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BBenenue

OpHoil U3 BaKHEWUIIUX MNPOOJIEM COBPEMEHHOIO MAIIMHOCTPOEHUS SIBISETCS
YIYYIIEHHE KayeCTBa, IOBBIIMICHUE HANENKHOCTU W JOJTOBEUYHOCTU BBITYCKAEMbIX
MamuH u u3genuit HagexHocTs paOOThl MallMH HEMOCPEACTBEHHO CBs3aHa C
Ka4eCTBOM  IIOBEPXHOCTHOIO  CJIOA  JETaled, KOTOpPO€  XapaKTEPU3YyeTCs
T€OMETPUUECKUMU U (PU3MKO-MEXaHWYeCKUMHU mapamerpamu. OT  KadecTBa
MTOBEPXHOCTHOTO CJIOSA 3aBUCAT HKCILUIyaTallMOHHBbIE CBOWCTBA — CONPOTHUBIICHUE
YCTaJI0CTH, U3BHOCOCTOMKOCTh, KOPPO3UOHHASA CTOMKOCTb, COITPOTUBIICHUE KOHTAKTHOM
yctanoctd #u Jp. CBs3b XapaKTEpUCTHK KAueCTBA IOBEPXHOCTHOTO CIOA C
HKCIUTYaTallMOHHBIMHU CBOMCTBaMU JETAJEH CBUAETEIBCTBYET O TOM, UTO ONTUMAJIbHAS
(c TOYKM 3peHUs MOBBIINICHHS 3KCIUTyaTallMOHHBIX CBOMCTB AeTallell) MOBEPXHOCTh
JOJKHA OBITh JIOCTaTOYHO TBEPAOW, UMETh CHKMMAIOUIUME OCTATOYHBIE HANPSKECHUS,
MEJKOAUCIIEPCHYIO CTPYKTYpPY, CIIIaKEHHYIO0 (POPMY MUKPOHEPOBHOCTEW C OOJbILIEH
OIIOPHOM IIJIOIIAIBIO IIOBEPXHOCTH

B »XM3HEHHOM IUKJIE U3EIUNA MAIIMHOCTPOCHUS TEXHOJIOTUYECKasl IIOATOTOBKA
IPOM3BOJCTBA 3aHUMAET 0COo00€ MEeCTO. JTO OOBSACHSAETCS €€ 3HAuUuTEeIbHON
TPYAOEMKOCTBIO M CII0KHOCTBbIO. CpOKHM IOJATOTOBKM IPOM3BOJCTBA IIPEBBIIIAIOT
CPOKH pa3pabOTKU KOHCTPYKIMU u3nenus ot 1,8 10 5 pa3, B 3aBUCUMOCTH OT BHUJIA U
CIOXKHOCTH wu3aenuii. [Ipu OCBOGHMM TIPOM3BOACTBA HOBBIX MAalIWH PEIIAKOTCA
pa3HoOOpa3Hble 3aJaul — OT IPOECKTUPOBAHMS TEXHOJIOTMUECKHX IPOILIECCOB 0
pa3pabOTKH CHEHUANIbHBIX CPEJICTB TEXHOJOTHMUECKOro ocHaueHus. [IpoektupoBanue
TEXHOJIOTMYECKUX MPOoLEeccOB 00OpabOTKM M KOHTPOJS JeTalied ABISETCS OAHUM M3
Haubosee pacIpoCTPaHEHHbBIX BUJIOB NEATEIIbHOCTU CIIELUAIIACTA
MalIMHOCTpOUTENbHOr0  npoduid. Ilpu  TeXHONIOrMYEeCKOM  MPOEKTUPOBAHUU
pemaroTcs B€ OCHOBHBIE 3a/auu: oOecrieueHne TpeOyeMoro KauyecTBa W3IENH,
MOJIy4YeHHE MUHUMAIbHOU ce0€CTOMMOCTH TEXHOJOTHYECKOI0 Mpoliecca.

HckyccTBO OpraHu3alnu MaIlIMHOCTPOUTENBHOTO 151 PEMOHTHO-
BOCCTAHOBUTEIBHOTO MPOM3BOACTBA 3aKJIOYAETCd B YMEHHMHM BBIOpaTh TaKylo
IIOCJIEA0BATEIBLHOCTE COBpEeMEHHBIX TII TMoOgydeHus 3aroToBOK, H3TOTOBIICHUS
neTaned, COOPKM W UCIHBITaHWS TOTOBBIX H3JEIMM, a TakkKe HMX pPEMOHTa U
BOCCTAHOBJIEHUS B IPOLECCE IKCILTyaTallH, IIPU KOTOPOH MPOAOJIKUTEIIBHOCTD BCETO
UKJIa U 00IIasi CTOUMOCTb MPOU3BOACTBEHHBIX U PEMOHTHO-BOCCTAHOBHUTEIbHBIX
paboT 3aJJaHHOTO KOJIMYECTBA U3ACJIUM ObUTH Obl HAUMEHBIITUMU.

B cBa3u ¢ stuM Oyaymue CcHenuaiucTbl B 00JIaCTU  KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOr0 O0ECMeYeHUs MAIIMHOCTPOUTEIBHOTO MPOU3BOJACTBA, JOJIKHBI
uMeTh OoJiee IIMPOKUN KPYro3op M KOMIUIEKCHOCTb 3HAaHUM, IJS TOrO 4YTOOBI
3¢(EeKTUBHO HCMONB30BaTh KAaK M3BECTHBbIE, TaK W HOBBIE HAyKOEMKHE
TEXHOJOTHYECKHE CIOCOOBI M METObl M3TOTOBJICHHS, PEMOHTAa M BOCCTAHOBJICHUS
U3JIeTUH C 1eNIbl0 o0ecrieyeHus: uX (PYHKIIMOHAIIBHOTO Ha3HAUYECHUS U KaueCTBa.



OcHOBHBIE pa3fenbl, U3J0KEHHbIE B Yy4eOHOM IOCOOHMM, HarpaBjieHbl Ha
dbopMHpOBaHHE HAYYHOTO TMOHMMAHHUA. MPOOJEM TEXHOJOTMH MAaIIMHOCTPOEHUS,
(GU3MYECKUX OCHOB IMPOIIECCOB, MPOTEKAIONIMX B MOBEPXHOCTHOM CIIOE€ JETajlei B
Pa3sTUYHBIX YCIOBHSX WX OKCIUTyaTaluu; (PU3UKO-TEXHOJOTHYECKOW CYITHOCTH
MEXaHU3MOB (POPMHUPOBAHUS KAuyeCTBA MOBEPXHOCTH M IKCILUTyaTAIlMOHHBIX CBOMCTB
JeTaNie TMpU Pa3IMYHBIX CHoco0ax o0OpabOTKH; MOAXOJO0B K MPOTHO3UPOBAHUIO
DKCIUTYyaTallMOHHBIX ~CBOWMCTB JI€TaJIC MAallMH HAa CTaguud KOHCTPYKTOPCKO-
TE€XHOJIOTUYECKOW MOJTOTOBKH MPOU3BOACTBA U MyTEH €€ aBTOMAaTU3AIUH.

[Ipy MNOArOTOBKE HACTOSIIETO MOCOOMS, aBTOPHI MPUACPKUBAIUCH TOYKH
3p€HHs, YTO  PACIIMPEHHE  KOHCTPYKTOPCKO-TEXHOJOTHYECKON  MOATOTOBKH
ClelUaucTa  HOBOM  (opManmMu  MOCHYXUT  JeJly  €ro  JajJbHEHIIero
COBEPIICHCTBOBaHUS g S()PEKTUBHOIO UCIIOIb30BaHUSI HOBBIX 3HAHUI Kak B
COBPEMEHHOM MAIIIMHOCTPOUTEILHOM TIPOU3BOJICTBE, Tak M B c(depe cepBuca u
DKCIUTyaTalliM TPAHCIOPTHBIX M TEXHOJOTHYECKUX MAalIMH U 000pyJOBaHUS
Pa3IMYHOrO HA3HAYECHHSI.

B ocHOBy HamucaHus MOCOOMSI TOJOXEHBI PE3yJbTaThl TEOPETUUYECKUX U
DKCIIEPUMEHTAJILHBIX ~ HCCICJAOBAHMM  POCCHUUCKOM W 3apyOeKHOW  HayKu
npeacrasiaeHuble B Tpyaax yu€Heix A.l'.Cycnosa, O.B.PerkoBa, B.®. be3ba3prunoro,
AM. Jansckoro, A.M.Cynumbl, A.Il.LbabuueBa, B.B.®énoposa, M.E.Ilonoga,
A.I'.Cxuptnanze, W.JI. WbatynnuHa W Jp., a TakXKe HAy4YHbIE HCCIICIOBAHUS
NpOBENEHHBIE B O3TOM HANpaBJICHHMM aBTOpaMu Ha Kadeape « TexHomorus
MamHocTpoeHus» I TY.



I'naBa 1. JKuzHeHHbIA UK U3/1eJIUd MAIIMHOCTPOEHU .

1.1. Texnonornyeckasi COCTABJISIIOIIAS ;KU3HEHHOT0 LIUKJIA M3/1eTUs

Kusnennwliil yuxn uzoenus — 3TO COBOKYITHOCTb IPOLIECCOB, BBINOIHIEMBIX OT
MOMEHTa BBISIBIICHUS TOTPEOHOCTEH 00IIIeCTBA B OMPECICHHOM U3/IEIUU O MOMEHTA
YIOBJIETBOPEHUS ITUX MOTPEOHOCTEN U YTUIIN3ALNUN U3/IEIHS.

H30enuem B MAlIMHOCTPOEHUM  HA3bIBAETCS NPEAMET  MPOU3BOJICTBA,
NOJUIEKALINI M3TOTOBJICHUIO HAa NpeanpusThu. M3genneM MoxeT ObITh MallWHa,
JIEMEHT MAllWHbI U JaXe OTHAEIbHAs JIeTajlb, B 3aBUCUMOCTH OT TOIO, YTO SIBJISIETCS
IPOJYKTOM  KOHEYHOW CTaguu JaHHOrO  mpousBojcTBa. Hampumep, mis
aBTOMOOMJIBHOTO 3aBOJIa U3JI€IMEM SIBIISIETCSI aBTOMOOMIIb, /111 CTAHKOCTPOUTEILHOTO
3aBOJA — CTAHOK, JUII MHCTPYMEHTAJIBHOTO 3aBOJIA — PEXYIIMU WM MEPUTEIbHBIN
UHCTPYMEHT.

B coorBerctBun ¢ I'OCTom 2.101-68 ycraHaBmmBaroTCs CIEAyOLIAE BHJIbBI
U3JICIIAN:

- JleTany;

- cOopoYHbIC eUHUIIBI (Y3JIbI);
- KOMIUIEKCBI;

- KOMIUIEKTBHI;

- arperarthl.
ﬂemaﬂb ABJIICTCA HU3ACIIMEM HIIN COCTaBHOM YaCThIO U34Cusd, U3rOTOBJICHHOMN

U3 OJJHOPOJHOTO IO HAMMEHOBAHUIO U MapKe Marepuana 0e3 NpuMeHeHUs COOPOYHBIX
omnepanuii. Hampumep, BaJMK, BHHT, KoOpmyc, 3yOuatoe koJsieco. Jletamb — 3To
NEPBUYHBIA COOPOUYHBINA JIEMEHT KAKIO0W MalluHbl. bazoeas demans — 3TO AETalb C
0a30BbIMU MOBEPXHOCTSMM, BBIMOJIHAIOIMIAS B COOPOYHOM coequHEHHH (y3Je) poib
COCIMHUTENLHOTO 3BEHA, O00ECHeunBaroNiero Mnpu CcOOpPKE COOTBETCTBYIOIIEE
OTHOCHUTEJIbHOE TIOJIOKEHUE JpYruX JeTane (Hampumep, KOPIyC peayKTopa).
[IpumenuTenbHO K 00mIel cOOpke u3AeNHii, KOrja OCHOBHBIMH COOPOUYHBIMU
AIIEMEHTaMH SIBJIIIOTCS YK€ COOpaHHble COOpOYHBIE COEAMHEHUS, OJHO U3 ITHX
COCIMHCHUH, YAOBIICTBOPSIOIIEE W3J10°KEHHOMY BEIIIIE TpeOOBaHUIO
(chopmynupoBaHHoMy mJii 0a30BOM JeTaiu), Ha3blBaeTCsl 0a30BBIM COOPOYHBIM
coenHeHneM (0a30BbIM Y3JIOM).

Coopounoti edunuyeti (y37a0M) — Ha3bIBaCTCS W3MIETUE, COCTABHBIC YaCTU
KOTOPOIrO IMOMJIEKAT COEIMHEHHI0 Ha NPEANPUATAN HW3rOTOBUTENE WU  €ro
CTPYKTYPHOM MOJpa3ieieHuH (1exe) COOPOUHBIMU ONEpaUsIMU, TAKUMH KaK IMPOCTOE
COCIMHEHUE JeTaliel, COeAMHEHHE JAeTalled MX 3alpecCOBKON, CBUHYMBAHUEM,
CBAPKOM, MAaWKOM, KIEHMKOM, CKieuBaHueM U T.4. Hampumep, cTaHOK, pEAyKTOp,
CBapHOM KOpITyC, KOpOOKa CKOPOCTEN, POTOP TYpOUHBI, IIMHUHIEIBHBIA y3€I1.

XapakTepHbIM MPU3HAKOM COOPOYHON EIWHUIIBI C TEXHOJOTHYECKOW TOYKHU
3peHUs] SIBISIETCS BO3MOXKHOCTH €€ COOpKH 000COOJIEHHO OT JPYTUX 3JIEMEHTOB
u3zenus B uenaoMm (MamuHel). COOpoUYHasl €AMHULA B 3aBUCUMOCTH OT KOHCTPYKLUHU
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MOET COCTOATh JUO0 U3 OTIAEIBHBIX JeTajeH, MO0 U3 COOPOUHBIX €IUHUL HU3IIETO
MOPSAAKA.

Komnnexcom waspiBaerca aBa U Oosee crnenuUIMPOBAHHBIX W3JEIUS, HE
COCIMHEHHBIX Ha TMPEANPUATHU U3TOTOBUTENE COOPOUYHBIMH OIEPALlUSIMHU, HO
IPEeIHA3HAYEHHBIX JJIS BHIITOJIHEHHS B3aUMOCBSI3aHHBIX 3KCIUTYaTallMOHHBIX (Q)YHKIIHA,
HaIlpyuMep, aBTOMAaTH4YecKas JuHusA, ctaHok ¢ YIIY ¢ ynpasmsaromumu nanensamu. B
KOMILJIEKC KPOME€ H3JEJIM, BBIMOIHSIIONMX OCHOBHBIE (DYHKIIMH, MOTYT BXOJHUTh
JeTan, cOOpPOYHBbIE €AMHMIIBI U KOMIUIEKTHI, MpPEIHA3HAUYCHHbIE ISl BBITOJHEHUS
BCIIOMOTATENbHbIX  (DYHKIMI, HampuMep JeTaad ¢ CcOOpOYHbIE  EAMHUIIBI,
MpeAHa3HAYEHHBIE /11 MOHTAKa KOMILJIEKCAa HA MECTE €r0 IKCILTyaTalluH.

Komnnexm mnipencrabiser coboil nBa u Oosiee U3ACNUM, HE COCAMHEHHBIX Ha
NPEANPUATAA U3TOTOBUTENE COOPOYHBIMU OINEpAlUsIMU, U MPEACTABISIOLIME COOOU
Ha0Op U3JIEeNui, UMEIOIUX O0IIee IKCITYaTallMOHHOE HA3HAYE€HUE BCIIOMOTATEIbHOTO
XapakTepa, HalpuMep, KOMIUIEKTHI 3allaCHBIX YacTed, MHCTPYMEHTOB, H3MEPUTENBHON
anmnaparypbl, yHIaKOBOUYHOW Taphl.

Aepecam  —  3T0  cOOpoyHass ~ enuMHuUIA,  oOjajarolas  IMOJIHOM
B3aMMO3aMEHAEMOCTbI0 BO3MOXHOCTBIO COOPKHM OTHEJIIBHO OT JIPYIrUX COCTaBHBIX
yacTed uznenust (Miau U3Jeus B 1IeJIOM) U CIIOCOOHOCTBIO BBIIOJIHATH OMPEACICHHYIO
(GYHKIUIO B U3/IETIUN UM CAMOCTOSTENIbHO (HAarpuMep, ABUTATENb).

XKuzHeHHbl UK MamuHOCTpouTenbHbIX u3gennit (OKLW) Bkmtouwaer psin
ATAIlOB, HAaYMHAsg OT 3apOKICHUS HAEH HOBOTO M3JENUsA OO0 €ro YTWIW3aLUWd II0
OKOHYaHWHM CpOKa HCHOJb30BaHMs. (OCHOBHBIE JTambl JKU3HEHHOIO  IUKJIA
MAaIIMHOCTPOUTENLHOrO U3/enus npeacTaBienbl Ha puc.l.l. K HUM oTHOcATCS HTanbl
NPOEKmMUpo8anusi, mexronocuueckou noocomosku npouzeoocmea (TIIII), cobcmeenno
npouU3B00CmMea, peanusayuu NpoOYKYuu, SKCHAYamayuu, peHosayuu W, HAKOHEIl,
ymuausayuy (B YACIO 3TANOB KU3HEHHOTO IMKJIA MOTYT TakKe€ BXOJUTh MAapKETHHT,
3aKyIIKM MAaTE€pHUAIOB M KOMIUIEKTYIOIIHUX, IPEIOCTABICHHE YCIYT, YINAKOBKAa M
XpaHEHHe, MOHTaXX W BBOJI B JKCIUIyaTaluio). PaccMoTpuM coaep:kaHre OCHOBHBIX
stanoB KLU nua uznenuii MalmmHOCTPOCHUS.
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Puc.1.1. JKuzHeHHBII UK MAIIUHOCTPOUTEIBLHOTO U3AEIIHS

Ha »5rame npoeKTHpOBaHHs BBINOJHAIOTCS MPOEKTHBIE MPOLEAYPbl —
(dbopMHpoBaHKE MPUHIUITUATIBLHOTO PEIIeHUs, pa3padoTKa TeOMETPUUECKUX MOJIETEH 1
YyepTexkeH, pacueThbl, MOJAEIUPOBAHUE MTPOLIECCOB, ONTUMHU3ALUA U T.I1.

Ha »Tanme mnoAroToBKM MPOM3BOJCTBA pa3padaThIBAIOTCS MapUIPyTHAS M
OlepallMOHHAsl TEXHOJIOTMU M3TOTOBJIEHUS JI€Talel, pealnu3yeMble B Iporpammax Juist



crankoB YIIY; TexHOnOrMs COOPKM M MOHTaXa WM3AENIUN; TEXHOJIOTHS KOHTPOJS U
VCIIBITAaHUU.

Ha »rame mnpousBoAcTBa OCYHIECTBIISETCS KaJE€HAAPHOE U  OINEpaTUBHOE
IUIAHUPOBAHKE;, NPUOOPETEHHE MATEPUATIOB M KOMIUIEKTYIOUIMX C HMX BXOJHBIM
KOHTpOJIEM; MeXaHOooOpaboTka M Apyrue TpeOyemble BHIbI 00paOOTKH; KOHTPOJIb
pe3ynbTaToB 00pabOTKM; COOpKA; UCIIBITAHUSI K UTOTOBBIN KOHTPOJI.

Ha nocTtnpou3BOACTBEHHBIX 3Tanax BBINOJHAIOTCA KOHCEpBAllMsl, YIAaKOBKA,
TPAHCIIOPTUPOBKA; MOHTAX Yy MOTPEOUTEINS; IKCIUTyaTalusl, OOCIyKUBAaHUE, PEMOHT U
BOCCTAHOBJICHUE; YTHIIN3ALIMSL.

Ha Bcex sTanax >KM3HEHHOTO LIMKJIA UMEIOTCSA CBOHU IieJieBble ycTaHOBKU. [Ipu
TOM YYaCTHUKH >KM3HEHHOI'O LHKJIA CTPEMSTCS AOCTUYb IMOCTaBJIECHHBIX LEJeH C
MakcuManbHOU 3 pexTuBHOCTHIO. Ha 3Tanax npoexktuposanus, TIIII u npousBoacTea
HY’)KHO OO€CIEeUNTh BBIIIOJIHEHHE TPEeOOBaHUM, MPEIBABISIEMBIX K MPOU3BOJUMOMY
W3JIEIIUI0, TIPU  33JaHHOM CTENEHW HAJASKHOCTH HW3JAEIUs W MUHUMH3ALUU
MaTepuaJbHbIX U BPEMEHHBIX 3aTPaT, YTO HEOOXOIMMO AJIsl JOCTHKEHHS ycliexa B
KOHKYPEHTHOM OOphO€ B yCIOBHUSAX PHIHOUHOM S3KOHOMUKH. [ToHsITHE 3 (hEeKTUBHOCTH
OXBAaThIBAET HE TOJIBKO CHM)KEHHE CEOECTOMMOCTH MPOAYKIUU U COKPAILEHUE CPOKOB
IMPOCKTUPOBAHMUS M TMPOU3BOJCTBA, HO U oOecreueHue yao0CTBa OCBOEHUSA U
CHW)KEHMSl 3aTpaT Ha Oyayllylo OJ3KcIyaranuio wuzgenuil. OcoOyro BaKHOCTh
TpeOOBaHMs yAOOCTBAa IKCILTyaTallMM MMEIOT JUIsl CIOKHOW TEXHUKH, HallpuMep, B
TaKUX OTPACIAX, KaK aBHa- UJIM aBTOMOOUIIECTPOCHUE.

3HAUNUTEIBPHOE MECTO B JKW3HEHHOM LMKJIE W3JENMs, a HMEHHO €ro
CTAaHOBJICHHM, NPUHAMICKUT TEXHOJOIMM  MAIIMHOCTPOEHHs, KOTOpas  Kak
IpeJCTaBiICHO Ha puc 1.2 BKItOYaeT B ceOsl MPOU3BOJICTBO 3arOTOBOK, M3TOTOBJICHUE
neTaneil, cOOpKy, KOHTPOJIb U MCHBITAHUE TOTOBBIX M3JEIMI, a TaKXKE UX PEMOHT U
BOCCTaHOBJICHHE B MPOLECCE IKCILITYaTALNH.
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Puc. 1.2. TexHonoruueckas CTpyKTypa MalllHHOCTPOUTEIbHBIX U3IEITUN

[Ipuyem, yeM paHblile B 3TOM IUKJIE OYyIyT 3aJIeiCTBOBaHbl TEXHOJOTHHU, TEM
BbIIIE 3(PPEKTUBHOCTh U KOHKYPEHTOCIIOCOOHOCTh M3JeNui MamuHocTpoeHus. Eie
Ha MPEABAPUTENIBHON CTAIMU MApKETHUHTAa U MPOPAOOTKU TEXHOJIOTM MOTYT OIIEHUTh
KOHKYPEHTOCIIOCOOHOCTh TEXHOJIOTUYECKOTO npolecca, TUTS KOTOPOTO
npeamnonaraercs Boimyck uznaenus. [IpoBenenme HUP u ONBITHO-KOHCTPYKTOPCKHX
paboT 6e3 yuyeTa TEXHOJOTHYECKHX AaCMEeKTOB MPakTU4YeCKH Hed((EKTHBHO, TaK Kak
ce0eCcTOMMOCTb, a CIIEZI0BATEIbHO U KOHKYPEHTOCIIOCOOHOCTh U3ICIUN OMPEENISIOTCS
UX  TeXHoJIorMuecko  cebectommocthto. [loaToMy Ha  paHHHUX  CTaaMsX
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MPOCKTUPOBAHUS M3ICNMA JIOJDKHA MPOBOJIUTHCA TINATENbHAs MpopaboTKa HX
TE€XHOJIOTUYHOCTH.

[lox mexnonocuunocmsro kKoHcmpyKyuu uzoeauti TOHUMAETCS TapaHTUPOBaHHAsS
coOupaeMocTh, obecmeunBaronasi ero padoTOCIOCOOHOCTh, TPHU JAOCTHKCHUU
HEOOXOJMMOW MPH 3TOM TOYHOCTH BXOJSIIMX B HEro JeTaliel TEXHUYECKH WU
YKOHOMUYECKH OOOCHOBAHHBIMH METO/IaMHU

TexHuueckasi IOJIrOTOBKA MPOU3BOJICTBA BKIIOYAET B CEOSI:

- KOHCTPYKTOPCKYIO TOJATOTOBKY MPOU3BOACTBA - pa3pabOTKy KOHCTPYKIHUU
U3JIeNUsT U CO3JaHMe €ro CcOOpPOYHBIX uepTexell, padouynx uepTexel neTanew,
3aIyCKaeMbIX B MPOU3BOJICTBO, C OPOPMIICHUEM COOTBETCTBYIOIIUX CHEHM(PUKALMA 1
JIPYrol KOHCTPYKTOPCKOM IOKYMEHTAalUU;

- TEXHOJOTUYECKYI0 moArotoBky mnpousBojactea (TIIII) - coBokymHOCTH
MEpOINPUATHNA, O0OECIEUNBAIOIIMX TEXHOJOTHYECKYI0 TOTOBHOCTH IPOM3BOJICTBA,
KOTOpasi  ONpENENSIeTCs HaJu4MeM Ha IPEJUPHUITHUM  IOJHBIX  KOMIUIEKTOB
KOHCTPYKTOPCKOW M TEXHOJOTMYECKON TOKYMEHTALMU U CPEICTB TEXHOJOTUYECKOTO
OCHAIICHMsI, HEOOXOIUMBIX JJIsi BBIMYCKAa H3JEIUM C YCTAaHOBJICHHBIMH TEXHUKO-
HKOHOMUYECKMMHU MOKA3aTENSIMU B 3a1aHHOM 00bEME;

- KaJEHJApHOE IUIAHMPOBAHUE NPOU3BOACTBEHHOIO IIpOIEcca U3rOTOBJICHUS
U3JIETUI B YCTAHOBJIEHHBIE CPOKHU MPH 33JJaHHBIX 00bEME BBIITyCKa U 3aTpaTax;
OcnoBHbIMM 3a1auamu TTII aBasiroTC:

ObecnieueHre TEXHOJIOTMYHOCTH KOHCTPYKLIMIA U3/1EIIUU.
Bb160p 1 MOAroTOBKA 3ar0TOBOK;

Pa3paboTka TEXHOIOrMUECKUX MPOIIECCOB;
[IpoekTupOBaHKE CPEACTB TEXHOIOTUYECKOTO OCHAILICHHUS;

ok wWNhE

KoHTposib 1 ynpaBiieHne TEXHOJOTHYECKUM MPOIIECCOM.

1.2. CymiHOCTH PEHOBAIIMOHHOI0 3TAaNa B 00eCleYeHUH KU3HEHHOI0 MK
U3aeJ Ui

[TockonbKy OKCIUTyaTalds W3AETUS COMPOBOXKIACTCS CHUKEHHUEM €ro
Ka4eCcTBa, BO3HUKACT HEOOXOIUMOCTh B CUCTEMATHYECKOM ITOJIICP)KaHUN X KauyeCcTBa
Ha TOM YPOBHE, KOTOPHIi ObLJI, JOCTUTHYT MPU MPOCKTUPOBAHUN U U3TOTOBJICHUH. JTa
3a/1aua MOXKET OBITh pellieHa ABYyMs CIIOCO0aMu:

- CO3JIaHME YCJIOBUM JKCIUTyaTalluM, TPU KOTOPHIX CHIDKCHUE KayecTBa
U3JICTUS, CBOJUTCS] K MUHUMAJILHO BO3MOYKHBIM TTOTEPSIM;

- TMCpUOJMYSCKMMH  pPCHOBAallMSIMHM  TOKa3aTejlel  KadecTBa  IyTEM
BOCCTAHOBJICHUSI M TEXHOJOTUYECKOTO OOCTY)KMBaHHUS C OOeCleueHneM YpOBHS
KauecTBa U3/EIUS 10 BO3MOKHOCTU OJIM3KOT0 K TIepBOHaYaIbHOMY ypoBHIO (80%).

N3BecTHO TakXe, 9TO yNPaBICHNUE KU3HECHHBIM IIMKJIOM U3/ICNINAS HAa CTaJIUU UX
OKCIUTyaTalliM  CBOJUTCS K  CHCTEMAaTHYECKOMY  KOHTPOJIIO  KadyecTBa W
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LeJICHAPABICHHOMY BO3JICUCTBHUIO HA T€ )K€ YCIOBUS U (DAKTOPBI, KOTOPHIE BIMSIOT
Ha KauyeCTBO MAlIMH. DTO YUUTHIBACTCS U HA CTAJIUU pa3pabOTKHU MAIIIKH.

Penosauyusn — 5TO KOMIUIEKC TEXHOJOTHYECKUX, KOHCTPYKTOPCKUX U
OpraHU3AIMOHHBIX MEPONPUSITUH, HAMIPABICHHBIX HA BOCCTAHOBJICHUE WJIU MPUJAHUE
paGouero pecypca o0OBEKTaM MaTepHaNbHOTO TMPOM3BOJACTBA, a TaKkKe Ha
UCIIOJIB30BaHUE UX MO HOBOMY HA3HAYCHHUIO C MUHUMAJIbHBIMU 3aTpaTaMu YHEPTUH U
MaTepHayioB, TM00 HA YTUIIU3AIUIO UX C MUHUMAJIbHOW SKOJIOTUYECKON BPEIHOCT

OCHOBY HayKd O PEHOBAIMU COCTABJISIOT 3aKOHOMEPHOCTHM MOATOTOBKH WU
OpraHu3allid TPOMU3BOJCTBA K BOCCTAHOBIICHUIO M3JCIHM, 0OOECIeUrBaIOIINe
TpeObyeMoe KauecTBO U 3aJIaHHOE UX KOJMYECTBO C HAMMEHBIIMMHU 3aTpaTaMH TPyna,
SHEPrUM M MaTepuajioB. B TO ke Bpemsi ONBIT PEMOHTAa CaMOJIETOB, CYJIOB,
TEIJIOBO30B, aBTOMOOWJIEN M JABUTaTeNIeld CUJIaMU 3aBOJIOB-U3TOTOBUTENEH, a TaKXKe
OMBIT PEMOHTA MAalIUH 3amagHbIMU (UpMaMu CBUIETEILCTBYIOT O BO3MOXKHOCTH
JOCTHKEHUSI TIOCJIIEPEMOHTHOM HapaOOTKu OOBEKTOB HE MEHbBINE, YeM Yy HOBBIX
W3JCNIN, TIpU 3aTpaTax, He mnpeBbimatromux 60% 3aTpar Ha WX MPOU3BOJICTBO.
[IpakTrka TmOKa3bIBaCT, YTO HAYYHO-OOOCHOBAHHAsi TEXHOJIOTHS W OpraHu3alus
BOCCTAHOBJICHHS JIeTajiel TO3BOJISIET JOCTUYh HOPMATHUBHOW HapaOOTKH TEXHUKH, a B
OTJICJIbHBIX CIy4asX U MPEB30MTH HApAOOTKY HOBBIX U3JCIHIA.

[IpuMeHUTENBPHO K TMOBBIIEHHIO pecypca JETANECU, peHosayus — 3TO
TEXHOJIOTUYECKUN TMPOIeCC BOCCTAHOBJICHUS JI€TAJIeM IyTeM BO3BpAIICHUS WM
yTpaueHHON 4YacTu Marepuajia u3-3a HW3HAIIMBaHUS W (WJU) JIOBEACHUS 10
HOPMATUBHBIX 3HAYEHUW YPOBHsI CBOMCTB IOKA3aTeJIEN KauyeCTBA, U3MECHUBIINXCS 32
BpeMs UX JUIUTEIBHOM dKCIUTyaTanuu B uzaeanin. OO0CHOBaHHBIN MPOLIECC PEHOBAIUU
oOecrieynBaeT TOBBIIICHUE pecypca JAeTalied CO CBOMCTBaAMH, OTBEYAIOIIMX
TpeOOBaAHUSIM KOHCTPYKTOPCKO-TEXHOJOTUUECKOMN JIOKYMEHTAaIu1 Wi
MPEBOCXOISIINMU UX.

[Ipyu u3roTOBIICHUM, HANIPUMEP, OJHOTO KOJICHUATOrO0 Bajia aBTOMOOUJIBHOTO
JIBUTATEIISIM PACXOayIOT 57 Kr MeTasuia, (Macca OTXOJ0B- 2,5 KI); IPU PEHOBALIMU ATH
BeJIMUMHBI B 20 pa3 MEHbIIIE.

JIns moaaep kaHusi WM BOCCTAHOBJICHUS! HCXOJHBIX XapaKTEPUCTUK U3EIUS B
MaITUHOCTPOCHUH, OOECIeUeHNs €ro >KU3HENEATEIbHOCTH MpPUOEraroT K €ro
BOCCTAHOBJICHMIO Ha  Pa3fMYHBIX  CTaausx OdKciuryatauud. Homenkiarypa
BOCCTAaHABIIMBAEMbIX M3JEJIUA BecbMa IIMPOKAa M MHOrooOpasHa. DTO — HU3JAENus
MPOMBIIJICHHOTO HA3HAYEeHUS: TPAHCIOPTHHIE CpeJCTBa (aBTOTPAHCIOPT, aBUALIMS,
CyJia, TMOJBMKHOU COCTaB JKEJIE3HBIX OPOT U Ap.), U3JeNns ObITOBOTO Ha3HAUYCHUS,
MEJIMIIMHCKAs] TEXHUKA U HHCTPYMEHTBI, U MHOTOE JIPYTOE.

Penonpuzoonoe usdenue - 310 uM3AENHe, KOTOPOE YTpPaTHB CBOM CBOWCTBA,
MPEAYCMOTPEHHBIE KOHCTPYKTOPCKO-TEXHOJIOTUYECKON JOKYMEHTAallMEl, B mpoliecce
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AKCIUTyaTalluK, TMOJJIEKUT BOCCTAHOBIECHUIO WA PEMOHTY WIM MOXKET ObITh
HCITIOJIb30BAHO 110 HOBOMY Ha3HAYEHHUIO.

Kak moka3bIBaeT mpakTHKa peHOBAIMU U3JIETUH, pecypc AalibHeiIie padboTsl
JH000TO M3MENHs OTpaHUYMBAETCs 2...3 MecATKaMH JeTaliel, KOTOPhIe YaCTUYHO WA
MOJIHOCTBIO yTPAaTWIM CBOIO PabOTOCIIOCOOHOCTHh B CBS3M C JIOCTHIKEHHUEM
MpEAEIbHOTO COCTOSIHUSI M3-3a TOJIOMKM M u3HOca. [IpenenbHOE COCTOSIHUE ATUX
JeTanel ompenenseTcs TeM, YTO HUX JalbHeillliee MpPUMEHEHUE [0 Ha3HAYEHUIO
TEXHUYECKM HEBO3MOXXHO HWJIM 3KOHOMHYECKH HelenecoodpasHo. [lpu moctixkenun
NPENebHOTO  COCTOSIHUSL  JieTalb MOXET o00jajaTb WJIM HET OCTaTOYHON
JIOJITOBEYHOCThIO. B mepBoM cnydae aeTanb MOXKET ObITh BOCCTAHOBIIEHA M €€
MPU3HAIOT PEHONPUTOIHOM, & BO BTOPOM — OHA YTUIIU3UPYETCS.

Jeranb, mpu3HaHHAs MPUTOJHON JJIsl MpoIlecCa PEHOBALUU, B YACTHOCTH JIJIst
BOCCTAHOBJICHUSI yTPAyeHHBIX B TMPOIECCE OKCIUIyaTalldd CBOWMCTB, Ha3bIBAIOT
PEHO3a20MOBKOL.

OcraTouHas JIOJITOBEYHOCTh PEHOMPUTOAHOTO HM3JEIUS — ATO MOTEHIHUATbHAs
JIOJITOBEYHOCTh HW3HOIICHHBIX JeTalield, KOTOpas MOXET OBIThb HCIIOJIb30BaHA B
DKCIUTyaTalliM  TOCJ€  BBIOJHEHUS SKOHOMHUYECKM OOOCHOBAaHHOTO oO0BbeMa
BOCCTAHOBUTEJIBHBIX pa0oT.

Penonpurognass neranb B YCJIOBHUSIX  PEMOHTHO-BOCCTAaHOBHUTEIHHOTO
MIPOU3BOJICTBA MPOXOAUT MYTh OT PEHO3arOTOBKHU J0 PEHOCTAIIH.

KoncTtpykTuBHas (opMa peHO3aroToBKM aHAJIOTM4YHA Je(EeKTHOW JeTalu.
Kaxxnas moBepXHOCTh PEHO3arOTOBKU IMPOJOKAET UMETh CBOE MPEIONPEACICHHOE
GbyHKIIMOHATIFHOE Ha3HAYCHHE.

Penooemans — 51O wu3Aenue, TOJYYEHHOE B pe3yJbTaTe MPOBEACHHUS
SKOHOMHUYECKH  OOOCHOBAHHBIX  PEMOHTHO-BOCCTAHOBUTEIBHBIX  pabOT  TIO
BOCCTAHOBJICHUIO (PU3MKO-MEXaHUUYECKUX CBOMCTB M TE€OMETPUUYECKHUX pPa3MepoB
JIeTaliy, YTpauyeHHBIX B MPOIIECCE DKCIUTyaTallid, B COOTBETCTBUU C TPEOOBAHUSIMHU
KOHCTPYKTOPCKO-TEXHOJOTUYECKON JTIOKYMEHTAIlMM W TPUTOJHAs JJIS JajJbHEUIero
WCITOJIH30BAHUAI.

Psan 3HaueHuWil peHoOAETANd ONpENesieH HOPMATUBHOM JOKYMEHTALMEH, OHU
SBJITFOTCSL OTPAHWYEHUSIMU, KOTOpble oOecrmeunBaroT He MeHee dem 80%-Hyro
MOCJIEPEMOHTHYIO HapaOOTKy A€Talu OT HApaOOTKH HOBOTO M3/IEIIHS.

Omanvt  penosayuu u3zdenus. B  yclIOBUSIX HOBBIX TMOAXOAOB K
BOCCTAHOBJICHUIO U3 MOKHO MPEICTABUTD CISIYIONINE dTalbl PEHOBAILIMH:

- 000CHOBaHHUE HEOOXOAMMOCTH PEHOBAIIUN U3CIIHS;

-HAyYHO-TEXHUYECKUE HCCIIETIOBAHUS 1[EJIEBOTO HCIIOJIb30BaHUs
PEHOBALIMOHHOTO U3JIETNS;

- pa3bopka W3AENWsA, OIIEHKA COCTOSHHUS, OCMOTp, 3aMe€Ha OTICIbHBIX
AJIIEMEHTOB JIeTajleil U y3JI0B;
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- pa3paboTKa KOHCTPYKTOPCKOTO TPOEKTa HA BHOBb BBOAMMBIE Y3JIbI;

- U3TOTOBJICHUE BHOBb BBOJUMBIX U3JIETIUN U y3JI0B;

- cOopka o00OpyJOBaHUSI COBMECTHO C BBOJMMBIMH PEHOBALMOHHBIMU
JETASIMA U y3J1aMU;

- HCTIBITAaHUE U JIOBOJIKA BBOJIUMBIX 00PA3IIOB.

[Ipu BoccTaHOBICHHWM JeTalied O00ECTeUnBAIOT HOPMATHBHBIC 3HAYCHUS
(GYHKUIMOHAIBHBIX W PECYpPCHBIX TMokazaTeneil. @OyHKIMOHaNbHBIE MOKa3aTeln
XapaKTEepU3yIT HCIPABHOCTh [I€Talld, a PECYPCHBIE — CTENEHb BOCCTAHOBIICHHS
TEXHUYECKOro pecypca. lIpu BoccraHOBiIeHWHM JAeTaneil, B TOM YHCIE HU UX
MTOBEPXHOCTEM, JOBOJST 10 HOPMATUBHBIX 3HAYECHUH CIEAYIOIINE TOKA3aTEN:

®  [POMBIIUICHHYIO YUCTOTY HOBEPXHOCTEM;

e  pa3Mmepsl U hopmy;

®  HU3HOCOCTOMKOCTH TPYILIMXCS ITIOBEPXHOCTEM;

®  [POYHOCTH, CINIOIIHOCTh, CTPYKTYPY MaTCPUAIOB;

®  YCTAJIOCTHYIO POYHOCTH;

®  JKECTKOCTb YIIPYTHX JCTaJIeu;

®  B3aWMHOE PACIMOJI0KEHUE U TOYHOCTH ()OPMBI IOBEPXHOCTEHH;

®  [IEPOXOBATOCTh MOBEPXHOCTEW;

® 3HAUEHUME MAaCChl JETalld U €€ paCHPEHECICHUE OTHOCUTEIBHO OCEU

BpAIllCHUs] U UHEPIUH;

®  KOPPO3MOHHAsA CTOMKOCTb.

CoBpemeHHass cuUCTeMa KadyecTBa BOCCTAHOBIICHHUS JI€TAJIE CTPOUTCS B
COOTBETCTBHHM ¢ TpeboBaHusiMu ctangapta HoBeIX LCO 9000 u UCO 9004.

BaxxapiM ycCioBHEM palMOHAIBHOM SKCIUTyaTallud W3ACIAN SABJIACTCI HUX
CBOCBPEMEHHBIM, KaUYECTBEHHBI PEMOHT, a TAK)XKE MPAaBWJIBHBIM yXOJ 3a HUMHU. B
nporiecce pabOThl  OTNENbHBIE TOBEPXHOCTH MAIlMH TMOABEPraloTcs HM3HOCY,
Pa3pyLICHUIO, KOPPO3UU WM BBIXOASAT M3 CTPOS MO APYTHMM MOpUYMHAM. 3ajayei
PEHOBAIUU SIBJIIETCS CBOEBPEMEHHOE BOCCTAHOBJIEHHE PAOOTOCIIOCOOHOCTH M3ETUI
B MUHUMAQJIBHO BO3MO’KHBIE CPOKH M C HAMMEHBIIEH 3aTpaToil TpyAa, MaT€pUaJIOB U
JIEHEKHBIX CpeACcTB. KadecTBEeHHBII pPEMOHT uMeeT OOJIbIIOE 3HAYCHHUE s
MOBBIIMICHUS ~ JIOJITOBEYHOCTH M HANIEKHOCTH  PabOThl  WM3JCNHUsI, CHUKEHUS
AKCIUTyaTallMOHHBIX PACXOJIOB.

[lepcriekTHBHBIE W3HOIICHHBIC JETaH, MOJYyUYCHHBIE B pe3yjbTaTe pa3z0opKH,
OYMCTKW MAIMHBI, Y3JIOB U JedeKTalluu JeTajnei, 3HaYUTeIbHO JICIICBJIE 3arOTOBOK
MAIIIMHOCTPOEHHUS, U3TOTOBJICHHBIX B JUTEMHOM WM KY3HEYHO — IITAMIIOBOYHOM
pou3BoJicTBaX. [Ipy HCIOJIB30BaHUM PEHO3arOTOBKU 00pabaThIBalOT MEHbIIIEE YHCIIO
MOBEPXHOCTEH, UTO OOBSICHAECT MEHBIITYIO TPYJI0EMKOCTh 00paOOTKH.

1.3 YnpaBiieHue ;KkM3HEHHBIM LUKJIOM H3/eJIHii.
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VYpaBiieHUE KU3HEHHBIM LUKJIOM U3JIEJIHN SBIIAETCS CUCTEMHOM, KOMIUIEKCHOMN
3alayet, s KOTOpOM HEOOXOJMMO YCTaHOBHUTH B3aWMOCBSI3b MEXKAY TpeMs
OCHOBHBIMHU 3JIEMEHTAMU: HMCXOJHBIMH CBOWCTBAMHU M COCTOSIHUEM MATEPHUAJIOB,
YCJIOBUSIMM 3KCILUTyaTalldd U PECYPCOM, JIJISl TOTO YTOOBI, 3a/1aBIIUCh (MM YIIPABIISs)
JBYMSI M3 3THUX JJIEMEHTOB, MOXHO OBUIO OOOCHOBAHHO PErIaMEHTUPOBATH (WU
BO3JIECTBOBATh HAa) TpeTui. C TOYKM 3pEHMsS] MPAKTHUYECKOW IIEHHOCTH MOKHO
BBIICJIUTh TPsIMyI0 U 0OpaTHYIO0 MocTaHOBKY 3amauu ynpasienust KIIM. Ilepsas
COCTOMT B MPOTHO3MPOBAHWU pECypca MaTepUajoB MO HMMEIONIMMCS JaHHBIM 00
MCXOJIHBIX M TEKYIIMX CBOMCTBaX OOBEKTA U YCIOBHSIX €0 dKCIUTyaTauu. Bropas — B
BBIOOpE M HOPMHUPOBAHUM CBOMCTB MaTepHANIOB ISl OOECHedeHHs] X TpedyeMoro
pecypca B 3aJaHHBIX YCIOBUAX OJKCIUTyaTalud. LIeHTpalbHBIM 3BEHOM CHUCTEMBI
ynpasinenuss KW  nomxHbl cTath (Qu3nyeckn OOOCHOBAHHBIE MHOTO(aKTOPHBIC
pacyeTHbIE MOJIETN; B KAUECTBE TAKOBOW MOXKET OBITh MCIIOJIb30BaHA YHEPreTUUECKAs
MOJIEJIb IOBPEXAAEMOCTH M Pa3pyILEHUsI MOBEPXHOCTHBIX CIOEB MPH 3KCIUTYyaTallHH.
HccnenoBanus moka3any, YTo aJ€KBaTHYIO KapTUHY JErpajlallii MaTepuaioB Kak Mpu
pa3pylIeHUN MOBEPXHOCTEH TpPEHUEM, TaKk M MNpU OOBEMHOW YCTaJIOCTH MOXKHO
HOJyYUTh C TOMOIIBIO OOOOIIEHHOTO PHEPreTHYECKOr0 KPUTEpHs IUIACTUYHOCTU —
HHEPruM aKTHUBAIMM IUIACTUYECKOM aedopManuy, U3MEHEHHE KOTOpOM B Mpouecce
IKCIUTyaTallui 000pyIOBaHHS XapaKTEpU3yeT CKOPOCTh MCUEPITaHus ero pecypcea [1].
[lo KpuUTHYECKOW BENMYMHE HHEPTrUU AaKTUBALUU MOXHO CYAUTh O MpPEAeIbHOM
(6e30macHOM) COCTOSTHUM MaTepHaia.

CoBpemennbie cucteMbl ynpasiaeHus JKIIW cayxatr B OCHOBHOM JiA
BO3MOXKHOCTH MPOJJICHUS] AKCIUTyaTalliM OTBETCTBEHHBIX OOBEKTOB, BhIPAOOTABLIMX
HA3HAYEHHBIA pecype, 4YTO SBISIETCS BECbMa OIPAHMYEHHBIM IIPEJCTABICHUEM O
BO3MOYKHOCTSIX TAKUX CHCTEM U KpYre MPUKIAIHBIX 33]1a4, KOTOPbIE MOXHO YCHEIIHO
pemiatb ¢ Ux nomoinblo. [Ipu Gosiee MIMPOKOM PACCMOTPEHUHM AHAIU3 BO3MOKHBIX
cxeM peanm3anuu cucteM ynpaBienuss K[ nokazam, dYTo WX  MOXKHO
KJIACCU(DUIIMPOBATH IO PsIY TPU3HAKOB.

Cucrema ympasnenusi JKI[M wmmeer MHOTO 00IIEro ¢ CHCTEeMOW KadecTBa,
BHEJPEHHON Ha MHOKECTBE COBPEMEHHBIX MNPEANPUATUN COTJIacHO TpeOOBaHUSIM
cranaaptoB cepurn MCO 9000. OgHako MX TrjaBHOE pa3iM4yue COCTOUT B TOM, 4YTO
CHUCTEMa KayecTBa HaIlpaBJ€HA Ha PeajM3alMi0 MOJHOTO COOTBETCTBHUS TEXHOJIOTHUU
U3rOTOBJICHUSI W3JI€TUN JIEUCTBYIOIIMM HOPMATHBHBIM JOKYMEHTaM C IEJbIO
NOJJIEp>KaHUs TApaHTUPOBAHHOTO YPOBHS KAYECTBA U3JIENIHI, B TO BpeMs KaK CUCTEMa
ynpasinenuss KM HampaBieHa Ha MOCTOSHHOE VYIIYYIIEHHE WX TEXHUYECKUX
XapaKTePUCTHK, YTO MPUOJIMKACT €€ K M3BECTHOM CHCTEME YIPaBJICHHSI KaueCTBOM
TQM. TI'maBHas ocobenHocts cuctembl ympasieHuss KLU coctour B TOM, 4YTO
€MHCTBEHHBIM KPUTEPUEM B HEU ABIISIETCSI TEXHUUYECKUN pPECYpC W3/eis, HA OCHOBE
KOTOPOT'O TMPOU3BOAMUTCS YIPABIECHUE €r0 CPOKOM CIYKOBI C IIEJIbI0 oOecreyeHus
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DKCIUTyaTallMOHHOW HanekHOocTH. WM Bce [daHHBlE O CBOWCTBaX MaTepHaJIOB,
NpPUMEHSIEMbIE MOJIEIH, TPOrpaMMHOE OOECIieYeHUE U T.JI. HAMPABJIEHBI HA OLEHKY,
oOecrieueHue 1 MOBBILIEHUE pecypca U3EIHUs.

Buowvt cucmem ynpaenenus KI[H no cnocody ynpaenenus. Ilo criocoOy
yrpaBieHus cucteMbl ynpasiaeHus KM MoXHO pa3genuTb Ha aKTUBHBIE U
MaCCUBHEIE.

B axmusnvix cucmemax ynpaBIIE€HUSI pECYPCOM IPEAIIONATaeTCsl Ha BCEX dTaIax
MPEANPUHUMATH MEPHI IO LEJIECHANIPABICHHOMY BO3JECHCTBUIO HA CBOMCTBA MaTepuaia
U ycloBUA ero (yHKIMOHUPOBAHMS, a TaKXKe MO ONTUMU3AIUU TEXHOJOTUYECKUX
MPOLIECCOB Ha JTale M3rOTOBJICHUS OOBbekTa. Tak, akTUBHAs CHUCTEMa YIpaBICHUS
CPOKOM CIY>KObI TEXHMYECKUX CHUCTEM Ha »JTafle »JKCIUTyaTallud TpeOyeT HuX
MOCTOSTHHOTO  COBEPIICHCTBOBAHUSI (MOJEpPHU3AIMU, PEMOHTA), 4YTO HapAIy C
3QJIOKEHHBIM TIPU  KOHCTPYUPOBAHMM W M3TOTOBJICHUU M30BITOUHBIM 3alacoM
MPOYHOCTH JA€T OCHOBAHME JIJIi MHOTOKPATHOTO TMPOJJICHHUS HX CIYKObl Ha
JIOTIOJIHUTENbHBIN CpoK. IIpy HMCHONB30BAaHUM B CHUCTEME SHEPrE€TUUYECKUX MOENEH
JUIsL TIPOTHO3MPOBAHUSI pecypca IMpPU YCTAIOCTHOM IMOBPEXKAAEMOCTH OOBEKTa
aKTUBHOE YIIPABJICHUE CBOAMUTCA K OINEPAaTUBHOMY BO3JICHCTBUIO Ha TEKYIIEE
COCTOSIHUE Marepuajia, a HMEHHO Ha €ro JHEPrui0 aKTUBAIMU IJIACTUYECKOU
nepopmanmu. B psie ciaydaeB MpH SKCIUTyaTallid OTBETCTBEHHBIX, U OCOOEHHO
OMacHbIX OOBEKTOB YCIOBHS MX U3TOTOBJEHUS U  KCIOJIB30BAHUS  CTPOTO
perIaMEeHTUPOBAHbI, YTO JENaeT 3aTPYJHUTEIbHBIM MPUMEHEHHE AaKTHUBHBIX CHUCTEM
VOpPaBJICHHS; TOTJa EIMHCTBEHHBIM CPEICTBOM YINPABICHUS CPOKOM CITYXOBbI
ABJISIFOTCS] TACCUBHBIE CUCTEMBI.

B naccusnvix cucmemax ynpasienus KW npenmnonaraercss Juiib
HaOJII0/ICHKE 33 €CTECTBEHHBIM U3MEHEHHEM CBOMCTB (KOHTPOJIb CTapEHUsI) MaTepuaia
U KOHTPOJIb 3a HCUEpPIIaHMEM 3aJI0’)KEHHOTO MPU HU3TOTOBJIEHHWU OOBEKTa 3araca
MPOYHOCTH C TEM, YTOObI Ha OCHOBE MMEIOIIMXCA KPUTEPUEB AaTh 3aKIIOYEHUE O
BO3MOXXHOCTH  JajibHEHIIEro 0€30MacHOTO  HCMOJIb30BaHUSI OOBEKTa WU O
HEOOXOJMMOCTH BBIBOJIA €0 M3 JKCIuTyaTanuu. Eme olHO Ha3HA4YeHHE MACCHUBHBIX
cucteM — cbop wuHbopmarmu U GopMHpoBaHHE 0a3bl JAHHBIX 00 YCIOBHUSAX
GYyHKIIMOHUPOBAHUST OOBEKTAa, O KUHETUKE W MEXaHU3MaX €ro MOBPEkKIAEMOCTH U
pa3pylIeHusi, O PeKUMAX TEXHOJIOTHUYECKOU 00pabOTKH, O TOJTOBEYHOCTH OOBEKTA U
T. A. JlaHHbIe CBelleHMs HEOOXOAWUMBI IJIs aHaliu3a aJCKBATHOCTH MPUMEHSEMbBIX
pacueTHBIX MOJEJCH, OIICHKM MapaMeTpoB  HAJEKHOCTU, T.. JJIs peaau3aluu
«oOpatHo#t cBsizu» B cucteme ymnpasienus KLU . [laccuBHas cuctema yrmpaBiieHUs
KW Ttaxke mpenmnosiaraeT yCTaHOBIIEHHWE JaThl OKOHYAHHS PaOOThl TEXHUYECKUX
cucteM (MpeaoTBpAIIaloNIell TOCPOYHBIA BBIBOJ M3 JKCIUTyaTallid) U oOecredeHue
MOCJICTHUX JIET CITY»KOBI Ha OCHOBE TMATHOCTHUKY TEXHUYECKUX CHCTEM.
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AKTHBHbIE U TIACCUBHBIE CHCTEMbI TJIyOOKO B3aUMOCBSI3aHbl U MOTYT
UCIIOJIb30BAaThCS COBMECTHO B paMKaxX PEIICHMs KaK MPSIMbIX, TAK U 0OpaTHBIX 3a/1au
ynpasienus. Takoe KOMOMHMpPOBAHHOE YIPABJICHUE >KU3HEHHBIM ITMKIJIOM W3CIIUN
npecTaBisieTcss Hanoosuee 3 PEKTUBHBIM.

Buowvt cucmem ynpasenenusa KIH no smany peanuzayuu. YTUpaBICHUE
peECypcoM BO3MOXKHO Ha BCEX ATanax KU3HEHHOTO LIMKJIA U3AEIIHS.

Ha cmaouu xomcmpyupoeanus B Marepuaig HEOOXOAMMO 3aJI0KHUTh 3arac
MPOYHOCTH, JIOCTATOYHBIM MJi1 3aJaHHOTO CpoKa CcIyKObl wuznenus. g 3toro
HEOOXOJMMBbI HAy4YHO OOOCHOBAaHHBIE METOAbI PETJIAMEHTHUPOBAHUS MEXAHHUYECKHX
CBOMCTB U3, BHIOOpA CMa304YHBIX MaTepuaioB. PerjameHTUpyOTCs NONMYCKU U
NPUITYCKH, MapaMmMeTpbl  MHKporeoMeTpuu. [lpu  KOHCTpyMpOBaHUU  TaKXKe
PELyCMaTPUBAIOTCS CPEICTBA CHUKEHUS TMHAMUYECKUX HANPSKEHUM, OXJIaKICHUS
Marepuana, YCTPaHSAITCS YYacTKM KOHUEHTpauuu HanpsbkeHuil. Ilpm sTtom B
IIOCJIEHEE BPEMS BCE Yalle HCIOIb3YIOT CpPEJICTBA KOMIIBIOTEPHOIO KOHEYHO-
AJIIEMEHTHOTO MOJEIUPOBAHUS.

Ha »smane npouzsoocmea TPOUCXOAUT TEXHOJOTMUECKOE oOOecreueHne
3aaHHOr0 pecypca. OCHOBHOE BHMMAaHHUE IIPU 3TOM YIEIACTCA YIPOYHSIOUM
TEXHOJIOTHUSIM U cOOpKe. BaxkHbIM 3TarnoM Mpou3BOACTBA ABISETCS KOHTPOJIb KaueCTBa
u3zienui. 31ech B MOCIEAHEE BpEMS Ha JUAMPYIOUIUE MMO3UIIMH BBIXOJUT IPUMEHEHUE
YCKOPEHHBIX METOJIOB MCIBITAaHUM, HO JJIsl 3TOF0 HEOOXOJUMO CTPOroe 0OOCHOBAaHUE
PEXKUMOB (POPCUPOBAHHBIX UCIBITAHUM, YTO MPEACTABISIET COOOM BEChbMa HEMPOCTYIO
3a/1a4y, KOTOpasi B HACTOSAIIEE BPEMsI PEIIAETCA MOMCKOM AMITMPUYECKON KOppEsLUn
MEXy Pe3yJIbTaTaMi OOBIYHBIX U YCKOPEHHBIX UCIBITAHHM.

Ha cmaouu osxcnayamayuu  TPOUCXOAMT  pallMOHANIbHAS — pealn3alus
3aJI0)KEHHOT0 B M3zenue pecypcea. [Ipu HopMupoBaHuu nokazareneil Hae)KHOCTH, KaK
NpaBUiIO, TOJB3YIOTCS MPUHUMIIOM HM30BITOYHOCTH, BCJIEACTBHE 4YEro Iocie
BbIPA0OTKM HA3HAYEHHOTO CpOKAa CIYXObl Yy WU3IEIUH YacTO OCTAeTCcs 3arac
NPOYHOCTH, HO BEJIMYMHA €ro cilydailHa W TpeOyeT mnpHU HSKCIUTyaTaluu
JIOTIOJIHUTEIBHON OLEHKU. OTO TpeOyeT KOPPEKTHBIX METOJOB JUAarHOCTHKH U
MPOTHO3UPOBAHUSI OCTATOYHOI'O PECYpCca, OCHOBAHHBIX HA AJ€KBATHBIX KPUTEPHSIX
MPOYHOCTH. AHAJIOTMYHAs CUTyalHsi BO3HUKAET, KOIJa B JKCIUIyaTallMi0 BBOJSATCA
JeTaly, UMEBIIME paHee HapaOOTKy, sl KOTOPBIX HYKHO OLICHUTh BbIpaOOTaHHBIN
pecypc. JluarHocthka COCTOSIHMSI MarepuaioB HeoOXoauMma Tepell PEMOHTOM
(BOCCTaHOBJIEHHEM ) U3HOUIEHHBIX JCTAJICH.

Buowvt cucmem ynpaenenusn KI[H no xapaxkmepy peuwiraemoit 3adauu. CucreMa
ynpasienns KW xapaktepuszyercs HaTUIUeM MPSMBIX U OOPATHBIX CBSI3EH MEXKIY
BO3JICCTBHEM Ha MaTepUall U €ro pecypcoM. OTH CBS3H SBIIOTCSA, MO CYTH,
MPUYUHHO-CJIEACTBEHHBIMH, ux aHaJINu3 IPOU3BOIUTCSA Ha OCHOBE
HKCIIEPUMEHTAJILHOTO MCCIIEIOBaHUsST OOBEKTOB W UX Mojeneil. Ecnu npuHsaTh
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HaIlpaBJICHUE PEIICHUS 3a1a4d OT COBOKYITHOCTH IPUYMH U YCJIOBUH K CIIEICTBUIO KaK
npsiMOe, TO MPOTUBOIIOJIOKHBIN aHanu3 OyJeT, COOTBETCTBEHHO, SIBJISITHCS OOPATHBIM.
Takum oOpa3oM, B MpsMON TIOCTaHOBKE 3ajaund cucteMa ynpapieHus KLU
BO3JICIICTBYET Ha pecypc 3a CYET YNpaBJICHUS CBOWCTBAMU CaMOro OOBEKTa, B
oOpaTHOM — 3a CYET yMPAaBJICHHs YCIOBHSIMH €TO0 M3TOTOBJICHHUS W JKCIUTyaTanuu. B
MEPBOM CJIy4a€ HWCXOIAHBIMU JAHHBIMU JJIS YNPABJICHUS >KU3HEHHBIM  I[UKJIOM
SBJIIOTCSL (PAKTUYECKOE COCTOSTHME, CBOMCTBAa MaTepualia U yciIoBusi paboTsl. Bo
BTOPOM — Ha OCHOBE 3aJaHHOr0 (WJIM HU3BECTHOT0) pecypca M BBISBICHHBIX MpU
WCIIBITAHUSIX WIH SKCIUTyaTallid TAHHBIX O MEXaHU3MAaX U KMHETHKE MOBPEKIaEMOCTH
MaTepHalioB KOPPEKTUPYIOTCS HX CBOMCTBA, 00ECHEUMBAIOTCSA INAJSIIUE YCIOBUS
paboTsl. [Ipu pemenun oOpaTHOM 3aa4u, HaPUMED, JJIS TTOBBIIIEHUS pecypca Y3JI0B
TPEHUSI CO3JAIOT YCJOBHS JJIi CHUKCHUS SHEPIUHM Pa3pyLIAIOMINX MEXaHUYECKUX,
TEPMUYECKUX W XUMHYECKUX BO3JCHUCTBUM, 4YTO PEATU3YETCA COOTBETCTBEHHO
npUMEHEHUEM JIeMIIPepoB, OXIauTeNIeH, THTHOUTOPOB Koppo3uu u T.1. Kpome Toro,
nyTeM cOopa ¥ CONOCTABJICHMS] PACUYETHBIX U OKCHEPUMEHTAIbHBIX JIAHHBIX
MPOBEPSETCS] MPOTHOCTUYECKAsE CHOCOOHOCTh TMPUMEHSEMON it YIpaBleHUs
peCypcoM COBOKYMHOCTH MAaTE€MAaTUYECKUX, PACUYETHBIX, KOHEUYHO-3JIEMEHTHBIX U
JIpYyrx Mojeneil 00beKTa, 4YTO0 HeOOXOIUMO JIsl COBEPIICHCTBOBAHUS CAMOUM CHUCTEMBI
ynpasieHus KL . C Touku 3peHnst TEOpUU HANEKHOCTH, PEIICHUE MPSAMBIX 33134
CBSI3aHO C TMpUMEHEHHWEeM (U3UKH OTKAa30B, WCHOJB3YyIOIMeH (u3nueckue u
MaTeMaTH4YeCKHe Mojiesidi 00beKkTa. PelleHune >xe OOpaTHBIX 3a/ady, Kak IpaBUlo,
BBITIOJTHAETCS 110 CTATUCTUYECKUM MOJIENISIM OTKAa30B.

Buowvt cucmem ynpaenenusn KI[H no uenu ynpagnenus. MOXHO BbIIETUTH
JIBE€ OCHOBHBIE L[€JIM YIIPABJIEHUS PECYPCHBIMH XapaKTEPUCTUKAMU MaTepHaa: neppas
U OCHOBHAs LI€JIb 3aKJIFOYAETCS BO BCEMEPHOM IOBBIIIEHWH OE€30TKa3HOTO CpOKa
CITY>KOBI U3/1eNUsl, T.€. B MOBBIIICHUH JOJTOBEYHOCTH MATEPUATIOB B CYIIECTBYIOIIMX
yCIOBUSAX  (DYHKIIMOHUPOBAHUS; BTOpass — B  TapUPOBAHHOM  TOHIKECHUU
JIOJITOBEUYHOCTU, YTO AKTYaJlbHO, HAMpUMEDP, MPHU Pa3padOTKe METOJUK YCKOPEHHBIX
ucnblTaHud. B mepBOM ciydae MMEET MECTO PECYpPCOIOBBILIAONIAS CHUCTEMA, BO
BTOPOM — pecypcocoOeperatomas. HaumenoBanue mocienneir oOyCiIoOBICHO T€M, YTO
MOBBIIIEHUE pecypca JOCTUTaeTcsl 3a CYeT JONOJIHUTENbHBIX MaTepUaJIbHBIX,
HSHEPreTUYECKUX U BPEMEHHBIX 3aTPaT Ha MOBBIICHUE MPOYHOCTH MaTepuaia. [Ipuuem
C MOBBIIICHUEM TOKA3aTeJIe KayecTBa OTHOIICHWE MPHUPALICHUS JOJTOBEYHOCTH
00BEKTa K NPHUPALICHUIO 3aTpaT Ha OOECHEeYEeHHE €ro HaJeKHOCTH HEIMHEHHO
Bo3pactraeT. [lodToMy, Kak M3BECTHO, IIOKAa3aTeld HAJAEKHOCTH HOPMHUPYIOTCH,
HarpuMep, MO KPUTEPUIO MUHHUMAIbHOM CTOMMOCTU >KM3HEHHOTO IHUKJIA HW3MEIHUs.
OmauM 13 3¢ (EKTUBHBIX CIIOCOOOB CHIDKCHHUS 3aTpaT HAa HM3TOTOBIICHHE CIIOXKHBIX
OOBEKTOB SIBJISIETCS BBIPABHHMBAHHE pa3pblBa MEXIYy JOJTOBEYHOCTAMH  (JIJIs1
BOCCTAaHABIIMBAEMbIX M3JIETUN — cpeHell HapaOOTKH Ha OTKa3) CaMOTro «ciaadboro» u
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CaMoOTro HaJEeXHOIO 3JIEMEHTOB B cucTeMe. TakuM 00pa3om, 1Mo OTHOILIEHHUIO K MEPBbIM
AJIEMEHTaM I11eJIecO00pa3HO MPUMEHEHUE PECypCOIOBBIIIAIONIETO BO3EHCTBUSA, a TI0
OTHOUIIEHUIO KO BTOPBIM — peCypcocOeperaroero.

I'naBa 2. XapakrepucTHKa YCJOBHIl IKCIUIyaTAUMU AeTajleil MAIIMH U UX
(puznyeckas CyuIHOCTb.

2.1 Buabl dKCIJIyaTAIlMOHHBIX CBOMCTB JieTajieil MalllMH U UX cOeIUHEeHnH

Jletanb  HpEeACTaBISIET  KOMIUIEKC — B3aMMOCBSI3aHHBIX  ITOBEPXHOCTEH,
IOCPEACTBOM KOTOPBIX OHAa BBIIIOJHAET CBOE ciy)keOHoe HaszHaueHue. [lo
(YHKIIMOHAJIbHOMY Ha3HAYEHUIO y JIETAIN Pa3INvaloT UCIIOJHUTENbHBIE U CBOOOIHbBIE
MOBEPXHOCTH, BCIOMOTaTEIbHbIE U OCHOBHBIE 0a3bl.

Ha xkaxzayro pgeranb B MallMHE WIM COOPOYHOM €IMHHIIE BO3JIAraeTcs
VCIIOJIHEHHE ONpPENeNEHHbIX (DYHKIMI, BBITEKAIOIUX M3 OOLEro (hyHKIHMOHAIBLHOTO
Ha3HAYeHMs] MalIUHbl WIM COOPOYHOM eAMHMIIBI. Be30TKa3HOCTh M JO0ITOBEYHOCTD
UCIIOJTHEHUSI CBOUX (DYHKUMH U3JENIMEM MAIIMHOCTPOCHUS ONpENesieTcs psioM
HKCIUIYaTallMOHHBIX CBOMCTB JACTAIEH U UX COCIUHEHUM.

Ilon akcnayamayuonnvimu ceonicmeéamu J€TaIed MallMH ITOHUMAETCS
CHOCOOHOCTh JIeTajeil MalllMH CONPOTUBIATHCA YCIOBUSIM BHEIIHETO (U3HKO-
MEXaHOXUMHUYECKOTO BO3/ICVCTBUS HA HUX.

B 3aBucMMOCTH OT yCJIOBHI BHELIHErO BO3JAEHUCTBUS (TPEHHUE, CTATHUECKUE WUITU
JTUHAMUYECKHE HArpy3Kd, XUMUYECKH AaKTHUBHBIE CpEIbl W Jp.) JOJDKHBI OBITh
c(OpMUPOBaHbI CJIEAYIOIIME SKCIUTyaTallMOHHbIE CBOMCTBA JeTajled MallluH M UuX
COCIMHEHUN: KOHTAaKTHas KECTKOCTh, U3HOCOCTOMKOCTh, CTATUYECKasA U YCTaJOCTHAs
00bEMHAsT MPOYHOCTh, KOPPO3HOHHAS CTOMKOCTb, TI'€PMETUYHOCTh COEAMHEHUH,
IIPOYHOCTh TMOCANOK, CTaTUYECKas W JUHAMHMYECKas MOBEPXHOCTHAS KOHTAKTHAs
IIPOYHOCTh. Bce 3TH JKCIUTyaTalMOHHBIE CBOKMCTBA B 3HAYUTEIBHOM MEpPE 3aBUCST OT
KAueCTBa IMOBEPXHOCTHOTO CJOSI JETajed, TaK KaK IPAKTUYECKH BCE PA3PYLICHUS
(craThueckue, yCTAJIOCTHbIE, KOHTAKTHbIE, KOPPO3HOHHBIE M JAp.) HAYMHAIOTCS C
ITIOBEPXHOCTH.

Hanum OIIPEEIICHUS U KpPaTKy10 XapaKTEpUCTUKY OCHOBHBIX
DKCIUTYaTallMOHHBIX CBOWCTB.

Konmaxkmmuasa yxcécmrkocms. KOHTaKTHas )K€CTKOCTb ONPENENSET CIOCOOHOCTD
MIOBEPXHOCTHBIX CJOEB JAeTanei, HaXOIAIIMUXCA B KOHTAKTE, CONPOTHUBIATHCA
JEUCTBUIO CUJI CTPEMSIIIUXCS UX Ae(OPMHUPOBATH:

j=—, (2.1)
Y,
Trac P — CHJIa Ha IJIoIIaaAr KOHTAKTa, yK - KOHTAKTHBIC HepeMeH_IeHI/IH.

KonTakTHas KECTKOCTh COCTAaBIISIET 3HAYMTENbHYIO YacTh B OajaHCe yNpyrux

nepeMenieHrnii MamuH U cOopounbix enuHul] (Puc. 2.1). KoHtakTHas XECTKOCTH
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CKa3bIBACTCA HAa TOYHOCTHU pa6OTbI MalllMH K1 HpI/I60pOB, Ha TOYHOCTH O6pa6OTKI/I Ha
MCTAJUIOPECIKYIIUX CTaHKAaX U T.[4., T.€. HA KAUECTBC MAIIMHOCTPOUTCIIbHBIX I/IS,IICJ'II/Iﬁ.

Puc. 2.1. Cxema KOHTaKTa IByX
TBEPbIX TeJ (1eTanen).

H3nococmoiikocms nosepxnocmu. Pabora MalliH BO MHOTOM OOYCJIOBJIEHA
TakuM (pr3nueckuM (PEHOMEHOM, KaK TPEHHE, KOTOPOE MPOSIBIIETCS B COMPOTUBIICHUU
JIBHKEHUIO Tel. OCHOBHBIE MOHATHS, CBA3aHHBIE C TPEHUEM U COITYTCTBYIOIIMMH €MY
SIBJICHUSIMU OTIPeJIeNIeHbI B TocyaapcTBeHHOM cranaapte (TOCT 23002-78).

Tpenue  (6Hewnee  mpeHue) —  COINPOTHUBJICHHE  OTHOCHUTEIHLHOMY
NEPEMEIICHUIO, BO3HUKAIOUIEE MEXJY JBYyMsS Te€JlaMd B 30HE CONPUKOCHOBEHUS
MOBEPXHOCTEHN MO KacaTeJIbHOW K HUM M COITPOBOXKIAEMOE PACCEIHUEM SHEPIHH.

Tpenue He sABASETCA OJHO3HAYHO BPEIHBIM WJIM IMOJE3HBIM. DTO 3aBUCUT OT
OOCTOSITEILCTB €r0 BO3HUKHOBEHUS U NMpPUMEHEHHs. TpeHue B MeXaHW3Max dYalle
OPUHATO OTHOCUTH K BPEAHBIM COMNPOTHBJICHUSM H3-32 CO3/1aBa€MbIX UM
MEXaHUYECKUX IIOTEpb, HarpeBa M H3Hoca JAeTtased. OJHAKO BCEM OYEBHIHA U
OTPOMHAsl TOJb3a TPEHUS, HAPUMEp, MPU TOPMOKEHUU MAINH, TAllICHUH OIMaCHON
BUOpAIMKU WIH MPOTYJIKaX MO TOJ0JELY, 0COOEHHO B ropax.

B mpouecce skcrutyaTaliuu MEXaHHW3Ma, MAIIUHBI WK MpUOOpa HEU30E€XKHO
MPOUCXOJUT HW3HAIIMBAHWE 3JEMEHTOB €ro KMHEMAaTHYECKHUX Map — pas3pylieHHe U
OTJICJIEHUE MaTepuajga C MOBEPXHOCTU C MOCTENEHHbIM H3MEHEHHUEM pa3MEpOB M
¢opMbl. DTO CHM)KAET MPOYHOCTh JeTajied W TOYHOCTh MEXaHHU3Ma, KpoMe TOTo,
MOBBIMIAIOTCS  HArpy3KH, pacTéT BUOpamMss W IIYM BCJIEICTBHE 3a30pOB B
KMHEMaTHYeCKuX Tnapax. B janpHeieM M3HAIIMBaHUE MOXET MPUBECTH K MOJOMKE
JeTane W BBIXOAY MalluMHbl M3 CTposd. KoJinyecTBEHHOM OIIEHKOM pe3ylbTara
W3HAILIMBAHUS SBJSIETCS U3HOC, OTIPEIETSIEMbIl B YCTAHOBJICHHBIX €IUHUIIAX.

H3Hoc — pe3ynbTaT usHauueaHus, BBIPAXKEHHbIA B €IMHUIIAX JJIMHBI, 00bEMa
WM Macchl. JlomycTUMBIA HM3HOC HE Hapymaer padoTOCIOCOOHOCTh JICTalIH.
[IpenenbHBII HM3HOC COOTBETCTBYET MPEAECIBHOMY COCTOSHUIO W3JI€Nus, KOrja
JajdbHEWIasi €ero HSKCIUTyaTaluss HeBO3MOXkHA. Ilpu TpeHMM €O CMa304YHbIM
MaTepHuayioM, KOTrjia €ro TOJIIMHA MEXIY JACTAISIMHU OOJbIIE BICOTHI HEPOBHOCTEH —
M3HOC OYE€Hb HE3HAUYMTEJICH.

OnHuM U3 BaXKHEHIINX SKCIUTyaTal[MOHHBIX CBOMCTB J€TaJIel MAILIUH SBJISIETCS
U3HOCOCTOUKOCTD. [0 u3HOCOCMOliKOCMbI0 TOHUMAIOT CTIOCOOHOCTH MOBEPXHOCTHBIX
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CJIIOEB J€TaJle CONPOTHUBIIATHCS Pa3pyLICHUIO NpU AeWCTBUU cwil TpeHus. Kpusas
M3HOCAa MMEET TP SIBHO BBIpaKEHHBIX ydacTka (Puc. 2.2): | - HauanpHBIA y4acToOK
KPUBOM XapaKTepHU3yIOIIUK mpolecc npupaboTKu HOBOro conpsbkeHus, |l - ydacrok
KPUBOM, XapaKTepU3YIOUIUIICS HEOONBIION U OTHOCUTEIBHO MOCTOSHHOM MO BETUYHUHE
CKOPOCTBIO HM3HOCA, OTBEYAIOLICH MEepHOJy HOPMajIbHOW pPabOTHI COMpPSDKEHUS -
Y4aCTOK HOPMAJIbHOTO U3HOCAa WM ecTecTBeHHbld wu3Hoc, Il - yuactok
KaTacTpo(UYECKOro U3HOCA, TO €CTh Y4YacTOK, Ha KOTOPOM CKOPOCTb M3HOCa PE3KO
BO3pacTaer.

9
S
§ : Puc. 2.2 KpuBas u3Hoca.
I |
I |
( l
I I
l l
/ A /A
Bpems paoomsl ConpaxeHus
[TpubnnxeHHo CONPOTHBIICHUE V3HAIIMBAHUIO (M3HOCOCTOMKOCTB)

OLICHUBAIOT, B YaCTHOCTH, COIMOCTABJICHUEM PACUETHBIX JABJICHUW C JIOMYCKA€MbIMU
3HAQYEHUSIMH, YCTAHOBJIEHHBIMA HA OCHOBE OIBITA 3KCIUTyaTalldd KOHCTPYKIIHH.
NuxeHepHble pacdy€Thl 1O HM3HOCY KHHEMATHYECKUX Tap  BBINOJHSIIOT IO
MHTETPaJIbHbIM XapaKTEPUCTUKAM: CKOPOCTH U UHTEHCUBHOCTH U3HAIIMBAHUS.
Ckopocmb uzHawiuéanusi — OTHOIIIEHUE M3HOCA KO BPEMEHH, 3a KOTOPOE OH
BO3HUK
7 = AU, /dt = AU, /At (MKM/4). (2.2)
Humencusnocms usHawueéanus — OTHOIIEHUE M3HOCA K Tpolery, HapaboTke
i 00BEMY BBITIOJIHEHHON paboThl. PaznuyaroT n3Hoc nuHenHbIi M}, MaccoBbIil U, u
00BEMHBIN H,. OTHOIIEHNE U3HOCA K MYTU TpeHus Ly, Ha KOTOpOM MPOU30IIEN ITOT
W3HOC, XapaKTEPU3YET UHIMEHCUBHOCTb USHAWMUBAHUS, COOTBETCTBEHHO:
e nuHelnyo |y, = /Ly (MKM/KM);
e maccoByto Iy = Un/Lr (T/km);
e 00béMmuyIO |y = U, /L7 (MM3/I<M).
JIuHeiiHas UHTEHCUBHOCTh W3HAIIMBAHUS MU3MEHSETCA B IIMPOKUX Mpeaenax
107°..10"°.  KoHkpeTHble  3Ha4YeHHMs I PA3HbIX  YCIOBHH  HONYYarOT
JKCIIEPUMEHTAIIBHO.
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OtHomieHne oOBEMA M3HOIIEHHOIO MaTepuana K pabore cuin Tpenust Fr

Ha3bIBAIOT dHEp2emuiecKoli UHMeHCUBHOCTbIO USHAWUBAHUS.

N3noc oxBatbiBaer okono 80% geranmeil. B 3aBucHMOCTH OT Xapakrtepa
MPOUCXOSIINX MPOIIECCOB PANUYAIOT CIICAYIONINE BUIAbI M3HAIIMBAHUS:

® JMexaHuueckoe — pe3yJbTaT MEXAHHMYECKOTO B3aUMOJECHCTBUS;

® abpazueHoe — PE3YNbTAT PEKYIIETO M Iapamnarouiero IeUCTBUS TBEPIBIX
YacTHIl, HaXOJAIIMXCS B 30HE KOHTaKTa jerajled (Ha pabouell TMOBEPXHOCTU
HAOJI0JAI0TCS [[apalliHbl, KAHABKH, MOJIOCHI);

® HpPO3UOHHOE — PE3yJbTaT BO3JIEUCTBHS OTOKOB KUAKOCTH U rasa;

®  2UOPO3PO3UOHHOE (2A303PO3UOHHOE) — PE3YNbTaT BO3ACHUCTBHUS KUIKOCTH
(raza);

® cudpoabpasuenoe (2azoabpaszusrnoe) — PE3yNbTAT BO3JAEHCTBUU TBEPIBIX
YaCTHII, B3BEIICHHBIX B KUJIKOCTHU (Tase);

®  KOPPO3UOHHO-MeXaHuyeckoe — MEXAHMYECKH KOHTAKT B COYETAHUU C
XUMUYECKUM W/WJIM DJIEKTPUYECKUM B3auMOJIEUCTBHEM Marepuaiga co cpenod (Ha
paboueii TOBEpXHOCTH HAOJI01at0TCs TUIEHKH, YaCTHULIBI, POAYKTHI PEaKIuii);

® ycmanocmuoe — PE3yNbTAT YCTAJOCTHOIO pa3pylIeHUs IpPU MOBTOPHOM
neopMHUpoOBaHUM MUKPOOOBEMOB MaTepuaia, HaOII0IaeTcsl Kak TMpU  TPEHUHU
CKOJIBKEHHUSI, TaK M MPU TPEHUH KadeHHUs (Ha pabouell MOBEPXHOCTH HAOIIOMAIOTCS
TPEIIMHBI, BEIKPAIIIMBAHUE);

®  KasUMAYUOHHOEe — TUAPOIPO3UOHHOE TIPH JIBHIKCHUH TeJa B KUIAKOCTH, KOTa
My3bIPbKH Ta3a 3axJIOMBIBAIOTCS BOJHM3U TOBEPXHOCTH C MECTHBIM TIOBBIIICHUEM
TABJICHUS U TEMIIEPATYPHI;

® U3HaWUBAHUe NpU 3aedanuu — TPEUMYUIECTBEHHO HaOII0AaeTcss Mnpu
BBICOKMX CKOPOCTSIX M JaBJCHHUSX C BBIJABIMBAHUEM pa3beAaronieil Tpyluecs
MOBEPXHOCTU MACIISIHOM IUIEHKH. B pe3ynbrare TEmio He ycrneBaeT OTBOAMTHCS, U
MIPOUCXOJIUT CXBaThIBaHUE (CBAapKa) YaCTHI] METaJIa KOHTAKTUPYIOIINX TOBEPXHOCTEH
C TAJIbHEHUIIIM OTPBIBOM HX OT 00JIee MATKOW MOBEPXHOCTH M MPOYHBIM COSAMHECHUEM
c Oonee TBepmoil. OOpa3oBaBIIMECs HEPOBHOCTU IapamaroT pabodue MOBEPXHOCTHU
neTanei ¢ 0oyiee MATKOH MOBEPXHOCTHIO, YTO MPHUBOJUT K BBIXOAY MX M3 CTpos (Ha
paboueii TOBEpXHOCTH HAOIIOIAt0TCS YCTITYWKH, BBICTYTIBI, BEIKPAIIIMBAHUE);

® OKUCIUmMenvbHoe — AHAIOTHYHO KOPPO3UOHHO-MEXAHUYECKOMY, HO TOJ
OCHOBHBIM BIIUSTHUEM XUMHUYECKHUX PEAKIIUN ¢ KHUCIOPOIAOM HMITH OKUCIISIONIEH CpeIoi;

o (pemmune — TPU MaJIBIX OTHOCHUTEIBHBIX KOJICOATEIBHBIX JIBIKCHUSIX
KOHTaKTHPYIOIUX TTOBEPXHOCTEH;

®  JJIEeKMpOoIPO3UOHHOEe — B PE3yNbTaTe BO3JACHCTBHS  pa3psioB  IpU
MIPOXOKICHUH AJEKTPUUECKOTO TOKA.
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B OOBIUHBIX YCJIOBHUSIX COUYETAIOTCS pa3Hble BUAbl W3HAIIMBAHUS, YTO OYEHb
3aTpyAHSIET aHAJIU3 YCIOBUM pabOThl MaIIUH.

Koppo3uonnaa cmoiikocms. 1log xoppo3uonnou cmouxkocmvio TOHUMAIOT
CIIOCOOHOCTh TIOBEPXHOCTHBIX CIIOEB COIMPOTHUBISITHCS Pa3pyMIAOIIEMy JEHCTBHIO
BHEITHEH cpenbl. Kopposus memannog - pa3pylieHHEe METAIJIOB BCICACTBUE (DUBHKO-
XUMHUYECKOTO BO3JACHCTBUS BHEIIHEW Cpelnbl, MpU HSTOM METAI NEPEXOIUT B
OKHUCJIEHHOE (MOHHOE) COCTOSIHUE U TEPSIET MPUCYIIIHE €My CBOUCTBA.

Ocoboe MecTo B KOMIUIEKCE MEpOIPHUATUM 1o obecrieueHuto OecriepeOOrHON
AKCIUTyaTalii  000PYJOBaHUS OTBOJUTCS HAJEKHOM 3alllUTE €ro OT KOPPO3HUHU.
HeobxoauMocTh OCYIIECTBICHUS MEPONPUATHIA MO 3alIUTE OT KOPPO3UU JUKTYETCS
TeM OOCTOSTENICTBOM, YTO MOTEPU OT KOPPO3UU MPUHOCST YPE3BBIYANHO OOJBIION
yiiep0. [To nmeronmuMest JaHHbIM, TpuMepHO 0koJi0 10% exeroaHoi 1oObIYM MeTasIa
pacxoayercss Ha TMOKpbITHE O€3BO3BpPAaTHBIX TMOTEPh BCIEACTBUM KOPPO3UU U
nocyenyromniero pacnsuieHus. OCHOBHOM yIiepO OT KOPpO3UM MeTalljla CBS3aH HeE
TOJIBKO C MOTEpeil OONBIIMX KOJUYECTB METaJlla, HO U C MOpYEH WM BBIXOJIOM U3
CTPOSI CAaMUX METAJUIMYECKUX KOHCTPYKUMUU, T.K. BCIAEACTBHE KOPPO3UH OHU TEPSIOT
HEOOXOJMMYIO  TPOYHOCTh,  IUIACTUYHOCTh,  T'€PMETUYHOCTh,  TEIUIO- U
AIEKTPONPOBOIHOCTh, OTPAXATEIbHYIO CIOCOOHOCTh U JPYrue HEOOXOJUMBIE
kadecTBa. K motepsiM JOJKHBI OBITH OTHECEHBI TAK)KE TPOMAHBIE 3aTPAThl HA BCIKOTO
po/ia 3alIUTHBIE AaHTUKOPPO3UOHHBIE MEPOIPUATHS, YIIEPO OT YXYHIICHUS KauecTBa
BBIITYCKaeMOM MPOAYKIIUU, BBIXOJ U3 CTPOSi 000OPYA0BaHUSI, aBapU B MMPOU3BOJICTBE U
Ap.

TI'epmemuunocms coedunenuii. I'€pMETUYHOCTh COCAUHEHUN OIpPENEIICT UX
CIIOCOOHOCTH MPENOTBpAIIaTh YTEUKY ra3a Wi )KUJAKocTH. Hanbonbimmii uHTEpeC st
oOecrieueHUsT  T€PMETUYHOCTH  HEMOABWIKHBIX  METAUIMYECKUX  COETUHEHUM
npeacTaBisaioT C-oOpa3Hble METAUIMYECKUE YIUIOTHEHMS, MPEACTaBISIONIME COOOM
BHYTPEHHIOIO YacTh Pa3pe3aHHOTO TOHKOCTEHHOTO IMOJIOrO IIapa, MOMEIIEHHOTO B
KaHaBKE OTKPBITOTO WM MOJYOTKPHITOTO TUIIA.

Ilpounocme nocadoxk c¢ namszom. Ilog TIPOYHOCTHIO TOCAAOK C HATATOM
MOHUMAETCS UX CIOCOOHOCTH MepeaaBaTh KPYTSIIUA MOMEHT M OCEBbIE HAarpy3Ku 0e3
B3aMMHOTO TPOCKaNIb3bIBaHMs jaetanieid. ObecrneunBaeTcsi 3TO YCIOBUE B PE3yJbTaTe
coeuHeHMs JeTanel ¢ Hatarom (Puc. 2.3).

Puc. 2.3. Pacrniostoxxenue mosiei
JIOTTYCKOB B TIOCAJIKE C

Nmin

) 6

Y rapaHTUPOBAHHBIM HATITOM: Npmax

- MAaKCUMaJIbHO BO3MO>KHbBIN HATST

Nmax

H7 A B rtocajake, Ny, - MUHUMAJIBHO

BO3MO>KHBIN HATAT B IHocaake
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Cmamuueckasn 00vémnan npounocms. Ilon cratudecko  0O0BEMHOMU
MPOYHOCTHIO MOHUMAIOT CIOCOOHOCTh ACTAd COMPOTUBISATHCA Pa3pyLICHUIO MpU
JIEWCTBUU MTOCTOSTHHBIX BO BPEMEHU HArpy30K.

Yemanocmuan o6vémnaa npounocms. MHorue netanu MallliH U MEXaHU3MOB,
a TaKXKe KOHCTPYKIIMM COOPYKEHUM B TIPOIIECCE HKCIUTyaTalldd MOABEPraroTcs
IUKJINYECKHA U3MEHSIOIMMCS BO BPEMEHH BO3JIEUCTBUSIM. ECIM ypOBEHDb HAINPSKEHU,
BBI3BAHHBI 3THUMH BO3JCUCTBUSMU, IIPEBBIIIACT OMNPEACICHHBIN Npeaena, TO B
Matepuane (QOPMHUPYIOTCS HEOOpaTUMbIE MPOILIECCHl HAKOIUICHUS IOBPEXKICHUM,
KOTOPBIE B KOHEYHOM UTOT€ NPUBOAAT K PA3PYLICHUIO CUCTEMBI.

[Iponiecc MOCTENEHHOTO HAKOIUJICHUSI TOBPEXKIEHUW B MaTepuaie oA
JNEUCTBUEM TMEPEMEHHBIX HANPSKEHUH, MPUBOASIIMX K pPa3pylICHUIO, Ha3bIBACTCS
ycemanocmoto. Y JAE€Tald TMOBPEXKICHHUS B MPOIECCE YCTAIOCTU HAKAIUJIMBAIOTCA U
ABJIAIOTCS HeoOparumbiMu. CBOMCTBO Marepuaia MPOTUBOCTOATH — YCTaOCTH
HA3bIBACTCS  GLIHOCAUBOCMbBIO, TO €CTh yCTaJNOCTHasE OOBEMHAsT MPOYHOCTH
XapakTepU3yeTcsl  CONPOTHUBJIEHUEM  YCTaJOCTH WM  BBIHOCIUBOCTBIO.  [lofg
COTNPOTUBIICHUEM YCTAJIOCTH JIeTajell MalllMH T[OHUMAIOT UX CIOCOOHOCTH
CONPOTHUBIISITECS  Pa3pylICHUIO TP JEHCTBUM  3HAKONEPEMEHHBIX  Harpy3okK.
Pazpyiienue Mmatepualia npu 3HAKONEPEMEHHBIX HArpy3kax HaYMHAETCSI B OCHOBHOM C
MOBEPXHOCTH JETald, MOTOMY €ro KayecTBO, 3a4acTylo, SBISETCS PEIIAOIIUM B
00eCcTnieYeHUH ATOTO IKCIUTYaTallMOHHOTO TIOKa3aTesl.

Ha puc. 2.4 npencraBieH BHEIIHWA BHJA YCTaJIOCTHOTO wu3ioMa. Ha
dotorpaduu (puc.2.4 a) BUIHO, YTO pa3pylIieHHE Opyca MPOU3OILIO B pe3yJbTaTe
Pa3BUTHSl yCTAJIOCTHOM TpEIIMHBI, 0Opa3oBaBIIeiics y Kpas cedeHus. PaspyriieHue
pennca (puc.2.4 6) 00yCIIOBIIEHO Pa3BUTHEM YCTAJIOCTHON TPEIIUHBI, 00pa30BaBIICHCS
BHYTPH CE€UEHUSI B 30HE MECTHOTO AedeKTa.

a 0
Puc. 2.4. YcTanocTHbIi U3710M: a - KpyTIbIid Opyc, O - penbC.
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JIsist GOJIBILIMHCTBA YEPHBIX METAJIOB MOXHO yKa3aThb TaKoe HauOoJibliee
MaKCUMaJIbHOE HAMpsyKeHUEe, MPU KOTOPOM MaTepuall He paspyllaeTcs Npu JIHoOoM
quclie IUKIoB. Takoe HanpsKeHUe Ha3bIBACTCS npedeiom YCmaniocmu, Ui npeoeiom

gvinociueocmu O, , rae uaaekc ' coorBerctByeT Koddduimenty nukma. Tak, 1
CUMMETPUYHOTO LMKJIa 00O3HAYEHUE Mpejena BBIHOCIMBOCTH MPUHUMAET BHI O,
JUISL IyJABCUPYIOLIETO o, WINA 0., W T. 1. JUJI1 HBETHBIX METAJUIOB U JUISl 3aKAJIEHHBIX

70 BBICOKOW TBEPJOCTH CTalled HE yNaeTcs YCTaHOBUTh TaKO€ YHCIO IUKJIOB,
BBIZIEp’KAB KOTOpoe, oOpasel] He paspyuwics Obl B nanbHeimem. [loatomy B
NOJOOHBIX CIy4yasiXx BBOJUTCA TOHATHE YCJIOBHOTO TIpelesia BBIHOCIMBOCTH. 3a
YCIJIOBHBIN TIpe/iesl BHIHOCIMBOCTU NMPUHUMAETCS HAMpsHKEHUE, TP KOTOPOM olpasell
crioco6en Beyiepkath 10° HuKiIos.

[Ipenen ycTanocT He SBIAETCSA XapaKTEPUCTHKON TOJILKO CBOMCTB MaTepuaa,
KaK, HalpuMep, MOJIyJIb yrpyroctu win kodgdumuent [lyaccona. OH 3aBUCHT Takxke
OT METOJa BeJCHHs UCTIbITaHui. PacdeTHOoe HampspkeHue s oOpasiia He onpeaensieT
MOJIHOCTBIO TMPOLECC YCTAIOCTHOTO pa3pyuieHus. B pesynbrare oOpa3zoBaHus
TPEIMHbl BEJMYMHA HANpsDKEHUH W 3aKOHbI MX pachpeaeieHuss B oOpasue
HENPEPHIBHO MEHSIIOTCS B 3aBUCUMOCTM OT YCJIOBUH JajbHEHIIEro pa3BUTHUS
TpewuHbl. [locnenHue ke B CBOIO Ouyepelb 3aBUCAT OT aOCOJIOTHBIX Pa3MEPOB
oOpasia M xapakTepa MPUIOKEHHsI BHEIIHUX CHII. Bce 3TO HEMHHYyEeMO CKa3bIBaeTCs
Ha TPeIeIbHOM YHCiie IIMKJIOB U Ha BEJIMYMHE mpezena ycraioctu. Hanpumep, npeaen
yCTaIOCTH, TIONYYEHHBIH B YCIOBUSX UUKIMYECKOTO PACTSDKEHUS U CXKaTus,
okasbiBaerca Ha 10—20% Hmke, yeM mpenen yCTaloCTH, MOJTYYEHHbIN Mpu u3ruoe.
[Ipenen ycrajmocTu mpu Kpy4eHHH CIUIOIIHBIX OOpa3loB OTIMYAETCs OT Ipejaesa
yCTaJIOCTH, TIOYYEHHOTO ISl TOJIbIX 00pa3LoB, U T. 1.

Cmamuueckaa u OuHamuueckas NOGEPXHOCMHAA KOHMAKMHAA NPOYHOCHD.
[lon  cmamuueckoti  KoHmMaAKmMHOU  NPOYHOCMBIO  TIOHUMAETCS  CIIOCOOHOCTH
MOBEPXHOCTHBIX CJIIOEB COMPOTUBISATHCS PA3PYIICHUIO MPU CTATUYECKOM KOHTAKTHOM
B3auMOJCHCTBIUH ¢ TBEPABIM TenoM. CTaTHUYecKMe KOHTAKTHBIE pa3pylIeHUsS
HACTYMAIOT TPU TPEBHIIICHUU KOHTAKTHBIX [ABICHUH BEJIHYMHBI JOMYCKAEMBIX
KOHTaKTHBIX HampspkeHudd. Iloxg  Odumamuueckoti  KOHMAKmHOU — NPOUHOCHMBIO
MOHMMAETCS CIIOCOOHOCTh MOBEPXHOCTHBIX CIIOEB CONMPOTUBIATHCS PA3PYIICHUIO MPHU
JUHAMHYECKOM KOHTAKTHOM B3aUMOJICHCTBUU C TBEPABIM TEJNOM. J[MHAMUYHOCTH
Harpy>keHUsi XapakTtepusyeTrcss Jubo CKOpocThio ynapa V, m1ub0 CKOPOCTBIO
nedopmanuu €, MO0 CKOPOCTHIO M3MEHEHUSI HAIPSHKEHUS] G, KOTOpas 3aBUCUT OT
CKOpPOCTH  TpWIOXEHWsT Harpy3ku. KoHTakTupoBaHue TBEPABIX Ted MpH
TUHAMHYECKUX Harpy3kax B 3HAYUTEILHOW Mepe OmpenenseTcs IIacTUYECKUMHU
KOHTaKTHBIMU Jie(hOpMaIUsIMU, 3aBUCALIIMH KaK OT HauaJIbHONW CKOPOCTH COyAapeHus
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Vo, TaKk W OT @HSHKO-M@X&HH‘ICCKI/IX CBOMCTB IOBEPXHOCTHOI'O CJIOSA, KOTOPLIC
MNOoABCPIrarOTCAa TCXHOJIOTHYCCKOMY YIIPABJIICHUIO.

2.2 TexHoJiorHYecKHe M OJKCILUIyaTAMOHHbIE MOKA3aTeJd KadyecTBa
aeTajel MallIuH.

ITon IoKa3aTeaeM KayecTBa ITOHUMAIOT KOJIMYECTBEHHYTO
XapaKTEPUCTUKY OJTHOTO MJIM HECKOJIBKUX CBOMCTB M3JEIHS, BXOAIIUX B €€ Ka4eCTBO,
paccMmaTpuBaeMas TMPUMEHHUTEIBHO K ONPENCIEHHBIM YCIOBHAM €€ CO3JaHus |
AKCIUTyaTallMy WK ToTpedsneHus. IlokazaTenu kadecTBa JETAM TMOAPA3CISIOT Ha
TEXHOJIOTUYECKHUE U AKCIUTyaTallHOHHBIE.

Texnonocuueckue nokazamenu kavecmea - dTO MOKa3aTeIn, o0ecreunBaceMbIe B
MPOIIECCe W3TOTOBJCHUS WM BOCCTAHOBJICHHS W3JICIUSA. TOYHOCTH JIMHEHHBIX
pa3MepoB; TOYHOCTh B3aWMMHOTO TIOJIO)KCHHS TMOBEPXHOCTEH; TOKa3aTelu KadecTBa
MTOBEPXHOCTHOTO CJIOSI; TEOMETPHUUECKUE U (PU3NKO-MEXaHUYECKHE.

Oxenyamayuontnvle nokazamenu Kavecmeéa JETaE MalldH - 3TO TaKue
IMOKa3aTend, Kak IIoOKa3aTeJIM  Ha3HAueHHUsA, HaAEKHOCTH,  JOJTOBEYHOCTb,
PrOHOMUYECKHUE TTOKa3aTeIu 1 Ap.

Haoéoxxcnocmes — 3TO CBOMCTBO ACTAM COXPAHATh B TEUEHHE OMNPEACIEHHOTO
BPEMEHHU B YCTAHOBJICHHBIX IPECIIax 3HAUCHUS BCEX MapaMeTPOB, XapaKTEPU3YIOIIHX
CIIOCOOHOCTH BBITIONHATH TpeOyeMble (DYHKITMH TIPH 3aJaHHBIX PEXUMaX M YCIOBHUIX
NPUMEHEHUS, TEXHUYECKOTO OOCTYXUBAaHUS, XPAHCHHS W TPAHCIIOPTHPOBAHUS.
HanéxHocTh sBIsIETCS KOMILJIGKCHBIM IMOKA3aTelIeM U B 3aBUCHMOCTH OT Ha3HAUYCHMS
JIeTalid U YCIOBUM €€ TPUMEHEHHUST MOXKET BKIIFOYaTh O€30TKa3HOCTh, JOJITOBEYHOCTD,
PEMOHTOIIPUTOTHOCT, COXPAHAEMOCTbD.

bezomxasnocms - 3TO  CBOWCTBO  JIeTaqd  HEMPEPHIBHO  COXPaHSATh
paboTOCIIOCOOHOE COCTOSIHUE B TEUEHHE OMPEACIIEHHOTO BPEMEHHU UM HApaOOTKHU.

Jloneoseunocms - 3TO  CBOWCTBO JIETald COXPAHATH PpabOTOCIIOCOOHOE
COCTOSIHAE JI0 HACTYIUICHHS TPEACIBHOTO COCTOSHUS TPU YCTAHOBJICHHOW CHUCTEME
TEXHUYECKOTO OOCTY>KUBAHUS U PEMOHTA.

Pemonmnonpuecoonocms - 3T0 CBOWCTBO H3ACHHS, 3aKJIIOYAIONMIEECS B €ro
CIIOCOOHOCTH TIOJIJIEP>)KUBATh U BOCCTAHABIMBATH pa00OTOCIIOCOOHOE COCTOSTHUE MTyTEM
TEXHUYECKOTO OOCTY)KUBAHUSI M PEMOHTA.

Coxpamnsiemocms - 3TO CBOWCTBO M3JCIHS COXPAHATH B 3aJaHHBIX Tpeseax
3HAUCHHUS TapaMeTPOB, XapaKTEPU3YIOMIUX €0 CIIOCOOHOCTH BBIMOJIHATH TpeOyeMbIe
(GYHKIIMM B TCUYECHUE U TIOCIIC XPAHECHUS U TPAHCTIOPTUPOBAHMS.

2.3 du3dnyecKue OCHOBBI MJIACTHYECKOI JAedopMannu, NOBPEKIAEMOCTH U
pa3pylieHus JAeTajieil MAallMH B pouecce IKCILIyaTaAluM.
2.3.1Teopernueckasi U TEXHUYECKASI MPOYHOCTb.
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Pa3nuyaroT TEXHMYECKYI0 U TEOPETHUYECKYH MNpOouYHOCTb. Ilon mexuuueckoii
NPOYHOCMbIO TIOHUMAIOT COINPOTUBIICHUE PEAIbHBIX TEJ YHPYrol M IIaCTHUYECKOM
nedopManuu U paspyuieHuro. E€ onpenensroT sKCnepuMeHTaNbHO. 1eopemuueckyio
NPOUHOCMb METAIJIOB ONPENENAIOT U3 YCJIOBUM AedopManuu Wi paspylleHUs B
yOpyrod oOJacTH HJI€aJbHOM PEMETKM MOHOKpPUCTAIa, B KOTOPOW JAECHCTBUIO
BHEILIHEN HAarpy3Ku MPOTUBOCTOUT MEKATOMHAs CBSI3b.

[IpoyHOCTH MEXATOMHON CBSI3UM B KpUCTaJJIaX SIBISETCS OCHOBHBIM (DaKTOPOM,
OIIPEEISAIOUMM CONPOTUBIISIEMOCTh 1€(OPMUPOBAHUIO U PA3PYLIEHUIO METAJUIOB.
DHeprus MeXaTOMHOM CBSI3UM B METajlaX MPEACTaBIseT co0ol padoTy AMCCOLUALIU
(pacmiaZy CIOKHBIX KOMIUIEKCOB Ha COCTAaBJISIOLIME KOMIIOHEHTHI U 3JIEMEHTHI)
METATIMYECKOI0 KPUCTAJlIa ITPU a0COJIIOTHOM HYyJIE HA a3 MOJIOKUTEIBHBIX HOHOB U
nekTpoHOB. OOmas mnoreHuuanbHas »Hepruga U B3auMOAEHCTBUS HMOHOB U
AJIIEKTPOHOB (3HEPrusi CBsI3U) SABIsAETCA (PYHKIIMEH MEKAaTOMHOIO PACCTOSHUS U IS
TBEP/JOIO COCTOSIHUSL MOXKET OBbITh MPEJCTABJIEHA MOJYIMIIMPUUECKUM BBIPAXKEHUEM
BUJA

A B
U="+= (2:3)
r r
rac AuB— KOHCTAHTBI; '-MEKaTOMHOE PaCCTOAHUC.
B »Tom YPaBHCHHUH HGpBBIfI YJICH — COOTBCTCTBYCT OHCPIHUHU JJICKTPOCTA-

TUYECKOTO MPUTSHKEHUSI MEKY TOJIOKUTEIbHBIMA MOHAMH U 3JIEKTPOHAMU, a BTOPOM
— KUHETUYECKOH DSHEPruu DIIEKTPOHOB, OOYCIOBIMBAIOIIEH JIEWCTBUE CHUJIBI
OTTAJIKUBaHUS B KpUCTAJLIE.

3aBUCUMOCTH TOTEHUUAJIbHOM BSHEPIMM W CHJIBl CBA3M OT MEXaTOMHOIO
pPaCCTOSIHUS TIPEJICTaBIIEHbI Ha puc. 2.5.
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Puc. 2.5. 3aBUucUMOCTh TOTEHIIMAILHON SHEPTrUU (a) U MEKaTOMHOU CHJIBI CBSI3U
(0) ot mexxatoMHOro paccrosinug I. 3aeck | — sHeprus orrankuBanus; || — sHeprus
nputspkeHus; |11 — cuna nputsxkenus; |V — cuna orrankuBaHusl.

