIOCS IUIEHKY MPOAYKTOB KOPpO3UU (Hampumep
OKaJIMHbI) U BCTpeUHOU qudPy3un aTOMOB WM MOHOB Kuciopoja. [1o coBpemMeHHbIM
BO33PEHUSIM 3TOT MPOLECC MMEET HOHHO-3JIEKTPOHHBIM MEXaHW3M, aHAJOTUYHBIN
poleccaM 3JIEKTPONPOBOJHOCTH B HMOHHBIX KpUcTamiax. lIpumepoM xumuyeckon
KOPPO3HMH SIBISIETCS B3aUMOJCIHCTBUME METaula C >KMIKUMHU HE3JIEKTPOJIUTAMU HJIU
CYXMMHU ra3amy B YCJIOBHSIX, KOTJa Bjlara Ha TOBEPXHOCTU METaJUIa HE KOHAEHCUPYETCH,
a TaK)Ke BO3JEHCTBHE HAa METAJUI KUAKUX METaJUIMYECKUX paciyiaBoB. lIpakTuuecku
HanOoJiee BaXKHBIM BUIOM XMMHUUYECKOW KOPPO3UU SIBIISIETCS B3aUMO/ICHCTBUE MeTaslia
IIPU BBICOKUX TEMIIEpATypax ¢ KUCIOPOIOM U Ap. ra3000pa3HbIMU aKTUBHBIMU CpEJlaMU
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(H S, SO, ranorensl, Boasusie napsl, CO u ap.). [logo6HbIe nmporiecchl XUMUYECKON
KOPPO3UU METAJJIOB MPHU MOBBIIICHHBIX TEMIIEPATYPAX HOCIT TAK)KE Ha3BaHHE ra30BOM
KOppo3ud. MHOTHE OTBETCTBEHHBIC JIE€TAIM WHXXECHEPHBIX KOHCTPYKIUN CHIJIBHO
pa3pylIaroTcsi OT Ta30BOM KOpPpO3uM (JIOMATKH Ta30BBIX TYpOWH, COIJIa PAKETHBIX
JIBUTATENCH, PJIEMEHTHI dJIEKTpOHArpeBareseii, KOJIOCHUKH, apMaTypa nedyeil u T.1.).
bonpmmie morepu oT ra3oBod Koppo3uu (yrap MeTaiia) HECeT MeTauTyprudeckas
MPOMBINUIEHHOCTh. CTOMKOCTH TPOTUB Fa30BOM KOPPO3UU MOBBIIIAETCS MPU BBEICHUU
B COCTaB CIUIaBa Pa3IMUHBIX JOOABOK (XpoMa, allOMUHHUS, KpeMHHUS U Ap.). JlobaBku
QTIOMUHUA, OCpUIUIMA M MarHus K MEIW TOBBIIMIAIOT €€ COMPOTUBICHUE Ta30BOU
KOPPO3UHU B OKUCIHUTENBHBIX cpenax. [Jis 3auThl )KeNe3HbIX U CTaTbHbBIX U3ICIIHA OT
ra3oBOil KOPPO3UHU MOBEPXHOCTH U3JIETUS TOKPHIBAIOT ATIOMUHUEM (ATUTUPOBAHKUE).

ITon NEKMPOXUMUYECKOU Koppo3ueu MOJIpa3yMeEBAIOT MPOLIECCHI
B3aMMOJICHCTBUSL METAJUIOB C AJIEKTPOJIMTaAMU (B BUIE BOAHBIX PAacTBOPOB, PEXE C
HEBOJIHBIMU  DJICKTPOJIUTAMHU, HANpUMEP C  HEKOTOPHIMH  OPTaHUYECKUMHU
AJIEKTPONPOBOIHBIMU COCAUHEHUSIMU WM OE€3BOJHBIMM pacIlaBaMu COJieH MpH
MOBBIIIIEHHBIX TemIepaTypax). [Iporecchl 3MeKTPOXUMUYECKOW KOPPO3UH MPOTEKAIOT
M0 3aKOHaM 3JICKTPOXMMHYECKOW KMHETUKH, KOrja o0IIasi peakius B3auMOACHUCTBUS
MOKET OBITh pa3jielieHa Ha CJIENYIOIUe, B 3HAUUTEIILHON CTEIEHH CaMOCTOSITENIbHbIE,
AIEKTPOAHBIE MPOLIECCHI:

a) aHOOHbIl npoyecc - TIEPEXO/ METajuia B pacTBOP B BHJI€ MOHOB (B BOJIHBIX
pacTBopax, 0OBIYHO THAPATUPOBAHHBIX) C OCTABJICHUEM 3KBHUBAJIEHTHOTO KOJIMYECTBA
AIIEKTPOHOB B METAJLIE;

0) Kamoouwlil npoyecc - aCCUMUIISIUS TOSBUBIINXCS B METaie U30BITOYHBIX
AJIEKTPOHOB JENOJIIPU3ATOPaAMHU.

Paznmuuaror Koppo3ui0 C BOJAOPOJHOM, KHUCIOPOJAHOM WM OKHUCIUTEIBHOU
JETIOJISIPU3ALUCH.

Paznuuaror cnegyromye TUIIBI KOPPO3UOHHBIX paspylueHui. [Ipu paBHOMEpHOM
pacrpeneaeHuy KOppO3UOHHBIX Pa3pylIEHUI MO BCE MOBEPXHOCTH METaJliia KOPPO3HUIO
Ha3bIBAIOT pasHomeprot. Eciu ke 3HauuTeNbHAas 4YacThb MOBEPXHOCTH MeTaiia
CBOOOJIHA OT KOPPO3UU M MOCIEAHSS COCPEIOTOUEHA HA OTAENIbHBIX ydacTKax, TO €€
HA3bIBAIOT MECMHOU.

HaunGoinee yacTo BcTpeuaromumecs B MPAKTUKE THUITBI MECTHON KOPPO3HH:

®  s36eHHAs - Pa3pylUICHUs, UMEIOUIUE BUJ PAKOBHHBI, CUJIBHO YIiTyOJEeHHOU B
TOJIILY METaJLJIa;

® moyeuyHas Ppa3pyUICHUs, HUMEIONME BUJ TOUYKH (MUATTUHTA), TIIyOOKO
IIPOHUKAIOLIEH B METAJLI;

® enesas - BBI3BIBACT pa3pyllIeHHE METaula MOoJ MPOKJIaJAKaMH, B 3a30pax,
pPe3b0OBBIX KPEIUICHUSX U T.1I.;
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® KOHMAKmMHAS - BbBI3BIBAETCA KOHTAKTOM METAJJIOB, HMEIOIIUX pa3HbIe
CTal[MOHAPHBIE MOTEHLUAIBI B TAHHOM DJIEKTPOJIUTE;

®  MeXMCKpecmaniumHuas Koppo3us - Ppa3pylleHHE MeTajla HPOUCXOJIUT IO
rpanunam 3epeH. OHa 0COOCHHO OIacHa TeM, UTO BHEIIHUI BUJl METAJLJIa HE MEHSIETCH,
HO OH OBICTPO TEPSET MPOYHOCTh W IUIACTUYHOCTh M JIETKO pa3pyIiaeTcsi, 4To C
o0pa30BaHUEM MEXKIY 3€PHAMH PHIXJIBIX MAJOTPOYHBIX MPOIYKTOB KOPPO3HHU.

Kopposuonnoe pacmpeckuseanue BO3HUKAET MPU OJHOBPEMEHHOM BO3ACHCTBUU
Ha METaJlJ1 arpECCUBHOM CpeJIbl U MEXaHUYECKUX HaIpshkeHUH. B MeTane nosBistores
TPEIIMHBl TPAHCKPUCTAJUTUTHOTO XapaKTepa, KOTOPhIE YACTO MPUBOASAT K IMOJTHOMY
pa3pyLICHUIO U3JIETH.

MexkpecTauluTHass KOPpO3Hsi W KOPPO3MOHHOE pPACTPECKHMBaHUE Hambosee
OMacHbl JUIsl KOHCTPYKIIMH, HECYUIMX MEXaHMYECKHUE Harpy3kd (MOCTBI, TpPOCHI,
pEeccophl, OCH, aBTOKJIABBI, MAPOBHIEC KOTIIbI U T.1I.)

DJIEKTPOXUMHYECKAsT KOPPO3USI MOXKET TMPOUCXOAUTh B Pa3IUUYHBIX Cpeax.
Paznuuarot creayromniye TUIBI 3JIEKTPOXUMHUYECKOW KOPPO3WHU, UMEIoIe Hauboliee
BAKHOE MPAKTUYECKOE 3HAUCHUE:!

1. Kopposus 6 snekmponumax. K 3TOMy TUITy OTHOCSITCS KOPPO3HUsI B IPUPOTHBIX
BOJIaxX (MOPCKOM U IPECHOM ), a TAKXKE Pa3IUYHbIE BUJIBI KOPPO3UU B )KUJIKUX cpenax. B
3aBUCHUMOCTH OT XapaKTepa Cpeibl pa3InvaroT:

a) KUCIOMHYI0 KOPPO3HUIO;

0) wenounyo KOppo3uio;

8) co/1e8y10 KOPPO3HUIO.

[To ycnoBusiM BO3AEHUCTBHUS )KUIAKOW CPEIbl HA METAILI ITOT TUIT KOPPO3UU TAKXKE
XapaKTepU3yeTcsl KaK KOppO3usi TPH TOJHOM TMOTPYXKEHUHU, TPU HEMOJIHOM
MOTPYKEHUHU, TPHU TNEPEMEHHOM TMOTPYKEHUH, HUMEIOIIME CBOM XapaKTEpPHbIE
OCOOEHHOCTH.

2. Ilougennasn (epynmosas, noozemHas) Koppo3us - BO3JIEHCTBHE Ha MeETall
IPYHTa, KOTOPHIA B KOPPO3MOHHOM OTHOIICHUU JIOHKEH paccMaTpUBATHCS Kak
CBOEOOpa3HbI 3JIEKTPOJIUT. XapakTepHoit 0COOEHHOCTBHIO MOJ3EMHOM
AIEKTPOXUMHUYECKON KOPPO3HUU SIBIAECTCS OOJBIIOE Pa3InyMe B CKOPOCTH JOCTABKU
KHUCIIOpoJia (OCHOBHOM NEMOISPHU3aTOpP) K MOBEPXHOCTH TOJ3EMHBIX KOHCTPYKIIUN B
pa3HbIX MOYBax (B JECATKU THICAY pa3). 3HAYUTEIBHYIO POJIb IPU KOPPO3UU B MOYBE
urpaetT obpazoBaHue W (YHKIIMOHUPOBAHWE MAKPOKOPPO3UOHHBIX Map BCJICICTBUE
HEPAaBHOMEPHOW al’paliiyd OTACJIbHBIX YYaCTKOB KOHCTPYKIIMHM, a TakKXKe HAJIUYUE B
3emiie OMY’KIAIOIIMX TOKOB. B psjie ciydyaeB Ha CKOPOCTh 3JIECKTPOXUMHUYECKOU
KOPPO3HUH B MOJA3EMHBIX YCJIOBUSIX OKa3bIBACT CYIIECTBEHHOE BIUSHUE TAKKE Pa3BUTHE
OMOJIOTUYECKUX TPOIECCOB B MTOYBE.

3. Ammocghepnasn koppo3us - KOppO3us METAUIOB B YCIOBHUSX arMmocdepsl, a
Tak)Ke JII0OOT0 BIAKHOTO Ta3a; HAaOII0IaeTcs MOJl KOHACHCAIIMOHHBIMU BUIMMBIMU
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CJIOSIMHM BJIaTW HA TMOBEPXHOCTH MeTauia (MOKpasi aTMocdepHas KOppO3usi) WU IO
TOHYAWIIIUMHA HEBUIUMBIMU aJICOPOIMOHHBIMY CIIOSIMU BJIaru (BiaxkHas aTMochepHas
Koppo3wusi). OCOOEHHOCTRI0 aTMOC(EPHON KOPPO3UH SABIISICTCS CUITbHAS 3aBUCHMOCTb €€
CKOPOCTH M MEXaHM3Ma OT TOJILIMHBI CJIOS BJIard Ha MOBEPXHOCTU METAJLJIa WU CTEIIEHU
yBJIQXKHEHUS] 00pa30BaBIINXCS IPOYKTOB KOPPO3HUHU.

4. Koppo3us 8 yciogusax MexaHuiecko2o 6030eucmaus. ITOMY TUITY pa3pyIlIeHUsS
MOJIBEPTAlOTCS] MHOTOYHMCIICHHBIC HWHXKCHEPHBIE COOPYXKEHHs, paboTaromue Kak B
KUIKAX DJICKTPOJIUTAX, TAK U B aTMOC(EpHBIX M TOJ3eMHBIX ycioBusix. Hamboiee
TUTTAYHBIMY BUAAMH MOJJOOHOTO pa3pyIICHUS SBIISTFOTCS:

a) Kopposuonnoe pacmpeckuganue; Ipu 3TOM XapaKTepHO 00pa30BaHKE TPEILIUH,
KOTOpPbIE MOTYT pacCIpOCTPAHATHCS HE TOJBKO MEXKKPUCTALUIUTHO, HO TaKXKe U
TpaHCKpHUcTaibHO. [[puMepom nogo0HOTO pa3pylIeHUs SABISAETCS HIEI0YHAs XPYIIKOCTh
KOTJIOB, CE30HHOE pAaCTPECKUBAHHUE JIATyHEH, a TakKe pPacTPECKUBaHUE HEKOTOPBIX
KOHCTPYKITMOHHBIX BHICOKOIIPOYHBIX CIIABOB.

0) Kopposuonnas ycmanocmo, BBI3BIBaeMasi BO3JIEHCTBHEM KOPPO3UOHHOM
CpeIbl U 3HAKONIEPEMEHHBIX WJIH ITyJIbCUPYIONINX MEXaHUYCCKUX HANpPsHKCHUH. DTOT
BUJl Pa3pyIlICHUs TaK)Ke XapaKTepeH oOpa30BaHWEM MEXK- W TPAHCKPHUCTAJUIUTHBIX
TpemmH. Pa3pyieHuss MeTauioB OT KOPPO3MOHHOM YCTalOCTH BCTPEUYAIOTCS TMpHU
AKCIUTyaTallMK Pa3IMYHbIX HHXEHEPHBIX KOHCTPYKIIHI (BaJIOB TPEOHBIX BUHTOB, PECCOP
aBTOMOOUJIEH, KAHATOB, IITAHT NTYOMHHBIX HACOCOB, OXJIAXKIAEMBIX BAJIKOB IMTPOKATHBIX
CTaHOB H JIp.).

B) Kopposuonnas kagumayusi, sSIBISIFOIIAsICSI OOBIYHO CJIEACTBUEM SHEPTUYHOTO
MEXaHUYECKOTO BO3JICHCTBHS KOPPO3MOHHOW Cpelbl Ha TOBEPXHOCTh MeETaslIa.
[Tomo6HOE KOPPO3MOHHO-MEXaHUYECKOE BO3JICHCTBHE MOXKET IMPUBOIUTHL K BEChMa
CWIbHBIM MECTHBIM Pa3pyHICHUSIM METAJUIMYECKUX KOHCTPYKIHMM (Hampumep s
rpeOHBIX BHUHTOB MOPCKHX CyJOB). MexaHu3M pa3pylieHusi OT KOPPO3HOHHOMN
KaBUTAIIUU OJIM30K K Pa3pyILIEHUIO OT MOBEPXHOCTHOW KOPPOSMOHHON yCTAIOCTH.

r) Kopposuonnas sposusi, BbI3bIBa€Mas MEXAHMUYECKUM  HUCTUPAIOITUM
BO3JICHCTBHEM JIPYrOTO TBEPAOrO Tejla NPH HAIWYUU KOPPO3MOHHOW CpEIbl WA
HEIMOCPEICTBEHHBIM HCTHPAIOIIAM JICHCTBHEM CaMOW KOPPO3HMOHHON Cpempl. OJTO
SBJICHMEC WHOTJIa HA3BIBAIOT TaKKe KOPPO3MOHHBIM HCTUPAHHEM WM (PETTHHT-
KOPPO3UEMN.

KoHTpoJbHBIE BONPOCHI K IJIaBe 2.

1. Ilepeuucnaure OCHOBHBIE BUJIbI HKCILUTYaTAllMOHHBIX BO3/ICHCTBUI Ha
U3/1eJI1sI OOIIET0 MAIlIMHOCTPOCHHS.

2. llepeuncnure OCHOBHBIE DKCILTyaTallMOHHBIC CBOMCTBA JeTajel MallliH.

3. UTto Takoe KOHTaKTHas )KECTKOCTh U Ha KaKU€ XapaKTEPUCTUKU PaOOThI
MAaIlIMHEI OHA BIIAAET?
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4. OxapakTepu3yHTe TpU y4acTKa KpUBOM U3HOCA.

5. Kakum 006pa3oM W3HOCOCTOMKOCTH BIMSET HA peCypc pabOThI U3IETHs?

6. B kakux ciydasx KOppO3HOHHAsi CTOUKOCTh UMEETe HanOOobIllee 3HaYCHUE
B 00€CIeUeHUN IKCILTyaTAIlMOHHBIX XapaKTEPUCTUK JIeTaleil MaluH?

7. Tlpu KakuX yCIIOBUAX IKCILTyaTalMK JIOJKHA HOPMUPOBATHCS YCTAIOCTHAS
0o0BbeMHast MPOYHOCTh?

8. Uewm oTinuaeTcs CTaTUYECKas U AUHAMUYECKasi TOBEPXHOCTHAS KOHTAKTHAS
IPOYHOCTH?

9. Uro Takoe mpeaen yCTalOCTH U MPEAe BRBIHOCIUBOCTH?

10. Yro Takoe TEXHOJOTMYECKUN MOKa3aTeNlb KauecTBa?

11. YeM oTIMYAIOTCS TEXHOJIOTMUECKHUE U IKCIUTyaTallMOHHBIE MTOKA3aTEIH
KadecTBa?

12. Kakue ocHOBHBIE CBOMCTBA MOT'YT BXOJUTh B KOMIIEKCHBIH IMOKa3aTeib
HAaJICKHOCTHU?

13. B kakux ciydasx MCIOIb3yeTCs MOKa3aTelb PEMOHTOIPUTOTHOCTH?

14. TlepeuncauTe OCHOBHBIE BUbI SKCILTyaTaI[MOHHBIX BO3ACHCTBUI Ha
u3/1enusl O0IIEro MalIMHOCTPOEHUSI.

15. KakoBbl IpUUMHBI BO3BHUKHOBEHHUS JUCIOKALIMN U YEM OIpPEAEIAeTCS
XapakTep JUCIOKALUU?

16. Kakue kputepuu CBSA3bIBAIOT 3aKOHOMEPHOCTH YCTAJIOCTHOM
HOBPEXAAEMOCTH U Pa3pyLICHUsI C HUKINYECKUMHU JiehopManusiMu?

17. Yro Takoe npeaenbHble KPUTEPUHU U KAKOBO UX Ha3HAUCHHE?

18. KakoBa CyIIHOCTh 2HEPTeTUYECKON MOAEIH MOBPEKIAEMOCTH H
pa3pylIeHUs TOBEPXHOCTHBIX CJIOEB MPH SKCIUTyaTaluu ?

19. Kakum o0pa3om cTeneHb IiacTuueckon aedopMalifii OKa3bIBACT BIHSHUE
Ha (PU3UKO-XUMUYECKYI0 aKTUBHOCTb OT/IEIbHBIX IIOBEPXHOCTHBIX 3€peH?

20. Yto Takoe BHYTpEHHsIA aicopOrms?

21. KakoBbl Ha3HAUEHUE U IKCIUTyaTallMOHHbBIE XapaKTEPUCTUKH CMAa30YHOTO
Marepuaa?

22. B gyem 3axmrouaercst puzndecKas MoJieb U3HAIIMBAHUS TOBEPXHOCTH TIPU
AKCILTyaTauu?

23. Tlo KakuM MHTErpajdbHBIM XapaKTEPUCTUKAM BBITIOJIHSAIOTCS PACYETHI IO
W3HOCY KNHEMATHYECKHX Tap?

24, KakoBbl OCHOBHbIE IPUYNHBI PA3PyIICHUS AETAIU NPU HUKINIECKOM
HarpyxeHuu?

25. Kakue 30HbI MOKHO BBIJICTTUTh Ha YCTAJIOCTHOM U3JIOME?

26. U3 xakux (a3 COCTOUT MPOIECC YCTATIOCTHOTO pa3pyIieHus?

27. Yto Takoe XUMHUYECKas ¥ DJIEKTPOXUMHUYECKAsi KOPPO3Usi?
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3. B3anMocBs3b IKCILTYATAMOHHBIX CBOICTB JAeTajlell MAallIMH ¢ KAYeCTBOM
UX OBEPXHOCTH

3.1. XapaxkTepucTHKa TmOKa3aTejieil Ka4decTBa IOBePXHOCTel [JeTaJieid,
o0ecrneYyuBaIOIIMX IKCILIYaTALIMOHHBIE CBOMCTBA J1eTajled MAaIlMH.

Ilog KadyecTBOM ITOBEPXHOCTHM IOHMMAKOT COCTOSHUE ITOBEPXHOCTHOTO CIIOS
MaTepuana aetaiau. [loBepXHOCTHBIN CI0H BKIIOYAET B ce0sl HAPYKHYIO TOBEPXHOCTD,
KOTOpasi KOHTAKTUPYET C OKPYKAIOIIEW CPEeNOW, U HWKEIISKAIUM CIOW MaTepuana C
U3MEHEHHBIMH [0 CPAaBHEHHMIO C OCHOBHOH YacThlO (CEpALIEBUHOI) CTPOCHHUEM U
cBOcTBaMH  (MEXaHMYECKMMH,  (pu3mueckumu,  xumMudeckumu).  KadecTBo
MOBEPXHOCTHOT'O CJIOSl JI€Tajiedl MAallWH OIpPEAeNseTCs TIeOMETpUeld HEPOBHOCTEN
HNOBEPXHOCTH (ILIEPOXOBATOCTh, BOJHUCTOCTh W MAaKPOOTKJIOHEHUS), (PU3NUECKUM
COCTOSIHUEM METaJlIa [IOBEPXHOCTHOI'O CJIOSI M €0 HANPSKEHHOCTBIO.

Krnaccudukanus nokaszareneil kadecTBa MOBEPXHOCTHOTO CJIOsI MPUBEJEHA B
tabn. 3.1. Drta xknaccudpukanus HauOoyiee TOJHO OTpa)XaeT (PU3NYECKYIO
XapaKTEPUCTHKY Ka4y€CTBA IOBEPXHOCTHOIO CJIOS M YCTAHABIIMBAET €/IMHBIE ITOKA3aTeNn
JUISL OLIEHKU BJIMSIHUSI MHOTOYMCJIEHHBIX TEXHOJIOTMYECKMX BapHaHTOB OOpaOOTKU Ha
AKCILTyaTallMOHHbIE CBOMCTBA JieTaneil. laHHas kinaccuuKkaiys Hapsy ¢ U3BECTHBIMU
KPUTEPUSMU IIEPOXOBATOCTH M BOJHUCTOCTH, TIYyOMHBI M CTENEHU HAKIIEINA,
OCTATOYHBIX MAKPOHAIPSIKEHUN COAECPKUT IMAPaMETPhl KPUCTAILUIMYECKON PEIIETKH,
IUIOTHOCTD JUCJIOKALMN U KOHIIEHTPALMIO BaKaHCUM, pa3Mepbl 0JI0KOB, (hparMeHTOB U
UX B3aHMHYIO Pa30pPUEHTUPOBKY, MUKPOHAIIPSDKEHUS U HAIIPSDKEHUS 3-T0 poja.

Ta6m. 3.1 Knaccudukarus mokaszaTesield KauecTBa MOBEPXHOCTHOTO CIIOS

OtHocuTenbHass omnopHas JuiMHA |t -
npobuns (P - ypOBEHb CEUYEHUS

I'pymma | [Toarpynma HanmenoBanue nokasarenei O603Ha | Enunuibl
nokasza- | mokasaresen 4YeHUEe | u3Mepe-
Tenen HUSA
< [ITepoxoBa- BricoTa HepoBHOCTEM mipoduis 1o | Rz MKM
/M
H TOCTh JIECSITH TOUYKaM
5 R
E Cpennee apudmetnueckoe | Ra MKM
= OTKJIOHEHUE MTPOPuIIs
S < Hawnbombimas BeiIcoTa HEPOBHOCTEH | Rimax MKM
S H
é é npoduist
2 § Cpegnuii mar HEpOBHOCTEH 1O | S MKM
2 a2 BEpIIIMHAM JIOKAJTbHBIX BBICTYTIOB
& = v
g = Cpeauuii mar HepOBHOCTEIH; Sm
=)
= Omnopnas nanuHa npoduis Np MKM
=
o]
=
S
(O]
—

npoduist)

o1



Bomancrocts | MakcumaiinbHas BBICOTA | Whax MKM
BOJIHUCTOCTHU MTOBEPXHOCTHU
Cpennuit miar BOJIHUCTOCTH | Sy MKM
MOBEPXHOCTHU
Cpenusst BeicoTa BoJHUCTOCTH 110 | WZ MKM
JIECSITH TOUKaM
Hampasnenue | Yronm  MexIy  HalpaBJICHUEM | - rpamu.
HEPOBHOCTEW | HEPOBHOCTEM W Ha MpaBICHUEM
JICUCTBYS BHELIHEN HATPY3KHU
CreneHb Crenenp aedopmanv OTAEIBHBIX | Esp %
nedopman | 3epeH
Crenenbp  gedopMallud  CIIOEB | Epc %
(COBOKYITHOCTH 3€PEH)
. Hedbopmaru- | ['myOuHa Hakiena hy MKM
E § OHHOE Cremnenp Hakjena Uy %
§ © | ynpounenue | I'pagdeHT Hakiena Urp Kre/mMm>
é § (HaKJIen)
0 § CyOctpykry- | Pazmepsl pparmeHTOB lp MKM
§ i pa Pa3MepsI GIOKOB P MKM
E 2 Yron pa3opUueHTUPOBKHU Agp, Ipaaychl
S 2 ¢gparmenTOB
% § VYTroa pa3opueHTUPOBKU OJIOKOB as rpaaychl
o
£ 0 Kpucrammm- | [lapameTrpsl pemerku A
2 £ | ueckas [110THOCTD JUCIIOKALIMA M2
© CTPYKTYypa KoHuenTpamnus Bakancuit —
Ocrarounbie | TexHONMOrMYECKUE KIc/MM?
HaIPSHKCHUST | MAKPOHAIIPSKEHUS
MukpoHanpsHKeHUS Krc/Mm2
Hanpsixenus 3-ro poaa KIc/MM?

3.2 TeomerpuuyecKkHe XapaKTePUCTUKU KadyeCTBAa TMOBEPXHOCTH M MX
onpejeseHue.

NneanpHO TpaBUiIbHAS MOBEPXHOCTh HE MOJXKET OBITH IOJIyY€HA B pPe3yibTaTe
Kakoro-mmbo wmeroaa oOpaboTku. PeanbHasi TOBEPXHOCTh (HU3UYECKOTO Tena
HECOBEpIIICHHA, W CYXJCHHE O CTENEHU HECOBEPIICHCTBA 3aBHCHT OT MaciiTaba
paccmoTpeHus.  MOXHO  paccMaTpuBaTh

OTKJIOHCHUA oT FCOMGTpPI‘—IGCKOfI

IIPpaBUJIbHOCTHU IIOBCPXHOCTHU MakKporcomMeTpuicCKoro, MUKPO- "

CyOMHKPOCKOITUYECKOTO MOPSIIKA.
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Maxpoeeomempuueckue OTKIOHEHUS PACCMATPUBAIOTCS HA OOJBINUX ydacTKaxX
peanbHOM TOBEPXHOCTH [IE€TalM, OHU XapaKTEPU3YIOT TOYHOCTh (POPMBI JeTaiw,
MUKpo2eoMempuss — Ha MaJbIX y4acTKax pealbHOW MOBEPXHOCTH C JJIMHOW CTOPOHBI
kBagpara or 1 mm go 1 mMkMm. ['eomerpuueckoe mpencraBieHue o ¢Gopme Takon
MOBEPXHOCTHU MPUHATO HA3bIBATh ULEPOX08aAmMOCcmblo. MUKpPOTreoOMeTpHUsl TOBEPXHOCTEN
neTtanei, Hapsay C (PU3MKO-MEXaHWYECKMMU CBOMCTBAMHU IOBEPXHOCTHOTO CJIOS,
SBJIIETCSI OJJHUM W3 OCHOBHBIX (DAaKTOPOB, OMNPEACISIONINX OSKCIUTyaTallMOHHBIC
CBOMCTBa U pabOTOCIIOCOOHOCTH MAIITNH, KX PECYPC U HAIC)KHOCTD.

Cybmukpockonuyeckue  HEPOBHOCTHM  PacCMaTpuBaIOTCS  Ha  y4yacTKax
IIOBEPXHOCTH, Pa3Mep CTOPOHBI KBaJpaTa KOTOpoil m3mepsaercs ot 1 go 10 mxm (1072 -
102 mm, mimm 1000 - 10000A). T'eomeTpuyeckue HECOBEPIIEHCTBA JTOH 00acTH
OTIPEEIISIIOTCA  MOJIEKYJIIPHOM CTPYKTYpOH TOBEPXHOCTH, OHA IIOKa HE HMMEET
CHEIUAIbHOTO Ha3HAYEHUS, TIOUTH COBEPILIEHHO HE U3YyY€HA, TaK KaK OOJIbIIEeH YaCThIO
JICKUT 3a MpeJieSlaMi YyBCTBUTEILHOCTH COBPEMEHHBIX MPUOOPOB.

['eomeTpuyeckre OTKJIOHEHHUSI MOBEPXHOCTEH pa3IuyaloT B 3aBUCUMOCTU OT
oTHomieHusi mara L k Beicore HepoBHOcTedt H: mpu L:H OGomee 1000 —
MaKpPOCKOIMYECKUE OTKJIIOHEHMS] WM OTKJIOHEHHS OT MPAaBUJIBHOW T'€OMETPUUECKOM
dbopmMbl (KOHYCHOCTh, OBJIBHOCTh, BOTHYTOCTh U Ap.), eciau L:H ot 50 o 1000 —
BOJIHUCTOCTD MOBEepXHOCTU U L:H 10 50 — mepoxoBaTocTh moBepxHocTH [29].

Llepoxosamocmov nogepxnocmu — COBOKYITHOCTb HEPOBHOCTEN C OTHOCUTEIIBHO
MaJbIMH IIaramu, oopasyromnmx peibed moepxHoctu. [llepoxoBaTocTh MOBEPXHOCTH
MOCJ€ MEXaHMYECKOM O0paboOTKM — H3TO TE€OMETPUUYECKUN Clie]l PEXYILIEro WU
neopMUpyIOIIEero HHCTPYMEHTA (METANIMUECKOTO MM a0pa3suBHOIO), JBHXKYILETOCs
B COOTBETCTBUM C YCTAaHOBJIEHHBIM PEXHUMOM pE3aHUs, UCKAXKEHHBIA B pe3ysbTaTe
MJIACTUYECKOW W YIpyroi nedopmamuu W COMYTCTBYIOIICH TIpoLeCCy pe3aHus
BUOpAIMEll TEXHOJOTMYECKOW CUCTEMBbI CTaHOK—IIPUCTIOCOOIeHne—HUHCTPYMEHT—
JIeTallb.

B cranmapr Ha mepoxoBarocth mnoBepxHoctu I['OCT2789-73 /25/ Borwu
CJIEAYIOIINE XapaKTEPUCTUKH IIEPOXOBATOCTH:

e gvicomHuble. Ra-cpennee apudmMernyeckoe oTKIOHEeHHE npoduis; R~ BeicoTa
HEPOBHOCTEH NPO(MISA MO AECATH TOUYKAM; Rpax-HanOOJIBbIIAasi BBICOTA HEPOBHOCTEH
npoduis;

® wazo6ble. S-CPpeTHUN 1ar HEPOBHOCTEH 0 BEPIITNHAM JIOKAIbHBIX BBICTYIIOB;
Sm- cpenHuii mar HEpOBHOCTEMH; tp-OTHOCUTENIbHAS OMOpHAs AJUHA Npopuis, rae p -
YPOBEHb CEUEHUS MPOPUIISL.

B oCHOBY KOJMYECTBEHHOUN OIIEHKH XapaKTEPUCTHUK IIEPOXOBATOCTH IMPHUHATA
CHUCTEMa OTCYETa, B KOTOPOW B KauecTBEe 0a30BOM JIMHWUU CIIYXKUT CPEIHSS JHMHUS
npoduis. IIpoduns MOBEpXHOCTH CO CpPeAHEH JMHHEH W IPYTUMHU MapaMeTpamMu B
cootBercTBuM ¢ ['OCT 2789-73 mpusenen Ha puc. 3.1.
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Puc. 3.1. [Ipodusib TOBEpXHOCTH U €TO XapaKTEPUCTHKA
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Cpeonss nunus npoguns — 31o 0a3oBasi TUHUS, UMeroas GopMy HOMUHAIIBHOTO
npoduiis W TpPOBEACHHAS TaK, 4YTO B Ipenenax Oa3oBoi mHbBl | cpemnee
KBa/IPaTUYECKOE OTKJIOHEHHE TOYeK MPOQUIs OT 3TOM JIMHUM MUHUMAJIbHO. JIMHUA,
SKBUJIMCTAHTHASI CPEIHEH JTUHUU W TPOXOMAINAs Yepe3 BBICIIYI0 TOUYKY MPOGUIS B
npenenax 0a30BOM UIMHBI, HA3BIBACTCSA JuHUel Gvlcmynos npoghuns. Jluaus,
SKBUIMCTAHTHASI CPEIHEH JIMHUW W MPOXOJAIIas Yepe3 HHU3IIYI0 TOYKY Mpodwis B
npenenax 0a30BOM JTUHBI, HA3bIBACTCS JUHUEU 6nadun npoghuns. PaccTosiHre MeXIy
JIMHUEHN BBICTYIIOB POt U JUHUEH BHaguH npoduiis B npejenax 6a30BOM ITMHBI
MPEACTABIISIET COO0U HAUbOOILULYIO 8bicOMY HeposHOCel NPpoPuas Rmax.

Bvicoma evicmynos npoghuiss — 3T0 paccTosiHUE OT CpeAHe TMHUM PO 10
BBICIICH TOYKU BBICTYyMA MPOUIIS.

I'nybuna enadunvt npoguisi Yym— 3TO PACCTOSTHUE OT CpeAHEN JIMHUU NPODUIIL 10
HU3IICH TOYKH BIAIUHBI TPOQHITS.

Hepoenocmwv npoghuns — 310 BeICTYN NPOQHIIL M CONPSDKEHHAS ¢ HAUM BIAJAMHA
podus.

lllaz neposHocmeti npoghuisi — 3TO AJIMHA OTPE3Ka CpeHEN TUHUN TPODOUIIS Spi,
coJiepKalasi BeICTYI MPOGUis U CONMPSKEHHYIO ¢ HUM Braguny npoduis. Cpeonuil
waz HeposHocmeu npo@duis Sy — 3TO CpeiHEe 3HAUCHUE I11ara HEpOBHOCTEN mpoduiis
10 CpeAHEeH JIMHUY B Iipeseax 0a30BOM JAJIUHBI.

llaz mecmuvix vicmynog Si — 3TO JJIWHA OTpe3Ka CpelHEH JTHMHUHM MEXIY
MPOCKITUSAMHU Ha HEE ABYX HAMBBICIIUX TOYCK COCETHMX MECTHBIX BBICTYIIOB MPOQUIIS.
CpedHutl wiae Mecmuwix 6b1Cmynoe npoguisa S — 3T0 CpeHee 3HAUCHHE I1ara MECTHBIX
BBICTYTIOB B Mpefienax 0a30BOM IITUHBI.

JIJist OIIEHKH MIEPOXOBATOCTH TMOBEPXHOCTH B MAIIMHOCTPOCHUU HAWOOJIbIIEE
pacnpocTpaHeHHUE TIOyYHIIN JBa BEICOTHBIX KpuTepus R; u Ra.

Bvicoma neposnocmeti npoguns no decamu mouxam R; mpencraBisieT coboi
CYMMY CpPEIHHMX aOCOJIFOTHBIX 3HAUYEHUW BBICOT IMATH HAMOOJIBIIMX BBICTYTIOB MPOGUIISL
Y TIyOHH NSATH HAaUOOJIBIINX BIIaIUH MPOoGUIIs B ipeseiax 0a30Boi iuHbI podus |
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r7ie Ypmi — BBICOTA I-20 HAMOOJBIIETO BBICTYNAa MPOQUIS, Yymi — TIIyOHHA -0

R 3.1)

HanOOJIBIIIEH BIIATUHBI PO,

Cpeonee apugpmemuueckoe omkioneHue npogura R, mpencraBiser coboi
cpenHee apupMeTHIecKoe aOCONMIOTHBIX 3HAUCHUH OTKIOHCHUU TIpoduIiIsl B Mpeaenax
0a30BOil [IUHEI |:

1 ¢
R, =7, Iylox (3.2)
Nnu npubiamkeHHo

1 n
Ry =—2_|vil (3.3)

e
r7i€ Y — OTKJIOHEHHE MPOQuUiIs, ONPEACIIIEMOE PACCTOSIHUEM MEXAY 000N TOUKON
npoduiis ¥ cpenHeit auHMeH, | — 6a3oBas JUIMHA, 77 — YKCIIO BBHIOPAHHBIX TOYEK Ha

0a30BOI1 ITTUHE.

MHorue >KCITyaTallMOHHbBIE CBOWCTBA MOBEPXHOCTH 3aBUCAT OT (DaKTHUECKOM
MMOBEPXHOCTH COMPUKOCHOBEHUS C CONMPSKEHHBIMU JIETAISIMH, HAIpUMEP KOHTAKTHAA
XKECTKOCTh. I mnpuOIMAKEHHOM OLIEHKM BO3MOXXHOM TOBEPXHOCTH KOHTaKTa
UCIIOJIB3YETCSI KPUTEPUH 7, — ONOPHAS OUHA NPOuUs, KOTOPBIN ONpenensieTcsi CyMMOMR
JUIMH OTPE3KOB B Tpejeniax 0a30BOM JUIMHBI, OTCEKAEMbIX Ha 3aJlaHHOM YpPOBHE B
Marepuaie nmpoduiis JIMHUEH, SKBUIUCTAHTHOM CpelHer auHuu. s corocraBiieHUsS
OTNIOPHBIX BO3MOKHOCTEN Pa3HBIX MOBEPXHOCTEN, UMEIOIINX B TOM YUCJIE U OJJUHAKOBBIE
BBICOTHBIE XapaKTEPUCTUKH HEPOBHOCTEM Npoduiis, TMOJNB3YIOTCS KpUTEpUEM
OMHOCUMENbHOU ONOPHOU ONUHbL NPodus ty, KOTOPBIA ONPEAEIseTCs OTHOIIEHUEM
OTMIOPHOM JTMHBI poduiIs K 6a30BOM JITTUHE.

t, =70 =1y
T TP &0
i=1

rae bi — mmHa oTpeska, oTcekaeMoro B MaTepualie BhICTyNa Mpoduisi, p — YPOBEHb
cedyeHus npouiis, onpeaesieMblil paCCTOSTHUEM MEXIY JUHUEH BBICTYIIOB MPODUIIS U
JUHUEH, mepecekaronied Mnpoduib SKBUAUCTAHTHO JIMHUU BBICTYNOB MpOduIs,
BBIPAKEHHBIM B MPOLEHTAX OT Rpyax.

Bonbimoe 3HaueHue I MOBEPXHOCTEH, pabOTAIOMIMX B YCIOBHUSX TPEHHS
CKOJIB)KEHUSI UMEET HAIPaBJICHUE HEPOBHOCTEW. THIBI HaNpaBIECHUN HEPOBHOCTU B
cootBercTBUM ¢ ['OCT 2789-73 mpencraBiens! B Tabdi. 3.2.

Tabnuua 3.2. Tunel HanpaBJIeHU HEPOBHOCTEN MOBEPXHOCTH
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Turbl HanTpaBIICHAN Cxemarnueckoe
. Ilosscuenue
HEPOBHOCTEM M300paxKeHue

[TapannenbHOE — [TapannensHO JIMHUM, H300pakaromen

— Ha YCPTCIKC IIOBCPXHOCTD, K
MEPOXOBATOCTHU KOTOpOﬁ
YCTAaHABJIMBAKOTCA TpC6OBaHI/IH

[lepnenaukymsipHoe g I ' !i ] [lepneHANKYISIPHO JIMHUH,

n300paxaromieil Ha YepTexe
MOBEPXHOCTD, K IIEPOXOBATOCTH
KOTOPOM YCTaHABIIMBAKOTCS
TpeOOBaHMS

[IepexkpemmBaromeecs [lepekpemrBaHue B ABYX

HaIIpaBJICHUAX HAKJIIOHHO K JIMHUH,

M300paKaroIIei Ha YepTexe
MMOBEPXHOCTh, K IIEPOXOBATOCTH
KOTOPOM YCTaHABIIMBAKOTCS
TpeOOBaHUs

HpOPI?»BOJIBHOC | Paznuunbie HaIlIpaBJICHUA 110

OTHOIICHUIO K JIMITHH, H306pa>1<afomeﬁ

Ha YepTexkKe OBEPXHOCTD, K
HIEPOXOBATOCTHA KOTOPOM
YCTaHABJIUBAIOTCS TPeOOBaHUS

Kpyroo6pasnoe [Tpubau3uTeNbHO KPYrooOpa3Ho Mo
OTHOUIEHUIO K IIEHTPY MOBEPXHOCTH, K

LIEPOXOBATOCTH KOTOPOU

YCTaHAaBJIUBAIOTCA Tpe6OBaHI/I$I

PannaneHoe [IpubIM3UTENBHO PaAHAIIBHO 110
OTHOILLICHMIO K LIECHTPY IMOBEPXHOCTH, K

HIEPOXOBATOCTHA KOTOPOM

YCTaHAaBJIUBAIOTCA Tpe6OBaHI/I$I

JUis OLIEHKM HeCylell CIMOCOOHOCTH IIEPOXOBATOCTH B HACTOSLIEE BpEMs
HanOoJIee MIMPOKOe MPUMEHEHHUE MOTYYHJIa OTHOCUTENbHAsS ONOpHas KpuBasi mpoduis
MIOBEPXHOCTH, TIOCTPOCHHAS B OTHOCUTENIbHBIX KoopauHaTax (Puc. 3.2), onuceiBaeMas
ypaBHeHHeM (3.4). DTa kpuBas MOXKET ObITh MCITOJIb30BaHA U JUISI KOCBEHHOM OIICHKH
M3HOCOCTOMKOCTH IOBEPXHOCTH.

tp:bgv' y (35)
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rne  b,v-mapamerpsl HauyaNbHOTO ydYacTKa OMNOPHOM TOBEPXHOCTH, € -
OTHOCHUTENFHOE PACCTOSIHUE OT JMHHM BBICTYNOB €=Y/Rmax; Y- paccTossHUE OT JIMHUU

BBICTYIIOB, 1O paCCMAaTpHUBACMOI'0 YPOBHS, MKM.
H;
7

0
02 \\
04 \
06 \ Puc. 3.2. Omnophas kpusas
a8 \\ HpOCpI/IJ_IH.
AN
10

0 0z 04 06 08 10

Bonnucrocts moBepxHOCTH, coryacHo pekoMeHnanuu COB PC3951-73 - sto
COBOKYITHOCTb MEPUOJANYECKH MOBTOPSIOIINXCSI HEPOBHOCTEN, Y KOTOPBIX PACCTOSIHUSA
MEXIy CMEKHBIMU BO3BBIIIEHHOCTSIMU WM BIaJMHAMH MPEBBIIAIOT 0Aa30BYIO JUTHHY
JUIS. UMEIOIICICSl MIepOX0OBAaTOCTH MOBEepXHOCTH. Dusnuecku 0OOCHOBAHHOW, a TeM
0oJiee ecTeCTBEHHOM (DU3UYECKOM TPaHUIIbl MKy IIEPOXOBATOCTHIO M BOJIHUCTOCTHIO
MOBEPXHOCTHU KaK COBOKYITHOCTbIO HEPOBHOCTEH C 1l1araMu, MPEBHIIIAIOITUMU 0a30BYIO
JUIMHY, He nMeeTca. OHaKOo, HAJTM4YKUE BOJH Ha MIOBEPXHOCTHU MPUBOJNUT K YMEHBILICHUIO
onopHoM miomaay B 5—10 pa3 no cpaBHEHUIO C POBHOM IIEPOXOBATOM MTOBEPXHOCTHIO.

[To pexomennanuu COB (PC 3951-73) nnst OLIEHKH BOJIHUCTOCTU MOBEPXHOCTH
CJIEyeT YYUTHIBATh MAKCUMAJIBHYIO BBICOTY BOJHUCTOCTH WMAX, CPEIHIOI BHICOTY
BOJIHUCTOCTH 10 JiecsITH ToukaMm Wz, BeIYuCiIsieMble aHaJIOTMYHO mapameTpaM Rmax u
Rz mepoxoBaToCTH MOBEPXHOCTH, M CPETHUH AT BOJTHUCTOCTH SW, OTIpeIeIIeMOM KaKk
cpeaHee apu(METHUUECKOE PACCTOSIHUE M3 MATH 3HAYEHUU MEXKy BOJIHAMHU Ha TISATH
PaBHOBEITUKHX OTACIBHBIX YYaCTKaX W3MEPECHUM BOJIHUCTOCTH (QHAJOTUYHO MIary Sm
JUTSL 1IEpOXOBATOCTH). BOJTHBI MOTYT 00pa3oBhIBATHCA HA JETANX B JBYX B3aHMHO
NEPIEHIUKYJISIPHBIX HAMNpPaBJICHUSAX, B CBA3M C YE€M PEKOMEHAYETCS pa3inyarh
MPOJIOJBHYIO U MONEPEUYHYIO BOJIHUCTOCTb.

3.3 ®u3NKo-MeXaHHUYECKHE MOKA3aTe/ KauecTBa MOBEPXHOCTHOTO CJIOSI H
HX olpeJeseHue.

B moBepxHOCTHOM cioe aeTajed MalllhH CIEeAYyeT Pas3jindarb €ro HapyKHYIO
ITIOBEPXHOCTh, KOTOPasi COMPUKACAETCA C BHELIHEW CPENON, IOBEPXHOCTHBIN CIIOM U €T0
BEPXHIOI0 YaCTh — TPaHUYHBIA CIOH. CHenupuyHOCTh XUMUYECKUX, (PU3NIECKUX U
DHEPreTUYECKUX YCJIIOBUM HA BHEIIHENM ITOBEPXHOCTH PE3KO BBIACIAECT 3Ty YacCTh
MMOBEPXHOCTHOTO CJIOSI, HA3BAHHOT'O TPAaHUYHBIM CJIOEM.

[ToBepXHOCTh TBEPIOro TEJa, O CPABHEHHUIO C €r0 BHYTPEHHUM CTPOECHHUEM,
UMeeT psll ocobeHHocTel. JIFoOoi aToM, pacrooKeHHBIM BHYTPU TBEPIOTO Teja C
WJICATbHOM KPUCTAJUIMYECKON PEMIETKOW, HAXOAUTCS B COCTOSIHUM TOIBHUKHOTO
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YCTOMYMBOTO pPaBHOBECHUS, IIOCKOJBKY JUIi HEro MO BCEM HampaBlIECHUSIM
MHTEHCUBHOCTH CHJIOBOTO TIOJIsI OAMHAKOBA. B MHOM MOJI0XKEHUH OKa3bIBAIOTCS aTOMBI,
KOTOpBIE HAXOASATCS Y TIOBEPXHOCTH; OHU UMEIOT TOJIBKO OJHOCTOPOHHHE CBS3HM — B
TEJI0 MeTaJljIa, IOATOMY MX COCTOSIHUE HEYpaBHOBEIIEHHOE, HEyCTOMYMBOE, OHU OoJiee
aKTHBHBI, 00J1a71al0T U30BITOYHOM PHEPTrUer (CBOOOHOM) M0 CPAaBHEHHUIO C aTOMaMHU,
Haxo AuMucs B oobeme. [Ipy 3TOM aTOMBI OCTalOTCs Ha MOBEPXHOCTH TaM, /i€ ObLIN
B MOMEHT €€ 00pa30oBaHusl, 3TO U 00ECIEUYNBAET TBEPbIM TEIaM MaKpPOCKOIIUYECKYIO
HEU3MeHseMOCThb. [lOBEpXHOCTHAsE JHEPTrUs TPAHUYHOTO CJIOSI B HHUX CO3/aeTCs
IPUMEPHO B JABYX CIOSAX aToMOB (Ha Toimube mopsaka 10°—107 cm). Dtum u
OTIPE/IETISICTCS TIOHATUE «HAPYKHAS TTOBEPXHOCTH» TBEPAOTO Tea.

duznueckoe  COCTOsIHME  (CTPYKTypa, CBOMCTBA) UM HaNpsHKEHHOCTD
MOBEPXHOCTHOTO CJIOS JIETAId B OCHOBHOM SIBIIIFOTCSL  CJIEJICTBUEM  YIIPYro-
IUIACTUYECKOM AepopMaliii 1 MECTHOT'O HarpeBa, BO3HUKAIOIIUX B 30HE MEXaHUUECKON
00pabOTKH pe3aHNEeM HJIM IIOBEPXHOCTHBIM ITACTUYECKUM JIe(hOPMUPOBAHNEM, A TAKIKE
ABJICHUSIMU U Py3un aacopOMpOBaHHBIX aTOMOB U3 OKPY’Karolleu cpenbl. B cBs3u ¢
3THM IS OLICHKH (PU3MUYECKOTO COCTOSIHUS TIOBEPXHOCTHOTO CJIOSl JIETalId TIOCHe
MEXaHUYECKO 00pabOTKH PEKOMEHIYIOTCS CIEAYIOIINE TOKa3aTeIH.

Cmenenv  nnacmuueckou  Oegpopmayuu.  Ilnactudeckyro — nedopmaruio
XapaKkTepU3ylOT H3MEHEHUEM CTENEHU IUIACTUYECKOM aeopmanuu 1o TriayOuHe
IOBEPXHOCTHOTO CJ10s1 (IIOCIIOMHAs CTeNeHb Ae(OpMallin) Exc U CTENEHBIO JehopMaluu
OTJEJIbHBIX 3€PEH E;p.

Jledpopmayuonnoe ynpounenue (nHaxnen). JlebopmanmoHHOE YNPOYHEHUE
MIOBEPXHOCTHOTO CJIOSl OICHMBAIOT TAYyOMHONH hy W cTenmeHplo Hakiena u,, a
WHTEHCUBHOCThH HAKJIEMa MO TIyOMHE MOBEPXHOCTHOTO CIIOS — TPAJMEHTOM HaKIemna
Urp, SBISIOIIUMCS OCOOEHHO BaXKHBIM IOKa3aTeJIeM MOBEPXHOCTHOTO HakJjemna Mocie
OKOHYATETLHOMN M OTACIOYHON 00pabOTKM MOBEPXHOCTEN CUIIOBBIX JIeTaJeH:

u :Hymax_Hyucx _ AH,u (36)
H .
H /,lllCX H /JuCX
u =H,umax_H,uucx ZAH,u (37)
2p .
h, h,
rme H,.. 1 H,. — MakcumampHas u HCXOIHAs MHKPOTBEPAOCTh MeTasuia

MOBEPXHOCTHOTO CJIOSL.

HenocpeactBenHnoe omnpeneneHue creneHu n1edopManny MOBEPXHOCTHOTO CIIOS
UMEET W3BECTHBIC TPYAHOCTH, MOITOMY OOBIYHO OTPAHHYWBAIOTCS OTMPEICICHHUEM
napameTpoB 1e(hOpMaIMOHHOTO YIPOUYHEHUS.

Jlns ompeneneHus TIyOWMHBI, CTENEHW W TPAJAMCHTA HAKJIena HauOoJbIee
pacnpocTpaHeHHE MOJIYYHJIM METOAbl U3MEPEHHUs] MUKPOTBEPAOCTH HA MOBEPXHOCTU
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KOChIX 1UMGOB W TpH TOCIOWHOM CTPaBIMBAHUM, a TaKXKe METOIbI
PEHTIE€HOCTPYKTYPHOT'O aHAIU3a.

OCHOBHBIMM TIOKA3aTEIsIMH JJISI  XapaKTEPUCTUKU CYOCTPYKTYphl MeTaluia
TIOBEPXHOCTHOTO CJIOSI PEKOMEHIYIOTCSI pazMepsl (pparMeHToB |y 1 6110K0B |5 1 yriter
PA30pPUEHTUPOBKU UX dy, dp. OLEHKY HCKa)KEHHOCTH KPUCTAJUIMYECKOH PEIIETKU
MeETaJljIa TOBEPXHOCTHOTO CJI0S1 MOYKHO ITPOU3BOIUTH I10 IMAPAMETPAM PELIETKH , TIOT-
HOCTH JIMCJIOKAIIMN U KOHIECHTPAMA BAKAHCHH .

Ocmamounsie nanpaxycenus. 110sBI€HNE OCTATOYHBIX HAINPSHKEHUIN CBA3aHO C
YCJIOBUSIMHM M3TOTOBJICHUS JeTajlel, ¢ ux npeapictopueil. [loaroMy TexHoornyeckue
MPOIIECCHI U3TOTOBJICHUS ICTANCH JOJIKHBI TPOEKTUPOBATHCS C TAKUM PACUE€TOM, UTOOBI
BO3HHUKAIOIIME B IOBEPXHOCTHBIX CJIOSIX OCTAaTOYHBIE HAIPSIKEHUS TapaHTHUPOBAIU
HAJIS)KHOCTb pabOTHhI JIeTajeil B 3aJJaHHBIX YCIOBUIX IKCILTyaTaI|u.

B peanbHbIX ycHOBHSX B OOJBIIMHCTBE CIIy4aeB OCTATOYHBIC HANPSLKEHUS
BO3HUKAIOT B YCIOBHUSIX OJIHOBPEMEHHOTO JEHCTBHUSI pPa3UYHbIX (HaKTOPOB:
MEXaHUYECKUX, TEIUIOBBIX M (U3UKO-XUMUYECKUX. Tak, MpHU IJIACTHYECKON
neopManu  getaned U3 CIOXKHBIX CIUIABOB OCTATOYHBIE HAINPSIKEHUS MOTYT
BO3HUKHYTh OT OJIHOBPEMEHHOTO  HEOJHOPOJHOTO TMPOTEKAaHHUsSI  MPOIECCOB
riacTudeckoi pedopmanuu u GpazoBbIX mpeBpaileHuid. Hanpsbkenus B Metauie wid
CIUIaBE, HE3aBUCUMO OT NMPUYMH, UX BBI3BIBAIOIINX (OT BO3JCHCTBUS CUJI, TEIUIA, YACTHUIL
BBICOKOM PHEPrUM M JIp.), B (PU3MKE TBEPIIOTO Tejla PACCMATPUBAIOTCS KaK CIIEJCTBUE
MCKaXEHUS KPUCTAJUIMUYECKON PEIIETKH.

OcTtatouyHble HANPSKEHUST MOXKHO — KJacCU(PUIIMpoBaTh MO  IPU3HAKAM
IPOTSHKEHHOCTH CUJIOBOTO MOJsE U MO (u3myeckodl cymHocTu. OOuenpuHsITon
ABJISIETCA KiacCU(UKALIUS IO TIEPBOMY MPU3HAKY:

e Hampsbkenus 1-ro poga — MakpoOHamNpsDKEHHs, OXBATHIBAIOIIHME OOJIACTH,
COM3MEPUMBIE C pa3MepaMu JIeTalli; OHU UMEIOT OPUEHTAIMIO, CBA3aHHYIO ¢ (hopMOoi
JeTaliu; HEOAHOPOJIHOE Ne(OPMHUPOBAHHOE COCTOSIHUE JETald MOKET BO3HUKHYTH
1ocJe HEOAHOPOIHOM TIacTUYECKOU JeopmMaiiu B pe3ysibrare oOpabOTKU MeTalia
W JETAIM BOJIOUCHUEM, IMPOKATKOM, KOBKOHW, XOJIOJHOW IIPABKOM, pPE3aHUEM,
MEXaHUUYECKUM YIPOYHEHUEM TOBEPXHOCTH, a TaKXKe BCJIEACTBUE HEOJIHOPOIHOM
MJIACTUYECKOM Jepopmaliuy mpu HarpeBe U OXJIAKIECHUH; BCIICCTBHUE HEOHOPOIHOTO
U3MEHEHHS 00beMa Py (Pa30BbIX MPEBPAIICHUSIX, KaK B TBEPJOM COCTOSTHUU (3aKalka,
CTapeHHe, IIEMEHTAIMs CTaJId TBEPABIM KapOIOpU3aTOpOM U Jpyrue (Pu3uKo-
XUMUYECKHE TIPOIECChI), a TakKe TMpH HEOJHOPOJIHOM TPOTEKaHWH (DA30BBIX
MpEBpaIlEHU U3 KUJKOTO B TBEP/IOE COCTOSIHUE U HA00OPOT (LIEMEHTALIUS B KUIKUX
BAaHHAX, JJIEKTPOJIUTHYECKOE OCAXACHUE METAJUIOB, YycaJlka MNpU KpUCTAIUIM3ALUU
OTJIMBKM) U W3 TBEPAOr0 B Tra3000pa3HOE COCTOSHUE M HA0OOPOT (a30THpOBAHUE,
[IHAaHUPOBAHHUE U T'a30Basi [IEMEHTAI[HSI CTaJN).
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e HamnpsbkeHus 2-ro pola — MHMKPOHANPSDKEHUs, PacHpOCTpaHAIIIMECS Ha
OTIEIbHBIE 3€pHA METaJula WIA Ha TPYyNIy 3€peH; OHM BO3HMKAlOT B
HNOJUMKPUCTAIUIMUECKUX METaulax B mponecce aedopManuu OOdbIIMX 0OBEMOB B
pe3ysbTare B3auMOJICHCTBUS 3€pEH MEXKAY COO0M, K HUIM OTHOCAT TAaK)KE€ U HATIPSKEHUSI
BHYTPU OTIEIBHOIO 3€pHA, OOYCIIOBIEHHBIE MO3aUYHOCTBIO €r0 CTPYKTypbl —
pe3ynbTaT B3aMMOACHCTBHUS MEXKIY OTICIbHBIMH OJloKaMu. MHUKpOHATPSKEHUS
SBIIIIOTCA ~ CJEICTBUEM  HEOJHOPOJHOCTH  (PU3MYECKMX CBOMCTB  pa3IUYHBIX
KOMIIOHEHTOB TOJUKPUCTAIIa, a TaKXKe CTECHEHHBIX YCIOBUH JedopMaiuu
OTJEJIBHOTO 3€pHA M AHU30TPOIMH CBOMCTB BHYTpPH Hero. OCHOBHBIMH IIPUYMHAMMU
BO3HUKHOBEHUSI MUKPOHAINPSIKEHUH SIBISIFOTCS (ha30Bbl€ NpEBpAllleHUs], U3MEHEHUS
TEMIIEpaTypbl, aHU30TPOIH MEXAHUYECKUX CBOMCTB OTAEIBHBIX 3€PEH, IPAHULIBI 36PEH
U pacraj 3epHa Ha OJOKM Npu IiacTUYecKoil nedopmaunu. B mponecce crapenus B
MUKpPO- U CYOMHKPOCKONHMYECKHX OOBEMax BO3HUKAIOT JIOKAJIM30BAaHHBIE PE3KUE
KOHLIEHTpaluu HanpsbkeHui. [Ipyn n3MeHeHnu TeMneparypbl MUKPOHANPSKEHHUSI MOTYT
BO3HUKHYTh M3-3a HAJIMYMS B METAJUIC PA3JIMYHBIX IO NPUPOAE KOMIIOHEHTOB C
pa3IUYHBIMHA KO3 PUIMEHTaMU JTUHENHOTO pacliupeHus (Hanpumep, 3epHa rpadura B
YyryHe, CIly4aiiHble BKJIIOYEHHS), a TAKXKE W3-32 aHU30TPOIHMH CBOWMCTB OTIEIBHBIX
3epeH, OCOOEHHO /i METAJIOB C HEKYyOMYECKON pelIeTKoi, 00YCIOBIMBAIOIIEH
pasnuure B BEJIMYMHE JIMHEWHOTO PacIIMPEHHs MO pa3HbIM KpUCTAJIOrpaduyecKum
OCSIM.

e HanpspkeHuss 3-ro poma — CyOMHUKPOCKONMYECKHE, OTHOCAILIUECS K
VCKOKEHHUSIM aTOMHOM PEIIETKH KPUCTAJIa; OPUEHTALUsI UX CBSI3aHA CO CTPYKTYypOM
aTOMHOW pEIIETKH. B 3TOM cilydae TEpMUH «HAIPSKEHUS SBJISIETCS] BECbMA YCIOBHBIM
u OoJiee MpaBUIILHO MOJIb30BATHCS TEPMUHOM «CTATUUECKHE UCKAXKEHUS PEIIETKID WU
«ckaxeHus: 3-ro pona». IlpuunHOl 00pa3oBaHUS WCKAKEHHM KPUCTAIMYECKON
PELIETKY SIBJISIOTCS TJIaBHBIM 00pa30M JUCIIOKAIIMU U BHEAPEHHbIE aTOMbI. Pazinyator
TEPMOAMHAMUYECKAE M CTATHYECKHE MCKAKEHUS KPUCTAUIMYECKOW PELIETKU.
WckaxkeHHs] peleTKH, BbI3BaHHbIE TEIUJIOBBIMU KOJEOAHUSIMU, BCEr/la HUMEIOTCS B
KpHCTalle, Haxogsmemcs mpu Temmeparype Boime 0°K. Pacnpenenenue stHx
VUCKOKCHUM HENPEpPhIBHO HW3MEHSETCS, II09TOMY TAaKHWE HCKAXEHUS HAa3bIBAIOT
JUHAMUYeCKUMHU. Pacnpenenenne UCKaXXeHUH, BbI3BAHHBIX IPUCYTCTBUEM B PELIETKE
PacTBOPEHHBIX aTOMOB M PA3JIMYHOIO POJia HECOBEPUIEHCTB CTPYKTYpPHI, IPU HU3KHUX
TEMIIEPATYpPaX OCTACTCS IMOCTOSHHBIM, II09TOMY TaKWE MCKAKEHUS HA3bIBAIOT
CTaTUYECKUMU.

HanpsbkeHHOE  COCTOSIHME ~ TOBEPXHOCTHOTO — CJIOSA  JETAlIM  MOXKET
XapaKTEPU30BATHCSA HATMYMEM KaK COKUMAIOLIUX, TAK U PACTATUBAIOLIMX HANPSHKEHUM,
MAaKCHMAJIbBHOE€ 3HAYEHHE KOTOPBIX HE BCETJa MMEET MECTO Ha IIOBEPXHOCTH, a
CMeIlaeTcs B TiyOb MOBEPXHOCTHOTO CIIOSL.

60



BennuvHa W 3HAaK MaKpOHANPSDKEHUM  ONPEAENSIOTCS, MNPEXKIE BCETrO,
JVCIIOKALIMOHHOW CTPYKTYPOM M XapaKTEPOM paCIpeNeseHUs OUCIOKALMU U APYTUX
HECOBEPIICHCTB PEIICTKH M0 IIyOnHe 1e(h)OpMHUPOBAHHOTO TTOBEPXHOCTHOTO CIOS.

I'panuywsr 3epen. OCOOEHHOCTH KPHUCTAILUIMYECKOTO CTPOCHHUS MEK3EPEHHOTO
IPAaHUYHOTO CJI0S OOYCIIOBIMBAIOT W Pa3IMuMe HAMNPSHKEHHOTO COCTOSIHUSI MEXKITY
3epHaMH U BHYTPH 3epHa. TOJIIKMHA TPAHUYHOTO CJIOS COCTOUT U3 HEOOJBIIOT0 YHCIia
aTOMHBIX CJO€B (IPUMEPHO HAa OJIMH MOPSAJOK MEHBILIE 3€pHa), BCIEACTBUE YErO
HanpsDKEHUST HAa TpaHUIAX 3epeH OyAayT Kak Obl MEpPexXOJHBIMH  MEXIy
MUKPOHAIPSHKECHUSIMH U HAPsDKEHUSIME 3-10 pojia. CkoruieHne 00IbIIoro KOJIN4ecTBa
JUCIIOKAIM B MEX3EPEHHBIX TPAHUYHBIX CJIOSX BBI3BIBAET MHOTOYMCIICHHBIC
MCKKEHMSI aTOMHOM PEIIETKH, a 3TO MOPOXkAAaeT HampspkeHus 3-ro poxaa. Hapsay c
TUM TPaHUYHBIA CJIOW — 30HAa CHJIOBOTO B3aMMOJIEUCTBUSI MEXKIY OTACIIbHBIMU
3epHaMHU, KOTOpOE€ CO3/aeT I0J€ MHKPOHANPSDKEHUM, OXBaThIBAIOIIMX  BCHO
MOBEPXHOCTh 3€pHA.

Pacnao 3epna na 610ku. Paznenenue oobema 3epHa Ha OJIOKM (MO3aUYHOCTh
CTPYKTYpBI) CO3AAa€T B 3€pHE MHUKpOHANpspkeHus. [IpuuuHONW BO3HHMKHOBEHHUS HX
SBJIAIOTCS. BHOBb OOpa30BABIIMECS T'PAHULIBI MEXAY OJIOKaMHU, CTPOCHHE KOTOPBIX BO
MHOTOM TIOJOOHO TrpaHHIlaM 3epeH. B rpaHuuHom cioe wMexay OjiokaMu
HAKAIUIMBAIOTCS JUCIOKAIIMK M aTOMbI IPUMECEH, KOTOPhIE MCKAXAIOT KpUCTaJUIHYe-
CKYIO PELIETKY U MOPOXKAAt0T HanpskeHus. C yBennyeHueM aeopmaiu 3epHa pacTeT
U CTENEHb MO3aUYHOCTH €r0, BBIPACTAIOT HEYNPYTUE U3THObI, OKa3bIBAIOLIUE BIUSHUE
Ha Pa3BUTHE CHCTEMbl OJIOKOB, MX Pa30pHEHTHPOBKY, & 3TO OyAEeT CIOCOOCTBOBATh
JadbHEUIIeMY YCHJICHHUI0O HEpaBHOMEPHOCTEH naedopmaliuu OTAeiIbHBIX OJIOKOB. B
nporecce aepopManiu Hapsay C JApOOJECHUEM 3€peH Ha 00JIacTH, pa3jeieHHBIE
JUCIIOKAITMOHHBIMA CTEHKaMHU W MaJIOYTJIOBBIMU TPAHUIAMHU, MPOUCXOIUT TaKKe
CIIOKHAsl ynpyras AegopMaiis 3¢peH B 1I€JIOM U OTIEIbHBIX OJOKOB. JTa ympyras
nedopmariisi MOXKET ObITh BbI3BaHA M JIEHCTBUEM COCEIHHMX 3€peH, U 00pa3oBaHUEM
M30BITOYHBIX JUCIOKAIMKA OJHOTO 3HaKa BHYTpU OJIOKOB mpu jgedopmaruu. B
pe3yJabpTaTe TaKo! yInpyrou AepopManvy B MpeAenax 3epeH U 0JI0OKOB MEXKIIIOCKOCTHBIE
paccTOsIHUS U3MEHSIOTCS HeoJHOpoiHO (puc. 3.3).

Puc. 3.3. Cxema
HEOJHOPOJHOIO H3MECHCHHS
MEKILJIOCKOCTHBIX

PACCTOSIHUI MpH U3ruode: a —
JI0 U3ruda; 0 — rmocne u3ruoda
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Ecnu 0603HaunTh a0COMIOTHOE MaKCUMAJIbHOE YIIPYroe OTKJIOHEHHUE Mepruojia
pemietku uepe3 Aa, TO oTHomeHHMe Aa/a OyAeT XapakTepu30BaTh BEIMUYUHY
MaKCUMaJIbHOTO  YOPYroro OTKJIOHEHUS  MEXIUIOCKOCTHBIX  PAcCTOSIHMM — OT
paBHOBECHBIX. Bennuuny Aa/a mpUHUMAIOT 332 XapaKTEPUCTUKY MUKPOHAIPSIKEHUN
WIM HWCKAKEHMM 2-r0 poja. OTHM HCKAKEHMs BBI3BIBAIOT YIIMPEHUE JIMHUAW
peHTreHorpamMmbl AD, HO IOAYUHSFOTCS APYTHM 3aKOHOMEPHOCTSIM, YeM YIIUPEHHE 3a
CUeT U3MeJbUYCHHUs pa3MepoB 0JI0KoB. Bemnuuny, Aa/a onpeaensior o Gpopmyre

Aa _ Ab
a 4tgo® (3:8)
rie ® — yroJl OTpaXEHUs JIMHUU PEHTI€HOTPaMMBI.

VYhopyras nedopmaiiusi 3epHa BEPOSITHEE BCErO BBI3BIBAET TOJBKO HEKOTOPOE
nepepacnpeeieHie MUKPOHAIIPSKEHUH W BbIpaBHUBaHHE WX. [IpU peHTreHOBCKHUX
UCCJENOBAHMUSX TMOCJE  YIPYrouiacTudeckod aedopmanuu  oOHapYKUBAOTCS
MUKpPOHANpPsDKEHUST B OTAENbHBIX 3epHax. [lnactuueckas aedopmaivsi, BbI3bIBAOLIAS
pacnmax 3epHa Ha OJIOKHM, CONpPOBOXKIAeTCs 00pa30BaHUEM  3HAYUTENIbHBIX
MUKPOHAIPSHKEHUH, TI0 BETMUYHUHE OJIM3KUX K MPeeay TeKy4eCTH.

OTnrune Makpo - OT MUKPOHAIIPSKEHUIM 3aKJIF0YAETCsl HE TOJBKO B BEJIMYUHE
MacmTadba nposBICHUS UX. MaKkpOHANpPSKEHN MOTYT BO3ZHHUKATh B JIFOOOW CIUIOIIHOM
ONHOPOJAHOW M30TPONHOM cpene. MUKpOHAIpsHKEHHsT B TAKOM — Marepualie
CYILIECTBOBATh HE MOTYT, OHM MOTYT BO3HUKHYTh BCIJIECTBUE CYLIECTBEHHOMN
HEOJHOPOJIHOCTH KPUCTAINTMYECKOTO MaTepraia v €ro aHu30TPOIHBIX CBOMCTB.

Hckadicenusa Kpucmannuueckoii pewiemku (Hanpadxcenus 3-20 pooa) B
HaIIPSHDKEHHOM COCTOSIHUM TBEPJOIO Tela WrparoT BaXHYH poib. Hanpspkenus 3-ro
poJlia, CBsA3aHHBIE C OTKJIOHEHHEM aTOMOB OT IMOJIOKEHHSI PAaBHOBECHS B PEIIETKE, U
MUKPOHAIPSKEHUsI XapaKTEpU3YyIOT SHEPreTUYecKuil ypoBeHb 00padaThIBAEMOIo
MeTaia. [IoBbIIEHNE YPHEPTETUUECKOTO YPOBHS B HAKJIETIAHHOM METAIUIE JIEJIAET €r0
TEPMOJIMHAMHYECKH HEYCTOMYMBBIM MPU BCEX TEMIIEpaTypax, OH BCErja CTPEMUTCS
nepeiT B 6osee cTabUiIbHOE COCTOSTHUE C MEHBLIEH CBOOOHOM SHEPTHEH.

Anuzomponua mexanuueckux c60iicmeé 6 omoenbHbvix 3epHax. B pearbHOM
NOJINKPUCTAIUIMYECKOM METAJIJIE BMECTO IIPEAIIOIAraeMoro 1o pacuyery paBHOMEPHOTO
pacnpeneneHus HamnpspKEHUM OT  JCWCTBUSL BHELIHEW HArpy3Kh HMMEET MECTO
3HaYUTeNIbHAs HEPAaBHOMEPHOCTb HampspkeHHH (nedopmanuil) B OTAEIbHBIX 3epHax
Metauia. HepaBHoMepHas miactuyeckas jnedopmanus o0ycIoBIMBAETCS Pa3HUIICH B
MOAYJISIX YHOPYTOCTH Pa3MYHBIX arperaroB, oOpa3yoIIUX MOJUKPUCTAIUI, a TaKkKe
HEOJMHAKOBOM CIIOCOOHOCTHIO 1€(POPMUPOBATHCS MO Pa3HBbIM KPUCTAIIIOTpaPUYECKUM
OCSIM OZTHOTO U TOT'O K€ 3€pHa, KOTOPas ONPEAEIISIETCS BEIIMUYMHON MOYJIEH YIPYTOCTH
E wu G. Ilpu otcyrctBum mpeoOiafarmiel OpUEHTAUH 3€PEH  BEIUYUHY
HEPaBHOMEPHOCTU HAIpPSOKEHUHM B KAKOM-TO MEpEe XapaKTEpHU3yeT OTHOIIECHHE
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MaKCUMaJIbHbIX M MUHUMAJbHBIX 3HAUY€HUW MOAyJisd ynpyroctd. Ilo ymponieHHbIM
TEOPETUYECKUM pacyeTaM JUIsi METaJUIOB C KyOMYECKOM perieTkold HepaBHOMEPHOCTh
HampspkeHuil  coctaBisier npumepHo  30%. B A€MCTBUTENBHOCTH  CTENEHb
HEPaBHOMEPHOCTH 3HAYUTEIILHO BbIlIE. B monmkpucrasmie gaxe npu MakKpOCKOITMYECKU
OJTHOPOJTHOM TI0JI€ HAMNpsDKEHUM IulacThydeckas aegopManus pacnpenensercs B
MUKpPOOOBbEMax HEPABHOMEPHO, CTETNIEHh HEPABHOMEPHOCTH MPHU 3TOM jtocTuraet 400—
500%. C pa3BuTHEM IJIACTHYECKON AeopMaliiy pa3HAIA B HATPSHKCHUSAX OTIACTBHBIX
3epeH JOJDKHA CHUXKaTbes. [Ipu pasrpyske OKOJIO TUIaCTUYECKH AePOPMHUPOBAHHBIX
3epeH BO3HHUKAeT 30HA MHUKpoHampspkeHHil. [loBTOpHBIE HarpykeHus emie OoJiblie
YCIIOXKHSIOT KapTUHY paclpeesieHus] HanpsHKeHU B MUKpooObeme. TakuM oOpazom,
aHU30TPOIUS MEXaHUYECKUX CBOMCTB MPHU MOBTOPHBIX HATPYKEHUSIX MOXKET IPUBECTH
K BO3HUKHOBEHUIO HEPAaBHOMEPHO PACIIPEICIICHHBIX MUKPOHAPSIKEHU.

JUtst n3MEpEeHNs] MAKPOHAIIPSKEHUI B OCHOBHOM IPUMEHSIOTCS: MEXaHUYECKUI
U PEHTTCHOBCKHM MeTo/ibl. MeXaHM4YeCcKuii METOJI OCHOBAH Ha 3aMepe mporuda wiu
nedopmali Ha CTEPKHSX MPSAMOYTOJIBHOTO CEUEHUS U MIACTUHAX, WM Ha KOJIbLIAX U
MOJIOCKAX, BBIPE3aHHBIX M3 TOHKOCTEHHON TpyObl (BTYJKH). PEHTr€HOBCKMI METO.,
MO3BOJISIONIMN BBIYACIUTh MaKpOHANPSKEHUS HEMOCPEICTBEHHO B JIFOOOM TOYKE Ha
NOBEPXHOCTU ©0€3 pa3pylleHus JeTaiud. TOYHOCTh OINpeAeNieHUus HanpsKEeHUi
OTHOCHTENLHO HeBHICOKasA (£5—20 krc/mMm?). BO3HHMKAIOT TakKe TPYIHOCTH IPH
pa3AelieHuu MakKpo- U MHUKPOHAIPSIKEHUM B HAKJICMAHHBIX MOBEPXHOCTHBIX CIOSX.
MukpoHanpsKEHHS U UCKAKEHUS KPUCTANIMYECKON PEIIETKH OIPEIEISAIOTCS TOJIBKO C
MOMOILBIO METOJIOB PEHTT€HOCTPYKTYPHOTO aHAJIK3a.

3.4 BausiHue moka3aTejieli KauecTBa MOBEPXHOCTH HAa IKCILUIyaTAlIMOHHBIE
CBOMCTBA JieTajiell MAalIKH.

Kak yxe ymoMHHanocp, mOKa3aTeJd KayecTBa ITOBEPXHOCTH OKa3bIBAIOT
pelarliee BIMSHUE HA €€ JKCIUIyaTallMOHHbIE cBoWcTBa. [IpmyueM 1is Kaxaoro
HKCIUTyaTallMOHHOTO CBOMCTBA €CTh OMpe/eiICHHBI HAOOp IMOKa3aTele KauecTsa,
KOTOpBI€ U (POPMUPYIOT ITO CBOMCTBO, OJTHU B OOJIBIIICH CTENEHU, APYTHUE B MEHBIIICH.
B Tabmume 3.3 mpencraBieHa B3aMMOCBS3b JKCILTyaTAllMOHHBIX CBOWCTB JcTaliel
MAIllMH C TOKA3aTeJsIMH KA4eCTBa WX IMOBEPXHOCTH C TpajallMed Mo CTENEeHU HX
BIIUSIHUSL.

Tabn. 3.3. B3auMoCBs3b SKCIITyaTallMOHHBIX CBOMCTB JieTallel MallliH C MOKa3aTelsaIMu

KayecTBa 170 MIOBEPXHOCTEH U MIOBEPXHOCTHBIX CJIOCB [24]
http://stehmash.narod.ru/stmistr6tabl.htm
dusuko-
DKCIUTyaTaluOHHbBIC ['eomeTpryecKUe XapaKTEPUCTUKH
. MEXaHHYECKUE
CBOICTBa MTOBEPXHOCTH
XapaKTePUCTUKH
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http://stehmash.narod.ru/stm1str6tab1.htm

IOBEPXHOCTHOTO
cios
Ocra-
Haxsen
TOYHbIE
Bonnu- IOBEPX-
[lTepoxoBaToCTh Ha-
CTOCTb HOCT-
npsiKe-
HOTOCJIOS
HUS
Ra Rz Rmax Sm S tp r I’/ Wa Wmax SW H h (0 hc
N3HOCOCTOUKOCTS:
TpeHue Oe3 cMasouHoro| + [+ | + |+ +71(4+71 + + |+ +71 [+ 47
Marepuana
Tpenue + + |+ [F 4 |+ [+ 4+ |47 4 +71
Tpenwue co cMa30uHbBIM | 1 1 1 1
e i T S o B s I B + |+
MaTepHaioM
N30uparenbHbIii *1 -
x ++| + |+ ++ |+ |+ + |+ |+ +
MepeHoc
ComnpoTusieHnue « . * P T R
P + |+ |+ + ++1 +1 4+ |+ 444
YCTaJIOCTH
KoHTakTHas )KECTKOCTB | + | + | + |+ +71471 + + [+]+7 +
BubpoycroiiunBocts | + | + | + [+ [+7+™ + + |+ + |+ |4+
Koppo3nonHnas . * w1 |
pvp + |+ + [+ + [+ + |+ + |+ | T+ 44
CTOMKOCTB
IIpounocTh 1] L1
+ |+ + +71+ + + | +
COCIMHEHUS C HATSITOM
[InotHOCTH (TEPMETHY- | x
(pv + 4+ o+ [+ [+ +1 0+ |+
HOCTB) COCTMHEHUIN
[IpouHOCTH CUEIUIEHUT . N . .
P UH S o o S I B B I I e I N e B e B B s
MTOKPBITHHA
O0TexaeMoCTh TazaMu |, * “
+ |+ |+ [ O+ |+
U )KUJIKOCTSIMU
“IXapakTepucTuKM,  OKa3bIBAIONIME  OCHOBHOE  BIMSHME  Ha  JaHHOE
DKCIUIyaTallMOHHOE CBOWCTBO.
“2WN36oupatensrbiii nepenoc (MII) — Bua (PUKIMOHHOTO B3aMMOIEHCTBUS,

XapaKkTepU3yeMbli B OCHOBHOM MOJICKYJISIPHOM COCTaBJIAIOLIEH CHJIBI TPEHUS.
VYeroituuBeiM npusHakoM UIT sBasiercss oOpazoBaHMe 3alIUTHOW METATIMYECKON

IIJICHKMH, O6JI3I[3IOHICI>1 CIIOCOOHOCTBIO CHMKATh TPCHUC U YMCHbIIATh U3HOC.

