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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

26



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,;
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® 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

AN

Ig
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).

42



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)