MaxkcumManbHOE€ 3HAYEHUE MEKATOMHOM CHIIBI CBA3U O, B TOYKE I} U €CTh

TEOpEeTUYECKasi MPOYHOCTh MPU PACTHKEHUU. HecooTBETCTBHE MEXIY TEOPETUUECKOM
1 HaOJIF0JaeMOM MPOYHOCTHIO KPUCTAIITUYECKUX TEJN SBJISIETCS PE3yJIbTaATOM TOTO, UTO
BHYTPEHHEE CTPOCHHE peaJbHOr0 MeTa/la OTJIMYAaeTCd OT  HJCaJIbHOTO.
Kpucrannuueckass pemierka peaJlbHOrO TBEPAOro Tejia o0jazaeT OOJBITUM YHCIOM
ne(heKTOB, OTKIIOHEHUI CTPYKTYPHBIX 3JIEMEHTOB OT MPABUILHOTO TIOJIOKECHHUS.

JIyist OOBIYHBIX YCJIOBHM TOJIYYEHHS MeTauia AePEKTHOCTh U HEOJTHOPOIHOCTh
3¢peH — SBJICHUS HOpPMaJlbHbIE M TIpaKTHUYEeCKU HeuszOexHbie. [lpu pacuere
TEOPETUYECKOM MPOYHOCTH HE YYUTHIBAETCA CTPYKTypa MeETala CO BCEMH €€
HECOBEPIIICHCTBAMU U IUIacTHUECKas Jedopmariusi, KOTopas 4acToO NpPEAIIeCTBYET
pa3pylLIEHUIO.

JImd KOJWYECTBEHHOM OICHKH DJHEPrMM W CHWJI MEXAaTOMHOW CBSI3M B
KPUCTAJUTMYECKUX TeJaX MOTYT ObITh UCIOIB30BAaHBI DHEPTUS CyOIMMaIiu (TIepexo
BEI[ECTBA W3 TBEPAOTO COCTOSIHUSI HETOCPEACTBEHHO (0e3 TUIaBiCHHS) B
razooopasHoe), cpeaHee KBaAPATUYHOE OTKJIOHEHHE aMIUIMTYIbl  TEIUIOBBIX
KoJieOaHUM,  TeMmIeparypa  IUIaBJICHUs,  XapaKTepUCTUUecKas  TeMmIieparypa
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(temmiepatypa [lebGas), mapamerpbl auddy3um, ynpyrue IOCTOSHHbIE W JpYyrue
¢busnueckue BenuuuHbl. OAHAKO MPU pelieHUuu MpoOJeMbl MPOYHOCTH HE BCE OHU
PaBHOLIEHHBI, TaK KakK I[O-pa3HOMY CBSI3aHbl C MEXAHU3MOM ILJIACTUYECKOM
nedopmaii W pa3pymieHuss MeTauioB. [yOOkuii aHamW3 HJTHX BEIUYHH U
BO3MOKHOCTH HCIIOJIb30BaHUSI WX JUIS OICHKH IPOYHOCTH MEXKATOMHOW CBSI3H,
npoBefeHHbld C. T. Kumkunaeim u K. A. OcunoBsiM [2], MOKa3bIBa€T, YTO HET
OJIHO3HAYHOUN KOJMYECTBEHHON 3aBUCUMOCTH MEXIY MPOYHOCTHIO KPUCTAILTUYECKUX
Ted U KaKOM-1100 M3 ATUX (PU3NYECKUX BEIMYMH, MPUHATON 3a MEpYy MEXaTOMHON
CBSI3U. JTO OOYCIIOBIIEHO TEM, UTO IPOYHOCTH SIBISIETCA CTPYKTYPHO-UYBCTBUTEIHHBIM
CBOMCTBOM MaTepHalia B yIPYyrou U MiIacTUYECKON 00macTsX.

OpnHako, HECMOTpS Ha TO, YTO HE HAOIIOAAeTCs OJHO3HAYHAs 3aBUCHMOCTD
MEXIy CONPOTHBIICHHEM IUTACTHYCCKON Ie(opMariii, CONpOTUBICHUEM Pa3pyIICHUIO
Y BEJIMYMHAMH, XapaKTEPHU3YIONIMMH MEKATOMHYIO CBS3b, BCE K€ MOKHO OTMETHUTH
OTIPEJICIICHHYI0 TEHJICHIUIO YBEIWYEHUSI MPOYHOCTH C TOBBIIMICHUEM TEMIIEPaTypPhl
TUTaBJICHUS WJIA SHEPTUU CBSI3U.

2.3.2 HecoBepiIeHCTBA KPUCTALJIMYECKOH PelIeTKH.

HckaxkeHWsT aTOMHOW pEMIETKM B 3aBUCUMOCTH OT WX T'COMETPHH
TIO/IPa3ICIIAIOTCS Ha TOUCUHBIC, JIMTHCHHBIC U TIOBEPXHOCTHBIC.

Toueunvie deghekmvl — 3TO HAPYIICHHUS PEMICTKA B WU30JMPOBAHHBIX JIPYT OT
apyra Todkax pemeTkn. K Takum nedekram OTHOCATCS BakaHCHU (y3JIbl PEIICTKH, B
KOTOPBIX HET aTOMOB), 3aMEIIAIONIMe aTOMBbl WM TpPUMECH (3aMelleHHue B y3Jie
pEIIETKH OCHOBHOT'O aTOMa KaKMM-JTMOO aTOMOM HHOW MPUPOJIbI), aTOMbI BHEAPEHUS
WM JUCJIONUPOBAHHBIE aTOMBI (HHOPOJIHBIE aTOMBI MJIM aTOMbI OCHOBHOTO BEII[ECTBA,
PacmoJIOKCHHBIC B MEXIOY3IHUAX PpemeTKH). Pa3mepsl 3THX AehEeKTOB NMPUMEPHO
paBHBI aroMHOMY auameTpy. K TodeuHbIM aedekTaM pEemeTKH OTHOCSTCS TaKKe
CJIOXKHBIE TOYCHHBIC Je(EKTHI, TPEACTABIISIONINE COO0H coUeTaHUs Pa3IMYHBIX TOUCY-
HBIX HECOBEPIICHCTB («00JaKa» BaKaHCHHA WJIM aTOMOB B MEXKIOY3JIHUAX, «apHBINA
nedexr @Dpenkens», aedekt I[llorku). CymecTBoBaHNE MOJOOHBIX «CIOKHBIX)
TOYEUYHBIX Je(heKTOB TBEP/I0 HE YCTAHOBIECHO, HO PACCMATPUBAETCS KaK BEPOSITHOE.

K nunetinviv degpexmam OTHOCATCS METMOYKH TOYCUHBIX J1E(PEKTOB (BaKaHCHIA
WIM BHEJIPCHHBIX aTOMOB) M JUCJIOKAIlMH, WUMEIOIINE 3aMETHYH MPOTSIKEHHOCTh
TOJIBKO B OJHOM HaNpaBJCHUH (O THICSY W JaXe JECATKOB THICAY IIEPHUOIOB
peleTku). YCTOMYMBOCTh U BEPOSITHOCTh 00pa3oBaHusi ACHEKTOB THIIA IIEMOYKH
BaKaHCUH M BHEJPCHHBIX aTOMOB OYCHb Majla, U OHU PaclagaroTcs Ha COCTABJISIONINE
ux ToueyHble nedexTsl mpu Hammuuu aud@y3un atomoB. J[uciokanuu SBISIOTCS
Oonee ycronuuBbiMU neextamu. Takue AedeKThl OKa3bIBAIOT OOJIBINOE BIMSHUE Ha
MEXaHUYECKHE CBOMCTBA TBEPIBIX TEIL.
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llosepxnocmuvie Oeghexmul OBIBAIOT JIBYX THUIIOB: HApPYXKHBIE M BHYTPEHHHUE.
Hapyoicnvie  Oegpekmvi  — ITO  HECOBEPIIEHCTBA, OOYCIOBICHHBIE TEM, YTO
MOBEPXHOCTh TBEPJIOTO Tella TPAHUYUT ¢ JApyroi ¢azoil. TBepabie Tena obiagaroT
MMOBEPXHOCTHOM HEPTUEH, JIIi METAIJIOB OHA COCTaBIseT 1 I[>I</M2.

Buympennue oegpexmoi OSIBASIOTCS B MECTax Mepexoaa OT OJHOW MPOCTPAHCTBEHHOM
OpUEHTAIIUU KPUCTAIUTMYECKOU pemeTku K Jpyroi. K BHYTpeHHHUM MOBEPXHOCTHBIM
nedexTaM OTHOCSTCS:

® TpaHUIBl 3€pPeH, HUMEKIIHE  Pa3IUYHyl0  KpHUCTALIOrpaduyecKyro
OPUEHTUPOBKY, COCTaB UJIU MOCTOSTHHYIO PELIETKHU;

® TPaHUIIBI TOHKOW CTPYKTYpPHI (MEXAy OJIOKaMH MO3aWK{ C HE3HAYUTEIIHbHON
Pa30pUEHTUPOBKOM, HE IIPEBbIIIAONIEH 1°);

® TpaHUIbI JIBOWHHUKOB (pa3Hasi OPUEHTUPOBKA, YJIOBJIETBOPSIOIIAs 0COOOMY
YCIIOBUIO CUMMETPUYHOCTH);

e JedexThl yNAaKOBKM — OJIMHAKOBas OpPHUEHTUPOBKA, HO WHas MoO-
CJIEI0BATEILHOCTh YEPEIOBaHUSI AaTOMOB (OIIMOKU YKIIAJIKH).

BHYTpEHHHE TIOBEPXHOCTH TAKXKE 00IA[AI0T IIOBEPXHOCTHOI SHeprueit 1 /M.

[ToBepXHOCTH OKa3bIBAIOT CHIIBHOE BIIMSIHUE HA MHOTHME MEXaHUYECKHUE,
ANEKTPUYECKUE U OINTUYECKUE CBOMCTBA TBEPAOrO TeJla MOCKOJIbKY Ha HUX
MPOUCXOJIUT CKaYKOOOpa3HOEe M3MEHEHHE IUIOTHOCTH Marepuaia, KpUCTauIMuecKou
CTPYKTYPHI WU JIOKAJIBbHON OpUCHTAIIUH,.

[To ananoruu C TOYEYHBIMHM, JUHEUHBIMHU W TIOBEPXHOCTHBIMH JeheKTaMu
cleAyeT OTJIWYaTh €nie U Tpynmny oO0beMHBIX Ae(EKTOB, K KOTOPHIM OTHOCSTCS
CKOIUICHUSI TOYEYHBIX Je(PEKTOB THMA TOp, a TakKe CHUCTEMbl JHUCIOKAIUH,
pPaBHOMEPHO pacipeieIEHHBIX B 00beMe KpHCTallia (3epHa).

OCHOBHBIMM HapyIICHUSIMUA B CTPOCHUU aTOMHOM PEUIETKH pEeAIbHbIX METAILIOB
SBJISTFOTCSL 6AKAHCUU U OUCTOKAYULL.

Baxancuu nmeroTcst Bcerna U Bo Bcex Kpuctaiiax (3epHax). Ilox nelictBuem
TEIUIOBBIX (IYKTyallud B pPEAJbHOM KPUCTALJIE OHU TOCTOSHHO 3apOXAAloTCs M
ucuesaror. [Ipu miactuyeckoit aedopmalud BaKaHCUU BO3HUKAIOT KaK CIIEJCTBHE
CUJIBHBIX HCKaXXEHUM pereTku. MecToM o00pa30BaHUsI M CKOIUICHUS BaKaHCHUM
ABstOTCS auciokaiuu. [lo manueiM 3eiitiia [15] mpu miactuueckoit aedopmarium,
paBHoit 10%, unciio BakaHcHil B MeIH, amoMunn, cepedpe nocturaer 10™° ma 1 ev’,
s BakaHCU XapaKTepHa 3HAYUTENIbHAS HEYCTOMYMBOCTD, JIETKOCTh CMEIIEHUS UX B
OJIMH M3 COCEIHUX y3J70B. CKOPOCTh NBUKEHUSI BAKAHCUN COCTABIISIET OKOJIO 107 em/c
(T.e. HECKOJIbKO MEXATOMHBIX paccTosiHul). BakaHcuu MOTyT OOBEIUHATHCS B
TPYINbl W KOJOHWHU, CO3JaBas 3apojbllll CyOMUKPOCKONMMYECKON TOJIOCTH —
TpeuHbl. OHU MOTYT TakXe 00pa30BbIBaTh «aTMocdephbl» BOKPYT IHUCIIOKAIUH,
OCOOEHHO TIPH BBICOKHMX TeMmIeparypax. Uem BhIINIe TeMmIiepaTypa, TeM OoJIbIe
BAKaHCHI B peEIIETKE M TEM Jierdye OHU mnepemeniarorcs. B kpucramie (3epHe),
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HaxXOJSAIIEMCS B YCIOBUAX TEIJIOBOTO PABHOBECHUS, HMEETCS KOHEYHOE YHUCIO
BaKaHCHUH, TaK KaK yBEJIMYEHHE BHYTPEHHEH HHEpruu Oiaroaaps HaIWYUIO BaKaHCUMN
KOMIIEHCUPYETCSI TMPUPOCTOM SHTPOMHUH, OOYCIOBIEHHBIM PpPa3ylopsI0YEHHOCTHIO

CTPYKTYPHI.
Ecim 0003HauuTh 4Yepe3 N, YUCIO BAaKaHCUH B MeTajlle, COIEp)KaLEM 7,

E

\

4TOMOB, TO I10 3aKOHaM TCPMOANHAMUKU
)

rr]]_ = C =€ RT (2 4)
a

rae E, — sneprus, tpebyemas aist oOpa3oBaHus BakaHCUU; R — razoBasi mocTOsIHHAS;

T — abcountoTHasg TeMneparypa.

Otcrofila BUHO, YTO MPH TMOBBIIICHUN TEMIIEPATypbl YUCIO BaKaHCUU OBICTPO
YBEIIMYMBAETCS U SBJSETCS PABHOBECHBIM IPU KaXI0M Temieparype. PakTHuecKoe
COJIepKaHKNE BaKaHCUW MOYKET HAMHOI'O OTJIMYAThCS OT PaBHOBECHOIO 3HaueHus. Ecin
TeMmrepaTypa U3MEHSETCs, CMelas Mpyu 3TOM U PAaBHOBECHOE COJIEPKAHUE, TO MOXKET
noTpeOOBaThC MHOTO BPEMEHHU, 4YTOOBI YHCJIO BaKaHCHM OISTh JOCTHUIJIO
paBHOBECHOTO 3HaueHUs. M30bITOK BakaHCHUW (IJIs1 JAHHOW TeMIEpaTypbl) MOMKHO
CO3/IaTh Pa3JIMYHBIMU METOJIAMH: PE3KUM OXJIAKJICHHUEM TeMIIepaTyphl (3aKalKoi),
CWIbHOU Jepopmarimelt KpUCTaJUIMUECKOW perieTkd (KOBKOM, MpPOKaThIBAHUEM),
OoMOapIUPOBKOM TBEPJOro Tejda aTOMaMH WM YacTUIIAMU C BBICOKOW JHEpruci
(oOmyyeHue B UUKJIOTPOHE WM HEUTPOHHOE OOJIy4YeHUE B SJIEPHOM PEAKTOPE).
OO0pa3oBaHue U MCYE3HOBEHHUE BAaKAHCHI B TBEPAOM TeJIe MPUBOIUT K U3MEHEHUIO €ro
MJIOTHOCTH.

Jlucnokayuu — nuHENHHBIN AePEKT KPUCTALIUYECKON PEIIeTKH, HapyIlarouui
MPaBUJILHOE YEPEAOBAHUE aTOMHBIX TIOCKOCTel. [IpocTeiimmmy BuaaMu AUCIOKAIUN

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

4 4)

Puc. 2.6. Cxema cTpoeHus Kpuctaiia, Moka3aHHas B BUJIE CEMEMCTBA aTOMHBIX
MJIOCKOCTEH: a— HUJIeaTbHBIA KPUCTAILT; O — KPHUCTAILI C KPAeBOU TUCTIOKAIUEH; 8 —
C BUHTOBOW JIMCJIOKALIUEN

XapakTep AUCIOKALMM ONPEACISIETCS BEIMYMHOM M HANpPaBJIECHUEM BEKTOpPA
broprepca, paBHOro BEKTOPY TPAHCISILMM pElIETKU. B KpaeBOW AMCIOKALUA BEKTOP
broprepca HampaBieH 1O HOPMalIM K JIMHUM JAMCIOKALIMM W COOTBETCTBYET
JONIOJIHUTEIBHOMY MEKIUIOCKOCTHOMY PACCTOSIHUIO, CBSI3aHHOMY C  <JIMIIHEN»
IJIOCKOCTBIO. B BUHTOBOM IHCIIOKanuy BEKTOP broprepca orBedaeT mary Coupayv u
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HaIpapjeH MNapaliedbHO JHHUM AUCIOKaluu. B olmeM ciydae AMCIOKallMOHHAs
JIMHUSL MOKET MPECTABIATh COO0M MPOU3BOJIbHYIO TUIOCKYIO MJIM MTPOCTPAHCTBEHHYIO
KpUBYIO, BJIOJIb KOTOpOUM BekTOp broprepca ocrtaercst mocTossHHBIM. Jluciokaiusi He
MOXET 3aKaHYMBAThCS BHYTpPHU Kpucrtaiia (3epHa). OHa A0MKHA JUOO BBIXOJWTH HA
MOBEPXHOCTh KpHUCTaIa, JIUOO 3aMBIKAThCSI BHYTPU €ro, o0pa3ys AMCIOKALHOHHYIO
neTiro. BO3MOXHO OKOHYaHME NHMCIOKAMOHHOW JIMHUM B TOYKE MEPECEYEHUs C
Jpyrou nuciokanuei (B AUCIOKAIIMOHHOM Y3Jie).

3apokeHre WM HaJu4he JUCIOKallMd B KPUCTANIE HE MPUBOAUT
HEMOCPEJICTBEHHO K  HApyIIEHUIO  CIUIOIIHOCTH  KPHUCTAJUIMYECKOM  pEelIeTKH
(oO6pazoBanue cBOOOHON MOBEpXHOCTH). OJJHAKO KpUCTAJUIMUECKasl pelieTka BOKPYT
JUCIIOKAIIMU YTIPYTrO MCKa)KeHa, BO3HWUKAET JIOKAJIbHAs KOHIEHTpAIWs HaNpsLKEHUH,
KOTOpbIE IO MEpE YAABJICHHS OT sApa AUCIOKALHMH IOCTENEHHO YOBIBAIOT U
CTAaHOBSITCA MNPEHEOPEKUMO MalbIMH. OHEPIrus JUCIOKAlMU O0YyCIOBIMBAETCS
yOpyrumMu jaegopMaiusaM Kpuctaiuia nmpu ee 3apoxiacHuu. Hamuuume nucnmoxanuit
YBEIMYMBACT SHEPIrui0 Kpuctaia. Hapsamy ¢ 3TUM KpuCTall ¢ AUCIOKAIMEH MeHee
YHOPSAOYEH U, CIEA0BAaTEIbHO, €r0 SHTPONUS OOJIbLIE YEM HJEalTbHOIO KpHUCTaJUIA.
OnHaKo YBEIMYEHHUE SHTPONUU CTOJb Majlo, YTO HPUPOCT CBOOOJHOM HHEPrUU
Oylarojiapsi HaKOIUIEHUIO 3HEPIUU MPEBBIIIAECT €€ YObUIb, OOYCIOBICHHYIO POCTOM
SHTPOTIHH.

JIBW>KeHHE  TUCIOKAllMA  MOXET  OCYHIECTBIATHCS  CKOJBKCHHEM WU
nepenoyizanneM. llepeceyeHne KpucTtaia CKOJB3SIICH IUCIOKALMENd MPUBOAUT K
CABUTY Ha BenuuMHy Bektopa broprepca (Puc.2.7, a—se). Jnsg mnepememeHus
JUCJIOKAIIMM B TUIOCKOCTH CKOJBXKEHHUS JOCTAaTOYHO HEOOJBIINX HAaNpsHKEHUW (B
MeTtamiax mopsmka 10 Momyms caBura). B cmimy TOro CIOBHMrOBask MPOYHOCTB
pEaNbHBIX KPUCTAIIOB, COAEPXAIIUX IUCIOKAIMH, HA HECKOJIbKO MOPSIKOB HIDKE
CIBUTOBOM MPOYHOCTH MICATHHBIX KPUCTAJIOB.

i, , L,

a) g] g) 2)

Puc. 2.7. JIpmkeHne TUCIOKAIUN CKOIbKEHHEM

[Tepemenienune KpacBoOM  JIUCJIOKALUU MEPIEHIUKYIISIPHO IIJIOCKOCTH
CKOJIb)KEHHUSI (Tepernoi3aHue) COMPOBOXKIAETCS YKOPAUMBAHUEM WIIM HAapalllUBaHUEM
(JTUIITHUX» ATOMHBIX TUIOCKOCTEH TyTeM nudy3noHHOTO MepeMelieHusT BaKaHCUI
WTH MEXI0Yy3eIbHBIX aToMoB (Puc. 2.8).
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Puc. 2.8. JIBuxeHue AUCIOKAIMA MEPEnoi3aHueM C TTOMOIIBI0 T00aBieHus (a)
WK ynaneHus (0) aToMOB U3 JIMITHEH aTOMHOM MJIOCKOCTH

JInst IBUKEHUS U pa3MHOKEHUS JUCIOKAIMI IOCTATOYHBI OTHOCUTEIIBHO MaJjbIe
HanpspkeHus. YToObl co37aTh B KPUCTAIIE TUCIOKAMU B KOJIMYECTBE, HEOOXOAUMOM
JUIL  TPOTEKaHUsl IUIACTHYECKOM jaedopmanuyd, W KOMIIEHCHUPOBAaTh TMOTEPIO
JACIIOKAIM BCJIEACTBHE BbIXOJA HMX HAa NOBEPXHOCTh W AHHUTWISIUUA BHYTPH
KpHUCTaJUIa, TIOJDKHBI paboTaTh UCTOYHHUKHU Jauciokanuii. Kputuyeckoe ckanbiBarolee
HampspDKeHUE, HeoOXOoAMMoe Ui JCUCTBUS MCTOYHMKA, HAXOJSIIErocs BHYTPU
KpHCTaJia, paBHO

Gy = 2GDII, (2.5)

rne G — monynb casura; b — BekTop broprepca; | — mimHa ncrounuka. ynuHa |,
OTBEYAIOIAsl 3HAYEHUSIM KPUTHYECKOTO CKAaJbIBAIOIIETO HAIPSDKEHUS B KpUCTAJLIaX,
nmeet mopsiaok 10™ .

[TomararoT, 4TO W3 OMAHOTO MCTOYHWKA MOXET oOpazoBarbes a0 1000 HOBBIX
nuciokaruii. C yBeJIMYEHHEM KOJWYECTBA JUCIOKAIMKA B KpHUCTAJIaX CBOOOHAs
sHeprusi U Bo3pacTtaer Kak 3a cyeT CBOOOJHON DHEPruM, BHOCHUMOM KaJou
OT/ICJIbHOM JUCJIOKAIUeW, TaK U 3a CYET YIPYroro B3aWMOJCHCTBUS TUCIOKAIIUMA
MEXy cOO0M U ¢ ApYyruMHu JiepekTamu KprcTasia.

JIBi>keHUe TUCIIoKalui B 1ehopMUPYEMOM MaTepHaiie CliocoOHO MOPOXKIaTh B
OOJBINX KOJUYECTBAX UCIOIMPOBAHHBIE aTOMBl M BaKaHCHH. [OYEeUHbIE JEPEKTHI
BBI3BIBAIOT UCKAXEHUS PEIICTKH M MOBBIIIAIOT CBOOOTHYIO SHEPTHUIO KPUCTAILIA.

JIiist oOHApy)EHUS TUCTOKAIMI MPUMEHSIOT CJIEIYIONNE METO/IbI:

® TpaBJICHHWE, BBISBIAIONICEC SIMKH, KOTOpBIE TPEACTABISAIOT COOOW MecTa
BBIX0/1a INHEUHBIX J1e(DEKTOB U3 KPUCTAIIIIOB;

® JIEKOPUPOBAHUE JHUCIIOKAIMA B KpHUCTAUIaX KPEMHUS M B TaJOUIHBIX
COEIMHEHUAX LIEJIOYHBIX METAJIOB,;

34



® DJJIEKTPOHHOCKOMMYECKOE  MPOCBEUMBAHWE  METAJUIMYECKOH  (OJIbIH,
MO3BOJIAOIIEE HAOMIOIAaTh MepeMEIIEHNE OTICIbHBIX AUCIOKAINI MO/ HAMPSLKEHUEM,
BO3HHUKAIOIIMM BCJIEICTBUE HATPEBAHUS AJIEKTPOHHBIM ITYYKOM;

® pEHTreHOBCKasg AUQpPaKIus, [Jaolas BO3MOXHOCTH (oTorpadupoBaTh
MIOJIOKEHHE OTACNBHBIX TUCIOKAIMNA B KPUCTAILIE METAILJIOB;

® UWOHHBIM MHUKPONPOEKTOp, OOECIEeUNBAIOIINK HAOIIOJeHHEe AaTOMHOMN
CTPYKTYPBI TOBEPXHOCTU KPUCTAIIJIOB.

MeToapl TPSAMOTO HCCIEIOBAaHUS JUCIOKAMK MOAPOOHO pPACCMOTPEHBI B
pabote [4].

OOmiast anuHa BCeX JMHHUMA JAWCIOKAMi B eQuHHIE OO0beMa KpucTallia
Ha3bIBACTCS NIOMHOCMbIO OUCIOKAYUL 1 OTIpeensieTcs no popMmyiie

L 2

P=—, CM (2.6)
\'

rae L — ob6mias aymHa JTMHUN AUCIOKAIMKA B KpUCTaJUie; V — 00beM KpUcTallia.
[110THOCTH IUCIOKAIMI HEMOCPEICTBEHHO 3aBUCUT OT CTENEHU AePOpMaLUH
Metauia. Ilpu 3TOM 4wKCnO AMCIOKALMA HE 3aBUCUT OT TeMIepaTypsl (OHHU
aTepMH4Hbl). B oTimyme OT BakaHCUM, YHMCIO KOTOPBIX B COCTOSIHUM PaBHOBECHS
JIOCTaTOYHO BEJIMKO (MPOMOPLHUOHAIBHO 3HAYEHUIO (YHKUUU paclpeaesieHus
bonbimana exp (—E,/RT)), IIoTHOCTh MUCIOKAIUI B TBEPIBIX TENAX B COCTOSHHH

paBHOBECHS MOXKET ObITh IPUHSTA OJU3KOU K HYJIIO.

2.3.3 3aBHCHMMOCTb CONPOTHUBJIEHUS 1e(POPMUPOBAHUIO U Pa3PyUIEHHUIO OT
YMCJIa UCKAKEHUI B KPUCTAJUIHYECKOM pelieTke.

ATOMHas pelieTKa peasbHOro KpUCTAIMYECKOTO Tella UMEET pa3HOOOpa3HbIe
UCKaXeHUs (IeeKThl), OKa3blBaIOIIME BIMSHHE HA €ro MnpoyHocTb. K Takum
nedexkraM KpUCTAIIIMYECKOIO CTPOEHUS METAJJIOB M CIUIABOB OTHOCSITCSI BaKaHCHUH,
aTOMBbI MTPUMECEN, TUCIOKAIMH, TPAHUIIbl 3€PEH U OJIOKOB MO3aMKU U MUKPOJE(HEKThI
CTPYKTYphL. Pematomiast posib B rpoliieccax miacTUuecKo aegopmManuu U pa3pyleHus
NPUHAIICKUT OUCTOKAUUAM.

Teitnop BnepBble yCTaHOBWI  (YHKUMOHAIBHYIO 3aBUCUMOCTh  MEXKIY
OPWIOKEHHBIM  HANpPsOKEHUEM  CIBUTA W PAcCTOSIHUEM  MEXAY  KpaeBbIMU
JMCKJIOKAIMSAMHU C Y4€TOM UX 3Haka WU pacnpenenenus [2], ns ciaydas, korma Bce
JUCJIOKAIlMM B KPUCTAUIE MapajulelIbHbl M PACIpPENENeHbl B BHJIE PABHOMEPHO
YepeayoLUXCs PsIOB JUCIOKALNI pa3HbIX 3HAKOB, YPABHEHUE UMEET BUJ

S=GAd*'-F (2.7)
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rie G — monmynb caBura; + — MOCTOSHHAS pemeTrku; F — koadduimenrt,
XapaKTePU3YIOIIMIA  paclpeleicHne Juciokamuidi; 0 —  pacCTOSHHE MEXKIY
JUCJIOKAIUSIMU B psifiax.

Cornacao ypaBHeHuto (1.6) compoTtuBieHue pAedopMallid MOHOTOHHO
BO3pPACTaET C YMEHBIICHHEM PACCTOSIHUS MEXIY AUCIOKAMSAMHU B psAax, T.e. 4eM
OoJbIIe CONMMKEHBI JUCIIOKAIIMU, TEM CUJIbHEE MX B3aMMOJCHCTBHME M TeM OOJIblIe
COIIPOTUBIICHUE CIBUTY KpUCTAJUIA. TEWIOp TakXke Iojaraia, 4YTO COBEPIICHHBIN
KPHUCTAJUT CIIOCOOCH MTPOTUBOCTOSTH OYECHb OOJIBIIIOMY HAMPSHKEHUTO.

Nnes o 3aBUCUMOCTH TPOYHOCTA OT HECOBEPIICHCTB CTPOEHUS KpHCTAJIa
MoJIy4HJia CBO€ JalibHelinee pa3Butue B padborax A. M. OguHra ¢ coOTpyaHHKaMHU.
UMy  mipemsiokeHbl  CXEMbl  3aBUCMMOCTH  CONPOTHUBJICHHUM  J1e(pOopMUPOBAHHIO
(MpOYHOCTH) OT KOJMYECTBAa MCKAKEHUU B peIIeTKe. XapakTep M3MEHEHHs] KPUBOMH
MPOYHOCTH OT YHCA Je(HEKTOB KPUCTALTUYECKOTO CTPOCHUS CXEMaTUYeCKH MOKa3aH
Ha puc. 2.9.

2
a
i
|
G
C
R
|
)= |
0 Z7| l |d —

/1

Puc. 2.9. 3aBucuMOCTh IPOYHOCTH OT YKCIIAa HECOBEPILICHCTB B
KPUCTAJTTNYECKON PELIEeTKE METAIIJIOB U CIUIaBOB

Ha 3T0i1 KprBOM TPOYHOCTH MOKHO BBIAEIUTD CIECAYIOIIME YETHIPE YUACTKA.

Havanpnbiii ygyactok Oa TpeACTaBIsSIeT MPOYHOCTh KpHUCTaIa 0e3 nedeKTos,
TaK Ha3bIBAEMYIO0 TEOPETUUECKYIO MPOYHOCTh UICATLHON KPUCTAJUIMYECKON PEIICTKH,
B KOTOPOH BCE aTOMbl OJHOBPEMEHHO BOCIIPHHUMAIOT JIEMCTBUE HATPY3KH (Oye —
IPOYHOCTh MOHOKPHUCTAITMYECKMX YCOB). Y4YacTOK KpuUBOH mpodHoctd ab
COOTBETCTBYET PA3yIIPOYHEHHUIO METAJIJIA U €r0 CILUIABOB B PE3YyJIbTATE BOSHUKHOBEHUS
OrpaHUYEHHOr0 Yucia Ae(PEKTOB B KPUCTAUIMYECKOM CTPOCHUM HUX. Y4acToKk D¢
MPEJCTABISAECT YNPOYHEHUE METAUIOB W CIUIAaBOB  BCJICJICTBUE  JAJIBHEUIIETO
YBEIIMYEHHUSI YUCJIa HECOBEPIICHCTB B KPUCTANIMUECKON CTpyKType. C yBelIUYEeHHEM
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IJIOTHOCTH JIMCJIOKAIIMHA YMEHBIIIAETCS PACCTOSHUE MEXIY IUCIOKAlMsIMH, a 3TO
MPUBOJUT K YCHUJICHUIO B3aMMOJCHCTBUSI TUCIOKAIIUN MEXIy COO00M M C JPYyTrUMH
nedexramu permetkd. [Ipyu 3TOM cOnpoTUBICHUE NBUKEHUIO TUCIOKAIIMI BO3pacTaer,
a CIIeIOBAaTENIbHO, BO3pAcTaeT M COMPOTHUBIEHUE AedopMalud, MTPOYHOCTh MeTajuia
yBEIMYUBAeTCs (MpOUCXOAUT yrpouHeHue). [lockonbKy AUCIOKAIUsIM MPUHAICKUT
peliaroias pojib B Mpolieccax MIacTUYeCKon aedopManiviv u pa3pyuieHus, HEKOTOpPbIE
UCCIIeI0BATEIN CUMTAIOT, YTO Y4acTOK KpHUBOH Dc JeKHT B MHTEpBasie IJIOTHOCTEH
JTUCITOKAIui (MpUOJIMKEHHO) OT 10°—10° 110 10*? em2,

Yuactok Cd COOTBETCTBYeT MpEACIbHOMY  HACBHIIMICHHIO  AcheKTaMu
KPUCTAUIMYECKOW  pelieTKH, TMpHh KOTOPOM IMPOUCXOJUT TIOTEpsS  HECyIIeH
CIIOCOOHOCTH MaTepuaja. MeTaml B 3TOM COCTOSIHUM UMEET YPE3BbIYAHO OOJIBIIYIO
IJIOTHOCTH Juciokanuil. [IpenenpHasi MIOTHOCTh JUCIOKAIMM, CIIOCOOHAsI BBI3BIBATH
paspymienne  kpucramia, coctasmier  10M—10®  cm® (mpm  paBHOMEpHOM
pacrpeiesieHud 1o BceMy o0beMy). boiiee BrICOKHE CpeHHE TNIOTHOCTH JUCIIOKAIUi
B KpHUCTaJIaX HEe HAOJII01af0TCS.

2.3.4. Kputepuu 1 MeTOIbI MPOTHO3MPOBAHUS POYHOCTH JeTAaJIeil.

Pa3paboTka KpuTepueB MPOYHOCTH MAaTEPHATIOB SBIISIETCS OJHOM U3 PEIIArOIINX
npo0seM B HAyKe O MPOYHOCTH, HANIPABIECHHOW HA MOUCK 3PPEKTHUBHBIX CIIOCOOOB U
METOJIOB OIIEHKHM HeCylled CIOCOOHOCTM U JOJTOBEUYHOCTH TBEPHABIX  TeT,
UCTIONB3YEMBIX B KadecTBE KOHCTPYKIIMOHHBIX MatepuanoB. CyIecTBYIOIUE
KPUTEPUHU TPOYHOCTH TMOAPA3ACIAIOTCS Ha JBE TPYIIbL: MpeAcibHbIe (CUIIOBBIE,
nedhopMaIMoOHHbIE, YHEPTETUIECKUE) U KHHETUYECKUE.

Hayunyio OCHOBY npeodenvubix Kpumepueg COCTABISIOT MEXaHHKA CILIOIIHBIX
CpeIl W TEeOopHus TPEACIbHBIX COCTOSHHMHA. Hawmbonee paHHMMH WX HUX, CTaBIIUMHU
KJIACCUYECKUMH B TEOPUH COMPOTUBIICHUSI MATEPUATIOB SIBIISIFOTCS CULOBblE KPUMEPULL.
HecMoTpst Ha TO, 9TO TOOOHBIC KPUTEPUH HE PACKPBIBAIOT (HU3MUECKOW CYIIHOCTH
mporecca pa3pyIieHus, CIeayeT MPU3HATh, YTO Ha TMPOTSHKEHWH MHOTHX JIET 3TH
MPOCThIE W JIOCTYIHBIC B WHKEHEPHOU MPAKTHKE KPUTEPUU HUTPATH KOJIOCCATHHYIO
poJib  BO BCEX OTpacisiX MAalIMHOCTPOCHUS. B  HEKOTOpOM MNpUOIMKEHUN
MEXaHUYECKHUE KPUTEPUU Jal0T OTHOCUTEIBHO TMPOCTHIC, MPOBEPEHHBIC OIBITOM U
BpEMEHEM COOTHOIICHUS JJISI IPOYHOCTHBIX PACUCTOB.

ITockonbky  Marepuaibl  00JIalal0T  OTPAHMYEHHOM  CHOCOOHOCTBIO K
IIacTUYeCKuM AeopmarusiM, OAWH W3 TOAXOAOB K pa3paboTKe MpeaelbHbIX
KPUTEPHUEB MMPOYHOCTH OBIJT OCHOBAH Ha CBS3HM Pa3pYIICHUS TBEPIBIX TE CO CTCIICHBIO
€ro Heymnpyroil nedopmari, TPUPACTAONICH OT IUKIA K [HUKIYy HX CHJIOBOTO
HArpy>XeHUsI, 10 HEKOTOPOU KPUTHUUYECKON BEIMYUHBI. DTOT MOJIXOJ MPEIOTPESITHI
NOSIBIIGHUE  0ehoOpMAyUOHHLIX — Kpumepueg,  CBS3bIBAIOUIMX  3aKOHOMEPHOCTHU
YCTAJIOCTHOM TOBPEXKIAEMOCTH M Pa3pyLICHUS C UUKIMYECKUMH JAePOpMaLUSIMHU.
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JedbopmallioHHble KPUTEPUM TIO COBPEMEHHBIM IMPEACTABICHUSIM OCHOBAaHbI Ha
YTBEPKJICHUH, YTO IUIaCTUYECKas AedopMalisl BCerja NpeaiecTBYeT pa3pylieHUIo U
MOJATOTaBIMBAET €ro, a BeJIMYMHA CYMMAapHOM aegopManvd Marepuana OAHO3HAYHO
KOppEeIUpyeT C €ro MoBpexaaeMocTeio [5,6]. B a3ToM ciyyae JOJATOBEYHOCTH
MaTepUaJIOB CBSI3BIBAETCSI C HEKOTOPBIM PECYPCOM ITACTUYHOCTH.

OOOCHOBaHHMIO  CWJIOBBIX  DJHEPIeTHUYECKMX  KPUTEPUEB  TOCBSAIICHBI
uccnenoBanuss B.B. ®egopoBa [7], KOTOpbIi Ha OCHOBE pa3BHBACMOH UM
TEPMOJUHAMHYECKON TEOPUH MPOYHOCTH TMPEIJIOKWI B KA4ECTBE KpPUTEpPHUS
MIPOYHOCTH MAaTEPHUATIOB HUCIIOJIb30BaTh U3MEHEHHE IUIOTHOCTH BHYTPEHHEN SHEPIHUU
IpU YIapHBIX MCHOBITAHUAX OOpa3lloB KAaK OTHOIIEHWE paboThl paspyuieHus A4 K
neopMmupoBaHHoMy o0bemy V, mojaras mpu 3TOM, YTO MPU BBICOKOCKOPOCTHOM
neopmanuu  mpoiecchl B AeopMUpyEMBIX o0beMax OyayT NPUOMMKEHBI K
aIna0aTUYECKUM.

A
AU =8, =, (2.8)

rae Ay -yaapHas BS3KOCTb.

B oroif paboTe OH BIEpBBIE IMOKAa3aj, YTO IJIOTHOCTb BHYTPEHHEW SHEPruu
SBJIIETCSI OJIHO3HAYHOM W HWHTErPabHOM XapaKTEPUCTHUKON TEPMOJIMHAMUYECKOTO
COCTOSIHHSI MaTepHalia TOBEPXHOCTHOTO CIIOA.

AHanmu3upyss U 000011ass OMNBIT Pa3pabOTKU W MCCIAEAOBAHUS Pa3IMYHBIX
IpeeTbHBIX KPUTEPUEB MMPOYHOCTH MOKHO OTMETUTh, YTO HECMOTPS Ha UX HIMPOKYIO
MPUMEHSEMOCTh JUIS TPOTHO3UPOBAHUS DKCIUTYyaTallHOHHBIX CBOMCTB JeTaliel
OOBEKTUBHYIO KApTHHY YCTOWYMBOCTH Marepuaja K JCUCTBYIONIEH MOCTOSHHO WIIU
NEPUOANYECKA B TEUEHHE OIPENEICHHOIO BPEMEHH COBOKYIMHOCTH pPa3pyIIArOIINUX
(GhaKkTOpOB OHU JaTh HE MOTYT.

B pa6orax [ 1,8,9] mokaszaHo, 4To ISl yCTAIOCTHOTO pa3pyIlIeHUs] HAUOOJIbIICH
WHPOPMATUBHOCTBIO OONAMAIOT KUHemuueckue Kpumepuu, B KOTOPBIX (aKTop
BPEMEHH OTpakaeT KMHETUKY HAKOIUICHHUS MOBPEKIAEMOCTH MaTepraioB. B kauecTe
MEphl HAKOIUJIEHHOM TMOBPEXIAEMOCTH MOTYT paccMaTpUBAThCS MpUpaICHUS
3allaCeHHOW DSHEPIuu, IUIOTHOCTU Je(EeKTOB W JpYruxX IOKas3aTeleld COCTOSHUS
MaTepHaioB, MO3BOJISIONIUX MPOTHO3UPOBATH BHIPAOOTAHHBIM W OCTATOYHBIA PECYpC
3JIEMEHTOB MAIllMH M O00OpYIOBaHMS, 4YTO HEOOXOAMMO Jisi pEUICHHs 3aJayu
yIPaBICHUS CPOKOM UX CITY>KOBI.

2.3.5 OHepreruyeckass MoJeJb NOBPEKIAEMOCTH M  Ppa3pylleHUsi
MOBEPXHOCTHBIX CJI0EB MPH IKCILTYyATAIUH.
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JIro6o#t mporecc neOpMUPOBAHUS W Pa3pyIICHUS SBISETCS KUHETHUYECKUM U
HEOOPATUMBIM MPOIECCOM HE3aBUCUMO OT (PU3UKO-XUMUYECKOU MPUPOJIBI MaTepHaa,
€r0 CTPYKTYPHI, a TAK)KE YCIOBUHN HArpyKeHUsI.

KoppekTHocTh mpencTaBieHus mporecca AeOpMUPOBAHUS U Pa3pPYIICHUS KaK
KHHETHYECKOTO BBITEKACT W3 JIBYX JKCIMEPUMEHTAIHHO YCTAHOBJICHHBIX (PAKTOB, W3
KOTOPBIX TEPBBI CBUACTEILCTBYET M €r0 CTAaTUCTUYECKOM XapaKTepe, BTOPOH —
packpbiBaeT ero (eHOMEHOJIOTHYECKYIO CTOPOHY.

B  ocHOBe  ()EHOMEHOJOTMYHOCTH  TMpollecca  JIKHUT  3aBHUCHUMOCTH
MOBPEXKTAEMOCTH 3JIEMEHTa IMOBEPXHOCTHOTO CIIOSI OT CHJIOBBIX IapaMETpOB
Harpy>keHusi 1 BpeMeHHu (IMKJI0B) ux Bo3zaercTBus (Puc.2.10), u3 xotopoit ciemyer,
YTO €CIM JBa TMPOIECCa, COMPOBOXKIAIOUINXCA BHYTPEHHEH MOBPEKIAEMOCTHIO
AJIEMEHTa TOBEPXHOCTH, IMPOTEKAIOT KakK NpH 0ojiee BBICOKUX BHEIIHUX CHJIOBBIX
nmapamMeTpax HarpyXXeHus, TaK W TpH Oojiee HU3KUX, TO pa3HHWIA B ITOBEICHUU
nehopMUPYEMOTO 3JIEMEHTAa TMOBEPXHOCTHOTO CJIOS OYyJeT 3aBUCETh TOJBKO OT
WHTEHCUBHOCTHU TTOBPEKIAEMOCTH.

P
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p Puc. 2.10. Kunerunka

npoiiecca aehOpMUPOBAHUS U
paspyuieHus .
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Cratuctiuecku mporecc AeOPMUPOBAHUS W PA3pyIICHHUS  BBITIISAIUT
cleayrmuM o00pa3oM. B Kaxaplii MOMEHT BpeMeHH ([uKI) AaedopMUpPOBAHUS
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JJIEMEHTA IIOBEPXHOCTHOI'O CJIOSA 3aJaHHBIM YCIOBUSAM HArpy>K€HUS COOTBETCTBYET
ONpEJENICHHAsl CTENEeHb €ro noBpexaaeMocTd. Kak TOJBKO IOBPEXKIaEMOCTh
MaTepuaiga B JIOKAJIBHOM MHKPOOOBEME JOCTUTAEeT NPEAEIbHON (KpUTHUYECKON)
BEJIMYMHBI, HAUYMHAETCS IIPOLECC €ro paspylleHUus B BHUAC MHUKPO— U
MaKpOHAPYLIECHUM. [TonTBepx’aECHNEM 3TOro ABJIAIOTCS pe3yJIbTaThl
DKCIEPUMEHTAJIBHBIX HWCCICAOBAHUM BIUSHHUS IPOJOJDKUTEIBHOCTH KOHTAKTHOTO
B3aMMOJICHCTBUA HA YCTAJIOCTHYIO IIPOYHOCTb U MU3HOCOCTOMKOCTD J€Tajed, KOTOPBIE
[I0KA3aj]y, 4YTO C IIOABJICHUEM B IIOBEPXHOCTHOM CJIO€ IIPU3HAKOB pa3pyLICHHUs
(MMKpPOTpPELIMHBI) SKCITyaTallMOHHBIE IOKA3aTeau JAETajleil HAauMHAaIOT CHHMKAThCS.
OTO MO3BOJNMJIO CJEJaTh BBIBOJ, YTO HAMOOJBIIMNA HKCIUTyaTallMOHHBIM 3¢ deKT
JOCTUTAaeTCs 3a MPOMEXYTOK BPEMEHHU WIIM LUKIOB HArpyXeHWs, IIpU KOTOPOM B
AJIIEMEHTaX IMOBEPXHOCTHOTIO CJIOSI HAaKalJIMBAaeTCs KpUTHUecKas (IpenenbHast)
IIOBPEXKAECHHOCTbD.

WN3noxxeHHsle  BbIIIE  IPEACTAaBICHHUS W 3aKOHOMEPHOCTH  IIpolecca
neOpMUPOBAaHUS U pa3pylICHUs] MOTYT OBITh ONUCAaHbl M MPOMLIIOCTPUPOBAHbI

cienyronuM oopazom. O003HaUMM depe3 U KOJMYECTBEHHYIO MEPY MOBPEKICHHOCTH
3JIEMEHTa MOBEPXHOCTHOTO CIIOS , Yyepe3 U-CTeneHb MOBPEKIAEHHOCTH, a uyepe3 L? :z—ttj
WHTEHCUBHOCTh MOBpeXaaeMocTH. Torga npu 000N BENIMYMHE YCUIIUS BHEIIHETO
CHWJIOBOTO HAarpyXeHHUs TOBPEXKJIECHHOCTh D3JEMEHTa TMOBEPXHOCTHOTO CJosi Oyner
U3MEHSTHCS ¢ HHTEHCUBHOCTBIO, KOTOpasi B 00IIeM ciiydyae OyAeT sSBIAThCS QyHKIEn
CHJIOBOTO TapameTpa aeopMUpoOBaHHs P, TeMiiepaTypbl 1 ¥ BpeMeHH  mpoTeKaHus
nporecca. ['paduueckn 3T0 MOXKHO TPEICTaBUTh B BHUJAC KHHETHYCCKUX KPHUBBIX
(Puc.2.100), m3 KOTOpBIX CIEIyeT, 4YTO 1O Mepe AehOpPMHPOBAHUS DJIEMEHTa
MOBEPXHOCTHOTO CJIOSI €Tr0 TMOBPEXKAEHHOCTh YBEIWYUBACTCA. OTO YBEIMUYCHUE
MPOUCXOUT JO TEX TMOp, MOKAa MOBPEKAEHHOCTh U HE JIOCTUTACT KPUTUUYECKOU
BEJIMYMHBI U *, 3aBUCSAIIEH OT CBOMCTB 00pabaThIBAEMOT0 MaTepHalia U HE 3aBUCSIICH
OT BEJIIMYUHBI CWJIOBOTO Harpyxkenws. [locnmegHee oOOCTOSITENBCTBO O0OYCIOBICHO
(heHOMEHOJIOTHYHOCTBIO MPOIIECCOB JAe(POPMUPOBAHUS U pa3pyIIeHHUS MaTepraioB. Ha
Puc.2.10a mnpezacraBieHa 3aBUCUMOCTb HW3MEHEHHMS 4YHUCIA IUKIOB HarpyXeHus
3JIEMEHTA TIOBEPXHOCTHOTO CJIOS | B 3aBUCHMOCTH OT CHJIOBBIX TapaMETPOB Tpoliecca
P, mpu KOTOPBIX JIOCTUTACTCS €ro KpHUTHUYECKas TMOBPEKIAECHHOCTh. AHAJOTHYHBIC
KpUBBIE MOTYT OBITH TMOCTPOCHBI JI JII0OOOTO YpPOBHSI TOBPEXKIEHHOCTH U <U *,
Takum oOpa3om ycioBUE TPEAETbHON MOBPEXKIEHHOCTH JIEMEHTA MOBEPXHOCTHOTO
CJIOSI UMEET BU/I:

t
U=U,+[Udt=U"=const, (2.9)
0
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rae U, - TOBPEXACHHOCTh 3JIEMEHTa MOBEPXHOCTHOIO CJIOS Ha CTaaAuH OOpadOTKH,

IPEIUIECTBYIOIIEH YCIOBUAM OKCIUIyaTallud JE€Tald; t° - TPENEIbHOE BpeMs
DKCIUTyaTallMM JETAIM SKBUBAJEHTHOE MPEIEIbHOMY 4YHCIY LHMKIOB BHELIHETO
CHJIOBOT'O HArPYKECHMUS.

[TpuHMMast, YTO MOBPEKAEHHOCTh AE(POPMUPYEMBIX B MPOLIECCE IKCILTyaTalluu
JeTad O00bEMOB MPU KaXKJIOM LUKIE HOCUT HEOOpaTUMbIM XapakTep, a CTENEHb
HOBPEXAAEMOCTH €CTh PE3YyJIbTaT HAKOIUIEHUS (CyMMMpOBAHMs) MOBPEXKIEHHOCTEH,
MOXHO CJeJIaTh BBIBOJ, YTO MpeJeibHas MOBPEXAEHHOCTh MU, Kak CJEICTBHE,
pa3pylIeHHe MOBEPXHOCTHOIO CJIOSI MPOU30MAET TOT1a, KOTJJa CYMMa OTHOCHTEIBbHBIX
ITOBPEXIEHNUN CTAaHET paBHOM 1, T.e.

W =—[ U}t =1 (2.10)

OTO yCIOBHE IO3BOJISIET NMPOTHO3UPOBATH IPENEIBHOE BpEMS HKCILIyaTalUH
JeTalu, sl Pa3IMYHbIX BUJOB M PEXKUMOB CUJIOBOIO HATPY>KEHUS IMOBEPXHOCTHBIX

0
c110€B TIpH yciioBuHM 3HaHuMs 3aBucumMoctd U1(P,T,t(i)).

2.3.6 PU3UKO-XMMHYECKOe BO3/IeilicTBHE BHENIHEH cpeabl HA MeXaHUYeCKHe
CBONMCTBA MOBEPXHOCTHOIO CJIOSI METAJIJIOB U CILIABOB.

IToBepxHOCTh MeTaju1a 00J1a71aeT MOBBIMICHHOW XMMUYECKOW aKTMBHOCTHIO U B
pEaNbHBIX YCIIOBUSX HEH30EKHO aJcOpOUPYET aTOMbI 3JIEMEHTOB OKpY’KaroIen
Cpeibl, TOKPBIBASICh CJIOSAMH aJCOPOMPOBAHHBIX Ta30B, MapoOB BOJABI U KUPOB. Croii
JKApA JOCTUTAET HECKOJIBKMX COT MHKPOH, IUIEHKA BOJSHBIX MApOB COCTaBIseT 50—
100 crmoeB mosekyn. JKrupoBbie IUIEHKH NPOYHO CBSI3aHBI C TOBEPXHOCTHIO METAJIa U
MOJTHOCTBIO HE YJASIOTCS OOBIYHBIMU MEXaHUYECKHUMU U XUMUUYECKUMU CPEACTBAMHU.
[Tocie mpOMBIBKH JeTayieil KePOCMHOM U OE€H3MHOM Ha MOBEPXHOCTH OCTAETCS CIION
KUpOB B 1—5 MKkM. OyeHb TIIATENbHONW OYUCTKOW MOYHO JOBECTH TOJIIHMHY CJOS
xupoB 10 0,1—0,001 mxm (mpumepno 100 — 10 psimoB monekyn). BoznelictBue
BHEIIIHEH Cpeibl MPUBOIUT K OOpa30BaHUIO HA TMOBEPXHOCTH MeETallIa Pa3IUYHBIX
COCIMHEHUN, TPEXKAEC BCEro pa3IMUHBIX OKUCIOB. OHU OBICTPO BO3HUKAIOT B
pe3yJibTare BIUSHUSA aTMOC(hEpHOro Kuciopoda. ToNIMHA HAPYXKHOW IUICHKUA B
OKHUCIIAroNMXCcs MeTauiax paBHa npumepHo 20—100 A (10—20 cimoeB Mosekydn).
Hampumep, okuchas miienka B ctaynu paBHa 10— 20 A, a amomuann — 100—150 A.

B pesynprate nuddy3mm B TOBEPXHOCTHOM CIIO€ MOTYT BO3HHUKHYTH
XUMHUYECKUE M HMHBIE COEAMHEHHUS OCHOBHOIO Marepualia C MPOHUKAIOIIUMHU HW3BHE
BemectBamu.  Juddy3monHas TNOABIIKHOCTH aTOMOB  MOXET TMPUBECTH K
nepepacrpeieliCHuI0 KOHIEHTPALUK JICTUPYIOIIUX 3JIEMEHTOB, CIIOCOOCTBYSI ATUM B
OTJIEJBHBIX CIyYasX OOCTHEHHMIO MOBEPXHOCTHOTO CJIOSI HEKOTOPHIMU JETUPYIOIIUMU
arieMeHTaMHu (00e3yriIepoKMBAHUE MOBEPXHOCTHBIX CIIOEB B CTANAX U OOeIHEHUE
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MOBEPXHOCTHOTO CJIOSI XpOMa U aJIIOMUHUS B JKapONPOYHBIX HUKEJEBBIX CIUIaBax Mpu
BBICOKHX TeMIIepaTypax u Ap.).

XUMHKO-(PU3NYECKOE B3aUMOJICHCTBUE MOBEPXHOCTU METAJIA C OKPYKAIOIIEH
CpeIoii Ha OTJENBHBIX yU4aCTKaX MOBEPXHOCTH HEPABHOMEPHO BCIIEACTBHE:

® DA3NMMYHON aJCOPOIMOHHOM AKTUBHOCTU Y Pa3HBIX 3JIEMEHTOB KpHCTaJIa
(pebpa, TII0CKOCTH, BITaJIUHBI);

® pa3NUYHBIX  (UBUKO-XUMHUYECKMX  CBOMCTB  IOBEPXHOCTH  MOJUKPH-
CTAUTMYECKUX TeJI, OO0pa30BaHHBIX W3 MHOXECTBA 3€PEH, BBIXOANIUX HAPYKY
Pa3HBIMU KPUCTAUIOTPa(PUIECKUMU TUIOCKOCTSIMH;

® HEOJIMHAKOBOTO COCTaBa IMOBEPXHOCTHBIX 3€peH (3epHa pa3HbIX (Pa30BBIX
COCTOSIHUH).

3HAUUTENHPHOE BJIUSHUE Ha (PU3UKO-XUMUYECKYI0O AaKTUBHOCTH OT/EJIbHBIX
MOBEPXHOCTHBIX 3€PEH OKa3blBa€T BEIWYMHA WX OCTAaTOYHBIX HANPSXKEHUN
(MUKpOHAIpPSKEHUS ), CTENEHb IIACTUYECKOH AedopMaliuu u Jip.

UccnepoBanusimu akagemuka [1. A. PeOunaepa u ero y4eHMKOB YCTaHOBJIIEHO
3HAUMTEIHHOC BIMSHUE HA IMPOYHOCTH METAUIOB PACKIMHUBAIOIICTO JACHCTBUS
aJICOPOMPOBAHHBIX IIJICHOK JKHIKOCTEH B ITOBEPXHOCTHBIX TPEIIMHAX METAJUIOB
(@pdexr Pebunaepa). Mosekynbl HEKOTOPBIX aJCOPOMPOBAHHBIX Ha MOBEPXHOCTHU
BEIIIECTB 00J1a/Ial0T BBICOKOW aKTUBHOCTHIO. PacmpocTpaHssach MO MOBEPXHOCTH, OHU
MOMaJal0T B  MHUKPOTPEIIMHBI, B TJIIYyOMHE KOTOPBIX MPOU3BOIAT CHIIBHOE
pPacKJIMHMBAIOIIEE JCHCTBUE, PABHOIICHHOE JICUCTBUIO TOTIOJHUTEIHHO MPUIOKEHHOTO
K TeJIy pacTaruBaromiero ycuinus. CaeacTBUeM TaKoro JOMOJIHUTEIBHOTO BO3ICHCTBHS
Ha METaJll SIBJISIETCS CHIDKEHHE ero MPOYHOCTH, obneruyenue aedopmaiuu. Yem mmens
yKe, TeM CHJIbHEe pacKIMHUBAIoIIee JIEHCTBUE acOpOMPOBAHHBIX TUICHOK (IIMPHHA
e He 6omee 0,1 MKM).

AncopOimonnbie 3¢ GeKTsl B Mpoiieccax neopmaiuu U pa3pyieHus: METalJIOB
MOTYT OBITH OCOOEHHO BeENWKH. [IprMEeHEeHHE aKTHBHBIX CMa304HO-OXJIAXKIAIOUTUX
TEXHOJIOTHYECKUX Ccpel Mpu o00paboTke pe3aHreM oO0Jier4yaeT IIaCTUYECKYHO
nedopMaivio U CnocoOCTBYET YJYUIICHHIO KadecTBa OOpabOTaHHOW MOBEPXHOCTH
(CHIDKEHUE MIEPOXOBATOCTH U MTOBEPXHOCTHOTO HAKIICTIA).

OddexT aacopOIMOHHOIO TMOHWKEHUS TMPOYHOCTH OCOOEHHO 3aMETHO
MIPOSIBIISIETCS] B YCJIOBHSIX JICUCTBHSI 3HAKOTIEPEMEHHBIX Harpy3ok. [Ipu muknmdeckom
Harpy>XeHUM MPOUCXOJUT PACKIMHUBAHUE MOBEPXHOCTHBIX MUKpolienei. [Ipu stom
aJICOpOMPOBAaHHBIC CJIOM BBIJABIMBAIOTCS W3 MHKpPOIIETIEH, HO HE IMOJHOCTHIO;
OCTaBIlieecs]  afacopOMpyroliee  BEMIECTBO  MEMIAeT  IMOJIHOMY  CMBIKaHHIO
MUKpOTpemunHbl. [TocienoBarenbHOe paCKpPhITHE U CMBIKAHUE TIPUBOJIUT K POCTY Tpe-
IIMH ¥ K Pa3pBIXJICHUIO0 TIOBEPXHOCTHOTO cJiosi. COMpOTHBIIEHNE YCTATIOCTH METaJlIa B
MOBEPXHOCTHO-AKTUBHBIX Cpelax Pe3Ko CHUKaeTcs (aACOPOIIMOHHAS YCTaJIOCTh).
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AncopOuusi, Kak IMpaBUiIO, YMEHBILIAETCS C IMOBBIIMICHUEM TeMIIepaTyphl. ITO
OOBSCHSETCS TEM, YTO TEIUIOBbIE KOJIEOaHHS aTOMOB MOTYT MPUBECTU K JECOPOIUU
a7IcOpOMPOBAHHON MOJIEKYJIbl; BEPOSATHOCTh TAKOTO OTPHIBA PACTET C YBEIUUYCHUEM
TEMIIEpaTyphl.

AncopOuus BO3MOXHA HE TOJIbKO Ha MOBEPXHOCTH METajlia, HO U BHYTPH €TO0,
KOI'/Ia MPUMECH, PACTBOPEHHBIE B TBEPJAOM Telle, aACcOpOMPYIOTCS Ha BHYTPEHHHX
MOBEPXHOCTAX, ITO Yallleé BCEr0 MPOUCXOIUT MO TPAHMUIIAM 3€PEH WM KaKUX-THOO
neheKToB CTPYKTYpbl. BHYTpeHHss afcopOIns MOXKET TakKe UrpaTh BaXKHYIO POJIb B
npolieccax aJcopOIIMOHHOTO MOHUKEHUS TPOYHOCTH METAJLJIOB.

[ToBepXxHOCTb, OCOOCHHO TPEUIMHBI U BBIXOASIIME HAPYXKY MEK3CPECHHbIE
TpaHUYHBIE TIPOCIONKH, SBIAIOTCA Kak Obl BopoTaMu 1Js  JU(PEGy3MOHHOTO
MPOHUKHOBEHUS UYXEPOJHBIX aToMOB B Metamn jgetanu. Judbdysus yepes
MOBEPXHOCTh OKA3bIBAET CUJIbHOE BIMSHUE HAa CBOMCTBA METAJUIOB BOOOIIE U HX
MOBEPXHOCTHBIX CJIOEB OCOOEHHO. DTO MMEET BaKHOE 3HAYEHUE KaK B Ipolecce
W3rOTOBJICHUS JeTanedl (MeToabl O0OpaOOTKM C BBICOKOW TEMIIEpaTypoil B 30HE
paspylueHus, Hamnpumep, HUIMGOBaHUE, >3JEKTPOUMITYJIbCHAs M YJIbTPa3BYKOBas
o0paboTka W [Jp., TEPMOXUMHUYECKOE IIOBEPXHOCTHOE YIPOUYHEHUE, HaIpUMeEp,
LEMEHTaLMs, a30TUPOBAHKE), TAK U MPU IKCIUTyaTAlMK AETAJIel C CUIBHO Pa3BUTHIMU
MOBEPXHOCTSAMU (JIONATKH TypOWH, >KapoBble TpPyObl KaMep CropaHuss U 1Ap.) B
YCIIOBUSIX BBICOKUX TEMIEPATYP U Fa30BOM CPEJIbI.

2.3.7 ®uznyeckasi Mojae/b U3HANMBAHUS MOBEPXHOCTH

Kak yxe ykaspBaloch, mpeHue (GHewHee mpeHue) — COMPOTUBICHUE
OTHOCHUTEJIIbHOMY TE€PEMEIICHUIO0, BO3HUKAIONIEE MEXAY ABYMsS TEJaMHU B 30HE
COMPUKOCHOBEHUSI TOBEPXHOCTEHW MO KacaTelbHOW K HHUM U COIPOBOXKIAEMOE
paccessuueM dHepru. Cuna mpenus KOJIMYECTBEHHO XapaKTEpPU3yeT TpPEHHE
KOHTaKTUpytomux Teia. Cuiia TpeHusl, Kak U BCSKasi CHjia — BEKTOP W MPH JABUKECHUU
HalpaBjeHa MPOTUBOIOJIONKHO CKOPOCTH, TAHT€HLMAIbHO K o00mei rpanuie. Ilo
XapakTepy OTHOCUTEJIBHOTO JBHKEHHUS Pa3IMyal0T TPEHUE MOKosA (I0 mepexoja K
OTHOCHUTEJIbHOMY JIBUXKEHUIO) W TPEHUE [IBUKEHUS — CKOJIBKEHUS WA KayeHUs
(puc.2.11). Tlpu TpeHUU CKOIBKEHUSI CKOPOCTH TEJl B TOYKE KaCaHUs Pa3IuYHbI, a IPU
TPEHUU KaYeHUS — OJIMHAKOBBI.
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Puc.2.11. Cunsl TpeHUS: @ — CKOJIBKEHHUS, 6 — KaUeHUS

Pa3nuuaror TpeHne BHemHee (MEXAY TeJaMH) M BHYTPEHHEE (MEXIy
YacTULAMU TBEPHABIX TEJ, a TAKXKE B ra3zax M XKUAKOCTAX). CHIIbl BHEIIHETO TPEHUs
CHJILHO 3aBHCST OT IIEPOXOBATOCTH KOHTAKTHPYIOIINX OBepXHOCTEH (puc. 2.12, a).

Cuiibl TpeHHs CWJIBHO OTIMYAOTCA IPU OTCYTCTBUU WM HAJIMYUU MEXKIY
TEIaMM CMa304HOTO Marepuasia — JIMOO BA3KOM KHUAKOCTH, HPEABAPUTEIHHO
NOMEIIEHHOW MEXay TejlaMu, JIMOO ra3a, MOJaBaeMOro B 30HY KOHTAaKTa IO
nasinenueM. Cumasounviti mamepuan TPOU3BOAUT CMAa3Ky — JEHWCTBHUE, COCTOSLIEE B
YMEHBUIEHUU CHUJIbI TPEHHMSI M HM3HOCA 3a CUET pa3/ieJIeHUs MOBEPXHOCTEH TPEHHS.
CMa304HBI MaTepHall pa3IeiisieT KOHTAKTUPYIOIIHE ToBepXHOCTH (puc. 2.12, 6).

N2

Puc.2.12. Bunsl Tpenus: a — cyxoe, 6 — CO CMa3Kou

Ecnu nosepxHOCTH pa3iesieHbl CMa304YHBIM MAaTEpUAIOM IOJIHOCTBIO, TO CHILY
TpeHUsl BBIUUCIAIOT Mo ¢opmysne HeroToHa. Takoe TpeHue Ha3bIBAIOT BA3KUM WM
KUJKOCTHBIM.

Fr = uAv/h, (2.11)
rae , — AMHAMH4YecKas BA3KOCTh CMAa30YHOT0 Marepuania; A — Mioiaab MOBEPXHOCTH
CKOJIBKCHHS; v — OTHOCHUTEIbHAsh CKOPOCTh CKOJBKEHHs Tel, N — TOoJIUHA CIos
CMa304HOI0 MaTepuaa.

Cuity cyXoro TpeHHs CKOJIbKEHHSI HaXOIAT 10 3aKoHy AMOHTOHa-KyioHa:
F="1 Fy, (2.12)
rae f — koaddunment Tpenus, Fy — cuita HOpMaTbHOTO JTaBIICHHS.

TpeHue kaueHusi, XOTs U CYIIECTBEHHO HUXE, HO BCE K€ CYILIECTBYET, IOTOMY,
YTO peajbHBbIC Tejla He a0COMIOTHO TBEPABIC, a AehHOPMHUPYIOTCS W BO3HUKAET HE
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TOYKa, a Iuionmaaka koHtakrta (puc. 2.11,06). B »Toil miomanke — 30HE KOHTaKTa
BO3HUKAECT PEAKTHUBHBIM MOMEHT, MPEMATCTBYIOMMK KaueHuro. J[Jis kadeHus KaTka
Hy)kHa aBWXkymas cwia F, Touka npunokenus peakuuu Fi, cmerieHa Brepén, B
CTOPOHY Ka4yeHHsI Ha paccTosiHue Ky, KOTOPYIO M Ha3bIBAIOT KOA(OUIIMESHTOM TPCHHS
kKaueHus. Bemnuwmna koddduimenTta TpeHUsT KadeHUs (HAKTHUYECKH XapaKTepu3yeT
nehopMUPYEMOCTh KOJIeCa M OTIOPHOM MOBEPXHOCTH. HeTpymHO moramaThes, 4TO ATOT
KO3 bULIMEHT UMeeT pa3MepPHOCTh JIMHBL. V3 ypaBHEHUsI paBHOBECHS MOMEHTOB BCEX
CHJI OTHOCUTEJIBHO "TOYKH KOHTakTa" B ciemyer, 4To

FoR = Firks, (2.13)
a4 MOMCHT CHJI TPCHHUA KAYCHUA
MT = F12'kT- (214)

IloMrMO TpeHHs B KOHTAKTE€ IOBEPXHOCTEHM, CYIIECTBYET €IIE U TPECHHE B
MaTtepuae Jeraieil, 00yclIoBIEHHOE KOHTAKTOM YacTULl U MOJIEKyJ Marepuana. [lpu
ATOM TaKXe pacxoAyercsi padoTa BHEIIHUX CHJI U BBIAETSETCS TEIIOTA.

Y KOHCTPYKLMOHHBIX METAJJIOB BHYTPEHHEE TPEHUE OYEHb MAJIO U IIPU pacueTe
METAJUIMYECKUX JeTale ero He Y4uThlBaloT. OIHAKO y BBICOKOMOJIEKYJIIPHBIX
MaTepuasoB (pe3UHbl, IJIACTMACC) BHYTPEHHEE TPEHUE MOYTH Ha JIBa MOPSKa BBIILE,
IIOATOMY OHO JIOJDKHO YYMTBIBAaTBCS IIpU HMX pacu€re. BHyTpeHHee TpeHue B
MaTepuaie JeTajed UCIOIb3yeTCsl, B OCHOBHOM, JUIsl CHWKEHUS IIYMOB W BHOpauuu
MyTEM 3aMEHbl METAUIMYECKUX JETANIEW IUIaCTMACCOBBIMM M KOMITO3UTHBIMM, TJIE
BEJINKO TPEHHUE MEXKAY YACTULIAMU CTPYKTYpPbI MaTepHaa.

[Ipu TpeHUH 1 M3HAUIMBAHUH HAOIIOAAI0TCS CIEAYIOLUE SIBICHHUS:

® cxeamviéaHue — MECTHOE COCIMHEHHE TBEPABIX TEI IOA JEUCTBUEM
MOJIEKYJISIPHBIX CHIL

® guIKpawiueanue — OTHEIEHUE YaCTHUL MaTepuajga IpH YCTAIOCTHOM
W3HAIIMBaHUM C 0Opa3oBaHUMEM SIMOK Ha MOBEPXHOCTU TpeHHsI (OCOOEHHO 4acTo y
BBICIIMX KUHEMATHYECKHUX M1ap);

® 3gedaHue — PE3yJbTaT CXBaTbIBAHMS, TTyOMHHOIO BBIPBIBaHMS MaTepuaa,
MIEPEHOCA €ro C OJHOM AETalIH Ha APYTYIO;

® npupabomka — W3MEHEHHE TEOMETPUUM U CBOMCTB IOBEPXHOCTEH B
HaYyaJIbHBI NEPUOJ, MPU IMOCTOSIHHBIX BHEUIHUX YCJIOBHSX C YMEHBIIEHUEM CHUJIbI
TPEHUS, TEMIIEPATYPBI U UHTEHCUBHOCTH U3HAILIMBAHMSI.

[Ipy CcKOJBXKEHUU TMepes] MUKPOHEPOBHOCTHIO BO3HUKAET JIOOOBOM BaJIMK
neopmupyemoro marepuania (puc.2.13), KOTOpbIH HAXOAUTCS TOA BO3JCHCTBHEM
CKUMAOIINX HAIPSKEHUI. 32 MUKPOHEPOBHOCTBIO BCJIEICTBUE CHII TPEHUSI MaTEpHaI
pactsaruBaerca.  CliemoBaTeNbHO, Marepuajl  MHUKPOHEPOBHOCTEW  MCIBITHIBAET
3HAKOIIEPEMEHHOE HArpy>KeHUe, KOTOPOE MPUBOJUT K OTAEICHHUIO YaCTHULl MAaTepHaJIa.
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Puc. 2.13. ®usnueckast MOZENIb U3HATUBAHUS TTOBEPXHOCTH
Marepuan paspyuiaercss He cpasy, a I0ocjieé HEKOTOPOro 4Kcia IUKIOB paboThl

Ha mepBoit cTtagny MCXOIHBIM TEXHOJIOTMUECKUI MUKpoOpenbed, MoTydeHHBIH
IIPU U3rOTOBJIEHUU (BhICOTa HepoBHOCTEH 00b14HO 70 100...200 MKM), mpeBpaiaeTcs
B Hekud penbed ¢ MeHble mepoxoBarocteio (0,05..0,1 Mkm), kotopas B
JaJbHEWIlIEM, Ha BTOPOM CTaJuU CYIIECTBEHHO HE MeHseTcs. [l yMeHbIIeHUs
BpPEMEHU NPUPAOOTKH CJIeAyeT Ha3HayaThb IMPU HU3TOTOBJICHUU JETald TaKOW BUJ
00pabOoTKH MOBEPXHOCTH, KOTOpasi OJIM>KE BCEr0 K PABHOBECHOM 1IE€POXOBATOCTH.

Haxkowner, paHo win mo3Ho0, HACTyNaeT NpeesIbHbIM U3HOC, COOTBETCTBYIOIIUMA
MpeneNbHOMY COCTOSIHUIO jaetanu. [Ipu saToMm peub UAET yke O KaTacTpohuyecKoM
U3MEHEHUHU pa3MepoB U (OPMBI JI€TaIu, TPUBOASIIEMY K MPEACIbHOMY COCTOSHHIO,
KOTJa JabHENas SKCIUTyaTalusl HEBO3MOXKHa.

Bonbioe uncno hakTopoB, BIUAIONINX HA U3HAIIMBAHKUE, 3aTPY/IHAET CO3IaHUE
000CHOBAaHHBIX METOAOB pacueTa M3HOCOCTOMKOCTH aeraned mamuH. [IpubamkeHHo
COMPOTHUBJICHUE W3HAIMBAHUIO OIIEHMBAIOT, B YAaCTHOCTH, COMOCTaBJIECHUEM
paCUeTHBIX JIABJICHUH C JOMYCKAaeMbIMH 3HAYEHUSMH, YCTAHOBJICHHBIMH Ha OCHOBE
OMNbITa  JKCIUTyaTalldd  KOHCTPYKUMU. HWHKEHepHble pacu€Trbl MO  H3HOCY
KMHEMATUYECKUX Tap BBINOJHAIOT 110 UHTETPAJIbHBIM XapaKTEPUCTUKAM: CKOPOCTU H
WHTEHCUBHOCTH W3HAIMBaHMs. PacueTsl geTayneil Ha W3HOC 3aKIIOYaeTCs MO0 B
OTIPEJICTICHUH  YCJIOBHUM, OOECIEUMBAIOIINX WX KHUIAKOCTHOEC TpEeHHE, MO0 B
OMPENICICHUH JOCTATOYHOM JIOJTOBEYHOCTH HMX MyTEM Ha3HAYCHUs ISl TPYIIUXCS

OBEPXHOCTEH JaBIeHUH p He Gonee gomyckaemsix [p]: P <[Pl
Pacuér wn3HOca neranedl MamMH NPU YOPYIrOM, IUIACTUYECKOM KOHTAKTE W

MUKpPOpPE3aHUN TTOBEPXHOCTEN TPEHUS JOKEH YUUTHIBATH JABJICHUE HAa MOBEPXHOCTU
TPEHUS, OTHOCUTENBHYIO CKOPOCTh U BpeMsi pabOThI y37a.

2.3.8 ®usuka mnpomecca M BHAbI YCTAJOCTHOW MOBPEXAAEMOCTH U
pa3pylleHus JeTajieil MAIIMH NPH HUKIHYECKUX HArpy3Kax.

Jnis packpbITUsT GU3MYECKON MPUPOABI MPOIECCa YCTAIOCTHOTO pa3pylIeHHs B
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KadyecTBe NMpUMeEpPa paCCMOTPUM OCh BaroHa, BpaIlalOIIyIOCsS BMECTE C KojiecaMH (pHC.
2.14, @), uCTIBITHIBAIONTYIO IUKINYECKH U3MEHSIOIIMECS HAMPSDKEHUS, XOTsI BHEIIHUE
CUJIbI U SIBJISIFOTCS MMOCTOSIHHBIMHM BeJIMUMHAMH. [IpoMCXOaUT 3TO B pe3ysbTaTe TOTO,
YTO YacCTW BpallarolIelcsi OCH OKa3bIBAIOTCS MONEPEMEHHO TO B PACTSIHYTOW, TO B
C)KaToM 30HAaX.
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Puc. 2.14. Och Barona, BpalarImascs BMECTe C KOJIECaMH: CXEMbI Harpy>KeHHUS

Y SITIOPBI

CnemaB HEOOXOAWMBIE MaTEMAaTHYCCKHE IIOCTPOCHHS, TIOIYYUM, HTO,
HOpMaJIbHOE HAINpsDKCHHE O B CEYCHHSIX OCH MCHSIETCS 10 CHHYCOHJIC C aMIUTHTYI0N
(puc. 2.14,0):

_ PaD
A=
20y (2.16)

OngpIT IMIOKAa3bIBACT, 4YTO IIPHU IICPCMCHHBLIX HAIIPIKCHUAX IIOCJIC HCKOTOPOIO

o

YHCJIA UUKJIOB MOXET HAaCTYNUTh Pa3pyLICHHUE JIETAIU, B TO BPEMS KaK HPU TOM XKe
HEM3MEHHOM BO BPEMEHHM HANPSIKECHUM o, pPa3pyLICHUS HE MPOUCXOIUT. YHCIO

IUKIIOB JO MOMCHTA paspymcHuda 3aBHCHUT OT BCIWYMHBI o, W MCHJCTCA B BCCbMa

mMpoKux mpeaenax. [lpum OompIuX HaNpsHKEHUSX AN paspylieHus ObIBacT
n0CcTaToyHO 5—10 HUKIOB. DTO XOPOIIO BUIHO XOTs Obl Ha MPUMEPE MHOTOKPATHOTO
n3ruda Kycka MeaHoi mpoBosioku (puc.2.15). Ilpy MEHBHIIMX HANPSKCHHSIX ICTallb
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BBIICPKHNBACT MUJIJIMOHBI 1 MUJIJIMAPAbLI OHUKJIOB, a4 IIPpU €€ MCHBIINX — CII0COOHA
pa60TaTB IMPAaKTHYCCKHU HECOTPAHUYCHHO AOJITO.

Puc. 2.15. [Tpumep
3HAKOIEPEMEHHBIX Harpys3oK,
MPUJIOKEHHBIX K MEIHON IPOBOJIOKE, C
HOCTIeIyIOIUM YCTaIOCTHBIM
paspylieHuem

OnebITHI IMOKAa3bIBAOT, YTO MACTAJIM MJIIUTCIBHOC BpPCMA IIOABCPIaBIINCCA
I[GﬁCTBHIO IICPCMCHHBIX HaHpH)KCHHﬁ, Pas3pymaroTCs IIpHu HAIIPAKCHUAX, SHAYUTCIBHO
MCHbBIIHUX, YCM BPCMCHHOC COIIPOTHUBJIICHUC O (I/IHaLIG IIpcacia l'IpOLIHOCTI/I).

8

Pazpymienne  npu  [UKIMYECKOM  HArpy>XE€HHH  MOPOUCXOAUT  BCIEICTBHE
BO3HUKHOBEHUS MUKPOTPEIIMH B 30HE KOHIIEHTpPAUUMU HaNpsHKEHUW. TpeniuHsl
MOCTETNIEHHO Pa3BUBAIOTCS, IMPOHHMKAs BIIyOb, TIONMEPEYHOE CeuYeHue JeTaliel
ocla0ysieTcsi W B HEKOTOPHII MOMEHT MPOUCXOJUT MTHOBEHHOE pa3pyllICHHE.
VYcTanocTe 0XBaThIBAET JIBE 3HAUYMTENIBHO OTIMYANOUIMECS APYT OT JApyra o0Jjactu
UKJIMYECKOro HarpyxeHus u aedopmupoBanus. B mepBoM ciiydae mpu HUKINYECKOM
Harpy>KeHUM BO3HHMKAIOT 3HAUYMUTENIbHBIE IJIacTHUEecKue Aedopmanuu. IJta 00JacTh
HA3BIBACTCS MAJOLHMKIOBOH YCTATOCTBIO, M YMCIO HUKIOB He mpessimaer 107...10°.
Hpyrasi 061acTh — MUKIMYECKOE HArpyKEHUE, MPU KOTOPOM aedopmalius BO BpeMs
KOKJOTO IUKJIA B 3HAYMTENILHOW cTereHu yrpyra. s sToil obmacTu xapakTepHbI
Majble HampspKeHUs (Harpy3k) M OOJBIIIOE YHCIIO IMKIOB JI0 pa3pylieHus. ITa
0o0JacTh  Ha3bIBAE€TCS  MHOTOLUMKIOBOM  YCTaJlOCTbIO M XapaKTepHU3yeTcs
nosroseunoctbio Goee 10°...107 mukios.

Ha pwuc. 2.16 moka3aHO pa3pylieHHE Bajla MajOyTJICPOJUCTON TUIACTUYHOM
ctramu no Bepcun npod. Jx. Komnmuuza, roe 1 — Hauvano paspymenus, 2 —
IiepoxoBaTasi MOBEPXHOCTh, 3 — TJIaJIKasi MOBEPXHOCTh, 4 — paJHalIbHbIE YCBI, 5 —
00JIacTh cpes3a; a — Majiasi OTHOCHTEJIbHAss CKOPOCTh POCTa TPEIIMHBI, D — GosbImas
OTHOCHUTEJIbHASI CKOPOCTh pACIpPOCTPAHEHUsS] TPEUIUMHBI; C — KOHEYHas CTaJus
pa3pylIeHuUs.
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Puc. 2.16. Pa3zpymieHue Baja u3 MajaoyriiepoucToN cTaiu

Ha puc. 2.17 npencraBieH yCTalOCTHBIA H3J70M MIEHKH KOJIEHYATOrO Basia 1O
TpakToBke npod. B. I1. Koraesa.

Puc. 2.17. YcTanoCTHBIM U3JI0M IIEUKHA KOJIEHYATOrO Bajia

Ha ycramocTHoM n3iiome HMIEWKH KOJEHBajla MOKHO BBIJCNIUTH MATH 30H (puC.
2.17): 1 — nokanbHas 30HA, B KOTOPOW BO3HHMKACT HadajibHas MHUKPOCKOIMHYECKAs
TpelllMHa YyCTajJoCTU. MecTo, rje HauMHAaeTCsl €€ pa3BUTHE, Ha3bIBaeTcsi (OKycoM
u3oMa. Manyro 30HYy, NpUJIETANyl0 K (OKYyCy H3JI0Ma U COOTBETCTBYIOIIYIO
HAYaJIbHOW MaKPOCKOIMYECKOW TPEIMHE yCTaJ0CTH, Ha3bIBAIOT 0UYaroM pa3pyIICHHUS.
[Tpu GosbIIUX YPOBHAX MEPEMEHHBIX HAMPSDKEHUNH MOTYT OBITh HECKOJIBKO (DOKYCOB M
ouaroB paspymeHus. Yame Bcero (QoKyc W odar paspylieHHS pachojaraircs y
MOBEPXHOCTH JIETaJIM, I/I€ BOZHUKAIOT HauOoJblLINe HanpsbkeHus. Jlanee obpasyrorcs
CTYNEHBKU M pyOLBl 2, IPU CIMSHUU TMapaJUIENbHBIX TPEIIMH, Pa3BUBAIOUINXCS W3
HECKOJIbKMX o4yaroB. Ha u3ioMe Ha yyacTke pa3BUTHs TPELIUHBI BUIHBI YCTAIOCTHBIC
auHUM 3, sBISAOLIMECS cledamMu (pOHTa NPOABMXKEHUS TPELUIMHBI C TJIaJKON
Onectamel mnoBepxHOCThIO. llociie pacnpocTpaHeHHs] YCTaJIOCTHOM TpEeHIMHbBI Ha
OOJBIIIYIO YaCTh TOMEPEYHOTO CEUCHUS TMPOUCXOAUT YCKOPEHHOE Pa3BUTUE TPEIIUHEI
4 w gonoM 5. 30Ha J0JIOMAa 5 HOCHT XapakTep XPYIKOTO pa3pylieHUS W HUMeeT
IIEPOXOBATYIO MMOBEPXHOCTb.

Takum oOpa3oMm, yCTalOCTh SIBISIETCS OAHMM W3 BHUAOB pa3pyLICHUS C
NEPEMEHHBIMH aMIUIUTYIaMU HAMPSHKEHUH MPU SKCIUTyaTallud MAlluH CO CIy4YaiHbIM
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CIIEKTpOM HarpyxeHus. KpuBble yCTamoCTU CTPOATCS NMPU NOCTOSTHHOM AMIUIUTY[IE
HaIpPsHKEHUS Ul KaKJI0M TOYKH, ITO3TOMY KOHCTPYKTOPY HEOOXOIUMO UMETh TEOPUIO
WJIU TUTIOTE3Y, NOATBEPKICHHYIO IKCIIEPUMEHTAJIBHO.

IIpuHATO cuMTaTh, YTO MPOLECC YCTAIOCTHOTIO Pa3pyLICHUs COCTOUT U3 TPEX
¢a3. IlepBas pa3za — BOSHUKHOBEHHE TPEIIMHBI, BTOpasi — paclpoOCTPAHEHNE TPEIIUHBI
Y, HAKOHEL, TPEUIMHA JIOCTUTHET KPUTHUYECKOTO pa3Mepa M IPOLECC pa3pyLICHUs
3aBepiiaeT TpeTbs (aza — OBICTPBIA HEYCTOWYMBBIA POCT TPEHIMHBI JO MOJHOTO
paspyuienus. [locne pa3pyiieHus Ha MOBEPXHOCTH U3JIOMA JIETalld OOHAPYKUBAIOTCA
OOBIYHO JIBE€ SIPKO BBIPAKEHHbIE 30HBI. B OJIHON 30HE KpUCTaUIbl Pa3IU4aroTCs
HEBOOPY)XCHHBIM TJla30M C OonblmuM TpynoM. [loBepxHOCTh u3JIOMa HMEET
CIJIAKEHHBIE OYepTaHWs. B Jpyrod 30HE SBHO BBICTYNAIOT IPU3HAKH CBEKETO
XpYIKOro pazpyueHusa. Kpuctamisl UMEIOT OCTPYIO OTpaHKy M OJIECTAILYIO YHUCTYIO
ITOBEPXHOCTb.

B HacTosiiiee BpemMsi yCTaHOBJIEHO, YTO CTPYKTypa MeTajula NMPU LUKINYECKUX
Harpyskax He mensercsa. Hauano paspylieHuss HOCUT YACTO MECTHBIM XapaKTep U BO
MHOTOM CBSI3aH C HEOJHOPOJHOCTBIO PEAJIbHON CTPYKTYpPHl MaTepualoB (pasnuune
pa3MepoB, OYEpPTaHUM, OPUEHTALUHA COCEAHUX 3€PEH METAJUIA; HAaJUYHME Pa3IMYHBIX
BKJIFOYEHUI — IIJAKOB, IpHUMeceil; Ne(eKThl KpUCTAUIMYECKOW PEIIeTKH, Ae(eKThI
MOBEPXHOCTU MaTrepuaia — ILApaluHbl, KOppo3usd U T. 1A.). B cBA3M C ykazaHHOU
HEOJHOPOJHOCTBIO TMpU TEPEMEHHBIX HANpPsLDKEHMSIX Ha TPaHULAX OTIEIbHBIX
BKJIFOUEHUI 1 BOJIM3U MUKPOCKOIMMYECKUX MYCTOT M Pa3IUYHbIX Je()EKTOB BOSHUKAET
KOHILICHTpAIUsl ~ HAOpsDKEHUW,  KOTopas  OPUBOAUT K  MHUKPOIUIACTHYECKUM
nedopMausaM CABUTIa HEKOTOPHIX 3€pPEH MeTajula (IIpU 3TOM Ha MOBEPXHOCTU 3€pEH
MOTYT TMOSIBJIATBCS IIOJOCHI CKOJIBKEHHS) M HAKOIUICHHIO CIBHIOB (KOTOpPOE Ha
HEKOTOpPBIX MaTepuanax MposSBISIETCS B BHAE MHUKPOCKONUYECKHX OYrOpKOB U
BIAJIMHOK — OKCTPY3UM W MHTPY3Hil); 3aT€M MPOUCXOAUT pa3BUTHE CIIBUTOB B
MHUKPOTPEIIMHBI, UX POCT WU CIUSHUE;, HA IOCIEAHEM ITAale MOSBIACTCS OJHA WIH
HECKOJIbKO MAaKpOTpPEIIMH, KOTOpas TOCTAaTOYHO MHTEHCUBHO pa3BUBAETCs (pacTer).
Kpas Tpemmnbl o AeicTBHEM NIEPEMEHHONM HAarpy3Ku MPUTHUPAIOTCS IPYT 00 ApyTa,
M TO03TOMYy 30Ha pOCTa TPEUMHbl OTJIMYAETCAd TIJIaAKOW  (ITOJMPOBAHHON)
noBepxHocThio. [Io Mepe pocTa TpeluHbI MONEPEeYHOE CEUEHUE AETalu Bce OOJIbLIe
ocyadsieTcsi, U, HaKOHEL, MPOUCXOAUT BHE3AITHOE XPYIIKOE pa3pylIeHUE JIeTaau, pu
ATOM 30Ha XPYMNKOTO JI0JIOMa UMEET rpy003epHUCTYIO KPUCTAIUIMYECKYIO CTPYKTYPY
(KaK Mpu XpynKoOM pa3pyLIeHUN).

B nacrosiiee Bpemsi, (pu3ndeckue OCHOBBI TEOPUU TBEPJOTO Tela HE HaXOIATCS
CIIC Ha TaKOW CTaIuy Pa3BUTHS, YTOOBI HA MX 0a3e MOXKHO ObLIO OBI CO37aTh METOBI
pacdyera Ha YCTAJIOCTHYK IPOYHOCTh, YZOBJIETBOPSIOIIME 3alpocaM IPaKTHUKH.
[ToaToMy MAYT MO MyTH HAKOIUJICHUS SKCIEPUMEHTANbHBIX ()aKTOB, U3 COBOKYITHOCTH
KOTOPBIX MOKHO ObUIO OBl BBIOpaTh MOJAXOJAIIME MpaBUia KaK PYKOBOACTBO JJIsS
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pacuera. OObEIMHEHUE U CUCTEMATHKA SKCIIEPUMEHTAIIBHBIX JaHHBIX U MPEJICTaBIISIET
co0Oi B HACTOAILIEE BpPEMsI COAEPKAHWE TEOPUU YCTAJIOCTHOM NpOYHOCTU. B
pe3yibTaTe  IOJYYEHHBIE  DKCIICPUMEHTAJbHBIE  3aBUCUMOCTH HE  SIBISIOTCS
YHUBEPCAIBHBIMH, 4 CAMHU PACYETHI JAIOT CPABHUTEIBHO HEBBICOKYIO TOYHOCTb.

B ycloBMAX UIMKIMYECKHX HANPSHKEHUHM MEXAHUYECKHE XAPAKTEPUCTUKHU
MaTepuana  ONpENeNstoTCs  MyTeM  CHeUualdbHbIX  HcnblTaHuid.  Hauboinee
PacIpOCTPaHEHHBIMH SBJISIFOTCS UCIBITAHKS B YCIOBHUSX CUMMETPUYHOrO Iukia. Ilpu

3TOM OOBIYHO HCIOJB3YETCS MPHHIMII YHCTOTO HW3rMba Bpalaromerocs oopasia
(puc.2.18).

2

Puc.2.18. O6pa3zen 115 yCTaIOCTHBIX UCTIBITAHUN

JUIsl MCHIBITaHUI B YCIIOBUSAX HECUMMETPUYHBIX IIMKJIOB HCIONB3YIOTCA JIHOO
CHeLMaJIbHbIE MAIIUHbI, JTUO0O0 K€ BBOJSATCS JONOJHUTENIbHbIE NpucnocodseHus. Taxk,
HanpuMep, MOXKHO Ha HUCHBITYeMOM oOpa3lie YCTaHOBHUTb MNPYXHHY, CO3JAIOIIYIO
MOCTOSIHHOE pacTsbKeHHe oOpaslia ¢ HalpshKeHUEM o,,. Bo BpeMs HCIbITaHUS Ha 3TO

HalpsDKEHUE  HaKJIaAbIBaeTCsl  HANpsDKEHHE OT  W3ruba,  MeHsmwlleecs 10
CUMMETPUYHOMY LMKIY. IlyTéM MHOIOKpaTHBIX HCIBITAHUM MOKHO OIPENEIIUTH
YUCJIO LIMKJIIOB, KOTOPOE BBIAECPKUBAET MATEPUAI IO PA3pYyLICHUA, B 3aBUCUMOCTH OT
BEJIMYUHBI o, IUKIA. DTa 3aBUCUMOCTh UMEET BUJ KPUBOIA, TOKa3aHHOW Ha puc.2.19

Y Ha3bIBAC€TCsl AMArpaMMOM yCTaJOCTHOTO paspyuieHus Benepa. B cBsizu ¢ Tem, 4To

YKUCJIO IMUKIIOB C YMCHBIICHUEM O BO3pacCTacT B BBICOKOM CTCIICHH, MPCAIIOYUTAIOT

max

B psijie ClIy4aeB Mo OCHU abcluce OTKIAApIBaTh He uncio N, a ero sorapudm.
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Puc.2.19. luarpaMmma ycrajgocTHOTO pa3pyiieHus Benepa

OnpIT MOKA3bIBAET, YTO ISl OOJNBIIMHCTBA YEPHBIX METAUIOB MOKHO YyKa3aTb
TaKo€ HaumOOJbIIEE MAaKCUMAJIbHOE HaNpsyKeHHe, NpH KOTOPOM Marepuanl He
paspyluiaercs IpH JII0OOM 4YHCIIe IUKIOB. Takoe HanpsyKeHWE Ha3bIBACTCSA npeodenom
yemanocmu, WA npeoenom eviHocaugocmu. llpenen BbBIHOCIMBOCTH 0003HAYaeTCA
4epe3 o, , IJIe UHICKC r COOTBETCTBYeT Kod(duimenTy nukia (Uit CAMMETPUIHOTO
LMKJIa 0003HAYEHUE MPEEIIa BBIHOCIUBOCTH - 0, JISl TYJIbCUPYIOUIETO - o, WIH O,

U T. 1. ). JIJI1 BETHBIX METAJJIOB M JUTSI 3aKaJCHHBIX JI0 BBICOKOW TBEPIOCTH CTaliei
BBOJUTCS TIOHSTHE YCIOBHOTIO IIpelesia BBIHOCIUBOCTH, B KayeCTBE KOTOPOTO
IPUHEMAETCS HAMPSDKEHNUE, IPH KOTOPOM 00paserl CriocoOeH Bhaep aTh 10° MHKIOB.

Onpenenenue mnpeaenaa BBIHOCIUMBOCTU SIBISIETCS TPYAOEMKOW —OlEpaluei,
MOATOMY OBbUT ClieJlaH PsiJi TOMBITOK CBS3aTh AMIIUPUUYECKUMH (POpMyJaMU Mpeaes
BBIHOCJIMBOCTH C W3BECTHBIMM MEXAHMYECKUMH XapaKTEPUCTUKAMU MaTepuala.
OOBIYHO CUMTAETCS, YTO ISl CTaJiel TMpejen BHIHOCIUBOCTU MPHU M3THMOE COCTABIISET
MOJIOBUHY OT IMPEJIesia MPOYHOCTH:

ay=(04+05),

(2.17)
J171 BBICOKOIIPOYHBIX CTAJIEd MOXKHO MPUHSTH:
oy 5 4000 +l%(”_i]

6 o (2.18)

JIJIsl IBETHBIX METAJUIOB IMPEACIT BHIHOCIMBOCTH M3MEHSACTCS B 0oJiee IHUPOKUX
npeenax:

a,=(0,25+05)a,, (2.19)

AHAJIOTUYHO HWCHBITAHUIO HA YHUCTBIM HM3rMO0 MOXKHO BECTHM HCIBITAHME Ha
KPYYCHHUC B YCJIOBUAX HUKIIMICCKU U3MCHAIOIINXCA HaHpiDKeHI/If/'I. B sTom CciIy4dac:

Ty w 0,2+ 0,3)a, (2.20)
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Wi Uil OOBIYHBIX crajed Oepercs 74 =0,60_;, nmnd Xpynmkux MaTepuaioB

(BBICOKOJIETHPOBAHHAs CTallb, uyryH) 7 ; = 0,80 .

VYKka3zaHHbIE COOTHOILIEHUS U BCE UM IMOJOOHBIE CIEYET, OJHAKO, IPUMEHSTH C
OOJBITION OCTOPOXKHOCTBHIO, TMOCKOJIBKY OHM IOJYYEHBI TOJBKO IJISi OMPEISICHHBIX
MaTepHaJIOB U B ONPEICICHHBIX YCIOBHUIX UCIIBITAHUH (TPU U3THOE, TPY KPYUCHUH ).

2.3.9 ®duszuka mnpouecca U BHIbI TOBPEXKIAEMOCTH M Ppa3pylleHHs
NMOBEPXHOCTHBIX CJIOEB JeTajieil MAIIMH B YCJIOBUAX BO31eiICTBUA KOPPO3MOHHBIX
cpen.

[To MexaHM3My KOPPO3MOHHOIO IpPOLECCa pPa3IMyYaroT JBAa OCHOBHBIX THIIA
KOPPO3HH: XUMUUECKYIO U INEKMPOXUMUUECK)IO.

[Ton xumuueckou xoppo3sueu MOAPA3yMEBAIOT B3aUMOACHCTBUE METAIIMYECKON
MOBEPXHOCTU C OKpY)KaloUIEHd Cpefoi, HE COMPOBOXKIAIOIIEECS] BO3ZHHMKHOBEHUEM
ANEKTPOXUMHUYECKUX (AJIEKTPOJAHBIX) IMpoleccoB Ha rpanune ¢a3. MexaHusm
XUMHUYECKON KOPpO3UU CBOJUTCS K peakTUBHOM Ju((dy3un aToMOB WIH HOHOB
MeTajula CKBO3b IIOCTEIIEHHO YTOJIINAIOMIYIOCS IUIEHKY NPOAYKTOB KOPpPO3UU
(HampuMmep OKaluHbl) U BCTpeyHOM Iu¢@dy3un aroMoB WIM MOHOB Kuciopona. Ilo
COBPEMEHHBIM BO33pPEHUSIM 3TOT MPOLECC MMEET HOHHO-3JEKTPOHHBIA MEXaHU3M,
aHAJIOTMYHBINA MpOIEccaM 3JIEKTPONPOBOJAHOCTH B MOHHBIX KpucTaiax. llpumepom
XUMUYECKOM  KOPPO3MM  SIBJIAETCS  B3aMMOJEWCTBHE MeETalla C  KUAKUMU
HEAJIEKTPOJIUTAMU MJIM CYXUMH ra3amMu B YCJIOBUSAX, KOTJa BJlara Ha MOBEPXHOCTH
MEeTajula HE KOHACHCHPYETCS, a TakKe BO3JEHCTBHE HA METall KUJIKUX
METaJNIMYEeCKUX paciiiaBoB. [IpakTudeckn Hanbosiee Ba)KHBIM BHJIOM XHUMHUYECKOH
KOPpO3HMM SBJISETCA B3aUMOJACIHCTBME MeETaula MPU BBICOKMX TEMIIEpaTypax C
KHCIIOPOJIOM W Jp. razoobpasupiMu aktuBHbIMH cpenamu (H S, SO , ramorensi,
BojsiHble TIapel, CO u ap.). [lomoGHbIE MPOIIECCH XUMHYECKONH KOPPO3UU METaJIOB
IIPU MOBBIIICHHBIX TEMIIEPATypax HOCAT TAKXKE Ha3BaHUE ra30BOW KOppo3uu. MHorue
OTBETCTBEHHBIE JAETAIM MH)XEHEPHBIX KOHCTPYKIUI CUIILHO pa3pyllaloTcs OT ra30BOi
KOppO3uu (JIOMaTKM Ta30BbIX TYypOMH, COIUIa PAKETHBIX JBUTATENCH, 3JE€MEHTHI
AJIEKTpOHArpeBaTesiel, KOJOCHUKHU, apMarypa rnede u T.1.). bonbplime morepu ot
ra3oBoil Koppo3uu (yrap MeTajula) HECEeT METaJUIypruyeckas IMPOMBIIIIIEHHOCTD.
CTOMKOCTh MPOTUB Ta30BOM KOPPO3HH NMOBBIMIAECTCS NPH BBEJACHHH B COCTaB CILJIaBa
pa3nMyHbBIX A00aBOK (XpoMa, allOMUHHUA, KpeMHHUs U ap.). [JoOaBku amoMHHMS,
OepusuIMsl M MarHvsi K MEIu TOBBIIIAIOT €€ COMNPOTHUBJICHHE Ta30BOM KOPPO3UHU B
OKHUCJIHUTENbHBIX cpenax. JJis 3amMThl *KeNe3HbIX U CTAJbHBIX M3JEIHN OT ra30BOMH
KOPPO3HH MMOBEPXHOCTH U3/EJINS MOKPHIBAIOT aTIOMUHHUEM (QJIMTUPOBAHUE).

ITon NEKMPOXUMULECKOU Koppo3uell M0/IPa3yMEBAIOT MIPOLIECCHI
B3aUMOJICUCTBUSI METAJUIOB C 3JIEKTPOJMTAMH (B BUAE BOJHBIX PACTBOPOB, PEXE C
HEBOAHBIMH  DJIEKTPOJIMTAMM, HANpUMEp C  HEKOTOPbIMH  OpPraHUYECKUMU
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AJIEKTPOIPOBOJIHBIMU COEAMHEHUSIMA WJIM O€3BOJHBIMU pacijlaBaMU COJIeH Mpu
MOBBIIIEHHBIX Temrnepatypax). [Iporecchl 3IeKTPOXUMUYECKON KOPPO3UU MPOTEKAIOT
M0 3aKOHAM 3JIEKTPOXMUMHYECKOM KMHETHUKH, KOTJIa 00Iasi peakiusi B3auMoCHCTBUS
MOJKET OBITh pa3fiefieHa Ha CIEAYIONINe, B 3HAYUTEIBHON CTENEHN CaMOCTOSTENbHBIE,
AIIEKTPOHBIE MPOIIECCHI:

a) aHoOmbIl npoyecc - MEPEXO] METaula B pacTBOP B BHJIE€ MOHOB (B BOJHBIX
pacTBopax, 0OBIYHO THMAPATUPOBAHHBIX) C OCTABIEHUEM SKBUBAJECHTHOTO KOJIMYECTBA
AIEKTPOHOB B METAIIIE;

0) Kamoouwlil npoyecc - aCCUMUIISAINS TOSBUBIINXCS B METaie U30BITOYHBIX
ANEKTPOHOB JAEMOJISIPU3aTOPAMU.

Paznmuuaror koppo3ui0 ¢ BOJOPOJHOM, KHUCIOPOJAHOM WM OKHUCIWUTEIbHON
JIETIOJIAPU3ALINEN.

Paznuyaror ciemyroniye TUIBI KOPPO3IUOHHBIX pa3pyiuenuii. [Ipu paBHOMepHOM
pacrpeieIeHnd KOPPO3MOHHBIX pa3pylI€HUWHd 10 BCEH MOBEPXHOCTH MeETalia
KOPPO3UI0 HAa3bIBAIOT pasHomeprou. EclA K€ 3HAaYUTENbHAsl 4YacTh MOBEPXHOCTH
MeTajuila CBOOOJIHA OT KOPPO3UM UM TOCHEAHSS COCpPEJOTOYeHa Ha OTIEIbHBIX
Y4acTKaX, TO €€ Ha3bIBAKOT MECHIHOU.

Hawnbonee yacTo BcTpeyaromuecs: B IpakKTUKE TUITHl MECTHOU KOPPO3HH:

®  s36eHHAs - Pa3pyLICHUs, UMEIOUIUE BUJ PAKOBHHBI, CUJIBHO yIiayOJEHHOU B
TOJIILY METAJLNIA;

® moyeuHas Ppa3pylUIeHUs, HUMEIONME BUJ TOYKH (MUTTUHTA), TIIYOOKO
MIPOHUKAOLIEN B METAILT,

® enesas - BBI3BIBACT pa3pyllCeHHE METaula MoJ MPOKJIaJAKaMHu, B 3a30pax,
PE3bOOBBIX KPETUICHUSIX U T.1.;

® KOMMAKMHAs - BBI3BIBAETCSI KOHTAKTOM METAJUIOB, WMEIOIIUX pa3HbIC
CTallMOHAPHBIE TOTEHI[MAJIBI B JAHHOM 3JIEKTPOJINUTE;

®  MeXCKpecmailumHuas Koppo3us - Ppa3pylleHUE MeTajljla MPOUCXOJIUT IO
rpanuiaM 3epeH. OHa O0cOOEHHO omacHa TEeM, YTO BHEIIHWWA BHJl MeTaliia He
MEHSETCS, HO OH OBICTPO TEPSET MPOYHOCTh U TUIACTUYHOCTH W JIETKO pa3pyliaercs,
YTO ¢ 00pa30BaHUEM MEXTY 3€pPHAMHU PHIXJIBIX MAJIOMPOYHBIX MPOTYKTOB KOPPO3HH.