O0o03HaueHUA:

Ra — cpennee apudmernyeckoe OTKIOHEHHE MPOQuIs,
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Rz — BbIcOTa HEpOBHOCTEM MPOPUIIS IO JECATH TOUKaM,
Rmax — HanbosbIas BbICOTa HEPOBHOCTEH Mpoduis,
SMm — cpenHuii mar MECTHBIX BBICTYIIOB TPOQUIIs;

t, — OTHOCUTENbHAs ONOPHAs JIMHA POQUIIS,

I — paaunyc 3aKpyIJICHUS BBICTYIIOB;

I' — paauyc 3aKpyrieHus BIIaJuH,

Wa — cpennee apudMeTndecKoe OTKIOHEHHUE PO BOJH,
Wmax — Hanbopias BEICOTa BOJIH,

SW — cpeanumii mar HEpOBHOCTEH BOJIH;

H — MHKpOTBEpIOCTh MOBEPXHOCTHOIO CJIOS,

h — ryOuHa HaKJIEaHHOTO CJIOA,

G — OCTAaTOYHbIC HAIPSKEHUSI HA TTIOBEPXHOCTH,

h,— riryOWHa 3ajieraHns OCTaTOYHBIX HAMPSKCHUH.

KonTpoJsbHbIe BONPOCHI K IJ1aBe 3.

1. Yto NOHMMAIOT MOJT Ka4€CTBOM MOBEPXHOCTHOTO CJIOS JeTan?

2. llpuBenure knaccudukaiuio nmokazareiae kauecTBa MOBEPXHOCTHOTO CIIOSI.

3. Kaxkue nokazarenu kauecTBa MOBEPXHOCTHOTO CJIOSI OTHOCSITCS K
T€OMETPUYECKUM?

4. Yto Takoe mepoXoBaTOCTU U BOMHUCTOCTh? Kaknmu nokasaTensiMu OHU
OLICHUBAIOTCSA?

5. YUto xapakTepusyeT OTHOCUTEIbHAS ONOpHAasi KpuBas npoduis?

6. Kakue mokazarenu kauecTBa MOBEPXHOCTHOTO CJIOSI OTHOCSITCS K (PU3UKO-
MEXaHUYECKUM?

7. Kaxum nporeccamu popmupyetcsi GU3NIecKoe COCTOSTHUE TTOBEPXHOCTHOTO
ciiog neranu?

8. Kaxmmm mokazaTeinsiMu XapaKTepu3yIOT MIIACTUYECKYIO nedopmariuio?

9. Kakumu mokazaTensiMu OIICHUBAIOT JAe(OPMAIIOHHOE YIIPOYHCHHE
ITOBEPXHOCTHOTO CJOA?

10.KaxuMm 00pa3oM mokasaresid KauecTBa MOBEPXHOCTU BIUSAIOT HA
AKCILTyaTallMOHHBIE CBOMCTBA JieTajael MalliuH?

4. OU3MKO-TEXHOJOTHYEeCKHE OCHOBBI MeTOA0B (OpMUPOBAHHS KadyecTBa
NMOBEPXHOCTH M JIKCIUIYyaTALMOHHBIX CBOWCTB JeTajieli MallMH M MeTOAbI MX
peaaM3anuu

4.1 ObGecneueHre Ka4eCTBA M IKCIIyaTAIMOHHBIX CBOMCTB JIeTajJled MAalluH
HA CTAaAMH KOHCTPYKTOPCKO-TEXHOJIOTHYeCKO# MOArOTOBKH MPON3BOCTBA.

KonctpykTop, pa3pabarhiBasi KOHCTPYKIMIO MAaIllMHBI, MEXaHHU3Ma, KaKOro-
7100 yCTpOWCTBA U T.JA., 00€CTIEUNBAECT HE TOJHKO COOTBETCTBYIOIINNA TEXHUYECKOMY
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3aJJaHUI0 YpOBEHb TMOKa3aTelell Ha3HAueHHsA, HO M HEOOXOIUMBbIE IOKa3aTelu
HAJCKHOCTU H3JENUs, B TOM 4YHCIe pecypc paboTbl. TpeOoBaHHS K HaJIEKHOCTH
YCTaHABIMBAET 3aKa3YMK IO COTJACOBAHMUIO C Pa3pabOTUYMKOM (M3TOTOBUTENIEM) C
Y4ETOM YPOBHSI HAJEKHOCTH JIyUIIUX OTEYECTBEHHBIX M 3apyOeKHBIX aHAJIOTOB
(MPOTOTUIIOB) U SKOHOMHUYECKUX, IKOJIOTMUECKMX M Jpyrux ¢aktopoB. [lpu sTom
BBITIOJIHEHUE TPeOOBaHUM K HAJCKHOCTH U3ACIIUNA T0JKHO MOATBEPKIAThCS pacueTaMu
Ha JTare MPOCKTHUPOBAHMSI, UCIIBITAHUSAMU OIBITHBIX OOPa3IOB W KOHTPOJUPOBATHCS
IIPU CEPUITHOM HM3rOTOBJIEHUU WU IUIAHOBOM PEMOHTE M3JEIUH, a TAaKKE B MEPUOJ HX
IKCILTyaTal|H.

I[Ipu oOecnieueHun TOKa3aTeNeld HAJAEKHOCTH KOHCTPYKTOP  JIOJIKEH
paccMaTpuBaTh BCIO MPOOJEMy B 1I€JIOM U BBIOMpPATh COOTBETCTBYIOIIUE METOIbI
oOecrieueHus: HaJIeKHOCTH. Y KOHCTPYKTOpPA B Pe3ePBE UMEETCS JOCTATOYHO OO0JIBIIION
HAa0Op UHCTPYMEHTOB 00€CTIeUeHUS HAJIEKHOCTU U3/EIUs, B TOM YHCIIE:

- oOecrieueHre PEMOHTOIPUTOTHOCTH;

- 3allIMTa OT IIOMEX U NEPErPy30K;

- yHUUKAIUSI KOHCTPYKITUH;

- 0OTpabOTKa Ha TEXHOJIOTUYHOCTB;

- pa3paboTKa CHEIUATbHBIX TEXHUYECKUX YCIOBUM U JIp.

OaHMM W3 HHCTPYMEHTOB OOECHEUEHHUs HAJeKHOCTH H3JENUs B LEJIOM
ABJIIETCS 0OecreueHrne TpeOyeMbIX IKCIUTyaTallMOHHBIX CBOMCTB JE€Tale MalllH, TakK
KaK OHM B BEChbMa 3HAUUTEIHLHON CTETNEHH OIPEACNSIOT pecypc paboThl MAaIIUHBI U
TpeOyeMbIil ypOBEHb KauecTBa €€ PyHKIIMOHUPOBAHUS. 3a/1aua KOHCTPYKTOpa BHIOpaTh
ONTUMAJIbHBIE YHUCJICHHBIE XapAaKTEPUCTUKH HKCILTyaTallMOHHBIX CBOMCTB JeTajeit
U3JIETUSl U KOPPEKTHO TPaHC(OPMHUPOBATH X B COOTBETCTBYIOLINI HA0Op MOKazaTenen
KadecTBa JeTajeil, B TOM YMCIIe U TOKa3aTelel KauecTBa MOBEPXHOCTHOTO CIIOSA. DTH
MOKA3aTeNli KauyeCcTBa OTPAkKaKTCs B TEXHUUECKON TOKYMEHTAIlMU Ha U3EIUE B BUC
pa3MepoOB C JONYCKaMH, IMapaMETPOB IIEPOXOBATOCTH, a TAKXKE B TEXHHYECKUX
TpeOOBaHMIX, TJI€ MOTYT OBITH yKa3aHbl TpeOOBaHUS K TEPMUUYECKOW 0O0paboTke,
KOHTPOJII0, HAHECEHUIO MOKPBITUH, YIIPOUHSAIOIIEH I OTAEIOYHOM 00paboTKe U JIp.

Jlanee TEXHOJOT JOJDKEH CHPOEKTHPOBATH TAKOW TEXHOJOTMYECKHH MpOoLECC,
KOTOpPbI B TIOJIHOM Mepe oOecnedyuT TpeOyeMblii ypOBEHb (UHCIICHHbBIE 3HAYEHUS)
3aJJaHHBIX KOHCTPYKTOPOM IIOKa3aTeIed KauecTBa JE€TAJIEN, B TOM YUCIIE U IOKa3aTeIeu
Ka4eCTBa MOBEPXHOCTHOTO CJIOSI. TE€XHOJIOTMYECKUW MPOLECC U3TOTOBICHUS AETajeh
JIOJDKEH pa3padaThiBaThCsl C YYETOM YCIIOBHM, B KOTOPBIX OHU B JaJIbHEWIIeM OymyT
paboTarts.

B kauectBe npumepa, nokaxkeM Kak U3HOCOCTOMKOCTH JAECTajed MallWH MOXHO
MOBBICUTbH IyTEM IIPOCTOTO U3MEHEHHSI METO1a 00paOOTKU MU JIaXKe peKMMa pe3aHusl,
WIM TEOMETPUM pEeXyIlero HMHCTpymMeHTa. lIpu TpeHUM CONpPSKEHHBIX JeTalei,
00pabOTaHHBIX C OJWHAKOBOW TOYHOCTHIO W IIEPOXOBATOCTHIO, HAMOOJBIINI HU3HOC
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UMEIOT OTBEPCTHSI, IOBECHHbBIE CBOOOTHBIM a0pa3nuBOM, a Ha0O0JIee N3HOCOCTOMKUMU
OKa3bIBAIOTCSl XOHMHTOBaHHBIE BTYJIKH. BrusiHue MeTog0B 00pab0TKH MOBEPXHOCTEH C
MaJIOW I[IEPOXOBATOCTBIO HA HW3HOCOCTOMKOCTh JETAIE TaKKe MOKA3bIBAKOT
JIECATUYACOBBIE UCIIBITAHUSI U3HOCOCTOMKOCTH TIJIOCKOCTEW CTOJIMKOB U3MEPUTEIBHBIX
pUOOPOB U3 3aKAICHHOW cTain Y8A B yCIOBHUSAX Cyxoro TpeHus ¢ aaieHueM 0,098
MlIla (1 xrc/cm2). [Ipu oguHAKOBOM MIOCKOCTHOCTH U IIEPOXOBATOCTH MOBEPXHOCTH,
cooTBeTcTBYMOMmEH 0,8 MKM, CTONIMKH, NUTM(OBAHHBIE C TOHKOM MpPaBKOil a0pa3uBHOTO
KEpaMHU4YEeCKOro Kpyra, H3Hocwidch modytd Ha 40% MeHblIe, 4YeM CTOJIMKH,
nutndoBaHHBIE TPAUTOBBIM KPYTOM, M CTOJUKH, IOBEJACHHBIE CBOOOHBIM aOpa3uBOM.
[Ipu o00paboTke Tex ke jaeraned ¢ mepoxoBarocThio Ra0,4 MKM HaMBBICIIYIO
M3HOCOCTOMKOCTh MOKAa3alu CTOJIUKH, NITM(OBAHHBIE TPA(QUTOBBIM KPYrOM, a CaMblit
OOJBIION HW3HOC WMENIM JIeTaju, JOBEICHHbIE CBOOOAHBIM abpa3uBoM. BrusHue
METOJIOB M PEXHMOB 00pabOTKU AeTajiell Ha MUX M3HOCOCTOMKOCTh B 3HAYUTENIbHOM
CTENEHU OO0YCIIOBJIEHO MIEPOXOBATOCTHIO TPYILUXCS MOBEPXHOCTEW U IMapaMeTpamMu
OMOPHBIX KPUBBIX IEPOXOBATOCTH MTOBEPXHOCTEH, a TAK)KE CTENEHBIO UX HAKJIENa. JTO
OOBSCHSAETCS €le M TEM, YTO H3HOCOCTOMKOCTh NMOBEPXHOCTH JI€Tajedl 3aBUCHUT, B
YaCTHOCTH, OT UX HECylled CIOCOOHOCTH, ONpEAesieMOl MpPOU3BEIECHUEM
(akTHYECKOM OMOPHOM MOBEPXHOCTU HA MPEEN TEKYUECTH MeTalljla TOBEPXHOCTHOTO
CJIOA.

JUIsL TIOBBIIEHUS] U3HOCOCTOMKOCTU MOYKET TaK)KE IPUMEHSATHCA YeMeHmayus,
asomuposanue, TaTbBAaHUUECKUE TOKPBITUS JI€Talel, TOBEPXHOCTHAS 3aKaJIKa Ta30BbIM
IJIaMEHEM,  BBICOKOYACTOTHAs  3aKajika,  IUlacTH4eckoe  AedOpMHpOBaHUE
(oOkaTbIBaHME, pacKaThIBaHUE, NMPOIIMBaHUE, KanuOpoBaHue). B mocnennee Bpems As
MOBBIIIEHUS HW3HOCOCTOMKOCTM BCE 4Yalle MNPUMEHAIOT MaTepuaigbl Ha OCHOBE
MTOJIMMEPOB, CIIOCOOHBIX padboTaTh 0€3 CMa3KH 3a CUYET OTIACICHUS JUIMHHBIX MOJICKYII,
MOXOKUX IO CBOMM CBOWCTBaM Ha CMa304YHble MaTepHalbl; YIJerpa@UTHBIX U
METaJUIOKEPAMUYECKUX MAaTE€pUaloB, IEPBbIE W3 KOTOPBIX BBIAECISAIOT B KAayeCTBE
CMa3Kl MSTKHE YTOJIbHBIE YaCTUIbl, a BTOpbIE 00JIAZAlOT YpPEe3BBIYAIHO BBICOKOM
TBEPIOCTBIO.

YcranocTtHas NPOYHOCTh AETANCW MAIlMH TaKXXE B 3HAYUTEIBHOW CTEIECHU
3aBUCUT OT METOAOB 00paboTku neraneil. IIpumeHeHue paznIuyHOM TEXHOJOTUU
o0paboTku neraneil u3 Hepkaperomed crtanmu 2X13 yBeaMUMBAET YCTaJOCTHYIO
npouHocth ¢ 206 go 363 Mlla (¢ 21 mo 37 xrc/mm2). [lpu 3TOM HauBBICHTYIO
YCTAJIOCTHYIO MPOYHOCTH IMOKA3bIBAIOT JETaIM, MOJUPOBAHHBIE IMMOCJIE MPOJOJBHOIO
CTporaHusi, 0ojiee HU3KYI YCTaJOCTHYIO mpodHocTh (353 MlIla (36 krc/mm2)),
oOpaboTtanHble (pe3epoBaHUEM ¢ IIepoxoBaTocThio 14,0 MKM U MPOJOJIbHBIM
HalpaBjeHUEM pPHUCOK. MuHuManbHylo npodHocTh (334 Mlla (34 krc/mm2))
MOKAa3bIBAIOT JETaIM, MOCE MOJMPOBAHUSA C MOMNEPEYHBIM HANpaBiICHUEM IITPUXOB
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00pabOTKHU U MOCJe MOJIUPOBAHUE C MOMEPEUYHBIM HAMIPABICHUEM ITPUXOB 00PaOOTKU
(304 MIIa (31 krc/Mmm2)).

VYBenuyeHue CKOpPOCTHM pPe3aHus MpPU TOYEHHUU BBICOKOIPOYHOM CTanw,
BOCIIPMHHUMAIOIIEN 3aKajKy, BEAET K MOBBIIICHUIO YCTAIIOCTHON MPOYHOCTH Ha 12—
30%. YBennuenue nogayu npu TO4eHUU ctainu S0 B CBA3U C €€ YIIPOUHEHUEM IIPH POCTE
Harpy3kd IOBBIIIAET YCTAJOCTHYKO IMPOYHOCTh, & MPU TOUYECHHM 3aKAJICHHON CTalH
30XI'CMIJI B cBA3U C €€ OTIYCKOM CHHYXKAeT YCTAJIOCTHYIO MPOYHOCTh. OCOOEHHO
CHJIBHO BIIUSIIOT PEKUMBI 00paOOTKU Ha YCTAIIOCTHYIO TPOYHOCTh TUTAHOBBIX CILJIABOB.
Hanpumep, mnpu kpyrioMm numdoBanuu TuTaHoBoro cimaBa BT3-1 u3smenenue
pexuMOB UIM(OBaHUS (CKOPOCTH Kpyra M JeTanu) U aOpa3uBHBIX MaTepHAIOB
MPUBOJUT K BO3PACTAaHUIO YCTAJIOCTHOM MpodHOCTH co 154 mo 432 Mlla (¢ 16 no 44
Krc/Mm2), T. €. TIOYTH BTPOE.

Takum 00pa3oM Tmpu TPOEKTUPOBAHUM TEXHOJOTMYECKOrO  Ipoliecca
M3rOTOBJICHUSI JE€TAIM HEOOXOAUMO NOJAOUpPAaTh TAKUE METOBI U PEKUMBI 00pabOTKH,
KOTOpble oOecrneynBaid Obl ONTUMAJIbHOE, C TOYKM 3PEHHS SKCIUTyaTallMOHHBIX
CBOMCTB JETaJId, KAY€CTBO MOBEPXHOCTHOro ciios. Kakaplii U3 mMeTo/10B 00pabOTKH
MIOMHUMO 33JIaHHOTO YPOBHSI [TOKa3aTesiel kauecTBa (GOPMUPYET TAKKE U PSIJI IPYTUX €T0
XapaKTEPUCTUK, MPUYEM 3HAUCHHS STUX XAPAKTEPUCTUK MOTYT B 3HAYUTEILHOU MEpE
OTpaHUYMBATh  PEKUMBI  OOpaOOTKM, BIUSAA HAa  TaKUe  XapaKTEPUCTUKHU
TEXHOJIOTUYECKOr0 TMpolecca, KaK MPOU3BOAUTENBHOCTh U TEXHOJOTHYECKAs
ce0eCTOUMOCTb.

TpeOGoBaHus K MapaMeTpam HIEPOXOBATOCTH YCTAHABIMBAIOT HA OCHOBAaHUM UX
CBSI3U C (DYHKIIMOHAJIBHBIMU MMOKA3aTEJISIMU JIeTajlield MalluH, TPUYEM 3HAYEHUS ITUX
napaMeTpoB MOTYT OBITh pPAacCCUUTaHBl IO TEOPETUYECKUM WM SMIUPUUYECKUM
YPAaBHEHHUSIM CBSI3U IOKa3aTEJICH SKCIUTYaTAlMOHHBIX CBOMCTB JETajeld MalluH U UX
COCMHEHUH C XapaKTepUCTHKAMH KauecTBa oBepXxHocTel (Tabu. 1.3, mpuiioxkeHue A).

4.2 Buusinue Je3BHiiHOW u a0pa3uBHOH 00padOTKUM HAa MNOKa3aTeJn
Ka4eCTBAa U IKCILUIyaTAIlMOHHBbIE CBOMCTBA MOBEPXHOCTEH JIeTajleid MAIlIMH

[Ipu ne3BuitHON 00paboTKe (TOueHUH, (Ppe3epoBaHUU, CBEPICHUU U Ap.)
dbopmMupyeTCsl He TOJIBKO MUKPOPEIIbed) MOBEPXHOCTH (IIIEPOXOBATOCTh, BOJIHUCTOCTD),
HO W TOJ JEUCTBHEM pa3NUYHBIX (PaKkTOpoB (TEIIOBOTO 3(PdeKkTa, TIacTuIecKon
nedopmaii B 30HE pE3aHUS H JIp.) U3MEHSIOTCA TakWe TMapaMeTphl, Kak
MUKPOTBEPAOCTh, OCTAaTOYHbIC HaNpsbKeHWss W Ap. [Ipm 3TOM 1IEpoXOBATOCTH
MOBEPXHOCTHU SIBJISIETCSl YIPaBIsEMbIM MapaMeTpOM, a OCTAJIbHBIE XAPAKTEPUCTUKU
dbopMuUpYyIOTCSI KAk  HEYNpaBjseMble  MapamMeTpbl W SBJSIOTCS  CKOpee
OTPaHUYMBAIOIIUMH YCJIOBUSAMM IPU HA3HAYCHUU DPEXUMa OOpadOTKH, T€OMETPUU
WHCTPYMEHTA U JIp.
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Illepoxosamocmv noeepxnocmu. IllepoxoBarocTh Mmocie MEXaHUYECKON
00pabOTKH - ATO CIe PEXKYIIET0 MHCTPYMEHTA (METAITMIECKOTO WIIA a0pPa3uBHOTO),
UCKQXCHHBIA TUTACTUYECKOM U ympyroil aedopmamment, a Takxke BuOpanuein
TEXHOJIOTMUECKOH cucTeMsbl (puc. 4.1).

a 0
Puc. 4.1. Cxema o00pa3oBaHHsi HEPOBHOCTEW Ha MOBEPXHOCTH, 0OpabOTaHHOMN
JIE3BUIHBIM HHCTPYMEHTOM a - O00pa3oBaHUE 3aKOHOMEPHOTO (pEeryJsipHOro)
MONEepeyHoro mnpoduisi MOBEPXHOCTH; O - HMCKOKEHHE Npoduiis IIacTUUYECKOM
nedopMainieil mpu OTJAETECHUU CTPYXKKHU; 1,2 - COOTBETCTBEHHO 3aKOHOMEpPHBIM M
VCKQKEHHBIN TPO(HIIM TOBEPXHOCTH; 3 - pe3el; S - 1mar HepoOBHOCTEN — Mo1aya.

[IpuunHamu,  0OyCJIOBIMBAIONIMMHU  BHJIOM3MEHEHHE U HMCKaXXCHUE
(TpaHcopMaUI0) OCHOBHOIO TIE€OMETPUYECKOro MpO(uiIs, SBISIOTCA TaKxKe
KOIMPOBAaHUE MHUKPOHEPOBHOCTEHW pabodyMX KPOMOK pe3lia Wir aOpa3HBHBIX 3€pPEH U
oOpa3oBaHue 3yOLI0B HAPOCTA, MPUCTABIINX K TOBEPXHOCTH JETANIH, YIPYTrO€ NOHATHE
Marepuana JeTajid [oclie MPOoXoJa PEeXKYILIEro HWHCTPYMEHTa W JIpyrue
TEXHOJIOTUYECKHE (DAaKTOPbl, ONPEEISAIOIINE YCIOBHS MEXaHU4EeCKOW 00paboTku
(3a230pBI BO BpaIIAONIUXCS IETAIsAX CTaHKa, HECOAIaHCUPOBAaHHOCTH UX U JIP.).

Hampumep, yem MeHbllle mojlaya Mpu TOKApHOW 00paboTke M OoJibllle pagnyc
3aKpYIVIEHMS pe3lla, TEM YUIIE [OBEPXHOCTb M, COOTBETCTBEHHO, MEHBIIE
HIepOXOBaTOCTh. [l pacyeTa TEOPETUYECKOW BBICOTHI TI'PEOEHIKOB MpPHU TOKAPHOU
00paboTKe CyLIECTBYET OIpeesneHHas 3aBUcMMocTb. Ho pacueTHas BbIcOTa HeE
SBJISIETCS IEMCTBUTEIILHOM BBICOTOM Tpedellika, Tak KaKk HE YUUTHIBACTCSl 00pa3oBaHUE
HapOoCTa Ha pexyIIel KpoMKe pesna. Beicota rpedenika Oyet Boiiie. Ee MakcumanbHast
BEJIMYMHA JOCTUTAET IPU ONPEICIICHHOM TEMIIEpaType, AalbIIe C POCTOM TEMIIEPATYPhI
UJIET YMEHBIIICHHE BBICOTHI Tpedelika W TPH HEKOTOPOW TemIepaType HapocT Ha
PEXYILEH KPOMKE MTOJIHOCTBIO HCUE3AET.

Pexxymmii  MHCTpYMEHT  pa3pymiaeT Ha CBOEM MYTH  Ppa3HOOOpa3HO
pacnoyIoKEHHbIE 3€pHa METajlla; HEKOTOpble W3 HHUX, HUMEsI COOTBETCTBYIOIIYIO
OpMEHTALIMIO, CpE3al0TCs, Jpyrue pas3pylialoTcsi OTPhIBOM C 00pa3oBaHUEM
MEJIbYANIIUX TPELIYH.
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["'eomeTpus HEPOBHOCTEW TECHO CBsI3aHA C (PU3UKO-MEXAHUUECKUMHU MPOLIECCaMU
paspyuieHusi Metaiia npu oOpaboTke pezaHueM. Tak, MIEPOXOBATOCTh MOBEPXHOCTHU
pu 00padOTKE XPYIKUX METAIOB IIPEICTABIISICTCS B BUIE TPEYTOJIBHBIX YIITyOJICHUMH,
OTBEYAIOMIMX (OpME BBIPBAHHBIX 3€PEH; B BSI3KUX METAIUIaX MPHU OOJBIINX CKOPOCTIX
pe3aHus CHIIbHO Ae(OpMUPOBAHHBIE HEPOBHOCTH UMEIOT (DOpMY UelTyeK.

Benuuuna mepoxoBaroctd 00pabaThiBa€MOM MOBEPXHOCTH 3aBUCUT OT BHUAA
00paboTkH, poja 0OpadaThIBAEMOTO MaTepraia, CTENEeH! MIACTUYECKON nedopmarun
€To TP Pe3aHuH, PeKUMA PE3aHUS, TCOMETPUN PEXKYIIET0 HHCTPYMEHTA, OXJIAXKICHUS
U IpyTux (pakTopoB.

OCHOBHBIMH TEXHOJIOTHYECKUMH (PaKTOpaMH, ONIPEACIISIONMIUMHA IIEPOXOBATOCTh
MOBEPXHOCTH, SIBJISIOTCS:

e 10/1a4a, CKOPOCTh U IIIyOMHA pe3aHusi, paJnyc 3aKpyIJICHUs BEPIIUHBI pe3lia
pu 00pabOTKe pe3aHUEM METAITTMYECKUM HHCTPYMEHTOM;

® 3CPHUCTOCTh NUIMGOBAIBLHOTO Kpyra, MpoAOJbHAs M TONepeyHas Iojaya,
CKOPOCTb BpallleHUs! Kpyra U JAeTalid Mpu 00paboTke aOpa3uBHBIM HHCTPYMEHTOM.

® 110/1a4a, CKOPOCTh BpAIICHUS JACTali, [NIyOUHA HATsITa, paJANnyC HHIECHTOPA MIPH
00paboTke 1e(OopMUPYIOIIUM HHCTPYMEHTOM.

Texnomornyeckoe oOeceUeHUE MIEPOXOBATOCTH TOBEPXHOCTH Oa3upyeTcs B
OCHOBHOM Ha JKCHEPUMEHTAIBPHOM W3YYCHHUH 3aBUCHUMOCTEH MEXIy METOIOM
OKOHYATEJIbHOM 00paboTKK M apaMerpamu mepoxoBaroctu (Tadm. [Ipwn. b-11).

Jlocturaemas mpu onpeaeICeHHOM METO/Ie 00pabOTKH IMIEPOXOBATOCTH MPEXK]IE BCETO
XapakTepu3yeTcs: BEICOTHBIMU MeToaamu Ra, Rz win Rmax. OnHako moBepxXHOCTH ¢
OJIMHAKOBOMW BBICOTOM HEPOBHOCTEH, HO TIOJYUYECHHBIE PA3IMYHBIMU TEXHOJIOTHUYECKUMU
METO/JaMH, MOTYT UMETh DPa3JIMYHbIE IKCILTyaTallMOHHBIE CBOWCTBA, HAIpHUMEp IIO-
pPa3HOMY COMPOTHUBIIATHCSA JIECUCTBHIO CHJI, CTPEMSIIUXCS Te(OPMHUPOBATH BBICTYIIHI.
Takne TOBEPXHOCTH TPEXKIEC BCEro MOTYT Pa3IUYaThCsl OMOPHBIMH (HECYIIUMH)
mwiomwaaaMu (ammHamu). OneHKa Mo ONMOPHOW JUIMHE MpOQuiIs HE JaeT AOCTaTOYHO
MOJIHOTO TIPEICTABIICHUS 00 OMTOPHOM TUIOIIAH, TaK KaK IIEPOXOBATOCTh MMOBEPXHOCTH
B TMONEPEYHOM U TPOJOJILHOM HAIpaBICHUSX Pa3jMYHAa U HE CBsI3aHA MOCTOSITHHBIM
cooTHomieHHeM. lloaToMy st TOJNHOM OLIEHKM HECylIMX IUIOIIAAEH HyXKHa
tonorpadus mosepxHoctu /CTM/.

C yMCHBIIICHHEM BBICOTHI IMOMIEPEYHBIX MHUKPOHEPOBHOCTEH BBICOTA TIPOIOJILHON H
MIOTIEPEYHON IIEPOXOBATOCTEH CTAHOBHUTCS MPHUMEPHO oOAMHaKoBoW. Hambombimee
paznuune HaOIro1aeTces pu rpyooi o00paboTKe, KOT/1a PO 10bHast BICOTA COCTABIISET
Majyr JOJI0 OT TONMEepeYHOW. YKa3aHHOE pPa3jIMuue 3aBHUCUT HE TOJIBKO OT BHJA
00paboTkH, HO M OT MaTepuana. [IpogosbHbIE HEPOBHOCTH TPpU 00PAOOTKE CTAITBHBIX
JeTaniel WMEIOT HauOoJblliee 3HAYCHUE, HAMpUMeEp, TPH IUJIOCKOM W KPYIJIOM
numdoBanun nepudepuer kpyra, a npu 00pabOTKE UYYTYHHBIX JeTajiel — mpu
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CTpOTaHWM,  IIWIMHAPUYECKOM  (pe3epoBaHWU,  JOBOJAKE  ITWIMHAPUIECKUX
ITIOBEPXHOCTEMN.

B HEKOTOPBIX CiIydasx Ipu MEXaHUYECKOW 00pabOTKe MPOI0JIbHAS IIEPOXOBATOCTh
MOXET MPEBBIIIATH IMONIEPEUHYIO (HAIIpuMep, MPU pe3aHuu ¢ 00pa3oBaHWEM HapOCTa Ha
peXyIIel KpOMKE HHCTPYMEHTA); HAIMYKUE UM OTCYTCTBHE BUOpAILIUM TaKXKe 3aMETHEE
CKa3bIBACTCSl HA MPOJIOJIBHOM IIEPOXOBATOCTH, YeM Ha momnepedHou. CienoBaTesibHO,
IIPY OIICHKE OMOPHOM IUIONIAIA HEOOXOIUMO YUUTHIBATH OTIMYUS IIEPOXOBATOCTH B
Pa3TUYHBIX HAIPABJICHUSIX (MUKPOTOIMOTPa(HIO MOBEPXHOCTH).

AOCOIOTHBIC 3HAYEHUST OMOPHOM IUIONIAIA IMMOBEPXHOCTEH 3aBHCAT HE TOJIBKO OT
IIEPOXOBATOCTH, HO M OT MeTO/1a 00paboTKU. [IoBEepXHOCTH ¢ Majoi MEePOXOBATOCTHIO
110 CPaBHEHHUIO C TTOBEPXHOCTHIO ¢ 00Jiee BHICOKON IIEPOXOBATOCTHIO, HO MOJYYCHHOM
JPYTUM METOJI0M 00pabOTKH, HE BCETa UMEET OOJIBIITYIO OMOPHYIO MuIomaas. [loatomy
JUI OOEeCIIeUeHMs] ONPEACIICHHOW OMNMOpHOM (HECYIeW) TUIOMAad JIaHHOW JCeTaiH
HEOOXOJMMO Hapsiay C Ha3HAYEHHUEM BBICOTHOIO MapameTpa IIepOXOBATOCTH
YKa3bIBaTh TEXHOJOTUUECKUNA METO/T MOTYUYCHHS TOBEPXHOCTH U ATan 00paboTKH (puc.
4.2).

p Puc. 4.2. KpuBble OTHOCUTEIBHBIX
OTIOPHBIX JUIMH Ipoduieit t, mpu
r 3 OJINHAKOBBIX YPOBHSX ceueHUs p: 1 —

IPU YepHOBOM 00paboTKe; 2 — Mpu
Z YUCTOBOM 00paboTke; 3 — mpu

00paboTKe NOBEPXHOCTHBIM

IUTACTUYECKUM Jie(hopMHupoBaHHEM

0 (IILLJT)

—

HaunOonpunii npakTU4eCKUi MHTEpEC MPEACTaBISET HavaabHasl 4acTh OMOPHOM
KpUBOH TTpoduist, KOTOpasi onuchiBaeTcs Gopmyioin
ty=b=Db’e" 4.1)
rae b u V— mapameTrpsl anmpoKCUMAaIIMK Ha4albHOW YaCTH OMMOPHOU KPUBOH IIPpO(HIIS.
Ota popmyina cripasearba B mpeaenax 0 <t,<0,5. [Tapametpsi b u v MoryT ObITh
OTpeIEIeHbl HECKOJIBKUMHU METOJIaMU: TpaduuecKu, 4To TpeOyeT NOCTPOSHUS ONTOPHOM
KpUBOM MpOQuIIsl, 1 aHATUTUYECKH MO0 COOTBETCTBYIOIIMM 3aBUCUMOCTSM. M3yueHue
BEPXHUX YYaCTKOB HIEPOXOBATHIX MOBEPXHOCTEW IMO3BOJMJIO YCTAHOBUTH 3HAYECHUS
napamMeTpoB b U V, XapakTepHU3yIOIIMX HavyalbHYI0 YaCTh OMOPHBIX KPUBBIX (OMOPHYIO
wionianpb). [{nsi OCHOBHBIX TEXHOJIOTMYECKUX METOIOB OOpPaOOTKH OHHU IO3BOJISIOT
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BBITIOJTHUTh OPUEHTUPOBOYHBIE pACUEThl Ji ONPEACNICHHUs] OMOPHOM IIOIIaaAu
IIEPOXOBATHIX MIOBEPXHOCTEH, 00padoTaHHbIX pe3anueM ([Ipunoxenue I') /24/.

OnopHasi MIOMIAAb MOXET OKa3aTbCsl OJUWHAKOBOM Ui  HECKOJIBKUX
MOBEPXHOCTEH, 00paOOTaHHBIX PA3IMYHBIMU MeTOAaMU. OTINYKE TAaKUX MOBEPXHOCTEN
yCTaHaBJIMBAIOT o r€OMETPUYECKUM XapaKTEePUCTHKAM OTJIETBHBIX
MUKpPOHEPOBHOCTEN: KaXKJIOMY METOay OO0pabOTKH COOTBETCTBYET OIPECICHHbBIN
JMana30H W3MEHEHHs YIIoB Mpouis W paguycoB 3aKpyTJICHHUS BBICTYIIOB B
3aBHCHUMOCTH OT BBICOTHI IIEPOXOBATOCTH TOBEepxHOCTeH. B mpeobranaromem
OOJBIIMHCTBE CIIy4aeB paiuyC [yp, 3aKpPYIVIEHUS BEPIIMH MHUKPOHEPOBHOCTEH B
IPOJOJIBHOM HAaNpaBJICHUHM IMPEBBIMAECT pPAAUYC [y 3aKPYyrJ€HUss B IOMNEPEYHOM
HarpasjieHUuu. Yroll [y npoduiiss MUKPOHEPOBHOCTH MJIsi TIOTIEPEYHOTO HAINpPaBIICHUS
Oonbiie 4em yroia Pnp, I8 npoaonbHoro. C yMEeHbIIEHHEM BBICOTBI HEPOBHOCTEM
HaOojaeTcst 00IIas TEHACHIMS K YMEHBUICHHIO YIVIOB IPO(QUIS U COOTBETCTBYIO-
HIEMY YBEJTUYEHHUIO PAINyCOB 3aKPYTJICHHS BBICTYIIOB.

['eomeTpuueckne XxapakTEpUCTHUKA MUKPOHEPOBHOCTEW, BBICOTAa HEPOBHOCTEM,
WX IIary cBsi3aHbl MeKAy co00i. C yMEHbIIEHHEM BbICOTHI HEPOBHOCTEW MPU KaXKIOM
MeTojIe 00paboTKM BO3pACTACT COOTHOIICHUE MEXKAY IIaroM HEPOBHOCTEW mpopuiisa S
U BBICOTON Rmax. 7151 G0JIBIIMHCTBA METOJOB MEXAaHUYECKOM 00pabOTKH MpH cpeHeln
BBICOTE€ HEPOBHOCTEM MOBEPXHOCTEM MIar S, MOMNEPEeYHON IIEpOXOBATOCTU HE
npeBeimaer  40Rmax  (uumdoBanue, ToyeHWe, CTporanuwe, (pesepoBaHue,
pacTayrMBaHue CTAJbHBIX M YYyTYHHBIX AeTaiieit). [ HepoBHOCTEH MEHBIIEH BBICOTHI
ux maru Moryt gocturatb noutu 300Rmax. Iar S, mpomonbHON HIEpOXOBATOCTH
OOBIYHO MPEBBIIIAET LIAT MOMEPEYHON MIEepOoXoBaTOCTH. OTHOIIEHUE 3TUX BEJIWYUH B
OOJIBIIMHCTBE CIy4aeB HE MpeBbIIIAeT 15, X0Ts B OTACHBHBIX ciaydasx gocturaer 40.
AOCONIOTHBIE 3HAYEHUS IIara MNpPOAOJBHBIX HepoBHOCTEeH pocturator S00RMmMax.
CrnenoBaTenbHO, 4eM OOJIbIE PaguyChl 3aKPYTJEHUS BBICTYIIOB, TEM MEHBIIE YTJIbI
npoduiis u OosbIlle pa3Mepbl OCHOBAHHWM OTIEIBHBIX HEPOBHOCTEW M WX miar (mpu
ONpPENENICHHOW BBICOTE IIEPOXOBATOCTEW). 3HAYEHMsI MPUBEICHHOIO paauyca
3aKpYTJICHUS] BBICTYIIOB M OTHOIIEHHS I/RMax s pa3iuvHbIX METOJOB 00pabOTKU
pe3aHueM JiaHbl B MPUIIOKEHUU B.

[Ipy HEOOXOAUMOCTH MOyYeHHUs] 00JIe€ TOUYHBIX 3HAYEHHM, XapaKTepU3yIOLIUX
OMOPHYIO IUIONIaAb U JAPYTME T€OMETPUUYECKUE MapaMeTpbl KauyecTBa MOBEPXHOCTHU
JeTanel, YUYUTHIBAIOT KOHKPETHBIE YCIIOBHSI BBIIIOJTHEHUS MJI1 TEXHOJOTHYECKOMN
omepanuu (Marepuan o0pabaTbIBaeMOM AeTalid, MOJy4aeMyl0 MIEPOXOBATOCTh TMPHU
OTIPEJICIICHHBIX PEeXXUMax 00pabOTKH, MaTepuaa WHCTpYMEHTa u T. 1.). [Ipu sTom BO
MHOTHX  Clly4asiX  LE€JeCOO0pa3HO  TakKKe  YUYHUTHIBaThb  TEXHOJOTHYECKYIO
HACJIEICTBEHHOCTb.

[Ipumenenue COTC CIIOCOOCTBYET YIIYUYILIEHUIO rpoiecca
CTPY>KKOOOpa30BaHMs, YTO MPUBOJIUT K YMEHBIIIEHHUIO M3HOCA, a CIEJO0BATEILHO,
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NOBBIIIEHUIO CTOMKOCTHM HHCTPYMEHTA, W K YMEHBIICHUIO CHUJbl pe3aHus. B
pe3yJbTaTe YMEHbIIAETCS BEIUYMHA YIPYTUX OTKATUN 3JIEMEHTOB TEXHOJOTHYECKON
CUCTEMBI, a CJIEJIOBATENIbHO, YJIYUIIAETCs IEPOXOBATOCTh, CHUKAETCS BOJIHUCTOCT,
YBEIIMYUBAETCS TOUHOCTh 00pabaThiBaEMbIX MOBEPXHOCTEN JIeTajaei MalllvH.

B xauectBe COTC ucnosib3yl0T pacTUTENIbHbIE U OCEPHEHHBbIE MUHEpaJIbHBIC
Macia - Cylbpodpe3oiabl, HMYJIbCHH, KOTOPbIE€ CHHUXAIOT MIEPOXOBATOCTH
oOpabaTeiBaeMbIX TOBepxHOCTeH Ha 25...40 %, mo cpaBHeHHIO ¢ 00paboTKOil Oe3
OXJIAXKICHUS.

TmarensHast ounctka u ¢unbTpanus COTC, ¢ uenpio yaaneHus abpasuBa u
CTPY>KKH, TaKX€ CIIOCOOCTBYIOT YJIYYILIEHHUIO IIEPOXOBATOCTH MPH HUIM(POBAHUU H
JIPYyTux  crnocobax aOpa3uBHOM  OTHAETOYHOM 00paboTKM -  cynepdHUHHUIIE,
XOHUHTOBaHUHU.

B Tabmuue (Ilpmnoxenue I') mpuBeneHbl 3MOMPUUYECKUE 3aBUCUMOCTU IS
ONpEENICHHS] MAPAaMETPOB IIEPOXOBATOCTH MPHU PA3IUYHBIX METOJAX U YCIOBHUAX
00pabOTKH MOBEPXHOCTEN.

BonHucTocTh B nponecce MexaHu4ecko o0pabOTKH MOBEPXHOCTH 00pazyeTcs
IJIaBHBIM 00pa3oM B CBSI3M C BHOpanued u3-3a HEJOCTaTOYHOM KECTKOCTH
texHosornueckor cuctemsl ([Ipun. JI, E). BooOie roBopsi, BOTHHUCTOCTb MOXET
0o0pa30BbIBATbCA HA JIETald B JBYX B3aUMHO TMEPIEHIUKYISPHBIX HAMpPaBICHUSX:
OpoAOJbHAs M TIONEpeYHas BOJHUCTOCTb. Ecinum mepBas OOBIYHO BO3HUKAET B
pe3ynbrare BHUOpallMM TEXHOJOTMYECKOM CHUCTEMBI, TO BTOpas BBI3bIBAETCSA
HEPaBHOMEPHOCTBIO TMOJauM, HENpaBWIbHOW MpaBKOW NUIM(OBAIBHOIO Kpyra,
HEPaBHOMEPHOCTHIO €r0 M3HOCA U T. 1. B 11000M citydyae BOJTHUCTOCTh ONpeeseTcs
YCJIOBHUSIMU BBIMIOJIHEHUSI TEXHOJOTMYECKOIO Mpolecca U MeTosia 00padotku. Hamnuue
BOJIH Ha MOBEPXHOCTH MPUBOJMUT K YMEHBIIECHUIO ONOpHOM muiomaan B 5—I10 pa3 no
CPaBHEHHUIO C POBHOW LIEPOXOBATON OBEPXHOCTBIO.

PU3UKO-MEXaHUYECKUE CBOWCTBA. [lOBEpXHOCTHBIA CJIOM JETalIM IOCIIE

MeXaHu4YecKor o00paboTku rmmactudecku achopmupoBaH. Ilostomy dusmdeckoe
COCTOSIHUE IOBEPXHOCTHOTO CJIOSl MOCJE€ MEXaHM4YeCKOH 0O0pabOTKM B OCHOBHOM
xapakTepusyetcs AehOpMaIMOHHBIMUA U3MEHEHUSIMHU B HEM, CJIEJICTBUEM KOTOPBIX U
ABJISIETCA ero AeopMalMOHHOE YIIPOUYHEHHUE (HAKIICN) WU pa3ynpoyHeHHue (OTABIX,
Bo3Bpar) (I[Ipui. X). [Ipu ynpouyHeHHN TOBBIIIAIOTCS MPEEl IPOYHOCTH, TBEPIOCTbD,
CHUKAETCA TIACTUYHOCTh, M3MEHSIOTCS JApyrue (PU3NYEeCKHe CBOWCTBA MeETalia.
Hakmnen crnocoOCTBYyEeT MOBBIMIEHUIO W3HOCOCTOWKOCTH, YCTaJOCTHOW MPOYHOCTH,
KOHTaKTHOU ycTanocTu. CylIeCTBYET ONTUMAJIbHOE 3HAYEHUE MUKPOTBEPAOCTH JIS
KOHKPETHBIX YCIIOBUH.

VY cranpHBIX JeTalieil B 0OpasyromeMcsi B pe3ysbTare JIe3BUMHON 00paboTKu
MOBEPXHOCTHOM IJIACTUYECKHU 1€(POPMUPOBAHHOM CJIO€ MOTYT PazinyaThCsl TPU 30HbI
(puc. 4.3):
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1. 3oHa pe3ko BeIpakeHHOU Aedopmariu - 1eeKTHBIA CION ¢ U3MEITbYECHHBIM
3€pHOM, 3HAYUTEIIbHBIMU HCKaXEHUSAMU KPUCTALTNYECKOU pEeLIETKH,
ne(hOpMUPOBAHHON CTPYKTYpOH, HATMYMEM MEXAHWMYECKUX TOBPEKICHUN C PE3KUM
MOBBIIEHUEM TBEPAOCTH MaTepHaa.

2.30Ha nedopmaiuu ¢ XapaKTepHON TEKCTYpOU: BBHITIHYTHIMU B HaIlpaBICHUU
pabouero ABMKEHUSI HHCTPYMEHTA 3€pHAMHU; HAaBOJAKUBAaHUEM OJHUX 3€PEH Ha JApYyTHeE.
TBepaocTh MaTepHalia B 3TOM 30HE 3aMETHO CHUYKAETCS 110 CPABHEHUIO C TPUIIETAOILEH
K MIOBEPXHOCTH.

3. 3oHa nepexojia OT HaKJena K ICXOJHOMY MaTepuay.

30H3 PE3KO BbIDAKEHHON

Aeopmanmm ( bIA C/IO¥)

1 oz
HepopmrpoBaHHLE CIou 'g g
-
lNepexogHas 30Ha A T ATt B
HcxogHewi matepuan
YCIORMBIC
rpamms

Puc. 4.3. CtpykTypa mOBEpPXHOCTHOTO €0 00pabOoTaHHO TOBEpXHOCTH: 1 - 30Ha
pe3Ko BbIpakeHHOU Aedopmannu, (AepeKkTHbI cioi); 2 - e OpMUPOBAHHBIN CIIOM
(cOOCTBEHHO HakJIeMn); 3 - MepexoIHOM ¢jiok; N - rmyOnHa geeKTHOro CIos .

HedbopMmaniioHHOe  yrpouyHeHUe (pa3ynpouyHEHHE) TMOBEPXHOCTHOTO  CJOS
3aBUCUT OT PEKUMOB PE3aHUsI, TEOMETPUHU PEXKYIIEro MHCTPYMEHTA, €ro M3HOCa U
Ipyrux ycinoBuit oOpaboTku. ['myOuHa 3aneraHusi YNpOUYHEHHOTO CJIOS U CTEINEeHb
HaKJIeTIa TeM BBIIIIE, YeM OOJIbIIE BEIMUYUHA CUJI, TPOJAOIIKUTEIBHOCTD UX BO3JCHCTBUS
¥ MHTEHCUBHOCTH IIACTHYECKON nedopMmarinu Metamia. OJHOBPEMEHHO C MPOIIECCOM
YOPOYHEHUST TPOTEKAET MPOTUBOIIOIOKHBIN €My TPOIecC Pa3ynpOYHEHHS, KOTOPBINA
CTPEMHTCS BO3BPATUTHh METAJII TMTOBEPXHOCTHOTO CJIOSI B HMCXOJHOE, HEHAKJICTTAaHHOE
cocTostHie. VHTEHCHBHOCTBH TMpollecca pa3ylpOYHEHHUsS TOJHOCTBIO OIMpeAesaeTcs
3HAUCHHUEM TEMIIepaTypbl U BPEMEHEM €€ BO3JCHCTBUS Ha METal MOBEPXHOCTHOTO
cnosi. Ecnmu pexum pe3aHuss wWiM JIpyrue ycJIoBUS OOpaOOTKHM W3MEHSIOTCS TaKUM
o0pa3oM, 4TO KOJUYECTBO TEIUIOTHI, TCHEPUPYEMOM B 30HE pE3aHHs, BO3pACTaCT, TO
CJIETyeT 0’KMIaTh YMCHBIIICHHSI CTETICHU U ITyOWHBI HaKJICTTaHHOTO CcJiosl. [Ipu BhICOKOMH
TEMIEpaType B 30HE PE3aHMsI W JIOCTATOYHO MPOJOJDKUTEILHOM €€ BO3JCHCTBUHU
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IPOLECC PA3yNPOYHEHUS] MOKET OBITh HACTOJIBKO HMHTEHCUBHBIM, YTO HAKJIEN B
MOBEPXHOCTHOM CJIOE MOJHOCTBIO CHUMAETCH.

Crenenb W riayOMHAa YOPOYHEHUS 3aBHUCIAT OT LEJIOr0 psaa I[apaMeTpoB
00pabOTKH, B TOM YHCJIE€ OT CKOPOCTU pE3aHus, MOJauyd, F€OMETPUU HHCTPYMEHTA,
BEJIMUYMHBI €ro u3Hoca. [lo Mepe yBennueHus (10 onpeaeneHHbIX MPEIEIoB) CKOPOCTH
pe3aHus TiyOnHa Hakiena Bo3pactaeT. [Ipu Beicokux ckopoctsax (200 — 600 m/MuH)
BO3HHMKAET SIBJICHWE Pa3ylpPOYHEHUs, KOTOpPOE yMEHbIIAeT TiyOnHy Hakiena. [Ipum
00paboTKe AeTajneil U3 JIErHpOBAaHHBIX M BBICOKOMPOYHBIX CTaNeH, UMEIOUINX HU3KHE
IUTACTUYECKUE CBOMCTBA, OCTATOYHBIC HAMIPSKEHUS CKATHS 00pa3yroTCs IPU CKOPOCTAX
pesanust 400— 600 m/muH. [Ipu 06paboTke meranelt u3 KOHCTPYKITMOHHBIX cTajei 20
U 45 ocTaTOYHbIC HAIIPSDKEHUS CKAaTUSl BOZHUKAIOT U ckopocTax pezanus 500—800
M/MUH W OTpUIIATENIBHBIX mnepenHux yriaax. [Ipu Touenmm cmmaBa DOU437A ¢
YBEJIMYEHUEM CKOPOCTH pe3aHusd OT 2 10 5 M/MHMH IIIyOMHA HAKJIETIaHHOTO CJIOA
yMeHnbIaercs ot 141 no 97 mxmM, a crenens Haknena ot 50 10 35%. OTo cBsA3aHO € TeM,
YTO C YBEJIMYEHUEM CKOPOCTH PE3aHHs MOBBIMIAIOTCS TEMIIEpaTypa Ha MOBEPXHOCTU
JeTalu U CKOpOocTh AedopMupoBaHusd. B To ke BpeMs eciii Marepuain He CKIOHEH K
HapoCcTOOOpPa30BAHMIO, TO IMPH 3TOM HENPEPHIBHO CHIKAIOTCS YCUJIUS pE3aHus U
CTENEHb JAe()OpPMHUPOBAHUSI CpPE3aeMOro ciosl. OTH (PaKTOpbl CHOCOOCTBYIOT YXKe
CHIDKEHUIO KaK TITyOMHBI, TaK U CTEIIEHU HaKJIETa.

[Ipy yBenuueHuM MoJauud BO3pACTAOT TIJIyOMHAa Hakjena W OCTATOYHBIE
HanpspkeHus. ['myOuHa pe3aHusi He OKa3bIBAaeT CYLIECTBEHHOI'O BIIMSHUS Ha [NIyOUHY
HaKJIeTa.

[ToBepXHOCTHBIN CJIOU AeTany MOciie MEXaHWYEeCKOM 0O0paboTKU HAXOIMUTCS B
HaIPSHKEHHOM COCTOSIHUM. B HeM BO3HMKAIOT OCTAaTOYHBIE PACTATUBAIOIIME HWIIU
CXKMMAIINE HanpspkeHus. BenuuuHa, 3HAK M 3aKOHOMEPHOCTh pACHpeleTeHUs
HaIpsDKEHUM 3aBUCAT OT CBOMCTB 00padaThiBa€MOTo MaTepuraia, METOA0B U PEKUMOB
o0paboTku. BennunHa M 3HaK OCTATOYHBIX HANpPSDKEHU OKa3bIBAIOT BIMSHUE Ha
YCTAJIOCTHYI0 MPOYHOCTb, MpEJed BBIHOCIMBOCTH. B OOJBIIMHCTBE CiIy4yacB
0JIarONpPUSATHBIMU SBIISIIOTCS C)KMUMAIOIME OCTATOYHBIE HATTPSAKEHUS.

[IpuMeHEHNE UHCTPYMEHTOB C OTPULIATEIBHBIMY TIEPETHUMH yriaamu oT 15° 1o
45°cnocoOCTBYeT 00pa30BaHUIO B TMOBEPXHOCTHOM CJIO€ OCTATOUHBIX HaIpPsHKEHUM
ckarus. [lpu yBenmuenuu 3aaHero yria B mpexaenax 3—15° rimyOuHa Hakiena
ymenbinaercs. [Ipu ymenbiennu riaaBHoro yria B miase ot 90 1o 45° riny6uHa Hakiena
cHkaercs. [IpuMeHeHWe THIATENbHO [OBEJACHHOTO HMHCTPYMEHTa CHOCOOCTBYET
YMEHBILICHUIO TITyOUHBI HaKJIena. Y BeIMYeHHE pajinyca CKPYTICHHS PEXYIIeH KPOMKU
CIIOCOOCTBYET BO3PACTAHUIO TITyOMHBI HAKJIETIA U OCTATOYHBIX HANIPSHKEHUMH.

C noBbllIEHUEM TBEPJOCTH 00padaThIBAEMOr0 MaTepHalla YMEHbIIAETCS 00beM,
noJBEpraeMplil 1uiactuuecko nedopmanuu. Yem wMsrue craiab, TeM TIIyOxe
pacnpocTpaHsieTcs IIacTuueckas nedopmanus.
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Ocmamounvie Hanpaxycenusn. llocne mexanwmdeckoil o0pabOTkU (TOYCHHS,
dbpesepoBanus, numdoBaHUS W ApP.) MOTYT BO3HHMKATh 3HAYUTEIHHBIE OCTATOYHBIC
HarnpspkeHus1. OCOOCHHOCTh 3TUX OCTATOYHBIX HAMPSHKEHUW COCTOWT B TOM, YTO OHU
JEHCTBYIOT TPAKTHYCCKH TOJBKO B IOBEPXHOCTHBIX CJIOSX TIIyOMHOH B HECKOJBKO
JECATHIX JOJICH MHJLIUMETpa. BO3HUKHOBEHHE OCTATOYHBIX HAIPSHKCHUH CBS3aHO C
IJIACTHYECKOW JchopMalled TpPH  BO3JCUCTBHH PEXKYIIEr0 HHCTPYMEHTA M C
HarpeBaHNEM MTOBEPXHOCTHBIX CIIOEB BBIJCISIONIEHCS TeITOTON pe3anus. [Ipu cunoBomM
BO3JICHCTBUM WHCTPYMEHTAa BO3HUKACT IuTacTHUecKas nedopmariusi pacTsKEHUs, U
MOCJIE CHATHUS TOTO BO3JICHUCTBHS B TIOBEPXHOCTHOM CJIO€ OOpPa3yrOTCS OCTATOYHBIC
HATPSHKCHUS COKATHS.

[TnacTuueckas pedopMalis MeTauia BhI3bIBAET YMEHBIIICHNUE €T0 IUTIOTHOCTH, a
cleI0BaTeIbHO, OOYCIIOBIMBAET POCT yaeiabHOro odbema, mocturaromero 0,3-0,8%
YACIBHOTO 00BeMa JI0 IUIaCTHUUECKOW aedopManuu. OTO YBEIMYEHHE OObema
pacnpocTpaHseTCss Ha TIyOWHY TNPOHUKHOBEHHS IIJIACTHYECKOW AehOpMaIlvm.
YBenuueHno o0beMa IUIACTHYECKH JehOPMHPOBAHHOTO MeETalllla IPEHSATCTBYIOT
HIDKEJeKaIme cjon. B pe3ynbrare 3Toro B HApY>KHOM CJIO€ BO3HUKAIOT CKUMAFOIIIHE,

a B HIDKEJIeKALUX CIIOSIX - PACTATUBAIOLIME OCTATOUHbIE HANpsuKeHUs (puc. 4.4).
]
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Puc. 4.4 XapakrepHas 3M0pa OCTaTOUYHbBIX HAMPSKEHUN B TOBEPXHOCTHOM CJIOE.

Kpome Toro, pexxyiinii ”HCTpYMEHT BBITATMBAECT KPUCTALUIMUYECKHUE 3€pHA CIIOSI
MeTa/ula IO PEeXyllMM KIMHOM B HalpasieHUW pe3anus. llocime mnpexpameHus
pEe3aHus U yIAIEHUS PEXKYIIEr0 MHCTPYMEHTA IIJIACTUYECKU PACTSHYThIE BEPXHUE CIIOH,
CBSI3aHHBIC KaK €MHOE I1€JI0€ C HIDKECKAIUMHE CIIOSIMHU, IPUOOPETAIOT OCTATOYHBIE
HaIpSHKEHUS CHKATHUS, OPUEHTUPOBAHHBIEC IO HANPABJICHUIO pe3aHusi. COOTBETCTBEHHO
ATOMY B HWXKEJEKAIIUX CJIOAX Pa3BUBAIOTCA YPABHOBEIIMBAIOIIME HX OCTATOYHBIC
HanpsDKEHHUST pacTsHKEHHWs. B HampaBieHMM TOJayud  NPOTEKAIOT AHAJIOTUYHBIC
ITPOLIECCHI, BBI3BIBAIOIINE BO3SHUKHOBEHUE OCEBBIX OCTATOYHBIX HAIIPSYKEHUH.

Brigenenue temna B mpoliecce pe3aHusi (BCIEACTBUE, padOThl JedopMaluu U
TPEHUs]) TPHUBOAUT K OOJBIIUM TEMIIEPATypHBIM TpPaJUEHTaM M TEeMIEPaTypPHBIM
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HaIPSHDKEHUSIM, KOTOPbIE MOTYT MPEBOCXOIUTH Mpelea TeKydecTu Marepuana. [locne
YCTAaHOBJICHHSI HOPMAJIBHOW TEMIEPATYpbl B MOBEPXHOCTHBIX CIOSIX JAETald
IPOUCXOANUT AeopManus CKATHs. DTOMY NPEMSTCTBYIOT HWXKENexalue ciou. B
pe3yapTaTe B IIOBEPXHOCTHBIX CJOAX IOSBISIIOTCS PACTATHBAIOLIME OCTaTOYHBIC
HaIIpSDKEHUS, a B HIDKEIEXKAIMX - HANOPsDKCHUS CXKaTus, YPaBHOBELIMBAIOIINE
PACTATUBAOILNE HAIIPSKEHUS.

Taxum oOpa3om, coueTanue ABYX OCHOBHBIX (DaKTOPOB MPHU PE3aHUU - CUIOBOTO
U TEMIIEPATypHOIO - JACHCTBYIOT B IPOTHUBOIIOJIOXKHBIE CTOPOHBI, YTO U OOBSICHSET
CYILIECTBEHHYIO 3aBUCUMOCTh BEJIIMYMHBI W 3HAKa OCTATOYHBIX HANPSIKEHUHA OT
TEXHOJIOTHYECKOro pexuma o0paboTku. Hampumep, ocTaTouHble HaNpsHKEHUs MPU
TOYEHHMH 3aBUCAT OT CKOPOCTH PE3aHUs U IIOJAYM, BEIIMYUHBI IIEPEIHETO yTIila pe3la,
3aTyIUICHUS. pe3la, YCIOBUM OXJAXKICHUSA, a TakkKe OT MEXaHWYECKHX CBOMCTB
MmaTepuana obpabaTtsiBaemMoil neranu. [Ipu oOpaboTke JIe3BUITHBIM HHCTPYMEHTOM -
TOYEHHH, (PpE3epOBAHNHU, CTPOTAaHUH U T. M. B 30HE 00PAOOTKU TOMUHUPYET CUIIOBOU
(bakTop, 0COOEHHO 3TO XapaKTEPHO ISl Y4EPHOBBIX ATAOB 00paboTKH. OKOHYATEIbHAS
BEJIMYMHA W 3HAK OCTATOYHBIX HAIPSHKEHUH IOCIE TOYEHHsS 3aBUCSAT OT CTEIEHU
BO3JICUCTBHS KQXKA0M U3 MPUUYMH, YYACTBYIOIIMX B (POPMUPOBAHUU HATIPSKEHUI.

BinsiHME CKOPOCTH pe3aHusl IPY TOUYEHUHN IIPOSBIISIETCS B U3BMEHEHHUH TEIIJIOBOTO
BO3JICHCTBHS U B U3MEHEHUH [TPOIOJKUTEIBHOCTH TEIJIOBOTO U CHIIOBOTO BO3/1EMCTBUSA
Ha METaJUI MHCTpyMEHTa. [I03TOMy NOBBIIIEHWE CKOPOCTH PE3aHUs NPU TOUYCHUU
CHOCOOCTBYET MOSBICHUIO JTONOJHUTENBHBIX PACTATMBAIOLINX HANPSKEHUH, KOTOpbIE
YBEJIMYHMBAIOT OONIYI0 BETUYMHY OCTATOUYHBIX HAIpPSKEHUHN pacTsxeHus. OcTaTroyHble
HANIPSOKEHUsS JOCTHraroT BenuuuHbl 20-80 Kr/Mm? (Kak CKHMAlOIIUe, TaK H
pactsaruBaromme) u 3aineraror Ha rayoune 50-100 mxm. Ilpu  oOpabotke
MaJIOIUIACTUYHBIX MaTepUaloB, IPU KOTOPOil (OPMUPYIOTCS OCTATOUHbIE HAITPSKEHUS
CKaTHsl, TIOBBIIIEHUE CKOPOCTH PE3aHUs NMPUBOAUT K YMEHBIICHHUIO CKUMAIOIIUX U
Jnaxe O0Opa3oBaHHUIO paCTATHMBAOIIUX HanpspkeHud. [Ipyu oO6paboTke TIacTUYHBIX
MaTepHaJIOB, BOCIIPUHUMAIOIINX 3aKaJIKy, YBEJIUYEHHE KOJIMYECTBA TEIIOTHI B 30HE
pE3aHusl, CBA3aHHOE C IMOBBIINIEHHUEM CKOPOCTH PE3aHUs, MOXET MPUBECTU K 3aKaJKe
MOBEPXHOCTHOTO CJI0A. Y BEJIMYEHHUE YACIBHOIO 00beMa METajlIa IOBEPXHOCTHOTO CIIOS
IpU €ro 3aKajike NPUBOJUT K CHIKEHUIO OCTATOYHBIX HANPSKEHUW PpaCTKEHUS,
(bopMUPYIOIIUXCSI IPU MAJIBIX CKOPOCTAX, U MPEBPALLEHUIO UX B HAMPSHKEHUS CKATHS
npu o0paboTke Ha OOJBIIUX CKOPOCTAX pe3aHus. [Ipu TodeHMM 3aKaJeHHBIX
MaTEepUaJIOB YBEJIMYEHWE HArpEeBaHMs ITOBEPXHOCTHOTO CJIOS MpU  YBEJIWYEHUU
CKOPOCTH pPE€3aHusi MOXKET BbI3BAaTh OTIIYCK. BcilencTBHE OTHMyCKa HPOUCXOISAT
CTPYKTYpHbIE U3MEHEHUSI, CBSI3AHHbIE C YMEHBILIEHUEM YyAEIbHOro 00beMa MeTasuia,
YTO MPUBOIAUT K CHWKEHHUIO OCTATOYHBIX HAIPSIKEHUMN CKATUS. YBEIUYEHHUE MOJaYu
npu o0pabOTKe IUIACTUYHBIX CTajied, HalpuMep, JKAPONPOYHBIX, Yy KOTOPBIX
(GOopMHUPYIOTCS OCTATOYHBIE pPACTITMBAIOLIME HANPSOKEHHs,, MPUBOJUT K POCTY
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IUTACTUYECKON JAepopMaliii MOBEPXHOCTHOTO CJOSA M COOTBETCTBYIOIIEMY PpOCTY
OCTaTOYHBIX HANpPsDKEHUH pacTsokeHus. [Ipu ToueHnn ManomiacTHYHBIX MaTepHalioB
yBEJIMUEHHUE MO/IaYU BBI3BIBAET YBEIUUYCHUE OCTATOUYHBIX HAMPSIKEHUM CKATH, a TPU
00pabOTKE MAaJIOIJIACTUYHBIX 3aKaJICHHBIX CTajiell - UX CHUXKeHue. Bospactanuro
OCTAaTOYHBIX HANpPSDKEHUH CKaTUs MNpU  TOYEHWHM MAJOIUIACTHUYHBIX  CTaJel
CHOCOOCTBYET TAKXKE YBEJIMUEHUE OTPULIATENIbHBIX 3HAUEHUH MIEPEIHNUX YIJIOB pe3lia.

[Ipu oTpuaTeTbHOM MEpPEAHEM YTJie M OOJBIIUX CKOpOCTsIX pezanusa (V>300
M/MUH) TOJy4YaloT CXKHUMAIOIIME OCTATOYHBIC HAMpPsDKEHUS Y TMOBepXHOCTH. [lpum
HEKOTOPBIX YCIOBUSAX CKOPOCTHOTO pe3aHusi(C OONBUIMMH OTPULIATEIbHBIMH YTITIaMHU) Y
CTaJIe XOPOILIO BOCHPUHUMAIOIIUX 3aKAaJKy, B MOBEPXHOCTHOM CJIO€ HaOIIOAETCs
NIEPEX0]] ayCTEHUTAa B MAPTEHCUT. Takol nepexo/], CONPOBOKIAIOIINIICS YBETUUEHUEM
0o0beMa, COOTBETCTBYET OOPA30BAHMIO CHKUMAIOUIMX OCTATOYHBIX HAINpPSHKEHUA U
KOMIIEHCUPYET BIIMSHUE TEIIOBOTO (PaKTopa.

N3Hoc pe3na nOpUBOAUT K  YBEIWYEHUIO IUIACTHYECKOW Aedopmanuu
MOBEPXHOCTHOTO CJIOSl METaJlJIa ¥ I1yOUHBI €€ MPOHUKHOBEHUA. [103TOMY npu ToueHnn
IUTACTUYHBIX MAaTEepPHAIOB TMPOMCXOAUT YBEIUYCHHE OCTATOUHBIX HAaMpsHKECHUIH
pacTsHKEHUS, a PU TOYEHUH MAJIOTUIACTUYHBIX MAaTEPUAJIOB - YBEIMUYEHHUE COKMMAIOIIUX
HaNpPsKCHUH.

B npouecce numdoBanus pemiaroniee BIUSHUE HAa 00pa30BaHUE OCTATOUHBIX
HaNpsDKEHUM OKa3bIBaeT TemioBo Qakrtop. [lo3ToMy B NHOBEpXHOCTHOM CIIOE B
npouecce NUIM(POBAHUS BO3HUKAIOT CKHUMAIOLIUME TeMIepaTypHble HaNpsHKEHUS.
VYka3aHHbIE HaIpsSKEHUS MPEBOCXOAAT Mpenesl TEeKy4ecTH MaTephalia M BBI3BIBAIOT
mactTuueckyro aedopmanuio cxkarus. Ilociie okoHuaHus mponecca HUTM(POBAHUS U
YCTAaHOBJICHHSI HOPMaJIbHOM TeMmmeparypsl 3Ta Jedopmaius COXpaHseTcs, 4YTO
OPUBOJUT K PACTSDKEHUIO TMOBEPXHOCTH CO CTOPOHBI BHYTPEHHHX CIJIOEB, T.€. K
0o0pa3oBaHMIO  pACTATHUBAIOIIMX  OCTaTOYHBIX  HampspkeHudd.  [lnmactuueckas
nedopManusi, CBSI3aHHas C yCWJIMEM pe3aHus, TMpu UIIUGOBAaHUM  HMMEET
BTOPOCTENIEHHOE 3HaueHue. M3meHeHue ycnoBuil nuiMGoBaHUS, NPUBOJAAIIEE K
MOBBIIIICHUIO TEMIIEPATyphl pe3aHus, MPUBOIUT K POCTY OCTATOYHBIX HANPSKEHUH
paCTSDKEHUS WM CHUYKCHHUIO OCTATOYHBIX HAMPSIKCHUH CKATHSL.

Jlist psina Mapok crajeil, 0cCOOEHHO BBICOKOJETMPOBAHHBIX, MPU OXJIAKIACHUU
o0Opa3yeTcsi TOBEpXHOCTHBIA MapTEHCUTHBIN cioi (6enbrit cimoit Tommuuoin 0,01—0,3
MM). MapTeHCUTHOE MpeBpalleHIe TPOUCXOANUT MPHU YBEIUYECHUH 00BeMa, UTO MOXKET
KOMIIEHCUPOBaTh YMEHbILIECHHE O0beMa MpH IUIACTUYECKOW AepopMallii CKATHUS.
VYka3aHHOE€ OOCTOSATENBCTBO MOXKET TMPUBECTH K 00pa30BaHUIO OCTATOYHBIX
HanpspkeHud ckatusi. OMHAKO B MPAKTUYECKUX CIyYasxX BIUSHHUE TeMIIEpaTypHBIX
nedopmaiinii ckazpiBaeTcsi OoJibllie, U Nocie NUTM(OBAHUA M MOBEPXHOCTHOM CJIOE
HAOJIOAAIOTCS PACTIATUBAIOLIEE OCTATOYHBIE HAIPSAKEHUS.
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Ha ocHoBaHuu psifa SKCIEpUMEHTAIBHBIX UCCIEIOBAHUI MOXKHO CUMTATh, YTO
nocie nu(OoBaHUs B TOBEPXHOCTHBIX CJIOSX BO3HUKAIOT PACTATUBAIOLINE OCTATOUHbIC
nanpsoxenns 40...80 kI'/mm? (Ha ray6une 20...50 mxm). [Ipy 1eHTOYHOM NUIH(OBAHUU
YKAPOIPOUYHBIX CIJIABOB B MOBEPXHOCTHBIX CIOSIX CO3AI0TCA CKUMAIOIINE OCTATOYHBIC
HanpsokeHus nopszaka 40...50 xI'/MM?, pu pydnoM nosnuposanuu - 40...60xI/mm?. J{is
CHSITUSL OCTATOYHBIX HAMNPSDKEHWM B KApPOMPOUYHBIX  CIUIABaX IPUMEHSETCS
CIICLIMAJIbHBIA OTXKHT.

OcTaTo4Hble HAMPsHKEHUS TaKKe BO3PACTAIOT MPU YBEJIWYCHUH COTIPOTUBIICHUS
nedopMaIui Mpyu MOBBIIIICHUH TBEPIOCTH.

B 3aroroBke, nocTynaromen Ha METaJUIOPEKYIIUN CTAHOK, UMEIOTCSI BHYTPEHHHE
HaAMpPsDKEHUS,, KOTOPBIE COXPAaHSIOTCS MNpPU OTCYTCTBUU BHEIIHUX CHUJI U TOTOMY
HA3bIBAIOTCS OCTAaTOYHBIMH. [Ipu mMexaHudeckoi oOpaboTKe, Korja ¢ 3aroTOBKH B
BUJIE TPUIYCKa YJANsAOT 4YacTh MeTajula, MPOUCXOIUT MepepacnpeiesieHne
BHYTPEHHHX OCTAaTOYHBIX HAIpPsKCHHH, UX BPEMEHHOE pPaBHOBECHE HAPYIIAETCS.
OCHOBHYIO POJIb 3/1€Ch HTPAIOT HAIPSOHKEHUS MEepBOTO poja. BennumHa u xapakrep
pacupeesieHUs] OCTaTOYHBIX HAMPSXKEHUH 3aBUCIT OT KOH(UTYpalliy 3aTOTOBKH, €€
rabapuTHBIX Pa3MEpPOB U COOTHOIIEHHUS Pa3MEPOB OTACIBHBIX IJIEMEHTOB, CIOc00a
MOJIy4EHUsI HMCXOJHOM 3aroToBKM W Jpyrux (akrtopoB. bomnblime ocraTodyHbie
HaIpPSKEHUSI BO3HUKAIOT B MCXOJIHBIX 3arOoTOBKaX, MOJIy4aeMbIX JIMThEM, KOBKOM,
IITAMIIOBKOM, M3-32 HEPABHOMEPHOTO OXJIAXK/ICHUS Pa3HbIX 2JIEMEHTOB 3arOTOBKHU. B
CBApHBIX, CBAPHO-JUTBHIX, CBAPHO-IITAMIIOBAHHBIX KOHCTPYKIHUSIX HAHUOOJbIINE
BHYTPEHHHE HANPSDKEHUS BOSHUKAIOT B MECTaX CBapKH, TJ€ U3-3a MECTHOTO HarpeBa
U OXJIQXKJICHHS TIPOUCXOIAT HEOAHOPOIHbIE 00heMHbIe n3MeHeHUus. CTpyKTypHbIE
mpeBpamieHus Meramuia W audQy3uoHHBIE TPOIECCH TPH  CBApKe TaKkke
CIIOCOOCTBYIOT MOSIBJICHUIO OCTAaTOYHBIX HAIpPSOKEHUM pa3iaudHoro ponaa. B ocobo
HEOIaronpusATHBIX CIIy4asX OCTATOYHBIE HAMpPSKEHUS MOTYT BBI3BATh HE TOJBKO
3HAUUTEIbHOE HapylieHHe (GOpMbI 3aTOTOBKH - KOPOOJIEHHE, U30THYTOCTh U JAPYTOE,
HO ¥ TPEIUHBI.

[lepepacnipeneneHne BHYTPEHHUX HANPSOKEHWH TMPOMCXOIUT HE cpaszy, a
MOCTETIEHHO, M TAaKXXE TOCTEIIEHHO MPOUCXOIUT W3MEHEHHE (POPMBI 3arOTOBKU H
rOTOBOM JeTanu. B mpakThke OBIBaIOT Ciy4yaW, KOTJa KCXOJHAas 3aroTOBKa,
NOJTyuuBIIasi OOJBIIME OCTATOYHBIE HAIMPSIKEHUS, MPOXOAUT YEPHOBYIO 0OpabOTKY.
YacTuaHo mepepacnpenesnssioTcsl BHYTPEHHUE HAMPsDKEHUS U MedopMalius 3aroTOBKH.
[ToyuuBIuecs: Mpu 3TOM HCKaXEHUsT (DOPMBI YCTPAHSIOT MPU YUCTOBOM 00paboTKe.
['oToBYyIO feTanb, €ciiy OHA roJIHasA, CTaBsAT Ha MAILUHY, a 4Yepe3 HEKOTOPOE BpeMS yiKe
IIPU DKCIUTyaTaIlMH BBISICHSAETCS, YTO JIeTallb OBICTPO M3HAIMBAETCS, IPUUMHA ITOTO -
ee aedopmaliys, KOTopast Ipou30IIlIa MOcje TOro, Kak JeTajab MOJHOCThI0 00paboTai.

Camplil POCTOM IMyTh YCTPAHEHUS BHYTPEHHUX HANPSDKEHUN - pa3lielICHHE
00pabOTKH pe3aHreM Ha HECKOJIbKO 3TanoB. Ha mepBoM 3Tamne BHIMOIHIIOT YEPHOBYIO
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00paboTKy, yaanss HanOOIBIIYI0 YacTh MPUITYCKa C MIOBEPXHOCTEH 3arOTOBKHU. 3aTEM
MepPEeTar0T 3aroTOBKY Ha TMOJYYHUCTOBYI0 OOpabOTKY W 3aKaHUYMBAIOT M3TOTOBJICHUE
JeTan Ha TPETbeM JTame - YUCTOBOM oOpaboTke. Tak kak OOBIYHO 3aroTOBKU
00pabaThIBAIOT NAPTUSIMH, a YEPHOBYIO, MTOJTYYUCTOBYIO M YUCTOBYIO OOPaOOTKH BEAYT
Ha pa3HbIX CTaHKAX, @ UHOT/Ia U B Pa3HbIX I€XaX, TO MEXKIY YEPHOBOU U MOJTYyYHCTOBOM
00paboTKamMH MPOXOJUT OMpPE/IETICHHOE BpeMsl. 3a 3TO BpeMsl IPOUCXOJAUT B OCHOBHOM
nepepacipeieicHre BHyTPEHHUX HAMPsOKeHUH U iehopmMarivsi 3aroToBku. Yem Gostbiie
MIPOMEKYTOK BPEMEHHU MEXIy YEPHOBOM W YHUCTOBOW 0OpabOTKaMu, TEM MEHBIIE
OITACHOCTh MCKaKEHHSI (POPMBI TOTOBOM JIETaIIH.

JIJIst MENKUX U CpeTHUX OTIMBOK 3((HEKTUBHBIM CIIOCOOOM CHSITHSI BHYTPEHHUX
HalpsOKEHUM  SIBIISIETCSI  MCKYCCTBEHHOE CTapeHUE - CHEHUAJbHBIA  IPOLIECC
TepMudecKkoil 00padoTku. OTIMBKY MOMENIAIOT B M€Yb, HAIPEBAIOT JO TEMIEPATyphl
500-600° C u BbLIEpXKUBAIOT B TeUeHHE 1-6 4 (4eM KpymHee OTJIMBKA, TE€M OOJIbIle
BBIZIEPKKA). 3aTEM OTJIUBKY MEIJIEHHO OXJIAKJAIOT BMECTE C MEUYbI0 TAKUM 00pa3oM,
4yTOOBI BCE YaCTH OTJIUBKHU (TOHKHE M TOJICTBIC) OXJIAXKIATUCh paBHOMEPHO. CKOPOCTH
OXJIQXJEHUs cocTaBiisieT 25-75 rpan/4. Koraa remnepaTtypa oTiMBKY cHU3UTCS 110 200-
250° C, ee BBIHUMAIOT U3 NI€YM U OKOHYATEIBHO OXJIAXIAIOT HAa BO3/IyXE.

JIns CHATUSL HANpPsDKEHUW, TMOJMYYEHHBIX NpPU KOBKE, IITAMIOBKE W JIUTHE,
MIPUMEHSIIOT TAK)KE OTKUT - HarpeB 10 Temiepatypsl 400 - 600°C ¢ BbIaEpKKOM 2,5 MUH
Ha | MM TONIIMHBI CEYEHUA 3aroTOBKH, a [Jisi CBapHbIX 3aroTOBOK -
BBICOKOTEMIIEpAaTypHbIid OTmyck ¢ HarpeBoM a0 600-650° C. OTxuramT Takxke
3aroTOBKHM, TIOJIydyaeMble U3 Tpokara. BcerieacTtBue OONBIIMX — IMJIACTUYECKHUX
neopManuii Mpu MpPOKaTKE B TMOBEPXHOCTHBIX CIIOSX 3aroTOBOK 00pa3yroTcs
3HAUYUTENIbHBIC PACTATUBAIONINE, 4 BO BHYTPEHHUX CIIOSX CXKUMAIOIIUE HAIPSIKECHMUS.
Ecnu ¢ Takol 3aroToBKM CHHUMAaTh HEPAaBHOMEPHBIM MPUIYCK, TO ee (dopma H3-3a
nepepacrpeieieHuss BHYTPEHHHX HANPSXKEHUH MOXKET u3MeHUThea. [losTomy,
HampuMmep, Tociie (¢pe3epoBaHUsl JIMHHBIX IIMOHOYHBIX KAaHABOK Ha Bajax,
U3TOTOBIISIEMBIX W3 TMpOKaTa, MOXKET MPOUCXOAUTh UCKpuUBJieHUE Bana. Jlud
WCIIPABJICHUS] KPUBU3HBI 3aTrOTOBOK BAJIOB, OCEH, CTEPIKHEH, ITTMHHBIX TUIAHOK U T.JI. UX
MpaBsIT B XOJIOJHOM COCTOSIHMHM. B mporecce mpaBKu NpOUCXOAUT YIIpyTas, a 3aTeM
nacTuyeckas aedopmariusi.

ToiaTenbHas mMpaBka MO3BOJSET IMOYTH IOJHOCTBIO YCTPAHUTh KPUBU3HY
3arOTOBKM, BBI3BAHHYK) JCHCTBHEM OCTAaTOYHBIX HamnpspkeHuil. Ho mpu mpaBke B
3aroTOBKE TOSIBJISIIOTCS HOBBIC HampshkeHus. [Ipu qanpHeiei ynctoBoii 06padoTke (a
emnie Xy>ke - B paboTarolell MalmHe) 3TH OCTAaTOYHBIC HAIPSKEHUS MOTYT BBI3BATh
HOBBIE UCKOKEHUS (POPMBI, TOITOMY JIJISI OTBETCTBEHHBIX Jl€Tajlel MPaBKy MPUMEHSITh
HEXeNaTeNbHO.