Kopposuonnoe pacmpeckueanue BO3ZHUKAET MPU OJHOBPEMEHHOM BO3ACHCTBUU
Ha METAJUI arpecCMBHOM Cpeabl M MEXAaHWYECKHWX HalpsbkeHud. B meramie
MOSIBJISIFOTCS. TPEIIMHBI TPAHCKPUCTAJUIMTHOTO XapakTepa, KOTOPhIE YaCTO MPUBOMST K
MOJIHOMY Pa3pyLICHUIO U3JIETUH.

MexkpecTauiuTHas KOPpO3Hsi W KOPPO3MOHHOE pPAaCTpEeCKUBaHUE Hambosee
OMacHbl JUIsi KOHCTPYKIIMH, HECYUIMX MEXaHMYECKHE Harpy3ku (MOCTBI, TpPOCHI,
peccopbl, OCH, aBTOKJIABBI, MAPOBHIE KOTIIbI U T.1I.)
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DNEeKTpOXUMHUYECKas KOPPO3Hsl MOMKET MPOUCXOAUTh B Pa3IUYHBIX Cpenax.
Paznuuaror crenyroniye TUMbI 3JIEKTPOXMMUYECKOH KOPPO3UH, UMEIOIUE Haubosiee
BaKHOE MPAKTUYECKOE 3HAUCHUE:

1. Kopposzua 6 onexkmporumax. K >3TOMy THUIy OTHOCSTCS KOpPpO3UsS B
IPUPOJIHBIX BOJAax (MOPCKOW M MPECHOM), a TaKKe pazIUYHbIE BHIbI KOPPO3UU B
KHUJKUX cpenax. B 3aBucumMocTu oT xapakrepa cpebl pa3inyaroT:

a) KUCIOMHY0 KOPPO3HIO;

0) wenounyo KOppo3uio;

8) co/1e8y10 KOPPO3HUIO.

[To ycrnoBusM BO3JAEHCTBUSA KUIKOW Cpebl Ha METal 3TOT THUI KOPPO3HH
TaK)Ke XapaKTepHu3yeTcss KaK KOPPO3Hsl MPU TOJHOM MOTPYKEHUH, MPH HETOTHOM
NOTPYKCHUH, TPH [EPEMEHHOM TIOTPY)KCHHH, HMEIOIINE CBOM XapaKTepHBIC
OCOOEHHOCTH.

2. llousennas (epynmosas, noozemHas) KOppo3usi - BO3JCUCTBHUE HA METaJlI
IpyHTa, KOTOpPHIH B KOPPO3HMOHHOM OTHOIIEHHWU JIOJDKEH pPaccMaTpuBaThCs Kak
CBOEOOpa3HbIN AIIEKTPOJIUT. XapakTepHOil 0COOEHHOCTBIO HOJI36MHOM
AIIEKTPOXUMUYECKOW KOPPO3HUU SIBISIETCA OOJIBLIOE pa3IMuuhe B CKOPOCTHU JTOCTABKHU
KHUCTIOpo/ia (OCHOBHOM JAETONSIPU3aTOp) K MOBEPXHOCTH MOA3EMHBIX KOHCTPYKIHI B
pa3HBIX TOYBaxX (B JAECATKU THICAY pa3). 3HAYUTENBHYIO POJb MPU KOPPO3UHU B MOUBE
urpaetr obpazoBaHne W (YHKIIMOHMPOBAHHE MaKPOKOPPO3UOHHBIX Map BCIEIACTBHUE
HEPaBHOMEPHOW a’palyy OTIENbHBIX yYaCTKOB KOHCTPYKIIMM, a TaKXe HaJIuuue B
3emjie ONy’KJAlOUMX TOKOB. B psze ciiydaeB Ha CKOpPOCTb 3JIEKTPOXUMHUYECKOH
KOpPpO3UU B TIOJ3EMHBIX YCIIOBUSX OKa3bIBa€T CYIIECTBEHHOE BIMSIHHUE TaKXKe
pa3BUTHE OMOJIOIrMUYECKUX MPOIIECCOB B MOYBE.

3. Ammocgepnas koppo3us - KOPpO3Hsl METAIOB B YCIOBHSX aTMochepsl, a
Tak)Ke JIOOOT0 BIAKHOTO Ta3a; HAOIOMAETCS MOJ KOHJEHCAIIMOHHBIMH BUIAMMBIMHU
CJIOSIMHM BJIar'M Ha MOBEPXHOCTH MeTasuia (MOkpas atMochepHasi KOppo3us) WINA O]
TOHUANHTIIMMHA HEBUAMMBIMU aJICOPOIIMOHHBIMU CIIOSIMH BJIaru (BiaxkHas aTMochepHas
Koppo3wusi). OCOOEHHOCTHIO aTMOC(EPHON KOPPO3UU SBISICTCS CUJIbHAS 3aBUCHUMOCTD
€€ CKOPOCTH M MEXaHHW3Ma OT TOJIIIUHBI CJIOSI BJIard Ha TMOBEPXHOCTH METalla WUITU
CTETICHU yBJIAXKHEHUSI 00Pa30BaBIIUXCS MPOAYKTOB KOPPO3HH.

4. Kopposusi 6 YClOBUAX MeXaHuueckozco 8030eicmsusi. ITOMY THUILY
paspylieHusl  TMOABEPraloTCs  MHOTOUMCICHHBIE  HMHXKEHEPHBIE  COOPYKCHHS,
paboTaronye Kak B JKUIKUAX DJCKTPOJIHMTAX, TaK U B aTMOC(HEPHBIX W TOJ3EMHBIX
ycnoBusix. Hanbomnee THMMYHBIMU BUAAMH ITOJ00HOTO Pa3pyIICHUS SBIISIOTCS:

a) Kopposuonnoe pacmpeckusanue, Tpu 3STOM XapaKTepHO oOpa3zoBaHUE
TPEIINH, KOTOPhIE MOTYT PACIPOCTPAHSATHCS HE TOJIBKO MEKKPUCTAJUTUTHO, HO TAKKe
U TpaHckpuctaibHO. [IpumepoM mMOAOOHOTO pa3pylieHUs: SBISETCA IIETOYHas
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XpYNKOCTh KOTJIOB, CE€30HHOE PACTPECKMBAHUE JIATYHEM, a TaKkKe pacTPeCKUBAHHUE
HEKOTOPBIX KOHCTPYKIIMOHHBIX BBICOKOIIPOYHBIX CILIABOB.

0) Kopposuonunas ycmanocme, BbI3bIBaéMasi BO3JEHCTBHEM KOPPO3UOHHOM
Cpellbl U 3HAKONEPEMEHHBIX WJIM IMYJIbCHPYIOIIUX MEXaHUYECKUX HANpsLDKEHUH. DTOT
BUJI pa3pyLIECHUs TaKKe XapakTepeH oOpa30BaHWEM MEK- U TPAHCKPUCTAJUIUTHBIX
TpemmH. Pa3pymeHus MeTamioB OT KOPPO3HMOHHOM YCTajJOCTH BCTPEYAKOTCS MpHU
JKCIUTyaTallMM pPa3jMYHbIX WH)XXEHEPHBIX KOHCTPYKIMM (BajoOB TI'peOHBIX BHUHTOB,
peccop aBTOMOOMIIEH, KaHATOB, IUTAHI MIYOMHHBIX HACOCOB, OXJIAXJAAEMBIX BaJIKOB
IPOKATHBIX CTAHOB U Jp.).

B) Koppo3zuonnas xasumayus, SBIAIOIAACA OOBIYHO CIEJICTBUEM HIHEPIHUUHOTO
MEXaHUYECKOTO BO3JIEUCTBHS KOPPO3HOHHON Cpelbl Ha MOBEPXHOCTh MeETaslIa.
[Tono6HOE KOPPO3MOHHO-MEXAHUYECKOE BO3JECUCTBHE MOKET IMPUBOAUTH K BEChbMa
CWIbHBIM MECTHBIM pa3pyLICHUSIM METAJUIMYECKUX KOHCTPYKLUMH (Hampumep st
rpeOHBIX BHMHTOB MOPCKUX CYJIOB). MeXaHu3M paspylleHHus OT KOPPO3UOHHOM
KaBUTALKU OJIM30K K pa3pyLUICHUIO OT HOBEPXHOCTHOW KOPPO3UOHHOMN yCTaIO0CTH.

r) Kopposuonnasa sposus, BbI3bIBAEMasi MEXAHWUYECKUM  HCTUPAKOLIUM
BO3JICHCTBUEM JIPYyrOro TBEPAOro Tejla NPU HAIWYUU KOPPO3HOHHOW Cpelpl WU
HEIMOCPEACTBEHHBIM HCTHPAIOIIUM JIEUCTBUEM CaMOM KOPPO3HOHHOW Cpenbl. ITO
SBJICHME€ WHOTJIa HA3bIBAIOT TAKXE KOPPO3UOHHBIM HCTUPAHUEM WM (DPETTUHT-
KOPPO3HEN.

KoHTposibHBIE BONIPOCHI K I1aBe 2.

1. TlepeuncnuTe OCHOBHBIE BUbI SKCILTyaTAI[MOHHBIX BO3JCHCTBUN Ha
U3JIeNHsl 00ILEro MalllMHOCTPOCHHS.

2. TlepeuncnuTe OCHOBHBIE IKCIUTyaTAIIHOHHBIE CBOMCTBA JIeTaIei MaIIIHH.

3. UTo Takoe KOHTAKTHAs KECTKOCTh U HA KaKWe XapaKTePUCTUKH PaOOTHI
MAIIIMHBI OHA BJIHSET?

4. OxapakTepu3yiTe TpU ydyacTKa KpUBOM U3HOCA.

5. Kakum 00pazom H3HOCOCTOMKOCTH BIMSIET HA pecypc padOThl U3enus?

6. B kxakux ciydasx KOppO3HOHHAsi CTOUKOCTh UMEETe HanOoJblllee 3HaYeHUE
B 00€CNEeYeHNH HKCIUTYaTaI[MOHHBIX XapaKTEPUCTHK JIeTaliel MaliuH?

7. 1lpu KakuX yCIOBUAX IKCILTyaTALMH JIOJKHA HOPMUPOBATHCS YCTANIOCTHAS
00beMHas MPOYHOCTH?

8. Uem oTiMuaercsd cTaTUYecKasi U JUHAMUYECKasi TOBEPXHOCTHASI KOHTAKTHAs
IIPOYHOCTH?

9. Uro Takoe npeaen yCTalOCTH U MPeAes BBIHOCIUBOCTH?

10. Yto Takoe TEXHOJOTUYECKHM MOKa3aTeIh KauyecTBa?

11. YeMm oTiIMyarOTCS TEXHOJIOTMYECKUE M SKCIUTyaTallMOHHBIE TOKA3ATENH
KadecTBa?
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12. Kakue OCHOBHBIE CBOMCTBA MOTYT BXOJUTh B KOMIUIEKCHBIN MTOKA3aTellb
HaAeKHOCTU?

13. B kakux ciydasix UCIOJIb3yeTCs MOKa3aTelb PEMOHTOIPUTOAHOCTH?

14. IlepeuncauTe OCHOBHBIE BUbI SKCILTyaTAlMOHHBIX BO3JAECHCTBUI Ha
U3/1enusl O0IEro MaIIMHOCTPOEHUS.

15. KakoBbl IpUYMHBI BO3HUKHOBEHUS JUCIOKAIIUA U YEM OIpEEseTCs
XapakTep AUCIOKAUN?

16. Kakue kpuTepuu CBSI3bIBAIOT 3aKOHOMEPHOCTH YCTATIOCTHOM
MOBPEXIAEMOCTH U pa3pylICHUs C IUKINYECKUMHU Jeopmarusimu?

17. Yto Takoe npeaenbHble KPUTEPUHU U KAKOBO UX Ha3HAYCHUE?

18. KakoBa CyIITHOCTh SHEPTEeTHIECCKOW MOJICITH TTOBPEKIAEMOCTH H
pa3pylIeHUs TOBEPXHOCTHBIX CJIOEB MPH SKCIUTyaTaluu?

19. Kakum oOpa3om cTeneHp mIacTUIeCcKor AeopMaIiii OKa3bIBaeT BIMSHHIE
Ha (PU3UKO-XUMHUYECKYIO AKTUBHOCTD OT/IETTbHBIX TOBEPXHOCTHBIX 3epeH?

20. Yto Takoe BHYTpEHHsS aicopOuus?

21. KakoBbI Ha3HAYEHHE U IKCILTyaTAIMOHHBIC XapaKTEPUCTUKU CMA30YHOTO
Marepuasa’?

22. B yem 3akimrovaeTcs puzndeckas MoJIeIb N3HAINTUBAHUS IOBEPXHOCTH TIPH
AKCIUTyaTaluu?

23. 1o KakuM MHTETPATBHBIM XapaKTEPUCTHKAM BBITIOJIHSIOTCS PacU€ThI 11O
M3HOCY KHHEMAaTU4YEeCKUX map?

24. KakoBbI OCHOBHBIC PUYUHBI PA3PYIICHUS IETATU MPU UKIHYECKOM
Harpy>KeHUu?

25. Kakue 30HbI MOKHO BBIJICIIUTH Ha YCTATOCTHOM U3JIOME?

26. 13 kakux ¢a3 COCTOMT MPOIIECC YCTATOCTHOTO pa3pymIeHUs?

27. Yto Takoe XUMHUYECKAs M SJICKTPOXUMHUYECKAs KOppO3us?

I'nmaBa 3. B3aumMocCBf3b JIKCIUIYaTAMOHHBIX CBOWCTB JeTajieil MallMH €
Ka4eCTBOM HX IIOBEPXHOCTH

3.1. XapakrepucTuka noka3aTejieill KadyecTBa IOBEPXHOCTell eraJeii,
o0ecrnevuBaOIIMX IKCILUIYaTAMOHHBIE CBOMCTBA J1eTajleil MalIUH.

ITon kauyecTBOM MOBEPXHOCTH IMOHUMAKOT COCTOSIHUE IOBEPXHOCTHOTO CIOA
Matepuana aeranu. [IoBepXHOCTHBIHN COW BKIIIOYAET B Ce0sl HAPYKHYIO MOBEPXHOCTb,
KOTOpasi KOHTAKTUPYET C OKPYIKAIOLEW CPeNoM, U HUXKEJekKAIUM CI0M MaTrepuasa ¢
W3MEHEHHBIMH [0 CPAaBHEHHIO C OCHOBHOHM YacThlO (CEpALIEBUHON) CTPOCHUEM U
cBOMcTBaMM  (MEXaHMYECKMMH,  (pu3mueckumu,  xumudeckumu).  KadecTBo
IIOBEPXHOCTHOTO CJIOSA JIETAJEHd MAIIWH ONPENEISAECTCS TE€OMETPUEN HEPOBHOCTEN
MOBEPXHOCTH (ILIEPOXOBATOCTh, BOJHUCTOCTb W MAaKPOOTKJIOHEHUS), (PU3NUECKUM
COCTOSIHUEM METAJLIA IOBEPXHOCTHOT'O CJIOSI ¥ €r0 HANPSKEHHOCTBIO.
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Krnaccudukanus mokaszareneil kadecTBa TMOBEPXHOCTHOTO CIIOsI TMPUBEICHA B
tabn. 3.1. Drta kimaccudukanus Haubojee TOJHO OTpaxkaeT (U3NUECKYIO
XapaKTePUCTHKY KadecTBa TOBEPXHOCTHOTO CJIOSI M yCTaHaBIUBAeT EIWHBIC
MOKA3aTeNId JJIsi OIEHKH BIUSHUS MHOTOYHMCICHHBIX TEXHOJIOTHYECKUX BapHUAHTOB
00pa0OTKM Ha OHKCIUTyaTallMOHHBIE CBOMCTBa netaned. JlawHas kmaccuduxamms
HapsAy C W3BECTHBIMH KPUTEPHUSMH IIEPOXOBATOCTH M BOJHHCTOCTH, TIIYOWHBI U
CTCTIICHH HAKJIeNMa, OCTATOYHBIX MaKpPOHAMPSHKECHUH  CONEPKUT  IMapaMeTphI
KPUCTATMYECKON PEIIeTKH, TUIOTHOCTh MUCIOKAIMKA M KOHIEHTPAIMI0 BaKaHCHUH,
pa3Mepsl 0JIOKOB, (hpParMEeHTOB U UX B3aUMHYIO Pa30pUEHTHPOBKY, MUKPOHATIPSKEHUS
U HampsDKEHUS 3-TO poja.

Ta6u. 3.1 Knaccudukarus mokasaTesield KauecTBa MOBEPXHOCTHOTO CIIOS

['pynna | [loarpynna HaunmenoBanue nokazareneun O6o3Ha | Enqunuiist
MoKasa- | mokaszaTesieu YEHUE | U3Mepe-
TeJen HUSA
[IepoxoBa- BricoTa HepoBHOCTeM mpoduiis 1o | Rz MKM
TOCTb JIECSATH TOYKAM
Cpenuee apudmetnueckoe | Ra MKM
OTKJIOHEHUE MPOPUIs
Hawnbompinas BeiIcOTa HEPOBHOCTEH | Riax MKM
npoduist
Cpennuii 1mar HEpPOBHOCTEH 1O | S MKM
BEpIIMHAM JIOKAJIBHBIX BBICTYIIOB
CpenHuii mar HEpOBHOCTEH; Sm
OnopHas niuHa npodus Ny MKM

OtHocuTenbHas oOHOpHas JAnuHA | i, -
npodbuns (P - YpOBEHb CCEUCHUS

npoduist)

Boanucrocts | MakcumanbHas BeICOTA | Wpnax MKM
BOJIHUCTOCTH TTOBEPXHOCTHU
Cpennuit miar BOJIHUCTOCTH | Sy MKM
MTOBEPXHOCTH
Cpenussi BeicoTa BoJiHUCTOCTH 10 | WZ MKM

JACCATH TOYKaAM

reOMeTpI/I‘—IeCKI/Ie IMOKa3aTcJ/ii Ka4CCTBa ITOBCPXHOCTHU

Hanpasnenue | Yron MEXIY  HallpaBJICHUEM | - rpag.
HEPOBHOCTEW | HEPOBHOCTEM W HaA MpPaBICHUEM
JICACTBUS BHEITHEN HArPY3KH

Crenenb Crenenp neopMalvu OTIAEIBHBIX | &, %

HKO

dus

nedopmanuu | 3epeH
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Crenenbp  aedopMallud  CIIOEB | € %
(COBOKYITHOCTH 3€PEH)
Hedbopmanu- | ['myOmHa Hakena hy MKM
OHHOE Crenenp HaKIema u, %
ynopouHneHue | ['pagueHT Hakiena Uryp KIC/MM®
(HakJIer)
Cybctpykry- | Pazmeps! pparmeHTOB Iy MKM
pa Pa3smeps1 6;10k0B 5 MKM
Yron pa3opueHTUPOBKU ag, rpagychl
(dbparmMeHToB
VYroi pa3opueHTUPOBKH OJIOKOB a; rpatychl
Kpucrammu- | [lapamerpsl pemerku A
yeckas II;moTHOCTE IUCIOKAIINIA oM’
CTPYKTYypa KoHneHTparus BakaHcHit —
Ocrarounsie | TexHonornueckue KIC/MM’
HAMPSDKEHUST | MaKPOHAIPSKEHUS
MukpoHanpsiKeHHUs KIC/MM°
Hanpsixenus 3-ro poga KIC/MM”

3.2 TeomeTrpuueckHe XapaKTePUCTHKU KadeCcTBa TOBEPXHOCTH M HX
onpejaeieHue.

NneanpHO mpaBuiibHAs MOBEPXHOCTH HE MOKET OBITH MOJIyY€HA B pe3yibTaTe
Kakoro-nmibo wmetoga oOpaboTku. PeanmbHas moOBepXHOCTH (DU3UYECKOTO Tela
HECOBEPIIICHHA, U CYXKJECHHE O CTENEHU HECOBEPIICHCTBA 3aBUCUT OT Maciirada
MoxHo

PacCMOTPEHHS. OTKJIOHEHUSI  OT

IMpaBUJIBHOCTH

paccMaTpuBaTh r€OMETPUYECKON

MMOBEPXHOCTHU MaKpOreoMeTpU4YEeCcKoro, MHUKPO- u
CyOMHUKPOCKOIMMYECKOTO MOPSIKA.

Maxpoeeomempuueckue OTKIOHEHUS PACCMATPUBAIOTCS HA OOJBINIUX ydacTKax
peanbHOM TOBEPXHOCTH [ETal, OHM XapaKTEPU3YIOT TOYHOCTh (POPMBI JeTalw;
MUKpO2eoMempuss — Ha MaJbIX y4acTKax peaibHOW MOBEPXHOCTH C JJIMHOW CTOPOHBI
kBagpata or 1 MM g0 1 MkMm. ['eoMerpuueckoe mpeicTaBlIeHHE O (GopMe TaKoM
MTOBEPXHOCTHU

IIPUHATO Ha3bIBaATh

Hapsay ¢
MOBEPXHOCTHOTO CJOA, SIBISIETCS OJHMM M3 OCHOBHBIX (PAKTOPOB, OIPEACIISIONIMX

uepoxoeamocmasio. MI/IKpOFCOMeTpI/ISI

MOBEPXHOCTEN  JCTAJIEH, (U3UKO-MEXaHUYECKUMH  CBOMCTBAMHU

HKCIUTyaTallMOHHbIE CBOWCTBAa U Pa0OTOCHOCOOHOCTh MAIlIMH, HUX pecypc W

HaJE)KHOCTb.
Cybomuxpockonuueckue

TOBEPXHOCTH, pa3Mep CTOPOHBI KBaapaTa KOTopoii m3mepsiercs ot 1 10 10 mxm (107 -

HEPOBHOCTHM  pacCMaTpHUBAIOTCS  HAa  y4yacTKax

102 mm, wi 1000 - 10000A). [eoMeTpuuecKie HECOBEPIICHCTBA ITOH 06IACTH
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ONPEIEISIOTCA MOJIEKYJIIPHON CTPYKTYpOH MOBEPXHOCTH, OHA IIOKA HE HMMEET
CHEIUAIbHOTO HA3HAYEHMs, MOYTU COBEPIIEHHO HE HM3y4eHa, TaK Kak OoJbllen
YaCThIO JICKUT 3a MpeJieIaMi YyBCTBUTEIILHOCTH COBPEMEHHBIX MPHUOOPOB.

['eomeTpuyeckre OTKIOHEHUS MOBEPXHOCTEM pa3au4yarOT B 3aBUCUMOCTH OT
oTHomieHusi mara L k Beicore HepoBHOcTedt H: mpu L:H OGomee 1000 —
MaKpOCKOIMYECKUE OTKJIIOHCHHS] WM OTKJIOHEHHUS OT MPAaBUIbHOW T'€OMETPUUECKOM
dbopMbI (KOHYCHOCTh, OBJIBHOCTh, BOTHYTOCTh U Ap.), eciau L:H ot 50 o 1000 —
BOJIHUCTOCTD MoBepXHOCTH U L:H 10 50 — 1m1epoxoBaToCTh MOBEPXHOCTH [29].

Lllepoxosamocms nogepxHocmu — COBOKYIIHOCTb HEPOBHOCTEM C OT-
HOCHUTEJIbHO MaJIbIMU IlIaramu, oOpasytomux peinbed noepxHocTH. lllepoxoBaTocth
MOBEPXHOCTU TIOCJIE MEXaHWYECKOM OOpadOTKM — 3TO TE€OMETPUYECKUH Clel
PEXYILIETro WK 1e(POPMHUPYIOIIETO HUHCTPYMEHTA (METaUIMYECKOT0 U a0pa3uBHOTO),
JBIDKYIIETOCS B COOTBETCTBHH C YCTAHOBJICHHBIM PEKMMOM PE3aHMS, NCKAKECHHBIN B
pe3yibTaTe IUJIACTUYECKONW M ymnpyro aepopManud U COIMYTCTBYIOIIEH MpOIECcCy
pe3anus BHOpanued TEXHOJOTMYECKOM CHUCTEMbl CTaHOK—IIPUCIIOCOOICHIe—
UHCTPYMEHT—/IETAIb.

B cramgapr Ha mepoxoBatocTh moBepxHoctn ['OCT2789-73 /25/ Boruiu
CJIEIYIOLIME XapAaKTEPUCTUKH IIEPOXOBATOCTH:

e gvicomnble. Ry-cpenHee apupMeTnyeckoe OTKIOHEHHE npoduis; R~ BeIcOTa
HEPOBHOCTEH TPO(UISA MO JeCATH TOUYKaM; Ryac-HamOoJbIIas BbICOTa HEPOBHOCTEH
npoduis;

® wazcogvle: S-CPEHMIM 1Iar HEPOBHOCTEHN MO BEPIIMHAM JIOKATBHBIX BBICTYIIOB;
Sm- CpenHuil mar HepOBHOCTEH; t,-OTHOCUTEIBbHAS OMOpHAs AJIMHA NPOGHIs, Tae P -
YPOBEHb CEUEHUS MPOPUIISL.

B oCHOBY KOJMUYECTBEHHOUN OIIEHKH XapaKTEPUCTHUK IIEPOXOBATOCTH TMPHUHATA
CHUCTEMa OTCYETa, B KOTOPOW B KauecTBEe 0a30BOM JIMHUU CIIYXKUT CPEIHSS JTHHUS
npoduisa. IIpoduns MOBEPXHOCTH CO CpPEAHEHW JIMHUEW W APYTMMH TapameTpaMu B
cootBercTBuM ¢ ['OCT 2789-73 npusenen Ha puc. 3.1.
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Puc. 3.1. TIpoduiabs NOBEPXHOCTH U €T0 XapaKTEPUCTUKA
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Cpeonsasn  aunus npogurs — 9210 0OazoBas JIMHMUSA, wuMeEOmas ¢Gopmy
HOMHUHAQJIBHOTO TMPO(UIS W MPOBEICHHAs TakK, 4TO B Npejeiax 0a30Bod IUHBI |
CpelHee KBaJIpaTUYeCKOEe OTKIOHEHHE TOYEK MPO(uUis OT 3TOW JIMHUKM MUHUMAIBHO.
Jluaus, SKBUAWCTAHTHAS CPEAHEH JWHUM W TMPOXOAAIIAas dYepe3 BBICHIYIO TOUYKY
npoduias B mpedenax 0a30BOM NIMHBI, HA3bIBACTCA JUHUEU BbICYNOE NPOPDUIA.
JluHus, SKBUIUCTAHTHAs CpEJHEH JMHUKM M MTPOXOAAIIas Yepe3 HU3IIYI0 TOUKY
npodbunas B Tpenenax 0a30BOM JUIMHBI, HA3BIBACTCSA JUHUEU 6NAOUH NPOPUIIAL
Paccrosinue Mexay JMHHEH BBICTYNOB Npoduiis W JIMHUEW BHAIUH HpoPuis B
npezenax 0a30BOM JIMHBI MPEJICTABISIET COO0N HAUbOOIbULYIO 8bICOMY HEPOBHOCHEN
npouns Ruyax.

Bvicoma evicmynog npoghuiss — 370 pacCcTOsIHUE OT CPEAHEN TUHUHU TPOdUIs A0
BBICIIICH TOYKH BBICTYIIA MPOUIIS.

I nybuna énaounvl npo@uis Yy, — 3TO PACCTOSTHUE OT CPEIHEH TUHUU Tpodus
JI0 HU3IIEH TOYKU BIAIUHBI TPODUIISL.

Heposnocmov npoghunsi — 310 BBICTYI IPOPWIISI U COMPSDKEHHAS] ¢ HUM BIIQJIMHA
npodus.

Illae neposrnocmeti npoghuisi — 3TO JJIMHA OTPe3Ka CpeaHEH TMHUN TPOOUIIT Spyj,
coJiepKalliasi BbICTYI NMPOQUis U CONPSHKEHHYIO0 ¢ HUM BHaguny npoduisa. Cpeonuil
wae HeposHocmell npoguisa Sy — 3TO CpeIHEe 3HAYCHHE I1ara HEPOBHOCTEH mpoduis
10 CpeIHEH JIMHUU B TIpeienax 0a30BOM JJIUHBI.

llae mecmuuvix vlcmynog Si — 3TO JJMHA OTpe3Ka CpelHEN JMHUU MEXIY
MPOCKIUSMHU Ha HEE ABYX HAMBBICIIUX TOUYEK COCEIHMX MECTHBIX BBICTYIOB TPODUIIS.
CpeoHutl waz Mmecmuwix 8blcmynog npoguis S — 3TO CpellHee 3HaUeHHE [1ara MECTHbBIX
BBICTYTIOB B Npejenax 0a30BoM JJIMHBI.

JI7is OLIEHKH IIEPOXOBATOCTH MOBEPXHOCTH B MAIIMHOCTPOCHHHM HAMOOIbIIee
pacnpocTpaHeHHUe TOJyYUIIn ABa BEICOTHBIX kputepus R, u Ra.

Buvicoma neposnocmeti npoguns no doecsaimu moukam R, mnpencrarisier coboi
CYMMY CpPEIHHMX a0COJIFOTHBIX 3HAUYEHUN BBHICOT MATH HAMOOJBIIMX BBICTYTIOB MPOGUIIsS
U TIyOWH MATH HAauOONBIUX BHAAWH Mpoduis B mpeaenax 0a30BoM JIMHBI TPOGUs

5 5
Z‘ypmi‘+2\yvmi\
_ =l i=1

RZ - 5 ’
T1€ Ypmi — BBICOTA i-20 HAMOOIBIIETO BBICTYNA MPOQUIs, Yymi — INIyOuHa i-oil

(3.1)

HanOOJIbIIIEH BIIAUHBI POUIIS.

Cpeonee apupmemuueckoe omrionenue npoghurs R, mpencraBiser coboi
cpenHee apupMeTHIeckoe abCOMIOTHBIX 3HAUEHUH OTKJIOHEHUN Tpouis B mpeaenax
0a30BOil InHEI |:
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|
R, =7 [, Ivldx (3.2)
Nnu nipubamkeHHo
1 n
Ra==2 i (3.3)
i=1

r7ic Y — OTKJIOHEHHE Mpoduisi, ONpeAcsieMOe PacCTOSHUEM MEXIYy JIF0OOW TOYKOMN
npoduias u cpenHeil nuHuel, | — 0a3oBas IIMHA, n — YKCIO BHIOPAHHBIX TOYEK Ha
0a30BOH JJIMHE.

MHorue 3KcIuTyaTalldOHHbIE CBOMCTBA MOBEPXHOCTH 3aBUCAT OT (DAKTUUECKOMH
MOBEPXHOCTU CONMPUKOCHOBEHUS C CONMPSIKEHHBIMU JIETAJISIMHU, HAIPUMEP KOHTAKTHAs
XKECTKOCTh. [l mnpuOIMAKEHHOMW OLIEHKM BO3MOXXHOM TOBEPXHOCTH KOHTaKTa
UCIIONIL3YETCSl KPUTEPUH 7, — OnopHas Oauma npo@uiasd, KOTOPBIM OIPEIENIeTCs
CyMMOH JJIMH OTPE3KOB B Mpeneniax 0a30BOH UIMHBI, OTCEKAaeMbIX Ha 3aJaHHOM
ypOBHE B Marepuaje npoduis JIWHHEH, SKBUIUCTAHTHOW cpemHen auHuu. s
COIIOCTABJICHUSI OMOPHBIX BO3MOKHOCTEH Pa3HBIX MOBEPXHOCTEH, UMEIOIIUX B TOM
YUCJI€ M OJIMHAKOBBIE BBICOTHBIE XapaKTEPUCTUKH HEPOBHOCTEH  mpodus,
NOJB3YIOTC KPUTEPHEM OMHOCUMENbHOU ONOPHOU Oaumbl npoghuaa t,, KOTOPBIA
OIPEENSIETCS] OTHOLIEHUEM OIOPHOU JUTMHBI TPO(HIIA K 0a30BOM JTUHE.

t =T 1y,
P I_Z i (3.4)
i=1

rae bj — nuuMHa OTpe3ka, OTCEKaeMOro B MaTepuajie BhICTyHa MpoQuisl, p — YpOBEHb
ceyeHus npoduiisi, onpenenseMblii pacCCTOSIHUEM MEXIY JUHHUEH BBICTYNOB MPOGUs
U JIMHHUEH, mepecekaronieil mpoduib SKBUAMCTAHTHO JIMHUM BBICTYNOB TpOduis,
BBIPKEHHBIM B MTPOIIEHTAX OT Rpax.

Bonbioe 3HaueHue 171 MOBEPXHOCTEH, palbOTAIONIMX B YCJIOBHUSX TPEHUS
CKOJIB)KEHUSI UMEET HAIlpaBJIICHUE HEPOBHOCTEM. THIBI HAIpPaBICHUM HEPOBHOCTU B
cootBercTBUM ¢ ['OCT 2789-73 nmpencraBieHs! B Tabi. 3.2.

Tabnuua 3.2. Tunel HanpaBIeHU HEPOBHOCTEN MOBEPXHOCTH

Turbl HanTpaBIICHUI CxemaTtuyeckoe
. ITosicnenue
HEpPOBHOCTEH U300paKeHUE
[TapayutenbHOE = [TapamiensHO TMHUU, U300PAKAIOIICH
—— Ha YepTexkKe MOBEPXHOCTh, K
IEPOXOBATOCTU KOTOPOU
yCTaHaBJIMBAIOTCS TPEOOBAHUS
[leprieHIUKyISIpHOE ' 1 !i = [leprieHIMKYNSAPHO JIMHUH,
g I | ] U300paKarolIei Ha YepTexe
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Tunel HanpaBIICHUN Cxemarunueckoe
. Ilosicuenue
HEPOBHOCTEN U300paKeHne

MOBEPXHOCTH, K IEPOXOBATOCTH
KOTOpPOM YCTaHABIIMBAKOTCA
TpeOoBaHUs

[lepekpenuBaromeecs [TepekpenmBanue B IByX
HaIpaBJICHUSIX HAKIOHHO K JIUHUH,

M300paKaOIIEH HAa YEPTEKE
MOBEPXHOCTb, K IIEPOXOBATOCTH
KOTOPOM YCTaHABIIMBAKOTCA
TpeboBaHUs

HpOI/I3BOJII)HO€ | Paznnunbie HaIIpaBJICHUA I10
OTHOLICHHIO K JINIIHH, H306pa>i<a}0meﬁ

Ha YepTexKe IOBEPXHOCTD, K
HIEPOXOBATOCTH KOTOPOH
yCTaHaBJIMBAIOTCS TPEOOBaHUS

Kpyroo6pasHoe [TpuGau3uTenbHO KPYrooOpa3Ho 1Mo
OTHOIIICHUIO K IICHTPY IMOBEPXHOCTHU, K

MCpOXOBATOCTHU KOTOpOfI

YCTaHaBJIMBAIOTCA Tpe60BaHI/IH

PagnansHoe [Tpubau3uTEeNHHO paIUaIBHO 110

OTHOILIEHUIO K LIEHTPY IMOBEPXHOCTHU, K

HIEPOXOBATOCTA KOTOPOM

YCTaHaBJIMBAIOTCA Tpe60BaHI/IH

JIJist OIlEHKM HeCyIIed CIOCOOHOCTH IIEPOXOBATOCTH B HACTOAIIEE BPEMS
HanOoJiee MIMPOKOE MPUMEHEHHE TOJIydria OTHOCUTEIbHAS ONOpHast KpUBast poQuiist
MIOBEPXHOCTH, TOCTPOCHHASI B OTHOCUTENIbHBIX KoopauHaTax (Puc. 3.2), onuceiBaeMas
ypaBHeHueM (3.4). DTa kpuBas MOKET ObITh MCITOJIb30BaHA U JUISI KOCBEHHOM OIICHKH
M3HOCOCTOMKOCTH IMOBEPXHOCTH.

t,=be", (3.5)

rae  b,v-mapamerpbl HayalbHOrO Yy4yacTKa OINOPHOM TOBEPXHOCTH, & -

OTHOCUTEJIHLHOE PACCTOSIHUE OT JIMHUU BBICTYTIOB £=Y/Rpa; y- paccTosiHue OT JIMHUU
BBICTYIIOB, JIO paCCMaTPUBAEMOTr0 YPOBHSI, MKM.
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Puc. 3.2. Omnopnas kpuBas

04 \ npodus.

06 \
08 \\\

10 o~
o 072 04 06 08 10

Bonnucrocts moBepxHOCTH, coryacHo pekoMeHnanuu COB PC3951-73 - sto
COBOKYITHOCTb MIEPUOJANYECKU MTOBTOPSIOMIUXCS HEPOBHOCTEU, Y KOTOPBIX PACCTOSIHUS
MEK]Ty CMEKHBIMU BO3BBIIIEHHOCTAMH WM BIaJMHAMHU MPEBBIIAIOT 0a30BYIO JUIMHY
JUIS. UMEIOMICICSl MIepOXOBAaTOCTH MOBEpXHOCTH. Dusnuecku 0OOCHOBAHHOW, a TEM
Oonee  ecTecTBEHHOM  (DU3MYECKON TpaHUIBl  MEXAY IIEPOXOBATOCTHIO U
BOJIHUCTOCTBIO TOBEPXHOCTH KAaK COBOKYIHOCTHIO HEPOBHOCTEW C IAaraMu, MpPEBbI-
maronMMu 0a3oByr0 JIMHY, He uMeerca. OJIHaKo, HAJIMYME BOJH Ha MOBEPXHOCTHU
MPUBOJUT K YMEHBIICHUIO ONMOPHON miomaau B 5S—10 pa3 no cpaBHEHUIO C POBHOM
HIEPOXOBATON MTOBEPXHOCTHIO.

ITo pexomermanmu COB (PC 3951-73) nnst OEHKH BOJIHUCTOCTH TTOBEPXHOCTH
CeyeT YYUTHIBATh MaKCUMAJIbHYIO BBICOTY BoJIHUCTOCTH WMaAX, CPEIHIO BBICOTY
BOJIHUCTOCTH M0 JiecsiTu Toukam Wz, BeIUucCIsieMble aHaJOTUYHO mapaMeTpaMm Rmax u
Rz mepoxoBaTOCTH MOBEPXHOCTH, U CPEIHUN IIar BOJHUCTOCTH SW, OmpenesseMoi
KaK cpefHee apudMETUYECKOe PACCTOSHUE U3 TMATH 3HAYCHUN MEXIy BOJHAMHM Ha
MATH PAaBHOBEIUKHX OTAEIBHBIX YYacTKaX HM3MEPEHHUN BOJHHCTOCTH (aHAJIOTUYHO
mary Sm jyuisi mepoxoBaTocTH). BoiaHBI MOTYT 00pa3oBbIBaThCA Ha JETalud B ABYX
B3aMMHO TIEPIICHIUKYJIAPHBIX HAMpaBIEHUSIX, B CBS3M C UYEM PEKOMEHIYETCs
pasnuyaTh NPOAOJIbHYIO U ONEPEYHYI0 BOJTHUCTOCTb.

3.3 ®u3NKo-MeXaHMYECKHE MOKA3aTeN Ka4ecTBA MOBEPXHOCTHOIO CJIOSI U
UX oIIpeaesIeHue.

B moBepxHOCTHOM ciio€ AeTajed MallhH CIEeAyeT Pa3jindyaTh €r0 HapyKHYIO
MOBEPXHOCTh, KOTOpasi COIPUKACAETCSA C BHEIIHEW CPENOU, NMTOBEPXHOCTHBIM CIIOW U
€ro BEpXHIOI0 YacTh — IPaHUYHbIN cliod. Cieu(pUIHOCTh XUMUYECKHX, (PU3NYECKUX
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U DHEPreTMYeCKUX YCJIOBUN Ha BHEIIHEH MOBEPXHOCTU PE3KO BBIACNAET 3TY YacThb
MOBEPXHOCTHOTO CJIOSl, HA3BAHHOTO TPAHUYHBIM CJIOEM.

[ToBepXHOCTh TBEPIIOTO Te€Ja, MO CPABHEHUIO C €r0 BHYTPEHHUM CTPOCHHEM,
uMeeT psia ocoOeHHocTel. J[1o0oi aToM, pacmosiOKEHHBIA BHYTPH TBEPIOTO Teiia C
UJICATbHON KPUCTAUIMYECKOW PEMIETKOM, HAaXOAUTCA B COCTOSIHUHA ITOJABHXKHOTO
YCTOMYMBOTO pPAaBHOBECHUS, TOCKOJIBKY JUII HEro 10 BCEM HaNpaBICHUSIM
WHTEHCUBHOCTbH CHUJIOBOTO TOJISl OJIMHAKOBA. B MHOM MOJI0’KEHUU OKa3bIBAIOTCS ATOMBI,
KOTOpbIE HaXOJSATCS y MOBEPXHOCTH;, OHU UMEIOT TOJIBKO OJJHOCTOPOHHHE CBSI3M — B
TEJI0 MeTaJljIa, IOATOMY MX COCTOSTHUE HEypaBHOBEIIIEHHOE, HEyCTOMYMBOE, OHU OoJiee
aKTHBHBI, 00J1a71al0T U30BITOYHOM PHEPTrUer (CBOOOHOM) M0 CPAaBHEHHUIO C aTOMaMHU,
HaxoAsmuMucs B o0beme. [Ipu 3ToM aTOMBI OCTArOTCS Ha MOBEPXHOCTHU TaM, Tie ObLITU
B MOMEHT €€ 00pa3oBaHUsl, 3TO U 00ECIEUNBAET TBEPAbIM TeJIaM MaKpOCKOHYECKYIO
HEU3MeHseMOCTh. [lOBEpXHOCTHAsE JHEPTUs TPAHUYHOTO CJIOSI B HUX CO3/aeTCs
MPUMEpHO B IBYX CIOSX aToMoB (Ha Ttommuee mopsaka 10°—107 cm). Dtum u
OTIpEJIEIISIETCS TIOHSITHE «HAPYXKHAS IOBEPXHOCTH» TBEPJIOTO TeJa.

duznueckoe  COCTOSIHME  (CTPYKTypa, CBOMCTBA) W HaIPSKEHHOCTD
MOBEPXHOCTHOTO CJOS JETaJl B OCHOBHOM SIBIIIIOTCS CJIEJICTBUEM YIPYIO-
IUTACTUYECKOW  nedopManiid W MECTHOTO HarpeBa, BO3HHUKAIOIIUX B 30HE
MEXaHMUYECKON  0o0pabOTKM pe3aHueM WM  IOBEPXHOCTHBIM  IUIACTUYECKUM
neopMUpOBaHUEM, a Takke sBICHUSAMU AUPQY3UH aacopOUPOBAHHBIX ATOMOB M3
OKpyXaromiei cpeapl. B CBsS3M C STUM JJI OIEHKM (PUBHUYECKOTO COCTOSHUS
MOBEPXHOCTHOTO CJIOSl JETalli IOCie MEXaHMYeCKOM OoOpabOTKH pPEKOMEHIYIOTCS
CJIEyIOIlKE TOKA3aTeIH.

Cmenenv  naacmuueckou  degpopmayuu.  Ilnactudeckyro  nedopmaruio
XapaKTepU3yIOT HW3MEHEHHEM CTENEeHU IIJIaCTHUecKol aedopManuu 1Mo TiIyOuHe
MOBEPXHOCTHOTO cjl0sA (MOCJHOWHAsg CTeneHb JAePOpMALHMH) €, H CTEHEHBIO
nedopManym OTAENBHBIX 3€PEH Esp,.

llegpopmayuonnoe ynpounenue (nHaxnen). JlebopmanmoHHOE YIPOYHEHUE
MOBEPXHOCTHOTO CJIOS OIICHMBAIOT TayOMHONH hy W cTemeHplo Hakjiena u,, a
WHTEHCUBHOCTbH HaKJIETa MO TIyOWHE MOBEPXHOCTHOTO CJIOS — TPAJAMCHTOM HaKJIeTa
Urp, SBISIOIIAMCS OCOOCHHO Ba)KHBIM IIOKA3aTeJIeM IIOBEPXHOCTHOIO HaKJena I0CIe
OKOHYATENbHOU U OT/IeJI0YHON 00pabOTKM MOBEPXHOCTEH CHIIOBBIX JI€TaJICH:

u =HymaX_H/ch _ AHu (36)
Hyucx Hyucx .
u :H,umax_Hyucx:AHy
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Jomax Juex MaKCUMaJIbHasi M MCXOJIHAasT MHUKpPOTBEPIOCTh MeTallia
ITIOBEPXHOCTHOTO CJIOSI.

HenocpezactBenHnoe omnpeaeneHue cTeneHu aedopmannuy moBEpXHOCTHOTO CIIOS
UMEET M3BECTHBIC TPYAHOCTH, MO3TOMY OOBIYHO OTPAHMYMBAIOTCA OMPEICICHUEM
napameTpoB J1e(hOpMaIIMOHHOTO YIIPOYHEHUS.

Jist ompeneneHuss TIIyOWHBI, CTENEHUM M TpaJlMEHTa HakKJena HauOoJblIee
pacrpoCTpaHEHUE MOJYYHIIA METOJbl U3MEPEHNS MHUKPOTBEPIOCTU HA MOBEPXHOCTHU
KOChIX 1UIMGOB MW TpHU  TOCIOWHOM  CTpPaBIMBAaHUM, a TaKXKe METOHbI
PEHTIEHOCTPYKTYPHOI'O aHAIU3A.

OCHOBHBIMU TIOKA3aTEIAMHU ISl XapaKTEPUCTUKU CyOCTPYKTYpbl MeTaiia
MIOBEPXHOCTHOTO CIIOSI PEKOMEHIYIOTCS pa3Mepbl (parmeHToB |y u 6510k0B |; 1 yrimst
Pa3sOpUCHTUPOBKH HUX dg ds OLIEHKY HCKaKEHHOCTH KPHUCTAIIIMYECKOW PELIETKH
MeTasula IOBEPXHOCTHOT'O CJI0SI MOKHO IIPOU3BOUTH I10 ITapaMeTpaM peIeTKH , IUIOT-
HOCTH JIMCJIOKAIMI U KOHLEHTPAlUy BaKaHCHH .

Ocmamounvie nanpacenus. 110sBICHAE OCTATOYHBIX HAIIPSHKEHUN CBSI3aHO C
YCIIOBUSIMU M3TOTOBJIEHUS JETalel, ¢ ux npeasicropueil. [loaTomy TexHOIOrnueckue
IPOLIECCHl M3TOTOBJIEHUS AETalled JOJKHBI MPOEKTUPOBATHCS C TAKHUM PaCUYETOM,
yTOObl BO3HUKAIOLIME B IOBEPXHOCTHBIX CIIOSX OCTATOYHbIC  HAIPSKEHUS
rapaHTHPOBAIN HAIEKHOCTh pabOTHI J€TaNel B 3aJaHHBIX YCIOBUAX IKCILTYyaTALUH.

B peanbHbIX yclOBUSX B OOJBIIMHCTBE CIIy4aeB OCTATOUYHbIC HANPSKEHUS
BO3HUKAIOT B YCIOBHUSX OJHOBPEMEHHOIO JEWCTBUSA PA3NIUYHBIX (PaKTOPOB:
MEXaHUYECKUX, TEIUIOBBIX W (PU3UKO-XUMUYECKuX. Tak, Npu IJIACTHYECKON
nedopmalu  AeTajied M3 CJIOXKHBIX CIUIABOB OCTATOYHBIE HAIMPSKEHUS MOTYT
BO3HMKHYTb OT OJHOBPEMEHHOIO  HEOJHOPOJHOrO MPOTEKAaHUS  MPOLECCOB
rmacTuuecko peopmanuu U GpazoBbix npespaieHui. Hanpsbkenus B Metayuie wid
CIUIaBE, HE3aBUCUMO OT NPHUYMH, MX BBI3bIBAIOIIMX (OT BO3JAEHCTBUSA CHII, TEILIa,
YaCTULl BBICOKOM 3HEPruM M JAp.), B (PU3HKE TBEPAOro Teja PacCMaTPUBAIOTCS Kak
CJIEJICTBHE UCKAXEHUS KPUCTAIUINYECKON PELIETKH.

OcTarouyHble HamNpsHKEHUS MOXKHO  KJIacCU(UUUPOBATH IO  MPU3HAKAM
MPOTSHKEHHOCTH CUJIOBOTO TOJIE U 1o  (usmyeckodl cymHoctu. OOmmenpuHaTon
ABJIIETCS KJIacCU(UKALIMS 0 IEPBOMY MPU3HAKY:

e Hampsbkenus 1-ro poga — MakpOHamNpsDKEHMs, OXBATHIBAIOIIME OOJIACTH,
COM3MEpPUMBIE C pa3MepaMu JIeTalH; OHU UMEIOT OPUEHTAIINIO, CBSI3aHHYIO ¢ (hOpMO
JeTalli; HEOJAHOPOAHOE Ne(OPMUPOBAHHOE COCTOSHUE AETAT MOXKET BO3HUKHYTH
MOCJIE HEOJHOPOHOM TIIACTHYECKOUW nedopmaiiuu B pe3yibTaTte oOpabOTKH MeTaia
WIA JETAM BOJOYEHUEM, NPOKATKOM, KOBKOW, XOJOJHOW IIPABKOM, pPE3aHUEM,
MEXaHUYECKUM YIPOYHEHUEM TMOBEPXHOCTH, a TAKKE BCJIEACTBHUE HEOIHOPOIHOMN
IJIaCTUYECKOM JlepopMaliiy Mpu HarpeBe U OXJIAXKJIECHUU; BCIEIACTBUE HEOAHOPOIHOTO
U3MEHEeHUs: oO0bema Mpu (a30BbIX MPEBPAIICHUSIX, KAaK B TBEPAOM COCTOSHUU
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(3akasika, cTapeHue, HEMEHTAlLMs CTalld TBEPABbIM KapOopU3aTOpoM U pyrue pu3nko-
XUMUYECKUE TMPOLECChl), a TakKe IMpU HEOJHOPOJAHOM NPOTEKaHUH (Pa30BBIX
MpEBpAICHUI U3 )KUAKOTO B TBEPIOE COCTOSIHUE U HA000POT (LIEeMEHTAIUs B JKUJKUX
BAHHAX, JJICKTPOJUTHUYECKOE OCAKICHUE METAIIOB, yCaJKa IPU KPUCTAJUIM3ALHH
OTJMBKHA) M M3 TBEPAOTO B ra3000pa3HOE COCTOSHHE W HAOO0OpOT (a30THPOBAHUE,
LMaHUPOBAHUE U ra30Basi IEMEHTALUS CTAJIN).

e HanpsokeHus 2-ro poja — MHUKPOHANPSDKEHUS, PACIPOCTPAHSIOMINECS Ha
OTHEJIbHBIE 3€pHAa METa/lla WM Ha TPYIIy 3€pEH; OHM BO3HUKAKOT B
MOJUKPUCTAIUIMUECKUX MeTaulax B mpolecce aedopManuu OOdbIINX 0ObEMOB B
pe3ynpTaTe B3aUMOJCWUCTBUA 3€pEH MEXIy CO0OH, K HUM OTHOCIT TaKke U
HaIpsDKEHUST BHYTPU OTHAEIBHOTO 3€pHA, OOYCJIOBJIEHHBIE MO3aUYHOCTBIO €ro
CTPYKTYpbl — pe€3yJbTaT B3aUMOJECHUCTBHS MEXKIYy OTACIbHBIMUA OJIOKaMH.
MukpoHanpspkeHUs SIBJISIOTCS. CJIEACTBUEM HEOJHOPOJHOCTH (PU3UYECKUX CBOWCTB
pa3IMYHBIX KOMIIOHEHTOB IIOJIMKPUCTA/UIa, a TaKXe CTECHEHHBIX YCIIOBUH
nedopManui OTIEIBHOIO 3€pHAa M aHU3OTPONMU CBOWCTB BHYTPH Hero. OCHOBHBIMU
NPUYMHAMHU BO3HUKHOBEHUS MHUKPOHAIPSDKEHUN SIBISIIOTCS (Pa3oBble MpEeBpallleHus,
W3MEHEHHS] TEMIIEPATYpbl, aHU30TPOIHSI MEXAHHUYECKUX CBOMCTB OTACIIBHBIX 3€PEH,
rpaHUIlbl 3€pEeH M pacmaj 3epHa Ha OJIOKM TpH IlacThuyecko aedopmaiuu. B
MPOIIECCEe CTAPEHUSI B MHUKPO- M CYOMHUKPOCKOMMYECKMX OOBEMaX BO3HUKAIOT
JIOKAJIN30BaHHbIE PE3KUE KOHILICHTPALUU HanpsuKkeHu. [Ipu nsmenennu teMieparypsl
MHKPOHAIPSKEHUS]T MOTYT BO3HUKHYTH M3-3a HAJIWYUs B METAJUIC PA3JIUYHBIX I10
IpUpOJie KOMIOHEHTOB C Pa3jiMYHbIMH KO3((PULIHEHTAaMU JIMHEHHOTO pacIIUpEeHUs
(Hampumep, 3epHa rpaguTa B UyryHe, CllydyailHble BKJIIOUEHHS), a TaKXe H3-3a
aHU30TPOIUU CBOMCTB OTIEIBHBIX 3€pEH, OCOOEHHO JUIsl METAJUIOB C HEKyOMUYECKOU
pEIIeTKOM, O0YCNOBIMBAIOIIECH pa3Myle B BEJIWYMHE JIMHEMHOrO paCUIMPEHHs IO
Pa3HBIM KPUCTAIUIOIPa(pUUECKUM OCSIM.

e Hanpsokenuss 3-ro poma — CyOMHUKpPOCKOMMYECKHE, OTHOCAIIUECS K
MCKaXXEHUAM aTOMHOM PELIETKH KPUCTasula; OPUEHTALM UX CBs3aHa CO CTPYKTYpOu
aTOMHOM pelIeTKH. B 3TOM ciydae TEPMHUH «HAIPSOKECHUs» SBISETCS BEChbMa
YCIIOBHBIM M 0o0jiee MPaBUJIBHO MOJB30BATHCS TEPMUHOM «CTATUYECKHE HMCKAKEHUS
pELIeTKN» WA «HUCKaxeHus 3-ro poaa». llpuumHol o0Opa3oBaHUsSI HCKaKEHUI
KPUCTAJUIMYECKOW PEIIETKH SBIISIIOTCS TJIABHBIM 00pa3oM JMCIIOKALUK U BHEJIPEHHbIE
atompl. Pasnuyaror TEpMOAMHAMUYECKHME M CTAaTUYECKUE WCKAKEHUSA KpUCTal-
JMYECKOM pemeTkd. VckakeHus pelieTKd, BbI3BAHHBIE TEIJIOBBIMU KOJEOaHUSIMHU,
BCErJa HMMEIOTCS B KPHCTAIe, Haxoiimemcs mnpu Temmeparype Bbime 0°K.
Pacnpenenenne 3TUX MCKOKEHMM HENPEPBIBHO U3MEHSETCs, II0ITOMY TaKHe
VMCKaXEHUs Ha3bIBAlOT JAWHAMHYECKMMH. PacnpeneneHne WCKaXEHWW, BbI3BAaHHBIX
MIPUCYTCTBUEM B PEIIETKE PACTBOPEHHBIX ATOMOB U PA3JIMYHOTO POJIa HECOBEPUIECHCTB
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CTPYKTYpPbl, IPU HHU3KHX TEMIIepaTypax OCTaeTCs MOCTOSHHBIM, IO3TOMY TaKue
MCKQKEHUSI Ha3bIBAIOT CTATUYECKUMHU.

HampsikeHHOoe  COCTOSIHME ~ TOBEPXHOCTHOTO — CIOSL  JeTald  MOXKET
XapaKTEPU30BATHCSA HATMINEM KaK COKUMAIOITNX, TAK U PACTATHBAIONTUX HANPSDKCHUM,
MaKCHMAaJIbHOE€ 3HAUYE€HHE KOTOPBIX HE BCErjla MMEET MECTO Ha IOBEPXHOCTH, a
CMEIIAeTcsl B TIIyOh TOBEPXHOCTHOTO CJIOSI.

Benvunna W 3HaK MaKpOHAIPSKEHUN ONPENENSIOTCs, TNPEXIe BCEro,
JUCIIOKAIMOHHON CTPYKTYPOU M XapaKTEpPOM paclpeeeHUs] TUCIOKAIUNH U APYrux
HECOBEPILICHCTB PELIETKHU M0 TIyOuHe Je(hOpMUPOBAHHOTO MTOBEPXHOCTHOTO CJIOS.

I'panuywvr 3epen. OCOOCHHOCTH KPHUCTALTMYECKOTO CTPOEHUS MEXK3EPEHHOTO
TPAaHUYHOTO CJIOS OOYCIOBIMBAIOT U PA3IMYME HAMNPSHKEHHOTO COCTOSIHUSI MEXIY
3epHaMU U BHYTpH 3epHa. ToNIMHA TPAaHUYHOTO CJIOS COCTOUT M3 HEOOJIBIIIOTO YUCIa
aTOMHBIX CJIO€B (IMMPUMEPHO Ha OJUH MOPSAJIOK MEHBIIE 3€pHa), BCIEJACTBHE YEro
HampsDKEHUST Ha TpaHuIax 3epeH OyayT Kak Obl TMEePEeXOJHBIMU  MEXKIY
MUKPOHANPSHKEHUSIMU U HampspDKeHUsMu  3-ro pojaa. CkoruieHHe  OO0JIbIIOro
KOJMYECTBA  JIUCIOKAIMA B MEX3EPEHHBIX TPAHUYHBIX  CJIOAX  BBI3BIBAET
MHOTOYHMCJICHHbIC UCKAXXEHUSI aTOMHOW PEUIETKH, a 3TO MOPOXKAACT HAMIPSHKEHUS 3-TO
pona. Hapsany ¢ 3TUM TIpaHWUYHBIA CJIOM — 30HA CHJIOBOTO B3aWUMOJECHCTBUS MEXKIY
OT/ICJIbHBIMM 3€pHAMHU, KOTOPOE CO3JAET IMOJie€ MUKPOHAIPSIKEHHUM, OXBAaThIBAIOIINX
BCIO TTIOBEPXHOCTh 3€pHA.

Pacnao 3epna na 6a0ku. Paznenenue oobema 3epHa Ha OJIOKM (MO3aUYHOCTh
CTPYKTYpPBI) CO3Ja€T B 3€pHE MHUKpOHAMNpspDKeHUs. [IpudyuHONM BO3HUKHOBEHHUS HX
SBJISIOTCSI BHOBH 0OpA30BaBIIMECS TPAHUIIBI MEXKIY OJOKaMHU, CTPOCHHE KOTOPBIX BO
MHOTOM TMOJ00HO TpaHUIlaM 3epeH. B rpanudyHoM crmoe Mexay OmokaMu
HAKaIJIMBAIOTCS TUCIOKAIIMU U aTOMbI MIPUMECEH, KOTOPhIE UCKAXAIOT KPUCTAILITNYE-
CKYIO peHIeTKy W TopoXxaaroT HanpsokeHus. C yBenumdyeHueM jgedopManuu 3epHa
pacTeT M CTENEHb MO3aUYHOCTH €T0, BBIPACTAIOT HEYNPYrue M3ruObl, OKa3bIBAIOIINE
BIIMSHUE Ha pa3BUTHUE CHUCTEMBbI OJIOKOB, MX Pa30pPUEHTUPOBKY, a 3TO OyIeT
CIIOCOOCTBOBATh  JAJIbHEWIIIEMY  YCHJICHUIO  HEpPaBHOMEpPHOCTEH  jaedopManuu
OTIeNbHBIX OI0KOB. B mpomecce nedopmarum Hapsigy ¢ apoOJeHHEM 3epeH Ha
00JacTH, pa3JeieHHbIC AUCIOKAIMOHHBIMU CTEHKAMU M MaJIOYTJIOBBIMU TPaHUIIAMU,
MPOUCXOJUT TAKXKE CIOXKHas yrpyras aedopmaius 3epeH B IEJIOM U OTISIbHBIX
0yiokoB. DTa ympyras gedopmainus MOXKET ObITh BbI3BaHAa W JCHCTBHEM COCEIHHUX
3epeH, 1 00pa30BaHUEM HU30BITOYHBIX JUCIOKAIMI OJHOTO 3HaKa BHYTPU OJIOKOB MpH
nedopmanuu. B pesynbpraTe Takoit ynpyroi aeopmaiuu B mpejesiax 3epeH u 0JI0KOB
MEKITOCKOCTHEIE PACCTOSIHUS U3MEHSIOTCS HeOTHOPoAHO (puc. 3.3).
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Puc. 3.3. Cxema
HEOJTHOPOJTHOTO M3MEHEHUS
MEXKIIJIOCKOCTHBIX PacCCTOSTHHM
npu usrube: a — a0 u3ruda; 6
— mocJie u3ruda

a)

Eciu 0003HaunTh a0COJIIOTHOE MaKCUMAaJIbHOE YIIPYro€ OTKJIOHEHHUE Mepuojia
pemetkn uyepe3 Aa, TO oOTHoweHHWE Aa/a OyAeT XapakTepHu30BaTh BEIMUUHY
MaKCUMaJIbHOTO  YOPYrOro  OTKJIOHEHUS  MEXIUIOCKOCTHBIX  PAcCTOSIHMM — OT
paBHOBECHBIX. BenuunHy Aa/a MpUHUMAIOT 32 XapaKTEPUCTHKY MUKPOHAIPSHKEHUIM
WM WCKAKEHUM 2-TO poxa. OTH MCKaXEHUs BbI3BIBAIOT YIIMPEHUE JIMHUM
peHTreHorpaMMbl AD, HO IOAYUHSIFOTCS APYTHM 3aKOHOMEPHOCTSIM, YeM YIIUPEHHUE 3a
CUeT U3MEJbUYEHUs pa3MepoB 0510K0oB. Bennuuny, Aa/a onpenenstor no popmye

Aa  Ab
a 4tg® (3.8)
rjie ® — YyroJl OTPa)KE€HUs JTUHUU PEHTT€HOTPAMMBI.

VYrpyras nedopmaiivsi 3epHa BEpOSITHEE BCErO BBI3BIBAET TOJIBKO HEKOTOPOE
nepepaclpeesieHie MUKPOHAIIPSKEHU W BbIpaBHUBAaHHME UX. lIpn pEeHTreHOBCKHX
UCCIIEIOBAaHMUSIX TIOCIE  YyOpyrorwiacTudeckol  nedopManuu  OOHaApyKUBArOTCs
MUKPOHAIPSKEHUs B OTJENbHBIX 3epHax. [lmactuueckas nedopmanus, BbI3bIBAOLIAS
pacmang 3epHa Ha OJIOKM, CONPOBOXKAAETCS OOpa30BaHMEM  3HAUYUTEIBHBIX
MUKpPOHANPSHKEHUH, 10 BETUYUHE OJU3KUX K MPEeTy TEKYUECTH.

OTnrure Makpo - OT MUKPOHAIPSKEHUHN 3aKIII0YAETCs HE TOJBKO B BETUYMHE
MacmTadba IposBICHUS UX. MakpOHANpPSKEHU MOTYT BO3HUKATh B JIFOOOW CIUIOIIHOM
OJTHOPOJHOM HM30TPONHOW cpefe. MHUKpOHANpsKEHHs B TAKOM  MaTepualie
CYLIECTBOBATbh HE MOIYT, OHM MOTYT BO3HUKHYTh BCJIEJCTBHE CYLIECTBEHHOMN
HEOJHOPOJHOCTH KPUCTAINIMYECKOTO MaTEPHaIa U €ro0 aHU30TPOIHBIX CBOMCTB.

Hckarxcenua Kpucmaniuueckou pewtemku (Hanpsasxcenus 3-20 pooa) B
HaIpsHKEHHOM COCTOSIHUM TBEPIOIO Teja MrparoT BaXKHYHO poib. Hampspkenus 3-ro
pona, CBA3aHHBIE C OTKJIOHEHMEM aTOMOB OT IOJIO)KEHHUS] paBHOBECHS B pEUIETKE, U
MUKpPOHANPSHDKEHUST  XapaKTEpU3yIOT HHEPreTUYECKU YpOBEHb 00padaThIBAEMOTo
MeTasuia. [ToBbIlIEHHE YHEPreTUYECKOIO YPOBHS B HAKIIEIAHHOM METAaJUIE JENAET €ro
TEPMOJIMHAMHYECKH HEYCTOMYMBBIM IPU BCEX TEMIIEpaTypax, OH BCEraa CTPEMUTCS
nepeiTy B 60s1ee cTabMIIbHOE COCTOSHUE C MEHbIIEeH CBOOOHOMN SHEPTHEH.

AHU30mponua MexaHuyecKux ceolcme 6 omoeabHvix 3epHax. B peanbHOM
MOJINKPUCTAIMYECKOM METAJIE BMECTO IIPEAIIOIIAracMoro o pac4eTy paBHOMEPHOIO
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pacrpeneneHrs HanpsHKEHWW OT JIEWCTBUS BHEIIHEW HArpy3Ku HMEET MECTO
3HAUMTEIbHAS HEPAaBHOMEPHOCTh HamnpshkeHUM (nedopmaiuii) B OTAEIbHBIX 3€pHaX
Metauia. HepaBHOMepHas miactuyeckas jnedopmaius o0yCcIoBIMBACTCS Pa3HUIICH B
MOJYJIAX YIPYTOCTH Pa3IMYHBIX arperaTtoB, 0O0pa3yIOUIUX MOJUKPUCTAIII, a TaKxkKe
HEOJIMHAKOBOM CITIOCOOHOCTHIO J1e(hOPMUPOBATHCA 110 PA3HBIM KPUCTAIUIOrpahUIECKUM
OCSIM OJHOIO M TOrO JK€ 3€pHA, KOTOpas OIPENEseTCs BEIMYMHOW MOYJIEH
ynpyroctd E u G. [Ipu orcyTcTBUM mpeobiianaolieid OpUueHTalMN 3€peH BETUYUHY
HEPAaBHOMEPHOCTH HANpPSOHKEHUA B KAKOM-TO MeEpEe XapaKTepU3yeT OTHOIICHHE
MAaKCUMAJIbHBIX M MHHUMAJbHBIX 3HAYCHHU Moayis ynpyroctu. [lo ympoiieHHbIM
TEOPETUUYECKUM pacueTaM JIsi METAUIOB ¢ KyOMYEeCKOM pelieTkoi HepaBHOMEPHOCTh
HanpspKeHu  cocraBisier npuMepHo  30%. B IeHCTBUTENBHOCTH — CTEICHb
HEPAaBHOMEPHOCTH  3HAYWTEIBHO  BbIIE. B DNOJHMKpUCTaiuie  Jaxke  IpH
MaKpOCKOIMYECKH OJIHOPOJHOM II0JIE HAaNpsDKEHW TIiacThudeckas Jedopmanus
pacnpezensercas B MUKPOOObEMax HEPaBHOMEPHO, CTENEHb HEPABHOMEPHOCTU MpHU
stoMm jpocturaetr 400—500%. C paszBuTtHeMm macTHUeckoi aedopManvy pasHHIA B
HaIIpSDKEHUAX OTACIBHBIX 3€pPeH JOJDKHA CHWXKarbes. lIpu  pasrpyske 0koso
IUIACTUYECKH  Je(OPMUPOBAHHBIX 3€pPEH BO3HUKAET 30HA MHUKPOHAIPSLKEHUM.
[loBTOpHBIE HarpyXKeHHsl elle OOJbUIE YCIOXKHSIOT KapTUHY pacupeneieHus
HaIpsHDKeHU B MUKpooObeMe. Takum o0pa3oM, aHM30TPONUS MEXAHMYECKUX CBOMCTB
IIPU TOBTOPHBIX HATPYKEHUSAX MOYKET INPUBECTH K BO3HUKHOBEHHWIO HEPABHOMEPHO
pacrpeneaeHHbIX MUKPOHAIPSYKEHHN.

Jns  u3MepeHuss  MaKpOHANpsDKEHWM B~ OCHOBHOM — IIPUMEHSIOTCS:
MEXAHUYECKUN U PEHTTC€HOBCKUU METOIbl. MEeXaHMYEeCKU METOJI OCHOBAH Ha 3aMepe
nporu0a Ui Aegopmali Ha CTEPKHSIX MPSIMOYTOJbHOTO CEUYEHHUs U IJIACTUHAX, WU
Ha KOJIbIIAX M TIOJIOCKAX, BBIPE3AHHBIX W3 TOHKOCTEHHON TpyObl (BTYJIKH).
PenTrenoBckumit METO/, MTO3BOJISIFOIIU I BBIYUCIIUTh MaKpOHAaIPSIKECHUS
HEMOCPEJCTBEHHO B JIIOOOM TOYKE Ha TOBEPXHOCTH 0€3 pa3pylleHus JAeTallu.
To4HOCTH OmMpeAeieHUs HANpPsSKEHU OTHOCUTEIBHO HEBBbICOKas (£5—20 KFC/MMZ).
Bo3HUKaOT Takke TPYIHOCTH NpPH PA3LAECICHUM MAaKpO- W MHUKPOHAIPSIKEHUN B
HAKJIC[IAHHBIX  MMOBEPXHOCTHBIX  CJIOAX. MUKpPOHANPSIKEHU W MCKaKEHUs
KPUCTAUIMYECKOM  PELIETKH  ONPEACISIOTCS  TOJIBKO € IMOMOIIBKO  METOJOB
PEHTTEHOCTPYKTYPHOT'O aHAJIN3a.

3.4 Bausinue nmoka3zartesieil KauecTBa NMOBEPXHOCTH HA IKCIIYyATAIlMOHHBIE
CBOMCTBA AeTaJieli MAalInH.

Kak yxe ynomuHanoch, MOKa3aTeld KadyecTBa MOBEPXHOCTH OKAa3bIBAIOT
pelaroiiee BIMSHUE Ha €€ HKCIUTyaTallMOHHbIE CBOWCTBA. [Ipuyem miig Kaxaoro
AKCIUTYaTallMOHHOTO CBOMCTBA €CTh OMPENENICHHbIM HAa0Op MOKa3aTened KauecTsa,
KOTOpbI€ U (POPMUPYIOT ITO CBOMCTBO, OJTHU B OOJIBIICH CTEIEHH, APYTHUE B MEHBIIICH.
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B Ttabnune 3.3 mpeicTaBiieHa B3aWMOCBS3b JKCILTyaTallMOHHBIX CBOMCTB JeTajeit

MallMH C IIOKa3aTCLIMU KadC€CTBa HMX IMOBECPXHOCTH C rpaﬂauneﬁ IO CTCICHU HX

BJIIUSHUSL.

Taon. 3.3. B3auMocBs3b

SKCIUTyaTallHOHHBIX  CBOWCTB

neTajiel MaluH C

MOKa3aTeSIMM  KadyecTBa UWX IIOBEPXHOCTEH W  TIOBEPXHOCTHBIX ClIoeB  [24]
http://stehmash.narod.ru/stmistr6tabl.htm
®usuko-
MEXaHUYECKHE
['eomeTpuueckue XxapakKTepUCTUKH
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= o T R el I ot B R T B + |+
MaTepuaioM
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0 ++| + |+ + |+ |+ |+ + |+ |+ +
IIEPEHOC
ComnpoTuBiieHue x x x S e B
P + |+ +1+ +1 +1 ]+ [+ T
YCTaJIOCTH
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IIpouHoCTH «1| %
+ |+ + + |+ + + | +
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http://stehmash.narod.ru/stm1str6tab1.htm

O0TexkaeMoCThb Ta3amMu | * *1
o I T G e et el B I

U KUIKOCTSIMU

*T

XapakTepUCTUKH,  OKa3bpIBAIOIIME  OCHOBHOE  BJIHMSHHE  HA  JJAaHHOE
AKCIUTYyaTallMOHHOE CBOMCTBO.

*9 o o

M36uparensubiii mepenoc (MII) — Bua GpUKIMOHHOTO B3aWMOJICHCTBUS,

XapakTepU3yeMblii B OCHOBHOM MOJIEKYJIIDHOM COCTAaBIISIOIIEN CHJIBI TPEHUS.
YcroituuBeiM nipuzHakoM UII sBisiercss oOpazoBaHMe 3alIUTHOW METAJTMYECKOM
TJICHKH, 00J1aJaroIIel CioCOOHOCTRIO CHIDKATh TPEHUE U YMEHbIIATh U3HOC.

Oo6o3HaueHUs:

Ra — cpennee apupmMeTnueckoe OTKIOHSHHUE PO,

Rz — BbIcOTa HEpOBHOCTEM MPOPUIIS MO AECATU TOUKAM,

Rmax — HauOonbiias BbICOTa HEPOBHOCTEN TIPODHIIS,

Sm — cpenHuii mar MECTHBIX BBICTYIIOB TPODUIIS;

t, — OoTHOCHTENbHas ONOpPHAs JUIMHA TPOQHIIS,

I — paanyc 3aKpyTIECHUS BBICTYIOB;

I' — paauyc 3aKpyrieHus BIaJIuH,

Wa — cpennee apudmeTnyeckoe OTKIOHEHUE NPOo(uIist BOJH,

Wmax — nanboipas BEICOTA BOJIH,

SW — cpeaHuil mar HEpOBHOCTEH BOJIH;

H — MHKpOTBEpIOCTH MOBEPXHOCTHOTO CIIOS,

h — riyOuHa HaKJIENaHHOTO CJI0A,

G — OCTaTOYHbIC HANPSKEHUSI HAa IOBEPXHOCTH,

h,— r1yOnHa 3ajieraHus OCTaTOYHBIX HAMPSKCHUU.

KoHTposbHbIE BONPOCHI K IJ1aBe 3.

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

2. llpuBenure knaccuukaimio mokazareiae KauecTBa MOBEPXHOCTHOTO CIIOS.

3. Kaxkwue nmokazarenu kauecTBa MOBEPXHOCTHOTO CJIOSI OTHOCSITCS K
r€OMETPUYECKUM?

4. Yto Takoe MepoXoBaTOCTH U BOJHUCTOCTh? KaknMu mokasatensiMu OHU
OLICHUBAIOTCA?

5. Uro xapakTepu3yeT OTHOCUTEIIbHAS OTIOPHAsI KpUBast poQuist?

6. Kakwue mokazarenu kauecTBa MOBEPXHOCTHOTO CJIOSI OTHOCSTCS K (PU3UKO-
MEXaHUYECKUM?

7. Kaxum nporeccamu ¢popmupyeTcsi GU3NIecKoe COCTOSTHUE TTOBEPXHOCTHOTO
cjiog neranu’?

8. Kakumu mokazareysiMu XapakTepu3yIT IIACTUHYECKYIO AedhopMaIno?

9. Kakumu nmokaszaTesisiMu OLICHUBAIOT Je(hOpMaIIMOHHOE YIIPOUHEHHUE
MIOBEPXHOCTHOTO CJI0s1?
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10.Kakum 06p330M IMOKa3aTCJIN KA4CCTBA IMOBEPXHOCTHU BJIIMAIOT Ha
9KCIINTyaTallMOHHBIC CBOMCTBA IleTaHefI MaIiuH?

I'maBa 4. ®U3HKO-TEXHOJOIHYeCKHe OCHOBBI METOaA0B (l)OpMI/IpOBaHl/Iﬂ
KavdeCTBa IMOBEPXHOCTH M IHKCIJIYaTallMOHHBIX CBOJICTB I[eTa.]'leﬁ MalllMH A
METOAbI UX peain3allun

4.1 OGecneyeHue Ka4eCcTBA M IKCILIYaTAIIMOHHBIX CBOMCTB JeTaJieii MalluH
HA CTAAMU KOHCTPYKTOPCKO-TEXHOJIOTHYeCKOM MOArOTOBKH NMPOM3BOICTBA.

KonctpykTop, pa3pabarbiBasi KOHCTPYKIMIO MAalllMHbI, MEXaHHU3Ma, KaKOro-
100 YCTPONCTBA U T.lI., 00ECIIEYMBAET HE TOJIBKO COOTBETCTBYIOIIUM TEXHUYECKOMY
3QIaHUI0 YPOBEHb TIOKa3aTeJed Ha3HAYeHHUs, HO M HEOOXOJIMMbIC IOKa3aTeau
HAJI)KHOCTU M3JIeNsA, B TOM 4YHUCJIE pecypc paboTwl. TpeOoBaHus K HaACKHOCTH
yCTaHaBJIMBAET 3aKAa3YMK IO COIMVIACOBAHHUIO C Pa3pabOTUUMKOM (M3TOTOBUTENIEM) C
Y4E€TOM YPOBHSI HAJEKHOCTH JIyYIIUX OTEYECTBEHHBIX M 3apyOCKHBIX aHAJIOTOB
(IPOTOTUIIOB) U SKOHOMHUYECKUX, IKOJIOTMUYECKHMX M Jpyrux dakrtopoB. [Ipu 3Tom
BBITIOJIHEHUE TPEOOBAHMM K HAACKHOCTH U3JIETUN JIOJDKHO TOATBEPKIATHCS
pacueTaMd Ha JTane MPOCKTUPOBAHUS, UCIHBITAHUSIMU ONBITHBIX O00pa3lioB M
KOHTPOJIUPOBATLCA MPU CEPUMHOM H3TOTOBJICHUU U TIJIAHOBOM PEMOHTE W3JACIHM, a
TaKke B MEePUOJ UX dKCIUTyaTallu.

[Ipu obOecnieyeHun TOKa3aTened  HAJEHKHOCTH KOHCTPYKTOP  JIOJKEH
paccMaTpuBaTh BCIO MPOOJIEMYy B II€JIOM U BBIOMpaTh COOTBETCTBYIOIIME METObI
oOecrieueHus: HaJIeKHOCTU. Y KOHCTPYKTOpPA B Pe3epPBE UMEETCS TOCTATOYHO OOJIBIION
Ha0Op MHCTPYMEHTOB 00€CTICUCHUS HAJIEKHOCTH U3/CIIHS, B TOM YHCIIE:

- oOecrieueHre PEMOHTONPUTOTHOCTH;

- 3aIUTa OT IOMEX U MEPETPYy30K;

- yHU(PUKAIUs KOHCTPYKIIUH;

- 0TpabOTKa Ha TEXHOJIOTUYHOCTB;

- pa3paboTKa CHEIUATBHBIX TEXHUYECKUX YCIOBUM U JIP.

OgHuM W3 WHCTPYMEHTOB OOECIICUEHUS HAIEC)KHOCTH W3JCTUsS B IEJIOM
ABJIIETCSI 0OecTeueHrne TpeOyeMbIX dKCIUTyaTallMOHHBIX CBOMCTB JE€TaNCH MaIlliH, TakK
KaK OHM B BECbMa 3HAYWUTEJILHOW CTETEHHU OMPEICINISIOT pecypc pabOThl MAIIMHBI U
TpeOyeMbIil ypOBEHb KauecTBa e€¢ (YHKIIMOHUPOBAHUA. 3ajadya KOHCTPYKTOpa
BBHIOpaTh ONTUMAJIBHBIC YHCIICHHBIC XapaKTEPUCTHUKHU DKCILTyaTallMOHHBIX CBOWCTB
neranend u3eauss U KOPPEKTHO TpaHCPOpMHUPOBATh UX B COOTBETCTBYIOLIWN HAOOp
MoKaszaTejaerd KadecTBa J€Taled, B TOM YHMCIE M I0KAa3aTeliel KadecTBa
MOBEPXHOCTHOTO CJIOSl. OTH TOKa3aTelld KayecTBa OTPAXKAIOTCA B TEXHUYECKOU
JOKYMEHTAIlMM Ha W3JEeJME B BHJAE pa3MEpPOB C JIOMyCKaMHu, MOapamMeTpoOB
HIEPOXOBATOCTH, 4 TAaKXKE€ B TEXHMUYECKHX TPEOOBAHUSIX, TJI€ MOTYT OBITh yKa3aHbl
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TpeOOBaHUSI K TEPMHUUECKON 00paboOTKe, KOHTPOJI0, HAHECEHUIO IOKPBITHH,
YIPOUHSIIOLIEH UM OTACIOYHON 00paboTKe U JIp.

Jlanee TEXHOJOT JOKEH CHPOCKTUPOBATh TaKOW TEXHOJOTHMYECKHN Ipoliecc,
KOTOpPBIA B TOJIHOM Mepe o0ecnedyuT TpeOyeMblid ypOBEHb (YUCICHHBIE 3HAYCHMS)
3aIaHHBIX KOHCTPYKTOPOM TMOKa3aTelel KadecTBa JeTaieii, B TOM UHUCIE U
MOKa3aTejaed KAadeCcTBA  IMOBEPXHOCTHOIO  CJIOSA.  TE€XHOJOTMYECKMH  IPOLECC
W3TOTOBJICHUS JieTajiel JOJDKEH pa3padaThIBaThCs C YYETOM YCIOBUM, B KOTOPBIX OHH
B JlaJibHEMIIIEM Oy IyT paboTaTh.

B kauectBe mpuMepa, MoKakeM Kak M3HOCOCTOMKOCTH JIeTajied MaIlluH MOYHO
MOBBICUTh TMYTEM IIPOCTOTO H3MEHEHHMS MeToJa O0pabOTKH WK JaXe pexXuMa
pe3aHusi, WM TEOMETPUHM PEXKYIIEro HHCTpyMeHTa. [lpu TpeHuu CcompsiKEHHBIX
neranei, 00pabOTaHHBIX C OJIMHAKOBOM TOYHOCTBIO U IIEPOXOBATOCTHIO, HAUOOIBIINI
W3HOC HMEIOT OTBEPCTHS, JIOBEJICHHBbIE CBOOOJHBIM alpa3uBOM, a Haubosee
M3HOCOCTOMKMMH  OKAa3bIBAIOTCS XOHWHIOBAHHBIE BTYJKH. BinsHue MeTOA0B
00pabOTKHN MOBEPXHOCTEH C MaJioil IIEPOXOBATOCTHI0O HA M3HOCOCTOMKOCTH JeTajieit
TaKK€ TIOKa3bIBAIOT JIECATUYACOBBIE WCIIBITAHUS W3HOCOCTOMKOCTH IUIOCKOCTEMN
CTOJIMKOB M3MEPUTENIbHBIX MPUOOPOB U3 3aKAJICHHOU cTajdu Y8A B YCIOBHUSAX CYyXOTO
tpenust ¢ napienueMm 0,098 Mlla (1 xrc/cm2). Ilpu onuHaKoBOW MIOCKOCTHOCTH U
IEPOXOBATOCTU MOBEPXHOCTU, COOTBETCTBYIOIIEH 0,8 MKM, CTOIUKH, ITU(POBAHHBIE C
TOHKOM NpaBKON aOpa3MBHOTO KEPAMUYECKOTO Kpyra, M3HOCHUIMCh moutd Ha 40%
MEHBbIIIE, YeM CTOJMKH, NUTU(POBAHHBIEC TPaUTOBBIM KPYTOM, U CTOJIMKH, TOBEICHHBIC
cBOOOMHBIM abpaszuBoM. [Ipm 00paboTke Tex ke nerayiei ¢ mepoxoBarocThio Ral,4
MKM HaWBBICIIYIO U3HOCOCTOMKOCTh MOKA3aJId CTOJIMKH, NUTM(OBaHHBIE TPaQUTOBBIM
KpyroM, a caMblii OOJBIION W3HOC WMENH JeTaliH, JOBEICHHbIE CBOOOJIHBIM
abpa3uBoM. BrusHue METONOB UM PEXKUMOB 0OpabOTKM JeTajlie Ha uX
U3HOCOCTOMKOCTh B 3HAUUTEJIBHOM CTENEHU OOYCIOBJICHO IIEPOXOBATOCTHIO
TPYIIMXCSI TOBEPXHOCTEW U MapaMeTpamMu OINOPHBIX KPUBBIX IIEPOXOBATOCTH
MOBEPXHOCTEHN, a TaKXKe CTEMEHBI0O UX HaKiena. JTO OOBSCHSIETCS €Ille U TeM, YTO
M3HOCOCTOMKOCTh MOBEPXHOCTHU JETajl€d 3aBUCUT, B YAaCTHOCTH, OT KX HECYIIEH
CIIOCOOHOCTH, OTpPEACNIIEeMON MPOU3BEACHIUEM (DAKTUUECKON OMOPHOM MOBEPXHOCTU
Ha Mpeen TeKYy4eCTH MeTalljla TOBEPXHOCTHOTO CHOSL.

JI1s1 IOBBIIEHUSI U3HOCOCTOMKOCTH MOJKET TaKKE€ MPUMEHSIThCS yeMeHmayusl,
azomupoeanue, TallbBAHWUYECKUE TIOKPBITUSA JIeTaJIed, TMOBEPXHOCTHAS 3aKajka
ra3oBbIM IIJTAMEHEM, BBICOKOYACTOTHAS 3aKajka, IJIacTUYecKoe aedopMUpOBaHUE
(oOkaTbIBaHME, pacKaThIBaHUE, MPOIIMBaHUE, KanuOpoBaHue). B nocnennee BpeMs as
MOBBIIIEHNS H3HOCOCTOMKOCTH BCE 4Yalle NPUMEHSIOT MaTepualibl Ha OCHOBE
MOJINMEPOB, CIIOCOOHBIX paboTaTh 6€3 CMa3KH 3a CUET OTACIICHUS JUTMHHBIX MOJIEKYII,
MOXO0XHUX IO CBOMM CBOWCTBAM Ha CMa304HBbIC MaTepuajbl, YIrJIerpadUTHBIX U
METAJIOKEPAMUUECKUX MATEepUAJIOB, TEPBbIE M3 KOTOPHIX BBIJEISIOT B KayeCTBE
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CMa3Ku MSTKHE YTOJbHBIE YACTHIIBI, a BTOpPbIE 00JIaal0T YpE3BbIUAWHO BBICOKOMN
TBEPIOCTHIO.

VYcranoctHas MPOYHOCTH JAeTalied MalllH TakkKe B 3HAUUTEIBHON CTENeHH
3aBHCUT OT METOJIOB 00paboTku neraneil. [IpumeHeHHe pa3NIuYHONW TEXHOJOTHH
00paboTKu neraneil u3 HepkaBewed ctanmu 2X13 yBelMuMBaeT YCTaJIOCTHYIO
npoyrocts ¢ 206 mo 363 Mlla (¢ 21 mo 37 krc/mm2). Ilpu sTOM HaMBBICHIYIO
YCTAJIOCTHYIO MPOYHOCTH IMOKA3bIBAIOT JIE€TAIM, MOJUPOBAHHBIE MOCJE MPOJOJIBHOIO
cTporanusi, 0ojiee HHU3KYI YCTAIOCTHYHO mpouyHocTh (353 MlIla (36 krc/mm2)),
oOpaboTaHHble (pe3epoBaHUEM C MIEpOXOBaTOCThI0 14,0 MKM H MPOJOJbHBIM
HalpaBJICHUEM pPHUCOK. MwuHuManbHy0 TmipouyHocTh (334 Mlla (34 «krc/mm2))
MOKAa3bIBAIOT JETAIM, MOCJE MOJMPOBAHUSA C MONEPEYHBIM HANpaBICHUEM IITPUXOB
00pabOTKH M MOCJIE MOJMPOBAHUE C MONEPEUYHBIM HAIIPaBIECHUEM ITPUXOB 00paOOTKH
(304 MIla (31 krc/mm2)).

VYBenmu4yeHne CKOpPOCTUM pPeE3aHus IpU TOYEHHUH BBICOKOIPOYHOW CTaly,
BOCIIPUHUMAIOIIEH 3aKaJIKy, BEIET K IOBBIIICHUIO YCTaJIOCTHOM MPOYHOCTH Ha 12—
30%. YBenudenue nojauu npu TodeHuM cranu 50 B CBSA3M C €€ YIPOUYHEHHEM IIPU
pOCTE€ HArpy3Kd HOBBIIIAECT YCTAJIOCTHYIO NMPOYHOCTh, @ MPU TOYCHUM 3aKAJICHHOU
ctamu 3O0XI'CMJI B CBA3M C €€ OTIYCKOM CHMXKAET YCTAIOCTHYIO IPOYHOCT.
OCOOEHHO CHJIBHO BIHSIIOT pEXUMbI OOpa0OTKM Ha YCTAJIOCTHYIO MPOYHOCTh
TUTAHOBBIX cIUIaBOB. Hampumep, mnpu KpyrioMm mnpOBaHUM THUTAHOBOTO CILJIaBa
BT3-1 usmenenue pexumoB nnupoBaHus (CKOPOCTH Kpyra U JIeTajin) U abpa3uBHBIX
MaTepUaJioB MPUBOJIUT K BO3PACTAHUIO YCTAIOCTHOM MpodHOCTH co 154 no 432 Mlla
(c 16 1o 44 xrc/mMM2), T. €. IOYTH BTPOE.

Takum o00pa3oM 1TpU TPOEKTUPOBAHMU TEXHOJIOTMYECKOTO  Ipoliecca
M3rOTOBJICHUSI JE€TAIH HEOOXOAUMO NOA0MPaTh TAKUE METOJIbI U PEKUMbI 00pabOTKH,
KOTOpble oOecrneynBaid Obl ONTHMAJIbHOE, C TOYKH 3PEHHS SKCIUTyaTallMOHHBIX
CBOMCTB J€Talld, KaueCTBO MOBEPXHOCTHOro ciios. Kaxkaplii U3 mMeTo/10B 00pabOTKH
MOMHUMO 33JJaHHOTO YpOBHSI MOKa3arelield KadecTBa (DOPMUPYET TAKXKe U PsA APYTHX
€ro XapakTEPUCTHK, IPUYEM 3HAYEHUS 3TUX XAPAKTEPUCTHUK MOTYT B 3HAUUTEILHON
Mepe OrpaHWYMBaTh PEXKHUMbI O0O0pabOTKM, BIUSAS HAa TaKUE XapaKTEPUCTHUKH
TEXHOJIOTHYECKOIO0 MPOLECCa, KAaK MPOU3BOAUTEIBHOCTh M TEXHOJOTMYECKas
ce0eCTOMMOCTb.

TpeOGoBaHus K MapaMeTpam HIEPOXOBATOCTH YCTAHABIMBAIOT HA OCHOBAHUU UX
CBS3M C (DYHKIIMOHAJBHBIMHU TMOKAa3aTeNIIMH JeTajled MallliH, IPUYEeM 3HAYEHUs 3TUX
napamMeTpoB MOTYT OBITh PpPAacCUUTAHBl MO TEOPETHYECKUM WIH HSMIUPUYECKUM
YPaBHEHHUSIM CBSI3M IOKA3aTEJIEH 3KCIUTYaTAMOHHBIX CBOMCTB JIETAJed MAallWH U UX
COCIMHECHUI C XapaKTepHCTHUKaMU KadecTBa MoBepxHocTed (Tabn. 1.3, mpuiokeHue

A).
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4.2 Bausinue Jie3BMiiHOW HW aOpa3uBHOIi 00padOTKM Ha mNoKAa3aTeJn
Ka4eCcTBA U IKCIUIYaTAllMOHHbIE CBOMICTBA NMOBEPXHOCTEH eTajiell MallluH

[Ipu ne3BuitHOM 00paboTke (TOUYeHUH, (Ppe3epoBaHUM, CBEPJICHUU U JIp.)
dbopMupyeTcs He TOJIBKO MUKPOpebed MOBEPXHOCTH (IIIEPOXOBATOCTh, BOJIHUCTOCTB),
HO W TOJ JEWUCTBHMEM pa3IHYHBIX (akTOpoB (TEIOBOro 3¢¢eKra, MIacTHUECKON
nebopManui B 30HE pe3aHUS W JAp.) HU3MEHSIOTCA TaKhe MapaMeTphbl, Kak
MUKpPOTBEPAOCTb, OCTATOYHbIC HampsbKeHus U ap. Ilpuw »ToM 1IepoxoBaTocTh
MOBEPXHOCTH SIBIISIETCS YIPABISIEMBIM MMApaMETPOM, a OCTaJbHBIE XapaKTEPUCTHKHU
dbopMHpyIOTCS  Kak  HEyNpapBlisieMble  MapaMeTpbl U SBISIOTCA  CKOpee
OTPaHUYMBAIOIIMMHU YCJIOBUSIMU TIPU HA3HAUYEHHHM DPEXUMa OOpaOOTKH, TFeOMETpUHU
WHCTPYMEHTA | JIp.

ILllepoxoseamocmov nosepxnocmu. 11epoxoBaTOCTh MOCIE MEXAHHMYECKOU
o0paboTKM - 93TO CleI PEeXKYIIero HWHCTpPYMEHTa (METaUIM4eCKOro WU
aObpa3MBHOTO), MCKAKCHHBIM IUIACTUYECKONM W ympyrod gedopmaimeit, a Takxke
BUOpAIIMel TEXHOJOTHYECKOM cuctemsl (puc. 4.1).

a 0
Puc. 4.1. Cxema o00pa3oBaHMs HEPOBHOCTEM Ha MOBEPXHOCTH, O0OpaOOTaHHOMN
Je3BUMHBIM HWHCTPYMEHTOM a - 00pa3oBaHHE 3aKOHOMEPHOTO (PETyJspHOro)

nonepeyHoro mnpoduiisi MOBEPXHOCTH; O - HMCKAKEHHE NpoduiIs IMI1acTUUYECKOM
nedopmareil mpu OTAENEHUU CTPYXKKH; 1,2 - COOTBETCTBEHHO 3aKOHOMEPHBIA H
WCKKECHHBIN PO TOBEPXHOCTH; 3 - pe3elr; S - mar HepoBHOCTEH — To/1a4a.

[TpuunaamMu,  OOYCIIOBIMBAIOIIUMH  BHJOM3MEHEHHE U HCKaKCHUE
(TpaHc(opMaIi0) OCHOBHOTO T'€OMETPUYECKOTO MpOUiIsl, SBISIOTCS  TaKkKe
KONMMPOBaHNUE MUKPOHEPOBHOCTEH pabodmx KpOMOK pe3lia Wi abpasuBHBIX 3€peH U
oOpa3zoBaHue 3yOLIOB HApOCTa, MNPUCTABIIUX K TOBEPXHOCTH JETalld, YIPYyroe
MOJHATHE MaTepHalia JeTald TOocle MPOXOoJa PEeXYIIero WHCTPYMEHTa W JIpyTHe
TEXHOJIOTUYECKHE (aKTOPBI, OMPENETSAIONINE YCIOBHS MEXaHWYECKON 00paboTKu
(3a30pBI BO BpAIIAOIIMXCS IETAISAX CTAaHKA, HECOATAHCUPOBAHHOCTD MX U JIP.).

Hampumep, yem MeHbIlle Tojiaya mpy TOKAPHON 00pabOTKe M OOJIbIE paguyc
3aKpyTJeHUs pe3la, TeM YHINe TIOBEPXHOCTh U, COOTBETCTBEHHO, MEHBIIIE
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HIepOX0OBaTOCTh. [l pacyeTa TEOPETHUUECKOW BBICOTHI I'PEOCHIKOB MpPH TOKAPHOU
00paboTKe CyYUIECTBYET OIpejesieHHas 3aBUcUMOCTb. Ho pacueTHas BbicOTa HeE
SBJISIETCS ICUCTBUTEIBHON BBICOTOM Ipedelika, Tak Kak He YUUThIBaeTCa 00pa3oBaHue
HapocTa Ha peKylehd Kpomke pesma. Bwicota rtpebemka Oymer Bbime. Ee
MaKCUMaJlbHasi BEJIMYMHA JOCTUraeT MNpU ONPEAEICHHOW TeMmIepaType, Hajblle ¢
pOCTOM TEMIEPATYphl HAET YMEHBIIEHHWE BBICOTHI TI'peOelKa W IpPH HEKOTOPOU
TEeMIIepaType HApOCT Ha PEXKYIIEH KPOMKE MOJHOCTHIO UCUE3aeT.

Pexxymmii  MHCTpYMEHT  pa3pylmiaeT Ha CBOEM MYTH  Ppa3HOOOpa3HO
pacroJIoKEHHbIE 3€pHA METaJlla; HEKOTOpble W3 HHUX, HMMEsI COOTBETCTBYIOIIYIO
OpUEHTAlIMIO, CpEe3al0TCs, JpPYyrue pas3pylialoTcs OTPhIBOM € 00pa3oBaHUEM
MEJIbYAUIIINX TPEIIH.

I'eomeTpusi HEpoBHOCTEH TECHO CBA3aHa C  (PU3UKO-MEXaHUYECKUMU
IpolecCaMK pa3pylIeHUs] MeTajuia npu oOpaboTke pe3aHueM. Tak, mIEpoXoBaTOCTb
MOBEPXHOCTH TMpuU 00pabOTKE XPYMKUX METAUIOB TPEJACTABISIECTCS B  BHJIE
TPEYTOJIbHBIX YTIIYOJICHHM, OTBeYaromuX (opMe BBIPBAHHBIX 3€pPEH; B BSI3KHUX
MeTajuiax Impu OOJIBIIUX CKOPOCTSAX pe3aHusi CHIIbHO Je(hOpMHUPOBAHHBIE HEPOBHOCTHU
UMEIOT (POopMy UYelTyeK.

Bennunna mepoxoBaTocTd 00pabaThiBAa€MON MOBEPXHOCTH 3aBUCUT OT BHA
00paboTku, pojia oOpabaThIBAEMOro MaTepualia, CTENEeH! MIaCTUYECKOU Aedhopmalnuu
€ro MpH pe3aHuy, peKuMa pe3aHus, FCOMETPUN PEXYILIETO HMHCTPYMEHTA, OXJIAXACHUS
U ApyTux (hakTopoOB.

OCHOBHBIMU TEXHOJIOTHYECKUMHU (PAKTOpaMH, ONIPEIEISIOMIUMHU IIEPOXOBATOCTD
IIOBEPXHOCTH, SIBJISIOTCS:

® [107]a4a, CKOPOCTh M IIyOMHA pe3aHusl, paguyc 3aKpYIJICHUS BEPIIMHBI pe3lia
pu 00pabOTKe pe3aHUEM METAITUYECKUM HHCTPYMEHTOM;

® 3EpHUCTOCTh HUIM(POBAIBHOIO Kpyra, MpPOAOJbHAs M TONepeyHas Iojaya,
CKOPOCTb BpallleHUs! Kpyra U JAeTaliv Mpu 00paboTke aOpa3uBHBIM HHCTPYMEHTOM.

® [07]a4a, CKOPOCTh BpAIllCHUS ACTayid, TyOWHA HATATa, PaJuyC WHJIEHTOpA
pu 06paboTke nehOpMUPYIOIIUM UHCTPYMEHTOM.

TexHonornyeckoe oOecreyeHrue MEpPOXOBATOCTU IMOBEPXHOCTU Oa3UpyeTcss B
OCHOBHOM Ha 3KCHEPUMEHTAIBHOM HW3YYEHUU 3aBUCHUMOCTEH MEXAY METOJIOM
OKOHYATEJIbHOM 00pabOTKH 1 apameTpamu 1iepoxoaroctu (tadu. [Ipun. b-J1).

Jlocturaemasi mpu ONpPENEICHHOM MeToAe O0OpabOTKH IIEPOXOBATOCTH MPEXKIIE
BCETO XapakTepusyercs BBICOTHbIMM MeTojgamu Ra, Rz wmm Rmax. Opnako
IIOBEPXHOCTU C OJMHAKOBOM BBICOTOW HEPOBHOCTEW, HO IOJYyYEHHBIE Pa3JIMYHBIMU
TEXHOJIOTUYECKUMH METOJaMH, MOTYT UMETh pa3IMyHble SKCIUTyaTallMOHHbIC
CBOMCTBa, HANpUMEP MO-Pa3HOMY COMNPOTHUBIATHCA JEUCTBUIO CHUJ, CTPEMSILIUXCS
nehopMUpOBaTh BHICTYIBI. Takue MOBEPXHOCTH MPEXKAE BCETO MOTYT pPa3iNyaThCs
OMOPHBIMU (HECYIIMMU) TIomaasMu (auuHamu). OleHKa MO0 OMOPHOM JJIMHE

7



npouias He JAeT JOCTATOYHO IMOJHOIO IPEACTaBI€HHs 00 OMOPHOM IUIOIIAIU, TaK
KaK IIepOXOBATOCTh IOBEPXHOCTU B IONEPEYHOM M THPOAOIBHOM HAIPABJICHUSAX
pa3iauyHa U HE CBsA3aHa MOCTOSIHHBIM COOTHOILIEHUEM. [Io3ToMy AJisi MONMHOM OLIEHKH
HECYIIUX IIonaael Hy>kHa Tornorpadus nosepxunoctu /CTM/.

C yMeHBIIEHHEM BBICOTHI MOMEPEUYHBIX MUKPOHEPOBHOCTEN BBHICOTA MPOAOIBHON U
MOMNEPEYHO IIEPOXOBATOCTEN CTAaHOBUTCS NPUMEPHO OauMHaKoBou. HauOonbiuee
paznuuue HaOmomaeTcs npu rpybol oOpaOoTke, Korja MpoJOJIbHAs BbICOTA
COCTaBJISIET MAJIYIO JOJII0 OT MONEPEYHOU. YKa3aHHOE pa3Indie 3aBUCUT HE TOJIBKO OT
Bujga oOpaOoTKM, HO M OT Marepuana. IIpogonbHble HEPOBHOCTU IpH 0O0pabOTKE
CTAJIbHBIX J€Tajel MMEIT HauOosbllee 3HAUYEHUE, HApuUMeEp, IpHU IJIOCKOM H
KpyrjoMm num@oBaHuu nepudepueil kpyra, a npu o0padOTKe YYryHHBIX JeTaner —
OpU CTPOTAaHWM, IWIMHIPUYECKOM (pe3epoBaHUM, [TOBOJAKE IMIHHIPHUECKUX
ITOBEPXHOCTEMN.

B HekoTOpBIX cilydasix Mpu MeXaHU4eCKoi 00paboTKe MpO0IbHAas IIEPOXOBATOCTh
MOJKET IPEBBILIATh MOMEPEUHYIO (HapuMep, MPpHU pe3aHuu ¢ 00pa3oBaHUEM HapocTa
Ha pEeXYyIIeH KPOMKE HHCTPYMEHTA); HAJIWYUE WM OTCYTCTBUE BHOpalMM TaKxkKe
3aMETHEEe CKa3bIBAeTCsl Ha IMPOJOJIbHOM LIEpPOXOBAaTOCTH, YeM Ha morepedHoil. Cie-
JIOBaTE€IbHO, TPHU OIICHKE OMOPHOW IMJIOMAAM HEOOXOJUMO YUUTHIBATh OTIMYHS
HIEPOXOBATOCTH B PA3IMYHBIX HAMPABICHUIX (MUKPOTONOTrpadHio MOBEPXHOCTH).

AOCOIIOTHBIE 3HAYEHUSI OMOPHOM IUIOIIA/IA MOBEPXHOCTEH 3aBUCIT HE TOJIBKO OT
HIEPOXOBATOCTH, HO M OT MeTo/Aa 00padoTKU. [I0BEpXHOCTH ¢ MajoOi 11EpOXOBATOCTHIO
10 CPaBHEHHUIO C MMOBEPXHOCTHIO ¢ 00Jiee BHICOKOM MIEPOXOBATOCTHIO, HO MOJIYYEHHOM
JPYTUM METOJOM OOpabOTKH, HE BCErJa MMEET OOJBIIYI0 OMOpHYI Iuiomaab. Ilo-
ATOMY IS OOECTICUEHHMsI OIPEACIICHHON OIMOpHOM (Hecyiei) TIUIomaa JTaHHON
JeTany HeoOXOAMMO Hapsily ¢ Ha3HAYE€HHWEM BBICOTHOI'O MapaMeTpa IIEPOXOBATOCTH
YKa3bIBaTh TEXHOJOTUUECKUNA METO/I MOTYyUYCHHS TOBEPXHOCTH U ATan 00paboTKH (puc.

4.2).
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Puc. 4.2. KpuBble OTHOCUTEIBHBIX
ONOPHBIX AJIHMH Npoduiei t, Ipu
OJIMHAKOBBIX YPOBHSX cedeHus p: 1 — mpu
4epHOBOK 00paboOTKe; 2 — P YUCTOBOM
o0OpaboTke; 3 — mpu 06paboTKe
MTOBEPXHOCTHBIM TIACTUYECKUM
nedopmupoBanuem (ITI1/1)

HaunGonpimii mpakTH4eCKUi MHTEpEC MPECTaBIsET HauadbHasl YacTh OMIOPHOM

KpUBOM MPpOoduIIst, KOTOpasi OnuchiBaeTcsa (popmyion

t,=h=b’e" (4.1)
rae b u V — mapameTpsl anmpoKCHMaIi HadalbHOM YacTH OTMOPHON KPUBOW IPO-
buns.

Ota ¢opmyna cnpaseanusa B mpexpenax 0 <t,< 0,5. ITapamerper b u v moryT
OBITH OMpe/eTIeHbl HECKOJIBKUMU METOMaMu: rpaduyecku, 4To TpeOyeT MOCTPOCHUS
OTOPHOM KpHUBOW MpOo(uUis, U aHATUTUYECKU MO COOTBETCTBYIOIIKUM 3aBUCHUMOCTSIM.
N3yyeHue BEpXHUX YYaCTKOB IIEPOXOBATHIX MOBEPXHOCTEH IMO3BOJUIO YCTAaHOBUTH
3HAYCHUS MapaMeTpoB D U V, XapaKTepU3yIOIINX HAYaIbHYIO YaCTh OMOPHBIX KPUBBIX
(omopHyto 1omanb). JJis OCHOBHBIX TEXHOJIOTMYECKMX METOJ0B OOpabOTKH OHHU
MO3BOJISIIOT BBIIIOJIHUTh OPUEHTUPOBOYHBIE pACUYEThl [JIs1 OINPEAECICHHS] OIMOPHOU
MJIOMIAM IIEPOXOBATHIX MOBEPXHOCTEH, 00padoTaHHbIx pe3anueM (IIpunoxkenue I)
124].

OnopHast mIomaab MOXET OKa3aTbCsl OJUHAKOBOM Uil  HECKOJIBKUX
MOBEPXHOCTEH, 00pabOTaHHBIX  pasnu4YHbIMM ~ MeTojamu. OTinunme  Takux
MOBEPXHOCTEH YCTAHABIMBAIOT IO T€OMETPUUECKUM XapaKTEPUCTHUKAM OTJIEIbHBIX
MUKpPOHEPOBHOCTEH: KaXKIOMY MeETOay OO0paOOTKH COOTBETCTBYET OIpPEACICHHbBIN
JMana3oH HW3MEHEHUs YIioB Npoduiss W pajuycoB 3aKpYIJICHHS BBICTYIIOB B
3aBHCHUMOCTH OT BBICOTHI IIEPOXOBATOCTH TMOBepxHOcTell. B mpeoOranaromem
OOJIBIIMHCTBE CIy4aeB paauyc Iy, 3aKPYIJCHUS BEPIIUH MHKPOHEPOBHOCTEH B
IPOJOJIBHOM HAaNpaBJICHUH MPEBBIIAECT Paguyc [; 3aKpyrjeHus B IONEPEUHOM
HampaBieHUU. YToa B, npoduiasi MUKpPOHEPOBHOCTU AJISl MOMEPEYHOT0 HAIpPaBICHUS
Oospiie 4eM yron P, Aus npomonbHOro. C yMEHBIIEHHEM BBICOTBI HEPOBHOCTEH
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HaOMogaeTcst o0uas TeHACHIMS K YMEHBUIEHUIO YIJIOB MPOQUIS U COOTBETCTBYIO-
HIeMY YBEJIMYECHUIO PAJIMYCOB 3aKPYIJIEHUS BHICTYIIOB.

['eomeTpuyeckrue XapaKTepUCTUKH MUKPOHEPOBHOCTEW, BBICOTA HEPOBHOCTEH,
UX IIard CBS3aHbI MEXy co00i. C yMEHbBIIIEHUEM BBICOTHI HEPOBHOCTEH MPH KaXI0M
MeTojIe 00pabOTKM BO3pACTa€T COOTHOIICHUE MEXAY IIaroM HEPOBHOCTEW mpoduisa S
U BBICOTOU Ryyax. JJIs1 OOJBITMHCTBA METOIOB MEXaHUYECKONH 00pabOTKU MpH CpeHen
BBICOT€ HEPOBHOCTEH TMOBEPXHOCTEW IMIar S, TOMEpEeYyHOM IIepOXOBATOCTU HE
npeBbimaer  40Rmax  (uuudoBaHue, TOYEHHE, CTporaHwe, ¢Gpe3epoBaHUeE,
pacTauMBaHuE CTAJIbHBIX M YYTYHHBIX jAeTalnieit). [ HepoBHOCTEH MEHBIIEH BBICOTHI
uX maru Moryt pocrurate noyru 300Rmax. Hlar S;, mpomosbHON MEPOXOBATOCTH
OOBIYHO MPEBBIIIAET 1IAT MOMEPEYHON MIEPOXOBATOCTH. OTHOIIEHUE 3TUX BEJIUYUH B
OOJBIIMHCTBE CIIy4aeB HE MPEBBIIAET 15, XOTSA B OTAENbHBIX ciaydasx gocturaet 40.
AOCONIOTHBIE 3HAYEHUs MIara MNpPOAOJbHBIX HepoBHOCTEH pocturaror S00RMmMax.
CrnenoBaTenbHO, 4eM OOJIbIIE PaAMyChl 3aKPYIJIEHHUS BBICTYIIOB, TEM MEHBIIE YIJIbI
npouis U Oosblie pa3Mepbl OCHOBaHUM OTAENBHBIX HEPOBHOCTEM M MX mIar (mpu
ONPENEICHHOW BBICOTE IIEPOXOBATOCTEW). 3HAYEHMsI IPUBEICHHOIO paanyca
3aKpYIJICHUsST BBICTYIIOB M OTHOMICHUs IMRMAX aisi pa3iudHBIX METOJOB 00pabOTKU
pEe3aHHUEM JIaHbl B IPUIIOKEHHUH B.

[Ipyn HEOOXOIUMOCTH MOYYEHHUsSI 00JIe€ TOUHBIX 3HAYEHHM, XapaKTepU3yIOLIUX
OMOPHYIO IUIOIIA/lb U APYTHE€ T€OMETPUYECKHE MapaMeTpbl KauyecTBa MOBEPXHOCTH
JeTanei, Y4YUTHIBAIOT KOHKPETHBIE YCIOBUS BBIIOJHEHUS JII TEXHOJOTHMYECKOU
omepanuu (Matepuan o0pabaTbIBaeMOM AeTalld, MOJy4aeMyl0 MIEPOXOBATOCTh MPHU
OTIPEJICIICHHBIX pPeXXUMaxX 00pabOTKH, MaTepuana MHCTpyYMEHTa U T. 1.). [Ipu sTomM BO
MHOTHX  ClydasX  LIeJecooOpa3HO  TakK€  YUWUThIBaThb  TEXHOJOTMYECKYIO
HACJIEICTBEHHOCTb.

[Ipumenenue COTC CIIOCOOCTBYET YIAYYLIEHUIO rpoiecca
CTPY’KKOOOpa30BaHMs, YTO MPUBOJUT K YMEHBIICHHIO H3HOCA, a CJIEIOBATENIBHO,
NOBBIIIEHUIO CTOMKOCTHM HHCTPYMEHTA, W K YMEHBIICHHUIO CHUJIbl pe3aHus. B
pe3yapTaTe  yYMEHBIIAETCS  BEJIMYMHA  YHOPYIMX  OTXKATUKW  3JIEMEHTOB
TEXHOJIOTUYECKOW CHUCTEMBI, a CJIEIOBATEJIbHO, YJY4YIIAeTCs I[IEpOXOBATOCTh,
CHM>)KAeTCsl BOJIHUCTOCTh, YBEJIMUMBAETCSI TOYHOCTh 00padaThIBa€MbIX MOBEPXHOCTEMN
JeTajaen MallvH.

B xauectBe COTC nCHoOJIB3yIOT PACTUTENBHBIE U OCEPHEHHBIE MUHEPAIbHBIC
Macia - CcylbQodpe3oibl, IMYJIbCHH, KOTOPbIE€ CHHUXAIOT HIEPOXOBATOCTH
oOpabatbiBaeMbIx moBepxHocTer Ha 25...40 %, mo cpaBHEHUIO ¢ 00paboTKO 0e3
OXJIAXKICHUS.

Tmarensnas ounctka u ¢unsTpanus COTC, ¢ nenpio yaaienus: abpa3uBa u
CTPY’KKH, TaKX€ CIIOCOOCTBYIOT YJIYUIIEHHUIO IIEPOXOBATOCTH MPH HUIM(DOBAHUU H
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JIpyrux crnocobax aOpa3uBHOM  OTIAETOYHOM 0O0paboOTKM -  cynep¢uHHUIIE,
XOHUHTOBaHUMU.

B tabnune (Ilpunoxenue I') mpuBeeHbl SMIUPUYECKUE 3aBUCHUMOCTU IS
ONPEAEICHUS] MapaMETPOB IIEPOXOBATOCTU MPU PA3JIUYHBIX METOAAX M YCIOBUAX
00pabOTKH MOBEPXHOCTEH.

BomaucTocTh B mporecce MEXaHMUECKOW 00paOOTKU MOBEPXHOCTH 00pa3yeTcs
IJIaBHBIM 00pa3oM B CBSI3M C BUOpamuedl u3-3a HEJAOCTATOYHOW JKECTKOCTU
texHonornyeckot cuctemel (IIpun. JI, E). BooOiie roBopsi, BOJHHUCTOCTH MOXKET
0o0pa30BbIBATbCA Ha JIETald B JBYX B3aUMHO MEPHNEHIUKYISPHBIX HANpPaBICHUSX:
MpOJOJIbHASL M TONEpeYHas BOJHUCTOCThb. Ecnu mnepBas O0OBIYHO BO3HHKAET B
pe3yapTare BUOpallUM TEXHOJOTMYECKOM CHCTEMBbl, TO BTOpasi BBI3BIBACTCS
HEPAaBHOMEPHOCTHIO TOJAauM, HENPABUWIBHON TMpaBKOM HUIM(OBAIBHOTO KpyTa,
HEPAaBHOMEPHOCTHIO €r0 U3HOCA U T. 1. B 11000M ciiydae BOJHUCTOCTH ONpPEIEseTCs
YCJIOBUSIMU BBITIOJIHEHHUS TEXHOJIOTMYECKOT0 Mpoliecca U MeToia 00pabotku. Hamnuue
BOJIH HA MTOBEPXHOCTU NMPUBOAUT K YMEHBIICHUIO OMOPHOU momaan B 5S—10 pa3 no
CPaBHEHHUIO C POBHOU LIEPOXOBATON NOBEPXHOCTBIO.

PU3UKO-MEXaHUYECKUE CBOWCTBA. [IOBEpXHOCTHBIA CJIOM JETalIM IOCIIE

MeXaHu4ecko o00palboTku mactudecku AedopmupoBaH. I[lostomy Quszndeckoe
COCTOSIHME TOBEPXHOCTHOTO CJIOSl MOCJIE€ MEXAaHMYECKOM 0O0pabOTKM B OCHOBHOM
XapakTepusyercs 1e(OpMaLMOHHBIMU U3MEHEHHUSIMU B HEM, CIEICTBUEM KOTOPBIX U
ABJISIETCA ero AeopMalMOHHOE YIIPOUHEHUE (HAKIIEN) WU pa3ynpoyHeHue (OTABIX,
Bo3BpaTr) ([lpun. 2K). Ilpu ynpouyHeHMH TOBBIIIAIOTCS TpeAeN TMPOYHOCTH,
TBEPAOCTb, CHUYKAETCS IMJIACTUYHOCTh, U3MEHSIOTCSA Jpyrue (u3nuecKkue CBOMCTBA
Metaima. Hakiienm cmocoOCTBYeT TOBBIIMICHUIO HM3HOCOCTOMKOCTH, YCTAJIOCTHOMN
MIPOYHOCTH, KOHTAaKTHOM ycTtanocTH. CylecTByeT ONTUMAJIBHOE 3HAYEHHE
MHKPOTBEPIOCTH 111 KOHKPETHBIX YCIOBUU.

VY cranbHBIX JeTaliei B oOpasyrolieMmcsi B pe3yjbTare JIe3BUMHON 00paboTKu
MOBEPXHOCTHOM IJIACTUYECKHU 1€(POPMUPOBAHHOM CJIO€ MOTYT Pa3jinyaThCsl TPU 30HbI
(puc. 4.3):

1. 3oHa pe3ko BeIpakeHHOU AehopManuu - 1eEeKTHBIA CION ¢ N3MEITbYECHHBIM
3€pHOM, 3HAYUTEIIbHBIMU UCKaKEHUSIMU KPUCTAILTUYECKOU pELIETKH,
ne(opMUPOBAHHOM CTPYKTYpOM, HAIMYMEM MEXAHHMYECKUX TMOBPEKICHHUN C PE3KUM
MOBBIIEHNEM TBEPAOCTH MaTepHUaa.

2.30Ha nedopmanuu ¢ XapaKTepHON TEKCTYpOU: BBITAHYTHIMH B HalpaBICHUU
pabouero JBWKEHUS HWHCTPYMEHTA 3€pHAMH; HABOJAKMBAHMEM OJIHUX 3€peH Ha
npyrue. TBepaoCcTe marepuana B 3TOM 30HE 3aMETHO CHHIKAETCS 10 CPaBHEHMIO C
IIPUJIETAIOIIEN K TIOBEPXHOCTH.

3. 30Ha nepexoja OT HaKJIena K ICXOAHOMY MaTepHualy.
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30Ha Pe3KO BbIPKEHHOM

Aaecopmanmm ( bIA CIOV)

1 oz
AedopMmupoBaHHLElS C1oi S 5
—
MepexonHas 30Ha S e it i S et
HcxogHemi matepman
YCIOBHKIC
rpaswsl

Puc. 4.3. CtpykTypa MOBEPXHOCTHOIO €0 00paboTaHHOW mMOBepXHOCTH: 1 - 30Ha
pe3ko BbIpakeHHOU Aedopmanuu, (AeheKTHbINA ciioi); 2 - AepOpMUPOBAHHBIN CIIOM
(cobcTBEeHHO HakIIen); 3 - mepexoaHoH cioi; h - rryouna nedekrHoro cinost .

JledbopManiioHHOE  ympouHeHUEe (pa3ylnpouyHEHHE) MOBEPXHOCTHOTO  CJIOS
3aBUCHUT OT PEXKUMOB DPE3aHMs, T€OMETPUU PEKYIIEr0O MHCTPYMEHTA, €r0 M3HOCA U
JIpyrux yciaoBuit oOpaboTku. ['myOuHa 3ajneraHusi YINpOUYHEHHOTO CJIOSI U CTEIEHb
HaKJIeTla TeM BBIIIIE, YeM OOJIbIIE BEIMUYUHA CUJI, MPOJOIIKUTEIBHOCTD UX BO3JCHCTBUS
¥ UHTEHCUBHOCTb TUTACTUUECKON nedopmaiiun Metaia. OJHOBPEMEHHO C MPOIIECCOM
YIOPOUHEHUSI TTPOTEKAET MPOTUBOIMOJIOKHBIA €My MPOLECC pa3ylnpoOYHEHUsI, KOTOPBIi
CTPEMUTCSI BO3BPATUTh METaJJI MOBEPXHOCTHOI'O CJIOSI B MCXOJIHOE, HEHAKJICTIAaHHOE
cocTosiHhe. VIHTEHCMBHOCTBH MpoIecca pa3ylNpOYHEHHS MOJHOCTBIO ONpEeseTCs
3HAYCHUEM TEeMIEpaTyphbl U BPEMEHEM €€ BO3JICUCTBUS Ha METal HOBEPXHOCTHOTO
cinosi. Ecnu pexum pesaHuss wiM JIpyrue ycloBUS OOpaOOTKHM W3MEHSIOTCS TaKUM
o0pa3oM, YTO KOJUYECTBO TEIUIOTHI, TECHEPUPYEMOM B 30HE pe3aHHs, BO3pACTaeT, TO
CIelyeT OXHUJaTh YMEHBIIICHUS CTENEeHW W TIyOWHBI HakjiemaHHoro cios. I[lpu
BBICOKOM TemIeparype B 30HE pE€3aHHus M JIOCTATOYHO MPOAOJIKUTEIHHOM €€
BO3JICMCTBUM TIPOIIECC PA3yNPOYHEHUS] MOXKET ObITh HACTOJIBKO MHTEHCHUBHBIM, YTO
HAKJIET B IOBEPXHOCTHOM CJIO€ MTOJIHOCTHIO CHUMAETCS.

Crenenb W TIyOMHA YNPOYHEHHUS 3aBUCIT OT IEJIOr0 psjaa IapaMeTpoB
00paboTKH, B TOM YHCIIE OT CKOPOCTH pEe3aHMs, M0JIayu, T€OMETPUU WHCTPYMEHTA,
BEJIMYMHBI €ro u3Hoca. [1o Mepe yBennueHus (10 OnpeaeeHHbIX IPEAeIOB) CKOPOCTH
pe3anus TiyOnHa Hakiena Bo3pacraeT. [Ipu Beicokux ckopoctsax (200 — 600 m/muH)
BO3HUKACT SIBJICHHE DPa3ylMpPOUYHEHHS, KOTOPOE yMeHbIlaeT riayOouny Hakiena. Ilpu
00paboTKe neTajieid U3 JErupOBaHHBIX M BHICOKOMPOUHBIX CTajeh, UMEIOIUX HU3KHE
MJIACTUYECKUE CBOMCTBA, OCTATOYHBIE HAIpPSOHKEHUS CXKaThs 00pa3yloTcs Mpu
ckopocTsax pezanus 400— 600 m/muH. [Ipu oOpaboTke neranel u3 KOHCTPYKIIMOHHBIX

crasieid 20 u 45 octaTouHbIe HANPSYKEHUS CHKATHUSI BOZHUKAIOT IPU CKOPOCTSIX pe3aHus
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500—800 M/MHH 1 OTpULIATENIBHBIX TIepeaHux yriax. [Ipu ToueHnuu crmaBa SU437A c
YBEIMYEHHEM CKOPOCTHU pe3aHusi OT 2 10 5 M/MHUH TriayOMHa HaKJIENaHHOTO Clos
yMmeHbIaetrcs ot 141 no 97 Mkm, a creneHb Hakiena oT 50 go 35%. D10 cBsizaHO C
TEM, YTO C YBEIMYEHHEM CKOPOCTH PE3aHMs IMOBBIIIAIOTCA TeMIeEparypa Ha
MOBEPXHOCTH JAETAIIM U CKOPOCTh JiehopmMupoBanus. B To ke BpeMs ecinu maTepHrall He
CKJIOHEH K HapoCTOOOPa30BaHUIO, TO MPU 3TOM HENPEPBIBHO CHIKAKOTCS YCHIIMS
pe3aHus U cTeneHb AehOpPMUPOBAHMS CPE3aEMOro CII0s. ITU (PaKTOPhI CIIOCOOCTBYIOT
y’K€ CHIDKEHUIO KaK ITyOMHBI, TaK U CTETICHH HaKJIeTa.

[Ipu yBenuueHuWH TMOAAYM BO3PACTAIOT TJIyOMHAa HaKIENa W OCTaTOYHBIC
HanpspkeHus. ['myOuHa pe3aHusi He OKa3bIBaeT CYIIECTBEHHOTO BIUSHUSA HA TIyOUHY
HaKJIeTa.

[ToBEepXHOCTHBIN CIION JeTanu MOCiIe MEXAaHMYECKOM 0OpabOTKH HAXOIUTCA B
HaIpPSOKEHHOM COCTOSIHUM. B HEM BO3HMKAIOT OCTAaTOYHBIE PACTATHBAIOIIME HWIIU
CKMMAOIIME HaIpsDKeHUsd. BenuuyuHa, 3HAK M 3aKOHOMEPHOCTh PacHpeNcsICHUs
HaIpsDKEHUM 3aBUCAT OT CBOMCTB 0Opa0aThlBaeMOro matepuaia, METOJI0OB U
pexuMoB 00paboTku. BenuunmHa W 3HaK OCTATOUHBIX HANPSKEHUH OKa3bIBaIOT
BJIUSHUE HAa YCTaJOCTHYIO IPOYHOCTb, NpPEAEN BBIHOCIUBOCTU. B OonbmIMHCTBE
ciiyyaeB OJarONpUSITHBIMU SIBJIIFOTCS CKUMAIOIIUE OCTATOYHbBIE HAIIPSKEHHUS.

[IprMeHeHnEe HHCTPYMEHTOB C OTPULIATEIIBHBIMU NIEPEAHUMU YTIAMHU OT 15° 10
45°cnocoOCTBYeT 00pa30BaHUIO B TMOBEPXHOCTHOM CJIO€ OCTATOUHBIX HaIPSIKEHUM
ckarus. Ilpu yBennueHuu 3agHero yria B npenenax 3—I15° riyOunHa Hakiena
ymeHbIinaetcs. [lpu ymensiieHun riaBHOro yria B 1wiaHe oT 90 go 45° rmyOuna
HakJiera cHwkaerca. [IpuMeHeHHMe TINATENBHO  JIOBEAEHHOTO  WHCTPYMEHTA
CHOCOOCTBYET YMEHBIICHHUIO INIyOMHBI HaKJIeNa. YBEJIWYEHHE paauyca CKpPYTJICHHS
peXylIed KPOMKU CHOCOOCTBYET BO3pACTaHUIO TNIyOMHBI HAaKJIENa U OCTaTOYHBIX
HaIpsHKEHUM.

C noBbllIEHUEM TBEPAOCTH 00padaThIBAEMOr0 MaTepHalia YMEHbIIAETCS 00bEM,
NoJBEpraeMblil IuiacTuuecko nedopmanuu. Yem wMsrye craiab, TeM TIIyOxke
pacnpocTpaHsieTcs IIacTuueckas nedopmanus.

Ocmamounvie Hanpsaxycenusn. llocne mexanwmdeckoil o0pabOTku (TOYEHWS,
¢dpesepoBanusi, HNUTMGOBAHUS U JIp.) MOTYT BO3HHMKATh 3HAYUTENbHBIE OCTATOUYHBIE
HanpspkeHusi. OCOOEHHOCTh 3TUX OCTATOYHBIX HAMPSIKEHUH COCTOUT B TOM, YTO OHU
JNEUCTBYIOT MPAKTUYECKU TOJBKO B MOBEPXHOCTHBIX CJOSX TIIyOMHOM B HECKOJBKO
JECATHIX J0JIeW MWIIMMETpa. BO3HMKHOBEHHE OCTATOYHBIX HANPSKEHUH CBA3AHO C
macTuyeckor nedopmManmelt mpu  BO3ACHCTBUM PEXYIIETO HWHCTPYMEHTa U C
HAarpe€BaHWEM MOBEPXHOCTHBIX CJIOE€B BBIJICIHIOIICUCS TEIUIOTOM pe3anus. [lpu
CHJIOBOM BO3ACMCTBMM MHCTPYMEHTa BO3HUKAeT IUIacTHuYecKas naedopmanus
pacTsDKEHUs, U MOCJIe CHATHUS 3TOTO BO3ICHCTBHUS B MOBEPXHOCTHOM CJI0€ 00pa3yroTcs
OCTaTOYHBIE HAIIPSKEHUS CHKATUS.
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[TnacTuyeckas aedopMalys MeTauia BhI3bIBAET YMEHBIIICHHUE €T0 IUIOTHOCTH, a
clieIoBaTeIbHO, OOYCIIOBIMBAET POCT yaeiabHOro odbema, mocturaromero 0,3-0,8%
YACIBHOTO 00BEMa JI0 IUIacTHUUECKOW nedopManuu. DTO YBEIMYEHHE OObema
pacnpocTpaHsieTCss Ha TIyOWHY TNPOHUKHOBEHHS IIJIACTHYECKOW AehOpMaIivm.
YBenuueHno o0beMa IUIACTHYECKH JehOPMHPOBAHHOTO MeETalllla MPEHSTCTBYIOT
HIDKEJIeXKaIue ciaon. B pe3ynbrare 3Toro B HApy>KHOM CJIO€ BO3HUKAIOT CKUMAFOIIIHE,
a B HIDKCJICIKAITUX CII0OSX - PACTATHBAIONINE OCTATOYHBIC HANIPshKEHUS (puc. 4.4).

|
— A
X
&
2 |G
G |
x| o | 2moumra
::] - [
§ | Harena
o | X
0N
% /
= —
— | @ PacCmosHUe om
| = 10BEDXHOCTL, MKM
5| S
1 S

Puc. 4.4 XapaxtepHasi dIopa OCTAaTOYHBIX HAMPSHKEHUW B TTOBEPXHOCTHOM
CII0€.

Kpome Toro, pexymmii ”HCTPYMEHT BBITATUBAET KPUCTAJUIMYECKHUE 3EPHA CIIOA
MeTaJJla I0J PEXYIUMM KIMHOM B HalpaBlieHMM pe3aHus. llocne npekpamieHus
pe3aHus U YNAJICHUs PEXYLIEro MHCTPYMEHTA IUIACTUYECKU PACTSAHYThIE BEPXHUE
CIIOM, CBSI3aHHBIE KaK €JIMHOE IeJI0€ C HIDKEISKAUMMHU CJIO0SIMHU, MNPUOOPETAIOT
OCTaTOYHbIC HAIPSDKEHUS CHXKATHUs, OPUECHTUPOBAHHBIE II0 HAIPABICHUIO PE3aHUA.
COOTBETCTBEHHO ATOMY B HIDKEJIEKALIMX CIIOSX Pa3BUBANOTCA YPAaBHOBEUIMBAIOIINE
UX OCTaTOYHbIC HANPSDKEHUS pacTsDKeHUsA. B HampaBiieHMM IIOAA4YM IPOTEKAIOT
AQHAJIOTUYHBIC IIPOLIECCHI, BBI3BIBAIOIIME BO3HMKHOBEHUE OCEBBIX OCTATOYHBIX
HaIPsKCHUM.

Beigenenue temnna B mpolecce pe3aHus (BCIEACTBUE, padOThl JedopMaluu U
TPEHUsI) MPHUBOIUT K OOJBIIMM TEMIIEpaTYypHbIM TpagueHTaM M TeMIIepaTypHbIM
HaIIpSDKEHUAM, KOTOPBIE MOTYT IIPEBOCXOAUTH Npeles TeKydecTu marepuana. Ilocne
YCTAHOBJICHWsI HOPMAJIBHOW TEMIIEPATypbl B IMOBEPXHOCTHBIX CJOAX JETalu
OpOUCXOAUT nedopmanus cxaTus. ITOMY MNPENSTCTBYIOT HIDKEIEeKalue cion. B
pe3yibTare B IIOBEPXHOCTHBIX CJIOSAX IOSABIIIIOTCS PACTATUMBAIOLIME OCTATOYHBIC
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HampsDKEHWs, a B HIDKENEXKAIMX - HAOpsDKeHHUsS CXKaTus, YypaBHOBEUIMBAIOIIKE
PACTATUBAIOIINE HAMPSKEHUS.

Takum 006pazom, coueTaHue ABYX OCHOBHBIX (DAKTOPOB MPHU PE3aHUU - CUIIOBOTO
U TEMIIEPATypHOIO - JAECHCTBYIOT B IPOTHUBOIIOJIOXHBIE CTOPOHBI, YTO U OOBSICHSET
CYLIECTBEHHYIO 3aBUCUMOCTh BEJIIMYMHBI W 3HAKA OCTATOYHBIX HAINPSIKEHUHA OT
TEXHOJIOTHYECKOro pexuma o0paboTku. Hampumep, ocTaTouHble HANpsHKEHUS MPU
TOYEHHH 3aBUCAT OT CKOPOCTH PE3aHUs U MO0JIauu, BEJIMYHUHBI TIEPEIHETO YIJia peslia,
3aTyIUICHUS] pe3la, YCJIOBHM OXJaXJEHHUsA, a TakKe OT MEXaHWYECKUX CBOMCTB
Matepuana obpabareiBaeMoit Aetanu. [Ipu oOpaboTke J1€3BUMHBIM HHCTPYMEHTOM -
TOYEHHH, (PpE3epOBaAHUHU, CTPOTAHUH U T. M. B 30HE 00PAOOTKH IOMUHUPYET CUIOBOU
(dakTop, O0COOEHHO 3TO XapaKTepHO [JJs YEPHOBBIX ATAaloB  0OOpaOOTKHU.
OxoHyaTenbHasi BEIUYMHA M 3HAK OCTATOYHBIX HAIPSHKEHUH MOCIIE TOYEHHS 3aBUCST
OT CTENEHU BO3ACUCTBUS KaXJAOW W3 MPUYUH, YYACTBYIOIIMX B (POPMHUPOBAHUU
HaNPsHKCHUM.

BinsgHMe CKOpOCTM pe3aHus IpU TOYECHHHM MPOSBIAETCI B HW3MEHEHHH
TEIIJIOBOTO BO3ACUCTBUSA U B U3MEHEHUU IPOJOJDKUTEIBHOCTH TEIIOBOIO U CHIIOBOTO
BO3JICHCTBHS HA METAJJI MHCTpyMeHTa. 1103TOMy MOBBIIEHNE CKOPOCTH PE3aHus NPU
TOYEHHH CIIOCOOCTBYET IMOSIBJICHUIO IONOJHUTEIBHBIX PACTATUBAIOIINX HANPSHKEHUM,
KOTOpbIE YBEIMYHMBAIOT OOLIYI0 BEJIMYMHY OCTATOYHBIX HANPSHKEHUN pPACTSHKEHHS.
OcTraTto4yHble HANPSKEHUS JOCTUTAt0T BeanduHbl 20-80 Kr/MM (KaK CoKMMaroLIue, TakK
W pactaruBaronue) u 3anmeraroT Ha rayoune 50-100 mxMm. Ilpu  o6pabotke
MaJIOIUIACTUYHBIX MaTepUaloB, IPU KOTOPO (GOPMUPYIOTCA OCTATOYHbIE HAIPSKEHUS
C)KaTusl, MOBBILIEHUE CKOPOCTH pEe3aHusl MPUBOJAUT K YMEHBIICHHUIO COKUMAOIIUX U
Jnaxe 0Opa3oBaHHUIO pacTATMBAOIUX HanpspkeHud. [Ipu oOpaboTke TIacTUYHBIX
MaTepHuaoB, BOCIPUHUMAIOIIMX 3aKaJIKy, YBEJIMYEHHE KOJIMYECTBA TEIJIOTHI B 30HE
pe3aHusl, CBA3aHHOE C IMOBBIIIEHHUEM CKOPOCTH PE3aHUs, MOXKET MPUBECTH K 3aKaJIKe
MOBEPXHOCTHOTO CJIOA. YBEJIWYEHUE YAEIbHOI0 00beMa MeTala MOBEPXHOCTHOTO
CJIOS TIPU €T0 3aKaJIKe MPUBOAMUT K CHH)KEHUIO OCTATOYHBIX HAIIPSKEHUN PACTSKEHUS,
(bopMUPYIOLIUXCSI IPU MAJIBIX CKOPOCTAX, U MPEBPALLEHUIO UX B HAMPSHKEHUS CKATHS
npu o0paboTke Ha OOJBIIUX CKOPOCTSAX pe3aHus. [lpu TodeHMM 3aKaJeHHBIX
MaTepUajoB yBEJIMYCHHE HarpeBaHUs MOBEPXHOCTHOTO CJOS TMpPH YBEJIUYEHUH
CKOPOCTH pE€3aHusi MOXKET BbI3BaTh OTIYCK. BcliencTBue OTHMycka MNpPOUCXOST
CTPYKTYPHbIE U3MEHEHUS], CBSI3AHHBIE C YMEHBIIEHUEM YJIeIbHOr0 00beMa MeTaa,
YTO MPUBOJUT K CHIKEHHIO OCTAaTOYHBIX HAIPSIKEHUN CXKaTus. YBEIWYEHUE MOJAYu
npu o0pabOTKe IUIACTUYHBIX CTajied, HalpuMep, JKapONpPOYHBIX, Yy KOTOPBIX
(GopMHUPYIOTCS OCTAaTOYHbIE pPACTITMBAIOLIME HAMPSOHKEHHs,, MPUBOJUT K POCTY
IUTACTUYECKON JAepopMallii MOBEPXHOCTHOTO CJOSA M COOTBETCTBYIOUIEMY POCTY
OCTATOYHBIX HAIpPSHKEHUH pacTspkeHHs. [Ipy ToueHMH MalloIIACTHYHBIX MaTEpHATIOB
YBEJIMYEHHE MOJAa4M BbI3bIBAECT YBEIMUYECHHE OCTATOUYHBIX HAMPSHKEHUHM CKATUS, a TpU
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00paboTKe MaJIOIUIACTMYHBIX 3aKaJeHHBIX CTajell - uUxX CHKeHue. Bozpacranuro
OCTAaTOYHBIX HAMNPSHKEHUW CKATUS MpPU  TOUYEHHUHM MAJOIJIACTUYHBIX  CTalieil
CIIOCOOCTBYET TaKK€E YBEIMUEHUE OTPUIIATEIBHBIX 3HAYEHUHN TIEPEIHUX YTIIOB pe3lia.

[Ipu oTpumatensHOM MepeaHeM yriie M O0NbIIuX CKOpocTsax peszanus (V>300
M/MUH) TOJy4YalOT C)KUMAIOIIME OCTATOYHBIC HAMpPsDKEHUS Y MOBepXHOCTH. [Ipum
HEKOTOPBIX YCIOBUSIX CKOPOCTHOTO Pe3aHusi(C OOJIBIIUMU OTPUIIATEIBLHBIMU YIJIAMHU )
y CcTalleid XOpOIIO BOCIIPUHUMAIOIIUX 3aKaJIKy, B TIOBEPXHOCTHOM CJI0€ HAOI0aeTCs
nepexo ayCTeHUTa B MapTeHCUT. Takoil mepexo/1, CONpOBOKAAIOIINIICS YBEIMYEHUEM
o0beMa, COOTBETCTBYET OOPa30BaHUIO CHKUMAIOIIMX OCTATOYHBIX HANPSDKEHUH U
KOMITEHCUPYET BIIUSHHE TEIUIOBOTO (akTopa.

N3Hoc pe3na TOpUBOAUT K  YBEIWYEHUIO IUIACTHYECKOW aedopmanuu
MOBEPXHOCTHOTO CJIOS MeETajula M IJIyOMHbI ee NpOHUKHOBeHHs. l[lostomy mpu
TOYEHHH IJJACTUYHBIX  MAaTEPHAIOB  NPOUCXOJIUT  YBEJIMYEHHE  OCTATOYHBIX
HAOpsDKEHUM  pacTsDKEHHsA, a NOpU  TOYEHUMH MAaJOIUIACTUYHBIX MaTepHalioB -
YBEJIMYEHHUE C)KUMAIOLIUX HAIPSKEHUH.

B npounecce numdoBanus pemiaromiee BAUSHUE Ha 00pa3oBaHUE OCTATOYHBIX
HaNpsDKEHUH OKa3bIBaeT TemioBo Qakrtop. [1o3ToMy B NHOBEpXHOCTHOM CIIOE€ B
npouecce MUIM(GOBAHUSA BO3HUKAIOT COKUMAIOIIME TEMIIEpaTypHble HaNpsHKEHUS.
VYKazaHHbIE HaIPSKEHUS MPEBOCXOAAT Mpenesl TEeKydYeCTH MaTephalia U BBI3BIBAIOT
mactTuueckyro aedopmanuio cxkarud. [locne oxkoHwanust mporecca HUM@OBaHUS U
YCTAaHOBJICHHSI HOPMaJIbHOW TeMIeparypbl 3Ta Jedopmaiusi COXpaHseTcs, 4YTO
IPUBOJNUT K PACTSHKEHUIO TOBEPXHOCTH CO CTOPOHBI BHYTPEHHHX CJIOEB, T.€. K
o0pa3oBaHMIO  PACTATMBAIOIIMX  OCTaTOYHbIX  HampsbkeHud.  [lmactuueckas
nedopMmanusi, CBSI3aHHas C YCUJIMEM pe3aHus, TMpu MNUIMGPOBAHUM  HUMEET
BTOPOCTENIEHHOE 3HayeHue. VI3MeHeHue ycloBUW UUIMPOBAHUS, NPUBOIALIEE K
MOBBIIICHUIO TEMIEpPaTypbl pe3aHusi, NPUBOJUT K POCTY OCTATOYHBIX HAMPSIKEHUN
PaCTSKEHUS WM CHH)KEHHUIO OCTATOYHBIX HANPSKEHHUM COKaTHS.

Jlist psina Mapok crajeil, 0cCOOEHHO BBICOKOJETMPOBAHHBIX, MPU OXJIAXKICHUH
o0Opa3yeTcsi TOBEpXHOCTHBIM MapTEHCUTHBIN cioi (6enbrit cimoit Tommmuoin 0,01—0,3
MM). MapTeHCUTHOE MpeBpalleHle TPOUCXOANUT MPHU YBEINYECHUH 00BEMa, UTO MOKET
KOMIIEHCUPOBaTh YMEHBbILIECHHE O0beMa MpH IUIACTHYECKOW AepopMallii CKaTusl.
VYka3zaHHOE OOCTOSITEIbCTBO MOXKET TMPUBECTH K OOpAa30BaHUIO OCTATOYHBIX
HampspkeHuil cxkatusd. OJHAKO B NMPAKTUYECKUX CIIyYasiX BIUSHUE TEMIIEpaTypHBIX
nedopmalinii ckazpiBaeTcsi OoJibllie, U MoOche NUTM(OBAHUA M MOBEPXHOCTHOM CJIOE
HAOJIOAOTCS PACTITUBAIOUIEE OCTATOUHbIC HAMIPSHKEHUSI.

Ha ocHOBaHuUM psiia SKCIIEPUMEHTAIBHBIX MCCIEIOBAHUN MOXHO CUHUTATh, YTO
nocne 1UUGOBaHUS B MOBEPXHOCTHBIX CJIOAX BO3HUKAIOT — PaCTIATHMBAIOIIME
octaTouHble Hanpspkenus 40...80 k[/MMm° (Ha rryoune 20...50 mxm). [Ipu neHTOuHOM
NUIM(QOBAaHUM  >KAPONPOYHBIX CIJIAaBOB B  IOBEPXHOCTHBIX  CIIOSIX  CO3AAIOTCS
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CKHMAIOIME OCTATOYHBIC HampspkeHws mopsaka 40..50 x[/Mm®, mpu pydHOM
nonmpoBanuy - 40...60kT /Mm%, JIJIs CHSITHS OCTATOUYHBIX HAIPSDKCHHIT B KaPOIIPOYHBIX
CIUIaBaxX MPUMEHSETCS CIIEIMAIbHBIN OTHKUT.

OcTaTo4YHbIe HAMPSHKEHUS TaK)KE BO3PACTAIOT MPHU YBEIWYCHUU COMTPOTHUBIICHHUS
nedhopMariy Mpy MOBBIIICHUHA TBEPIOCTH.

B 3aroroBke, mnOCTynammed HAa METAUIOPEKYIIUM CTAHOK, HMEIOTCA
BHYTPEHHHE HAIPSKEHUS, KOTOPbIE COXPAHSIOTCS MPHU OTCYTCTBUM BHEIIHUX CHII U
NOTOMY Ha3bIBalOTCA OCTaTOYHBIMU. [Ipum Mexanudeckod o0paboTke, KoOTna C
3arOTOBKM B BHJI€ TMPUIYCKA  YAAISIOT YacTh  MeTalljla, MPOUCXOJUT
nepepacnpeieieHie BHYTPEHHHMX OCTATOYHBIX HAIpPSOKEHUM, WX BpPEMEHHOE
paBHOBecue Hapymaetrcs. OCHOBHYIO POJb 3/I€Ch UTPAIOT HANPSDKEHUS TEPBOTO
poma. BenmnunHa U XapakTep pacmupenesieHuss OCTaTOYHBIX HANPSKEHUN 3aBHCAT OT
KOH(UTYpalluu 3aroTOBKH, €€ TaOapUTHBIX pa3MEpPOB M COOTHOIIECHUS pPa3MepOB
OTJICNIbHBIX JJIEMEHTOB, CMOCO0a TOJYYEHUS HCXOAHOM 3aroTOBKM U JAPYrUX
¢dakTopoB. bosbire ocTaTouHbIe HAMPSHKEHUSI BOZHUKAIOT B HCXOJHBIX 3arO0TOBKAX,
MOJIy4ae€MbIX JIMThEM, KOBKOMW, IITAMIIOBKOM, M3-3a HEPABHOMEPHOTO OXJIAXKICHHS
Pa3HBIX AJIIEMEHTOB 3arOTOBKHU. B CBAapHBIX, CBAPHO-JIUTHIX, CBAPHO-IITAMIIOBAaHHBIX
KOHCTPYKITUSX HAauOOJIBIIINE BHYTPCHHUE HAMPSDKCHHS BOSHUKAIOT B MECTaX CBApKH,
/i€ U3-32 MECTHOTO HarpeBa M OXJIAXKICHUS MPOUCXOSAT HEOJHOPOJAHBIE O0BEMHBIC
n3MeHeHus. CTpyKTypHBIC TIpeBpanieHnus Metaia U 1u¢Gy3uoHHBIC TTPOIECCHI TTPU
CBapKe TaKKE CIIOCOOCTBYIOT TOSBICHHUIO OCTATOYHBIX HANPSHKEHUN Pa3IMYHOTO
poaa. B oco60 HeOIaronpuaTHBIX ClydasX OCTaTOYHbIC HAMPSHKEHUST MOTYT BBI3BATh
HE TOJIbKO 3HAUYUTENIbHOE HapyIIeHHue (hOPMbI 3arOTOBKU - KOPOOJIEHUE, U30THYTOCTh
U IPYTro€, HO U TPEIINHBI.

[lepepactpeneneHne BHYTPEHHUX HANPSOKEHWH TMPOMCXOIUT HE cpaszy, a
MOCTETICHHO, M TaK)Ke ITOCTENICHHO IPOUCXOJNT HW3MEHEHHE (POPMBI 3arOTOBKH U
roToBoi Jetanud. B mpakTuke OBIBAIOT Ciaydaw, KOTJla HCXOJHAas 3aroTOBKa,
MOJTyYHBIIIAs OOJIBIIME OCTATOYHBIC HAIMPSHKEHUS, MPOXOIUT YEPHOBYIO OOpabOTKY.
YacTuaHo mepepacnpenesnssioTcsl BHYTPEHHUE HAMPsDKEHUS U fedopMaliust 3aroTOBKH.
[Tomy4uBIIecs: Mpu 3TOM HCKaXEHUsT (DOPMBI YCTPaAHSIOT MPU YUCTOBOU 0OpaboTKe.
['oToByIO AETaNb, €CTTM OHA TO/IHASI, CTABAT HA MAIIIMHY, a Yepe3 HEKOTOPOE BPEeMsl yKe
IIPY AKCIUTyaTaIluu BBISICHSAETCS, YTO JICTAIbh OBICTPO M3HAIIMBACTCS, MPUIMHA ITOTO -
ee nedopmamms, KoTopas TMPOU3OIUIA TIOCIE€ TOro, Kak JeTalb MOJHOCTHIO
obOpaboTanu.

Camplil POCTOM MyTh YCTPAHEHUS BHYTPEHHUX HANPSDKEHUN - pa3lIeNICHHE
00paboTKM pe3aHrneM Ha HECKOJIBKO ATanoB. Ha mepBoM 3Tare BHIMOTHSAIOT YEPHOBYIO
00paboTKy, yaausis HanOOIbIIYI0 YacTh MPHUITYCKa C MOBEPXHOCTEN 3arOTOBKHU. 3aTeM
NepealoT 3aroTOBKY Ha MOJYYHCTOBYIO OOpaOOTKY M 3aKaHUMBAIOT HU3TOTOBIICHUE
JeTalN Ha TPETbeM JTane - 4YUCTOBOM oOpaboTke. Tak kak OOBIYHO 3aroTOBKU
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00pabaThIBAIOT MapTUSIMU, a YEPHOBYIO, MOJYYHCTOBYIO M UYHCTOBYIO OOpabOTKH
BEIyT Ha pa3HbIX CTAaHKaxX, a MHOTJA M B Pa3HbIX L€XaxX, TO MEXKJYy YEPHOBOU H
MOJIyYHCTOBOM 00pabOTKaMu MPOXOJUT OIpEACICHHOE BpeMs. 3a 3TO Bpems
IPOUCXOJUT B OCHOBHOM I[€pPEPACHPEECICHUE BHYTPEHHHX HAINPSIKEHUH U
nedopmarusi 3aroToBKU. Yem OoJIbIlle MPOMEKYTOK BPEMEHU MEXAY YEPHOBOW U
YHCTOBOI 00pabOTKaMH, TEM MEHbIIIE OTTACHOCTh UCKa)KEeHUs (POPMBI TOTOBOI JI€TaH.

JIJist MENKUX U CpeTHUX OTIMBOK 3((HEKTUBHBIM CIIOCOOOM CHSTHSI BHYTPEHHUX
HalpsOKEHUM  SIBIISIETCSI  MCKYCCTBEHHOE CTapeHUE - CHEUUAJbHBIA  IPOILIECC
TepMudecKoil 00padoTku. OTIMBKY MOMENIAIOT B M€Yb, HATPEBAIOT O TEMIEPATyphl
500-600° C u BbLAEpXKUBAIOT B TeUeHHE 1-6 4 (4eM KpymHee OTJIMBKA, TeM OOJIblle
BBIZIEPKKA). 3aTEM OTJIMBKY MEIJIEHHO OXJIAKJAIOT BMECTE C MEUYbI0 TAKUM 00pa3oM,
4yTOOBI BCE YaCTU OTJUBKHU (TOHKHE M TOJCTHIC) OXJIAXKIATUCh paBHOMEPHO. CKOPOCTh
OXJaxJaeHus coctaBisieT 25-75 rpan/d. Korma temmeparypa OTJIMBKM CHHU3UTCS /10
200-250° C, ee BBIHUMAIOT M3 TIEYM U OKOHYATEIHLHO OXJIaXKIAI0T Ha BO3AyXeE.

JIns CHATUS HaNpsDKEHUW, TMOJYYEHHBIX MNpPH KOBKE, IITAMIIOBKE W JIUTHE,
MPUMEHSIIOT TakKe OTKUT - HarpeB A0 Temmepatypsl 400 - 600°C c Bblaepxkkon 2,5
MUH Ha | MM TOJNIIMHBI CEUYEHHS 3arOTOBKH, a JUIsl CBAapHBIX 3aroTOBOK -
BBICOKOTEMIIEPATYpHBIA OTHYCK ¢ HarpeBoM a0 600-650° C. OrTxurarT Takxe
3aroTOBKM, TIOJIydaeMmble W3 Mpokara. BcrenctBue OONbIIMX —IIACTHYECKUX
nedopmalii Ipu OpOKaTKE B MOBEPXHOCTHBIX CJOSIX 3aroTOBOK 00pa3yroTcs
3HAUMTEJIbHBIE PACTIATUBAIOLIUE, & BO BHYTPEHHHUX CIIOSX CHKUMAIOLIME HAMPSKEHUS.
Ecnu ¢ Takoli 3aroToBKM CHUMaTh HEpPaBHOMEPHBIA MPHUMYCK, TO ee ¢dopma u3-3a
nepepacrpeieieHuss BHYTPEHHHX HANpsHKEHUH MOXET wu3MeHuThed. [lostomy,
HampuMmep, Toclie (¢pe3epoBaHusl JIMHHBIX IIMOHOYHBIX KAaHABOK Ha Bajax,
U3rOTOBIIIEMBIX M3 MPOKATa, MOXET MPOMCXOAWTh HWCKpHUBIeHHEe Bana. Jls
VCITpaBJIEHUS] KPUBU3HBI 3arOTOBOK BaJIOB, OCEH, CTEP)KHEW, NIMHHBIX IUIAHOK U T.J.
UX MPaBAT B XOJOJHOM COCTOSHHM. B mpornecce nmpaBKy NpOUCXOIUT yIpyTas, a 3aTeM
nacTuueckas aedopmarius.

ToiaTtenbHas mMpaBKa MO3BOJSET IMOYTH MOJHOCTBIO YCTPAHUTh KPUBU3HY
3arOTOBKM, BBI3BAHHYKO JEHCTBUEM OCTAaTOYHBIX HamnpspkeHuid. Ho mpu mpaBke B
3aroTOBKE TOSBIIIOTCS HOBbIE HampsikeHus. [Ipu manpHeine ynctoBoit 00padoTke
(a eme xyxe - B paboTaroleld MalllHe) 3TH OCTATOYHbIE HANPSKEHUSI MOTYT BbI3BaTh
HOBBIE UCKOKEHUS (POPMBI, TOITOMY JIJII OTBETCTBEHHBIX JeTajel MpaBKy MPUMEHSTh
HEXeNaTeNbHO.

CocraB cMazouHo-oxynaxaaomux Texnojornyeckux cpen (COTC), cnocoObl
X TOABOJA B 30HY pE€3aHUsl OKA3bIBAIOT TAKXKE BJIUSHHE HA BEIWYMHY U 3HAK
MaKpOHAMPSHKCHUH, BOSHUKAIOIINUX B MIOBEPXHOCTHBIX CJIOSIX JeTaliel, 00paboTaHHBIX
pe3anuem. llpumenenne COTC BHOCHUT COOTBETCTBYIOIIME HM3MEHEHHSI B (DU3HMKO-
XUMUYECKUE TPOLECChl, MPOTEKAOIIME B 30HE KOHTAKTa MHCTPYMEHTA C
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oOpabaThlBa€MON IOBEPXHOCTHIO, OOYCIIOBIMBAIOIIME HAMNPSKEHHOE COCTOSTHUE
HNOBEPXHOCTHBIX cioeB. OHU U T€ ke Cpeibl, B 3aBUCUMOCTH OT METOJla U yCIIOBHIi
00pabOTKH, OKa3bIBAlOT HEOJAMHAKOBOE BIIMSHUE HAa BEIMYMHY M 3HAK OCTATOYHBIX
HanpspkeHuil. [Ipumenenne COTC MoxkeT cnocoOCTBOBaTh KaK YBEJIWYEHUIO, TaK U
YMEHBUIEHUIO OCTATOYHBIX HAIPSDHKEHUM MO cpaBHEHHIO ¢ oOpabotkoi 6e3 COTC.
Xapakrep BiusgHusI COTC Ha TEXHOJIOrMYECKUE MAaKpOHAIPSHKEHUS! B 3HAYUTEIbHOU
Mepe 3aBUCUT OT KOJIMYECTBA TEIUIA, BBIACIAEMOIO B 30HE pE3aHUs, KOTOPOE
ONpENENsAeT pa3BUTHE IPOLECCOB PA3YNPOUYHEHUS] B IOBEPXHOCTHOM CJIOE, a
CJIEIOBATEIIbHO, BIUSET U HA €T0 HANPSKEHHOCTb.

4.3 @opMupoOBaHHE IKCIUIYyATAIMOHHBIX CBOWCTB IOBEPXHOCTH /1eTAJH
HAHECEHHEM TMOKPBITHII € HMCHOJIb30BAHNEM BbICOKOKOHLIEHTPHPOBAHHBIX
MOTOKOB YHEPruM

Cpenn METOJOB HAHECEHWs 3alIUTHBIX IOKPBITUM, OCHOBAaHHBIX Ha
BO3JICCTBUM HA IOBEPXHOCTh JETAJIM ITOTOKOB YAaCTHUIl U KBAaHTOB C BBICOKOM
3Hepruei, 00plI0e BHUMAHKUE MPUBJIEKAIOT BAKYYMHbIE HOHHO-IIJIA3MEHHBIE METO/IBI.
XapakTepHOH UX YepTOH SBISIETCS MPsIMOE MPEeoOpa30BaHUE SKIEKTUUECKON SHEPruu
B DHEPrUI0 TEXHOJOTMYECKOrO0 BO3JIEUCTBHS, OCHOBAaHHOM Ha CTPYKTYPHO-(pa30BBbIX
NPEBPAIICHUSIX B OCAXKICHHOM Ha TIIOBEPXHOCTH KOHJAEHCATe€ WIM B CaMOM
MOBEPXHOCTHOM CJIO€ JIETAJIM, TOMEIIEHHON B BAKYYMHYIO KaMepy.

OCHOBHBIM JOCTOMHCTBOM JAaHHBIX METOJOB SIBJIIETCA BO3MOXXHOCTb CO3JIaHUS
BECbMa BBICOKOTO YpPOBHS (DU3MKO-MEXaHMYECKHX CBOMCTB MaTepHalOB B TOHKHUX
MOBEPXHOCTHBIX CJIOAX, HAHECEHHUE TUIOTHBIX MOKPBITHM U3 TYTOIUIABKUX XUMUYECKUX
COCMHEHHMM, a TakkKe aJMa3onoJ0OHBIX, KOTOpbIE HEBO3MOXKHO TOJYYHUTh
TpPaJAULIMOHHBIMU METOJIAMH.

Kpome Toro, stm MeToAbl MO3BOJIAIOT: OOECHEeUYMBATh BBICOKYIO aJ€3UI0
MNOKPBITUS K TOJJIOKKE, PABHOMEPHOCTh MOKPBITHS MO TOJIUIMHE Ha OO0JbIION
IJIOLIAM; BAPbUPOBATh COCTAB MOKPBITHS B LIMPOKOM JIMANA30HE, B MPEIENIaxX OAHOIO
TEXHOJIOTHYECKOIO0 IUKJIA; TOJYyYUTh HU3KYK) [IEPOXOBATOCTh IIOBEPXHOCTHU
MOKPBITHS; KOJIOTHYECKYIO YACTOTY MPOU3BOJICTBEHHOIO MKJIA. B HacTosmee Bpems
pa3paboTaHO OOJBIIIOE YUCIO OYEHb BBICOKO A((HEKTUBHBIX METOJOB HAHECEHUS
3alMTHBIX MIOKPBITHH U MOJU(PHUIIMPOBAHUS TIOBEPXHOCTHBIX ciioeB [19].

K meTtonamM BakyyMHON MOHHO-TIIIAa3MEHHON TEXHOJIOTUU OTHOCHT:

1. MonudunrpoBanre MOBEPXHOCTHBIX CIIOEB:

. MOHHO-TU(Py3HOHHOE HACBILIECHUE (MoHHOE a30TUPOBAHME,
HayTJIEPOKUBaHKE, OOpPUPOBAHE U JIp.);

. MOHHOE (TUIa3MEHHOE) TPABJICHHUE (OUMCTKA);

. WOHHAas UMIUIaHTalus (BHEAPEHHUE);

. OTKUT B TJICIOIIEM pa3psiie;
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2. Hanecenue MoKpbITHA:

. MOJIMMEPU3ALIUS B TIICIOIIEM Pa3psae;

. MOHHOE OCaxJeHue (TPUOAHOW paCHBUIMTEILHON CHUCTEME, JTUOJHON
pPacHbUTMTEIBHON CUCTEME, C UCIIOJIb30BAHUEM pa3psa B IIOJIOM KaTOJE);

. AJEKTPOLYTOBOE UCIIAPEHHUE;

. MOHHO-KJIACTEPHBIA METO/;

. KaTOJIHOE pacrbUIeHUE (Ha TOCTOSIHHOM TOKE, BHICOKOYACTOTHOE);
. XUMHYECKOE OCAKICHUE B IJIa3Me TICIOIIETO pa3psia.

CoBpeMeHHbIE  BaKyyMHbI€  HOHHO-IUIA3MEHHBIE  METOABl  YNPOUYHECHHUS
(MoudUIIpOBaHKE) TOBEPXHOCTEH JIeTaliell MallIMH BKIIIOYAIOT CJICYIONIUE ATAIbIL:

. reHepainuio (o0pa3oBaHue) KOPIYCKYISIPHOTO MTOTOKA BEIIECTBA;
. €r0 aKTUBHU3AIINIO, YCKOPEHUE B (JOKYCHPOBKY;
. KOH/JICHCAIIUIO U BHEJPEHUE B MOBEPXHOCTH JeTajei (IOAJI0KEK).

['eHepanuss KOPIYCKYJIIPHOTO IMOTOKA BELIECTBA BO3MOYKHA €r0 HCIApPEHUEM
(cyOonumarueit) u pacnbuieHueM. McnapeHnue - 3To nepexo/i KOHJIEHCUPOBaHHOM (a3l
B IIap OCYILUECTBISIETCSA B PE3yJIbTAaTe MOABOAOK TEIUIOBOM DHEPIUMU K HUCIAPSIEMOMY
BeIECTBY. TBepjible BellecTBa OOBIYHO NMPU HATPEBAHUM PACIUIABISIOTCS, a 3aTeM
nepexoAsT B Tra3oo0pa3Hoe cocTosHue. HekoTopble BemiecTBa MEPEXOasT B
razoo0pa3HOe COCTOSIHUE€ MUHYsS JKUIKYyr0 (a3y. Takoid mpouecc Ha3bIBaeTcs
cyOnumMariue.

Harpes ncnapsieMoro BemectBa MOXKET OCYIIECTBIATHCS:

e 32 CYET BBIACJICHHUS JDKOYJIEBA TEIUIA IPU MPOXOKICHUU IIIEKTPUUECKOTO
TOKa 4epe3 UCIapsEeMbIi MaTEPUAJl WU YEPE3 UCITAPUTEID;

e B pe3yibTaTe 00MOApIUPOBKU MOBEPXHOCTU METalla YCKOPEHHBIM MOTOKOM
AJIIEKTPOHOB (DJEKTPOHHO-TYYEBOM HAarpeB) WJIM KBaHTaMH 3JIEKTPOMArHUTHOIO
U3ITy4eHHUs (J1a3epHbIil HarpeB);

e BBICOKOYACTOTHBIM JJICKTPUYECKUM MArHUTHBIM TI0JIEM (MHIYKIIMOHHBIH
HarpeB);

e DJIEKTPUYECKOU JTyTOM.

Br16op criocoba HarpeBa ¥ BUJ UCHIAPECHHS 3aBUCIT OT MPUPOJLI UCTIAPSIEMOTO
MaTepuana, e€ro HUCXoJHOW (opMbl (TpaHyJbl, MOPOIIOK, MPOBOJIOKA), TpeOyemoun
CKOPOCTH MCIIapeHusi, MTOCTOSHCTBA BO BpeMeHU U T.1. HanbombIiiee pacnpocTpaneHue
NOJIYYMJI HarpeB NpH TMOMOIIM D3JEKTPOHHOM OOMOapIMpOBKHU, YTO MO3BOJISET
nocturatk temmeparypsl 4000 rpagycoB Llenbcusi 1 BRICOKOW MJIOTHOCTHA DSHEPIUU B
Jay4e. DNEeKTPOHHO-IY4YeBOM crioco0 HarpeBa COCTOUT B, YTO HA M3JEJIHME HAMPaBISIOT
MOTOK 3JIEKTPOHOB OT KaTO/1a, YCKOPEHHBIX AJIEKTPUUECKUM MOJIEM J0 SHEPTruu S...25
k3B. TIoTOK 3JIEKTPOHOB (PJAEKTPOHHBIN JIy4) MOJY4alOT C MOMOIIbIO 3JIEKTPOHHO-
JY4YEBBIX ITyLIEK.
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B pesynbrare 00pa3oBaHus AaKTMBMPOBAHHOIO KOPIYCKYJISIPHOIO IOTOKA B
KOHTAKT C TOJUI0KKOM MeTaja JeTajal BXOAIT HEUTpaJIbHbIE YaCTHUIIbI (BO30YXK/ICHHBIE
U HEBO30YKJIEHHBIE) C BBICOKOI sHEprueil u noHsl. IIponecc B3auMoaecTBUs TaKOro
CJIOKHOTO IO COCTaBy ITOTOKAa C MOBEPXHOCTBIO METaJla CBOJUTCA K IPOTEKAHHIO
B3aMMOCBS3aHHBIX (PU3UUECKUX SIBICHHUI: KOHICHCAIINH, BHEJJPEHUS U PACTIBUICHUS.

Honnoe pacnoiienue. VIoHHbIE paCTIBUITUTENN PA3ICISAIOT HA JBE TPYIIIIBL:

e  IUIa3MEHHBIE, B KOTOPBIX MMILEHb HAXOJIUTCS B Ta30pa3psAHOM IIa3Me,
CO3/1aBa€MOM C TOMOIIBIO TJEIOIIET0, AYTOBOIO M BBICOKOYACTOTHOIO pas3psiia.
Pacnpiienne mnpoucxoauT B pe3ysbraTe  OOMOApAMpPOBKM MUILIEHH HOHAMH,
U3BJIEKAEMBIMU U3 IJIa3MBbI;

e  ABTOHOMHBIE MCTOYHUKH 0€3 (POKYCHUPOBKH U C (POKYCHPOBKOW HOHHBIX
IIy4YKOB, OOMOApIMPYIOMIMX MUILLIEHB (3arOTOBKY).

B Hauboniee mnpocToM cilydae CUCTEMa pACHbUICHHS COCTOUT U3 JBYX
3NICKTPOJIOB, TIOMEIIICHHBIX B BaKyyMHYI0 Kamepy (puc. 4.5). Pacnbuisemyro MuiieHb
U3 HAHOCHMOIO MaTepuaja pacrmojlaratoT Ha karonxe. Ha npyrom smekrpone Ha
pacCTOSIHUM B HECKOJIBKO CaHTHMETPOB OT KaroAa, YyCTaHaBIMBAIOT JETAIN
(momnoxku). Kamepy BakyyMHpyrOT, HAmOJHSIIOT paOouyMM ra3oMm (4amie BCEro
aproHoMm) A0 gainenus 1,33[la, 3axuraroT rasopaspsAgHyr IUla3My U
OOMOapIMpPOBKOKM HMOHAMH TPOU3BOJAAT OYUCTKY M3AENIHS OT TIOBEPXHOCTHBIX
3arpsi3HEHM, Janee OTPULATENIbHBIA TMOTEHLIHAT NPHUKIAJABIBAIOT K MHUIICHH U
pacnbuIIIOT ee. PacmbuisemMble  4YacTUIBl JIBWDXKYTCS 4epe3 Iuia3My paspsja,
OCaXJAIOTCSl Ha JIeTAIIX M 0o0pa3yroT MOKpbITHE. bonblias yacTe 3HEPrMH HOHOB,
OoMOapIUpyONIUX MUIICHB (10 25%) MePEeX0IUT B TEILIO0, KOTOPOE OTBOIUTCS BOJIOM,
oxJnaxaaromen karoa. OCHOBHBIM JOCTOMHCTBOM CHOCO0a SBIISIETCS BO3MOXHOCTh
MOJIYYEHUS] TOKPBITUA W3 TYTrOIUIABKMX METAJJIOB, CIUIABOB M XHWMHYECKHX
COECIVHEHN.

ﬁ

N

Puc. 4.5. llpunnunuaneHas cuctema
3 PaCTbUICHUS:
4 1 — xamepa; 2 — NOMAIOKKOJAEPKATEb;
3 — netanu (MOAJIOKKH ); 4- MUIIICHB; 5-
5 KaToJ; 6- 3KpaH; 7 — moaBoj paboyero
raza; 8 — HCTOYHMK IHUTaHUA; 9 —
6 OTKauKa.
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Maznemponnoe pacnovinenue. HaneceHue NMOKphITUN B BaKyyM€ C MOMOILBIO
MarHeTPOHHBIX CUCTEM 3aKJIOYAETCs B PACIBUICHUM TBEPJON MUIICHH HAMbLISIEMOTO
MaTepuajsa MOHAMHM HWHEPTHOrO Tra3a, OOpa3ylIIMMHUCS B IUIa3M€ AaHOMAJIBHOIO
TJICIONIETO pa3psiia NPU HAJOKEHUU HA HEro MAarHUTHOTO TMOJis, CUJIOBBIC JIMHUU
KOTOPOT'O OPTOTOHAIBHO MEPECEKAIOT CHIIOBBIE JINHUU MarHuTHOTO 1mouis (puc. 4.6) .

Puc. 4.6. Cxema MarHeTpoOHHOU
PACHBUIMTEIBHON CHCTEMBI C IUIOCKOU
MUIIICHBIO: 1- Karoj (MuIleHb);, 2-
MarHuTHasi CHUCTE€Ma; 3- UCTOYHUK
nuTtaHus; 4- aHox; S5- TpaekTopusd
JIBW)KEHUSI  DJIEKTpOHA;  6-  30Ha
pacnbUieHUsI; /- CWIOBasg  JIMHUA
MarHUTHOTO TOJIA.

OCHOBHBIMM 3JIEMEHTAMU MAarHeTpOHA SBIAETCS Karoj (MHILIEHb), aHOJ H
MarHuTHass cucteMa. CHIIOBBIC JIMHMM MAarHUTHOTO TIOJS 3aMBIKAFOTCS MEXIY
MOJIIOCAaMU MarHUTHOM cuctembl. [Ipu mopadye MOCTOSHHOTO HAMPSKEHUS] MEXKTY
MUILICHBIO (OTPULIATENILHBIM TMOTEHIMANA) U aHOJAOM (MOJOXKHUTEIbHBIA TMOTEHIMAN)
BO3HHMKAET HEOJHOPOJIHOE AJIEKTPUUECKOE MOJ€ W BO30YKAAETCs TIICIOMIMA pa3psi.
Hanuuue 3aMKHYTOrO MAarHMTHOTO IMOJS K PaclbUIIEMONM MOBEPXHOCTH MHUILICHH
MO3BOJIIET  JIOKAIM30BaTh IUIa3My pa3psla HEMOCPEICTBEHHO Y  MHIICHHU.
OMUTHpPOBAHHBIE C KaToJa IMOJ JACHCTBUEM HMOHHON OOMOApIMPOBKHU 3JIEKTPOHBI
3aXBaTHIBAIOTCSI MAarHUTHBIM TIOJIEM, U MM COOOIIAETCS CIO0XXHOE IUKIOUAATBHOE
JBIDKCHUE TI0 3aMKHYTBIM TPAaeKTOPUSAM Y TMMOBEPXHOCTEH MHIIEHU. JIEKTPOHBI
OKa3bIBAIOTCS KakK Obl B JIOBYIIIKE, CO3/1aBA€MOM C OJTHOM CTOPOHBI MAarHUTHBIM TOJIEM,
BO3BpAIAIOIIUM UX Ha KaToJl, a C JPYroi CTOPOHBI — MOBEPXHOCTHIO MUIIEHHU, UX
OTTAJIKUBAIOLIEH. DJIEKTPOH IUPKYJIUPYET B ITOM JIOBYLIKE JO TE€X IOpP, MOKa HE
MPOU30MIET HECKOJIBKO MOHU3UPYIONTUX CTOJKHOBEHHM C aTOMaMH padodero rasa, B
pe3yabTaTe KOTOPhIX OH MOTEPSIET MOJYYEHHYIO OT 3JIEKTPUUYECKOTO TMOJIsi SHEPIHIO.
Taxkum 06pa3om, OOJbINAsS YaCcTh PHEPTUU DJIEKTPOHA, MPEXKAEC YeM OH IMOMaaaeT Ha
aHOJI, UCIIOJIb3YETCS HAa MOHU3AIMIO U BO30YXKICHHUE, YTO 3HAUYUTEIIPHO YBEIMYUBACT
3 PEeKTUBHOCTH TPOIECCa MOHU3AIMU W TPUBOIUT K BO3PACTAHUIO KOHIICHTPAIUU
MOJIOKUTEJIbHBIX MOHOB Y TIOBEPXHOCTH MUIIEHHM M POCTY CKOPOCTH OCaXKICHUS
MOKPBITHSL.
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Honnoe ocasxicoenue nokpoimuil. ITOT CHOCOO Haulel NPUMEHEHUE B
PEHOBAIIMOHHOM MIPOU3BOJICTBE TUTSI HOJIy4eHUS U3HOCOCTOUKUX u
KOPPO3HMOHHOCTOMKUX MOKPBITUH KaK M3 YUCTBHIX METAJUIOB, TaK W U3 coeAuHeHui. K
METOJaM MOHHOTO OCAXJICHHUSI TMOKPBITHI OTHOCAT METOJIbI, B KOTOPBIX OcCa)aacMas
IJIEHKa TIOABEPracTcs WHTEHCUBHOMY  BO3JCUCTBUIO HMOHHOTO  KOMIIOHEHTA
KOPIYCKYJSIPHOTO TIOTOKa, OOECHEYMBAIOLIErO0 HW3MEHEHUS KaK B CTPYKType U
CBOMCTBax JeTalM, TaK U CaMOTO MOKPBLITHS. TakoW pe3ysbTaT BO3MOXKEH JUOO Mpu
BBICOKOM CTENEeHH WOHU3AIMK KOPIYCKYJSIPHOTO TMOTOKa (ra3o00pa3HOro Wiu
METaJUIMYECKOr0) OCaKJAEMOT0 BEIIECTBa, JUOO MPU BBICOKOW IHEPTrUUM HOHHOTO
KOMITOHEHTA KOPITYCKYJISIPHOTO MOTOKA.

[lo Tumy WCTOYHMKA TEHEpAlMd METANIMYECKOr0 KOMIIOHEHTAa IOTOKa
pa3inyal0T HMOHHO-TEPMHUYECKUE CHCTEMBbI PACHBUICHHUS M XOJOJHbIE CHUCTEMBI. B
NEPBBIX CUCTEMAaX NEPEBOJ NEPEHOCHMOI0 MaTepHalla U3 TBEPAOIro B MapooOpazHoe
COCTOSIHUE OCYUIIECTBIIIETCSI B PE3YyJbTaT€ TEPMHUUYECKOTO HarpeBa, BO BTOPOM -
pachbUICHUEM C MTOBEPXHOCTU MHTETPATILHO XOJIOJHON MUIIIEHH (KaTo/a).

OTU MeToAbl TO3BOJSIOT TMOJy4YaTh TMOKPBITUS C BBICOKUMH CIIYKEOHBIMU
XapaKTePUCTUKAMH KPUCTAJUIM3ALNH MIEHOK U UX CBOMCTBAMM.

Honno-ougpghyzuonnoe nacvlujenue. ITOT METOA Hauboiee HIMPOKO
NpPUMEHSETCS NIPU a30TUPOBAHUM CTajell U MeTayyioB. [IpenmyinecTsa nepes neyamu
OOBIYHOI'O Ta30BOr0 a30THUPOBAHMSI COCTOUT B COKpPAILIECHUH JJIUTEIBHOCTH IMKJIA B
3...5 pa3; yMmeHblleHuu AedopMallud BOCCTAaHABIMBAEMBIX AeTaneil B 3...5 pas; B
BO3MO>XHOCTH MHPOBEACHUS PETYIUPYEMBIX MPOIECCOB a30TUPOBAHUS C MOJYYEHUEM
CJIOEB C 3aJlaHHBIM COCTAaBOM M CTPYKTYpOH; B BO3MOKHOCTH YMEHBIICHUS
TeMmIeparypbl mpoiecca azotupoBanusa g0 350...400 °C, uto mo3BoMSIET M3GEKATH
pa3yNnpovYHEHUs MaTepualbl CepAIICBUHBI U3/ICNNI; B YMEHBIIICHUN XPYNKOCTH CJIOS U
MOBBIINIEHUU €ro CIYKEOHBIX XapaKTEPUCTUK; B TMPOCTOTE 3alIUThl OTHACIIBHBIX
YY4aCTKOB JIeTaJie OT a30TUPOBAaHMS; B YCTPAHCHMM OIACHOCTH B3pbIBA IE€UYU; B
CHIW)KEHUM YIENbHBIX PAacX0JI0B AJIEKTpHuecKoi sHepruu B 1,5...2 paza u padoyero
ra3a B 30...50 pa3; B yJIy4IlIEHUH YCIOBHI TPy1a TEPMHUCTOB.

CucremMa MOHHOTO HACBHIIIECHUS TPEACTABISIET COOON BaKyyMHYIO Kamepy, B
AIIEKTPUYECKOM IUIAHE PEATU3YIOIIYI0 JBYXJJEKTPOJHYIO CXEMY: KaTOI-3JIEKTPOJI C
JeTaIIMK; BTOPOM 2JIEKTPO]I (aHO) - 3a3€MJICHHBIN KOPMYC BaKyyMHOUM kamepsbl. s
IPOBEICHHUS] TPOLlecCa HOHOTO HACBIIIEHWS B BAaKyyMHYIO KaMepy MoJiaercs
JETUPYIOUMH MaTeprasl (JIEMEHT WM XUMHUYECKOE COEJIMHEHHE) B ra3000pa3zHOM
(mapooOpa3HOM) COCTOSIHMM, a K JeTalsiM MPUKIAJAbIBAETCS OTPULIATECIIHHBIN
noternrman - 300....1000B.  TIloBepxHocTs  w3genust  OombOapaupyercs
MOJIOKUTENIbHBIMU MOHAMM JIETUPYIOIIETO 3JIEMEHTa U3 Ta30pa3psIHOMN MIa3Mbl, YTO
MO3BOJIIET  3HAYUTENBHO  COKPATUTh  JUIMTEIBHOCTH  Mpollecca  HACHIIIEHUS
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noBepxHocTu. K HemocraTkaM MeToJa MOXHO OTHECTH HEBO3MOXHOCTH YCKOPEHUS
npoliecca MmyTeM YBEeJTUYCeHUS TII0OTHOCTA HOHHOTO TIOTOKA.

Honnoe necuposanue (umnianmayus). ViMnnanTaius CymecTBEHHO CHIXKAET
U3HOC M TpPEHUE, YBEIUYMBACT AHTUKOPPO3MOHHBIE CBOMcTBa wMetauia. [lpu
UMIUTAHTAllMd TOHKUWA TIOBEPXHOCTHBIM CJIOW W3JENHUS HACHIIAETCS BHOCHMBIM
3JIEMEHTOM, TOTOKOM MOHOB KOTOPOTO TIOBEPXHOCTh JETaiu oOpabaThiBaeTCs
(6boMmOapaupyercst).  MIMIIaHTHPOBAHHBIA ~ AJEMEHT  MOXKET  BXOJIWTh B
KPUCTAUTMYECKYIO PEIIETKY OCHOBBHI B BHJIE TBEPIOTO Teja, WIH 0OO0pa30BHIBAThH
BEChbMa  MEJIKOKPUCTAUTMYCCKUE  BBIACICHUS  XUMHUYECKUX  COCAMHCHHHA  C
KOMIIOHCHTaMH MarTepualia OCHOBBL. Kpome Toro, mnpu BHEIpEeHHWH HWOHA B
KPUCTAIUTMYECKON pEeIIeTKE HWHHUIMHPYETCS CMEIIEHHE AaTOMOB, TPUBOIAIIUNX K
o0pa30BaHHIO OOJBIIOTO0 KOJUYECTBA JI€(PEKTOB KPUCTANIMYECKOM PEIIETKH.
TonmmHaa 3TOr0 HACHIIIIEHHOTO JeheKTaMu W BCIEACTBHE 3TOTO YIMPOUYHEHHOTO CIIOS
BO MHOIO pa3 [peBbIIIAaeT TIJIyOMHY TPOHUKHOBEHHMs HOHOB. TommuHa
MOJIM(ULIPOBAHHOTO CJIOSI COCTABISET HECKOJIBKO MUKPOH.

4.4 TloBbllIeHHE IKCIIYATAIIMOHHBIX CBOICTB JeTajleii MAIMH MeTOJaMHu
MOBEPXHOCTHOIO mjiactuueckoro aepopmuposanus (IILI).

Cymnocts III1/] 3akmtouaerca B TOM, 4TO TpeOyemble pa3Mepbl U KayecTBO
MMOBEPXHOCTEN JI€TAlEH TOCTUTAETCS HE CPE3aHUEM MATepHuaja, a €ro IjIacTUYeCKUM
dbopmousmenenuem. B mpouecce I/ ogHOBpeMeHHO ¢ 00paOOTKOW MOBEPXHOCTH
JETAIM MPOU3BOAUTCS €€ YIPOYHEHME, U KAK CJIEICTBUE 3HAYUTEIIBHO YJIYYIIArOTCS
DKCIUTyaTallMOHHBIE CBOWCTBA JIETAJIM, MOBBIIIAETCS UX HaAeKHOCTh. [II1/] mo3Bomser
2(PEKTUBHO BIUATH Ha TMOBBIIICHHE JOJTOBEUYHOCTH JeTajei, padoTarImx B
YCJIOBUSIX 3HAKONIEPEMEHHBIX HArpy30K, TPEHUS U BO3ACHCTBUS KOPPO3UOHHBIX CPEI.
Bo mHorux cinywasx npumenennem IIII/] ymaércs moBeICMTH 3amackl MPOYHOCTH
neTaneil, paboTaroIMX MPU MEPEMEHHBIX Harpy3kax B 1,5-3 pa3za, yBeIMYHUTb CpPOK
CILyKOBbI B IECATKH pa3.

JIroboit merox IIIIJI, ocymecTBiasieMblii B paMKax TEXHOJIOTHYECKOTO
MapuipyTa TpU3BaH 00ECTeUnTh HEOOXOIMMBbIE EUCTBHSI HAJ 3aroTOBKOW JIJIst
MOJYYEHHUS] JEeTaau OMNpeAeTIeHHOTro KadecTBa. Onepanuu yIOpOYHEHHS METOJaMHU
[TIT/] BKJIFOYAOT B TEXHOJIOTUYECKHAM MTPOLIECC JJIs1 PEIIEHUS CICAYIOIINX 3a4aY:

- YIOPOYHEHHE MOBEPXHOCTU AECTAIM TMPHU YCJIOBUU IMOJYYCHUS MUHUMAIbHOU
IIEPOXOBATOCTU WUJIM 3aIaHHOTO MUKpopenbeda;

- YIPOYHEHHUE JCTaIM C 00ECIeUYeHUEeM MaKCHMAJIbHOTO TMpHUpalleHus mpeaena
BBIHOCJIMBOCTH, N3HOCOCTOMKOCTH U APYTUX IKCIUTyaTaAllMOHHBIX CBOWCTB;

- YOPOYHEHHE TOBEPXHOCTHU B YCIOBHUSX JOCTHUXKEHUS MAaKCUMAJIbHO
BO3MOYKHOTO UCIIPABJICHHS] HETOYHOCTEH pa3MepoB U (hOPMBI ACTAIIH;
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Otu 3amaun B npouecce Il pemarorcss u3MeHeHHMEM psiia TapaMmeTpoB
KauecTBa MOBEPXHOCTU U CBOMCTB MaTepHuaia MOBEPXHOCTHOI'O CIIOS:

- (hopmMupyeTcs KaueCTBEHHO HOBAsi MAKPO - U MUKPOT€OMETPHS TOBEPXHOCTH;

- B IOBEPXHOCTHOM CJIO€ BOBHUKAIOT OCTATOYHBIC MAKPOHAIIPSIAKEHUS CHKATHS;

- KpUCTAJUTMYECKas pelleTka MaTepuaia IMOBEPXHOCTHOTO CJIOSI MOJy4yaeT
YOPYTOMJIaCTUYECKUE MCKAKEHUS, MPUBOJAAIINE K (POPMHUPOBAHUIO OCTATOUYHBIX
MaKpOHaIpPsKEHU;

- uU3MeHsieTcs (opMa, pasMepbl M OPUEHTHPOBKA 3€pEH, UTO CIOCOOCTBYET
(GbOpMHUPOBAHUIO TEKCTYPUPOBAHHOTO CJIOS;

- B 3aKaJCHHBIX CTalsX CHIKAETCA KOJIMYECTBO OCTATOYHOIO AayCTEHUTA H
MPOUCXOJUT  BBIJICICHUE MEJIKOJUCIIEPCHOM  KapOWAHOW  (pa3bl, MOBBIIIACTCS
IUIOTHOCTE JUCJIOKAITH.

Cnenyer OTMETHTh, 4YTO J()PEKTUBHOCTH YNPOYHEHUS TECHO CBs3aHA C
WHTEHCHUBHOCTBIO YIPYTOIJIACTUYECKON JeopMmanuu maTepuaia MOBEPXHOCTHOTO
ciosi B niporiecce TIIIJI. [Ipu I/ ynpyromnactudeckas aedopmaiusi MOXKET OBITh
OCyIIECTBJICHA JBYMsSI CIIOCOOaMM BO3JCHCTBUSI Ha TMOBEPXHOCTH jaetanu. JIubo
TBEPJBIMH TeJIaMH, JTMOO KOHIIEHTPUPOBAHHBIMU MTOTOKAMHU (TIOJISIMHU ) DHEPTHUH.

[IITJ] TBepapIMU TenaMu SIBJISETCS HanboJiee paclpOCTPaHEHHBIM CIOCOOOM
ynpouyHeHus. Ero ocymecTBislOT IyTeM BO3ACHCTBUS Ha 00pabaThIBaeMYyO
MOBEPXHOCTh OJIHOTO WMJIM HECKOJIbKUX oOpabaTreiBaromux Ttei. IToT crocod ITIJ]
JICKUT B OCHOBE II€JION TraMMbl METOJOB, KOTOpPbIE IO XapakTepy CHIOBOTO
B3aMMOJICUCTBUS 00pabaTHIBAIOIIETO Tejia ¢ 00pabaThIBAEMOM MOBEPXHOCTHIO MOKHO
pa3ze’nTh Ha JIBe OOJIBIIIKE TPYIIIbI: KBA3UCTATUYECKUE U JUHAMHUYECKUE (YIapHbIe).

KBasucraruueckue mnpenmnonaraioT co3gaHue AehOpPMAIMOHHOTO YCHIIUS OT
00pabaThIBAIONIETO TeJIa MIPU €r0 HEMPEPHLIBHOM KOHTAKTE C JIETAJIbI0. Y CIIOBHO OHHU
OTJIMYAIOTCA OT YAApHBIX METOAOB OTCYTCTBUEM HWHEPIUOHHBIX CHUJI TIpH
B3aMMOJICHCTBUU oOOpabaThIBalolIero Tena ¢ jAeTtanbio. [lpu guHaMHYEeCKUX -
njactuyeckass  gedopManusi MOBEPXHOCTHOTO  CJIOS  OCYIIECTBISIETCS — IMYTEM
MHOTOKPAaTHOTO  yJapHO-HUMIYJbCHOTO  BO3JEHUCTBHUS ~ 0OpalOaThIBAIOIUX Tl
DHEProHecyImed cpenbl Ha oOpabaThiBaeMyr0 TIOBEpXHOCTh. B »ToM ciyuae
DHEPrOHECyIass Ccpela MHOTOKpPaTHO BO3JEHCTBYET Ha Bce o00pabdaThIBaeMylo
MOBEPXHOCTh WUJIM €€ YacTh, MPU ITOM CHJIa BO3JIEUCTBUA oOpadaThIBaromuX Tea P B
Ka)XJIOM ITUKJIE U3MEHSETCS OT HYJIS WKW OT HEKOTOPOTO 3HaueHus P; 10 Mmakcumyma,
a B ClIy4ae JIOKaJIbHOTO yJIapHOTO BO3ACHCTBUS oyar J1e(GopMHUpPOBaHUS MOXKET (KakK U
B CTaTUYECKHUX METOJaX) TOCJIEI0BATeIbHO W PAaBHOMEPHO MPOXOAUTH BCIO
o0pabaThIBa€MyI0 MOBEPXHOCTb.

[Tpu nucmonp30BaHUN B TEXHOJIOTHUECKUX TENSIX (PU3HKO-XUMHUECKUX SIBIICHUH,
MOBEPXHOCTHAS TIUIACTUYECKass JAedopManusi OCYIECTBISETCS "OECKOHTAKTHBIM
crocoboMm" — myTeM BO3JCUCTBUS Ha MOBEPXHOCTh PHEPrOHECYUIEH cpelbl B BUIE
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KOHILIEHTPUPOBAHHOTO moTOKa 3Hepruu. K umciy takux meronoB [T oTHOcsTCA:
00paboTKa B MArHUTHOM MOJI€, B3PHIBHOM BOJIHOM, AJIEKTPOHHO-UOHHOW U KBAaHTOBOMU
TEXHOJIOTUEH, UMIYJIbCHBIMU BO3AYIIHBIMU CTPYSIMHU, OapodparMeHTanus. XapakTep
CHJIOBOTO BO3CHCTBHS Ha 0OpabaThiBaéMylO0 IMOBEPXHOCTh MpU 00pabOTKE 3TOM
IPYIIION METOJIOB MOKET OBITh UMITYJBCHBIM U MOCTOSIHHO HAPACTAIOIIHM.

IIpumensiemble B mpaktuke mnpouecchl IIII/] xapakTepusyroTcs Hanu4uuem
HEMPEPBIBHOTO WJIM JUCKPETHOrO KOHTakTa. llocnenHuwe, npeAcTaBisiOmMe B
OCHOBHOM TpYIIy JWHAMUYECKHX METOJ0B OOpaOOTKM TBEPIABIMH TEIaMH, MOTYT
OBITH pa3/ieNieHbl Ha MPOIIECCHl C PETYIAPHBIM U CO CTOXAaCTUYECKUM (POPMUPOBAHUEM
JOKaNIbHBIX o4aroB aedopmaruu (ormneuyatkoB). K duciy AMHAMUYECKHX METO/OB
[II1/1, mpu oO6paboTKe KOTOPHIMU (POPMHUPOBAHUE JIOKAJIBHBIX O4YaroB Jedopmanuu
HOCUT PEryJspHBIA XapakTep, OTHOCATCA METOAbl O00pabOTKH E€AMHUYHBIM
WHJEHTOPOM WA HabOpoM MHAECHTOPOB. OCHOBHYIO IpyIily yaapHbIXx mMeTonoB [1I1/]
COCTaBJISIIOT METO/IbI 00pabOTKM CBOOOJHO IBHWXKYyIIUMUCS Tenamu. OHU 00safaroT
BBICOKOH J1e(pOopMHpYIOIIEH CIHOCOOHOCTBIO, PEryIMpyeMOld B IIMPOKUX Mpeaenax
SHEprueu yaapa, a Takke IPUTrOJHOCTBIO JJii 00pabOTKHU pa3HOOOpa3HBIX MO (Gopme
noBepxHocTed M T.1. CTOXacTMUYECKUH XapakTep (OpPMHUPOBAaHHUS JIEKUT B OCHOBE
JTUHAMUYECKHX METOJOB O0OpaOOTKM HaNpaBJI€HHBbIM IOTOKOM, IOPIUOHHBIMU
Maccamy U € COYJJTapEHUEM YACTUL JHEPTOHECYILIEN CPEBL.

[Ipu oOpaboTke aetaneil cBOOOJHO MBIKYLIMMUCSI TEJIaAMH, MOBEPXHOCTHOE
MJIACTUYECKOU J1e(popMUpOBaHUE OCYIIECTBIISIETCS B PE3YJIBTATE YAAPHO-UMITYJIBCHOTO
BO3JICHCTBUS HA 00padaThIBAEMYIO MMOBEPXHOCTh OTJEIBHBIX 00padaThIBAIOIINX TEN, B
KaueCTBE KOTOPHIX MOKET OBITh MCIIOJIb30BaHA CTalbHAs, UyT'YHHas, CTEKJISTHHAS WU
U3rOTOBJICHHAs U3 MaTepuala JeTaiu ApoOb pa3iuyHOM (QOpMbI, THUINIA U pa3Mepa.
[Ipumensiemble a1 00pabOTKHU eTaneil CBOOOJHO JBMKYIIIMMUCS T€JIaMH YCTaHOBKHU
OTIIMYAIOTCA JIPYyr OT JApyra CHocoOOM TMOJBOJA SHEProHECylled cpeapl B 30HY
oOpaboTku, pacxomoM obOpabateiBatonmx Ten U COTC B enuHuily BpEeMEHH H
JPYTUMH KOHCTPYKTHBHBIMU TTapaMeTpaMHu.

NHTEeHCUBHOCTL yNpOYHEHUs AeTanu Ipu npuMmeHeHnu meronoB IIIIJI, Taxxe
3aBUCUT OT CXEeMbl OOpaOOTKM TMOBEPXHOCTEH, OMNpenesieMOll KHHEMaTHKON
OTHOCUTEJIBHOIO JIBJKEHHS: ISl KBA3UCTATUYECKUX METOJOB — HHCTPYMEHTA U
JeTau, JUIsl IMHAMUYECKUX METO0B — SHEPTOHECYILEH CPEebl U ACTAIIH.

Takum oOpazom, oneparuu ynpounenust [IITJ[ B oOmem ciydae onpenensitores
YETHIPbMSI OCHOBHBIMU MPHU3HAKAMHU:

1) TEeXHOJIOTHYECKUM Ha3HAUYCHUEM,

2) w™eromom IIITJI — ompemeisiOmMM XapakTep CHIOBOIO BO3IEHCTBHS
oOpabaThIBaOMIMX T WIM DJHEPrOHECyIIed cpeapl Ha 00pabaThIBaeMyrO
MIOBEPXHOCTB;

3) cxemoii 00pabOTKH JICTaIH;
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4) TUIIOM WJIM BHJIOM 00pa0aThIBAIOIINX TEJI.

Oo6padotka IIIJ[ compoBOXIaeTCsi CIOXKHBIMU CTPYKTYPHBIMH M (ha30BbIMU
MpEBPAIICHUSIMU, XapaKTEPHBIMU [JIs1 (OPMHUPOBAHUSI TOBEPXHOCTHOrO cjosg. B
MEePBOHAYAILHBII MOMEHT, Je(GOPMUPOBAHUE B OOJACTH IIJIOCKOCTEH CKOJBKEHUS
MPOUCXOMAT UCKAKEHUE KPUCTALUTMYCCKON PEIIeTKH, B YaCTHOCTH €€ IOBOPOT, a
TaKK€ CMEIIEHHWE aTOMOB W3 TIOJOKEHUS YCTOMYMBOTO PABHOBECHUS W YIPYTHE
VCKPUBIICHUS TUIOCKOCTEH CKOJIbKEHUS. OJTH HCKaXCHHUS BbI3BIBAIOT IMOSBICHUE
JOTIOJTHUTENBHBIX HAMNPSDKEHUM, OCTAIOUIUMXCS TOCHe TPEKpallleHus HarpyKeHus
(HampsKEHUs TPETHETO POJIa).

[Ipu pedopmanuu MOAMKPUCTAIIA, COCTOSAIIETO K3 OOJBIIOIO YHUCIa 3€peH,
UMEIOIINX PA3INYHYI0 OPUEHTAITUIO KPUCTAILTOTpa)UIECKUX TUIOCKOCTEH, OTACTbHBIC
3epHa BO3JICUCTBYIOT NIPYT Ha APYTa, BBI3BIBAS TOSBICHUEC BHYTPCHHUX HAIPSHKCHHM.
[Tpu 3TOM OfHM 3€pHA WCTBITHIBAIOT HAMPSHKECHUS PACTSKEHUS —CKATHS, IPYTUE —
u3ruba, B OJHUX 3€pHAX 3TU HANpspKEeHUs OoJblie, B APpyrux MeHbine. edopmarus
OoJiee HAMPsHKEHHBIX 3€PEH CIASPKUBACTCS COCEAHMMH, MEHEe HampsbKeHHbIMH. B
pe3yibTaTe IMepBbie MPUOOPETAIOT BHYTPEHHUE HANPSHKEHUS CKATHs, a BTOpblE —
pactsbkenus. [locne CHSATUS BHEIIHMX HArpy30K BHYTPEHHHE HANPSDKCHHUS MEXIY
OTIICTLHBIMH 3€PHAMH MOJMKPHUCTAIIA COXPAHSIOTCS B HEM (OCTATOYHBIC HAIIPSHKCHUS
BTOPOTO poja — MEKKpHCTALIUTHBIC). C yBEIMUCHUEM pPa3HUIIBI B pa3Mepax 3epeH
MOJIMKPHUCTAJIIA HEOTHOPOAHOCTD HAIPSKEHHOTO COCTOSHUS YCUITHBACTCSI.

CkoNlb)keHHEe B KpHUCTAUIaX YMEHBIIACT CTPYKTYPHBIE HEOTHOPOIHOCTH
Ycrpanenue ke HEOTHOPOHOCTEW YaCTUYHO BOCCTAHABIMBAET PEaJbHYIO MPOYHOCTH
KPUCTAJUIOB M TOBBIIIAET BEIUYMHY KPUTHUYECKOTO HampspkeHus ciasura. [lomocs
CKOJIBKEHHS Pa3JIesIoT KPUCTAUT HA MEJKUE YacTH B BUJE IJIACTUHOK, MpeBparias
€r0 B MOJIMKPUCTAIII, COCTOSIIUN M3 MEJKUX BBITSHYTHIX 3epeH. V3MenpueHue 3epeH
MOJIMKpUCTaIIa yculuBaeT 3P¢GeKkT OJOKUPOBAHUS TIOCKOCTEN CKOJIBXEHUS OJHOTO
3€pHa COCEIHUMH 3€pHAMHU, C APYTrOM OPUEHTALUEN KPHUCTAJUIMYECKON PEIICTKH,
MO3TOMY CKOJIb)KEHUE, HauaBIIeeCs B OJJHOM 3€pHE, HE MOKET CBOOOTHO Pa3BHBATHCS
Jlajee ¥ TOPMO3UTCSI COCETHUMHU 36PHAMH.

B mporiecce cKoNbKEHUS MPOUCXOIUT BBITATHBAHWE 3€PEH TOJUKpPUCTAUIA B
HampaBjieHUU Jedopmaruu, B  pe3yJbTaTe Yero Co3JaeTcs  OmpeaesieHHas
OPHUEHTHPOBKAa TOHKHMX BBITSHYTBHIX 3€peH (TeKcTypa nedopmariuu). YBeTudrMBaCTCS
JIEHCTBHUE TOBEPXHOCTHBIX CHJI Ha TPAHHWIIAX 3€PEH, YTO TOBBIMIACT MPOYHOCTH IIO-
JUKPUCTAUIOB. Jlajmee BCIEACTBHUE YCHUJICHUS Pa3BUTHS CIBHUTOB IO IIJIOCKOCTSM
CKOJTBKCHHS 00pa3yloTcs HOBBIC, 3HAUMTEIBLHO H3MENbUYCHHBIC 3epHa. [Ipm 3TOM
KPUCTAJUTUTHI TEPSIOT CBOIO TIIOOOMIHYIO (POpPMY, CIUTIOIIUBAIOTCS, BBITATHBAIOTCS B
HampaBieHun nedopmupoBanus. Pe3ko H3MEHSETCS COOTHOIIEHUE WX Pa3MEPOB,
oOpa3zyeTcst ynopsiioueHHasi OpUEHTUPOBAHHASI CTPYKTYPa BOJIOKHHUCTOTO XapakTepa ¢
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AHU30TPONHBIMUA MEXaHUYECKUMHU CBOMCTBAMH, KOrJa IUIACTUYHOCTH BJIOJb BOJIOKOH
BBILIE, YEM B MTONIEPEYHOM HAIIPABIICHUH.

[Ipy CKOJIpXEHHM OJHOW YacTU KpHUCTaula OTHOCUTEIBHO JpYyrol Ha
IJIOCKOCTAX CKOJIBKEHUS BO3HMKAIOT OCKOJIKM 3€PEH, CO3JAI0IIME IIEPOXOBATOCTh
ITIOBEPXHOCTEN CKOJIbKEHHS, KOTOPAsi TOPMO3UT JAIBHENIIEE IEPEMEILICHHUE.

HN3menenne (opmbl KPUCTAIMYECKUX 3€peH B Ipolecce AepopMaiuu
CIIOCOOCTBYET MX MEXaHUYECKOMY CIICTUICHUIO U 3aTPYHSET B3aUMHOE MepeMEIlECHNUE,
HaOJIoAaroIeecs: Npu IMIaCTUYECKoN nedopmaiuu noiukpuctamioB. COBOKYIHOCTh
MEPEUUCIICHHBIX SBJICHUI BBI3BIBACT 00III€€ YIIPOUHEHUE AePOPMUPYEMOTO METAILIA.

C yBennueHHEM IUIOTHOCTH JUCIOKALMN YMEHBIIAETCS PACCTOSHHUE MEXKIY
HUMH, a 3TO NPUBOAUT K YCUJIICHUIO B3aMMOJCHCTBUSI MX MEXIYy COOOW U JPYTUMH
nedexramu pemietku. CONPOTUBICHUE JIBMDKECHUIO JHMCJIOKAIlMA BO3pacTaeT, a
CJIEI0BATEIbHO, BO3PACTAET U COMPOTHUBJIECHUE JepopManuu, T.€. IPOYHOCTh METaIa
yBenuuuBaeTcs. Pemerka mo naHHbM [17] BOkpyr AeeKToB MCKakeHa, €€ CTPOCHUE
HapymieHo. [loaToMy aTtomMamM W yd4acTKy pEIIETKH BOKpPYT A€(dEKTOB, B IEJIOM,
CBOMCTBEHHA TOBBIIICHHAs MOTEHIMAJIbHAsI SHEPrus. OTO O3HAYaeT, 4YTO MpH
COJIMDKEHUU JUCIIOKAIMi (HampuMmep, npu nedopmaiuu) Apyr ¢ APyroM BO3MOKHBI
JIBA CIIydasi:

1) mpu B3auMOAEHCTBUM TUCIOKAIMN MEXAY cOO00M (MU ¢ IpyruM ePeKToMm)
MMEET MECTO YBEJIMYECHUE HCKAKECHHM KPUCTALIMYECKOW pemeTkh. B 3Tom ciydae
conpoTuBjieHue Jaedopmalii BO3pacTaeT, 4YTO OyIeT O3HayaTh M[OBBILICHUE
MPOYHOCTH METANIIA;

2) npu B3aUMOJACHCTBUU JTUCIOKAIMK (WM IpYruX NePEeKTOB) MEXAy COOOM
MOYKET UMETh MECTO YMEHBIIEHUE UCKAXKEHUN KPUCTAIUIMYECKOM pelIeTkd. B atom
clly4yae CONMpOTHUBJICHHE Jie(popMaluy yMEHBIIUTCS, T.€. METAJT Pa3ylnpOYHUTCS.

OCHOBHOIl MPUYMHON YNPOUHEHHS SIBISIETCS JIABUHOMOJOOHOE pa3BUTHE
JTUCIOKAMi — Ae(PEKTOB KPUCTAJUIMYECKOW PEHIETKHM MeTajlla, CKalTMBAIOIINXCS
BOJIM3M JIMHUU CIOBUIOB, W TMOCJEAYIOLIEE 3acTpeBaHUE NEpel pas3IMyHOTO poja
NPEensSTCTBUAMH,  oOpasylomuMucs B Tporecce  AeQopMUpPOBaHUS WU
CYIIIECTBOBABIIMMH 10 Hero. Ilpm aedopMupoBaHWUM TMEPEHACHIIICHHBIX TBEPABIX
PacTBOPOB YAaCTUYHO IPOMCXOAUT MX pacrajl, B pe3yJibTaTe KOTOPOTO BBIACISIOTCA
MeJTbUalIliie YacTUIbl HOBBIX CTPYKTYPHBIX oOpa3zoBaHuil. [locnennue, BeICISIACH HA
MJIOCKOCTH CKOJIbXKEHUS, OJIOKUPYIOT pa3BuTue cABuroB. Ilpum pedpopmupoBanumn
cTayiel ¢ (peppuTO-NIePIUTHON CTPYKTYPOM pacragaeTcsi TBEPAbIA pacTBOP O-)Keme3a u
yIaepojia, pojib «IIUIIOB» UTPAlOT KapOWIbl JKeJe3a, BBIICISIONIMECS B BHUJIE OYEHb
MEJIKMX KapOWIHBIX BKIIOYEHHUH. BO3MOXHO M BBINAgaHHE COCIMHCHUN a30Ta —
HUTPUIOB. YBEIMUYCHUE TBEPAOCTH MPHU TUIACTUYECKOM Je(POPMUPOBAHUU CTaJIEH CO
CTPYKTYpPOW MAapTEHCHUTa 3aKajJKd OOBSICHSIETCS YACTUYHBIM IPEBpAICHUEM
OCTaTOYHOI'0 AyCTEHUTAa B MAPTEHCHT.

98



Y CTaHOBJIIEHHO, YTO UHTEHCUBHOCTh YIIPOUHEHUS CTAJEN TEM BBIIIE, UYEM MATYE
CTayb. Y HE3aKaJeHHBIX CTajell B pe3yJbTaTe MOBEPXHOCTHOIO Je(popMUpOBaHUS
MOKHO TMOJY4YUTh yBelMueHue TBepjocTu Oosnee yeM Ha 100%, a y 3aKaleHHBIX -
tTosibko Ha 10-15%. [IpupocT TBEpaOCTH OomnpeaenseTcss CTpyKTypoil nedopmupyemont
cranu. Haubornbliee moBbIIEHUE TBEPIOCTU HAOMIOAAETCA Yy CTalel ¢ ayCTCHUTHOM,
(dbeppuTHON U MAPTEHCUTHOM CTPYKTYpPaMH, HAUMEHBIIIEE — C IEPIUTHON U COPOUTHOI
CTPYKTypamMu. AOCOJIOTHBIA MPUPOCT TBEPAOCTH B pe3yJbTaTe€ COCTABISACT: s
MapTeHCUTHBIX CTpYKTyp - 180-320HB; mnst cramei, comepxkamux HW30BITOYHBIN
deppur - 60-120HB. 310 cBsizZaHO C TeM, YTO CTPYKTYPHBIE COCTABIISIOUIUE HUMEIOT
Pa3IMYHYI0 CIOCOOHOCTH K YIIPOUYHEHHIO.

JUIst CTpyKTypbl MapTEHCUTa TIIyOMHA YNPOYHEHHOW 30HBI OOJIbIIE, YEM IPU
T€X K€ YCIOBUSAX JUIsl APYTUX CTPYKTYyp. CTpyKTypbl cCOpOMTa MMEIOT HAWUMEHbIIIYIO
TIyOWHY IUIACTUYECKH J1e(hOPMHUPOBAHHOTO CII0s (puc. 4.7).
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Puc. 4.7. 3aBucuMOCTbh TIyOUHBI TIACTHYECKH aedhopMUpyeMol 30HBI h OT
rTyOuHBI oTnevarka hl muist yriaepoaucTsiX cTajeil ¢ pa3IuuHbIME CTPYKTYpaMu: a —
apMKOXkene30; 6 — crtanb 35; B — ctanb 45; T — ctanb 50; ® — pepput; M — MapTeHCHUT;
[T — mepnut; C — cop6ur.

JlepopMalilnoHHOE YNPOYHEHHE XapaKTEPU3YETCs YBEJIWYEHUEM IPEIEIIOB
TEKy4eCTH, TBEPAOCTH, XPYNKOCTH M CHI)KEHHMEM IIIacCTUYHOCTH. lIperepmenaror
U3MEHEHHUS N10J13y4€eCTh, BHYTPEHHEE TPEHUE, SJIEKTPOCOIPOTUBIIEHUE, KOOPLUTHUBHAS
CWJIa, MarHUTHasl IPOHULIAEMOCTb, OCTaTOYHAsI MHAYKLIHS. DT U3MEHEHUS (PU3UKO-
MEXaHUYECKUX CBOMCTB IOBEPXHOCTHOTO CJIOSI METajlla 3aBUCAT OT CTENEHU
IJIaCTUYECKON AedopMalvi, U UX HEOOXOJMMO YYUTHIBATH MPU BHIOOPE PEXKHMOB
[T/ momsa meranei pa3auyHOTO HA3HAYCHUS.

VBenuueHWe  KOHLEHTpAalMM  TOYEYHBIX M JIMHEHHBIX  J1e(EeKTOB
KPUCTAJNIMYECKOTO CTPOEHUS U 00pa3oBaHUE CyOMMKPOCKONMUYECKUX (HEOMaCHbIX U
HEBPE/IHbIX) TPEUIMH TAK)KE YBEJIMYUBAET YAENIbHbIH 00beM MeTtamna. CyMmapHOe
MaKCUMaJIbHOE YBEJIMYEHHUE YIENbHOro oObeMa nis craneil pocruraer 1,1%. Oto
oOycnaBiaMBaeT 00pa30BaHUE B IJIACTUYECKH N€POPMHUPOBAHHOW 30HE OCTATOUYHBIX
HaIpSOKEHUN CKaTHsl, KOTOPhIE B 3aBUCUMOCTH OT MaTepHalia U MeToja o0paboTKu
nocturatoT 1200-1500 MIla; rimyOuna 3anmeranusi HanpspkeHud oObiyHO Ha 10-15%
MPEBBIIIAET TIIYOMHY CJ0S C MOBBIIIEHHON TBEPAOCThI0. MakcuMalbHOE HANPSKEHUE
Yale BCEr0 HEMOCPEICTBEHHO HAa MOBEPXHOCTU WM HAa HEKOTOPOM PACCTOSHHUH OT
MOBEPXHOCTH, YTO OOYCJIOBJIICHO TEIUIOBbIMU siBleHusiMu B mpouiecce I[III. I[Tpum
ucnons3oBanun B mpouecce I COTC, noacioiHbIi MakCUMyM HOpPaKTUYECKH
ucuyesaer [16].