CocraB cMazouHo-oxynaxaaomux Texnojorndeckux cpen (COTC), cnocoObl
X TOABOJA B 30HY pE€3aHUs OKa3bIBAIOT TAK)XE BIUSHHE HA BEJIWYMHY U 3HAK
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MaKpOHAIPSKEHUI, BO3HUKAIOINX B MOBEPXHOCTHBIX CIOSAX JeTasiel, 00paboTaHHBIX
pe3anuem. lIpumenenne COTC BHOCHUT COOTBETCTBYIOIIME HM3MEHEHHSI B (DU3HMKO-
XUMUYECKHE TPOLECChl, NPOTEKAIOUIME B 30HE KOHTAaKTa MHCTPYMEHTa C
oOpalaTeiBaéMON IOBEPXHOCTHIO, OOYCIIOBIMBAIOUINE HANPSKEHHOE COCTOSHUE
HNOBEPXHOCTHBIX cioeB. OHMU U T€ ke Cpeibl, B 3aBUCUMOCTH OT METOJla U yCIIOBHI
00pabOTKH, OKa3bIBAIOT HEOJAMHAKOBOE BIIMSHUE HA BEIMYMHY M 3HAK OCTATOYHBIX
HanpspkeHuil. [Ipumenenne COTC MoxkeT crocoOCTBOBAaTh KAK YBEJIMYEHUIO, TaK U
YMEHBUIEHUIO OCTATOYHBIX HAIPSHKEHUM MO cpaBHEHHIO ¢ oOpabotkoi 6e3 COTC.
Xapakrep BiugHusI COTC Ha TEXHOJIOTrMYECKHME MAKPOHAIPSKEHUS B 3HAUYUTEIBbHOU
MEpe 3aBUCUT OT KOJIMYECTBA TEIUIA, BBIACIAEMOIO B 30HE pE3aHMs, KOTOpOe
ONpENENsieT pa3BUTHE IPOLECCOB PA3YNPOUYHEHUS B IOBEPXHOCTHOM CJIOE, a
CJIEIOBATEIIbHO, BIUSET U HA €T0 HANPSKEHHOCTb.

4.3 @opMupoBaHHE IKCILIYATAIMOHHBIX CBOWCTB NOBEPXHOCTH AETAJM
HAHECEHHEeM TMOKPBITHII € HMCHOJIb30BAHNEM BbICOKOKOHLIEHTPHPOBAHHBIX
MOTOKOB JHEPruM

Cpenu METOI0B HAaHECEHUS 3AIUTHBIX IMOKPBITHI, OCHOBAaHHBIX HA BO3JEHCTBUN
Ha MOBEPXHOCTh JIETAJU MOTOKOB YAaCTHI] U KBAaHTOB C BBICOKOM 3HEprueu, 00ybIoe
BHUMAaHHE IPUBJIEKAIOT BAKYYMHbIE HOHHO-TUIA3MEHHBIE METOABI. XapaKTEpPHOM HX
YepTol SBISAETCA MPSAMOE MNPEeoOpa3oBaHUE HSKIEKTUYECKOHM SHEPTrUU B HHEPTHUIO
TEXHOJIOTUYECKOTO0  BO3JEUCTBUS,  OCHOBAHHOM  HA  CTPYKTYpPHO-(pa30BbIX
IPEBPAIICHUSX B OCAXKICHHOM Ha IIOBEPXHOCTH KOHJAEHCATE WIA B CaMOM
IIOBEPXHOCTHOM CJIOE JIETAJIM, IOMEIIEHHON B BAKYYMHYIO Kamepy.

OCHOBHBIM JOCTOMHCTBOM JAHHBIX METOJOB SIBJIIETCS BO3MOXXKHOCTb CO3JIaHHUS
BECbMa BBICOKOTO YPOBHS (PH3MKO-MEXaHUYECKUX CBOWCTB MAaTEpPUAIOB B TOHKHX
MOBEPXHOCTHBIX CJIOSIX, HAHECEHUE TUIOTHBIX MOKPBITHI U3 TYTrOIUIaBKUX XUMHYECKUX
COCIMHEHUW, a TakKe alMa30MoJO0OHbIX, KOTOpPbIE HEBO3MOXHO MOJYYUTh
TpaJAULIMOHHBIMU METOJIAMH.

Kpome TOro, 3T MeToibl MO3BOJISIIOT: OOECHEYMBATh BBICOKYIO aATE3MI0
HOKPBITHS K MOJI0KKE; PABHOMEPHOCTD IMOKPBITHUS 110 TOJIIIMHE HAa OOJIBILION TUIOIIA/H;
BapbUpOBaTh COCTaB IIOKPBITHS B IIHPOKOM JUana3oHe, B Ipelesaax OJHOTO
TEXHOJIOTUYECKOT0 I[IUKJIA; MOJIYYUTh HU3KYIO IIEPOXOBATOCTH HOBEPXHOCTH MOKPHITHUS;
HKOJIOTUYECKYI0 YHUCTOTY TMPOM3BOJACTBEHHOrO ILMKiIa. B  Hacrosiuiee Bpems
pa3paboTaHo OOJIbIIOE YHUCIO OYEHb BBICOKO A((PEKTUBHBIX METOJOB HAHECEHMS
3alMTHBIX MIOKPBITHI U MOJU(PHUIIMPOBAHUS IIOBEPXHOCTHBIX ciioeB [19].

K meronam BakyyMHOW MOHHO-IIJIA3MEHHON TEXHOJIOTUN OTHOCST:

1. MoaudunupoBaHue MOBEPXHOCTHBIX CIIOEB:

. noHHO-TU(hPy3rMOHHOE HACBIIIECHUE (nonHoe a30TUPOBAHMUE,

HayTJIepOKUBaHUE, OOpUPOBAHE U Jp.);
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. HOHHOE (TUTa3MEHHOE) TPaBJICHUE (OYHCTKA);

. WOHHAs UMIUTaHTaIMs (BHEAPCHHE);

. OTKUT B TJICIOIIEM Pa3psiie;
2. HaneceHne MOKPBITHIA:

. MOJIUMEPU3AIIHS B TICIOIIEM pa3psc;

. MOHHOE OCaXJeHUE (TPUOAHOW paCHBUIMTEIBHON CUCTEME, IUOJIHOM
pacnbUIMTENBHOM CUCTEME, C UCIIOIb30BaHUEM pa3psjia B MOJIOM KaToJe);

. QJICKTPOAYTIOBOC UCIIAPCHUC,

. HOHHO-KJ’I&CTGpHBII?I MCTOM,

. KaTOOAHOC PACIIbIJICHUC (Ha ITIOCTOAHHOM TOKC, BI)ICOKOLIaCTOTHOG);
. XUMHUYICCKOC OCAXKICHHUC B IJIa3MC TJICIOLICTO pa3ps/a.

CoBpeMeHHbIE  BaKyyMHbIE  HOHHO-IUIa3MEHHBIE  METOJIbI  YIPOYHEHUS
(MonuduUIMPOBaHKE) MOBEPXHOCTEH JIeTalleld MalllMH BKJIFOYAIOT CIETYIONINE ITallb:

. re’epanuio (00pa3oBaHuE) KOPITYCKYISIPHOTO MOTOKA BEIIECTBA;
. €ro akTUBHU3aLIMI0, YCKOPEHUE U (POKYCUPOBKY;
. KOHJICHCAIMIO U BHEJIPEHUE B IOBEPXHOCTH JieTaliel (TIOIJIOMKEK).

['eHepanusi KOpIyCKYJISIPHOIO IMOTOKA BEIIECTBA BO3MOYKHA €r0 HCHapeHUEM
(cyonumanueit) u pacnbsuieHueM. McnapeHnue - 3To nepexo]i KOHJIEHCUPOBaHHOM (a3l
B Tap OCYIIECTBISIETCS B PE3yNbTaTe MOJBOJOK TETUIOBOW HYHEPTHH K HCHAPSIEMOMY
BelecTBy. TBepjpie BemiecTBa OOBIYHO MPH HArPEBAHMM DPACILIABISIIOTCS, a 3aTeM
NEPexXoAT B Ta3000pa3Hoe cocTosHue. HekoTopble BemiecTBa MEPEXOIAT B
ra3oo0pa3Hoe COCTOSTHME MUHYs Kuakyro ¢da3y. Takoit mporecc Ha3bIBaeTCs
cyonumariuei.

Harpes ucnapsieMoro BemiecTBa MOXKET OCYIIECTBIISATHCA:

e 32 CYET BBIJCJICHUS JDKOYJIEBa TEIJa MPH MPOXOXKICHUU DICKTPHUUECKOTO
TOKa Yepe3 UCTapseMblil MaTepHrall WK Yepe3 UCTIapUTENb;

e B pe3yibTaTe 00MOApAUPOBKU MOBEPXHOCTU METANIa YCKOPEHHBIM MOTOKOM
DJIEKTPOHOB  (DJIEKTPOHHO-TYYEBOM HArpeB) WJIM KBAaHTAMHU DJIEKTPOMArHUTHOTO
U3Ty4eHus (J1a3epHbIN HarpeB);

e  BBICOKOYACTOTHBIM D3JIEKTPUYECKUM MArHUTHBIM MOJeM (MHIyKIHMOHHBIHI
HarpeB);

e DJIEKTPUYECKOU TyI'OM.

Bri6op cocob6a HarpeBa U BU MCIAPEHHS 3aBUCAT OT MPHUPOIBI UCTIAPSIEMOTO
Marepuaa, e€ro HMCXOoAHOW (opMbl (TpaHyJbl, MOPOIIOK, MPOBOJIOKA), TpeOyemoii
CKOpPOCTH HMCIIapEeHMsI, TOCTOSTHCTBA BO BpeMeHHU U T.1. Hanbomblee pacipocTpaHeHne
NOJyuyns HarpeB IMpH TOMOIIM 3JIEKTPOHHOH OOMOApAMPOBKH, 4YTO TIO3BOJISET
nocturath Temnepatypbl 4000 rpagycoB Llenbcusi 1 BBICOKOM MJIOTHOCTH SHEPIUU B
Jay4e. DIEKTPOHHO-TyU€BOM crocod HarpeBa COCTOUT B, YTO HA U3JEJIME HAMPABIISIOT
MIOTOK 3JIEKTPOHOB OT KaT0/a, YCKOPEHHBIX JICKTPHUUECKUM TOJEM 0 SHEpruu 5...25
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k3B. IloToK 371eKTPOHOB (3JEKTPOHHBIN JIy4) MOJYYArOT C MOMOIIBIO 3JIEKTPOHHO-
JYy4YEBbIX MyLIEK.

B pesynbrare o0pa3oBaHUs AKTUBUPOBAHHOTO KOPIYCKYJISIPHOTO IOTOKa B
KOHTaKT C TMOJJIOKKON MeTajia JASTaId BXOAAT HEUTPAIbHBIC YAaCTHUITHI (BO3OYKICHHBIC
U HEeBO30YKJEHHBIE) C BBICOKOI 3HEeprueil u noHsl. [Iporecc B3anMoaecTBHs TaKOTO
CJIOKHOTO IO COCTaBy IOTOKAa C MOBEPXHOCTBIO METaJla CBOJUTCA K MPOTEKAHHIO
B3aMMOCBSI3aHHBIX (PU3MUECKUX SBJICHUI: KOHICHCAIINH, BHEIPEHUS U PACIIbLICHUS.

Honnoe pacnoiienue. VIoHHbIE paCTIBUTUTENN PA3EISIOT HA JBE TPYIIIIBL:

e  IUIA3MEHHbIE, B KOTOPHIX MUIIEHb HAXOJMUTCS B Ta30pa3psIHON ILIa3Me,
CO37aBa€MOl C TMOMOUIBIO TJCIOIIEro, AYTOBOTO M BBICOKOYACTOTHOI'O pa3psfa.
Pacmbuierrie  mpoucXoauT B pe3ysibTare  OOMOApAMPOBKH MUIICHH HOHAMH,
W3BJICKACMBIMU U3 MJIa3MBbl;

e  ABTOHOMHBIE MCTOYHUKH 0€3 (POKYCHUPOBKM U C (POKYCHPOBKOW HOHHBIX
My4KOB, OOMOAPIUPYIONIMX MUIIIEHB (3arOTOBKY).

B nau6onee nmpoctoM cirydae cuctema paciblICHUSI COCTOUT U3 JIBYX 3JIEKTPOIOB,
MIOMEIICHHBIX B BAKYYMHY0 Kamepy (puc. 4.5). PacnbiisieMy o MUIIICHb U3 HAHOCUMOTO
MaTepHaa pacroiaraiT Ha kaTojie. Ha npyrom siekTpo/ie Ha pacCTOSSHUM B HECKOJIBKO
CaHTUMETPOB OT KaTo/a, YCTaHABIMBAIOT JieTalu (MO10KKH). Kamepy BakyyMUPYIOT,
HaIOJHAIOT pabounM ra3oM (4aie Bcero aproHom) Ao aamieHus 1,33I1a, 3axurator
razopaspsiHyIo Ma3My U 00MOapIUPOBKOM HOHAMU MPOU3BOASIT OUUCTKY WU3ACIHS OT
MOBEPXHOCTHBIX 3arpsi3HEHUM, J1ajie€ OTPULIATENIHHBIM MOTEHIIUAN MPUKIAIBIBAIOT K
MUIIIEHU W PaCHbUIAIOT €e. PacmbuiseMble 4acTUIIBl ABMXKYTCS Yepe3 IJIa3My paspsijia,
OCAXKJAIOTCS Ha JCTANAX M 00pa3yloT MOKphITHE. bombinas yacTh 3HEPrud MOHOB,
OoMOapIUPyIOMKUX MUIICHB (10 25%) MePEeX0IUT B TEILIO0, KOTOPOE OTBOJIUTCS BOJIOM,
oxJaxaawmei katoa. OCHOBHBIM JOCTOMHCTBOM CHoco0a SIBISIETCS BO3MOXKHOCTh
MOJTYyYEHHUSI TOKPHITUHN U3 TYTOIJIABKUX METAJIOB, CTJIABOB Y XUMUYECKUX COSTUHEHUH.

Fy . 1
nd 1 /
-'—"_2
2 Puc. 4.5. llpuHuunuanbHas cucTeMa
pacIblICHUS:
L~ 4 1 — kamepa; 2 — MOI0KKOIepKaTENb; 3
5 — aetanu (MOJJIOXKKHW); 4- MUIIEHB; 5-
é KaTtoJ; 6- skpaH; 7 — moABOA pabovero

raza; 8 — HCTOYHHMK IHUTAHUA, 9 —
1.1 I 7 OTKauKa.
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Maznemponnoe pacnovinenue. HaneceHue NMOKpBITUN B BaKyyMe€ C IOMOILBIO
MarHeTPOHHBIX CUCTEM 3aKJIOYAETCs B PACIBUICHUM TBEPJON MUIIEHH HAMbLISEMOTO
MaTepuaia HOHAMHM HWHEPTHOTO Ta3a, OOpa3ylIIMMHUCS B IUIa3M€ aHOMAaJIbHOTO
TJICIONIETO pa3psiia NpU HAJOKEHUU HA HEro MarHUTHOTO TMOJisl, CUJIOBBIC JIMHUU
KOTOPOT'O OPTOTOHAIBHO TIEPECEKAIOT CUIIOBBIE JIMHUU MarHuTHOTO 1moJis (puc. 4.6) .

Puc. 4.6. Cxema MarHeTpoHHOU
pPaCIbUIMTEIBLHON CUCTEMBI C IJIIOCKOM
= . . MUILIEHBIO: 1- Katox (MulleHs); 2-
' MarHuTHasi CHCTeMa; 3- HMCTOYHUK
nuTaHus; 4- aHoxm; S5- TpaekTopus
NBIKEHUS  JJEKTpoHa; 6-  30HA
pacubuIeHHs; /-  CHJIOBas  JIMHMS
s MarHUTHOTO IOJIS.

b A=
e e
Y A

OCHOBHBIMM 3JIEMEHTAMU MAarHeTpOHA SBIAETCS Karoj (MHILIEHb), aHOJ H
MarHuTHasi cucteMa. CHIIOBbIE JIMHUM MArHATHOTO TIOJISI 3aMBIKAIOTCS MEXKITY
MOJKOCAMH MAarHUTHOM cucteMbl. [Ipy mopade MOCTOSHHOTO HAMPSIKEHUS MEKITY
MUILICHBIO (OTPULIATENILHBIN MOTEHIMAA) W aHOJOM (MOJOXKUTEIbHBIM MOTEHIHAN)
BO3HUKAET HEOJHOPOJHOE AJIEKTPUUYECKOE T0JIE M BO30YXKIAeTCS TIICIOUIUN pa3psii.
Hanmnumne 3aMKHYTOr0 MarHMTHOTO TMOJA K PaclbUIIEMOM MOBEPXHOCTH MHILECHU
MO3BOJISICT  JIOKAJM30BaTh IUIa3My  paspsga HENOCPEACTBEHHO Yy  MUUICHH.
OMUTHUpPOBAHHBIE C KaToJa TMOj JACHCTBUEM HMOHHON OOMOApIMPOBKU 3JIEKTPOHBI
3aXBaThIBAIOTCS MArHUTHBIM TIOJIEM, M UM COOOIIAETCS CIIOKHOE IUKIOUAAIBHOE
JIBH)KEHUE 10 3aMKHYTBIM TPAeKTOPUSAM Y IOBEPXHOCTEH MHIIEHU. DJIEKTPOHBI
OKa3bIBAIOTCS Kak Obl B JIOBYIIIKE, CO3/1aBAEMOM C OJTHOM CTOPOHBI MAarHUTHBIM TOJIEM,
BO3BpAIIIAIOIINM KX Ha KaToJd, a C JIPYroll CTOPOHBI — MOBEPXHOCTHIO MHIIEHU, UX
OTTAJIKUBAIOLICH. DJIEKTPOH UUPKYJIUPYET B 3TOM JIOBYIIKE JO TEX MOpP, MOKA HE
MPOU30MIET HECKOJIBKO MOHU3HUPYIOIIUX CTOJKHOBEHMI C aTOMaMH pabodero rasa, B
pe3yJIbTaTe KOTOPBIX OH MOTEPSET IOJYYEHHYHO OT JIEKTPUUECKOIrO MOJISI SHEPTHUIO.
Takum 00pa3om, OOJBIIAs YaCTh PHEPTUU DIIEKTPOHA, MPEXKAEC YEM OH MOMaJaeT Ha
aHOJI, UCTIOIB3YETCS Ha MOHU3AIMIO U BO30YXKJIEHUE, YTO 3HAYUTEIILHO YBEITUINBACT
3 PEeKTUBHOCTH TIpOIlECCa MOHU3AIMU W TPUBOJUT K BO3PACTAHUIO KOHIIEHTPALUU
MOJIO)KUTEIIBHBIX HOHOB y MMOBEPXHOCTM MHUIIEHHM U POCTY CKOPOCTH OCAXKICHUS
MTOKPBITHS.

Honnoe ocarxcoenue nokpvtmuii. ITOT crnocod Hamen TMIPUMEHEHHUE B
PEHOBALlHOHHOM ITPOU3BOJCTBE JUTSL MOJTy4YEeHUS M3HOCOCTOMKHUX u
KOPPO3HUOHHOCTOMKHUX TTOKPBITHN KaK M3 YMCTHIX METALIOB, TaK U U3 coeauHeHur. K
METOJIaM MOHHOI'0 OCAXKJIECHUS MOKPBITUM OTHOCAT METOJBI, B KOTOPBIX OCa)Xjgaemasi
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IJICHKAa TMOABEpPraercs MHTEHCUBHOMY  BO3JEMCTBUIO HMOHHOTO  KOMIIOHEHTa
KOPIYCKYJIIPHOTO TIOTOKa, OOECHEYMBAIONIErO0 HW3MEHEHUSI KaK B CTPYKType U
CBOMCTBax JeTalM, TaK U CaMOT0 MOKPBLITHS. Takol pe3yJbTaT BO3MOXKEH JHOO Mpu
BBICOKOM CTEMEHW HMOHU3ALKUUA KOPIYCKYJIAPHOTO TOTOKa (ra3000pa3HOro WM
METAJUIMYECKOr0) OCaKJAEMOr0 BEIIECTBA, JUOO MPU BBICOKOW 3HEPrUM HOHHOIO
KOMITOHEHTA KOPITYCKYJISIPHOTO MOTOKA.

[lo Tumy WUCTOYHMKA TEHEpAMM METAJUIMYECKOr0 KOMIIOHEHTa TOTOKa
pa3IuyaloT HMOHHO-TEPMHUYECKHME CUCTEMBbI PACIBUICHHMS U XOJIOJHbIE CUCTEMBI. B
NEPBBIX CHUCTEMaxX MEPEeBOJ NMEPEHOCHMOIo MaTepHalia U3 TBEPAOro B mapoodpazHoe
COCTOSIHUE OCYIIECTBIISIETCS B pe3yJibTaTe TEPMHUUYECKOrO0 HarpeBa, BO BTOPOM -
pacibUIEHUEM C TOBEPXHOCTH MHTETPAIBHO XOJIOAHOW MUILIEHU (KaTOAA).

OTH MeToAbl TMO3BOJISIOT MOJy4YaTh MOKPBITUS C BBICOKUMH CIIYKEOHBIMU
XapaKTEPUCTUKAMU KPUCTAJUIM3ALUU TUIEHOK U UX CBOMCTBaMHU.

Houno-ougpgpyzuonnoe nacolwmyenue. ITOT MeTON Haubojiee MIUPOKO
MIPUMEHSIETCS NIPU a30THPOBAHUU CTajed U MeTaiuioB. [IpeuMyniecTBa nepen nevyamu
OOBIYHOT'O Ta30BOr0 a30THUPOBAHMSI COCTOUT B COKPAIICHUM JIUTEIHLHOCTH IMKJIA B
3...5 pa3; ymeHbllieHuH AedopMaliii BOCCTAHABIMBAEMbIX JeTajieit B 3...5 pa3; B
BO3MOKHOCTH MPOBEAEHUSI PETYIHPYEMBIX NPOLECCOB a30TUPOBAHUS C MOITYyYEHUEM
CIIOEB C 3aJaHHBIM COCTAaBOM M CTPYKTYpOW; B BO3MOXXHOCTH YMEHBIIEHUS
TeMIepaTyphl npoiecca azotupoBanus 10 350...400 °C, uro mosBomser m30exarh
pa3ynpoOYHEHUs] MaTepUalIbl CEPALIEBUHBI U3JIEIHI; B YMEHbUIEHUU XPYIKOCTH CJIOS U
MOBBIIMICHUH €r0 CIY)KEOHBIX XapaKTEPHUCTHK; B MPOCTOTE 3alUTHI OTAEIBHBIX
YYaCTKOB JIeTaJlel OT a30TUPOBAHMS; B YCTPAHEHHMM OIIACHOCTH B3pbIBA I€YH; B
CHIDKEHUU YAENBHBIX PACX0/10B 3JIeKTpUUECKOl sHepruu B 1,5...2 pa3a u paboyero rasza
B 30...50 pa3; B yJIy4llIEHUH YCIOBUN TPyJa TEPMHUCTOB.

CucremMa MOHHOTO HACBIIIEHUS MPEACTABISIET COOOMl BaKyyMHYIO Kamepy, B
AIEKTPUYECKOM IUIAHE PEATU3YIOLIYI0 JIBYXAJIEKTPOJHYIO CXEMY: KaTOI-3JIEKTPOJ C
JeTalsIMU; BTOPOM 3JEKTPOJI (aHOM) - 3a3€MJICHHBIN KOPITyC BaKyyMHOU Kamepsbl. [l
IPOBEICHMSI TPOLECCa HOHOTO HACBILEHWS B BAaKyyMHYIO KaMmepy HOJaercs
JETUPYIOIUK MaTepuan (JIEMEHT WIM XUMHUYECKOE COEIMHEHHE) B Ia3000pa3HOM
(mapooOpa3HOM) COCTOSIHUH, a K JICTAJISIM ITPUKIIAABIBACTCS] OTPUIIATEIBHBIN TOTSHITHAI
- 300....1000B. IToBepxHOCTh U3 OOMOAPIUPYETCS MOJOKUTEIBHBIMU HOHAMU
JIETUPYIOLIEr0 3JIEMEHTa W3 Ta30pa3psiAHOM IJIa3Mbl, YTO MO3BOJISIET 3HAYUTEIBHO
COKPATHUTh JIJIMTEIIBHOCTh IIPOLIECCa HACKIIIEHHs MOBepXHOCTU. K HemocTaTkaM MeToia
MO>KHO OTHECTH HEBO3MOXXHOCTb YCKOPEHHUS MpOoILecca MMyTeM YBEIMYEHUS INIOTHOCTH
MOHHOTO MOTOKA.

Honnoe nezupoeanue (umnaanmayus). VIMnnanranus CylmeCTBEHHO CHUXKAET
M3HOC W TPEHHE, YBEIWYUBACT AHTUKOPPO3HOHHBIE CBOWCTBAa MeTawia. I[lpu
UMIUJIAHTAlUd TOHKUM TOBEPXHOCTHBIM CIOM M3JEeNMsl HACBIAETCS BHOCHMBIM
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DJIEMEHTOM, TIOTOKOM HOHOB KOTOPOTO TIOBEPXHOCTh JeTanu 0OpadaTbIiBaeTCs
(6bomOapaupyetcsi).  MIMIIaHTUPOBAHHBIA ~ DJIEMEHT  MOXKET  BXOJIWTh B
KPUCTATMYECKYIO PEIIETKY OCHOBBI B BUIE TBEPAOTO TeJa, MIIK 00pa30BBIBATh BEChbMa
MEJIKOKPUCTANINYECKUE BBIACICHUS XUMHUYECKHX COCAMHEHUH C KOMIIOHEHTaMU
MaTepuaia ocHOBbl. Kpome Toro, npu BHEIPEHHH MOHA B KPUCTAIUIMUECKON pelIeTKe
UHUIIMUPYETCSI CMEIIEHUE AaTOMOB, TMPHUBOAAIIMX K OOpa3oBaHHUIO OOJBIIOTO
KOJIMYEeCTBa Je(PEKTOB KPUCTAINTUYECKONW pemeTkd. TojmuHa 3TOro HAaCHIIICHHOTO
nedeKkTaMd W BCIEACTBHE 3TOTO YIMPOYHEHHOTO CJIOS BO MHOTO pPa3 MPEBBIMIACT
rTyOMHYy TPOHUKHOBEHUS MOHOB. TonmuHa MOAU(DHUIIMPOBAHHOTO CIIOSI COCTABIISCT
HECKOJIBKO MUKPOH.

4.4 TloBbllIeHHE IKCIIYATAIIMOHHBIX CBOWCTB JeTajieii MAlIUH MeTOAaMM
MOBEPXHOCTHOTO mJjactuueckoro aedpopmuposanus (IIILI).

Cymnocts III/] 3akmrouaerca B TOM, 4TO TpeOyeMmble pa3Mepbl U KayecTBO
MOBEPXHOCTEN JeTaneil JOCTUraeTCsl HE CPE3aHHeM MaTepHuala, a ero MjIacTUYeCKUM
dbopmounsmenenuem. B mpouecce 1] onHOBpemMeHHO ¢ 00pabOTKONM MOBEPXHOCTH
JeTal MPOU3BOAUTCS €€ YIPOUYHEHUE, U KAaK CIIEJICTBHE 3HAYUTEIBHO YIY4IIarTCs
AKCIUTYaTallMOHHBIE CBOMCTBA JETaIM, MOBBIMIAETCS X HalaeKkHOCTh. [II1]] mo3BossieT
3G ()EKTUBHO BIMATH HA TOBBIIICHHE JOJTOBEUYHOCTH JeTajei, padoTaolmx B
YCJIOBHSIX 3HAKOIIEPEMEHHBIX HAarpy30K, TPEHUS U BO3JEUCTBUS KOPPO3HOHHBIX CpE.
Bo Muorux cinywasx npumeHennem IIIIJ[ ynmaércs moBbICMTH 3amachkl MPOYHOCTH
neTaneil, paboTaromMX MPU MEPEMEHHBIX Harpy3kax B 1,5-3 pa3a, yBeIUYHUTb CpPOK
CILyOBbI B IECATKH pa3.

JIro60it meTon I1IT/1, ocyniecTBiasieMblil B paMKax TEXHOJIOTMYECKOTO MapIIpyTa
npu3BaH 00ecneuynTh He0OXOJUMbIE JHCTBHS HAJl 3arOTOBKOM /1JIsl IOJTyUEHUs AEeTau
omnpenesieHHoro kadvecrtBa. Omnepauun ynpouHeHus metonamu III1J] BkiarouaroT B
TEXHOJIOTHYECKUI MPOLECC I PELICHMS CIEYOIUX 3a1au:

- YOPOYHEHHE IMOBEPXHOCTU NETAIM IMPHU YCIOBHM IMOJIYYECHHS] MUHUMAIbHOW
HIEPOXOBATOCTU WM 3aJaHHOTO MUKpopenbeda;

- YIIPOUYHEHHE JIETANU ¢ 00ECIEeYEHHUEM MAKCUMAaJIbHOTO NMpHUpALIEHUs Mpeesa
BBIHOCJIUBOCTH, U3HOCOCTOMKOCTH U APYTUX SKCILTyaTal[MOHHBIX CBOMCTB;

- YIIPOYHEHHE TOBEPXHOCTH B YCIOBUAX JOCTUKEHUS MAKCUMAJIbHO BO3MOKHOTO
UCIPABIICHUS] HETOYHOCTEHN pa3MepoB U (HOPMBI A€TalH;

Otu 3amaun B mporecce IIIIJ] pemiaroTrcss u3MeHeHUWEM psia MHapameTpoB
KaueCTBa IOBEPXHOCTH U CBOMCTB MaTepHuaia IOBEPXHOCTHOI'O CIIOS:

- (hopmMupyeTcs KauecTBEHHO HOBast MAKPO - 1 MUKPOT€OMETPHSI TOBEPXHOCTH;

- B IOBEPXHOCTHOM CJI0€ BO3HHKAIOT OCTATOUYHbIE MAKPOHANPSXKEHUS CXKATHUS;
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- KPHUCTAJUIMYECKAass pelIeTKa MaTepuala ITOBEPXHOCTHOIO CJIOS ITOJIYy4YaeT
YOPYTOIUIACTUYECKUE HUCKAXEHUs, NPUBOAAIINE K (HOPMUPOBAHHIO OCTATOYHBIX
MaKpOHANPSLKEHUM;

- u3MeHsieTcs (opMa, pasMepbl U OPUEHTHPOBKA 3€PEH, YTO CIIOCOOCTBYET
(bOpMHUPOBAHUIO TEKCTYPUPOBAHHOTO CJIOS;

- B 3aKAJICHHBIX CTaJSX CHMXKAETCS KOJMYECTBO OCTATOYHOIO AayCTEHHUTA U
MIPOUCXOAUT BbIICTICHIE MEIKOIUCIIEPCHOM KapOUAHOM (pa3bl, MOBHIIIAETCS TUIOTHOCTh
JTACIIOKAIIUM.

CnenyeT OTMETHTh, 4YTO J(MPEKTUBHOCTh YMNPOYHEHUS TECHO CBs3aHA C
MHTCHCUBHOCTBHIO YIIPYTOIIACTHUECKON MedopMalii Marepuaia IMOBEPXHOCTHOTO
cinost B mpouiecce IIITJI. ITpu IIITJ] ynpyromnactuueckas aeopmaruss MOXET OBITh
OCYUIECTBJICHA JABYMsSI CIOCOOAMU BO3ACUCTBUSI Ha MOBEPXHOCTH JAeTanu. JIubo
TBEPJBIMH TEJIaMH, JTMOO KOHIIEHTPUPOBAHHBIMU MTOTOKAMHU (TIOJISIMHU ) DHEPTHUH.

[IITJI TBepApIMH TenaMu SIBISETCS HaubOoJiee paclpOCTPaHEHHBIM CIOCOOOM
ynopouHeHusi. Ero ocymecTBistoT IyTeM BO3AEUCTBUS Ha 00padaThIBaeMylo
MOBEPXHOCTh OJIHOTO WMJIM HECKOJIbKUX oOpabarbkiBatomux Tea. IT1oT crnocod I
JEKUT B OCHOBE MEJIIOM TaMMbl METOJOB, KOTOpPBIE IO XapakTePy CHIOBOTO
B3aMMOEHCTBHS 00pabaThIBAOIIErO Tesla ¢ 00padaThIBAEMON MOBEPXHOCTHIO MOYKHO
pa3aeNnuTh Ha J1B€ OOJIBIINME FPYIIbl: KBA3UCTATUUECKHUE U TUHAMUYeCKUe (yAapHbIE).

KBazucratuueckue npeanonararoT co3JaHue Ae(OopMallMOHHOTO YCHIHS OT
00palaThIBaIOIIETO TeJa MPU €ro HEMPEPHIBHOM KOHTAKTE C JETANbI0. Y CIOBHO OHU
OTIIMYAIOTCAd OT YJApHBIX METOJAOB OTCYTCTBHEM HWHEPUUOHHBIX CHUJ IpHU
B3aMMOJICHCTBUU oOOpabaThIBalolIero Tena ¢ jAeTtanbio. [lpu guHaMHYECKUX -
macTuueckass  aepopManus MOBEPXHOCTHOTO  CJIOSL  OCYUIECTBISIETCS  MyTeM
MHOTOKPATHOTO  YJapHO-UMITYJIbCHOTO  BO3JEWCTBHUA  0OpabOaThIBalOIIMX  TeJ
JHEeproHecymen cpeasl Ha o0O0pabaThiBaeMyl0 TOBEPXHOCTb. B 3ToM ciyuae
JHEpProHecyIllas cpeAa MHOIOKPaTHO BO3ACHWCTBYEeT Ha Bce 00pabaTbIBaeMylo
MOBEPXHOCTh WJIM €€ 4acTh, IIPU 3TOM cUJjia BO3ZeicTBHs oOpadaThiBaromux Teia P B
KQKJIOM LIMKJIE U3MEHSETCS OT HYJIS WIM OT HEKOTOPOro 3HaueHus P1 10 MmakcumyMa, a
B CJIyyae JIOKaJbHOTO YJAapHOr0 BO3JEUCTBHS o4ar Ae(pOpMHUPOBAHUSA MOXKET (Kak U B
CTaTUYECKUX METOJIaX) TMOCIEAOBaTEIbHO W  PABHOMEPHO TMPOXOJIUTH  BCHO
o0pabaThIBa€MyI0 MOBEPXHOCTb.

[Ipu uCHOIB30BaHUM B TEXHOJOTUYECKUX LENAX (PU3UKO-XUMUUECKHUX SIBICHUH,
MOBEPXHOCTHAsl IUIacTUYecKas JedopManus OCYLIECTBISIETCS "OECKOHTAKTHBIM
crnocoboM" — myTeM BO3ACUCTBHS Ha MOBEPXHOCTh IHEPrOHECYIEW cpeibl B BHJIE
KOHILIEHTPUPOBAHHOTO MNoToKa dHepruu. K umciy takux meronos IIIIJ[ oTHOCSTCS:
00paboTKa B MATHUTHOM MOJI€, B3PHIBHOM BOJTHOM, AJIEKTPOHHO-UOHHOW W KBAaHTOBOM
TE€XHOJIOTUEW, UMIYJbCHBIMU BO3AYIIHBIMU CTPYSIMU, OapodparMeHTanus. XapakTep
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CHJIOBOTO BO3JCHCTBUS Ha 00pabaThIBaeMyI0 IOBEPXHOCTh MpU 00pabOTKe 3TOM
IPYNHONA METOIOB MOXKET OBITh UMITYJIbCHBIM U TOCTOSTHHO HAPaCTaOIIUM.

IIpumensiemble B mpaxktuke npoueccsl IIIIJ] Xxapakrepusyrorcs Hanuuuem
HEIIPEPBIBHOTO WJIM JUCKPETHOTrO KoHTakTa. llocimennue, npencrasisronye B
OCHOBHOM T'pyMIly JUHAMUYECKUX METOJ0B 00paOOTKU TBEPABIMH TEIAMHU, MOTYT OBITh
pasleseHbl Ha MPOLECCHl C PETYJSPHBIM M CO CTOXAaCTHMUECKUM (POPMHUPOBAHUEM
JOKaJIbHBIX o4YaroB naedopmanuu (ormeyaTkoB). K dmcny nuHAMUYECKHMX METOIOB
[T, npu o6paboTke KOTOpHIMH (HOPMUPOBAHME JIOKAJIBHBIX 0YaroB JehopMaluu
HOCHUT PETYJISIPHBIN XapaKTep, OTHOCATCS METOABI 00paOOTKH EAMHUYHBIM HHACHTOPOM
WM Ha0OpOM MHAEHTOPOB. OCHOBHYIO Ipymily yaapHbeix metofoB III1/] cocraBustor
METOJbl 00pabOTKM CBOOOAHO JBMXKYyLIMMHCS TenaMu. OHU 00JaJar0T BBICOKOM
neopMUpPYIOLIEH CHOCOOHOCTBIO, PEryJIMPYEMOM B IIMPOKHUX Ipenesax SHepruei
ylapa, a Takke MPUTrOJHOCTbIO i 00paboTKHM pa3HOOOpas3HbIX 10 ¢opMme
noBepxHocTed W T.h. CroxacThueckui xapaktep (POpMHpPOBAHHS JICKUT B OCHOBE
JTUHAMUYECKUX METOJ0B 00pa0OTKHU HANPaBIEHHBIM TOTOKOM, HOPLUMOHHBIMA MaccaMu
Y C COYJIAPEHHUEM YaCTHUL YHEPTOHECYILEN CPELBI.

[Ipu 00paboTke neraneil cBOOOJHO IBHKYIIMMHCS TEJIaMH, MOBEPXHOCTHOE
IUIACTUYECKON 1e(hOpMUPOBAHHUE OCYLIECTBIISIETCS B PE3YJIbTATE YAAPHO-UMITYIbCHOT'O
BO3/ICIICTBUS HAa 00pabaThIBaEMyI0 IOBEPXHOCTh OT/IEIbHBIX 00padaThIBAIOIIMUX TEN, B
KayecTBE KOTOPBIX MOXKET OBITh MCIOJIb30BaHa CTaJbHAs, YyTyHHAsl, CTEKIISTHHAS WU
U3rOTOBJICHHAs M3 MaTepuaja JeTalu ApoOb pa3iuyHOM (opMbl, THUIIA U pa3Mepa.
[Ipumensiemble aiist 00pabOTKM JieTaneil cBOOOAHO JBMKYIIMMHUCS TE€JIaMU yCTaHOBKHU
OTIMYAIOTCA JIPYyr OT JApyra crnocoOOM TOJIBOJIa 3HEPrOHECYIIeW cpelbl B 30HY
00paboTkH, pacxoaom obpadateiBatomux e 1 COTC B enuHULY BpEMEHU U IPYTUMU
KOHCTPYKTHUBHBIMH IIapAMETPAMHU.

NHTEeHCUBHOCTL yNpOYHEeHUs AeTany npu npuMeHeHun meronos IIIIJI, Takxe
3aBUCUT OT CXEeMbl OOpaOOTKM TMOBEPXHOCTEH, OIpeaeaseMol KUHEMAaTUKOU
OTHOCUTEIBHOT'O JBMKEHUS: I KBa3UCTATUYECKUX METO/I0B — MHCTPYMEHTA U ACTAJIH,
JUTSl TMHAMUYECKUX METOJOB — SHEPTOHECYIEN CPebl U ACTAIIH.

Takum oOpazom, oneparuu ynpouHenus [II1J[ B oOmem ciydae onpenensitores
YETHIPbMSI OCHOBHBIMH MPU3HAKAMH

1) TeXHOJIOTUYECKUM Ha3HAUCHHEM;

2) w™eromom IIIIJI — ompemeisiOmMM XapakTep CHIOBOIO BO3IEHCTBHS
00pabaThIBAIOIIKMX TEJ UM SHEPTOHECYIIeH cpeibl Ha 00padaThIBaEMyIO TOBEPXHOCTH;

3) cxemoii 00pabOTKH [IETaH;

4) TUIIOM WU BUJIOM 00pa0aThIBAIOIINX TE.

O6padotka IIITJ] compoBOXKHaeTcsi CIOKHBIMU CTPYKTYPHBIMH M (ha30BbIMU
MpEBPAIICHUSIMU, XapAKTEPHbIMU [JIs1 (OPMHUPOBAHMUS TOBEPXHOCTHOrO cjios. B
NepBOHAYAIbHBI MOMEHT, Jae(opMHpoBaHHE B OOJACTU IUIOCKOCTEH CKOJIbKEHUS
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IMPOUCXOJSAT UCKAKEHUE KPUCTAJUIMYECKON PEIIETKH, B YACTHOCTH €€ ITOBOPOT, a TAKKE
CMEILIEHNE aTOMOB U3 TOJIOKEHUSI YCTOMYUBOTO PAaBHOBECHS U YIIPYTHE WCKPUBICHHUS
IUIOCKOCTEH CKOJBXKEHHs. DTH HCKa)KEHUS BBI3BIBAIOT MMOSBICHHUE JTOTOIHUTEIBHBIX
HaANPsDKEHUH, OCTAIOIIMUXCS MOCHE MPEKPALIECHUS] Harpy KeHUsl (HanpsyKeHUs] TPEThETO
pona).

[Ipu nedopmanuu NOJUKPHUCTAIA, COCTOSALIETO M3 OOJBILIOTO YHMCIa 3EPEH,
UMEIONINX Pa3IMYHYI0 OPUEHTAIMIO KPUCTAIIOTPaQHUECKUX MIOCKOCTEH, OT/ICIbHbBIE
3epHa BO3JCUCTBYIOT JAPYT Ha JIpyra, BbI3bIBas MOSIBICHWE BHYTPEHHUX HAIMPSLKEHUH.
[Tpu 5TOM OfHM 3epHA UCHBITHIBAIOT HAMPSHKEHUS PACTIKEHUS —CXKATUA, APYyTHe —
u3ruba, B OJHUX 3€pHAX 3TU HAIpsDKEHUs Ooliblie, B APYrux MeHbine. Jlegopmarius
Oosiee HaIpPSHKEHHBIX 3€PEH CAEPKUBACTCS COCEIHUMM, MEHEE HalpsuKeHHbIMH. B
pe3ynbTare NepBble NPUOOPETAIOT BHYTPEHHUE HANPSIKEHUS CXKAaTHsl, a BTOPbIE —
pacTspkeHus. [lociie CHATUS BHEIIHUX HArpy30K BHYTPEHHHME HAIPSDKEHUS] MEXKITY
OTJEIBHBIMH 3€pHAMHU TTOJTMKPUCTAIIA COXPAHSIOTCS B HEM (OCTaTOUHBIC HAMPSKCHHUS
BTOPOIr0 poAa — MEXKpUCTALIUTHBIE). C yBEIMUYEHHEM PAa3HULBI B pa3Mepax 3epeH
NOJIMKPHUCTAIIIA HEOJHOPOAHOCTD HAIIPSKEHHOTO COCTOSIHUS YCUIIMBAETCSL.

Ckollb)keHHE B KPHUCTANIaX YMEHBIIAET CTPYKTYpPHbIE HEOJHOPOJHOCTH
YcTpaneHue ke HEOAHOPOJHOCTEN YaCTUUYHO BOCCTAaHABIIMBAET PEaJbHYI0 IPOYHOCTh
KPUCTAJJIOB M TOBBINIAET BEIMYUHY KPUTUYECKOTO HampsbkeHus casura. llomockl
CKOJIbYKEHUS Pa3/IeNIIIOT KPUCTAIII HAa MEJIKUE YaCTH B BUJIE IIJIACTUHOK, IPEBpAIast ero
B TOJIMKPUCTAJI, COCTOSUIMM M3 MEJKUX BBITSIHYTBHIX 3epeH. V3MernbueHue 3epeH
MOJIMKpUCTaIa yculuBaeT 3P¢GeKkT OJOKUPOBAHUS TIOCKOCTEN CKOJIBXKEHUS OJHOTO
3epHa COCEHMMH 3€pHaMH, C JAPYrOoM OpUEHTALMEW KPHUCTAIUIMYECKOW PpELIeTKH,
MO3TOMY CKOJIbKEHUE, HauaBIlIeecs B OJJHOM 3€pHE, HE MOKET CBOOOJIHO Pa3BUBATHCS
Jlajiee ¥ TOPMO3UTCSI COCETHUMH 3€pPHAMH.

B mpouecce ckoabXEeHHUS MPOUCXOAUT BBITATMBAHME 3€PEH IMOJMKPUCTAIA B
HampaBlieHUW JepopMmali, B pe3yJbTaTe YEro CO3JaeTcsl OIpejesieHHas
OPUEHTHPOBKAa TOHKUX BBITAHYTBIX 3€peH (TeKcTypa aedopmanuu). YBeIUMUUBAETCS
JIeCTBIE TOBEPXHOCTHBIX CHJI Ha TPaHUIAX 3€PEH, YTO MOBBIIIAET MPOYHOCTH TO-
JUKpUCTAIOB. Jlanee BCIENCTBUE YCWUJIEHUS Pa3BUTUSL CIBUIOB MO TUIOCKOCTSM
CKOJBXEHHUSI 00pa3yloTcs HOBbIE, 3HAUUTEIBHO H3MeNbUYeHHbIE 3epHa. llpu 3Tom
KPUCTAJUTUTHI TEPSIIOT CBOIO II00OUIHYIO (HOpMY, CIUTIOIIUBAIOTCS, BBITATUBAIOTCS B
HanpaBlieHUu JehopMUpoBaHUsA. Pe3Ko M3MEHSETCSI COOTHOILIEHUE HX pPa3MEpoB,
oOpa3syercsl yrnopsoueHHasi OpUEHTUPOBAaHHAs CTPYKTYypa BOJIOKHUCTOTO XapakTepa C
aHU30TPOMHBIMU MEXAHMYECKHMHU CBOMCTBAMH, KOTJla IJIACTUYHOCTH BIOJb BOJOKOH
BBIIIIE, Y€M B MTOTIEPEYHOM HampaBICHUH.

IIpu cKONIBKEHUU OJHOM YACTH KPUCTAILIIA OTHOCUTENIBHO APYTOX Ha IIIOCKOCTSX
CKOJIBKEHHSI BOBHMKAIOT OCKOJIKM 3€pPEH, CO3/AI0IIKE IIEPOXOBATOCTh MOBEPXHOCTEN
CKOJIbXKEHUSI, KOTOpasi TOPMO3UT JajibHeiliee nepeMerieHue.
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N3menenne (opMmbl KPUCTAIMUYECKUX 3€peH B Ipolecce AepopMaiuu
CHOCOOCTBYET MX MEXaHUYECKOMY CIETUICHHUIO U 3aTPYyIHSIET B3aUMHOE IepeMeIleHuE,
HaboJaroIeecs Mpy MIaCTHUecKol nedopManuy NOTUKpUCTaIOB. COBOKYIHOCTH
NEPEYUCIICHHBIX SIBJICHUH BBI3BIBAET 00II€E YIPOUHEHUE AEPOPMUPYEMOTO METALIIA.

C yBenu4eHHMEM IUIOTHOCTU AMCIIOKAIMA YMEHBINAETCS PACCTOSHUE MEXIY
HUMH, a 3TO NPUBOAUT K YCUJICHUIO B3aUMOJAEUCTBUSA UX MEXAYy COOOW U IPYTrMMHU
nedexramu pemetkd. CONMPOTHBIICHWE JBIKEHUIO JIUCIOKAIMKA BO3pacTaeT, a
CJIEIOBATENbHO, BO3PACTAET U CONMPOTUBJICHUE AePOopMaIiH, T.€. IPOYHOCTh MeTaIa
yBenuumuBaeTcs. Pemerka mo maHHbM [17] BOKpyr AedeKTOB MCKakeHa, €€ CTPOCHHE
HapymieHo. [losTomy aromMamM M y4YacTKy pEHIETKH BOKPYT AC(PEKTOB, B IIEJIOM,
CBOMCTBEHHA IOBBILICHHAS IOTCHUMAJIbHAs DJHEPrusA. OITO O3HAYAeT, 4YTO IpHU
CONMM>KEHUH AUCTIOKAIMK (HanmpuMep, Ipu AeGopMaliim) Apyr ¢ ApyroM BO3MOKHBI ABa
ciryyqasi:

1) mpu B3aUMOAECHCTBUU TUCIOKAUUN MEXAY cO00il (MK ¢ APyruM 1e(eKTOM)
MMEET MECTO YBEJIMYEHUE HMCKAKEHU KpUCTAUIMYECKOW pemeTkd. B atom cimyuae
CONMPOTHUBJIEHUE JIe(hOopMaIMU BO3PACTAET, UTO OyAET 03HAYATh MOBBIIIEHUE IPOYHOCTH
MeTasa;

2) mpu B3aUMOJEWUCTBUU JUCIIOKAUUK (WK APYyTUX AePEKTOB) MexAy coOoil
MOET MMETh MECTO YMEHBIIECHUE MCKAKECHHM KPUCTAIIMYECKON pemeTku. B 3Tom
clly4ae CONpOTUBIIEHUE 1e(hOpMALIUY YMEHBIIUTCS, T.€. METAJUT Pa3yIpOYHUTCS.

OCHOBHOM NPUYMHOM YIPOUYHEHHS SIBISETCA JIaBUHOIIOJOOHOE pa3BUTHE
JTUCIOKAIMi — Ae(PEKTOB KPUCTAJUIMYECKOW PEHIETKHM MeTala, CKalTMBAIOIIMXCS
BOJM3U JIMHUW CIBUIOB, W TMOCJEAYIOLIEE 3acTpeBaHUE NEpel pa3IMyHOro poja
OpensTCTBUAMH,  oOpasyloluMuca B @pouecce  AeQOpMUpPOBaHUS WU
CYLIECTBOBABIIUMU 10 Hero. Ilpu nedopMupOBaHHMU MEPEHACHINIEHHBIX TBEPABIX
pPacTBOPOB YAaCTUYHO MPOUCXOJUT UX PaCIa], B pe3yJbTaTe KOTOPOIO BBIAECISIOTCA
MeJbyaiIie YacTUIbl HOBBIX CTPYKTYpPHBIX 0Opa3oBanuil. [locnennue, Beiaenssich Ha
IUIOCKOCTH CKOJIbXKEHUSI, OJIOKUPYIOT pa3Butue cABuroB. [Ipu nepopmupoBanuu cranei
C (eppUTO-NEePIUTHON CTPYKTYpOM pacmagaercss TBEPAbI pacTBOp o-Kele3a Hu
yIJIepoJia, pojb «IIWIIOB» UTPalOT KapOWIbl KeJe3a, BbIACNSIONINECS B BUJE OYEHb
MEJKUX KapOUAHBIX BKIIOYEHHI. BO3MOXHO M BbINaJaHHE COEAMHEHHH a3oTa —
HUTPUIOB. YBEJIUYEHHE TBEPIOCTH MPHU IIACTHUYECKOM J1e(hOPMHUPOBAHUM CTallel CO
CTPYKTYpOM  MapTeHCHTa 3aKaJKH OOBACHAETCS YaCTUYHBIM IpEeBpalCHUEM
OCTATOYHOT'O AyCTEHUTA B MAPTEHCHUT.

VY CTaHOBJIEHHO, YTO MHTEHCUBHOCTD YIIPOUYHEHHSI CTAJE€l TEM BBILIE, YEM MSTUe
CTaylb. Y HE3aKaJeHHBIX CTajeil B pe3yJibTaTe MOBEPXHOCTHOIO Je(popMUpOBaHUS
MOXHO TTOJTYYUTh YBEIMUYEeHUE TBep1ocTr Oosiee ueM Ha 100%, a y 3aKajqeHHBIX - TOJIHKO
Ha 10-15%. [Ipupoct TBepaOCTH ONpeaensieTcss CTPYKTYpoil AeopMHUpPyEMO CTalIu.
Haubonbiiee mnoBbIlIEHHE TBEPAOCTH HAOMIOJAeTCsl y CTajlled C  ayCTEHUTHOM,

90



(beppuUTHON U MAPTEHCUTHOM CTPYKTYpaMH, HAUMEHBIIIEE — C IEPIUTHON U COPOUTHOI
CTpyKTypaMu. AOCOMIOTHBIA MPUPOCT TBEPIOCTH B PE3YJIbTATE COCTABISACT: IS
MapTeHCUTHBIX CTPYKTyp - 180-320HB; nmns crameit, comepkammx H30BITOYHBINA
deppur - 60-120HB. 310 cBsizZaHO C TeM, YTO CTPYKTYpPHBIE COCTABJISIOLIUE HUMEIOT
Pa3IMYHYI0 CIOCOOHOCTH K YIIPOYHEHHIO.

JIJist CTPYKTYpbl MapTEHCUTA ITyOMHA YIIPOUHEHHOW 30HBI O0JIbIIIE, YEM TIPU TEX
KE YCIOBHMAX M APYTUx CTpykTyp. CTpyKTypbl copOuTa HMEIOT HAMMEHBIIYIO
TIyOMHY TUTACTUYCCKH J1e(hOPMHUPOBAHHOTO CJI0s (puc. 4.7).
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Puc. 4.7. 3aBucuMOCTh TiyOMHBI TJIACTUYECKU AePopMHUpyeMOM 30HBI h OT
rJIyOMHBI oTHevaTka hl s yriepoaucTsix cTajield ¢ pa3iMuyHbIMUA CTPYKTYpaMH: a —
apMKoXkene30; 6 — crans 35; B — cranb 45; r — ctanb 50; ® — pepput; M — MapTeHCHUT;
[T — nmepaut; C — copOur.

HedbopmarimoHHOEe YMPOYHEHUE XAPAKTEPHU3YETCS YBEIMYCHUEM TMIPEICIIOB
TEKY4YeCTH, TBEPIOCTH, XPYIMKOCTH WM CHIDKCHHEM IUIaCTHYHOCTH. lIpereprieBaror
WU3MCHEHUS MOJI3Y4YECTh, BHYTPECHHEE TPEHUE, DICKTPOCOIIPOTUBIICHUE, KOIPIIUTHBHASL
CWJIa, MarHUTHAs MPOHUIIAEMOCTh, OCTATOYHAS WHIYKIHSA. DTH U3MCHEHHS (DU3UKO-
MEXaHUYECKUX CBOMCTB IMOBEPXHOCTHOTO CJIOS MeETajljla 3aBUCAT OT CTETCHU
MJIaCTUYECKON nedopMalii, U uX HEOOXOJMMO YYUTHIBATH MPU BHIOOPE PEKUMOB
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[III/1 nnst perane pa3nuyHOro Ha3HAYCHUS.

VYBenmuueHrne  KOHIEHTpAIMM  TOYEYHBIX W JIMHEWHBIX  Je(PEKTOB
KPUCTAJUTMYECKOTO CTPOSHUS M 00pa3oBaHUE CYOMHUKPOCKOTMYECKUX (HEOMACHBIX U
HEBPEJHBIX) TPEIIMH TaKXK€ YBEIMYMBACT YJIEIbHbIM 00beM MmeTauia. CymMMmapHoe
MaKCUMaJbHOE YBEJIWYEHUE YNIeNbHOro oObema 1Jyisi ctaynei gocrturaer 1,1%. Dto
oOyciaBianMBaeT 00pa30BaHUE B IJIACTUYECKHU JEPOPMHUPOBAHHOM 30HE OCTATOYHBIX
HaIPSOKEHUN COKaTHs, KOTOPhIE B 3aBUCUMOCTH OT MaTepHayia MU MeToJa o0paboTKu
nocturaioT 1200-1500 Mlla; rnmyOuna 3aneranus HampsbkeHuit oObraHo Ha 10-15%
MPEBBIIIAET TIIyOUHY CJIOS C MOBBIIIEHHON TBEPAOCThI0. MakcuManbHOE HANPSHKEHUE
Yalle BCETO HEMOCPEACTBEHHO HAa ITOBEPXHOCTH WJIM HAa HEKOTOPOM PACCTOSHUHU OT
MOBEPXHOCTH, YTO OOYCIOBJIEHO TEIUIOBbIMU siBleHusiMu B mpouecce [III. [Ipu
ucnons3oBanun B npouecce I COTC, noacioiHbIi MakCUMyM HOpPaKTHUYECKH
ucuesaer [16].

XapakTep pacrpeeseHrs OCTATOYHBIX HAMPSYKEHUM 110 TITyOMHE YIIPOYHEHHOTO
MMOBEPXHOCTHOTO CJIOS, KaK MpaBWJIO, WUMEET BHUJ TPEACTaBICHHBIM Ha puc. 4.8.
Pa3nuyHbie TEXHOJIOTUYECKUE PEXUMBI BIMSIOT HAa TIIyOMHY 3aJIETaHHUSI OCTATOYHBIX
HaNpsDKEHWM, KOTOpash  yBEJIWYMBACTCS  MPONOPLUHUOHAIBHO POCTY  Pa3MepoB
IJJACTUYECKOTO OTIeYaTka. Ha MHTEHCUBHOCTB CKMMAIOIIUX HAIPsSKEHUW, OCHOBHOE
BIIUSIHUE OKAa3bIBAET CKOPOCTh IUIACTUYECKOW JedopManuu U TPOJOSIKUTEIHHOCTD
00paboTKH.

(T, M

2l

N4

2T =

Puc. 4.8. Dniopsel OCTaTOYHBIX HANPSDKEHHUM MO rTyOMHE YIPOYHEHHOIO CJIOS B
oOpasuax wu3 cramu 18X2H4BA nmocne: 1- papobectpyuHoil 00paboTku; 2-
[EHTPOOEKHO-IIAPUKOBOIM 00pabOTKH; 3- pacKaThIBaHUSI.

dopMma KpuBOH pacrpeaeieHns MUKPOTBEPIOCTH IO TITyOWHE YIPOYHEHHOTO B
npouecce [I1/] moBEpXHOCTHOTO CI10s 0 HEKOTOPOTO MOMEHTA HE UMEET MOACIONHOTO
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makcumyma (Puc. 4.9). 3aBucuMoCTh TIIyOMHBI W WHTEHCUBHOCTH MPHUPOCTA
MUKPOTBEPAOCTH OT TEXHOJOTHMYECKUX PEKMMOB MPAKTUUYECKHU TaKas ke, Kak U JJis
OCTaTOYHBIX CXKUMAIOIIUX HanpsbkeHud. Ho mpu AIMTEeNbHOM BpEeMEHU YNPOUYHEHUS
POCT MUKPOTBEPJOCTH Ha MOBEPXHOCTU Mpekpamiaercs. HecMoTpst Ha ganbHeHmmii
pOCT  MHUKpPOTBEPJOCTHM  TMOJA  THOBEPXHOCTBIO,  SBJICHHE  TOBEPXHOCTHOIO
NEepPEeYNPOUYHECHHsS] OTPUIIATENILHO CKa3bIBa€TCd HA KOHTAKTHOM BBIHOCIMBOCTH U

YCTAJIOCTHOW MPOYHOCTH JAETAJICH.
M
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Puc. 4.9. N3MeHeHrne MUKPOTBEPAOCTH BOJBBEHTHI 3y0a IIECTEPHU U3 CTAIH
20X3BM® B 3aBUCMMOCTH OT MPOJOJDKUTEIBHOCTH 00paboTku. OOpadaTkiBaroiias

cpena CMeCh CTalbHBIX M TBEPAOCIUIaBHBIX apoB: | — ucxoanas; 2 — T=300mun; 3 —
T=180 mun.

Ha puc. 4.10 npuBoasiTcsi KpuBBIE YCTAJIOCTU JJIsi 00pa3loB YNPOUYHEHHBIX
pasubiMu merogamu TIITJT .
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Puc. 4.10 Pe3ynbTarhl HCHIBITAHUN HA YCTANOCTh 00pa3noB u3 ctaiu 19X2H4BA
nocie: 1 — apobecTpyitHoi 00paboTKH; 2 — IEHTPOOEKHO-IIIAPUKOBOI 00paboTKH; 3 —
pacKaThIBaHUS.

CormocraBieHre KpUBBIX, IpecTaBiIeHHbIX Ha Puc. 4.8-4.10 mo3BoJiser cienarhb
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BBIBOJI, YTO YBEIIMUCHUE NPEAEA YCTATOCTH ONPEAEAETCS HE CTOIbKO MeTtoaom TTIT/T,
CKOJIBKO TEXHOJIOTHUECKUMH PEKUMaMU, 00y CIIaBIMBAIOIINMH YBEITUICHUE TITyOUHBI U
WHTEHCUBHOCTH TUTACTHYECKH 1e(OPMUPOBAHHOTO TTOBEPXHOCTHOTO CIIOSL.

IIpomecc o6pabotku aetanedt meromamu IIITJ] compoBokmaercss BblIEICHUEM
TEIJIOTHI, KOTOpash HarpeBaeT oOpabaTbiBaeMylo JeTaib, oOpabaThiBarolIue Tela, a
TaKXKe OKpY)KawIlyto cpeny. Teruora aepopMuUpoBaHUsI TEHEpUPYETCs B odare
nehopMUpPOBaHUsI, TEIIOTA TPEHUS — HEMOCPEICTBEHHO Ha MOBEPXHOCTH KOHTAKTA.
HcTOYHMK TEmIOThl — MECTHBIH, XapaKTepuszyembld >(PQPEKTUBHON TEIIOBOM
MOIITHOCTBIO, T.€. KOJIMYECTBOM TEIUIOTHI, O0pa3yloliell B €IUHUI]y BpPEMEHH, U
pacmnpeneneHneM TEIUIOTH Mo 00beMy. Temnora oOpa3yeTcs B OCHOBHOM BCJICIICTBHE
MJIaCTUYECKOT0 1eOPMUPOBAHUS, TOITOMY UCTOUYHHUK TEIUIOTHI COOTBETCTBYET (hopMe
ouara aedopmupoBanus (puc. 4.11), a cam mporecc xapakTepu3yeTcss MTHOBEHHBIM

JIOKAJIbHBIM Harp€BOM H 6I>ICTpBIM OTBOAOM TCINIOTEI BHYTPB O6pa6aTBIBaIOHIGﬁ ACTalIn
[9,8,7,34].

zZ¥

Puc. 4.11. Cxema HOpMaIbHO-CPEPUUECKOTO UCTOYHUKA TEIIOTHI.

Tak kak Ha pa3Mmepsl ouara JedOpPMHPOBAHUS BIHUSIOT MHOTHE IMapaMeTphbl
00paboTKH, TO BpeMsi HAarpeBa 3aBUCHUT HE TOJIBKO OT CKOPOCTH, HO M OT JaBJICHUS U
pa3zMepoB 00padaTHIBAIOIINX TEJI.

[Ipy MHTEHCUBHBIX pekUMax 0OpaOOTKH JOKAJIbHbIE YYACTKH MOBEPXHOCTHBIX
CJI0€B HATPEBAIOTCS JI0 Pa3IMYHON TeMIepaTyphl: npHu oOokaTeiBanuyu — 10 300-400 °C,
npu Beirnaxusanuu — 10 600-700 °C, npu ynapueix merogax — xo 800-1000 °C. Ipu
sToM, ucnonb3oBanue COTC 1o3BONSET CHU3BUTHL TEMIIEpATypy B  30HE
nepopMHUPOBaHHUs B HECKOJIBKO pa3 [16].

TermoBoit »ddext npucymuit 111/ MokeT BBI3BIBATH TEPMOIIIACTHYECKOE
nepopMupoBaHre U Apyrue  SBJIICHHS, CHIDKaromue dS(OQPEeKT  ympouHCHHUS.
Tepmomactuyeckoe AehOpPMUPOBAHUE MPUBOIUT K PE3KOMY CIaTy OCTATOYHBIX
CKUMAIOIIUX HAIPSHKEHUM Ha TOBEPXHOCTH, @ B HEKOTOPBIX CIIyUasx — K IPEBPaIICHUIO
UX B pactiaruBawomme. MoryT o0pa30oBBIBaThCS TaKKe€ BTOPUYHBIE CTPYKTYpHI,
CHIKAIOITUE IKCIUTyaTaIlMOHHBIC CBOMCTBA MOBEPXHOCTU. CTHIKU CTPYKTYP SBIISIOTCS
KOHIIEHTPaTOPaMH HAIPSKEHUH, YTO IPUBOIUT K 3aPOXKJICHUIO YCTAIOCTHBIX TPEIIUH.
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HeoOxoaumo ycTaHaBiIMBaTh TakuMe CUJIOBBIE MapamMeTpbl O0OpabOTKHM KOHKPETHBIX
MaTepHaOB, KOTOPHIE HE BBI3BIBAIOT MOBBIIICHHS TEMIIEpATyphl HOBEPXHOCTH OoJiee
JIOITy CTUMOM.

Kak nmnpu kBasucratuueckomM, Tak ¢ TpPU  yJapHOM  BO3JECUCTBHUU
00pabaThIBAIOIIMX TEJ SHEProHecylier cpeapl Ha oOpabaThiBa€MOW MOBEPXHOCTH
bopMHpyeTCsi COBOKYITHOCTb IJIACTUYECKUX OTIIEYATKOB 00Pa3yIoLIMX Ha MOBEPXHOCTU
xapakTepHbIid 111 006padbotku meromamu [1I1]] mukpopensed. Kak mokazano Ha pwuc.
4.12 mmactuyeckoe AePOPMHUPOBAHUE IMOBEPXHOCTU MO EAUHHUYHBIM OTIIEYATKOM
MPOUCXOAUT PABHOMEPHO MPU ITOM, KOMUPYSI ¢ HEKOTOPHIMU HCKXKEHUAMU (HOpMY
MOBEPXHOCTU 00padaThIBatOMuUX Tem [9].

LE LI
CTT

1
bobod
jde

Puc. 4.12 3ona pacnpocTpaHEHHs IJACTHYECKOTO JehopMHUpOBaHHS
BU3YAJIM3UPOBAHHAS 110 UCKAKEHUIO PSIMOYTOJIBHOM CETKHU.

[nyOuna mmactudeckun 1e()OPMHPOBAHHOTO — MOBEPXHOCTHOrO  ciios  h
IPONOPIOHANIbHA TUaMETpy TutacTudeckoro orneuatka d . J[Jst pa3muyuHbIX YCIOBHIA
obpabotku h=1... 2d.

3aBHCUMOCTh MEKIY ITUAMETPOM IUIACTHUECKOro oTredarka d, hopmupyemoro
Ha TMOBEPXHOCTH, W CHJIOBBIM BO3JEHCTBHEM 0OOpadaThIBalOUIero Teja (Hampumep
chepuieckoro HHAEHTOpa) P ipu ero BHEApEeHNH B yHIpyron U MIacCTUYECKON 001acTax

OnuMChIBaeTCa ypaBHeHUsIMHU ['epiia u Meliepa:

P= : d.;

2 2
3Dl - +1 A
E E,
P=ad",

rne D - guametp chepudecKkoro MHACHTOpa; E,E. - MOOyIHM yHNpyrocTd mMaTepualia

(4.2)

chepruueckoro MHAEHTOpa U 00padaThIBAEMOTO MaTepuana; i, 4 - KOIPOUIIMEHTHI
[Tyaccona marepuana chepudecKkoro MHIACHTOpa U 00pabaTbiBaeMOro MaTepuana; a,n

— KOHCTaHTBI IUIACTUYHOCTH.

Onnako 3T GOpMYJIbI HE YUUTHIBAIOT TPEHHUE B 30HE KOHTAKTA U CIIPABEJIUBEI
JUISL  YCJIOBHM  eOopMHpOBaHUS, KOTJla KOHTAaKTHPYIOIIME Tejia H30TPOIIHHI,
MOJUUHSIOTCS 3aKOoHYy ['yka, MUIOIIaJb KOHTAKTa Majda W Harpy3Kd MPUIIOKEHbI
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NEPIEHANKYJIIPHO K oOpabaTpiBaeMoii moBepxHOCTH. BMecte ¢ Tem mporeccor [TT1]]
IPOTEKAIOT B O0JIE€ CII0KHBIX YCIOBHSIX, TO3TOMY YKa3aHHbIE (JOPMYJIIbI B JAHHOM BH/JIE
UMEIOT OIPAHUYEHHOE NPUMEHEHHUE U MOKA3bIBAIOT OCHOBHBIE CHIJIOBBIE 3aBUCHUMOCTHU
nipu T/,

MHOrokpaTtHoe NPUI0KEHUE OJTHOU U TOU KE CTATUYECKOW CHUIIOBOM HATPY3KH
Ipy BJIABJIMBaHUM OOpabaTHIBAIONIETO Tejda B OJIHO U TOXE MECTO HE MPUBOJMUT K
3aMETHOMY YBCIIMYCHHIO pa3MEpOB INIACTHUECKOTrO oOTedyarka. B pabore [17]
MOKa3aHO, YTO B OTJIMYHE OT CTATUYECKOrO, MPH YyJApHOM BO3ACHCTBUU
00pabaThIBAIOIIETO TEJa C POCTOM YHciia coyaapenuii 10 15-20 pa3Mep miacTH4ecKoro
oTIIeYaTKa AJisl pa3IMYHBIX YCIOBHM 00paboTku yBennuuBaercs B 1,25-1,55 pasa (puc.
4.13). YcraHoBieHO, 4TO yBeiauueHue Oyner meHwumM, eciau I[II1J] moaseprarorcs
Oosiee TBepable CTald, IPH 3TOM, KaK BHJHO U3 mojydeHHoro B padore [30]
COOTHOUICHMsI, JuamMeTp oOpaldaThIBAIOIIETO Telda HE OKa3bIBACT CYIIECTBEHHOIO
BJIMSIHHS HA POCT INIACTUYECKOro oTmevarka: d max/d =1,55—HB/1000.

I'mybuna miactuyecku  J1e(OPMUPOBAHHOW  30HBI, MOJYYEHHOH NIpH
MHOTOKPAaTHOM yJapHOM BO3/IEHCTBUU, MPAKTUYECKH paBHA TIyOWHE IJIACTUYECKU
neOopMUPOBAaHHON 30HBI, TIOJYYEHHOW TMPU KBA3MCTATUYECKOM OJHOKPATHOM
BO3JICUCTBUM WHACHTOpPA, MPH YCIOBUM PpABEHCTBA JUAMETPOB IUIACTUYECKHUX
oTneyaTkoB. [103TOMy 3aBUCMMOCTH CHJIOBBIX MapaMeTpOB HArpy3kKu OT TIyOUHBI
IJIACTUYECKU Je()OPMUPOBAHHOIO CIIOS ISl YCJIOBHM KBa3WCTATUYECKOTO CHIIOBOTO
Harpy>keHusi MOTYT ObITh TPUMEHEHBI JJIS1 YIAPHOTO CHJIOBOTO HArpyKEHUS.
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Puc. 4.13. VI3MeHneHnue quameTrpa oTIieyaTka Mpu YBEJIMUYCHUN YUCIIA YAapoB: a —
Cr3,HB112; 6 — 12XH4BA,HB340; B — 35XM,HB207.

Xapaktep yJapHOrO CWJIOBOTO BO3JEUCTBUS OIPEAEISIETCS DHEPruen ynuapa,
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pa3BuBaeMoil  00palaThIBAIONIMMH TeJaMHU U CKOPOCThIO  J1e(OPMUPOBAHUA.
OObpabartpIBaroliee TeJO, MOMUMO MOJE3HOW paboThl AepOPMUPOBAHUS, 3aTPAYUBACT
SHEPrHIo Ha yNPYyTUil OTCKOK U Ha IPEo0IeHHEe CuIl TpeHus. [loaTomy pekoMenayercs
NOTEHUUAIbHYIO DJHEPIrui0 oOpaldaThIBalOIIEr0 Tejla, HalpuMmep, Hpu 00pabdoTke
KOHCTPYKIIMOHHBIX CTajied mnpuHuMath Ha 15-20% Oombiie mosje3Hod padoThl
nedopMupoBanusa. BenuunHa sHEpruM ympyroro OTCKOKa 0Opa0aThIBAIOIIErO Tea
3aBHCUT OT MAacChl, XECTKOCTH 00pabaThlBaeMOl JeTaqud U XapaKTePUCTHK €&
MaTepuaia, OHa MOXKeT cocTaByATh 25-30% u Oornee.

Ha puc. 4.14 narmsagHO MOKa3aHO, YTO MPU YJAPHOM CHJIIOBOM Harpy>KeHHH
oOpabaTeiBaeMOM MOBEPXHOCTHU MO CPABHEHHIO C KBA3UCTATHUECKUM HATPYKEHHEM, B
3aBHCHUMOCTH OT TBEPAOCTH 0oOpabarbiBaeMoro marepuaina tpeOyercs B 1,7-2,8 pasza
Oonbiie 3Hepruv. OgHa U3 NPUYMH STOrO 3aKIHOYaeTcs B TOM, YTO 4eM OoJiblIe
CKOpPOCTb  HArpyXeHHsl, TE€M MEHbIIE BpeMs MPOTEKaHUs IJIACTUYECKOTO
nehOopMUPOBaHHUs, a CIIEOBATEIHHO, BBIIIE HANPSIKEHUE, TPU KOTOPOM MPOUCXOAUT
NEPexo]I OT ynpyroro nedopmupoBanus K mactudeckomy. [Ipu yBeamueHnu ckopocTu
yaapa a0 7-8 M/c TUHAMUYECKHUI TIpeAesl MPOYHOCTU CTalld MHTEHCUBHO BO3PacTaer,
Opu  JaJdbHEWIEM YBEIWYCHHH CKOPOCTH TMpeAeNl MNPOYHOCTH  HM3MEHSETCs

HE3HAYUTEIBHO.
K /E,
g
40 ©vo 200 HB
Puc. 4.14. VYBenudyenue sHepruu BaaBnuBanus | = Ey/ECm npu ynapunom

Harpy)k€HUU [0 CPAaBHEHHUIO CO CTAaTUYECKUM Harpy>KeHHeM JUisl MaTepHuasioB
Pa3JIMYHON TBEPIOCTH.

VYBenuuenne ckopocTu HarpykeHus 10 100 m/c NPUBOIUT K TMOBBIIIEHUIO
npezena TeKy4ecTd, HalpuMep, JUIs kene3a apMko — B 3,4 pasa, mia craim 45 — B 3
pa3za, mis Ct3 — B 2,8 pasa. [Ipenen mpouHOCTH [JIs YIIIEPOAUCTHIX TEPMOOPAOOTaHHBIX
cranei Bo3pactaet Ha 43 %, nis apmko-xkeneza — 55 %, T.e. ¢ yBeJIMUEHHEM TBEPAOCTH
MaTepuajia ”HTEHCUBHOCTh U3MEHEHHS 3TUX XapaKTEPUCTUK yMeHbIlaeTcs. MeHblie
BCET0 yKa3aHHbIE XapaKTEPUCTUKU U3MEHSIOTCS JIJIs1 BBICOKOIIPOYHBIX CTaJICH.

[Ipu 3aBBIIEHHBIX CUJIOBBIX MapameTpax 0opadoTku [I1]] MoxeT mpoucxoauThb
pa3pylieHue TMOBEPXHOCTHOTO CJIOS COIMPOBOXKAAIOIIEECS IMOSBICHHEM OMACHBIX
MUKPOTpPEIIUH, O00pa30BaHUEM YaCTHUYEK OTCIAWBAIONIETOCS METallla, TPH 3ITOM
MOBEPXHOCTHBIE 3€pHA CIUTIONIUBAIOTCS TaK, YTO CTAHOBSITCS MOYTH HEPA3TUUUMBIMU,
YBEJIIMUMBAETCS ~ LIEPOXOBATOCTh  MOBEPXHOCTH.  HampsbkeHHOe  COCTOSIHME
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YOPOYHEHHOIO CJI0SI MOXXHO YaCTUYHO WM IIOJHOCTBIO CHATh IIyTEM OTXKUTa.
[lepeynpounenue moBepxHocTHOTO ciosi B mpouecce 11/ — neoOpatumelil nporecc,
IpU KOTOPOM HAarpeB HE BOCCTAHABIIMBAET UCXOJHYIO CTPYKTYpy MeETala U €ro
MEXaHUYECKUE CBOWCTBA.

Heobxoaumo Takke 0OpaTuTh BHMMAaHUE Ha JIBa OSKCIEPUMEHTAIBHO
ycTaHOBJICHHBIX (hakTa. [IepBblii 3akit0ouaeTcs B TOM, UTO HECMOTpS Ha MHOTOOOpasue
metoaoB [1I1]], pa3paboTaHHBIX MJIA peaM3aIiuy 3TO CIOCO0a YIPOUYHEHUS, SIBIICHUS,
MIPOUCXOISIINE B TIOBEPXHOCTHOM cJjioe, mpu 00padoTke metomamu [1I1]], nmeromumu
OJIMHAKOBBI MEXaHH3M CHJIOBOTO HArpy>KeHHs, UMEIOT OJUHAKOBYIO (U3NYECKYIO
CylmIHOCTb. BTopoil 3akmtouaercsa B TOM, 4TtO paznuuHbie meroasl [IIIJ[, B ocHOBe
KOTOPBIX 3aJI0’KEH €MHBIA MEXaHU3M CUJIOBOTO HArPY>KEHUS, OKA3bIBAIOT BIMSHUE HA
(bU3UKO-MEXaHUYECKHE U IKCILTyaTaIl[AOHHbIE CBOMCTBA JeTallel HE CTOJIbKO B CUITY UX
KOHCTPYKTHUBHBIX U KMHEMAaTHYECKUX OCOOCHHOCTEW, a B OOJBIIEH CTENEHU B CHILY
HYHEPreTUYECKUX BO3ZMOXKHOCTEM, KOTOPbIE JaHHBIM METOJ MOKET 00ECIIEUUTb.

Bce MHoroo0pasue meTonoB 0OpabOTKH IUIACTHYECKUM Je(OpMHUPOBAHUEM
MOXHO KJIacCU(PUIIMPOBATh MO PsAy CYIIECTBEHHBIX Mpu3HakoB (puc. 4.15). [1o Buxy
3aTpayMBa€MON HHEPruyM OHM OTHOCATCA K METoJaM MexaHudeckoil oOpabotku. Ilo
paclpoCTpaHEHUIO ouara IUIAaCTUYECKOW JedopMaluyd pa3inyaloT  IPOLECCHI
1acTuyecko aedopmanuu oObeMHBIE U TOBEpXHOCTHBIE. [Ipoliecc miacTuueckoin
nedopmaii  Ha3blBaeTCs ~ OOBEMHBIM, €CIIM  IUlacTH4Yeckas  jaedopMmanus
pacnpocTpaHsieTcsl 1o BceMy 00beMy 3aroToBkH. Ecnu miactuueckas nedopmarus
JIOKAIU3yeTCsl U HE PacHpoCTpaHseTcs MO BCEMY OObEMY 3aroTOBKH, TO TaKue
MPOLIECCHI HA3BIBAIOT MPOLECCAMU MMOBEPXHOCTHOIO TIACTUYECKOTrO Ae(POPMUPOBAHUS
(ITOLI). B coorBerctBum ¢ I'OCT 18296-72 nox IIIIJL cnegyer noHMMaTh 00pabOTKy
JABJIEHUEM, MPU KOTOpOil nedopmMupyercs TOJIBKO MOBEPXHOCTHBIM CIIOM MeTasuia.
[Tpoueccot III1]] momy4daroT Bce 60see MUPOKOE pacrpoCTpaHEHUE.

KauectBo moBepxHocTH M TOoyHOCTH 00padoTku I1I1/] Bo MHOrOM 3aBHCAT OT
yCIIOBUH 1e(hOpMHUPOBaHUS METasla U CXEMbl €ro HalpsKEHHOI'O COCTOSHUSI B MECTE
KOHTaKTa MHCTpyYMEHTa U jaetanu. OJHaKo, HECMOTPSl Ha MHOrooOpa3ue W pa3iuydue
CyILEeCTBYIOIIUX crtoco00B 00padoTku II1J], ncxoast u3 yciaoBuii paboThl MTHCTPYMEHTA,
BCE OHHM MOTYT OBITh pa3jielieHbl Ha 4eThipe Bua (puc. 4.15): crarnueckoe I/, TTIT/]
B YCJIOBUSIX TpEHUsI CKOJIbkeHus, [111/] B ycioBusix Tpenus kauenus, ynapuoe IIT/I.

PaccMoTpuM noapoOHee 3TH BUABI.

1. Crarunueckoe III1J] — moBepXHOCTHO IIACTHYECKOE NePOPMUpPOBAHUE TIPU
CTaTUYECKOM B3aUMOJEHCTBUU JeOpPMUPYEMOTO MaTepHaja C HWHCTPYMEHTOM,
pabounMu TenamMu uiau cpenoi. JlehpopmupoBaHHE MOBEPXHOCTH 3arOTOBKH B HTOM
Cllyya€ B OCHOBHOM OCYLIECTBJISIETCS BCJIEJICTBHE JCHCTBUS HOPMAJbHBIX K
MOBEPXHOCTH CHJI (CTaTUYECKOE 1e(POPMUPOBAHUE ITOBEPXHOCTH TOPLIOM IJIAJAKOTO HIIN
dburypHoro nmyancona), puc. 4.16.
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Memodk odpaoomxy [T

Ooverrwie 1] [Tobepxrocimmse 1]
[ [
| | : | ]
[N 6 ycnobusx I 6 ycrobusx
Lmamieckoe [T IMPEHUST CKO/IbXEHUST IMPEHUS KOHCHLST Agproe [T
Doproodpasiwiyee Kamopywuwee Lenaxubaouee YpoHsonee
i i i

Puc. 4.15. Knaccudukaius METOI0B IIACTHUECKOTO JIe(opMUpOBaHUs

Puc. 4.16. Cratnueckoe TII1/]

2. [IIIJI B yCnoBUsX TpPEHUS CKOJBXKEHHS — MOBEPXHOCTHOE IUIACTHYECKOE

nehopMUpPOBAHUE MIPU CKOJIbKEHUHM MHCTPYMEHTA MO JOKAJIbHO KOHTAaKTUPYIOUIEH ¢

HUM TMOBEpXHOCTU oOpabareiBaeMoro Marepuana (puc. 4.17). Jlna storo Buaa

XapaKTCPHO HAJIUYHMUC B 30HC KOHTAKTa HHCTPYMCHTA U ACTAJIIN HAa TOJIBKO HOPMAaJIbHBIX

CUll, HO U CHJI TPCHHU:A, ITOABIIAIOMIUXCA BCICACTBHUC IICPCMCHICHUA HMHCTPYMCHTA II0

obOpazyroreii 00padarpiBacMoii MOBepXHOCTH. CHIIBI TPEHUS 3HAYUTEIIBHO M3MEHSIOT

CXCMY HAIIPSAKCHHOI'O COCTOAHHUA MCETAJIa B 30HC €TI0 KOHTAKTa C MHCTPYMCHTOM M

OKa3bIBAIOT CYIIECTBEHHOE BJIMSHUE Ha Mpolecc AehOopMUPOBAHUS MOBEPXHOCTHOTO

ciiosa. Ha ucnoabp3oBanuu TPCHUA CKOJBbXKXCHHA OCHOBAHLI IMPOLCCCHI BBITJIAXKHMBAHHA

HOBerHOCTeﬁ, IMMOBEPXHOCTHOC AOPHOBAHNEC N ITOBECPXHOCTHOC PCAYHHUPOBAHUC.
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” F Puc. 4.17. TIIIJ] B ycnoBusix TpeHHS
CKOJIbKEHUS

3. [IIIJI B ycnoBUSAX TpEHUs KayeHUs — IOBEPXHOCTHO IUIACTHYECKOE
nedopMUpOBaHUE MPU KAYCHHMH HHCTPYMEHTAa IO TOBEPXHOCTH J1e(hOpMHUPYEMOTo
Marepuana (puc. 4.18). K sromy Buay IIIIJ] oTHOCATCSI MHOTOYHMCICHHBIE METOIBI
00palbOTKH JeTaneil poJuKOBBIMU U IIAPUKOBBIMU MHCTpyMeHTaMu. K 3Tol ke rpyrre
MOKHO OTHECTH IPOLIECChl HAaKAaThIBAaHUS PA3JIMYHBIX Npoduiiel, pe3b0, 3yOuaThix
KOJIEC, TaK KaK OHU OCYILECTBISIOTCS IO KHHEMAaTHUKE KaueHUsl.

4, VYnapuoe IIIIJ] — nmoBepXHOCTHO miacTUyeckoe AeOpPMHUPOBAHUE IPU
yIapHOM BO3AEHCTBUM JepopMHUpyeMOro Marepuaia ¢ HHCTPYMEHTOM, pabouYuMu
Tenmamu win cpeaou (puc. 4.19). [lebopmupoBanue mpu OOJNBIIUX CKOPOCTSIX
OTHOCHUTEJILHOTO COYJapeHUs U NEPEMELICHUE U JAETalu MPUBOAUT K 3HAUUTEIBHOMY
MOBEPXHOCTHOMY HAKJIENly — HW3MEHEHUIO CTPYKTyphl MeTaiia 0e3 ero IMOJIHOH
peKIMCcTaIUIM3alK. BennurHa 1 cTeneHb Hakiiena 3aBUCAT OT MacChl COYAAPSIOLIUXCS
TEJ, CKOPOCTH HUX OTHOCUTENBHOIO JIBMKEHHUS U JPYrHX (PaKTOPOB, OMPEEIISIOMINX
HHEPIUIO yaapa HHCTPYMeHTa 00 00padbaThiBaEMYI0 MIOBEPXHOCTb.

Puc. 4.18. TIIIJ B ycnoBusx Puc. 4.19. Ynapuoe IIITJ (sHeprus
TPEHHSI KaueHHUs 2

ynapa E = ™)
K cnoco6am o6padotku [1I1]] ¢ yrapabiM Bo3aeiicTBHEM pabOUYUX TEJI OTHOCSTCS:
00paboTka ApoOkto, IIEeHTPoOEKHast 00pabOoTKa, FaITOBKA, 00pab0TKa METATUTMYECKUMHU
IIETKaMU, YIIPOYHSIOIIas YeKaHKa U .
B 3aBHCUMOCTH OT TEXHOJIOTUYECKOTO Ha3HaueHus npoueccol IIT] nensar raxxke
Ha (popMooOpazyrolre, KUTMOPYIOIIUE U YIIPOUHSIOIINE.
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®opmoodpazyrorne  IIIIJIT — 93T0  MOBEPXHOCTHOE  IUIACTUYECKOE
nehopMupoBaHUE, oOpasytoiee OTIPEIETICHHY IO MaKpo- u (nn)
MHUKPOTEOMETPUUECKYI0 (OpMy TMOBEpPXHOCTH JedopMupyeMoro marepuana. B
otnuyre OT (popmooOpa3zoBaHus NpU OOBEMHOM IUIACTHUECKOM JehOpMHPOBAHUU
MOBEPXHOCTHOE  IUIACTUYECKOe Je(OpPMUPOBAHHME  OCYIIECTBISIETCS 3a  CUET
MJIACTUYECKOTO TEYEHHs] TIOBEPXHOCTHBIX CJIOEB MaTepuana 3arotoBku. [lpu
dbopmoobpazoanuu [111/], kak mpaBwIt0, MpoOCTast MOBEPXHOCTH Mpeodpaszyercs B Ooiiee
CIIOKHYIO, TIpUuyeM 00pa3oBaHHE HEO0OXOauMOW (OPMBI MPU HTOM COBMEIAETCS C
OTIEIKOM MOBEPXHOCTH M YIPOUYHESHHEM TTOBEPXHOCTHOTO CJI0si Matepuaia (puc. 4.20).

(D J
/
[
1
|
\

-4

|

ST 7777777777 77777777 77777777

Puc. 4.20. Puc. 4.21. Kaquopyromee [T/ (ho, wo 1 hy, w1 —
®opmooOpa3yromee TTI1/] COOTBETCTBEHHO pPa3Mep M TMOJIE€ PACCEUBAHMS
pasmMepa J0 U mociie 00paboTKM)

C moMoMibIo MPOIECCOB MOBEPXHOCTHOTO MIACTUYECKOTO (POpMOOOpa30BaHus B
HACTOSIIEE BPEMs MOKHO MOJTy4aTh MEJIKOMOAYJIbHbIE 3yOuaThle Kojieca, HapyKHbIe U
BHYTPEHHHE LUIMIBI, Pe3bObl, KOHYCHbIE NE€Tadd TUIA IUTU(PTOB, CTyNEHYATHIE WU
IJIaJIKUE Bajibl, CHEPUUECKUE U APYTHUE IETANH.

Kamubpyromme wmeronsr IIIJ[ - 3T0O NOBEPXHOCTHOE IJIACTUYECKOE
nehopMUpOBaHNE, U3MEHSIOIIEE Pa3MeEPhl 3arOTOBKH JI0 IOIyCKaeMbIX pa3mepoB. [1pu
kanuopyromem [II1J] Hapsimy ¢ TOBBIIIEHHEM TOYHOCTH pa3sMepoB U (Hopmbl
o0ecrieunBaeTcs  3HAUYMUTENbHOE CHUKEHHME  IIEPOXOBATOCTH M YNPOUYHEHHE
noBepxHOCTH jaetanu (puc. 4.21).

Crnaxusatomee [I1J] — 3T0 MOBEpXHOCTHOE IMJIACTHYECKOE AePOPMUPOBAHUE,
YMEHBIIAIOMIEE MIEPOXOBATOCTh NOBEPXHOCTH 1€(POPMUPYEMOT0 MaTepuaia.

Yaopounstomee [/ — 3T0 moBbIIeHWE COMPOTUBISAEMOCTH MaTepualia WU
3arOTOBKM Pa3pyILICHUIO WJIA OCTATOYHOH AedOopMalMi MOBEPXHOCTHBIM HAKIIECTIOM.
[ToBepXHOCTHBIN HAKJIEN MPUBOAUT K U3MEHEHHUIO CTPYKTYphl MaTepuaia 0e3 ero ero
MTOJIHOM PEKPUCTALIA3ALINY, IPUYEM MAaTEPUAIl HAXOIUTCS B CTATUYECKU HATIPSKEHHOM
COCTOSIHMM. YIIPOYHEHHE HAKJICIIOM MPUBOAUT K TOBBIIMIEHUIO MOBEPXHOCTHOU
TBEPAOCTH U MHUKPOTBEPAOCTH. B NOBEPXHOCTHOM HAKJIENAHHOM CJIO€ CO3JAKOTCS
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CKUMaroIye HanpspkeHust. CKuMaronre 0CTaTouHble HANPsHKEHUS! YMEHBIIAI0TCS 110
Mepe yHAaJeHHs OT TOBEPXHOCTH, TMEpexoas Ha HEKOTOpoWl TiyOuHe B
YPaBHOBEUIMBAIOIINE UX PACTATHBAIONINE HAMIPSKCHHUS.

PaccmoTpennoe pazaenenue cioco6o [1I1]] mo TexHonornueckoMmy Ha3HaYEHUIO
BECbMa YCIOBHO. 3ayacTyro oJuH M TOT ke croco0® IIIIJ[ moxer peann3oBaTh
pa3iIMyHble TEXHOJOTMYECKHE 3a7a4d B 3aBUCUMOCTH OT IMPUMEHSEMBIX PEKHMOB
o0paboTku. PaccMoTpuM HEKOTOpBIE M3 YKAa3aHHBIX CIIOCOOOB.

Kanuopyrowan oopabomka IIIIJ]. Metonsl kanuOpoBaHUSI TIACTUYECKUM
nehopMUpOBaHUEM BeChMa Pa3HOOOpPa3Hbl U MOTYT OBITh MIPUMEHEHHI sl 00paboTKU
KaK HapyXHBIX ¥ BHYTPEHHUX IMIJIMHIPHUYCCKUX, TaK W IS PA3TUIHBIX MPOGUIHLHBIX
MOBEPXHOCTEH. DTH MPOIECCHl OTIUYAIOTCA BHICOKMMHU MOKA3aTeNIMH 110 TOYHOCTH U
KaueCTBY MOBEPXHOCTH, YTO B COYETAHUH C BHICOKOW MPOU3BOAUTEIBLHOCTBIO JIeNIaeT UX
npuMeHeHue oco0o 3¢ ¢dekTuBHBIM. B psne ciiydaeB kaauOpoBaHHME MJIACTUYECKUM
neOpMUPOBAHNEM SBIIACTCS EIUHCTBEHHBIM CPEICTBOM JOCTHKEHHS BBICOKOH
TOYHOCTH ()OPMBI, pa3MEpPOB U KadyecTBa TOBEPXHOCTH CIOXKHBIX OTBETCTBEHHBIX
netaneil. [loBbllieHMe TOYHOCTH (POPMBI M pa3MEPOB JeTalell Mpu KAIMOPOBAHUM HX
JaBJICHUEM BO3MOXKHO 32 CYUET:

e HEPaBHOMEPHOI'O M3MEHEHHUs (OPMBI 3aTOTOBKH IO BCEMY €€ CEUEHUIO (IIpH
0o0paboTKe JieTajeit — Te BpallleHus );

e HEpaBHOMEPHOM MJIaCTUYECKOM JedopMali MOBEPXHOCTHOTO CJI0s MeTalljia
HU)KE YPOBHSI MCXOJHBIX MHKPOHEPOBHOCTEM MOCIE NpPEeaBAapUTEIbHOU 00pabOTKH
pE3aHUEM WU 1aBIICHUEM;

e HEPaBHOMEPHOTO CTIKUBAHHUS HEPOBHOCTEH MCXOIHOM MOBEPXHOCTH.

Hanbonee mupoko pacmpocTpaHEH Cmoco0 KaauOpoBaHHUs, OCHOBAaHHBIM Ha
HEpPaBHOMEPHOM 3alOJHEHUU BHAJAWH MHUKpopenbeda HMCXOAHOM MOBEPXHOCTH
METaJUIOB BBICTYTIOB, KaK MOKa3aHo Ha puc. 4.22.
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y
Puc. 4.22. Cxema  wucmpaBieHUs
%‘“'VM/\,\/;;;, wrr“ : MOTPENTHOCTe (OPMBI 3arOTOBKU TIPH
KaIMOpOBaHWM  JaBJCHUEM: a -
A KOHYCOOOpPa3HOCTb; 0 -
——— 004YK000Pa3HOCTH; B -

KOpCeTo00pa3HOCTh

B

[TorpemnrHocT GOpMBI 3arOTOBOK B pajaibHOM HANpaBlICHUU (IJUIUIICHOCTD) U
B MIPOJIOIBLHOM (KOHYCOOOPa3HOCTh, 00YKO0OPa3HOCTh, KOPCETOOOPA3HOCTH) CEUCHUSIX
NPUBOJAT K BBIHY)KJICHHOMY HW3MEHEHHUIO BEJIWYMHBI YIEIBLHOTO JaBJICHUS B 30HE
KOHTakTa ¥ COOTBETCTBEHHO K HEpPaBHOMEPHOW IJIACTHUECKON Aedopmaliiu, B
pe3yibTaTe 4Yero AOCTUTraeTcsl HUcIpaBieHue (OpMbl 3aroToBKH. B OoNbIIMHCTBE
CJIy4aeB HCIIpaBJICHUE TMOTPEIIHOCTH (OPMBI 3aroTOBKM BO3MOXKHO B Tpejenax
OCTaTOYHOM Jedopmaiiuy, T.e. B Ipeaesiax n3MeHeHus pazmepa Ad.

Takum 00pa3oM, BO3MOXHOCTH HCIPaBICHUS TeOMETPUUECKOr (Hopmbl
3aroTOBKH (KakK B paJiajgbHOM, TaK U OCEBOM CEUEHUSX) ONPEAETAIOTCS YCIOBUEM

Ad = (6 =8, (4.3)
rae 0 — JIOMYCK 3aroTOBKU MMOj oOpaboOTKy JaBiieHHWeM; O’ - MOMycK Ha 00paboTKy
JETaJH.

Benmuunna ocrtatoyHoil nedopManuy MpU  UCXOJHOHM OOTOYEHHOW WIU

PACTOYEHHOUN MOBEPXHOCTH MOKET OBITh MPUOJIMKEHHO paccuuTaHa no popmyiie

Ad = k(Ryyex — R,), (4.4)
rae R,,..- BbICOTa HEPOBHOCTEHW MCXOIHOW MOBEPXHOCTH; R, - BBICOTA HEPOBHOCTEMN
nocjae KanuOpoBaHHs HaBicHHEM; K — KO3(QHUIIMEHT, 3aBUCAIINNA OT CBOHCTB OT
CBOMCTB 0OpabaTbiBaeMoro marepuaia (k=1,3...1,5).

Kanu6poBanue B0O3MOXXHO B ycinoBHsX kecTkor cucteMbl CITN/I u mpumenenus
WHCTPYMEHTA JK€CTKON KOHCTPYKIIUH.

Kanuopyrowan uexkanka. KanuOpyromias YekaHKa HCIOJB3YeTCS IS
MOBBIIIEHHUS TOYHOCTH pa3MepoB U (opM netanu. Yaine Bcero Kaauopyroias YeKaHka
MPUMEHSETCS 1JIs1 NOBBIILIEHNS TOYHOCTH MOKOBOK (II0 Macce M pa3Mepam), a TAKKe JJis
noJiyueHus: 0osiee BBICOKOTO KauecTBa MOBEPXHOCTH. DTa OMepalusi 3aKJI0o4aeTcs B
HE3HAUYUTEITLHOM 00KaThu 3aroToBoK. O0KaTHe 3aroTOBOK MEKy TJIOCKUMU IUTUTAMHU
HA3bIBACTCS TUIOCKOW KalnOpoBKOi. OHA JaeT BO3MOXKHOCTh 3HAYUTEIHHO MOBBICUTH
TOYHOCTh Pa3MEpPOB 3ar0OTOBOK U B HAMPABIECHUU MTPUIOKEHUS yCUIIHSL.

Ecnu kanuOGpoBke MoABEpraroT HEMJIOCKUE MOBEPXHOCTH 3ar0TOBOK, TO IIPU 3TOM
oOpaszyercsi HeOOJbIIONW O00JIOW MO pazbeMy IITAMIIOB U HWMEET MECTO OOBheMHas
kanuopoBka. [locneaHsst MO3BOJIIET MOBBICUTH TOYHOCTh BCEX PAa3MEPOB 3ar0TOBOK, a
TaK)ke€ TOUHOCTh MaCChl 3arOTOBOK. J[J1s1 HEKOTOPBIX 3arOTOBOK MOKET OBITh MPUMEHEHA
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YaCTHYHO IJIOCKOCTHAs M YaCTHUYHO OObeMHas KanuOpoBka. Omeparusi KaauOpOBKU
coBepiiaerca damie Oe3 HarpeBa 3aroToBOK. [lo3ToMy KaiuOpoOBKe MOABEpPraroT
3aroTOBKH, MPOLIEIIINE YK€ TEPMUUECKYIO 00pabOTKY.

Kanu6poska, coBepiraemas ripu tremmepatype 700...800°C, HazbIiBaeTCs ropsiaei
KaJIMOPOBKOI1; OHA HE 00ECTIeUNBAET IIEPOXOBATOCTh TOBEPXHOCTH, IOCTUTAEMYIO MPHU
XOJIOJIHOM KalMOpOBKE, HO MPOMCXOAMUT MpU 00Jiee HUBKUX YJICIbHBIX YCHIIUAX.
["opsiayro KaanOpOBKY MPUMEHSIOT 10 TEPMUUYECKONH 00paOOTKH 3arOTOBKH.

[Io TOYHOCTM TMOJY4YaEMBIX pPA3MEPOB Pa3IUYAOT TPyOyr0 KalnuOpOBKY
(ob6ecneunBaer gomycku +0,1...40,25) u KamuOPOBKY MOBBIINIECHHOW TOYHOCTH (C
nomyckamu +0,05...£0,1). IIpy HeoOXOAMMOCTH TMOCHIE ABYKPAaTHOW KaduOpOBKHU
MOXHO TIOJIy4UTh emle 0oyiee BBICOKYIO TOYHOCTh pa3mepoB (70+0.025).
[IlepoxoBaTocTh MOBEPXHOCTH IMpHU KaIHOpoBKe 0e3 HarpeBa nmokoBok Ra=1,25...0,63
MKM, T.€. Takas ke, kak npu nuimdosanuu. [Ipornecc kanuOpPOBKU OCYIIECTBISIOT HA
CIEIUAIIBHBIX UYEKAHOYHBIX (KOJEHHO-PBIYAXKHBIX) Ipeccax, 00Jadarolux MajbiM
XO0JIOM U OOJIBIION KECTKOCTHIO.

Jlopnosanue yununopuueckux omeepcmuii. VI3rotopieHrne TOUHbIX OTBEPCTUI
BCerja sBisieTcsl Oosee CIOKHOM 3aJadeil Mo CpaBHEHUIO ¢ 00pabOTKOW HapyHBIX
noBepxHoctel. [Ipu 06paboTke pezaHueM 3TO OOBSICHIETCS OTpaHUYCHHBIM PabOYUM
IPOCTPAHCTBOM M B CBSI3M C O3TUM HEJOCTAaTOYHOM IKECTKOCTBIO PEXKYILEro
UHCTPYMEHTA, 3aTPyJHEHHBIM CTPYXKOOTBEIEHHUEM, OCOOEHHO mpu 00paboTke
riryookux orBepctuid. [Ipu numrdoBanuu U3-3a MalIbIX pa3MEPOB Kpyra TPYIHO JOCTHYb
ONTUMAJIBHBIX CKOPOCTEH pe3aHus, Ha 00padOTAaHHOW MOBEPXHOCTH YaCTO OCTAOTCA
aOpa3vBHBIC KPOIIIKU, CHUKAIOIINE IKCILTyaTallUOHHBIE CBOMCTBA JeTajeH.

[Ipumenenue npouecca TOpHOBaHUS OTBEPCTUHM YCTPaHSAET 3TU U MHOTHUE JIpyTHE
Henocratku. [loBepxHocTHOE nopHOBaHUE — 310 npouecc IIITJ] nmpu nocrynareapsHOM
CKOJIbKEHUH JIOpHA 10 BHYTpEHHEH moBepXHOCTH nedopmupyemoit neranu. [Ipouecc
KaJIMOpOBaHMS OTBEPCTHI JOPHOBAHUEM 3aKIIIOUAETCS B TOM, YTO MHCTPYMEHT (JIOpH)
onpeienieHHoW (OpMbl TPOTaJKUBaeTCs (MPOTITrUBaeTCs) depe3 oOpadaTbiBaeMoe
OTBEPCTHE, MMEIOLIEE HECKOJbKO MEHBIIME pa3Mepbl MO CPaBHEHUIO C pPa3MeEpoOM
kamuopyroriero gopHa (puc. 4.23). ITpu 3TOM BClIeCTBUE TUTACTHYCCKUX JedhopMannii
JMaMEeTp OTBEPCTHUS YBEIUYMBAETCS, MOBEPXHOCTHBIM CIOM MeTajmuia B OTBEPCTUHU
YIPOUHSIETCS, @ HIEPOXOBATOCTHU CTIIaKUBAIOTCHL.

N N

%_ Puc. 4.23. Cxema TOpHOBaHMSI TI0 CXEME
N\ N CKATHSA

N\
7A 17/
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Pabouyass moOBepXHOCTh JIOpHA MOXET OBbITh  pPa3IWYHOW:  IIAPOBOMA,
KPUBOJMHEHHOW, KOHYCHOW. Y KaXJOro JOpHAa MOXHO BBIJCIUTh 3a00pHYIO,
Kanmuopyromyo u obpatHyio 4yacTu. Hambonee pacmpoctpaneHHO# ¢dopMoi gopHa
SBIISICTCS KOHHWYECKas. PasHocTh MexIy auametpoM JjopHa d u 3arotoBku o
HA3bIBAETCS HATSITOM JOPHOBAHUS

i=d—d,. (4.5)

Bce TexHonornueckue U KaueCTBEHHbIC XapaKTEPUCTUKHU MPOIlecca 3aBUCST OT
BEJIMYMHBI HATATa, OMNPEACNSIONIEro CTeneHb jaedopManuu. B 3aBucuMocTd OT
BEJIMYMHBI HATsTA, AeopMalivs JeTalu B MONEPEYHOM CEYECHUU MOXKET OBITh YUCTO
ynpyroit. [Ipu nansHeiem pocte HaTsAra BO3SHUKAET TulacTUYecKas 30Ha Jedopmarii,
OXBAaTHIBAIOIIAsT HEKOTOPYIO 00JIaCTh METajlIa ACTAIA y OTBEPCTHS, NPU TaTbHEHIIIEM
YBEIUYCHUM HATATa JOPHOBAHHS BCE IIONEPEUYHOE CEUEHHWE 3aroTOBKH B 30HE
nedhopMari HaX0IUTCS B TUNIACTUYECKOM COCTOSTHUU. JleTans nedopMupyercs Takxke u
B OCEBOM HaIPaBJICHUH.

Benuuuna nedopmanuu Hapy>KHON TOBEPXHOCTH JI€TAIU

I =D-D, (4.6)
rae D u Do — cOOTBETCTBEHHO HAPY>KHBIM TUAMETP JI€TANIM JI0 U Mociie aeopMarium.

[lonmnass nedopmarust neranu, ompeaensieMas BEIWYMHOM HaTAra mpu
JIOPHOBAHUU, MOXKET OBITh MPEACTABICHA B BUJE CyMMBI YIPYroil M IUIACTHYECKOU
nedopmarmm:

6d = (Sd)ynp + (6d)ocm' (47)

Omnako mpu paccMOTpeHHBIX (puc. 4.23) cxemax JOPHOBAaHUS OTBEPCTHH,
0COOEHHO B TOHKOCTEHHBIX BTYJIKaX, BETMYMHA MAKCUMAIBHBIX YACIbHBIX KOHTAKTHBIX
JABJICHUW HEJIOCTATOYHA JIJIS MHTCHCUBHOTO CTJIKUBAHUS HEPOBHOCTEH. DTO MOXKHO
YCTPaHHUTh, €CIU JOPHOBAHUE OCYIIECTBIIATH MIPU OTPAHUYCHUH JePOpPMAIUN JIETATH
10 HAPY)KHOMY AHAMETPY, TOMEIIas JeTaib B 000MMY, I PY COBMEIIICHUH TIpOIecca
JIOpPHOBaHUA ¢ peayuupoBanueM (puc. 4.24). B otnuume ot ¢cBOOOIHOTO JOPHOBAHUS
py JPYyTUX cxemax JaeGopMupoBaHHE HACT 3a CUYCT MPUHYIAUTEIBHOTO YTOHCHHS
CTEHKHU JICTaJIH.

/.

Puc. 4.24. (Cxema [OpHOBaHHS WU
penyLUpOBaHUS

\\\ WIS IY.

[IpeumyiecTBa MPOIECCOB JAOPHOBAHUS B KECTKOW 000WME W COBMECTHOTO
JOPHOBAHMS U PEAYLIMPOBAHUS 3aKII0YaeTCs B ciaeayromiem (puc. 4.24):
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- 3a cueT OOJBIIUX KOHTAKTHBIX JABICHHUN IIEPOXOBATOCTH IOBEPXHOCTU
MHTEHCUBHO CIJIaKUBAIOTCS;

- OJHOBPEMEHHO C BHYTPEHHEW KaluOpyeTcsi M CIVIaKUBAETCS Hapy’KHas
MOBEPXHOCTH JCTAIIH;

- mpolecc NpUOIMKAETCs K CXEME BCECTOPOHHETO CXKaTHs, YTO IO3BOJISET
MIPOU3BOJIUTH O0PaOOTKY C OOJbIIEH CTeNeHbI0 AeopMali 6€3 pa3pyIieHusl.

[Ipu o1HOM U TOM 7K€ BEIMYHUHE HATATa TATOBOE YCUIIME OOJIbIIE TPU JOPHOBAHUN
B 000iiMe U COBMECTHOM JIOPHOBAHUU C peAyLUPOBaHUEM. MI3MEHAI0TCA COOTHOIIIEHUS
MEX1y YIPYTUMU U TUTACTUYECKUMU AePopMalMsIiMK U XapakTep aehopMaiiuu AeTaiu
B OCEBOM HampaBlieHWH. B kecTkux o0oiiMax TpeOyeMylo IIepOXOBATOCTh
MOBEPXHOCTU MOXXHO TMOJYYUTh NPU MEHBIIMX 3HAYCHHUSIX BEIMYMHBI HATAra IO
CPAaBHEHUIO CO CBOOOIHBIM JIOPHOBAHUEM.

B mpon3BOACTBEHHBIX YCIOBUAX MPOLECC TOPHOBAHUS MOYKET OCYLIECTBISATHCS
Ha TOM € 000pYyI0BaHUHU, KaKOe MIPUMEHSETCA U IpU 00paboTKe AeTanell pexyIuMu
OPOTSKKaMH, T.€. Ha Pa3sHOOOpPA3HBIX MPOTSHKHBIX CTaHKaxX WM mpeccax. JlopHbI
U3TOTOBIIIOT U3 Pa3HOOOPA3HBIX MAPOK CTaJIeH, HAUTYUlIUE PE3yIbTaThl IO CTOUKOCTU
JAl0T JOpHBI ¢ TBepaociiaBHbiMU KoJibllamu (BK8 u T5K10). Ilpu mnopHoBanuu
JeTale ¢ ONTUMAIbHBIM HATATOM, BO3MOXKHO, IIOJy4aTh OTBEPCTUS C TOYHOCTBIO IO
8...9-My KBamMTETYy U MIEPOXOBaTOCTH B npeaenax Ra=1,25...0,04 mxm.

Jopnosanue (kanruoposanue) ghaconnvix omeepcmuii. Oco00 OTBETCTBEHHbIE
JIETaMM CO IUIUIEBBIMU OTBEPCTUSMH HW3TOTABIMBAIOT B OOJIBIIMHCTBE CIy4YaeB U3
CTaJICH, TIOIBEPTAIONINXCS [IEMEHTAIIMN U TIOCHIeayoliei 3akanke 10 TBepaoctu HRC
56...62. OpHako B MpoIECCe HEMEHTAUMM WU TOCIEAYIOMIEH 3aKaJIKh MPOUCXOIUT
nedopmaius (kopoOieHue) aetanedd, KoTopas MPUBOJUT K HCKAKEHUIO (OpMBbI U
pa3MepoB ILIIMLEBOIO OTBEPCTUS Ha BEJIWYUHY, 3HAYUTENBHO NPEBBILAIOIIYIO
BEIIMUMHY JoIycka 9-ro, a mHorda 11-ro kBasmreta. OOpabOTKy (BOCCTaHOBJICHHUE
(GopMbI) compsAraeMbIX MOBEPXHOCTEH HUIMIEBOTO OTBEPCTHS, UMEIOIIUX TBEPIOCTb
HRC 56...62, npu LleHTpUPOBAHHUH 110 HAPYKHOMY TUAMETPY MOXKHO MPOU3BOAUTH C
MOMOILBIO IIJTUIEBBIX TOPHOB.

[Ipu kanuOpyromeM TOPHOBAHUU (PACOHHBIM JOPHOM CPABHUTEIHHO TOHKHUUN
LIEMEHTUPOBAHHBI M 3aKAJICHHBIM CJIOM METaula IPOJABIMBAETCS JIOPHOM H
dopMupyeTcsi BCIEICTBUE CMEIIEHUs Oosiee BA3KOTO METajula, PacloOKEHHOTO B
riyouHe netanu. JOpHOBaHME MOXET MPUMEHATHCS HE TOJBKO JISl KaTHMOpOBaHUS
MPEIBAPUTEIHLHO MOATOTOBICHHBIX pe3aHueM (GacOHHBIX (IIUTUIIEBBIX, MHOTOYTOIBHBIX
U JIp.) OTBEPCTHI, HO | JIJISI IOJTHOTO BHIIABIIMBAHUS JJOPHOM Pa3HOOOpa3HBIX Mpodusieit
B IMPEABAPUTENIbHO MOJATOTOBIEHHOM IIWJIMHApPUYECKOM oTBepcTud. [lpum momorium
JIOPHOB BO3MOKHO OOpa3oBaHWE M KaTMOPOBAHME CIOKHOTO MPOQUIs HE TOJIBKO B
UAJTMHIPUYECKUX, HO U B KOHYCHBIX KPUBOJIMHEHHBIX OTBEPCTUSIX.
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@acoHHBIE TOPHBI U3rOTABIMBAIOT U3 TEX K€ MHCTPYMEHTAIBHBIX MAaTEPUAJOB,
YTO W JIOPHBI I UWIMHIPUYECKUX OTBepCcTUi. Hamrydime pe3yibTaThl 10 CTOMKOCTH
JTaeT UHCTPYMEHT, OCHAIIICHHBIN TBEPAOCIUIABHBIMU J1e(hOPMUPYIOIIUMHU 3JIEMEHTaMH.
Hedbopmupyroime >JI€MEHTbl U3 TBEPJOTO CIIaBa MPUKPEIUISIOTCS MalKoW WK
HCIIOJIB3YETCSI MEXaHUYECKOE KPETUIEHUE HA ONPABKE U3 3aKAJICHHOW CTAaJIU.

Kanuopywuwee ookamuvieanue nosepxnocmeii. KanubpoBanuto oOKaThIBAHUEM
MIOJIBEPTalOTCsI 3aTOTOBKH, MPEICTABIISIONINE COOO0M Tea BpallleHUs! U U3TOTOBJICHHBIC
U3 pasNUYHbIX MeTauioB. OOpalaThiBaTbCd MOTYT KaK LWJIMHAPUYECKHE, TaK U
KOHWYECKHE MOBEpXHOCTH. I[IpenBapurensHOll 00pabOTKON B  MOJABISIOIIEM
OOJNBUIMHCTBE  CIy4aeB  SBJIAETCS  IMOJYYUMCTOBOE M  UYHUCTOBOE  TOYEHHUE,
oOecreunBaroIiee 1MepoxoBaTocTh MOBEepXHOCTH R, <20 MKM, W JIMIb B OTIEIbHBIX
clly4yasix — IOJy4MCTOBOE MHUIM(GOBAHUE C IIEPOXOBATOCTHIO, COOTBETCTBYIOILIEH
R~=1,25 wmxm. IlpakTuka mnokazajga, 4YTO JaXe NpeaBapUTeNbHas o00paboTKa
nuMdOBaHUEM KPYIMHO3EPHUCTBIM KpPYyroMm ¢ mnocieayronmuM oOkateiBanuem [ITT]]
3HAYUTEIHLHO SKOHOMUYHEE, YEM TOHKOE HUIM(POBAHUE MEIKO3EPHUCTHIMU KPYyTaMH U
MOJINPOBAHUE, HE TOBOPS YKe 0 00Jiee BBICOKOM Kaue€CTBE MOBEPXHOCTH, TOCTUTAaEMOM
B [IEPBOM CJIy4ae.

OOkaTblBaHWE  MOXET TMPOU3BOAUTHCA  MEXKIYy  LWIMHAPUYECKUMH U
KOHMYECKHUMH POJIMKAaMHU Ha CHELMAJBHBIX CTaHKaX, PEe3bOOHAKAaTHBIX WM JIPYTHX
CTaHKaX, KMHEMAaTHKa KOTOPBIX IO3BOJISIET pEaJu30BaTh 3TOT METOJ 0O0pabOTKH.
Haubonee mupoko npuMeHsieMble CXeMbl 0OKaThIBaHUS MEXK/1Yy POJIMKAMU [TOKa3aHbl HA

AT AT

a §)

Puc. 4.25. Cxembl OOKaThIBAaHUS MEXIY POJIMKAMH: a — C MPUHYIUTEIbHBIM

BpalllcHNEM POJIMKOB MW CaMO3aTATHUBAHHUCM 3arOTOBKH, 0 — ¢ MPUHY AU TCIIbHBIM
Bpall€cHNEM 3aroTOBKH.

CymHocTh mporiecca oOKaThIBAaHUS COCTOUT B TOM, YTO TIOJ[ BO3JICUCTBHEM
JIABJICHHS 3aKaJCHHBIX POJIMKOB MHKPOHEPOBHOCTH 00pabaThiBacMOM ITOBEPXHOCTH
MJIACTUYECKU AeOPMUPYIOTCS, 3amloJHAS BHAAUHBI MHKPONPOGUISL; TPH ITOM
MIPOUCXOJIUT BBIPABHUBAHHE OOpa3yromeld IMOBEPXHOCTH, HEKOTOPOE HCIIPaBICHUE
(GhOpMBI M YMEHBIIICHE Pa3MEPOB 3aTOTOBKH. Y CHJTUE, HEOOXOIUMOE VIS CTIaKHBAHUS
IIIEPOXOBATOCTH HCXOJHON ITOBEPXHOCTH, 3aBHUCHUT OT CBOMCTB 00pabaThIBAEMOTO
MeTajula, JuaMeTpa W JUIMHBI POJIMKOB, OT IIEPOXOBATOCTH TOBEPXHOCTH TIOCTIE
IpeaBapuTEIbHON 00pabOTKH.
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[Ipu oOKaTbIBaHUM MEXKAY PpOJMKAMH OJHOBPEMEHHO C YJIy4IICHHEM
[IEPOXOBATOCTU  TMOBEPXHOCTH JOCTUTAETCSs M  TOBEPXHOCTHOE  YIPOYHEHHE
oOKkaTbIBaeMOro Mmertayuia. [JyOMHA YHOPOYHEHHOTO CIIOSI 3aBHCUT OT CBOICTB
oOpabaTbiBaeMOro MeTajula W OT JaBJCHUS Ha POJIMKH, OHA MOXKET JOCTUTraTh
HECKOJbKUX MUJUTUMETPOB. D(P(PEKTUBHO MNPUMEHEHHE MeToJa OOKaThIBaHUS MJis
KaJIMOpOBaHMS, PUXTOBAHUS U OTACJIKM HWIMHIPUUECKUX JeTaliel TUIla BaJloOB U OCel
nuametpom A0 10 mm. [Ipumyck Ha oOkarbiBanue kojebnetcs B npegenax 0,03...0,05
mM. [Iporiecc obkaTriBaHust OOBIYHO ATUTCS He Oonee 3...5 c.

B Hacrosimee Bpemsi Bce Oofiblliee pacHpOCTpaHEHHE TOMydaeT Crocod
KaTUOpOBaHUS HAPYXHBIX LWIMHIPUYECKUX TMOBEPXHOCTEH JeTalell TuIla BaJoB
UWIMHAPUYECKUMH M KOHUYECKMMH POJMKAMH, YCTAHOBJICHHBIMM B OOKATHBIX
rOJIOBKAX, 3aKPEIJICHHBIX B CBEPIUIbHBIX, TOKAPHBIX, PACTOUYHBIX U JPYTUX CTaHKaX, a
TaKK€ Ha CHEIUAIbHBIX CTaHKaxX, 4Yalle BCEro AaBTOMATHYECKOTO JIEWCTBHS.
[IpodunbHbIe TOBEPXHOCTH JeTalied — TeN BpalleHHs — MOTYT KaluOpOBaThCS
OOKaThIBAaHUEM ILIAIIKAMH, POJTUKAMU U IIapamH.

KanmubpoBanue u oOTnenka HapyKHbIX pe3b0 M 3yObeB 3yOuaThIX KoJiec
MIPOU3BOIUTCS] OOBIYHO OOKATHIBAHHEM IO TEM K€ CXEMaM, YTO U HaKaThIBAaHUE PE3HObI
U 3yObeB 3yOuaTbix Kosiec. Kak M mpu oOKaTke HMIMHAPUYECKUX IMOBEPXHOCTEH,
MOBBILIEHHE TOYHOCTU (POPMBI U PA3MEPOB JETaJC BO3ZMOXKHO JIUIIB MPHU KECTKOM
(Heynpyrom) KOHTaKkTe 1e(opMUPYEMOTO JIEMEHTa ¢ 00padaThIBAEMOM MOBEPXHOCTHIO
3a CYET HEpPaBHOMEPHOW JepopMali HMCXOJHBIX HEPOBHOCTEM M OTrpaHUYMBAETCS
BEJIMYMHON OCTATOYHOH neopMaluu.

Packampvleanue omeepcmuil sncecmKumMu packamuuxamu. 3HAYUTEIbHbIE
CHJIBI TPEHUS!, BO3HUKAIOIIME TIPH MPOIIMBAHUU U IPOTATHUBAHUH OTBEPCTUN TOPHAMH,
a TaKXke HEOOXOJMMOCTh B CO3JIaHMHM OOJIBIIMX JaBJICHUNM Ha 00pabaThIBacMylo
MOBEPXHOCTh OTPAHUYUBAET 00JaCTh MPUMEHEHHUS ATOT0 METO/Ia 00paOOTKU OTBEPCTUI
OTHOCUTEIBHO Majoro sguamerpa (mo 40...50 mMm) B jgeranmsax, o00JanaroImux
JIOCTaTOYHOM JKECTKOCTBhIO. bosee cOBEpIIEHHBIMM M YHUBEPCAJIBHBIMU B 3TOM
OTHOIIICHUU SBIISIOTCS METO/BI 00pabOTKM, OCHOBAaHHBIC HE HA TPEHUM CKOJIbKEHUS, a
Ha KayeHuu JAePOpPMHUPYIOUIETO DJIEMEHTa OTHOCHTEIbHO o0OpabaTrbiBaeMoin
MOBEPXHOCTH, B YACTHOCTU CIIOCOO pacKaThIBaHHWS POJIMKAMH U [IapUKAMH.
PackaTpiBanrem 00pabaThIBalOTCS OTBEPCTHUS AHAMETPOM OT 6 10 500 MM 1 JJTMHOH 10
3...5 M B feTaisaX U3 pa3IMuHbIX CTaJeH, YyTyHa U IBETHBIX METAJIIOB.

B 3aBHUCHMOCTH OT KOHCTPYKLUMH M pa3MepoB 00OpabaTbiBaeMbIX JeTajei,
Ha3Ha4YeHHs] U TpeOOBaHUN K TOYHOCTU U IIEPOXOBATOCTU OTBEPCTUIH MPUMEHSETCS
packaThlBaHWE 10 pAa3JINYHBIM CXE€MaM C HCIIOJIb30BaHUEM WHCTPYMEHTOB —
PacCKaTHUKOB Pa3INIHON KOHCTPYKIIUH.

Jliis kanuOpoBaHUS U OTMIEIKU CKBO3HBIX M TIIYXHUX TOYHBIX OTBEPCTHUI Majioro
nuameTpa (0T 6 10 30 MM) MPUMEHSIOT MHOTOPOJIMKOBBIE KECTKUE HEPETYIUPYEMBIE
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packatHukH (puc. 4.,26,a). KOHCTpyKIIHei )KeCTKUX PeryIupyeMbIX PaCKaTHUKOB (PHLC.
4.26,06) mpemycMaTpuBaeTCsi BO3MOXKHOCTh HW3MEHEHHS HX pabouero pasmepa B
ONpENENCHHBIX MpEAeNax, 4YTO JENaeT HHCTPYMEHT Oo0Jee YyHUBEpPCAIbHbIM U
SKOHOMUYHBIM. PackaTblBaHWE TPOU3BOJUTCA HA CBEPIWIbHBIX, TOKAapHBIX U
pPacTOYHBIX CTaHKax IIOCJI€ pPACTAYMBAHUS C TOYHOCTBIO MO /-My KBAJIUTETY MU
IepOoX0BaTOCThIO RA<2,5 MKM.

A Zar et A ot R it
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G T

a 0
Puc. 4.26. Kectkue Heperymupyembie (a) U peryiupyembie (0) IIapUKOBBIC

PaCKaTHUKHU

Bennuuna ocrarouHoi aedopmanvv, Kak M OPH JTOPHOBAHHWM, 3aBUCUT OT
BEJIMYMHBI HATAra, a TOYHOCTb OOpabOTKM — B MEPBYID OYepeab OT TOYHOCTHU
npeaBapuTeNbHOM 00padOTKM MOJ packaTbiBaHuWE. YHMCIIO TPOXOJOB OMNpENesieTcs
TpeOOBAHMUSIMU K IIEPOXOBATOCTH 00pabaThIBaeMON MOBEPXHOCTH: MEPBBIA MPOXOJ
yIydIiaeT UCXOJHYH mepoxoBaTocTh (Ra=2,5...1,25 mxm) no Ra=0,63...0,32 MkwMm,
BTOpO# M Tpetuii — 10 Ra=0,16...0,08 MmkM. MUKpPOTBEpIOCTH TOBEPXHOCTHOTO CJIOS
yBennuuBaetcs Ha 40...60 %.

/N IIWMHHBIX OTBEPCTUH NPHUMEHSIOT MHOTOPOJMKOBBIE pAacKaTHUKHA. K
JeTansM, MNOJJIeKAIUM 00pabOTKE MHOTOPOJMKOBBIMU >KECTKMMH pPacCKaTHUKAMH,
OTHOCATCA CTJIbHBIE TUAPO- W NMHEBMOLWIUHJPHI, HWJIMHIAPBI U TPYyObl pa3IMYHBIX
CEJIbCKOXO3SIICTBEHHBIX MAlllWH, HJIMHIAPB aMOPTU3aTOPOB aBTOMOOWIEH, a Takxke
BTYJIKH, TOJICTOCTEHHBIE KOPITYCHBIE I€TAJIN, KOPOMBICJIA U T.II.

Omoenounan (cenaxcuearwuwiasa) oopaoomka IIIIJ]. Craaxusaromiee IIT1]]
UCITOJIB3YETCS JINIIb U1 OTACJIKH — YJIYYLIEHUS IIEPOXOBATOCTH MOBEPXHOCTH HIIA
YIOPOYHEHUS IOBEPXHOCTHOTI'O CJIOS METa/lIa. B 3TOM cirydae npuMeHsIETCSl HUHCTPYMEHT
yOpyroro JeWCTBUsI, 00ECIeUnBaOUIMN YIIPYTUd KOHTAKT MEXKIY Ae(hOopMUPYIOIUM
IeMEHTOM U oOpabarbiBaeMOl  MmoBepxHOCThbiO.  [Ipolecc  miactuyeckoro
nehopMUpOBaHUS TPOTEKAET HanboJiee paBHOMEPHO U IJIaBHO, TaK KaK MOTPEITHOCTH
dbopMbl u  KojebaHMsSI  pa3sMEpPOB  3aroTOBOK, HEOJHOPOJHOCTb  TBEPAOCTH
o0palaThIBA€MOr0 METajula, BOJHUCTOCTh W HEOJHOPOJHOCTH IIIEPOXOBATOCTH
UCXOJHOM MOBEPXHOCTH, KOTOPBIE IPUBOASAT K HEOJTHOPOJAHOCTH CTENEHH JedhopMaliuu
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npu paboTe >KECTKMMU HMHCTPYMEHTaMH, B 3HAUUTEIbHOW Mepe KOMIEHCHPYIOTCS
YOPYTUMU 3JIEMEHTAMH HHCTPYMEHTA.

B pesynbrare B MOBEPXHOCTHOM CIIO€ METajlla CO3JaeTcsi Oojiee paBHOMEPHOE
YIOPOYHEHUE, KaK MO CTENEHH, TaK W MO TiIyOuHe; Harpy3kud Ha 0OOpyJlOBaHUE U
UHCTPYMEHT YMEHBIIAIOTCS, MOBBIIIAETCS CTOMKOCTh €()OPMHUPYIOIMIUX 3JIEMEHTOB.
IIpu ynpyrom KoHTakTe ¢opMa TIOBEPXHOCTH U €€ pPa3sMEPbl HU3MEHSIOTCS
HE3HAYUTENHHO: B MpeiesiaX JOMyCcKa Ha MPEANIECTBYIONIYI0 00paboTKy.

Buwicnasxcueanue noeepxmocmeii. BpIrmaxXuBaHWe — 3TO IOBEPXHOCTHOE
iacTudeckoe JeGopMHpOBaHHE MPU CKONBKEHUHM HWHCTPYMEHTa MO JIOKAJIBHO
KOHTaKTHPYIOLIEH ¢ HUM MOBEPXHOCTU e(POpMUPYEMOro MaTepuaia. Beiriaxupanue
OPOU3BOAUTCS JUI YMEHBIIEHHUS LIEPOXOBATOCTH IOBEPXHOCTH, YIPOUYHEHUS
HNOBEPXHOCTHOT'O CJIOS U, B Psiie CIy4yaes, JUIsl MOBBILIEHUS TOYHOCTU Pa3MEpPOB U
dopmel neraneii (kanuOpoBanus). Hanbosee 4acTo BBITTIQKUBAHUE MPUMEHSICTCS KaK
OTJIEJIOYHO-YIIPOUHSIONIAS Olepanus JJisl OTBETCTBEHHBIX ITOBEPXHOCTEN JieTasneil.

B mpouecce 00paOOTKM MHCTPYMEHT JUIsl BBIMJIQKUBAHUS CKOJIB3UT IO
ITIOBEPXHOCTH, IPUKATBHIN K HEW C ONPEIEIICHHON CWIION. B pe3ynbraTe miacTu4ecKoro
nehopMupoBaHUs  00pabaThIBAEMOl  MOBEPXHOCTH  NPOUCXOJUT  CIIIAKMBAHUE
UCXOAHBIX HEPOBHOCTEH M 00pa30BaHHWE HOBOI'O MHUKpOpeiabeda CO 3HAYUTEIBHO
MEHBIIEH BBICOTOM HEpoBHOCTEW. Pasmep peramu ymeHpIIAaeTCS Ha BEIUYMHY
ocraTouHoi nedpopmannu. Ha pasmep u popmy 00pa3yromuxcsi HEpOBHOCTEW BIHSIOT
TaK)K€ HEOJHOPOJIHOCTh IEPOXOBATOCTU U TBEPIOCTH 00pabaThiBa€MOil MOBEPXHOCTH,
KOJI€OAHMsI CUJT BBITJIQXKMBAHUS, BBI3BAHHbBIE OMEHUEM JETaNH, U P IPYTuX (PaKkTopoB.

[IpononbHas mogaya MHCTPYMEHTA 3aBUCHUT OT BUJA YIPOUYHSEMOIO MaTepuara.
Jls 3akaneHHbIX cranei oHa cocrasisgeT 0,02...0,04 Mm/00., 1719 HBETHBIX METAJIJIOB U
He3akaieHHbix craneit — 0,03...0,05 MM/06. OcHOBHOE yCIIOBHE TIPH BBIOOpE MOAaun
— OTCYTCTBUE HEYNPOYHEHHBIX YYACTKOB HA MOBEPXHOCTHU ACTAIICH.

B kauectBe Marepuana paboyeil yacTM MHCTPYMEHTA JUIsl BbITJIQXKUBAHUS
IPUMEHSIOT aJIMa3HbIE, TBEPAOCIIABHBIE 1 MUHEPAIOKEPAMUYECKNE HHIEHTOPBI.

Oco0OEHHOCTBIO AJIMa3HOTO BBITJIAXKUBAHUS B OTIMYKE OT Apyrux metonos ITI1]]
ABJIIETCSl MPUMEHEHHE B KauecTBE Je(POPMUPYIOIIETO 3JIEMEHTa aiMasa, KOTOPbIU
o0JaiaeT BEICOKOUM TBEPAOCThIO, HU3KUM KO3 (DUIIMEHTOM TPEHHUS IO METaJTy, HU3KON
[IEpOXOBATOCThIO, C KOTOPOM MOXKET OBbITh OTIOJMPOBaH ajnamas, BBICOKOH
TEIJIONPOBOJIHOCTHIO.

Bricokast TBepIoCTh anMmasa MO3BOJISIET 00padaThiBaTh MOYTH BCE METAJUIBI,
noJjaronMecs IUIacCTHYeCKod nedopManny, Kak MATKAE, TaKk M 3aKaJleHHBIE [0
tBepaocty HRC60..65. Masnas BenuuuHa paguyca MHCTPYMEHTa — BBITJIAKUBATES
(0,75...4 Mmm) o0OycnaBiIMBaeT MaJTyIO BEIMYMHY CHJIbI BeITIaxkuBauus (50...250 H), uro
MO3BOJISIET 00palaThiBaTh TOHKOCTEHHBIE M MAJOXKECTKHE JeTald U CHUXKAET
TpeOOBaHUSI K  JKECTKOCTH  TEXHOJIOIMYECKOro  oOOpyaoBaHus.  AJMa3HOE
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BBITJIAKUBAHUE OCYIICCTBIISIFOT, KaK MPABUIIO, 32 OJUH MPOXOJ], TaK KaK YBEINYCHUE
grclia MPOXOJOB HE W3MEHSET CYIIECTBEHHO IIEPOXOBATOCTh MOBEPXHOCTH
YIIPOUHSIEMOM JETANH.

['eomerpuueckas ¢opma pabouell dYacTh HHCTPYMEHTAa MOXET OBITH
cepruueckol, NUIMHAPUYECKON WM KOHMYECKOM — 3aBUCUT OT 0OpabaThIBacMOM
IOBEPXHOCTH, 00pabaThiBaeMOro Mmarepuaiga pabodell dYacTH BBITJIAXKUBATEIS.
BeirnakuBatenu cepuueckoit GopMsbl SIBISIOTCS 0oJiee YHUBEPCAIbHBIMHU.

CyIecTBYIOT JiBa CIIOCO0a BHITJIAXKHUBAHUS: C YKECTKUM H YIIPYTUM 3aKpEIUICHUEM
uHCTpyMeHTa (puc. 4.27).
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Puc. 4.27. BeirmaxxuBaHue TMOBEPXHOCTEH ¢ kecTkuM (a) u ymnpyrum (0)
3aKperyieHneM HHCTPYMEHTa

JIoCTOMHCTBOM €Ioco0a € JKECTKUM 3aKPEIVICHHEM BBITJIAKUBATENS SBISETCA
BO3MOXXHOCTh TOBBIIIEHUS] TOYHOCTH pa3MepoB U (Popmbl oOpadaThiBaeMOW AeTaIH
nyTeM MepepacnpeeseHuss oO0beMOB IUIACTHYECKH J1e(OopMUPYEMOro MeTamia Hu
BO3MOXKHOCTh OOpaOOTKH TPEPBIBUCTHIX TMOBEepXHOCTEeH. OaHAaKO u3-3a OueHus
o0OpabaTbiBaeMOM 3aTOTOBKH BEJIMYMHA BHEAPECHUS BHITJIAKUBATES MOTYT KOJIeOaThCs
B 3HAYUTEJBHBIX TIpenenax. B pesynbrare yero oOpabarbiBaemasi mOBEpXHOCTh UMEET
HEOJMHAKOBYIO IIIEPOXOBATOCTh M  HEOJHOPOJHA IO (PU3MKO-MEXaHUYECKUM
cBoiicTBaM. [losTOMy, BBITJI&)KUBAaHUE C JKECTKUM 3aKPETUJICHUEM BBITJIAXKUBATEIIS
MOKET OBbITh PEKOMEHJIOBAHO I 00pabOTKM 0CO00 TOYHBIX JEeTajel Ha CTaHKax
MOBBIIIEHHON TOYHOCTH.

HauGonbiiee pacrnpocTpaHeHrde TOJYYMSIO BBIVIAKMBAHHE C  YIPYTUM
3aKpEIICHUEM HWHCTPYMEHTa, KOTOpO€ TMPOW3BOJUTCA Ha TOKAPHBIX, PACTOUHBIX,
CTPOTQJIbHBIX, arperaTHbIX M JPYIUX CTaHKax. BpIMIakuBaHWue C  yIOPYTrUM
3aKperyieHneM HHCTpYMEHTa — OoJjiee MPOCTOM M YIO0OHBIM CcHoco0, MpU KOTOPOM
WHCTPYMEHT YNPYro MpHKUMaeTcsl K 00padbaThiBaeMOM JIeTalld C MOMOILBIO MPYKUHbI
WM UHBIM criocoooM. [Ipu ympyrom 3akpernjieHHU BBITJIAKUBATENS MOTPEITHOCTH
GbopMBI  KOMUPYIOTCSI W HE UCHPaBstOTCA. [IpOMCXOAUT TOJBKO CIIIaKUBaHUE
MIOBEPXHOCTH (CHMKEHHUE IIEPOXOBATOCTH) U e¢ ynpouHenue (puc. 4.28 u 4.29).
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Puc. 4.28. 3aBucuMOCTb BBICOTHI MUKPOHEPOBHOCTEM Ra oT paguanbHoii cuibl Py mpu

BeiraakuBanun (R=1 mm; S= 0,05 Mmm/00): 1 — st ctanmu P18 ¢ mokpeituem TiN; 2 —
u1st ctanu P6MS ¢ nmokpeitrem TiN.

Hy, Hhar
2000 i
1800 Puc. 4.29. I'padux 3aBucuMoOCTH
< |ig OCTAaTOYHBIX HaIpsKECHU N Ha
1600 3——,-1—/# .4.—("‘ 5
5 L /S IIOBEPXHOCTHU OT PagualibHON CuJibl P:
| Yy W ' . .
1400 § 2=~ gy 1) st daser TiN; 2) mis gaser a-Fe;
T R o ~pey .
e e Y S iy ey e 8 3) nus ¢aser Ti2N [26].
3 / \2
1000 gsene
0 © @ 120 160 20 2 oMM

Buopayuonnoe nakameiéanue. BuOpanvoHHOe HaKaThIBAHUE — HAKaThIBAaHUE
npu BUOpalMM MHCTPYMEHTAa B HaNpaBJIE€HUM, KacaTeIbHOM K IOBEPXHOCTH
nedhopMupyeMoro MaTepHaia.

B omnmnume oT uaecanpbHOW, 3aJaBacéMOW HA 4YEpPTEXKE, peaibHas MOBEPXHOCTH
JeTaneil HUKorja He ObIBaeT aOCOJIOTHO TJIAJKOM, a BCEr/la MMEET MIEPOXOBATOCTH,
oOpasyrolue ee Mukpopenbed. Xapakrep wmukpopenseda (pasmepsl, ¢opma,
B3aMMOPACIIONIOKEHNE MHUKPOHEPOBHOCTEH) OMpeAenseTcs CHocoOOM M YCIOBUSMU
00paboTku nmoBepxHocTH (puc. 4.30).
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Puc. 4.30. Cxema oOpa3zoBaHMs CJI€JOB MHCTPYMEHTA MPU PA3TUYHBIX METO/AaX
oOpaboTku: a — TodyeHHe; 0 — numrdoBaHUe; B — OOKaThIBaHUE; T — BHOPAIMOHHOE
OoOKaThIBaHHE; 1 - BHEIIHUH BU BHOPOOOKATAHHON TTOBEPXHOCTH.

[Ipy BUOpaIIMOHHOM OOKATHIBAHUM TPACKTOPHUS JIBUKEHUS HWHCTPYMEHTA
npecTaBIsieT co0oi cuHycouay (0e3 ydera mepeMeIieHus B HallpaBICHUH TT01auu S),
aMILTUTY/1a KOTOPOM paBHA BeJMYMHE BUOpanuy 1mapa 2|, a JyiuHa BOJIHBI A 3aBHCUT OT

COOTHOIICHUA MCIKIAY 4YHUCIIOM IIBOﬁHI)IX XOIO0B HMHCTPYMCHTA Npgxoo H YacTOTOU

Nog.x00 .
BpallCHUA 3aIOTOBKH N;. OTHOIICHUEC — — ] ABJIICTCA OCHOBHBIM ITaPaMCTPOM,

3
OMMPCACIAIOIMMM  XapaKTCp B3aMMOPACIIOJIOKCHUSA  BbIAABJIMBACMBIX KAaHABOK B

HaIpaBJICHUH BpaleHus 3arotoBku (puc. 4.30,1).

K ocHOBHBIM mpenmyIiecTBaM Croco0a BUOPAIIMOHHOTO HAKaThIBAHUS MOKHO
OTHECTHU BO3MOXKHOCTH CO3/IaHUS TOHKOPETYJIUPYEMOTO MUKPOpPEIbeda MOBEPXHOCTH U
MOBBINICHUE MPOU3BOIUTEILHOCTH 00paboTku. Hambomnbiee mpumMeHeHue crnocob
BUOpDOHAKATHIBAHUS  TONY4YWJ IS OOpaOOTKM  HApYyXXHBIX H  BHYTPCHHHX
UJIMHAPUYECKAX TTOBEPXHOCTEH JeTaliell — Tl BpaIeHus.

bonapmmHcTBO  mpoueccoB  obopabotku  IIIIJ]  oTimMuaercs  HECIOXHOU
KMHEMATUKON  JIBIDKCHHMS HMHCTPyMEHTa HM  XapaKTepU3yeTcss TNPOCTOTOW U
0JIHOO0Opa3ueM HanpaBlIeHUH CIeI0B 00pabOTKH HA TOBEPXHOCTH JIETAIH.

Ynpounawwaa oopaoomxa III1J]. B pesynvrate I1I1/] usmMeHstoTcsi HE TOJBKO
pa3Mepbl 3aroTOBKH, MIEPOXOBATOCTh MOBEPXHOCTH, HO U (PU3UKO-MEXAHUUYECKHE
CBOMCTBa mepudepuitHOro cJiosg MeTamia ¢ oOpa3oBaHMEM B HEM OCTATOYHBIX
HampspKeHU (B OCHOBHOM  CKuUMarolux). OCHOBHBIM Ha3HAYE€HUEM IPOLIECCOB
yrpounsitoiero [T siBisieTcst MOBBIIIEHHE HECYIIEH CIIOCOOHOCTH MOBEPXHOCTHOTO
CJI0S1 JeTaJIe.

Ynpounawwee naxkamovieanue. YupouHsoniee HakKaTbIBAHUE —  3TO
HaKaThIBaHKE, TIPU KOTOPOM MPOUCXOUT MOBEPXHOCTHOE yrpouHeHne. HakaTeiBanue
MO BBIMTYKJION WJIM TIJIOCKOM TMOBEPXHOCTH MaTepualia Ha3bIBAETCS MOBEPXHOCTHBHIM
oOkaTbiBaHKeM. OOKaTKy BBITYKJIBIX WJTU INTOCKUX JIETAJICH MMPOU3BOAAT POJIUKAMH UITH
mapukaMu (OJJHUM WIM HECKOJbKUMH), UMEIIIMMHU pa3Hble paboure mnpoduim
(puc.4.31). OOkaTka OCYIIECTBISECTCS MPOAOJbHBIM IEPEMEIICHUEM POJIUKA WM
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HIapuka 1mno oopadbaTeIBaeMOii MOBEPXHOCTH C HArPY>KEHUEM €0 OMPEIEICHHON CUIIOi
WIN TOJIbKO HArpyXeHHeM 0e3 MpOoJ0IbHOro nepeMenienus. B pesynpraTe 0OKaTKu B
3HAYUTEIBbHOM CTENEHW IMIOBBIIAETCS JOJITOBEYHOCTh JieTajel, padoTarlux B
YCIIOBUSIX IMKIMYECKUX HarpykeHui. Ilpu oOkaTke B 3aBUCHMOCTH OT €€ peKruMa
MOJKET OBITh CHUKE€HA WJIM MIOBBIIIEHA HIEPOXOBATOCTh NOBEPXHOCTH.
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Puc. 4.31. Cxemsl miporiecca yIpoUyHSIOIIET0 OOKaThIBAHUS

Ecniu HeoOXoauMo MOMy4YuTh OOJBIIYIO TIyOWHY HAaKJIENaHHOTO CJosA C
OOJBIIIMMHU OCTATOYHBIMY HANPSDKCHUSIMHU CKATHS, OOKATKy TIPOU3BOAT IMPU BHICOKUX
JABJICHUSX POJMKaMU co chepruyeckum KOHTYpoM. Hapsiy ¢ ynpouHsitomiel mupokoe
NpUMEHEHUE TMOJydYaeT YNPOUHSIONIee-CTiaXuBawIas oOKaTka, TpPH KOTOPOH
CHIDKAeTCs IMEepOXoBaTOCTh 0OpabaTbiBaeMoi mopepxHoctu 10 Ra=0,040...0,160 MxwMm,
YTO B PsZIC CIydYaeB MO3BOJISICT H3MEHUTHh YUCTOBOE NUTH(POBAHNE OOKATKOW POJTUKAMH.

Bnusinue pexxuma oOkatku (YCHiIHMsT Ha POJIMK, IMOJA4Yd, CKOPOCTH M YHCIIa
IIPOXOJIOB) HA KAUYECTBO 0OPaOOTKU 3aBUCHT OT CBOMCTB 00padaThIBaEMbIX MATEPUAIOB
Y Ha3HA4YEHUs 0OKATKH (CIUIAKHUBAIOIIAS WM YIIPOUHSIOIIasi 00paboTKa).

HaubGonee mupoko yNpPOUHSIONIYI0 OOKATKy pOJUKAMH TPUMEHSIOT st
YOPOYHEHUsI KPYMHBIX JAETalie — JIOKOMOTHMBHBIX M BAaroHHBIX OCEH, TOPCHOHHBIX
BaJIOB, 3yOuUaThiX Koyiec W npyrux pgetaneir. Ocobasi 3((PEeKTUBHOCTH yNPOUHEHUS
KPYIHBIX JAeTalied OOBACHSIETCS BO3MOXKHOCTHIO IIOJydYaTh B TIpoliecce OOKaTKH
Oosbiryro ryouHy (10 35 MM) M BBICOKYIO CTeneHb Hakjemna. Hampumep, oOkaTka
MOJCTYNIMYHOM YacTU Ocel BaroHOB MpH TiyOuHe Hakjena 13...19 MM yBennuuBaer
CPOK UX CIIy»ObI B 25 pas.

Henmpoobesxccno-wmapukoean oopadbomka. Ha npakTuke moiaydaroT Bce Ooliee
IIMPOKOE  PACHpPOCTPAHEHUE METOMbI  YIPOUHSAIOMIEH 00pabOTKM  METaJlioB,
OCHOBAaHHbBIC HA TMHAMHYECKOM JCHCTBUU (yaape) MHCTPYMEHTa Ha 00pabaThiBaeMyrO
MOBEPXHOCTh. K 3THM MeTojgaM OTHOCSATCA dYeKaHKa, 0O0paboTKa BUOPHPYIOIIUMU
poJiMKaMu W UIIapuKamMu, IEHpOOeXKHO-IIapuKoBas  00paboTka, o00OpaboTka
MEXaHUYECKHUMH IIeTKaMHu, IpoOecTpyiiHas o0paboTka u ap.
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Crnoco6 ymnpoyHeHHs IEHTPOOEKHO-IITAPUKOBBIM HAKJICTIOM OCHOBAaH Ha
VCITOJIb30BAHUU LIEHTPOOEKHOM CHJIbI CTAJIBHBIX LIAPUKOB AUAMETPOM 7...12 MM,
CcBOOOMHO Bpamaromuxcsi co ckopocteto 20...40 wm/c Ham oOpabarpiBaeMoi
noBepxHOCThIO (puc. 4.32). BcTpeuass Ha CBOEM IyTH 3aroTOBKY, JBIKYIILYIOCS
HaBCTpedy Hapukam co ckopoctbio 30...90 M/MUH, KaXIblii IAPUK C CUJION yaapseTcs
00 o00pabaTbiBaeMyl0 TOBEPXHOCTb, NPOU3BOJUT HAKJIEN €€ U CriaKUBaHUE
miepoxoBaTocTeli. B kauectBe  00OpynOBaHHS ~— MPUMEHSIOTCS  TOKapHbBIE,
nuM(oBaTbHBIE U IPYTHE CTAHKU KaK OOIIETo, TaK U CHEIMATIbHOTO Ha3HAUCHUSI.

Puc. 4.32. Cxema B3aUMOJCHCTBUS IIAPUKOB C JIETATBI0O TIPH IEHTPOOEKHO-
HIapUKOBOM 00paOOTKHU.

Pexxum mporecca 1EHTPOOESKHO-IIAPUKOBOM 00pabOTKH XapaKTepusyercs
OKPY)KHOW CKOpPOCTBIO YIPOYHUTENS V, HATIrOM |, KOJMYECTBOM IIAPUKOB B
cermaparope Z U ux JAuaMeTpoM Om, OKPYKHOM CKOPOCThIO 3arOTOBKH V,, BETHUHUHOMN
NpOJOJIBHOW momauu  S,, KonmdecTBOM TpoxogoB K. HeoOxoaumbrit Hatar |
oOecrieunBaeTCs yCTAaHOBKOW YMPOYHHUTENS Ha ONPEICICHHOM pPACcCTOSHUM OT
3arOTOBKM TPHU IOMOIIM TOMEPEYHOTrO BHHTA CYIIIOPTa WJIM CTOJIa CTaHKa. Pexum
[EHTPOOEIKHO-ITIAPUKOBOKH  OOpaOOTKM B  3HAYUTEIBHOM Mepe  Ompeiensercs
HEO0OXOIMMBIM YHCIIOM yIapOB MIAPUKOB IO OTPEIeTICHHOM TUIoIaan oopadbaTsiBaeMon
OBEPXHOCTH. UHCIIO yAapoB LIAPUKOB, MPUXOAAIIMXCA Ha 1 MM? 0OpabaTbiBaeMOit

MOBEPXHOCTH, OTpeAeNseTcs no Gopmye
zn
C = ——. (4.8)
wdn,S,

B kadecTBe ynmpoYHUTENSI MOKET OBITh MCIOJIB30BaHA POTAI[MOHHAS TOJOBKA C
pOJIMKaMH, YCTAaHOBIICHHBIMHU IO BHHTOBOW JIMHWUU MOJO00HO 3yObSM JBYX3aXOIHOU
YepBSIYHOU (Ppe3bl.

Oopabomka euOpayUOHHLIMU IKCUEHMPUKOBLIMU U  YIbMPA3EYKOGHIMU
ynpounumenamu. l1{eHTpoOEKHO-IIAPUKOBBIE YIPOUHUTETU TPU HAKJICIbIBAHUU
JIeTaly OCHOBHYIO CHJIy yJapa IIapuka IMepealoT B HANpaBJICHUM KacaTeNIbHOM K

MOBEPXHOCTU 00pabaThiBa€MOi 3aroTOBKU. B pe3ynbpTaTe 3TOro moBEPXHOCTHBIN CION
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MeTaia a1eopMUPYETCs U CMEIIAeTCA B TaHTCHIIMAILHOM HamnpasieHuu. [Ipu Takom
xapakrepe 1eOpMUPOBAHUS HEAOCTATOYHO TOYHO HA3HAUYEHHBIN PEXUM 00pabOTKH
MOXET BBI3BaTh HAPYUIEHUE LIEJIOCTHOCTH NMOBEPXHOCTHBIX CIIOEB METAIIA, A B PANE
CJIy4aeB — HAPYIIEHHUE IIOBEPXHOCTHOIO CJIOSL.

[Tpu ucnonbp3oBaHUM CHIOCOOA TMHAMUYECKOTO HAKJIENA IMMOBEPXHOCTHOIO CJOS
MeTajljia, NMpU KOTOPOM cHjla yjapa mapuka o0 oOpabaTbiBaeMyl0 MOBEPXHOCTb
o0ecrieunBaeTcs WHEPLUUOHHOW JKCIEHTPUKOBOM Maccoil, B 3aBHCHMOCTH OT
HEOOXOUMOCTH yAap Ae(hOPMHUPYIOMIETO IAapHKa MOKHO OCYLIECTBIATH B Pa3HBIX
HAIpPAaBICHUSX: HOPMAaJbHOM, TAHTE€HIMAIBHOM (OKPY>KHOM), OCEBOM M B JII0OOM
IPOMEXYTOUYHOM HampasieHuu (puc. 4.33, a).

T
Puc. 4.33. Cxema 00pabOTKH 3aroTOBOK IKCIIEHTPUKOBBIM IIAPUKOBBIM (a) U
yJIbTPa3BYKOBBIM (0) YIIPOUHUTEIISANV 6

[Tonyuuna pacnpocTpaneHue o6padotka IIIIJI ¢  ynbTpa3ByKoOBbIMU
KoeOaHusIMU  1ePOpPMHUPYIONIETO HMHCTPYMEHTa. B  mporecce yibTpa3ByKOBOTO
YIPOYHEHUS HHCTPYMEHTY COOOIIAIOTCS YIbTPa3BYKOBBIC KOJICOAHUS B HAIIPaBJICHUH,
NEPHEHANKYJIIPHOM K  00pabaThiBaeMOil  TOBEPXHOCTH, W  MPHUKIAIBIBACTCS
cratudeckoe ycunue nomxuma (puc. 4.33, 6). Kak mokasanu uccienoBaHus, B TOM
ciIydae, KOr/ia MHCTPYMEHTY COOOIIat0TCs KoJIeOaHus yIbTPa3ByKOBOM YaCTOTHI, B 30HE
obpabotku Temmeparypa jgocturaer 1000...1200°C. B  pesynbrare dyero
OCYIIECTBIISIETCS HE XOJIOAHOE MIIACTHYECKOE, a TEPMOIIACTUIECKOe AepopMupoBaHUe
MOBEPXHOCTHOTO CJIOS METalIa.
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VYnbTpazBykoBas 00pabOTKa MOBBIIIAET MOBEPXHOCTHYIO MHKPOTBEPAOCTH B
1,5...2 pa3a c¢ rmiyounoit ympounenust 0,3...0,4 MM; CHIKAETCS IIEPOXOBATOCTh
MOBEPXHOCTH; B HEW CO3JAlOTCA OJIaroNpUATHBIE HANpsbKeHus cxkatus. Yacrora
KoJiebanuit macrpymenta 18...24 k', ammmuryna konedanuit 10...20 MKM, CKOPOCTh
o0paboTtku noepxHoctu aetanu 0,9... 1,0 m/c. [IpogonpHas nogaya MHCTpyMeHTa S =
0,125 mm/06. C 1uenpl0 YMEHBIICHHS HW3HOCA HWHCTPYMEHTA U  TOBBIIICHUS
IPOU3BOAMTEIIBHOCTH  Ipollecca NpPH  YNPOYHEHHH  MCHOJB3YKOT  CMa304HO-
OXJIQXK/IAIOIIYI0 TEXHOJIOTHYECKYIO Cpely — MHAYCTPUAIBHOE MaCIIO.

[IpumeHneHre yabTPa3BYKOBOIO YNPOYHEHUS 0co0eHHO A(deKTUBHO AJIs
WHCTPYMEHTOB, 3yObEB KOJIEC, I€TaJI€il, U3TOTOBJIICHHBIX U3 YYT'yHA, IBETHBIX METAJJIOB
U CIUTAaBOB, B TOM YHCJI€ TBEPIOCIIABHBIX, a TAKXKe JIJIs AeTallel CI0KHON (hOpMBbI

Ynpounarwwaa wuexanka. CymHOCT, crnocoba YNPOYHEHHS] YEKAHKOU
3aKJIIOYAeTCs B TOM, YTO C TIOMOIIbIO CHEHUAJIBHOIO MPHUCIOCOOIEHUS —
MEXaHUYECKOT0, THEBMAaTUYECKOIO U 3EKTPOMEXAHUYECKOTO THUIIa HAHOCAT y1aphl 10
YOPOYHSIEMOH MOBEPXHOCTU. B pe3ynbrare yapa nHCTpyMeHTa (yJapHUKa ¢ OOMKOM)
U3MEHSETCS Ka4eCTBO IMOBEPXHOCTH, U B TOHKOM IHOBEPXHOCTHOM CJIO€ CO3AAOTCS

OCTATOYHBIE HAINpPsDKEHHMs ckatusa g0 100 Kr/mm?

. IepoxoBaToCTh MOBEPXHOCTU
o0bIYHO HaxoauTcs B npeaenax Rz= 160...40 mxm. ['myOuHa Hakiena mpu YeKaHKe
MOKET OBbITh Moy4yeHa 70 35 MM. TBepI0CTh MOBEPXHOCTH 3ar0TOBKH, 00pabOTaHHOM
yekaHkoi, Ha 30...50% BbIIE HCXOOHOW TBEPAOCTH. [N MOCTHKEHUS HU3KOM
HIEPOXOBATOCTH MOBEPXHOCTH MOCIIE YEKAHKHU CIEAYET MPETYCMOTPETH MEXaHUYECKYIO
00paboTKy Ha r1yOuHy 10 0,5 MM WY CTJIaKUBAIOIIHME MTPOXO/IBI M0 TajaTeIsIM OOMKaMu
YBEJIMYCHHBIX PAJNYCOB.

COOTBETCTBYIOIIMM ITOJA00POM PEXKHUMOB (II1ara YeKaHKH, KOJTUIECTBA TPOXOI0B,
CKOPOCTH W DHEPrHU yjaapa 0oifka) MOXXHO JOCTHYb PABHOIPOYHOCTH CTYIEHYATOTO
Bajia B TAITEIAX U TJIAJIKOM YacCTH M TIOBBICUTh HECYILYIO CTOCOOHOCTH Baja B 1,5 pa3za
u 6ornee. Croco0 yrnpouHeHUs] 4YeKaHKoW Haubosiee d(HPEKTUBEH W HIKOHOMHUYECKHU
BBITO/IEH (TI0 CPAaBHEHUIO C OOKATKOM POJIMKAMU U IIApUKaAMH) TIPU YIIPOUHEHUN TaKUX
AJIEMEHTOB JieTaliell MallliH, KaK rajaTeIu, CBApOUHbIC MBI U Jp.

Oopabomka mexanuueckumu wiemxkamu. MexaHn4ueckue meTKA UCTIOIb3YITCS
JUISL CHSTUS 3ayCEHIIEB, CKPYTJIEHUS OCTPBIX KPOMOK, OYHMCTKA MOBEPXHOCTH OT
OKaJIMHbI, IIIaKa, JACKOPATUBHOW OTIEIKA IOBEPXHOCTEW METaJUIOB, JEpeBa W
MJIACTMACC, MTOATOTOBKU MOBEPXHOCTEM M YNPOYHEHHUS CJIOSI OCaKUBAEMOI'0 MeTallia
MpU TalbBAHUYECKUX MOKPBITUAX, MOJUPOBAHUS U YIPOUYHEHHUS] MMOBEPXHOCTEU IS
MOBBILICHUSI U3HOCOCTOMKOCTH, YCTAJIOCTHOU MPOYHOCTH U KOPPO3UOHHOU CTOUKOCTH
JieTanen MalvH U T.]1.

Mexanndeckumu metrkamu (puc. 4.34) o0pabaThIBalOTCA ACTAIN U3 Pa3IMYHBIX
METaJUIOB JI0 W TOciie TepMHUYeckoil o0paboTku. IIpu ompeneneHHbIX YCIOBUSX U
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pexxuMax OOpaOOTKM MOXHO TMOJYYHTh TOBEPXHOCTh C  IIEPOXOBATOCTHIO
Ra=0,16...0,08 MKMm.

B mpouecce 06paboTku neraneld AMCKOBAs, MWIMHIPHYECKAs WM TOPILIOBas
IIeTKa, YCTAHOBJICHHAs Ha IINHMHJENE CTaHKa WM HENOCPEACTBEHHO Ha Bally
3JIEKTPOJIBUraTelNs, IMPUBOAUTCA BO BpalleHHMe. B MOMEHT KOHTakTa pabouei
NOBEPXHOCTU IIETKU (0Opa30oBaHHOM TOpLAMH IPOBOJIOYEK) C TOBEPXHOCTHIO
3arOTOBKH MTPOUCXOJIUT yAap U (OPMUPOBAHUE TTOBEPXHOCTH JICTAIIH.
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Puc. 4.34. MexaHndeckue mMeEeTKu

B mpouecce BpamieHusi MIETKH C OMNPEIEICHHOM CKOPOCTBbIO OTIEIbHBIE €€
MPOBOJIOYKM HE TOJIbBKO CPE3al0T U  CIVIAXKUBAIOT  BEPIIMHBI  I'peOECIIKOB
MUKpPOHEPOBHOCTEH, HO M MPOHUKAIOT BO BmaauHbl Mukpomnpoduis. [Ipu stom Bce
PUCKH, IIAPATTUHBI U MUKPOTPEIINHBI TOBEPXHOCTHOTO pelibeda CriaKuBarOTCsl, METal
B MECTaX KOHUEHTPALUH HANPSKEHUI YIPOUHSIETCS, UTO MPUBOJUT K 3HAUUTEIHLHOMY
MOBBIIICHUIO YCTAJOCTHON TPOYHOCTH 00paOOTaHHBIX JCTAJICH.

KauectBo nmoBepxnoctu. [lomyyaemoe npu oOpaboTke JeTaieil mpoBOJIOYHBIMU
MEXaHUYECKUMU IIIETKaMH, 3aBUCUT OT BBICOTHI MHMKPOHEPOBHOCTEH HCXOIHOM
MOBEPXHOCTH, MaTepraia o0pabaTbiBaeMOM JeTalli, MaTepHalia u pazMepa MpoBOJIOKH,
UIyIIed Ha W3rOTOBJIEHHWE IIETKH, CKOPOCTH HehOpMUPOBaHMS, KOHTAKTHOTO
JIABJICHUS, TMPOJIOJDKATEIFHOCTH M YCIIOBUM 00paOOTKM, a TaKke BUJA CMa304yHO-
OXJIAKJIAIOWIEN TEXHOJIOTUYECKOM cpeapl. [lo KOHCTpyKIMM WIIETKU pa3laeisaroT Ha
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KOJIbLIEBBIC, TUCKOBBIC, MIJIMHAPUYECKHE W HriIodpesbl (KECTKHE METaTTUuYECKUue
IIETKH).

Ooépabomka opoowvro. O6paboTka APOOBI0 — ATO MOBEPXHOCTHOE IIACTUIECKOE
nedhopMupoBaHre Merayuia yaapamu Apoou. Oopadotka npoObio — 3 (HEKTUBHBIN U
pacipoCTpaHEHHBIH TEXHOJOTUYCCKUI METOJl TOBBINICHUS BBIHOCIUBOCTH U
WU3HOCOCTOMKOCTH TOBEPXHOCTHBIM IUIACTHYECKUM J1e(DOPMHUPOBAHUEM JICTaJICH.
['maBHOY 0COOEHHOCTHIO 3TOTO METOAA SIBIIAETCS €ro yHHBEpcaTbHOCTh. OOpaboTKOi
IpOoObI0 MOXHO YIPOYHSTH JIOOBIE CIOKHBIE TMOBEPXHOCTH, HANpUMEp TakKue, Kak
3yObsl IECTEPEH, BUTHIC TIPYKUHBI, PECCOPBI, IEPO JIONATOK KOMIIpEccopa U T.I.