XapakTtep  paclpeiesieHHsl  OCTaTOYHBIX  HampsDKeHUW 1o riayOuHe
YIPOYHEHHOT0 OBEPXHOCTHOTO CJIOS, KaK MPaBUJIO, UMEET BHUJI MPEACTABICHHBIA Ha
puc. 4.8. PaznuuHble TEXHOJIOTHYECKHE PEKUMBI BIHMSIOT Ha TIyOMHY 3ajJeraHus
OCTAaTOYHBIX HAIPSDKEHUH, KOTOpas YBEJIWYMBAETCS NPOMNOPLHOHAIBHO POCTY
pa3MepoB IJIACTUYECKOro OTnevyaTka. Ha MHTEHCMBHOCTBH CHOKMMAIOLIUX HAaNpPsSKEHUM,
OCHOBHO€  BJIMSIHME  OKa3bIBa€T CKOPOCTh  IUIACTHUECKOW  nedopmanuu H
POJIOJKUTEIBHOCTh 00Pa0OTKH.
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Puc. 4.8. Dmiopsl 0CTaTOUHBIX HAMPSKEHHUH MO TITyOWHE YIIPOYHEHHOTO CJIOS B
obOpasuiax wu3 cramu 18X2H4BA mocne: 1- papoGectpyuHoil 00pabGoTku; 2-
HEHTPOOEKHO-IIAPUKOBOIM 00pabOTKH; 3- pacKaThIBaHUSI.

dopma KpUBOM pacnpepesieHUs] MUKPOTBEPIOCTH IO TIIyOUHE YIIPOYHEHHOTO B
npouecce IIITJ[ MOBEPXHOCTHOrO CJIOSA 1O HEKOTOPOrO MOMEHTAa HE HMEET
nojacnoitHoro makcumyma (Puc. 4.9). 3aBucMMOCTh TIyOWHBI W HMHTEHCHUBHOCTH
MPUPOCTAa MUKPOTBEPJIOCTA OT TEXHOJIOTHUYECKUX PEKUMOB MPAKTUUYECKU TaKas Xe,
KaK ¥ JJI1 OCTAaTOYHBIX COKMMAIOIIMX HamnpsbkeHwil. Ho mpu 1auTensHOM BpeMEHH
YOPOUHEHUSI POCT MHUKPOTBEPIOCTH HA MOBEPXHOCTH Mpekpamaerca. Hecmorps Ha
JAJbHEUIINA POCT MUKPOTBEPJIOCTU MOJI MOBEPXHOCTHIO, SIBJIEHWE MOBEPXHOCTHOTO
NEepPEeyNPOYHECHHS] OTPHULIATENIBHO CKa3bIBAETCSI HA KOHTAKTHOW BBIHOCIHUBOCTH H
YCTAJIOCTHOW ITPOYHOCTH JAETAJIEH.
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Puc. 4.9. VI3meHeHne MUKpPOTBEPJOCTH 3BOJBBEHTHI 3y0a IIECTEPHU U3 CTaIU
20X3BM® B 3aBUCUMOCTH OT MPOJOJBKUTEIBHOCTH 00paboTku. OOpabaThIBaroIias
cpena CMeCh CTalbHBIX M TBEPAOCIUIaBHBIX apoB: | — ucxoanas; 2 — T=300mun; 3 —
T=180 mun.

Ha puc. 4.10 nmpuBoasTCsS KpUBBIE YCTAJIOCTU JjIsi 00pasloB YIPOUHEHHBIX
pasubiMu merogamu 1T/ .
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Puc. 4.10 Pe3ynbraThl HCHOBITAHUH HA YyCTaJOCTh OOpa3lOB W3 CTalIH
19X2H4BA mnocne: 1 — apoGectpyiiHoit 00paboTkH; 2 — MEHTPOOEKHO-IIIAPUKOBON
00paboTKH; 3 — pacKaThIBaHUSI.

CormnocrapiieHUE KPUBBIX, MpecTaBieHHbIX Ha Puc. 4.8-4.10 no3BoJiseT caenarhb
BBIBOJI, UTO YBEJIMUCHHE TIpejieia YCTaJOCTH OMPEACNsIeTCS HE CTOJIBKO METOJO0M
[TI1/], CKOJIBKO TEXHOJOTUYECKUMH PEKUMaMH, OOYCIaBIUBAIONIMMHU YBEIMUYCHUE
TIyOMHBI U MTHTEHCUBHOCTH TIIACTUYECKHU AE(POPMUPOBAHHOTO TTOBEPXHOCTHOTO CIIOSI.

ITpomecc o6pabotku neraneit meromamu IIIT[] compoBoXkmaeTcsi BbIIECICHHEM
TEIJIOThI, KOTOpash HarpeBaeT oOpabaTbiBaeMylo JeTallb, 0OpadaThiBarolIue Tesa, a
TaKXKe OKpYyXKawllyto cpeny. Terora aepopMUpOBaHUSI TEHEPUPYETCS B odyare
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nehopMUpOBaHUS, TEIJIOTAa TPEHUS — HEMOCPEICTBEHHO Ha MOBEPXHOCTHU KOHTAKTA.
McTouyHUK TEmIoThl — MECTHBIA, XapakTepusyemblii 3¢G(EKTUBHON TEMIOBOM
MOIIIHOCTBIO, T.€. KOJMYECTBOM TEIUIOTHI, OOpa3ylomie B €AMHUILY BPEMEHHU, U
pacmpezieieHueM TeIIoThl o o0bemy. Temnora oOpa3yeTcsi B OCHOBHOM BCJIEICTBHE
IUTACTUYECKOTO J1e(hOPMHUPOBAHHUS, IOATOMY UCTOUYHUK TEIJIOTHI COOTBETCTBYET (popMe
ouara aegopmupoBanus (puc. 4.11), a cam mporecc xapakTepu3yeTcsi MTHOBEHHBIM
JIOKaJIbHBIM HarpeBOM U OBICTPHIM OTBOJOM TEIUIOTHl BHYTPh 0OpalaThIBaroIien
netanu [9,8,7,34].

oz ¥

Puc. 4.11. Cxema HOpMaIbHO-CPEPUIECKOTO UCTOYHUKA TEIUIOTHI.

Tak kak Ha pa3Mepnl ouyara AedOPMHPOBAHUS BIUSIOT MHOTHE IMapaMeTpbl
00pabOTKH, TO BpeMs HarpeBa 3aBUCUT HE TOJBKO OT CKOPOCTH, HO M OT JIaBJICHUS U
pa3MepoB 00pabaTHIBAIOIINX TEN.

[Ipu MHTEHCHUBHBIX peXHMaxX O0OpPabOTKH JIOKAJIbHBIE YYACTKH MOBEPXHOCTHBIX
CJI0EB HATPEBAOTCS [0 PA3IHYHON TEMIIepaTyphI: IIpH oOKaThiBaHmH — 10 300-400 °C,
npu BeIrTaxuBaHud — 10 600-700 °C, mpu yaapusix Meromax — g0 800-1000 °C. TIpu
stoMm, wucnonb3zoBanne COTC mo3BoNIET CHU3WTH TEMIIEPATypy B  30HE
nehopMUPOBaHHUS B HECKOJIBKO pa3 [16].

TernoBo#t »ddext mpucymuit [I1]] mMoxxeT BBI3BIBATH TEPMOILUIACTHUECKOE
neopMUpOBaHUE W JpYrHUe SABJICHHS, CHWXaomue dS(PPeKkT ynpodHEeHHs.
Tepmorutactuueckoe nepopmMupoBaHHE NPUBOAUT K PE3KOMY CIHAAy OCTAaTOYHBIX
CKUMAIOLIMX HaNpsHKeHW Ha TOBEPXHOCTH, a B HEKOTOPBIX Ciy4asix — K
NpEeBpallleHUI0 UX B pacTaruBaromme. MoryT oOpa3oBBIBaTbCS TAKKE BTOPUYHbBIC
CTPYKTYpPbl, CHWKAIOLIME SKCIUIyaTal[AOHHbIE CBOWCTBA MOBEPXHOCTH. CTBIKU
CTPYKTYp SIBJISIFOTCS KOHIIEHTPATOPAMM HAIpPSKEHUM, 4TO MPUBOJIUT K 3aPOKICHUIO
YCTAJIOCTHBIX TpemuH. HeoOXonuMo ycTaHaBIMBATh TaKUE CHUJIOBBIC IapaMeTphl
00pabOTKM KOHKPETHBIX MaTepUalioB, KOTOpPHIE HE BBI3BIBAIOT  IOBBIIIICHUS
TEeMIEPaTypbl MOBEPXHOCTH 00Jiee TOMyCTUMOIA.

Kak 1mpm kBazucrarmdyeckoM, Tak M TNPH yAAPHOM  BO3ACHCTBHH
00pabaThIBAIOIIMX TEJN SHEProHecyllel cpeapl Ha oOpabaTbiBaeMOW MOBEPXHOCTH
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dbopMHpyeTCST  COBOKYMHOCTb  IJITACTUYECKHMX  OTIEYATKOB  OOpa3ylolMux  Ha
MOBEPXHOCTH XapakTepHbIH 11 o0paboTrku Metomamu I[II1J] mukpopenned. Kak
nokazaHo Ha puc. 4.12 mnmactuyeckoe AehOpPMHUPOBAHHE TMOBEPXHOCTU TIOJ
€AUHUYHBIM OTIIEYATKOM IPOUCXOJIUT PABHOMEPHO IIPU 3TOM, KOIUPYS C HEKOTOPBIMU
UCKaXCHUSIMH (PopMy MOBEpXHOCTU 0OpabaThiBatonux e [9].

1121 F TI 1.
LIl T

b et
g

188

Puc. 4.12 3ona pacnpocTpaHEHHs IUIACTUYECKOTO  Je(hOpMHUpPOBAHUS
BHU3YaJIM3UPOBAHHAS 110 UCKAKECHUIO TPSIMOYTOJIBHOMN CETKH.

[nyOuna mnactudeckd  ae(OpMUPOBAHHOTO  IMOBEPXHOCTHOTO  ciiost  h
IPOTIOPIIMOHATIFHA IUAMETPY TUTACTHUECKOTo otredyarka d . JIis pa3nuyHbIX yCIOBUH
obpabotku h=1... 2d.

3aBUCHMOCTh MEXy AMaMETPOM ILIACTUYECKOro orneyarka d, popmupyemMoro
Ha TOBEPXHOCTHU, M CHJIOBBIM BO3JEHCTBHEM 00pabaThIBaIOIIEro Tesa (Harpumep
chepudeckoro HMHAECHTOpa) P mpu ero BHEApPEHUM B YOPYrod M IUIACTUYECKOMN
oOnacTsx onuckiBaeTcsl ypaBHeHussMu ['epua u Meiiepa:

P= S
3D 1= p +1_’u 1
E E,
P=ad",

rae D - muamerp cepuyeckoro mHACHTOpa; E,E, - MOAYNIHM YOPYrocTH MaTepualia

37

(4.2)

chepruvecKoro MHICHTOpPA W 00pabaThiBaeMOro Marepuana; i, 4 - KOdDPUITMEHTHI
[Tyaccona marepuana chepuyeckoro MHJIECHTOpa U 00padaThIBAEMOT0 MaTepuana; a,n
— KOHCTAHThI TJIACTUYHOCTH.

Opnnako 5Ty GOpMYJIBI HE YUYUTHIBAIOT TPEHUE B 30HE KOHTAKTa M CIIPABEJIUBbI
JUIsL  ycnoBHM  e)OPMHUPOBAaHUS, KOT/a KOHTAaKTUPYIOIIUE Tela W30TPOIHBI,
MOMUMHAIOTCS 3akoHy ['yka, IIomaab KOHTaKTa Majla M Harpy3Kd TPHIIOKCHBI
NEePHEHANKYIIPHO K oOpabaTpeiBaeMoii moBepXHOCTH. Bmecte ¢ Tem mporeccs TITTJ]
MpOTEKalOT B 00Jiee CIOXKHBIX YCIOBUSX, MOTOMY YKa3aHHbIE (OpMYJbl B JIAaHHOM
BUJIE MMEIOT OrPAaHUYEHHOE MPUMEHEHHWE M TIOKa3bIBAIOT OCHOBHBIE CHJIOBBIE
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3aBucumoctu 1ipu T1I1T/1.

MHOrokpaTtHoe NpUI0KEHUE OJTHOM U TOU JKE CTATUYECKOW CHUIIOBOM HATPY3KH
Ipy BIABJIMBAaHUK 00padaThHIBAIOUIETO Tejla B OJHO M TOXKE€ MECTO HE MPHUBOJUT K
3aMETHOMY YBEIIMYCHHIO pa3MEpPOB INIACTHUECKOTrO oOThedyarka. B pabore [17]
MOKAa3aHO, YTO B OTJIMYME OT CTAaTHYECKOTO, TPU YJapHOM BO3JCHCTBUU
oOpabaTpIBafOIIETO TeJa C POCTOM 4YHCIa coydapermid g0 15-20 pasmep
MJIACTUYECKOT0 OTMedaTKa JUisl Pa3jNYHbIX YCIOBUNH OOpaOOTKM YBEIWYUBAETCS B
1,25-1,55 pasza (puc. 4.13). YcTaHOBIIEHO, YTO YyBeJIWYEHUE OyIEeT MEHBIINM, €CIIH
[I1[] nonBepratotcst 0osiee TBEpAbIE CTANMU, MPU ITOM, KaK BUIHO U3 MOJYYEHHOIO B
pabotre [30] cooTHomieHMs, auaMeTp oOpadaThHIBAIOMIETO Tella HE OKa3bIBAET
CYILIECTBEHHOI'O BIMSIHUS HA POCT MJIACTUYECKOro oTneyarka: d max/ d =1,55—- HB/1000.

I'mybuna mactuyecku  J1e(OPMUPOBAHHOW  30HBI, IOJYYEHHOM  1MpHU
MHOTOKPaTHOM YJapHOM BO3JEMCTBHM, MPAKTUUYECKH paBHA INyOMHE IUIACTUYECKH
ne(OPMUPOBAHHON 30HBI, MOJIYYEHHOW MpPH KBA3UCTAaTUUYECKOM OJHOKPAaTHOM
BO3JICHCTBUM MHACHTOpPA, IPU YCIOBUM PpABEHCTBA JUAMETPOB IUIACTHYECKHX
oTre4yaTkoB. [103TOMy 3aBHCUMOCTH CHIJIOBBIX NapamMeTpOB HArpy3kKd OT TIIyOWHBI
IUTACTUYECKU JE(POPMUPOBAHHOTO CJIOS JUIsl YCIOBHM KBAa3UCTATHYECKOIO CHUIIOBOIO
Harpy>XeHusi MOTyT ObITh IPUMEHEHBI JJIs1 YIAPHOTO CHJIOBOTO HArpy>KEHHUS.
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Puc. 4.13. VI3ameHeHue quaMeTpa oTieyaTka Npy YBEJIIMUCHUH YHCIIa YIApOB: a —
Cr3,HB112; 6 — 12XH4BA,HB340; B — 35XM,HB207.

XapakTep yIapHOro CHJIOBOIO BO3JICHCTBHUS OINPEAEIACTCA DHEPrUEr ynapa,
pa3BUBaeMoOil  00pa0aTHIBAIONIMMU TEJIaMU ¥ CKOPOCTBHIO  Je(hOPMHUPOBAHMS.
OOpabartbIBaroliee TeNo, MOMUMO MOJIE3HOW paboThl JepOPMUPOBAHUS, 3aTPAUHBACT
PHEPTUI0 Ha YNOPYrHd OTCKOK M Ha TMpeojosiieHue cwin TpeHus. [loatomy
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PEKOMEHTyeTCsl MOTEHUMAIbHYI0 PHEPrUi0 00padaThIBAIOUIErO Tella, Hampumep, Npu
00paboTKe KOHCTPYKLIMOHHBIX cTajeil mpuHumarb Ha 15-20% Oosblie mnoJjie3HOU
pabotsl nepopmupoBanusi. BenuunHna sHEprun yrnpyroro orckoka oopadaThIBaroIIero
TeNa 3aBUCUT OT MAcCChl, KECTKOCTU 0OpabaThIBaeMOU JeTalnu U XapaKTePUCTHK €&
MaTepHuaa, OHa MOXKET cocTaBisATh 25-30% u Goutee.

Ha puc. 4.14 narmsagHO MOKa3aHO, YTO NMPU YAAPHOM CHIIOBOM HarpyKeHHH
o0pabaTbiBaeMO MOBEPXHOCTH MO CPABHEHHIO C KBa3UCTATUUYECKUM HAarpy»KEHUEM, B
3aBUCUMOCTH OT TBEPJIOCTH oOpabaTbiBaeMoro martepuaia tpeoOyercs B 1,7-2,8 paza
oonpiie sHepruv. OnHA U3 TPUYMH 3TOTO 3aKIIOYAaeTcsl B TOM, YTO 4YeM OoJiblie
CKOpPOCTb  HArpy>K€HHs, TE€M MEHbIIE BpeMsl MPOTEKaHUS  IUIACTUYECKOTO
neopMUpPOBaHHUS, a CIEAOBATENIBHO, BBILIE HAMPSKEHUE, IPU KOTOPOM MPOUCXOIUT
nepexoq OT yopyroro aepopMUpoBaHusi K IutactudeckoMy. llpu yBenmueHum
CKOpPOCTH yaapa A0 7-8 M/C JUHAMHYECKUU Mpeesl MPOYHOCTH CTalld MHTEHCHUBHO
BO3pAacCTaeT, NPU JAIBHEUIIEM YBEJIMYEHUN CKOPOCTH IPENE IPOYHOCTH U3MEHSETCS
HE3HAYNUTEIBHO.
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Puc. 4.14. VYBenuuenue sHepruu BaaBnuBanus | = Ey/Ecm npu ymaprom

HAarpy>K€HHMM MO CPABHECHHUIO CO CTAaTUYECKUM HArpy>KE€HUEM I MaTepUaliOB
Pa3IMYHOM TBEPIOCTH.

VYBenuuenne ckopocTu HarpykeHus g0 100 m/c mPUBOIUT K TOBBIIICHUIO
npejena TeKy4ecTd, HalpuMep, JUIs xKene3a apMko — B 3,4 pasa, mida ctaim 45 — B 3
paza, mma Cr3 — B 2,8 paza. llpenen mnpoyHocTH sl YIVIEPOAMCTBIX
TepMoOpaboTaHHbIX cTaneil Bo3pacraeT Ha 43 %, nns apmko-xkeneza — 55 %, T.e. ¢
YBEJIMYEHUEM TBEPAOCTU MaTepHalia MHTEHCUBHOCTh U3MEHEHUS 3TUX XapaKTEPUCTHK
yMeHbpIIaeTcsi. MeHbllle BCEro YKa3aHHbIE XapaKTEPUCTUKA W3MEHSIIOTCA IS
BBICOKOITPOYHBIX CTaJIEH.

[Ipu 3aBbIIIEHHBIX CHIIOBBIX MapameTpax oopadbotku I1I1/] MmoxkeT mpoucxoauThb
pa3pylIeHHE IOBEPXHOCTHOIO CJIOS CONPOBOXKAAKOUIEECS IOSBIEHUEM ONACHBIX
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MUKpPOTpEILMH, 00pa30BaHUEM YaCTHUYEK OTCIAMBAIOLIEIOCS MeTajlla, HpU 3TOM
MTOBEPXHOCTHBIE 3€pHA CIUTIOLIMBAIOTCS TAK, YTO CTAHOBSATCS MOYTH HEPA3IMUYUMBIMH,
YBEIIMYMBAETCS  LIEPOXOBATOCTh  MOBEPXHOCTH.  HampspkeHHOE  COCTOSIHME
YOPOYHEHHOIO CJOSI MOXXHO YaCTUYHO WM IIOJHOCTBIO CHATH IIyTEM OTXKUTaA.
[lepeynpounenue moBepxHocTHOTO ciosi B mporecce [1I1/] — neoGpaTtumelil mporecc,
IpyU KOTOPOM HAarpeB HE BOCCTAHABIIMBAET HCXOJHYIO CTPYKTYpYy METala U €ro
MEXaHUYECKUE CBOWCTBA.

HeoOxoaumo Takke 0OpaTuTh BHMMAaHHE Ha JiIBa OSKCIEPUMEHTAIBHO
yCcTaHOBJIEHHBIX (hakTa. [lepBblii 3aKit04aeTCss B TOM, UTO HECMOTPsI HA MHOTOOOpasue
metonaoB [1I1]], pazpaboTaHHBIX AJ peaiu3alluu 3TO CIOCO0a YIPOUHEHHUS, SBIICHUS,
MPOUCXOIAIINE B MOBEPXHOCTHOM cjlo€, Ipu 00padoTke Merogamu I1I1/], nmerommmu
OJIMHAKOBBI MEXaHW3M CHJIOBOIO HArpyKEHHUs, MUMEIT OJMHAKOBYIO (DU3UYECKYIO
CyIIHOCTb. BTopoil 3akmrouaerca B ToMm, uto pasnuunblie Metonsl IIIIJ[, B ocHOBe
KOTOPBIX 3aJI0’KEH €IMHBI MEXaHU3M CHWJIOBOI'O HArPYKEHHUs, OKA3bIBAIOT BIMSIHUE HA
($U3UKO-MEXaHUYECKUE U HKCIUTyaTallMOHHBIE CBOMCTBA JETalieil HE CTOJBKO B CHIY
UX KOHCTPYKTHBHBIX U1 KUHEMAaTHYECKIUX OCOOEHHOCTEH, a B OOJbIIEH CTENEHH B CUILY
HHEPreTUUECKUX BO3MOKHOCTEN, KOTOPBIE JAHHBII METOJ MOXKET 00ECIICUUTD.

Bce MHoroo0Opasue meTonoB 0O0pabOTKH IUTACTHYECKUM Je(hOpMHUPOBAHUEM
MOXHO KJIacCU(PUIIMPOBATH MO PSIAY CYIIECTBEHHBIX MpU3HaKkoB (puc. 4.15). [1o Bumy
3aTpayMBa€MON HHEPruyM OHU OTHOCATCA K METOJlaM MexaHudyeckod oOpabotku. Ilo
pacnpoCTpaHEHUI0 oOdyara IUIACTHUYECKOW Jedopmanuu  pas3nuyaroT — MPOLECCh
macTudecko aedopmanvii 00beMHBIE M MOBEPXHOCTHBIC. [Ipoliecc macTuueckoi
neopManm  HaspIBaeTCA ~ OOBEMHBIM, €CIM  IUIacTHYecKas  jaedopmarius
pacnpocTpaHsieTcsi 1Mo BceMy oObeMy 3arotoBku. Ecnm mactuyeckas nedopmanus
JIOKaNU3yeTcsl U HE pachpoCTpaHseTcs MO BCeMy OOBEMY 3aroTOBKH, TO TaKHE
MPOLIECCHI HA3BIBAIOT MPOLECCAMU MOBEPXHOCTHOIO TUIACTUYECKOTrO Ae(POPMUPOBAHUS
(IOTI). B coorBerctBum ¢ 'OCT 18296-72 nox I/l cnegyer noHumMaTs 00pabOTKy
JABJIEHUEM, MPU KOTOpPOH nedopMupyercs TOJBKO MOBEPXHOCTHBIM CIOM MeTasia.
[Tpoueccet II1]] momy4aroT Bce 60s1ee MUPOKOE pacIpoCTpaHEHUE.

KauectBo moBepxHOCTH M TOouHOCTH 00padoTku III1/] Bo MHOrOM 3aBHCAT OT
yCIIoBUH 1ehOpMHUPOBAHMS METaJIa M CXEMBI €ro HamnpsHKEHHOTO COCTOSHUSI B MECTE
KOHTaKTa MHCTpyMEHTa U jaetanu. OJHaKo, HECMOTPS Ha MHOrooOpa3ue U pa3inyue
CYIIECTBYIOIUX crocoboB oOpabotku [IIIJ[, wucxoms wu3 ycinoBuUil pabOTHI
WHCTPYMEHTa, BCE OHHM MOTYT OBITh pa3lielieHbl Ha 4eTbipe Buaa (puc. 4.15):
cratnueckoe [IIT/I, IIITJI B ycnoBusx tpeHus ckonbxenus, II1J] B ycioBusax tpeHus
kauenus, ynapnoe II1J1.
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Memodk odpadomy [T

Ooverrwie 1] [lobepxrocimmsie 1]
[ I
| | : | ]
I 6 ycnobuax [ b ycrobusx
Limamseckoe [T ITDEHLS CKO/TbX CHUST MPEHUS KAYeHUS SAigprioe [T
Doproodpasiwyee Kanmuopywuee Lenaxubmuyee YpoaHswuyee
iy iy i i

Puc. 4.15. Knaccudukaius METOIOB IJIACTHUECKOTO JIe(OopMUpOBaHUS

PaccmoTpum nosipoOHee 3TU BUIBI.

1. Crarnueckoe [1I1/] — moBepXxHOCTHO TuIacTUYecKoe Ae(hOpMUPOBAHUE MIPU
CTaTUYECKOM B3aMMOJCHCTBUU JAEPOPMUPYEMOr0 Marepuaiga C HWHCTPYMEHTOM,
pabourmu Tenamu win cpenoil. JledopMupoBaHue MOBEPXHOCTU 3arOTOBKH B 3TOM
Cllyda€ B OCHOBHOM OCYULIECTBJISIETCS BCJIEACTBHE JCHCTBUS HOPMAJBHBIX K
MOBEPXHOCTU CHJ (cTatnyeckoe AeOpPMUPOBAHHE MOBEPXHOCTH TOPLIOM TIJIAIKOTO
wim (purypHoro myaHcoHna), puc. 4.16.

Puc. 4.16. Cratnueckoe I1I1/]

2. IIIT/1 B ycCJIOBUSAX TPEHUS CKOJIBKEHUSI — IMOBEPXHOCTHOE IIJIACTUYECKOE
neopMUPOBAaHUE MPU CKOJBKEHUH WHCTPYMEHTA MO JIOKAJIBbHO KOHTaKTUPYIOUIEH ¢
HUM TIOBEPXHOCTU oOpadareiBaeMoro Marepuana (puc. 4.17). Jlns storo Buaa
XapaKTEPHO HAJUYKE B 30HE KOHTAKTa HMHCTPYMEHTA U JIETAIH Ha TOJIHKO HOPMaJIbHBIX
CWJI, HO M CWJI TPEHHs, MOSABIISIOMIMXCS BCIEACTBHE NEPEMEUICHUs] WHCTPYMEHTA I10
oOpazyrorieit 00padbarbiBaeMoi MOBEpXHOCTU. CHIIbl TPEHUSI 3HAUUTEIIBHO U3MEHSIOT
CXEeMy HaIpsDKEHHOTO COCTOSIHUS MeTalllla B 30HE €ro KOHTAaKTa C MHCTPYMEHTOM H
OKa3bIBAIOT CYIIECTBEHHOE BJIMSHHE Ha Ipoliecc AehOpMHUPOBAHUS MOBEPXHOCTHOTO
ciosi. Ha ucnonp30BaHuU TPEHUS! CKOJIBKEHHSI OCHOBAHBI MPOLIECCHI BBITJIAKUBAHUS
MIOBEPXHOCTEMN, MOBEPXHOCTHOE JOPHOBAHUE U MIOBEPXHOCTHOE PEAYLIUPOBAHUE.
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: . Puc. 4.17. TIII[ B ycClOBHUSX TpeHUs
CKOJIBKCHUS

3. [IIIJI B ycCIOBUSIX TPEHUS KAY€HUS — MOBEPXHOCTHO IUIACTHYECKOE
nehopMUpOBaHUE MPU KAYEHUM HHCTPYMEHTA MO MOBEPXHOCTH A€POPMHUPYEMOIO
matepuana (puc. 4.18). K stomy Buay IIIIJI oTHOCATCS MHOTOYHCICHHBIE METOIBI
00pabOTKH JieTanell pOJIMKOBBIMYU U IIAPUKOBBIMA HHCTpyMeHTamu. K 3Toi e rpynme
MO>XHO OTHECTH MpPOLECChl HAKAThIBAHUS Pa3IU4HbIX Npoduiel, pe3pd, 3y0uaThix
KOJIEC, TAK KAK OHU OCYLIECTBIISIOTCS 110 KHHEMATUKE KAaUEHUS.

4, Vnapuoe IIIIJI — moBepXHOCTHO IUTacTHYECKOE NeopMuUpOBaHHE MpU
yIapHOM BO3AECUCTBUM Je(POpPMHPYEMOTrO MaTepuajia ¢ MHCTPYMEHTOM, pabounMu
tenamu wim cpenoit (puc. 4.19). [edbopmupoBanme mpu OOJBIIUX CKOPOCTIX
OTHOCUTEJIBHOIO COYAApEHHs U MEPEMELEHUE U JETAIM MPUBOJAUT K 3HAYUTEIHHOMY
MOBEPXHOCTHOMY HAKJIENly — HW3MEHEHUIO CTPYKTYphl MeTajuia 0e3 €ero MOJIHOU
peximcTajui3anuy. BenMuumHa W CTENEHb  Hakjena 3aBUCAT OT  MAacchl
COYApSIOLIUXCS TeJ, CKOPOCTH MX OTHOCUTEJIBHOTO JABMKEHUS U JPYrux (hakTopoB,
OTIPEISIISIIONTNX SHEPTHIO yapa HHCTpyMeHTa 00 00pabaThiBaEMyI0 OBEPXHOCT.

Puc. 4.18. TIIIJ B ycnoBusx Puc. 4.19. Yaapnoe III1JI (oueprus

TPEHUS KaueHUS _ mv?
P ynapa E = —-)

K cnocobam o6pabdotku I[II1J[ ¢ ymapHbsIM BO3IEWCTBHEM pabouux Tel
OTHOCATCA: 00paboTka npoObr0, IEeHTpoOekHas 00paboTKa, TanTOBKA, 0O0pabOTKa
METATNICCKUMH IETKAMH, YITPOUHSIONIas YeKaHKa U Jp.
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B 3aBUCMMOCTHM OT TEXHOJIOTUYECKOTO HaszHadueHust mpoueccel I mensar
Takxke Ha hopMooOpasyroIue, KaTuOpyoue U yIpouHsoIIre.

dopmoobOpazyromue  IIIIJIT — 9T0  MOBEPXHOCTHOE  IUIACTHYECKOE
nehopMupoOBaHUE, oOpasyroiee OTIPEICIICHHYIO MaKpo- U (nn)
MHUKpPOT€OMETPHUYECKYI0 (opMy TOBEpXHOCTH nedhopMuUpyeMoro marepuanga. B
otnuyne OT (popmMooOpa3zoBaHus TpH OOBEMHOM IUIACTHYECCKOM JAehOpPMHPOBAHUN
MOBEPXHOCTHOE  IUIACTUYECKOE Je(OpPMUPOBAHME  OCYIIECTBISIETCS 3a  CUET
IJJACTUYECKOTO TEYEHHs] TOBEPXHOCTHBIX CIIOEB Marepuana 3arotoBku. llpu
dbopmoodOpazoBanuu I[II1J], xak mpaBuiO, MpocTas MOBEPXHOCTh IMpeodpazyercs B
0oJee CI0XKHYI0, TpU4YeM 00pa3oBaHUe HEOOXOIUMOM (HOPMBI PU 3TOM COBMEIIAETCS
C OTIEIKONW MOBEPXHOCTH W YNMPOYHEHHUEM IOBEPXHOCTHOIO CJIOSI Marepualia (puc.
4.20).
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Puc. 4.20. Puc. 4.21. Kamuopyromee I/ (hy, wo u hy, w1 —
dopmoobpasytomiee T COOTBETCTBEHHO pa3Mep U IOJ€ pPaCCEUBAHUS
pasmMepa 710 1 1mocyie 00paboTKM)

C moMomipIo MpoIeccOB MOBEPXHOCTHOTO MIIACTUYECKOTO (POPMOOOpa30BaHHUS B
HACTOSIIIEE BPEMsI MOKHO TIOJIy4aTh MEJIKOMOTYJIbHBIE 3yOUaThie Kojieca, HapyKHbIC U
BHYTPEHHHME IUIUIBI, PE3bObl, KOHYCHBIE JETAJIM THUIA ITU(TOB, CTyNEHYATHIE U
IJIaJIKue BaJibl, c(hepruuecKue u Apyrue JeTaju.

Kamubpyromme wmeroast IIIJ[ - 53T0 mNOBEPXHOCTHOE  IIACTHYECKOE
nehopMUpOBaHNUE, W3MEHSIONIEE pa3Mepbl 3aroTOBKH O JOMYCKAEMBIX Pa3MEpOB.
[Tpu xamuOpyromem III1J] Hapsimy ¢ MOBBIIIIEHUEM TOYHOCTH Pa3MEpPoB U (HOPMBI
o0OecrieuynBaeTCd  3HAYUTEIBHOE CHUKCHUE IEPOXOBATOCTH U YIPOUYHEHUE
noBepxHocTH aetanu (puc. 4.21).

Crnaxusatomee [II1J] — 3T0 MOBEpXHOCTHOE IMJIACTHYECKOE Ae(POPMUPOBAHUE,
YMEHBIIAIOUIEE IEPOXOBATOCTh NOBEPXHOCTH 1€(POPMUPYEMOT0 MaTepuaia.

VYopounsromee IIIIJ[ — 3T0 noBbIIEHUE CONPOTUBIIEMOCTU MaTepUaia WIH
3arOTOBKM Pa3pyILICHUIO WM OCTATOYHOM AedopMaliii MOBEPXHOCTHBIM HAKJIETIOM.
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[ToBepXHOCTHBIN HaKJIEN NMPUBOAUT K U3MEHEHUIO CTPYKTYpbl MaTepuasia 6e3 ero ero
MOJHOW  PEKpHUCTAUIM3alMHd, MPUYEM MarTepual HaXOIUTCS B  CTAaTUYECKU
HaIlpsHKEHHOM  COCTOSIHUM. YIPOUYHEHHE HAKJIENOM MPUBOJUT K IOBBIIIEHUIO
MOBEPXHOCTHOM TBEPJIOCTU U MUKPOTBEPAOCTU. B MOBEPXHOCTHOM HAKJIEIAHHOM CJIO€
CO3JAIOTCA CXXUMaIue HanpsokeHuss. (CKUMAaronIMe OCTAaTOYHbIE HaIpsSHKEHUS
YMEHBILIAIOTCA TI0 Mepe YAAJIEHUsI OT MOBEPXHOCTHU, MEPEXOAsl HA HEKOTOPOM TiryOnHe
B YPaBHOBEIIMBAIOIINE UX PACTITUBAIOIINE HATTPSIKEHUS.

PaccmoTrpennoe  pasnmenenue  criocob6oB  IIIIJI 1o  TexHOIOTHYECKOMY
HA3HAUEHUIO BEChbMa YCJIOBHO. 3a4yacTyi0 OJuH H TOT e croco0 IIIJ[ moxer
peanu30BaTh Pa3IMUYHbIC TEXHOJOTHUYECKUE 3aa4l B 3aBUCUMOCTU OT MPUMEHSIEMBIX
pEXKUMOB 00pabOTKU. PaccMOTpUM HEKOTOPBIE U3 YKA3aHHBIX CIIOCOOOB.

Kanuopyrowan oopabomxka IIIIJ]. Metonsl kaiuOpoBaHUSI TUIACTUYECKUM
nehopMUpOBaHUEM BeCbMa Pa3HOOOPa3HbI U MOTYT OBITh MPUMEHEHBI JIJIsl 00paboTKU
KaK HapyXHBIX U BHYTPEHHUX IWJIMHIPUYECKUX, TAK U JJIA PA3IUYHBIX MPOPUIHLHBIX
IIOBEPXHOCTEN. DTH MPOLECCHI OTINYAIOTCS BHICOKMMHU ITOKA3aTENIIMU 110 TOYHOCTH U
KAaueCTBY IOBEPXHOCTH, YTO B COYETAHUM C BBICOKON IPOU3BOAMTEIILHOCTBHIO JIEJIAET
UX IpUMEHEeHue 0co00 >PPeKTuBHBIM. B psije ciydyaeB kaauOpoBaHUE IIACTUYECKUM
ne(OopMUPOBAHUEM SIBIISIETCA E€AMHCTBEHHBIM CPEICTBOM JIOCTUXKEHUS BBICOKOU
TOYHOCTU (OPMBI, Pa3MEPOB MU KauyecTBa IMOBEPXHOCTH CJIOKHBIX OTBETCTBEHHBIX
netaneil. [ToBblieHe TOYHOCTH POPMBI M pa3MEPOB JeTaleil Mpu KaIMOPOBAHUM HX
JTABJIEHUEM BO3MOYKHO 32 CYET:

e HEPaBHOMEPHOI'O M3MEHEHHUs (POPMBbI 3aTOTOBKH IO BCEMY €€ CEeUeHUIO (IIpH
0o0paboTKe JeTajeit — Te BpalleHus );

o HEpaBHOMEpPHOH mijacTUyecKkoil JnedopMaluu TMOBEPXHOCTHOTO  CIIOS
MeTajula HH)KE YPOBHS MCXOAHBIX MHUKPOHEPOBHOCTEW TMOCIE MpeABAPUTEIbHON
00paboTKH pe3aHueM WU JIaBJICHUEM;

e HEPaBHOMEPHOIO CTIIAKUBAHUS HEPOBHOCTEN MCXOJIHON MOBEPXHOCTH.

Hanbonee mupoko pacnpocTpaHeH cnocoO0 KaluOpoBaHMs, OCHOBAHHBIM Ha
HEPaBHOMEPHOM 3allOJHEHUHM BIAIUH MHUKpopeibeda HCXOJHOW TMOBEPXHOCTH
METaJIJIOB BBICTYTIOB, KaK MMOKa3aHO Ha puc. 4.22.
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I
o Puc.  4.22. Cxema  ucnpaBieHUA
,.. VV‘/\/\,\,\N ¥ MOTPEITHOCTe  (OPMBI  3arOTOBKH  ITPH
KaTuOpOBaHUHM  JIABJICHUEM: a -
7 KOHYCOOOPa3HOCTh; O - 00YKO0OPA3HOCTH;

B - KOPCETOOOPA3HOCTH

[TorpemnrHocT GOPMBI 3arOTOBOK B PaJaIbHOM HANpaBIICHUU (IJUIUIICHOCTD) U
B MPOJI0JIBHOM (KOHYCOOOPa3HOCTh, 00YKOOOPa3HOCTh, KOPCETOOOPA3HOCTh) CEUCHUSIX
MPUBOJAT K BBIHYXKJICHHOMY HM3MEHEHUIO BEJIWYWHBI YJEIBLHOIO JAaBJICHUS B 30HE
KOHTaKTa ¥ COOTBETCTBEHHO K HEPABHOMEPHOM IIACTUYECKON nedopmaruu, B
pe3yibTaTe 4Yero JAOCTUTaeTcsl HcIpaBiieHue (opmbl 3aroToBkU. B OonbIIMHCTBE
CIy4aeB UCIIPaBJICHUE TOTPEIIHOCTH (OPMBI 3arOTOBKM BO3MOXKHO B IMpejesiax
OCTaTOYHOM JedopMalinu, T.e. B peienax u3MeHeHus pa3mepa Ad.

Takum 00pa3oM, BO3MOXKHOCTH HCIPABJIECHUS TE€OMETPUUYECKOW (OpMBI
3aroTOBKH (KakK B paJuajbHOM, TaK U OCEBOM CEUEHUSIX) ONPEAETSAIOTCS YCIOBUEM

Ad = (6 =8, (4.3)
rae 0 — JIOMYCK 3aroTOBKU MMOj oOpaboOTKy naBieHUEM; O’ - MOMyCcK Ha 00paboOTKy
JeTaNH.

Bennunna ocrtatoyHol npedopManuMyM MpU  UCXOJHOM OOTOYEHHOW WIU

PAcCTOYEHHOMN MOBEPXHOCTH MOXET ObITh MPUOIMAKEHHO paccuuTaHa no Gopmyse

Ad = k(Ryyex — R,), (4.4)
rae R,,..- BPICOTa HEPOBHOCTEH MCXOJIHOM MOBEPXHOCTH; R, - BBICOTa HEPOBHOCTEMN
nocjae KanuOpoBaHMs HaBicHHEM; K — KO3(pQHUIIMEHT, 3aBUCAIINNA OT CBOWCTB OT
CBOMCTB 0OpabareiBacmoro marepuana (k=1,3...1,5).

KanuGpoBanue B0O3MOXHO B yCnoBHsX kecTkor cuctembl CITU]] n mpumenenus
WHCTPYMEHTA K€CTKON KOHCTPYKIIUH.

Kanuopyrowan uexkanka. KanuOpyroomias YeKkaHKa HCIOJB3YeTCS IS
MOBBIIIEHUS TOYHOCTH pa3MepoB U ¢opm netanu. Yaine Bcero Kaauopyroias YeKaHka
MPUMEHSIETCS JISI TTOBBIIIEHUSI TOYHOCTH MOKOBOK (110 Macce M pa3sMepaMm), a TaKkKe
JUIS. TIOJTy4eHus1 0oJiee BHICOKOTO KayecTBa MOBEPXHOCTU. DTa olepaius 3akiIodaeTcs
B HE3HAYUTEIHLHOM OOKaTuu 3aroToBOK. (O0KaTHE 3aroTOBOK MEXIY IJIOCKUMU
MJIMTAaMU Ha3bIBAETCS TIOCKOW KaimOpoBKoil. OHa NaeT BO3MOXXHOCTh 3HAYUTEIIHHO
MOBBICUTH TOYHOCTh PA3MEPOB 3ar0TOBOK U B HAPABJICHUU MPUIIOKEHUS YCUIIHSL.
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Ecnu xanuOpoBke MOABEPraroT HEIJIOCKME TMOBEPXHOCTH 3aroTOBOK, TO MpHU
TOM 00pa3zyercs HeOOJIbIION 00JI0M MO pazbeMy LITAMIIOB U UMEET MECTO OObeMHas
kanuopoBka. [locneaHsst MO3BOJISIET MOBBICUTH TOYHOCTh BCEX PAa3MEPOB 3ar0TOBOK, a
TaK)K€ TOYHOCTh MAacChl 3aroToBOK. JIIsi HEKOTOpPHIX 3aroTOBOK MOXET OBITh
MpUMEHEHA YAaCTUYHO TUIOCKOCTHAs M YaCTUYHO OOBheMHas KanumOpoBka. Ormeparus
KaTUOpOBKM CoOBepIIaeTcs damie Oe3 HarpeBa 3aroToBok. llosTomy kammOpoBke
MOJIBEPTraloT 3arOTOBKHU, MTPOLIEIINE YKE TEPMUUECKYIO 00paboTKy.

Kanu6poBka, coBepmaemas mpu Temmepatype 700...800°C, Ha3biBaeTcs
ropsiueil  kanuOpOBKOM; OHAa He o00ecrneyrMBaeT IIePOXOBATOCTh IMOBEPXHOCTH,
JIOCTUTaeMyI0 TPU XOJOJHOM KaauOpOBKE, HO MPOUCXOIUT TpH Oojee HHU3KHUX
YVACIBHBIX YCHIHSX. ['Opsiuyt0 KaauOpOBKY MPUMEHSIOT JO TEPMUUYECKOU 00pabOTKU
3arOTOBKH.

[Io TOYHOCTM TOJIydae€MbIX pa3sMEpPOB pa3IUYAlOT TPyOyr0 KaTuOpOBKY
(ob6ecneunBaer gomycku +0,1...40,25) u KanuOPOBKY MOBBIIIEHHOW TOYHOCTH (C
nomyckamu +0,05...£0,1). [Ipu HEOOXOTUMOCTH TMOCHE JBYKPATHOW KaJIMOPOBKHU
MOXHO TIOJIyYUTh emle 0o0Jieeé BBICOKYIO TOYHOCTh pa3mepoB (110£0.025).
[ITepoxoBaToOCTh MOBEPXHOCTH MPHU KaNMOpOBKe Oe3 HarpeBa mokoBok Ra=1,25...0,63
MKM, T.€. Takas ke, Kak npu nuirdoBanuu. [Iporecc KaIMOpOBKU OCYIECTBISIIOT HA
CIIEIUAJIBHBIX UYEKAHOYHBIX (KOJEHHO-PBIYAXKHBIX) Ipeccax, 00Jadarolux MajbiM
XO0JIOM U OOJIBIION KECTKOCTHIO.

Jlopnosanue yununopuueckux omeepcmuii. VI3roropieHrne TOYHbIX OTBEPCTUI
Bcer/a siBisieTcsi 0osiee CIOKHOM 3ajjadyeil 1Mo CpaBHEHHUIO ¢ 00pabOTKOW HapyKHBIX
noBepxHocTel. [Ipu 06paboTke pe3aHueM 3T0 0OBSICHSACTCS OrpaHUYSHHBIM PaOOYUM
MPOCTPAHCTBOM M B CBSI3M C OTUM HEJOCTATOUYHOW JKECTKOCTBIO PEXKYILETO
WHCTPYMEHTA, 3aTPyAHEHHBIM CTPYKKOOTBEAEHUEM, OCOOEHHO Tpu 00paboTke
ryookux otBepctuil. I[lpu nummdoBaHuuM u3-3a Majibix pa3sMepoB Kpyra TPYIHO
JOCTHYb ONTHUMAJIBHBIX CKOPOCTEW pe3aHus, Ha 0O0pabOTaHHOW MOBEPXHOCTH YacTO
OCTalOTCsl abpa3uBHbBIC KPOIIKH, CHUKAIOIINE SKCILTyaTallMOHHbIE CBOMCTBA JeTaeil.

[IpumeHeHue mpoliecca AOPHOBAHUSI OTBEPCTHIl YCTpPaHSET 3TU U MHOTHUE
npyrue Hepocrtatku. I[loBepxHocTHOe gopHOBaHue — 310 mnpouecc [l mnpwu
MOCTYIATETLHOM CKOJBKEHUH JOpHA M0 BHYTPEHHEW MOBEPXHOCTH JeopmMupyemoit
neranu. [lporecc kanmuOpoBaHUs OTBEPCTHH JOPHOBAHMEM 3aKJIIOYAETCS B TOM, UTO
WHCTPYMEHT (ZJOpH) ompeaeneHHOW (POopMbl MpoTalKuBaeTcsa (IMIPOTITUBAETCS) Yepe3
oOpabaTbIBaeMO€ OTBEPCTHE, UMEIOIIEEe HECKOJIBKO MEHBIIINE pa3Mephl IO CPABHEHUIO
¢ pasMepoM KaiauOpyroiero gopHa (puc. 4.23). [Ipu 3TOM BCIEACTBHE MJIACTHUSCKUX
nedopmarii 1MaMeTp OTBEPCTHs YBEIWYUBAETCS, MOBEPXHOCTHBIN CIION MeTaia B
OTBEPCTUU YIIPOUHSIETCS, a IMEPOXOBATOCTU CIIIAXKUBAKOTCHL.
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Puc. 4.23. Cxema JOpHOBaHUS IO CXeMe
C)KaTHA

Y/ 77

PaGouass TOBEpPXHOCTh JIOpPHA MOXET OBITb  PAa3IMYHON:  IIAPOBOM,
KPUBOJIMHEITHOM, KOHYCHOWM. Y KaXJ0ro JIOpHAa MOKHO BBIACIUTH 3a00pHYIO,
KaMOpytolyro 1 oOpaTHyro uyactu. Haumboniee pacnpocTpaneHHod (opMoi gopHa
SBIIIETCS KOHHWYecKas. PasHocTh Mexay auamerpoMm JjopHa O u 3aroroBku O
HA3bIBAETCS HATITOM JIOPHOBAHUS

i=d—d,. (4.5)

Bce TexHosornyeckre U KaueCTBEHHbBIC XapaKTEPUCTUKU Mpoliecca 3aBUCAT OT
BEJIMUMHBI HATATa, OMNpPEACNSIONIero cTeneHb naedopmanuu. B 3aBucuMocTH OT
BEJIMYMHBI HATsTa, AeopMalivs JeTalid B MOMEPEUYHOM CEYECHUU MOXKET OBITh YHCTO
yopyroii. Ilpu panpHellieM pocTe HaTsIra BO3HUKAET IUIACTHYECKas 30Ha
nedopmaliim, 0XBaThIBAIOIIAsi HEKOTOPYIO 00JIaCTh METalIa JIETajdl y OTBEPCTHUS, PU
JaJbHEUIIIEM YBEIIMUYCHUH HaTATa JOPHOBAHMS BCE MONEPEYHOE CEUEHUE 3arOTOBKH B
30HE JedopMal HAXOIUTCS B IUIACTHYECKOM COCTOsIHUU. JleTanb nedopmupyercs
TaKXe€ U B OCEBOM HAIPABJICHUHU.

Bennuuna nedopManiii Hapy>KHOM TOBEPXHOCTH JI€TAIU

I =D —-D, (4.6)
rae D u Dy — cooTBeTCTBEHHO HAPY>KHBIN JUAMETP JeTalu A0 U nocie aedopMaruu.

[lonnas pgedopmanus naetanu, omnpeaessieMas BEJIMYMHOW HATITa MpU
JIOPHOBAHWHU, MOKET OBITh MPEJICTaBICHA B BUJE CYMMBbl YIPYrod U IUIACTHUYECKOMN
nedopmarmm:

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

Omnako mpu paccMOTpeHHBIX (puc. 4.23) cxemax JIOpPHOBAaHUSI OTBEPCTHUH,
OCOOCHHO B TOHKOCTEHHBIX BTYJKaX, BEJIWYMHA MaKCUMAJbHBIX  YIEIbHBIX
KOHTAKTHBIX JABJICHUM HEIOCTATOYHA I HHTEHCUBHOI'O CTJIaKUBAHUSI HEPOBHOCTEM.
DOTO MOXHO YyCTpaHUTh, €CIA JOPHOBAaHUE OCYUIECTBIATh NPU OTPAHUYCHUU
nedopmary JeTainy Mo Hapy>KHOMY JUaMeTpy, MOMeIas JAeTallb B 000MMYy, WX TpU
COBMEIICHUH TpoIecca JTOPHOBaHUS C penynupoBanueM (puc. 4.24). B ornuume ot
CBOOOJHOTO JOPHOBaHUSA MpU JIPYyrUX cxemax jaepopmMupoBaHHE HUAET 3a CUET
MPUHYAUTEIBHOTO YTOHEHUSI CTEHKHU JETaN.
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!_ \ Puc. 4.24. (Cxema JOpHOBaHUS U
pEAYLIUPOBAHUS

NN
AN

|7
Pa

[IpeumyiiecTBa MPOIECCOB JAOPHOBAHUSI B KECTKOW 000WME M COBMECTHOTO
JIOPHOBAHUS U PEIYLIMPOBAHUS 3aKIII0UacTCs B cieayromiem (puc. 4.24):

- 32 cYeT OOJNBIIUX KOHTAKTHBIX MJABICHUHN MIEPOXOBATOCTH IOBEPXHOCTH
WHTEHCHUBHO CTJIAKUBAIOTCS;

- OJHOBPEMEHHO C BHYTpPEHHEH KalUOpyeTCsS W CIJIaKHBACTCS HapyKHas
MOBEPXHOCTbH JCTAIIH;

- mpolecc NpUOIMKAETCS K CXEME BCECTOPOHHETO CXKaTHs, YTO IO3BOJISET
MPOU3BOUTH 00OPAOOTKY C OOJIBIIIEH CTETEHbIO AedopManiuu 0e3 pa3pyIIeHHs.

[Ipy omHOW U TOW K€ BEJIUYMHE HATATA TATOBOE yCHiME OOJbIlIe Mpu
JIOPHOBaHUU B 000HME M COBMECTHOM JOPHOBAHUU C peaylHupoBaHueM. M3MeHstoTes
COOTHONICHHSI MEXKIY YNPYTUMH M IUJIACTHYECKUMHU JeGopManusIMH U XapaKTep
nedopmal AeTaii B OCEBOM HampaBlieHHH. B kecTkux oOoiiMax TpeOyemyro
[IEPOXOBATOCTh MMOBEPXHOCTH MOXKHO MOJTYYUTh MIPU MEHBIINX 3HAYEHUSX BEITUUMHBI
HATSATa M0 CPABHEHHUIO CO CBOOOIHBIM IOPHOBAHUEM.

B mpou3BOACTBEHHBIX YCIOBUAX MPOIECC JOPHOBAHUS MOXKET OCYIIECTBISTHCS
Ha TOM e 000pYyI0BaHUH, KAaKOE IPUMEHSETCS U Tpu 00paboTKe neTanelt pexyIumMu
MPOTSHKKAMH, T.€. Ha Pa3sHOOOpPA3HBIX MPOTSHKHBIX CTaHKaX WM TpeccaxX. JlopHBI
W3TOTOBIIIIOT W3 Pa3HOOOpPA3HBIX MapoK CTajed, HaWIydlIde pe3yJbTaThl 110
CTOMKOCTU Aar0T JOpHBI ¢ TBepaocmuiaBHbIMU KosbllaMu (BK8 u T5K10). Ilpu
JIOPHOBAHWUU JIETAJICH C ONTHMAJIBHBIM HATATOM, BO3MOXKHO, IMOJIy4aTh OTBEPCTHS C
TOYHOCTBIO MO §...9-My KBaJMTeTy M LIEpoxoBaTocTH B mpeaenax Ra=1,25...0,04
MKM.

Jlopuosanue (kanuoposanue) gpaconnvix omeepcmuii. Oco00 OTBETCTBEHHbIE
JETAIM CO IIIUIEBBIMU OTBEPCTHUSMH H3TOTaBIMBAIOT B OOJILITMHCTBE CIy4aeB W3
cTajel, MoJIBEprarIMXcs [IEeMEHTallMU U TIocaeayroIiel 3akanke 10 TBepaocty HRC
56...62. OpHako B MpOIECCEe HEMEHTAUMM WU TOCIEAYIOIIEH 3aKaJlKh MPOUCXOIUT
nedopmanus (kopoOsieHHe) AeTajned, KoTopas MPUBOAUT K HCKAKEHUIO (OPMBI U
pa3MepoB IIIUIEBOTO OTBEPCTUS Ha BEIWYUHY, 3HAYUTEIHHO TMPEBBIMIAIOIIYIO
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BEJIMUMHY JIonycka 9-ro, a mHorda 11-ro kBasmreta. OOpabOTKy (BOCCTaHOBJICHHUE
dbopMbl) compsiraeMbIX MOBEPXHOCTEH NUIMIIEBOTO OTBEPCTUS, UMEIOUIUX TBEPIOCTh
HRC 56...62, npu LeHTpUPOBAHUH 110 HAPYKHOMY JTUAMETPY MOXKHO MPOU3BOAUTH C
MOMOILBIO IIJTUIEBBIX TOPHOB.

[Tpu kanmubOpyromeMm AOpHOBaHMM (HACOHHBIM JOPHOM CPAaBHUTEIBHO TOHKHIA
LIEMEHTUPOBAHHBI M 3aKAJICHHBIM CIIOM METaula IIPOJABIMBACTCS JIOPHOM H
dbopmupyeTcsi BCIEACTBUE CMEIICHHs Oosiee BS3KOTO MeETalljia, PacloIOKEHHOTO B
riyouHe nertanu. JlOpHOBaHME MOXET MPUMEHATHCS HE TOJBKO ISl KaauOpOBaHUs
MIPEABAPUTEILHO MOATOTOBJIEHHBIX pe3aHueM (bacoHHBIX (LLLTUIEBBIX,
MHOTOYTOJBHBIX W Jp.) OTBEPCTHH, HO M ISl TOJHOTO BBIJIABJIMBAHUS JOPHOM
pa3HooOpa3HbIX Mpoduiield B MPEABAPUTENHHO MOATOTOBIECHHOM UWIMHAPUYECKOM
orBepcTud. [Ipu momoiy JTOpHOB BO3MOKHO 00pa30BaHKUE U KaTHMOPOBAaHUE CIOKHOTO
npoduiass HE TOIBKO B IWIMHAPUYECKUX, HO U B KOHYCHBIX KPUBOJMHEHHBIX
OTBEPCTHSIX.

DacoHHBIE TOPHBI U3rOTABIMBAIOT U3 TEX K€ MHCTPYMEHTAIBHBIX MaTEpPUAJIOB,
YTO W JOPHBl ISl UWIMHIPUYECKUX OTBepcTU. Hawnmydmme pe3ynabTaTbl IO
CTOMKOCTH JAae€T MHCTPYMEHT, OCHAIEHHBIN TBEPJOCIUIaBHBIMU JehOPMHUPYIOIUMU
aneMmeHTamu. Jledopmupyromue 53JI€MEHTbl W3 TBEPAOro CIIaBa MPUKPEIUISIOTCA
NalKOW WJIM UCIOJIB3YyeTCS MEXAHMYECKOE KPEIUICHHE Ha OINMpaBKEe M3 3aKaJCHHOU
CTaJIN.

Kanuobpyrowee ookamoieanue nogepxnocmeii. KanubpoBanuto oOKaThIBaHHEM
MIOJIBEPTalOTCsl 3arOTOBKH, MPEICTABIISAIONINE COOON Tesa BpallleHUs! U U3TOTOBJICHHbBIE
U3 pa3iInuHbIX MeTawioB. OOpabaThiBaThCsli MOTYT Kak I[WIMHIPUYECKHE, TaK U
KOHWYECKHE TOoBepxXHOCTH. [IpenBapurenbHoit 00pabOTKOW B  MOJABISIONIEM
OONBIIMHCTBE  CIIy4aeB  SBJISETCS  IOJYYUCTOBOE M  YHUCTOBOE  TOYEHUE,
oOecreynBarollee MepoxXoBaToCTh MOBEpXHOCTU R, <20 MKM, M JIMIIb B OTIEIbHBIX
clly4asiX — IOJy4HCTOBOE LUIM(POBAHUE C IIEPOXOBATOCTHIO, COOTBETCTBYIOLIEH
R.=1,25 wmxm. IlpakTuka mokaszajia, 4YTO Jaxe TMpeaBapuTesibHas o00paboTKa
nu@oBaHUEM KPYITHO3EPHUCTHIM KPyroM cC mocienytonumM oOkaTteiBanuem [1T1]]
3HAYMUTEIHLHO YKOHOMUYHEE, YeM TOHKOE NMUIM(OBAHUE MEIKO3EPHUCTHIMU KPyTaMH U
MOJIUPOBaHUE, HE TOBOPS yXkKe 0 00Jiee BBICOKOM KaueCTBE MOBEPXHOCTH, JOCTUTAEMOM
B [IEPBOM CJIy4ae.

OOkaThIBaHUE  MOXET  MPOUBBOAUTHCS  MEXKIY  IUIMHIPUYECKUMHU U
KOHUYECKUMH POJIMKAMU Ha CIIEUUAJbHBIX CTaHKaX, Pe3bOOHAKATHBIX WIIA JPYTUX
CTaHKax, KMHEMaTHKa KOTOPBIX MO3BOJSET pPEealn30BaTh STOT METOJA OO0padOTKU.
Haunbonee mumpoko mpuMeHsieMble CXeMbl OOKAThIBAHUS MEXIYy POJUKAMH TTOKA3aHbI
Ha puc. 4.25.
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Puc. 4.25. Cxembl OOKaThIBaHUSI MEXIy POJMKAMU: a — C MPUHYIUTEILHBIM

BpalllICHUCM POJIMKOB H CaMO3aTATMBAHHUCM 3aIrOTOBKH, 0 — ¢ IMPUHYIUTCIbHBIM
BpallCHUECM 3arOoTOBKH.

CymHocTh mporecca OOKaThIBAHHUSA COCTOUT B TOM, YTO TOJ BO3ACHCTBHEM
JIABJICHUSI 3aKAJCHHBIX POJMKOB MHUKPOHEPOBHOCTH 00pabaThIBa€MOU MOBEPXHOCTH
MJIAaCTUYECKU AeOPMUPYIOTCS, 3amloJIHAS BHAAUHBI MHUKPONPOGUIS; TPU ITOM
IPOUCXOANT BbIpAaBHUBAHUE OOpa3ylollell MOBEPXHOCTH, HEKOTOPOE HCIpPaBICHHUE
GbopMbl U yYMEHBLIEHHME pa3MEpOB 3aroTOBKH. YCWiIME, HEO0XoAuMOe s
CTTIQ)KMBAHMUS IIEPOXOBATOCTH HCXOJHON TOBEPXHOCTH, 3aBHCHT OT CBOWCTB
oOpabaTeiBaéMOro MeTallla, AWMaMeTpa M JUIMHBI POJUKOB, OT IIEPOXOBATOCTH
MOBEPXHOCTH TIOCJIE MPEIBAPUTEIHLHON 00pabOTKHU.

[Ipu oOKaTbIBaHUM MEXKAY PpOJIMKAMH OJHOBPEMEHHO C YJIy4IICHHEM
[IEPOXOBAaTOCTU  TMOBEPXHOCTH JOCTUTAETCs M  MOBEPXHOCTHOE  YNPOUHEHUE
oOKkaTbIBaeMOro Mmerajuia. [JyOMHA YHOPOYHEHHOIO CJIOSI 3aBHCUT OT CBOICTB
oOpabaTbiBaeMOro MeTajula W OT JaBJICHUS Ha POJIMKH, OHA MOXET JOCTUTaTh
HECKOJIbKMX MUJUIUMETPOB. D(PPEeKTUBHO MPUMEHEHHE MeTojna OOKAaTHIBAHUS s
KaTuOpOBaHMs, pPUXTOBAHUS M OTICIKH [WIMHIPHUECKUX JE€TaJIel THUIIa BAJIOB U OCEH
nuamerpom a0 10 mm. ITpunyck Ha oOkarbiBanue kojiebsercsa B npeaenax 0,03...0,05
MmM. [Ipouecc oOkaTeiBaHust 0OBIYHO JIUTCS HE Oosee 3...5 c.

B Hacrosiee Bpemsi Bce OoJiblliee pacHpOCTpaHEHUE TOJy4yaeT CrHocod
KaJIMOpOBaHUS HAPYKHBIX IMWJIMHIPUYECKUX TMOBEPXHOCTEH JAeTajied THIa BaJioB
MUJIUHAPUYECKUMH M KOHWYECKMMH POJMKaMH, YCTAaHOBJICHHBIMH B OOKaTHBIX
TOJIOBKaX, 3aKPEIUICHHBIX B CBEPIMIIBHBIX, TOKAPHBIX, PACTOYHBIX U JPYTUX CTaHKAX, a
TakKe Ha CHEIHATbHBIX CTAaHKAaX, 4Yallle BCEro aBTOMATHYECKOTO JICHCTBHI.
[IpodunbHBIE TOBEPXHOCTH JETaleld — TeN BpalleHUs — MOTYT KaluOpOBaThCS
OOKaThIBAaHUEM IUIAIIKAMH, POJTUKAMH U IIapaMH.

KanmubGpoBanue u oTnenka HapYXHBIX pe3bd W 3yObeB 3yOUaThIX KoJec
MPOU3BOANUTCS OOBIYHO OOKATHIBAHMEM IO TEM K€ CXEMaM, YTO M HaKaThIBAaHUE
pe3bObl M 3yObeB 3yOuarhix Kosiec. Kak u mpu oOOKaTke MMMIMHIPUYECKUX
MOBEPXHOCTEH, MOBHIIICHNE TOYHOCTA (DOPMBI U pa3MEpPOB AeTalaeii BO3MOXKHO JIUIIIb
P JKECTKOM (HEYNPYroM) KOHTaKTe AehOpMUPYEMOTO dJIeMEeHTa ¢ 00padaThiBaeMOi
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HOBEPXHOCTBIO 3a CYET HEPaBHOMEPHOW AepopMalMi HCXOJHBIX HEPOBHOCTEH MU
OrPaHUYMBAETCS BEJIMUMHONW OCTAaTOUHOM JedopMaluu.

Packampvieanue omeepcmuil dncecmKumMu packamuHukamu. 3HAYUTEIBHBIC
CWJIbl TPEHUS!, BOZHUKAIOIME MTPU IPOIUMBAHUH U MPOTATUBAHUN OTBEPCTHI JOPHAMU,
a TaKke HEOOXOAMMOCTh B CO3JaHUU OOJBIIMX JaBICHUH Ha 00pabaThIBacMyIo
MOBEPXHOCTh OTPAHUYUBAET O0OJIACTh TMPUMEHEHHUS OSTOr0 MeToaa oO0paboTKu
OTBEPCTHI OTHOCUTENBHO Majioro quametpa (10 40...50 mm) B neransx, o0iaasaromumx
JOCTATOYHOM JKECTKOCTBIO. bojiee COBEpIICHHBIMH M YHHMBEPCAJIBHBIMH B 3TOM
OTHOILIEHUU SIBJISIIOTCS METO/1bI 00pabOTKH, OCHOBAaHHBIE HE Ha TPEHUU CKOJIBKEHUS, a
Ha KauyeHUU JeOpMHUPYIOILIErO0 DJIEMEHTAa OTHOCUTENBHO  00pabaThiBaeMOil
MOBEPXHOCTH, B YAaCTHOCTU CHOCOO pACKAaThIBAHMS POJMKAMM U IIAPUKAMH.
PackaTbeiBannem o0OpabaThIBatOTCs OTBEPCTUS auaMeTpoM oT 6 10 500 MM U JyiMHON
70 3...5 M B A€TaNSIX U3 Pa3JIMYHBIX CTAJIIEH, YyTYHA U [IBETHBIX METAJIIOB.

B 3aBUCHMOCTM OT KOHCTPYKIMH U pa3MepoB 00OpabaThIBaeMbIX JeTajei,
Ha3Ha4eHUs] U TPeOOBAaHUN K TOYHOCTU U IIEPOXOBATOCTU OTBEPCTHI MPUMEHSETCS
packaTblBAaHWE IO PA3IMYHBIM CXE€MaM C MCIOJIb30BAaHUEM HHCTPYMEHTOB —
PACKaTHUKOB PA3JIMYHON KOHCTPYKIUH.

JInst kanuOpoBaHUsl U OTJEIKU CKBO3HBIX M IIYXUX TOYHBIX OTBEPCTHUH MaJoro
nuametpa (ot 6 10 30 MM) MPUMEHSAIOT MHOTOPOJIMKOBBIE JKECTKUE HEPETYIHPYEMBIE
packatHuku (puc. 4.,26,a). KoHCTpyKIMeH J>XECTKHX PEryJUpPYEeMBIX PacKaTHUKOB
(puc. 4.26,6) mpemycMaTpuBaeTCsS BO3MOKHOCTh U3MEHEHHS WX pabodero pasmepa B
ONpEeENeHHBIX TMpeJenax, 4YTo JieJaeT HMHCTPYMEHT OoJjiee YHUBEPCAJIbHBIM U
DKOHOMHUYHBIM. PackaTblBaHME€ NPOU3BOAMTCS HA CBEPJIMIBHBIX, TOKAapHbIX U
PaCTOUYHBIX CTAaHKAX IIOCJIE€ PACTAYMBAHMS C TOYHOCTBIO IO 7-My KBAJIUTETY H
IEPOXOBATOCThIO RA<2,5 MKM.
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Puc. 4.26. Kectkue Heperynupyemble (a) U peryiupyembie (0) IIapUKOBbBIC

PaCKaTHUKHU
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Bennuuna ocrarouHoi aedopmanv, Kak M TPU JTOPHOBAHHUM, 3aBUCUT OT
BEJIMYMHBI HATAra, & TOYHOCTh OOpaOOTKM — B MEPBYIO oOuepeAb OT TOYHOCTU
npeaBapuTesbHON 00pabOTKM TOJI packaTbiBaHue. YMCIO MPOXOJ0B OMpeesieTcs
TpeOOBAHMSIMU K IIEPOXOBATOCTH 00pabaThIBaeMOW MOBEPXHOCTH: TIEPBBIA IMPOXOT
yJIy4dliaeT UCXOJHYI0 miepoxoBaTocTh (Ra=2,5...1,25 mxm) no Ra=0,63...0,32 Mkwm,
BTOpOil U Tpetuil — 1o Ra=0,16...0,08 mxkM. MuKpoTBEpI0CTh MOBEPXHOCTHOTO CIIOSI
yBennuuaetcs Ha 40...60 %.

JInst  AJIMHHBIX OTBEPCTUH MPUMEHSIOT MHOTOPOJUKOBBIE packaTHUKH. K
JeTasM, MOJJIeKAIUM 00pab0TKE MHOTOPOJMKOBBIMU >KECTKMMH pPacKaTHUKAMH,
OTHOCSATCS CTaJIbHbIE THUAPO- W MHEBMOLMIMHJIPHI, UUIUHAPHI U TPYObl Pa3IMYHBIX
CEILCKOXO3SIICTBEHHBIX MAIIMH, IUJIUHIPHI aMOPTU3aTOPOB aBTOMOOUJICH, a TakkKe
BTYJIKU, TOJICTOCTEHHBIE KOPIYCHBIE JI€TAJIA, KOPOMBICHIA U T.1I.

Omoenounan (cenaxcusawwasn) oopaoomka IIIJ]. Cranaxusaromee [IT1]]
WCIIOJB3YETCS JIMIIb JJI1 OTAEIKA — YJIYUYLIECHHS IIEPOXOBATOCTH MOBEPXHOCTU WIIU
YOPOUHEHUS TOBEPXHOCTHOTO CJIOS MeTauia. B 3ToM ciiydae NOpUMEHSETCS
WHCTPYMEHT YIIPYroro JeWCTBHs, OOECIEUMBAIONINKN YIPYTH KOHTAaKT MEXKIY
neopMHUpPYIOIUM  3JIEMEHTOM U oOpabaTbiBaeMoi moBepxHocThiO. [Iporiecc
MJIACTUYECKOro JeOopMUpPOBAaHUS MPOTEKAET HauboJiee PaBHOMEPHO M IUIABHO, TakK
KaK TMOrpemHocTH (GopMbl W KoJieOaHUSI pPa3MEpPOB 3aroTOBOK, HEOJIHOPOJHOCTH
TBEPIOCTH  00pabaThiBa€MOTO  MeTajlla, BOJHUCTOCTh W HEOJAHOPOIHOCTh
IIEPOXOBATOCTU MCXOJIHOM TMOBEPXHOCTHU, KOTOPHIE MPUBOMAST K HEOJHOPOIHOCTH
cTeneHu nedopmaiuu npu padoTe KeCTKUMH MHCTPYMEHTaMU, B 3HAUUTEILHON Mepe
KOMIIEHCUPYIOTCS YIIPYTUMU 3JIEMEHTAMH HHCTPYMEHTA.

B pesynbpTaTe B MOBEpXHOCTHOM CJIO€ METallJia CO3JaeTcsi Oojiee paBHOMEPHOE
YOPOUHEHHUE, KaK MO CTENEeHU, TaK M MO IIyOWHE; Harpy3Kd Ha O0OpyJOBaHHUE U
WHCTPYMEHT YMEHBIIAIOTCS, MOBBIMIAETCS CTOMKOCTH Ae()OPMUPYIOUIUX 3JIEMEHTOB.
[Ipu ynpyrom KoHTakTe (opMa TOBEPXHOCTH U €€ pa3Mepbl U3MEHSIOTCA
HE3HAYUTEIBHO: B MpeJiesax JI0MycKa Ha MPeAIeCTBYIOITYI0 00paboTKy.

Buiznasrcueanue nogepxnocmeit. BpirnaxuBaHue — 3TO IMOBEPXHOCTHOE
MJIaCTHYECKOe JAe(POPMUPOBAHUE TMPU CKOJBKEHWU WHCTPYMEHTa IO JIOKAJIBHO
KOHTaKTHPYIOIIEH ¢ HUM MOBEPXHOCTU IepopMupyeMoro mMatepuana. BeirnaxxuBanue
MPOU3BOJIUTCS VIS YMEHBIICHUS IIEPOXOBATOCTH IOBEPXHOCTH, YHPOUYHEHHUS
MMOBEPXHOCTHOTO CJIOS U, B PsAlie CIy4yaeB, ISl MOBBIIICHUS TOYHOCTH Pa3MEpPOB M
dopmbl petaneii (kaauOpoBanus). Hanbosee yacTo BhIrIakKUBaHHE MPUMEHSICTCS Kak
OT/ICJIOYHO-YIIPOUHSIOIIAs OTIepaIIUs JJIsl OTBETCTBEHHBIX ITOBEPXHOCTEH JeTasei.

B mpomecce 00pabOTKM WHCTPYMEHT JUIsl BBITJIAKUBAHUS CKOJIB3UT TIO
IIOBEPXHOCTH, ITPUIKATBIN K HEN C OINPENICIICHHON CWIION. B pe3ynbraTe macTuyeckoro
nedhopmMupoBaHus  00pabaThIBAEMON  MOBEPXHOCTA MPOUCXOIUT  CTIIAKUBAHHE
UCXOJIHBIX HEPOBHOCTEM M 0O0pa3oBaHHE HOBOI'O MHUKpOpeibeda CO 3HAYUTEIHHO

119



MEHBIIIEM BBICOTOM HEPOBHOCTEW. Pa3mep peranu yMeHbIIACTCS Ha BEIUYUHY
octaroyHoi aegopmanuu. Ha pazmep u ¢hopmy 00pa3yronuxcsi HEpOBHOCTEN BIUSIOT
TaK)ke€ HEOJHOPOJIHOCTh IEPOXOBATOCTU U TBEPAOCTU 00pabaThIBAEMOI MOBEPXHOCTH,
KOJicOaHWsS CWJI BBITJIAKMBAHWS, BBI3BAaHHBIE OWEHHWEM JeTalu, W pPsAd JAPYTHX
(bhakTopoB.

[IpoposibHas mojaya UHCTPYMEHTA 3aBUCHUT OT BUJA YIPOUHSIEMOIr0 MaTepuara.
Jlns 3akaneHHbIX cTajei oHa cocrasiser 0,02...0,04 MM/00., 11 IIBETHBIX METAJIJIOB
u HezakaleHHbx ctaned — 0,03...0,05 MM/06. OcHOBHOE YyCJIOBHE IpHU BBHIOOpE
M0/Ia4u — OTCYTCTBHE HEYIPOUHEHHBIX YYaCTKOB Ha MOBEPXHOCTHU JI€TaICH.

B kadectBe Marepuana pabouedl YacTH WHCTPYMEHTA [JIsl BBITJIQKUBaHUS
MPUMEHSIIOT aliIMa3HbIe, TBEPAOCIUIABHBIE U MUHEPATIOKEPAMUUECKUE UHICHTOPHI.

Oco0OEHHOCTBIO AJIMa3HOTO BBITJIAXKUBAHUSA B OTIUYME OT Apyrux metoaos ITI1]]
ABJISIETCS TPUMEHEHHWE B KadecTBE Je(POpMUpPYIOIIETO AJ€MEHTa ajiMa3a, KOTOPbIN
o0najaeT BBICOKOM TBEPJOCTHIO, HU3KUM KOIPOUIIMEHTOM TPEHUsS MO0 MeETajly,
HU3KOM II€pOXOBATOCTHIO, C KOTOPOM MOKET OBITH OTHOJUPOBAH ajiMa3, BBICOKOM
TEIJIONPOBOJHOCTBIO.

Bricokas TBepIOCTh ajamasa MO3BOJIIET 00padaThiBaTh MOYTH BCE METAJLIBI,
noJarolrecs] IMIacTUYeCKON Jedopmaliuu, Kak MsTKWe, TaKk W 3aKaJeHHBIE [0
tBeproctn HRC60..65. Manas BenuumHa paadyca WHCTPYMEHTA — BBITTIAKUBATEIIS
(0,75...4 mMm) oOycnaBiauBaeT MaJIyl0 BEJIMYHMHY CUJIbI BhirjaxuBanus (50...250 H),
YTO TO3BOJISIET 00padaThiBaTh TOHKOCTCHHBIE W MAaJIOKECTKUE JIETAIM U CHIKAET
TpeOOBaHMSI K  JKECTKOCTH  TEXHOJIOTHYECKOTO  000opymoBaHusA.  AJMa3HOE
BBITJIA)KMBAHUE OCYILIECTBIISIIOT, KaK MPABUIIO, 3a OJWH MPOXOJ, TaK KaK YBEJIUYCHHE
yycjaa MPOXOJOB HE HW3MEHSIET CYIIECTBEHHO IIEPOXOBATOCTh MOBEPXHOCTH
YIPOUYHSIEMOM JETANH.

['eomerpuueckass ¢opma paboyell YacTU UHCTPYMEHTa MOXET OBbITh
chepruueckoil, MUIMHAPUYECKON WJIM KOHUYECKOM — 3aBUCHUT OT oOpabaThiBaeMoii
MOBEPXHOCTH, 0OpabaThiBa€MOro MaTepuasia paboueld 4YacTH BbITVIAKUBATES.
BrirnaxkuBarenu chepudeckoit hopMbl SBISIOTCS 00jiee YHUBEPCATbLHBIMH.

CymiecTBylOT JABa Croco0a BBITVIAKUBAHUS: C IKECTKUM H  YIPYTUM
3aKperuieHueM HHCTpyMenTa (puc. 4.27).
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Puc. 4.27. BeirmaxxuBaHue MOBEPXHOCTEH ¢ kecTkuM (a) u ymnpyrum (0O)
3aKpeIJICHHEM HHCTPYMEHTa

JIoCTOMHCTBOM €IOco0a € JKECTKUM 3aKPEIVICHHEM BBITJIAKUBATENS SBISETCA
BO3MOXXHOCTh TOBBIIIEHUS] TOYHOCTH pa3MepoB U (opmbl oOpabaThiBaeMOM AeTaiu
NyTeM IepepacupeneseHuss oO0bEeMOB IUIACTHYECKH Je(pOpMUPYEMOro MeTauia u
BO3MOXXHOCTh OOpaOOTKM MpEepbIBUCTHIX MoBepxHOcTed. OnHako u3-3a OueHus
oOpabaTeIBa€MOM 3aroTOBKH BEJIMYMHA BHEAPEHUS BBITJIAXKUBATENS MOTYT KOJIEOAThCs
B 3HAUUTENBHBIX Npezaenax. B pesynbrare yero odpadbarbiBaeMasi IOBEPXHOCTh UMEET
HEOJIMHAKOBYIO IIEPOXOBATOCTb W  HEOAHOPOJHA IO  (PU3MKO-MEXaHUYECKUM
cBoiicTBaM. [lo3TOMy, BBITJIaXKMBAaHUE C MKECTKUM 3aKPEIJICHUEM BBITJIAXKUBATEIS
MOKET OBITh PEKOMEHJIOBAaHO JJIsi 00pabOTKH 0cOo00 TOYHBIX J€Tajel Ha CTaHKax
MOBBIIIEHHON TOYHOCTH.

HauGosnbiiee pacnpocTpaHeHHE TOJYYHWSIO BBINVIAKMBAHHE C  YIPYTUM
3aKpEIUICHNEM HWHCTPYMEHTA, KOTOPOE€ NPOU3BOJAUTCA HA TOKApHBIX, PACTOYHBIX,
CTPOTQJIBHBIX, AarperaTHbIX M JAPYI'MX CTaHKax. BplVIa)kuBaHue C  yIOpPYruMm
3aKpeIICHHeM HUHCTpyMEHTa — 0oJiee MPOCTOM M YMOOHBIH Croco0, Mpu KOTOPOM
MHCTPYMEHT YIPYro NPUKUMAETCS K 00padaThIBA€MOl JETaId C MOMOILBIO MPY>KUHbI
WIM UHBIM crocoOoM. [lpu ynmpyrom 3aKkperuyieHMH BBITJIaKHUBATENsI MNOTPEIIHOCTH
GopMBl KOMUPYIOTCS W HE HUCHpaBisAtoTcs. [IpoMcXoauT TOJNBKO Cria)XKuBaHUE
TIOBEPXHOCTH (CHMKCHHUE IIEPOXOBATOCTH) U e¢ yrnpouHenue (puc. 4.28 u 4.29).
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Puc. 4.28. 3aBucuMOCTh BHICOTHI MUKPOHEPOBHOCTEM Ra oT panuanbHoi cuiibl Py npu
BeirnakuBanuu (R=1 mm; S= 0,05 MM/00): 1 — mst cramu P18 ¢ mokpeituem TIN; 2 —
1151 ctanu P6MS ¢ mokpeitriem TiN.

Hy, Hhar

2000 ¥

1800 ‘ Puc. 4.29. TIpadux 3aBucuMoOCTH
' | =l g OCTAaTOYHBIX HaIPSHKCHU I Ha
1600 —d— = .
LA MMOBEPXHOCTH OT paguabHONU CHUJIBI P:
o Y

1400 4

1) mns daser TiN; 2) qs daser a-Fe;
3) nus ¢aser Ti2N [26].

x‘gﬁh‘;"'

1200 4—

1000 + -

220 Z, MM
Bubpauyuonnoe naxkamwieanue. BubpanimoHHOEe HAaKaThIBAHUE — HAKATHIBAHUE
npyu BUOpalMd MHCTPYMEHTa B HaIpaBJICHUH,
nedhopMupyeMoro MaTepHaia.
B omimume ot maeanbHOW, 3aJaBAEMOM HA YEPTEkKE, pealibHas MOBEPXHOCTh

KaCcaTCJIbHOM K IIOBCPXHOCTHU

JieTanell HUKOoT/1a He ObIBaeT aOCONIOTHO TJAaJIKOM, a BCErJa MMEET IIEPOXOBATOCTH,
oOpaszyronue ee Mukpopenbed. Xapaktep Mukpopeinbeda (pazMepsl, ¢opma,
B3aMMOPACTIONOKEHIE MHKPOHEPOBHOCTEH) OMpEAeNseTcss CocoOOM U yCIOBUSIMHU
00paboTku nosepxHocTH (puc. 4.30).
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Puc. 4.30. Cxema oOpa3oBaHus CIIeIOB HHCTPYMEHTA MPHU Pa3IMYHbIX METOIaxX
o0paboTku: a — ToueHue; 0 — numMdoBaHue; B — oOKaThIBaHHUE; T — BHOPAIIMOHHOE
OOKaTbIBAHME; 11 - BHEITHUI BUJ BUOPOOOKATAHHOUN MOBEPXHOCTH.

[Ipn BUOpaIIMOHHOM OOKATHIBAHUM TPACKTOPHUS JIBUKEHUS HWHCTPYMEHTA
npecTaBIsieT co0oi cuHycouay (0e3 ydera mepeMelieHus B HallPaBICHUY TT01auH S),
aMILTUTY/Ia KOTOPOW paBHA BEJIMYMHE BHOpaluu mapa 2|, a JyiMHa BOJHBI A 3aBHCUT
OT COOTHOILIECHHSI MEXIY YHCIOM JABOMHBIX XOJIOB MHCTPYMEHTA Nys.,0 U YACTOTOU

Noe.x00 .
BpaH_[eHI/IH 3arOTOBKHA ng. OTHOUICHUE —— — ] SIBJIISICTCAA OCHOBHBIM HapaMeTpOM,

3
OTPENEIAIONIMM  XapaKTep B3aUMOPACIIOJNIOKEHHUSI BbIJIABJIMBAEMbIX KaHAaBOK B

HapaBlIEHUH BpalieHus 3arotoBku (puc. 4.30,1).

K ocHOBHBIM mpenMyIecTBaM Croco0a BUOPAIIMOHHOTO HAKaThIBAHUS MOKHO
OTHECTH BO3MOXKHOCTb CO3JaHMSI TOHKOPETYJIUPYEMOro MUKpopeibeda NOBEPXHOCTH
U TIOBBIIICHUE MPOU3BOIUTENHHOCTH 00padoTku. Hamnbonbliee npuMeHeHue crnocod
BUOpDOHAKATHIBAHUS  TMOJMYYWJI IS OOpaOOTKM  HApYXHBIX H  BHYTPECHHHX
WIMHIPUYECKUX TIOBEPXHOCTEH JeTaliel — TeJ BpalleHHsI.

bonapmmHcTBO  mpoueccoB  obopabotku  IIITJ]  oTiMyaeTcs  HECIOXHOU
KHHEMATUKON  JBWKCHHS HMHCTPYMEHTAa M XapaKTEepU3yeTcs TMPOCTOTOW U
0JIHOO0Opa3ueM HampaBJIeHUH CJIeI0B 00paOOTKM HA TOBEPXHOCTH JIETAIH.

Ynpounarwwana oopaoomxka IIIlJ]. B pe3ynbrate 1111 u3MeHst0TCS HE TOJIBKO
pa3Mepbl 3aroTOBKH, IIEPOXOBATOCTh IMOBEPXHOCTH, HO U (PUBHKO-MEXAHUUECKHE
CBOMCTBa mepudepuitHOro CcJIosg MeTala ¢ OoOpa3oBaHMEM B HEM OCTATOYHBIX
HampsHpkeHU (B OCHOBHOM  CKuMaromux). OCHOBHBIM Ha3HAYE€HUEM MPOLIECCOB
ynpounsitoiero [T siBisieTcst MOBBIIIEHHE HECYIEH CIIOCOOHOCTH MOBEPXHOCTHOTO
CJI0S JIeTaJIeH.

Ynpounawwee naxkamovieanue. YupouHsoniee HakKaTbIBAHUE —  3TO
HaKaThIBaHHE, MPU KOTOPOM MPOUCXOIUT MOBEPXHOCTHOE yrnpouHeHue. HakatoiBanue
MO BBIMTYKJIOW WJIM TIJIOCKOW TMOBEPXHOCTH MaTepualia HAa3bIBACTCS MOBEPXHOCTHBIM
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oOkaTbiBaHMEeM. OOKAaTKy BBIMYKJIBIX WM TUIOCKUX JAETaliell MPOU3BOIAT POJIMKAMHU
WIA TIapuKkaMy (OJHUM WJIM HECKOJIbKMMHM), HMEIOIIMMHU pa3Hble padbodue mpoduim
(puc.4.31). OOkaTka OCYIIECTBIAETCS MPOJAOJbHBIM MEPEMEIICHUEM pOJIMKA WU
niapuka 1mo oopadaTbiBa€MO MOBEPXHOCTH C HAarpyKEHUEM €ro ONPEIEICHHON CHIION
WIHM TOJIbKO HAarpyXeHuem 0e3 mpoAoIpHOro nepemMenieHus. B pesynpraTte oOKaTku B
3HAYUTENIbHOM CTETEeHU TMOBBIMIAETCS JOJATOBEYHOCTh JeTalied, paloTalmux B
YCIOBUSX IMKIMYECKUX HarpykeHui. Ilpu oOkaTke B 3aBUCHMOCTH OT €€ PeKruMa
MOJKET OBITh CHIDKEHA M TIOBBIIIICHA IIIEPOXOBATOCTh MTOBEPXHOCTH.

(
TR P
HC / 1
""P “77-

Puc. 4.31. Cxemsl miporiecca ynpoyHSIOIIEr0 OOKaTHIBAHUS

Ecin HeoOXxoaummo ToOMy4duTh OONBIIYI0 TIIYOMHY HAKJICMaHHOTO CIIOS C
OOJBIIMMHU OCTATOYHBIMH HAMPSKCHUSIMH CKATHsI, OOKATKY TPOU3BOJIAT MPU BHICOKUX
JABJICHUSAX POJMKaMU co chepruyeckum KOHTYpoM. Hapsiay ¢ ynpouHsitomien mapokoe
NpUMEHEHUE TMOJydYaeT YIPOUHSIONIee-CTiaXKUBawIIas oOKaTka, TpPH KOTOPOH
CHU)KAETCsl IIepOXOBAaTOCTh oOpabarbiBaemor moBepxHoctu g0 Ra=0,040...0,160
MKM, 4TO B PSJ€ CJIy4aeB IMO3BOJISIET U3MEHUTh YHCTOBOE MHIIM(OBaHUME OOKATKOM
POJMKaMHU.

Bnusiane pexuma oOkaTku (YCHIIUSL Ha POJIUK, TOJAa4Yd, CKOPOCTH M YHCIa
IPOXOJOB) HA KayecTBO OOpaOOTKM 3aBUCHUT OT CBOMCTB 00padaThIBaEMBIX
MaTepHaOB U Ha3HAUYCHUS OOKATKH (CTIaKUBAIONIAs WK YIIPOUYHSIONIast 00padoTKa).

Haunbonee mmpoko yHNpPOUHSIONIYI0 OOKAaTKy pOJUKAMH TPUMEHSIOT IS
YOPOYHEHUSI KPYMHBIX JETalied — JIOKOMOTHUBHBIX M BAaroHHBIX OCEH, TOPCHOHHBIX
BaJIOB, 3yOuaThiX Koyiec W Jpyrux getaneid. Ocobas 3((PEeKTUBHOCTh YyHIPOUYHEHUS
KPYMHBIX JAeTaleil OOBACHAETCS BO3MOXKHOCTBIO MOJy4aTh B TIpoliecce OOKaTKH
Oosbiryto rayouny (mo 35 MM) M BBICOKYIO CcTeneHb Hakierna. Hampumep, oOkaTka
NOJCTYIIMYHOM YacTU Oced BaroHoB MpH TiyOuHe Hakjena 13...19 MM yBenuuuBaer
CPOK HX CITyObI B 25 pas.

Henmpoobesxccno-mapukoean oopabomka. Ha npakTuke moiaydaroT Bce Oosee
IIMPOKOE  PACIpOCTPAaHEHHE METOJbl  YHPOUHSIOMIEH 0OpabOTKHM  METaJlIoB,
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OCHOBAaHHbIEC HA JMHAMUYECKOM JACHCTBUU (yIape) MHCTpYMEHTa Ha 00pabaThiBaeMyo
nOBEepXHOCTh. K 3THMM MeTojaM OTHOCATCA 4YeKaHKa, 00paboTka BUOPHUPYIOIIUMU
polMKaMM W IIApuKaMHu, LEHpOOeKHO-IIapuKoBas oOpaboTka, o0paboTka
MEXaHUYECKUMU IETKaMH, ApoOecTpyitHas 00paboTKa u Jip.

Crmoco6 ympo4yHEeHHsS TMEHTPOOESKHO-IITAPUKOBBIM HAKJICTIOM OCHOBAaH Ha
VCITOJIb30BAaHUU LIEHTPOOEKHON CHJIbI CTAJIBHBIX HIAPUKOB AUAMETPOM 7...12 MM,
CBOOOJHO Bpamawmuxcsi co ckopocteio 20...40 wM/c Ham oOpabaTbiBaeMoO
noBepxHOCThIO (puc. 4.32). BcTpeuas Ha CBOEM IyTH 3aroTOBKY, JBHOKYIIYIOCS
HaBCTpeuy IMapukaM co ckopocThio 30...90 M/MUH, KaXAbId IMApUK C CHJIOM
ynapsercst 00 00pabaThiBaeMyr0 TOBEPXHOCTh, TPOU3BOAUT HAKJICH €€ U CIIIaKUBAHUE
niepoxoBatocteii. B kadecTBe  00OpyAOBaHMS ~— NPUMEHSIIOTCA  TOKapHBIE,
U OBATbHBIC U APYTHUE CTAHKHU KaK OOIIETo, TaK M CIEIUATBHOTO Ha3HAUCHHUS.

Puc. 4.32. CxeMa B3auMOJEHCTBHS IIAPUKOB C JETAIBIO MPU IEHTPOOCIKHO-
[IAPUKOBOM 00PaOOTKH.

Pexxum mporecca I1EHTPOOESKHO-IIAPUKOBOM 00pabOTKH XapaKTepusyercs
OKPY)XKHOH CKOpPOCTBIO yHpOYHHTENIs V, HATATOM I, KOJUYECTBOM INAPHKOB B
cermaparope Z U ux auameTpom Op, OKpY>KHOM CKOPOCTBIO 3arOTOBKH V., BETHMUHUHON
NPOAOABHOW Tomaud S, KojaumuecTBOM ImpoxoaoB K. HeoOxoawmpelii HaTAr |
oOecrieynBaeTCs YCTAaHOBKOW YIPOYHHUTENS Ha OINPEIACICHHOM PAcCTOSIHUM OT
3arOTOBKM TPW TOMOIIM TOMEPEYHOTr0 BUHTA CYIIOPTA WIM CTOJia CTaHKa. Pexum
IIEHTPOOCKHO-IIIAPUKOBOM  00pabOTKM B  3HAUMTEIBHOM Mepe  OIpeaeiseTcs
HEOOXOJMMBIM  YHUCJIOM  yAapOB  IIAPUKOB TIO  OMPENETECHHOW  IUIONIaIn
0GpabaThIBacMOil OBEPXHOCTH. UHCIO yHapoB MIAPHKOB, MPUXOIAMMXCS HA 1 MM

o0pabaThIBaeMOM MOBEPXHOCTH, OTIPEALISIETCS 110 (hopMyIie
zZn 4.8)
cC = —, .
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B kadecTBe ympo4HHTES] MOXKET OBITh MCIOJIh30BaHA POTAIIMOHHAS TOJOBKA C
pOJIMKaMHU, YCTaHOBJICHHBIMU IO BHHTOBOW JMHHH MOJO0HO 3yObsSM JBYX3aXOIHOH
4epBIYHOU (DPE3bI.

Oobpadbomka 6UOPAUUOHHBIMU IKCUEHMPUKOBLIMU U  YIbMIPA3BYKOGHLIMU
ynpounumenamu. leHTpoOEKHO-IIIAPUKOBBIE YIPOYHUTEIN TIPH HAKJICTIHIBAHUH
JIeTalld OCHOBHYIO CWJIy yJAapa IIaphKa IMepelaloT B HaNpaBiICHUH KacaTeIbHOM K
MOBEpXHOCTH 00pabaThiBaeMOM 3aroTOBKH. B pe3ynbTaTe 3TOro MoBEpXHOCTHBIN CIIOM
MeTaia 1eOpMUPYETCS U CMEIIAeTCs B TaHTCHIIMAILHOM HampasieHuu. [Ipu Takom
Xapaktepe AePOpMUPOBAHUS HEIOCTATOYHO TOYHO HAa3HAUCHHBIM PEKUM OO0paOOTKH
MOJKET BBI3BATh HApYIIECHUE IEJIOCTHOCTH MOBEPXHOCTHBIX CIIOCB METaylia, a B pse
CllydaeB — HapyIIeHHE TTOBEPXHOCTHOTO CIIOA.

[Tpu ucmonp30BaHUM CHIOCOOA TMHAMUYECKOTO HaKJIema MOBEPXHOCTHOTO CIOS
MeTalljla, MpU KOTOPOM CHJIa ynapa Imapuka o0 o00pabaTtbiBaeMyr0 MOBEPXHOCTH
o0OecrieynBaeTCs WHEPIMOHHOM OSKCIICHTPUKOBOM Maccod, B 3aBUCUMOCTH OT
HEO0OXOAUMOCTU yaap AehOpMHUPYIOUIEro MIapuKa MOXKHO OCYIIECTBIISTH B Pa3HBIX
HaIpaBJICHUSIX: HOPMAJIbHOM, TaHIC€HIMATHHOM (OKPY>KHOM), OCEBOM U B JIFOOOM
MIPOMEKYTOUYHOM HamnpasieHuu (puc. 4.33, a).

Puc. 4.33. Cxema 00pabOTKH 3aroTOBOK AKCIIEHTPUKOBBIM IIAPUKOBBIM (a) U
yIBTPa3BYKOBBIM (0) YIIPOUHUTEISIMHU.
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[Tonyunna  pacnpoctpanenue o6padotka IIIIJI ¢  ynbTpa3ByKOBBIMU
KoJjeOanusiMu  AeOpMHUPYIOUIEr0 HHCTpYMEeHTa. B mpoliecce  ynbTpa3ByKOBOTO
YIPOYHEHHUSI HHCTPYMEHTY COOOIIAIOTCS YIbTPa3ByKOBBIE KOJICOaHMs B HAIIPABJICHUH,
NEPHEHANKYJIAPHOM K  00pabdaThlBa€MOil MOBEPXHOCTH, W  MPHUKIAIBIBAETCS
cTaTudeckoe ycuine nomxuma (puc. 4.33, 6). Kak mokasanmu mcciemnoBaHUs, B TOM
cily4yae, Korja MHCTPYMEHTY COOOIIaloTCs KOJeOaHHs YIbTPa3ByKOBOM 4YaCTOTHI, B
30He 00paboTku Ttemmeparypa pgocturaetr 1000...1200°C. B pesynbTaTe dYero
OCYIIECTBJISIETCSI ~ HE  XOJOJHOE  IUJJaCTUYECKOe, a  TEepMOIUIACTHYECKOe
nehopMUpOBaHNE MOBEPXHOCTHOTO CJI0S METallia.

VYabpTpa3BykoBas 00paOOTKa MOBBIIMIAET MMOBEPXHOCTHYIO MHUKPOTBEPAOCTHh B
1,5...2 paza c¢ rioyounoit ynpouHenus 0,3...0,4 MM; CHUIXKaeTCsl IIEPOXOBATOCTH
MOBEPXHOCTH; B HEW CO3Jal0TCA OJIaronpUATHBIE HANpsOKeHHs cxatusa. Yacrtora
Kojebanuit mactpymenta 18...24 x['i, ammutyna konebanuit 10...20 MKM, CKOPOCTh
o0paboTtku nmoBepxHoctu aetanu 0,9... 1,0 m/c. [IpogonbHas nogavya MHCTpyMeHTa S =
0,125 wmm/06. C 1uenpl0 YMEHBIIEHHS H3HOCA HWHCTPYMEHTA U TOBBIIICHUS
IIPOU3BOAMTEIIBHOCTY  IIpollecca IPU  YINPOYHEHHHM  MCIOJB3YIOT  CMa304HO-
OXJIQXK/IAIOIIYIO0 TEXHOJIIOTHUECKYIO Cpely — MHAYCTPUAIBHOE MACIO.

[IpumeHeHue yabTpa3ByKOBOIO YIPOYHEHHUS OCOOCHHO H(P(EKTUBHO s
UHCTPYMEHTOB, 3yOb€B KOJIEC, Jie€Tajeil, M3rOTOBJIEHHBIX M3 YYryHa, LIBETHBIX
METaJUIOB U CIUIaBOB, B TOM YHKCJI€ TBEPAOCIUIABHBIX, & TAKXKE AJIA JeTaleil CII0KHOU
dbopmbl

Ynpounarwwaa wuexanka. CymHOCT, crmocoba yNPOYHEHHUS UYEKAHKOU
3aKJIIOYAeTCs B TOM, YTO C TIOMOMIbIO CHEIHUAJIBbHOTO MPUCIIOCOOTICHUS —
MEXaHUYECKOT0, THEBMATUYECKOTO U IEKTPOMEXAHUYECKOTO THUIIa HAHOCAT yJIaphl 1O
YIPOYHSIEMOH MOBEPXHOCTU. B pe3ynbrare ynapa nHCTpyMeHTa (yIapHUKa ¢ OOMKOM)
U3MEHSETCS Ka4eCTBO MOBEPXHOCTH, U B TOHKOM MOBEPXHOCTHOM CJIO€ CO3AAOTCS
OCTaTOYHbIC HampspkeHus cxarus o 100 K/MM°. [[TepoxoBaTOCTh IMOBEPXHOCTH
o0byHO HaxoautTcsa B mpeaenax Rz= 160...40 mxm. ['myOuHa Hakiena mpu yeKaHKe
MOKET OBITh Moy4deHa 70 35 MM. TBep0CTh TOBEPXHOCTH 3ar0OTOBKH, 00paOOTaHHOMN
yekankoi, Ha 30...50% BblllIe HUCXOAHOW TBEpAOCTU. ST MOCTHOKEHUS HU3KOM
HIEpOXOBATOCTH  IMOBEPXHOCTU  MOCJHE€  YEKAaHKU  CIEIyeT  IpPelyCMOTPETh
MEXaHUYECKyI0 00paboTKy Ha riyOouny 10 0,5 MM WJIM CIIa)KMBAIOIIME MPOXOJbI 1O
rajiressiM OOMKaMu yBEJIMUEHHBIX PaJNyCOB.

COOTBETCTBYIOIIMM  TOJ0OPOM  peXuMOB  (Ilara YeKaHKH, KOJUYECTBA
IPOXOJIOB, CKOPOCTH M DSHEPTrUU yiapa OOiKa) MOXHO JOCTHYb PABHOINPOYHOCTH
CTYIICHYATOTO Bajia B TANTENSAX U TIAJKON YaCTH W MOBBICUTH HECYIIYIO CITOCOOHOCTh
Banma B 1,5 pasa u 6onee. Croco0 ympodHeHHs YeKaHKOW HambOosee 3PGhEeKTUBEH U
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HKOHOMHUYECKH BBITOJIEH (IO CPABHEHUIO C OOKATKOW pOJIMKAMU U IIAPUKAMH) MPHU
YIOPOYHEHUU TaKUX 3JIEMEHTOB JI€Taleil MallliH, KaK TajTel, CBAPOYHbIE BRI U JIP.

Oopabomka  mexanuveckumu  wjemkamu.  MexaHUYECKUE  IIETKU
WCIIOJIB3YIOTCSL JUISI CHSTHSL 3ayCEHIIEB, CKPYTJICHHUS OCTPBIX KPOMOK, OYHCTKH
MOBEPXHOCTH OT OKAJIWHEI, IIJIaKa, TEKOPATUBHON OTIEIKH MOBEPXHOCTEH METaJlIOB,
JiepeBa M TUIaCTMAcCC, MOATOTOBKU MOBEPXHOCTEH M YIPOYHEHUS CIIOSI OCAKUBAEMOTO
MeTajula TMpU TrajJbBaHUYECKUX TMOKPBITUAX, TOJUPOBAHUS H  YIPOUYHEHUS
MOBEPXHOCTEH JUIsl TIOBBIMICHUS HW3HOCOCTOMKOCTH, YCTaJOCTHOM MPOYHOCTH U
KOPPO3UOHHOM CTOMKOCTH JI€TaJI€l MAILLIMH U T.J.

Mexannueckumu 1etkamu (puc. 4.34) o0pabatbiBalOTCs JETalu U3 Pa3IudHbIX
METaJUIOB [0 W TOC]e TepMHUYEeCKO 00paboTku. IIpu ompeneneHHbIX yCIOBUSX U
pekuMax o0pabOTKM MOXKHO IOJYYUTh IMOBEPXHOCTH C  IIIEPOXOBATOCTHIO
Ra=0,16...0,08 MxMm.

B mporecce oOpaboTku neraneil nUCKoBasi, IWIMHAPUYECKAs WU TOPIOBas
IIeTKA, YCTAHOBJCHHAs Ha UINMUHJICIE CTaHKA WM HEMOCPEACTBEHHO Ha Baly
AJIEKTPOJIBUTATENS, TPUBOAUTCS BO BpaiieHue. B MOMEHT KoHTakTa pabouei
MOBEPXHOCTU TIETKH (00pa30BaHHON TOpIAMU MPOBOJIOYEK) C TMOBEPXHOCTHIO
3arOTOBKHU MIPOUCXOUT yaap U GOPMHUPOBAHHE MOBEPXHOCTH JETAIIH.

f??‘" ‘éf;ﬁdf;ﬂ”‘ ..

Puc. 4.34. Mexaunueckue meTKU

\; \&\\\k\\\\\i"‘ AN
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B mporecce BpamieHus MIETKH C OMPEIEICHHONW CKOPOCTBIO OTINEIbHBIC €€
NPOBOJIOYKHM HE TOJBKO Cpe3aloT ©  CIIIQXHBAIOT BEPIIMHBI  TpeOenIkoB
MUKPOHEPOBHOCTEH, HO W TPOHUKAIOT BO BHaIuHBI MUKpomnpodwmisi. [Ipu 3tom Bce
PUCKH, IIApallMHbBI W MHKPOTPEIINHBI TMMOBEPXHOCTHOTO penbeda CriIakuBaIOTCA,
METauUl B MECTax KOHIICHTPAIlMW HAMPSHKEHWW YIPOUYHSAETCS, UYTO MPHUBOAHUT K
3HAYNTEITHLHOMY MOBBIIICHUIO YCTAIOCTHONW MPOYHOCTH 00paObOTaHHBIX JETAICH.

KauectBo moBepxHoctu. [lomygaemoe mpu 006paboTke Aeraneil mpoBOJOYHBIMH
MEXaHMYECKUMHU IIETKAaMH, 3aBHUCHT OT BBICOTHI MHKPOHEPOBHOCTEH WMCXOIHOM
MOBEPXHOCTH, MaTepuana oOpabaTbiBaeMOi JeTand, MaTepuaja | pasMepa
NPOBOJIOKH, UAYIICH HAa M3TOTOBICHUE IIETKH, CKOPOCTH AehOpPMHUPOBAHUS,
KOHTAaKTHOTO JABJICHUS, TPOJODKUTEIHPHOCTH U yCIOBUN 00pabOTKH, a TaKkKe BHJIA
CMAa30YHO-OXJIAKJAIOMIE TEXHOJOTHYECKOM cpenbl. 1lo  KOHCTpyKUIMH IIETKH
pa3lesaioT Ha KOJIBICBBIC, MHUCKOBBIC, MIJIMHAPHYECCKHE W HUTIO(pe3bl (KECTKHe
METaJUTMYECKHE IETKH).