YnpouHeHue Cyxoi JpoObi0 B OCHOBHOM OCYIIECTBIISIETCA HA IPOOECTPYIHBIX U
IpoOEMETHBIX yCTaHOBKax. B TmepBoM THIIE YCTaHOBOK ApoOu cooOrmaercs
KUHETUYECKasi SHEpPTus B APoOECTPyHHOM COIUIE CHKAThIM BO3IYyXOM, I10/1aBacMbIM
yepe3 BO3AYLIHYIO (POPCYHKY, BO BTOPOM THIE — B LIEHTPOOEKHOM JpOOEMETHOM
xosece (puc. 4.35).

WA -
A —

Puc. 4.35. Cxemsl qpobecTpyiiHoii (a) u apodbemeTHoi (6) 00paboTOK.

CymHocTh mponecca 3aKir4aeTcss B TOM, YTO TOBEPXHOCTh 3arOTOBKH
OoMOapupyeTcss TOTOKOM JIPOOMHOK, JIETSIIUX ¢ 00JblIoN ckopocThio. [Ipu yaape o
MOBEPXHOCTh KaXKJasg JApOOMHKA OCTaBJISIET MHUKPOBMSATHHY, B pe€3yJbTaTe YEro
MOBEPXHOCTHBIM CJION TIacTH4ecku AedopMHUpyeTcss W ynpouHsiercs. BHyTpeHHue
HANPsDKEHUS CHavalla pacTyT NPONOPIMOHATBHO BpeMeHH 00pabOTKH, HO 3aTeM uepes
1...2 MuH HacTtynaeT «HachllieHue». JlanmpHeilmmas o0paboTKa CTAHOBHUTCS YXKe
BpPEJIHOM, TaK KaK BEJET K MOABJICHUIO MUKPOTPEIINH (MIEpEHAKIIEITY ).

OnrtumanbHOE BpeMs 00paboTKu U yroj najaenus apoowu (70.. 0

JIPENESIOT
B 3aBHUCHUMOCTH OT Marepuajia JIeTaId U TIyOUHBI YIPOYHEHUS 31<£-ruMeHTaano.
HpoOb pekoMeHayeTCsl TMPUMEHSTh CTaJlbHYI0O BO3MOXKHO MEHBIIIET0 JUaMeTpa
(0,8...1,0 mMm). Pazmepbl 1poOUHOK AOJKHBI OBITH TAKMMH, YTOOBI OHU IOIAIaJIA Ha
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JTHO TaJTeJNIel, BBITOUYEK WM KaHaBOK. Pamnyc npoOu mpUMEHSIOT, paBHBIM MTOJIOBUHE
paaunyca ranreneit. [Ipu BeIOOpe pexuMoB 00pabOTKH ClIeyeT UMETh B BH]Y, UTO Ha
KayecTBO OOpaOOTKM OKa3bIBa€T BIMSHUE CIEAYIONIME TEXHOJOTHYECKHE (HaKTOPHI:
CKOPOCTb JIpoOU MpH BCTpeue ¢ 00padaThiBaeMOil TOBEPXHOCTHIO; pa3Mep, KaYeCTBO U
pacxoj JIpodu; MPOJODKUTEIHPHOCT 00pa0OTKM; HampaBjeHUE MOTOKa ApoOu (yroi
aTaku); oOpalaThIBaeMblii Marepual;, IUIOTHOCTb, C KOTOPOM JpoOb TOKpPHIBAET
MOBEPXHOCTh; PACCTOSIHUE OT MECTa BblIETa APOOH.

OT mepeunciIeHHBIX TEXHOJIOTHYECKUX (DaKTOpOB ApobdecTpyiliHoil 00paboTKu
3aBHUCST IMIEPOXOBATOCTh TOBEPXHOCTH, TTyOMHA HAKJIENa U OCTATOYHBIC HAMPSIKESHHUS.
[IlepoxoBaTocTh  MOBEPXHOCTH  YJIyYIlIaeTCsi C  yBEJIMYCHHEM  TBEPAOCTH
oOpabatbiBaeMoro Marepuaia. [IpakThuecku IIepoXOBaTOCTh MOBEPXHOCTH IyTEM
npobecTpyiHON 00pabOTKH MOXKET OBITh MoJydeHa oT Rz =20 mxm 10 Ra = 2,5 MkMm, a
Ha TBepAbIX Martepuanax — A0 Ra = 0,16 mMxm. ['myOuHa Hakiena M OCTaTOYHbBIC
HaIpsHKCHUST CBS3aHBI C IIACTHYECKON nedopmarueii, HO WX BEJIMYHHA B TIEPBYIO
ouepep onpeaensieTcs: PU3NIECKUMHU U MEXaHMYECKUMHU CBOMCTBAMH MaTepHaa.

OpHOlt W3 THaBHBIX XapaKTEPUCTUK MaTepHala, OMPEICISIIONINX YICIbHYIO
paboTy apoOu Mpu BIABIMBAHUH, SBISETCS TUHAMUYECKAS TBEPAOCTh Hy,,. [TyOmHA
HaKJIeTa Mpu IpodecTpyitHOl 00paboTKe MOXKET OBITH OIpeiesieHa 1Mo ¢hopMyJie:

h — K Dw-sina
HAK Hyp

riae D - nuameTp ApOOMHOK; U - CKOPOCTh JAPOOH IpH BCTpeue ¢ oOpabaTbiBacMOM

(4.9)

MOBEPXHOCTHIO; - YTOJ aTaku; k — Ko GUIIMEHT MPONOPIIMOHATBHOCTH.

VY napel 1poOu BBI3BIBAIOT MIACTUYECKYIO eopmariuto Ha rinyouny 0,15...3 MM,
B pe3yJibTaTe YJIy4dlIalOTCS MEXaHWYECKHME CBOMCTBA IMOBEPXHOCTHOIO CIJIOS MpHU
OJTHOBPEMEHHOM TIOSIBJICHHH OJIarONMPHUSATHBIX OCTATOYHBIX HATIPSHKCHUH COKATHS.

[TpubnvkeHHO CpelHHE OCTATOYHBIC HAMPSIKEHUS Opacn B HAKIIECTIAHHOM CJIOE
OyIyT NMPONOPIIMOHAIbHBI JUHAMUYECKON TBEPIOCTH MaTepHaa;

Onaxn = deuH’ (4-10)
rae m — koG GUIMEHT NPOTOPIIMOHATBHOCTH.

B Hactosiiiee Bpemsi cO3laH THUAPOJAPOOECTPYHHBIA CIOCOO YIPOUYHECHMUS,
CYIIIHOCTh KOTOPOTO 3aKJII0YaeTcsi B 00pabOTKe MeTajneil mapukamu, 3KeKTUPYMBIMU
CMAa3bIBAIOIIC-OXJIAKIAIONIEH TEXHOJIOTHYECKON cpenoi. [mapompobecTpyitHbIn
croco0 YMPOYHEHHs] OTIMYaeTcs OT JpoOecTpylHOro Oosiee BBICOKMM KaueCTBOM
00pabOTKH MMOBEPXHOCTH.

Bubpayuonnan yoapnas obpabomka. BubOpanmonHas ypapHas o0paOoTka
(BuOporasitoBka, BuOpoyaapHas oOpabotka) — a3to IIIIJI coymapenuem
HE3aKPETICHHBIX WM 3aKPEIUVICHHBIX 3aTOTOBOK M pabOyuX Tel B 3aMKHYTOM 00beMe
Ipy WX TEepPEMEIICHUH, BBI3BAHHOM KOJeOaTeNbHBIM JIBIDKEHHEM pabodero opraa.
[Ipomiecc compoBOXKIAETCSl MOCIEIOBATEIbHBIM HAHECEHHUEM Ha TMOBEPXHOCTH
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oOpalaThIBa€MbIX 3arOTOBOK OOJIBIIIOTO YHCIAa MHKPOYJIAapOB YacTULAMHU pabodeit
CpeIbl IPU MX B3aUMHOM COYJApE€HUU M CKOJBKEHHUU. Y Iapbl BbI3BaHbI JEHCTBHEM
HaIpPaBIEHHBIX BUOpaLUid, COOOIIaeMbIX paboyeil kaMepe HHEPIIMOHHBIM BUOPAaTOpOM
(puc. 4.36). Pabouas xamepa moiaydaeT BUOpaIUIO OT HHEPITMOHHOTO BUOpaTopa. lpu
3TOM JeTajiu U pabouas cpeia, HENPEpbIBHO IMOABEPrasiCh MEPEMEHHBIM IO 3HAKY
YCKOPEHUSIM, COBEPILIAET JABa BUJA ABMKCHHUS: KOJIeOaHNE U MEJIEHHOE BpallleHUE BCEH
Macchl (IUPKYISIUOHHOE JBMXKeHHe). OT cTeHOK paboueil kamepbl BHUOparus
nepesaeTcs MPUIICTAIOIINM CI0AM padoueit Cpeibl, KOTOPhIE MEPEAAI0T €€ CISAYIOIUM
CIIOSIM | T.]I.

Puc. 4.36. Cxema mpoiiecca BUOpaiionHoi o0padoTku: 1 - paboyas kamepa; 2-
PY>KUHBI; 3 - A1ebanancHbIi BUOpaTop; 4 - OCHOBaHUE; 5 - IJIAHTH IS TTO1a4d U CIIMBa
COTC; 6 - nomna; 7 - 6aK-OTCTOMHHK.

B kauecTBe paboumx cpen MHUPOKOE MPUMEHEHHE B MPAKTUKE BUOPOYyIapHOU
00pabOTKH MOJYYWIH CTajbHasi U YyryHHas ApoOb, JUTHIE 3BE3J0UKH, pyOsieHas
IIPOBOJIOKA, CTAJIbHBIE MMOJIMPOBAHHBIE IIAPUKHU U JIP.

B mpouecce BUOpPAaMOHHOTO YIPOYHEHHsS OOECIEUMBAETCS IIACTUYECKOE
neopMUPOBAHUE TOBEPXHOCTHOTO CJIOS, CIIEJCTBUEM 4YEro SBIISETCS IOBBIIICHUE
MUKPOTBEPAOCTH, 00pa30BaHUE C)KUMAIOLINX OCTATOYHBIX HAMpPSKEHUI MepBOro poja
¥ YMEHBIICHHE IEPOXOBATOCTH MOBEPXHOCTH.

BubpoynapHoe ynpouHEeHUE SIBISETCS YHUBEPCAIHHBIM METOJOM YIPOYHEHUS
oOpaboTku. Hanbosee HarsiiHbI €ro NpeuMyIecTBa pyu o0padoTKe AeTaiei CI0KHOM
dopMbI, a TakXke MpU YNPOUHEHUHU JeTajiell HeOOJBIIMX pa3MepoB Pa3HOOOpa3HOI
HOMEHKJIATypbl. IHTEHCUBHOCTh BHOpOYIapHOW OOpaOOTKM 3aBUCUT OT pPEKHMMa U
MPOJIOJDKUTEILHOCTH 00pabOTKH, XapaKTEPUCTHK U pa3MEPOB YACTHUIl paboueit cpepl,
o0bema palouell Kamepbl W CTENEHU €€ 3alOJHEHHUS, MEXaHHMYECKHX CBOMCTB
MaTtepuana 00padaThIBaEMBbIX JAETaJICH U Jp.

Jlannasi cxema 00pabOTKHU SBISETCS YHUBEpCATbHONH. OHA MOXET MPUMEHSATHCS
U ISl YUCTO OTACIOUHON 00paboTku (BuOponuirdoBaHre, BUOPOIOIUPOBAHKE), KOT/Aa
B KauecTBe paboueli cpenbl npuMeHsieTcs: ((OpMOBaHHBIN adpa3uB.
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4.5 PeHOBAIIMOHHBbIE TEXHOJOTHN NMPOMAJIEHHUS KU3HEHHOT0 HMKJIA JeTajlei
MAIIUH.

3.5.1. [IlpumeHeHHe CBAPKH /1JIsl PEMOHTA M BOCCTAHOBJICHHUS M3/1e/Mii

TexHosornYecKre MpoLecchl CBapKU U HAIUTABKHU 3aHUMAIOT BEAYIEee MECTO IIPH
BOCCTaHABIIMBAEMbIX M3JIEJIUM, TOCKOIBKY C UX MTOMOIIbIO BOCCTAHABIMBAIOT IouTH 70
% Bcex meTalei.

Coenacno T'OCT 2601-84 ceapkoii Ha3bIBaeTCs TMOJyYEHHUE HEPA3bEMHbIX
COEJIMHEHHUI TOCPEJICTBOM YCTAaHOBJIEHUSI MEXKATOMHBIX CBSI3€H MEXy COEIUHAEMbIMU
YacTSIMH MPU UX HAarpeBaHWU U (WIK) TUIacTU4YecKoM nedopmupoBanuu. B ycrnoBusix
PEMOHTHO-BOCCTAHOBUTEIBHOIO MPOU3BOJCTBA CBAPKY CIEAYET paccMaTpHBaTh Kak
MPOLIECC YCTAHOBIICHUSI HEPA3bEMHBIX COSMHEHUIN MEK/Ty BOCCTAaHABIMBAEMBIM CI0EM
M OCHOBHOM 4YacThl0O MaTepHalla pEHOACTAIM WIM €€ »dieMeHTamu. bombinoe
pazHooOpasue GopM M pa3MepoB peHoJeTalell 00YCIOBIMBAET HEOOXOIUMOCTb
NPUMEHEHUSI B PEMOHTHO-BOCCTAHOBUTEIHLHOM IMPOU3BOJICTBE PA3HBIX BUJIOB CBAPKH.

Pyunasa oyzoean ceapka. PydHyto JTyroByl0 CBAPKY BBINIOJHSIOT, KaK MPABUIIO,
METAJTMYECKUMU DJIEKTPOJaMU TPU MUTAHUM AYTH MOCTOSHHBIM WM MEPEMEHHBIM
TokoM. Cxema mpotiecca mpenacraBieHa Ha puc. 4.37. K snexktpoay u cBapuBaeMomy
U3JIeTUI0 g oOpa3oBaHMs W TIOJJIEP’KaHUSI CBAPOYHOM JYrM OT HCTOYHHKOB
CBAPOYHOIO TOKAa MOABOAUTCS TMOCTOSIHHBIM WM MEPEMEHHBI CBapOYHBIA TOK.
CBapouHas nyra 1| Troput MeXy METAJUIMYECKUM CTEPKHEM 3JIEKTPO/Ia 2 1 OCHOBHBIM
Metasmiom 3. Iloxg neiicTBHEM Temuia IyrM MeETal JOYyTH BJIEKTPOAA, MOKPBITHE
AJIEKTPOJa U1 OCHOBHOM MeTallJl pacijiaBisieTcsi, o0Opa3ysi cBapouHyto BaHHy 4. Kamnu
XKUIKOTO METaia 5 ¢ Toplia pacIulaBI€HHOIO AJIEKTPOJHOTO CTEPHKHS MEPEHOCATCS B
BaHHY 4epe3 JyroBOM MpPOMEXYTOK. BMmecTte co cTepKHEM IJIaBUTCA TOKPBITHE
35IeKTpoia 6, 00pa3yst BOKPYT yTH ra30BOIO 3aIIUTY 7 U )KUJIKYIO IVIAKOBYIO BaHHY §.
[Io mepe nBWXKEHMSI NyTrH, METAJJI CBApOYHOM BaHHBI 3aTBepieBaeT, oOpasyercs
CBAapOYHBIN OB 9 U nu1akoBast kopka 10 Ha MOBEPXHOCTH 11IBA.

Puc. 4.37. Pyunas nyroBas cBapka

HcTounnkaMu TMOCTOSHHOTO TOKa MPU PYYHOM, aBTOMATU3MPOBAHHOM CBapKe
SBJISTFOTCSL TPEe0Opa30BaTeNv, BBHIIPSIMUTEIN U arperatbl ¢ MPUBOJOM OT JBUTATENS
BHYTPEHHETO CrOpaHus; WCTOYHUKAMHU I[IEPEMEHHOTO TOKAa —  CBapOYHbBIC

122



Tpancopmatopsl. CBapKy BBIOJHAIOT 3JEKTpogaMu ¢ obmaszkoil. Ilpu BwIOOpe
3JIEKTPOJI0OB HEOOXOIMMO YUUTHIBATh UX Ha3HaueHHUe. ECu 3eKTpoibl IPUMEHSIOT 7S
CBapK{ pa3pylLICHHBIX JAETaJNEH, TO UX BBIOMPAIOT UCXO/S U3 YCIOBUN MaKCUMAJIbHOTO
npuOIMIKEHUsT KayecTBa M CBOMCTB MarepHala IIBa K METajly BOCCTaHaBIMBAEMOMN
JeTalld, YTOOBI TBEPAOCTH OblIa OJMHAKOBOM HA BCEX yyacTKaX. DJIEKTPOIbI 111 CBAPKU
00o03HayarT OyKBOW «I» W nByMs nudpamu, Hanpumep I-42. Hudpsl nocie OyKBbI
CBUJETENBCTBYIOT O TMPOYHOCTM IIBA HAa paspbiB. OJEKTPOAbl [Js HAIUIABKU
0003Ha4a0T AByMs OykBamu «IH» u mudpamMu, MOKa3bIBAIOIUMHI TapaHTUPOBAHHYIO
TBEPJOCTh HAILJIABJIECHHOTO cJ10s. HanmaBo4HbIE 3JIEKTPO/IbI CIELUAIBHOTO HA3HAYEHUS
o0o3HauaT Tpems OykBamu. Hampumep, snextpos tuna IHP-62 pacunppoBbiBaeTcs
TaK: AJIEKTPOJI JIsl HAIJIABKU PEXKYIIEro HHCTPYMEHTA 00€CIEeUnBAET TBEPIOCTh CIIOS
62...63 HRC». Kaxaomy TUIly 3JEKTPOAA MOKET COOTBETCTBOBATh HECKOJIBKO MapOK
obMmazku. OOMa3Ku 3JIEKTPOJIOB MO COCTaBy MOJPA3IeAIOT: Ha PyIHOKUCIbIE — P,
pytuiioBeie — 7, ¢pTopucro-KaibiueBble — @, oprannueckue — (. Haubombiiee
pPacIpOCTPAHEHUE B PEHOBAIMOHHON MPAKTUKE NOIyYuiau rpynmsl P, Tu .

TI'azo06aa ceapxa. TexHuKa BBIIIOJHEHHS T'a30BOM CBAPKU U PEKUMBI IIpoLiEcca B
3HAYUTENBHOM CTENEHU BIIMAKOT HAa KA4eCTBO CBAPHOIO coenuHeHws. lIpu pyunHoit
CBapKe IUIaMs HAIpaBJISIIOT Ha CBapUBaeMble KPOMKHU Tak, YTOObl OHM HAXOJUJIKCH B
BOCCTAaHOBUTEJIBHOM 30HE HA paccTOSTHUM 2...6 MM OT KoHIIa siapa. [lonoxeHnue ropeiaxu
(Yroa HakJIOHa €€ MyHALITYKa K MOBEPXHOCTH CBAapHUBAEMOI0 MeTallja) 3aBUCUT OT
TOJILIMHBI COETUHSAEMBIX KPOMOK PEHOM3JENNS U TEIUIONPOBOAHOCTH MeTailia. Yem
TOJIILE METAJT U YeM OOJIbIIIE €ro TeMIONPOBOJHOCTb, TEM JIOJKEH OBITH OOJIBIIE YTO
HaKJIOHa MYHJIIITYKa ropenku. CxeMa mporiecca npejacrapieHa Ha puc. 4.38.

et
T .
i

4&«\\\‘\3&\\\ e

Puc. 4.38. OcHOBHBIC CIIOCOOBI Ta30BOM CBApKH: a) — MPaBBIil CIIOC00; 6) —
JIEBBIH CTI0CO0.

PaznnuaroT aBa OCHOBHBIX CIOcOOa ra3oBOM CBapKH: MpaBblil U JeBblid. [lpu
npaBoM crnocode (puc. 4.38, a) mporiecc cBapKd BeJeTCs ciieBa HampaBo. ['openka
NepeMeNaeTcsl BIEPEAW NPHUCATOYHOrO MPYyTKAa, a IUlaMs HalpaBJIEHO Ha
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bopMUpYIOMUHCS OB, ITUM 00€CTIEUNBAETCS XOPOIIIas 3alUTa CBAPOYHON BaHHBI OT
BO3JIEHCTBHSI aTMOC(EPHOTO BO3AyXa M 3aMEUICHHOE OXJIAKICHHE CBapHOTO IIBA.
Takoil croco0 TMO3BOMSET MOJIYYUTh IIBBI BBICOKOIO KauecTBa. YTJIbl HAKJIOHA
MYH/IITYKa TOPEIKU BEIOUPAIOTCS B 3aBUCUMOCTH OT TOJIIIMHBI CBAPUBAEMOI'0 MeTaja.

ITpu neBom cniocode (puc. 4.38, 6) mporiecc CBapKH BBIMOJHSAIOT CIIpaBa HaJIeBo.
['openka mnepeMemiaeTcss 3a MPUCATOYHBIM MPYTKOM, a IUIaMsl HAmpaBliIeTcs Ha
HECBAapEHHBIC KPOMKH M TIOJIOTPEBACT WX, MMOJATOTABINBAsI K CBApKE.

[IpaBsiii cioco0 MPUMEHSIOT P CBapKE MeTaslia TOMIUHON Oosiee 5 MM. [Tnams
TOPEJIKHU MPHU 3TOM CIOCOOE OTPAaHUYEHO C JIByX CTOPOH KPOMKAMH U3JEIIHSI, a 03U
— HaIIaBJICHHBIM BaJIMKOM, YTO 3HAYMTEIILHO YMEHBINIACT PACCEHBAHUE TEIIOTHI H
MOBBIIIAET CTENEHb €€ UCI0JIb30BaHusl. OJIHAKO IIPH JIEBOM CII0c00€ BHEIIHUI BUJI 1IIBA
Jydlie, Tak Kak CBapIIMK OTYETINBO BUJUT IIOB U MOKET MOJIYYUTH €70 PABHOMEPHBIM
M0 BBICOTE U HIMPUHE. ITO OCOOEHHO BaXXHO MPU CBAPKE TOHKUX JUCTOB. [lorTOoMy
TOHKUI METaJIJI CBApUBAIOT JIEBBIM ciocoooM. Kpome Toro, npu jeBom ciocode miams
CBOOOJHO pacTeKaeTrcs MO MOBEPXHOCTH METajlla, YTO CHMXKAET OMACHOCTb €ro
nepexora.

Br160op cniocoba cBapku 3aBUCHUT OT IPOCTPAHCTBEHHOT'O MOJIOKEHHMS 1mBa. [Ipu
CBapKe IIIBOB B «HUKHEM IIOJIOKEHUU» BBIOOP croco0a CBapKH, KaK YKa3bIBAJIOCh
paHee, 3aBUCHUT OT TOJIIMHBI MeTauta. CBapKy BEpTHUKAJIbHBIX IIIBOB CHHU3Y BBEPX
BBITIOJTHSIIOT JIEBBIM criocoOoM. (puc. 4.39, 0)

CBapky Ha BEpTUKAJIBHBIX TIOBEPXHOCTSAX TOPU30HTATILHBIMH IITBAMU BBITIOTHSIOT
JIEBBIM CIIOCOOOM, HAITpaBJIsis TIaMs TOPEJIKU Ha 3aBapEHHBIH IIOB.

Puc. 4.39. Cxembl TOPU30OHTAIBHOTO U
BEPTUKAJIBHOTO CHOCOOOB CBapKu: )
TOPHU30HTAILHBIN croco0. 0)
BEPTUKAIIbHBIN CIIOCO0.

JIns MmodydeHHWs CBapHOrO IIBAa C BBICOKUMU MEXAaHUYECKHMMHU CBOMCTBAMH
HEO0OXOJMMO XOpPOIIO TOJATOTOBUTH CBAapUBAaEMble KPOMKH OYHUCTKOM, MPaBHIBHO
noj00paTh MOIIHOCTh TOPEJIKH, OTPEryJIMpoBaTh CBAPOYHOE ILIaMms, BHIOPATH
NPUCAJOYHBIA MaTepuaj, YCTAaHOBUTh TIOJIOKEHUE TOPEJIKM |  HalpaBlieHUE
NepeMEIICHHS €€ 110 CBApUBAEMOMY IIIBY.

[ToaroroBka KpPOMOK COCTOMT B OYMCTKE WX OT Maciia, OKAIMHBI U JAPYTUX
3arps3HEHUN, pa3fesiKe MOJl CBapKy W MpUXBaTe KOPOTKHUMHU MmBamMu. CKOC KpPOMOK
BBITIOJTHSIOT PYYHBIM HJIH THEBMATHYECKUM 3yOMUIIOM, a TaK)Ke Ha KPOMKOCTPOTaTbHBIX
win (pe3epHbIX CTaHKaX. JKOHOMUYHBIM CIIOCOOOM TMOATOTOBKHA KPOMOK SIBJISICTCS
py4YHasi WJIM MEXaHU3UPOBaHHAsI KUCIIOPOHAS pe3Ka.

OcHOBHBIE MapaMeTpbl pPEXHWMa CBapKd BHIOMPAIOT B 3aBUCHUMOCTU OT
CBapMBAa€MOIo0 MeTajula, €ro TOJIIMHBI W TUNa peHouzaenus. Onpenenstor
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HEOOXOIMMYIO MOITHOCTh IIAMEHHU, BUJ| IUIAMEHH, MAapKy W TUAMETp MPUCATOYHON
IIPOBOJIOKH, TEXHOJOTUIO CBapKu. IIIBbI HaKIaabIBAIOT OJAHO- U MHOTOCHOMHBIE. [Ipn
TOJNIIMHE MeTaia a0 6....8 MM MPUMEHSIOT OJHOCTOMHBIE MBHI, 10 10 MM — B /1Ba
cnost, 6onee 10MM — B Tpu cj1os U GoJiee.

[Tocne cBapku peKOMEHIYIOT MPOKOBKY METajlla 1IBa B TOPSYEM COCTOSHUM U
nocieayrony Hopmanuzauio npu temmeparype 800.....900°C. Ilocne 3Toro meramn
NpUOOPETAET TOCTATOYHYIO IIIIACTUYHOCTh U MEIKO3EPHUCTYIO CTPYKTYPY.

Ceapka uycyna. Bee BUAbl TOpsiYeil CBapKH MPOBOIAT NpH Harpese A0 680°C u
6onee. CTpyKTypa CIOXHBIX YyTYHHBIX PEHOJIETajCH, HampuMep, 0JIOKOB KapTepoOB,
TOJIOBOK IMJIMHJIPOB JIBUTATEJIE BHYTPEHHETO CrOpaHMs, 3aJJHUX MOCTOB U KOpIyca
KOpOOOK Mepeiad TPAaKTOPOB, B Pa3HBIX YACTAX ATUX JeTanei HeouHakoBa. K cBapHbIM
COCJIMHEHUSM YYTYHHBIX PEHOJETalel TNpEeabsABISIOTCS CIEAYIONe TPeOOBaHMUS:
BO3MOXKHOCTh O0OpabOTKH OOBIYHBIM PEXKYIIUM WHCTPYMEHTOM, IMPOYHOCTH MeETaylia
1IBa JOJDKHA OBITh HE HUKE MPOYHOCTH OCHOBHOIO METajia, 30Ha TEPMHUYECKOIrO
BIUSHUA (YacTb OCHOBHOIO MeETajjla, KOTOpas B IMPOLIECCE CBAPKH MOAJAETCA
TEPMUUECKOMY BJIMSHUIO) JOJKHA OBITh MUHUMAJIBHOM, PABHOIIPOYHOCTH COCTMHEHMS,
OJIHOPOJHOCTh HAIUIaBJICHHOTO W OCHOBHOT'O METaJlJla PEHOJETaIu M0 XUMUYECKOMY
COCTaBY U CTPYKTYpeE.

[To cocTosiHMIO CBapMBAaEMbIX PEHOJETANCH BBIICISIOT JBa Croco0a CBapKH —
20pAYULL U XOJIOOHDLIL.

T'opauas ceapra uyeyna — onepaiysi, Ipyu KOTOPOU JI€Tallb HArpEBaIOT (B 1Meuu
WU ApyruM crocodom) ao temmeparypsl 650.....680 °C. Bo BpeMsi cBapKu MECTHYIO
TeMIiepaTypy peHoaeranu noanaepxkusator He Hike 500°C. IlomorpeB ocBoOoXkmaer
CBAPMBAEMYI0  PEHOJETAb  OT BHYTPEHHUX  HANPSHKEHUM  JIUTEHHOTO H
AKCILTYyaTaIMOHHOTO XapaKTepa U MPe Iy IPesk1aeT MOsBICHNE CBAPOYHBIX HAMPSXKEHUN
U TpEIIMH. B HEKOTOPBIX CIyyasx JjIisl OTAETbHBIX JIeTajel (HampuMep, TOJI0BOK OJIOKOB
UJIMHAPOB TU3EIbHBIX IBUTATENEe, OJIOKOB aBTOMOOMIIBHBIX JTBUTATENEH ), UMEIOIIIX
OOJBIIYI0 KECTKOCTh U CJIOXKHYIO KOH(UTYpaIuio, Mpu cBapke oOsi3aTerneH oOmuit
HarpeB. [I[puMeHeHre MHOTOCIIOHHOTO CBapHOTO I1IBa OKa3bIBA€T OOJIBIIOE BIUSHUE HA
€ro CTPYKTYpy U CpEAHEE KOJMYECTBO YIriepoja MO CEYEHUI0 CBApHOIO LIBa U
TEPMUYECKOE BO3JEHCTBHE (OTKHUT M OTIIYCK) Ha npeasiayimue ciiou. Ilpu cBapke
00s13aTeNIPHO TpPUMEHEHHEe (iIroca, KOTOPBIA TOBBIIIACT CBAPUBAEMOCTh YYTYHA,
MpPEAOXPAHIET OT OKUCIICHHS PACIUJIABJICHHYIO BaHHY; YBEIUYUBACT KUIKOTEKYYECTh
CBApOYHBIX IIIIAKOB.

[Ipu cBapke TpemiH B YYTyHHBIX PEHONETANSAX BBIMOTHSIIOT CIETYIOIINE
onepauuu. C KPOMOK TPEUIMH CHUMAIOT (PaCKH TaK, YTOOBI Yrojl pa3fesiKu PaBHSICS
70....80°, kotopsie Tpy00 0OpabaThiBaloT (KenaTebHO C OOpa30BaHUEM HACEUKH).
OunIaroT MecTa CBapKu OT TpsA3HM, Macia U p:kaBuMHbL. [loAroTOBIEHHBIE K CBapKe
MecTa MOJI0rPEBAl0T IIAaMEHEM ra30BoM ropeiiku 10 tremneparypsl 900...950 °C.
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Xonoouas ceapka Hambosee 4acTO MPUMEHSETCS ISl yCTpaHEHHs TPEUIUH U
3aBapKu MPOOOMH B TOHKOCTEHHBIX KOPIIYCHBIX W KPYIMHOTA0APUTHBIX UYYTYHHBIX
JeTajsX, KOTopble TpeOyroT Hocienylomell MeXaHW4ecKod o0paboTku U
HKCIUTYaTUPYIOTCS IO HArPY3KOM MU TEIIOBOM Bo3zaelcTBUU. [Ipu X0101HOM cBapke
YyryHa peHojeTaldb He HarpeBaroT. CBapouyHas BaHHa MMeeT HeEOOJbLIOW O0BEM
MeTasa U ObicTpo TBepaeeT. [lpm 3TOM cmocobe peHoAeTaln MOXKHO TaKke
nonorpeBath (HO He Bbime 400°C) misd CHATHS HaNpsSOKEHUS U OPEIyHpeKICHUs
BO3HMKHOBEHUSI CBAPOUYHBIX HampspkeHWi. 1IpocToTa BBITOJIHEHHS XOJOIHOM CBapKu
(oTcyTcTBME HarpeBa WM HEOOJIBIIONW MECTHBIM IMOAOrPEB) oOecrneduBaeT OoJiee
HIMPOKOE €€ NPUMEHEHUE IO CPABHEHHIO C FOpsSiYEid CBAPKOM.

3aBapKy TpemMH B TOHKHMX (10 10 MM) HEHarpy>KE€HHBIX CTEHKaX KOPITyCHBIX
peHoJeTaell IpoBOAAT O€3 paslenkud KpoMokK. Jlyry Bo30yXkIaloT Ha pacCTOSHUU
10...12 MM OT OJHOTO KOHIIAa TPELIMHBI U BEAYT CBAPKY B HAIIPaBJICHUU JIPYTroOro KOHIA
TpemuHbl. 1lpy 3TOM Banuk HaBapuBaroT Ha paccrosHuu 10...12 MM OT KOHHaA
TpemmHbl. CBapKy TpEIMH B TOJCTOCTEHHBIX JETalsIX, KOTOpPbIE B JaJIbHEUILEM
MOJIBEPraroTCsl MEXaHUYECKOM 00paboTKe Ui pabOTarOT MOl HArpy3KOM, MMPOBOJAT C
paznenkoil kpoMok. IllupuHa pa3nenku KpaeB TPEIIMHBI 10T CBAPKY Ha IMMOBEPXHOCTHU
JeTalld JoJIKHa ObITh B 2 pa3a OoJiblIe €€ TOJIINHBI, a [NIyOMHa pa3/enku — Ha 2...3
MM MEHBIIIE 3TOW TOJIIUHBI .

3.5.2 [IpyMeHeHNe HATIABKH /IJIs1 PEMOHTA M BOCCTAHOBJICHUS] M3/1eJIM .

HamnaBka mno cpaBHEHHIO C JpPYTMMU CIOCOOaMHM BOCCTAHOBJIEHUS JaeT
BO3MOXXHOCTh MOJy4aTh Ha MOBEPXHOCTU PEHOJIETANICH CII0M HEOOXOAUMOU TOJIIUHBI
Y HY’KHOTO XUMHYECKOI'0 COCTaBa, BBICOKOM TBEPIOCTH U M3HOCOCTOMKOCTH. Hanbosee
U3BECTHBIE CIIOCOOBI HAMJIABKH: 3JEKTPOAYIOBas MO CJIOeM (uitoca, 1yropas B Cpele
YTJIEKHUCIIOTO Ta3a, HalllaBKa C Ta30IUIAaMEHHOW 3allluTON, BHOpOIyroBas, HarllaBKa
MOPOIIKOBOM MPOBOJIOKOM, 3JIEKTPOIILIAKOBAs, MJIa3MEHHAs HAIUIaBKa, ra30IiaMeHHas
Y AJIEKTPOHHOJTyYEeBasl.

Inekmpodyzosean Hanaaska noo cioem aroca. llpyu Takol HamIaBKE B 30HY
rOpeHusi AYTd MOJAIOT ChIMyduid (DIIrOC, COCTOSIIMNA M3 OTIAEIbHBIX MEIKUX KPYIHIL
(3epen). ITon Bo3nelicTBHEM BBICOKOM TeMIEpATypbl YacTh (piroca miaaBUTCs, oOpa3ys
BOKPYT JIYTH AIACTHYHYIO 00OJIOUKY, KOTOpas HaJEKHO 3aIlMINaeT PacIlIaBJICHHBIN
MeTasul OT JEHCTBUS KUCIOPo/a 1 a3ota. HarmaBky mos ciioeM ¢uiroca IpUMEHSIOT JJ1s
BOCCTAHOBJICHUS MHOTHX peHoIeTaNIen TPaKTOpPOB, aBTOMOOMIICH 151
CEJIbCKOXO3SIICTBEHHBIX MaIllMH. ABTOMaTHuYecKash HariaBka 3¢ ¢GeKTHBHA B TexX
clly4asix, Korja HY>XHO HAIUIaBUTh CJIOM TOJIIMHOW Oojiee 3 MM (Hampumep, Nnpu
BBINIOJIHEHUM  HAIJIABKM Ha  PEHOJAETANSAX  XOJOBOM 4YacTH  TPaKTOPOB U
CEJIbCKOXO3SIICTBEHHBIX MAIIMH — KaTkax, unamndax, poJiukax, OcsX ¢ T.J.).
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[TpuHnunuanpHas cxema Ipolecca aBTOMaTHYECKOM HaIUIaBKM IOJ cioeM (hiroca

npenacrasiena Ha puc. 4.40.

K Henmoctatkam HamiiaBKH jAeTajneil moj ciaoeM (piroca OTHOCATCS OoJblasi 30Ha
TEPMUYECKOTO BIMSIHUS, 3HAUUTEIIbHBIA HArpeB JeTalieil MajblX pa3MepoB, CHIKEHUE
yCTanocTHOU npouHocTu Aetanen Ha 20—40 %

Mexavwars nodows
Fnexcmpod T/‘*\ clapoceai npolonoxy
bt s
—\ A R [l azolos rosacms
Lonno 4 ? : : Pacnnalinersun) @ noc fwnox/
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/’ } Pocrinolnersas memann
]c.é 7 / /
&F Th— 4
wdeme L R RS
E—

///’////////

Wnox fwnoxolos xapial /

Puc. 4.40. Cxema mporiecca aBTOMaTHIECKOM (a) W ToryaBTOMaTu4deckou (0)
HaIyIaBKu 1oz cioeMm ¢iroca: 1 — maTpoH TOKApHO-BUHTOPE3HOTO CTaHKa; 2 —
BOCCTaHaBJIMBaeMas AeTanb;, 3 — CJOM Iulaka; 4 — HamIaBICHHBIM METaIlI, 5 —
¢bmroc; 6 — dIEKTpPOHAS MPOBOJIOKA; 7 — KOHTAKT MPOBOJA OT UCTOYHUKA TOKA C
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AIIEKTPOIHOM MTPOBOJIOKOH; 8§ — HamiaBoYHasi ToJIoBKa; 9 — OyHKep ¢ durocom; 10
— KOHTAKT MPOBOJIa OT UCTOYHUKA TOKA C METHOM IIMHOW MaTpOHA (IeTaNIbl0); € —
CMEIIEHUE AJICKTPOJa OTHOCHUTEIHLHO BEPTHKAIBLHOW OCHU JETalH (IKCIICHTPHCHUTET
AJIEKTPOAA).

JUi HaTuIaBKyU MO cIoeM (hIroca MPUMEHSIOT yCTaHABIMBAEMbIE HA TOKAPHBIX
CTaHKaxX WM CHEIUalIbHBIX YCTaHOBKax royioku tumnoB A-580, OKC-1031b, OKC-
1252M u gp. KadyecTBO HAIIaBIEHHOTO METAJIa U €r0 U3HOCOCTOMKOCTh 3aBHUCST OT
MapKH JEKTPOTHON MPOBOJIOKHU, (IrOca M PeKUMa HATUTaBKH.

Hannaeka nopowiko6oii npo60.10Koil. X0pOIIre pe3yJIbTaThl IPYU HAILJIABKE 1aeT
UCIIOJIb30BaHUE IOPOIIKOBOM MPOBOJIOKH, B COCTaB KOTOPOH BXOAAT (EppoXpoM,
¢depporutaH, ¢eppomapranen, IpadUTOBBI U Keye3HbIM mopowku. HarmaBky
BBINOJHSAIOT HOJ cioeM (uiroca WIM B CpPele 3alllMTHOTO rasza, HO IpU BBEJACHHUM B
IIPOBOJIOKY COOTBETCTBYIOLIMX KOMIIOHEHTOB BO3MO’KHA HalUlaBKa M 0e3 (IrocoBoOi
WJIY Ta30BOM 3a1UThl. ICXOAHBIM MaTEpUAIIOM TOPOIIKOBOU ITPOBOJIOKH CITYXKHUT JICHTA
U3 HU3KOYIJIEPOJUCTOM CTajdu U MOPOIIOK, COAEP)KAIIUNA HEOOXOAUMBIE IIEMEHTHI.
Hcnonp3ytoT ABa THIAa NOPOIIKOBOM MPOBOJIOKU JJIA HAIUIaBKHU MOA (DIFOCOM U ISt
HaIlJIaBKM  OTKPBITOM jayrod TBepaocTb W OTHOCUTENbHAs HW3HOCOCTOMKOCTH
HAIUIaBJIEHHOTO METaJlJIa B 3aBUCUMOCTH OT MapoK 3JIEKTPOJHON MPOBOJIOKU U (hiroca.
Ha puc. 4.41. npencrapiieHa cxeMa polecca HarjaBKU MOPOIIKOBOM IPOBOJIOKOM.

NOPOWOK(MNIOOK

MEeTannuyeckan
obonosxa

pacnnae pneca

Puc. 4.41. Cxema mpoiiecca HaljlaBKy MOPOIIKOBOM MIPOBOJIOKOM

DTOT crocod o001amaeT NPEeUuMyIIecTBaMU Tepe]l APYTUMHU: OH TI03BOJISET
YBEJIMYUTH CUJTY TOKa, T.€. TOBBICUTH MPOU3BOIUTEIBHOCTH Mpoliecca B 2 pasa u 0oJiee;
UCKJIIOYaeTCs Onepalus OT/IEJICHUS [IUIAKOBON KOPKH OT PEHOAETAIH MOCIIE HAIlJIaBKH.
[Tpu sTOM cnocobe mpu HarulaBKe, Hampumep, Ha crajib 45 (MaTepuan KOJEHUYaThIX
BaJIOB) 00ECIEUMBACTCS TPOOCTHTHOMAPTEHCUTHAsI CTPYKTypa MeTajuia, TBEPAOCTh
51,5....57 HRC; n3HOCOCTOMKOCTh MOBEPXHOCTH TOIy4daeTcs B 1,6....2 pa3a Belllie, 4em
y ctasu 45, 3aKajieHHOW TOKaMu BbICOKOH YyacToThl (TBY).
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JIns HaminaBKM NOPOLIKOBOW IPOBOJIOKOM MCHOJIB3YIOT TOKAPHBIE CTAaHKH C
ronoBkamu A-580M, OKC-1252M, A-765, A-1197, a Takxke cnennraabHbIe CTaHKHA Y /1 -
139, VI-140, Y1-143, Y1-144, Y1-209, Y 1-233, V-651, ¥-653, OKC-11200, OKC-
11236, OKC-11238, O KC-14408. VcrtouHuKamMH TMHUTAaHUS JYyT'H SBISIOTCS
npeodpazosarenu [ICI'-500, Bempsamutenu BJIY-504, B/Y-301, BAY-1001, BC-600,
BJZIM-1001. HMcnosb3oBaHuE MNOPOIIKOBOM IPOBOJOKH IO3BOJSET CHU3UTH PACXO]l
CBApOYHOM ITPOBOJIOKH. HAIJIABKY IMOPOIIKOBOM IMPOBOJIOKOM U JICHTOW BBINIOJIHSIOT IPH
MIOCTOSTHHOM TOKE 0OpaTHOW MOSIPHOCTH. J{lnaMeTp 37IeKTPOJHON MPOBOJIOKH 3aBUCUT
OT TOJIIMHBI HAIUIABJIEHHOTO METa/lIa C MPHUITYCKOM I0J] MEXaHUYECKYI0 00paboTKy
0,8...1,5 mM Ha cTopoHy. Cuily TOKa BEIOMPAIOT B 3aBUCKUMOCTH OT CKOPOCTH HAIIABKH
U MaMEeTpa MPOBOJIOKHU.

Hannaeka 6 cpede yznekucnozo 2aza. 10T coco0 B 3HAUYNUTEIBHOM CTENEHU
OTJIMYAETCS OT JAPYIHMX CIOCOOOB BOCCTAaHOBJICHHSI PEHOJACTAIE — HE HYXHO HU
(GII0COB, HU DJIEKTPOJHBIX MOKPBITHM. Jlyra Mexay 3J€KTpOAOM U HallaBJsieMbIM
U3JIETTUEM TOPUT B CTPYE rasza, BBITECHIIOUIETO BO3AYX M3 IUIABMJIBHOTO POCTPAHCTBA
Y 3allMIIAIONIEr0 PACIUIABJICHHBI METalll OT BO3JEUCTBUS KHCIOpPOJa U a30Ta.
ABTOMaTHYecKass HalJlaBKa B cpele yrJieKucioro rasza. HMmeer crieayromue
MPEUMYLIECTBA: MPH HATUIABKE OTCYTCTBYIOT BPEAHBIEC BBIICJICHHS U IIJTAKOBBIE KOPKU;
OTKpBITast Ayra JIaeT BO3MOKHOCTh HaOII0AaTh U KOPPEKTUPOBATH MPOIIECC, TPOBOIUTH
HaIJIaBKy MpU JIO00M TPOCTPAHCTBEHHOM IIOJIOKEHUU HAIIABISIEMON TIJIOCKOCTH,
MEXaHU3UPOBATh HAIUIaBKy, BBIINOJHIEMYIO Ha MEIKUX PEHOAETAISIX (Banax
nuamerpom 10 MM u Goiee).

JIJisl HanIaBKU MPUMEHSIIOT clielylolee o0opyAOBaHUE: HAIABOYHbIE TOJIOBKU
ABC, A-384, A-409, A-580, OKC-1252M; ucrounuku nuranus BC-200, BCY-300,
BC-400, TICI-350, A3-7,5/30; momorpeBareny Ta3a; OCYHIUTEIb, 3allOJHCHHBIH
cwmmkaresnem KCM kpynHocThio 2,8...7 MM; petyKkTopbl-pacxogomepst JIP3-1-5-7, uu
potametrpsl PC-3, PC-3A, PKC-65, wmu xucnopoansiii peaykrop PK-53b.

HamnaBky B cpezie yriaeKucioro raza BeIMOIHSIOT Ha TOCTOSTHHOM TOKE 00paTHOM
MOJISIPHOCTU. TUI W MapKy 3JEKTpoAa BBIOMPAIOT B 3aBUCUMOCTH OT MaTepuaia
BOCCTAaHABIIMBAEMON pEHOJETAN M TpeOyeMblX (PU3UKO-MEXAaHHUYECKHX CBOWCTB
HariaBjaeHHoro metamia. CKOpOCTh HAIJIaBKM YCTAHABJIMBAIOT B 3aBHCHUMOCTH OT
TOJIIIIMHBI HATUIABIIIEMOT0 METajllia U KadecTBa (pOPMUPOBAHUS HATUIABICHHOTO CJIOSL.
HannaBky BaJIMKOB OCYIIECTBIISIFOT € m1arom 2,5...3,5 MM.. TBepA0CTh HAIIABIIEHHOTO
MeTaljla B 3aBUCUMOCTH OT MapKH U THUIA 3JeKTpoaHoil mpooJioku 200...300 HB.
Cxewma mporiecca npejcrapieHa Ha puc. 4.42.
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Puc. 4.42. ABromarthuecKkas HaIUlaBKa B cpele yriekucioro rasa [19]: 1 -
MEXaHW3M T0JIauu 2 - COTUIO; 3 - TOKOJOABOISIINA MyHAIITYK; 4 - KOPITyC TOPEIKA S
TUTABSAIIAIACS METAJUTMIECKUI IeKTPO/I( HAaTIaBOYHAsI IPOBOJIOKA); 6 - PyKOSATH TOPEIKH; 7
- atMoc(pepa 3aIMTHOTO Ta3a; 8 - cBapoyHas ayra;9 BaHHA PACIUIaBICHHOTO METala.

Buopooyzosas naniaéka — pa3HOBUIHOCTH JYyTOBOW HAIUIABKYA METAIIINYECKUM
DIIEKTPOJOM. TexHnonorus BUOPOAYTOBOM HAIUIaBKU IIpeLyCMaTpUBacT
BOCCTAHOBJICHUE JI€TAJ€ C MWIMHIPUYECKUMH, KOHWYECKMMH HApPYKHBIMH U
BHYTPEHHUMH IIOBEPXHOCTAMH, a TaKXKe C IUIOCKUMH ToBepXxHOcTsAMHU. IIpouecc
HaIUJIaBKH OCYUIECTBIISIETCS NPH BUOpPALMM 3JEKTPOJA C MOJAYEeH OXJIaKIarolen
KHUJKOCTH Ha HAIIaBJICHHYIO ToBepxHOCTh. Ha puc. 4.43. mana mpuHIUNHAIbHAS
cxema BUOpOAYTrOBOM YCTAHOBKHU C AJIEKTPOMEXAHUYECKUM BHOPATOPOM.

Puc. 4.43. [lpunnunuansHas cxeMa BHOpPOIYyroBOM ycTaHOBKHM: | — KacceTa ¢
MOBOJIOKOM; 2 — POJIMKK TOAAIOLIET0 MEXaHU3Ma; 3 — sIKOpb BUOpaTopa; 4 — Hacoc AJis
OXJIQXKIAIOIIEH )KUAKOCTH; 5 — BUOPUPYIOIINUA MYHAIITYK 6 — peHOAETallb; 7 — KaTylIKa
BuOparopa; 8 — reneparopa; 9 — anexrpoaBuratenb; 10 — peaykrop.

Ha cynmopTte TokapHOTO CTaHKa 3aKpeTUISIOT Har1aBoYHy0 rosioBKy (OKC-6569
i OKC-1252). Ing nuTtaHus Oy KCHOJNb3YIOT UCTOYHUKU IOCTOSIHHOTO TOKa C
YKECTKOW BHEITHeH xapaktepuctukoit (reaeparopsl AHJ[-500/250, Bempsmutenu BC-
300 u BC-600, npeodpazosatenu I1/1-305 u TICI'-500).
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K HammaBisieMOll MOBEPXHOCTU PEHOJETANIM, KOTOpas BpallaeTcs B LIEHTPax
TOKapHOTO CTaHKa, pPOJMKAMH TMOJAIIIEr0 MEXaHM3Ma U3 KacceTbl 4epes
BUOPUPYIOMUNA MYHIINTYK TOJACTCS SJCKTPOJHAs MpoBojioka. M3-3a koneOaHumii
MYHJIITYKa, BbI3bIBAEMBIX  AJIEKTPOMEXAHUYECKUM  BHOpPATOpOM,  IPOBOJIOKA
NEPUOJIMYECKU TPUKACACTCS K MOBEPXHOCTH PEHOJCTANM M paCIUIaBISETCS TOJ
JIEHCTBUEM UMITYJIbCHBIX JIEKTPUUECKHUX Pa3psI0B, MOCTYMAIOIIMX OT reHeparopa. [lox
NeiicTBHeM BUOpaTOpa MyHIIITYK BMECTE C TPOBOJIOKOI BUOpHpyeT ¢ yactoTon 110 I'iyg
Y aMIUTATYAO0U Koebanus 10 4 MM (mpaktudeckd 1,8....2Mm). Bubpammst anexTposa Bo
BpeMsl HAaIJIaBKU 00€CTIeYrBAET CTAOMIFHOCTD MPOIIECCa 3a CUET YaCThIX BO30YKIEHUH
JYTOBBIX Pa3psAI0B M CIIOCOOCTBYET IMOAaye AJIEKTPOJIHON MPOBOJIOKU HEOOIBIIUMU
NOpLUUSIMHU, 4YTO oOOecredyrBaeT Jiydiiee (OPMUPOBAHME HAIJIABJICHHBIX BaJMKOB.
brnaronapsi BuOpanusiM mporecc HarjiaBKM MOKET ObITh OCYIIECTBJICH MPU HU3KOM
HanpspkeHun  (12...18 B). Oxnaxpatomas xkujgkoctb (4...6 %-Hbli  pacTBOp
KAJIbLIUHUPOBAHHOM COJIbI B BOJIE) 3aIMIIAET METAILII OT OKUCIIECHUS.

JUiss HamjgaBKM BHYTPEHHHMX IWJIMHJIPUYECKUX IOBEPXHOCTEH TOJIOBKY
pa3MeIalT Ha CTaHKE TaK, 4TOOBI IJIOCKOCTh MYHJIITYKa COBMEIAJach C OCBIO
peHoneranu. PeHonmerans OpUBOAAT BO BpalaTeIbHOE JBHKEHUE, TOJIOBKY — B
NOCTyIareapHoe. ToJIMHA OJHOCIOMHOW HAIUIABKM B 3aBHCHMOCTH OT PEXUMOB
konebnerca ot 0,5 no 3 mm. [Ipn MHOrOC/IOIHON HamJaBKE MOKHO MOJYYHUTh CJIOU
Ar000# TonmuHbL. [IoAroTOBKa MOBEPXHOCTEM JIJIs1 HAIJIABKM COCTOUT B OUUCTKE UX OT
IpsA3M U pkaBuMHBL. Bce oTBepcTHss M ma3bl, KOTOpblE HEOOXOJWMO COXPaHUTh,
3aMOJHSAIOT MEAHBIMU WUJIU IPaMTOBBIMU BCTABKAMM TaK, YTOObI OHU BBICTYIAIN HaJ
MOBEPXHOCTHIO HAa BEJIMYUHY, MPEBBIIIAIONIYIO TOJIIMHY HAIUIABIEHHOTO CIIOS, 4YTO
MO3BOJISIET JIETYE YJAIUTH X MOCIIE HAILJIABKH.

BuOpoayrosas HamuiaBka UMEET ClIEYIOIIKE TPeUMyLIecTBa: HeOOIbIION HarpeB
JIeTaiv, BO3MOKHOCTh HAIIABKU JIETAJIEN C MAJIBIM IMAMETPOM, HE3HAUUTEIIbHAS 30HA
TEPMHUYECKOTO BIHUSHUS, BO3MOXKHOCTb IOJY4YEHHsS] HEOOXOAMMBIX MPOYHOCTEH
HAIUJIaBJIEHHOTO CJIO0S 33 CYET IPUMEHEHUS PA3JINYHBIX MAPOK 3JIEKTPOJIHOM POBOJIOKH.

Buopooyzoeasa nannaexka noo cnoem ¢harwca. BuGponyroBas HaruiaBka Mo
cioeM (¢uroca MMEeT pPsifi NPEeUMYIIECTB: JA€T BO3MOXKHOCTh HAIUIABISATH MeETall
TOJIbKO HA H3HOIIEHHYIO YacTh, YTO YMEHBLIAET TPYJIOEMKOCTh MOCIEAYIOIIEH
MEXaHUYEeCKON 00pa0OTKH; TOJydaTh HAIUIABICHHBIA CJIOW 0O€3 TMOp W TPEUIuH;
nedopmarsi peHOAETATM MHUHUMalbHasT ¥ HE TPEBBIIIACT TOJIEH JOIMYyCKOB
MOCAJOYHBIX MECT; MHUHHMMAajbHas 30Ha TepMmu4eckoro BiusHUsA. Hemocratkom
BUOPOAYTOBOM HAIJIaBKU sIBJIsieTCSl yMeHbIlIeHue 10 40 % conpoTUBIIEHUSI YCTaIOCTH
HaIlIaBJICHHBIX JICTaJICH.

/yzoean Hanaeka c 2a30NJ1aMEHHOU 3auumoil. bonpmmmu
TEXHOJIOTUYECKHUMH BO3MOXXHOCTSIMH TP BOCCTAHOBJIGHMU JETaled IIMPOKOU
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HOMEHKJIATYpbI B YCIIOBUSAX BOCCTAHOBUTEILHOTO MTPOM3BOCTBA 00J1a/1aeT HAIJIaBKa C
ra3oIuIaMEHHOM 3allUTOM.

Crioco0 mO3BOJIIET HAIUIABIIATH HA PEHOJETANU IUIOTHBIC CJIOW, MPUMEHSS
JIOCTYIIHBIE U OTHOCUTEIBHO JICIIEBBIE YTJIEPOJUCThIE MPOBOJOKU. Merai,
HaIJIaBJICHHBIA BBICOKOYTJIECPOJUCTHIMA TPOBOJIOKAMU Ha CTAJIbHBIE PEHOJETAIIH,
XOpOILIO  BOCHPUHMMAET  3akalKy. MOXHO TakXke HaIUIaBIsITh  CTaJbHOM
HU3KOYTJIEPOAUCTON MPOBOJOKOW HAa YYT'yYHHbIE peHOAeTaId. HarmmaBneHHbIN CIIONW B
ATOM clTydae 00JiagaeT Xxopoiieid 00padaThIBaeMOCTHIO.

Oco0eHHOCTBIO croco0a SBISETCS TO, YTO 3alIUTHBIE Ta3bl B CBAPOUYHYIO 30HY
MOTAFOTCS IBYMSI KOHIICHTPUYHBIMH ITOTOKAMU: B HAPY>KHOM MTOTOKE — NMPHUPOTHBIN ra3
(I'OCT 5542—78) unu nponan6ytanoByto cmech (COCT 20447—80) 1 Bo BHyTpEHHEM
noroke — kuciopon ('OCT 5583—78). Ha puc. 4.44 npencraBiieHa cxeMa HarlaBKU
PEHOM3/IENNS C Ta30IIaMEHHOMN 3allUTOM.

i : Hexawuon nodaswy
l@ " chgpowsos npodasoky
+ I
o JORUmN 207 l [ bopowias dyza
Lommo | ,,/ f@oban cpeda
‘
' Hanwobnewws nemann
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tcooporerc npodosaxal >4 77, | aoeobe xopea
e ' RXS[]
. / W\K I’ J J?\ ‘l .
— I
e S S S

Puc. 4.44. HannnaBka ¢ ra3omiaMeHHoM 3amuToi [19].

Bpennoe BiausHUE Ta3a Ha IJIOTHOCTh HAIUIABJIICHHOTO MeETajlla TMOJABISETCS
KHCJIOPOJIOM, KOTOPBIN MOAaeTCA Y3KUM BHYTPEHHUM ITOTOKOM B 30HY AyTH. [10 BeIXOI€
U3 TOPENKHU ra3 cropaer, ooOpasys mamsi. Takum obOpa3om, ayra TOpuT B ¢akeine
ra30KUCIOPOHOTO TuiaMeHu. JIJist 3alMThI OT MeperpeBa B MPOIIeCCe HAIIABKY ra30Bast
ropejika M TO0JIOBKa MYHIIITYKa CHA0XEHbI pyOallkamMu BOJSHOTO OXJIaXKICHUS,
KOTOpbI€ BKJIFOUAIOTCS TIOCJIEAOBAaTEILHO B CHUCTEMY NUTaHUs BojoW. HarmaBky
BBITIOJIHSIIOT HA HAIUIABOYHBIX cTaHkax Y /[-209, Y-653 wiu Ha cO34aHHOM YCTaHOBKE
Ha Oa3e TOKApHOTO CcTaHKa. [l co3maHMsl Tra30MIaMEHHOW 3alllUThl YCTAaHOBKY
OCHAIIAIOT TOPEIKOW, CUCTEMOM MUTAHUSI TOPEJIKU Ta3aMHU M CUCTEMOW OXJIAXKJICHUS
TOpPEJIKM U HaIUIaBIIeMOUN peHojeranu. JJisi muTaHusi 1yru TPUMEHSIOT UCTOYHUKH C
MoJIoToNMaAaroIei uim xecTkoi xapakrepuctukoit: BC-600, BJIY-505, BAY-50, BIIV-
601, ITICT-500 u np.
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Inekmpowinaxkoeas Hanaaeka. JIns n3roToBIeHUST OUMETATUTMYECKUX JCTAJICH C
W3HOCOCTOMKUM CJIOEM 3HAYUTEIbHOW TommuHbl (Oomee 10 MM) mnpuMeHSIOT
ANEKTPOLUIAKOBYK)  HalulaBKy. B 3ToM  mpomecce  HMCHOJB3YHOT — TEIUIOTY,
BBIJICTSIIONIYIOCS. TIPU NPOXO0KICHUHU DIIEKTPUYECKOTO0 TOKA 4Yepe3 pacIlIaBICHHBIN
[UIaK. DIIEKTPOILIAKOBAas HarlJIaBKa 00ecreynBaeT HauOOJBIIYIO MPOU3BOUTEIHHOCTD
10 CPABHEHUIO CO BCEMU APYrUMU criocobamu HarutaBku. C MOMOIIBIO JIETUPOBAHHBIX
MPUCAJIOK MOTY4YalOT HAIUIABICHHBIN CJIOM HY>KHOTO XMMHUYECKOTro cocTaBa. KauecTBo
HAIUIaBJICHHOTO METajla BBICOKOE — OTCYTCTBYIOT MOpBI, TPEIIMHBI U JIPyTHE
e eKTHI.

HamaBky MOKHO BBINOJHATH HA IUIOCKMX TOBEPXHOCTAX, a TaKXe Ha
MOBEPXHOCTAX Tes BpaiieHus. OCOOEHHOCTh ANEKTPOLUTAKOBOM HAIUIAaBKU COCTOUT B
TOM, YTO MOKHO NOJIy4YaTh TJIaJJKUE, POBHBIE MOBEPXHOCTH HAIUIABIEHHOIO CIIOS. DTO
JTA€T BO3MOXKHOCTH HCIOJIB30BaTh PEHOJCTANM 0€3 MOCIEAyIONeH MeXaHU4eCKOM
o0OpaboTku. B Hauane mporecca B 3a30p MEXAy PEHOJETANbI0 M BOJOOXJIAXKIaeMON
(dopMoli 3aNMBaIOT pacIUIaBICHHBIA (QUIIOC U BO3OYXKAAIOT AYTy MEXAY 3JIEKTPOIHON
MPOBOJIOKOW U peHoaeTanbio. [lociae oOpa3oBaHus NUTAKOBOW BAaHHBI JTOCTATOYHOM
IyOUHBI yTa MOTYXaeT, U TOK MPOXOJUT YEPE3 PACILJIABIICHHBIN IIJITAK — HAYUHACTCS
AJIEKTPOILLTAKOBBIN Tpoiiecc. Pacxon duroca npu 3ToM criocobe B 15..20 pa3 MeHblIe,
YeM IpHU 3JEKTPOAyroBoM. HamiaBky OCYIIECTBISIOT CHENHAIBHBIMU CBAPOYHBIMU
anmnapatamu. [lo Mepe 3amonHeHUs 3a30pa HAIUIABJICHHBIM METAJIOM PEHOAETAb
MEPEMEIIAIOT OTHOCUTENIBHO anmapara BHU3.

[Tpumep. Pexumbl 31EKTPONITAKOBOM HAIJIABKH MPU BOCCTAHOBJICHUM OMOPHBIX
KaTKOB TpakTopoB kiacca 30xkH wumeror crnepyronme (onTuMaibHbIE) 3HAYEHUS:
Hanpsokenne 36...40 B; cuna toka 800...900 A; ckopocTh 1ojadu mpoBOJIOKH 3...3,5
M/MUH; TTyOMHA NIJIaKOBOM BaHHBI 80 MM; YHCIIO 3JICKTPOAOB 2; CKOPOCTh IOJAYH
copMmaiita 60...85 T/MUH; AMAMETP AJIEKTPOTHON MPOBOJIOKU, MCTOIB3YEMON B 3TOM
ciydyae, 3 wmMm. HammaBnsiembld MeTai, MIJJAKOBass M METAJUIMYECKas BaHHBI
YACPKUBAIOTCS  OT  BBITEKAHUS  OOBIYHO  CIEUUATBHBIMU  (DOPMUPYIOIIUMHU
YCTPOMCTBAaMHM - TIOABWKHBIMM WJIM HEMOJBWKHBIMM MEIHBIMU MOJI3YHaMU 5,
OXJIAKIAEMBIMH BOJOW 6, WM OCTBHIBAIOIIMMUCA IUIACTUHAMHU. BepxHss KpoMka
MOJI3yHa  pacrojaraeTcsi HECKOJbKO  BBIINIE  3€pKajia  IIJIAKOBOM  BaHHBI.
Kpucramnusyromumiics B HUXHEW YacTH METAUIMYECKOW BaHHBI PACIUIaBICHHBIN
Meramur oOpaszyer moB 7. IllmakoBass BaHHa, HaXOIsICh HaJl TOBEPXHOCTHIO
METaJUIMYeCKON BaHHBI, COMTPUKACAACHh C OXJIaKIaeMbIMU TTOJI3yHaMH, 00pa3yeT Ha HUX
TOHKYIO0 IUIAKOBYIO KOPKY, HCKIIOYasi TEM CaMbIM HEMOCPEICTBEHHBIN KOHTAKT
pacIuUIaBiIeHHOTO MeTajlla ¢ MOBEPXHOCTHIO OXJIAKIAEMOT0 MOJA3YHA U MPEAYpeKaast
oOpa3oBaHME€ B MeTajule IIBAa KPUCTAUIM3AUMOHHBIX TpemuH. Ha puc. 4.45
MpeCTaB/IeHa cXeMa 3JICKTPOIIJIAKOBOM HAIIaBKH.
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Puc. 4.45. Cxema
3JIEKTPOLILIAKOBOW HAIJIABKH

BoccTaHoBieHHbBIE  3JEKTPONUIAKOBBIM ~ METOAOM  JI€Talu  IOJBEpPraroTcs
COOTBETCTBYIONICH TEPMUICCKON M MEXaHMUECKOU 00paboTKe.

Ilnasmennas u mukponnazmennasn nanaaeka. [1nazmMeHHas HarjiaBka — 3TO Ta
K€ CBapKa IUIaBJIEHUEM. 3JIeCh JNEHUCTBYET TOXE AJeKTpuueckass nyra. Ho sto yxe
cKaTas Ayra, KOTOPYIO IO3BOJIAET MOJYYUTh CIENHalbHAs TOPENKa, MIa3MOTPOH.
[11a3MOTpPOH MO3BOJIAET MOJTYYUTh CKATYIO IyTy ¢ TeMieparypoii 1o 30000°C. Ha puc.
4.46 cxeMaTHuHO HW300paKeH TUTa3MOTPOH.

Puc. 4.46. Pabora mima3mMoTpoHa B
pexume: A — npsMOU NoJIIpHOCTH; b —

IyTH KOCBEHHOTO JAcicTBUsA (corio 4
BBITIOJTHSIET OJJTHOBPEMEHHO POJIb aHO/A).

[TpuHIMN AECTBUS TIIA3MOTPOHA, MUTAIONIASACS OT UCTOUYHHMKA 1, 3aKi0o4aeTcs B
TOM, 4YTO AyTa MEXKY JIECKTPOAOM 2 U U3ACIUEM 3 TPOXOIUT YEPE3 OUEHb MAJICHBKOE
comio 4. ImeHHO mpoxojs yepe3 corio 4 miaa3mMoo0pa3yronuil ra3 CKUMAaeT AYTY.
3alMTHOE COMIIO 5 TUIA3MOTPOHA 3AIUILIAET 30HY TOPEHUS OT OKPYKAIOIIEero BO3/IyXa.
[TnazmMoo0pasyromuii U 3alIUTHBIN Ta3bl MPOXOISAT MO JBYM HE3aBUCSIIUM APYT OT
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npyra kaHanaMm. B xadecTBe miia3Mo00pa3yromiero ra3a HCIoiIb3ylOT UHEPTHBIE Ta3bl
(renuii, aproH) eciu pedyb UAET O cBapke mzaenuil. Ecnu ke mpeanonaraercs peska
METAJIJIOB, TO OCHOBY IJIa3MO00PAa3yIOIIEro ra3a COCTaBIseT OUHILEHHBINH OT IpUMecei
BO3JIyX.

B 3aBucumocTd OT MaTepuana M3AeNus MIa3MEHHYIO HaIJIaBKy MPOBOMAST Ha
MOCTOSIHHOM TOKE MpPSIMOM MOJSPHOCTH WM B HMMIYJBCHOM pexxkume. s 3toro
MJIA3MOTPOH COEJIUHSIOT C HCTOYHUKOM MUTAaHUS | TOCTOSTHHOTO TOKA WJIM UICTOYHUKOM
MUTaHUs1, 00€CIICYNBAIOIINM UMITYJILCHBIN PEKUM.

Pa3HOBHIHOCTHIO MIIA3MEHHOM HAILJIaBKa SIBJIIETCS MUKPOIUIa3MEHHAs HaIlJIaBKa.
[To KOHCTPYKIIMU 3TO TOT K€ MIA3MOTPOH, HO MEHBIITUX Pa3MEPOB.

Mukponnasmennaa nanaaeéka. Mukponnazmennas Haniaeka TO3BOJISIET
HAIUIaBJISATh PA3IMUYHbIE MaTepualbl, CIUIaBbI, JaXe HEMETAUTMYECKUE W3IeNus
(ryacTMaccehl, JUPJIEKTPUYECKHME MaTepHalibl) BIUIOTH JO TEKCTWJIBHBIX H3JEIUH.
YeTpoiicTBO M1a3MOTpOHA ISl MUKPOILUIa3MEHHOM HAIlJIaBKU MOKa3aHo Ha puc. 4.47.

Puc. 4.47. YcTpoiicTBO T1a3MOTPOHA JIJIS
MHUKPOIIa3MEHHON HATLTaBKH

’

//

TR

B xopmyce 2 3akperuieH anektpoa 1 ¢ momouneto nanru 3. Kopryc BCTaBisieTcs B
BepxHUil kapkac 4. CaM KapKac COeJMHEH C HUKHUM KapKacoM O uepe3 KepaMUUYECKyIo
BTYJIKY 5. BCTaBieHHBI BO BHYTPEHHIOIO YacTh COIJIA 8 HAKOHEYHUK 7 COEIUHEH C
HIDKHUM KapkacoM 6. Dnexktpoa | 3axkumaeTrcs B LaHre 3 ¢ MOMOIIbIO Taiku 9 u
cnenuanbHOW BTYJKH 11. BHyTpeHHSII KOHCTpYKUHMS IUIa3MOTPOHA 3aK/IFOYEHA B
n3oaupyromui kopiyc 10, KOTOpbIN CBEPXY 3aKPbIBAETCS KOJIMAYKOM 12.
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JIns mpon3BOACTBA IIJIA3MEHHOM M MMKPOIUIA3MEHHOM HAIUIABKHM B HACTOSILEE
BpeMsl puUMeHstoTca cienyromue ycraHoBku: YIIC-501, VIIC-804 u VIIC-301 nus
IJIa3MEHHOM HaIUIaBKU U ycTaHOBKA A-1342 1 MUKpOIUIa3MEHHON HAIUIABKU

dnexkmponno-nyuesan naniaeka. OCHOBHON KOMIIOHEHT — 3JIEKTPOHHBIH JIy4,
KOTOpBIM CO3/1a€TCsl CHEUUAIbHBIM MPUOOPOM — 3JIEKTPOHHOM mymkod. Cxema
nporiecca nmpejcTaBiieHa Ha puc. 4.48.

Puc. 4.49. VYcraHoBKa 5JIEKTPOHHO-
Jy4eBOM HaraBku: 1 - peHousenue; 2

- KaTo; 3 - MPUKATOIHBIN NEKTPO; 4
- YCKOpSIOWMK  3JEKTpox; S5 -
R BBEICOKOBOJIETHBIHI HCTOYHHK

IIOCTOAHHOI'O TOKa, 6 - MarHuTHas
JIMH3Aa, 7 - MarHuTHas OTKJIOHATIOII as1
CHCTCMa

L Bed

Ilymka nmeer karoq 2 KOTOPBIA MOXKET HarpeBaTbCs 10 BBICOKUX TEMIIEPATYD.
Karon pa3menieH BHyTpH NPUKATOAHOTO 3JeKTpoaa 3. Ha HEKOTOpOM pacCTOsIHUM OT
KaToJla HAaXOAUTCS YCKOPSIOMIMN 3JIeKTpoa (aHoa) 4 ¢ OTBEpCTUEM. DJEKTPOHHI,
BBIXO/SIIIME M3 KaToJa, (POKYCHPYIOTCS C MOMOMIBIO 3JIEKTPUYECKOTO MOJSI MEXKIY
IIPUKATOIHBIM U YCKOPSIOIIHUM JJIEKTPOJAMU B IIy4OK IMAMETPOM, PaBHBIM AUAMETPY
orBepcThs B aHOZE 4. 110JI0KUTENBHBINA MOTEHIIMA YCKOPSIOIIErO 3JIEKTPOIa MOXKET
JIOCTUTaTh HECKOJIBKUX IECATKOB THICAY BOJIBT, II0OTOMY 3JIEKTPOHBI, MCITyCKAEMBIE
KaToJOM, Ha MyTH K aHOAYy NpHOOPETAlOT 3HAYUTEIbHYK) CKOPOCTh U HHEPTHUIO.
IIuTaHue MyLIKU DJIEKTPUUYECKOM JIHEPrHUer OCYILECTBISIETCS OT BBICOKOBOJIBTHOIO
VMCTOYHMKA IIOCTOSTHHOI'O TOKA 5.

JIns yBeNMUYEHMUS TUIOTHOCTH JHEPTHM B JIyde€ ITOCJIE BBIXOAA JJIEKTPOHOB W3
NEPBOrO aHOMAA JJEKTPOHBI (POKYCHUPYIOTCS MAarHUTHBIM IIOJIEM B CIEHUATbHON
MarHuTHOM smH3e 6, ChoKycHpoBaHHbIE B IUIOTHBIA IMYyYOK JICTSIIHE 3JIEKTPOHBI
yAapsoTCs C OONBIION CKOPOCTBIO O Majylo IUIOHm[aaKy (MATHO HarpeBa) Ha
peHom3aenuu 1, TpU ITOM KHUHETHYECKAs JSHEPrus DJIEKTPOHOB BCIIEICTBUE
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TOPMOXEHUSI NPEBpAIAETC B TEIUIOTY, HAarpeBas MeTaul J0 OY€Hb BBICOKHX
TEMIIEpaTyp.

JUis mepemenieHus jgyda MO CBapMBAa€MOMY H3JEIIMI0O HA IYyTHU 3JEKTPOHOB
MOMENIAIOT MATHUTHYIO OTKJIOHSIONIYIO CUCTEMY 7, MO3BOJISIONIYIO YCTAHABIMBATH JTy4
TOYHO I10 JJUHUU HaIIaBku cBapku. CaM 1o ce0e 3JeKTPOHHBIN JTyd MOXKET JTOCTUTaTh
TaKUX 3HAYEHUH, YTO JIETTACT BO3MOXKHBIM NMPUMEHEHHE €ro IMpHU CBapke OOJBbIIMX
TornmuH — 10 500 mm.

Konmaxkmmnuasa npueapka ienmaolt u npoeoioku. CyTb IpoLecca BOCCTAHOBIICHUS
KOHTaKTHOW NPHUBApKOW COCTOUT B NPUBAPUBAHUM MOIIHBIMH UMITYJIBCAMH TOKa K
IIOBEPXHOCTH PEHOJETAJel CTaJbHOM JIEHTBI, NOpPOIIKA WM NPOBOJIOKU. s
YMEHBIICHUS HarpeBa PeHOIETaIH U YIIyUIICHHs 3aKaJIKU TPUBAPUBAEMOTO CII0S B 30HY
CBApKU TOJAIOT OXJAXKAAIOUIYI0 KUAKOCTh. CHoco0 BOCCTAHOBJIEHUS JeTaleit
KOHTAaKTHBIM  3JIEKTPOMMIIYJIbCHBIM  ITOKPBITHEM  IIHPOKO  IPUMEHSIOT IS
BOCCTAHOBJIEHUS MOCAJOYHBIX MECT IO MOAIIUIIHUKA B KOPIYCHBIX PEHOJAETAIAX U
BajlaX, a TaKXe pe3bOOBBIX 4YacTed BayoB. JlJIsi BOCCTAHOBIEHUS WU YIOPOYHEHUS
PEHOM3IENNI MEPCHEKTUBHON SIBIISETCA NpPHBapKa K M3HOIIEHHBIM MOBEPXHOCTSIM
MOPOIIKOBBIX TBEP/BIX CILIABOB.

[Ipy KOHTaKTHOW CBapke METaul IpPOrpeBaeTcs Ha Maiyl TIiyOuHy, 4TO
o0ecreunBaeT HEM3MEHHOCTh €r0 XUMUUECKOIO COCTaBa U OTMAJaeT HEOOXOAUMOCTh B
NPUMEHEHUH (IIFOCOB U 3aIUTHBIX Ta30B. I AEKTPOI0B, IPUMEHSIOT ClIELUAIbHbIC
menublie crasbl bpX1, bBpBHT1,9 u np.

CBapoyHble TOUKHM pacroiaraloTcsl N0 BUHTOBOM JIMHUM U MEPEKPHIBAIOTCS Kak
BJIOJIb PSIIOB, TaK U MexAy HUMHU Ha 25% (puc. 4.50), uTo mocTHraeTcsi BpalieHueM
PEHOJZIETa CO CKOPOCTBIO, MPOMOPLUUOHAIBHONW YaCTOTE HMMITYJIBCOB, MPOJIOJIBHBIM
NepeMENICHHEM  CBapOYHBIX  KJEmedl  (IJeKTPOJIOB), MPaBWIBHBIM  BBIOOpPOM
IPOJOJKATEIBHOCTH HUMITyJIbca TOKa M may3pl. C ILeNbl0 yMEHBUIEHUS Harpesa
POJIMKOBBIX 3JIEKTPOJIOB, PEHOAECTAIIEH M 3aKAJKU HABAPEHHOI'O CJIOS B 30HY CBapKU
NOJIAFOT OXJIAKJAOIILYIO HKUIKOCTb.

TexHONorus BOCCTAHOBJIEHUS JAETalled JaHHBIM CIOCOOOM 3aKJIOYaeTcs B
nuMoBaHUM pEHOJAETanu ¢ yMmeHblieHueM auamerpa Ha 0,3-0,5 MM (oTBepcrue
YBEJIMUMBAIOT), TMOATOTOBKE JIEHTHI, €€ NpUBApKe U TMocieAyrmed o00padoTke
MIPUBAPEHHOTO CJIOSA. 3arOTOBKHU HApe3aroT U3 JICHT TOAMHOM 0,3-1 MM B 3aBUCUMOCTH
oT u3Hoca peHojetanu. [llupuna ux nomkHa ObITH paBHA IIUPHUHE BOCCTAHABINBAEMOM
MIOBEPXHOCTH, a JUIMHA - JUIMHE €€ OKPYXHOCTH. 3a30p B CTBIKE KOHLIOB JIEHTBI HE
noJpkeH ObITh Oombire 0,5-0,8 MM, HaxJIecT KOHIIOB He jaomyckaercs. C MmoBepXHOCTH
JICHTHI YAAIAIOT CJIeJIbl KOPPO3UU U Macel.

KoHTakTHas HaBapKa UMeeT psiji MPEUMYIIECTB Mepel APYTUMH CIIOCOOamMu:

- HAHECEHHWE TOKPHITUA 3aJJaHHOM TOJIIMHBI C MHHMMAJIbHBIM MPUITYCKOM Ha
MOCJIETYIONTYI0 00paboTKY;
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- HEe3HAYUTEIIbHBIN HATPeB U edopMaIusi peHOIETaNH;

- MaJibl€ MMOTEPU METAIa U OTCYTCTBUE BBITOPAHUS JIETUPYIOIINUX AJIEMEHTOB;

- BBICOKAsI POU3BOUTENHHOCTD - 0 100 cM /MuH;

- BBICOKO€ Kau€CTBO U MPOYHOCTh CUEIJICHUS TIOKPBITUS;

- IIMPOKHUE TEXHOJIOTUUYECKUE BO3MOKHOCTH - BO3MOYHA ITPHUBAapKa JIEHTHI, IPOBOJIOKH,
Pa3JIMYHBIX OPOIIKOBBIX MATEPUATIOB U T.1.;

- TIOBBIIIEHHE HW3HOCOCTOMKOCTH TMOKPHITUM B HECKOJBKO pa3 NpU NPUBAPKE
KOMITO3UITMOHHBIX MaTEPHAIOB (TIOPOIIKOB, OTXOA0B IMUTH(OBATBHOTO TPOU3BOICTBA U

Ip.).

Qox
2 3 4 o
[/ 5 Puc. 4.50. Cxema 51€KTpPOKOHTAaKTHOMN
»{h / -— OpUBApKU JIEHTHl (@) U TEePEeKpPbITUS
7 CBapOYHBIX TOYEK (6): 1 — mpephIBaTeIb
I% N TOKa; 2 — TpaHcopmaTop; 3 — naTpoH; 4
_,.r‘ / — pEHoJeTallb; S — POJUKOBBIE; 6 —
7 5 IIpuBapuBacMas JeHTa
7% puBap

3.5.3. HanbljieHHe MeTAUINYeCKUX MOKPbITHIA

I'azonnamennoe nanviienue nopowikogvix mamepuanog. OCHOBa Ipolecca
ra3orjlaMeHHOTO HaHECEHUs] — IUIacTU(UKAIMS TOPOIIKAa B BRICOKOTEMIIEPATYPHOM
HMCTOYHUKE Tera (aleTHICHO-KUCIOPOAHOM IJIAMEHH) U HAHECEHUE €ro ra30BbIMU
ITIOTOKaMHU Ha NPEABAPUTEIBHO MTOATOTOBJIEHHYI0 U3HOLIEHHYIO ITOBEPXHOCT.

[IpeumymiecTBa  ra3oIuIaMEHHOTO  HAHECEHUSI  COCTOSIT B BBICOKOU
MPOU3BOAUTEIILHOCTH MPOIIECCa, TOKATLHOCTH 00paOOTKH, HE3HAYUTEIHLHOM BIUSHUN
Ha MOJIJIOKKY, BO3MOXHOCTH HAHECEHUSI MOKPBITUIN Ha u3Jenus OOJbIINX Pa3MEpPOB,
OTCYTCTBUM OTPAHMYEHUM HA COUETAHUS MAaTEPUAJIOB IMOKPBHITUS U TOIJI0XKKH, YTO
MO3BOJIIET OXBAaTUTh OOJIBIIYI0 HOMEHKJIATYpPy BOCCTAaHOBJICHUS HM3HOIIEHHBIX
peHozeTaneii.. PaccmarpuBaeMblil crioco0 MO3BOJISET, BOCCTAaHABIMBAThL JETald THIIA
Bajla C U3HOCOM JI0 2,5 MM Ha CTOPOHY. BoccTaHOBJIEHHBIE €Tl YCTONYUBBI IPOTUB
KOpPpO3WH, a0pa3sWBHOTO W3HAIMBAHWS, JEHCTBUS BBICOKMX Temmeparyp. Ha puc.
4.51noka3aH nponecce ra3oriaMeHHOrO HalbUIEHUS.
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NOXPOIMUR

Puc. 4.51. IIpouecc ra3omiaMeHHOT0 HaMbLICHUS

TexHonornyeckuii mpoiiecc ra3oriaMeHHOr0 HAaHECEHHs, B OCHOBHOM, COCTOMT
U3 TPEX ATAIoB: Harpera nmoepxHocTu aetanu 1o 200...250 °C; naneceHus Moacnos,
KOTOPBIN JTa€T OCHOBY, HEOOXOJMMYIO JJIsi HAJIOKEHUS OCHOBHBIX CIIOEB; HAHECEHUS
OCHOBHBIX CJIOEB, MO3BOJISIONIMX MOJYYUTh MOKPBHITHS C HEOOXOAUMBIMHU (PUUKO-
MEXaHUYeCKMMH cBoicTBamMu. K OCHOBHBIM (pakTopaM, BIMSIONIUM Ha MPOYHOCTH
CIEIIJICHUS TOKPBITUS C OCHOBOHM, OTHOCATCS: CHOCOO MOATOTOBKU TOBEPXHOCTH W
UCIIOJIb3yEeMbIi TIPU 3TOM a0Opa3uBHBIN MaTepuall, mapaMmeTpbl CTPyHHOU 00pabOTKU
MOBEPXHOCTH, BPEMs BBIICPKKUA TMOCIIE OOpaOOTKH, HAIM4YKE MPEeABAPUTEIHLHOTO
MOAOTPEBA, MPUMEHEHUE TMOACIOS U MCIOJIb30BAHHE TEPMOPEArupyOIUX MOPOLIKOB,
croco0 pacmbuieHus, 3¢GdEKTUBHAsT MOIIHOCTh IUTAMEHH, MapamMeTpbl Mpolecca
pacmblIeHUs, COCTaB Marepuajia TMOKPHITUSA (HaIU4YUMe TMOBEPXHOCTHO-AKTUBHBIX
J00aBOK B MOKPBHITUM 3aBUCUT U OT MIPUMEHSIEMOTO 000PYI0BaHUS U OT MPUCATOUYHBIX
MatepuasioB). OCHOBON KOHCTPYKIIMU amnmapaToB Jis HAMbUICHUS W TOPENOK IS
HaIJIaBKH ABJIsIeTCsl 0a30Basi cXxeMa CBApOYHOM ropenku. CBapoyHasi ropeska Ciy>KUT
JUIS. CMEUIMBAHUSI TOPIOYEro ra3a C KHUCJIOPOJAOM U TOJYyYEHHs ra30BOr0 IUIAMEHHU.
MomHocTh, cocTaB M (opMa CBApPOYHOrO IIAMEHH 3aBUCSAT OT MYHJIIITYKOB
HAaKOHEYHUKOB ropesiok. CBapOYHBIE TOPENKU MOAPA3IETSAIOT:

- TI0 CMOCO0Y MOJa4M FOPIOYEro ra3a U KUCIOpoJa B CMECUTEIBLHYIO KaMepy Ha
WHXXEKTOPHBIC U OE3bIHKEKTOPHBIE;

- MO poAy MPUMEHSIEMOIr0 TOPHOYEro rasa Ha aleTUJICHOBBICE U JJIS Ta30B
3aMCHUTEIICH;

- [0 HAa3HAYCHHUI0 HA  yHUBEpCAIbHbIE  (CBapKa, HaIlaBKa) U
CIEIUAIM3UPOBAHHBIE (BBIIIOJIHEHUE OJTHOW OIEpalliH);

- 1o ¢opMe MIIaMEHH! Ha OJTHOTUIAMEHHBIE 1 MHOTOIIJIAMEHHBIC,

- 110 MOIIHOCTHU TIJIJaME@HHU Ha MUKpOMOIHbIE (110 60 j1/49), Masoi MomHOoCTH (10
700 n/49), cpeaueit MmortHOCTH (10 2500 71/9), GonbIoi MotHOoCcTH (10 7000 1/9);

- 110 CIOCO0Y MPUMEHEHUS Ha PYYHBIC U MaIlIMHHBIE.

lNopenku myig ra3oriaMeHHOM HAIJIaBKW, BBITIOJHEHHBIE Ha 0a3e CBapOUYHBIX

TOPEJIOK, OTJIMYAIOTCS OT 3TUX TOPENIOK MPUHIIMIIOM pPadOThl M KOHCTPYKIHMeH (B
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amnmapaTtax W TOpeliKax MpeayCMOTpPeH mHrTareinb (OyHKep) C TOPOIIKOBBIM
MaTepuaioM). OCHOBHOE Ha3HAYCHHE amllapaTa JijIs HallbUICHUSI — IT01aBaTh MTOPOIIIOK
B sapo (akema mimamenu. Ha puc. 4.52 mpencrtaBieHa THMOBas cXeMa yCTaHOBKHU
ra30IIa3MEHHOTO HABUICHHUS TIOPOIIKOBOTO MaTepuaa

3

13 f¢ TEXHHKORA "

-
H H Puc. 4.52. VYcranoBka

ra3orjiaMCcHHOI'O

‘Q HAMBUICHUS.  [TOPOIIKOBOTO

Marepuaa: 1 —

MOPOIIKOBBIN OyHKEp; 2 —

» HarpagsJsomas Tpyoka; 3 —
24 9
MHOTOTETIOBOM

o HakoHe4YHWK, 4 — 0a3a

CBAPOYHOU T'OPEJNIKHU.

o S

YcTaHOBKa COCTOMT U3 MyJbTa YIOPABICHUS, TEPMOPACIPENEIUTEIBHOTO
MACTOJIETHOTO YCTPOWCTBA JJI1 €r0 KPEIUIEHUSI B CyNIOPTE TOKAPHOIO cTaHka. [Iynbt
YIOpPaBICHUSI CIYXUT JJIsi HACTPOUKK pab04YMX PENKUMOB HAIBUICHUS C MOMOIIBIO
MaHOMETPOB, PETYIUPYIOIIUX PACXO/]l Ta30B, 00paTHBIX KJIAIIAHOB U IPYTHUX JIEMEHTOB,
obOecrnieunBarONIMX 0€30MacHyI0 U CTAOUIIbHYIO paOOTy MUCTOJIETA.

I'azomepmuueckoe Hanvinenue. llpu peMOHTE WU3IEIHIA € TMOMOIIBIO
ra30Te€pMUYECKOT0 HAIbUIEHUS BOCCTAaHABIMBAIOT pa3Mepbl HM3HOUIEHHBIX JIE€TalIei
(1Ieex BaJIOB JIECOMUIILHBIX paM, BAJIOB JIepEBO0OPAOATHIBAIOIINX CTAHKOB, IIIEEK OCEeH
KOHBEHEPOB M TEJEKEK WU T.H.), YMEHBIIAIOT BHYTPEHHUE pPa3MEpbl H3HONIEHHBIX
MOCAJI0OUYHBIX OTBEPCTUHM MOJ MOAIIMITHUKYA, BTYJIKH WU APYrUe ACTaIM; HAHOCIT Ha
MOAIIUITHUKY U BTYJIKY aHTU(PUKITMOHHBIE MOKPHITHS U3 TICEBI0CILIABOB, 00pa3yeMbIX
B pe3yJIbTaTe OJIHOBPEMEHHOTO PACIbUICHUS JIBYX WJIU TPEX Pa3sHbIX METAIOB. DTOT
BU/JI HAMBIJICHUS XapaKTEPU3YETCs CBOCH MPOCTOTOM, TEXHOJIOTUYECKOUN IOCTYITHOCTHIO
M KOMIAKTHOCTHIO. ['a30TepMUYECKOE HAMbUICHHE 1A€T CTOMKUE aHTHUKOPO3UOHHBIE,
KAPOCTOUMKHUE, INEKTPOU3OISUUOHHBIE U U3HOCOCTOMKHUE IMOKPBHITUA. ToNIIMHA CIoA
nokpeituss otT 0,1 MM mgo 15,0 mm. Ontumaneno 0,5..3,0 mm. Ilpunycku mnojg
MOCJEAYIONYyI0 00paO0TKy MHMHUMAaJIbHBI M COCTaBIsAOT 10-15% OT TOJMIIMHBI
nOKpbITUs. [I0BEpXHOCTH MOT'YT OBITH BOCCTAHOBJICHBI HEOTHOKPATHO.

CyllecTBYIOT IyroBble U Ta30IUIa3MEHHbBIC CIIOCOObI HAHECEHUS MOKPBITHM.
JlyroBbie crocOOBI OKPBITUSI DHEPTETUUECKH BBITOJHBI, OAHAKO MPUTOIHBI JUIIb JJIs
paclbUICHUS METAUTMYECKUX CTepxHEW. J[Jisi MOpOIIKOBBIX MATEPHAIIOB MPUEMIIEM
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TOJBKO Ta30IUIaMeHHbIA croco0. [lepen HavyalioM HambLIEHUS MOBEPXHOCTH AeTajiei
HEO0OXOMMO OYHINATH MEXaHUYECKUM, a €CJIH MOTPEOYETCs, TO U XUMHUYECKUM Ty TEM.

B nmanHO# 007acTH MCHOJB3YIOTCS YCTAHOBKW W ammaparypa MOpOIIKOBOTO H
IIPOBOJIOYHOTO TUIOB. YcraHoBka YI'TIJI mpenHasHaueHa Uit py4yHOI'O HalbUICHUS
TEPMOILJIACTOBBIX, IIMHKOBBIX M APYTHX MATEPHAIOB C TEMIEPATypOW ILUIABICHUS
800°C. B »3THX yCTaHOBKax B KayeCTBE HANbUIIEMOTO MAaTEpHUANIA HCIOJb3YIOT
nopoiok. [Ipu paboTe ycTaHOBKM UCIOJIB3YIOT AllETUIICH U BO3yX. Y cTtaHoBka YITIT
MpeHa3HA4YeHa JUIi  PYYHOIO  HANbUICHWUS  TYIOIUIABKMX  IOKPBITHM U3
XpOMOOPHHKENEBBIX CIIaBOB. Hambuisiemblit MaTepuan — noporiok. Paboune ra3sl —
aneTwieH Wik kuciopold. YcranoBka MI'M-4I1 npepgnazHayeHa [l pPy4HOIO
HalbUJICHUE JEeTajed W3 QIIOMUHHUS, CTAIM, LHWHKA. Hanbuissembld marepuan —
npoBoJioka. Vcrnonb3yeMble ra3bl — KHUCIOPO, BO3AyX, OyTaH, IpoIaH. Y CTaHOBKa
MI'-4 umeeT Te xe XapakTepuCTUku, uto, 1 MI'M-4II, HO HCHONB3yeT TOIBKO
alEeTUJIEH, KUCIOPOJ U BO3AYX.

TexXHOTOTUYECKUE BO3MOKHOCTH Ta30TEPMUYECKOTO HAMBUICHUS:

® ra30TEPMHUYECKOE HANBUICHHE MOYKHO HCIIOJIb30BaTh HAa OOBEKTaxX JOOBIX
pa3MepoB: MOCTHI, CyJa, TpyOOmpOBOABI, CTPOUTEIBHBIE KOHCTPYKIIMH, KOTIIBI,
KOJICHYAThIE BaJIbl, JOMATKU TYPOUH U JIp.;

® TOJIIMHA MOKPHITUS MOXKET cocTaBysATh oT 0,01 10 10 1 Gosiee MM; OHU MOTYT
UMETH 3a/1aHHy10 opUcTOCTh (0T 0 10 30 M OoJee NPOLEHTOB);

® HAaHOCUTh MOXKHO JIFOObIE MaTepHasibl, UMEIOIIUE TOYKY IUIABJICHUS WM
WHTEPBAJ Pa3MATUCHUS;

® B KA4eCTBE MOJJIOKKH MOXHO HCHOJIb30BaTh JIEPEBO, CTEKJIO, MIACTMACCHI,
KEPaMHUKY, KOMIIO3UIIMOHHBIE MAaTEPUAJIbI, METAJLIIBI,

® HAHECEHUE MOKPBITUNA MOXKET MPOU3BOJAUTHCA B LIMPOKOM JIMANIA30HE COCTABA
MOKPBITUS, TEMIEPATYPhl U AABJICHUA - B HU3KOM BAaKyyMe€ B CIICIIMAIBHON Kamepe
CKOHTPOJUPYEMON HMHEPTHOM aTMoc(epoi, B BO3AyXe MPU HOPMAIBHBIX YCIOBHUSAX,
MOJIBOIOM;

Memannuzayua. Metannuzanuss — OAWMH W3 PacHpOCTPaHEHHBIX CIIOCOOOB
MOJYyYEHUS METAUIMYECKUX TIOKPBITUM TOBEPXHOCTEM HAHECEHWEM Ha JTHU
ITOBEPXHOCTH PaCIIaBIEHHOr0 MeTaia. CyIHOCTh MpoLecca COCTOUT B CIEAYIOIIEM:
MeTaJll, pacIlUIaBJICHHBIN IyTOU (npu AIEKTPOMETAJUTU3AIUH ) W
alETUIICHOKHUCIIOPOJAHBIM IIJIaMeHeM (IIpU ra30BOM MeTAJIM3alli) U PacHbUICHHBIN
cTpyeil cxkartoro Bo3ayxa (maeinenwe g0 0,6 MlIla), mokpbiBaeT MOBEPXHOCTb
BOCCTaHaBiIMBaeMon jertanu. lIpomecc ayroBo MeTayuM3aluy OCYLIECTBIISIIOT
CHelUaldbHbIM amnmapatoM — MeTamu3aropoM. Anmnapar (puc. 4.53) neiictByer
cieayromuM o6pazoM. C TMOMOIIBI0 MPOTSHKHBIX POJUKOB IO  HAMPABISIONIUM
HAKOHECYHHMKAM HEMNPEPhIBHO TMOJAIOTCS JBE IMPOBOJOKH, K KOTOPBIM MOJABEICH
ANEKTPUYECKUN TOK. BO3HUKawomas MeXIy IMPOBOJOKAMHU DICKTpUUYECKas ayra
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pacrutaBisier Metaul. OJHOBPEMEHHO MO BO3AYIIHOMY COIULY B 30HY JIyT'H IOCTYIAeT
ckaThlil ra3 noa AasiaeHueM 0,6 MlIla. Bosbiiiasi CKOpoCTh IBUKEHUS YaCTHUIl METalia
(120...300 m/c) 1 HE3HAYUTEIHHOE BpEMS TOJIETA, UCUUCIIIEMOE THICSYHBIMU JTOISIMU
CEeKyH/bl, OOYCJOBJIMBAIOT B MOMEHT yjJapa O pEHOACTAb €€ IJIACTUYECKYIO
nedopmalinio, 3arojIHEHWE YacTUIAMU HEPOBHOCTEH W IMOP MOBEPXHOCTH JETalH,
CIIETUICHHE YaCTHUIl MEXKY COOOM M C MOBEPXHOCTHIO, B pe3yjbTaTe 4ero oopasyercs
CIUIOLIHOE MOKPBITHE.

Puc. 4.53. Cxema npuHuuna geUCTBUS

METAIM3aTopoM: | — nmpoBosoka; 2 —

MYHIUTYK; 3 — KOpIyc; 4 — IPOBOJIOKA;

5 — pykosiTka

i

'l
B

gl
ey

[TocnenoBaTenbHBIM HACIANBAHUEM PACIIIaBJICHHOTO METaJIa MOYKHO TIOJTYYHTh
MOKPBITHE, TOJIIHHA CJIOS KOTOPOTO MOXKET OBITh OT HECKOJIBKUX MUKPOH 710 10 MM 1
oosee (00buHO 1...1,5 MM s TyromjaaBkux W 2,5....3 MM Uil JIETKOTUTAaBKUX
MeTauioB). Takue MOKPBHITUS U3 HEACPHUIIUTHBIX METAILIOB OTJIMYAIOTCS BBICOKUMU
aHTU(PUKIIMOHHBIMU CBOMCTBAMH, WX UCIIOJIB3YIOT B3aMEH CIEIMaIbHBIX 0a00MTOB U
Opon3. M3-3a mopuCcTOCTH HANTBUIEHHOTO CJIOS METaJlIa B HETO BIIUTHIBAETCS HEKOTOPOE
KOJIMYECTBO Macja. DTO yJIy4dIllaeT yCIOBUS CMa3bIBaHUS U 00€CTIEUNBACT JUTUTEIbHYIO
paboTy ATUX AeTaneit 6e3 cMa3Ku, HO U 0e3 3ae/IaHU.

B 3aBucMMOCTM OT WCTOYHHMKA pACIIABICHUS MeTayla  Pa3jIudaroT
ra3oIUIaMEeHHYI0, TyTOBYIO, BBICOKOYACTOTHYIO W TUIA3MEHHYIO MeTayumm3aiuio. [Ipu
peMOHTE OOOpyJOBaHUS HAWOOJBIIEEe PACHPOCTPAaHCHUE TIONyYHMJIa JTyroBas
MeTasuIh3aIusl.

HeGonpime 006beMbl pabOT MO METAUTM3AIMK  BBIMOJHSAIOT TMEPEHOCHBIMH
(py4HBIMU) AYTOBBIMH 3JIEKTpoMeTain3aTtopamMu OM-3A; 3HaUUTENbHBIE IO 00bEMY
paboThl — CTAaHOYHBIMH DJJICKTpOMETa/uTH3aTopaMu OM-6 M BBICOKOYACTOTHBIMH
Metasmmmzatopamu MBU-1, MBU-2. [lokpblTusg Ha NOBEPXHOCTSIX PEHOIETAICH W3
Pa3HOPOIHBIX METAJUIOB MOTYYaOT C ITOMOIIBIO MHOTO(a3HBIX META/LTH3aTOpOB Y MA -
1. Tlutanme 3JIEKTPOMETAUIM3aTOPOB OCYIIECTBIACTCS JIMOO OT TpaHchOpMaTOpoB
cneruanbHO  KOHCTpyKuu  (CTD-43-2¢), nub0 OT OOBIUHBIX CBapOYHBIX
TpancopmaropoB (0e3 apoccenell) ¢ JIOMOJHUTEIBHBIMA OTBOJIAMH OT BHTKOB
BTOPUYHON OOMOTKH, JOIMYCKAIOIIMMH PETyJIMpPOBAaHUE HAMNPSOKCHHUS B Tpesenax
20...55 B (¢ mpomexytkamu uepe3 4...5 B) mpu Toke He Menee 250 A. Ilpu
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BOCCTAHOBJICHUU MOBEPXHOCTEN PEHOAETAICH O] HETOIBU>KHBIE TTOCAJKHU TPUMEHSIOT
MaJIOyrJepoAUCTy0 TpoBosioky u3 cranmu 08, 10, 15, 20. [ns noxydeHus
W3HOCOCTOMKUX TTOKPBITUN HA PEHOJETANSIX, PA0OTAIOIINX B TTOIBI)KHBIX COCTMHCHHMSIX,
MIPUMEHSIIOT IPOBOJIOKY U3 BBICOKOYIIIEpoauCThIX cTanell Y7, Y7A, Y8, YV10. B pyuHbix
anekTpoMetaiuin3aropax (OM-3A) NPUMEHSIOT BBICOKOYTIEPOIUCTYIO IPOBOJIOKY
nuameTpom Oosee 2,5 MM, peBapUTENIbHO OTOXOKEHHYI0 npu Temneparype 760 °C B
anekTporieun. OOpa3oBaBIIasCs OKaJIWMHA HAa TMPOBOJIOKE ITOJDKHA OBITH yaalieHa
MEeCKOCTpyHHOU 00paboTkoil. [Ipu HaHECEHUHU CI0sl TOKPBITUSL HA TOBEPXHOCTH JACTAIH
ee HarpeB 110 50....70 °C He BbI3BIBAET HUKAKUX CTPYKTYPHBIX U3MEHEHUN B METaJlIe
JIeTalu, T.€. €r0 MEXaHUYECKUE CBOMCTBA COXPAHSIOTCS.

[IpumMmeHsieTca MEXaHU3UPOBAHHOE HABUICHHUE ITOKPBITUI MPOBOJIOKON U3 IIUHKA,
AMIOMHUHUS U JPYTUX METAJUIOB, HAIbUJICHUE BPYYHYIO MOKPBITUWA C MPOBOJOKON W3
LMHKA, aJIOMUHUSA U JPYTMX METAJUIOB, HAIbUICHUE C HUCMIOJIb30BAHUEM IIPOBOJIOKH
(nuametp 1,5— 2 MM) U3 LIUHKA, alFOMUHUS, CTaJIM, MOJIUOJICHA U APYTUX METAJIIIOB B
BUJIE TPOBOJIOKM B LEJSIX 3alIUTHI OT KOPPO3UHU, BOCCTAHOBJICHUS M YNPOUYHEHUS
JieTanel MallivH U MEXaHU3MOB (puc. 4.54).

C momoIbl0 paccMaTpUBAEMBbIX CHOCOOOB OCYIIECTBISIIOT 3aJI€JIKy TPEUIUH B
pEHOMETANIAX U3 alOMHHHEBBIX cIiaBoB (crutaBel: AJl, AMiu, AMr), HaHOCST
MOKPBITUS Ha JIOOBIE MaTepHUalibl: METall, IJIAaCTMACCy, AEPEBO, PE3UHY U T.IL
Mertannuzanusi 00ecreurBaeT BBICOKYIO TBEPAOCTh HAMBUICHHOTO CIIOSA, 4YTO
CIIOCOOCTBYET YBEITMUEHUIO CPOKOB CITY>KObI BOCCTaHABIIMBAEMBIX JieTajeil. Hampuistor
caMble pa3HOOOpa3Hble MeTaulbl. Hampumep, Uisi HanObUICHUST MOXET OBbITh
UCIIOJIb30BaHa OMMeETaUIMYeCKasi MPOBOJIOKA U3 ATFOMUHUSI U CBUHIIA, UTO MO3BOJISET
HE TOJBKO 3aMEHATh JIOPOTOCTOSIIIME OJIOBSIHUCTBhIE 0a0O0UTHI M OpOH3BI, HO U
3HAYUTEIHHO YBEIUYUTH CPOK CITY>KOBI MTOITUITHUKOB.

[Ipy MOArOTOBKE MOBEPXHOCTH PEHOJETaJCd K METAJUIM3alluu OTAEJbHBIC
OMEpAIU BHITIOJHSIOT B CIEAYIONIEH MOCIEI0BATENbHOCTH:

- OYMIIAIOT PEHOJETalu OT 3arpsi3HEHUM, IJIEHOK, OKHCIIOB, KHUPOBBIX IATEH,
BJIard U MPOJIYKTOB KOPPO3UU B MOCUHBIX MallIMHAX, IIETKaMU, TPOMBIBAIOT B OCH3UHE
WM PACTBOPHUTENSAX, HArPEBAIOT B Mevax IIAMEHEM Ta30BOM TOpPENIKU WU MasuibHOM
JIAMITbI;

- BBINIOJIHAIOT TIPEABAPUTEIBLHYI0O 00pabOTKYy pe3aHHueM TMOBEPXHOCTU IS
NpUIaHKs € MPaBUILHON TeoMeTpruueckoi (OPMBI U AOBOIAT pa3Mephl ACTAIU 0
pa3MepoB, MPU KOTOPBIX BO3MOKHO HAHECEHHE MOKPBITUM 3aJaHHOM TOJIIUHBI; Ha
KOHIIAX IMJIMHIPUIECKUX TIOBEPXHOCTEH OCTABISIOT OYPTUKHU M MPOTAYUBAIOT 3aMKH B
BUJIC KOJIBIIEBBIX KaHABOK, MIPEAOXPAHSIOIINE TOKPHITHE OT pa3pyIICHHUS;

- TOJIy4aloT Ha IMOBEPXHOCTSAX BOCCTaHABIMBAEMBIX JETaJC IIEPOXOBATOCTb,
HEOOXOAUMYIO JIJIsl yIepKaHUsI HAHECEHHOTO CJIOs METaJlIa;
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- o0ecrneunBalOT 3alIUTy CMEXHBIX MMOBEPXHOCTEH JeTalei, He MOAJeKaIlnuX

MeTaJTN3aluu.
Puc. 4.54. I"'a30BbIi MeTAIIM3ATOP
MI'U-4: 1— Bo3ayiiHas TypOuHa; 2 —
i 3 YEePBSYHBIN PEIYKTOP; 3— MPOOKOBEHII
9 KpaH; 4 — comio.
3 @ -

T'azoounamuueckoe HanecenHue nokpvimuii. TEXHOJOTHUS BKJIOYaeT B ceOs
HarpeB CKaToro rasa (Bo3ayxa), ojiady €ro B CBEpX3ByKOBOE COILIO U (popMHpOBaHHE
B OTOM COIIE CBEPX3BYKOBOTO BO3IYIIHOTO IOTOKA, II0Aa4yy B JTOT MOTOK
MOPOIIIKOBOTO MaTepuaia, YCKOPEHHE 3TOr0 MaTepuaja B COIUIE CBEPX3BYKOBBIM
NOTOKOM BO3[yXa M HampaBJ€HHUE €ro Ha MOBEPXHOCTh 00padaThIBAEMOTO
penouznenus. [lpuHuunuaneHas cxema croco0a mpeacTaBieHa Ha puc. 4.55.

Mopowox
L CeepxasyxoBoe
conno
Cxarbiit ¥
8030YyX

—

Puc. 4.55. Cxema ra3oJuHaMH4€CKOTO HAHECEHUS TOKPBITUI

B kauecTBe MOPOIIKOBBIX MAaTE€pPHAIOB HCHOJB3YIOTCS MOPOIIKH METaJlIOB,
CIJIABOB MJIM MX MEXaHMYECKHE CMECH B J00aBKe ¢ KepaMuyecKuMu nopoikamu. [Ipu
TOM NYTEM HU3MEHEHHS PEXHMOB pabOThl 00OPYAOBaHUS MOXXHO JIMOO MPOBOJIUTH
PO3UOHHYI0 O00pabOTKY IMOBEPXHOCTH U3JAEIUs, JUOO HAHOCUTh METAJTMYECKUE
MOKPBITHSL TpeOyeMBbIX COCTaBOB. VI3MEHEHHWEM pEXHUMOB MOXKHO TaKKe MEHSTh
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MOPUCTOCTh U TOJIIUHY HAmbLIsieMOTo TOKphITHUa. Ha puc. 4.56 mokaszana cTpykTypa
HaNbUISIEMOTO OKPBITHS.

Puc. 4.56. Crpykrypa
o rpyrypa sepna  HATIBUIAEMOT'O MOKPBITHS

B NATHE KOMTAaxKTa
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MeTannmyecKkas ceass MXPOCHAPKA HA OTACNbHBIX
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B Haubosnee pacnpocTpaHEHHBIX Ta30TEPMUYECKUX METOJIaX HaHECEHUs
HOKPBITUHN Ui (pOopMHUpPOBaHUS MOKPBHITUM M3 MOTOKA YacTHUIl HEOOXOIMMO, YTOOBI
najarolye Ha MOAJIOKKY YacTUIbl MUMENU BBICOKYIO TeMmmeparypy (OOBIYHO BbIIE
TEeMIIepaTypbl IUIABJICHUs Marepuana). B JgaHHOM ciydae C TBEpAOH MOIJIOKKOU
B3aMMOJICUCTBYIOT YaCTHIIbl, HAXOMASIIHMECS B HEPACIJIABIEHHOM COCTOSHUH, HO
o01alaole 0YeHb BHICOKOW CKOPOCTBIO. Y CKOPEHHE YaCTHIl MOKPHITUS 10 HYKHBIX
CKOPOCTEH OCYILECTBISICTCA CBEPX3BYKOBBIM BO3QYIIHBIM IIOTOKOM C IIOMOIIBIO
CHELUAIbHBIX  YCTAHOBOK. 3aKpEIUICHHE TBEPABIX METAUIMYECKHX  YacTHl,
oOnamaronMx OOJBIION KUHETHYECKOM OSHEpPrueil, Ha TMOBEPXHOCTh IMOJIOKKHU
IIPOUCXOJUT B MPOLIECCE BBICOKOCKOPOCTHOTO y1apa.

3.5.4. HaneceHnue noJiuMepHbIX MOKPHITHIA

[Imactmaccel B PEMOHTHO-BOCCTAHOBUTEIBHOM IMPOM3BOJICTBE HAHOCAT Ha
IIOBEPXHOCTH PEHOJETAJeN Ui BOCCTAHOBIEHHUS HUX pPa3MEpPOB, IOBBILICHUSA
MU3HOCOCTOMKOCTH M yJIydllleHHs repMerusanuu. [Ipu 3ToM nokpeITHE U3 II1aCTMACCHI
CHIDKAeT IIyM OT TPEHHUS M IOBBIIMIAET KOPPO3HMOHHYHK) CTOMKOCTH PEHOMU3IEIIHS.
ToHKMI CIIOM TIACTMAcChl NPAKTHYECKM HE YXYAIIAET MPOYHOCTHBIX IOKa3aTesen
MeTajula U MPUIAET BOCCTAHABIMBAEMOM JETalM MOJATIMBOCTb, T.€. CIIOCOOHOCTH
npuHUMaTh (HOpPMY CONPSDKEHHOW AeTalld, YTO MPUBOAUT K PE3KOMY YBEITUYECHHIO
iomanan KoHTtakra.llmacTmMaccel HAaHOCAT JMTBEM TIOA  JIaBICHUEM, TOPSIYUM
IPECCOBAHUEM, BUXPEBBIM, T'a30IIJIAMEHHBIM U LIGHTPOOEKHBIM CIIOCOOAMHU.

Axkpunoevie naacmmaccel. 1lpy BOCCTaHOBIEHUM PEHOU3ACIIHNA IIUPOKO
IIPUMEHSIOT AKPWJIOBBIE IUIACTMACCBHI, COAEpXKAalIMe B KayeCTBE CBA3YIOIIUX
MaTepUAJIOB AKPUJIOBBIE CMOJIBI — MPOAYKTHI MOIUMEPU3ALMN METUIMETAKPUIIATA U
COMOJIMMEPU3ALIMKM METHUIIMETaKpuiiata co ctuposioM. K Hum otHocar: aktunat ATC-1,
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OyTakpuj, BIOKCHAHO-akpwioBble miactMaccel CXD-2 wu  CXD-3. DOtu
TEPMOIUIACTUYECKUE OBICTPOTBEP/CIONINE TUIACTMACCHI XOJIOAHOTO OTBEPKICHUS
MOJY4Yal0T CMEIIMBAaHUEM MOPOIIKA M KUJIKOCTHU. M3roToBieHHas macca, UMEIOIas
KOHCHCTEHILIUIO CMETaHbl, 3aTBEpAeBacT 0e3 MOJorpeBa U JaBlICHUs. 3aTBEpJieBIAs
rjacTMacca M3HOCOCTOMKA, XOpoIo padoTaeT B Mape ¢ YyryHOM, CTajibio, OPOH30M,
KO3(phULIMEHT TpeHHs MpH OTCYTCTBUM cMa3zouHoro marepuana 0,20—0,18, a mpu
BBEIICHNM B KOMIIO3MIIMIO TPeOyeMOTO KOJIMYECTBa aHTU(DPUKITMOHHBIX T00ABOK
yMenbIaetcs 110 0,143. [TnactMaccsl ¢ Takumu J00aBKaMu MOTYT padoTaTh O€3 CMa3KH.
Bsi3kocTh miacTMacc M3MEHSIOT B 3aBUCUMOCTHM OT WX Ha3HadyeHud. [[ns srtoro B
pacTBOp IIJIACTMACChl BBOJAT IOPONIKOOOpAas3HBIC, BOJIOKHHUCTBIE M  CIIOMCTHIC
HAIOJIHUTENW U3 METAUIMYECKUX M HEMETAJUIMYECKUX MaTepuajoB. 3aTBepjeBlias
riacTMacca CToMKa K Iesioyam JIro0oi KOHIIEHTpaluu, OeH3uHY, CKUITuAapy, IpecHOn
Y MOPCKOH BOJI€, MUHEPAIIbHBIM U PACTUTENIbHBIM MaciaMm. CIOW MIacTMacCchl MOKHO
yaanuThk HarpeBanueMm 10 150...200 °C u nanbHEUIINM BBIXKUTAHUEM HIJIH 00paboTKOM
pE3aHUEM.

Takue TmIacTMacchl  UCHOJB3YIOT TMPU  BOCCTAHOBIECHWU  U3HOIICHHBIX
PEHOU3/ICNIUM B KauyeCTBE KOMIIEHCATOpa M3HOCA JJIsl BOCCTAHOBJICHUSI HAPYIICHHBIX
pa3MEpHBIX LEeneil cTaHKOB M MamuH. C MOMONIBIO IIACTMACC BOCCTAaHABIMBAIOT:
KPYTOBBIE HANPABJISIIONIAE CTAHUH KapyCEJbHBIX CTAHKOB, HAIPABIISIONIME KapeTOK
TOKapHBIX, (pPE3epHBIX, PACTOUYHBIX, 3yOOo(dpe3epHbIX U JAPYIHMX CTaHKOB;
pPEryJIupOBOYHBIE KJIMHBS W TPUKUMHBIE TUIAHKM MEXaHU3MOB BCEX BHUJOB
o0opy/noBaHuUsl, B TOM YHCIE MEXaHWYECKUX MpeccoB. X Takke HCHOIB3YIOT s
PEMOHTA MOAIIMITHUKOB IIMUHACICH PEBOJbBEPHBIX TOJOBOK TOKAPHO-PEBOJBBEPHBIX
CTAHKOB; OTBEPCTHI O] MUHOJIb 3a]IHEH OA0KH; pe3b0bI raeK X0/I0BBIX BUHTOB, BTYJIOK,
MOCAJ0YHBIX MECT 3y0YaThlX KOJIEC M IIKUBOB; J€Tajell TMAPOHACOCOB; KYJIHUCHBIX
MEXaHU3MOB U JPYTHUX JeTalIel METAIIIOPEKYIIEero 000py10BaHHUS.

JIJisi TOBBIIIEHUST DKCIUTyaTAIlMOHHBIX CBOWCTB (yMEHBIIEHHUS Kod(hduimeHTa
TPEHUS ¥ yBEIUYEHUSI U3HOCOCTOMKOCTH) B TuiactMaccy BBoAAT (mo 10 %, maccoBas
noJisi) mopomok rpadurta. OgHaKo MPU ITOM YXYIIAKOTCA aAre3UOHHBIE CBOMCTBA
pacTBOpa IIacTMacchl. YTOOBI HKCHONB30BAaTh XOPOIIWE aATr€3MOHHbIE KauyecTBa
HEHAINOJHEHHOW IJIACTMACChl M TIOBBIIICHHBIC SKCILTyaTallMOHHbBIE CBOMCTBA pacTBOPA,
collepKaliero  aHTU(DPUKITMOHHBIC  HAMOJHUTEIW,  HAMPaBISIOMAE  KPYHMHBIX
METAJUIOPSKYIIUX CTAaHKOB (CO CIOeM IUIaCTMAacChl TOJIIMHOW Oojee 2 MM)
PEMOHTUPYIOT JBYXCTYNEHYAThIM METOJIOM. BoccTraHaBiamBaemas MOBEPXHOCTh
MOKpBIBaeTCS cloeM pactBopa IutactmMace CXD-2u CXD-3  (momnmokka) 06e3
HAITOJIHUTENA, 00J1aaroe MaKCUMaJIbHOH aJire3ueH.

KadecTBO MOArOTOBKM TOBEPXHOCTEM U BBIBEPKA TOUYHOCTU KOOPJIUHAT
OKa3bIBAIOT OOJIBIIIOE BIIMSHUE HA KAd4eCTBO M TPYJAOEMKOCTh BOCCTaHOBJICHUSI
PEHOU3IEIIUS B LIEJIOM.
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PaccMoTprM HEKOTOPBIE TEXHOJIOTUU BOCCTAHOBJICHUS JIeTallel ¢ MPUMEHEHUEM
rIacTMacc.

Boccmanosenenue noowunnukos ckoavycenus. Eciy TOIIIUIHUK UMEET
HE3HAUUTEIbHBI PAaBHOMEPHBI HW3HOC, €ro IOBEPXHOCTh MOXKHO BOCCTAHOBUTH
IPOCTHIM CMa3blBaHHEM. BHYTPEHHIOIO TOBEPXHOCTh MOJIIMITHUKA 3a4MILAIOT,
THIATENIBHO OO0E3KUPUBAIOT U TMOKPBHIBAIOT PABHOMEPHBIM CJOEM ATIOKCHUIHOU
koMmrto3utmd. [lociie oTBep K IeHMS TIIIaCTMACCHI MOKHO JOTIOJTHUTEIBHO 00pabaThiBaTh
€€ Ha TOKapHO-BUHTOPE3HOM CTaHKE.

BoccTanoBieHne mMOBEpXHOCTEH MOAMIMITHUKOB CKOJIBXEHHUS BBIMOJHAIOT C
MPUMEHEHUEM TIACTMACC, COAEPIKAINX, MACCOBBIC JOJU: MOKCHIHON cMOibl D][-6
100, mopomka rpadura 30, nomudTUiaeHmoduamuHa 10. [lns BoccTaHOBICHUS
MOJIIUITHUKOB MPUMEHSIOT U aHTUPpUKIMOoHHBIA MaTtepuan DTC-52, conmepkammuii
MacCOBBIE JOIH: dMoKcuaHoM cMoibl 100, mommstrinennomnamuna 10, Tnokona JIIT-2
25, mapmanuta 80...100, nubytundranara 10, rpadura CK.JIH 50....80.

[Inactmacca o01amaet XopomrMH aHTU(PUKIIMOHHBIMU CBOMCTBAMU, 3JIACTUYHA
W BIAroHENpOHMIIAEMa, HE pACTBOpPSIETCA B OCEH3MHE, KEPOCMHE U Macjax.
Koaddumment tpenus B nape co ctaibio 6e3 cMazouHoro marepuana 0,02. Ilnactmacca
oOnajaeT BBICOKOW ajre3veid K MeETaUTy, YTO IO3BOJISIET YCIEIIHO MPUMEHSThH
AMOKCUTHUOKOJIOBBIE KOMITO3UIIMU J1JI1 BOCCTAHOBJIEHUS MOIIIUITHUKOB.

3aoenka 3aboun u 3ad0upoeé. B pe3ynbTare MIUTEIBLHOW SKCIUTyaTallud Ha
YCTaHOBOYHBIX MOBEPXHOCTSAX CTOJIOB 000PY/IOBAHUS MOSBIISIOTCS 33 IUPhI U 3a00UHBI.
JI71s1 BOCCTaHOBJICHUS IOBEPXHOCTHU CTOJIa TPUMEHSIIOT METO/T 3a/ICJIKU MOBPEKICHHBIX
MECT C TIOMOIIbIO HAaKJIaJ0K, YCTAaHABIMBAEMbIX Ha JMOKCHUIHOM Kiee Haxmamgku
M3TOTOBIISIIOT M3 Marepuaja peHojieTaau. BpicoTa HakIagku AOJXKHA ObITH OOJbIIE
riryOouHsl 1aza Ha 1—2 Mm. ComnpsraeMble TOBEPXHOCTH Ma3a U HAKJIAJKUA MPOMBIBAIOT
pPacTBOPUTENEM M MOKPBIBAIOT CJIOEM KJjesl. YCTAaHOBJIEHHYIO HAKJIAAKYy MPUKUMAIOT
rpy3om, co3natomum aasienne 0,8 Mlla. [Tocie oTBepkIeHHS MIaCTMACCHI HAKIIAAKY
MOATOHSAIOT 3al0JIMIO C YCTAHOBOYHOM IMIIOCKOCTBIO CTOJA.

Jlns ycTpaHeHus 3aIMpOB Ha HAMIPABIISIONINX CTAHUHBI PUMEHSIOT STIOKCUIHBIC
3aMa3KM TOTO K€ COCTaBa, UTO W IS 33JI€JIKU TPEIIUH KOPITYCHBIX JeTaleh. 3aMa3Kou
MOYHO TaK€ BIPABHUBATh UMEIOIINUECS BMSATUHBI, HEOOJIbIIINE 3a00UHBI, PAKOBUHBI, a
TaKXke Apyrue NOBPEKACHUS TPYIINXCS HOBEPXHOCTEM.

Yempanenue mpewyun u npoooun._11o KoHIIaM TPEUIMHBI CBEPJISIT OTBEPCTHUSA
32,5...3 mm. Caumarot dacky Baosb TpetmuH nox yriom 60...70°C na rmy6uny 1...3
MM. 3auMIIaloT MOBEPXHOCTh Ha paccTossHUM 40...50 MM OT TpeUIMHBI U JBaXKIbI
00€3:KUPUBAIOT €€ alleTOHOM C MOCJeayIole npocymkod B TedeHue §...10 muH.
HaHocsaT Ha MOBEPXHOCTh AMOKCHIHBIA COCTaB MPU PEMOHTE UYTYHHBIX U CTaJIbHBIX
penoneraneii. Ecom mnuHa TpemmHbl MeHbiie 20 mm (puc. 4.57), TO NpoBOAST
OTBEPKJACHUE KOMIO3UIIUN MPU KOMHATHOW TeMIEPAType B TEUCHUE 72 Y WU IIPU TOU
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xe Temnepatype 12 4, a 3aTeM pu HarpeBaHUH B TEpMOIIKady MO OAHOMY U3 PEKHUMOB:
npu temneparype 40°C B reuenue 48 4, npu 60°C - 24, mpu 80°C - 5, npu 100°C - 3 4.

Tpemnny anunon 20...150 MM 3aaenbIBalOT TaK K€, HO IOCJIE HAHECEHUS
NEpPBOTO CJIOS SIMOKCHJIHOTO COCTaBa Ha HEEe JOMNOJHUTEIBHO HAKIIABIBAIOT
CTEKJIOTKaHb C MEPEKPhITUEM TpeuiuHbl Ha 20...25 MM U NMPUKATHIBAIOT €€ POJIUKOM.
3aTeM BHOBb HAHOCAT CJOW SIOKCHUAHOTO COCTaBa, HAKJIAAbIBAIOT CTEKIOTKaHb H
MPUKATHIBAIOT poJIMKOM. [lociae 3TOro BHOBb HAHOCSAT 3MOKCHUIHYIO KOMIIO3ULUIO U
OTBEPKIAIOT, KAK OIHCAHO PAHEE.

3

e b dtata s N

X XX R X

VYAV liw

Puc. 4.57. CxeMbl 3aJieKU TpPEUIUH: @-2 — BapuaHThl; | — peHojerans; 2 —

6

TpelnHa; 3 — AMOKCUIHBIA cocTaB 4,6 — HaMaAKU U3 CTEKJIOTKAHU; 5 — POJMK; 7 —
MeTaJUIn4UecKas HaKJIaaKa; 8- OOT.

Tpemuny gnmuHoi 6osee 150 MM paszaensiBalOT U MOATOTABIMBAIOT, KaK OBLIO
ONMUCaHO paHee. M3roTOBISAIOT CTaJbHYK HAKIAAKy TommuHOM 1,5...2 MM ¢
nepekpeiTueM TpemHbl Ha 40...50 mwMm, cBepnaT B Hel otBepctus ¥ 10 MM Ha
pacctrosinuu 50...70 mMm npyr oT apyra. [1o 35TuM OTBEPCTHSIM HAKEPHUBAIOT U CBEPJISAT
OTBEPCTUS B PEMOHTUPYEMOM PEHOIETAIH, Hape3atoT B HUX pe3b0y MS. 3aTem HaHOCST
Ha PEHOJIETANIb U TUIACTUHY 3MOKCUIHBIN COCTaB, 3aKPEIUIAIOT HAKIAJIKy BUHTAMU H
OTBEPKIAIOT.

[IpoOouHbI Ha peHOJETANSAX 3a/ICTBIBAIOT TaK K€, KaK TPEIIMHBI JUTMHOU OoJiee
150 MM ¢ TOMOIIIBIO TOCTAHOBKY HA 3MOKCUAHBINA COCTAB U BUHTHI CTAJIbHBIX HAKJIAJIOK.

Boccmanoenenue nenoosuicHvix noOWUNHUKOBBIX cOeOuHeHull. Jji1 3Toro
MPUMEHSIET JMOKCUJIHBIE KOMIO3UIIUM, 3JAaCTOMEpPhl M aHa’pOOHBIE TEPMETHKH.
[ToBepxHOCTH M3 M0OOr0 Marepraja 3a4uIarT J0 OJIecKa, JBaKIbl 00€3KHUPHUBAIOT
allETOHOM C MOCJIEAYIOIIEN NpocyKoi B TeueHue 10 MuH.

Pemonm u cmonopenue pe3vbosvix coedunenuii. CUIBHO H3HOUICHHBIE
pe3b0OBBIE OTBEPCTHSI B KOPITYCHBIX PEHOACTAISX YACTO BOCCTAHABIMBAIOT YCTAHOBKOU
BBEpTHIIICH. B 3TOM ciiyyae BBEpTHINIM YyAOOHO 3aKpeIiATh HAHECEHUEM Ha
MOBEPXHOCTH OTBEPCTHUI M BBEPTHIIIA SMTOKCUAHOTO cocTaBa. [Ipu HeOoMbIIMX U3HOCAX
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COCIMHECHUS €T0 BOCCTAHABIMBAIOT ITyTEeM HAHECEHHWsS JMOKCHIHOTO COCTaBa Ha
MOTOTOBJICHHBIE OTBEPCTUS U MMUIBKY (001T). 3a30p pe3pdoBoro coenunenws 1o 0,3
MM MO>KHO BOCCTaHOBUTH HAHECEHHUEM Ha TIOJITOTOBJICHHBIE TTOBEPXHOCTH aHAYPOOHOTO
repMeTka. Bo Bcex chmydasx HEOOXOAWMMO COOMI0aTh YCIOBHS TOJATOTOBKH
MIOBEPXHOCTEH M PEXKUM OTBEPKICHHUS ITOJIMMEpa.

Boccmanoenenue cunv3  pabouux - yuaundpoe. (OCHOBHOW  YacCThIO
TUAPABINYECKUX W TTHEBMATUYECKUX TPHBOJOB OOOPYIOBAHUS SBJISICTCS IHIAHIP.
CranpHble TWIB3BI Pa0OUYMX IUIMHAPOB HAXOMATCS B JUIMTEILHON SKCIUTyaTallid U
MO3TOMY CHJIPHO HM3HAIMBAIOTCA. [[7151 BOCCTAaHOBJICHHS TIEPBOHAYAILHBIX Pa3MEpPOB
TPYIIMXCS  MOBEPXHOCTCH TPHUMEHSIOT  IUTAaCTMAcChl.  VI3HONMIEHHYIO  THIIB3Y
pacTauMBaroT JJIsl yAajdeHusl CIeJ0B M3HOCAa M MPOMBIBAIOT pacTtBoputesneM. OnHy u3
CTOPOH THJIB3BI 3aKPBIBAIOT KPBIIIIKOW, 3aJIMBAIOT B IMJIMHIP JKUAIKYIO MJIacCTMacCy |
3aTeM 3aKPBIBAIOT HUJIUHAP BTOPOM KPBIIIKOM.

3.5.5. HaHeceHne raibBaHMYECKUX MOKPBITHIA

JIJ1st BOCCTAaHOBJIEHUSI PEHOJETANIEH U UX pa3MEPOB HanbOoOJee paclpOCTPaHEHbI
CJIEAYIOIINE CMOCOOb HAHECEHUS! TajJbBAHUYECKUX MOKPBITHH: 3JIEKTPOJUTUUYECKOE
XPOMUPOBAHUE, DJIEKTPOJIUTUUYECKOE JKEIIE3HEHUE, XHUMHUYECKOE HUKEIMPOBAHMUE,
AJIEKTPOKOHTAKTHOE LINHKOBAHUE.

Anekmponumuueckoe Xpomuposanue. XPOMHUPOBAHHUE IOAPALACIAIOT Ha:
KOPPO3UOHHO-CTOMKOE, U3HOCOYCTONYUBOE, IIOPUCTOE TEKOPATUBHOE.

Paznuuarot Tpu rpynmnsl peHoieTanei, HapaluBaeMbIX XpPOMOM, OTJIMYAIOIINXCS
YCIOBUSIMH OKCIUTyaTallud W PEXKUMAMU OCAXKJICHUS, NPUIAIOIIMMU Pa3JIMYHbIC
CBOMCTBA 3KCILTYaTUPYEMBIM MTOKPBITHUSIM.

Ilepsyto Tpyniy COCTAaBISIIOT PEHOJETANIM, HApallMBAEMbIE XPOMOM C LEJIBIO
BOCCTAHOBUTH Pa3MeEpPhl U CO3/1AaTh MEPEXOAHBIC MOCATAKUA U MOCATKH C HATATOM.

Bmopas ycnoBHas rpyIina COCTOUT U3 peHOAeTallel, pab0TalOIINX Ha TPEHUE ITPU
MaJIBIX W CPEIHUX MJABICHUSAX U OKPYXHBIX CKOPOCTSIX, HPU ITOCTOSHHOM WU
MEepeMEHHON 3arpy3ke. K TakuM aeTansiM OTHOCATCS Bajibl, TUTYHXEPBI, HHJIHMHAPHI,
MOPIIHUA, MEPUTEIbHBIM HHCTPYMEHT U MHOTHE JIPYTHE.

K neransim mpemuveii TpynIbl MOTYT OBITh OTHECEHBI PEHOJIETAN, pa0OTaIOIINE
py OOJIBITUX TABJICHUSIX ¥ 3HAYUTEIIHHBIX 3HAKOMIEPEMEHHBIX Harpy3Kax, JJIsi KOTOPBIX
HEOOXOMMMBI MaKCUMaJIbHasi TPOYHOCTh CBSI3U CJIOS XpOMa C TIOBEPXHOCTHIO
PEHOJIETAJIEN U BSI3KOCTh OCAIKOB XpOMA.

[TOKpBITHS INEKTPOJUTUUECKUM XPOMOM MOJIYYAKOT HPU OCAXKICHUU XPOMA U3
BOJIHBIX PAaCTBOPOB B PE3YJIbTATE MPOXOKICHUS YEPE3 PACTBOP AJIEKTPUUYECKOTO TOKA.
KayecTBO XpOMOBOTrO MOKPHITHSI B OCHOBHOM 3aBHUCHUT OT COCTaBa 3JJICKTPOJIUTA,
IJIOTHOCTH TOKA, TEMIIEPATYPHI SJICKTPOJIUTA U HHTEHCUBHOCTH €r0 MePEeMENINBAHUS B
BaHHE. l3MeHss yKa3aHHBIE JJIEMEHTHI TEXHOJIOTHUYECKOrO ITpouecca W BpeMs
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OCXACHUS, TOITYYarOT MOKPBITUS PAa3HOM TOJIIMHBI C Pa3IMYHBIMU (U3HUKO-
MEXaHUYECKMMU CBOMCTBAMH M PaBHOMEPHOCTHIO. OCHOBHBIMH COCTABJISIOIIMMU
AIIEKTPOJIUTOB SIBJISIOTCA XPOMOBBIN aHTUJIPU U CEpHAsl KUCIIOTA.

XpOoMHpPOBaHHUE KPYHMHOraOapUTHBIX pEHOJETaNel (MM UX OTIENbHBIX MECT) B
CTAllMOHAPHBIX BaHHAX HE Bcerja IenecoodpasHo. [loatomy g Takux peHoperaneit
UCIOJIB3YIOT IEPEHOCHBIE BaHHBI, B KOTOpbIE pEHOJETAlb HE NOTPYXkaroT, a
NPUCTPANBAIOT BaHHY K PEHOJAETa WM. DTOT CINOCOO OCaXIEHUS XpoMa OCOOEHHO
3¢(deKTUBeH B TOM clydae, KOrja XpOM HAHOCAT Ha TMOBEPXHOCTH BHYTPEHHUX
MOJIOCTEH, KOTOpPBIE MOTYT CIYXUTh €MKOCTAMH [JIsl dJjeKkrposnurta. Ilutanue
NOCTOSSHHBIM TOKOM THEPEHOCHBIX BaHH OCYIIECTBISIETCA OT MEPEABUKHOTO
HU3KOBOJIbTHOT'O T€HEPATOPa WU BBIIPSIMUTENS TOKA.

[Ipy HapalmMBaHUM TWIb3 U LMJIUHAPOB NPUMEHSIOT nojaBecku. llopriHessie
KOJbLA W YEPBAKM YEPBAYHBIX IE€PEAAad XPOMHPYIOT, HCIIOIb3YS CIIELHAIBHbBIE
npucnocobnenus. s naydmero yaep:kaHdhs CMa3KM Ha PEHOJETalsIX MPUMEHSIOT
MOPUCTOE XPOMUPOBAHKE, TAK KaK IJIOTHBIA OECHIOPUCTHIM XPOM IJIOXO CMAYMBAETCS
Maciamu. [IpuMeHeHHe cnenuanbHBIX MOPUCTBIX XPOMOBBIX MOKPBITHHA YJIy4IIAET
CMa4yMBaEMOCTb ITOBEPXHOCTEN CaMOM JETAIN IPUMEPHO B 3...5 pa3, a CONPSKEHHOU C
Hel neranu B 1,5...2 pasza. CreneHb NOpUCTOCTH XPOMOBOTO ITOKPBITHS B 3HAYUTEIBHON
Mepe 3aBUCUT OT TEMIEPATYPBI JIEKTPOJIATA U IUIOTHOCTH ToKa. IIpu yBenuueHunn
TEMIEPATYPbI MOPUCTOCTh YMEHBILIAETCS U CETKA KaHAJIOB CTAHOBUTCS 00Jiee peaKOM.
[Tocnenyromass mociae XpPOMHUPOBAHUSA AJIEKTpOXHMMHUYECKass oO0paboTka (aHOAHOE
TpaBJ€HUE) OKOHYaTeabHO (GopMHUpyeT ceTKy KaHaioB. CKOpOoCTb  3TOro
(dbopMHpOBaHUs 3aBUCUT OT MHTEHCUBHOCTHU IMPOIECCA TPABJICHUS, T.€. OT MJIOTHOCTH
ToKa. IIJIOTHOCTH TOKAa NP aHOAHOM TPAaBIEHMHU JOJKHA cocTaBiaTh 40...60 A/nm?,
BpeMsI BBIACPKKHU 5...12 MUH. AHOIHOE TpaBIICHHE OCYUIECTBIAIOT B PacTBOpE AJIA
XPOMHPOBAHUS.

OO0paboTKy pe3aHHeM MOXKHO BBIMOJHSITH IEPE] aHOIHBIM TPABICHUEM WM
nociue Hero. Ha nummdoBanHOM NOBEPXHOCTH MOJy4aroT 0oJjiee paBHOMEPHYIO CETKY U
OJIMHAKOBYI0 HIMPHUHY KaHaloB. BpIOOp THMa XpOMOBOrO MOKPBITHS 3aBUCHUT OT
YCJIOBHM 3KCIUTyaTauuu jaetaned. Tak, HanmpuMep, MOKPBITHE C MOPUCTOCTHIO B BUJE
YacTOM CETKH 11e1ecO00pa3HO MPUMEHSThH JUIsl MOPUIHEBBIX KOJel HUIHHAPOB. Takas
MOPUCTOCTh JIy4llle CHOCOOCTBYET MNPUTHUPKE KOJEI] K MOBEPXHOCTH IMJIMHIPOB.
OpHaKo MOBEPXHOCTH IMJIMHIPOB JIy4llle paboTaeT Npy NPUMEHEHUH XPOMUPOBAHHbIX
MOPIIHEBBIX KOJIEI] C PEAKOM CETKOM KaHaoB. [Ipn 371eKTpOOCaKIEHNH TIEPUOIUYECKOE
VU3MEHEHUE HAIPaBJICHUS ITOCTOSIHHOTO TOKA CYLIECTBEHHO HW3MEHSET HEKOTOpbIE
CBOMCTBa MOKpbITHI. OJHAa W3 XapaKTepHbIX OCOOEHHOCTEH XPOMHUPOBAHMS C
NPUMEHEHUEM PEBEPCUPOBAHMS TOKA — BO3MOXKHOCTh TIOJIYYEHMS] TOKPBITUS
tonuHoi 300 MKM 1 60Jiee ¢ MalbIMUA BHYTPEHHUMH HaNPSKEHUSIMU.
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XpOMUPOBAHKE MPOBOJAT MPHU CIAEAYIOIIEM PEXUME: TEMIIEPATYPa JIEKTPOIUTA
50...60°C, xaTomHas MmIOTHOCTh Toka 60...120 A/mMm?, AIUTENbHOCTh KATOTHOTO
nepuoja 1...5 MUH, IIMTEABLHOCTh aHOAHOTO epuoaa S...25 c. Ilpu nepuonnyecknx
HM3MEHEHUSIX HAMPABJICHUS TOKA IPUMEHSIETCS AJIEKTPOJIHT, comepskaruii 200...250 r/n
xpomoBoro anruapuna CrO; wu 2...2,5 r1/nm cepHot kuciaoTbl NapS0s, wumm
CaMOPETYJIUPYIOLIUNCS 3JIEKTPOJIUT. PeBepcupoBaHrE MO3BOISET YCKOPUTH MPOLECC
ocaxaeHus xpoma B 1,5...2 pa3a MmO CpaBHEHHIO C OOBIYHBIMU PEKHUMaMHU.
KauecTBeHHbBIE U KOJIMUECTBEHHBIE U3MEHEHUS B MPOIECCE XPOMUPOBAHUS BO3MOKHBI
U3-3a IPUMEHEHUS TOKA BBICOKOM TUIOTHOCTH, IIPYU KOTOPOM BBIXOJI XpPOMa BO3PACTAET.
C yBenu4eHneM CKOpOCTH poTeKaHus 3aekTponuta ot 0 10 200 cM/c MUKPOTBEPAOCTH
ocaxJeHHoro Metasuia noseimaercs ot 7000 qo 10 000 MIIa npu BeneHuu npoiiecca ¢
IJIOTHOCTBIO TOKa 45 A/nm? u TeMnepaType anekTponura 45 °C.

MHOrOCIOWHBIE 3IEKTPOJIUTHUECKUE TMOKPBITUS MOJYyYaroT, MOCIEA0BATEIBHO
HapalluBas Ha JETAJIM pa3Hble METAIUIMYECKUE MOKPBITUSA B pPa3INYHOM codeTaHuu. K
TUIY MHOTOCJIOMHBIX TOKPHITUA MOXET OBITh OTHECEHO M TaK Ha3bIBaEMOE
JIBYXCIJIOTHOE XpOMOBOE NOKphITHE. [locnenHee nomyyaroT Mpyu HAHECEHUU PA3THYHBIX
OCAaJIKOB XpOMa C U3MEHSIOIMMHUCS cBoiicTBaMU. Ecian HeoOX01UMMO 3alllUTUTh IE€TAIb
OT KOPPO3UH IIPH OJHOBPEMEHHOM YBEIMYEHHH €€ M3HOCOCTOMKOCTH, HAHOCAT JBa
CJIOSl XpOMa: HUXKHUN — OECIOPUCTHIM MOJIOUHBIA U BepXHUU — Onectsmmii. Ciaon
MOJIOYHOI'O XpoMa TOJIIMHOMN 15 MkM ocaxnaroT npu temneparype 70 °C u mioTHoCcTH
toka 30 A/mm2. Temmeparypa snektpomuta 50°C, miaoTtHocTs Toka 50 A/mnm?.
XpOMHUPOBAHKHE MPOU3BOJAT B JBYX BaHHAX C AJNEKTPOJUTAMU OAMHAKOBOI'O COCTaBa
(250 r/n1 xpomoBOro anruapuaa u 2,5 /11 cepHOU KUCIIOTHI).

[Ipy M3rOTOBIIEHHH ETAIEW C XPOMOBBIM MOKPBITUEM M M3HOCE MOBEPXHOCTEU
TPYIIMXCS I€TAIEH BO3MOKHBI TOBPEKAECHUS 3aLIUTHOTO CIIOSI.

Anekmponumuueckoe dncenesnenue. llpu xKene3HEeHUH, Kak U IPU JIPYTUX
ANEKTPOJIMTUYECKUX MPOLECCAX, COCTAB U CBOMCTBA OCAXKIECHHOI'O METAJIa 3aBUCST OT
COCTaBa  JJIGKTPOJIUTA W  PEKUMOB  HapamuBaHus. lIpomecc  MOKpBITUA
ANEKTPOJIUTUUYECKUM SKEJIE30M OCYIIECTBISIIOT C HCIOJIb30BAHUEM PACTBOPUMBIX
(cTanbHBIX) W HEPACTBOPUMBIX (YTOJIbHBIX) dJeKTpoaoB. Ilpu BoccTaHOBIECHUU
W3HOUIEHHBIX JeTalied >KeJIE3HEHMEM MHOI/IA BO3HUKAET HEOOXOJIMMOCTh CHSTHS
HEIOJIHOLEHHOTO CJIOSI AJIEKTPOJIUTHUYECKOro kene3a. [[ns 3Tol 1enu npUMEHSoT
CHeIMaIbHbIC PACTBOPHI. 3aTeM JeTallb MOJIBEpraloT aHoHOM 00paboTke B 30 %-HOM
pPacTBOpE CEPHOM KHUCIOTHI. DIEKTPOJHT JUIs JKEJIEC3HEHUs] HEOOXOIUMO BBIOHUPATH C
Y4€TOM BO3MOXXHOCTH TMOA0Opa COOTBETCTBYIOIIUX MATEPUAJIOB JIJIi M3TOTOBICHUS
BaHH. [lepen moMeleHneM B BaHHY pEHOAETANICH, MOJBEPrarOlIUXCs KEJIE3HEHUIO B
TOPSYUX IEKTPOJIUTAX, HEOOXOUMO TTPOU3BOIUTH KPATKOBPEMEHHBIN MX MTPOTPeEB (110
TEeMIIepaTyphl JIEKTPOJIN3a) B TeUeHUE 3....5 MUH JI0 BKIIOUEHHUS TOKA.
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Xumuueckoe Hukenuposanue. XuMAYECKOE HUKEIMPOBAHUE HCIOJIB3YIOT IPH
HapalMBaHUU PAaBHOMEPHBIX IO TOJIIIMHE MOKPHITHI Ha PEHOJETANISAX U3 CTallU, MEJIH,
JaTyHW, HUKeNns ©  amoMuHus. [lodydeHwe TOKPBITHM TMpH  XUMHYECKOM
HUKEJIMPOBAaHUU OCHOBAaHO HA BOCCTAHOBJICHUU TUNOPOCPUTOM HOHOB HUKEINS W3
BOJHBIX PacTBOPOB COJIEM 3Toro metaimia. B pesynbTaTe peakiuu Ha MOBEPXHOCTH
HapallMBaeMbIX JeTalied OCaKIAeTCsl MOKPBITUE, COCTOsIIee U3 HUKens u docdopa.
Conepxanne ¢ochopa B  HHUKEIEBBIX TMOKPBITHSIX 3aBUCHT OT  peXUMa
TEXHOJIOTHYECKOr0 Iporiecca 1 kosuediuercs ot 5 10 13 %, npu 3ToM B TOBEPXHOCTHOM
cinoe MukpoTeepiocth 3500...5000 MIla, koTopast pacTeT ¢ yBEIMUYEHUEM COJICPKAHUS
docdopa B ocanke. Tepmuueckas o0pabOTKa yaydIaeT TakKe MMPOYHOCTH CIEIIICHUS
MOBEPXHOCTH HapalIMBaEMOM JAeTalli ¢ MOKPBITUEM, KOTOPAsl TIOCIIE OCAXICHHS paBHA
npuMepHo 35 MlIla, a nociie Harpea 110 200...250 °C B Teuenue 40...60 mun 280 MlIa.

HapamuBanue XuMHU4YECKOTO HUKEIIS OCYIIECTBIISIETCS KaK B IIEJIOYHBIX, TaK U B
KHCIIBIX pacTBopax. lllemodHble pacTBOpPBI XapaKTEpU3YIOTCS JIYUIIUMH TEXHUKO-
HPKOHOMHUYECKMMH MOKa3aTeIsIMU 10 CPABHEHHIO ¢ KUCIBIMU. CKOPOCTh HapalluBaHUs
MOKPBITHS TIPH XUMHUYECKOM HHUKEITUPOBAHWMM B JOTHUX pacTBOpaxX MOXKET OBITh
MOCTOSIHHOM M MoAjaepxuBatbcs Ha ypoBHe 10...12 Mxkm/4 Hukend, runodochura u
pacTBOopa aMMHaka B COOTBETCTBMM C 3aJaHHOM peuentypoil. Heobxoaumo
noaaepkuBaTh BenmunHy pH B npenenax 8,5...8,7.

dnekmpokonmaxkmuoe  yuhkoeanue  (HaTUpPAHUE)  TNPUMEHSIOT  JUIS
BOCCTAHOBJICHUSI TOCAJOYHBIX MECT IMOJ MOAIIMIHUKKA C HEOOJIBIIUM H3HOCOM,
HampuMep, MPOYIIMHBI BUJIOK KapJaHHBIX BaloB. [luHKOBaHWE TPOBOIAT B
AIEKTPOJIUTE, CojAeprKaileM, r/1: cepHokuciaoro nuHka 280...300, GOpHON KHUCIIOTHI
20...40. TIpouecc HauMHAIOT BecTH Npu mioTHocTH Toka 30...50 A/gm2 CkopocTs
NepeMEeIeHUs] aHOJHOTO TaMIIOHAa OTHOCHUTEIBHO IOKpbhIBa€MOM moBepxHOcTH 10
M/MUH. OOBIYHO KCIIOJIB3YIOT Pa3MEPHOE LIMHKOBAHUE, T.€. IOKPHITHIE TIOBEPXHOCTU HE
oOpabaTeiBatoT pe3aHueM. [Ipy HMHKOBAaHUU C MPUMEHEHUEM MEPHUOJUYECKOrO TOKA
CBOMCTBA MOKPBITUN YJIYUIIIAIOTCS, a MPOIecC HHTEeHCHuunupyercs B 2...3 pasa.

3.5.6. 3a1uBKA KHAKHUM METAJLIIOM

[Ipu BOCCTAaHOBIEHNM CUIIBHO U3HOIICHHBIX JACTAJCH WA MPU 33I€JIKE KPYITHBIX
MECTHBIX JE€(PEKTOB B OTJIMBKAX HWCIOJIB3YIOT 3aJUBKY JKHAKUM MeTaymioMm. Jlis
MOJy4YE€HUs MPOYHOM CBSI3M 3aJIMBAEMOTO METajla ¢ METAJUIOM BOCCTAaHABIMBAEMOU
peHOJIeTal  TMOBEPXHOCTHh  JIETAld  TOJBEPraloT  COeluadbHOM  00paboTKe.
[Iprcanounblil MaTepran pacIiuiaBIAOT OTACIBHO B IJIABUJIBHBIX II€Yax U 3aJIMBaIOT U3
TUTJISL C TIOMOIIBIO CIEMUAIBHOTO PA3JIMBOYHOIO ycTpoucTBa. [lonydeHue 3aMBKOM
MMOBEPXHOCTHOTO CJIOSl, COOTBETCTBYIOIIETO MO COCTaBy METATy PEHOAECTAIIH,
oOecrnieunBaOT MOA0OPOM IIMXTHl COOTBETCTBYIOIIETr0 coctaBa. [lpum Harpese
BOCCTAHABJIMBAEMOM MOBEPXHOCTH PEHOAETAINA 3a CYET TEIUIOTHI KUJKOTO METajlla
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(T.e. 0e3 mpeaBapuUTENIbHOTO TMOAOTPEBAa JETalM) TOCIEIHUN BBUIMBAIOT Ha
BOCCTaHABIIMBAEMYIO TOBEPXHOCTb.

[IpenBaputenbHOe OIJIABJICHHE TMEped 3aIMBKONW MOBEPXHOCTHOTO  CIIOS
BOCCTAHABIIMBAEMOM JIeTall 3KOHOMHYECKH OoJyiee BBITOIHBINA MPOIECC, BCIIEICTBUE
COKpAIleHHsI TIPOAODKUTEIFHOCTH BOCCTAHOBIICHUS M pacxoja >KUIKOTO MeTaslia.
V3HOIICHHBIE JeTajl MOYKHO 3aJIMBaTh Pa3MYHBIMH METaJIaMU U CIutaBamu. J[is
BOCCTAHOBJICHHUS KPYMHBIX MapTUi ACHEKTHBIX ACTAICH HCIOIb3YIOT IUIABHIBHYIO
neyb W CHEIUATBHBIA METALIOCOOPHUK C Pa3IUBOYHBIMHA IPHUCIIOCOOICHUSMHU.
3aJIMBKOM JKHIKUM METAJUIOM I1eJIECO00pa3HO BOCCTAHABIMBATHL KPYMHOTA0APHUTHBIC
W3JICTUS WIA 3HAYNTEITHFHOE KOJUYECTBO MEJKMX OJHOTHITHBIX JeTajiel. DTOT Ccrmocob
o0ecrnieunBaeT BHICOKYIO IMTPOU3BOIUTEIIBHOCTh H KAUeCTBO.

BTynku, MOAIMMAITHUKA CKOJBKEHUS, CMEHHBIC BEHIIBI 3yOuaThIX KOJIeC U
HUWJIMHAPHl BOCCTAHABIMBAIOT IIEHTPOOESKHOW HAMIABKOM SKHIAKUM  METaJIJIOM.
[leHTpoOEKHBIM  CHOCOOOM  3QJIMBAIOT  MOJBIE 3arOTOBKA W3  I[BETHBIX W
KEJIC30yTICPOAUCTBIX CIUIABOB, WMEIOIIUX OTHOCUTEIBHO HHU3KYI0 TEMIEpaTypy
maBiaeHUsA. Takoi mporecc BO3MOXKEH MPU YCIOBHH, YTO TeMIIepaTypa IIaBICHUS
MeTaJljla BOCCTaHABIMBAEMOM JETAJH BBIIIE, YEM Y HAIUIABIIIEMOTO MaTepHaa.

3.5.7. BocctaHoBjeHMe 1eTajlell MJIACTHYECKUM /1e()OpMHUPOBAHUEM

OTOT c1ocod OCHOBAH Ha CIIOCOOHOCTH PEHOIeTale U3MEHATh (hOpMy U pa3Mep
0e3 pa3pylleHus MyTeM MepepacipeiesieHus MeTalljia MmoJ JaBjieHreM. B atom cioydae
00BEM pPEHOMETAI OCTAeTCS MOCTOSHHBIM, a METaUlI OT HEepabOUMX IMOBEPXHOCTEH
nepeMeIiaeTcsl Ha M3HOIICHHBIC paboune MOBEPXHOCTH. PeHomeranu aehopMHUpYyIOT
KaK B XOJIOJJHOM, TaK U HarpeToM cOCTOSHUAX. CTambHbIC PEHOJACTAIHN TBEPIOCTHIO JI0
HRC 30, a Taxxe peHoeTaau 13 [IBETHBIX METAJLIOB U CIUIABOB OOBIYHO AShOPMUPYIOT
B XOJIOJHOM COCTOSIHUM 0€3 TpenBapuTeIbHON TepmMooOpadoTku. I[Ipumensitor
CIIEyIONIME BUJBI IUIACTUYECKOTO Je(pOpMUPOBaHHUS PEHOJETANCH:  OCaJKY,
BJIaBJIMBAaHKE pa3aaudy, 00’KaTue, BHITSKKY, TPABKY, JIEKTPOMEXaHUUYECKYI0 00paboTKy
u j1p. (puc. 4.58).
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Puc. 4.58. Buaer mractuueckoro aegopMHUpOBaHUSA: a — Ocamka;, 6 —

BJIaBJIMBAHUE; 8 — pa3/iaua; ¢ —00»XaTue; 0 — BBITSKKA; e — IPaBKa

Ocaoky TPUMEHSIOT JJI yBEIMUYECHUS HAPY>KHOTO TMAMETPa CIUIONIHBIX U MOJIBIX
peHozeTanel, a TaKk )K€ YMEHBILIECHUsI BHYTPEHHETO AUAMETPA IOJIBIX PEHOAETANIEH 32
CUET YMEHBIIEHHS UX BBICOTHI (OPOH30BbIE BTYJIKU U Ap.). JomyckaeTcss yMeHbIIEHNE
BBICOTHI BTYJIOK Ha 8-10%.

Boasnusanue otnuuaeTrcs OT OCaJKd TEM, 4YTO BBICOTA PEHOJETANIH HE
M3MEHSETCS, & YBEJIMUEHUE €€ IMaMeTpa MPOUCXOAMT 3a CUET BbIJIABJIMBAHMS METaslIa
U3 Hepabouelt dyactu. BpjaBnuBaHMEeM BOCCTAHABIMBAIOT TapeiKkd KIIAMaHOB
nBUraresueil, 00KoBble TOBEPXHOCTH IIIUIIEB HA BajlaxX U Jp.

Pa30auy 1npuMeHSIOT I BOCCTAHOBJICHUS IYCTOTEJNBIX pEHOJETalel C
W3HOIIEHHOW HApy>XHOW MOBEPXHOCTHIO (BTYJOK, MOPIIHEBBIX NaibieB U np.). [Ipu
MEXaHHUYECKOM pa3fade 4epe3 OTBEPCTHE PEHOJETaNd NPOAABIMBAIOT IIAPUK WU
crenuanbHbld yaHcoH (ompaBky). [Ipy 3TOM BO3MOXKHO YKOPOUEHHME PEHOJETAIN U
MOSIBJICHUE B HEW TPELIUH.

B mnocnenHue rojpl NPUMEHSIOT TEPMOIUIACTHYECKYIO pas3Aady MOPLIHEBBIX
MAJIBLIEB, CYITHOCTHh KOTOPOM COCTOUT B TOM, YTO IMAJIbLBI HATPEBAKOT B UHAYKTOpe TBY
1o 780...830°C B Teuenue 20...25 ¢ ¥ OXJAXKMAIOT BOJOM, MPOIyCKAEMOH uepes
oTBepctre manblia noa gasieHuem 0.4...0,5 MIla B Teuenue 14..16 c. Ilpu stom
MPOMCXOAUT YBEIMYEHHUE HAPYKHOTO AuaMmeTpa najibia 10 0,25 MM ¢ OTHOBPEMEHHOM
3aKQIKOM €ro moBepxHOCcTHOro ciuof. Ilocine pa3gaum mnanbubl  [MOABEPTaroT
MEXaHUUECKOM 00paboTKe, KOHTPOJIIO U COPTUPOBKE.

Oboxcamue TPUMEHSIOT IJi1 BOCCTAaHOBJICHUS PEHOJAETalel ¢ HM3HOUICHHBIMU
BHYTPEHHHUMU MTOBEPXHOCTSIMH, YMEHBIIIEHUE HAPYKHBIX pa3MEpPOB KOTOPHIX HE UMEET
3HaYeHHUA (KOpIyca HACOCOB THIPOCUCTEM, IPOYIUUHBI PIYaroB, BUJIOK H JIp.).

Buimsasicky TpUMEHSIOT 171 yBEJIMYEHHs [JUIMHBI PEHOJAETANed 3a CYeT
YMEHBUIEHUSI WX TMOIMEPEYHOro ceyeHust (Tsarv, wmranru v T.4.). Jebopmupyror
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PEHOJIETAIN B TOPSYEM COCTOSHUU.
Ilpasxy MpUMEHSIOT ISl PEMOHTa PEHOJETajeil, B KOTOPBIX BO BpeMsl paOOThI
BO3ZHHMKJIM OCTaTOuYHbIE nedopmaruu (M3rud, CKpydnBaHUE) WU KOPOOJICHHE (Bajbl,
OCH, pblYaru, pamsl 1 Jip.). [IpukianpiBaeMoe npu NpaBKe yCUIne A0HKHO 00eCIIeYUTh
nedopmaruio, B 10...15 pa3 mnpeBbIIAIONIYI0 YCTpaHSEMbId M3rHO PEHOJETaNH.
Harpy3ky npukiaapBaloT HECKOJIbKO pa3 B TeueHue 1,5...2 muH. {15 moBbileHUs
YCTaJIOCTHOM MPOYHOCTH U CTAOMILHOCTH T€OMETPHUECKOM (hOPMBI PEHOIETAIN MTOCIIe
XOJ0MHOM npaBku noxasepraioT HarpeBy 10 400...500°C u Beigepxusaror 0,5...1 u.
3axanennsle TBY penogeramu narpesaior 10 180...200°C u BeiiepxuBaroT 5...6 4.
[Ipy mpaBKe CTaTUYECKMM M3rMOOM Ha IPECCe CHIKAIOTCS yCTAJIOCTHAs
MPOYHOCTH U IJIACTUYHOCTDH Baja. [loaToMy uist mpaBKU OTBETCTBEHHBIX pEHOIETANICH
(HampuMep, KOJEHYAThIX BajOB) PEKOMEH]IYETCS MPUMEHATh 00Jiee MPOTrpEeCcCHUBHBIN
coco6 Hakierna (puc. 4.59). B sroMm ciyuyae Hakien rajiTelield Bajia BBITOJHSIOT
KJIEIAIBHBIM TMMHEBMAaTH4YEeCKUM MOJOTKOM KMII-14M wunu pydHbIM CIECapHBIM
MOJIOTKOM Maccoi 0,8 Kr co crnenualbHbIMUA OOMKaMHU, pa3Mepbl KOTOPBIX JOJHKHBI
COOTBETCTBOBATh paszmepam rainrenen [IpsaMoInHenHOCTh Baja BOCCTAHABIMBAECTCS 3a
CUET BO3HHMKAIOIIKX B IOBEPXHOCTHOM CJIO€ METAJJT BHYTPEHHUX HANPSKEHHUH CKATUS.

Mecmo naknena

Ko npasku focna npaexu

%ﬂﬂﬂ”—
Ge ipaaul

Puc. 4.59. Cxema npaBku HaKJIeNoM: @ — Opyca; 6 — KOJIeHYaToro Baja

Inekmpomexanuueckan odpadbomka 3aKioyaeTcs B cienyromieM. PeHoaeranb
3aKpEIUISIOT B IIMUHEIh TOKAPHOTO CTaHKa. B pe3nenepxkarene cynmnopTa 3aKperisiioT
CIELIUAIBHYIO ONpaBKy C pabouyuM HWHCTpyMEHTOM. PeHomeTtaib M WHCTPYMEHT
MNOJKJIIOYAIOT K BTOPUYHOM OOMOTKE MOHMKAIOIIEro TpaHcopmaTopa. Briarowaror
BpalllCHUE PEHOACTAIN, IPUIKUMAIOT K HEW C ONMpeIeICHHBIM YCHUJIMEM UHCTPYMEHT U
BKJIIOYAIOT €ro NpoJ0JibHYI0 nojavy. [Ipu 3Tom depe3 30Hy KOHTaKTa peHOJETAIN U
uHCTpyMeHTa npotekaeT Tok 350...700 A npu HanpstxeHuu 1...6 B, Tak kak miomanb
KOHTaKTa PEHOJIETa I U MHCTPYMEHTAa OYeHb MaJia, a CUjia TOKa OOoJIbIasi, TO METall
PEHOJETAIN B 30HE KOHTAaKTa MTHOBEHHO Harpesaetcs 10 temuepatypsl 800...900°C u
jerko nedopmupyercs HHCTpyMeHTOM. Ilociemyromuii ObICTPBIA OTBOJ TEIUJIOTHI
BHYTpPb peHOAETANIN (OXJIaXKICHHUE) CIOCOOCTBYET 3aKaJIKE TOBEPXHOCTHOTO CIIOSI.