Oopaoomka opoovro. O6paboTKa IPOOBI0 — 3TO MOBEPXHOCTHOE IJIACTHYECKOE
nedhopMupoBaHre MeTauia yaapamu apoou. O6padotka npodbio — 3 (HEKTUBHBIN U
pacrpoCTpaHEHHBIN  TEXHOJIOTMUECKHI METOJ] TOBBIIICHUS BBIHOCIUBOCTU H
W3HOCOCTOMKOCTH TIOBEPXHOCTHBIM IUTACTHYECCKUM J1e(DOPMUPOBAHHEM JCTAJICH.
['1aBHO OCOOEHHOCTBIO ATOI0 METOJIA SIBISIETCS €r0 YHUBEpCAIbHOCTh. OOpaboTKOM
IPOOBI0 MOXKHO YMPOYHSTH JIFOOBIE CIIOKHBIC MOBEPXHOCTH, HAMPUMEP TaKUE, Kak
3yObsl IIECTEPEH, BUTHIE TIPYKUHBI, PECCOPBI, TIEPO JIOTIATOK KOMIIPeccopa | T.II.

VYrpouHeHue cyxod IpoObi0 B OCHOBHOM OCYIIECTBIISIETCS Ha APOOECTPYHHBIX
U JpoOEMETHBIX YCTaHOBKaX. B TmepBOM Ture YCTaHOBOK ApoOM cooliaercs
KMHETHYECKasi PHEPrusi B JAPOOECTPYHHOM COILIE CHKATHIM BO3yXOM, T0JaBa€MbIM
yepe3 BO3AYIMIHYI (OPCYHKY, BO BTOPOM THIIE — B IICHTPOOCKHOM APOOEMETHOM
kosece (puc. 4.35).

| 7 7 7 7 7 7 J 7
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0
Puc. 4.35. Cxemsl qpobecTpyiiHoii (a) u apodemeTHOM (6) 00padoTOK.

CymHocTh mpolrecca 3aKiIl4yaeTcss B TOM, YTO TOBEPXHOCTh 3arOTOBKH
OoMOapaupyeTcsi MOTOKOM JIPOOUHOK, JIETSIIUX ¢ 00JbIIoi ckopocThio. [Ipu ynape o
MOBEPXHOCTh KaK/asg JIpOOMHKA OCTaBJISIET MUKPOBMSTHHY, B pe3yJbTaTe Yero
MOBEPXHOCTHBIM CJION TJIACTUYECKU NedopMHUpYyeTCs U yIpouHseTcs. BHyTpeHHue
HaANPsDKEHUS CHavalla pacTyT MPOMOPIIMOHATBHO BpeMeH! 00pabOTKH, HO 3aTEM 4epes
1...2 MMH HacTymaer «HachllleHue». JlanbHeimas o0paOoTKa CTAHOBUTCA YXkKe
BPEIHOM, TaK KaK BEET K MOSBICHUIO MUKPOTPEIINH (TIEpEHAKIIeITy).

OnTtumanbHOe BpeMsi 00paboTKH U yroii najaeHus apoou (70.. “N° snpenenstor
B 3aBHCHMOCTH OT MaTepuala JeTaliu U TIIyOHMHBI YNPOYHECHHUS Z)K-?.-r--
JpoOb peKOMEHJIyeTCsi TMPUMEHATh CTaJIbHYIO BO3MOXKHO MEHBIIETO JHaMETpa
(0,8...1,0 mM). Pa3zmepsl 1pOoOMHOK JOJIKHBI ObITH TAKUMH, YTOOBI OHU TOMAJa Ha

MCHTAJIBHO.

JTHO TaNTeliel, BBITOYEK WIIM KaHaBOK. Pamnyc nmpoOu mpUMEHSIOT, paBHBIM TTOJIOBUHE
paauyca ranteneid. [Ipu BeiOope pexkuMoB 00pabOTKH ClIEyeT UMETh B BUIY, YTO HA
KauyecTBO OOpaOOTKM OKa3bIBaeT BIUSHUE CIEAYIONIME TEXHOJOTHYECKHe (HaKTOPHI:
CKOPOCTh JIpoOu IIpH BeTpeue ¢ o0pabaThiBaeMoil MOBEPXHOCTHIO; pa3Mep, KAUYECTBO U
pacxoj 1poOu; MPOAOKUTEILHOCTh 00pabOTKH; HampaBlieHWe MOTOKa Jpodu (yroi
aTaku); oOpabaThIBaeMblil MaTepHas, IUIOTHOCTb, C KOTOPOW JpoOb TOKPHIBAET
MOBEPXHOCTh; PACCTOSHHE OT MECTa BbLIETa APOOH. 6

OT nmepeyucieHHbIX TEXHOJOTMYEeCKUX (PaKTOpoB ApoOecTpyilHO 00paboTKH
3aBHUCST MIEPOXOBATOCTh TOBEPXHOCTH, TTyOMHA HAKJIENa U OCTATOYHBIC HAMPSIKESHUS.
[ITepoxoBaToCTh  TMOBEPXHOCTH  YIyYIIaeTCSd C  YBEJIUYCHHEM  TBEPAOCTH
oOpabatpiBaeMoro Marepuaia. [IpakTHUeCKH IIEpOXOBATOCTh TMOBEPXHOCTH ITyTEM
npobecTpyiiHoi 00paboTKM MOXKET OBITh MmoayueHa oT Rz =20 mkm 10 Ra = 2,5 MkMm, a
Ha TBepAbIX MaTtepuanax — g0 Ra = 0,16 mxm. ['myOuHa Hakiema W OCTaTOYHBIC
HaIpSHKEHUST CBSI3aHBI C IUIACTUYECKON nedopmarueii, HO X BEIUYHHA B TEPBYIO
ouepeb onpeaenseTcs GU3NIECKIMH B MEXaHUISCKUMH CBOMCTBAaMU MaTepHaa.

OpnHOM W3 TJaBHBIX XapaKTEPHCTHK MaTepHalia, OMPEICIAIONINX YIACTbHYIO
paboty ApoOM TpH BIABIMBAHUH, SABISETCS TUHAMUYECKAs TBEPIOCTh H,,,. ['myOuHa
HakJIena npu ApooecTpyiHoi 00paboTke MOXKET OBIThH OlpeiesieHa 1o Gpopmysie:

h — K D-sina
HAKIJ

Y, Hyuy ’

(4.9)
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rae D - nuameTrp ApOOMHOK; V - CKOPOCTh APOOM IpH BCTpeue ¢ oOpabaTbiBaeMOM
MOBEPXHOCTHIO; (- YIOJl aTaku; k — ko3 PUiMeHT NponopIoHaIbLHOCTH.

VYnapel n1poOu BBI3BIBAIOT IJIACTUYECKYIO Aedopmanuio Ha riyouny 0,15...3
MM, B PE3yJIbTATE YJIYYIIAIOTCS MEXaHUYECKHE CBOMCTBA MOBEPXHOCTHOTO CJIOS MPHU
OJTHOBPEMEHHOM TIOSIBJICHUH OJIarONMPHUSATHBIX OCTATOYHBIX HANIPSDKCHUH COKATHS.

[TpubnkeHHO CpemHre OCTATOYHBIC HANPSDKCHHS Oy, B HAKIECMIAHHOM CJIOC
OyIyT NPONOPIHUOHAIIbHBI AUHAMUYECKON TBEPIOCTH MaTepHaa:

Owarkn = deuH’ (4-10)
rae m — koG GUIMEHT NPONOPIUOHATBHOCTH.

B mHactosimiee Bpemsi co3maH THAPOJIPOOECTPYHHBIA CMOCOO YIPOYHEHHMS,
CYITHOCTh KOTOPOTO 3aKII0YaeTCsl B 00pabOTKe JAeTajeil mapuKkaMu, 3KEKTUPYMBIMH
CMa3bIBAIOIIC-OXJIAKIAIONMIEH TEXHOJIOTHYEeCKOM cpenoil. [uapompobecTpyitHbIN
CIocO0 YIPOYHEHHUs OTIUYAETCS OT JIpOOeCTpyHHOro Oojiee BBICOKMM KaueCTBOM
00pabOTKH MOBEPXHOCTH.

Bubpauyuonnas yoapnaa oopadomka. BubOpanuonnas ynapHas oOpaboTka
(BuOporantoBka, BuOpoymapHas oOpabotka) — 2310 IIIIJI coymapeHuem
HE3aKPETUICHHBIX WJIM 3aKPEIUICHHBIX 3aTOTOBOK M PabOYMX TENI B 3aMKHYTOM OOBEME
Py WX TEePEMEIICHUH, BBI3BAHHOM KOJEOATCIbHBIM JBIKCHHEM pabodero opraa.
[Ipouecc compoBOXAAETCS IMOCIEAOBATEbHBIM HAHECEHMEM Ha IOBEPXHOCTh
00pabaThIBa€MbIX 3aroTOBOK OOJBIIOr0 YHCIAa MHUKPOYAApOB YacTUIIAMH padouei
CpeIlbl MPU WX B3aUMHOM COYJAPEHUU M CKOJILKEHUU. Y Aapbl BBI3BAHBI JICHUCTBUEM
HaIlpaBJICHHBIX BUOpAIui, cO00IIaeMbIX paboueii KaMmepe HHEPIIMOHHBIM BHOPATOPOM
(puc. 4.36). Pabouast kamepa mosrydaeT BUOpAIHMiO OT HHEPIIMOHHOTO BHOpaTopa. [Ipu
TOM JeTanu U pabodas cpeqa, HEMPEPHIBHO IOJABEPrasich NMEPEMEHHBIM IO 3HAKY
YCKOpPEHUSIM, COBEpIIAeT JBa BUAA JABIDKEHHUS: KoJieOaHWe W MEJJICHHOE BpallleHHe
BCeil Macchl (LUPKYJAIMOHHOE ABMXKeHue). OT cTeHOK pabodedt kamephl BUOpalus
nepefaeTcsl NpWIeralonuM  cliosiM  paboyelt  cpeibl, KOTOpbIe TMepeiarT ee
CJICTYIOITUM CJIOSIM U T.J.
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Puc. 4.36. Cxema mpoiiecca BUOpaiionHoi oopadotku: 1 - pabouas kamepa; 2-
NPYKUHBL, 3 - fAebanaHCHBI BUOpaTop; 4 - OCHOBAaHUE; 5 - NUIAHTH JJi MOJAYU U
cauBa COTC; 6 - momna; 7 - 6aK-OTCTOMHHUK.

B kauecTBe paboumx cpen MHUPOKOE MPUMEHEHHE B MPAKTUKE BHOPOYAapHOM
00pabOTKH TMOJYYWJIM CTajdbHasi U YYTyHHas JpoOb, JUTHIE 3BE3/I0UKH, pyOJiieHas
MIPOBOJIOKA, CTAJIbHBIE TTOJIMPOBAHHBIC IAPUKHU U JP.

B mpouecce BUOpPAaMOHHOTO YIPOYHEHHUS OOECIIEUMBAETCS IIACTUYECKOE
nehopMUPOBaHNE TOBEPXHOCTHOTO CIIOS, CIICJCTBHEM 4YETO SBIISETCS TOBBIINICHUE
MUKPOTBEPAOCTH, 00PA30BAHHUE C)KUMAIOITUX OCTATOYHBIX HAMPSHXKEHUH TIEPBOTO pojia
¥ YMEHBIIICHHE IEPOXOBATOCTH MOBEPXHOCTH.

BubpoynapHoe ynpodHeHUE SBISETCS YHUBEPCAIBHBIM METOIOM YIPOUYHEHUS
oOpabotku. Hawubonee HarIsimHBI €ro mpeuMyliecTBa Tpu 00paboTke aeranei
CIOXHOW (OpMBI, a TakKe TMpPU YOPOYHEHUHU JeTale HEeOONbIINX pa3MepoB
pa3Ho00pa3HON HOMEHKJIATyphl. IHTEHCHBHOCTH BHOPOYIapHOl 0OpaOOTKM 3aBUCHUT
OT peXUMa U MPOJOIIKUTEIHHOCTA 00pabOTKH, XapaKTEPUCTUK M Pa3MEPOB YACTHIL
paboueit cpenbl, oObeMa paboyeilt Kamepbl U CTENIEHU €€ 3aIlOJIHECHUS, MEXaHUUECKUX
CBOMCTB MaTepuaiia 00padaThIBa€MbIX JeTalICH U JIp.

Jlannasi cxema 00pabOTKHU SBISIETCS YHUBEpCATbHONH. OHA MOXKET MPUMEHSATHCS
U U1 YUCTO OTIEIOYHOM 00paboTku (BuOponumdoBaHUe, BHOPOTOIUPOBAHUE),
KOT/Ia B Ka4ecTBe paboyeil cpesipl mpuMeHseTcss OpMOBaHHBIN abpa3uB.

4.5 PeHOBAIlMOHHBbIE TEXHOJOTHHN TMPOJJIEHHUS KU3HEHHOT0 LUKJIA JeTajei
MAaIlIuH.
3.5.1. IlpumeHeHuUe CBAPKM /IJIsl PEMOHTA U BOCCTAHOBJIEHUSI U3/1eJTUIi
TexHonornyeckre MpoUEcChl CBAPKH W HAIUIABKU 3aHUMAIOT BEIYIlEEe MECTO
P BOCCTAHABIIMBAEMBIX HW3JEJIHM, MOCKOJIbKY C KX MOMOIIbI) BOCCTaHABIUBAIOT
noutu 70 % Bcex aeranei.
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Coenacno T'OCT 2601-84 ceapkoti Ha3bpIBaeTCsl TOJY4YEHUE HEPa3beMHBIX
COCIMHEHUN  IOCPEACTBOM  YCTAHOBJIIEHUS  MEKATOMHBIX  CBSI3€H  MEXAY
COCIMHAEMBbIMU  YacTSIMU TPU HUX HArpeBaHMM W  (WIK)  IUJIACTUYECKOM
nedopMupoBaHnd. B ycrmoBHSIX pPEMOHTHO-BOCCTAHOBUTEIBHOTO IPOM3BOJICTBA
CBAapKy CleIyeT paccMaTpuBaTh KaK IPOLECC YCTAaHOBJICHHS HEPA3bEMHBIX
COCIMHEHUA MEXJy BOCCTAaHABIMBAEMbIM CJIOEM M OCHOBHOM YacThIO MaTepuasa
peHojieTanu WiM ee 3yeMeHTamHu. bombioe paszHooOpasue (opm U pa3mepoB
peHozeranel  OO0yCIOBIMBAaET HEOOXOJUMOCTh  IMPUMEHEHHS B  PEMOHTHO-
BOCCTAHOBUTEIBLHOM ITPOU3BOJICTBE PA3HBIX BUIOB CBAPKHU.

Pyunas oyzoeas ceapka. PyuHyio IyroByrO CBapKy BBINOJIHSIOT, KaK IPaBUIIO,
METaJUIMYECKUMH 3JIEKTPOJAMHU MPU MUTAHUU TYTU MOCTOSHHBIM WJIH MEPEMEHHBIM
TokoM. Cxema mpoiiecca mpenacraBiena Ha puc. 4.37. K snexktpoay u cBapuBaeMomy
U3NIETUI0 Ay 0o0pa3oBaHMs W TOJJEP)KAaHUS CBAPOYHOM JYyI'M OT HCTOYHHKOB
CBAPOYHOI0 TOKA MOABOAMUTCS TOCTOSHHBIM WM MEPEMEHHBIM CBApOYHBIN TOK.
CBapouHass ayra | TOpUT MEXIYy METAIUIMYECKUM CTEpPKHEM OIEKTpoja 2 H
OocHOBHbIM MeTaiuioM 3. Ilox neiicTBHEeM TeIia AYrd METaul AYyTrd 3JIEKTpoAa,
MOKPBITHE 3JIEKTPOJIa U OCHOBHOM METaJl1 pacIljIaBisieTcsl, 00pa3ysi CBApOUHYIO BaHHY
4. Kammm kuAKoro meramuia 5 ¢ Topua pacIUIaBIEHHOTO 3JIEKTPOJHOTO CTEPKHS
NIEPEHOCSTCS B BaHHY 4epe3 JAYroBOil MPOMEXYTOK. BMecTe co CTep:KHEM IIaBUTCA
NOKPBITHE 3JIeKTpoAa 6, 00pa3ysd BOKpPYr AYTM Ta30BOI0 3aIMUTY 7 U KUAKYIO
nuUlakoByro BaHHY 8. [lo Mepe [BMXEHHMS MOyrW, METalll CBAPOYHOW BaHHBI
3aTBepJieBaeT, 00pa3yeTcsi CBapOUHbIN 1I0B 9 U miakoBasi kopka 10 Ha MOBEPXHOCTH
1IBa.

Puc. 4.37. Pyunas nyrosas cBapka

HcTtouHnkaMy IOCTOSHHOIO TOKa NPU PYYHOM, aBTOMATU3UPOBAHHOM CBapKe
ABJIIOTCSL MPeoOpa3oBaTeiv, BBHIIPSIMUTEIN U arperatrbl ¢ MPUBOJOM OT ABUTATENs
BHYTPEHHETO CrOpaHus; HWCTOYHUKAMU TIEPEMEHHOrO TOKA —  CBapOYHBIE
Tpancopmatopsl. CBapKy BBIOJHAIOT 3JeKTpogamMu ¢ obmaskou. [Ipu BbeIOOpe
3JIEKTPOJIOB HEOOXOAMMO YUYUTHIBATh MX Ha3zHaueHHe. Eciu 37MeKTpojbl MPUMEHSIOT
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JUISL CBapKU pa3pylICHHbIX JeTaneil, TO UuX BBIOMPAIOT HUCXOMAS W3 YCIOBUMU
MaKCUMaJIbHOTO NpHUOJIMKEHUs KadyecTBa M CBOMCTB MaTepuaja IIBa K MeTauly
BOCCTaHABIIMBAEMOM J€TaId, YTOObI TBEPAOCTh ObLJIa OJIMHAKOBOM Ha BCEX ydacTKaX.
OAeKTpoAbl A CBapKu 0003HAYAIOT OYKBOU «O» U NByMS I pamu, Harpumep I-42.
[Mudpsr nocne OyKBBI CBUACTEIBCTBYIOT O MPOYHOCTH IIIBA HA PAa3pbIB. DIEKTPOIbBI
JUIS HarlaBKA 00O03HA4aroT AByMsl OykBamu «OH» M mudpamu, MOKa3bIBAIOIIUMU
rapaHTUPOBAaHHYIO TBEPAOCTh HAIUIABICHHOTO cJosi. HarmaBodHble SIEKTPOIBI
CHeIMaIbHOTO Ha3HaueHus o0o3HayaroT TpeMsa OykBamu. Hampumep, anexktpoj Tumna
OHP-62 pacum@poBbiBaeTCA TaK: 3JIEKTPOJ JJIA HAIUJIABKU PEXYIIEr0o MHCTPYMEHTA
oOecrieunBaeT TBEpAOCTh ciosi 62...63 HRC»>. Kaxaomy TUIy 3JEKTpPOJia MOMKET
COOTBETCTBOBATh HECKOJBKO MapoK oOMa3ku. OOMa3Ku 3JIEKTPOJOB IO COCTaBY
NOAPA3ALIAIOT: HA PYJHOKHUCIbIE — P, pyTuioBsie — 7, GTOPUCTO-KATBIIEBbIE —
@, opranndeckue — . Hanbosnblee pacnpocTpaHEHUE B PEHOBAIMOHHON MPAKTUKE
NoJy4wsy rpynnsl P, T'u @.

TI'az06aa ceapxa. TexHNKa BBIIIOJIHEHHS Ta30BOM CBApKU M PEKUMBI ITpoLiecca B
3HAUYUTENBHON CTENEHU BIMSIOT HAa KaueCTBO CBApHOro coeauHeHwus. [Ipu pydHoii
CBapKe IUIaMs HAmpaBIISIOT Ha CBapMBAaEeMble KPOMKH TaK, YTOObI OHM HAXOJMWJIKCH B
BOCCTAHOBUTEIBHOW 30HE€ HAa paccTOsHUM 2...6 MM OT KOHHA sapa. l[lomoxkeHue
ropenkd (yrojil HakJIOHa €€ MYHJIITYKa K IOBEPXHOCTH CBApHWBAEMOr0 METaJlia)
3aBUCUT OT TOJILIMHBI COEAMHSEMBIX KPOMOK PEHOM3ACNIHS U TEIIONPOBOJIHOCTU
MeTtauia. Yem ToJie MeTaul U 4eM OOJbIle €ro TEerIONpOBOJHOCTh, TEM JIOJKEH

ObITH OOJIBIIIE YTOJI HAKJIOHA MYHJIITYKa ropenku. Cxema mpoiiecca MmpeAcTaBieHa Ha
puc. 4.38.

eI SRR ),
= \“ ——
R

Puc. 4.38. OcHOBHBIE CIIOCOOBI Ta30BOM CBApKH: d) — MPaBbIil CIIOC00; 6) —
JIEBBIH CTI0CO0.
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Paznuyaror aBa OCHOBHBIX CIOCOOA ra30BOM CBAapKHU: MPaBbI U JieBbIA. [Ipu
npaBoM crnocobe (puc. 4.38, a) mporiecc cBapKu BeJeTCs cieBa HampaBo. ['openka
nepeMeniaeTcss BIOEpeAd NPHUCAJOYHOrO0 TMpyTKa, a IUlaMs HampaBlIeHO Ha
dbopMupyroLUiics MOB. DTUM 00ECIIeUnBaETCS XOPOIIast 3aII1Ta CBAPOYHON BaHHBI OT
BO3JICCTBHSI aTMOC(EPHOro BO3JAyXa M 3aMEUICHHOE OXJIAXKICHHE CBapHOIO MIBA.
Takoil cmoco0 MO3BOJISET TOMYYUTH IIBBI BBICOKOTO KayecTBa. YTIJIBI HAKJIOHA
MYHJIIITYKa TOPEIKU BBIOMPAIOTCA B 3aBHCUMOCTH OT TOJIIIMHBI CBAapUBAEMOTO
Merana.

ITpu neBom cniocoOe (puc. 4.38, 6) mporiecc CBapKH BBIMOJHSAIOT CIIpaBa HaJIEBo.
['openka mnepeMemiaeTcss 3a MPUCATOYHBIM MPYTKOM, a IUJIaMsl HAMpaBlIeTCs Ha
HECBapEHHBIE KPOMKHU U TIOJIOTPEBAET UX, MMOATOTABIINBAS K CBapKE.

[IpaBbiii coco0 MPUMEHSIOT MPU CBAPKE METajla TOJIIMHON Ooiee 5 MM.
[1namst ropesku mpu 3TOM CIOCO0€ OrPAHUYEHO € JIBYX CTOPOH KPOMKaMU U3JENHs, a
033 — HAIUIABJICHHBIM BAJMKOM, YTO 3HAYUTEIHLHO YMEHBIIIAET pacCEUBaHUE
TEIUIOThl M TOBBIIIAET CTENEHb €€ HUCHOJb30BaHusA. OJHAKO MpH JIEBOM Crocobe
BHEIIHWWA BHJI IIBA JIydYllle, TaK KaK CBApIIMK OTYETIMBO BHUJIUT IIOB M MOXKET
MOJIYYUTh €r0 PABHOMEPHBIM 1O BBICOTE U IIUPUHE. ITO OCOOECHHO BaXKHO MPU CBAPKE
TOHKHUX JUCTOB. [[03TOMY TOHKHI METaJlJI CBapUBaIOT JIeBbIM criocoooMm. Kpome Toro,
IpU JIEBOM crocoOe mamsi CBOOOAHO PACTEKAETCS MO MOBEPXHOCTH METajlla, 4TO
CHU)KAET OMACHOCTh €ro Mepekora.

Br160op cniocoba cBapku 3aBUCHUT OT IPOCTPAHCTBEHHOT'O MOJIOKEeHMs 1mBa. [Ipu
CBapKe IIIBOB B «HUXKHEM IIOJIOKEHUW» BBIOOP croco0a CBapKH, KaK YKa3bIBAIOCH
paHee, 3aBUCUT OT TOJIIMHBI MeTauia. CBapKy BEpPTHUKAIBHBIX IIBOB CHHU3Y BBEPX
BBITIOJTHSIOT JIEBBIM criocoboM. (puc. 4.39, 0)

CBapky Ha BEpPTUKAJIBHBIX IMOBEPXHOCTSAX TOPU3OHTAIHHBIMH  IIIBAMH
BBITIOJHSIOT JIEBBIM CIIOCOOOM, HAIIpaBJIsisl IIaMs TOPETIKY Ha 3aBapPCHHBIN I1IOB.

Puc. 4.39. Cxembl TOPHU3OHTAIBLHOTO H
BEPTUKAIILHOTO CIIOCOOOB CBapKH: a)
TOPHU30HTATBHBIN croco0. 0)
BEPTUKAJIbHBIN CIIOCO0.

JIns modydeHHWs CBapHOrO IBAa C BBICOKUMU MEXAaHUYECKHMMHU CBOMCTBAMHU
HEOOXOJMMO XOpPOIIO TOATOTOBUTH CBAapUBAaEMble KPOMKH OYHUCTKOW, MPaBHIHHO
noso0paTh MOIMHOCTh TOPEJKH, OTPEryJIUpPOBaTh CBAapOYHOE TuTaMsi, BBIOpATh
NPUCATIOYHBIA  MaTepuasn, YCTaHOBUTh IIOJIO)KEHUE TOPEJIKM U  HaIpaBJICHUE
MEPEMEILICHHS €€ IO CBAPUBAEMOMY IIBY.
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[ToaroToBKka KpOMOK COCTOMT B OUYMCTKE MX OT Macjia, OKaJIMHBI U JPYrUX
3arpsi3HEHMM, pa3/eNke MoJi CBapKy U MpUXBaTe KOPOTKMMHU MBaMH. CKOC KPOMOK
BBIMIOJIHAIOT ~ PYYHBIM  WJIM  [HEBMAaTHYECKUM  3yOWJIOM, a  TakXke Ha
KPOMKOCTPOTATBHBIX WIIH (PPE3EPHBIX CTAHKAX. IKOHOMUYHBIM CIIOCOOOM MOATOTOBKHU
KPOMOK SIBJISIETCSI py4YHasi UJIM MEXaHU3UPOBAHHAS KUCIIOPOIHAS PE3Ka.

OcHOBHBIE TapaMeTphl pPEXUMa CBapKW BBIOMPAIOT B 3aBUCHUMOCTH OT
CBapMBAEMOIo0 MeTajula, €ro TOJIIMHBI W TUNa peHousaenus. Onpenenstor
HEOOXOJIMMYI0O MOUTHOCTh IJIAMEHHU, BUJ IUIAMEHHU, MApPKy U TUAMETP MPUCATOUYHON
MIPOBOJIOKH, TEXHOJOTHIO cBapku. IIIBbI HakmaAbIBarOT OJHO- U MHOTrocIHOMHBIE. [Ipu
TOJIIIMHE MeTa/ia 710 6....8 MM NPUMEHSAIOT OJHOCIONHbBIC MIBBI, 10 10 MM — B J1Ba
ciosi, 6onee 10MM — B Tpu cios u 6oJiee.

[Tocne cBapku peKOMEHAYIOT MPOKOBKY METAJlJia IIBa B TOPSIYEM COCTOSTHUU U
MOCIIEYIONIY0 HopManu3anuio rpu temmeparype 800.....900°C. ITocne storo meraun
MpUOOPETAET TOCTATOYHYIO TUIACTUYHOCTh M MEJIKO3EPHUCTYIO CTPYKTYPY.

Ceapka uycyna. Bce BUAbI TOpsiuel CBapKHU MPOBOJAT Ipu Harpese 10 680°C u
6onee. CTpyKTypa CIOXHBIX UYTYHHBIX pPEHOJIeTajeil, Hampumep, OJIOKOB KapTepoB,
rOJIOBOK IUJIMHJPOB JBUraTeliell BHYTPEHHETO CrOpPaHMsl, 3aJIHUX MOCTOB U KOpIyca
KOpOOOK Tmepefad TPaKTOPOB, B Pa3HBIX YACTAX JTUX JeTaledl HeoaumHakoBa. K
CBAPHBIM COCJIMHECHUSIM UYTYHHBIX pEHOACTAlICH NPEABABISIOTCA CIICIYIOIINE
TpeOOBaHMS: BO3MOXHOCTb OOpPaOOTKM OOBIYHBIM PEXYIIUM HHCTPYMEHTOM,
MPOYHOCTh METAJUIA MIBa JOJKHA ObITh HE HUXKE MPOYHOCTH OCHOBHOI'O METaljia, 30Ha
TEPMUYECKOTO BJIMSHUS (YacCTh OCHOBHOI'O MeETallla, KOTOpasi B MPOLIECCE CBAPKHU
MO/JIAeTCA TEPMUUYECKOMY BIUSHUIO) JAOHKHA OBITh MUHUMAJIBHOM, PaBHOIPOYHOCTh
COEIMHEHUSA, OJIHOPOJHOCTh HAILJIABIICHHOTO M OCHOBHOTO METaJla PEHOJETANU IO
XUMHUUYECKOMY COCTaBY U CTPYKTYpE.

ITo cocrosiHMIO cCBapyBaeMbIX pEHOETACH BBIICISAIOT ABa Croco0a CBApKU —
20pAYUL U XOJIOOHDBLUL.

TI'opavas ceapra uyeyna — onepaius, Ipyu KOTOPOU JI€Tallb HArPEBAOT (B Meun
WM IPYTUM criocobom) a0 temmepatypsl 650.....680 °C. Bo BpeMs cBapku MECTHYIO
TeMIiepatypy penojaeranu nomanaepxkusatorT He Hipke 500°C. IMomorpeB ocBoOoXmaeT
CBAPMBAEMYI0  PEHOJIETallb OT BHYTPEHHUX  HANPSHKEHHM  JUTEHHOTO |
OKCIUTYaTallMOHHOTO  XapakTepa ¢ MNPeaynpekaacT TMOSBICHHE  CBapOYHBIX
HaIpsHDKEHUN U TpelnH. B HEKOTOpBIX cllydasx JJisl OTJASIbHBIX JeTajel (Hampumep,
TOJIOBOK OJIOKOB IIMJUHIPOB JU3CJIbHBIX JIBUTATENIC, OJIOKOB aBTOMOOMJIBHBIX
JBUTATENEH), MMEIONIMX OONBIIYI0 >KECTKOCTh W CJIOXKHYI0 KOH(QUTYypaluio, MNpu
cBapke oOsi3areneH oOmmii HarpeB. [IpuMeHeHWe MHOTOCIOWHOTO CBAapHOTO IIIBa
OKa3bIBaeT OOJIBIIIOE BIMSHHUE HA €r0 CTPYKTYPY U CPEAHEE KOJIUYECTBO YIJIepoa o
CEUEHUIO CBApHOTIO IIBA M TEPMUYECKOE BO3JCHCTBUE (OTXKUI U OTIIYCK) Ha
npeapiaymue ciou. Ilpu cBapke o0s13aTenbHO OpuUMeHeHHe (iroca, KOTOPbIN
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MOBBIIAET CBAPMBAEMOCTh YYTyHA; NPENOXPAaHSAECT OT OKHUCIEHUS PacCIJIaBICHHYIO
BAaHHY; YBEJIIMUYHUBAECT KUJKOTEKYUYECTh CBAPOUYHBIX LIIAKOB.

IIpn cBapke TpemIMH B YYTYHHBIX PEHOACTANSX BBINOJHSIOT CIEAYIOIINE
oneparuu. C KpOMOK TPELIUH CHUMAIOT (pacKu Tak, YTOOBI yrojl pa3fesikKu paBHSIICS
70....80°, kotopeie Tpy0O 0OpabaThIBalOT (KEIATEIBHO ¢ 00pa30BaHMEM HACEUKH).
OuMIarT MecTa CBapKu OT TPsA3M, Macja U p>kaBuMHBL. [l0oArOTOBIEHHBIE K CBapKe
MeCTa MOJ0TPEBAIOT IIJIaMEHEM Ta30BOM ropesku a0 temmeparypsl 900...950 °C.

Xonoonasa ceapka Hauboyiee 4acTO NMPUMEHSETCS JUIsl YCTPAHEHUS TPEIIUH U
3aBapKud MPOOOUH B TOHKOCTEHHBIX KOPITYCHBIX W KPYNMHOTaOApUTHBIX YYTYHHBIX
JeTansX, KOTOpble TpeOyIoT TMOCHEnyIoulell MexaHudecko o0paboTku U
AKCIUTyaTUPYIOTCSL TOJl HArpy3KoM IpyU TEIIOBOM BO3AevcTBUU. [Ipu XosmogHou
CBapKe 4YyryHa pEHOJeTalb He HarpeBaroT. CBapouyHas BaHHAa HMEET HEOOJBIION
o0beM MeTaiuia u ObIcTpo TBepaeeT. [Ipu 3ToM crocoOe peHoAECTAIM MOXKHO TakKKe
nonorpeBath (HOo He Bbimie 400°C) nmns CHATHS HANpsDKEHUS W MPEIyHpesKIeHUs
BO3HUKHOBEHHUS CBApOYHBIX HampsbkeHHil. [IpocToTa BBIMOJHEHHS XOJOJHOM CBapKH
(oTcyTCTBHME HarpeBa WM HEOOJBIIOW MECTHBIM MOJOrpeB) obecreduBaeT Ooliee
LIMPOKOE €€ NPUMEHEHHUE 10 CPABHEHHUIO C TOpsSYEi CBAPKOM.

3aBapky TpenuH B TOHKHX (70 10 MM) HEHArpy>KEHHBIX CTEHKaX KOPITYCHBIX
peHozeraneil mpoBoAAT Oe3 pa3ienku KpoMok. Jlyry BO30y»XJalOT Ha pacCTOSHUU
10...12 MM OT OZHOTO KOHLA TPELIMHBI U BEAYT CBApPKy B HAIIPABICHHUHU JIPYrOro
KOHIIa TpemuHbl. [Ipu 3TOM Basink HaBapuBaroT Ha paccrtosHud 10...12 MM OT KOHIA
TpeuHbl. CBapKy TpEIIMH B TOJICTOCTEHHBIX JETajsiX, KOTOpPbIE B JaJIbHEUIIEM
MOJIBEPTaloTCsl MEXaHUYECKOM 00paboTKe Uiin padOTarOT MOl HATPY3KOM, MTPOBOJIAT C
paznenkoit kpoMmok. [llupuHa pa3zaenku KpaeB TPEIIMHBI MO CBapKy Ha MOBEPXHOCTH
JIeTali 10 KHA ObITh B 2 pasza 0oJibIlle €€ TOJIIUHBI, a TTyOuHa pa3jaenku — Ha 2...3
MM MEHBIIIE ATOU TOJIIIUHBI .

3.5.2 llpuMeHeHMe HAMIABKH /11l PEMOHTA U BOCCTAHOBJIEHUS M3/1eJTHIA.

HammaBka mo CpaBHEHHIO € JAPYTMMH CHOCOOaMHU BOCCTAHOBJICHHSI JaeT
BO3MOYKHOCTbH TMMOJTy4aTh Ha MOBEPXHOCTU PEHOACTANCH CIOUW HEOOXOMUMON TOJIIIHHBI
U HY)XHOTO XHUMHYECKOIO COCTaBa, BBICOKOW TBEPJOCTH U H3HOCOCTOMKOCTH.
Hanbonee wu3BecTHBIE CMOCOOBI HAIJIaBKU: SJIEKTPOJyroBas mmoj cioem iroca,
JyroBas B Cpele YIJIEKUCIOro Tra3a, HallaBKa C Ta3olJIaMEHHOM 3allUuTOM,
BUOPOJIyTOBasl, HAIJIaBKa MOPOILIKOBOW MPOBOJIOKOM, 3JIEKTPOILIAKOBAs, TIa3MEHHas
HaIlJIaBKa, ra30IylaMeHHasi ¥ 3JIEKTPOHHOITyYeBasl.

Inekmpodyzosasn nannaska noo cioem ¢harwca. [lpu Takoil HarIaBKe B 30HY
TOPEHMs IYTU MOJAIOT CHIMYYUi (IIOC, COCTOSIIMM M3 OTHEIbHBIX MEIKUX KPYIHII
(3epen). [lox Bo3aeiicTBHEM BBICOKOW TeMIepaTyphl 4acTh (hitoca MiIaBUTCS, 00pasys
BOKPYT JYTH AJIACTUYHYIO O0OJIOUKY, KOTOpas HaJEXKHO 3allMINaeT PaclliaBICHHbIN
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MeTaJlI OT AEHCTBUS Kuciaoponaa U azota. HarmuaBky mon cioem (iaroca NPUMEHSIOT
JUI.  BOCCTAHOBJIEHHS MHOTHMX PpEHOJETaled TpakTopoB, aBTOMOOWIEH U
CEJIbCKOXO3SIMCTBEHHBIX MalllMH. ABTOMAaTHYeCKas HarulaBka 3(Q(QEeKTHBHA B TeX
ClIy4asix, KOTJa HY>KHO HAIUIaBUTh CJIOM TONIuHOW Oonee 3 MM (Hampumep, IMpH
BBIMIOJTHEHUHM  HAIJIaBKM HA  PEHOJAETANsX  XOJOBOM 4YacTH TPAaKTOpOB U
CEJIbCKOXO3SUCTBEHHBIX MAIIMH — KaTKaX, MHamdax, poOJUKax, OciX U T.I.).
[TpuHuMnuanpHass cxeMa Ipolecca aBTOMAaTHYECKOW HAIUIAaBKU MOJ cioeM (uroca
npenacrasieHa Ha puc. 4.40.

K Henocrarkam HamiaBku AeTajneil moJ ciaoeM (piroca oTHOCATCs OoJblIasi 30Ha
TEPMHUUYECKOT'O BIIMSHUS, 3HAUUTEIbHBINA HarpeB JeTajlell MajblX pa3MepOB, CHUKEHUE
yCTAJIOCTHOM mpouHOoCcTH AeTtanei Ha 20—40 %
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Puc. 4.40. Cxema mporiecca aBTOMaTHYECKOM (a) U moiyaBTOMaTHueckou (0)
HaIJIaBKH ToJ cioeM (Quiroca: 1 — MaTpoH TOKApHO-BHHTOPE3HOTO CTaHKa; 2 —
BOCCTaHaBJIMBacMas Ji€Taldb, 3 — CJIOM IIJIaka, 4 — HaIUIaBJICHHBIM METall, 5 —

¢datoc; 6 — BIEKTpOAHAs MPOBOJOKA; 7 — KOHTAKT MPOBOJIa OT MCTOYHHUKA TOKA C
AIEKTPOJHON MPOBOJIOKOM; 8§ — HaIJIaBOYHAs TOJI0BKa; 9 — OyHkep ¢ urocom; 10 —
KOHTAaKT MpOBOAAa OT MCTOYHMKA TOKAa C MEIHOM IMHON maTpoHa (ZeTanblo); € —
CMEILIEHUE 3JIEKTPOAa OTHOCUTENIBbHO BEPTUKAJIBbHON OCH JeTalu (IKCLUEHTPUCUTET
AIEKTPOJIA).

JIist HarIaBKU MoJ cinoeM (hJiroca MPUMEHSIOT YCTaHABIMBAEMbIE HA TOKAPHBIX
CTaHKaxX WJH CHEUHAIbHBIX yCTaHOBKax rosioBku TumoB A-580, OKC-1031b, OKC-
1252M n ap. KauecTBO HaruiaBieHHOrO MeTaia U €ro H3HOCOCTOMKOCTh 3aBUCST OT
MapKH JIEKTPOJHON MPOBOJIOKH, (Iroca U peKUMa HaIlIaBKU.

Hannaexka nopouwikogoii npo6o1okou. XOpOIIUE PE3yJIbTaTbl MPU HAILIABKE
JIaeT UCIIOIb30BaHKUE MOPOUIKOBOM MPOBOJIOKH, B COCTAB KOTOPOM BXOIAT GEppoXpoM,
dbepporutan, deppomapranen, rpadUTOBBIA M Kele3HbIM mopomkd. HarmaBky
BBINIOJIHAIOT TOJ cjioeM (uitoca WM B CpeZie 3allUTHOrO Tas3a, HO NMPU BBEACHUHU B
MPOBOJIOKY COOTBETCTBYIOLIMX KOMIIOHEHTOB BO3MO’KHA HalljlaBka U 0e3 (puirocoBoi
WM Ta30BOM 3amuThl. MCXoAHBIM MarepuaaoM IIOPOLIKOBOW MPOBOJIOKU CIIYXKUT
JeHTa W3 HU3KOYIJIEPOJUCTOW CTald W TOPOUIOK, COJEpKalluil HeoOXoauMble
anemMeHThl. Mcnosb3yloT aBa TUNA IMOPOIIKOBOM NPOBOJIOKHM JUIsl HAIUIABKH IO
darocoM W IS HAlJIaBKA  OTKPBITOM Ayrod TBepAOCTb M OTHOCHUTENIbHAS
M3HOCOCTOMKOCTh HAIUIABIEHHOTO METAUIa B 3aBUCHMOCTH OT MAapOK JJIEKTPOJHOU
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npoBosioku u (Quroca. Ha puc. 4.41. mpejacraBieHa cxema Mpoliecca HarUIaBKH
TTOPOIIKOBOU ITPOBOJIOKOU.

NOPOWOK(PMIOTK

Vce

MEeTanuuieckKan
obonosxa

pacnnas neca

Puc. 4.41. Cxema mpoiiecca HarjIaBKy MOPOIIKOBOM MIPOBOJIOKOM

O1oT cnocod oO0nanaer NpeuMyIEeCTBAaMHU IEpeja APYTUMHU: OH IO3BOJISET
YBEIIMYUTh CHIIy TOKa, T.€. MOBBICUTh MPOU3BOAUTEIBLHOCTH Ipolecca B 2 pasza u
OoJee; MCKIIIOYAeTCs orepaiusi OTACNCHUs NIJIAaKOBONW KOPKHA OT PEHOJETaI TOoCIe
HariaBku. [Ipu 3TOM cnocoOe mpu HarutaBke, HampuMmep, Ha cTtanb 45 (Marepual
KOJIEHYAThIX BAJIOB) 00ECHEYMBAETCS TPOOCTUTHOMAPTEHCUTHASI CTPYKTypa MeTasuia,
tBepaocTh S51,5....57 HRC; H3HOCOCTOMKOCTh MOBEPXHOCTH mosy4daercs B 1,6....2
pasa BbIIlIe, ueM y cTainu 45, 3akajieHHOW ToKamMu BbhICOKOM yacToThl (TBY).

JIns HaniuaBKM MOPOIIKOBOW IMPOBOJIOKOM MCHOJIB3YIOT TOKAPHBIE CTAaHKH C
ronoBkamMu A-580M, OKC-1252M, A-765, A-1197, a takxke cnemualbHbIC CTaHKU
Y-139, Y-140, Y-143, Y-144, YA-209, Y-233, V-651, ¥V-653, OKC-11200,
OKC-11236, OKC-11238, O KC-14408. HcroyHMKaMu TMHUTaHUS JYTH SBISIOTCS
npeodpazosarenu [ICI'-500, sempsamutenu BJIY-504, BAY-301, BAY-1001, BC-600,
BJIM-1001. Hcrnons3oBaHuE MOPOIIKOBOM MPOBOJOKHA MO3BOJIIET CHU3UTH PACXOL]
CBapOYHOM IPOBOJIOKH. HAIUIABKY MOPOIIKOBOW IPOBOJIOKOM U JICHTOM BBITIOJHSIOT
IpU MOCTOSSHHOM TOKE OOpaTHOM MOJSpHOCTU. JlMameTp 3JEKTPOIHOM MPOBOJOKHU
3aBUCUT OT TOJIIMHBI HATUIABJIEHHOTO METAJIa C MPHUITYCKOM I0J] MEXaHWYECKYIO
obopabotky 0,8...1,5 MM Ha cropony. Cuily TOKa BBIOMpAIOT B 3aBUCHMOCTH OT
CKOPOCTH HAIlJIABKU U JUAMETPa MPOBOJIOKHU.

Hannaeka 6 cpede y2nekucnozo 2aza. 10T ciocod B 3HAYUTEIBHOM CTENEHU
OTIIMYAETCs OT APYIMX CIOCOOOB BOCCTAaHOBJICHMSI PEHOAETAIEl — HE HYXHO HU
(Ga10CcOB, HU DJIEKTPOAHBIX MOKPBHITHH. Jlyra MeXay 3JIEKTpOJOM M HAIIABISEMbIM
W3JICJINEM TOPUT B CTPYE ras3a, BHITECHSIOIIETO BO3AYX U3 IUIABUJIBHOTO MPOCTPAHCTBA
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M 3alIMIIAIONIETO PACIJIABJICHHBIA METAI OT BO3ACHCTBUSA KHUCJIOpOJa M a30Ta.
ABTOMaTHYEeCKas HalJlaBKa B Cpele yriekucioro rasza. HMmeer cruepyromiue
MPEUMYIIECTBA: TPU HAIUIAaBKE OTCYTCTBYIOT BPEIHBIC BBIJICJIICHUS U IILJIAKOBBIC
KOPKH; OTKpBITasi Ayra J1aeT BO3MOXXHOCTb HAOJONAaTh U KOPPEKTUPOBATH MPOIIECC,
MPOBOJAUTH HAIUIaBKy MNpPHU JIFOOOM MPOCTPAHCTBEHHOM TMOJIOKEHUU HAaIJIaBIsIeMOM
MJIOCKOCTH, MEXaHU3UPOBATh HAIUJIABKy, BBIMIOJHSEMYIO HAa MEJIKUX PEHOJETaNsAX
(Bamax nuametpom 10 MM u Gosee).

JIns HamIaBKU MPUMEHSIOT CieAyroliee o0opy/I0BaHUE: HAILJIABOYHBIE TOJIOBKH
ABC, A-384, A-409, A-580, OKC-1252M; ucrounuku nutanus BC-200, BCY-300,
BC-400, TICI-350, A3-7,5/30; momorpeBarelu Tas3a; OCYIIUTEIb, 3allOJTHCHHBIM
cunukarenseM KCM kpynHocthio 2,8...7 MM; peaykTtopbi-pacxogomepsl JIP3-1-5-7,
i potametpsl PC-3, PC-3A, PKC-65, wmu kucnopogusnii pexykrop PK-53b.

HamnaBky B cpefe yIJIGKMCIOTO Tras3a BBINOJHAIOT HAa TOCTOSIHHOM TOKE
oOpaTHOM MOJSAPHOCTH. THII M MapKy D3JEKTpoJa BLIOMPAIOT B 3aBUCHUMOCTH OT
MaTepuajia BOCCTAHABJIMBAGMOW PEHOJAETAIM U TpeOyeMbIX (PU3MKO-MEXaHUUECKUX
CBOMCTB HarjiaBjieHHOro Mertauia. CKOpPOCTh HAIJIaBKM  yCTaHABIMBAIOT B
3aBUCHUMOCTH OT TOJIIIMHBI HAIUIABISEMOr0 MeTajlyla M KadecTBa (HOPMHUPOBAHUS
HAIUIABJICHHOrO cJioA. HammaBky BaJIMKOB OCYWIIECTBIISIIOT € miarom 2,5...3,5 MM..
TBepaOCTh HAIIABJIEHHOTO METAJlJla B 3aBUCUMOCTH OT MAapKH U THUIIA AJIEKTPOJAHOU
nposojioku 200...300 HB. Cxema mporiecca npeacraBieHa Ha puc. 4.42.
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Puc. 4.42. ABromarudeckas HarulaBKa B cpeae yriaekucioro rasa [19]: 1 -
MEXaHM3M ToJIauu 2 - COTUIO; 3 - TOKOJAOABOASAIINN MYHAIITYK; 4 - KOPITYC TOPETKH S
TUTABSIIIANACS METAUTMYECKUN  AJEKTpo(HAIUIaBOYHAs TPOBOJIOKA); 6 - PYKOSTH
ropenku;7 - atMocdepa 3al|THOTO Tasa; 8 - cBapoyHas yra;9 BaHHA PacCIUIaBICHHOTO
MeTaa.
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Bubpooyzoeasa  nannaéeka  —  pa3HOBUAHOCTH  JIyTOBOM  HAIJIaBKU
METaUTMYECKUM AIEKTPOJIOM. Texnomnorus BUOPOyTOBOM HaIUTaBKU
peaycMaTpuBaeT BOCCTAHOBJICHHUE JeTalled ¢ UWIUHAPUYECKUMH, KOHUYECKUMU
Hapy>XHbIMU ¥ BHYTPEHHUMHU MOBEPXHOCTSAMH, a TAKKE C TNIOCKUMHU MOBEPXHOCTAMH.
[Ipouecc HamiIaBKM OCYIIECTBISIETCA MpU BHOpaluu 3JEKTpoJa ¢ Mojaden
OXJIAKIAIONICH JKUIKOCTH Ha HaIUIaBJICHHYIO TOBepXHOCTh. Ha pwuc. 4.43. nmana
OpUHIMIHATIbHAS CXeMa BHOpPOAYrOBOW YCTAaHOBKM C  DIIEKTPOMEXaHUYECKUM
BUOpaTOpOM.

Puc. 4.43. IlpunnunuansHas cxeMa BHOpPOIYroBOM ycTaHOBKH: | — KacceTa ¢
MOBOJIOKOM; 2 — POJIMKU TOJAI0IIET0 MEeXaHu3Ma; 3 — sikopb BUOparopa; 4 — Hacoc JJIst
OXJIQXKIAIOMICH JKUJIKOCTH; 5 — BHOPUPYIOIIUMH MYHIIITYK 6 — peHoueTallb, 7 —
KaTymika BuOpaTopa; 8 — reHeparopa; 9 — sanexkrpoaBurareins; 10 — pexykrop.

Ha cynnopre TokapHOro CTaHka 3aKpeluisiioT HarulaBouHyio ToioBky (OKC-
6569 i OKC-1252). Jlng nutanusi Ayry UCMONb3YIOT UCTOYHUKHU MMOCTOSIHHOTO TOKA
C JKECTKOW BHelHeW xapaktepucTtukoil (reneparopsl AHJ/I-500/250, BemmpsmuTenu
BC-300 u BC-600, npeo6pazosarenu [1]1-305 u [TICT-500).

K HamaBisieMOll NMOBEPXHOCTH PEHOAETAIM, KOTOpas BpAIaeTCs B LIEHTpax
TOKapHOTO CTaHKa, POJMKAMH TOJAIOIIEr0 MEXaHM3Ma U3 KacceTbl 4epes
BUOPUPYIOIINKA MYHJINTYK TOJAETCS SJEKTPOJIHAs TMpoBojioka. M3-3a konebanuii
MYHJITYKa,  BbI3bIBAEMBIX  DJIEKTPOMEXaHHUUYECKUM  BHOpATopoM, MPOBOJIOKA
MEPUOANYECKH TPUKACAECTCS K IOBEPXHOCTH PEHOAETAIM W PACIUIABIIAECTCS IOA
JNEWCTBUEM HMITYJIbCHBIX AJIEKTPUUYECKUX Pa3psioB, MOCTYMAKOMIMX OT TEHEepaTropa.
[Tox nelictBueM BHOpaTOpa MyHAIITYK BMECTE C MPOBOJIOKOM BUOPHUPYET C YACTOTOM
110 'y u ammuuryaoi konebanusa a0 4 mm (nmpaktuuecku 1,8....2mMm). BuOpanus
3JIEKTPOJ1a BO BPEMsI HAIJIaBKU 00€CIIeYMBAET CTAOMIBHOCTh MPOIIecca 3a CUET YaCThIX
BO30YXKICHHUI AYTOBBIX PaspsiioB M CIIOCOOCTBYET MOJAauye 3IEKTPOJHON MPOBOJIOKH
HEOOJIBIIMMHU TOPLUUSAMH, YTO oOecreunBaeT Jydiiee (popMHUpOBaHHE HATUIaBICHHBIX
BaJIMKOB. biarogaps BUOpamusmM MpoLecc HalIaBKU MOXET ObITh OCYIIECTBIIEH IPH
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HU3KOM HampsbkeHuu (12...18 B). Oxnaxparonias kugkoctsb (4...6 %-Hblil pacTBOp
KaJIbLIUHUPOBAHHOM COJIbI B BOJIE) 3aIMIIAET METAILJ OT OKUCIICHUS.

JUisi  HamjgaBKM  BHYTPEHHHMX —I[WJIMHJIPUYECKUX TMOBEPXHOCTEH TOJIOBKY
pa3MemaloT Ha CTaHKE TaK, YTOOBI IUIOCKOCTh MYHAIITYKa COBMEIIANach C OCBIO
peHoneranu. PeHonerans OpUBOAAT BO BpalaTEIbHOE JBHKEHHE, TOJIOBKY — B
nocTynareiapHoe. ToJMHa OJHOCIOMHOW HAaIUIaBKM B 3aBHUCHUMOCTH OT PEXKUMOB
kojebserca ot 0,5 no 3 mMm. IIpu MHOTOCIOWHON HarUIaBKE MOKHO TOJYYUTh CJIOU
1100011 TommuHbL. [ToAroTOBKa MOBEPXHOCTEH 1JI HAIUIABKU COCTOUT B OYHCTKE UX OT
IpsS3d U pKaBUMHBL. Bce OTBepcTHS W Tasbl, KOTOpble HEOOXOAUMO COXPAHUTH,
3aMOJHSAIOT MEIHBIMU WU TpadUTOBBIMU BCTaBKAMH TaK, YTOObI OHU BBICTYHAIHN HaJl
MOBEPXHOCTHIO HAa BEJIMYUHY, MPEBBIIAIONIYIO TOJIIWHY HAIUIABIEHHOTO CIIOS, YTO
MO3BOJISIET JIETYE YAAIUTH X MOCIIE HAILJIABKH.

BubOpoayroBas HamaBka HMEET CIEAYIOIIME MPEUMYIIECTBA: HEOOJBIION
HarpeB JIeTalyd, BO3MOXXHOCTb HAIUIaBKA JIETAJIE C MajblM JUAMETPOM,
HE3HAUUTEIbHAA 30Ha TEPMUYECKOTO  BIHSHUA, BO3MOXKHOCTH  IOJYYEHHUS
HEOOXOJMMBIX MPOYHOCTEH HAIUIABJICHHOrO CJIOSI 32 CUET MPUMEHEHHS Pa3InYHBIX
MapoOK 3JIEKTPOJHOIN MPOBOJIOKH.

Buopooyzoeasa nannaexka noo cnoem ¢harwca. BubponyroBas HaruiaBka Mol
cioeM (¢uroca MMEET pPsii NPEUMYIIECTB: JA€T BO3MOXKHOCTh HAIUIABIIATH METaJlI
TOJIKO HA MH3HOIIEHHYI0 YacTh, YTO YMEHBUIAET TPYJOEMKOCTh MOCIEAYIOIIEH
MEXaHUYEeCKON 00pabOTKM; MOJydyaTh HAIUIaBICHHBIA CJIOH O€3 MOop W TPELIuH;
nedopmaisi peHOAETATM MHUHUMalbHasT M HE TPEBHIIIACT TOJIEH JOIMYCKOB
MOCaJOYHbIX MECT; MHHHMMAajbHas 30Ha TepMUYECKoro BIugHUSA. Hemoctatkom
BUOPOJIYTOBOM HAIUIABKU sIBIIA€TCS yMeHbIeHUE 10 40 % CONMPOTHUBIICHUS YCTATIOCTH
HAIUIABJICHHBIX JICTAJICH.

/Jlyeoean  nannaeka ¢ 2A30NAAMEHHOU  3AUUMOIL. Bonpmmmu
TEXHOJOTUYECKUMU BO3MOKHOCTSIMU TPU BOCCTAHOBJICHUU JEeTajed IIUPOKOI
HOMEHKJIATyphI B YCIOBHUSIX BOCCTAHOBUTEIBHOIO MPOU3BOJICTBA 001a/1a€T HAMJIaBKa C
ra3oIuIaMEHHOM 3aIUTOM.

Croco6 TO3BOJISIET HAIUIABJISATH HAa PEHOJETAIM ITUIOTHBIC CIIOW, MPUMEHSS
JOCTYIIHbIE W OTHOCUTEIBHO JICIIEBbIE YIJIEPOJAMCTBIE MPOBOJIOKH. MeTai,
HaIJIaBJICHHBIA BBICOKOYTJIEPOJUCTHIMA TPOBOJIOKAMU Ha CTAJIbHBIE PEHOJETAIIH,
XOpOIIO  BOCHPUHUMAET  3aKalKy. MOXHO Takke HaIUIaBiIsATh  CTaJbHOU
HU3KOYIJIEPOAMCTON MPOBOJIOKOM HAa YyT'YHHBIE peHojeTainy. HarmaBieHHbIN CI0M B
ATOM Cilyuyae 00J1a/laeT Xopoliei oopadaTbIBAEMOCTHIO.

Oco0eHHOCThIO crioco0a SBISETCS TO, YTO 3aLIUTHBIC Ta3bl B CBAPOUYHYIO 30HY
MOAAI0TCS JBYMSI KOHIICHTPUYHBIMH MOTOKAMH: B HAPY>KHOM MOTOKE — MPUPOIHBIN
raz (I'OCT 5542—78) wniu npomandyranoByro cmech (I'OCT 20447—80) u Bo
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BHyTpeHHeM moTtoke — kuciopon (I'OCT 5583—78). Ha puc. 4.44 npencraBieHa
cXeMa HaIUTaBKU PEHOM3EIHUS C Ta30IJIaMEHHOH 3alUTOM.
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Puc. 4.44. HanaBka ¢ ra3oriaMeHHoM 3amuToi [19].

BpenHoe BiusiHHME ra3a Ha IUIOTHOCTh HAIUIAaBJIECHHOIO METaula IOJAABIIAETCS
KHCJIOPOJIOM, KOTOPBIM ITOJAETCS y3KMM BHYTPEHHUM IIOTOKOM B 30HY Ayru. Ilo
BBIXO/IE M3 TOPEJIKM Ta3 cropaer, oopasys miamsa. Takum oOpas3oM, ayra TOpUT B
(dakeye Ta30KUCIOPOAHOIO IIamMeHu. Jlns 3ammTel OT TeperpeBa B IMpolecce
HaIJIaBKKM Ta30Basi TOpeJiKa U roJioBKa MYHJAIITYKa CHaOXEeHbI pyOalikaMu BOJSHOTO
OXJIQXKJIEHUS, KOTOpbIE BKJIIOYAIOTCA MOCJIEIOBATEIbHO B CUCTEMY IUTAHUS BOJOM.
HarutaBky BBINOJIHSIOT HA HAIIaBOYHbBIX crankax Y /[-209, Y-653 nunu Ha co3aaHHOMN
yCTaHOBKE Ha 0a3e TOKapHOro craHka. J[is co3maHus ra3omyiaMeHHOM 3aluThl
YCTaHOBKY OCHAIAIOT T'OPEJIKOM, CUCTEMOW MUTaHMS TOPEJIKM Ta3aMyd U CHUCTEMOU
OXJIQXKJICHHS TOPEJIKM M HAIUIaBJIsIEMOM peHoAeTanu. /(s nuTtaHus Iyrd OpUMEHSIOT
WMCTOYHHUKH C TIOJIOTOMAAIONIeH WK JKeCTKor xapakrepuctukoi: BC-600, BJ/[Y-505,
BAY-50, BAY-601, IICI'-500 u ap.

Inekmpowinaxkosas nanaagka. [ N3roToBIeHUs] OUMETAIUIMYECKUX JIeTaei
C M3HOCOCTOMKHM CJIOEM 3HAaYyuTEIbHOM TonmuHbl (Oonee 10 MM) NpUMEHSIOT
UIEKTPOLUIAKOBYKD  HallaBKy. B 3ToM  mpoumecce  HMCHOJB3YHOT — TEIUIOTY,
BBIJICISIFOIIYIOCS NPU IPOXOXKJIECHUU 3JIEKTPUUYECKOTO0 TOKa 4Yepe3 pacIllaBiICHHBIN
IUTAK. DneKkTpouuiakoBas HarlaBKa oOecrieunBaeT HauOOJIBITYIO
MPOU3BOAMTENILHOCTh IO CPaBHEHUIO CO BCEMHU APYrMMH crnocodamu HariaBku. C
MOMOIIBIO JITUPOBAHHBIX MPHUCAJAOK TOJYyYalOT HAIUIABJICHHBIA CJIOM HYXHOTO
XUMHUYECKOTO cocTaBa. KauecTBO HaIIaBiI€HHOTO METalljla BBICOKOE — OTCYTCTBYIOT
MOPbI, TPEUIUHBI U JPYTrUe 1ePEKTHI.

HamnaBKky MOXHO BBINOJHATh Ha IUIOCKMX TIOBEPXHOCTSX, a TaKXke Ha
MOBEPXHOCTAX TeN BpamieHus. OCOOEHHOCTh 3JEKTPOLUIAKOBON HAIUIABKU COCTOMT B
TOM, YTO MOKHO MOJy4aTh IJIaJKUEe, POBHbIE TOBEPXHOCTU HAIUIABIEHHOTO CJIOS. DTO
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JTA€T BO3MOXHOCTb MCIOJIb30BaTh PEHOAETANM 0e€3 MOCIeayroIell MeXxaHU4eCKOU
oOpaboTku. B Hauane mpoiiecca B 3a30p MEXAy PEHOJETANIbI0 U BOJOOXJIaXKIaeMON
dbopmMoli 3aMMBaIOT pacIUIaBiICHHBIA (QUIIOC U BO3OYXKAAIOT AYTy MEXKIY 3JIEKTPOIHOMN
MPOBOJIOKOW U peHopaeTanbio. [lociae oOpa3oBaHus NUIAKOBOW BaHHBI JOCTATOYHOM
TIyOWHBI TyTa MOTyXaeT, ¥ TOK MPOXOIUT Yepe3 PaCIUIaBICHHBIN MIJIAK — HAYMHACTCS
AJIEKTPOILTAKOBBIN TIporiecc. Pacxon duroca mpu 3ToM criocode B 15..20 pa3 MeHbIIIe,
YeM IPHU 3JIEKTPOAYyroBoM. HamiaBky OCYIIECTBISIIOT CIEHHAIBHBIMU CBAPOYHBIMU
anmnapatamu. I[lo Mepe 3amonHeHUs 3a30pa HAIUIABJICHHBIM METAJUIOM PEHOAETAb
MEPEMEILIAIOT OTHOCUTENIBHO anmapara BHU3.

[Ipumep. PexuMbl 31€KTpOLIIaKOBOK HAIIAaBKU MPU BOCCTAHOBJIEHUH OTOPHBIX
KaTKOB TpakTopoB kiacca 30xkH wumeror crnepyromue (OnTHUMaibHbIE) 3HAYEHUS:
Hanpspkenne 36...40 B; cuna toka 800...900 A; ckopocTh 1ojadu MpoBOJIOKH 3...3,5
M/MUH; TTyOMHA NUJIAaKOBOM BaHHBI 80 MM; UHCIIO AJIEKTPOAOB 2; CKOPOCTh MOAAYU
copMaiita 60...85 r/MUH; AMAMETP AJIEKTPOTHON MPOBOJIOKU, HCIOIB3YEMON B 3TOM
ciyyae, 3 MM. HammaBnsembld MeTaim, MIJJaKOBass W METAJUIMYECKas BaHHBI
YAEPKUBAIOTCS  OT  BBITEKAHUS  OOBIYHO  CICHUATIBHBIMU  (POPMUPYIOIIUMHU
YCTPOMCTBAMH - TOABWKHBIMH WM HEMNOJABWKHBIMH MEIHBIMU MOJ3YHAMU 35,
OXJIAKIAEMBIMH BOJOW 6, WM OCTHIBAIOIIMMUCA IUIACTUHAMHU. BeEpXHss KpoMKa
MOJI3yHa  pacrlojaraeTcsi HECKOJbKO  BBIINIE  3€pKaja  IUJIAKOBOM  BaHHBI.
Kpucrammsyronmiics B HM)KHEHM 4YacTM METAJUIMYECKOM BAaHHBI PACIUIABICHHBIN
Metam oOpazyer moB 7. IllnakoBasi BaHHA, HAxXOMASCh HaJ MOBEPXHOCTHIO
METaJUIMYECKOW BaHHBI, CONMPHUKACASACHh C OXJIAKIAEMBIMHU IOJI3yHaMHU, 00pa3yeT Ha
HUX TOHKYIO IUIAKOBYIO KOPKY, UCKJIIOYas TEM CAaMbIM HENOCPEICTBEHHBIA KOHTAKT
pacCIUIaBIEHHOTO METAaIa ¢ TOBEPXHOCTHIO OXJIAXKIAEMOI0 MOJI3YHA U MPeTynpexaas
oOpa3oBaHME€ B MeTajule IIBAa KPUCTAUIM3AUMOHHBIX TpemnH. Ha puc. 4.45
MpeCTaBJICHA cCXeMa JJICKTPOIIJIAKOBOW HAIIaBKH.

Puc. 4.45. Cxema 31eKTpOLLIaKOBON
HaTIUIaBKH

BoccTaHoBNIeHHBIE  DJIGKTPOIJIAKOBBIM ~ METOJIOM  JICTAIM  IOABEPTaOTCS
COOTBETCTBYIOIIECH TEPMUIECKON M MEXaHMUECKOU 00paboTKe.
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Ilnasmennasa u muxkponnazmennasa nanaaeka. [lnazMeHHas HamiaBka — 3TO
Ta € CBapKa IUIaBJICHUEM. 3JeCh ACHCTBYET TOXKe dJeKTpuyeckas nyra. Ho ato yxe
cKatas Jyra, KOTOPYIO MO3BOJSET MOJYYUTh CHEHAIbHAS TOPENKa, IMJIa3MOTPOH.
[1na3MOTpOH MO3BOJISIET MOJYYUTh CXKaTyro Oyry ¢ temmneparypou no 30000°C. Ha
puc. 4.46 cxemMmaTHIHO W300PaKEH IJIa3MOTPOH.

Puc. 4.46. PaGora mia3MoTpoHa B
pexuMe: A — NIpsAMOU MONAPHOCTH; b —
JIyTU KOCBEHHOTO jeucTBus (como 4

BBITIOJTHSIET OHOBPEMEHHO POJIb aHOJIA).

[TpyHIMD nEeWCTBUA MJ1a3MOTPOHA, MUATAONIASCS OT UCTOYHUKA 1, 3aKkimtrouaercs
B TOM, YTO Ayra MEXHIy OBJEKTPOAOM 2 W U3JAeJIMeM 3 MPOXOJUT Yepe3 OUYECHb
MajeHbkoe comio 4. MIMeHHO mpoxons dYepe3 comio 4 miazMooOpasyromuid ra3
CXKUMaeT JIyry. 3alllUTHOE COIJI0O 5 IUIa3MOTPOHA 3allMINAET 30HY TOPEHHS OT
OKpY’Karomiero Bosayxa. Ilma3zmMoo0pasyromuii U 3alUTHBIN Ta3bl MPOXOAT MO JIBYM
HE3aBUCSIIMM JpYr OT JApyra KaHajlaMm. B kadecTBe IL1a3M000pa3yroIIero rasa
HCIIOJIB3YIOT UHEPTHBIC Ta3bl (TeJINil, aproH) eciu peub HAET O cBapke uiaenuil. Eciau
K€ TPEIINojiaraeTcsi pe3ka METaUIOB, TO OCHOBY INIa3MOOOpPAa3yroIIero rasa
COCTABJISIET OYMILEHHBIN OT IPUMECEN BO3AYX.

B 3aBucuMocTH OT Marepuana W3IeNvs IUIa3MEHHYI0 HAIUIaBKy MPOBOISAT Ha
IIOCTOSIHHOM TOKE MPSIMOM TOJSPHOCTH WJIA B HUMITYJIBCHOM pexume. s 3toro
MJIa3MOTPOH COEIMHSIOT C MCTOYHUKOM MHUTaHUS | TOCTOSSHHOrO TOKa WU
MCTOYHUKOM MUTAHMS, 00ECIIEUNBAIOIIMM UMITYJILCHBIA PEXHUM.
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Pa3HOBUAHOCTBIO  IJIa3MEHHOM  HaIjIaBKa  SBJISIETCS  MUKpOIUJIa3MEHHAs
HariaBka. [1o KOHCTPYKIIMK 3TO TOT e MIa3MOTPOH, HO MEHBIIIUX Pa3MEPOB.

Mukponnasmennaa nanaaeéka. Mukponiazmennas Haniaeka TO3BOJISIET
HAIUIABJISITh PA3UYHBIE MaTEpUaibl, CIUIABbI, JaXE€ HEMETALIMYECKUE U3/IeIus
(utacTMacchl, AURJIEKTPUYECKHE MaTepuayibl) BIUIOTh 1O TEKCTUIBHBIX W3JICIIUMN.
Y CTpoicTBO M1a3MOTPOHA 711 MUKPOIIA3MEHHOM HAIUIABKK MOKa3aHo Ha puc. 4.47.

Puc. 4.47. YcTpolicTBO MIa3MOTpOHA IS
MUKPOIUIa3MEHHON HaIUIaBKU

B kopmyce 2 3akperuieH 3aekTpoj 1 ¢ momonisto nanru 3. Kopnyc BetaBisiercs
B BepxHHMil kapkac 4. CaMm Kapkac COEIMHEH C HIDKHUM KapkacoM O uepes
KEpAMUYECKYIO BTYJIKY 5. BCTaBiIeHHBIN BO BHYTPEHHIOIO YacTh COIUIA 8§ HAKOHEYHUK
7 COEOVHEH C HWKHUM KapkacoM 6. DiekTpoj | 3akuMaeTcs B LJaHre 3 ¢ MOMOIIbIO
raiiku 9 u crienraibHOW BTYJIKM |1. BHyTpeHHSs KOHCTPYKIUS IJIa3MOTPOHA 3aKJIIO-
YeHa B U30JIMPYIOIMI Kopnyc 10, KOTOPBI CBEPXY 3aKPbIBACTCS KOJIMAYKOM 12.

JIns mpou3BOACTBA TUIA3MEHHOW M MUKPOILUIA3MEHHOM HAIJIABKU B HACTOSAIIECE
BpeMsi puUMeHstoTcst cienyromue yctaHoBku: YIIC-501, VIIC-804 u VIIC-301 gns
IJIa3MEHHOM HAaIUIaBKU U yCTaHOBKA A-1342 1 MUKpOIUIa3MEHHON HAIUIaBKU
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Inexkmponno-nyuesan naniaska. OCHOBHONH KOMIIOHEHT — DJIEKTPOHHBIN JTyd,
KOTOPBI CO3/IaeTCsl CIEIUATBHBIM MPHUOOPOM — JJIEKTPOHHOW mymkoh. Cxema
nporiecca npejcTaBiieHa Ha puc. 4.48.

Puc. 4.49. VYcraHoBka 3JIEKTPOHHO-

Jy4€BOM HAIUIABKH: 1 - peHOoM3nenue; 2
- KaTtoJ; 3 - MPUKATOIHBIN JJIEKTPOA; 4 -
YCKOPSIFOIIUHI 3JIEKTPO; 5 -
BBICOKOBOJITHBIN HMCTOYHUK
MOCTOSIHHOTO TOKa; 6 - MarHuTHas
JWH3a; 7 - MarHUTHasi OTKJIOHSIOIIAs
cucrema

+
Ilymka nmeer karox 2 KOTOPBIA MOXKET HarpeBaTbCs 10 BBICOKUX TEMIIEPATYD.

Karon pa3menieH BHyTpH NMPUKATOMHOTO 3JeKTpoaa 3. Ha HEKOTOpoM pacCTOsSTHUH OT
KaTo/la HaXOAMUTCA YCKOPSIOLIUN 3JeKTpoj] (aHox) 4 C OTBEpPCTUEM. OJEKTPOHBHI,
BBIXOJSIME M3 KAaTOAa, (POKYCHUPYIOTCA C MOMOUIbIO 3JEKTPUUECKOTO IMOJIS MEXIY
[IPUKATOAHBIM U YCKOPSIOIIKUM JIEKTPOAAMU B IIy4YOK AUAMETPOM, PABHBIM JUAMETPY
orBepcThs B aHOnE 4. I10JI0KUTENBHBIN MOTEHIMAT YCKOPSOIIETO 3JIEKTPOAA MOKET
JIOCTUIaTh HECKOJBKUX IECATKOB THICAY BOJIBT, IIO3TOMY JJIEKTPOHBI, UCIyCKACMBbIE
KaToJOM, Ha MyTH K aHOAY NPHOOPETAIOT 3HAYUTEIbHYIO CKOPOCTh U JHEPTHIO.
[IuTaHue MyWKU DJIEKTPUUYECKOM JIHEPrHed OCYIIECTBIIIETCS OT BBICOKOBOJIBTHOIO
MCTOYHUKA [IOCTOSTHHOTO TOKA 5.

JIns yBeNMYEHMsS IUIOTHOCTH JHEPTMM B Jyde IIOCJE BBIXOZAA JJIEKTPOHOB W3
NEPBOrO aHOAA DBJEKTPOHBI (POKYCHUPYIOTCS MAarHUTHBIM TIOJIEM B CIEHUATbHOMN
MarHuTHOM smH3e 6, ChoKycHpoBaHHBIE B IUIOTHBIA IYy4OK JIETSAIINE 3JIEKTPOHBI
yAApAIOTCS € OONBUION CKOPOCTHIO O Malyl IUIOWAAKY (MATHO HarpeBa) Ha
peHom3aenuu 1, TpU ITOM KHUHETHYECKAs OSHEPrus DJIEKTPOHOB BCIIEICTBUE
TOPMOXKEHUSI IIPEBpaAIlaeTCsd B TEIUIOTY, HarpeBas METaJUl J0 OYEHb BBICOKUX
TeMIeparyp.
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JUtis mepemenieHus jyda 10 CBapMBAacMOMY H3JCIHI0 HA IIYyTH DJIEKTPOHOB
IIOMEIIAOT MAarHUTHYIO OTKJIOHSIOLIYK) CUCTEMY 7, IO3BOJIAIOILYI0 YCTaHaBIMBATH
JAy4 TOYHO IO JIMHUM HAamIaBKU cBapku. CaM 1o ce0e 3JIEKTPOHHBIM JIyd MOMKET
JOCTUraTh TaKUX 3HAYEHUH, YTO J€JaeT BO3MOXKXHBIM NMPHUMEHEHHE €ro IMpH CBapKe
0onpmMX TOIUH — 70 500 MM.

Konmaxkmuaa  npueapka naewmvt u  npoeonaoxku. CyTb  mpolecca
BOCCTAHOBJICHUSI KOHTaKTHOM NIPUBAapKOW COCTOMT B NPHUBapUBaHUM MOIIHBIMU
UMITYJIbCAMH TOKAa K ITOBEPXHOCTU PEHOACTAICH CTalIbHOW JIEHTHI, MOPOIIKAa HWIIU
IIPOBOJIOKK. /J[7 yMEHBIIEHHs HarpeBa pPEHONETANM W YJIY4YIICHHsS 3aKalKu
IPUBApUBAEMOT0 CJOS B 30HY CBAapKU IMOAAIOT OXJIAKIAIOUIYI0 >KUIKOCTh. Criocod
BOCCTAHOBJICHUS JI€TaJiell KOHTAKTHBIM 3JEKTPOMMIYJIbCHBIM MOKPBHITUEM IIMPOKO
MPUMEHSIOT JUIsl BOCCTAHOBJIEHUS MTOCAJ0YHBIX MECT MOJI MOAIIMUITHUKN B KOPITYCHBIX
peHOACTANsIX W BajlaX, a TakKe Pe3bOOBBIX yacTe BayioB. J[Ji1 BOCCTaHOBJICHUS U
YIPOYHEHUSI PEHOM3JECINN NEPCHEKTUBHON SIBISETCS IPUBAPKA K HW3HOIICHHBIM
MIOBEPXHOCTSM ITOPOLIKOBBIX TBEPABIX CIUIABOB.

[Ipy KOHTaKTHOW CBapke MeETaul IpPOrpeBaeTCs Ha Malylo TIyOuHY, 4TO
o0ecreunBaeT HEM3MEHHOCTh €r0 XMMUUECKOI0 COCTaBa U OTNAJAeT HEOOXOAUMOCTh B
pUMEHEHUU (DITIOCOB U 3aIIUTHBIX ra30B. sl 31€KTpOI0B, IPUMEHSIOT CEIMAIbHbIE
mennblie crasbl bpX1, bpBHT1,9 u np.

CBapoyHble TOUKHM pacroiararoTcsl 10 BUHTOBOM JIMHUM U MEPEKPBIBAIOTCA KaK
BJIOJIb PSIZIOB, TaK U MeXAy HUMHU Ha 25% (puc. 4.50), uTo mocTUraercsi BpalieHueM
pPEHOZIETaIN CO CKOPOCTBIO, NMPONOPLUMOHAIBHONW YaCTOTE HMITYJIBCOB, IPOJIOJIBHBIM
NEpPEeMEIIEHUEM CBapOYHBIX  Kielledl  (3JIEKTPOJIOB), NPABHIBHBIM  BBHIOOPOM
IPOJOJKATEIBHOCTH HMMITyJIbca TOKa M may3bl. C L0 yMEHBUIEHUS Harpesa
POJIMKOBBIX 3JIEKTPOJIOB, PEHOAETANICH U 3aKAJKH HABAPEHHOI'O CJOA B 30HY CBAPKH
MOJAIOT OXJIAKIAIOIIYIO KUIKOCTb.
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Puc. 4.50. Cxema »IEKTPOKOHTAKTHOMN

NpUBApKUA JIEHTHl (@) W TEepPeKpbITUS

CBapOYHBIX TOYeK (0): 1 — mpeprIBaTeb
TOKa; 2 — Tpanchopmarop; 3 — naTpoH; 4
— peHoneTallb; S5 — POJUKOBBIE; 6 —

IIpuBapuBacMasd JICHTa

~

TexHonmorus BOCCTAHOBJICHUS JETallel JaHHBIM CIOCOOOM 3aKJIIOYaeTcs B
nuIM(QOBaHUM pEHOJAETanu ¢ ymeHbuieHueM auamerpa Ha 0,3-0,5 MM (oTBepcrue
YBEIIMYUBAIOT), TOATOTOBKE JICHTHI, €€ NpPUBApKe U MOCIeAyoIel 00padoTke
MPUBAPEHHOIO CJOS. 3aroTOBKM Hape3aroT u3 JieHT TtommuHon 0,3-1 MM B
3aBUCUMOCTH OT M3HOca peHojeranu. [llupuHa ux 1nomkHA OBITh paBHA IIMPUHE
BOCCTAHABJIMBAEMON MOBEPXHOCTH, a JJIMHA - JIJIMHE €€ OKPY>KHOCTH. 3a30p B CTHIKE
KOHIIOB JICHTBI HE JIOJKEH ObITh OosbIne 0,5-0,8 MM, HaXJIeCT KOHIIOB HE JIOIyCKaeTCs.
C MOBEpXHOCTH JIEHTHI YJAJSIOT CJIeAbl KOPPO3UU U MACEIL.

KoHTtakTHas HaBapKa UMeeT psiji MPEUMYIIECTB Mepel APYTUMH CTIOCO0aMu:

- HAaHECEHWE TOKPBITUS 3aJaHHOW TOJIIMHBI C MHHUMAJIbHBIM TPUIYCKOM Ha
MOCJEAYIONIYI0 00padOTKY;

- HE3HAUUTEIIbHBIM HarpeB U egopmalius peHoAeTalH;

- MaJible MOTEPU METAIJIA U OTCYTCTBUE BHITOPAHUS JIETHPYIOIINX 3JIEMEHTOB;

- BBICOKAs IMPOU3BOAUTEIBHOCTS - 10 100 cM /MuH;

- BBICOKOE Kau€CTBO U MPOYHOCTh CUEIUICHUS OKPBITHS;

- IIUPOKHWE TEXHOJIOTUYECKHE BO3MOKHOCTHM - BO3MOXHA MpUBapKa JEHTHI,
MIPOBOJIOKH, PA3JIMYHBIX MMOPOIIKOBBIX MAaTEPUAJIOB U T.1.;

- TIOBBIIIEHUE HW3HOCOCTOMKOCTH TMOKPHITUM B HECKOJbKO pa3 IMpU MPUBAPKE
KOMIO3UIIMOHHBIX MaTepUaJIOB (MOPOIIKOB, OTXO0JA0B HUIHM(GOBAILHOIO TPOU3BOJICTBA

u Jp.).

3.5.3. HanbljieHue MeTa/UINYeCKUX MOKPbITUH
I'azonnamennoe nanvinenue nopouwikoevix mamepuanog. OCHOBa Tpolecca
ra3oIIaMeHHOTO0 HAaHECEHUsS — IUIACTHU(UKAIMS MOPOIIKa B BHICOKOTEMIIEPATYPHOM
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UCTOYHHUKE TeIuia (aleTHJICHO-KUCIOPOAHOM IIAMEHHM) W HAHECEHHE €ro Ta30BBIMH
MOTOKaMH Ha MPEABAPUTETHHO TIOITOTOBICHHYIO H3HOIIEHHYIO ITOBEPXHOCTb.

[IpemmymecTBa  ra3oIUIAMEHHOTO  HAHECEHHST  COCTOST B BBICOKOM
MIPOU3BOAUTEIILHOCTH MPOIIECCa, JTOKATLHOCTH 00pa0OTKH, HE3HAYNTEIIPHOM BIUSHUAN
Ha TOJIOKKY, BOBMOXHOCTH HAHECEHHUS MOKPHITUN Ha M3CHUs OOJBIINX pPa3MEPOB,
OTCYTCTBUU OTPAaHUYCHHA HA COUYETAHUS MATEPHAIOB TOKPBITUS W TOJJIOKKH, YTO
MO3BOJIIET OXBaTUTh OOJBINYI0O HOMEHKJIATYPY BOCCTAHOBIICHHS H3HOIICHHBIX
peHoneTanell.. PaccmaTprBaeMblii crioco0 MO3BOJISET, BOCCTAHABIMBATH JICTaN THIIA
Bajia ¢ ©3HOCOM JI0 2,5 MM Ha CTOpOHY. BocCTaHOBNICHHBIE AETaTN YCTOWYNBEI TIPOTHB
KOppO3WH, abpa3WMBHOTO HW3HAIIMBAHUS, ICHCTBHUS BBICOKMX Temmepatyp. Ha puc.
4.51noka3aH npoecce ra3oriaMeHHOTO HaIbUICHUS.

FOXPOIMUR wwm

Puc. 4.51. Ilporecc ra3ormiaMeHHOTO HAIBLICHUS

TexHOoIornYecknii mporecc ra3orIaMeHHOr0 HAaHECEH! S, B OCHOBHOM, COCTOMT
W3 TPEeX ATaIoB: Harpesa nmoepxHoctu aeranu 10 200...250 °C; maneceHus nMoacnos,
KOTOPBIN JTa€T OCHOBY, HEOOXOJMMYIO /JIi HAJIOXKEHUS OCHOBHBIX CIIOEB; HAHECEHUS
OCHOBHBIX CJIO€B, MO3BOJIAIOMIMX IMOJIYYUTh TMOKPBITHUS C HEOOXOAMMBIMH (PU3HUKO-
MexaHn4yecKuMu cBoiictBamu. K OCHOBHBIM (hakTOpam, BIHSIOIIMM Ha MPOYHOCTD
CIICTJICHUSI TOKPBITUS C OCHOBOHM, OTHOCSITCSI: CIIOCOO TMOATOTOBKH IMOBEPXHOCTU H
UCIIOJIB3yEeMbIN TIPH 3TOM a0pa3WBHBIN MaTepuall, MapaMeTpbl CTPYHHOU 00pabOTKU
MOBEPXHOCTH, BpPEMsl BBIIEPKKH TMoOcie o0paboTKW, HaTU4Me MpeIBAPUTEIHLHOTO
MOJIOTpeBa, MPUMEHEHUE MOCIION U UCIOJIb30BaHUE TEPMOPEArupyroIuX MOPOIIKOB,
cnoco0 pacnbuieHus, 3(G(EeKTUBHAsT MOIIHOCTh IUTAMEHH, MapameTpbl Mpolecca
pacmblUIeHHs, COCTaB Marepuaja TMOKPBITUS (HaJu4yhe MOBEPXHOCTHO-aKTUBHBIX
00aBOK B MOKPBITUU 3aBUCUT U OT MPUMEHAEMOTr0 000pYAOBaHUS U OT MPUCATOYHBIX
MatepuanoB). OCHOBOW KOHCTPYKLHH amnmnapaTroB JJis HANbUIEHUS W TOPEJIOK IS
HAIUIaBKU SIBIISIETCA 0a30Basi cxema CBapOuYHOIl ropenku. CBapovHas ropeska CIyKUT
JUIsl CMELIMBAHMS TOPIOYEro raza C KHUCJIOPOJOM M IOJIyYEHHs] Ta30BOrO IUIAMEHH.
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MormHocTh, cocTaB U (Qopma CBapOYHOrO IUIAMEHHU 3aBUCAT OT MYHJIITYKOB
HAKOHEYHHUKOB ropesiok. CBapOYHbIE TOPEIIKHU MOPa3ISsIOT:

- TI0 Ccroco0y TMoJa4u TOPIOYETo ra3a U KUCIOpoja B CMECUTEIbHYIO KaMepy Ha
WHKXEKTOPHBIC U OC3bIHKEKTOPHEIE;

- 10 pOAy TPUMEHSEMOTr0 TOPIOUEro ra3a Ha aleTUJICHOBBIC W IS Ta30B
3aMCHUTEIICH;

- MO Ha3HAUYCHHUI0 HA  YyHUBEpCAIbHBIC  (CBapKa, HaIJIaBKa) U
CIIeIUAJIM3UPOBAHHBIE (BBITIOJIHEHUE OJTHOU OTEpallin);

- 1o (popMe MIaMeHH Ha OJTHOTIJIAMEHHBIE U MHOTOIIJIaMEHHBIE;

- 110 MOIIHOCTH IIJIJaME@HHM Ha MUKpOMOIHbIE (10 60 j1/49), Masioit MOIHOCTH (10
700 n/49), cpeaueit MmotHoCcTH (10 2500 1/9), 6G0sbII0N MottHOCTH (10 7000 11/9);

- 10 CI0CO0y MPUMEHEHHUS Ha PyYHBIC M MAIIUHHEIE.

['openku myig ra3oriaMeHHOW HAIMJIaBKW, BBINOJHEHHbIE HAa 0aze CBapOYHBIX
TOPENIOK, OTIUYAIOTCS OT JTHUX TOPEIOK MPUHIUMIIOM pabdOThl M KOHCTPYKIHCH (B
ammaparax M TOpelKax MpeaycMOTpeH mnuTaTenb (OyHKep) ¢ IOPOIITKOBBIM
matepuaioM). OCHOBHOE Ha3HAUeHHWE almapara I8 HAIObUICHHS — II0JaBaTh
nmopomok B sapo ¢dakena miamenu. Ha puc. 4.52 mpencraBiieHa THUIOBash cXema
YCTaHOBKH Ta30IIa3MEHHOTO HAITBUICHUS ITOPOIITKOBOT'O MaTepraia

Puc. 4.52. VYcranoBka
ra3oriaMEHHOTO HAITbUJICHUS

IIOPOUIKOBOI'0 MaTcpuajia: 1 -

MOPOIIKOBBIM OyHKep; 2 —

HampasJisitomas Tpyoka; 3 —
» MHOTOTETIJIOBONH HAaKOHEYHUK;
Fa )
4 — 6a3a CBaApOYHOM TOPEJIKH.
B
e L

YcraHoBKa COCTOMT U3 TyJdbTa YOPABJICHHUS, TEPMOPACIPENETUTEILHOTO
MUACTOJICTHOTO YCTPOMCTBA JIJISl €T0 KPETUICHHSI B CyNIOpTe TOKapHOTO cTaHka. [IymbT
VOPABJICHHS CIYXKUT JJIi HACTPOMKUA pabOUMX PEKUMOB HAIMBUICHUS C TIOMOIIBIO
MaHOMETPOB, PETYJIUPYIOIMHUX pPacxoj] Ta30B, OOpaTHBIX KJIamaHOB M APYTHX
AJIEMEHTOB, 00ECIIEUNBAIONTNX O€30MACHYIO M CTAOWIBHYIO PaboTy MUCTOJIETA.
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I'azomepmuueckoe nanviienue. llpu peMOHTE H3AENMIA C TOMOIIBIO
ra3oTe€pMUYECKOTO HAIbUIEHUS BOCCTAaHABIMBAIOT pa3Mepbl M3HOUIEHHBIX JIETAJIEH
(1Ieex BaJiOB JIECOMMUIIBHBIX paM, BaJIOB JIepeBO0OpabaTHIBAIOIINX CTAHKOB, IIEEK OCei
KOHBEHEPOB M TEJIEXKEK MU T.J.), YMEHBIIAIOT BHYTPEHHUE pPa3MEpbl H3HOIIECHHBIX
MOCAJIOYHBIX OTBEPCTHI MOJI MOAIIUIMHUKH, BTYJIKH U APYTUE€ JACTaIM; HAHOCIT HA
MOAMIMITHAKKA W BTYJKH aHTU(QPUKIMOHHBIE TIOKPBITUS W3  TICEBIOCILIABOB,
o0pa3yeMbIX B pe3yJbTaTe€ OJHOBPEMEHHOI'O PACHbUICHUS JIBYX WM TPEX Ppa3HbIX
METAJUIOB.  OJTOT  BHJ  HAINbUIEHUS  XapaKTEPU3YyeTCs  CBOEH  MIPOCTOTOM,
TEXHOJIOTUYECKOW AOCTYIMHOCThIO M KOMIIAKTHOCTBIO. ['a30TepMuUecKoe HaIlbUIEHUE
JaeT CTOWKWE AHTUKOPO3WOHHBIE, KAPOCTOMKHE, DIECKTPOU3OJALMOHHBIE U
M3HOCOCTOMKHME TMOKpbITUSA. TommmHa cinos mokpeithss ot 0,1 mm go 15,0 mwm.
OnTtumanshHo 0,5..3,0 MmM. [Ipunycku moa nociaeayrouyo 00padOTKy MUHUMAJIbHBI U
coctaBisitoT  10-15% ot Ttommmubl TOKpeITHS. IloBepxHOCTH MOTryT  OBITh
BOCCTAHOBJIEHbI HEOJTHOKPATHO.

CyliecTByIOT AYrOBbI€ U Ta30IUIa3MEHHBIE CIOCOOBI HAHECEHUS IMOKPBITHIA.
JlyroBbie criocoObl MOKPHITHS SHEPTETUUECKH BBITOJIHBI, OJTHAKO MPUTOAHBI JIUIIb JJIs
pachbUICHUS METAUIMYECKUX CTEepKHEW. [[1s MOpOMIKOBBIX MaTEpUaJIOB MpPUEMIIEM
TOJIBKO Ta30IIaMeHHBbINA croco0. [lepen HavyasioM HambLIEHUS MOBEPXHOCTH JIETaseH
HEO0OXOJIMMO OYMIIATh MEXaHUUYECKUM, a €CJIU MOTPEeOyeTCs, TO U XUMUYECKUM Ty TEM.

B nannoil obOnmactu MCHOJIB3YIOTCS YCTAHOBKHM M ammapaTypa MOpPOIIKOBOTO U
npoBosIoyHOTrO TUNOB. YcraHoBka YI'TIJI mpegnazHaueHa it pyd4HOrO HAaNbLICHUS
TEPMOIIJIACTOBBIX, IIMHKOBBIX W APYTMX MaTE€pUaliOB C TEMIEPATypOH IJIaBICHUS
800°C. B »3THX ycTaHOBKax B KayeCTBE HANbUIIEMOTO MAaTepHUalia HCIHOJb3YIOT
nopoiok. [Ipu paboTe ycTaHOBKHM MCIIONB3YIOT alleTHIICH U Bo3ayX. YcraHoBka YITIT
npeaHa3HaueHa  JJii  PYYHOrO  HAMbUICHUS  TYTOIJIABKUX  MOKPBITUM U3
XpOMOOpHHUKENEBBIX CIIaBoB. Hanmbuisemblit MaTepuan — nopoiiok. Pabouune razpl —
aueTusieH uiaM Kuciaopod. YcraHoBka MIM-4I1 mnpennasHaueHa miig pydHOro
HanbUICHUE JETAIE W3 QIIOMUHUS, CTajnu, LUWHKA. Hanbuisgsembeli marepuan —
npoBoJioka. Mcmone3yeMble ra3pl — KHUCIOPO, BO3AyX, OyTaH, IpoIaH. Y CTaHOBKa
MI'U-4 umeer Te ke XapakTepucTtuku, yto, © MI'U-4II, HO uCHOIB3yeT TOJIBKO
allEeTWIEH, KUCIOPOJI U BO3YX.

TexHOomorn4ecKkne BO3MOKHOCTH Ta30TEPMUYECKOTO HANIBUICHUS:

® ra30TEpPMHYECKOE HANbUIEHWE MOYKHO HCIIOJIb30BaTh HAa OOBEKTaxX JHOOBIX
pa3MepoB: MOCTBHI, CyAa, TPYyOONpPOBOABI, CTPOUTEIbHbIE KOHCTPYKIIUU, KOTJIHI,
KOJICHYAThIE BaJIbl, JJOMATKN TYPOUH | JIp.;

® TOJIIMHA MTOKPBITUS MOXKET cocTaBiaTh oT 0,01 1o 10 u Gonee MM; OHM MOTYT
UMETh 3aJIlaHHy10 opucTocTh (0T 0 10 30 1 GoJiee MPOLIEHTOB);

® HAaHOCUTh MOXKHO JIOObIE MaTepHalibl, UMEIOIIME TOYKY IUIABJICHUS WIIU
WHTEPBA Pa3MSITYCHUS;
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® B KayecTBE MOJJIOKKM MOKHO HCIOJIb30BaTh JEPEBO, CTEKJIO, MIACTMACCHI,
KepaMUKy, KOMITO3UIIMOHHBIE MAaTEPHUAIIbI, METAJIIBI;

® HAaHECCHHE MOKPHITHI MOXKET MPOU3BOIUTHCS B IIIMPOKOM JTHAIIA30HE COCTaBa
MOKPBITHS, TEMIIEPATYpPhl U JIaBJICHUS - B HU3KOM BAaKyyMe€ B CIEIHAJIbHONW Kamepe
CKOHTPOJUPYEMON HMHEPTHOM aTMoc(epoi, B BO3AyXe MPU HOPMAIbHBIX YCIOBHUSX,
MMOJIBOIOM;

Memannuzayua. Metannuzanuss — OAUMH U3 PaCHpPOCTPAaHEHHBIX CIIOCOOOB
MOJIYYCHUS METAUIMYECKUX TOKPBITHMA TIOBEPXHOCTEH HAHECEHHMEM Ha 3TH
MOBEPXHOCTHU PaCIUIaBIICHHOTO MeTaya. CyIIHOCTh MPOIECCa COCTOUT B CIIEIYIOMIEM:
METaJl, pacCIUIaBIEHHbBIN JyToi (mpu AIEKTPOMETAIIIU3ALINN ) 1581051
aIeTIIICHOKHUCIIOPOIHBIM TIJIaMeHeM (TIPH Ta30BOM MeTaJUTM3aIlii) W PacCIbUICHHBIN
CTpyelt cxartoro Bo3ayxa (maBineHue g0 0,6 MlIla), mokpeIBaeT MOBEPXHOCTH
BOCCTaHaBNMBaeMon jetanu. llpormecc AyroBoil MeTauiM3alMi  OCYIIECTBIISIOT
CHEeIUalIbHBIM amnmapatoM — MeTaiu3zaropoM. Amnmapar (puc. 4.53) neiictByer
ciremyronuM  obOpazoM. C TIOMOIIBI0 TMPOTSHKHBIX POJIMKOB IO  HAIPABJISIFOIITAM
HAaKOHCYHUKAM HEIPEPHIBHO TMOJAIOTCS JBE TPOBOJIOKH, K KOTOPBIM IIOJBEICH
ANEKTPUYECKU TOK. Bo3HWKammas MeEXTy MPOBOJIOKAMH JJCKTpUYECKas Iyra
pacruiaBiseT Metail. OJHOBPEMEHHO TI0 BO3IYITHOMY COIUTY B 30HY JYTH MOCTYIAeT
ckatbiid ra3 o nasienueM 0,6 MIla. bosnbias ckOpoCTh IBMXKEHUS YaCTUIl METaILIa
(120...300 m/c) 1 He3HAYUTEIBLHOE BPEMS I0JIETa, UCUUCIAEMOE THICSTIYHBIMU JIOJISIMHU
CEeKyH/bl, OOYCJIOBJIMBAIOT B MOMEHT yJapa O pEHOACTAIb €€ IJIACTUYECKYIO
nedopmariiio, 3amojIHeHWe YacTUIlaMH HEPOBHOCTEH M TIOpP IOBEPXHOCTH JIETajIH,
CIICTUICHHE YaCTHIl MKy COOOH M C TTOBEPXHOCTBIO, B pe3yiIbTaTe Yero oOpa3yeTcs
CIUTOIITHOE TTOKPBITHE.

Puc. 4.53. CxemMa npuHUUIA ACHCTBUS
MeTau3aTopoM: 1 — mpoBosioka; 2 —

MYHIITYK; 3 — KOpmyc; 4 — MPOBOJIOKA; 5
— pyKOsITKa

[TocnemoBarenbHBIM ~ HACIIaMBAaHWEM  PACIUIABJICHHOTO  METaJllla  MOYKHO
MOJIYYUTh TOKPBITHUE, TONIIWHA CIIOS KOTOPOTO MOKET OBITh OT HECKOJIBKUX MHUKPOH
o 10 mm u OGonee (06bryHO 1...1,5 MM mns TyromnaBkux u 2,5....3 MM s
JIETKOTUIABKUX METAIUIOB). Takue MOKPHITHS U3 HeNePUITUTHBIX METAIIOB OTIMYAIOTCS
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BBICOKMMHU aHTHU(PPUKIMOHHBIMH CBOMCTBAMHU, MX MCIOJIB3YIOT B3aMEH CIEIUAIbHBIX
0a00uToB u OpoH3. M3-3a MOPUCTOCTH HAMNBUIEHHOTO CJIOS MeETaljla B HEro
BIIUTHIBAETCA HEKOTOPOE KOJUYECTBO Macia. JTO YJIy4IlIaeT yCIOBHUS CMa3bIBAHUS U
oOecrieunBaeT JUIMTEIbHYIO PaObOTy 3TUX AcTaliel 0e3 cMa3Ku, HO U 0€3 3aeTaHMi.

B 3aBucuMocTH OT UCTOYHMKA pACIUIABICHUS METala  Pa3lidyaroT
ra3oryiaMeHHY10, AYTrOBYIO, BBICOKOYACTOTHYIO M IUIa3MEHHYI0 MeTaun3anuio. [lpu
peMoHTe 0O0OpyJoBaHUSI HauOoJiblllee pacHpoCTpaHEHUE TOJIyduWsia JyroBas
METaAJTU3alU.

HeGounbiime 00beMbl pabOT MO METAUIM3AIMU  BBIMOJIHSAIOT MEPEHOCHBIMU
(py4HBIMH) AYTOBBIMH 3JIeKTpoMeTain3aropamMu OM-3A; 3HaUUTENbHBIE IO 00bEMY
pabOThl — CTAaHOYHBIMH JJIEKTpOMETauin3atropaMud OM-6 U BBICOKOYACTOTHBIMU
Metammmzatopamu MBUY-1, MBUY-2. [lokpslTis Ha NOBEPXHOCTAX PEHOIETAICH W3
Pa3HOPOAHBIX METALIOB IMOJYy4YalOT C IMOMOIIBI0O MHOTO(A3HBIX METaIM3aTOPOB
YMA-1. Ilutanue  SJICKTPOMETAIU3ATOPOB  OCYIIECTBIsieTCS  JIMOO  OT
TpaHchopMaTopoB crnenuanbHoi KOHCTpyKiuu (CTD-43-2¢), nmubo OT OOBIYHBIX
CBapOuHbIX TpaHcopmaTopoB (0e3 Apocceseit) ¢ JOMOJHUTEIbHBIMH OTBOJIAMU OT
BUTKOB BTOPUYHOW OOMOTKH, JOINMYCKAIOIIMMHU PEryJIUPOBAHUE HAIPSIKEHUS B
npeaenax 20...55 B (c mpomexytkamu yepes 4...5 B) npu Toke He MeHee 250 A. Tlpu
BOCCTAHOBJICHUM TOBEPXHOCTEH  peHoACTalel T1OoJ  HEMOABUXHBIE  IOCAIKU
MPUMEHSAIOT MAJIOYTJIEPOJAUCTYIO TPOBOJOKY U3 ctanu 08, 10, 15, 20. [Ins nonyyenus
W3HOCOCTOMKHUX TOKPBITUM HAa PEHOJETANIAX, paldoTalIMMUX B  MOJABUKHBIX
COEIMHEHUAX, IPUMEHSIIOT MMPOBOJIOKY U3 BBICOKOYTJIEPOIUCTHIX cTanen Y7, Y7A, V8,
y1o0. B PYYHBIX 3JIEKTPOMETAJIIIM3aTOpaxX (BM-3A) IIPUMEHSIOT
BBICOKOYTJICPOAKNCTYIO TPOBOJIOKY JUaMETpoM Oosiee 2,5 MM, MpeaBapUTEIIbHO
OTOXCKEHHYI0 Tipu Temmneparype 760 °C B anekTponeun. OOpa3oBaBIIascsi OKaJuHa Ha
MPOBOJIOKE JIOJKHA OBITH YJlajieHa MEeCKOCTPYyHOoi 00padoTkoi. [Ipu HaHeceHUH oSl
MOKPBITUSL HA MOBEPXHOCTH AeTanu ee HarpeB 10 50....70 °C He BbI3BIBAET HUKAKHUX
CTPYKTYpHBIX HM3MEHEHUW B MeTajUle JeTajiu, T.€. €ro MeXaHW4YeCKHUe CBOMCTBa
COXPaHSIIOTCSL.

[IpumeHnsieTcs MEXaHU3UPOBAHHOE HAMNBUICHUE NOKPBITUM IPOBOJIOKOW W3
LIMHKA, aJIOMUHUSA W JPYrMX METauiOB, HAINbUICHUE BPYYHYIO TMOKPBITHUA C
MPOBOJIOKOM M3 [MHKA, alIOMUHUSA M JPYTMX METaJUIOB, HANbUICHHE C
WCIIOJIL30BaHUEM TPOBOJIOKH (auameTp 1,5— 2 MM) U3 IIMHKa, alllOMUHUS, CTajH,
MOJIMOCHA M JAPYTMX META/VIOB B BHUJE IPOBOJIOKH B IEJISAX 3alUTHl OT KOPPO3HH,
BOCCTAHOBJICHHS M YIIPOYHEHHS JCTAJICH MallIuH U MeXaHU3MOB (puc. 4.54).

C moMomIbI0 paccMaTpUBAEMbIX CIOCOOOB OCYIICCTBIISIIOT 33JICNIKy TPEIIUH B
pEHOJIeTAISIX U3 aIOMUHHMEBBIX cIuiaBoB (criaBel: AJl, AMu, AMr), HaHOCST
MOKPBITUS Ha JIOOBIE MaTepHalibl: METall, IUIACTMACCy, AEPEBO, PE3WHY H T.IL
Merannuzanusi oOecrneunBaeT BBICOKYIO TBEPAOCTh HAMbBUIEHHOTO CJOS, 4YTO
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CIOCOOCTBYET  YBEJIMYEHMIO CpPOKOB CIYXKObI ~BOCCTAHABIMBAaEMbIX  JETaJICH.
Hanpusitor camble pazHooOpas3Hble MeTaiibl. Hanpumep, U1l HallbUIEHUST MOKET ObITh
UCIIOJIb30BaHa OMMeTasInyecKasl MPOBOJIOKA U3 aJIFOMUHHUS U CBHHIIA, YTO TO3BOJISET
HE TOJBKO 3aMEHATH JOPOTOCTOSIIME OJIOBSHUCTHIE 0aOOWTBHI M OpOH3BI, HO U
3HAYUTEIBHO YBEJIUYUTH CPOK CITYKObI OJIIUITHUKOB.

IIpy MmOArOTOBKE MNOBEPXHOCTH PEHOJETANEH K METAJUIM3AlUU OTACIbHBIC
OIlEpallMH BBIIOJIHSIOT B CIIEAYIOLIEH ITOCIEI0BATEIbHOCTH:

- OYMILAKOT PEHOACTAIA OT 3arps3HEHUM, IUICHOK, OKHMCIIOB, KUPOBBIX IISTEH,
BJIalM W IIPOAYKTOB KOPPO3MHM B MOECUHBIX MallMHaX, MIETKaMH, IPOMBIBAIOT B
OCH3MHE WJIM pacTBOPUTENAX, HArPEBAIOT B I€YaxX IJIAMEHEM a30BOW T'OPEJIKH WU
MasiJIbHOM JIAMIIHI,

- BBINOJIHAIOT MPEABAPUTENBbHYI0 O00pabOTKYy pe3aHUEM IOBEPXHOCTU s
NPUAAHMS € MPaBUIBLHON reoMeTpuuecKor (OpMbI U AOBOIAT pa3sMepbl ACTAIUA 10
pa3MepoB, NMpPU KOTOPBIX BO3MOYKHO HAHECEHHE MOKPBITUN 3aJaHHOM TOJILMHBI; Ha
KOHI[aX LMJIMHJIPUYECKUX MOBEPXHOCTEH OCTaBISAIOT OYPTHKH M MPOTAYUBAIOT 3aMKH
B BH/JIE€ KOJIBLIEBBIX KaHABOK, IIPEIOXPAHSIONINE IOKPBITUE OT pa3pyLICHHUS;

- MOJYy4YarOT Ha NOBEPXHOCTAX BOCCTAaHABIMBAEMBIX JETANIEH HIEPOXOBATOCT,
HEOOXOAUMYIO JIJISl yIepKaHUSI HAHECEHHOTO CJIOS METaJlIa;

- 00ecrneunBalOT 3alllUTy CMEXHBIX MOBEPXHOCTEH NeTalieid, He MOJIeKAIINX
METAJUIU3ALUH.

Puc. 4.54. T"a30BbI# MeTaIIU3aTOP
MI'U-4: 1— Bo3aymHas TypOuHa; 2 —

YEepBSYHBIA PEAYKTOp; 3— NPOOKOBBIN

KpaH; 4 — cormio.

I'azoounamuueckoe Hanecenue nokpvimuil. TEXHOJOTUS BKIIOYAET B ceOs
HarpeB CXKaToro rasa (Bo3ayxa), mojlayy ero B CBEpX3ByKOBOE COILIO U (pOPMUPOBAHUE
B OTOM COIUIE CBEPX3BYKOBOIO BO3JAYIIHOTO TOTOKa, I0Jayy B H3TOT MOTOK
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MOPOIIKOBOTO MaTepHalia, YCKOPEHHE A3TOro marepuaia B COIUIE CBEPX3BYKOBBIM
NOTOKOM BO3[lyXa M HampaBjJeHHE €ro Ha MOBEPXHOCTh 00padaThIBAEMOTO
penouznenus. [IpunnunuansHas cxema croco0a nmpejacTaBieHa Ha puc. 4.55.

Puc. 4.55. Cxema ra3oJuHaMH4€CKOTO HAHECEHUS MTOKPBITUI

B kadecTBe MOPOIIKOBBIX MaTE€pUAIOB HCHOJB3YIOTCS MOPOUIKH METaJIJIOB,
CIUUIAaBOB MJIM MX MEXaHUUYECKHE CMECHU B JI00ABKE ¢ KEpaMUUYECKUMU mopoinkamu. [Ipu
TOM NyTeM H3MEHEHHS PEXUMOB PabOThl 00OpPYAOBAHHUS MOXXHO JIMOO TPOBOJIUTH
APO3HOHHYI0 O00pa0OTKy MOBEPXHOCTU W3JENHs, JTUOO HAHOCUTh METAJUTMYECKUE
MOKPBITUS TPEOYEeMBbIX COCTaBOB. l3MeHEHHEM pEeXUMOB MOKHO TakKKe MEHSTh
MIOPHUCTOCTh W TOJIIIUHY HambLIsieMOTo MOKphITHs. Ha puc. 4.56 mokaszana cTpykTypa
HaIbLISIEMOTO TOKPBITHS.

Puc. 4.56. Crpykrypa
......... o Cpyryps sepna  HATIBUISEMOTO MOKPBITHS

.
s e~ B NATHE KOMTAKTa
M -
v A 4
Yacrvua ARt
P
° 9
° o e ¢ v o & o
MNoanoxxa 4 }
MeTannmuecKkan ceass MyKpPOCBAPKa HA OTACNbHBIX
Ges nnasneHna YHACTKAX NNAsNeHa

B Haumbosnee pacnpocTpaHEHHBIX Ta30TEPMUYECKUX METOJaX HaHECeHUs
MOKPBITUIA JUTIsI (POPMUPOBAHUS TOKPHITUH M3 MOTOKA YACTHUI[ HEOOXOIUMO, UTOOBI
NaJaollie Ha MOJJIOXKKY YacTHIbl MMENH BBICOKYIO TeMIlepaTypy (OOBIYHO BBIIIE
TEeMIlepaTyphbl IUIABJIEHUsS Marepuana). B gaHHOM ciydae ¢ TBEpAOW MOMJIOXKKOM
B3aMMOJICHCTBYIOT YaCTHIIbI, HAXOIIHUECSs B HEPACIUIABICHHOM COCTOSIHHH, HO
o0Jafariye 04YeHb BHICOKOW CKOPOCTHIO. Y CKOPEHUE YACTHI] MOKPBITHS 10 HYKHBIX
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CKOPOCTEH OCYIIECTBISIETCS CBEPX3BYKOBBIM BO3IYIIHBIM IMOTOKOM C TIOMOIIBIO
CHCIMAFHBIX ~ yYCTAHOBOK.  3aKpeIUICHHE TBEPABIX METAUIMYECKHX  YaCTHII,
oOnamaromux OOJBIION KHHETHYECKOW JHEprueil, Ha IMOBEPXHOCTHh IMOJIOKKH
MPOMCXOTUT B MPOIECCE BEICOKOCKOPOCTHOTO yaapa.

3.5.4. HaHeceHue MOJMMEPHBIX NOKPBITHIA

[ImactMaccel B PEMOHTHO-BOCCTAHOBUTEIBHOM MPOU3BOJICTBE HAHOCAT Ha
MOBEPXHOCTU PEHOAETAJed [Jii BOCCTAHOBIICHHS WX pPa3MEpOB, IOBBILICHHUS
M3HOCOCTOMKOCTH W yIy4dlIE€HUs repMeTu3anud. [Ipu 3ToM NOKpBITHE U3 TIACTMACCHI
CHIKAeT IIyM OT TPEHHUS U TMOBBIIMIAET KOPPO3HOHHYK) CTOMKOCTh PEHOU3AEIHS.
TOHKMI CIIOM TIACTMACCHI MPAKTUYECKH HE YXYAIIAET MPOYHOCTHBIX IMOKa3aTeen
MeTallyla U MPUJIAET BOCCTAHABIMBAEMOW JETAIM MOJATIUBOCTh, T.€. CIOCOOHOCTH
npuHUMaTh (OpPMY COMNPSDKEHHOM JAeTaliM, YTO NPUBOIAUT K PE3KOMY YBEIUYECHUIO
womanau KoHTakta.llmacTmMaccel HaHOCAT JIMThEM MO  JABJICHUEM, TOPSIYHM
IIPECCOBAHUEM, BUXPEBBIM, T'a30TNIAMEHHBIM U IIEHTPOOEKHBIM CIIOCOOAMH.

AKpunoevle naacmmaccel. 1lpy BOCCTAaHOBJICHUM PEHOU3IEIUNA IIHUPOKO
MPUMEHSIOT AKPWJIOBBIE IUIACTMACCHI, COJEpKAalIMe B KAayeCTBE CBS3YIOIIUX
MAaTEPUAJIOB AKPUJIOBBIE CMOJIBI — MPOIYKThI NOJIUMEPU3ALNN METUIMETAKpUIIaTa U
COIMOJIMMEPH3ALIMU METHUIMETaKpuiiata co ctuposioMm. K Hum otHocat: aktunat ATC-
1, Oyrakpwi, O3HOKCHIHO-akpuioBble ImactMaccel CXD2-2 u  CXD-3. Ot
TEPMOILJIACTUYECKUE OBICTPOTBEPACIONIUE TIJIACTMACCHI  XOJIOAHOTO OTBEPKIICHUS
MOJIY4Yal0T CMEIIMBAHUEM MOPOIIKA M KUIAKOCTH. M3roToBieHHas macca, MMEIoIast
KOHCHCTEHIIUIO CMETaHbl, 3aTBEpeBaeT 0e3 MOoaorpeBa W NaBJICHUs. 3aTBEpJIeBINAs
racTMacca M3HOCOCTOMKA, XOpOIIo paboTaeT B Mape C YyryHOM, CTaJibio, OPOH30M,
KOd(PIULIMEHT TpeHHs] MpU OTCYTCTBUM cMma3zoyHoro marepuana 0,20—0,18, a mpu
BBEJCHUM B KOMIIO3UIIMIO TPEeOyeMOTO KOJHUYECTBA aHTU(PUKIIMOHHBIX J100aBOK
ymenbinaetrcss a0 0,143. Ilnactmaccel ¢ TakuMu J00aBKaMu MOTYT paboTaTh 0e3
CcMa3Kku. BsA3KOCTh mmacTMacc U3MEHSIOT B 3aBUCUMOCTH OT UX Ha3HadeHusd. [[iig 3Toro
B PAacTBOp IUIACTMACCHI BBOJAT TOPOIIKOOOpa3HbIE, BOJOKHUCTBIE M CIOHWCTHIC
HaIOJHUTEIN W3 METAJUIMYECKUX W HEMETANIMYECKUX MaTepualioB. 3aTBEp/eBIIas
riacTMacca CTOWKa K Iesioyam JIF000W KOHIIEHTpaIuu, O€H3uHY, CKUTTUAapy, IPECHON
1 MOPCKOM BOJIE€, MUHEPAJIbHBIM M PAaCTUTEIbHBIM MaciaaM. CIIol MIacTMacCchl MOXKHO
yaanuThk HarpeBanuem 0 150...200 °C u nanbHEUIIMM BBIKUTAaHUEM WJIH 00paboTKOM
pe3aHueM.

Takue mIacTMacchl MCHOJB3YIOT TPU  BOCCTAHOBJICHHWHU  M3HOIICHHBIX
PEHOU3/IECNIN B KaueCTBE KOMIIEHCATOpa M3HOCA JJIsl BOCCTAHOBIICHUSI HAPYLICHHBIX
pa3MepHBIX 1enel CTaHKOB U MamuH. C MOMOIIBIO TJIACTMAcC BOCCTaHABIIMBAIOT:
KPYTOBbIE HAMNPABIAIOIIAE CTAHWH KapyCEJbHBIX CTAHKOB, HAIPABJISIOLIME KapeTOK
TOKapHBIX, (GpE3epHBIX, PACTOUYHBIX, 3yOOo(dpe3epHbIX U JAPYIHX CTaHKOB;
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pPEryJIupoOBOYHBIE KJIMHBS W MPUKUMHBIE TUIAHKM MEXaHU3MOB BCEX BHUJOB
00OpyZI0BaHUsl, B TOM YHCIE€ MEXaHMYECKHX MpeccoB. WX Takke UCHONB3YIOT s
pPEMOHTA MOIIUITHUKOB IIMUHIEIEH PeBOJIBBEPHBIX TOJOBOK TOKAPHO-PEBOIBBEPHBIX
CTaHKOB; OTBEPCTHHA TOJ THHOJb 3amHeld 0aOku; pe3pObl Traek XOJOBBIX BHUHTOB,
BTYJIOK, IOCAJOYHBIX MECT 3yO4YaThIX KOJEC M IIKWUBOB; JETajel THUIPOHACOCOB;
KYJMCHBIX MEXaHU3MOB U JAPYTUX JIETAICH METAINIOPEKYILET0 000PYy10BaHUSI.

JIJisi TOBBILIEHUSI AKCILTyaTaI[MOHHBIX CBOMCTB (yMEHBIIEHUS KOd(h@uImeHTa
TPEHUSI U YBEIMYECHHS] U3HOCOCTOMKOCTH) B mactMaccy BBoJAT (1o 10 %, maccoBas
noJig) mopomok rpaduta. OgHAKO MpPU ITOM YXYAIIAIOTCS aAre3UOHHBIE CBOMCTBA
pacTBopa MiactMacchl. UTOOBI HCMOIB30BaTh XOPOIIHME aAJre3MOHHBIE KauecTBa
HEHAINOJHEHHOW MJIACTMACChl ¥ TIOBBIIIICHHBIC SKCILTyaTallMOHHbBIE CBOMCTBA pacTBOPA,
cCoJiepiKalllero  aHTU(PUKIMOHHBIE  HAMOJHUTEIW, HAMpaBISAIONIME  KPYIHBIX
METAJUIOPEKYIIUX CTAaHKOB (CO CJOEM IUIACTMAcChl TOJIIMHON Oosee 2 MM)
PEMOHTHUPYIOT JBYXCTYNEHYaThIM METOAOM. BoccTaHaBimBaemas IOBEPXHOCTh
MOKpBIBaeTCS cloeM pacTBopa IutactmMacc CXD-2u CXD-3  (moanokka) 06e3
HAIOJIHUTEIISA, 00JIaAaroNeil MaKCUMAaJIbHOM aire3uei.

KadecTBO MOArOTOBKM TOBEPXHOCTEM W BBIBEPKA TOYHOCTU KOOPJHMHAT
OKa3bIBAIOT OOJIBIIOE BJIMSHHE Ha Kad4eCTBO M TPYJOEMKOCTh BOCCTAaHOBJICHUS
PEHOU3ICNIUS B 1IETIOM.

PaccMoTpuM HEKOTOpBIE TEXHOJIOTUU BOCCTAHOBJICHUS JIeTaliel ¢ MPpUMEHEHUEM
rIacTMacc.

Boccmanosenenue noouwiunnukos ckoavycenusa. Eciv TNOIIIUIHUK UMEET
HE3HAYUTEIbHBI PABHOMEPHBIM HM3HOC, €ro IOBEPXHOCTh MOYKHO BOCCTAHOBUTH
MPOCTHIM CMa3blBaHWEM. BHYTpPEHHIOIO MOBEPXHOCTh MOAIIMIIHUKA 3a4MILAOT,
THIATEIbHO O0E3KUPUBAIOT U TOKPHIBAIOT PABHOMEPHBIM CJIOEM  AMOKCHUIHOMN
komno3utuu. [locie  OTBEpXKIEHHS  TJIACTMACChl  MOXKHO  JIOMOJHUTEIBHO
o0pabaThIBaTh €€ Ha TOKAPHO-BUHTOPE3HOM CTAHKE.

BoccTanoBieHne MOBEpXHOCTEH MOAMIMITHUKOB CKOJIBKEHUS BBIMOJTHSIOT C
MPUMEHEHUEM TIIACTMACC, COJEPIKAINX, MACCOBBIC JOJU: MOKCUIHON cMOibl D]]-6
100, mopomka rtpadura 30, mommdTHiIeHnoauamuHa 10. Jlmsg BoccTaHOBIEHUS
MOJIIMITHAKOB MPUMEHSIOT U aHTUu(Ppukimonasii mMatepuan IDTC-52, conmepkamuii
MaccoBbIe J0au: 3MoKkcuaHou cMonbl 100, momustrneHnoanamuna 10, Tuokosa JIIT-2
25, mapmanuta 80...100, nuéyrundranara 10, rpadura CK.JIH 50....80.

[Inactmacca o0nagaeT  XOpOIIMMH  aHTU(GPUKIIMOHHBIMU  CBOMCTBaMH,
AJaCTUYHA W BJIArOHENPOHUIIAeMa, HE PacTBOPSETCS B OCH3MHE, KEPOCHHE M Macjax.
Koapdbunmenr TpeHus B mape co craimpo 0e3 cmazouHoro wmatepuana 0,02.
[TnacTmacca o0OmamaeT BBICOKOW aAre3wel K MeTauly, YTO TO3BOJISET YCIEIIHO
MPUMEHSITH SNTOKCUTHOKOJIOBbIE KOMIIO3UIIMU /111 BOCCTAHOBJIEHUS MOIITUITHUKOB.
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3aodenka 3ab6oun u 3ad0upoe. B pe3ynbTare IIUTEIBHOM SKCIUTyaTallMU Ha
YCTaHOBOYHBIX MOBEPXHOCTSX CTOJIOB 000PYIOBAHUS MOSBIISAIOTCS 3aIUPbI U 3a00MHBI.
JIns1 BOCCTAaHOBJIEHUS TIOBEPXHOCTHU CTOJIA TPUMEHSIOT METO/I 3a/I€JIKU MTOBPEKICHHBIX
MECT C TOMOINIBIO HAKJIaJ0K, YCTAaHABIMBAEMBIX Ha 3MOKCUIHOM Kiee Haxnamgku
W3TOTOBJIIIOT W3 MaTepuaja pPeHojeTann. BricoTa HaKIaaAKud JOJDKHA OBITH OOJbIIE
rIyOuHBI ma3a Ha 1—2 mm. ConpsiraeMple TOBEPXHOCTH T1a3a U HAKJIAJIKH TIPOMBIBAIOT
pacTBOpPUTENIEM U TMOKPBIBAIOT CIOEM KJ€s. Y CTAaHOBIICHHYIO HAKJIAIKy MPUKUMAIOT
rpy3omMm, coznaromum aasienue 0,8 Mlla. Ilociie oTBEpKI€HHS MIIACTMACCHI HAKIIAJIKY
MOATOHSAIOT 3al0JIMLO C YCTAHOBOYHOM MIIOCKOCTBIO CTOJA.

JIns  ycTpaHeHuss 3aJUpOB HA HANPABISAIOMIMX CTAHWUHBI MPUMEHSIOT
AMOKCHUJIHBIE 3aMa3KH TOTO K€ COCTaBa, UYTO WU JJIA 3aJEJKU TPEIIUH KOPITYCHBIX
neraned. 3aMa3Kod MOKHO TaK»K€ BBIPAaBHMBATh MMEIOLIUMECS BMSATHUHBI, HEOOJBIIIHE
3a00UHBI, PAKOBHUHBI, & TAKKE APYTUe TOBPEKACHUS TPYIIMXCS TOBEPXHOCTEH.

Yempanenue mpewjun u npoooun._ 110 KoHIIaM TPEUIMHBI CBEPIIAT OTBEPCTHUSA
>2.5...3 mm. CHUMaIOT Packy BIOJb TPEIIUH 1Mo yriioM 60.. .70°C Ha ryouny 1...3
MM. 3a4uIIal0T MOBEPXHOCTh Ha paccTossHur 40...50 MM OT TpelMHBI U ABaXKIbI
00€3KMpPUBAIOT €€ alleTOHOM C TOCIEayromell mpocymkoi B TedeHue §...10 MuH.
HaHocsaT Ha MOBEPXHOCTh AMOKCHUIHBIA COCTaB MPU PEMOHTE UYTYHHBIX U CTaIbHBIX
penoaeraneil. Ecnu mnuna tpemuusl MeHbiie 20 mm (puc. 4.57), TO HOpOBOAST
OTBEPKACHUE KOMIIO3ULINN IPA KOMHATHOM TEMIIEPAType B TEUEHHUE 72 Y WUIIU IIPU TOU
Ke Temmepatype 12 4, a 3aTeM OpW HarpeBaHuM B Tepmolukady IO OJHOMY U3
pexxumoB: ipu Temrnepatype 40°C B Teuenue 48 4, ipu 60°C - 24, npu 80°C - 5, npu
100°C - 3 u.

Tpemuny anuuoi 20...150 MM 3aaenbIBalOT TaK XK€, HO TMOCJE HAHECEHUS
NEpPBOT0 CJIOS 3MOKCHJIHOIO COCTaBa Ha HEEe JOMNOJHUTEIBHO HAKJIAJbIBAIOT
CTEKJIOTKaHb C MEpPEeKpbITHEM TpelrHbl Ha 20...25 MM U IIPUKATBIBAIOT €€ POJIUKOM.
3aTeM BHOBb HAHOCAT CJIOW SIMOKCHIHOTO COCTaBa, HAKIQAbIBAIOT CTEKJIOTKAHb U
MPUKATBIBAIOT poiauKkoM. [lociie 3TOro BHOBb HAHOCAT AMOKCHIHYIO KOMITO3UIIUIO U
OTBEPKAAIOT, KaK OMMCAHO paHee.
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Puc. 4.57. CxeMbl 3a7ieIKi TpEIIUH: @-¢ — BapuaHThl; | — peHojerans; 2 —
TpelnHa; 3 — AMOKCUIHBIA cocTaB 4,6 — HaNaAKU U3 CTEKJIOTKAHU; 5 — POJMK; 7 —
MeTaJlJTMYecKas HaKIaaka; 8- OOJT.

Tpemuny anuHoi 6osee 150 MM pa3gensiBalOT U MOATOTABIMBAIOT, KaK ObLIO
OMMCaHO paHee. M3roToBisAOT CTadbHYI0 HaKIAJAKy ToJUHOW 1,5...2 MM ¢
nepekpbiTieM TpemmHbl Ha 40...50 mMm, cBepiar B Heil orBepctuss O 10 mMm Ha
paccrostHuu 50...70 mm apyr oT Apyra. [1o 3TuM oTBepCTHsIM HAKEPHUBAIOT U CBEPJIST
OTBEpCTHUS B PEMOHTHUPYEMOW pEHOJETalu, Hape3aloT B HHUX pe3b0y MS. 3artem
HAHOCST HA PEHOJIeTalb W IUIACTHUHY SIMOKCHIHBIA COCTaB, 3aKPEIUIAIOT HAKIAIKY
BUHTaMHU U OTBEPKIAIOT.

[IpoOouHbI Ha peHOoJETaNSIX 3a/1€JIbIBAIOT TaK K€, KaK TPEUIMHbI JUIMHOW OoJiee
150 MM C TOMOIIBIO TOCTAHOBKM Ha SIOKCHUIHBIA COCTAaB M BHUHTHI CTaJbHBIX
HaKJIAJIOK.

Boccmanoenenue nenooguiicHvix nOOWIUNHUKOBHIX cOeOuHeHu. [ 3Toro
MPUMEHSIET JMOKCHIHBIC KOMITO3UIIUM, 3JIACTOMEPhl W aHA’POOHBIE TEPMETHKHU.
[ToBepxHOCTH M3 JMOOOr0 Marepualia 3a4yuilaloT A0 OJiecka, ABaXAbl 00€3KUPUBAIOT
alleTOHOM C MTOCEAYIOIEH MPOCYIIKOW B TeueHue 10 MuH.

Pemonm u cmonopenue pe3vooevix coedunenuii. CUITBHO W3HOILICHHBIE
pe3b0OBbIE  OTBEPCTHA B KOPIYCHBIX PEHOAETAISIX YacTO BOCCTAaHABIMBAIOT
YCTaHOBKOM BBEPTHIIICH. B 3TOM cityyae BBEpTHIIM yI0OHO 3aKpeIUIATh HAHECEHHEM
Ha TIOBEPXHOCTH OTBEPCTUN M BBEPTHIIIA SMOKCHIAHOTO cocTaBa. [Ipu HeOOIbIIMX
M3HOCAaX COEIMHEHUSI €r0 BOCCTAHABIMBAIOT MyTEM HAHECEHUs SMOKCUIHOTO COCTaBa
Ha MOATOTOBJICHHBIE OTBEPCTHUS U IIMUIBKY (00JT). 3a30p pe3bOOBOT0 COCIUHEHHUS 10
0,3 MM MOXHO BOCCTAaHOBUTb HAHECEHHEM Ha TMOATOTOBICHHbIE MOBEPXHOCTH
aHa’poOHOro repMeTuka. Bo Bcex ciydyasx HEOOXOIUMO COOJIIOAaTh YCIOBHUS
MOJATOTOBKHM MOBEPXHOCTEN U PEKUM OTBEPKIECHHUS MOJTUMEPA.

Boccmanosenenue 2unv3  pabouux  yuaunopoe. (OCHOBHOM  4YACTBIO
TUAPABINYECKUX W TTHEBMATUYECKUX TPHUBOIOB OOOPYIOBAHUS SIBJISCTCS IMIAHIDP.
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CranbHble TWIB3bl Pa0OUMX IWJIMHAPOB HAXOAATCS B JUIMTENBHOM HKCIUTyaTalUd U
IIO3TOMY CHJIBHO M3HAIIMBAIOTCA. /[ BOCCTAHOBJICHMS IIEPBOHAYAIBHBIX Pa3MEpPOB
TPYILMXCS  IIOBEPXHOCTEH MPHUMEHSIOT  IUIACTMACCHl.  VI3HOWIEHHYX0  THIIB3Y
pacTauuBaroT U YAAJIEHUS CIEI0B M3HOCA M MPOMBIBAIOT pacTBopuTeneM. OnHy u3
CTOPOH THJIb3bl 3aKPBIBAIOT KPBIIIKOM, 3AJIMBAIOT B LUIMHAD KUAKYIO IUIACTMACCy H
3aT€M 3aKPBIBAIOT LIWIMHAP BTOPOM KPBIIIKOM.

3.5.5. Hanecenue rajibBaHM4eCKMX NOKPBITHIH

Jl7is1 BOCCTaHOBIICHUS pEeHOMETale U WX pa3MepoB HamboJiee paclpoOCTPaHCHBI
CIIEYIOIIHE CIOCOOBI HAHECEHUS TaIbBAHWMYECKUX TOKPBITHIA: JIIEKTPOIUTHICCKOE
XPOMHPOBAHUE, JJICKTPOIUTHUECCKOE JKEIC3HCHHE, XUMUYECKOE HUKEIMPOBaHUE,
AIIEKTPOKOHTAKTHOE IIMHKOBAHUE.

dnekmponumuueckoe Xpomupoeanue. XpOMUPOBAHUE TIOAPA3ACIAIOT Ha:
KOPPO3MOHHO-CTOMKOE, U3HOCOYCTOMUNBOE, TIOPUCTOE IEKOPATUBHOE.

PaznuuaroT  Tpu  Tpymmel  peHoJAETaliel,  HapalMBaeMbIX  XPOMOM,
OTJIMYAIOUTUXCS YCIOBUSMU JKCIUTyaTalldd U PEXKUMaMU OCAKJCHUSA, MPUAAIOITUMU
pa3lIMyHbIE CBOMCTBA IKCIUTYaTUPYEMbIM MTOKPBHITHSIM.

Ilepsylo TpymImy COCTaBISIIOT PEHOJETANIM, HAPAIIUBAEMBIE XPOMOM C IIEIBIO
BOCCTAaHOBUTH Pa3MephI U CO37aTh TIEPEXOTHBIC TTOCAIKH U TIOCATKHA C HATATOM.

Bmopas yciaoBHas Tpymima COCTOUT W3 PEHOETaliel, paboTaronmx Ha TPEHHE
Py MajblX U CPEIHUX JABJICHHUSAX M OKPYKHBIX CKOPOCTSX, TIPH TOCTOSHHOW HITU
nepeMeHHou 3arpy3ke. K Takum neransiM OTHOCSITCS Bajibl, IUTYH)KEPbI, ITWJIHHJPHI,
MOPIITHU, MEPUTEIbHBIN HHCTPYMEHT U MHOTHE JPyTHE.

K neransam mpemoeti Tpynmbsl MOTYT ObITh OTHECEHBI PEHOACTANIN, pabOTarOIIHE
npu OOJBIIUX MJAaBICHUSAX W 3HAYMTEIBHBIX 3HAKOIIEPEMEHHBIX Harpyskax, s
KOTOPBIX HEOOXOIMMBI MaKCUMajIbHasl MPOYHOCTH CBSI3U CJIOS XpOMa C TIOBEPXHOCTHIO
peHoeTaNel 1 BI3KOCTh OCAIKOB XPOMaA.

[TOKpBITHS ANMEKTPOTUTHICCKUM XPOMOM ITOTYYAIOT MPU OCAXKACHUM XpoMa U3
BOJHBIX PACTBOPOB B Pe3yJIbTaTe MPOXOKIACHUS YE€PE3 PACTBOP IICKTPUIECKOTO TOKA.
KadecTBO XpOMOBOTO TOKPHITHSI B OCHOBHOM 3aBHUCHUT OT COCTaBa DJJIEKTPOJIHTA,
MJIOTHOCTH TOKA, TEMIEPATYPHI SJIECKTPOJIUTA U MHTEHCUBHOCTHU €r0 MEPEMEIINBAHMS B
BaHHE. M3MeHss yKa3aHHBIC DJJEMEHTHI TEXHOJOTHYECKOTO TIpollecca W BpeMs
OCQXKJICHUSA, TIOJydYaloT TIOKPBITUS PA3HON TONIIMHBI C Pa3IMYHBIMU  (PU3HKO-
MEXaHUYECKUMU CBOWCTBAMH M PaBHOMEPHOCTHIO. OCHOBHBIMH COCTaBJISIOIINMU
AJICKTPOJIUTOB SIBJISIOTCS XPOMOBBIN aHTHIIPU M CepHAsT KHCIIOTA.

XpoMHupOBaHUE KPYITHOTA0APUTHBIX peHOJIeTale (MM X OTAEIbHBIX MECT) B
CTAIMOHAPHBIX BaHHAX HE Bcerna ienecooOpasHo. [loaTtoMy mis Takux peHojaeranei
WCIIOJIB3YIOT TEPEHOCHBIE BaHHBI, B KOTOpPHIE PEHOJAETAh HE MOTPYKAIT, a
NPUCTPANBAIOT BaHHY K PEHOJAETa M. JTOT CIMOCOO OCaXKIEHUS XpoMa OCOOECHHO
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a¢(dexTuBeH B TOM ciyyae, KOI/la XpOM HAHOCAT Ha IMOBEPXHOCTU BHYTPEHHHX
MOJIOCTEM, KOTOPBIE MOTYT CIY’)KUTh €MKOCTSMH i dJeKTponuTa. [luranue
MOCTOSIHHBIM TOKOM TMEPEHOCHBIX BAaHH OCYIIECTBISIETCS OT IEPEABHKHOIO
HU3KOBOJBTHOI'O T'€HEpaTOpa WM BBIIPSIMUTENS TOKA.

[Ipy HapammBaHWM TUJIB3 W UUJIUHIPOB MPUMEHSIOT MOJBECKU. llopiiHeBbie
KOJIbIIAa W YEPBSIKU YEPBSYHBIX TMepefad XPOMHUPYIOT, HUCIHOJIb3Yys CIEHHaIbHBIC
npucnocoonenus. Jns maydiiero yaepskaHds CMa3Kd Ha PEHOJETaIsIX MPUMEHSIOT
MOPUCTOE XPOMUPOBAHKE, TAK KaK IMJIOTHBIA OECHOPUCTHIM XPOM IJIOXO CMAaYMBAECTCS
Maciamu. [IprMeHeHuEe cnenuanbHbIX MOPUCTBIX XPOMOBBIX MHOKPBITHI YIydlllaeT
CMa4yMBa€MOCTh TOBEPXHOCTEN caMO#l I€TalId MPUMEPHO B 3...5 pa3, a CONpPSHKEHHOU
c Hek peramu B 1,5...2 pasza. CreneHb NOPHUCTOCTH XPOMOBOTO IOKPBITHS B
3HAYUTEILHON Mepe 3aBUCUT OT TEMIIEPATYpPhl DJICKTPOJIUTA U IUIOTHOCTU ToKa. [lpu
YBEIIMYEHUHN TEMIIepaTypbl MOPUCTOCTh YMEHBIIAETCA M CETKa KaHAJIOB CTAHOBUTCS
6onee penkoii. [Tocienyromas mociae XpoMUPOBAHUS DIIEKTPOXUMHUYECKass 00paboTKa
(aHOJTHOE TpaBJICHHE) OKOHYATENIbHO (opmupyer ceTky kaHaioB. CKOPOCTb 3TOTO
dbopMHUpOBaHUS 3aBUCUT OT MHTEHCUBHOCTHU TMPOIECCA TPABJICHUS, T.€. OT IJIOTHOCTH
ToKa. [IOTHOCTH TOKA TPU AHOAHOM TPAaBICHHHM JOJDKHA cocTaBisth 40...60 A/mM’,
BpeMS BBIIECPKKHU S...12 MUH. AHOIHOE TPABJIECHHE OCYIIECTBIAIOT B PacTBOpE IS
XPOMHUPOBAHUSI.

O6paboTKy pe3aHHEeM MOKHO BBITIOJHATH TEpe]] aHOAHBIM TPaBJICHUEM WIH
nocye Hero. Ha numdoBanHON MOBEPXHOCTH MOJIyYaroT 00Jiee paBHOMEPHYIO CETKY U
OJIMHAKOBYIO NIMPUHY KaHAJIOB. BBIOOp THMa XpOMOBOTO TOKPHITHUS 3aBUCHUT OT
YCJIOBHUM 3KCIUTyaTallMu JaeTaner. Tak, Halpumep, MOKPBITUE C TOPUCTOCTHIO B BUJIE
4acTOW CETKH I1eJIecO00pa3HO MPUMEHSTH JJIS MOPIIHEBBIX KOJEI IMUJIUHIPOB. Takas
MOPUCTOCTh JIy4llle CIIOCOOCTBYET MPUTHPKE KOJEI] K IMOBEPXHOCTU ITUIUHIPOB.
OmHako  TOBEPXHOCTh  LWJIMHIAPOB  Jiydlie  paboTaeT Tpu  NPUMEHEHUU
XPOMHUPOBAHHBIX  TOPIIHEBBIX KOJEL C penkod ceTtkod kaHaioB. llpwu
AIEKTPOOCAKICHUU TEPUOANYECKOE H3MEHEHHE HAIPaBJICHUs] TOCTOSIHHOTO TOKa
CYILIECTBEHHO HW3MEHSAET HEKOTOpbI€ CBOMCTBAa MOKPbITUWA. OJHA M3 XapaKTEPHBIX
OCOOCHHOCTEW XpOMHUPOBAHUS C TIPUMEHEHHEM pPEBEPCUPOBAHHUS TOKa —
BO3MOKHOCTh TIOJNydeHHsI TOKpbITUS TommuHoi 300 MM u Oojee C MaibIMu
BHYTPEHHUMHU HaIPSIKEHUSIMHU.

XpoMUPOBaHKE MPOBOJIAT MPHU CICTYIONIEM PEKUME: TEMIIEpaTypa JICKTPOJIUTA
50...60°C, karomnas IIOTHOCTHL Toka 60...120 A/).IMZ, JUTATENIBHOCTh KAaTOIHOTO
nepuona 1...5 MUH, JIUTETBHOCTh aHOAHOTO nepuoaa S...25 c. [Ipu nepuoauyueckux
M3MEHEHHSIX HaIpaBJICHUS] TOKA MPUMEHSIETCA AJIEKTpoJuT, coaepxkamuii 200...250
r/n xpomoBoro anrugapuga CrO; m 2...2,5 r/m cepuoit kucimorel Na,S0,;, wnmm
CaMOPETYJIUPYIOIIUNCS 3JIEKTPOJUT. PeBepcupoBaHre MO3BOISET YCKOPUTH MPOLECC
ocaxkaeHuss xpoma B 1,5...2 pa3a 1O CpaBHEHHUIO C OOBIYHBIMU PEKUMAMHU.
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KauecTBeHHbIE M KOTMYECTBEHHbIE U3MEHEHHUS B MPOIIECCE XPOMUPOBAHUSI BO3MOKHBI
U3-3a MPUMEHEHUS TOKA BBICOKOM TUIOTHOCTH, MPYU KOTOPOM BBIXOJT XpPOMa BO3PACTAET.
C yBelMyeHUEM CKOPOCTHM TMpoTekaHus dekTpoiauta or 0 go 200 cwm/c
MUKPOTBEPAOCTh OCaxAeHHOTro Mertaiia nosbimaercs oT 7000 go 10 000 MIla npu
BeJICHHH IIPOLECcca C ITOTHOCTBIO TOKa 45 A/nM’ 1 TeMmeparype saexTpoinra 45 °C.

MHOroCIOWHbBIE 3AEKTPOJIUTUYECKUE TMOKPBITUSI MOJYyYarOT, MOCIEA0BATEIBHO
HapaliuBas Ha JIeTalld pa3Hble METAIUTMYECKUE MOKPBITUS B pa3IMYHOM coueTaHuu. K
TUIY MHOTOCJIIOWHBIX TMOKPBITUM MOXET OBITh OTHECEHO W TaK Ha3blBaEMOE
JIBYXCIIOITHOE XpOMOBOE NOKphITHE. [locnennee momyvaroT mpyu HAHECEHUH Pa3IMYHbIX
OCaJIKOB XpOoMa C U3MEHSIOIUMHUCS cBoiicTBaMU. Ecin HeoOX01UuMO 3alllUTUTD I€TAIh
OT KOPPO3UHU TPU OJHOBPEMEHHOM YBEJIMYEHUU €€ M3HOCOCTOMKOCTH, HAHOCST JBa
CJIOS XpOMa: HUKHUN — OECHOPUCTHIM MOJIOUHBIA U BepXHUU — Onectsmmii. Ciaon
MOJIOYHOTO XpoMa ToJmMHONM 15 MM ocaxparoT mnpu Ttemmeparype 70 °C wu
moTHOCTH ToKa 30 A/mm%. Temneparypa snekrponura 50°C, miaoTHOCTh Toka S0
A/nm®. XpOMHpPOBAaHHE MPOM3BOMIT B ABYX BAHHAX C SJICKTPOIUTAMH OJUHAKOBOIO
coctana (250 /1 XxpoOMOBOTO aHTHAPUIA U 2,5 T/71 CEpHON KUCIIOTHI).

[Ipy M3rOTOBIIEHUH NIETAJIEW C XPOMOBBIM MOKPHITUEM U M3HOCE MOBEPXHOCTEM
TPYIIMXCS IeTAIEH BO3MOXHBI TOBPEXKACHUS 3aIlIUTHOTO CJIOSL.

Anexkmponumuueckoe xncenesnenue. llpu xene3HeHUU, KaKk U TPU JIPYTUX
ANEKTPOIUTUYECKUX MPOLECCAX, COCTAB U CBOMCTBA OCAXICHHOI'O METAJIJIa 3aBUCST OT
CoCTaBa  JJIGKTPOJIUTA W  PEKUMOB  HapamuBaHus. lIpoliecc  MOKpBITUS
ANEKTPOJIUTUUECKUM JKEJIE30M OCYHIECTBIISIIOT C MCIIOJIb30BAHUEM PACTBOPUMBIX
(cTambHBIX) W HEPACTBOPUMBIX (YroJIbHBIX) dJeKTpoaoB. [Ipu BoccTaHOBICHUU
W3HOIIECHHBIX JeTalied >KEeJIe3HEHMEM HHOT/Ia BO3HHKAET HEOOXOJIMMOCTh CHSTHS
HEIMOJIHOLEHHOTO CJIOSI AJMEKTPOJUTHUYECKOTo kene3a. [[ns 3Tol 1enu npuMEeHSoT
CIIELUAJIBHBIC PACTBOPHI. 3aTeM JIeTallb OABEPraoT aHOAHOU 00padboTke B 30 %-HOM
pacTBOpe CEpPHOUM KUCIOTHI. DJIEKTPOJUT JJIsl KEJIE3HEHUs HE0OXOAUMO BLIOMpATh C
Y4€TOM BO3MOKHOCTU MMOJ00pa COOTBETCTBYIOIIUX MaTEPUATIOB JJISI HU3TOTOBJICHUS
BaHH. [lepen momenieHueM B BaHHY PEHOJIETANICH, MOABEPTAIOIINXCS JKEJIE3HEHUIO B
TOPSYUX DJICKTPOJIUTAX, HEOOXOJAMMO TPOU3BOJUTH KPATKOBPEMEHHBIH HX IMPOTPEB
(10 TeMmepaTypsl JIEKTPOIU3a) B TEUEHHUE 3....5 MUH J0 BKIIOUCHUS TOKA.

Xumuueckoe Hukeauposanue. XuMHUUECKOEC HUKEIMPOBAHUE HCIOJIB3YIOT MPU
HapalMBaHUU PAaBHOMEPHBIX 10 TOJIIMHE MMOKPHITUNA HA PEHOJIETANISAX U3 CTau, ME/IH,
JaTyHW, HUKensd W amoMuHusa. [lolydeHue TIOKPBITUA TNPU  XUMHUYECKOM
HUKEJIUPOBAaHUM OCHOBAaHO Ha BOCCTAHOBJICHMM THUNOGOCHUTOM HOHOB HUKENS U3
BOJIHBIX PAcTBOPOB COJIEM 3TOro Metaiyia. B pesynbraTe peakuuu Ha MOBEPXHOCTH
HapalMBaeMbIX JETalIed OCAKIACTCS MOKPBITHE, cocTosee u3 HUKes u (ocdopa.
Conepxanne ¢ochopa B  HUKEIEBBIX TMOKPBITHSIX 3aBUCHT OT  pEeXUMa
TEXHOJIOTUYECKOro npoiiecca 1 konedsercs ot S5 10 13 %, npu 3ToM B TOBEPXHOCTHOM
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cinoe MukpoTeepiocth 3500...5000 MIla, koTopast pacTeT ¢ YBEIMYEHUEM COAEPHKAHUS
docdopa B ocanke. Tepmuueckas o0paboOTKa yaydlIaeT Tak:Ke MPOYHOCTh CUETIIICHUS
MTOBEPXHOCTHU HAPAIMBAEMOM €T C IOKPBITUEM, KOTOPAs MOCIIE OCAKICHUS PaBHA
npumepHo 35 Mlla, a nocne narpesa a0 200...250 °C B Teuenne 40...60 mun 280
MIla.

HapaiuBanue XuMUU€CKOTO HUKENSI OCYIIECTBIIACTCS KaK B IIEJIOYHBIX, TaK U B
KHCIIBIX pacTBopax. lllemouHble pacTBOpPBI XapaKTEpU3YIOTCS JIYUIIMMU TEXHHKO-
SKOHOMHUYECKHMMH MTOKA3aTEISIMU [0 CPABHEHUIO C KUCIbIMU. CKOPOCTh HapalllMBaHUS
MNOKPBITUS TIPU XUMHUYECKOM HUKEIUPOBAHUM B OSTUX PACTBOPAX MOXKET ObITh
MOCTOSIHHOM U MOojiepuBatbcst Ha ypoBHE 10...12 Mkm/u Hukens, runodochura u
pacTBOpa aMMMaka B COOTBETCTBUM C 3aJaHHOW penentypoil. Heobxoaumo
noAJepKuBaTh Bennuuny pH B npenenax 8,5...8,7.

Inekmpokonmakmuoe  yuHkoeanue  (HaTUpPaAHUE)  MPUMEHSIOT  JUIsS
BOCCTAHOBJICHHUSI TIOCAJIOYHBIX MECT MO/ MOJIIUIHUKA C HEOOJBIIUM H3HOCOM,
HalpuMep, TMPOYIIMHBl BHIOK KapJaHHbIX BajoB. [[MHKOBaHHWE TPOBOIAT B
AJIEKTPOJIUTE, cojaepiKaiemM, r/i: cepHokuciaoro nuHka 280...300, G0pHOW KHUCIIOTHI
20...40. TIpouecc HaumHaKOT BecTH mpu MioTHocTd Toka 30...50 A/nm?, CxopocTb
MEPEMENICHNST AHOJHOTO TaMIIOHAa OTHOCHUTEIBHO IOKpPhIBAEMOM mnoBepxHOCTH 10
M/MUH. OOBIYHO MCHOJIB3YIOT Pa3MEPHOE IIMHKOBAHHUE, T.€. MOKPBHITHIE MOBEPXHOCTU
He oOpabOaThiBalOT pe3aHueM. [Ipu IHUHKOBAHUM C MPUMEHEHHEM MEPUOTUUYECKOTO
TOKa CBOMCTBA MOKPHITUM YIyUIIAOTCs, a poIlecCc MHTeHCcuuuupyercs B 2...3 pasa.

3.5.6. 3aauBKa JKHAKHM METALJIOM

[Ipy BOCCTaHOBJIEHUU CUIIBHO M3HOIICHHBIX JE€TaJeH WU MIPU 33]I€JIKE KPYITHBIX
MECTHBIX JI€()EKTOB B OTJIMBKAX HCIOJB3YIOT 3aJIMBKY KUIKUM MeTauioM. Jlis
MOJTYYEHUs] TTPOYHOM CBSI3M 3aJMBAEMOT0 METallJla ¢ METaJVIOM BOCCTaHABJIMBAeMOM
peHOAECTaNM  MOBEPXHOCTh  JIeTalld  TOJABEpPraloT  CHeHHaIbHOM  00paboTke.
[Ipucamounsiii MaTeprai paciuiaBisIIOT OTACIBHO B IJIABUIBHBIX TIeYaxX U 3aJMBAIOT U3
TUTJIA C MOMOIIBIO CIENUAIBHOTO PA3JIMBOYHOIO ycTporcTBa. [lomydyeHne 3ammBKOU
MOBEPXHOCTHOTO CJIOSl, COOTBETCTBYIOIIETO IO COCTaBy METaUly pPEHOJETalu,
0o0ecreynBalOT TOJ00pOM IIUXTHl COOTBETCTBYIOIIETO cocTaBa. llpu Harpese
BOCCTAHABJIMBAEMON MOBEPXHOCTH PEHOACTAIM 3a CYET TEIUIOTHI KUIKOT0 MeTajuia
(T.e. 0e€3 TmpeaBapuUTEIbHOTO TOAOTpPEBa JETaJM) TOCICIHUM BBUIMBAIOT Ha
BOCCTAHABJIMBAEMYIO TTOBEPXHOCTD.

[IpenBaputenbHOE OIUIaBICHHWE TIEpe] 3aJIMBKOM TMOBEPXHOCTHOTO  CJIOS
BOCCTAaHABIIMBAEMOMN JE€TaIN IKOHOMHYECKH 0OJie€ BBITOJIHBIN MPOIECC, BCIEIACTBUE
COKpalIEHUs MPOJOKUTEILHOCTH BOCCTAHOBIICHUSI M PacXoja >KUAKOTO MeTasuia.
W3Ho1IeHHbIE JeTaau MOXKHO 3aJMBaTh Pa3jIMYHBIMU METaUlaMu U cruiaBamu. Jljis
BOCCTAHOBJICHUS] KPYMHBIX MapTHil JAEPEKTHBIX JAeTalied HCIHONb3YIOT IJIaBUIBLHYIO
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cyp M Cl'IeI_II/IaJ'IBHBIﬁ MCTaJ'IJIOC60pHI/IK C Ppas3InBOYHBIMH HpI/ICHOCO6JICHI/I}IMI/I.
3anuBKOM KHUAKHUM MCTAJIJIOM uenecoo6pa3Ho BOCCTaHABJIMBATb prnHOFa6apI/ITHBIe
n3aCJIMA UM 3HAYUTCIIBHOC KOJINYCCTBO MCJIIKHX OJHOTHIIHBIX z[eTaneﬁ. DTOT crrocod
o0ecreynBaeT BBICOKYIO ITPOU3BOJUTCIBHOCTD U KA4CCTBO.

BTy.HKI/I, INOAIMIUITHUKHN CKOJIB2KCHUA, CMCHHBIC BCHIIBI BY6‘IaTBIX KOJI€C H
MUWJIMHAPLI BOCCTAHABJIWBAIOT HCHTpO6€)KHOfI HaIjIaBKOM KUIKHUM  MCTaJJIOM.
HCHTp06C}KHI>IM CItocoOOM  3aJMBAalOT TOJBIC 3arOTOBKH U3 OBCTHBIX H
KCJIC3OYIIICPOAUCTBIX CINIaBOB, HMCIOINUX OTHOCHUTCIBHO HHU3KYIO TCMIICPATYPY
I1aBiacHUs. Takou IMponccC BO3MOKCH IIpU YCIOBHH, YTO TCMIICPATYpPA IIJIABJICHUA
MeTaJjljla BOCCTaHaBJIMBAEMOM ACTAaJIM BbIIIC, YCM Y HAILJIABJIKICMOT'O MaTCpHaJIa.

3.5.7. BocctaHoBIeHHeE eTaslell ILIACTHYECKUM Ae()OpMUPOBAHUEM

OTOT cnoco0 OCHOBaH Ha CIIOCOOHOCTH pEHOJAETaNel H3MEHATh (QopMy U
pa3Mep 0e3 pa3pyllieHus IyTeM NepepacipeieieHusl MeTaula 1noj JaBjieHueM. B atom
cilyuae O00BEM PEHOJAETAIM OCTAETCA IOCTOSIHHBIM, a MeETall OT Hepabouux
MOBEPXHOCTEH NEepeMellaeTcsl Ha M3HOLIEHHbIE paboune MoBepXHOCTH. PeHoperanu
ne(OpMUPYIOT KaK B XOJIOJHOM, TaK U HarpeToM cOCTOSTHUAX. CTalbHbIE PEHOJETAIN
tBepaocthio 10 HRC 30, a Taxke peHOAeTaNM W3 NBETHBIX METALIOB M CILIABOB
OoObIYHO  JeDOPMUPYIOT B  XOJIOJIHOM  COCTOSSHUM  0€3  MpeaBapUTEIIbHOU
TEpMOOOPaOOTKH.

[TpuMeHsIOT creayrolue BUAbI IUTACTUYECKOTO0 1ehOpMUPOBAHUS PEHOIETANICH:
OCaJKy, BIaBJIMBaHUE pa3faudy, oOXaTHe, BBITSKKY, [IPaBKY, JIEKTPOMEXaHUYECKYIO
00paboTky u ap. (puc. 4.58).
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Puc. 4.58. Buapl mmactuueckoro aedopMUpOBaHUSA: a — Ocaaka; 6 —

BJIaBJIMBAHUE; 6 — pa3jiaua; ¢ —00XaTue; 0 — BBITSKKA; e — IPaBKa

Ocaoky TPUMEHSIOT ISl YBEJIMYEHHS] HAPYKHOTO JUaMeTpa CIUIOLIHBIX H
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MOJIBIX pEHOAETalleld, a TaK € YMEHBIIEHUS BHYTPEHHEro JuamMeTpa MOJIbIX
peHojeTanel 3a CYEeT YMEHBIICHUS WX BBICOTHI (OpPOH30BBIE BTYJIKH U Ap.).
JlonmyckaeTcsi yMEHbIIIEHHE BBICOTHI BTYJIOK Ha 8-10%.

Boasnusanue otnuyaeTcs OT OCaJKd TEM, UYTO BBICOTA PEHOJETANM HE
M3MEHAETCS, & YBEJIIMUCHHUE €€ AuaMeTpa MPOUCXOIUT 33 CUET BbIJABIIMBAHUS METasla
u3 Hepaboued yacTu. BraBnuBaHMeM BOCCTAHABJIMBAIOT TAapEJKU  KJIAMaHOB
JBUTATENIeH, 00KOBBIE MOBEPXHOCTH LUIHMIIEB HA Bajax U Jp.

Pa3z0auy npuUMEHSIOT JUIsi BOCCTAHOBJICHHUS IYCTOTENBIX pPEHOJETaliel ¢
W3HOUICHHOW HApY>KHOW MOBEPXHOCTHIO (BTYJIOK, MOPIIHEBBIX NanbleB U 1p.). [Ipu
MEXaHUYECKO pazjadye 4epe3 OTBEPCTHE PEHOJIETa W MPOJABIMBAIOT INAPUK WU
CIIEUAJIBHBIA TTyaHCOH (OmpaBky). [Ipu 3TOM BO3MOXXHO YKOPOUEHHE PEHOACTAIN U
MOSIBJIEHUE B HEW TPEIIUH.

B mnocnenHue roapl MPUMEHSIOT TEPMOIUIACTHUUECKYIO pa3/iadyy MOPIIHEBBIX
NajblEB, CYIIHOCTh KOTOPOM COCTOMT B TOM, UYTO MAajblbl HATPEBAIOT B MHIYKTOPE
TBY zo 780...830°C B teuenue 20...25 ¢ 1 OXJIKIAIOT BOIO, MPOITYCKAaEMOM 4epes
oTBepcTtre manblia noxa gasieHuem 0,4...0,5 MIla B Teuenue 14..16 c. Ilpu sTom
MPOUCXOJUT YBEIIMUCHUE HAPYKHOTO AuaMeTpa naibia a0 0,25 MM ¢ 0OJHOBPEMEHHOMN
3aKaJIKOM €ro IOBEpXHOCTHOTrO cmos. Ilocne paszmadym manblbl  MMOJBEPTarOT
MEXaHU4YECKO 00paboTKe, KOHTPOJIIO U COPTUPOBKE.

Oboicamue TIPUMEHSIOT JJISI BOCCTAHOBJICHUSI PEHOJETAIEH C W3HOIICHHBIMU
BHYTPEHHHUMHU MMOBEPXHOCTSIMHU, YMEHBIIICHUE HAPYKHBIX pa3MEPOB KOTOPHIX HE UMEET
3HauYeHUA (KOpIyca HaCOCOB THAPOCUCTEM, MPOYIITUHBI PHIYaroB, BUIOK U JIp.).

Buimsoicky TPUMEHSIIOT 711 YBEIWYEHHUs] JUIMHBI PEHOAETalell 3a Cuer
YMEHBIIICHUSI WX TIONEPEYHOro cedeHus (TAru, MmTaHrd v T.71.). JepopmupyroT
PEHOAETAIN B TOPSAUYEM COCTOSIHUM.

Ilpasxy TPUMEHSIIOT IJI1 PEMOHTAa PEHOJAETaNeH, B KOTOPHIX BO BpeMsi paOOThI
BO3HHMKJIM OCTaTOuYHbIE nedopManuu (M3rud, CKpyduBaHUE) WU KOpOoOJeHHE (Bajbl,
OCH, pbluard, pambl W Jap.). [lpuxnaasiBaeMoe mNpu TpaBKE YCUIUE JIOJHKHO
obecrieunth gedopmanuio, B 10...15 pa3 mnpeBpIIAIONyI0 YCTpaHAEMbIA H3TUO
peHoaetanu. Harpy3ky mpHKIabIBalOT HECKOJBKO pa3 B Teuenue 1,5...2 muH. s
MOBBIIMICHUS YCTAJIOCTHONW TPOYHOCTH U CTAOMIBHOCTH TE€OMETPUUYECKON (HOPMBI
pEHOZEeTaNM TMOCJI€ XOJIOJHOW TPaBKU TMOJABEPrarOT HArpeBy M0 400...500°C u
BbIZIepxkuBatoT 0,5...1 4. 3akanennsie TBY penoaeranu narpesator 10 180.. .200°C u
BBIJICPKUBAIOT 5...6 4.

[Ipy mnpaBke CTaTUUYECKUM HW3TMOOM Ha TMPECCe CHIDKAIOTCS YCTajJoCTHAas
MPOYHOCTh U IUIACTUYHOCTH Bajia. [lo3TOMy 17151 mMpaBKU OTBETCTBEHHBIX PEHOIETANICH
(HampuMep, KOJEHYATHIX BajOB) PEKOMEHIYETCS MPUMEHSTH 0oJjiee MPOTPECCUBHBIN
cnoco6 Hakiemna (puc. 4.59). B sTomM ciyuyae Hakiienm rajTelield Bajia BBITOJTHSIOT
KJICTIaJIbHBIM TTHEeBMAaTH4eCKUM MOJOTKOM KMII-14M wunu pyyHbIM clecapHbIM
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MOJOTKOM MacCou 0,8 KI' CO Cn€iHuaJIbHbIMK 60ﬁKaMH, pasMEpPbl KOTOPBIX AOJIKHBI
COOTBCTCTBOBATH pasMEpam rajareneu Hp}IMOJIPIHefIHOCTB BaJla BOCCTaHaBJIMBACTCA 3a
CUCT BO3HHUKAIOIMIUX B IIOBCPXHOCTHOM CJIOC MCTAJZI BHYTPCHHUX HaHpH)KCHI/Iﬁ
CXXaTtusl.

Mecmo naknena

Ho npaexur flocria npaexts

Puc. 4.59. Cxema npaBku HaKJIEIOM: @ — Opyca; 6 — KOJICHYaTOTO Baja

Inekmpomexanuveckan odpadbomka 3aKioyaeTcs B cienyromneM. PeHoaeranb
3aKpeIUIAIOT B IIMUHJEIh TOKAPHOTO CTaHKa. B  pesneaepskarene cymnmopra
3aKpEIUIAIOT CIHEUaIbHYI0 OMNpPaBKYy C paboyuM HHCTpyMeHTOM. PeHonerans u
WHCTPYMEHT IOJKIIOYAI0T K BTOPUYHONM OOMOTKE MOHMIKAIOIIETO TpaHcdopmaTopa.
BxiroyatoT BpallleHHE PEHOAETaIH, NPUKUMAIOT K HEH C ONpENEeTeHHBbIM YCHIMEM
MHCTPYMEHT U BKJIIOYAIOT €ro MpoJIoJibHYI0 nojaavy. [Ipu 3ToM yepe3 30Hy KOHTaKTa
peHoJieTaI U UHCTpyMeHTa npotekaeT Tok 350...700 A npu Hanpsoxkenuu 1...6 B,
TaK KakK IUIOIIAJb KOHTAKTa PEHOAETAIM U MHCTPYMEHTAa OYEHb Majia, a CHJIa TOKa
OompIasi, TO METAUI PEHOACTANIM B 30HE KOHTAaKTa MTHOBEHHO HAarpeBaeTcs Ji0
temmeparypst 800...900°C u nerko medopMupyercs HHCTpYMeHTOM. Ilociemyromit
OBICTPBIN OTBOJI TEIUIOTHI BHYTPh PEHOACTANN (OXJIAKIEHUE) CIIOCOOCTBYET 3aKaJIKe
MOBEPXHOCTHOTO CJIOSI.

B kadecTBe WMHCTpyMEHTa HCHOJB3YIOT TUIACTUHKY WM POJHUK W3 TBEPIOTO
crutaBa. [lpu BoccranoBneHun penonperanu (puc. 4.60) M3HOIIEHHYIO TOBEPXHOCTH
CHayaja BBICA)KMBAIOT 3a0CTPEHHOM IUIACTUHOM WJIM POJIMKOM. [Ipyu 3TOM Harpersiii B
30HE KOHTaKTa METAJJI BBIIABJIMBACTCS, 00Opa3ysl BBICTYIBI, aHAJIOTHYHBIE pPe3b0e, B
pe3ysbTate 4Yero JAuaMeTp peHojAeTaNu yBenudmBaercss oT Oy go dg. 3artem
BBICQXKEHHYIO IMOBEPXHOCTh 00pa0aThIBAIOT CTIAKUBAOINICH TIACTHHON WJIH POJIUKOM
JI0 HOMUHAJIHOTO Jramerpa dy.
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3 Saxpyanume

Puc. 4.60. Cxema BOCCTaHOBJIEHUS pEHOJAETANICH DJIECKTPOMEXaHUYECKUM
criocobom: 1 — peHoneranp; 2 — BBICAKUBAIOIIUN HUHCTPYMEHT; 3 - CTIIaXKUBAIOIIUN
UHCTpYMEHT; d, - IMaMeTp W3HOIICHHOH peHoxetanu; Og — IuaMeTp JeTaau IMocie
BbICAJIKH; O, - HOMUHAIBHBIN JHAMETP PEHOICTAIH

BoccraHoBieHHAas MOBEPXHOCTh IIOJIY4YaeTCs MPEPBIBUCTOM, IUIOWIAAbL €€
KOHTaKTa C COIPSIracéMOM pEHOJETAIbI0 MEHbIIE HOMHUHaJIbHOW. Jlomyckaercs
YMEHBIIICHUE IUIOIA M KOHTakTa He Oosiee uyeM Ha 20% 1O CpaBHEHHIO C
HOMHUHaJIbHOW. [y 3TOrO HYyXHO, uT0OBI dp - d, >3(d,-d,). YBenuuenue auamerpa
HE3aKaJICHHbIX peHoneTanerd Bo3MOkHO Ha 0,4, a 3akameHHbix - Ha 0,2 mMm. g
OOJIBILIETO YBEJIWYEHUS TUaMeTpa MPU COXPAHEHUH HEOOXOIUMOM IIIOIIAAN KOHTAKTa
MPUMEHSIIOT 3alojHeHHe OOpa30BaBIICHCS BUHTOBONW KaHAaBKU TMPOBOJIOKOW WM
COCTaBaMM Ha OCHOBE 3MOKCUIHBIX CMOJI.

KouTtposibHbie BONPOCHI K 1i1aBe 4.

1. Kakue 3ama4m pemaroT KOHCTPYKTOP U TEXHOJIOT MPH 00ecriedyeHun
HaJACKHOCTHU U30eINA?

2. Kakumu TeXHOJOTHYECKUMHI METOIaMH MO>KHO TIOBBICUTH H3HOCOCTOHKOCTH
JeTajied MamIuH?

3. Kaxk ot meTona u pexxruma 00pabOTKH 3aBUCUT YCTaJIOCTHAS POYHOCTH?

4. Kakum oOpa3om Jie3BuiiHas U abpa3uBHAs 00paOOTKY BIUSET HA
IIEpPOXOBATOCTh, BOJIHUCTOCTh OBEPXHOCTH JI€TaIH?

5. Kak remnoBoii 3 ekt mpu MexaHnuecko 00padoTKe BIUSIET HA
MUKPOTBEPIOCTh, OCTATOYHBIC HANIPSKEHHUSI TOBEPXHOCTHOTO CIIOSI?

6. Kak npumenenne COTC BnuseT Ha mapamMeTpbl MOBEPXHOCTHOTO CITOs?

7. UYrto Takoe aedopMallMOHHOE YIIPOUYHEHHE MOBEpXHOCTHOTO cioa? Kak
nedopMallMoOHHOE YIIPOYHEHHE 3aBUCUT OT YCIOBUI 00paboTKu?

8. Uro Takoe I1I1/] u kakoBBI €€ pPa3HOBUIHOCTH?
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9. Kakum 00pa3om BelMUYMHA, 3HAK U 3aKOHOMEPHOCTb pacipeieeHus
HaIpsHKEHUH 3aBUCST OT CBOMCTB 00pabaThiBaeMOro MaTepuaina, METOJIOB U
PEKUMOB 00pabOTKU?

10. /17151 4ero mpuUMeHseTCs UCKYCCTBEHHOE CTapeHue?

11. TlepeuncnuTte OCHOBHBIE CLIOCOOBI BOCCTAHOBIICHUSI PEHOIETAJICH.

12.Kakue crnocoObl BOCCTAHOBIICHUS SBIISIOTCS JIMIUPYIOMIAMH B TIPOIIECCax
peMoHTa JieTanei?

13.B 4em CylHOCTh HATUTaBKH?

14.B yeM CymIHOCTh Ipoliecca HaMbUICHUS ?

15.Tlepeuncnyure OCHOBHBIE CITOCOOBI MIIACTUYECKOTO Je(hOPMUPOBAHUS.

16.Kakue coBpeMEHHBIE CIMOCOOBI HAHECEHUS TOKPBITHH TPUMEHSIOTCS IS
BOCCTAHOBJICHUS ITOBEPXHOCTEN AETAIU?

17.Yem oTinmuaroTcs ctaTudeckoe u nuHamudeckoe TTIT?

18. Kakumu ¢pu3ndeckumMu mpoleccaMu conmpoBoxaaeTcst oopadorka TTTJ[?

19. Yem xapakrepusyercs 1epopMaliOHHOE yIIpoYyHeHue?

20.ITpuBenure knaccuukanio METOJO0B MIACTUYECKOTO Je(hOPMUPOBAHUS.

21.Kakue MeToJlbl HAHECEHHUs TOKPBITUN HCIONB3YIOTCS B PEHOBAIIMOJHHBIX
npoueccax?

22.KakoBO Ha3HA4YCHUS M MEXaHU3M TIpollecca HAHECEHHUS TajJbBaHUYECKOTO
MOKPBITUSA?

23.0xapakTepu3yHTe OCHOBHBIE METOABI IUTACTHYECKOTO JehOpPMHPOBAHUSA,
MPUMEHSIEMBIE JIJI1 BOCCTAHOBJICHHUS JIeTaJICH.

I'naBa S. IIporHo3upoBanue IKCIUIYaTALMOHHBIX CBOMCTB JIeTajledl MalllMH
U NYyTH AaBTOMATH3AUMM KOHCTPYKTOPCKO-TEXHOJIOTHYECKOH IMOATOTOBKU
NMPOU3BOJACTBA

5.1 OcHoBHBIC MOAX0AbI K AHAJUTHYECKONH OLCHKE M NPOrHO3MPOBAHMIO
IKCILIYATALIMOHHBIX CBOMCTB JAeTajieil MalluH

[[lupokoe WUCHOJB30BAHME B TEXHOJOTUM W3rOTOBJICHUS JACTAICH MAaIlUH
pPa3sTUYHBIX TO0 (PUBUKO-XUMHUUYECKOW CYIIHOCTU METOJ0B OOpabOTKH OO0YCIOBUIIO
MOSIBJICHHUE PsiJia TEOPETUUECKUX MOAXO00B K OMUCAHUIO MEXaHU3MOB (DOPMHUPOBAHUSI
MTOBEPXHOCTHOTO CJIOSI, METOJIOB KPUTEPUATBLHOMN OIEHKH UX d(PPEKTUBHOCTU BIUSHUS
Ha JKCIUTyaTallMOHHbIE CBOMCTBA JeTajied, a Takke (PYHKIIMOHAIBbHBIX 3aBUCUMOCTEH
rokaszarejied KauecTBa MOBEPXHOCTHOTO CJIOSI OT PeXUMOB 00paboTku. TpymaHOCTH
MPOTHO3UPOBAHUS TEXHOJOTUYECKOTO OOECIEYeHUSI OKCIUTyaTaIllMOHHBIX CBOMCTB
JIeTaje, CBsI3aHbl HE TOJBKO CO CJIOKHOCTBIO MPOIECCOB MPOUCXOIAIIMNX B
HEOJHOPOJIHOM, HECIUIONIHOM, ACPEKTHOM M aHW30TPOIHOM MaTepHuaye, KaKOBBIM
ABJSIETCS 1e(OPMHUPYEMBbIH MTOBEPXHOCTHBIM CJION, HO TaKX€ C OTCYTCTBHEM E€JIUHBIX
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B3IJISII0B  HAa MPUPOAY NPOYHOCTH (POpMUPYEMBIX B Ipoliecce 00pabOTKu
MOBEPXHOCTHBIX CJIOEB M OOLICHPUHATON TEOPETUUYECKON 0a3bl, yIOBIECTBOPHUTEIHLHO
OOBSCHAIONIEH MEXaHW3M IMPOIECCOB MPOTEKAIOMIMX B 30HE CHJIOBOIO KOHTAKTa.
[lonTBEpKAEHMEM JTOrO  3aKIIOYECHMS  SIBISAETCS IPUMEHEHHME UL  OLICHKH
TEXHOJIOTHYECKOr0 O00ECIEeUeHHs] KadyecTBa IMOBEPXHOCTU M 3KCIUTyaTallMOHHBIX
CBOMCTB J€Talled PA3JIUYHBIX HAyYHBIX MOJAXOJOB M IOJYYEHBIX HAa HMX OCHOBE
aHAIUTUYECKUX Mojeneil. Ha naHHbIi MOMEHT Takue MoJeNu B OOJbIIeH cTeneHu
HOCSIT SMIIMPUYECKUI XapaKTep.

[Ipu pazpaboTke aHATUTUYECKUX MOJieNiel MPOrHO3UPOBaHUS dPHEKTUBHOCTH
TEXHOJIOTUYECKUX METOJO0B, KaK IMPaBWIIO, pacCMaTpUBAETCS JBa JTama: MEPBbIA
CBSI3aH C pa3paboTKoN (u3znueckoil Mojenu mpoiecca, BTOPOMl ¢ €€ pacu€THOM
aHanoruedl. Ha mnpoTsbkeHMHM pa3BUTUSL HaykKH O MeTojax o0paOoTku Obuio
IIPEUIOKEHO TPU OCHOBOIIOJOTAONIMX IMOAXO0AAa K aHAIU3y MEXaHW3Ma U SIBIICHHUU
(opMHUpPOBaHUSA TOBEPXHOCTHOIO CJOS PAa3jIMYHBIX [0 CTPYKTYype MaTepuasoB:
(E€HOMEHOIOrMYECKUN, MEXaHUYECKUI U METaNIO(PU3UYECKU.

B nmnocnenHue necATHnETHS B CBSI3M C IMOSBJICHHEM HOBBIX TEXHOJIOTHM
NOJIYYWJIA ~ JajJbHEHIIEe pa3BUTHE HAy4yHblE IIPEACTABICHHUS O MEXAaHHU3ME
(GopMHpOBaHUS TOBEPXHOCTHOIO CJOSI M €ro BJIMSHUM Ha HKCIUTyaTallMOHHbIE
cBorcTBa aAetanei. llosBuincs mMomenu ONTHMHU3ALMU W YOPAaBICHHS NPOLECCOM
00paboTKH.

CymecTByroniue pacyeTHblE MOJEIM II0 OLEHKE IIOKa3aTeled KadyecTBa
IIOBEPXHOCTH M IPOTHO3UPOBAHUIO HKCIUIYATAllMOHHBIX CBOWCTB MOYKHO YCJIOBHO
pa3lenuTh Ha JBa THUNA - SMIIMPUYECKHE U IOJYIMIMPUYECKUE. DMIMPUUYECKHE
MOJIEJIM TPEACTaBISAOT CcO00M MNPOCTEHIIYI0 MAaTeMaTHYECKYH0 AanMpOKCUMAIUIO
HKCIIEPUMEHTAIBHBIX PEe3ylbTaTOB. B HHUX (PU3MKO-MEXaHMYECKHUE XapaKTEPUCTUKU
CBSA3BIBAIOTCA C TEXHOJOTMYECKMMHU XapaKTEPUCTHUKAMH Mpolecca 0OpabOTKU yepe3
0e3pa3zmMepHbie dMIUPUYECKUe KOADPUIIMEHTHI, HE UMEIOIUE YETKOro (PU3UYECKOTO
CMbICJIa. 3aBUCUMOCTb UMEET, KaK MPaBUJIO, BUJI TMHEHHON UM CTENIEHHON (PYyHKIUU.

[TomysmMnupudeckue MOJIEIN BKIIIOYAIOT MMapaMeTpsl, A1 KaXKJI0TO U3 KOTOPBIX
yCTaHOBJEHA CBSI3b C  (PU3MKO-MEXaHWYECKMMH  CBOMCTBAMH  MAaTEpUajoOB,
XapaKTEPUCTUKAMU IPOLECCOB U T. JI. DKCIEPUMEHTAIbHASI OLEHKA ITUX NTapaMeTPOB
MO3BOJISIET MPOU3BOJUTh aAHAJIM3 pEAbHbIX (QU3MYecKux sBIeHUN. PacueTrHble
3aBUCUMOCTH B TOJIyDMIUPHUUECKUX MOJEISAX CTPOSTCS U3 (PU3NYECKUX COOOpaKeHUM
C YYETOM Pa3MEPHOCTEN MapaMeTpOB.

Denomenonozuueckuit nooxoo. B (HEHOMEHOJOTMUECKOM IMOJXO0JI€ BCE
TEXHOJIOTUYECKUE MPOLECCHl PACCMATPUBAIOTCA KaK NPOTEKAIOIIME B 3aKPBITOM
«4epHOM smuKe». [Ipu 3TOM BCe TemmnepaTypHbIE, CUIOBBIE, TEOMETPUUYECKUE U AP.
XapaKkTEpUCTUKNA IIPOLIECCA KOHTAKTHOTO B3aUMOJACHCTBHS HEU3BECTHBI, AHAINA3Y
MOJIEKAT JIMIIb HAYAJIBHBIE MEXAHWYECKUE CBOMCTBA MOBEPXHOCTHBIX CJIOEB
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(BXOJHBIE TMapaMeTpbl) U TPOSBICHHAS HWMHU CTOMKOCTh K YCIOBHUSIM BHEIIHETO
(bU3UKO-MEXaHO-XMMHYECKOTO BO3JICUCTBHSI Ha HHUX (BBIXOJHBIE IapaMETphl),
COOTHOIIIEHHE MEXY KOTOPHIMH YCTAaHABIUBAETCS SMIIUPUYECKU TMIPH J1abOPaTOPHBIX
WCTIBITAHUSIX.

[IpuBnekarenbHOCTh (DEHOMEHOJIOTMYECKOr0 MOAX0/a JIsl ONUCAHUs IMpolecca
MOBPEXKIAEMOCTH U Pa3pyILICHHs MIOBEPXHOCTHOTO CJIOS MPH 3KCIUTyaTallMy CBs3aHa C
JIOCTATOYHOM MPOCTOTOM MOTYUYEHUSI MEXAaHUYECKUX XapAKTEPUCTUK U BO3MOKHOCTBIO
ONMMCAHMS HKCILTYyaTALIMOHHBIX CBOMCTB € IPHU NOMOIIM HECJOKHBIX 3MIUPHUYECKHUX
3aBUCUMOCTEH BUaa

e=1f(M, a),1=1...n, (1.1) (5.1)
rae M — MexaHudeckas XapakTEepUCTHKA, aj — SMIIMPUYECKUE KO (DUIIMEHTHI,

[Ipyu »sTOoM 00paboTka CBsi3aHA C JOCTATOYHOM MPOCTOTOM TMOJYyYEHHS
MEXaHUYECKUX XapaKTEPUCTUK U BO3MOKHOCTBIO onucaHus 3ddexra oOpadOTKu npu
IIOMOIIY HECJIOKHBIX SMIIUPUYECKUX 3aBUCUMOCTEN.

IlepBblE SMIIMPUYECKHE pAacUETHBIE MOJEIN IO OLICHKE MOKa3aTeell KadyecTBa
NOBEPXHOCTU M HKCIUTyaTallMOHHBIX CBOMCTB ONMUPAINCh Ha HJC0 00 aHaJOrHH
IIOKa3aTesIell KaueCcTBa MOBEPXHOCTH M JKCIUTyaTal[MOHHBIX CBOMCTB C MEXaHMUYECKOU
IIPOYHOCTBIO MaTepuaioB. Tak, HarpuMep, TpuMeHss 3ToT noaxona, M.M. Xpyies u
M.A. baOuueB ycTaHOBWIH [255], 4TO 1Ji1 TEXHUYECKH YUCTBIX METAJUIOB U CTajeil B
OTOXOKEHHOM COCTOSIHUM OTHOCHUTENIbHAsi H3HOCOCTOMKOCTh TIpH aOpa3uBHOM
W3HAIIMBAHUM TPSIMO TMPOMOPIIMOHAIbHA MHKPOTBepAocTH Hy, u mpemnoxuim
CJIEIyIOLIEE YPABHEHHE JIJISl OLIEHKH U3HOCOCTOMKOCTH € MaTEPHAJIOB:

e=b.H,, (5.2)
rae b — koadduimenT nponopUroOHaNTbHOCTH, OOIIHI I BCEX YKa3aHHBIX METAJLIOB
U CTaJIen.

Jnst crasieid B COCTOSIHMM TOCJE 3aKAJKM M OTIYCKa Ha pa3IMYHYI0 TBEPAOCTh
OTHOCUTEJbHAS M3HOCOCTOMKOCTh HMEET TaKXKe JIMHEHHYI 3aBUCHUMOCTh OT
MUKpPOTBEPAOCTH:

e=go+ b (H, - Ho), (5.3)
rae € U Hy — cOOTBETCTBEHHO OTHOCHTENBbHAs M3HOCOCTOMKOCTh U MUKPOTBEPAOCTH
JAHHO} CTAIIM B OTOMOKEHHOM COCTOSIHHM, b — K0d(h(MUIMEHT IPONOPIHOHATFHOCTH.

OTOT MOAX0J HE UMEET 3BPUCTUYECKON LIEHHOCTH, TaK KaK MHOTHE IPOLECCHI,
pPOTEKAIOUMe HA MUKPO- U ME30YPOBHSIX, OKa3bIBAIOTCS MPHU 3TOM 3aBYaJMPOBaHbI
AMIUPUYECKUMU  KOIDDUITMEHTaMH, MJI1 KOTOPBIX HE ObUI OMNpeaeseH YeTKUil
¢busznueckuit cmbica. Kpome TOro mnpu HCHOAB30BAHMM JaHHBIX MOJENeH He
MPUHUMAETCSI BO BHUMAaHUE IUJIACTUYHOCTh MATEpPHUAJIOB, KOTOpPAsl KaK MOKAa3bIBAIOT
VCCJIENOBAHNUSI TIPH COIOCTABJICHUM HAIPUMEP HM3HOCOCTOMKOCTH METAJJIOB U
MUHEPAJIOB, HMEIOIUX OJIMHAKOBYIO BEJIMUMHY TBEPJOCTH, HO PA3HYIO IJIACTUYHOCTb,
NPUBOAUT K Pa3HUIIE B pe3yJibTaTax MOYTH HA MOPSIOK(M3HOCOCTOMKOCTh METAJIOB
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Boimie B 11,4 paza). Bmecte ¢ TeM sMIupuuecKMe MOJEIM H3-3a MPOCTOTHI
MOJIYYeHHBIX (HOPMYJ O CHX IMOp MpEeIaraloTcs K UCIOIb30BaHUIO MpHU pa3paboTke
COBPEMEHHBIX METOJIOB PACUYETHOTO IMPOTHO3UPOBAHHUS AKCIUTyaTallMOHHBIX CBOMCTB
MaTepUaiOB TEXHOJIOTHYECKUMHU METOJAMU.

Mexanuueckuii no0xo0. MexaHN4ECKUH MOJIXO0 K MOAEIUPOBAHUIO IIPOIIECCOB
00paboOTKM MaTepHaiOB TPHUBET K CO3AaHUIO IOTYIMIUPUICCKUX BBIPAKCHHM,
KOTOpbIE Ha NPOTSHKEHUM IOCHEAHENM YETBEPTM BEKAa COCTABISIIOT OCHOBHYIO
pacyeTHyr0 0a3y Juisi TpOBENEHHsS] OLEHOK A((OEKTUBHOCTH TEXHOJIOTUYECKOIO
oOecrieueHus KauyecTBa MOBEPXHOCTH M HKCILTyaTAllMOHHBIX CBOWCTB JeTaneil. JTo
CBSI3aHO, BO-NIEPBBIX, C JOCTATOYHOM MPOCTOTOM MCIOJIB30BAHUS IOJYYEHHBIX
3aBUCUMOCTEH M, BO-BTOPBIX, C BO3MOXKHOCTHIO KaQYECTBEHHOTO M KOJIWYECTBEHHOTO
aHaJIKM3a TEXHOJIOTUYECKUX MPOLECCOB 0OPabOTKH.

B MexaHnM4eckoM MOAXOJI€ TMOBEPXHOCTHBIA CIIOM PacCMaTpUBAETCS Kak
CIUIOIIHOE  JAeQOopMUpPYEMOE€ TBEpAOE TEJNO, OTBEYAlOlee 3a JUCCUMALHNIO
MEXaHUYECKON HHEPruu YIpyro-riiacTUYecKkor aedopmaivu, maTepual KOTOPOro
o0najaeT CTPYKTYPHBIMH OCOOCHHOCTSMH U (PU3UKO-XUMUYECKUM COCTOSIHUEM,
OTJIMYAIONIMMU €r0 OT MaTepuala, JOKAIM30BAaHHOTO B OOBEME, YTO BBIPAKAETCS
pa3HBIMM 3HAUYCHUSIMU HMX MEXaHUYECKHX XapakTepucTuk. Jlormka mOCTpOCHHS
MOTYSMIUPUYECKUX PACUETHBIX MOJENIEH MO OMNpEeNeNIeHUI0 IMOoKa3aTesied KayecTBa
MOBEPXHOCTHOTO  CJOsI  (POPMHUPYEMOr0  TEXHOJOTHMUECKUMH  METOJlaMH U
XapaKTEPUCTUK SKCIUTyaTallMOHHBIX CBOWCTB JeTajied OCHOBaHAa Ha KaKoW-JIHOO
TEOpUM WM THUINOTE3€e IUIACTHYECKOW naedopManud U pas3pylieHus, B KOTOPBIX
YUUTHIBAIOTCS ~ MapamMeTpbl  mporecca  AehOpMHUpPOBaHUSA,  OOYCIOBJICHHBIC
KOHKPETHBIMU  YCIIOBUSIMU  JKCIUTyaTalldd JETAIM W MEXaHUKU KOHTAKTHOIO
B3aMOJIEUCTBHS.

PaccmoTpum, B KadecTBe mpuMepa, psii  PACUCTHBIX MOJEIEH IO OICHKE
TEXHOJIOTUYECKOT0 OO0eCTedYeHus:  AKCIUTyaTallMOHHBIX CBOWCTB JeTajieil MalluH,
pa3pabOTaHHBIX HA OCHOBE MEXAHUYECKOTO MOIX0/1a.

JIns pacuera MHTEHCHUBHOCTH YCTAJIOCTHOrO m3HammBanus M.B. Kparembckum
pazpaboTaHa pacyeTHas MOJENb, OTpakawias (PEHOMEHOJIOTHYECKOE OIHMCAHUE
MUKPOKAPTUHBI pa3pyILICHHS] TOBEPXHOCTHOTO CJOS:

Jo
(v+Dnd 4, ’
rae h* — MakcumanbHOE aOCOIFOTHOE BHEAPCHHE MHUKPOHEPOBHOCTEH TBEPOTO Teia;

(5.4)

V — mapaMeTp KpUBOW OTIOPHOM MOBEPXHOCTH; N — YUCIIO IUKJIOB 10 paspyieHus; d —
UaMeTp MATHA KacaHus; A¢) — miomans (PakTHUeCKOro KOHTaKTa; Ak — KOHTypHas
IUIOIIAAb TOBEPXHOCTH KOHTAKTA.

B naHHOW MOZENM KOJIMYECTBO M3HOLIEHHOINO Marepuaia CTaBUTCS B
3aBUCUMOCTh OT 00b€Ma, BBITECHEHHOTO M3 TTOBEPXHOCTH MaTepuasa Mpu BHEIAPEHUU
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B HEE TBEPABIX BBICTYNOB KOHTpTesa. CI0XKHOCTh NPAKTUYECKOTO NPUMEHEHUS
JTaHHOW MOJIETIH OOBSICHICTCS TEM, YTO OIpeaeieHue 3HaueHu A¢h, h* u moacranoska
X B BBIPOKEHHUE JACT TPOMO3JKHE W MAJONPUTOAHBIE JJIsi MHKECHEPHBIX PacyeTOB
BBIPAKECHUSA, XOTS M IIO3BOJISIET KAYECTBEHHO ONPEACIUTh BIUSHUE Pa3IMYHbIX
MapaMeTPOB HA UHTEHCUBHOCTh W3HAIIMBAHUS MATEPUATIOB.

PaccmarpuBas mexanm3M (HOopMUPOBaHHSI TOBEPXHOCTHOTO CIIOSI B TPOIIECCE
IIIIJI ¢ mno3uumii MexaHuku cmomHblXx cpen B.M. CwmensHckuiik u  B.A.
biroMeHIIITeH CYMTAIOT, UTO JIJIsl pelIeHUs] TPaAaKTHUECKUX 3a7a4 HET HEOOXOIUMOCTH
paccMaTpuBaTh (PU3MKO-XMMUYECKHE U3MEHEHHUS B METaJllIe U IpeJjlaraioT BeJIMUUHY
YIOPOUHEHHUS] METaJlJIa IIOBEPXHOCTHOI'O CJIOS OINPEESATh MYTeM BBISBJICHHUS 00JacTH
MJJACTUYECKOTO TEUYEHHUS, U YCTAHABIMBAIOT B ATON 00JIACTH TPACKTOPUHU JBUIKCHUS
YacTUIl MeTaJla 3a Bech LUKI nedopmanuu casura I'. [Ipu 3ToM ucnons3oBaTh HE

KpUBYIO O ( &£) pacTsHKEHHUA-CXKATHA, @ KPUBYIO IpeenbHol miactuaHocty 1 ,(11) (puc.

5.1) nony4eHHO Ha OCHOBE TMIIOTE3bl «EAUHOW KPUBOW».

t £

1é

as

-£2 -g¢ wev © 77

Puc. 5.1. KpuBble npeienbHO# MI1aCTUYHOCTH

Haxonsiennass takum 06pa30M I[e(l)OpMaHI/IH ABIIICTCA OCHOBHBIM ITOKA3aTCJICM,
ONpCACIIIOIINM  YIIPOUHCHUC MCTAJlJIa, KOTOpPass OHNPCACIIACT CTCIICHb HCUCPIIaAHUA

pecypca IUIACTUYHOCTH ¥ M OCTATOYHBIX HampspkeHuit O °. TIpw TakoMm IMOaxoe
KputeprueM 3(P(EKTUBHOCTH YIPOUHEHHUS SBISIETCS CTENEeHb HCUEpIaHus pecypca
TUTACTUIHOCTH .
I
dar’ 7 o T o
y=|—my H=— T=-L (5.5)
o Ip (1) T J3

rac 11 - moka3arenb HaIpsHKEHOI'0 COCTOSIHUA, O - IruapoCTaTHYCCKOC JaBJICHUC.
0 _
(o) —O'M-FO'y (5.6)
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rae O,, - HanpsDKEeHHUs NPH IJIaCTUYECKON aedopmanuu; O, _ yIpyTue HalpsKeHHs,
KOTOpblE  MOTJIM Obl BO3HUKHYTh TMOJ  JEHCTBHEM BHEIIHEH  HArpy3Ku
IPOTUBOIOJIOKHOTO 3HAKA.

Pacuer HakomneHHON nedopManuy MPOBOJUTCS CYMMHPOBAHUEM 3JIEMEHTAPHBIX
npupameHuid aedopManuy, KOTOpPbIE OIPENESAIOTCS IYTEM H3MEPEHHUs] Pa3HOCTH
[apaMeTPOB COCENHUX SIUE€EK KOOPIAUHATHON CETKH.

n
r ;M1 (5.7)
Takass Meronuka pacdera pecypca IUTACTUYHOCTH I , Y4YUThIBaeT 3(dext
3aJeunBaHus AePEKTOB MeTala pu NepeMeHe 3Haka Jeopmanny, U Ipeanosaraer,
YTO KPUTEPHUH pa3pyLICHUsI UMEET BUL:

L L-1 1— V/'H
vy =2, - | | =1 (5.8)
i=1 i-1 —V

rae L- dwmcio stamoB nedopmupoBanus (1711 0OKaThIBaHMsS U BhIMTaxuBanus L=3); a
- KO3(QUIMEHT, YYHUTHIBAIOIMIMA  CHOCOOHOCTH MeTaula K  3aJICYMBAHHIO
oOpa3zoBaBIIUXCA B Tmporecce Jnepopmanuu  aAedeKTOB MNpH MEpeMEHE 3HaKa

nedopmariuu (BennunHa, oopatHas kodddunrenty Mencona- Kodduna).
HccnenoBaTenssMyd yCTaHOBJIEHO, YTO BHU3YalbHO MLIETYIIEHHE IMOBEPXHOCTU

HaOMIOMaeTCs, €clu, JI0 O4YepeAHOro KOHTakTa oO0pabaThIBalOIIEro Tejla C
IIOBEPXHOCTHIO B MeTajie Hakomutes ¥, =~ 0,4+ 0,5,

ABTOpBI 3TOM TEOPUU HA OCHOBE MCIOJIb30BAHUSI pecypca IIACTUYHOCTH B
KauecTBe KpuTepus 3(P(HEKTUBHOCTH YNPOUYHEHHS pa3paboTalii METOAUKY pacuera
TEXHOJOTUYECKUX  PEXKUMOB B  3aBUCUMOCTH  OT  (PU3UKO-MEXaHHUYECKUX
XapakTepUCTUK ynpouyHeHHoro ciosi npu IIIJ[ kBazucratmueckumu MeTOgaMHU
(oOkaTbIBaHUE, BHITJIAXKUBAHKE) U OIICHKHU JOJTOBEUYHOCTH JICTAJIH.

JIns KOMIUIEKCHON OIICHKH BIMSHUS (PU3MKO—MEXaHMUCCKUX IIO0Ka3aTesei
Ka4yeCTBa IMOBEPXHOCTHOTO CJIOSI YIPOUYEHHOro AuHamMudeckumu merogamu III1J] Ha
YCTAJIOCTHYIO MpPOYHOCTh  neranedl  B.A.JleGengeBbiM, Ha OCHOBE aHaluM3a
PACIIONIOKEHUS SMIOP U3MEHEHUS 10 CEYEHUI0 MEXaHUUECKUX CBOMCTB, OCTAaTOYHBIX U
pabounx Hanpspkenuit (Puc. 5.2), paspaboTana cienyroinas pacdéTHO—aHAIMTHYCCKAs
MOJIEITh
_ OL1 _ kaky

gher g _Zhux
S

k., (5.9)

ynp ucx

rae 0_; ,0_7 - IPEICT BBIHOCIUBOCTU YIPOYHCHHBIX M HCXOIHBIX 00pa3nos; k,-

KO3 PUIIMEHT, XapaKTePU3YyIOLIUil OTHOIIEHNE TPEAEeTbHON aMIUIUTY bl HANIPSDKEHUI
IPU aCCUMETPMYHOM IIMKIE K MPENETy YCTalOCTH NMPU U3ruoe; k- xodduument
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NpUPOCTa MHUKPOTBEPAOCTH; h, - DIyOMHA YNPOYHEHHOTO CJIOS, S - TOJIIHMHA
oOpasma; y - mapameTp npeoOpa3oBaHUs, YUYWTHIBAIOIMINNA HECOBIAJEHUE TITyOWHBI
3aJIeTaHusI OCTATOYHBIX HANPSDKEHUH M TITyOMHBI HAKJIEMA.

O » 112 H,.Tia
—400  -200 100 0| 100 200 08 10 12 14|16 18 olof X
T ] R g |
1
= 3 h,
2 /
2 Ao, =0
+Ac, =k,AH
3 -Ag,
h; i
41— 4
57
S, MM A Ocb ospaszua

Y

Puc. 5.2. I'pado—pacuérHas cxema, packpbiBatomias 3¢pdekt ynpounenus: 1 - smropa
pacnpeziesieHusl MPEeesioB YCTalOCTH MO MOMNEPEYHOMY CEUEHHIO0, IOCTPOEHHAs IO
KPUBBIM pacIpeaeseH!s] MUKPOTBEPJOCTH; 2 - 3MIOpa pacHpeleieHus OCTaTOYHBIX
HANpsDKEHUH B TOBEPXHOCTHOM CJIO€, IMOJIy4€HHas SKCIEPUMEHTAIbHO WIHM 110
aHAJIMTUYECKUM 3aBUCUMOCTSAM; 3- D3II0pa pPaclpeiesieHH MpeAesioB YCTalOCTH
MUKPOOOPA3IOB, BEIPE3aHHBIX U3 Pa3HBIX 30H M0 CEYCHUIO ETAIH, C YIETOM BIUSHUS
OCTAaTOYHBIX HAMPSOHKCHUH W YMNPOUYHEHHs] OT Hakiéna; 4- smiopa pacmupeaeiieHus
pabounx HaNpsSKEHUM.

JlanHasg  pacuy€THO—AHAJIWUTHUYECKAs  MOJEIb MO3BOJISIET HA  CTaguu
npoektupoBanust omeparuu  [II1]] KOMIJIEKCHO OIIGHUTHh BIUSHUE (PUBUKO—
MEXaHUYECKUX XapaKTEPUCTHK IMOBEPXHOCTHOTO CJIOs, (POpPMUPYEMBIX B TIpollecce
YOPOUHEHHSI Ha TOBBIIICHUE YCTAJOCTHOM MPOYHOCTH JeTajiei, U TakuM 00pa3om,
oueHuTh npuemseMocts Merona IIIIJ] mma ynpounenus neranu. s ompeneneHus
napaMeTpoB  ypaBHEHWs, B YACTHOCTH TJIYOMHbBI M  BEJIMYMHBI TPUPOCTA
MUKPOTBEPJOCTH, a TakKKe 3HAYCHUM OCTATOYHBIX HampspKeHUM (g pacuera
ko3 uIMeHTa NpeAeNbHbIX aMIUTUTYZ HamnpsoKeHUil), HeoOXoIuMO B apceHase
TEXHOJIOTA WMETh pPACUETHBIC 3aBUCHMOCTH, YCTaHABIWBAIOIINE CBSI3b (U3HKO—
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MEXaHUYECKUX  XAPAKTEPUCTUK TMOBEPXHOCTHOTO CJIOA OT TEXHOJOTHMYECKHX
napameTpoB Ipoliecca YIPOUYHEHHsI, U KOTOpPbIe B 0000IIEHHOM BUE MOTIJIA Obl OBITh
npuMeHeHsl K rpynne metofoB [II1/], B oCHOBE KOTOpPBIX JEKHUT €AUHBIA MEXaHU3M
(dbopMHUpPOBaHUS IOBEPXHOCTHOTO CJIOA.

B paborax O.B.PenkoBa, A.I'.Cycnosa[l0,11], Ha ocHOBEe MeXaHHYECKOTO
MOAX0Ja MPUBOJUTCA KOMIUIEKC SMIMPUYECKUX MOJCNIECH IO OIEHKE BIUSHUS
Pa3IMYHBIX TEXHOJIOTHYECKUX METOJ0B OOpaOOTKM Ha 3KCIUTyaTallMOHHBIE CBOMCTBA
JeTanel  MaliMH, TaKMX Kak M3HOCOCTOMKOCTh, YCTaJOCTHAas MPOYHOCTD,
KOPPO3HOHHAS CTOMKOCTb.

HecMoTps Ha npo6sieMbl, CBSI3aHHBIE C PACUETOM B MHKEHEPHOU MPAKTUKE, ITH
MOJEIM JO CHUX TMOp MPEJACTaBISIIOT HHTEPEC IS MHOTHX HCCIEIOBaTeNeH,
HEMPEPHIBHO Pa3BUBAIOTCSI HOBBIE METOIbI OLICHOK MTapaMEeTPOB ATUX MOJICIICH.

Memannoguszuueckuii nooxoo. Metamnodusnueckuii Moaxoa B OCHOBHOM
UCIIOJIb3YETCSI MHOTUMU MCCIIEIOBATENSIMU JIJIs1 YCTAHOBIICHHS U aHAJIN3a CTPYKTYPHO-
($a30BbIX SABJICHUN, MPOTEKAIOIIMX B MOBEPXHOCTHOM CIIO€ U 00ECIEYUBAIOIINX €T0
sabdexTuBHyI0 dKciutyatanuio. C Guandeckoit TOYKH 3pEHHs], TOBEPXHOCTHBIE CIIOU
JeTanell MpeACTaBIsIOT KOHAECHCUPOBAHHYIO CpENy, COCTOSIIYI0 U3 COEOUHEHHBIX
MEXKTy COOOU pa3IMUHBIMU CBS3SIMU (KOBAJECHTHBIMU, HOHHBIMU, METAJUIMYECKUMU U
JIp.) aTOMOB M MOJIeKyJ. [IpUMEHUTEIPHO K ONMHCAHMIO MpOIlecca IJIACTUYECKOU
neopManii ¥ pa3pylieHUs: METa/VIOB NpPH OKCIJyaTalldd  3HAHUA U3 JaHHOU
00JlacTU TMOMOTalT yCTaHOBUTh HAa MHKPOYPOBHE CBOMCTBa pa3iW4HBIX Je(EKTOB,
NpUPOAY UX 0Opa30BaHUS M MUTPAIMH, BO3MOXXHOCTh HAKOTUICHUS W aHHUTWJISALINU,
XapaKTepHbIC MACIITA0bI U T. 1.

Meramiorpadguuecknii ¥ PEHTTEHOCTPYKTYPHBIM  aHAIM3bl MaTEpPUAJIOB,
MOJABEPracMbIX BHEIIHUM CHJIOBBIM BO3JCHCTBHUSIM B Pa3IUYHBIX  YCIOBUSIX
SKCIUTyaTallMy TIOKa3aju, 4YTO TMPOIECC HKCIUTyaTallu JAeTajeil COMpOBOXKIAETCA
CYILIECTBEHHBIMU U3MEHEHUSIMU CTPYKTYPHI U CBOMCTB TOHKUX MOBEPXHOCTHBIX CIIOEB
Ha MUKpOYpoBHE. B pe3ynbrate mpoBeAEHHBIX B 3TOM HaNpaBJIECHUU UCCIICIOBAHUI
UCCIICIOBATENSIMU  BBISBJIEHBl  JOMUHUPYIOLIME IS PA3IUYHBIX  YCIIOBHIA
AKCIUTyaTaui BUABI Ae(EKTOB U JUCCUTIATUBHBIE JUCIOKAIMOHHBIE CYOCTPYKTYPHI,
CaMOOPTAHMU3YIONIUECS ~ TPH  OKCIUTyaTalldd  Ha  OMPENEICHHOW  TIyOuHE
MOBEPXHOCTHOTO cJiosi. [lpu 3TOM OJHO W3 JMAMPYIOIMIMX TMOJOXKEHUN Mpuodpena
JMCIIOKAIIMOHHAST TEOPHUsl YCTaJOCTHOTO paspylieHus marepuanoB. OOBEKTUBHOCTH
JMCITIOKAIIMOHHOM Teopur OOYCJIOBJIEHA TEM, 4YTO B MPOIECCe MOBPEKIAEMOCTH
MPOUCXOJUT TOCTENEHHBIH POCT TUIOTHOCTU AUCIIOKAIUM, MAaKCUMAaJIbHOE 3HAUYCHHE
KOTOpOW B MaTepuaje HaOIIoAaeTCsl HEMOCPEICTBEHHO TMepea paspylieHuem (1o
10'...10" cm™®). Paspymenne MaTepuana MOBEPXHOCTHOIO CJIOS HACTYIAET IIPHU
JTOCTHKEHUHM TUIOTHOCTH auciokarumii p= 0,5 X 101%cx~2 yro nossonser npuHATH
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ATy XapaKTEpPUCTHUKY KaK BHYTPEHHUU MapaMeTp, KOHTPOJMPYIOIIHMI YCTaTIOCTHOE
pa3pylLICHHUE.

OtMmeuast BeyIIyIo poJib JTUCIOKAIMK B IMpoIlecce MIACTUYECKON AedopMaivu
MaTepHayoB U 00pa30BaHUS 3aPOJIBINICBBIX TPEIINH, HEIh3S HE YYUTHIBATH BIWSHUC
npyrux nedextoB. O0 000CHOBAHOCTH 3TOTO BBIBOJA CBEACTEIBCTBYET CIICAYIOIINN
npuMep. Bece kpuctammuyeckue Matepualbl 00J1aal0T BeCbMa BBICOKOW TIOTHOCTBIO
BaKaHCHIl, TOXOMSIICH B CHIBHO HAKICMaHHBIX Matepuanax 101010 aromos/em™,
Crosb BBICOKASI IJIOTHOCTh TOUEYHBIX JA€PEKTOB 00YCIOBIUBAET BO3MOKHOCTh YHCTO
BAKAHCHOHHOTO MEXaHHW3Ma MOSIBJICHUS MHUKPOIIOpP, CIHMSHUE KOTOPBIX MOXKET CTaTh
O4YaroM TPEUINHbI, a TAKKE EHTPOM aJCOPOIUHU WK OKUCcIIeHUs. CKOPOCTH ABUKEHUS
BAKAHCUM HEBBICOKM, HO BAKAHCUU CIIOCOOHBI OOBEAUHATHCS B YCTOMUYMBBIC
KOMIUICKCHI (JMBaKaHCUM, TPUBAKAHCUU U JP.), MOJBUKHOCTh KOTOPBIX MOXET OBIThH
BECbMa BBICOKOM. KpoMme TOro, BakaHCHM BCTYIAIOT B AKTUBHOE B3aWMOJICHCTBHUE C
JTUCIIOKAIIMSIMU, CO37]aBasi BOKPYr HHUX ompeaeneHHyto armocdepy. Ilo wmepe
nehopMUpOBaHUS MAaTEPHAJIOB MMOMUMO HAKOIUICHUS JUCIOKAIMA U BaKaHCUN B HUX
MPOUCXOAT MOJIUTOHU3AIMS, TEKCTYPUPOBAaHUE, U3MEIIBUYEHHUE 3€PEH U JIP. IPOLIECCHI.
XapakTepHoil 0COOCHHOCTBIO MaTepuajia MOBEPXHOCTHOTO CIIOSl SIBISIETCS HAJIU4YUE
TEKCTYpBI, BBI3BIBAIONIEH AHU30TPOIMUIO €ro MEXaHWYECKUMX CBOWCTB. JlaHHas
aHU30TPONUS SBJISIETCS BTOPUYHOM, T. €. PE3YyJbTATOM IJIACTUYECKOU aedopManuu
Martepuasia B 30He (DaKTUYECKUX IMSITEH KOHTAKTa B3aUMO/ICHCTBYIOIITUX TBEPBIX TEI.

Hecmotpst Ha ycnmexu B METAIOPU3MYECKOM H3YUYEHHHM TOBEPXHOCTEH,
AKCIUTYaTUPYEMBIX B PA3JIMYHBIX YCIOBUSX, B TEXHUUYECKOU JIUTEPATYpE OTCYTCTBYIOT
CBEJICHHSI O PACUETHBIX MOJENSIX HAMNPSIMYK YYUTBHIBAIOIIMX 3KCIIEPUMEHTAIbHBIC
JTAHHBIE CTPYKTYPHOTO MUKpOaHaJIN3a MOAU(DUIIMPOBAHHBIX TOBEPXHOCTHBIX CJIOEB U
aHAJIUTUYECKUE OIICHKH TMapaMeTpoB MoBpexaaeMocTH. OpHako BakHash pPOJib
OCOOCHHOCTEH CTPYKTYPhI M CBOMCTB MOAUGMHUIIMPOBAHHBIX B MPOIIECCE IKCILTyaTaAllUN
MOBEPXHOCTHBIX CJIOEB B KMHETHKE UX Pa3pylIeHUs TpeOyeT 00s3aTeIbHOTO y4eTa B
pPaCUETHBIX MOJIENIAX €CJIU HE MPSIMBIX CTPYKTYPHBIX XapaKTEPUCTHUK, TO XOTS OBl
CTPYKTYPHO-UYBCTBUTEJILHBIX MMapaMeTpoB. B KadecTBe mNpuMepa HCHOJIb30BAHUS
METaUI0(U3NIECKOTO TOAXO0/Aa K MPOTPO3UPOBAHHUIO IKCILTyaTAI[AOHHBIX CBOMCTB
MOHO MPUBECTH PETPECCHOHHYIO PACUETHYIO MOJIEINb JJIsl OLIEHKH BECOBOTO M3HOCA
JIBYX(Ha3HOTO MOJUKPUCTAIIMUECKOIO MaTepurasa, mpeaIcTaBiIeHHyI0 B padoTe [8 |

(6.4+d-4,/8)°
HB1-75d2b2(pr—po)2

Jm = ay + a4 (me), (5.10)

Ta€ Ay, A;— KOODPUIMEHTBI PErPECCHU;  P,,— KPUTHYECKOE 3HAYEHHE ILIOTHOCTH
JUCIOKAIHiA, M2, & —pa3Mep yacTul] BTopoi ¢asel; HB — TBEpPIOCTh MOBEPXHOCTH
tpenus; d —pasmep 30HbI cura; b — Bextop Broprepca; A = mwd?/A®- KoHIEHTpaLHs
Y4acTHI] BTOpO# (a3pl; A — PacCTOSHUE MEXKY YACTUIIAMHU.
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Hecmotpss Ha TO, YTO HCHNOJB30BaHHWE METALIO(MU3NYECKOTO TOAXOJa K
W3YYEHUI0 MEXAHU3MOB CTPYKTYpPHOM Jerpajallid TOBEPXHOCTHBIX CIIOEB IIPH
AKCIUTyaTalliM CBS3aHO C OOJBIIMMH TEOPETHUYECKUMH U SKCIEPUMEHTAIbHBIMU
CJIO)KHOCTSIMH, TIO CBOEH CyTH OH sBJIsIeTCSs MHOroooOemawmmuM. Ero nanpHeiiiiee
Pa3BUTHE CBA3AHO C U3YYEHUEM CHHEPIEeTUUYECKHUX SIBICHUM M YCTAHOBIICHHEM CBSI3U
MEXIy MPOIeccamMu, MPOTEKAIOIUMH Ha Pa3HBIX MACIITA0OHBIX YPOBHSX.