B kadecTBe MHCTpyMEHTa HCIIOIB3YIOT IJIACTUHKY WM POJIMK W3 TBEPIOTO
crutaBa. [Ipu BocctaHoBiennu peHomeranu (puc. 4.60) H3HOIIEHHYIO MOBEPXHOCTH
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CHayaja BBICA)KMBAIOT 3a0CTPEHHOM IUIACTUHOM WJIA POJIUKOM. [Ipyu 3TOM Harpersiii B
30HE KOHTAaKTa METasl BbIAABIMBAETCS, 00pa3ys BBICTYIIbI, aHAJIOTHYHbIE pe3b0e, B
pe3ynbTaTe Yero TMaMeTp PEeHOIETaN yBeInInBaeTcst OT dy 10 dg. 3aTeM BBHICAKEHHYIO
HNOBEPXHOCTh 00palaThIBAlOT CIVIAKMBAIOWIEH IUIACTUHOW WM  POJUKOM IO
HOMHUHAJIBHOTO Auamerpa dy.

T

Puc. 4.60. Cxema BOCCTaHOBJCHHSI PEHOJETANCH SJICKTPOMEXaHUYECKUM
cnocobom: 1 — peHoneranp; 2 — BBICAKUBAIOUIUN UHCTPYMEHT; 3 - CIIaXKUBAIOIIUN
UHCTPYMeEHT; d, - TuamMeTp M3HOMICHHON peHojerany;, Ug — JuaMeTp JeTalid IMocIe
BBICAJIKH; O, - HOMUHAIBHBIN TUAMETP PEHOCTAIH

BoccTaHoBieHHass NOBEPXHOCTh IOJIYYAETCS MPEPBIBUCTOM, IUIOLMIA[L €€
KOHTAKTa C CONpSAraeéMOM PEHOAETANbl0 MEHBIIE HOMUHAJIbHOU. Jlomyckaercs
yMEHBUIEHUE IJI0IIa 1 KOHTaKTa He Oosiee ueM Ha 20% 1o CpaBHEHUIO C HOMUHAJIBHOM.
Il aroro HyxHO, 4ToObI Og - d, >3(d,-d,). YBennyeHune nuameTpa He3aKaJICHHBIX
peHozeTaneit Bo3MoxkHo Ha 0,4, a 3akasieHHbIX - Ha 0,2 MM. /{7151 60JIbIIIETO YBEIMUCHUS
JMaMeTpa MPU COXpPaHEHUU HEOOXOUMOM TIIOMIAU KOHTAKTa IPUMEHSIOT 3al0JIHCHHUE
oOpa3oBaBIllelicsi BUHTOBOM KaHaBKH IIPOBOJIOKOM WM COCTaBaMH Ha OCHOBE
AMOKCHIHBIX CMOJI.

KoHTpoJibHbIe BONPOCHI K Ii1aBe 4.

1. Kakwue 3amaun pemarT KOHCTPYKTOP U TEXHOJIOT MIPH 00eCTIeYeHUH
HaJACKHOCTHU U30eINA?

2. Kakumu TeXHOTOTHYECKUMH METOIaMH MOKHO TIOBBICUTH H3HOCOCTOHKOCTH
JeTajied MaluH?

3. Kaxk ot meTona u pexxruma 00pabOTKH 3aBUCHUT YCTaJIOCTHAS POYHOCTH?

4. Kakum o0pa3om Jie3BuiiHas U abpa3uBHast 00paOOTKU BIUSAET HA
[IEpPOXOBATOCTh, BOJIHUCTOCTH OBEPXHOCTH JI€TaIH?

5. Kak remnoBoii 3pdext npu MexaHnuecko o0padoTKe BIAUSET HA
MUKPOTBEPAOCTh, OCTATOYHBIC HATIPSKEHUSI TOBEPXHOCTHOTO CIIOST?

6. Kak npumenenune COTC BiusieT Ha mapaMeTpbl MOBEPXHOCTHOTO CHOS?
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7. Yro Takoe AepopMaIMOHHOE YIIPOYHEHHE MOBEPXHOCTHOTO ciosi? Kak
nehopMaMOHHOE YITPOYHEHHUE 3aBUCHUT OT YCIOBUN 00pabOTKuU?

8. Uro takoe I1I1/] u kakoBBI €€ pa3HOBUIAHOCTHU?

9. Kakum 06pa3om BelMUYMHA, 3HAK U 3aKOHOMEPHOCTD pacipeieIeHus
HaIpsHKEHUH 3aBUCST OT CBOMCTB 00pabaThiBaeMOro MaTepuana, METOJI0B U
PEXHUMOB 00pabOTKH?

10. /17151 9ero mpuUMeHseTCs UCKYCCTBEHHOE CTapeHue?

11. TlepeuncnuTte OCHOBHBIE CIIOCOOBI BOCCTAHOBIICHUSI PEHOIETAJICH.

12.Kakue crocoObl BOCCTaHOBJICHHUS ABIISAIOTCA JUAUPYIOMIMMHU B TIpOIieccax
peMoOHTa JeTajneii?

13.B 4em CymHOCTh HaTUTaBKH?

14.B yeM CymHOCTb Ipoliecca HaNbUICHHUS ?

15.11lepeunciute OCHOBHBIE CLIOCOOBI MJIACTUYECKOTO Je(hOPMUPOBAHUS.

16.Kakne coBpeMEHHBIE CIOCOOBI HAHECEHHWS TOKPHITUNA MPUMEHSIOTCS s
BOCCTAHOBJICHUS ITOBEPXHOCTEN JETaIN?

17.Yem oTinmuaroTcs ctaTudeckoe u nuHamudeckoe TTIT?

18. Kakumu ¢puznueckuMu mporieccaMmu conpoBoskaaeTcst oopadotka ITI1/1?

19. Yewm xapaxrepusyercs nepopMaliioHHOE yIpoyHeHne?

20.ITpuBenure KIacCUPUKALUIO METOJOB IJIACTHUECKOTO 1€(POPMUPOBAHUSI.

21.Kakue MeTOAbl HAaHECEHHUS MOKPBITHUIM MCIONb3YIOTCS B PEHOBALMOJHHBIX
nporeccax?

22 .KakoBO Ha3HAu€HUSI W MEXaHWU3M TpoIlecca HAHECEHHs TalbBaHUYECKOTO
MOKPBITUSA?

23.0xapakTepu3yiTe OCHOBHBIE METOABl IJIACTHUYECKOTO Je(hOpPMUPOBAHMS,
IPUMEHSEMBbIE JIJIs1 BOCCTAHOBJICHUS JETajeil.

S. IIporHo3upoBanue IKCIVIYaTALMOHHbBIX CBOMCTB /eTajlell MAUMH M IyTH
aBTOMATH3alUH KOHCTPYKTOPCKO-TEXHOJIOIMYeCKOH MOATOTOBKHU IIPOU3BOACTBA

5.1 OcHoBHBbIC MOAXO0ABI K AHAJTUTHYECKOH OLECHKE U NMPOrHO3MPOBAHMIO
IKCILIYATALMOHHBIX CBOMCTB JeTajieil MallluH

[[Iupokoe UCHONB30BAHUE B TEXHOJOTHM W3TOTOBJIEHUSA JETAJIE MAaIlvH
pa3IMUHBIX MO (PU3UKO-XUMUYECKOW CYIIHOCTH METOAOB 00pabOTKH 00YCIOBUIIO
NOSIBJICHUE PAJIa TEOPETUUECKUX MOJIXO00B K ONMMCAHUI0O MEXaHU3MOB (HOPMHUPOBAHHUS
MOBEPXHOCTHOTO CJIOSl, METOZIOB KPUTEPHAIbHOM OLIEHKH UX 3((HEKTUBHOCTH BIUSHHUS
Ha JKCIUTyaTal[MOHHBIE CBOMCTBA JieTajel, a Takke (DYHKIIMOHAJIBHBIX 3aBHCHUMOCTEH
noKasaTesied KayecTBa MOBEPXHOCTHOTO CJOSI OT PEXUMOB 00paboTku. TpyaHoctu
MPOTHO3UPOBAHUS TEXHOJOTUYECKOTO O0ECHeYeHUs] HKCIUTyaTallMOHHBIX CBOMCTB
JeTajel, CBA3aHbBl HE TOJBKO CO CJOXKHOCTBIO TIPOLIECCOB MPOUCXOASUINX B
HEOJTHOPOJIHOM, HECIUIOIIHOM, Ie()EeKTHOM M aHU30TPOIMHOM MaTepHalie, KaKOBBIM
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SABIISIETCS] 1€(OPMUPYEMBIN MOBEPXHOCTHBIN CJIOW, HO TAKXKE C OTCYTCTBHUEM €IUHBIX
B3[JISIIOB  HAa TMPUPOAY MPOYHOCTH (QOpMHUpPYEMBIX B TMpoiecce 00paboTKu
MOBEPXHOCTHBIX CIOEB U OOIIECTIPUHITON TEOPETUUYECKOU 0asbl, yAOBIETBOPUTEIHHO
OOBSCHAIONIEH MEXaHW3M IMPOIECCOB MPOTEKAIONIMX B 30HE CHJIOBOIO KOHTAKTa.
[logTBEpKIAEHUEM 3TOTO  3AKJIIOUCHHS  SIBISAETCS MPUMEHEHHE JUIsl  OLEHKH
TEXHOJIOTUYECKOr0 00eCleueHUusl KadecTBa IMOBEPXHOCTH M IKCIUTyaTallMOHHBIX
CBOMCTB JeTalied pa3IMYHBIX HAyYHBIX MOJXOJOB U TOJYYEHBIX Ha HMX OCHOBE
aHaTUTUYECKUX Mojenel. Ha naHHbIi MOMEHT Takue MOJEIU B OOJIbIIEH CTENEHU
HOCSIT SMIIUPUYECKUIN XapaKTep.

[Ipu pa3zpaboTke aHAIUTUYECKUX MOJETECH MPOrHO3UPOBaHUSA IPPEKTUBHOCTH
TEXHOJIOTUYECKUX METOJIOB, KaK MPABUIIO, PACCMATPUBAETCS JIBa 3TAIa: MEPBBIN CBSA3aH
C pa3paboTKkoi (pu3znueckoil MojaeIH mpoliecca, BTOpol ¢ e€ pacuéTHol aHaoruei. Ha
NPOTSHKEHUU Pa3BUTHS HAYKM O MeEToAax OOpabOTKM ObLIO MPEUIOKEHO TPHU
OCHOBOTIOJIOTAIONIUX TMOJX0JIa K aHaIU3y MeXaHu3Ma U SBIECHUU (OpMUPOBAHUA
MOBEPXHOCTHOTO CJIOS PA3IUYHBIX TIO CTPYKTYpPE MAaTEpHUaoB: PEHOMEHOJIOTUYECKUH,
MEXaHUUYECKUN U METAINIO(DU3UIECKUIA.

B nocnennue necatusieTus B CBA3U C MOSIBICHUEM HOBBIX TEXHOJOTHI MOy YA
JanbHeiIIee pa3BUTHE Hay4HbIC TMPEJCTaBICHUS O MexaHu3Me (OpMUPOBAHUS
MOBEPXHOCTHOTO CJIOS M €ro BIMSHUM Ha SKCIUTyaTal[MOHHBIE CBOMCTBA JETajei.
[TossBUIIMCH MO/IENIM ONTUMHU3ALIUU U YIIPABIICHUSI IPOIIECCOM 00paOOTKHU.

CyluecTByromme pacyeTHbIE MOJEIM IO OIEHKE IOKa3aTeJed KadyecTBa
MOBEPXHOCTU W MPOTHO3UPOBAHUIO HKCIUTYaTAIIMOHHBIX CBOMCTB MOHO YCJIOBHO
pa3eNuTh Ha JIBa TUIIA - IMIIUPUUYECKUE U TIOTYIMITUPUIECKUE. DMITUPUUECKUE MOJICTU
MPECTABISIOT co0oit MPOCTEUIITY IO MaTEMATUYECKYHO armnmpoOKCUMAaIUI0
HKCIIEPUMEHTAILHBIX Pe3ybTaToB. B HHUX (PU3MKO-MEXaHWYECKHUE XapaKTEPUCTHUKU
CBSI3BIBAIOTCA C TEXHOJIOTMYECKUMHU XapaKTEPUCTHUKAMH TIpoliecca 00pabOTKU yepe3
0e3pa3zMepHbie dMIUpPUYCCKUE KOAIDPUIIUCHTH, HE MUMEIOIINE YETKOro (hU3UYECKOTrOo
CMBICIIa. 3aBUCUMOCTh UMEET, KaK MPaBUJI0, BUJI TMHEHHON UM CTENIEHHOW (PYHKITUH.

[Tonyamnupudeckre MOJIeTH BKIIOYAIOT MapaMeTphl, ISl KaXKI0TO U3 KOTOPBIX
YCTAHOBJICHa CBsi3b € (DU3UKO-MEXAaHWYECKMMHU  CBOMCTBAMU  MaTepHUAasioOB,
XapaKTepUCTUKAMH MPOIECCOB U T. JI. DKCIIEPUMEHTAJIbHAS OLICHKA ATUX MapaMeTpoOB
MO3BOJISIET TPOU3BOJUTH aHAJIM3 pEATbHbIX (Qu3Wdeckux sBIeHUN. PacueTrHble
3aBUCUMOCTH B TIOJIyIMITUPHUUECKUX MOJEISAX CTPOSTCS U3 (PU3NUECKUX COOOpaKeHUMN
C YUE€TOM pa3MEPHOCTEI mapamMeTpoB.

dDenomenonocuueckuit. nooxod. B (HEHOMEHOJIOTMYECKOM TIOJXOJE BCE
TEXHOJIOTUYECKHE TMPOIECChl PACCMATPUBAIOTCA KaK IPOTEKAIOIIME B 3aKPHITOM
«4epHOM situke». [Ipyu 3TOM Bce TemmepaTypHbIe, CUIOBBIC, TEOMETPUUYECKUE U Jp.
XapaKTePUCTUKUA TIPOIleCCa KOHTAKTHOTO B3aUMOJEHCTBUS HEU3BECTHBI, AHAIU3Y
MOJIeKAT JTUIIh HAYaJIbHbIE MEXAHUYECKUE CBOMCTBA TOBEPXHOCTHBIX CJIOEB (BXOIHBIE
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mapameTpbl) U MPOSBICHHAS UMH CTOMKOCTh K YCIIOBHUSIM BHEIIHETO (PH3WKO-MEXaHO-
XUMHUYECKOTO BO3JICUCTBUS HAa HUX (BBIXOJHBIE MApaMETPbl), COOTHOUIEHUE MEKITY
KOTOPBIMH yCTAHABIMBACTCS SMITUPHUCCKH MPU JaOOPATOPHBIX UCITBITAHUSX.

[IpuBnekarenbHOCTh (HEHOMEHOJIOTMYECKOTO MOAX0/1a JIJIsi ONMUCAHUs Mpoliecca
MOBPEXKIAEMOCTH U Pa3pyUIEHUsI TOBEPXHOCTHOTO CJIOS TP AKCIUTyaTalluy CBS3aHa C
JIOCTATOYHOU MPOCTOTOM MOTYUYECHHS] MEXaHUUECKUX XapaKTEPUCTHK U BO3MOKHOCTBIO
OMMCAHUA JKCIUTYaTallHOHHBIX CBOWCTB € MPHU MOMOIIM HECIOXKHBIX AMIIUPUUYECKUX
3aBUCHUMOCTEN BHUIIA

e=1(M, aj),1=1...n, (1.1) (5.1)
rae M — MexaHu4ecKas XapakTEePUCTHKA, aj — SMITUPUIECKUE KOADDUITHECHTHI,

[Ipu »TOoM 00paboTka CBsi3aHa C JOCTATOYHOM MIPOCTOTONW TMOJMYyUEHHUS
MEXaHUYECKUX XapaKTEPUCTUK U BO3MOXKHOCTHIO omucaHus 3¢ dexra oOpaboTKu mpu
MTOMOIIY HECIOKHBIX AIMIIUPUYECKUX 3aBUCUMOCTEN.

[lepBbie AMIIUpPUYECKUE pacUETHBICE MOJCIH IO OLICHKE MOKa3aTejed KauecTBa
MOBEPXHOCTH U HIKCIUTyaTallMOHHBIX CBOWCTB OMHUPAJUCh HAa HJCKO 00 aHaJIOruu
noKa3aresyieil KauecTBa MOBEPXHOCTU U AKCIUTYaTAlIMOHHBIX CBOMCTB C MEXaHUUYECKOM
IIPOYHOCTBIO MarepuanoB. Tak, HarpuMmep, npuMeHss 3ToT noaxon, M.M. Xpyies u
M.A. babuueB ycTaHOBHIIH [255], 4TO JJI1 TEXHUYECKH YHUCTBIX METAJIOB U CTaJIeH B
OTOXOKEHHOM COCTOSIHUM OTHOCHUTENIbHAsi H3HOCOCTOMKOCTh TMpU aOpa3suBHOM
W3HAIIMBAHUM TPSAMO MPOMOPIIMOHAIbBHA MHKPOTBepAocTH Hu, W mpemnoxuiu
CJIeIyIOLIEee YPaBHEHHE JIJISl OLIEHKU U3HOCOCTOMKOCTH € MAaTEPHAJIOB:

e=b.H,, (5.2)

riae b — ko dunreHT MponoPIKOHATBHOCTH, OOIINH I BCEX YKa3aHHBIX METAJIJIOB U
cTajne.
Jns crameid B COCTOSIHUM IMOCTE 3aKaJIKM W OTIYyCKAa Ha Pa3MyHyl0 TBEPAOCTH
OTHOCHUTEJIbHAS M3HOCOCTOMKOCTh HMEET TaKXke JIMHEWMHYI0 3aBHCUMOCTb OT
MUKPOTBEPAOCTH:

£= got+ b (H,u - Ho ), (53)
rae € U Hp — COOTBETCTBEHHO OTHOCUTEJIbHAS U3HOCOCTOMKOCTh U MUKPOTBEPAOCTh
JIAaHHOM CTAJIU B OTOXKEHHOM COCTOSIHUHM; b — K03 (PUIUEHT MPOIOPIHOHATEHOCTH.

DTOT MOJXO0J HE UMEET PBPUCTUYECKON HIEHHOCTH, TaK KaK MHOTHE MPOIIECCHI,
MPOTEKAOIIME HA MUKPO- U ME30YpPOBHSIX, OKa3bIBAIOTCS MPH 3TOM 3aBYyaJMPOBAHBI
OMIUPUYECKUMU KOd(hPUIIMEeHTaMu, MJii KOTOPHIX HE ObUT OMpeaesieH YeTKUU
busngeckuit cmpicia. Kpome TOro mnpu HCHOAB30BAHWM JaHHBIX MOJENEH He
MPUHUMAETCSI BO BHUMAaHUE IJIACTUYHOCTh MATEpPHUAJIOB, KOTOpPasl KaK MOKa3bIBAIOT
UCCJIEIOBAHMUSI TIPU COIMOCTaBJIEHUM HANpUMEpP H3HOCOCTOMKOCTH METAUIOB U
MUHEPAJIOB, UMEIOIINX OJIMHAKOBYIO BEJTMYMHY TBEPJIOCTH, HO Pa3HYIO TUIACTUYHOCTD,
MPUBOJUT K Pa3HUIIC B pe3yjbTaTax MOYTH Ha MOPSAIO0K(M3HOCOCTOMKOCTh METAJIOB
BbilIE B 11,4 paza). Bmecte ¢ Tem aMnupudeckre MOAEIN U3-3a MIPOCTOTHI OJTYYEHHBIX
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dbopMys 10 CUX MOP MpeaIaraloTCs K UCTOIB30BAHUIO MPU Pa3pabOTKE COBPEMEHHBIX
METOJIOB PACUETHOIO MPOTHO3UPOBAHUS OSKCILUIYaTALMOHHBIX CBOMCTB MAaTEpUAJIOB
TEXHOJOTMYECKUMHU METOJaMHU.

Mexanuueckuii no0xo0. MexaHU4ECKUi MOJIX0/ K MOACIUPOBAHUIO IIPOIIECCOB
00pabOTKM MaTepuajoB TMPHUBET K CO3JAaHUIO TMOIYIMIUPUYCCKUX BBIPAKCHHM,
KOTOpBIC Ha MPOTHKEHUU MOCIIEAHEN YETBEPTH BEKA COCTABIISIIOT OCHOBHYIO PACUETHYIO
0a3y s TpoBeNeHUS OIECHOK J(P(HEKTUBHOCTH TEXHOJIOTHYECKOTO OOECTIeYCHUS
KauecTBa MOBEPXHOCTH M SKCIUTyaTallMOHHBIX CBOMCTB JeTaneid. DTO CBSI3aHO, BO-
MEPBBIX, C JOCTATOYHOW MPOCTOTON UCIIOIB30BAHUS MTOTYYEHHBIX 3aBUCUMOCTEN U, BO-
BTOPBIX, C BO3MOXHOCTBKO KAQ4€CTBEHHOTO M  KOJWYECTBCHHOTO  aHAJIN3a
TEXHOJOTUYECKHUX MPOIIECCOB 00OPaOOTKHU.

B MexaHM4eckoM MOAXOJI€ MOBEPXHOCTHBIM CJIOH paccMaTpUBAaeTCAd Kak
CIUIomHOe  AedopMUpyeMOe TBEpAOE TeIo, OTBEUaroIlee 3a  JUCCUITAIUIO
MEXaHUUYECKON HHEPruu yIpyro-miacTuyeckor aedopmainuu, maTepuan KOTOPOro
o0JlajlaeT CTPYKTYPHBIMH OCOOCHHOCTSIMU M (DUBUKO-XUMHUYECKUM COCTOSIHHEM,
OTJIMYAIOIIMMHU €r0 OT MaTepuania, JOKAIU30BaHHOTO B 00bEME, UTO BBIpaXKaeTCs
pa3sHbBIMH 3HAQYEHUSIMA HMX MEXAHUYECKUX XapakTepuUCTHK. JIOrMKa mMOCTpOEeHUs
MOJIYDMITUPUYECKUX PACUYETHBIX MOJICJIEM MO OINPEACICHUIO TOKa3aTeJIed KadyecTBa
MMOBEPXHOCTHOTO  CJIOSI  (OPMHPYEMOr0  TEXHOJOTMUYECKHUMH  METOJIaMH |
XapaKTEPUCTHUK IKCILTyaTaIlMOHHBIX CBOMCTB JIeTallel OCHOBaHA Ha KaKOU-TNOO0 TEOpUHU
WJIM THIOTE3¢ MJIACTUYECKOM JeopMaliui U pa3pylIeHUs, B KOTOPBIX YYHUTHIBAIOTCS
napaMeTphl mpoiiecca aedhopMUPOBaHUs, 00YCIOBICHHbIE KOHKPETHBIMU YCJIOBUSIMU
AKCIUTyaTallK JETalld U MEXaHUKHA KOHTAKTHOT'O B3aUMOICHCTBHSI.

PaccmoTpum, B kadecTBe mpuMepa, psif  PACUECTHBIX MOJEJIEH MO OLIEHKE
TEXHOJIOTUYECKOTr0 OO0eCTeUYeHusT  OKCIUTyaTallMOHHBIX CBOWCTB JCTaJedl MalluH,
pa3paboTaHHBIX HA OCHOBE MEXaHWYECKOT0 MOIX0/1a.

JIns pacuera MHTEHCHUBHOCTH YCTAJIOCTHOro m3HammBanus M.B. Kparenbsckum
pa3paboTaHa pacyeTHas MoOJiellb, OTpakaromas (pESHOMEHOJIOTHYECKOE OIMCaHue
MHKPOKAPTUHBI Pa3pyILICHUSI IOBEPXHOCTHOTO CJIOS:

Jo
(v+Dnd 4, '’
riae h* — makcuMasbHOE a0COTIOTHOS BHEPEHUE MUKPOHEPOBHOCTEH TBEPIOTO TENa; V

(5.4)

— TIapaMeTp KPHUBOH OMOPHON MOBEPXHOCTH; N — YHCJIO IUKIIOB A0 paspymicHus; d —
TUaMeTp MATHA Kacauwsi; A¢) — miomaas (pakTUYeCKOro KOHTaKTa,; Ak — KOHTypHas
MJIOIIA/b IIOBEPXHOCTH KOHTAKTA.

B nanHHOW MojaenM KOJWYECTBO M3HOIIEHHOIO MaTepuana CTaBUTCA B
3aBUCUMOCTh OT 00beMa, BHITECHEHHOTO U3 IMTOBEPXHOCTH MaTepurasa Ipu BHEIPEHUHU B
HEE TBEPABIX BHICTYNOB KOHTpTENA. CIIOXKHOCTh NPAKTUYECKOTO MPUMEHEHHUS TaHHOU
MOJICNIA OOBACHSICTCS TEM, YTO ONpeae/ieHHe 3HaueHui A, h* u mojcraHOBKa MX B
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BBIDAKECHUE JAET TPOMO3JKHAE W MAaJONPUTOJHBIE I HWHKCHEPHBIX PACUYETOB
BBIPAKEHUSA, XOTS M IMIO3BOJISIET KAYECTBEHHO ONPEACIUTh BIMSHUE Pa3IMYHBIX
MapaMeTPOB HA UHTEHCUBHOCTh W3HAIIMBAHUS MATEPHUATIOB.

PaccmarpuBas mMexanu3M (OpMHUpPOBaHMS TMOBEPXHOCTHOIO CJIOS B IIpoliecce
[TITJ] c mo3uiuii MexaHuku crutomHbix cpeg B.M. Cmensuckuii u B.A. biatomeHireitn
CUMTAIOT, YTO JIJISl PEIICHUS MPAKTUUECKUX 3a/1ad HET HE0OXO0IUMOCTH paccMaTpUBaTh
(GU3UKO-XMMHUYECKHE W3MEHEHUS B METAUIE W MPEJIaraloT BEIUYUHY YIPOYHCHHS
MeTaJljla MIOBEPXHOCTHOTO CJI0S OMPEAEIISTh TyTEM BBISIBIICHHS 00JIACTH MJIACTUYECKOTO
TEUCHHUSI, U YCTAHABIMBAIOT B 3TOM 00JIaCTU TPACKTOPUHU JIBUXKEHUST YACTHUIl METAILJIa 32

Bech LUKI Aepopmaruu casura [. Ilpm 3TOM wHCMONB30BaTh HE KPUBYIO (7( &)

pAaCTSDKEHHSI-CKAaTHsI, a KPHUBYIO TMpenenbHoil muactuyHoctd [ ,(11) (puc. 5.1)
ITOJTyYE€HHOW HAa OCHOBE THUIIOTE3bl «EIUHON KPUBOM.

V'

2 \
CTane 45

i 41

18 \

as

-t2 -gf ~av © 7

Puc. 5.1. Kpusble npenenbHON IIIaCTUYHOCTH

Hakomnennass Takum o06pa3om jaegopMaiius SIBISIETCS OCHOBHBIM IOKa3aTesieM,
OHpeI[e.]'IHIOH_[I/IM ynpqueHHe MeTaJ'IJ'Ia, KOTOpaﬂ OHpeI[eJ'IHCT CTCIICHb HC‘{epHaHHH
pecypca IUIaCTUYHOCTH ¥ W OCTaTOYHBIX HamnpsbkeHud O °. Ilpu TtakoM moaxone
kputepueM 3(G(HEKTUBHOCTH YIPOUHEHHUS SBISIETCS CTENEeHb HCUEpIaHus pecypca
IIJIACTUYHOCTHU l//

v _i dr 7 o - o
) T J3 (55)

rae /1 - mokasarenb HanpsKEHOTO COCTOSIHUSA; O - TUAPOCTATUYECKOE NAaBJICHUE.
0 _
(o} —Gm-l-Gy (5.6)
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rae Oy, - HalpsDKeHUsl IpH IUIacTU4ecKoil aedopmanuu; O, - ynpyrue HanpsKeHMs,
KOTOpble MOrIM Obl  BO3HUKHYTh TIOJ  JCHCTBHEM BHEIIHEH  HArpysku
IIPOTUBOIIOJIOXKHOTO 3HAKA.

Pacuer HakomieHHOW nedopManuy MPOBOIUTCS CyMMHPOBAHUEM 3JIEMEHTAPHBIX
npupameHuid aedopMaii, KOTOpPbIE OIMPENessIoTCs MyTeM H3MEpPEHHUs pPa3HOCTH
apaMeTpPOB COCETHUX sIU€EK KOOPIUHATHON CETKH.

n
I'= AT (5.7)
=
Takas Meronuka pacdera pecypca IUTACTUYHOCTH ¥/ , Y4YUTHIBaeT 3(dext
3aJeurBaHus ACPEKTOB METalia MpH MepeMeHe 3Haka aedopmannu, 1 mpeanoaraer,
YTO KPUTEPUH pa3pyIICHUs UMEET BU:

L L-1 1—- l//.a—l
vy =2 =2\ T ) =] (5.8)
i=1 i-1 —V
rae L- ducino stanoB aeopmMupoBanus (st 0OKaThIBaHUS U BhITTIaxuBanus L=3); a -
KOO PUIIMEHT,  YUYUTHIBAIOIIMNA  CIOCOOHOCT,  MeTallla K 3aJCUUBAHUIO
oOpa3zoBaBmIUXCA B Tmponecce Jnepopmanuu aAedEeKTOB MNpH MEpeMEHE 3HaKa
nedopmaruu (BennuuHa, oopatHas kodpduurenty Mencona- Kopduna).
HccnenoBaTensMu yCTaHOBIEHO, YTO BH3YalbHO IIENYIICHHE MOBEPXHOCTU

HaOmoaeTcsi, €cid, [0 O4YepeJHOro KOHTaKkTa oOpabaThIBAIOIIEro Tela C
IOBEPXHOCTHIO B MeTaste Hakomutes ¥/, ~ 0,4+0,5,

ABTOpBI 3TOW TEOPUM HA OCHOBE MCIOJIB30BAHMUS pPECypca IUIACTUYHOCTH B
KauecTBe KpuTepus 3(P(HEKTUBHOCTH YNPOUYHEHHUsS pa3paboTalii METOAUKY pacuera
TEXHOJIOTUYECKHUX PEKUMOB B 3aBUCUMOCTH OT (PU3UKO-MEXAHUUYECKUX XapaKTEPUCTUK
ynpouHeHHoro cijost mpu III1J] kBasucrarnueckumu Metogamu (OOKaThIBaHUE,
BBITJIAKUBAHUE) U OLICHKH JOJITOBEYHOCTH JICTaJIH.

JIns KOMIUIEKCHON OIICHKH BIMSHUS (PU3MKO—MEXaHMUECKUX TIO0Ka3aTesei
Ka4yeCTBa IMOBEPXHOCTHOTO CJIOSI YIPOUYEHHOIro AuHamMudyeckumu meronamu III1J] Ha
YCTaJOCTHYIO MPOYHOCTS jAeTaneil B.A.JlebeneBbiM, Ha OCHOBE aHAJM3a PACIIOIOKEHUS
AMIOP M3MEHEHHUS MO CEUYECHHUI0 MEXAHMYECKHX CBOMCTB, OCTATOYHBIX U PabO4MX
Hanpsbkenui (Puc. 5.2), pazpaborana cienyronias pacdé THO—aHATUTHYECKAsT MOJICITh

I o kaky 59)
v ucx 2hyx '
o_ _ZHA
1 1 S

n .
re o 1p , 019" - mpenen BBHIHOCIMBOCTH YIPOYHEHHBIX U UCXOIHBIX 00PasLoB; K-

KO2(phULIMEHT, XapaKTepU3yIOUi OTHOIICHUE NMPEeTbHON aMIUTUTYAbl HAIIPSHKSHUM
NPU aCCUMETPUYHOM IUKIIE K MPENeily YCTaJoCTH MpU U3ruoe; k- Kod(uiment

IpUpOCTa MUKPOTBEpAOCTHU; h, - TIyOWMHA YNPOYHEHHOTO CIJIOS; S - TOJIIWHA
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oOpasma; y - mapameTp npeoOpa3oBaHWs, YYWUTHIBAIOIINNA HECOBIMAJEHUE TITyOWHBI

3aJICTaHUS OCTAaTOYHBIX HaHp}I)KCHI/Iﬁ u I‘JIY6I/IHI>I HaKJIEMa.
k,=15

’ O 112 H,.Tia
-400 -200 -100 0 100 200 08 10 172 14|16 L8 O'/O'ETB X
R o R f o
1
1 — 2 hl
? /
er Ao, =
+Ao, =k,AH
S | ~A%
h i
4= 4
57
S, MM A Ocb osPO3LO

Y

Puc. 5.2. I'pado—pacuétnas cxema, packpeiBaromas 3pdekt yrnpounenus: 1 - smropa
pacrpesiesieHds MPeAesioB yCTATOCTH MO TOMEePEeYHOMY CEUYEHHUIO, MOCTPOEHHAs IO
KPUBBIM pacCIpeeieHus] MUKPOTBEPAOCTH; 2 - SIIOpa PACIPEICICHHS] OCTATOYHBIX
HaMpsHKEHUH B TIOBEPXHOCTHOM CJIO€, TMOJY4YEHHAs OJKCIEPUMEHTAIbHO WJIH TIO0
AHAJIMTUYECKUM 3aBUCUMOCTSAM; 3- OIIOpa paclpeienieHd TMpEeAesioB YCTaloCTH
MHUKpPOOOpa3IoB, BRIPE3aHHBIX W3 PAa3HBIX 30H 0 CCUCHUIO JACTANH, C YUYETOM BIUSHUS
OCTAaTOYHBIX HAMNPSOKCHWA W yHPOYHEHHWS OT HaKIEna; 4- smiopa pacmpeneiieHus
pabouux HaAMPS>KEHUH.

JlanHasg  pacu€THO—AaHAJIUTHUYECKAsT  MOJEIb MO3BOJISIET HA  CTaJguu
npoektupoBanust omeparuu  [II1J]] KOMIUIEKCHO OLIEHUTH BIUSHHE (PUZUKO—
MEXaHUUYECKUX XapaKTEPUCTHUK IMOBEPXHOCTHOTO cJios, (GOPMUPYEMBIX B TpoIiecce
YIPOUHEHHUS! Ha TOBBIIICHUE YCTAJOCTHOM MPOYHOCTH JeTalield, U TaKuM 00pa3om,
OueHUTh npuemseMocts Metona I/l nna ynpounenus neranu. Jlis ompeneneHust
nmapamMeTpoB ypaBHEHMs, B UYAaCTHOCTH TJIyOMHBI ¥  BEJIWYMHBI TPUPOCTA
MUKPOTBEPAOCTH, a TaKKe 3HAUCHUN OCTAaTOYHBIX HaMpsKeHU (I pacudera
kod(ddurmenTa mpenenbHbIX aMIUIATY] HaMpsDKeHWi), HEoOXOIWMO B apceHale
TEXHOJIOTA WMETh PACUETHhIC 3aBUCHMOCTH, YCTAaHABIWBAIOIIUE CBSI3b (U3HKO—
MEXAHUYECKUX  XAPAKTEPUCTUK TIMOBEPXHOCTHOTO CJIOA OT TEXHOJIOTHMYECKUX
napaMeTpoB Ipoliecca YIPOYHEHHUs, U KOTOpbIe B 000OIIIEHHOM BHUJI€ MOTJIM OBl OBITH
IpuMeHeHsb! K rpynne meronos IIII/I, B OCHOBE KOTOPBIX JEKUT €IUHBIM MEXaHU3M

(dbopMupoBaHUs OBEPXHOCTHOTO ciiosi. B padorax O.B.PenkoBa, A.I'.Cycnosa[10,11],
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Ha OCHOBE MEXaHUYECKOT0 MOX0/1a MIPUBOAUTCS KOMIUJIEKC IMIIUPUUECKUX MOAENEH 1O
OIICHKE BJIMSHUS  PA3IMYHBIX TEXHOJOTHYECKUX METOJO0B  00paboTku Ha
JKCIUTyaTallMOHHBIE CBOWCTBA JETAJIEM MAIIWH, TAaKUX KaK M3HOCOCTOMKOCTb,
YCTaJOCTHAs MPOYHOCTh, KOPPO3HUOHHAS! CTOMKOCTb.

HecMoTpst Ha npo6IieMbl, CBSI3aHHBIE ¢ paCYETOM B MHKEHEPHOU MPAKTUKE, ITU
MOJENH IO CUX TOp NPEACTABISAIOT UHTEPEC ISl MHOTUX MCCIIEI0OBATENEH, HEIPEPHIBHO
Pa3BUBAIOTCS HOBBIE METO/IbI OIIEHOK IMapaMETPOB ATUX MOJIENECH.

Memannoguszuueckuii nooxod. Metamnodusznueckuii Moaxoa B OCHOBHOM
UCIIOJB3YETCSI MHOTUMU MCCIIEIOBATENSIMU JIJIs1 YCTAHOBJICHUS U aHAJIN3a CTPYKTYPHO-
($a30BBIX SBJIICHUNA, MPOTEKAOIINX B IMMOBEPXHOCTHOM CJIO€ W 00ECIIEUHBAIONINX €TO
abdexTuBHyI0 dKcmuTyaTanuio. C puandeckoit TOYKH 3pEeHHs], TOBEPXHOCTHBIE CIIOU
JeTajnell MPeACTaBISIOT KOHAECHCUPOBAHHYIO CpENy, COCTOSIIYI0 U3 COEOUHEHHBIX
MEXIy COOO0W pa3TUYHBIMU CBSI3SIMHU (KOBAJICHTHBIMU, HOHHBIMH, METALTHYECKUMU U
Jp.) aTOMOB M MoJIeKyJ. [IpUMEHUTEILHO K ONMUCAHMIO MPOIecca IJIACTUYECKOM
nedopManu ¥ pa3pyiieHus: METaUIOB MPH SKCIUTyaTallid 3HAHUS U3 IaHHOW 001acTH
MIOMOTAlOT YCTAHOBUTH HA MUKPOYPOBHE CBOMCTBA PA3IUYHBIX 1€PEKTOB, IPUPOTY UX
0o0pa3oBaHus U MUTPAIMU, BOBMOKHOCTh HAKOIJICHUS] M aHHUTUJISIIIUM, XapaKTePHbIC
MacuTadbl U T. II.

Meramiorpadguueckuii ¥ PEeHTTCHOCTPYKTYPHBIM  aHAIM3bl MAaTEpHUaJioOB,
MOABEPracMbIX BHEIIHUM CHJIOBBIM BO3ACHCTBHSIM B Pa3UYHBIX YCIJIOBHSX
SKCIUTyaTalliM TOKa3aldh, 4YTO IMPOIECC HKCIUTyaTalluu AETaleil COMpPOBOKIAETCA
CYIIECTBEHHBIMU U3MEHEHUSIMU CTPYKTYPhI U CBOMCTB TOHKUX MOBEPXHOCTHBIX CIIOCB
Ha MUKpOYpoBHE. B pe3ynbTaTe mpoBEeAEHHBIX B 3TOM HAMPABJICHUU HUCCIEIOBAHUM
MCCIIEIOBATEIISIMU BBISIBJICHBI JOMUHUPYIOIINE JJISl Pa3IMYHBIX YCIOBUM SKCIUTyaTalluu
BUJIBI  N€PEKTOB W  JUCCHUNATUBHBIE  JHUCIOKAIIMOHHBIE  CYOCTPYKTYPBHI,
CaMOOPTaHMU3YyIOIIMECS  TPH  OKCIUTyaTalldd  Ha  OMpENeJIeHHOW  IIyOuHe
MOBEPXHOCTHOTO cjod. [Ipu 3TOM OAHO W3 JAUAUPYIOUIMX TMOJOXKEHUM Mpuodpena
JUCIIOKAITMOHHAST TEOpHUsl YCTAJIOCTHOTO pa3pylieHus matepuanoB. OOBEKTUBHOCTH
JIMCIIOKAIIMOHHOM Teopur OOYCJIOBJI€HA TEM, 4YTO B MPOIECCEe MOBPEKIAEMOCTH
MPOUCXOJUT MOCTENEHHBIA POCT TUIOTHOCTU AUCIIOKAIUM, MAaKCUMAaJIbHOE 3HAUYCHHE
KOTOpOM B MaTepuaje HaOII0J1aeTcsl HEMOCPEACTBEHHO Mepea pa3pylieHueM (10
1011...10*2 cm?). PaspymieHue MaTepuana IIOBEPXHOCTHOIO CJIOS HACTYNAeT IIpU
JOCTUKEHMH TIOTHOCTH Auciokaumii p= 0,5 X 101°cx 2 uto no3pomnsger npuHATH 5Ty
XapaKTepUCTUKY KaK BHYTPEHHUN TMapaMeTp, KOHTPOJUPYIONIUN yCTaJI0CTHOE
paspylieHue.

OtMeuast BeIyIIyI0 poJib TUCIOKAIMI B MPOIECCe MIACTUYECKON aedopMaiiuu
MaTepHayioB U 00pa30BaHUS 3aPOJBIINICBHIX TPEIINH, HEIb3sI HE YUYUTHIBATh BIIMSHHE
npyrux nedextoB. O0 000CHOBAHOCTH 3TOTO BBIBOJA CBEACTEILCTBYET CICTYIOIINN
npumep. Bce kpuctammmyeckue marepuainbl 00J1ajal0T BEChbMa BBICOKOUM TUIOTHOCTHIO
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BAKAHCHH, TOXOMALIEH B CUIBHO HakiIenaHHbIx Matepuanax no108..10'° atomos/cm™,
CToJb BBICOKAs IIOTHOCTh TOYEYHBIX Ae(EKTOB OOYCIOBIMBAET BO3MOKHOCTD YUCTO
BAKAHCHOHHOTO MEXAHM3Ma IIOSIBIEHHS MHKDOIOp, CIUSHHE KOTOPBIX MOXKET CTATh
0YaroM TPELIMHBI, & TAKIKE LEHTPOM aAcOPOLMU WM OKUCIeH . CKOPOCTH JIBHKEHHS
BAKAHCHI HEBBICOKH, HO BAKAHCHH CIIOCOOHBI 00bEMHSATECS B yCTONUMBBIE KOMILIEKCHI
(IMBaKaHCUM, TPUBAKAHCUM W JP.), MOABMXKHOCTH KOTOPBIX MOMET OBITH BEChMa
BBICOKOW. KpoMe TOro, BakaHCHM BCTyNalOT B AKTUBHOE B3aUMOJIECHUCTBUE C
JUCIIOKAIMSME, CO37[aBasi BOKPYI HHX ompezeleHHyro armocdepy. I[lo wmepe
neGOPMHUPOBAHUS MAaTEPUAIOB IOMUMO HAKOIUIEHHS JHUCIOKALMA U BAKAHCUH B HMX
IPOMCXO/IAT IOJUTOHU3ALMS, TEKCTYPUPOBAHHE, H3METHUEHHUE 3EPEH U JIP. MPOIIECCHL.
XapakTepHoil 0COOEHHOCTBIO MaTepHalia MOBEPXHOCTHOIO CJIOs SBISAETCA HAIMYUE
TEKCTYpBI, BBI3BIBAIOIIEH AHM30TPOIUIO €r0 MEXaHHYECKUX CBOMCTB. JlanHas
aHM30TPOIUS SABISETCS BTOPHYHOM, T. €. PE3YJILTATOM ILIACTUYECKOM aehopMauu
MaTepHana B 30He (paKTUUECKHX IATEH KOHTAKTa B3aMMOICHCTBYIOIIUX TBEPIBIX TEIL.
HecmMoTps Ha ycmexu B METALIOPH3MYECKOM M3y4E€HHM IIOBEPXHOCTEH,
SKCIUTyaTUPYEMBIX B Pa3IMYHBIX YCIOBHAX, B TEXHUYECKOM JUTEPATYPE OTCYTCTBYIOT
CBEJICHHMS O DPACYETHBIX MOJEISAX HANPAMYIO YYUTHIBAIOMIUX SKCIIEPHMEHTATbHEIE
JIaHHBIE CTPYKTYPHOIO MUKPOAHAIN3a MOAU(PUIIMPOBAHHBIX MOBEPXHOCTHBIX CIIOEB
AHAJINTUYECKHE OLEHKHM IapaMeTpoB MoBpexaaeMocTH. OIHAKO BaKHas pOJIb
0COOEHHOCTEN CTPYKTYPBI U CBOMCTB MOAM(DUIMPOBAHHBIX B IMPOLIECCE IKCILTYaTallMH
IIOBEPXHOCTHBIX CIIOEB B KHHETUKE MX PaspylleHHsi TpeOyeT 00s13aTeNbHOIO yuera B
PacYETHBIX MOJENAX €CIM HE HPSAMBIX CTPYKTYPHBIX XapaKTEPHCTHK, TO XOTS ObI
CTPYKTYPHO-4yBCTBUTEILHEIX MApPaMETPOB. B KauecTBe NpuMepa HCIOIb30BaHUS
METAIIO(HU3NIECKOTO MOAXO0AA K MPOrPO3UPOBAHMIO DKCILTyaTAIIMOHHBIX CBOMCTB
MOYKHO TIPUBECTH PETPECCHOHHYIO PACUETHYIO MOJENb IS OLEHKH BECOBOIO M3HOCA
nBYX(a3HOTO MOJMKPUCTAIIINYECKOTO MaTepraa, NpeACTaBIeHHyIo B padore [8 ]
(6.4+d-4,/5)"
HBl-75d2b2(pr—po)2

Jn =ay+ ay (me), (5.10)

TIE Qg, Ay~ KOIPPUIMEHTBI PErPECCUM;  P,,~ KPUTUYECKOE 3HAYEHHE IUIOTHOCTH
JUCTIOKAUi, M2, § —pa3Mep 4acTul BTOpoi (as3bl; HB — TBEpAOCTh MOBEPXHOCTH
Tpenus; d —pasmep 30HbI ciBura; b — Bektop Broprepeca; A = mwd?/A®- KoHIEHTpaLHs
YacTHIl BTOPOH ¢a3bl; A — pacCTOSHHUE MEXY YaCTUI[AMHU.

HecmoTps Ha TO, 4YTO HCHOJB30BaHUE METALIOPHU3UYECKOIO MOAXOJAA K
M3YUYCHHID MEXAHU3MOB CTPYKTYPHOM Jerpajallid MOBEPXHOCTHBIX CIIOEB MpH
AKCIUTyaTallMM CBSI3aHO C OOJBIIMMHU TEOPETUYECKUMH M 3KCIEPUMEHTAIbHBIMU
CIIO)KHOCTSIMH, TI0 CBOEW CyTH OH sIBJIseTCS MHorooOemamomuM. Ero nanpHeiiee
pa3BUTHE CBA3AHO C U3YYEHHEM CHHEPreTUYECKHUX SIBJICHUM U YCTAHOBJIICHUEM CBS3H

MEX/Iy MPoIeccamu, MPOTEKAIOIUMH Ha Pa3HBIX MACIITA0OHBIX YPOBHSIX.
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Dnepzomexanuueckuit noOxo0. DHEProMEXaHUYECKUH TMOJXO0J OCHOBaH Ha
000CHOBaHUY PHEPTETUYECKUX 3aTPAT BHEITHETO CHJIOBOTO KOHTAKTHOTO BO3JICHCTBUS
Ha MaTepual ¢ 1eabio GOPMHUPOBAHUS Ha MMOBEPXHOCTH AP (HEKTUBHBIX, C TOYKH 3PEHUS
obOecniedueHrss TpeOyeMBbIX OJKCIUTyaTallMOHHBIX CBOMCTB, TIOKa3aTeliell KadecTBa
MOBEPXHOCTHOTO  cJiosl  nmeranei. JlaHHBIH  TIOJAXOJ  MPUBICKATENCH  CBOCH
YHHUBEPCATBHOCTHIO JUII OLIEHKH TEXHOJIOTHYECKOTO 00eCIeUeHHS IKCIITyaTal[MOHHBIX
CBOWMCTB JeTaJieli MalliH W TIO3BOJISET TMOJYYUTh IMOJTYIMIICPUIECKHUE  MOJCTHU
YIPABJICHHS MPOIIECCOM 00pabOTKH MyTEM M3MEHEHHS TEXHOJIOTHYECKUX PEKUMOB.
O0600MIEHHO YHEPTOMEXAaHUICCKUN TTOIX0 MOXKHO MPEJCTABUThH B BUJIC

Ap = [ F,(v, B, m,R,05)0h + fy F2(v, B, m, R, 35)0h, (5.11)

. .. F5- cuma
rae h, — rryOmHa JTyHKH, 0OYCIIOBJICHHAS IUIACTHYECKOM IedopManuei;

racTudecko nedopmanu B (QyHKIMH OT TOKa3aTeleld KadecTBa TOBEPXHOCTH
Martepuana; A, - yaeibHas padboTa MmiacTuueckoil redopmaiumu.

[Ipumenss sror noaxoxn B.B.lerpocoB [9] mpoBén aHanm3 SHEPreTUYECKOTO
OamaHca Tmpolecca BHeIpeHUs oOpabarpiBalollero Tela B 00pabaThIBaeMylo
MOBEPXHOCTH!

3y = Onro + Omp + 0 + 36 + 0, (5.12)

rae O,- SHeprus ynapa; 3, - SHEprus, 3alaceHHas B TeJe JETald B PE3yJbTare
IJIACTHYECKOU Jiepopmalyu, 3J,,, - SHEPTHs, 3aTpaYUBaEMast Ha TPEHUE, I, - FHEPTH,

HJIyIasi Ha TIPEOI0JICHIE KUIKOCTHOM IJICHKH, J, - BOIHOBAsI SHEPTHSA, 3,

- SHEPTHUS
YIIPYTOTO BOCCTAHOBJICHUS.

OH yCTaHOBWJI MOJYIMIUPUUYECKYIO (GOPMYITy i OMpeAeNieHus YIeIbHOU
paboThl HEOOXOMMMOM Jii OOECIEeUeHUs TMOBBIMICHUS IKCILUTyaTallUOHHBIX CBOWCTB

JeTajel B MpoIecce uxX rupoapo0ecTpyHHOro YIPOUHCHUS:
A=262-10°-n’w T 1D, (5.13)
Dnﬂ 0.

rne- "o = - KO3 QUIMEHT TpOoNopHHOHATBHOCTH; D, , - Iuamerp 30HBI

Y

miactuueckoii nedopmanun; @ 4 - K03 OUIMEHT, yUUTHIBAIONINIA PEaIbHBIE YCIOBHUS;

Tn - BCJIIMYMHA MHHUMAJIBHBIX KaCaTCIIbHBIX HaHpH)KeHHﬁ, HCO6X0)II/IMBIX JIIsL

JIBWOKCHUS JMCIOKAIMU; &, = - MHTEHCHBHOCTH gaedopmamum; D- muamerp

D
oOpabaTkIBaOIIETO Tea.

J1J1sl OLIEHKU COTIOCTaBUMOCTH BJIMSIHUSI TEXHOJIOTUYECKUX PEKUMOB M CIIOCOOOB
YOPOYHEHUS Ha DKCIUTyaTallMOHHBIE CBOMCTBA JIeTaeH 1eIecoo0pa3Ho UCIOIb30BaTh
00001IIeHHbIE KPUTEPUU, KOTOPHIE, C OJTHON CTOPOHBI MOTJIM ObI OTPa’KaTh MPOIIECCHI,

MPOUCXOISINNE MPHU TUIACTUYECKON edopmaIuu, a ¢ Apyroi - 00beAUHITH OCHOBHBIC
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napaMeTpsl 00paboTku MOBepXHOCTH .KOMITJIEKCHOM XapakTEepUCTUKON CTPYKTYphI U
CBOMCTB NOBEPXHOCTHOTO CJIOSA IOCIE YNPOYHEHHMs SBIIAETCS BEIWYMHA 3alIaCEHHOU
(umu CKpBITOM) SHEpruu NehOopMUPOBAHMS, KOTOpas MPOMOPLHUOHAIbHA TUIOTHOCTH
00pa3yroIuXCcs CTPYKTYPHBIX 1e(peKToB. JleQeKkThl CTpoeHUs (BaKaHCUH, JUCIOKALUH,
rpaHulpl OJIOKOB M [p.) MCKaXalOT KPUCTAUIMUECKYIO PELIETKY, CO3/al0T B HEH
JOCTATOYHO YCTOWYMBBIE YIPYTHE I10JIS HANPSDIKEHUN, KOTOPBIE COXPAHAIOTCS IOCIIE
nedopmupoBanus. Hampumep, M.J[.I'€eHKMHBIM Ha OCHOBE MPEANOJIOXKEHUS, YTO
DHEPIUs, 3alaCEHHAs B IOBEPXHOCTHOM CJIOE€ METAILIA, TPONIOPLHOHAIBHA KOJIMYECTBY
KMHETUYECKOW DHEPTUM IOABOAMMOM K ITOBEPXHOCTH METAJUIA B IIPOLECCE CUIIOBOTO
BO3JICMCTBHSI Ha HEE MPEIJIoKEeH OOOOIIEHHBII KpUTEPUN OLEHKH pPEKUMOB
IpoOeyJapHOTO YIPOYHEHHUS B BHJIE BEJIMYMHBI YAEJIbHOM KHHETUYECKOW 3HEPIUH,
coo011aeMoi poObIO €NHHULIE TOBEPXHOCTH B €IMHUILY BPEMEHU:
2
E,= —f;? , (5.14)
n
Vﬁ

rae Q- pecosoit pacxon ApoOH B €IMHMILY BPEMEHHU; -ckopocth apobu; & -

YCKOpPEHHE CBOOOHOTO MaJCHUS; S -IUIONIA/Ib TIOBEPXHOCTHU YIPOUYHAEMON MOTOKOM
poowu.

KomudecTBo 3HEpTUH, KOTOPOE COOOMIAET IPOOH SIUHHUIIE ITOBEPXHOCTH 3a BPEMsI
00paboTKH 7, COCTABUT:

E=E, . (5.15)

OTOT MOAXO0 A MO3BOJISIET MTPOBOJIUTH ONTUMU3AIUIO YPHEPTOCUIIOBBIX U TEXHUKO-
HPKOHOMHUYECKHUX TMOKa3aTejaeii MeTo/I0B 00pabOTKH, MPUHSITHIX I TEXHOJIOTUYECKOTO
dbopMmupoBaHUs ~ TOKa3zaTeJled  KauecTBa  TOBEPXHOCTH,  OOECIEeYMBAIOIINUX
¢ PexkTHBHYI0 PabOTOCHOCOOHOCTh JETadl B COOTBETCTBUM C TPEOOBAHUSIMU K €€
dKCIUTyaTari. B paMkax Takoro mojaxoj/ia Ha OCHOBE YCTAHOBJICHHUS CBS3EH CHIIOBBIX
(bakTOpOB TpoIecca ¢ MOKa3aTesIMA KadecTBa M AKCIUIyaTallHOHHBIMU CBONCTBAMHU
JIETaJH, TIOSBJISIETCS BO3MOKHOCTh 000CHOBAHHO ITOJJOMTH K BBIOOPY TEXHOJIOTHYCCKUX
pPEKUMOB 00pabOTKH, HCIOJIB3YyS B KAueCTBE KPUTEPHUS WM SKCIUTyaTallMOHHBIC
TpeOOBaHMS K JACTAIA WU TIOKA3aTeNN KauyecTBa €€ MOBEPXHOCTH.

Pesynmbrarhl  TEOpETHYECKMX M DIKCIEPUMEHTAIBHBIX  HCCIICIOBAHMIMA
MPOBEICHHBIC C MCTOIB30BAHMEM YHEPTrOMEXaHHMUECKOTO TI0IX0/1a M TIOJTyYCHHBIC ITPU
OTOM MOJCIH TEXHOJOTHYECKOTO OOECICUeHUs KadecTBAa TOBEPXHOCTH U
OKCILTyaTaIllMOHHBIX CBOWMCTB JIETajJCH SIBUIMCH OJHOW M3 HMCXOTHBIX IPEANOCHUIOK
pa3paboOTKH U pa3BUTHI SHEPTETUIECKOTO MOAX0/1a, 0a3UPYIOIIETOCs Ha COBPEMEHHBIX
JTOCTIKEHUSIX B 00J1acTH (DU3UKH TBEPJOTO TEa.

Iuepzemuueckuii nooxod. CoCTOSHUE IUIACTUYECKUA ASPOPMUPOBAHHOTO B
mpoiiecce 00pabOTKM W IKCIUTyaTallMd Marepuaja SBISETCS HACTOJBKO CIIOXKHBIM U

167



HEOJHOPOJIHBIM JIaK€ B OYEHBb JIOKATBHBIX MHUKPOOOBEMax, YTO ATO COCTOSHHE HE
BCETJIa MOKHO aJIeKBaTHO XapaKTEePU30BaTh OJHUM MEXaHUYECKUM WU (HU3UIECKUM
MapaMeTPOM WIIM CBOMCTBOM. B 3TOM CBSA3M B MOCJIEAHUE FOJAbl MHOTHE UCCIIEI0BATEIN
JUIsL ONKMCAaHUS U OIEHKHU IMPOIIECCOB IJIACTUYECKON aepopManvd W pa3pyllieHus
TBEpPJBIX TEJl BCE yalle O0OpallaloTcs K HSHEPreTUYecKUM mapameTpaMm. B kauectBe
DHEPreTUYECKUX  MapaMeTpPOB  BBICTYNIAIOT  OCHOBHBIE  TEPMOJUHAMUYECKHE
XapaKTepUCTUKU MaTepuaja MOBEPXHOCTHOIO CJIOS: SHEPIHsl, SHTPOIUS, TEMIIEpaTypa
U T.]I., & paCUETHBIC 3aBUCUMOCTH JIJI1 IPOTHO3UPOBAHUS IKCILTyaTaIl[MOHHBIX CBOMCTB
JieTajel MallliH CTPOSIT Ha OCHOBE YpaBHEHUS OaniaHca YHEPTUM (SHTPOIUH)

HNHTEepec K MUKPOCKONMUYECKUM aKTaMm oO0pa3oBaHus AehEKTOB OOYCIOBICH
MPEXKIE BCErO TEM, UTO MEXKIY MTOBEICHUEM MATEPUAJIOB HA MUKPO- U MAaKpPOYPOBHSX
CYLIECTBYET TECHas B3aWMOCBS3b. YCTAHOBUTh 3Ty CBA3b MOKHO Ha OCHOBE
HHEPreTUYECKOr0 TMOJX0Ja, Oa3upyIOMIerocss Ha TEPMOAMHAMUYECKON Teopuu
MPOYHOCTH U pa3pylieHus: TBepAbIX Tea. COorjlacHO 3TOW TEOPUH MOSIBJICHUE KaXKI0TO
nedexra BiedeT 3a COOOM COOTBETCTBYIOIIEE WM3MEHEHHE OOIIEro COCTOSHUS
MTOBEPXHOCTHOTO CJIOSI, XapaKTepU3yeMOro BHYTPEHHEN HSHEpPruedl W SHTpONUEH, a
MOBEPXHOCTHBIN CJIOM MOXHO pacCMaTpuUBaTh KaK OTKPBITYI0 TEPMOJUHAMUYECKYIO
CUCTEMY, CIOCOOHYIO OOMEHUBATHCSI SHEPTHUEH U BEIIECTBOM C OKpYKArOIIEH Cpeon.
Hanuurie copOIIMOHHBIX MPOIECCOB HA MOBEPXHOCTU MATEPUAJIOB JIENIAET UX CXOKUMU
c MeMOpaHaMy, HO, B OTJIMYUE OT OOBIYHBIX MEMOPAHHBIX CHUCTEM, MOBEPXHOCTHBIN
CcJIoi 001a/1aeT elle ¥ OO bEMHBIMU XapaKTEPUCTUKAMHU U, CJIE0BATEIBLHO, KOMILJIEKCOM
COOCTBEHHBIX WHTEHCHUBHBIX XapaKTEPHUCTHUK. B pamkax sHEpPreTH4ecKoro mojaxojaa
CTaJI0 BO3MOXXHBIM MOJb30BaThCA OOIIMMHU MOHSTHUSIMU M HCIOJIb30BAaTh MapameTphl
COCTOSIHUSI, TIPUTOHBIC JIJII OMUCAHUS JTIOOBIX MAKPOCKOMUYECKUX CUCTEM, a TAKXKE B
yao0HO# (dopme, yepe3 U3MEHEHHE TEPMOJMHAMUYECKHUX MMOTEHIIMAJIOB, YUUTHIBATH
aJICOpOIIMOHHBIE U ApyTHE YPPEKTHI.

DHepreTUUecKoe MpeJCTaBICHUE COCTOSHUS J1e(POPMUPYEMOTrO TBEPJOTO Tea
1[EJI€CO00Pa3HO MO CIETYIONUM TPUUYUHAM.

1. DHeprusi — yHUBEpcajbHasi XapakKTepucTuka oObekTa. JIroOble BHEIIHME
BO3JICHCTBUSI U1 BHYTPEHHHUE YCJIOBHUS Ha JIOOBIX MAaCHITA0OHBIX YPOBHSX CBOJUMBI K
COOTBETCTBYIOIIEMY DHEPTreTUUECKOMY OMHUCAHUIO.

2. DHeprusi CHUCTEMBI SIBJISIETCS OJIHO3HAYHBIM IMAPAMETPOM €€ COCTOSHMS.
JroObie W3MEHEHHWs, MPOUCXOMISIIMNE C MaTepuajgoM B mporecce AedOopMaIlnH,
B3aMMOJICHCTBHUS CO CPEAOM M T.JA. MOXKHO IPEJICTABUTh KaK IepeMericHue (Gpa3oBou
Touku (DT) cucteMbl B 0THOMEPHOM SHEPTETUYECKOM (Ha30BOM MPOCTPAHCTBE.

3. DHeprusi 00yialaeT CBOMCTBOM QIIUTUBHOCTHU. JII0OyI0 3HEPreTMYecKyro
XapaKTePUCTUKY MOYKHO MPEJICTaBUTh KaK alreOpandeckyro CyMMY COCTaBIISIOIINX €€
KOMITOHEHTOB, BBIJICJICHHBIX T10 OMPEICICHHOMY MTPU3HAKY.
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4. DHeprust nomuuHsAeTCS GyHIAMEHTATBHOMY 3aKOHY COXPAaHEHHsI MPHU JIFOOBIX
MPEBPAILECHUSIX, CIIPABEIJIMBOMY KaK JJisl OTACIbHBIX YACTHIl, TaK U JJisl CUCTEMBI B
uenoM. [Ipu aTom U1t Kaxa0ro npouecca, B TOM YKCIIE TOBPEXKIaEMOCTH, CITPABEIHBBI
ypaBHEHUS YHEPTreTUYECKOro Oananca.

5. DHeprus uMeeT YeTKuil (U3MUECKUl CMBICT U Jy4llle BCETO COOTBETCTBYET
CYIIHOCTH MOHSTUH O MPOYHOCTH KaK O MOTEHIIMAIbHBIX YHEPTreTUUYECKUX Oapbepax,
MPENATCTBYIONUX MPOTEKAHUIO B CUCTEME KHHETUYECKHUX (HEOOpPaTUMBIX ) TTPOIIECCOB.

6. DHeprus He U3MEHSET CBOW CMBICI M 3HAUYECHHE MPU JIOOOM MpeCTaBICHUN
00BeKTa, T.e. 00JIaJaeT CBOMCTBOM TpaH3WTUBHOCTU. ONEpUpOBAHUE HHEPTUEH Kak
BHYTPEHHHUM  COCTOSIHUEM  MaTepuaja  I03BOJISIET  MCIOJb30BaTh  XOPOIIO
MaTEeMaTU3UPOBAHHBIE METOJbl KBAaHTOBOW MEXaHUKH, CTATUCTUYECKOW (DU3UKH,
HEPaBHOBECHON TEPMOAMHAMHUKU, TEOPUU YNPYTOCTU U JAPYrux (yHIaMEHTAIbHBIX
HayK.

DHEpPreTUYecKuii  MOAXO0J, K OIEHKE TEXHOJOTMYECKOro  oOecreyeHus
AKCIUTyaTallMOHHBIX CBOWMCTB J€Tajedl MallMH  [PEeAyCMAaTPUBAET CJIEAYIOIINE
KOHIICNITYy JIbHBIC TTOJI0KCHUS:

1. IloBepXHOCTh TBEPAOr0 METAUIMYECKOTO TeJla PacCMaTPUBAETCA Kak
KBa3UCIIOKHAsIT W HEOJHOPOJIHAs cpela, B 00beMax KOTOPOM CTaTUCTHYECKHU
PaBHOMEPHO paCIpe/IeNIeHbl CTPYKTYPHBIE SJIEMEHTHI M Pa3IMYHOTO pojia Je(heKThl U
MOBPEXKICHUSA;, OAHU W3 HUX SBISIIOTCS BHYTPEHHHUMH HWCTOYHUKAMU M CTOKAMH
AJIIEMEHTApHBIX Je(PEKTOB (BakaHCUW, aTOMOB BHEIPEHUS U [Ip.), Jpyrue —
NPENATCTBUAMM K WX JIBIDKEHUIO. B 3aBucuMocTHM OT yCJlIOBUM mpoliecca
nepopMupoBanus (QyHKIMOHATIBHAS poib JAC(HEKTOB W TMOBPEKICHUM MOXKET
HU3MEHATHCSI.

2. MUKpPOCKOTTMYECKOE SBJICHHUE IJIACTUYECKOM edopmaliuu, moBpexaaeMOCTU
U pa3pylIeHUH 3JIEMEHTAa MOBEPXHOCTH TBEPAOTO TeJla IMPU BHEIIHEM CHIOBOM
BO3JICICTBUM  PAacCMaTpUBAaEeTCs  KaK  COBOKYNHOCTb ~ OrPOMHOIO  4YHUCla
MHUKPOCKOITMYECKUX AJIEMEHTAPHBIX aKTOB aTOMHO-MOJIEKYJIIPHBIX MEPErpyMNIUpPOBOK,
0OyCaBIMBAIOLIUMX T€HEPUPOBAHUE (PAa3MHOXKEHHUE), NBH)KEHHUE, B3aMMOJCHCTBUE U
YHUUYTOXEHUE HA CTOKAX Pa3JIMYHOIO POJa AJIEMEHTAPHBIX Je(heKkTOB. HTEHCUBHOCTH
MJIaCTUYECKOM JehopMaluu 3JIEMEHTa MOBEPXHOCTU Tejla ONpPENeNsieTcs CKOPOCThIO
reHepUpPOBaHUs (PA3MHOKEHUS ), IBKCHUS U YHUUTOXKEHUS dJIEMEHTAPHBIX Je(EKTOB
3a cueT (IyKTyaluid TEIJIOBOW SHEPruH B IoJie BHEHIHMX cuil. [loBpexmaeMocTsb
MaTepHuaia OBEPXHOCTH B XOJI€ IJIACTUYECKON edopMaliuu CBsi3aHa C HaKOTUICHHUEM
B nepopmMupyeMbIx o0beMax pa3IuyHoOro poaa AePeKToB U uX ckoruieHui. [lpu saTom
B pe3yJIbTaTe B3auMOJECHCTBUS OOJIBIIOTO YKCIa dJIEMEHTAPHBIX 1ePEKTOB 00pa3y0TCs
OoJiee CIOXKHBIE AE(PEKThl U TOBPEKICHUS, SBIISIOMIMECS HUCTOUHUKAMH U CTOKaMU
AJIeMEHTapHbIX AePeKToB. Pa3pylieHne MUKpOCKOIUYECKOTO 3JIEMEHTa MOBEPXHOCTU
TBEpPJIOTO TeJla MPOUCXOJNT, KOTJa B €ro o0beMax OTBETCTBEHHBIX 3a pa3pyllcHUE,
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MJIOTHOCTh JAC(PEKTOB W TOBPEKICHUU JOCTHTAeT KPUTUYECKON (MpeneinbHOM)
BEJINYUHBI.

3.1Iponecc TJIACTHYECKOU nedopmanuu MTOBEPXHOCTHOTO crost
paccMaTpHUBaeTCsl, KaK KOHKYPEHLMS JBYX MPOTUBOIIOJIOKHBIX, B3aUMOCBSI3aHHBIX U
OJTHOBPEMEHHO TMPOTEKAIUX B AeHOpPMHUPYEMBIX O00BEMax TOBEPXHOCTH Tela
TEHACHLIUNA — pOCTa MJIOTHOCTH CKPBITOM 3HEPIUM AE, Pa3IU4HOrO poja 1e(eKToB u

MOBPEXKICHNN, HAKATUTMBAIOIIMXCSI B MaTepHaie 3a CYeT paOOThl BHEITHUX CHII Ay, U
CHIDKCHHUS (BBICBOOOXKICHHS) €€ 3a CYeT pa3jMyHOTO pOJia pPeTaKCAIMOHHBIX
MIPOIIECCOB, MPOTEKAIONINX BHYTPH 1e(hOPMUPYEMOTO dJIEMEHTA Tella; TIPH 3TOM IepBast
TEHJCHIIUA CBs3aHA C e(hOpMaIMOHHBIM YITPOYHEHHEM U MMOBPEKIAEMOCTBIO, BTOpast
— ¢ JMHAMHUYECKHM BO3BpaTOM (OTIBIXOM), OOYCIaBIMBAIONIUM TEIUIOBOM 3(PdeKT

macTuyeckou nedpopmaruu .

4. HaxkamuBaeMas B Je(opMHpyeMOM 3JIEMEHTE MOBEPXHOCTHOTO CJIOS
BHYTpPEHHsISI dHEprusi AE BKIIOYAE€T MOTCHIUMATIBHYIO (CKPBITYIO) U KHUHETHYECKYIO
(TeroByr0). DTa SHEpPrHsl CBs3aHa C IMOBPEXKJIAEMOCTbIO MaTepuana (AE,) U €ro

TEPMHUUECKUM DPA3YNPOUYHEHUEM (AE, ), CIEIOBATENIBHO, SIBJISETCS OTBETCTBEHHOW 32

€ro YIPOYHCHHE B pa3pyIICHUE ITOBEPXHOCTHOTO CJIOSI ICTaJIH.

5. 3a mapaMerp TMOBPEXIa€MOCTH TMOBEPXHOCTHOIO CJIOS MPUHUMAETCS
IJIOTHOCTh HAKOIUJIGHHONW B JehOpMHPYEMOM BJIEMEHTE MOBEPXHOCTHOIO CJIOS
BHYTpPEHHEH 3Hepruu E. DIIEMEHT IUIaCTUYECKU J1e(POpMUPYEMOro MOBEPXHOCTHOTO
CJIOSI CYUTACTCS MAKCUMAJTLHO YIIPOYHEHHBIM, KOT/Ia TIOTHOCTH E BHYTPEHHEH dSHEPTUN
JOCTUTAET NpPeAENbHON BenuuuHbl E°. 1lox mpenenpHON IUIOTHOCTBIO BHYTPEHHEHN
DHEPTUW, HAKaIIMBaeMOW B JeOpMHUPYEMOM 3JIEMEHTE IOBEPXHOCTHOTO CJIOS,
MOHUMAETCS BEJIMYMHA HAKOTUICHHOW DJHEPIMM TP KOTOPOH SHEPreTHYECKOoe
COCTOSIHUE JIOKAJIbHBIX MHUKPOOOBEMOB U COOTBETCTBEHHO ITOBEPXHOCTHOTO CIIOA,
coxpaHsioT (0e3 pa3pylieHHs) ero IMPOYHOCTHBIE CBOMCTBA, OOECIICUMBAIOIINE
2 PEKTUBHYIO OKCIUTyaTalMIo JACTalM Iociae OoO0padoTKH €€ TEXHOJOTHUCCKUMHU
MeTtomamu. CenoBaTebHO, BETUYHHA TPEICTbHON TUIOTHOCTH BHYTPEHHEH YHEPTUU
MOXXET OBITh TMpEUIOKEHA B KayeCTBE KPUTEPHUS OJKCIUIyaTallud JeTaad, a
DHEPTEeTUYECKOE YCIOBHUE MPEACITHHON AePOPMHUPYEMOCTH IJIEMEHTA TIOBEPXHOCTHOTO
CJIOSI MOJKET OBITH 3aIIMCAHO B BUJEC:

E(t,)=E,(0)+ AE(t,)= E* = const, (5.16)
riae E,(0)- mIOTHOCTH BHYTPEHHEW JHEPrHU B 3JIEMEHTE MOBEPXHOCTHOIO CJIOS B

MCXOJHOM (0 AKCIUTyaTaluu ) cocTosiHuu (t =0), yuuThiBasi HaCJI€ACTBEHHbIE CBOMCTBA
marepuana; AE(t,) - HW3MEHEHHWE IUIOTHOCTH BHYTPEHHEW OHEPIUHM B JJIEMEHTE

MOBEPXHOCTHOTO CJIOS MpU I-TOM IUKJIE CHJIOBOTO HarpyKeHusi B IIpoliecce
IKCILTyaTal1H.
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[IpumepoM oONTUMAaIbHOW MO CIOKHOCTH M SHEPreTHUECKH OOOCHOBAHHOM
ABJISIETCS pacyeTHAs 3aBUCUMOCTD ISl OLIEHKHA CKOPOCTH U3HAILIMBAHUS MATEPUAIIOB B
YCHOBUSX CTAlMOHAPHOIO PEXUMA TpeHHUsl, nosryueHHas B.B. denopoBeim

14 Up Spw

l ==

s Au,—Augys o u,—uo—Aury’

(5.17)

rae Uy, u,, Uy, Aqu— COOTBETCTBEHHO CKOPOCTh NM3MEHEHHUS CKPBITOM SHEPTHUU B
ITIOBEPXHOCTHOM CJIO€, OTHECEHHAs] K €IMHUIIE MOBEPXHOCTU TPEHUSI, KPUTUUYECKAs U
HayaJIbHasA IUIOTHOCTh BHYTPEHHEW SHEPTUM M IJIOTHOCTH TEIUIOBOM COCTABISIOLIEH
CKpbITOM »SHepruu; V — o00beM MPOAYKTOB M3HOCA; V— oOwbeMHas CKOpOCTh
W3HAIIMBaHMS; S — IUIONIA/Ib MOBEPXHOCTH TPeHUS; §;, — OTHOCHUTE/IbHAs BEIMYHHA
CKPBITOU 3HEPTHUU; W — YJI€JIbHAS MOIIIHOCTh TPEHHUSL.

Jpyrum mpuMepoM 00OCHOBAHHOCTH IIPUMEHEHHS SHEPreTUUECKOTo MoIxoaa K
OLICHKE OKCIUTyaTallMOHHBIX XApPaKTCPUCTUK JETAICH  SBISIFOTCS  PE3YJIbTAThI
TEOPETUUYCCKUX M DKCIIEPUMEHTAIBHBIX HCCIICIOBAHUN TPOBEAEHHBIX Ha Kadeape
«Texnonorust mamHocTpoeHus» I TY, mo3BoiuBIIME YCTAHOBUTH 3aBUCUMOCTD JIJISI
ONPEAEIICHUS YCTAJTOCTHOM JTOATOBEYHOCTH MOBEPXHOCTHOIO CJIOSI AETAJIN B BUJIE
£, = Toexp (AH+Lnﬂ—AUH—kqbkan10_6a Aer)’

RT

rac tp — INPOAOJIKUTCIIBHOCTb pOCTa BHYTPCHHCH DHCPIHU B ITPOLUCCCC SKCILTyaTalluK

(5.18)

0 paspylleHMs, C; To- HEPHOJ TEIUIOBBIX Kojebanmii atomos, T, =10"%c; AH-
Pa3HOCTh TEIUIOCOAEPkKAHUS (PHTAJBIIMK) MaTephalia B TBEPAOM COCTOSHHH, IPH
TeMIepaType miaBiaeHus U SHTanbnuu npu 293°K; L, , - CKpbITas TEIJIOTa IUIABICHUS.
AU, = E, »>HEpPreTM4ecKkoe COCTOSSHUE TOBEPXHOCTHBIX CJOEB JeTajerd [0
SKCIUTyaTanuu; Vi, -MOIAPHBIA 00bEM, MM®/MOIIb; k- xoobduiment popmbl, kj =
D/oe, rne D -paktudeckas HeoOpaTumasi 3aTpadeHHas paboTa (IIomaab Mo KpUBOH
«HanpspkeHue-aedopmanusy);  k,-KodbOUIIMEHT  aKKyMyJIHpPOBaHUS  DHEPTHUH,
MOKAa3bIBAIOIIHI JO0JI0 3aacCEHHOM YHEPTHUU OTHOCUTEIBHO BCEH 3aTpadyeHHOM paboThI
D, o nanubM [ 7,8 | mis oToXOKeHHBIX craied k, = 0,25 — 0,3, 11 ynpouyHEHHBIX
craneit k, = 0,05 — 0,1; o-3KBUBAJICHTHOE HAIPSDKEHUE, OMPEICTIEMOe XapaKTepPOM
CHJIOBOTO BO3JICWCTBHMS HAa JIOKaJIbHBIM 00bEM (CTaTUYECKOE, JIUHAMUYECKOE,
MKIMyeckoe); 1 - abcomoTHas —Temmeparypa, K; B pealbHBIX — YCIIOBHAX
skcruryatanuu; R= 0,008314 x/{x/K-moib.

JlaHHOE ypaBHEHHE JAET BO3MOXHOCTH IPOBOJAUTH OLIEHKY JOJITOBEYHOCTH
MIOBEPXHOCTHBIX CJIOEB JETANEH, IKCIUTyaTUPYEMBIX B YCJIOBHUSAX 3HAKOIIEPEMEHHBIX
Harpy30K M YCTaJOCTHOro wu3HammBanus. W3 ypaBuenus 4.18 cuenyer, dtO
YCTaJIOCTHAsl JOJITOBEYHOCTh JI€Talle 3aBUCUT OT DHEPreTHUYECKOr0 COCTOSHUS
MOBEPXHOCTHOTO CJIOSI, TTOJYYEHHOT'O Ha CTaJWM U3TOTOBIICHUS JETANIU; CTETIEHH €ro
HaMpsHKEHHOCTH, OOYCJIOBJICHHOM XapaKTepOM BHEIIHEr0 CUJIOBOTO BO3ACHCTBHUS Ha
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HEro; KPUTHUYECKON BETUYMHON OTHOCHUTEIHHOM IIIACTHYECKOW aedopManuu s
COOTBETCTBYIOIIMX YCJIOBHUSM IKCIUTyaTallMM COCTOSIHUSI MaTepHUara.

5.2 ABToMaTru3aumsi oOecneYeHUus IKCITYaTAIIMOHHBIX CBOWCTB JeTaJjiei
MAalIuH HA  CTaAMM  KOHCTPYKTOPCKO-TEXHOJIOTUYECKON  MOATOTOBKH
MPOU3BOACTBA

TexHosornyeckoe 00ecrneueHe IKCIUTyaTallMOHHBIX CBOMCTB JIeTaliei MallluH Ha
CTaauu KOHCTPYKTOPCKO-TEXHOJIOTHYECKON IIOATOTOBKH IIPOU3BOJICTBA
IIPEAONPENEIIAET PEIIEHNE IBYX 3a/1a4:

1) BwiOop MmaTepuana jaeTasied M OOOCHOBAaHHOE Ha3HAYCHHE IIapaMeTPOB
KauecTBa UX pabOYMX MOBEPXHOCTEW U TOYHOCTU Pa3MEPOB, KOTOpPbIE 00eCTIeUnIIn Obl
TpeOyeMble IKCIUTyaTalluOHHbIE CBOMCTBA.

2) Bbibop Meroma W pacu€T palMOHANBHBIX PEKHUMOB 00PabOTKH,
00€eCMeYnBaOIINX IKOHOMHYHOE TMOJy4YeHHE TpeOyeMbIX XapaKTEpUCTHK KadyecTBa
00pabaTbIBaE€MbIX OBEPXHOCTEN U TOYHOCTH Pa3MEPOB.

Pemenne mnepBoil (KOHCTPYKTOPCKOM) 3ajaud JAOJDKHO Oa3upoBaThCs Ha
THIATEJIBHOM aHalM3€ (PYHKIIMOHAIIBHOIO HAa3HAYEHHs TOTO WU MHOro uznenus. [Ipu
3TOM, HEOOXOJMMO OJIHO3HAYHO OOOCHOBATh, KAaKHE SKCILTyaTallUOHHBIE CBOWCTBA
IIPOEKTUPYEMOTO U3JENNS JIUMATHPYIOT HAIEKHOCTh MAILIMHBI B LIEJIOM. DTO CBA3aHO C
TE€M, 4YTO B 3aBHUCHUMOCTH OT TpeOyeMbIX OHKCIUTyaTallMOHHBIX CBOMICTB JIOJKEH
OCYILIECTBIATHCS BbIOOP MaTepHalioB COEAMHIEMBIX JI€Talel, Ha3HaYeHHE TOYHOCTH
pa3MeEpPOB M MHapamMeTpoB  KAa4yeCcTBA MX  ITOBEPXHOCTH, PYKOBOJCTBYSCh
COOTBETCTBYIOIIMMH 3aBUCUMOCTSIMU U PEKOMEHIALIUSIMU, TTOJTyYeHHBIMU B PE3YJIbTaTE
TEOPETUYECKUX U IKCIIEPUMEHTAIBHBIX UCCIEAOBAHNMN.

[TapameTpsl KauecTBa pabOUYUX MOBEPXHOCTEH M TOUYHOCTH Pa3MEPOB JOJIKHbI
Ha3HA4aTbCs C Y4YETOM YCIOBHW 3KCIulyatauuud. B mpouecce pemeHus 3aaadu
palroHaIbHOIO Ha3HAYEHUS [TapaMEeTPOB KayecTBa pabounX MOBEPXHOCTEN M TOUHOCTH
pa3MepoB JleTaldi KOHCTPYKTOp JOJDKEH MmepepadoTarh 3HAUYMTENbHBIH 00BEM
uH(pOpMaIUK, NPOU3BECTH OOJBIIOE KOJIMYECTBO BBIYMCICHUN MO COOTBETCTBYIOIIUM
TEOPETUYECKUM WM DKCHEPUMEHTAJIBHBIM 3aBUCUMOCTAM. [lo3TOMYy pemienue 3toin
3a/layd HamOoJiee PallMOHAIbHO BBINOJHATH ¢ MOMOIIbI0 DBM, UCnob3ys allroputM
MOCJICAOBATEIbHBIX ISUCTBUI TPUBEAEHHBIM Ha pHC. 5.3.
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7 Senobus HOpMABHOU |— e 2 TexHuqBCKLe LCobUa
pacomel UFTens  f-mme— Ha ugene

\/

3 Onpedererue mpedyersix IKCIYamayUaHksX Cooucmb
aemaned U Gonycmureix rpeaenol ux LUsMeHeHLS

!

4 Beldgp Mamepuana Gemael

!

Jabucumocmy KCYAMaYUaHHBX COoUCTb demaied
51 maww om raparempob Kavecmba ux nobepxHocmeL
MOYHOCTTI PAIMEFoR U LeAoBu IKCrayanayuy

!

Facqem raparempol ka4ecmba pacoux nobepxHoCmed
6 | demanei v mosocy pazmenel ooecreubaaLyLX mpeol-
EMBIP FKCTVIAMA LoHHEP COIOmBa B 3a00HHsX Mpedenmx

!

7 FPacqem Goycimumeix SOaHUIY UMEHEHLS Mapamermpol
Kaecmia nobenxHoCmLY U MoYHOCTY paaMenil

Puc. 5.3. Anroputm pemieHHs KOHCTPYKTOPCKOM 3aladdl MO OOECHEeUeHHUIo
TpeOyeMbIX IKCILTyaTallUOHHBIX CBOMCTB JeTajleil MallluH

Ha ocHOBe coBMeCTHOTr0 aHann3a yCiIOBHM HOpMaIbHOM dKcIuTyaTauu (070K 1)
U TEXHUYECKUX YCIOBUU Ha wuzgenue (070K 2) OCYHISCTBISIETCS ONpeleicHUue
TpeOyEeMBIX JKCIUTyaTallMOHHBIX CBOMCTB ITOBEPXHOCTECH JAeTaledl M JOIMYyCTUMBIX
npezesoB ux u3mMeHenus. Hampumep, eciu cyMMmapHoe COJMKEHHE KOHTAKTUPYIOITUX
MMOBEPXHOCTEN BCJEACTBUE M3HOCA HE JOJDKHO MPEBBIIATH S—7 MKM, a BEJIMYMHA
KOHTaKTHOTO COJIMJKEHUs JOJDKHA ObITh He Oosiee 2— 5 MKM NHpuU BO3pacTaHUU
Harpy3kd Ha CTBIK JO HOMHWHAJbHOM BEJHMYHMHBI, TO 3TO 3HAYUT, YTO MOBEPXHOCTHU
nerajei, o0pa3yrolme pacCMaTpUBaeMbIN CTBIK, JOJDKHBI OBITh M3HOCOCTOMKHMHU U
UMETh BBICOKYIO KOHTAKTHYIO KECTKOCTh. CJIeIyeT OTMETUTh, UTO TIEPEXO0/1 OT OJIOKOB
1 u 2 x 6;okam 3 u 4 sBisieTcst HehOpPMaAIM30BaHHBIM, T.€. PAKTUYECKU HE TIOIIAETCs
aIrOpUTMHU3ALMUA. DTO O3HAYAeT, YTO Ha JAHHOM JdTale MPOEKTHUPOBAHUS BeChbMa
BOXHBIM (PAKTOPOM SBJISIETCS OMNBIT KOHCTPYKTOpPA, OCHOBAaHHBIM Ha pe3ysbTaTax
MPAKTUYECKON pabOThI, TEOPETUUECKUX U IKCTIEPUMEHTAJIbHBIX UCCIIEIOBAHUM.

[Tocne Toro kak ompeAelieHbl TpeOyeMble SKCIUTyaTallMOHHBIE CBOWCTBA
MPOEKTUPYEMBIX JIETAJIC, JIOMyCTUMbIE TMpEeAeiabl HMX H3MEHEHHST W Marepual,
OCYILIECTBIISIETCS TTOMCK COOTBETCTBYIOIINUX TEOPETUUECKUX WIIA FKCIIEPUMEHTAIbHBIX
3aBUCHUMOCTEM, KOTOpPHIE XapaKTepU3yKOT KOJUYECTBEHHYIO CTOPOHY B3aMMOCBSI3U
MEKTy JaHHBIM DKCILTyaTallMOHHBIM CBOMCTBOM, TapaMeTpaMu KaueCTBa MOBEPXHOCTHU
U yCJIOBUSMH dKcITyaTanuu (610K 5). [lomoOHbIe 3aBUCMMOCTH NpUBEACHBI B 11. 5.2 B
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HUX [TapaMeTpbl Ka4€CTBA NOBEPXHOCTEH SBIISIFOTCS apryMEHTOM, a 3KCIUTYyaTallHOHHOE
CBOMCTBO — (yHKITHEH.

B 0Omoke 6 ocymecTBiusieTcs pacueT IapaMeTpoB KadecTBa pabodmx
MOBEPXHOCTEH JieTajeil M TOYHOCTH pa3MepoB, OOECIEUUBAIOIIUX TpeOyembie
AKCIUTyaTallMOHHBIE CBOWCTBA B JIOMYCTHMBIX Mpeenax HUX H3MeHeHus. MHbiMu
CJIOBAMH, TIOJIOMPAIOTCS 3HAYCHUS ApTYMEHTA, YIOBJIETBOPSIOIINE 33 JaHHON (DYHKIIHH.
Pemmenne 5Toil 3amadyM YCIOXKHSETCS TEeM OOCTOSITENIbCTBOM, YTO Ha apryMEHT
HAKJIaJbIBAIOTCSA OTPAHUYECHMS, TAK KaK apaMeTPhbl KAUeCTBa pEalbHbIX IOBEPXHOCTEH
¥ TOYHOCTHh Pa3MEpPOB HE MOTYT M3MEHAThCA B OECKOHEUHBIX mpenenax. [loaromy B
psfe cilydaeB COBMECTHOE OOECIEYEHUE HECKOIBKHUX AKCILTYyaTallMOHHBIX CBOMCTB
MOKET OKa3aThCs HEBO3MOXKHBIM. B Takux ciydasx HeoOX0AMMO BbIOpaTh Hanbosee
Ba)KHBIE U3 HUX WIM PACIIUPUTH JAOMYCTUMBIC MPENeIbl UX U3MEHEHUS U MOBTOPUTH
pacuer. HeoOXoaquMoO OTMETHTH, YTO Y€M LIMPE JOMYCTHUMbIE IMPEAETIbl U3MEHEHUS
AKCIUTyaTallMOHHBIX CBOWCTB, TE€M JIer4€ pEeIIUTh 3aJadyy KOHCTPYKTOpa IO
ONPEIENICHUI0 TPeOYEeMbIX MapaMeTpPOB KayecTBAa MOBEPXHOCTEH. YUMTBIBAs 3TO,
cienyeT  OOOCHOBaHHO  ONpPENENATh  JAOMYCTUMBbIE  TpaHUIbl  HW3MEHEHUs
AKCILTyaTallMOHHBIX CBOMCTB MOBEPXHOCTEN M HE CTPEMUTHCSA K UX HCKYCCTBEHHOMY
cykeHuto. B Oioke 7 ocylecTBisieTcs pacyeT IOMYCTUMBIX T'pPaHUIl U3MEHEHUS
IIapamMeTpOB KayecTBa MOBEPXHOCTEH JeTajeil MAllMH M TOYHOCTU Pa3sMEPOB. OTH
JaHHbIE HEOOXOJIMMBI MIPHU PELICHUH 3aJauyd TexHoisiora. OnpeneneHue A0MyCTUMbIX
IIPENEIOB HM3MEHEHUs MapaMeTpOB KadyecTBa IIOBEPXHOCTEH JeTalled MallWH |
TOYHOCTM PA3MEPOB  OCYULIECTBIISIETCSI C Y4YETOM OOecrHedeHHs TpeOdyeMbIX
AKCILTyaTallMOHHBIX CBOMCTB B 3a/IaHHBIX Mpeaenax Ux u3MeHeHus. Takum oOpaszom,
YeM YK€ ONpeAeNieHbl [IONYCTHMMbIE WHTEPBAJIbl W3MEHEHUs SKCIUTyaTalMOHHBIX
CBOMCTB B OJIOKE 3, TeM YK€ IOJydaloTCi pacueTHble JOMYyCTHUMbIE T'PaHUIIbI
WU3MEHEHUS] TNapaMeTPOB KauyecTBA ITOBEPXHOCTEH M TOYHOCTH Pa3MEpPOB JAeTalleh
MaIlIWH.

Wrak, pelieHue KoncmpyKkmopckou 3ajadd, HauuHas ¢ OJoka 5, siBisercs B
JIOCTATOYHOU CTENEHH (POPMaTM30BaHHBIM, T.€. MOXKET ObITh aJITOPUTMU3UPOBAHO U C
yCHexoMm ocylecTBieHo Ha DOBM. 3aBucuMocTy, UCHoJib3yeMble B OJIOKE 5, MOTYT
xpanutbcs B 6aze CAIIP. [Tocie BbIOOpa COOTBETCTBYIOIIETO METO/Ia BHIUYMCIICHUN
cocTaBisieTcs nporpamma pacuera. Ha 3Tom 3aBepriaercs peleHne KOHCTPYKTOPCKOU
3aJlayd [0 OOOCHOBAaHHOMY HA3HAUEHUIO [apaMeTpoOB KayecTBa pabouux
MOBEPXHOCTEH M TOUHOCTU Pa3MEPOB JeTaleil MalluH, 00eCIeUNBAIOLIUX 3a/1aHHbBIE
JKCILTyaTallHOHHBIE CBOKCTBA.

PesynbpTar pemieHus KOHCTPYKTOpCKo# 3amauu (0yi0k 7, puc. 5.3) sBIseTcs
YaCThIO UCXOJHBIX TAHHBIX TEXHOJOTHUYECKOH 3a/1auu.

Pelienre TEXHOJIOTMYECKOM 3a7aud TakXe IeJecooOpa3Hee BBIMOJIHATh C
noMoibio CAITP TII, ucnosib3ys alropuTM, NpeacTaBIeHHbIN HA puc. 5.4
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Puc. 5.4. Aaroput™m pemieHHs TEXHOJOTUYECKOW 3a7a4d 10 OOECIICUCHHIO

TpeOyeMbIX MmapaMeTpOB Ka4eCTBA TOBEPXHOCTH
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B G6noxe 1 maHHOTO anropuTMa 3aj0’KeHa WHQPOpMAIIHS, B3sTas U3 YepTeKa U
TeXHUYECKNX TpeOOBaHMI HAa KOHKPETHYIO JeTalb, [JIs KOTOPOH MPOBOASTCS
pacyeThl.

B 610ke 2 ocymiecTBisieTcss BBIOOP BO3MOXKHBIX METOJ0B 00paboTKu. JlaHHBIN
ATall PelIeHUs 3a/laud MOXKHO NPOBOJUTH ¢ mMomoipio OBM npu Hanuuuu B Hel
COOTBETCTBYIOIIUX MAacCUBOB MHGOPMAIMU, KOTOPbIE BKIIOYAIOT B ce0sl JaHHBIE O
HaJUIUHU CTAHOYHOTO TTapKa, MHCTPYMEHTA, TEXHOJIOTUYECKOU OCHACTKH ISl YCIIOBUH
KOHKPETHOTO TpPOU3BOACTBA. I[IpM 3TOM HEOOXOAWMO OCYIIECTBIIATH HApSAy C
BBEIOOPOM METOI0B (PMHHIITHON 0OpaOOTKH BRIOOD MTPEABAPUTEIHLHON 00pabOTKH, eCclin
MOCJICHSAS CKa3bIBACTCSl Ha KA4ECTBE OKOHYATEIBHO 00pabOTaHHOW MOBEPXHOCTH.
BriOpanHbie MeTO/ABI 00513aTENIBHO JOJDKHBI 0OecreyrBaTh TPeOOBaHUS TOYHOCTHU
00paboTKH, MHAYE TEXHOJIOTUYECKHH Mpolecc OyaeT HenpUeMIEeMbIM U IIPOBEACHUE
JNAJbHEUIINX PACYeTOB TEPSET CMBICIA. DTO MOAYEPKUBAET OOJBIIYI0 Ba)KHOCTH
JAHHOTO dTara JjIsl yCTIEITHOTO PEIICHHs 3aadd TEXHOJOTHYECKOTO 00eCTeUeHUs
KadecTBa JeTajei MallluH Ha CTAUN WX U3TOTOBJICHHS.

B nanbHetinem, B 6J10ke 3 MPUHUMACTCS I-ThIH METO 00paOOTKH, I KOTOPOTO
B 010Kk 4 u3 maccuBa namsatd DBM BbIOMpalOTCS COOTBETCTBYIOLIUE 3aBUCUMOCTH
napamMeTpoB KauyecTBa MOBEPXHOCTH U TOUYHOCTH PAa3MEPOB OT YCIOBUN 0OpabOTKH.
[Ipuyem Hapsiiy ¢ yKa3aHHBIMU 3aBUCHMOCTSIMH BBIOMpaeTcsi 00J1acTh (paKTOPHOIO
MIPOCTPAHCTBA, BHYTPU KOTOPOI aJIeKBATHO OMUCHIBAETCS MOBEPXHOCTh OTKIIUKA.

Pacuer ycrmoBuit 00pabOTKM i I-TO METO/a, KOTOPbIE OOCCIICUYNBAIOT
TpeOyeMbIe MTapaMeTphl Ka4eCTBa MMOBEPXHOCTH M TOYHOCTh Pa3MEPOB, Ha3HAYCHHBIE
KOHCTPYKTOpPOM, TMpou3BoauTcsi B Oinoke 5. Ha panHoM »Tame 3agaHHbBIC
KOHCTPYKTOPOM TIapaMeTphl KayecTBa SBIAIOTCA (PYHKIIMEH, a MCKOMBIE YCIOBHS
00paboTKu — aprymeHTaMu. Takum 00pa3om, CTOUT 3a/1a4a OTHICKAHUS apTyMEHTA 110
3amanHoi ¢yHkiuu. [Ipuuem B o0miemM ciiydae OJHU U T€ K€ 3HAYCHUS apTyMEHTa
JIOJDKHBI  yJIOBJICTBOPATh  HECKOJBKUM  (DYHKIMAM, TaKk KaK HEOO0XOJIUMO
TEXHOJIOTUYECKH OO0ECIEeUUTh HECKOJIbKO TMapaMeTpPOB KadecTBa IMOBEPXHOCTH.
KoneuHo, ecnu TpeOyeTcsi 00eCneyuTs JIUIb OJWH MapaMeTp KadecTBa (Hampumep,
Ra), 3amaya CyliecTBEHHO YIPOIIAETCSA, HO ATO BCTPEYACTCSA B OYCHb PEIAKUX CIY-
gasx. KpoMe TOro, oclioXHEHUS TP PEIICHUH BO3HUKAIOT M B CBA3U C TEM, YTO
yCIOBUSL 00OpaOOTKM MOTYT HM3MEHSTHCS JIMIIb B 3aJaHHON 00JIaCTH W3MEHEHHS
(bakTOpOB, KOTOpasi BHIOUPAETCS BMECTE C COOTBETCTBYIOIIMMHU 3aBUCUMOCTSMH B
o5oke 4. Bce To yka3bIBaeT Ha TO, YTO COBMECTHOE PEIICHHUE CHUCTEMbI YPaBHECHHUI,
CBSI3BIBAIONINX TPeOYyeMbIe TTapaMeTphbl KAUeCTBA TOBEPXHOCTEH U TOYHOCTH Pa3MEPOB
C YCJIOBUSMH KOHKPETHOTO METOJla 00OpabOTKH, BBUIY HaWYHUs psa OTpaHUYCHUN
MPEACTABIISACT 3HAYUTEIBHYIO TPYJAHOCTD, a 3a4acTyI0 TAKOTO PEIICHUS MOXET U He
OBITh.

[Torck COBMECTHOTO pelIeHHsI CYIEeCTBEHHO 00JIerdaeTcsi TeM, 4YTO TpeOyeMble
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napaMeTpbl KauyecTBa MOBEPXHOCTEM U pa3Mephl JeTajled MalluH 3a7aloTcs
KOHCTPYKTOPOM BMECT€ C JOMYCTUMBIMU TpaHUI[AMU HX HU3MEHEHHS, KOTOpbIE
paccuuThiBalOTCA B Ooke 7 (cMm. puc. 5.4). UeM mwupe 5TU TpaHUIIbl, TEM JErde
TEXHOJIOTY PEIlUTh CBOIO 3a/1auy. Eciu pa3nuunble KOMOMHAIMU yCIOBUI 00pabOTKU
HE TIO3BOJISAIOT O0ECNeuuTh TpeOyemble IMapaMeTpbl KayecTBa IMOBEPXHOCTH M
TOYHOCTh Pa3MEpOB, TO 3TO 3HAYMUT, YTO PacCMaTpUBAEMBbI MeTon 00pabOTKU B
JTAHHOM CJTy4ae HeNpHUEMIIEM.

DKOHOMMUYECKH IeJIecoo0pa3Hee MPUMEHUTh METoJl OO0pabOTKH, WMEIOIIUA
HAaUMEHBIIYI0  TEXHOJIOTMUecKylo cebectommocth. Ilostomy B  Omnoke 7
PACCUUTHIBACTCS TEXHOJOTHYECKas CEOECTOMMOCTh METOIOB OOpaOOTKH, KOTOPHIE
oOecreunBaloT 3a/laHHbIEe TTapaMeTphl KauecTBa MOBEPXHOCTEN U TOUHOCTh Pa3MEpPOB
neTaliei, mocie 4yero depes O0joku 8 m 9 ocymiecTBiseTcs mepexon K OJoky 3, u
pacueTsl MOBTOPSIOTCS /I cienytorero (i+1)-ro Mmeroma o0padboTku o cxeme. [Tocie
MPOBEJICHUSI PACUETOB JJISI BCEX BO3MOXHBIX METOJIOB OOpaOOTKH, BHIOpAHHBIX B
omoke 2, B 6moke 10 ocymiecTBisieTcsi OKOHUATEIbHBIA BBIOOp MeToAa 00paboTKu
KOHKPETHOU MOBEPXHOCTHU, 00ECIIEUNBAIOIIIETO MOTYyUYCHUE TapaMeTPOB €€ KauecTBa U
TOYHOCTb pPa3MEpPOB B JIONYCTHUMBIX MpeAeiax U HMEIOIEr0 MHUHUMAIbHYIO
ce0EeCTOMMOCTb.

Heo6xoaumMo OTMETUTh, YTO TEXHOJIOTMYECKUE pacyueThl, HAaYMHasi ¢ OJokKa 2,
ABJIAIOTCSL (hOPMAJIM30BAaHHBIMM U MOTYT YCIICIIHO OCYIIECTBIATHCS Ha DBM mocie
BBIOOpA COOTBETCTBYIOIIUX BHIUUCIUTEIHHBIX METO/IOB.

OObeMHUB CTPYKTYpPHBIE CXEMBI, TTOKa3aHHbIe Ha puc. 5.3 m 5.4, moxyunm
OOIIYI0 CTPYKTYpPHYIO CXE€MYy aBTOMAaTH3alMM OOECIEUECHUS DKCILUTyaTallMOHHBIX
CBOWCTB JI€TAJEd MAIIVH HA CTaUH KOHCTPYKTOPCKO-TEXHOJIOTHYECKOW MOATOTOBKH
npou3sBozcTBa (puc. 5.5).

177



HCXO0HBE OaHHbE

demanes M U ux 3o
JabucuMOCITY IKCA/ AL UOHHbIX
XGpOKIMEDUCTILK O Rapamempot
Kasecmba nobepxHocmy
U MOYHOCTY PasMEDa

Lonycmumsie [oece/bl UaMeHERLST
IKCAyamayuoHHbix choucmt

(-memadol)

Memods aopacomxy nobeoxHocmey

~Memogol

Lonycmumbie 20amuys! UMEHEHUS
Yemobuw o0pacomky oopacoTky o/s

Mepol demasey MawuH om Yoaobud
UX 00pacomKy 08 Kaxaozo Memooa

Jabucumocmy Rapamempal kavec-
Ba nobepxHocmed v mosHocmy pas-

1

]

[lapamempe kavecmba nobepx-
HOCI, MOYHOCTIE Pastepol u
IanazoH Uux UMEHEHLS, 008~
nequbmaLe 3acaHse KT
AaAnayLoHHse choucmba  oe-
maney MawH B donycimursix

Yenobug 2o Memoda aopa-
oomk, ooecnesubaiyue 10—
JI9BHUE MPEOYEMBIX NADAMET-
pob kasecmba nobepxHocmy
U MOYHOCTL pastepol

npedenax

1

Memad v ycrobus oopacomky
ooecnesubauue mpeoyeroe
FHAHEHUE KT/ ATIAUOHHEX
cBoucmb demared MawuH U
ux Y306 mou MUHUM@IHOU
Ce0BCmaUMacTTIL

(edecmoumocime 20 Memoda
o0pacamky 1oy PacqemHex
ycobusx

Puc.5.5. CtpykTypHasi cxeMa aBToMaTHU3aliii 00eCIIeUeHHS SKCILTyaTalldOHHbIX
CBOWCTB ITOBEPXHOCTEN JI€TaJIEH MAIlIMH HA CTAAUU KOHCTPYKTOPCKO-TEXHOJIOTUUECKOU
MOJArOTOBKY MTPOU3BOACTBA ¢ ucnoJib3oBanuem CAIIP.

JIns ycnenmHoro peneHus oCTaBJICHHON 3aja4 B KAY€CTBE UCXOAHBIX JaHHBIX

HE00XO0JMMO 3HATh CIEAYIOIIEE:

® [IEpEUYCHB IKCIUTYATAlMOHHBIX CBOMCTB C JOIYCTUMBIMU MPEAEIAMUA UX U3MEHEHHS,
KOTOPBIM JOJIKHBI YJIOBJIETBOPSTH JI€TAJIN MALIH U UX Y3JIbL;

® TEOPETUYECKHE  WJIM  DKCIIEPUMEHTAIbHBIE  3aBUCHUMOCTH,  CBS3BIBAIOIIUE
DKCIUTyaTallHOHHBIE CBOWCTBA C MapaMeTpaMH KadyecTBa IOBEPXHOCTEW W
TOYHOCTBIO Pa3MEpPOB JETAJIEU MAIlNH;

® BO3MOXKHBIE TEXHOJIOTMYECKHE METOJbl 00pabOTKM paccMaTpUBAEMbIX JIe€Taliel
MAalluH;

® TEOPETHUYECKHE WM DKCIIEPUMEHTAIBHBIE 3aBUCHMOCTH IIapaMETPOB KayecTBa
MOBEPXHOCTH ¥ TOYHOCTH Pa3MEpPOB OT YCIOBHIM 00pabOTKHU JJIs1 TEXHOJIOTUYECKHUX
METOJIOB M 00JIACTh OINPEAETICHHS 3TUX 3aBUCUMOCTEH.

KOHCTPYKTOPCKO-TEXHOJOTUYECKON

HpeI/IMYIlIeCTBa aBTOMaTu3alnnu
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MMOATOTOBKHU ITPOU3BOACTBA OUEBU/IHBI HE TOJIBKO ITPU UCTIOJIb30BaHUU CTaHKOB ¢ YUIITY.
Onu BechMa 3HAYUTETBHBI IPH pa3pab0TKe TEXHOJIOTHIECKUX MTPOIIECCOB JIJIsT OOBIYHBIX
CTAHKOB, OCOOE€HHO B €IMHUYHOM U MEJIKOCEPUIHOM MTPOU3BO/ICTBAX.

B 3akmroueHue cieayeT OTMETUTh, 4YTO aBTOMAaTH3alus OOecIreueHUs
AKCIUTyaTallMOHHBIX CBOMCTB JI€TAJIEl MaIlMH Ha CTagud KOHCTPYKTOPCKO-
TEXHOJIOTUYECKON TMOJrOTOBKM IPOU3BOJICTBA SIBIAETCS BEChbMa aKTyaJIbHOU
po0IEMOM, KOTOpas €I1e BO MHOTOM XJET CBOETO PEIICHUSI.

JlocT)KeHME TIOCTABJIEHHBIX II€JE€A Ha COBPEMEHHBIX MPEANPUATHUSAX,
BBITTYCKAIOIINUX CJIOKHBIC TEXHUYECKUE W3JCIHs, OKa3bIBACTCS HEBO3MOXKHBIM 0€3
IIUPOKOTO UCIOJIB30BaHUSL agmomamusuposantvlx cucmem (AC), OCHOBAaHHBIX Ha
NPUMCHEHUU KOMITBIOTEPOB U NPEAHA3HAUYCHHBIX JJIA CO3JaHus, TNepepabOTKu H
WCIIOJB30BaHUsA Bcel HeoOXoauMod wuHGOpPMAIMU O CBOMCTBAX W3ACIMM U
COTPOBOKIAIOIINX TporieccoB. Crernudurka 3amad, penracMbiX Ha Pa3IdnyHbIX dTamnax
YKW3HEHHOTO LIMKJIA U3JIeNIuid, 00yCIIOBIMBAET pazHooOpaszue npumensiembix AC.

Ha puc. 5.6 yka3anbl ocHOBHBIC TUIIBI AC ¢ WX MPUBS3KOW K TEM WM HWHBIM
JTanam KU3HCHHOTO ITUKJIa U3ASIINH.

| poextHpopaHHe|
IToarororpkKa
CAD IPOH3ROJCTRA
CAE
IIpoH3BOACTRO

CAM e |
PDM | Peamizanms |

SCM |

JKC aTaLHs
ERP MES | Viunusaps
CPC SCADA| (crM
CNC
IETM
( PLM

Puc. 5.6. OcHOBHBIE THIIBI aBTOMATU3UPOBAHHBIX CHCTEM

ABTomaTuzanusi ~ npoektupoBaHuss — ocyuiectBisiercss  CAIIP. B CAIIP
MaITUHOCTPOUTENBHBIX OTPACTEH TPOMBIIIUICHHOCTH TPUHATO BBIICIATH CHCTEMBI
(GYHKIIMOHATBLHOTO, KOHCTPYKTOPCKOTO ¥ TEXHOJIOTHYECKOTO IMPOCKTHPOBAHUS.
[TepBblc W3 HHMX HAa3BIBAIOT CHCTEMAMHM pPACUCTOB W HMHKCHEPHOTO aHajan3a WU
cucmemamu CAE (Computer Aided Engineering). Cucmemsr koncmpykmopcko2o
npoexmuposéanusi HazpiBaloT cuctemamu CAD  (Computer Aided Design).
[IpoexTupoBaHKe TEXHOJIOTUIECKUX MPOIECCOB BHITIOIHAETCS B aBTOMAaTU3UPOBAHHBIX
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CUCTEMaX TEXHOJOTHMYECKON MoArotoBku mnpousBoactBa (ACTIIIT), BXOOsIIMX Kak
cocraBHas 9acThb B cucmemsi CAM (Computer Aided Manufacturing).

Jna pemienusi mpobieM COBMECTHOTO (PyHKIMOHUpoBaHusi KommnoHeHToB CAIIP
pa3IMyHOro HazHayeHus1, koopauHauu padotel cucteM CAE/CAD/CAM, ynpaénenus
NPOEKMHbIMU OAGHHbIMU Y TIPOCKTUPOBAHUEM Pa3padaThIBAIOTCS CUCTEMBI, TIOTYUUBIIINE
Ha3BaHWE CHUCTEM yIpaBjeHUs TMpoeKTHbIMU jgaHHBIMH PDM (Product Data
Management). Cuctembl PDM 11060 BxomsaT B coctaB moayieit konkperHoir CAIIP,
a100 MMEIOT CaMOCTOSITEIbHOE 3HAUYEHHWE M MOTYT paboTaTh COBMECTHO C Pa3HBIMHU
CAIIP.

YnpaBieHue TaHHBIMH B €IMHOM HH(QOPMAIITMOHHOM MPOCTPAHCTBE Ha MPOTSHKEHUU
BCEX JTANOB >KM3HEHHOTO ULHKJIA M3JEJIMA BO3JAracTcsi Ha CUCTEMY YIIPaBIICHUS
JKU3HEHHBIM IUKJI0B Tipoaykiuu PLM (Product Lifecycle Management). XapakTepHas
0COOEHHOCTD PLM — oOecrieyeHue B3aUMOJCHUCTBUSA pa3IUYHBIX
aBTOMATU3UPOBAHHBIX CUCTEM MHOTUX MPEANPUITHH, T.€. TexHoJorun PLM (Bkitouas
texHonoruu CPC) gBRSIOTCS  OCHOBOM, MHTErpUPYIOIICH  HMHPOPMAIMOHHOE
IPOCTPAHCTBO, B KoTopoM pyHKunoHupyrotr CAIIP, ERP, PDM, SCM, CRM u npyrue
aBTOMATU3UPOBAHHBIC CUCTEMbI MHOTUX MIPEANPUSITUH.

KoHTposbHbIE BONPOCHI K IJ1aBe S.

1. B d4em 3akimouaercs aHaJUTHYecKass OIEHKa ¢  [POTHO3UPOBAHUE
HKCILTyaTallMOHHBIX CBOMCTB JIeTajiel MaliiH?

2. Ilepeuncnure  OCHOBHBIC  TOIXOMbI K  QHAJUTHYCCKOM  OIICHKE W
MPOTHO3UPOBAHUIO IKCILTyaTAlIMOHHBIX CBOMCTB JETAJIEN MAIIIVH.

3. B uwem 3akmrodaeTcs CyImHOCTh (PEHOMEHOJOTMYECKOTO IMOAXOoAa K
AHAJINTUYECKON OLIEHKE M MPOTHO3ZUPOBAHMIO JKCIUIYATAllMOHHBIX CBOWCTB
JeTanei MammvH?

4. B ueM 3aKiro4aeTcs CyIIHOCTb MEXaHHMYECKOTO IMOAXOJa K aHaTUTHYECKOM
OIICHKE ¥ TIPOTHO3UPOBAHUIO IKCILTYyaTAIIMOHHBIX CBOWCTB JIeTajleii MaIIiH ?

5. UeM omiMYalOTCAd pacUYETHO-aHAIMTHUYECKUE MOJEIN  MPOTHO3UPOBAHUS
AKCIUTyaTAIlMOHHBIX CBOMCTB JIeTajiel MaIlliH OT AYMITUPHUICCKUX ?

6. B ueM 3akirrodaeTcs CynmHOCTh METALTO(GU3HIESCKOTO MTOAX0Aa K aHATUTHICCKOM
OIICHKE ¥ TIPOTHO3UPOBAHHIO IKCILTYyaTAIIMOHHBIX CBOWCTB JIeTaIeii MaIIiH ?

7. Ha 4eM OCHOBaH »HEPro-MeXaHMYECKHH IMOJXO0J] K aHAJIUTUYECKON OIICHKE U
MIPOTHO3UPOBAHUIO IKCILTyaTAIIMOHHBIX CBOMCTB JIeTaJiei MaIiH ?

8. B ueM cocTosiT mpeuMyIecTBa dHEPreTHUECKOTO MOAX0Aa K aHaTUTHYECKOM
OIICHKE W MPOTHO3UPOBAHUIO IKCIUTYaTAIIMOHHBIX CBOMCTB JCTaNICH MaIIuH?

9. Kakue KoHIIeNTYyaJIbHbIC TTOJOKEHUS JISKAT B OCHOBE SHEPreTUYECKOr0 MOoIX0Aa
K AQHAJIMTUYECKOW OILIEHKE W MPOTHO3UPOBAHMUIO SKCIUTYaTAIMOHHBIX CBOMCTB
JeTane MammH?
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10.Pemienne kakux 3a7ad MpeAOIpenessieT TEXHOJIOTUYECKOoe oOecredeHne
AKCILTyaTAI[MOHHBIX CBOMCTB JIeTaJIeH MaIiH?

11.TlosicHUTE aNrOPUTM pEIICHUS KOHCTPYKTOPCKOW 3aJadd MO 00ecTeueHUIo
TpeOyeMBbIX IKCILUTyaTallMOHHBIX CBOMCTB JeTaJIel MaIlIMH.

12.TlosicHuTe anrOpUTM pEIICHHUS TEXHOJOTUYECKOM 3aJaud MO O0ECHEYEHHIO
TpeOyeMbIX MapaMeTpOB KaYECTBA TOBEPXHOCTH.

13.Kakue wucxomupie paHHbie HeoOxomumbl st CAIIP  koHCTpyKTOpCKO-
TEXHOJIOTHUECKOM MOATOTOBKH MPOU3BOICTBA?

Hcnonws3oBaHHas nureparypa

1. Jlebener B.A. DHepreTuueckue acmeKkThl YIPOUHEHUS JeTaled TUHAMUYECKUMHU
METOJIJaMU TIOBEPXHOCTHOTO MJIACTUYECKOTO AeopmupoBanus: MoHorpadus / B.A.
Jlebenes — Pocto v//1: M3natensckuit nentp AI'TY, 2007 — 156 c.

2. CymumaA.M. KauecTBO OBEPXHOCTHOIO CJIOS M YCTAJIOCTHASI IPOYHOCTD JIE€TaJeH
U3 KapOIMPOYHBIX U TUTAHOBBIX ci1aBoB/A.M. Cynuma, M.M.EBcTuruees-M.:
MammnHoctpoenue, 1974-256c¢.

3. CycnoB A.I'. Hayunble ocHOBBI TeXHO0ruM MamHocTpoenusi/ A.I'. Cycios,
A.M.lansckuii- M.: Mammnoctpoenue,2002-684c.

4. Amenunkc C.MeTtobl mpsimoro Ha0moaenus auciokanuit/ C. AMenunke- M.
«Mwup»,1968-232c¢.

5. Konmoropos JI.M. Hanpspxkenus .[dedopmaruu. Pazpymenue./ JI.M. Konmoropos-
M.: Meramnyprus,1970-229c.

6. CmensHckuii B.M. MexaHuka ynnpo4HEHUs JIeTalleld MOBEPXHOCTHBIM
iactTuaeckuM aedopmupoBanueM/ B.M. Cmenstackuii- M.: Mammnoctpoenue,2002-
299c.

7. ®enopos B.B. TepMoanHaMUUECKHUE ACIIEKTHI IPOYHOCTU U PA3PYyLIEHUS TBEPIBIX
ten / denopo B.B. — Tamkent: M3natensctBo ®AH, 1979-168 c.

8. Nb6arymnun W./].Kunetnka ycTagocTHOM MOBPEKIAEMOCTH U pa3pyIICHUS
MOBEPXHOCTHBIX clioeB: MoHorpadwus / N.JI. UbatymumH. — Camapa: Camap. roc. TexH.
yH-T, 2008. -387 c.

9. ®énopos B.B. Kunetuka nospexmnaemMocTy 1 pa3pyuieHus TBEpAbIX Ten/ B.B.
dénopos— Tamkent: M3narensctBo PAH, 1985-166 c.

10. PeixoB O.B. TexHonornueckoe odecneyeHre 3KCITyaTaluOHHbBIX CBOMCTB
netaneit mamms/ 3.8, Peokos, A.I'.Cycnos, B.I1.dEnopos- M.:

Maimunoctpoenue, 1979-176c¢.

11.CycnoB A.T'. TexHonoruueckoe o0ecredeHrne 1 MOBBIIIEHUE YKCIITYaTallMOHHBIX
CBOMCTB AeTane u ux coequnenuit/ [lox oomeit pen. A.I' Cycnosa-. M.:
Maimunoctpoenue,2006-448c.

12. UcaeB H.N.Teopust Koppo3noHHBIX mpoueccoB,M.:Metamnyprus, 1997-350c.

13. Koraes B.I1.PacueTs! nerasneit MmammH Ha MPOYHOCTH U T0ATOBEYHOCTH/ B.IT.
Koraes,H.A.MaxyTtoB, A.IL.I'ycenkoB- M.: MammHoctpoenue, 1983-224c.
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14. Kparensckuit M1.B. OcHoBBI pacuera Ha TpeHue u uznoc/ 11.B

Kparensckuit, M.H.Jlo6srann, B.C.Kombanos- M.: MammuaocTpoenune, 1977-540c.

15. Cynuma A.M. TToBepXHOCTHBIN CJION U AKCIUTyaTallMOHHBIE CBOMCTBA JieTanei
mamms/ A.M. Cynuma,B.A.1llynos,t0. [ AAronkun- M.: MammuHoctpoenue,1988-289c.
16. ITerpocoB B.B. 'mapoapoOectpyiiHoe ynpoyHeHue aeTaneid u uHcTpyMeHTa/ B.B.
ITetpocoB- M.: MammuHoctpoenue,1977-166c¢.

17. Jlebenen B.A. TexHomorus ATMHAMUYECKUX METO/I0B ITOBEPXHOCTHOTO
mactuyeckoro aedopmupoBanus. Hayunoe nznanue — PoctoB v/]1: M3natenbckuii
uentp AI'TY, 2006 — 183 c.

18. BanoBa B.C. Ilpupona ycranoctu meramios/B.C.NBanosa, B.®d.TepenTheB. —
M.: Metamnyprus,1975. -272c.

19. JIebeneB B.A. TexHosorust u opranu3aiys BOCCTAHOBJICHUS JIeTalleh U
coopounbix equnuil / B.A. Jlebenes, F0.M.Camonymckuii, FO.B. Mapuenko u np.-
PocroB v//1: M3narensckuit nentp AI'TY,2012-300c.

20.TexHosornueckue ocHOBEI oOecrieueHus kadecta Maimmi/ K.C.KonecHUKOB,
I'.®.bananaun, A.M.lansckuit u ap; [lox obmi.pen. K.C.Konecuukosa- M.:
MammnHoctpoenue, 1990-256¢.

21. MenbankoB A.C. TexHOJIOTUSI MAIIMHOCTPOEHUS: OCHOBBI JJOCTUKEHUS KaYeCTBA
Mamunbl/ A.C. MensHaukoB.- PoctoB u//]: U3naTensckuit ientp AI'TY,2009

22. be3bs3prunbiii B.®. TexHomornyeckue mpouecchl MEXaHU4eCKON U hU3HKO-
MEXaHU4EeCKO 00pabOTKH B aBUAIBUTATEIIECTPOCHUH

23.babuues A.Il. .OcHOBBI BUOPAIIMOHHOM TEXHOJIOTHH

24. CnpaBOYHUK TeXHOJOra-mMamuHoctpourens. T.1.

25. lllepoxoBaTocTh nmoBepxHOCTU. [lapaMeTphl, XapaKTEepUCTUKH U 0003HAUCHHUSI.
I'OCT 2789-73 (CT COB 638-77).

26. Tuxonos /. A. [ToBbIlIIeHHE CTORKOCTH PEKYIIMX HHCTPYMEHTOB C
M3HOCOCTOMKHUM MOKPBITUEM ITyTEeM OTJEJIOUYHO-YIPOUHSIIONIEeH 00pabOTKH X
pabounx MOBEPXHOCTEN aMa3HbIM BhITJIAKUBaHUEM. ABTOpedepaT K.T.H.

[Ipunoxenus
[Tpunoxenue A
PexomeHnnyeMble 3HaYEHUS TapaMETPOB LIEPOXOBATOCTH ITOBEPXHOCTH ACTAIEH

MaIIiH
IToBepxHOCTH Ra, MM | 150,% | |, Mm
OnopHBIX MEEK BAJIOB:
1O/ MIOAIIUITHUKN CKOJIbKEHUS 0,32 30 0,8
110 BKJIAJIBITITN U3 OPOH3bI 0,4 15 0,8
o1 0a00UTOBBIE BKJIABIIIIN 0,25 20 0,25
10/ BKJIQABIIIN U3 YyryHa U u3 rpadurormacta AMC-1 0,32 40 0,8
10/ MOAIIUITHUKN Ka4YEeHUS 0,8 — 0,8
O6ecnieunBarolye sIBJICHNE N30UPATEIHHOTO MePEeHOCca 0,25 15 0,25
[Tocamo4HbIX IIEEK BAJIOB MO 3yOUaThie Kojeca 1,6 — 0,8
Basios, paboTaronux npu 3HaKonepeMeHHbIx Harpy3kax | Rmax=1| 60 0,8
[[TapruKOBBIX ¥ POJIMKOBBIX MOIUATTHUKOB 0,08 15 0,25
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[ lopHs:
FOOKU 0,8 — 0,8
OTBEPCTHS MO/ MaJIeI] 0,5 — 0,8
Hapy>kHas MOPITHEBOTO MaJTbIa 0,25 15 0,25
[[Ieex 1 KyJTa4KOB pacipeIeTuTEIbHBIX BaJIOB 0,32 30 0,8
[ [1yHXEpHBIX Map 0,08 15 0,25
OTBepcTHil phIYaroB BUJIOK, COMPSATAEMBIX C BajlaMU WU 0,63 o 0.8
OCSAMU
[Tocamo9HBIX OTBEPCTUH 3yOUaTHIX KOJIEC 0,5-2 — 0,8
bokoBkbIe:
3yObEB KOJIEC 0,63-1,25 | — 0,8
BUTKOB YEPBSKa 0,32 — 0,25
(OCHOBHBIX OTBEPCTHH KOPITYCOB:
13 9yTyHa 1-2 — 0,8
W13 CTaJIN 0,63-1,6 — 0,8
CornpsiraeMble KOPITYCOB U KPBIIIEK Rz=10 — 2,5
Hampapisiiomyx TPEHUS-CKOJIbKCHUS:
VHUBEPCAIBHBIX CTAHKOB 0,63 — 0,8
MPEIM3UOHHBIX CTAHKOB 0,1 15 0,25
TSDKEJIBIX CTAHKOB 1,6 — 0,08
Hampapisiiomuyx KaueHus 0,16 — 0,25
Paboune:
[IJIMHAPOB 0,4 40 0,8
[MOPITHEBBIX KOJIEIT 0,25 — 0,25
KOJIEHYATBIX BAJIOB:
KOpPEHHBIC MNEHKH 0,32 30 0,8
[IATYHHBIC IEHKU 0,25 20 0,25
HanbuieHHbIE, TPEHUS CKOJIBKEHUS 0,08 10 0,25
[Tox HanbUIEHHE Rz= 125; — 0,8
Sm=0,5Mm
[10]1 5JIEKTPOXUMUYECKHUE TOKPBITHS 0,2-0,8 — —
Koppoaupyronme 0,063; 10 0,25
Sm=
0,032Mm
[Ion cknenBaHue Rz=15 — —

[IIepoxoBaTOCTh MOBEPXHOCTH MPHU PA3TUYHBIX METOJAX 00pabOTKH

[Tpunoxenue b

[TapameTpsl IEpOXOBATOCTH

O6paboTka

Ra, Mxm Sm, Mmm

S, Mmm

t20, %0

Hapy>xHble mOBEpXHOCTH BpallCHUS
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OOraunBaHue:
YEPHOBOE 12,5-50 0,32-0,25 0,32-1,25 10-15
MOJTyYHCTOBOE 3,2-12,5 0,160-0,40 0,160-0,40 10-15
YHUCTOBOE 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
Hmpoarie: 1-25 | 0,063-020 | 0,032-0,160 | 10
HPEARAPHTEILHO® 0,2-1,25 |0,025-0,100| 0,010-0,080 | 10
AMCTOROE 0,05-0,25 |0,008-0,025| 0,003-0,160 | 40
TOHKOE
CynepdunumuupoBanue 0,032-0,28 | 0,06-0,020 | 0,003-0,016 10
[TomupoBanue 0,008 -0,08 | 0,008-0,025| 0,002-0,08 10
[Tputnpka 0,01-0,11 | 0,006-0,04 | 0,002-0,032 | 10-15
OoOkartsiBanue u BeirtakuBanue| 0,03-2,0 0,025-1.25 0,025-1,25 10-70
BubpoobkarsiBanue 0,063-1,60 [ 0.01-10,5 0,008-0,16 10-70
DneKkTpoMexaHnIecKas 0,02-1,60 | 0,025-1,25 0,025-1,25 10-70
MarauTtHo-a0pa3uBHas 0,02-1,60 | 0,008 -1,25 0,03-0,16 10-30
BHyTpeHHHE TOBEPXHOCTH BpAIICHUS
Caeprienue u paccBepiauBanme | 3,2-12,5 0,16-0,8 0,08-0,63 10-15
3eHKEepOBaHUeE:
YEpPHOBOE 3,2-6,3 0,16-0,8 0,063-0,4 10-15
YHCTOBOC 1,25-3,2 0,08-0,25 | 0,05-0,16 10-15
Pa3BepTriBaHmE: YepHOBOEC 1,25-2.5 0,08-0,2 0,04-0,16 10-15
YHCTOBOC 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
[IpoTsaruBanue:
YEPHOBOE 1,25-3,2 0,08-0,25 0,04-0,2 10-15
YHCTOBOC 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
MOJIyYHUCTOBOE 1,6-6.3 0,125-0,32 | 0,125-0,32 | 10-15
YHCTOBOE 0,8-2,0 0,08-0,16 | 0,05-0,16 10-15
TOHKOE 0,2-0,8 0,02-0,1 0,01-0,1 10-15
[InudoBanue:
MIPEIBAPUTEIIBHOC 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
TOHKOE 0,08-0,32 (0,008-0,025 | 0,003-0,016 10
XOHMHTOBaHHE:
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MpeABaPUTEIILHOE 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
TOHKOE 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
Packamusanie 1 005-2 | 0025-1 | 00251 | 10-70
BBITJIAXKMBAHHE
BubpopackaTsiBanme 0,063-1.6 0,01-12,5 | 0,008-0,16 10-70
KamubGpoBanue 0,1-1,6 0,025-1 0,025-1 10-70
[Tnockue moBEpXHOCTH
ToproBoe ppe3epoBanme:
YEPHOBOE 3,2-12,5 0,16-0,4 0,16-0,4 10-15
YHCTOBOE 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
[{nmHaapuyeckoe
dbpesepoBaHue:
YEpPHOBOE 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:
YEPHOBOE 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
[IporsaruBanue:
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
[InudoBanue:
peaBapUTEIbLHOE 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
[[Tabpenue ot ceodsi:
7=20+10 1,6-6,3 0,2-1 0,125-1 10-15
7Z=30+20 0,63-2,5 | 0,063-0,25 | 0,032-0,2 10-15
[[TaOpenue Ha ceds:
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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

HaxkaTeIBaHuE pOJHKAMH H 0.12 0,025-5 0.02-5 10-70

[IIAPHKOBBIMH TOJIOBKAMH

BubponakaTeiBanue 0.16-2,5 0,025-12,5 0,02-5 10-70
BubponoaupoBanue 0,3-0,032 0,1-0,025 | 0,004-0.025 10

[Tputupka 0,02-0,1 | 0,008-0,04 |0,004-0,032| 10-15

BoKOBBIE MOBEPXHOCTH MUTUIICB

InumedpesepoBaHue:

Hpgﬂg’fpmepmoe 6,3-12,5 1-5 1-5 10-15
1,25-4 0,1-2 0,05-2 10-15
YHCTOBOE

[numecTporanue 1-2,5 0,08-2,5 0,05-2,5 10-15
[IunenpoTaruBaHue 0,8-1,6 0,08-2 0,05-2 10-15

Hmosarie: 16-32 | 01032 | 0063025 | 10

HIPEABAPHTEILIOE 04-125 | 0,032-01 |0,016-0,063| 10

OKOHYATEITLHOE
HaxaTtsiBanue nuinies 0,8-1 0,08-5 0,063-5 10-15
OOKaTpIBaHUE NUIHIIEB 0,32-1 0,063-2 0,032-1,25 10-70
BokoBbIE TOBEPXHOCTH 3yObEB
3y6°i‘(’)?;§}f£4f3aw: 63125 | 1,255 1-5 10-15
3,2-6,3 0,32-1,6 0,2-1,6 10-15
YePBAYHBIMU

3y0OoHape3aHue10I0IKaMu 1,6-3,2 0,2-1,25 0,125-1,25 10-15
[TpotsiruBanue 0,8-1,6 0,08-2 0,05-2 10-15
HakarbiBanue 0,8-2 0,08-5 0.063 -5 10-15
[IleBuHrOBaHKE 0.63-1.25 | 0,125-0,5 0,08-0,5 10-15

[Imudosanme 0,5-1,25 0,04-0,1 |0,025-0,063 10
OOKkarbIBaHue 0,32-1 0,063-2 0,032-1,75 10-70
[Tputupka 0,1-0,5 0,032-0,5 | 0,02-0,16 10-70

BokoBbie moBepXxHOCTH TPOPHIIS pe3bObI
Hape3zanue:

PE3LAMH I IPeOCHKaMH 16-32 | 008025 | 0,32:0,16 | 15-20
MCTHHICANH, TUTAMIIAMI 1 1,6-32 | 0,063-02 |0,025-0,125| 10-15
CaMOPaCKPBIBAIOIIUMHUCS

HAPE3HBIMU T'OJIOBKAMH

Hfg;j}f;f:iﬁ;e 1632 |0125-032 | 006302 | 10
OKOHUATENEHOE 0,5-2 0,032-0,125 | 0,016-0,8 10
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HaxkateiBanue u pacKaTbIBaHUC

0,5-1,25 0,04-0,1 | 0,032-0,08 | 10-20

pe3bObI

[Tpumeuanus:

1. Jdns ynpounstomeir 00padotku Rmax= 5Ra; Rz= 4Ra; nyist Touenusi, ctporanus u
dpesepoBanuss Rmax= 6Ra; Rz = 5Ra, mns octambHBIX MeTO/I0B 00paboTkn Rmax =
7Ra; Rz=5,5Ra.

2. Z— 4ucIio nATeH npHy mabpeHny Ha wiomamm 25 X 25Mm?; Ac - KOHTypHas ILUIOIIA b
KacaHus MpU MaOpEHUHU.

[Ipunoxenue B
['eomeTpuyeckue nmapameTpsl HIEPOXOBATOCTH MMOBEPXHOCTH AeTaliet (mpu 00padoTke

pe3aHueM)
Metox Ra, v b Mre | Top r B | Buo S/ | Sup/ r/
00paboTKH | MKM MKM Rmax | Rmax | Rmax

CranbHble 1€eTaIu
5 2,4 125 5 | 250 | 35 [35°]|2°0 | 3 57 2
2,7

25 | 225|7'| 7|1300] 100 [25°| 1° | 45 | 135 | 10

I1mockoe 8

wmdposanme | 1,25 | 2,2 |21 10 |3200| 180 {15°| 30 | 85 | 230 | 30
063 | 21 | 3 |17 |8000]| 370 |10°] 18 | 14 | 270 | 120
032 | 2 35|20 15000[550 | 7° | 10' | 19 | 780 | 350
5 | 1,65 |1,8] 45 | 4000 | 425 |20°| 50° | 7 | 137 | 20

Topuosoe = 1= 1531790 [9000 | 900 [ 11°] 30' | 16 | 230 | 90

dbpesepoBaHue

1,25 | 1,6 [2,5(120|15000{1350( 5° | 15" | 25 | 445 | 200
2,5 2 (19|35 8 5 [32°13° | 3,5 9 0,5
Buyrpennee | 1,25 | 1952 | 6 | 11 8 [17°] 11°| 7 10 1,3
mudosanue | 0,63 | 1,85 (2,5 10| 16 | 13 [10°| 8° | 13 15 4
032 [ 1,75 3 | 15| 23 |185| 5°| 5° | 23 22 12
1,25 | 2,6 |2,3| 4 | 16 8 [25°[10°| 5 8 1,3

Kpyrnoe 063 | 24 |126|65| 22 | 12 |16°| 8° 8 15 4
mmgosanme | 0,32 | 2,3 |2,8| 12| 30 | 20 [10°| 7° | 15 19 12
0,16 | 2,2 |35(18| 40 | 30 |5°| 4° | 22 34 35
[labpenne | 0,63 | 22 [ 4 |10 25 | 16 [ 9° | 6° - - 6
25 | 1,7 | 2|10 20 | 15 |20°| 5° | 65 | 12 | 15
1,25 | 1,6 |2,3/30| 50 | 40 |10°| 3° | 12 39 6
0,63 | 1,5 |2,5(250| 350 | 300 | 2° | 2° | 53 57 90

Pa3BepTeiBaHU
e
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032 | 1.4 [2.8]500| 500 | 500 |' 21301 90 | 90 | 300
0,63 | 2,2 | 3 |350| 150 | 230 | 2°| 2° | 60 | 72 | 70
032 | 1.7 [>%|700] 300 | 450 | 10| 1° | 120 | 105 | 300
[TonupoBanue 3)
100
016 | 1,3 |35|" 7| 450 | 670 [30'| 30° | 215 | 180 | 850
10 | 1,95 |22[ 17 | 150 | 50 |20°[2°30'| 5,7 | 32 | 1,3
5 | 1,9 |25/30 250 | 90 |15°] 2° | 8 | 50 | 45
Crporarme | 2,5 | 1,6 |2,7] 90 | 600 | 230 | 10°]1°30'] 16 | 90 | 24
125 | 15 2é6 160| 450 | 400 | 6° | 1° | 23 | 120 | 60
10 | 18 |1,3| 10| 45 | 20 |25°| 8° | 45 | 14 |05
Humpuiec o572 17560 | 30 |20°] 7° | 6 | 16 | 15
Koe 25 | 15 |18|25] 80 | 45 |15°| 6° | 95 | 20 | 45
dbpesepoBanue
125 | 145 | 2 |50 120 | 80 | 9°| 4° | 15| 35 | 12
5 | 15 | 1|20 60 | 35 |20°]| 10°| 6 | 12 |1,75
s |25 | 145 [15[30 | 80 [ 50 |15° 8° | 8 | 145 | 5
125 | 135 | 2 |60] 90 | 75 |10°] 7° | 14 | 18 | 12
0,63 | 1,3 |21[120] 120 [120 | 5° | 5° | 25 | 24 | 37
125 | 1,75 |1,2| 12 | 9000 330 |10°] 12' | 12 | 600 | 50
HPOT"ZHBaH“ 0,63 | 1,7 |1,8| 25 [12000[ 550 | 6° | 10' | 20 | 690 | 170
0,32 | 1,65 |2,2| 70 [15000[1000] 3° | 8 | 48 | 750 | 650
063 | 22 |15| 4 | 60 | 15 |13°]| 4° | 9 | 31 | 5
Xonunroanu| 0,32 | 2,1 |2,2|55| 70 20 |10°| 3° 12 43 12
e 016 | 2 |3 |14| 90 | 35 |5°| 2° | 26 | 62 | 45
0,08 | 1,9 | 4 | 20| 160 | 70 | 3° [1°30'| 45 | 105 | 175
5 | 165 |15]|20] 50 | 32 |18°] 11° | 75 | 105 | 1.6
Pacramanmol 25| 16 |16[35] 65 [ 50 [13°] 9° [ 10 | 13 | 5
126 | 145 | 2|60| 85 | 70 | 8| 7° | 16 | 18 | 11
0,63 | 1,4 |25(110] 120 [ 115 [5° | 5° | 30 | 25 | 36
Tosoxxka | 0,16 | 2,3 [19]25] 35 | 30 | 6° | 3° | 25 | 50 | 35
wwmagpuuec| 0,08 | 2,2 | 2 |40 | 40 40 | 3° 12°30'| 50 57 100
KHX 004 | 2 |21|70| 43 [ 55 [1°] 2° | 110 | 85 | 275
moBepxHocteil| 0,02 | 1,6 |2,5|125| 45 | 75 |30 [1°30'] 200 | 125 | 750
Tlosomka | 0,16 | 3 |1,5]| 15 |7000] 300 | 5° | 10' | 25 | 770 | 400
mockocteit | 0,08 | 2,5 |2,2] 25 |10000] 500 | 3° | 7' | 47 | 1050 |1250
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0,04 | 2,3 |2,5| 75 |14000/1000| 1° | 5" | 125 | 1500 |5000
0,02 | 2,2 | 3 |1250|35000{3000(20"| 2' | 275 | 3550 30000
YyryHHbIE AETANIH
10 2,1 | 2|85 40 (18,5 35° | 18° | 3 9 10,45
Crporare 5 2 123| 10| 70 | 25| 20° | 10° | 58 13 1,3
25 | 1,8 | 4 |20 (500 [100| 10° |3°30'| 11,7 | 58 10
1,25 | 1,7 [4,2 30| 900 |150| 5° |[1°30'| 25 82 25
2,5 2 2 |15(250 [ 60| 27° | 3° | 4,7 40 6
[Taockoe 1,25 | 1,97 |2,5| 20 | 550 |100( 12° | 1° |10,5| 112 | 15
nungosanue | 0,63 | 1,95 [3,8| 35 {1200({200| 6° | 30" | 21 | 226 | 65
0,32 | 1,8 |4,5| 40 [1700(250| 4° | 20" | 35 | 340 | 160
10 | 195 |16 7 | 40 |17 | 37° | 11°| 29 | 105 | 04
Humwapirtee 21— 95 8 [ 50 |20 32° | 9° |38 | 13 | 1
£oe 25 | 1,8 |23[85| 70 | 25| 25° | 7° | 48 | 18 | 25
dbpeszepoBaHue

1,25 | 1,65 (2,5(13 | 180 |50 | 15° | 3° | 85 | 45 8
10 — |— 1| 13| 45 | 25| 35° | 9° [ 33| 135 | 0,6
TopuoBoe 5 15 (1,120 | 75 [ 40 | 20° | 6° 8 19,5 2
¢dpesepoBanme| 25 | 1,4 |14/ 30| 110 |60 | 10° | 3° | 12 39 6
1,25 | 1,35 [1,5( 45| 170 | 90 | 5° | 2° | 22 69 15
25 | 22 |25 7 |19 |12 | 33°|18°| 3,7 | 6,7 | 1,2
Biyperitee 1,25 | 2,1 (2812 | 22 | 16| 18° [ 13°| 7 10 | 25
wmdopanue 0,63 | 19 |35|20| 34 |25|3°30'| 7° | 18 18 8
0,32 | 1,85 3; 35| 57 | 45| 3° | 3° [ 40 45 30
10 19 |1,1| 15| 40 | 25| 30° | 11°| 3,8 | 10,5 | 0,6
Touernte 5 1,8 11,3] 20| 70 |37,5| 20° | &° 7 145 | 1,3
25 | 1,7 | 2 |130(120 (60| 10° | 5° | 12 18 | 25
1,25 | 1,7 2,560 | 270 |130| 5° | 3° | 30 42 6
5 2 2 110 13 [12]| 30° | 20°| 4 6 0,6
PacTaTHEAHIC 2,5 19 |2,7112| 14 | 13 | 25° | 13° 5 9 1,3
1,25 | 1,8 {29|15| 16 | 15| 20° | 10° 7 11 2,5
0,63 [ 1,75 125|120 | 20 | 20 | 10° |4°30'| 12 19 6
25 [ 1,9 |15/ 13200 |50 | 18° | 4° | 6,6 31 5
Kpyrioe 1,25 | 1,75 (2,5(18 | 400 | 85 | 12° | 2° | 10 60 | 13,5

num¢oBaHue 2,7
0,63 | 1,7 5 23 11000|150| &° | 1° | 16 | 178 | 50
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0,32 | 16 | 3 |25 (1400{190| 6° | 30" | 22 235 | 120

JloBoIKa 016 | 1,3 |2 |25| 8 |15 4° | 7° | 33 | 185 |175
mmmmaapuaec| 0,08 | 1,2 |2,3( 35| 13 | 20| 3° 4° 50 32 55
KHUX 0,04 | 1,1 |2,4|50 | 30 |40 [1°30"| 2° | 85 80 | 200
nosepxHocren| 0,02 | 1,05 | 3 | 70| 45 [ 55| 50" | 1° | 230 | 145 | 550
[lIa6penue | 0,63 2 1!;_)8 10 | 35 |18,5| 9° | 4° - - 10

[pumeuanwue. [TapameTpsl b ¥ V OTHOCHTEIIBLHOM OMOPHOW JUTHHBI TPOQUIIS t, BXOIAT B
3aBucuMocTh t,= b(p/ Rmax)¥ mpu 0 < P/Rmax< 0,4; ryp, In — paanychl 3aKpyTICHUS

BCPIIIMUH MPIKpOHCpOBHOCTCﬁ COOTBCTCTBCHHO B IIPOJOJBHOM H IIOIICPCUHOM

HanpaBleHUSX; Pup, Pu — yIIBl Opoduiisi MUKPOHEPOBHOCTEH COOTBETCTBEHHO B

IMPOJO0JBbHOM U IIOIICPCHYHOM HAIIPABJICHHAX.

[Ipunoxenue I

[TapameTpsl IEPOXOBATOCTH MPHU PA3IUYHBIX METOAaX 00pabOTKH

O6paboTka dopmyna YcnoBus 06paboTKH
Hapy:kHble IOBEPXHOCTH
s =0,05+0,43 mm/00; V =
Touere: - “ 71282 m/mun; p=0,5+2
: PR .-ECD S90° +9) MM; ¥ = +4°+(—40°).
MTOJTyIHCTOBOE, a P
YHCTOBOE v Kospdumen-
ToI Ko — K4mIpuBeIcHBI B Ta
o1. 6 [24]
R =k Sh(g[:i Lﬂh
2y :
2ok s ot 4 44% s=0,05+0,5
¥ pkzvh _ MM/00;V=50-+150 m/MuH;
TOHKO€ ’ p=0,5+2 mMm; y= +4+(—
(amMasHoe) o o—k g1(90" + ) 40°).
i ’ pk’v * : Koaddutmentsr Ko— Kg ip
[ 5-1] ’ UBEJICHBI B Ta0M. 7 [24]
_ 50[0 0053?.&;:-] %
F R,
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[mudosanwue:
KpyTJjoe
HpeaBapUTENLHOE
U TIOJIy4YHCTOBOE

R,

SM

0,235,029, 0,08 .034
np £ Sem

0,06 0,03, 0,024
Vi Sppyt

R, =047

(2]

10

Sﬂlﬁsﬂfj DDDBHD?KDDE J
_1[:'8 w Ty

[INE]

Yy

=0,017 2 L
VI 10

30,34 EI,EI4HIII ESKD 055 [J

JU.E“-

]0.13

OO6pabaTteIiBaeMbIit
MaTepHall — CTallb
40X, HRC 30-35; v,;=20 +
50 m/muH; Spp= (0,5 +
1)B,Span = 0,05 + 0,1
MM/IB. xox; i= 1+5, K=16
+40, ns cszku C2 H= 2;
s CM1 H=1; i.,=10000
+ 30000 H/Mm

TOHKOE (TOPIIOM

R, =003 045K—uss F o
10

Smp = 0,15 + 1,5 mm/06; K

YalIeyHoro 02 =28/20 +125/100;
aJIMa3HOTO Kpyra o= 003 g £ P=20+140 H
F ? My ].D
0,15 p=0G~
[ P ] TR 13)10° Ia; V,=10+50
R =00005 — —_ >
Cynepdunuiu- a = 10°) 0P MM T — 10480 C.
poBaHue(aTIMa3HbI ’
MH OpycKamu) R, =0,0006 P _K* Hapavierpu
- 10° VI3 IIIEPOX0OBATOCTH
NIPHUBEJICHBI B Ta0I. 8 [24]
Ra K" (10%) Raucx= 0,32+ 0,80 mxm; K
[TonupoBanue R(RL R =k R =63/50 +80/63;p=(1 +
JIEHTaMU: ’ 6) 10°I1a; v, = 9,4 + 36,4
«KKOHEUHOI» - N(k Tl ikt )M/MI/IH; T i 25 + 60c,
JUTUHBI + kz + kv, + kT K03 durueHTs! Ko —Ks
NPHUBENICHBI B Ta0I. 9 [24]
046 .1 26
F F
Fa =0 ““4(1 ] Exy K =40/28 + 125/100; P =
’ 20+70 H; t= 10 + 70c.
«OECKOHEYHOIN» 2 001 3[ P J”j o 0 72’[;: 0=70c
JUTHHBI - 10, ™. PaVEIpE!
’ IIIEPOXOBATOCTHU IIPHUBEIC-
0,34 1.33
_ L HbI B Ta0J1. 10 [24]
= 0,026 —
Fom =0 (mJ T
2 —04 R,:;Eiﬁ F0.8, 0 O6pabaTbpIBaeMbIi
a 027 MaTepuall — CTaiab
[Iputupka R 132 078 0,06 Y10A,HRC 60-65; Raycx =
2 =113 .:'.l.'u 11T03: 0,17+0,89 MKMm; V, =

40+150m/Mua; K=ACM

191



R 0TS 008 2/3; ACM 10/7; 7 =
£y =008 prE | 120300 ¢; o« = 10+25°
1|.-:Il:l,lg'
S = 0,069
KD,HI:IU.UTTUJ

KoaddurmenTsr Ko — Korip

OOkaTbIBaHUE RQI:‘P,E:':I _ .%Vklskgpkgyk4p;§15&ﬂk’5:ﬂv:’
pOoJIMKaMu uBeCHBI B Ta0. 11 [24]
R =R Eij J:;m L0304 004
IIapUKaMu v= 0,218 g0 pro 0 0.0%,0.02 O6pabaTeIBacMBblii
’ Martepual — CTallb
_ 0,61, 0,28 0.3 _-018, 0,03
b=024v,5 G D 5™ LIX15,HRC 62+63; D=3+

AnMasHoe BBITJIaX

Rﬂ_ — 1,1RZE£TJ$ETD_UJSD1HPDD5 .

= 0,581}215 J—U1U4D—U,U4SU,U4PU,UI .

[Tr S 11 4

5mm; s=0,03 +0,11
MM/00;V=10+70M/MUH Oma
x—=(5000+9000) MIIa

VBaHHUE ;
E;' — D,l DE;'HD£E Jﬂmi{ﬁﬂ 033 S—U,lﬁv—ﬂ,ﬂﬂ
DnekTpomexa- P OO6pabaTtbIiBaeMbIit
_ 103 ;0,03 0,37 0,35 __ 0,36
HUYeCcKas . IS £, = 000683,/ (ﬁ] VT ST Py | marepuan — ctanb 45; | =
MpeIBapUTEIBHO % (tg ™. 1500 A; 9 =
00TOYCHHBIX e 0,3+0,7%P=300+800 H;
MOBEPXHOCTEH | R, = 0,026 Rz 2" ‘”"”[%J WA gl pannyc 3aKpyrJIeHUs
(Rayex = 1,5+6,2 12 poiuka p, = 0,5+1,5
MKM) x (2@ MM; S = 0,07+0,15 MmmM/00
-0.41
JJIA HpeI[Ba- R — |:l 183&1 1,22;—0,03 E vﬂjﬁsﬂ,ﬂg 0,2 ”
a2 : il 10 pF
PUTEITEHO
UTH()OBAHHBIX x (zg@) ™" T
0 K¢
IMOBEPXHOCTEH .5
(FI;a _ RF — D,leﬂE}iﬁf_&DE [%J VU‘ESSD‘EP_SS 3
HUCX ™
0,35+0,16MKM) % (tgeh) %
Rﬂeczﬁ Kﬂ.l,‘b('.‘
Ra = 0,58 0.52 0,08 .:',—, 026 T e ;
MaraurHo- T By ey o d=08+ 2 MM;
091 = 0.08 B'_ -U,3'I— 1,1 T,‘l;
abpasuBHas Ray K™ 0™ ta=23":9 w/Mmux

R,m 108 -, "% e
P . . L . M
1.0. 098 ?,0 v 0.2 ‘o 3_1 3

BHyTpeHHMe NOBEPXHOCTH BPAllleHUSA
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Ra = 6, 36‘10'255 0, 1230.41 .

- PI750.52 OGpabaThiBaeMbIi
Ry =524 po MaTepHal — CTajlb
Caepiienne Rem48.7 d%V75046 40X;d=12+25 mMm; V=
7= 48] —zm—
v 1220 m/MuH; S =
Rmax = 61,3g% 7y %004, 0,06+0,14 Mmm/00
Sm = 233,94%%3p 032 40,82
0,160,
p01650.%
Ra = 5.6———‘?0?3—— ’
$0.5) OG0a6 .
R,=25438 PR pabaThIBaEMBIii
(041 MaTepHal — CTallb
3eHKepoBaHNe Rz = 458 064,05 40X;d=12+25 mMm; V=
§0.55 25+40 m/vun; S = 0,3+0,6
U MM/0G
30.85
Sm = 1539 —zpr—rony-
d@‘fz [ )
26,089
Ra =0, L‘i"o?g},— ;
19,0,
R, =085 ‘-1111,"“—‘-; OO6pabaTeIiBaeMBbIit
i« dofo&,o_a MaTcpual — CTajib
PasBepThiBanue Rz =182 - % 40X;d=12+25 mMm; V=
s AP O 5+10 m/muH; s = 0,6+1,6
Rmax = 2.5 - —3.00'2- -
MM/00
s 013
W - . dﬁ.ﬁ&sa.z
OG6pabaThiBaeMbIi
30.57!:0.03}-0.04
Ra = 176,2 : cr . MaTrcpual — CTajib
T 10MH %0200+ 1™ T | 40X3t=0,15+ Tnms; v=
TaYMBaHU
§9.65;0,08 50~150 M/MuH; S =

MOJyYHCTOBOE U
YUCTOBOE

R,= 228,18

p0I204650.12(50 4 )05

Sm L qu .,0'19

|w,u)s,o.ozpo.|o,o.sz(5o )02 ’

0,05+0,5 mm/06; p=0,5+2
MGy =+~

40°; 0=3+7%j,=10000-+4
0000 H/mm
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039,005 0012K006

N s,,‘p vp.oc
Ra=92,5- Lo*)”om 0.9% ’

OO6pabaTteIiBaeMbIit
Marepuan — ctaib 40X; v=
2050 M/MUH; Syp=

Ulnudosanue R, = 766 - sopsgaa | (0,5+1) B; pap = 0,05+0,1
YHUCTOBOE p0:160.06 110,53 g0, PRL s MM/1B. Xor;i=1+5: H=
00375 08/029 015 K02 CT2-5, M3-3K-
Sm = 0,002 00 T 16+40; je; = 8000+30000
p Jet
H/mm
OO6pabateIiBaeMbIit
MaTepuai — CTallb
% HIX15;Ra,cx = 0,5 MKM.
03, 0,24 704 4009
Ra = 0.028 ML 0 s O6paboTka Gpyckamu 13
’ 10135, 004, 333000
AIIEKTPOKOPYH/Ia
3epHucTOCTHIO 50/40 Ha
19:19,9.04,0.08.0. ufo "A° os | KCPAMHUECKOI CBA3KE;
XoHuHTOBaHHE | R, = 0024 T °’L 5 — COTC — Ha ocHOBe
KEpOoCcHuHa; V1 =26+75
M/MuH; Vo = 50+150
) 1p916 7037403 M/MuH;P; =(5+15)10° Ia;
= (0,017 - z?“z?'w‘”‘ p2=
(3+10)10° ITa;f=1300+190
0 Mun 1 A=1+2MM; T =
5+10c.
Ili1ockHe MOBEPXHOCTH
(169,018 OGpabaThiBaeMbIi
Ra = 483 o - MaTepual -CTaib
T d 1,23 ,0,14.,046 *
0 GZSHSBB;);HG N e | IIX15;52 = 0,08+0,5
o gLs MM/3y6; 1= 0,3+1,8
R, =873 oi27 R MM; V=18+44 m/MuH; p =
Y 0,5+2 mmMm; vy = 5+20°
OGpabaThiBaeMbIi
< 51934027 MaTepuai — cTajb
Ra =313 oii ez o8 LIX155 = 0,25+0,5
Crporanue n _
MM/IIB. X0,V = 5,6+22
YUCTOBOEC xzyo.:s -
R, = 131,42 M/MUH; OCTaJIbHbIC

p13,039 0.8

napameTpsl (L,p, y) — Kak
U ipu Ppe3epoBaHUU
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169,059 >
Ra = 10.88 $'"y : OGpabaThiBaeMbIi
Topionoe po.l MaTepHal — CTallb
TO?{L;HHe I1IX15;5-0,1+0,5
R = S8R 3189035 MM/00; Y ¥ p— Kak U IIpu
SRk 3 0,33
P dpesepoBanuu
OG6pabaThiBaeMbIi
KO #8 0"1 08 ‘0 13
Ra =027 . MaTepHal — CTallb
[[ImudoBanue ° 2 12XH3A;v=0,21+0,37
YHCTOBOE K029,,02.0,32,0,12 M/C; Suor=3 + 6 MM/x0x,t =
R, =228 "—“l'o"‘ﬁ' : 0,01+0,04 MmmMm; i=1+5; K
46-100
O6pabaTbhiBaeMbIi
MaTepHall U 3HaUYCHUS
K03 duiueHToB ¢, Ko-
[ImudoBanue Yo = Ra(R,, Sm)= HkoKtivtshrke K4 111 alIMasHBIX U
OTZEIIOYHOE aOpa3uBHBIX KPYTrOB
NpUBEAEHBI B Ta0M. 13
[24]. Ons cBsizku C2 H=2;
st CM2 H=1
Spp = 13 +42 Mmm B 1 muH.
R Ha ogun
Ra = kq Ray.,s "Pl 0 nehopMUpY oI
HaxateiBanue l J(. TN aneMeHT; p=200+600
IITAPUKOBBIMH .' MlITa; i=1+3; mpu D = 90
TrOJIOBKaMH R’ o= ko Rp mt"’uplo MM V = 14 + 70 M/MuH.
pl‘ll‘vk 3nauenus Ko -
KspuBeaeHs! B Tadi. 14
[24]
Ra 3 3HaueHus
Ra =k, - :m i - . : k03 dunreHToB Ko -Ksmipu
BubponakarsiBan e 00paboTKe pa3IMIHbIX
ue R% e :p MaTepuaioB
Rp = k(, - -‘-)I T MIPUBEICHBI B Ta0I. 15
P [24].

CTAHKA; Spp—

O6o03HaueHus: S — nojaya; V — CKOpOCTb PE3aHUs; p — paJinyC MPU BEpUIMHE PE3La;
Y — nepenHuid yroi; B — mmpuHa Kpyra; Spa; —

MpOJI0JIbHAS TIoAada; P — cuna npuwxuma; p — gaBiaeHue Opycka; V;—

panuajbHas mojada; | — Yucio
BeIXxaknBanui; K — 3epaucrocts kpyra; H — TBepmocts Kpyra; jer —

KECTKOCTD
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CKOpPOCTh BpalllCHUS JIeTaJIH;

| — cuma Toka; & — 3a30p MEXAy MOJIOCHUKAMH U JAeTaiblo; Bi — MarHuTHas
UHAYKLHNS; pp— PaIUyC 3aKpYIJIEHUS pOJInKa; t — ryOMHA pe3aHus; o — 3aTHUH yTroJl;
Vi U V2 — CKOPOCTH BpAalllaT€IbHOTO JBWKEHUS MPU UYEPHOBOM M YHCTOBOM
XOHUHTOBAaHUU COOTBETCTBEHHO; P1 U P2 — JaBlieHHE OpYCKOB MPH YEPHOBOM H
YHCTOBOM XOHHHI'OBaHHM COOTBETCTBEHHO; f — yacToTa KojeOaHMii MHCTPYMEHTA;

’[_

BpeMsi  00paboTKH;

A — aMIuuTy1a KonebaHui; ¢ - 3aIHAA YroJ1 BAaBIMBAHMUS.

RaI/ICX -
MEPOX0OBATOCTDb, 01 — YI'OJI aTAKH; D - AUaMECTp IapuKa, 6 — JaBJICHUC B KOHTAKTC;

UCXOaHas

[TapameTpbl oNepeyHON BOJHUCTOCTH

[Tpunoxenune /]

MeTto 00paboTKn Wz, mxMm| Sw, MKkM Sw/Wz Sn/Rz |rwy, Mm
M | 06-45 | 500-1400 | 100-1350 | 3.4-24 | 10-80
TQOBARNE: BHYTPCHHCE 0 T3 180-1400 | 120-450 | 3,5-18 | 5-400
075-3 | 250-500 | 165-400 | 4.8-24 | 10-25
KpyrIoe 0575 | 550-1000 | 80-1850 | 65-22 |10-100
125-13| 750-1400 | 100-700 | 3-20 | 1550
fIIocKoe 084 | 500-900 | 200-800 | 45-35 | 20-80
. 2-35 | 1000-1500 | 300-750 | 7.5-730 | 15-55
¢ © 05-10 | 400-1000 | 40-850 | 4-13 | 550
26 | 400-1700 | 200-350 | 57-25 | 10-30
Ctporanue
0108 | 150-700 | 200-7000 | 9-45 | 2.5-40
XOHUHTOBAHUE
054 | 300-500 | 100-1000 | 65-90 | 5-50
PazBepTriBanue
03-15| 150-350 | 200-500 | 60-220 | 10-25
[TonupoBanue
JoBoaka mosepxuocreii: | 0,1-0,35 60-100 300-600 45-125 | 5-10
ITJTIOCKUX - - - - -
0.05-
35-120 400-700 | 25-200 | 2,5-10
HAJTMHIPUYECKUX 0,15
] - - - - -
ACTAAMBATHC 05-10 | 400-1000 | 40-850 | 4-13 | 5-50
Topuiosoe ppesepoBanue - _ _ _ _
25 800 300 22 85
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Touenme 1 1000 1000 30 50

[Ipumeuanue. B uuciauTene npuBeneHbl MapaMeTpbl, MOJyYEHHbIE NMpPU 0O0pabOTKe
CTaJIbHBIX JIeTaJiel, B 3HaMEHAaTeNe - MpU 00pabOTKE UyTYHHBIX JIeTajeH.

IIpunoxenue E
[TapameTpsl TPOIOIBLHON BOJTHUCTOCTH

Buz o6paboTku WZp, MKM|SWip, MM|SWip/WZip| Siip/Rup [FWip, MM

1,2-12 | 2,4-3,5 | 280-2900 | 60-800 | 30-350
1,39 | 1,8-2,3 |200- 1770| 42-340 | 40-200
1-12 1-5 | 320-1000 | 30-128 | 40-100

12 1,65 140 9,5 20

7,5-40 | 1,7-3,4 | 60-270 |14,5-20| 5-45

7,5-30 | 1,6-2,5 | 83-267 |10,5-45( 10-60
0,4-3 | 0,7-0,9 |300-1750 | 12-50 | 20-80

2000- 750-
0,25-05| 1-1,5 150-850
JIoBOAKA IJTIOCKUX IMOBEPXHOCTEN 6000 1000

[Tnockoe numudoBanue

Crporanue

Humuaapuyeckoe Gppe3epoBaHue

[IporsaruBanue

[Ipumeuyanne. B wyucnurene mnpuBeAeHBI [OaHHBIE, IOJIYYEHHbIE MpU 00pabOTKe
CTaJIbHBIX JIeTaJied, B 3HaMeHaTelle — MpH 00paboTKe YyTyHHBIX JeTallel

[Ipunoxenune XK
Brusuaue BuioB 06paboTky Ha (U3HUECKUE CBOMCTBA TOBEPXHOCTH CIIOEB

Butz 06paboTki Crenenp Hakiena = ['my6una
(Hmosepxuoctu/Hcepenunbl)-100%| Hakiena, MKM
ToueHnue:
OOBIYHOE U CKOPOCTHOE 120—150 30-50
TOHKOE 140-180 20-60
®pe3epoBaHUE:
TOPIIOBOE 140-160 40-100
AJTUHIPUIECKOE 120-140 40-80
CaepJiieHre U 36HKEPOBAHHE 160-170 180-200
PasBepTriBanue — 150-200
[IpotsiruBanue 150-200 20-75
3ybodpesepoBanue u 160-200 120-150
3y0oon0neHue
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[leBuHrOBaHKE 3yObEB — JTo 100
[Inudoranue:
KpyTJIOe JeTajei us
CTaJeu:
pesaraenne? 140-160 30-60
YTICPOAUCTOM
HU3KOYTJIEPOAUCTON 160-200 30-60
3aKaJICHHOM 125-130 20-40
IIOCKOE 150 16-35
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