DHnepzomexanuueckuili no0xo0. DHEProOMEXaHUYECKUN TOAXOJ OCHOBaH Ha
00OCHOBaHMHM DJHEPreTUYECKUX 3aTpaT BHEIIHETO CHJIOBOTO  KOHTAKTHOT'O
BO3JICHCTBUSI HA MaTepHal C Ieabio (OpMUPOBAHUS HAa MOBEPXHOCTH d(PGHEKTUBHBIX, C
TOYKHU 3pEHUsSI OOecCIeueHUs] TPeOyeMBbIX IKCIUTyaTallMOHHBIX CBOMCTB, TMOKa3aTesei
Ka4yeCcTBa IMOBEPXHOCTHOIO CIOs AeTaneid. JlaHHBIM TOAXOJ MPHUBICKATENEH CBOEH
YHUBEPCAITHHOCTHIO JUTSE OIICHKH TEXHOJIOTHYECKOTO oOecrieucHus
OKCIUTyaTallMOHHBIX ~ CBOMCTB  JeTajedl  MalluH ¢ TO3BOJISIET  MOJYYUTh
MOJTYAOMIIEPUYECKUE MOJCIH YIIPaBICHHS MPOILIECCOM 00pabOTKH MyTEM H3MEHEHUS
TEXHOJIOTUYECKUX PEKUMOB. (OO0O0OIMIEHHO HPHEPrOMEXaHMYECKUM TOJXOJ MOXKHO
MIPEJICTAaBUTH B BUIE

Ap = [ F,(v, B, m,R,05)0h + Jy F2(v, 8, m, R, 35)0h, (5.11)

. .. F,- cuna
rae h, — rryOmHa JdyHKH, 0OYCIIOBJICHHAs IUIACTHYECKOHN edopManuei;

miacTuaecko nedgopmanvv B (GYHKIMH OT TOKa3aTelell KayecTBa IMOBEPXHOCTU
Matepuana; A, - yaenpHas paboTa riacTuueckon aedopMaiivm.

ITpumensis atoT noaxon B.B.IletpocoB [9] mpoBén aHaIM3 3SHEPreTUUYECKOTO
OamaHca mpoliecca BHEIpeHUsi oOpadaThIBalolIero Tejla B 00pabaThiBaeMyro
MTOBEPXHOCTH:

3y = Onro + Oup + 0 + 36 + 0y, (5.12)
rae J,- dHeprus yzuapa, J,,, - OHEPIus, 3amaceHHas B TENl€ JETAIU B PE3yNbTare
JIACTHYECKOU eopMaiyu, J,,, - SHEPTHs, 3aTPAYMBAEMas Ha TPEHHUE, O, - SHEPTH,
WIyllas Ha MPEOJOJICHUE JKHUIKOCTHOM IUIEHKH, J, - BOJHOBAas JHEPrus, J,, -
DHEPTHUS YIPYTOoro BOCCTAHOBIICHHUS.

OH yCTaHOBWJI TOJYIMIHPHUECKYIO (GOPMYIy IJIs ONpeAeiieHUs YISTbHOU
paboThl HEOOXOTUMOU mJisi 00€CTIeUeHUs TMOBBIIMICHHS KCIUTYyaTaIlMOHHBIX CBOWCTB
JeTane B MpoIecce UX TUAPOAPOOSCTPYHHOTO YIIPOUHCHUS:

-6 3 4 3
A=262-10" -nw T, e, D" (5.13)
. Dn/l.d.
rne- "o = y - K03 PUIHMEHT MpOomOpUHOHAIBHOCTH; D,,, - JUaMETp 30HBI
miactudeckoi  gepopmanun; @4 - xo>QPUIMEHT, YUMTHIBAIOIIUN pealbHbIE

YCJIOBI/IH;Tn - BCJIMYMHA MHUHHMAJIBbHBIX KaCaTCJIbHBIX HaHpH)KeHHﬁ, HGO6XOI[I/IMI>IX
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Il IBUOKEHUS JUCIOKALMiA; £, = — - MHTEHCUBHOCTHL Aedopmarmu; D - nuamerp

D
oOpabaThIBaOIIIETO Tea.

J1J1sl OLIEHKU COMOCTaBUMOCTHU BJIMSIHUS TEXHOJIOTUYECKUX PEKUMOB U CIIOCOOOB
YIPOYHEHUS Ha 3KCIUTyaTallMOHHBIE CBOMCTBA J€Talel LEeIecoo0pa3Ho UCIIOIb30BaTh
0000IICHHBIE KPUTEPHUH, KOTOPBIC, C OJTHOM CTOPOHBI MOTJIA OBl OTPaXKaTh MPOIIECCHI,
MPOUCXOSININE MPH TUTACTUYECKON Aedopmannu, a ¢ APyrou - 00bEAUHATH OCHOBHBIE
napameTpbl 00padOTKM MOBEPXHOCTH .KOMIIEKCHOM XapaKTepUCTUKOW CTPYKTYpBI U
CBOMCTB MOBEPXHOCTHOTO CJIOSA IMOCJE YIPOYHEHHS SIBIIAETCS BEIMYMHA 3allaCEHHOU
(M1 CKpBITOM) 3HEpruu nedopMUPOBaHMS, KOTOpas MPONOPIUOHAIbHA IMJIOTHOCTU
00pa3yoIuXCcs CTPYKTYPHBIX J1e(heKToB. JlepeKkThl CTpoeHHs (BakaHCHH, JUCIIOKAIUH,
rpaHullbl OJIOKOB M Jp.) MCKAXAIOT KPUCTAUIMYECKYIO PEIIETKY, CO3Jal0T B HEH
JIOCTATOYHO YCTOWYMBBIE YIPYTHE IOJIS HANPSLDKEHUM, KOTOPBIE COXPAHSAIOTCS ITOCIHE
nepopmupoBanusi. Hamnpumep, M./[.I'eHKMHBIM Ha OCHOBE MPEANOJIONKEHHUS, UTO
DHEPIUs, 3aIaCEHHAs B IOBEPXHOCTHOM CJIOE€ METAILIA, TPONIOPLIHOHAIBHA KOJIMYECTBY
KMHETUYECKOW DHEPTUM ITOABOAUMOMN K ITIOBEPXHOCTH METAJUIA B IIPOLECCE CUIIOBOIO
BO3JCICTBUSL Ha HeE MpeUIoKEeH OOOOLICHHBIM KpPUTEPUN OICHKU PEKUMOB
Jpo0eyIapHOTO YIPOUYHEHHS B BHUJE BEIWYUHBI yIETbHON KUHETUYECKON SHEpTUH,
coo011aeMoii JPoObIO €IMHULIE TOBEPXHOCTH B €IMHUILY BPEMEHHU:

0V
vo = 2gS (5.14)

Va

E

rae Q- BECOBOM pacxoj ApoOH B €IUHHUILY BPEMCHH; -ckopocTh apodu; 8 -

yCKOpeHue CBOOOJHOTO MaJICHNUs; S -IJIOIAb MTOBEPXHOCTH YIPOUYHSIEMON MOTOKOM
poowu.

KonunuectBo sHeprum, KOTOpoe cooOmaeT ApoOb €IUHMIIE MOBEPXHOCTH 3a
BpeMsi 00pabOTKH 7, COCTABUT:

E=E,; (5.15)

OTOT MOAXO A MO3BOJISIET MTPOBOJIUTH ONTUMHU3AIUIO YPHEPTOCHIIOBBIX M TEXHUKO-
HPKOHOMHYECKHUX TOKa3aTejaeiH METOI0B 00paOOTKH, IPUHSTHIX IS TEXHOJIOTHYECKOTO
dbopMHpoBaHHUS ~ TOKa3aTeJlel  KadecTBa  TOBEPXHOCTH,  OOECICYMBAOIINX
2 PexkTUBHYI0 PabOTOCTOCOOHOCTh JETadd B COOTBETCTBUM C TPEOOBAHHUSMU K €€
AKCIUTyaTanuu. B paMkax Takoro mojaxojia Ha OCHOBE YCTAHOBJICHUS CBS3EH CHIIOBBIX
(bakTOpoB mpoIecca ¢ MOKa3aTesIMH Ka4ecTBa M AKCIUTyaTallUOHHBIMU CBONCTBAMU
JeTan, TOSBISETCS  BO3MOXHOCTH ~ OOOCHOBAHHO  TIOJIONTH K  BBIOODY
TEXHOJIOTHYECKNX PEKUMOB OOpaOOTKH, HCIOIB3YyS B KA4YECTBE KPHUTEPUS WIH
IKCIUTyaTaIl[MOHHbIC TPeOOBaHUS K JACTAU WM TIOKa3aTeNId KauyecTBa €€ MOBEPXHOCTH.
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Pe3ynbTaThl  TEOPETHYECKMX M DKCIEPUMEHTAJbHBIX  HCCIEAOBAHUIA
MPOBENEHHBIE C UCTIOJIb30BAHUEM YHEPrOMEXAHMUECKOTO TO/IX0/1a ¥ TIOJyYeHHbIE MPU
’TOM MOJEIU TEXHOJOTUYECKOTOo OOEeCleyeHus: KayecTBa TMOBEPXHOCTH U
AKCIUTYyaTallMOHHBIX CBOWCTB J€TajJ€il SIBUIMCh OJHOM M3 HCXOJHBIX MPEANOCHUIOK
pa3pabOTKU M pa3BUTHS SHEPTETUIECKOTO MOAX0/1a, 0a3UPYIOIIET0OCS Ha COBPEMEHHBIX
JTOCTHKEHUSIX B 007acTH (PU3UKHU TBEPIOTO TEa.

Auepzemuueckuii nodxod. CoCTOSHUE IUIACTUYECKU ACPOPMUPOBAHHOTO B
npoliiecce 00pabOTKM U IKCIUTyaTallMd Marepuasa sBJISETCS HACTOJBKO CIIOXKHBIM U
HEOJHOPOJIHBIM JIaK€ B OYEHb JIOKAJBHBIX MHUKPOOOBEMAax, YTO ITO COCTOSHHUE HE
BCETJla MOKHO aJIEKBaTHO XapaKTEepPU30BaTh OJHUM MEXaHMYECKUM WU (U3HUYECKUM
MapaMeTpoM WJIM CBOWCTBOM. B 3TOMl CBSI3M B IOCIEOHHE TOABI MHOTHE
UCCJIEIOBATENN ISl OMMCAHUS U OLIEHKHU IPOILIECCOB IUIACTHYECKOW nedopmanuu u
pa3pyllieHus TBEPIbIX TEJl BCE Yalle 0OpalaroTcs K SHEPreTUUYeCKuM napamerpam. B
KayeCcTBE HHEPreTHMUECKHUX MapaMeTpOB BBICTYNAIOT OCHOBHBIE TEPMOJMHAMUYECKHUE
XapaKTEPUCTUKN MaTepuaja NOBEPXHOCTHOTO CJIOS: SHEPTUsl, SHTPOIUS, TEMIIEpATypa
U T.J., @ pPaCUETHBIC 3aBUCUMOCTH ISl IPOTHO3UPOBAHMS SKCIUTyaTallUOHHBIX CBOICTB
JieTajlel MallliH CTPOSIT HA OCHOBE YpaBHEHHUs OajlaHca SHEPTUU (IHTPOIIHH)

NHTepec kK MUKPOCKOMUYECKHM akTam oOpa3oBaHus Je(PEKTOB 0O0YCIIOBIICH
MPEXJIe BCEro TEM, YTO MEXAY MOBEICHUEM MAaTE€pUaIOB HA MUKPO- U MAKPOYPOBHSX
CYLIECTBYET TECHas B3aUMOCBS3b. YCTAaHOBUTH 3Ty CBSI3b MOXKHO Ha OCHOBE
HPHEPreTUYECKOro MOAX0Ja, Oa3upyolIerocs Ha TEPMOAMHAMUYECKON Teopuu
IIPOYHOCTH U paspylIeHus: TBepAbIX Ted. COrlnacHo 3TOW TEOPUHU MOSIBICHUE KaXKI0TO
nedexra BieuyeT 3a CcO0OH COOTBETCTBYIOIIEE M3MCHEHHE OOIIEr0 COCTOSHHS
ITOBEPXHOCTHOTO CJIOSI, XapaKTEpU3yeMOro BHYTPEHHEM HSHEPIUEN W JHTPOIMEH, a
MOBEPXHOCTHBIM CJIOH MOXHO paccMaTpUBATh KaK OTKPBITYIO TEPMOAMHAMHUYECKYIO
CUCTEMY, CIIOCOOHYI0O OOMEHUBATLCS PHEPTUEH U BEIIECTBOM C OKPYKAIOIEeH Cpeoi.
Hanuurie copOIIMOHHBIX MPOLECCOB HAa MOBEPXHOCTH MATEPUAJIOB JIEJIAET UX CXOXKUMU
c MeMOpaHaMH, HO, B OTJIMYUE OT OOBIYHBIX MEMOPAHHBIX CHUCTEM, IMOBEPXHOCTHBIN
cioil oOnamaer eme U OObEMHBIMH XapaKTEPUCTUKAMU U, CJIEI0BATENIbHO,
KOMITJIEKCOM  COOCTBEHHBIX ~ HMHTCHCHBHBIX  XapakKTepUCTHK. B pamkax
HHEPreTHYECKOro MOAXO0/a CTAI0 BO3MOXKHBIM I0JIH30BATHCSI OOLIUMH MOHITHSIMH U
UCIIOJIb30BaTh  MApaMETPhl  COCTOSIHUSA, TMPUTOJHBIE JUIsl  OMHMCAHUS  JIIOOBIX
MaKpOCKOIMYECKUX CHUCTEM, a Takxke B YynoOHOW Qopme, uepe3 H3MEHEHUE
TEPMOJIMHAMHYECKUX MMOTEHIIMAJIOB, YUYUTHIBATH aICOPOLIMOHHBIE U Ipyrue 3 PEeKTHI.

DHepreTUuecKoe MpeJCTaBICHUE COCTOSHUS J1e(POPMUPYEMOTrO TBEPJOrO Tea
1eJIeCO000Pa3HO MO CIASAYIOUIUM MPUYHHAM.

1. DHeprus — yHuUBepcalbHas XapaKTepUCTHKa OOBekTa. JIoOble BHeUIHHE
BO3/ICICTBHSI U BHYTPEHHHUE YCJIOBHS Ha JIOOBIX MAacHITAOHBIX YPOBHSIX CBOAMMBI K
COOTBETCTBYIOILIEMY PHEPTeTUYECKOMY ONHUCAHMUIO.
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2. DHeprusi CHCTEMBI SBJISIETCS OJHO3HAYHBIM I1APAMETPOM €€ COCTOSIHUS.
JIroOble M3MEHEHUs, MNPOMCXOJALIME C MaTepuajoM B Ipouecce aedopmanuy,
B3aMMOJEHCTBUS CO CPEOU M T.I. MOXKHO NPEACTaBUTh KaK NepeMelieHue (ha3oBoi
Touku (DT) cucteMbl B OTHOMEPHOM SHEPTETUUECKOM (Ha30BOM MPOCTPAHCTBE.

3. DOneprus 00J1aJae€T CBOMCTBOM aIJAUTUBHOCTH. JII0OyIH0 »HEpreTnyeckKyro
XapaKTEPUCTUKY MOKHO MPEACTABUTh KaK aJIreOpandecKyr0 CYMMY COCTaBIISIOIIMNX €€
KOMITOHEHTOB, BBIICJICHHBIX 110 ONPECICHHOMY IIPU3HAKY.

4. DHeprus noguuHseTca (yHIaMEHTAIbHOMY 3aKOHY COXpPAHEHUS MPH JIFOOBIX
IIPEBPAILCHUSX, CIPABEMIMBOMY KaK JJI OTAEIBHBIX YACTHIl, TaK U JUJI CHUCTEMBI B
neinoM. Ilpm 3TOM 1M Kaxkzmoro mpouecca, B TOM 4YHCIE IIOBPEKIAEMOCTH,
CIPaBEAJIMBbI YPAaBHEHUS JHEPreTUUECKOT0 OalaHca.

5. DHeprus umeeT YeTKUid (PU3HUYECKUIl CMBICI U Jy4lle BCEr0 COOTBETCTBYET
CYLIHOCTH MOHSTUH O MPOYHOCTH KAaK O MOTEHIMAIbHBIX YHEPreTUYECKUX Oapbepax,
IPENATCTBYIOIINX IPOTEKAHUIO B CUCTEME KHHETHUECKUX (HEOOpAaTUMBIX) ITPOLIECCOB.

6. DHeprusi He U3MEHSET CBOW CMBICI M 3HAYEHUE IPU JHOOOM IpeCTaBICHUN
0o0BbeKTa, T.€. 00JIaJaeT CBOMCTBOM TpaH3UTUBHOCTU. ONEepUpOBaHUE SHEPrUeH Kak
BHYTPEHHUM  COCTOSIHUEM  MaTepuajga  I03BOJIIET  MCIOJB30BaTh  XOPOIIO
MaTE€MaTU3UPOBAHHBIE METOJbl KBAaHTOBOW MEXaHUKH, CTAaTUCTUYECKOW (PU3UKH,
HEPaBHOBECHON TEPMOJAMHAMHUKH, TEOPUU YIPYTrOCTH M JIPYTrux (PyHIAMEHTAIbHBIX
HayK.

DHEpPreTUUecKui  MOAXO0J K  OIEHKE TEXHOJOTMYECKOro oOecreyeHus
DKCIUTyaTAllMOHHBIX CBOWCTB J€Tajedl MallMH  [PEAYyCMaTpUBAET CJEAYIOLINE
KOHLIENITYaJIbHBIE MTOJIOKEHUS:

1. TloBepXHOCTh TBEPJAOTO METANIMYECKOTO TeJla paccMaTpUBaETCs Kak
KBa3UCIOKHAsI W HEOJHOPOJHAas cpeaa, B 00beMax KOTOPOM CTaTUCTHUYECKU
PaBHOMEPHO pacHpeesieHbl CTPYKTYPHBIEC 3JIEMEHThl U Pa3IMYHOTO pojia Ae(eKThl U
NOBPEXJICHUSA; OJHU M3 HHUX SIBISIOTCS BHYTPEHHHMMH HWCTOYHMKAMU M CTOKaMHU
AIIEMEHTApHBIX Je(PEKTOB (BaKaHCUM, aTOMOB BHEIPEHUS U [p.), Jpyrue —
NPENSATCTBUAMH K HMX JBWKEHHIO. B 3aBUCHMOCTH OT YCIOBHWA mHpouecca
nedhopmupoBanus (PYHKIIMOHAIBHAS pOJib Je()EKTOB ¥ TMOBPEKACHUN MOXKET
WU3MEHSTHCS.

2. MUKpOCKOITMYECKOE SBJIICHHE IJIACTHYECKOM nedopMalnu, MOBpexKIaEMOCTH
U pa3pylleHUH 3JEeMEHTa MOBEPXHOCTH TBEPJAOrO Tejlda MPU BHEIIHEM CHUJIOBOM
BO3JIEUCTBUM  pacCMaTpUBAETCd  KaK  COBOKYIHOCTh ~ OTPOMHOrO  4HCIa
MUKPOCKOITMYECKUX DJIEMEHTAPHBIX aKTOB ATOMHO-MOJIEKYJISIPHBIX NIEPErPyNIUPOBOK,
o0ycnaBiIMBaIOUINX TeHEepUpoBaHUe (pa3MHOXEHHUE), NBHKEHUE, B3aUMOJCHCTBHE U
YHUUTOKEHUE HA CTOKAaX Pa3IM4HOTO poja 3JIeMEHTapHbIX Je(deKkToB. NHTeHCUBHOCTH
IUTACTUYECKON JedopMaui 3JIEMEHTa MOBEPXHOCTU Tella OMPEAEISETCs] CKOPOCTHIO
reHEepUpOBaHUs (Pa3MHOXKEHUS), IBUKEHHSI U1 YHUUTOKEHUSI JIEMEHTAPHBIX A€(PEKTOB
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3a cyeT (DIyKTyaluii TEIUIOBOW DHEPrHH B IOJIe BHENTHMX CHII. [loBpexmaeMocTh
MaTepurasa MOBEPXHOCTH B X0 TUIACTUYECKON JAeopmanu CBs3aHa C HAKOTUICHUEM
B Ie(hOpMUPYEMBIX 00beMax pa3IngHOro pojaa MeeKToB U UX cKoruieHuid. [Ipu aTom
B pe3ysibTaTe B3aMMOJICHCTBHS OOJBIIOTO YHCIA JJIEMEHTApHBIX J1e(hEeKTOB
oOpasyrorcs 6osee cIokHbIe e(hEeKThI U TTOBPEKICHUS, SIBISIONNECS HCTOYHUKAMH U
CTOKaMH DJJIEMEHTApHBIX Je(eKkToB. Pa3pylieHrne MHKPOCKOIUYECKOro JJIEMEHTa
MOBEPXHOCTH TBEPJOTO Tela MPOUCXOIUT, KOTJla B €ro 00beMax OTBETCTBEHHBIX 3a
paspylieHue, TUIOTHOCTh JCPEKTOB W MOBPESKICHHA JOCTHUTAaeT KPUTHYECKON
(TIpenesIbHOM ) BEIMUUHBI.

3.IIpomecc TUTACTUICCKOM nepopmariu TIOBEPXHOCTHOTO CIost
paccMaTpuBaeTCs, Kak KOHKYPEHIIUS JBYX MPOTHBOIOJIOKHBIX, B3aMMOCBS3aHHBIX U
OJTHOBPEMEHHO IPOTEKAIINX B JehOPMUPYEMBIX OOBbEMax IOBEPXHOCTH Teja
TEHJCHIIMHA — POCTa IJIOTHOCTH CKPBITOH 3HEPTHH AE, pa3IMYHOTO poja 1e(eKToB u

MOBPEXKJICHUN, HAKATUTMBAIOIIMXCSl B MaTepHalie 3a cueT paboThl BHEIIHUX CHII A, U
CHIDKCHMS (BBICBOOOKIEHHUS) €€ 3a CUeT pa3IM4YHOro pojaa pellaKCallMOHHBIX
IPOLIECCOB, MPOTEKAOIMIMX BHYTPU ACPOPMUPYEMOrO 3JIEMEHTA Tea; MpU 3TOM
nepBasi TEHACHIIMS CBsI3aHa C 1e(pOPMAMOHHBIM YIIPOYHEHUEM U TTOBPEKIAEMOCTBIO,
BTOpas — C JMHAMHUYECKUM BO3BpPAaTOM (OTIBIXOM), OOYCIABIMBAIOIIUM TEIIOBOM
s dexT miactuueckon gedopmanuu J .

4. HaxannmBaemass B Je()OpMHPYEMOM D3JEMEHTE IOBEPXHOCTHOTO CIIOS
BHYTpEHHSSI dHEprus AE BKIIOYAET MOTEHLHMAIBHYIO (CKPBITYI0) M KHHETUYECKYIO
(TerioBy10). DTa DSHEPrusl CBsi3aHA C TMOBPEKIAEMOCTHIO MaTepuana (AE,) U ero

TEPMHUUYECKUM DPa3yNpOUYHEHUEM (AE, ), CIE€IOBATENIbHO, SBJISETCS OTBETCTBEHHOM 3a
€ro yNpo4YHEHHE U pa3pylIeHHe MOBEPXHOCTHOIO CIIOSI IETalu.

5. 3a mapaMeTp MOBPEXKAAEMOCTH TOBEPXHOCTHOTO CJIOSI MNPUHUMAECTCA
MJIOTHOCTh HAKOIUJIEHHONW B J€(OpPMUPYEMOM JJIEMEHTE TOBEPXHOCTHOIO CJIOS
BHYTpPEHHEH 3Hepruu E. DIEMEHT IUIaCTUYECKHu J1e(POpMUPYEMOro MOBEPXHOCTHOTO
CJIOSl CUUTACTCS MaKCHUMaJIbHO YIPOYHEHHBIM, KOTJa TUIOTHOCTh E BHYTPECHHEU
DHEPrUHM JOCTUTAeT IMpenesibHOM BenuuuHbl E°. Ilog mnpenenpbHON IUIOTHOCTBIO
BHYTPEHHEH YHEPTyH, HaKaIUTMBAaeMOU B tehopMupyeMoM 3JeMEHTE TTOBEPXHOCTHOTO
CJI0sI, TIOHUMAETCS BEJIMYMHA HAKOIJIEHHOW SHEPTUU MPH KOTOPOM SHEPreTUYECKOoe
COCTOSIHUE JIOKQJIbHBIX MHUKPOOOBEMOB M COOTBETCTBEHHO MOBEPXHOCTHOTO CJIOS,
coxpansitorT (0e3 pa3pyllieHus)) €ero MPOYHOCTHBIE CBOMCTBA, OOECIECUUBAIOIINE
3 PEeKTUBHYIO HKCIUTyaTallMio JAeTalu Iocjae o0paboTKH €€ TEXHOJOTHUUECKUMHU
MetogaMu. CrneoBaTeabHO, BEJIMUUHA MPEACIbHON MIIOTHOCTH BHYTPEHHEW SHEPTHUU
MOXXET OBITh TMpEeUIOKEHA B KaueCTBE KpPUTEPHUS OKCIUTyaTallMd JIeTajdd, a
DHEPTEeTUYECKOE YCIOBUE MPEACTHbHOU AehOPMHUPYEMOCTH IJIEMEHTA TTOBEPXHOCTHOTO
CJIOSI MOKET OBITh 3alUCAHO B BUJIE:
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E(t,)=E,(0)+ AE(t,)= E* = const, (5.16)
rae EO(O)- IUIOTHOCTh BHYTPEHHEM SHEPrMM B JJIEMEHTE IMOBEPXHOCTHOIO CJOSA B

UCXOJHOM (10 DJKcIutyatanuu) cocTostHuu (t=0), y4uThiBas HACJIEICTBEHHBIC
cBOlcTBa Marepuana, AE(t,) - HM3MEHEHHE IUIOTHOCTH BHYTPEHHEN OHEPrUU B

3JIEMEHTE TOBEPXHOCTHOTO CIIOS TIPH 1-TOM ITUKJIE CHIIOBOTO HATPYKECHHUS B TIpoOIIecCe
JKCILIYaTaLWH.

[IpumepoM ONTUMATBHOW MO CIOKHOCTH M SHEPreTHUYECKH OOOCHOBAaHHOM
ABJISIETCSA PACYETHASL 3aBUCHUMOCTD JUI OLEHKH CKOPOCTH M3HAIMBAHUS MAaTEPHUAJIOB

B YCJIOBHUSIX CTAIIMOHAPHOIO PeXHUMa TpeHus, noinydeHHas B.B. ®enopoBsim
V Ub SbW

i=Y = (5.17)

s Au,—Aurg o u, —uo—Aury’

rae Up, U, Uy, AUrs— COOTBETCTBEHHO CKOPOCTH U3MEHEHHUS CKPBITON SHEPTUH
B ITIOBEPXHOCTHOM CJIO€, OTHECEHHAs K €UHUIEC MOBEPXHOCTHU TPEHHUS, KPUTUUYECKAs U
HayaJIbHasA TUIOTHOCTh BHYTPEHHEW SHEPTUM M IJIOTHOCTh TEIUIOBOM COCTABIISIOLIEH
CKpbITOM »dHepruu; V — o00BeM NPOJYKTOB H3HOCA; V— oOwbeMHas CKOPOCTH
W3HAIIMBaHMS; S — IUIOMIAJIb MOBEPXHOCTU TPEHHS; §, — OTHOCHTEIbHAS BEIMYMHA
CKPBITOW 3HEPTHUU; W — YJI€JIbHAS MOIIIHOCTh TPEHHUS.

Jpyrum mpuMepoM 000CHOBAHHOCTH ITPUMEHEHHS SHEPTreTUUECKOTo Moaxoaa K
OLICHKE OKCIUTYaTAallMOHHBIX XApPaKTCPUCTUK JCTAICH  SBISIFOTCS  PE3YJIbTAThI
TEOPETUUYCCKUX M DKCIIEPUMEHTAIBHBIX HCCIICIOBAHUN TPOBEAEHHBIX Ha Kadeape
«Texnonorust mammuHoctpoenus» I TY, Mo3BOIMBIINE YCTAHOBUTH 3aBUCUMOCTD IS
ONPEAEIICHUS YCTATOCTHOM JIOJATOBEYHOCTH MOBEPXHOCTHOTO CJIOS AETa B BUJIE

. AH+L,,~AU,~kyk Vi 1060 Ast)’ (5.18)

p = ToexXp ( RT

rjie t, — MPOJOJDKUTENLHOCTh POCTA BHYTPCHHEH SHEPTHHU B TIPOLECCE IKCIUTyaTallnK
0 pa3pylieHus, C; T,- MNEPHUOJl TEIJIOBBIX KOJeOaHUM aToMOB, T =10"%c; AH-
Pa3HOCTh TEIUIOCOAEPKaHUsl (PHTAJBIIMKM) MaTrepuajia B TBEPAOM COCTOSIHUU, TPU
TEMIIEpaType IJIaBICHUS U dHTaNbIuu npu 293°K; L,, - CKpbITas TEIUIOTA IUIABJICHHSI.
AU, = E, »HEpreTMu4ecKkoe COCTOSIHUE TOBEPXHOCTHBIX CJIOEB JeTajied [0
SKCILTyaTalum; V,,-MOTSPHBI 00BEM, MM /MOIb; kp- xodppuument popmsl, ky =
D/oe, tne D -daktrueckas HeoOpaTumas 3aTpadeHHasi padoTa (IJI0mah moj| KpUBOU
«HanpspkeHue-gedopmanusiy);  k,-KodhOUIMEHT  aKKyMyJIUpOBaHUS  SHEPTUH,
MOKA3bIBAIOIIHI OO 3aIacCEHHOM YHEPTUU OTHOCUTEIHHO BCEH 3aTpadyeHHOM pabOoThI
D, no manueM [ 7,8 | mis otoxokeHHBIX cTaneh k, = 0,25 — 0,3, a1 ynpouyHEHHBIX
craneit k, = 0,05 — 0,1; o-5KBUBaJICHTHOE HANPSKEHUE, OMPEACIAEMOE XapaKTEpPOM
CWJIOBOTO BO3JICUCTBHMS HAa JIOKaJIbHBIM 00bEM (CTaTHYECKOE, JTUHAMUYECKOE,
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uKanyeckoe); 1 - abcomroTHas Temmeparypa, K; B peajbHBIX  YCIIOBHAX
skcruryatanuu; R= 0,008314 x/»x/K-Mob.

JlaHHOE€ ypaBHEHME HAET BO3MOYKHOCTH IPOBOJMUTH OLEHKY JOJTOBEYHOCTHU
MTOBEPXHOCTHBIX CIIOEB JAETAJICH, SKCILUTYaTUPYEMBIX B YCJIOBHSIX 3HAKOIEPEMEHHBIX
Harpy30K M YCTaJoCTHOro wu3HamuBaHus. W3 ypaBuenus 4.18 cuenyer, d4TO
YCTaJOCTHAasl [JIOJITOBEYHOCTh JIETAJIEM 3aBUCUT OT DHEPreTUYECKOrO0 COCTOSHUS
MTOBEPXHOCTHOTO CJIOS, MOJYYEHHOTO HAa CTAaAUU W3TOTOBJICHUS JI€TAJIA; CTEIEHH €ro
HaMpPsHKEHHOCTH, OOYCIIOBIIEHHOM XapaKTepOM BHEIIHEr0 CHUJIOBOTO BO3ACHCTBHUS Ha
HEro; KPUTHUYECKON BEIWYMHOW OTHOCHUTEIHHOM IIJIACTHYECKOW AehopMamuu IJis
COOTBETCTBYIOIIUX YCJIOBHUSM JKCIUTyaTallMM COCTOSIHUSI MaTEPHUAa.

5.2 ABromaTu3anusi ofecneyeHHs] IKCILIYyaTAMOHHBIX CBOWMCTB JeTaJieii
MAIIMH  HA  CTaJMH  KOHCTPYKTOPCKO-TEXHOJOTHYECKOM  NOATOTOBKH
NPOM3BOACTBA

TexHonornyeckoe obecrneueHne SKCILTyaTallMOHHBIX CBOMCTB J€Tajell MalluH
Ha  CTaguud  KOHCTPYKTOPCKO-TEXHOJOTMYECKOW  TMOATOTOBKH  MPOM3BOJICTBA
NpENoIpEAeIIAeT PEIICHUE IBYX 3aa4:

1) Beibop wmatepuwana neTaneii MU OOOCHOBAaHHOE Ha3HAYCHHUE MAPaMETPOB
KauecTBa UX pabOYMX MOBEPXHOCTEW U TOYHOCTU Pa3MEPOB, KOTOPbIE 00ECIIEUUIH Obl
TpeOyeMble IKCILUTyaTallMOHHbIE CBOMCTBA.

2) Boibop Meroma W pacu€T palMOHANBHBIX PEKHUMOB 00PabOTKH,
00eCreunBaOIIUX SKOHOMHYHOE IMOJlyYeHHUE TpPeOyeMBbIX XapaKTEpUCTUK KayecTBa
00pabaThIBaEMbIX MOBEPXHOCTEN U TOYHOCTU Pa3MEPOB.

Pemenne mnepBoil (KOHCTPYKTOPCKOM) 3ajaud JAOJDKHO Oa3upoBaThCs Ha
TUIATEJIBHOM aHalM3€ (PYHKIIMOHAIIBHOIO HAa3HAYEHMs TOrO WU MHOro uznenus. [Ipu
TOM, HEOOXOJIMMO OJHO3HAYHO OOOCHOBaTh, KAaKHWE€ JKCILIyaTallUOHHbIE CBOMCTBA
IIPOEKTUPYEMOTO U3IENHS JUMUTUPYIOT HAJIEKHOCTh MAIIMHBI B LIEJIOM. JTO CBSI3aHO
C TE€M, YTO B 3aBHCHUMOCTH OT TpeOyeMbIX OSKCILTyaTallMOHHBIX CBOMCTB JIOJIKEH
OCYILIECTBISATHCS BBIOOP MaTepHaliOB COCAMHIEMBIX JIeTanel, Ha3HaYeHHEe TOYHOCTH
pa3MepoB M IapaMeTpOB  KayecTBa WX  IOBEPXHOCTH, PYKOBOJCTBYACH
COOTBETCTBYIOIIUMHM  3aBHUCHUMOCTSIMM ¥ PEKOMEHIAIUSMHU, TMOJIYYEHHBIMH B
pe3ynbTaTe TEOPETUUECKUX U IKCIEPUMEHTAIIbHBIX HCCIEIOBaHUM.

[TapameTpsl kKauecTBa pabOUYUX MOBEPXHOCTEW W TOUYHOCTH Pa3MEPOB JOJIKHBI
Ha3HA4aTbCsl C Y4YETOM YCIOBHW 3KCIulyaTaumud. B mpouecce pemeHus 3aaadd
palnroHaIbHOTO HAa3HAUYEHMs [apaMeTpoB KadecTBa pPaOOUMX TOBEPXHOCTEH U
TOYHOCTH Pa3MEPOB JAETadl KOHCTPYKTOP JOJDKEH MepepadboTaTh 3HAUYUTEIbHBIN
o0beM wmHGOPMAIMH, TPOM3BECTH  OOJBIIOE KOJIMYECTBO  BBIYMCICHHN IO
COOTBETCTBYIOIIUM  TEOPETUYECKUM WM IKCHEPUMEHTAIbHBIM  3aBUCHUMOCTSIM.
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[ToaToMy pelieHure 3TOM 3a/lauyud HamOoJiee PAlMOHAIBHO BBIMIOJHITH C MOMOIIBIO
OBM, ucnosb3yst aIrOpuTM MOCIeA0BaTENbHBIX JeUCTBUN IPUBEIEHHBIN HA pUC. 5.3.

[EXHUYBCKUE LCobLs

1 Senmobusa HoprasHoU 2
HA U3Gene

Pacomsl U3genus

3 Onpedererue mpeerbix SKCamayUoHHsL Cooucmp
PMaeY U GOnYCIIUMBIX FPEGEA00 Ux UFMEHEHLS

!

|4 Briogp Mamepuana gemasel I

!

JabUCUMOCTY SKCAYATALUOHHsY CODUCITG demaey
51 maww om naparempol kaqecmba ux nobepxHoCmeL,
MOYHOCTTIL PAMERO0 U LCAo0U IKCTaamaguL

!

Facyem naparempol Kasecmba paoosux nobepxHoCmel
6 | demanai v mosrocmy PasMepol coeCresubaniyLx MoeoL-
EMBIE IKCVAMAYLoHHBE COOUCMOA 6 3adarsx rpedenax

!

7 Facyqem Gonycmumsix Z0aHUL UZMEHEHUS apamMempos
Kayecmia noGepxHoOmY U MoYHOCTY PasMeaol

Puc. 5.3. Anroputm pemieHuss KOHCTPYKTOPCKOM 3aJaud MO OOECHeYEHUIO
TpeOyeMBbIX SKCIUTyaTaIlMOHHBIX CBOMCTB JIeTaIe MallliH

Ha ocHOBe COBMECTHOTO aHallv3a yCJIOBHM HOPMaJIbHOM 3KcCIutyaTauuu (OJ0K
1) u TexHWYECKUX YCIOBUM Ha wu3aenue (070K 2) OCYHISCTBISETCS OIpEacsICHUE
TpeOYyEeMBIX JKCIUTyaTallMOHHBIX CBOMCTB IMOBEPXHOCTEM JeTaleil U JOMYyCTUMBIX
npenesioB ux u3MeHeHus. Hampumep, ecnu cymmapHoe cOMMKEHNUE KOHTAKTUPYIOITUX
ITOBEPXHOCTEN BCJIEACTBUE M3HOCA HE JOJDKHO MPEBBIIATH 5—7 MKM, a BEJIMYMHA
KOHTaKTHOTO COJIMDKEHUs JObKHA OBITh He Oosiee 2— 5 MKM Tpu BO3pacTaHUU
Harpy3kud Ha CTHIK JI0 HOMHUHAJIHHOW BEJMYUHBI, TO 3TO 3HAYHT, YTO MOBEPXHOCTH
neranen, oOpa3yrolme pacCMaTpUBaeMbIN CTBIK, JOJDKHBI OBITh M3HOCOCTOMKHMHU U
UMETh BBICOKYIO KOHTAKTHYIO )KECTKOCTh. ClielyeT OTMETUTD, UTO TIEPEX0]T OT OJIOKOB
1 u 2 x 61okam 3 u 4 sBisIeTCSE HEPOPMATU30BAHHBIM, T.€. TPAKTUUYECKU HE MOJIIACTCS
QIrOpUTMHU3ALMUA. IJTO O3HAYAET, YTO HA JAHHOM J3Tale MPOEKTUPOBAHUS BEChbMa

186



BaXHBIM (PAKTOPOM SBJIIETCSA OIBIT KOHCTPYKTOPA, OCHOBaHHBIM Ha pe3yJbTaTax
IPAKTUYECKON pabOThl, TEOPETUUYECKUX U SKCIIEPUMEHTAIbHBIX UCCIIEI0BAaHUI.

[locne Toro kak ompezaeneHbl TpeOyeMble HKCIUTyaTallMOHHBIE CBOMICTBa
IPOECKTUPYEMBIX JE€Talei, IOOMYCTUMBIE MNpENeiabl WX HU3MEHEHHUS W Marepuall,
OCYLIECTBJISIETCSI IOUCK COOTBETCTBYIOLIMX TEOPETHUECKUX WM SKCIEPUMEHTAIBHBIX
3aBUCUMOCTEM, KOTOPBIE XapaKTEPHU3YIOT KOJIMYECTBEHHYIO CTOPOHY B3aMMOCBSI3U
MEXIY JaHHBIM  OJKCIUIyaTallHOHHBIM  CBOMCTBOM, IIapaMeTpaMH  KadecTBa
NOBEPXHOCTU U YCHOBHSAMM HKciutyaTanuu (Omok 5). IlogoOHble 3aBUCHMOCTH
npuBefeHsl B II. 5.2 B HuUX DapaMmeTpbl KadecTBa IOBEPXHOCTEW SBISIOTCS
apryMEHTOM, a HKCIUTyaTallMOHHOE CBOMCTBO — (PYHKIIUEH.

B Omoke 6 ocymecTBiaseTcs pacueT IMapaMeTpoB KadecTBa pabodmx
NOBEPXHOCTEH JieTajeil M TOYHOCTH pa3MepoB, OOECIEUUBAIOIINX TpeOyembie
AKCIUTyaTallMOHHBIE CBOWCTBA B JIONMYCTHUMBIX MpeAenax HUX H3MeHeHud. MHbiMu
CIIOBaMH, MOAOUpAIOTCS 3HAUYEHUs AapryMEHTa, YIOBIIETBOPAMOIINE 3aJaHHON
¢yHkiun. Pemenue 3Toi 3amauM yCIOXKHSETCA TEM OOCTOATEIbCTBOM, 4YTO Ha
apryMEHT HAKJIaJbIBAIOTCSl OrPAHMYEHHUSA, TaK KaK NapaMeTpbl KayecTBa pPEajbHBIX
HNOBEPXHOCTEH ¥ TOYHOCTh Pa3MEPOB HE MOTYT U3MEHSATHCS B OECKOHEUHBIX Mpeeliax.
[ToaTOMy B psjie CiiydyaeB COBMECTHOE 0OECIEUEHHE HECKOJIbKHMX AKCILTYyaTallMOHHBIX
CBOMCTB MOXET OKa3aThCs HEBO3MOXHBIM. B Takux ciydasx HE0OXOAMMO BbIOpATh
HamOoJiee BaXXKHbIE U3 HUX WJIU PACUIUPUTH JOIMYCTUMBIE MPEIEIbl UX U3MEHEHUS U
NOBTOPUTH pacueT. HeoOXoaumMo OTMETHTh, YTO Y€M IIMpE OMYCTHUMbIE MPEEibl
V3MEHEHMS KCILTYyaTallMOHHBIX CBOWCTB, TEM JIETYE PELINTH 337a4y KOHCTPYKTOpa IO
OIpe/eNIeHNI0 TpeOyeMbIX MapaMeTpoB KadecTBa IOBEPXHOCTEH. YUWThIBas 3ToO,
cieqyer  OOOCHOBAaHHO  ONpEENATh  JONYCTUMbIE  TpaHUIbl  W3MEHEHUs
HKCIUTYyaTAlIMOHHBIX CBOMCTB MOBEPXHOCTEH M HE CTPEMUTHCSA K MX HMCKYCCTBEHHOMY
CY’KEHUIO.

B Onoke 7 ocymecTBise€TCs pacyeT MAOMYCTUMBIX TpaHULl H3MEHEHUs
[IapaMeTPOB KAadyecTBa MOBEPXHOCTEM JeTajeldd MAalllMH W TOYHOCTH Pa3MeEpPOB. OTH
JaHHbIE HEOOXOIMMBI MIPHU PEUICHUH 3aJaud TexHoisora. OnpeneneHue A0MyCTUMbIX
NPENEIOB HM3MEHEHUs MapaMeTpOB KadyecTBa IIOBEPXHOCTEW JeTajed MalluH |
TOYHOCTH Pa3MEPOB  OCYILECTBISETCS C ydyeToM oOecrnedeHus TpeOyeMbIxX
HKCILTYyaTAllMOHHBIX CBOMCTB B 3a/IaHHBIX Mpeaeiax ux u3MeHeHus. Takum oOpaszom,
YeM YK€ ONpeleseHbl JOMYCTUMbIE HWHTEPBAJbl W3MEHEHHUS JKCILTyaTallMOHHBIX
CBOMCTB B OOoKe 3, TeM YK€ MOJy4alTCsl pPACUETHBIE JOMYCTUMBIE TPAHUIIBI
M3MEHEHHUs] TapaMeTpoB KayecTBAa IMOBEPXHOCTEH M TOYHOCTH pa3MepoB JAeTayien
MalIuH.

Utak, pelieHne koncmpykmopckou 3ajadd, HauuHas ¢ OJoka 5, siBIseTcs B
JOCTaTOYHOU CTeneHu (OPMaTU30BAHHBIM, T.€. MOXKET OBITh AITOPUTMHU3UPOBAHO U
C ycrnexoM ocyiecTsieHo Ha DBM. 3aBucuMocTy, UCronb3yemsble B OJ0Ke 5, MOTYT
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xpanutbcsi B 0aze CAIIP. Ilocne BbIOOpa COOTBETCTBYIOIIETO METOJa BHIYMCICHUM
COCTaBJISIETCA ~ mporpamMma  pacdeta. Ha  3ToM  3aBepuiaeTcs  pelICHUE
KOHCTPYKTOPCKOW 3aJlayd Mo OOOCHOBAHHOMY HAa3HAUYEHHIO MapaMeTpOB KadecTBa
pabounx MOBEPXHOCTEH W TOYHOCTH Pa3MEpPOB JACTale MamuH, 00eCTICYHBAIOIINX
3aJlaHHBIE JKCILTyaTallHOHHBIE CBOMCTBA.

PesynpraTr pemeHus KOHCTPYKTOpCKO#M 3amaum (00K 7, puc. 5.3) sBusercs
YaCThIO0 UCXOJHBIX JAHHBIX TEXHOJIOTHUYECKOW 3aaUu.

Pelienre TEXHOJIOTMYECKOM 3a7auM TakKe IejecooOpa3Hee BBIMOIHATh C
nomotbio CAIIP TTI, ucnonb3ys anroput™, IpeacTaBiIeHHbIN Ha puc. 5.4
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[Taparempel kavecmba nobepxHocmewy U moHocmy

1 | pasrepob demaney mauwy,_ooecrewibaviyue mpedyersie

FKCVIYamaluorHsie choucmba usoenus U omycmursie
DEOE/bI UX USMEHEHUS

Bioap boroxrex mMamodob adpadomky C y4emor
0 OCODBHHOCIIEL KOHKDEIMHOZ0 Mpousbodcmba
(1 max Memodab)

|
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Puc. 5.4. Anroput™m pelieHUs] TEXHOJOTHYECKOM 3ajaud IO 0O0EeCHeUyEeHHIO
TpeOyeMbIX MapaMeTpOB KaYeCTBA TOBEPXHOCTH

B 610ke 1 manHOTO anroputMa 3anokeHa mHpopmalus, B3ATas U3 YepTeka u
TEXHUYECKUX TpeOOBaHUN Ha KOHKPETHYIO J€Tajlb, I KOTOPOM MPOBOASTCS
pacyeTsl.

B 610ke 2 ocymiecTBisieTcss BBIOOP BO3MOXKHBIX METOJ0B 00paboTKu. JlaHHBIN
ATall PelIeHUs 3a/laud MOXKHO MPOBOJUTH ¢ mMomoipio OBM npu Hanuuuu B Hel
COOTBETCTBYIOIIUX MAacCHUBOB MHGOpPMAIIUU, KOTOPhIE BKIIOYAIOT B Ce0sl JaHHBIE O
HaJU4YUU CTAHOYHOI'O TIapKa, HWHCTPYMEHTA, TEXHOJIOTUYECKOM OCHACTKH ISt
YCIIOBUW KOHKPETHOTO TMpous3BojAcTBa. [Ipm 3TOM HEOOXOIUMO OCYIIECTBIATH
Hapsiay € BbIOOpOM METOJO0B (DUHUIIHOW 0OpaOOTKH BBIOOP MpeABapUTEIBLHON
00paboTKM, eciu TOCIHeAHSS  CKa3blBaeTCa Ha  KAdyecTBE OKOHYATEIHHO
o0paboTaHHON MOBEpPXHOCTH. BbrlOpaHHble MeETOAbl  00SA3aTENBHO  JIOJKHBI
oOecreunBaTh TpeOOBaHUA TOYHOCTU OOpPaOOTKH, NHAUE TEXHOJIOTHYECKUH MpOLecc
OyJeT HempUeMJIEMbIM U MPOBEJEHUE NANIbHEHIINX PacdyeToB TEPSET CMBICI. DTO
NOTYEPKUBAET OOJBIIYIO Ba)KHOCTh JAHHOTO ATarna JJis YCHEIIHOTO PEeIeHUs 3a1auu
TEXHOJIOTUYECKOTO OO0ecrmedYeHus KadecTBa JeTale MallMH Ha CTaJud HX
U3TOTOBIICHUS.

B nmanpHeiimem, B Ojoke 3 mpuHUMaercs I-Tblid MeTon 00paOOTKH, st
KoToporo B Onok 4 u3 MaccuBa namsatd OBM BbIOMpPAIOTCS COOTBETCTBYIOIIME
3aBHCHMOCTH TapaMeTPOB KauecTBa MOBEPXHOCTU U TOYHOCTH Pa3MEPOB OT YCIOBUM
oOpabotku. [Ipuyem Hapsamy ¢ yKa3aHHBIMH 3aBUCHMOCTSIMH BbIOMpaeTcs 00J1acTh
(aKkTOPHOTO MPOCTPAHCTBA, BHYTPU KOTOPOM a/leKBATHO OIMCBHIBAETCS MMOBEPXHOCTD
OTKJIMKA.

Pacuer ycnoBuii 00pa®oTkm st i-ro MeTOJa, KOTOpPbIE O0OECIICUHMBAIOT
TpebyeMble MmapaMeTpbl Ka4eCcTBa MOBEPXHOCTH M TOYHOCTh Pa3MepOB, HA3HAUCHHBIC
KOHCTPYKTOpPOM, TMpou3BOAUTCS B Osoke 5. Ha panHoM »Tame 3ajaHHbBIC
KOHCTPYKTOPOM MapaMeTphbl KadecTBa SBISAIOTCS (PYHKIMEH, a MCKOMBIE YCIOBHS
00paboTKM — apryMeHTamMu. TakuM 00pa3oMm, CTOUT 3ajladya OTHICKAHUS apryMeHTa
no 3agaHHoi QyHkiuu. [lpuuem B 061IeM ciiyyae OHH U T€ K€ 3HAUYCHUS apryMEHTa
JOJDKHBI ~ yIOBIETBOPSTh HECKOJBKUM  (QYHKIUAM, Tak Kak HEOOXOIUMO
TEXHOJIOTUYECKH O00ECIeUnTh HECKOIBKO IMapaMeTpPOB KadecTBa IMOBEPXHOCTH.
Koneuno, ecnu TpebyeTcsi oOecieunTh UMb OJWH MapaMeTp KadecTBa (HampuMmep,
Ra), 3agaya CymecTBEHHO YIPOIIAETCs, HO 3TO BCTPEYACTCS B OYCHBb PEIKHX CITY-
yasx. KpoMe TOro, ocioXHEHUs MPHU PELICHWH BO3HUKAIOT U B CBSA3H C TEM, YTO
yCJIOBUSL 00OpaOOTKM MOTYT HM3MEHSTHCS JIMIIb B 3aJaHHON 00JIaCTH W3MEHEHHS
(dbakTopoB, KOTOpas BbIOMpAETCS BMECTE C COOTBETCTBYIOIIMMH 3aBHCHUMOCTSIMH B
osioke 4. Bce 3TO yka3bIBaeT Ha TO, YTO COBMECTHOE PEILIEHUE CUCTEMbl YPaBHEHHUI,
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CBA3BIBAIOIIMX TpeOyeMble MapamMeTpbl KauecTBa IOBEPXHOCTEH M TOYHOCTD
pa3sMEpPoOB C YCIOBUSIMU KOHKPETHOTO MeTojaa 00paOOTKH, BBUIY HAJIU4YUA psla
OTpaHUYEHUN MPEJICTABISIET 3HAUUTEIIBHYIO TPYJIHOCTD, a 3a4aCTyI0 TaKOTO PElICHUs
MOXET U HE OBITh.

[Tonck COBMECTHOTO pEIICHUS CYIIECTBEHHO 00JIerdyaeTcsa TeM, YTo TpeOyeMble
napaMeTpbl KadecTBa IOBEPXHOCTEM M pa3sMepbl JeTalled MalluH 3aJarTCs
KOHCTPYKTOPOM BMECTE€ C JIOMYCTUMBIMU TpaHUIAMU WX HU3MEHEHHUS, KOTOpbIE
paccuuThiBalOTCI B Oj0ke 7 (cMm. puc. 5.4). UeM mmupe 3TH TpaHMIBI, TEM Jierde
TEXHOJIOTY pPEHIUTh CBOIO 3anady. Ecnum pa3nuuHble KOMOWHAIMM  YCIOBUH
o0pabOTKM HE TMO3BOJSAIOT oOecrneunTh TpedyeMble TapaMeTphl KauecTBa
MOBEPXHOCTH U TOYHOCTh PAa3MEPOB, TO 3TO 3HAYUT, YTO PACCMATPUBAEMBIA METOA
00pabOTKU B IAaHHOM CJIy4ae HEMPUEMIIEM.

DKOHOMMUYECKH IeJiecoo0pa3Hee MPUMEHUTh METOJl OO0pabOTKH, WMEIOIIUMA
HAaUMEHBLIYI0  TEXHOJIOTMYeCKylo  cebectoumocth. Ilostomy B  Oioke 7
PacCUUTBIBAECTCS TEXHOJIOTMUYECKasi Ce0EeCTOMMOCTh METO/0B 00pabOTKH, KOTOpHIE
o0OecreunBaloT 3a/laHHbIC TTapaMeTPhl KauecTBa MOBEPXHOCTEN U TOUHOCTh Pa3MEpPOB
neraney, mocie 4ero uyepes 0yoku 8 m 9 ocymiecTBiseTcs nepexon K 010Ky 3, H
pacdeTsl MOBTOPSIOTCS I cienyromiero (i+1)-ro meroga oOpabOTKH 1O cXeMe.
[locnme mnpoBeaeHUsT pacyeToB Uil BCEX BO3MOXHBIX METOJOB 00pabOTKH,
BBIOpaHHBIX B O50Ke 2, B Omoke 10 ocymiecTBiseTcss OKOHUATEIbHBIM BEIOOP METOAa
00pabOTKM KOHKPETHOW MOBEPXHOCTH, OOECMEUMBAIOLIETO TOJyYEHUE MapaMeTPOB
ee KauecTBa M TOYHOCTh pa3MEpPOB B JOMYCTUMBIX TpeAeiaXx W HMEIOIIETro
MUHUMAaJIbHYIO C€0ECTOMMOCTb.

Heo06xomuMo OTMETHTh, YTO TEXHOJIOTHYECKHE pacueThl, HAUMHas ¢ Ojoka 2,
ABJIAIOTCS (POPMAJIM30BAaHHBIMM U MOTYT YCIIEIIHO OCYILECTBIATHCS Ha DBM mocie
BBIOOpA COOTBETCTBYIOMIUX BBIYUCIUTEIHLHBIX METOJIOB.

OOBeMHUB CTPYKTYPHBIE CXEMBI, TTOKa3aHHbIE Ha puc. 5.3 u 5.4, moaydum
OOILIYI0 CTPYKTYPHYIO CXEMY AaBTOMAaTH3alUMU OO0ECHEUYEHHUsl HKCIUTyaTallMOHHBIX
CBOMCTB JI€TaJed MAlllMH HA CTAJAUN KOHCTPYKTOPCKO-TEXHOJIOTHYECKON MOATOTOBKHU
npou3sBozcTBa (puc. 5.5).
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[laoariempel kavecmba nobepx- _
HOCITL, IMOYHOCITI pasmepol v Yenobus 1~2o memoda oopa-
UaIa30oH UX UIMEHEHLS, 00eC— 00Ky, ooecneyubaaue mno-
nesubaouue 3acaHbe KCI- =1 /IL/HEHUE MPEOYEMBIX RADAMEIT-
MyamayucHHse cooucmba  de- pob kasecmba nobepxHocmy
maney MawuH 6 donycmurex U MOYHOCTIL pasmepol
PeOe/X

Memad v ycrobus oopadomky
goecnequbaouLe mpeoyeroe
SHOYEHUE FKCTIIATIALLOHHbIX
choucimb demanel MawuH U
UX Y300 1pu MUHUMEIBHOU
CEOBCIMOUMOCTTIL

Ledecmauracimb 1-20 Memoda
o0pacomKL 1 PacemHsX o
ycrobusx

Puc.5.5. CtpykTypHasi cxeMa aBToMaTu3alu 00eCIIeUeHHs SKCILTyaTallMOHHbIX

CBOWCTB  MOBEPXHOCTEM  JETaliel  MallMH Ha  CTaAUM  KOHCTPYKTOPCKO-

TEXHOJIOTUYECKOUN MOJrOTOBKU MPOU3BOACTBA ¢ ucnoiab3oBanueMm CAIIP.

I[J'I?I YCIICHIHOTO PCIICHUA MMOCTaBJICHHOM 3aJadyu B Ka4C€CTBC HMCXOAHBIX

JTAHHBIX HEOOXOUMO 3HATh CJICAYIOIIEe:

MNEPCUYCHb OKCILTyaTallMOHHBIX CBOWCTB C AOMMYCTUMBIMHU  IIpCACTIaMHU  HUX
HN3MCHCHHS, KOTOPBIM HOJIZKHBI YIOBJICTBOPATH ACTAJIN MAIIWUH U UX Y3JIbI,
TCOPCTHICCKHUC NN OKCIICPUMCHTAJIbHBIC 3aBHUCHUMOCTH, CBA3bIBAIOIMC
9KCINTYaTalMOHHBIC CBOMCTBA C napamMerpaMm KadCCTBa HOBGpXHOCTCfI n
TOYHOCTBIO pa3MCpOB ,Z[GTaJIeI‘/’I MalluH;
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® BO3MOXHBIE TEXHOJIOTMYECKHE METOJbl O0OpabOTKM paccMaTpUBAEMBIX JAeTalel
MAllIVH;

® TEOPETHUYECKHE WM DSKCIIEPUMEHTAIBHBIE 3aBUCHMOCTH IIapaMETPOB KayecTBa
MOBEPXHOCTH M TOYHOCTH Pa3MEPOB OT yCIOBUN 00paOOTKH AJI1 TEXHOJIOTHUECKHUX
METOJIOB U 00JIACTh ONPENETICHUS 3TUX 3aBUCUMOCTEH.

IIpeumyiectsa aBTOMAaTU3ALMH KOHCTPYKTOPCKO-TEXHOJIOTUYECKON
IIOATOTOBKM IPOM3BOJICTBA OYEBHMJHBI HE TOJBKO IIPU MCIOJB30BAHUU CTAHKOB C
YITY. OHu BechMa 3HAYUTENBHBI IPU pa3pabOTKe TEXHOJIOTMYECKUX MPOLECCOB AJIS
OOBIYHBIX CTAHKOB, OCOOCHHO B €AMHUYHOM U MEIKOCEPUITHOM MTPOU3BOICTBAX.

B zaximoueHue crneayeT OTMETHTb, YTO aBTOMAaTH3alUsl oOecreueHUus
DKCIUTYaTallMOHHBIX CBOMCTB JE€TAJIEM MallMH HAa CTagud KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOW IOATOTOBKM IPOU3BOJACTBA  SABJISETCA BECbMA  AKTyaJlbHOMN
po6JIeMOil, KOTOpas eI1e BO MHOTOM JIET CBOETO PELICHHUS.

JIOCTHKEHUE TOCTABJICHHBIX €€ Ha COBPEMEHHBIX IPEANPUATUIX,
BBIITYCKAIOIIUX CIIOKHBIE TEXHUYECKUE H3JENHs, OKA3bIBAETCS HEBO3MOXKHBIM 0€3
IIMPOKOT0 HCIOJB30BaHUA asmomamusupogannvix cucmem (AC), OCHOBAaHHBIX Ha
INPUMEHEHUN KOMIBIOTEPOB W MpEeAHA3HAYEHHBIX [JIsl CO3[aHusA, MepepaboTKH U
UCIIOJIb30BAaHUSI BCE HEOoOXonMMOM HWH(OpManuMM O CBOMCTBAaX U3JEIUN U
COIPOBOXAAIOIIKX TporeccoB. Crnennduka 3agad, peliaeMblX Ha pa3IMYHbIX 3Tarax
KU3HEHHOTO LIMKJIa U3/IeNIUi, 00yCIIOBIMBAET pa3HooOpasue npuMmenseMbix AC.

Ha puc. 5.6 ykazansl ocHOBHbIe THIBI AC ¢ MX NPUBSI3KOM K T€M WU MHBIM
dTaIlaM )XKMU3HEHHOTO LIUKJIA U3/IEIIAMN.

[ IipoexTHporaHHe|
IToarororka
CAD IPOH3BOACTRA
CAE
IIpOH3BOACTREO

CAM I P I
PDM | Pearms anust |

SCM |

SKC aTars
ERP MES | Viunusaps
CPC SCADA CRM
CNC
IETM
( PLM

Puc. 5.6. OcHOBHBIE TUITBI aBTOMATU3UPOBAHHBIX CHUCTEM
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ABroMatuzanusa — npoektupoBanusi  ocymectBiusiercss  CAIIP. B CAIIP
MaIllIMHOCTPOUTEIBHBIX OTPACIICd MNPOMBILIJIEHHOCTA TPUHATO BBIAECHATH CHCTEMBI
(GYHKIHMOHAIBHOTO, KOHCTPYKTOPCKOTO W TEXHOJOTHYECKOTO MPOEKTUPOBAHUS.
[lepBble M3 HHMX HA3bBIBAIOT CHCTEMAMHM pPACUYETOB W HMH)KEHEPHOTO aHalu3a WU
cucmemamu CAE (Computer Aided Engineering). Cucmemst koncmpykmopcko2o
npoekmuposanus HazpiBaloT cucreMamun CAD  (Computer Aided Design).
[IpoekTHpOBaHNE TEXHOJIOTUYECKHUX MMPOLECCOB BBIMOJIHIETCS B ABTOMAaTU3UPOBAHHBIX
CUCTEMaX TEXHOJOTHYECKON MoAroToBKM mpou3BoactBa (ACTIIII), BXoAsSIIUX Kak
coctaBHas yacThb B cucmemovi CAM (Computer Aided Manufacturing).

s pemieHust mpoOiieM COBMECTHOTO (PYHKIIMOHMpOBaHUS KommoHeHTOB CAIIP
pa3IMYHOro HazHaueHus1, koopauHanuu padbotel cucteM CAE/CAD/CAM, ynpasnenus
NPOEKMHbIMU ~ OAHHLIMU W TIPOCKTUPOBAHMEM  pa3padaThIBAIOTCA  CUCTEMBI,
MOJIYYMBIIME HA3BAaHUE CUCTEM YIpaBieHHUS MPOEKTHbIMU JaHHBIMM PDM (Product
Data Management). Cuctembt PDM n1u60 BXomdT B COCTaB MOJYJIEH KOHKPETHOM
CAIIP, nub0 MMEIOT CaMOCTOSITEIbHOE 3HAYEHHE W MOTYT paboTaTh COBMECTHO C
pa3ubimu CAIIP.

VYrpaBneHnue JaHHBIMUA B €IMHOM HUH()OPMAITMOHHOM MPOCTPAHCTBE HA MPOTSKEHUU
BCEX ATANOB >KMU3HEHHOTO WUWKJIA HW3JEIUN BO3JIAraeTcsi Ha CHUCTEMY YIpaBJICHUS
KU3HEHHBIM IUKI0B poaykiuu PLM (Product Lifecycle Management). XapaktepHas
0COOEHHOCTD PLM — oOecrieueHue B3aMMOJICHCTBUS Pa3ITUYHBIX
aBTOMATU3UPOBAHHBIX CUCTEM MHOTHX MPEANPUATHH, T.€. TexHouoruu PLM (Bkitouas
texHonorun CPC) gBISIOTCS  OCHOBOM, WHTETPHUPYIOIICH  HMH(POPMAIMOHHOES
npocTpaHcTBO, B kotopoMm (yukimonupyior CAIIP, ERP, PDM, SCM, CRM wu
JIpyryve aBTOMaTU3UPOBAHHBIE CUCTEMBI MHOTHX MPEIIPUSTHIA.

KoHTpoJsbHBIE BONIPOCHI K IJ1aBe S.

1. B 4Wem 3akiroyaercs aHaJIUTUYECKass OIEHKAa U MPOTHO3UPOBAHUE
IKCIUTYaTaI[MOHHBIX CBOMCTB JIeTalel MalliH?

2. TlepeuncnuTe  OCHOBHBIE  IMOAXOJBI K  QHAJUTHYSCKOM  OIGHKE H
MIPOTHO3UPOBAHUIO SKCITyaTALIMOHHBIX CBOWCTB JETAJIEN MAIIIVH.

3. B uwem 3akmrogaercss CymIHOCTh (PEHOMEHOJOTHYECKOTO TMOAX0Ja K
AHAJIUTUYECKON OIIEHKE M MPOTHO3UPOBAHMUIO HKCIUTyaTallUOHHBIX CBOWCTB
neTanei MalmH?

4. B yeM 3akir0yaercsl CYIIHOCTh MEXaHWYECKOro MOJX0jJa K aHAIMTHYECKON
OIICHKE W MPOTHO3UPOBAHUIO IKCILTYaTallMOHHBIX CBOMCTB JICTAJICH MaITuH?

5. UeM oOTIMYAIOTCA PACUYETHO-AHAIMTHUYECKUE MOJEIU  IMPOTHO3UPOBAHUS
AKCIUTYyaTaIlMOHHBIX CBOMCTB JIeTaiel MAIINH OT YMIUPHIECCKUX ?
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6. B uem 3akimiouyaercs CyIIHOCTh  METAUIO(PHU3MYECKOrO  MOAXO0Aa K
AHAJIMTUYECKOW OLICHKE M IPOTHO3UPOBAHUIO JKCILTyaTAllMOHHBIX CBOKCTB
eTajied MaliuH?

7. Ha yeM OCHOBaH 3HEPro-ME€XaHUYECKUU MOAXOJ K AHAIUTUYECKOM OLIEHKE U
MIPOTHO3WPOBAHUIO IKCILTYaTAIIMOHHBIX CBOMCTB JIeTalIeH MaIiH ?

8. B 1ueMm cocTosT mpenMyllnecTBa PHEPreTUYECKOro MOAXO0Ja K aHAIUTUYECKOU
OLICHKE ¥ MPOTHO3UPOBAHUIO IKCILTYyaTallMOHHBIX CBOMCTB JIeTaleil MaliiH?

9. Kakue KoHUENTyalbHbIE TOJIOKEHUS JIEKaT B OCHOBE HSHEPreTHUYECKOIro
MOAX0Ja K aHAJUTUYECKOW OLEHKE M IMPOTHO3UPOBAHUIO HKCILUTYaTallMOHHBIX
CBOICTB JI€TaJIEH MAIIIH?

10.Pemienne kakux 3a7ad TMPEAOMpENesieT TEXHOJIOTUYECKOoe obecreueHue
AKCIUTyaTaIllMOHHBIX CBOMCTB JIeTalIeH MaIiH?

11.TTosicHuTE anrOpUTM PEIICHHUsS] KOHCTPYKTOPCKOM 3aJaud MO OOECIEUYEHHIO
TpeOyeMbIX IKCILTyaTallMOHHBIX CBOMCTB JAETaJeil MallluH.

12.IlosicHUTE aNrOpPUTM pEIIEHUs TEXHOJOTMYECKOW 3alayd 1o 00eCleueHUIo
TpeOyeMbIX MapaMETPOB KauecTBa IOBEPXHOCTH.

13.Kakue wucxognsle paHHble HeoOxomumbl 11 CAIIP  koHcTpykTOpCKO-
TEXHOJIOTHUECKOH MOATOTOBKH MPOU3BOICTBA?
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[Ipunoxenus
[Ipunoxenue A
PexoMeHtyeMble 3HaUEHUS TapaMETPOB EPOXOBATOCTH MOBEPXHOCTH JIETAIIEU

MAaIluH
IToBepxHOCTH Ra, MkM | 150,% | |, Mm
OnopHBIX MIEEK BAJIOB:
1O/ MIOAIINITHUKN CKOJIbKEHUS 0,32 30 0,8
11O BKJIAJIBIIITN U3 OPOH3bI 0,4 15 0,8
Mo 0a00UTOBEIE BKJIAIBIIIHA 0,25 20 0,25
0] BKJIQABIIIN U3 UyTryHa U U3 rpaduromnacta AMC-1 0,32 40 0,8
1O/ MOIINITHUKN KaYEeHUS 0,8 — 0,8
O6ecnieunBarolye siBICHNE N30UPaATENIHHOTO MepeHoca 0,25 15 0,25
[TocamovHBIX IIEEK BAJIOB 101 3yOUaThie Kojeca 1,6 — 0,8
Basos, paboTaronux npu 3HaKonepeMeHHbIX Harpy3kax | Rmax=1| 60 0,8
[[[aprKOBBIX ¥ POJTMKOBBIX MOAMIMITHUKOB 0,08 15 0,25
[lopHs:
FOOKH 0,8 — 0,8
OTBEPCTHSI O] MaJIel] 0,5 — 0,8
Hapy>kHas mopiiHeBoro najblia 0,25 15 0,25
[[leex 1 KyJIlayKOB pacipeieuTENbHBIX BaJOB 0,32 30 0,8
[ [1yH)KepHBIX TIap 0,08 15 0,25
OTBepCcTH pHIYaroB BUJIOK, CONPATAEMbIX C BajlaMU WU 0.63 o 0.8
OCSAMU
[locamoyHbIX OTBEPCTUIN 3yOUaThIX KOJIEC 0,5-2 — 0,8
bokoBebI€:
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3yObEB KOJIEC 0,63-1,25 | — 0,8
BUTKOB YEPBIKA 0,32 — 0,25
OCHOBHBIX OTBEPCTHI KOPITYCOB:
13 Yyr'yHa 1-2 — 0,8
13 CTaJIn 0,63-1,6 — 0,8
ConpsiraemMble KOPIYCOB U KPBIIIEK Rz= 10 — 2,5
HampaBnstomux TpEeHUsI-CKOJbKEHUS:
VHUBEPCAIbHBIX CTAHKOB 0,63 — 0,8
MPEIM3UOHHBIX CTAHKOB 0,1 15 0,25
TSDKEIIBIX CTAHKOB 1,6 — 0,08
HampaBnstomuyx KaueHus 0,16 — 0,25
Paboumne:
[IJIUHAPOB 0,4 40 0,8
MOPIITHEBHIX KOJICIT 0,25 — 0,25
KOJIEHYATBIX BAJIOB:
KOPEHHBIE IIEHKHU 0,32 30 0,8
[IATYHHbBIC ICHKU 0,25 20 0,25
HamnbuieHHbIC, TPEHUS CKOJIBKEHUS 0,08 10 0,25
[Tox HanbUIEHHE Rz= 125; — 0,8
Sm=0,5Mm
[101 57IEKTPOXUMUYECKHUE TOKPHITUS 0,2-0,8 — —
Koppoaupyromine 0,063, 10 0,25
Sm=
0,032mm
[lon ckiienBanue Rz= 15 — —

[IIepoxoBaTOCTh MOBEPXHOCTHU MPH PA3TUYHBIX METOJIax 00pabOTKU

[Tpunoxenue b

OGpaGorka [TapameTpsl IEPOXOBATOCTH
Ra, MmxMm Sm, Mmm S, MM tyo, %0
Hapy»Hble TOBEpXHOCTH BPAIICHUS
OOTtaunBaHue:
YEPHOBOE 12,5-50 0,32-0,25 0,32-1,25 10-15
MOJTy4YHCTOBOE 3,2-12,5 | 0,160-0,40 | 0,160-0,40 | 10-15
YHCTOBOE 0,8-2,5 0,080-0,160| 0,050-0,160 | 10-15
TOHKOE 0,1-0,8 |0,020-0,100| 0,010-0,100 | 10-15
H;g;;i;ﬁ‘;fzoe 125 | 0,063-020 | 0,032-0,160 | 10
HCTOBOE 0,2-1,25 |0,025-0,100( 0,010-0,080 10
0,05-0,25 |[0,008-0,025| 0,003-0,160 40
TOHKOE
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CyniepununupoBanue 0,032-0,28 | 0,06-0,020 | 0,003-0,016 10
[TonupoBanue 0,008 -0,08 | 0,008-0,025| 0,002-0,08 10
[Tputupka 0,01-0,11 | 0,006-0,04 | 0,002-0,032 | 10-15
OoOkateiBanue u BoeirtakuBanue| 0,03-2,0 0,025-1.25 0,025-1,25 10-70
BubpooOkarsiBanue 0,063-1,60 | 0.01-10,5 0,008-0,16 10-70
DnexkTpoMexaHnIecKas 0,02-1,60 | 0,025-1,25 0,025-1,25 10-70
MarnutHo-abpa3uBHas 0,02-1,60 | 0,008 -1,25 0,03-0,16 10-30
BHyTpeHHUE TOBEPXHOCTH BPAIICHUS
Caepiienue u paccBepiauBanne | 3,2-12,5 0,16-0,8 0,08-0,63 10-15
3€HKEpOBAHUE:
YEpPHOBOE 3,2-6,3 0,16-0,8 0,063-0,4 10-15
YHUCTOBOE 1,25-3,2 0,08-0,25 0,05-0,16 10-15
Pa3BepThIBaHME: YEPHOBOE 1,25-2,5 0,08-0,2 0,04-0,16 10-15
YHCTOBOE 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:
YEpPHOBOE 1,25-3,2 0,08-0,25 0,04-0,2 10-15
YHUCTOBOE 0.32-1,25 0,02-0,1 | 0,008-0,08 10-15
PacraunBanue:
YEPHOBOE 6,3-12,5 0,25-1 0,25-1 10-15
MOJTYYHCTOBOC 1,6-6.3 0,125-0,32 | 0,125-0,32 10-15
YHUCTOBOE 0,8-2,0 0,08-0,16 0,05-0,16 10-15
TOHKOC 0,2-0,8 0,02-0,1 0,01-0,1 10-15
[InudoBanue:
MpeABapPUTEIIHEHOE 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
XOHUHTOBaHUE:
IPEIBApUTEITHLHOC 1.25-3,2 | 0,063-0,25 | 0,085-0,16 10
YHUCTOBOE 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
Packarsipaiie i 0052 | 00251 | 00251 | 10-70
BBITJIQKMBAHHE
BubpopackaTsiBanue 0,063-1.6 0,01-12,5 | 0,008-0,16 10-70
Kanubposanue 0,1-1,6 0,025-1 0,025-1 10-70
[inockre noBepxHOCTH
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TopuoBoe ppesepoBanue:

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
[{nnuHapuyeckoe
dbpesepoBanue:
YEepPHOBOE 3,2-12,5 1,25-5 1,25-5 10
YUCTOBOE 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
YHCTOBOC 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
ToproBoe ToueHue:
YEpPHOBOE 25-50 0,2-1,25 0,20-1,25 10-15
YHCTOBOC 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
YHCTOBOE 0,32-1,25 0,05-0,5 0,032-0,5 10-15
[InudoBanue:
MpeABapPUTEIIbHOE 1,6-4 0,1-0.32 0,063-0,25 10
YUCTOBOE 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
[ITaOpenue ot ceods:
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
[[Tabpenue Ha ceds:
Ac =40+ 60% 0,032-1,00 {0,040-0.125| 0,02-0,1 10-15
Ac =60+ 80% 0,1-0,4 0,016-0,05 [ 0,008-0,032 | 10-15
HaxkarpiBanue posikamu u 0.1-2 0.025-5 0.02-5 10-70
IIAPUKOBBIMH T'OJIOBKAMHU
BubpoHnakaTeiBaHue 0.16-2,5 0,025-12,5 0,02-5 10-70
Bubpononupoanue 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 IUIHIICB
MnuuedpesepoBanue: 6,3-12,5 1-5 1-5 10-15
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[IpenBapurtenbHOe 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
[InuuenporaruBaHue 0,8-1,6 0,08-2 0,05-2 10-15
Hmosarie: 1,632 | 01032 | 0063025 | 10
HPEARAPHTEILHO 04-125 | 0,032-01 |0,016-0,063| 10
OKOHYATEIbHOE
HaxkartrsiBanue nutnunes 0,8-1 0,08-5 0,063-5 10-15
OOKaTpIBaHUE [UIHIIEB 0,32-1 0,063-2 0,032-1,25 10-70
BoKOBBIE TOBEPXHOCTH 3yObEB
3y6°H;z;3;§$$f3aMH: 63125 | 1255 15 10-15
3,2-6,3 0,32-1,6 0,2-1,6 10-15
YCPBAYHBIMU
3yOoHape3aHue10I0sIKaMu 1,6-3,2 0,2-1,25 0,125-1,25 10-15
[IpotsruBanue 0,8-1,6 0,08-2 0,05-2 10-15
HaxkatriBanue 0,8-2 0,08-5 0.063 -5 10-15
[IleBuHrOBaHNE 0.63-1.25 0,125-0,5 0,08-0,5 10-15
Inudopanue 0,5-1,25 0,04-0,1 |0,025-0,063 10
OOxkaTtbIBaHue 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

BbokoBbie moBepXHOCTH TPOPHIIS pe3bObI

Hape3sanue:

pe3namMu U rpeOeHKaMHu 1,6-3.2 0.08-0,25 0,32-0,16 15-20

1,6-3,2 0,063-0,2 |0,025-0,125| 10-15

MCTYHMKaMMH, IJIaIlIKaMH1 U
CaMOPAaCKPbIBAIOIIIUMHUCA
HapE3HbIMU I'OJIOBKaMHU

e | 1632 | 0125082 | 006302 | 10
e 052 [0032-0125| 0,016-08 | 10
OKOHYATCJIbHOC

HaxkatsiBanue u paCKaTbIBAHHC

0,5-1,25 0,04-0,1 | 0,032-0,08 | 10-20

pe3bObI

ITpumeyanus:

1. Jdns ynpounsitomeit 00padotkun Rmax= 5Ra; Rz= 4Ra; nnst Touenusi, ctporanus u
dbpeszepoBanus Rmax= 6Ra; Rz = 5Ra, nis ocranbHBIX MeTOA0B 00paboTku Rmax =
7Ra; Rz=5,5Ra.

2. Z— 4HCIO TATEH NpH maOpeHHH Ha miomamd 25 X 25MM%; Ac - KOHTYpHasi
IJIOIIAb KacaHus MpH 1abpeHumn.
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[Ipunoxenune B

['eomeTpuyeckue napameTpsl HIEPOXOBATOCTH MTOBEPXHOCTH AeTaniel (mpu 00padoTke

pe3aHueM)

Merox Ra, v b | Top r Ba | Bun So/ | Suf r/
00paboOTKH | MKM MKM Rmax | Rmax | Rimax
CrajbHbIe IeTaIu

5 24 125 5 | 250 | 35 |35°]2°0 | 3 57 2
25 | 2,25 2; 7 11300 100 |25°| 1° [ 45| 135 | 10
[Lnockoe 58
uuudosanue | 1,25 | 2,2 5 10 (3200 180 [15°| 30" | 85 | 230 | 30
0,63 | 21 | 3|17 (8000|370 |10°| 18 | 14 | 270 | 120
0,32 2 |3,5[20 (15000 550 | 7° | 10" | 19 | 780 | 350
5 1,65 (1,8 45 | 4000 | 425 [20°| 50' | 7 137 | 20
Topuosoe I o= 51531790 [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 (1935 8 5 [32°] 13°| 3,5 9 0,5
Buytpennee | 1,25 | 1,95 | 2 [ 6 11 8 |17°] 11° 7 10 1,3
numgposanue | 0,63 [ 1,85 (25| 10| 16 | 13 |10°| 8° | 13 15 4
0,32 | 1,75 3|15 23 |185( 5°| 5° | 23 22 12
1,25 | 26 |23 4 | 16 8 [25°|10°| 5 8 1,3
Kpyrmoe 063 | 24 |26(65| 22 | 12 |16°| &° 8 15 4
uudosanune | 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
[ITa6penne | 0,63 | 2,2 | 4 [ 10| 25 16 | 9° | 6° - - 6
2,5 1,7 12 10| 20 | 15 [20°]| 5° | 6,5 12 1,5
PassepTEBAH 1,25 [ 1,6 {23130 | 50 | 40 |10°| 3° | 12 39 6
. 0,63 | 1,5 |2,5(250| 350 | 300 | 2° | 2° | 53 57 90
0,32 | 1,4 |2,8(500| 500 | 500 1 ,30 1°30'| 90 90 | 300
0,63 | 2,2 | 3 [350] 150 [ 230 | 2°| 2° | 60 72 70
032 | 1,7 3.2 700| 300 [ 450 | 1°| 1° | 120 | 105 | 300
[TonupoBanue 5
100 , ,
0,16 | 1,3 |35 0 450 [ 670 | 30"| 30" | 215 | 180 | 850
Crporae 10 | 1,95 (2,2| 17 | 150 | 50 |20°(2°30'| 5,7 32 1,3
5 19 (2530|250 | 90 [15°| 2° 8 50 4,5
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25 | 1,6 [2,7] 90 | 600 | 230 [10°[1°30'] 16 | 90 | 24
1,25 | 1,5 2é6 160| 450 | 400 | 6° | 1° | 23 | 120 | 60
10 | 1,8 |1,3[ 10| 45 | 20 [25°| & | 45 | 14 | 05
Humpraec =67 2175160 | 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
rovenme |25 | 145 [15[30 | 80 | 50 [15°] 8° [ 8 | 145 | 5
125 | 135 | 2 |60 90 | 75 |10°] 7° | 14 | 18 | 12
063 | 1,3 |2,1|120] 120 [120 [ 5° | 5° | 25 | 24 | 37
1,25 | 1,75 |1,2| 12 [9000 330 |10°] 12" | 12 | 600 | 50
HPOT’Z“BE‘H“ 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|155| 70 20 |10°| 3° 12 43 12
e 016 | 2 |3 |14| 90 | 35 |5°| 2° | 26 | 62 | 45
008 | 19 | 4 | 20| 160 | 70 | 3° [1°30'] 45 | 105 | 175
5 | 165 |15|20| 50 | 32 |18°] 11°| 75 | 105 | 1.6
Decramama| 25 | 16 [16]35] 65 | 50 [13°[ 9° |10 [ 13 | 5
126 |145| 2|60 85 | 70 |8 | 7° | 16 | 18 | 11
063 | 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
wwmaapuyuec| 0,08 | 22 | 2 |40 | 40 | 40 | 3° (2°30'| 50 57 100
KHX 004 | 2 21|70 43 [ 55 |1°] 2° | 110 | 85 | 275
nosepxuocreil| 0,02 | 1,5 |2,5|125| 45 | 75 |30 [1°30'] 200 | 125 | 750
016 | 3 |15| 157000300 5°| 10' | 25 | 770 | 400
0,08 | 25 |2,2[ 25 [10000] 500 | 3° | 7° | 47 | 1050 [1250
JloBoaka :
L oeres | 004 | 23 [25] 75 [14000[1000] T° | 5 | 125 | 1500 [5000
002 | 22 | 3 |250(35000/3000(20'| 2 | 275 | 3550 30000
UyryHHble AeTanu
10 | 21 [2[85] 40 [185[35° [18°| 3 | 9 045
Crporane | 2 [23]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
Tnockoe | 2,5 | 2 | 2 | 15| 250 |60 | 27° | 3° | 47 | 40 | 6
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numdosanme | 1,25 | 1,97 [2,5] 20 | 550 |100| 12° | 1° |10,5| 112 | 15
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 | 1,95 (16| 7 | 40 | 17| 37° | 11° |29 | 105 | 04
Humrnpriee g7 g5 g [ 50 |20 | 32° | 9° |38 | 13 | 1
£oe 25 | 1,8 |23[85] 70 [25] 25° | 7° | 48 | 18 | 25
dbpesepoBanue
1,25 (1,65 |2,5[ 13180 (50 | 15° | 3° | 8,5 45 8
10 — |— | 13| 45 | 25|35 9° | 33| 135 | 0,6
ToproBoe 5 15 (1,11 20 | 75 | 40 | 20° | 6° 8 19,5 2
dbpesepoBanue| 2,5 14 11,430 (110 |60 | 10° | 3° | 12 39 6
1,25 (1,35 |1,5(45| 170 [ 90 | 5° | 2° | 22 69 15
2,5 22 |25 7 | 19 (12| 33° |18 | 3,7 | 6,7 | 1,2
Briyrpentee 125 | 21 (2812 | 22 (16| 18° | 13° | 7 10 2,5
0,63 | 1,9 |35[20| 34 |25 |3°30'| 7° | 18 18 8
nuQoBaHue
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
Towerme 5 1,8 |1,3| 20 | 70 |37,5 20° | &° 7 145 | 1,3
2,5 1,7 [ 2130120 |60 | 10° | 5° | 12 18 2,5
1,25 | 1,7 |2,5| 60 | 270 (130 5° | 3° | 30 42 6
5 2 2 (10| 13 (12| 30° | 20°| 4 6 0,6
PacTaTRAHMe 2,5 19 (2,7112 | 14 |13 | 25° [ 13°| 5 9 1,3
1,25 | 18 [29|15( 16 [ 15| 20° | 10° | 7 11 2,5
0,63 | 1,75 |12,5[20 | 20 | 20 | 10° |4°30'| 12 19 6
2,5 19 (15113 (200 |50 (| 18° | 4° | 6,6 31 5
1,25 | 1,75 12,5/ 18 [ 400 | 85 | 12° | 2° | 10 60 |135
Kpyrmoe 57
nudosanme | 0,63 | 1,7 é 23 |1000|150| 8° 1° | 16 | 178 | 50
0,32 | 1,6 | 3 |25 (1400190 6° | 30" | 22 | 235 | 120
JloBoIKa 016 | 1,3 | 2|25 8 [15]| 4° | 7° | 33 | 185 |[175
wwmagpuyuec| 0,08 | 1,2 (23135 13 | 20| 3° 4° | 50 32 55
KHX 0,04 | 1,1 |2,4[50| 30 |40 |1°30'| 2° | 85 80 | 200
nosepxnocrer| 0,02 [ 1,05 | 3 | 70| 45 [ 55| 50" | 1° | 230 | 145 | 550
[Ila6penue | 0,63 2 1é8 10 | 35 (18,5] 9° | 4° - - 10

[Ipumeuanne. [TapameTps! b U V OTHOCHTENBHON ONMOPHOM JUTHHBI TPOQUIIS t, BXOIAT
B 3aBUcHMOCTS t,= b(p/ Rmax)" npu 0 < P/Rmax< 0,4; ryp, I, — pafiychbl 3aKpyTICHHUsI
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BEpPIIMH MHKPOHEPOBHOCTEM

COOTBCTCTBEHHO B IIPOAOJIBHOM W IOINCPECUHOM

HaNpaBIeHUAX; Prp, Pn — YIIBI OpOQHIS MHKPOHEPOBHOCTEH COOTBETCTBEHHO B
MPOJIOJIBHOM U MOTIEPEYHOM HAIPABJICHUSIX.

IIpunoxenue I

[TapameTpbl IEPOXOBATOCTHU MPU PAZIUYHBIX METOAaX 00pabOTKH

OO6paboTka ®opmyna VYcaoBust 00paboTKH
Hapy:kHble HOBEepPXHOCTH
s =0,05+0,43 mmM/00; V =
Touenwue: ) S1090" 4y 71282 M/MI/If; p=0;5+2
IIOJIyYUCTOBOE, R, =1k ok MM; ¥ = +4°+(—40°).
YHCTOBOC £ Koaddunuents kg —
KspuBeneHs! B Ta0. 6 [24]
P s (90° + 9
2 = PR
pv :
2 i g™ (907 + )" s=0,05+0,5
p0 pﬁgvh _ MM/00;V=50+150 m/MuH;
TOHKOE . ’ p=0,5+2 mmMm; y= +4+(—40°).
(anmmasHoe) Ay s (907 + e Kosdppuments Ky—
" f p'ﬁﬂuk“ ) K, mpuBeaeHs! B Ta0. 7
0,005R % “
£, =50 ———"=f
£y
0.35,0.29 0.0 ;034 O6pabaTsiBacMBbIi
R, =047 Hi”‘”ﬁs”mi T matepuai — ctaib 40X,HRC
HInmudosanmue: e ; 30-35; v, =20 + 50 M/MuH;
KpyTIIoe 0 108 Sg;ussggi 0,008 7 70,7 70,03 [j_m]u,z-t Sup= (0,5 1)B,S,0 = 0,05 =
npexBaputenbHoe | | vy 10 0,1 MM/0B. xox; i= 1+5,

Y MIOJIyYHUCTOBOE

Sgﬂium 170425 0,055 ; 0,13
Sm = 0,017 . 033 0.5 ﬁ

d pad

K=16 + 40, nns cBsa3ku C2
H=2; nma CM1 H=1;
I,,=10000 -+ 30000 H/mM

TOHKOE (TOPIIOM
JaIeyHoro
aJIMa3HOTO KpyTa)

R — D,DBSUJjKU.Sj E o
* ¥ 10

0,2
0.6 A
R, =0,025,K [ﬁ]

Spp = 0,15 + 1,5 Mm/00; K =
28/20 +125/100; P=20+140
H
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p=0G~

P ols Kl‘?
Cynepdunumm- B, = D,DDDB[F] VI3 13)10° ITa; v,=10+50
poBaHue(aIMa3HbI - ’ m/muH; T = 10+80 c.
: 18
MU OpyCKaMu) R,=0 gggg( P 5] Ef - [TapamMeTpsI IIEPOXOBATOCTH
0 v IpHUBEJICHBI B Ta0I. 8 [24]
- 2k p g BERERA0)H R 032 080 s B2
OJIMPOBAHUE 2By Ry) =4 R 63/50 +80/63; p = (1 + 6)
JICHTaAMH: ' 10°Ila; V,=94+364
«KOHEYHOM» S = ey + BBy 0, K0+ M/MuH; T = 25 =+ 60c,
JUTAHBI +i; %4_ kv, + kT ko3 durmeHTs! Ko —Ks
IpHUBEJICHBI B Ta0I. 9 [24]
0,46 1.95
F o
R = 0,004(—J -
) o, K = 40/28 + 125/100; P =
«OECKOHEUHOI 2 _0 013( r J'”j s 20-70 H; =10 =+ 70c.
JUTUHBI P ) : [TapameTpbl MIEPOXOBATOCTH
JRLEpeE: npuBeeHbI B Ta0. 10 [24]
= 0,028 — —_—
Fom = 0. [m] T
036 =079, 0.1
R =045a kv
a = I .
I ; OG6pabaThiBaeMBIi
Ry 1432 0,74, 0,06 MaTepHai — CTalb
L N V10A,HRC 60-65; Raycx =
[Tputnpka 022 072 015 O ’ﬁ 0,17+0,89 mMxmMm; Vv, =
B =008 R':Iu.;rx K™ Ev g o ! 40-+150m/Mun; K=ACM
o [ : 2/3; ACM 10/7; t =
L1 120+300 c; o = 10+25°
5 =0,063 042007 11
Koaddunumentsr kg —
OgI;aTH];aHHe Ry(v,B) = lpvhshplyhepl pRDh iy konpuBenens! B Ta0m. 11
JAMKaMHA
[24]
R =Re E.}ij J;Sf-t D03 004, 004 ]
_ |:] 21 12 —U,U3D—U,U3 0,0z 002 O6pa6aTBIBaeMBIH
mapuKamMu v=Wa ¥, o Jm = i ; Marepuai — CTallb
b = 0,240 038 0.3 -0, 003 MX15,HRCO6023+636 |131=3+5
MM; 5= 0,03 =+ 0,
R _1 1RZU,T?J—U,3TD—U,3SU,14PU.D5 / 6 —10+70 / _
AJIMa3HO€ BBITJIAK 2 Tt e M ma . (MM/O V=107 /OM/MUH Grmax=
JBAHME v ':'jg'”fi Jm-ggm 004 004 001 (5000+9000) MITa
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b=01 Dbuﬂiﬂ Jumi{ﬁﬂ 032 I.:-_-":'Jﬁv"l':'j

OnekTpomexa- Jaer OObpabaTbIiBaeMblii
HUdeckas : i | Re= 0.006Ra 71 (ﬁ] Vg p 0 Marepuai — craib 45; | =
IIPEABAPUTEIIBHO < (g™ 1500 A; ¢ =
0O0TOUYEHHBIX 4’334 0,3+O,7O;P=3OO+800 H;
MOBEPXHOCTeH | R = 0,026Ra% ;—ﬂﬂ‘*(f] s B4 paanyc 3aKpyriIeHUs
(Ra, = 1,5+6,2 ][;‘88 ponuka p, = 0,5+1,5 mm; S =
:
MKM) *(ig9) 0,07+0,15 mm/00
0,41
JJIsL TIpeiBa- R = 018827003 (E] O3 029 03
PUTENBHO 1 !
nLT(OBAHHBIX x (tgg@) ™" T
. 0 XKe
IIOBEPXHOCTCH B —091Rg w0l £ _013?,‘)&3530,3 P x
(Raye= B o 10 ¥
0,35+0,16MKMm) % (tggp)
Ra,?g‘ A‘“-'-‘b(’"
Ra - 0.58 0 5‘ m P~ - N -~
MaruutHo- T By Vg 320 d=08+2 Mm;
aOpasuBHas ,0.21 = 0,05 B; = 0,3 1,1 Ta;
P R. =108 ROy K™ 0™ ta=23:9 w/muu
p= 0 0390008 021,013
T » B'. !-' . ll 0.
BHyTpeHHHE MOBEPXHOCTH BpAIleHUsI
Ra = 6’36‘!0.25”0.[230.4) .
7502 OGpabaTbiBaeMblit
Rt o™ ; MaTepuan — cTajiab
Caepnenne d%175046
P Rz =487 “—gm— ; 40X;0=12+25 mm; v= 12320
Rmax = 61.3404750025046. M/MuH; S = 0,06+0,14 MmM/00
Sm = 233,94%%3p 032,082
0,16,0.76
p 91659,
Ra = 5‘6——JOT ’
, $0.52
Rp=23348 s o3 OOGpabaTbiBaeMblii
3 Rs = 438 Pt Marepuai — CTallb
CHKEPOBaHUE g = - -
p dO44 03 40X;0=12+25 Mm; v=25+40
0.55
- s 3 M/MuH; S = 0,3+0,6 MM/00
Rmax = 98 4 dO’J’{} By "
REL
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Ra = 0,1 é(};f—l;:f :
02
B i3 {10.191:0.30 . )
A PO TR O6pabaTbiBacMbIi
PassepTHBarie R: = 1.82 d °";‘::°-‘ MaTepuaj — CTallb
S.o': - 40X;d=12+25 mm; v=5+10
Rmax = 2,5 - —sé-:- - M/muH; S = 0,6+1,6 MM/00
013
Sm = 403,5 yUR Ty
OO0pabaTeIiBaeMBbIit
Ra = 76.2 SO'STfo'mig'r“ ; Marepual — CTalb
PacraunBanme 1A e a0 4™ 40X;t=0,15+1mm; v=
MOJIyYUCTOBOC U | R, = 2288 —— i 0 S0+150 M/ s = 0,05+0,5
HCTOROE P lw.os,u.ozpo.w!o.sz(so + )02 MM/O6; p:40’(5+2
L0,03_0.46 0,12 1,08 MM;y=14-+(—
Sm = 0,006 ~— p,,o..(oso i 40°%); 0=3+7"je;=10000+400
00 H/mMm
Ra=92. f;,“’sg.”jc"mK 0,06 OGpabaTsIBaeMBbIit
p 023 pr0.08; 0.9% MaTtepuan — ctaib 40X; V=
20+50 m/MuH; S;p=
[Inmudosanue 5028011 > ~mp
‘-II/I((}")FOBOC Ry = 66lo nm oo;:o ??'KJSE?&TTR' (0,5+1) B; Spafl =0,05+0,1
MM/aB. xom;I=1+5: H=
S = 0,002 0GR IOF RO KO CT2-5, M3-3;K-16+40; ., =
" a2 /?,,’3 8000+30000 H/mm
O6pabaThiBaeMbIi
MaTepHuai — CTajlb
IIX15;Ra, = 0,5 MKkMm.
Ra = 0,028 ?M ?0 Qujo"" - ’ O6pa60TKa 6py0KaMI/I Hn3
10135 04, P30 JIIEKTPOKOPYHIA
3epHUCTOCTHIO 50/40 Ha
0.19.0,04_0, 04 )4 0,43 40,08 KepaMquCKOﬁ CBHBKG;
XOHMHTOBaHHE | R, =0 02412 P A COTC — Ha ocHOBe

10'9 ?osvg.zy ot

T?' 916/031403

ng‘!g. ,ool

= (,017 -

KEpOCHHa; Vi =26+75
M/MHH; Vo = 50+150
M/muH;p; =(5+15)10° Ia;
p2 =
(3+10)10° Ia;f=1300+1900
MI/IH’l;A=1+2MM; T=5+10
C.

208




I11ocKkue MoOBEePXHOCTH

OO0pabaTeIBaeMBbIit

¢1 89,015
Ra=483 ° - MaTepHa -CTajb
T d v 123,014,046
o ezfe’ugBB;’;He i Epnty I11X15;Sz = 0,08+0,5
qucI;OBoe LIS MM/3y0; t=0,3+1,8
R,. = 873 o2 5 '0.2‘706“ MM; V=18+44 M/mMuH; p =
P 0,52 mMm; vy = 5+20°
OOpabaTeIiBaeMBbIit
5! .93.{0.:-? MaTtepuall — CTajlb
CTDOraHIe Ra = 373 p Ot ‘1°~”p""’~‘ ’ I1X15;5 = 0,25+0,5 Mmm/1B.
P X0V = 5,622 M/MHH;
YUCTOBOE g2y015
R,= 131,4 Y OCTaJIbHbIE TTAPAMETPhI
lp 13,039 5,98 (tp, v) — Kax n npn
dbpezepoBaHumn
169,059 =
Ra = 10.88  au : OOpabaTbIBaeMbIit
Topiosoe pOJ MaTepuai — CTalb
Tolzl - 11X 15;5=0,1+0,5
R = S8R 51494036 MM/00; Y M1 p— Kak U IpH
’ T pt dpesepoBannm
O6pabaTriBacMBbIi
Ra = 027 K% &avo*‘l 98,0.13 MaTepuall — cTajb
[Imupopanue : o ‘ 12XH3A; v =0,21+0,37
YHUCTOBOC k029,020 \:'0 12 M/C; Spon=3 + 6 Mm/x01,t =
Ry = 2,28 —— 7071"' 0,01+0,04 mwm; i=1+5; K 46-
100
O6pabaTsiBacMBbIi
MaTepuai U 3HAaYCHUS
K03 GUITUEHTOB ¢, Ko-
[ImudoBanue yo= Ra(R,, Sm)= HkoKhvkshirk, K4 17151 amMa3HbIX 1
OTAEIIOYHOE aOpa3uBHBIX KPYTOB
npuBeeHbI B Ta0. 13 [24].
Hns ceszku C2 H=2; nns
CM2 H=1
Ray,: 10':’ Sip=13+42 MM 1
Ra = ko ByeyS up | mp = 13+42 MM B 1 MuH.
HaxkatniBanue I .Q " ‘,‘ Ha onun nedopmupyromuii
IITAPUKOBBIMHU R . ' 0 SIIEMEHT; p=200-600
TOJIOBKAMH R, = ko pmr’upl MlIla; i=1+3; mpu D = 90
pl‘:,ltvk MM V = 14 =+ 70 m/MuH.
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3uauenus Kq -KsnpuseaeHsl
B TaOn. 14 [24]

R X Ra f.‘c. 3 :,‘, 3HayeHus

s e k, 1k n ko3¢ buiueHToB Ky -K4mpu
BubpoHnakaTbiBaH priets

e k k 00paboTKe pa3IMYHBIX Ma-

R. =k R_;_»'wcx-‘ ap TEPHAJIOB
p 70 p ks &y npHUBeJICHBI B Ta0. 15 [24].

O003HaueHus: S — nojaya; V — CKOpOCTb PE3aHUS; p — painyC MPU BEPILIMHE pe3La; Y
— nepeaHuil yrom; B — mmpuHa Kpyra; S,,; — paguanpHas mojada; I — 4uCIO
BhIxakuBaHui; K — 3epHmcrocth kpyra; H — TBepmocts kpyra; j.. — KECTKOCTb
CTaHKa; Sy, — MMPOJOJIbHAA MMojada; P — cuima npwxuma; p — JaBleHUE OpycKa; V, —
CKOpPOCTb Ra,.x

MCPOXOBATOCTD, O1 — YI'OJI aTaKHU; D - AUaMCTpP HMIapHuKa, ¢ — JABJICHHUC B KOHTAKTC, I

BpallleHUusl JIeTalld; T— BpeMsa 00pabOTKH; HCXOHAA
— CcHJa TOoKa; O — 3a30p MEXIy IOJIOCHHUKAMU M JieTaibio; B; — MarHurtHas
MHIYKLUS; P, — PaAUyC 3aKpyIJeHus poiuka; t — rimyOuHa pesaHus; o — 3aIHUN
yrod; Vi U V, — CKOPOCTH BpAIIATEIbHOTO JABMXKEHUSI TIPU YEPHOBOM M YKHCTOBOM
XOHUHTOBAaHUU COOTBETCTBEHHO; P1 U P, — JaBJIE€HUE OPYCKOB IMPU YEPHOBOM H
YHCTOBOM XOHHHTOBAaHWHU COOTBETCTBEHHO; f — yacTtoTa komebanuii HHCTpyMeHTa; A

— aMIUTMTYa KoJeOaHui; ¢ - 3aTHUIA YToJl BIaBIMBAHMUS.

[Tpunoxenue /]
[TapameTpsbl TONIEpeYHON BOJTHUCTOCTH

Metox 00paboTKn Wz, MmxMm|  Sw, MKM Sw/Wz Sn/Rz |rw,, MM
- . 0645 | 500-1400 | 100-1350 | 3.4-24 | 10-80
FHQOBARNC: BHYTPCHHCE P21 120-1400 | 120-450 | 3.5-18 | 5-400
; 0753 | 250-500 | 165-400 | 4.8-24 | 10-25
pyrIoe 0575 | 550-1000 | 80-1850 | 65-22 | 10-100
125-13 | 750-1400 | 100-700 | 3-20 | 1550
IIJIOCKOC
084 | 500-900 | 200-800 | 4535 | 20-80
R 2-35 | 1000-1500 | 300-750 | 7.5-730 | 15-55
ACTATMBATHE 0510 | 400-1000 | 40-850 | 4-13 | 550
26 | 400-1700 | 200-350 | 5.7-25 | 10-30
Ctporanue
0108 | 150-700 | 200-7000 | 9-45 | 2.5-40
XOHHUHI'OBAHHUE
054 | 300-500 | 100-1000 | 6590 | 5-50
Pa3BepTriBanue
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0,3-1,5 150-350 200-500 | 60-220 | 10-25
[TonupoBanue
JloBonka mosepxuocreii: |0,1-0,35| 60-100 300-600 | 45-125 | 5-10
ILJIOCKUX - - - - -
0,05- 35-120 400-700 | 25-200 | 2,5-10
TATUHAPUYECKIX 0,15
Pacrawmpatiite 0,5-10 | 400-1000 | 40850 | 4-13 | 550
Topuosoe (hpesepoBanme _ _ _ _ _
2,5 800 300 22 85
Touenue _ _ _ _ _
1 1000 1000 30 50

[Ipumeuanue. B uuciauTene mnpuBeneHbl MapaMeTpbl, MOJyYEHHBbIE MPU 0O0pabOTKe
CTaJIbHBIX JIeTaJiel, B 3HaMEHATeNe - MpU 00pabOTKE YyT'YHHBIX JIeTajei.

[TapameTpbl TPOAOIBHON BOJIHUCTOCTH

IIpunoxenue E

Bun o6paboTku Wz, MKM|SW,,,, MM|SW;p/WZ,1| Sp/ Ry (MW, MM
Mockoe mmdoBasme 1,2-12 | 2,4-3,5 | 280-2900 | 60-800 | 30-350
1,3-9 1,8-2,3 [200- 1770| 42-340 | 40-200
1-12 1-5 |[320-1000 | 30-128 | 40-100
Crporaie 12 | 165 | 140 | 95 | 20

7,5-40 | 1,7-3,4 | 60-270 [14,5-20| 5-45

LI BApIHECcKkoe GPesepOBARNC |— oan = e g3 55110 525 [ 10-60

0,4-3 | 0,7-0,9 [300-1750| 12-50 | 20-80

[IpoTsaruBanue
2000- 750-

JIoBOJIKA IUIOCKMX MTOBEPXHOCTEM 025051 1-15 6000 1000 150-850

[Ipumeuanue. B uucnautene mnpuBeleHbl JaHHBIC, IOJYy4YEHHbIE MpH 00paboTKe
CTaJIbHBIX JIeTaJied, B 3HaMeHaTelNle — Mpu 00paboTKe YyTyHHBIX JeTallel

[Tpunoxenue X
Bnusguue BuioB 00paboTky Ha (U3HUECKUE CBOMCTBA TOBEPXHOCTH CIIOEB

Bug o6pabotku

Crenenp HAKJIENA =

(Hnosepxuoctu/Hcepeaunsl)-100%

['myOuna
HaKJIera, MKM
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Touenue:

OOBIYHOE U CKOPOCTHOE 120—150 30-50
TOHKOE 140-180 20-60
dpe3epoBaHuE:
TOPIIOBOE 140-160 40-100
ATUHAPAYECKOE 120-140 40-80
CaepiieHHE U 36HKEPOBAHUE 160-170 180-200
Pa3BepTriBanme — 150-200
[IpoTrsruBanue 150-200 20-75
3yb6odpesepoBanue u 160-200 120-150
3y0oa0101eHIE
[lleBuHrOBaHue 3yObEB — 1o 100
nudoBanue:
KpYyIJ10€ JAeTaliel U3
CTaJeu:
HESARATEHHON 140-160 30-60
yTIAEPOAUCTOM
HU3KOYTJIEPOAUCTON 160-200 30-60
3aKaJlEHHOU 125-130 20-40
TIOCKOE 150 16-35
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